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Important peaks in the mass spectrum of VIa were assigned to  
CNFzCl (parent peak, 9653), CSFCI, CFCI, CNFp (1005$1), 
CKF,  and CF. Isomer XTIb displayed important peaks at- 
tributable to  CSFzCl (parent peak, 10070), CSFCI, CFCI, 
CnTF2, CNF, and CF. 

Fluorination of C-Bromodifluoromethy1enimine.-A 12-ml 
infrared gas cell equipped with S-aC1 windows was charged with 
I I Ib  (2.2 mg, 0.015 mmole) and GFs-2 (1.1 mg, 0.005 mmole). 
After freezing these reactants into the side arm of the cell, i t  was 
pressurized with fluorine (20 mm, 0.013 mmole). Immediately 
upon warming to room temperature (5 min) the infrared spectrum 
of the mixture was examined. On the basis of this spectrum, the 
conversion of IIIb was estimated a t  2353 and the yield of ITT was 

cstimated a t  707;. 
CF4, C4FI0, and CF8COF. 

Other products of the reaction were COF2, 
So C4F8-:! renidintd in the mixturt , 
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The conditions under which tetracarboxylatodirhenate(II1) species, Re2(0yCR)4Xy, may be prepared, directly or indirectly, 
from the Re?Xs2- species have been explored and effective methods of preparation developed. -k number of new compounds 
have been prepared and characterized. Certain features of the infrared and visible spectra of these molecules are discussed 
in relation t o  the structure and bonding. It is proposed that  the terminal X groups may exert a weakening effect on the 
Re-Re bond comparable to  the trans effect known in other, more classical complexes. 

Introduction 
Since the discovery and formulation2-4 of species 

containing a quadruply bonded pair of Re(II1) atoms. 
namely the RezXs2- ions in which X = C1 or Br, 
several years ago, investigations of their chemistry 
have been carried out. One objective has been to 
determine the range of chemical behavior possible for 
the unique diatomic species, Re*, including ligand 
substitution reactions, oxidation-reduction behavior, 
and stability. Another purpose has been to obtain 
compounds with which experiments shedding more 
light on the metal-metal bonding and electronic struc- 
ture could be carried out A previous paper has re- 
ported some reactions of the Re2Xs2- species with phos- 
p h i n e ~ . ~  

In this paper we describe in more detail the chemical 
relationship of the Re2Xs2- species to the Re2(02CR)AXz 
species which were originally prepared by others6-* 
in various ways It has previously been shown2 that 
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the R e 2 X F  and Re2(02CR)4Xz species can be inter- 
converted. It should also be noted that the Russian 
n~orkers7~* have incorrectly formulated their com- 
pounds, which were the acetates only, as Res(CH3- 
COOH),X2; the implication of this formula, for which 
there has never been any evidence given, is that Re(1) 
is present. This is undoubtedly an error unless, 
despite all appearances, the Russian workers were 
dealing with different materials than ours. 

Experimental Section 
[ ( ~ - C ~ H Q ) ~ S ] Y R ~ ~ C I ~  was prepared in 40yc yield arid converted 

to  [ (n-GH9)&]2Re2Brs in 9853 yield as previously c1escribed.j 
Preparation of the A1kanoates.--A mixture of tetra-n-butyl- 

ammonium octachlorodirhenate(II1) (1.0 g ) ,  acetic acid (40 
ml), and acetic anhydride (10 ml) was refluxed gently under 
nitrogen with a slow stream of nitrogen passing through the solu- 
tion t o  prevent bumping and t o  sweep out the HC1 formed. 
.4fter 1 hr the supernatant liquid was essentially colorless and 
orange crystals of Re2(0pCCH3)4C12 had been deposited. The 
crystals were separated by filtration in air, washed with three 
20-ml portions of alcohol, then with 20 ml of diethyl ether, and 
dried under vacuum. The yield was 95yo. 

