The first efficient preparation of vinylaziridines via an ylide route
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A simple and direct method for preparation of
vinylaziridines via an ylide route is described;
dimethylsulfonium allylides or dimethylsulfonium
cinnamylides, produced in situ from the corresponding
allylic sulfonium salts and solid potassium hydroxide in
acetonitrile at room temperature, react efficiently with
N-sulfonylimines to furnish vinylaziridines rapidly with
excellent yields.

In view of the demonstrated utility of various functionalized
aziridines in organic synthesis,!-? the chemistry of this type of
versatile synthetic intermediates is an area of current interest.
Among them, vinylaziridines are of special importance. By
various transformations? and rearrangements,* vinylaziridines
have been widely used as intermediates in the synthesis of
pyrrolizidine alkaloids*2-5 and other biologically active sub-
stances.!4:37.3¢ However, methods for the preparation of vinyl-
aziridines remain rather undeveloped. Common methods for the
preparation of aziridines including the reaction of nitrenes with
alkenes® or carbenes with imines’ are not suitable for this
purpose. One often obtains vinylaziridines via a multi-step
sequence with low overall yields and troublesome oper-
ations.3@4a4d Thus, the development of simple but efficient
methods for preparation of vinylaziridines is necessary.

In continuing our interest in the synthesis of useful poly-
functionalized compounds,® we turned our attention to vinyl-
aziridines. We here disclose our new method for the preparation
of vinylaziridines by the reaction of allylsulfonium ylides and
activated imines (Scheme 1).1

It is known that olefination, cyclopropanation and epoxida-
tion via an ylide route are the fields of extensive research.®
Instead, ylide aziridination has attracted little attention due to
the low reactivity of imines towards the attack of ylides
compared with that of carbonyl compounds or Michael
acceptors and only a few examples have been reported.!0
However, in the reports, imines did react with ylides of high
reactivity, such as Me,S*+—CH,~ or Me,S(O)*—CH,—, to give

aziridines. That is, only the methylene group could be
successfully transferred to the C=N bond.!! Due to the easily
occurring [2,3]-o-rearrangement of sulfonium allylides, this
kind of ylide has been rarely used in epoxidation!? and
cyclopropanation.!?¢ No report concerning the aziridination
involving them has appeared. It is reported!2¢— that dimethyl-
sulfonium allylide produced in situ from the corresponding
sulfonium salt under phase transfer conditions reacted normally
with aldehydes to give vinyloxiranes instead of the rearranged
product. Unfortunately, under the same conditions, we found
that no aziridination occurred with the usual imines.{ Even the
non-rearrangeable diphenylsulfonium allylide did not react with
the usual imines.§ However, the aziridination is realized
successfully when the activated iminesy (N-sulfonylimines!?)
were submitted to this reaction.| Results are summarized in
Table 1.

This is a one-pot reaction without the need to preform the
ylide by reacting 2 with a base. The reaction was carried out at
room temperature with excellent yields, and, unusually no
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Table 1 Preparation of vinylaziridines 3 by the reaction of allylic sulfonium salts and N-sulfonylaldimines under phase transfer conditions®

Reaction (%) cis-3/

Entry R! R2 R3 time/min Yield’ trans-3¢
1 p-nitrophenyl Me H 5 54 (3a) 53/47
2 o-methoxyphenyl Me H 15 92 (3b) 61/39
3 2,6-dichlorophenyl Me H 80 36 (3c) 56/44
4 3-pyridinyl Me H 5 82 (3d)c 65/35
5 p-methylphenyl H H 5 84 (3e) 34/66
6 p-methoxyphenyl H H 15 95 3D 45/55
7 p-chlorophenyl Me Ph 5 96 (3g) 52/48
8 p-nitrophenyl Me Ph 5 75 (3h) 51/49
9 p-methylphenyl H Ph 5 89 (3i) 75/25
10 p-methoxyphenyl H Ph 5 94 (3j) 57/43
11 trans-PhCH=CH H Ph S 92 (3k) 64/36

« All reactions were carried out under solid-liquid phase transfer conditions at room temperature in a ratio of imine : sulfonium salt: KOH(s) = 1:1.2:1.2

at a 0.5 mmol scale in wet acetonitrile. > Isolated yields based on imine. < Determined by 300 MHz 'H NMR analysis. 4 Imine (53%) was recovered. The
yield could not be improved by lengthening the reaction time. ¢ A 16% yield of 2-(pyridin-3-yl)-3-vinyloxirane (frans/cis = 2: 1) from the reaction of ylide

and aldehyde generated by the hydrolysis of imine was isolated.
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moisture- and oxygen-free manipulations were required.
Another feature of this reaction is the short reaction time.
Usually, the reaction is completed within a few minutes,
whereas no reaction occurs with common N-alkyl- or aryl-
substituted imines even after a long time. Aryl-, heteroaryl-, and
«,f3-unsaturated N-sulfonylaldimines are useful substrates for
this reaction. It is noteworthy that oxosulfonium methylide
Me,S(0)*—CH;—, which reacted readily with common N-alkyl-
or aryl-substituted imines'0¢:19 and N-sulfinimines!% to furnish
aziridines, reacted with N-sulfonylimines to give azetidines
instead of aziridines.!* N-Sulfinimines also did not react with
allylsulfonium ylides under these conditions.**

Financial supports from the National Natural Science
Foundation of China and Chinese Academy of Sciences is
gratefully acknowledged.

Footnotes

T General procedure for aziridination. A 25 cm? flask containing a magnetic
stirring bar was charged with imine (1, 1.0 equiv.), sulfonium salt (2, 1.2
equiv.), and acetonitrile (4 cm?3, reagent grade; it need not be dried before
use). Powdered potassium hydroxide (1.2 equiv.) was subsequently added
under stirring. After the reaction was completed (by TLC), the reaction
mixture was filtered on a short neutral Al,O3 column to remove inorganic
salts. The filtrate was concentrated and chromatographed on a neutral Al,O5
column with a mixture of light petroleum (60-90°C), ethyl acetate and NEt;
(8:1:1) as the eluent to give pure product.

$ Cinnamyldimethylsulfonium bromide (1.2 equiv.), PhCH=NPh (1.0
equiv.), and powdered KOH (1.2 equiv.) were mixed in 4 cm? MeCN at
room temperature. After stirring for 1 h, the rearranged product of
dimethylsulfonium cinnamylide, 3-phenyl-4-methylthiobut-1-ene, was ob-
tained quantitatively. No aziridination occurred.

§ An experiment was carried out at —78°C in THF by reacting
diphenylsulfonium allylide, generated from allyldiphenylsulfonium per-
chlorate and BuLi, with P\CH=NCH,Ph, and no aziridine was detected.

{ The computation with AM1 (HYPERCHEM Release 3 from Hypercuban,
Inc. and Autodesk, Inc., 1993) showed that the carbon connected with
nitrogen of N-sulfonylimines was much more electrophilic than that of
common N-alkyl- or N-aryl-substituted imines.

|l The possible mechanism of this reaction is shown in Scheme 2.
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** When A was submitted to reaction with cinnamyldimethylsulfonium
bromide under our conditions, no aziridine was detected. There was,
however, quantitative recovery of the imine and the rearranged product of
the sulfonium ylide,

O

\
S~N=CHPh
OH
A
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