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The structure of bis(triphenylphosphine)rhodium(I) chloride dimer has been determined by single-crystal X-ray diffraction 
techniques. The triclinic crystal ( a  = 9.767 (3), b = 12.635 (5), c = 13.680 (4) 8; a = 86.15 (3), /3 = 95.80 (3), y = 
100.84 (3)’; V = 1648 A3), grown from ethyl acetate/methylene chloride solution, contained one molecule of rhodium 
dimer and one disordered molecule of ethyl acetate per unit cell. Intensity data were collected out to 28 = 45O with Mo 
K a  radiation. Of the 4964 reflections observed, 3007 had I > 3a(4 and were used in the full-matrix refinement. Assuming 
the space group Pi (CL’, No. 2), the refinement converged at  R,  = 0.045 and R2 = 0.059 with the rhodium dimer centered 
around the origin and the ethyl acetate of solvation disordered around the inversion center at 0, 1/2. Some final structural 
parameters are Rh-CI = 2.394 (2) and 2.424 (2) A, Rh-P = 2.200 (2) and 2.213 (2) A, Rh-eRh = 3.662 (2) A, P-Rh-P 
= 96.34 (9)O, Rh-C1-Rh = 98.95 (S)’, and C1-Rh-C1 = 81.05 (8)O. The RhClzRh ring is planar, in contrast to all but 
one other of the rhodium(1) chloride dimers whose structures have been determined. 

Dahl et al.’ first reported the structure of a rhodium(1) 
chloride dimer (C0)2RhC1,Rh(C0)2 and found the complex 
to be folded along the Cl.-Cl axis. This folding has the effect 
of decreasing the Rh-Rh distance. To explain the observed 
folding, Dahl et al. proposed the existence of a bent Rh-Rh 
bond in the dimeric complex. Shortly thereafter, Ibers and 
Snyder2 reported the structure of (COD)RhCl,Rh(COD), 
which was found to be not folded as intuitively expected for 
two halide-bridged, four-coordinate d8 centers. Since then, 
the structures of several other complexes of the general formula 
L2RhC1,RhL2 have been solved and without exception the 
complexes have been folded along the Cl.-Cl a ~ i s . ~ - ~  

The formation of a Rh-Rh bond in rhodium(1) chloride 
dimers has also received theoretical consideration. Sum- 
merville and Hoffmann7 have applied the extended Hiickel 

model to these complexes, focusing their attention on the 
molecular orbitals composed primarily of metal d orbitals. 
These authors found no primary interaction which would favor 
a folded structure over a planar one. In particular, the bonding 
effect from the overlap of d,i orbitals in the folded structure 
was cancelled by the corresponding antibonding MO which 
is also populated. Summerville and Hoffmann concluded that 
the folding distortion would be “soft” and that packing forces 
were most likely responsible for the observed distortions from 
planarity. 

Norman and Gmur,* however, found a Rh-Rh bonding 
interaction in a low-lying MO which is primarily centered on 
the chloride ligands. The corresponding metal-ligand anti- 
bonding MO is not populated so that the net Rh-Rh bond 
order is greater in the folded structure than in the planar one. 
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Table I. Summarv of Crvstal Data and Intensity Collection 
for [(PPh,),RhClj, 

space group 

mol wt 
Z 
dobsd, dcm’  
dcalcd, g!cm3 
crystal dimens, mm 
radiation 

takeoff angle, deg 
linear abs coeff, 
p, cm-’, Mo Kor 

transmission factors 
scan speed, deg/min. 

scan range 
ratio of background time to 

std reflections 
dev of std during data 

collection 
20 limit, deg 
reflections collected 

peak scan time 

PI 
9.767 (3), 12.635 (S), 13.680 (4) 
86.15 (3), 95.80 (3), 100.84 (3) 
1648 
141 3 (L,Rh,Cl,*EtOAc) 
1 
1.41 (hexane, C,CI,) 
1.42 
0.331, 0.140,0.140 
h (Mo KLY) 0.709 26-0.713 54 A, 

monochromatized from orien- 
ted graphite crystal 

4.0 
7.02 

0.90-0.91 
variable, 3.0-15, determined as 

a function of peak intensity 
MO KLY, - 0.8 to MO Ka, t 0.8 
0.8 

45 
4964 

reflections w i t h P  > 3u(F2) 3007 
[Z w ( ~ ~ - F ~ ) ~ / ( N O - N V ) ] ” ~  1.73 

This conclusion is supported by the persistence in solution of 
the folded structure of ( C 0 ) 2 R h C 1 2 R h ( C 0 ) z . 9 J o  

We have  de termined  the s t ruc ture  of (PPh3)zRhC1/2, in 
which t h e  RhC1,Rh ring is planar rather than folded. This 
then represents the second example of a planar rhodium(1) 
chlor ide d imer .  

