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N-Sulfonyloxaziridines,1, have been shown to be versatile
reagents for the oxygenation of a variety of organic functional
groups.1 The fact that such oxygenations can be performed with
a high degree of asymmetric induction2 has created considerable
interest in the mechanism of the overall oxygen atom transfer
process. Theoretical studies have led to the conclusion that,
for neutral substrates such as sulfides3a and alkenes,3b the
oxygenation process is a concerted SN2-like reaction (mechanism
A in Scheme 1) in which there is no intermediate and in which
the substrate acts as a nucleophile and theN-sulfonylimine4
acts as a leaving group. This direct oxygenation has been
assumed to occur also in the reaction ofN-sulfonyloxaziridines
with tertiary amines to yieldN-oxides,4 with the π-bonds of
TMS (trimethylsilyl) enol ethers to yieldR-hydroxy ketones5
and with theπ-bonds of enamines to yieldR-hydroxy and
R-amino ketones.6 For the hydroxylation of carbanions and
enolates, a stepwise process involving a carbinolamine-like
intermediate (7) which undergoes an elimination reaction to
yield the oxygenated product8 and theN-sulfonylimine4 has
been proposed (mechanism B).7 More recently, however, Bach
and co-workers8 have proposed a concerted oxygen atom
transfer mechanism for reactions with lithium enolates (mech-
anism C) based onab initio calculations for the hypothetical
reaction of the lithium enolate of acetaldehyde,9, with oxaziri-
dine.
In connection with our interest in the total synthesis of

antitumor antibiotic FR900482 (12),9 we have reported an
oxidative ring expansion of a model system (14) to yield 15
which incorporates the 1,5-epoxybenzazocine ring system
present in12. The most efficient reagent for effecting this
process was found to beN-(benzenesulfonyl)-3-phenyloxaziri-
dine (1a). On the basis of the precedent outlined above, we
expected that a pyrrolo[1,2-a]indole derivative such as13should
react with the Davis reagent in the presence of water to yield
the diol 17 via the epoxide16,10,11 which should undergo

oxidative ring expansion to18 thus simplifying the transforma-
tion of pyrrolo[1,2-a]indoles into the FR900482 ring system.
We report herein, however, that the indole13 reacts with1a

to yield the unusual 1,3-oxazolidinoindole ring system21 rather
than the indole 2,3-epoxide16 or derived products such as17
or 18and discuss the potential implications of these observations
in the context of the oxidation of other electron rich systems
by N-sulfonyloxaziridines (Scheme 2).
The diastereomeric adducts21A and21B were obtained in

71% isolated yield by reaction of13 with 1a in anhydrous or
in 25% aqueous THF. The diastereomers were not readily
separable chromatographically and were characterized by de-
tailed spectroscopic analysis of the mixture.12 That oxazolidine
formation rather than monooxygenation was a general property
of 2,3-dialkylindoles and was not exclusive to the pyrrolo[1,2-
a]indole ring system was demonstrated by the observation that
adducts similar to21 were obtained upon reaction of1a with
2,3-dimethylindole (19) and 2,3-cyclopentanoindole (20). For
the adducts22A/22B, it was possible to obtain a pure sample
of one of the diastereomers by chromatography on silica gel.
Single-crystal X-ray diffraction analysis established the structure
of this diastereomer as22A.13 Similarly, chromatography of
the mixture of diastereomeric adducts23A/23B yielded a pure
sample of one of the diastereomers shown to be23B by X-ray
crystallography.13
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The simplest mechanistic interpretation of the formation of
the indicated addition products was that shown in path b in
Scheme 3 in which C-3 of the indole system24 functions as a
nucleophile to yield a zwitterionic intermediate (25) which
cyclizes to give26. Knowledge of the extensive literature which
suggested that the oxidative reactions ofN-sulfonyloxaziridines
involve direct oxygen atom transfer, however, caused us to
consider alternative mechanisms for the formation of the
observed adducts which did not involve an ionic intermediate
such as25 (path a). In particular, we considered the possibility
that the reaction of1awith the indoles13, 20, and21 yielded
the corresponding 2,3-epoxyindoles16 which reacted subse-
quently with the imine4 via the intermediates27, 28, or 29 to
produce the isolated 1,3-oxazolidines26.
In order to explore these mechanistic possibilities, we have

