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Abstract—This work reports a two-step synthetic strategy to obtain a series of 6-methylenesubstituted-4-trichloromethyl-2-methyl-
sulfanylpyrimidines from the cyclization of 5-bromo-4-methoxy-1,1,1-trichloro-pent-3-en-2-ones with 2-methyl-2-pseudothiourea
sulfate, followed by nucleophilic substitution of 6-bromomethyl-4-trichloromethyl-2-methylsulfanylpyrimidine with a series of
nucleophiles. Alternative strategies to obtain 6-halomethyl-4-trichloro[fluoro]methyl-2-methylsulfanyl pyrimidines have been
addressed.
� 2005 Elsevier Ltd. All rights reserved.
The halogenation of position-5 of pyrimidines and
their nucleoside derivatives has been the subject of
many studies mainly due to the elevated antiviral and
anticancer activities exhibited by these compounds.1

On the other hand, the functionalization of the posi-
tion-6 of pyrimidines has been attracting much atten-
tion since compounds such as HEPT and DABOs
showed important anti-HIV-1 activity2,3 and structur-
ally related pyrimidines exhibited antirubella virus
activity4 (Fig. 1).

It is well known that the presence of halogenated
groups in organic molecules often confer significant
and useful changes in their chemical, physical, and
biological properties due to the elevated electronegativ-
ity and lipophilic character of halogen atoms.5,6 As a
consequence, in recent years much attention has been
devoted to the synthesis of trifluorinated compounds
and many have proven to be of important therapeutic
value.7,8 Trichloromethyl substituted heterocycles have
been the subject of fewer studies, however, recent inves-
tigations have shown that these compounds exhibited
better pharmacological activities than the trifluorinated
analogues.9–12
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Recently, a series of 6-methylpyridinium-pyrimidino-
diones, which has been tested for its thymidine phos-
phorylase inhibitory activity, was obtained in a five-step
synthesis from the commercially available 6-methylur-
acyl.13 Considering the general interest of 6-methylene-
substituted-4-trihalomethylpyrimidines as potential
probes for biological activity, in this work we show a
two-step synthetic strategy to obtain a series of 6-methyl-
enesubstituted-4-trichloromethyl-2-methylsulfanyl-pyr-
imidines. The most obvious approach to functionalize
the 6-methylpyrimidine position is, first, to halogenate
the methyl group of 114 (Scheme 1), followed by the
nucleophilic substitution of the methylene–halogen by
nucleophiles.

However, several tested methods for chlorination and
bromination of 6-methyl-4-trichloro-2-methylsulfanyl
pyrimidine (1), using many conditions and molar ratio
of reagents, according to methods described in the litera-
ture,15–17 have always resulted in mixtures of mono-
halogenated pyrimidine 2, dihalogenated pyrimidine 3,
and starting material 1 in various proportions depend-
ing on the conditions and molar ratio of the reagents.
These mixtures were difficult to separate by means of
recrystallization or column chromatography. The tenta-
tive to halogenate the methyl group using N-bromosuc-
cinimide (NBS) and N-chlorosuccinimide (NCS) has
also failed because these reactions require a catalytic
amount of a peroxide to initiate the radical reaction.
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Figure 1. Structure of pharmacological active 6-substituted pyrimidines.
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The peroxide, however, induced oxidation on the meth-
ylsulfanyl group of 1 giving a mixture of 2-methanesulfin-
yl and 2-methanesulfonyl derivatives together with
starting material, instead of the desired methyl-halo-
genated products.

Since the direct halogenation of the 6-methyl-pyrimidine
derivatives did not furnish the desired products, we used
the halogen-containing building block approach for the
synthesis of the title compounds. As a part of our
research program, we developed a general synthesis of
5-bromo-1,1,1-trichloro-4-methoxy-3-pentene[hexen]-2-
ones and demonstrated its usefulness for the synthesis of
a series of 5-trichloromethyl-5-hydroxy-3-heteroalkyl-
4,5-dihydroisoxazoles.18 It has been shown that the most
convenient method to construct halogenated com-
pounds is to use halogen-containing building blocks as
the starting reagents.19 This method uses as starting
material (building blocks), which are aliphatic com-
pounds bearing halogens (compounds 4a–c and 5a–c)18

that will remain on the desired position in the final het-
erocycle (Scheme 2).

From the synthetic strategy presented in Scheme 2, pure
monobrominated pyrimidines 6a–b and 7a–b and dibro-
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Scheme 2. Reagents and conditions: (i) 2-methyl-2-pseudothiourea
sulfate, MeOH/H2O (3:1), HCl, reflux, 48 h; (ii) 2-methyl-2-pseudo-
thiourea sulfate, MeOH/H2O (3:1), C6H5N, rt, 16 h.
minated pyrimidines 6c and 7c were obtained in 60–70%
yield. The reaction to obtain compounds 6 and 7 were
carried out by reacting the enones 4 or 5 with 2 equiv
of 2-methyl-2-pseudourea sulfate in methanol/water
(3:1 v/v) in the presence of hydrochloric acid. An unex-
pected b-dicarbonyl pyrimidinium salt 8 was obtained
when compound 4a was reacted with 2-methyl-2-pseudo-
urea sulfate in the same solvent as above, but in the
presence of pyridine instead of hydrochloric acid. Nucleo-
philic substitution of the bromine of compound 6a by a
series of nucleophiles furnished compounds 9–16 in
good yields (Scheme 3).