Experimental Section 
Crystals of LzRhClZRhLz, (L = PPh3) grew from a methylene 

chloride/ethyl acetate solution of a rhodium complex of tetra- 
methyldisiloxane believed to be L4(Me4Si,0)zRhzHz.11.’Z Apparently, 
the silyl complex decomposed and/or reacted with the methylene 
chloride to produce the chloride dimer. The LzRhClzRhL2 dimer has 
been previously prepared and is believed to be an intermediate in 
hydrogenation catalysts prepared from L3RhC1.t3-15 

Intensity data were collected on a Syntex Pi diffractometer. Cell 
constants were determined from a least-squares fit of 15 accurately 
centered reflections with 20’ < 20 < 25’. Experimental details are 
collected in Table 1. The data reduction procedure and computer 
programs have been described elsewhere.I6 The intensities of the 
standard reflections were measured after every 50 reflections. 
Transmission coefficients were analytically calculated for a variety 
of crystal settings representing diverse cross sections of the crystal. 
The small differences observed in calculated transmission coefficients 
showed that no absorption correction was required. Atomic scattering 
factors were taken from Cromer and Waber” and anomalous dis- 
persion factors were obtained from ref 18. 

The rhodium atom position was located in a Patterson map. The 
space group Pi (Ctl, No. 2) was assumed and the rhodium atoms were 
used to phase a Fourier synthesis. From the difference map, all 
nonhydrogen atoms were found except for those of the solvate molecule. 
Two cycles of least-squares refinement with all atoms isotropic 
converged a t  RI = 0.09 and Rz = 0.14.19 Hydrogen atom positions 
on the phenyl rings were computed by assuming the H atoms to lie 
on the C-C-C bisector at a distance of 1.0 A from the bonded carbon. 
Isotropic temperature factors one unit higher than the contiguous 
carbon were assigned to each H atom. The contributions of the H 
atoms to the structure factors were then calculated and substracted 
from F,. Continued, anisotropic refinement converged at  R1 = 0.06 
and R2 = 0.11. 

From the density and the difference maps, it was apparent that 
an ethyl acetate molecule of solvation was present. Extremely diffuse 
peaks with a maximum electron density of 2 e/A3 were scattered a b u t  
the inversion center a t  0, In order for one ethyl acetate 
molecule to be present in the space group Pi, the atomic positions 
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Table 11. Fractional Cell CoordinateP 

atom X Y Z 

Rh 
PI 
P2 
c1 
c1 
c 2  
c 3  
c 4  
c 5  
C6 
c 7  
C8 
c 9  
c 1 0  
c11 
c 1 2  
C13 
C14 
C15 
C16 
C17 
C18 
c 1 9  
c 2 0  
c 2 1  
c 2 2  
C23 
C24 
C25 
C26 
C27 
C28 
C29 
C30 
C31 
C32 
c 3 3  
c 3 4  
c 3 5  
C36 

0.1353 (1) 
0.2830 (2) 
0.1932 (2) 
0.0288 (2) 
0.2650 (8) 
0.1299 (9) 
0.1046 (11) 
0.2123 (13) 
0.3462 (12) 
0.3745 (9) 
0.2693 (8) 
0.2905 (9) 
0.2857 (IO) 
0.2620 (11) 
0.2419 (11) 
0.2434 (9) 
0.5040 (9) 
0.6426 (10) 
0.7431 (9) 
0.7104 (9) 
0.5733 (9) 
0.4688 (8) 
0.2803 (8) 
0.3003 (9) 
0.3674 (11) 
0.4140 (11) 
0.3957 (10) 
0.3304 (9) 

-0.1398 (13) 
-0.2313 (11) 
-0.1941 (11) 
-0.0650 (9) 

-0.0084 (10) 
0.0301 (8) 

