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Umpolung reactivity of functional groups is a potentially
powerful method for reversing the normal mode of a reaction and
can provide access to new bond disconnectiddee such reaction
family is exemplified by the benzoin reaction, a nucleophile-
catalyzed aldehyde addition into an aldehyde or imine with
concomitant formation of a stereocenter, egThiazolium salts,

in the presence of base, are among several types of nucleophiles

that have been illustrated to promote this reactidnnumber of
workers have attempted to render this process asymmetric with
chiral thiazolium and triazolium salfsThe Stetter reaction is an
extension of this transformation and provides access to 1,4-
dicarbonyl system3.Should the Michael acceptor involve a
prochiral alkene, this reaction would generate a new stereocenter
eq 2. Despite the potential of this reactfoa single example of an
asymmetric variant has appeardderein we report the development

of a family of chiral catalysts leading to a highly enantioselective
intramoleculaf Stetter reaction.
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Chiral triazolium salts such a&—d are conveniently prepared
in 30—50% overall yield from amino acids in a modification of
the literature procedufeThese salts are air- and water-stable
crystalline solids with melting points around 200. Treatment of
the salt with a base results in removal of the acidic triazolyl proton
and generation of the carbene intermedié# survey of common
bases identified KHMDS as providing an optimal balance between
yield and selectivity in this reactiol.A subsequent solvent screen
revealed that low-polarity solvents led to consistently higher ee’s,
with xylenes providing the best resulé.

Under optimized conditions, the reactivity of a series of
structurally similar carbenes was studied, etgB-Leucine derived
catalyst7b proved to be inactive in the intramolecular Stetter

reaction, which we ascribe to steric congestion. The benzyl catalyst

was found to be superior to both valine- and phenylglycine-derived
catalysts. Last, a catalyst derived from the Merck aminoindanol
showed optimal selectivities, with slightly reduced yields.

In an effort to improve yields and maintain high selectivities,
the electronic nature of the phenyl ring on the triazole nitrogen

was varied. We reasoned that upon addition of the carbene to the

aldehyde and formation of the Breslow intermediaf® a more
electron-rich complex should be more nucleophilic, which would
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R 7a-e 20 mol % £t
A coE 20 mol % KHMDS 3
6 xylenes, 25 °C,24h 8
RIR2 X Yidd(%) ee (%)
a HBn BF, 85 90
b H/t-Bu BF, 0 -
¢ HiPr C 27 79
d HPh* Cl 48 80
*enantiomeric catalyst wasused e Indanyl* BF, 58 95

facilitate addition into the electron-deficient alkene. In the event,
substitution at the para position of the aromatic ring plays an
important role in the reactivity of the catalyst, eq 4. 4-Methoxy-
phenyl catalys®b was shown to provide produstin significantly
higher yield than the parent phenyé and p-chloro 9a catalysts
with excellent enantioselectivity.
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An examination of the scope of this reaction showed that
aminoindanol-derived cataly8b and phenylalanine-derived catalyst
24 were optimal for providing high yields and enantioselectivities
in the intramolecular Stetter reaction, Table 1. Salicylaldehyde-
derived substrate, 10, 11, and12 demonstrate that substitution
on the phenyl ring is tolerated and leads to subtle differences in
reactivity and selectivity. The best results were obtained on
substrates lacking steric bulk near the reactive site, particuarly
andl10, entries 1 and 2. Substraté$ and12 show that substitution
of hydrogen at the 3 position of the aromatic ring by a larger group
results in decreased selectivity, entries 3 and 4.

A series of similar substrates lacking the phenol ether linkage
was prepared and subjected to the reaction, entrie€d Fable 1.
The presence of sulfur in place of oxygen in the tether provides
high selectivity albeit slightly lower yields (entry 5). The reaction
is tolerant of nitrogen in the tether, providing the product ketones
in moderate yield with good enantiomeric excess, entries 6 and 7.
Finally, although catalys®b furnishes low yields in the reaction
of 16, the use of phenylalanine-derived catalyst provides
carbocycle23 in 90% yield and 92% ee, entry 9.

It has been established that nucleophilic carbenes are strong
bases? and we were initially concerned that the newly formed
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Table 1. Scope of the Enantioselective Intramolecular Stetter
Reaction
COzR' CO,R!
__ 20mol % cat.
720 mol % KHMDS R- ®)
xylenes, 25 °C, 24 h X
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a All reactions conducted in the presence of 20 mol% catalyst and 20
mol% KHMDS (0.5 M in toluene) in xylene for 24 h at 2%, unless
otherwise stated’ Reaction conducted with 10 mol% catalyst and 10 mol%
KHMDS. ¢ Determined by chiral HPLC or GC.(S) enantiomere (R)

enantiomer.
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stereocenter would not survive these reaction conditions. However,

the use of our optimized conditions seems to avoid this pitfall. One
exception was noted when substr&® was subjected to these

reaction conditions, eq 6 in Scheme 1. In the presence of catalyst 13) (

24, product26 was isolated in 90% vyield as a racemate. However,
an examination of enantioselectivity as a function of conversion
(chiral HPLC) revealed th&6 was formed with 80% enantiomeric

excess at 10% conversion, with rapid erosion as the reaction

progressed? Since the benzofuran methine proton haska pf
~135 we turned our attention to a substrate that would afford a
less acidic producdf In the event, the aliphatic aldehyd&?

Scheme 1

CoMe 20 mol % 24 COMe
OJ/ 20 mol % KHMDS ©)

xylenes, 25 °C, 24 h 90% yi

yield
25 26 s5qee
20 mol % 24
__fO:Et 20 mol % KHMDS pos O
- 81% yield
. xylenes, 25 °C, 24 h 28 95%ee

underwent the Stetter reaction to form cyclopentan@8ein
excellent yield and enantiomeric excess, eq 7 in Scheme 1.

In conclusion, we have developed an enantioselective intramo-
lecular Stetter reaction. A variety of substrates undergo this reaction
in good yield with high asymmetric induction in the presence of
chiral carbene catalysts. Studies aimed at improving the efficiency
of the catalysts and determining the mechanism of this reaction
are currently underway.
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