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ion has a distorted octahedral coordination geometry involving 
C1,0(1), 0(3), 0(6) ,  0 (8) ,  and O(10) with distances of 2.744 
(7), 2.495 (9), 2.75 ( l ) ,  2.52 ( l ) ,  2.35 ( l ) ,  and 2.44 (1) A, 
respectively. 

Discussion 
An examination of the bond distances and angles in Tables 

IV and V for compounds 1 and 2 reveals that the Rh2(CO3)?- 
units are essentially identical. The only structural parameter 
which differs significantly between the two compounds is the 
Rh-axial ligand distance, as might be expected. The Rh-O(7) 
distance in 1 of 2.344 (5) f r  is to be compared with a value 
of 2.310 (3) fr found in Rh2(0A~)4(H20)2 .8  The slightly 
weaker (0.034 f r )  Rh-0 axial bond in the carbonate complex 
is matched with a slightly stronger Rh-Rh bond (by -0.008 
A), and once again, the persistent inverse relationship between 
metal-metal and metal-axial ligand bond lengths13-15 is ob- 
served. In complex 2 the axial position is occupied by a C1- 
ion which is associated with the Rh atom at a distance of 2.601 
(3) A. Such a long distance precludes any but the weakest 
type of bonding interaction. The high negative charge already 
on the complex undoubtedly contributes to a lengthening of 
the Rh-Cl bond. In contrast, the Rh-C1 bond length in [C- 
(NH2)3] [Rh2(OAc)4C12], where [C(NH2)3]' is the guanidi- 
nium ion, is significantly shorter with a value of 2.49 A,16 but 

(13) Cotton, F. A,; Extine, M.; Gage, L. D. Inorg. Chem. 1978, 17, 172. 
(14) Cotton, F. A.; Extine, M. W.; Rice, G. W. Inorg. Chem. 1978, 17, 176. 
(15) Cotton, F. A.; Hall, W. T. Inorg. Chem. 1977, 16, 1867. 
(16) Nefedov, V. I.; Salyn, Ya. V.; Sadovskiy, A. P. J. Electron Spectrosc. 

Relat. Phenom. 1979, 16, 299. The correct literature citation for this 
structure has yet to appear. This reference merely cites the bond 
distance; see ref 52 in ref 1. 

here there is no negative charge on the Rh2(OAc), unit tending 
to repel the incoming C1- ion as in the carbonate complex 2. 

A recent survey2 of some 48 metal tetracarboxylate struc- 
tures including 6 rhodium(I1) acetate adducts reveals that the 
M-O-C and 0-C-0 angles are the most responsive to changes 
in M-M bond length. The average Rh-0-C and 0 -C-0  
angles in the two carbonate complexes are nearly identical with 
values of 120.3 (4) and 122.6 (6)' for 1 and 120.3 (4)' and 
122.5 (1.0)' for 2. The Rh-0-C angles are slightly greater 
than in Rh2(OAc)4(H20): for which the angle is 119.5 (3)O, 
while the 0-C-O angles in the carbonates are slightly less than 
the angle in the acetate complex (124.8 (3)'). Both of these 
angular variations are in accord with the shorter Rh-Rh 
distances observed in the two carbonate structures presented 
here. 

The [Rh2(C03)4]4- ion is one of only two such carbonate- 
bridged dimetal units to be prepared, the other being the 
[Cr2(C03)4]4- ion6 Since the bridging carbonate ion appears 
to be completely compatible with the retention of the usual 
metal-metal bond lengths in these two cases, it seems likely 
that carbonato-bridged species should be stable for other di- 
metal ions such as M o ~ ~ '  and Re26', but it appears that no 
effort has been made yet to isolate them. 

Acknowledgment. We thank the National Science Foun- 
dation for support and Dr. A. Bino for his assistance in this 
work. We are grateful to Engelhard Industries for a loan of 
rhodium trichloride. 

Registry No. 1, 72207-19-3; 2, 72207-20-6; Rh2(02CCH3)4,  
15956-28-2; Na4[Rh2(C03)4] ,  53078-66-3. 

Supplementary Material Available: Tables of observed and cal- 
culated structure factors for the two compounds (14 pages). Ordering 
information is given on any current masthead page. 

Contribution from the Department of Chemistry, 
Texas A & M  University, College Station, Texas 77843 

Structural Studies of Three Tetrakis(carboxylato)dirhodium(II) Adducts in Which 
Carboxylate Groups and Axial Ligands Are Varied 
F. ALBERT COTTON* and TIMOTHY R.  FELTHOUSE 

Received August 2, 1979 
Three dirhodium(I1) compounds, namely, Rh2(02CCMe3)4(H20)2  (l), Rh2(02CCH3)4(THT)2 (2), and Rh2- 
(02CCH3)4(Me2S0)2 (3) (THT = tetrahydrothiophene, Me2S0 = dimethyl sulfoxide), have been prepared and their structures 
determined by X-ray crystallography. These structures were refined to final R ,  values of 0.036, 0.032, and 0.036 for 1, 
2, and 3, respectively. Compound 1 crystallizes in the space group Pi with a = 9.408 (1) A, b = 11.799 (2) A, c = 6.984 
(1) A, CY = 105.98 (l)', p = 94.24 (l)', y = 99.48 (l)', and 2 = 1. The centrosymmetric structure has a relatively short 
Rh-Rh bond length of 2.371 (1) 8, with axially coordinated water molecules a t  a distance of 2.295 (2) 8,. Compound 
2 crystallizes in the space group Pbcn with four formula weights in a unit cell having the dimensions a = 9.801 (2) A, 
b = 16.087 (3) A, and c = 14.592 (3) A. The complex is located bn a crystallographic center of inversion with a Rh-Rh 
bond length of 2.413 (1) 8, and an axial Rh-S(THT) distance of 2.517 (1) A. Crystals of 3 are orthorhombic, space group 
Pbca, with four formula units located on inversion centers in a unit cell having the dimensions a = 8.377 (2) A, b = 16.726 
(2) A, and c = 14.840 (2) A. The M e 2 S 0  molecules coordinate through the sulfur atoms with a Rh-S distance of 2.451 
(1) 8,. The Rh-Rh bond length in 3 of 2.406 (1) 8, is very slightly shorter than the value found for the T H T  adduct. 

