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Pd(II)-catalyzed alkenylation of methyl 1-(2-bromoaryl)-3-(2-furyl/thienyl)-5-oxopyrrolidine-2-carbox-
ylate derivatives 1(a–d) resulted in the formation of 3(a–d) exclusively via C–H activation in the hetero-
aryl moiety. Similar observations were observed for the corresponding diester analogues 4(a–d) to form
5(a–d). Normal Heck reaction, however, was observed in the case of 1(a–f) to furnish 2(a–f) when the
reaction was carried out with Pd(0) catalyst generated in situ. Pd(0)-catalyzed vinylation of 4(a–f) via
C–Br oxidation, however, failed due to steric reason.

� 2010 Elsevier Ltd. All rights reserved.
The synthetic studies toward novel c-lactam antibacterial
agents as non-b-lactam mimics of b-lactam antibiotics1 is a grow-
ing field since four decades and it has been further stimulated by
the isolation of many naturally occurring c-lactam derivatives with
potential biological activities.2 Synthetic monocyclic c-lactam
derivatives like 1-aryl-3-heteroaryl-5-oxopyrrolidine-2-carboxylic
acids have been found to display significant antibacterial activi-
ties.3 The activity in turn depends on the nature of 1- and 3-aryl
moiety and the C2–COOH group present in the c-lactam frame-
work. In our ongoing project in search of novel antibacterial agents
with enhanced antibacterial activity, we were studying the Pd-cat-
alyzed Heck reaction4 of c-lactam derivatives 1(a–f) and 4(a–f),
respectively, with methyl acrylate. We have observed some inter-
esting catalyst-dependent chemoselective C–H oxidation in the
heteroaryl part over the expected C–Br bond in the N-aryl part of
c-lactam dicarboxylic ester derivatives 4(a–d) (Scheme 2) and
the corresponding monoester derivatives 1(a–f) (Scheme 1). When
Pd(OAc)2 was used as catalyst, vinylation took place by replace-
ment of C5–H in the heteroaryl moiety. However, normal results
were obtained in the Pd(0) (generated in situ from Pd(OAc)2 and
ll rights reserved.

ar).
PPh3)-catalyzed alkenylation of the c-lactam monocarboxylic ester
derivatives 1(a–f) to furnish 2(a–f) in moderate yields. Attempted
vinylation of the corresponding diester derivatives 4(a–f), under
identical condition, however, met with failure. Herein, we report
our results.

Thus when methyl 1-(2-bromophenyl)-3-(2-furyl)-5-oxopyr-
rolidine-2-carboxylate (1a) was subjected to Heck reaction with
methyl acrylate in the presence of Pd(OAc)2 (5 mol %), PPh3, NaO-
Ac, Bu4NCl (cat.) at 110–120 �C, in DMF, under argon atmosphere
afforded compound 2a in 35% yield. Similar results were obtained
in the case of 1b to produce 2b as the only isolable product. When
the 2-furyl group was replaced with a 2-thienyl group (1c and 1d)
or a phenyl group (1e and 2f), the vinylation occurred in the N-aryl
part only to furnish 2(c–d) (35–36%) and 2(e–f) (36–40%) via acti-
vation of C–Br bond (Scheme 1). The compounds have been charac-
terized by usual spectroscopic and analytical data.5

Under identical conditions, attempted vinylation of diethyl 1-
(2-bromoaryl)-3-(2-furyl/thienyl)-5-oxopyrrolidine-2,2-dicarbox-
ylate derivatives 4(a–f) afforded no product (6) with N-aryl–vinyl
bond formation. Instead heteroaryl–vinyl bond formation via C–H
oxidation was noticed in the reaction of 4(a–d) with methyl acry-
late and 5(a–d) formed in 35–55% yield (Scheme 2). Thus when
compound 4a or 4b was subjected to Heck reaction with methyl
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Scheme 1. Reagents and conditions: (i) methyl acrylate, Pd(OAc)2 (5 mol %), PPh3, n-Bu4NCl (cat.), NaOAc, DMF, 110–120 �C, 8–10 h under argon atmosphere; (ii) methyl
acrylate Pd(OAc)2 (5 mol %), Cu(OAC)2, DMF 90–100 �C, 8–9 h.
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Scheme 2. Reagents and conditions: (i) methyl acrylate, Pd(OAc)2 (5 mol %), PPh3, n-Bu4NCl (cat.), NaOAc, DMF, 110–120 �C, 8–12 h under argon atmosphere (yields 0–55%);
(ii) methyl acrylate, Pd(OAc)2 (5 mol %), Cu(OAC)2, DMF 90–100 �C, 8–9 h (yields 53–57%) (within parenthesis).
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acrylate with Pd(OAc)2 (cat.), PPh3, NaOAc, Bu4NCl (cat.), DMF,
110–120 �C, under argon atmosphere compound 5a or 5b5 was
produced in 36% and 55% yields, respectively, with exclusive viny-
lation by activation of C5–H in 2-furyl ring. When the 2-furyl group
was replaced with a 2-thienyl group (4c and 4d), under similar
reaction conditions, vinylation occurred (in 35% and 42% yields,
respectively) in the C5-position of the thiophene ring also but no
alkenylation in N-aryl ring was observed. In the case of 3-phenyl
derivative (4e or 4f), however, there was no reaction at all and
the starting material was recovered unchanged showing the inert
nature of the N-(2-bromoaryl) group toward Pd(0)-catalyzed Heck
reaction.

