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Abstract—A simple and high yielding general method for the synthesis of 3,3a-dihydro-2H,5H-pyrrolo[1,2-a ]quinoline-1,4-dione
derivatives through a highly regioselective rhodium(II)-catalysed carbenoid sp2 C–H insertion reaction on suitably substituted
�-lactam diazocarbonyl compounds is described.
© 2003 Elsevier Ltd. All rights reserved.

In our ongoing search for novel classes of biologically
active heterocycles, we became interested in the explo-
ration of cyclic �-lactam derivatives as many such
compounds1 have shown antibacterial activity against
Gram-positive and Gram-negative bacteria. Tri- and
tetracyclic quinolone derivatives fused to a �-lactam
unit have been reported to display DNA-gyrase and
topoisomerase-II inhibitory activities.2

Encouraged by these reports, we aimed to synthesise
substituted 3,3a-dihydro-2H,5H-pyrrolo[1,2-a ]quino-
line-1,4-dione derivatives through an intramolecular
Rh(II) carbenoid C–H insertion reaction on suitable
diazocarbonyl compounds.

We wanted to use rhodium carbenoid chemistry
because, unlike free carbenes, acceptor-substituted
carbene complexes often undergo highly regioselec-
tive intramolecular C–H insertion into aliphatic
and aromatic C–H bonds to generate cyclic com-
pounds.3

The required diazocarbonyl compounds 1a–d were syn-
thesised from the corresponding �-lactam carboxylic
acids which, in turn, were prepared following the gen-
eral method1,4 developed in our laboratory, through the
reaction of their acid chlorides with diazomethane. The
novel fluoro analogues 1e–i were synthesised following
the same protocol starting from 4-fluoro and 3,4-
difluoroanilinomalonates.

These diazoketones 1 when subjected to the rho-
dium(II) catalysed regioselective sp2 C–H insertion
reaction furnished the substituted 3,3a-dihydro-2H,5H-
pyrrolo[1,2-a ]quinoline-1,4-dione derivatives in 67–71%
yields as the only isolable products (Scheme 1 and
Table 1).

The cyclisation was found to be highly regioselective
and the insertion reaction took place exclusively in
N-aryl ring. In addition, for unsymmetrically substi-
tuted N-aryl groups the regioselectivity is further influ-
enced by the heteroaryl/aryl moiety present at the C-4

Scheme 1.
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Table 1. of the �-lactam ring and also by the substituents present
in the N-aryl moiety. In the case of diazoketones 1c
and 1i, C–H insertion took place at C-6 (entries 3 and
9) while in case of 1d, it was found to occur at C-2 of
the N-aryl moiety (entry 4).

From the above energy minimised form (Fig. 1) of
diazoketone 1e, it was calculated that the distance
between the ‘CH’ of the diazoketone functionality and
the ortho protons of N-aryl moiety were 2.66 and 5.37
A� , whereas the distance with the ortho protons of the
aryl moiety of the 4-position of the lactam ring were
5.01 and 5.16 A� . As the distance of one ortho proton (in
the energy minimised locked structure) of the N-aryl
moiety is much less than to the other ortho protons of
the aryl moiety, at the 4-position of lactam ring, the
C–H insertion is seen to have occurred at the N-aryl
moiety presumably because of a ‘proximity effect’.

All the compounds were characterised by the usual
spectroscopic data.

In conclusion, we have developed a simple procedure
for the synthesis of novel substituted 3,3a-dihydro-
2H,5H-pyrrolo[1,2-a ]quinoline-1,4-dione derivatives by
highly regioselective intramolecular Rh(II) carbenoid
insertion reaction into aromatic C�H bonds. Both the
carbonyl groups could be utilised for the further func-
tionalisation of the molecule to synthesise different
other substituted �-lactam derivatives as well as ben-
zoindolizidine derivatives which often have been found
to show versatile biological activities.5

Typical experimental procedure:

To a stirred solution of diazoketone (1 mmol) in dry
dichloromethane (40 ml) a catalytic amount of
dirhodium tetraacetate (1 mole%) was added under
argon. Stirring was continued at rt (25–30°C) for 3–4 h.
After completion of the reaction, the organic layer was
washed with water and 3N ice cold HCl. Removal of
solvent furnished the crude product, which was purified
by column chromatography (silica gel/n-hexane-ethyl
acetate).

Spectral data of 7-methyl-3-phenyl-3,3a-dihydro-
2H,5H-pyrrolo[1,2-a ]quinoline-1,4-dione 2a: IR (KBr)
�max 1701 cm−1 (br). 1H NMR (CDCl3): � 2.35 (s, 3H),
2.87 (dd, 1H, J=9.4 Hz, 17.5 Hz), 3.04 (dd, 1H, J=9.6
Hz, 17.5 Hz), 3.66 (s, 2H), 3.77–3.90 (m, 1H), 4.22 (d,
1H, J=7.5 Hz), 7.0 (brs, 1H), 7.18 (brd, 1H, J=8.2
Hz), 7.31–7.38 (m, 5H), 7.97 (d, 1H, J=8.2 Hz). 13C
NMR (CDCl3): � 20.8, 38.9, 39.9, 42.4, 69.8, 121.5,
124.9, 127.3, 128.3, 128.8, 128.9, 129.3, 132.0, 135.8,
140.7, 171.0, 205.2.
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Figure 1. Energy minimised form of diazoketone 1e.
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