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Chlorines in activated pyrimidine position is replaced by carbon substituents in
Pd-catalysed reactions with organotin compounds. The 4(6)-position is more reactive
than the 2-position allowing for regioselective coupling in 2,4(6)-dihalopyrimidines.
A bromine substituent is required for coupling in the benzenoid S-position. In
5-bromo-2 ,4-dichloropyrimidine the 4-chlorine is replaced before the 5-bromine and
the latter before the 2-chloro substituent, all in a regioselective manner. The metho-
dology can be used to introduce functionalized carbon substituents into any pyrimi-

dine position.

From our efforts to develop methodology for the introduc-
tion of carbon substituents into the pyrimidine ring we have
reported that this can be achieved by adduct formation
between the m-electron deficient pyrimidine ring and orga-
nometallic reagents and subsequent rearomatization,' by
Pd-catalysed cross-coupling reactions using 4-iodopyrimi-
dines,>* and by reactions of 5-pyrimidinyltin derivatives.*
In this report we describe a general study of coupling
reactions in chloropyrimidines. The latter, often in contrast
with the corresponding iodopyrimidines, are readily avail-
able substrates e.g. from reactions between hydroxypyrimi-
dines and phosphorus chlorides.’ The coupling reactions
were achieved using organotin reagents and Pd catalysis.
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In Scheme 1 it is shown that 2-chloropyrimidines couple
readily with the phenyl or styryl group in tributyltin re-
agents in the presence of dichlorobis(triphenyiphosphine)-
palladium(II). The solvent was dimethylformamide
(DMF). The reaction temperatures, times and yields are
tabulated in the scheme.

Coupling occurs exclusively in the activated 2-position in
the 2,5-dichloro derivative 1b because the 5-position in
pyrimidines is benzenoid and by analogy to arenes gener-
ally must carry a bromo or iodo substituent for coupling
to occur.® In 5-bromo-2-chloropyrimidine (1¢) coupling
could, in principle, occur in either position, but exclusive
formation of the mono-coupled product 5 by replacement
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N 3a Me PhCH=CH 100 10 68
() = (PPh),PdCl,/DMF 3b Me Ph 100 15 63
4 cl PhCH-CH 100 7 70
5a PhCH=CH 70 6 73
5b Ph 80 60 73
7 PhCH=CH 100 8 69

Scheme 1.

62 Acta Chemica Scandinavica (1989) 62-68



ORGANOTIN AND HALOPYRIMIDINES

Cl R
N/ R (PPhg),PdCl N/ R
J\ | + RSnBus 92PCh J\
DMF 1
RNy RSN
8 2 9-15
Comp. R! R2 Comp. R' R? R Temp./°C  Time/h  Yield/%
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10b MeSO, H Ph 100 25 65
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8e Cl Cl 13a Ci Cl PhCH =CH 70 3 71
13b Cl Cl Ph 80 10 69
8f Cl Br 14 Cl Br PhCH = CH 70 6 73
8g MeS Br 15 MeS Br PhCH = CH 50 27 66

Scheme 2.

of the bromine was observed. 5-Bromo-2-phenylthiopyri-
midine (6) under similar reaction conditions gave the prod-
uct 7.

Scheme 2 deals with 4-chloropyrimidines which are
shown to couple readily with organotin reagents. The reac-
tivities follow the established order for organotin com-
pounds; R = PhCH=CH > Ph > Bu.® Replacement of the
2-sulfide group in 8a with the strongly electron-withdraw-
ing sulfonyl group in 8b increases the ease of coupling in
the chloro substituted 4-position. This finding is in good
agreement with literature reports that electron-withdraw-
ing groups accelerate coupling reactions, and that electron-
withdrawing groups are required for chlorobenzenes to
react.’

In the case of the sulfonyl derivative 8b, a butyl group
could be introduced to furnish 10¢. In most cases, however,
vigorous conditions were necessary to effect the alkylation
resulting in heterogeneous products.

In the 4,5-dichloro derivative 8¢ coupling occurs in the
activated 4-position. In 2,4-dichloropyrimidine (8d), in
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which both chlorine positions are activated, exclusive cou-
pling in the 4-position was observed. The latter is also the
more reactive position in nucleophilic substitution reac-
tions. Based on the above findings, it was no surprise to
find that regioselective coupling can be achieved in the
4-position in 2,4,5-trichloropyrimidine (8e). It is, however,
noteworthy that in the 5-bromo analogue 8f, the first cou-
pling takes place in the chloro substituted 4-position and
not in the bromo substituted 5-position, the product being
compound 14. The 2-methylthio analogue 8g reacts in the
same manner with substitution at C-4.