reacted the indoles13, 20, and 21 with 3-p-nitrophenyl-2-
(benzenesulfonyl)oxaziridine (1b) to yield the corresponding
diastereomeric mixtures of adducts21C/21D, 22C/22D, and
23C/23D and have carried out crossover experiments to test
the possibility that these adducts are derived via the correspond-
ing epoxyindoles. In particular, each of the indoles was reacted
with the N-sulfonyloxaziridine 1a in the presence of an
equimolar amount of theN-sulfonylimine4b in THF solution
at room temperature.13 In each case, only the adduct obtained
in the absence of the imine was observed and none of the nitro-
substituted adducts was found. Essentially the same results were
obtained when the imine4b was employed in a 10-fold molar
excess. In parallel experiments in which each of the indoles
was reacted with the nitro-substituted oxaziridine1b in the
presence of the imine4a, only the adducts21C/21D, 22C/22D,
and23C/23D were observed. For 2,3-dimethylindole, it was
also possible to demonstrate that the known 3-hydroxyindolenine
(28, R2 ) R3 ) CH3),14which could potentially be derived from
the unstable epoxide16 (R1 ) H; R2 ) R3 ) CH3), was not an
intermediate in the formation of the adducts22A/22B since no
reaction was observed between equimolar amounts of the imine
1a and28.
These observations represent the first convincing demonstra-

tion that N-sulfonyloxaziridines can react with nucleophilic
π-bonds via a pathway other than direct oxygen atom transfer.
Although our data do not demand a zwitterionic intermediate,
the regioselectivity of these reactions is entirely consistent with
a mechanism involving nucleophilic attack of the indoleπ-bond
at the oxygen atom of the oxaziridine resulting in rupture of
the O-N bond followed by intramolecular nucleophilic addition
of the sulfonamido anion to the electron deficient carbon atom
of the iminium bond of this intermediate.15 It is reasonable to
argue further that other electron rich olefins, especially enam-

ines, which are more nucleophilic than indoles, may react in
an analogous fashion. For enamines, the failure to detect either
oxazolidines (32, X ) NR2) or oxiranes (33, X ) NR2) in the
reaction with Davis reagents6 may reflect the greater ability of
the nitrogen lone pair electrons in enamines to stabilize a
carbocation at theR-carbon, as in31and34, as compared with
the ability of the lone pair electrons in indole systems to stabilize
C-2 carbocations, as in25. The tendency of zwitterions such
as31 and34 to collapse to the ring-closed forms32 and33,
respectively, may be relatively low (Scheme 4). Interestingly,
in the reaction ofN,N-dialkylenamines with dimethyldioxirane
(DMD) under anhydrous conditions, oxiranes could not be
detected spectroscopically even at low temperatures.17 Instead,
the stable dioxanes35 (X ) NR2) were isolated. No such
products have been reported in the oxidation of enamines with
Davis reagents,6 arguing against a common oxirane intermediate
in the two oxidation processes. In parallel with these observa-
tions, we have found that the dioxane36 analogous to35 is
formed in the reaction of13with DMD but is not observed in
the reaction of13 with Davis reagents.21

In general, we feel that the reactions of oxaziridines with
π-bonds may span a spectrum of mechanistic possibilities with
the direct oxygen atom transfer and the zwitterionic pathways
representing extremes. Experiments aimed at detecting the ionic
intermediates in these reactions and theoretical studies including
the essential electron-withdrawingN-sulfonyl substituent will
be required to fully define these mechanistic possibilities.
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