Acta Chemica Scandinavica B 38 (1984) 505—508

Synthesis of Some 5-Trifluoromethylpyrimidines

TORE BENNECHE and KJELL UNDHEIM

Department of Chemistry, University of Oslo, Oslo 3, Norway

5-Trifluoromethyl-2-pyrimidinones have been
prepared by selective substitution reactions from
2-chloro-5-methylpyrimidine.

A number of aromatic trifluoromethyl deriva-
tives show useful biological activity.! The tri-
fluoromethyl group may often replace a halogen
in a biologically active molecule with retention of
biological activity. For our continued studies of
5-halopyrimidines as cytostatic agents,>” we

needed ready access to S-trifluoromethyl deriva- .

tives; a method for their synthesis is described in
this report.

The trifluoromethyl group can be introduced
into aromatic and heteroaromatic molecules
either by direct carbon-carbon bond formation
between a trifluoromethyl group and the aroma-
tic molecule,* or by transforming a substituent
into a trifluoromethyl group.® Thus 5-trifluoro-
methylpyrimidines without substituents in the 4-
and 6-position have been prepared from 2-amino-
S-carboxypyrimidine using sulfur tetrafluoride,
and from 2-chloro-5-trichloromethylpyrimidine
with a mixture of antimony trifluoride and
antimony pentachloride.® The latter approach
requires that 2-chloro-5-trichloromethyl-
pyrimidine 2 is easily available. Photochlorina-
tion using chlorine at elevated temperatures over
several hours has been reported for the synthesis
of 2 from 2-chloro-5-methylpyrimidine.® We have
found the reaction to proceed readily using
N-chlorosuccinimide (NCS) or sulfuryl chloride;
sulfuryl chloride is the superior reagent. The
hydrochloride of 2 should be used since the main
component (ca. 85 %) in the crude product from
the chlorination of the free base, was the 5-
dichloromethyl analogue according to spectros-
copy and GLC.
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Since antimony pentafluoride is a stronger
fluorinating agent than the mixture of antimony
trifluoride and antimony pentachloride,’ the lat-
ter reagent was replaced by the former which
significantly improved the yield of the 5-trifluoro-
methyl derivative 3.

The electron attracting properties of the tri-
fluoromethyl group activates further the chlorine
in the active pyrimidine 2-position towards nu-
cleophilic substitution. On the other hand the
trifluoromethyl group itself, which is coupled to
an electron deficient system, will readily undergo
hydrolytic conversion to a carboxylic acid; thus 3
was rapidly decomposed by dilute sodium hy-
droxide (TLC). For comparison it is pointed out
that S-trifluoromethyluracil is completely hy-
drolyzed to the S-carboxy derivative in 0.1 M
sodium bicarbonate after 24 h or in 1.0 M sodium
hydroxide after 20 min.® The selective hydrolysis
of the 2-chloro substituent was therefore carried
out in acid solution; optimum conditions for the
conversion of 3 to the pyrimidinone 6 were found
in the use of 38 % hydrochloric acid at 50 °C for
40 min. When the 5-trichloromethyl precursor 2,
however, was subjected to the same hydrolytic
conditions, complete hydrolysis of the trichloro-
methyl group took place with the formation of
5-carboxy-2-pyrimidinone.’

Selective substitution of the 2-chloro substi-
tuent in 3 can also be effected by sulfur nu-
cleophiles; with potassium ethyl, benzyl or thenyl
thiolates in dimethylformamide or dimethoxy-
ethane the corresponding 2-sulfides are formed.
Under the same reaction conditions the 5-tri-
chloromethyl derivative gave products which
were also partially substituted in the trichlor-
omethyl group.

The leaving properties of a sulfide substituent
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in an activated azine position are improved after
oxidation. The sulfides 4 were readily oxidized to
sulfones 5; in one case the intermediate sulfoxide
3¢ was isolated by using one equivalent of
peracid. Selective hydrolysis of the sulfonyl
group to the lactam 6 could be achieved by
running the reaction in 1 M sodium hydroxide at
room temperature for 10 min.

