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ABSTRACT

Regio- and stereoselective deprotonation of N-Bus (Bus ) tert -butylsulfonyl)-protected terminal aziridines with lithium 2,2,6,6-tetramethylpiperidide
generates a nonstabilized (H-substituted) aziridinyl anion that undergoes in situ or external electrophile trapping under experimentally
straightforward conditions to give trans -disubstituted aziridines in good to excellent yields.

Aziridine chemistry, although lagging somewhat in its
development compared to analogous studies with epoxides,
is seeing increasing research interest.1 The ready availability
of terminal aziridines (typically accessed from terminal
alkenes2 or imines3), together with recent disclosures on the
preparation of enantiomerically pure terminal aziridines from
epoxides,4 suggests that straightforward methods to elaborate
such aziridines (while retaining the aziridine ring) would be
of considerable value.5 We recently reported the synthesis
of trans-disubstituted epoxides by organolithium-induced
deprotonation and subsequent electrophile trapping of ter-
minal epoxides at-90 °C,6 as well as the lithium 2,2,6,6-
tetramethylpiperidide (LTMP)-induced in situ silylation of

terminal epoxides at 0°C.7 In the present communication
we report the adaptation and advancement of this methodol-
ogy for the direct synthesis of substituted aziridines from
terminal aziridines.

Aggarwal and co-workers have recently highlighted the
synthetic potential ofR,â-aziridinylsilanes,8 and we initially
sought to access them by applying our aforementioned in
situ silylation methodology. Although Quast and Vélez
reported the lithiation-silylation of a methyleneaziridine,9

to the best of our knowledge there is only one isolated report
concerning the silylation of a simple terminal aziridine.10 In
this latter work, theN-Boc aziridine of propene together with
TMEDA and an excess of Me3SiCl in ether at-78 °C were
treated with a precooled solution ofs-BuLi to give a
trans/cismixture ofR,â-aziridinylsilanes.11 Preliminary eval-
uation of our LTMP-mediated in situ silylation protocol with
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terminal aziridines bearingN-tosyl protection gave none of
the correspondingR,â-aziridinylsilanes.12 Our attention
therefore turned to the use of thetert-butylsulfonyl (Bus)
group13 for aziridine protection, as we have recently found
the latter useful in other lithiated aziridine chemistry.14

Pleasingly, terminal aziridine1 (prepared by the method of
Sharpless and co-workers15 from 1-heptene and BusNClNa
with catalytic PhMe3NBr3 in 89% yield) underwent success-
ful silylation using our earlier conditions7 to give the desired
R,â-aziridinylsilane 2 as a single isomer in 77% yield
(Scheme 1).

The trans stereochemistry was supported by comparison
of aziridinyl 3JHH values with related literature compounds,16

a crystal structure of atrans-R,â-aziridinyl sulfone synthe-
sized by a similar route (vide infra) and by analogy with the
trans-selective lithiation17 and silylation of terminal epoxides
when using LTMP.7

The yield ofR,â-aziridinylsilane2 could be improved to
86% by carrying out the reaction at-78 °C for 1 h
(conditions otherwise as Scheme 1). These latter conditions
were then applied to a variety of other terminal aziridines to
assess the scope of the method (Table 1).

Complications arising from potentially competing allylic
deprotonation18 (and/or intramolecular cyclopropanation19)
or benzylic deprotonation were not observed (entries 2 and
3). Proximal and distal silyl ether functionality were also
tolerated (entries 4 and 5), as was a potentially eliminable
(and/or displaceable) primary chloride substituent (entry 6).
In contrast with the analogous epoxide, a 2,2-disubsti-
tuted aziridine underwent successful silyation at 0°C (entry
7);20 however, the reaction was clearly more sluggish than
with monosubstituted aziridines, since the starting aziri-
dine was recovered (91%) following attempted reaction at
-78 °C.

Importantly for asymmetric synthesis, no significant
degradation of ee was observed during the deprotonation-in
situ silylation of an enantioenriched terminal aziridine (entry
8).22 Attempts to deprotonate-silylate cyclic or acycliccis-
2,3-disubstituted aziridines were unsuccessful at both 0°C
and -78 °C, presumably due to reduced acidity and/or
unfavorable interactions between the sterically demanding
LTMP and the substituted aziridine.23

The deprotonation-in situ silylation of terminal epoxides
and aziridines is possible as a result of compatibility between
LTMP and Me3SiCl under the reaction conditions. In other
studies, LTMP has also been shown to coexist with elec-
trophiles other than Me3SiCl at-78 °C,24 so we considered
whether in situ aziridinyl anion generation-trapping would
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Scheme 1. Deprotonation-in Situ Silylation of Aziridine1

