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PREFACE 

Continuing the function of Inorganic Syntheses, this volume contains 57 num- 
bered sections including almost 150 individual preparations, among which are 
some important intermediates, covering a number of broad, currently active areas 
of inorganic chemistry. These areas are divided into seven chapters. First, a series 
of offerings, featuring the double infusion technique and crystal growth in gels, 
treat solid materials and techniques of crystal growth. A variety of interesting 
and useful stoichiometrically simple compounds are presented in Chapter 2. 
They include such main group element derivatives as TeF, and SeO, Fz , and a 
number of transition element derivatives (e.g., trirhenium nonahalides) the impor- 
tant metal chromium (111) oxides (chromites), a neat preparation for copper(1) 
acetate, and the simplest method yet for anhydrous PtC1, (the third for this 
compound in Inorganic Syntheses). Chapter 3 contains an array of classic co- 
ordination compounds (ethylenediamine complexes of rhodium, P-diketonates 
of platinum(II)), and also some materials that have been of interest only in the 
more recent past (phosphine complexes of iron, a C02 adduct, phosphite com- 
plexes of several metal ions). Syntheses are given for a number of rather exotic 
ligand complexes in Chapter 4. These include the clathrochelates of Coedken, 
the sepulchrates of Sargeson, the superphthalocyanine of Marks, and examples 
of compartmental ligands. A lengthy section is devoted to compounds of bio- 
logical interest. Emphasis ranges from metal intercalation reagents, over synthetic 
macrocycles, corrin complexes and analogues, and porphyrins (including the 0, 
adduct of Collman’s picket-fence porphyrin) to complexes of dinitrogen. David 
Dolphin contributed a large group of syntheses on the complexes of the natural 
macrocycles and their close relatives. Organometallic compounds are soundly 
represented in Chapters 6 and 7. Chapter 6 contains a number of representative 
element organometallic compounds (hexamethyldisilaselenane, digermatellurane, 
digermoxane) and varieties of transition metal derivatives (e.g., halocyclopenta- 
dienyl complexes of manganese and rhodium, examples of the novel metallag- 
diketone compounds). The final chapter is devoted to the timely subject of 
metal clusters and it includes preparations for several of C h i ’ s  rhodium clusters, 
some iron clusters by Volume XIX Editor D. Shriver, and po-akylidyne (tri- 
carbonylcobalt) compounds by Seyfreth. 

I want to thank the many authors and checkers who have produced the sub- 
stance of this volume. The Editorial Board has provided constant aid in evalua- 
tion and editing of original manuscripts. Special thanks go to John Bailar and 
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viii Preface 

Therald Moeller in this regard. Invaluable guidance came from past Editors 
Durward Shriver, Bodie Douglas, George Parshall, and Aaron Wold. Warren H. 
Powell and Thomas E. Sloan of Chemical Abstracts Service have continued 
their key role in assuring the use of appropriate current nomenclature. Tom 
Sloan also prepared the indices. Jay Worrell, Therald Moeller, and Conard 
Fernelius helped with proofreading. I must add a word of sincere appreciation 
for my late secretary, Mrs. Denise Hughes, who provided the order and atten- 
tion necessary to monitor the progress of the many manuscripts from which 
this volume was drawn. I have enjoyed serving as your Editor partly because I 
first encountered Inorganic Syntheses while I was in graduate school, when I 
was an editorial assistant, checker, and author, as well as user, and have re- 
mained an appreciative subscriber over the years. 

Daryle H. Busch 

Columbus, Ohio 
January I980 



NOTICE TO CONTRIBUTORS 

The Inorganic Syntheses series is published to provide all users of inorganic 
substances with detailed and foolproof procedures for the preparation of impor- 
tant and timely compounds. Thus the series is the concern of the entire scientific 
community. The Editorial Board hopes that all chemists will share in the re- 
sponsibility of producing Inorganic Syntheses by offering their advice and as- 
sistance in both the formulation of and the laboratory evaluation of outstanding 
syntheses. Help of this kind will be invaluable in achieving excellence and 
pertinence to current scientific interests. 

There is no rigid definition of what constitutes a suitable synthesis. The major 
criterion by which syntheses are judged is the potential value to the scientific 
community. An ideal synthesis is one that presents a new or revised experimen- 
tal procedure applicable to a variety of related compounds, at least one of which 
is critically important in current research. However, syntheses of individual 
compounds that are of interest or importance are also acceptable. Syntheses 
of compounds that are available commercially at reasonable prices are not 
acceptable. 

The Editoral Board lists the following criteria of content for submitted manu- 
scripts. Style should conform with that of previous volumes of Inorganic Syn- 
theses. The introductory section should include a concise and critical summary 
of the available procedures for synthesis of the product in question. It should 
also include an estimate of the time required for the synthesis, an indication of 
the importance and utility of the product, and an admonition if any potential 
hazards are associated with the procedure. The Procedure should present de- 
tailed and unambiguous laboratory directions and be written so that it anticipates 
possible mistakes and misunderstandings on the part of the person who attempts 
to duplicate the procedure. Any unusual equipment or procedure should be 
clearly described. Line drawings should be included when they can be helpful. 
All safety measures should be stated clearly. Sources of unusual starting mate- 
rials must be given, and, if possible, minimal standards of purity of reagents 
and solvents should be stated. The scale should be reasonable for normal labo- 
ratory operation, and any problems involved in scaling the procedure either up 
or down should be discussed. The criteria for judging the purity of the final 
product should be delineated clearly. The section on Properties should supply 
and discuss those physical and chemical characteristics that are relevant to 
judging the purity of the product and to permitting its handling and use in an 
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x Notice to Conrn-butors 

intelligent manner. Under References, all pertinent literature citations should be 
listed in order. A style sheet is available from the Secretary of the Editorial 
Board. 

The Editorial Board determines whether submitted syntheses meet the gen- 
eral specifications outlined above. Every synthesis must be satisfactorily repro- 
duced in a laboratory other than the one from which it was submitted. 

Each manuscript should be submitted in duplicate to the Secretary of the 
Editorial Board, Professor Jay H. Worrell, Department of Chemistry, University 
of South Florida, Tampa, FL 33620. The manuscript should be typewritten in 
English. Nomenclature should be consistent and should follow the recommenda- 
tions presented in Nomenclature of Inorganic chemistry, 2nd Ed., Butterworths 
& Co, London, 1970 and in Atre AppL Chem., 28, No. 1 (1971). Abbreviations 
should conform to those used in publications of the American Chemical Society, 
particularly Inorganic Chemistry. 



TOXIC SUBSTANCES AND 
LABORATORY HAZARDS 

The attention of the user is directed to the notices under this heading on page ix 
of Volume XIX and pages xv-xvii in Volume XVIII. It cannot be redundant to 
stress the ever-present need for the experimental chemist to evaulate procedures 
and anticipate and prepare for hazards. Obvious hazards associated with the 
preparations in this volume have been delineated, but it is impossible to forsee 
and discuss all possible sources of danger. Therefore the synthetic chemist should 
be familiar with general hazards associated with toxic, flammable, and explosive 
materials. In light of the primitive state of knowledge of the biological effects of 
chemicals, it is prudent that all the syntheses reported in this and other volumes 
of Inorganic Syntheses be conducted with rigorous care to avoid contact with all 
reactants, solvents, and products. 
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Chapter One 

SOLID STATE 

1. CRYSTAL GROWTH IN GELS 

Submitted by A. P. ARMINGTON* and J. J. O'CONNOR* 

The growth of crystals in gel media is a relatively old method of crystal growth 
that gained some prominence about 60 years ago. Much of the earlier work on 
the subject has been reviewed by Holmes.' After this initial interest the subject 
remained nearly dormant, except as a curiosity, until a paper by Henisch et al? 
revived interest in this type of crystal growth. Since then, approximately 100 
papers have been published on the subject. 

Gel growth is the easiest and least expensive of all crystal-growth techniques 
in that it consists merely of allowing two materials to react in a gel medium, 
forming a product that crystallizes in the gel. The simplest arrangement consists 
of mixing one reactant with the gel and then allowing the gel to set in a test 
tube that it partially fils. An aqueous solution of the second reactant is added 
above the set gel in the tube. The reactants diffuse through the gel until they 
come into contact; they then form an insoluble product that precipitates in 
crystalline form. In the second common method, a U-tube is partially filed with 
neutral gel and allowed to set. In this context, neutral means no reactants are 
added to the gel. The two reactants are placed above the set gel on the opposite 
sides of the U-tube, and the reaction again proceeds by diffusion. The quality 
and size of the crystals are similar for the two methods. 

*HQ Rome Air Development Center (AFSC), Deputy for Electronic Technology, Solid 
State Sciences Division, Hanscom, AFB, MA 01731. 
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The most commonly used medium is silica gel. Numerous other gels have been 
used but with limited success, apparently because of the structural differences in 
the gels. A more detailed description of the various gels is given by Henisch? 

There are several chemical requirements that must be fulfded to grow crystals 
by th is  method. First, the reactants employed must be soluble in the solvent 
(usually water), and the product must be relatively insoluble in the same solvent. 
Some solubility of the product crystal is required to grow crystals of appreciable 
size. While it is believed that this is related to supersaturation of the product, the 
exact mechanism is not yet understood. A second requirement is that the gel 
must remain stable in the presence of the reacting solutions and must not react 
with these solutions or the product formed. Silica gels are most stable in acid 
solutions and tend to dissolve at pH values much greater than 8. This can create 
problems with chelating agents, since these agents are most useful in highly 
basic solutions where the gel is unstable. If the pH is only slightly higher than 8 
(up to 10) some crystals may still form, but the gel near the alkaline solution- 
gel interface will start to decompose and sometimes one must race with time to 
get the crystals grown and out of the gel before the gel itself dissolves. 

The influence of the gel in crystal growth is not fully understood. It appears 
that the main effect of the gel is to slow down the rate of diffusion, which al- 
lows the crystal to grow at a slower rate. It is generally believed that the gel does 
not actually react with the solutions involved, but there is a possibility that it 
may have some effect on the degree of saturation that is attainable in the solu- 
tion. The role the gel plays on the nucleation process is also unknown, but some 
observations on nucleation have been made by Henisch3 and Armington et al? 

The sizes of the crystals grown in a simple experiment are rather small. With 
the exception of tartrates, which can be grown at least 2 cm long, most experi- 
ments yield crystals less than 5 mm along their major axes. Somewhat larger 
crystals have been grown by using more exotic equipment: or in some cases 
by using larger tubes and allowing more time for growth to occur.6 For most 
purposes, 50-mL test tubes are adequate. 

In spite of some difficulties, the gel method has two distinct advantages. First, 
since the crystals are grown at or near room temperature, thermal strains are 
absent. Thus gel-grown crystals should be better for some purposes than are 
crystals grown at higher temperatures. Second, the method is simple and 
inexpensive. 

A. GENERAL EXPERIMENTAL CONSIDERATIONS 

Silica gels are formed in two ways. The most used method is that of mixing com- 
mercial waterglass (sp gr 1 .%) with an equal amount of 1 N acid, usually hydro- 
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chloric or acetic acid, and allowing the gel to set for 2 days. A better reagent 
than waterglass3 is a laboratory stock solution of 500 mL of water mixed with 
244 g of NazSi03-9Hz0, since the composition and purity of the commercial 
solution does vary. The authors prefer a variation of this method7 in which the 
acid solution is titrated with sodium metasilicate solution to produce a specific 
pH. The pH has two effects on the gel? First, the gelling rate is strongly affected 
by pH. Gels with a pH above 5 tend to set in a few minutes, while gels with a 
pH of 3 can require several days of setting time. Second, a gel with a pH of 3 
will never set as f m l y  as one with a slightly higher pH. As a general rule, the 
firmness (or pH) does not significantly alter growth results. There are excep- 
tions to this, however, notable in the growth of tartrate  crystal^.^ It should be 
noted that gels that are formed too rapidly are often brittle. Gel aging, allowing 
the gel to set for a time before adding the reactant solution, has been investi- 
gated,’ but not with conclusive results. 

The purity of most crystals produced by th is  method is quite high; crystals 
generally contain only a few parts per million (atomic) of impurity except when 
doped. The sodium ion, which is present in the solutions, does not tend to enter 
the growing crystal. Some workers remove the sodium prior to the reaction by 
allowing it to diffuse into distilled water above the solution, but this is not 
necessary. The authors filter all solutions7 through 0.459 “millipore” filters to 
eliminate larger particles that might serve as nucleation sites, but there is no 
evidence that this greatly affects the results. 

One fmal caution concerns adding the solution above the gel when initiating 
the reaction. The gel is very fragile, particularly if it is formed at low pH. It is 
best to add the top solution with a pipette. In this way one can first add a 
few drops to cover the gel, which tends to protect its surface, and then slowly 
add the rest of the solution. 

Three types of reactions that have been performed in gels are covered in the 
following sections: (1) standard growth, (2) the complex dilution method, and 
(3) reduction to form metallic crystals or dendrites. 

B. CRYSTALS GROWN BY THE STANDARD TECHNIQUE 

The preceding comments apply to t h i s  technique and it is by far the most 
used. The experiments can be done in a test tube, where one of the reactants is 
added to the gel before setting, or in a U-tube using a neutral gel to separate the 
reactants. The technique giving the better result varies from case to case. The 
tartrates, for example, produce better results in a test tube. 
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C. TARTRATES 

While calcium tartrate has been chosen to illustrate the standard technique (see 
following synthesis), a host of other tartrates have been studied in the past few 
years with varying degrees of success.398 The growth of iron, copper, and zinc 
tartrates has been reported by Kachi,8 who essentially followed the procedure 
for calcium tartrate outlined here. These experiments have been performed at 
room temperature using the same molarities as the calcium tartrate. Crystals of 
about centimeter size are produced, but the time of reaction is unknown. This 
work is a follow-up of work previously reported by Henisch? who also men- 
tions cobalt, strontium, and the ammonium ion as possible reagents for tartrate 
crystal growth. Small crystals of lead tartrate have been obtained" using the 
Same concentrations at room temperature. 

D. CARBONATES 

Several workers have reported on the growth of carbonates. Most attention has 
been given to calcium ~ a r b 0 n a t e ~ l - l ~  ; other carbonates have been reported13 to 
produce only very small crystals. The growth of the calcite modification of 
calcium carbonate is well documented. The most satisfactory method involves 
the use of a U-tube at room temperature. A neutral gel is formed by titrating 
0.5 M sodium metasilicate with 1 M acetic acid. The pH must be fairly high (6- 
8) to prevent the formation of calcium silicate. Crystals form during the first 
week and reach their maximum size in about 6 weeks. The crystals grow and 
remain clear until they reach a size of about 2 mm. Thereafter they tend to be- 
come cloudy (but st i l l  essentially single crystal) because of inclusion of the silica 
gel. During the growth, a few spherulites of aragonite and vaterite (calcium 
carbonate modifications) appear dispersed in the gel. The formation of aragonite 
is favored at high temperatures (70"). 

E. SULFATES 

The growth of both barium and strontium sulfate has been reported by Barta, 
et al." and substantiated in other ~ o r k . ' ~ - ' ~  The reaction is: 

The experiment is generally conducted in a U-tube, and several variations have 
been reported. Strong acid may be used to titrate the metasilicate, or a strongly 
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acid cation exchange resin may be used. Crystals of potassium-rare earth sulfates 
have also been reported.' * 

F. OTHER EXPERIMENTS USING THE STANDARD TECHNIQUE 

Numerous other materials have been grown by the standard gel technique. The 
procedures are generally quite similar to those outlined and illustrated in later 
sections. Experiments with iodates often lead to interesting and unexpected 
results. Armington and O 'C~nnor '~  attempted to grow potassium, rubidium, 
and cesium iodates in gel. No crystals resulted in the potassium iodate experi- 
ments and only microcrystalliie platelets were produced in the cesium iodate 
experiments. One-centimeter crystals have been produced in the rubidium 
experiments along with several smaller ones. These have been identified as 
RbI03-2HI03. Arend and Perison2' grew 2-mm Ag2H3106 crystals in test 
tubes at room temperature and a pH of 4.1. The pH vanes as a function of depth 
in the gel as a result of the release of acid by the reaction: 2AgN03 + HSI06 --f 
Ag2H3106 + 2HN03. This causes three iodates to form in the gel: Ag3105 
which forms as a brown layer near the surface, rings of red-brown Ag2HIOS, 
and the 2-mm yellow crystals at the lower end of the gel. The red- 
brown rings are Liesegang rings and are discussed at the end of this chapter. 

Nassau et a1.,21 using an elaborate U-tube arrangement, experimented with 
copper iodate and found six different forms of copper iodate in different loca- 
tions in the gel. The largest of these were C U ( I O ~ ) ~  -2H20, which grew to 2 mm. 

Brushite, CaHP04-2H2 0, has been grown in test tubes22 at room temperature 
and up to 60°, with best results with the pH between 4 and 6. The crystals grew 
to 2 mm in about 4 weeks. Crystals of other phosphates, that is, KH2P04 p3 
PbHP04 and Pb4@03)z(Po4)2*2H20,24 have been reported to grow in organic 
gels, but apparently not in silica gels because of the high solubilities of the 
compounds in water. 

Lead and zinc sulfides have been produced by the standard technique in gels. 
The lead compounds are toxic and should be handled with care. For lead sul- 
fide,25>26 the gel is prepared by mixing sodium metasilicate (sp gr 1.05) with 
2.26 N HC1 to reach a pH of 6. A few drops of lead acetate or chloride solution 
are added to the gel before it is allowed to  set. Setting requires about 1 week. 
The solution is then covered with a 1 M solution of thioacetamide. The thio- 
acetamide slowly releases hydrogen sulfide into the solution according to the 
reaction: 
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The sulfide ion then reacts with the lead ion in the gel to precipitate lead sulfide. 
Crystals up to a millimeter in length can be produced in 2 weeks. Temperatures 
range from room temperature to 35’, with best results reported at the higher 
temperature. The same sulfide source is used for the growth of zinc sulfide 
crystals?5927 The crystals grow to a size of 3-4 mm in 2 months. It should be 
mentioned that a modified U-tube system has been used to produce this size 
crystal and it is expected that smaller crystals will be produced if a simple 
U-tube is employed. 

Lead iodide and lead hydroxide i ~ d i d e ’ * ~ * * ~ ~  are popular experimental sys- 
tems. The lead iodide is best prepared at 45’, but room temperature can also be 
used. Thin hexagonal platelets of Pb12 up to 8 mm in diameter have been grown 
in 3 weeks at 45’. Lower temperatures produce smaller, but thicker, crystals. 
Lead hydroxide iodide (PbIOH) is formed in a basic gel in a test tube?O If 
the gel is not alkaline, some Pb12 crystals are also formed. 

Other crystals grown by this technique include lead molybdate:’ barium 
and strontium tungstate:2 silver acetate:’ potassium per~hlorate:~ and 
copper(1) i ~ d i d e ? ~  

G. THE COMPLEX DILUTION METHOD 

This technique differs from the standard technique in that the crystals are 
formed by dilution o f a  solution containing a complex that is stable only at 
higher concentrations of a common ion. The example used here (following 
synthesis) is copper(1) chloride, which is soluble only with high concentrations 
of chloride ion?6 The role of the gel in this case is dilution of the complexed 
solution as it diffuses through the gel. This causes slow decomposition of the 
complex in the gel resulting in precipitation of the desired material. While 
copper(I) chloride has been the most successful system for application of this 
technique, some success has been noted with other systems, including copper(I) 
bromide and copper(1) iodide?‘ Silver iodide crystals have been produced by 
the diffusion of an AgI-HI complex into an acid (HI) gel?*’”” Other silver 
halides have been grown in the same These experiments should 
be run in the dark. The growth of HgS (cinnabar) also has been rep~rted’~ using 
this technique. The experiments are carried out at room temperature in a test 
tube using a complex of Na2S-HgS. Crystals of black metacinnabar appear 
after 1 day, but on standing several days, these crystals convert to the red 
cinnabar. 

Silver phosphate (&P04) has also been grown in silica gel4’ (05 M sodium 
metasilicate plus 1 M acetic acid). The experiments are performed at room 
temperature, in the dark, using test tubes. The solution above the gel contains 
&,PO4 and nitric acid which is added to keep the phosphate in solution. As 
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the growth proceeds, the nitric acid diffuses more rapidly into the gel and the 
silver phosphate precipitates in the regions of lower acidity. Well-formed do- 
decahedra are produced (1.5 mm). 

Small crystals or dendrites of metals can be formed in a similar way by reduc- 
ing a metal salt contained in a gel. Lead dendrites are formed rapidly when 
metallic zinc is used as the reducing Similarly, small copper tetra- 
hedral and gold platelets3944 can be formed by reduction in gels. 

H. LIESEGANG RINGS 

No discussion of gel growth could be complete without a passing reference to 
the phenomenon of Liesegang rings, which were observed even before crystal 
growth was found in gels. The rings are named after the German chemist3 who 
fust observed them in 1896. Liesegang observed that concentric rings of silver 
dichromate are formed (in the gel) after silver nitrate solution is dropped on a 
gel containing potassium dichromate. The same result occurs when a gel contain- 
ing potassium dichromate in a test tube is covered with a solution of silver 
nitrate. The rings appear periodically, usually with no evidence of crystalliza- 
tion between them. In the older work, agar or gelatin was used most often. The 
same phenomena can be observed in silica gels, however."2 The true conditions 
causing these rings are not known, but they have led to  much speculation. 
Liesegang ring formation is generally attributed to the diffusion process in a gel 
and probably has some relation to the solubility of the product that forms 
microcrystals in the rings. Using gelatin gels, Hatschek4' found these rings 
when producing calcium sulfate, calcium carbonate, barium carbonate, barium 
oxalate, lead sulfate, lead chloride, and silver chromate. H o l r n e ~ ~ ~  gives details 
of several cases using silica gel. Perhaps the most impressive banding was ob- 
served by Holmes,' with gold as the product. In these experiments, silica gel 
was formed by mixing sodium metasilicate (sp gr 1.16) with an equal amount 
of 3 N H2S04. One milliliter of a 1% solution of AuC13 was added to 25 mL 
of the mixture before the gel was allowed to set. An 8% o d i c  acid solution was 
added above the gel. The upper bands in the gel consisted of a red layer on top, 
a blue layer in the middle, and a green layer on the bottom. A dozen or more 
bands were produced within the test tube. Small golden crystals were also 
present throughout the gel. A recent description of Liesegang rings has been 
presented by StrongP6 
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2. CRYSTAL GROWTH IN GELS 

Submitted by A. P. ARMMGTON* and 1. J. O'CONNOR* 
Checked by AARON WOLD? 

A. CALCIUM TARTRATE CRYSTALS GROWN BY 
THE STANDARD TECHNIQUE 

CaClz - 2Hz 0 t 2Hz 0 t HOz C (CHOH)z COz H - 
Ca[0zC(CHOH)zC02] -4Hz0 t 2HC1 

Calcium tartrate is the easiest of all gel-growth experiments and yields the best 
results of all materials.' 9 z  Thus it has been the most used system for gel-growth 
studies, including nucleation, aging, and pH studies. 

Procedure 

The gel in this case is formed containing sodium tartrate and sodium hydrogen 
tartrate. About 50 mL of 0.5 M tartaric acid is titrated with 0.5 M sodium 
metasilicate to a pH of 4. After titration the solution is placed into 50-mL test 
tubes and allowed to set. About 30 mL of solution is added to each tube. The 
tubes should set for 1 or 2 days. Fifteen milliliters of a 0.5 M CaClz solution is 
then added above the gel in each tube and the tubes are lightly stoppered. They 
are then placed in a controlled-temperature bath at 40°C in the dark. Close 
temperature control is not needed. The reaction time is about 2 weeks. 

Properties 

Clear crystals up to 1 cm in length have been produced in test tubes, but 5-mm 
crystals are more common. Crystals twice this size can be produced using 500- 
mL graduates in place of small test tubes. In this case 2 to 3 months of reaction 
time is required. 

*HQ Rome Air Development Center (AFSC), Deputy for Electronic Technology, Solid 

tChemistry Department, Brown University, Providence, RI 02912. 
State Sciences Division, Hanscom, AFB, MA 01731. 
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B. COPPERO) CHLORIDE CRYSTALS GROWN BY 
THE COMPLEX DILUTION METHOD 

dilution 
cuc1*+,x- -cucl(,) t xc1- 

Copper(1) chloride is precipitated from a concentrated solution of HC1 by dilu- 
tion during the diffusion process. This process is illustrative of the complex 
dilution method of growing crystals. 

Procedure 

A 50-mL test tube is used for the e~per iment?’~  A stock solution of CuCl in 
5 N HC1 is first prepared by mixing an excess of CuCl(18 g, 0.18 mole) with 200 
mL of 5 N acid. Copper turnings are kept under the solution to prevent the for- 
mation of CuClz. If this is present the solution has a blue-green or brown color 
that disappears with continuous shaking; the solution becomes clear after the 
excess CuCl settles to the bottom. Mixing and then allowing the solution to 
stand overnight is generally sufficient to obtain a clear solution. The gel is then 
formed by titrating 50 mL of 1 NHCl with a 0.5 M sodium metasilicate solu- 
tion to a pH of 4.5. The gel solution is then poured into 50-mL test tubes (about 
30 mL in each tube) and allowed to set overnight. Fifteen milliliters of the CuCl 
stock solution is added to each tube. This must be done carefully to prevent 
damage to the gel at the interface. Slowly adding the fust few milliliters with an 
eyedropper gives the best results. A few milliliters of mineral oil are added above 
the solution to prevent oxidation of the CuC1. The experiment is best run in 
the dark. In about 2 weeks, clear, 3-mm tetrahedral crystals are found in the gel. 

Properties 

Crystals of copper(1) chloride tend to oxidize in air when removed from the gel, 
but a coating of oil delays the process. The crystals are also stable in vacuum. 

Larger CuCl crystals up to 8 mm have been produced using more complicated 
equipment? The growth of CuBr has also been reported using approximately 
the same conditions except that HBr is used in the stock solution in place of 
HCl? Copper(1) iodide can also be grown by this method: although not as 
successfully as by the conventional gel method.6 The complex appears to be less 
stable in that large amounts of CuI precipitate form at the gel-solution inter- 
face blocking the reaction. Some success is obtained when the stock solution is 
7.5 M in HI, but the crystals are still poorly formed. 
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3. SINGLE-CRYSTAL GROWTH BY A 
DOUBLE-INFUSION TECHNIQUE 

Submitted by W. HUBER,* F. HULLICER,* and H. VETSCH* 
Checked by C. A. LIEN,? J. C. PREBLE,? S. R. LEE? and A. WOLD? 

A. THE DOUBLE-INFUSION TECHNIQUE 

This method is appropriate for growing single crystals of compounds that have a 
medium or low solubility and cannot be recrystallized because of a dispropor- 
tionation in the mother liquor. The reaction is not carried out in a gel medium 
(sodium metasilicate or an organic gel), as in the webknown gel technique;’ 
rather a saturated solution of the compound itself is used as reaction medium.* 
Thus crystals of a compound AX can be grown by slowly and simultaneously 
adding a solution of a compound AY and a solution of a compound BX to a 
saturated solution of AX according to the reaction 

AY + BX - AX + BY 

Of course, the solubilities of AY, BX, and BY have to be considerably larger 
than that of AX. As is shown in Fig. 1, the double-infusion crystallizer consists 
of a thermostated (filled with oil) Pyrex vessel containing the saturated solu- 
tion and eventually some seed crystals mounted on a stirrer. The solutions AY 
and BX are introduced through glass capillary tubes by means of a micropumpt 

*Laboratorium fiir Festkorperphysik ETH, CH-8093 Ziirich, Switzerland. 
tDepartment of Chemistry, Brown University, Providence, RI 02912. 
$A product of INFORS AC, CH-4149 Hofstetten (Switzerland), was used in our experi- 

ments. The speed of the pump was reduced by a factor of 100 from that of the commercial 
model. 
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motor 

Fig. 1. Schematic representation of the double-infusion device. 

of the type used in medical practice. The infusion rate thus can be varied in a 
ratio of 1 : lo4, with a maximum input of 4 mL/hr with 50-mL syringes.* The 
capillary tubes dip into the growth solution. A diameter of about 10 p permits 
a flow rate sufficiently high to avoid back diffusion and precipitation within the 
tubes. If necessary, however, the capillaries may be placed above the solution. 
For example, in a variant of the method one reactant may be infused into the 
other reactant, which has been dissolved in a gel. Nicolau et aL3 have proposed 
a simple mathematical treatment for a dropwise input of feed solution in a single- 
infusion technique. 

B. SINGLE CRYSTALS OF 
RARE EARTH TRANSITION ELEMENT CYANIDES 
Ln[ M (CN)6 ] *n H2 0 

Prandtl and MohrI5 probably were the first to prepare rare earth hexacyanofer- 
rates Ln[Fe(CN)6] *nH20  in microcrystalline form. Some of these cyanides 

*Fifty-milliliter polypropylene syringes from Becton, Dickinson & Co. Ltd., Dun 
Laoghaire, Dublin, Ireland. 
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form semipermeable membranes that are of interest in connection with the 
desalination of seawater. IA[F~(CN)~]  *5H20 crystallizes in a hexagonal struc- 
t ~ r e ~ ’ ~  in which each Fe3+ is octahedrally surrounded by six carbon atoms and 
each Ln3+ is surrounded by a trigonal prism formed by six nitrogen atoms. The 
five H20 molecules are located outside the five prism faces. The structure be- 
comes less stable with decreasing size of the rare earth ion. The compounds 
lose one HzO per formula and their structure becomes or thorh~mbic~~’.  In 
these phases Fe is in a low-spin state (S = i), which gives rise to the reddish 
color of all hexacyanoferrate(II1) salts. Similar phases exist with cobalt and 
chromium.‘** Cobalt in the cobalt(II1) cyano complexes is nonmagnetic, and 
the colors of these salts are similar to those of the corresponding rare-earth 
oxides L n z 0 3 .  The same holds for the chromium(II1) compounds, since the 
delectron transitions in [Cr(CN),I3- lie beyond the visible range. Magnetic 
ordering at low temperatures was observed in the chromium(II1) and iron(II1) 
cyano complexes7 but not in the cobalt(II1) derivatives? The highest ordering 
temperature is found in ferrimagnetic Tb[Cr(CN)6] -4Hz0, namely, 11.7 K. 
Antiferromagnetic Lu[Cr(CN6] .4H20 has a NBel temperature of 2.8 K, which 
is quite remarkable for a superexchange by way of five nonmagnetic ions: 

Cr-C-N-Lu-N-C--Cr 

Whereas the double-infusion technique is adequate for the growth of hexacyano- 
ferrate(II1) and hexacyanocobaltate(II1) crystals the solubilities of the chro- 
mium(II1) salts are so high that crystals can be obtained by crystallization from 
a saturated s ~ l u t i o n . ~  

Procedure for the Preparation of  Samarium (III) 
HexacyanoferratefIII) Tetrahydrate Crystals 

Since these hexacyano complexes are hydrated salts, aqueous solutions are used. 
To prepare the saturated Sm[Fe(CN)6] solution 10 mL of 1 M neutral SmC13 
solution is first added, followed by the same amount of 1 M K3[Fe(CN),] 
solution, to 500 mL of distilled water kept at 6 5 O . *  In this way a supersaturated 
solution is obtained that (if everything is clean) can remain in this metastable 
state for hours before the first crystallites separate. To accelerate the proce- 
dure, microcrystals of Sm[Fe(CN)6] -4H20 are prepared by mixing 1 M solu- 
tions of 1 mL of SmC13 and 1 mL of K3 [Fe(CN)6]. The thy  seed crystals 
that are obtained are used to initiate precipitation in the growth solution. 
After 10 minutes, still at 65”, the solution is filtered and 50 mL of hot dis- 

*The checkers used 5 mL of the SmCl3 solution and 5 mL of the K3  [Fe(CN)6] solution. 
They used only 250 mL of distilled water and other amounts were changed proportionately. 
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tilled water is added; the solution is kept for 30 min at 65" and then filtered. 
This nearly saturated solution is transferred to the growth vessel, which has 
been carefully cleaned to avoid nucleation (Fig. 2), and is kept at a constant 
temperature of 65". The two syringes are Tied with 1 M solutions of SmC13 
and K3 [Fe(CN),], prepared at room temperature. The SmCIJ solution may be 
prepared from SmC13.6Hz0 or by reacting Smz O3 with HCl. In the latter case, 
care should be taken to avoid the presence of free hydrochloric acid, as it would 
quickly disproportionate the potassium hexacyanoferrate(II1) solution. The 
solution slowly darkens anyway, since at 65" the K3 [Fe(CN),] solution is not 
stable. The glass capillaries dip into the growth solution so that the infused 
solutions automatically come to the required temperature. With an infusion 
speed of 0.14 mL/hr single crystals of Sm[Fe(CN),] * 4 H z 0  With edge lengths 
up to 3 mm grow on the walls of the growth vessel within 4 days. Introduction 
of seed crystals and stirring may reduce the number and increase the size of the 
crystals. Seed crystals may be mounted in plastic holders on the stirrer. One 
should not use a magnetically driven stirrer but a motor-driven glass stirrer with 
30-60 rotations/min. 

Fig. 2. Crystal-growth unit for  rare earth hexacyanoferrates (III): (1) micro- 
pump, (2) syringes, (3)  details o f  a syringe, (4) crystal-growth vessel surrounded 
by  a copper-coil heat exchanger (connected with (6)), (5) heater for heating the 
oil in the outer vessel to slightly below the desired growth temperature, (6)  
thermostating unit for the heat exchanger. 
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Properties of srn[Fe(cNJ6 I -4H,  0 

The resulting crystals are dark red and are partly of a pseudohexagonal habit as 
indicated by b/a being close to The dimensions of the orthorhombic cell at 
room temperature are: a = 7.433, b = 12.875, c = 13.730 A.6 Below Curie 
temperature Tc = 3.5 K the compound transforms to a ferrimagnet exhibiting 
a distinct hysteresis loop and a marked anisotropy. The Sm salt is fairly stable in 
air. With acids poisonous HCN gas is evolved. 

C. SILVER(:) PERIODATE AgzHjI06 AND 
AMMONIUM PERIODATE (NH4)Z H3 I 0 6  

These orthoperiodates are of interest because they undergo phase transitions 
connected with dielectric anomalies?-". Silver(1) periodate Ag2H3IO6 is a 
compound of very limited solubility and low thermal stability, and (NH4)Z H3 106 
is stable only over a small temperature range. Since the Ag' and NH; ions are 
very similar in size, it is not surprising that at room temperature (NH4)?H3106 
and Ag2H3106 crystallize in the same structure (space group RF if we neglect 
the H atoms). This structure shows a close relationship to the well-known ferro- 
and antiferroelectric compounds KH2 PO4 and (NH4)HzP04. Both periodates 
undergo two-step phase transitions to an antiferroelectric phase below room 
temperature. The rhombohedral room-temperature cell contains one formula 
unit. The structure contains nearly regular isolated [IO,] octahedra. Along the 
threefold axis, two Ag+ or NH4* ions are inserted between the iodate octahedra. 
The 0-0 distance between adjacent octahedra is 2.6 A, which is indicative of 
strong hydrogen bridges. 

At 254 and 252 K for the ammonium salt and between 250 and 210 K for the 
silver salt, the protons within these bridges become localized and the crystals 
reveal antiferroelectric behavior." The space-group sequence on going from high 
to lower temperatures is R 3  with 2 = 1 to Pi with Z = 2 to Pi with 2 = 4 for 
the Landau transitions in Ag2H3106 and R5 with Z = 1 to an unknown inter- 
mediate phase and fmally to R3 with 2 = 8 in (NH4)zH3106 .lo At room tem- 
perature (20") the following lattice constants of the hexagonal cell have been 
determined: 

(NH4)2H3106: UZ6.928(2)A, C =  11.159(5)A9* 

AgzH~I06:  a=5.9366(4)A,CZ 12.7190(5)A1' 

Preparation of Ag,H, 106 and (NH4),H,  106 Single Crystals 

2AgNO3 + &I06 +AgzH~Io, j  + 2 m 0 3  

*The hydrogen positions were determined by Tichf et aI.l3 
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Fig. 3. Phase diagramI4 showing the different silver iodates that crystallize 
from H N 0 3  solutions near room temperature. Acid concentration given in grams 
of H N 0 3  per 100 mL of solution. 

A saturated solution of Ag,H3106 in roughly 2% nitric acid is prepared. The 
starting solutions must be sufficiently acidified. Otherwise, instead of the yellow 
Ag, H 3 1 0 6 ,  a different silver periodate, black Ag, 106, precipitates. Moreover, 
the reaction temperature should not be too high, since at higher temperatures 
the red Ag,HI05 is favored, as can be seen in Fig. 3. In detail, 6.79 g (0.04 
mole) of AgN03 and 4.55 g (0.02 mole) of H,I06 are each dissolved in 100 mL 
of 1.5% HN03 solution. The solutions are thoroughly mixed and the resulting 
solution is diluted to 250 mL. The silver solution must be protected from direct 
illumination. The solution is allowed to stand for 2 days and then the residual 
precipitate is filtered off. The saturated A g z H ~ I 0 6  solution is cooled to 5' 
and transferred to the carefully cleaned Pyrex growth vessel. The two 50-mL 
plastic syringes* are filled with an aqueous H S I 0 6  solution (7.6 mg/mL) and a 
silver nitrate-nitric acid solution (1 1 3  mg/mL in 1.8% HN03), respectively. The 
glass capillaries connected with these syringes are dipped into the growth solu- 
tion and the reaction is started with an infusion speed of 03 mL/day. A first 
run is made to gain some seed crystals. Seed crystals of about 1 mm in edge 
length are then mounted on the stirrer and the procedure is repeated while the 
crystals are rotated at a speed of about 0.5 Hz. With this infusion speed the 
resulting crystal growth rate is near 0.05 mm/day. Thus perfect single crystals 
10-15 mm in edge length require a growth time of about 1 year. Less perfect 
crystals may be grown at a slightly higher infusion speed. All other crystd- 
growth techniques that have been tried yielded only small crystals less than 2 

*Fifty-milliliter polypropylene syringes were obtained from Becton, Dickinson & Co. 
Ltd., Dun Laoghaire, Dublin, Ireland. 
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mm in edge length. Characteristically, the yellow A & H J I O ~  crystals always 
adopt the shape of rhombohedra. 

The ammonium salt (NH,), H3 106 is prepared similarly. One of the solutions 
in the 50-mL plastic syringes is 20% aqueous NH4GH; that in the other syringe 
consists of aqueous H5 106 (43.7 mg H5 I06/mL H2 0). These two solutions are 
infused into a 250-mL saturated solution of (NH4)2H3106 in 20% NH40H kept 
at 20'. The saturated growth solution is prepared in the following way: 4.56 
g of H5106 in 30 mL of H 2 0  is mixed with 50 mL of 15% aqueous NH40H. 
About 4 g of (NH4)2 H3106 precipitates immediately and about three-quarters 
of this is redissolved in the solution when its volume is diluted to 250 mL. 
Even after extensive stirring a 1-g fraction remains undissolved. The saturated 
(NH4)zH3106 solution is filtered and transferred to the carefully cleaned growth 
vessel. A considerable excess of ammonia is required because (NH4)2H3106 is 
incongruently soluble? Infusion is started at a speed of 0.5 mL/day. The proce- 
dure with the seed crystals is the same as in the case of the silver salt. Within 
about 2 months colorless hexagonal plates approximately 1 mm thick and up to 
2 cm in length and width grow. 

To prevent growth of additional small crystals on the walls of the growth 
vessel, the bath temperature may be modulated within a range of 3-4" so that 
new tiny seed crystals are immediately redissolved. 
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4. CRYSTALLINE SILVER CHLORIDE 

HAgClz - AgCl + HCl 
2HCl t CaC03 - CaClz t COz + H2 0 

Submitted by JOHN C. BAILAR, JR.* 
Checked by AARON WOLD'! 

Because of the photochemical importance of silver chloride, its chemistry and 
physics have been investigated extensively and many methods have been devised 
for the formation of silver chloride crystals. Berry et al. describe some of these.' 
Microscopic crystals can be grown by mixing solutions of Ag* and Cl- in gelatin 
or silica gel: or by slow diffusion of solutions of these into each other.3 It is 
also possible to get crystals by the slow decomposition of silver complexes in a 
solution containing chloride ion: Masses of large crystals can be formed by the 
slow solidification of molten silver chloride' or by pressing the solid between 
chromium or quartz plates at high pressure. These latter methods have been used 
for making silver chloride sheets and lenses for optical devices.6 

The method described here gives individual, single crystals of up to 2 mm in 
diameter. It depends on the slow loss of hydrogen chloride from a solution of 
the complex HAgClz . 

Procedure 

The apparatus consists of a vacuum desiccator, in which the space normally 
occupied by the drying agent has been filled with chips of limestone (roughly 
1 cm in diameter) and enough water to  cover them. Freshly precipitated silver 
chloride is dissolved in concentrated hydrochloric acid (the solubility is about 
3 g/100 mL) and the solution is filtered or decanted into a beaker, which is then 
put on the plate of the desiccator. The desiccator is closed, but the outlet is left 
open. The desiccator is put in a dark place and allowed to stand quietly. No tem- 
perature regulation is necessary beyond that ordinarily maintained in a labora- 
tory. No vacuum is applied-a vacuum desiccator is used only because it has an 
outlet for the carbon dioxide formed. There is little or no evaporation of the 
hydrochloric acid solution-only a decrease in HCl concentration. 

Tiny crystals of silver chloride form on the surface of the solution, and larger 
ones form on the bottom and sides of the beaker. Those that form on the walls 
of the beaker seem to be the most perfect. They are clear, colorless cubes and 

*School of Chemical Sciences, University of Illinois, Urbana, IL 61801. 
TChemistry Department, Brown University, Providence, RI 02912. 
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may reach 2 mm in diameter. The yield and size of the crystals depend on the 
number and surface area of the limestone chips, the amount of water covering 
the chips, and the duration of the experiment. The largest crystals have been ob- 
tained by allowing the crystallization to  proceed for about 5 months. 

Properties 
The crystals formed by this procedure are white cubes, but they tend to aggregate 
into needlelike formations. They darken only slowly when exposed to diffuse 
daylight, and somewhat more rapidly in sunlight. They dissolve rapidly in solu- 
tions of strong complexing agents such as ammonia, sodium thiosulfate, and 
sodium cyanide. If made from pure silver nitrate and hydrochloric acid they are 
exceedingly pure, because silver chloride rejects H' and NO:- during the crystal- 
lization process.' 

References 

1. C. Berry, W. West, and W. Moser, in The Art and Science of Growing Crystals, Wiey, 
New York, 1963, p. 214. 

2. Z. Blank, D. M. Speyer, W. Bredner, and Y. Okamoto, Nature, 216,1103 (1967). 
3. J. Sivadjian, J. Phmm Chim 17, [ 81,457 (1933). 
4. S. Makishima, T. Tomotsu, and S. Hayakawa, Photog  Sensitivity Symp. Tokyo, Bd. 

2, 125 (1958); Chem Abstr., 52, 16100 (1958); E. Hayek, M. Hohenlohe-Profanter, 
B. Marcic, and E. Beetz, Congr. Int. Chim Pure AppL I6e- Paris, 1957, Mt?m Sect. 
Chim M i n k ,  1960, 881. 

5. B. M. Brainin, Sb. Nauchn Robot Aspirantov Molodykh, Spets. Petrozavodsk. Univ. 
Gumaritam. Fiz. Nauk, 148 (1965); F. Zoergiebel, G. Haase, G. Henig, E. Schoepper, 
and 1. U. Schott, Z. Angew, Phys ,  30, 316 (1970); H. Kanzaki, J. Phys Soc Jap., 11, 
120 (1956); M. T. Speckling, Phil. Mag., 18,691 (1968);A Neuhaus, Chem Ingr. -Tech, 
28,350 (1956). 

6. W. J. Luhman and A. E. Corum, Acta MetaR, 7, 685 (1959); E. Klein and R. Matejec, 
Z. Elektrochem, 61, 1127 (1957); R. Matejec, Z. Phys,, 148, 454 (1957); Englehard 
Industries, Inc., Br. Pat. 946,504 (1964); Chem Abstr., 60,11652 (1964). 



20 Solid State 

5. THE PARTIALLY OXIDIZED PLATINUM COMPLEX 
RUBIDIUM TETRACYANOPLATINATE [HYDROGEN 

BIS(SULFATE)] (3: 1 :0.46): Rb3 [Pt(CN),]- 
(so4-H-04s)0.46 -H,O* 

" 2 0  , Rb2 [Pt(CN)4] '1.5H20 + 05 RbzS04 + 0.42 HzS04 
0.8 V (DC) 

Rb3 [Pt(CN)4 ] (SO4 -H-O4 S)0.46 -H2 0 + 0.5H2 0 + 0.84H+ 

Submitted by RICHARD BESINGER,? DAVID A. VIDUSEK,? DANIEL P. GERRITY,? 
and JACK M. WILLIAMS* 
Checked by KRlSTlN BOWMAN MERTESO 

The partially oxidized tetracyanoplatinate salts continue to be of high current 
interest because of their one-dimensional properties. These salts,' containing 
Cl-, Br- (see Reference 2), and (FHF)-, have previously been reported in the 
literature. We have now prepared the first such compound containing the hydro- 
gen bis(su1fate) (S04-H-04S)3 - anion. Levy3 has reported the preparation 
of what appeared to be a sulfate complex. The electrolytic procedure described 
here is one that we have reported previously' for the preparation of related 
salts of (FHF)-. This procedure was originally reported by Terry4 for the 
preparation of K1.7S ~ ( C N ) 4 ] - 1 5 H 2 0  and was extended by Miller' for the 
preparation of K2 [Pt(CN)4] Xo.3- 3H2 0, where X = Br- or C1-. The electrolytic 
synthesis described here is suitable for the preparation of high-purity triclinic 
crystals of Rb3 [Pt(CN)4] (S04-H-04S)0.46-H20 with a P t - R  intrachain 
repeat separation of 2.826(1) A. 

Materials 

The Rb2 [Pt(CN),] - 1 .5H20 used in this preparation is prepared as described by 
Koch et aL6 All other chemicals used are ACS reagent grade. Distilled water is 

*Work performed under the auspices of the Office of Basic Energy Sciences of the U.S. 
Department of Energy. By acceptance of this article, the publisher andlor recipient acknowl- 
edges the U.S. Governments right to retain a nonexclusive, royalty-free license in and to 
any copyright covering this paper. 
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David A. Vidusek from linois State University, Normal, IL, and Daniel P. Gerrity from 
Cornell CoIlege, Mount Vernon, 1A. 
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$Department of Chemistry, University of Kansas, Lawrence, KS 66045. 
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used throughout the entire preparation, and all of the reactions are carried out in 
polyethylene beakers. 

Procedure 

rn Caution Because of the extremely poisonous nature of cyanide, these 
steps should be cmried out in a well-ventilated area using protective gbves and 
&thing and a face shield. 

mole) of Rb2S04 to  6 mL of water. The solution is then saturated with 1.08 g 
(2.15 X mole) of Rb2 [Pt(CN), J '1.5H20 and acidified to a pH of less than 
1 with 0.25 mL of 9 M HzSO4. The sulfuric acid is added in small  increments 
while the solution is stirred to minimize possible generation of HCN gas. The 
clear solution is transferred to an electrolytic cell consisting of a 50-mL poly- 
ethylene beaker with two small opposing holes drilled 5 mm from the bottom; 
two platinum electrodes are cemented in place by epoxy cement through the 
holes with the electrode tips being separated by about 4 mm. 

After 72 hr of electrolysis at 0.8 V the reddish-bronze crystals are suction 
fdtered through a medium-porosity fritted filter, washed with two 3-mL portions 
of cold water, and allowed to  dry in air. Yield: 1.5 g (nearly 100%) based on 

Anal. Calcd. for Rb3 [Pt(CN)4] (S04-H-04S)o.4a-H20: Rb, 38.71; Pt, 29.45; 
C, 7.25; N, 8.46; H, 0.37; S, 4.45. Found': Rb, 39.08,39.29; Pt, 2953,29.90; 
C, 7.02; N, 8.36; H, 0.21; S, 4.46,4.50. Found': C, 727,720;  N, 8.18,8.35; 
H,0.47,039; S,434,4.48. 

A platinum oxidation state of +2.30 was determined by iodine-thiosulfate 
titrationsg assuming a molecular weight of 662.44. The calculated Pt oxida- 
tion state, based on the chemical analyses and crystallographic analysis, is 
t2.38 k 0.02.'' 

Thermogravimetric analysis (25-300') shows a weight loss of 0.126% between 
40" and 1 1 5 O .  This weight loss corresponds to  0.47 mole of H 2 0  per mole of 
a, mpoun d . 

Emission spectrographic analyses indicate the product to be of high purity and 
to contain the following impurities: 05% Ba, 0.05% K, 0.005% Li, 0.005% Ca, 
and a faint trace (< 0.01%) of Na." Attempts at preparing this compound by a 
chemical preparation using a tenfold or threefold excess of 30% H202 have 
failed to produce a similar product. 

An 0.8 M solution of RbzS04 is prepared by adding 1.34 g (5.01 X 

Rb2 [Pt(CN)4] -1.5HzO. 

Physical Properties 

The compound Rb3 [Pt(CN)4] (S04-H-04S)0.46-H2 0 forms triclinic crystds 
that have a reddish-metallic luster. The cell constants as determined from single- 
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crystal X-ray diffractometer measurements are as follows: a = 5.652(1) A, 
b =9.372(2) A, c = 13.762(2) A, a = 71.19(1)O, /3 = 81.94(2)' 7 = 73.44(1)', 
V=660.40A3. The observed crystal density of 3.24(1)g/cm3 is in excellent 
agreement with the calculated density of 3.18 g/cm3 based on two formula 
weights per unit cell. 

The first 10 reflections of the powder pattern correspond to the following 
dspacings: 12.80 (s), 8.42 (s), 6.27 (m), 4.45 (m), 4.29 (s),4.16 (m),4.01 (w), 
3.85 (w), 3.73 (w), 3.63 (w) A." An infrared study" of the product suggests 
the presence of a sulfate anion, and preliminary crystallographic studies indicate 
that it is present as the complex (S04-H-04S)3- species.I4 

The hydrogen bis(sulfate) compound exhibits a room-temperature single- 
crystal conductivity (four probe) of -2000-2100 ohms-' cm-' . Thus it can be 
categorized as a highly conductive species within the tetracyanoplatinate family 
of compounds. 
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6. THE RUBIDIUM-CESIUM PARTIALLY OXIDIZED 

DIFLUOR1DE)-FLUORIDE SYSTEMS * 
TETRACY ANOPLATIN ATE (HYDROGEN 

The partially oxidized tetracyanoplatinate (POTCP) salts continue to be of high 
interest because of their anisotropic metallic properties. By using either electro- 
lytic' or chemical' synthesis procedures, markedly different alkali metal tetra- 
cyanoplatinate (hydrogen difluoride) or fluoride materials may be prepared. 
Also, by utilizing the known equilibrium constants for the aqueous hydrogen 
fluoride system, it is possible to vary the [FHF] - and F-  concentration by ad- 
justing the solution pH's. This results in the selective preparation of [FHF] - or 
F- containing POTCP salts. 

The compounds differ in their Pt-F't intrachain separations, electrical conduc- 
tivities, degree of partial oxidation of the platinum atom, and metallic color. 
These major differences occur even though two pairs of these four compounds 
contain the same anion, (FHF)-, and cation, Rb' or Cs+.  This provides the 
unique opportunity to explore only the effects of structural, not elemental, 
changes on the anisotropic electrical behavior of POTCP salts. 

8 Caution. Because of the extremely poisonous nature of cyanide, and the 
very corrosive nature of HF, these steps should be cam'ed out in a well-ventilated 
fume hood using protective gloves and clothing and face shield. Should any 
solution containing HF spill on gloves or clothing they should be removed im- 
mediately. At no time should any solutions containing HF be exposed to glass. 

Mate rials 

The Cs2 [ P t ( C N k ]  *H2 0 and Rb2 [Pt (CN)4]  * 1 .5H2 0 starting materials for these 
preparations are synthesized as described by Maffly et aL3 and Koch et a1.: 
respectively. The cesium fluoride and rubidium fluoride are 99.9% pure. All 
other chemicals are ACS reagent grade. Distilled water is used throughout the 
procedures. 

*Work performed under the auspices of the Office of Basic Energy Sciences of the U.S. 
Department of Energy. By acceptance of this article, the publisher andlor recipient acknowl- 
edges the U.S. Government's right to retain a nonexclusive, royalty-free license in and to 
any copyright covering this paper. 
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A. RUBIDIUM TETRACYANOPLATINATE (HYDROGEN DIFLUORIDE) 
( 2 :  1 : 0.29) HYDRATE: Rb2[Pt(CN)4](FHF)o39*1.67H20 

RbF.H,O 
60Rb2 [Pt(CN)4] '1 S H 2  0 + 9H2 0 2  + 36HF 

60Rb2 W(CN),] (FHF)029. 1 .67H20 + 8H20 

Submitted by KIM L. STEARLEY* and JACK M. WlLLlAMSf 
Checked by KRlSTlN BOWMAN MERTESS 

Procedure 

A solution of Rb2 [Pt(CN),] is prepared by dissolving 1.1 g ( 2 2  X mole) 
of Rb2[Pt(CN),]-1.5H20 in 6 mL of distilled water. The solution is then 
transferred to a 50-mL polyethylene beaker. To this is added a 2.0 g (1 9 X 

mole) of rubidium fluoride. A fine green-white precipitate appears immedi- 
ately. To this solution and precipitate is added 3 mL of concentrated HF and 
upon stirring dissolution is complete. To the clear solution is added 2 mL of 
15% H 2 0 2  solution and the beaker is allowed to  stand (uncovered) in a plastic 
desiccator. After 1-2 days the formation of greenish-bronze metallic crystals is 
observed. The crystals are harvested 1 week after initial formation. They are 
washed with two 5-mL portions of ice-cold water and are allowed to dry in the 
air. Yield: 0.38 g (37%) based on Rb2 [Pt(CN),] - 1  .5H20. The crystals should 
be stored in a polyethylene vial in a refrigerator to avoid possible loss of HF from 
the complex. Larger crystals may be grown by diluting the original peroxide 
solution by a factor of 10 and allowing the crystals to form through slow evapo- 
ration coupled with seeding over a period of several weeks or months. Chemical 
analyses' are given in Table I. Thermal gravimetric analysis showed the complex 
to contain 1.67 water molecules of hydration per molecule.6 

Physical Properties' 

The compound may be identified with X-ray diffraction powder pattern data.8 
The first 12 reflections occur at the following d-spacings: 8.95 (vs), 8.13 (vw), 
6.47 (m), 6.13 (m), 4.94 (vw), 4.43 (s), 4.21 (vw), 4.06 (s), 3.88 (s), 3.79 (vw), 
3.54 (vw), 3.42 (vw) A. Preliminary X-ray diffraction studies indicate that for 

The compound Rb2 [Pt(CN),] (FHF)o.29. 1 .67H20 appears to be stable to- 
Rb2 [Pt(CN)4] (FHF)o.zs* 1 . 6 7 H 2 0 , ~  = 5.78 A and Pt-Pt = 2 8 9  A. 

*Research participant sponsored by the Argonne Center for Education Affairs, Illinois 

t Chemistry Division, Argonne National Laboratory, Argonne, 1L 60439. 
*Department of Chemistry, University of Kansas, Lawrence, KS 66045. 

State University, Normal, IL. 
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TABLE I Chemical Analyses of Rbz [ Pt(CN)4 ] (FHF)o.z9 . l  .67Hz 0' 

Percentage Composition Average 
of 

Five 
Elements Samulel Samule2 Samde3 Samule4 Samole5 Samoles Theoretical 

C 9.28 9.44 9.41 10.04 9.92 9.62 9.39 
N 10.93 11.27 11.32 10.91 11.92 11.27 10.96 
H 0.32 0.22 0.25 0.32 0.26 0.21 0.65 
F 2.53, 2.35 2.23.2.11, 1.99, 1.94, 2.14,2.04. 2.28.2.26. 2.14 2.15 

2.09 1.92 2.00 2.10 
totalhalogen, 1.28asCL traceor traceor traceor tnceor - - 
(CL Br, 1) none none none none 

ward hydration and dehydration and may be stored over a saturated solution of 
NaCl that has a relative humidity of 75 .l% at 25". 

B. RUBIDIUM TETRACYANOPLATINATE (HYDROGEN DIFLUORIDE) 
(2 : 1 : 0.38): Rbz [ Pt(CN)4 ] (FHF)oas 

RbF,H,O 

1.5 v lOORbz [Pt(CN)4].1.5HzO + 76HF 

lOORb2 [Pt(CN)4](FHF)oa + lSOHzO+ 19Hz 

Submitted by C. COFFEY* and JACK M. WILLIAM@ 
Checked by KRISTIN BOWMAN MERTESS 

Procedure 

A solution of Rbz [R(CN),] is prepared by dissolving 1.1 g (2.2 X mole) 
of Rbz[Pt(CN)4]-l.5Hz0 in 6 mL of distilled water. The solution is then 
transferred to a 50-mL polyethylene beaker. To this is added 2.0 g (1.9 X 
1 O-? mole) of rubidium fluoride. A green-white precipitate appears immediately. 
To this solution and precipitate 3 mL of concentrated HF is added with stirring 
until dissolution is complete. The clear solution is transferred to a polyethylene 
cell consisting of a 50-mL polyethylene beaker with two opposing holes drilled 
near the bottom to contain two platinum electrodes (each approximately 25 mm 
long). The electrode tips are separated by about 2 mm and are attached to a 
1.5 V dry cell. The solution is electrolyzed for 10 hours. By the end of this time 
lustrous metallic yellow-gold colored crystals fill the beaker. They are harvested 

*Research participant sponsored by the Argonne Center for Educational Affairs, Mercy- 

t Chemistry Division, Argonne National Laboratory, Argonne, 1L 60439. 
$Department of Chemistry, University of Kansas, Lawrence, KS 66045. 

hunt College, Erie, PA. 
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and washed with two 6-mL portions of distilled water and allowed to dry in air. 
Yield: 0.63 g (61%) based on the Rbz [Pt(CW4] -1  .5Hz 0. The crystals should 
be stored in a polyethylene vial in a refrigerator to avoid possible loss of HF 
from the complex. Larger crystals can be grown using a variable-voltage source set 
at 1 V DC. Because of the apparent decomposition of Rbz [Pt(CN)4] (FHF)038 
when exposed to air at room temperature for long periods of time, the electroly- 
sis should be stopped while there is still some solution remaining. Anal. Calcd. 
for Rbz [Pt(CN)4] (FHF)o.38; C, 9.54; N, 11.13; F, 2.94; H, 0.47. Found': C, 
9.66; N, 10.53; F, 3.05-3.15; H, 0.15. A platinum oxidation state of +2.36 is 
determined by iodine-thiosulfate titration." The Pt oxidation state, as deter- 
mined in an X-ray crystallographic study, is approximately 2.38 and is reported 
as such in this synthesis. 

Physical Properties7 

The first 10 reflections in the X-ray diffraction pattern' occur at the following 
d-spacings: 9.28 (w), 6.57 (vw), 4.60 (m), 4.13 (s), 4.05 (m), 2.91 (s), 2.83 (m), 
2.76 (m), 2.56 (vw), 2.41 (vw) A. 

Single-crystal X-ray studies indicate that Rbz [Pt(CN)4] (FHF)0.38 is body- 
centered tetragonal with lattice constants a = 12.66 A and c = 5.58 A, as com- 
pared to Rbl., [Pt(CN),] -2Hz0, which is monoclinic. Thermogravimetric analy- 
ses indicate that Rbz [F't(CN),] (FHF)0.38 is anhydrous. 

C. CESIUM TETRACYANOPLATINATE (HYDROGEN DIFLUORIDE) 
(2: 1 : 0.23): C% [ Pt(CN)4 ] (FHF)o.Zs 

20OCsz [Pt(CN)4] -H2 0 + 23H2 0 2  + 92HF 

2OOCsz [Pt(CN)4 ] (FHF)033 + 246Hz 0 

Submitted by MICHAEL J. MICHALCZYKT DAVID A. VIDUSEK,* and 

a e c k e d  by KRISTIN BOWMAN MERTESS 
JACK M. WILLIAMST 

Procedure 

Initially, 1.25 g (2.1 3 X mole) of Csz [Pt(CN),] -Hz 0 is dissolved in 10 mL 
of water to produce a saturated solution. The solution is transferred to a 50-mL 

*Research participants sponsored by the Argonne Center for Educational Affairs: Michael 
J .  Michalczyk from Knox College, Galesburg, IL and David A. Vidusek from Illinois State 
University, Normal, IL. 

tchemistry Division, Argonne National Laboratory, Argonne, IL 60439. 
$Department of Chemistry, University of Kansas, Lawrence, K S  66045. 
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TABLE 1 Chemical Analyses' of Csz [Pt(CN), ] ( F H F ) o ~ J  

Percentage Composition Average 
of 

Four 
Elements Samule 1 Samule 2 Samule 3 Samule 4 Samules Theoretical 

C 7.53 9.37 8.23 8.03 8.29 8.36 
N 9.74 9.42 9.41 9.39 9.49 9.76 
H 0.25 0.21 0.18 2.10 0.6 9 0.05 
F 1.51, 1.37, 1.60,1.50, 1.75, 1.70, 1.63, 1.49 1.54 1.52 

1.30 1.44 1.64 
- Total halogen trace or trace or trace or trace or trace or 

(Cl, Brand 1) none none none none none 

polyethylene beaker and 2.0 g (1.32 X 10' mole) of cesium fluoride is added. 
The white cesium fluoride appears to become yellow upon addition and then 
dissolves leaving a clear solution (slight warming may be necessary to dissolve 
the cesium fluoride). Two milliliters of concentrated HF (28.9 M) is added to 
acidify the solution, followed by 1 mL of 15% Hz02 solution. The beaker is 
placed in a polyethylene desiccator containing anhydrous CaS04 and the solu- 
tion is allowed to evaporate at 25'. 

After 24-36 hours, bronze crystals fill the bottom of the beaker. They are 
filtered (plastic funnel), washed with two 2-mL portions of ice cold water and 
allowed to dry in air. Yield: 0.80-0.90 g (78-88%), based on Csz [Pt(CN)4]- 
Hz 0. For analyses see Table I. 

And. Calcd. for Csz [Pt(CN)4](FHF)0.23: Cs, 46.34; Pt, 33.97; C, 8.36; N, 
9.76; H, 0.05; F, 1.52. Thermogravimetric analysis6 of Csz [Pt(CN)4] (FHF)033 
showed that the compound contained no water. A platinum oxidation state of 
+2.27 was determined by iodine-thiosulfate titrations." The Pt oxidation state 
reported here was that determined from the fluorine analyses. 

Physical Properties' 

The compound Csz [Pt(CN)4] (FHF)O.ZB forms body-centered tetragonal crystals 
that have a distinctive bronzish-brown metallic luster. The cell constants as 
determined from a preliminary single-crystal X-ray diffraction analysis are as 
follows: a = 13.051(2) A, b = 13.049(2) A, c = 5.744(1) A. The Pt-Pt separa- 
tion (c/2) is 2.87 A. The first 12 reflections of the powder pattern correspond to 
the following d-spacings:' 12.35 (vs), 8.62 (s), 4.47 (m), 4.00 (m), 3.09 (m), 
3.00 (m), 2.85 (m), 2.72 (m), 2.50 (vw), 2.32 (vw), 2.26 (w), 2.20 (vw)A. 
Although Csz [Pt(CNk] (FHF)033 is anhydrous, it appears to be relatively stable 
toward hydration and dehydration and may be stored safely over a saturated 
solution of NaCl that has a relative humidity of 75.1% at 25'. However, it 
should be stored in a plastic container to avoid reactions with glass. 
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D. CESIUM TETRACYANOPLATINATE (HYDROGEN DIFLUORIDE) 
(2 : 1 : 0.38): CSZ [ Pt(CN)4 ] (FHF)oS 

CsF, H, 0 
lOOCSz [R(CN)4] *HzO + 76HF ,.9 + 

lOOCSz [Pt(CN)4] (FHF)oS + lOOHz 0 + 19Hz 

Submitted by D. P. GERRITY* and JACK M. WILLIAM& 
Checked by KRISTIN BOWMAN MERTESS 

Prucedure 

Initially 1.3 g (22 X mole) of Csz [R(CN)4]-Hz0 is dissolved in 6 mL of 
water to produce a saturated solution. It may be necessary to  warm the solution 
slightly to dissolve the Csz [R(CN)4]-Hz0. The solution is transferred to  a 
50-mL polyethylene beaker and 4.0 g (2.6 X lo-’ mole) of cesium fluoride is 
added. The white cesium fluoride appears to become yellow after it is added. It 
then dissolves leaving a white suspension. Finally, 3 mL of conc. HF (28.9 M) 
is added to acidify the solution and dissolve the white suspension. 

The electrolysis cell consists of a 50-mL polyethylene beaker with two small 
holes drilled about 6 mm from the bottom and on opposite sides. Two platinum 
wires about 25 mm in length are used as electrodes. They are held in place with 
Apiezon N grease. The electrode-electrode separation is approximately 5 mm. 
The power source is a 1.5 V dry cell. 

After about 4 hours of operation, the crystals on the bottom of the beaker are 
filtered in a plastic funnel containing filter paper. They are then washed with 
two approximately 6-mL portions of cold water and allowed to dry in air. Yield: 
0.9-1 .O g (7040%) based on Cs2 [Pt(CN)4] -H2 0. 

Anal. Calcd. for CS,[P~(CN)~](FHF)~.,,: Cs, 44.46; Pt, 32.63; C, 8.04; 
N,  9.37; H, 0.40; F, 2.42. Found’: Cs, 43.69,43.67; Pt. 33.95,34.04;C, 8.19; 
N, 7.28; H, 0.23; F, 2.41, 2.39; halogen other than F,0.0. Found’: C, 8.18;N, 
9.32; H, 0.17; F, 2.80, 2.11; halogen other than F, 0.0. A platinum oxidation 
state of +2.35 was determined by iodine-thiosulfate titrations” ; the value of 
+2.38 determined from a crystal-structure analysis is used in the formula in this 
synthesis. 

Physical Properties’ 

The compound Csz [R(CN),] (FHF)0.38 forms body-centered tetragonal crystals 
that have a distinctive reddish-gold metallic luster. The cell constants deter- 

*Associated Colleges of the Midwest research participant sponsored by the Argonne Center 
for Educational Affairs from Cornell College, Mount Vernon, IA. 

t Chemistry Division, Argonne National Laboratory, Argonne, IL 60439. 
*Department of Chemistry, University of Kansas, Lawrence, KS 66045. 
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mined from a single-crystal X-ray diffraction analysis are as follows: a = b = 
13.057(2) A, c = 5.665(1) A. The P t - P t  spacing of 2.83 A is the second short- 
est such repeat distance yet reported. The first 10 reflections of the powder 
pattern correspond to the following d-spacings': 9.10 (m), 6.45 (vw), 4.60 (m), 
4.08 (vs), 3.06 (vw), 2.91 (m), 2.83 (m), 2.763 (m), 2.761 (vw), 2.72 (vw) A. 

Although Cs2 [Pt(CN),] ( F H F ) o . ~  is anhydrous, it appears to  be relatively 
stable toward hydration and dehydration and may be stored safely over a satu- 
rated solution of NaCl that has a relative humidity of 75.1% at 25". However, it 
should be stored in a plastic container and refrigerated to avoid possible loss of 
HF. 

E. CESIUM TETRACYANOPLATINATE FLUORIDE 
(2: 1 :0.19): C S ~ [ P ~ ( C N ) ~ ] F O . ~ ~  

Submitted by GRACE C. LEE,* KIM L. STEARLEY,* and JACK M. WILLIAMS? 
Checked by KRISTIN BOWMAN MERTESS 

Procedure 

Initially, 1.3 g (2.1 X mole) of Cs2 [Pt(CN)4].H20 is dissolvedin 7 mLof 
water to produce a saturated solution (it may be necessary to warm the solution 
slightly to dissolve the Cs2 [Pt(CN)4] -HzO). The solution is transferred to a 
50-mL polyethylene beaker and 1.7 g (1.1 X mole) of cesium fluoride is 
added. The white CsF appears to become yellow after it is added. It then dis- 
solves, leaving a white suspension. Finally, 7.6 M CsOH is added to the solution 
dropwise to raise the pH from approximately 4 to 9 (S.2). The pH of 9 must be 
carefully maintained throughout the reaction. The electrolysis cell consists of a 
50-mL polyethylene beaker with two small holes drilled about 6 mm from the 
bottom and on opposite sides. Two platinum wires about 25 mm in length are 
used as electrodes. They are held in place with Apiezon N grease. The electrode- 
electrode separation is approximately 5 mm. The power source is a 1.5 V dry 
cell. 

After 72 hours of operation at 1.5 V, the crystals are filtered in a plastic 

*Undergraduate research participants sponsored by the Argonne Center for Educational 
Affairs: Grace C. Lee from Saint Mary-of-the-Woods College, Saint Mary-of-the-Woods, IN 
and Kim L. Stearley from Illinois State University, Normal, 1L. 

?Chemistry Division, Argonne National Laboratory, Argonne, IL 60439. 
$Department of Chemistry, University of Kansas, Lawrence, KS 66045. 
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TABLE I Chemical Analyses' of Csz [Pt(CN), lFo.19 

Percentage Composition 

Elements Sample 1 Sample 2 Sample 3 Sample 4 Average Theoretical 

C 8.88 8.11 8.6 1 8.59 8.55 8.19 

F 0.69,0.65, 0.47,0.61, 0.60,0.77, 0.67.0.59, 0.63 0.63 
N 10.14 11.70 9.51 11.60 10.73 9.55 

0.67 0.63 0.58 0.62 
Total halogen trace or trace or trace or trace of - - 
(CI, Br, and I) none none none none 

funnel containing fiter paper. They are then washed with two approximately 
1-mL portions of ice-cold water and are allowed to dry in air. After the crys- 
tals have been washed they should be examined under a microscope to  en- 
sure that no starting material remains. Yield: 0.94-0.99 g (81%), based on 

Chemical analyses' of Csz [F't(CN),] Fo.19 are shown in Table I. Infrared 
spectroscopy" showed an absence of absorption bands in the hydrogen difluo- 
ride regions and confirmed that the salt is not a hydrogen difluoride. A platinum 
oxidation state of + 2.25 was determined by iodine-thiosulfate" titrations. 
Thermogravimetric analysis6 showed the Csz [Pt(CN),] Fo.19 to contain no 
water of hydration. 

CSZ [Pt(CN)4 ] * Hz 0. 

Physical Properties' 

The compound Csz [Pt(CN), ] Fo.19 forms body- centered orthorhombic crystals 
that have a distinctive reddish-gold metallic luster. The cell constants as deter- 
mined from a preliminary single-crystal X-ray diffraction analysis are as fol- 
lows: a = 5.771(2) A, b = 12.770(5) A, c = 13.382(3) A, V = 986.2(5) A3,  and 
Pt-Pt = 2.88 A. The first 12 reflections of the powder pattern correspond to 
the following d-spacings:' 11.95 (vs), 6.82 (vs), 4.45 (vs), 4.00 (vs), 3.88 (vs), 
2.85 (vs), 2.80 (vs), 2.73 (m), 2.66 (m), 2.38 (mw), 2.33 (m), 2.29 (m) A. 

Although Csz [R(CN),] FoOl9 is anhydrous, it appears to be relatively stable 
toward hydration and dehydration and may be stored safely over a saturated 
solution of NaCl that has a relative humidity of 75 .l% at 25". However, it should 
be stored in a plastic container to avoid reactions with glass. 
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Chapter Two 

STOICHIOMETRICALLY SIMPLE 
COMPOUNDS 

7. TELLURIUM TETRAFLUORIDE 

Submitted by KONRAD SEPPELT* 
Checked by LAWRENCE LAWLOR and JACK PASSMOREt 

Te02 + 2SF4 - TeF4 + 2SOF2 

The preparation given here for TeF4 is unusually convenient. None of the other 
methods, for example, preparation from Te and TeF,' or from Te and F2' has 
the simplicity of the procedure described here, nor the yield.3 Tellurium dioxide 
(Merck Co.) and sulfur tetrafluoride are commercially available (Air Products, 
J. T. Baker Chemicals). The procedure requires a 200 mL or larger stainless 
steel pressure vessel in addition to a glass vacuum line and glass sublimator. 

Procedure 
8 Caution. Sulfur tetrafluoride and SOF, are poisonous gases, although 

their intense smell is a good warning. Tellurium tetrafluoride is not so dangerous 
because o f  its low vapor pressure, but contact with the skin must be avoided. All 
tellurium compounds are highly toxic. 

*AnorganischChemisches lnstitut der Universitat, 6900 Heidelberg, Im Neuenheimer 
Feld 270, West Germany. 

?Department of Chemistry, University of New Brunswick, P.O. Box 4400, Fredericton, 
N.B., Canada E3B 5A3. 
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Tellurium dioxide (16 g, 0.1 mole) is placed in the pressure vessel and 43 g 
(0.4 mole) of sulfur tetrafluoride is condensed onto it with help of the vacuum 
line and by cooling the vessel to liquid nitrogen temperature. The vessel is 
heated for 8 hours at 130°; the pressure reaches about 60 atm. After the vessel 
is cooled to room temperature, all gaseous products (excess SF4, SOF2) are 
removed by venting in a good hood. The crystalline residue in the pressure 
vessel is transferred under anhydrous conditions into the sublimator. Sublima- 
tion at 100°/10-2 torr affords pure TeF,. Yield: 18 g (80%). Anal. Calcd. for 
TeF4 : Te, 62.7; F, 37.3. Found Te, 62.1 ; F 37.1. 

Properties 

Tellurium tetrafluoride is a colorless crystalline solid, mp 130' with no 
measurable vapor pressure at room temperature. It is readily characterized by its 
Raman spectrum! The crystal structure of the compound shows TeF4 to be a 
polymeric bridged species? In HF solution it forms salts of the type K+[TeFS ] -? 

References 
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8. SULFUR TETRAFLUORIDE OXIDE 

Submitted by KONRAD SEPPELT* 
Checked by F. TANZELLA and NEIL BARTLEm 

Sulfur tetrafluoride oxide is the only stable sulfur fluoride or sulfur fluoride 
oxide that is not commercially available, although its value is increasing in 
synthetic chemistry. It was first made by burning SOFz in elemental fluorine,' 

*AnorganischChemisches lnstitut der Universitat, lm Neuenheimer Feld 270, 6900 
Heidelberg 1, West Germany. 

?Chemistry Department, University of California, Berkley, CA 94720. 
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and later by catalytic oxidation of the expensive SF4.' In neither case does 
the purity exceed 90%. The handling of elemental fluorine and the attack of 
stainless steel by the SF4/02/NOz gas mixtures at elevated temperatures are 
other disadvantages of the alternate procedures. 

The method presented here avoids al l  these problems. If the reaction is run at 
300" with a small excess of BrFS, the product contains only traces of SF6, 

Bromine pentafluoride, which is commercially available from Baker Chemicals, 
Phillipsburg, NJ, or Union Carbide Corp., may be used as such with the typical 
impurity of several percent bromine. It should be handled in a metal vacuum 
line.4 Standard glass vacuum lines with Kel-F greased valves have also been used, 
but this technique results in a SiF4 impurity. Sulfmyl difluoride, if not available, 
is best prepared from SOClz and NaF in CHJCN at 70" and by redistillation of 
the product at -43". This method' can be used on the 100-500 g scale. 

SO2 Fz , and SOFz .3 

Procedure 

m Caution. These materials must not be allowed to contact the skin. Bro- 
mine pentafluoride is an extremely reactive and very dangerous material. Silicone 
grease, or any other organic material, will cause explosions if contacted with 
BrFs. Sulfur tetrafluoride oxide is very poisonous. Any exposure of the reagents 
to moist air should be avoided. 

Sulfmyl difluoride (64.5 g, 0.75 mole) and bromine pentafluoride (55.0 g, 
0.31 mole) are condensed into a 300-mL stainless steel container. The pressure 
vessel is heated for 8-14 hr with the temperature held as close to 300" as pos- 
sible. The pressure reaches about 70-90 atm (1000-1300 psi). The pressure 
vessel is cooled to -78", and all volatile substances are pumped out in a dynamic 
vacuum into a glass trap cooled to -196". The bulk of bromine remains in the 
autoclave with small amounts of bromine trifluoride. The volatile materials, 
essentially pure SOF4, are purified from bromine by conventional trap-to-trap 
distillation. The impure sample is held at -loo", and the volatiles are collected 
at -196". 

Sulfur tetrafluoride oxide is best stored in a stainless steel pressure vessel. Addi- 
tion of a few grams of dry mercury removes the last traces of bromine. Another 
way to separate the SOF4/Br2 mixture is by low-temperature distillation through 
a 70-cm column. Yield: 79 g (85%). 

Properties 

Sulfur tetrafluoride oxide is a colorless gas, mp -99.6", bp -48.5". Hydrolysis 
to S02F2 is rapid. This compound has a trigonal-bipyramidal structure with the 
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oxygen atom in the equatorial position? It readily forms [SOF3] + cations and 
[SOFJ - anions.' 

The gas-phase infrared spectrum has strong absorption bands at 1379 (US = o), 
927 and 820 (us-F) cm-'. Weak absorptions at 1501, 1269, 885, and 848 
cm-' would indicate an impurity of S02F2 and those at 1333, 806, and 748 
cm-' indicate an impurity of SOF2. 

The I 9 F  nmr spectrum of the liquid at room temperature shows a single line, 
due to rapid exchange of the different pairs of fluorine atoms. This exchange 
cannot be frozen out, even at -150'. 
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9. SELENONYL DIFLUORIDE 

Submitted by KONRAD SEPPELT* 
Checked by D A R R n  D. DESMARTEALJt 

H2 Se04 + 2HS03 F - 2H2 SO4 + Se02 F2 

The method described below is simple and gives Se02F2 in almost quantitative 
yields . '~~ The hydrogen fluorotrioxosulfate (VI), HSOJ F, should be distilled 
at reduced pressure (65'118 torr) before use. The selenic acid, H2Se04,  may 
best be prepared from Se02 and H202 in water. Care must be taken that it is 
as nearly anhydrous as possible. Crystallization of the H2Se04 is a clear indi- 
cator of sufficient quality. The H2 Se04 may be substituted by BaSe04, which is 
as easily prepared as BaS04. However, the procedure using BaSe04 requires a 
much larger excess of HS03F, and the BaSe04 has to be dried carefully as well. 

*Anorganisch€hemisches Institut der Universitat, Im Neuenheimer Feld 270, 6900 

?Department of Chemistry, Kansas State University, Manhattan, KS 66506. 
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In general, only Pyrex glass equipment is needed, although quartz apparatus will 
show less corrosion. Traces of SiF4 are removed at the end of the procedure 
anyway. 

Procedure 

8 Caution. Hydrogen fluorotrioxosulfate/ VZ) is very reactive towards d l  
organic materials. Nevertheless, rubber gloves provide a reasonable protection. 
Selenonyl difluoride is poisonous and is Q strong oxidizing agent. It immediately 
gives HF and H z  SeO, on hydrolysis. 

Preparation of Anhydrous H2SeO4 

Selenuim dioxide (1 11 g, 1 mole) of colorless, crystalline quality is dissolved 
in 300 mL of distilled water. High-purity hydrogen peroxide (300 mL), 30% in 
water, is added dropwise. An exothermic reaction is observed. After complete 
addition the solution is heated to reflux for 2 days, while a slow stream of 
oxygen is bubbled through it. The water is pumped off under heating and high 
vacuum until the remaining acid reaches 140" for 5 hours. Heating should be 
provided by an oil bath to avoid local overheating. The vacuum has to be con- 
tinued until the acid has cooled down. The yield is 150 g of oily, colorless 
HzSeO4, with about 2% water and 2% Hz S O J .  Eventually the pure acid spon- 
taneously crystallizes, but crystallization may be induced by cooling to -20" and 
scratching the inner walls of the glass container with a glass rod. Like concen- 
trated H2 SO4, Hz Se04 is very hygroscopic. 

To avoid the drying procedure for H2SeO4, the almost insoluble BaSe04 
can be precipitated with dilute BaC12, or preferably, Ba(N03)2. Use of Baa2  
will give rise to a chlorine impurity in SeOzF2 as indicated by a yellow color. 
The BaSe04 is dried in vacuum at 50". 

Preparation of Selenonyl Difluoride 

Anhydrous selenic acid (150 g, about 1 mole) or 280 g (1 mole) of BaSe04 
is placed in a 1-L glass or quartz vessel, and 300 mL (or 500 mL, if BaSe04 is 
used) of HS03F is added. The vessel is then equipped with a water-cooled 
condenser (preferably a quartz one, if available). The upper opening of the 
condenser leads into a Teflon tube that is connected to two traps cooled to 
-78". The mixture is stirred magnetically and heated slowly to reflux. The gas 
produced is trapped out completely in the first trap, while the second trap keeps 
away moisture of air. When the gas evolution has ceased (about 2 hr), the traps 
are disconnected and the excess HS03F is distilled immediately at reduced 
pressure for further use. However, this distilled HS03F can be used only for the 
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same procedure, since it contains small amounts of tetravalent selenium com- 
pounds. 

The contents of the second trap (few grams, mainly water) are discarded. The 
contents of the first trap are twice distilled from a trap at -78" into a trap at 
-196". The small residue is HS03F. Yield: 120 g (80%).* Silicon tetrafluoride 
can be pumped off at - 100". 

Properties 

Selenonyl difluoride is a colorless gas, mp -99.5", bp -8.4". The SeOzF2 from 
the BaSe04 procedure often contains traces of chlorine and is slightly yellow. 

In contrast to S02F2,  Se02F2 reacts immediately with water. In contrast 
to SOz F2,  it slowly attacks glass and is a strong oxidizing agent. The IR spectrum 
of the gaseous compound shows absorptions at 1059, 971 ( v s ~ = ~ ) ,  and 702 
(vse- F) cm-' . 

The "F nmr spectrum has a single line at 6 = 53 ppm with small 77Se isotope 
satellites, JTTSe- 19F = 1504 Hz. 
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10. HYDROGEN PENTAFLUOROOXOSELENATE(V1) 

Submitted by KONRAD SEPPELTt 
Checked by DARRYL D. DESMARTEAU$ 

3SeOZ F, + 4HF H2 Se04 + 2HSeOFS 

Hydrogen pentafluorooxoselenate P I )  is the main source of the extremely electro- 
negative ligand [SeOF5]'. This ligand and [TeOF5]- are, for example, the 
only groups that form stable covalent derivatives of the types Xe(SeOF5)2, 
Xe(TeOF5)4, U(TeOF5)6, and others. In contrast, the chemistry of the SOFs 

*From 45 g of BaSe04, the Checkers obtained only 6 g of Se02Fz. 
tAnorganisch-Chemisches Institut der Universitat Heidelberg, Im Neuenheimer Feld 270, 

$Department of Chemistry, Kansas State University, Manhattan, KS 66506. 
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group is limited by the instability of hydrogen pentafluorooxosulfate(VI), 

During the synthesis of HSeOFs, contact with glass or oxidizable materials 
must be avoided. The best materials for these substances are Kel-F [poly(tri- 
fluorochloroethylene)] , FEP [poly(perfluoroethylenepropylene)] , and stainless 
steel. To prepare HSeOFs completely free from HF, an all-Kel-F distillation 
column is necessary. 

The procedure is based on a typical equilibrium reaction, and the equilibrium 
is slowly shifted by separating the volatiles HF, SeOz F2,  and HSeOFs from the 
nonvolatile Hz Se04, 

HSOFs . 

Procedure 

Caution. All Chemicals in this reaction are highly reactive and poisonous. 
A good hood is essential for protection against vapors of HF, Se02F2, and 
HSeOF5. Though selenium is known to be an essential trace element for mam- 
mals, larger amounts attack the liver. 

With the help of a metal vacuum line' selenonyl difluoride (120 g, 0.8 mole) 
and hydrogen fluoride (20 g, 1 mole) are condensed into a 300-mL stainless steel 
vessel, equipped with a stainless steel valve. The mixture is maintained at room 
temperature with occasional shaking for several days. Then all volatiles are 
condensed into another stainless steel vessel, cooled to - 196", in a static vacuum. 
Dynamic vacuum is even better as it reduces the distillation time considerably. 
However, when dynamic vacuum is used, the cooled trap must be equipped with 
two metal valves. This trap-to-trap distillation is finished when the weight of 
the reaction vessel stops decreasing. The residue in the reaction vessel is mainly 
H2Se04 with some unstable HSe03F and may be used for the preparation of 
more SeOzF2 (see p. 000). The volatile substances are again left at room tem- 
perature for several days under occasional shaking and then are distilled into a 
steel container. This procedure should be repeated until no more nonvolatile 
H2 Se04 is found. This is usually the case after the third distillation. 

The separation of HSeOF5 from HF and SeOzFz is difficult. At -78" HSeOFs 
is almost nonvolatile, whereas Se02 Fz and HF can be removed in a good vacuum. 
Thus the mixture is held at -78" and is stirred magnetically, while SeOz Fz and 
HF are pumped through a -78" cold trap into a -196" cold trap in dynamic 
vacuum. When the weight loss of the trap holding the original mixture slows 
down, the temperature is raised, over several hours, to room temperature. 
Refined HSeOFs is collected in the -78" trap, whereas in SeO2FZ/HF mixture 
is found in the -196" trap, along with some HSeOFs . This separation is far 
from perfect and should be repeated at least once. Even then the resulting 
HSeOFS is not crystalline at room temperature because of an HF impurity. 
Yet this material can be used for preparations such as those of Hg(OSeFS)z, 



40 Stoichiometrically Simple Compounds 

-cooling coi l ,  Kel-F-tube 

thermocouple adopter 

outlet tube 

filling, mode f r o m  3 m m  ad. 
Kel-F tube, cut into 4 m m  
long pieces 

Kel-F tubs, 50-80cm long 

stainless steel adapter 

stainless steel can,  200ml  

magnetic s t i r rer  

Fig. 1.  Kel-F distillation column 
from 1-m-long, 4-cm-od stock. It  
is filled with pieces of  3-mm-od 
Kel-F tubing; the cooling coil and 
outlet  are made from 5-mm tubing. 

KSeOF, , Xe(SeOF,), , and Br(SeOFS)3. The yield is never better than 70 g 
(68%).* 

For a complete separation of the H2 Se04 free mixture, fractional distillation 
through a 75-cm long, all-Kel-F column is necessary. This must be manufactured 
in a machine shop from Kel-F tubes and pieces, asit is not commercially available. 
A drawing of such a distillation column is given in Fig. 1. The coils of the 
distillation head must be cooled with a -40" methanol or acetone solution. 

During the slow distillation, continuous supervision is necessary. The tempera- 
ture rises from -10" (SeOzFz) slowly to +47". A sufficient amount of reflux 
must be maintained for a good separation. Above +30" the HSeOF, should be 
collected, though spectroscopically pure HSeOFs appears only at the end of 

*The checkers obtained a 19% yield of HSeOFs starting with only 5 g of SeOzFz and 
1 g of HF. 
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the distillation. Then the material tends to crystallize in the outlet of the distil- 
lation head. The yield* of pure compound is about 78%. The lower boiling 
Se02 F2 /HF mixture can be used again for preparation of HSeOFS . 

Properties 

Hydrogen pentafl~orooxoselenate(V1)~~ is a colorless solid with a melting 
point of 38" and a boiling point of 47". It has a strong odor similar to that of 
rhubarb. Traces of HF lower the melting point below room temperature. It oxi- 
dizes chlorides to chlorine, but gives metathetical reactions with such fluorides as 
KF, RbF, CsF, HgF2, XeF2, and BrF3 to form the correspondingpentafluorooxo- 
selenate(V1) derivatives. Hydrogen pentafluorooxoselenate(V1) decomposes 
at 290", forming SeF.,, 02, and HF. The infrared spectrum of HSeOFs shows 
absorptions at 3609 @OH), 1170 (SOH), 759 (Use=), 443, 431 (SSeF) cm-' 
in the gas-phase spectrum. Its 19F nmr spectrum shows a characteristic AB4 
pattern, including small 77Se isotope satellites. SA = -75.9 ppm, S B  = -66.1 
ppm, JAB = 227 Hz. 

References 

1. A description of a metal vacuum line is presented by C. L. Cernick in Noble Gas 
Compounds, H. H. Hyman, Ed., Chicago University Press, Chicago, 1963, p. 158. 

2. K. Seppelt, 2. anorg. a&. Chem., 428,35 (1977). 
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1 1 .  RHENIUM PENTACHLORIDE AND VOLATILE 
METAL CHLORIDES BY DIRECT CHLORINATION 

USING A VERTICAL-TUBE REACTOR 

Submitted by ROGER LINCOLN* and GEOFFREY WILKINSON* 
a e c k e d  by R. A. WALTON? and T. E. WOOD? 

2Re + 5C12 - 2ReClS 

The chlorination of rhenium to rhenium pentachloride' and of other metals 
to volatile chlorides is conventionally done by passing chlorine over metal 

*Chemistry Department, Imperial College of Science and Technology, London SW7 2AY, 
England. 

?Department of Chemistry, Purdue University, West Lafayette, IN 47907. 
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placed, sometimes in a boat, in a horizontal tube.2 High-pressure methods3 have 
also been used, but yields are not as high as in this preparation. The use of a 
vertical tube, where the heavy metal chloride vapor is removed from the reaction 
zone in part by gravity, has proved more convenient. Chlorination of rhenium is 
given as an example, but we have made VC14, NbCIS, TaCIS and, by use of 
bromine carried in a nitrogen stream, WBrS. Runs using up to 70 g of rhenium 
metal with yields of over 99% have been achieved. 

Procedure 

m Caution. A n  efficienr fume hood should be used for reuctions involving 
chlorine or bromine. 

The chlorination apparatus, Fig. 1, consists of a 24-mm od quartz tube with a 
ground joint socket joined by way of a quartz-Pyrex seal to a collection flask. 
For metal quantities of about 20 g a 250-mL flask should be used and for 5-g 
quantities a 100-mL flask is convenient. 

Inlet for 
H,, N,, and CI, 

824 quartz 
socket 

Outlet to 
bubblers 
and fume 

Thermocouple 
24 mm od quartz 

tube 

Electric 
furnace 

+=y Trap cooled in 

Quartz wool 

t 

2ol 
B 

Fig. 1. Vertical reactor for preparation of anhydrous metal halides. 
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Since commercial rhenium (and other metals) usually contains surface oxide, 
prereduction by hydrogen at 250-300" for about 1 hr is advisable to avoid for- 
mation of chloride oxides. 

The metal powder is placed on a quartz wool plug (supported on indentations 
in the tube) and topped by a second plug. Hydrogen is passed through the 
system and the metal is heated by an electric furnace to 250-300". When no 
further water condenses in the flask or exit tubes, hydrogen is replaced by oxygen- 
free nitrogen and the water is removed by flaming with a Bunsen burner. 

The furnace temperature is raised to 650-700" and chlorine is admitted at 
a rate sufficient to  keep the metal burning. The temperature rises to about 800" 
and the chlorine flow is maintained until all the metal is consumed. The vapor 
of ReCls descends and condenses in the flask. It is necessary to flame the tube 
below the furnace occasionally to prevent blockages. The small quantity of 
pentachloride escaping to the trap is also flamed into the flask. After the chlorine 
is replaced by a nitrogen stream and the system is allowed to  cool, the flask 
is sealed off, taking care to ensure that there is no halide in the seal area as 
otherwise the seal will be impaired. The pentachloride can be transferred in a 
dry box to Schlenk tubes or ampules for storage if required. The yield on 20-g 
lots is over 99%: on smaller quantities small losses in handling may occur. 
Anal Calcd. for ReCIJ : C1,48.76%; Found: C1,48.7%. 

Properties 

Rhenium pentachloride is obtained as black crystals. The solid melts at 261" 
with decomposition. It fumes in air, evolving hydrogen chloride and chlorine. 

References 

1. L. C. Hurd and E. Brimm, Inorg. Synth., 1, 182 (1939). 
2. A. J. Leffler and R. Penque, Inorg. Synth., 12, 187 (1970). 
3. E. R. Epperson, S. M. Horner, K. Knox, and S. Y. Tyree, Jr., Inorg. Synth., 7 ,  163 

(1963). 
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12. TRIRHENIUM NONACHLORIDE 

Submitted by ROGER LINCOLN* and GEOFFREY WILKINSON* 
Checked by R. A. WALTON? and T. E. WOOD? 

3ReC15 = Re3C19 t 3Cl2 

Previous preparations of Re3C19 have involved driving the rhenium halides 
horizontally along bulb trains.’” The present procedure is a considerable 
improvement on these, because it involves decomposition of refluxing rhenium 
pentachloride in the reaction bulb. Yields are very high and, using the method 
for the preparation of rhenium pentachloride given in Sec. 11, yields of over 
90% from rhenium metal are possible. 

Procedure 

The apparatus (Fig. 1) is flamed dry in a stream of dry nitrogen and transferred 
with the stopcock closed to a glove bag, previously flushed out with dry nitrogen. 
Rhenium pentachloride, 5-10 g, is placed in the bulb and the tube is removed 
from the glove bag and clamped in a vertical position with a moderately fast 
stream of nitrogen flowing. 

The bulb is heated with a medium Bunsen flame until the rhenium penta- 
chloride melts and is refluxing up the tube.$ From time to time heating is 
stopped and Re3C19 formed in the tube is scraped back into the bulb. After 
about 4 hr, or when no more brown fumes are seen and only solid is observed 
in the bulb, the apparatus is allowed to cool. The bulb is sealed off and transfer- 
red to a glove bag and the dark-red crystalline solid is transferred to ampules. 
The product can be purified by grinding with a mortar and pestle under nitrogen 
and pumping off any volatile rhenium halide oxides under vacuum. 

The method affords yields of 95% and above. Anal. Calcd. for Re3C19: C1, 
36.4%. Found: C1,36.3%. 

Properties 

The product Re3& is hygroscopic and on exposure to air forms a hydrate. This 
hydrate is more reactive than the anhydrous material, is soh~ble in polar solvents, 

*Chemistry Department, Imperial College of Science and Technology, London SW7 2AY, 

?Department of Chemistry, Purdue University, West Lafayette, IN 47907. 
$The checkers suggest that during reflux of ReCls the scraper should be raised as high as 

England. 

possible to avoid decomposition of ReCIs upon it. 
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B19 Pyrex socket 

10 crn 
guide 

Fig. 1. Reactor for preparation o f  trirhenium nonachloride. 

and is a useful starting material for the synthesis of rhenium(II1) alkyls? 
phosphine complexes, and other derivatives (see Section 13). 

References 
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13. TRIRHENIUM NONAHALIDES 

Submitted by H. D. GLICKSMAN* and R. A. WALTON* 
Checked by R. LINCOLN? and G. WlLKlNSONt 

trans-ReOC1, [p(C&),] z + (CH,CO),O- Re2(02CCH3)4C12 
3Rez(0zCCH3)4C12 t 12HX(g) - Re3X9 t 12HOZCCH3 

While several methods have been used in the past for the preparation of Re3C19 ,la 

Re,Br,; and Re319,'+ no single preparative method has previously been 
developed that is applicable to all three halides. We now describe such a proce- 
d u r e ' ~ ~  in which Re,X9, X = C1, Br, or I, can be made from the same air-stable 
starting material, Rez(0zCCH3)4C12. This experimental procedure is very sim- 
ple, requiring no special equipment other than a tube furnace, and the product 
yields are very high. 

The method we have used to prepare Re, (0zCCH3)4C12, namely that involv- 
ing the reaction of trans-ReOC13 [P(C6H,)3] , with acetic anhydride,' is prefer- 
red over the alternative procedure using octachlorodirhenate(II1) salts and acetic 
acid.''*" Although the latter synthesis proceeds in high yield (about 95%)," 
it is less advantageous overall because it requires the synthesis of salts of the 
[RezC18 J '- anion, for which the best synthetic method" utilizes Re3C19 as the 
starting material. 

Procedure 

the hydrogen halides. 
Caution. An efficient fume hood should be used for reactions involving 

A. TETRAACETATODICHLORODIRHENIUM 

Following the procedure of Rouschias and Wilkinson,' a solution of 1.5 g 
(0.0018 mole) of trans-ReOCl, [P(C6HS),] (prepared from rhenium metal13 
or from sodium  errh hen ate'^) in 150 mL of acetic anhydride is heated at reflux 
under nitrogen for 48 hr. The resulting orange precipitate of Re2(02CCH3)4C12 
is filtered, washed with ethanol, benzene, and diethyl ether, and dried in vacuum. 
Yield: about 68% (0.42 g). 

*Department of Chemistry, Purdue University, West Lafayette, IN 47907. 
?Chemistry Department, Imperial College, South Kensington, London SW7 2AY. 