The bromo dimer, Ree(OzCCHs)rBrz, mas prepared in an 
analogous way using [ (n-C.iH,),S] nRe2Br8. 

Higher alkyl carboxylate chloride and bromide dimers were 
prepared similarly using the corresponding carboxylic acid and, 
when available, the anhydride. Due to  the solubility of these 
higher honiologs and their sensitivity in solution to traces of 
oxygen, i t  was necessary to use carefully deoxygenated solvents 
and extended reflux periods (up to  48 hr). In each case the 
orange product was isolated by cooling the dark final solution 
t o  about - 5' and filtering the product under nitrogen. Yields 
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Compound 
1 Rez(0zCCHa)aClz 
2 Rez(OzCCH8)4Brz 
3 Kez(OzCC2H~)4Clz 
4 Re2(0?CCzHs)aBr2 
5 Rez(OzCCsH7)aCh 
6 Ke~(OCCsH7)rBra 
7 Rez(OzCC8H?)4Iz 
8 Kez(OnCC(CH1ja)4C12 
9 Rei(0nCCaHa)aCh 

10 Rez(0zCC~HdaBrl 
11 Rer(o-CHaC6HaCOz)4Cl? 
12 Rez(m-CHaC~HaC0z)aClz 
13 Ren(p-CHaCoH4COl)aCl~ 
14 Rez(0zCCeHa) a(SCN) z 
15 Rez(OzCCsH7) 4S04(Hz0) z 
16 Rez(OzCCHzC6Ha)aClr 
17 RedO2CCHCl)aClz 
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TABLE I 
ANALYTICAL AND SPECTRAL DATA FOR THE COMPOUNDS 

7C, %-- -H, %- C1, BK, or S, % --- Absorption spectraa'b,c------- 
Found Theory Found Theory Found Theory Color (maxima in ma with molar extinction in parentheses) 

Orange 14 .3  14.14 1 .81  1 .78  10.3 10.43 420 500 
Red-brown 12.4 12.50 1.51 1.57 20.6 20.78 347 420 sh 507 
Orange 1 9 . 5  19.58 2.75 2.72 9.37 9 .64  274 (16,400) 396 (167) 497 (157) 
Brown 17.2 17.48 2.61 2.44 . . .  . . .  253sh  304 (14,200) 419 (125) 509 (203) 
Orange 24.4 24.27 3 .72  3.56 9 . 1 5  8 . 9 6  276(18,000) 404 (150) 507 (156) 
Brown 21.7 21.82 3 . 2 3  3.20 . . . . . . 252sh 306 (15,600) 417 (156) 508 (153) 
Brown 19.7 19.72 2 .94  2.90 , , , . . . 247 (50.000) 270sh 386 (17,500) 415sh 512 (790) 
Red-brown 28 .9  28.33 4 .53  4 . 2 5  8.24 8 .36  276 (24,000) 401 (106) 498 (160) 
Red 36 .1  36.24 2.28 2.17 7 . 6 8  7 .68  245 (28,700) 307 (12,900) 321 (11,600) 415sh 533 (218) 
Red-brown 31.3 33.07 2.04 1 .98  1 6 . 0  15 .72  
Red 38.9 39.05 2.98 2 .84  7.62 7 .22  267 (7050) 314(5530) 330(5200) 450sh 542 (168) 
Red 38 .8  39.05 2 . 7 8  2.84 7 .98  7.22 278 (2840) 309 (4740) 322 (4270) 445 sh 536 (171) 
Red 3 8 . 4  39.05 2.73 2.84 7 . 3 3  7.22 262 (6410) 313 (5070) 326 (4760) 448 sh 542 (168) 
Orange 37 .5  37.02 2.52 2.02 6 . 5 6  6.59 310 (16,800) 505 (54) 
Blue 22.6 22.48 3 . 8 4  3 .81  . . , . . . 235 (26,200) 255sh 478 (12) 636 (121) 
Orange 39.2 39.04 2 .95  2.85 6 . 8 2  7.22 270 404 505 
Lightorange 12 .0  11.76 1 .01  0.99 26.0 26.02 418 560 

a Solutions in acetonitrile. sh means shoulder. When no extinction coefficients are given, spectrum was measured by reflectance 
from 300 to  800 mu. 

varied between 10 and 407,. All elemental analyses are given 
in Table I. 

