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ABSTRACT

The lithiation reaction of cis - and trans -N-alkyl-2,3-diphenylaziridines has been investigated. While cis -diphenylaziridines do not undergo any
lithiation upon treatment with organolithiums, the lithiation reaction of the trans counterparts is completely r-regioselective and the stereochemical
course of the lithiation-trapping sequence is solvent dependent: inversion of configuration in coordinating solvents (THF or toluene/crown
ether) and retention in hexane, ether, or toluene. The preparation of stereodefined functionalized N-alkyl-2,3-diphenylaziridines is described.

The “aziridinyl anion methodology” (AAM), based on the
metalation-trapping sequence of an easily available parent
aziridine, has become an attractive way of making function-
alized aziridines.1,2 Most studies in this area have focused
on systems where the anion bearing carbon atom is linked
to an electron-withdrawing group which facilitates formation
of the aziridinyl anion and prolongs its solution lifetime.3

Aziridinyl anions devoid of an adjacent stabilizing substituent
could be generated by desulfinylation or transmetalation4 and

by deprotonation when an activating substituent (electron-
withdrawing group) is present on the aziridine ring nitrogen.5

In the deprotonation ofN-unactivated alkylideneaziridines,
the neighbouring exocyclic double bond has been reported
to play an important role in increasing the kinetic acidity of
the aziridine hydrogens.6

In contrast toR-lithiated aryloxiranes,7 R-lithiated ary-
laziridines have been little investigated andR-lithiated 2,3-
diphenylaziridines not at all. Having recently discovered
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that monophenylaziridines undergo unexpectedly cleanortho-
lithiation,8 we decided to investigate the lithiation reaction
of cis- and trans-N-alkyl-2,3-diphenylaziridines.

Treatment of the commercially availableN-propyl-2,3-
diphenylaziridinetrans-1awith s-BuLi at -78 °C in THF
furnished almost quantitatively the aziridinecis-1a and
deuterated aziridinecis-1a-D, respectively, upon quenching
with H2O or D2O (Scheme 1, Table 1). Taking into account
that protonation or deuteration of organolithiums normally
takes place with retention of configuration,9 we assume that
in THF the lithiated aziridine should be present ascis-1a-
Li, with a configuration which is opposite to that of the
starting aziridinetrans-1a. (Scheme 1).

Similarly to the aziridinetrans-1a, the lithiation-deutera-
tion sequence ofN-butylaziridinetrans-1b andN-ethylaziri-
dine trans-1cin THF gave [2-2H1]-aziridinescis-1b-D and
cis-1c-D (Table 1). Lithiation of aziridinetrans-1d was very
slow, likely for steric reasons, and the deuterated aziridine
cis-1d-D was obtained in only 10% yield.

Lithiation of N-alkyl-2,3-diphenylaziridinestrans-1a-c in
a nonpolar solvent was successively investigated. In contrast
with the stereochemical outcome of the reactions conducted
in THF, the lithiation-deuteration sequence of aziridines
trans-1a-c, performed in hexane or toluene, proceeded with
complete retention of configuration giving deuterated aziri-
dinestrans-1a-c-D (Table 1). Here again, in order to explain
the stereochemical result, we propose that in toluene or
hexane the lithiated intermediates should betransconfigured.
These results clearly indicate that the solvent determines the
stereochemistry of the lithiation-deuteration sequence with
interesting repercussion on the synthetic application.

In order to evaluate the effect of the geometry of the
investigated diphenylaziridines on the stereochemistry of the
lithiation-trapping sequence, we studied the lithiation reaction
of N-alkyl-2,3-diphenylaziridinescis-1a,d,e(alkyl ) n-Pr,
i-Pr, Me), disclosing that they do not undergo any lithiation
upon treatment with alkyllithiums under varied experimental
conditions in terms of solvent (THF, hexane, toluene), ligand
(TMEDA), and temperature and were recovered unchanged
after addition of D2O or routine electrophiles.

