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4,6-Dimethyl-1-phenylpyrimidin-2(1H)-one (1) reacted with methylmagnesium iodide to afford 4,6,6-trimethyl-
1-phenyl-3,6-dihydropyrimidin-2(1H)-one (8a) selectively; compound (1) reacted with methyl-fithium to give
mainly 4,4,6-trimethyl-1-phenyi-3,4-dihydropyrimidin-2(14)-one (8b).
2(1H)-ones and -thiones with organometallic compounds, and the influence of bulkiness of alkyl groups upon the
product ratio, are also discussed.

Various dihydropyrimidin-2(1H)-ones and -thiones

have been prepared from the reaction of 1,1-dimethyl-3-
oxobutyl isocyanate ! and 2-methyl-2-thiocyanopentan-
4-one 2 with anilines, «8-unsaturated enones33 and 3-
ethoxy-2-methoxymethylenepropionitrile with ureas,®?
and the condensation of mesityl oxide, ammonium
thiocyanate, and amines® On the other hand, few
papers concerning the preparation of dihydropyrim-
idin-2(1 H)-ones and thiones by the reaction of pyri-
midin-2(1H)-ones and -thiones with nucleophiles have
been reported.®

The 2-, 4-, and 6-position atoms in the pyrimidine ring
are electron deficient by virtue of the electron-with-
drawing effect of the ring-nitrogen atoms.'® Nucleo-
philic attack, therefore, could be expected to take place
on these carbon atoms. While Hauser and co-workers
reported that organolithium reagents reacted with
benzalacetophenone to yield predominantly 1,2-addition
product, the Grignard reagents gave exclusively the 1,4-
addition product.11

In this paper, we discuss the regioselective preparation
of dihydropyrimidin-2(1H)-ones and -thiones by the
reaction of pyrimidin-2(1H)-ones and thiones with
organometallic compounds such as Grignard and
organolithium reagents.

RESULTS AND DISCUSSION

The reaction of 4,6-dimethyl-1-phenylpyrimidin-2(1 H)-
one (1) with methylmagnesium iodide (MeMgI) yielded
two products, m.p. 191—192 °C (compound A) and m.p.
163 °C (compound B). Both compounds had the same
formula, C;3H4N,O, from elemental analysis. Compound
A shows the following spectral data; ir., v, 3200
(N-H) and 1 660 cm™ (C=0), 'H n.m.r., 5§ 1.18 (6 H, s)
and 1.70 (3 H, d, J = 0.6 Hz), attributed to the allylic
coupling of methyl protons with the olefinic proton at
5-position of the pyrimidine ring. Compound B; ir.
Voux 3220 (N-H) and 1660 cm™ (C=0); and 'H n.m.r,,
3130 (6 H, s) and 1.583 (3 H, d, J = 0.6 Hz). Irom
these spectral data, compounds A and B were assumed to
be structurally isomeric with each other, and compound
B was found to be 4,4,6-trimethyl-1-phenyl-3,4-dihydro-
pyrimidin-2(1H)-one (8b) by comparison with an authen-
tic sample (m.p. 162—164 °C) obtained from the reaction

of 1,1-dimethyl-3-oxobutyl isocyanate with aniline.l It
appears that compound (8a) is formed by the attack of
the methyl Grignard at the 4-position of the pyrimidine
ring. Therefore, compound A was assigned the structure
4,6,6-trimethyl-1-phenyl-3,6-dihydropyrimidin-2(1 H)-
one (8a) which was formed by the attack of the methyl
Grignard at the 6-position. The total yield of (8a) and
(1) X=0, R'=Ph, R2zR>=Me
X (2 , R'=Ph, RZ=R%= Me
)‘\ ,R’ (3) A R1=p—MeCsH4, R?=R3:=Me

X
X=S
X=0
(4) X=0, R'=Me, R%=R3=H
RZJ\/kR3 (5) X=0, R'=R%=Ph, R¥:Me
(6) X=5, R'=Ph, RZ=Me, R3=Ph
(7) X=0, R'=Ph, R?=R%:H

(8b) was 299, in the ratio of 95:5. Pyrimidin-2(1H)-
one (1) also reacted with methyl-lithium (MeLi) to give
two products (8a) and (8b) in 659, yield, but the ratio
was 15 : 85 (see Table).