Preparation of the Compounds Containing Aromatic Acids.- 
The benzoates were prepared by fusing, under nitrogen, 5 g of 
benzoic acid mixed with 1 g of the Re2(02CCH3)4X2 compound, 
giving an orange melt. Gentle boiling of this solution for about 
5 min caused a color change to  red. On cooling, a pink solid 
was obtained. Excess benzoic acid was removed by washing with 
ether. The  pink residue was recrystallized from chloroform to 
give red crystals; yield 857,. 

The compounds containing the toluic acids (compounds 11, 
12, and 13 in Table I )  were prepared in the same way. 

Re2(02CCH2CcH6)4CL and Rep(OzCCHd21)4C12 were also pre- 
pared by carboxyl displacement from the acetate, Re?(O&CH3)4- 
Cls. 

Ren(O?CCeHa)4(SCN)2 was prepared from Re2(02CCsHa)4CL 
by stirring 1 g of the latter with 1 g of AgSCN in 50 ml of chloro- 
form under nitrogen. The resulting orange solution was filtered 
to separate AgCl and excess AgSCN, and the filtrate was evapo- 
rated under vacuum to yield the product as a brown powder. 
Re2(C3H&02)4(H20)2S04.-This compound was prepared as 

described by Talla and Wilkinson.6 Under nitrogen, 1.0 g of 
R ~ ~ ( C ~ H ~ C O Z ) ~ C L  was stirred with 2.0 g of silver sulfate in 40 
ml of 3 : l  acetone-water. Silver chloride and excess silver 
sulfate were filtered from the solution and the blue compound was 
isolated by evaporation of the solvent under vacuum. 

Res(C3HiC02)412.-To the blue solution obtained in the above 
preparation of the sulfate was added 40 ml of freshly distilled 
5570 HI .  A brown precipitate resulted which was filtered and 
washed with 5595 H I  in order to remove silver iodide. The 
product was washed with 5 ml of ethanol (in which i t  is slightly 
soluble) and 20 mi of ether, then dried; yield 757,. 

All elemental analyses are given in Table I ,  
Absorption Spectra.--Optical spectra were recorded in a Cary 

Model 14 or Beckman DU spectrophotometer. Typical spectra 
are given in Figure 1, and all peak maxima and extinction coef- 
ficients are listed in Table I. 

Infrared spectra of these compounds, mulled in hydrocarbon 
oil, showed the absorptions expected for carboxylate groups. 
A few other features indicative of structure in particular cases 
will be noted subsequently. 

Discussion 
Preparation and General Properties.-The present 

study has confirmed and extended the earlier2 observa- 
tion that the RezXs2- complexes react with carboxylic 
acids according to eq 1. We believe that  this reac- 

Res&- + 4RCOOH = Rez(OzCR)4Xz + 4HX (1) 
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Figure 1 .-The electronic absorption spectra of some ReIIlz 
compounds, measured in acetonitrile: (- ), RezCls2-; 
(---------), Rez(OzCCsH:)4CL; ( .  . . . . ), Rez(O~CC3H7)S04(H20)2. 

tion constitutes the best method for preparation of 
these carboxylate complexes. However, when the 
group R is aryl and certain other groups such as benzyl 
and chloromethyl, it is more convenient to use a two- 
step process, the first step being that  in eq 1, with 
R = CHJ, and the second being a carboxyl exchange, 
eq 2. 
Re2(O2CCH3)aX2 + 4ArCOOH = 

Re(O&Ar)4X2 + 4CHsCOOH ( 2 )  

Of the alkanoates, the acetate can be prepared in the 
highest yield and with the greatest ease. In  fact, small 
amounts of Rez(0zCCH8)4Cls can be isolated even when 
the reaction is carried out in air. Presumably this 
stability of the acetate is due to its extreme insolubility 
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rather than any inherent structural difference from 
the other compounds. The other carboxylates are all 
stable toward air as solids but they are quite sensitive 
to oxygen when in solution. A formate has not been 
isolated, probably because of the high water content of 
formic acid. 