The difference in reactivity between the 4-chloro and
5-bromo substituents in 8g and 8f is relatively small and
regioselectivity was not achieved using the phenyltin re-
agent. Using the more reactive styryltin reagent and milder
reaction conditions, however, regioselectivity can be
achieved. For comparison, in 5-bromo-2-chloropyrimidine
(1c) and 2,4-dichloropyrimidine (8d) the difference in reac-
tivity between the halogens is larger, allowing for regiose-
lective phenylation.
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(i) 1 M NaOh/Dioxane/A

(ii) NaOMe/MeOH/A
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Scheme 4.

The regiochemistry of the reactions between 2,4,5-tri-
chloropyrimidine (8e) and its 5-bromo analogue 8f with the
styryltin reagent was verified by separate reactions
(Scheme 3). The products 13a and 14 were treated with
sodium hydroxide in aqueous dioxane or sodium methox-
ide in methanol to furnish the hydroxy or methoxy com-
pounds 18 and 19, respectively. The same compounds were
available from the corresponding 2-methylthio-4-styrylpyri-
midines 11a and 15 which were oxidized by m-chloroper-
benzoic acid to the sulfones 16 and 17 and solvolysed.

The tributyl-B-styryltin reagent was a cis/trans mixture,
ratio 13:87. The crude product from the coupling reactions
had the same stereochemical composition in agreement
with literature reports on the coupling between vinyltin
reagents and aryl halides.® On purification, however, the
trans isomer was isolated and the physical data recorded in
the experimental section are those for the trans isomers.

Regioselective coupling at C-4 in 2,4-dichloropyrimidine
(8d) yields compounds 12 (Scheme 4). The second chlorine
in the product 12 at C-2 can be replaced by a new coupling
reaction as seen in the formation of the carbon disubsti-
tuted pyrimidines 20. Previously it has been reported that
regioselectivity could not be achieved in coupling reactions
of 2,4-diiodo-6-methylpyrimidine or the isomeric 4,6-di-
iodo-2-methylpyrimidine with terminal alkynes using di-
chlorobis(triphenylphosphine)palladium(II) catalysis in the
presence of Cu(l) iodide.’ But our findings with the organ-
otin reagents parallel reactions recently reported between
thiopheneboronic acids and 2,4-dibromo- and 2,4-dichloro-
pyrimidines in which regioselective substitution of the halo-
gen in the 4-position was observed using tetrakis(triphenyl-
phosphine)palladium(0) as the catalyst.!

5-Bromo-2,4-dichloropyrimidine (8f) was used to dem-
onstrate the stepwise introduction of three different carbon
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substituents (Scheme 4). Compound 8f reacted initially
with replacement of the chlorine at C-4 using tributyl-f-
styryltin. Treatment of the product 14 with the phenyltin
reagent brought about phenylation at C-5 to give 21. The
halogen remaining in the 2-position was replaced by a
thienyl group (compound 22) when the former was treated
with tributyl(2-thienyl)tin.

Functionalized carbon substituents can be introduced
into both activated and non-activated positions in halopyri-
midines. Thus for the preparation of the ketones 24
(Scheme 5) the starting material was ethyl vinyl ether which
was lithiated at the a-vinyl carbon and treated with tributyl-
tin chloride. The stannylated vinyl ether can be isolated
and purified by distillation. This then reacts readily with
halopyrimidines to yield the ethoxyvinylpyrimidines 23
which, on mild acid hydrolysis, give the corresponding
ketones 24. This reaction sequence constitutes a convenient
method for the introduction of an acyl function into any
pyrimidine position.

Experimental

The 'H and the *C NMR spectra were recorded in CDCl,
at 60 and 75 MHz respectively, unless otherwise specified.
The mass spectra were recorded under electron impact
conditions at 70 eV ionizing voltage.