England. 
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B. TRIRHENIUM NONACHLORIDE 

Finely ground Re2(0zCCH3)4C12 (0.4 g, 0.00059 mole) is placed in a porcelain 
boat, which is then inserted into a dry open-ended glass tube. The tube is placed in 
a horizontal-tube furnace and after it is flushed with Nz (g) for 15 minutes, a slow 
stream of hydrogen chloride gas is passed over the Re2(02CCH3)4C12 for 1 hr. 
(For this work all hydrogen halides were obtained from Matheson Gas Products 
and were of the following purities: HCl, 99.0%; HBr, 99.8%; HI, 98.0%.) The 
temperature of the furnace is then raised to 340' and the passage of HCl(g) is 
continued for 3 hrs. The furnace is then allowed to cool, the system is flushed 
out with N2(g), and the dark-red Re3C19 is collected. Yield: 95% (0.32 g). 
Anal Calcd. for Re3C19 : C1,36.35. Found: C1,36.2. 

C. TRIRHENIUM NONABROMIDE AND 
TRIRHENIUM NONAIODIDE 

The procedure used to prepare Re3Br9 and Re319 is the same as that used to 
make Re3C19. Re2(02CCH3)4C12 (0.21 g, 0.00031 mole) is allowed to react 
with HBr(g) at 340' for 3 hr to afford the dull-brown bromide Re3 Br9. Yield 
95% (0.22 g). Anal Calcd. for Re3Brs: Br, 56.3. Found: Br, 56.5. In an anal- 
ogous fashion, the reaction of Re2 (02 CCH3)4C12 (0.5 g, 0.00074 mole) with 
HI(g) for 5 hr at 320' afforded black Re319. Yield: 80% (0.67 g). Anal. Calcd. 
for Re319: I, 67.15. Found: I, 66.85. 

Properties 

Both Re3CI9 and Re3Br9 are soluble in acetone, methanol, ethanol, and their 
corresponding hydrohalic acids. However, Re3 I9 is insoluble in most solvents 
and slowly evolves iodine in vacuum. Crystallographic studies have shown that 
all three rhenium(II1) halides possess a similar trimeric ~tructure.4*~9 I5 

Trirhenium nonachloride and trirhenium nonabromide combine with halide 
ion and many other Lewis bases to form complexes, such as [(C, Hg)4As] Re3Xll 
and Re3X9 [P(C,H,),],.'' They are readily reduced by the more basic hetero- 
cyclic tertiary amines such as pyridine, to afford the polymeric rhenium(I1) 
species [Re3X6L3] n.'6*1 Monodentate tertiary phosphines such as tripro- 
pylphosphine also reduce Re3C19 and Re3Br9, as well as Re319, but in this 
case disruption of the trimeric structure occurs to afford metal-metal bonded 
h e r s  of the type Re2X4 [ p ( n - c ~ H ~ ) ~ ]  4.8,17318 
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14. pPLATINUM( 11) CHLORIDE 

Submitted by GEORGE T. KERR* and ALBERT E. SCHWEIZER* 
Checked by THEODORE DEL DONNOT 

air 

350' 
( H ~ O ) ~ ( P ~ C ~ ~ ) . X H ~ O - P ~ C ~ ~  + 2HC1+ Cl2 + (2 + x ) H ~ O  

The preparation of platinum(I1) chloride from dihydrogen hexachloroplati- 
nate(1V) has been described in two previous volumes of Inorganic Syntheses. 
One method reduces the acid to dihydrogen tetrachloroplatinate(I1) with hydra- 
zine dihydrochloride. The dihydrogen tetrachloroplatinate(I1) is then thermally 
decomposed at 1 50" to PtCl,.' The other method consists of thermally decom- 
posing the acid at 115" in a stream of chlorine to yield PtCl, followed by 
heating to 450" in flowing chlorine for 2 hours to yield the desired product.2 
Berzelius prepared PtCl, by evaporation of a solution of dihydrogen hexachloro- 

*Mobil Research and Development Corporation, Central Research Division, PO Box 1025, 

?Department of Chemistry, The Ohio State University, Columbus, OH 43210. 
Princeton, NJ 08540. 
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platinate(lV) and heating of the residue to about 300-350" with constant stir- 
ring.3 This is essentially the procedure described here, which utilizes only solid 
dihydrogen hexachloroplatinate(1V) and air. Modern thermogravimetric analysis 
instrumentation makes it possible to study accurately and easily thermal reac- 
tions that earlier workers found difficult to control and m ~ n i t o r . ~  

Procedure 

Commercial dihydrogen hexachloroplatinate(1V) of high purity is now readily 
available (for a platinum assay of 40.0%, x is 2.32 in the above equation). The 
acid, 10 g, is spread into a thin layer less than 5-mm thick in a combustion boat 
and a steady air purge is maintained (200 mL/min) through a combustion 
tube of approximately 1 L in volume. The temperature of the furnace is raised 
from -25 to 350" in 50" steps over a period of 3 hours. The temperature is 
held at 350" for 0.5 hours. The sample can then be removed from the furnace 
and stored in a desiccator. The yield is quantitative based on the Pt assay of the 
dihydrogen hexachloroplatinate(1V) used (>98%*). 

A small portion of sample can be tested for purity by heating in a stream of 
hydrogen at 150" to yield platinum metal. Anal. Calcd. for PtCl, : Pt, 73.3; 
C1,26.7. Found: Pt, 73.5, 73.2*;Cl, 26.8.* 

Properties 

Prepared in this manner, /3-platinum(ll) chloride is a chocolate-brown, nonhygro- 
scopic solid with sufficient porosity to chemisorb several small  molecule^.^-^ 
Although practically insoluble in water, it reacts with hydrochloric acid to form 
dihydrogen tetrachloroplatinate(l1) and with ammonium hydroxide to form 
tetraammineplatinum(I1) chloride. It is sensitive to high concentrations of 
ammonia, undergoing reduction to metallic p l a t i n ~ m . ~  
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15. DIVALENT METAL CHROMIUM( 111) OXIDES 
(CHROMITES) 

Submitted by B. DURAND* and J. M. PARIS* 
Checked by E. C. BEHRMAN,? A. HUANG? and A. WOLD? 

2LiCr02 + K2 MC14 _f MCr2 O4 + 2LiCl+ 2KC1 

M = Co, Ni, Zn, Mg, Mn 

Owing to the slow rates of diffusion of the cations, the direct solid-state reaction 
of the oxides Cr203 and MO at an elevated temperature is not a good prepara- 
tion of divalent metal chromium(II1) oxides. They can be prepared by more 
elaborate methods, such as controlled reduction of dichromates MCr207,' 
reaction of dichromium tungsten oxide Cr2W06 with a molten divalent metal 
fluoride2 at 1400", pyrolysis of c~mplexes,~ and pulverization of slurries con- 
taining Cr2O3 and a divalent metal salt! 

Metal chromium(II1) oxides are often used as catalysts, especially dehydro- 
genation catalysts; hence it is important to prepare them as powders: The syn- 
thesis described here involves the double-decomposition reaction between 
lithium chromium(II1) oxide and molten divalent metal chlorides, and produces 
finely divided powders. 

A. LITHIUM CHROMIUM(III) OXIDE, LiCrO? 

2Cr03 t Li2CO3 - Li2Cr207 t C02 

Li2Cr207 t 7H2Cz04 -2Li[Cr(H20)2(C204)2] +3H2O + 6C02 

Li [Cr (H2 0)2 (C2 O4)2 ] LiCr02 + 2H2 C2 O4 

Because of the low reactivity of chromium(II1) oxide, lithium chromium(II1) 
oxide is prepared by pyrolysis of the oxalate Ii[Cr(H20)2(C204)2 I ,  which is 
prepared by the reduction of chromium(V1) oxide.3 

Reagent grade chromium(V1) oxide (19.98 g, 0.2 mole) is dissolved in 500 mL 
of water in a 1-L beaker, and reagent grade lithium carbonate (7.39 g, 0.1 mole) 
is added to form an orange solution of lithium dichromate. To reduce the di- 
chromate, reagent grade oxalic acid (88.25 g, 0.7 mole) is added slowly. When 
the reduction is finished, the dark red solution is placed on a heated magnetic 

*University of Lyon I, 43 Boulevard du 11 Novembre 1918,69621 Villeurbanne, France. 
?Department of Chemistry, Brown University, Providence, RI 02912. 
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TABLE I X-ray Powder Diffraction Data for Lithium Chromium Oxide, LiCrOzu 

4.85 vs 2.06 vs 1.455 m 
2.47 S 1.895 W 1.39 W 

2.42 vw 1.595 W 

2.37 W 1.47 m 

'vs, very strong; s, strong; m, medium; w, weak; vw, very weak. 

stirrer and maintained at 60" to decrease the volume to about 150 mL. Finally, 
the complex is obtained by a complete evaporation of the solution at room 
temperature. 

L i t h i e  diaquabis(oxalato)chromate(III) is placed in a platinum crucible 
and pyrolysis is carried out in a hydrogen stream. The temperature is raised to 
1000" at a rate of 15O0/hr and is held for 5 hours. The crucible is then cooled 
to room temperature. Anal. Calcd. for LiCrOz: Cr, 57.2. Found: 57.3. X-ray 
data are shown in Table I. 

B. POTASSIUM METAL(I1) CHU)RIDES 

2KC1 t MClz * xHz 0 - Kz MC4 + xHz 0 

Reagent grade potassium chloride is intimately mixed with reagent grade metal- 
(11) chloride and the mixture is heated in a 250-mL pyrex beaker, in air at 
200-250" for 3 hours. Proportions of mixed salts and compositions of the 
different double chlorides appear in Table 11. 

A 

TABLE I1 Data for Double Chlorides 

Double Chloride Melting 
Compositionu Point O Proportions in the Mixture 

K2CoCl4' 436 14.91 g KCI + 23.79 g CoC12.6HzO 
K2 NiC4 502 14.91 g KCI + 23.77 g NiClz'6H20 
Kz ZnC4 446 14.91 g KCI + 13.63 g ZnClz 

MnC12-2.03 KCl 420 14.91 g KCl+ 19.79 g MnClz.4Hz0 

"For manganese, the proportions lead to a eutectic; for the other metals they give a 
double salt. 

'These salts are especially hygroscopic. They must be kept dry to avoid the presence of 
unreacted LiCrOz in the product. 

K Z M f l 4  ' 433 14.91 g KCI + 20.33 g MgClz'6HzO 
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C .  DLVALENT METAL CHROMIUM (111) OXIDES 

KzMC14 + LiCrOZ 7 MCrz04 + 2KC1+ 2LiCl 

Potassium metal(I1) chloride Kz MC14 and lithium chromium(II1) oxide LiCrOz 
are quickly mixed by milliig in an agate mortar to avoid the hydration of the 
salt as much as possible. To get a rapid and complete reaction, an excess of salt 
is used: 0.1 mole of LiCrOZ (9.09 g) for 0.1 mole of KZMCl4 (27.89 g KZCoCl4, 
27.87 g KzNiC14, 28.54 g KzZnC14, 24.43 g KzMgC14, 27.72 g MnClz, 2.03 
KCI). The reaction mixture is placed in a 70-mL platinum crucible, heated in a 
nonoxidizing atmosphere to 600" in a regulated furnace (heating rate: 150°/hr), 
and held there for 24 hours. The nonoxidizing atmosphere is produced by a 
stream of pure nitrogen that has been dried by passage over P4OlO. 

After the mixture is cooled, the solid is washed with water to remove the 
excess double chloride and the alkali salts formed. After filtration the divalent 
metal chromium(II1) oxide is dried by heating in air at 200". 

TABLE 111 Analyses and X-ray Data for Divalent Metal Chromium(II1) Oxides 

MZ+Crz04 

CoCrzO4 NiCrzO4 ZnCrzO4 MnCrzO4 MgCr204 

%MZ+ 

wr3+ 

Calc. 26.0 25.9 28.0 12.6 24.6 
Found 26.1 25.7 27.9 12.7 24.8 

Calc. 45.8 45.7 44.5 54.2 46.8 
Found 45.6 45.9 44.6 54.1 46.6 

Lattice 
constant 
a (A) 8.330 i 0.004 8.310 i 0.006 8.324 i 0.004 8.432 i 0.005 8.334 i 0,005 
- ~ 

Diffraction Lines 

W 
S 
vs 
vw 
S 
vw 
S 
S 

4.809 
2.945 
2.512 
2.405 
2.082 
1.700 
1.603 
1.472 

4.799 
2.939 
2.506 
2.400 
2.078 
1.697 
1.600 
1.470 

4.806 
2.943 
2.510 
2.403 
2.081 
1.699 
1.602 
1.471 

4.868 
2.981 
2.542 
2.434 
2.108 
1.721 
1.623 
1.491 

4.811 
2.946 
2.5 13 
2.406 
2.084 
1.701 
1.604 
1.473 
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Proper ties 

The purity of metal(I1) chromium(I1I) oxides was checked by chemical analysis. 
Chromium and divalent metal contents agree with the calculated values within 
less than 1%. Divalent metal chromium(II1) oxides crystallize in the cubic spinel 
system. Chemical analysis data, cubic lattice constants and powder diffraction 
lines are given in Table 111. 

Divalent metal chromium(II1) oxides produced by a double-decomposition 
reaction between LiCr02 and a molten metal(I1) salt are fine powders. Electron 
microscopic examination shows that these powders are constituted of grains, 
the repartition size of which is heterogeneous (500-3000 A), but each grain is 
made of smaller crystallites. The average diameter of the crystallites, determined 
by a radiocrystallographical method (measurement of the widening of X-rays 
220 and 3 3 9 ,  is about 250 A. 
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16. COPPER( I) ACETATE 

Submitted by S. J. KIRCHNER. and QUINTUS FERNANDO* 
Checked by DANA DARBd and J. A. DILTd 

C U ~  (CH3 COO)4*2H2 0 + 2Cuo _+ 2Cu2 (CHJCOO)~ + 2H2 0 

The thermal decomposition of copper(I1) acetate has been proposed by several 
workers as a useful method for the synthesis of pure copper(1) acetate.14 This 
method, however, suffers from several drawbacks. The major products of the 
decomposition are copper(1) oxide and acetic acid; in contrast, the copper(1) 
acetate is obtained in low yields (<5%) together with some acetone and carbon 

*Department of Chemistry. The University of Arizona, Tucson, AZ 85721. 
?Department of Chemistry, The University of North Carolina at Greensboro, Greensboro, 

NC 27412. 
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dioxide. Under oxygen-free conditions and in solvents that are capable of 
solvating copper(1) more effectively than water, copper(I1) can be reduced to 
copper(1) with copper metal. Copper(1) acetate has been synthesized in this 
manner and has been isolated from both pyridine and acetonitrile  solution^.^*^ 
Copper(I1) acetate has been reduced in a homogeneous system by use of hydra- 
zine hydrate and hydroxylamine acetate as reducing  agent^.^ 

All the synthetic methods described above give products that require extensive 
purification. Moreover, the copper(1) acetate often undergoes rapid oxidation 
on exposure to the atmosphere because any solvent in contact with the copper(1) 
acetate absorbs water vapor, which promotes the conversion of copper(1) to 
copper(1I) in air. 

A simple heterogenous gas-phase reaction for the synthesis of extremely pure 
copper(1) acetate in high yields (50-65%) is described below. No solvents are 
required in the synthetic procedure and the product is relatively stable in air. 

Procedure 

Copper(I1) acetate hydrate h e r ,  [Cu2 (CH3COO)4.2H2 01 (0.25 g, 0.0063 
mole) is mixed with an excess of electrolytic copper dust (0.50 g, 0.0079 
mole) (Fisher Cat. No. (2-431) and is finely ground. The mixture is placed in 
a semimicro sublimation apparatus equipped with a cold finger through which 
tap water is passed. Sublimation can be carried out in th is  apparatus at reduced 
pressures and elevated temperatures. The apparatus is evacuated and its tem- 
perature is slowly increased to  100" with a paraffin wax bath. The copper(I1) 
acetate is dehydrated in approximately 15 min. The temperature is then raised 
rapidly and maintained at 180-190' for 2-3 hours. Copper(1) acetate dimer, 
[Cu2(CH3COO),], condenses on the cold fmger of the sublimation apparatus 
and forms a white polymeric solid. The unreacted anhydrous copper(I1) acetate, 
which is much less volatile than the copper(1) acetate, forms a blue ring just 
above the reaction mixture in the sublimation apparatus. 

Pro pert ies 

Copper(1) acetate is a white solid that slowly decomposes in air and is very 
unstable toward water. The green decomposition product has the molecular 
formula Cu2 (CH3COO)2 (OH)2. The far infrared spectrum of copper(1) acetate 
has bands at 230(s), 255(s), 375(m), and 419(m) cm-' that are distinct from 
those of starting material and decomposition product. The Cu 2Py2,3/2 band in 
the photoelectron spectrum of pure copper@) acetate exhibits no secondary 
structure, in contrast to that of copper(I1) acetate and the green decomposition 
product. 



Copper(I) Acetate 55 

References 

1. A. Angel and A. V. Harcourt, J. Chem. Soc.. 85, 1385 (1902). 
2. A. Perchard, C. R., 131,504 (1903). 
3. D. A. Edwards and R. Richards, J. Chem Soc., Dalton nans., 1973,2463. 
4. T. Ogura and Q. Fernando, Inorg. Chem., 12, 2611 (1973). 
5. R. D. Mounts, T. Ogura, and Q. Fernando, J. Am. Chem. Soc., 95,949 (1973). 



To RONALD NYHOLM and DAVID WADSLEY 

Azox
Note
Completed set by Azox

Azox
Note
None set by Azox

Azox
Note
MigrationConfirmed set by Azox



Chapter Three 

COORDINATION COMPOUNDS 

17. COMPOUNDS CONTAINING THE 
cis-BIS (ETHY LENEDIAMINE) RHODIUM (111) SPECIES 

Submitted by R. D. GILLARD*, JULIO PEDROSA DE JESUS* and P. S. SHERlDANt 
Checked by J. D. PETERSENS and STEPHEN F. CLARK* 

There have been several reports concerning isomers of bis(ethy1enediamine) 
compounds of rhodium(II1). A preparation of cis-[Rh(en)z Clz ] + salts appeared 
in 1939,' but the method has not yet been successfully repeated. A reproducible 
method of preparing cis-[Rh(en),C12] + was given by Johnson and Basolo' and 
was amplified3 in this series. The yields were low (about 11%). Bis(ethy1- 
enediamine)(oxalato)rhodium (111) was obtained4 from the more accessible 
frans-[Rh(en)zC1z]+ with oxalate ion, but again in 6% yields only. By taking 
advantage of the ease of reduction of Rh(II1) to stereolabile species using BH6, 
better yields of salts of the cis-bis(ethylenediamine)rhodium(III) series may be 
obtained easily. We give details here of the convenient route' RhC13 -+ 

[Rh(en)2Clz ] + (pure trans or mixture of cislfrans) -+ [Rh(en)z (C, O,)] + and 
describe preparations from the oxalato complex of cis-[Rh(en)zXz] +, X = C1-, 
Br-, NOz-. To make salts of such cations as [Rh(en)z(ab)](3-m)+ where ab = 
malonate (m = 2) or glycinate (m = l), the disodium oxalate in the procedures 
given is replaced by the corresponding amount of the appropriate sodium salt. 

*University College, P.O. Box 78, Cardiff, Wales, U.K. 
?Chemistry Department, State University of New York, Binghamton, NY. 
$Department of Chemistry, Kansas State University, Manhattan, KS 66506. 
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A. BIS (ETHY LENEDIAMINE) (OXALATO ) RHODIUM (111) 
PERCHLORATE 

(a) RhC13 t 2 {C, H4 (NH2 ),- 2HC1) t 4NaOH - 
(b) [Rh(en)2C12]C1 t Na2C204 - 
(c) [Rh(en), (C, 04)]C1 + LiC104 --* 

[Rh(en), C12 ] C1 t 4NaCl t 4H2 0 

[Rh(en)2 (C, O,)] C1 t 2NaCl 

[Rh(en), (C, O,)] C10, t LiCl 

Caution. Perchlorates are potentially explosive and must be treated with 
care. 

Method 1. Preparation f rom RhC13.3H20 
Rhodium trichloride trihydrate (1 .O g, 0.0038 mole supplied by Johnson 
Matthey, London, United Kingdom), dissolved in 30 mL of water, is placed in a 
250-mL round-bottomed flask, which is fitted with a reflux condenser. After 
the solution is heated to boiling, 0.6 mL of ethylenediamine (0.01 mole) dis- 
solved in 50 mL of water is added slowly through the condenser, in 5 m L  incre- 
ments, at 2-minute intervals. The resulting yellow solution is allowed to heat at 
reflux for 5 minutes more. Disodium oxalate (1 .O g, 0.0075 mole) dissolved in 
25 mL of hot water is added through the condenser. The solution is maintained 
at reflux for 2 minutes, after which 1 speck (1 mg) of solid NaBH4 (or 1 mL of 
1 mg/mL NaBH, freshly made solution) is added (dropwise) to the boiling 
solution. Heating at reflux is continued for 15 minutes. The solution is allowed 
to cool slightly and while it is still hot (about 60°), activated charcoal is added. 
The mixture is filtered (paper) and concentrated to a volume of approximately 
20 mL. (The checkers filtered again at this point.) Lithium perchlorate (3 g, 
0.028 mole) is added to this solution, immediately precipitating pale-yellow, fine 
crystals of the product. Yield: 560 mg (37%). (The checkers report a yield of 
6Wo.) Anal. Calcd. for [Rh(en)2(C204)]C104*~H20: C, 17.2;H,4.1;N, 13.4. 
Found: C, 17.6;H,4.5;N, 12.9. 

Method 2. Preparation from trans-lRh(en), C12 ]NO3 

(a) RhC13 t 2C2H4(NH2), - Rh(en),CI2+ + C1- 

(b) I U ~ ( e n ) ~ c l ~ +  t HNOJ - t r a n ~ - [ R h ( e n ) ~ C l ~ ] N O ~  t HI 

(c) trans-[Rh(en),Cl,]+ t Na2C2O4 - [Rh(en),(C,O,)]+ t 2NaCl 

To make t r~ns- [Rh(en)~Cl~]  NO3, the method described by Anderson and 
Basolo may be e m p l ~ y e d . ~  The following method involves slight modifications. 
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Rhodium trichloride trihydrate (1.0 g, 0.0038 mole) dissolved in 30 mL of 
water is placed in a 250-mL, round-bottomed flask, fitted with a condenser. The 
solution is heated to boiling, and 0.6 mL of ethylenediamine (0.01 mole) dis- 
solved in 50 mL of H 2 0  is added through the top of the condenser, in 5-mL 
increments, at 2-minute intervals. The yellow solution is allowed to heat at 
reflux for an additional 15 minutes. Then it is allowed to cool slightly, but while 
it is still hot (about 60") 0.02 g of activated charcoal is added. The mixture is 
fdtered (paper) and the Mtrate is concentrated under vacuum to a volume of 30 
mL. Concentrated nitric acid (10 mL) is added to the solution, which is kept, 
with occasional shaking, for 3 hours. A crystalline golden yellow precipitate 
forms. This is collected, washed with ice-cold water, ethanol, acetone, and 
diethyl ether and air dried. Yield: 560 mg (40%). And. Calcd. C, 13.5; H, 4.5; 
N, 19.7. Found: C, 13.5; H, 4.2; N, 19.7%. 
trans-Dichlorobis(ethylenediamine)rhodium(III) nitrate (900 mg, 0.0025 

mole) is dissolved in 100 mL of HzO, to which is added 0.50 g of Na2C204 
(0.0038 mole) dissolved in 25 mL of H20.  The pH of this solution is adjusted 
to approximately 9 by adding 1 mL of 0.3 M NaOH (0.0003 mole). 

The mixture is heated at reflux for 3 minutes in a 250-mL, round-bottomed 
flask. To the boiling solution, 1 mL of freshly made aqueous solution of NaBH4 
(1 mg/mL) is added dropwise. The golden-yellow solution becomes pale yellow. 
Heating at reflux is continued for another 15 minutes to ensure that the reac- 
tion is complete. 

The solution is allowed to cool slightly, but while it is still hot (about 60"), 
0.02 g of activated charcoal is added to help remove any rhodium metal that 
may have formed an adding tetrahydroborate. The mixture is filtered twice 
(paper) and the filtrate is concentrated under vacuum (at 50') to  a volume of 50 
mL. Any solid formed is dissolved by heating the mixture. At this point, 4 g of 
LiC104 is added. A bright-yellow crystalline precipitate immediately starts to 
form. The solution is allowed to cool to room temperature and is then left in 
a refrigerator overnight. The crystalline solid is collected by filtration, washed 
with ice-cold water, ethanol, and diethyl ether, and air dried. Yield: 660 mg 
(60%). The checkersobtained only a 23%yield.Anal. Calcd. for [ R l ~ ( e n ) ~ C ~ O ~ l -  
C104.$HzO: C, 17.29;H,4.1;N, 13.4.Found: C, 17.3;H,4.2;N, 13.5. 

B. cis-BIS(ETHYLENED1AMINE)DINITRORHODIUM (111) NITRATE 

[Rh(en)2 C2 0 4  3 C104 t 2NaN02 + 2 m 0 3  + 

c i ~ - [ R h ( e n ) ~ ( N O ~ k ] N O ~  t H2C204 t NaN03 t NaC104 

Bis(ethylenediamine)(oxalato)rhodium (111) perchlorate (990 mg, 0.0028 mole) 
is dissolved in 150 mL of H 2 0 ,  together with 3 g of NaN02 (0.043 mole). The 
pH of the solution is adjusted to approximately 4 by adding 4 mL of 0 3  M 
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HN03. The solution is then heated at reflux for about 1.5 hours. Ten milliliters 
of 0.3 M HN03 is added to the boiling solution and refluxing is continued for an 
additional 1.5 hr. 

The solution is cooled to room temperature and 15 mL of concentrated HN03 
is added (hood). Brown fumes of decomposition products of HNOz are liberated. 
When the evolution of fumes stops, the solution is light blue (because of HN02) 
and a white crystalline precipitate has formed. The mixture is allowed to stand 
in the hood for 3 hours and is then left in the cold overnight. 

The solid is collected by fitration, washed with ice-cold water, ethanol, and 
diethyl ether, and air dried. Yield: 450 mg (50%). Anal. Calcd. for cis-[Rh(en)z- 
(NOz)z]N03:C, 12.7;H,4.2;N,26.0.Found:C, 13.1;H,4.4;N,26.5. 

C . cis-DICHLOROBIS (ETHYLENEDIAMINE) RHODIUM (I11 ) 
CHLORIDE HYDRATE 

Procedure 

An aqueous solution (20 mL) of [Rh(en)z(C204)]C104-$H20 (0.10 g, 0.25 
mmole), acidified with 5 mL of concentrated HC1 (12 M) is allowed to heat 
at reflux for 3 minutes. The solution, cooled and reduced in volume to about 
5 mL, is kept at ice temperature for several hours. The yellow precipitate that 
forms is collected by filtration, washed carefully with cold water and methanol, 
and finally air dried. Yield: 0.05 g (64% based on Rh). The checkers obtained 
71% (after removing a small amount of tmns-isomer, as described below). 
Electronic and infrared spectra agree with published data.6 Anal. Calcd. for 
[Rh(en)2Clz] -C1 HzO: C, 13.8; H, 5.2; N, 16.1. Found: C, 13.7; H, 5.5; N, 
16.0. 

When HBr is used instead of HC1, an identical procedure yields cis- 
[Rh(en)zBrz] Br. Yield: 0.058 g, (50%). The checkers report a 31% yield. How- 
ever, they further report that, if after the reflw, the solution is not concentrated 
but merely kept in a refrigerator, the yield is 69%. 

Properties 

The ion [Rh(en)2(Cz04)]+ (A, 325; e, 270: see Reference 5 )  may be resolved 
readily into its optical enantiomers through the formation7 of the less soluble 
diastereoisomeric salt (Cz O,)] } {(t)-[Co(edta)] }axHz 0. The 
resolved cation then gives (t) -cis-[Rh(en), Clz ] + by the treatment with HC1 
as given above. 
cis-Dichlorobis(ethylenediamine)rhodium(III) salts (A, 350 nm; E, 195; lit. 

value7 203) are converted to the trans-isomers (A, 406; e, 75) rather readily at 
room temperature by treating them, in the presence of excess chloride in water, 
with a little sodium tetrahydroborate. The checkers report that samples of 
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cis-[Rh(en)zCIz ] + salts often contain a littie of the trans-isomer, which may be 
removed by dissolving the salt in the minimum amount of warm water and 
filtering into methanolic NaC104. 
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18. POTASSIUM TETRAHYDROXODIOXOOSMATE(V1) AND 
trans-BIS (ETHY LENEDIAMINE) DIOXOOSMIUM (VI) CHLORIDE 

Submitted by JOHN M. MALIN* 
Checked by MICHAEL FLOOD? and ANN WHITMORE? 

Osmium tetraoxide, an expensive and toxic' reagent, is reduced safely and quan- 
titatively by ethanol in potassium hydroxide solution to form Kz [OsOz (OH), ] ? 
Subsequent reaction in aqueous solution with excess ethylenediamine dihydro- 
chloride affords, in very good yield, the salt trans-[OsOz(en)z] Clz ? Both these 
compounds are relatively stable and can be handled easily. Furthermore, they 
are useful starting materials for subsequent syntheses? r4 

A. POTASSIUM TETRAHYDROXODIOXOOSMATE (VI) 

2OsO4 + CzHsOH + SKOH -CH3COOK + 2Kz [OsOz(OH)4] 

Procedure 

m Caution. Osmium tetraoxide is extremely toxic and must be handled with 
utmost care. Residues containing osmium must be viewed as potential sources of 
this dangerous compound. The hazard is reduced by storage of osmium wastes 
in contact with alhline aqueous ethanol. 

*Department of Chemistry, University of Missouri, Columbia, MO 6521 1 .  
?Chemistry Department, Beloit College, Beloit, WI 53511. 
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In a fume hood, four 1-g ampules of Os04 (0.016 mole) are opened by scoring 
them and touching with the molten tip of a glass rod. They are dropped into a 
500-mL Erlenmeyer flask containing 40 g of KOH dissolved in 170 mL of water. 
The mixture is stirred gently until all the Os04 has dissolved (10-15 min). 

With the addition of 40 mL of absolute ethanol, the dark-brown solution 
becomes opaque and violet in color. The solution then clears as the potassium 
osmate salt precipitates. After 5 minutes of gentle stirring, 75 mL of absolute 
ethanol is added. The precipitate is collected using a sintered-glass filter 
(medium frit) and fragments of the glass vials are removed with forceps and 
washed carefully to recover any adhering product. The yield, after washing with 
ethanol and diethyl ether and air drying, is 5.3 g of K2 [Os02(OH)4] (98%). 
This material can be stored for months under dry conditions and may be used 
directly in synthesis. However, it is unstable in acid solution with respect to dis- 
proportionation and moderately so in neutral solution. See caution concerning 
Os04. 

B. trons-BIS( ETHYLENEDIAMINE)DIOXOOSMIUM(VI) CHLORIDE 

K2 [OsOz(OH)4] t 2[C2Hq(NH2)2-2HCl] - 
[OsO2 (en)2 ] C12 + 2KC1 t 4H2 0 

Procedure 

In a fume hood, 5.7 g of K2[Os02(OH)4] (0.016 mole) is dissolved in the 
minimum amount (about 125 mL) of water at room temperature. This solution 
is added dropwise with rapid stirring to one containing 20 g of ethylenediamine 
dihydrochloride (0.15 mole) and 75 mL of water. As the osmium solution is 
added, a yellow color appears, with subsequent formation of a yellow precipitate. 
After the addition, the mixture is cooled to 0" and 50 mL of cold 6 M HCl is 
added slowly with stirring. This is followed by 150 mL of 95% ethanol. The 
yellow precipitate is collected on a sintered-glass filter, washed with ethanol 
and diethyl ether, and dried in vacuo. Yield: 6.2 g (94%). 

To recrystallize, 6.2 g of the crude product is dissolved in 135 mL of lo-' 
M HCI, preheated to 65". The solution is filtered immediately through a medium- 
grade sintered-glass filter and cooled to 0". Yellow-orange platelets form in 
about 45 minutes. Afterward, 10 mL of 6 M HCl at 0" is added dropwise with 
slow stirring. When the crystals have been allowed to settle, most of the super- 
natant solution is decanted and 50 mL of methanol is added to the slurry 
that remains. The crystals are collected by filtration, washed with methanol 
and diethyl ether, and dried in vacuo. Yield: 5.3 g (80%). A second crop 
is obtained by treating the supernatant liquid with an equal volume of 
methanol and allowing it to stand overnight at 0". The overall yield is 5.8 g 
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(87%).Anul. Calcd. for OsOZC4N4H16C12 : H, 3.87;N, 13.56;C1,17.19. Found: 
H,3.90;N, 13.41;C1,17.26. 

Properties 

The yellow salt [OsOz(en)z]C12 is diamagnetic. It has three main absorption 
peaks in the ultraviolet region, at 355, 310, and 240 nm, for which the log E 
values are 2.31, 2.82, and 3.46, respectively. The peak at 310 nm is sharply 
pointed and is accompanied by a slightly smaller peak at 317 nm. In the Raman 
spectrum of the salt, a strong band due to the v 1  symmetric stretch of the 
O=Os=O structure is observed at 917 cm-'. Salts of other anions can be 
prepared from this material by aqueous metathetical reactions with the appro- 
priate sodium salts. An X-ray diffraction study of the hydrogen sulfate salt 
has confirmed the trans geometry for the ion.' After storage for long periods 
of time, the yellow salt becomes grayish. The ion [Os0,(en)2]2+ is unstable 
in basic solution. Exchange of the dioxo oxygens takes place slowly in acid 
solution.5 
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19. SODIUM BIS[ 2-ETHYL-2-HYDROXYBUTYRATO(2-)] - 
OXOCHROMATE(V) 

Na, Cr, 0, t 5 (C, H5)2 C (0H)COOH ---+ 

2Na[((CzHS)zCOCOz)zCrO] t (C2H5),CO t CO, t 5HzO 

Submitted by M. KRUMPOLC* and J. ROeEK* 
Checked by G.  P. HAICHT, JR.*? and PATRICK MERRILLt 

Unlike most other known chromium(V) compounds,1 the recently prepared 
chromium (V) complexes of a-hydroxy secondary acids are remarkably stable 

*Department of Chemistry, University of lllinois at Chicago Circle, Chicago, IL 60680. 
?School of Chemical Sciences, University of Illinois at Urbana-Champaign, Urbana, 1L 

61801. 
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even in aqueous solutions. Sodium bis[2-ethyl-2-hydroxybutyrato(2-)] oxochro- 
mate(V) is one of the most stable and easily accessible compounds of this class. 
The method of preparation described below represents a further simplification 
and improvement over our original procedure.2 The entire synthesis can be 
easily completed within a 2-day period. 

ChromiumOr) has been widely used in the preparation of dynamically polar- 
ized proton targets in high-energy physics? The availability of these types of 
compounds can also be expected to open up the investigation of the chemistry 
of chromium (V). 

Procedure 

To a solution of 19.8 g (0.150 mole) of 2-ethyl-2-hydroxybutyric acid (Aldrich 
Chemical Co., Milwaukee, WI 53233) in 125 mL of acetone in a 300-mL Erlen- 
meyer flask is added 6.5 g (0.025 mole) of anhydrous sodium dichromate (the 
dihydrate is dried in vamo at 100" for about 30-40 min and fmely pulverized), 
and the heterogeneous mixture is stirred magnetically until the dichromate is 
completely dissolved (about 10 min) (m Caution. Dichromates are highly 
toxic. Care should be taken to prevent skin contact, especially inhalation of such 
powders.) The formation of the dark red-brown solution of the chromium(V) 
complex is soon apparent. The flask is fitted with a glass stopper and immersed 
in a temperature-controlled water bath at 25.00 f 0.1" for a period of 23-24 
hours. The solution is poured into 375 mL of hexane, whereupon the chro- 
mium(v) complex precipitates as a dark red-violet solid. The crude product is 
collected, dried in vamo at room temperature for about 30 minutes to remove 
water and volatile materials (solvents, 3-pentanone), dissolved in 125 mL of 
acetone, and reprecipitated by addition to 375 mL of hexane. The crystalline 
product is washed with 20 mL of hexane and dried in vamo at room tempera- 
ture to constant weight (about 30 min), giving 14.8-16.5 g (0.040-0.045 mole) 
of sodium bis [2-ethyl-2-hydroxybutyrato(2-)] oxochromate(v) monohydrate. 
The yield is between 80 and 90% based on sodium dichromate.AnaZ. Calcd. for 
C12H22CrNa08: C, 39.0; H, 6.01; Cr, 14.1; Na, 6.23; H20, 4.88. Found: C, 
39.4; H, 6.00; Cr, 14.1; Na, 6.6; H20,  5.3. No Cr(W) was detected: The pres- 
ence of one molecule of water may be established by the deuterium exchange 
technique and determined by nmr? 

Properties 

Sodium bis [2-ethyl-2-hydroxybutyrato(2-)] oxochromate(V) monohydrate is a 
dark red-violet crystalline solid. It is very stable at room temperature; after 
exposure to air and light for several weeks no visible decomposition is observed. 
It does not show a melting point but slowly decomposes at  -170". It is readily 
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soluble in polar solvents (water, acetone, pyridine, dimethylformamide, di- 
methyl sulfoxide, acetic acid, liquid ammonia) but is insoluble in hydrocarbons, 
carbon tetrachloride, chloroform, and diethyl ether. The compound is relatively 
stable to hydrolysis: only about 28% of a 0.01 M solution of the complex is 
decomposed over a period of 24 hours at 25". The stability can be substantially 
enhanced by the addition of a small amount of 2-ethyl-2-hydroxybutyric acid. 
Upon acidification the complex undergoes fast disproportionation to chro- 
mium(v1) and chromium(II1); addition of sodium hydroxide results in instan- 
taneous disproportionation. 

The infrared spectrum (Nujol) contains major absorption bands at 3510(m, 
br), 1680(s,br), 13 12 (m), 1257 (m), 1 177 (m), 1045 (w), 998 (m),961 (s), 888 (w), 
845(m), 815(w), and 712(m) cm-'. The electronic absorption spectrum (in 0.1 
M aqueous solution of 2-ethyl-2-hydroxybutyric acid) is [A, nm (41 250 
(6510), 350 (1200), 485 min (160), 510 mux (168), 633 min (28.6), 740 max 
(40.9), 750 (40.7), and 800 (39.4). The complex is paramagnetic (d' electron 
configuration). 
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20. THE BIS(P-DIKETONATO) PLATINUM (11) COMPLEXES 

Submitted by SEICHI OKEYA* and SHINICHI KAWAGUCHIf 
Checked by ERVEN KUHLMANNS and MILTON ORCHINS 

2,44'entanedione (acacH) is a common ligand, forming chelates with almost 
all transition metals.' Bis(2,4-pentanedionato)platinum(II) was fust prepared 
by Werner: but the yield reported later by Grinberg and Chapurskii3 was only 
35%. Furthermore, the platinum(I1) chelates of other Pdiketones have not been 
reported. The yield of Pt(acac)2 has been increased to 75% by aquating the 
tetrachloroplatinate(I1) anion by treatment with mercury(I1) and silver(1) ions 

*Faculty of Education, Wakayama University, Masago-cho, Wakayama 640, Japan. 
?Faculty of Science, Osaka City University, Sumiyoshi-ku, Osaka 558, Japan. 
*Department of Chemistry, University of Cincinnati, Cincinnati, OH 45221. 
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prior to the reaction with acacH. The platinum(I1) chelates of 1 ,l , 1-trifluoro- 
2,4-pentanedione (tfacH) and 1 , I  , 1,5,5,5-hexafluoro-2,4-pentanedione (hfacH) 
are prepared in a similar fashion. 

A. PREPARATION OF STOCK SOLUTION 

[PtC14 ] '- t Hgz+(Ag+) t excess Hz 0 - [Pt (H, 0 ) 4  ] '+ t HgClz (AgC1) 

Procedure 

rn Caution. Perchlorates are potentid& explosive and must be treated with 
care. 

Pulverized K2PtCl4 (10.38 g, 25 mmole) is dissolved in 1 N HC104 (700 mL) 
and the mixture is stirred for about 30 minutes; th is  produces a red solution and 
a precipitate of KC104. Yellow mercury(I1) oxide (16.25 g, 75 mmole) is 
dissolved in 1 N HC104 (200 mL), and the solution is added slowly (1-2 drops/ 
sec) to the Pt(I1) solution with stirring. Then a solution of silver perchlorate 
(5.18 g, 25 mmole) in 1 N HC104 (50 mL) is added to  the reaction mixture. 
The precipitate is filtered promptly, and the filtrate is made up to  1 L by adding 
1 N HC104. This is the stock solution. The Pt(I1) seems to exist mainly as the 
tetraaqua ion in th is  orange-yellow solution4 and is quite stable in this form if 
kept in a cool dark place. 

B. BIS[ ZY4-PENTANEDIONATO( 1-)] PLATINUM (11) 

[ P t ( H 2 0 ) 4 l 2 + +  2[CH2(COCH3),] t 20H---+Pt(acac),  t 6Hz0 

Procedure 

The ligand 2,4-pentanedione (9 g, 90 mmole), dissolved in a 2.5 N aqueous 
NaOH solution (40 mL), is added dropwise to the R(I1) stock solution (350 mL) 
by means of a pipette. The instant each drop of the ligand solution contacts the 
metal solution, a dark-grey precipitate is produced; this turns pale yellow quickly 
on agitation. After the ligand solution has been added, a 10 N NaOH solution is 
added slowly from a pipette until the pH of the mixture is 4.5. The amount of 
dark-grey precipitate formed by each drop of the alkali solution increases gradu- 
ally, but it decreases remarkably when about 40 mL of the solution has been 
added. Stirring is continued for an additional 20 hours. A creamy-yellow precipi- 
tate is filtered, washed three times with water, and dried over silica gel in VIICUO. 
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The crude product is dissolved in dichloromethane and the insoluble material is 
filtered and discarded. The filtrate is concentrated to about 10 mL and is then 
chromatographed over silica gel (100-200 mesh, 4 X 30 cm). The yellow 
dichloromethane eluate is evaporated under reduced pressure to  obtain a yellow 
powder of P t (a~ac)~ .  The yield (2.58 g) is 75.0% on the basis of K2PtC14. 
Recrystallization from benzene gives beautiful rodlike crystals with solvent of 
crystallization, which is lost gradually on standing in the air. (m Caution. Ben- 
zene is highly toxic. A hood should be used and gloves should be worn.) Anal. 
Calcd. for Cl0HI4O4Pt: C, 30.54; H, 3.59. Found: C, 30.62; H, 3.55. 

C. BIS[ 1,l , 1-TRIFLUORO-2,4-PENTANEDIONATO(l-)] PLATINUM(I1) 

[Pt(H,O).+] 2+ t 2CF3COCH2COCH3 t 20H-- P t ( t f a ~ ) ~  t 6H20 

Procedure 

The ligand tfacH (4.6 g, 30 mmole) is dissolved in a 10 N NaOH solution (10 
mL) and the mixture is added slowly from a pipette into the Pt(I1) stock solu- 
tion (300 mL) with stirring. This is followed by addition of 10 mL of an 
aqueous 10 N NaOH solution. The pH of the solution is about 1.3. After the 
solution is stirred for an additional 20 hours, a straw-yellow precipitate is frltered 
and washed with water. To the fdtrate is added tfacH (1.2 g, 8 mmole) neutra- 
lized with NaOH solution. This solution is then stirred for 20 hours and the 
precipitate is filtered. This procedure is repeated twice, after which all the 
precipitates are combined, dried in vacuo, and extracted with dichloromethane. 
A concentrate containing the crude product is charged onto a column (5 X 
60 cm) of silica gel and the column is developed with a mixture (7: 10 by 
volume) of benzene and petroleum ether (boiling below 50') to separate the 
product into two bands. After evaporation of the solvent, the first eluate gives 
tiny yellow crystals of trans-Pt (tfac), (0.53 g, 14%) and the second eluate givescis- 
Pt(tfac)z (0.60 g, 16%).' Both isomers are recrystallized from dichloromethane- 
petroleum ether to  afford yellow needles. Anal. Calcd. for CI0HSO4F6Pt: C, 
23.96; H, 1.61. Found for the trans-isomer: C, 24.13; H, 1.63; for the cis-iso- 
mer: C, 24.37; H, 1.74. 

D. BIS[ 1,1,1,5,5,5-HEXAFLUORO-2,4-PENTANEDIONATO(1-)] - 
PLATINUM (II) 

[Pt(H20)4] 2 +  t 2[CH2(COF3),] t 20H-- Pt(hfach t 6H20 
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Procedure 

A solution of hfacH (7.3 g, 35 mmole) in 2 NNaOH aqueous solution (20 mL) 
is added to the Pt(I1) stock solution (350 mL) with stirring by means of a 
pipette; this is followed by addition of a 10 N NaOH solution (22 mL). The pH 
of the solution is about 3. After the solution is stirred for 16 hours an orange 
precipitate is filtered and washed with water. The filtrate is stirred for 2 days 
more to produce an additional precipitate. The crude product is gathered, dried 
in vucuu, extracted with dichloromethane, and chromatographed through a 
column of silica gel (4 X 30 cm). The dichloromethane eluate is concentrated 
and kept in a refrigerator to afford orange needles, which are filtered and washed 
with a small quantity of n-heme. The yield (2.95 g) is 55.3%. Anal. Calcd. for 
CloH204F12Pt: C, 19.71;H7 0.31. Found: C, 19.94;H, 0.47. 

Properties 

The infrared and 'H nmr spectra of Pt(acac)? are essentially the same as re- 
ported in the literature.6 The absorption spectrum in dichloromethane solution 
exhibits absorption maxima at 287 (E = 6840) and 346 nm (E = 3570). 

Both trans- and ~is-Pt(tfac)~ are air stable and sublime at 97-101O and 108- 
11 lo ,  respectively. They are soluble in most organic solvents, such as benzene, 
dichloromethane, diethyl ether, and acetone, solubilities of the cis-isomer being 
much larger than those of the trmts-isomer. 

The infrared spectra in Nujol in the 4000-700 cm-' region are similar for the 
two isomers, although the v(C=O) and v(C=C=C) energies are a little lower 
for the trans-isomer [1580 (vs) broad and 1517 (vs) cm-'1 than for the cis- 
isomer [1590 (vs) broad and 1530 (vs) an-' ]. In the lower frequency region 
the trans-isomer exhibits a single band at 458 cm-' ,while the cis-isomer has two 
bands at 461 and 446 cm-I , which may be related to the v(Pt-0) vibration. 

Proton nmr signals in C6D6 with internal TMS: trans, CH3 S 1.10 ppm, 
4J(Pt-H) "3 Hz and CH 6 5.40 ppm, 4J(Pt-H) " 10 Hz; cis, CH3 S 1.17 
Ppm, 4J(Pt-H)s3 HZ and CH 6 5.44 ppm, 4J(Pt-H)r 1 1  Hz. In CDC13, 
on the other hand, the isomers show identical signals: CH3 S 2.02 ppm, 
4J(Pt-H) 2: 4 Hz and CH S 5.90 ppm, 4J(Pt-H) = 11 Hz. The ' F nmr signals 
in CDC13 are observed at 93.0 and 93.1 ppm downfield from external C6F6 for 
tmns- and cis-Pt(tfac)? , respectively, with 4J(Pt-F) = 18 Hz in both cases. 

Both of the isomers show an absorption maximum in dichloromethane at 309 
nm accompanied by shoulders at 330 and 390 nm, but the molar extinction 
coefficients are different,  trans) being 5280 and €(cis) 5570. Mass spectra of 
both isomers exhibit the parent peak at m/e = 501 in accordance with the cal- 
culated molecular weight of 501. 

The crystals of Pt(hfac)2 are air stable and sublime at around 65", exhibiting 
the parent peak in the mass spectrum at m/e = 609 in accordance with the cal- 
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culated molecular weight of 609. They are highly soluble in benzene, dichloro- 
methane, &ethyl ether, and acetone, and appreciably soluble in methanol, 
and hexane. The infrared spectra in Nujol show the v(C=O) and v(C=C=C) 
bands at 1585(vs), 1557(m), and 1533(m) cm-' , and the lower frequency 
bands at 614(s), 536(m), and 352(vw) cm-'. The nmr signal of the methine 
proton in CDC13 is observed at 6.39 ppm from TMS, 4J(Pt-H) being 10.5 Hz. 
The "F nmr signal in CH2C12 is observed at 90.8 ppm downfield from external 

Absorption maxima are observed in dichloromethane at 329 (E = 4380) and 
C6F6 with 4J(Pt-F) = 17 Hz. 

426 (E = 1870) nm together with shoulders at 345,407, and 452 nm. 
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21. TRIMETHYLPHOSPHINE IRON COMPLEXES 

Submitted by HANS HEINZ KARSCH* 
Checked by MICHELE ARESTAT 

Trimethylphosphine complexes of transition metals are of considerable interest 
since the spectroscopic data from these complexes are usually simple and the 
steric requirements of the ligand are small compared with those of other tertiary 
phosphines. Because of the tedious preparative procedure of t h i s  phosphhe, its 
application in t h i s  area has been restricted. However, recently laboratory' and 
industrial2 procedures have been developed that make this ligand more easily 
obtainable. 

*Technische Universitiit Miinchen, D- 8046 Caching, Lichtenbergstr. 4. 
TUniversity of Bari, Via G. Amendola 173,70126 Ban, Italy. 
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A. DICHLOROBIS(TRIMETHYLPHOSPHINE)IRON(II) 

FeCll t 2P(CH3)' - [(CH&P] lFeClz 

Many P(CH,), complexes of the first-row transition metals may be conveniently 
prepared by direct reaction with the appropriate anhydrous chromium(II), 
(III),' cobalt(II)," iron(I1)' or hydrated iron(I1): ni~kel(I1)~ '~ 6 y  ' salt. The 
compound [(CH3),P] FeClz is the starting material for a variety of phosphine 
iron complexes.4. 

Procedure 

Caution. Trimethylphosphine is toxic, very volatile, and flammable. All 
operations should be carried out in purified nitrogen and in a very well venti- 
lated fume hood. The solvents should be free of oxygen and moisture. 

A bent, two-armed glass vessel with a sintered disc e resembling that pre- 
viously described by Strohmeier" and Klein et al." (Fig. 1) is fitted with flasks 
(100 mL) at A and at B, which is connected by a curved glass adapter d .  The 
apparatus is attached to a high-vacuum system by means of the pivotal glass 
joint c. 

Under a countercurrent of nitrogen, a flask containing FeCl2l2 (2 g, 15.8 
mmole) is substituted for the flask at B. The system is evacuated and after the 
flask is cooled at position B to -78", 40 mL of a tetrahydrofuran solution of 
P(CH,), (2.9 g, 38.2 mmole) is condensed into it. [This solution is made by 
condensing 3.8 mL of P(CH3), from a flask, fitted with a stopcock, through a 
PVC tube into the tetrahydrofuran-containing flask, which is attached directly 

Fig. 1.  Reactor for formation of complexes. 
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to the high-vacuum system]. The mixture is warmed to room temperature and 
after it is poured into arm b, it is stirred for approximately 1 hour. The solution 
is tipped onto the sintered disc (by turning the vessel) and is fdtered into arm a 
by gently warming arm b and cooling arm a. The solvent is recondensed into arm 
b by cooling this arm; the procedure is repeated twice, thereby washing any re- 
maining product from the solid onto the disc. The mixture (now in arm a)  is 
tipped into flask A and cooled to -78". Pentane (40 mL) is condensed into flask 
A and after it is warmed to room temperature and slowly recooled to  -78", 
white platelets with a faint blue tinge form, their size being increased by repeat- 
ing the warming and cooling procedure. The system is refilled with nitrogen and 
the crystals are isolated by decanting the mother liquor back into arm a and 
maintaining it at -78". The system is evacuated and the flask at A is allowed to  
warm to room temperature. The flask is removed under a countercurrent of 
nitrogen, and a second nitrogen-filled flask is attached quickly to the vessel at 
A. The system is evaculated again and the mother liquor is then warmed up and 
poured into the new flask. The solvent is evaporated under vacuum and a bluish- 
white solid is obtained, which is usually as pure as the crystal fraction. Total 
yield: 4.2 g (95%). 

Properties 

The properties of dichlorobis(trimethylphosphine)iron(II), melting at 1 15- 
117", are described in detail elsewhere.' The solid may be handled in air for 
very short periods, but the solution immediately turns red on contact with air. 
After prolonged heating of the red solution, the original color may be restored. 
Pure samples show no ir absorption bands in the v(0H) and v(P=O) stretching- 
vibration regions. Besides the v(Fe-Cl), 360 cm-', only bands due to the 
ligand are observed. Anal. Calcd. for C6H18C12FeP2 : C, 25.84; H, 6.50. Found: 
C, 25.82; H, 6.52. 

B. TETRAKIS(TRIMETHYLPH0SPHINE)IRON 

cis- [ (Dimethy1phosphino)methyl-C, PI hydridotris( trimethyl- 
phosphine) iron 

[(CH3),P] 2FeC12 + 2P(CH3)3 + Mg - TH F 

/ P(CH3 12 

MgClz + [(CH3)3PI 4Fe [(CH3)3 PI 3HFe\ I 
CH2 

Phosphine complexes of metals in the oxidation state zero are versatile reagents. 
They offer access to a fascinating class of organometallic species, that is, those 
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that are involved in or are related to catalytic processes. Tetrakis(trimethy1phos- 
phine)metal(O) complexes of n i ~ k e l ' ~  and cobalt14 have been made by reduc- 
tion of the appropriate metal(I1) complexes or anhydrous salts with sodium 
or magnesium in the presence of the ligand in tetrahydrofuran. The same 
method is applicable to the preparation of [(CH&P] 4Fe,8p l5 which is unique 
in its solvent and temperature-dependent equilibrium with a hydridoiron(I1) 
isomer, incorporating a three-membered Fe-C-P ring. This behavior offers 
some remarkable features: 

1. The compound may react as a typical metal(0) species, susceptible to 
substitution and oxidative addition reactions. Both are promoted by the un- 
saturated nature of the molecule, which is the first stable fourcoordinate iron(0) 
species to be observed at ambient temperature. 

2. The compound may also react by cleavage of the Fe-C and/or the Fe-H 
function of the iron(I1) isomer. 

3. A substrate (e.g., C02) may react with both the iron(0) and the iron(I1) 
isomer simultaneously, the ratio of products being dependent on the tempera- 
ture, solvents used, and the duration of the reaction. 

Preparation 

Caution. Trimethylphosphine is toxic, very volatile, and jlammable. 
For handling trimethylphosphine, solvent purity grades, and the reaction 

vessel, see the preparation of [(CH&P] 2FeC12 (Sec. A). 
In Fig. 1 the bent tube d and flask B are removed from the two-armed glass 

vessel and 0.5 g (20.6 mmole) of magnesium is placed in arm b. The tube and 
the flask at B are replaced and the vessel is evacuated. The turnings are stirred 
overnight under vacuum to provide some fresh surface on the metal. The sys- 
tem is reffled with nitrogen and a flask containing 1.0 g (3.6 mmole) of 
[(CH3)3P]2FeC12 (See. A) is substituted for the flask at B. The system is evac- 
uated again, and the complex is tipped onto the magnesium. After arm b is 
cooled to -78", 30 mL of tetrahydrofuran and 0.82 g (10.8 mmole; 50% 
excess) of P(CH& are condensed onto the magnesium. While it is stirred 
vigorously, the mixture is warmed to about 40". As soon as the pale-blue color 
of the solution begins to show a trace of green, the arm is quickly immersed in 
an ice-water bath. With continued stirring, the color turns deep yellow-brown. 
The reaction is usually complete after 1 hour. The ice bath is removed and the 
solvent is evaporated, while stirring is continued (without pumping!), by con- 
densing it into a trap on the high-vacuum line, which is cooled to -78". The 
last traces of the solvent sometimes are difficult to remove, and short pumping 
while warming to about 40" may be helpful at the end. However, very small  
amounts of tetrahydrofuran do not affect the isolation. (It should be noted 
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that heating and pumping promote decomposition of the product and such 
procedures should be kept to a minimum.) The yellow solid obtained is cooled 
to -78", and pentane (50 mL), along with 0.5 mL of P(CH&, is condensed 
onto the yellow solid. The solution is then rewarmed with stirring. The filtering 
and washing procedure described in the preparation of [(CH3)3P] 2FeC12 (Sec. 
A) is used. Then the filtered solution, now in arm u, is poured into the flask at 
A. The solvent is evaporated into a cooled trap (-78") (some stirring at the end 
is effective in the prevention of bumping) until the substance comes to dryness. 
The orange solid obtained (1.17 g, 91%) is pure enough for most practical 
purposes, but sometimes traces of pentane are retained and their presence 
reduces the thermal stability of the compound at room temperature. Yellow 
crystals may be obtained by concentrating the pentane solution to 5-10 mL and 
cooling to -78" for at least 10 hours, but the yield is low and the isolation is 
tedious. 

Properties 

The solid compound slowly decomposes at room temperature and quickly at 
70", while at -30' it may be stored for several months. In solution, it slowly 
decomposes at room temperature, yielding a black, ferromagnetic powder and 
P(CH,),. However, the stability in solution may be enhanced by addition of 
P(CH&. Like [(CH3)3P]4Co'4 and [(CH3)3P]4Ni,13 the iron compound is 
very soluble in hydrocarbons and ethers. These solutions are extremely air 
sensitive, the solid being pyrophoric. The spectroscopic and analytical data 
and some reactions are reported elsewhere8*9*'5916. The purity is tested by 
means of the ir spectrum'. Indicative are bands at 1822 [v(Fe-H)] , 895, and 
455 cm-'. Anal. Calcd. for C12H36FeP4:C, 40.02; H, 10.08; Fe, 15.51. Found: 
C, 39.61; H, 9.86; Fe, 15.52. 

C. (CARBON DIOXIDE-C,O)TETRAKIS(TRIhlETHYLPHOSPHINE)IRON 

pentane 

20" 
"[(CH3)3P]4Fe7' + C02 [(CH3)3P]4Fe(C02) 

Recently, carbon dioxide complexes have attracted increasing attention for 
preparative and catalytic application." However, the number of known simple 
and reasonably stable C02 adducts is limited.'6ai Because of the isomeriza- 
tion behavior of the previously described complex, [(CH3)3P]4Fe (Sec. B), a 
variety of very different compounds is obtained on reaction with C02 , depend- 
ing on the reaction conditions. For example, insertion into the iron-carbon and 
iron-hydrogen bonds may occur, as well as disproportionation to COP2- and 
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CO. In addition, simple adduct formation is also possible.'6a Somewhat related 
behavior seems to occur with an iridium(1) complex.1sg 

Procedure 

m Caution. Trimethylphosphine is toxic, very volatile, and flammable. 
For handling P(CH,), and air-sensitive compounds, solvent purity grades, and 

apparatus, see the preparation of [(CH&P] zFeC12 (Sec. A). A flask containing 
1.17 g (3.25 mmole) of [(CH3),PI4Fe (Sec. B) is attached to the nitrogen-filed 
two-armed glass vessel at B in Fig. 1 under a countercurrent of nitrogen. The 
system is evacuated and the flask is cooled to  -78". Pentane (50 mL) and 
P(CH,), (0.5 mL) are condensed into the flask. The mixture is warmed to room 
temperature and poured (by turning the bent tube and/or the reaction vessel) 
into arm b .  The system, still under reduced pressure, is filled with pure carbon 
dioxidelg (1 atm). When the color of the solution begins to  turn from orange 
to brown-red (about 5 min), the assembly is turned and the solution is poured 
quickly onto the sintered disc. Short cooling at arm a and gentle warming at 
arm b of the vessel assist the filtering process. The solution is immediately 
transferred into the flask at a and in approximately 3 hours, dark-red crystals 
separate along with some frne yellow powder. The solvent is swirled by quickly 
shaking the flask (turning one arm up and down). Most of the light-yellow 
particles, consisting of [(CH,), PI (CO)Fe(C03)16a, which remain suspended 
in the solution longer then the heavier red crystals, are decanted from the flask 
into arm a with the solvent. The red crystals are dried by cooling the mother 
liquor in arm a and evacuating the system for a short period. The flask contain- 
ing the crystals is removed under a countercurrent of nitrogen. When the crystals 
are gently loosened from the glass wall of the flask in a glove box and transferred 
to  another nitrogen-frlled flask, they are essentially pure. Any traces of yellow 
precipitate remain more strongly fastened to the glass walls of the original 
flask. The yield of the deep-red crystals varies from 0.83 to 1.09 g (6343%). 
The compound may be recrystallized from acetone at low temperature, but for 
most purposes, the purity of the original crystals is sufficient. Anal. Calcd. for 
C13H36Fe02P4: C, 38.63; H, 8.98; Fe, 13.82. Found: C, 38.50; H, 8.99; 
Fe, 14.12. 

Properties 

The dark-red, octahedral crystals decompose very slowly at room temperature 
and quickly at 80°.16a The purity of the compound is checked by means of 
ir spectroscopy,*6a common impurities giving rise to bands in the v(CG0) and 
in the u(P=O) stretching frequency regions. 

Cryoscopic molecular weight determinations are not fully conclusive because 
of ligand dissociation in solution. A dimeric structure with two bridging C02 
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0 P / /  

ligands (see Reference 180 seems unlikely considering steric and bonding 
arguments. 

Bands at 1620, 1108, and 612 cm-’ in the ir spectrum (Nujo1)’6a are due to  
the COz ligand. The stereochemistry of the four phosphine ligands is indicated 
by the 31P nmr spectrum, which exhibits characteristic features of a second- 
order AzBC spin system.’6a 

Two doublets and one “pseudotriplet,” observed in the ‘H nmr spectrum for 
the PCH3  group^,'^" are characteristic for two chemically different methylphos- 
phine ligands that are linked to the metal in cis position and two methylphos- 
phine ligands that are linked in trans positions.” The structure shown in Fig. 2 
best fits these findings. The X-ray structure of a closely related CSz iron com- 
plex has been determined.” 
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22. PENTAKIS (TRIMETHYL PHOSPHITE) COMPLEXES 
OF THE d 8  TRANSITION METALS 

Submitted by J. P. JESSON,* M. A. CUSHINC,* and S. D. I"EL* 
Checked by L. W. YARBROUCH I I t  and 1. G. VERKADEt 

The physical aspects of five-coordination have intrigued a great nurr.-er of 
workers. The numerous crystallographic investigations have been reviewed by 
Frenz and Ibers.' Detailed nmr line-shape analyses have been performed for a 
number of systems.2s3 The pentakis(trimethy1 phosphite) complexes of the d8 
transition metals are found to have trigonal bipyramidal coordination and to 
be stereochemically nonrigid on the nmr time scale at room temperature! They 
represent the first class of MLS complexes for which limiting slow exchange nmr 
spectra, corresponding to Djh  symmetry, have been observed. 

A. PENTAKIS(TRIMETHYL PHOSPHITE)NICKEL(II) 
BIS(TETRAPHENYLB0RATE) 

Ni[BF4I2*6H10 + 5P(OMe)3 + 2 N a [ B h ]  - 
[Ni[P(OCH3)3] S] [BPh,] 2 + 2Na[BF4] + 6H20 

Procedure 

The reaction is carried out at room temperature in a hood. A 500-mL filter 
flask is equipped with a stirring bar coated with Teflon, and a slow stream of 

*Central Research and Development Department, E. I. du Pont de Nemours and Com- 

?Department of Chemistry, Iowa State University, Ames, I A  50010. 
pany, Wilmington, DE 19898, Contribution No. 2369. 
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nitrogen is blown through the side arm. The flask is charged with 200 mL of 
methanol and hydrated nickel bis(tetrafluoroborate)* (5.85 g, 17.2 mmole). 
The solution is stirred and trimethyl phosphite (25 g, 0.20 mole) is added drop- 
wise. The color of the solution changes from green to red-orange and the solu- 
tion is filtered after several minutes. A solution of sodium tetraphenylborate 
(1 1.8 g, 34.4 mmole) in methanol (50 mL) is added slowly, causing the precipi- 
tation of a fine yellow powder. The powder is collected on a medium fritted 
funnel and dried in VQCUO at room temperature overnight. The yield is 20.4 g, 
90% of theory, and the melting point is 137 '.Anal. Calcd. for C63Hs5B2NiOlsPS : 
C, 57.4; H, 6.50; Ni, 4.5; P, 11.8. Found: C, 57.3; H, 6.43; Ni, 4.0; P, 12.2. 

Properties 
The yellow powder is fairly stable in air, but solutions are less stable. The 
compound is soluble in acetone and dichloromethane, insoluble in hydrocar- 
bons, tetrahydrofuran and alcohols. The complex displays a 31 P {' H} nmr spec- 
trum that is a single line in fast exchange and an A2B3 spin system in slow 
exchange!' 

B. PENTAKIS(TRIMETHYL PHOSPHITE)PALLADIUM(II) 
BIS(TETRAPHENY LBORATE) 

Procedure 
The reaction is carried out in a hood at room temperature. A 125-mL filter 
flask is equipped with a stirring bar coated with Teflon, and a slow stream of 
nitrogen is blown through the side arm. The flask is charged with 50 mL of 
methanol. Palladium dichloride (0.88 g, 5.0 mmole) is added, followed by 
trimethyl phosphite (6.2 g, 5.0 mmole). Stirring is continued until all the solids 
have dissolved. The yellow solution is then filtered and a methanol (20 mL) 
solution of sodium tetraphenylborate (3.42 g, 10.0 mmole) is added dropwise, 
precipitating a fine white powder. Stirring is continued for an additional 10 
minutes before the product is collected on a medium fritted funnel. The product 
is then dried in VQCUO overnight. The yield is 6.4 g, 90% of theory. The melting 
point is 162'. Anal. Calcd. forC63H85B2PS01~Pd: C,55.43;H,6.28;P, 11.30; 
Pd, 7.8. Found: C, 55.17; H, 6.09; P, 10.8; Pd, 7.9. The Same procedure can be 

*Available from Alfa Products, Ventron Corp., P.O. Box 299, Danvers, MA 01923. The 
more readily available compound Ni(N03)2.6H20 (5.0 g) can be used, but theresultsarenot 
as reliable. 
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used to prepare the platinum analogue, starting with platinum dichloride (1.32 
g, 5.0 mmole) in place of the palladium dichloride. All other quantities are 
held constant. The yield is 6.6 g, 90% of theory. The melting point is 199". 
Anal. Calcd. forC63HgsB1PS01sPt: C, 52.04; H,5.87;P,10.7;Pt, 13.4. Found: 
C, 52.43; H, 6.09; P, 10.9; Pt, 13.1. 

Properties 

The platinum complex is reasonably air stable, but the palladium complex is 
moderately air sensitive, turning to a black powder overnight if stored in air. 
Their solubilities are similar to those of the nickel analogue. There is a tendency 
for both the palladium and platinum complexes to lose a phosphite ligand on 
recrystallization. 

[MLsI2+ [ML] 2+ + L [M = Pd, Pt; L = P(OMe)3] 

Recrystallization in the presence of a slight excess of phosphite can make 
purification more straightforward. 

The complex displays a 31P{1H} nmr spectrum that is a single line in fast 
exchange and an A2B3 spin system in slow exchange?* 

C. PENTAKIS(TRIMETHYL PHOSPHITE)RHODIUM(I) 
T E T W H E N Y  LBORATE 

[(C2&)2RhC1]2 t 10P(OCH3)3 t 2Na[BPh4] - 
2[Rh[P(OCH3)3] s ]  [BPh,] t 2NaCl t 4C2H4 

Procedure 

The reaction is carried out under an inert atmosphere, using standard tech- 
n i q u e ~ . ~  A 125-mL flask equipped with a magnetic stirring bar coated with 
Teflon is charged with 50 mL of methanol and di-p-chloro-tetraks(ethy1ene)- 
dirhodium (0)6 (1.16 g; 3.6 mmole). Trimethyl phosphite (5 .OO g, 40 mmole) is 
added dropwise over a period of 5 minutes. Upon completion of the addition, 
stirring is continued for 30 minutes until all the starting material is in solution. 

Sodium tetraphenylborate (2.50 g, 7.0 mmole) is dissolved in 20 mL of meth- 
anol, and t h i s  solution is added dropwise to the yellow solution to precipitate 
white solids. The solids are collected on a medium-porosity frit and dried in 
vacuo. 

The crude product is dissolved in a minimum amount of dry dichloro- 
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methane and filtered through a medium frit. Methanol is added slowly to  the 
stirred solution to precipitate white crystals. The final product is collected on a 
medium frit, washed with 60 mL of methanol, and dried in vacua for 3 hours at 
room temperature. The yield of recrystallized product is 4.00 g, 64% of theory. 
The melting point is 199-200'. Anal. Calcd. for C39H6s BPSOIsRh: C, 44.93; H, 
6.28; P, 14.85. Found: C, 44.27; H, 6.10; P, 15.33. The iridium analog can be 
prepared using a similar technique but starting with di-p-chlorochlorotetrakis- 
(cyc1ooctene)diiridium' (2.80 g, 3.00 mmole). It is seldom necessary to recrys- 
tallize this material. The yield is 5.77 g, 85% of theory. The melting point is 
214-216". Anal Calcd. for C39H65BPS01SIr: C, 41.39; H, 5.79; 0, 21.19. 
Found: C, 41.72; H, 5.78; 0,21.06. 

Properties 

The complexes are soluble in tetrahydrofuran, chlorinated solvents, acetone, 
and dimethylformamide. They are insoluble in diethyl ether, hydrocarbons, and 
alcohols. 

The rhodium complex displays a 31P{1H) nmr spectrum that is a doublet in 
fast exchange and an AzB3X spin system in slow exchange. The iridium com- 
plex displays a single line in fast exchange and an A2B3 spin system in slow 
e x ~ h a n g e . 4 ' ~ ~ ~  

D. PENTAKIS(TRIMETHYL PHOSPHITE)IRON(O) 

TH F 
FeCl, t 5P(OCH3)3 t 2Na - Fe[P(OCH& 1 s t 2NaCl 

Hg 

Procedure 

The entire procedure is carried out in an inert atmosphere using standard tech- 
n i q u e ~ . ~  A 1-L, three-necked flask equipped with mechanical stirrer and nitro- 
gen flush is charged with anhydrous FeC12 (7.61g; 60 mmole), tetrahydrofuran 
(500 mL), and P(OCH3)3 (62 g, 500 mmole). Sodium amalgam is prepared in an 
inert atmosphere by adding chunks of sodium, the size of split peas, one at a 
time to the mercury under a 3cm layer of pentane. The pentane, which mod- 
erates the highly exothermic reaction by boiling, is then decanted before the 
amalgam is used. The sodium amalgam (Na, 2.8 g, 120 mmole in 60 mL Hg) is 
added after the mixture has been cooled to -40". The yellow-orange mixture 
quickly turns brown. Stirring is continued at -40 to -10" for 4 hours. The 
spent amalgam is removed by means of a separatory funnel. The brown sus- 
pension is filtered through Celite filter aid, and the filtrate is stripped to dryness 
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on a vacuum line at room temperature. The dark solids are extracted with several 
50-mL portions of pentane. The brown pentane solution is then chromato- 
graphed on a short neutral grade alumina column (5-cm column, 6-cm diameter). 
The column is eluted with pentane until the solution is colorless or the dark 
band on the column approaches the bottom. The yellow solution is evaporated 
to dryness, yielding Fe[P(OCH3)3] (yields as high as 40%). Recrystallization is 
difficult because of the high solubility of the complex in all solvents. However, 
the unrecrystallized material is pure by 31P nmr spectroscopy. The material can 
be sublimed onto a liquid nitrogen cold finger under high vacuum with loss in 
yield. The decomposition temperature is dependent on the rate of heating but 
may be as high as 160". Anal. Calcd. for C15H45PSO15Fe: Fe, 8.3, P, 22.9; 0, 
35.5; C, 26.7; H, 6.7. Found: Fe, 9.0; P, 24.3; 0,33.1; C, 27.0; H. 6.8. 

Properties 

The yellow crystalline material is very air sensitive. When stored for long periods 
of time, it should be kept cold, or it will darken and become tacky. The com- 
pound is very soluble in hydrocarbon and ether solvents and is slightly proton- 
ated by alcohols. It decomposes when exposed to halocarbon solvents. 

The complex displays a "P{'H} nmr spectrum that is a single line in fast 
exchange and an A2B3 spin system in slow exchange." 

E. PENTAKIS(TRIMETHYL PHOSPHITE)RUTHEN~(O) 

The entire procedure is carried out under an inert atmosphere using standard 
 technique^.^ A three-necked, 100-mL flask is equipped with a stirring bar 
coated with Teflon and a nitrogen flush. The flask is charged with RuC12- 
[P(OCH3)3]48 (2.0 g, 3.0 mmole), THF (40 mL), and P(OCH& (4 g, 32 mmole). 
It is then cooled to -30" and an amalgam (Nay 0.14 g; 6 mmole in 25 mL Hg) is 
added. The clear yellow solution becomes turbid as stirring is continued for 3 
hours. The spent amalgam is removed and the suspension is stripped under 
vacuum to a milky, glasslike solid. The solids are extracted with pentane and 
the solution is filtered through 0.5 cm of neutral grade alumina before it is 
evaporated to dryness yielding a white crystalline solid. The yield is 1.84 g, 85% 
of theory. The melting point is 190". Anal. Calcd. for C1s&5PS015R~: C, 
25.0;H,6.29;P721.5;0,33.3. Found: CY25.2;H,6.13;P,21.0;0,32.1. 
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Properties 

The white cyrstalline solid is very air sensitive and should be stored in sealed 
glass tubes. It is soluble in most solvents and is protonated by alcohols, giving 
[HRu [P(OCH3)3] 5]  *, which can be isolated as the tetraphenylborate salt. 

The complex displays a 31P{1H} nmr spectrum that is a single line in fast 
exchange and an AzB3 spin system in slow exchange!' 

F. PENTAKIS(TRIMETHYL PHOSPHITE)COBALT(I) 
TETRAPHENYLBORATE9 

Submitted by J. G. VERKADE, m d  L. W. YARBROUGH 11* 
Checked by S. D. ITTELt and M. A. CUSHMGt 

Procedure 

In an inert atmosphere, a solution of C O [ B F ~ ] ~ - ~ H ~ O  (3.4 g, 10 mmole) in 2,2- 
dimethoxypropane (25 mL) and acetone (25 mL) is added to stirred trimethyl 
phosphite (80 mL) in a 500-ml flask. The reaction is slightly exothermic. After 
2-hr, the suspension is filtered to remove the less soluble [Co[P(OCH3),] 6 ]  - 
[BF,] 3 .  The yellow filtrate is slowly added to a dry diethyl ether (400 mL), 
precipitating crude [CO[P(OCH,)~] 5] [BF.,] . This crude material is collected 
by vacuum filtration and dried under vacuum. It is then redissolved in dichloro- 
methane1 (20 mL), fdtered, and reprecipitated by addition of diethyl ether (200 
mL). The filtered and dried product is taken up in methanol (20 mL) and 
precipitated as the tetraphenylborate salt by dropwise addition of a solution of 
Na[BPk] (1.4 g, 4.0 mmole) in methanol (10 mL). The yield is 3.59 g, 70% of 
theory based on conversion to Coo). The melting point is 202-203" (dec.). 
Anal. Calcd. for C39H6~BP5015C~: C, 46.92; H, 6.56; Co, 5.90; P, 15.51. 
Found: C, 47.50; H, 6.52; Co, 5.61; P, 15.66. 

*Department of Chemistry, Iowa State University, Ames, IA 50010. 
?Central Research and Development Department, E. 1. du Pont de Nemours and 

Company, Wilmington, DE 19898. Contribution No. 2369. 
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Properties 

The complex is soluble in tetrahydrofuran, chlorinated solvents, acetone, and 
dimethylformamide. It is insoluble in diethyl ether, hydrocarbons, and alcohols. 

The complex displays a 31P{1H} nmr spectrum that is a single line in fast 
exchange and an AzB3 spin system in slow exchange!' 
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23. COMPLEXES OF ALUMINUM IODIDE WITH PYRIDINE 
AND RELATED BASES 

Submitted by F. J. ARNAIZ GARCIA* 
Checked by C. D. ELLIS? and E. P. SCHRAMt 

Complexes of aluminum iodide with pyridine (1 : 1 and 1 : 3) have been described 
as being formed by direct reaction of the two compounds.' However, the lim- 
ited availability of high-purity MI3 has hampered the development of the 
coordination chemistry of this compound. The synthesis described here makes 
use of an MI3 ethereal solution, prepared in situ, as the starting material, and it 
is based on the reaction: 

MI3-B + 3B' + Al13*Bi + B 

'Departmento de Quimica Inorgkica, Colegio Universitario, Burgos. Spain. 
?Department of Chemistry, The Ohio State University, Columbus, OH 43210. 
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Similar compounds of 3- and 4-methylpyridine can be prepared with the same 
stoichiometry and yield. 

A. PREPARATION OF TRlIODOTRIS(PYRIDLNE)ALUMINUM 

Procedure 

Caution. If very finely powdered aluminum is used, the reaction may be 
uncontrollable. If  the diethyl ether or the pyridine are not quite dry, the white 
product will slowly turn yellow in vacuo. Pyndine is toxic and its odor is un- 
pleasant; all operations involving it should be conducted in a fume hood. 

A 500-mL, two-necked flask, fitted with a nitrogen inlet and outlet and a re- 
flux condenser, is flushed with nitrogen and then charged with anhydrous 
diethyl ether (200 mL), pure aluminum turnings (3 g, 0.1 1 mole), and dry iodine 
(20 g, 0.078 mole). The mixture is boiled under reflux until the solution turns 
colorless (1-2 hr), while a slow stream of nitrogen is passed through it. The mix- 
ture is then filtered under nitrogen. 

m e  solution is stirred magnetically while 13 mL of freshly distilled pyridine 
is added dropwise. Heat is evolved and precipitation occurs quickly. The white 
precipitate is separated by filtration, washed twice with diethyl ether, and dried 
in vacuo. All operations are carried out in an inert atmosphere. 

Yield: 32 g, based on iodine (95%). Anal. Calcd. for Al13-3CSHSN: Al, 4.18; 
I, 59.04; CsHSN, 36.78. Found: Al, 4.1; I, 58.7; C5H5N, 36.5. 

Properties 

The complex is obtained as a white microcrystalline solid that melts at 195- 
198" with decomposition. It is insoluble in most organic solvents but rather 
soluble in methanol. The product is moisture sensitive but remains unchanged 
after 2 years when stored in a tightly stoppered container in darkness. The 
infrared spectrum, taken as CsI pellet, has bands at 1630 (s), 1598 (vs), 1524 (s), 
1478 (s), 1364 (w), 1330 (m), 1246 (m), 1238 (s), 1186 (m), 1152 (m), 1050 
(s), 1026 (m), 988 (m), 740 (s), and 672 (vs) cm-' . 

Reference 

1. J. W. Wilson and I. J. Worrall, Inorg. Nucl. Chem. Lett., 3,57 (1967). 
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COMPLEXES WITH COMPLICATED 
CHELATE LIGANDS 

24. CAGED METAL IONS: COBALT SEPULCHRATES 

Submitted by J. MacB. HARROWFIELD,* A. J. HERLT,* and A.M. SARGESON* 
Checked by THEODORE Del DONNO? 

The organic synthesis of cryptate-like molecules is usually a fairly complex 
matter.li2 The problem arises in part from the size of the ring systems and the 
large unfavorable entropy terms that limit the ring closure reactions. The prob- 
lem can be remedied by reducing the syntheses to coupled small ring closures, 
that is, five- or six-membered systems. This synthesis is an example of how a 
large cage 1,3,6,8,10,13,16,19-octaazabicyclo[6.6.6] -eicosane (bicyclo[6.6.6] - 

*Research School of Chemistry, The Australian National University, Canberra, 2600, 

?Chemistry Department, The Ohio State University, Columbus, OH 43210. 
A u s W .  
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ane-1,3,6,8,10,13,16,19-N8) can be made around a metal ion in a rather simple 
manner using tris(ethylenediamine)cobalt(III) ion, ammonia, and formaldehyde 
in a basic medium? 

Complexes with Complicated Chelate Ligands 

A. [Co(bicyclo[ 6.6.61 ane-l,3,6,8,10,13, 16,19-N8)]C13 

Procedure 

To a stirred solution of Li2C03 (25 g) in a solution of (-l)-[Co(en),]C13 (9.1 g, 
0.025 mole) in water (125 mL) is added aqueous ammonia (166 mL, 2.5 mole) 
diluted to 502 mL and aqueous formaldehyde (592 mL, 38%, 7.5 mole). The 
solutions are added separately and dropwise over 2 hours using a peristaltic 
pump. The mixture is stirred for another 30 minutes, the Li2C03 is filtered off, 
and the pH of the filtrate is adjusted to -3 with 12 M HCl. The solution is 
diluted to -8 L and sorbed on an ion exchange column (Dowex 50-WX2,200- 
400 mesh, H+ form, 5 X 10 cm). The column is eluted with Na3citrate (5 L of 
0.2 M) to remove a pink species, which is discarded. The resin bed is then 
washed with H2 0 (1 L) and 1 M HCl(1 L) to remove Na* and the orange species 
is removed from the column by eluting with HC1 (3 M, -3 L). The sepulchrate 
ion elutes before C ~ ( e n ) ~ ' +  on SPSephadex C-25 using 0.3 M NaCl or NaC104 
and on Dowex 50W-X2, 200-400 mesh using 0.5 M K2HP04.  The eluate is 
taken to dryness on a vacuum evaporator at 50". The isolated compound is re- 
crystallized by dissolving it in water (-90") and adding acetone dropwise, while 
it is cooled in an ice bath with stirring. Yield: 16.7 g, 74%. Anal. Calcd. for 
C O C ~ ~ H ~ ~ N ~ C I ~ :  Co, 13.05; C, 31.91; H, 6.69; N, 24.18. Found: Co, 12.85; 
C, 31.8; H, 7.2; N, 24.6. 

Properties 

For the cobalt (111) sepulchrate, = 109 M-' cm-' , eg:! = 1 16 M-' cm-' . 
' H nmr spectra (D20): 64.0 ppm, 12 protons, AB doublet pair, J about 12 Hz; 
63.2 ppm, complex AA'BB' pattern, 12 protons. Also the "C n m r  spectrum 
(D20) shows two equal signals at 6 -0.389 and +13245 ppm versus dioxane. 
The optically active forms of the cobalt(II1) sepulchrate have been prepared 
similarly starting with A-[C~(en)~l  C13 and 12-[C0(en)~] C13, respectively. The 
cobalt(II1) sepulchrate was reduced to the cobalt(I1) derivative with Zn dust in 
H 2 0  under N2 and isolated as [Co(bicyclo[6.6.6] ane-1,3,6,8,10,13,16,19- 
N8)] ZnC14-H2 0. 
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25. CLATHROCHELATES FORMED BY THE REACTION 

METAL COMPLEXES WITH FORMALDEHYDE: 
OF TRIS (2,3-BUTANEDIONE D1HYDRAZONE)- 

[ 5,6,14,15,20,21-HEXAMETHY G1,3,4,7,8,10, 
12,13,16,17,19,22-DODECAAZATETRACYCLO- 
[8.8.4.13*” .la*’’ ]TETRACOSA-4,6,13,15,19,21- 
HEXAENE-N4, N’ N A 3  NI6 N” N2* ] METAL(n+) 

TETR~FL~JOROBORATE 

Submitted by V. L. COEDKEN* 
Checked by ERIC V. DOSEf 

The possibility of completely encapsulating a metal ion in a three-dimensional 
ligand was first alluded to by Busch.’ In recent years, a number of such metal 
complexes, dubbed clathrochelates, cryptates, or sepulchrates, have been syn- 
thesized and ~haracterized.~-’ Generally, with transition metals, encapsulation 
can be accomplished by means of metal-directed template syntheses. Once 
formed, the metal is functionally inert toward donor-atom displacement, since 
this can be accomplished only by breaking N-C or C-C bonds, an energetically 
prohibitive process. Encapsulation of the metal leads to complete insulation of 
the metal from the immediate environment of the solvent and enables studies 
involving electron transfer by means of outer-sphere mechanisms of metal 
complexes that are normally substitutionally labile; such studies are not possible 
with analogous noncyclic structures. The clathrochelates (Fig. 1) formed by the 
condensation reaction of formaldehyde with tris(2,3-butanedione dihydrazone) 
metal complexes are easily prepared, are exceedingly robust when the metals 
are in their most stable oxidation state, and are suitable for a variety of studies 
involving unusual coordination geometries or electrochemical studies. 

Procedure 

2,3-Butanedione dihydrazone was synthesized by a modification of the proce- 
dure described by Busch and Bailar.6 A solution of hydrazine hydrate, 27 g 

*Department of Chemistry, Florida State University, Tallahassee, FL 32306. 
tDepartment of Chemistry, The Ohio State University, Columbus, OH 43210. 
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Fig. 1. Structure of the clathrochelates. 

(0.8 mole, 2.7 equiv) in 300 mL of ethanol is brought to gentle boil with stirring 
in a large-necked Erlenmeyer flask in a hood. 2,3-Butanedione, 26 g (0.3 mole) 
is added dropwise over 1 hour. The solution turns dark yellow or orange. Boiling 
is continued for 10 minutes after addition is complete. The flask is then removed 
from the hot plate-stirrer, wrapped in a towel, and allowed to cool slowly to 
room temperature. Large, pure white crystals of 2,3-butanedione dihydrazone 
are filtered off, washed with ethanol and vacuum dried. The filtrate is refrigerated 
and a second crop of crystals is recovered. The combined yield is 85%. 

Tris (2,3-butanedione dihy drazone) metal bis( te tra fluoroborate) complexes, 
[M(C4H10N4)3] [BF,], , are prepared by dissolving 2.00 g (0.0175 mole) of 
2J-butanedione dihydrazone in 100 mL of hot absolute ethanol and adding 
a solution of 2.15 g (0.00586 mole) of the appropriate metal(I1) tetrafluoro- 
borate hexahydrate salt (or 41% aqueous solution in the case of commercially 
available Fe(BF4)?) in 30 mL of absolute ethanol. After the solution is cooled, 
the product is filtered on a Buchner funnel, washed with absolute ethanol, and 
dried in vucuo. Yields range from 70 to 95%. All these complexes, except those 
of iron(II), slowly decompose when stored under ordinary conditions (i.e., at 
room temperature, bottled in air) and should be used within a week of 
preparation. 

The clathrochelate complexes, [M(C18H30N12)] [BF,], , are prepared by 
adding 5.0 g of 37% aqueous formaldehyde solution to a suspension of 5 g of the 
appropriate tris(2,3-butanedione dihydraz0ne)metal bis(tetrafluorob0rate) com- 
plex in acetonitrile. The condensation reaction is catalyzed by the addition of 
0.5 mL of concentrated tetrafluoroboric acid. An immediate darkening of the 
solutions is observed as the condensation reaction proceeds. The iron(I1)- 
containing solution becomes a very intense purple; the nickel(I1) solution be- 
comes very dark olive-brown. Precipitation of the clathrochelates requires the 
addition of approximately 30% by volume of diethyl ether and refrigeration. 
The products are filtered from the solution, washed with methanol, and air 
dried. The iron(I1) complex is somewhat more soluble in acetonitrile than the 
other complexes, and increased yields can be obtained by the dropwise addition 
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of more diethyl ether. Yieldsare 34% for the nickelGI) complex and 37% for the 
iron(I1) complex. Anal. Calcd. for [Fe(ClsH30N1z)] [BF,] z : C, 33.6; H, 
4.69; N, 26.10. Found: C, 33.4; H, 4.75; N, 25.5. Calcd. for [Ni(ClsH30N1z)]- 
[BF,] : C, 33.4; H, 4.66; N, 26.1. Found: C, 33.1 ; H, 4.50; N, 25.6. 

The cobalt(II1) complex, [ C O ( C ~ ~ H ~ ~ N ~ ~ ) ]  [BF,] 3 ,  is obtained in 25% yield 
by a procedure similar to that described above, even though cobalt(I1) is used as 
the starting material. Oxidation of cobalt(I1) to cobalt(II1) occurseven when the 
reaction is carried out under nitrogen. The Co(I1) complex, [ C O ( C ~ ~ H ~ ~ N ~ ~ ) ]  - 
[BF,] z, is obtained by preparing a dispersion of 1 .O g of the Co(II1) complex 
in 15 mL of acetonitrile and adding 20 mg (0.66 mole) of fresh, anhydrous 
hydrazine. More hydrazine may be slowly added, as necessary, to dissolve un- 
reacted Co(II1) complex. An excess of hydrazine must be avoided to prevent 
further reduction of the cobalt(I1) to cobalt(1). Nitrogen is evolved and the 
solid Co(I1I) complex goes into solution as the dark-green Cool) complex. 
The solution is filtered to remove any insoluble residues. Diethyl ether is added 
dropwise to the filtrate until a slight turbidity is observed. The solution is then 
refrigerated for 4 hr. The product is filtered from the solution, washed with 
diethyl ether and dried in vacuo; the yield is about 40%. A d .  Calcd. for 
[ C O ( C ~ ~ H ~ ~ N ~ ~ ) ]  [BF,] 3 :  C, 29.5; H, 4.11; N, 22.9. Found: C, 29.1;H,4.15; 
N, 22.7. Calcd. for [Co(ClsH30N1z)] [BF4I2: C, 33.4; H, 4.66; N, 26.1. 
Found: C, 33.7; H, 4.70;N, 25.8. 

Properties 

The iron(II), nickel(II), and cobalt(II1) complexes may be stored indefinitely 
under normal atmospheric conditions. The complexes are soluble in acetonitrile, 
but only sparingly soluble to insoluble in other solvents. The complexes are 
very robust toward attack by protic acids; strong acids such as hydrogen tetra- 
fluoroborate may be added to solutions without complex decomposition. The 
complexes exhibit very simple nmr spectra, with the methyl groups appearing as 
singlets near 250 ppm and the methylene groups appearing as ab patterns cen- 
tered near 3.71 ppm withJ= 13 Hz. The nickel(I1) complex has a triplet ground 
state, peff = 3.15 BM. The cobalt(I1) complex is low spin, p,ff = 2.13 BM. The 
electrochemical behavior is interesting; each complex displays a number of 
reversible oxidation and reduction waves. It has been shown by esr investigations 
that these redox processes may be either metal- or ligand-centered processes.’ 

The perchlorate salts of these clathrochelates may be prepared according to 
the same procedure outlined for the tetrafluoroborate salts by substituting the 
appropriate metal perchlorate salts and perchloric acid. They have similar reactiv- 
ity properties but are less soluble than their BF, counterparts. They must 
be regarded as treacherous and must be treated with the same respect as all other 
perchlorate salts containing oxidizable matter, that is, they should be prepared 
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only in small quantities using safety shields. Neither concentrated solutions nor 
the solids should be heated. 
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There has been considerable interest in the development of ligands derived from 
triketones and a ,w-diamine~.~-~ Such ligands are capable of binucleation by 
provision of compartments consisting of -NzOz and -Oz02 donor sets. The 
availability of such ligand compartments affords the opportunity to study the 
chemical and spectral properties of metals held in close proximity. These metals 
may be different (heterobinuclear) or similar (homobinuclear). In the latter 
case, it is possible to have present two ions of the same metal in different geom- 
etries, spin states, and oxidation numbers. Both types of complex have been 
shown to  be of value in studying magnetic interactions between adjacent metal 
ions.6-' The dicopper complexes are of interest as potential models for copper 
oxidases. 

The macrocyclic Schiff base 5,9,14,18-tetramethyl-l,4,10,13-tetraazacyclo- 
octadeca-5,8,14,17-tetraene-7,16-dione (I) (H4daen) can serve as a precursor to 
the formation of either mononuclear macrocyclic complexes or mononuclear 
acyclic complexes, depending on the reaction conditions. The mononuclear 
complexes may then be used in the synthesis of homo- or heterobinuclear com- 
plexes. The synthetic procedures described have been extended to include 
Schiff bases derived from a range of symmetrical and nonsymmetrical tri- 

*Department of Chemistry, The University, Sheffield S3 7HF, United Kingdom. 
?Central Research and Development Department, Experimental Station, E.I. du Pont de 

Nemours and Company, Inc., Wilmington, DE 19898. 
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ketones.'. Mononuclear nickel(I1) and cobalt(I1) derivatives of H4 &en have 
been s y n t h e s i ~ e d ~ * ~ ? ~ *  l o  and ring-closure reactions have been effected on 
acyclic Schiff base complexes, such that Cu(H2 daen) and related macrocyclic 
species may be isolated.' Numerous homo- and heterobinuclear complexes of 
the acyclic Schiff bases have been reported (see References 3,4,7-10). 

A. 5,9,14,18-TETRAMETHYL1,4,10,13-TETRAAZACYCLOOCTADECA- 
5,8,14,17-TETRAENE-7,16-DIONE, H4daen (I) 

2 CH3wcH3 + 2NH2 CH2 CH? NH2 
0 0 0  

Procedure 

2,4,6-Heptanetrione1' (7.1 g, 0.05 mole) dissolved in hot 95% ethanol (60 mL) 
is mixed with anhydrous ethylenediamine (3 g, 3.3 mL, 0.05 mole) also dis- 
solved in 95% ethanol (10 mL). The solution is warmed on a steam bath for 
5 minutes, after which pale-yellow crystals are precipitated. After the solution is 
cooled, the crystals are collected by filtration and dried under vacuum. Re- 
crystallization may be effected from a methanol-dichloromethane mixture. The 
yield is 3.3 g (40%). Anal. Calcd. for C1aH28N402: C, 65.0; H, 8.4; N, 16.8. 
Found: C, 64.7; H, 8.3; N, 16.8. 

Properties 

Compound (I), H4daen, forms cream colored needles that are soluble in dichloro- 
methane and chloroform and insoluble in most other organic solvents. The infra- 
red spectrum contains inter aliu bands at 1621 hydrogen bonded), 
1580, and 1520 cm-' (vc=C and vc=o). The H nmr spectrum in chloroform-d 
has a CH3 singlet at 1.84 ppm, a CH singlet at 4.73 ppm, a broad N-H....O 
resonance at 10.80 ppm, and a complex multiplet at 3.30 ppm for the CH2 
group. The parent peak P+ at m/e = 332 amu is observed in the mass spectrum. 
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B. [ 5,9,14,18-TETRAMETHYL1,4,10,13-TETRAAZACYCLOOCTADECA- 
5,8,14,17-TETRAENE-7,16-DIONATO(2-)-N1, N4, O', 016]COPPER(II), 
Cu(H2 &en) @I) 

Procedure 

The ligand H4daen (3.32 g, 0.01 mole) is dissolved in the minimum volume of 
hot dichloromethane and added to a solution of copper(I1) acetate monohydrate 
(2.00 g, 0.01 mole) dissolved in the minimum volume of hot 95% ethanol. The 
resulting solution immediately becomes dark green, and after it is warmed on a 
steam bath a fine, shiny-brown microcrystalline solid precipitates. The mixture 
is allowed to cool and the product is collected by fitration. The complex is 
purified by suspending it in hot toluene and then filtering. This procedure is 
carried out three times. The pure complex is dried under vacuum. The yield is 
2.3 g (60%). Anal. Calcd. for C18H26N402C~: C,  54.8;H, 6.6;N, 14.2. Found: 
C, 54.6;H, 6.7;N, 14.3. 

Properties 

This brown microcrystalline solid has a magnetic moment fie,= 1.70 BM at 
296 K. The infrared spectrum contains absorption bands at  3160 (VNH) ,  1630 
(vCo), 1590 (vco + vcc), and 1508 cm-' ( vCSN) .  The mass spectrum exhibits 
a peak at m/e = 393 amu, corresponding to the parent peak P* based on 63Cu. 
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The diffuse reflectance spectrum* gives bands at 623 (m), 446 (sh), 427 (s), 
and 378 (s) nm. 

C . [ [ 6,6’- @THY LENEDINlTRIU)) BIS (2,4 -HEPT ANEDION Am)] (2-)- 
N,N’, 04, 04’]COPPER(II), Cu(H2daaen-NzO2) (III) 

Procedure 

2CH3 COOH + NH2 

CopperQI) acetate monohydrate (0.6 g, 0.003 mole) dissolved in water (50 mL) 
is added to a solution of H4 daen (1 .O g, 0.003 mole) in dichloromethane (50 
mL), and the two phases are intimately mixed by stirring for 1.5 hours at room 
temperature. The dichloromethane layer first becomes deep green and then 
purple. The mixture is poured into a separatory funnel and the lower dichloro- 
methane layer is collected and evaporated under reduced pressure to leave a 
purple gum. This gum is dissolved in a small volume of chloroform and the 
resulting solution is eluted with chloroform down a column of neutral activated 
alumina (50 g). (m Caution. Chloroform is a suspected carcinogen. It should 
be handled in a well-ventiluted hood, with inert gloves to avoid inhalotion and 
skin contact.) The purple fraction is collected, and removal of the solvent by 
evaporation under reduced pressure leaves a purple solid that is recrystallized 

*m = medium, sh = shoulder, s = strong. 
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from a hexane-dichloromethane mixture to give a deep-purple microcrystalline 
solid in a yield of 0.3 g (20%). Anal. Calcd. for C16H22N204C~: C, 52.0; H, 
5.9; N, 7.3. Found: C, 51.8; H, 6.2; N, 7.5. 

The aqueous layer in the above preparation may contain small quantities of 
macrocyclic Cu(H2 daen) and the dicopper derivative of 2,4,6 -heptanetrione, 

Complexes with Complicated Chelate Lkands 

Cu2(C7H803)2. 

