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The combined reagent of iodobenzene diacetate (or polymer-supported iodobenzene diacetate) with iodine or
bromine was used as an effective halogenative agent of 6-methyluracil derivatives to the corresponding 5-halo-6-
methyluracil derivatives at room temperature with high yields.
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A number of 5-halogenouracil derivatives have been investi-
gated in the treatment of neoplastic and viral diseases.!
5-iodo-2'-deoxyuridine has been in clinical use as a herpes
antiviral drug for several decades.! Recently 5-halogenouracil
derivatives have been used as sedatives? Some of these
5-halogenouracil derivatives had been shown to be good start-
ing materals.2 The methods reported for the preparation of
5-halogenouracil derivatives. Include direct halogenations,*
iodine monochloride,! N-halogenosuccunimide.®> However,
some suffer from disadvantages such as poor yield of the prod-
uct, unstable reagent, and complex manipulation. The devel op-
ment of convenient and efficient methods for the preparation of
5-halogenouracil derivativesis of practical importance.

The versatile synthetic utility of hypervalent iodine reagents
is of current interest.5 Recently, it was shown the combined
reagent of the iodine/Phl (OAc), is a convenient reagent for
the iodination of aromatic compounds.” Reaction occurs
through acetyl hypoiodites formed in situ. Thereis little pub-
lished work on the use of the iodine/Phl (OAc), system for the
heteroaromatic compounds.82 We examined the halogenation
of 6-methyluracil derivatives using halogen/Phl (OAcC), sys-
tem as the halogenating reagent.

We found that the Phl (OAc),/l, system is an excellent
reagent for the iodination of 6-methyluracil derivatives.
Simply stirring a mixture of Phl (OAc),, iodine and the 6-
methyluracil derivative in an appropriate solvent at room tem-
perature gave, after work-up and isolation, the desired
5-iodo-6-methyluracil derivative in high yield (Scheme 1)
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Table 1 halogenation of 6-methyluracil
Entry Substrate, Ry, Ry, Rs3 Product Time/ Yield/
min %°

1 1a, CH;, H, H 2a? 45 93
2 1b, CH3, CgHs, CgHs 2b? 45 92
3 1c, CH3 CH2C5H4 CH2C5H4 2¢? 45 91
4 1d, CH3, H, C5H5 2d? 80 86
5 1a, CH3, H, 2ab 15 94
6 1b, CHg, C6H5 CeHs 2bb 15 93
7 1¢, CH3, CH,CgH,, CH,CgH, 2¢P 15 89
8 1d, CH3, H, CgHs 2db 50 89
9 1c, CH3, CH2C5H4, CH2C5H4 2¢? 50 87

10 1c, CH3, CH2C6H4, CH2C6H4 2cb 20 90

11 1¢, CH3, CH,CgH,4, CH,CgH, 2¢c? 60 874

12 1c, CH3, CH2C6H4, CH2C6H4 2cb 25 89d

aX = |; PX = Br; ¢Isolated yields based on 6-methyluracil deriva-
tives; 9The regenerated PIBD was used.

(Table 1, entries 1, 3, 5, 7). We also used the Phl (OAC),/Br;
system to react with the above 6-methyluracil derivatives. The
desired 5-bromo-6-methyluracil derivatives were obtained
(entries 2, 4, 6, 8). The brominations were completed within a
few minutes.

The advantages of polymer-supported reactive species are
now widely recognised by organic chemists and the exploita-
tion of these systems is developing both in academic and
industrial laboratories.® Recently we studied the properties of
polymer-supported iodobenzene diacetate (PIBD).1° To
expand the application of the PIBD, we used the iodine or
bromine/PIBD system in the halogenation reactions of 6-
methyluracil derivative. It was also successful (entries 9-10).
The side product of the reaction is polymer-supported
iodobenzene (PIB). After the completion of the reaction, ether
was added to the reaction mixture to precipitate the PIB, and
the product can be obtained easily by the simple filtration.
Thus the manipulation is simplified.