Starting materials available by literature methods. Tribu-
tyl-B-styryltin,!! tributyl-(2-thienyl)tin,"> tributyl(phenyl)
tin," 2-chloro-5-methylpyrimidine (1a),"* 2,-dichloropyri-
midine (1b),"* 5-bromo-2-chloropyrimidine (1c),'® 5-
bromo-2-phenylthiopyrimidine (6),"” 4-chloro-2-methyl-
thiopyrimidine (8a),'® 4-chloro-2-methylsulfonylpyrimidine
(8b),” 4,5-dichloro-2-methylthiopyrimidine (8¢),? 2,4-di
chloropyrimidine (8d)," 2,4,5-trichloropyrimidine (8e),
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5-bromo-2.4-dichloropyrimidine (8f),”! 5-bromo-4-chloro-
2-methylthiopyrimidine (8g),” and tributyl-a-ethoxy-
ethenyltin.?

General procedure for Pd-catalysed coupling reactions be-
tween  halopyrimidines and organotin compounds.
Dichlorobis(triphenylphosphine)palladium(II) (70 mg,
0.10 mmol) was added to a solution of the halopyrimidine
(5.00 mmol) and the organotin compound (5.50 mmol) in
dry DMF (10 ml). The mixture was heated in a N, atmo-
sphere at the temperatures and for the time given in the
schemes. The progress of the reactions was monitored by
GLC or TLC. A concentrated aqueous solution of potas-
sium fluoride (20 ml) was added to the cold reaction mix-
ture followed by diethyl ether (30 ml). The mixture was
stirred vigorously for 30 min, after which time water (100
ml) was added and the mixture was extracted with diethyl
ether (3 x 50 ml). The ether extracts were combined,
washed with water (3 x 50 ml), dried (MgSO,), and evap-
orated, and the product was purified by flash chromatog-
raphy on silica gel and finally recrystallized or subjected to
Kugelrohr distillation.

5-Methyl-2-(B-styryl)pyrimidine (3a).** Dichioromethane—
EtOAc 99:1 was used for flash chromatography; m.p.
141°C (EtOH). Anal C;;H;,N,:C,H. 'H NMR (300 MHz):
82.26 (Me), 7.22 and 7.92 (CH=CH, 2 X d, J 16.0 Hz),
7.34 and 7.60 (Ph, 2 X m), 8.52 (H-4, 6). *C NMR: 6 15.3
(Me), 127.2 and 128.6 (CH= and C,), 127.3 and 128.5 (C,
and C,,), 127.5 (C-5), 136.0 (C)), 136.7 (CH=), 156.9 (C-4,
6), 162.3 (C-2). MS: 196 (27, M), 195 (100), 181 (1), 168
(2), 167 (1), 129 (6), 128 (6).

5-Methyl-2-phenylpyrimidine (3b).> Dichloromethane was
used for flash chromatography; m.p. 69 °C (EtOH). Anal.
C,;H,(N,: C, H. '"H NMR: § 2.26 (Me), 7.5 and 8.4 (Ph, 2
x m), 8.62 (2 H, s, H-4, 6). MS: 170 (87, M), 144 (2), 143
(15), 116 (2), 115 (5), 104 (21), 103 (100).

5-Chloro-2-(B-styryl)pyrimidine (4). Toluene was used for
flash chromatography; m.p. 131°C (EtOH). Anal.
C,H,CIN,: C, H. 'H NMR: 8 7.20 and 8.00 (CH=CH, 2 X
d, J 16 Hz) 7.2-7.8 (Ph), 8.65 (2 H, s, H-4,6). MS: 218/216
(7125, M), 217/215 (32/100), 181 (3), 154 (3), 153 (2), 152
(2), 129 (11), 128 (8).

2-Chloro-5-(B-styryl)pyrimidine (5a). Dichloromethane
was used for flash chromatography; m.p. 146°C (EtOH).
Anal. C,HCIN,: C, H. 'H NMR: & 6.85 and 7.12
(CH=CH, 2 x d, J 17 Hz), 7.2-7.5 (Ph), 8.61 (2 H, s, H-4,
6). MS: 218/216 (29/91, M), 217/215 (42/100), 201 (2), 190
(2), 189 (3), 188 (5), 182 (3), 181 (28), 180 (8), 179 (52).