Properties 
Compound (111), Cu(H2 daaen-N202) is a purple solid giving bands in the diffuse 
reflectance spectrum at 549 (m), 379 (sh), and 345 (s) nm. It has a magnetic 
moment peff = 1.76 BM at 296 K. The parent peak, P+ m/e = 369 m u  based on 
63Cu is observed in the mass spectrum. The infrared absorptions include bands 

The presence of infrared bands corresponding to free carbonyl groups affirms 
the compartmental occupancy. 

at 1721, 1705 (Unoncomdinakd c=o),  1591 (Uco t Ucc), and 1518 Cm-’ ( U C = N ) .  

D. p- ([ 6,6‘- (ETHY LENEDINITRILO) BIS (2,4 -HEPTANEDIONATO)] 
( ~ - ) - N , N ’ , o ~ , o ~ ’ :  o2,o2’, O~,O~’)DICOPPER(II),  Cu2(daaen) (Iv) 

+ 

2CHjCOOH. 

Procedure 
Compound (III), Cu(€I2daaen-N2O2) (1.0 g, 0.0027 mole), is dissolved in hot 
95% ethanol (10 mL), and an ethanolic solution (10 mL) of copper(I1) acetate 
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monohydrate (0.54 g, 0.0027 mole) is added. The reaction mixture becomes 
dark green and a silky precipitate is deposited. After the mixture has cooled, the 
product is collected by filtration and dried under vacuum. The yield is 1.0 g 
(90%). Anal. Calcd. for C16HZONZ04C~Z : C, 44.5; H, 4.6; N, 6.4. Found: C, 
44.3; H, 4.8; N, 6.2. 

Properties 

Compound (IV), Cuz(daaen), is a dark-green solid with bands in the diffuse 
reflectance spectrum at 667 (m) and 448 (s) nm. It has a reduced magnetic 
moment p,ff = 0.62 BM per metal atom at 293 K. The highest peak in the mass 
spectrum at m/e = 430 m u  corresponds to the parent peak P' based on 2 X 
63Cu. The infrared spectrum contains bands at 1564 (vco + vcc) and 1509 
m-' (VCN). 

E. AQUA+-[ [ 6,6'-(ETHYLENEDINITRIL0)BIS- 
(2,4-HEPTANEDIONATO)] (4-)-N, N', 04, O4 ': 02, 0' ', O4 ,04 ' I -  
COPPER(1I)OXOVANADIUM (IV), CuVO(daaen)(Hz 0), (V) 

C,H,OH 

CH3nnfcH3 
+ VO(CH3COO)z 

(111) 

Procedure 
Compound (III), Cu(H2daaen-NzO2) (1.0 g, 0.0027 mole), is dissolved in hot 
95% ethanol (10 mL) and added to  a stirred suspension of bis(acetato)oxovana- 
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dium(IV)'2 (0.5 g, 0.0027 mole) in hot 95% ethanol (100 mL). The mixture is 
heated at reflux with stirring for 2 hours. The deep-green solution is filtered hot 
to remove unreacted bis(acetato)oxovanadium(IV). On cooling the filtrate 
deposits a deep-green microcrystalline solid, which is collected by filtration and 
recrystallized from dichloromethane. The product is dried under vacuum. The 
yield is 0.59 g (50%). A d .  Calcd. for C16H20N205CuVH20: C, 42.4; H, 4.9; 
N, 6.2. Found: C, 42.8; H, 4.7; N, 6.1. 

Complexes with Complicated Chelate Ligands 

Properties 

Compound (V) is a dark-green crystalline solid with a reduced magnetic moment 
kff = 0.88 BM per metal ion at 296 K. The mass spectrum has a parent ion peak 
at m/e = 434 m u  (63Cu, "V). The infrared spectrum has absorbances at 3420 
&O), 1580 (uc0), 1560 (vc0 + vcc), 1480 (uc=N) ,  and 988 cm-' ( ~ " ~ 0 ) .  

The diffuse reflectance spectrum has bands at 621 (m) and 440 (s) nm. The 
assignment of compartmental occupancy of this compound has been confmed 
by an X-ray crystal-structure determination." 
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27. [ [ 7,12 : 21,26-DIIMINO-19,14: 28,33 : 35,s-TRINITRILO- 
SH-PENTABENZO [c, h, m, r,  W] [ 1,6,11,16,21] - 

PENTAAZACYCLOPENTACOSINATO] (2-)] - 
DIOXOURANIUM (VI)(URANYL SUPERPHTHALOCYANINE)’ 

Submitted by EDWARD A. CUELLAR,. DJORDJE R STOJAKOVIC,* 
and TOBIN J. MARKS* 
Checked by ALAN D. ADLER? and RONALD S. CIORDANOf 

Template reactions’ represent an extensive and important class of chemical 
transformations in which a metal ion serves as the hub for the coordinative 
cyclization of organic ligands. The method can lead either to enhanced yields 
over direct cyclizations or to the formation of otherwise inaccessible macro- 
cycles. It is in this latter context that the uranyl ion acts, as a result of its large 
ionic radius and propensity toward pentagonal bipyramidal coordination, to 
form expanded macrocycles. 

It has been known for some time that the reaction of uranyl dichloride with 
phthalonitrile (typical phthalocyanine condensation methodology3) yields an 
unusual phthalocyanine-like material? however, it has been only recently that 
this product was unambiguously shown to contain an expanded, five-subunit 
analogue of the phthalocyanine ligand’ (Fiq. 1). 

+ UO’ClZ 

0 = UO’ 

This “superphthalocyanine” (SPc) complex possesses a number of interesting 
chemical and physicochemical properties; these are discussed in detail in 
Reference 6. The synthesis of uranyl superphthalocyanine, U(spc)Oz, can be 

*Department of Chemistry, Northwestern University, Evanston, IL 60201. 
?Chemistry Department, Western Connecticut State College, Danbury, CT 06810. 
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conducted in a number of solvents.and with a variety of uranyl salts; however, 
the following procedure using dry quinoline and anhydrous uranyl dichloride 
was found to  be the most reproducible in terms of product yield and purity. 
This general procedure can also be applied to the synthesis of alkyl-substituted 
uranyl superphthalocyanines by employing alkyl-substituted phthalonitriles.6"' ' 

Complexes with Complicated Chelate Ligands 

Procedure 

Caution. Phthalonitrile, quinoline, U02C12, and dibutyl phthalate are 
considered hazardous. Avoid skin contact and inhalation. 

In a glove box, a 25-mL Schenk tube is charged with 2.0 g (15.6 mmole) of 
phthalonitrile (Aldrich Chemical Co., Milwaukee, WI 53233, vacuum dried 
overnight at torr prior to  use) and 0.50 g (1.47 mmole) of anhydrous 
UOZCl2* and fitted with a magnetic stirring bar. It is advantageous to mix the 
UO2Cl2 and phthalonitrile well at this point to prevent caking of the U02C12 
during the reaction. The reaction vessel is removed to a fume hood and con- 
nected to a nitrogen source so that 1.8 mL of dry quinoline can be introduced 
by syringe under a vigorous nitrogen flow. The quinoline is predried over KOH 
and vacuum distilled from BaO. A small forerun is discarded and the solvent is 
stored under a positive nitrogen pressure over Davison 4A molecular sieves in 
the absence of light.* Next, the reaction vessel is lowered into a stirred dibutyl 
phthalate bath whose oil temperature has been brought to 170" by a stirrer-hot 
plate or nichrome heating coil.? The reaction mixture is stirred vigorously. The 
upper parts of the Schlenk tube are sufficiently cool to condense the quinoline 
vapors without the use of a reflux condenser. The initial yellow suspension 
begins to darken 3-4 minutes after immersion and is a deep black-green within 
5 minutes. The UOZCl2 is soon completely dissolved and dark-violet crystals are 
apparent. The reaction is halted after 45 minutes, and the reaction mixture is 
filtered in a Buchner funnel while hot. There is no longer any need for a nitrogen 
atmosphere, the purpose of which is to exclude moisture. Water, larger volumes 
of quinoline, higher reaction temperatures, or longer reaction times decrease 
the product yield and increase the yield of phthalocyanine, PcH2 . Any material 
remaining in the reaction Schlenk tube is scraped out and washed into the 
Buchner funnel with methanol or acetone. 

The combined black-purple crude product is next washed with methanol 
until the washings are essentially colorless. This procedure is repeated with 
acetone. Approximately 0.4 g of bright blue-violet crystalline product remains. 
This consists of a mixture of U(spc)02 and PcH2 in a mole ratio of approxi- 

*The checkers found it adequate to pass the quinoline over silica gel and 4A molecular 

tWe found the reaction proceeds satisfactorily at 152" with essentially the same yield of 
sieves just prior to use. 

U(spc)02 but less PcH2 contamination. The checkers preferred a temperature of 170". 
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mately 5 : 1 (by electronic spectrophotometry). The mixture is next transferred 
to a Soxhlet extractor (with a diatomaceous earth layer if the sintered-glass 
type is used) and is extracted for 18 hours with absolute ethanol to remove any 
remaining phthalonitrile and the thermal trimer of phthalonitrile, which forms as 
a side-product. Extraction is continued with benzene for 4 days, yielding 0.29 
g (20%) of a dark-blue, microcrystalline product that is >94% U(spc)Oz by 
spectrophotometry (<6% PcH,). A more nearly pure product can be obtained 
by extracting with benzene for shorter periods of time. Sublimation at 400" 

torr) also gives a more nearly pure product; however, the yield is severely 
diminished. Anal. Calcd. for (CsH4Nz)sU0z: C, 52.72; H, 2.22; N, 15.37. 
Found: C,52.54;H,2.16;N, 15.21. 

Properties 
Uranyl superphthalocyanine is a dark-blue microcrystalline solid that becomes 
bright green when finely ground. It is practically insoluble in most common 
solvents and sparingly soluble in aromatic solvents (e.g., 1 -chloronapthalene, 
benzene, toluene), giving bright-green solutions. Large crystals can be grown by 
slow evaporation of 1,2,4-trichlorobenzene solutions on a hot plate. The H nmr 
spectrum of U(spc)Oz in benzene-d, exhibits an AA'BB' pattern of two mirror- 
image multiplets (pseudoquartets) at S 9.06 and 6 7.68. The infrared spectrum 
(Nujol mull or KBr pellet) exhibits a strong antisymmetric vouo stretching 
transition at 925 cm-' . Other infrared absorptions are observed at 1505 (ms), 
1495 (sh), 1460 (m), 1410 (m), 1370 (w), 1330 (s), 1280 (m), 1180 (vw), 
1165 (w), 11 10 (m), 1070 (s), 1025 (s), 1013 (s), 940 (w), 897 (w), 865 (m), 
765 (m), 715 (s), 700 (s), 660 (w), and 625 (w) cm-' . The electronic spectrum 
of U(spc)02 in 1-chloronapthalene shows a strong, broad absorption at 914 
nm (e = 6.67 X lo4) with a pronounced shoulder at about 810 nm, and a strong 
absorption at 424 nm ( E  = 5.02 X lo4). These provide both ready identification 
and an indication of purity, PcHz having intense absorptions in 1 -chloronaptha- 
lene at 663 nm (E = 1.51 X Attempts to 
dislodge the uranyl ion with acids or metal salts invariably result in demetalation 
accompanied by ring contraction to produce the corresponding phthalocyanine 
or metallophthalocyanine ., 

and 698 nm (e = 1.62 X 
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Chapter Five 

COMPOUNDS OF BIOLOGICAL 
INTEREST 

28. METALLOINTERCALATION REAGENTS: THIOLATO 
COMPLEXES OF (2,2' : 6', 2"-TERPYRIDINE)PLATINUM(II) 

Submitted by MARY HOWDGRANT* AND STEPHEN J. LIPPARD* 
Checked by PURUSH CHALILPoYlLt AND LUIGI G. MARZILLlf 

The metallointercalation reagents are a class of heavy metal derivatives that bind 
to double-stranded polynucleotides by inserting between adjacent base pairs in 
the heli~.'7~ Prototype members of this class of intercalators are (2,2':6',2"- 
terpyridine)(thiolato)platinwn(II) complexe~.~ These may be synthesized from 
chloro(2,2 ': 6',2''- terpyridine)platinum(II), which can both intercalate and bind 
covalently by losing chloride ion. Covalent binding of the thiolato complexes is 
much slower owing to the more inert character of the Pt-S bond. Metallointer- 
calation reagents also have the potential to bind to proteins that have natural 
receptor sites for nucleic acid bases. They may therefore also be used to provide 
isomorphous heavy atom derivatives for X-ray analysis. 

The synthesis of chloro(22': 6',"'-terpyridine)platinwn(II) was first reported 
by Morgan and Burstall in 1934: Better yields for this compound can be ob- 
tained by the method of Intille? which is given below. The (2,2' :6',2"-terpyri- 
dineNolato compounds were reported in 1974,' and a general synthetic 
procedure for these complexes was recently de~cribed.~ In this method silver 
ions are introduced during an intermediate step. Since silver is known to bind 

*Department of Chemistry, Columbia University, New York, NY 10027. 
?Department of Chemistry, The Johns Hopkins University, Baltimore, MD 21218. 
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strongly to  polynucleotides, a synthesis that avoids its use was developed. As 
is described here, this new procedure not only avoids the introduction of a pos- 
sibly contaminating heavy metal, but also results in consistently higher yields 
and affords pure microcrystalline nitrate salts as products. 

Synthesis of the chloro compound can take a few days, whereas the thiolato 
complexes can be prepared in a few hours. 

Caution. 2,2' : 6',2"-Terpyridine and its complexes can be absorbed through 
the skin. Since these compounds are toxic, groves should be worn. 

A. CHLOR0(2,2' :6', 2"-TERPYRIDINE)PLATINUM(II) CHLORIDE 
DIHYDRATE, [ Pt(terpy)CI] C1-2Hz 0 

KzPtCl4 + C15HllN3 t 2Hz0- [(terpy)PtC1]C1-2HzO+ 2KC1 

Procedure 

Potassium tetrachloroplatinate(I1) (4.15 g, 0.010 mole) is dissolved in 200 mL 
of deionized water in a 250-mL, round-bottomed flask equipped with a magnetic 
stirrer and condenser. 2,2': 6',2"-Terpyridine (terpy), from the Sigma Chemical 
Company (2.77 g, 0.012 mole), is added and the stirred suspension is heated at 
reflux until a clear red solution is evident, a process that takes anywhere from 20 
to 100 hours. Although refluxing may be terminated any time after the first 24 
hours with no sacrifice of product purity, halting the reaction before the mixture 
clarifies significantly lowers the product yield. Prolonged heating of the clear 
solution, however, may result in product disproportionation, as evidenced by 
metallic platinum plating out onto the sides of the flask. The solution is filtered, 
any solid residue is set aside, and the fitrate is evaporated on a steam bath to a 
volume of around 20 mL. The red-orange trihydrate salt of the product precipi- 
tates upon cooling. The solid is collected by vacuum filtration and may be washed 
with dilute 0.1 NHCl and acetone. 

The solid [Pt(terpy)C1]C1.3Hz0 may be recrystallized from a minimum 
amount of hot 1 : 1 water-ethanol, givinglongneedielike crystals. Dryingin a vac- 
uum desiccator gives the slightly more orange dihydrate [Pt(terpy)Cll C1 -2Hz 0. 
The typical yield is 65% (3.48 g) and is dependent on the purity of the starting 
materials, as well as the time allowed for refluxing. Higher yields may be obtained 
by combining any solid residue from the first filtration with the filtrate from the 
second, diluting with water, and refluxing until the solid material dissolves. Non- 
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aqueous washings or the ethanol-water filtrate from the recrystallization must 
not be introduced into the refluxing medium. Anal. Calcd. for Ci5Hi5N3- 
C1202Pt: C, 33.66; H, 2.82; N, 7.85; C1, 13.25. Found: C, 33.95; H, 2.73; N, 
7.74;Cl, 13.17. 

h o p  erties 

Chloro(2,2': 6',2''-terpyridine)platinum (11) chloride is a red-orange crystalline 
compound. It is very soluble in water, but only slightly soluble in polar organic 
solvents, such as acetone. The electronic absorption spectrum is dependent on 
the chloride ion concentration and may be used to  determine purity. Spectral 
bands follow Beer's law up to a concentration of 15 pM. At neutral pH in 0.1 M 
NaCl the compound has the following absorption maxima and molar extinction 
coefficients (given in parentheses): 343 (1 1,300), 327 (12,600), 278 (25,100), 
and 248 (28,800) nm. 

B. (2-MERCAPTOETHANOLATOS) (2,2': 6',2"-TERPYRIDINE)- 
PLATINUM(I1) NITRATE, [ Pt(terpy)(SCH2 CH2 OH)] NO3 

[R(terpy)Cl] + t HS(CH2)2 OH t NO; t OH- - 
[Pt(terpy) (SCH2 CH2 OH)] NO3 t H2 0 t C1- 

Fro cedure 

A 0.535-g (1 mmole) portion of [Pt(terpy)C1]C1.2H20 is dissolved in about 
20 mL of deionized water in a 50-mL beaker, which is then covered. The red- 
orange solution is stirred and continually flushed with N2 at room temperature. 
Pure* 2-mercaptoethanol (80 pL, 1 mmole) is added slowly, and the dark-red 

*Formation of a brown precipitate or a color change in the solution from dark red to 
brown at any time after the addition of the 2-mercaptoethanol indicates decomposition 
products that presumably result from impure thioL Unless the brown component can be 
successfully separated from the desired dark-red product before the addition of the saturated 
nitrate solution, the synthesis should be abandoned and the 2-mercaptoethanol should be 
purified by vacuum distillation and stored under N2, where it may be kept in the cold 
indefinitely. 
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color of the product immediately becomes apparent. The pH of the solution is 
adjusted to -6 with -1 mL of 1 N NaOH and the solution is filtered in air 
through a medium glass frit. To the filtered dark-red solution is added an equal 
volume of a saturated aqueous NaN03 or KNOB solution plus a few milligrams 
of the solid nitrate salt. This solution is cooled in an ice bath and allowed to 
stand several hours until dark-red crystals form. These are removed by filtration 
and the filtrate is set aside. The product is washed once with very cold 0.5 N 
HN03, once with cold ethanol, and then once with diethyl ether. The yield is 
-80% but can be increased to >90% (0.5 1 g) by treating the filtrate with addi- 
tional nitrate salt to saturate the solutionagain. Anal. Calcd.for C1,HI6N4O4SPt: 
C, 35.98; H,2.84; N, 9.87; S, 5.65. Found: C, 35.41; H, 2.97; N, 9.83; S, 622. 

Properties 

The compound [Pt(terpy)(SCH, CH2 OH)] NO3 is a dark red-purple microcrys- 
talline material that is extremely water soluble. The complex is stable in cold 
aqueous solution for periods up to several weeks. High pH or heating (T> 60") 
leads to decomposition, however. The electronic absorption spectra of the ter- 
pyridine thiolato compounds are characteristically definitive in the 300-350 m 
region and may be used to determine product purity. Solutions of [Pt(terpy)- 
(SCH2 CH2 OH)] NO3 of less than 15 pM obey Beer's law and exhibit the follow- 
ing absorption maxima and molar extinction coefficients: 475 (890), 342 
(12,900), 327 (10,700), 311 (10,300), 277 (20,300), and 242 (28,700) nm. 

C. (2-AMMONIOETHANETHIOLATOS) (2,2': 6',2"-TERPYRIDINE)- 
PLATINUM(I1) NITRATE, [Pt(terpy)(SCH2CH2NH3)] (NO3)2 AND 
OTHER (2,2': 6',2"-TERPYRIDINE)(THIOLATO)PLATINUM(II) 
COMPLEXES 

[Pt(terpy)Cl] + + HS(CH2),NH: + OH- + 2NO; - 
[Pt(terpy)(SCH2CH2NH3)l (NO,), + H2O + C1- 
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Procedure 

~(terpy)(SCHzCH2NH3)] (NO3)z and other (2,2’: 6’,2’’-terpyridine)thiolato 
complexes can be prepared by the method described for [Pt(terpy)(SCH2CH20H)] 
NO3 with the following provisos. The 2-aminoethanethiol hydrochloride, or 
other solid starting materials, should be mixed in an absolute minimum amount 
of deionized water and the solution should be flushed with Nz before it is 
slowly added to the aqueous [Pt(terpy)Cl] +. The more soluble products such as 
[Pt(terpy)(SCHzCHzNH3)] 2+ require the use of less water in the reaction mix- 
ture and/or the addition of more solid nitrate salt to ensure a high yield. An 
orange precipitate is observed after the addition of the 2-aminoethanethiol 
hydrochloride solution to the aqueous [Pt(terpy)Cl] +. This material will redis- 
solve as the pH of the solution is adjusted to about 6 to give the characteristic 
dark-red color. 

may be determined by 
its electronic absorption spectrum. Solutions of less than 15 @f obey Beer’s 
law and exhibit the following absorption maxima and molar extinction coef- 
ficients: 341 (13,100), 326 (11,700), 311 (lOJWO), 277 (18900) and 242 
(29,700) nm. Upon standing for prolonged periods in neutral or basic solutions, 
the complex may decompose to form the [ Pt(terpy)(SCHzCH2NH2)2}Pt] 4 +  

cation! 

The purity of the [Pt(terpy)(SCH2CH2NH3)] 
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29. SATURATED, UNSUBSTITUTED 
TETRAAZAMACROCYCLIC LIGANDS AND THEIR 

COBALT (111) COMPLEXES 

A large number of tetraazamacrocyclic metal complexes are known. The ring 
sizes of these macrocydes vary from 12 t o  16 members. The simplest of the 
ligands are the unsubstituted fully saturated compounds. They are ideal for 
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systematic studies on ring size effects among complexes of macrocyclic ligands. 
1,4,8,11-Tetraazacyclotetradecane (cyclam, [14] aneN4) has long been known,' 
and a simple high-yield synthesis has been reported for this ligand.? The prepara- 
tionsof 1,4,7,1O-tetraazacyclotridecane ([ 131 aneN4)4i5, 1,4,8,12-tetraazacyclo- 
pentadecane ([IS] aneN4r-' and 1,5,9,13-tetraazacyclohexadecane ([16] 
aneN4)4-6 have been reported more recently. The complexes of these ligands 
with many metal ions have been studied. 4 9 5 3 7 3 8  The preparations of the free 
ligands [13] aneN4, [15 J aneN4, and [16] aneN4 and their cobalt(II1) complexes 
are described here. 

A. 1,4,7,1O-TETRAAZACYCLOTRIDECANE ([ 13 JrneN4) 

Submitted by YANN HUNG* 
Checked by DANIEL R. ENGLJSd and THEODORE A. DEL DONNO? 

hocedure 

1. N, N', N", N'"-Tetrakis(ptohenesulfonyl)triethylenetetramine). In an 800- 
mL beaker, sodium hydroxide (16 g, 0.4 mole) is dissolved in 100 mL of water 
and triethylenetetramine (2,2,2) (14.6 g of 2,2,2; 0.1 mole) is added. A solu- 
tion of p-toluenesulfonyl chloride (76.2 g, 0.4 mole) in 400 mL of diethyl ether 
is added dropwise with stirring. The mixture is stirred for an hour at room tem- 

*Stanford University, Stanford, CA 94305. 
?Chemistry Department, The Ohio State University, Columbus, OH 43210. 
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perature. The tosylate separates as an off-white solid. It is recrystallized from a 
large volume of methanol (84 mL/g) or by dissolving in acetone (30 mL/g), fol- 
lowed by the addition of an equal volume of ethanol. Yield: 80-90%. 

2. N,N',N".N'"-Tetra(ptoluenesulfony1) Derivative off 13/aneN4. Two equiv- 
alents of sodium ethoxide (3.02 g in 66 mL of ethanol) are added to  50 g of the 
tosylated linear tetraamine in 200 mL of boiling ethanol. After the solution is 
boiled for 20 minutes, the ethanol is removed by rotary evaporating to dryness 
to yield the disodium salt of the tosylated linear tetraamine. The sodium salt is 
dissolved in 660 mL of dimethylformamide (0.1 M) and transferred to a 2-L, 
three-necked flask equipped with an addition funnel and a thermometer. The 
mixture is heated to 1 lo", and 1 equiv of 1,3-dibromopropane (14 gin 330 mL 
of DMF, 0.2 M) is added dropwise over a period of 1 hour while the solution is 
stirred vigorously. The volume of DMF is reduced to one-fourth the initial vol- 
ume. The solution is slowly added to a volume of water equal to  14 times that 
of the initial DMF volume. This yields a tacky off-white precipitate. The product 
is recrystallized from hot benzene. A white product is precipitated by reducing 
the volume of the benzene to about lSO-mL, adding ethanol to the solution, and 
then letting it stand at room temperature for 1 hour. Yield: 40%. 

3. HydroZysis of Tosyl Groups. The tosylated [I31 aneN4 is hydrolyzed by 
heating it in 30% hydrobromic-acetic acid (50 mL/g), which is prepared by add- 
ing 9 volumes of glacial acetic acid to 16 volumes of 47% hydrobromic acid. 
The mixture is refluxed for 2 days, after which time the solution is reduced to 
one-tenth its initial volume. After it is cooled, the solution is added to a three- 
fold volume of diethyl ether-ethanol(1 : 1). The solid that separates is filtered 
and washed repeatedly with diethyl ether and ethanol. The product is air dried 
on the frit. Yield: 90%. 

4. Free Ligand Extraction. Ten grams (about 0.02 mole) of the tetrahydro- 
bromide salt of [13]aneN4 is dissolved in 40 mL of water and is neutralized 
with a slight excess of sodium hydroxide (about 4 g, 0.1 mole). Several 
extractions (about five) with chloroform (20 mL) are then carried out. The 
chloroform extract is dried over sodium sulfate and then rotary evaporated. 
Diethyl ether is added and then rotary evaporated, leaving behind the solid 
ligand. Sometimes, refrigeration is required to bring about solidification of the 
ligand. The solid is recrystallized from diethyl ether; white needles are obtained. 
Yield: 60430%. 

Properties 

The free ligand, [13] aneN4, melts at 40-41". It is soluble in most organic sol- 
vents but slightly soluble in water. Nmr spectral data: 6 1.68 ppm (quintet, 2H, 
J N 6 Hz). 6 2.20 ppm (s, 4H), 6 2.78 ppm (complex multiplet, 16H). 
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B. 1,4,8,1ZTETRAAZACYCLOPENTADECANE ([IS] meN4) 

Submitted by E. KENT BAREFIELD* and GARY FREEMAN* 
Checked by DANIEL R ENCLlSI8 

0 0  

()V<Z] + 2H20 

H/U 
2+ 

+ Ni(CN)4 2-  - CN- (r>N<:) 

H / U \ H  
H' U \H 

Ptocedure 

Nickel(I1) chloride hydrate, 10.2 g (0.043 mole), is dissolved in 150 mL of 
water in a 250-mL Erlenmeyer flask. With stirring, 8 g (0.043 mole) of N , N -  
bis(3-aminopropy1)-l,3-pr~panediamine~ is added followed by 10 mL of 30- 
40% aqueous glyoxal solution. The blue solution is then heated at 60-80" for 
3 hours during which time the color becomes red-brown. The solution is trans- 
ferred to a 500-mL Parr hydrogenation pressure bottle along with 20 g of freshly 
prepared W-2 Raney nickel or an equal amount of fresh# Grace Chemical Co. 
Grade 28 nickel catalyst. The bottle is placed on the hydrogenation apparatus 
and heated at 60-80" under 50 psi of hydrogen for 16-24 hours (until hydrogen 
uptake ceases). The bottle is removed from the apparatus and the catalyst is 
separated by gravity filtration. (a Caution. The spent catalyst is pyrophoric 
when dry and must be treated with cure.) The blue-violet solution is cooled in an 
ice bath and 5.2 g (0.065 mole) of NaNCS dissolved in 25 mL of water is added to 
precipitate [Ni(Cl1 H26N4)(NCS)2] . The lavender precipitate is collected by fd- 

*School of Chemistry, Georgia Institute of Technology, Atlanta, GA 30332. 
tChemistry Department, The Ohio State University, Columbus, OH 43210. 
$Prepared according to the procedure for N,"-bis(2-aminoethy1)-1,3-propanediamine 

(Inorg. Syn., 16, 222 (1976), substituting 202 g (1 mole) of 1.3-dibromopropane for the 
dibromoethane. The yield of tetramine is about 60% with a boiling point of 102" at 1 ton. 

§Catalyst that has been opened for some time may not be active enough for the hydroge- 
nation. 
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tration and transferred with 75 mL of water to a 200-mL, round-bottomed flask; 
5 g of NaCN (0.3 mole) is added and the solution is heated at reflux for 1 hour. 
The orange solution is cooled and 5 g of NaOH is added. The solution is then ex- 
tracted six times with 30-mL portions of CHC13. The CHC13 extracts are com- 
bined and dried with anhydrous Na2S04. After removal of the drying agent, the 
CHClj is removed on a rotary evaporator to leave 1,4,8,12-tetraazacyclopnta- 
decane ([15] aneN4) as a nearly white solid that is satisfactory for preparation 
of metal complexes. This product may be further purified by recrystallization 
from h e m e  to give fine white needles. Yield (recrystallized): 4.2-4.5 g, 45- 
48%. Anal. Calcd. for C11H26N4: C, 61.63; H, 12.22; N, 26.18. Found: C, 
61.36; H, 12.32; N, 26.18. 

Properties 

1,4,8,12-Tetraazacyclopentadecane is a hygroscopic solid melting at 99 -100" 
when pure. The free base is very soluble in polar solvents, including water. 
The infrared spectrum (Nujol mull) contains several strong N-H stretching 
absorptions in the region 3200-3300 cm-' . Its nmr spectrum (60 MHz, CDCIB, 
TMS) consists of an overlapping singlet and triplet ( J -  5 Hz) at T 7.27 and an 
overlapping singlet and quintet (J 5 Hz) at T 8 2 and 8.3, respectively. 

C. 1,5,9,13-TETRAAZACYCLOHEXADECANE ([ 16]aneN4) 

Submitted by WILLIAM L SMITH* and KENNETH N. RAYMOND* 
Checked by DANIEL R ENCLISd and THEODORE A. DEL DONNO? 

OTs OTs 

N-Na U Ts\ n ,Ts 
N-H 
2% (1 - 

DM F DMI;, 110" 
N-Na 

Ts' \I \Ts 
(: N-H 

TsO \Ts 

98% H,SO, 

100". 48  hr 
F 60% 

*Department of Chemistry and Materials and Molecular Research Division, Lawrence 

tChemistry Department, The Ohio State University, Columbus, OH 43210. 
Berkeley Laboratory, University of California, Berkeley, CA 94720. 
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Procedure 

The starting linear amine, N, Ni-bis(3-aminopropy1)-1 ,3-propanediamine7 is pre- 
pared using the procedure for N, Ni-bis(2-aminoethyl)1,3-propanediamine~ 
which consists of the condensation of 1,3dibromopropane with 173-diamino- 
propane. The resulting amine is purified by vacuum distillation from barium 
oxide, bp 135-136" at 1 torr, 65-70% yield. The tetraamine forms a solid hy- 
drate when exposed to moist air; its tetrahydrochloride decomposes at 297". 

The tetratosylate of the linear amine is prepared by the dropwise addition of 
477 g (2.5 mole) of p-toluenesulfonyl chloride dissolved in 2.5 L of diethyl ether 
to a solution of 80 g (2 mole) of sodium hydroxide and 94.2 g (0.5 mole) of the 
linear tetraamine in 200 mL of water. The mixture is vigorously stirred by a me- 
chanical stirrer during the addition and for an hour after its completion. The 
resulting sticky paste is chilled in an ice bath and then removed by fdtration. 
It is washed well with diethyl ether and water and thoroughly dried in a vacuum 
at 50" to  obtain a clumpy white powder. After recrystallization from methanol, 
300-350 g (70-90%) of the tetratosylate is obtained, mp 126-127". 

Small portions of sodium hydride (as a suspension in oil) are added to a solu- 
tion of 80.5 g (0.1 mole) of the tetratosylated linear amine in 1 L of DMF until 
the evolution of hydrogen ceases. The DMF is purified by vacuum distillation 
from CaHz (bp -29" at 0.01 torr). The excess sodium hydride is removed by 
filtration and the filtrate is heated to 110' in a flask equipped with an efficient 
stirrer. A solution of 39.4 g (0.1 mole) of the ditosylate of 1,3-propanediol' in 
500 mL of DMF is added dropwise with stirring, after which the stirring is con- 
tinued for 2 hours and the temperature is maintained at 110". The volume is 
reduced to 250-300 mL by vacuum distillation and the solution is added to 2 L 
of water to  cause precipitation. The solid is removed by filtration, washed well 
with water, and dried at 60" overnight in a vacuum. The tetratosylated [ 161 aneN4 
is used in the next step without purification. Recrystallization from CHC13- 
EtOH yields a white powder decomposing at 252-255". 

The free amine is formed by reaction of the tetratosylated [16]aneN4 with 
conc. HzS04 (2 mL HzS04/g tetratosylate) at 100" for 48 hours. After the 
solution is cooled in an ice bath, it is added dropwise into a solution made up of 
2 volumes of ethanol. This is followed by the addition of 5 volumes of diethyl 
ether. If two phases form, enough ethanol is added to make one phase. 

The precipitate is removed by filtration, washed with diethyl ether, and dried 
thoroughly. It is then dissolved in the minimum amount of water and brought to 
pH 2 10 (Hydrion paper) with sodium hydroxide. Any precipitate is removed by 
filtration and the filtrate is extracted four times with equal volumes of dichloro- 
methane. The dichloromethane extracts are dried with anhydrous sodium sul- 
fate and evaporated to dryness Ieaving a light-yellow solid. The crude product is 
sublimed (-60", 0.01 torr) to yield 12-14 g (55-60% on the basis of tetratosyl- 
ated linear amine) of white crystals, mp 84" (lit.* 82-83"). 
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Properties 

The white, waxy, slightly hygroscopic crystals of [16] aneN4 are soluble in water, 
alcohol, chloroform, and THF. They can be recrystallized from chlorobenzene 
or diethyl ether and are insoluble in pentane. The H nmr spectrum' in CDCIJ 
versus TMS consists of a quintet 6 1.70 ppm, 8H, a singlet 6 1.82 ppm, 4H, and 
a triplet 6 2.72 ppm, 16H. The IR spectrum shows a strong N-H stretching ab- 
sorption at 3285 cm-' and C-H stretches at 2927,2870, and 2805 cm-' . Other 
strong absorptions occur at 1480, 1468, 1137, 1070, 853, and 779 cm-'. In 
the solid state,6 the conformation of [16] aneN4 consists of a square-planar ar- 
ray of nitrogen atoms with adjacent trimethylene chains folded toward opposite 
sides of the nitrogen plane. There is weak internal hydrogen bonding between 
cis nitrogen atoms, with the trans orientation of these hydrogen atoms limiting 
the molecular point symmetry to S, . 

D. ?runs-DICHLORO([ 131 aneN,)COBALT(III) CHLORIDE, (I)- and (11)- 
mm-DICHLORO([ 151 aneN4)COBALT(III) CHLORIDE, (I)- and (11)- 
transDICHLORq [ 161 aneN4 )COBALT (111) PERCHLORATE 

Submitted by YANN HUNG* 
Checked by DANIEL R ENGLISH? and THEODORE A. DEL DoNNOt 

The saturated, unsubstituted tetraazamacrocycles [ 13-16] aneN4 all form typical 
pseudooctachedral trans-dichlorotetraamine complexes with cobalt(III).' These 
have been chosen as typical complexes of these macrocyclic ligands. 

1. tmns-[Co( [ 131 aneN, )C12 I Cl 

C0C12 - 6H2 0 + [ 1 31 aneN4 
CH OH 

trans- [Co( [ 1 31 aneN4 )C12 ] C1 

Procedure 

CobaltOI) chloride.6-hydrate (1.0 g, 4 mmole) and a slight excess of [13] aneN4 
(0.8 g, 4.3 mmole) are warmed (-60") in 100 mL of methanol for 15 minutes. 
Concentrated HC1 is then added dropwise to the solution until the red-brown 
solution turns green-brown (about 1 mL). Air is bubbled through the solution 
for 2 hours and its volume is reduced. At this point, red crystals of the cis-isomer 
separate (yield: 15%). Reduction of the volume of the filtrate results in isolation 

*Chemistry Department, Stanford University, Palo Alto, CA 94305. 
tChemistry Department, The Ohio State University, Columbus, OH 43210. 
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of the green trans-compound; it is recrystallized from methanol (yield: 35%). 
Anal. Calcd. for CoC9HzzN4C13: Co, 16.76; C, 30.75; H, 6.31; N, 1594; Cl, 
30.75. Found: Co, 16.53; C, 30.52; H, 6.24; N, 15.66; Cl, 30.99. 

2. trans-[ Co( [ 151 aneN4 )Clz ] CI (Isomers I and 11) 

CH OH HClO 
CoCl2-6H20 + [15]aneN4 - (I)-trans-[Co([lS] aneN4)C12] Clo4 

LC04 WJ 
o)-tm~-[co([151 a n e ~ ~ ) ~ 1 ~  1 clo4 CH,CN 

(II)-trans-[Co([15] aneN4)C12]C104 

Dowex IX 
trans- [Co( [ 151 aneN4)C12 ] Clop trans- [Co( [ 151 aneN4)C12 ] C1 

Procedure 

m Caution. Perchlorate salts of complexes are hazardous. Heating of the 
solids can lead to explosions 

Because of the cobalt(I1) contamination, the perchlorate salt is synthesized 
and then converted to other salts. Cobalt(I1) chloride 6-hydrate (1 .O g, 4 mmole) 
and free [15]aneN4 (09 g, 4.2 mmole) are warmed in 100 mL of methanol 
for 15 minutes. Concentrated hydrochloric acid is added dropwise (1 mL) and 
air is bubbled through the solution for at least 2 hours. Several drops of per- 
chloric acid are added to precipitate the products as the perchlorates. The yield 
is 72%. The product is brown and is about 90% pure isomer I. The brown per- 
chlorate salt is dissolved in acetonitrile and passed through a Dowex IX8,200- 
400 mesh anion exchange column (Cl- form) at a rate of 10 secldrop. The eluent 
is concentrated by rotary evaporation. Some green solid (isomer 11) precipitates. 
This is filtered and the volume of the fdtrate is further reduced to precipi- 
tate the tan isomer (I) as the chloride salt. Yield: 60% Anal. Calcd. for CoCll- 

The perchlorate salt of trans- [Co( [ 151 aneN4)Clz ] + is dissolved in 40 mL of 
acetonitrile containing 5 mL of water and warmed with excess lithium carbonate 
with stirring for 2 hours. The solution turns violet. The excess lithium carbonate 
is removed by fdtration. Concentrated HC1 is added dropwise (2 mL) and the 
solution is warmed for 30 minutes. By this time, the color has changed to green. 
The product is obtained by concentrating the solution. The solid product, which 
is about 90% isomerically pure green isomer, is dissolved in acetonitrile and 
passed through a Jhwex 1x8, 200-400 mesh, anion exchange column (Cl- 
form). The chloride salt of the green isomer I1 is obtained by reducing the volume 

H26N4Clj: C, 34.80; H, 6.90; N, 14.76. Found: C, 34.35; H, 7.09; N, 14.50. 
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of the eluent. Yield: 50%. Anal. Calcd. for CoCll HaN4C13. C, 34.80; H, 6.90; 
N, 14.76. Found: C, 34.38; H, 7.24; N, 14.41. 

3. trans-[ Cof 161 aneN, )el, ] Ci04 

Co( [ 161 aneN4) (CIO, k C0C12 -6H2 0 + [ 161 aneN4 L&,,' 

[Co ( [ 161 aneN4)Br2 J C104 

CH OH 

Co( [ 1 61 aneN4) (C104 h + Br2 

[Co( [ 161 aneN4)Br2 ] C104 + 2LiCl- 

(I) and (II)-trans-[Co([16] aneN4)C12]C104 + 2LiBr 

Procedure 

rn Caution. Perchlorate salts of metal complexes can be explosive and must be 
handled with care. Compounds should not be heated as solids. 

One gram of [16] aneN4 (4 mmole) is dissolved in 100 mL of methanol to 
which is added cobalt(I1) chloride 6-hydrate (1.04 g, 4 mmole). The resulting 
magenta solution is warmed for 20 minutes, a slight excess of lithium perchlorate 
(0.6 g, 5.6 mmole) is added, and the solution is warmed (60") for another 10 
minutes. The methanol solution is rotary evaporated to dryness and the solid 
residue is redissolved in chloroform and filtered. Evaporation followed by dis- 
solution in chloroform is repeated once more. Bromine is added dropwise to the 
chloroform solution until the magenta color is completely gone (several drops) 
and brown solids separate from the solution. The product is filtered and washed 
with chloroform. The brown product is dissolved in hot methanol to which a 
slight excess of lithium chloride (0.2 g, 4.7 mmole) is added. Brown isomer I is 
obtained in successive fractions as the solution is concentrated and cooled. Yield: 
40%. Green isomer I1 is obtained by continuing to reduce the volume of the filtrate. 
Yield: 10%. Both are recrystallized from acetonitrile. Anal. Calcd. for C O C ~ ~ H ~ ~ .  
N4C1304; C, 31,49; H, 6.17; N, 12.24. Found: C, 3128; H, 5 9 2 ;  N, 12.04 
(isomer I). C, 31.40; H, 6.20; N, 1221 (isomer 11). 

hoperties 

The cobalt complexes are all diamagnetic and behave as 1 : 1 electrolytes in 
methan~l .~  The infrared spectra of the complexes contain sharp, strong N-H 
stretching absorptions (Table I). The electronic spectral data are also shown in 
Table I. Isomers I and I1 differ in the chiralities of nitrogen atoms in the macro- 
cyclic l igand~.~ Both chemical and physical properties are dependent on ring 
~ize.~JO 
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TABLE I Properties of the Cobalt(II1) Complexes 

Complex 

mns[Co( 11 3) aneN4)C12 1 + 3155 (s, sp) 1.667(33), 2.370(144) 
(I)-mns-[C~j15]aneN4)C12]+ 3200 (s, sp) 1.527(40), 1.923(69), 

2.370(106) 
(11)-tmns-[Co([l5]aneN~)Clz)+ 3160 (s, sp) 1.563(27), 2.041(38), 

(I)-rZans-[Co([l6] aneN4)C12]+b 3236 (~3,3175 (s, sp) 1.473(57), 1.869(34), 
2.410(62) 

2.326(99) 
(I1)-tmns-[Co([ 161 aneN4)Clz ] +' 3247 (s), 3174 (s, sp) 1.51 1(41), 1.96~39, 

2.387(76) 

'Nujol mull, s = strong, sp = sharp. 
bElectronic spectral data obtained in acetonitrile solutions, all others in methanol. 
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30. [7,16-DIHYDRO-6,8,15,17-TETRAMETHYLDIBENZO[b, i )  - 
NICKEL(I1) ( [ 5,7,12, 14-Me4 - 2 3 :  9, 10Bzoz [ 141 - 
HEXAENATO ( 2-)N4 ] Ni (11) AND THE NEUTRAL 

MACROCYCLIC LIGAND 

[ 1,4,8,11] TETRAAZACYCLOTETRADECINATO( 2-)] - 

Submitted by V. L. COEDKEN* and M. C. WEBS* 
Checked by D. PLACE? and J. DABROWIAK? 

The [5,7,12,14-Me4-2,3: 9, 10-Bzo2 [I41 hexaenato(2-)N4j nickel(II)complexS 
(I) of the title ligand is easily synthesized and the free ligand is readily obtained 

(I) (Numbering is for abbreviation) 

from this complex.' Other transition metal complexes, not obtainable by direct 
metal-template methods, can then be prepared from the free ligand by reaction 
with appropriate metal acetate salts.2 The Me4Bzo2 [ 141 hexaene-N4 macrocycle 
complexes are more readily handled than their Bzo2 [ 141 hexaene-N4 counter- 
parts. This behavioral difference results from the interaction of the four methyl 
substituents with the benzenoid rings to yield a ligand having a pronounced 
saddle shape.3 The marked nonplanarity of the ligand, while not profoundly 
affecting the coordinating ability of the ligand, inhibits aggregation that leads to 
marginal solubility, characteristic of planar, totally conjugated macrocycles, 
such as porphyrin, phthalocyanine, and the simple dibenzo macrocylic ligand. 
These steric interactions have important consequences that are reflected in the 
stoichiometry and reactivity of the complexes. The saddle shape of the ligand 
directs the metal to  one side of the N4 donor plane, resulting in a preference for 
five-coordinate complexes. In some instances, the distortions produced in the 
2,4-pentanediiminato chelate rings result in unusual addition reactions! These 

*Department of Chemistry, Florida State University, Tallahassee, FL 32306. 
?Department of Chemistry, Syracuse University, Syracuse, NY 13210. 
$lor numbering of abbreviations, see Inorg. Synrh., 18,45 (1968). 
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include 1,4-addition of acetylenes and nitriles to the Co(II1) complex and reac- 
tions with oxygen to produce a carbonyl function at the ycarbon atom. In 
the absence of good donor solvents, cofacial metal-metal bonded complexes are 
formed with rhodium and ruthenium complexes of this ligand.’ 

A. [ 5,7,12,1 4-Me4 -2,3 : 9,l O-Bzoz [ 141 HEXAENATO (2-)N4 ] Ni(I1) 

Ni(CZ2Hz2N4) + 8HzO 

Procedure 

Nickel diacetate tetrahydrate (50.0 g, 0.201 mole), o-phenylenediamine (43.47 
g, 0.402 mole), and 2,4-pentanedione (40.23 g, 0.402 mole) are added to 500 
mL of anhydrous methanol in a liter flask and refluxed under nitrogen for 48 
hours. The very pale green o-phenylenediamine complex of nickel forms upon 
mixing the reagents. Before refluxing begins, a deep-purple color develops in the 
reaction vessel. This species has been identified as the 2,4-dimethyl-lH-1,5- 
benzodiazapinium cation6 by isolation as the tetrafluoroborate salt. Within the 
first hour of refluxing, the purple color gradually turns to an intense blue-green. 
This intermediate has been isolated as the BF4 - salt and characterized as the 
open-chain quadridentate species 11. The long period of refluxing is necessary for 

the rate-limiting ring closure to occur. After it is refluxed for 48 hours, the solu- 
tion is cooled and the fmely divided dark-violet (deep blue-green when crushed) 
product is fdtered and washed with generous portions of methanol until the 
effluent is light green to colorless. The product may be either air dried or dried 
m vucuo. Yield of the crude product is about 45%. The crude product may be 
used directly for the isolation of the free ligand. The pure, highly crystalline 
product may be obtained by recrystallization. This is done by dissolving 10 g 
of the crude reaction product in 150 mL of hot toluene and filtering while hot 
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to remove any insoluble residues. Then 50 mL of anhydrous methanol is added 
slowly to the toluene solution; the flask is stoppered and placed in a refrigerator 
for several hours. The product is filtered, washed with methanol, and dried. 
Yield is about 3.5 g. Anal. Calcd. for Ni(Cz2Hz2N4): C, 659;H, 5.49;N, 14.0. 
Found: C, 65.7; H, 5.40; N, 13.8. 

Properties 

The Ni(Cz2H2,N4) is stable to the atmosphere, but an inert atmosphere is 
recommended for extended storage because a perceptible odor develops with 
long-term standing under atmospheric conditions. It is very soluble in most 
nonpolar to slightly polar solvents, such as benzene, toluene, carbon tetra- 
chloride, and chloroform, to give very intense blue-green solutions. It is sparingly 
soluble to insoluble in polar solvents, such as alcohols and acetonitrile. The 
stability of the nickel@) complex to oxygen and moisture is in contrast to those 
of other first-row-metal complexes of this Jigand. The nickel(I1) complex has 
good thermal stability and can be purified by vacuum sublimation. The nmr 
spectrum (C6D6-tetramethylsilane) consists of a singlet at 61.77 (12H) ppm, a 
singlet at 64.67 (2H) ppm, and a singlet at 66.54 (8H) ppm. The electronic spec- 
trum in CHC13 contains the following absorptions (molar extinction coefficients 
are given in parentheses); 588 (4670), 420 (sh), (10,530), 394 (26,900), 334 
(5680), 268 (21,860) nm. 

B. The 5,7,12,14-Me4-2,3: 9,10-Bzo2[14]HEXAENEN4 figand 

rn Caution. Anhydrous HCl must be used in a well-ventilated hood with 
adequate safety precautions. 

Three steps are required to produce the free ligand in pure form. The first 
involves the isolation of the acid salt of the ligand as the tetrachloronickelate(I1) 
salt. The second step involves converting this salt to a different one, not contain- 
ing nickel. (Simple neutralization of the tetrachloronickelate(I1) salt results in 
the reinsertion of nickel(I1) into the macrocyclic ligand.) The final step involves 
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the neutralization of the acid salt. Although the simple chloride salt precipitates 
initially as long white fibrous needles upon the addition of anhydrous HCl, it 
is difficult to determine when all the nickel(I1) has been stripped from the 
macrocyclic ligand before some of the simple chloro salt is converted to the 
tetrachloronickelate(I1) salt. Even under the best of circumstances, when the 
chloride salt appears pure, the neutral free ligand obtained generally has a 
greenish color indicative of a small amount of residual nickel(I1) being coordi- 
nated by the macrocyclic ligand. 

Anhydrous HCl is bubbled at a moderate rate through a constantly stirred 
suspension of 15 g of Ni(C22H22N4) in 500 mL of absolute ethanol until the 
solution becomes strongly acidic and a copius precipitate of bright blue-green 
tetrachloronickelate(I1) salt of the ligand, [C22H26N4] [NiC14] , is observed. The 
following precautions are recommended for this step. Use of an HCl inlet tube at 
least 5 mm in diameter prevents clogging and dangerous pressure buildup. 
Excess HCl is vented to the hood by means of a tube with trap inserted to pre- 
vent ethanol from condensing in the vent tube. A dry trap between the HCl 
cylinder and the reaction vessels is needed to prevent solution backflow into 
the cylinder when the HCl flow is stopped. The reaction mixture becomes warm 
to hot during the addition of anhydrous HC1 and the color of the solution turns 
from blue-green to green to  brownish purple. The latter color is due to  the 
formation of a small amount of a benzodiazapenium salt and is of little conse- 
quence. No attempt should be made to cool the solution. This inhibits the 
metal-stripping reaction. After the solution has cooled, it should be placed in a 
refrigerator or chilled for an hour. The product is filtered, washed with a mini- 
mum amount of ethanol, and dried (in vllcuo, if atmosphere is humid). Yield 
is 90-95%. 

The tetrachloronickel(I1) salt of the ligand cation is readily converted to the 
hexafluorophosphate salt. This procedure is necessary to avoid the reinsertion 
of any nickel(I1) into the macrocyclic ligand during the neutralization process. 
Ten grams of [CzzHz6N4] [NiCI,] is dissolved in a minimum amount (about 
100 mL) of water, and 9.0 g (1.5 excess) of ammonium hexafluorophosphate, 
also dissolved in a minimum amount (about 8 mL) of water, is added slowly. A 
colorless precipitate of the hexafluorophosphate salt [ C Z Z H ~ ~ N ~ ]  [PF,] forms 
immediately. The product is filtered, washed with water, and air dried. The 
yield is quantitative. 

The free ligand, C ~ Z H ~ ~ N ~ ,  is obtained by neutralizing a suspension of 10 g of 
[C22H26N4] [PF612 in anhydrous methanol, by the addition of a slight excess, 
5.0 mL, of triethylamine. (Any amine base, such as pyridine, may be used with 
equal facility.) The bright-yellow product crystallizes immediately. It is filtered 
on a Biichner funnel, washed with methanol, and air dried. If the product is 
greenish, it is because a small amount of nickel has reinserted into the macro- 
cyclic ligand. In this case the process of acidification with anhydrous HC1, 
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and so forth, must be repeated. Yields approach 5.0 g or about 95%. Anal. Calcd. 
for C2'HzzN4 : C, 76.7; H, 6.97; N,  16.3. Found: C, 76.4;H, 6.87; N, 16.4. 

Properties 
The free ligand is stable to the atmosphere and can be stored indefinitely. It 
is soluble in nonpolar solvents, for example, benzene, toluene, and halohydro- 
carbons, and to a lesser extent in acetonitrile. It is insoluble in primary alcohols 
and water. The nmr spectrum in CDC13 consists of a simple four-line spectrum: 
2.12 (12H), 4.87 (2H), 6.98 (8H), 12.58 (broad, 2N-H) ppm. The compound 
melts sharply at 243". The electronic spectrum contains the following absorp- 
tions: 340 (emax = 39,700), 269 (ern- = 15,100), 255 nm (ern- = 18,400). 
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31. THE SYNTHESIS OF MOLYBDENUM AND 
TUNGSTEN DINITROGEN COMPLEXES 

Submitted by JONATHAN R. DILWORTH* and RAYMOND L. RICHARDS* 
Checked by GRACE J.4. CHEN? and JOHN W. &DONALD? 

The chemistry of bis(dinitrogen) complexes of molybdenum and tungsten is cur- 
rently of considerable interest because one of the dinitrogen ligands may be 
induced to form N-H or N-C bonds under mild conditions.'*2 Where the 
dinitrogen ligands have monodentate, tertiary phosphine coligands, one dinitro- 
gen may be converted to ammonia (up to 1.98 NH3 per W atom or 0.7 NH3 
per Mo atom) by treatment of the complexes with sulfuric acid in methanol.' 

*A.R.C. Unit of Nitrogen Fixation, University of Sussex, Brighton, Sussex, England 

?Charles F. Kettering Research Laboratory, Yellow Springs, OH 45387. 
BN19QJ. 
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A preparation of trans-[Mo(N,), (dppe),] (dppe = PhzPCHzCH2PPhz) that 
uses triethylaluminum as reductant has already been reported in Inorganic 
Synthe~es,~ but it is less convenient and gives much lower yields than that 
described below. Other reported methods, using sodium amalgam as reductant, 
involve a more difficult work-up procedure ." 

The preparations of the precursor compounds [MoC14(CH3CN),] , [MoC14- 
( W 2  1 , [MdMthf)3 1 , [wc14pph3)2 1 and [WCI,(dppe)l are also given, 
since they are critical to the successful synthesis of the dinitrogen complexes. 

General Procedure 

Conventional Schlenk-type glassware' is used in the procedures described below 
and unless otherwise stated, all manipulations are carried out under nitrogen. 
All solvents are anhydrous and are freshly distilled under nitrogen prior to 
use. Solutions are stirred with a magnetic stirrer bar unless otherwise stated. 

A. BIS (ACET0NITRILE)TE"RACHLOROMOLY BDENUM (IV), 
[Moc14 (CH3CN)2 1 

MoCl' t excess CH3CN - [MoC~(CH~CN)~]  + chlorinatedorganicproducts 

8 Caution. Acetonitrile must be regarded as a toxic material and handled in 
an efficient hood at all times. 

Procedure 

A slight modification of the method reported by Fowles et aL6 is used. 
Molybdenum pentachloride (20 g, 0.073 mole) is added slowly over 0.5 hour 
from a Schlenk tube through a glass connecting tube to stirred acetonitrile (100 
mL, distilled from CaH2) in a 250-mL Schlenk flask. Addition of acetonitrile 
to molybdenum pentachloride can produce sufficient local heating in the early 
stages of addition to cause the acetonitrile to froth from the flask. The reverse 
addition described here proceeds smoothly, an instantaneous reaction occuring 
with mild heat evolution and the formation of an orange-brown solid. The 
resulting suspension is stirred for a further 2 hours and is then allowed to stand 
at room temperature overnight. The bis(acetonitrile) complex is filtered under 
nitrogen using a 4-6 cm bore Schlenk filter, washed with acetonitrile (20 mL), 
and dried in vacuo (lo-' torr) at room temperature. The product is obtained 
as a fine orange-brown powder (18-20g, 77-86%).Anal. Calcd. for C ~ H ~ N ~ C ~ M O :  
C, lS.O;H, 19;N,  8.8. Found: C, 15.4;H, 1.8;N,9.0. 
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Properties 
The complex is air sensitive in the solid state and is only sparingly soluble in 
acetonitrile and nonpolar organic solvents. Its IR spectrum shows medium in- 
tensity bands at 2290 and 2310 cm-' assignable to v(CEN). The complex is a 
convenient precursor for the preparation of a range of molybdenum(IV) com- 
plexes by replacement of the relatively labile acetonitrile groups with other 
ligands? 

B. TETRACHLOROBIS (TETRAHYDR0FURAN)MOLYBDENUM (IV), 
(MoCI4 1 ' 

[MoC14(CH3CN)2] + THF(excess) - [MoCI,(thfh] + 2CHjCN 

Procedure 
Tetrahydrofuran (THF) (80 mL, freshly distilled from sodium benzophenone 
ketyl) is added from a 250-mL Schlenk flask to bis(acetonitrile)tetrachloro- 
molybdenum(1V) (20 g, 0.052 mole) in a 250-mL Schlenk flask and the mix- 
ture is stirred rapidly for 2 hours to give a yellow suspension of tetrachlorobis- 
(tetrahydrofuran)molybdenum (IV). The complex is filtered through a Schlenk 
filter, washed with THF (20 mL), and dried in uumo (lo-' torr) at room tem- 
perature. The product is obtained as a microcrystalline orange-yellow powder in 
yields of 15-17 g, 63-71%. The product is not analytically pure.AmZ. Calcd. for 
C8H1602C14Mo: C, 25.1; H, 4.9. Found: C, 26.5; H, 4.2. However, it is suf- 
ficiently pure for subsequent reactions. 

Properties 
The complex is air sensitive in the solid state and almost insoluble in THF, 
but soluble in dichloromethane. It deteriorates even under nitrogen when 
stored for a period of weeks and is best used immediately for subsequent syn- 
theses. Its IR spectrum shows an intense band at 820 cm-' , characteristic of co- 
ordinated THF. The complex can be used to prepare other molybdenum(1V) 
complexes by displacement of the THF ligands' or molybdenum(VI) nitrido 
complexes by reaction with trimethylsilyl aide.' 

C. TRICHLOROTRIS(TETRAHYDR0FURAN)MOLYBDENUM (III), 
wmmw3 1' 
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Procedure 

Tetrachlorobis(tetrahydrofuran)molybdenum(IV) (1 8 g, 0.047 mole) (see 
Sec. B) and zinc shot (8-13 mesh, 30 g, 0.46 mole) in dichloromethane (90 mL, 
distilled from P20g/anhydrous K2C03) and THF (60 mL, distilled from sodium 
benzophenone ketyl) in a 250-mL Schlenk flask are stirred at 0" until a clear 
blue solution is obtained. The reaction must be stopped before the solution 
changes from blue to purple, otherwise the final product is pinkish-purple rather 
than orange and cannot be converted to bis(dinitrogen) complexes. The blue 
solution is filtered cold through a Schlenk filter to remove the excess zinc and 
evaporated to about 20 mL in vacuo torr). The solution color may change 
to bluish-purple on evaporation. THF (30 mL) is added, and the brownish- 
orange precipitate is filtered using a Schlenk filter. The solid is washed with cold 
(0") THF (2 X 20 mL) to remove any dark-colored impurities and dried in 
vacuo torr) at room temperature. A yield of 12-15 g (61-76%) is ob- 
tained. Anal. Calcd. for C12H2403C13M~: C, 34.4; H, 5.8. Found: C, 32.8; 
H, 5.1. The complex is not analytically pure but can be used to prepare bis 
(dinitrogen) complexes. If required, it can be recrystallized from a THF/2-pro- 
panol mixture as orange crystals (Found: C, 34.8; H, 6.0). 

Properties 

The orange complex is air sensitive in the solid state. It is reasonably soluble and 
stable in THF but decomposes in nonpolar solvents, such as benzene, to  give 
polymeric halogen-bridged products.' It is paramagnetic with a magnetic moment 
of 3.63 BM, and its IR spectrum shows a very intense band at about 820 cm-' 
due to  coordinated THF. Its reactions with tertiary phosphines in THF give a 
series of molybdenum(II1) tertiary phosphine complexe~,~ and with trimethyl- 
silyl azide Mow) nitrido complexes are formed.' 

D. tmns-BIS(DINITROGEN)BIS[ ETHYLENEBIS(DIPHENYLPH0SPHINE)I - 
MOLY BDENUM(O), tran+[ Mo(N2 )2 (Ph2 PCHz CH2 PPhz 12 1 

trans- [Mo(N,), (Ph2PCH2CH2PPh2)2 ] 

Materials 

Ethylenebis(dipheny1phosphine) (1,2-bi~(diphenylphosphino)ethane) (dppe) is 
prepared by the published method" from triphenylphosphine or obtained 
commercially from Strem Chemical Co., Andover, MA. The Grignard magnesium 
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turnings are obtained from BDH, Poole, Dorset, United Kingdom and are ac- 
tivated prior to  use by heating in vucuo torr) at 150" with iodine. 

Procedure 

Trichlorotris(tetrahydrofuran)molybdenum(III) (5 g, 0.012 mole), 1,2-bis(di- 
pheny1phosphino)ethane (1 2 g, 0.030 mole), Grignard magnesium turnings 
(6.0 g, 0.25 mole), and tetrahydrofuran (80 mL, freshly distilled from sodium 
benzophenone ketyl) in a 250-mL Schlenk flask are stirred as rapidly as possible 
under nitrogen for 16 hours. If initiation of the reduction, as shown by a darken- 
ing of the solution from orange to brown, does not occur the solution is warmed 
to 60" until onset of initiation; thereafter reaction proceeds at 20". Rapid stir- 
ring, with vortexing of the solution is necessary to ensure rapid assimilation of 
nitrogen from the gas phase. After 16 hours the brown solution (some yellow- 
orange dinitrogen complex may precipitate at this stage) is evaporated to about 
40 mL in vucuo at torr and kept at 4" overnight. A mixture of dinitrogen 
complex and magnesium is then isolated using a Schlenk filter. As the dinitrogen 
complex can be rather finely divided a wide-bore (about 6 cm) Schlenk filter 
should be used. The mixture of magnesium and dinitrogen complex is trans- 
ferred to a 500-mL Schlenk flask and sufficient warm (50-60") THF is added to 
dissolve the dinitrogen complex. Filtration through a Schlenk filter, evaporation 
in vucuo at lo-' torr, and addition of diethyl ether gives the complex as yellow- 
orange crystals (7-8 g, 62-70%), after drying in uucuo torr) at room 
temperature. 

Alternatively, large quantities of THF can be avoided, and the dinitrogen 
complex can be separated from the magnesium by extraction at reduced pressure 
utilizing the apparatus shown in Fig. 1. The mixture of dinitrogen complex and 
magnesium is fdtered using the Schlenk-filter part of the apparatus with stop- 
cock T2 closed. The reflux condenser and the 100-mL Schlenk flask containing 
THF (70 mL) are then attached as shown, stopcock T7 unopened, and the water 
bath is warmed to 35-40". Stopcock T I  is opened slowly to vacuum until the 
THF refluxes steadily; then it is closed and extraction is allowed to  proceed until 
all the dinitrogen complex is transferred to the flask. Evaporation of this solu- 
tion to half volume and addition of diethyl ether then gives the dinitrogen com- 
plex as before. The complex can be recrystallized from tetrahydrofuran/diethyl 
ether. Anal. Calcd. for C48H52M~N4P4: C, 65.8; H, 5.1; N,  5.9. Found: C, 
65.8;H,5.0;N7 5.9. 

Properties 

The complex is only slightly air sensitive in the solid state, but it is rapidly 
oxidized in solution. It is soluble with very slow decomposition (with loss of di- 
nitrogen) in THF and toluene but reacts with halogenated solvents. Its IR spec- 
trum (Nujol mull) shows an intense absorption at 1970 cm-' and a weak absorp- 
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+ TO vacuum/nitrogen 

T, (greaseless) 

Porosity 
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glass disk 
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B19 

Fig. 1 .  Apparatus for extraction of the dinitrogen complexes. 

tion at 2020 cm-' , both assigned to v(N2). The complex reacts with halogen 
acids to give hydrazido(2-) complexes' and with a variety of carbon substrates 
to give derivatives with N-C bonds.' 

E. TETRACHLOROBIS (TRIPHENYLPH0SPHINE)TUNCSTEN QV), 
[web (Pph3 12 1 I' 

Zn 

CH, CI, 
WC16 + PPh3 (excess) - [WCL (pPh3 12 1 
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Procedure 

This reaction is camed out in a 500-mL, single-necked flask that also has a side 
arm connected to the nitrogen supply by a stopcock. Dichloromethane (200 
mL) is added to tungsten(V1) chloride (25 g, 0.063 mole) and dry granulated 
zinc (20 g). Then the flask is sealed and shaken for about 1 minute, and the 
pressure is periodically released through the stopcock. Triphenylphosphine (34 
g, 0.13 mole) is then slowly added (2-3 min) and the vessel is sealed. It is then 
shaken until the t u n g s t e n 0  chloride has reacted (about 15 min), while the 
pressure inside the flask is periodically released. The resulting orange solid is 
Schlenk filtered and dried in uacuo torr), and any zinc is removed. Alter- 
natively, the reaction mixture is filtered through a Schlenk filter equipped with 
a perforated rather than sintered-glass disc, which permits the complex to pass 
through but retains the large lumps of granulated zinc. The product, orange, 
microcrystalline [WC14(FPh3)2] , is then washed with dichloromethane (30 mL) 
and dried (lo-' ton,  20") (18 g, 34%). It contains 1 mole of dichloromethane 
of crystallization and is sufficiently pure for subsequent use. Anal. Calcd. for 
C37H32C16P2W: C,47.4;H, 3.4. Found: C,47.3;H, 3.5. 

Properties 

The orange complex is stable in the solid state in the absence of air and is very 
poorly soluble in organic solvents. 

F. TETRACHLORO[ ETHYLENEBIS(DIPHENYLPH0SPHINE)I - 
TUNGSTEN(IV), [ WCI4 (Ph, PCH2 CH2 PPh2 )] 

[WC14(PhzPCHzCHzPPhz)] I- 2 PPhB 

Procedure 

Tetrachlorobis(triphenylphosphine)tungsten(IV) (4.5 g, 5 3 mmole) and 1,2-bis- 
(dipheny1phosphino)ethane (2.1 g, 5.3 mmole) are heated in toluene (50 mL, 
distilled from sodium) at 70" for 3 hours in a 100-mL flask carrying a reflux 
condenser. The resulting yellow-green solid is filtered using a Schlenk filter, 
washed with toluene (30 mL) and diethyl ether (30 mL), and dried torr, 
20"). Yield: 2.4 g, 89%; it is sufficiently pure for subsequent preparations. And. 
Calcd. for C26H24C14P2W; C,43.1; H, 3.3. Found: C,44.5; H, 3.6. 

The color of this product is indicative of its efficiency in the subsequent 
preparation of the dinitrogen complex. Occasionally a pale-yellow or a brown- 
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yellow product has been obtained; both have failed to yield the dinitrogen 
complex. 

Properties 

The yellow-green solid is only moderately air sensitive and is poorly soluble in 
organic solvents. 

C. PU~-BIS (DINITR0CEN)BIS [ ETHY LENEBIS (DIPHENYLPHOSPHINE)] 
TUNCSTEN(O), t~tn~-[W(N2)2 (Ph2PCHzCH2PPh2)z ] 

trans- [W(N2)2(Ph2PCH2CH2PPh2)2] 

Procedure 

Tetrachloroethylenebis(dipheny1phosphine) tungsten(1V) (3.4 g, 4.7 mmole), 
magnesium (215 g, 0.1 mole), and 1,2-bis(diphenylphosphino)ethane (2.1 g, 
5.3 mmole) are placed in a 250 mL Schlenk flask and pumped under vacuum 
(lo-' torr, 20") for 2 hours. The flask is then filled with nitrogen, tetrahydro- 
furan (100 mL) is added, and the mixture is stirred for 18 hours after which it 
is a very dark red-brown. If any yellow-orange precipitate forms, the solution is 
warmed to about 60" to dissolve it, then filtered, and concentrated in a vacuum 
to about 40 mL. Orange crystals of trans-bis(dinitr0gen)bis [ethylene(diphenyl- 
phosphine)] tungsten(0) deposit on cooling the solution (4") and are Schlenk 
filtered, washed with diethyl ether (2 X 30 mL), and dried in a vacuum 
torr, 20"). Yield: 3.5 g (72%). The compound may be recrystallized from tetra- 
hydrofuranldiethyl ether. Anal. Calcd. for C48HS2N4P4W; C, 60.2; H, 4.6; N, 
5.4. Found: C, 60.1; H, 4.7; N, 5.4. If the preparation is carried out on a larger 
scale the dinitrogen complex can be isolated by extraction as described above for 
mns- [Mo (N2 12 (dPPeI2 1 . 

Properties 

The complex is slightly air sensitive in the solid state but is quickly oxidized in 
solution by air. It is soluble in tetrahydrofuran, toluene, and benzene but reacts 
with chlorinated solvents.' It is insoluble in methanol and diethyl ether. Both a 
strong absorption at 1946 cm-' and a weak one at 2000 cm-' (Nujol) in its IR 
spectrum are assigned to  v(N2). 
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It reacts with acids to  give hydride complexes with or without retention of 
dinitrogen.2 The dinitrogen ligands may be replaced by such donor groups as 
isocyanides.’y2 Its reactions, under appropriate conditions, with acids or various 
organic halides give complexes of -N2R, N2HR, or N-N=CR2 ligands (R = 
H or organic group). ’ ’ 
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32. BIS[ 2,3BUTANEDIONE DIOXIMATO( 1-)I COBALT 
COMPLEXES 

Submitted by J. BULKOWSKI,* A. CUTLER,? D. DOLPHIN,* and R. B. SILVERMANS 
Checked by L. T. TAYLOR# and W. M. COLEMAN** 

Bis [2,3-butanedione dioximato(1-)] cobalt derivatives (cobaloximes(1)) appear 
in most respects to be good model systems for the cobalamins of the vitamin B12 
coenzyme.’ The central cobalt atom exhibits three “stable” oxidation states 
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I 

Co(I), Co(II), and Co(II1). The monovalent species, in analogy to Blzs, is a 
powerful nucleophile that undergoes Michael additions and nucleophilic dis- 
placements to give alkyl complexes with carbon directly bonded to cobalt(II1). 
Some cobaloximes can be prepared directly using 2,3-butanedione dioxime 
(dimethylglyoxime), and other reports detail alternative routes and emphasize 
some difficulties en~ountered.~ -' We have found, however, that more reproduci- 
ble procedures and more nearly pure products are obtained when a preformed 
cobaloxime is alkylated rather than obtaining the cobaloxime by a direct syn- 
thesis. Bromobis[2,Zbutanedione dioximato (1-)] (dimethyl sulfide)cobalt(III), 
prepared here by a modification of the procedure of Hill and Morallee: serves 
as a very useful starting material, since both axial ligands are readily exchanged 
and the material can be prepared in good yield and purity. The majority of 
cobaloximes reported in the literature have pyridine as a sixth axial ligand, but 
we have found that the commercially available 4-ferr-butylpyridine (4-ferf- 
bupy) is superior, since it decreases the solubility of the cobaloxime in water 
(which makes isolation of products easier) and increases the solubility of cobal- 
oxime in organic solvents. In addition, the rerf-butyl group serves as a useful 
nmr marker. 

In general, alkylation of a cobalt(1)-containing complex, prepared by NaBH4 
reduction of the cobalt(II1) complex, can be carried out in methanol.' However, 
when a powerfully electrophilic alkylating agent is used, both alkylation of the 
periphery of the macrocycle and reaction with the solvent methanol can prevent 
formation of any cobalt alkylation product. In these cases dimethylformamide 
can be used in place of methanol for the alkylation reaction. 

Neutral complexes are represented by x C ~ ( d h ) ~ B ,  where X is a formally nega- 
tive ligand (e.g., halide or alkyl carbanion), dh is the monoanion of dimethyl- 
glyoxime, and B is a neutral two electrondonor base. 

A. BROMOBIS[2,3-BUTANEDIONE DIOXIMATO(1-)I (DIMETHYL 
SULFIDE)COBALT(III) 

C O ( N O ~ ) ~ - ~ H ~ O  + 2[C(CH3)(NOH)] + NaBr + Me2S + 0.2502 _* 

BrC~(dh)~@le,S) + HN03 + NaN03 + 6.5H20 
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Procedure 

rn Caution. Dimethyl sulfde is volatile and both toxic and malodorous, and 
all operations involving its use, including unpacking and the opening of  con- 
tainers, should be conducted in an efficient hood. 
To a solution of 2,3-butanedione dioxime (23.2 g, 0.2 mole) in 500 mL of 

boiling 95% ethanol in a 2-L Erlenmeyer flask is added a solution of cobalt(I1) 
nitrate hexahydrate (29.0 g, 0.10 mole) in 500 mL of hot 95% ethanol. The 
red-brown solution is boiled on a hot plate for 5 minutes and then a solution of 
sodium bromide (15.8 g, 0.15 mole) in water (20 mL) is added. The brown 
solution is allowed to cool to 35'. Dimethyl sulfide (11 mL, 0.15 mole) is 
added, and the resulting solution is stirred vigorously for 8 hours with the flask 
open to the atmosphere. During the stirring a brown solid precipitates from 
solution. The solid is collected by suction filtration on a Biichner funnel and 
washed successively with 200-mL portions of water, ethanol, and diethyl ether. 
The fine, dark-brown crystals are air dried and dissolved in dichloromethane and 
the system is filtered. The filtrate is evaporated to give typically 20 g of product 
(yield is about 50%). Its purity, as it is isolated in the above procedure, is ade- 
quate for subsequent procedures of synthesis. The product can be purified 
further by recrystallization from dichloromethane-hexane. AnaL Calcd. for 
CIoHzoN4O4SBrCo: C, 27.85; H, 4.68; N, 12.99; Br, 18.53. Found: C, 27.61; 
H,4.59;N, 13.03;Br, 18.64. 

Properties 

Bromobis[2,3-butanedione dioximato( 1-)] (dimethyl sulfide)cobalt(III) is a 
brown, crystalline, air-stable solid soluble in organic solvents, such as dichloro- 
methane, chloroform, acetone, and tetrahydrofuran. It is considerably more 
soluble than the chloro analog. The dimethyl sulfide is readily replaced by other 
ligands having nitrogen, oxygen, and phosphorus donor atoms. Characteristic 
infrared absorptions of the cobalt-dimethylglyoxime macrocycle in solid KBr 
pellets occur at: 1760-1730 cm-' (vw), ~ o - H - 0 ~ ;  1550 cm-' (s), VC=N"'; 

The nmr absorptions unambiguously identify the stoichiometry of the mono- 
substituted bromo(dimethy1 sulfide) derivative. In CDClj, two singlets occur in 
a ratio of 2:l at ~CH, 2.48 ppm and ~ s ( ~ H , ) ,  1.52 ppm from tetramethyl- 
silane . 

1230 and 1090 cm-' (vs), U N - ~ ~ O ;  and 520 and 425 cm-' (m), VC-,-N(OH) 11 . 

Preparation of Related Compounds 

The procedure can be satisfactorily used to synthesize directly other base- 
substituted bromocobaloximes. Best results for the less volatile bases such as 
substituted pyridines are obtained by adding the base to the hot solution, sub- 
sequently cooling to room temperature, and bubbling air through the solution 
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for 1 hour. The precipitate is isolated and purified as described for the bromo- 
(dimethyl sulfide) compound. Preparation of derivatives of bases that are sensi- 
tive to  air and moisture, such as the alkyl phosphines, is best accomplished by 
starting with bromobis[2,3-butanedione dioximato( 1 -)I (dimethyl sulfide)- 
cobalt(II1) and converting by the procedure described for the formation of 
bromobis [2,3-butanedione dioximato( 1 -)] (4-tert-butylpyridine)cobalt(III). 

B. BROMOBIS[ 2,3-BUTANEDIONE DIOXIMATO( 1-)] - 
(4-tert-BUTYLPYRIDINE)COBALT(III) 

CoBr(dh)?MeZS + 4-t-Bu-CsH5N - C0Br(dh)~(4-rert-bupy) + MezS 

Procedure 

To a magnetically stirred solution of bromobis[2,3&utanedione dioximato(1-)]- 
(dimethyl sulfide)cobalt(III) (8.6 g, 0.02 mole) (see above) and dry dichloro- 
methane (100 mL) in a 500-mL round-bottomed flask is added 3.4 mL of 4-terf- 
butylpyridine (4-tert-bupy) (3.1 g, 0.02 mole). After the solution is stirred for 1 
hour, the solvent is removed under reduced pressure, keeping the temperature 
below 25". The resulting brown residue is triturated with diethyl ether, and the 
solid is collected by suction filtration and washed with additional diethyl ether. 
The brown powder is then stirred in 100 mL of water for 10 minutes, isolated 
by filtration, washed well with water, and air dried to  give 9.2 g of bromobis- 
[2,3-butanedione dioximato(1-)] (4-ter~-butylpyridine)cobalt(III) (yield is typi- 
cally 90%). Anal. Calcd. for C17HZ7BrN504Co: c, 40.49; H, 5.40; N, 13.89; 
Br, 15.85. Found: C, 40.51; H, 5.55; N, 14.06; Br, 16.00. 

Properties 

Bromobis[2,3-butanedione dioximato( 1-)] (4-tert-butylpyridine)cobalt(III) is a 
tan, microcrystalline solid with greatly enhanced solubility in organic solvents 
compared to  the chloro(pyridine) analogue. It is also the compound of choice in 
preparing alkylcobaloximes by the subsequent procedure because of the ease 
of isolation of the resultant products. In addition, the bromo (4-tert-bupy) spe- 
cies react directly with electron-rich olefins, such as ethyl vinyl ether, in the pres- 
ence of ethanol to yield, in this case, bis[2,3-butanedione dioximato(1-)]- 
(2,2-diethoxyethyl) (pyridine)~obalt(III).~* Conversion of the dimethyl sul- 
fide compound to  the pyridine derivatives is readily detected by a characteristic 
infrared absorption at 1600 cm-' (pyridine stretch). The 'H nmr spectrum of 
bromobis[2,3-butanedione dioximato (1-)] (4-tert-buty1pyridine)cobalt (111) has 
absorptions in the alkane region in the ratio of 3 : 4 at 6 1.25 ppm [Py-C(CH,),] 
and 6 2.43 ppm (dh-CI-l,) from tetramethylsilane. 
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Preparation of Related Compounds 

Conversion of bromobis[2,3-butanedione dioximato(1-)] (dimethyl sulfide)- 
cobalt(II1) to other basesubstituted cobaloximes is readily accomplished'by sub- 
stitution of an equivalent amount of the desired base for 4-tert-butylpyridine. If 
the base is air sensitive, as is the case for the trialkylphosphines, the reaction is 
carried out under a stream of nitrogen. Since the phosphine and phosphite 
derivatives tend to form the ionic derivatives, [COB, (dh),] *[Cox2 (dh),] -, the 
formation of the neutral complexes is favored by performing the reaction and 
evaporating the solvent at 0'. S m d  amounts of ionic impurities that might be 
formed are removed by extraction of the product with water. The 2,3-butane- 
dione dioxime methyl absorption of the phosphine analogs are doublets with a 
Jp+, of about 2 Hz that is centered at 6 2.35 ppm from tetramethylsilane (in 
CDCIJ) for the bromobis[2,3-butanedione dioximato(1-)] (tributy1phosphine)- 
cobalt(II1). 

C. BIS[2,3-BUTANEDIONE DIOXIMATO( 1-)] (4-ferf-BUTYLPYR1DINE)- 
(2-ETHOXYETHYL)COBALT(III) 

IH -I 
CH ,OH 

BrCo(dh),(4-rerr-bupy) + EtOCH,CH,Br 

(EtOCH,CH,)Co(dh), (4-rerr-bupy) t 2Br- 

Procedure 

A suspension of bromobis[2,3-butanedione dioximato( 1-)] (4-rerr-butylpyri- 
dine)cobalt(III) (2.5 g, 5.0 mmole) (see above) in 20 mL of methanol in a 
100 mL, three-necked flask is vigorously stirred under an Nz purge for 10 min- 
utes. While it is stirred and purged with N2, solid sodium tetrahydroborate (0.5 
g, 13 mmole) is gradually added in about 0.1-g portions. Upon addition of the 
sodium tetrahydroborate, the solution becomes warm, shows considerable effer- 
vescence due to hydrogen evolution, and becomes homogeneous. The develop- 
ment of the dark blue-black color is characteristic of the reduced Co(1) species. 
Then 2-bromoethyl ethyl ether (0.56 mL, 5 .O mmole) is added and the solution 
turns red-brown, indicating the presence. of the alkylcobalt(II1) species. The reac- 
tion mixture is then stirred for 15 minutes. To obtain maximum yields, another 
0.25 g of solid sodium tetrahydroborate is added, followed by addition of an 
extra 0.25 mL of 2-bromoethyl ethyl ether. The reaction mixture is stirred for 
another 10 minutes. Further additions of sodium tetrahydroborate and 2-bromo- 
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ethyl ethyl ether as described above, are continued until no noticeable darken- 
ing of the solution is observed upon addition of a small quantity of the reducing 
agent. The reaction mixture is then poured into 50 mL of distilled water con- 
taining 10-15 g of ice. An orange-yellow solid precipitates almost immediately. 
It is collected by suction filtration, washed well with distilled water, and finally 
air dried to give typically 1.9 g of product (yields are about 60%). The alkyl- 
cobaloxime can be purified by recrystallization from hot dichloromethane by 
adding hexane until the cloud point and subsequent cooling. Chromatographi- 
cally pure compound can be obtained by elution of the (4-tert-buty1pyridine)- 
(2-ethoxyethy1)cobaloxime on a silica gel column using 5% methanol-benzene. 
Anal. Calcd. for C21H36N505C~: C, 50.70;H, 7.29;N, 14.09. Found: C, 51.02; 
H, 7.27;N, 14.1 1. 

Properties 

Bis[2,3-butanedione dioximato( 1 -)] (4 -tert-butylpyridine) (2-ethoxyethyl) cobalt- 
(111) is an air-stable, yellowaange crystalline solid. The properties are similar 
to those of other alkylcobaloximes previously reported. Chromatographically 
pure compound can be obtained by elution of the (4-tert-buty1pyridine)- 
(2-ethoxyethyl) complex on a silica gel column using 5% methanol-benzene or on 
an alumina column with 2% methanol-dichloromethane. The 'H nmr spectrum 
in CDC13 in the alkyl region is consistent with the proposed product having the 
following absorptions in the appropriate intensity ratios: 6 1.09 ppm (triplet, 
-CH2C€I3), 6 1.28 ppm (singlet, Py-C(CH_3)3), 6 1.60 ppm (multiplet, 
CoCaCH,), 6 2.12 ppm (singlet, dh-CH3), 6 3.10 ppm(multiplet, CoCH2CH2), 
6 3 3 2  ppm (quartet, -0 CH2CH3) from tetramethylsilane. 

D. BlS[ 2,S-BUTANEDIONE DIOXIMATO( 1 -)] (4-tert-BUTYLPYRIDINE) 
(ETHOXYMETHYL)COBALT(III) 

IH-1 
BrCo(dh),(4-tert-bupy) t EtOCH2Cl --& 

(EtOCH2)Co(dh)2(4-tert-bupy) t Br- t C1- 

Procedure 

Caution. The sodium tetrahydrobomte should be added slow& to prevent 
foaming of the reaction mixture from the reaction vessel. Alkyl chloromethyl 
ethers are potent carcinogenst3 and shouM be handled and disposed of with 
appropriate precautions. 
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A three-necked, 125-mL, round-bottomed flask fitted with a nitrogen inlet 
valve and a magnetic stirring bar is flamed and cooled under a gentle flow of 
nitrogen. A positive nitrogen atmosphere is maintained throughout the follow- 
ing alkylation procedure. Bromobis[2,3-butanedione dioximato(1-)] (4-terf- 
butylpyridine)cobalt(III) (1 .OO g, 2.0 mmole) (see above) and dimethyl- 
formamide (35 mL, purged with nitrogen and dried over 5A molecular sieves) 
are placed in the flask to  give a yellowish-brown solution that is cooled to - 12" 
(saltlice bath). Sodium tetrahydroborate (0.076 g, 2.0 mmole) is added with 
5 mL. of DMF to give a dark-green solution (gas evolution). After 5 minutes, 
chloromethyl ethyl ether (0.40 mL, about 4.0 mmole) is added and the stirred 
mixture is warmed to room temperature. Dilution of the green solution with 
water (500 mL) gives a yellow-brown solution that is extracted with dichloro- 
methane (4 X 50 mL). The combined organic layers are then washed with water 
(3 X 150 mL), 5% sodium hydroxide (2 X 25 mL), and saturated sodium chlor- 
ide solution (2 X 50 mL) and dried over sodium sulfate. After filtration, hexane 
is added to the filtrate until the solution just becomes cloudy. The mixture is 
then reduced to half its volume, and the resulting yellow crystals (0.27 g, 29%) 
are collected by filtration. An analytical sample may be prepared by recrystal- 
lization from dichloromethane/hexane. Anal Calcd. for CZOHMNS O5 Co: C, 
49.69 H, 7.09;N, 14.49. Found: C, 49.72;HY 7.1 1;N, 14.56. 

Properties 

Bis[2,3-butanedione dioximato( 1 -)] (4-ferf-butylpyridine)(ethoxymethyl)cobalt- 
(111) is an air-stable, yellow-orange crystalline solid with properties similar to 
those of the other alkylcobaloximes described above. The 'H nmr spectrum in 
CDCl, shows 6 1.00 ppm (t ,  O-CH2-m3); 6 1.28 ppm (s, PyC(CH,),); 
S 2.10 ppn (singlet, dh-CH,); S 3.27 ppm (quartet, O-CHz-CH3); S 4.30 
ppm (s, Co-m-0) .  

Preparation of Related Compounds 

Other alkyl(4-ferf-buty1pyridine)cobaloximes are readily synthesized using 
th is  procedure. Derivatives where the alkyl moiety is -CH3, -CH2CH3, 

CH~CHJ,  and -CH2Si(CH3), are isolated in about 50% yield when the alkyl 
bromide is used as the source of the alkyl group. If the chloroalkyl analogs are 
employed in the reaction, the yields, in general, are poor. Sometimes it is neces- 
sary to reflux the reaction mixture before product workup. I t  should be noted 
also that the bromobis[2,3-butanedione dioximato(1-)] (dimethyl sulfide) 
cobalt(II1) is not readily converted to  the corresponding alkyl derivative by this 

-CH20CH2CHjy -CH,CH2OCH3 , -CH~CH(OCHJ)~ , -CH2CH2OC(O)- 
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procedure. The phosphine-substituted cobaloximes generally react sluggishly, 
even with the alkyl bromides, but may be satisfactorily employed in this method 
if the reaction mixture is made alkaline by addition of a small quantity of aque- 
ous NaOH or by gentle heating at reflux before carrying out the isolation step. 
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33. COBALAMINS AND COBINAMIDES 

Submitted by D. DOLPHIN,* D. J. HALKO,. and R. B. SILVERMAN? 
Checked by H. P. C. HOGENKAMPS and D. L. ANTONS 

Methylcobalamin (I, R = -CH,) and the vitamin B12 coenzyme (I, R = 5’- 
deoxyadenosyl) are the only known naturally occurring organometaUic com- 
pounds. Both are derivatives of vitamin B12 (cyanocobalamin, I, R = -CN) and 
both can be synthesized from B12 but are best prepared from hydroxocobalamin. 
These and numerous other derivatives of B12 containing a cobalt-carbon bond 
are known, and provided the cobalt is bonded to a primary carbon atom the 
complexes are thermally very stable, but always photochemically labile as a 
result of homolytic cleavage of the cobalt-carbon bond. 

*Department of Chemistry, The University of British Columbia, Vancouver, B.C., Canada 

?Department of Chemistry, Northwestern University, Evanston, IL 60201. 
$Department of Biochemistry, Medical School, University of Minnesota, Minneapolis, MN 

V6T 1 W5. 
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0 

Two principal methods for formation of the cobalt-carbon bond are used.' 
The first involves alkylation of B12S (where the cobalt 3t of B12 has been re- 
duced to Co(l+)) with a primary alkyl halide, or tosylate, or Michael addition of 
Blzs,  to an alkyne or activated alkene. While a wide variety of reducing agents 
will bring about the twoelectron reduction of B12 to BIZS, sodium tetrahydro- 
borate is recommended for simplicity and reproducibility. However, reduction 
of the commercially available cyanocobalamin may in some cases present prob- 
lems when the cyanide displaces the alkyl from the cobalamin during work-up. 
This problem is readily overcome by using hydroxocobalamin (I, R = -OH) that 
is prepared from cyanocobalamin by way of methylcobalamin. 

A second method for the formation of a cobalt-carbon bond directly from the 
co(3+) oxidation level involves the reaction of hydroxocobalamin with an enol 
ether,2 and typical examples showing both routes are given here. 

For most inorganic chemists the peripheral groups of the cobalamins, which 
play important roles in the enzymology of the natural systems, only add to the 
overall complexity of the molecule, as well as impose severe restrictions on their 
solubility, polarity, and volatility. All these properties can be dramatically 
modified by converting vitamin B12 into dicyanocobyrinic acid heptamethyl 
ester (11, R = R' = -CN), which is exceedingly soluble in most organic solvents 
(compared to  B12 which has a low solubility only in very polar solvent such as 
water, DMF, and DMSO) and is sufficiently volatile that, with care, useful mass 
spectra can be obtained using a direct insertion probe. Like B12 and the cobalox- 
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imes this dicyanocobyrinic acid heptamethyl ester can be reduced to the Co(1t) 
stage and alkylated with alkyl halides.* 

A. METHYLCOBALAMIN 

NaBH, 
cyanocobalamin (I, R = -CN) t 

CHJ 
[BlZSl methylcobalamin (I, R = -CH3) 

Procedure 

A solution of cyanocobalamin (500 mg) (available from Merck) and cobalt 
nitrate (2 mg) in water (40 mL) is placed in a 1OO-mL Erlenmeyer flask closed 
with a serum cap. The solution is deoxygenated with argon, and then sodium 
tetrahydroborate (100 mg) in water (5  mL) is slowly added to the magnetically 
stirred solution. The deep-red color of BIZ immediately changes to the brown 
color of Blz,(Co(2t)) and then more slowly (about 10 min) to  the blue-green? 
color of Blzs. Iodomethane (1.0 g) is added in one portion and the mixture 
immediately turns orange-red. Frequently, reduction to BlZs is not complete; 
nonetheless the iodomethane should be added after 10 minutes, since it inter- 
cepts Biz, as soon as it is formed, which drives the reaction to  completion. Since 
alkylcobalamines are light sensitive in solution, all subsequent manipulations 
should be carried out in a low light intensity and all solutions should be shielded 
with aluminum foil. 

The solution is brought to pH 7.0 with dilute HCl, to destroy excess tetra- 
hydroborate, and methylcobalamin is desalted by extraction through phenol as 

*The authors are grateful to Merck and Co.. Inc., Rahway, NJ, for a generous gift of 
cy anocobalamin. 

t ln artificial light the color may appear red-purple. 
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follows. (m Caution. Phenol and solutions of phenol in dichloromethane are 
extremely corrosive and great care shouM be taken especially while working in 
dim light.) The aqueous solution is extracted with 90% aqueous phenol (10 
mL). The aqueous layer is extracted with additional aliquots of aqueous phenol 
(10 mL) until no color remains in the aqueous phase.* The combined phenolic 
extracts are washed with distilled water (2 X 10 mL), after which the organic 
layer is diluted to 10 times its original volume with dichloromethane. Methyl- 
cobalamin is then extracted from the organic layer with 15-mL portions of dis- 
tilled water until most of the color is removed from the organic layer. The com- 
bined aqueous extracts are then washed with dichloromethane (5  X 100 mL). 
The solution of methylcobalamin is reduced in volume to about 5 mL. At t h i s  
stage the methylcobalamin is pure enough for most purposes and may be crystal- 
lized (see below). However, during reduction to  Blzs some irreversible reduction 
of the corrin chromophore occurs and this reduction product may be removed 
by chromatography on carboxymethyl cellulose (CMC). 

A column (50 X 3 cm) is packed with an aqueous slurry of CMC.? The CMC is 
washed with 0.1 N HCl(20 mL) and then with distilled water until the washings 
are neutral. The concentrated solution of methylcobalamin is applied to the 
column, which is then eluted with distilled water. A small first fraction may 
run ahead of the main band of the product and it should be discarded. All the 
methylcobalamin is then eluted by water, leaving on the column a tightly bound 
orange impurity. The methylcobalamin fraction is concentrated to a volume 
corresponding to 15-25 mg/mL on the rotatory evaporator (bath temp <a") 
and diluted with approximately 7 volumes of acetone when the mixture just 
becomes turbid. Upon standing overnight the mixture deposits large bright-red 
crystals of methylcobalamin, which are collected by filtration, washed with 
acetone, and air dried to yield 430 mg (85%). Combustion analyses on methyl- 
cobalamin or any other cobalamins never give satisfactory results, and the purity 
of the product should be checked by optical and chromatographic techniques.' 
X::(E): 316(12,700), 343 (13,500), 376(11,400),524 (8700)nm. 

Properties 

Methylcobalamin is a red crystalline solid that is stable in the solid state under 
ambient conditions. In solution, methylcobalamin is very light sensitive, under- 
going homolytic cleavage of the cobalt carbon bond. In dilute acid, protonation 
of the axial benzimidazole group causes a dramatic change in color from red to 

*Occasionally, emulsions may form. This can be minimized by not shaking the mixture 
too vigorously, by using phenol/dichloromethane for the extractions as described in Ref- 
erence 1 ,  or by breaking the emulsion by centrifugation. 

tThe checkers preferred to use Dowex 50 ion exchange resin in place of CMC, and 
elute with 0.10 M sodium acetate. pH 6.5. 
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yellow that can be used to assay its purity. Similarly, photolysis in the pres- 
ence of cyanide gives cyano- or dicyanocobalamin, which can again be used 
analytically. Methylcobalamin is soluble in water and DMSO, less soluble in 
DMF, acetic acid, and ethanol, and insoluble in most other organic solvents. 
The preparation of Blzs and its alkylation by both S N ~  reactions and Michael 
addition to give alkyl-, vinyl-, and ethynyl-cobalamins have been thoroughly 
reviewed.' 

B. HYDROXOCOBALAMIN 

light 

**O 
Methylcobalamin - Hydroxocobalamin 

A solution of methylcobalamin (850 mg) in water (250 mL) is placed in direct 
sunlight (or any other source of visible light such as a 200 W tungsten light bulb) 
until all the methylcobalamin has been photolyzed. Photolysis is complete 
when the optical spectrum of an aliquot, diluted in water so that its spectrum 
can be measured in a l c m  cuvette, does not change upon photolysis for a 
further 5 minutes in the cuvette. The solution is concentrated on a rotatory 
evaporator (bath temp <70°) to a volume corresponding to  15-25 mg/mL, and 
acetone (7X) is added, at which stage the mixture just becomes turbid. After 2 
days, shining burgundy crystals (650 mg) are collected by filtration, washed with 
acetone, and air dried. The combined filtrates are reduced in volume to  about 
1 mL and brought to the cloud point with acetone to give, upon standing, a 
second crop of 60 mg, giving a total yield of 710 mg (84%). A~:(E): 357 
(17,500), 513 (7200), 538 (7670) nm. 

Properties 

Hydroxocobalamin is a deep-red crystalline solid that is stable both in the solid 
state and in solution at ambient conditions. It is readily soluble in water and 
dimethyl sulfoxide, less soluble in dimethylformamide, ethanol, and acetic acid, 
and insoluble in most other organic solvents. Its purity may be checked by 
optical and chromatographic techniques.' Treatment of hydroxocobalamin with 
a variety of negatively charged halide and pseudohalide ligands gives the corre- 
sponding cobalamins. 

C. (2,ZDIETHOXYETHYL)COBALAMIN [I, R = -CH2CH(OEt)2 ] 

H 2C =CH(OEt) 

EtOH 
H ydroxocobalamin (2,2diethoxyethyl) cobalamin 
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Procedure 

To a deaerated solution of hydroxocobalamin (25 mg, 1.8 X lo-' mole) in abso- 
lute ethanol (4 mL) in a 10-mL Erlenmeyer flask covered with a serum cap is 
added triethylamine (1 drop, purfied by distillation from 1 -naphthyl isocyanate) 
followed by ethyl vinyl ether (0.16 mL, 1.5 X mole). The red solution is 
allowed to stand in the dark under nitrogen until the reaction is complete 
(about 3 days). The reaction is followed by observing the decrease in the optical 
absorption at 357 nm. Fibrous red needles of the product that crystallize 
from solution are collected by filtration, washed with a minimum of acetone, 
and air dried to  give20mg (80%). h~&0-KFo3)(~): 263 (21,600), 281 (19,900), 
288 (sh) (18,000), 323 (12,900), 338 (13,600), 373 (11,400),432 (sh) (4640), 
490 (sh) (6610), 525 (8420) nm. 

