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systems is currently under investigation.
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Summary: Thermal decomposition of the carbene com-
plex (CO)sWC(SEt)SiPh; yields (ethylthio)(triphenylsilyl)-
ketene and a complex, in which the ketene is S-coordi-
nated to a W(CO); moisty. The structure of EtS(Ph,Si)-
C=C==0 has been determined by X-ray diffraction.

We have recently shown®™ that the products obtained
by thermolysis of ethoxysilylcarbene complexes
(CO);MC(OEt)SiPh,®! (M = Cr, Mo, W) are totally dif-
ferent to those obtained from the corresponding alkyl- or
arylalkoxycarbene complexes (CO);MC(OR)R’.” De-
pending on the metal and on the solvent, ethyl tri-
phenylsilyl ketone,*® ethyltriphenylsilane,? and ethylene
and triphenylsilane®® are formed in varying portions but
with nearly quantitative combined yields.

The corresponding thiocarbene complex (CO);WC-
(SEt)SiPh, (1)8 is prepared in 96% yield by reaction of
(CO);WC(OEt)SiPh; with neat ethanethiol. Strict ad-
herance to the reaction conditions (30 min at 0 °C) and
monitoring of the progress of the reaction by IR is essen-
tial, since increasing amounts of (CO);WS(H)Et® are
formed with increasing temperature and time.

*Dedicated to Prof. Max Schmidt on the occasion of his 60th
birthday.
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Figure 1. ORTEP diagram of 2. Hydrogen atoms have been
omitted. Important bond lengths (pm) and angles (deg) are as
follows: Si-C1 = 184.9 (6), Si-C10 = 184.9 (6), Si-C20 = 186.7
(6), Si-C30 = 185.5 (6), C1-S = 177.7 (6), S—C3 = 176.2 (10), C1-C2
= 130.8 (10), C2-0 = 116.1 (10); C1-C2-0 = 179.4 (8), C2-C1-S
=112.2 (5), C2-C1-8Si = 122.7 (5), S—C1-Si = 125.0 (4), C1-S-C3
= 104.5 (4).
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1 slowly decomposes at 20 °C both in the solid state and
in pentane solution, yielding (ethylthio)(triphenylsilyl)-
ketene (2)'° and a metal complex, 31! in which the ketene
is coordinated to a (CO);W fragment (Scheme I). No
products of the type obtained by thermolysis of
(CO);WC(OE?)SiPh, are observed. The total yield of 2
+ 3 can be considerably increased, if carbon monoxide is
bubbled through a solution of 1 in pentane at 20 °C.
Under these conditions 3 is the main product. However,
3 is rather labile and slowly decomposes by cleavage of 2
from the metal. More quantitatively, 2 can be obtained
from 3 (or from a mixture containing both 2 and 3) by
reaction with NEt,Cl in CH,Cl, and subsequent separation
from NEt, [(CO);WCIl] (Scheme I).

The small difference in the »(CCO) frequencies and the
somewhat different !H NMR chemical shifts of the ethy!
groups of 21° and 3!! prove that in 3 the sulfur atom of the

(10) 2: mp 75 °C; 'H NMR (chloroform-d,) § 7.53 (m, 15 H), 2.20 (q,
2 H), 1.10 (t, 3 H); IR (pentane) »(CCO) 2093 cm™'. Anal. Calcd for
CyHp008Si: C, 73.29; H, 5.58. Found: C, 73.09; H, 5.67.

(11) 8: 'H NMR (chloroform-d,) é 7.57 (m, 15 H), 2.57 (q, 2 H), 1.20
Et,) 3 H)1; IR (pentane) »(CO) 2103 (s), 2072 (m), 1984 (w), 1944 (vs), 1936
s) cm™.
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ketene ligand is bonded to the metal.

Ketene 2 can be isolated by column chromatography on
silica. If adsorbed water has not been removed from the
silica (by heating under vacuum) prior to use, water adds
to both the coordinated and the uncoordinated ketene and
both acid 4'? and its metal complex 5'° are obtained. 4 is
readily cleaved from the metal by heating an acetone so-
lution of 5 (Scheme I).

