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It has been pointed out that the sulfur dioxide 
(SO,) moiety may be as useful a probe for investi- 
gating metal ligand bonding in coordination com- 
pounds as is the nitrosyl (NO) ligand [l-4]. The 
SO2 ligand can bond to a metal atom through the 
sulfur atom in one of two spatial arrangements, i.e., 
bent (1, where the sulfur atom is acting as a Lewis 
acid) with approximately tetrahedral geometry 
around the sulfur atom, and coplanar with the metal 
(II, where the sulfur acts as a u electron donor and a 
IT electron acceptor). 
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Structures of complexes with both “bent” ([Rh- 
WQMCWK~WI [51 ,[Ir(Ph,P),(CO)Cl(SO,)1[61, 
KPWM’tWd1 PI, and KW’M’tWd~1~31) and 
coplanar ([Ru(NH,),Cl(SO,)] Cl [7]. (Mn(CsHs)- 
WMSWI PI and [(C,H,)Rh(C,H,)(S02)1 111 
M-SO2 groups have been determined and correlations 
of the geometry with electronic, chemical and 
physical properties of the complexes have been 
attempted. In general, if the metal-SO2 adduct 
exhibits the “bent” geometry, the S=O infrared 
stretching frequencies occur near 1200 and 1050 cm-‘, 
the SO, is labile, and complexes containing coordi- 
nated sulfate are formed on exposure to Oz. On the 
other hand if the metal-SO* groups are coplanar, the 
S=O stretching frequencies appear near 1300 and 
1100 cm-‘, the SO2 group is not labile and sulfates 
are not formed upon air oxidation [9]. However, 
there are some exceptions to the above generalization; 
for example, Sacconi et al. [lo] found the M-SO2 
group of Ni(CH3C(CH2PPh2)a)SOz to be planar, but 
the S=O stretching frequencies occur at 1190, 1055 
and 1045 cm-’ and the compound is air sensitive. 

A yellow-green rhodiumsulfur dioxide adduct 
prepared by this group [l 1, 121, Rh(ttp)Cl*SO,, 
has vat-, at 1155 and 1030 cm-‘, which is consis- 
tent with a bent geometry for the Rh-SO2 moiety 

*Proctor and Gamble Fellow (1976&1977). 

and provides a direct analogy to the known struc- 
ture of Rh(PPh,),(CO)Cl(SO,) [5]. The Rh(ttp)- 
C1*SOz compound appeared unusual, however, since 
the SO2 group was not labile and it did not react 
upon exposure to molecular O2 at ambient con- 
ditions [ 131. 

ln order to determine which factors influence the 
reactivity of a bonded SO2 group we have prepared 
a series of rhodium-SO* adducts of the type: 
RhLX*SOz and [RhLL’(S02)] Y (where L is a linear 
triphosphine, X is a coordinated anion, L’ is a neutral 
ligand and Y is a noncoordinated anion). By varying 
X and L’ we can increase or decrease the basicity at 
the rhodium center and determine how this influ- 
ences the reactivity of the bonded SOz. The choice 
of L influences not only the basicity at rhodium but 
it also controls the geometry around the rhodium 
atom. In addition, the linear triphosphine ligand ttp 
readily facilitates the use of phosphorus-31 NMR to 
“measure” the trans influence of the ligand trans to 
Pi [ 141. In this work we have used the lJp,_ru, values 
to ascertain that the ligand opposite Pi in the parent 
compound is still opposite Pi in the SO* adduct. For 
example, the first three compounds listed in the 
Table have ‘Jr.,_% values of 147.5, 138.7 and 113.8 
Hz, respectively. The parent compounds Rh(ttp)Cl, 
Rh(ttp)N, and Rh(ttp)CN have lJp-Rh values of 
162.5, 152.8 and 122.6 Hz, respectively, which is the 
same trend as their SO* adducts and suggests similar 
geometries and relative placement of atoms in the 
basal plane of the two series of compounds [ 151 
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Three logical geometries can be proposed for these 
compounds, i.e., 111, IV and V. Structures III and V 
are very nearly the same, the degree of distortion at 
the P2-Rh-P, bond angle being the distinguishing 
feature. At the outset of this investigation, the 
square-pyramidal structure III appeared most likely 
to be the structure, by analogy with [Rh(ttp)Cl(NO)]- 
PF, and with [Rh(Ph,P),(CO)Cl(SO,)]. However, if 
the steric requirements of ttp are sufficiently large 
compared to PhaP and CO, some distortion around 
the P2--Rh-P, bond angle could lead to structure V. 
An expansion of the S-Rb-X (or L’) bond angle 
would result in structure IV. The phosphorus-3 1 data 
does not exclude any of these geometries and X-ray 
structural data is needed for the final assignment of 
structure. 