The trifluoromethyl group is more strongly
electron attracting than a halogen in the 5-
position in pyrimidine and hence N-alkylation is
made more difficult in 5-trifluoromethyl-2-pyrim-
idinones. O-Alkylation may be a competing
reaction especially when the relatively hard
chloromethyl ether electrophiles are used; this is
also the case in the reaction with 5-halo-2-
pyrimidinones.

EXPERIMENTAL

GLC was carried out on an 3 % SP-2100
column in all cases except for 3 where a 3 %
SP-2250 column was used; percentage composi-
tions of mixtures quoted refer to relative signal
intensities of the components. The mass spec-
trometry data are reported as MS 70 eV; m/z (%
rel. int.).

2-Chloro-5-trichloromethylpyrimidine ® 2.
Method A: 2-Chloro-5-methylpyrimidine !* (1.00
g, 7.8 mmol) in dry tetrachloromethane (125 ml)
was treated with dry hydrogen chloride to pre-
cipitate the hydrogen chloride salt. N-Chlorosuc-
cinimide (5.21 g, 39.0 mmol) was added and the
mixture irradiated with a 250 W high-pressure
mercury lamp at reflux temperature for 3 h
before another portion of N-chlorosuccinimide

(1.00 g, 7.5 mmol) was added. The mixture was
heated for 1 h, cooled, filtered and evaporated.
The crude product was purified on a silica gel
column (chloroform); yield 0.73 (40 %), m.p.

60 °C (light petroleum). Anal. CsH,C,N;: C,H.
1H NMR(CHCl3): 6 9.05 (H-4, H-6).

Method B. The hydrogen chloride salt of
2-chloro-5-methylpyrimidine (7.8 mmol) was pre-
pared as above. Sulfuryl chloride (10 ml, 124
mol) was added and the mixture irradiated with a
250 W high-pressure mercury lamp at reflux
temperature for 3 h before the cooled solution
was filtered and evaporated. The residue was
dissolved in ether, filtered and evaporated to give
the title compound; yield 1.17 g (65 %) more
than 90 % pure (GLC).

2-Chloro-5-trifluoromethylpyrimidine® 3. Anti-
mony pentafluoride (2.0 ml, 28 mmol) was
carefully added to 2-chloro-5-trichloro-
methylpyrimidine (3.50 g, 15 mmol) at 50 °C
under N, and the mixture heated to 150 °C
during 35 min, and then stirred at 150° for 15 min.
The mixture was poured into ice/water (50 ml)
and tartaric acid added (30 g in 75 ml of water).
The product was extracted into ether (3X50 ml),
washed with an aqueous solution of tartaric acid
(20 g in 50 ml of water), water (2X50 ml) and a
saturated solution of sodium bicarbonate (50 ml).
The solution was dried (MgSO,) and the ether
removed at atmospheric pressure before the
residue was distilled under vacuum; yleld 140 g
(51 %), b.p. 76—78 °C/45 mmHg [llt 145 °C/
760 mmHg|. Anal. CsH,CIF;N,: C,H. H NMR
(CDCl,): 6 8.90 (H-4, H-6). MS 184/182 (30/100,
M), 155(15), 154(10), 147(25), 86(28), 75(26),
69(36).

