C20

Journal of Organometallic Chemistry, 198 (1980) C20—C24
© Elsevier Sequoia S.A., Lausanne — Printed in The Netherlands

Preliminary communication

THE COORDINATION AND ACTIVATION OF CARBON DISULFIDE IN
BINUCLEAR RHODIUM COMPLEXES

MARTIN COWIE* and STEPHEN K. DWIGHT

Department of Chemistry, The University of Alberta, Edmonton, Alberta T6G 2G2
(Canada)

(Received May 14th, 1980)

Summary

The reaction of trans-[RhCl(CO)(DPM)}, (DPM = Ph,PCH,PPh,) with CS,
yields an interesting series of CS, complexes culminating in the condensation
of two CS, molecules yielding the unusual, asymmetric species [Rh,CL,(CO)-
(C,S,)(DPM),]. This novel C,S, species is also produced in the reaction of
[Rh,CL(z-CO)(DPM),] with CS,. The structural determination of the C.S,
complex indicates that the C,S; moiety bridges the rhodium atoms such that
it forms a Rh—S—C—S—C metallocycle with one rhodium atom while simul-
taneously bonding through a sulfur atom to the second rhodium atom forming
a Rh—C—S—Rh metallocycle. A scheme for the reactions of the above com-
plexes with CS, is presented.

Much of the recent interest in carbon disulfide chemistry stems from the
close similarity of the molecule to CO,. Although several transition metal-CS,
complexes have been structurally characterized {1—5], only one structure is
known for Rh [6] and none has been reported for Ir. For these metals the
common 72, side-on CS, bonding mode has often been inferred [7,8] based
on analogies with other metal complexes, even though the CS, stretching fre-
quencies in many of the Rh and Ir complexes are ca. 100 cm ™~ ' lower than in
those structurally characterized complexes [1—5]. Owing to this apparent dis-
crepancy in infrared results and because of the demonstrated ability of Rh
and Ir to activate small molecules towards condensation reactions [6,9—11],
the present study was undertaken to establish the basis for much needed infra-
red and structural correlations and to gain a better understanding of transition
metal activation of CS, and related molecules.

We now report on the reactions of ¢rans-[RhCl(CO)}(DPM)], (1) and [Rh,Cl,-
(2-CO)(DPM),] (2) with CS, and the structural characterization of one of the
products, [Rh,Cl,(CO)(C,S;)(DPM),] (3). A scheme for these reactions, based
on infrared, 3'P and '3C NMR spectral data is also presented.
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Treatment of a suspension of 1 (200 mg in 20 ml of CH,Cl,) with 7 ml of
CS; under a nitrogen atmosphere for 24 h yields a clear red solution from
which red crystals of [Rh,Cl,(CO)(C,S;)(DPM),] were obtained by addition of
diethyl ether and slow cooling. Complex 3, as a Nujol mull, has »(CO) at
2040(sh) and 2020m cm ' and has v(CS) at 1050s, 995(sh) and 980vs ecm ™!,
It also shows a complex multiplet 3'P{'H} NMR pattern, consistent with an
AABBXY spin system and characteristic of an asymmetric species, centered at
& = 7.5 ppm*. Although satisfactory elemental analyses were obtained for C,
H and Cl, suitable results for S were never obtained**.

[Rh,Cl,(CO)(C,S,;)(DPM),] crystallizes in the space group P2,/c with a =
22.311(3), b = 22.843(8), ¢ = 22.838(3) A, g = 115.21(1)°, V = 10526 A3
and Z = 8. Intensity data were collected on an automated Picker four circle
diffractometer using nickel filtered Cu-K, radiation in the range 2° < 26 <
100°; beyond this few reflections were observed. Of the 11195 unique reflec-
tions measured 5929 had I = 30¢(f) and were used in subsequent calculations.
The structure was solved by a combination of MULTAN, trial and error
methods (used in conjunction with the Patterson map to fix the origin) and
conventional least-squares and Fourier techniques***. Refinement by full
matrix, least-squares methods converged at R = 0.114 and Ry = 0.145 foi
337 parameters varied, using isotropic thermal parameters for all atoms, rigid
group refinement for the phenyl rings' and data which is corrected for absorp-
tion effects. Although the crystallographic residuals are rather high at this
stage of refinement there is no ambiguity about the correctness of the struc-
ture. Both independent dimers are very similar with good agreement in the
molecular parameters, all of which are chemically reasonable. The high resi-
duals are a consequence of the poor diffraction quality of the crystals which
furthermore underwent loss of solvent of crystallization during data collection.
A full anisotropic refinement would have been preferable, however the ex-
tremely high cost involved does not justify such a refinement to us, since the
important details of the structure are already clear.

