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ABSTRACT

Triethylborane-initiated atom transfer radical oligomerization of N-allyl or N-(3-butenyl)iodoacetamides followed by treatment with hydrochloric
acid and subsequent neutralization with K2CO3 led to the formation of the corresponding 5-hydroxyl-substituted δ-lactams or caprolactams,
respectively. This oligomerization−deoligomerization sequence serves as an alternative to the corresponding intramolecular cyclization reactions.

Lactams are of considerable interest in a number of areas
ranging from drug discovery to polymer industry. Synthesis
of lactams has been, and continues to be, a subject of
significance for organic chemists. Among numerous methods
developed, radical strategies,1 especially intramolecular cy-
clizations of unsaturatedR-carbamoyl radicals,2,3 have been

demonstrated to be a unique tool in the construction of lactam
skeletons fromâ-lactams to medium- or large-sized ones.
However, these transformations suffer from the energy
barriers of the interconversion between s-trans and s-cis
rotamers ofR-carbamoyl radicals, while cyclization usually
requires the s-cis conformations of higher energy.4 As a
result, intermolecular oligomerizations become predominant
in many cases. Many techniques have been developed for
radical cyclization, including high dilution,5 elevated tem-
perature,4,6 and substrate modifications,7 all aiming at inhibit-
ing intermolecular oligomerizations. However, encouraged
by our recent results in converting radical oligomers to a
single product,8 we report here that radical oligomerization
can be utilized in lactam synthesis just as it is in the
corresponding radical cyclization.

Our finding originated from our attempt to carry out the
triethylborane-initiated atom transfer radical cyclization of
N-allyl iodoacetamide (1a) with the catalysis of Lewis acids.9
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Under various experimental conditions employed, the cy-
clization of1a to γ-lactam2 in a 5-exo mode or toδ-lactam
3 in a 6-endo mode proved to be unsuccessful. Instead, Lewis
acids (BF3‚OEt2, BF3‚H2O, Mg(OTf)2, etc.) significantly
accelerated the radical oligomerization even in very low
concentrations. However, when the oligomeric mixture (as
a precipitate in CH2Cl2 solution) was collected and heated
with hydrochloric acid, it quickly dissolved in the aqueous
solution. After neutralization with K2CO3, a compound of
high polarity was isolated and characterized to be 5-hydroxy-
2-piperidinone (4a),10 which is structurally similar to the
6-endo cyclization product3. The only difference is that the
iodine atom in3 changes to the hydroxy group in4a.

This result urged us to optimize the above experimental
conditions. Thus, direct oligomerization of1a in CH2Cl2 with
the catalysis of BF3‚H2O (3 equiv) at room temperature (rt)
for 2 h gave oligomers5 (see Supporting Information), which
were refluxed with hydrochloric acid (1 N) for 3 h and then
treated with K2CO3 at room temperature to give product4a
in 93% yield (equation 1). In the absence of BF3‚H2O, the
oligomerization was very slow and the radical initiator
triethylborane was quickly consumed. With BF3‚OEt2 or
Mg(OTf)2 as the catalyst, the oligomerization was faster but
incomplete, as evidenced by1H NMR monitoring. As a
result, the yields of4a were lowered (∼65%).

Thus, various substrates were subjected to the above
process (eq 1), and the results are summarized in Table 1.

As shown in Table 1, all theN-allyliodoacetamide deriva-
tives1a-d gave the correspondingδ-lactams, while theN-(3-
butenyl)iodoacetamide substrates1e-h led to the formation
of caprolactams. These results clearly demonstrate that
radical oligomerization can be successfully utilized in lactam
synthesis. More importantly, these products look as if they
were generated via the corresponding intramolecular cy-
clization of the unsaturated amides in the 6-endo or 7-endo
mode followed by subsequent replacement of the iodine atom
by the hydroxy group. While the direct intramolecular 6-endo
or 7-endo radical cyclization was unsatisfactory,2,11 the above
oligomerization-deoligomerization process provided a new
route to achieving the same goal.

A plausible mechanism could be drawn as in Scheme 1.
Oligomers5 underwent intramolecular nucleophilic substitu-
tion to give intermediates6.12 Further cleavage of the CdN
bonds in acid solution generated the lactone7.13 With the
addition of K2CO3, 7 isomerized to the lactam product4a.13

In fact, 7 could be isolated in high yield (85%) prior to the
addition of K2CO3.

Because the oligomers of different sizes are composed of
the same unit, the same product can be achieved regardless
of the degree of oligomerization. Therefore, the yields of
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Table 1. Synthesis of Lactams4

a Isolated yield based on1. b Two stereoisomers in a ca. 1:1 ratio
determined by1H NMR. c Two isomers in a 1:1.6 ratio.d Two isomers in
a 1:10 ratio.

Scheme 1. Proposed Mechanism
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product lactams depend strongly on thecompletenessof
oligomerization rather than thedegreeof oligomerization.
The results in Table 1 support our analysis. For example,
the relatively low yield of4d resulted from the incomplete
oligomerization as indicated by1H NMR monitoring, pre-
sumably because of the steric hindrance. Similarly, substrates
with internal CdC bonds such asN-(2-butenyl)iodoacet-
amide gave a low yield (∼20%) of the corresponding
δ-lactams also because of the poor oligomerization. Fur-
thermore, two samples of the oligomeric mixture5 of
different molecular weights (MW) 2 210/PDI) 1.28 and
MW ) 5 060/PDI) 1.14, see Supporting Information) were
subjected to the above deoligomerization process, respec-
tively. About equal efficiency was observed in producing
product4a (94%).

The extension of the above process to iodoamide8 showed
that, after oligomerization and subsequent deoligomerization,
the corresponding lactone9 was obtained in about 60% yield.

However, further treatment of9 with K2CO3 failed to give
the expected lactam10 and the reason is still unclear. A
possible explanation is that, in this particular case, the lactone
form is thermodynamically more stable in the lactone-lactam
isomerization. Detailed investigation on the scope and
limitation of this oligomerization-deoligomerization process
is currently in progress.

In conclusion, we have demonstrated that atom transfer
radical oligomerization of unsaturated iodoamides followed
by deoligomerization and subsequent rearrangement serves
as an alternative to the corresponding intramolecular cy-
clization in the synthesis of lactams. This oligomerization-
deoligomerization sequence follows the endocyclization-like
mode leading to the formations of hydroxy-substituted
lactams, which are important intermediates in organic
synthesis.13,14 While intramolecular radical cyclization is
intrinsically Vulnerable to conformational restrictions, it
seems that the aboVe oligomerization-deoligomerization
process is not.
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