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The recently reported complex, [l] [Rh,(CO)2- 
(/+&O)(@)(DPM),] BPh4, (l), (DPM = bis(diphenyl- 
phosphino)methane; Ph = CsHs), is the first 
structurally characterized example of an “A-frame” 
complex containing a ligand in the proposed “active 
site”, bridging the two metal atoms. This carbonyl- 
bridged cationic complex is obtained by the reversible 
addition of CO to the parent complex, [Rh(CO)2- 
(p-Cl)(DPM),] BPh,, (2) and conclusively establishes 
that small molecules can coordinate to the active site 
in “A-frame” complexes as first suggested by Kubiak 
and Eisenberg [2] . We wish now to report the reac- 
tion of SOz with 2, which yields initially the SOz- 
adduct, believed to be analogous to the CO-bridged 
complex, 1. In addition, however, a variety of new 
and interesting chemistry is observed. The crystal 
structure of one of the products in this reaction is 
also reported. 

Treatment of an acetone or dichloromethane solu- 
tion of 2 with SO* gave initially a red solution. Addi- 
tion of petroleum ether or slow evaporation of the 
solvent gave a red-brown crystalline product, [Rh?- 
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(CO),~-~,>(CC-C~XDPM)~~ P’M, (3), with v(C0) 
at 2015 (vs) and 1986 (ssh) cm-‘, u(SOz) at 1229 
(m) and 1070 (m) cm-’ [3]. The presence of BPhT 
was indicated by a band at 610 cm-‘. The above 
formulation for 3 is based on: 

1) the similarity in the infrared spectra of 3 and 1, 
the analogous CO-bridged complex; 2) the 31P{1H} 
n.m.r. spectrum, indicating only one phosphorus 
environment and a strong metal-metal interaction 
(vi& infra); 3) the displacement of SOz from solu- 
tions of 3 under a stream of Nz, generating 2 and 
replacement of SOz by CO generating 1 (see 
Scheme); 4) the values of v(SOz) are in the region 
observed for other SOz ligands bridging metal-metal 
bonds [4, 51; and 5) the elemental analysis: Calcd. 
for Rh2BClC76H6404P4S: C, 62.98; H, 4.45. Found: 
C, 61.85; H, 4.44. On prolonged treatment of the 
red acetone, dichloromethane or THF solutions of 3 
with SOz a brown microcrystalline precipitate, 
[RhzCl,(~-S0,)(DPM)2], (4), was obtained along 
with a yellow solution. Slow evaporation of the ulti- 
mate red dichloromethane or THF solutions 
produced well-formed red crystals of 4. This ulti- 
mate product has v(S0,) at 1190 (m) and 1060 (m) 
cm-’ [3]. No CO or BPhTband is observed. 

The 31P{1H} n.m.r. spectra of solutions 3 and 4 
in dichloromethane-dz (-50” to +30 “C) each showed 
a single second-order pattern (3: 8p = 24.6 p.p.m. 
(all shifts measured downfield from 85% H3P04 are 
positive) llJRhp + XJRhPl = 91.3 Hz; 4: 8p = 19.6 
p.p.m., llJRhp t XJRhPI = 115.0 Hz). Therefore 
each complex contains only one environment for 
phosphorus. A solution of 3, allowed to stand for 24 
hours, gave a ‘lP(‘H} n.m.r. spectrum with signals 
due to 3, 4 and an as yet unidentified product (5) 
which will be the subject of further investigations. 

Complex 4 crystallizes in the space group C&- 
F’2,/c with a = 118.228(l), b = 13.526(l), c = 
19.632(2) A, p = 104.72(l)‘, V = 4862 R (Z = 4, 
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TABLE. Selected Bond Distances (A) and Angles (deg). 
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Atoms Distance Atoms Distance Atoms Distance 

Rh(l)-S 
Rh(2)-S 
Rh-Cl (av) 

Atoms 

2.169(2) 
2.169(2) 
2.342(2) 

Angle 

Rh-P (av) 
Rh(l)-Rh(2) 
S&O (av) 

Atoms 

2.331(8) 
2.7837(8) 
1.452(6) 

Angle 

P-C (phenyl) 
P-C (methylene) 

Atoms 

1.827(8) 
1.829(9) 

Angle 

Cl(l)-Rh(l)-S 
C&2)-Rh(2)-S 
Cl(l)-Rh(l)-P(1) 
Cl(l)-Rh(l)-P(3) 
CI(2)-Rh(2)-P(2) 

143.33(9) 
142.44(8) 

85.98(g) 
86.45(g) 
86.75(7) 

C1(2)--Rh(2)-P(4) 
S-Rh(l)-P(1) 
S-Rh(l)-P(3) 
S-Rh(2)-P(2) 
S-Rh(2)-P(4) 

86.1 l(8) 
95.23(8) 
96.04(8) 
95.37(8) 
94.91(8) 

Rh(l)-S-Rh(2) 
O(lbS--W2) 
P(lbC(l)-P(2) 
P(3)--C(2)-P(4) 

79.84(7) 
111.9(4) 
111.6(4) 
110.5(S) 

Figure. A perspective view of RhzC12(p-S02)(DPM)z show- 
ing all non hydrogen atoms with 20% thermal ellipsoids. 

Pcalc = 1.574, p& = 1.59(2) g cmF3). Data were 
collected on an automated Picker four-circle 
diffractometer using nickel-filtered CuKo radiation 
(28 < 123’, scan range, 1.5” in 28 with correction 
for Kar -Koa separation). Of the 7690 unique reflec- 
tions measured, 5207 had FE > 3o(Fz) and were used 
in the solution and refinement of the structure. The 
heavy atoms were located by conventional Patterson 
techniques and the light atoms located in subsequent 
Fourier maps. The structure was refined by full- 
matrix, least-squares techniques to R = 0.058 and R, 
= 0.067 [6] based on 216 parameters varied. 

