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4-Ethynyl derivatives of 5-chloro-2-methylthiopyrimidines, and of 5-chloro-
2(1H)-pyrimidinones as trimethylsilyl derivatives, have been prepared by cross-
coupling reactions between 4-iodopyrimidines and acetylenes using palladium
catalysis. Reactions for the conversion of the coupling products to 2(1H)-pyrimi-
dinones are described. Simple 4-alkynyl derivatives of 2(1H)-pyrimidinones are
sensitive to alkali, especially the free acetylenic derivative. Phenyl substitution of
the acetylenic function gave chemically stable compounds.

Carbon-carbon bond formation in mn-electron
deficient heterocycles may be effected by forma-
tion of 1:1-adducts with organometallic reagents
(e.g. from Li, Mg, Cu, Zn, Ti), and subsequent
dehydrogenation to the respective heteroaromat-
ics.’? The nature of the organometallic reagent
will greatly affect the regioselectivity;® tri-isopro-
poxytitanium reagents may be highly regioselec-
tive. Because of our interest in the biological
properties of substituted 2(1H)-pyrimidinones,
particularly as arrestor of the cell cycle during mi-
tosis,’ we also investigated methods for the intro-
duction of an alkynyl substituent into 1-substi-
tuted 2(1H)-pyrimidinones. With ethynyllithium
and ethynylmagnesium reagents, 1:1 adducts of
the 3,4- and 3,6-dihydro isomers are formed;
with the tri-isopropoxytitanium reagent, exclu-
sive addition of the ethynyl substituent in the 4-
position was observed.® The adducts with simple
acetylenes, however, were difficult to rearoma-
tize without decomposition. We therefore report
an alternative route for the preparation of eth-
ynyl derivatives using palladium catalyzed cou-
pling reactions.

Terminal alkynes undergo facile cross-coupling
with aryl and heteroaryl halides in the presence
of amines, the catalyst being Pd(O) which is gen-
erated in situ from the bis(triphenylphosphine)-
palladium dichloride-copper(I) iodide system.’
This reaction has been applied to simple alkyl 2-
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and 4-iodopyrimidines.”” We herein report stud-
ies on coupling reactions of the 4-iodo compound
3. The latter was available by selective exchange
of the 4-chloro substituent in 2 using hydroiodic
acid at ambient temperature. Compound 2 was
prepared by the phosphorus oxychloride reaction
with the 4-pyrimidinone 1.

The coupling proceeds exclusively at C-4 be-
cause iodo compounds are generally more re-
active in coupling reactions than chloro com-
pounds, and the iodine is situated in an activated
pyrimidine position. Yields of about 80 % were
isolated in the coupling reactions between 3 and
1-hexyne or phenylacetylene. Both propargyl al-
cohol and its O-tetrahydropyranyl derivative
coupled to furnish 4c and 4d. In the case of acety-
lene, its trimethylsilyl derivative® was used in or-
der to prevent couplings at both ends of the triple
bond.

For the subsequent conversion of 4 to the 2-py-
rimidinones 10, the former were oxidized to the
sulfones 5 by means of m-chloroperbenzoic acid
and the sulfones hydrolyzed under alkaline con-
ditions. The 4-phenylacetylene derivative Sa
readily yields 10a. The other derivatives were
partly or fully polymerized under the alkaline
conditions of the reaction. The trimethylsilyl
group in e is very sensitive to alkaline hydrolysis
and is selectively cleaved by aqueous sodium bi-
carbonate to furnish 5f, but the latter was poly-
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merized when hydrolysis of the sulfonyl group
was attempted. It is known that the ease of cleav-
age of the trimethylsilyl-ethynyl bond is pro-
moted by electron-withdrawing substituents;® in
Se the electron-withdrawing function consists of
the m-electron deficient pyrimidine ring which
has its electron-withdrawing effect enhanced by
its sulfonyl substituent.