2-Chloro-5-phenylpyrimidine (5b).”® Dichloromethane was
used for flash chromatography; m.p. 132°C (EtOH). Anal.
C,oH,CIN,: C, H. 'H NMR (300 MHz): § 7.48-7.80 (Ph),
8.82 (H-4, 6). ®C NMR: & 126.8 and 129.4 (C, and C,),
129.2 (C,), 132.8 and 132.9 (C-5 and C)), 157.3 (C-4, 6),
160.1 (C-2). MS: 192/190 (32/100, M), 191 (12), 189 (3),
156 (2), 155 (16), 129 (2), 128 (8), 102 (55).

2-Phenylthio-5-(B-styryl)pyrimidine (7). Toluene-EtOAc
99:1 was used for flash chromatography; m.p. 109°C
(EtOH). Anal. C;gH,N,S: C, H. 'H NMR (300 MHz): &
6.88 and 7.10 (CH=CH, 2 x d, J 16.4 Hz), 7.2-7.7 (2 X
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Ph), 8.61 (2 H, s, H-4, 6) MS: 290 (100, M), 289 (36), 284
(2), 283 (5), 233 (17), 232 (91).

2-Methylthio-4-phenylpyrimidine (9b).”” Toluene-EtOAc
ane-light petroleum 3:1 was used for flash chromatogra-
phy. The analytical samlple was prepared by Kugelrohr
distillation, b.p. 160°C/0.02 mmHg. Anal. C,;H,N,S: C,
H. 'H NMR (300 MHz): $ 2.60 (MeS), 6.91 (1H, d, J 5.2
Hz, H-5), 6.95 and 7.84 (CH=CH, 2 x d, J 16.0 Hz), 7.3
and 7.6 (Ph, 2 X m), 8.42 (1 H, d, J 5.1 Hz, H-6). MS: 228
(100, M), 227 (46), 213 (4), 195 (9), 182 (17), 181 (46), 155
(19), 154 (14).

2-Methylthio-4-phenylpyrimidine (9b).”” Toluene-EtOAc
98:2 was used for flash chromatography; m.p. 88°C
(EtOH). Mol.wt: Found 202.0574. Calc. for C;;H,,N,S:
202.0565. '"H NMR: & 2.67 (SMe), 7.35 (1 H, d, J 5 Hz,
H-5), 7.5 and 8.1 (Ph, 2 X m), 8.53 (1 H, d, J 5 Hz, H-6).
MS: 202 (100, M), 201 (32), 157 (8), 156 (46), 155 (29), 129
(17), 102 (11).

2-Methylsulfonyl-4-(B-styryl)pyrimidine (10a). The crude
product was washed with light petroleum and recrystallized
from ethanol, m.p. 115°C. Anal. C;;H;,N,0,S: C, H. 'H
NMR: 6 3.35 (MeSO,), 7.05 and 7.98 (CH=CH, 2 x d, J
16 Hz), 7.2-7.7 (Ph and H-5), 8.73 (1 H, d, J 5 Hz, H-6).
MS: 260 (11, M), 259 (17), 197 (8), 182 (6), 181 (48), 180
(100), 154 (24), 153 (16).

2-Methylsulfonyl-4-phenylpyrimidine (10b).” The crude
product was washed with light petroleum and recrystallized
from ethanol, m.p. 136°C. Anal. C;;H,(N,0O,S: C, H. 'H
NMR: & 3.42 (MeSO,), 7.5 and 8.0 (Ph, 2 X m), 7.90 (1 H,
d, J 6 Hz, H-5), 8.85 (1 H, d, J 6.0 Hz, H-6). MS: 234 (30,
M), 219 (10), 271 (16), 156 (20), 155 (100), 103 (30).

4-Butyl-2-methylsulfonylpyrimidine (10c). EtOAc-hexane
1:1 was used for flash chromatography. The analytical sam-
ple was prepared by Kugelrohr distillation, b.p.
150°C/0.005 mmHg. Anal. C;H;)N,0,S: C, H. '"H NMR: §
1.1-2.9 (Bu), 3.35 (MeSO,), 7.46 (1 H, d, J 5 Hz, H-5),
8.78 (1 H, d, J 5 Hz, H-6). MS: 214 (0.3, M), 199 (3), 186
(3), 185 (23), 174 (5), 173 (7), 172 (100), 135 (8).

5-Chloro-2-methylthio-4-(B-styryl)pyrimidine (11a).* The
crude product was purified by recrystallization from etha-
nol, m.p. 81°C.

