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Abstract

An efficient stereoselective synthesis of trans-1-aryl-2-aminotetralins has been achieved via Cu(OTf)2 catalyzed one-pot aziridination
and regioselective intramolecular arylation of in situ generated aziridines from 2-arylethyl styrenes and PhINSO2(4-NO2C6H4)
[PhINNs]. Reaction of a mixture of E/Z-styrenes (685:15) provided trans-N-protected-1-aryl-2-aminotetralins with high diastereoselec-
tivity (dr > 95:5), which are important synthons for many artificial pharmaceuticals.
� 2008 Elsevier Ltd. All rights reserved.
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1-Aryl-2-aminotetralin 1 is the key precursor to many
biologically active compounds, in particular, artificial
pharmaceuticals such as dihydrexidine, A-86929 and
Sch39166.1–3 Concise stereoselective synthesis of trans-tetr-
alin 1 is, therefore, highly desirable in organic and medici-
nal chemistry. A straightforward synthetic approach
towards 1 is the stereoselective intramolecular arylation
of tethered aziridines (Scheme 1). In contrast to the exten-
sive study on aziridine ring opening with a number of
nucleophiles,4 intramolecular electrophilic arylation with
tethered aziridines has not been explored.5 Our efforts6

towards electrophilic arylation with alkenes via reactive
intermediates led us to investigate this chemistry. Herein,
we report our preliminary results on the stereoselective
one-pot synthesis of trans-1-aryl-2-aminotetralins via
Cu(OTf)2 catalyzed intramolecular arylation of in situ gen-
erated aziridines.

Cu(I) and Cu(II) are excellent catalysts for the aziridin-
ation of alkenes with PhINSO2Ar.4 Thus, we began our
studies on the reactions of 2-phenylethyl styrene 3a with
PhINSO2(4-MeC6H4) [PhINTs] and PhINSO2(4-
NO2C6H4) [PhINNs] in the presence of commonly avail-
able Cu-catalysts (Table 1). The CuCl, CuCl2 and
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Cu(OAc)2 catalyzed reactions with PhINTs as a nitrenoid
source produced traces of products after 12 h (entries 2,
4 and 6). In the case of PhINNs, the CuCl catalyzed reac-
tion afforded exclusively aziridine 2a, no cyclized product
1a was obtained even after a prolonged reaction time (entry
3). With CuCl2 and Cu(OAc)2 as catalysts, mixtures of 1a

and 2a were obtained (entries 5 and 7). The Cu(OTf)2 cata-
lyzed reactions both with PhINTs and with PhINNs pro-
vided directly 1a in 40% and 56% yields, respectively
(entries 8 and 9). The catalytic reaction of 3a with PhINNs
to produce 1a was found to be better in CH2Cl2(56%) com-
pared to dichloroethane (51%), benzene (41%) and aceto-
nitrile (45%), and there was no reaction in THF, DMF
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Table 1
Screening of copper catalysts for the intramolecular arylation and in situ
generation of aziridine of 3aa

NSO2Ar + NHSO2Ar

PhINSO2Ar (1.0 equiv)
CuLn (0.1 equiv)

 4Å MS, DCM, 25 °C

3a 2a 1a

Entry CuLn Nitrogen
source

t (h) Yieldb 2a

(%)
Yieldb 1a

(%)

1 None PhINTs/PhINNs 12 NR
2 CuCl PhINTs 12 Traces —
3 CuCl PhINNs 12 51 —
4 CuCl2 PhINTs 12 Traces Traces
5 CuCl2 PhINNs 12 20 30
6 Cu(OAc)2 PhINTs 12 Traces Traces
7 Cu(OAc)2 PhINNs 12 18 12
8 Cu(OTf)2 PhINTs 10 — 40

9 Cu(OTf)2 PhINNs 8 — 56

a A suspended solution of 3a (5 equiv), PhINSO2Ar (1.0 equiv), 4 Å MS
(0.2 g/mmol of 3a) and CuLn(0.1 equiv) in CH2Cl2 was stirred at 25 �C.

b Isolated yield after column chromatography.

