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Abstract—Enantiomerically pure �-Li alkyl-sulfoxides can be used as chiral �-chloroalkyl carbanions with N-protected imines by
means of the ‘non-oxidative’ chloro-Pummerer reaction (NOCPR). This novel methodology allows for a one-pot displacement of
a sulfinyl group by chlorine from N-alkoxycarbonyl �-sulfinylamines derived from aryl, fluoroalkyl and alkyl imines, with clean
stereoinversion at carbon. Several 1,2-chloroamines produced via NOCPR were transformed into the corresponding aziridines.
© 2001 Elsevier Science Ltd. All rights reserved.

1. Introduction

In spite of its extensive use in asymmetric synthesis, the
potential of the sulfinyl group as a chiral auxiliary is
hitherto partially unexploited.1 In fact, the lack of
methods for removing a sulfinyl group from a stereo-
genic centre while preserving the stereochemical infor-
mation is detrimental to its ability to give rise to
excellent 1,2-induction in C�C bond-forming reac-
tions.2,3 Recently, we reported on a stereospecific
intramolecular variant of an ‘interrupted’ Pummerer
reaction,4 the ‘non-oxidative’ Pummerer reaction
(NOPR), which allows for a one-pot replacement of a
sulfinyl group with hydroxyl in a stereospecific SN2-
fashion (Schemes 1 and 2).5 This protocol enabled us
and others to transform a wide range of �-sulfinyl
amines N-monoprotected as amides or carbamates,
which are nowadays easily accessible intermediates, into

the corresponding �-amino alcohols with high yields
and total stereocontrol.2c,6 Thus, �-lithiated sulfoxides
could be successfully used as synthetic equivalents of
chiral �-hydroxy-carbanions A (Scheme 1) with non-
enolizable imines (R3=aryl, fluoroalkyl).7,8 In this com-
munication we report the ‘non-oxidative’
chloro-Pummerer reaction (NOCPR), a new methodol-
ogy which extends the spectrum of applicability of
�-lithium sulfoxides to synthetic equivalents of chiral
�-chloro-carbanions B (Scheme 1). A further progress
presented in this paper is the extension of the ‘non-oxi-
dative’ Pummerer chemistry to enolizable imines (R2 or
R3=alkyl). In fact, the NOCPR allows for a clean SN2
displacement of an arylsulfinyl group by chlorine under
Swern-type conditions from N-alkoxycarbonyl �-alkyl,
�-fluoroalkyl, and �-aryl �-sulfinyl amines.9 This pro-
vides a general and efficient entry to a wide range of
enantiomerically pure vicinal chloroamine derivatives,

Scheme 1. (a) (NOPR): (CF3CO)2O, sym-collidine, then H2O/K2CO3, NaBH4; (b) (NOCPR): (COCl)2, then MeOH, NaBH4.
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Scheme 2.

were diluted with methanol and then treated in situ
with an excess of NaBH4 (about 5 equiv.), providing
the final �-chloro amines 3 as single diastereomers
(entries 5–10), isolated in good to excellent overall
yields by FC. The NOCPR is generally applicable to
�-sulfinyl amines 1 N-monoprotected as carbamates,
including fluoroalkyl, aryl (1c,d), alkyl (1j,k),12 and
sterically congested/densely functionalized structures
such as 1e,g. It is worth noting that epimerization by
double displacement (Cl− displaces Cl−), which is a
potential side-reaction, was never observed. Addition of
(COCl)2 in the presence of sym-collidine is crucial for
achieving high yields of 3, because, in the absence of a
base, oxalyl chloride was able to deoxygenate competi-
tively the sulfoxides 1 to the corresponding sulfides.14

The mechanism of the NOCPR is very likely to be as
shown in Scheme 3, consistently with the proposed
outcome of the Swern reaction, and in analogy with the
mechanism of the NOPR, which has been recently
investigated in detail.15 One equiv. of oxalyl chloride
acylates the sulfinyl oxygen of 1 providing the salt 4,
which decomposes into 5 by loss of CO and CO2. Then,
a molecule of HCl is removed by sym-collidine and the

Scheme 3.

which are important building blocks in modern organic
and medicinal chemistry.10

2. Results and discussion

Treatment of a set of representative N-alkoxycarbonyl
�-sulfinyl amines 1, having known stereochemistry
(Scheme 1 and Table 1),11,12 with oxalyl chloride (1.5
equiv.) in the presence of sym-collidine (3 equiv.,
CH2Cl2, −50°C) resulted in a fast and stereoselective
rearrangement to the �-chloro sulfenamides 2. In this
process, the sulfinyl group undergoes deoxygenation
and migration to the �-nitrogen, while a new C�Cl
bond is formed with inversion of configuration. This
point is demonstrated for the transformations of 1e–k
into 2e–k (entries 5–10), which took place with a degree
of stereoselection >98:2.13 Intermediates 2, which can
be isolated by flash chromatography (FC) (see entry 1),

Table 1. Synthesis of �-chloro-amines via NOCPRa

RProd.Entry R1 Yield (%)R3R2

82CHF2HHH2a1
3b H H2 H CClF2 85

3 3c H H H 3-F-C6H4 �98
PMPb �98H4 H3d H
CO2Me 60CH35 H3e CF3

65CF3HPh6 H3f
7 3g Ph H CF3 CO2Et 72

3h Allyl H8 H CF3 87
H9 CH3 75C2H5H3j

3k10c AllylH i-Bu H 68

a Ar=p-Tol except for entry 1, where Ar=1-naphthyl; R4=Bn except for entry 5, where R4=Et.
b PMP=4-MeO-C6H4.
c A p-tolylsulfinyl group having (S)-configuration was used.
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sulfur cation is intercepted by the adjacent carbamic
nitrogen atom, producing the intermediate cyclic four
membered �-sulfurane 6.

Dissociation of the latter into an ion-pair 7 triggers its
recombination via SN2-type attack of the generated
chloride anion to the sulfur-substituted stereogenic car-
bon, which produces the final �-chloro sulfenamide 2.
Release of the four-membered ring strain in 6 is likely
to play a significant role, favoring a fast, stereocon-
trolled displacement. It is more than likely that deoxy-
genation of 1 to the corresponding sulfides, a
side-reaction observed when oxalyl chloride is used
without sym-collidine (see above), involves formation
of Cl2 from 5 when it cannot be rapidly transformed
into 6 by action of the base.9b

Among the possible derivatives of vicinal chloroamines,
aziridines constitute a valuable class of compounds
both for their pharmaceutical properties and synthetic
versatility.16 Treatment of 3c,f,h,j,k with NaH (1.5
equiv.) (Scheme 4) afforded the enantiomerically pure
N-Cbz aziridines 8c,f,h,j,k in good yields.17

In summary, the disclosure of the NOCPR opens up a
straightforward route to enantiomerically pure,
stereodefined �-chloro amines and some important
derivatives like aziridines, and extends the applicability
of sulfoxides in asymmetric synthesis. We are currently
working toward the development of NOCPR and
NOPR-based sulfoxide reagents for solution and solid-
phase synthesis to be used as chiral �-chloro and �-
hydroxy-alkyl anion equivalents.18
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