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Application of chiral lithium amide bases to the thia-Sommelet
dearomatization reaction
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Abstract—Thia-Sommelet dearomatization reactions of benzylsulfonium ylides can create highly congested quaternary centers.
Chiral bis-lithium amide bases were shown to effect enantiotopic deprotonation of benzylsulfonium ions, leading to thia-Sommelet
rearrangement. The chiral trienes were generated in up to 50% ee.
© 2003 Elsevier Ltd. All rights reserved.

The [2,3] sigmatropic rearrangement of benzylsulfo-
nium ylides (thia-Sommelet rearrangement) is a power-
ful method for punching quaternary centers into
aromatic rings,1 yet there have been no examples of
enantiocontrolled thia-Sommelet rearrangements.
Enantiocontrolled ylide formation is the key to enan-
tioselective [2,3] sigmatropic rearrangement of both
benzylsulfonium ylides and allylsulfonium ylides. The
metal-catalyzed addition of diazoalkanes to allyl
thioethers is one of the most promising methods for
generating chiral sulfonium ylides that subsequently
rearrange. Typical enantiomeric excesses are between
50% and 60%,2 but Zhang and co-workers have
recently obtained rearrangement products in up to 80%
ee using �-aryl-�-diazoesters3 Further enhancement in
stereocontrol has been achieved through the combined
use of chiral auxiliaries and chiral catalysts.4 In spite of
the continuing improvements in enantioselection, the
�-diazo esters commonly used in transition metal-cata-
lyzed reactions generate sulfonium ylides that are too
stabilized to undergo thia-Sommelet dearomatization
reactions. For example, while ylide 1a rearranges
rapidly at −78°C, the corresponding stabilized ylide 1b
is unreactive at or below room temperature (Scheme 1).
When heated, ylide 1b undergoes the expected
homolytic [1,2] Stevens rearrangement.5

The first example of an enantioselective [2,3] sulfonium
ylide rearrangement was not effected by a transition

Scheme 1.

metal. Instead, a combination of a chiral lithium alkox-
ide and chiral diamine was used to deprotonate a
symmetrical sulfonium salt; the enantiomeric excess of
the rearrangement product was modest (12% ee)6 and
no further attempts to use chiral bases have been
reported. However, since this initial work, dramatic
improvements have been made in the design of chiral
bases and their application to enantiotopic deprotona-
tion of epoxides, ketones, and �6-arene chromium tri-
carbonyl complexes.7 Chiral bis-lithium amides have
proven to be particularly effective in enantiotopic
deprotonation of chromium �6-benzyl allyl ether com-
plexes leading to [2,3]-Wittig rearrangements.8 High
levels of enantioselection are generally assumed to
require lithium–oxygen coordination,9,10 yet chiral bis-
lithium amide bases have even been shown to deproto-
nate �6-chromium complexes of benzylthioethers with
remarkable levels of enantioselection. Thus, enantio-
selective deprotonation appeared to offer a more ex-
pedient approach to enantioselective thia-Sommelet
reactions than transition metal-catalysis.
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Since all good substrates for chiral lithium amide bases
seem to have at least one Lewis basic site, we first
synthesized the benzylsulfonium salts 3a (without oxy-
gen) and 4a (with oxygen) by alkylation of the cor-
responding thioethers with 2,4,6-trimethylbenzyl bro-
mide. Silver triflate was used to drive the equilibrium
toward the sulfonium ion. The sulfonium salt 3a was
added to a solution of 105 mol% of the lithium amide
at −78°C to effect deprotonation.11 The rearrangement
was essentially complete as soon as all of the base was
added. The yield and diastereoselection (�20:1) were
generally good (Scheme 2). In order to assess the enan-
tioselectivity, the triene was converted to the Diels–
Alder adduct with 4-phenyl-[1,2,4]triazole-3,5-dione
(PTAD) and subjected to chiral HPLC.12 Unfortu-
nately, the first reactions carried out with Whitesell’s
methylbenzylamine derived base 5, with or without
additional lithium bromide, gave no enantioselection.
Similar reactions using Koga’s pyrrolidinylproline base
6 was equally ineffective. No enantioselection was
observed when these reactions were repeated with the
oxa-substrate 4a. However, when Simpkins’ newer bis-
lithium amide base 7 was appplied to dearomatization
of sulfonium ion 4a the enantiomeric trienes (3b) were
generated in a 3.0:1.0 ratio. The carbon analog 4a gave
no enantioselection under identical conditions, suggest-
ing that the ether oxygen is chelating to the base.

Gibson, O’Brien and co-workers have applied a num-
ber of analogs of bis-lithium amide base 7 in order to
probe which features are necessary for chiral discrimi-
nation in the metalation of chromium �6-benzyl ether
complexes.13 We studied a related series of bases (a) to
better understand why the bis-amide base is effective,
and (b) in the hope that more effective asymmetric
induction might result. The ethylenediamine derivative
8 gave much lower enantioselection (12% ee) than the
fully functionalized bis-amide 7. However, the
phenethyl substituents proved to be critical for chiral
recognition since bases 9 and 10 gave no enantioselec-
tion. Thus, the trends in enantioselection revealed in

Table 1. Enantioselective thia-Sommelet reaction of 4a
with bis-lithium amide bases

Scheme 3.

Table 1, for deprotonation beta to a critical oxygen
functionality, are related to the trends for deprotona-
tion of benzylic ethers, alpha to a critical oxygen func-
tionality. To further probe the importance of the
phenethyl substituents, a conformationally restricted
bis-indanyl analog, 11, was prepared using the original
Simpkins route.14 The bis-indanyl base 11 is a confor-
mationally restricted analog bis-phenethyl base 7. How-
ever, in this case, removing degrees of freedom seems to
diminish, rather than improve, the enantioselection.

The importance of the oxygen substituent supports the
idea that lithium–oxygen chelation plays a key role in
the competing enantiotopic transition states.15 Not sur-
prisingly, when the dearomatization of 4a was carried
out with the bis-amide base 7 in a mixture of 4:1
THF/DMPU, no asymmetric induction was observed.
Therefore, we hypothesize that deprotonation involves
a six-membered transition state reminiscent of the Ire-
land transition state for enolate formation (Scheme 3).

In conclusion, we have demonstrated the first example
of an enantioselective thia-Sommelet rearrangement.
The method is based on enantiotopic deprotonation of
a symmetrical sulfonium ion to produce a chiral sulfo-
nium ylide. Only bis-lithium amide bases were effective,Scheme 2.
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giving products with high diastereoselectivity (>20:1 de)
and with low to moderate enantioselectivity (up to 50%
ee). An oxygen substituent was essential for asymmetric
induction.
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