When  4,6-dimethyl-1-phenylpyrimidin-2(1H4)-thione
(2) was treated with MeMgl and MeLi to afford a mixture
of two products, (12a) and (12b), in 62 and 439, yield,
respectively. The structures of (12a) and (12b) were
determined from the fact that the chemical shifts of the
geminal dimethyl and allylic methyl protons were very
similar to those of compounds (8a) and (8b), respectively.
Further, (12b) was found to be identical with an authen-
tic sample of 4,4,6-trimethyl-1-phenyl-3,4-dihydropyri-
midine-2(1H)-thione (12b) obtained from the reaction
of 2-methyl-2-thiocyanatopentan-4-one with aniline.?
Similarly, the reaction of pyrimidin-2(1H)-one (1) and
-thione (2) with various alkyl Grignards and alkyl-
lithium reagents was examined and the results are sum-
marized in the Table.

These results suggest that the bulkiness of the alkyl
group of the Grignard reagent has a large influence on
the ratio of the 3,6-dihydropyrimidin-2(1H)-ones (8a),
(9a), (11a) to the 3,4-dihydropyrimidin-2(1H)-ones
(8b)—(11b), but not on the ratio of the 2-thioxo-deriv-
atives (12a)—(15a) to the corresponding derivatives
(12b)—(15b).

6-Methyl-1,4-diphenylpyrimidin-2(1H)-one (5) reacted
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with MeMglI to give only 6,6-dimethyl-1,4-diphenyl-3,6-
dihydropyrimidin-2(1H)-one (18a) in 679, yield, while
1,6-diphenyl-4-methylpyrimidin-2(1H)-thione (6) with
MeMgI gave only 4,4-dimethyl-1,6-diphenyl-3,4-dihydro-
pyrimidin-2(1H)-thione (19b) in 829, yield (see Table).
Finally, we examined the reaction of MeMgI or MeLi
with 1-phenylpyrimidin-2(1H)-one (7), which has no
substituent at the 4- and 6-positions of the pyrimidine
ring. Pyrimidin-2(1H)-one (7) reacted with MeMgl to
yield only 6-methyl-1-phenyl-3,6-dihydropyrimidin-

R‘Mgl or R*Li

Compound R4 Products
(1) Me (8a) and (8b)
(1) Lt (9a) and (9b)
(1) Prt (10b)

0} But ¢ (11a) and (11b)
(2) " Me (12a) and (12b)
(2) Et (13a) and (13b)
(2) Pri (14a) and (14b)
(2) But ¢ (15a) and (15b)
(3) Me (16a) and (16b)
(4) Ph—C=C? (17a)

(5) Me (18a)

(6) Me (19b)

(7) Me (20a) and (20b)

¢ t-Butylmagnesium chloride.

2(1H)-one (20a) in 599, yield. On the other hand,
compound (7) also reacted with MeLi to give exclusively
4-methyl-1-phenyl-3,4-dihydropyrimidin-2(1 H)-one (20b)
in 889, yield (see Table).

It is thus possible to prepare regioselectively 3,6- and
3,4-dihydropyrimidines by the reaction of pyrimidin-
2(1H)-one and -thiones with the appropriate organo-
metallic compounds. Further, it is concluded that alkyl
Grignards attack the 6-position in preference to the 4-
position of the pyrimidine ring, while alkyl-lithium
reagents predominantly attack the 4-position.

EXPERIMENTAL

Materials—Pyrimidin-2(1H)-ones (1) and (3) and the
thione (2) were prepared by the method of Hutchins.1?
6-Methyl-1,4-diphenylpyrimidin-2(1H)-one (5) and 4-
methyl-1,6-diphenylpyrimidine-2(1H)-thione (6) were pre-
pared from the reaction of benzolyacetone with N-phenyl-
urea and N-phenylthiourea, respectively.!® 1-Methyl-
pyrimidin-2(1H)-one (4) ** and 1-phenylpyrimidin-2(1H)-
one (7) 13 were prepared by literature methods.