NMR experiments proved to be particularly useful to
explain the observed strikingly different reactivity ofcis-
andtrans-2,3-diphenylaziridines toward lithiation. Our idea
is that the nitrogen of the aziridine ring may be playing a
role. A careful examination by NMR of the nitrogen
configuration incis- andtrans-2,3-diphenylaziridines showed
that cis-2,3-diphenylaziridines were all configurationally
stable at the nitrogen:10 indeed, the lone-pair and the two
phenyl groups arecis each other with the two aziridine ring
hydrogens on the opposite side, as established by NOESY
correlations. In contrast, the 2,3-diphenylaziridinestrans-
1a-d show a slow nitrogen inversion on the NMR time scale
(195 K) that makes the aziridine ring hydrogens diaste-
reotopic, each of them beingcis to the nitrogen lone-pair in
the equilibrating topomers (Figure 1).11-13

With the assumption that a preliminary coordination of
s-BuLi to the nitrogen lone-pair should be a prerequisite for
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Scheme 1 Table 1. Lithiation-Deuteration Sequence of Aziridines
trans-1a-d

aziridine
1 solvent R

cis-1-D,
% Da

trans-1-D,
% Da

drb,c

cis/trans

trans-1a THF n-Pr cis-1a-D, 96 trans-1a-D, 98 95/5
trans-1b ′′ n-Bu cis-1b-D, 98 trans-1b-D, 98 98/2
trans-1c ′′ Et cis-1c-D, 99 trans-1c-D, 98 98/2
trans-1d ′′ i-Pr cis-1d-D, 98 trans-1d-D, 0d 100/0d

trans-1a toluenee n-Pr cis-1a-D, - trans-1a-D, 95 <2/98
trans-1b ′′ n-Bu cis-1b-D, - trans-1b-D, 98 <2/98
trans-1c ′′ Et cis-1c-D, - trans-1c-D, 97 <2/98

a Deuterium incorporation established by ESI-MS or GC-MS analysis
on the molecular ion (see the Supporting Information).b Diastereomeric
ratio (dr) was established by the analysis of the1H NMR spectra of the
crude reaction mixtures.c Chemical yields were all>95%. d The conversion
was only 10%;trans-1d-D was not detected, and 90% of unreacted starting
material was recovered.e Hexane or Et2O can be used as the solvent with
no change in the stereoselectivity.
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the deprotonation to occur, only the trans isomer has the stereo-
electronic requirement for the proton abstraction, while the
protons of thecis isomer are too far from the base (the organo-
lithium coordinated to the nitrogen lone pair) to be abstract-
ed.14 On the basis of this model, an explanation for the
observed stereochemistry in the lithiation-deuteration se-
quence oftrans-1a-d(inversion of configuration in THF,
retention in hexane or toluene) might be thattrans-1-Li should
be the first lithiated intermediates formed. It is likely that in
a polar solvent such as THF, lithiated speciestrans-1-Li
might exist as contact ion-pairs that undergo isomerization,
via a more polar transition state, to thecis counterparts (cis-
1-Li) (Scheme 2), which are then trapped to give products

with a configuration which is opposite to that of the starting
aziridines.15 Such atrans to cis isomerization, which has

precedents with other aziridines,16 can be accounted for with
the higher thermodynamic stability of thecis isomer (the
nitrogen lone-pair and the C-Li bond are trans each other
in thecis isomer), as reported for other aziridines.17 The same
lithiated speciestrans-1-Li would not tend to isomerize in a
nonpolar solvent such as hexane or toluene so that the
trapping takes place with retention of configuration.15,18

The solvent effect was further investigated and it was
found that also in diethyl ether the lithiation-deuteration
sequence oftrans-1aproceeds with retention of configuration
either in the presence or absence of TMEDA, which,
however, makes the deprotonation faster.

From a synthetic point of view, it was interesting that
trapping oftrans- andcis-1a-Li with a series of electrophiles
furnished highly diastereoselectively functionalizedcis aziri-
dines in THF andtrans isomers in hexane or toluene (Table
2). Specifically, in THF, high stereoselectivity was observed
with most electrophiles givingcisaziridines2a-j from trans-
1a;19 a low stereoselectivity was observed with Bu3SnCl
where a 57:43 mixture of the two diastereomers2e and3e
(98% yield) formed. It is well documented that the coupling
reaction of organolithiums with organostannanes (R3SnX)
may proceed either with retention or inversion of configu-
ration depending upon the nature of the organostannane with
reference to the R groups and the leaving group.20 Indeed,
we found that in THF the reaction ofcis-1a-Li with Me3-
SnCl (Table 2, entry 6) gave a mixture ofcis and trans
isomers2f and3f in a 85/15 ratio, whereas the reaction with
bis(tributyltin)oxide furnished exclusively the corresponding
cis isomer2e(dr >98/2) (Table 2, entry 5). This may be the
result of a competition between a retentive (SE2ret) and an
invertive electrophilic substitution (SE2inv).21

