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Aroylphenylacetylenes (I) reacted with thiourea and S-benzylisothiourea to give 4,6-diaryl-
pyrimidine-2(1H)thiones (IV) and a-aroyl-3-benzylmercaptostyrenes (X), respectively. Methyla-
tion and acetylation of the thiones (IV) gave the corresponding S-methyl- (V) and S-acetyl- (V1)
derivatives, respectively. The oxidation of these thiones gave the corresponding disulfide deriva-

tives (VII).
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Reaction of a-aroyl--benzylmercaptostyrenes (X) with hydrazine hydrate and

phenylhydrazine gave 3(5)-aryl-5(3)-phenylpyrazoles (XI) and 3-aryl-1 ,5-diphenylpyrazoles (X111},

respectively. Reaction of aroylphenylacetylenes (1) with N-allylthiourea gave 1 -ally}-4,0-diaryl-

pyrimidine-2-thiones (XVI).
J. Heterocyclic Chem., 15,105 (1978)

The present study is an extension of the previous work
(2), and involves the reaction of aroylarylacetylenes (1)
with thiourea, S-benzylisothiourea and N-allylthiourea.

Reaction of Acetylenic Ketones with Thiourea.

When benzoyl- (la), p-toluyl- (1b), m-chlorobenzoyl-
(Ic), p-chlorobenzoyl- (ld), p-methoxybenzoyl- (le) and
3 A-methylenedioxybenzoyl- (If) phenylacetylenes were
allowed to react with thiourea in the presence of sodium
ethoxide in ethanol, they gave rise to the corresponding
4(6)-aryl-6(4)-phenylpyrimidine-2(1 H)thiones (IVa-f). The
products (IVd,e) were also obtained when benzoyl-p-
chlorophenyl- (Ig) and benzoyl-p-methoxyphenyl- (h)
acetylenes were used instead of p-chlorobenzoyl- (1d) and
p-methoxybenzoyl- (le) phenylacetylenes, respectively.
The reaction seems to proceed by Michael addition of the
anion 11, derived from thiourea, to the aroylphenylacet-
ylene followed by cyclization of the intermediate I (2)
(cf. Scheme 1).

Table 1

Scheme |
Ar-C=C-COAr’ A'\C//CH\C/A"I
0 Ethanol ] i 4,0
> N ———
+ A " \C/NHZ
N i
NHCSNHy 4
1l n
B A G (s (S i
Ne. N N\n/N\H H/N\n/n
SH S S
I I A
CILN, ’
5/ or 2 \\%,
AN T S (S0, %,
| g K4
N N
Y Ar NI Aro 2 Ar!
$ NI N N lN
| ~ ~
S \( \(
A SCHy SCOCH
NN
| \ Vi
A'J\%Ar’
Vi
ae At Collgs Ar - Clly oA Gollg: Ar pClLOCell,
by Ar Gellgs Ar' peCHLCGH, iAr Gl Ar 3EOCHOC,
o Ar Gl AP meCLGol g A pCCHa AP Gl
Ao A Gl AP pCIGall W Ar o pCHILOCHL: Ar Gl

Infrared and Nuclear Magnetic Resonance Spectral Data of 4,6-Diarylpyrimidine-2 (1) thiones (IVa-f)

Infrared Spectra

Compound (Potassium bromide)
No. cm_l v
IVa 1602 (s) C=N
1550 (s) C=C

IVb 1611 (s) C=N
1548 (s) c=C

IVe 1608 (s) =N
1550 (s) C=C
1549 (s)

Ivd 1605 (s) C=N
1575 (s) c=C
1548 (s)

IVe 1604 (s) C=N
1545 (s) C=C

vt 1590 (s) C=N
1545 (s) C=C

Nmr Spectra
(Deuteriochloroform and DMSO)

& Assignments
(No. of protons)

7.9 (s) (1) CH=
7.21-8.23 (m) (11) ArH + NH
7.93 (s) (1) -CH=
7.23-8.23 (m) (10) Arfl + NH

2.4 (s) (3) ArCil;
8.0-8.23 (m) (4) Arll

7.57-7.80 (m)

7.9.8.23 (m)
7.67 (s)
7.33-7.63 (m)
6.93-8.2 (m)
3.85 (s)
7.08.23 (m)
7.53 (s)