Reaction of Pyrvimidin-2(1H)-ones and -thiones with
Organometallic Compounds.—Reaction with alkyl-lithium
rveagents. Alkyl-lithium (10 mmol) was prepared from alkyl
iodide (10 mmol) and lithium wire (25 mmol) in anhydrous
ether (20 ml) uder an argon atmosphere in an ice-bath. To
this solution, pyrimidin-2(1H)-one or -thione (3 mmol) was

J.C.S. Perkfni '™

added and the mixture was stirred for 5 h at room tem-
perature. Excess of alkyl-lithium was destroyed by the
dropwise addition of water. The reaction mixture was
extracted with dichloromethane and dried over anhydrous
magnesium sulphate. The crude product was chromato-
graphed on silica gel with chloroform-acetone—ethanol
(100 :10: 2) in the case of pyrimidin-2(1H)-one, and with
chloroform-benzene—ethyl acetate (4:4:1) in the case of
pyrimidine-2(1H)-thione. In this way the following com-
pounds were prepared: 4,6-dimethyl-4-ethyl-1-phenyl-3,4-
dihydrvopyvimidine-2(1H)-thione (13b), m.p. 194—195 °C

X
HN /U\N

X
1
/R )k /R‘
HN N
o+
Rz)\/}\tﬁ Rz/‘\/\sﬁ
R4 R4
(a) (b)
ReMgl RLi
Yield Ratio Yield Ratio
(%) - (a):(b) (%) {a) : (b)
29 95:5 65 15:85
20 50 : 50 42 10: 90
19 0:100 12 0:100
59 20: 80
62 70:30 43 35:65
83 60 : 40 42 0:100
48 75:25 10 0: 100
75 30:70
46 95:5 56 5:95
70 100: 0
67 100: 0
82 0:100
59 100:0 88 0:100

% Phenylethynylmagnesium bromide.

(decomp.) (from ethyl acetate); v, (KBr) 3180, 2 960,
1 685, 1230, 760, and 700 cm™; § (CDCl,) 1.02 (3 H, d,
J 6.0Hz), 1.33 (3 H, s), 1.52 (3 H, s), 470 (1 H, br s), and
7.2—7.5 (56 H, m) (Found: C, 68.55; H, 7.4; N, 11.4.
C H4N,S requires C, 68.25; H, 7.36; N, 11.37%): 4-
isopropyl-4,6-dimethyl-1-phenyl-3,4-dihydropyrimidine-
2(1H)-thione (14b), m.p. 181—182 °C (decomp.) (from ethyl
acetate-hexane); Yiax, (KBr) 3 180, 2 960, 1 685, 760, and
700 cm™; 3 (CDClL,) 0.92 (3 H, d, J 6.0 Hz), 1.05 (3 H, d,
J 6.0Hz), 1.32 (3 H, s), 1.52 (3 H, s), 473 (1 H, br s), and
7.2—17.5 (5 H, m) (Found: C, 69.2; H, 7.8; N, 10.7.
CysH,yoN,S requires C, 69.18; H, 7.74; N, 10.759%): 4-
methyl-1-phenyl-3,4-dikydropyrimidin-2(1H)-one (20b), m.p.
123-—-124 °C (from benzene-hexane); v_..  (KBr) 3 200,
2 960, 1 690, 1 660, 760, and 690 cm™; 3 (CDCl,) 1.25 (3 H,
d, J6.0Hz),4.1—44 (1 H, m), 46-—5.0(1 H, m), 592 (1 H,
br s), 6.1—6.3 (1 H, dd, J 8.0 and 1.0 Hz), and 7.2—7.4
(5 H, m) (Found: C, 70.5; H, 6.3; N, 14.9. C,;H,,N,O
requires C, 70.19; H, 6.42; N, 14.88%).

