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ABSTRACT

The anti-stereocontrolled alkylative ring-opening reaction of azabicyclic alkenes is reported. N-(2-Pyridyl)sulfonyl azabenzonorbornadiene reacts
with Grignard reagents in the presence of catalytic amounts of CuCN to afford, in good yields and excellent anti selectivity, the corresponding
dihydronaphthalene-1-amines.

The transition metal-catalyzed ring-opening reaction of
heterobicyclic alkenes with nucleophiles is a powerful
carbon-carbon bond-forming method for the rapid construc-
tion of stereochemically complex carbocyclic compounds.1

Pioneering work in this area, including the development of
asymmetric variants, as well as the exploration of its synthetic
potential in natural product synthesis, has been reported by
Lautens et al.1,2

In contrast to the widely studied ring-opening of oxa-
bridged bicyclic alkenes,1,3 there are few reports on stereo-
controlled ring-opening reactions of their azabicyclic
analogues,2d,3b,4,5although the resulting 1-aminodihydronaph-
thalenes are useful scaffolds for the preparation of potentially
bioactive compounds. On the other hand, it must be noted

that all precedents regarding the ring-opening addition of
carbon-based nucleophiles to azabicycles are described to
occur with syn stereoselectivity, resulting fromexo attack
on the azabicyclic unit. These examples include the enantio-
selective Pd-catalyzed addition of arylboronic acids and
dimethylzinc to azabenzonorbornadienes, reported by Lautens
et al.,4 and the Pd- or Ni-catalyzed ring opening of azabenzo-
norbornadienes with organic halides or terminal acetylenes,
described by Cheng et al.5,6 To the best of our knowledge,
the only precedent of anti-stereocontrolled opening of an aza-
bicyclic alkene is the Rh-catalyzed reaction with nitrogen
nucleophiles.2d Recently, we have described the anti-stereo-
controlled copper-catalyzed alkylative ring-opening reaction
of benzo- and alkyl-substituted oxabicyclic alkenes using
Grignard reagents as widely available and versatile nucleo-
philes.7,8 Herein, we report the extension of this method to
the ring-opening reaction of the less reactive aza substrates
by means of using the (2-pyridyl)sulfonyl group as the key
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activating group at the nitrogen atom.9 This protocol
constitutes the first anti-stereocontrolled procedure of alkyl-
ative ring opening of azabicyclic alkenes.

The starting point of our research was to define the
appropriate protecting functionality at nitrogen and to identify
the optimal reaction conditions. To improve the leaving group
ability at nitrogen, we focused our attention on the carbamate
1 and, especially, the sulfonamides2-5 (Table 1). The

known sulfonamides2 and5 were synthesized by straight-
forward deprotection of carbamate1 (TMSI/Et3N), followed
by treatment with the corresponding sulfonyl chloride.2d On
the other hand, the heteroaryl sulfonamides3 and 4 were
readily prepared in good yields by direct Diels-Alder
cycloaddition between benzyne, generated in situ from
anthranilic acid and isoamyl nitrite, and the corresponding
N-pyrrole derivative.

As shown in Table 1, the outcome of the ring-opening
reaction of1-5 with MeMgBr (CH2Cl2,10 rt) in the presence
of 10 mol % CuCl11 proved to be quite dependent on the
nature of the substitution at nitrogen. Thus, while no reaction
was observed in the case of theN-Boc carbamate1 after 24
h, the starting material being recovered unaltered (entry 1),
the sulfonamides2 and3 provided the ring-opened products,
albeit both the reactivity and the stereoselectivity were very

low12 (entries 2 and 3). On the other hand, the highly
electrophilicN-p-nosyl derivative5 led to a sluggish reaction,
affording mainly decomposition products (entry 5). By far,
the best results were obtained from the (2-pyridyl)sulfonyl
derivative4 (entry 4). Not only did this substrate show a
remarkable reactivity, but also the reaction occurred with
good anti stereocontrol.

Having established the optimal protecting group for the
azabicyclic system, the effect of several commercially
available copper salts on the ring-opening reaction of4 with
MeMgBr was surveyed (Table 2). The role of copper in this

transformation seems to be essential since no reaction took
place in the absence of copper salt (entry 1). Additionally,
unlike the case of oxabicyclic alkenes,7 no other additive
was needed for this reaction.14 While most of the copper
sources evaluated led to incomplete reaction after prolonged
reaction time (24 h, entries 2-5), CuCN (entry 6) produced
a dramatic acceleration effect in the reactivity, the reaction
reaching completion in just 2 h, affording9a in 90% yield
with virtually complete anti stereoselectivity.

The generality of the process was next investigated. Table
3 shows the results of the addition of a variety of Grignard
reagents to azabenzonorbornadiene4 in the presence of
CuCN (10 mol %) in CH2Cl2 at room temperature. Both alkyl
and aryl Grignard reagents were able to undergo ring-opening
addition, providing the corresponding 1-aminodihydronaph-
thalenes in good to excellent chemical yields and very high
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Table 1. Screening of Different Activating Groups at Nitrogen
for the Ring-Opening Reaction of Azabenzonorbornadiene

entry R group
sub-

stitution
conversion

(%)a product
anti/
syna

1 Boc 1 0 6a
2 Ts 2 20 7a 71:29
3 (2-thiophene)sulfonyl 3 20 8a 62:38
4 (2-pyridyl)sulfonyl 4 85 9a 90:10
5 p-nosyl 5 b 10a

a Determined by1H NMR analysis of the crude reaction mixture (the
remaining product is starting material).b Only decomposition products,
together with starting material, were detected.

