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Abstract—New enantiomerically pure cis-unsaturated bicyclic lactams were synthesized from phenylglycinol-derived 2-pyrroli-
nones in a two-step procedure.
© 2003 Published by Elsevier Ltd.

�,�-Unsaturated bicyclic lactams1 have been shown to
be valuable substrates for asymmetric conjugate addi-
tions with various nucleophiles,2 cycloadditions3 and
oxidations.4 For example, these chiral templates have
been widely used in the asymmetric synthesis of poly-
substituted pyrrolidines. In these syntheses the bicyclic
framework is usually generated by cyclocondensation
of a �-oxoacid derivative with phenylglycinol. The sub-
sequent introduction of the unsaturation is carried out,
either by treatment with methylsulfinate and LiH-
MDS,5 followed by thermal elimination of the interme-
diate sulfoxides or by treatment of the generated
enolate with phenylselenenyl bromide and further
oxidation.

Here, we describe an alternative procedure involving
the unprecedented diastereoselective transformation of
(R)-phenylglycinol derived 2-pyrrolinones 2 into the
unsaturated �-bicyclic lactams 3 (Scheme 1). Moreover,
this approach allows the introduction of a carbonyl
moiety on the C4 position of the lactam ring.

The starting pyrrolinones 2 were obtained from the
reactions between chiral non-racemic �-enaminocar-

bonylated compounds 1 with glyoxal (R3=H) or
phenylglyoxal (R3=Ph).6

The reactions between glyoxal (or phenylglyoxal) and
non-chiral N-substituted �-enaminoesters were origi-
nally described by Caballero et al.7 As reported by the
authors, pyrrolinones 2 were the main reaction prod-
ucts (30–40% isolated product yields). The reactions
were carried out by addition of 1.5 equiv. of glyoxal in
refluxing methanol or ethanol (R2=OEt) and could be
achieved on a multi-gram scale.

With compounds 2 in hand, we focused our attention
on their electrophilic cyclisation using N-bromosuccin-
imide (NBS),8 which would afford bicyclic compounds
4, i.e. the potential intermediates in the synthesis of the
expected lactams 3.

Bromocyclisation of 2a (R1=Me, R2=OMe, R3=H,
Scheme 2) was attempted in dichloromethane at 0°C
using NBS. Unfortunately a large number of products
were formed and no bicyclic lactams 4a could be
detected in the 1H NMR spectrum of the crude

Scheme 1.
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product. Modifying the reaction conditions by adding
base (NaOH, K2CO3, NEt3) did not result in the forma-
tion of 3a or 4a (Scheme 2).

In contrast, treatment of pyrrolinone 2a with 1.1
equiv. of NBS in methanol at room temperature
afforded, within 10 min, haloether 8a as two
diastereomers in nearly quantitative yield. When potas-
sium carbonate was added to the medium, 2-pyrroli-
none 9a was formed and could be isolated after
chromatography on a silica gel column. It should
be noted that the crude mixture of diastereomers 9a
could be used in the next step without purifica-
tion: treatment of 9a with an equimolar amount of
BF3·OEt2 in CH2Cl2 produced the expected �-bicyclic
lactam 3a in 64% overall yield starting from 2a (Scheme
3).

Formation of the bicyclic lactam 3a from intermediate
9a (Scheme 3) can be considered by the initial acid–base
reaction between the alkoxy group of 9a and the Lewis
acid followed by C�O bond cleavage to give the N-acyl-
iminium ion 10a, which can undergo intramolecular
attack by the hydroxyl function to provide the expected
product 3a (pathway A). The presence of enamine 11a
as a secondary product, which was isolated by chromatog-
raphy on a silica gel column, might be the result of
abstraction of hydrogen from the methyl group (pathway
B).

Five pyrrolinones 2a–e were transformed into bicyclic
lactams 3a–e using this two-step procedure.9 The yields
presented in Table 1 correspond to combined yields over
the two steps, without the purification of the intermediates
9.