Reaction with alkyl Grignards. Pyrimidin-2(1H)-one or
-thione (1 mmol) was added to the solution of methyl-
magnesium iodide (10 mmol) in anhydrous ether (20 ml)
and the mixture was stirred for 6 h. The reaction mixture
was washed with cold water, extracted with dichloromethane
was washed with cold water, extracted with dichloro-
methane, and dried over anhydrous magnesium sulphate.
The crude product was chromatographed on silica gel with
chloroform—acetone—ethanol (100:20:4) [(100:10:2) in
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the case of pyrimidin-2(1H)-ones], and with chloroform-
benzene—-ethyl acetate (4:4:1) [(4:10:1) in the case of
pyrimidin-2(1H)-thiones]. In this way the following com-
pounds were prepared: 4,6,6-trimethyl-1-phenyl-3,6-di-
hydropyrimidin-2(1H)-one (8a), m.p. 191—192 °C (from
benzene-hexane); v . (KBr) 3 200, 2 960, 1 660, and 760
cm™; X (EtOH) 233 nm (e 4.52 x 10%); 3 (CDCly) 1.18
(6 H, s), 170 (3 H, d, J 0.6 Hz), 4.45 (1 H, br s), and 7.2—-
7.5 (6 H, m) (Found: C, 72.2; H, 7.4; N, 13.0. C;3H;(N,O
requires C, 72.19; H, 7.45; N, 12.95%,): 4,4,6-trimethyl-1-
phenyl-3,4-dihydropyrimidin-2(1H)-one (8b), m.p. 163 °C
(lit.,1 162—164 °C) (from ethyl acetate~hexane); v . (KBr)
3 220, 2 960, 1 660, 1395, 1380, 760, and 695 cm™;
(EtOH) 229 nm (e 6.77 x 10%); & (CDCl,) 1.30 (6 H, s), 1.53
(3H,d, J 0.6 Hz), 4.62 (1 H, brs), 5.02 (1 H, brs), and 7.1
7.4 (5 H, m) (Found: C, 72.0; H, 7.4; N, 13.1. C;;H;(N,O
requires C, 72.19; H, 7.45; N, 12.95%): 6-ethyl-4,6
dimethyl-1-phenyl-3.6-dihydropyrimidin-2(1H)-one (9a), m.p.
143—144 °C (from benzene-hexane); v . (KBr) 3 220,
2 960, 1 660, and 755 cm™; 3 (CDCl;) 1.08 (3 H, t, J 6.0 Hz),

1.33 (3 H, s), 1.73 (3 H, s), 4.25 (1 H, br s), and 7.0—7.2
(6 H, m) (Found: C, 72.9; H, 7.7; N, 12.2. C,H;)N,O
requires C, 73.01; H, 7.87; N, 12.16%): 4-ethyl-4,6-