Table 1. R,â-Aziridinylsilanes from Terminal Aziridines21

a Reaction carried out at 0°C for 16 h.
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be limited to Me3SiCl. Following the optimized procedure
for in situ silylation,7 a range of other electrophiles were
screened.25 Unfortunately, all but one of the electrophiles
screened with aziridine1 were unsuccessful. Bu3SnCl (3
equiv) was the only successful electrophile, giving 69% of
the desiredR,â-aziridinylstannane5 (after chromatography
using Florisil),26 along with 10% of recovered1 (Scheme
2). This suggested at least partial compatibility between

LTMP and Bu3SnCl at-78 °C. In an attempt to increase
the yield, the order of reagent addition was altered so that
there was a 90 s pause after mixing the aziridine and LTMP
(3 equiv) prior to addition of Bu3SnCl (3 equiv). This re-
sulted in complete consumption of aziridine1 and an im-
proved yield (87%) of the desired stannane5 as a single
diastereomer, tentatively assignedtrans stereochemistry by
analogy with the above silylation studies.

To establish whether the reaction shown in Scheme 2 was
a true external electrophile trapping reaction, deuteration
studies were undertaken using aziridine1 as the model
substrate (Scheme 3).

Quenching the putative aziridinyl anion after 90 s with
CD3OD resulted in an 86% yield with 91% D incorporation
(by 1H NMR) of the desiredtrans-deuterated aziridine6.27

It is significant that LTMP was capable of generating a
nonstabilized (H-substituted) aziridinyl anion at-78 °C
within 90 s and that this anion was then able to undergo
subsequent external electrophile trapping at-78 °C.28 As
no compatibility between the electrophile and LTMP would
be required for an external electrophile trap, we anticipated
that a wide range of electrophiles could be trapped by a
nonstabilized aziridinyl anion. To examine the scope of this
external electrophile trapping process, a range of LTMP-
incompatible electrophiles were subsequently investigated
(Table 2).

Pleasingly, both enolizable and nonenolizable aldehydes
could be trapped remarkably quickly (no starting material
was observed 90 s after electrophile addition at-78 °C),
albeit in modest yields (Table 2, entries 1-4). In these cases
single diastereomers of the aziridinyl alcohols7a-d were
isolated,29 which were tentatively assignedanti stereochem-
istry on the basis of the diastereoselectivity (dr 98:2) observed
by Aggarwal and co-workers in a desilylation electrophile
trapping reaction between atrans-R,â-aziridinylsilane and
benzaldehyde.8b Potentially enolizable ketones (3-pentanone
and cyclopentanone) reacted well as electrophiles, giving the
desired tertiary alcohols7e,f in moderate to good yields (76%
and 59%, respectively, entries 5 and 6). Electrophile trap-
pings using comparatively unreactive amides (N,N-dimeth-
ylbenzamide andN,N,-dimethylformamide) were successful
(57% and 63%, respectively, entries 7 and 8). Benzenesulfo-
nyl fluoride30 was trapped in excellent yield (92%, entry 9),
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Table 2. Substituted Aziridines from Terminal Aziridine135

a Reaction quenched after 90 s.b Using 3 equiv of LTMP and 6 equiv
of electrophile.c Using 6 equiv of LTMP and 4 equiv of electrophile.d After
CO2 trapping, the crude reaction mixture was treated with CH2N2 to give
the ester shown. Yield is the final isolated yield over two steps.

Scheme 2. Synthesis ofR,â-Aziridinylstannane5

Scheme 3. Deuteration of Aziridine1
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and X-ray crystallographic analysis of the product supported
the assignedtransstereochemistry.31 Aziridinyl sulfones are
potentially useful synthetic intermediates, as suggested by
the chemistry of the analogous epoxysulfones.32 Trapping
with CO2 was successful, although attempts to directly isolate
the acid were unsuccessful, whereas subsequent esterification
with diazomethane led to an ester that could be isolated in
good yield (63% over 2 steps, entry 10).33 R,â-Aziridinyl-
esters are useful synthetic intermediates for the synthesis of
both R- andâ-amino acids.34

In conclusion, we have shown a new, experimentally
straightforward method for the stereocontrolled formation
of R,â-aziridinylsilanes by aziridine lithiation-in situ sily-
lation. Also, we have demonstrated thatN-Bus-protected
terminal aziridines can be deprotonated with a hindered
lithium amide and subsequently trapped with a variety of
electrophiles. While there are other indirect methods for
aziridinyl anion generation and electrophile trapping28 (for
example, from aziridinyl stannanes,36 sulfoxides,37 or aziri-
dine borane complexes38), the present procedure is attractive
because it proceeds directly from simple terminal aziridines
to givetrans-disubstituted aziridines. The latter retain a useful
nitrogen protecting group13 to enable further synthetic trans-
formations. Additional studies in the area of aziridine

functionalization and synthetic utility of the substituted
aziridine products are currently underway.
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