Introduction 
Transition-metal tetracarboxylates of the form M2- 

(02CR)4L2 have played a key role in unraveling the effects 
of bridging ligands, as controlled by the R group substituents, 
and axial donor ligands on the metal-metal bond length. 
Structural studies of dichromium(I1) tetracarboxylates reveal 
that a wide (-0.3 A) range of Cr-Cr distances is possible from 
2.214 (1) A' (R = 0-, L = H 2 0 )  to 2.541 (1) A2 (R = CF3, 

(1) Cotton, F. A.; Rice, G. W. Inorg. Chem. 1978, 17, 2004. 

L = OEt2). A considerably narrower range of metal-metal 
bond lengths has been found for the second-row transition 
metals. The dimolybdenum(I1) tetracarboxylates, for example, 
display only about a 0.04 A variation in Mo-Mo bond length 
from 2.088 (1) A in M ~ ~ ( p i v ) ~ ~  (piv = 02CCMe3 and L is an 
oxygen atom from a bridging pivalate group of a neighboring 
molecule) to 2.129 (2) 8, in M O ~ ( O ~ C C F ~ ) ~ ( P ~ ) ~ . ~  Generally 

(2) Cotton, F. A,; Extine, M. W.; Rice, G. W. Inorg. Chem. 1978, 17, 176. 
(3) Cotton, F. A.; Extine, M.; Gage, L. D. Inorg. Chem. 1978, 17, 172. 
(4) Cotton, F. A,; Norman, J. G., Jr. J. Am.  Chem. SOC. 1972, 94, 5697. 

0020-1669/80/1319-0323$01.00/0 0 1980 American Chemical Society 



324 Inorganic Chemistry, Vol. 19, No. 2, 1980 

shorter metal-metal distances have been observed with strongly 
electron-donating R group substituents like 0- or C(CH3)3 
and weakly o-donating axial ligands such as H 2 0 ,  although 
there have been apparent anomal i e~ . '~~  

The dirhodium(l1) tetracarboxylates have afforded a wider 
variation in axial ligands than either the dichromium(1I) o r  
dimolybdenum(I1) complexes because of the greater stability 
of the +2 oxidation state of rhodium toward oxidation and the 
relative inertness of the carboxylate ligands toward substitu- 
tion. Structural studies of rhodium(I1) acetate adducts in this 
laboratory and by Christoph and Koh8-l0 have established a 
range of Rh-Rh bond distances from 2.3855 ( 5 )  8, in Rhz- 
( O A C ) ~ ( H ~ O ) ~ ~  to 2.4555 ( 5 )  8, in Rh2(0A~)4(P(OMe)3)2.9 
In addition to those adducts in which these are ligands that 
span nearly the full range of weak and strong o-donor ability, 
others have been prepared and structurally characterized with 
ligands that range from those with little or no n-accepting 
ability (NHEt2I0) to those which are strong n acceptors (CO, 
PFj9). 

The present work extends the dirhodium(I1) tetra- 
carboxylate series with the first pivalate complex of rhodi- 
um(I1) in order to provide information on R group substituent 
effects and two additional adducts of rhodium(I1) acetate with 
sulfur-donor ligands: tetrahydrothiophene (THT) and di- 
methyl sulfoxide (Me,SO). The Me2S0 ligand is ambidentate 
and the structural results presented here on the Rh-S linkage 
isomer point to the "soft acid" character of the rhodium(I1) 
tetraacetate nucleus. 
Experimental Section 

Compound Preparation. Rhodium(I1) acetate was prepared by a 
literature method." 

Rhz(piv)4(H20)2 (1) was prepared by heating Rh2(OAc)4 (0.1 g) 
in pivalic acid (2 mL) at  130 "C under Ar for 30 min. After cooling 
of the mixture to room temperature, dark blue-green crystals were 
deposited. The excess pivalic acid was removed by placing the mixture 
in a vacuum desiccator over P z 0 5  for several days. Further drying 
in an oven at  140 O C  left a light green powder which was dissolved 
in a 1:l mixture of CHC13-benzene. The solution was evaporated 
slowly with exposure to the laboratory atmosphere to yield dark green 
crystals of Rh2(piv)4(HZ0)2 (1). 

Rh2(0Ac)4(THT)2 ( 2 )  was prepared by suspending Rh,(OAc), 
in benzene (10 mL) and adding T H T  (10 mL). The resulting deep 
red solution was slowly evaporated yielding beautiful, large, dark red 
crystals of up to 3 mm in length. 

Rhz(OAc)4(MezSO)z (3) was isolated by slow evaporation of an 
aqueous solution ( 5  mL) of Rh2(OAc),, to which 5 mL of Me2S0 was 
added. The compound crystallized as orange prisms. 

X-ray Crystallography. Collection of Data. Diffraction data for 
compounds 1 and 3 were collected at 26 f 1 O C  on an Enraf-Nonius 
CAD-4F autodiffractometer using Ma Kn radiation ( A  = 0.71073 
A) with a graphite crystal monochromator in the incident beam. The 
final unit cell parameters for 1 were determined from a least-squares 
fit of 25 reflections in the range 28" < 20 < 32" and are presented 
in Table I along with other pertinent crystallographic data. The final 
lattice constants for compound 3 were determined from a least-squares 
fit to 18 reflections in the range 26" < 20 < 32" and these and other 

Cotton and Felthouse 

Table 1. Crystallographic Data for the Three Compounds 

parameter 1 2 3 

space group Pi Phcn Pb ea 
a,  9.408 (1) 9.801 (2) 
b,  .A 11.799 (2) 16.087 (3) 16.726 (2) 
c, '4 6.984 (1) 14.592 (3) 14.840 (2) 
a, dep 105.98 (1) 90.0 90.0 
8 ,  deg 94.24 (1) 90.0 90.0 
Y, deg 99.48 (1) 90.0 90.0 
v, A3 729.3 (4) 2300.6 (7) 2079 (1) 
dcalcd, 1.47 1.78 1.91 

z 1 4 4 
fw 646.35 618.33 598.26 
cryst size, 

8.377 (2) 

g/cm 

0.2 X 0 . 2 ~  0.5 0.2 X 0.3 X 0.3 0.2 x 0.2 x 0.5 
mm 

cm- '  

dcg 

data 

Fo2 > 
30(Fo2) 

p(Mo KN), 11.442 16.053 17.796 

range 20,  3-50 3-5 0 3-50 

no. unique 2564 1677 1815 

no. data, 2360 1576 1442 

no. variables 145 121 118 
R ,  0.036 0.032 0.036 
R2 0.060 0.050 0.059 
e sd 1.893 1.199 1.702 
largest peak,a 0.46 0.33 0.38 