Since the 4-ethynyl derivatives, with the excep-
tion of the phenylacetylene derivative, were sen-
sitive to alkali, another route for the preparation
of 10 was explored where the base treatment af-
ter coupling is avoided. The first step involves ox-
idation of the sulfide 3 to the sulfone 6 which
could be effected without iodine liberation by the
use of m-chloroperbenzoic acid in the cold. Un-
der controlled alkaline conditions the 2-sulfonyl
substituent in 6 can be hydrolyzed preferentially
although C-2 is less activated than C-4. 5-Chloro-
uracil, however, was a co-product; compound 7
was selectively precipitated from an acid solution
of the mixture and was silylated by means of hex-
amethyldisilazane (HMDS) and the product 8
subjected to palladium catalyzed coupling reac-
tions. Dry conditions in the coupling reactions
were assured by carrying out the reactions in the
presence of some HMDS. The coupling reactions
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proceeded readily, and the silyl group in the
products was removed by hydrolysis in aqueous
dioxane. In this way 10a and 10b became avail-
able. The 4-acetylene derivative 10f, and in part
the propargyl alcohol derivative 10c, were poly-
merized during the aqueous hydrolysis. The in-
stability of these compounds is attributed to the
electron withdrawing properties of the pyrimi-
dine ring.

The pyrimidinones /0a and 10b were alkylated
selectively on N-1 in the reaction with p-chloro-
phenacyl bromide under alkaline conditions.

Experimental

The 'H NMR spectra were recorded at 60 MHz.
The mass spectra under electron impact condi-
tions were recorded at 70 eV ionizing voltage.
Isobutane was used for chemical ionization (CI)
mass spectra.

4,5-Dichloro-2-methylthiopyrimidine (2). A mix-
ture of 5-chloro-2-methylthio-4(1H)-pyrimidi-
none" (50.0 g, 0.28 mol) and phosphorus oxy-
chloride (380 ml) was heated under reflux for 2 h.
The excess phosphorus oxychloride was distilled
off, the residue triturated with water, extracted




into chloroform and the solution shaken with aq-
ueous sodium bicarbonate, washed and dried
(MgSO,) before evaporation of the solvent. The
residual material was distilled on a Fischer Spalt-
rohr column; yield 44.0 g (80 %), b.p. 121-122
C/8 mmHg. Anal. CH,CLN,S: C,H. 'H NMR
(CDCI,): & 2.58 (SMe), 8.50 (H-6). MS: 198/196/
194 (13/68/100, M), 195 (32), 193 (36), 159 (17),
150 (37), 149 (17), 148 (56).

5-Chloro-4-iodo-2-methylthiopyrimidine (3). 4,5-
Dichloro-2-methylthiopyrimidine (19.0 g, 97.2
mmol) was added to hydroiodic acid (57 %, 180
ml) and the mixture stirred at ambient tempera-
ture for 60 h. The solid precipitate was collected
and added to water (50 ml). The resultant slurry
was neutralized by slow addition of solid po-
tassium carbonate and extracted with chloro-
form. The chloroform solution was shaken with
aqueous sodium sulfite, dried (MgSO,) and evap-
orated. The residue was crystallized from light
petroleum; yield 25.5 g (92%), m.p. 106°C.
Anal. CH,CIIN,S: C,H. 'H NMR (CDCl,): &
2.48 (MeS), 8.10 (H-6). MS: 288/286 (36/100,
M), 161 (11), 159 (32), 146 (6), 144 (16).

General procedures for the preparation of 4-al-
kynyl-5-chloro-2-methylthiopyrimidines (4). 5-
chloro-4-iodo-2-methylthiopyrimidine (10 mmol)
and the alkyne (12 mmol) were dissolved in tri-
ethylamine (60 ml) at 0°C to which had been
added bis(triphenylphosphine)palladium dichlor-
ide (0.1 mmol) and cuprous iodide (0.05 mmol).
The mixture was allowed to reach ambient tem-
perature and stirred for 20 h. The triethylamine
was removed at reduced pressure, water (100 ml)
added and the mixture extracted with chloro-
form. The washed and dried (MgSO,) chloro-
form solution was evaporated. The crude product
was further purified either by chromatography or
by crystallizations.