This series of nucleophiles has been selected in order to
demonstrate the synthetic versatility of compounds 6 or
7 to establish new carbon–halogen, carbon–sulfur,
carbon–nitrogen, and carbon–oxygen bonds. Here, only
compound 6a was tested since CCl3 group is more labile
than CF3 group and, therefore, more susceptible to
undergo undesired reactions.

Compounds 9 and 10 were obtained from the reaction of
pyrimidine 6a with 2 equiv of potassium iodide and
potassium thiocyanate, respectively, in acetone at
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25 �C, for 8 h. Compounds 9 and 10 were obtained as
dark solids and were recrystallized from a mixture of
hexane/ethyl acetate to give white solids in good yields.
Compound 11 was obtained from the reaction of 6a with
2 equiv of thiophenol and triethylamine in benzene for
8 h at 40 �C. Compounds 12–14 were obtained from
the reaction of 6a with 2 equiv of morpholine, piperi-
dine, and diethylamine, respectively, in dry acetone for
16 h at room temperature. An excess of the nucleophiles
(e.g., 2:1) was used to improve yields. When the reaction
of the pyrimidine 6a with amines was carried out in the
same molar ration, in the presence of triethylamine,
lower yields were obtained and impurities were
observed. Compound 15 was obtained by stirring the
pyrimidine 6a with pyridine, used as solvent, at room
temperature for 48 h. Compound 15 was isolated by
precipitation in dichloromethane and analyzed without
further purification. Compound 16 was obtained by
stirring the pyrimidine 6a with 2 equiv of 2-dimethyl-
aminoethanol in acetone, at room temperature for 4 h.
Compound 11 was oxidized with 3-chloroperoxybenzoic
acid in chloroform to give the disulfonyl 17 in good
yields. All compounds were analyzed by 1H and 13C
NMR, GC–MS, and some representative compounds,
also by elemental analysis.20

In summary, this work showed a simple and efficient
method to obtain the title compounds in two reaction
steps from the halogenated building block approach.
This method shows a clear advantage over the method
reported in the literature where the synthesis of 6-meth-
ylenesubstituted uracil derivatives was obtained in five
reaction steps starting from the 6-methyl uracil.13 This
work also showed that the direct halogenation of the
pyrimidine side methyl group led to a mixture of mono-
and dihalogenated compounds of difficult separation
and, therefore, of limited use to obtain the title
compounds.
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Compound 7b: Yield 60%. dH (400 MHz; CDCl3): 1.77 (t,
3H, CH3), 2.51 (s, 3H, SCH3), 4.92 (1H, q, CHBr), 7.40 (s,
1H, H5); dC (100 MHz; CDCl3): 14.0 (SCH3), 24.2 (CH3),
56.9 (CHBr), 108.8 (q, 4JC4–F = 2.6 Hz, C-5), 120.3 (q,
1JC–F = 285 Hz, CF3), 156.7 (q,