a Largest peak in the final difference Fourier map. 
4 ' 4 3  

One example is Cr2(piv)43 with a Cr-Cr distance of 2.388 (4) A, which 
is substantially longer than the 2.288 (2) 8, distance in Crz(OAc)4.6 A 
consideration of differences in molecular packing for these two com- 
pounds including variations in weak axial interactions (0 -0 '  distances 
for Cr,(piv), average 2.45 A, while they are only 2.327 8, in Cr2(OAc)4, 
where 0' denotes an oxygen atom from a neighboring bridging car- 
boxylate ligand) does not in any straightforward way explain the Cr-Cr 
bond length variations. 
Cotton, F. A,; Rice, C. E.; Rice, G. W. J. Am.  Chem. SOC. 1977, 99, 
4704. 
Cotton, F. A.; DeBoer, B. G.; LaPrade, M. D.; Pipal, J .  R.: Ucko, D. 
A. Acta Crystallogr., Sect. B 1971, 27, 1664. 
Koh, Y .  B.; Christoph, G. G. Inorg. Chem. 1978, 17,  2590. 
Christoph, G. G.; Koh, Y. B. J. Am.  Chem. SOC. 1979, 101, 1422. 
Koh, Y. B.; Christoph, G. G. Inorg. Chem. 1979, 18, 1122. 
Rempel, G. A.; Legzdins, P.; Smith, P.; U'ilkinson, G. Inorg. Synth. 
1971, 13, 90. 

data are also given in Table I. Additional details concerning the data 
collection technique have appeared elsewhere.I2 The data for both 
1 and 3 were corrected for Lorentz and polarization effects but not 
absorption. 

X-ray data for compound 2 were collected at 22 f 3 "C on a Syntex 
P i  autodiffractometer using Ma KO radiation ( A  = 0.71073 A) with 
a graphite crystal monochromator. Crystallographic data are sum- 
marized in Table I. The lattice constants were determined from a 
least-squares fit to the setting angles of 15 reflections in the range 
28" < 20 < 32". Further details concerning data collection on the 
Syntex PT autodiffractometer have appeared e1~ewhere.l~ Lorentz 
and polarization corrections were applied to the data but no absorption 
correction was made. 

Solution and Refinement of the  structure^.'^ The position of the 
Rh atom in Rh2(pi~)4(H20)2  (1) was obtained from the highest peak 
in the Patterson map. The refinement was begun in the space group 
PT and several least-squares cycles followed by difference Fourier maps 
rapidly led to the location of all 16 atoms in the structure. Anisotropic 
thermal parameters were assigned to all 16 atoms and subsequent 
least-squares refinement gave the final discrepancy indices shown in 
Table I defined by R1 = CllFol - IFcll/CIcoI and R2 = [ 2 w ( l F o l  - 
IFc1)2/CwF,2] lI2. The final difference Fourier map was featureless. 
No attempt was made to locate the hydrogen atoms. 

Diffraction data for Rh2(0Ac)4(THT)2 ( 2 )  were collected for an 
orthorhombic crystal system. Subsequent examination of the data 
revealed systematic absences consistent with the space group Pbcn: 
Okl, k = 2n + 1; h01,l = 2n + 1; hkO, h + k = 2n + 1. Since the 
cell volume was appropriate for only four formula units, the structure 
was required to be located on a twofold axis or an inversion center. 
From a three-dimensional Patterson function the position of the Rh 
atom was obtained and was found to be situated about an inversion 
center at (0 ,  0,O). Refinement of the Rh atom position followed by 
a difference Fourier map revealed the positions of the remaining 13 
atoms. Further least-squares refinement with anisotropic thermal 
parameters for all 14 atoms led to final discrepancy factors listed in 

(12) Bino, A,: Cotton, F. A,; Fanwick, P. E. Inorg. Chem. 1979, 18, 3558. 
(13) Cotton, F. A,; Frenz, B. A,; Deganello, G.; Shaver, A. J .  Organomet. 

Chem. 1973, 50, 227. Cotton, F. A,; Rice, G. W.: Sekutowski, J. C. 
Inorg. Chem. 1979, 18, 1143. 

(14) All crystallographic computing was done on a PDP 1 1  /45 computer at 
the Molecular Structure Corp., College Station, TX, with the Enraf- 
Nonius structure determination package with local modifications. 
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Table 11. Positional and Thermal Parameters and Their Estimated Standard Deviations for Rh,(piv),(H,O), ( l ) a  
atom X Y Z Bl 1 Bzz B3 3 Bl2 B13 BZ 3 

--.- 
Rh 0.43898 (2) 0.48302 (2) 0.63503 (3) 2.91 (1) 3.26 (1) 1.95 (1) 0.63 (1) 0.03 (1) 0.950 (9) 

O(2) 0.7140 (3) 0.4288 (2) 0.4435 (4) 3.66 (9) 4.56 (9) 3.60 (9) 1.60 (8) 0.67 (8) 1.60 (8) 
O(3) 0.5547 (3) 0.6444 (2) 0.8137 (4) 4.6 (1) 3.8 (1) 2.57 (9) 0.49 (9) 0.02 (9) 0.27 (8) 
O(4) 0.6012 (3) 0.3989 (2) 0.7017 (4) 3.7 (1) 4.93 (9) 3.31 (9) 1.52 (8) 0.27 (8) 2.08 (7) 
O(5) 0.3210 (3) 0.4510 (3) 0.8971 (4) 4.1 (1) 7.2 (1) 2.89 (9) 0.7 (1) 0.83 (9) 2.19 (9) 
C(1) 0.6414 (4) 0.7084 (3) 0.7339 (6) 3.6 (1) 3.5 (1) 3.7 (2) 0.9 (1) -0.8 (1) 0.4 (1) 

O(1) 0.6665 (3) 0.6773 (2) 0.5566 (4) 4.0 (1) 3.65 (9) 3.8 (1) -0.10 (9) -0.13 (9) 1.17 (8) 