0.3029 (8) 
0.2471 (9) 
0.3356 (12) 
0.4781 (11) 
0.5336 (9) 
0.4490 (9) 

0.0924 (1) 
0.2416 (2) 
0.0860 (2) 
0.0747 (2) 
0.3559 (6) 
0.3725 (7) 
0.4577 (8) 
0.5259 (8) 
0.5097 (7) 
0.4273 (7) 
0.3003 (6) 
0.2396 (7) 
0.2827 (10) 
0.3846 (10) 
0.4475 (8) 
0.4035 (7) 
0.1309 (6) 
0.1154 (7) 
0.2012 (9) 
0.3012 (9) 
0.3180 (7) 
0.2314 (6) 

-0.0264 (6) 
-0.1021 (7) 
-0.1860 (7) 
-0.1968 (8) 
-0.1231 (8) 
-0.0371 (7) 
-0.0355 (10) 

0.0305 (11) 
0.1134 (11) 
0.1311 (9) 
0.0619 (7) 

0.1933 (6) 
0.2599 (7) 
0.3395 (8) 
0.3534 (8) 
0.2887 (8) 
0.2108 (7) 

-0.0209 (8) 

0.0705 (1) 
0.0370 (2) 
0.2311 (2) 

0.1067 (6) 
0.1108 (7) 
0.1597 (8) 
0.2090 (8) 
0.2061 (7) 
0.1561 (6) 

-0.0945 (2) 

-0.0908 (6) 
-0.1665 (7) 
-0.2626 (7) 
-0.2844 (7) 
-0.2102 (9) 
-0,1124 (7) 

0.0675 (6) 
0.0636 (7) 
0.0376 (7) 
0.0155 (8) 
0.0183 (7) 
0.045 3 (6) 
0.2787 (6) 
0.2141 (6) 
0.2485 (8) 
0.3472 (8) 
0.4108 (7) 
0.3771 (6) 
0.3955 (8) 
0.3649 (8) 
0.2990 (8) 
0.261 3 (7) 
0.2919 (6) 
0.3594 (7) 
0.3038 (6) 
0.3611 (7) 
0.4164 (7) 
0.4132 (7) 
0.3559 (7) 
0.3026 (6) 

a Standard deviations for the last significant figure are given in 
parentheses. 

must be averaged to a centrosymmetric arrangement. Several models 
with half-occupancy for all atoms were tried, but none refined properly. 
Typically, the thermal parameters would become unreasonably large 
and the atom positions would oscillate with successive refinement 
cycles. Furthermore, the positions (Table V) about which the os- 
cillations occurred did not describe a chemically reasonable ethyl 
acetate molecule. 

However, with the solvate fixed at  the atom positions in Table V, 
the rest of the structure converged with R, = 0.045 and R, = 0.059. 
In the final difference map, the largest residue in the solvate region 
was 0.9 e/A3, and 0.57 e/A3 (a Rh shadow) was the largest peak 
outside the solvate region. The number of variables was 361, giving 
a data:variable ratio of 8.3:l. 
Results 

The final positional a n d  thermal parameters for the re- 
finement with the fixed solvate included a r e  presented in 
Tables I1 and 111, respectively. The calculated positions of 
the phenyl hydrogens and their isotropic thermal parameters  
a r e  in Table VI1 (supplementary material) .  In Table IV a r e  
the positional a n d  thermal parameters  of the solvate. Table 
V gives the bond distances and  angles for the rhodium chloride 
dimer. 

Figure 1 is an ORTEP drawing  of the rhodium dimer  a n d  
Figure  2 is the bc face of the unit cell showing the solvate in 
the void at 0, ll2, 
Discussion 

Although the solvate molecule at 0, lI2, ‘Iz could not  b e  
properly located due to a disorder, the effect of this inadequacy 
in the s t ruc tura l  model on the a tomic  positions of interest  is  
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Table 111. Anisotropic Temperature Factorsa 

Curtis, Butler, and Green 

atom P I 1  P 2 z  P 3 3  012 013 P 2 3  

Rh 
P1 
P2 
c1 
c1 
c 2  
c 3  
c 4  
c 5  
C6 
c 7  
C8 
c 9  
c 1 0  
c11 
c 1 2  
C13 
C14 
C15 
C16 
C17 
C18 
C19 
c 2 0  
c 2 1  
c 2 2  
C23 
C24 
C25 
C26 
C27 
C28 
C29 
C30 
C31 
C32 
c 3 3  
c 34 
c 3 5  
C36 

