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[HC(py)sW(NO)2(CO))(SbF¢): as a Lewis Acid Precursor in
Additions of Silylated C-Nucleophiles to Carbonyl Compounds
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Abstract: [HC(py)3W(NO)2(CO))(SbFe)2 is a feasible Lewis acid catalyst precursor for the addition of silylated
C-nucleophiles to carbonyl compounds. The O-silylated adducts are easily isolated without aqueous work-up and
the catalyst can be recycled. A remarkable solvent effect is found in the addition of TMS-CN to cyclohexanones.

Lewis acid catalyzed additions of silylated C-nucleophiles, such as silyl enol ethers, allylsilanes and silyl
cyanides, to carbonyl compounds are important reactions for C-C bond formation.! Transition metal complex
Lewis acids are attractive catalysts for these additions2 becanse dramatic effects on the rate and selectivity can
be obtained owing to the steric bulk of the ligands as well as to the electronic character of the metal center.

We have recently reported that
[HC(py)3W(NO)2(CO)]J(SbFe)2 1 (Fig. 1) readily
loses the carbonyl ligand giving rise to a 16
clessron cution ek forms nl-compleses with
sbénvhes, xerones and esters® TheLewas acxiity
©Y ims Jongsien species was Iound I e
companie w dan of B wd A, Comples £
is easily prepared and can be stored in air for
months without significant decomposition. We
therefore envisaged that § wounld bt a suitabie 1
Eewis acid catalyst precursor for the addition of (¢]
sDPonred T -nacleopnides 0 c2oony? compovnis.

The sieric duilk or £ suggested ular endanced
Sierensedecivity might be found in these reacions.

Silyl enol ethers 2 added readily to aldehydes in the presence of 5 mol % 1. The addition to ketones was
somewha: siower, but when 1D - 20 mo} % } was employed, products were obtained in good yiedds {Table 1).%
No significant desifyfation took pface during the reaction, and because aqueous work-up was not required (vide
infra), the O-silylated products 4 could casily be isolated. This might prove to be synthesically useful in
certain situations. Even though TMS-cthers are relatively unstable as compared to other trialkylsilyl cthers,
the TMS group offers adequate protection for alcohols under a variety of reaction conditions.5 The very mild
work-up conditions also make the catalyst highly suitable for the synthesis of products with other labile
substituents. =

The tungsten catalyst could be removed from the reaction mixture simply by addition of dichloromethane
followed by centrifugation of the resulting suspension.6 The isolated solid consisted mainly of the active
catalyst [HC(py)3W(NO),](SbFg)2 containing traces of the catalyst precursor 1 as judged by NMR and IR
spectroscopy.” The recovered tungsten complex also catalyzed the addition of the silyl enol ether 2a to
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benzaldehyde; 71% of the product was isolated after a reaction time of 3 h, as compared with 75% when 1 was
employed in the same reaction. Passing carbon monoxide through an acetonitrile solution of the recovered
material allows it to be transformed back to the catalyst precursor 1. To our knowledge, there is only one
previous report of a recyclable Lewis acid catalyst; i.e., ytterbium(IID) triflate can be recovered from aldol or
Diels - Alder reactions, but only after aqueous work-up.8

Table 1. Addition of Silyl Enol Ethers.

R2 . (0] OTMS
TMSO Rl [HC(py)sW(NO) 2(CO)](SbFg)2 1 R2
Sl + >-O
R R! R3 MeNO;,, rt. R R3
R 'Rt
2 3 4
Silyl enol ether, 2 R2COR3, 3 React.time(h) mol%1  Yield (%)4*
TMSO.
e 2a PhCHO 3.0 5 75
Ph
2a ' +-BuCHO 55 5 74
2a Ph(CH,),CHO 3.0 5 7
2a PhCOMe 45 20 73
TMSO. Me 2 8
MeO >—<Me PhCHO 2.0 5
2b PhCOMe 40 10 76

a) Yield of isolated product.

O-silylated cyanohydrins are versatile intermediates in organic synthesis.9 Addition of trimethylsilyl
cyanide 5 to aldehydes and ketones in the presence of a catalytic amount of [HC(py)3W(NO)2(CO)1(SbFe)2 1
gave the adducts 6 in good yields (Table 2).10 Also in these reactions, the Lewis acid could be recovered as
described above. Furthermore, a moderate to high diastereoselectivity was obtained in the additions to some
representative cyclohexanones and camphor. The diastereoselectivity obtained in the reactions with the
cyclohexanones was, in fact, moch higher than what is reported using other Lewis acid catalysts, like zinc
iodide or trimethylsilyl triflate.11 For example, 3-methylcyclohexanone shows only & 2% de with a zinc iodide
catalyst under conventional reaction conditions. Presuming that the cyclohexanones are in a chair
conformation with the substituent in an equatorial position, the major diastercomeric products are the isomers
expected from axial attack on the carbonyl. While large nucleophiles generally attack cyclohexanones from
the less hindered equatorial side, small nucleophiles, like the cyanide ion, prefer to attack from the axial side
to avoid repulsion between the forming C-R bond and the 2,6-axial bonds.12 The stereochemical outcome in
additions of organometallic reagents to small ring ketones complexed to Lewis acids is sensitive to the size of
the complexing agent and these results have been rationalized by a “compression effect”.12 We initially
attributed the increased diagtereaselectivity using 1 to the grcater steric bulk of the tungsten Lewis acid.
However, when we conducted the Znly-catalyzed additions in nitromethane, the diastercoselectivity was

- comparable to what was obtained employing the tungsten. catalyst. While this observation could be attributed
to a number of factors, the origin of this large solvent effect on zinc iodide camlysls is not fully understood at
this time. :
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In summary, the stable transition metal complex [HC(py)s W(NO)2(CO)I(SbFg)2 1 has been found to be
a useful Lewis acid catalyst precursor for the addition of silyl enol ethers and TMS-CN to carbonyl
compounds., Comparable diastereoselectivity relative to zinc iodide was generally observed. O-silylated
adducts are readily isolated becanse no aqueous work-up is required. This makes the catalyst especially
valuable for the synthesis of labile compounds. In contrast to virtually all known Lewis acids, xecyehngofme
catalyst is feasible in most instances.

Table 2. ‘Addition of TMS-CN.

N , ,
. [HC(py)W(NO) 2(CO))SbEg), 1 R_OTMS
TMS-CN  + o 2 -
}" MeNO; RIXCN
5 3 6
RCOR!, 3  React. time (h) Temp. (°C) Product, 6*  Yield (%P % de® % de ZnL,™
PhXOTMS ‘
PhCHO 1 I o en 85
PhCHMe_ OTMS
PhCHMeCHO 1 0 X, © 8 19 21
. H CN
phX S 88
PhCOMe 10 It oSN
1 0 Oms o1 2 47 32
o £
8 -78 {,CN ® 48
Me Me
Q_O 1 0 Q{;ms 91 % 6@
_af
M¢ 4 78 M¢e ® 84

OTMS
Bu‘—O—O 1 0 Bu"-- 86 9 83 (80)"

23 . %{o'ms 68 3 37

a)'fhemajordmismown.” b} Yield of isolated product. ¢) Determined with GC. d) Reaction in MeNO; as described
for 1. e) Stercochemistry not determined. f) Reaction in EINO,. g) Yield of crude product 90 % or better. h) Reaction in
CH;,Cly, data from ref. 11,
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