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PO Box 68006, 21944970, Rio de Janeiro, RJ, Brazil

bInstituto de Quı́mica, Universidade Federal do Rio de Janeiro, Rio de Janeiro, RJ, Brazil

Received 5 December 2001; accepted 2 January 2002

Abstract—In this paper we described the synthesis of the cis-2-azabicyclo[3.3.0]octane derivative (5b) employing highly
diastereoselective mercury(II)-mediated intramolecular amino-cyclization, followed by reductive demercuration of ethyl erythro-1-
allyl-2-amino-1-cyclopentanecarboxylate (7b). Molecular dynamic studies were performed in order to find a suitable explanation
of the diastereoselectivity of azamercuration in comparison with corresponding oxymercuration process. © 2002 Elsevier Science
Ltd. All rights reserved.

The cis-2-azabicyclo[3.3.0]octane (1) heterocycle has
proved to be an important structural sub-unit present
in several classes of drugs, e.g. the antihypertensive
angiotensin converting enzyme inhibitor ramipril1 (2)
and the carbamate acetylcholinesterase inhibitor2 (3).
Additionally, this bicyclic ring was identified in the
backbone of many quinoline3 and indole4 alkaloids as
well as the framework of many ligands for enantioselec-
tive catalysis,5 e.g. Corey’s oxazaborolidine6 (4) (Fig. 1).

In previous papers, we described the use of functional-
ized 2-azabicyclo[3.3.0]octane derivatives (5a–b) and its
oxa-isosteric analogues (6a–b) as synthons useful in the
construction of new bioactive compounds.7

In this paper, we report our studies of the cyclization of
�-heterosubstituted olefins mediated by mercury salts as
a strategy8 to achieve stereocontrol in the construction
of the C-3 center (Scheme 1). The mercury-mediated
heterocyclization is frequently described as a
diastereoselective process,9 and information regarding
the mechanism of stereocontrol is widely available.10

The cyclization precursors (7–8) were obtained in two
steps, from commercially available methyl 2-
oxocyclopentanecarboxylate11 (9a) or ethyl 2-
oxocyclopentanecarboxylate12 (9b). The first step
consisted of the regioselective C-alkylation of the �-
ketoesters (9a) and (9b), employing allyl bromide under
Barco’s conditions,13 producing the derivatives (10a)
and (10b), respectively, both in 95% yield (Scheme 2).
The reduction of the allyl ketoesters (10a) and (10b)
with sodium borohydride (Table 1, entries 3 and 4)
furnished respectively, an erythro/threo mixture of
cyclopentanol derivatives (8a) and (8b), as described
previously.14 On the other hand, an erythro/threo mix-
ture of cyclopentylamine derivatives (7a) and (7b) was
obtained by the reductive amination of the compounds
(10a) and (10b), employing ammonium acetate and
sodium cyanoborohydride15 (Table 1, entries 1 and 2).

Figure 1. Derivatives presenting cis-2-azabicyclo[3.3.0]octane
system (1).
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Scheme 1.

mediates with NaBH4 (4 equiv.) in 5% aq. NaOH
solution for 1 h at room temperature (Table 2). The
functionalized cis-2-aza- or cis-2-oxabicyclo[3.3.0]-
octane derivatives (5a,b) and (6a,b) were obtained, in
yields ranging from 55–71%,18 as a diastereomeric endo/
exo mixture, which ratio was determined by 1H NMR
spectroscopy19 and confirmed by GC–MS analysis20

(Table 2). Additionally, after separation by silica gel
column chromatography, the relative configuration of
the endo and exo diastereomers of bicyclic compounds
(5–6) was elucidated by NOE experiments (Fig. 2),
being in agreement with previous related papers.7,14,21

The diastereoselectivity of this cyclization process was
largely dependent on the nature of the heteroatom.
While the oxymercuration of compounds (6a,b) pre-
sented a very low diastereoselectivity (Table 2, entries 3
and 4), the azamercuration of the derivative (7b) fur-
nished the endo-isomer of (5b) in 90% d.e.22

It is believed that the preparation of 2-aza- or 2-oxabi-
cyclic derivatives (5–6) should take place after the
AcHg+ ion coordinates the C�C bond of the allyl
group, generating a three member mercuronium ion
(Scheme 1). Subsequently, the ‘5-exo-trig’ cyclization
process23 occurs through nucleophilic attack of the
nitrogen or oxygen atom from the corresponding
cyclopentylamines (7) or cyclopentanol derivatives (8)
on the eletrophilic methine carbon of the mercurinane
heterocycle.

To elucidate the origins of the diastereoselectivity in the
azamercuration process, we submitted the compounds
7–8 to theoretical study using semiempirical PM3
method at the SCF-MO level in the gas and solvent
phases, with full geometry optimization implemented
on a Pentium III 900 MHz computer.24,25 The different
diastereoselectivity profile of oxa- versus azamercura-
tion process was investigated by comparison of the
electrostatic potential of the heteroatoms that can assist
the anchorage of the AcHg+ to the double bond, i.e. N

Scheme 2.