The complex crystallizes with two independent molecules per asymmetric
unit, one of which (dimer A) is shown in Figure 1. Both dimers display sim-
ilar, distorted octahedral coordination geometries about each rhodium atom.
However subtle differences between the dimers are observed resulting mainly
from the different orientations of the DPM phenyl groups. These in turn result
in somewhat different orientations for the chloro and carbonyl ligands in the
two dimers. In addition, the Rh,C,S, fragment is close to planar in dimer B
whereas it is puckered slightly in dimer A. The corresponding bond lengths
within the two Rh,C,S, fragments however compare well, as shown in Table 1.
The C,S; fragment bridges the Rh—Rh single bond such that it forms a five
membered metallocycle with one rhodium atom (Rh(1)) while simultaneously
bonding to the other rhodium atom through a sulfur atom forming a second,
four membered metallocycle. Within the metallocycle rings the C—S distances
(1.63(2) to 1.79(2) A) indicate delocalization over the carbon-sulfur framework
m& values are downfield from H,PO,.

**Elemental analyses: Found: C, 51.6: H, 4.56: CL, 6.23; S, 4.11. [Rh,CL(COXC S ,DPM),] caled: C,

51.9; H, 3.61; Cl, 5.78; S, 10.5%.

**xDetails of the solution of the structure will be published in a subsequent full paper.
FFor a rigid body treatment, see for example ref. 12.
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Fig. 1. A perspective view of [Rh,CL(CO)(C.S_ )}DPM),1 (dimer A) showing 20% ellipsoids. The gross
structural features of dimer B are similar,

TABLE 1
SELECTED INTERATOMIC DISTANCES () AND ANGLES (DEGREES)

Dimer A Dimer B Dimer A Dimer B
Rh(1)—Rh(2) 2.810(3) 2.809(3) Rh(2)—S(4) 2.388(7) 2.392(7)
RAE(1)—Cl(1) 2.427(6) 2.454(8) Rh(2)—C(1) 1.86(2) 1.97(3)
Rh(2)—Cl(2) 2.507(8) 2.529(8) S(1)—C(4) 1.67(2) 1.73(2)
Rh(1)—P(1) 2.353(7) 2.326(7) S(2)—C(4) 1.63(3) 1.64(3)
Rh(2)-P(2) 2.359(7) 2.345(8) S(3)—C(4) 1.79 (2) 1.73(3)
Rh(1)—P(3) 2.367(8) 2.349(7) S(3)>—C(5) 1.76(2) 1.74(2)
Rh(2)—P(4) 2.346(8) 2.371(7) S(4)>—C(5) 1.68(3) 1.63(2)
Rh(1)-SQ) 2.351(7) 2.356(7) C(1)>—0() 1.13(2) 1.01(3)
Rh(1)-C{(5) 1.89({2) 1.95(2)
Rh(2)-Rh(1)—S(1) 163.0(2) 164.4(2) S(4)>—Rh(2)—C(1) 164.3(8) 171.8(8)
Rh(2)-Rh{(1)—CK1) 104.1(2) 91.8(2) Rh(1)—S(1)—C(4) 105.1(9) 104.5(9)
Rh(2)-Rh(1)—C(5) 74.7(8) 76.3(7) S(1)—C(4)>—S(2) 127 (2) 123(1)
Rh(1)-Rh(2)-Cl(2) 172.9(2) 165.5(2) S(1)-C(4)—Ss(3) 118 (1) 119(2)
Rh(1)~-Rh(2)—S(4) 72.6(2) 71.5(2) S(2)—C(4)—S(3) 115(1) 117 (1)
Rh(1)—Rh(2)—CQ) 91.9(8) 100.4(8) C(4)—S(3)—C(5) 102 (1) 104 (1)
CH(1)-Rh(1)—S(1) 92.9(2) 103.8(2) Rh(1)—C(5)—S(3) 124 (1) 124 (1)
CI(1)>—-Rh(1)—C(5) 177.5(8) 166.9(7) Rh(1)—C(5)—S(41) 120 (1) 117 Q)
Cl(2—Rh(2)—S(4) 101.2(2) 94.0(2) S(3)—C(5)—S(4) 116 (1) 119 (1)
Cl(2)—Rh(2)—C(1) 94.4(8) 94.1(8) Rh(2)—S(4)—C(5) 91.1(8) 95.1(8)
S(1)-Rh(1)—C(5) 88.3(8) 88.3(7) Rh(2)-C(1)—0(1) 169(2) 165(3)

and range from values comparable to the C—S distances in ethylene thiourea
(1.71 A) [18] to single bond values (1.81 A) [13]. The Rh—C distance in the
Rh,C,S, fragment (average, 1.92(3) &) is unusually short, being comparable to
the rhodium—carbonyl distance (average, 1.92(6) A). The slight bending of the
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carbonyl ligands (average Rh(2)—C(1)—0(1) = 167(3)°) results from close con-
tacts with the phenyl groups.