2-Ethylthio-5-trifluoromethylpyrimidine  4a.
Potassium tert-butoxide (1.00 g, 8.9 mmol) was
added to a solution of ethanethiol (0.66 ml, 8.9
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mmol) in 1,2-dimethoxyethane (40 mt) at 5 °C.
The mixture was stirred for 10 min before
2-chloro-5-trifluoromethylpyrimidine (1.60 g, 8.9
mmol) in 1,2-dimethoxyethane (10 ml) was
added dropwise over 3 min. The mixture was
stirred at room temperature for 2 h and at 85 °C
for 30 min, before water (125 ml) was added and
the product extracted into chloroform. The solu-
tion was dried (MgSO,), evaporated and the
residue distilled under reduced pressure; yield
1.40 g (76 %), b.p. 110—112 °C/40 mmHg. 'H
NMR (CDCl,): 61.41 (Et,J 7 Hg), 3.21 (Et,J 7
Hy), 8.65 (H-4, H-6). IR (film): 1540 cm™
(pyrimidine). MS: 208 (100, M), 193 (39), 189
(17), 180 (41), 175 (84), 174 (25), 148 (34), 136
(16), 121 (19), 75 (33).
2-Benzylthio-5-trifluoromethylpyrimidine  4b.
2-Chloro-5-trifluoromethylpyrimidine (0.91 g, 5
mmol) in DMF (5 ml) was added to a mixture of
benzyl mercaptan (0.59 ml, 3 mmol) and potas-
sium tert-butoxide (0.56 g, 5 mmol) in DMF (15
ml) at 5 °C under N,. The mixture was stirred for
10 min at 5 °C and for 1 h at room temperature
before the solvent was distilled off and the
residue triturated with water. The product was
extracted into ether and washed with water (5 x).
The dried solution (MgSO,) was evaporated and
the residue recrystallized from pentane; yield
1.10 g (81 %), m.p. 65 °C. Anal. C;;HoF3N,S:
C,H. 'H NMR (CDCls): 6 4.40 (CH,), 7.1-7.4
(Ph), 8.64 (H-4, H-6). IR (KBr): 1540 cm
(pyrimidine). MS: 270 (30, M), 237 (30), 121 (8),
91 (100), 65 (18).
2-(2-Thenylthio)-5-trifluoromethylpyrimidine
4c was prepared as (4b) above. Yield 60 %, m.p.
73 °C (pentane). Anal. C;oH,F3N,S,: C,H. 'H
NMR (CDCly): & 4.60 (CH,), 6.7-7.2
(thiophene), 8.60 (H-4, H-6), IR (KBr): 1600
cml. MS: 276 (13, M), 243 (14), 97 (100), 53 (7),
45 (12).
2-Ethylsulfonyl-5-trifluoromethylpyrimidine
5a. 90 % m-Chloroperbenzoic acid (2.30 g, 12.1
mmol) in dichloromethane (5 ml) was added to a
solution of 2-ethylthio-5-trifluoromethylpyrimi-
dine (1.15 g, 5.5 mmol) in dichloromethane (25
ml). The mixture was stirred for 24 h at room
temperature before washing with aqueous
sodium bicarbonate. The organic layer was sepa-
rated, dried (MgSO,) and evaporated. The pro-
duct was recrystallized from -ether/light pe-
troleum; yield 1.00 g (76 %), m.p. 98 °C. Anal.
C,H;F3N,S0,: C,H. 'H NMR (CDCl,): § 1.44
(Et, J 7 Hz), 3.61 (Et, J 7 Hz), 9.15 (H-4, H-6).
IR (KBr): 1320 and 1150 cm™ (sulfone). MS: 241
(1, M+1), 212(1), 176(8), 175(7), 149(9),
148(100), 121(15), 111(3).
2-Benzylsulfonyl-5-trifluoromethylpyrimidine
5b was prepared as 5a above. Yield 88 %, m.p.
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148 °C. Anal. C;,HoF:N,0,S: C,H. 'H NMR
(CDCl;): 6 4.78 (CH,), 7.30 (Ph), 9.11 (H-4,
H-6). IR (KBr): 1150 cm™ (sulfone). MS: 302 (1,
M), 238 (26), 237 (13), 91 (100), 65 (12).