C(2) 0.7185 (5) 0.8297 (4) 0.8666 (8) 5.6 (2) 3.5 (2) 6.4 (2) 0.3 (2) -1.3 (2) 0.2 (2) 
C(3) 0.8691 (7) 0.8140 (7) 0.9415 (14) 7.5 (3) 7.9 (3) 17.7 (6) -1.5 (3) -6.1 (4) 1.0 (4) 
C(4) 0.6396 (IO) 0.8713 (7) 1.0537 (14) 17.0 (7) 8.6 (4) 17.4 (7) -2.9 (5) 6.5 (6) -6.4 (4) 
C(5) 0.7361 (15) 0.9158 (5) 0.7520 (14) 44 (1) 5.0 (2) 14.5 (6) -8.8 (5) -13. (7) 4.2 (3) 
C(6) 0.6998 (4) 0.3863 (3) 0.5876 (5) 3.3 (1) 3.4 (1) 3.2 (1) 0.8 (1) -0.7 (1) 0.7 (1) 
C(7) 0.8098 (5) 0.3092 (4) 0.6273 (7) 4.9 (2) 5.1 (2) 6.3 (2) 2.0 (1) -0.6 (2) 2.4 (1) 
C(8) 0.7911 (7) 0.2795 (5) 0.8269 (10) 11.5 (3) 12.8 (2) 10.8 (3) 6 .8  (2) 1.5 (3) 7.9 (2) 
C(9) 0.9598 (7) 0.3731 (7) 0.6293 (15) 4.3 (2) 18.8 (4) 32.3 (7) 2.2 (3) -0.8 (4) 18.0 (3) 
C(10) 0.7685 (10) 0.1919 (6) 0.4629 (14) 22.8 (5) 9.4 (3) 14.5 (6) 11.1 (2) -6.1 (4) -1.3 (3) 

a The form of the anisotropic thermal parameter is exp[-1/,(Bllh2a*2 t B2,k2b*2 + B 3 3 1 Z ~ * 2  + 2Bl,hka*b* + 2Bl,hla*c* + 
2B,, klb*c*)]. 

Table 111. Positional and Thermal Parameters and Their Estimated Standard Deviations for Rh,(OAc),(THT), (2)a 
atom X Y 2 Bl I Bz z B33 BIZ B l  3 BZ 3 

Rh 0.08635 (4) 0.05229 (2) 0.01227 (2) 2.32 (2) 2.21 (1) 2.12 (1) -0.19 (1) 0.01 (1) -0.02 (1) 
S 0.2623 (1) 0.16244 (8) 0.04457 (9) 3.10 (5) 3.31 (5) 3.32 (5) -0.86 (4) -0.06 (4) -0.33 (4) 
O(1) -0.1733 (3) 0.0267 (2) -0.1042 (2) 3.1 (1) 3.0 (1) 2.9 (1) -0.0 (1) -0.4 (1) 0.2 (1) 
O(2) -0.0109 (3) 0.1242 (2) -0.0832 (2) 3.2 (1) 2.9 (1) 3.2 (1) -0.3 (1) -0.6 (1) 0.7 (1) 
O(3) -0.0336 (3) 0.0982 (2) 0.1144 (2) 3.4 (1) 2.9 (1) 2.6 (1) -0.1 (1) 0.4 (1) -0.4 (1) 
O(4) 0.1960 (3) -0.0003 (2) -0.0917 (2) 3.2 (1) 3.3 (1) 2.9 (1) -0.3 (1) 0.5 (1) -0.5 (1) 
C(1) -0.1173 (5) 0.0953 (3) -0.1223 (3) 3.4 (2) 2.9 (2) 2.0 (2) 0.9 (2) 0.3 (2) -0.1 (2) 
C(2) -0.1803 (6) 0.1469 (3) -0.1974 (4) 4.1 (2) 4.0 (2) 3.2 (2) 0.7 (2) -0.2 (2) 0.9 (2) 
C(3) -0.1465 (5) 0.0631 (3) 0.1332 (3) 3.1 (2) 3.1 (2) 2.1 (2) 0.7 (2) 0.2 (2) 0.5 (2) 
C(4) -0.2299 (5) 0.0986 (3) 0.2110 (4) 4.1 (2) 4.5 (2) 2.8 (2) 0.7 (2) 1.0 (2) -0.4 (2) 
C(5) 0.4254 (6) 0.1093 (5) 0.0603 (6) 2.9 (2) 6.7 (3) 8.9 (4) -0.1 (2) -1.1 (3) 2.8 (3) 
C(6) 0.5187 (8) 0.1447 (6) -0.0096 (6) 3.8 (3) 10.1 (6) 9.5 (5) 0.1 (4) 1.3 (3) 2.5 (4) 
C(7) 0.4438 (7)  0.1692 (6) -0.0925 (6) 5.3 (3) 12.4 (6) 5.6 (3) 0.3 (4) 1.9 (3) 0.3 (4) 
C(8) 0.3093 (6) 0.2094 (4) -0.0649 (4) 4.6 (3) 5.6 (3) 3.6 (2) -1.1 (2) 0.5 (2) 1.5 (2) 

a The form of the anisotropic thermal parameter is exp[-I/,(BI Ih2a*z  + B,2kZb*2 + B3,12~*2+  2B,,hka*b* + 2B1 ,hla*c* + 
2 8 ,  ,klb *c*)] . 

Table IV. Positional and Thermal Parameters and Their Estimated Standard Deviations for Rh,(OAc),(Me,SO), (3)n 

atom X Y Z B,  1 B2 2 B3 3 BlZ Bl  3 B Z  3 

Rh 0.47357 (5) 0.05403 (2) 0.05139 (3) 1.93 (2) 1.72 (2) 2.01 (2) -0.03 (1) -0.02 (1) -0.04 (1) 
S 0.4023 (2) 0.16140 (8) 0.15639 (9) 2.35 (6) 2.18 (5) 2.71 (5) 0.01 (5) 0.09 (5) -0.44 (5) 
O(1) 0.6247 (6) -0.1143 (2) 0.0538 (2) 3.8 (2) 2.6 (1) 2.2 (2) 0.8 (2) -0.1 (1) 0.1 (1) 
O(2) 0.5747 (5) -0.0138 (2) 0.1506 (3) 3.3 (2) 2.7 (2) 2.8 (2) 0.5 (2) -0.4 (2) 0.1 (1) 
O(3) 0.7419 (5) -0.0025 (2) -0.0767 (3) 2.2 (1) 3.0 (2) 3.0 (2) -0.2 (1) 0.4 (1) -0.2 (1) 
O(4) 0.6928 (5) 0.0983 (2) 0.0199 (3) 2.6 (2) 2.7 (2) 3.4 (2) -0.7 (1) 0.1 (2) -0.2 (1) 
O(5) 0.5115 (5) 0.2274 (3) 0.1803 (3) 2.9 (2) 2.6 (2) 4.7 (2) -0.5 (2) -0.1 (2) -0.8 (2) 
C(1) 0.6295 (7) -0.0825 (3) 0.1303 (4) 1.8 (2) 2.3 (2) 3.1 (2) -0.0 (2) 0.2 (2) 0.6 (2) 
C(2) 0.7037 (8) -0.1296 (4) 0.2076 (4) 4.0 (3) 3.8 (3) 2.7 (2) 1.4 (2) 0.1 (2) 1.2 (2) 
C(3) 0.7794 (8) 0.0622 (3) -0.0357 (4) 2.3 (3) 2.5 (2) 2.9 (2) -0.1 (2) -0.4 (2) 0.6 (2) 
C(4) 0.9426 (8) 0.0952 (4) -0.0553 (4) 2.6 (3) 3.9 (3) 4.0 (3) -1.0 (2) 0.4 (2) 0.7 (2) 
C(5) 0.2169 (8) 0.2043 (4) 0.1193 (4) 2.6 (3) 4.4 (3) 3.8 (3) 0.8 (2) -0.7 (2) -1.2 (2) 
C(6) 0.3398 (9) 0.1154 (4) 0.2594 (4) 4.3 (3) 4.0 (3) 2.7 (2) -0.3 (3) 1.2 (2) -0.2 (2) 

