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A route to functionalized pyrimidines from carbohydrates
via amine-driven dehydrative ring transformations
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Abstract

A novel and expeditious synthetic protocol for functionalized pyrimidines using unprotected aldoses as biorenewable resources is
reported. The synthesis involves aza-Michael addition of aromatic amines to aldose-derived 1,3-oxazin-2-ones(thiones) followed by
dehydrative ring transformation to afford 4-polyhydroxyalkylpyrimidin-2-ones(thiones) in excellent yields. This is a one-pot Montmo-
rillonite K-10 clay-catalyzed amine-driven process proceeding under solvent-free microwave irradiation conditions.
� 2008 Elsevier Ltd. All rights reserved.
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Present work
Pyrimidines are an important class of compounds and
have widespread applications from pharmaceuticals to
materials.1 A number of synthetic pharmacophores with
antibacterial, antimicrobial, antifungal and antimycotic
activities2–4 are based on the pyrimidyl motif. Also, pyr-
imidines are present in numerous natural products and,
significantly, in the pyrimidine and purine bases ribo- and
deoxyribonucleosides.5 The electron-deficient nature of
pyrimidines can impart highly electron-accepting ability
to conjugated polymers.6 In addition, conjugate molecules
which have a pyrimidine core as the key unit have received
much attention recently, and they are prospective candi-
dates for light-emitting devices.7 Owing to their strong
deactivation towards electrophilic substitution and greater
reactivity in nucleophilic additions and substitutions,5a,f,8

pyrimidines may become increasingly important as inter-
esting structural coordinating substituted ligands for
pyridyl units in supramolecular metallo-grid-like architec-
tures9 and in novel inorganic/organic hybrid type mole-
cular wires.10
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These unique properties have triggered renewed interest
to develop new synthetic methods which enable rapid
access to pyrimidines. In most of the cases, construction
of the pyrimidine ring is based on the bis-nucleophile plus
bis-electrophile methods11 or cross coupling reactions12

and is restricted to methods involving Pinner synthesis
via 3,4- and 1,6- (I);11 1,2- and 2,3- (II);13 1,2- and 3,4-
(III);14 4,5- and 1,6- (IV);15 2,3- and 4,5- (V) bond forming
reactions.16 Recently, a four component coupling strategy
was reported for pyrimidine synthesis by 3,4- and 4,5-
(VI) bond forming reactions17 (Scheme 1). However, in
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Table 1
Solvent-free synthesis of compounds 4 and 6 catalyzed by Montmoril-
lonite K-10 clay

Product Timea (min) Yieldb,c (%)

4a 10 82
4b 10 81
4c 10 79
4d 10 85
6a 12 88
6b 9 91
6c 9 85
6d 10 83
6e 11 92
6f 11 89
6g 8 87
6h 12 94
6i 9 93
6j 12 83
6k 10 92
6l 10 91

a Microwave irradiation time at 90 �C.
b Yield of isolated and purified products.
c All compounds gave C, H and N analyses within ±0.35% and satis-

factory spectral (IR, 1H NMR, 13C NMR and EIMS) data.
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most of the established methods, condensation occurs
between two-nitrogen-containing building blocks, viz.
amidines, guanidines, ureas, isoureas, thioureas and iso-
thioureas, and 1,3-dielectrophilic three-carbon units under
alkaline conditions. The literature records only a few exam-
ples of pyrimidine synthesis using one-nitrogen-containing
building blocks.14,18

In this Letter, we disclose a novel approach, viz. 1,2- and
1,6-bond forming reactions (VII, Scheme 1) for pyrimidine
synthesis using D-glucose-/D-xylose-derived 1,3-oxazin-2-
ones(thiones) 4 and aromatic amines 5 as structural vari-
ants of the building blocks. The present synthesis of func-
tionalized pyrimidines results from our quest for novel
solvent-free heterocyclization strategies,19 especially using
carbohydrates as raw materials.20 Furthermore, the present
synthetic protocol is in accord with ‘renewable resources’, a
new and rapidly developing concept in environmental and
chemical sciences that concerns the wide use of biorenew-
able materials for industry.21

1,3-Oxazin-2-ones(thiones) 4, the starting materials for
the envisaged synthetic protocol, were synthesized in 79–
85% yields by a solvent-free microwave (MW) irradiation
of D-glucose/D-xylose 1, semi(thiosemi)carbazide 2 and M
ontmorillonite K-10 clay via acid-catalyzed domino cyclo-
isomerization, dehydrazination and dehydration of
semi(thiosemi)carbazones 3 (Scheme 2).22 The mechanism
shown in Scheme 2 is supported by the formation of hydr-
azine during the reaction detected using the p-dimethyl-
aminobenzaldehyde method.23 It was noted that other
mineral catalysts, viz. silica gel and neutral or basic
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Scheme 2. Formation of 1,3-oxazin-2-ones(thiones) 4 from D-glucose/D-
xylose 1.
alumina, were far less effective resulting in either no reac-
tion (in the case of basic alumina) or very low yields (15–
28%) of 4 (in the cases of silica gel and neutral alumina).

The target polyhydroxyalkyl pyrimidines 6 were
obtained in 83–94% yields24 (Table 1) by solvent-free
microwave (MW) irradiation of an intimate mixture of
1,3-oxazin-2-ones(thiones) 4 and aromatic amines 5 in the
presence of K-10 clay via amine-driven dehydrative ring
transformations (Scheme 3). The use of other mineral cat-
alysts, viz. silica gel, neutral or basic alumina, resulted in
relatively low yields of 6 (21–32%). Formation of com-
pounds 6 may be rationalized by the nucleophilic attack
of the nitrogen of aromatic amines 5 on C-2 of the oxazine
ring driving the dehydrative ring transformation to afford 6

(Scheme 3).
N

N

(CHOH)n-2

CH2OH

O

N

XHO
OH

n-2
NH2Ar

4 5

-H2O

6
X

Ar

K-10 
clay

MW

6
a
b
c
d
e
f

X n Ar
O
O
O
S
S
S

3
3
3
3
3
3

Ph
4-ClC6H4
4-MeOC6H4
Ph
4-ClC6H4
4-MeOC6H4

6
g
h
i
j
k
l

X n Ar
O
O
O
S
S
S

4
4
4
4
4
4

Ph
4-ClC6H4
4-MeOC6H4
Ph
4-ClC6H4
4-MeOC6H4

OH

N

HO
OH

n-2 X
ArHN

O

N

HO
OH

n-2 X
ArHN

Scheme 3. A plausible mechanism for the formation of pyrimidines 6.



L. D. S. Yadav et al. / Tetrahedron Letters 49 (2008) 2377–2380 2379
In summary, we have documented an original and prac-
tical route for the synthesis of novel polyhydroxyalkylpyr-
imidines of remarkable pharmacological potential from
unprotected aldoses as biorenewable resources. The synthe-
sis is effected under Montmorillonite K-10 clay catalysis
and solvent-free microwave irradiation conditions.
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