In  addition to the carboxyl interchange reaction, 
eq 2, in which a more volatile acid can be displaced 
by a less volatile one, reactions involving displacement 
of the end groups, as shown in the general reaction 
(3) can also be carried out. In several cases reported 

Re2(02CR)& + 2 Y -  = Re?(02CR)dY? + 2X- 13) 

here this provided the only way of obtaining a particu- 
lar compound. Thus, reactions of type 1 starting with 
Re2(NCS)g2-, a new Re2XE2- species whose preparation 
will be described e l s e ~ h e r e , ~  do not lead readily to isol- 
able amounts of Re2(02CR)4(NCS)2 species. However, 
the compound Re2(02CC6H5)4(NCS)2 was obtained 
by a reaction of type 3 using AgSCK as a source of 
SCN-. Similarly, the sulfato complex, Re2(02CC3- 
H~) ,SOA(H~O)~ ,  and the iodide, Ren(O2CC8H7)4I2, were 
obtained by exchange of C1 in Rez(02CC3H7).IC12. 
Reactions of type 1 are not a t  present possible in these 
cases since neither Re2(S04)42- nor RenIg2- is known. 

With regard to the linkages present in the SCN- 
compounds, infrared data provide some information. 
The SCN- compound has v(CK) a t  2020 f 5 cm-l, 
Y(C-S) a t  755 cm-l, and G(SCN) a t  470 =t 5 cm-l. 
The first of these is low for either N- or S-bonded thio- 
cyanatelo and is even lower than that for the unco- 
ordinated ion (-2060 cm-l). v(C-S) is close to that 
for the uncoordinated ion (-735 cm-I), but a t  the 
border line of the accepted ranges for K- and S-bonded 
thiocyanate. G(SCN) is not resolvably split and occurs 
a t  a value consideredlo to correspond to N bonding, 
although again i t  is also similar to that for the unco- 
ordinated ion (-470 cm-l). Thus, from the infrared 
data alone i t  appears that  SCN is probably not S bonded 
but might be N bonded or uncoordinated. 

Electronic Spectra.-The electronic absorption spec- 
tra of most of the compounds have been recorded. The 
numerical data are collected in Table I and several of 
the spectra are shown in Figure 1. At present, de- 
tailed interpretation of these spectra appears impos- 
sible, but certain trends and correlations may be noted. 
As a basis for even a superficial discussion, i t  should 
be stated that the structures of the Rez(02CR)4X2 
compounds are all presumably as shown in Figure 2 .  
This is the type of structure originally suggested by 
Taha and Wilkinson6 and for Rez(OzCCcH5)1C12 i t  
has been confirmed by a single crystal X-ray diffraction 
study.ll Of particular importance, the Re-Re dis- 
tance found is similar to that in RezCls2-, thus confirm- 
ing our earlier suggestion4 that the Re2(02CR)qX? 
compounds contain the quadruple bond between the 
Re atoms, although there may well be differences in 

(9) F. A. Cotton and W. R. Robinson, Iizoug. Chem., in press. 
(10) Cf, A. Sabatini and I. Bertini, i b i d . ,  4, 959 (19651, for a recent dis- 

cussion of the  thiocyanate complexes and earlier references. 
(11) F. A. Cotton and W. I<. Robinson, unpublished work. 

R 

I -0 

X Re !e I/ x 

R 
Figure 2.-The molecular structure assumed for all Ree- 

(02CR)dXe compounds on the basis of X-ray results for Re2- 
(OzCCsH5)4CL. 

quantitative detail between the Re-Re interactions 
in the Re2Xs2- and in the Rez(02CR)4Xz compounds. 

