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ABSTRACT

A novel three-component synthesis of 5-amino oxazole (1) is reported. Its subsequent reaction with r,â-unsaturated acyl chloride leads to
polysubstituted pyrrolopyridine (2). A triple domino process, acylation/IMDA/retro-Michael cycloreversion, was involved in the latter process.
The methodology allows the quick preparation, from simple and readily available inputs, of highly functionalized title compounds not easily
accessed by other methods.

Complexity-generating/diversity-oriented high throughput
synthesis of druglike compounds and libraries thereof has
been a recent focus in the arsenal of combinatorial synthe-
sis.1,2 Being capable of combining three or more reactants
together in a single ordered event, multicomponent reaction
(MCR) exemplified by the Ugi 4CR offers great possibility
for molecular diversity per step and is becoming a corner-
stone of combinatorial syntheses.3 Clearly, a proper union
of a MCR with other reactions in a sequential or a domino
process will further expand its potential.4,5 As part of our

research program directed at synthesizing druglike hetero-
cycles, we were interested in the development of a novel
multicomponent synthesis of polysubstituted 5-aminooxazole
(1) and its subsequent use as a chemical platform to generate
new scaffolds such as polysubstituted pyrrolo[3,4-b]pyridine
(2). While compound1 is known to be a useful template in
designing bioactive peptides,6 the generic structure of2 can
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be considered as a cyclic analogue of nicotinamide (3, Figure
1). Indeed, pyrrolopyridine2 has attracted increased attention

as biologically active compounds such as central nervous
system agents,7 as herbicides8 and as antidiabetic agents.9

With a few notable exceptions,10 most of the reported
syntheses are based on the functionalization of azaphthal-
imide and thus are limited in scope.11

The reaction sequence we envisaged is highlighted in
Scheme 1. A three-component reaction of an aldehyde (4),

an amine (5), and a suitably functionalized isocyanoaceta-
mide (6) was sought to provide a key 5-aminooxazole (1),
which could then be used as a branching point to produce
diverse bioactive chemotypes.12 One possible new scaffold-
generating reaction was illustrated by its reaction withR,â-
unsaturated carboxylic acid chloride7 to afford the pyrrol-
opyridine after adirected fragmentation.13 A successful

implementation of such a novel synthetic sequence was the
purpose of the present communication.

The synthesis of oxazole has attracted renewed interest
as a result of its presence in a number of bioactive marine
natural products.14 However, none of the existing methods
could satisfy our general goal aimed at using oxazole as a
scaffold-generating template in a diversity-oriented synthetic
program. Consequently, an expeditious construction of
oxazole via a multicomponent reaction was sought. After
some experimentation, it was found that simply heating a
methanol solution of an aldehyde (4), an amine (5), and an
isocyanoacetamide (6) led to the formation of 5-amino
oxazole (1) in good yield.15 From three aldehyde inputs, eight
amine inputs, and two isonitrile inputs, some representative
oxazoles were synthesized (Figure 2.)16 The condensation
was performed with approximately equimolar quantities of
the three components, thus simplifying the purification step.
Under these mild conditions, ring-chain tautomerization of
isonitrile 6 to 2-unsubstituted oxazole via a nitrilium
intermediate was not observed,17 nor was the Pictet-Spengler
reaction even when (3,4-dimethoxy)phenethylamine5a con-
taining a properly positioned electron-rich aromatic ring was
employed.18 With a secondary amine as input, a yield of pure
oxazole greater than 90% was obtained (1g and 1h). As
expected for the Ugi-type reaction, racemic oxazoles were
obtained when enantiomerically pure isonitriles6 (R ) Bn
or phenyl) were used as inputs. On the other hand, when
proline methyl ester was used as the amine input, a moderate
asymmetric induction was observed that led to two separable
diastereomers in a ratio of 2.5/1 (1h). To the best of our
knowledge, this procedure represents the first multicompo-
nent synthesis of 2,4,5-trisubstituted oxazole.19

In contrast to 5-alkoxyoxazole,20 studies on the cyclo-
addition of the 5-amino derivative are relatively rare.21,22
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Scheme 1
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[2 + 2] cycloadducts. To channel these different reactivities
into a productive process, we set out to examine the
previously unexplored intramolecular cycloaddition of 5-
aminooxazole.23 The presence of the secondary amine in
compounds1 provided an ideal handle for realization of this
endeavor. Heating a solution of oxazole1aand acid chloride

7a (R5 ) COOEt) in toluene at reflux temperature led to
the formation of pyrrolopyridine2a in 65% yield (Figure
3). Toluene was the solvent of choice as the same reaction
performed in other solvents such as THF, MeCN, and
benzene produced only low yields of the desired pyrrolo-
pyridine. Other acyl chlorides, such asp-nitro cinnamic acid
chloride 7b (R5 ) 4-NO2-C6H5) and p-methoxy cinnamic
acid chloride7c (R5 ) 4-OMe-C6H5) can also be used as
dienophiles.
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Figure 2. Isolated yield of analytically pure compound.

Figure 3. Isolated yield of analytically pure compound.
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A possible reaction scenario is shown in Scheme 2. Thus,
acylation of secondary amine of oxazole1 gave the amide
9, which underwent intramolecular Diels-Alder reaction
affording the bridged tricyclic intermediate (10). Base-
catalyzed retro-Michael cycloreversion then furnished the
pyrrolopyridine. The following facts are in accord with this
reaction sequence: (1) In sharp contrast to Kondrat’eva’s
reports,20 reaction between oxazole1a and N-phenylmale-
imide did not give the corresponding cycloadduct, probably
because of the steric hindrance of oxazole1a. This result
supports the idea that acylation preceded cycloaddition.24 (2)
When the reaction was carried out in CH2Cl2 at room

temperature, we were able to isolate the intermediate10 (R1

) n-C6H13, R2 ) 2-(3,4-dimethoxyphenyl) ethyl, R3 ) Bn).
The coupling constant between Ha and Hb (JHa-Hb ) 4.1 Hz)
indicated a gauche relationship (dihedral angle of 40° or so)
between these two protons. For the inherent ring strain
imposed by the connecting bridge, only the lactam-exo-ester
endomode of cycloaddition was possible, leading to observed
compound10. In this intermediate, the proton Hb is properly
aligned with the Cc-O bond, which facilitates the difficult
5-endo-trigreversal leading to11 and morpholine12, the
latter being isolated as its corresponding amide13.25 Thus
for conformational reasons, this retro-Michael cycloreversion
dominated over the alternative fragmentation assisted by the
lone pair electron on the morpholine nitrogen (compound8,
Scheme 1), an otherwise normal process.20-22

In conclusion, we report a novel multicomponent synthesis
of polysubstituted 5-aminooxazole starting from simple and
readily available inputs. Its subsequent reaction withR,â-
unsaturated acyl chloride led to polyfunctionalized pyrrolo-
pyridine. The latter one-pot reaction involves a triple domino
sequence: acylation/IMDA/retro-Michael cycloreversion.
The chemistry described is especially suitable for combina-
torial synthesis since the oxazole and the bicyclic skeleton
of pyrrolopyridine can be “decorated” by different substit-
uents at will. The methodology developed should be easily
adapted to solid-phase synthesis as well as automation.
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