5-Chloro-2-methylthio-4-phenylpyrimidine  (11b).> The
crude product was purified by flash chromatography (tolu-
ene); m.p. 70°C.

2-Chloro-4-(B-styryl)pyrimidine (12a). Dichloromethane
was used for flash chromatography; m.p. 142°C. Mol.wt:
Found 216.0438. Calc. for C,H,CIN,: 216.0454. 'H NMR:
66.85and 7.81 (CH=CH, 2 x d,J 16 Hz), 7.08 (1 H,d,J 5
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Hz, H-5), 7.1-7.6 (Ph), 8.39 (1 H, d, J 5 Hz, H-6). MS:
218/216 (17/53, M), 217/215 (37/100), 182 (2), 181 (19), 180
(4), 179 (15), 154 (18).

2-Chloro-4-phenylpyrimidine (12b).” Toulene—EtOAc 98:2
was used for flash chromatography; m.p. 89°C (light pet-
roleum). Anal. C;,H,CIN,: C, H. '"H NMR (300 MHz): §
7.5 and 8.1 (Ph, 2 X m), 7.63 (1 H, d, J 5.3 Hz, H-5), 8.61
(1 H, d, J 5.3 Hz, H-6). MS: 192/190 (35/93, M), 191 (17),
156 (9), 155 (43), 130 (12), 129 (100), 128 (28).

2,5-Dichloro-4-(B-styryl)pyrimidine (13a). Hexane—dichlo-
romethane 1:1 was used for flash chromatography; m.p.
125°C. Anal. C,,H,C,N,: C, H. 'H NMR: 7.1-7.8 (Ph,
CH=), 8.13 (CH=, d, J 16 Hz), 8.44 (1 H, s, H-6). MS:
254/252/250 (9/64/100, M), 253/251/249 (17/75/97), 218 (3),
217 (22), 216 (12), 215 (77), 214 (6).

2,5-Dichloro-4-phenylpyrimidine (13b). Toluene-hexane
1:1 was used for flash chromatography; m.p. 71°C. Anal.
CsH¢CLN,: C, H. 'H NMR (300 MHz): 6 7.5 and 7.9 (Ph,
2 X m), 8.62 (H-6). "C NMR: & 128.2 and 129.3 (C, and
C,), 130.9 (C,), 127.5 and 134.1 (C-5 and C,), 158.7 and
164.8 (C-4 and C-2), 159.6 (C-6). MS: 228/226/224 (6/40/66,
M), 227 (6), 225 (10), 192 (6), 191 (42), 190 (15), 189 (100),
163 (22).

5-Bromo-2-chloro-4-(B-styryl)pyrimidine (14). Hexane—di-
chloromethane 3:2 was used for flash chromatography;
m.p. 117°C. Anal. C;,H;BrCIN,: C, H. 'H NMR: 7.0-7.8
(Ph, CH=CH), 8.14 (CH=CH, d, J 16 Hz), 8.56 (1 H, s,
H-6). MS: 298/296/294 (23/100/74, M), 297 (32), 295 (95),
293 (64), 261 (5), 259 (9), 217 (28), 215 (92).

5-Bromo-2-methylthio-4-(f-styryl)pyrimidine (15). Tolu-
ene-hexane 9:1 was used for flash chromatography; m.p.
93°C (EtOH). Mol.wt: Found 305.9836. Calc. for
C;;H,;BrN,S: 305.9827. '"H NMR: 2.58 (MeS), 7.1-7.7 (Ph,
CH=CH), 8.00 (CH=CH, d, J 16 Hz), 8.42 (1 H, s, H-6),
MS: 308/306 (97/100, M), 307 (34), 305 (20), 293 (4), 291
(5),275 (8), 273 (12), 261 (16), 259 (17), 235 (20), 233 (23).

2-Phenyl-4-(B-styryl)pyrimidine (20a).” Hexane—dichloro-
methane 2:5 was used for flash chromatography; m.p.
109°C. Anal. C;iH,N,: C, H. 'H NMR (300 MHz): § 7.08
and 7.97 (CH=CH, 2 x d, J 16.2 Hz), 7.10 (H-5, d, J 5.0
Hz), 8.69 (H-6, d, J 5.2 Hz), 7.3-7.7 (8 H, Ph and C(H,),
8.5-8.6 (2 H, C;H,). C NMR: 8 116.2 (C-5), 126.1, 129.1
and 130.4 (CH=, 2 X C,), 127.5, 128.1, 128.3 and 128.7 (2
X C,and 2 X C,), 135.7 and 137.8 (2 X C)), 136.8 (CH=),
157.5 (C-6), 162.2 and 164.2 (C-4 and C-2). MS: 258 (52,
M) 257 (100), 231 (1), 230 (5), 181 (2), 179 (3), 156 (4), 155
(24), 154 (21).