Indeed, i t  is to be expected that the T systems of the 
carboxyl groups will interact with the valence orbitals 
of the rhenium atoms. These carboxyl T orbitals 
can combine to give a large number of molecular or- 
bitals (2Eu, 2Azg, 2Bz,, E,, AIU, B1Jj some of which are 
of the same symmetry types as the Re-Re orbitals 
which are presumably involved in optical transitions 
(ElU, Azu, AI,, RzS, Eg). Thus, no simple predictions 
as to how the transitions of the Re2Xg2- species4 
should be perturbed by substituting the SX- by 
4RC00-  are possible. A detailed discussion of the 
spectral assignments should therefore await the com- 
pletion of molecular orbital calculations on the Rez- 
(0nCR)aXz species. 
In terms of a simple bonding scheme,4 the validity 

of which has since been supported by an LCAO-310 
calculation, the bands occurring in the RezXs2- 
species a t  700-800 mp were assigned to a transition 
from the &bonding orbital to one of the nonbonding 
CT orbitals. In the Re2(02CR)4X2 species, where the 
end groups, X, are bound by means of these orbitals,I3 

(12) F. A. Cotton and C. B. Harris, to  be published. A verbal presenta- 
tion was made a t  the 1Slst  Sational Meeting of the  American Chemical 
Society, Pittsburgh, Pa., March 31, 1966; Cf. Abstract H71. 

(13) This may be an  appropriate place to comment on the absence of end 
groups in t h e  RezXs2- species. Although suitably directed orbitals are 
available, they are inaccessible for steric reasons. Thus,  using the  reported' 
dimensions of the  RezClns-ion and accepted van der n'aals radii for C1 and 0 
atoms, i t  can be calculated tha t  the  closest approach of a water molecule 
t o  an  R e  atom would give a n  Re-0 distance of -2.9 A, effectively prevent- 
ing the  formation of a stable bond. I n  the  Re2(02CR)4 group, however, the  
smaller size of the 0 atoms and the  fact tha t  those in each set of four are 
essentially coplanar with the  R e  atom to  which they are bound, instead of 
swept back, permits close approach of an  additional ligand atom to  each Re  
ntom. 
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R e 2 ( 0 2 C C 3 H 7 ) 4 I 2  ~ I I1 I 
Re2(02CC3H,l,0r2, I I  I I 
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such transitions should be shifted to higher energies. 
In  accord with this, it  may be seen that  (with the ex- 
ception of Re2(02CC3H7)&04(H20)~, to be discussed 
below) none of the spectra of Rez(02CR)qX2 compounds 
contains absorption bands a t  wavelengths beyond 
500-550 m p .  Consequently, they have red, orange, or 
brown colors, rather than the blue and green colors 
of the Re2Cls2- and Re2Brs2- ions. 

One of the most striking features of the spectra is 
illustrated in Figure 3. For the series of compounds 
Re2(02CC3H,)4Xz, in which X is C1, Br, I, there are 
intense bands in the near-ultraviolet, but their positions 
vary markedly. For the iodo compound there are 
two intense bands; the one a t  higher energy is probably 
due to a charge-transfer transition which lies a t  still 
higher energies in the bromo and chloro species. 
Therefore only the lower-energy band of the iodo com- 
pound will be considered in conjunction with the bands 
observed in the other compounds. 

If the intense band in each compound is assumed 
to have a similar origin, the main questions are (1) 
what is this origin?, and ( 2 )  why does the energy of the 
transition shift in the observed manner? 

We believe that an orbitally-allowed, strong 6-6* 
transition, analogous to that  in RezC&2-, is to be ex- 
pected in this part of the spectrum. Since, except as 
noted above for the iodo compound, no other strong 
band is found, this assignment is implied. The con- 
siderable shift (from -36,000 to -27,000 cm-l) in 
the band position in going from the chloro to the iodo 
compound does, however, require comment. There is 
no obvious way in which this might be a direct conse- 
quence of the interaction of the halogen atoms with 
the 6 or 6* molecular orbitals. 