0.0065 (1) 
0.0070 (3) 
0.0069 (3) 
0.0123 (3) 
0.0072 (10) 
0.0094 (12) 
0.0135 (15) 
0.0209 (18) 
0.0179 (18) 
0.0112 (13) 
0.0065 (10) 
0.0099 (12) 
0.0128 (14) 
0.0135 (15) 
0.0144 (15) 
0.0119 (13) 
0.0089 (11) 
0.0112 (13) 
0.0078 (11) 
0.0066 (11) 
0.0085 (12) 
0.0073 (10) 
0.0078 (10) 
0.0112 (12) 
0.0159 (15) 
0.0151 (15) 
0.01 36 (14) 
0.0109 (12) 
0.0150 (17) 
0.0093 (14) 
0.0102 (15) 
0.0092 (12) 
0.0075 (11) 
0.0118 (13) 
0.0093 (11) 
0.0116 (12) 
0.0168 (18) 
0.0163 (16) 
0.0086 (1 1) 
0.0092 (12) 

0.0046 (1) 
0.0042 (2) 
0.0051 (2) 
0.0072 (2) 
0.0045 (6) 
0.0062 (8) 
0.0077 (9) 
0.0057 (8) 
0.0050 (8) 
0.0046 (7) 
0.0043 (6) 
0.0069 (7) 
0.0117 (11) 
0.0119 (11) 
0.0086 (9) 
0.0077 (8) 
0.0048 (6) 
0.0067 (8) 
0.0104 (10) 
0.0097 (10) 
0.0063 (7) 
0.0047 (6) 
0.0056 (7) 
0.0061 (7) 
0.0053 (7) 
0.0069 (8) 
0.0082 (9) 
0.0063 (7) 
0.0119 (11) 
0.0173 (14) 
0.0171 (14) 
0.0117 (10) 
0.0082 (8) 
0.0097 (9) 
0.0052 (6) 
0.0071 (8) 
0.0091 (9) 
0.0064 (8) 
0.0071 (8) 
0.0063 (7) 

0.0038 (0) 
0.0043 (1) 
0.0037 (1) 
0.0039 (1) 
0.0054 (6) 
0.0079 (8) 
0.0105 (9) 
0.0099 (9) 
0.0067 (7) 
0.0054 (6) 
0.0050 (6) 
0.0059 (7) 
0.0048 (7) 
0.0053 (7) 
0.0082 (9) 
0.0054 (6) 
0.0061 (7) 
0.0066 (7) 
0.0058 (7) 
0.0077 (8) 
0.0060 (6) 
0.0041 (5) 
0.0052 (6) 
0.0046 (6) 
0.0083 (8) 
0.0076 (9) 
0.005 3 (7) 
0.0040 (6) 
0.0070 (8) 
0.0060 (8) 
0.0068 (7) 
0.0066 (7) 
0.0037 (5) 
0.0060 (7) 
0.0039 (5) 
0.0062 (7) 
0.0066 (8) 
0.0068 (7) 
0.0061 (7) 
0.0048 (6) 

-0.0001 (0) 
0.0004 (2) 
0.0008 (2) 

0.0007 (6) 
0.0012 (8) 
0.0037 (10) 
0.0022 (10) 
0.0006 (9) 
0.0008 (8) 

-0.0037 (2) 

-0.0005 (6) 
-0.0009 (7) 
-0.0008 (10) 

0.0024 (10) 
0.0040 (9) 
0.0026 (8) 
0.0009 (7) 
0.0022 (8) 
0.0021 (9) 

-0.0007 (8) 
-0.0003 (7) 

0.0008 (6) 
0.0017 (7) 
0.0003 (8) 
0.0031 (9) 
0.0042 (9) 
0.0029 (9) 
0.0017 (7) 

0.0004 (11) 
0.0061 (12) 
0.0033 (9) 
0.0003 (7) 

-0.0006 (9) 
0.0010 (7) 
0.0029 (8) 
0.0016 (10) 

-0.0001 (9) 
0.0000 (8) 
0.0015 ( 7 )  

-0.0025 (11) 

0.0004 (0) 
0.0005 (2) 
0.0005 (2) 

