Tetrahedron Letters,Vol.29,No.21,pp 2547-2550,1988 0040-4039/88 $3.00 + .00
Printed in Great Britain Pergamon Press plc
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Summary: The C-Li bond o to sulfur in an acyclic sulfide thermodynamically favors one configuration (96:4). This
allows for the diastereoselective functionalization of sulfide 4.

Direct replacement of a diastereotopic protory with an electrophile (1—3) represents an efficient approach to the
creation of asymmetric carbon atoms!, In praéﬁce this is acheived most easily via an organometallic intermediate
such as 2. Overall stereoselectivity can be acheived through either: (1) diastereoselective formation of one
tetrahedral organometallic followed by stereoselective electrophilic addition; or (2) formation of a planar or
functionally planar carbanion which undergoes selective electrophilic attack on one face. In the former scenario the
formation of one organometallic diastereomer could arise from either a diastereoselective deprotonation (a kinetic
process) or from a selective equilibration (a thermodynamic process). In this communication we would like to
report on a highly stereoselective functionalization of an alkyl sulfide (1, X=SPh) in which the configuration of the
intermediate organolithium 2 is thermodynamically controlled.
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Our initial foray into this area involved the deprotonation and subsequent alkylation of sulfide 4 with
benzaldehyde. This reaction produced the two diastereomers 5 and 6 in a 4 to 1 ratio. The identity of the major
product § was proven by X-ray crystallography. The minor product could then be related to the major isomer by a
simple oxidation/reduction sequence. Importantly the two diastercomers with a syn relationship between the
methyl group and the new C-C bond were not observed. Hence the 1,2-asymmetric induction was complete while
the 1,3-asymmetric induction was 80%2. A reasonable explanation for the observed 1,2-stereoselectivity is that the
intermediate organolithium has the a-configuration (see 7a, Scheme 1) and that this diastereomer reacts with
benzaldehyde with retention of configuration at the C-Li bond. In order to evaluate this hypothesis, especially as it
relates to the configurational integrity of the intermediate organolithium, we have probed the stereoselectivity of
this process in some detail.

As for this study we were interested in exploring only the 1,2-induction, we switched our electrophilic probe to
trimethylsilyl chloride. Simple deprotonation and silylation of sulfide 4 yielded a 98:2 ratio of diastereomers
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(Table 1, entry 1). In analogy with the benzaldehyde experiment we have assigned the major product to be 8a as
shown in Scheme 13, While at this point we suspected that preferred formation of 8o might arise from the
diastereoselective deprotonation of H, the results shown in entry 2 hinted that such was not the case. More
specifically performing the deprotonation (-20) and silylation (25°) at higher temperatures (entry 2) did not lead to
an increased production of 83 through either a decrease in the kinetic selectivity of deprotonation and/or an
epimerzation of the intermediate organolithium. That the critical factor for obtaining high stereoselectivity was a
thermodynamic preference for 7o and not a diastereoselective deprotonation became apparent when alternative
routes to the intermediate organolithium were explored.

In accord with literature results* Sn/Li exchange on compound 9a should initially produce the o-organolithium
7o, while Sn/Li exchange on 9B should initially produce the B-organolithium 78. If no epimerization was taking
place the corresponding silylated epimers 8a and 8p should be produced. As seen in entries 4 and 5 the Sn/Li
exchange of both 9o and 985 lead to the same 98:2 ratio of 8a to 88. Obviously epimerization had taken place
and thus the stereochemistry of the product is independent of the initial stereochemistry of the organolithium®.

The Sn/Li exchange experiments did not allow one to evaluate whether the ratio of products obtained reflected
the thermodynamic ratio of organolithiums. This would be the case if the rate of silylation was faster than the rate
of epimerization. If on the other hand the rate of silylation is slow relative to epimerization, the ratio of products
would be dependent on ko/kB (see Scheme 1). We believe that the results presented in entries 7 and 8 allow one to
distingnish between these alternatives. Reductive desulfenylation? of 10 should not discriminate between the two
diastereotopic SPh groups, hence a near to equal mixture of 7o and 7B should be produced initially. In spite of this
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TABLE 1: Stereoselectivity versus Reaction Conditions
ENTRY PREPARATION OF ORGANOLITHIUM 7 RATIO 8a/88°
1 From 4,s-BuLi,-78°,THF 98:2
2 From 4,n-BuLi,-20°,THF 98:2
3 From 4,t-BuLi,-78°, THF,HMPA (2.0 X) 73:27
4 From 9a,n-Buli,-78°, THF 098:2
5 From 93,n-BuLi,-78°, THF 97:3
6 From 9a.,n-BuLi,25° pentane 70:30
7 From 10,Li,naph,-78°,THF 95:5
; PR

fact subsequent silylation should result in the standard predominance of 8a as seen.in previous entries. Entry 7
gave just this result. If however the reductive desulfenylation was carried out in the presence of TMSCI (entry 8) a
61:39 mixture of stereoisomers was obtained indicating that the initially formed mixture of organolithiums was
trapped. That the initially formed mixture of organolithiums could be trapped, strongly supports the contention that
the rate of silylation is faster than the rate of epimerization. If so the high stereoselectivity observed in the other
entries reflects the thermodynamic preference for 7o over 7B. Interestingly the stereoselectivity is negatively
effected by switching the solvent to either a more polar (entry 3)3 or less polar (entry 6) solvent. One explanation
for this result is that in these solvents epimerization has become competitive with silylation. In pentane this is
accomplished by slowing down silylation relative to epimerization?, while in the presence of HMPA the rate of
epimerization is accelerated relative to silylation.

In conclusion, the results discussed herein support the notion that C-Li bonds o to sulfur react in a stereospecific
manner via a tetrahedral intermediate!®. In essence then they are similiar to their oxygen?®4® and nitrogen!d
counterparts and differ only in the fact that their rate of epimerization is seemingly faster. This low barrier to
inversion forces one to rely on thermodynamics to acheive high stereospecificity in the reaction of ¢-lithiated
sulfides. We believe that the same dynamics are present in the more well-studied a-lithiated sulfoxides and, as
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others have concluded, it is the asymmetry at the sulfoxide center which often controls the thermodynamic
configuration at the C-Li bond!!. This raises the interesting question as to the origin of the thermodynamic
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preference for 7o over 7B. While we have yet to answer this question conclusively it is instructive to note that the
diastereomeric ratio of silylated products for organolithiums 11 and 12 is 85:15'2. Since it was thought that internal
coordination of the lithium atom to the dioxolane ring was an important element in the thermodynamic preference
of 7a, we were not surprised at the decrease in stereoselectivity for 11 and 12. We are mildly surprised that, even
in the absence of a dioxolane ring, relatively high stereoselectivity is maintained by 12.
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