Table 2
Cu(OTf)2 catalyzed one-pot synthesis of N-protected 1-aryl-2-
aminotetralinsa

Entry Substrate (E:Z)b t (h) Product Yieldc (%)

1
3a

(75:25)

8 NHNs

1a

56

2

Me

3b
(63:37)

6
NHNs

Me

1b 61

3

OMe

3c
(75:25)

3
NHNs

OMe

1c
80

4

Me

MeO

3d
(75:25)

4

Me

MeO NHNs

1d
68

5

Cl

MeO

3e
(67:33)

5

Cl

MeO NHNs

1e
78

6d

OMe

MeO

3f
(85:15)

2.5

OMe

MeO NHNs

1f
58

a A suspended solution of substrate 3 (5 equiv), PhINNs (1.0 equiv), 4 Å
MS (0.2 g/mmol of 3) and Cu(OTf)2(0.1 equiv) in CH2Cl2 was stirred at
25 �C.

b Synthesis of styrenes 3a–f is described in the Supplementary data.
c Isolated yield after column chromatography.
d Reaction was carried out at 0 �C.
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and MeOH. Traces of product 1a were observed in chloro-
form. Thus, when a suspended solution of 3a (E/Z 75:25;
5.0 equiv), PhINNs (1.0 equiv) and 4 Å MS in CH2Cl2
was treated with Cu(OTf)2 (0.1 equiv) at 25 �C, trans-1-
phenyl-2-aminotetralin 1a was obtained in 8 h with >95:5
diastereoselectivity in 56% yield. 1H NMR spectral analysis
of the crude reaction mixture revealed the formation of
traces (6%) of the cis-aziridine cis-2a, but no cis-cyclized
product cis-1a was observed. It appears that both the cis-

styrene and the cis-aziridine might be less reactive than
the corresponding trans-isomer. To examine this pure cis-

alkene cis-3a reacted with PhINNs under the same reaction
conditions. After 3 h, the formation of cis-aziridine cis-2a

was detected by 1H NMR, but no cyclized product (Scheme
2) and 42% of cis-2a was isolated after 8 h. When the same
reaction was continued with an additional amount of
Cu(OTf)2 (0.5 equiv), a non-separable mixture of unidenti-
fied compounds was formed. It is worth mentioning that
when pure 2a, obtained from the reaction in Table 1, entry
3, was treated with Cu(OTf)2 (0.1 equiv), the cyclized prod-
uct 1a was produced in 2 h in quantitative yield.

Next, we investigated the scope of the catalytic method
for the synthesis of N-protected 1-aryl-2-aminotetralins
(Table 2).7,8 Substrate 3a smoothly underwent Cu(OTf)2

catalyzed intramolecular arylation of the tethered in situ
generated aziridine with PhINNs and afforded product 1a

in 56% yield (entry 1). The formation of aziridine interme-
diate 2a was detected by 1H NMR and was isolated as a
N

cis-3a

Cu(OTf)2 (0.1 equiv)
PhINNs (1.0 equiv)

DCM,  4Å MS, 25 °C

Scheme
minor product when the reaction was stopped after 4 h.
The reactivity of3b was comparable with 3a and afforded
the desired product 3b in 61% yield under the same reaction
conditions (entry 2). Substrates 3c–e having electron-rich
aromatic rings at either end of the alkene chain underwent
fast reactions and gave good yields of 1c–e (entries 3–5).
The more electron-rich substrate 3f gave a clean reaction
at 0 �C affording a moderate yield of 1f (entry 6). Unlike
3a, no intermediate aziridines 2c–f and cis-2c–f were
NHNs

sN
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detected for the reaction of substrates 3c–f. It should be
noted that the reaction was judged to be complete as soon
as all the nitrenoid reagents had dissolved in the reaction
medium. Allowing the reactions to proceed further resulted
in the formation of more by-products. In all the cases,
PhINNs was used as a limiting reagent (1.0 equiv) with
an excess of styrene 3 (5 equiv) to ensure complete con-
sumption of aziridine reagent. If substrate 3 was used as
the limiting reagent, that is, 1.0 equiv of 3 and 1.2 equiv
of PhINNs, the yield was reduced to almost half and also
the generation of undesired by-products increased.

Deprotection of the amide9 of 1 followed by Pictet–
Spengler cyclization would provide the important hexa-
hydrobenzo[a]phenanthridine. As an example, compound
1c was treated with 4-methoxythiophenol and K2CO3 in
CH3CN/DMSO (49:1) at rt, to produce trans-1-(4-
methoxyphenyl)-2-aminotetralin 4c10 in 81% yield in 3 h
(Scheme 3).

In summary, we have developed an efficient one-pot
protocol for the stereoselective synthesis of trans-1-aryl-2-
aminotetralins from 2-arylethyl styrenes via Cu(II) cata-
lyzed aziridination and subsequent regio- and stereoselec-
tive intramolecular arylation of the in situ generated
aziridine. The combination of Cu(OTf)2 as a catalyst and
PhINNs as a nitrene source was found to be superior for
the reaction.
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