Properties 

Recrystallization from water/acetone (even at a basic pH) causes some hydroly- 
sis of the acetal. (2,2-Diethoxyethyl)cobalamin, like all alkyl cobalamins, is light 
sensitive in solution; in addition, and unlike most other alkylcobalamins, it is 
acid sensitive, decomposing to both (formylmethy1)cobalamin and aqua- 
cobalamh2 The formation of other alkylcobalamins and cobaloximes by reac- 
tion with enol ethers has been described.2 

D. DICYANOCOBYRINIC ACID HEPTAMETHYL ESTER3 
(11, R = R' = -CN) 

Vitamin B12 (I) 
(1) CH,OH/H,SO, 

(2) 2CN- 
+ heptamethyl dicyanocobyrinate 

Procedure 

The reaction is carried out in a 2-L, three-necked, round-bottomed flask fitted 
with a nitrogen-inlet tube, condenser, magnetic stirring bar, and stopper. Boiling 
chips and 500 mL of absolute methanol are added to the flask, which is flushed 
with nitrogen for $ hour before cyanocobalamin (6.77 g) is added (avail- 
able from Merck). To this solution 300 mL of methanolic H2SO4* is added with 
stirring. The red solution is refluxed under nitrogen for 5 days. After the reac- 
tion mixture is cooled, the volume is reduced to 150 mL on a rotary evaporator 
and poured into 1 L of icecold distilled water. After neutralization with 

*Prepared by slowly adding 50 mL of concentrated HzSO4 to 250 mL of absolute meth- 
anol and outgassing with nitrogen for f hour just prior to use. 
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Fig. 1 .  Optical absorption spectra in CH2 Cl2, of (- - -) dicyano, (- * - *) 
cyanoaquo, and (-) methylaquo. 

NaHC03, KCN (4.0 g) dissolved in water (15 mL) is added with stirring. Upon 
addition of KCN, the red solution turns purple with the formation of a purple 
precipitate. This mixture is first extracted with CC4 (4 X 200 mL) and then 
with CH2C12 (3 X 200 mL). The CH2C12 extracts are combined and taken to 
dryness on a rotary evaporator. This solid is saved and can be added to cyano- 
cobalamin if the esterification reaction is repeated. After the CC14 is stripped on 
a rotary evaporator, the solid obtained from the combined CC4 extracts is 
dried under reduced pressure, dissolved in benzene (200 mL) and partitioned 
against 300 mL of saturated KC1/0.1% KCN. The benzene layer is filtered 
through 60 g of anhydrous Na2S04, evaporated to dryness on a rotary evapor- 
ator, and dried overnight under vacuum. The solid is dissolved in benzene 
(100 mL) in a 250-mL Erlenmeyer flask and hexane is slowly added with stirring 
to precipitate the product. The flask is stoppered and set aside for 1 day. The 
dark-purple solid is filtered, washed with hexane, and dried in vucuo. Yield: 
3.98 g (73%). Anal. Calcd. for C54H73N6014C~: Co, 5.42, C, 59.56; H, 6.71; 
N, 7.72. Found: Co,5.38;C, 59.84;H,6.80;N, 7.50. 

Properties 

Dicyanocobyrinic acid heptamethyl ester is soluble in benzene, chloroform, and 
dichloromethane, and most other organic solvents. (ex  588 (1.20), 

and 277 (1.23) nm (see Fig. 1). The seven ester methyl groups appear as singlets 
from 3.76 to 3.63 ppm in the H nmr spectrum (CDC13, tetramethylsilane in- 
ternal standard). 

549 (0.928), 515d (0.535), 420 (0.301), 371 (3.15), 353& (1.44), 313 (0.990) 
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E. AQUACYANOCOBYRINIC ACID HEPTAMETHYL ESTER 
PERCHLORATE 

HCIO,/H,O 
(cN)z Cby (OMe), (CN)(Hz 0)Cby (OMe),C104 

Procedure* 

The dichloromethane (50 mL) solution of dicyanocobyrinic acid heptamethyl 
ester (500 mg) is placed in a 250-ml separatory funnel, and 30 mL of 30% HC104 
is added. (= Caution. Perchlomtes are explosive!) The mixture is shaken until 
the solution changes from purple to orange. The organic phase is separated from 
the aqueous phase and washed with water (2 X 25 mL). The dichloromethane is 
stripped on a rotary evaporator, yielding a dark-red solid. Yield: 90%. Anal. 
Calcd. for C53H75N5Q9 ClCo: Co, 5.00; C, 53.94; H, 6.36; N, 5.94; C1, 3.01. 
Found:Co,4.61;C,53.26;H,6.ll;N,6.ll;C1,2.89. 

Properties 

This perchlorate derivative is soluble in methanol, dichloromethane, and chloro- 
form. hE%c''(~X 520& (6.81), 487 (796), 400& (6.56), 354 (21.7), 
322 (13.4), and 272 (12.9) nm (see Fig. 1). 

F. AQUAMETHYLCOBYRINIC ACID HEPTAMETHYL ESTER 
PERCHLOROATE 

( 1  ) NaBH, 
(CN)(€Iz O)Cby(OMe),C1O4 - aq(Me)Cby(OMe),C104 

(2) CHs 1 

Procedure 

A solution of aquacyanocobyrinic acid heptamethyl ester perchlorate (5 15 mg) 
in absolute methanol (60 mL) is added to a 250-mL, three-necked, round- 
bottomed flask fitted with a nitrogen-inlet tube, a side arm containing NaBH4 
(160 mg), a serum cap, and a magnetic stirring bar. To this solution is added 
C O ( N O ~ ) ~ - ~ H ~ O  ( 5  mg) to catalyze the tetrahydroborate reduction. After 
nitrogen is bubbled through the solution for 45 minutes with stirring, the NaBH4 

*This procedure has been reported by Guschl and Brown; however, the product was not 
isolated or characterized. R. J. Guschl and T. L. Brown,fnorg. Chern. 12,2815 (1973). 
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is added by turning the sidearm.* After 3-4 minutes, oxygen-free iodomethane 
(1.5 mL)? is added through the serum cap with a hypodermic syringe. The 
solution immediately turns from green to red.$ From this point, the solution 
should be protected from light since the cobalt-carbon bond is readily cleaved 
by light. After the reaction is allowed to go to completion (10 min.), the solu- 
tion is poured into 75 mL of 5% aqueous NaC104/3% HC104 in a 500-mL 
separatory funnel. The product is then extracted with dichloromethane (60 mL). 
The red dichloromethane solution is separated from the colorless aqueous phase 
and evaporated to dryness on a rotary evaporator. Yield: 95%. Anal. Calcd. for 
C53H78N4019C1C~: C, 54.43; H, 6.72; N, 4.79. Found: C, 55.64; H, 6.77; N. 
5.29. 

Properties 

Heptamethyl aquamethylcobyrinate is obtained as a dark-red solid, solutions of 
which should be protected from light. Photolysis leads to homolytic cleavage of 
the cobalt-carbon bond, yielding the Co(II1) complex in the presence of oxygen. 
AE%c’z(e X 454 (0.948), 374 (0.876), 350 (0.964),328& (1.47),317& 
(1.90), 303 (2.29), and 266 (2.15) nm (see Fig. 1). The seven ester methyl 
groups appear between 3.52 and 3.72 ppm and the cobalt-bound methyl appears 
at -0.24 ppm in the ‘H nmr spectrum (CHC13 solution, tetramethylsilane 
external standard). 

References and Notes 

1. D. Dolphin, Methods Enzymol., 18C, 34 (1971). 
2. R. B. Silverman and D. Dolphin, J. Am. Chem. Soc., 98,4626 (1976). 
3. The procedure reported here was developed at Harvard (D.D.), was greatly improved 

upon by R. B. Woodward and his collaborators, and fmally was modified to give that 
form presented here. 

*Vigorous gas evolution occurs a t  this point, so it is necessary to have a sufficiently large 
nitrogen exit to avoid a pressure buildup in the reaction flask. 

?Oxygen-free iodomethane is prepared in a two-necked, round-bottomed flask fitted with 
a nitrogen inlet-outlet tube and serum stopper. Nitrogen is bubbled through the iodo- 
methane prior to use. 

$A green color [Co(l)] is not always obtained after reduction. A purplish-brown color 
sometimes results and is probably due to appreciable amounts of Co(I1). These solutions 
s t i l l  yield the desired product. 
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34. METALLOPORPHINES 

Submitted by E. C. JOHNSON* and D. DOLPHIN* 
Checked by M. A. CUSHING, JR.+ and S. D. ITTELt 

Essentially all metals and metalloids can be coordinated to porphines,' but un- 
like the phthalocyanins, where a template reaction can frequently be employed 
to give the metallo complex, preformed macrocyclic porphines themselves must 
be metalated. Adler et al. have recently described a method that is general for 
the preparation of many metalloporphines' ; there are, however, some systems 
that can neither be metalated using dimethylformamide, or other high boiling 
basic solvents, nor give quantitative metalation and so require special purifica- 
tion procedures. Complexes in this category are the nickel and vanadyl deriva- 
tives of 5 , lO715,20-tetraphenyl-2 lH,23H-porphine (meso-tetraphenylporphyrin, 
H'tpp)' and magnesium complexes, in which case other methods for metahtion 
must be employed. 

A. [ 5,10,15,2O-TETRAPHENYL21H,23H-PORPHINATO (2-)] - 
NICKEL(I1) 

P- ?,\ 24 

The free base 5,10,15,20-tetraphenyl-2 IH,23H-porphine (H2 tpp) may be 
prepared from pyrrole and ben~aldehyde~ or purchased from Strem Chemicals, 
P.O. Box 108, Newbury Port, MA 01950 or Aldrich Chemical Co., 940 St. Paul 
Ave., Milwaukee, WI 53233. The material should be chlorin free, which can be 
effected either by dry column chromatography using alumina and chloroform 
or by oxidation of the chlorin to porphyrin using 2,3-dichloro-5,6-dicyano- 

*Department of Chemistry, The University of British Columbia, Vancouver, B.C. Canada 

tCentral Research and Development Department, Experimental Station, E. I. duPont 
V6T 1W5. 

de Nemours and Co., Inc., Wilmington, DE 19898. 
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benzoquinone .’ The purity of the tetraphenylporphine may be determined 
spectroscopically .’ 

Procedure 

Tetraphenylporphine (1 g, 1.63 mmole) is dissolved in a minimum volume of 
trifluoroacetic acid (about 15 mL) and the solution is added to glacial acetic 
acid (200 mL) that has been heated at reflux in a 500-mL, round-bottomed 
flask. Nickel diacetate tetrahydrate (2 g, 8.0 mmole) is dissolved in a minimum 
of hot acetic acid and the resulting solution is added dropwise over a period of 
5 minutes to the refluxing tetraphenylporphine solution. The mixture is allowed 
to heat at reflux for a further hour, and the hot solution is then fdtered. The 
product is washed with boiling acetic acid until the filtrate is colorless and then 
further washed with water (3 X 25 mL) and methanol (3 X 25 mL). The purple 
crystalline product is dried in vacuum to give 1.05 g (96%). And.  Calcd. for 
C44H28N4Ni: C, 78.71; H, 4.20; N, 834. Found: C, 79.05; H, 432; N, 8.22. 

Properties 

The Ni(tpp) prepared by this method is of analytical purity. It is slightly 
soluble in CHCIB, CH2Clz, and ligating solvents, such as pyridine. It is insoluble 
in acetic acid, water, and alcohols. The material is indefinitely stable in the solid 
state and is stable in solution when protected from the light. The electronic 
absorption spectrum in dichloromethane shows maxima at 413 and 527 nm with 
molar absorptivities of 275,750 and 18,450, respectively. 

B. OXO[ S,lO,lS ,20-TETRAPHENYL-21H,23H-PORPHINATO(2-)] - 
VANADIUM(IV) 

9 
vo+ + \II / - 

N’ ‘N ’ 9 
\ ‘  / / 

9 

Procedure 

Chlorin-free Hztpp (see above) (2.00 g, 3.26 mmole) is dissolved in refluxing 
dimethylformamide (DMF) (400 mL), and a solution of vanadyl sulfate (4.0 g, 
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2.5 mmole, dissolved in a minimum of hot water) is added dropwise, over a 
period of 10 minutes, to the tetraphenylporphine solution. Waters of solvation 
are removed by distilling off half the original solvent and then adding an addi- 
tional 200 mL of DMF. The mixture is heated at reflux for an additional 7 hours 
or until the metal insertion is almost complete, as indicated by the appearance of 
the metalloporphine bands at 423 and 548 nm and the near absence of the 
Hztpp bands at 417,480,512,547,588, and 646 nm. It should be noted that 
even upon the addition of more VOS04 and continued heating at reflw, metala- 
tion is never complete. The solution is cooled to room temperature and an 
equal volume of water is added. The precipitate is collected by filtration and 
washed with water (3 X 25 mL) and methanol (3 X 25 mL). The violet crystals 
are then continuously extracted with refluxing trifluoroacetic acid (TFA) through 
a sintered-glass frit of medium porosity to remove any unreacted H2tpp. The 
remaining solid is again washed with water (3 X 25 mL) and methanol (3 X 25 
mL) and dried for 24 hours in vacuum at 100" to give VO(tpp).CH,OH. Yield: 
1.01 g (46%). Anal. Calcd. for C45H32N402V; C, 75.94; H, 4.53; N,  7.87. 
Found: C, 76.13; H, 4.43;NY 7.88. 

A second crop can be recovered from the combined filtrates and washings of 
the TFA extraction by cooling in an ice bath for several hours and collecting 
the precipitate by filtration. This can increase the yield by 15%. Drying at 200" 
under high vacuum for 24 hours does not remove the methanol. 

Properties 

VO(tpp)-CH30H, is slightly soluble in CHCl, and CH2C12, less soluble in 
pyridine, and insoluble in water and alcohols. The material is stable in the solid 
state and stable in solution when protected from the light. The electronic 
spectrum contains bands at 423,508,547, and 581 run with molar absorptivities 
of 50,100, 4900, 22,500 and 4160, respectively. 

C. [ 2,3,7,8,12,13,17 , 18-OCTAETHYL21 HY23H-PORPHINATO (2-)] - 
MAGNESIUM 01) 
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Procedure 

Octaethylporphine (Hzoep) can be prepared by either of two recently published 
procedures6" or purchased from Strem Chemicals, P.O. Box 108, Newbury 
Port, MA 01950. Octaethylporphine (1.1 g, 1.9 mmole) is suspended in dry 
toluene (200 mL) under nitrogen in a predried 500-mL, round-bottomed flask 
fitted with a condenser and nitrogen bubbler. Bromoethyhagnesium solution 
(1 5 mL of an approximately 3 M solution) is added in one portion and the mix- 
ture is heated at reflux for 1 hour. Essentially all Grignard reagents, either com- 
mercial or prepared by various literature procedures, may be used. The checkers 
used bromomethylmagnesium with equal success. We have found, however, that 
bromophenylmagnesium and its homologs may give problems (when coupling 
to biphenyl occurs). After an hour, an additional 15 mL of the Grignard reagent 
solution is added and the mixture is refluxed for another hour. The mixture is 
then cooled to room temperature and saturated aqueous ammonium chloride 
(200 mL) is added. The remainder of the preparation can be carried out in air. 
After it is gently shaken, the mixture is separated, and the organic layer is 
washed with water (2 X 100 mL) and dried over anhydrous sodium sulfate (the 
use of anhydrous magnesium sulfate at this stage causes considerable demetala- 
tion). The mixture is filtered and the residue is washed with a little dry toluene. 
The combined ftltrates are washed and taken to dryness, at room temperature, 
on a rotary evaporator. The residue is dissolved in dichloromethane (50 mL) 
(chloroform cannot be used since the traces of HCl it contains cause immediate 
demetalation). The mixture is boiled under efficient magnetic stirring and the 
volume is maintained by the addition of dry petroleum ether (bp 30-60"). #en 
all the dichloromethane has been replaced by hydrocarbons, the mixture is al- 
lowed to stand at room temperature overnight. The product is collected by 
filtration, washed with petroleum ether, and dried in vacuum. Yield: 500 mg 
(48%). Anal Calcd. for C36H46N4Mg; C, 78.19; H, 7.24; N, 10.13. Found: C, 
77.90; H, 7.40; N, 10.21. 

It is our experience that attempts to recover more Mg(oep) from the filtrate 
is a fruitless task and that it is better to recover the octaethylporphine as the free 
base by the following method. The filtrate is treated with an equal volume of 
chloroform and washed with 5 N HCl (2 X 50 mL) and water (50 mL). The 
organic layer is dried over magnesium sulfate and filtered and the filtrate is taken 
to dryness. The residue is recrystallized from toluene to give Hzoep (500 mg). 

Properties 

[Octaethylporphinato(2-)] magnesium is readily demetalated by traces of acid. It 
is very soluble in dichloromethane and benzene but demetalates in chloroform. 
The solid is indefrnitely stable and solutions are stable when protected from light 
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and acid. The electronic spectrum has absorptions at 407,542, and 579 nm with 
molar absorptivities of 375,350, 14,782, and 13,313, respectively (dichloro- 
methane solution). All porphines may be metalated in the above manner unless 
their peripheral groups are reactive towards Grignard reagents. In such cases a 
new method, developed by Isenring et aL8 for the insertion of magnesium, may 
be used. 
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35. IRON PORPHINES 

Submitted by C. K. CHANG,* R. K. DiNELLO,? and D. DOLPHlNt 
Checked by A. B. P. LEVERS and B. S. RAMASWAMYS 

Iron porphines constitute the active site of hemoproteins and as such are among 
the most important and most widely studied series of metal complexes. The 
syntheses of iron protoporphyrin (heme) and its derivatives are important for 
the reconstitution of hemoproteins (particularly when one wishes to incorporate 
"Fe for Mossbauer studies), as well as for model studies. In addition to the 
naturally occurring porphyrins, iron complexes of both 5,10,15,20-tetraphenyl- 
2 lH,23H-porphine (Hz tpp) and octaethyl-2 lH,23H-porphine (H'oep) are 
widely used in model studies of the natural systems. 

General procedures for the metalation of porphyrins have been reviewed,'.' 
but the most commonly employed method for the insertion of iron into the por- 
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phyrin macrocycle are those using iron(I1) sulfate in acetic acid3 and, more 
recently, refluxing dimethylformamide (DMF) as solvent? While these two 
methods are applicable to a wide variety of porphyrins, there are other varia- 
tions suitable for special applications. In addition, working with the water- 
soluble, naturally occurring dicarboxylic acid porphyrins presents additional 
considerations. It is difficult t o  generalize as to which method of iron incorpora- 
tion should be used for a porphyrin with specific peripheral substituents: none- 
theless a general rationale is outlined here. 

Protoporphyrin and its derivatives, because of their labile vinyl substituents, 
are susceptible to acid-catalyzed hydration. For this reason aqueous solutions 
should be avoided in the preparation of protoporphyrin dimethyl ester from 
protohemin, and subsequent reinsertion of the iron. Thus the direct esterifica- 
tion of protohemin under basic conditions appears to be the method of choice. 
More stable porphyrins such as H,oep are most conveniently prepared by the 
direct insertion of iron(II1) ion using the iron(II1) chloride method5 ; the resultant 
Fe(II1) (oep)Cl can be separated directly from the reaction medium as duning 
purple crystals. However, this method fails to give successful results with proto- 
porphyrin derivatives. In general, the iron(I1) sulfate method is the mildest and 
should be used for all prophyrins unless one is certain that the more rapid 
alternatives [boiling DMF with iron(I1) chloride, or preferably the more stable 
iron(I1) perchlorate] will have no ill effect on the peripheral substituents. 

A. CHLORO[ DIMETHYL PROTOPORPHYRINATO(2-)] IRONOII), 
Chloro[dimethyl7,12-Diethenyl-3,8,13,17-tetramethyl- 
21 H,23H-porphine-2,1 8dipropionato-(2-)] iron(II1) 

Procedure I /Iron(II) Methodl 

FeCL2 
02 + 

C 4  Me C0,Me 

Protoporphyrin IX dimethyl ester may be purchased (e.g., Porphyrin Products, 
Sigma, Strern) or prepared according to literature procedures.’ A convenient 
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Fig. 1. Reaction vessel with a gas inlet and outlet 
attachment. 

method for removal of iron with concurrent esterification (Grinstein) has been 
described in some detail.'' The dimethyl ester should be purified by column 
chromatography on alumina with CHCIJ as eluent. Protoporphyrin IX dimethyl 
ester is eluted first, followed by trace amounts of the 7( 12)-( 1 hydroxethy1)- 
12(7)-vinyl derivatives and then hematoporphyrin dimethyl ester. Protopor- 
phyrin JX derivatives are photolabile (to give green photoprotoporphyrins' ). 
This irreversible photochemistry is especially troublesome with dilute solutions 
and during chromatography, but can be eliminated by working under an oxygen- 
free atmosphere. 

The purified protoporphyrin dimethyl ester (59 mg, 0.10 mmole) is placed 
in a pear-shaped flask equipped with a gas-inlet tube (Fig. l), dissolved in pyri- 
dine (1 mL), and diluted with glacial acetic acid (20 mL). A stream of argon 
(or nitrogen) is passed into the solution from the center tube while the mixture 
is placed in an oil bath preheated to 80". A saturated aqueous solution of 
iron(I1) sulfate or iron(I1) chloride (1 mL)is syringed into the mixture, through 
the gas-outlet side arm. (It is not necessary to add a large excess of iron(I1) salt. 
In this example, 0.1 1 m o l e  of iron@) chloride is sufficient to effect quantita- 
tive metalation.) The temperature of the bath is raised to 90" and the reaction 
is kept at this temperature for 10 minutes. The flask is then removed from the 
heating bath, the argon bubbling is stopped, and the mixture is cooled to 
ambient temperature. A stream of air is passed into the solution briefly to allow 
autooxidation of the unstable [dimethyl protoporphyrinato(2-)] iron(I1). 
The mixture is partitioned between water (60 mL) and chloroform (60 mL) in 
a separatory funnel. (m Caution. It  is recommended that the manipulations 
using chlorofonn, a known carcinogen, be camed out in the hood.) The organic 
phase is separated and washed fust with 0.2 N HCl(60 mL) and then with water. 
The chloroform layer is separated and dried by fdtering through a small filter 
paper. The chloro [dimethyl protoporphyrinato (2-)] iron(II1) (48 mg, 74%) 
obtained in this manner is usually pure enough for most purposes, or it may be 
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recrystallized from chloroform/methanol. The use of hard filter paper and a 
small funnel prevents loss of recrystallized material when it is collected by 
filtration. 

The purity of the hemin ester can be checked by tlc (silica gel, with CHCI3/ 
methanol = 5 : l),  or by visible spectroscopy. A small amount of the hemin ester 
dissolved in pyridine can be reduced by sodium dithionite in a cuvette."* The 
resultant hemochrome should exhibit two absorption maxima at 557 and 526 
nm. If necessary, the product can be further-purified by chromatography on an 
alumina (grade 111) column (1 X 10 cm) using a mixture of chloroform and 
methanol (10: 1) as eluent. However, the iron prophyrin compound obtained 
after chromatography exists as the p-0x0 dimer, [Fe(III)-O-Fe(III)] , which may 
be converted back to the chloride by treatment in CHC13 with dry HCl followed 
by crystallization from chloroform/methanol. 

Procedure 2 

@ / \ N /  KOH,MeI+ HMPA / \N / 

\ '  / / 
C02H co2 " CQ,Me C02 Me 

Chloro[protoporphyrinato(2-)] iron(II1) (1 g, 15.3 mmole) (Sigma) is dis- 
solved in hexamethylphosphoramide (HMPA) (30 mL) with shaking until 
homogenous. (m Caution. The carcinogenicity of HMPA requires that all 
operations be cam'ed out in the hood.) To this solution 6 mL of aqueous KOH 
solution containing 0.9-g KOH pellets is added all at once. The mixture becomes 
very thick and precipitation soon occurs. Iodomethane (5 mL) is added and the 
reaction mixture is allowed to stand at room temperature for 3 hours with oc- 
casional shaking. The solution usually clears after about 30 minutes. 

The solution is poured into H 2 0  (1 L) and filtered (Celite filtering aid may be 
needed). The filtrate is discarded and the residue is rinsed with chloroform until 
the washings become colorless. The chloroform solution is then washed with 
water (200 mL), separated, and taken to dryness. The crude product is chroma- 
tographed on alumina with CHCl3/hIeOH 10: 1 as eluent. Yield: 0.80-0.88 g 
of the y-0x0 h e r ,  which can be crystallized from dichloromethane/methanol 
or converted to  the chloride as described above. 
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Properties 

Dimethyl protoporphyrinato(2-)iron (111), either as the chloride or the p o x 0  
dimer, is fairly soluble in chloroform and dichloromethane. The iron complex 
is much more stable toward light than the parent protoporphyrin but is still 
susceptible to acid-catalyzed hydration. The ester can be hydrolyzed to yield 
pure protohemin by using the alcoholic-KOH The optical spectra 
of these and other iron porphyrins have been reviewed recently.’ 

B. CHLORO[ OCTAETHYL-2 1H,23H-PORPIiINATO (291 IRON(II1) 

Procedure /Iron (III) Chloride Methodl 

FeCL3 
acetic acid 

Octaethyl-2 lH,23H-porphine (H2 oep) is now commercially available (Strem), 
but also may be prepared according to two recently reported syntheses.s39 
H20ep (54 mg, 0.10 mmole) and FeC13.6H20 (33 mg, 0.12 mmole) are dissolved 
in glacial acetic acid (30 mL). A trace amount of sodium acetate (10 mg) is 
added and the solution is refluxed for 90 minutes. Fe(III)(oep)Cl crystals 
separate on subsequent standing at room temperature. The mixture is simply 
filtered (using a small filter funnel and hardened filter paper) and the crystals 
are washed with water, a small amount of methanol, and then diethyl ether and 
are then sucked to dryness. Yield: 59 mg (95%). Anal. Calcd. for C36H44N4FeC1: 
C, 69.28; H, 7.1 1 ; N, 8.97. Found: C, 69.02; H, 7.28; N, 8.79. 

Properties 

Because of its symmetry and relatively high solubility in organic solvents, 
Fe(III)(oep)Cl has been used widely as a model compound in porphyrin 
chemistry.2 It is very stable toward heat, light, acid, and base. The iron(II1) 
ion can be removed only by concentrated sulfuric acid. The two absorption 
maxima in the visible region of the reduced hemochrome in pyridine are at 547 
and 518 MI. Chromatography of Fe(III)(oep)CI on alumina with CHC13 and 
methanol (10: 1) as eluent, indicates quantitative conversion to the p-0x0 
dimer.’ 
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C. CHLORO[ MESOPORPHYRINATO (2-)] IRON (III), 
(MESOHEMIN IX), CHU)RO[7,12-DIETHYL-3,8,13,17- 
TETRAMETHYL-21H,23H-PORPHINE-2,18-DIPROPIONATO (2-)] - 
IRON(II1) 

Procedure 

The preparation of metal-containing, water-soluble porphyrins presents special 
problems, not in the incorporation of the metal, but in the subsequent purifica- 
tion. We have found that these substances can be obtained in analytical purity 
by a fmal chromatographic step on polyamide, a system that is also useful for 
their analysis." 

Mesoporphyrin IX dihydrochloride may be purchased (Porphyrin Products) 
or prepared according to literature procedures."*'* Mesoporphyrin IX (600 mg, 
10.6 mmole) is dissolved in a minimum volume of pyridine (about 2 mL), 
diluted with glacial acetic acid (25 mL), and placed in the apparatus shown in 
Fig. 1. The solution is heated to 90' under an inert atmosphere, and 2 mL of a 
freshly prepared saturated aqueous solution of iron(I1) sulfate is added in one 
portion. When the reaction is complete (about 10 min) the solution is cooled 
to room temperature while air is passed through to oxidize the iron. The reac- 
tion is best monitored by following the absorption spectrum between 350 
and 700 nm as the sharp Soret and four-banded visible spectrum is replaced by 
the more diffuse spectrum of the product. In addition, the nonmetalated starting 
material fluoresces strongly, while the product exhibits no fluorescence. At this 
stage the bulk of the iron(II1) mesoporphyrin IX precipitates from solution as 
the chloride and is collected by filtration. The filtrate is reduced in volume to 
about 2 mL and water (25 mL) is added to precipitate the remaining iron(II1) 
mesoporphyrin IX. The combined yield of iron mesoporphyrin IX is quantita- 
tive at this stage. 

The crude mesohemin IX is dissolved in a minimum of pyridine, and sufficient 
silica gel (any grade suitable for column chromatography may be used) is added 
to soak up the liquid. The silica gel, with adsorbed mesohemin IX, is then dried 
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overnight under high vacuum to  remove pyridine. A mixture of benzene/ 
methanol/formic acid, 110: 15 : 1 (v/v/v) is used to make a column (90 X 2.5 
cm) of polyamide [lo0 g, Machery and Nagel polyamide (CC6 < 0.07 mm) 
available from Brinkman Inc., Westbury, NY]. The silica gel with adsorbed 
mesohemin 1X is slurried in the same solvent mixture and applied, with care, to 
the top of the polyamide column. The column is then developed with the same 
solvent system at a flow rate of 6-9 mL/min. To achieve this flow rate, a positive 
pressure of nitrogen must be used. It is essential to use these high flow rates to 
prevent esterification to the methyl esters of the propionic acid side chains. 

The fractions corresponding to the main (mesohemin) band are combined and 
taken down to dryness. The residue is dissolved in pyridine (2 mL) and filtered 
through a small plug of glass wool, which is then washed with pyridine/chloro- 
form, 35 : 100 (2 X 1.5 mL). The combined filtrates are heated to reflux, and 
boiling glacial acetic acid (30 mL) is added, followed by concentrated hydro- 
chloric acid (0.40 mL). On standing overnight, the product crystallizes and is 
collected by filtration. The crystals are washed with acetic acid/water (1 : l), 
ethanol, and then diethyl ether and are thoroughly dried in vacuum to give 
400 mg (67%). Anal. Calcd. for C34H36N404FeC1: C, 62.25; H, 5.53;N, 8.54; 
C1,8.51. Found: C, 62.47; H, 5.62; N, 8.50; C1,8.66. 

To obtain analytically pure samples and accurate extinction coefficients, 
prolonged drying under high vacuum and at elevated temperatures may be 
necessary.13 

Properties 

Mesohemin IX prepared by this method shows a single band on polyamide 
tlc (benzene/methanol/formic acid, 110: 15 : 1 ; and methanol/acetic acid 
100:2)'0 and on silica gel tlc14 (benzene/methanol/formic acid, 110:30: 1). 
The electronic spectrum of the pyridine hemochrome, prepared by reducing the 
mesohemin (in pyridine) with an aqueous solution of sodium dithionite, con- 
tains the bands (4 N pyridine, 0.2 N KOH) Amax: 407.5, 516, 546.2 nm. E :  

139.5,20.9,35.8 (d-'). 

D. THE INSERTION OF 57Fe INTO PORPHYRINS 

57Fez03 + 6HC1- 257FeC13 t 3Hz0 

" FeC13 + e- --+ ' FeClz + C1- 

With the advent of Mossbauer spectroscopy, 5 7  Fe-labeled heme derivatives have 
become increasingly important. However, the commercially available form of 
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source I 1 
h Voltmeter 

Reference 
Electrode 

Stirrer 
Auxiliary Working 

Electrode Electrode Fig. 2. Electrolysis cell for  reduction of 
Fg" solutions. 

I 
Frit ( f h e  ) 

this iron isotope is 57Fe203 (Oak Ridge National Laboratory), and the reduction 
of this oxide to  atomic iron can be both time-consuming and troublesome. As 
far as the insertion of iron into porphyrins is concerned, the reduction of Fez03 
is unnecessary. Fe203 can be dissolved in concentrated HCl to yield FeC13, 
which may be utilized directly to  effect metalation of H20ep, as well as other 
stable porphyrins, such as tetraphenyl-2 lH,23H-porphine and mesoporphyrin 
IX esters, by the aforementioned iron(II1) chloride method. Alternatively, 
FeC13 can be reduced electrochemically to the iron(I1) form before the more 
conventional iron(I1) salt methods are applied. It should be noted that both the 
iron@) and the iron(II1) salt methods require only stoichiometric amounts of 
iron, as exemplified by the above procedures. 

The electrochemical reduction is best carried out using a controlled poten- 
tiostat and cell, as shown in Fig. 2. 57Fe203 (80 mg, 0.05 mmole) is dissolved 
in concentrated HCI (10 mL); the resultant yellow solution is then evaporated to 
near dryness on a rotovap with a bath temperature of about 60". The residue is 
diluted to  15 mL with water and transferred to compartment A of the electroly- 
sis cell. Compartments B and C are immediately filled with 0.1 M LiC104. The 
solutions are purged with argon (or nitrogen) for 10 minutes before electroly- 
sis starts. 

If a potentiostat is used for reduction, the potential between the working and 
the SCE reference electrode should be set at -0.1 V. Alternatively, a dc power 
supply can be used as the potential source. In such cases the potential has to  be 
constantly adjusted manually such that the voltage across the reference and the 
working electrodes is kept around 0.1 V (Fig. 2). The power supply should at 
least have a 0-20 V, 1-A rating. Initially, the reduction may draw a large current, 
but as the reaction proceeds toward completion the resistance of the solution 
increases and the current decreases. The electrolysis can be stopped when the 
solution no longer gives a positive test with KSCN." The FeC12 solution (nearly 
colorless) is then transferred to a small flask and concentrated to about 1-2 
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mL with a vacuum pump. This solution is immediately used for iron insertion 
as described above. 
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36. METALLOPHTHALOCYANINS AND BENZOPORPHINES 

Submitted by D. DOLPHIN,* J.  R. SAMS? and T. B. TSN* 
Checked by S. D. ITTEL? and M. A. CUSHING, JR.? 

The benzoporphines (I) and phthalocyanins (11) together constitute an unusual 
class of organic ligands of exceptionally high thermal and chemical stability. As 
with porphines, a large number of metals and nonmetals can replace the weakly 
acidic hydrogen atoms at the center of the macrocyclic systems to form com- 
pounds that frequently contain unusual structural features and unexpected 
stability. As an example, copper phthalocyanine can be heated in air to 550" 
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for hours without decomposition, and it is unaffected by cold concentrated 
hydrochloric acid or molten sodium hydroxide. 

The enormous amount of work on phthalocyanins' reflects their prime im- 
portance to the dye and pigment industry and is attested to by the numerous 
patents in the literature. It is our experience, however, that these materials are 
rarely pure and that their purification, from unknown impurities, is invariably 
more troublesome than performing the complete synthesis. Phthalocyanins are 
stronger o-donors than porphines, and the former stabilize higher oxidation 
states of coordinated metals? while the tetrabenzoporphyrins have properties 
more characteristic of porphines. 

Phthalocyanine itself is best prepared' by self-condensation of phthalimidine, 
which is available from the reaction of phthalonitrile with ammonia. However, 
in many cases, direct metalation of the macrocycle cannot be achieved. Instead, 
metalation by means of dilithium phthalocyanine or a template reaction, 
whereby the macrocycle is formed around the metal using phthalonitrile (or one 
of its derivatives), must be employed for the synthesis of metallophthalocyanins. 

The tetrabenzoporphines can, like the phthalocyanins, be prepared by a 
template reaction, or can, like the porphyrins, be directly metalated. 

A. [ 1,4,8,11,15,18,22,25-OCTAMETHYL29H,31zf- 
TETRABENZO[b,g, I, Q] PORPHINATO(2-)] COBALT(I1) 

& 0 

111 

Procedure 

The following reaction should be carried out under an atmosphere of nitrogen 
to avoid slow air oxidation of the isoindole. Ammonium sulfate (350 g, 2.7 
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mole) and 2,5-hexanedione (180 g, 1.6 mole) are added to deoxygenated dis- 
tilled water (3 L) in a 5-L round-bottomed flask and the solution is heated at 
reflux under nitrogen for 24 hours. The red-brown solution is cooled to room 
temperature and treated with 10% sodium hydroxide (about 300 mL) until it 
is basic to litmus. At this stage, an off-white precipitate appears, and the mixture 
is left to stand for several hours or overnight to complete precipitation of the 
isoindole. The precipitate is collected by filtration, washed thoroughly with 
water, and dried under vacuum for 24 hours to give 75 g of crude 1,3,4,7- 
tetramethylisoindole (III). 

The crude isoindole is dissolved in diethyl ether (2 L) under nitrogen. The 
solution is filtered and reduced in volume to 300 mL. It is then left under 
nitrogen for several hours until crystallization is complete. The fluffy white 
precipitate is collected by filtration, washed with a little diethyl ether, and dried 
under vacuum to give pure 1,3,4,7-tetramethylisoindole (mp: 144" in vacuo). 
Yield: 60 g (33%). This product is used for the preparation of metalloporphines. 
(Pink coloration due to isoindole oxidation does not reduce yields in subsequent 
steps). 

rn Caution. The Carius tube will explode if the reaction is scaled up or the 
tube size is reduced at this point. Face shieM and heavy gkwes should be worn 
when handling the tube after reaction. The tube should be cooled to -198" 
before opening. 
1,3,4,7-Tetramethylisoindole (6 g, 34.6 mmole) and cobalt powder (30 g, 

0.51 mole) are mixed and loaded into a Carius tube (4 X 35 cm; volume about 
450 mL). After it is evacuated and sealed, the tube is placed in a shielded oven 
preheated to 390" and heated at this temperature for 4 hours. After the tube is 
cooled, the dark-blue (or black) powder is piaced in a Soxhlet extractor and 
extracted with pentane (300 mL) until a red-brown impurity is removed (about 
24 hours). The pentane is replaced by toluene (300 mL), and extraction is 
continued until the extract (initially green) is colorless (about 8 hr). Finally, 
pyridine (300 mL) is used to extract (Soxhlet extractor) the porphine, which 
requires about 10 hours. The pyridine solution is concentrated to 20 mL, and 
100mL of hexane isadded.The precipitate is collected, washed with hexane, and 
dried overnight in vacuum at 60°, to give [octamethyltetrabenzoporphinato- 
(2-)] cobalt@). Yield: 2-3 g (3545%). Anal. Calcd. for C44H36N4C~: C, 77.79; 
H, 530;N, 8.24. Found: C, 77.87;H, 5.40;N, 8.48. 

Properties 

~Octamethyltetrabenzoporphinato(2-)] cobalt (II) is a green-blue powder that is 
stable towards atmospheric oxidation in the solid state. The compound is readily 
soluble in pyridine bases and tetrahydrofuran, and to a lesser extent in diethyl 
ether, benzene, ethanol, and acetone. The electronic spectrum in pyridine shows 
bands at 320 (e = 13,200), 455 (E = 71 ,500), and 645 nm ( E  = 36,700). 
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B. [ 1,4,8,11 , 15,18,22,25-OCTAMETHY L-29H,3 1H- 
TETRABENZO[b,g, I,q]PORPHINE]4 

Procedure 

111 

1,3,4,7-Tetramethylisoindole (111) (6 g, 34.6 mmole) (see above) and magnesium 
powder (8 g, 0.33 mole) are allowed to react, in the manner described above for 
the cobalt complex, to give [octamethyltetrabenzoporphinato(2-)] bis(pyridine)- 
magnesium. Yield: 4.6 g (67%). The magnesium complex (0.3 g, 0.37 mmole) 
is dissolved in trifluoracetic acid (25 mL), and the solution is stirred for 2 hours. 
The green solution is filtered and water is slowly added until a dark-blue precipi- 
tate is formed. This precipitate is collected by fdtration, washed with water, and 
dried in high vacuum for 6 hours. The dark-blue material, which may still con- 
tain some unreacted magnesium octamethyltetrabenzoporphine, is suspended in 
boiling pyridine (100 mL) for 5 minutes. After it is cooled to room temperature, 
the mixture is filtered and the filtrate is discarded. The residue is again sus- 
pended in hot pyridine and the process is repeated until the filtrate is colorless. 
The solid is then dissolved in boiling quinoline (100 mL) and is filtered hot; the 
filtrate is set aside to crystallize overnight. The product is collected by filtration 
and dried in vacuum at 150'. Yield: 0.25 g (83%).Anal. Calcd. for C44H38N4: 
C,84.85;H,6.15;N,9.0O.Found: C,84.55;H,6.18;N,8.73. 

Properties 

Octamethyltetrabenzoporphine is a dark-blue powder that, although much more 
soluble than tetrabenzoporphine, has a low solubility in most common organic 
solvents. It is, however, very soluble in trifluoroacetic acid, giving a green solu- 
tion of the diprotonated macrocycle. This molecule is a square-planar tetra- 
dentate ligand. It reacts with a variety of metal salts to form porphine-metal 
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complexes. In general such metalations are best carried out in quinoline. The 
electronic spectrum contains the following bands: 415 ( E  = 75,000), 440 (E = 
280,000), 530 (E = lO,OOO), 630 (e = 7,500), 690 nm (E = 80,000). 

C. DILITHIUM PHTHALOCYANINE' 

Procedure 

Clean lithium metal (0.2 g, 29 mmole) is placed in reagent grade pentyl alcohol 
(30 mL) in a 50-mL, round-bottomed flask fitted with a reflux condenser and 
Drierite tube (the reactants and products are sensitive to moisture in all subse- 
quent operations), and the mixture is warmed to dissolve the lithium. Phthalo- 
nitrile (3 g, 18.3 mmole) is then added to the mixture, which initially turns 
yellow, then rapidly dark blue. The mixture is heated at reflux for 0.5 hour, 
taking care for the first 5 minutes against too vigorous a reaction and foaming. 
The solvent is removed on a rotary evaporator using a vacuum pump rather than 
a water aspirator. The oily residue is heated at 250° under vacuum to produce 
a green powder, which is placed in a Soxhlet extractor and extracted with 
freshly distilled acetone (200 mL) (reagent grade acetone is heated at reflux for 
13 hr over CaSO, before distillation). When all the blue pigment has been ex- 
tracted (usually 8 hr), the acetone is reduced in volume to 20 mL. Hexane 
(100 mL) is added and the mixture is left to stand overnight. The solvated 
product is collected by filtration and heated under vacuum at 250" for 3 hours 
to give the blue dilithium phthalocyanine 2.3 g (75%). 
A portion of the product (0.5 g, 0.95 mmole) is dissolved in freshly distilled 

dry acetone (100 mL) and the solution is filtered. The filtrate is reduced in vol- 
ume to about 10 mL, dry toluene/hexane, 49: 1 (50 mL) is added, and the mix- 
ture is allowed to stand overnight to give crystals of the solvated product, which, 
after filtration and washing with a little toluene/hexane (49 : l), are heated under 
vacuum at 250" for 2 hours to give pure dilithium phthalocyanine, 0.45 g (90%). 
Anal. Calcd. for CJ2Hl6N4Li2: C, 73.0; H, 3.04; N, 21.30. Found: C, 72.8; 
H, 3.08;N, 21.10. 
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Properties 

Dilithium phthalocyanine is obtained as dark-blue crystals. The compound has 
high thermal stability, as is typical of many phthalocyanines. It is soluble in 
acetone, giving a deep-blue solution that deposits phthalocyanine when in con- 
tact with even trace amounts of water. The material is also soluble in ethanol 
and tetrahydrofuran, but it is insoluble in diethyl ether, hexane, or chloroform. 
Solutions of the dilithium complex in ethanol react rapidly and quantitatively 
with a variety of metal salts to give the metallophthalocyanines, which precipi- 
tate, in very pure form, from solution. The electronic spectrum contains the 
bands (acetone solution): 370 (e = 24,800), 596 (e = 17,300), 630 (e = 16,100), 
655 nm (e = 11,100). 

D. [PHTHALoCYANINATO(2-)]IRON(II)6 

4 

Procedure 

Phthalonitrile (2.9 g, 17.7 mmole) and iron powder 5 g, 0.09 mole) are inti- 
mately mixed and placed in a 25-mL conical flask. The mixture is heated in a 
Wood's metal or sand bath at 260" for 5 hours. Phthalonitrile that condenses 
on the cooler upper portion of the flask should be scraped down to the bottom 
periodically. The blue product is finely ground and extracted in a Soxhlet 
extractor with ethanol (200 mL) for 5 hours. The ethanol is replaced by pyri- 
dine (200 mL), and the extraction is continued for a further 5 hours. The 
pyridine extract is reduced in volume to 20 mL, and hexane is added to precipi- 
tate the blue [phthalocyaninato(2-)] bis(pyridine)iron(lI), which is collected by 
filtration, washed with ethanol, and dried in vacuum to give 0.8 g of Fe(pc)py2 
(pc = phthalocyanine, py = pyridine). A portion (0.1 g) of this material can be 
further purified by dissolving in pyridine (30 mL) and filtering the solution by 
suction through alumina (3 X 10 cm Woelm alumina grade I). Hexane (100 mL) 
is added to the filtrate and the blue precipitate is collected by filtration, washed 
with petroleum ether, and sublimed in vacuum at 300" to give the dark-blue 
[phthalocyaninato(2-)] iron(I1). Yield: 0.05 g (50%). Anal. Calcd. for &HI,- 
N8Fe: C, 67.5; H, 2.8; N,  19.7. Found: C, 67.1; H, 2.8;N, 19.7. 
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Properties 

[Phthalocyaninato(2-)] iron(I1) is a dark blue, thermally stable solid that can be 
sublimed in vacuo at 300". It is very soluble in pyridine, giving deep blue solu- 
tions of the bis(pyridine) adducts. It also forms an unstable purple hexaaniline 
adduct when dissolved in aniline. It is soluble in concentrated sulfuric acid and 
dimethyl sulfoxide (slightly) but is insoluble in most other organic solvents. The 
iron(I1) complex, unlike the corresponding iron(I1) porphines, is relatively 
stable toward oxidation to the iron(II1) state. The electronic spectrum shows the 
following absorption bands: (1-chloronaphthalene solution) 595 (e = 16,000), 
630 (e = 17,000), 658 (E = 63,000); (pyridine solution) 333 (e =45,000), 415 
(e = 15 ,OOO), 395 (e = 2000), 658 nrn (e = 8000). 
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37. (DIOXYGEN)(N-METHYLIDAZOLE) [ ( ~ Z - C & ) -  
5,10,15,20-TETRAKIS [2-(2,2-DIMETHYLPROPIONAMIDO)- 

PHENY L] PORPHY RINATO ( 2-) ] IRON( 11) 

Submitted by THOMAS N. SORRELL* 
Checked by CHARLES M. BUMfi and JOSEPH JORDAN? 

(Dioxygen) (N-methylimidazole) [5,10,15,20-tetrakis [2-(2,2-dimethylpropion- 
amido)phenyl] porphyrinato(2-)] iron(I1) has been of considerable interest in 
recent years because it represents one of the few isolated, well-characterized 
(dioxygen)@orphyrinato)iron complexes that can be regarded as low-molecular- 
weight analogs of the oxygen-binding hemoproteins, myoglobin and hemo- 
globin.lp2 Moreover, the macrocyclic ligand, which has been known more simply 
as the "picket-fence porphyrin," has been shown to be useful for the prepara- 
tion of other complexes, notable examples being the cobalt analogue3 and the 
tetrahydrofuran' l4 - and tetrahydrothiophene' -coordinated iron complexes. 

*Department of Chemistry, University of North Carolina, Chapel Hill, NC 275 14. 
?Department of Chemistry, The Pennsylvania State University, University Park, PA 16802. 
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These molecules, which also reversibly bind the dioxygen ligand, may help in 
unraveling the mysteries of oxygen-binding and activation?. ' 

The procedures detailed below include a considerable amount of organic 
synthesis that is indispensable if one wishes to study the coordination chemistry 
of the ultimate product, and hence it is included. All the steps may be scaled 
down but only the last two steps may be scaled up efficiently. Many of the 
compounds in the sequence are used in subsequent steps without further puri- 
fication. Analytical data are included for those materials that must be pure if 
the following steps are to succeed. 

A. 5,10,15,20-TETRAKIS(2-NITROPHENYL)PORPHYRIN, 
Hz TNPP 

Procedure 

One hundred grams of 2-nitrobenzaldehyde (0.6 mole) is dissolved in 1700 mL 
of glacial acetic acid in a 3-L, three-necked, round-bottomed flask fitted with an 
efficient condenser and a dropping funnel. The solution is then heated just to 
its boiling point while being vigorously stirred with a magnetic stirring bar. 
Forty-six milliliters of pyrrole (47.6 g, 0.71 mole) is added dropwise to the 
solution at such a rate that the reaction does not become uncontrollable. (m 
Caution. This highly exothermic reaction sometimes becomes so violent that 
the solvent sprays out of the top of the condenser.) (The yield is often lower, 
however, if the reaction is not vigorous enough.) The resulting black mixture is 
allowed to reflux for 30 minutes before it is cooled in an ice bath to 35O. Tars 
are formed if the solution is cooled below this temperature. During the cooling 
process, 250 mL of chloroform is slowly added to prevent the formation of tars. 
(m Caution. The chloroform will boil if the solution is too hot.) The purple 
crystalline product is filtered by suction, washed with five 100-mL portions of 
CHCIB, and dried at 100" overnight. Yield: 17.3-22.0 g (13.2-16.8%). 

Properties 

HzTNPP is a bright-purple crystalline solid that is insoluble in most organic 
solvents with the exception of dimethylformamide (DMF), dimethyl sulfoxide 
(DMSO), and nitrobenzene. h,,(DMF): 409,518,551,594, and 652 nm. 
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B. 5,10,15,20-TETRAKIS(2-AMINOPHENYL)PORPHY, 
Hz TAPP 

PIo cedu re 

A 3-L beaker is charged with 12.0 g (0.015 mole) of HzTNPP and 600 mL of 
concentrated hydrochloric acid (sp gr 1.18). To this is added a solution of 50 g 
(0.22 mole) of SnClz-HzO* dissolved in 50 mL of concentrated hydrochloric 
acid. The solution is stirred for 90 minutes at room temperature. The beaker 
is then placed in a hot water bath atop a hot plate-magnetic stirrer, making sure 
that the bottom of the beaker is not in contact with the bottom of the heating 
bath. A thermometer is suspended such that it does not touch the bottom or 
sides of the beaker. The temperature is raised to 65" in a 10-minute period and is 
held between 65 and 70" for 25 minutes. Good stirring is maintained during this 
time. (Heating this solution above 75" results in a low yield of impure product.) 
After the specified time, the beaker is placed in an ice bath and swirled to bring 
the contents to room temperature. The solution is then neutralized by the slow 
addition (20-30 min) of about 600 mL of concentrated ammonium hydroxide. 
(m Caution. This is a high& exothermic and vigorous reaction.) After it is 
cooled to room temperature again, the highly basic solution (PH > 10) is stirred 
for at least 12 hours with 1 L of chloroform. 

The organic layer is separated and the aqueous phase is transferred to a 4-L 
separatory funnel. Fifteen-hundred milliliters of water is added and the solution 
is extracted with three 150-mL portions of CHC13. The combined extracts are 
returned to the separatory funnel and washed with 1 L of dilute NH40H. This 
in turn is extracted with two 50-mL portions of chloroform. The combined 
organic portion is evaporated to  600 mL on a rotary evaporator and then filtered 
by suction. The fdtrate and washings are concentrated to 250 mL, 150 mL of 
95% ethanol containing 10 mL of conc. aqueous NH3 is added, and the solvent 
slowly evaporated until the remaining volume is about 200 mL. The sides of the 
flask are washed down with chloroform and 100 mL of ethanol is added. The 
volume is then reduced to 75 mL, and the resulting crystals are filtered, washed 
with five 10-mL portions of 95% ethanol, and dried in an oven at 100" for 
several hours. Yield: 6.6-8.1 g (6540%). 

*A reagent grade tin(l1) chloride must be used. A good test for the quality of this reagent 
is to mix 1 g of the SnClZ-2Hz0 in 1.5 mL of concentrated hydrochloric acid with 0.25 g 
of 3-nitrobenzaldehyde. The mixture should become warm and turn red-orange within about 
10 minutes. 
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Properties 

HzTAPP is a purple-black microcrystalline compound that is a mixture of four 
atropisomers (see below). Tlc on silica (1 : 1 benzene/diethyl ether) shows four 
spots; Rf values (relative intensity): 0.77 (l), 0.64 (2), 0.43 (4), 0.04 (1). It is 
quite soluble in organic solvents with the exception of alcohols and saturated 
hydrocarbons. h,,(CHC13): 418,517,550,589,645 nm. 

C. SEPARATION OF UZZ-C~S-H~ TAPP 

Procedure 

As obtained above, HzTAF’P is a mixture of four atropisomers in statistical 
abundance. The most polar one, the &cis isomer, is easily separated from the 
others by column chromatography. All solvents should be reagent quality, al- 
though technical grade chloroform may be used. Twenty-four grams of H2TAPP 
is dissolved in 2 L of CHC13 and the solution is poured onto a 1OX 25 cm 
column of silica (W. R. Grace & Co., Davidson Chemical Division, 60-200 mesh, 
grade 62) prepared as a slurry in CHCIJ. The solvent is passed through the 
column as rapidly as possible.* After all the material is loaded, an additional 
2 L of CHC13 is passed through the column. At this point, 1 : 1 CHC13/diethyl 
ether (about 2.5 L) is used as the eluent, and this process is continued until the 
eluate becomes very pale. The desired all-cis-isomer (4 : 0) is then removed by 
elution with 1 : 1 acetone/diethyl ether, and the solvent is removed at a tempera- 
ture lower than 30’ using a rotary evaporator.? The checkers recommend fol- 
lowing the chromatographic separation by tlc on silica using 1 : l  benzene- 
diethyl ether. In this manner, less of the desired all-cis isomer is lost. 

In the meantime, the previous eluates are concentrated to 2.5 L by boiling off 
the solvent in a 4-L filter flask under N2. Toluene is then added gradually to 
raise the temperature of the solution. By judiciously adding either chloroform or 
toluene, a volume of 2 L and a temperature of 95-100” are maintained over at 
least 6 hours to ensure complete equilibration of the atropisomers. After that 
amount of time, the volume is reduced to about 200 mL and the residue is 
cooled to ambient temperature. It may then be dissolved in 2 L of chloroform 
and rechromatographed by the above procedure to give more of the 4 : 0 isomer. 
A convenient procedure is to  begin with 24 g of mixed isomers and, after re- 

*In other words, this is more of a fdtration through silica rather than a normal “chromato- 
graphic separation.” If  the time elapsed from loading the column to removing the 4 :O i s -  
mer is greater than 2 hours, then the column is running too slowly. Check to make sure the 
silica is not too fine. 

?This product is about 90% pure and must be chromatographed on a second column (see 
below). 
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moving the 4: 0 isomer (theoretical yield, 3 g), to reequilibrate the other isomers 
and then add an additional 3 g of mixed isomers. By this method, the “stock- 
pot” always contains 24 g of H2TAF’P and each column gives about 3 g of the 
4 : 0 isomer. 

Five grams of the crude 4:O isomer obtained as described above is dissolved 
in 500 mL of chloroform and loaded onto an 8 X 30 cm column of 60-200 
mesh silica prepared as a slurry in chloroform. After it is loaded, the column is 
eluted with 1 L of chloroform and then with 1 : 1 benzene/diethyl ether (about 
2.5 L) until the eluates are essentially colorless. The pure 4:O isomer is then 
eluted using acetone/diethyl ether (1 : 1) and the solution is subsequently taken 
to dryness at ambient temperature using a rotary evaporator. The residue is 
dissolved in chloroform, and after the addition of methanol, the solution is con- 
centrated slowly to 75 mL at room temperature using a rotary evaporator. The 
resulting purple crystals are fdtered, washed with methanol, and dried in air at 
room temperature. Yield: 4.0-4.5 g. Again, the separation may be followed by 
tlc analysis of the eluate. The checkers found that the 4 : 0 isomer needed to be 
chromatographed a third time to purify it completely. 

D. (&cis) -5,10,15,2O-TETRAKIS [ 2- (2,2-DIMETHYL- 
PROPIONAMIDO)PHENYL] PORPHYRIN, H2 TpivPP 

0 
8 CH,CL, 

all-cis-H2 TAPP + 4(CH3)3CC all-cis-H2 TpivPP 
\ PY 
c1 

Procedure 

In a 1-L, round-bottomed flask, 5.0 g (7.4 mmole) of ull-cisH2TAPP is dissolved 
with stirring in 500 mL of CH2C12 and 5 mL of pyridine. Five milliliters (5.1 g, 
42 mmole) of 2,2-dimethylpropionyl chloride (pivaloyl chloride)* is added, and 
the solution is allowed to stir for 2 hours. Two hundred milliliters of 10% aq 
NH40H is then added and the solution is stirred for an additional hour. The 
organic layer is separated and subsequently washed with two 100-mL portions of 
water. The dichloromethane is evaporated using a rotary evaporator, and the 
residue is dissolved in a minimum amount of chloroform (about 50 mL). The 
solution is applied to a 4 X 60 cm column of 60-200 mesh silica and the 
product is eluted from the column with 4 : 1 chloroform-diethyl ether. The solu- 

*Trimethylacetyl chloride was purchased from the Aldrich Chemical Co. The purity, 
determined by nmr, was at least 99%. If it is less pure than this, the material should be 
distilled under nitrogen. 
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tion is evaporated to dryness, and the residue is dissolved in chloroform. Crystal- 
lization is then induced by adding ethanol and heptane, and the solvent is slowly 
evaporated using a rotary evaporator. Yield: 6.1-6.3 g (81-84%)Anal. Calcd. for 
C64H66N~04: C776.2;H,6.60;N, 11.2. Found: C,75.7;H76.75;N, 11.2. 

Properties 

all-cis-H2 TpivPP forms red-violet crystals (large crystals are deep purple) that are 
soluble in most organic solvents. The nmr spectrum shows a peak at 6 = 0.05 
ppm that is attributed to the four equivalent rert-butyl groups of the pivaloyl 
moiety. If other peaks are observed at S ~ 0 . 1  ppm, then some of the other 
atropisomers are present. 

E. BROMO I(all-~is)-5,10,15,20-TETRAKIS- 
[ 2-(2,2-DIMETHYLPROPIONAMIDO)PHENYL] PORPHYRINATO (2-)}- 
IRON(II1); [ Fe(df-cis)-TpivPP] Br 

all-cis-H2 TpivPP + FeBr2 Fe (all-cis-TpivPP)Br 
(CH, OCH, ), 

Procedure 

In a 500-mL round-bottomed flask equipped with a side arm and connected to a 
nitrogen source, 3.0 g (3.0 mmole) of alZ-cis-H2TpivPP, 3.0 g (13.9 mmole) 
of anhydrous FeBr2,6 and 1 mL of pyridine are dissolved in 200 mL of 
1,2-dimethoxyethane or tetrahydrofuran* (distilled from CaH2 under N2) 
under rigorously oxygen-free conditions, and the resulting solution is allowed to 
reflux for about 1-4 hours under N2. The progress of the reaction is followed by 
observing the absorption spectrum of small aliquots of the solution that have 
been exposed to air and then treated with a drop of mineral acid. Any free-base 
porphyrin shows an absorption under these conditions at about 450 nm due to 
H4TpivPP2+. The solution is brought to dryness (this and subsequent manipula- 
tions are carried out in air) and the residue is dissolved in 100 mL of chloroform. 
The resulting solution (some insoluble material is also found) is chromato- 
graphed on a 3 X 30 cm column of basic alumina (Woelm, activity I) using 
chloroform as the eluent. All porphyrinic material is removed (a single orange 
band of iron bromide complexes should be left at the top of the column) and 
the solution is evaporated to dryness. The residue is suspended in a solution of 

*The checkers obtained no product using tetrahydrofuran as the solvent. In accordance 
with a suggestion by J .  C. Marchon? they substituted 1,2-dimethoxyethane as solvent and 
achieved iron insertion in four (4) hours with a 50% yield. 
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1 mL of concentrated hydrobromic acid in 100 mL of methanol. The mixture is 
heated on a steam bath, and dichloromethane is added slowly until all the solid 
dissolves. The resulting solution is cooled in a refrigerator overnight to give 
crystals that are collected by filtration, washed with methanol, and dried at 70". 
Yield: 3.3-4.3 g (58-75%). A second crop may often be obtained. 

Properties 

Fe(all-cis-TpivPP)Br forms almost black crystals that are soluble in many 
organic solvents. The material is high-spin iron(II1) [p = 5.9 BM]. A,, 
(CHC13): 418, 508, 575, 648, 675 nm. The complex may be stored at room 
temperature for extended periods of time. 

F. BIS(N-METHYLIMIDAZOLE)[ (CJI-cis)-S, 10,15,2O-TETRAKIS- 
[ 2-(2,2-DIMETHYLPROPIONAMIDO)PHENYL] PORPHYRINATO(2-)] - 
IRON (11), Fe (&I-cis-TpivPP) (N-MeCs H3 Nz )z 

This complex should be prepared in an inert-atmosphere box or in any system 
capable of providing a rigorously oxygen- and water-free atmosphere. Solvents 
should be correspondingly dried and deoxygenated. 

THF 
Fe (all-cis-TpivPP) Br t Cr (acac), + 2N-MeC H Nz 4 

Fe (all- cis-TpivPP) (N-MeC H 3 N2 )2 

Procedure 

One gram (0.87 mmole) of Fe-(all-cis-TpivPP)Br and 0.35 g (0.7 mmole) 
of [Cr(a~ac)~]  2 7  (acac = 2,4-pentanedionato) are heated in 35 mL of boiling 
tetrahydrofuran containing 1 mL (0.97 g, 1 1.8 mmole) of N-methylimidazole 
(distilled from solid potassium hydroxide under vacuum) for 5 minutes. The 
resulting red-orange solution is filtered hot and allowed to cool to ambient 
temperature while 100 mL of heptane is slowly added. The crystals are filtered, 
washed with heptane, and dried in a stream of nitrogen. Yield: 0.8-0.85 g 
(76 -80%). The complex may be recrystallized from tetrahydrofuran-heptane- 
N-methylimidazole. Anal. Calcd. for C72H76N1204Fe: C, 70.2; H, 6.35; N, 
13.6; Fe, 4.55. Found: C, 70.0; H, 6.60; N, 13.7; Fe, 4.30. 

Properties 

Fe-(all-cis-TpivPP)(N-MeC3 H3Nz)z forms large red-violet crystals that often 
appear orange or red when powdered. The complex is stable to air in the solid 
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state and the crystals are diamagnetic. Other substituted imidazole complexes 
may be prepared by this same method. AU such complexes are quite soluble 
in organic solvents. &,,,(benzene): 432,537,562 nm. 

G. (DIOXYGEN)(N-METHY LIMIDAZOLE)[ (&cis)- 
5,10,15,20-TETRAKIS[ 2-(2,2-DIMETHYLPROPIONAMIDO) 
PHENYL]PORPHYRINATO(2-)]IRON(II), 
Fe(dl-cis-TpivPP)(N-MeC3H3N~)(0~) 

toluene 
Fe (uZZ-cis-TpivPP)(N-MeC3 H3 NZ )Z + 0 2  

Fe (ull-cis-TpivPP)(N-MeC3 H3 Nz ) ( 0 2  ) - C7 Ha 

Procedure 

Four hundred milligrams (0.32 mmole) of Fe (ull-cis-Tpi~PP)(N-MeC~H~N~)~ 
is dissolved in a warm solution of 50 mL of toluene and 0.1 mL (0.097 g, 1.18 
mmole of N-methylimidazole under Nz. The deep-red solution is cooled to 
ambient temperature, purged with oxygen for 15 seconds, and treated with 5 
mL of heptane. An additional 30 mL of heptane is added slowly over a period of 
15 minutes and the resulting microcrystals are filtered, washed with heptane, 
and dried inair. Yield: 0.31-0.36 g (80-94%).Anul. Calcd. for C68H70NIOOSFe. 
0.5 C7Hs: C, 70.1; H, 6.05; N, 11.5; Fe,4.6. Found: C,70.1;H76.20;N, 11.5; 
Fe, 4.4. C7Ha(by glc): 0.45 f 0.1 equiv. 

Properties 

Fe (all-cis-TpivPP)(N-MeC3HJN2 ) (Oz ) forms blood-red (!) crystals and powders 
that are soluble with some decomposition in most organic solvents. The complex 
is diamagnetic. It appears to be stable indefinitely in the solid state at ambient 
temperature. The dioxygen can be removed under vacuum to give the five 
coordinate Fe(ull-cis-TpivPP)(N-MeC3H3N2) or displaced by carbon monoxide 
to give the carbonyl. Substituting CO for Oz in the above procedure gives the 
carbonyl adduct directly. 
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Chapter Six 

ORGANOMETALLIC COMPOUNDS 

38. SILYL AND GERMYL SELENIDES AND TELLURIDES 

Submitted by JOHN E. DRAKE,* BORIS M. GLAVINeEVSKI,* 
RAYMOND T. HEMMINGS,? and H. ERNEST HENDERSON* 
Checked by K. M. MACKAY % 

Studies of silyl and germyl groups attached to selenium and tellurium are notably 
fewer than those of the well-known oxides and sulfides.' In part this may be 
attributed to the obnoxious nature of these compounds, as well as the scarcity 
of synthetic procedures. Many of the objections to the study of such materials 
are removed when high vacuum techniques are employed as discussed herein. 

Disproportionation of initially formed (CH3)3Si(E)C6HS (E = Se, Te) is a 
likely rationale for the unexpected formation of [(CH3)3Si] 1E in the reaction 
of (CH3)3SiCl with C6Hs(E)MgBr.' The compounds [(CH3)3Si] 'E have been 
obtained more directly by way of Li2E ~pecies.3 '~ Digermyl selenide, (GeH3)2Se, 
has been reported from the cleavage of germylarsine' or digermylcarbodiimide6*' 
with HzSe or, alternatively, by exchange of germyl bromide with lithium sele- 
nides or disilyl selenide! The latter method hasalso afforded digermyl telluride .6 

Routes leading to  comparable derivatives of organo selenols are described in the 
literature .' 

Our synthetic routes are based on two assumptions: first, that exchange reac- 

*Department of Chemistry, University of Windsor, Windsor, Ontario, Canada N9B 3P4. 
tDepartment of Chemistry, University of the West Indies, Mona, St. Andrew, Jamaica, 

$School of Science, University of Waikato, Private Bag, Hamilton, New Zealand. 
West Indies. 
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tions of germyl halides with silyl derivatives are generally more facile than 
alternative procedures for preparing germyl derivatives, and second, that 
(CH3),Si species are more stable thermally than SiH3 species and hence are 
easier to prepare, handle, and store (the avoidance of potentially hazardous SiH4 
sources being an added consideration). 

We therefore describe the syntheses of bis(trimethylsiIy1) selenide, [(CH,), - 
Si] 2Se, and bis(trimethylsily1) telluride, [(CH3)3Si] zTe, from the metathesis of 
(CH3),SiC1 with the corresponding dilithium salts and their subsequent ex- 
change with GeH3F to give digermyl selenide and digermyl telluride. This route 
represents a considerable saving in laboratory time over the original methods, 
which require extended reaction times at low temperature. Preparation of the 
(CH3),Si compound starting from Li and Se takes approximately 90 hours, 
whereas the formation of the GeH, compound is complete within 30 minutes, 
including purification. 

Starting Materials 

The manipulation of volatile compounds is carried out on a Pyrex-glass vacuum 
system using conventional techniques." The authors' system consisted of two 
manifolds, interconnected by four U-traps, and a central manifold leading to two 
liquid nitrogen backing-traps and mercury diffusion and rotary oil pumps. The 
vacuum in the system was monitored by a Pirani-type gauge fitted to the central 
manifold. Pressure readings in excess of 1 torr were registered by mercury 
manometers. Any comparable system is suitable provided working pressures of 
<1 X 

Freshly prepared lithium wire,* and selenium* and tellurium* powders were 
used as supplied. Germyl fluoride may be prepared from germyl iodide" and 
lead(I1) fluoride.I2 Chlorotrimethylsilane* is distilled through traps at -45" 
(chlorobenzene-liquid N2 slush), -78" (methanol-dry ice slush), and -196" (liq- 
uid Nz); the fraction retained in the trap at -78" is the desired purified chloro- 
trimethylsilane. Peroxide-free diethyl ether was distilled in a vacuum system from 
fresh Li[AIH4] and stored in vacuo. m Caution. TheuseofLi/AH.+J fordry- 
ing ethers can lead to explosi~ns.'~ Commercial "dry" NH3 (10-15 mL portion) 
was further dried by condensation onto Na pellets (about 1 g) in an ampul 
(about 50 mL) held at -?go on the vacuum line. After 30 minutes the dried 
NH, was pumped from the ampul and degassed in a trap held at - 196" before 

rn Caution. The selenium and tellurium compounds in these preparations an? 
toxic and vile smelling. Rapid decomposition, particularly for the silanes, wiU 
occur on exposure to air andfor moisture. Manipulations should be cam'ed out 

torr can be achieved. 

Use. 

*Available from Alfa Products, Ventron Corp., P.O. Box 299, Danvers, MA 01923. 
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in a vacuum system of sound construction in a well-ventihted area or fume 
hood. The nauseating smell of the selenides and tellurides usually results from 
their dissolution in stopcock lubricants. To minimize this, greaseless high- 
vacuum Teflon-in-ghss valves and a minimum of silicone-type lubricant for 
detachable glass joints are highly recommended. Personal contamination with Se 
compounds will lead to weeks of foul odors! 

A. HEXAMETHYLDISILASELENANE AND HEXAMETHYLDISILATEL 
LURANE, [BIS(TRIMETHYLSILYL) SELENIDE AND 
BIS (TRIMETHYLSILYL) TELLURIDE] 

2Li + Se - Li2Se* 

{2Li + Te _* Li2Te*} 

2(CH3)3SiCl + LizSe - [(CH3)3Si] ,Se t 2LiCl 

{2(CH3)3SiCl + Li2Te - [(CH3)3Si] ,Te t 2LiCl) 

Procedure 

The reactor is a bulb (volume about 70 mL) the neck of which is extended into 
a tube 10 cm long (about 10 mm od), terminating in a high-vacuum Teflon-in- 
glass valve and glass joint for attachment to  the vacuum line. The reactor is 
evacuated and purged with dry N2.  The stopcock plug is removed in a dry box, 
and clean lithium wire (0.0694 g, 10.00 mmole), powdered selenium (0.3960 g, 
5.02 mmole), and a small stirring bar are added to the reactor. The plug is 
replaced and the vessel is then thoroughly evacuated on the vacuum line. Dry 
NH3 (about 10-1 5 mL) is then distilled into the vessel held at - 196". The stop- 
cock is closed and the reactor is maintained at - 78" with occasional shaking and 
stirring until the blue color of dissolved lithium is discharged (about 10-12 hr). 
This will be slower if lithium has an oxide coating. With cautious warming and 
shaking, the reaction may be accelerated to completion in about 1 hour. 
(m Caution. It is advisable to incorporatea bubblermanometerinto the vacuum 
line to offset any difFculties arising from sudden expansion of the NH3) .  The 
NH3 is then distilled out of the reactor under vacuum and the residual solid is 
heated (130-160°) in vacuo for 4-6 hours. The dilithium selenide thus prepared 
is light grey and should show no signs of residual Li or Se. Polyselenides impart a 
characteristic red color to the material. Dilithium telluride is prepared in the 
same way from Li (0.0694 g, 10.00 mmole) and powdered tellurium (0.6392 g, 

*By writing LizSe and Li2Te for lithium selenide and lithium telluride, we do not wish to 
claim that the exact nature of these molecular formulae is known. 
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5.01 mmole). It is characteristically a darker grey than the selenide but should 
appear homogenous. Inhomogenous Li2Se or LizTe gives poor yields. Both 
materials may be stored indefinitely under nitrogen at room temperature. 

Diethyl ether (about 10-15 mL) and (CH3),SiCl (1.1393 g, 10.50 mmole) 
are distilled in vacuo into the reactor held at -196' and containing dilithium 
selenide (about 5 mmole) prepared as above. The mixture is brought to room 
temperature and stirred for 72 hours, after which time the supernatant liquid is 
pale yellow, and a whitish-gray precipitate is present. The volatile material is 
then distilled under vacuum out of the reactor and fractionated through traps at 
-45 and - 196'. Diethyl ether and unreacted (CH3),SiCl may be identified in the 
- 196" trap. The contents of the trap that was maintained at -45' are redistilled 
through traps held at -23 (CC14-liquid Nz slush), -45, and -196'. (m Caution. 
Carbon tetrachloride is toxic and a suspected cminogen. It should be handled 
in an efficient hood.) The former retains pure bis(trimethylsily1) selenide 
{[(CH3)3Si] zSe, 4.0 mmole, 80%). Traces of hexamethyldisiloxane may be 
found in the trap held at -45' (identified by the characteristic strong band at 
1055 cm-' in the IR ~ p e c t r u m ' ~  of the gas). High yields of bis(trimethylsily1) 
telluride, [(CH,),Si] ?Te, in the region 70-80%, may be obtained by an anal- 
ogous procedure using Li2Te (about 5 mmole), diethyl ether (about 10-15 mL), 
and (CH3)3SiCl (10.50 mmole). 

Caution. The Se and Te residues in the reactor should be handled in an 
efficient fume hood. Smell contamination may be considerably reduced by 
treatment of the residues with a strong bleach solution followed by an acid 
wash. These solutions should be disposed of in the normal wrry prescribed for 
toxic wastes. 

Properties 

Bis(trimethylsily1) selenide (mp -7', bp 58-59"/11 torr)14 and bis(trimethy1- 
silyl) telluride (mp 13.5", bp 74'11 1 torr)14 are liquids of low volatility with 
revolting and persistent odors resembling garlic and rotten cabbage. They exhibit 
first-order 'H nmr spectra:zi3 [(CH,),Si] ?Se; 6 (CH,) 0.43 ppm, J(H-I3C) 
120.5 H Z , J ( H - C ~ ~ S ~ )  7.2 Hz; [(CH3)3Si] ?Te; 6(CH3) 0.60 ppm,J(H-13C) 
121.5 Hz (shifts downfield from tetramethylsilane in carbon tetrachloride soh- 
tion). The infrared spectra show strong lines above 300 cm-' : [(CH3)3Si] zSe14; 
2960 (s), 2900 (m), 1406 (m), 1257 (vs), 843 (vs), 823 (vs), 747 (s), 686 (s), 
623 (s), 369 (vs) cm-' ; [(CH3),Si] 2Te14; 2959 (s), 2900 (m), 1404 (w), 1247 
(vs), 843 (vs), 823 (vs), 758 (m), 695 (m), 620 (s), 323 (vs) cm-' . Further 
identification comes from the mass spectra, which give peaks at m/e 220- 
230 (C6H18 Siz Se)+ and m/e 268-278 (C6H1 *SizTe)*, respectively. Bis(tri- 
methylsilyl) selenide and telluride may be stored indefinitely at room tempera- 
ture in break-seal glass ampules. 
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B. DIGERMASELENANE AND DIGERMATELLURANE, 
(DIGERMYL SELENIDE AND DIGERMYL TELLURIDE) 

2GeH3 F t [(CH,), Si] , Se --+ (GeH,), Se + 2(CH,), SiF 

2GeH3F t [(CH,),Si] ,Te --+ (GeH3),Te t 2(CH3),SiF 

Procedure 

The reactor is a glass ampul (about 10 mL) fitted with a high-vacuum Teflon-in- 
glass valve for attachment to the vacuum line. The ampul is evacuated and 
cooled to -196",andGeHJF (0SOmmole)anda slight deficit of [(CH3),SiI2Se 
(0.236 mmole) are distilled in. The mixture is allowed to warm to room tem- 
perature for 10 minutes. The volatile material is separated in vacua using traps 
held at -45 and - 196". Unreacted GeH,F (about 0.02 mmole), (CH3),SiF (0.47 
mmole), and traces of GeH4 are identified by ' H nmr spectra of the contents of 
the trap held at -196". The trap held at -45" retains pure digermyl selenide 
[(GeH,), Se, 0.235 mmole, 99%]. In some reactions the trap held at -45" may 
also contain slight traces of bis(trimethylsily1) selenide or germyl trimethylsilyl 
selenide.' 

In a typical reaction by an identical procedure, GeH3F (0.75 mmole) and 
[(CH3),SiIzTe (0.356 mmole) react to give (GeH3)?Te (0.353 mmole, 9%), 
which is retained in a trap at - 23". 

Properties 

Digermyl selenide (mp -41 f 1"; vp 2-3 torr at 25°)6 and digermyl telluride 
(mp -75" k are sparingly volatile liquids [(GeH,),Te is only just volatile 
in the vacuum system] with disgusting garlic-cabbage-like odors. They are 
colorless when pure but become yellow if allowed to stand for long periods at 
room temperature. They are best characterized by their 'H nmr spectra: 
which are singlet resonances with characteristic satellites arising from inter- 
action with 77Se (I= +, 7.58%) and 12'Te (I= +, 6.99%): (GeH3),Se; S(GeH) 
4.23 ppm, J(HGeSe) 12.1 Hz; (GeH3),Te; G(GeH) 3.59 ppm, J(HGeTe) 19.4 
Hz (measured downfield from tetramethylsilane 5% by volume in cyclopentane). 
The infrared spectra6 show the following principal features: (GeH,), Se; 2105 
(s), 2086 (s), 874 (m, br), 828 (s), 801 (s), 285 (w) cm-' ; (GeH3)2 Te; 2083 
(s), 866 (mw), 816 (m), 781 (vs) 516 (vw) cm-'. The molecular ions for 
digermyl selenide [m/e 216-238, (H,Ge,Se)*] and telluride [m/e 264-285, 
(H,Ge2Te)+] are observed in their respective mass spectra. Both materials are 
best stored at - 196" in break-seal glass ampules. 
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RAYMOND T. HEMMINGS,f and H. ERNEST HENDERSON* 
Checked by CHARLES H. VAN DYKES and N. VISWANATHAN 5 

Studies of Ge-0 containing species are notably less abundant than those of the 
related Si-0 species. Procedures useful for the synthesis of siloxanes are generally 
unsuccessful for the preparation of germoxanes. Thus (GeH3)20 is not obtained 
by hydrolysis of GeH3Cl' or GeH3CN2 nor by the interaction of GeH3Br with 
Ag20 or AgzC03? Reactions of HgO with (GeH3)2S or GeH31 are similarly 
unsatisfactory, producing either low yields or inseparable mixtures? Recently, 
high yields of germoxanes have been obtained by hydrolysis of digermylcar- 
bodiimides: * chloromethylgermane, and chlorodimethylgermane in the 
presence of ammonia' and by the interaction of bromogermanes with lead(I1) 

*Department of Chemistry, University of Windsor, Windsor, Ontario, Canada N9B 3P4. 
?Department of Chemistry, Scarborough College, University of Toronto, Toronto, 

$Department of Chemistry, Carnegie-Mellon University, Pittsburgh, PA 15213. 
8Pennsylvania State University, Uniontown, PA 15401. 

Ontario, Canada. 
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oxide.'"9 The carbodiimide route:'6 although essentially quantitative, is suited 
only to small-scale preparations and appears to yield a product under conditions 
that render it less stable than that produced by the lead(I1) oxide route. 

We describe in detail the syntheses of digermoxane and its methyl analogues 
from the reaction of lead(I1) oxide with bromogermanes. The procedures are 
convenient and well suited to large-scale preparations in a relatively short time 
(about 1 hr), using a minimum of special apparatus. The yields are in the range 
87-98%. 

Apparatus 

The manipulation of all volatile material is carried out on a Pyrex-glass vacuum 
system of conventional design." The system may consist of two manifolds 
interconnected by four U-traps and a central manifold leading to  two liquid 
nitrogen backingtraps and mercury diffusion and rotary oil pumps. The vacuum 
in the system is monitored by a Pirani-type gauge fitted to the central manifold. 
Pressure readings in excess of 1 torr are registered by mercury manometers. 
High-vacuum Teflon-in-glass valves and a silicone-type grease for ground-glass 
joints are preferred because of the marked solubility of the materials in hydro- 
carbon grease.* 

Starting Materials 

Commercial sources for some of the starting materials include germane (Mathe- 
son Gas Products, East Rutherford, NJ), dichlorodimethylgermane, bromo- 
trimethylgermane (Alfa Inorganics Inc., Beverly, MA), and lead(I1) oxide (Fisher 
Scientific Co., Fair Lawn, NJ). The preparations of bromogermanet " and 
methylgermane$ are well documented. Dimethylgermane$ may be recovered 
in yields >95% from the reduction of dichlorodimethylgermane with Li [AlH4 ] 
in dry dibutyl ether'j and its purity can be confirmed by 'H n r d 4  and ir" 
measurements. Methylgermanes are conveniently converted to chloromethyl- 
germanes with BC13 (Matheson) and subsequently to bromogermanes with 
€iBrI3. l4 l 6  (Matheson). 

Caution. The digennoxanes are toxic and their exposure to air andlor 
moisture is likely to promote rapid decomposition. Manipulations should be 

*The checkers used a conventional vacuum line equipped with hkh-vacuum glass stop 
cocks that were lubricated with Dow Corning high-vacuum silicone lubricant. 

?The checkers recommend the preparation of GeH3Br as described in fnorg. Synth., 
15,157 (1974). 

$The checkers recommend the preparation of MeCeH3 and Me2GeHz by the sodium 
tetrahydroborate(1-) reduction of the corresponding chloromethylgermane in aqueous 
acidic solution as described infnorg. Synth., 2,375 (1963). 
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performed under vacuum conditions in a well-ventilated area. All preparations of 
the methyl digermoxanes may be scaled up to use 10 mmole of starting material. 

A. DIGERMOXANE 

2GeH3Br + PbO - (GeH3)?0 + PbBrz 

Procedure 

An excess of anhydrous lead(I1) oxide (about 15 g, 67 mmole) is placed in a reac- 
tion vessel (volume about 45 mL equipped with a Teflon-in-glass valve and 3 
18/9 ball joint) attached to the vacuum line. Glass wool should be packed above 
the vessel, to prevent the lead(I1) oxide from entering the vacuum line, and the 
vessel should be degassed. Upon evacuation, bromogermane (GeH3 Br, 0.1633 g, 
1.05 mmole, measured in the gas phase using a mercury manometer) is con- 
densed into the vessel at - 196". The valve is closed and the reactants are allowed 
to warm to room temperature. After the reaction has proceeded for 15 minutes* 
with shaking, the valve is opened and the volatile materials are allowed to distill 
through U-traps held at - 126 (methylcyclohexane/N2) and - 196" (liquid N2), 
with continuous pumping to remove noncondensable gas (H2). The trap at - 126" 
contains pure digermoxane* [(GeH3)20, 0.0769 g, 0.46 mmole] identified by 
its H nmr" and parameters. Traces of germane (GeH4, identi- 
fied spectros~opically'~) are retained in the trap at -196". The yield? of diger- 
moxane based on the bromogermane consumed is 88%. 

Properties 

Digermoxane (vp4 about 66 torr at 0") is a clear colorless liquid that is best 
stored at liquid nitrogen temperature in break-seal glass ampules. The H nmr 
spectrum," measured in cyclohexane, consists of a singlet [6(GeH)] at 5.28 
ppm, while the infrared spectrum4' l8 shows prominent absorptions at 21 12 (s), 
928, 882, 798 (vs), 784 (vs), 674, and 452 cm-' . The mass spectrum confirms 
the presence of the molecular ion at m/e 156-172 [H,Ge20]+. 

*The checkers found that shorter reaction times can result in incomplete conversion. 
GeH3Br is extremely difficult to separate from (GeH3)20. When unreacted GeH3Br is 
detected, the sample should be distilled back onto a fresh sample of PbO for additional 
reaction. 

?Low yields may be obtained as a result of the partial decomposition of bromogermane 
in contact with the grease. 
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B. 1,3-DIMETHYL-, 1,1,3,3-TETRAMETHYL-, 
AND HEXAMETHYL DIGERMOXANE 

2(CH3),GeH3 - Br t PbO + [(CH3),GeH3 - .] z O  t PbBr, 

n = 1 , 2 , 3  

Procedure 

The reaction vessel and conditions are identical to those described in Sec. A. 
The bromogermane [CH3GeHz Br, 0.4949 g, 2.92 mmole; (CH3)ZGeHBr, 
0.6780 g, 3.70 mmole; (CH,),GeBr, 0.7624 g, 3.86 mmole] is condensed onto 
an excess of PbO (about 15 g, 67 mmole) and allowed to react for 20-35 
minutes with some shaking. The volatile products are fractionated using cold 
traps at -78 (methanol/solid COz slush) and -196". The first trap retains the 
corresponding methyl digermoxane,* namely, (CH3GeHz)z0, 89%; [(CH,),. 
GeH] z 0,95%; [(CH3 )3 Gel 0,97%. Any traces of methylgermane are collected 
inthe trapat -196'. 

Properties 

1,3-Dimethyl-, 1,1,3,34etramethyl-, and hexamethyldigermoxane are all clear, 
colorless liquids and the latter two are stable at room temperature in break-seal 
glass ampuls. Hexamethyldigermoxane (analyzed sample) giveszo : mp -61", bp 
(extrapolated) 129', vapor pressure relationship: log,,P(mm) = 8.580 - (2290/ 
T) over the range 18.2-72.4', AHmp 10,540 cal/mole, Trouton's constant 26.0. 
The methyl digermoxanes exhibit first-order H nmr spectra.697i9 (CH,- 
G ~ H z ) ~ ~ :  6(CH3) 0.59, 6(GeHz) 5.28 ppm, J& .2.91, J13CH 129.1 Hz. 
[(CH3)zGeH]20: 6(CH3) 0.40, S(GeH) 5.40 ppm,JG& 2.43,J,3cH 128.2 Hz. 
[(CH3)3Ge] zO: S(CH3) 0.29 ppm,llqcH 125.9 Hz. (Shifts are downfield from 
tetramethylsilane in carbon tetrachloride solution.) The purity of the methyl 
digermoxanes may be further checked by their infrared spectra. (CH3GeHz)z09 : 
2997 (m), 2923 (w), 2077 (sh), 2057 (vs), 1418 (vw), 1259 (m), 901 (sh), 876 
(s), 840(s), 800(vs), 725(s), 610(ms), 486(m), 454cm-' . [(CH3)zGeH]z0699: 
2997 (s), 2926 (m), 2040 (vs), 1422 (m), 1255 (s), 882 (s), 849 (s), 805 (vs), 
762 (m), 702 (s), 664 (w), 613 (s), 591 (s), 480 em-' . [(CH,),Ge] ,OZ' : 2983 
(s), 2914 (m), 1408 (w), 1236 (s), 881 (vs), 823 (vs), 794 (vs), 753 (m), 607 (s), 

*If spectral evidence indicates the presence of unreacted bromogermane in the germoxane 
after the suggested purification, the checkers suggest that the sample be distilled onto a 
fresh sample of PbO for additional reaction. 
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566 (m), 467 cm-’ . Likely impurities include unreacted bromogermane,* which 
is in fast exchange (on the ‘H nmr time scale)’ and has a prominent v(GeBr) 
absorption at about 272 cm-’ in the Raman spectrum. 
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*The checkers suggest that infrared spectroscopy might also be used to detect unreacted 
methyl bromogermanes in the methyl germoxanes. This is most easily achieved by compari- 
son of their representative infrared ~ p e c t r a . ’ ” ~ ” ~ ’ ’ ~  
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40. DI-F - CHLORO-DICHLOROBIS (ETHY LENE)- 
DIPLATINUM (11), DI-/A -CHLORO -DICHLORO - 
DI-p - CHLORO -DICHLOROBIS ( 1 -DODECENE)- 

BIS(STYRENE)DIPLATINUM(II), AND 

DIPLATINUM (11) 

Submitted by PAUL J. BUSSE,* BENJAMIN GREENE,* and MILTON ORCHIN* 
Checked by ROBERT ZAHRAY? and JACK DOYLE? 

Di-p-chloro-dichlorobis(ethylene)diplatinum(II) is customarily prepared by 
evaporating an aqueous solution of H[PtC13(CzH4)] to dryness and then re- 
crystallizing the dimer.' However, this procedure has not been applied as a gen- 
eral synthesis of other related olefin complexes. The dimer has also been pre- 
pared, but with less success, by the reaction of NazF'tC16 with boiling ethanol? 
The direct reaction of ethylene with platinum(1V) chloride also provides the 
dimer? but yield data are not available and presumably the method is unsatis- 
factory. 

Dimers of the general structure [PtC12(olefin)] may be obtained by displac- 
ing the ethylene in [PtCl, (C2 H4)] with an excess of the desired olefin. Styrene4 
and 1-dodecene5 complexes have been prepared in this manner. However, 
[PtCl2 (C2 H4)] is relatively sensitive to moisture and air and accordingly is not 
conveniently stored. 

A convenient direct synthesis of [RC12 (ole fin)] is reported below. The reac- 
tion consists of treating a diethyl ether solution of the stable, readily available 
trans- [RClz (CZ I-L,)(pyridine)] with a sulfonic acid polymer resin (@-SO3 H) 
that removes the amine and generates the dimer. 

A. tmns-DICHLORO(ETHYLENE)(PYRIDINE)PLATINUM(II) 

Procedure 

K[F'tC13(CzH4)] + CSH5N - trans-[PtClz(CzHq)(CSH5N)] + KC1 

Potassium trichloro(ethylene)platinum(II),6 Zeise's salt (2.00 g, 5.43 mmole), 
is placed in a 100-mL Erlenmeyer flask containing a magnetic stirrer, and 50 mL 
of water is added. The mixture is stirred until complete dissolution of the salt, 
whereupon 0.44 mL (5.46 mmole) of pyridine is added dropwise (syringe) with 

*Department of Chemistry, University of Ch&nati, Cincinnati, OH 45221. 
We thank Engelhard Industries for kindly supplying us with KzPtCb. 
?Department of Chemistry, The University of Iowa, Iowa City, IA 52242. 
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stirring, over a period of 1-2 minutes, to the yellow solution. A yellow precipi- 
tate forms immediately and the reaction mixture is allowed to  stir for 30 min- 
utes. The precipitate is collected by suction filtration and washed three times 
with 10 mL portions of water. The yellow powder is dried in vucuo overnight. 
Yield: 1.82 g (90% based on platinum); mp 125-127". The compound is stable 
to air and moisture and can be used without further purification. Anal. Calcd. 
for [PtCl2(C2H4)(C5HSN)] : C, 22.52; H, 2.41. Found: C, 22.66;H, 2.42. 

B. Di-p-CHLORODICHLOROBIS (ETHYLENE)DIPLATINUM QI) 

2trans-[PtC12(C2H4)(C5H5N)] + 2 @ -S03H --* 

[RC12 (Cz H4)] 2 + 2 @ -SO3-C5 H5 NH' 

Procedure 

A solution of 400 mg (1.07 mmole) of fruns-dichloro(ethylene)(pyridine)- 
platinum(I1) in 25 mL of diethyl ether is added to  5.0 g (12 mequiv) of Dowex 
50W-X8 ion exchange resin in a 50-mL Erlenmeyer flask. The reaction mixture 
is stirred vigorously for 1 hour with a magnetic stirrer and filtered through a 
sintered-glass frit. While on the frit, the resin is stirred twice with 5 mL of diethyl 
ether and filtered. The combined filtrates are treated with 5.0 g of fresh resin and 
stirred for 1 hour. The mixture is filtered, and the insoluble polymer is washed 
twice with 5 mL of diethyl ether as above. The combined filtrates are treated a 
third time in the same manner. The yellow filtrate is dried overnight over sodium 
sulfate at 0". The sodium sulfate is removed by filtration and washed three times 
with 5-mL portions of anhydrous benzene. The combined filtrates are evaporated 
to  dryness under reduced pressure, providing an orange solid. The solid is added 
to approximately 10 mL of benzene, 1-2 mg of decolorizing charcoal is added, 
and the mixture is quickly brought to boiling and immediately filtered. On 
cooling, orange crystals separate and are collected, mp 180-185" (dec.). Yield: 
130 mg (40% based on platinum). Extended heating of solutions of [PtCl,. 
(C2H4)] must be avoided. Anal. Calcd. for [PtC12(C2H4)] : C, 8.16; H, 1.36. 
Found: C, 8.75; H, 0.99. 

C. DI-~-CHLORO-DICHLOROBIS (STYRENE)DIPLATINUM QI) 

t t ~ ~ ~ - [ P t C 1 2  (C2 H4)(C5 H5 N)] + C6H5 CH=CH2 - 
~ ~ u ~ s - [ P ~ C ~ ~ ( C ~ H ~ C H = C H Z ) ( C ~ H S N ) ]  + CzH4 

2trans-[PtCl2(CgH~CH=CHZ)(C5HsN)] + 2 @ -S03H - 
[PtC12(CgH5CH=CHz)] 2 + 2 @ -SO~-C~HSNH* 
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Procedure 

A solution of 400 mg (1.07 mmole) of tmns-dichloro(ethylene)(pyridine)- 
platinum@) in 25 mL of anhydrous diethyl ether is heated at reflux for 30 
minutes with 0.13 mL (1.13 mmole) of styrene in a 40-mL, round-bottomed 
flask protected by a calcium sulfate drying tube. The yellow solution is allowed 
to cool to room temperature. Three treatments with Dowex 50W-X8 and drying 
with sodium sulfate are performed as described in Sec. B. The sodium sulfate is 
separated by suction filtration and washed three times with 5-mL portions of 
anhydrous benzene. Solvent is removed from the combined filtrates under 
reduced pressure, providing a bright-orange solid. The solid is dissolved in 
approximately 10 mL of refluxing benzene containing 1-2 mg of decolorizing 
charcoal. The mixture is filtered hot and the filtrate is cooled to loo, providing 
orange crystals, mp 201-202" (dec.). Yield: 220 mg (55%). Anal. Calcd. for 
[PtC12(C6H5CH=CH2)12: C, 25.96; H, 2.18; C1, 19.15. Found: C, 25.72; H, 
2.16;C1,19.23. 

D. Di-~-CHLORO-DICHLOROBIS(1-DODECENE)DIPLATINUM(II) 

Procedure 

A solution of 400 mg (1.07 mmole) of trans-dichloro(ethylene)(pyridine)- 
platinum(I1) in 25 mL of anhydrous diethyl ether is heated at reflux for 30 
minutes with 0.25 mL (1.13 mmole) of 1-dodecene in a 50-mL, round-bottomed 
flask protected by a calcium sulfate drying tube. The yellow solution is allowed 
to cool to room temperature. Three treatments with Dowex 50W-X8 and drying 
with sodium sulfate are conducted as described in Sec. B. The sodium sulfate is 
separated by suction filtration and washed three times with 5-mL portions of 
anhydrous benzene. Solvent is removed from the combined filtrates under 
reduced pressure, providing an orange solid. Twenty milliliters of hexane is 
added to the solid. After being heated to reflux, the orange solution is filtered 
hot through a sintered-glass frit, and the filtrate is cooled to 0". A waxy, orange 
solid precipitates and is separated by suction fdtration and washed twice with 
10 mL of cold hexane. Vacuum drying overnight provides an orange solid, mp 
73". Yield: 304 mg (65%). 
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Properties 

The dimers are moderately stable in air and can be handled without special pre- 
cautions. However, extended exposure to air or moisture results in decomposi- 
tion, and the dimers are best stored refrigerated under an inert gas. All three 
dimeric complexes are soluble in acetone, diethyl ether, tetrahydrofuran, and 
alcohols. They are less soluble in halogenated or aromatic solvents, with the 
ethylene complex being the least soluble. 
tmns-[PtC12(C2H4)(C5H5N)] is stable in air when dry and can be stored in- 

definitely at 0". It is soluble in most organic solvents other than aliphatic hydro- 
carbons. The extent of contamination by unreacted trans-[PtC12 (olefm) 
(C,H5N)] in the dimeric complexes may be evaluated by the nmr spectrum of a 
chloroform-d slurry (ethylene) or solution (styrene and dodecene) of the appro- 
priate dimer. The nmr spectrum of tmns-[F'tC12(C2H4)(C5HSN)] in DCC13 
(TMS internal standard) exhibits a singlet for the ethylene protons with two 
satellite peaks due to '"Pt-'H coupling, JRH = 61.5 Hz, centered at 6 4.93 
ppm; a triplet with splitting JHH = 6 Hz centered at 6 7.53 ppm (mefu-pyridine 
hydrogen); a triplet with splitting JHH = 7 Hz centered at 6 7.99 ppm (para- 
hydrogen); and a doublet JHH = 5 Hz centered at 6 8.88 ppm (ortho-hydrogen). 
In the absence of excess pyridine,' the doublet at 6 8.88 exhibits 19'Pt-'H 
coupling with satellite doublets having JRH = 35 Hz. The nmr spectrum of 
[PtC12(C2H4)]2 in acetone-d6 (TMS internal standard) consists of a broad 
singlet centered at 6 4.53 ppm. The nmr spectrum of [P~C~~(C~HSCH=CHZ)]  2 

in DCC13 (TMS internal standard) exhibits broad peaks centered at 6 4.8 ppm 
and at 6 6.5 ppm, and a multiplet centered at 6 7.44 ppm. The nmr spectrum of 
[PtC12(n-CloHzlCH=CH2)] in DCC13 (TMS internal standard) consists of a 
triplet with splitting JHH = 5 Hz centered at S 0.90 ppm, a singlet centered at 
6 1.31 ppm, and three broad peaks centered at 6 1.8,6 4.7, and 6 5.5 ppm. 

The choice of trmzs-[PtCl2(o1efm)(C5H5N)] for the preparation of dimers is 
a matter of convenience. Actually almost any complex having the structure 
truns-[RC12(olefm)(L)] where L is an amine may be used. Because pyridine is 
readily available and convenient to use, it is the amine of choice. 