6.23 (s)

(7) CeHs +-CH=+NH

(4) ArH
(1) Cli=
(6) Cells + NH

(11) Acll + CH=+ NH

(3) ArOCll;

(9) Arll + NH
(1) CH=

(2) -OCH,0-
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Table II

Electronic Spectra of 4,6-Diarylpyrimidine-2(1 H)thiones (IVa-f)

Vol. 15

The structure of the thiones (IVa-f) was established by
spectroscopic evidence. Thus, their ir spectra are devoid

of v S-H and show two bands at 1611-1590 cm ™' (v C=N)

Compound Ethanol Cyclohexane (3a) and 1575-1548 cm™! @ C=C) (2) (c¢f. TableI). This
No. A max (nm) e max A max (nm) € max indicates that these compounds exist predominantly in the
thione form (IVA) (thiolactam) rather than in the thiol
A L5 1900 319 11,920 form (IVB) (4). The thione structure was also substan-
gzg gtggg 257 o tiated by their electronic spectra in ethanol (cf. Table II),
245.237 (sh) 18,170 which show intense bands in the region 300-240 nm, as
Vb 408 1300 321 12.850 well as a low intensity n - 7* transition (=C=S: chromo -
300 30:160 260 29:440 phore) band in the range 430400 nm. However, when
248 17,630  238-232 (sh) 19,270 the electronic spectra were measured in cyclohexane they
Ve 412 2240 322 11,200 were different from those in ethanol and the n - 7*
296 21,010 257 33,610 transition band disappeared, which indicates that IVa-f
263 21575 238233 (sh) 24,890 exist mainly in the thiol form (IVB) in non-polar solvents.
e This conclusion is substantiated by the fact that their
1vd 406 2,080 323 11,580 absorption spectra in cyclohexane resemble those of the
335-285 (sh) gg,ggg 223-292 (sh) 2;";(7)8 corresponding disulfides (VII) (cf. Table V) with nearly
247 18:670 ’ half the molar extinction coefficient. Their nmr spectra
7S 450 4830 326 23,060 show signals corresponding to (-CH=), (NH) and the aro-
330321 (sh) 17.020 268 (a) 21,000  matic protons (cf. Table I).

gzg ?Sli,ggg ggg (2) gl’ggg Chemical Reaction of Pyrimidinethiones (IV).
Vi 430400 (sh) 4’240 330 1;’390 Methylation of these compounds either by diazo-
345 9:630 ’ methane, or by dimethyl sulfate in the presence of an-
299 23510  258-248 14,900 hydrous potassium carbonate gave the corresponding 4-
240-227 (sh) 21,580 238 16,400  aryl-6-phenyl-2-methylmercaptopyrimidines (Va-f). The
. . structure of these compounds was inferred from their nmr,

(a) Fine structure. Table 111

Nuclear Magnetic Resonance, Infrared and Electronic Spectral Data of 4,6-Diaryl-2-methylmercaptopyrimidines (Va.f)

Nmr Spectra

Compound (Deuteriochloroform)
No. 5 Assignments
(No. of Protons)
Va 7.7 (s) (1) -CH=
7.28.2 (m) (10) ArH
2.7 (s) (3) SCH;3
Vb 7.72(s) (1) -CH=
7.13-8.23 (m) (9) ArH
2.67 (s) (3) SCH;
2.37(s) (3) ArCH3
Ve 7.70 (s) (1) -CH=
7.238.27 (m) (9) ArH
2.70 (s) (3) SCH3
vd 7.67 (s) (1) -CH=
7.208.17 (m) 9) ArH
2.68 (s) (3) 5CH;
Ve 7.57 (s) (1) -CH=
6.83-8.10 (m) (9) ArH
3.63 (s) (3) ArOCH,
2.63 (s) (3) SCH;
\'A 7.58 (s) (1) -CH=
6.88.23 (m) (8) ArH
5.98 (s) (2) OCH,0
2.65 (s) (3) SCH;3

Infrared Spectra
(Potassium bromide)

