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N-Sulfonyloxaziridines,1, have been shown to be versatile

reagents for the oxygenation of a variety of organic functional
groups! The fact that such oxygenations can be performed with

a high degree of asymmetric inductfdmas 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 sulfitfeand alkened® the
oxygenation process is a concertg@dike reaction (mechanism

A in Scheme 1) in which there is no intermediate and in which

the substrate acts as a nucleophile andNksulfonylimine 4

acts as a leaving group. This direct oxygenation has been

assumed to occur also in the reactioNe$ulfonyloxaziridines
with tertiary amines to yieldN-oxides? with the z-bonds of
TMS (trimethylsilyl) enol ethers to yieldi-hydroxy ketones
and with thes-bonds of enamines to yield-hydroxy and
o-amino ketone$. 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 produtand theN-sulfonylimine4 has
been proposed (mechanism BMore recently, however, Bach

and co-workers have proposed a concerted oxygen atom
transfer mechanism for reactions with lithium enolates (mech-

anism C) based oab initio calculations for the hypothetical
reaction of the lithium enolate of acetaldehy8gwith oxaziri-
dine.

In connection with our interest in the total synthesis of
antitumor antibiotic FR9004821p),° we have reported an
oxidative ring expansion of a model systed¥) to yield 15
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oxidative ring expansion t&8 thus simplifying the transforma-
tion of pyrrolo[1,24d]indoles into the FR900482 ring system.

We report herein, however, that the inddi@reacts withla
to yield the unusual 1,3-oxazolidinoindole ring systetrrather
than the indole 2,3-epoxidE6 or derived products such 49
or 18 and discuss the potential implications of these observations
in the context of the oxidation of other electron rich systems

which incorporates the 1,5-epoxybenzazocine ring system by N-sulfonyloxaziridines (Scheme 2).

present in12. The most efficient reagent for effecting this
process was found to bé-(benzenesulfonyl)-3-phenyloxaziri-

The diastereomeric adduc2d A and 21B were obtained in
71% isolated yield by reaction df3 with 1ain anhydrous or

dine (1a). On the basis of the precedent outlined above, we in 25% aqueous THF. The diastereomers were not readily

expected that a pyrrolo[1dlindole derivative such ak3 should

separable chromatographically and were characterized by de-

react with the Davis reagent in the presence of water to yield tailed spectroscopic analysis of the mixté#eThat oxazolidine

the diol 17 via the epoxidel6,1911 which should undergo
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formation rather than monooxygenation was a general property
of 2,3-dialkylindoles and was not exclusive to the pyrrolo[1,2-
alindole ring system was demonstrated by the observation that
adducts similar t®1 were obtained upon reaction & with
2,3-dimethylindole 19) and 2,3-cyclopentanoindol@@. For

the adduct®22A/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 a82A.13 Similarly, chromatography of
the mixture of diastereomeric addu@3A/23B yielded a pure
sample of one of the diastereomers shown t@8B by X-ray
crystallography3

(11) For studies of indole epoxides formed by reaction of indoles with
dimethyldioxirane, see: (a) Zhang, X.; Foote, CJSAm. Chem. S0&993
115 8867. (b) Adam, W.; Ahrweiler, M.; Peters, K.; Schiedeskamp].B.
Org. Chem.1994 59, 2733 and references cited therein.

(12) HMQC, HMBC, selective TOCSY, and difference NOE NMR
experiments allowed complete assignment of'ti@nd3C NMR signals
of both diastereomers in this mixture.
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Ry =H R " ines, which are more nucleophilic than indoles, may react in
Rs ' OH ~ { °\(—R an analogous fashion. For enamines, the failure to detect either
~7 4 Nago,m oxazolidines 82, X = NRy) or oxiranes 83, X = NRy) in the
N/ Ry 28 R=Rg=Me N Ry o6 reaction with Davis reagerftenay reflect the greater ability of
29 Ry, Ra=(CHa)y Ry the nitrogen lone pair electrons in enamines to stabilize a

carbocation at the-carbon, as 81 and34, as compared with

The simplest mechanistic interpretation of the formation of the ability of the lone pair electrons in indole systems to stabilize
the indicated addition products was that shown in path b in C-2 carbocations, as iB5. The tendency of zwitterions such
Scheme 3 in which C-3 of the indole syst@#functions as a as 31 and 34 to collapse to the ring-closed forn® and 33,
nucleophile to yield a zwitterionic intermediat@5j which respectively, may be relatively low (Scheme 4). Interestingly,
cyclizes to give26. Knowledge of the extensive literature which  in the reaction ofN,N-dialkylenamines with dimethyldioxirane
suggested that the oxidative reactiondNesulfonyloxaziridines (DMD) under anhydrous conditions, oxiranes could not be
involve direct oxygen atom transfer, however, caused us to detected spectroscopically even at low temperattirdastead,
consider alternative mechanisms for the formation of the the stable dioxane85 (X = NR,) were isolated. No such
observed adducts which did not involve an ionic intermediate products have been reported in the oxidation of enamines with
such a5 (path a). In particular, we considered the possibility Davis reagent§arguing against a common oxirane intermediate

that the reaction ola with the indolesl3, 20, and21 yielded in the two oxidation processes. In parallel with these observa-
the corresponding 2,3-epoxyindoléé which reacted subse- tions, we have found that the dioxaBé analogous t®B5 is
quently with the imine4 via the intermediateg7, 28, or 29 to formed in the reaction 0f3 with DMD but is not observed in
produce the isolated 1,3-oxazolidin2& the reaction ofL3 with Davis reagent3!

In order to explore these mechanistic possibilities, we have In general, we feel that the reactions of oxaziridines with
reacted the indoled3, 20, and 21 with 3-p-nitrophenyl-2- m-bonds may span a spectrum of mechanistic possibilities with
(benzenesulfonyl)oxaziridinelk) to yield the corresponding  the direct oxygen atom transfer and the zwitterionic pathways
diastereomeric mixtures of adduc&C/21D, 22C/22D, and representing extremes. Experiments aimed at detecting the ionic

23C/23D and have carried out crossover experiments to test intermediates in these reactions and theoretical studies including
the possibility that these adducts are derived via the correspond-the essential electron-withdrawirigsulfonyl substituent will
ing epoxyindoles. In particular, each of the indoles was reacted be required to fully define these mechanistic possibilities.
with the N-sulfonyloxaziridine 1a in the presence of an

equimolar amount of th&l-sulfonylimine4b in THF solution . . 3 ;
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reaction was observed between equimolar amounts of the iminegiradical intermediate® The fact that the oxazolidine formation observed
la and?28. in the present study involves the reactionlofvith electron richsz-bonds

. . o argues in favor of a zwitterionic intermediate rather than a diradical one in
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