An alternate route to the desired dimers consists of a two-step sequence of 
reactions: 

K[PtCl3(C2%)] + olefm - K[PtC13(olefin)] + c2H4 

K[PtC13(olefm)] + M+ - [PtC12(olefm)] + K+ + MCl(s) 

As metal salts to remove chloride and provide the dimer, we have investigated 
AgPF6, AgJ3F4, and Pb(C104)2. Although the dimer can be obtained by this 
sequence, yields, product purity, and convenience are inferior to those of the 
method recommended above. 
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4 1. DIBROMODIMETHY LPLATINUM (IV) AND 
DIHYDROXODIMETHY LPLATINUM (IV) 

SESQUIHYDRATE 

Submitted by J. R. HALL,* D. A. HIRONS? and C. A. !WILE* 
Checked by W. H. PAXd and J. P. FACKLER, JR.t 

Although iodotrimethylplatinum(1V)' is a readily prepared starting material for 
the preparation of other trimethylplatinum(1V) compounds, a convenient start- 
ing material for synthesis of dimethylplatinum(IV) compounds remains to be 
established. One synthetic route is the oxidative addition of either CH3X to 
monomethylplatinum(II)  compound^^*^ or of halogens to dimethylphtinum(I1) 

An alternative is to start with RBr2(CH3)2.5 The procedure 
described below yields PtBr2(CH3)? in 90% yield from the readily obtainable 
PtI(CH3)3. The dibromo compound is suitable for use in nonaqueous solvents. 
Preparation of derivatives may be accomplished in an aqueous medium by start- 
ing with a sulfuric, nitric, or perchloric acid solution of R(OH)2 (CH3)2 - 1 .5H2 0, 
which is obtainable in quantitative yield from the dibromo compound. 

A. DIBROMODIMETHYLPLATINUM (IV) 

RI(CH3)3 + Br2 -PtBr2(CH3)2 + CHJI 

Procedure 

Yellow iodotrimethylplatinum(1V) (5.0 g, 0.014 mole), bromine (25 mL, 0.45 
mole), and hydrobromic acid (0.8 mL of 46-49% by weight) are placed in a 
100-mL, round-bottomed flask fitted with a water condenser, and the solution 

*Chemistry Department, University of Queensland, Brisbane, Australia 4067. 
tChemistry Department, Case Western Reserve University, Cleveland, OH 44106. 
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is heated at reflux for 8 hours. AU liquid is then evaporated by heating the flask 
on a water bath, leaving a yellow residue contaminated by a small amount of 
reddish-brown material. The solid is washed with water until the washings are 
colorless and then with acetone (50 mL), after which it is air dried. The yield 
of crude PtBr2(CH3)2 is 5.0 g, 0.013 mole (95%). The crude product is purified 
by way of its bis(pyridine) derivative. The solid is dissolved in hot pyridine (15 
mL), the pyridine is evaporated on the water bath in a fume hood, and the yel- 
low crystalline residue is extracted with hot chloroform (50 mL). The chloro- 
form solution is filtered and concentrated to a small volume (10 mL) on the 
water bath, and small portions of ethanol (5 mL) are added to maintain this 
volume until yellow crystals of the product are formed. The solution is cooled 
in ice and then fdtered. The crystalline solid is washed with cold ethanol (5  mL) 
and air dried. The yield is 6.7 g (85-95%). Anal. Calcd. for C,zH16NZBrzPt: 
Pt, 35.9; C, 26.5; H, 3.0; N, 5.2; Br, 29.4. Found: Pt, 35.4; C, 26.3; H, 3.1; 
N, 5.2; Br, 29.6. 

Caution. Perchloric acid should always be treated as a hazardous sub- 
stance. ' 

[PtBr2(CH3)2(py)2] (5.0 g) is added to water (50 mL) and 60% perchloric 
acid (12.5 mL) in a round-bottomed flask fitted with a reflux condenser. The 
mixture is heated at reflux for 2.5 hours, at which stage a yellow solid has 
precipitated and the supernatant liquid is almost colorless (there may be a slight 
yellow color or a trace of iodine may crystallize on the walls of the condenser). 
The solution is cooled and the yellow solid is filtered, washed with water and 
then acetone (20 mL), and air dried. The yield is 3.35 g (95%).Anal. Calcd. for 
CzH6BrzPt: Pt, 50.7; C, 6.2; H, 1.6; Br, 41.5. Found: Pt, 50.3; C, 6.3; H, 1.6; 
Br, 41.4. 

Properties 

Dibromodimethylplatinum(1V) is a yellow crystalline solid that decomposes at 
180-190°. It is insoluble in water and sparingly soluble in organic solvents. 
Although no X-ray crystal structure data are available, the complex is expected 
to be polymeric if the usual six-coordination of platinum(1V) is maintained. In 
methanol solution it is monomeric. Its reactivity with a variety of ligands has 
been described.' Sharp infrared absorption bands at 1220 (s), 1222 (w, sh), 
1245 (w), and 1252 (m) cm-' in the CH3 deformation region are characteristic 
of the compound. 

B. DIHYDROXODlMETHYLPLATINUM (IV) SESQUIHYDRATE 

H,O+ 
PtBrz(CH3)2 +4NaOH --+Pt(OH)4(CH3)22-t 4Na+ t 2Br-- 

P ~ ( O H ) ~ ( C H J ) ~ . ~ . ~ H ~ O  
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Procedure 

Caution. Perchloric acid should always be treated as a hazardous sub- 
stance. 

Recrystallized [PtBrz (CH3)2] n* (1 g, 0.0026 mole) is suspended in 30 mL of 
an aqueous solution of sodium hydroxide (2.5 g, 0.063 mole) in a 100-mL 
beaker. On boiling the suspension, the solid dissolves completely in 15-20 
minutes to give a yellow solution. When heated for a further 45-60 minutes, the 
solution becomes almost colorless (the solution sometimes remains pale yellow, 
possibly because of the formation of a little Pt(OH)62-). The solution is then 
cooled in an ice bath. While it is monitored with a pH meter, 60% perchloric 
acid solution is added in a dropwise manner until the pH reaches 10. At this 
point, 10% perchloric acid is used to reduce the pH to 7, at which stage a fine, 
white precipitate forms. The solid is allowed to settle and is washed by decanta- 
tion several times and then either centrifuged or filtered slowly through a low- 
porosity sintered-glass filter funnel. The solid is washed with water and dried 
over P40,0 in a vacuum desiccator. The yield is quantitative. The solid has a 
glassy appearance but is a white powder when crushed. It is sometimes con- 
taminated with metallic platinum or oxide, which may be removed by the fol- 
lowing recrystallization procedure. Crude Pt(OH)z(CH3)2 * 1 .5Hz0 (1 g, 0.0035 
mole) is suspended in water (1 5 mL) and 60% HC104 (1 mL) and the mixture is 
heated for 5 minutes. After it is cooled, the solution is filtered through a fine 
sintered-glass filter funnel, leaving a residue that is probably PtOz-nHzO. The 
filtrate is neutralized with dilute NaOH (1 M), using a pH meter. The resultant 
white precipitate is filtered off, washed with water, and dried in a vacuum desic- 
cator. The freshly prepared substance analyzes for between 1 and 2 moles of 
water per mole of Pt. The calculated percentages correspond to Pt(OH)z(CH3)2- 
1.5Hz0. Anal. Calcd. for C4HzzO7Pt2: Pt, 68.2; C, 8.4; H, 3.9. Found: Pt, 
68.8; C, 8.3; H, 3.7. The analytical results for an aged sample indicate dimin- 
ished water content. 

Properties 

Dihydroxodimethylplatinum(1V) sesquihydrate is a white solid that turns black 
at 126-130' and explodes at about 170'. It loses weight in an evacuated drying 
pistol at 1 lo", but darkening of the solid begins at about 80". The substance is 
insoluble in organic solvents. It behaves as a typical amphoteric hydroxide, dis- 
solving in warm caustic solution to yield a single species, [Pt(OH)4(CH3)2] '-, 
and readily in sulfuric acid, for example, to yield the cation [Pt(CH3),]'+ 
(aq.).8 Excess hydrobromic and hydrochloric acids produce the complex ions 
[Pt&(CH3)2]'- (X=Br  and Cl), but hydriodic acid yields the insoluble 
Pt12(CH3)'. Some other reactions have been reported.8 

*If crude [PtBrz(CH3)2 1 is used, the reaction rapidly produces platinum metal. 
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42. HALOCYCLOPENTADIENYL COMPLEXES OF 
MANGANESE AND RHODIUM 

MnX(C0)5 t C5H4N2 - Mn(vs -CSH,X)(CO), + 2COt t N2t 

X = C1, Br, I 
. 

MnX(CO)5 t C5 C14 N2 + 

Mn(q' -C5Cl4X)(C0), t Mn(v5 -CsC14X)(CO)3 t C o t  t N 2 t  

X = C1, Br 

[RhXL2lZ +2CsR4N2 -2Rh(v5-Cs&X)(L2)+ 2Nz t  

RZC6H5,L2 = 1 ,5 -C~H12 ,X=Clor  Br 
R = C6H5, L2 = (CO), , x = c1 
R = H or C1, = 1,5-CBHI2, X = C1 

Submitted by KENNETH J. REIMER* and ALAN SHAVER? 
Checked by MICHAEL H. QUICKS and ROBERT J .  ANGELICIS 

Halocyclopentadienyl complexes are very useful starting materials for the syn- 
thesis of other substituted compounds. Until recently, the compounds Mn(q5 - 
C5H4X)(C0)3 (X=Cl,  Br, I) were obtained in low yield by means of multi- 
step synthetic procedures.' As a result, they were not suitable as synthetic inter- 
mediates. The method described here supplies these compounds easily and in 
high yield by means of the insertion of 5-diazo-1,3-~yclopentadiene~ into the 
manganese-halogen bond of MnX(CO)5(X = C1, Br, I). The preparations of some 
halocyclopentadienyl rhodium complexes are also described. 

*Department of Chemistry, Royal Roads Military College, Victoria, B.C., Canada. 
?Department of Chemistry, McCill University, Montreal, Quebec, Canada. 
*Department of Chemistry, Iowa State University, Ames, IA 5001 1.  
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The complexes containing the pentachlorocyclopentadienyl ligand are of great 
importance. Not only are they of spectroscopic and theoretical interest, but the 
few known examples of this class of compounds often exhibit interesting chemi- 
cal properties, such as resistance to oxidation? Tetrachloro-5-diazo-1,3-cyclo- 
pentadiene can be inserted into the metal-chlorine bond of certain manganese 
and rhodium complexes to give the compounds outlined in the scheme. These 
have further indicated the unusual nature of the CsC15- ligand. For example, 
Rh($ -C5C15) cod (cod = 1,5-~yclooctadiene) has been shown to have unique 
structural features4 and Mn($ -C5Cl5)(C0), is5 the only known o-bonded 
transition metal complex of C5C15-. There is no C5H5- analog for this com- 
pound. The chemical reactivity of these types of compounds remains to be 
investigated. 

8 Caution. Diazo compounds are potentially explosive. Although neat 5- 
diazo-1,3-cyclopentadiene is known to be highly explosive,6 it may be handled 
conveniently and safely in a pentane solution. 2* ’ Tetrachloro-5-diazo-I, 3- 
cyclopentadiene is reported to be stable,’ but due caution should be exercised 
in the manipulation of this compound. Carbon monoxide. volatile metal car- 
bonyls, and some diazo compounds are highly toxic, and reactions with these 
species shouM be conducted in a well-ventilated fume hood. Avoid inhalation or 
contact with skin. 

Cen era1 Procedure 

Inert-atmosphere techniquesg are used in the synthesis and purification of all  
the metal complexes described here. Nitrogen gas (Liquid Carbonic, “Hi pure”) 
can be used without further purification. All solvents, although of ‘$pectro- 
quality,“ should be dried over molecular sieves and vacuum degassed or purged 
with nitrogen before use. Yields are quantitative if not specified. RhC13 .3H20* 
and hexachloro-l,3-~yclopentadieneT were used without further purification. 
[RhX(cod)], “(X = C1, Br), [RhC1(CO)2]211, CsPhN2,’* and MnBr(CO)5 
(X = C1, Br)I3 were prepared by published procedures. 

A. TETRACHLORO -5-DIAZO -1 ,ICYCLOPENTADIENE 

The synthesis of C5C14N2 follows the series of reactions: 

The preparation of tetrachloro -2,4-cyclopentadien-l -one hydrazone has been 
reported in the patent literatureI4 and elsewhere.”* l 6  The synthesis presented 

*Available from Alfa Products, Ventron Corp., P.O. Box 299, Danvers, MA 01923. 
?Available from Aldrich Chemical Co., 940 W. St. Paul Aw.,  Milwaukee, W153233. 
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here represents a considerable modification of previous methods and provides 
a convenient route to reasonable yields of this compound in a high degree of 
purity. A variety of reagents, such as mercury(I1) oxide,” sodium hypo- 
chlorite,16 and silver@) oxide: have been used for the oxidation of the hydra- 
zone, but only silver oxide is used in this work. This preparation of C5C14N2 
is used with some minor alterations. 

1. Procedures for Tetrachloro-2,4-cyclopentadien-l-one 
Hydrazone, C5 C14NNH, 

= Caution. Hydrazine hydrate and hexachlorocyclopentadiene are hazard- 
ous; avoid inhalation or skin contact. 

Hydrazine hydrate (29.4 mL, 30.32 g, 0.61 mole) is added dropwise from a 
pressure-equalizing addition funnel to a cooled (0”) solution of hexachloro - 
1,3-cyclopentadiene (16 mL, 27.3 g, 0.10 mole) in 200 mL of methanol in a 
500-mL Erlenmeyer flask. The solution turns dark red immediately. After the 
addition, the flask is securely stoppered (with a glass stopper) and the solution is 
stirred in the dark for 5 days at 5 ” ,  during which time a red solid collects on the 
walls of the flask. The mixture is poured into 5 L of water and filtered. The 
solid is air dried, dissolved in diethyl ether, and filtered. The filtrate is evapo- 
rated to dryness and the residue is extracted with cyclohexane in a Soxhlet 
extractor. The solution is concentrated and cooled and the red-brown crystals 
are filtered off. Additional product can be obtained by washing the material 
remaining in the thimble with water and extracting again with cyclohexane. 
Total yield: 15 g (65%). 

2. Procedures for Tetrachloro -5-diazo- 
1,3-cyclopentadiene, C5 C14N, 

Silver oxide (28.3 g, 0.122 mole), C5C14(”H2) (11.32 g, 0.049 mole), and 
anhydrous magnesium sulfate (2-3 g) are placed in a 500-mL Erlenmeyer flask, 
and 125 mL of diethyl ether is added. The original paper’ incorrectly reported 
0.125 mole of AgzO as being 15.5 g. The correct amount, used above, is re- 
quired for the reaction to  be completed in a reasonable length of time. A glass 
stopper is secured with an elastic band and the flask is wrapped with a wet towel 
to  dissipate the heat evolved in the early stages of the reaction. The mixture is 
then agitated on a mechanical shaker for 20 hours (stirring with a magnetic stir 
bar is inadequate; the checkers used a motor-driven paddle stirrer). The mixture 
is filtered and the filtrate is evaporated to dryness. The residue is recrystallized 
from boiling methanol to give 8.8 g (78%) of orange needles. Recrystallization 
from methanol rather than the reported’ chromatography was found to be a 
more convenient purification step. If kept in the dark and under nitrogen, 
CSC14N2 may be stored at room temperature unchanged for several months. 
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Caution. Tetrachloro-.5-diazo-I, Icyclopentadiene, C, C14N2, is said to be 
very stable' and we exerienced no difficulty. However, it is advisable to use care 
when subjecting the compound to extreme reaction conditions. 

B. 5-DIAZO-1 ,fCYCLOPENTADIENE, Cs H4Nz 

The ligand is prepared according to the general method of Weil and Cais." A 
mixture of 1,3-~yclopentadiene (7 mL, 5.6 g, 0.085 mole), diethylamine (4.7 
mL, 3.34 g, 0.046 mole), and p-toluenesulfonyl azide'' (10.4 g, 0.053 mole) 
contained in a 50-mL Erlenmeyer flask is allowed to stand at 5" for 5 days. 
Water (25 mL) is added and the product is extracted with pentane (several times, 
with filtering) from the brown heterogeneous reaction mixture. The extracts 
are combined and washed with water until a test with litmus paper indicates 
the absence of amine. After the solution is dried over MgS04, the volume is 
concentrated to slightly less than 10 mL. (m Caution. The pure compound is 
known to be highly explosive and should always be kept in s~lution.~' 7, 

This solution is transferred to a 10-mL volumetric flask and the volume is 
brought to the calibration mark by the addition of pentane. The concentration 
of the CsH4Nz is determined by adding a known amount of this solution to 
an ethereal solution containing excess triphenylphosphine. The concentration 
can be conveniently calculated from the amount of the adduct, CSH4NZ. 
PPh3 ,' that crystallizes from solution. A typical reaction yields 10 mL of 2.5 M 
solution (2.3 g, C S H ~ N Z ,  47% yield based on p-CH3C6H4SOzN3 used*). 

C. (CHL0ROTETRAPHENYL-q' -CYCLOPENTADIENYL) 
(v4 -1 ,5-CYCLOOCTADIENE)RHODIUM, Rh (v'-Cs Ph4CI)(cod) 

Benzene (10 mL) is added to a mixture of [RhCl(cod)] (0.20 g, 0.40 mmole) 
and C5Ph4Nz (0.32 g, 0.81 mmole) in a nitrogen-filled 60-mL Schlenk tube 
connected to a nitrogen line equipped with a mercury b ~ b b l e r . ~  Bubbles of gas 
are evolved and on stirring the red-orange solution lightens in color. The reac- 
tion is allowed to proceed overnight and then the solvent is removed in vacuo. 
The product is recrystallized by dissolving it in a minimum of pentane and 

*The checkers obtained 30-35% yields and found their sample contained dicyclopenta- 
diene. To overcome this they used a small excess of C5H5 and a large excess of 2-amino- 
ethanol (ethanolamine). The reaction mixture was stirred 1-2 hours at 0" and then stored 
for 24 hours at 0". Extraction with pentane/hexane 9 : 1 (omitting the aqueous washing) 
gave, after concentration, a final solution of CsH4N2 (30% yield) largely in hexane, which 
facilitates syringe manipulations. The compound decomposes over a period of a week at 
room temperature. but samples stored at -78" are stable for several months. 
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cooling to -20". Mp 208-210". Anal. Calcd. for Rh($-CSPh4Cl)(cod): C, 
72.29; H, 5.21. Found: C, 72.08; H, 5.28. 

D. (BROMOTETRAPHENYLQ' -CYCLOPENTADIENYL)- 
(Q' -1 ,5-CYCLOOCTADIENE)RHODIUM, Rh (gCs  Ph4 Br) (cod) 
AND DICARBONYL(CHLOR0TETRAPHENY Lq5 - 
CYCLOPENTADIENYL)RHODIUM, Rh($ -CsPh4CI)(CO)z 

Both compounds are prepared as above, using [RhBr(cod)], and [RhCl- 
(CO)?] 2 ,  respectively, and the appropriate stoichiometric quantities of C5Ph4- 
N2. The latter red complex is more soluble than the cod complex, and it is 
recrystallized from hexane as above. Mp 202-204" (dec.) and 78-81", respec- 
tively. Anal. Calcd. for Rh($-CsPh4Br)(cod): C, 67.41; H, 4.85. Found: 
C, 67.56; H, 5.02.Calcd.for Rh(q5-CsP~C1)(CO)2: C,66.17;H,3.55. Found: 
C, 66.39; H, 3.73. 

E. (CHLORO-$ -CYCLOPENTADIENYL)(q4 -1.5-CYCLOOCTAD1ENE)- 
RHODIUM, Rh($ -Cs H4Cl)(cod) 

To a solution of [RhCl(cod)] (0.20 g, 0.40 mmole) in benzene (5 mL) in a 
Schlenk tube equipped as in Sec. C is added a portion of 2.5 M pentane solu- 
tion of 5-diaZ0-1,3-cyclopentadiene (0.32 mL, 0.80 mmole). The solution is 
stirred overnight and then the solvent is removed in YIICUO. The product is 
recrystallized from hexane at -78". Mp 63-64". Anal. Calcd. for Rh($ -CSH,CI) 
(cod): C,50.29;H,5.15. Found: C,50.14;H,5.12. 

F. TRICARBONYL(CHLORO-$ -CYCLOPENTADIENYL)- 
MANGANESE, Mn($ -Cs H4C1)(CO)a 

To MnCl(CO)s (0.2 g, 0.87 mmole) suspended in pentane (10 mL) in a Schlenk 
tube as in Sec. C is added 0.35 mL (0.875 mmole) of a 2.5 M pentane solution 
of S-diazo-l,3-~yclopentadiene and the mixture is stirred overnight. It is then 
filtered under nitrogen' into a 100-mL, round-bottomed flask and the volume is 
reduced to  about 5 mL by a nitrogen stream. Cooling to -78" causes the product 
to crystallize. The remainder of the solvent is removed with a syringe and the 
product is dried by brief evacuation. The flask is then fitted with a water-cooled 
sublimation probe and evacuated. Then the stopcock connecting the flask to the 
vacuum pump is closed. The product is sublimed under static vacuum at room 
temperature. The purified product is transferred quickly in air (because of its 
low melting point) to a nitrogen-filled Schlenk tube where it is stored at 5". 
Mp 24-25'. Anal. Calcd. for Mn(77S-CSH4C1)(C0)3: C, 40.30; H, 1.68. Found: 
C, 40.44; H, 1.57. 
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G. (BROMO qs -CYCLOPENTADIENY L)TRICARBONYL 

5-DiaZ0-1,3-cyclopentadiene (0.22 mL of a 2.5 M pentane solution, 0.55 mmole) 
is added to a suspension of MnBr(CO)S (0.150 g, 0.55 mmole) in pentane (20 
mL) contained in a Schlenk tube as in Sec. C. The mixture is stirred overnight, 
filtered, and concentrated to about 5 mL in a nitrogen stream. Cooling to -78" 
induces crystallization. The mother liquor is removed and the product is dried 
by brief evacuation. Mp 43-45". Anal. Calcd. for Mn($ -CSHqBr)(C0)3: C, 
33.96; H, 1.41. Found: C, 33.90; H, 1.53. 

MANGANESE, Mn($-CS H4Br)(CO)3 

H. TRICARBONYL(IO~O.rls -CYCLOPENTADIENYL)- 

This compound is prepared as above using MnI(CO), , but from 48 to 72 hours 
are required for complete reaction. Mp 29-30". Anal. Calcd. for Mn($ Cs H4 I> 
(CO),: C,29.12;H, 1.22. Found: C,29.13;H, 1.28. 

MANGANESE, h($ -Cs H,I)(CO), 

I. PENTACARBONYL(PENTACHLORO.1)' -CYCLOPENTADIENY L)- 

Pentane (80 mL) is added to a mixture of MnC1(CO)S (1 .O g, 4.35 mmole) and 
CsC14N2 (1.0 g, 4.35 mmole) in a nitrogen-filled, 100-mL, two-necked flask 
connected to a nitrogen line as in Sec. C. The flask is closed, using stoppers 
secured with elastic bands to prevent loss of CO, which leads to reduced yields, 
and the mixture is stirred for 24 hours at room temperature. The mixture is 
then filtered and cooled to -78" overnight. During this time large yellow cubic 
crystals are formed. The mother liquors are removed by means of a syringe and 
the crystals (0.99 g) are dried, first in a nitrogen stream and then briefly in 
vucm. Infrared analysis usually indicates that this crop contains mainly Mn- 
( T ) ~ - C ~ C ~ ~ ) ( C O ) ~ ,  but it may be contaminated with a small amount of 
Mn($ -CsCl5)(CO), .* Recrystallization from pentane by slow cooling of a satu- 

MANGANESE, Mn(q' -Cs Cls)(CO), 

*Mn(q'-CSClS)(CO)s slowly forms Mn(qs-CsCls)(CO), in solution. Therefore, the rela- 
tive amounts of the two compounds depend greatly on the reaction time. To optimize the 
yield of the q1 compound, the reaction should be monitored by observing the infrared spec- 
trum [v(NN) for CsC4N2 is 2110 cm-'] and worked up as soon as the reaction is com- 
pleted. Depending on the amount of pentahapto compound present in the reaction mixture, 
the purity of the initial crop of crystals is highly variable. However, the less soluble mono- 
h p t o  product is easily isolated by fractional recrystallization from pentane at -20". These 
mother liquors may be stripped and combined with the second crop of crystals [which are 
always mainly Mn(qS-CsClS)(CO)~] and sublimed to obtain the pentahapto product. Any 
remaining trams of q' complex are converted to the pentahapto compound during 
sublimation. 
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rated solution to -20" gives 0.91 g (48% yield) of pure Mn($ -CsC1s)(CO)s. 
Mp 110" (with effervescence, to give the pentahapto analog). Anal. Calcd. for 
Mn($-CsCls)(CO)s: C, 27.79;C1,41.01. Found: C, 27.94;C1,41.23. 

The mother liquors from the initial preparation are concentrated to about 50% 
of their volume and cooled to  -78" to give an additional 0.44 g of gummy yellow 
needles. This second crop (IR usually indicates only the pentahapto compound) 
is purified by sublimation (40°, 0.1 torr), yielding0.43 g (27%)of Mn($ -CsC15)- 
(CO), . Mp 83-85". The overall yield of the two products is 75%. 

J. (BROMOTETRACHLOROql -CYCUIPENTADIENYL)- 

This compound is prepared by a procedure that is identical to that for 
Mn(ql -CsC1s)(CO)s. A reaction employing MnBr(CO), (0.4 g, 1.46 mmole) 
and C5C14N2 (0.34 g, 1.46 mmole) in 20 mL of pentane gives, after 2 days,* 
0.22 g (35%) of Mn(r)1-CSC14Br)(CO)S and 0.25 g (41%) of Mn($-CSC14Br)- 
(CO), . The overall yield is 76%. Mp 103" (with effervescence, to give the penta- 
hapto analog). Anal. Calcd. for Mn($ -CsC14Br)(CO)S : C, 25.20; C1, 29.75; 
Br, 16.76. Found: C, 25.16; C1,29.78; Br, 16.75. 

PENTACARBONYLMANGANESE, Mn($ -Cs C14 Br)(C0)5 

K. (q4 -1 ,5-CYCLOOCTADIENE)(PENTACHLORO- 

A benzene solution (50 mL) containing [RhCl(cod)] (1.06 g, 2.15 mmole) 
and CSCl4N2 (0.99 g, 4.30 mmole) is stirred for 10 hours at room tempera- 
ture in a Schlenk tube as in Sec. C. The orange solution is stripped of solvent and 
the product is recrystallized from hexane to give 1.80 g (94%) of large orange 
crystals. The complex decomposes at 92-94". Although this complex slowly de- 
composes at room temperature, it may be stored at - 15" unchanged for several 
months. Anal. Calcd. for Rh($-CsCIS)(cod): C, 38.43; H, 2.68. Found: C, 
38.43; H, 3.03. 

vs -CYCLOPENTADIENYL)RHODIUM, Rh($ -Cs CIS )(cod) 

L. TRICARBONYL(PENTACHLOR0 qs -CYCLOPENTADIENYL)- 

The following procedure is used when only the pentahapto compound is desired. 
Octane (60 mL) (the checkers used hexane) is added to 1.62 g (7.04 mmole) 
each of MnCl(CO)S and CSC14N2 in a 100-mL, round-bottom flask under 
nitrogen. The flask is stoppered and the mixture is stirred vigorously for 36 
hours. The solution is filtered, the receiving flask is fitted with a reflux con- 
denser, and the orange solution is heated to 80" for about 15 minutes. (Some 
darkening of the solution occurs, but this represents an insignificant amount of 

MANGANESE, Mn($ -CsCls)(CO)3 

*See note for preparation of Mn(ql-CsCls)(CO)s. 
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decomposition.) The solution is cooled to room temperature and the octane is 
removed in VQCUO. During the solvent removal the solution is kept at room 
temperature to prevent thermal decomposition of the product. The flask is then 
fitted with a sublimation probe and the product is sublimed onto the water- 
cooled finger (40", 1.0 torr). Because of the presence of residual octane the 
sublimate is often oily. This is easily corrected by recrystallization from pentane 
to give 2.20 g (83%) of yellow crystals. Anal. Calcd. for Mn(q5-C5C15)(C0)3: 
C, 25.54; C1,47.14. Found: C, 25.49; C1,47.12. 

M. (BROMOTETRACHLORO-p5 -CYCLOPENTADIENYL)- 

As above, MnBr(C0)S (0.30 g, 1.1 mmole) and CgCI4Nz (0.252 g, 1.1 mmole) 
in 35 mL of octane give 0.39 g (85%) of product. Mp 81-82". Anal. Calcd. for 
Mn($-C5C14Br)(CO)3: C, 22.84; C1, 33.71; Br, 19.00. Found: C, 22.87; C1, 
33.66; Br, 18.88. 

TRICARBONYLMANGANESE, Mn($ -C5 c14 Br)(CO), 

Properties 

Although these reactions are often conducted overnight, the progress of the 
reaction may be conveniently monitored by observing the decrease in intensity 
of the band due to v(") of the diazocyclopentadiene. This band occurs at 
about 2080, 2100, and 2110 cm-' for CSPh4N2, C5H4N2, and C5C14Nz, 
respectively. 

The complexes are generally intensely yellow and, with the exception of 
Mn(q' -Cg H4Cl)(CO)3, are highly crystalline. The carbonyl stretching frequen- 
cies of the halogen-substituted cyclopentadienyl compounds are useful in their 
characterization and are given in Table I. The presence of an electron-withdraw- 

TABLE I Infrared Carbonyl Stretching Frequencies for 
Cyclopentadienyl Manganese and Rhodium Complexes' 

Complex U(C=O) (cm-') 

Mn(q5 -C5H4Me) (C0)3 2025 (s) 1943 (vs) 
Mn(v5 -C&S 1 (COh 2030 (s) 1945 (vs) 
Mn(77' -C5H4Cl) (C0)3 2034 (s) 1952 (vs) 
Mn(v5-CSH4Br) (C0)3 2034 (s) 1952 (vs) 
Mn(qr5-C~H41) (COh 2034 (s) 1952 (vs) 
Mn(qS-C~CIg) (COh 2048 (s) 1982 (vs) 
Mn(qS-C5C14Br)(CO)3 2047 (s) 1980 (vs) 

Mn (11 -CsC15 1 (C0)s 2126 (m) 2076 (w) 2043 (vs) 2012 (vs) 
Mn(q' -C5CI4Br) (COIs 2127 (m) 2076 (w) 2043 (vs) 2012 (vs) 

Rh(qs-C5H5) (C0)2 2051 (s) 1987 (s) 
Rh(q5-C5Ph4CI)(C0)2 2048 (s) 1987 (s) 

'Cyclohexane solution. 
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ing halogen substituent causes a shift of u(C0) to higher frequencies for the 
compounds M~(V’-C~H~X)(CO)~ X = C1, Br, I ,  when compared to the unsub- 
stituted parent compound. More detailed descriptions of properties are pre- 
sented in the literature?” 
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43. ( q6 -BENZENE) ( q5 -CYCLOPENTADIENY L)MOLYBDENUM 
AND ( q6 -BENZENE) (9’ -CYCLOPENTADIENYL)- 

MOLYBDENUM DERIVATIVES 

Submitted by JOHN A. SEGAL* 
Checked by WILLIAM E. SILVERTHORN! 

(q6 -Benzene)($ -cyclopentadienyl)molybdenum was first reported by Fischer 
and his co-workers. They describe two procedures for its preparation.’-’ One 
starts with the system composed of (C, H,)Mo(CO)~C~, AlC13, and benzene, and 

*ICI Plastics Division, Welwyn Garden City, Hertfordshire AL7 IHD, England. 
t Department of Chemistry, Oregon State University, Corvallis, OR 97331. 
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the other starts with MoCIS , (i-C3 H7)MgBr, cyclopentadiene, and 1,3-cyclohexa- 
diene. However, by these methods, the compound was obtained only in small 
quantities and in the low yields of 5.4 and 1.2%, respectively. The present 
method, which with modification also leads to  the halides (CgHs)MO(C6H6)X 
(X = C1, Br, I), gives much improved yields and so provides a new route to the 
extensive chemistry of the system monocyclopentadienylmolybdenum? 

Cyclopentene is used as a source of the 7-cyclopentadienyl ligand; the hydro- 
gen transfer properties' of the system [(C,H,)MO(C~H~)C~] 2/(EtAlC12)2 are 
employed to remove three methylene hydrogen atoms that are transferred to 
the v-ally1 group and lead to its liberation as propane. A cationic intermediate, 
[(CsHs)Mo(C6H6)]*, is thus formed, and this is then either reduced to the 

The iodide complex (CSHS)Mo(C6H6)I is best obtained by oxidation of 

All procedures are carried out under oxygen-free nitrogen and all solvents are 
dried and deaerated before use. It is convenient to  use standard Schlenk-tube 
techniques in conjunction with a small vacuum/nitrogen manifold. Liquids are 
transferred through rubber serum caps by means of hypodermic syringes or 
stainless steel hypodermic tubing. The fdtration of mixtures and all transfers are 
best conducted using low positive pressures of nitrogen. These methods are 
amply described by Shriver.6 Dichloroethylaluminum dimer may be purchased 
from Alpha Ventron Corporation and is diluted with toluene to give the solu- 
tion strength used. 

neutrd (CgHs)MO(C6H6) or treated with halide ion to give (cs Hs)MO(C~H~)X. 

(CgHs)MO(C6Hg) with iodine. 

A. (0' -BENZENE)($ -CYCLOPENTADIENYL)MOLYBDENUM 

Procedure 

The pure ally1 h e r '  [(C6H6)M~(C3Hs)C1]Z (5.0 g, 9.98 mmole) is treated 
with [EtAlC12]2 in toluene solution (22.0 mL at 230 mg/mL, 19.9 mmole) 
at 0". The mixture is shaken (at 0") for 5 minutes, giving a very intense blue- 
violet solution, which is cooled to - 5 O O .  Freshly distilled cyclopentene (8.0 mL, 
90.7 mmole) is then added dropwise. The solution is allowed to warm gradually 
to room temperature with stirring. At about O", a color change commences; 
slowly the violet color is dissipated, giving way to an oily, red-brown lower layer 
and an almost colorless upper layer. The mixture is dowed to stand for 3 hours 
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at 20". Then the upper layer is discarded, and the lower one is washed with 
light petroleum ether (bp 30-40°), separated, and pumped down to a tarry solid. 
After having been pumped for about 20 minutes, this residue is cooled to 
-50°, and a similarly cooled 30% aqueous KOH solution (300 mL), containing 
Na2 [S204] (20 g, 115 mmole), is added. The mixture is vigorously stirred and 
allowed to warm gradually to 20", giving a deep-red solid, which is filtered, 
washed with water, and pumped dry. This material is then extracted with ben- 
zene (100 mL), filtered, and treated with light petroleum ether (bp 100-120°). 
Concentration of the resulting solution gives the crude product as a red crystalline 
solid, which is obtained in pure form by sublimation at 0.01 torr and 85". 
Yield: 80% (3.8 g).AmZ. Calcd.forCllHIIMo: C,55.2;H,4.6.Found: C,55.4; 
H, 4.7. 

B. ($ -BENZENE)CHLORO($ -CYCLOPENTADIENYL)MOLYBDENUM 

Procedure 

Initially the procedure described in Sec. A is followed. The tarry residue ob- 
tained on evacuation, following the reaction with [EtAlC12] and cyclopentene, 
is again cooled to -50". At this stage, however, a solution of anhydrous lithium 
chloride (10 g) in analytical reagent grade methanol (50 mL), also cooled to 
-50°, is added, and the resulting mixture is shaken vigorously while it warms to 
room temperature. At about - lo", vigorous effervescence occurs, and it may be 
necessary to control this by cooling the reaction vessel in liquid nitrogen. A deep 
red-black precipitate forms. After 15 minutes, the solvent is evaporated, and the 
residue is immediately extracted with a mixture of benzene (500 mL) and water 
(50 mL). Extraction should follow the evaporation step directly, as storage of 
the residue can lead to a low final yield. The benzene layer is collected and com- 
bined with a second benzene extract (200 mL), and the solvent is then evapo- 
rated. The residue is pumped dry and taken up in dry benzene (about 300 mL). 
The red solution is filtered through diatomaceous earth (Kieselguhr), concen- 
trated to about 50 mL, and treated with light petroleum ether (bp 100-120", 
100 mL). The solution is evaporated until most of the product has precipitated 
from solution. The material is collected and pumped dry. Yield: 70% (3.8 g). 
Further purification may be effected by slow recrystallization from benzene/ 
light petroleum ether (bp 100-120") to give red-black crystals. Anal. Calcd. for 
CllHllCIMo: C,48.1;H,4.0;Cl, 12.9.Found:C,48.4;H,4.1;Cl, 13.0. 

This synthesis has also been carried out on a larger scale using 10 g of ally1 
chloride dimer. Here, it is found to be more convenient to filter the crude 
product from the excess methanolic LiCl rather than to evaporate to dryness 
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and extract. The crude product is washed with water (30 mL), dried, and then 
purified as above. 

C. ($ -BENZENE)BROMO ($ -CYCLOPENTADIENY L)MOLYBDENUM 

Procedure 

On a proportionally smaller scale, the procedure in Sec. B is followed, using 2.0 
g (4.0 mmole) of the ally1 chloride dimer. However, the hydrolysis is carried out 
(at -SOo), using a solution of anhydrous LiBr (6 g) in analytical reagent grade 
methanol (30 mL). The yield of (CgHs)MO(CgH6)Br is 60% (1.5 g). Anal. 
Calcd. for CllHll  BrMo: C, 41.4; H, 3.5. Found: C, 41 .O; H, 3.7. 

D. (q6 -BENZENE) (71' -CYCLOPENTADIENYL)IODOMOLY BDENUM 

Procedure 

A pure sample of ($-benzene) ($ -cyclopentadienyl)molybdenum (3.0 g, 12.5 
mmole), prepared as in Sec. A above, is dissolved in benzene (60 mL). The 
resulting deep-yellow solution is stirred and treated with iodine (1.7 g, 6.70 
mmole) in light petroleum ether (bp 100-120°, 150 mL). Immediate reaction 
produces a dark precipitate and a purple solution. The solution is concentrated 
to about 100 mL, and the precipitate is collected and recrystallized from 
acetone/ethanol. Yield: 50% (2.3 g). Anal. Calcd. for CllHlliMo: C, 36.1; 
H, 3.0. Found: C, 35.8; H, 3.0. 

Properties 

($-Benzene) (0' -cyclopentadienyl)molybdenum is a volatile, paramagnetic, and 
highly air-sensitive compound that is readily oxidized by halogens to the slightly 
more air-stable, 1 &electron ($-benzene)($ -cyclopentadienyl)molybdenum hal- 
ides. These species, all dark red-black in color, are soluble in polar solvents and 
are sparingly soluble in benzene. They react with oxygen in solution and in the 
solid state, losing benzene to give cyclopentadienyloxomolybdenum(V) and 
(VI) complexes.*~9 Each shows a molecular ion in the mass spectrum and ex- 
hibits two ' H nmr singlets in a ratio of 5 :6  in the region about T = 5 (see Refer- 
ence 10). The compounds (C5H5)Mo(C6H6)X have proven to be more useful 
precursors for monocyclopentadienylmolybdenum chemistry than the para- 
magnetic (CsHs)Mo(C6H6). Thus with Grignard reagents, the species (C, H,)- 
Mo(C6H6)R are obtained, and in the presence of T1' the reaction with small 
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molecules, such as carbon monoxide, triphenylphosphine, and ethylene, leads to 
the cations [ ( C ,  HS)Mo(C,H,)L] +. With chelating ligands, such as diphosphines, 
the arene may be readily displaced, giving, for example, [(C, HS)Mo(dppe)2] +) 

[dppe = 1,2-bis(diphenyIphosphino)ethane] . 
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44. cis- [ACETYLTETRACARBONYL( 1 -HYDROXY- 
ETHY L1DENE)RHENIUM ] (cis-Diacetyltetracarbonylrhenium 

Hydrogen) 

Submitted by K. P. DARST,* C. M. LUKEHART,* L. T. WARFIELD,* 
and JANE V. ZEILE* 
Checked by J. A. GLADYSZ? and J. C. SELoVERf 

cis- [Acetyltetracarbonyl( 1 -hydroxyethylidene)rhenium] is prepared readily by 
treating acetylpentacarbonylrhenium with 1 molar equivalent of methyllithium 
at 0” followed by the addition of 1 molar equiv of anhydrous hydrogen chloride 
as a diethyl ether solution at -78O. This complex has been characterized struc- 
turally as a metalla analogue of the enol tautomer of acetylacetone (2,4-pentane- 
dione) where the methine group is replaced formally by the cis-tetracarbonyl- 
rhenium moiety. 

This structural similarity has been confirmed by X-ray crystallography.’ The 
“metalla-acetylacetone” complex possesses idealized C2 molecular symmetry. 
The atoms comprising the backbone of the metalla ligand system are essentially 
coplanar, having a maximum atomic deviation from planarity of 0.08 A. The 

*Department of Chemistry, Vanderbilt University, Nashville, TN 37235. 
t Department of Chemistry, University of California, Los Angeles, CA 90024. 
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two acyl oxygen atoms are located in a relative position of closest approach, 
affording an 0-0 bite distance of 2.398(15) A. This very short contact dis- 
tance strongly supports the presence of a symmetrical hydrogen bond as is ob- 
served in the structure of the dienol tautomer of sym-tetraacetylethane? The 
enolic hydrogen atom appears in the H nmr spectrum as a single resonance at 
6 21.79 ppm versus TMS in a carbon disulfide solution. The chemical reactivity 
of this metalla-acetylacetone complex shows many similarities to that of acetyl- 
acetone a l ~ o . ~ - ~  

This procedure is a general preparative method for metalla-&diketone mole- 
cules where the metallamoiety may be either the cis-tetracarbonylrhenium or the 
carbonyl-77' -cyclopentadienyliron fragment.6 In each case the diacylmetallate 
monanion is prepared from an acyl complex, and then t h i s  anion is protonated 
at low temperature. The synthesis of the metalla-acetylacetone complex pre- 
sented here utilizes acetylpentacarbonylrhenium as the acyl complex. The 
preparation of this acetyl complex from acetyl chloride and sodium penta- 
carbonylrhenium is provided, also. 

A. ACETY LPENTACARBONYLRHENIUM 

Rez(CO)lo + 2Na/Hg - 2Na[Re(C0)s] 

Na[Re(CO)s] + CH3C(0)Cl - [ [(CH3C(0)]Re(CO)s] + NaCl 

Procedure 

A 100-mL, two-necked flask is removed from a 130" drying oven and is flushed 
well with prepurified nitrogen, while a gas inlet is attached to the side neck. This 
flask is charged with 4 mL of mercury and a stirring bar, and then 0.35 g (15.2 
mmole) of sodium metal is added to the stirred mercury puddle in small pieces, 
one at a time, under a continuous nitrogen flush. (m Caution. This operation 
should be performed in a hood since the dissolution of the sodium metal is a 
high& exothermic reaction.) After the sodium amalgam has cooled to room 
temperature, 50 mL of freshly distilled tetrahydrofuran' is introduced into the 
flask followed by the addition of4.0 g (6.1 mmole) of dirhenium decacarbonyl.* 
(m Caution. Metal cmbonyl compounds are toxic chemicals and they should 
be handled in the hood.) The red-orange solution is stirred at 25" under nitrogen 
for 1 hour. 

After this time, the solution of Na[Re(CO)S] is transferred under a nitrogen 
flush, by means of a syringe into another 100-mL, two-necked flask containing a 
stirring bar and fitted with a gas inlet. The solution of the anion is cooled to 
-78" (Dry Ice-acetone bath), and 0.86 mL (12.1 mmole) of acetyl chloride is 

*Dirhenium decacarbonyl was purchased from Strem Chemicals Inc., Danvers, MA 
01923. 
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added dropwise by means of a syringe. The reaction solution is stirred at -78" for 
5 minutes, at which time the bath is removed and stirring is continued for 15 
minutes more at -20". The solvent is removed at reduced pressure (5 tom) using 
a 0" ice-water bath, after which the solid residue is stirred with 75 mL of hexane 
for 20 minutes at 30". The hexane solution is filtered through a Schlenk frit! 
and the filtrate is cooled at -20" for 16 hours. The residue is extracted with 40 
mL more of hexane at 30" and filtered through a Schlenk frit. The two crops of 
crystallized solid are collected by syringing the supernatant solutions into a 
third flask, followed by drying the solids at reduced pressure (5 torr, 25") for 
5 minutes. The volume of the combined supernatants is reduced to 20 mL at 
reduced pressure, and this solution is cooled to -20" for 16 hours. The third 
crop of product is collected by the above procedure. The total yield of product 
is 1.98 g (44%). Anal. Calcd. for C7H306Re: C, 22.76; H, 0.82. Found: C, 
22.60; H, 0.70. 

Properties 
Acetylpentacarbonylrhenium is a slightly volatile, pale-yellow solid, mp 79.5- 
80.5". It is air-stable over at least a 2-day period, and it has excellent solubility 
in most organic solvents. The infrared spectrum in cyclohexane shows v(C30) 
bands at 2130 (w), 2020 (vs), 2005 (s) cm-' and a v(acy1) band at 1622 (m) 
cm-' . The ' H nmr spectrum (CS2, versus TMS) shows a singlet for the methyl 
resonance at 7 7.56. 

B. cis-[ACETYLTETRACARBONYL(l-HYDROXYETHYL1DENE)- 
RHENIUM] (cis-Diacetyltetracarbonylrhenium Hydrogen) 

[ [CH,C(O)] Re(CO),] + CH3Li + HCI/Et,O -+ 

+ LiCl 

Procedure 
A 100-mL, two-necked flask is removed from a 130" drying oven and is flushed 
well with prepurified nitrogen while a gas inlet is attached to the side neck. This 
flask is charged with 1.0 g (2.7 mmole) of acetylpentacarbonylrhenium (see 
Sec. A), 30 mL of distilled diethyl ether, and a stirring bar. The pale-yellow 
solution mixture is cooled to 0" , and 1.48 mL of a 1.84 M solution of methyl- 
lithium (2.7 mmole) in diethyl ether is added dropwise by means of a syringe 
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over a 10-minute period. During this time the reaction solution changes to a 
deep-yellow color, which is characteristic of the diacetylmetallate anion, and any 
undissolved acetyl complex goes into solution. The solution is stirred at 0" for 
an additional 30 minutes. 

A stock solution of hydrogen chloride is prepared by bubbling hydrogen 
chloride gas for 10 minutes into a weighed flask containing a known volume of 
distilled diethyl ether at 0". Prolonged bubbling should be avoided to minimize 
any loss of diethyl ether. The weight of the flask and solution after this addition 
permits the calculation of the molar concentration of hydrogen chloride. 

The reaction solution is cooled to -78" (Dry Ice-acetone bath), and 0.10 g 
(2.8 mmo1e)of HCl (as the diethyl ether solution) is added dropwise by means of 
a syringe over a 5-minute period. During this addition a white precipitate forms. 
After the reaction mixture is stirred at -78" for an additional 10 minutes, the 
Dry Ice-acetone bath is replaced by an ice-water bath and stirring is continued 
for 1 hour. The solvent is removed at reduced pressure (5 torr, lo"), and the 
solid residue is extracted with 20 mL of dry dichloromethane for 15 minutes at 
25". The mixture is filtered through a Schlenk frit,' and the solvent is removed 
from the filtrate at reduced pressure (5  torr, lo"), affording 0.90 g (86%) of the 
product as a yellow solid. This solid is sufficiently pure for most purposes. Re- 
crystallization from 10 mL of distilled diethyl ether at -20" affords nearly 
colorless single crystals. Anal. Calcd. for C8H706Re: C, 24.94; H, 1.83; Re, 
48.32. Found: C, 24.85; H, 1.59; Re, 48.62. 

Properties 

cis- [Acetyltetracarbonyl(l -hydroxyethylidene)rhenium] is an off-white solid 
that crystallizes from diethyl ether as monoclinic needles. It melts at 73-74" and 
sublimes readily under vacuum (1 torr) at 25'. The complex is air stable for at 
least 1 day, and it has good to excellent solubility in most organic solvents. The 
infrared spectrum in cyclohexane shows v(C=O) bands at 2095 (m), 2005 (s, 
sh), 1990 (vs), 1965 (s) cm-' and a v(C-0) band at 1520 (m) cm-' . The ' H nmr 
spectrum (CS2, versus TMS) shows a singlet for the resonance of the two equiva- 
lent methyl groups at T 7.22 and a broad singlet for the enolic proton resonance 
at T - 11-79. This resonance disappears upon the addition of methanol-d, to 
the sample solution. A parent peak at m/e 386 is observed in the mass spectrum, 
followed by a fragmentation pattern showing the loss of methyl and acetyl 
radicals and methane to give Re(C0):. The base peak is observed at m/e 43 
and is assigned to the CH&O' ion. 
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45. cis- [ ACETYL( 1-AMINOETHYL1DENE)- 
TETRACARBONYLRHENIUM] [cis-(Acetimidoyl) (Acety1)- 

Tetracarbonylrhenium Hydrogen] 

Submitted by D. T. HOBBS,* C. M. LUKEHART,* G. PAUL TORRENCE* 
and JANE V. ZEILE* 
Checked by J. A. CLADYSZ? and J. C. SELOVER? 

cis- [Acetyl(l -aminoethylidene)tetracarbonylrhenium] is prepared readily by 
treating cis- [acetyltetracarbonyl( 1 -hydroxyethylidene)rhenium] with an excess 
of ammonia at 0”. This complex is structurally similar to the 0-iminoketone 
molecule, acetimidoylacetone, as the ketamine tautomer where the methine 
group is replaced formally by the cis-tetracarbonylrhenium moiety. The forma- 
tion of this complex can be regarded as a Schiff-base condensation reaction of 
the “metalla-acetylacetone” molecule. 

The title complex represents the parent compound of several known “metalla- 
0-iminoketone” molecules.2 In each case a “metalla-0-diketone” molecule is 
treated with a primary amine, affording the corresponding “metalla-0-imino- 
ketone” derivative. The structure of the cis-tetracarbonylrhenium metalla ana- 
logue of N-phenylacetimidoylacetone has been determined.j The structure of 
this complex confirms the formulation of these complexes as metalla analogues 
of the ketamine tautomer of 0-iminoketone molecules. However, the electronic 
structure is described best by the zwitterionic resonance form shown below. 

*Department of Chemistry, Vanderbilt University, Nashville, TN 37235. 
t Department of Chemistry, University of California, Los Angeles, CA 90024. 
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Procedure 

A 50-mL, two-necked flask is removed from a 130" drying oven and is flushed 
well with prepurified nitrogen while a gas inlet i s  attached to  the side neck. This 
flask is charged with 0.30 g (0.78 m o l e )  of cis-[acetyltetracarbonyl-(l-hy- 
droxyethylidene)rhenium] ,' a magnetic stirring bar, and 10 mL of dichloro- 
methane that has been dried over and freshly distilled from P4OlO. (m Caution. 
Metal carbonyl compounds are toxic chemicals and should be handled in the 
hood.) The clear, yellow solution is cooled to  0" and ammonia is bubbled into 
the reaction solution by the following procedure. A 14.5-cm disposable glass 
pipette is fitted with a 2-cm cork. This assembly is attached to a cylinder of 
anhydrous ammonia by means of tygon tubing, and the cork is placed loosely in 
a joint (19/22) of the two-necked flask. The position of the pipette is adjusted 
until the tip of the pipette is well under the level of the reaction solution. While 
a mild nitrogen flush is continued through the gas inlet, gaseous ammonia is 
bubbled into the solution at a moderate rate. During the addition an off-white 
precipitate forms, and after 1 minute of bubbling the pipette is removed and the 
flask is stoppered and then removed from the 0" bath. Within 5 minutes of stir- 
ring at 25", the precipitate dissolves, affording a clear pale lime-yellow solution. 
If the precipitate does not dissolve after this time, then more ammonia should 
be added until the solid begins to dissolve (approximately 15 sec more at a mod- 
erate bubbling rate). After the solution is at 25" for an additional 45 minutes, 
the solvent is removed at reduced pressure (5 torr, 20'), affording 0.23 g (77%) 
of the product as a pale lime-yellow solid. This solid is of sufficient purity for 
most purposes, although it may be crystallized from hexane solution as an off- 
white crystalline solid. Anal Calcd. for CsHsNOs Re: C, 25 .OO; H, 2.10; N, 3.64. 
Found: C, 24.65; H, 2.25; N, 3.69. 

Properties 

cis- [Acetyl( 1-aminoethylidene)tetracarbonylrhenium] is crystallized from hex- 
ane solution as an off-white solid that melts at 91-93' and is air-stable for 
at least 3 days. It has good to excellent solubility in most organic solvents. The 
infrared spectrum in cyclohexane solution shows v(CE0) bands at 2080 (m), 
1985 (s, sh), 1978 (vs), and 1945 (s) cm-' and a v(C-"O, C-N) band at 1555 
(m) cm-' . The 'H nmr spectrum (CDC13 versus TMS) shows a singlet at T 7.32 
for the acetyl methyl resonance, a singlet at T 7.14 for the imino methyl reso- 
nance, a broad singlet at T 0.89 for the exo-N-H proton resonance, and a broad 
singlet at T -3.34 for the enolic N-H proton resonance. Both N-H resonances 
disappear when the spectrum is recorded in methanol-d4 with no decomposi- 
tion of the sample. When a THF solution of the title complex or any metalla- 
piminoketone molecule is treated with sodium hydride, a gas, presumably 
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hydrogen, is readily evolved, apparently with the formation of the corresponding 
“metallaQ-iminoketonato” anion as characterized from the infrared spectrum. 
These anions may coordinate to  a variety of metal ions as do the “metalla$- 
diketonate” anions?” 
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46. HYDRIDO COMPLEXES OF COBALT 
WITH BIS (PHOSPHINES) 

EtOH 
CoBrz -4Hz0 t Zdiphos - CoBrz(diphos)z t 4Hz0 

EtOH 

NaBH, 
CoBrz (diphos), -CoH(diphos), 

Submitted by V. D. BUNCO,* S. DORONZO,, and N. GALLO* 
Checked by H. BONNEMANN? and M. SAMSON? 

The preparation of the hydrido complexes of cobalt with 1,2-bis(diphenyl- 
phosphino)ethane (ethylenebis [diphenylphosphine] , diphos), [CoH (C, He- 
(Ph,P),}z], by the reaction of CoBr, with the bis(phosphine) and successive 
reduction of CoBr, (diphos), with sodium tetrahydridoborate or lithium tetra- 
hydriodoaluminate in tetrahydrofuran or ethanol has been reported,Ii2 This 
complex also can be prepared in good yields starting from Co(acac)3,$ using 
dibutylaluminum hydride as a reducing agent? Here, we give the preparation 
and properties of the hydrido complex of cobalt with cis-vinylenebis(dipheny1- 
phosphine) PhzPCH=CHPPhz (dp), which is an interesting chelating agent, 
together with the complex of the saturated bis(phosphine), (diphos). 

*Istituto di Chimica Generale ed Inorganica, Universiti degli Studi di Bari, Bari, Italy. 
f Max-Planck-Institut f. Kohlenforschung, 4330 Miilheim a. d. Ruhr, West Germany. 
Sacac = 2,4-pentanedionato. 
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A. HYDRIDOBIS[ cis-VINYLENEBIS(DIPHENYLPH0SPHINE) 1- 
COBALT(1) 

Procedure 

The preparation is carried out under dry, oxygen-free nitrogen and the product 
is manipulated in the absence of air. 

The bis(phosphine) is prepared as reported previously: A 250-mL, round 
bottomed flask equipped with a stopcock is flushed with nitrogen by alternately 
applying a vacuum and refilling with nitrogen. A magnetic stirring bar and the 
bis(phosphine)* (4.9 g, 12.4 mmole) are introduced. Next, 70 mL of deoxy- 
genated ethanol is added and the flask is equipped with a reflux condenser. The 
mixture is heated to 70" (water bath) and a solution of CoBr2.4H20 (1.8 g, 
6.2 mmole)? in ethanol (30 mL) is added slowly, over a period of 1 hour with 
stirring, by means of a syringe inserted through a rubber septum placed on the 
stopcock. The solution becomes yellow-green. At this time, the heating is 
stopped and, after cooling is completed, a solution of Na[BH4] (0.71 g, 18.7 
mmole) in aqueous (1 : 20, v/v) ethanol (20 mL) is added in the same manner, 
slowly and with stirring. The red reaction mixture is stirred for a few hours 
(overnight) and then the red precipitate that forms is filtered under nitrogen, 
washed with ethanol (3 X 20 mL), and dried under vacuum. The crude product 
(5 g, 6 mmole) is crystallized from deoxygenated benzene (700 mL) by slow 
addition of oxygen-free ethanol (700 mL) or pentane. After 24 hours, the 
crystals are isolated by filtration and dried. Yield of red crystals: 4.21 g (80%); 
mp 230". Anal. Calcd. for C52H45P4Co: C, 73.25; H, 5.28; Co, 6.92;P, 14.54. 
Found: C, 73.12, 73.16; H, 5.32, 5.33; Co. 6.89; 6.81; P, 14.44, 14.46. Mass 
spectrum: m/e 852 (*1) M*; 640; 455; 396; 262; 212; 183; 108. 

Properties 

Hydridobis [cis-vinylenebis(diphenylphosphine)] cobalt (I) is a red crystalline 
solid that is unstable in air both in the solid state and in solution. The complex 
is soluble in tetrahydrofuran (9.2 X 
mole/L), chloroform (6.3 X mole/L), dichloromethane (1.6 X mole/ 
L), and benzene (8.4 X lo-' mole/L). It is insoluble in ethanol, diethyl ether, 
acetone, and pentane. The infrared spectrum in Nujol mull shows a band at 1885 
(m) cm-I , attributable to the Co-H stretching vibration. 

mole/L, at 20"), toluene (10.2 X 

*The commercially available cis-diphosphine contains up to 15% of the trans compound 

?The use of CoBr2-6H20 has no influence on the reaction. 
(Strem product). The mixture can be used as such. 
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B. HYDRIDOBIS[ ETHYLENEBIS(DIPHENYLPHOSPHINE)] COBALT(1) 

Procedure 

This procedure is the same as the preceding one, starting with 3.3 g (8.3 mmole) 
of the bis(phosphine) (diphos) (in 50 mL of deoxygenated ethanol) and 1.24 g 
(4.1 mmole) of CoBr24H20 (in 30 mL of ethanol). The reduction is carried out 
with Na[BH4] (0.5 g, 12.4 mmole) in aqueous ethanol (30 mL). After crystal- 
lization of the crude product from benzene by addition of ethanol or pentane, 
3.40 g (96% yield) of complex (red crystals) is obtained (mp 265O). Anal. Calcd. 
for CS2H49P4C~: C, 72.91; H, 5.72; Co, 6.88; P, 14.47. Found: C, 72.86, 
73.00; H, 5.70, 5.77; Co, 6.91, 6.73; P, 14.50, 14.36. Mass spectrum: m/e 
856 (*1) M’; 642,457,429,398,183. 

Properties 

The solubility (mole/L, at 20”) of the complex in common organic solvents is 
as follows: benzene, 5.8 X lo-’ ; dichloromethane, 3.9 X lo-’ ; chloroform, 
5.4 X lo-’ ; pyridine, 2.0 X lo-’ ; tetrahydrofuran, 6.0 X lo-’ ; toluene, 2.4 X 
lo-’. The infrared spectrum in Nujol mull shows a band at 1885 (m) cm-’ due 
to ~(CO-H). 
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Chapter Seven 

METAL CLUSTER COMPLEXES 

47. TRI-/.I-CARBONYL-NONACARBONYLTETRARHODIUM, 
Rh4 (CO), (Cc-COh 

RhCIJ + 2Cu + 4CO + NaCl - Na[Rh(CO)2Cl2 ] + 2Cu(CO)Cl 

4Na[Rh(C0)2C12] + 6CO + 2H20 - €U4(C0)12 + 2C02 + 4NaC1+ 4HC1 

Submitted by S. MARTINENGO,* C.  GiORDANO,* and P. CHI"* 
Checked by G.  W. PARsHALLf and E. R. WONCHOBAf 

Two general methods have been given for the preparation of ~ U I ~ ( C O ) ~ ~  : high- 
pressure methods that employ RhC13 or Rh2(CO)4C12 with metal powders as 
halogen acceptors,' and atmospheric pressure syntheses starting with K3 [RhC16] - 
H 2 0  and copper powder in water,2 or with Rh2(CO)4C12 and NaHC03 in 
h e m e ?  The synthesis described here is conducted at atmospheric pressure with 
RhC13.3H20 as the starting material rather than K3 [RhC16] -H2O. The overall 
procedure requires about 30 hours, with a yield of 80-90%. 

The compound R14(C0)12 has a large number of applications. It is used in 
catalysis directly or as a catalyst precursor, and it is the starting material both 
for substitution reactions and for the synthesis of other rhodium carbonyl 

*Centro del C.N.R. per lo studio dei composti di coordinazione nei bassi stati di osida- 

?Central Research and Development Department, E. 1. Du Pont Co., Wilmington, DE 
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clusters. In particular it is easily converted into Rh6(CO)I6, thus providing a 
method for the synthesis of t h i s  carbonyl in a highly pure state! 

Procedure 

The starting material, RhC13.3H2 0, may be obtained commercially,* or prepared 
as described in the literature.’ Copper powder is first activated by washing with 
a mixture of concentrated hydrochloric acid and acetone and then rinsing with 
acetone and drying in vacuo. The solvent CH2C12 may be laboratory grade and 
is distilled from anhydrous sodium carbonate before use. (m Caution. The 
operations must be carried out in a well ventilated hood because carbon mon- 
oxide is used.) A two-necked, 1-L flask, equipped with a stopcock on the side 
neck and a magnetic stirring bar, is charged with activated copper powder (1.5 
g, 24 mmole), sodium chloride (0.6 g, 10 mmole), and water (200 mL). 

A 100-mL dropping funnel with a pressure-equalizing tube is then placed on 
the central neck. The funnel is stoppered, and the entire apparatus is pumped 
in vacuo until the water is well degassed. It then is filled through the side stop- 
cock with carbon monoxide from a CO line, including a mineral oil bubbler and 
a pressure-release bubbler with an 80-mm mercury column. The dropping funnel 
is opened while CO is passed through it, and it is charged with a degassed solu- 
tion of RhC13.3H20 (2.6 g, Rh 39.6%, 9.0 mmole) in water (50 mL). The 
funnel is closed, and the solution is dropped into the flask at a rate of about 1 
mL/min while the mixture is stirred vigorously. During the addition, care must 
be taken that the pressure in the flask never lowers, for the lack of CO can cause 
the partial formation of rhodium metal. The best conditions for the reaction are 
achieved by adding the carbon monoxide at such a rate that a small portion of 
the gas continuously escapes from the pressure-release bubbler. For the same 
reason, the stirring must be vigorous enough to ensure good contact between 
the gaseous and aqueous phases. The rate of absorption of the CO is initially 
slow, but gradually increases, reaching a maximum when about half the RhC13 
solution has been added. 

At the end of the addition, the last traces of the RhC13 solution in the funnel 
are washed down into the flask with 10 mL of degassed water, and the mixture 
is stirred for 2 hours. During this time, some Rh,,(C0)12 begins to separate as an 
orange powder. The dropping funnel is then opened in a CO stream and charged 
with a degassed solution of disodium citrate (0.4 M, 50 mL). The funnel is 
stoppered, and the solution of citrate is dropped into the yellow mixture during 
50 minutes. The mixture is then stirred for 20 hours, and the resulting orange 
suspension of the carbonyl is filtered under carbon monoxide atmosphere? 

*Available from Alfa Products, Ventron Corp., P.O. Box 299, Danvers, MA 92923. 
*The CO atmosphere is required to prevent the precipitation of the insoluble CuC1 by de- 

composition of Cu(C0)Cl. 
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The solid is washed with water to  remove all the mother liquor and then dried 
in vucuo 

The product is extracted on the filter under CO with the minimum amount of 
CH2C12 (about 25 mL, in 5-mL portions). The solution is quickly evaporated to 
dryness in vucuo on a water bath at room temperature, and the resulting crystal- 
line mass is dried in vucuo for 2 hours to give 1.55-1.75 g of Rh4(CO)12 with a 
yield of 80-90%.* Anal. Calcd. for Rh4(CO)lZ: Rh, 55.08%. Found: Rh, 
54.74%. This product is sufficiently pure for most purposes, the impurity 
being a trace of Rhb(CO)16. A €U~,(CO)~,-free product can be obtained by 
extraction, under carbon monoxide with pentane, followed by crystallization 
at -7O"C, fitration at this temperature, and drying in a stream of CO. 

torr) at room temperature. 

Properties 

The compound Rh4(CO)lz is a dark-red solid when crystalline and orange 
when powdered. I t  decomposes under nitrogen at 130-140", giving Rh6(co)16 
(lit. 150°).1a71C The same decompositon also occurs at room temperature, but 
it is very slow. For this reason Rh,(CO),, is best stored under a CO atmosphere. 
It is stable in air, although on prolonged standing decomposition occurs. It is 
readily soluble in CH2C12 and CHC13, soluble in pentane (-12 g/L at 25"), 
toluene and tetrahydrofuran (THF) (-10 g/L), and acetone, and less soluble in 
cyclohexane and methanol. 

Under nitrogen the solutions slowly decompose to Rh6(CO)16. This decom- 
position is faster at higher temperatures and provides a method for the synthesis 
of I U I ~ ( C O ) ~ ~ .  Very pure crystalline Rh6(CO)16 is formed in high yields on 
heating a saturated solution of Rh4(C0)12, or a suspension, in heptane at 
80-90" under nitrogen until the orange-red color has disappeared. 

The solutioris in polar solvents (THF, acetone) are unstable toward water, 
which causes transformation into Rh,(CO)16 through the violet [H,O] 2 -  

The compound Rh4(C0)12 does not react with CO at room temperature at 
300 atm. At higher temperature it is transformed into Rh6(CO)16, even under 
high CO pressures (80-120", 360-420 atm).' More recently IR evidence has been 
reported for the formation of Rh2(CO), by the reaction of Rh4(CO)12 with CO 
at 430 atm and - 19".' 

The IR spectrum in heptane solution shows bands at 2101 (w), 2074.5 (s), 
2069 (s), 2059 (w, sh), 2044.5 (m), 2041.5 (m, sh), 2001 (w), 1918.4 (w), 
1882 (s), 1848 (w) cm-' .9 

Tri-p-carbonyl-nonacarbonyltetrarhodium is the starting material for the 
synthesis of a large number of rhodium carbonyl cluster compounds." 

[~12(CO),OI .6 

*The checkers report that a ninefold scale-up of this synthesis proceeds satisfactorily. 
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48. DIPOTASSIUM & -CARBIDO-NONA-p-CARBONY G 
HEXACARBONY LHEXARHODATE( 2-) 

Kz [&6 (CO), ( c c - C O ) ~ ~ C L ~ ~ C I  

6 [RhCl,] - + 450H- + 26CO t CHC13 - 
[Rh,(CO), sC] - + 39C1- + 1 lCO3' - + 23820 

Submitted by S. MARTINENGO,* D. STRUMOLO,* and P. CHINI* 
C3ecked by G. W. PARSHALL? and E. R. WONCHOBA? 

The title compound, K2 [Rh,(cO)lSc], has been prepared in about 70% yield 
by the reaction of IU4(C0)12 with sodium hydroxide under carbon monoxide 
in methanol containing some chloroform.' The benzyltrimethylammonium and 
p-nitrido-bis(triphenylphosphorus)(l+) [bis(triphenylphosphine)imminium] salts 
have been prepared by reaction of the corresponding [IUI(CO)~] - salts with 
CC4 .' 

This anion provides both the first example of a trigonal prismatic hexanuclear 
cluster and one of the more easily prepared carbido-carbonyl cluster compounds. 

It is the starting material for the preparation of many other unusual carbido 
carbonyl compounds, some of which, for example, Rh8(CO)19C, Rh12(CO)2s- 
Cz, and [H,O] [Rhl~(CO)2aC2], have been structurally characterized? 
The synthesis described here is a modification that starts directly from 

*Centre del C.N.R. per lo studio dei composti di  coordinazione nei bassi stati di ossida- 
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K3 [RhC16] -H20 and an excess of KOH in a mixture of methanol and chloro- 
form under carbon monoxide. 

The overall procedure requires about 50-60 hours with about 70% yield. 

Procedure 

All the operations must be carried out in the rigorous absence of oxygen under 
carbon monoxide and nitrogen containing less than 2 ppm of oxygen by volume. 

The solvents are laboratory grade. Methanol and chloroform are distilled and 
stored under nitrogen before use. Sodium-dried tetrahydrofuran (THF) is re- 
distilled over LiAlH4 under nitrogen before use. (. Caution. To minimize the 
chance of explosion, peroxide-free THF must be employed. See Reference 8 
for details.) The aqueous solutions are carefully degassed in vacuo and saturated 
with nitrogen before use. Potassium hexachlororhodate(3-) monohydrate is 
prepared as described in the literature? The operations are carried out with 
the usual Schlenk apparatus.' 

rn Caution. The first stage of the synthesis must be cm'ed out under a well- 
ven'tilated hood because carbon monoxide is used. 

A 250-mL Schlenk flask is charged with K3 [Rhcl,] .HzO (3 g, Rh 23.15%), 
and a magnetic stirring bar is introduced. The flask is stoppered, carefully 
evacuated to torr, and filled with carbon monoxide from a CO line includ- 
ing a mineral oil bubbler and a pressure-release bubbler with an 80 mm mercury 
c01umn.~ The purge cycle should be repeated twice. The flask is opened while 
a stream of CO is passed through it, and a solution of KOH (4.7 g) in methanol 
(80 mL), previously prepared under nitrogen, and chloroform (5 mL) are intro- 
duced into the flask. The flask is restoppered, and the mixture is stirred vigor- 
ously for 42 hours, while the CO pressure in the flask is maintained by continu- 
ous addition. The absorption of carbon monoxide is fast during the first 4 hours 
but subsequently goes more slowly.* At the end of the reaction the CO is 
pumped off in vacuo, and the flask is filled with nitrogen for the subsequent 
operations, which are all carried out under nitrogen. The mixture is filtered, and 
the solid is washed with 10-mL portions of methanol until the washings are 
nearly colorless. The combined solution and washings are evaporated to dryness 
in vacuo with stirring, and the solid mass is treated with water (20 mL). A yel- 
low crystalline powder separates from the brown mother liquor. The mixture is 
briefly stirred in vacuo to eliminate the last traces of methanol and then filtered 
under nitrogen. The residual traces of the product in the reaction flask are 
washed out with 5 mL of air-free saturated aqueous KC1. The product is washed 
with an air-free saturated aqueous solution of KCl in 5-mL portions until the 
washings are no longer brown and is dried at room temperature at lo-' torr. 

*Care must be taken that the CO pressure never decreases in the flask. This is achieved 
by adding the CO at such a rate that some of the gas continuously escapes from the pressure 
release bubbler. 
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Under a nitrogen atmosphere, the product is extracted from the filter with 
THF (about 12 mL), which leaves the KCl undissolved, and the solution is 
cautiously evaporated to dryness in vacuo, giving first a thick yellow-brown 
glass, which, on heating on a water bath at 45' and lo-' torr, slowly loses THF 
to give a yellow powder (about 2.5 hr are required). This product still contains 
variable amounts of THF, which can be evaluated from the rhodium content .* 
The product obtained under the above conditions weighs 1 .O-1 .I g and contains 
about 3molesofTHF;theyieldisabout 70%. Anal. Calcd. for K2 [Rh6(cO)lSc] - 
3THF: Rh, 45.9%. Found: Rh, 46.5%. The reaction has been carried out with up 
to 6 g of K3 [Rhc16] * H 2 0  without complications. A smaller scale also is pos- 
sible, but to avoid problems in handling the product we never use less than 1 
g of K3 [Rhc16]*H?O. The purity of the product is best judged from the color, 
which must be yellow, and from the IR spectrum. The product can be purified 
by precipitation from the aqueous solution on saturation with KCl, followed by 
fdtration and extraction as above. 

A highly pure compound can be obtained by transformation into the benzyl- 
trimethylammonium salt (see below), which can be crystallized from THF- 
isopropyl alcohol. 

Properties 
The compound K2 [Rh6(co)ISc] is a yellow powder. It is sensitive to air both 
in the solid state and in solution and is quite soluble in water, methanol, ethanol, 
acetone, THF, and acetonitrile. The salts of other cations can be obtained by 
metathesis, in water for the cesium salt and in methanol for the larger tetra- 
alkylammonium or phosphonium cations. The tetraethylammonium salt is 
sparingly soluble in THF, whereas the benzyltrimethylammonium and bis- 
(tripheny1phosphine)imminium salts are soluble. All of these salts are soluble in 
acetone and acetonitrile. The yellow solution of the potassium salt in THF 
shows characteristic IR bands at 2040 (vw), 1990 (vs), 1885 (vw), 1845 (s), 
1830 (sh, m) 1815 (sh, br) and 1775 (vw, br) cm-' . The IR spectral band shapes 
depend on solvents and cations. The oxidation of K2 [Rh6(c0)15c] with iron- 
(111) ammonium sulfate in water under carbon monoxide leads to the octa- 
nuclear carbido carbonyl cluster Rhs (CO), C ,6 whereas under nitrogen 
Rhl2(cO)25c2' or [HSO] [Rhl~(CO)2sC2]s is obtained. 
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49. DISODIUM DI-/J-CARBONYL-OCTA-/J~ -CARBONYL- 
ICOSACARBONYLDODECARODATE(2- ), 

Na2 [Rh,2(CO)zo(/J-CO)2(/J3’C0)8 1 

3&(co)l2 + 2CH3COONa + H 2 0  - 
Na2 [ ~ U I ~ ~ ( C O ) ~ ~ ]  t C02 + 2CH3COOH t 5CO 

Submitted by S. MARTINENGO* and P. CHINI* 
Checked by G. W. PARSHALL? and E. R. WONCHOBA? 

The compound Na2 [Rh,2(CO)30] can be prepared by reaction of Rh2(COk- 
C12 with sodium acetate in methanol under an atmosphere of carbon monoxide.’ 
It contains one of the first polynuclear anions to be formed when the rhodium 
carbonyls or carbonyl halides are reduced by the action of alkaline reagents in 
alcohols or by alkali metals in tetrahydrofuran (THF). It provides a unique 
example of a double octahedral cluster carbonyl anion in which the “noble gas 
rule” is not obeyed,’ l 2  and it is a starting material for the preparation of other 
polynuclear rhodium carbonyl  anion^.'^^-^ The synthesis reported here is a 
modification of the original method. The starting material is Rh4(C0)12, now 
easily prepared at atmospheric pressure:-* The reaction is fast, and the overall 
procedure requires about 6-7 hours with 80-85% yields. 

*Centro del C.N.R. per lo studio dei composti di coordinazione nei bassi stati di ossida- 
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Procedure 

The synthesis must be carried out under a very pure nitrogen atmosphere (02 Q 
2 ppm in volume) using the Schlenk-apparatus technique? All the solvents and 
solutions are thoroughly degassed in vacuo and stored under nitrogen before use. 
The solvents are laboratory grade. Acetone and methyl formate are simply 
distilled, whereas benzene is refluxed and distilled over sodium. 

Caution. The first stage of the synthesis must be carried out in a well- 
ventilated hood because some carbon monoxide is evolved. 

A 100-mL Schlenk tube equipped with a magnetic stirring bar is charged with 
Rh4(C0)'z (1 g, Rh 53.7%) and CH3COONa-3Hz0 (1 g). (An excess of sodium 
acetate is used to buffer the acid that is formed during the reaction.) The tube 
is stoppered and then is carefully evacuated at lo-' torr and filed with nitrogen. 
The purge cycle can be repeated. The tube is opened while a good nitrogen 
stream is passed through it, and acetone (20 mL) and water (2 mL) are intro- 
duced with a syringe. The tube is restoppered and the mixture is vigorously 
stirred at room temperature (about 25") until all the solid W ( C O ) l z  has dis- 
appeared (about 45 min). The tube is then opened while nitrogen is passed 
through it, and an NaCl solution in water (5%, 25 mL) is added to  the mixture. 
The tube is restoppered, and the mixture is concentrated in vacuo, while it is 
stirred on a water bath at about 30", until all the acetone has evaporated. The 
evaporation of the acetone after the addition of the aqueous sodium chloride 
solution and the subsequent fitration should be carried out as soon as possible, 
since prolonged contact of the product with the acid mother liquor lowers 
the yields. 

The final volume is about 25 mL. The sodium salt separates initially as black 
crystals (probably containing coordinated acetone), which subsequently trans- 
form into a dark-violet powder when all the acetone is eliminated. Sometimes 
the product separates out fEst as an oil, which crystallizes as the acetone is 
evaporated. #en the concentration in vacuo is completed, nitrogen is rein- 
troduced, and the product is immediately filtered from the brown mother 
liquor on a fritted-glass filter under nitrogen. It is then washed with an NaCl 
aqueous solution (5%) until all the brown mother liquor is eliminated, and the 
washings are only weakly reddish-violet. Generally, four washings with 5 mL of 
solution are sufficient. The product is then dried in vacuo (about lo-' torr) 
at room temperature. The dry product is usually contaminated by minor 
amounts of NaCl and It can be purified by extraction with methyl 
formate (15 mL). The filtered extract is then treated with benzene (30 mL) 
and concentrated to  about 15 mL in vacuo until the sodium salt crystallizes. 
The product is filtered, washed with benzene (3 X 5 mL) and dried in vacuo for 
approximately 3 hours at about lo-' torr and 45', until the IR band of the 
methyl formate at 1730 cm-' has nearly disappeared. Yield: 0.8-0.85 g, 8248% 
based on Rh. The product strongly retains the last traces of solvents, which are 
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not convenient to remove. Anal. Calcd. for NazRhlz(CO)30: Rh, 58.2. Found: 
Rh, 55.5. This product is sufficiently pure (about 95%) for most purposes, the 
impurities being essentially traces of solvents. The IR spectrum in acetonitrile 
solution shows bands at 2080 (mw), 2055 (vs), 2020 (w), 1815 (my br), 1802 
(vw), and 1763 (s) cm-' . Nearly pure compounds are obtained by conversion 
into the substituted ammonium cation salts. 

The synthesis also has been carried out on a larger scale [2 g of RtLI(CO)l~] 
without appreciable differences, but still larger quantities are not recommended 
because of the longer times required for the operations, which cause slightly 
lower yields. No problems arise for smaller scale syntheses, although for handling 
reasons it is not convenient to use less than 0.2-0.3 g of IUL,(CO)~~. 

Properties 

The compound Naz [Rhl2(C0)3o] is violet when frnely powdered and black 
when crystalline. It is soluble in methanol, ethanol, acetone, and acetonitrile 
with a dark-violet, permanganate-like color, It is moderately soluble in water, 
from which it precipitates as a hydrated salt on addition of NaCl. This salt 
loses the water on prolonged pumping under vacuum. The hydrated salt is 
soluble in THF, whereas the anhydrous salt is only sparingly soluble. The 
aqueous solutions are not stable for long and decompose slowly to unidentified 
brown products. The decomposition is very fast on heating. Solutions in organic 
solvents are more stable, and decomposition requires several days or prolonged 
heating. Salts of other cations can be obtained from the sodium salt by meta- 
thesis reactions with the corresponding chlorides. For the potassium and cesium 
salts, the exchange is best carried out by addition of 5% aqueous KCl or CsCl 
to the acetone solution of the sodium salt and concentration in YQCUO. 

Double exchange with the bulky ammonium cations is simply carried out in 
alcoholic solution. The tetramethyl- and tetraethylammonium salts are in- 
soluble in THF, while salts of larger cations, such as tetrabutyl- and benzyl- 
trimethylammonium and p-nitrido-bis(triphenylphosphorus)(l+), are soluble. 
All these salts are soluble in acetone and acetonitrile. 

The sodium salt is briefly stable in air in the solid state, whereas in solution it 
is quickly oxidized. The [Rh12(C0)30 J 2 -  anion reacts with carbon monoxide 
in THF solution, giving slow disproportionation to the [Rh,(CO),5] - anion and 

Under a hydrogen atmosphere there is slow transformation into the [Rh13- 
(CO),,H3] 2- anion.3 The [Rhl2(C0),,] z- anion is unstable toward bromide 
and iodide ions, which therefore cannot be used in the double-exchange reac- 
tions." It reacts with HCl or 12 to give derivatives of the [Rh6(CO)15X]- 
(X = C1, I) species.' 

Rh6(co)16.10 
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50. 
UNDECACARBONY LHYDRIDOTRIF'ERRATE ( 1- ), 

1-NITRIDO-BIS (TRIPHENYLPHOSPHORUS) ( 1 +) 

[tPh,P),Nl [J+JHtCO)lI I 

(1 )  NaBH /THF 

*Na[Fe3H(CO)ll] t CO 
( 2 )  CH,C~OH/CH,OH 

(A) Fe(C0)5 

Submitted by H. A. HODALI,* C. ARCUS,* and D. F. SHRIVER* 
Checked by D. P. JONES? and P. J. KRUSId 

The anion [Fe3H(CO)11] - was first isolated by Hieber and Brendle' in 1957, 
who employed a base disproportionation of Fe3(C0)1z followed by protonation. 

*Department of Chemistry, Northwestern University, Evanston, IL 60201. 
+Central Research and Development Department, E. I. du Pont de Nemours and Co., 

Wilmington, DE 19898. 
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It has been isolated with several different counter cations: [Ni(phenanthro- 
line)3] ’+, [Ni(NH3)6] ’+, [(CH3CHz)4N*] ? and [(CH3CHz)3HN+] .3*4 Proce- 
dure B, which is a modification of Hieber and Brendle’s synthesis, provides a 
convenient method of preparing [HFe3(CO), ] -, if Fe3(C0)1z is available. 
Another method, given in Procedure A, is based on the reduction of Fe(C0)5 
with NaBH4. This synthesis, which may be preferred because of the more readily 
available starting materials, is based on previous fragmentary evidence that 
[HFe3(C0)1 ] - is produced from Fe(CO)S and BH4-.5 In both procedures the 
product is obtained in crystalline form and in high yield by use of the p-nitrido- 
bis(tripheny1phosphorus) (1 +) cation. 

General Procedure 

Caution. Regardless of the procedure chosen, the reactions must be run in 
a hood owing to the high toxiciv of iron carbonyls and carbon monoxide. 

As is described here the transfer of solids is carried out in a nitrogen-flushed 
dry box, and the syntheses are performed in standard Schlenk apparatus under a 
nitrogen atmosphere! Alternatively, the entire synthesis may be performed in 
an inert-atmosphere dry box. 

Tetrahydrofuran (THF) is stored over KOH, then distilled under N2 from 
calcium hydride, and stored in an inert atmosphere over calcium hydride. 
Methanol is purified by fractional distillation; methanolic KOH is prepared from 
reagent grade KOH and is purged with nitrogen before use; glacial acetic acid 
(reagent grade) and distilled water are purged with nitrogen before use. Iron 
pentacarbonyl* is degassed by three cycles of freezing, pumping, and thawing. 
p-Nitrodo-bis(triphenylphosphorus)(l t) chloride, [(Ph3P)?N] Cl,? is recrystal- 
lized from water and dried under high vacuum. Commercial triiron dodeca- 
carbonyl* contains 5-10% methanol stabilizer, which is removed by subjecting 
the sample to high vacuum before use. 

Procedure A 

A sample of 0.78 g (20.0 mmole) of sodium tetrahydroborateS is placed in a 
100-mL, round-bottomed flask containing a magnetic stirring bar. The flask is 
attached to an inlet tube for Nz purge or vacuum, a 50-mL dropping funnel, and 
a bubbler. The flask and dropping funnel are evacuated and flushed with 
nitrogen several times. Under a flow of nitrogen, the flask is charged with 30 
mL of THF. Into the dropping funnel under a flow of nitrogen are added 2.69 

*Available from Strem Chemicals, 150 Andover St., Danvers, MA 01923. 
tAvailable from Alfa Products, 152 Andover St., Danvers, MA 01923. 
$Available from Alfa Products, Ventron Corp., P.O. Box 299, Danvers, MA 01923. 
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mL (20.0 mmole) of previously degassed Fe(CO)S and 20 mL of THF. The 
Fe(CO)S solution is added dropwise with continuous stirring over a period of 
1 hour. Within the first 10 minutes of addition, the solution in the flask under- 
goes a series of color changes from colorless to light yellow, light brown, dark 
brown, and fmally dark red. When the addition of Fe(CO)S is complete, the 
solution is stirred for 6 hours and then filtered through a medium-porosity 
Schlenk-ware frit. While the solution is being rapidly stirred, the solvent is 
stripped from the filtrate under reduced pressure and residual THF is removed 
from the product by keeping it at reduced pressure (about 0.1 torr) for several 
hours. Under a nitrogen atmosphere, the resulting red gummy residue is dis- 
solved in 20 mL of methanol, which has been purged with nitrogen. To the 
methanolic solution are added under nitrogen flush 11.4 mL (200 mmole) of 
glacial acetic acid and then a solution of 5.7 g (10 mmole) of p-nitrido-bis- 
(triphenylphosphorus) (1 +) chloride ( [Ph3P),N] C1) in 20 mL of air-free methanol. 
A dark-red crystalline substance separates (if crystals have not formed at this 
point, 20 mL of degassed water should be added to precipitate the product). 
Using inert gas Schlenk techniques, the mixture is then filtered (medium-porosity 
frit), washed first with three 20-mL portions of air-free water and then with 
three 20-mL portions of air-free methanol. The product is dried under vacuum 
overnight. For purification, a sample (1.0 g) of the product is dissolved in 100 
mL of methanol. After filtration, distilled water (25 mL) is added gradually. 
Dark-red crystals separate and these are filtered, washed with three 20mL 
portions of water, and dried under vacuum overnight. Anal. Calcd. for 
C47H31NFe3P2011 : C, 55.60; H, 3.08; N, 1.38. Found: C, 56.35; H, 3.28; 
N, 1.35. Yield of purified product: 5.0 g [about 74% based on Fe(CO)S 1. 

Procedure B 
Inside a dry box, a sample of 1.5 g (2.7-3.0 mmole) of Fe3(C0)12 is placed in a 
100-mL, round-bottomed flask. Under a stream of nitrogen, 15 mL of 2 M 
methanolic KOH is introduced into the flask by syringe. The reaction mixture 
is stirred for 30 minutes, during which time the solution changes from dark 
green to dark red-brown. The solution is filtered through a medium-porosity frit. 
Under nitrogen flow, 3.5 mL (60 mmole) of glacial acetic acid is added to the 
filtrate. A deep reddish-purple solution results. At this point, 2.9 g (5.0 mmole) 
of [(Ph3P)2N]C1 dissolved in 20 mL of methanol is introduced by syringe into 
the reaction flask. A dark-red crystalline solid separates and is collected on a 
medium-porosity Schlenk-type frit. The solid product is first washed with three 
portions of 20 mL of air-free water and then with three 20-mL portions of air- 
free methanol. The product is dried under vacuum (0.1 torr) overnight. This 
material is sufficiently pure for most synthetic work. However, further purifica- 
tion can be achieved by crystallization from methanol/water, as described in 
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procedure A. Anal. Calcd. for C47H31NFe3PZOll: C, 55.60; H, 3.08; N, 1.38; 
Fe, 16.50. Found: C, 55.39; H, 3.30; N, 1.44; Fe, 15.76. Yield of purified 
product: 2.3 g [about 77% based on Fe3(CO)lz]. 

Properties 

p-Nitrido-bis(tripheny1phosphorus) (1 t) undecacarbonylhydridotriferrate (1 -), 
[(Ph3P),N] [HFe3(C0)11 1, is obtained as shiny dark red, platelike crystals. The 
compound is moderately air sensitive in the solid form, but it can be handled in 
air for short periods of time. It decomposes slowly, in solution when exposed to 
air. It is soluble in CHzCl2, diethyl ether, and THF, slightly soluble in methanol, 
and insoluble in water. It can be stored for long periods of time in an inert 
atmosphere (e.g., N,) at room temperature. The IR spectrum of the compound 
contains the following CO stretching vibrations (Nujol or Fluorolube mull): 
2066 (w), 2088 (sh), 1996 (s), 1980 (s), 1961 (s), 1945 (sh), 1937 (s), 1921 
(m), 1725 (m), cm-'. The nmr spectrum (deuterated acetone solvent and 
acetone internal standard) has a hydride band at 6 - 14.53 ppm. 

The crystal structure of the hydrido anion, [HFe3(CO),,]-, has been estab- 
lished by X-ray analysis3 and its Mossbauer spectrum has been recorded.? On 
acidification at low temperature, [HFe3(CO)ll ] - is converted to H, Fe3(CO)11, 
which decomposes above -40".' Reaction of this anion with CH3S03F gives 
the compound HFe3(CO)lo(COCH3).8 Contrary to previous proposals, recent 
evidence indicates that [HFe3(CO), 3 - is not an important catalytic species in 
the Reppe conversion of CO and olefms to  alcohol^.^ 

Recently, it has been demonstrated that t h i s  anion is the active species in the 
reduction of the carbon-nitrogen triple bond in acetonitrile" and it is proposed 
to be a key intermediate in the reduction of nitro arenes with triiron dodeca- 
carbonyl." 
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5 1. BIS [ /A-NITRIDO-BIS (TRIPHENYLPHOSPHORUS) ( 1 +)] 
UNDECACARBONY LTRIFERRATE, 

[(PH,P),NI 2 [Fe,(CO),, 1 

Submitted by H. A. HODALI* and D. F. SHRNER* 
Checked by D. J. JONES? and P. J. KRUSICt 

The dianion [Fe3(CO),l]2- was frrst isolated by Hieber' as the [Fe(en)3I2' 
(en = ethylenediamine) salt. Attempts to prepare the tetraethylammonium salt 
were unsuccessful.2 In the synthesis reported here, this dianion is isolated as the 
p-nitrido-bis (triphenylphosphorus)( 1 t) salt, (Ph3 P)2 N', which affords high 
yields of a pure product. 

Procedure 

Caution. The reaction must be run in a hood owing to the highb toxic 
nature of iron carbonyls and carbon monoxide. 
All manipulations are carried out on a high-vacuum line, in a nitrogen-flushed 

dry box, or in standard Schlenk apparatus under a nitrogen atmosphere. An- 
hydrous diethyl ether is further dried by distillation under nitrogen from sodium 
benzophenone ketyl. Methanol is purified by fractional distillation and purged 
with nitrogen before use. Dichloromethane is distilled from phosphorus pent- 
oxide and purged with nitrogen before use. Methanolic KOH is prepared from 
reagent grade KOH and is purged with nitrogen before use. Glacial acetic acid, 
reagent grade, is purged with nitrogen before use. Commercial triiron dodeca- 
carbonylS contains 5-10% methanol stabilizer, which is removed by subjecting 
the sample to high vacuum before use. Commercial p-nitrido-bis(tripheny1- 
phosphorus)(l+) chloride ( [Ph3P)2 N] Cl)§ is recrystallized from water (using 
charcoal) and dried under high vacuum (0.001 torr) overnight. 

Into a 2O0-mL7 round-bottomed flask, containing a magnetic stirring bar and 
a 5.1-g (9-10 mmole) sample of Fe3(C0)123 , is added 50 mL of 2Mmethano- 

*Department of Chemistry, Northwestern University, Evanston, IL 60201. 
?Central Research and Development Department, E.I. du Pont de Nemours and Co., 

$Available from Strem Chemicals, 150 Andover St., Danvers, MA 01923. 
$Available from Alfa Products, 152 Andover St., Danvers, MA 01923. 

Inc., Wilmington, DE 19898. 
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lic KOH. After a few minutes of stirring, the solution changes from dark green 
to  dark red-brown. The mixture is stirred for 30 minutes and then filtered 
through a medium-porosity Schlenk-type frit. A solution of 12.6 g (22.0 mmole) 
of ((Ph,P),N]Cl in 50 mL of methanol is added to  the filtrate. A thick red- 
brown precipitate separates, and the mixture is fitered under a nitrogen atmo- 
sphere with a medium-porosity frit. The dark-red solid that is collected is then 
dried under vacuum. Crystals are obtained by dissolving the product in 100 mL 
of CH2Clz and filtering the resulting solution with a medium-porosity Schlenk- 
type fritted filter. To the filtrate is added 60 mL of diethyl ether to precipitate 
a crystalline red-brown product. The crystalline product is fitered, washed with 
three 20-mL portions of diethyl ether, and then dried under vacuum overnight. 
Anal. Calcd. for C83H60NZFe3P4011 : C, 64.19; H, 3.90; N, 1.80; Fe, 10.79. 
Found: C, 63.76; H, 3.81 ; N, 1.60; Fe, 11.03. The yield of purified product is 
11.9 g (about 86% based on Fe3(C0)12). 

Proper ties 

Bis[It-nitrido-bis(triphenylphosphorus)(l+)] undecacarbonyltriferrate(2-) is ob- 
tained as shiny dark red-brown rectangular crystals that are moderately air 
sensitive but can be handled in air for short periods of time. When in solution, 
the compound slowly decomposes upon exposure to air. It is soluble in CH2C1z, 
slightly soluble in acetone, and insoluble in diethyl ether. It can be stored for 
long periods of time in an inert atmosphere (e.g. N,) at room temperature. The 
IR spectrum shows the following CO stretching frequencies (Fluorolube or 
Nujol mull) 2010 (vw), 1935 (s), 1900 (s), 1883 (s), 1878 (s, sh), 1965 (sh), 
1667 (m) an-'. 

The. [Fe3(CO)ll]Z- anion is a very useful starting material and its reaction 
with methylating agents has been described! Upon reaction with hydroxide, it 
disproportionates to give other iron carbonyl anions? v 6  Acidification of 
[Fe3(CO)l ] '- at low temperatures yields Hz Fe3(C0)1 .' Interconversion of 
[Fe3(CO)1 ] - into other iron carbonyl anions is possible and under certain 
conditions the conversion is quantitative? 
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52. ~3 -ALKY LIDYNE-TRIS (TRICARBONY LCOBALT) 
COMPOUNDS: ORGANOCOBALT CLUSTER COMPLEXES 

Submitted by DIETMAR SEYFERTH,* MARA 0. NESTLE,* JOHN S. HALWREN,* 
JOSEPH S. MEROLA,* GARY H. WILLIAMS,* and CYNTHIA L. NIVERT* 

The p 3  -alkylidyne-tris(tricarbonylcoba1t) complexes, I, are relative newcomers 
to organotransition metal chemistry. The first member of this class to be pre- 
pared (1, R = C H 3 )  was reported in 1958.' During the next 10 years more 
complexes of this type were prepared, but the chemistry of this novel class of 
organocobalt carbonyls remained relatively unexplored. Since 1969, several 
research groups have been actively investigating RCCo3 (CO)9 complexes, and 
much new and interesting chemistry has been uncovered. The organocobalt 
carbonyl cluster complexes have been reviewed at various stages of the develop- 
ment of their chemistry.'-' 

A wide variety of RCCo3(CO), complexes may be prepared (R = H, halogen, 
alkyl, aryl, alkenyl, acyl, alkoxycarbonyl, aminocarbonyl, triorganosilyl, dialkyl 
phosphino, alkoxy, dialkylamino, etc.), either by direct reactions of octa- 
carbonyl dicobalt with organic tri- and dihalides or by acid-induced reactions of 

*Department of Chemistry, Massachusetts Institute of Technology, Cambridge, MA 02139. 
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cobalt carbonyl complexes of terminal acetylenes, (RC2H)Co2 (CO), .2 Further 
interconversions of cluster complexes thus prepared have added many new mem- 
bers to this class? Replacement of one to three of the nine carbon monoxide 
ligands with other donor molecules (tertiary phosphines, arenes, dienes, iso- 
cyanides) also is possible ? 

Oxidation of these complexes releases the apical carbon atom and its substit- 
uent in the form of an organic derivative? Thus ceric ammonium nitrate oxida- 
tion of an RCCo3(C0), complex produces the carboxylic acid, RC02H, when 
the reaction is carried out in aqueous acetone. Thermolysis of RCCo3(CO), 
produces acetylenes or acetylene hexacarbonyl dicobalt complexes, depending 
on the reaction conditions. Useful applications of these cluster complexes in 
organic synthesis remain to be developed. 

A general description of the physical and chemical properties of the p3- 
alkylidyne-tris(tricarbonylcoba1t) complexes may be helpful at this point. All 
are highly colored, with colors ranging from red to purple to brown to black, 
depending on the apical substituent. Some can be heated to 100-185" without 
decomposition and many of them may be sublimed in vacuum at 50-80". Some 
others, however, are stable at room temperature only for limited periods of time. 
Most RCCO~(CO)~  complexes, but not all, are air-stable in the solid state and in 
solution. Most of the complexes with which we have worked are crystalline 
solids, usually (but not always) with well-defined melting and/or decomposition 
points. However, when the apical carbon atom bears a long carbon chain sub- 
stituent, the melting points are lowered, and oils, rather than crystalline solids, 
can result. Most of the RCCo3(CO), complexes are soluble in the common 
organic solvents. In view of their color, stability, and solubility properties, thin 
layer and column chromatography are applicable to their detection, isolation, 
and purification. Their combustion analysis has presented no difficulties. The 
general chemical reactivity of the RCCo3 (CO), complexes includes instability 
toward attack by oxidizing agents, many bases, and many nucleophiles. Many, 
however, are stable toward protonic and Lewis acids. Mass spectroscopy is very 
useful in their identification and characterization. Initial fragmentation results 
in loss of the nine carbon monoxide ligands, leaving the [RCCo3] + fragment. 

