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PHOTOCHEMISTRY OF 6-HALO- AND 5,6-DIHALOURACILS. A SIMPLE

SYNTHESIS OF FLUORESCENT URACIL DERIVATIVES1

Hideyuki Ikehira, Teruo Matsuura and Isao Saito*
Department of Synthetic Chemistry, Faculty of Engineering, Kyoto University

Kyoto 606, Japan

Summary: 6-Iodo- and 5,6-dihalouracil derivatives undergo remarkably efficient
photocoupling reactions leading to strongly fluorescent heterocycles in the presence of
suitable radical acceptors.

Pyrimidine base analogues of high photochemical reactivity are an intriguing class of

2,3 Uracil derivatives

compounds for modification of nucleic acids and their monomeric units.
that can produce strongly fluorescent chromophores upon UV irradiation are of particular
importance for investigating the structure and function of nucleic acids in macromolecular

2,4 Such a photoreaction leading to fluorescent heterocycles would also be of a

complexes,
considerable synthetic utility. In this context photochemistry of 5-halouracils has been
extensively stud1‘ed5’6 and was used for investigating structures of macromolecular complexes

as a cross-linking reagent.7 In a continuation of our studies on the photochemistry of nucleic
acid bases, we now report that 6-iodo- and 5,6-dihalouracil derivatives undergo remarkably
efficient photocoupling reactions leading to strongly fluorescent products in the presence of

radical acceptors such as benzene, N-substituted pyrroles and 1,1-diphenylethylene as typically

exemplified below.
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8
6-Iodo- (1) and 5,6-diiodo-1,3-dimethyluracil (9) are readily available from the
-3

9,10

“+
corresponding 6-lithiated uracil by quenching with jodine. 5,6-Dibromo-1,3-dimethyluracil

(ﬁ) was prepared as described earh’er.10

Irradiation of l (0.38 mmo1) in benzene (200 mL)

with a 400 W high-pressure Hg lamp (Pyrex filter) at ambient temperature producedi(SQ%) as

a single product, whereas ,2‘, (79%) was obtained regiospecifically in irradiation oflwith
N-methylpyrrole (10 eq) in acetonitrile. However, irradiation ofjl_ (0.38 mmo1) in the presence
N-phenylpyrrole (10 eq) in acetonitrile (50 mL) under the conditions produced a strongly
fluorescent product 4 (57%). The structure ofiwas confirmed by its spectral data'’
including NOE measurement of the 400 MHz 1H NMR spectrum. The formation of iwomd be
explained by the attack of the 6-uracilyl radical formed by homolysis ofi to the a-position
of N-phenylpyrrole givingiwhich then undergoes further photocyclization toi probably via
3;12 Similarly, irradiation ofl with 1,1-diphenylethylene (10 eq) in acetonitrile under the
conditions gave the fluorescent productiH (58%) whose structure was again confirmed by 1H NMR
NOE technique. These results demonstrate the synthetic usefulness of the photochemistry of

6-iodouracil as a route to a variety of C-6 substituted and C-5, C-6 fused uracil derivatives

which are not readily accessible by other r'outes.13
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A similar photoaddition has been observed with 5,6-dihalo-1,3-dimethyluracils (g,‘g).
Irradiation of‘g'with N-phenylpyrrole (10 eq) and 1,1-diphenylethylene (10 eq) in acetonitrile
gave 4 (46%) and 5 (27%), respectively. Photoreaction of giwith N-methylpyrrole gave

0“(85%). There was no indication for the formation of the regioisomers. These

exclusively 1
results indicate that the C-6 uracilyl radical is preferentially formed by photolysis of
5,6-dibromo-1,3-dimethyluracil (i). In fact, irradiation ofg‘in benzene for 6 h afforded
5-bromo-6-phenyluracil derivative ll (45%) as a major product together with a small amount of
u% (less than 5%), although prolonged irradiation (24 h) increased the yield of lg up to 15%.
Such C-6 substituted 5-halouracils are useful intermediates for further manipulation.

Strongly fluorescent uracil 13? (30%) was more easily prepared by irradiation of 5,6-diiodo-

uracil 9 in benzene.
-
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Finally, we note the application of this photoreaction to the synthesis of a fluorescent

nucleoside as illustrated below. 6-Iodouridine lg prepared by trapping of the protected
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6-lithiated uridine (LDA/THF/-78 °C) with IC1 was converted to 14 (27%) by irradiation with

N-phenylpyrrole. Deprotection gave the fluorescent nucleoside 15

-
1

1
15 (70%).
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