However, if the interaction of the halogen atoms with 
the metal drr orbitals increases from C1 to I so that the 
Re-to-Re T bonding is weakened, the Re-Re distance 
will increase. Since the 6-6 overlap is sensitive to dis- 
tance12 and the distance should be sensitive to the 
Re-to-Re P bonding because this accounts for more 
than half of the total Re-Re bond strength, l2 a lowering 
of the 6-6* transition in the observed direction would 
be anticipated. The proposed weakening of the Re- 
to-Re bond as the end groups are changed from C1 to 
Br to I can be viewed as manifestation of the trans 
effect and it follows the known order of C1, Br, and I in 
the trans effect series.14 

As Figure 3 also shows, the other, weak peaks in the 
spectra do not appear to have any simple dependence 
on variation in the terminal ligands; indeed the one 
around 20,000 cm-I seems practically invariant in the 
C1, Br, I series. These weaker absorption bands do 
show slight variation in position as the R groups are 
changed, and, as Figure 4 shows, their shifts correlate 
moderately well with the inductive potential of the R 
groups as measured by the Taft u* parameter.l5 The 
significance of this is not clear, but it perhaps suggests 

(14) F. Basolo and R. G. Pearson, Progr. Inorg. Chem., 4, 381 (1962). 
(15) Cf. J. Hine, "Physical Organic Chemistry," McGraw-Hill Book Co., 

New York, N. Y., 1962, pp 96-98. 

thin lines are shoulders. 

U' 
25  2 0  

F r e q u e n c y ,  Cm XiO-3 

Figure 4.-Graph showing the dependence of the energies of 
several transitions upon variation of the R groups over a range 
of Taft's u* constant. 

that orbitals of the carboxyl groups are directly in- 
volved in the transitions. 

Finally, comment must be made on the compound 
Rez(02CC3H7)~S04(H20)2, which is blue, due to the 
presence of a band near 17,000 cm-l. If, indeed, the 
basic quadruply bridged Rez(OzCR)42+ unit is present, 
this would seem to imply that there are no coordinated 
end groups. The position of the strong band tenta- 
tively assigned to a 6-6* transition, compared to the 
positions of this band in the C1, Br, and I compounds 
(see Figure 3) ,  is also consistent with this supposition. 
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On the other hand, it is not clear why neither S04*- nor 
HzO should be coordinated. Clearly, this compound 
requires further study. electronic structures. 
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The reactions of rhenium(II1) chloride with the bases (B)  Z,Z’-bippridyl, 1,lO-phenanthroline, l,Z-bis(diphenylpliospliino)- 
ethane, and 2,5-dithiahexane have been studied. Under mild reaction conditions the complexes Re8C1,Bl.6 were isolated 
with all the above bidentate ligands except 1,lO-phenanthroline. Their visible spectra are consistent with the presence of the 
ReaClg cluster, and the complexes are believed to contain bridging bidentate donor molecules. These results are a t  variance 
with some earlier work. Products containing a higher proportion of ligand were isolated by carrying out the reactions 
under more forcing conditions. In addition, the complexes Re8ClgL8, where L = acetonitrile, benzonitrile, aniline, o- and 
p-phenylenediamines, and 1,4-thioxane have been isolated; h novel reaction 
occurs on refluxing acetonitrile solutions of rhenium( 111) chloride (or bromide) and 2,Z’-bipgridyl. Under these conditions, 
products of empirical formula RezXj(bipy). CH,CS can be isolated. 

their properties and structures are discussed. 

Introduction 
Studies in these laboratories2-j and elsewhere6-* 

have shown that the reactions of rhenium(II1) chlo- 
ride and bromide with halide ions and a variety of 
monodendate donor molecules invariably lead directly 
to the formation of complexes in which the trimeric 
Re3Xg cluster is retained. Only when forcing reaction 
conditions are used or oxidation is favored does a break- 
down of these species appear to occur. 