dimethyl-1-phenyl-3,4-dihydropyrimidin-2(1H)-one (9b), m.p.
168 °C (from benzene-hexane); v . (KBr) 3230, 2 960,
1 660, and 755 cm™; § (CDCly) 1.00 (3 H, t, J 6.0 Hz), 1.28
(3H,s), 1.53 (3 H, s), 4.48 (1 H, brs), 4.76 (1 H, br s}, and
7.0—~7.2 (5 H, m) (Found: C, 72.5; H, 7.9; N, 12.0.
CH;sN,O requires C, 73.01; H, 7.87; N, 12.16%): 4-
isopropyl-4,6-dimethyl-1-phenyl-3,4-dihydropyrimidin-2(1H)-
one (10b), m.p. 202 °C (from benzene-hexane); v . (KBr)
3 200, 2 960, 1 690, 1 660, 760, and 690 cm™; § (CDCl,) 0.97
(6H,d, /6.0 Hz),1.27(3H,s),1.562 (3 H,s), 4.50 (1 H, brs),
4.83 (1 H, brs), and 7.0—7.2 (6 H, m) (Found: C, 73.55; H,
8.3; N, 11.5. C,;H,,N,O requires C, 73.73; H, 8.25; N,
11.46%,): 6-t-butyl-4,6-dimethyl-1-phenyl-3,6-dilydropyrimi-
din-1{1H)-one (1la), m.p. 191 °C (from benzene-hexane);
ey, (KBr) 3200, 2 960, 1700, 1 650, 1 380, and 760 cm™;
S(CDCI,) 0.98 (9H,s),1.17(3H,s), 1.72 (3 H, s), 4.37 (1 H,
br s), and 6.9—7.3 (5 H, m) (Found: C, 74.2; H, 8.6; N,
10.7.  C;4H,,N,O requires C, 74.38; H, 8.58; N, 10.849%,):
4-1-butyl-4,6-dimethyl-1- j)henyl-l,u,3 4-tetvahydropyvimidine
(11b), m.p. 139 °C (from hexane); + (KBr) 3 240, 2 960,
1 690 1 660, 760, and 680 cm™; § (CDCI ) 0.96 (9 H,s), 1.23
(3 H, s), 1.52 (3 H,s), 4.60 (1 H, brs), 5.07 (1 H, br s), and
7.0—7.3 (5 H, m) (Found: C, 74.6; H, 8.65; N, 10.95.
C,H,2N,0 requires C, 74.38; H, 8.58; N, 10.84%): 4,6,6-
trimethyl-1-phenyl-3,6-dihydvopyrimidine-2(1H)-thione
(12a),* m.p. 215—223 °C (from ethyl acetate); 3 (CDCLy)
1.22 (6 H,s), 1.78 (3 H, d, J 0.6 Hz), 4.50 (1 H, br s), and
7.1—17.5 (56 H, m) {Found [for a mixture of (12a) and (i2b)]:
C, 67.15; H, 6.95; N, 11.95. C;H(N,S requires C, 67.20;
H, 6.94; N, 12.05%}: 6-ethyl-4,6-dimethyl-1-phenyl-3,6-
dihydrvopyrimidine-2(1H)-thione (13a),* m.p. 170—179 °C
(decomp.) (from ethyl acetate); & (CDCL;) 1.02 (3 H, t, J
6.0 Hz), 1.13 (3 H, s), 1.85 (3 H, d, J 0.6 Hz), 4.50 {1 H, br
s), and 7.2—7.5 (5 H, m) {Found [for a mixture of (13a) and
(13b)]: C, 63.25; H, 7.35; N, 11.3. C;;H;;N,S requires C,
68.25; H, 7.36; N, 11.379%}: 6-isopropyl-4,6-dimethyl-1-
phenyl-3,6-dihydvopyrimidine-2(1H)-thione  (14a),* m.p.
197-—-203 °C (decomp.) (from benzene-hexane); § (CDCly)
0.80 (6 H,d, J 6.0Hz),1.15(3H,s), 1.83 (3 H,s), 448 (1 H,
br s), 7.2—7.5 (56 H, m), and 8.27 (1 H, br s) {Found [for a

* Attempts to separate the mixture by column chromatography
or fractional recrystallization was unsuccessful.

