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ABSTRACT

The iodine(III)-mediated aziridination reaction of an indolyl-substituted carbamate requires a Rh(II) catalyst and proceeds by a metallonitrene
intermediate. Stepwise addition across the indole π-bond followed by Rh(II) detachment generates a metal-free zwitterion, which ultimately
leads to the observed products. In contrast, intramolecular aziridination of several cycloalkenyl carbamates does not require a Rh(II) catalyst
and occurs via an iminoiodinane intermediate.

Vicinal amino alcohols are found in a substantial number of
bioactive compounds1 and are also utilized for asymmetric
synthesis2 and as ligands for transition metal catalyzed
processes.3 This functionality not only is of importance in
the chemistry of aminosugars, carbohydrates, and nucleo-
sides4 but also has varied applications in organic synthesis.5

Considering the enormous potential of theâ-amino alcohol
moiety for chemistry, it is not surprising that numerous
synthetic routes have been reported.6 Cyclic carbamates,
readily available from cyclocarbamation of allylic or homo-
allylic amines and alcohols,7 have often been used as crucial
intermediates for highly stereoselective construction of both

1,2- and 1,3-amino alcohol structures. Another useful strategy
is the ring opening of aziridines with oxygen nucleophiles.8

Although the transition metal catalyzed oxygen9 and
carbon transfer10 to olefins is a highly developed process,
significantly fewer reagents and procedures are available for
the analogous nitrogen atom transfer.11 On the basis of our
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long-standing involvement with metallo carbenoids derived
from R-diazocarbonyl compounds,12 we naturally became
interested in the chemistry of the corresponding acyl ni-
trenoids. Addition of a metallo nitrene to an olefin followed
by aziridine ring opening (Scheme 1) represents an attractive
approach to a variety of medicinally important vicinal amino
alcohols.13

Inspired by Du Bois’ recently discovered Rh(II)-directed
intramolecular nitrogen C-H insertion reaction of carbamates
to oxazolidinones,14 we wondered whether this procedure
could be used for delivery of a nitrogen atom to a tethered
π-bond. When we started our studies in this area, the transi-
tion metal catalyzed delivery of nitrogen from a carbamoyl
nitrene to an olefin had not been described in the literature.15

Our plan was to utilize an intramolecular primary carbamate
cyclization to provide for the directed aziridination reaction
shown in Scheme 2. Nucleophilic ring opening would

generate oxazolidinone3, which we intended to use for the
stereospecific preparation of a variety of 1,2-amino alcohol
derivatives (3f 4). Herein we describe the iodine(III)-
mediated aziridination reaction of a carbamoyl nitrene16 with
an indoleπ-bond, as well as a detailed study of this reaction
with several other cyclic alkenes.

Our initial studies involved the protected indolyl carbamate
5, which was synthesized in three steps17 [tosylation (82%),
reduction (77%), and carbamoylation (71%)] starting from
indole-3-carboxaldehyde. In a recent report, Du Bois and
Espino described the use of iodobenzene diacetate [PhI-
(OAc)2], MgO, and catalytic Rh2(OAc)4 for acyl nitrenoid
generation from primary carbamates.14 Application of these

conditions to indole5 provided oxazolidinone6 as a single
diastereomer in 85% yield (Scheme 3). The expected

aziridine 7 was not observed. Rather, simultaneous spiro-
cyclization of C3 and stereoselective acylation at C2 occurred,
leading to compound6. The stereochemical assignment of
6 was unequivocally established by an X-ray crystallographic
study. The stereochemical outcome of the reaction was totally
unexpected and certainly incompatible with an SN2 opening
of a transient aziridine intermediate (i.e.,7), since nucleo-
philic attack of an acetate group on the three-membered ring
would lead to ananti-configuration of the substituent
groups.18 The experimental observations suggest a close
interaction of the acetate moiety with the metal fragment,
thereby favoring formation of the oxazolidinone with thesyn-
configuration of substituents. Without the addition of the
Rh(II) catalyst, only recovered starting material was obtained.
Interestingly, when the above reaction was carried out using
iodosobenzene (PhIdO) rather than PhI(OAc)2 as the
oxidant19 in the presence of 5 equiv of an added alcohol,
indolines12,13, and14were formed in 64%, 65%, and 50%
isolated yield as single diastereomers (Scheme 4).20 Again,
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without the addition of the Rh(II) catalyst, only recovered
starting material was obtained. A reasonable mechanism that
accounts for the experimental findings involves initial
formation of an iminoiodinane intermediate (i.e.,8) followed
by catalyst (Rh(II))-promoted loss of iodobenzene to give
the metallonitrene9 (Scheme 4).8 Stepwise addition across
the indoleπ-bond followed by Rh(II) detachment generates
the metal-free zwitterionic intermediate11. Attack of the
neutral nucleophile will then occur on the side of the amide
anion because deprotonation of the nucleophile and nucleo-
philic attack on theN-sulfonyl iminium ion can occur
simultaneously to deliver indolines12-14.

With the intention of exploring the scope, generality, and
synthetic opportunities of this metal-mediated nitrenoid
cyclization reaction, we extended our studies to include
several carbocyclic systems containing an allylic carbamate
subunit. When either of the two procedures used with the
indolyl system were applied to cycloalkenes15 and 16,
tricyclic aziridines17and18were obtained in 71% and 75%
yield, respectively (Scheme 5). No ring-opened products were

observed with these systems. Although both aziridines were
stable to silica gel chromatography, they did undergo reaction
with various nucleophiles at room temperature in the
presence of eitherp-TsOH or LiClO4. In most cases the
addition of 1-5 equiv of the nucleophile was used. The
smooth and efficient reaction with aliphatic and aromatic
amines is potentially very useful since 1,2-diamines represent
an important subunit in many biological compounds.21

Notably, the ring-opened products (i.e.,19-23) were
completely anti-stereoselective;20 only thetrans-isomers were

formed (ca. 80% yield) as expected for nucleophilic attack
at the three-membered ring. This stands in marked contrast
to the results encountered with indole carbamate5 where
the reaction proceeded with completesyn-selectivity. A clue
to the differing behavior of these systems was gleaned when
it was noted that the reactions of15 and 16 proceeded
smoothly in the absence of the Rh(II) catalyst. This would
suggest that the initially formed iminoiodinane24 readily
reacts with the electron richπ-bond present in the cyclo-
alkene ring (Scheme 6). In the case of the indole system,

however, addition of iminoiodinane24 to theπ-bond is much
slower, presumably as a result of its heteroaromatic character.
It’s only when24 reacts with the Rh(II) catalyst that stepwise
addition to the indoleπ-bond occurs, eventually producing
acetate6.

In summary, the iodine(III)-mediated aziridination reaction
of an indolyl substituted carbamate requires a Rh(II) catalyst
and proceeds in a stepwise manner via a metal-free zwitter-
ionic intermediate. In contrast, the intramolecular aziridina-
tion of several cycloalkenyl carbamates does not require a
Rh(II) catalyst and proceeds via an iminoiodinane intermedi-
ate. The full scope and limitations of this novel methodology
are currently under investigation.
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