Instead, trans aziridines 3a,b,e-g were prepared in a
highly stereoselective manner when the lithiation-trapping
sequence oftrans-1awith the appropriate electrophile was
performed in toluene or hexane. In some cases, the stereo-
selectivities were affected by the electrophile; a complete
inversion of configuration was obtained in the reaction with
Me3SiCl (Table 2, entry 18) which may be ascribed to an
SE2inv mechanism.21 A poor stereoselectivity was also
observed when BnBr or allylBr (Table 2, entries 13 and 14)
were used as the electrophile, likely because of a competing
single-electron-transfer process.22

It was also found that when the lithiated aziridine, gener-
ated in toluene fromtrans-1a, was treated with a crown ether
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Figure 1. 1H NMR spectra at 195 K in THF-d8 of aziridinescis-
and trans-1a.

Scheme 2
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(15-crown-5, 2 equiv) and then reacted with BnBr,cis-
benzylated aziridine2c was obtained with high stereoselec-
tivity (dr >98/2) as observed in THF (Scheme 3). Under such
conditions, the lithium complexation by the crown ether
would reduce the covalent character of the C-Li bond, as it
should be in a nonpolar solvent such as toluene, thus promo-
ting the thermodynamically favoredtrans to cis isomeriza-
tion.

The trapping reaction of lithiated aziridinetrans-1awas
performed also with acetone giving the corresponding

hydroxyalkylated aziridines2g in THF (dr ) 90/10) and3g
in toluene (dr>98/2).

In conclusion, in this paper, we report for the first time
that “unactivated”trans-N-alkyldiphenylaziridines undergo
exclusiveR-lithiation with a stereochemistry which depends
upon the coordinating ability of the solvent (complete
inversion of configuration in THF or toluene/crown ether
and retention in hexane, toluene or diethyl ether). A different
geometry,cis or trans, of the involved lithiated aziridines
(cis-1-Li and trans-1-Li) in polar and nonpolar solvents is
proposed to explain the observed opposite stereochemistry
on going from THF (or toluene/crown ether) to hexane or
ether or toluene. For theR-lithiation to occur we propose a
model where the nitrogen lone-pair must sitcis to the
aziridine ring hydrogens. This explains why thecis-N-
alkyldiphenylaziridines, existing exclusively as the inver-
tomers that put the ring hydrogens far away from the nitrogen
lone-pair, do not undergo any lithiation. It is useful from
the synthetic point of view that the regioselective and
stereoselective lithiation oftrans-N-alkyldiphenylaziridines
can be used for the preparation of variously substituted
stereodefined diphenylaziridines, which are potentially very
attractive for their biological activity23 and spectroscopic
properties and for their utility as building blocks for the
synthesis of target molecules.24
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Table 2. Lithiation-Trapping Sequence of Aziridinetrans-1a

entry electrophile solvent
aziridines

2, 3
yield,a

%
dr

2/3b

1 MeI THF 2a 98 >98/2
2 EtI ′′ 2b 92 >98/2
3 BnBr ′′ 2c 70 >98/2
4 allylBr ′′ 2d 92 >98/2
5 (Bu3Sn)2O ′′ 2e/3e 45 98/2c

6 Me3SnCl ′′ 2f/3f 57 85/15
7 acetone ′′ 2g/3g 25d,e 90/10
8 Me3SiCl ′′ 2h 98 98/2
9 6-bromo-1-hexene ′′ 2i 48 98/2

10 bromomethyl-
cyclopropane

′′ 2j 38 98/2

11 MeI toluenef 3a 64 <2/98
12 EtI ′′ 3b 95 <2/98
13 BnBr ′′ 2c/3c 98 50/50
14 allylBr ′′ 2d/3d 84 50/50
15 Bu3SnCl ′′ 3e 80 <2/98
16 Me3SnCl ′′ 3f 30 <2/98
17 acetone ′′ 3g 73 <2/98
18 Me3SiCl ′′ 2h 70 98/2

a Isolated yields.b Diastereomeric ratio (dr) ascertained by1H NMR
on the crude reaction mixtures.c Bu3SnCl was also used as the electrophile
(see text).d Compounds2g and 3g could be easily separated by flash
chromatography.e A large amount of aziridinecis-1awas recovered as the
result of an acid-base reaction with the electrophile.f Similar results were
obtained when the reaction was performed inn-hexane.

Scheme 3
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