Electronic Spectra
(Ethanol)

em -1 v A max (nm) € max
1572 (s) Pyrimidine -. 327 8,830
1525 (s) ring 264 38,400
1570 (s) Pyrimidine 327 8,330
1520 (s) ring 265 28,720
1568 (s) Pyrimidine 333 8,890
1522 (s) ring 264 39,100
1570 (s) Pyrimidine 332 10,430
1520 (s) ring 268 41,700
1571 (s) Pyrimidine 333 12,330
1522 (s) ring 284-290 (sh) 14,650
263 24,670

1570 (s) Pyrimidine 332 13,450
1523 (s) ring 280-295 (sh) 15,600
265 26,700



Jan. 1978

ir and uv spectra (cf. Table III). Thus, their nmr spectra
show a sharp signal at 8 2.63-2.70 (3, s, SCH3) and at 8
7.577.72 (1, s, -CH=) (2). Their ir spectra show two
strong bands at 1572-1568 e¢m™! and 1525-1520 em™b,
characteristic of the pyrimidine system (2,3b). The elec-
tronic spectra of these compounds are identical and show
absorption maxima in the range 333-327 nm and 268-263
nm, and they are quite different from those of the corre-
sponding N-allyl derivatives (XV1) (cf. Table VII). These
are 7~ 7* transition bands corresponding to ' L, and ' Ly
bands and are characteristic of the pyrimidine ring (2).
The absence of the n > 7* transition band in the spectra
of these compounds is a strong evidence that they are
S-CH; rather than N-CHj, derivatives. Acetylation of
compounds 1Va and IVe with acetic anhydride gave the
S-acetyl derivatives (Vla,c). This conclusion was inferred
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from their nmr, ir and uv spectra (cf. Table IV). Thus,
their nmr spectra show a sharp signal at § 2.57-2.55 (3, s,
COCH,) attributable to SCOCH; protons. Their ir spectra
show a strong band at 1718-1714 em ™! (¢ C=0 in SCOCH3)
(5), in addition to two strong bands at 1578-1573 cm™!
and 1518-1515 ecm™! attributable to the pyrimidine sys-
tem (3b). The electronic spectra of these compounds gave
a band in the region 310-260 nm (7 - 7* transition).
Further support for the structure assigned to these com-
pounds was also gained from the mass spectrum of 1Va,
which shows the molecular radical ion at m/e 306 (7.9%)
[M]* and the fragment ion at m/e 263 (100%)
[M-COCH;]* as the base peak, as well as a peak at m/e
231 (8%) [M-SCOCH; 1. This is considered to be a good
support for the S-acetyl rather than the N-acetyl structure.
These compounds are converted to the corresponding

Table IV

Infrared, Nuclear Magnetic Resonance and Electronic Spectral Data of Acetylpyrimidine Derivatives (Vla and ¢)

Nmr Spectra Electronic Spectra

Compound Infrared Spectra (Deuteriochloroform) (Cyclohexane)
No. em™! v ) Assignments A max (nm) A max
(No. of Protons)
Via 1714 (s) C=0 8.23-7.27 (m) (10) ArH 304 11,730
1573 (s) Pyrimidine 8.13 (s) (1) -CH= 285-295 (sh) 13,920
1515 (s) ring 2.57 (s) (3) SCOCH, 260 35,400
Vie 1718 (s) Cc=0 8.33-7.33 (m) 9) ArH 301-308 (sh) 13,630
1578 (s) Pyrimidine 7.82(s) (1) CH= 287 15,810
1518 (s) ring 2.55 (s) (3) SCOCH; 260 37,250
Table V

The Electronic, Nuclear Magnetic Resonance and Infrared Spectral Data of 2.3-bis-(4,6-diarylpyrimidinyl) Disulfides (VHa-{)

Electronic Spectra

Nmr Spectra Infrared Spectra

Compound (Ethanol) (Deuteriochloroform) (Potassium bromide)
No. A max (nm) € max 8 Assignments em™! v
(No. of Protons)

Vlila 320 21,800 7.37-8.23 (m) (20) ArH 1570 (s) Pyrimidine
263 53,440 7.83 (s) (2) -CH= 1515 (s) ring

VIIib 322 30,505 7.07-8.17 (m) (18) ArH 1555 (s) Pyrimidine
267 65,860 793 (s) (2) -CH= 1490 (s) ring