The antisymmetric and symmetric S=O stretching 
frequencies for these compounds are reported in the 
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TABLE. Spectral Data on the Sulfur Dioxide Complexes. 

Compound so2 6P, SP, 6P3 JP,qz 
pP* hz 

JP,-P, 
hz 

JP,-P, 
Ppm PPrn hz 

JP, -Rh JP,-Rh JP,-Rh 

%zYrn %Yrn 

Rh(ttp)Cl*S02a 1155 1033 --15.5 -2.5 - 39.3 - _ 147.5 113.8 - 

Rh(ttp)Ns*S02 1152 1023 -13.1 -2.9 - 41.6 - _ 138.7 116.7 - 

Rh(ttp)CN. SO2 1154 1030 0.1 -5.7 - 43.0 - _ 113.8 117.2 - 

[Rh(ttp)(CH,CN)(SO,)] PI:, 1180 1038 -12.7 -2.1 - 39.5 - _ 145.6 111.0 - 

[Rh(ttp)(PPhMea)(S02)]AsFeb 1167 1028 14.1 -0.0 22.9 47.6 242.0 33.1 111.1 116.7 110.3 

[Rh(ttp)(PEt,)(SOs)l AsPsC 1178 1033 16.0 -0.9 13.147.9 -240 30.6 109.4 119.1 105.7 

[Rh(ttp)(CO)(S02)] AsFe 1225 1063 11.3 -3.7 - 47.2 - _ 113.6 113.6 - 
(1210) 

%tp = PhP(CH2CH2CH2PPh2)2. bMonophosphine-P. 

0 0 

‘Due to the very low intensity of several peaks, this spectrum 

0 

has not been fully simulated and Jp,_ps is accurate only to two significant figures. 

Table; all of the values are similar and in the range 
generally found for the “bent” arrangement in SO2 
complexes. The carbonyl complex [Rh(ttp)(CO)- 
(SO,)] AsF, has vao absorptions (at 1225 and 1063 
cm-‘) somewhat higher than those of the other com- 
pounds, and this can be attributed to the apparent 
reduced basicity of rhodium in this case due to the 
n-acceptor nature of CO. 

Although the chemical properties of these SO2 
complexes have not been studied thoroughly yet, 
a major difference in reactivity toward oxygen has 
been noted. For example, Rh(ttp)Cl*SO, is un- 
reactive at 25 “C both in the solid state and in solu- 
tion [12, 131 , whereas [Rh(ttp)(CH,CN)(SO,)] PF, 
shows significant reaction with O2 in the solid state 
after one month; in solution the reaction is complete 
after only a few moments’ exposure. These com- 
pounds appear to have reasonably non-labile SO2 
groups since both may be recrystallized or heated 
irz VLICUO (0.1 torr, 57 “C) for 18 h without loss of 
S02. On the other hand, both [Rh(ttp)(PEt,)(SO,)]- 
AsF, and [Rh(ttp)(CO)(SO,)] AsF, lose SO2 readily 
when refluxed in methanol if a positive pressure of 
SO2 is not maintained. 

Both [Rh(ttp)(PEt,)(SO,)] AsF6 and [Rh(ttp)- 
(PPhMe2)(S02)] AsF, exhibit a surprising lability of 
the monophosphine ligands. At room temperature, an 
acetone solution of either compound is yellow (the 
compounds are orange in the solid state and in solu- 
tion at lower temperatures) and the 3’P NMR spectra 
indicate that the rhodium compound present has ttp 
as the only phosphine ligand. The 31P NMR param- 
eters of this species are very similar to those of 
[Rh(ttp)(CH3CN)(S02)]PF6 but it is not known 
whether the species is five coordinate, [Rh(ttp)- 
(acetone)(S02)] AsF, or only four coordinate [Rh- 
(ttp)(SO,)] AsF,. If the temperature is lowered to 
223 4< the predominant pattern in the NMR is that 
due to [Rh(ttp)(PEt3)(S02)] + or [Rh(ttp)(PPhMe2)- 

(SO,)1 +1 respectively, although the first pattern is 
still present to some extent. As long as the solution 
is not heated or flushed with N2 the SO2 remains 
coordinated. 

We are presently obtaining crystal structure 
determinations on several of these compounds. We 
shall report these results along with a more exten- 
sive discussion of experimental details and results in 
a subsequent paper. In addition, we shah report the 
differences in O2 sensitivity observed for Rh-SO2 
complexes of other triphosphine ligands. 
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