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Allenylamides of Boc-protected a-aminoacids easily gave in basic medium heterocyclic products arising
from attack of the NH group on the inside C–C double bond of the 1,2-diene moiety, namely imidazolid-
inones, pyrazinones, and a pyrrole compound. The microwave-assisted heterocyclization occurred
cleanly at C-b of the allenyl group with formation of pyrazin-2-ones having an endo- or exocyclic double
bond.

� 2009 Elsevier Ltd. All rights reserved.
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The construction of nitrogen heterocycles is an important goal
in organic synthesis due to their occurrence in many natural sub-
stances as well as synthetic pharmaceuticals.1 Among the wide
range of substrates utilized as starting materials to this aim, allenes
constitute an interesting class of organic compounds with peculiar
chemical reactivity, having two cumulated double bonds.2

Intramolecular reactions of allenes may be achieved when the
substrate contains a nucleophilic moiety in a suitable position.
Among them, base-promoted reactions have been extensively
studied as a route to hetero- and carbocycle systems by using
nitrogen,3 oxygen4, or carbon5 nucleophiles. Transition metal-cata-
lyzed cyclization processes of allenes are also known.6

Within our research line on the development of novel methods
to build nitrogenated heterocycles, some years ago we considered
the behavior of amino- and sulfonylallenes as dipolarophiles in
1,3-dipolar cycloadditions.7 On continuing our interest in synthesis
and transformations of functionalized allenes, we have turned our
attention toward N-allenyl amides. In this Letter we describe the
cyclization reactions of allenylamides derived from a-aminoacids.

As precursors for the allene derivatives 2, we first synthesized
propargylamides 1 starting from N-Boc-protected L-a-aminoacids
and methylpropargylamine by treatment with DCC (1.2 equiv)
and 4-(dimethylamino)pyridine (0.02 equiv) in dichloromethane
at room temperature (Scheme 1). The isomerization of 1, induced
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by means of t-BuOK (2.5 equiv) in anhydrous THF, gave rise to alle-
nylamides 2 in near quantitative yields.8

While previously reported aminoallenes were revealed prone to
the formation of an internal C–C triple bond,7a compounds 2a–d
showed high stability making possible their storage for a long time.

The outcome of the allene formation was strongly dependent on
the reaction time. The exposure to the base for only one minute
c: R = Bn, 1: 94%, 2: 95%
d: R = Ph, 1: 97%, 2: 95% 

Scheme 1. Preparation of allenylamides 2a–d from natural a-aminoacids.
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Scheme 2. Heterocyclization of allenylamides 2a–c.

Table 1
Nitrogen-containing heterocycles produced via Scheme 2

Entry R Conditions Yield%

3 4 5

a i-Pr rt, 4 h 32 29 —
a i-Pr MW irradiation, 30 min — 95 —
b i-Bu rt, 4 h 9 28 25
b i-Bu MW irradiation, 30 min — 89 —
c Bn rt, 4 h 8 36 27
c Bn MW irradiation, 30 min — 72 —

Figure 1. Ortep drawing (at 30% probability level) of the molecular structure of
compound 6, highlighting the 2R,5S absolute configuration. C, gray; H, light gray; N,
blue; O, red.
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promoted a clean formation of the allenyl products, while a longer
exposure to the base gave rise to complex mixtures of five- or six-
membered heterocyclic products arising from intramolecular at-
tack of the aminogroup on the carbon–carbon double bond.

With this evidence in hand, we tried to identify efficient condi-
tions for synthetically useful heterocyclization procedure and we
selected allene 2a to this purpose. The cleanest reaction, with lim-
ited formation of tarry products, was accomplished in the presence
of t-BuOK (2.5 equiv) in THF at room temperature for 4 h. Under
these conditions, we obtained the optically active 2-ethylyden-
imidazolidin-4-one 3a and 5-methyl-3,4-dihydro-pyrazin-2-one
4a in 32% and 29%, respectively (Scheme 2, Table 1).9 The Z-config-
uration of compound 3a is consistent with the observed mutual
NOE enhancements between the N-methyl group and the vinyl
hydrogen atom (3.3% and 5.8%). HPLC analysis with chiral column
of 3a and 4a, achieved in comparison to a sample of racemic mix-
ture, proved an enantiomeric purity better than 99.5%.10

The formation of the observed products can be rationalized as
follows. While the 1,4-diazine ring is resulted from the nucleo-
philic attack of the Boc-protected amine to the C-b of the allene
group, the formation of the endiamine five-membered product is
brought by an isomerization of the double bond of the first-gener-
ated cyclization product on the C-a.

Compound 3a was smoothly and quantitatively transformed
into 2-ethyl-2-hydroxy-imidazolidin-4-one 611 by acid-catalyzed
addition of water to the carbon–carbon double bond (Scheme 3).
This process, which involves generation of a new stereocenter in
2-position of the imidazolidinone ring, gave only one diastereoiso-
mer and its absolute configuration was identified by X-ray diffrac-
tometric analysis to be 2R,5S (Fig. 1).12
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Scheme 3. Transformation of imidazolidinone 3a.
Heterocyclization also occurred with allenes 2b,c according
to a more regioselective process. Despite their structures strictly
related to 2a, different ratios of five- and six-membered prod-
ucts were achieved. In fact, only small amounts of imidazolidi-
nones 3b,c (9% and 8%, respectively) were obtained, while
pyrazinones 4b,c were the major products besides their isomers
5b,c, so indicating preference for the C-b attack by the nucleo-
philic nitrogen.

However, the reactions just described, carried out at room tem-
perature, furnished the heterocyclic products in moderate yields
(see Table 1). Improved yields could not be achieved by refluxing
the solution due to the thermal decomposition of the substrates.
Hence, due to the ability of microwave irradiation to accelerate
several organic reactions,13 the heterocyclization processes were
tested in a microwave reactor. Under these conditions, the reac-
tions occurred cleanly in shorter times and higher yields giving
exclusively the six-membered ring products 4.14

It must be said that when the propargylamides 1a–c were sub-
mitted to a prolonged treatment in the presence of t-BuOK in order
to promote directly the heterocyclization process, complex mix-
tures with a high amount of tarry material were obtained.

Interestingly, a different behavior was observed for the allene
2d, arising from L-phenylglycine. In this case, the treatment with
t-BuOK at room temperature gave rise to the formation of only
one product, whose analytical and spectroscopic data accorded
with structure 715 (Scheme 4).



N

Me

Me

O

NHBoc
Ph

N

O
MePh

2d
t-BuOK (2.5 eq) 

THF

(±)-7 (73%)

3 h; r.t.

.BocNH
_

t-BuOK

A

Scheme 4. Heterocyclization of allenylamide 2d.

G. Broggini et al. / Tetrahedron Letters 50 (2009) 1447–1449 1449
The observed outcome can be due to the higher acidity of the
benzylic a-aminoacidic hydrogen of 2d with respect to 2a–c. Con-
sequently, in the presence of t-BuOK, the deprotonation of carbon
atom instead of the Boc-protected aminogroup is operative, fol-
lowed by the nucleophilic attack of the carbanion species A on
the sp-carbon. Such a mechanism well justifies the obtainment of
the pyrrolyl product in racemic form.

In conclusion, we have developed a simple procedure for build-
ing monocyclic five- and six-membered nitrogenated heterocycles
from new allenylamides of L-a-aminoacids under base conditions.
The moderate yields of the reactions performed at ambient tem-
perature could be significantly increased by applying microwave
activation. Further investigations, mainly based on the use of tran-
sition metals, are in progress in order to achieve more selective
reactions and differently substituted products.
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