Though the hitherto unknown ketene 2 is thermally
stable, it is extremely reactive toward moisture. It is a very
interesting compound for organic reactions, because of the
different properties of the substituents at the ketene
carbon. Owing to the workup procedure (including
treatment of the reaction mixture with NEt,Cl) the iso-
lated yield of 2 is rather low (12%). However, since we
could not detect other silicon-containing products from the
thermolysis of 1, we believe that the actual yield of 2 +
3 is much higher. For instance, the isolated yield of acid
4 is 32%, if a mixture of 2 + 3 is chromatographed on
(undried) silica and the resulting mixture of 4 + 5 is treated
with acetone as described above. Use of ketene 2 for
syntheses therefore should proceed without isolation of 2.

The structure of 2 is shown in Figure 1.1* The dihedral
angle between the planes O, C1, C2, S, Si and C1, S, C3
is 86°. This conformation excludes conjugation between
the sulfur lone pairs and the C=C bond and rather sug-
gests hyperconjugation between the C—S and C=C
bonds.’® The latter view is also supported by the 8-C1
(sp? distance, which is as long as S—C3 (sp®). Similar C-S
bond lengths are found in thio enol ethers, e.g., 174.8 pm
in CH,—CHSMe!® and 176.4 (2)-177.1 (2) pm in cis- and
trans-Ph(MeS)C=C(SMe)Ph.!” Interestingly, the C1—Si
distance in 2 (184.9 (6) pm) is distinctly shorter than the
C(carbene)—Si distance in (CO);M==C(OEt)SiPh; (M =
Cr, 200 (2)pm; M = Mo, 194 (2) pm)® and other silyl-
carbene complexes.'®

Carbonylation of carbene ligands to yield ketenes or
ketene complexes is probably an important step in catalytic
reactions. Formation of these compounds has occasionally
been observed in stoichiometric reactions of carbene com-
plexes (e.g., ref. 19 and 20). For (CO);M=CPh, (M = Cr,
W) an intramolecular carbene-CO coupling has been
proven.'® In the case of 1 attack of CO (intra- or inter-

(12) 4: mp 180 °C; 'H NMR (chloroform-d,) 6 10.73 (s, 1 H), 7.53 (m,
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2, d(caled) = 1.21 g em™; Mo Ka (A = 71.069 pm). A total of 2874
independent reflections (w scan, 2° < 20 < 49°) were reduced to structure
factors by correction for Lorentz and polarization effects. Solution of the
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molecularly) to the carbene carbon is obviously facilitated
by the SEt substituent, because the corresponding eth-
oxy-substituted complex (CO);W=C(OEt)SiPh; only
yields the corresponding ketene EtO(Ph,Si)C=C==0 at
a CO pressure of about 50 atm.?
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Summary: The first 1'°Sn 2D NOESY NMR spectrum
allows to demonstrate unambiguously that the ditin com-
pound CH,[(C¢H5)SN(SCH,CH,),NCH,], isomerizes at the
tin center in an uncorrelated way. The advantages of 2D
NMR over traditional 1D NMR line-shape analysis are
shortly emphasized.

This report describes the first two-dimensional (2D)
11981 NMR (exchange spectroscopy, EXSY) spectrum. It
illustrates the power of this method in the elucidation of
the dynamic stereochemistry of tin compounds. The
model system examined for this purpose is a compound
exhibiting two five-coordinate tin centers, CH,[(CgHj)-
Sn(SCH,CH,),NCHj],, hereafter compound 1. Its syn-
thesis, molecular structure, and solution stereochemistry
were discussed recently.”? The static stereochemistry in
solution was unambiguously established from NMR data.’
Among these the 1D '°Sn NMR spectrum of 1, at room
temperature in CDCl,, exhibits four signals in the ap-
proximate ratio 0.9:1:1:0.2. This was interpreted by as-
signing the first and the last signals to the C,, isomers aa
and ae, respectively, in which the two tin atoms are ho-
motopic, while the two central, equally intense signals were
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