2-(2-Thenylsulfinyl)-5-trifluoromethylpyrimi-
dine 5c. 9 % m-Chloroperbenzoic acid (0.23 g,
1.2 mmol) was added to a solution of 2-(2-
thenylthio)-5-trifluoromethylpyrimidine (0.28 g,
1.0 mmol) in dichloromethane (10 ml) at —10 °C.
The mixture was allowed to reach room tempera-
ture and stirred overnight before dichloro-
methane (10 ml) was added and the solution
washed with aqueous sodium bicarbonate. The
dried (MgSO,) solution was evaporated and the
product purified on a silica gel column (chloro-
form); yield 0.17 g (58 %), m.p. 102 °C (chloro-
form/light petroleum). Anal. C,;oH;F;N,0S;:
CH. '"H NMR (CDCl;): & 4.45 and 4.57
(CH,S0, J gem 13 Hz), 6.8—7.3 (thiophene),
9.00 (H-4, H-6). IR (KBr): 1050 cm™ (sulfoxide).
MS: 196 (1), 148 (1), 147 (1), 99 (3), 97 (100), 69
(3), 53 (8).

2-(2-Thenylsulfonyl)-5-trifluoromethylpyrimi-
dine 5d 90 % m-Chloroperbenzoic acid (0.43 g,
2.2 mmol) was added to a solution of 2-(2-
thenylthio)-5-trifluoromethylpyrimidine (0.28 g,
1.0 mmol) in dichloromethane (15 ml). The
mixture was stirred at room temperature for 2 d
before dichloromethane (10 ml) was added and
the solution washed with aqueous sodium bicar-
bonate. The dried (MgSO,) solution was evapo-
rated and the product purified on a silica gel
column (chloroform); yield 0.13 g (42 %), m.p.
134 °C. Anal. Cy,oH;F3N,0,S;: C,H. 'H NMR
(CDCl3): 65.08 (CHy), 6.9—-7.4 gthiophene), 9.2
(H-4, H-6). IR (KBr): 1160 cm™ (sulfone). MS:
308 (0.2, M), 275 (1), 244 (4), 243 (2), 199 (1), 97
(100), 53 (10).

5-Trifluoromethyl-2-pyrimidinone 6. Method
A. 2-Chloro-5-trifluoromethylpyrimidine (1.25 g,
6.8 mmol) in 38 % hydrogen chloride (5 mi) was
stirred at 50 °C for 40 min before the mixture was
cooled and the pH adjusted to ca 2. The solvent
was removed and the residue dried, extracted
with boiling ethyl acetate (350 ml) and evapo-
rated to give the title compound; yield 0.92 g
(83 %). The product can be purified by sublima-
tion (110—-120 °C/0.01 mmHg) or by recrystal-
lization (EtOAc); m.p. 200 °C (decomp). Anal.
CsH;N,F;0: C,H. 'H NMR (acetone-dg): 6 8.50
(H-4, H-6). IR (KBr): 1720, 1670 and 1650 cm™!
(lactam). MS: 164 (100, M), 145 (16), 136 (80),
117 (15), 116 (11), 90 (19), 89 (23), 75 (20), 69
(18), 68 (11).