2.33 (s) (3) ArCH;

Vile 321 17,015 7.48.27 (m) (18) ArH 1570 (s) Pyrimidine
262 45,200 7.87 (s) (2) -CH= 1514 (s) ring

Vild 323 28,635 7.478.30 (m) ArH + -CH= 1570 (s) Pyrimidine
268 72,150 1513 (s) ring

Vile 326 47,430 7.03-8.35 (m) (18) ArH 1608 (m) C=C
298-285 (sh) 49,870 8.02 (s) (2) -CH= 1572 (s) Pyrimidine
264 60,630 3.95(s) (3) ArOCH; 1520 (s) ring
232 44,790

VIIf 338 27,120 6.73-8.23 (m) (18) ArH + -CH= 1575 (s) Pyrimidine
265 33,450 6.0 (s) (4) OCH,0 1510 (s) ring

241 37,970
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thiones (1V) when dissolved in hot ethanol.

Oxidation of the thiones (IVa-f) with sodium hydrogen
sulfate and sodium nitrite gave the corresponding 2,2-bis-
(4,6-diarylpyrimidinyl) disulfide (VIIa-f) (2). The struc-
ture of the latter compounds was substantiated by their
uv, ir and nmr spectra (cf. Table V). Their uv spectra give
a strong evidence for the proposed structure, since most
of them are very similar to those of the S-methyl deriva-
tives (V) (c¢f. Table LII) with nearly double the molar
extinction coefficient. Furthermore, their ir spectra show
the bands characteristic of the pyrimidine ring at 1575-
1555 em™ and 1520-1490 ¢m™ (3b) and their nmr
spectra show signal corresponding to (-CH=) and aromatic
protons.

Reaction of Acetylenic Ketones with S-Benzylisothiourea

Hydrochloride.

When the acetylenic ketones (Ia-f) were refluxed with
an alcoholic solution of S-benzylisothiourea hydrochloride
containing the stoichiometric amount of aqueous sodium
carbonate solution, they gave the corresponding a-aroyl-
B-benzylmercaptostyrene (X) (ef. Scheme 2).

The structure of the products was established chemically
and spectroscopically. Thus, compound (Xd) wasidentical
with that obtained by the interaction between p-chloro-
benzoylphenylacetylene (Id) and benzylthiol in the pres-
ence of an ethereal suspension of sodium ethoxide. These
compounds (Xa-f) reacted with hydrazine hydrate to give
the corresponding 5(3)aryl-3(5)phenylpyrazole (Xla-f) and
benzylthiol.  However, the reaction of Xd with phenyl-
hydrazine gave 3-p-chlorophenyl-1,5-diphenylpyrazole

Vol. 15
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(XI11I), which is identical with an authentic sample pre-
pared by reacting the dibromide of benzal-p-chloroaceto-
phenone with phenylhydrazine in methanolic potassium
hydroxide (6). This indicated that the reaction proceeds
by the initial formation of a hydrazone (XIId), followed
by cyclization with the elimination of benzylthiol (cf.
Scheme 2).

Table VI

The Nuclear Magnetic Resonance, Electronic and Infrared Spectral Data of a-Aroyl-8-benzylmercaptostyrenes (Xa-f)

Nmr Spectra

Electronic Spectra
(Ethanol)

Infrared Spectra
(Potassium bromide)

Compound (Deuteriochloroform)
No. ) Assignments
(No. of Protons)

Xa 8.26.97 (m) (16) ArH + -CH=
3.63 (s) (2) SCH,-

Xb 8.17-6.97 (m) (15) ArH + -CH-
3.65 (s) (2) SCH,-
2.37 (s) (3) ArCH,

Xc 7.83-6.87 (m) (15) Arll +-CH=
3.60 (s) (2) SCH,-

Xd 8.23-7.0 (m) (15) ArH + CH=
3.67 (s) (2) SCH,-

Xe 8.03-6.77 (m) (15) ArH + -CH=
3.60 (s) (2) SCH,-
3.78 (s) (3) ArOCH;