5-Chloro-2-methylthio-4-(phenylethynyl)pyrimi-

dine (4a). This was obtained as above from phe-
nylacetylene. The crude product was crystallized
from light petroleum; yield 83 %, m.p. 80°C.
Anal C;;H,CIN,S: C,H. 'H NMR (CDClL,): ¢ 2.55
(MeS), 7.1-7.6 (Ph), 8.37 (H-6). MS: 262/260
(35/100, M), 216 (6), 214 (17), 179 (43), 152 (10).

5-Chloro-4(hex-1-yn-1-yl)-2-methylthiopyrimi-
dine (4b). This was obtained from 1-hexyne. The
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crude product was purified by flash chromato-
graphy on silica gel; eluant dichloromethane —
light petroleum, ratio 1:1. The product was non-
crystalline; yield 80%, b.p. 128-130°C/0.1
mmHg. Anal. C,H,;CIN,S: CH. 'H NMR
(CDCL): 6 0.95/1.4-1.9/2.3-2.8 (Bu-C=), 2.57
(SMe), 8.45 (H-6). MS: 243/241 (5/15), 242/240
(34/100, M), 198 (10), 197 (9), 194 (14), 165 (8).

5-Chloro-2-methylthio-4-(tetrahydropyran-2-

yloxymethylethynyl)pyrimidine (4c). This was
prepared as above from the O-tetrahydropyran-
2-yl derivative'" of propargyl alcohol. During the
work-up of the reaction mixture the chloroform
solution was dried by potassium carbonate in-
stead of magnesium sulfate."® The crude product
was purified by flash chromatography on silica
gel; eluant 1.5% ethyl acetate in dichlorometh-
ane; yield 74%, m.p. 63-64°C. Anal.
C;;H;;CIN,0,S: C,H. 'H NMR (CDCl,): 6 1.4-
2.0/3.34.2/4.9 (THP), 2.55 (SMe), 4.58 (CH,O,
s), 8.48 (H-6). MS: 300/298 (2/6, M), 216/214 (9/
28), 200/198 (30/100), 199 (13), 197 (18), 196

(18).

5-Chloro-4-(hydroxymethylethynyl)-2-methyl-
thiopyrimidine (4d). This was prepared as above
from propargyl alcohol. The crude product was
purified by crystallization from toluene; yield
70 %, m.p. 114-116 °C. Anal. C;H,CIN,OS: C,H.
'HNMR (CDCl,): 6 2.49 (MeS), 2.88 (OH), 4.52
(CH,), 8.32 (H-6). MS: 216/214 (35/100, M), 196
(26), 185 (18), 168 (17), 150 (16).

5-Chloro-2-methylthio-4-(trimethylsilylethynyl)-
pyrimidine (4¢e). This was obtained as above from
trimethylsilylacetylene.® The crude product was
purified by flash chromatography on silica gel;
eluant ligh petroleum - dichloromethane, ratio
3:2; yield 86 %, m.p. 38-39°C (sublimation).
Anal. C,(H;CIN,SSi: C,H. 'H NMR (CDCl,): &
0.31 (Me,Si), 2.51 (SMe), 8.32 (H-6). MS: 258/
256 (41/100, M), 257 (18), 243 (27), 242 (11), 241
(68).

General procedures for the preparation of 4-al-
kynyl-5-chloro-2-methylsulfonylpyrimidines (5).
m-Chloroperbenzoic acid (30 mmol) was added
to a solution of the 4-alkynyl-5-chloro-2-methyl-
thiopyrimidine (10 mmol) in dichloromethane
(250 ml) at 0°C. The reaction mixture was stirred
at 4°C for 20 h. The resultant solution was
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shaken with sodium sulfite, with aqueous sodium
bicarbonate and water. The dried (MgSO,) solu-
tion was evaporated, and the crude product was
purified further by crystallizations.

