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An efficient process for the bromolactamization of unsaturated acids
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Abstract—Bromolactamization of the N-Boc derivatives of unsaturated amides using N-bromosuccinimide and lithium t-butoxide in
tetrahydrofuran occurs smoothly to give excellent yields of bromo N-Boc a-lactams, which are valuable as synthetic intermediates.
� 2007 Elsevier Ltd. All rights reserved.
Table 1. Protection of amide
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Recently, we have reported an efficient and enantioselec-
tive synthesis of the antiflu agent oseltamivir phosphate
(Tamiflu).1 One of the key steps in that process is the
Knapp iodolactamization of amide 1 to form c-lactam
2.2,3 One drawback in that sequence for large-scale pro-
duction stems from the use of trimethylsilyl triflate
(TMSOTf), an expensive and moisture sensitive reagent.
Herein we report a different and more practical process
for lactamization.
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In our synthesis of oseltamivir iodolactam 2 was trans-
formed into the N-t-butoxycarbonyl (Boc) derivative 3
which greatly facilitates the remaining six steps in
the synthesis. For this reason we investigated a more
direct route to the N-Boc protected lactam 3 and the
use of N-Boc-imides for halolactamization. Amide 1
was transformed into the corresponding isocyanate (4)
which upon reaction with t-butyl alcohol gave the N-
Boc-imide 5.4 Three examples of this process are shown
in Table 1.
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Table 2.

O

R OR

O

R NHBoc

t-BuOC(O)NH2, t-BuOLi, 

THF

Entry Substrate Product Temperature (�C) Time (h) Yield (%)

1

O

OMe

6
O

NHBoc

5

�20 to 23 8 83

2a

O OCH2CF3
O NHBoc

10

0–23 12 64

3a
OCH2CF3

O
NHBoc

O

11

0–23 12 68

4a

OCH2CF3

O
NHBoc

O

12

0–23 12 86

a 2 equiv t-BuOLi was used.
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Alternatively, the reaction of ester 6 with the lithio
derivative of t-butylcarbamate5 provided Boc-imide 5
directly. Examples of this route are shown in Table 2.

A representative procedure for the synthesis of 5 by the
process outlined in Table 2 is given herein.6

A number of conditions were screened for the halolacta-
mization of Boc-imide 5 using the lithio derivative of the
imide and various halogenating agents. The results are
summarized in Table 3. Bromine was not a satisfactory
Table 3.
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Entrya Base X-Hal Solvent

1 n-BuLi I2 THF
2 n-BuLi Br2 THF
3 n-BuLi NBS THF
4 n-BuLi Br2 Et2O
5 t-BuOLi Br2 Et2O
6 t-BuOLi Br2 THF
7 t-BuOLi NBS THF

a For entry 1, X = I, for entries 2–8, X = Br.
b 30% starting material was recovered.
reagent since the major product was found to be the
vicinal dibromide 14 (X = Br) (Table 3, entries 4 and
5). Iodine on the other hand did provide the trans-iodo
lactam (13, X = I). However, the best conditions were
those outlined in entry 7 which involved t-BuOLi as
the base and N-bromosuccinimide (NBS) as the bromi-
nating agent and afforded the desired bromolactam 13
(X = Br) in 94% yield. When these conditions were
applied to a number of other unsaturated N-Boc imides
the expected bromolactams were obtained in the yields
shown in Table 4. The process was highly efficient
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Table 4. Bromolactamization of Boc-imides
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a 39% of starting material was recovered.
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for the formation of c-lactams (Table 4, entries 1–3)
but somewhat less so for d-lactams (Table 4, entries 4
and 5).7

The use of sodium hydride as base, as has been chosen
in the one case reported earlier,3a afforded greatly infe-
rior results for the bromolactamization of N-Boc-
imides as compared with t-BuOLi as base, in our
experience.

Treatment of the N-Boc bromolactam 13 with 1,8-diaz-
abicycloundecene (DBU) in THF at reflux for 18 h
provided the unsaturated lactam 15 (87% yield), a key
intermediate for the synthesis of oseltamivir.1 The new
bromolactamization process described herein is both
more practical and convenient than the Knapp protocol
employed by us originally.1 The operational effective-
ness of the new method and also the route to oseltamivir
that we have developed has been substantiated by the
successful preparation of oseltamivir by Harvard junior
undergraduates in a one-semester course in intermediate
organic synthesis (under the guidance of Dr. Ahmindra
Jain).
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There are some other examples that indicate the utility
of the halolactamization process to effect asymmetric
induction. For example, diastereoselective iodolacta-
mization of chiral substrates such as 21 which contain
a chiral controller group occurs with good stereo-
control.8
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