Xf 7.63-6.73 (m) (14) ArH + -CH=
3.63 (s) (2) SCH,-
5.97 (s) (2) OCH,0

A max (nm) € max em™! v
339 19,640 1630 (s) C=0
260 12,390 1597 (m) C=C
1530 (s)
337 20,450 1630 (s) C=0
267 13,305 1605 (s) C=C
1530 (s)
342 17,800 1635 (s) C=0
258 13,090 1533 (s) C=C
339 18,530 1632 (s) =0
266 22,690 1591 (s) -0
1533 (s)
339 25,830 1625 (s) C=0
1593 (s) C=C
275-290 (sh) 10,050 1534 (s) C=C
349 23,810 1625 (s) C=0
1597 (s) C=C
276 6,840 1535 (s)
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Spectral data (¢f. Table VI) of these compounds (Xa-f)
also give further support for the assigned structure. Thus,
their nmr spectra show a singlet at § 3.67-3.60 (2, s,
SCH,-) (7) in addition to the multiplet for the aromatic
protons. Their ir spectra show a strong band at 1630-
1625 em™ (v €C=0) (6). The uv spectra of these com-
pounds show two bands in the regions 350-337 and 276-
258 nm, which are due to 7 = 7% transition. Those of Xd
and Xe show good resemblance to the spectra of the corre-
sponding a-aroyl-8-methylmercaptostyrenes especially in
the longer wavelength band (6). This is considered to be a
good support {or the proposed structure.

The formation of these compounds (Xa-f) cannot be
attributed to the decomposition of S-benzylisothiourea
(VILD) to benzylthiol prior to addition to the acetylenic
ketones, since when the reagent VI was heated with an
aqueous alcoholic solution of sodium carbonate under the
same condition it was recovered unchanged. It appears
that the reaction proceeds by the mechanism outlined in
Scheme 2, in which the attack of S-benzylisothiourea on
the acetylenic ketone takes place by the sulfur atom rather
than by the less nucleophilic NH, group to give the inter-
mediate 1X, which is hydrolyzed to give the product X
and urea (formation of biuret).

Reaction of Acetylenic Ketones with N-Allylthiourea.

When benzoyl-p-chlorophenyl- (Id) and p-chloroben-
zoylphenyl- (Ig) acetylenes were allowed to react with
N-allylthiourea in the presence of sodium ethoxide in
ethanol, they gave rise to the corresponding I-allyl-4,0-
diarylpyrimidine-2 (1) thiones (XVId,g). The
acetylenic ketone (1d) gave in addition a small amount of
the thione IVd. Thione 1Vd appears to result from the
decomposition of XVId, since the latter compound was
found 1o decompose to give [Vd by heating with an alco-

former

holic solution of sodium ethoxide. The reaction seems Lo
proceed by Michael addition of the anion XIV, to the

Acetylenic Ketones. Part V
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Scheme 3

C6H5-CEC—COAr en A
(3 5\C’/CH‘ ~Ar

! AG
i (,'L = CH=CH,
NH.CS NH-CHxCH=CHy " \ﬁ/NH-CHz =CH,
s
X1V
XV

@ ~n'

Ethanol T NaO¥1t
(i) -H,0

NH 5-CS'NH-CHp -CH=CHp,

A Ar!
NaOKt N -
it
Fthanol NYN—CHZ—CH=CH2

L

1¥d

Xvl

Ao Ars Gl AX
g Ar pClC L AL

p-CLCH,

i,
aroylphenylacetylene followed by cyclization of the inter-
mediate XV (¢f. Scheme 3). This mechanism is similar to
that proposed for the reaction of thiourea with acetylenic
ketones (2).

The structure ol the l-allylthiones (XVId,g) was ¢s-
tablished by spectroscopic evidence (cf. Table VII). Thus,
their thione structure was substantiated by their electronic
spectra in ethanol which show bands at 294 and 298 nm,
respectively (m = 7* transition) as well as low intensity
bands at 397 and 404 nm, respectively, which are red
shifted in cyclohexane, indicating that they are due to

n = 7% transition in the 2C=S chromophore. Their nmr

spectra show a multiplet signal at § 5.33-4.0, attributable
to (-Cli;-CH=CH, group) and a sharp singlet at § 6.93
and 0.83 (-CH=), respectively. The higher 6 value for the
olefinic proton of XVId is due to the deshielding effect of
the conjugated p-chlorophenyl substituent. The infrarcd
spectra of these compounds show bands at 3080-3070
em™ ' (v C-H in CH=CH,) (3¢), and 4 bands in the range
1600-1522 ¢m ™! (v C=N and v C=C in CH=Cll; and aro-

matic rings) (3¢).