In general, the infrared spectra of p3 -alkylidyne-tris(tricarbony1cobalt) com- 
plexes show five bands in the terminal carbonyl region, in the range 2150- 
1950 cm-', with the intensity pattern medium, very strong, strong, weak, 
very weak. The last and weakest of these is a 13C Emode-derived band. Since 
these complexes are diamagnetic, completely normal proton nmr spectra are 
obtained for the organic substituents on the apical carbon atom of the cluster. 
The "C nmr spectra of p3 -alkylidyne-tris(tricarbonylcoba1t) compounds have 
been obtained; the signal due to the apical carbon atom of the cluster can be 
seen only with some difficulty.6-' 
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53. ~3 -METHYLIDYNE AND p3-BENZYLIDYNE- 
TRIS (TRICARBONY LCOBALT) 

Submitted by MARA 0. NESTLE,? JOHN E. HALWREN,? and 

Checked by PETER DAWSONS and BRIAN H. ROBINSONS 
DIETMAR SEYFERTH? 

p3 -Methylidyne-tris(tricarbonylcoba1t) is a useful starting material for further 
conversions to other p3 dkylidyne-tris(tricarbonylcoba1t) complexes. Its reac- 
tions with diarylmercury compounds (as described here for diphenylmercury), 
arylmercuric halides, and a-(haloalky1)mercurials are very useful in the prepara- 
tion of aryl and alkyl derivatives of the CCO~(CO)~ cluster.2 p3-Methylidyne- 

*This balanced equation has no connection with the actual course of the reaction, nor 
does it necessarily give a complete picture of the reaction in terms of products. For a study 
concerning this question, see Reference 1. 

?Department of Chemistry, Massachusetts Institute of Technology, Cambridge, MA 
021 39. 

$Department of Chemistry, University of Otago, P.O. Box 56, Dunedin, New Zealand. 
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tris(tricarbony1cobalt) also reacts with olefms and dienes, adding its C-H bond 
to  the C=C bond.3 Its reactions with silicon and germanium hydrides provide a 
very effective route to p 3  dkylidyne-tris(tricarbony1cobalt) complexes bearing 
silyl and germyl substituents at the apical carbon atom: p3 -Benzylidyne-tris- 
(tricarbonylcobalt) complexes are of interest because they undergo facile Friedel- 
Crafts acylation and arylation by RC (0)C1/AlC13 systems.' 

A. ~3 -METHYLIDYNE-TRIS (TRICARBONY LCOBALT) 

Procedure 

rn Caution. This reaction should be cam'ed out in an efficient firme hood 
since both octacarbonyldicobalt and the evolved carbon monoxide are toxic. 
Octacarbonyldicobalt, as supplied, is pyrophoric and thus must be handled 
under an inert atmosphere at all times. 

A 1-L, three-necked, round-bottomed Pyrex flask is equipped with a serum 
cap, a solids-transfer tube (in the center neck), and a T-tube, one side of which is 
connected to a prepurified nitrogen gas supply and the other to  a Nujol bubbler. 
The vessel is evacuated, flamed out, and flushed with dry nitrogen. It is then 
charged with octacarbonyldicobalt* (64.4 g, 0.188 mole) by means of the 
transfer tube. The transfer tube is removed and replaced with an adapter tube 
holding a stirrer sleeve and shaft that is attached to an overhead stirring motor. 
Tetrahydrofuran (500 mL, freshly distilled from sodium/benzophenone) is 
added by syringe through the serum cap, and the mixture is stirred under nitro- 
gen until the cobalt carbonyl has dissolved. Bromoform (tribromomethane) 
(28.9 g, 0.114 mole) then is added by syringe, and the resulting mixture is 
warmed gently to 50". The reaction temperature should not be permitted to 
exceed 50", since decomposition occurs above that temperature. At 50" carbon 
monoxide evolution begins. This temperature is maintained while the solution is 
being stirred, until gas evolution ceases (about 6 hr). The reaction mixture is 
cooled to room temperature and then poured into 1500 mL of 10% aqueous 
hydrochloric acid. All manipulations from this point on may be carried out in 
the air, with no further precautions to exclude moisture and oxygen. The 
hydrolysis mixture is stirred well. Subsequently, the product is extracted with 
500-mL portions of pentane until the extracts are only faintly colored. The 
organic layer is washed 8 to 10 times with equal volumes of water, until the 
water layer no longer is yellow. The organic phase is dried over anhydrous 
magnesium sulfate and filtered with suction. The solvent is removed under 
reduced pressure (rotary evaporator), and the residue is sublimed at 50" and 0.1 

*Strem Chemicals, Inc., P.O. Box 108, Newbury Port, MA 01950. The material was used 
as supplied; further purification was found to be unnecessary. 
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torr. (m Caution. The vacuum must be released by admission of nitrogen or 
argon since the residue from the sublimation is  pyrophoric. The residue is 
rendered harmless by treatment with water.) The sublimate is resublimed to 
yield 18.88 g (34% yield based on the cobalt charged) of /.~~-methylidyne-tris- 
(tricarbonylcobalt), mp 105-107" (dec.).6 Anal. Calcd. for CloH09C03 : C, 
27.18; H, 0.23. Found: C, 27.30; H, 0.38. 

Properties 

p3 Methylidyne-tris(tricarbonylcoba1t) is an air-stable, crystalline, purple solid.6 
It is soluble in common organic solvents, giving intensely purple solutions that 
are stable in air for several hours. The infrared spectrum of HCCO~(CO)~ in 
carbon tetrachloride solution shows the C-H stretch at 2980 (w) cm-' , four 
carbonyl bands at 2105 (m), 2060 (vs), 2045 (s), and 2025 (w) cm-' , and bands 
at 865 (m) and 723 (w) cm-'. Its proton nmr spectrum (in CDC13) shows a 
singlet at  6 12.08 ppm downfield from internal tetramethylsilane. 

B. /.A~-BENZYLIDYNE-TRIS(TRICARBONYLCOBALT) 

Procedure 

Caution. This reaction is cam-ed out under an atmosphere of carbon mon- 
oxide and therefore should be performed in an efficient fume hood. Diphenyl- 
mercury is a toxic chemical and care should be taken that its solutions are not 
spilled on the skin or ingested. Its vapor pressure, however, is low, and so it is 
not as dangerous as the dialkylmercurials. nor is it as dangerously toxic as the 
dialkylmercurials. ' 

A 100-mL, three-necked, round-bottomed flask is equipped with a reflux 
condenser topped with a gas inlet tube #at is connected to a T-tube, one side of 
which leads to  a prepurified nitrogen gas supply and the other to a Nujol bubbler, 
a magnetic stirring bar, and a glass tube to  be used for bubbling carbon mon- 
oxide through the reaction mixture. The vessel is flame dried, purged with dry 
nitrogen, and charged with p3 -methylidyne-tris(tricarbonylcoba1t) (0.88 g, 2.0 
mmole), diphenylmercury* (0.70 g, 2.0 mmole), and 50 mL of dry benzene that 
has been distilled from sodium/benzophenone. Carbon monoxide is bubbled 
through the solution for 30 minutes, and then the mixture is heated at reflux, 
with stirring, while carbon monoxide is bubbled slowly through the solution. 
Heating is continued until thin layer chromatography? shows only one brown 

*Alfa Products, Ventron Corporation, P.O. Box 299, Danvers, MA 01923. If the material 

TEastman Chromagram Sheet No. 6061 (silica gel), using hexane as eluent. The 
as purchased is of good quality it may be used without further purification. 

HCCo3(C0)9 produces a purple spot of high Rf 
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spot. A reaction time of about 2 hours is required. The mixture is cooled to 
room temperature and filtered in air. The residue is washed with acetone to yield 
0.15 g (38%) of mercury. The filtrate is evaporated to dryness under reduced 
pressure. The solid that remains is purified by column chromatography (40 X 
600 mm column containing 100 mesh Mallinckrodt reagent grade silicic acid, 
with hexane as eluent). A faint purple band (starting material) may elute first. 
A brown band follows. The eluate containing the material in the latter is evapo- 
rated at reduced pressure to give 0.99 g (95%) of p3 -benzylidyne-tris(tricarbony1- 
cobalt), mp 103-106". This material is sublimed at 50" and 0.1 torr to give 
0.95 g (91%) of pure product, mp 107'. Anal. Calcd. for CI6HSO9Co3: C, 
37.10; H, 0.97. Found: C, 37.10; H, 1 .OO. 

Properties 

p3 -Benzylidyne-tris(tricarbonylcoba1t) is an air-stable, brown, crystalline solid. 
It is soluble in organic solvents to give intensely brown solutions that are stable 
in air for several hours. Its infrared spectrum (in carbon tetrachloride solution) 
shows five bands in the terminal carbonyl region: 2109 (m), 2062 (vs), 2047 (s), 
2028 (w) and 1980 (vw) cm-* . Other bands observed include: 3080 (w), 1480 
(w), 1435 (w), 1255 (w), 900 (w), 685 (m), 655 (m), 625 (w), and 605 (s) 
cm-' . The nmr spectrum of C6H5CC~3(C0)9 (in carbon tetrachloride) shows 
the phenyl proton signals as a multiplet at S 7.13-7.63 ppm downfield from 
internal tetramethylsilane. 
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54. p3-[(ETH0XYCARBONYL)METHYLIDWE] - and 

TRIS (TRICARBONYLCOBALT) 
p 3 -  ([ (METHYLAMIN0)CARBONYLl METHYLIDWE}- 

$COZ(CO)~ + 2CCljCO2C2Hs - ~ C ~ H S O ~ C C C O ~ ( C O ) ~  + 18CO + 3COc12 

C2H5 0 2  CCCOj (C0)9 + (C2 H5 C0)2 0 + HPF6 --* 
[(OC)~CO~CCO]+ [PF,] -(s) + 2C2HSCOzH 

[(OC)gCO3CCO]'[PF6] - +  2CH3NH2k) _f 

C H ~ N H C ( O ) C C O ~ ( C ~ ) ~  + [CHJNHB] PF6 

Submitted by JOSEPH S. MEROLA,* JOHN E. HALLGREN. and 
DIETMAR SEYFERTH* 
Checked by PETER DAWSON? and BRIAN H. ROBINSON? 

The ethyl ester of p3 -(carboxymethylidyne)-tris(tricarbony1cobalt) is a useful 
precursor to a large variety of organocobalt cluster complexes of type 
RC (0)CCo3 (CO)9 .'12 It is easily converted to the decacarbonyl-tetrahedro- 
carbontricobalt cation, [(OC)9C03CCO] +, by treatment with concentrated 
sulfuric acid or with hexafluorophosphoric acid in propionic anhydride medium. 
The [(OC)9C03CCO]+ cation can react with many nucleophiles to give new, 
functionally substituted p3 -alkylidyne-tris(tricarbony1cobalt) complexes.' One 
example of many is given below. 

A. ~ ( 3 - [  (ETHOXYCARBONYL)METHYLIDYNE] - 
TRIS (TRICARBONYLCOBALT) 

Procedure 

Caution. The cautionary remarks made with respect to the synthesis of 
HCCO~(CO)~ a p p b  here as well. 

A I-L, three-necked, round-bottomed flask is equipped with a serum cap, a 
nitrogen inlet tube connected to a T-piece that leads to a prepurified nitrogen 
supply and to a Nujol bubbler, and a solids-transfer tube (in the center neck). 
The flask is evacuated, flamed out, and flushed with dry nitrogen. I t  then is 
charged with octacarbonyldicobalt (73.4 g, 0.215 mole) and 440 mL of dry 
tetrahydrofuran (THF). The transfer tube is removed and replaced with an 

*Department of Chemistry, Massachusetts Institute of Technology, Cambridge, MA 021 39. 
?Department of Chemistry, University of Otago, P.O. Box 56, Dunedin, New Zealand. 
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adapter tube holding a stirrer sleeve and shaft that is attached to an overhead 
stirring motor. The mixture is stirred to effect solution. Then 22.9 g (0.12 mole) 
of ethyl trichloroacetate is added with a syringe through the serum cap. The 
resulting brown-yellow solution is stirred at room temperature for 1 hour, 
during which time a slow evolution of gas takes place. The solution then is 
warmed with a heating mantle to about 30". This results in vigorous gas evolu- 
tion, and the solution slowly becomes purple. Gas evolution is complete after 
about 2 hours at 30". The purple solution then is heated at SO" for an additional 
hour. 

The mixture is allowed to cool to room temperature and then is suction fd- 
tered in air to obtain a bright-blue residue (cobalt salts, which are discarded) and 
an intensely purple-colored fdtrate. The latter is treated with 1500 mL of 10% 
aqueous hydrochloric acid to destroy remaining noncluster cobalt carbonyl. 
The product ester is extracted into 500 mL of pentane. The extracts are washed 
several times with equal portions of water. The organic layer is dried over an- 
hydrous magnesium sulfate. Filtration is followed by evaporation of the fdtrate 
at reduced pressure (rotary evaporator). The solid that remains is sublimed at 
50" and 0.1 torr to yield 38.79 g (53%) of purple crystals of p3-[(ethoxycar- 
bony1)methylidynel -tris(tricarbonylcobalt), mp 45-46°.2 Anal. Calcd. for 
Cl3HSOI1Co3: C, 30.38; H, 0.98. Found: C, 30.30; H, 0.96. 

p3 -[(Ethoxycarbonyl)methylidyne] -tris(tricarbonylcobalt) is a low-melting 
solid and has a tendency to remain in the form of an oil at this point. In this 
event, crystallization can be induced by redissolving the oil in pentane, removing 
the pentane at reduced pressure, and repeating this procedure until a solid is 
obtained. 

w Caution. The sublimation residue is pyrophoric and therefore nitrogen or 
argon must be used to break the vacuum after the sublimation is complete. The 
sublimation residue is rendered harmless by treatment with water. 

Properties 

pa -[(Ethoxycarbonyl)methylidyne] -tris(tricarbonylcobalt) is stable in air and 
dissolves in most organic solvents to form deep-purple so!utions that are stable 
in air for long periods of time.2 The terminal carbonyl absorptions are seen in 
the infrared spectrum of C2HS02CCCo3(CO), (in CC14) at 2115 (m), 2065 
(vs), 2040 (s), 2020 (w) and 1980 (vw) cm-' and the ester carbonyl absorption 
at 1685 (s)cm-' . The other bands observed include 2990 (w), 2950 (w), 1250 (s), 
(w), 2880 (w), 2540 (w), 2500 (w), 1445 (w), 1390 (w), 1318 (w), 1250 (s), 
1185 (w), 1098 (w), 1060 (s), 870 (w), and 705 (m) cm-'. The proton nmr 
spectrum (in CC4) exhibits a triplet at 6 1.35 ppm (3H, J = 7 Hz, CH3) and a 
quartet at 6 4.35 ppm (2H, J =  7 Hz, CH2). 
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T 24/40 

200-rnl 
flask 

Fig. I .  Standard cation formation 
apparatus. 

B. pj- {[ (METHYLAMINO)CARBONYL] METHYL1DYNE)- 
TRIS (TRICARBONYLCOBALT) 

Procedure 

The apparatus used is shown in Fig. 1. It consists of a 2O0-mL7 roun’d-bottomed 
flask modified by attachment of a straight 30-mm glass tube with a coarse glass 
frit and a 19/38 standard taper joint colinear with the neck of the flask. A 24/40 
standard taper joint is attached at an angle of 45” to the neck. To the apparatus 
are added, at neck A , a nitrogen inlet tube connected to a T-piece that leads to 
a p repd ied  nitrogen supply and to a Nujol bubbler, at neck B, an air-tight, 
foldover rubber stopper (“no-air stopper”), and, below the glass frit at the 
19/38 joint, a 100-mL, three-necked, round-bottomed flask equipped with a 
nitrogen inlet tube connected to a T-piece that leads to a prepurified nitrogen 
supply and a Nujol bubbler and whose third neck is closed with a glass stopper. 

The apparatus is equipped with a magnetic stirring bar, dried, flushed with 
nitrogen and charged with 1.04 g (2.0 m o l e )  of p3-[(ethoxycarbonyl)- 
methylidyne] -tris(tricarbonylcobalt) and 15 mL of propionic anhydride. The 
mixture is stirred under nitrogen (apparatus horizontal) until the cobalt complex 
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has dissolved and 0.6 g (2.6 mmole) of 65% aqueous hexafluorophosphoric 
acid* is added by means of a disposable pipette. A black precipitate forms 
immediately. The mixture is fdtered under positive nitrogen pressure (apparatus 
vertical). The black solid thus obtained is washed four times with 10-mL por- 
tions of reagent grade dichloromethane. In a separate experiment' it has been 
identified by analysis as the salt [(OC)&o3CCO] + [PF,] -. 

The black solid then is slurried in 10 mL of reagent grade dichloromethane 
(apparatus horizontal), and gaseous methylamine is passed slowly over the sur- 
face of the stirred mixture until all the solid has dissolved. Manipulations from 
th is  point on may be carried out without exclusion of air. The solution is poured 
into 100 mL of 10% aqueous hydrochloric acid and the product is extracted 
with dichloromethane. The extracts are dried over anhydrous magnesium sulfate. 
Filtration is followed by removal of solvent from the filtrate at reduced pres- 
sure (rotary evaporator). The red solid that remains is recrystallized from hexane 
to give 0.93 g (93%) of CH3NHC(0)CCo3(CO)9, mp 124-126' (dec.), as black 
platelets. Anal. Calcd. for C12H4NOIOCo3: C, 28.88; H, 0.81;N,2.81. Found: 
C, 28.66; H, 0.94; N, 2.65. 

Properties 

p3 - { [(Methylamino)carbonyl] methylidyne}-tris(tricarbony1cobalt) forms black, 
air-stable crystals that dissolve in most organic solvents to form purple solutions 
that are not stable for long periods of time. The infrared spectrum of CH3NHC- 
(0)CCo3(CO), (in CC4) shows bands in the terminal carbonyl region at 21 14 
(m), 2065 (vs), 2044 (s), 2018 (w), and 1985 (vw) cm-I . The following other 
bands are observed in the ir spectrum: 3470 (w), 2960-2840 (w), 1633 (s), 
1487 (s), 1415 (m), and 690 (m) cm-' . Its proton nmr spectrum (in CC4) 
consists of a doublet at 6 3.07 ppm (3H, J =  5 Hz, CH3) and a multiplet at 
6 6.0 ppm (lH, NH). 

References 
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*Atfa Products, Ventron Corporation, P.O. Box 299, Danvers, MA 01923. 
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55. ~3 -(CHLOROMETHYLIDYNE)- AND 
p3 -[ (tert-BUTOXYCARB0NYL)METHYLIDYNEl - 

TRIS (TRICARBONY LCOBALT) 

;Co2(C0), t 2CC14 - ~ C ~ C C O ~ ( C O ) ~  t 18CO t 3CoC12 

C~CCO~(CO)~ t 2MC13 - [(0C),Co3CCO] + [A1C4] --MC13 

[(OC)~CO~CCO] + [AlCl4] -*Mc13 t (CH3)3COH + 

(CH3)3C02CCCo3(C0)9 t 2AlC13 t C1- 

Submitted by CYNTHIA L. NIVERT,* GARY H. WILLIAMS,* and 
DIETMAR SEWERTH* 
Checked by STEVEN H. STRAUSS? 

p3 -(Chloromethylidyne)-tris(tricarbony1cobalt) frnds useful application in the 
preparation of other derivatives of the CCO~(CO)~ cluster. Its reactions with 
aluminum chloride in the presence of diverse arenes give p3-benzylidyne-tris- 
(tricarbonylcobalt) complexes, ArCCo3(CO), , generally in good yield.' On the 
other hand, its reaction with aluminum chloride under the conditions described 
in this synthesis provides an alternate route to the decacarbonyl-tetrahedro- 
carbon-tricobalt cation.2 Treatment of C1CCo3 (CO), with an alkali metal gives 
the esr-observable radical anion [C~CCO~(CO)~] :,3 and its reaction with 
triphenylarsine results in formation of the dimer (OC)&O~C-CCO~(CO)~ ! 
Reactions of C~CCO~(CO)~ with aryl Grignard reagents in large excess produce 
the respective p3 -benzylidyne-tris (tricarbonylcobalt) complexes? (This reaction, 
however, proceeds better with BrCCo3 (CO),). 

A. p3 -(CHLOROMETHYLIDYNE)-TRIS (TRICARBONYLCOBALT) 

Procedure 

8 Caution. The cautionary remarks made with respect to the synthesis of 
HCCo3(CO), apply here as well. 

A 2-L, three-necked, round-bottomed flask is equipped with a nitrogen inlet 
tube connected to a T-piece that leads to a prepurified nitrogen supply and to a 
Nujol bubbler, a solids-transfer tube, and an adapter tube holding a stirrer sleeve 
and shaft that is connected to an overhead stirring motor. The apparatus is 
evacuated, flamed out, and flushed with dry nitrogen. Octacarbonyldicobalt 

*Department of Chemistry, Massachusetts Institute of Technology, Cambridge, MA 021 39. 
?Department of Chemistry, Northwestern University, Evanston, IL 60201. 
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(60.0 g, 0.175 mole) then is added under nitrogen by means of the solids-transfer 
tube. The latter is replaced by a rubber serum cap, and 600 mL of reagent grade 
carbon tetrachloride, used without further purification, is added by means of a 
syringe. The rubber serum cap is replaced by a thermometer. The reaction mix- 
ture is stirred under nitrogen and heated to 50". This temperature is maintained 
(but not exceeded) until evolution of carbon monoxide ceases (within 4 hr). 
During t h i s  time the color of the mixture changes from yellow-brown to red- 
purple. The mixture is allowed to cool to room temperature and then is filtered, 
in air, through Celite (diatomaceous earth). The solvent is evaporated at reduced 
pressure (rotary evaporator). The resulting residue is dissolved in 1500 mL of 
h e m e  and the solution thus formed is washed with equal volumes of 10% 
hydrochloric acid and water until the aqueous layer is colorless. The hexane 
layer is dried over anhydrous magnesium sulfate and evaporated to  dryness at 
reduced pressure. The solid that remains is sublimed at 45" and 0.1 torr to give 
23.5 g (42%, based on cobalt charged) of purple, crystalline C~CCO~(CO)~,  mp 
131-133". (m Caution. The vacuum must be released by admitting argon or 
nitrogen, since the sublimation residue is pyrophoric. The sublimation residue 
is rendered harmless by treatment with water.) Anal. Calcd. for Cl0O9C1Co3 : 
C,25.21. Found: C,25.15. 

Properties 

p 3  -(Chloromethylidyne)-tris(tricarbonylcoba1t) is an air-stable, purple, crystal- 
line solid, mp 13 1-1 33" .6 It is soluble in common organic solvents to  give deep- 
purple solutions that are stable in air. Its infrared spectrum (in CC4) shows 
bands at 900 (s) and 595 (s) cm-' , in addition to  terminal carbonyl absorptions 
at 21 12 (m), 2065 (vs), 2045 (s), 2020 (w), and 1985 (vw) cm-' . 

B. p 3  -[ (fert-BUTOXYCARBONYL)METHYLIDYNE] - 
TRIS (TRICARBONYLCOBALT) 

Procedure 

A flame-dried 100-mL, three-necked, round-bottomed flask is equipped with a 
nitrogen inlet tube connected to a T-piece that leads to a prepurified nitrogen 
supply and to  a Nujol bubbler, a rubber serum cap, and a magnetic stirring bar. 
It then is evacuated, flamed out again, and flushed with dry nitrogen. p 3 -  
(Chloromethylidyne) -tris(tricarbonylcobalt) (2.00 g, 4.4 mmole) and 50 mL of 
reagent grade dichloromethane are added. To the resulting purple solution is 
added, using a transfer vial, 1.75 g (13.2 mmole) of reagent grade aluminum 
chloride (used without further purification) as rapidly as possible, since it is 
hygroscopic. The mixture is stirred at room temperature under nitrogen for 30 
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minutes, during which time the initially purple solution becomes yellow-brown. 
The yellow-brown solution usually appears to  contain some undissolved solids. 
However, control experiments have established that most, if not all, of the 
active [(0C)&o3CCO]+ reagent is in solution. Such solutions are stable at 
room temperature in the absence of moisture for at least 3 days. The insolubles 
very likely are derived for the most part from the aluminum chloride. The 
formation of the tricobaltcarbon decacarbonyl cation may be monitored by thin 
layer chromatography [Eastman Chromagram Sheet No. 6061 (silica gel); 
hexane eluent]. Upon completed reagent cation formation, tlc shows a brown 
spot of zero Rf and complete disappearance of the purple spot of high R,, 
CICCO~(CO)~. The yellow-brown solution is very sensitive to  moisture and must 
be kept under a dry nitrogen atmosphere at all times. 

At this point the conversion of p3 -(chloromethylidyne)-tris-(tricarbonylcobalt) 
is complete, and its reactions with a wide variety of nucleophiles, such as alco- 
hols, thiols, amines, alkylating agents, and the more nucleophilic aromatic com- 
pounds, may be carried out. The reaction with rerr-butanol is described here. 

To the solution of [(0C)&o3CCO]+ [AlC14] -.AlC13, thus prepared, is added 
by syringe 5 mL (53 mmole) of rerr-butyl alcohol that has been purified by 
distillation from calcium hydride. The reaction is complete within 5 minutes, as 
indicated by a color change from yellow-brown to purple. [Tlc shows a purple 
spot of high Rf (conditions as above) when dichloromethane is used as eluent.] 
The reaction mixture is poured in air into 200 mL of cold 10% hydrochloric 
acid. The dichloromethane layer is extracted several times with 100-mL por- 
tions of 10% hydrochloric acid. The organic layer is washed with water, dried 
over a mixture of anhydrous calcium chloride and magnesium sulfate, and evapo- 
rated at reduced pressure to  leave the crude product as a solid. (The calcium 
chloride removes any rerr-butyl alcohol that remains.) The solid product thus 
obtained is dissolved in 5 mL of hexane and poured onto the top of a silicic acid 
pad (4 in. deep). Elution with hexane yields a small red-brown band that may be 
discarded. Elution with 70 : 30 v/v hexane/dichloromethane and evaporation of 
the solvent yields the desired product. Finally, sublimation at SOo at 0.1 ton 
gives 1.67 g (70%) of pure, purple p3 -[(tert-butoxycarbonyl)methylidyne] - 
tris(tricarbonylcobalt), mp 48-49" .' (The yield is based on the ClCCo3 (CO), 
charged.)Amf. Calcd. for Cl~H9Ol1Co3: C, 33.24; H, 1.67. Found: C, 33.01; 
H, 1.54. 

Properties 

p3 -[(tert-Butoxycarbonyl)methylidyne ] -tris(tricarbonylcobalt) is air stable and 
is best stored in a refrigerator. Its infrared spectrum (in CC4) shows terminal 
carbonyl absorptions at 21 11 (m), 2065 (vs), 2045 (s), 2020 (w), and 1985 (vw) 
cm-' , and the ester carbonyl absorption at 1675 cm-I . Other bands in its IR 
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spectrum include: 2990 (w), 2940 (w), 1460 (w), 1398 (w), 1373 (m), 1265 
(sh), 1250 (m), 1163 (s), 1061 (m), and 1037 (m) cm-'. Its nmr spectrum (in 
CDC13) shows a singlet at 6 1.58 ppm downfield from internal tetramethylsilane. 
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56. TETRACARBONYLBIS-1( -( 2-METHYL-2PROPANE- 
THIOLAT0)-DIIRIDIUM( I) 

Submitted by D. de MONTAUZON* and R. POILBLANC* 
Checked by R. H. BALLAN?, C. S. CHIN?, and L. VASKA? 

A material suitable for studies of the fundamental reactions of dinuclear com- 
plexes has been sought as a companion to Vaska's complex [I~(CO)(PAJ)~X]. 
This newly described carbonyl compound allows synthesis of several series of 
polynuclear compounds of iridium in formal oxidation states +I, +II, +I11 and 
plays the role of a typical dinuclear species. 

Procedure 

Caution. Carbon monoxide is a highly toxic, colorless, and odorless gas and 
the reaction should be performed only in an efficient fume hood. 2-Methyl-2- 
propanethiol is highly volatile and toxic and has a very obnoxious odor. Upon 
contact with air butyllithium is spontaneously combustible. All reactions and 
operations must be carneed out under nitrogen. 

*Laboratoire de Chimie de Coordination du CNRS, B.P. 4142, 31030 Toulouse Cedex, 

tDepartment of Chemistry, Clarkson College of Technology, Potsdam, NY 13676. 
France. 
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Di-pchloro-bis(l,5-cyclooctadiene)ddium(I), [IrC1(CSHl2)] 2 ,  has been 
prepared in very good yield by previously reported methods' from HzIrCl6 or 

To a solution of 6.71 g (10 mmole) of [IrC1(CsH12)] in 100 mL of toluene 
is added 20 mmole of t-C4H9SLi (obtained by mixing of 8.60 mL 2 3  M butyl- 
lithium? and 2.30 mL of 2-methyl-2-propanethioli) in 60 mL of toluene- 
diethyl ether (1 : 1) mixture. The solution, which becomes instantaneously vio- 
let, is stirred magnetically for 2 hours. The solvent is evaporated under reduced 
pressure. The solid residue is redissolved in 150 mL of pentane and filtered in 
an inert atmosphere.* {Ir(SC(CH3)3)(CsH12)}z can be recrystallized from the 
concentrated solution. 8 

Carbon monoxide is bubbled through the pentane solution of {Ir[SC(CH3)3] - 
(CSHI2)}2 for 15 minutes with stirring. The initially violet solution becomes 
red-brown. After concentrating to 20 mL, crystallization occurs at -40°, giving 
black crystals. Red crystals can also be obtained under mild conditions (-20') 
from dilute solutions. Concentration of the mother liquor to 5 mL yields addi- 
tional product. Overall yield: 5.70 g (85% based on [IrC1(CsH12)]2). Anal. 
Calcd. for C12H1~S2041r2: C, 21.36; H, 2.67; S, 9.50. Found: C, 21.30; H, 
2.80; s, 9 . 2 0 . W  by tonometry in C6H6. Found: 686. Calcd.: 675. mp 127". 

hC13.3H2 o.* 

Properties 

Tetracarbonyl bis-p-(2-methyl-2-propanethiolato)diiridium(I) is stable to air and 
moisture and is soluble in many organic solvents. The infrared spectra of the 
black and red species in hexadecane solution exhibit three CO stretching bands 
[2061 (s), 2040 (vs), 1986 (vs) cm-'1 analogous to those of the previously 
reported rhodium complexes? The analogous compound [Ir@SCgH5)(CO)2 ] 2 

can be obtained in the same way (with LiSC6Hs) in high yield (70%) [VCO = 
2072 (m), 2052 (vs), 2003 (vs) cm-']! Moreover, the analogous compound 
[Ir(pSCF3)(CO)2] [YCO = 2096 (m), 2076 (vs), 2029 (vs) in hexadecane 
solution] and the tetrahedral carbonyl {Irb-P(C6H~)z] ( co)~}~ [vco = 2045 
(s), 1985 cm-' in hexadecane solution] can also be prepared? The crystal 

*H21rC16, K and K ,  Rare and Fine Chemicals, 26201 Miles Road, Cleveland, OH 44128. 
IrC13.3H20, Alfa Division, Ventron Corp., 16207 South Carmenita Road, Cerrites, CA 
90701. Available in Europe from: "Compagnie des M6taux hb ieux"  74 bd Pierre VaiUant 
Couturier 94 IVRY, France. 

TButyllithium, Aldrich Chemical Co., 940 W. Saint Paul Avenue, Milwaukee, WI 53223. 
tertButy1 mercaptan, Aldrich Chemical Co. Available in Europe from: Fluka AG., Chem- 
ische E'abrik, CH-9470 Buchs, Switzerland. 

*Various types of glass apparatus designed for the purpose of filtering in an inert atmo- 
sphere can be used.2 The authors used the apparatus shown in Fig. 1. 

SCrystallization at -40" from pentane gives 7.0 g (90%) of {Ir(SC(CH3)3](CsH12)}2, 
mp 189" Anal. Calcd. for C24H42S2112: C, 37.01; H,  5.39; S, 8.23. Found: C, 36.95; H, 
5.40; S, 8.35. MW by tonometry in C6H6. Found: 800. Calcd.: 779. 
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Fig. 1. Filtration apparatus: (a) 250-mL 
dropping funnel with glass fri t ,  (b) 250- 
mL, round-bottomed flask. 

structure of the black form in the analogous compound [Ir(p-SC6Hs)(C0)2] 
suggests the existence of intra- and intermolecular metal-metal interactions: 
whereas in the red form only the independent dinuclear unit exists? 

This complex does not react with H2, CO, mineral acids (HCl, HC104), or 
amine~ .~  It forms adducts with alkynes (C4F66) and phosphines4 ; these adducts 
are examples of trinuclear crownlike complexes. Addition of 2 moles of a terti- 
ary phosphine ligand L to [Ir@-S-rerr-C4Hg)(CO)2]2 affords two types of 
complexes: the crown-like [Ir(p-S-rert-C4Hg)] 3(C0)~L2 [L = P(CH3)3] and 
the disubstituted derivatives [Ir(pS-terr-C4Hg)(CO)L] ? Interestingly, these 
last disubstituted compounds react with H2 ,’ tetracyanoethylene, 02, and S 0 2 5  
and can be referred to as “dinuclear Vaska’s complexes.” 
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57. DECACARBONYL-p-[ DIBORANE (6 ) ]  -p-HYDRIDO- 
TRIMANGANESE 

Mn2(CO)lo t Na[BH4] -red TH F anions HaPo, , 
A c yclohexane 

M ~ ~ ( B ~ H ~ ) ( H ) ( C O ) I O  + other products 

Submitted by H. D. KAESZ* and S. W. KIRTLEYf 
Checked by DONALD F. GAINESS and MARK B. FIXHERS 

Considerable variation is encountered in the hydridometal carbonyl cluster 
chemistry of manganese and rhenium. While treatment of Rez(CO)lo with 
Na[BH4] and subsequent acidification yields Re3H3(C0)'? as the principal 
product,' similar treatment of Mnz(CO)lo yields principally the title com- 
pound? whose rhenium analogue has not been observed. The trimer Mn,HJ- 
(CO)lz is also obtained in this preparation, but in low yields. A good method for 
obtaining Mn3H3(CO)12 , using KOH/EtOH treatment of Mn2(CO)lo followed 
by acidification, has been reported in a previous volume of this se r i e~ .~  

*Department of Chemistry, University of California, Los Angeles, CA 90024. 
tDepartment of Chemistry, Smith College, Northampton, MA. 
$Department of Chemistry, University of Wisconsin-Madison, Madison, W15 3706. 
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Procedure 

rn Caution. Poisonous carbon monoxide may be evolved in this reaction and 
must be properly vented. All metal carbonyls should also be considered to be 
toxic compounds. 
All operations should be carried out under an atmosphere of nitrogen unless 

otherwise noted. Manganese carbonyl can be purchased from Strem Chemicals 
(Beverly, MA) or Pressure Chemicals (Pittsburgh, PA). Tetrahydrofuran (THF) 
and cyclohexane solvents should be freshly distilled under nitrogen from CaH2. 
Phosphoric acid is stripped of dissolved oxygen by bubbling purified nitrogen 
through it by way of a glass frit for a period of 30 minutes. 

Dimanganese decacarbonyl(5.0 g, 12.8 mmo1e)is placed in a dry three-necked, 
250-mL flask equipped with a reflux condenser, an N,-inlet and a powder addi- 
tion tube. The dimanganese decacarbonyl is dissolved in 50 mL of THF, and 
sodium tetrahydroborate(1-) (1 .O g, 26.5 mmole, previously vacuum dried for 
24 hr) is slowly added through the powder addition tube. The mixture is heated 
at reflux for 6 hours. Under this treatment, the color of the solution quickly 
changes from yellow to dark red. Excess sodium tetrahydroborate(1-) and other 
insoluble materials are removed by fitration and the THF is evaporated under 
vacuum for 2 hours to produce a dark-red tar. Cyclohexane (50 mL) and 
oxygen-free H3P04 (10 mL, 85%) are added and the mixture is stirred vigor- 
ously for 1 hour at room temperature. The cyclohexane layer is transferred with 
a syringe into a 250-mL Schlenk flask and the acid layer is extracted with two 
additional 50-mL portions of cyclohexane. The collected cyclohexane layers are 
evaporated under vacuum to produce a brick-red powder. A water-cooled cold 
frnger is fitted into the flask and the solid is pumped at 25" and 0.1 torr for 24 
hours to sublime away the yellow Mn2(CO)lo and light-red Mn3Hj(C0)12 im- 
purities? The resultant dark-red powder is pure but can be crystallized from a 
mixture of methylcyclohexane and cyclohexane (10:90). Yield of powder is 
about 1 g (1 5-25%). 

Anal. Calcd. for H7Mn3B2(CO)lo: Mn, 34.80; C, 25.36; H, 1.49; B, 4.57; 
MW 473.6. Found4: Mn, 34.60; C, 25.51; H, 1.41; B, 4.69; MW 440 (vapor 
pressure osmometer , in cyclohexane solution under argon). 

Properties 

The compound exists as a red powder that is moderately stable in air, but it 
should be stored under nitrogen if it is to be kept for prolonged periods. The 
crystals take the shape of dark-red needles and are moderately stable in air. The 
compound is soluble in organic solvents but insoluble in water. The structure has 
been determined by single crystal X-ray diffraction (see Fig. 1 .)2b Infrared spec- 
tral bands in the carbonyl region appear at 1959.0 (w), 1964.8 (m), 1979.5 (s), 
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Fig, 1. Molecular configuration of Mn3 (BzH6) (H)  (CO) Reprinted with 
permission from H. D. Kaesz, W .  Fellmann, G. R .  Wilkes, and L.  F. Dahl, J. 
Am. Chem. SOC., 89, 2753 (1965). Copyright 1965 by  the American Chemical 
Society. 

2000.5 (s), 2031.7 (s), 2045.3 (s), 2060.1 (s), and 21 16.7 (m) cm-' . The lower 
energy regions show maxima at 688 (m), 675 (m), 662 (s), 629 (s), 608 (m), 
536 (m), 504 (m), 492 (m), 464 (m), 442 (m), and 416 (m) cm-' . The only 
other infrared absorptions in the regions scanned are two weak and broad bands 
at 995 and 935 cm-'. The corresponding perdeutero compound has been 
prepared and its spectrum has been reported.2 Magnetic resonances' at 270 
MHz, ' H  nmr in C6D6 versus tetramethylsilane: two broad peaks of relative 
areas 1 :2 at 6 10.53 ppm and S 12.65 ppm, respectively, and a sharp spike at 
S 17.20 ppm; at 86.7 MHz,"B nmr in C6D6 versus BF3.0(C2Hs)z, one broad 
peak at -40.91 ppm. 

References and Notes 

1.  D. K. Huggins, W. Fellmann, I. M. Smith, and H. D. Kaesz, J. Am. Chem. SOC., 86, 
4841 (1964). 

2. (a) W. Fellmann, D. K. Huggins, and H. D. Kaesz, Proceedings of the VIIIth Interna- 
tional Conference on Coordination Chemistry, V. Gutmann, Ed., Springer-Verlag, 
Berlin, 1964, pp. 225-257. (b) H. D. Kaesz, W. Fellmann, G. R. Willces, and L. F. Dahl, 
J.  Am. Chem. SOC., 89,2753 (1965). 

3. B. F. G. Johnson, R. D. Johnston, J .  Lewis, and B. H. Robinson, Inorg. Synth., 12,43 
(1970). 

4. Schwartzkopf Microanalytical Laboratory, Woodside, NY. 
5 .  The authors gratefully acknowledge the checkers for these data. 



BARIUM TETRACYANOPLATINATE(I1) TETRAHYDRATE' 

Submitted by SARAH KURTZ,? LEAH E. TRUIlT,? 
RICHARD C. SUNDELL,? and JACK M. WILLIAMS* 

With slight modification the synthesis of Ba [Pt(CN)4] .4Hz 0' is improved 
considerably by replacing the last paragraph with the text given below. 

The murky solution is heated to boiling with stirring and immediately filtered 
(medium-grit glass filter). The filtrate is transferred to a 1000-mL beaker, then 
cooled to  room temperature, and finally placed in an ice-bath overnight. The 
crystals are collected by filtration and the filtrate is disposed of in a waste-plati- 
num receptacle (or treated as below). The material is purified by adding 3 mL 
of H20 per gram of solid and heating with stirring in a boiling water bath until 
dissolution of the yellow crystals is complete. If any other solid is present at 
this point, the solution should be filtered hot. The Ba [Pt (CN)4 ] .4Hz 0 is then 
allowed to  recrystallize slowly by cooling as above. The recrystallization is 
repeated until the desired purity is achieved. A measure of the quantity of 
barium hydroxide and barium cyanide removed during each step can be de- 
termined by measuring the solution pH. When the filtrate reaches pH 7, the 
product is quite pure. Two recrystallizations are usually adequate. A second 
collection of crystals as previously recommended' may not be advantageous 

*Research performed under the auspices of the Office of Basic Energy Sciences of the 
U.S. Department of Energy. 

?Research participants sponsored by the Argonne Center for Educational Affairs; from 
Manchester College, North Manchester, IN, Washington College, Chestertown, MD, and 
Bethany College, Lindsborg, KA, respectively. 

*Chemistry Division, Argonne National Laboratory, Argonne, IL 66045. 
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because the additional amount of product collected will be small, in addition to 
being contaminated with barium hydroxide and barium cyanide. The solubility 
of Ba[Pt(CN)4] -4H20 is approximately 2 g1100 mL H20 at 3". 

References 

1 .  R. L. Maffly and J .  M. Williams,Inorg. Synfh., 19, 112 (1979). 



SUBJECT INDEX 

Names used in this Subject Index for Volume XX, as well as in the text, are based for 
the most part upon the “Defmitive Rules for Nomenclature of Inorganic Chemistry,” 1957 
Report of the Commission on the Nomenclature of Inorganic Chemistry of the International 
Union of Pure and Applied Chemistry, Butterworths Scientifk Publications, London, 1959; 
American version, 1. Am. chem Soc., 82, 5523-5544 (1960); and the latest revisions 
[Second Edition (1970) of the Defmitive Rules for Nomenclature of Inorganic Chemistry] ; 
also on the Tentative Rules of Organic Chemistry-Section D; and “The Nomenclature of 
Boron Compounds” [Committee on Inorganic Nomenclature. Division of Inorganic Chem- 
istry, American Chemical Society, published in Inorganic Chemistry, 7 ,  1945 (1968) as 
tentative rules following approval by the Council of the ACS] . All of these rules have been 
approved by the ACS Committee on Nomenclature. Conformity with approved organic 
usage is also one of the aims of the nomenclature used here. 

In line, to some extent, with Chemical Abstracts practice, more or less inverted forms are 
used for many entries, with the substituents or ligands given in alphabetical order (even 
though they may not be in the text); for example, derivatives of arsine, phosphine, silane, 
germane, and the Like; organic compounds; metal alkyls, aryls, 1,Sdiketone and other 
derivatives and relatively simple specific coordination complexes: Iron, cyclopentudienyl- 
(also as Ferrocene); Cobalt(II), bis(2,4-pentanedionato)- [instead of Cobalt (II) acerykzce- 
tonate].  In this way, or by the use of formulas, many entries beginning with numerical 
prefiies are avoided; thus VanaLre (III), tetrachloro-. Numerical and some other prefixes 
are also avoided by restricting entries to group headings where possible: Sulfur imides, with 
formulas; Molybdenum carbonyl, Mo(CO), ; both Perxenate, HXeO, ’-, and Xenate(VIII), 
HXeO, ’-. In cases where the cation (or anion) is of little or no significance in comparison 
with the emphasis given to the anion (or cation), one ion has been omitted; e.g., also with 
less well-known complex anions (or cations): CsB, H, , CH is entered only as Carbaundem- 
borate(1-), tridecahydro- (and as B, ,, CH, - in the Formula Index). 

Under general headings such as Cobalt(III) complexes and Ammines, used for grouping 
coordination complexes of similar types having names considered unsuitable for individual 
headings, formulas or names of specific compounds are not usually given. Hence it is impera- 
tive to consult the Formula Index for entries for specific complexes. 

As in Chemical Abstracts indexes, headings that are phrases are alphabetized straight 
through, letter by letter, not word by word, whereas inverted headings are alphabetized Fist 
as far as the comma and then by the inverted part of the name. Stock Roman numerals and 
EweneBassett Arabic numbers with charges are ignored in alphabetizing unless two or more 
names are otherwise the same. Footnotes are indicated by n, following the page number. 
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Acetaldehyde: 

Acetamide, N-methyl cobalt complex, 
20:230.232 

Acetato(tripheny1phosphine) complexes 
of platinum metals, 17:124-132 

Acetic acid, ethylenediamine-N,N’-di-, 
cobalt complexes, 18:100,103 

-, trifluore: 

rhenium complexes, 20: 201-205 

osmium complexes, 17: 13 1 
rhenium complexes, 17: 127 

copper complex, 19: 90 
iron(I1) complex, 18:6, 15 
molybdenum complex, 20: 120 

of nickel(O), 17:117-124 

Acetonitrile: 

Acetylene complexes: 

Alkanes, cycle, see Cycloalkanes 
&Aluminas: 

Al, Ag, Ga, K, Li, NH,, NO, Rb, and 

see also Aluminum oxide 

methox yethoxy)-: 

TI, 19~51-58 

Aluminate(1-), dihydridobis(2- 

sodium, 18: 149 

pentathiazyl, 17: 190 
-, tetrachloro-: 

Aluminum, bis(diethy1amino)hydrido-, 

-, (diethy1amino)dihydro-, 17:40 
-, hexa-pacetyCtris(tetracarbony1- 

manganese)-, 18:56,58 
-, trihydrido(trimethy1amine)-, 17: 37 
-, triodotris(pyridine)-, 20:83 
-, tris[cis-(diacetyltetracarbonyl- 

Aluminum ammonium oxide (All, (NH,)- 

Aluminum compounds, 18: 145 
Aluminum gallium oxide (All] GaO, ,), 

Aluminum hydrido complexes, 17: 36-42 
Aluminum lithium oxide (AI,, LiO,,), 

Aluminum nitrosyl oxide (All, (NO)O, ,), 

Aluminum potassium oxide (AI,i KO, ,), 

Aluminum rubidium oxide (A,, RbO, ,), 

17:41 

manganese)]-, 18:56,58 

O , , ) ,  1 9 5 6  

19:56 

1 9 5 4  

1 9 5 7  

1 9 5 5  

1 9 5 5  

Aluminum thallium oxide (All, T10, ,), 

Aluminum trihydride, 17: 6 
Amine, tris[ 2-(diphenylarsino)ethyl] -, 

-, tris( 2-(diphenylphosphino)ethyl] -, 

-, tris[ 2-(methylthio)ethyl] -, 16: 177 
Aminoboranes, 17: 30-36, 159-164 
Amine complexes: 

1 9 5 3  

16:177 

16:176 

Of Cobalt(III), 16:93-96; 17: 152-155 
of iridium(II1) and rhodium(III), 

of osmium, 16:9-12 
of ruthenium, 16:13-15, 75 

chromium, 18:75 
cobalt, 18:67, 75 

compd. with TaS, ( l : l ) ,  19:42 

heptahydrodiborate(1-), 17: 25 
tetrahydroborate(1-), 17: 23 

cyanate, 16: 132 
cyanide, 16: 133 

17:152-155 

Ammines: 

Ammonia: 

Ammonium, tetrabutyl-: 

Ammonium, tetraethyl-: 

Ammonium compounds, quaternary, 

Ammonium cyanate, 16 : 136 
Ammonium decavanadatew) (NH,), - 

[V, 0, ] hexahydrate, 19: 140, 
143 

17:21-26 

Ammonium cateau-polyphosphate 

Ammonium periodate ((NH,), H, 106): 
crystal growth of by double infusion, 

20: 15 
[ 131 aneN,, see 1,4,7,10-Tetraazacyclo- 

tridecane 
[ 151 aneN,, see 1,4,8,12-Tetraazacyclo- 

pentadecane 
[ 161 aneN,, see 1,5,9,13=Tetraazacyclo- 

hexadecane 
Aniline, N,N-dimethyl-: 

(NH,)n(PnO(3n+l)Ho ),19:278 

chromium complex, 19: 157 
molybdenum complex, 19:84 
- , N-(ethox ymethy1)-: 

platinum complex, 19: 175 
-, N-[ (ethy1amino)methyll -: 

platinum complex, 19: 176 
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-, N-methyl-: 
borane deriv., 17:162 
- , N,N-meth y lenedi-: 

platinum complex, 19: 176 
-, 2-(methy1thio)-, 16: 169 
Anilinoboranes, 17:162 
Anion exchange resin, Bio-Rad AG bX8, 

in resolution of cobalt edda 
complexes, 18:109 

chromium complex, 19: 155 
Anisole: 

Antimonate, hexafluoro, mercury 

Antimonate(1-), hexachloro-, penta- 

Antimonate(V), pfluoro-bis@en ta- 

mercury (Hg,[Sb,F,,],), 19:23 

reaction tube for Ir(CO)3Cll~lo, 19: 19 
reactor for metal atom syntheses, 

(Hg, .9 1 [SbF, 1 1 7  19:26 

thiazyl, 17:191 

fluoro-, : 

Apparatus: 

19159-62 

(Hg, .a 6 

Arsenate, hexafluoro, mercury 
1 ), 19:25 

Arsenatew), hexafluoro, mercury 
(Hg, [AsF, I , h19:  24 

Arsine, see Amine, tris[ 24diphenyI- 
arsino)ethyl] - 

Arsine, (2-bromophenyl)dimethyf, 
16:185 

-, dimethyl(pentafluoropheny1)-, 
16:183 

-, 1,2-p henylenebis(dime thyl- : 
nickel(O)complex, 17: 121 
platinum complex, 19: 100 

(dimethyl-, 16:187 

copper complex, 19:95 
nickel(0) complex, 17: 12 1 

-, (stibylidynetri-l,2-phenylene)tris- 

- , triphenyl-: 

-, tris[ 2-(dimethylarsino)phenyl] -, 

Arsonium, tetraphenyl-: 
16:186 

cyanate, 16:134 
cyanide, 16: 135 
hexacarbonylniobate(1-), 16: 72 
hexacarbonyltantalate(1-), 16: 72 

Aza-2-boracycloalkanes, 1,3-di-, see 

5-Aza-2,8,9-trioxagermatricyclo [ 3.3.3.01 - 
Cycloalkanes 

undecane, lethyl-, see Germanium, 
ethyl { {2,2’,2”-nitrilotris [ ethano- 
lato] }(3-)-~,0,0’,0” 1 

undecane, l-ethyl-, see Tin, ethyl- 
{(2,2’,2”-nitrilotris[ethano1ato] }- 
(3-)-N,0,0’,0”)- 

5-Aza-2,8,9-trioxastannatricyclo[ 3.3.3.0) - 

Azobenzene complexes of nickel(O), 
17~121-123 

Barium tetracyanoplatinate(II), tetra- 

Benzaldehyde, 0-amino-macrocyclic 

Benzene: 

hydrate (correction), 20: 243 

ligands from, 18:31 

chromium complex, 19: 157 
molybdenum complexes, 20: 196-199 

-, 1,3-bis(trifluoromethyI), Cr complex, 
19:70 

-, l-bromo-2-(methylthio)-, 16: 169 
-, chloro-: 

chromium complex, 19: 157 
molybdenum, 19:82 

-, Odimethyl, chromium complex, 

-, fluoro-chromium, 19: 157 
-, (methoxymethyl), tungsten complex, 

-, methylenebis-, see Methane, di- 

-, pentafluoro-: 
nickel complex, 19:72 

Benzened, , bromo-, 16: 164 
1,2-Benzenedicarbonitrile: 

Benzenethiol: 

Benzoic acid 

-, methyl ester: 

1,5,8,12-Benzotetraazacyclotetradecine, 

19: 198 

19:165 

phenyl- 

macrocyclic ligands from, 18:47 

iridium complex, 20: 238 

molybdenum complex, 19: 133 

chromium complex, 19: 157 

3,1O-dibromo-l,6,7,12-tetrahydro-: 
copper complex, 1 8 5 0  

Benzylamine, N,N-dimethyl-, tungsten, 

Benzylideneacetone, 16: 104; 17: 135 
Bicyclo[ 2.2.1 1 heptane-7-methane- 

19: 169 

sulfonate, 3-bramo-1 ,l-dhethy\- 
2-0xo-, [ lR(endo,unti)] -, see (+)- 
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Camphor-n-sulfonate. a-bromo- 
Bicyclo16.6.61 ane-l,3,6,8,10,13,16,19-N, , 

see 1,3,6,8,10,13,16,19-0ctaazatri- 
cyclo[6.6.6] eicosane 

2,2'-Bi-l ,fdithiolylidene: 
radical cation: 

bis[ 2,3-dimercap to-2-butenedinitrilato- 

bis[ 2,3-dimercapto-2-butenedinitrilato- 

bis[ 2,3-dimercapto-2-butenedinitrilato- 

bis[ 2,3-dimercapto-2-butenedinitrilato- 

iodide (8:15), 19:31 
iodide (11:8), 19:31 
iodide (24:63), 19:31 
salt with 2.2'-(2,5-cyclohexadiene- 1,4- 

(2-)] cuprate(2-) (2:1), 19:31 

(2-)Jnickelate(2-) (2:1), 19:31 

(2-)] platinate(1-) (1 : l), 19:31 

(2-)] platinate(2-) (2:1), 19:31 

diylidene)bis[propanedinitrile] (1 : l),  
19:32 

selenocyanate (14:8), 19:31 
tetracyanoplatinate(I1) (2: 1),19:31 
tetrafluoroborate( 1-) (3:2), 19: 30 
thiocyanate (14:8), 19:31 

2,2'-Bi-1,3-dithiolylidene (TI'F), 19:28 
Bio-Rad AG 1-X8: 

anion exchange resin, in resolution of 
cobalt edda complexes, 18:109 

2,2'-Bipyridine: 
molybdenum complex, 19: 135 
nickel complex, 17:121 
niobium complex, 17:78 

2,2'-Bipyridinium(2+) pentachlorooxo- 

Bis(guanidinium) dibromote tracyanoplatin- 
molybdatefl), 19: 135 

ate(1V): 
hydrate, 19: l l  

19: l l  
Bis(guanidinium) tetracyanoplatinate(II), 

Bis(trimethylsily1)amine: 

2-Boracycloalkanes, I .3-diaza-, see Cyclo- 

Borane, bis(dimethy1amino)-, 17:30 
-, chlorodiethyl-, 17:195 
-, tri-sec-butyl-, 17:27 
-, tris(diethy1amino)-, 17:159 
-, tris(N-methylanilino)-, 17: 162 
-, tris(1-methylpropyl), see Borane. tri- 

transition metal complexes, 18:112 

alkanes 

sec-butyl- 

-, tris[(l-methylpropy1)aminoJ-, 17:160 
Borane(6). di-. see Diborane(6) 
Boranes, 18:145 
-, trisamino-, 17:159-164 
Borate(l), heptahydrodi-: 
methyltriphenylphosphonium, 17 :24 
tetrabutylammonium, 17 : 25 

[ [tris[p[ (2,3-butanedione dioximato)] - 
(2-)-0;0'] -difluorodiborato(2-)] - 

cobalt(III), 
17:140 

-, tetrahydro-: 
calcium, 17:17 

purification of, 17:19 
copper complex, 19:96 
methyltriphenylphosphonium, 17:22 
tetrabutylammonium, 17 : 23 

-, tri-sec-butylhydro- 
potassium, 17:26 

Borato complexes: 
tetrahydro-: 

- , te trafluor 0-, 

of hydridonickel and platinum com- 
plexes, 17:88-91 

of titanium, 17:91 
tris(dioximat0)di-, of cobalt(II1) and 

8-Bornanesulfonic acid, 3-bromo-2-oxo- 

Boron: 

-, dihydro(isocyano)(triethy~ine)-, 
19:233,234 

Boron chloride (B, Cl, 1, see Diborane(4). 
tetrachloro- 

Bpy, see 2,2'-Bipyridine 
(+)-Brmsul, see (+)a-bromocamphor-n- 

Bromide: 

iron(II), 17: 139-147 

(+)-, 16:93; 18:106 

compd. withTaS, (1:2), 19:42 

sulfonate 

guanidinium tetracyanoplatinate 
(0.25:2:1) monohydrate, 19:19,12 

potassium tetracyanoplatinate (0.3: 2 : 1 ) 
trihydrate, 19: 1,4, 15 

2-Bromophenyl methyl sulfide, 17: 169 
2 ,ZBu tanedione : 

2,ZButanedione dioxime: 
macrocyclic ligands from, 18:23 

cobalt complexes, 20:128-132 
diborato complexes with cobalt(II1) and 

iron(II), 17:140-142,144-145 
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2,4-Butanedione, dihydrazone, 20: 88 
1-Butanol, 4-(ethylphenylphosphinob, 

18:189,190 
2-Butanone, 1,l ,l-trifluor0-4-(2-thienyl~ 

4-thioxo-, see 3-Buten-2-one, 1,1,1- 
trifluoro-4-mercapto-4-(2-thienyl> 

a-Butene, 2,3dimethyl-: 

Butenedinitrile : 

2-Butenedinitrile, 2,3-dimercapto-, copper, 

3-Buten-2-one, Cphenyl-, see Benzylidene- 

-, 1,l ,l-trifluoro4mercapt0-4-(2- 

rhodium complex, 19:219 

nickel(0) complex, 17:23 

nickel, and platinum complexes, 19: 31 

acetone 

thienylb, 16:206 
metal derivs., 16:210 

boron deriv., 17:160 

molybdenum complex, 19: 133 

see-Butylamine: 

Butyric acid: 

Butyric acid, 2ethyl-2-hydroxy, chromium 

rerr-Butyl acetate: 

2,3:9,10-Bzo2 [ 141 hexenehl, ,5,7,12,14- 

complex, 20:63 

cobalt complex, 20:234,235 

Me,, see Dibenzo[b,i] [1,4,8,11]- 
tetraazacyclotetradecine. 7.1 6-di- 
hydr0-6.8,15,17-tetramethyl- 

Cadmium: 

-, ethyliodo-, 19:78 
Calcium bis[tetmhydroborate(l-)], 17:17 
Calcium tartrate: 

crystal growth of, in silica gel, 20:9 
Camphon-sulfonate, a-bromo-(+)-, re- 

solving agent, 16:93; 18:106 
Carbene complexes: 

of chromium, platinum, and tungsten, 
19: 164-1 80 

of chromium and tungsten, 17:95-100 
of tungsten, 19:182 

toluene slurry, 19:78 

Carbodhide, digermyl-, 18:163 
Carbonates: 

Carbon dioxide: 

Carbonyl complexes, 1 8 5 3  

crystal growth of, in silica gel, 20:4 

iron trimethylphosphine complex, 20:73 

of chromium, 19:155-157; 178,179 

of chromium and tungsten, 19: 164-1 7 1 
of chromium and tungsten carbene com- 

cobalt, 20:224,226,230,234 
of cobaltQII), rhodiumQII), and iridium- 

of Cr and Mn, 19:188-203 
of q5 -cyclopentadienyliron, chromium, 

molybdenum, and tungsten com- 
plexes, 17: 100-109 

plexes, 17 : 95-1 00 

QII), 17~152-155 

of iridium, 19:19-21;20:237,238 
iron, 20:218,222 
of manganese, 19:158-163,227,228; 

of manganese and rhodium. 20:192-195 
rhenium, 20:201-205 
of rhodium, 17:115;20:209,212.215 
of ruthenium, 17:126-127 
of tungsten, 19:172,181-187 

of platinum metals, 17:124-132 

20:24 

Carboxylato complexes: 

Carbyne complexes: 

tungsten, 19:172 
cobalt, 20~224-235 

Cesium tetracyanoplatinate (1.75: 1) 

Cesium tetracyanoplatinate fluoride 

Cesium tetracyanoplatinate (hydrogen di- 

Cesium tetracyanoplatinate (hydrogen di- 

Chloride: 

dihydrate, 19:6.7 

(2:1:0.19), 20:29 

fluoride) (2:1:0.23), 20:26 

fluoride) (2:1:0.38), 20:28 

metal. volatile, 20:41 
potassium tetracyanoplatinate (0.3:2: 1) 

trihydrate, 19:15 
Chloro complexes: 

iridium carbonyl one dimensional elec 
conductors, 19:19 

ChromateQII), diaquabis(malonato> 
potassium, trihydrate, cis- and 
rrans-, 16231 

-, diaquabis(oxalato)-: 
potassium: 

dihydrate, cis-, 17:148 
trihydrate, trans-, 17 : 149 

potassium trihydrate, 16:80 

tripotassium, trihydrate, 19:127 

-, tris(malonat0)-: 

-, tris(oxalat0)-: 
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Chromatew), bis[ 2ethyl-2-hydroxybu- 
trato(2-)] oxo- 

sodium, 20:63 

vaporization of, 19:64 
Chromium: 

-, ($ -anisole)tricarbonyl-, 19: 155 
-, (q6 -benzene)tricarbonyl-, 19: 157 
-, bis[ 1,3-bis(trifluoromethyl)q6 - 

benzene] -, 19:70 
-, bis[ ($ -cyclopentadienyl)dinitrosyl-, 

19:211 
-, carbonyl(methylq6 -m-methylbenzo- 

ate)(thiocarbonyl)(triphenyl phos- 
phite)-, 19:202 

18:129 
-, chloro(q5 -cyclopentadienyl)dinitrosyl-, 

-, (qs -cyclopentadienyl)isobutyldinitro- 

-, dicarbonyl($ -cyclopentadienyl)nitro- 

-, dicarbonyl($ -o-dimethylbenzene)- 
(thiocarbony1)-, 19:197,198 

-, dicarbonyl (methylq6-benzoate)- 
(thiocarbony1)-, 19:200 

-, dicarbonyl (methylq6-m-methylbenzo- 
ate)(thiocarbonyl)-, 19: 20 1 

-, pentacarbonyl[ (diethy1amino)ethoxy- 
methylene] -, 19:168 

-, tetranitrosyl-, 16:2 
-, tricarbonyl(# -chlorobenzene)-, 

-, tricarbonyl($ -cyclopentadienyl)silyl-, 

-, tricarbonylCN,N-dimethylq6 -aniline)-, 

-, tricarbonyl(q6 -fluorobenzene)-, 

-, triarbonyl(methylq6 -benzoate)-, 

Chromium(O), pentacarbonyl(dihydro- 

-, pentacarbonyl(methoxymethy1car- 

-, pentacarbonyl[ 1-@henylthio)ethyl- 

Chromium(III), aquabis(diocty1phosphin- 

~yl-, 19~209 

Syl-. 18:127 

19:157 

17:104,109 

19:157 

19:157 

19:157 

2(3H)-furanylidene>, 1 9: 178, 17 9 

beneb, 17:96 

idenej-, 17:98 

ato)hydroxo-: 
poly-, 16:90 

PO~Y-, 1 6 ~ 9 0  
-, aquabis(dipheny1phosphinato)hydroxo-: 

-, aquabis(ethy1enediamine)hydroxo- 

-, aquahydroxobis(methylpheny1phos- 
dithionate, cis-, 18:84 

phinatob: 
Poly-, 16: 90 

-, aquahydroxobis@hosphinato)- 

-, bis(diocty1phosphinato)hydroxo- 

-, bis(dipheny1phosphinato)hydroxo- 

-, bis@hosphinato)-: 

-, diaquabis(ethy1enedimine)-, tribromide, 

-, di-p-hydroxo-bis[bis(ethylenediamine)-: 

polymers, 16:91 

poly-, 16:91 

poly-, 16:91 

complexes, polymers, 16239-92 

18:85 

bis(dithionate). 18:90 
tetrabromide, dihydrate, 18:90 
tetrachloride, dihydrate, 18:91 
tetraperchlorate, 18 :9 1 

-, di-p-hydroxo-bis[ tetraammine-: 
tetrabromide, tetrahydrate, 18:86 
tetraperchlorate, dihydrate, 18:87 

-, hexakis(dimethy1 su1foxide)- 

-, hydroxobis(methylpheny1phosphin- 
tribromide, 19: 126 

atoh: 
poly-, 16:91 

-, hydroxobis(phosphinato), polymers, 

-, malonato complexes, 16:80-82 
-, tetraammineaquachloro, cis-, sulfate, 

-, tetraammineaquahydroxo-, cis-, di- 

- , te traamminediaqua, cis-, triper chlora te , 
- , 18:82 

tris[ bis(trimethy1silyl)amido) -, 18: 118 
-, tris(ethylenediamine), tribromide, 

19:125 
Chromium ammine and ethylenediamine 

complexes, 18:75 
Chromium bromide (CrBr3): 

anhydrous, 19:123,124 
Chromium cobalt oxide (CoCr, 04), 2052 
Chromium lithium oxide (CrLiO, ),20:50 
Chromium magnesium oxide (Cr, MgO, 1, 

Chromium manganese oxide (Cr, MnO,), 

16:91 

18:78 

thionate, 18:80 

2052 

2052 
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Chromium nickel oxide (Cr,NiO,), 

Chromium nitrosyl, Cr(NO), , 16:2 
Chromium zinc oxide (Cr, ZnO, 1,2052 
Clathrochelates from iron(I1) and cobalt- 

20:52 

(III) dioxime complexes, 17: 139- 
147 

17:140 

20:138 

-,methyl-, 20:136 
Cobalamines: 

nomenclature and formulation of, 

Cobalarnin, (2,2-diethoxyethyl)-, 

-, hydroxo-, 20: 138 

cobalt 2,3-butanedione dioxime (co- 
baloximes) as model systems, 
20:127 

Cobalt: 

-, pa-benzyldynetris(tricarbonyl-, 
20:226, 228 

-, bis(dimethylcarbamodithioateS,S‘)- 
nitrosyl, see Cobalt, bis(dimethy1- 
dithiocarbamato4,S’)nitrosyl- 

-, bis(dimethyldithiocarbamato4,S’)- 
nitrosyl, 16:7 

-, [ 1,2-bis(diphenylphosphino)ethane] di- 
nitrosyl-: 

vaporization of, 19:64 

tetraphenylborate, 16: 19 
-, f iO -[ (tert-butoxycarbony1)methyl- 

idyne] -tris(tricarbonyl-), 20: 234, 
235 

-, pa -(chloromethylidyne)-tris(tricar- 
bonyl, 20:234 

-, [(1,2,5,6q)-1,5-cyclooctadiene] - 
[ (1,2,3-t))-2-cycloocten-l-yl] -, 
17:112 

phine)nitrosyl-, 16:29 

tetraphenylborate, 16: 18 

enediaminek: 

-, dichlorobis(methyldipheny1phos- 

-, dinitrosylbis(tripheny1phosphine)-, 

-, dinitrosyl(N,N,”N’-te tramethylethyl- 

tetraphenylborate, 16: 17 
-, f i ,  -[ (ethoxycarbonyl)methyledyne] - 
-, [ ethylenebis(diphenylphosphme)] 

tris(tricarbony1-, 20:230 

dinitrosyl-: 
tetraphenylborate. 16: 19 

-, f i 3 - [  [ (methylamino)carbonyl] methyl- 

idyne] -tris(tricarbonyl-, 20:230,232 

20:226, 227 

16:33 

phosphine)-, 20:208 

phosphine)] -, 20:207 

phenylborate, 20:81 

tetraazabicyclo[ 11.3.11 heptadeca- 
1 (17),2,11,13,15-pentaene)-: 

-, diaqua(ethy1enediarnine-N,N‘diace- 

-, (5,14-dihydrodibenzo[b.i] [1,4,8,11] - 

-, p, -me thylidyne-tris(tricarbonyC, 

-, nitrosyltris(tripheny1phosphine)-, 

Cobalt(I), hydridobis[ ethylenebis(dipheny1- 

-, hydridobis[ cis-vinylenebis(dipheny1- 

-, pentakis(trimethy1 phosphitek, tetra- 

Cobalt(II), bromo(2,12-dimethyl-3,7,11,17- 

bromide, monohydrate, 18: 19 

tatok, 18 : lOO 

te traazacyclotetradecinato(2-)] -, 
18:46 

minato)] -, see Cobalt(II), {{4,4’- 
(e thylenedinitrilo)bis[ 2-pentane- 
thionato] }(Z-FS,N,N’,S‘)- 

-, {{4,4’-(ethylenedinitrilo)bis[2-pentane- 
thionato) }(2-)S,”,N’,S’ $, 16:227 

-, [5,6,14,15,20,21-hexamethyl-l,3,4,- 
7,8,10,12,13,16,17,19,22-dodeca- 
azatetracyclo[8.8.4.13~’.l*~1z ] - 
tetracosa4,6,13,15,19,21-hexaene- 
N‘,” ,iV1 a,”’6 Sy2 ] -, bis- 
(tetrafluoroborate), 2039 

-, [1,4,8,11,15,18,22,25-octamethyl-29H,- 
3 lH-tetrabenzo[b,g,l,q] porphinato- 

-, [N,N’ethylenebis( thioacetylacetoni- 

(2-)]-, 20:156 
-, tetrakis(selenourea)diperchlorate, 

-, tris(selenourea)sulfate, 16:85 
Cobalt(IlI), arnminebromobis(ethy1enedi- 

16:84 

amineb: 

16:93 
(+)-cis-, (+)a-bromocamphori-sulfonate, 

chloride: 
(+)-cis-, 16:95 
(-)-cis-, 16:96 

dithionate, (-)-cis-, 16:94 
halides, (+) and (-)-, 16:93 
nitrate, (+) and (-)-, 16:93 

-, ammine(carbonato)bis(ethylenedi- 
ambe)-: 
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bromide, hemihydrate, cis-, 17: 152- 

perchlorate, frans-, 17:152 
154 

-, bis[2,3-butanedione dioximato(1-)] (4- 
ferf-butylpyridine)(2-ethoxyethyl)-, 
20:131 

(4-terf-butylpyridine)(ethoxyme thy&, 
20: 132 

- , bis (e th ylenediam ine )oxala to-, as 
cationic resolving agent, 18:96 

-, bis[2,3-butanedione dioximato(1-)] - 

chloride, monohydrate, 18:97 
(-b: 

bromide, monohydrate, 18:99 
(-)- [ (ethylenediaminetetraacetat0)- 

cobaltate(III)] , trihydrate, 18: 100 
(-)- [ (ethylenediamineN,fV’-diacetato)- 

dinitrocobaltate(lII), 18: 101 
hydrogen (+)-tartrate, 18:98 

hydrogen (+)-tartrate, 18:98 
iodide, 18:99 

-, bromobis[ 2,3-butanedione dioxi- 

(+)-: 

mato(1-)] (4-ferf-butylpyridine)-, 
20:130 

mato(1-)] (dimethyl sulfide)-, 
20:128 

-, (carbonato)(tetraethylenepentamine)-: 
perchlorate, trihydrate, a$-sym-, 17: 153- 

-, bromobis[ 2,3-butanedione dioxi- 

154 

tetraazabicyclo[l1.3.1] heptadeca- 
1 (17),2,11.13,15-pentaene)-: 

-, dibromo(2,3-dimethyl-1,4,8,1 l-tetra- 
azacy clotetradeca- 1,3diene)- 
perchlorate, 18 : 28 

-, dibromo(5,S ,7,12,12,14-hexamethyl- 
1,4,8,1 I-tetraazacyc1otetradecane)-: 

-, dibromo [ 2,12-dimethyl-3,7,11,17- 

bromide, monohydrate, 18:21 

meso-trans-, diperchlorate, 18: 14 
-, dibromo(tetrabenzo[b,f,j,n] (1,5,9,12] - 

tetraazacyc1ohexadecine)-, bromide, 
18: 34 

-, dibromo(2,3,9,1O-tetramethyl-l,4,8,11- 
tetraazacyclotetradeca-l,3,8,10- 
tetraeneh: 

bromide, 18:25 
-, dichlorobis(ethy1enediamine)- 

-, dichloro(l,5,9,13-tetraazacyclohexa- 
decane)-, perchlorate, trans-, isomers 
I and 11,20:113 

-, dichloro(l,4,8,12-tetraazacyclopenta- 
decane)-, chloride, trans-, I and I1 
isomers, 20: 1 12 

-, dichloro( 1,4,7,1 O-tetraazacyclotri- 
decane)-. chloride, frans-, 20:l l l  

-, di-1-hy droxo-bis[ bis(ethylenediamine>: 
bis(dithionate), 18:92 
tetrabromide, dihydrate, 18:92 
tetrachloride, pentahydrate, 18:93 
tetraperchlorate, 18:94 

-, di-1-hydroxo-bis[tetraamminetetra- 
bromide, tetrahydrate, 18:88 

tetraperchlorate, dihydrate, 18238 
-, (ethylenediamine) [ ethylenediamine- 

N,N’diacetato(Z-)j -: 
asym-cis-, chloride, 18: 105 
(-)-asym-cis-: 

18:106 
(+)-a-bromocamphor-r-sulfona te, 

chloride, trihydrate, 18: 106 

hydrogen tartrate, 18:109 
nitrate, 18: 109 

(+)-a-bromocamphon-sulfonate, 

chloride, trihydrate, 18:106 

hydrogen tartrate, 18:109 
nitrate, 18:109 

-, hexaammine-: 
triacetate, 18:68 
trichloride, 18:68 

(-)+ym-cis-: 

(+)-asym-cis-: 

18:106 

(+)-sy m-cis-: 

-, [5,6,14,15,20,21-hexamethyl-l,3,4,7,- 
8,10,12,13,16,17,19,22-dodecaaza- 
tetracyclo [ 8.8.4.1 3*7. l8l1 ] tetra- 
~0sa4,6,13,15,19,2 1-hexaene-N4- 
N’,h”’.N’ .N’ ,A’’* ] -, tris[ tetra- 
fluoroborate] ,20:89 

-, (1,3,6,8,10,13,16,19-octaazabicyclo- 
[ 6.6.61 eicosane); trichloride, 20:85 

-, pentaammine(carbonat0)- 

-, tetraammineaquahydroxo- 

-, tetraamminediaqua, triperchlorate, cis, 

perchlorate, monohydrate, 17: 152-154 

dithionate, cis-, 18:81 

trans-. nitrate, 18:73 18:83 
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-, tetraamminedinitrato- 

-, [ [tris[p-[ (2,3-butanedione dioximato> 
nitrate,cis- and trans-, 18:70, 71 

(1->0:0] ] difluorodiborato] (2-1- 
NJV"","',"'","'''']-, 17:140 

plexes, 18:67,75 

magnesium(2+), 16 :S 8 

Cobalt ammine and ethylenediamine com- 

Cobaltate( 1-), tetracarbonyldipyridine- 

Cobaltate(I1) tetrachloro-: 

Cobaltate(III), (carbonato)[ethylenedi- 
amine-N,"-diacetato(2-)] - 
sodium, 18: 104 

-, (ethylenediamine-N,"diacetato)di- 
nitre: 

(-)-, (-)- [bis(ethylenediamine)oxalato- 
cobalt(III)], 18:lOl 

(-)-sym-cis-, potassium, 18: 10 1 
sym-cis-, potassium, 18: 100 

-, (ethylenediaminetetraacetato)(-)-: 
(-)-[ bis(ethy1enediamine)oxalato: 

cobalt(III), trihydrate, 18:lOO 
potassium dihydrate, 18: 100 

(+)-, potassium, dihydrate, 18:lOO 
potassium, dihydrate, resolution of, 

dipotassium, 20:s 1 

1 8 : l O O  
Cobalt(II1) clathrochelates with dioxhes, 

Cobalt chromium oxide (CoCr, 04), 
2052 

Cobalt complexes: 

17; 139-147 

amminebromobis(ethylenediamine), 

dinitrosyl-, 16:16-21 
with selenourea, 16:83-85 

16 :93-96 

Cobalt potassium chloride (CoK, Cl, 1, 
2051 

Cobyrinic acid, aquacyano-, heptamethyl 
ester, perchlorate, 20: 141 

-, aquamethyl-, heptamethyl ester, per- 
chlorate, 20~141 

-, dicyano-, heptamethyl ester, 20: 139 
Cod, see 1 S-Cyclooctadiene 
Confguration : 

of meso- and racernic-(5,7,7,12,14,14- 
hexamethyl-l,4,8,1l-tetraazacycle 
tetradeca-4.1 l-diene)nidcel(Il), 18:s 

Copper: 
vaporization of, 19:64 

-, chlorotris(tripheny1phosphine)-, 19:88 
-, hydroxo(tris-p-tolylphosphinel-, 19:89 
Copper(I), hydroxo(tripheny1phosphine)-, 

-, nitratobis(tripheny1phosphine)-, 19:93 
-, nitratotris(tripheny1arsine)-, 19:95 
-, nitratotris(tripheny1stibine)-, 19:94 
-, (tetrahydroborato)bis(triphenylpho.+ 

phine)-, 19:96 
-, tetrakis(acet0nitrile)-, hexafluorophos 

phate, 19:90 
Copper(II), aqua-p-[ [6,6'-(ethylenedini- 

trilo)bis(2,4-heptanedionato)] (4-)- 

vanadium(lV)] -, 20:95 
-, [ 3,1O-dibromo-l,6,7,12-tetrahydro- 

1,5.8,12-benzo tetraazacyclotetra- 
decinato(2-)]-, 1 8 5 0  

tanedionato)] (2-)-N,"04,04'] -, 
20:93 

-, p-[ [6,6'-(ethylenedinitrilo)bis(2,4- 
heptanedionato)] (4-)-N.",O4 ,04':- 
Oa ,01*,0',04'] di-, 20:94 

azacyclohexadecine] dinitrate, 
18:32 

-, [5,9,14,18-tetramethyl-1,4,10,13- 
tetraazacyclooctadeca-5,8,14,17- 
tetraene-7,l 6-dionato(2-)-N1 ,N4 .- 
07,016]- ,  20:92 

-, [ S  , I  0,15.20-tetraphenylporphyrinato- 
(2-)-W ,M *,"" JV 1 -, 16:214 

Copper acetate (Cu, (CaH30z)2), 2 0 5 3  
Copper(1) chloride: 

Copper complexes: 

15:214 
Copper(1) nitrate: 

19237, 88 

N,N',O,O* :O' .0",0',04']-[oXo- 

-, [ [6,6'-(ethylenedinitrilo)bis(2,4-hep 

-, [tetrabenzo[b,f,j,,n] [ 1,5,9,13] tetra- 

crystal growth of, in silica gel. 20:lO 

with 5,10.15,2O-tetraphenylprophyrin, 

complexes, 19:92-97 

complex dilution method, in silica gel, 

double-infusion, 20: 11 

of one dimensional elec. conductors, 

of TaS,, 2H(a) phase single crystals, 19:39 
of FF)(TCNQ) single crystals, 19:33 

crystal growth: 

20:6 

in gels, 20:l 

19:4 
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Cuprate(2-), bis[ 2,3-dimercapto-2-butene- 
dinitrilato(2-)] -: 

(1:2), 19:31 

ammonium, 16: 136 
tetraethylammonium, 16:132 
tetraphenylarsonium, 16: 134 

tetraethylammonium, 16:133 
tetraphenylarsonium, 16: 135 

salt with 2,2-bi-l,3dithiolylidene 

Cyanate: 

Cyanide: 

-, is*, see Isocyanide 
Cyclam, see 1,4,8,1l-Tetraazacydotetra- 

CycloaJkanes, 1,3-diaza-2-bora-, 17: 164- 

1,2-Cyclohexanedione dioxime: 

decane 

167 

diborato complexes with iron(II), 
17:140, 143-144 

Cyclohexasilane, dodecamethyl-, 19:265 
1 ,S-Cyclooctadiene: 

platinum complexes, 19:213,214 
rhodium complex, 19:218; 20:191, 194 

uranium complex, 19:149, 150 
Cyclooctatetraene: 

1,3,5,7-CycIooctatetraene lithium com- 
plex, 19:214 

Cycloolefm complexes, 16:117-119; 
17:112 

1,3-Cyclopentadiene, 1-bromomanganese 
complex, 20:193, 195 

-, l-bromo-2,3,4,5-tetrachloro-: 
manganese complex, 20:194,195 
rhodium complex, 20:192 

manganese and rhodium complexes, 

-, l-chloro-2,3,4,5-tetraphenylrhodium 

-, l-chloro-: 

20: 192 

complexes, 20:191,192 
-, SdiaZO-,  20:191 
-, 1-iodw 

-, 1,2,3,4,5-pentachloro-: 
manganese complex, 20:193 

manganese and rhodium complexes, 

-, 1,2,3,4-tetrachloro-S-diazc-, 20: 189, 

Cyclopentadienide: 
lithium, 17: 179 
potassium, 17:173, 176 

20:193,194 

190 

-, methyl-: 

2,4€yclopentadien-l-one, hydrazone, 

Cyclopentadienyl complexes, 16:237; 

potassium, 17:175 

20: 190 

17:91,100-109 
Cr, Mo, and W. 19:208 
manganese, 19:188,196 
molybdenum, 20: 196-199 
Pd, 19:221 

Cyclopentadienyl compounds of Group IV 

Cyclopentasilane, decamethyl-. 19: 25 6 
Cyclotriphosphazenes: 

Cyclotrithiizene, trichloro-, 17: 188 

elements, 17: 172-1 78 

bromo fluoro. 18:194 

daaentl,, see 2,4Heptanedione, 6,6'- 
(ethy1enedinitrilo)bis- 

daenH,, see 1,4,10,13-Tetraazacycloocta- 
deca-5,8,14.17-tetraene-7,16dione, 
5.9,14,18-tetramethyl- 

Dendrites: 

Detonation: 

1,3-Diaza-2-boracyclohexane, 1, 3-dimethyl-, 

1,3-Diaza-2-boracyclopentane. 1,3-di- 

1,3,2-Diazaborinane, 1,3-dimethyl-, 17:166 
1,3,2-Diazaborolane. 1,3-dimethyl-. 

Diazene complexes of nickel(O), 17 

Dibenzo[b,i] [1,4,8,11] tetraazacyclotetra- 

of metals, growth of, in silica gel, 20:7 

of 1-BrB,H,, 19:247, 248 

17:166 

methyl-, 17:165 

17:165 

17: 11 7-1 24 

decine, 5 ,14-dihydro-: 
cobalt complex, 18:45 

Dibenzo[b,i] [ 1,4,8,11] tetraazacyclotetra- 
decine, 7,16dhydr0-6,8,15,17-tetra- 
methyl-(5,7,12,14-Me4-2,3:9,10- 
Bzo, [ 141 hexaeneN,), 20: 117 

19:239,241 
1.6-Diboracyclodecane (B, H, (C, H, ) I  ), 

Diborane(4), tetrachloro-, 19:74 
Diborane(6): 

manganese complex, 20:240 
-, bis[p-(dimethylamino)]-, 17:32 -. 1,2: 1,2-bis(tetramethylene)-, see 

1 ,&Diboracyl 
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iron(l1) and cobalt(lIl), 17:139-I47 

methyl] -2,2-dimethyl- 
(+)-, rhodium(I) complex, 17 : 8 1 

diphos, see Phosphine, ethylenebis(di- 

Dipropylamine, 3,3'-diamino-: 
macrocyclic ligands from, 18: 18 

Disilaselenane, hexamethyl-, 20: 173 
Disilathiane, 19:275 
-, 1,3-dimethyl-, 19:276 
-, hexamethyl-, 19:276 
-, 1,1,3,3-tetramethyl-, 19:276 
Disilatellurane, hexamethyl-, 20: 173 
Disilizane, 1.1,1,3,3,3-hexamethyl-, see 

Bis(trimethylsily1)amine 
Distannoxane, hexamethyl-, 17:181 
1,3-Dithiolylium tetrafluoroborate, 19:28 
dmso, see dimethyl sulfoxide 
2.6,lO-Dodecatriene: 

1,3,4,7,8,10,12,13,16,17,19,22-Dodecaaza- 
tetracyclo[ 8.8.4.1 3*1 '. l8 *'* ] tetra- 
co~a-4,6,13,15,19,2 1-hexene, 5,6,14,- 
15,20,21-hexamethyl-: 

20:88 
1-Dodecene: 

dp, see Phosphine, vinylenebis(dipheny1- 

edda, see Ethylenediamine4,N'-diacetato 
Electric conductors: 

nonmetal solid state, 19:l-58; 20:20-31 
Electrochemical syntheses: 

of indium(I11) complexes, 19:257 
of one dimentional platinum conductors, 

1,3-Dioxolane, 4,5-bis[ (dipheny1phosphino)- 

phenyl- 

nickel complex, 19:85 

cobalt, iron, and nickel complexes, 

platinum complex, 20:181 

19:13 
en, see Ethylenediamine 
Ethane, 1,2-bis(diphenylphosphino)-, see 

-, 1,2-bis(rnethylthio)-: 

1,2-Ethanediamine, see Ethylenediamine 
1,2-Ethanedione, 1,2-diphenyl-: 

Phosphine, ethylenebis(dipheny1- 

molybdenum complex, 19:131 

dibutoxydiborato complex with iron(Il), 
17:140, 145 

dioxime, 17:145 

platinum complex, 20: 104 
Ethanethiol, 2-amino-: 

-, bromo-, 18:146 
-, p-(dimethylamino)-, 17:34 
-, iodo-, 18:147 
-, 1-methyl-, 19:237 
Diborane(6)d,, bromo-, 18: 146 

Diborate(1-), p-hydro-bis(ptetramethy1- 
iodo-, 18:147 

ene)-: 
tetrabutylammonium, 19:243 

aluminum complexes, 17:40-41 
boron complexes, 17:30,32, 34, 

Diethylamine: 

159 
-, N-(ethoxymethy1)-: 

Diethyl ether: 

Digermaselenane, 20: 175 
Digermatellurane, 20: 175 
Digermathiane, see Digermyl sulfide 
Digermoxane, 20:176, 178 
-, 1,3-dimethyl-, 20:176, 179 
-, hexamethyl-, 20:176, 179 
-, 1.1,3,3-tetramethyl-, 20: 176,179 
Digermylcarbodiimide, 18:63 
Digermyl sulfide, 18:164 
5,26: 13,18-Diimino-7,11:20,24-dinitrilodi- 

benzo[c,n] [1,6,12,17] tetraazacyclo- 
docosine, 18:47 

7,12:2 1,26-Diimino-l9,14:28,33: 35,5-tri- 
nitrilo-5H-pentabenzo [c,h,m,r,w ] - 
[ 1,6,11,16,21] pentaazacyclopenta- 
cosin: 

chromium complex, 19:168 

cobalt alkylated complex, 20:131 

uranium complex, 20:97 
P-Diketone, see 2.4-Pentanedione 
0-Diketonimine, thio-, see 2-Pentane- 

Dilithium phthatocyanine, 20:159 
Dimethyl phosphite: 

platinum complex, 19:98, 100 
Dimethyl sulfide: 

cobalt complex, 20:128 
Dimethyl sulfoxide: 

chromium complex, 19:126 
indium complexes, 19:259, 260 

thione, 4,4'-(ethylenedinitrilo)bis- 

Diop. see Phosphine, [ (2,2-dimethyl-l,3- 
dioxolane4,5 -diylbis(methylene)] - 
bis(dipheny1- 

Dioximes: 
diborato clathrochelate complexes of 
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E thanimine: 

Ethanol, 2-mercapto-: 

-, 2-methoxy-: 

-. 2,2’,2”-nitrilotri-: 

rhenium complex, 20:204 

platinum complex, 20: 103 

aluminum complex, 18: 147 

germanium and tin complexes, 16:229- 
2 34 

Ethene, 1,2-diphenyl-, see Stilbene 
E thenetetracarbonitrile: 

Ethyl acetate: 

Ethylamine, 2-(diphenylphosphino)-N.N- 

Ethylene : 

E th y lenediamine : 

nickel complex, 17:123 

cobalt complex, 20:230 

diethyl-. 16:160 

platinum complex, 19:215,216; 20:181 

chromium complexes, 19: 125 
osmium complex, 20:61 
rhodium complexes, 2058-60 
ruthenium complexes, 19: 118,119 

-, N-(2-aminoethyl)-N’-[ 24  (2aminc- 
ethyl)amino] ethyl] -, see Tetra- 
ethylenepentamine 

-, N.N-bis[ (dipheny1phosphino)methyl) - 
N’,N’dimethyl-, 16: 199-200 

-, N,N-bis[ (diphenylphosphino)methyl] - 
N,Ndimethyl-, 16: 199-200 

-, N-[ (diphenylphosphino)methyl] - 
N,”,”-trimethyl-, 16: 199-200 

-, N,N,”,”-tetrakis [ (diphenylphosphino) 
methyl]-, 16:198 

-, N,N.N‘-tris[ (diphenylphosphinob 
methyl] 4’-methyl-, 16: 199-200 

Ethylenediamine complexes: 
of (carbonato)cobalt(III) complexes, 

chromium and cobalt complexes, 18:75 

macrocyclic ligands from, 18:37,51 

cobalt alkylated complex, 20:32 

nickel complexes, 17: 11 9 

17 : 15 2-15 4 

of CObalt(III), 16~93-96 

Ethyl methyl ether: 

Ethyl phosphite: 

Ferrate(l), dicarbonylbis(q-cyclopenta- 
dienylb: 

1 6 5 6  
-, tetrachloro-: 

Ferrate( 1 -), undecacarbonylhydridotri-, 
pentathiazyl, 17:190 

r-nitrido-bis(triphenylphosph0rus)- 
(l+), 20:218 

nitridebis(tripheny1phosphorus)- 

Ferrate(III), hexacyanc-, samarium(III), 

crystal growth of, by double infusion, 

Ferrate(2-), undecacarbonyltri-, bis[ r- 

(1+)], 20:222 

tetrahydrate: 

20:13 

(0.19:2:1), 20:29 
Fluoride, cesium tetracyanoplatinate 

Fluorides: 

Furan, tetrahydro-: 
penta-, of Mo, Os, Re, and U, 19: 137-1 39 

chromium complex, 19:178.179 
molybdenum complexes, 20:121,122 

Gallate(1-), tetrahydro-: 
lithium, 17:45 
potassium, 17:48 
sodium, 17:48 

17:42 
Gallium, trihydrido(trimethylamine)-, 

Gallium trichloride, 1 7 : 167 
Germane: 

-, bromodimethyl-, 18:157 
-, bromotrimethyl-, 18:153 
-, chlorodimethyl-, 18:157 
-, cyclopentadienyl-, 17:176 
-, dimethyl-, 18:156 

mono halo derivs., 18: 154 
-, fluorodimethyl-, 18: 159 
-, iodo-, 18:162 
-, iododimethyl-, 18:158 
-, (methylthio), 18:165 
-, (phenylthio), 18:165 
-, tetramethyl-: 

in preparation of GeBr(CH,),, 18:153 
Germanium, e thy1 { (2.2’ ,2“-nit d o  tris- 

[ethanolato 1 }( 3-)-N,O,O’,O”}-, 
16:229 

derivs., 18:153 

Germanium hydride derivatives, 18:153 
Germatrane, see Germanium, ethyl{{2,2’,- 

2”-nitrilotrislethano1ato] }(~-)-N,o,- 
his[ tetrahydrofuran] magnesium(2+), 0’, 0” }- 
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Glyoxime, dimethyl-, see 2,3-Butanedione 

-, diphenyl-, see 1,2-Ethanedione, 1,2- 

Gold, methyl [ trimethyl(methy1ene)phos 

Guanidinium bromide tetracyanoplatinate 

dioxime 

diphenyl dioxime 

phoranel-, 18:141 

(2:0.25 : 1): 
monohydrate, 19:10,12 

Hematoprophyrin(IX), see 2,18-Porphine- 
dipropanoic acid, 7,12-bis(l-hydroxy- 
ethyl)3,8,13,17-tetramethyl-, 
dimethyl ester 

Hemes: 

2,&Heptanedione, 6,6’-(ethylenedinitrilo> 
iron4 7 incorperation 20: 153 

bis: 
copper complexes, 20:93 

Heptasulfurimide, see Heptathiazocine 
Heptathiazocine, 18:203,204 
Hexaboranef lo), 19:247,248 
1,s-Hexadiene: 

rhodium complex, 19:219 
H, oep, see 21H,2W-Porphine, 2,3,7,8,- 

H, TAPP, see Porphyrin, 5,10,15,20- 
te trakis(2-aminophenyl) 

H, TNPP,see Porphyrin, 5,10,15,20- 
tetrakis(2-nitrophenyl) 

H, TpivPP, see Porphine, 5,10,15,20- 
tetrakis [ 2-(2,2-dimethylpropion- 
amido)phenyl] -, &cis- 

H, tpp, see 21H.23H-Porphine. 5,10.15,20- 
tetraphenyl- 

Hydride complexes: 

12,13,17,18-0ctaethyl- 

summary of previous preparations, 17:s 3 
of transition metals, 1752-94 

of boron, 17:17-36 
of gallium, 17:42-5 1 
of magnesium, 17: 1-5 
of zinc, 1 7 6 1 6  

Hydrides: 

Hydridoaluminum complexes, 17:3642 
Hydridogallium complexes, 17:42-43 
Hydridoiron complexes, 17:69-72 
Hydridomanganese complexes, 20:240 
Hydridomolybdenum complexes, 17 54-64; 

Hydridonidtel complexes, 17233-91 
19:129,130 

Hydridopalladium complexes, 17233-91 
Hydridorhenium complexes. 17:64-68 
Hydridorhodium complexes, 17:81-83 
Hydridoruthenium complexes, 17:73-80 
Hydridotitanium complexes. 17:91-94 
Hydridozinc complexes, 17: 13-14 
Hydridozirconium complexes, 19:224-226 
Hydroboron complexes, 17:26-36 
Hydrogen, [cis-(acetimidoylacetyltetra- 

mrbonylrhenium)] -, see Rhenium, 
acetyl( 1 -aminoethylidene)tetracar- 
bonyl-, cis- 

-, [cis-(diacetyltetraarbonylrhenium)] -, 
see Rhenium, acetyltetracubonyl(1- 
hydroxyethylidene), cis- 

cyanoplatinate (0.45:1:3): 
[Hydrogen bis(sulfate)] , rubidium tetra- 

monohydrate. 20:20 
(Hydrogen difluoride), cesium tetracyano- 

-, cesium tetracyanoplatinate (0.38:2:1), 

-, rubidium tetracyanoplatinate (0.29:- 

platinate (0.23:2:1), 20:26 

20:28 

2: 1): 
hydrate (1:1.67), 20:24 

-, rubidium tetracyanoplatinate (0.38:- 

Hydrogen pentafluoroselenate(vI), 20: 38 
2:1), 20:25 

Imidazole, N-methyl-: 
iron complex, 20:167,168 

Indate(III), pentachlore: 
bis(tetraethylammonium), 19: 260 

Indium(III), tribromotris(dimethy1 sulf- 

-, trichlorotris(dimethy1 sulfoxide)-, 19:259 -. tris(2.4-pentanedionato)-, 19:261 
Indium bromide (InBr3), 19:259 
Indium chloride (InC&), 19:258 
Intercalation compounds, 19:3548 
Iodates: 

Iridate, dicarbonyldichlore: 

Iridate(N), hexachloro-: 

oxide>. 19:260 

crystal growth of, in silica gel, 2 0 5  

potassium (1:0.6) hemihydrate, 19:20 

diammonium, in recovery of Ir from 
laboratory residues, 18:132 

Iridium: 
recovery of, from laboratory residues, 

18:131 
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Iridium, bis-p-(benzenethiolat0)-tetracar- 

-, bromo(dmitrogen)bis(triphenylphos- 

-, bromonitrosylbis(tripheny1phos- 

tetrafluoroborate, truns-, 16:42 
-, chloro(dinitrogen)bis(triphenyl- 

-, chloronitrosylbis(tripheny1phos- 

tetrafluoroborate, fruns-, 16:4 1 
Iridium, chloro(thiocarbonyl)bis(tri- 

bonyldi-, 20:238 

phine)-, 16:42 

phine)-: 

phosphine)-, 16:42 

phine)-: 

pheny1phosphme)-: 
trans-, 19:206 

-, tricarbonylchloro- [ Ir(CO), C1,. , ,, ] , 
19:19 

Iridium(I), carbonylchlorobis 
(trimethylphosphine), 
18:64 

phine)-: 
chloride, 18:63 

-, carbonyltetrakis(trimethy1phos- 

-, pentakis(trimethylphosphite), tetra- 
phenylborate, 20: 79 

- , tetracarbonylbis-p-(2-methyl-2- 
propanethio1ato)-di-, 20: 237 

Iridium(III), (acetat0)dihydridotris- 
(tripheny1phosphine)-, 17: 129 

-, pentaammine(carbonato)-: 
perchlorate, 17:153 

Iridium carbonyl halides: 
one dimensional elec. conductors, 

Iridium carbonyl trimethylphosphine 

Iron: 