We aso examined the regeneration and recycling of the
polymer reagent. The spent resin was collected by filtration
and reoxidised with peracetic acid.1°2 The regenerated resin
was used to repeat the reaction with no loss of activity (See
Table entries 11-12).

In summary, we think that the iodine or bromine/IBD and
iodine or bromine/PIBD system is an effective halogenation
reagent for 6-methyluracil derivatives. This reaction makes
full use of halogen atoms. The advantages of this reaction are
ease manipulation, mild reaction conditions and high yields.
The range of useful applications of IBD or PIBD in organic
synthesis has been extended.



Experimental

Melting points are uncorrected. 'H NMR spectra were recorded on a
Bruker 400 MHz instrument as CDCl5 solutions using TMS as inter-
nal standard. IR spectrawere determined on a Bruker Vector-22 spec-
trometer. Elemental analyses were performed on a EA-1110
instrument. MS was recorded on HP-5989B Mass Spectrometer.
Uracil derivatives are prepared according to described procedures.!
PIBD is prepared according to our preciously reported method.102

General procedure for the halogenation of 6-methyluracil deriva-
tives: In a 50 ml round-bottomed flask, iodine or bromine (0.5 mmol)
was added to IBD (0.5 mmol) or PIBD (1 g) in dichloromethane or
acetic acid (10 ml). The mixture was stirred for half an hour, then the
6-methyluracil derivative (1 mmol) was added to the solution. Thetime
of the reaction was indicated in Table 1. After completion of the reac-
tion, the solvent was distilled off under reduced pressure. The residue
which was obtained was purified on a silica-gel plate. If the products
areentry (1, 4, 5, 8), the eluant was ethyl acetate: cyclohexane (2:1). If
the products are entry (2, 3, 6, 7), the eluant was ethyl acetate: cyclo-
hexane (1:2). If the reagent was PIBD, ether (20 ml) was added to the
mixture, then filtered. After removal the solvent, the product which was
obtained was recrystallised with ethanol or water. The characterisation
and spectral data of the products are given as following:

2a:2m.p. 276°C. dec. (lit* 280-283°C, dec.). 'H NMR: (DM SO-dg):
011.27 (brs, 2H), 2.28 (s, 3H); m/'z (%): 252 (M*, 100), 209 (30.73),
168 (33.18), 127 (9.40).

2a:b m.p. 232-233°C. dec. (lit'2 230°C, dec.). IH NMR: (DMSO-
dg): 0 11.37 (brs, 1H), 11.25 (brs, 1H), 2.19 (s, 3H); m/z (%): 204
(M*, 95.96), 206 (M*+2, 100), 209 (30.73), 161 (81.17), 163 (78.88),
120 (55.10), 122 (48.96).

2b:a m.p. 194-196°C. 'H NMR: (CDCl3): & 7.38-7.51 (m, 6H),
7.24-7.28 (m, 4H), 2.32 (s, 3H); m/z (%): 404 (M*, 54.98), 285
(36.07), 158 (39.86), 118 (100); Anal. Cacd. for Ci7;H3IN,O, C
50.52, H 3.24, N 6.93; Found: C 50.73, H 3.69, N 6.77.

2b:b m.p. 177-179°C. 'H NMR: (CDClj): & 7.39-7.53 (m, 6H),
7.25-7.30 (m, 4H), 2.21 (s, 3H); nV/z (%): 356 (M*, 19.47), 358
(M*+2, 19.65), 237 (23.69), 239 (23.52), 158 (20.72), 118 (91.96), 77
(100); Anal. Calcd. for C;;H3BrN,O,. C 57.16, H 3.67, N 7.84;
Found: C 56.90, H 3.56, N 7.62.

2c:a m.p. 125-127°C. H NMR (CDCly): & 7.51-7.53 (t, 2H),
7.25-7.36 (m, 6H), 7.12-7.14 (d, 2H), 5.23 (s,4H), 2.54 (s, 3H); m/z
(%): 432 (M*, 28.19), 298 (6.85), 180 (7.90), 91 (100), 65 (19.46);
And. Calcd. for C;gH17IN,O,. C 52.79, H 3.96, N 6.48; Found: C
52.63, H 3.93, N 6.64.

