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Stabilized ortho-bromo phenyllithium reagents, generated via lithium-halogen exchange of aryl iodides,
undergo regioselective ring opening of mono-substituted N-Boc, N-Cbz, and N-tosyl-protected aziridines
in good to excellent yields. The resulting ortho-bromo phenethylamines can be cyclized under transition-
metal-catalyzed conditions to give 2-substituted chiral, non-racemic indolines in good yields.

� 2009 Elsevier Ltd. All rights reserved.
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Scheme 1. General synthetic routes to indolines.
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Indolines are important structures that can be found in a
number of natural and synthetic biologically active compounds
as well as ligands in transition-metal-catalyzed reactions.1 A num-
ber of elegant and useful approaches toward the synthesis of ind-
olines have been developed, including transition-metal-catalyzed
intramolecular amination and amidation reactions of ortho-halo
phenethylamines (Scheme 1, Eq. 1).2 In addition, domino processes
involving one-pot amination/N-alkylation reactions (Scheme 1,
Eq. 2) have been reported.3 A number of these latter approaches
require the use of specific N-protecting groups or alkyl electro-
philes, and the starting materials for these reactions can require
several steps to prepare.4 As a result, the substrate scope of these
processes is limited.

We were interested in preparing a number of indolines via
intramolecular aryl amination/amidation (as in Scheme 1, Eq. 1)
of ortho-halo phenethylamines. While this reaction is well prece-
dented, the synthesis of the starting phenethylamines can be quite
complicated, especially with compounds bearing more elaborate
aryl rings. We envisioned that these structures could arise, for-
mally, via the ring opening of activated aziridines with ortho-halo
phenyl metal reagents (Scheme 2). Aziridines are attractive start-
ing materials, since procedures for the preparation of these com-
pounds in chiral, non-racemic form are well established and
efficient.5

Aryl lithium, aryl magnesium halide, and aryl zinc halide
reagents have all been employed in the ring-opening reactions of
aziridines.6 These reactions typically require the use of copper
additives, and both highly electrophilic (N-tosyl)7 and moderately
electrophilic (N-Cbz, N-Boc)8 aziridines have been employed.
Although reactions of aziridines with ortho-halo aryl lithium
reagents have not been described in the literature,9 the synthesis
and reactivity of these reagents are known. While the parent o-bro-
mophenyllithium and o-chlorophenyllithium species quickly
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decompose to form benzyne at temperatures above �100 �C and
�78 �C,10 respectively, compounds with additional stabilizing
groups in the 6-position are stable at higher temperatures.11 For
example, 2,6-dibromophenyllithium is stable for several hours at
�50 �C.12 Alternatively, ortho-bromophenyl magnesium halides
can be generated at �15 �C and undergo efficient copper cya-
nide-promoted 1,4-addition to enones at temperatures as high as
0 �C.13 Finally, ortho-halo aryl zinc and copper reagents are stable
at temperatures up to 40 �C.14 The success of our approach would
rely on the identification of ortho-halo aryl metal reagents that are
sufficiently reactive to participate in ring-opening reactions of azir-
idines without undergoing competitive decomposition to benzyne.
We report herein that aziridines can be opened efficiently with sta-
bilized ortho-halo phenyllithium intermediates to afford pheneth-
ylamines suitable for cyclization to chiral 2-substituted indolines.
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Scheme 2. Proposed synthesis of indolines via ring opening of aziridines.



Table 1
Preliminary ring-opening reactions
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Br

Br

Br

Br
NHTs

Bn1. additive, THF, —78 ºC

N
Ts

Bn

1(3.0 equiv)

2. , —78 ºC to 23 ºC

Entry [M] Additive Conversiona (%)

1 Li none 10
2 Li BF3�OEt2 10
3 Li CuBr�SMe2 (1.5 equiv) 70
4 ZnCl CuBr�SMe2 (1.5 equiv) 0
5 MgCl CuBr�SMe2 (0.2 equiv) 30

a As measured by 1H NMR of the crude reaction mixtures.
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Scheme 3. Optimized ring opening with lithium organocuprate.
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We began our investigation by exploring the ring opening of
(S)-2-benzyl-1-tosylaziridine with a variety of 2,6-dibromophenyl
metal reagents (Table 1). Although the aryl lithium reagent could
be generated directly from 1,3-dibromobenzene by deprotonation
with LDA in THF at�78 �C, we found that formation of the aryl lith-
ium via lithium-halogen exchange of 1,3-dibromo-2-iodobenzene
with n-BuLi in THF ultimately provided cleaner reactions. Addition
Table 2
Ring opening of aziridines with aryl lithium reagents

X
I
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n-BuLi (1.2 equiv), PhC
aziridine, BF3•OEt2 (1

1.5 equiv

Entry Ar-I Aziridine
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of the aziridine to a solution of 2,6-dibromophenyllithium
(3.0 equiv) in THF at �78 �C followed by warming to room temper-
ature over 24 h resulted in 10% conversion of the aziridine to the
ring-opened product 1, as judged by 1H NMR analysis of the crude
reaction mixture (Table 1, entry 1). Conversion did not increase in
the presence of Lewis acids (e.g., boron trifluoride, entry 2), there-
fore we examined alternative organometallic agents. Formation of
the corresponding organocuprate was best accomplished by expo-
sure of the aryl lithium solution to copper bromide-dimethyl
sulfide complex. Treatment of the resulting organocuprate solution
with (S)-2-benzyl-1-tosylaziridine resulted in complete consump-
tion of the aziridine and the appearance of product 1 (entry 3).
However, the 1H NMR spectrum of the crude mixture indicated
that a number of undesired byproducts were formed. Use of the
phenylzinc chloride or the phenylmagnesium chloride species
H3, —78 ºC;
.2 equiv) NHP
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Table 3
Ring opening of N-Boc azirdines
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Table 4
Cyclization reactions to form indolines
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Scheme 4. Cu-catalyzed cyclization of an N-tosyl-protected phenethylamine.
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resulted in lower conversions to ring-opened product 1 (entries 4
and 5).