Based on 3'P{'H}NMR and infrared spectra, on the present structure deter-
mination and on analogies with similar SO, [14] and acetylene [15] chem-
istry we propose the following scheme for the reaction of 1 with CS, (see
Scheme 1). Initial CS, attack is probably terminal yielding a species such as 4
which then loses Cl readily and rearranges to 5. Species 5 is a 1:1 electrolyte
and has a very similar infrared spectrum (¢(CO) = 1990 cm™!; the CS, region
is obscured by the bands due to the DPM ligands) and similar *'P {'H}NMR
spectral parameters (8§ = 14.3 ppm; ['J(Rh—P) + *J(Rh—P)| = 98.2 Hz) to the
well characterized SO, analogue [14]. The loss of one carbonyl ligand yields
compound 6 which although not observed, is exactly analogous to an
acetylene complex which we have prepared by the same route and have sfruc-
turally characterized [15]. Electrophilic attack at S(3) of the bound CS,
molecule (see Figure 1) by another CS, molecule would then readily yield the
final product (3).

SCHEME 1

PROPOSED SCHEME FOR THE REACTIONS OF trans-fRhCl(CO}DPM)], AND [RhICIZQJ—CO)(DPl\I)Z]
WITH CS,
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The reaction of the monocarbonyl species 2 with CS,, which also yields
compound 3, was followed carefully by monitoring the infrared, 3'P{'H} and
BC{3'P{'H}NMR spectra (using "*CO enriched compound 2 for the *C NMR
study) during the slow stepwise addition of CS,. Initially the *'P{'H}NMR
spectrum shows two symmetric species in addition to the starting material 2:
compound 5, which was previously characterized, and compound 7 (§ =
15.7 ppm; |'J(Rh—P) + *J(Rh—P)| = 116.5 Hz). The *C{3'P{'H} }NMR
spectrum at the same time shows only one additional resonance at § =
186.5 ppm (doublet) with J(Rh—C) = 80.1 Hz, characteristic of a terminal car-
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bonyl ligand. The corresponding infrared spectrum shows a band at 1990 cm ™
due to the termiinal carbonyl groups in 5, and the bridging carbonyl of 2 at
1750 cm™!. No other carbonyl bands are observed. These observations are
consistent with species 5 and 7, shown in the scheme, resulting from CS, at-
tack on 2 and CO transfer. Analogous species have been obtained and
characterized in the reaction.of 2 with SO, [16]. In these SO, studies we ob-
served that these Rh dimers act as efficient CO scavangers. Therefore when 5
loses CO yielding 6, compound 7 picks up the CO also giving 6, which subse-
quently yields the final product. The spectral parameters of compound 3 are
consistent with the structure observed in the crystal. In addition to the com-
plex multiplet in the 3!'P{!H}NMR spectrum (vide supra), compound 3 shows
a doublet in the 3C{3'P{'H}}NMR spectrum at 191.5 ppm with J(Rh—C) =
69.1 Hz and a terminal carbonyl band in its solution IR spectrum (2030 cm™!;
CH,Cl,). We postulate carbon-bound CS, species in complexes 5, 6 and 7, as
shown in the scheme, since in each of species 5 and 7 the four phosphorus
atoms are chemically equivalent at ~50°C. A C—S bound species would give
rise to a more complex 3'P NMR spectrum unless fluctional at this tempera-
ture, and no evidence for fluctionality was observed over the temperature
range studied (20 to —50°C). Unfortunately lower temperatures could not be
attained in this study owing to solubility problems.

This study presents one of the first structural characterizations [6] of a
rhodium-CS, complex and based on its infrared spectrum, which is similar to
other such complexes which are believed to contain #-bound CS,, suggests
that some previous formulations [7,8] could possibly be reformulated as C,5,
species. The similarities in the mode of CS, condensation to that of CO, in
an iridium complex [11] support the argument that CS, is a useful model for
studying CO, binding in metal complexes and suggest the possibility of
analogous CO, binuclear chemistry which is currently under investigation.

We thank the Natural Sciences and Engineering Research Council, Canada
and the University of Alberta for support of this research, Professor
H. Werner for communicating results prior to publication and Mr. T. Brisbane
for assistance in obtaining the NMR spectra.
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