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Efficient �-lactam synthesis via 4-exo atom transfer radical
cyclisation using CuBr(tripyridylamine) complex
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Abstract—The tripyridylamine copper(I) halide complex mediates the atom transfer radical cyclisation of bromo-enamides to give
�-lactams exclusively with no formation of �-lactams. Initial products 7 arise from 4-exo bromine atom transfer but elimination
can be readily achieved by reaction with DBU to furnish alkenes 8 in high yields (92–98%). © 2001 Elsevier Science Ltd. All rights
reserved.

The use of radical cyclisation protocols to prepare
heterocyclic compounds continues to be widespread.1,2

Cyclisation using stannane methods, although still pop-
ular, suffers from many problems including the toxicity
of the reagent itself and the difficulty in reaction work-
up procedures. While a number of groups have
reported that catalytic amounts of ruthenium halides,3

copper halide complexes of bipyridine,4 N-
alkylpyridylimines,5 TMEDA,6 multidentate amines
and multidentate pyridines7 mediate 5-exo atom trans-
fer radical cyclisation (ATRC) of a range of halo-
acetamides onto alkene functional groups, there are very
few reports on the application of this type of methodol-

ogy to 4-exo versus 5-endo cyclisation onto enamides.8,9

In all these examples the substrates contained function-
ality at the �-carbon of the enamide and, in general, an
oxidative 5-endo cyclisation was observed, with prod-
ucts arising not from atom transfer but from pathways
postulated to arise via N-acyl iminium ions 1 (Scheme
1). Products arising from �-lactams 3 were only
detected if the radical was stabilised (i.e. cyclisation of
2)8 (Scheme 2).

Consequently, we were interested in investigating the
cyclisation of enamides that were substituted at the
terminal end of the alkene only. We recently reported
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Table 1. Yield of cyclisation and elimination reactions

6 Yield 7 (%)R Yield 8 (%)

96a 94Bn
b PMB 98 92

0ac –bt-Bu
98ci-Bu –bd

e 98o-BrBn 98

a No reaction.
b Elimination not attempted.
c Reaction took 2 h to go to completion.

that the nature of the ligand in copper(I) mediated
atom transfer cyclisations can have a dramatic effect
upon the rate of atom transfer cyclisation reactions.
Thus, the tetradentate ligands 4 and 5 were found to be
the most active in simple 5-exo radical cyclisations7

allowing reactions to be carried out under milder condi-
tions (room temperature or below) than existing cop-
per–bipyridine,4 copper–TMEDA,6 or RuCl2(PPh3)3

technologies3 (refluxing toluene). In this letter we
describe an investigation into the 4-exo cyclisation of
enamides containing �-substitution only. In this way we
hoped to impede the rate of any competing 5-endo
cyclisation. In addition, the use of highly activated
atom transfer catalysts at low temperatures would also
be expected to facilitate reaction to give the kinetic
4-exo products.

In 5-exo ATRC of haloacetamides onto alkenes the
nature of the N-substituent often affects the efficiency
of the cyclisations. Thus, we prepared a range of enam-
ides in which we initially varied the N-alkyl substituent
(see Table 1) to ascertain if this would have any effect
on the cyclisation.

Hence, reaction of the substrates 6a–e with 30 mol%
CuBr and 30 mol% 5 (TPA) in CH2Cl2 at room tempera-
ture for 1 h followed by work-up by passing through a
silica plug furnished the bromo 4-exo atom transfer
products 7a–e in high yields.10 No products arising
from 5-endo cyclisation or reduction of the initial radi-
cal were detected. However, the cyclisations of 6d–e (2
h) were slower than both 6a–b indicating that the steric
bulk of the N-alkyl group plays a role in determining

the rate of the cyclisation, indeed the substrate with the
most hindered N-alkyl group (compound 6c) did not
undergo cyclisation at all (even after 12 h at reflux).
The synthetic utility of the process could be expanded
by manipulation of the tertiary bromides 7 to the
corresponding alkenes 8. Thus stirring the bromides 7
with one equivalent of DBU in CH2Cl2 at room tem-
perature for 12 h furnished the elimination products 8
again in excellent (92–98%) yields.

Having investigated the effect of the N-substituent we
next turned our attention to the effect of the sub-
stituents on the enamide itself. We were encouraged to
discover that cyclisation of both 9 and 11 were facile
giving rise to the expected bromo-functionalised prod-
ucts 10 and 12, respectively (Schemes 3 and 4) (with 12
being produced as an inseparable 2:1 mixture of
diastereomers).

Interestingly, it was not possible to cyclise the mono-
substituted precursor 13 even after extended reaction
times and at reflux. Only starting material was recov-
ered and no reduction was detected (Scheme 5). Next,
we investigated the cyclisation of the secondary bro-
mide 14 (Scheme 6). Cyclisation of secondary halides
using atom transfer is often quite difficult and elevated
temperatures are often required, even with the activated
ligands 4–5. In our hands, heating the substrate 14 in
refluxing CH2Cl2 did not lead to any reaction and
only starting material was recovered. However, heating
at a higher temperature in refluxing toluene for
24 h gave a 2.8:1 mixture of diastereomers 15 in 82%
yield. Interestingly elimination of the tertiary bromide

Scheme 3.
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Scheme 4.

occurred under the reaction conditions giving rise to the
alkene 15 directly without the need for DBU mediated
elimination. Reaction of the chiral substrate 16 was
next examined. Cyclisation occurred as expected to give
a 0.8:1 ratio of diastereomers of the bromide 17
(Scheme 7).

Finally, we investigated the cyclisation of the substrate
18 containing a cyclopentyl ring appended to the
alkene. This too underwent exclusive cyclisation to give
the �-lactam 19 in 99% yield (Scheme 8).

In conclusion, we have demonstrated that cyclisation of
terminally substituted enamides using catalytic quanti-
ties of CuBr (5) furnishes bromo-�-lactams in excellent

yields (82–99%) under mild conditions via a 4-exo atom
transfer radical cyclisation. No products arising from
5-endo cyclisation or reduction of the original radical
precursors were detected. The efficient formation of the
�-lactams deserves some comment. It is generally
accepted that the 4-exo products are the kinetically
derived products while those arising from 5-endo cycli-
sation are thermodynamically favoured. The ratio of
4-exo to 5-endo products in Bu3SnH mediated cyclisa-
tions of related precursors has been shown to be tem-
perature dependant with lower temperatures favouring
the kinetic 4-exo product.11 In this work the effect of
cyclising onto terminally substituted enamides (which
will sterically impede 5-endo cyclisation), in conjunction
with the use of a very active atom transfer catalyst that
allows rapid trapping of the intermediate radicals at
ambient temperature both favour the production of the
kinetic �-lactam products. Interestingly, even at 110°C
in toluene, compound 14 furnished the 4-exo product
exclusively highlighting the efficient nature of the atom
transfer catalyst used in trapping out the intermediate
cyclised radical.
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