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Abstract—Uracil derivatives having a vinyl group at the C-5 position and a sulfilimine moiety at the C-6 position were prepared and
cyclized to 1,3,6-trisubstituted pyrrolo[2,3-d]pyrimidine-2,4-diones by sunlight photolysis in good yields.
� 2005 Elsevier Ltd. All rights reserved.
Sulfilimines are known to be useful building blocks for
heterocycles.1 In the course of our studies on the synthe-
sis of heterocycles using N-conjugated sulfilimines, we
previously reported a simple method for the preparation
of 1,2,5-oxadiazolo[3,4-d]-, isoxazolo[3,4-d]-, isothiaz-
olo[3,4-d]-, and 1,2,3-triazolo[4,5-d]pyrimidinediones
from uracils having a nitroso-, a carbonyl-, a carbam-
oyl-, a thiocarbamoyl-,2 or an azo group3 at the C-5
position and a sulfilimine moiety at the C-6 position.
These cyclization reactions proceeded upon thermolysis
or photolysis and resulted in high yields without using oxi-
dizing materials, dehydrating agents, or metal catalysts.
In order to expand the scope of this cyclization reaction,
we tried to synthesize pyrrolo[2,3-d]pyrimidine-2,4-
diones from uracils using a new conjugated system,
N-(5-vinyluracil-6-yl)sulfilimines. Pyrrolo[2,3-d]pyrimi-
dine-2,4-diones have been prepared by Michael addition
of 6-aminouracils to acetylenedicarboxyate4 or diacyl-
ethylene5 and by cyclocondensation with glycin deriva-
tives,6 oxalyl dichloride,7 chloroacetaldehyde,8 or
diethyl oxalpropionate.9 Palladium (II)-catalyzed cycli-
zation10 of 5-allyl-6-aminouracils or 6-(N-allyl)amino-
uracils, photolysis of 6-(1 0-triazolyl)uracil,11 and
intramolecular insertion reaction of carbene generated
from 6-(N-allyl-N-methylamino)-5-tosylhydrazonoura-
cil12 are unique methods for the synthesis of this con-
densed ring. Since some pyrrolo[2,3-d]pyrimidine-2,4-
diones show antibacterial, anticancer, or antiviral activ-
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ity,13 the development of a method for efficient synthesis
of this ring system is desirable. Herein, we report a novel
synthesis of pyrrolo[2,3-d]pyrimidine-2,4-diones by sun-
light photolysis of an N-(5-vinyluracil-6-yl) sulfilimines.

The starting materials, N-(1,3-dialkyluracil-6-yl)-S,S-
diphenylsulfilimines 1 and N-(5-formyl-1,3-dimethylura-
cil-6-yl)-S,S-diphenylsulfilimine (4) were prepared by
the reaction of N-unsubstituted S,S-diphenylsulfilimine
with readily available 1,3-dialkyl-6-chlorouracils and
6-chloro-5-formyl-1,3-dimethyluracil, respectively.2 As
outlined in Scheme 1, uracil derivatives 3a and b having
a 2-(trifluoroacetyl)vinyl group at the C-5 position were
synthesized in 75% and 77% yields, respectively, by the
reaction of 1a and b with 4-ethoxy-1,1,1-trifluorobut-3-
en-2-one (2)14 in dichloromethane at room
temperature.15

On the other hand, the synthetic approach to 3c–e is
based on Wittig reaction of 4 with phosphonium salts
5. A suspension of sulfilimine 4, benzyltriphenylphos-
phonium chloride, and sodium hydride in dry THF
was refluxed to give N-(5-styryluracil-6-yl)sulfilimine
(3c) in 71% yield.16 In a similar manner, 3d and e were
prepared in 64% and 88% yields, respectively. The struc-
tures of the products 3a–e were assigned on the basis of
elemental analysis, MS, IR, and 1H NMR spectra. The
resulting sulfilimines 3a–e are stable yellow solids and
unchanged in a solution in the dark.

Cyclization reactions of 3a–e to pyrrolo[2,3-d]pyrimi-
dine-2,4-diones 6a–e were undertaken under various
conditions. Thermolysis of 3a in refluxing toluene for
30 h was unsuccessful. However, sulfilimine 3a was
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Scheme 1. Preparation of N-(5-vinyluracil-1-yl) sulfilimines 3.

Table 1. Preparation of 6a–e upon sunlight photolysis of 3a–e

Product Photolysis time Yield (%)

6a 5.0 h 88

6b 3.5 h 96

6c 40 min 91

6d 40 min 89

6e 40 min 84
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almost completely converted to the corresponding 6a by
UV irradiation using a high-pressure mercury lamp un-
der a nitrogen atmosphere for 10 min in acetonitrile
(Scheme 2).

Encouraged by the success of this ring closure reaction,
we then applied it to the synthesis of 6c. However, sim-
ilar irradiation of 3c in acetonitrile resulted in decompo-
sition of the starting material with no significant amount
of 6c. Several reaction conditions were examined in
order to realize the cyclization to 6c. As a result, almost
quantitative yield of 6c was obtained, essentially by sim-
ple stirring of a solution of 3c in ethanol for 40 min on
exposure to sunlight under aerial atmosphere. The pro-
gress of the reaction was easily monitored by color
change of the solution from yellow to pink and the prod-
ucts were isolated by a simple procedure. Thus, all the
samples 3a–e were subjected to irradiation of sunlight
under aerial atmosphere, and they were converted in
excellent yields to 6a–e (Table 1).17 The reaction would
proceed through the generation of nitrene intermediates
followed by 6p electrocyclization.1h,18 In the synthetic
photochemistry of uracils and related compounds,19
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Scheme 2. Sunlight photolysis of 3 to 6.
reactions involving sunlight are scarcely known: autore-
cycling oxidation of cyclopentanol to cyclopentanone
under an oxygen atmosphere using �doubled 5-deazaf-
lavins� and �mixed flavins� as catalysts was greatly accel-
erated by sunlight.20 It is noteworthy that sunlight was
effectively used in our preparation of uracil derivatives.

In conclusion, we have established a new photochemical
method for the preparation of 1,3,6-trisubstituted pyr-
rolo[2,3-d]pyrimidine-2,4-diones 6a–e from uracils 3a–e
having a vinyl group at the C-5 position and a sulfili-
mine moiety at the C-6 position.
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