We are currently investigating the reactions of 
the octahalodirhenium (111) ions (Re&) 2 -  with phos- 
p h o r ~ ~ , ~  nitrogen, lo and sulfurlo ligands and were 
prompted to study the reactivity of the trinuclear 
rhenium(II1) halides toward bidentate donor mole- 
cules. Several of these systems have previously been 
investigated by other workers,ll but this work vas  
carried out a t  a time when the stereocheniistry of 
rhenium(II1) was not well understood and the correct 
formulation of the products therefore difficult. Conse- 
quently, we considered it worthwhile to investigate 
these and other systems further and in detail. In  par- 
ticular we v-ere intrigued by the reported*,” isolation 
of complexes of empirical formula RezX4B, where X = 

C1 or Br and B = 2,2’-bipyridyl or l,l0-phenanthro- 
(1) Research supported by the United States Atomic Energy Commissiun 

( 2 )  J.  A. Bertrand, I;. A. Cottun, and W. A. I)<>llahe, 1iioi.s. Cke!ii., 2 ,  

(3) F. A. Cotton and J. T. Mague, ibid., 3, 10Y4 (1964). 
(4) F. A. Cotton and J. T. Mague, ibid., 3, 1402 (1964). 
( 5 )  F. A. Cotton, S. J ,  Lippard, and J. T. Mague, ibid., 4, 508 (19651. 
( 6 )  J. Chat t  and G. A. Rowe, J .  Chem. Soc., 4019 (1962). 
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line, from the direct reaction of the trihalides with these 
amines. This behavior did not appear to be consistent 
with the known or expected behavior of the rhenium- 
(111) chloride and bromide entities, Ke& and KepBr9. 

Since molecular models shorn that bidentate ligands 
are unlikely to be bonded to two rhenium atoms in the 
same cluster,l* we were interested to know the mode of 
ligand bonding and the stability of the complexes so 
formed. The present communication describes the 
results of these studies. 

Experimental Section 
Rhenium(II1) Chloride.-This compound was obtained from 

the H. W. Shattuck Co. and was used as supplied after being 
allowed to  stand for a day in an atmosphere saturated with 
water vapor. This treatment gave a product which, after pump- 
ing in vucuo at 80”, readily dissolved in suitable solvents. 

Rhenium(II1) Bromide.-This halide was prepared as pre- 
viously described.6 

1,2-Bis(diphenylphosphino)ethane (diphos).-This phosphiiie 
was prepared by the method of Chatt and hIan~~.’~ Bipyridyl 
(bipy) was a commercial sample. 

Analyses were perfornicd by the Galbraith Microanalytical 
Laboratories, Knoxville, Tern. Low chlorine analyses were 
obtained (up to  3 5  less than that  required by theory), but in 
all eases these figures were sufficient to  enable alternative formu- 
lations to be differentiated. These low analyses presumably 
result from an incomplete decomposition of the ResCl,, cluster. 

Infrared spectra were recorded in the range 4000-400 cn1-I O I I  i~ 

1)erkiii-EIiiier Model 33i spectrophotometer. \-isiblc. spectrit 
were obtained with a Beckman DU spectrophotometer. Con- 
ductivities were measured a t  23 & 2’ with a commercial Wheat- 

(12) Complex formation occurs b y  breakdown of the “loose” intermolecu 
lar chlorine atom bridges in the trichloride’ and coordination to the three in- 
plane, nonbridging positions. The  bridging and terminal halogen atom5 (11 
the Re3X9 cluster then impose stringent steric I-equirements that  will almost 
certainly prevent coordination of bath donor atoms oi the  hidentatc ligand 
to the same cluster. 

(13) J. Chat1  and  F. G Riann, J .  Chciii. .So(., 1X78 (1LJiiO). 