0.0013 (6) 
0.0013 (8) 
0.0044 (10) 
0.0038 (10) 
0.0007 (9) 

-0.0000 (7) 
-0.0001 (6) 

0.0012 (7) 
0.0007 (8) 
0.0013 (8) 
0.0011 (9) 
0.0003 (7) 
0.0008 (7) 
0.0003 (7) 
0.0009 (7) 
0.0015 (7) 
0.0013 (7) 
0.0005 (6) 
0.0007 (6) 
0.0003 (7) 
0.0015 (9) 
0.0007 (9) 
0.0003 (8) 
0.0003 (7) 
0.0030 (10) 
0.0021 (9) 
0.0015 (8) 
0.0015 (7) 
0.0010 (6) 
0.0029 (8) 

-0.0001 (6) 
0.0014 (8) 
0.0002 (9) 

-0.0028 (9) 
-0.0014 (7) 
-0.0007 (7) 

-0.0009 (2) 

-0.0000 (0) 
-0.0000 (1) 
-0.0000 (1) 

0.0008 (1) 
0.0005 (5) 

-0.0005 (6) 
-0.0007 (7) 
-0.0025 (7) 
-0.0012 (6) 

0.0005 (5) 
0.0006 (5) 

-0.0006 (6) 
-0.0009 (7) 

0.0025 (7) 
0.0032 (7) 
0.0009 (6) 

-0.0005 (5) 
-0.0009 (6) 
-0.0011 (7) 
-0.0000 (7) 

0.0007 (5) 
-0.0010 (5) 

0.0009 (5) 
-0.0003 (5) 
-0.0000 (6) 

0.0025 (7) 
0.0021 (6) 
0.0003 (5) 
0.0003 (8) 

-0.0024 (9) 
-0.0003 (8) 

0.0011 (7) 
-0.0012 (5) 

0.0001 (7) 
-0.0001 (5) 
-0.0007 (6) 
-0.0033 (7) 
-0.0003 (6) 

0.0005 (6) 
0.0000 (5) 

a Standard deviations of the last significant figure are in parentheses. The form of the temperature factor is exp[-(h2pl, t k*p2, + 1 2 b , 3  + 
BkP,,  + 2 h h 3  t 2k@,,)l. 

Table IV. Positional and Isotropic Thermal Parameters 
for Ethyl Acetatea 

atom X Y 2 B, A' 

0(1)  0.054182 0.719508 0.484465 15.17 
O(2) 0.171905 0.584492 0.415848 19.68 
C(37) 0.065982 0.622123 0.595126 17.02 
C(38) 0.064216 0.628832 0.478184 17.00 
C(39) 0.170094 0.563347 0.511627 15.85 
C(40) 0.048772 0.466151 0.497772 16.80 

a C(37)-C(38)(=0(1))-0(2)-C(39)-C(40). 

Table V. Bond Distances (A) and Angles (deg) for 
[ (PPh3),RhCl],a' t, 

Rh-P1 2.200 (2) Rh. . *Rh' 3.662 (2) 
Rh-P2 2.213 (2) C1. 3 C1' 3.131 (4) 
Rh-Cl 2.394 (2) P-C 1.839 * 0.009c 
Rh-C1' 2.424 (2) C-C 1.382 t 0.018c 

Pl-Rh-P2 96.34 (9) Cl-Rh-C1' 81.05 (8) 
P1-Rh-C1 94.95 (8) Rh-Cl-Rh' 98.95 (8) 

P2-Rh-Cl' 87.77 (8) C-P-Rh 116.2 * 6.2' 
P1-Rh-Cl' 175.7 (1) C-P-C 191.9 t 4.0' 

P2-Rh-Cl 168-01 ( 7 )  C-C-C 120.00 t 0.09' 

a Standard deviations from covariance matrix in parentheses. 
With solvate model included in refinement;R, = 0.045, R ,  = 

0.059. Average values. Standard deviation, u = [E(x -x)2/ 
(n - l ) ] l iZ .  The minimum and maximum values for the P C  
and C-C distances and the C-PC, C-P-Rh, and C C - C  angles are, 
respectively, 1.827 (81, 1.854 (8); 1.35 (2), 1.41 (2); 97.6 (4), 
108.5 (4); 107.4 (31, 127.0 (3); and 117.6 (8), 121.4 (9). 