4-Phenyl-2-(B-styryl)pyrimidine (20b). Dichloromethane
was used for flash chromatography; m.p. 92°C. Anal.



CHuN,;: C, H. 'H NMR (300 MHz): & 7.33 and 8.10
(CH=CH, 2 x d, J 16.1 Hz), 7.45 (H-5, d, J 5.1 Hz), 8.69
(H-6, d, J 5.2 Hz), 7.3-7.7 (8 H, Ph and CH,), 8.1-8.2 (2
H, CH,). *C NMR: § 114.0 (C-5), 127.0, 127.5, 128.6 and
128.7 (2 x C, and 2 X C,,), 127.8, 128.8 and 130.7 (CH=
and 2 x C,), 136.0 and 136.8 (2 x C,), 137.8 (CH=), 157.3
(C-6), 163.7 and 164.7 (C-4 and C-2). MS: 258 (33, M), 257
(100), 256 (2), 230 (1), 181 (2), 156 (1), 155 (5), 128 (15).

2-Chloro-5-phenyl-4-(B-styryl)pyrimidine (21). Toluene was
used for flash chromatography; m.p. 120 °C (EtOH). Anal.
C,sH,;CIN,: C, H. '"H NMR (300 MHz): 6 7.06 and 8.13
(CH=CH, 2 x d,J 15.6 Hz), 7.3-7.6 (2 X Ph), 8.47 (H-6).
BC NMR: § 121.5 (CH=), 127.9, 128.7 (br), 128.9 and
129.4 (2 x C,and 2 X C,), 128.7 (br) and 129.6 (2 X C,),
131.4, 134.0 and 135.4 (2 x C; and C-5), 139.8 (CH=),
159.7 and 161.9 (C-4 and C-2), 160.0 (C-6). MS: 294/292
(28/85, M), 293 (46), 291 (100), 257 (9), 256 (7), 255 (25),
230 (15), 229 (6), 228 (10), 227 (18), 217 (31), 216 (16), 215
(95).

5-Phenyl-4-(3-styryl)-2-(2-thienyl)pyrimidine (22). Toluene
was used for flash chromatography; m.p. 128°C (EtOH).
Anal. C,HN,S: C, H. 'H NMR (300 MHz): § 7.15 and
8.19 (CH=CH, 2 x d,J15.6 Hz), 7.16 (1 H, dd, J 5.0, 3.7
Hz), 7.2-7.6 (11 H, 2 X Ph and 1 H thienyl), 8.12 (1 H, dd,
J 3.7, 1.2 Hz), 8.58 (H-6). *C NMR: § 123.0, 128.0, 128.1,
128.6 and 129.0 (CH=, 2 x C, and 3 x CH thienyl), 127.7,
128.5, 128.7 and 129.4 (2 x C, and 2 x C,), 130.1, 135.4,
136.0 and 143.5 (2 X C,, C-5 and C; thienyl), 137.8 (CH=),
158.0 (C-6), 158.6 and 159.5 (C-4 and C-2). MS: 340 (77,
M), 339 (81), 265 (6), 264 (19), 263 (100), 255 (5), 231 (9),
230 (12).

5-Chloro-4-(a-ethoxyvinyl)-2-methylthiopyrimidine (23a).
Hexane—~dichloromethane 2:1 was used for flash chroma-
tography; m.p. 44°C (sublimation at 50°C/0.001 mmHg).
'H NMR: 6 1.39 and 3.93 (EtO), 2.56 (MeS), 4.55 and 4.87
(C=CH,, 2 x d, J 3 Hz), 8.46 (1 H, s H-6). MS: 232/230
(4/13, M), 213 (2), 217 (2), 215 (7), 203 (4), 202 (2), 201
(12), 188 (37), 186 (100).