PWMP-~WWM)~I is shown in the Figure 
to be a distorted, SO*-bridged, “A-frame” complex. 
This is the first example of an SOz-bridged rhodium 
“A-frame”, and the first such complex of rhodium 
with terminal instead of bridging anionic ligands. 

Other similar complexes formed by the reaction of 
[Pd,Cl,(DPM),] with CNR [7], N$h’ [S], SO* 
[9] and [Pd,Cl,(DAM)s] (DAM = bis(diphenyl- 
arsino)methane) with Co [IO] have been reported 
and are similar to the title complex apart from the 
metal-metal bond in the latter. Moreover, the pal- 
ladium adducts are the expected products resulting 
from ligand insertion into the Pd-Pd bond, whereas 
the present complex is the result of the dispropor- 
tionation of the initial SOs adduct (3) (see scheme). 

The coordination about each rhodium atom is 
best described as a significantly distorted trigonal 
bipyramidal geometry with the three equatorial sites 
occupied by a terminal chloro ligand, a bridging 
sulfur dioxide ligand and the other rhodium atom. 
The Rh(l)-Rh(2) distance of 2.7838(8) A (see 
Table) is within the range considered to involve 
normal two-electron Rl-Rh bonds (2.617(3)- 
2.796(8) A) [ 111. The metal-metal bond is further 
substantiated by several observations: 1) The intra- 
ligand P( 1)-P(2) and p(3)-P(4) distances (3 .019(3) 
and 3 .012(3) A, respectively) are significantly larger 
than the Rh(l)-Rh(2) distance indicating a com- 
pression along the Rh-Rh axis [ 121 ; 2) The acute 
Rh(l)-SRh(2) angle (79.85(7)“) again indicates 
compression along the Rh-Rh axis; 3) Conventional 
electron counting results in a 15 electron configura- 
tion without inclusion of the Rl-Rh bond which is 
necessary to account for the observed diamagnetism 
of the compound; 4) The second order 31P{rH} 
n.m.r. spectrum (vide supra) indicates significant Rh- 
Rh interaction. 

The sulfur dioxide ligand symmetrically bridges 
the two rhodium atoms (Rh( 1)--S = Rh(2p = 
2.169(2) A), with a dihedral angle between Rh(l& 
SRh(2) and 0(1)-S-O(2) planes of 92.3(2)‘. The 
Rh-S distances are significantly shorter than the 
metal--sulfur distances observed in other S02-bridged 
complexes, ( [IrH(CO),(PPhs)J2 Soa [4] , h--S, 
2.313(3) A; Pds(S02)2(tBuNC)s [5], Pd-S, 2.261(9) 
A) implying strong Rh-S interactions. 
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The “active site” opposite the SOs ligand is 
effectively blocked by four phenyl rings; in particular 
rings 4 and 6. The Rh-ortho hydrogen interactions 
involving the latter two rings are unusually short 
(Rh(l)--H(66), 2.70 A; Rh(2)--H(46), 2.73 A). Com- 
pare for example the analogous distances in the red 
and orange isomers of Wilkinson’s catalyst 1131 
@h---H; 2.77 and 2.84 A, respectively). The sites 
adjacent to the SOz ligand are, however, 
conspicuously vacant and open to attack. 

Solutions of 3 and 4 in dichloromethane each react 
readily with CO. Complex 3 reacts rapidly with CO 
to form 1, and 4 reacts with CO forming the novel 
neutral carbonyl species, cis-[Rh,Cl~(CQ)&-CO)- 
(DMP),] (6). This species reversibly loses CO in solu- 
tion yielding the corresponding dicarbonyl species, 
cis-[Rh,Cl,(CO)l(DPM)a] (7). Only a few other 
examples in which CO reversibly binds to a bridging 
site have been reported [ 1, 71. Crystals of 6 and 7 
are yellow and yellow-orange, respectively. Complex 
6 exhibits v (CO) at 2004(s), 1964(vs) and 1872(s) 
cm-’ and 7 has u(C0) at 1994(s) and 1972(va) cm-r. 
Elemental analyses are in agreement with these 
formulations (6: Calcd. for RhzClzCs2H+,02P,: 
C, 56.70; H, 4.03; Cl, 6.44; P, 11.25. Found C, 
57.37; H, 4.55; Cl, 6.46; P, 10.99. 7: Calcd. for Rhz- 
C12Cs3H4403P4: C, 56.36; H, 3.93; Cl, 6.28; P, 10.97. 
Found C, 56.29; H, 4.22; Cl, 6.43; P, 11.03). Further- 
more, the 31P{1H} n.m.r. spectr a show only one 
phosphorus environment in each case (6: gp = 8.21 

p.p.m., I’JFw + XJRhP 1 = 116.0 Hz. 7: &p = 7.45 
p.p.m., JRhP= 113.5 Hz). 

The analogous trans dicarbonyl species, trans- 
[RhzC12(C0)s(DPM)2] [ 141, unlike the cis species, 
is insoluble in CH2Cls and does not react with CO 
under the same conditions even after prolonged 
exposure. The single sharp value for <CO) at 1968 
cm-’ for the trans dicarbonyl species is in contrast to 
the two carbonyl bands observed in 7 as is expected 
for the trans and cis carbonyl arrangements, 
respectively. Further reactions of the above dinuclear 
complexes with small molecules are under investiga- 
tion. 
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