Table V11

Flectronic, Nuclear Magnetic Resonance and Infrared Spectral Data of 1-Allyl-4,6-diarylpyrimidine-2(1{)thiones (X VId,g)

Electronic Spectra

Compound (Ethanol)
No. A max (nm) € max 5
XVld 397 4,000 8.27.7.27 (m)
294 38,730 6.93 (s)
5.33-4.67 (m)
XVlg 404 2,490 8.13-7.03 (m)
298 34,050 6.83 (s)
5.274.6 (m)
In Cyclohexane
435 2,020
294 32,470

Nmr Spectra
(Deuteriochloroform)

Infrared Spectra
(Potassium bromide)

Assignment em ! v
(No. of Protons)

(9) ArH 3070 (m) CH of CH=CH,
1) -Cli= 1610 (s) CH=CH,,
(5) -CH,-CH=CH, 1591 (s) C=N

1582 (s) and

1525 (s) C=C
9) Acl 3080 (m) C-II of CH=CH,
(1) -CH= 1610 (s) CH=CH,,
(5) -CH,-CH=CH, 1590 (s) C=N

1574 (s) and

1522 (s) Cc=C
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EXPERIMENTAL

Ir spectra were recorded using a Pye-Unicam SP 1000 and
Beckman IR 12 spectrophotometers (Potassium bromide). Nmr
spectra were recorded on a Varian T-60 A Spectrometer using TMS
as internal standard. Electronic spectra were recorded on a Pye-
Unicam SP 8000 Spectrometer (ethanol). Melting points are
uncorrected. The purity of the analytical samples was checked by
tle (Silica gel). Micro-analyses were determined by Alfred Bernhardt,
West Germany.

4,6-Diarylpyrimidine-2(1 H) thiones (IV).

An alcoholic solution of thiourea (0.0146 mole) in 10 ml. of
ethanol was added to a solution of the acetylenic ketone (1) (8)
(0.0146 mole) and sodium ethoxide (0.99 g.) in ethanol (50 ml.),
and the mixture refluxed for 30 minutes. The solvent was removed
under reduced pressure, the residue was dissolved in water (about
50 ml.), extracted with ether to remove the unreacted material,
cooled and acidified with acetic acid (8 ml.). Crystallization of
the crude products from suitable solvents gave 4,6-diarylpyrimidine-
2(1H)thiones (IV) as yellow crystals. The results are reported in
Table VIII.

4,6-Diaryl-2-methylmercaptopyrimidines (V).

i. Dimethyl sulfate (8 ml.), potassium carbonate anhydrous
(16.0 g.) and the thione IV (1.0 g.) in dry acetone (50 ml.) was
refluxed on a boiling water-bath for 12 hours and the reaction
product worked up as usual to give the corresponding 4,6-diaryl-
2-methylmercaptopyrimidines (V) as colorless crystals (from cy-
clohexane). The results are reported in Table IX.

ii. The thione IV (1.0 g.) in methanol (10 ml.) was treated
with an ethereal solution of diazomethane [from nitrosomethyl-
urea (3.0 g.)]. The reaction products (yield, 85-92%) were crys-
tallized from cyclohexane to give the above products.

Oxidation of 4,6-Diarylpyrimidine-2(1H)thiones (IV) to 2,2-bis-
(4.,6-Diarylpyrimidinyl) Disulfides (V1la-f).

The suspension of thione IV (1.0 g.) and sodium hydrogen
sulfate (1.0 g.) in ethanol (15 ml.) was treated portion-wise with
an aqueous solution of sodium nitrite (1.0 g., in 5 mL of water).
The mixture was heated on a boiling water-bath for 10 minutes,
whereby a colorless solid precipitated out. The reaction mixture
was diluted with water (20 ml.) and the precipitate filtered off.
Crystallization of the crude products from suitable solvents gave
the corresponding 2,2-bis-(4,6-diarylpyrimidinyl) disulfides (VII)
as colorless crystals. The results are reported in Table X.