5-Chloro-2-methylsulfonyl-4-(phenylethynyl)pyri-
“midine (5a). This was obtained as above from the
sulfide 4a and was purified by crystallization from
2-propanol; yield 90%, m.p. 174°C. Anal.
C,;H,,CIN,0,S: C,H. 'H NMR (CDCl,): 8 3.36
(MeSO,), 7.2-7.7 (Ph), 8.80 (H-6). MS: 294/292
(37/100, M), 215/213 (26/79), 186 (24), 161 (23),
151 (38).

5-Chloro-4(hex-1-yn-1-yl)-2-methylsulfonylpyri-
midine (5b). This was prepared as above from
the sulfide 4b and was purified by crystallization
from 2-propanol; yield 74 %, m.p. 61°C. Anal.
C,,H;;CIN,0O,S: C,H. 'H NMR (CDCl,): § 0.97/
1.4-1.9/2.4-2.8 (Bu-C=), 3.37 (MeSO,), 8.87
(H-6). MS: 274/272 (3/13, M), 232 (30), 230 (85),
195 (23), 193 (75).

5-Chloro-2-methylsulfonyl-4-(tetrahydropyran-2-

yloxymethylethynyl)pyrimidine (5c). This was
prepared as above from the sulfide 4c. Potassium
carbonate was used for drying the solution of the
product instead of magnesium sulfate as specified
in the general procedure. 4c Was purified by crys-
tallization from ethanol; yield 43 %, m.p. 71°C.
Anal. C,,H;CIN,O,S: C,H. 'H NMR (CDCl,): §
1.4-2.0/3.3-4.2/4.9 (THP), 3.37 (MeSO,), 8.88
(H-6). MS: 2771275 (23/61), 233/230 (39/100), 231
(34), 229 (57). MS(CI): 333/331 (38/100, M+ H).

5-Chloro-2-methylsulfonyl-4-(trimethylsilylethy-
nyl)pyrimidine (5e). This was obtained as above
from the sulfide 4¢ and was purified by crys-
tallization from 2-propanol; yield 83 %, m.p.
99°C. Anal. CH,,CIN,0,S8Si: C,H. 'H NMR
(CDCl,): 6 0.35 (Me,Si), 3.38 (MeSO,), 8.92 (H-
6). MS: 275/273 (39/100), 274 (16), 225 (13),
MS(CI): 291/289 (42/100, M+H).

5-Chloro-4-ethynyl-2-methylsulfonylpyrimidine

(5f). Aqueous, saturated sodium bicarbonate (10
ml) was added to a solution of 5-chloro-2-me-
thylsulfonyl-4-(trimethylsilylethynyl)pyrimidine

(0.50 g, 1.7 mmol) in tetrahydrofuran (30 ml) and
the mixture stirred at ambient temperature for 30
min. Water (50 ml) was added and the resultant
mixture extracted (x4) with diethyl ether. The
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ether extracts were washed with aqueous sodium
chloride, dried (MgSO,) and evaporated, and the
residual material crystallized from 2-propanol;
yield 76 %, m.p. 123°C. Anal. CH,CIN,O,S:
C,H. 'H NMR (CDCl,): o 3.38 (MeSO,), 3.95
(=CH), 8.93 (H-6). MS: 218/216 (5/15, M), 154
(42), 152 (21), 139 (32), 137 (100), 126 (23).

5-Chloro-4-iodo-2-methylsulfonylpyrimidine (6).
m-Chloroperbenzoic acid (11.0 g, 63.0 mmol)
was added to a solution of 5-chloro-4-iodo-2-
methylthiopyrimidine (6.0 g, 21.0 mmol) in di-
chloromethane (600 ml) at 0°C, and the mixture
stirred at 4 °C for 20 h. The resultant solution was
shaken with saturated aqueous sodium sulfite,
then with saturated aqueous sodium bicarbo-
nate and the dried (MgSO,) solution evaporated.
The residual material was crystallized from 2-
propanol; yield 5.8 g (87 %), m.p. 136-138°C.
Anal. C;H,CIIN,O.S: C,H. 'H NMR (CDCl,): &
3.33 (MeSO,) 8.53 (H-6). MS: 320/318 (12/33,
M), 256 (17), 254 (18), 241 (12), 239 (36), 127
(50), 63 (100).