Since the lithium organocuprate provided the best conversion
in our screen, we initially elected to optimize this reaction. After
extensive experimentation (data not shown), we found that the
best results were obtained when the aziridine was added to a solu-
tion of the lithium organocuprate (2.5 equiv) at �20 �C. After 3
days of reaction time, the ring-opened product was obtained in
73% yield following work-up and silica gel chromatography
(Scheme 3). Although the desired product could be obtained in
good yield, we felt that extended reaction times at low tempera-
ture and the need for a large excess of the starting aryl iodide
would limit the utility of this procedure. Therefore, we elected to
further examine the ring opening of aziridines with phenyllithium
reagents in the presence of Lewis acid additives.

Although our initial attempts to utilize 2,6-dibromophenyllithi-
um directly in the ring-opening reaction led to low conversions
(Table 1, entries 1 and 2), we found that simply changing the reac-
tion solvent to toluene resulted in much higher conversions.15 In
our optimized procedure, the aryl iodide16 component (1.5 equiv)
is treated with n-BuLi (1.2 equiv) in toluene at �78 �C to afford a
solution of the phenyllithium reagent. Boron trifluoride diethyl
etherate and the aziridine are added in sequence, and the resulting
mixture is stirred for 2–4 h. As shown in Table 2, entry 1, the reac-
tion employing 2,6-dibromophenyllithium and (S)-2-benzyl-1-
tosylaziridine afforded phenethylamine 1 in 65% yield along with
10–15% recovered aziridine. We reasoned that competitive depro-
tonation of the aziridine by the phenyllithium reagent might be
responsible for the incomplete conversion of aziridine to ring-
opened product, so we next explored the use of less activated
carbamate-protected aziridines. We were pleased to find that
treatment of 2,6-dibromophenyllithium with (S)-tert-butyl
2-benzylaziridine-1-carboxylate under our optimized conditions
resulted in an 87% yield of the corresponding phenethylamine
(entry 2).17 Surprisingly, the use of the Cbz-protected aziridine also
produced the ring-opened product, although in a reduced 67% yield
(entry 3). We further explored the substrate scope of the ring-
opening reaction with (S)-tert-butyl 2-benzylaziridine-1-carboxyl-
ate. The reaction with (2-bromo-6-chlorophenyl)lithium gave the
phenethylamine product in 89% yield (entry 4); however, the less
stable (2-bromo-6-fluorophenyl)lithium produced the ring-opened
product in only 30% yield (entry 5).10c The use of (2-bromo-6-cya-
nophenyl)lithium also afforded the desired phenethylamine in a
moderate 60% yield (entry 6). Finally, additional oxygenation of
the aryl ring was well tolerated (entry 7).

We next explored ring-opening reactions of (2-bromo-6-chloro-
phenyl)lithium with a variety of N-Boc-protected 1-substituted
aziridines. As shown in Table 3, phenyl substitution was well toler-
ated, as the ring-opening reaction of (S)-tert-butyl 2-phenylaziri-
dine-1-carboxylate cleanly provided the desired product in 85%
yield (entry 1). In addition, aziridines with both large and small
(entries 2 and 3) alkyl substituents functioned efficiently in the
ring-opening reaction, as did an aziridine with a silyloxymethyl
substituent (entry 4).

Having established procedures for the synthesis of ortho-bromo
phenethylamines via the ring opening of aziridines, we sought to
confirm that these products could be transformed to 2-substituted
indolines. As shown in Table 4, exposure of N-Boc ortho-bromo
phenethylamines to catalytic palladium acetate and DPE-Phos in
the presence of cesium carbonate in toluene afforded the desired
indoline products in moderate to very good yields in this unoptim-
ized procedure.2d Additionally, cyclization of an N-tosyl ortho-bro-
mo phenethylamine could be accomplished by exposure to copper
iodide (0.5 equiv) in DMSO at 60 �C to afford the indoline product
in good yield (Scheme 4).
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In conclusion, we have demonstrated that mono-substituted
aziridines undergo efficient ring opening with stabilized ortho-bro-
mo phenyl metal reagents. Although N-tosyl aziridines could be
opened with lithium organocuprates in good yields, the use of
phenyllithium reagents in conjunction with boron trifluoride as a
Lewis acid in toluene as solvent provided a more general method.
With this method N-tosyl, N-Boc, and N-Cbz-activated aziridines
undergo ring opening to give the desired ortho-bromo phenethyl-
amine products. Further, we have demonstrated that the
ortho-bromo phenethylamine products undergo efficient transi-
tion-metal-catalyzed cyclization to form chiral, non-racemic
2-substituted indolines. Further studies with stabilized ortho-bro-
mo phenyllithium reagents and additional applications of ortho-
bromo phenethylamines will be reported in due course.
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