2-(a-Ethoxyvinyl)-5-methylpyrimidine (23b). Dichloro-
methane-EtOAc 15:1 was used for flash chromatography;
m.p. 80°C (sublimation at 50°C/0.01 mmHg). Anal.
C,H,,N,O: C, H. '"H NMR (300 MHz): $ 1.50 3 H, t,J 7.0
Hz), 2.32 (Me), 4.05 (2 H, q, J 7.0 Hz), 4.59 and 5.62
(C=CH,, 2 x d,J 2.1 Hz), 8.59 (H-4,6). ®"C NMR: 6 14.2
(Me), 15.3 (5-Me), 63.9 (CH,-0), 88.9 (CH,=), 129.0
(C-5), 156.9 (C-4, 6), 157.3 and 159.4 (=C-OEt and C-2).
MS: 164 (26, M), 149 (23), 121 (11), 120 (82), 119 (28), 108
(18), 95 (9), 94 (100).

2-Chloro-5-(a-ethoxyvinyl)pyrimidine (23c). Hexane—di-
chloromethane 3:4 was used for flash chromatography;
m.p. 86°C (EtOH): Anal. CgH,CIN,O: C, H. 'H NMR: 8
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1.43 and 3.94 (EtO), 4.38 and 4.72 (C=CH,, 2 x d, J 4
Hz), 8.83 (2 H, s, H-4,6). MS: 186/184 (7/23, M), 185 (6),
183 (7), 158 (16), 156 (45), 143 (32), 142 (15), 141 (100),
140 (23).

5-Chloro-2-methylsulfonyl-4-(B-styryl)pyrimidine (16). A
solution of 5-chloro-2-methylthio-4-(B-styryl)pyrimidine
(1.09 g, 4.15 mmol) and m-chloroperbenzoic acid (2.17 g,
12.46 mmol) in dichloromethane (100 ml) was left to stand
at ambient temperature for 3 h before it was shaken consec-
utively with saturated aqueous sodium sulfite, saturated
aqueous sodium hydrogen carbonate and water. The dried
(MgSO,) solution was evaporated and the residual material
was crystallized from 2-propanol; yield 0.97 g (80 %), m.p.
131°C. Anal. C;;H,;,CIN,0,S: C, H. 'H NMR: § 3.38
(MeSO,), 7.2-7.8 (Ph, CH=CH), 8.23 (CH=CH, d, J 16
Hz), 8.68 (1 H, s, H-6). MS: 296/294 (3/9, M), 293 (3), 231
(4), 217 (15), 216 (38), 215 (47), 214 (100), 187 (17).

5-Bromo-2-methylsulfonyl-4-(B-styryl)pyrimidine (17).
Compound 17 was prepared as above from S-bromo-2-
methylthio-4-(B-styryl)pyrimidine. The reaction was run
for 17 h at ambient temperature; yield 75 %, m.p. 159°C
(2-propanol). Anal. C;H,;BN,0,S: C, H. 'H NMR: §
3.39 (MeSO,), 7.3-7.9 (Ph, CH=CH), 8.32 (CH=CH, d,J
16 Hz), 8.90 (1 H, s, H-6). MS: 340/338 (4/3, M), 339 (2)
337 (2), 294 (2), 277 (2), 275 (2), 261 (22), 260 (52), 259
(25), 258 (53), 179 (100).

5-Chloro-4-(B-styryl)-2(1H)-pyrimidinone (18): Method A.
Sodium hydroxide (1 M, 300 ml) was added to a solution of
5-chloro-2-methylisulfonyl-4-(B-styryl)pyrimidine (3.03 g,
10.28 mmol) in dioxane (250 ml), and the mixture was
stirred at ambient temperature for 50 h, after which time it
was cooled to 0°C and neutralized with hydrochloric acid.
The precipitated product was dried and recrystallized from
ethanol; yield 2.04 g (85%), m.p. 246°C. Anal
C,H,CIN,O: C, H. 'H NMR [(CD;),SO]: 6 7.33 and 7.98
(CH=CH, 2 x d,J 16 Hz), 7.3-7.9 (Ph), 8.40 (1 H, s, H-6).
MS: 234/232 (23/71, M), 233/231 (42/100), 197 (19), 169
(14), 168 (13), 155 (11), 154 (23).