-. (benzylideneacetone)tricarbonyl-, 

-, bis(diethy1dithiocarbamato)nitrosyl-, 

-, bis[ ethylenebis(diphenylphosphine)] - 

19:19 

complexes, 18: 62 

vaporization of, 19:64 

16:104 

16:s 

hydrido-: 
complexes, 17:69-72 

-, (carbon dioxide€,O)tetrakis( tri- 
methy1phosphine)-, 20: 73 

-, [ (dmethylphosphino)methyl€,P] - 
hydridotris(trimethy1phosphine)-, 
cis-, 20: 7 1 

-, pentakis(trimethy1 phosphite)-, 20:79 
-, tetrakis(trimethy1phosphine)-, 20: 7 1 
-, carbonyl qdiene complexes, 16:103- 

105 
-, tetracarbonyl(ch1orodifluorophos- 

phine)-, 16:66 
-, tetracarbonyl[ (diethy1amino)difluoro- 

phosphine)] -, see Iron, tetracar- 
bonyl(diethy1phosphoramidous 
difluoride)- 

-, tetracarbonyl(diethy1phosphoramid- 
ous diflu0ride)-, 16:64 

-, tetracarbonyl(trifluorophosphine)-, 
16:67 

Iron( l+), dicarbonyl(q5 -cyclopentadi- 
enyl)(thiocarbonyl)hexafluoro-, 
phosphate, 17:llO 

Iron4 7: 
insertion into porphyrins, 20: 157 

Iron(I), bis[ ethylenebis(dipheny1phos- 

-, dicarbonyl(q5 cyclopentadieny1)- 
phine)] hydrido, 17:71 

[ (methylthio)thiocarbonyl] -, 
17:102 

Iron(II), bis(acetonitrile)(5,7,7,12,14,14- 
hexamethyl-l,4,8,1 l-tetraazacyclo- 
tetradeca-4 ,- ldienek: 

bis( trifluoromethanesulfonate), 18 : 6 
-, bis(acetonitrile)(5,5,7,12,12,14- 

hexamethyI-l,4,8,1 l-tetraaza- 
cyclo te tradecane)-: 

bis(trifluoromethanesulfonate), meso-, 
18:15 

-, bis[ethylenebis(diphenylphosphine)] - 
hydrido-: 

tetraphenylborate, 17: 70 
-, bis(N-methylimidazole) [ (uff-cis)- 

5,10,15,20-tetrakis[ 2-( 2,2-dimethyl- 
propionamido)phenyl] porphy- 
rinato(2-)] -, 20: 167 

-, chlorobis [ ethylenebis(dipheny1phos- 
phine)] hydrido-, 1 7 ~ 6 9  

-, dichlorobis(trimethy1phosphine)-, 
20:70 

-, (dioxygen)(N-methylimidazole) [(all- 
cis)-S,lO, 15,20-tetrakis[2-(2,2-di- 
methylpropionamido)phenyl] por- 
phyrinato(2-)] -, 2 0  161, 168 

8,10,12,13,16,17,19,22-dodecaaza- 
-, [5,6,14,15,20,21-hexamethyl-1,3,4,7,- 



Subject Index 263 

tetracyclo[ 8.8.4.1 3J '.1 8*1 1 - 
tetracosa4,6,13,15,19,2 l-hexaene- 
N4,N7,N' s,N'6,N' 9,N' ] -, bis- 
(tetrafluoroborate), 20:88 

-, (phthatocyaninato(2-)] -, 20: 160 
-, tris(2,4-bu tanedione dihydrazone)-, 

bis(tetrafluoroborate), 20: 88 
-, [ [ tris[pc-[(2,3-butanedione dioxim- 

ato)(2-)-O:O] ] -dibutoxydiborato] - 

17:144 
[ tris[p(2,3-butanedione dioxim- 
ato)(2-)-O:O'] ] -difluorodiborato] - 

17: 142 
[ tris[p-( (1 ,2-cyclohexanedione 
dioximato)(2-)-O:O'] ] -difluorodi- 
borato](2-)-N,N',N".N"',N'",- 

[ tris[p-[ (1,2-cyclohexanedione 
dioximato)(2-)-O:O'] -dihydroxy- 
diborato] (2-)-N,N',N",N'".N'"', 

[ tris[p-[( 1,2-diphenyl-1,2-ethane- 
dione dioximato)(2-)-O:O'] -di- 
butoxydiborato) (2-)-N,N',N", 

(2-)-N,N',N'',N'",N"",N''"']-, 

(2-)",N,N","',N'''',N'''''] -, 

N""']-, 17: 143 

N""']-, 17~144 

N"',N'"',N""'I -, 17: 145 
Iron(III), bromo [ (&is)-S, 10,15,2@, 

tetrakis[ 2-( 2,2-dimethylpropion- 
amido)phenyl] porphyrinato(2-)] -, 
20: 166 

-, chloro [ 7,12-diethyl-3,8,13,17-tetra- 
methyI-21H,23H-porphine-2,18- 
dipropionato(2-)) -, 20: 15 2 

ethyl)-3,8,13,17-tetramethy1-2,18- 
porphinedipropanoato(2-)-N2 I ,  

-, chloro[dimethyl 7,ll-diethenyl- 

-, chloro[dimethyl7,12-bis(l-hydroxy- 

NZz,N' ',N' ] -, 16:216 

3,8,13,17-tetramethy1-2 1 H, 23H- 
porphine-2,18-dipropionat0(2-)] -, 
20: 148 

-, chloro[hematoprophyrin(IX) dimethyl 
ester] -, see Iron(III), chloro[di- 
methyl 7,12-bis(l-hydroxyethyl)- 
3,8,13,17-tetramethyl-2,18-por- 
phinedipropanoato(2-)-N2 ',N' ', 
N'3 Nz4- 

-, chloro [ 2,3,7,8,12,13,17,18-octa- 
ethyl-21H,23H-porphinato(2-)] -, 

20:151 
-, tris[bis(trimethylsilyl)amido] -, 18: 119 
Iron carbonyl, Fe(CO), : 

complexes with difluorophosphines, 
16~63-67 

Iron complexes: 

Iron(II1) diborato clathrochelates of 
dioximes, 17:139-147 

Isocyanide complexes of nickel(O), 

Isocyano complexes: 
boron, 19:233,234 

with hematoporphyrin (XI), 16:216 

17: 1 17-1 24 

Lithium, [ bis(trimethylsilyl)amido] -: 
in preparation of transition metal com- 

-, (1,3,5,7-~yclooctatetraene)di-, 19: 214 
-, [2-(methylthio)phenyl]-, 16: 170 
-, p-[phthatocyaninato(2-)] di-, 20: 159 
Lithium chromium oxide (CrLiO,), 20:50 
Lithium cyclopentadienide, 17: 179 
Lithium diphenylphosphide, 17: 186 
Lithium tetrahydridogallate(1-), 17:45 
Lithium tetrahydridozincate(2-), 17:9, 12 
Lithium tetramethylzincate(2-), 17: 12 
Lithium trihydridozincate(1-), 17:9, 10 

plexes, 18:115 

Macrocyclic ligands, 16:220-225; 18: 1; 20,158 
conjugated, 18:44 
tetraazatetraenato complexes, 18: 36 

Magnesate, tetrachloro-, dipotassium, 
20:51 

Magnesium: 

-, bis[ (trimethylsilyl)methyl] -, 19: 262 
Magnesium(2+), bis(tetrahydr0furan)-: 

bis[ dicarbonyl-q-cy clopen tadienyl- 

vaporization of, 19:64 

ferrate(1-)], 1 6 5 6  
-, diindenyl, 17: 137 
-, metal carbonyl salts, 1656 
-, tetrakis(pyridine)-: 

-, tetrakis(tetrahydr0furan)-: 
bis[ tetracarbonylcobaltate(1-)] , 1 6 5 8  

bis [ dicarbonyl(r)-cyclopentadieny1)- 
(tributylphosphine)molybdate( 1-)] , 
1 6 5 9  

cobaltate(1-)], 16:58 
bis [ tricarbonyl(tributy1phosphine)- 

-, transition metal carbonyl salts, 165660 
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Magnesiumfll), [2,3,7,8,12,13,17,18- 
octaethyl-21H,23H-porphinato- 
(2-)] -, 20: 145 

-, [ 1,4,8,11,15,18,22,25-octamethyl- 
29H,3 1H-tetrabenzo[ b,g,l,q 1 por- 
phinato(2-)] bis(pyridine)-, 20: 158 

Magnesium chromium oxide (Cr, MgO, ), 
2052 

Magnesium dihydride, 17: 2 
Magnesium potassium chloride (K, MgCI, 1, 

Maleonitriledithiol, see 2-Butenedinitrile, 

Malonaldehyde, bromo-: 

Malonic acid: 

Manganate(lI), tetrachloro-, dipotassium, 
20:s 1 

Manganese, acetylpentacarbonyl-, 
1 8 5 7  

-, [ 1,2-bis(diphenylphosphino)ethane] - 
(q5 cyclopentadienyl)(thiocar- 
bony1)-, 19:191 

Manganese, ( b r o m g  c y  clopentadieny1)- 
tricarbonyl-, 20: 193 

-, bromopentacarbonyl-, 19: 160 
-, (bromotetrachlorg’cyclopenta- 

dieny1)pentacarbonyl-, 20: 194 
-, (bromotetrachloro-$-cyclopentadi- 

eny1)tricarbonyl-, 20: 194, 195 
-, carbonyl(q -cyclopentadienyl)( thio- 

carbonyl)(triphenylphosphine)-, 
19:189 

20:s 1 

2.3-dimercapto- 

macrocyclic ligands from, 18:50 

chromium complexes, 16: 80-82 

-, carbonyltrinitrosyl-, 16: 4 
-, decacarbonyl-ji-[ diborane(6)) -ji- 

hydrido-tri-, 20:240 
-, dicarbonyl(q5 cyclopentadieny1)- 

(selenocarbony1)-, 19: 193, 195 -. dicarbonyl(q cyclopentadieny1)- 
(thiocarbony1)-, 1 6 5 3  

-, pentacarbonyl-: 

-, pentacarbonylchloro-, 19: 159 
-, pentacarbonyliodo-, 19: 161, 162 
-, pentacarbonyl(pentach1oro-q’- 

cyclopentadieny1)-. 20: 193 
-, tetracarbonyl[ octahydrotriborato- 

-, tricarbonyl(chlorg’eyclo- 

thallium complex, 16:61 

(1-)]-, 19~227,228 

pentadieny1)-, 20: 192 
-, tricarbonyl(iod0-q’ -cyclopentadi- 

eny1)-, 20: 193 
-, tricarbonyl(pentachlorg5 cyclo- 

pentadieny1)-, 20: 194 
Manganese(II), [5,26: 13,18-diimino-7,- 

11: 20,24-dinitrilodibenzo[c,n] - 
[ 1,6,12,17] tetraazacyclodocosin- 
ato(2-)] -, 18:48 

Manganese chromium oxide (Cr, MnO, ), 
2052 

Manganese diphosphate (Mn, P, 0, ), 
19:121 

Manganese potassium chloride (K, MnCl, ), 
20:51 

5,7,7,12,14,14-Me6 [ 14]-4,11-diene-1,4,8,- 
lLN4, see 1,4,8,1l-Tetraazacyclo- 
tetradeca4,1l-diene, 5,7,7,12.14,14- 
hexamethyl- 

phorane] -: 
dichloride, 18: 140 

dihalides, 16:85 

Mercury, bis[ trimethyl(methy1ene)phos- 

Mercury(II), bis(se1enourea)-: 

-, dibromobis(se1enourea)-, 16:86 
-, dichlorobis(se1enourea)-, 16: 86 
-, di-jiehloro-dichlorobis(se1enourea)di-, 

Mercury(I1) complexes: 
with selenourea, 16:85-86 

Mercury(I1) halides: 
complexes with selenourea, 16: 85 

Mercury bis[ hexafluoroarsenate(v)] : 
Hg, [AsF, ] ,, 19:24 

Mercury [ji-fluoro-bis(pentafluor0anti- 
monate(V))] : 

16:86 

Hg,[Sb,F,i],, 1 9 ~ 2 3  
Mercury hexafluoroantimonate: 

Mercury hexafluoroarsenate: 

Mesoporphyrine, see 21H,23H-Porphine- 
2,18-dipropionic acid, 7,12-diethyl- 
3,8,13,17-tetramethyI- 

Hg2.9 1 [SbF, 1, 19:26 

Hgz.86 [AsF, 1 I 19:25 

Metal atom syntheses, 19:59-69 
Metal(I1) chromites, 2050 
Metal(I1) chromium(II1) oxides, 2050 
Metal cluster complexes, 20:209 
Metallic crystals: 

growth of, in silica gel, 20: 7 
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Metallatranes, 16:229-234 
Metalloporphines, 20: 143 
Metalloporphyrins, 16: 213-220 
Methane, chloro-: 

-, diphenyl-: 

Methanesulfonate, 3-bromo-1,7-dimethyl- 
2-oxobicyclo[ 2.2.11 heptan-7-yl-, 
[ lR(endo,unti)] -, see (+)Cam- 
phor-n-sulfonate, a-bromo- 

cobalt complex, 20: 234 

tungsten complex, 19: 182 

Methyl benzoate: 

Methyl difluorophosphite, 16: 166 
Methyl diphenylphosphinite: 

nickel complexes, 17: 1 19 
Methylenediamine. N,K-diphenyl-, see 

Aniline, N.K-methylenedi- 
Methytidyne complexes, see Carbyne 

complexes 
Methyl m-methylbenzoate: 

Methyl phosphite: 

Methyl phosphorodffluoridite, 16: 166 
Methylene complexes, see Carbene 

mnt, see 2-butenedinitrile, 2,3-dimer- 

Molybdate( 1-), dicarbonylbis(q’ -cycle 

tetrakis(tetrahydr0furan)magnesium- 

Molybdate(3-), di-p-bromo-hexabrome 

chromium complex. 19:200 

chromium complex, 19:201, 202 

nickel complexes, 17:119 

complexes 

capto- 

pentadienyl)( triphenylphosphine): 

(2+), 1 6 5 9  

p-hydrido-di-: 
tricesium, 19: 130 

tricesium, 19: 129 
-, di-p-chloro-hexachloro-p-hydrido-di-: 

Molybdate(4-), octachloro-, see 
Molybdate(3-), di-p-chloro-hexa- 
chloro-p-hydrido-di- 

Molybdate(5-), nonachlorodi: 
pentaammonium, monohydrate, 19: 129 

Molybdate(V), pentachlorooxo-: 
2,2’-bipyridinium(2+), 19: 135 

Molybdenum: 
vaporization of, 19:64 

-, (q3 -allyl)(q6 -benzene)chloro(tri- 
pheny1phosphine)-, 1 7 5 7  

-, (q6 -benzene)bromo($ cyclo- 

pentadieny1)-, 20: 199 

dieny1)-, 20: 198 

20:196, 197 

iodo-, 20: 199 

phosphine)-, 17:s 7 

phine)-, 1 7 5 9  

phme)dhydro-: 

-, ($ -benzene)chloro(q’ -cyclopenta- 

-. (q6 -benzene)($ cyclopentadieny1)-, 

-, ($ -benzene)(q’ qclopentadieny1)- 

-, (q6 -benzene)dihydridobis( triphenyl- 

-, (q6 -benzene)tris(dimeth ylphenylphos- 

-, (q6 -benzene)tris(dimethylphenylphos- 

bis(hexafluorophosphate), 17:60 
-, ($ -benzene)tris(dimeth ylphenylphoe 

phine)hydrido-: 

-, his($ -benzene)-, 1 7 5 4  
-, bis-p-(benzoate)-dibromobis(tributy1- 

phosphine)di-, 19: 133 
-, bis(@ehlorobenzene)-. 19:81,82 
-, bis[ g5 -cyclopentadienyldihalonitro- 

hexafluorophosphate, 1 7 5 8  

syl-: 
derivatives, 16:24 

-, his[$ eyclopentadienyldiiodonitro- 

-, bis( dibromoq’ cyclopentadienyl- 

-, bis[ dichloroq’ -cyclopentadienyl- 

-, bis(diethy1dithiocarbamato)dinitro- 

-, bis($-N,Ndimethylaniline)-, 19:84 
-, bis(dinitrogen)bis [ ethylenebis(di- 

-, chloro(q* eyclopentadieny1)dinitro- 

-, (q5 cyclopentadieny1)dinitrosyl- 

-, (r) ’ qclopentadieny1)ethyldinitro- 

-, dicarbonyl($ cyclopentadieny1)- 
nitrosyl-, 16:24; 18:127 

-, tetrakiep-(butrato)-di-, 19: 133 
-, tricarbonyl($ eyclopentadieny1)- 

Molybdenum(0). bis(tert-butyldifluorc- 

~yl-. 1 6 ~ 2 8  

nitro~yl-], 1 6 ~ 2 7  

n i t r~~yl - ]  , 16 z 26 

~yl-, 16~235 

phenylphosphine)] -, trans-, 20: 122 

SYL, 18~129 

phenyl-, 19:209 

~yl-, 19:210 

Silyl-, 17~104 

phosphine) tetracarbonyl-: 
cis-, 18:175 

Molybdenum(II), (acety1ene)carbonylbis- 
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(diisopropy1phosphinodithioato)-, 
1855 

chlorodi-, 1757 

chlorodi-, 19: 131 

dithioat0)-, 1853 

19:131 

phine)di-, 19: 13 1 

hydrofuran)-, 20:121 

chloro-, 20: 120 

20:121 

chlorooxo-: 

-, bis(q3 -allyl)bis(q6 -benzene)di-c- 

-, bis[ 1,2-bis(methylthio)ethane] tetra- 

-, dicarbonylbis(diisopropy1phosphino- 

-, tetrabromotetrakis(pyridine)di-, 

-, tetrabromotetrakis(tributy1phos- 

Molybdenum(III), trichlorotris(tetra- 

Molybdenum(IV), bis(acet0nitrite)tetra- 

-, tetrachlorobis(tetrahydrofuran)-, 

MolybdenumCV), (2,2'-bipyridine)tri- 

red and green forms, 19:135, 136 
Molybdenum fluoride (MoF,), 19: 137- 

Mossbauer spectra: 
139 

iron-57 labeled porphyrins for, 20: 157 

Nickel: 

-, bis(nitrogen trisulfide)-, 18: 124 
-, bis(pentafluorophenyl)(q6 -toluene)-, 

-, chlorohydridobis(tricyclohexy1phos- 

vaporization of, 19:64 

19:72 

phine)-: 
trans-, 17:84 

-, chlorohydridobis(triisopropy1phos- 
phineb: 

trans-, 17: 86 
-, (1-3:6-7: 10-1 2q-2,6,1O-dodecatriene- 

1,2-diyl)-, 19:85 
-, hydrido[ (tetrahydroborato( 1-)] bis- 

(tricyclohexy1phosphine)-: 

-, (mercaptosulfur diimidato)(nitro- 

Nickel(O), (axobenzene)bis(tert-butyl 

-, (azobenzene)bis(triethylphosphine)-, 

-, (azobenzene)bis(triphenylphosphine)-, 

trans-, 17:89 

gen trisu1fide)-. 18: 124 

isocyanide), 1 7 : 122 

17:123 

17:121 

-, bis(f,T-bipyridme)-, 17: 121 
-, bis(tert-butyl isocyanide)(diphenyl- 

acetylene), 17: 123 
-, bis(tert-butyl isocyanide)(ethene- 

tetracarbonitrile)-, 17: 123 
-, bis [ ethylenebis(dimethy1phosphine)j -, 

17:119 
-, bis [ ethylenebis(diphenylphosphine)] -, 

17:121 
-, bis(1,lO-phenanthro1ine)-, 17: 121 
-, bis[ 1,2-phenylenebis(dimethylarsine)] -, 

-, (butenedinitrile)bis(terf-butyl iso- 

-, (stilbene)bis(triphenylphosphme)-, 

-, tetrakis(tert-butyl isocyanide)-, 

-, tetrakis(cyclohexy1 isocyanide)-, 

-, tetrakis(diethylpheny1phosphine)-, 

-, tetrakis(methyldipheny1phosphine)-, 

-, tetrakis(methy1 dipheny1phosphinite)-, 

-, tetrakis(tributy1phosphine)-, 17: 119 
-, tetrakis(triethy1phosphine)-, 17: 119 
-, tetrakis(triethy1 phosphite)-. 17: 119 
-, tetrakis( triisopropyl phosphite)-, 

-, tetrakis(trimethy1phosphine)-, 17: 119 
-, tetrakis(trimethy1 phosphite)-, 17: 119 
-, tetrakis(tripheny1arsine)-, 17: 121 
-, tetrakis(tripheny1phosphine)-, 17: 120 
-, tetrakis(tripheny1 phosphiteb, 17: 119 
-, tetrakis(tripheny1stibine)-, 17: 121 
Nickel(II), bis(isothiocyanato)(tetra- 

benzo[b,f.i.n] [ 1,5,9,13] tetraaza- 
cyc1ohexadecine)-, 18: 31 

-, bis(isothiocyanato)(2,3,9,10-tetra- 
methyl-1,4,8,1 l-tetraazacyclotetra- 
deca-1,3,8,10-tetraene)-, 18: 24 

18:124 

tetraazacyclotetradeca-4,6,11,13- 
tetraenato(2-)] -, 18:39 

-, dibromobis(di-tert-butylfluorophos- 
phine)-: 

17:121 

cyanide)-, 17: 123 

17:121 

17: 118 

17: 119 

17:119 

17:119 

17:119 

17: 119 

-, bis(mercaptosu1fur diimidato)-, 

-, [ 6,13-diacetyl-5, 14-dimethyl- 1,4,8,11- 
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trans-, 18: 177 
-, [ 7,16-dihydro6,8.15,1 7-tetramethyl- 

dibenzo[b,i] [ 1,4,8,11] tetraaza- 
cyclotetradecinato(2-)] -, 20: 115 

-, (2,12-dmethyl-3,7,11,17-tetraaza- 
bicyclo[ 11.3.11 heptadeca-l( 17),- 
2,ll113,15-pentaene)-: 

-, (2,3-dimethyl-1,4,8,1 l-tetraaza- 
diperchlorate, 18: 18 

cyclotetradeca- 1,3-diene)-: 

-, [5.14-dimethyl-l,4,8,1 l-tetraaza- 
tetrachlorozincate, 18: 27 

cyclotetradeca-4,6,11,13-tetra- 
enato(2-)]-, 18:42 

-, [ 3,3'-[ [ethylenebis(iminomethyl- 
idyne)] di-2,4-pentanedionato] - 

-, [ 5,6,14,15,20,21-hexaethyl-1,3,4,7,- 
(2-11 -, 18:38 

8,10,12,13,16,17,19,22-dodecaaza- 
tetracyclo[ 8.8.4.1 3*1 7 . 1 8 9 1  '1 tetra- 
cosa4,6,13,15,19,2 1-hexaeneN' ,- 

, , , I-, bis(tetra- 
fluoroborate), 20:89 

-, (5,7,7,12,14,14-hexamethyl-1,4,8,11- 
tetraazacyclotetradeca4,ll-diene)-: 

diperchlorate, meso- and racemic-, 18:5 
-, (5,5,7,12,12,14-hexamethyl-1,4,8,11- 

N7,NlJ " 6  " 9  NZl 

tetraazacyc1otetradecane)-: 
diperchlorate, meso-, 18: 12 

bis(tetraphenylborate), 20: 76 

perchlorate, 16:221 

-, pentakis(trimethy1 phosphite)-: 

-, (1,4,8,11-tetraazacyclotetradecane)-: 

-, (tetrabenzo[b,f,j,n] [ 1,5,9,13] tetra- 
azacyc1ohexadecine)-: 

diperchlorate, 18:31 
-, (2,3,9,1O-tetramethy1-1,4,8,11- 

tetraazacyclo tetradeca-1,3,8,10- 
tetraene)-: 

diperchlorate, 18:23 
-, [5,10,15,20-tetraphenyl-21H,29H- 

porphinato(2-)] -, 20: 143 
Nickel(0) acetylene complexes, 17: 11 7- 

124 
Nickelate(2-), bis[ 2,3-dimercap te2-  

butenedinitrilato(2-)1-: 

19:31 

20:5 1 

salt with 2,2'-bi-1,3-dithiolylidene (1: 2), 

NickelateUI), tetrachloro-, dipotassium, 

Nickel chromium oxide (Cr, NiO,), 20:52 
Nickel(0) diazene complexes, 17: 117-124 
Nickel(0) isocyanide complexes, 17: 117- 

Nickel(0) olefin complexes, 17: 117-124 
Nickel(0) phosphine complexes, 17: 117- 

Nickel(0) phosphite complexes, 17: 117- 

Nickel potassium chloride (K, NiCl, ), 

Nickel tetrafluorooxovanadate(1V) 

Niobate( 1-), hexacarbonyl-: 

124 

124 

124 

2 0 5  1 

heptahydrate, 16 : 8 7 

tetraphenylarsonium, 16: 72 
tris[ bis(2-methoxyethyl)ether-, potas- 

sium, 16:69 
Niobium, bis(q5 -cyclopentadienyl>: 

Niobium(II1). bis(q5 cyclopentadieny1)- 
complexes, 16:107-113 

(dimethylpheny1phosphine)hydrido-, 
16:llO 

boratol-, 16:109 

methylpheny1phosphine)dihy drido-, 
16: 112 

Niobium(lV), bis(2,2'-bipyridine)tetrakis- 
(isothiocyanat0)-, 16: 78 

-, dichlorobis (q5 -cyclopentadienyl)-, 
16:107 

Niobium(V), bis(q5 -cyclopentadienyl)(di- 
methylpheny1phosphine)dihydride: 

-, bis(q cyclopentadienyl)(tetrahydre 

-, bromobis($ -cyclopentadienyl)(di- 

hexafluorophosphate, 16: 11 1 
tetrafluoroborate, 16: 111 

Niobium chloride (NbCl,), 20:42 
Nioxime, see 1,2€yclohexanedione 

Nitrogen: 
dioxime 

molybdenum and tungsten complexes, 
20:122, 126 

Nitrogen oxide, di-: 
as ligand, 16:75 

Nitrogen sulfide (NS, ): 
nickel complex, 18:124 

Nitrogen sulfide (N, S4): 
caution in handling and storing of, 

17: 197 
Nitrosylchromium: 

tetra-, 16:2 
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Nitrosyl complexes: 
of chromiim, molybdenum, and tung- 

of cobalt, 16:29,33 
of iridium, 16:41 
of molybdenum, 16:24,235 
of osmium, 16: 11-12.40 
of rhenium, 16:35 
of rhodium, 16:33; 17:129 
of ruthenium, 16:13,21, 29 

Nitrous oxide: 
ligand, 16:75 

sten, 18:126; 19:208 

1,3,6,8,10,13,16,19-0ctaazabicycle 
[6.6.6] eicosane: 

cobalt complex, 20:86 

of platinum, 19:213 
Olefin complexes: 

Olefm complexes of nickel(O), 

Olefms, cycle, see Cycloolefin complexes 
Organometallatranes, 16: 229-234 
Osmate(V1). tetrahydrooxodioxe, di- 

Osmium, pentaamminenitrosyl-: 

-, tetraamminehalonitrosyl- 
dihalides, 16: 12 

-, tetraamminehydroxonitrosyl- 
dihalides, 16: 11 

Osmium(II), carbonylbis(trifluoro- 
acetato)bis(triphenylphosphine)-, 
17:128 

-, carbonylchloro(trifluoroacetato)tri+ 
(tripheny1phosphine)-, 17: 128 

-, pentaammine(dinitr0gen)-: 

Osmium(lII), hexaammine-: 

-, pentaammineiodo-: 

Osmium(VI), bis(ethylenediamine)dioxe, 

Osmium complexes: 
ammines, 16:9-12 

Osmium fluoride (OsF,), 19:137-139 
Oxalic acid, 2058 

17: 1 17-1 24 

potassium, 20:61 

trihalide, monohydrates, 16: 11 

diioide, 16:9 

triiodide, 16: 10 

diiodide, 16: 10 

frans-, dichloride, 20:61 

chromium complex, 19: 127 
platinum partially oxidized complex, 

19:16 

Oxalic acid chromium complexes, 17: 147-1 51 
Oxide, bis(trimethyltin), 17: 181 
Oxygen: 

iron complex, 20: 168 

Palladium: 

-, chlorohydridobis(tricyclohexy1phos- 
vaporization, 19:64 

phine)-: 
trans-, 17:87 

-, (qethylene)bis(tricyclohexylphos- 
phine), 16: 129 

-, (qethylene)bis(triphenylphosphine)-, 
16:127 

-, (qethylene)bis(tri-o-tolyl phosphite)-, 
16: 129 

-, hydrido[ tetrahydroborato( 1-)] bis- 
(tricyclohex y1phosphine)-: 

trans-, 17:90 
Palladium(O), bis(dibenzylideneacet0ne)-, 

-, bis(di-tert-butylpheny1phosphine)-, 

-. bis( tri-tert-buty1phosphine)-, 19: 103 
-, bis(tricyclohexy1phosphine)-, 19: 103 
Palladium(I), tetrakis(tert-butyl iso- 

cyanide)dichlorodi-, 17: 134 
Palladium(II), (q’ -allyl)(q5 -cyclopenta- 

dienylp, 19:221 
-, bis(q’ -allyl)di-pchloro-di-, 19: 220 
-, pentakis(trimethy1 phosphite)-: 

Pentaammine type complexes of cobalt- 

17:135 

19:102 

bis(tetraphenylborate), 20: 77 

(III), rhodium(III), and iridium (III), 
17~152-154 

Pentaborane(9), 1-brome: 
preparation and detonation of, 19:247, 

2,4-Pentanedionato complexes of molyb 

2,4-Pentanedione: 

248 

denum, 17:61 

indium complex, 19: 26 1 
macrocyclic ligands from, 18: 37 
platinum complex, 20:66 

-, 3-(ethoxymethylene)-, 18: 37 
-, 3,3‘-[ ethylenebis(iminomethylidyne)] - 

-, 1,1,1,5,5,5-hexafluore: 
complexes, 16: 118 
platinum complex, 20:67 

di-, 1 8 ~ 3 7  
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-, l,l,l-trifluoro-: 
complexes, 16: 118 
platinum complex, 20:67 

2-Pentanethione, 4,4'-(alkylenedinitrilo)- 
bis-: 

transition metal complexes, 16: 227-228 
-, 4,4'-(ethylenedinitrilo)bis-, 16: 226 
Pentathiazyl hexachloroantimonate(1-), 

Penthathiazyl salts, 17:188-192 
Penthathiazyl tetrachloroaluminate(1-), 

17:190 
Pentathiazyl tetrachloroferrate(1-), 17:90 
1,lO-Phenanthroline: 

o-Phenylenediamine: 

Phenyl isocyanide: 

Phenylphosphinic acid, {ethylenebis- 

17: 191 

nickel complexes, 17: 119 

macrocyclic ligands from, 18:s 1 

platinum complex, 19: 174 

[ (methylimino)methylene] Ibis- 
dihydrochloride, 16: 201-202 

tetrakis-, 16: 199 

202 

-, [ ethylenebis(nitrilodimethylene)] - 
-, [nitrilotris(methylene)] tris-, 16: 201- 

Phenyl phosphite: 
nickel complexes, 17: 119 

Phosphate (PnO(gn+l )HZ 1: 
polyammonium, catena-poly-, 19: 278 

Phosphates: 
crystal growth of, in silica gel, 20:s 

Phosphide, diphenyl-: 
lithium, 17:186 

Phosphinates, chromium(II1) complexes: 
polymers, 16:89-92 

Phosphine, see Amine, tris {2-(diphenyl- 
phosphino)ethyl)-; Ethylenediamine, 
N.N,K,K-tetrakis[ (diphenylphos- 
phino)methyl] - 

-, benzyldiphenyl-, 16: 159 
-, bis[ 2-(methylthio)phenyl] phenyl-, 

-, fert-butyldifluoro-: 

-, butyldiphenyl-, 16:158 
-, cyclohexyldiphenyl-, 16: 159 
-, dibenzylphenyl-, 18: 122 
-, di-tert-butylfluoro-, 18: 176 
-, dibutylphenyl-, 18: 171 

16:172 

transition metal complexes, 18: 173, 174 

-, di-tert-butylphenyl-: 

19:102,104 
palladium and platinum complexes, 

-, dicyclohexylphenyl-, 18: 17 1 
-, diethylphenyl-, 18: 170 

-, dimethyl-: 

-, [ (2,2-dimethyl-1,3-dioxolane-4,5- 

nickel(0) complex, 17: 119 

titanium complex, 16:lOO 

diylbis(methy1ene)l bis [ diphenyl-, 
17:81 

-, dimethyl(pentafluoropheny1)-, 16: 18 1 
-, dimethylphenyl-: 

molybdenum complexes, 17:58-60 
niobium complex, 16:llO-112 
rhenium complexes, 17:65, 111 
titanium complex, 16: 239 

-, diphenyl-, 16:161 
-, [ 2-(diphenylarsino)ethyl) diphenyl-, 

-, [ 2-(diphenylarsino)vinyI] diphenyl-, 

-, diphenyl[ 2-(phenylphosphino)ethyl] -, 

-, diphenyl(trimethylsily1)-, 17: 187 -. ethyldiphenyl-, 16: 158 
-, ethylenebis[dimethyl-,: 

nickel complexes, 17: 1 19 
-, ethylenebis[diphenyl-, 20:208 

cobalt complex, 16:19 
iron complexes, 17: 69-7 1 
manganese complex, 18:191 
molybdenum and tungsten complexes, 

20:122,125,126 
nickel complexes, 17: 121 

-, [ 2-(isopropylphenylphosphino)ethyl] - 
diphenyl-, 16: 192 

-, methyl-: 
titanium complex, 16:98 

-, methyldiphenyl-, 16: 157 
cobalt, complex, 16:29 
nickel complexes, 17: 119 

16:191 

16:189 

16:202 

-, [ 2-(methylthiophenyl] diphenyl-, 
16:171 

-, tributyl-: 
molybdenum complex, 19:131, 133 
molybdenum complexes, 1658-59 
nickel complexes, 17 : 1 19 
platinum complex, 19: 116 

-, tri-fert-butyl-: 
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palladium complex, 19: 103 

nickel complexes, 17:84, 89 
palladium complexes, 16:129; 17:87, 

palladium and platinum complexes, 

platinum complex, 19:216 

nickel complexes, 17:119, 123 
platinum complex, 17:132; 19: 108, 

titanium complex, 16: 101 

nickel complexes, 17:86 
platinum complex, 19: 108 

iridium complex, 18:63,64 
iron complexes, 20:69-75 
nickel complexes, 17: 119 
titanium complex, 16: 101 

cobalt complexes, 16:18, 33 
copper complex, 19:87,88, 93, 96 
iridium complexes, 16:41; 17: 129 
iridium and rhodium complexes, 

manganese complex, 19: 187 
molybdenum complexes, 1 7 5 7  
nickel complexes, 17:120-121 
osmium complex, 17:128 
palladium complexes, 16: 127 
platinum complex, 19:98, 115 
platinum complexes, 17: 130; 18: 120 
rhenium complexes, 17: 110 
rhodium complexes, 17: 129 
ruthenium complexes, 16:21; 17:73, 

tungsten complex, 20: 124 
-, tri(phenyl4, )-, 16: 164 
-, tris[ 2-(methy1thio)phenyl-, 16:173 
-, tris-p-tolyl-: 

copper complex, 19:89 
-, vinylenebis(dipheny1-): 

cobalt complex, 20:207 
Phosphine complexes with nickel(O), 

Phosphine oxide, dimethylphenyl-, 

-, methyldiphenyl-, 17: 184 

-, tricyclohexyl-: 

90 

19:103, 105 

-, triethyl-: 

110, 174-176 

-, triisopropyl-: 

-, trimethyl-, 16:153 

-, triphenyl-: 

19:204,206 

75, 77,79, 126-127 

17: 117-124 

17:185 

Phosphines: 
(alkylamino)difluoro-, as ligand, 16:6366 
difluorohalo, as ligand, 16:66-68 

-, tertiary, 18: 169 
Phosphine sulfide: 

[ (isopropylphenylphosphino)methyl] di- 

Phosphinodithioic acid, diisopropyl-, molyb- 

Phosphinous acid, diphenyl-: 
methyl ester, nickel complex, 17: 119 

Phosphinous fluoride, di-tert-butyl-, see 
Phosphine, di-tert-butylfluoro- 

Phosphite, difluoro-: 
methyl, 16: 166 

Phospholanium, 1-ethyl-1-phenyl-: 
perchlorate, 18: 189, 191 

Phosphonium, methyltriphemyl-: 
heptahydrodiborate(1-), 17: 24 
tetrahydroborate( 1-), 17: 22 

bromide, 18:138 

methylide, 18:137, 138 
(trimethylsilyl)methanide, 18: 137 

Phosphonium compounds, quaternary, 

Phosphonous difluoride, tert-butyl-, see 

Phosphoramidic acid (HO), PO(NH, ): 

Phosphorane, bis(diethy1amino)trifluoro-, 

-, bis(dimethy1amino)trifluoro-, 18: 186 
-, (diethy1amino)tetrafluoro-, 18: 185 
-, (dimethy1amino)tetrafluoro-, 18: 181 
-, trimethylmethylene-, see Phosphonium, 

trimethyl-, methylide 
-, trimethyl[ (trimethylsily1)methylene-] , 

see Phosphonium, trimethyl-, (tri- 
me thylsily1)methanide 

phenyl-, 16:195 

denum complex, 18:53,55 

-, tetramethyl-: 

-, trimethyl-: 

17:21-26 

Phosphine, tert-butyldifluoro- 

and salts, correction, 19:281 

18:187 

Phosphoranes: 

Phosphorodifluoridous acid, methyl ester, 
16:166 

Phosphorous acid: 

diakylamino fluoro, 18: 179 

esters, nickel complexes, 17 : 1 19 
tri-o-tolyl ester, palladium complex, 

Phosphorus( l+),p-nitrido-bis( triphenyl-, 
16: 129 
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undecacarbonylhydridotriferrate( 1-), 
20:218 

-, p-nitrido-bis( triphenyl-, undecacar- 
bonyltriferrate(2-) (2: l) ,  20:222 

Phosphorus-sulfur ligands, 16: 168-172 
Phosphorus ylides, 18: 135 
Phthatocyanine: 

160 
iron and lithium complexes, 20: 159, 

Platinate, bis(oxalat0)-: 
dipotassium, dihydrate, 19: 16 
potassium (1: 1.64), dihydrate, 19: 16, 

17 
Platinate, hexacyano-: 

-, tetracyano-: 
partially oxidized, 20: 23 

cesium (1:1.75), dihydrate, 19:6, 7 
cesium fluoride (1 : 2:O. 19), 20: 29 
cesium (hydrogen difluoride) 

(1:2:0.23), 20:26 
cesium (hydrogen difluoride) 

(1:2:0.38), 20:28 
guanidinium bromide (1: 2:0.25), 

monohydrate, 19: 10, 12 
potassium (1: 1.75), sesquihydrate, 

19:8,14 
potassium bromide (1:2:0.3), trihy- 

drate, 19: 1,4,  15 
potassium chloride (1:2:0.3), trihy- 

drate, 19:15 
rubidium (1:1:6), dihydrate, 19:9 
rubidium [hydrogen bis(su1fate)) 

(1:3:0.45), monohydrate, 20:20 
rubidium (hydrogen difluoride) (1: 2:- 

0.29), hydrate (1: 1.6), 20:24 
rubidium (hydrogen difluoride) 

(1:2:0.38), 20: 25 
Platinate( 1-), bis[ 2,3-dimercapto-2- 

butenedinitrilato(2-)] -: 

( l : l ) ,  19:31 
Platinate(2-), bis[ 2,3-dimercapto-2- 

butenedinitrilato(2-)-: 
salt with 2,2'-bi-1,3-dithiolylidene 

(1:2), 19:31 

salt with 2,2] -bi-1,3-dithiolylidene 

Platinate(II), tetrabromo-: 

-, tetracyano-: 
dipotassium, 19:2 

barium ( l : l ) ,  tetrahydrate, 19: 112 
bis(guanidinium), 19: 11 

dipotassium, trihydrate, 19: 3 
salt with 2,2'-bi-1,3-dithiolylidene (1 : 2), 

19:31 
Platinate(IV), dibromotetracyano-: 

bis(guanidmium), hydrate, 19: 11 
dipotassium, dihydrate, 19:4 

dihydrogen, 19:2 
dipotassium, 19:2 

dicesium, monohydrate, 19:6 

vaporization of, 19:64 

-, hexabromo-: 

-, tetracyano-: 

Platinum: 

-, (anilinoethoxymethy1ene)dichloro- 
(triethy1phosphine)-: 

cis-, 19~175  
-, (aryltrimethy1ene)dichloro-, 16: 113-1 16 
-, (aryltrimethylene)dichlorobis(pyri- 

-, (2-benzyltrimethylene)-, 16: 116 
-, (2-benzy1trimethylene)dichlorobis- 

-, (1-butyl-2-methyltrimethy1ene)di- 

dine)-, 16: 1 13-1 16 

(pyridine)-, 16: 116 

chloro-: 
trans-, 16: 116 

-, (dianilinomethylene)dichloro(triethyl- 
phosphine)-: 

cis-, 19: 176 
-, dichlorobis(pyridine)( l-p-tolyltri- 

-, dichlorobis(pyridine)(trimethylene)-, 

-, dichlorobis(tricyclohexy1phosphine)-: 

-, dichlorobis(triisopropy1phosphine)-: 

-, dichloro( 1,2-diphenyltrimethylene)-: 

-, dichloro( 1,2-diphenyltrimethylene)- 

-, dichloro(2-hexyltrimethylene)-, 

-, dichloro(2-hexyltrimethy1ene)bis- 

-, dichloro[ 2-(2-nitrophenyl)trimethyl- 

-, dichloro[ 2-(2-nitrophenyl)trimethyl- 

-, dichloro(pheny1 isocyanide)(triethyl- 

methy1ene)-, 16 : 1 16 

16:116 

truns-, 19: 105 

truns-, 19:108 

truns-, 16: 116 

bis(pyridme)-, 16: 116 

16:116 

(pyridinek, 16: 116 

ene] -, 16: 116 

ene] bis(pyridine)-, 16: 116 

phosphine)-: 
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cis-, 19: 174 

16: 116 

(pyridine)-, 16: 115-1 16 

ene] -, 16: 116 

-, dichloro(2-phenyltrirnethylene)-, 

-, dichloro(2-phenyltrimethy1ene)bis- 

-, dichloro[ 1-@-toly1)trimethylmethyl- 

-, dichloro(trimethy1ene)-, 16: 114 
-, tris(triethy1phosphine)-, 19: 108 
-, tris(triisopropy1phosphine)-, 

Platinum(O), bis( 1 ,S-cyclooctadiene)-, 

-, bis(di-tert-bu tylpheny1phosphine)-, 

-, bis(ethylene)(tricyclohexylphos- 

-, bis(tricyclohexylphosphine>, 19: 105 
-, (diphenylacetylene)bis(triphenylphos- 

-. (ethylene)bis(triphenylphosphine)-, 

-, tetrakis(triethy1phosphine-, 19:llO 
-, tetrakis(tripheny1phosphine)-: 

19:108 

19:213,214 

19:104 

phine)-, 19:216 

phine)-, 18:122 

18:121 

in preparation of mix ligand complexes, 
18:120 

-, tris(ethy1ene)-, 19:215 
Platinum( l+), [ anilino(ethy1amino)- 

methylene] chlorobis(triethy1phos- 
phinek: 

truns-, perchlorate, 19: 176 
Platinum(I1). (2-ammonioethanethiolato- 

S)(2,2' : 6' ,2"-terpyridine)-, di- 
nitrate, 20: 104 

-, bis(acetato)bis(triphenylphosphine)-: 

-, bis(dimethy1 phosphito-P) [o-phenyl- 
enebis(dmethylarsine)] -, 19: 100 

-, bis( 1,l. 1,5,5 ,S-hexafluoro-2,4-pentane- 
dionatok, 20:67 

-, bis(2,4-pentanedionato)-, 20:66 
-, bis[ l , l ,  l-trifluoro-2,4-pentane- 

dionatol-, 20:67 
-, carbonatobis( tripheny1phosphine)-, 

18:120 
-, chloro(dimethy1 hydrogen phosphite- 

P)(dimethyl phosphito-P)(triphenyl- 
phosphine)-, 19:98 

cis-, 17: 130 

-, chloroethylbis(triethy1phosphine)-: 
trans-, 17:132 

-, chloro(2,2' : 6',2"-terpyridine)-, 

-, dichlorobis(tributy1phosphine)-: 

-, dichlorobis(tripheny1phosphine)-: 

-, di-pchloro-dichlorobis( 1-dodecene)di-, 

-, di-p-chloro-dichlorobis(ethylene)di-, 

-, di-pchloro-dichlorobis(styrene)di-, 

-, dichloro(ethylene)(pyridine)-: 

-, (2-mercaptoethanolato-S)(2,2':6',2"- 
terpyridme)-, nitrate, 20: 103 

--, pentakis(trimethy1 phosphiteb: 

Platinum(IV), dibromodimethyl-, 20: 185 
-, dibromodimethylbis(pyridine)-, 

-, dihydroxodimethyl-, sesquihydrate, 

Platinum chloride (PtCI, ): 

Platinum chloride (PtCI,), 20:48 
Platinum compounds: 

chloride, dihydrate, 20: 102 

trans-, 19:116 

truns-, 19:115 

20:181, 183 

20:181,182 

20:181,182 

trans-, 20: 181 

bis(tetraphenylborate), 20: 78 

20: 186 

20:185,186 

phosphirie complexes, trans, 19: 114 

onedimensional elec. conductors, 19: 1- 
18 

20:65 
Platinum(I1) P-diketonate complexes, 

Platinum sulfide (PtS,), 19:49 
Platinum telluride (PtTe, 1, 19:49 
Polymers: 
of chromium(III), bis(phosphinates), 

cutenu-Polyphosphate (PnO(3n+l )Hz ) 
polyammonium, 19~278 

21H,23H-Porphine, see Porphyrin 
-, 2,3,7,8,12,13,17,1 &maethyl-, iron 

16: 89-92 

and magnesium complexes, 20: 145, 
15 1 

nickel and vanadium complexes, 
20: 143, 144 

21H,23H-Porphine-2,18-dipropionic acid, 
7,12-diethyl-3,8,13,17-tetramethyl-, 
dimethyl ester, iron complex, 
20: 148 

2,18-Porphinedipropanoic acid, 7.1 2-bis- 

-, 5,10,15,20-tetraphenyl- (H, tpp) 
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Potassium tetrahydridogallate(1-), 1750 
Potassium tris(malonato)chromate(III): 

trihydrate, 16:80 
Potassium zinc chloride (K, ZnC1,). 20:51 
Propanedial, brome: 

1.3-Propanediamine: 

-, N-(3-aminopropyl)-, see Dipropyl- 

Propanedinitrile, 2,2'-(2,5-cyclohexadiene- 

radical anion, salt with 2,2'-bi-1,3-di- 

macrocyclic ligands from, 1 8 5 0  

macrocyclic ligands from, 18: 23 

mine, 3,3'-diamino- 

1,4-diylidene)bis-: 

thiolylidene (l:l), 19:32 
2-Propanethiol, 2-methyl-: 

iridium complex, 20:237 
Propene: 

palladium complexes, 19:220,221 
2-Propenyl, see AUyl, 19:220 
Protoporphyrine, see 21H,23H-Porphine 

2,184ipropionic acid, 7,12-di- 
ethenyl-3,8.13,17-tetramethyl- 

Pyridine: 
compd. with TaS, (1:2), 19:40 
molybdenum complex, 19: 131 
platinum complex, 20: 181 

cobalt complexes, 20:130-132 

macrocyclic ligands from, 18: 18 

macrocyclic ligands from, 18:47 

-, 4-tert-butyk 

-, 2,6-dia=tyl-: 

-, 2,6-diamine: 

Pyrophosphate, see Diphosphate 

Rare earth hexacyanotransition metalates: 
crystal growth of, by double infusion, 

20: 12 
Resolution: 

of bis(ethylenediamine)(oxalato)rhodi- 
um(I1I) and cis-dichlorobis(ethylene 
diamine)rhodium(III) ions, 20:60 

of cis-amminebromobis(ethy1enedi; 
amine)cobalt(III) ion, 16:93 

of cobalt ethylenediamine salts, 18:96 
of [Co(edta)]-, 18: 100 

Rhenium, acetyl( 1-aminoethy1idene)tetra- 
carbonyl-, cis-, 20: 204 

-, acetylpentacarbonyl-, 20:201 
-, acetyltetracarbonyl( l-hydroxyethyl- 

idene)-, cis-, 20: 200, 202 

(l-hydroxyethyl)-3,8,13,17-tetra- 
methyl-: 

complexes, 16:216 
dimethyl ester, chloro iron(II1) 

Porphyrin, see also 21H,23H-Porphine 
-, 5,10,15,20-tetrakis(2-aminnophenyl)-, 

-, 5,10,15,2O-tetrakis[2-(2,2-dimethyl- 
and all&-, 20: 163, 164 

propionamido)phenyl] -, all-cis-, 
20: 165 

-, 5,10,15,20-tetrakis(2-nitrophenyl)-, 
(H, TNPP), 20: 162 

Porphyrin(IX), hemato-: 
dimethyl ester, chloro-, iron complex, 

16:216 
-, 5, l  O,lS,ZO-tetraphenyI-: 

copper complex, 16:214 
Porphyrin complexes: 

with copper, 16:214 
with iron, 16:216 

iron-57 insertion, 20: 153 
Porph yrins: 

Potassium, tris[ bis(2-methoxyethyl) 

hexacarbonylniobate( 1-). 16:69 
hexacarbonyltantalate(1-), 16: 71 

Potassium bis(oxalato)platinate: 
(1.64:1), dihydrate, 19:16, 17 

Potassium cobalt chloride (CoK, CI,), 

Potassium cyclopentadienide, 17: 105, 

Potassium diaquabis(malonato)chromate- 

ether] -: 

20:s 1 

173,176 

(111): 
cis- and trans-, trihydrate, 16:81 

Potassium dicarbonyldichloroiridate 
(0.6: 1): 

hemihydrate, 19:20 
Potassium magnesium chloride (K, MgCI, 1, 

Potassium manganese chloride (K, MnCl,), 

Potassium methylcyclopentadienide, 

Potassium nickel chloride (K, NiCI, 1, 

Potassium osmate (K, (OsO, (OH),)), 

Potassium tetracyanoplatinate (1.75: 1): 

20:s 1 

20:s 1 

17: 175 

20:s 1 

20:61 

sesquihydrate, 19:8, 14 
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-, carbonylchloronitrosyl complexes, 

-, octacarbonyldi-pehloro-di-, 16: 35 
-, pentacarbonyltri-pchloro-nitrosyldi-, 

-, phosphine complexes of, 17: 110-112 
-, tetraacetatodichlorodi-, 20:46 
-, tetracarbonyldi-pchloro-dichlorodi- 

nitrosyldi-, 16:37 
-, tri-p-carbonyl-nonacarbonyltetra-, 

20: 209 
Rhenium(I), dodecacarbonyltetra-p- 

hydrido-tefrahedro-tetra-, 18:60 
-, dodecacarbonyltri-p-hydrido-tri- 

ungulo-tri-, 17: 66 
Rhenium(III), pentahydridotris(dimethy1- 

pheny1phosphine)-, 17:64 
-, trichlorotris(dimethylpheny1phos- 

phine)-: 
mer-, 17:65, 111 

16:35-38 

16:36 

RheniumW), trichlorooxobis(tripheny1- 
phosphine)-, 17: 110 

Rhenium bromide (Re, Br9), 20:47 
Rhenium chloride (ReCl, ), 20:41 
Rhenium chloride (Re,CI,), 20:44,47 
Rhenium fluoride (ReF,), 19:137-139 
Rhenium halides (Re,X,), 20:46 
Rhenium iodide (Re319), 20:47 
Rhodate( 2-), p, carbido-nona-p-carbonyl- 

hexacarbonylhexa-, dipotassium, 
20:212 

icosacarbonyldodeca-, disodium, 
20:215 

pentadienyl)($ -1 ,S-cyclooctadiene)-, 
20:192 

cyc1ooctadiene)-, 20: 192 

enyl)($ -l.Scyclooctadiene)-, 20: 191 

phosphine)-: 

- , di-pcarbon y Cocta-p carbonyl- 

Rhodium, (bromotetraphenylq’ -cycle- 

-, (chl0r0-q~ eyclopentadienyl)(~f -1,s- 

-, (ch10rotetraphenyl-r)~cyclopentadi- 

-, chloro(thiocarbonyl)bis(triphenyl- 

trans-, 1 9 : 204 
-, ($-1 ,Scyclooctadiene)(pentachloro- 

q’ cyclopentadieny1)-, 20: 194 
-, dicarbonyl(chlorotetraphenyl-$ - 

cyclopentadieny1)-, 20: 192 
-, di-pchloro-bis(~f-l,S-hexadiene)di-, 

19:219 

-, di-pchloro-tetrakis(r, * -2,3-dimethyl- 
2-butene)di-, 19:219 

-, dodecacarbonyltetra-, 17: 115 
-, hexadecacarbonylhexa-, 16 : 49 
-, nitrosyltris(tripheny1phosphine)-, 

16:33 
Rhodiumfl), acetatotris(tripheny1phos- 

phine)-, 17: 129 
-, bis[ (+)-[ (2,2-dimethyl-l,3-dioxolane- 

4,5-diyl)bis(methylene)] bis [ di- 
phenylphosphine] ] hydrido-, 17: 8 1 

-, di-p-chloro-bis(q4 -1,s-cyc1ooctadiene)- 
di-, 19:218 

-, pentakis(trimethy1 phosphite)-, tetra- 
phenylborate, 20: 78 

Rhodium(III), bis(acetato)nitrosylbis(tri- 
pheny1phosphine)-, 17: 129 

-, bis(ethy1enediamine)dinitro-: 
cis-, nitrate, 20:59 

-, bis(ethylenediamine)(oxalato)-: 
perchlorate, 2 0 5 8  

-, dibromobis(ethy1enediamine): 
cis-, bromide, 20:60 

-, dichlorobis(ethy1enediamine): 
cis-, chloride, hydrate, 20:60 

-, pentaammine(carbonato)-: 
perchlorate, monohydrate, 17: 153 

Rhodium carbonyl: 
Rh,(CO),,, 17:115 
Rh, (CO),, , 16:49 

dihydrate, 19:9 

bis(sulfate)] (3: 1:0.45), mono- 
hydrate, 20: 20 

difluoride) (2: 1:0.29), hydrate 
(1:1.67), 20:24 

Rubidium tetracyanoplatinate (hydrogen 
difluoride) (2:1:0.38), 20:25 

Ruthenium, acetatotetraamminenitrosyl-: 

-, acidotetraamminenitrosyl-: 

-, amminenitrosyl-: 

-, chlorodinitrosylbis(tripheny1phos- 

Rubidium tetracycanoplatinate (1.6: 1) 

Rubidium tetracyanoplatinate [hydrogen 

Rubidium tetracycloplatinate (hydrogen 

diperchlorate, 16: 14 

diperchlorate, 16: 14 

complexes, 16: 13-16 

phine)-: 
tetrafluoroborate, 16: 21 

-, decacarbonyldi-p-nitrosyl-tri-, 16: 39 
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-, dihydridotetrakis(tripheny1phos- 

-, dodecacarbonyltri-, 16:45,47 
-, hexacarbonyldi-pchloro-dichlorodi-, 

16:5 1 
-, hydrido(q6 -phenyldiphenylphos- 

phine)bis( tripheny lphosp hine)-: 
tetrafluoroborate(1-), 17:77 

-, pentakis(trimethy1 phosphite)-, 20: 80 
-, tetraamminechloronitrosyl-: 

-, tetraamminecyanatonitrosyl-: 

-, tricarbonyl(l,S-cyclooctadiene)-, 

-, tricarbonyl-q-diene complexes, 16: 103 
-, trichloronitrosyl-, 17:73 
Ru thenium(I), hydridonitrosyltris(tri- 

pheny1phosphine)-, 17:73 
Ruthenium(II), acetatocarbonylchlorobis- 

(tripheny1phosphine)-, 17: 126 
-, acetatocarbonylhydridobis(tripheny1- 

phosphine)-, 17: 126 
-, acetatohydridotris(tripheny1phos- 

phine)-, 17:79 
-, bis(acetato)dicarbonylbis(triphenyl- 

phosphine), 17: 126 
-, carbonylbis(trifluoroacetato)bis(tri- 

pheny1phosphine)-, 17: 127 
-, nitrosyltris(trifluoroacetato)bis(tri- 

pheny1phosphine)-, 17: 127 
-, pentaammine(dinitr0gen oxide)-: 

-, tris(ethy1enediamhe)-: 

phine)-, 17:75 

dichloride, 16: 13 

diperchlorate, 15: 15 

16:105 

dihalides, 16:75-77 

dichloride, 19: 118 
tetrachlorozincate, 19: 118 

trichloride, 19: 119 

Ru, (CO), 1 ,  16:45,47 

Ruthenium(II1). tris(ethy1enediamine)-, 

Ruthenium carbonyl: 

Samarium(II1) hexacyanoferrate(III), 
tetrahydrate: 

20:13 
Scandium(II1). tris[ bis(trimethylsily1)- 

amidol-, 18: 115 
Selenate, pentafluorooxo-, hydrogen, 

20: 38 
Selenic acid, 20: 37 

crystal growth of, by double infusion, 

Selenide, bis(trimethylsilyl), see Disila- 
selenane, hexamethyl- 

-, digermyl, see Digermaselenane 
Selenides: 
Mo, Ta, and Ti, 19:46 

Selenocarbonyl complexes: 
Mn, 19:193, 195 

Selenonyl difluoride, 20: 36 
Selenourea: 

cobalt(I1) complexes, 16:83-85 
mercury halide complexes, 16: 85-87 

Silane, cyclopentadienyl-, 17: 172 
-, difluorodimethyl-, 16: 141 
-, (dimethy1amino)trimethyl-, 18: 180 
-, fluoro(methy1)-: 

derivatives, 16: 139-142 
-, iodw, 19:268,270 
-, iododimethyl-, 19:271 
-, iodomethyl-, 19:271 
-, iodotrimethyl-, 19:272 
-, (methylcyclopentadienty1)-, 17: 174 
-, tetramethyl-: 

magnesium complex, 19:262 
-, trifluoro(methy1)-, 16: 139 
Silica gels: 

Silver, bis-p-[ [ dimethyl(methy1ene)phos- 
phoranyl] methyl] di-, 18: 142 

Silver(I), q-cycloalkene(fluoro-@-diketon- 
ato): 

crystal growth in, 20: 2 

complexes, 16:117-119 
-, cycloheptene(l,l, 1,s ,5,5-hexafluoro- 

2,4-pentanedionato)-, 16: 118 
-, q-cyclohexens( 1,l ,1,5,5 ,S-hexafluoro- 

2,4-pentanedionato)-, 16: 118 
-, qcyclooctadiene( 1,1,1,5,5,5-hexa- 

fluoro-2,4-pentanedionato)-, 16: 117 
-, q-cyclooctadiene( l , l ,  l-trifluoro-2,4- 

pentanedionat0)-. 16: 118 
-, q-cyclooctatetraene( 1, 1,l ,5 ,5 ,S-hexa- 

fluoro-2,4-pentanedionato)-, 16: 118 
-, qcyclooctatetraene(l,l, l-trifluoro- 

2,4-pentanedionato)-, 16: 118 
-, q-cyclooctene( 1,1,1,5,5.5-hexafluoro- 

2,4-pentanedionato)-, 16: 118 
Silver chloride, 20: 18 
Silver periodate (Ag, H, 10, ) 

crystal growth of, by double infusion, 
20: 15 

Silver(1) sulfamate, 18:201 
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Silylamine, pentamethyl-, see Silane, 

Silyl complexes of chromium, moly- 

Silyl sulfide, see Disilathiane 
Sodium: 

Sodium decavanadatew) Na, [V, ,, 0, (I ] : 

Sodium tetrahydridogallate( 1-1, 1 7 5 0  
Sodium trihydridodimethyldiincate( 1-), 

Sodium trihydridozincate( I-). 17: 15 
Stannane, cyclopentadienyltrimethyl-, 

Stannatrane, see Tin, ethyl { {2.2',2"- 

(dimethy1amino)trimethyl- 

bdenum, and tungsten, 17: 104-109 

compd. with TaS, , 19:42,44 

octadecahydrate, 19: 140, 142 

17:14 

17:178 

nitrilotris[ethanolato] }(3-)-N,O,- 
0',0'3 

Stannoxane, di-, see Distannoxane 
Stibine, triphenyl-: 

copper complex, 19: 94 
nickel complexes, 17: 121 

-, tris[ 2-(dimethylarsino)phenyl]-, 

Stilbene: 
nickel complexes, 17: 121 

Sulfamate: 
silver(I), 18:201 

Sulfates: 
crystal growth of, in silica gel, 20:4 

Sulfide, see Amine, tris[ 2-(methylthio)- 
ethyl] -; Aniline, 2-(methylthio)-; 
Lithium, [ 2-(methylthio)phenyl] -; 
Phosphine, bis[ 2-(methylthio)- 
phenyl] phenyl-; Phosphine. [ 2- 
(methylthio)phenyl] diphenyl-; 
Phosphine, tris[ 2-(methylthio- 
phenyl] -; Thioanisole, 2-bromo- 

-, 2-bromophenyl methyl, 16: 169 
-, 2-(diphenylphosphino)phenyl methyl, 

Sulfides: 

16:187 

16:171 

crystal growth of, in silica gel, 20:s 
Mo, Ta, and Ti, 19:35-48 
Pt, 19:49 

Sulfur diimide, mercapto-: 
nickel complex, 18: 124 

Sulfur nitride, see Nitrogen sulfide 
Sulfur nitride (S, N, Ha), see Mercapto- 

sulfur diimide 

Sulfur tetrafluoride oxide, 20: 34 
Styrene: 

platinum complex, 20: 181 

TADA-H,, see Dibenzo[b,i] [ 1,4,8,11]- 
tetraazacyclotetradecine, 5,14-di- 
hydro- 

Tantalate( 1-), hexacarbonyl-: 
tetraphenylarsonium, 16: 7 1-7 2 
tris[ bis(2-methoxyethyl) ether] potas- 

sium, 16:71 
Tantalium chloride (TaCI,), 20:42 
Tantalum sulfide (TaS, 1: 

compd. with B (2: I), 19:42 
compd. with NH, (1: l), 19:42 
compd. with pyridine (2:1), 19:40 
compd. with Sn (l:l),  19:47 
compd. with sodium, 19:42,44 
2H(a)phase, 19:35-37 

Tartrates: 
crystal growth of, in silica gel, 20:4 

TCNQ, see 2,2'-(2,5Cyclohexadiene-l.4- 
diylidene)bis [ propanedinitrile] 

Technetium(VII1) oxide, 18: 155 
Telluride, bis( trimethylsilyl), see Disilatel- 

lurane, hexamethyl- 
-, digermyl. see Digermatellurane 
Tellurides: 

Pt, 19:49 
Tellurium tetrafluoride, 20: 33 
Terpy, see 2,2':6,2"-Terpyridine 
2,2':6',2"-Terpyridine: 

platinum complexes, 20: 101 
3,7,11,17-Tetraazabicyclo [ 1 1.3.1 ] hep ta- 

deca-1(17),2,11,13,15-pentaene, 
2,12-dimethyl-: 

cobalt and nickel complexes, 18: 17 
1,s ,9,13-Tetraazacyclohexadecane, 

([ 161 aneN, ), 2 0  109 
1,4,10,13-Tetraazacyclooctadeca-5 ,8,14,17- 

tetraene7,16dione, 5,9,14,18- 
tetramethyl-: 

copper complex, 20:91 
1,4,8,12-Tetraazacyclopentadecane, 

1,4,8,1l-Tetraazacyclotetradeca-l,3- 

cobalt and nickel complexes, 18:27 
1,4,8,1l-Tetraazacyclotetradeca-l,11- 

([ 15) aneN,), 20: 108 

diene: 

diene, 5,7,7,12,14,14-hexamethyl-: 
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bis(trifluoromethanesulfonate), 18: 3 
diperchlorate, 18: 4 
iron I1 and nickel I1 complexes, 18:2 

1,4,8,1l-Tetraazacyclote tradecane, 16: 23 3 
-, 5,s ,7,12,12,14-hexamethyI-: 

cobalt(III), iron(I1) and nickel(l1) 

meso- and racemic-, hydrate, 18: 10 
complexes, 18: 10 

1,4,8,11-Tetraazacyclotetradeca-l,3,8,1~ 
tetraene: 

cobalt and nickel complexes, 18:22 
1,4,8,1 l-Tetraazacyclotetradeca4,6,11,13- 

tetraene: 
nickel complex, 18:42 

complex, 18:39 
-, 6,13diacetyl-5 ,lrl-dimethylnickel 

-, 5,14dimethyl-: 

1,4.7,1O-Tetraazacyclotridecane, 
([ 131 aneN,), 20:106 

29H.3 Iff-Tetrabenzo[b,g,l,q] porphine, 
1,4,8,11,15,18,22,25-octamethyl-, 
2 0  158 

bisOlexafluorophosphate), 18:40 

cobalt complex, 20: 156 

cyclohexadecine: 
Tetrabenzo[b,Jj,n] [ 1,5,9,13] tetraazab 

transition metal complexes, 18:30 
Tetrabutylammonium tetrathionitrate, 

Tetracyanoquinodimethanide, see 2,2'- 
18:203,205 

(2.5eyclohexadienel.4-diylidene)- 
bis[ propanedinitrile] 

Te traeth ylenepentamine: 

Tetrahydrofuran: 

Tetrathiafulvalene (TTF), see 2,2'-B&1,3- 
ditholylidene 

Tetrathionitrate, tetrabutylammonium, 
18:203,205 

Thallium. tris(pentacarbonylmanganese)-, 
16:61 

Thioacetylacetonimine, N,N'ethylenebw, 
see 2-Pentanethione, 4,4'-(ethylene 
dinitrilo)bis- 

Thioacetylacetonimine: 
cobalt(l1) complex. 16:227 

Thioanisole, Zbromo-, 16: 169 
Thiocarbamic acid, diethyl-: 

cobalt(II1) complex, 17: 153-154 

precautions in drying, 17: 3 

molybdenum complex, 16: 235 

-, dimethyl-: 
cobalt complex, 16:7 
iron complex, 1 6 5  

Cr. Mn, Ir, Rh, 19: 188, 207 
tungsten, 19:181-187 

nickel macrocyclic complex, 18:24 

Thiocarbonyl complexes, 1653; 17: 100 

Thiocyanate: 

(Thiothenoyl)acetone, 16: 206 
Thorium(1V). chlorotris($ cyclopentadi- 

Tin: 
eny1)-, 16: 149 

compd. with TaS, (l:l), 19:47 
-, ethyl { {2,2',2"-nitrilotrisis[ethanolatol)- 

-, {{2,2'-iminobis[ethanolato]}(2-)- 

-, { {2,2'-(methyliiino)bis[ethanolato]} - 

-, oxobis(trimethy1-, see Oxide, bis(tri- 

Titanium, dibromobis(2,4-pentanedi- 

(3-)-N,O,O',O"} -, 16 : 230 

N,O,O')-, 16:232 

(2-)-N,O.O') -, 16: 234 

methyltin) 

onatoh: 
cis-, 19:146 

trihalides, 16: 12Cb126 
-, methyl-: 

-, tribromomethyl-, 16: 124 
-, trichlorobis(dimethy1phosphine)-, 

-, trichlorobis(methy1phosphine)-, 16: 98 
-, trichlorobis( triethy1phosphine)-, 

-, trichlorobis(trimethy1phosphine)-, 

-, trichloromethyl-, 16: 122 
Titanium(III), bis(aky1phosphine)tri- 

chloro-, 16:97 
-, dichloro(q' cyclopentadieny1)- 

polymer. 16:238 
- , dichloro(q ' cyclopentadien yl)bis(di- 

methylpheny1phosphine)-, 16: 239 
-, tris[ bis(trimethylsilyl)amido] -, 

18:116 
Titanium(1V). dichlorobis(2.4-pentadion- 

ato)-: 

16: 100 

16: 101 

16:lOO 

cis-, 19:146 
-, difluorobis(2,4pentanonato)-: 

Titanium his($ cyclopentadienyl) [ tetra- 
cis-, 19~145 

hydroborato(1-)] -, 17:91 
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Toluene: 
cadmium slurry, 19:78 
cobalt complex, 20:226,228 
nickel complex, 19:72 
tungsten complex, 19: 172 

0-Tolyl phosphite: 
palladium complex, 16: 129 

Transition metalate, hexacyano-: 
rare earth metal, crystal growth: 
of, by double infusion, 20: 12 

1,3,5,2,4,6=Triazatriphosphorine, 2,4- 
bis(dimethylamino)-2,4,6,6-tetra- 
fluoro-2,2,4,4,6,6-hexahydro-, 
18:197 

-, 2,4-dibromo-2,4,6,6-tetrafluoro-2,2,- 
4,4,6,6-hexahydro-, 18: 197 

-, 2,2dichloro-4,6-bis(dimethylamino)- 
4,6difluoro-2,2,4,4,6,6-hexahydro-, 
18:195 

amino)-2,2,4,4,6,6-hexahydro-, 
18:194 

-, 2,4,6-tribromo-2,4,6-trifluoro-2,2,4,- 
4,6,6-hexahydro-, 18: 197 

-, 2,4,6-trichloro-2,4,6-tris(dimethyl- 
amino)-2,2,4,4,6,6-hexahydro-, 
18:194 

fluoro-2,2,4,4,6,6-hexahydro-, 
18:195 

-, 2,4,6,6-tetrachloro-2,4-bis(dimethyl- 

-, 2,4,6-tris(dimethylamino)-2,4,6-tri- 

Triborate(1-), octahydro-: 

Triethylamine: 
manganese complex, 19:227, 228 

aluminum complex, 17:37 
gallium complex, 17:42 

-, 2-(diphenylphosphino)-, 16: 160 
-, 2,2’,2”-tris(diphenylarsino)-, 16: 177 
-, 2,2’,2“-tris(diphenylphosphino)-, 

Triethyl orthoformate: 
macrocyclic tigands from, 19:37 

Trimethylamine: 
boron complex, 19:233, 234 

Trimethyl phosphite, 20: 76-82 
Triphenyl phosphite: 

chromium complex, 19:202 
Tripod ligands, 16:174 
1,3,5,2,4,6-Trithiatriazine, 17: 188 
TTF, see 2,2‘-Bi-1,3-dithiolyidene 
Tungstate( 1-), tetracarbonyliodo(thio- 

16: 176 

carbony1)-: 
tetrabutylammonium, trans-, 19: 186 

vaporization of, 19:64 
Tungsten: 

-, bis(dinitrogen)bis[ ethylenebis(di- 
phenylphosphine)] -: 

trans-, 20: 126 

idyne)-: 
-, bromotetracarbonyl(phenylmethy1- 

trans-, 19:172, 173 
-, chloro(qs -cyclopentadienyl)dinitrosyl-, 

-, (9’ cyclopentadienyl)methyldinitro- 

-, dicarbonyl(q’ cyclopentadieny1)nitro- 

-, pentacarbonyl[ (dimethylamino)phenyl- 

-, pentacarbonyl(methoxyphenylmethy1- 

-, pentacarbonyl(thiocarbony1)-, 19: 181, 

-, pentacarbonyl[p-tolyl(trimethy1sioxy)- 

- , tricarbon yl(qs -cyclopen tadieny1)- 

Tungten(O), pentacarbonyl(dipheny1- 

-, pentacarbonyl(methoxymethy1car- 

-, pentacarbonyl[ 1-(pheny1thio)ethyl- 

Tungsten(1V). tetrachlorobis(tripheny1- 

-, tetrachloro [ ethylenebis(dipheny1- 

Tungsten bromide, 20:42 

Uranium, bis(q* -cyclooctatetraene)-, 

Uranium(1V) , chlorotris(q5 cyclopen tadi- 

18: 129 

~yl-, 19~210 

SYL, 18: 127 

methylene] -, 19: 169 

ene)-, 19:165 

187 

methylene] -, 19: 167 

~ilyl-, 17:104 

methy1ene)-, 19: 182 

bene)-, 17:97 

idene] -, 17: 98 

phosphine)-, 20: 124 

phosphine)] -, 20: 125 

19:149, 150 

eny1)-, 16: 148 

35,s -trinitrilo-5 H-pentabenzo [ c,h, - 
m,r, w 1 [ 1,6,11,16,2 1 1 pentaaza- 
cyclopentacosinato] (291 dioxo-, 
20:97 

139 

-, [ [ 7,12:21,26-diimino-l9,14:28,33:- 

Uranium fluoride (UF,), 19:137- 

Uranium hexachloride, 16: 143 
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zinc: 

-, dimethyl-, 17:7, 10; 19:253 
Zinc(II), (tetrabenzo[b,f,jn] [ 1,5,9,13] - 

tetr aazacy c1ohexadecine)-: 

vaporization of, 19:64 

tetrachlorozincate, 18: 33 
Zincate, tetrachloro-: 

dipotassium, 203 1 
tris(ethy1enediamine)ru thenium(II), 

19: 118 

lithium, 17:lO 
sodium, 17:15 

-, trihydridodimethyldi-: 
sodium, 17: 14 

Zincate(2-), tetrahydrido-: 
lithium, 17:12 

-, tetramethyl-: 
lithium, 17:12 

Zinc chromium oxide (Cr, ZnO, ), 
2 0 5 2  

Zinc dihydride, 17: 7 
Zinc potassium chloride (K2 ZnCl,), 

Zirconium, bis(r,' -cyclopentadienyl)di- 

-, chlorobis(~~ -cyclopentadienyl)- 

-, p-oxo-bis[ chlorobis($ -cyclopentadi- 

Zincate( 1-), trihydrido-: 

20:s 1 

hydrido-, 19:224, 225 

hydrixo-, 19:226 

eny1)-, 19:224 

Uranocene, see Uranium, bis(q6 -cycle 

Uranyl superphthalocyanine (UO, spc), 
octatetraene) 

20:97 

Vanadate(2-), tetrafluorooxo-: 
nickel, heptahydrate, 16:87 

VanadateW) [V, ,, 0, ] 6 - :  

hexaammonium, hexahydrate, 19: 

hexasodium, octadecahydrate, 19: 
143 

142 
Vanadium: 

vaporization of, 19:64 

40, 

40, 

Vanadium(III), tris[ bis(trimethylsily1)- 

Vanadium(IV), aqua-p-[ [6,6'-(ethylenedi- 
amidoj-, 18:117 

nitrilo)bis(2,4-heptanedionato) J - 
oxocopper(II), 20:95 

dinitrilodibenzo[c,n] [ 1,6,12,17] - 
tetraazacyclodocosinato(2-)] ox-, 
18:48 

porphinato(t)] -, 20: 144 

(4-)-N,N', O4 ,04': 0' ,Oa', 04, 0" 1 - 

-, [ 5,26: 13.18-diimino-7,ll: 20,24- 

-, oxo[ 5,10,15,20-tetraphenyl-2 1H,23H- 

Vanadium chloride (VCl,), 20:42 

o-Xylene, see Benzene, o-diiethyl- 
p-Xylene, a-( trimethy1siloxy)-: 

tungsten complex, 19: 167 



The Formula Index, as well as the Subject Index, is a cumulative index for Volumes 
XVI, XVII, XVIII, XIX, and XX. The chief aim of this index, like that of other formula 
indexes, is to help in locating specific compounds or ions, or even groups of compounds, 
that might not be easily found in the Subject Index, or in the case of many coordination 
complexes, are to be found only as general entries in the Subject Index. All specific com- 
pounds, or in some cases ions, with defiiite formulas (or even a few less definite) are 
entered in this index or noted under a related compound, whether entered specifically in 
the Subject Index or not. 

Wherever it seemed best, formulas have been entered in their usual form (i.e., as used in 
the text) for easy recognition: Si, H, , XeO, , NOBr. However, for the less simple compounds, 
including coordination complexes, the significant or central atom has been placed fiist in 
the formula in order to throw together as many related compounds as possible. This pro- 
cedure often involves placing the cation last as being of relatively minor interest (e.g., 
Co(C, H,0z)3, NaB, H, 0. Where they may be of almost equal interest in two or more parts 
of a formula, two or more entries have been made: Fe,O,Ni and NiFe,O, ; NH(S0,F):- 
(SO,F),NH, and (FSO,),NH (halogens other than fluorine are entered only under the 
other elements or groups in most cases); (B,,C,, )1Ni2- and Ni(B,oCH,,)“. 

Formulas for organic compounds are structural or semistructural so far as feasible: 
CH,COCH(NHCH,)CH, . Consideration has been given to probable interest for inorganic 
chemists, i.e., any element other than carbon, hydrogen, or oxygen in an organic molecule 
is given priority in the formula if only one entry is made, or equal rating if more than one 
entry: only Co(C,H,O,),, but AsO(+)C,H,O,Na and (+)C,H,O,AsONa. Names are 
given only where the formula for an organic compound, ligand, or radical may not be self- 
evident, but not for frequently occurring relatively simple ones like C,H, (cyclopenta- 
dienyl), C, H,O, (2,4-pentanedionato), C, HI, (cyclohexyl), C, H, N (pyridine). A few 
abbreviations for ligands used in the text, including macrocyclic ligands, are retained here 
for simplicity and are alphabetized as such, “bipy” for bipyridine, “en” for ethylene- 
diamine or 1,2ethanediamine, “diphos” for ethylenebis(dipheny1phosphine) or 1,2-bis 
(dipheny1phosphino)ethane or 1,2ethanediylbis(diphenylphosphine), and “tmeda” for 
N,N,N’,N’-tetramethylethylenediamine or N,N,N’,N’-tetramethyl-l,2ethanediamine. 

Footnotes are indicated by n ,  following the page number. 
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Ag(C, HF, 0, )(C, H, ,), 16: 118 
Ag(C, HF,O, )(C,H, ,), 16:118 
Ag(C, HF,O,)(C, Ha), 16:118 
Ag(C,HF,O,)(C,H, ,), 16:117 
Ag(C,HF,O,)(C, H, ,), 16:118 
Ag(C,H,F,O,)(C,H,), 16: 118 
M C ,  H,F,O,)(C,H, ,), 16:118 
AgCl, 20: 18 
Ag(0, SNH, ), 18: 20 1 
Ag,H,IO,, 20:15 
Ag,p-[ RCH, 1, (CH, )]  , , 18: 142 
Al[(CH,CO),(CO),Mn] ,, 8:56, 58 
AlH[N(C,H,),],, 17:41 
AH,  [N(C,H,),], 17:40 
[AlH, [OC,H4(2-CH,0)], Na, 18:149 
AlH, .N(CH,), , 17:37 
AlI,(C,H,N),, 20:83 
Al,,GaO,,, 19:56 
Al,,KO,,, 19:55 
Al,, LiO,,, 1 9 5 4  
Al,,(NH,)O,,, 1 9 5 6  
All, (NOIO,,, 19:56 
Al,, RbO,,, 1 9 5 5  
Al,,TlO,,, 1 9 5 3  
?runs-[([l3]aneN,)CoCl,]Cl, 20:111 
trans-[([  15]aneN,)CoCl,] C1 (isomers 

trrm~[([16]aneN,CoCl, IClO, (isomers 

As(CH,),(C,F,), 16:183 
As(CH,),(C,H,Br), 16:185 
[As(CH,), C, H, 1, As, 16:186 
[As(CH,),C,H, ] ,Sb, 16:187 
“As(CH,), 1 - 1 X 6  H, I Pt[ P(0) 

As[ C, H, As(CH,), 1 ,, 16: 186 
[ASK, H, ), CH=CH] P(C, H, ), , 16: 189 

[As(C, H,),C,H, ] ,N, 16:177 
[As(C,H,),] ,Cu(NO,), 19:95 
[As(C,H,),](CN), 16:135 
[A@, H,), 1 (OCN), 16:134 
[AS(C,H,),] [Nb(CO),], 1 6 ~ 7 2  
[ASK, H, 1, ] [Ta(CO), ],16:7 1 
[ASF, 1 Hg, 19:25 
[AsF,] ,Hg,, 19:24 
Au(CH, ) [ P(CH, ), (CH, ) 1,  18: 141 

[ {(BF), (dmg), N o ] ,  17: 140 
[{(BF),(dmg),}Fe], 17:142 

I and II), 20: 11 2 

I and XI), 20:113 

(OCH,), 1 , , 19: 100 

[As(C, H ~ ) ~ C , H , ] P ( C ~ H , ) ,  , 16:191 

[ {(BF),(nox),}Fe], 17:143 
(BF,)[Nb(C, H,), H, {P(CH,),(C,H, 111, 

[BF, I [RuHOYC, H,), 1, (q6-C6 H, - 
16:111 

P(C,H,),)l, 17:77 
BH[(-CH, -NCH,-)(CH,),], 17:165 
BH[(-CH, -NCH,-),(CH,),], 16:166 
[BH(sec-C,H,),]K, 17:26 
BH[ N(CH, ), ] , , 17: 30 
[(BH,)N(CH,), I I ,  17:32 
BH,(NC)[N(CH,),], 19:233, 234 
[BH,],Ca, 17:17 
(BH,)CU[P(C,H,), 1 ,, 19:96 
[BH,] [N(n-C,H,),], 17:23 
(BH,)Nb(C,H,), , 16:109 
[BH,I [P(C,H,),CH,I, 1 7 2 2  
(BH,)[P(C,H,,), 1 , N W  1 7 ~ 8 9  
(BH,)Ti(q3€,H,), ,17:91 
B[N(C, H, l2 1 , , 17: 159 
B[N(CH,)C,H,],, 17:162 
B[(NHCH)(CH,)C,H,] ,, 17:160 
[ {(BOC,H,), (dmg), & I ,  17: 144 
[ {(BOC,H,), (dpg), ]Fel, 17:145 
[{(BOH),(nox),}Fe], 17:144 
B(TaS,),, 19:42 
B,Cl,, 19:74 
B, D, Br, 18: 146 
B,D,I, 18:147 
B, H, (C, H,), (1,6-diboracyclodecane), 

19:239,241 
B, H,(C,H,), .N(n-C,H,), (tetrabutyl- 

ammonium p-hydro-bis(1-tetramethy1ene)- 
diborate(1-)), 19:243 

B,H,Br, 18:146 
B,H,CH,, 19:237 

B,H,I, 18:147 
(p-B, H,)Mn, (CO),,p-H, 20:240 
[B,H, 1 [N(n-C,H,), I ,  17:25 
[B,H,] [P(C6H5),CH3], 1 7 ~ 2 4  
(B, H,)Mn(CO), , 19:227,228 
B, H,Br (l-bromopentaborane(9)), 19:247, 

B,H,,, 19:247,248 
[BpyH,] [MoOCl,], 19:135 
(bpy)MoCl, 0 (red and green forms), 

19:135,136 
BrCH(CHO), , 1 8 5 0  
BrC,D,, 16:164 
BrC,H,(SCH,), 16:169 

B, H,p-[(CH,), N], 1 7 ~ 3 4  

24 8 
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Bra., [Pt(CN),JK,;3HzO, 19:14, 15 
Br,Cr, anhydrous, 19:123,124 

trans-[ (CC, H, )WBr(CO), 1 ,  19: 172, 173 
[C(C,H,), IW(CO),, 19:180 
(CF,COCHCOCH,), Pt, 20:67 
[(CF,CO),CH] ,Pt, 20:67 
Oc,CH)Co,(CO),, 20:226,227 
[CH,CH(OEt), 1 Co(C,,H,,N,,O,,P) 

(cobalamin, (2,2diethoxyethyl)-), 
20:138 

C, H, )C, H, N] ,20: 13 1 
(CH,OEt)Co[(C=NO),H(CH,),] , [4-(t- 

KCH, ),OEtl Co[(C=NO), H(CH,), 1 , 
[CH, [SYCH,),] ,Mg, 19:262 
[CH,(CH, ), CO, ] , Mo, ,19: 133 
CH,CN, 18:6 
[(CH,CN),Cu] [PF,], 19:90 

[44t-C4 H,)C, H,N] ,20: 131 

[CH,C(NH,)l Re[CH,C(O)l(CO),, 
20: 204 

[CH,C(O)l Re[CH3C(NH,)I(CO),, 
20: 204 

(CH, CO), C[CH(OC, H, )],18: 37 
[(CH,CO),C](CH,NHCH),, 18:37 
cis-[CH,C(O)] ,ReH(CO),, 20:200,202 
[s~-@(CH,),C,H,] Cr(CO),(CS), 19:197, 

198 

[P(OC,H,),], 19:202 

19:201 

(cobyrinic acid, aquamethyl-, heptamethyl 
ester, perchlorate), 20: 141 

232 

[q6-rn-(CH,)C,H,C0, CH, ] Cr(CO)(CS) 

[~~-rn-(cH,)C, H,CO, CH, ] Cr(CO), (CS), 

[(CH,)Co(H, O)(C,, H,, N4OI4)1 (ClO,), 

[p,-[(CH, NH)CO]CJCo,(CO), ,20:230, 

(CH,),PtBr,, 20:185 
(CH,),PtBr,(C,H,N), ,20:186 
(CH, 1, Pt(OH), * 1.5H2 0, 20: 185, 1 86 

[CNC(CH,),] ,(C,H,N=NC,H,)Ni, 17:122 
[ CNC(CH, ), ] , Ni, 17: 1 18 
[C[N(CH,),JC,H, ]W(CO),, 19:169 

cis-[ [C(NHC,H,)(C,H,O)]PtCI, [P- 
cis- [(CNC, H, )PtCI, [P(C, H, ), ] 1, 19: 174 

(C,H,), 1 I-, 19~175 

[(CN)Co(H,O)(C,,H,,N,O,,) ](ClO,), 
(cobyrinic acid, aquacyano-, heptamethyl 
ester, perchlorate), 20:141 

(C, H, 1, 1 1 CIO, , 1 9: 1 76 

19:176 

12 

eons-[ [C(NHC,H,)(NHC, H,)]PtCl[P- 

&- [ [C(NHC, H, )JPta, [PC, H, ), I I ,  

[C(NH,)] ,Br,,.,, [Pt(CN),].H,O, 19:10, 

[C(NH,),] [PtBr,(CN),]*XH,O, 19:ll 
[C(NH,),] [Pt(CN),], 19: l l  
(CN)[N(C,H,),I, 16:133 
(CN), CdC,, H,, N,O,,)(cobyrinic acid, 

dicyano-, heptamethyl ester), 20: 139 
[(CN), Fe] Sm-4H20, 20:13 
[(C=NO),H(CH,), 1 ,CoBr[(CH,),S], 

[(C=NO), H(CH,), ] ,CoBr[4-(t-C4H,) 
20:128 

C,H,N]-, 20~130 
[(C=NO),H(CH,), ] ,CO(~-(~-C,H,)C,H,N] 

[EtO(CH, ), ] ,20:  131 
(COCH,), , 18:23 
[C(OCH,)(C,H,)]W(CO),, 19:165 
[C(O)CH, ]Re(CO), ,20:201 
[C(OC,H,)[N(C,H,),]]Cr(CO),, 19:168 
(CO)CI[?~-~-(CH,)C,H,CO,CH,](CS)- 

[ P(OC, H, 1, 1, 19: 202 
(CO)IrCI[P(CH,), ] , , 18:64 
[(CO)Ir[P(CH,f, ],]CI, 18:63 
(CO)Mn(q5C, H, )(CS)[P(C, H, la 1, 19: 189 
(CO)Mn(NO), ,16:4 
(CO)Mo(C, H, )[S,P(i-C, H,), 1 z, 1 8 5 5  
(CO)(OCOCH, )[P(C, H5), ] , RuCI, 17: 126 
(cO)(OCOCH, )[P(C, H, ), ] , RuH, 17: 126 
(a)(OCOCF, )[ P(C, H, ), ] , OsCl, 17: 128 
(CO)(OCOCF,), [P(C,H,), ] , Os, 17: 128 
(CO)(OCOCF,), [P(C,H,),], Ru, 17:127 
[C[OSYCH,), ]c,H,-~-(CH3)]W(CO)5, 

19:167 

19:201 

198 

(CO),Cr[qb-rn-(CH,)C,H,CO,CH,] (CS), 

(CO), Cr[q6-o-(CH, ),C1 H, ] (CS), 19: 197, 

(co), Cr(q6 C, H, CO, CH,)(CS), 19:200 
(CO), Cr(qs C,H, )(NO), 18: 127 
[(CO),Fe(C,H,)J,Mg(C,H,O),, 16:56 
(CO), Mn(C, H,)(CS), 1 6 5 3  
(CO),Mn(q5C,H,)(CSe), 19:193,195 
(CO), Mo(q5-C, H,)(NO), 18:127 
(a), Mo(NO)(C, H,), 16:24 



1639 
(CO),Mo[S,P(i-C,H,), I , ,  1853 
(CO),(OCOCH,), [P(C,H,),],Ru, 17:126 
[(CO),ReCl,(NO)],, 16:37 
(CO), Rh(q'C, Ph, Cl), 20: 192 
(CO),W(q5Cs H,)(NO), 18:127 
(CO), ($C, H, )CrSiH, , 17: 104 
(CO),(qs-C, H,)MoSiH,, 17: 104 
(CO),(qs C, H, )WSiH,, 17: 104 
[(co), CO { W H ,  )(c6 H, 1, )] I Mg(tmeda),, 

I(CO)3Co[P(C4H9)3 Il~Mg(C4H,3O),, 
16:59 

1638 
(CO),Cr[q6€, H, (CH,O)] , 19: 155 
(C0),Cr(q6C, H, Cl), 19: 157 
(CO),Cr($ C, H, CO, CH,), 19: 157 
(CO), Cr($ C, H, F), 19: 157 
(CO),Cr[s'C,H, [N(CH,), I ] ,  19:157 
(CO),Cr(q6C6 H,), 19: 157 
(CO),Fe[C,H,CH=CHC(O)CH,], 16:104 

(CO),Mn(n'-C, Cl,Br), 20: 194,195 
(CO),Mn(rlsC,C1,), 20:194 
(CO),Mn($C,H,Br), 20:193 
(CO), Mn($€, H,Cl), 20: 192 
(CO), Mn($ C, H, I), 20: 193 
(CO),Ru(C,H,,), 16:105 
[(CO), RuCL, ] ,, 1651 
[(CO),Col , Mg(C,H, N),, 16:58 
(CO),Fe(PClF,), 16:66 
(CO),Fe[PF,N(C,H,), ],16:64 
(CO), Fe(PF, ),16:67 
(CO),Ir, [p-SC(CH,),],, 20:237 
(CO),Ir,(p-SC,H,),, 20:238 
(CO),Mn(B,H,), 19:227,228 
[(CO),Mn(CH,CO),],Al, 18:56,58 

(CO),Re[CH,C(O)] [CH,CWH,)], 20:204 
[(CO),ReClI,, 16:35 
cis-(CO),ReH[CH,C(O)] ,, 20:200,202 
frans-[(CO),WBr(CC6H~)],19:172,l73 
trans- [KO), WI(CS) 1 [N(n-(C, H, 1, I ,  

[(CO), &XCH,)(OCH,))Crl, 17:96 
[(CO), {C(CH,)(SC,H,))W], 17:99 
(CO), Cr[C(OC, H, )[N(C, H, ), I I ,  19: 168 
(CO), Cr(C, H, O)(pentacarbonyl(dihydre 

2(3H)-furanylidene)chromium), 19: 178, 
179 

(CO),Ifl, . l o ,  19~19 

CiS-(CO), Mo[P(t-C, H,)F, ] , , 18: 175 

19:186 

(CO);Mn(CH,CO), 1837 
(CO),Mn(q'C,BrCI,), 20:194 
(CO) , Mnh' C, C1, ),20 : 193 
(CO),MnCl, 19:159 
(CO),MnI, 19:161,162 
[(CO),Mn] ,T1,16:61 
(CO),Re[CH,C(O)], 20:201 
(CO), ReCl,(NO), 16:36 
(CO),W[C(C, H, 1, ],19:180 
(m), W[ C[ NKH, ), ] C, H, ],19: 169 
(co),W[C(OCH, )(C, H,)] ,19: 165 
(CO),W[C[OSi(CH,), lC,H,-p(CH,)], 

(CO),W(CS), 19:183,187 
[(cO>,Nb] [As(C,H,),], 16:72 
I(CO),Nbl [K{(CH,OCH,CH,),O),], 16:69 
(CO),Ru,Cl,, 1651 
[(CO),Tal [As(C,H,), ],16:71 
[(CO), Tal [K {(CH,OCH, CH,),O}, ],16:71 
(co), Co, (p, CH), 20:226,227 
(CO),CO, [p,  -[ [ [(CH, )C] 01 C] ],20:234, 

(cO),cO, [p, -[(CH,NH)CO]C], 20:230, 

19:167 

235 

232 
(CO),Co, [p,-[(C,H,O)CO]C], 20:230 
(a), Co, (1'1, C, H, C), 20: 226,228 

(CO),,Mn,(p-B, H6)p-H, 20:240 
(CO),oOs,(NO), , 16:40 
(CO),,Ru,(NO),, 16:39 
[(CO),, Fe,H] [ (PPh,),N], 20:218 
[(CO),,Fe,] [(PPh,),N],, 20:222 
(CO),, Re, H, , 17:66 
(CO),,Re,H,, 18:60 

(CO),,Ru,, 16:45,47 
[(CO),,Rh,C]K,, 20:212 
(CO),, Rh, ,16:49 
[(CO),,Rh,,]Na,, 203215 
(CO,)Fe[P(CH,), I , .  20:73 
(CS)Cr(CO)[q6-m-(CH,)C, H, CO, CH, ] 

[ P(OC, H, 1, ],19: 202 
(CS)Cr(CO), [ q6 -m-(CH, )C, H, CO, CH, 1, 
19:201 

198 

(CO),Co, (p, c1C), 20: 234 

(CO),,Rh,, 17~115; 20~209 

(cs)Cr(CO), [s6-&(CH,),C,H4], 19:197, 

(CS)Cr(CO),(rl6C,H,C0,CH,), 19:200 
tnms-[(CS)IrCl[P(C, H, 1, I , ] ,  19:206 
(CS)Mn(CO)($ C, H, )[P(C, H, 1, I ,  19: 189 

(C,H,)1 I Mg(C.H,O),, (CO),MnBr, 19:160 
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(CS)Mn(C, H,)(CO), ,16:53 
(CS)Mn($ C, H, )(diphos), 19: 191 

(CS)W(CO),, 19:183,187 

(CSe)Mn(CO), ($C, H,), 19:193, 195 
[(CSH), (CN), ] (2,3dmercapto-2- 

(C, H, )Mo(CO) [ S, P(i-C, H, 1, ] , , 18: 55 
C,H,O, (oxalic acid), 19:16 
(C,H,O,),[Co(NH,), J,18:68 
C, H,0H(2CH30), 18:145 

(C,H,),Pt,Cl,, 20:181,182 
(C, H, 1, Pt [P(cyclo-C, H,, ), J , 19: 216 
(C,H,),Pt, 19:215 
(C,H,)CdI, 19:78 
[[(C,H,),COCO, J ,CrO] Na, 20:63 
(C,H,O)CH. 18:37 

C,H,N, (en), 18:37 
(C, H,O,), In, 19:261 
[(C, 0, )Co(en), J +, 18:96 
[(C, 0, )Rh(en), 1 ClO, , 2058 
[(C,O,),Cr] K,-3Ha0, 19:127 
C,H,BrO, (bromomalonaldehyde), 18:50 
(C,H,S,)[BF, 1 (1.3-dithiolylium 

tetrafluoroborate), 19: 28 
($C, H, )Pd(qsC, H,), 19:22 1 
~q3€3H~)lPdlCll ,  19:220 
(C,H,S)C(SH)=CHC(O)CF, ,16:206 
(C, H, O)Cr(CO), (pentacarbonyl(dihydo- 
2(3H)-furanylidene)chromium), 19: 178, 
179 