Table 2. Ring Opening of Azabenzonorbornadiene4 with
Methylmagnesium Bromide Catalyzed by Various Copper Salts

entry copper salt conversion (%)a t (h) anti/syna

1 0 24
2 CuCl 85 24 90:10
3 CuI 85 24 90:10
4 Cu(OTf)2 17 24 98:2
5 CuTCb 55 24 97:3
6 CuCN 100 2 98:2

a Determined by1H NMR analysis of the crude reaction mixture.b CuTC
) copper thiophene-2-carboxylate (ref 13).
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anti selectivity.12 Alkyl Grignard reagents withâ-hydrogens
provided better results in the presence of CuCl rather than
CuCN (entries 3 and 5). Remarkably, aromatic reagents
displayed very high reactivity, regardless of their electronic
nature, affording ring-opened products with complete anti
stereocontrol (entries 6-12). It is also interesting to note
that the presence of ortho or meta substituents on the
aromatic ring does not have a detrimental effect on the
reactivity (entries 10 and 11), except for the very sterically
hindered ortho-disubstituted mesitylmagnesium bromide,
which led to incomplete reaction after 8 h (entry 12).
Although less reactive, heteroaryl Grignard reagents such
as 2-thienylmagnesium bromide also promoted the ring-
opening reaction, affording product9j with good yield and
complete anti stereoselectivity (entry 13).

To realize the full synthetic potential of this ring-opening
protocol in stereoselective amine synthesis, the deprotection
of the (2-pyridyl)sulfonamide group of products anti-9 was
readily achieved by treatment with magnesium under very
mild reaction conditions (MeOH/THF, 0°C).15 Desulfonyl-
ation proceeded smoothly to afford cleanly the corresponding
primary amine within 2 h. Thus, compound anti-9f was easily
transformed into its Boc-derivative anti-6fin 83% overall
yield upon deprotection with Mg and subsequent treatment
of the free amine with di-tert-butyl carbonate at room
temperature (Scheme 1). It should be noted that the diastereo-
meric product syn-6f had been previously described,4b which
confirmed the anti relative setereochemistry of anti-6f.12 In
the same pursuit, compound anti-9h was converted into the
known anti-1-amino-2-[(p-methoxy)phenyl]-1,2,3,4-tetra-

hydronaphthalene12 (a precursor in the synthesis of an
inhibitor of acyl CoA-cholesterol acyltransferase)16 by amine
deprotection and further alkene hydrogenation. This chemical
correlation led us to establish unambiguously the relative
anti configuration of the ring-opened products9.

The high reactivity, coupled with the good anti stereo-
control featured by this catalytic system, suggests that the
(2-pyridyl)sulfonyl group could exert its influence on the
reactivity in the ring-opening reaction via an electron-
withdrawing inductive effect or/and through a coordination
effect.17 Investigation to gain insight into the mechanism of
this process is currently under way.

In conclusion, the combination of a (2-pyridyl)sulfonyl
moiety as an activating group at nitrogen, CuCN as a copper
catalyst, and Grignard reagents as nucleophiles results in a
novel and efficient anti-stereocontrolled copper-catalyzed
protocol for the ring-opening reaction of azabicyclic alkenes.
Each of these three elements proved to be essential for
achieving good yields and excellent regio- and stereocontrol
under mild reaction conditions. In addition, the process is
wide in scope, tolerating both aliphatic and aromatic Grignard
reagents. The enantioselective version of this method and
extension of this reaction to other types of substrates, such
as aziridines, is currently under investigation in our labs.
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Table 3. Cu-Catalyzed Ring Opening of
Azabenzonorbornadiene4 with Grignard Reagents

entry X R product
t

(min)
anti/
syna yieldb

1 Br Me 9a 120 98:2 89
2 Br TMSCH2 9b 95 93:7 73
3c Cl Et 9c 20 >98:<2 65
4 Cl PhCH2 9d 20 >98:<2 53
5c Cl decyl 9e 20 85:15 74
6 Br Ph 9f 15 >98:<2 93
7 Cl tol 9g 10 >98:<2 91
8 Cl (p-MeO)C6H4 9h 10 >98:<2 98
9 Cl (p-F)C6H4 9i 20 >98:<2 92

10 Br 3,5-[bis(CF3)]C6H4 9j 15 >98:<2 97
11 Br 1-naphthyl 9k 30 >98:<2 91
12 Br mesityl 9l 480 >98:<2 87d

13 Br 2-thienyl 9m 120 >98:<2 88e

a Determined by1H NMR analysis of the crude reaction mixture.b Yield
(%) of anti adduct after chromatography.c CuCl was used instead of CuCN.
d Yield of converted product (30% of starting material was recovered).
e Yield of converted product (25% of starting material was recovered).

Scheme 1. Deprotection of (2-Pyridyl)sulfonyl Group:
Synthesis of 2-Substituted 1,2-Dihydro- and

1,2,3,4-Tetrahydronaphthalene-1-amines
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