Method B. 2-Ethylsulfonyl-5-trifluoromethyl-
pyrimidine (0.27 g, 1.1 mmol) in 1 M sodium
hydroxide (5 ml) was stirred at room temperature
for 10 min. The mixture was acidified (pH ca 2)
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and filtered. The filtrate was evaporated, dried
and extracted with boiling ethyl acetate. The
solvent was distilled off to give 5-tri-
fluoromethyl-2-pyrimidinone; yield 0.12 g
(67 %).
1-Propargyl-5-trifluoromethyl-2-pyrimidinone
7a. Potassium tert-butoxide (0.11 g, 1.0 mmol)
was added to a solution of S-trifluoromethyl-2-
pyrimidinone (0.16 g, 1.0 mmol) in DMF (5 ml)
and the mixture stirred for 5 min before prop-
argyl bromide (0.13 g, 1.1 mmol) was added. The
mixture was stirred at room temperature over-
night before the solvent was distilled off at
reduced pressure and the residue triturated with
water. The product was extracted into chloro-
form, dried (MgSO,) and evaporated. The re-
sidue was washed with ether and dried; yield 0.13
g (64 %), m.p. 106 °C (sublimed at 90—100 °C/
0.01 mmHg). Anal. CgHsF;N,0: C,H. 'H NMR
(CDCl,): 62.72 (t,J 3 Hz), 4.75 (d, J 3 Hz), 8.39
(H-6,J 3 Hz), 8.67 (H-4, J 4 Hz). IR (KBr): 3225
cm™ (=CH), 1680 (CO). MS: 202 (46, M), 183
(6), 174 (4), 173 (69), 148 (21), 147 (18), 127 (5),
52 (10), 39 (100).
1-(2-Thenyl)-5-trifluoromethyl-2-pyrimidinone
7o was prepared as (7a) above. Yield (80 %),
m.p. 153°C (sublimed at 110-120 °C/0.01
mmHg). Anal. C;;H,F;N,0S: C,H. 'H NMR
(CDCl;): 6 5.22 (CH;), 6.8—7.3 (thiophene),
7.85 (H-6, J 3 Hz). 8.55 (H-4, J 3 Hz). IR (KBr):
1675 cm™ (CO). MS: 260 (32, M), 231 (2), 199
(2), 148 (59), 98 (5), 97 (100), 69 (5).
1-(N-Methyl-N-phenylcarbamoyl)methyl-5-tri-
fluoromethyl-2-pyrimidinone 7c was prepared as
7a above, using e-chloro-N-methylacetanilide;'?
YICId 96 %, m.p. 195 °C. Anal. C14H12F3N3021
C,H. 'H NMR (MeCN-d;): § 3,25 (Me), 4.43
(CH,), 7.26 (Ph), 8.26 (H-6, J 3 Hz), 8.70 (H-4,J
3 Hz). MS: 311 (1, M), 205 (21), 177 (49), 148
(12), 147 (28), 134 (18), 107 (100), 106 (25).
1-(4-Chlorophenoxy)methyl-5-trifluoromethy!-
2-pyrimidinone 7d. Triethylamine (0.14 ml, 1
mmol) was added to a mixture of 5-tri-
fluoromethyl-2-pyrimidinone (0.16 g, 1 mmol) in
dichloromethane (10 ml) and the solution stirred
for 5 min before 4-chloro-1-chloromethoxyben-
zene (0.18 g, 1 mmol) in dichloromethane (2 ml)
was added. The mixture was stirred at room
temperature overnight and at 40 °C for 3 h before
the solvent was distilled off and the residue
triturated with water. The product was extracted
into chloroform, dried (MgSO,) and evaporated.
The residue was washed with ether and dried;
yield 0.29 95 %), m.p. 98°C. Anal.
CoHgCIF;N,0,: C,H. "H NMR (CDCl;): 65.82
(CH,), 6.8—7.4 (Ph), 8.15 (H-6, J 3 Hz), 8.77
(H-4, J 3 Hz). IR (KBr): 1690 cm™ (CO). MS:
285 (1), 178 (7), 177 (100), 150 (10), 75 (5).

1-(4-Chlorobenzyloxy)methyl-5-trifluorometh-
yl-2-pyrimidinone 7e was prepared as for 7d
above using 4-chlorobenzyl chloromethyl ether;
yield 91 %, m.p. 120 °C. Anal. C;3H;oCIF;N,O,:
C,H. 'H NMR (CDCl): & 4.64 (CH,Ph), 5.38
(NCH,), 7.24 (Ph), 8.11 (H-6,J 3 Hz), 8.74 (H-4,
J 3 Hz). IR (KBr): 1680 cm™ (CO). MS: 269 (1),
178 (100), 150 (12), 149 (13), 127 (25), 125 (77),
119 (14), 89 (17).
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