2JC–F = 36 Hz, C-4), 171.9
(C2), 174.2 (C6). GC–MS (EI, 70 eV) m/z (%): 221
(M+�79, 100), 256 (44), 150 (27).
Compound 7c: Yield 60%. dH (400 MHz; CDCl3): 2.54 (s,
3H, SCH3), 6.50 (s, 1H, CHBr2), 7.60 (s, 1H, H5). dC
(100 MHz; CDCl3): 14.4 (SCH3), 69.3 (CHBr2), 108.3
(C-5), 120.1 (q, 1JCF = 235 Hz, CF3), 157.6 (q, 2JCF =
36 Hz, C-4), 168.1 (C-2), 174.8 (C-6).
Compound 9: Yield 90%; mp 180–185 �C. Found: C,
22.21; H, 1.64; N, 7.36. C7H6Cl3IN2S requires C, 21.53; H,
1.58; N, 7.31. dH (400 MHz; CDCl3): 2.56 (s, 3H, SCH3),
4.85 (s, 2H, CH2I), 7.80 (s, 1H, H-5). dC (100 MHz;
CDCl3): 3.8 (CH2I), 13.5 (SCH3), 94.9 (CCl3), 109.1 (C5),
165.4 (C4), 171.1 (C2), 172.1 (C6). GC–MS (EI, 70 eV)
m/z (%): 255 (M+�127, 56), 220 (100), 185 (30).
Compound 10: Yield 80%; mp 101–103 �C. Found: C,
30.79; H, 2.02; N, 13.50. C8H6Cl3N2S2 requires C, 30.54;
H, 1.92; N, 13.35. dH (400 MHz; CDCl3): 7.95 (s, 1H, H5),
4.59 (s, 2H, CH2SCN), 2.64 (s, 3H, SCH3). dC (100 MHz;
CDCl3): 13.7 (SCH3), 37.1 (CH2SCN), 95.0 (CCl3), 110.0
(C5), 112.4 (SCN), 165.6 (C4), 168.0 (C2), 172.6 (C6).
GC–MS (EI, 70 eV) m/z (%): 313 (M+, 15), 298 (40), 278
(75), 255 (30), 219 (100).
Compound 11: Yield 60%. dH (400 MHz; CDCl3): 2.55 (s,
3H, SCH3), 4.13 (s, 2H, CH2SPh), 7.43 (s, 1H, H-5), 7.37–
7.16 and 7.51–7.45 (m, 5H, SPh). dC (100 MHz; CDCl3):
14.2 (SCH3), 40.4 (CH2SPh), 95.6 (CCl3), 109.3 (C5),
127.3–133.9 (SPh), 166.0 (C4), 169.4 (C2), 173.0 (C6).
GC–MS (EI, 70 eV) m/z (%): 364 (M+, 85), 349 (45), 329
(45) 219 (73), 109 (100).
Compound 12: Yield 60% ; mp 85–88 �C. Found: C, 36.28;
H, 2.64; N, 6.49. C11H14Cl3N3OS requires C, 36.34; H,
2.58; N, 6.52%. dH (400 MHz; CDCl3): 2.77–2.66 (m, 4H,
NCH2), 2.62 (s, 3H, SCH3), 3.77–3.66 (s, 4H, OCH2), 7.76
(s,1H, H-5). dC (100 MHz; CDCl3): 14.2 (SCH3), 53.6
(NCH2), 66.7, 63.6 (OCH2), 95.5 (CCl3), 109.5 (C5), 166.3
(C4), 170.5 (C2), 173.0 (C6). GC–MS (EI, 70 eV) m/z (%):
255 (M+�86, 65), 221 (55), 86 (100).
Compound 13: Yield 60%; mp 85–88 �C. dH (400 MHz;
CDCl3): 1.39–1.40 (m, 2H, piperidine), 1.53–1.57 (m, 4H,
piperidine), 2.38–2.40 (m, 4H, piperidine), 2.54 (s, 3H,
SCH3), 3.55 (s, 2H, CH2), 7.70 (s, 1H, H5). dC (100 MHz;
CDCl3): 14.3 (SCH3), 22.6, 24.5, 54.8 (piperidine), 63.9
(CH2), 95.9 (CCl3), 109.0 (C5), 166.0 (C4), 171.9 (C2),
172.6 (C6). GC–MS (EI, 70 eV) m/z (%): 303 (M+�36,
25), 256 (42), 221 (54), 84 (100).
Compound 14: Yield 60%. dH (400 MHz; CDCl3): 1.10 (t,
6H, 2CH3), 2.61 (m, 4H, 2CH2), 2.54 (s, 3H, SCH3), 3.66
(m, 2H, CH2), 7.77 (s, 1H, H5). dC (100 MHz; CDCl3):
11.9 (CH3), 14.2 (SCH3), 47.8 (2CH2) 58.5 (CH2), 96.0
(CCl3), 109.9 (C5), 166.0 (C4), 173.1 (C6), 172.4 (C2).
GC–MS (EI, 70 eV) m/z (%): 256 (M+�71, 50), 221 (46),
72 (100).
Compound 15: Yield 80%; mp > 250 �C. dH (400 MHz;
CDCl3): 2.25 (s, 3H, SCH3), 6.34 (s, 2H, CH2), 8.15 (s, 1H,
H-5), 8.27 (t, 2H, 3J = 7.5 Hz, pyridine), 8.74 (t, 2H,
3J = 7.5 Hz, pyridine) 9.30 (d, 2H, 3J = 5.6 Hz, pyridine).
dC (100 MHz; CDCl3): 13.64 (SCH3), 62.6 (CH2), 95.0
(CCl3), 109.3(C5), 127.8, 135, 146.6 (pyridine), 165.2 (C4),
166.0 (C2), 172.3 (C6).
Compound 16: Yield 80%; mp 148–151 �C. dH (400 MHz;
CDCl3): 2.60 (s, 3H, SCH3), 3.28 (s, 6H, NMe2), 3.63 (t,
2H, CH2), 3.93 (t, 2H, CH2), 4.93 (s, 2H, CH2), 8.20 (s,
1H, H-5); dC (100 MHz; CDCl3): 14.0 (SCH3), 51.5
(Me2N), 54.9 (CH2), 65.3, 66.1 (2CH2), 95.0 (CCl3),
114.1 (C5), 162.0 (C4), 166.0 (C2), 172.6 (C6). GC–MS
(EI, 70 eV) m/z (%): 255 (M+�88, 100), 219 (40).
Compound 17: Yield 80%; mp 178–183 �C. dH (400 MHz;
CDCl3): 3.25 (s, 3H, CH3), 5.31 (s, 2H, CH2), 7.59, 7.81
(m, 5H, Ph), 8.41 (s, 1H, H5); dC (100 MHz; CDCl3): 40.0
(CH3), 62.5 (CH2), 93.9 (CCl3), 121.3 (C5), 127.0, 128.9,
129,0 137.9 (Ph), 164.9 (C2), 166.3 (C4), 166.5 (C6).
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