a The form of the anisotropic thermal parameter is exp[-l/,(Bl lh2a*2 + Bz2kzb*2  + B3312C*2 + 2Bl ,hka*b* + 2B1 ,hla*c* + 
2B, ,klb*c*)]. 

Table I. No effort was made to locate the hydrogen atoms. The final 
difference Fourier map showed no significant residual electron density. 

X-ray data for Rh2(OA~)4(Me2S0)2 (3) were also collected in the 
orthorhombic crystal system. Systematic absences uniquely determined 
the space group as Pbca: Okl, k = 2n + 1; h01,l = 2n + 1; hkO, h 
= 2n + 1. With only four formula weights in the unit cell the structure 
was required to be located on an inversion center. A Patterson map 
revealed the position of the Rh atom which was about an inversion 
center a t  0,O). Three cycles of least-squares refinement of the 
Rh atom position followed by a difference Fourier map led to the 
location of the remaining 12 atoms in the complex. The structure 
was further refined to convergence with anisotropic thermal parameters 
for all 13 atoms. Hydrogen atoms were not included in the refinement 
and the final residuals and largest peak in the final difference Fourier 
map are summarized in Table I. 

- 

Tables of observed and calculated structure factors are available 
as supplementary material. / 

Results 
The positional and thermal parameters for the three com- 

pounds are compiled in Tables 11-IV and the bond distances 
and angles are given in Tables V-VII. Each structure refined 
to relatively low discrepancy indices and is represented by the 
general formula Rh2(02CR)4L2 with no additional solvate 
molecules. A description of the prominent features of each 
structure will now be given. 

Rhz(piv)4(H20)2 (1). This compound crystallizes in the 
triclinic space group Pi with one formula weight in the unit 
cell. Four pivalate groups bridge the dirhodium(I1) unit which 
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Table V. Bond Distances (A)  and Angles (Deg) 
for Rh,(piv),(H,O), (1) 

Distances 
Rh-Rh' 2.371 (1) 0(4)-C(6) 1.268 (4) 
Rh-O(1) 2.036 (2) C(l)-C(2) 1.504 (4) 
Rh-0(2) 2.036 (2) C(2)-C(3) 1.531 (7) 
R b O ( 3 ' )  2.043 (2) C(2)-C(4) 1.552 (10) 
Rh-O(4') 2.044 (2) C(2)-C(5) 1.453 (9) 
Rh-0(5) 2.295 (2) C(6)-C(7) 1.543 (4) 
O(I)-C(l) 1.243 (4) C(7)-C(8) 1.544 (8) 

0(3)-C(1) 1.282 (4) C(7)-C(10) 1.506 (8) 
0(2)-C(6) 1.248 (4) C(7)-C(9) 1.484 (8) 

Angles 
Rh'-Rh-O(l) 87.73 (7) O(l)-C(I)-0(3) 124.9 (3) 
Rh'-Rh-0(2) 88.29 (7) O(l)-C(l)-C(2) 118.1 (3) 
Rh'-Rh-O(3') 88.54 (7)  0(3)-C(l)-C(2) 117.0 (3) 
Rh'-Rh-O(4') 87.99 (7) C(l)-C(2)-C(3) 106.4 (3) 
Rh'-Rh-O(5) 179.76 (7) C(l)-C(2)-C(4) 110.9 (4) 
O(l)-Rh-0(2) 92.3 (1) C(l)-C(2)-C(5) 110.3 (4) 
0(1)-Rh-0(3') 176.12 (7) C(3)-C(2)-C(4) 107.3 (6) 
O(l)-Rh-0(4') 88.4 (1) C(3)-C(2tC(5) 108.7 (7) 
O(l)-Rh-0(5) 92.49 (9) C(4)-C(2)-C(5) 112.9 (8) 
0(2)-Rh-0(3') 88.6 (1) 0(2)-C(6)-0(4) 125.7 (3) 
0(2)-Rh-0(4') 176.17 (7) 0(2)-C(6)-C(7) 117.1 (3) 
0(2)-Rh-0(5) 91.61 (9) 0(4)-C(6)-C(7) 117.1 (3) 
0(3')-Rh-0(4') 90.4 (1) C(6)-C(7)-C(8) 110.4 (4) 
0(3')-Rh-0(5) 91.24 (9) C(6)-C(7)-C(9) 109.9 (4) 
0(4')-Rh-0(5) 92.1 1 (9) C(6)-C(7)-C(10) 105.8 (3) 
Rh-O(l)-C(l) 120.5 (2) C(8)-C(7)-C(9) 111.0 ( 5 )  
Rh-O(2)-C(6) 119.2 (2) C(8)-C(7)-C(lO) 106.6 ( 5 )  
Rh-O(3')-C(l') 118.3 (2) C(9)-C(7)-C(10) 113.0 (7) 
Rh-O(4')-C(6') 11 8.6 (2) 

Table VI. 
Rh , (0 Ac), (THT) (2) 

Bond Distances (A) and Angles (Deg) for 

Distances 
Rh-Rh' 2.413 (1) 0(2)-C(1') 1.275 (6) 
Rh- S 2.517 (1) 0(3)-C(3) 1.272 (6) 
Rh-O(1) 2.035 (3) 0(4)-C(3') 1.274 (6) 
Rh-0(2) 2.046 (3) C( lbC(2)  1.508 (6) 

Rh-O(4) 2.042 (3) C(5)-C(6) 1.484 (10) 