c2hc23 
,.. 
d 

c 2 4 ' u  C 21' 

~ 14uc 17 

C 15 C 2 3  C22' 
c I5 

Figure 1. ORTEP drawing of bis(triphenylphosphine)rhodium(I) 
chloride dimer showing the numbering scheme. Thermal ellipsoids 
are drawn at the 50% probability level. 

minimal. The changes in the structural parameters when the 
solvate was not included in the refinement were of the same 
magnitude as their standard deviations. In a similar structure, 
that of (PPh3)2(CO)(H)Ir(Me4Si20)~EtOH, the ethanol 
solvate refined properly.12 Here also is was found that the 
atomic positions of the iridium moiety were relatively in- 
sensitive to the presence or absence of the solvate in the re- 
finement. 
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Figure 2. ORTEP drawing of the bc face of the unit cell of [(PPh3)2RhC1]2, showing the ethyl acetate of solvation around 0, 
axis is out of the paper, the b axis is vertical, and the c axis is horizontal. 

Table VI. Comparisons of Some Structural Parameters for Various Rhodium(1) Chloride Dimers 

1/2. The a 

L-Rh-L, Cl-Rh-Cl, 
complex A,’” deg Rh. - .Rh, A RhC1, A deg deg ref 

(PPhj),RhzC& 180 3.662 2.40 96.3 81.0 This work 

cis-(CO) (L),Rh,Cl, 123 3.167 2.43: 2.41 90.5 84.4 6 

(COD), Rh,Cl, 180 3.50 2.38 90 85 2 
(CO)4RhzC12 124 3.12 2.35 91.0 85.0 1 

(COD)RhC1,RhLZd 123 3.1 38 2.405: 2.385 91.3 82.9 4 
(C,H4),RhzCIz 116 3.02 2.40 84 3 
L4RhzClze 116 3.040 2.405 93.4 81.4 5 

a Fold angle, L = PhPMe,. Trans to  L. L = P(OPh),. e L = qz-2-methyl-2,4-pentadiene. 

There is a rather large variation in the C-P2-Rh angles 
(C29-P2-Rh = 107.4 (3)’ and C31-P2-Rh = 127.0 (3)’). 
Thus, the P2 phosphine ligand is canted with respect to the 
molecular plane. This distortion may be due to interligand, 
steric crowding, or intermolecular packing constraints. The 
C-P-Rh angles about P1 show much smaller deviations (range 
= 3.20’). 

The structure of L2RhC12RhL2 (L = PPh,) is essentially 
square planar about each rhodium, and the molecule is not 
folded across the Cl-.Cl axis. Table VI lists some structural 
parameters of the rhodium(1) chloride dimers whose structures 
have been determined. Bonnet et aL6 state that the Rh-Cl 
distance increases as the fold angle, A, decreases and that the 
increase in bond length is related to the formation of the weak 
Rh-Rh bond in the folded complex. However, the data in 
Table VI do not substantiate this idea. The Rh-C1 bond length 
does appear to be weakly coupled to the nature of the trans 
ligand, tending to be somewhat shorter trans to olefins or 
carbonyls and longer trans to phosphorus. Even here, however, 
the differences are approximately equal to the standard de- 
viations. 

The ClRhCl and LRhL angles are related. As the latter 
increases, the former decreases (correlation coefficient = 0.90). 
This angle relation is probably partly steric and partly 
electronic.’ The RhClRh angle is geometrically connected to 
the fold angle A. As X decreases, the RhClRh angle decreases 
for a constant Rh-Cl distance and a constant ClRhCl angle, 
making comparisons difficult. 

It is obvious that the structural details of rhodium dimers 
of the type L2RhClzRhLz are the result of extremely subtle 
electronic and steric effects of the ligands. It is interesting 
to note, however, that acyclic olefins tend to cause the greatest 
deviations from planarity (smallest A). Also, there does not 
appear to be any “middle ground”. The complexes are either 
planar (A = 180’) or folded considerably (A 5 124’). This 
observation suggests that a Rh-Rh bonding interaction is 
either present with reasonable strength or completely absent. 
Since the Rh-Rh bonding interaction arises from molecular 
orbitals which are primarily metal-ligand in character,* it is 
not unreasonable to suggest that relatively small changes in 

the metal-ligand orbitals could completely quench the Rh-Rh 
bonding interaction. 
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