Scheme 2.

Scheme 3.

Table 1. Synthesis of compounds 3

R1SubstrateEntry Yield (%)aR3R2

2a Me1 OMe H 64
Me2 H2b 84Me

3 (CH2)4OBn OMe H 962c
OMe4 Ph2d 50Me

Me5 22HOEtb2e

a The d.e. was always >95%, as determined by 1H NMR analysis of the crude mixture.
b The first step was carried out in ethanol
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Scheme 4.

In all cases, lactams 3 were formed as single
diastereomers (entries 1–5). The stereochemistry of 3a
was determined by 1H NMR spectroscopy (NOE exper-
iments). The overall yields range from 50 to 96% when
R2=OMe or Me (entries 1–4) and are satisfactory. The
low yield obtained in entry 5 is due to the difficulty in
obtaining the intermediate 9e starting from 2e.

The best result was obtained with substrate 2c in which
R1=(CH2)4OBn. In this case, the reaction exclusively
follows pathway A (Scheme 3) as 3c was the only
compound observed in the 1H NMR spectrum of the
crude mixture.

The stereochemical outcome of the BF3·OEt2 mediated
intramolecular cyclisation can be rationalised by con-
sidering an allylic strain between the phenyl and the
carbonyl in conformation A. This interaction is mini-
mised in conformation B, thus favouring the formation
of the cis diastereomers (Scheme 4).

In summary, a stereoselective synthesis of the chiral
non-racemic unsaturated bicyclic lactams 3 has been
developed starting from pyrrolinones 2. The originality
of structures 3 resides in the presence of a carbonyl
moiety on the C4 position of the lactam rings. The
reactivity of the double bond present in 3 towards
nucleophilic agents should be modified compared to the
already widely described bicyclic lactams. We are cur-
rently investigating this reactivity in terms of regio- and
stereoselectivity. Thus compounds 3 should have poten-
tial as versatile building blocks for the enantioselective
preparation of polysubstituted pyrrolidines.
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9. General procedure for the formation of bicyclic lactams 3.
To a solution of pyrrolinone 2a (210 mg, 0.75 mmol) in
MeOH (7 mL) was added, at 0°C, NBS (146 mg, 0.8
mmol). After 10 min K2CO3 (200 mg, 1.5 mmol) was
added as a solid. The mixture was stirred for 1 h at room
temperature and quenched with an aqueous solution of
NaOH (10 mL, 0.5 M). The aqueous was extracted twice
with CH2Cl2. The organic phase was dried over MgSO4

and concentrated under reduced pressure. The residue was
diluted in 10 mL CH2Cl2. To this solution was added
BF3·OEt2 (0.095 mL, 0.75 mmol) at room temperature.
The mixture was stirred for 1 h at room temperature and
quenched with a saturated aqueous solution of NaHCO3

(10 mL). The aqueous was extracted twice with CH2Cl2.
The organic phase was dried over MgSO4 and concen-
trated under reduced pressure. The residue was chro-
matographed on silica gel (ethyl acetate/cyclohexane: 2/8)
to furnish 131 mg of lactam 3a (oil, yield, 64%). Anal.
calcd for C15H15NO4; C, 65.92; H, 5.33; N, 5.13. Found:
C, 65.03; H, 5.54; N, 5.07. 1H NMR (250 MHz, CDCl3):
1.74 (s, 3H), 3.91 (s, 3H), 4.37 (dd, J=7.0 and 9.0 Hz,
1H), 4.78 (dd, J=8.2 and 9.0 Hz, 1H), 5.13 (dd, J=7.0
and 8.2 Hz, 1H), 6.73 (s, 1H), 7.31–7.39 (m, 5H). 13C
NMR (63 MHz, CDCl3): 21.4, 52.7, 58.1, 76.3, 100.3,
125.8, 127.8, 128.9, 134.3, 139.1, 151.6, 161.6, 174.8.
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