5-Chloro-4-iodo-2(1H)-pyrimidinone (7). 5-
Chloro-4-iodo-2-methylsulfonylpyrimidine (9.4
g, 29.4 mmol) was suspended in 0.1 M NaOH
(1.0 1) and the mixture stirred at 4°C for 16 h.
The mixture was filtered and the filtratz neu-
tralized by 1 M sulfuric acid. The white solid pre-
cipitate was collected, washed with water and
dried (N,); yield 5.3 g (70 %). The product turns
purple on storage and was therefore used in the
subsequent reaction without further purification.
'H NMR (DMSO-d,): & 8.30 (H-6), 13.1 (NH).
MS: 258/256 (30/95, M), 131 (30), 130 (32), 129
(88), 128 (100).

5-Chloro-4-iodo-2-(trimethylisilyloxy)pyrimidine
(8). 5-Chloro-4-iodo-2(1H)-pyrimidinone (5.3 g,
20.7 mmol) was added to HMDS (100 ml) and
the mixture heated under reflux (N,) for 2 h when
a clear solution was obtained. The solution was
evaporated to dryness and the residue crystal-
lized from HMDS; yield 3.4 g (50 %). The prod-
uct was stored under N,. 'H NMR (CDCl,):
0.39 (Me,Si), 8.29 (H-6). MS: 330/328 (7/22, M),
315/313, (16/49), 276/274 (11/31), 254 (19), 203/
201 (13/36), 185 (100).



General procedures for the preparation of 4-al-
kynyl-5-chloro-2-(trimethylisilyloxy)pyrimidine
(9). 5-Chloro-4-iodo-2-(trimethylsilyloxy)pyrimi-
dine (6 mmol) and the ethynyl derivative (7
mmol) were dissolved in dry triethylamine (40
ml) at 0°C to which had been added 2-5%
HMDS, bis(triphenylphosphine)palladium di-
chloride (0.06 mmol) and cuprous iodide (0.03
mmol). The mixture was stirred at room tem-
perature for 20 h, passed through a dry, sintered
glass filter and the filtrate evaporated. The crude
product thus obtained was a non-crystalline ma-
terial.

5-Chloro-4-phenylethynyl-2-(trimethylsilyloxy)-
pyrimidine (9a). This was prepared as above
from phenylacetylene in 83 % yield. 'H NMR
(CDCl,): 6 0.35 (Me,Si), 7.2-7.7 (Ph), 8.42 (H-
6). MS: 302 (0.4, M), 287 (0.5), 179 (2), 108 (4),
95/93 (36/100).

5-Chloro-4-(hex-1-yn-1-yl)-2-(trimethylsilyloxy)-
pyrimidine (9b). This was prepared as above
from 1-hexyne in 80 % yield. 'H NMR (CDCl,):
4 0.40 (Me,Si), 1.0/1.3-1.922.3-2.7 (Bu-C=),
8.40 (H-6). MS: 284/282 (15/40, M), 269/267 (39/
100), 270 (16), 268 (19).

5-Chloro-4-(tetrahydropyran-2-yloxymethylethy-
nyl)-2-(trimethylsilyloxy)pyrimidine (9c). This
was obtained as above from the O-tetrahydro-
pyran-2-yl derivative of propargyl alcohol;" yield
85 %. 'H NMR (CDCl,): 8 0.35 (Me,Si), 1.3-2.0/
3.3-4.2/49 (THP), 4.57 (CH,0), 8.50 (H-6).
MS: 342/340 (0.5/1.5, M), 327/325 (4/12), 269
(10), 258 (10), 256 (29), 242 (43), 241 (79), 240
(100).

5-Chloro-4-trimethylisilylethynyl-2-trimethylsily-
loxy)pyrimidine (9¢). This was obtained as above
from trimethylsilylacetylene® in 80 % yield. 'H
NMR (CDCl,): § 0.39 (2 Me,Si), 8.32 (H-6). MS:
300/298 (17/41,M), 285 (39), 284 (23), 282 (100),
155 (12).