S-W) 1.825 (5) C(7)-C(8) 1.522 (9) 

Angles 
Rh'-Rh-S 177.55 (4) Rh-S-C(8) 107.5 (2) 

Rh-O(3) 2.036 (3) C(3)-C(4) 1.512 (6) 

S-W) 1.827 (6) C(6)-C(7) 1.469 (12) 

O(1)-C(l) 1.261 (5) 

Rh'-Rh-O(1) 87.48 (9) C(S)-S-C(S) 94.7 (3) 
Rh'-Rh-O(2) 88.06 (9) Rh-O(l)-C(l) 120.2 (3) 
Rh'-Rh-0(3) 87.49 (9) Rh-O(2)-C(I') 118.7 (3) 
Rh'-Rh-0(4) 88.29 (9) Rh-O(3)-C(3) 119.9 (3) 
S-Rh-O(l) 91.68 (9) Rh-O(4)-C(3') 118.8 (3) 
S-Rh-0 (2) 92.80 (9) O(lFC(l)-C(2')  125.5 (4) 
S- Rh-0 (3) 90.19 (9) O(I)-C(l)-C(2) 117.1 (4) 
S-Rh-0(4) 94.03 (9) 0(2')-C(l)-C(2) 117.4 (4) 
O(l)-Rh-O(2) 175.5 (1) 0(3)-C(3)-0(4') 125.5 (4) 

0(1)-Rh-0(4) 90.6 (1) 0(4) -C(3tC(4)  116.8 (4) 

0(2)-Rh-0(4) 88.5 (1) C(5)-C(6)-C(7) 11 1.2 (6) 
0(3)-Rh-O(4) 175.8 (1) C(6)-C(7)-C(8) 109.2 (6) 

0(1)-Rh-0(3) 89.2 (1) 0(3)-C(3)-C(4) 117.7 '(4) 

0(2)-Rh-0(3) 91.4 (1) S-C(SbC(6) 105.8 (5) 

Rh-SC(5) 107.1 (2) S-C(8)-C(7) 106.0 (5) 

is located about a crystallographic center of inversion. Two 
oxygen atoms of water molecules coordinate to the Rh atoms 
via the axial positions with Rh-0 distances of 2.295 (2) A and 
a view of the molecule is given in Figure 1 with the atom 
numbering scheme. The Rh-Rh bond is relatively short with 
a length of 2.371 (1) A. Selected structural parameters for 
1-3 and several other representative Rh2(02CR)4L2 complexes 
are tabulated in Table VIII. 

Rh2(0Ac)4(THT)2 (2). The structure consists of the fa- 
miliar tetraacetate framework about the dirhodium(I1) unit 
with a THT molecule binding into each axial position giving 
a Rh-S distance of 2.517 (1) A. The molecule is located on 

Cotton and Felthouse 

Table VII. Bond Distances (A) ana Angles (Deg) 
for Rh,(OAc),(Me, SO), (3) 

Distances 
Rh-Rh' 2.406 (1) S-C(6) 1.789 ( 5 )  
Rh-s 2.451 (1) O(l)-C(l) 1.255 (6) 
Rh-O(1') 2.032 (3) 0(2)-C(1) 1.273 (6) 
lU1-0(2) 2.043 (3) 0(3>-C(3) 1.281 (7) 
Rh-0(3') 2.035 (4) 0(4)-C(3) 1.254 (7) 
Rh-0(4) 2.035 (3) C( lbC(2)  1.524 (6) 
S-O(5) 1.477 ( 5 )  C(3)-C(4) 1.503 (6) 
S C ( 5 )  1.797 (5) 

Angles 
Rh'-Rh- S 176.42 (4) Rh-S-C(5) 107.9 (2) 
Rh'-Rh-O(1') 87.74 (9) Rh-S-C(6) 107.4 (2) 
Rh'-Rh-0(2) 87.89 (9) 0(5)-S-C(5) 108.1 (2) 
Rh'-Rh-O(3') 87.83 (9) C(5)-S-C(6) 107.3 (2) 
Rh'-Rh-0(4) 87.82 (9) C(5)-S-C(6) 100.4 (3) 
S-Rh-O(l'j 91.49 (9) Rh-O(l ' tC(1')  119.8 (3) 
S-Rh-0(2) 92.85 (9) Rh-O(2)-C(l) 118.7 (3) 
S-Rh-O(3') 88.67 (9) Rh-O(3')-C(3') 119.2 (3) 
S-Rh-0(4) 95.68 (9) Rh-O(4)-C(3) 119.8 (3) 
0(1')-Rh-0(2) 175.6 (1) O(1)-C(1)-0(2) 125.8 (4) 
0(1')-Rh-0(3') 89.6 (1) O(I)-C(l)-C(2) 118.3 (4) 
0(1')-Rh-0(4) 90.5 (1) 0(2)-C(l)-C(2) 115.8 (4) 
0(2)-Rh-0(3') 89.9 (1) 0(3)-C(3)-0(4) 125.3 ( 5 )  
0(2)-Rh-0(4) 89.6 (1) 0(3)-C(3)-C(4) 116.2 (5) 
0 ( 3 ' t R h - 0 ( 4 )  175.6 (1) 0(4)-C(3)-C(4) 118.4 (5) 
Rh-S-O(5) 123.3 (2) 

w 
c 3  

Figure 1. An ORTEP drawing of Rh,(piv),(H,0)2 (1) showing the atom 
labeling scheme. The molecule is located about an inversion center. 
Thermal ellipsoids have been scaled so as to enclose 50% of their 
electron density except the methyl carbon atoms of the pivalate groups 
which have been arbitrarily reduced in size for clarity. 

an inversion center with a Rh-Rh bond length of 2.413 (1) 
A. A view of 2 is presented in Figure 2 with the atom labeling 
scheme. 

