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Reaction of phosphinoyl-activated imines: stereocontrolled synthesis of either
trans- or cis-vinylaziridines
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Phosphinoyl imines react with allylsulfonium ylide to
provide trans-aziridines at room temperature and cis-
aziridines at low temperature, in high yields and good to
excellent stereoselectivities.

Aziridines are versatile building blocks that have found many
uses in organic synthesis.1 They are also an important subunit in
many natural products.2 All these factors make the synthesis of
aziridines an active field of research, and recently, a number of
methods have appeared in the literature for the preparation of
these useful compounds. Among them the direct approach to
ring formation via a carbene or nitrene route is more attractive
because of its efficiency.3 Similar to the carbene approach, ylide
attack at a CNN bond is another useful possibility,1b however,
the synthesis of substituted aziridines via an ylide route is less
well explored. For example, only a few procedures have been
reported for the synthesis of vinyl-substituted aziridines,4
although the versatility in synthesis of this kind of aziridine is
well documented.5 As part of a programme aimed at the
application of imines to organic synthesis, we studied the
aziridination reaction using normal and N-tosyl-activated
imines as starting materials and semi-stabilized and stabilized
sulfonium ylides as reagents,3a,b,6 and found that the ylide route
is a convenient way to prepare aziridine derivatives.

In the presence of Lewis acids, aldimines reacted with allyl-
and prop-2-ynyl-sulfonium ylides to deliver the corresponding
cis-aziridines as the sole products when the substituent at
nitrogen was an aryl group.6 On the other hand, the reaction of
N-tosyl imines with allyl- and prop-2-ynyl-sulfonium ylides
also provided the corresponding aziridines, but high stereo-
selectivities were obtained only in the case of prop-2-ynylsul-
fonium ylides;3b cis- and trans-aziridines were afforded with
lower selectivity when trimethylsilylallylsulfonium ylide was
used as the starting material.3a Unlike the ylide epoxidation
reaction, where the trans isomer is usually the preferred
configuration, the former reaction afforded the cis-isomer
exclusively. In order to improve the stereoselectivity of the
latter reaction another imine activation group was sought. It was

found that when phosphinoyl-activated imines reacted with
allylsulfonium ylides, both cis- and trans-aziridines were
formed with high stereoselectivity. Here we disclose the results
of our studies on the stereocontrolled aziridination of phosphi-
noyl-activated imines via the ylide route.

N-Phosphinoyl imines 17 reacted with [3-(trimethylsilyl)-
allyl]dimethylsulfonium bromide 2 in the presence of base at
room temperature to provide trans-vinylaziridines 3 predomi-
nantly. On the other hand, cis-vinylaziridines 4 were the main
products when the preformed ylide prepared from [3-(tri-
methylsilyl)allyl]diphenylsulfonium perchlorate 5 reacted with
the same imines 1 (Scheme 1, Table 1). The operation was
simple and the yields of both reactions were excellent.‡

From Table 1, it can be seen that all reactions furnished the
desired aziridines in satisfactory yields. Stereocontrol is
realized via simply changing the ligands on the sulfur atom (that
is, Ph or Me) and the reaction conditions. Reaction at room

Table 1 Stereoselective preparation of aziridines

Entry Ar Ylide Base T/°C Yield (%)a cis : transb

1 Ph 2 NaH room temp. 92 10 : 90
2 Ph 2 KOH room temp. 78 24 : 76
3 p-ClC6H4 2 NaH room temp. 93 12 : 88
4 p-MeOC6H4 2 NaH room temp. 95 20 : 80
5 1-Naphthyl 2 NaH room temp. 86 22 : 78
6 Ph 5 NaHMDSc 2100 93 91 : 9
7 p-MeOC6H4 5 NaHMDSc 2100 90 99 : < 1
8 p-MeC6H4 5 NaHMDSc 2100 94 99 : < 1
9 p-ClC6H4 5 NaHMDSc 2100 84 85 : 15

10 2-Furyl 5 NaHMDSc 2100 90 99 : < 1
11 p-CF3C6H4 5 NaHMDSc 2100 72 85 : 15
12 Ph 5 NaHMDSc 278 91 87 : 13
13 Ph 5 NaHMDS 278 93 85 : 15

a Isolated yield. b Determined by 300 MHz 1H NMR spectroscopy. c 1 equiv. of LiBr was added.

Scheme 1 Reagents and conditions: i, base, CH2Cl2, room temp.; ii, base,
THF, the 1, 2100 °C
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temperature with the dimethylsulfonium salt provided trans-
aziridines 3 (trans : cis = 78 : 22 to 90 : 10), even though cis-
aziridines are considered thermodynamically more stable.8 In
this reaction, the selection of base is important. High stereo-
selectivity is obtained when NaH is used (entry 1), but it is
lowered if KOH is used (entry 2). This might be because the use
of NaH avoids the formation of water in the reaction. It was also
observed that the stereoselectivity of the reaction in CH2Cl2 was
better than that in MeCN or benzene. At low temperature,
reaction of the ylide preformed from diphenyl sulfide with
imines 1 gave rise to cis-aziridines with high stereoselectivity.
Lower temperatures favored the cis-isomers (entries 6 and 12).
In some cases the reaction furnished the cis-products almost
exclusively (entries 7, 8 and 10). Unlike epoxidation and
cyclopropanation reactions,9 the presence of LiBr is not crucial
and the stereochemistry of this reaction does not depend on
whether LiBr is present or not (entries 12 and 13).

The improvement of stereoselectivity in the case of the
N-diphenylphosphinoyl imines as compared with the N-tosyl
imines is probably due to their different reactivity toward the
attack of the allylsulfonium ylide. A competition reaction
involving phosphinoylimine, tosylimine and allylsulfonium
ylide shows that phosphinoylimine is less reactive than
tosylimine (Scheme 2).

In summary, the Ph2P(O) moiety is a good activating group of
imines for the reaction with sulfonium ylides. The advantages
are (i) the stereochemistry can be greatly improved and tuned to
either the cis- or trans-isomer, (ii) the cis- and trans-aziridines
are easily separated by simple chromatography and (iii) the
Ph2P(O) group is easily removed using acid.10 Further in-
vestigations on the reaction mechanism and asymmetric
synthesis of aziridines using N-phosphinoyl imines are under-
way.
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Notes and References
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‡ General experimental procedure for room temperature reaction: To a
solution of sulfonium salt 2 (0.44 mmol) and phosphinoyl imine 1 (0.4

mmol) in CH2Cl2 (4 ml) was added NaH (15 mg, 0.6 mmol) at room
temp. The resulting mixture was stirred at room temp. until the starting
material 1 disappeared (monitored by TLC). Water (10 ml) was added and
the mixture was extracted with CH2Cl2 (15 ml 3 3). The organic solutions
were combined and dried (MgSO4). Removal of solvent under reduced
pressure and chromatography (silica gel, light petroleum–EtOAc 5 : 1)
afforded pure trans-aziridine 3 and cis-aziridine 4.

General procedure for low temperature reaction: To a solution of
sulfonium salt 5 (0.48 mmol) in THF (6 ml) under argon at 2100 °C was
added NaHMDS (2 m in THF, 0.24 ml, 0.48 mmol). The resulting mixture
was stirred for 10 min. A solution of imine 1 (0.4 mmol) in THF (2 ml) was
added and the stirring continued for another 1 h. The reaction temperature
was then allowed to rise to room temp. Work up as above and
chromatography provided pure trans-aziridine 3 and cis-aziridine 4.
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Scheme 2 Reagents and conditions: i, 2, NaH, CH2Cl2, room temp.
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