C, H,, N, (2,4-butanedione, dihydrazone), 
20:88 

tron~-[(CS)RhCI[P(C,H,),] , I ,  19~204 

tmtIS-[(CS)Wl(CO), ] [N(n-C,H,), 1, 19: 186 

butenedinitrile), 19:31 

~~~~IS-[(C,H,)P~CI,(C, H, N)], 20~181 

[~3-[(C,H,0)CO]C]C~,(CO), ,20:230 

[(C,H,,N,),Fel [BF,I,, 20:88 
(r)' C, BrCl,)Mn(CO), ,20: 194 
(q5C,Cl,Br)Mn(CO),, 20:194,195 
C, C1, (N, ) (1,3-cyclopentadiene, tetrachloro- 

C,CI, (N, Ha) (2,4-cyclopentadien-l-one, 

(q' C, Cl, )Mn(CO), ,20: 193 
(11' €, Cl, )Mn(CO), ,20: 194 
(qsC,Cl,)Rh(q4C,H,,), 20:194 

5diazo-), 20:189.190 

hydrazone), 20:190 

CSH,N-2,6-(CH,CO),, 18~18 
C, H, N-2,6-(NH, I,, 18:47 
(*€,H,Br)MniCO),, 20:193 
C,H,(CH,)(SiH,), 17:174 (1-)(3 : 2)), 1 9: 3 1 

($ C, H, CI)Mn(CO), ,20: 192 
(11' C, H, Cl)Rh(~f C, H,, ), 20: 192 
($ C, H, I)Mn(CO), ,20: 193 
C, H, N, (1,3-cyclopentadiene, 5diazeX20: 191 
C,H,(CeH,), 17:176 
(q'C, H,)Mo(q6C6 H,), 20:196, 197 
(rlsC,H,)Mo(~6€,H,)C1, 20:198 
(TI' C, H, )Mo($ C, H, )I, 20: 199 
(~5C,H,)MoBr(p6C,H,), 20:199 
(C, H, N)(TaS,), , 19:40 
C,H,(SM,), 17:172 
(C, H, )Sn(CH,), ,17:178 
(C, H,O,),Pt, 20:66 
C,H,O, (acac). 18:37 
($€, Ph,Br)Rh($C, H,,), 20: 192 
(q5 C, Ph, Cl)Rh(CO), ,20: 192 
(q5CIPh,Cl)Rh(q4C,H,,). 20:191 
(C, F, ), Ni[ q6 C, H, (CH, ) 1 ,19: 7 2 
C,H,(Br)(SCH,), 16:169 
[C,H,(CF,), ]Cr, 19:70 
C, H, (CHO)(NH, ),18:3 1 
C,H,(NH,), 18:51 
C, H, S, (2,2'-bi-l,3dithiolylidene)(TTF). 

19:28 
(C, H, S,)(C,, H, N,) (2,2'-bi-1,3-dithio- 

lylidene salt with 2,2'-(2,5-cyclohexa- 
diene-l,4diylidene)bis [ propanedinitrile] 
(l:l)), 19:32 

(C,H,S, [Pt[(CS),(CN), ] , 1 (2,2'-bi-1,3- 
dithiolylidene radical cation bis[ 2,3- 
dimercapto-2-butenedinitrilato(2-)] 
platinate(1-) (l:l)), 19:31 

1,3dithiolylidene radical cation bis[ 2,3- 
dimercapto-2-butenedinitrilato(2-)] 
cuprate(2-) (2:1)), 19:31 

1,3dithiolidene radical cation bis(2,3- 
dimercap to-2-butenediitrilato(2-)] 
nickelate(2-) (2:l)). 19:31 

lylidene radical cation tetracyanoplatinate 
(11) (2:1)), 19:31 

1.3dithiolylidene radical cation bb[2,3- 
dimercapto-2-butenedinitrihto(2-)] 
platinate(2-) (2:1)), 19:31 

(C, H,S,), [BF, J , (2,2'-bi-l,3dithioIy- 
lidene radical cation tetrafluoroborate 

(C,H4S4), [cU[(cs),(cN),], 1 (2,2'-bi- 

(c, H4 s, ) I  [Ni[(CS), (CN), 11 1 (2,2'-bi- 

(C, H, S,), [Pt(CN), ] (2,2'-bi-1,3-dithio- 

(c6 H4 s4 ) a  [Pt[(CS), (CN), 1 2 1 (2,2'-bi- 



286 Formula Index 

(C, H, S,), I,, (2,2’-bi-l,3dithiolylid- 
ene radical cation iodide (8:15)), 
19:31 

(C, H, S,),, I, (2,2’-bi-l,3dthiolylidene 
radical cation iodide (11:8)), 19:31 

(C, H, S,),,(NCS), (2,2’-bi-l,3dithioly- 
lidene radical cation thiocyanate (14:8)), 
19:31 

(C, H, S,),, (NCSe), (2,2’-bi-1,3-dithioly- 
lidene radical cation selenocyanate 
(14:8)), 19:31 

(C, H, S,),, I,, (2,2’-bi-1,3-dithiolylidene 
radical cation iodide (24:63)), 19:31 

(p,-C6H5C)C~,(CO)9, 20:226,228 
(C,H,CH=CH,),PtCl,, 20:181,182 
[q6C6 H,(CH,)] Ni(C,F,), ,19:72 
[q6 C, H, (CH, O)] Cr(CO), , 19: 155 
(C,H,)(CH,),PO, 17:185 
(C,H,),(CH,)PO, 17:184 
(q6-C6 H, CO,CH,)Cr(CO), (CS), 19:200 
(q6 C, H,CO, CH,)Cr(CO), ,19:157 
(C,H,CO,)Mo,Br, [P(n-C,H,), I , ,  19:133 
(q6C6 H,Cl)Cr(CO), ,19:157 
(~6C6H5C1)aMo, 19:81,82 
(q6C, H, F)Cr(CO), ,19: 157 
[$-C,H, lN(CH,),]]Cr(CO),. 19:157 
[$C6H5[N(CH3),] 1,Mo. 19:81 
(C, H, ), PLi, 17: 186 
(C,H, ),PSi(CH,),, 17:187 
(q6C6H6)Cr(CO)3, 19:157 
( q 6 C 6 H 6 ) M ~ ( ~ 5 C ,  H,), 20:196, 197 
(q6C6H6)M0(q5CS H,)I, 20:199 
(n6 C, H,)MoBr(q5 C, H, ),20: 199 
( T ~ € ~ H , ) M O C ~ ( ~ ~ C , H , ) ,  20: 198 
(7)4€6H,,)2Rh,CL, (di-p-chloro-bis(q4- 

(q’ C, HI, ), Rh, Cl, (di-p-chloro- 
1 ,5-hexadiene)dirhodium), 19:2 19 

tetrakis($ -2,3dimethyl-2-bu tene) 
dirhodium), 19:219 

C, H, N (benzenedicarbonitrile), 18:47 
(cycleC,H,)Li,, 19:214 

(s4-C8H1,)Rh(q5C5C15), 20:194 
(Q~C~H,,)R~(T$ C,H,Cl), 20: 192 
(q4C8H,,)Rh(q5C, Ph,Br). 20:192 
(q4C,H,,)Rh($C, Ph,C1), 20:191 
(C, H,,), Pt (bis(l,S-cyclooctadiene)- 

($-c~Jc~~C,H,),U, 19:149,150 

plalinum), 19:213,214 
(Q‘ -c~cIo-C, H ,, ), Rh, C1, , 19: 218 
C,H,, N, (1,4,7,10-tetraazacyclotri- 

decane([l3] aneN,)), 20:106 

hexadiene-l,4diylidene)bis[propanedi- 
nitrile] salt with 2,2‘-bi-l,3dithiolylidene 
(1:l)). 19:32 

C,,H,,N,, 16:223 
C,, H,, N, (1,4,8,12-tetraazacyclopenta- 

decane( [ 151 aneN,)), 20: 108 
(1-3:6-7: 10-12q8 C,, HI, )Ni (($-do- 
decatriene-1,12-diyl)nickel), 19: 85 

(C,, HI, PMClO,) (l-ethyl-l-phenphos- 
pholanium perchlorate), 18:189, 191 

C,, H,,N, (5,14-Me, [14]4,6,11,13- 
tetraeneN,), 18:42 

C,,H,,N, (H, 5,14-Me, [14]-4,6,11,13- 
tetraene-l,4,8,1 l-N,)(PF,),, 18:40 

C,, H,,N, (2,3-Me, [ 141 -1,3diene1,4,8,11- 
N,), 18:27 

(C,, H,,), Pt, Cl, ,20:181,183 
C,, H,, N, (1,5,9,13-tetraazacyclohexa- 

decane([ 161 aneN,)), 20: 109 
C,, H,, N, (bicyclo [ 6.6.61 ane- 1,3,6,8,10, 

C,,H,,Br,N, (6,13-Br, -2,3Bzo[ 141- 

C,,H,,N, (Me, [ 141 -1,3,8,10-tetraene- 

C,,H,,N, (Me,Pyro[l4] trieneN,), 18:17 
C,, H,, N, 0, (6,13-Ac, -5,14-Me, [ 141 tetra- 

C,,H,,N, (Me, [ 14]4,11diena1,4,8,11- 

C,, H,,N, .XH,O (Me, [ 141 ana1,4,8,11- 

(clo H, N, )(c, H, s, (2,2’-(2,5-CYCl* 

13,16,19-N,), 20:86 

2,4,6,11,13-pentene-l,4,S,ll-N,), 18:SO 

1,4,8,ll-N, ), 18:22 

eneN,), 18:39 

N,), 18:2 

N,-XH,O), 18:lO 

13-hexaene-l,4,8,1 l-N,)(TADA-Ha ), 
18:45 

C,,H,,N, 0, (1,4,10,13-tetraazacyclo- 
octadeca-5.8,14,17-tetraene-7,16dione, 
5,9,14,18-tetnunethyl-, H, daen), 20:91 

C,, H,, N,, (1,3,4,7,8,10,12,13,16,17,19, 

C,,H,,N, (2,3,9,1O-Bzo2 [ 141-2,4,6,9,11, 

22dodecaazatetracyclo[ 8.8.4.1 ’ 9,’ . l 8* I2  1 
tetracosa4,6,13,15,19,21-hexene, 5,6,14, 
15,20.2 1-hexamethyl-), 2 0 s  8 

[(C,,H,,N,,)Co] [BF, I ,, 20:89 

[(C,,H,,N,,)Fel [BF, I , .  20:88 
[(C,,H,,N,,)Ni] [BF,] ,, 20:89 
C,,H,,N, (dibenzo[b,i) [1.4,8,11] tetra- 

[(C,,H,oN,,)Col [BF4 1 3 9  20:89 

azacyclotetradecine, 7,16dihydro- 
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6,8,15,17-tetramethyl-(5,7,12,14-Me4- 
2,3:9,10-Bzo, [ 141 hexaeneN,)), 20:117 

dinitrilodibenzo [c,n] [ 1,6,12,17 1 tetraaza- 
cyclodocosine)(Hp-H, ), 18:47 

octaenel,5,9,13-N,), 18: 30 

C,, HI, N, (5,26: 13,18-diimino-7,11: 20,24- 

C,,H,,N, (2,3;6,7;10,11;14,15-B~0, [16] 

(C,, H,,N,)Fe (iron(II), [phthalocyaninato 

(C,,H,,N,)Li, (lithium, -[phthalo 
cyaninato(2-)] di-). 20:159 

(C,, H,,N,O,)FeCl (iron(III), chloro[7,12- 
diethyl-3.8,13,17-tetramethyl-21H,23H- 
porphine-2,18dipropionato(2-)] -), 20: 152 

(C,, H,, N, 0, )F&I (iron(II1). chloro- 
[ dimethyl 7,12diethenyl-3,8,13,17- 
tetramethyl-2lH,23H-porphine2.18- 
dipropionato(2-)] -), 20: 148 

(C36 H,, N, )F& (iron(III), [2,3,7,8,12.13. 
17,18-octaethyl-21H,23H-porphinato 

(c36 H,,N, )Mg (rnagnesium(I1). [2,3,7, 
8,12,13,17,1 &octaethyl-2lH,23H- 
porphinato(2-)] -), 20: 145 

C,H,, N, 0, (porphyrin, 5,10,15,20- 
tetrakis(2-nitrophenyl)-, (H, TNPP)), 
20:162 

(C,,H,,N, )Ni (nickel(II), [5,10,15,20- 
tetraphenyl-2lH, 23H-porphinato(2-)] -), 
20: 143 

(C,,H,, N, )VO (vanadium(IV), ox0[5,10, 
15,20-tetraphenyl-21HH,23H-prophinato 
(2-11 -1, 20: 144 

C, H,,N, (porphyrin, 5,10,15,20-tetrakis 
(2-aminophenyl)-, and all-cis-), 20: 163, 
164 

(C,, H36 N, KO (cobalt(II), [ 1,4,8,11,15, 
18,22,25-octamethyl-29H,3 1H-tetra- 
benzo[b,g,l,q] porphinato(2-)]-), 20: 156 

(C,, H36 N, )Mg(C, H, N), (magnesium(II1, 
[ 1,4,8,11.15,18,22,25-octamethyl- 
29H. 3 lH-tetrabenzo[b,g,l,q] porphinato 
(2-11 bis(pyridine)-), 2011 58 

C, H,, N, (29H,3 W-tetrabenzo[b,g.l,q] 
porphine, 1,4,8,11,15,18.22,25-octa- 
methyl-), 20: 158 

(Cs, H,,N, O,,)Co(CN), (cobyrinic acid, 
dicyano-, heptamethyl ester), 20: 139 

(cobyrinic acid, aquamethyl-, heptamethyl 

(2-11-1, 20~159 

(2-)]-),20:151 

[(C,,H,,N,Oi,)Co(H,O)(CH,)](ClO,) 

ester, perchlorate), 20: 14 1 

(cobyrinic acid, aquacyano-, heptamethyl 
ester, perchlorate), 20: 14 1 

(cobalamin, (2,2diethoxyethyI)-), 20: 138 

methyl-), 20:136 

hydroxo-), 20: 138 

tetrakis[ 2-(2,2dimethylpropionamido) 
phenyl] -, all-cis-). 20: 165 

(C,, H,, N, 0, )FeBr (iron(II1). bromo 
[ (alf-cis)d, 10,15,20-tetrakis[ 2(2,2- 
dimethy1propionamido)phen yl] 
porphyrinato(2-)] -), 20: 166 

(C66 H,, N, 0, )Fe(N-MeC, H, N, ), (iron(II), 
bis(N-methylimidazole)[(ull-cis-)-5,10, 15, 
20-tetrakis[ 2-(2,2dimethylpropion- 
amido)phenyl] porphyrinato(2-)] -), 
20:167 

(iron( It), (dioxygen) (N-methylimidazole) 
[ (all-cis)J, 10,15,2O-tetrakis[ 2-(2,2- 
dimethy1propionamido)phen yl] porphy- 
rinato(2-) J -), 20: 168 

[(C,,H,,N,O,,)Co(H,O)(CN)I(ClO,) 

(C6, Ha, N,, 0 1 4  PIC0 [CH, CH(OEt), I 

(C6, H,,N,,O,,P)Co(CH,) (cobdamin, 

(C6, H,, N ,, 0,, P)Co(OH) (cobalamin. 

C,,H,, N, 0, (porphyrin, 5,10,15,20- 

fc66 H,, N, 0, )Fe(O, )(N-M&, H3 N, 

Ca[BH,],, 17:17 
WCHOH), (CO, 1, ),20:9 
Cd($,H,)I, 19:78 
0, €lC)Co, (CO), ,20:234 
Cl, ., [ Pt(CN), ] K, *3H, 0.19: 15 
Cl, .,,Ir(CO), , 19:19 
mns-[Cl, Co(en), ](NO, 1, 18:73 
Cl, [Co(NH,), 1, 18:68 
Cl, MOO, C,, H,, (molybdenum(III), tri- 
chlorotris(tetrahydrofuran)-), 20: 121 

Cl, C, (N,) (1,3cyclopentadiene, tetrachloro- 
Sdiazo-), 20:189,190 

Cl, C, (N, H,) (2,4-cyclopentadien-l-one, 
hydrazone), 20: 190 

Cl,K,Mg, 20:51 
[Co(bicyclo[ 6.6.6 ] ane-l,3,6,8,10,13, 

CoBr[(C=NO),H(CH,), 1 , [(CH,),SI. 

CoBr[(C=NO),H(CH,), ] [4-(t-C, HP) 

[CoBr(C,,H,,N,)]Br.H,O, 18:19 
[CoBr(en),(NH,)]Br,, 16:93 

16,19N,)]CI,, 20:85 

20:128 

C, H, N] ,20: 130 
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[CoBrten), (NH,)]CI,, 16:93,95,96 
[CoBr(en), (NH,)] (NO,), , 16:93 
ICoBr(en), (NH, )If03SOC,,H,,Br), , 

[CoBr(en),(NH, )](S,O,), 16:94 
[CoBr, (C,,H,,N,)]ClO,, 18:28 
[CoBr,(C,,H,,N,)]Br, 18:25 
[CoBr,(Cl5H,,N,)]Br.H,O, 18:21 

16:93 

meso-trans~[CoBr,(C,,H,, N,)]ClO,, 
18:14 

[CoBr, (C,,H,,N,)] Br, 18:34 
meso-tmns-[CoBr,(Me, [ 141 aneN,)]ClO,, 

18:73 

hexaeneato(2-)N,) (Co(TADA)), 18:46 
Co(2,3:9,10-BZo, [ 141 -2,4,6,9,11.13- 

[Co(Bzo, [ 16]octeneN,)Br,]Br, 18:34 
Co[(C=NO), H(CH, 1, I [44t-C4 H, 1 

[cO(co) 3 INCH, (c6 H 5)s 11 1 Mtmeda), 
C ,H, N] [ EtO(CH, ), 1 ,20: 13 1 

1 6 5 9  

16:58 
“3(CO), 0‘(C, H, 1, 1 , Mg(C, H, 0 1 4 ,  

[ Co(CO), 1 , Mg(C, H N), ,16: 58 
[Co(CO, )(edda)] Na, 18: 104 
W C ,  Ha N, 1 [C(CH, )CH,C(S)CH, 1 , , 
Co(C, HI, )(C, H,,), 17: 112 
[Co(C,, H,,N, ]C1, ([Co(bicyclo[6.6.6] ane- 

16:227 

1,3,6,8,10,13,16,19-N,)] trichloride), 
20: 86 

Co(C,,H,,N,), 18:46 
[Co(C,,H,oN,,)I [BF,],. 20:89 

CdC, H,, N, 1 (cobalt(II), [ 1,4,8,11,15, 
[CdCiaH3oN,,)l [BF4139 20~89 

18,22,25-octamethyl-29H,3lH-tetrabenzo 
[b.g,l.q] porphinato(2-)]-), 20: 156 

Co(C,, H,, N, 0,, )(CN), (cobyrinic acid, 
dicyano-, heptamethyl ester), 20: 139 

(cobyrinic acid. aquamethyl-, heptamethyl 
ester, perchlorate), 20: 14 1 

(cobyrinic acid, aquacyano-, heptamethyl 
ester, perchlorate), 20: 141 

(cobalamin, (2,2diethoxyethyl)-), 20: 138 

methyl-), 20:136 

hydroxo-), 20: 138 

[Co(C52H73N,O14) (H,O) (CH,)] (C10,) 

[Co(Cs,H,, N4 01, 1 (H, 0) ( a 1 1  (GO, 1 

Co(C6, Ha, N,3O,,P) [CH,CH(OEt), 1 

Co(C,,H,,N,,O,,P) (CH,) (cobalamin, 

CdC,, Ha, N,,O,,P) (OH) (cobalamin, 

truns-[CoCIl([l3]aneN,)]C1, 20:111 
Izons-[CoCIl([15]aneN, ] ] a  (isomers 

trans-(CoC1,([ 16]aneN4)]C1O, (isomers 

trons- [ CoCI, (en), 1 (NO, ), 1 8: 73 
CoCl,(NO)[P(CH,)(C,H,), I , ,  16:29 
CoCr,O,, 2052 
[Co{(dmg),(BF),}l, 17:140 
(+)usym-cis-[Co(edda)(en)]Cl.3H, 0, 18: 106 
(-)-srm-cis-[Co(eddaXNO,)]K, 18:lOl 
(-)-[Co(edda)(NO, ), 1 (-)-[Co(en), (C, O,)l, 

sym-cis-[Co(edda)(NO, 1, ] K, 18: 100 
(-)-[Co(edta)] (->-[Co(en), (C, 0.11 -3H, 0, 

[Co(edta)]K.2H10, 1 8 : l O O  
(-)-[Co(edta)] K.2H20, 18: 100 
(+)-[Co(edta)] K.2Hl 0, 18: 100 
(-)usy m-cis- [ Co(en)(edda) ] (+>brcamsul, 

(+)usym-cis- [ Co(en)(edda) ] (+)-brcamsul, 

asym-cis-[Co(en)(edda)JCl, 18: 105 
(-)usym-cis- [Co(en)(edda)]CL-3H2 0, 

(-)-syrn-cis- [Co(en)(edda)] (HC, H, 0, ), 

I and 11). 20:112 

I and 11). 20:113 

18:lOl 

1 8 : l O O  

18:106 

18:106 

18:106 

18: 109 
(+)-sym-cis-[Co(en)(edda)] (HC, H, O,), 

18:109 
(-)-sym-cis-[Co(en)(edda)] (NO,), 18: 109 
(+)-sym-cis-[Co(en)(edda)] (NO,), 18:109 
[Co(en), (C, 0, I]+, 18:96 
(-)-[Co(en),(C,O,)]Br.H,O, 18:99 
[Co(en), (C, O,)] Cl.H, 0, 18:97 
(-)-[Co(en), (C,O,)] (-)-[Co(edda) 

(-)-[Co(en),(C, 0, )] (-)-[Co(edta)].3H2 0, 

(-)-[Co(en), (C, 0, ) [(+I-HC, H, 0, ] , 18:98 
(+)-[Co(en),(C,O,)I [(+)-HC, H,O,l, 18:98 
(+)-[Co(en),(C,O,)]I, l8:99 
[Co(en),(NH,)(CO,)]Br.O.S 5H,O, 17:152 
[Co(en),(NH,)(CO,)]ClO, , 17: 152 
CoH(diphos), ,20:208 
CoH(dp), ,20:207 
CoH[(PPh,),(CH),],, 20:207 
CoH[(PPh,),(CH,),], ,20:208 
Co(H,O),(edda), 1 8 : l O O  
CoK,CI,, 2051 

(NO,),], 18:lOl 

1 8 : l O O  
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[Co(Me, (141-1,3diene)Br, IClO,. 18:28 
[Co(Me,-Pyo[ 141 trieneN,)Br] Br.H, 0, 

[Co(Me, -€’yo[ 141 trieneN,)Br, ] BPH, 0, 

[Co(Me, [ 141 -1,3,8,10-tetraeneN,)Br2 ]Br, 

[Co{(NH, ), CSe b ] ((210, ), , 16:48 
[Co {(NH, ),CSe}, ](SO,), 16: 85 

18:19 

18:21 

18:25 

cis- [Co(NH,), (H, O)(OH)] (S, O,), 18:81 
cis-[Co(NH,), (H,O), ] (ClO,), , 1 8 ~ 8 3  
cis- and, trans-[Co(NH,),(NO,), ](NO,), 

18:70,71 
[Co(NH, 1, (CO, ) I  C10, -H, 0, 17: 152 
[Co(NH,), ] (C,H,O,), ,18:68 
[Co(NH,), ICI,, 18:68 
Co(NO)[P(C,H,),] ,, 16:33 
Co(NO)[S,CN(CH,),],, 16:7 
[Co(NO), (diphos)] [ B(C, H, 1, 1, 16: 19 
[‘XNO), {p(C6H,)3 I, [B(C,H,),I, 

16:18 
[Co(NO),(tmeda)] [B(C,H,),], 16:17 
Co(N,C,H,)[C(CH,)CH,C(S)CH, 1 2 ,  

16:227 
[Co[P(OCH,),],] [BPh,], 20:81 
[Co(tetren)(CO,)]ClO,, 17: 152 
[Co,(en),-p-(OH),] Br4.2H,0, 18:92 
[Co,(en),y-(OH),]C14.5H,0, 18:93 
[Co,(en),-~-(OH),l (ClO,),, 18:94 
[Co,(en),-p-(OH),] (S,O,), 18:92 
[CO, (NH3)8-p40H), ] Br,-4H, 0.18:88 
[C~,(NH~)~-C~-(OH),](C~O,),.~H,O, 

18:88 
Co, (p, CH)(CO), ,20: 226,227 
c03 Icc,-I[ [(CH,),ClOl COlCl(CO), 9 

CO, [p,-[(CH, NH)CO]C](CO),, 20:230, 

CO, [p ,  -[(C, H,O)CO]C] (CO), ,20:230 

20:234,235 

232 

Co3(~,C6H,C)(CO),, 20:226,228 
Co, (p,  cIC)(CO), ,20:234 
CrBr,, anhydrous, 19:123, 124 
Cr[ [(CH, ),Sil aN]  ,, 18: 118 
Cr(CO)[r16-m-(CH,)C6H,C0,CH, 1 

(CS) [P(OC, H, I n  ] , 19: 202 
Cr(CO), [q6-m-(CH,)C, H,CO,CH, ] 

(CS), 19:201 
Cr(CO), [TI~-o-(CH,),C,H, ] (CS), 19: 197, 

198 
Cr(C0),(q6C,H, CO,CH,)(CS), 19:200 

Cr(CO),(q5C,H,)(NO), 18:127 
Cr(CO),($C,H,)SiH,, 17:104 
Cr(C0),(q6C,H,C0,CH,), 19:157 
Cr(CO), (q6 C, H,Cl), 19: 157 
Cr(CO),(q6C6H5F), 19:157 
WCO), [q6C6 H, [N(CH, ), ] ],19:157 
Cr(CO), {C(CH,)(OCH,))], 17:96 
Cr(CO), {C(CH,)(SC,H,))], 17:98 
Cr(CO), [C(OC, H, )[N(C,H ,), ] ],19:168 
Cr(CO), (C, H, 0) (pentacarbonyl(dihydro- 
2(3H)-furanylidene)chromium), 19: 178, 
179 

[Cr[(C,H, ),COCO, 1, 01 Na, 20:63 
[Cr(C,O,), ]K3*3H,0, 19:127 
[Cr(C, H, O,), (H,O), ] K.3H, 0,16:81 
[WC, H, 0, ), ] K, *3H, 0 ,16:  80 
CWq5 C, H, )(i-C4 H, )(NO), , 19:209 
[Cr(q’C,H,)(NO),], , 19:211 
Cr[C, H4(CF3), ] , , 19:70 
Cr [ q6 C ,H ,(CH, 0) ] (CO), , 1 9 : 1 55 

CrCl($ €,H,)(NO), ,18:129 
cis-[Cr(en), (H, O)(OH)](S,O,), 18:84 
[Cr(en), ]Br,, 19:125 

Cr($-C, H, )(CO), , 19: 157 

[Cr(H, OMOH {OP(CH, )(C, H, )(O)I, ]x, 

[Cr(H,O)(OH) {OP(C,H,), (O)),]x, 16:90 
16:90 

O)(OH){OP(C,H,,),(O)}, lx. 16:90 
[Cr(H,O),(C,O,)] K-2H,O, 17:148 
[Cr(H,0),(C,O4), ]K-3H20, 17:149 
cis-[Cr(H,O),(en),]Br,, 18:85 
CrLiO,, 2 0 5 0  
cis-[Cr(NH,), (H,O)Cl] (SO, ), 18:78 
cis-[Cr(NH,),(H,O)(OH)](S, O,), 18:80 
cis-[Cr(NH,), (H, O),](ClO,), 18:82 
Cr(NO),, 16:2 
[Cr(OH){OP(CH,)(C,H,)(O)}, lx. 16:91 
[Cr(OH){OP(C,H,),(O)}, IX, 16:91 
[WOH) {OP(CsH,,),(0)}z lx. 16:91 
[Cr[OS(CH,), ]Br,, 19:126 
Cr,CoO,, 2052 
[Cr, (en),-p-(OH), ]Br4-2H,0, 18:90 
[Cr,(en),-p4OH), ]C14.2H,0, 18:91 
[Cr,(en),-p4OH),] (CIO,)., 18:91 
[Cr, (en), -w-(OH), 1 (S, 0, ),, 18:90 
Cr,MgO,, 20:52 
Cr, MnO,, 2 0 5 2  
[Cr, (NH,),-p-(OH), ]Br,-4H, 0,18:86 
[Cr, (NH3 

18:87 
A O W ,  1 (C10, 1, .2H, 0, 
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Cr, NiO,, 20: 52 
Cr,ZnO,, 20:52 

Cs, [PtKN,)] F,.,,, 20:29 
Cs, [ Pt(CN), 1 (HF, lo.,,, 20: 26 
Cs, [PtCN), I (HF,I0.,,, 20:28 
Cu(BH,)[P(C,H,), 1 ,, 19:96 
Cu[ 6,l 3-Br, -2,3-Bzo[ 141 -2,4,6,11,13- 
pentaenato(2-)-1,4,8,ll-N4 1,  18:50 

[Cu(Bzo, [16]octaeneN,](NO,),, 18:32 
[Cu(CH,CN),] [PF, I ,  19:90 
CUCl, 20: 10 
P [ ( C S ) ,  (CN), 1 I (C, H, S,), (bis[2,3- 

CS, .,, [Pt(CN),].ZH,O, 1 9 ~ 6 ,  7 

dimercapto-2-butenedinitrilato( 2-) ] 
cuprate(2-) salt with 2,2’-bi-1,3- 
dithiolylidene ( 1 : 2)), 19: 3 1 

Cu(C,,H,,Br, N,), 1 8 5 0  
ICu(C,,H,,N,)] (NO,), ,18:32 
CuC,,H,,N,, 16:214 
CuCI[(C,H,),P] ,, 19:88 
Cu(daenH,), 20:92 

CuH[(C,H,),P], 19:87,88 
Cu(H, daaen-N,0,), 20:93 
Cu(N0, )[ASK, H, l3 I , , 19: 95 
Cu(NO,)[P(C,H,),l,, 19:93 
Cu(NO,)[Sb(C,H,), 1, , 19:94 
CuVO(daaen)(H, O) ,  20:95 
Cu,(C,H,O,),, 20:53 
Cu, (daaen), 20:94 

(daaen)CuVO(H, O) ,  20:95 
(daaen)Cu,, 20:94 
(daaenH,)N,O,)Cu, 20:93 
(daenH, )Cu, 20:92 
[diop-(+)I ,RhH, 17:81 
(diphos)Mn(qsC, H,)(CS), 19:191 

[(edda)Co(CO,)] Na, 18: 104 
(-))usym-cis- [ (edda)Co(en)] (+)-brcamsul, 

(+)-asym-cis- [ (edda)Co(en)] (+)-brcamsul, 

usym-cis-[(edda)Co(en)] C1, 18:105 
(-)dsym-cis- [(edda)Co(en)] C1.3H2 0, 

(+)asym-cis-[ (edda)Co(en)] C1.3H, 0, 

(-)-sym-cis-[(edda)Co(en)] (HC, H, O , ) ,  

CUH [(p-CH, C, H, ), PI, 1 9 ~ 8 9  

18:106 

18:106 

18:106 

18:106 

18:109 

(+)-syrn-cis- ((edda)Co(en)] (HC, H ,06), 

(-)-sym-cis- [ (edda)Co(en) ] (NO, ), 18: 109 
(+)-sym-cis-[(edda)Co(en)] (NO,), 18: 109 
(edda)Co(H,O), , 18:lOO 
(-)-sym-cis-[(edda)Co(NO,)], 18:lOl 
(-)-[(edda)Co(NO, 1, 1 (-))[Co(en), 

sym-cis-[(edda)Co(NO,), ]K, 18:lOO 
[(en),Co(C,O,))+, 18:96 
Puns- [(en), CoCI, ](NO,), 18: 73 
cis- [(en),Cr(H,O)(OH)] (S, 0, ), 18:84 
cis- [(en), Cr(H , O ) ,  1 Br , , 1 8: 85 
cis- [(en), RhBr, ] Br, 20:60 
[(en),Rh(C,O,)]ClO,, 20:58 
cis- [ (en), RhCI, ] C1, 20:60 
cis-[(en),Rh(NO,), ]NO,, 20:59 
[(en), Co, -p-(OH), ] Br, .2H, 0, 18:92 
[(en),Co,-p-(OH), ]CI4.4H,0, 18:93 
[(en), Co, -fl-(OH), 1 (ClO, 1 4 ,  18:94 
[(en),Co, -AHOH), 1 (S, 0, ), , 18:92 
[(en),Cr,-p-(OH),] Br4.2H,0, 18:90 
[(en),Cr,-fi-(OH), ]Cl;2H, 0, 18:91 
[(en)4 Cr, - ~ 4 0 H ) ,  I (C10, I,, 18:91 
[(en),Cr, -AOH), 1 (S, 0, ), , 18:90 

Fo.,9C~, [Pt(CN), 1, 20:29 
F,PO(CH,), 16:166 
FeBr(C,, H,, N, 0,) (iron(III), bromo 

[ (uU-cis)-5,10,15,2O-tetrakis[ 24 2,2- 
dimethy1propionamido)phen yl] 
porphyrinato(2-)] 9.20: 166 

18:109 

(C,O,)], 18:lOl 

FeBr(TpivPP), 20: 166 
Fe[ [(CH, ),Si] , N] , , 18: 18 
[Fe(CN), ] Sm.4H20, 20:13 
[Fe(CO),(q5C,H,)(CS)] [PF, ],17:100 
Fe(CO), (C, H, CH=CHCOCH, ), 16: 104 
Fe(CO),(PClF, ), 16:66 
FdCO), [PF,N(C,H,), 1,16:64 
Fe(CO), (PF, ), 16:67 
[Fe3(CO)lrH] [(PPh,),N], 20:218 
Fe(CO,)[P(CH,), I, ,20:73 
meso-[Fe(C, H, N), (c ,,H,,N,)] (CF, o,s), , 

[Fe(C,H,)(CO), 1, Mg(C,H,O),, 16:56 
[Fe(C,H,,N,),I [BF,], , 2 0 3 8  

18:15 

[Fe(Ci,H,oN, )(C,H,N)] (CF3 o,s),, 18:6 
[Fe(Ci,H,oNi,)l [BF, 1, 9 2 0 ~ 8 8  
Fe(C,, HI, N,) (iron(II), [phthatocyaninato 

(2-)]-), 20~159 
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FeCl(C,,H,,N,O,) (iron(III), chloro[7.12- 
diethyI-3,8,13,17-tetramethyl-2 lH, 23H- 
porphine-2,18-dipropionato(2-)] -1, 
20:152 

FeCI(C,,H,, N,O,) (iron(III), chloro 
[ dimethyl 7,12diethenyl-3,8,13,17- 
tetramethyl-21H. 23H-porphine2,18- 
dipropionato(2-)] -), 20:148 

FeCIC,, H,,N, O,), 16: 216 
FeCl(C,, H,,N,) (iron(III), chloro[ 2,3,7,8, 
12,13,17,18-octaethyl-21H, 23H- 
porphinato(2-)] -), 20: 15 1 

FeCl(oep), 20: 15 1 
FeCI, [(CH,),P] ,, 20:70 
[Fe{(dmg),(BF),} I ,  17:142 
[Fe {(dmg),(BOC,H,), 11, 17: 144 
[Fe {(dpg), (BOC,H,), 11, 17: 145 
FeH[(C, H ,), PCH,CH, P(C,H ,), ] , , 17:71 
[FWC, H 5 1 1  PCHi CH, P(C6 11 12  

[B(C,H,),I, 17:70 

17:69 

bis(N-methylimidazole) [ (uZZ-cis)- 
S,lO, 15,ZO-tetrakis [ 2-(2,2dimethyl- 
pr0pionamido)yhenyl) porph yrinato 

meso- [ Fe(Me, [ 141 aneN, )(C, H, N), ] 

[Fe(Me, [ 14]4,lldieneN,)(CH,CN), ] 

Fe(NO)[S,CN(C,H,),l,, 16:s 
[Fe{(nox),(BF),}], 17:143 
[Fe{(nox),(BOH), }], 17:144 
Fe(N, H ,C &Me), (all-cis-TpivPP). 20: 167 
FeiO, )(N-MeC,H, N, )(c66 NU 0,) 

(iron(II), (dioxygen) (N-methyliiidazole) 
[ (uZZ-cis)-5, 10,15,20-tetrakis[ 2-(2,2- 
dimethy1propionamido)phen yl] por- 
phyrinato(2-)] -), 20:168 

Fe(0, )(N-MeC, H, N, )(all-cis-TpivPP), 
20:168 

Fe[P(CH,)(CH,), IH[P(CH,), I , ,  20:71 
Fe[P(CH,),],, 20:71 
Fe[P(OCH,),] ,, 20:79 
[Fe,(CO),, 1 [(PPh,),Nl,, 20:222 

GaAI,, 0,, , 1 9 5 6  
GaCl,. 17:167 
GaH,N(CH,),, 17:42 

FeHCI[(C,H,),PCH,CH,P(C,H ,la I , ,  

WN-MeC, H ,N,), (c ,6H,,N, 0,) (iron(II), 

(2-11 -),20: 167 

(CF,O,S),, 18:15 

(CF,O,S),, 18:6 

[GaH,]K, 17:SOn 
[GaH, ] Li, 17:45 
[GaH, ] Na, 1 7 5 0  
GeBr(CH,),, 18:153 
Ge(CH,),, 18:153 
[Ge(CH,), ] , 0,20:176,179 
Ce(C,H,)(OCH,CH,), N, 16:229 
GeC,H,,O,N, 16:229 
CeHBr(CH,),, 18:157 
[GeH(CH,), ] ,O, 20:176,179 
CeHCI(CH,),, 18:157 
CeHF(CH,),, 18:159 
GeHI(CH,),, 18:158 
GeH,(CH,),, 18:154,156 
(GeH,CH,),O, 20:176, 179 
(GeH,)C,H,, 17:176 
CeH,I, 18:162 
[(GeH,)N] ,C, 18:163 
CeH,(SCH,), 18:165 
CeH, (SC, H5), 18:165 
(GeH,),O, 20:176,178 
(GeH,),S, 18:164 
(GeH,),Se, 20:175 
(GeH, ),Te, 20: 175 

[(+)-HC, H,O,I (-)-[Cofen), (C,O,)I, 

[(+)-HC,H,O ,I (+)-[Co(en), <C,O,)l, 

HCo[(PPh,), (CH),], ,20:207 
HCo[(PPh,),(CH,), I , ,  20:208 
(HF,),.,,Cs, [Pt(CN), I ,  20:26 
(HF,),.,9Rb, [Pt(CN),] 1.67H20, 20:24 
(HF,),.,,Cs, [Pt(CN),], 20:28 
(HF,),.,,Rb, [Pt(CN), I ,  20:25 
[HFe,(CO),, 1 [(PPh,),Nl, 20218 
p-HMn,(CO),,(p-B, H, ), 20:240 
cis-HRe[CH,C(O)] , (CO), ,20:200,202 
HSeOF,, 20:38 
HZrCl(rlsC,H,),, 19:226 
H, SeO, ,20:37 
wZr(qJC,H,),,  19:224,225 
H,Re(CO),,, 18:60 
Hg[(NH,),CSe] 2Br,, 18:86 
&[(MI,), CSel, C4,16:85 
[Hg(NH,), CSe Cl,], ,16:86 
[WWCH,), (CH,)1 , 1 C1, , 18: 140 

18:98 

18:98 

%~.IJ, [AsF, 1,19:25 
%.,I [SbF, 1,19:26 
%3 IAsF6 1 2  9 19:= 
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Hg,[Sb,F,, I , ,  19:23 
HpH, (see 5,26: 13,18diimin0-7,11: 

20,24dinitrilobenzo[c,n] [ 1.6,12,17] 
tetraazac yclodocosine) 

ICd(C,H,), 19:78 
10, H, Ag, ,20: 15 
lO,H,(NH,),, 20:15 
ISi(CH,),, 19:272 
ISM(CH,),, 19:271 
ISiH,(CH,), 19:271 
ISM,, 19:268,270 
I,AI(C,H,N),, 20:83 
InBr,, 19:259 
InBr, [OS(CH,), ] ,, 19:260 
In(C,H,O,), , 19:261 
InCI,, 19:258 
InC1, [OS(CH,), ] ,, 19:259 
[InCl,] [(C,H,),N], , 19:260 
Ir, 18:131 
[IrBdNO) @C,H,), },I (BF, ), 16:42 
IrBr(N,)[((C,H,),] z, 16:42 
[IdCO)[P(CH,), I,lCl, 18:63 
[Ir(CO),Cl,]K,., %H,O, 19:20 
Ir(CO),Cl, .,, , 19: 19 
Kl(CO)[P(CH,), ] ,, 18:64 

[lrCI(NO){P(C,H,),), I(BF,), 16:41 
KI(N,)[P(C,H,),] ,, 16:42 
[IrCl, ] (NH,), , 18: 132 
IrH,(OCOCH,)[P(C,H,), 1 ,, 17:129 
[Ir(NH,), (CO,)]ClO,, 17:152 
[Ir[P(OCH,),],][BPh,], 20:79 

trans- [ IrCI(CS)[P(C,H ,), 1, 1, 19: 206 

Ir,(CO), [p-SC(CH,),] ,, 20~237 
Ir2(~-SC6H,),(CO),, 20~238 

KAI,, 0,,, 1 9 3 5  
[K ((CH, OCH, CH, 0 ),I Nb(CO), , 16 : 69 
[K {(CH,OCH,CH,), O},] Ta(CO),, 16:71 
K[sec-C, H, ), BH] ,17: 26 
K[Cr(C,H,04),(H,0),]-3H,0, 16:81 
K[Cr(H,0)(C,O4),].3H ,O. 17:149 
K[Cr(H, O), (C,O,), ] -2H,O, 17: 148 
K[GaH, ],17:50n 
KO., [Ir(CO),Cl, ]*%H,0,19:20 
K,.,, [Pt(C,04)]*2H,0, 19:16,17 
K,.,, [Pt(CN),]-l.5H2O, 1 9 ~ 8 ,  14 
K, [CoCl, 1 , 2 0 5  1 
K,[MgCl,], 2 0 5 1  
K, [MnCl, 1 , 2 0 5 1  

K, "El, 1 , 2 0 5  1 
K, [ ZnC1, ] , 2 0 5  1 
K, [Cr(C,H,04),]-3H,0, 16:80 

LiAl,,O,,, 1 9 5 4  
Li[ [(CH,), Si] , N] , 18: 115 
LiC,H,S(CH,), 16:170 
LiCrO, , 2 0 5 0  
Li[GaH,], 17:45 
LP(C, H, ), , 17: 186 
Li[ZnH, ],17:10 

Li,(C,,H,,N,) (lithium, p-[phthalo- 

Li, [ZnH, ],17:12 

[ 5,7,12,14-Me4 -2,3 : 9,1O-Bzo2 [ 14 ] hexa- 

Me, [ 1414.1 ldiene-1,4,8.11-N4, 18:2 
Mg[CH, [Si(CH,),]],, 19:262 
&(C,HaO)z [Fe(C,H,)(CO), I,,  1656  
&(C,H,O), [Co(CO),P(C,H,), I, ,  1 6 5 8  
MgK, H,O), [Mo(CO), P(C,H ,la (C,H ,I  1 , , 
&(C, H,N), ICdCO), I,. 16:58 
Mg(C,H,),, 16:137 
WC,,  H,, N, 1 (magnesium(II), [2,3,7,8, 

WC,, H,, N, 

Li,(~yclo-C,H,), 19~214 

cyaninato(2-)] di-), 20: 159 

enato(2-)N4 ] Ni, 20:l 15 

1 6 5 9  

12,13,17,18-octaethy1-2lH,23H- 
porphinato(2-)] -), 20: 145 

H, N), (magnesium(II), 
[ 1,4.8,11,15,18,22,25-octamethyC 
29H, 3 W-tetrabenzo[b,g,Z,q] porphinato 
(2-)] bis(pyridine)-), 20:158 

&[cO(Co), {P(CH,)(C, Hs), 11, (tmeda), , 
1 6 5 9  

1 6 5 8  
Mg[Co(CO), {P(C,H,), 11, (C, H,O),, 

&(Co(CO), I, (C, H,N),, 16:58 
MgCr,O,, 2052 
Mg[Fe(C,H,)(CO), I, (C,HaO)z, 16:56 
&Ha, 17:2 
MgK,Cl,, 20:51 
Mg(oep), 20: 145 
MnBr(CO), ,19:160 
Mn(CH,CO)(CO), , 1 8 5 7  
[Mn(CH,CO), (CO),], Al, 18:56,58 
Mn(CO)($ C, H ,)(CS)[P(C, H, ), ],19: 189 
Mn(CO)(NO), ,16:64 
Mn(CO),(CS)(C,H,), 1 6 5 3  
Mn(CO),(qsC,H,)(CSe), 19: 193,195 
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[MoHz {P(C6H,)(CH,),}(r16C6H6)[PF6 1, , 

MoH2 [p(c6 HS), 12 (q“6 

17:60 
17:57 

[MoI,(NO)(C,H, 11 , , 16:28 
Mo(NO), (S,CN(C,H,), 1, ,16:235 

MoOCI, (bpy) (red and green forms), 

[MoOCI, ] [BpyH, ],19:135 
cis-Mo[P(f-C,H,)F, 1, (CO), , 18:125 
Mo, Br, (C, H, N), , 19: 131 

[Mo,Br,H]Cs,, 19:130 
[Mo,CI, [C, H, (SCH, 1, 1, 1 ,  19: 13 1 
[Mo, Cl, I 4- (see [Mo, C1, HI ’-1 
[Mo,CI,H] Cs, , 19: 129 

Mo,[O,C(CH,),CH,],, 19:133 
Mo,(O,CC,H,),Br, [P(n-C,H,), I , ,  19:133 

tmns-Mo(N,), [(PPh,), (CH,), 1, ,20:122 

19:135, 136 

Mo, BI, [P(n-C, H,), 1, , 19:13 1 

[Mo,CI,] (NH,), -H,O, 19:129 

Mn(CO),(q5C,CI,), 20: 194 
Mn(CO),(q5CSH,C1), 20:192 
Mn(CO), (qsC, H, I), 20: 193 
Mn(CO),(B,H,), 19:227,228 
Mn(C0) (9’ C , Cl, ) ,20 : 19 3 
Mn(CO), CI, 19: 159 
Mn(CO),I, 19:161,162 
[Mn(CO), ] ,TI. 16:61 
Mn(ql C, BrCl,)(CO), ,20: 194 
Mn(q5C,C1,Br)(CO),, 20:194, 195 
Mn(q5C,H,Br)(CO), ,20:193 
Mn(C, H, )(CO), (CS), 16:53 
Mn(C,, H,,N, )(MnHp), 18:48 
MnCr, 0,, 20:52 
Mn(diphos)(q’C, H,)(CS), 19: 191 
MnHp, 18:48 
MnK,CI,, 20:51 
Mn,P,O,, 19:121 

(MoBr,(NO)(C,H,)],, 16:27 
Mo(CH,CN),CI,, 20:120 
Mo(CO), (q5 C, H,)(NO), 18: 127 
Mo(CO),(NO)(C, H,), 16:24 
[Mo(CO), {P(C,H,), kC5H5)l l  Mg 

Mo(CO), [ S,P(i-C,H,), ] , , 18:53 
Mo(CO),(q5C5H5)SM3, 17:104 

[Mo(C,H,)Br,(NO)I, , 16:27 
Mo(C,H,)(CO),(NO), 16:24 
Mo(q5 C,H,)(C, H ,)(NO), ,19: 210 
[Mo(C,H,)Cl,(NO)I, ,16:26 
(Mo(C,H,)I,(NO)], ,16:28 
Mo(q5C5H5)(NO)1(C6H,), 19:209 
Mo(q6C6H,Cl), ,19:81,82 
Mo[q6C6Hs “(CH,), I I, ,19:81 
M o ( ~ ~ C ~ H ~ ) ( ~ ~ C , H , ) ,  20:196, 197 
M o ( ~ ~ C ~ H ~ ) ( ~ ~ C , H , ) B I ,  20:199 
Mo(q6C6H6)(q5C,H,)C1, 20:198 
Mo(q6C6H6)(q5C5H5)I, 20:199 
Mo(q6C6H6),, 1754 
MoCl(q5C, H,)(NO), , 18:129 
[MoCI, (NO)(C, H, I], , 16: 26 
MoCI, (C, H ,20: 12 1 
MoCl, (C, H,O), ,20: 121 

Mn, (CO),, (p-B, H, )-pH, 20: 240 

(C,H,O),, 1659 

Mo(C,H,)(CO)[S,P(CC,H,), 11 , 18:55 

MoF,, 19: 137-139 
MoH(aCac)[(C,H,), PCH,CH,P(Cc.H,)z 1 2 ,  

[MoH{P(C6 H,)(CH, )a ) (q6C6 He)] [PF, 1, 
17:61 

17:58 

NAIH,(CH,), , 17:37 
(NC)BH, [N(CH,), ],19:233,234 
(NCCH ,), MoCI,, 20: 120 
[N{CH,P(C6H5), )(C&)CH,I,, 16:199 
“CH,P(C6H,), I(CH,)C, H, N(CH,), , 

[N {CHi P(C6 H 51% I FH,  1 2 9 16 : 198 
N[CH,P(C6H,)Z ]a C,H,N[CH,P(C,H,), 1 

16:199 

(CH,), 16:199 
N[CH,P(C,H,),],C,H,N(CH,),, 16:199 

N[CH,P(O)(OH)(C, H,)], , 16:202 
[N(CH,)C,H, ] ,B. 17:162 
[N(CH,), ],BH, 17:30 
[N(CH,),BH,],, 17:32 

[N(CH,), IPF,, 18:181 
[N(CH,),]Si(CH,), , 18:180 
”(CH,), ] ,PF, ,18: 186 
[N(CH,),]BH,(NC), 19:233,234 
(NCNMGeH,),, 17:163 
(NCS),Ni(Bzo, [ 16loctaeneN,), 18:31 
(NCS), Ni(Me, [ 14]-1.3.8,10-tetraeneN4), 

N[C,H,As(C, H,), I , ,  16:177 
N[C,H,P(C,H,),], ,16:176 
N(C,H,), [C,H,P(C6 H,), 1,16:160 
[N(C,H,),]PF,, 18:85 
[N(C,H,), ]AM,, 17:40 
[ N(C, H, ), ] , AlH, 17 :4 1 

“(CH,P(O)(OH)(C,H,)),CH, ]a 3 16:199 

p-[N(CH, ), ]B,H,, 17:34 

18:24 
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[N(C,H,),], PF,, 18:187 
[N(C,H,),],B, 17:159 
[N(C,H,), ](CN), 16:133 
[NK, H,), l(OCN), 16:131 
[N(n-C,H,), 1 [BH,], 17:23 
[N(n-C,H,),] [B,H,], 17:25 

[NC,H44-(f-C,H,)] CoBr[(C=NO), 
NC, H, -2,6-(CH, CO) , , 18: 18 

H(CH,),],, 20:130 

H(CH,),] ,(CH,OEt), 20:131 

H(CH,),] , [EtO(CH,),), 20:131 
trDns [ (NC, H ,)PtCl,(C, H,) ] , 20: 181 
(NC,H,), PtBr,(CH,),, 20:186 
(NC,H $1, AlI, ,20233 
(NC , H, 1, MoBr ,, 19: 13 1 
NGaH, (CH, I, ,  17:42 
NGe(C, H, )(OCH,CH,), ,16:229 
[(NHCH)(CH,)C,H, ],B, 17:160 
NH {(CH, ), NH) , , 18: 18 
NH[(CH, 1, Si] , , 18: 12 
(NH)S [ N(SH)] , 18: 124 
[(NH)S(NS)] Ni(NS,), 18:124 
[(NH)S(NS)] , Ni. 18: 124 
MIS,, 18:203,204 
NH, (C ,H,)(CHO), 18:3 1 
(NH,)C,H,(SCH,), 16: 169 
l,3-(NH,),(CH2), , 18:23 
(NH,)PO(OH), (correction), 19:281 
[ [NH, (CH,), Sl Pt(terpy)l (NO,), ,20: 104 
(NH,)(TaS,), 19:42 
(NH,)Al,,O,,. 1 9 5 6  
(NH, )(OCN), 16: 136 
(NH, ),H ,1O6, 20: 15 
(NH,), [V,,0,,]~6H,O. 19:140,143 

[NC,H4-4-(t-C,H,)]C~[(C=NO), 

[NC, H,44t-C, H,)] Co[(C=NO), 

(NH, )n(Pn0(3n+ 1 )HZ 1, 19 : 27 8 
' (NO)Al,, 0,, , 19:56 

(NO)CoCl, [P(CH,)(C, H ,I1 ] , , 16:29 
(NO)Co[P(C,H,), I , ,  16:33 
(NO)Co[S,CN(CH,),], ,16:7 
(NO)Cr(CO),(qsC, H,), 18:127 
(NO)Fe[S,CN(C,H,),], , 1 6 3  
[(NO)IrBr {P(C,H 31, ),I (BF,), 16:42 
[(NO)Ifl(p(c, H5I3 1,](BF4), 1 6 ~ 4 1  
[(NO)MoBr,(C,H,)] ,, 16:27 
(NO)Mo(CO), (q5Cs H,), 15:24; 18:127 
[(NO)MoCl,(C, H,)], , 16:26 
[(NO)MoI,(C,H,)] , , 16:28 
(NO)(OCOCH,),[P(C,H,),], Rh, 17:129 

(NO)(OCOCF,), [P(C,H,), 1, Ru, 17:127 
[(NO)OsBr(NH,), ]Br,, 16:12 
[(NO)OsCl(NH, 1, ] C1, , 16: 12 
[(NO)OsI(NH,), ]1,,16:12 
[(NO)Os(NH, ), ] Br, , 16: 11 
[(NO)Os(NH, 1, 1 Cl, ,16: 11 
[(NO)Os(NH, ), ] I,, 16: 11 
[(NO)Os(NH,), ]Br,.H,O. 16: l l  
[(NO)Os(NH, 1, 1 Cl, *H, 0,16:  11 
[(NOIOdNH, ), ] I, .H, 0 ,16:  11 
(NO) [P(C, H, 1, ] I RuH. 17: 73 
[(NO)Re(CO),Cl,], , 16:37 
(NO)Re,(CO), Cl,. 16:36 
(NO)Rh[P(C,H,), I , ,  16:33 
[(NO)Ru(C,H,O,)(NH,), ](ClO,), 16:14 
[(NO)RuCl(NH,), ]a,, 16:13 
[(NO)Ru(NCO)(NH,),] (ClO,), 16:15 
(NO)W(CO), (9, €, H,), 18: 127 
[(NO),Co(diphos)] [B(C,H,), 1, 16:19 
[(NO),Co{P(C,H,), ),I [BC, H,), 1, 16:18 
[(NO),Co(tmeQ)](B(C,H,),I, 16:17 
(NO),Cr(q'€,H,)(i-C, H,), 19:209 
[(NO), Cr(qsC,H5)] ,, 19:211 

(NO), Mo(qsC,H,)(C,H, 1, 19:210 
(NO), Mo(q5C,H,)(C,H,), 19:209 
(NO) , MoC1(q5 C, H, ), 18: 129 
(NO), Mo[S, CN(C, H ,), 1, ,16:235 
(NO), Os, (CO),, ,16  :40 
[(NO),RUC~{P(C~H,), ),](BF, 1, 16:21 
(NO), Ru,(CO),, , 16:39 
(NO), W(q5 € , H ,)(CH, ), 19: 2 10 
(NO), WCl(q5 €,H,), 18:129 
(NO),Mn(CO), 16:4 
(NO),Cr. 16:2 

(NO) ,C~CI (~~C,H,  1, i ~ : i 2 9  

cis-, and truns-[(NO,),Co(NH,), ](NO,), 
18:70,71 

cis-[(NO, ), Rh(en), 1 NO,, 20:59 
[N(PPh,), 1 [FdCO),,H], 20:218 
"(PPH,), I ,  [Fe,(CO),, I ,  20:222 
NS,, 18:124 
(NS,)Ni[(NH)S(NS)], 18:124 
(NS,), Ni, 18: 124 

[N[Si(CH,),], 1, Cr, 18:118 
[N[Si(CH,),], 1, Fe, 18:18 
[N[ Si(CH, ), ] , ] , Sc, 18: 115 
[N[Si(CH,),], ],Ti, 18:116 
[N[ Si(CH, ), ] , ] , V, 18: 11 7 
NSn(C, H,)(OCH,CH, 1,. 16:230 

(NS,)((n-C,H,,),N], 18:203,205 
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(N, C ,H ,)[C(CH,)CH, C(S)CH, 1, , 16:226 

(iron(II), (dioxygen) (N-meth ylimidazole) 
[ (ull-cis)-S, 10,15.20-tetrakis[ 2-(2,2- 
dmethy1propionamido)phenylJ por- 
phyrinato(2-)] -), 20:168 

(N, C ,H , &Me), Fe(C,, H,, N 0 ,) (iron( II), 
bis(N-methy limidazole) [ (all-cis)-5,10, 1 5, 
2O-tetrakis[ 2-(2,2-dimethylpropion- 
amido)phenyl] porphyrinato(2-)] -1, 
20: 167 

S-diazo-), 20:189,190 

20:191 

hydrazone), 20: 190 

(N,C3H3-N-Me)Fe(Oa)(C6,H,,N,04) 

(N, )C, Cl, (1,3-cyclopentadiene, tetrachloro- 

(N, )C, H, (1,3cyclopentadiene, 5-diazo-), 

(N, Ha )C, C1, (2,4-cyclopentadien-l-one, 

trrmS-(N,),Mo[(PPh,), (CH,), ]p,20:122 
trcms-(N,), W[(PPh,),(CH,), I , ,  20: 126 
N,P,Br,F,, 18:197 
N, P, Br, F, , 18: 197 
N,P,Cl,F, [N(CH,), 1 , , 18: 195 
N,P,Cl, [N(CH,),], , 18:194 
N,P,C1,[N(CH,),]a, 18:194 
N,P,F, [N(CH,),], ,18:195 
N,P,F, [N(CH,), I,, 18:197 
N, C, H,, (1,4,7,1O-tetraazacyclotri- 

N,C,,H,,, 16:223 
N, C,, Ha, (1,4,8,12-tetraazacyclopenta- 

decane([ 151 aneN,)), 20:108 
N,C,,H,, (5,14-Mea [ 14]4,6,11,13- 

tetraene), 18:4 2 
N,C,, Ha, (H, 5,14-Mea [ 141 4,6,11,13- 

tetraene-1,4,8,1 1-N,) (PF,), , 18:40 
N,C,,H,, (2,3-Mea [ 141 -1,3-diene 

N, C ,, Ha, (1,5,9,13-tetraazacyc1ohexa- 

N,C,,H,,Br, (6,13-Bra -2,3Bzo[ 141- 

N,C,, H,, (Me, [14]-1,3,8,10-tetraene- 

N,C,,H,, (MeaPyro[l4]trieneN,), 18:17 
N,C,,H,, (Me, [ 14]4,1ldienel,4,8,11- 

N,), 18:2 
N,C16H3a~2CHFs03 S (Me, [ 14]4,11- 
diene-1,4,8,11-N,~2CF,SO, H), 18:3 

N,C,, H,, -2HC10, (Me, [ 141-4,ll-diene 

decane([ 131 aneN,)), 20: 106 

1,4,8,11-N4), 1 8 ~ 2 7  

decane([ 161 aneN,)), 20:109 

2,4,6,11,13-pentenel,4,8,ll-N,), 18:SO 

1,4,8,11-N,), 18:22 

1,4,8,11-N,*2HCI04), 1 8 ~ 4  

N,C,,H, .XH,O (Me, [14]ane-1,4,8,11- 
N, *XH, 0), 18: 10 

13-hexaene-1,4,8,1 l-N,) (TADA-Ha), 
18:45 

N,C,, Ha, 0, (1,4,10,13-tetraazacyclo- 
octadeca-5,8,14,17-tetraene-7,16-dione, 
5,9,14,18-tetramethyl-, H, daen), 20:91 

N,C,,H,, (dibenzo[b,i] [1,4,8,11]tetra- 
cyclotetradecine, 7,16-dihydro-6,8,15,17- 
tetramethyl-(S ,7,12,14-Me4 -2.3: 9,lO- 
Bzb, [ 141 hexaeneN, ] ), 20: 1 17 

[ 161 octaene-1,5,9,13-N4), 1 8 ~ 3 0  

porphine, 1,4,8,11,15,18,22,25- 
octamethyl-), 20~158 

eneN,), 18:39 

N,C,,H,, (2,3;9,1O-BZoa [ 141-2,4,6,9,11, 

N,C,, Ha, (2,3$,7;10,1 1;14,15-BZo4- 

N,C, H,, (29H,3W-tetrabenzo[b,g,l,q]- 

N,O,C,,H,, (6,13-Aca-5,14-Me[ 141 tetra- 

N,S,, 17:197 
N,C,, H,, (5,26: 13,18-diimin0-7,11:20,24- 

dinitrilodibenzo [c,n ] [ 1,6,12.17 ] tetra- 
azacyclodocosine) (Hp-H,), 18:47 

tetrakis(2-aminophenyl)-, and all-cis-), 
20:163, 164 

tetrakis[ 2-(2,2dimethylpropionamido) 
phenyl] ), all-cis-), 20: 165 

tetrakis(2-nitrophenyl)-, (Ha TNPP), 
20:162 

N,C,,Hu (porphyrin, 5,10,15,20- 

N, 0,C6, H,, (porphyrin, 5,10,15,2O- 

N,0,C44H26 (PorphYrin, 5,10,15,2O- 

Na[CaH, ],17:50 
Na, [V,,O,,].lSH,O, 19:140,142 
Nax(TaS,), 19:42,44 
Na[ZnH,], 17:15 
Na[Zn, (CH,),H, ],17:13 
Nb(BH,)(C,H,),, 16:109 
Nb(bipy1, (NCS), , 16:78 
NbBr(C,H,), [P(CH,), (C,H, ) I ,  16: 112 
[m(co) ,  1 [As(C,H5)4 1+16:72 
[WCO), 1 [K W‘H3 0% CHa )a 01, 1, 

16:69 
Nb(C,H, 1, (BH,), 16: 109 
Nb(C, H 5)aC1,, 16: 107 

NbCl,(C,H,),, 16:107 
MI,, 20:42 
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Nb(NCS),(bipy), , 165'8 
[Ni[6,13-Ac,-5.14-Me, [ 141 tetraenato- 

Ni[As(C,H,), 1,. 17:121 
Ni[2.2'-bipyridinejl, 17:121 
trcms-NiBr, [P(f-C,H,), F] ,, 18:177 
Ni[ r-BuNC 1 , [ C , H, C=CC,H , ] , 1 7: 1 22 
Ni[r-BuNC], [C,H,N=NC,H, ],17:122 
Ni[f-BuNC], [(NC), C=C(CN), 1, 17:122 
Ni[r-BuNC] , [(NC)HC=CH(CN)], 17: 122 
[Ni(Bzo, [ 16]octaeneN,)] (CIO,),, 18:31 
Ni(Bzo, [ 161 octaeneN, )(NCS), , 1 8 3  1 
Ni[ [ (CH ,CO), Cl [ (CH , NCH), ],18: 3 8 
Ni[(CH ,I1 AsC,H,As(CH,), 1, , 17: 121 
Ni[ (CH ,Il PC ,H,P(CH, 1, 1, , 17: 1 19 
Ni[(CH ,I3 CNC], (C, H, N=NC,H I ) ,  17: 122 
Ni[ (CH, 1, CNC] 4 ,  17: 1 18 

(2-)-1,4,8,11-N, 1, 18:39 

INi[(CS), (CN), 11 1 (c6 H $4 1, (his[ 2.3- 
dimercapta-2-butenedinit1ihtO(2-)] - 
nickelate(2-) salt with 2,2'-bi-1,3- 
dithiolylidene (1:2)), 19:31 

Ni(C,F,), [q6C6H,(CH3)], 195'2 
Ni[(C,H, PC, HI P(C, H, 1, I , , 17: 121 
Ni(C,H,, NC), ,17: 119 
Ni(Cl,N,H,,)(C1O,~,, 16:221 
Ni(l-3:6-7: 1 0 - 1 2 4 , ,  H16)- (($- 

Ni(C,,H,,N,), 18:42 
[Ni(C,,H,,N,)] [ZnCl,], 18:27 
[Ni(C,, H,,N, ) 1 (ClO, 1 , , 18: 23 
Ni(C,,H,N,)(NCS), ,18:24 
[Ni(C,,H,,N,)](CIO,), , 18: 18 
Ni(C,,H,,N,O,), 18:39 

meso- [ Ni(C,, H,, N, )] ((30, ), , 18: 12 
~Ni(C,,H,,N,,)I [BF, 1 ,, 20:89 
[Ni(C,,H,,N4)1(C10,), , 18:31 
[Ni(C,,H,,N,)(NCS),], 18:31 
Ni(C,, H,, N,) (nickel(II), [ 5,10,15,2O- 

dodecatriene-1.12-diyl)nickel). 19:85 

[Ni(C,,H,,N,)] (ClO,),, 18:s 

tetraphenyl-2 W, 23H-porphinato(2-)] -), 
20:143 

NCr,O,. 2032 
NWBH, 1 [P(C, H, , 1, I , , 17: 89 
NMCl[P(i-C,H,),],, 17:86 
NiHCl[ P(C, HI I ), ] , , 17:84 
NR,CI, 2051 
[Ni(Me, [ 14]-1,3dieneN4)] [ZnCI,]. 18:27 

Ni[ 5,7,12,14-Me4 -2,3:9,1O-Bzo2 [ 141 - 
["Me, [ 141 -1,3.8,10-tetraeneN4)] (CIO,), 

"Me, [ 141 -1,3,8,10-tetraeneN,)(NCS), , 

meso-[ Ni(Me, [ 141 aneN,)] (ClO,), , 18: 12 
meso-, and mcemic-[Ni(Me, [14]4,11- 

dieneN,)](ClO,), , 185 
Ni[(NH)S(NS)](NS,), 18:124 
Ni[(NH)S(NS)],, 18:124 
Ni(NS, ),, 18:124 
Ni[P(CH,)(C, H5), I,, 17:119 
Ni[P(CH, ), I , ,  17: 119 
Ni[P(C, H 5 ) 1  (C, H ,I], , 17:119 
Ni[P(C, H, ), I , ,  17: 119 
Ni[P(C,H,),], [C,H,N=NC,H,], 17:123 
Ni[ P(nC, H, ), ] ,, 17 : 1 1 9 

hexaenat0(2-)N,], 20:115 

18:23 

18:24 

"['(c, H, 13 11 [ (c, H ,)HC%H(C, H , ) I ,  
17:121 

17:121 
Ni[P(C,H,), I ,  [(C,H,)N=N(C,H,)], 

Ni[P(C, H, ), ] ,, 17:120 
Ni[ 1,lO-phenanthroline] ,, 17:121 
Ni[P(OCH,)(C, H, ), ] , , 17: 11 9 
[Ni[P(OCH,), ] , I [BPh, ] , , 20:76 
Ni[P(OCH,), ] ,, 17: 119 
Ni[P(OC, H,), ] ,, 17:119 
Ni[P(Oi-C, H, ), ] ,, 17: 119 
Ni[ P(OC, H, ), 1,. 17: 119 
Ni(tpp). 20:143 
Ni[VOF,]-7H1O, 16:87 

(OCN) [ N(C, H5), ],16: 13 1 
(OCNXNH,), 16:136 
(OC,H,)MoCI,, 20:21 
(OC, Ha), MoCI, ,20:  121 
O[Ge(CH,),],, 20:176,179 
O[GeH(CH,), 1 ,, 20:176, 179 
O(GeH,CH,),, 20:176,179 
O(GeH,), ,20:176,178 
(1-OH*-C4H9 )4-[P(C, H, )(C, H, 11, 

18:189, 190 

(cobyrinic acid, aquamethyl-, heptamethyl 
ester, perchlorate), 20: 14 1 

(cobyrinic acid, aquacyanu-, heptamethyl 
ester. perchlorate). 20:141 

[ ( o H l ) C o ( ~ 3 ) ( C 5 1 H , 3 N 3 0 , , ) I ( ~ 0 , )  

[(OH, )Co(CN)(C,, H73 N, O,,)] (C10,). 
[Ni(Me,Pyro[ 141 trieneN,)] (CIO,),, 18:18 
Ni(Me, [ 14 14,6.1 1,13-tettaenato(2-)-N4), 

18:42 (OH),Pt(CH,), l.SH,O, 20:185,186 
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[OS(CH,),],InBr,, 19:260 
[OS(CH,),],InCl,, 19:259 
0, C H,, N, (1,4,10,13-tetraazacyclo- 
octadeca-5,8,14,17-tetraene-7,16-dione, 
5,9,14,18-tetramethyl-, H, daen), 20: 9 1 
(0, )Fe(N-MeC, H, N, )(c6, H,, N, 0,) 

(iron(II), (dioxygen)(N-methylidazole) 
[ (ull-cis)-5,10,15.20-tetrakis[ 2423 
dimethy1propionamido)phen yl] por- 
phyrinato(2-)]-), 20:168 

[OsBr(NH,), (NO)] Br,, 16: 12 
[OsCl(NH,), (NO)] Cl,, 16: 12 
OsCUOCOCF, )(CO) [P(C, H, 1, ] 3, 17: 128 

[OsI(NH,),(NO)]I,, 16:12 
[OsI(NH,),]I,, 16:lO 
[Os(NH,), (NO)(OH)] Br,, 16: 11 
[Os(NH,),(NO)(OH)]C1,, 16: 11 
[Os(NH,),(NO)(OH)]I,, 16:ll 

OSF,, 19:137-139 

[OS(NH,),(NO)]B~,.H,O, 16:11 
[OdNH,), (NO)] Cl, *H, 0,16: 11 
[Os(NH,),(NO)] I,-H,O, 16:11 
[Os(NH,), (N,)] I,. 169 
[Os(NH,), ]I3, 16:lO 

[Os(OH),O,]K,, 20:61 
trans-[OsO,(en), ] a , ,  20:62 
Os, (CO),, (NO), , 16:40 

o S ( ~ ~ F , ) ,  (co)[p(c, H, 1, ] I ,  17: 128 

[P(t-Bu),] ,Pd, 191103 
P[CH=CHAs(C, H,), ] (C,H,), ,16:189 
[P(CH,)(CH,),]FeH[P(CH,), I , ,  20:71 
[(P(CH,)(CH,)I ,HglCl,, 18:140 
[P(p-CH,C,H,), ICuH, 19:89 

[ {P(CH,)(C, H, )(0)O)Cr(OH)Ix, 16:91 
P(CH,)(C,H,),, 16:157 

1 {P(CH,)(C,H,)(O)O}Cr(H,O)(OH)]x, 
16:90 

{P(CH,)(C, H5 )I)cO(co)3 1 Mg(tmeda1, , 
1659 

[P(CH, )(C, H ,I1 1 CoCl, (NO), 16:29 
[P(CH,)H, ] ,TiCI,, 16:98 
r[P(CH,),(CH,), I ,A&, 18:142 
RCH,),(C,F, 1, 16: 181 
[P(CH,), (C, H,)] NbBr(C, H,),, 16:112 
[ W H ,  1, (c6 H, 11 Nb(C5H5 1, H, 16: 110 
[ 1, (c6 H, ))Nb(C, H, 1, H, 1 (BF, 1, 

[ {P(CH,), (C, H, )}Nb(C, HI), H, ](PF,), 
16:111 

16:111 

[P(CH,), (C6H5)], Ti(C, H,)Cl,, 16:239 
[P(CH,),C,H,],ReH,, 17:64 
[P(CH,),H],TiCl,, 16:lOO 
[P(CH,),N]F,, 18:181 
[P(CH,),N],F,, 18:186 
P(CH,),, 16:153 
P(CH,), [CH[Si(CH, ), ] ],18: 137 
P(CH,),(CH,), 18:137 
P(CH, 1, (CH,)] Au(CH,), 18: 141 
[P(CH,), ] , F a , ,  20:70 
[P(CH,),] ,IrCl(CO), 18:64 
[P(CH, ), ] ,TiCl,, 16: 100 
[P(CH, ), 1 Fe, 20:71 
[P(CH,), 1 ,Fe(CO,), 20:73 
[P(CH,),] ,Ir(CO)]Cl, 18:63 
RCH, ), Br, 18: 138 
P[CiH,As(C,H,), ](C, H,),, 16~191 
P[CiH4N(C,H,)z ](C,H,), I 16~160 
P[C,H,P(C,H7)(C, H,)](C, H,), , 16~192 
P[C,H,P(C, H,)H] (C,H, I , ,  16:202 
P(C,H,)(C,H,),, 16:158 
RC, H, 1, (C, H,), 18:170 
P[(C, H,), N] F, ,18: 185 
P[(C, H,), N] ,F, ,18:187 

C,H,)]] ClO,, 19:176 
trans-[ [P(C,H,), ]PtCl[C(NHC,H,)(NH= 

d-[ [P(C, H,), ] PtCl, (CNC, H,)] ,19:174 
Cis- [ [P(C, H,), ] PtC1, [C(NHC, H,)= 

~ - ~ [ P ( C , H , ) , l P ~ 1 ,  [C(NHC,H,),] 1, 

[ {PC, H, 1, },Cl(C, H,)Pt] , 17:132 
[p(C, H, ), ] , TICI, , 16: 101 
[P(C,H,), ] 3Pt, 19:108 
[P(C,H,),l,Pt, 19:llO 
[P(C,H7)(C, H,)CH, lP(S)(C, H, I , ,  16:195 

P(C,H7)(C,H,), ,16:158 
tmns-[ [P(CC, H,), ] ,PtCl, ],19:108 
[P(i-C,H,),] ,Pt, 19:108 

(C,H,O)]], 19:175 

19:176 

[ p ( q  H7)(C6 H,)C, H.1 P(C,H,),, 16:192 

P(t-C,H,)F,, 18:174 
Ck-[P(t-C, H,)F, ] , Mo(CO),, 18~175 
P(n-C, H, ), (C, H,), 18: 171 
Rt-C, H,), F, 18:176 
trans-[P(f-C,H,),F] ,NiBr,, 18:177 
[p(C, H .,I3 Co(CO), 1, Mg(C4 H O), , 16: 5 8 
[~P(C,H,),~Mo(CO),(C,H,)IMg(C,H,O),, 

[P(n-C, H,), 1, Mo(C, H,CO,), Br,, 19: 133 
1659 

rrclnS-[ [P(n-C, H,), ] ,PtCl, 1, 19: 116 
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POF,(CH,), 16:166 
PO,SNa,, 17:193 
[(PPh,),(CH),],CoH, 20:207 
[(PPh,),(CH,),]WCl,, 20:125 
[(PPh,), (CH,),],CoH, 20:208 
trclnS-[(PPh,), (CH,), ], Mo(N, I, ,  20: 122 
trans-[(PPh,), (CH,),], W(N,),, 20:126 
[(PPh,),N] [Fe(CO),,H], 20:218 
[(PPh, ),N1 , [Fe,(CO),, 1,20:222 
(PPh, ) , WCl, ,20: 124 
P(S)[CH,P(C, H, )(C6Hs)] (C, H, 1 2  3 16: 195 
[PS,(PC, H,), ] Mo(CO), , 18:53 
[m,(f-C,H,),], Mo(C,H,)(CO), 18:55 
P{Si(CH,), )(C, HS),, 17:187 
(P, 0, )Mn,, 19: 121 
P,N,Br,F,, 18:197 
P,N,Br, F,, 18:197 
P,N,CI,F, [N(CH,),], , 18:195 
P,N,Cl,[N(CH,),], , 18:194 
P,N,Cl, [N(CH,), ] ,, 18:194 
P,N, F, [N(CH,),], , 18:195 
P,N,F, [N(CH,),] ,, 18:197 
(Pn0(3n+ I )H,)(NH~)~,  1 9 ~ 2 7 8  
~d(C,H,)[P(C,H,), I , ,  16~127 
pd(c, H,) [P(C6Hl, 1, ] ,, 16: 129 
Pd(C, H,) [P(OC, H, CH,), I , ,  16: 129 
Pd(q3C,H,)(qSC, H,), 19:221 
[PdH(BH,) {P(c, HI, ),I, ],17:90 
PdHCI[P(C,H,,), 1,. 17:87 

Pd[P(t-Bu),],, 19~103 
Pd [ P(C, H, )( t-Bu), ] , , 19: 102 
Pd[P(CyClO-C, HI,), ] ,, 19:103 
[Pd[P(OCH,), 1 , 1 [BPh, 1 , , 20:77 
[Pd ,Cl,(tC ,H9 NC), 1, 17: 134 
Pd,(q5C,H,),C1,, 19:220 
Pr[C,H,(CH J(C,H,)]Cl,, 16:114 
Pt(acac), , 20:66 
PtBr,(CH,),, 20:185 
PtBr,(CH,),(C,H,N),, 20:186 
[PtBr,(CN),] [C(NH,), ]*XH,O, 19: l l  
[PtBr, (CN), ] K, .2H,O, 19:4 
[PtBr, ]K, , 19:2 
[PtBr,]H,, 19:2 
[PtBr, ]K,, 19:2 
Pt(CF,COCHCOCH,), ,20:67 
Pt [ (CF, CO), CHI , , 20:67 
cis-[Pt[C(NHC, H,)(C,H,O)]Cl, [P- 

(C,H,), , 19:175 

(C,H,),]] ClO,, 19:176 

19:176 

trans- [Pt [C(NHC, H, )(NHC, H,)] C1[ P- 

cis-[Pt[C(NHC,H,), ]c1, [p(C,H,),] 1 ,  

[Pt(CN),]Ba.3H2O, 19:112 
[Pt(CN), ] Ba.4H2 0, correction, 20:243 
[Pt(CN),lBr,.,, [C(NH,), I1*H,O, 19:10, 

[Pt(CN),]Br0.,K,*3H,0, 19:1,4, 15 
[Pt(CN),l [C(NH,), I ? .  19 : l l  
[Pt(CN,)] (C, H, S,) ,  (tetracyanoplatin- 

12 

ate (11) salt with 2,2'-bi-l,3dithio- 
lylidene (1:2)), 19:31 

[Pt(CN), ] Cl, ., K, *3H, 0,19:  15 
[P~(CN),]CS,.,,-~H,O, 19:6, 7 
[Pt(CN), ] Cs, Foe,, , 20:29 
[Pt(CN), ICs,(HF,),.,,, 20:26 
[Pt(CN), 1Cs1~HF2~,.38, 20:28 
[Pt(CN), ] CS, *H, 0, 19:6 
[Pt(CN), ] K, .,, *1.5H, 0,19:8, 14 
[Pt(CN),]K,-H,O, 19:3 
[Pt(CN),] Rb,.,.2H,O, 19:9 
[Pt(CN),] Rb, (HF,),.,, 1.67H10, 20:24 
[Pt(CN), 1 Rb, (HF, )0 .38 ,  2 0 2 5  
[R(CN), 1 Rb3 [H(SO,), 10.46 H,O, 20:20 
[Pt[(CS),(CN), 1, 1(c,H4S4) (bis(2,3- 
dimercapto-2-butenedinitrilato( 241 
platinate(1-) salt with 2,2'-bi-1,3- 
dithiolylidene (l : l)) ,  19:31 

dimercap to-2-butenedinitrilato(2-)] 
[pt[(cs), (CN), 1 I 1 (c6 H, S 4 ) l  (bis[2,3- 

[ [P(OCH, la ] , Co] [BPh, ],20:81 
[P(OCH, 1, ] , Fe, 20:79 
[[P(OCH,),l,Ir] [BPh,], 20:79 
[[P(OCH, ), I , Nil [BPh,] ,, 20:76 
[[WOCH,), I , Pdl [BPh, I, ,20:77 
~[P(OCH,),1,Pt][BPh,],, 20:78 
[[P(OCH,),l,Rh][BPh,], 20:78 
[P(OCH,),] ,Ru, 20:80 
[P(OC,H,CH,),], (C, H,)Pd, 16:129 
[ROC, H, 1, ] Cr(C0) [q6-m-(CH, )C, H, - 
P(4-OH-n-C,H,)(C,HS)(C,H,), 18:189, 

CO,=CH,](CS), 19:202 

190 

(C,H,)3], 1 9 ~ 9 8  
[P(O)(OCH,), ]PtCl[P(OH)(OCH,), ] [P= 

[P(O)(OCH, )1 I 2 Pt[ [MCH, 1, I 2 -0- 

C,H,I, 19:lOO 
[~P(o)(oH~~c,H,~cH,),NcH,I,, i6:199 
[P(O)(OH)(C, H, )CH, ] , N, 16:201 
[P(O)(OH)(C,H S)CHl N(CH,)CH , ] , *2HC1, 

16:202 
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platinate(2-) salt with 2,2'-bi-1,3- 
dithiolylidene (1:2)), 19:31 

Pt[c,(c, Hs), 1 [P(c, H, 1, 1 z ,  18: 122 
Pt(C,H,)[P(C,H,),], , 18~121 
Pt(C, H, ), [P(cyclo-C, HI, ), 1, 19:216 
Pt(C,H,),, 19:215 
[Pt(C,H,)Cl~P(C,H,), 1, 1,17:132 
[Pt(C,O,), ]K, . , , -2Hz0,  19:16, 17 
[Pt(C104),]K,-2H,0, 19:16 
Pt[C,H,(C,H,), ](C,H,N),Cl,, 16: 115 
Pt[C,H,(C,H,), ] a , ,  16: 114 
Pt[C,H, (CH, C,H, 11 (C, H, NICI,, 16: 115 
Pt[C,H,(CH,C, H,)] Cl,, 16: 114 
Pt[C,H,(C,H,CH,)] (C, H,N)Cl ,, 16: 115 
Pt[C,H, (C,H,CH,)]Cl,, 16:114 
Pt[C,H ,(c,H,NO,)](C,H,N)Cl,, 16:115 
Pt[C,H,(C,H,NO,)]Cl,, 16:114 
Pt[C,H,(C,H,)I (C, H, N)Cl,, 16:115 
Pt[C,H,(C,H,)] C1, ,16:114 
Pt[C,H,(C, HI,)] (C,H, N)Cl, , 16:115 
Pt[C, H, (C, H,,)] C1, , 16:114 
Pt(C,H,)(C,H,N)Cl,, 16:115 
Pt(C,H,)Cl,, 16:114 
Pt(C, HI, ), (bis(l,5-~yclooctadiene)- 

PtCl[P(O)(OCH, I, 1 [P(OH)(OCH,), 1 [P- 

PtCl,, &, 2 0 ~ 4 8  
trU~S-[PtCl,(C,H,)(C,H,N)], 20: 181 
Cis-[PtCl, (C, H, NC)[P(C, H, 1, ] 1, 19: 174 

platinum), 19:213, 214 

(C,H,),I, 1 9 ~ 9 8  

truns-[PtCl,[P(CC,H,),],], 19:108 
trans- [PtCl, [P(n-C, H9)3 ] , ],19: 116 
trans [PtCl, [P(C, H, 1, 1 , 1,  19: 115 
tr~ns- [ PtCl, [ ~ ( C ~ C ~ O - C ,  HI, ), ] , ],19: 105 
Pt(OH),(CH,),*1.5H,O. 20:185, 186 
Pt[P(C, H, 1, ] ,, 19:108 
Pt[P(C,H,), 1 ,, 19:llO 
Pt[P(i-C,H,),],, 19:108 

[Pt[P(OCH,), I ,  I [BPh, I ,, 20:78 
Pt(OCOCH, ), [P(C, H, ), ] , , 17: 130 

Pt[P(C, H, 1, ] ,, 18: 120 

Pt[P(C,H,)(t-BU),] 1,19:104 

&[p(c6 H, 13 1 a(CO,)p 18:12O 

Pt[P(cyclo-C,H,,),] ,, 19:lOS 
Pt[P(O)(OCH,), I , [ [As(CH,), I,-@ 

C,H,], 19:lOO 
[Pt[S(CH,),NH, I(terpy)](NO,),, 20:104 
[Pt[S(CH,),OHl(terpy)jNO,, 20:103 
P t S ,  , 19:49 
[Pt(terpy)C1]C1-2H1 0, 20: 101 

PtTe,, 19:49 
Pt,CI,(C,H,), ,20:181,182 
Pt,Cl,(C,H,CH=CH,),, 20:181, 182 
Pt,C1,(C1,H1,),, 20~181,183 

RbAl,,O,,, 1 9 5 5  
Rb,., [Pt(CN), ] -2H,0 ,  19:9 
Rb, [Pt(CN),](HF,),.,,.1.67H,O, 20:24 
Rb, [Pt(CN), I (HF, 20:25 
Rb, [Pt(CN), 1 [H(SO,), l,-,.,6.Hz0, 20:20 
Re[CH,C(O)I [CH,C(NH, )](C0)4, 20:204 
Re[CH,C(O)] (CO), ,20:201 
[Re(CO), C1, (NO)] , , 16:37 
[Re(CO),Cl] ,, 16:35 
ReCl, [P(CH, ),C6H, ] , , 17: l l l  
ReCl,, 20:41 
ReF,, 19:137-139 
cis-ReH(CH,C(O)] ,(CO), ,20:200,202 
ReH,[P(CH,),C,H,), ,17:64 
ReOC1, [P(C, H, 1, ] , , 17:llO 
Re, (CO),Cl, (NO), 16:36 
Re, (C, H, O,),Cl,, 20:46 
Re, Br, ,20:47 
Re,Cl,, 20:44,47 
Re,H,(CO),,, 17:66 
Re, I,, 20:47 
Re,H,(CO),,, 18:60 
cis-[RhBr,(en), ]Br, 20:60 
Rh(CO),(qsC,Ph,Cl), 20: 192 
Rh(q5 C,  H, Cl)(q' C, H ,, ), 20 : 19 2 
Rh(q'C, H,Cl)(cod), 20:192 
Rh(q5C,Ph,Br)(q'CaHIl), 20:192 
Rh(qs C, Ph, Br)(cod), 20: 192 
Rh(q5Cc,Ph, Cl)(q4C6 HI, ), 20:191 
Rh(q5C, Ph, Cl)(cod), 20:191 
Rh(q'C, HI1)(q5 C, Cl, ),20: 194 
trans-[RhCl(CS)[P(C,H,),], 1, 19:204 
cis-[RhCl,(en),)Cl, 20:60 
Rh(cod)(q5C,C1,), 20:194 
[Rh(en),(C,O,)]CIO,, 20:58 
cis-[Rh(en),(NO,), ] N Q ,  20:59 
RhH[(+)diop],, 17:81 
[Rh(NH,),(CO,)]ClO,*H,O. 17:152 
Rh(NO)(OCOCH,), [P(C,H,),], , 17:129 
Rh(NO)[P(C,H,), 1 3 ,  16:33 
Rh(OCOCH,)[P(C,H,), I , ,  17:129 
[Rh[P(OCH,),l,I[BPh,l, 20:78 
Rh, Cl, (q4 C ,  H,,), (di-pA~loro-bis(q~- 
1,s-hexadiene)dirhodium), 19:219 

Rh, Cl, (ql C, H,,), (di-pchloro-tetra- 
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[ {(Sc6 H, )C(CH, )}w(co), 1,  17~99 
(SC,H, IGeH,, 18:165 
(P-SC, H, 1, 11, (CO), ,20:238 
S(GeH,), , 18:164 
(SH)C(C, H,S)=CHC(O)CF,, 16:206 
S(NH)[N(SH)], 18:124 
[ [S(O)(CH, 1, ] Cr] Br, , 19: 126 
SOF, ,20:34 
[S(O,)NH,]Ag, 18:201 
SO,PNa,, 17: 193 
[(~O,),HI,.,,Rb, [Pt(CN),]*H,O, 20:20 
(S)P [CH, P(C, H, )(C, H, 11 (C, H, 1,. 16: 195 
S[Si(CH,),],, 19:276 
S[SiH(CH,),],, 19:276 
S[SiH,(CH,)] ,, 19:276 
S(SiH,),, 19:275 
[S,CN(CH, 1, 1, Co(NO), 16:7 
[S,CN(C,H,),] Mo(NO), , 16:235 
[S,CN(C,H,), I,Fe(NO), 16:s 
cis-(& O,)[Co(NH,), (H,O)(OH)], 18:81 
ffs-(S,O,)[Cr(en),(H,O)(OH)], 1834 
(S, 0, 1, [Cr,(en), -P~OH), 1, 18:90 
cWS, 0,) [Cr(NH, 1, (H, O)(OH)], 18:80 
(S, 0, 1, [ (en), Co,r-(OH), 1 , 18:92 
[S, P(i-C,H,), lMo(CO), , 18:53 

kis(q3 -2,3dimethyl-2-butene)dirhodium), 
19:219 

Rh, Cl, (q4 cycloC, H,, ), , 19: 21 8 
Rh, (CO), (~€0)~. 20:209 
Rh, (CO),,, 17:115 
[Rh6~~ ,€ )b€0) , (C0) ,  JK,, 20:212 
Rh, (CO),, , 16:49 
~~,,~~t€O~~~lr,€O~,~C0~,, INa,, 20:215 
Ru(CO),(C, H ,, ), 16: 105 
[Ru(CO), Cl, ] , , 16:s 
[Ru(C, H, 0, )(NH, 1, (NO)] (C10, I , ,  16: 14 
RuCl(CO)(oCOCH,)[P(C,H,),] ,, 17:126 
[ RuCl(NH , 1, (NO)] C1 ,, 16 : 13 
[RuCI(NO), {P(C,H,),}, I(BF.1, 16:21 
[ Ru(en), ] Q, ,19: 1 18 
[ Ru( en), ] C1, , 1 9: 1 19 
[Ru(en),] [ZnCl,], 19:118 
RuH(CH,CO, )[P(C, H, la 1 , , 17:79 
RuH(NO)[P(C,H,), ] ,, 17:73 
RuH(OCOCH, )(CO) [P(C, H, ), ] , , 17: 126 
[RuH{P(C6H,),}i{(q6€,H,)P(C,H,), 11- 

RuH,[P(C,H,),],. 17:75 
[BF, ],17:77 

[Ru(NCO)(NH,),(NO)J(ClO,),, 16:15 
[Ru(NH, ), (N ,O)] Br ,, 16:75 
[Ru(NH,), (N, O)] C1, , 16:75 
[Ru(NH, ) (N , 0) 1 I , , 16:75 
Ru(OCOCF,), (CO)[P(C, H, 1, ] ,, 17:127 

Ru(OCOCF,),CNO)[P(C,H,), I , ,  17:127 
Ru[P(OCH,),],, 20:80 
Ru,(CO),Cl,, 1651 
Ru,(CO),,(NO), , 16:39 
Ru,(CO),, , 16:45,47 

[I(S>c(CH, )CH ,C(CH, )I , (C, N,H ,)I Co, 

Ru(OCOCH,),(CO), [p(C6H5)3] 1,17:126 

16:227 

- . -~ 
[S,P(i-C,H,), I z  Mo(C,H,)(CO), 18:55 
S.N, 18:124 

[fi-SC(CH,),], Ir,(CO),, 20:237 

[[S(CH, ),OH] Pt(terpy)]NO,, 20:103 
[S(CH,)C, H, ] Li, 16:170 
[S(CH, )C, H, 1 (NH, ),16: 169 
[S(CH,)C, H, ]P(C,H,), ,16: 171 
[S(CH,)C,H,l,P(C,H,), 16:172 

(SCH,)GeH,, 18:185 

),NH,IPt(terpy)l(NO,),, 20:104 

[S(CH,)C,H,], p, 16~173 

[[(SCH,),C,H,], Mo,Cl,], 19:131 
[ W H ,  1, I CoBr[(C=NO), H(CH,), ],,20: 128 Si(CH;), 6 , ,  16: 141 

(S, N) [n-C, H, ), N] , 18:203,205 
S,N,, 17:197 
IS, N, I [AlCl, 1,17:190 
[S,N, I [FeCI,], 17:190 
[S,N,] [SbCl,], 17:189 
S,NH, 18:203,204 
Sb[C, H, As(CH, ),I , ,16: 187 
[Sb(C,H,),] ,Cu(NO,), 19:94 
rSbF6 1 Hgl .91 ,19:26 
[SbiFii IzHg,, 19:23 
Sc[ [(CH, ),Si] , N] , , 18:115 

[{SeC(NH,),)Co](SO,), 16% 
[{SeC(NH,),)Hg]Br,, 16:86 
[{SeC(NH,),)HgjCl,, 1635 
[{[(SeC(NH,),lHdCl, I , ,  16:86 
Se(GeH,),, 20:175 
SeOF,H, 20:38 
SeO, F, ,20:36 
SeO,H,, 20:37 
Se[SKCH,),],, 20:173 
Si(CH,)F,, 16:139 

[{s~c(NH,), )coI(c~o,), ,i6:84 
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[Si(CH,), 1 , NH, 18: 12 
[Si(CH,), ] ,S, 19:276 
[Si(CH,),],Se, 20:173 
[Si(CH,),],Te, 20:173 
SiCr(CO), ($ C, H, )H,, 17: 104 
[SiH(CH,), ] , S, 19:276 
SMI(CH,), , 19: 271 
[SiH,(CH,)],S, 19:276 
SiH,I(CH,), 19:271 
(SM, NCH, )C, H,, 17: 174 
(SiH,)C,H,. 17:172 
SM,I, 19:268.270 
(SiH,), S, 19:275 
SiI(CH,),, 19:272 
SiMo(CO), (qSC, H, )H, , 17:104 
Si[N(CH,), ] (CH,), , 18:180 
SiO,, gels, 20:2 
SiP(CH, 1, (C, H, ), , 17: 187 
SIW(CO),($C,H,)H,, 17:104 
cyclo-Si, (CH, ) lo  , 1 9 : 26 5 
cyclo-Si,(CH,),,, 19:265 
Sm[Fe(CN), ].4H,O, 20:13 
Sn(CH,), (C,H,), 17:178 
[Sn(CH,), ] ,O, 17:181 
Sn(C, H,)(OCH,CH, ),N, 16:230 
SnC,H,,O,N, 16:230 
Sn(TaS,), 19:47 
spcU0, ,20:97 

[Ta(CO), I K {(CH,OCH,CH,), O), 1, 16:71 
TaCI,, 20:42 
TaS, (2H(a)phase), 19:35 
(TaS,)(NH,), 19:42 
(TaS,)Nax, 19:42,44 
CTaS,)Sn, 19:47 
(TaS,),B, 19:42 
(TaS, 1, (C,H,N), 19:40 
TeF,, 20:33 
Te(GeH,),, 20:175 
Te[Si(CH,), I , ,  20:173 
[(terpy)PtCI] C1.2H1 0,20: 101 
[(terpy)Pt[S(CH,),NH,]](NO,),, 20:104 
[(terpy)Pt[S(CH, 1, OH] 1 NO,, 20: 103 
Te, 0,, 17: 155 
Th(C,H,),CI, 16:149 
cis-[TiBr(C,H,O,), 1, 19: 142 
Ti(CH,)Br,, 16:124 
Ti(CH,)CI,, 16:122 
Ti[ [(CH,), Si] ,N] ,, 18: 116 

[Ta(CO), 1 [As(C, Hs),], 1 6 ~ 7 1  

Ti(rl5-C,H,), (BH,), 17:91 
[Ti(C,H,)CI, Ix, 16:238 
TW, H,)Cl,[P(CH,), cc,H,)], , 16:239 
cis-[TiCI,(C,H,O,),], 19:146 
TiCI,[P(CH,)H,], , 16:98 
TiCl, [P(CH,), H] ,, 16: 100 
TiC1, [P(CH,), 1, ,16:100 
TiC1, [PC, H, ), ] , , 16: 101 
cis-[TiF, (C,H,O,), I ,  19:145 
Ti[Mn(CO),],, 16:61 
TlAI,,O,,, 1 9 3 3  

U(C,H,), C1, 16:148 

UCI,, 16:143 

UO, spc, 20:97 

V[ [(CH,), Si], N], , 18:117 
V(C,,H,,N,)O(VOHp), 18:48 
VCI,, 20:42 
VCuO(daaen)(H, 0), 20:95 
(VF, O)Ni.7H2 0,16:87 
VO(C,, H,, N, (vanadium(1V). oxo- 

[ 5,10,15,20-tetraphenyl-2lH, 23H- 
porphinato(2-)] -), 20: 144 

U(tl'-cy~lo-C,H,),, 19:149.150 

UF,, 19~137-139 

VOHp, 18:48 
VO(tpp), 20:144 
[V,, O,, ] (NH,), *6H,O, 19: 140,143 
[V,,O,, lNa6*17H,O, 19:140, 142 

@ans-[WBr(CO),(CC, H,)] , 19:172.173 
WBr,, 20:42 
W(CO), (TI, C, H, )(NO), 18 : 12 7 
W(CO), ($€,H,)SiH,, 17:104 

[W(CO), { W H ,  )(OCH, ))1,17:97 
[W(CO), {C(CH, )(SC, H, ))],17:99 
W(CO), [C(C, H,), ],19:180 
W(CO), [C[N(CH,),]C,H, ],19:169 
W(CO), [C(OCH,)(C,H,)], 19:165 

trans-[W(CO),I(CS)] [N(n-C,H,), 1, 19:186 

w(co), [C [OSi(CH, 1 3  1 c6 H,-p(CH,) I ,  
19:167 

W(CO),(CS), 19:183,187 
W(tl5CC, H,)(CH,)(NO),, 19:210 
WCl(s5 C, H, )(NO), ,18:129 
WCl,[(PPh,), (CH,),], 20:125 
WCI,(PPh,), ,20:124 
tMnS-W(N, 1, [(PPh, 1, (CH, 1, 1 ,, 

20:126 
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[Zn(Bzo, [16]octaeneN,)] [ZnCl,], 18:33 [ZnH,]Na, 17:15 
Zn(CH,), , 19:253 [ZnH,]Li,, 17:12 
[Zn(C,,H,,N,)I [ZnCl, 1 ,18:33  ZnK,Cl,, 2 0 3 1  
[ZnC14 ] [ Ru(en), ],19: 118 [Zn, (CH, )z H, ] Na, 17: 13 
ZnCr, 0,, 20:52 Zr(r15-C5H5), H,, 19:224.225 
ZnH,, 17:6 zrCl(+75C5H5)zH, 19:226 
[ZnH,]Li, 17:lO ~ , 0 C l , ( q 5 - C 5 H 5 ) , ,  19:224 
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