Rh2(OAc)4(Me2SO)2 (3). The structure of this compound 
is quite similar to 2. The molecule is again located on an 
inversion center with four bridging acetate groups and a Rh- 
Rh distance of 2.406 (1) A. The Me2S0 molecule coordinates 
through the sulfur atoms with a Rh-S distance of 2.451 (1)  
A. A view of 3 with the atom labeling scheme is given in 
Figure 3. 
Discussion 

Table VIII provides a listing of various structural parameters 
for one pivalate, one carbonate, and six acetate complexes of 
dirhodium(I1). The data show that throughout the series only 
the Rh-Rh and Rh-L distances vary significantly. The Rh-0 
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Table VIII. Selected Structural Parameters for Some Rh,(O,CR),L, Compounds 

R L Rh-Rh, a Rh-L, a Rh-0, a 0-C-0, deg ref 

CMe HZ 0 2.371 (1) 2.295 (2) 2.039 (2) 125.3 (3) this work 
0 - a  HZO 2.378 (1) 2.344 (5) 2.033 (4) 122.6 (6) 15 

CH3 PY 2.3963 (2) 2.227 (3) 2.039 (2) 125.7 (1) 8 
CH3 HZO 2.3855 (5) 2.310 (3) 2.039 (8) 124.8 (3) 7 

CH3 
CH3 
CH3 co 2.4193 (3) 2.091 (3) 2.032 (2) 125.5 (2) 10 

Me,SO 2.406 ( 1 )  2.451 (1) 2.036 (3) 125.5 (5) this work 
THT 2.413 (1) 2.517 (1) 2.040 (3) 125.5 (4) this work 

CH3 pfi3 2.449 (2) 2.479 (3) 2.044 (4) 126.4 (4) 16 
a In CS,[R~,(CO,),(H,O)~]~~H,O. 

qc2 
C 6  

c7 

Figure 2. An ORTEP plotting of Rh2(0Ac).,(THT), (2) with the atom 
labeling scheme given. The molecule is located about a crystallographic 
center of inversion. Vibrational ellipsoids are drawn at the 50% 
probability level. 

distances are essentially constant for all eight compounds. The 
0-C-0  angles are all in the range 125.5 f 1.0' except for 
the carbonate complex CS~[R~~(CO~)~(H~O)~].~H~O~~ for 
which the decreased 0-C-0  angle (122.6 ( 6 ) O )  may simply 
reflect the greater rigidity of the carbonate unit compared to 
acetate. In the table the eight compounds are arranged in 
order of increasing Rh-Rh bond length and several trends are 
evident. The enhanced electron-donating ability of the pivalate 
and carbonate ligands leads to shorter Rh-Rh distances than 
for the acetate complex when H 2 0  is the axial ligand. The 
pivalate compound, 1, has the shortest Rh-Rh distance yet 
discovered for any dirhodium(I1) tetracarboxylate. Better 
u-donating ligands lead to longer Rh-Rh distances but the net 
effect is a function of the a-accepting ability as well. Thus, 
very good %-acceptor ligands like CO are more effective in 
lengthening the Rh-Rh bond than nitrogen- or sulfur-donor 
ligands but not as much as phosphorus donor ligands such as 
PPh316 which possess both good a-donating and good a-ac- 
cepting characteristics. 

The similarity of the molecular structures of Rh2(pi~)4- 
(H20)2 and Rh2(0A~)4(H20)27  invites a consideration of the 
factors which would account for the roughly 0.015 A variation 
in Rh-Rh bond length. E lec t r~chemica l~~  and theoretical'* 
data provide some insights into the possible effects of car- 
boxylate R group substituents on the electronic structure. The 
half-wave oxidation potentials (El l2)  have been found to 
correlate17 with the nature of the R substituent in a series of 
Rh2(02CR)4 complexes. Highly electron-donating substituents 
such as CMe3 destabilize the complex toward oxidation and 
thus lower the energy of the highest occupied molecular orbital 
(HOMO). SCF-Xa-SW calculations on Rh2(02CH)4(H20)2 
show'* that the primarily oxygen molecular orbitals of the 

(15) Cotton, F. A,; Felthouse, T. R. Znorg. Chem. 1980, 19, 320. 
(16) The structural data for this compound were reported in ref 10 (private 

communication, J. Halpern to G. G. Christoph). 
(17) Das, K.; Kadish, K. M.; Bear, J. L. Znorg. Chem. 1978, 17, 930. 
(18) Norman, J. G., Jr.; Kolari, H. J. J .  Am. Chem. SOC. 1978, 100, 791. 

C 6  

Figure 3. An ORTEP view of the Rh2(OAc)4(Me2SO)2 molecule, 3, 
using 5096 probability ellipsoids and showing the atom labeling scheme. 
A center of inversion is located at the midpoint of the Rh-Rh bond. 

formate ligands are located between the primarily Rh 4d 
orbitals. These metal orbitals, however, have significant ligand 
character and it is difficult to sort out explicitly the effect of 
increasing the electron-donating character of the R group. It 
would seem that the shift in values to lower energies with 
increasing the R group electron-donor character should cor- 
respond to an overall lowering of the Rh 4d orbital energies 
and, consequently, a shortening of the Rh-Rh bond. The basic 
orbital configuration in dirhodium(I1) systems1* is u2a4&r*48*2 
and the combination of appreciable metal-ligand orbital 
mixing and an antibonding HOMO makes predictions of 
carboxylate substituent effects on the Rh-Rh bond lengths 
somewhat problematic. 

Both of the sulfur-donor ligands appear to have close to the 
same effect on the Rh-Rh bond length despite the differences 
in the nature of the coordinating sulfur atom. The THT 
complex 2 has a slightly longer (0.006 A) Rh-Rh bond but 
also a longer Rh-S bond. The Rh-S distance of 2.5 17 (1) A 
is nearly the same as the Rh-S axial distance of 2.521 (5) A 
in Rh2(0SCCH3)4(CH3CSOH)219 in which the axial thioacetic 
acid moiety is found coordinated in the thione form. The 
Rh-Rh bond (2.550 (3) %I) in this thioacetic acid complex is 
significantly longer than any of the carboxylates in Table VI11 
and illustrates the predominant effect on the bridging ligand 
characteristics over those of the axial ligand in determining 
the Rh-Rh-bond length. 

Adducts between MezSO and various Rh2(02CR)4 com- 
plexes have been part of several  investigation^^^**^^* since the 

(19) Dikareva, L. M.; Porai-Koshits, M. A.; Sadikov, G. G.; Baranovskii, I. 
B.; Golubnichava. M. A,; Schchelokov. R. N. Russ. J .  Znorp. Chem. 
1978, 23, 578. 

(20)  Johnson, S. A.; Hunt, H. R.; Neumann, H. M. Znorg. Chem. 1963, 2, 
q m  ,"". 