Method B. Sodium hydroxide (1 M, 15 ml) was added to
a solution of 2,5-dichloro-4-(B-styryl)pyrimidine (0.50 g,
1.99 mmol) in dioxane (5 ml). The mixture was heated
under reflux for 2 h, cooled to 0°C, and worked up as
above; yield 0.12 g (26 %).

5-Bromo-2-methoxy-4-(f-styryl)pyrimidine (19): Method
A. Sodium methoxide (60 mg, 1.11 mmol) was added to a
solution of 5-bromo-2-methylsulfonyl-4-(f-styryl)pyrimi-
dine (250 mg, 0.74 mmol) in methanol (5 ml). The mixture
was heated under reflux for 2 h, then cooled and poured
into aqueous ammonium chloride. The mixture was ex-
tracted with diethyl ether, the dried (MgSO,) ether so-
lution was evaporated, and the residual material was crys-
tallized from methanol; yield 211 mg (98 %), m.p. 73°C.
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Anal. C;H;BrN,O: C, H. 'H NMR: § 4.06 (OMe),
7.2-7.8 (Ph, CH=C), 8.15 (CH=CH, d, J 16 Hz), 8.55 (1
H, s, H-6). MS: 292/290 (71/75, M), 291/289 (100/94), 277/
275 (9/9), 211 (50), 196 (41), 195 (17), 179 (13).

Method B. Sodium methoxide (0.22 g, 4.06 mmol) was
added to a solution of 5-bromo-2-chloro-4-(B-styryl)pyrimi-
dine (0.80 g, 2.71 mmol) in methanol (15 ml). The mixture
was heated under reflux for 2 h and worked up as above;
yield 0.74 g (94 %).

4-Acetyl-5-chloro-2-methylthiopyrimidine (24a). 5-
Chloro-4-(a-ethoxyvinyl)-2-methylthiopyrimidine (222 mg,
0.96 mmol) was added to acetone-1 M HCI 4:1 (5 ml) and
the mixture was stirred at ambient temperature for 18 h and
heated under reflux for 1 h. Water (10 ml) was then added
and the mixture was extracted with diethyl ether (3 x 10
ml). The ether extracts were washed with saturated aque-
ous sodium hydrogen carbonate, dried (MgSO,), and evap-
orated, and the product was isolated by sublimation at
40°C/0.01 mmHg; yield 179 mg (92 %), m.p. 46°C. Anal.
GH,CIN,0OS: C, H. 'TH NMR (300 MHz): § 2.59 (MeS),
2.66 (MeCO), 8.61 (H-6). *C NMR: 514.4 (MeS), 27.6
(MeCO), 122.3 (C-5), 156.2 (C-4), 159.2 (C-6), 170.7
(C-2), 197.3 (C=0). MS: 204/202 (9/27, M), 174 (4), 173
(4), 161 (8), 160 (11), 159 (14), 149 (17), 43 (100).

2-Acetyl-5-methylpyrimidine (24b). Compound 24b was
prepared as above from 2-(a-ethoxyvinyl)-5-methylpyrimi-
dine. The reaction was left at ambient temperature for 18
h, water (10 ml) was then added and the mixture was
extracted with chloroform (3 x 10 ml). The chloroform
extracts were dried (MgSO,) and evaporated and the prod-
uct was isolated by sublimation at 40°C/0.01 mmHg. Yield
80%; m.p. 49°C. Anal. C;HgN,0O: C, H. 'H NMR (300
MHz): 6 2.46 (Me), 2.77 (MeCO), 8.77 (H-4, 6). ®*CNMR:
8 15.3 (Me), 26.2 (MeCO), 132.7 (C-5), 157.0 (C-4. 6),
157,6 (C-2), 197.0 (C=0). MS: 136 (81, M), 121 (8), 108
(24), 95 (7), 94 (100), 93 (66), 67 (43).

5-Acetyl-2-chloropyrimidine (24c). Compound 24c was pre-
pared as above from 2-chloro-5-(a-ethoxyvinyl)pyrimidine.
The reaction was left at ambient temperature for 18 h.
Yield 80 %; m.p. 92°C (sublimed at 25°C/0.01 mmHg).
Anal. CH;CIN,O: C, H. '"HNMR: 8 2.67 (MeCO), 9.10 (2
H, s, H-4,6). MS: 158/156 (7/29, M), 149 (7), 145 (5), 143
(29), 141 (100), 136 (30), 113 (17), 94 (58), 93 (43).
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