The rational for the unexpected diastereomeric excess
(75%, Table 1, entry 2) in reductive amination of the
ethyl ester (10b) could be due the participation of
chelated six-membered species I, stabilized by addi-
tional charge-transfer interaction with terminal methyl
group (Scheme 2), which favored the hydride attack to
the Si face of the imine group.16

The mercury-mediated cyclization17 of erythro deriva-
tives (7–8) was performed employing mercury acetate (1
equiv.) in CH2Cl2 for 10 min at rt, followed by the
reductive demercuration of the organomercurial inter-

Table 1. Reductive preparation of cyclopentylamines (7a,b) and cyclopentanols (8a,b) from 2-allyl-2-alkoxycarbonylcyclopen-
tanones (10a,b)

Entry Compound Diastereomeric ratioYield (%)ConditionsRX
threo :erythroc

CH3NH 1:47a1 73AcONH4, NaBH3CN, MeOH, reflux, 3 ha

7b NH CH2CH32 AcONH4, NaBH3CN, MeOH, reflux, 3 ha 74 1:7
O CH3 NaBH4, MeOH, 0°C, 30 minb3 978a 1:4
O CH2CH3 NaBH4, MeOH, 0°C, 30 minb4 988b 1:1.8

a Condition A.
b Condition B.
c Ratios determined by 1H NMR spectra19 and GC–MS analysis of the crude mixture.20
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Table 2. Mercury mediated heterocyclization of cyclopentane derivatives (7–8)

XEntry RCompound Yield (%) Diastereomeric ratio
endo :exoa

NH CH31 645a 3:1
NH CH2CH32 715b 19:1
O CH36a 583 1:1.6
O4 CH2CH36b 55 1:1.1

a Ratios determined by 1H NMR spectra19 and GC–MS analysis of the crude mixture.20

versus O (7a,b) and O versus O (8a,b) (Fig. 3). The
electrostatic potential surface map of the minimal
energy conformations of (7) and (8), obtained after
single-point ab initio calculation using 3-21G* basis
set26 with SPARTAN 1.0.5 program,27 indicated that
the absence of diastereoselectivity in the oxymercura-
tion process of derivatives (7a,b) is due to the similar
electrostatic potential occurring near the carbonyl oxy-
gen atom and hydroxyl group, which induces the equal
approximation of AcHg+ ion to the Re and Si faces of
the double bond (Fig. 3). On the other hand, in the
cyclopentylamine derivatives (8a,b) the carbonyl oxygen
atom of the ester group presented a major electrostatic
potential than the amino group at C-2, inducing the
stereoselective approximation of the AcHg+ ion to the
Re face of double bond and driving the diastereoselec-
tive formation of the endo derivatives (5a,b) (Fig. 3).

Additionally, molecular modeling studies were per-
formed in order to obtain the energies of transition
states (TS) of the cyclization step that culminated in
endo versus exo products (5–6). The activation energy
of the ‘endo-TS’ was ten times more stable than ‘exo-
TS’, independently of the nature of the R group
(methyl versus ethyl). These results show that the
cyclization step is not directly related to the diastereose-
lectivity profile described in Table 2. In view of these
results, we suggest that coordination of the AcHg+ ion
with the double bond could be crucial to the under-
standing the diastereoselectivity of this reaction. More-
over, the ethyl group may play an important role in this
process (entries 1 and 2, Table 2). Accordingly, we
calculated the energy barrier associated with the free-
dom degrees of the ethyl substituent in the ester group
of (7b). This study was carried out using two theoretical
approaches that mimic the effect of the solvent
dichloromethane in the conformations of (7), i.e. PM3-
COSMO28 and MD.29 In the first system, the solvent is
represented by its permitivity value (�=8.65). In the
second, one box was constructed and 480 molecules of
dichloromethane were strategically placed on it. In both
systems, it was found that a large number of conforma-
tions has the ethyl group neighborhood in the proxim-
ity of the carbonyl group (dihedral angle �=±110°)
(Fig. 4). We suggest that the ethyl group provide an

additional stabilization of the AcHg+ ion, favoring its
anchorage to the Re face of the allylic double bond,
explaining the major formation of the endo product (5).

We conclude that the larger electrostatic potential of
the carbonyl group of the compound (7b) associated
with the rotation of its ethyl group, are factors that
contribute to the stabilization of the complexation of
the AcHg+ ion on the Re face of the double bond,
leading to the diastereoselective formation of the endo
product (5b).

Figure 2. Elucidation of the relative configuration of endo/
exo isomers of the bicyclic derivatives (5a,b) and (6a,b) using
NOE experiments.

Figure 3. 3D isoenergy contours of MEP for compounds (7b)
and (8b). Solid contours have −20 kcal/mol electrostatic inter-
action energy.
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Figure 4. Simulation of time dependent solvation of the com-
pound (7b): (a) distance between terminal methyl group and
carbonyl oxygen; (b) dihedral angle (�) analyses.
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to these methods a molecular dynamics simulation of (7)
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was performed in a previously validated solution of
CH2Cl2.

29. Initially the system was minimized for 10,000 steps of a
steepest descent algorithm followed by 10,000 steps of a
conjugated gradient algorithm (derivatives less than 0.01
kcal mol−1 A� −1). The packed system was placed in a
cubic box of 40 A� 3. The properties of the pure liquid
were calculated via molecular dynamics (MD) simula-
tions with periodic boundary conditions, using no con-

straints, and a time step of 1 fs. The NPT ensemble
corresponding to the usual experimental conditions was
applied. A residue-based cutoff of 20 A� was applied. A
400 ps MD simulation was performed using the last 300
ps to collect data. Experimental density of liquid
CH2Cl2 was used to validate the theoretical model
(�303,15=1,3078). The all-atom CVFF forcefield within
the Discover program (version 2.9.7) was employed in
all the performed calculations.
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