2c:P m.p. 93.5-94.5°C. IH NMR (CDCly): & 7.51-7.53 (t, 2H),
7.25-7.36 (M, 6H), 7.12-7.14 (d, 2H), 5.21 (s, 4H), 2.43 (s, 3H);. m/z
(%): 384 (M*, 11.31), 386 (M*+2, 11.98), 293 (4.25), 180 (5.19), 132
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(6.40), 91 (100), 65 (19.53); Anal. Calcd. for C1gH;7BrN,O,. C 59.23,
H 4.44, N 7.27; Found: C 59.10, H 4.41, N 7.48.

2d:a m.p. 248-249°C. IH NMR (DMSO-dg): & 11.71 (brs, 1H),
7.38-7.46 (m, 3H), 7.19-7.26 (d, 2H), 2.36 (s, 3H);. m/z (%): 325
(M*, 54.73), 209 (26.77), 168 (23.07), 119 (17.05), 91 (22.18), 77
(53.71), 42 (100); Anal. Calcd. for C1;HgIN,O, C 40.27, H 2.76, N
8.54; Found: C 40.43, H 2.91, N 8.37.

2d:P m.p. 258-259°C. *H NMR (DMSO0-dg): & 11.73 (brs, 1H),
7.39-7.85 (m, 3H), 7.11-7.35 (m, 2H), 2.29 (s, 3H);. m/z (%): 280
(M+*, 39.06), 282 (M*+2, 38.99), 161 (24.36), 119 (45.49), 91 (29.91),
77 (53.71), 42 (100); Anal. Calcd. for C1;HgBrN,O,. C 47.00, H 3.23,
N 9.97; Found: C 47.15, H 3.39, N 9.71.

Received 10 February 2002; accepted 24 April 2002
Paper 02/1243

References

1 M.J. Robins, RPJ. Barr and J. Giziewicz, Can. J. Chem. 1982, 60,
554.

2 M. Imaizumi, S. Sakata and F. Kano, CA 118, P191762n.

3 (d) E.S. Kumarasinghe, M.A. Perterson and M.J. Robhins,

Tetrahedron Lett. 2000, 41, 8741, (b), J. Hung and L.M. Werbel,

Synthesis. 1985, 80.

E. Wittenburg, Collect. Czech. Chem. Commun. 1971, 36, 246.

T. Nishiwaki, Tetrahedron 1966, 22, 2401.

(8 R.M. Moriarty and O. Prakash, Adv. In Het. Chem., 1998, 69,

1; (b), A. Varvoglis, The Organic Chemistry of Polyvalent lodine,

VCH: The New York, 1992; (c) PG. Stang and V.V. Zhdankin,

Chem. Rev., 1996, 96, 1123.

E.B. Merkushev, Synthesis. 1988, 923.

A. Kryskaand L. Skulski, J. Chem. Res. (S), 1999, 590.

(@) D.C. Bailey and SH. Langer, Chem. Rev. 1981, 81, 109;

(b) A. Akelah and D.C. Sherrington, Chem. Rev. 1981, 81, 557;

(c) SJ. Shuttlewurth, SM. Allin and PK. Sharma, Synthesis

1997, 1217; (d) S\V. Ley, I.R. Baxendale, R.N. Bream,

P.S. Jackson, A.G. Leach, D.A. Longbottom, M. Nesi, J.S. Scott,

R.l. Storer and S.J. Tayor, J.Chem. Soc., Perkin Trans. | 2000,

3815.

10 (8) G.P Wang and Z.C. Chen, Synth. Commun. 1999, 29, 2859;
(b) D.J. Chen, D.P. Cheng and Z.C. Chen, Synth. Commun. 2001,
31, 3847; (c) D.P. Cheng and Z.C. Chen, Synth. Commun. 2002,
32, 801.

11 N.G. Kundu, S. Sikdar, R.P. Hertzberg, SA. Schmitz and
S.G. Khatri, J. Chem. Soc. Perkin Trans |. 1985, 1295.

12 R. Behrend, Ann. 1886, 236, 57.

oo h

© 00~