(21) Kitchens, J.; Bear, J. L. J .  Znorg. Nucl. Chem. 1969, 31, 2421. 
(22) Kitchens, J.; Bear, J. L. J.  Inorg. Nucl. Chem. 1970, 32, 49. 
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first report of Rh2(OA~)4(Me2S0)2 in 1963 by Johnson, Hunt, 
and Neumann20 These authors proposed that Me2S0 coor- 
dinated through the sulfur atom on the basis of the orange 
color of the adduct (oxygen-ligated adducts were recognized 
to be green to blue-green) and the position of the S-0 
stretching frequency (1086 cm-') in the infrared spectrum. 
The latter observation was known26 to be diagnostic of met- 
alsulfur bonding since the S-0 stretching frequency exceeded 
that of the free ligand (1055 cm-I). These stretching fre- 
quencies are consistent with the S-0 distances as determined 
by X-ray crystallography. In Me2S0 itself the S-0 bond 
length is 1.513 (5) 8,27 whereas in Rh2(0Ac)4(Me2SO)2 the 
distance has decreased to 1.477 ( 5 )  8,. In PdC12(Me2S0)2, 
for example, where Pd-S bonding has been found, the S-0 
distance is 1.475 ( 5 )  8,28 (v(S-0 stretch) = 1116 cm-'). Very 
strong bonding to the sulfur as in the (CH3)3SO+ ion leads 
to a still shorter S-0 d i~ tance*~,~O (1.45 (1) 8,) and a higher 

(23) Dubicki, L.; Martin, R. L. Inorg. Chem. 1970, 9,  673. 
(24) Mal'kova, T. A,; Shafranskii, V. N. J .  Gen. Chem. USSR 1977, 47, 

2365. _. .. 

(25) Drago, R. S.; Tanner, S. P.; Richman, R. M.; Long, J. R. J .  Am. Chem. 
Soc. 1979, 101, 2897. 

(26) Cotton, F. A,; Francis, R.; Horrocks, W. D., Jr. J .  Phys. Chem. 1960, 
64 14?4 . , .__ 

(27) Thomas, R.; Shoemaker, C. B.; Eriks, K. Acra Crystallogr. 1966, 21, 
12. 

(28) Bennett, M. J.; Cotton, F. A,; Weaver, D. L.; Williams, R. J.; Watson, 
W. H. Acta Crystallogr. 1967, 23, 788. 

S-0 stretching frequency26 (1233 cm-'), as expected. 
The Rh-S distance of 2.45 1 (1) A in 3 clearly demonstrates 

the influence of the trans effect of the Rh-Rh bond on the 
bond length. Normal Rh-S bond lengths are in the range 
2.23-2.26 A as found in Rh2(0SCCH3)4(CH3CSOH)219 and 
f u ~ - R h C l ~ ( M e ~ S 0 ) ~ . ~ '  The latter complex with Rh(II1) has 
only two Me2S0 molecules coordinating through the sulfur 
atom. The Rh-S distance in Rh2(OAc)4(MezSO)z (2) is 
shorter by nearly 0.07 8, than in the THT adduct 3 and this 
would point to the presence of greater T back-bonding in- 
teractions in 2 as has been suggested previously from evalu- 
ation of thermodynamic data.25 
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Pyridine and pyrazine form 2:l and 1:l adducts, respectively, with Cr2(OAc), which have been characterized by X-ray 
crystallography. The structures are isomorphous to those of the corresponding copper(I1) complexes. Crystals of Cr2- 
(OAc),(py) (1) are orthorhombic and belong to space group Pbca with four molecules in a unit cell of dimensions a = 
13.055 (2) A, b = 8.645 (1) A, c = 19.560 (3) A, and V = 2207.5 (6) A3. The structure was refined with 891 reflections 
having I > 36(1) to final discrepancy indices of R1 = 0.060 and R2 = 0.081. The structure consists of centrosymmetric 
formula units with a Cr-Cr bond length of 2.369 (2) A and a Cr-N bond length of 2.335 (5) A. The pyrazine (pyz) adduct, 
Cr , (OA~)~(pyz )  (2), crystallizes in the space group C2/m with n = 7.979 (2) 8,, b = 14.350 (4) 8,, c = 7.376 (2) A, 3 
= 101.78 ( 2 ) O ,  V = 826.7 (4) A', and Z = 2. The structure was solved by using 365 reflections with I > 20(1) to give 
final residuals of R, = 0.065 and R2 = 0.079. The Cr-Cr bond length in the Cr2(OAc), units is 2.295 (5) 8, and these 
centrosymmetric units are linked into linear chains by the pyrazine molecules with C-N bond lengths of 2.31 (1) 8,. 

Introduction 
Dichromium(I1) complexes are of interest because of the 

extraordinary variation in the Cr-Cr bond length.' The range 
extends from 1.828 (2) 8, in tetrakis(2-methoxy-5-methyl- 
phenyl)dichromium(II)2 to 2.541 (1) 8, in Cr2(02CCF3)4- 
(Et20)2.3 The distribution of the Cr-Cr bond lengths has been 
bimodal with the carboxylates constituting an upper range 
(2.28-2.54 8,) and most of the others falling between the value 
of 1.98 8, in [Cr2(CH3)8]4-4 and the aforementioned 1.828 A. 
The existence of Cr-Cr bonds of order 4 is universally accepted 
for the species in the lower range, but controversy5 has arisen 

(1 )  Cotton, F .  A. Ace. Chem. Res. 1978, 11,  225. 
(2) Cotton, F. A,; Koch, S .  A,; Millar, M. Inorg. Chem. 1978, 17, 2084. 
(3) Cotton, F. A,; Extine, M. W.; Rice, G. W. Inorg. Chem. 1978, 17, 176. 
(4) Krausse, J.; Marx, G.; Schodl, G. J .  Organornet. Chem. 1970, 21, 159. 
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concerning those in the upper range. However, the existence 
of weak quadruple bonds in the carboxylato compounds has 
been supported by the results of SCF-Xa-SW calculations6 
and Hartree-Fock calculations in which at least partial account 
of electron correlation has been i n ~ l u d e d . ~  The latter cal- 
culations suggest that the curve of energy vs. Cr-Cr distance 
for a Cr2(02CR), system is very shallow and thus, a t  least in 
part, allow us to understand the extreme sensitivity of Cr-Cr 
bond length to the identities of R and L in the Cr2(02CR)4L2 
compounds.' However, no neat, unambiguous relationships 
have yet been found and consequently efforts have continued 

( 5 )  Garner. C. D.; Hillier, I. H.; Guest, M .  F.; Green. J. C.; Coleman, A. 
W. Chem. Phys. Lett. 1976, 41, 91. 

(6) Cotton, F. A,; Stanley, G. G. Inorg. Chem. 1977, 16, 2668. 
(7) Benard, M. J .  Am.  Chem. Sor. 1978, 100, 2354. 
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