Via@?nl ine

mixture of (14a) and (14b)]: C, 69.25; H, 7.8; N, 10.7.
CysHyoN,O requires C, 69.18; H, 7.74; N, 10.75%}: 6--
butyl-4,6-dimethyl-1-phenyl-3,6-dihydropyrimidine-2(1H)-
thione (15a), m.p. 167—168 °C (decomp.) (from ethyl acetate—
hexane); v . (KBr) 3240, 2960, 1710, 1240, and 710
cm™; § (CDCl,) 1.03 (9 H, s), 1.18 (3 H, s), 1.85 (3 H, s),
4.60 (1 H, brs), 7.1—7.5 (56 H, m), and 8.43 (1 H, br s)
(Found: C, 69.8; H, 7.9; N, 10.1. C,gH,,N,S requires C,
70.02; H, 8.08; N, 10.20%): 4-t-butyl-4,6-dimethyl-1-
phenyl-3,4-dikydvopyrimidine-2(1H)-thione (15b), m.p. 180
C (decomp.) (from benzene-hexane); v . (KBr) 3 180,
2 960, 1 680, 1600, and 760 cm™; & (CDCl,) 1.01 (9 H, s),
1.28 (3 H, s), 1.53 (3 H, s), 4.75 (1 H, br s), and 7.1—7.4
(3 H, m) (Found: C, 70.0; H, 8.0; N, 10.2. C,H,,N,S
requires C, 70.02; H, 8.08; N, 10.209%,): 4,6,6-trimethyl-1-p-
tolyl-3,6-dihydropyrimidine-2(1H)-one (16a), m.p. 211—212
°C (from ethyl acetate-hexane); v . (KBr) 3 200, 2 960,
1710, 1 660, 1 400, 810, and 740 cm™; & (CDCly) 1.20 (6 H,
sy, 1.75 (3 H,d, J 0.6 Hz), 2.36 (3 H, s), 4.47 (1 H, br s}, and
7.1—7.2 (4 H, m) (Found: C, 73.6; H, 7.95; N, 12.15.
C,4HsN,O requires C, 73.01; H, 7.87; N, 12.169%,): 4,4,6-
trimethyl-1-p-tolyl-3,4-dihydropyrimidin-2(1H)-one (16b),
m.p. 193 °C (from ethyl acetate-hexane); v . (KBr) 3 220,
2 960, 1 700, 1 670, 1 510, 805, and 750 cm™; & (CDCly) 1.32
(6 H,s), 1.51 (3H,d, J 0.6 Hz), 2.35 (3 H, s), 4.64 (1 H, br
s), 5.04 (1 H, br s), and 7.1-—7.2 (4 H, m) (Found: C, 73.3;
H, 7.9; N, 12.5. C,;,H;(N,0O requires C, 73.01; H, 7.87;
N, 12.16%): 1-methyl-6-phenylethynyi-3,6-dikydvopyyimi-
din-2(1H)-one (17a), m.p. 134—135 °C (from ethyl acetate—
hexane); v .. (KBr) 3220, 2 940, 1 680, and 750 cm™; &
(CDCl,) 3.04 (3 H, s), 4.6—5.0 (2 H, m), 6.0—6.3 (1 H, dd,
J 7.0 and 4.8 Hz), 7. —75(0H m), and 8.50 (1 H, br s)
(Found: C, 73.7; H, 5.65; N, 13.2. C,;H;,N,0 requires
C, 73.56; H, 5.69; N, 13.19%): 6,6-dimethyl-1,4-diphenyl-
3,6-dihydvopyrimidin- 2(lH) one (18a), m.p. 196—197 °C
(from ethyl acetate); v,  (KBr) 3 220, 2 980, 1 640, 1 410,
760, and 740 cm™t; § (CDCl ) 1.33 (6 H, s), 4.93 (1 H, br s),
and 7.0-—7.5 (10 H, m) (Found: C, 77.7; H, 6.45; N, 10.05.
CsHsN,O requires C, 77.66; H, 6.51; N, 10.069%,): 4,4-
dimethyl-1,6-diphenyl-3,4-dikydropyvimidine-2(1H)-thione
(19b), m.p. 206—207 °C (decomp.) (from benzene-hexane);
(KBr) 3 200, 2 980, 1680, 1 540, 1 340, 1 200, and 700
cm™; 3 (CDCL,) 1.48 (6 H, s), 5.10 (1 H, br s), and 7.0—7.3
(10 H, m) (Found: C, 73.5; H, 6.10; N, 9.55. C, H;N,S
requires C, 73.43; H, 6.16; N, 9.51%): 6-methyl-1-phenyl-
3.6-dihydvopyrimidin-2(1H)-one (20a), m.p. 140.5 °C (de-
comp.) (from ethyl acetate-hexanej; v (KBr) 3 220,
2 960, 1 650, 1190, and 760 cm™; 3 (CDDCl,;) 1.17 (3 H, d
J 6.0 Hz), 42—4.9 (2 H, m), 59—6.2 (1 H, dd, J 8.0 and
5.6 Hz), 7.2—7.5 (6 H, m), and 8.35 (1 H, br s) (Found: C,
69.95; H, 6.4; N, 14.8. C, H;,N,O requires C, 70.19; H,
6.42; N, 14.889%).

vmax

[0/787 Received, 23rd Mayv, 19807
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