4-Alkynyl-5-chloro-2(I1H)-pyrimidinone 10 by hy-
drolysis of 5. 5-chloro-4-phenylethynyl-2(1-H)-
pyrimidinone (10a). This was prepared from 5-
chloro-2-methylsulfonyl-4-phenylethynylpyrimi-

dine (4.63 g, 15.83 mmol) which was added to 1
M NaOH (300 ml) and the mixture stirred at 40°
for 3 d. The cold reaction mixture was filtered
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and the filtrate neutralized by 3 M HCI. The pre-
cipitate was collected and washed with water and
a little ethanol; yield 2.30 g (63 %), m.p. 180°C
(decomp.). 'H NMR (DMSO-d,): d 5.4 (NH),
7.60 (Ph), 8.35 (H-6). MS: 232/230 (33/100, M),
202 (42), 140 (21), 128 (37).

4-Alkynyl-5-chloro-2(1H)-pyrimidinone 10 by hy-
drolysis of (9). The 4-alkynyl-5-chloro-2-(tri-
methylsilyloxy)pyrimidine (10 mmol) was dis-
solved in dioxane (15 ml) and water (30 ml)
added. The mixture was stirred at ambient tem-
perature for 30 min and then freeze-dried to yield
the product.

5-Chloro-4-phenylethynyl-2(1H)-pyrimidinone
(10a). This was obtained as above in 90 % yield;
physical data as above.

5-Chloro-4-(hex-1-yn-1-yl)-2(I1H)-pyrimidinone
(10b). This was obtained as above in 77 % yield;
m.p. 123°C. Anal. C,;H,,CIN,O; C,H. 'H NMR
(CDCP): 6 0.95/1.3-1.9/2.3-2.8 (Bu-C=), 8.32
(H-6). MS: 212/210 (20/62, M), 211 (11), 209
(14), 195 (26), 183 (29), 170 (31), 168 (100).

5-Chloro-1-(4-chlorophenacyl)-4-phenylethynyl-2
(IH)-pyrimidinone  (11a).  4-Chlorophenacyl
bromide (2.43 g, 10.4 mmol) in dichloromethane
(50 ml) was added with stirring to a solution from
triethylamine (1.2 ml, 8.7 mmol) and 5-chloro-4-
phenylethynyl-2(1H)-pyrimidinone (2.00 g, 8.7
mmol) in dichloromethane (250 ml) at 0°C. The
mixture was stirred at ambient temperature for
20 h before the precipitate was collected by fil-
tration and washed with diethyl ether; yield 1.91
g (58%), m.p. 218°C (decomp.). Anal.
C,C,.CLN,0,: C,H. 'H NMR (TFA): & 5.88
(CH,), 7.4-8.2 (2 Ar), 8.90 (H-6). MS: 386/384/
382 (2/9/13, M), 385 (3), 383 (4), 243 (13), 141/
139 (31/100).

5-Chloro-1-(4-chlorophenacyl)-4-(hex-1-yn-2-yl)-
2(1H)-pyrimidinone (11b) was prepared as above
from 5-chloro-4-(hex-1-yn-1-yl)-2(1H)-pyrimidi-
none, except that the stirring at ambient tem-
perature lasted 5 h. The solution was then extrac-
ted with water, the dried (MgSO,) solution re-
duced to ca. 30 ml and cooled to —20 °C when the
product crystallized out; yield 41 %; m.p. 188°C
(decomp., EtOAc). Anal. C H,CI,N,0,: C,H.
'H NMR (CDCL): 6 0.95/1.4-1.8/2.3-2.7 (Bu-
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C=),5.29 (CH,), 7.3-8.0 (2 Ar), 7.71 (H-6). MS:
366/364/362 (5/24/37, M), 365 (5), 363 (8), 337
(5). 335 (25), 333 (37), 209 (49), 141 (31), 139
(100).
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