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Summary: Elemental sulfur(Ss) entersintoaremarkably
facileandunprecedented additionreaction with (MeCp)s-
Nb(CO)CH,Si(CHg)s (1) at room temperature, converting
it to the carbonyl sulfide complex (MeCp)sNb(n2-
COS)CH3Si(CHg)s (2). The following key spectroscopic
features of 2 indicate the presence of coordinated COS:
(1) mass spectral peaks at m/e 398 (M*), 370 (M* - CO),
and 338 (M* — COS) (2) a 13C NMR resonance at 249.1
ppmassigned to coordinated COS, and (3) anisotopically
shifted v(C==0) IR band of 2* at 1639 cm™! (THF) when
prepared from (MeCp):Nb(!3CO)CH,Si(CH3)s and Ss,
consistent with an »*(C,S) mode. The presence of the
C,S-coordinated COS molecule has been established by
an X-ray diffraction study. Complex 2is also produced
(25% yield) by Na/Hg reduction of (MeCp)sNb(Cl)CH,-
Si(CHj3)3 (THF/20°C/1 h) under an atmosphere of COS.

The sulfurization of carbon monoxide to carbonyl sulfide
(COS) over heterogeneous transition-metal-based catalysts
is an important process for both the manufacture of the
latter! and the production of synthesis gas from sulfur-
rich coal.2 Homogeneous transition-metal models for this
reaction, however, are lacking. Scattered examples of
reactions of sulfur with metal carbonyls document the
formation of metal sulfides® and dithiocarbonates.# Fur-
thermore, the coordination chemistry of COS is surpris-
ingly limited,’ with only a small number of adducts having
been isolated® (none apparently crystallographically char-
acterized) and a marked tendency of COS to undergo C-S
cleavage reactions, resulting in S-transfer and carbony-
lation.%7 In seeking to define the reactivity of metal
carbonyl compounds with group 16 elements,® we have
now discovered that elemental sulfur enters into a re-
markably facile and unprecedented insertion reaction with
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Figure 1. ORTEP drawing of (n5-MeCp);Nb(n2-COS)CH,-
Si(CHa); (2).

(MeCp):Nb(CO)CH,Si(CHa)3 (1), converting it to the
carbonyl sulfide complex (MeCp);Nb(»2-COS)CH,Si-
(CHy)s (2).

Treatment of dark green 13° (1.0 mmol) with Sg (1.0
mmol) in THF at 20 °C causes a gradual color change to
ayellow solution over 1 h, accompanied by disappearance
of the M~CO IR absorption of 1 (1884 cm-!) and the
appearance of a prominent new band at 1679 cm-! (eq 1).
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After solvent evaporation golden yellow crystals of 2 (54 %
vield) of composition (MeCp):Nb(COS)CH:Si(CHjz)3!?
were isolated upon recrystallization of the residue from
hexane. The following key spectroscopic features!® of 2
indicate the presence of coordinated COS: (1) mass
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(10) 2: yellow crystals; IR (KBr, cm-1) 3102 (w), 2969 (m), 2923 (m),
2856 (w), 1656 (vs), 1259 (8), 1094 (vs), 1026 (vs), 845 (s), 812 (vs), 674
(8); MS (FAB) m/e (%) 398.0 (4), 370.0 (70), 338.0 (99.5), 282.9 (100); 1H
NMR (300 MHz, CgDs, 6) 5.24 (m, 1H, Cp), 5.10 (m, 2H, Cp), 4.62 (m,
2H, Cp), 4.53 (m, 2H, Cp), 1.72 (s, 2H, CH)), 1.53 (s, 6H, Cp—CHsy), 0.04
(s, 9H, Si(CHy)g); 12C NMR (100 MHz, C¢Dy, 6) 249.1,120.1, 112.3, 105.8,
96.9, 95.6, 17.5, 14.2, 4.0. Anal. Caled for C;7HsNbOSiS: C, 51.26; H,
6.28; S, 8.04. Found: C, 51.05; H, 6.20; S, 8.37.
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spectral peaks at m/e 398 (M*), 370 (M* - CO), and 338
(M* - COS), (2) a 13C NMR resonance at 249.1 ppm as-
signed to coordinated COS,1112 and, most importantly,
(3) an isotopically shifted vc=0 IR band of 2 from 1679 to
1639 cm-! (THF) when derived from the reaction of
(MeCp):Nb(13CO)CH,Si(CHg); with Sg, consistent with
an 72(C,S) mode.l* Furthermore, we find that 2 is also
produced (25 % yield) by Na/Hg reduction of (MeCp),Nb-
(C1)CH3Si(CH3)s (THF/20 °C/1 h) under an atmosphere
of COS (eq 1).

Formulation of 2 as an 12(C,S)-COS complex has been
confirmed by single-crystal X-ray diffraction (Figure 1).1
Despite an apparent disorder problem in the C-O unit of
2 which causes unrealistic Nb~C(1) and C(1)-O(1) bond
lengths, the presence of the C,S-coordinated COS molecule
isunambiguous. The structure of 2 consists essentially of
a bent niocbocene unit (Cp’-Nb-Cp’ = 131.5°) bisected by
the Nb(COS) plane (Cp'NbCp’/COS = 92.9°). All other
bond lengths and angles!® are comparable to those in
related, crystallographically characterized (MeCp);Nb-
(n?-CO2)R' and Cp;Nb(2-CSz)R!8 complexes. Compound
2 thus simultaneously provides the first X-ray crystallo-
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graphically verified COS complex and the first early-
transition-metal COS complex, and it also completes the
first trio of COo/COS/CS8; adducts of the same organo-
metallic fragment, paving the way for comparative reac-
tivity studies. The preferential #2(C,S) coordination in 2
is especially noteworthy in light of the oxophilic nature of
the Cp:NbR fragment.2 Whether this represents the
kinetically or thermodynamically favored bonding mode
is not yet clear, but the energetic dividend of Nb-O bond
formation of the alternative #%2(C,0) mode would come at
the expense of the strong C=0 bond.

The addition process exemplified by eq 1 represents a
new reaction type for elemental sulfur and may serve as
amodel for the key step in the catalytic conversion of CO
and sulfur to COS over metal oxide/sulfide catalysts.! Its
apparent similarity to the recently discovered conversion
of carbonyl complex 1 to Cp’sNb(n2-CO2)R by dioxygen®
is striking, considering the usually divergent reactions of
these group 16 elements.?! Their extraordinary facility
and unknown mechanisms are intriguing, especially given
the coordinative saturation of carbonyl complex 1. We
hope to address these issues in studies which are underway.
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