The reason for this may be the steric effect due to two CO2Et
groups at C2 of the c-lactam ring which restricts the oxidative
addition of Pd(0) to C–Br bond. Vinylation in the heteroaryl moiety
possibly takes place by electrophilic palladation6a at C-5 position
with Pd(OAc)2 present in the reaction medium, followed by alkeny-
lation with methyl acrylate. This is further proved by the fact that
when the reaction was carried out using only Pd(PPh3)4 as catalyst
instead of palladium acetate and triphenyl phosphine mixture
there was no reaction at all. However, when the c-lactam mono-
carboxylic ester derivatives 1(a–f) or the diester derivatives 4(a–
d) were allowed to react with Pd(OAc)2 (used in stoichiometric ra-
tio or in catalytic amount in combination with Cu(OAc)2 which
converts Pd(0) back to Pd(II) species) in the absence of PPh3 and in-
ert atmosphere, they afforded 3(a–d) or 5(a–d), respectively
(Schemes 1 and 2). Under this condition compound 1(a–d) pro-
duced only 3(a–d) by heteroaryl–vinyl bond formation but no for-
mation of compounds like 2(a–d) was noticed. For example, when
a mixture of 1d and methyl acrylate in DMF was heated with pal-
ladium acetate (�5 mol %), Cu(OAc)2 (2–3 equiv), and NaOAc at
90–100 �C (no argon atmosphere was used) compound 3d was
formed in 54% yield as indicated from spectral data.5

Here the heteroaryl moiety first undergoes electrophilic palla-
dation with Pd(II) species which is followed by addition–elimina-
tion6a with methyl acrylate to show vinylation in heteroaryl
moiety. The trans stereochemistry around the alkene functionality
was established from the coupling constant of the vinylic protons
(J = 15–16 Hz). In the case of vinylation of 4(a–d) with Pd–ace-
tate/Cu(OAc)2 much better yields (53–59%) were obtained. Thus
reaction of diethyl 1-(2-bromoaryl)-3-(2-furyl)-5-oxopyrrolidine-
2,2-dicarboxylate 4a with Pd(OAc)2 (cat.), NaOAc, and Cu(OAc)2

in DMF at 90–100 �C produced 5a in 59% yield. Other compounds
4(b–d) also behaved in a similar fashion to yield 5(b–d) (53–
59%). Pd-catalyzed C2–H oxidation of furan in the reaction with ac-
rylic esters though known is not common.6 But prior to this report,
we have not come across any C–H oxidation in aryl/heteroaryl ring
despite the presence of an aryl bromide moiety in the molecule.

Required c-lactam diester derivatives 4(a–f) were prepared, in
55–65% yields, by intermolecular Michael addition followed by
intramolecular amidification reaction7 of 2-bromoarylamino mal-
onate and b-aryl/heteroaryl-a,b-unsaturated acid chlorides in the
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Scheme 3. Reagents and conditions: (i) 100–110 �C, 24 h; (ii) b-aryl/heteroaryl-a,b-unsaturated acid chloride, Et3N, benzene, reflux, 8–10 h; (iii) KOH, EtOH, H2O, reflux, 4 h;
(iv) CH2N2, Et2O, 10–15 �C.
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presence of Et3N/benzene under reflux (Scheme 3). Hydrolysis
(KOH, EtOH–H2O, and reflux) and in situ decarboxylation afforded
the trans acid (70–78% yield) (very minor amount cis product
formed was removed during recrystallization) which was esterified
with diazomethane to obtain the c-lactam monoester derivatives
1(a–f) in very good to excellent yields. The compounds have been
characterized by usual spectral and analytical data. The trans
geometry of the C4- and C5-substituents in the c-lactam ring was
assigned from the coupling constant values of C4–H and C5–H
(J = 3.2–4.7 Hz), respectively, as well as by analogy.3,8

Thus this Letter describes some Pd(II)-catalyzed chemoselective
C–H oxidation in heteroaryl moiety in vinylation of the c-lactam
diester derivatives 1(a–d) or 4(a–d) with methyl acrylate even in
the presence of aryl bromide functionality and Pd(0)-catalyzed
C–Br oxidation in vinylation of c-lactam diester derivatives 1(a–
f). To the best of our knowledge such types of observations are un-
known till date. Though the yields are not very high in some cases
there are wide scopes to study the reaction by variation of Pd-cat-
alysts, reagents, conditions, and/or solvents etc to improve the
yield which will be our future course of work in this connection.
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