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Abstract: Radical cyclization of dipeptides 1a-h proceeds
smoothly to give five- and seven-membered rings in good to
moderate total yields using Stork’s catalytic tin hydride
method. A radical is generated on a protecting group and
translocated to the peptide moiety. Following a cyclization
reaction, the vinyl radical can abstract hydrogen from a
benzyl group on an amine, which results in elimination of
the protected amine group. Encouraging results have notably
been obtained with amino acids other than glycine.

In recent years, many examples of hydrogen-atom
transfer reactions affording amidocarboxy-substituted
radicals have been reported.1 Such radicals, classified as
captodative, mero, or push-pull systems are stabilized
by the combined action of an electron-releasing amido
substituent and an electron-withdrawing carboxy sub-
stituent.2 Among them, glycinyl ones appeared to be
important intermediates in the preparation of unnatural
R-amino acid derivatives3 and peptidomimetics.4 Deriva-
tives of many other amino acids also form R carbon-
centered radicals in a similar manner, and these react
in an way identical to that of the corresponding glycinyl
radicals. Recent rapid synthetic advances in the forma-
tion of such radicals established protecting/radical trans-
locating groups (PRT) as an alternative way for their
generation.5 In general, a radical is initially generated
in a “protecting group” and then translocated by 1,5-
hydrogen transfer to the desired site before any further
radical event.6 A number of PRT groups are available
now.7 They differ from each other from the standpoint of
protecting and functional groups. However, in most of
the cases they do not undergo elimination during radical
processes and consequently such groups require, if neces-
sary, an additional synthetic step to be removed.8

In this context, we envisioned that it would be useful
to test a group that once used to activate the peptidyl
position could be eliminated after radical transforma-

tions. In this Note we would like to disclose a promising
protocol for such transformation as generally described
in Scheme 1. Vinyl radicals necessary for this process can
be generated via addition of peptidyl radicals to alkynes.
Following a cyclization reaction, the vinyl radical could
abstract hydrogen from a benzyl group on an amine,
which might result in elimination of the protected amine
group. A driving force for such a process should be
isomerization of the exocyclic double bond to form R,â-
unsaturated γ-lactams. Recently Rancourt reported that
glycinyl radicals were formed using a N-Boc,N-2-bro-
mobenzyl group and a 1-trimethylsilyl alkyne group could
be used to intercept the intermediate radical to form a
vinyl radical and finally functionalized five-membered
heterocycles.9 However, any further elimination process
was not observed. We supposed that alkyl substituents
on a nitrogen atom were necessary for the overall process.
We decided to examine a slightly modified system (N-2-
bromobenzyl,N-methyl group) and for that purpose N,N-
substituted dipeptides 1a-h having a triple bond on a
side chain were chosen as radical precursors.

The dipeptides were prepared by coupling methyl N-3-
(trimethylsilyl)propargyl glycinate with N-2-bromo-ben-
zyl,N-methyl amino acids using TBTU and N-methyl-
morpholine in CH2Cl2. In turn, the N-protected amino
acids were prepared in three steps (40-80% overall
yields) from the corresponding methyl ester hydrochloride
by (1) introduction of the 2-bromobenzyl group with
2-bromobenzaldehyde and anhydrous MgSO4 in CH2Cl2

followed by reduction of the imines with NaBH4, (2)
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SCHEME 1. General Strategy
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reductive methylation of the nitrogen atom using form-
aldehyde, and (3) acidic hydrolysis of the N,N-protected
methyl esters with HClaq. The cyclization reactions were
initially conducted under different concentration condi-
tions with n-tributyltin hydride (0.01-0.05 M). After
some experimentation, it was found that Stork’s catalytic
procedure10 gave better results. Isolated yields were
determined in these reactions (Scheme 2, Table 1).
Noncatalytic procedures lowered yields slightly and did
not significantly improve reaction time. Reaction time
varied from one to several days. In the case of 1a, the
reaction proceeded very cleanly in high yield (90%). In
contrast, the attempted cyclization reactions with 1b-h
gave products 3b-h in lower yields. At ∼80 °C, the yields
were in the vicinity of 35% (except 3b, 68%) under either
set of the conditions. Two types of side products were
observed. One of them reflected direct reduction of
radicals before any further cyclization (2a-h). At this
point it is not clear if it comes from direct reduction of
the aryl radical prior to 1,5-hydrogen shift or takes place
after it. Labeling experiments are currently underway.
The second type of products resulted from another
possible 1,5-hydrogen transfer from the N-methyl group
followed by 7-exo cyclization (4b-h). Generally, ami-
docarboxy-substituted radicals are considerable more
stable and they should be formed preferentially, but
hydrogen-transfer processes may afford less stable prod-
ucts if a radical character in the reaction transition state
is important. For example, Easton reported regioselective

radical chlorination of derivatives of valine and sarcosine
where reaction occurred at other than amidocarboxy-
positions.11

