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Nucleophilic substitution reactions are very commonly encoun-
tered in mechanistic and synthetic chemistry. Bimolecular nucleo-
philic substitution (SN2) at a saturated carbon atom (sp3) proceeds
with inversion of configuration.1 Both stepwise and concerted
processes at vinylic carbon (sp2) normally afford substitution with
retention of configuration although when the carbanion intermediate
is long-lived, partial or complete stereoconvergence can result.2

Examples of nucleophilic substitutions at vinylic carbon proceeding
with inversion of configuration are rare. Typically, these involve
substrates bearing very good leaving groups such as vinyl triflates3

or vinyl iodonium salts.4 Inversion of configuration has not been
observed in unactivated systems such as vinyl chloride even though
high-level computational studies suggest that in-plane,σ-approach
of the nucleophile to the backside of the C-Cl bond is the preferred
pathway.5 Herein, we report examples of stereochemical inVersion
occurring during substitution at an unactiVatedVinylic carbon atom.
Specifically, we show that intramolecular substitution of the C-Br
bond of 2-bromobut-2-enylamines by the pendant nitrogen atom
leads to 2-ethyleneaziridines by way of stereochemical inversion.
In conjunction with deuterium-labeling experiments, these results
indicate that the accepted mechanism6 for ring closures of this type
is flawed.

The reaction of 2-bromoallylamines with sodium amide in liquid
ammonia is known to provide 2-methyleneaziridines in high yields.7

As part of studies aimed at delineating the synthetic scope of these
highly strained heterocycles,8 we became interested in establishing
if this reaction could be extended to the synthesis of derivatives
bearing stereochemically defined substituents on the exocyclic
double bond.9 To this end, we set about the synthesis of (E)- and
(Z)-2-ethyleneaziridines1. Derivatives containing either a simple
benzyl (R) CH2Ph) or chiralR-methylbenzyl (R) (S)-CHMePh)
group on nitrogen were chosen. Four cyclization precursors (E)-
and (Z)-2a,b were made by treatment of the (E)- and (Z)-isomers
of 2-bromobut-2-en-1-ol10 with methanesulfonyl chloride and further
alkylation with either benzylamine or (S)-R-methylbenzylamine.
The stereochemistry about the double bond within (E)-2a,b and
(Z)-2a,b was confirmed by NOE difference experiments. Treatment
of (E)- and (Z)-2a,b with sodium amide in liquid ammonia provided
2-ethyleneaziridines (E)- and (Z)-1a,b in moderate to excellent
yields (Scheme 1).11 Several aspects of these cyclizations are of
special interest. First, the reactions are highly stereoselective with
the aziridines being obtained as essentially single isomers about
the double bond.12,13 Second, lower yields were observed for the
formation of (E)-1a,b as alkyne formation via antiperiplanar E2-
elimination of HBr from (Z)-2a,b was competitive. Finally, and

most significantly, the reactions proceed by net inversion at the
alkene carbon atom undergoing substitution.

The stereochemistry of (Z)-1a and (Z)-1b have been unambigu-
ously established by derivatization and subsequent crystallographic
analysis. Lithiation of (Z)-1b, and separately (Z)-1a, with sec-BuLi
(THF, 5 h, -78 °C) and further reaction with benzophenone
provided (Z)-3 and (Z)-4 in 83% and 62% yields, respectively
(Figure 1). Importantly, in a control experiment, lithiation/proto-
nation of (Z)-1a was shown to occur without isomerization of the
double bond. Single crystals of3 and4 grown from diethyl ether
were analyzed by single-crystal X-ray diffraction, which revealed
that they both possess the (Z)-stereochemistry. For3, the major
diastereomer (crude dr 93:7) possessed the expected (S)-configu-
ration at C-3.14 Lithiation of (E)-1a and alkylation with benzophe-
none produced the (E)-isomer of4.

Bottini and Olsen produced evidence indicating that the formation
of methyleneaziridines proceeds primarily if not exclusively by an
elimination-addition mechanism (Scheme 2).6 Performing the
reaction using tritium-enriched ammonia as solvent, they cyclized
amine5 to methyleneaziridine6 (R ) Pr) which was tritium labeled
exclusively at C-3. In further crucial experiments, they reported
that the hydrogens bonded to carbon of5 and 6 do not undergo
exchange with the solvent under the reaction conditions. Thus, they
concluded that the reaction was proceeding through aziridinyl anion
9 by way of allenes7 and8. The observation that (E)- and (Z)-2a
yield different aziridine products is inconsistent with this elimina-
tion-addition mechanism as both these substrates would be
expected to yield the same allene intermediate.

To further investigate the mechanism, deuterated 2-bromoally-
lamine10 (95% D incorporation) was prepared in two steps from
ethyl 2-bromoacrylate [(i) LiAlD4, AlCl3, Et2O, 75%; (ii) MsCl,
Et3N, 0 °C, THF, then (S)-PhCHMeNH2, 69%]. Treatment of10
with sodium amide (1.25 equiv) for 5 min at-33 °C yielded (S)-
11 (92% D) (Scheme 3).15 Thus, anion9 cannot be an intermediate
in the production of methyleneaziridines. Performing the cyclization
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Scheme 1. Ring Closure to Ethyleneaziridines with
Stereochemical Inversion at the Vinylic Carbon Atom
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for a longer time using excess sodium amide (2.5 equiv, 1 h,-78
°C) resulted in conversion to (S)-12 wherein virtually all the
deuterium had been lost (12% D). Consistent with this finding,
resubjection of deuterated methyleneaziridine (S)-11 (92% D) to
the cyclization conditions resulted in clean conversion to nondeu-
terated (S)-12 (2.5% D). These results indicate that this methyl-
eneaziridine, formed quickly under the cyclization conditions (t1/2

≈ 10 s at-78 °C using 2.5 equiv of NaNH2), undergoes slow
reversible exchange with the solvent by way of deprotonation at
C-3 by the excess sodium amide.16

The question remains what is the mechanism of ring closure?
Our evidence discounts the earlier proposal of an elimination-
addition reaction. Furthermore, stereochemical inversion seems to
rule out the possibility of an addition-elimination process wherein
retention or stereoconvergence would be expected.2 Substitution
with inversion by in-planeσ-attack from the backside of the C-Br
bond fits all the available experimental data. It remains to be seen
if the constraints imposed on the reaction trajectory by the formation
of a three-membered ring are important in encouraging this pathway.

To conclude, a rare example of substitution at a vinylic carbon
proceeding with inversion has been unearthed. Efforts to explore
the utility of the geometrically defined 2-ethyleneaziridines in
synthesis will form the basis of future studies.
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Figure 1. Derivatives produced from (Z)-ethyleneaziridines used to confirm
the alkene geometry by X-ray crystallography.

Scheme 2. Original Ring Closure Mechanism Proposed by Bottini
and Olsen6

Scheme 3. Cyclization Studies Using Deuterium-Labeled
Substrates
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