A reasonable mechanism for the reaction of 1c is
illustrative of all of the substrates, and this is depicted
in Scheme 3. Bromine abstraction to generate the aryl
radical is followed by a competition among direct reduc-
tion (leading to 2c), and 1,5-hydrogen transfer (leading
to 3b or 4c). Fortunately, the hydrogen transfer reactions
of aryl radicals are sufficiently rapid to allow the follow-
ing cyclizations.12 From two possible modes of cyclization
5-exo one is largely favored over a 7-exo ring-closure (6).
However, they are independent from each other. Once
formed, radical 5 can smoothly undergo 5-exo cyclization
to afford vinyl radical 7. This, in turn can be reduced;
however, in practice another 1,5-hydrogen transfer takes
place, which is at the heart of the whole system (8).
Similar intramolecular 1,5-hydrogen transfers producing
R-amino radicals have been reported.13 The next step
presumably involves â-fragmentation to form radical 9.
This in turn could follow a two-step process: reduction
and subsequent isomerization of the exocyclic double
bond or more preferentially allylic isomerization to a
more stable conjugated system and finally its reduction
with the tin hydride to 3b.
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SCHEME 2. Radical Cyclizations of Dipeptides
1a-h

TABLE 1. Yields of Isolated Productsa

R1 R2 2 (%) 3 (%) 4 (%)

1a H Me 4 90
1b Me Me 17 68 9
1c Me Bn 8 39 49
1d Et Me 14 45 11
1e CH2Ph Me 17 37 10
1f i-Pr Me 22 32 13
1g i-Bu Me 36 32 11
1h CH2CH2CH2 23 39
a Consistent spectral data (IR, MS,1H, and 13C NMR) and correct

HRMS were obtained for all compounds.

SCHEME 3. Mechanistic Pathway
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The proposed mechanism raised a question about a
source of hydrogen atom in the final 1,5-hydrogen
transfer. One approach should involve hydrogen atom
transfer from the benzylic position; the second one
indicated the N-methyl group as a possible explanation.
The main problem in answering this question was how
to prove it experimentally. Compound 1c (Table 1) served
also as a probe for the existence of a radical in the
benzylic position just before splitting off amine. Indeed,
when dipeptide 1c was heated in t-BuOH under Stork’s
conditions, product 3b was produced along with 4c as a
mixture of two isomers (∼1:1). Moreover, dibenzylamine
was isolated (21%), which provided other evidence con-
cerning the proposed mechanism. The experiment with
1c did not constitute an unambiguous proof, because the
N-methyl group was not present in the substrate. How-
ever, this explanation seems to be reasonable.

A similar conversion was also applicable to proline
derivative 1h. A plausible mechanism for the cyclization
is shown in Scheme 4. A radical is generated on the
protecting group and translocated to the peptide moiety.
Hydrogen transfer from a methylene group competes
with hydrogen transfer from the R position (10 and 11).
It has been reported that radicals of type 10 were formed
preferentially to those of type 11 as a result of the severe
nonbonding interactions associated with planar confor-
mations of the radical 11.14 However, in an intramolecu-
lar process like this is it does not seem to be so obvious;
10 for steric reasons is reduced to 2h. The peptidyl radical
11 closes to 3h via spiro intermediate 12.

A possible explanation for the lower yields in the case
of amino acid derivatives other than glycine may be also
derived from consideration of rotamers of the dipeptides.

It has been suggested that the geometry of an initial
rotamer of amidocarboxy-substituted radicals played a
crucial role in deciding the course of radical reactions.15

The radical generated from syn-13 can cyclize, whereas
the radical from anti-13 is topologically prohibited from
cyclizing. It is not clear whether at 80 °C the conforma-
tional barrier can be efficiently traversed within the
lifetime of the radical, providing a cyclization option for
it (Scheme 5). Thus, in the tin hydride reaction direct
reduction of anti-rotamer 13 is observed.

The idea of the self-deprotecting group is already
useful, but further improvements are desirable. This is
perhaps due to relatively slow 1,5-hydrogen transfer in
the case of amino acids other than glycine and another
competing 1,5-H transfer leading to seven-membered
rings. Further work is clearly needed to improve ef-
ficiency of the overall process. This problem constitutes
a potentially serious limitation that, depending on sub-
stituents, may be difficult to overcome in some cases.
However, there is a hope that an alternative would be to
use the “double-barreled”16 o,o-dibromobenzyl group. If
the directly reduced product is formed after abstraction
of the first bromine atom and subsequent reduction, then
this molecule gets a second chance at cyclization when
the second bromine exists. The results of these investiga-
tions will be reported in due course.

In conclusion, although the results here reported are
largely preliminary, the radical cascade provides an
accessible route starting from amino acids to a range of
nitrogen-containing heterocycles in good to moderate
yields when other methods fail.
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