2-Acetylmercapto4,6-diarylpyrimidines (Vla,c).

The thione IV (1.0 g.) was heated with acetic anhydride (3 ml.)
on a boiling water-bath for 2 hours. The product, which pre-
cipitated on addition of cold 50% ethanol (15 ml.), was crystallized
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from cyclohexane to give the corresponding 2-acetylmercapto-
4,6-diarylpyrimidine (VI) as colorless needles.

2-Acetylmercapto-4,6-diphenylpyrimidine (VIa).

This compound had m.p. 120-121°, yield = 95%.

Anal. Caled. for C;gH{4N,0S: C, 70.56; H, 4.61; N,9.14;
S, 10.46; COCH3, 14.05; M.W., 306. Found: C,70.71; H, 4.59;
N, 9.36; S,10.09; COCH;, 14.24; M.W. (MS), 306.

2.-Acetylmercapto-6-m-chlorophenyl-4-phenylpyrimidine (VIc).

This compound had m.p. 130-131°, yield = 92%.

Anal. Caled. for C;gHy3CIN,0OS: C,63.43; H, 3.84; N, 8.22;
Cl, 10.40; S, 9.41. Found: C, 63.22; H,3.71; N, 8.32; Cl,
10.13; S, 9.19.

When the above compounds VI were warmed in ethanol for 2
minutes, they decomposed to the corresponding 4,6-diarylpyrim-
idine-2(1H)thiones (IV), identified by m.p. and mixed m.p.

Reaction of Aroylphenylacetylenes (Ia-f) with S-Benzylisothiourea
Hydrochloride.

A refluxing solution of a mixture of the aroylphenylacetylene
(0.05 mole) and S-benzylisothiourea hydrochloride (10.14 g.) in
ethanol (50 ml.) was treated portionwise during 2 hours with
aqueous sodium carbonate (2.65 g., in 10 ml. of water). Refluxing
was continued for a further 10 hours, and the reaction mixture
was diluted with water (100 ml.) and extracted with benzene. The
products were crystallized from suitable solvents to give the corre-
sponding @-aroyl-g-benzylmercaptostyrenes (X) as pale yellow
crystals (from cyclohexane). The results are reported in Table XL
The presence of urea in the mother liquor was established by
evaporation under reduced pressure. The residue was heated
(ammonia evolved), then dissolved in 10% sodium hydroxide
solution and treated with very diluted copper sulfate solution. A
purple coloration was obtained (formation of biuret) (9).

g-Benzylmercapto-o{p-chlorobenzoyl)styrene (Xd) was also ob-
tained by stirring a solution of benzylthiol (1.55 g.) in dry ether
(50 ml.) with molecular sodium (0.3 g.) at room temperaiure for 5
hours, then treating the reaction mixture with a solution of p-
chlorobenzoylphenylacetylene (Id) (3.0 g.) in ether (50 ml.) and
the mixture was stirred for further 12 hours. The reaction product
was poured into water (200 ml.), and the ether layer was washed
with water and dried (sodium sulfate). The product was crystallized
from cyclohexane to give g-benzylmercapto-a{(p-chlorobenzoyl)-
styrene (Xd) as pale yellow crystals (yield = 85%), m.p. and mixed
m.p. 105-106°,

Reaction of a-Aroyl-g-benzylmercaptostyrenes (Xa-f) with Ily-
drazine Hydrate.
Hydrazine hydrate (99% w/w: 5 ml.) was added to the mercap-

tostyrene derivatives (X) (2 g.), and the mixture refluxed for 30
minutes. The reaction products were diluted with water and the

Table XI

a-Aroyl-g-benzylmercaptostyrenes (Xa-f)

Compound  Yield

No. (%) M.p., °C Formula C H

Xa 93 139140 C,,H,508 7997 5.49
Xb 95 93-94 Cy3H5008 80.20 5.85
Xe 87 99-100  C,,H,,ClOS 7242 4.70
Xd 89 105106  C,,H,,CIOS 7242 4.70
Xe 90 101-102  Cy3H,00,S 76.64 5.59
Xf 92 138-139  C,3H;303S 73.76  4.85

Calcd. (%) Found (%)

S Cl  OCHj3 C H S Cl OCH;
9.70 80.17 5.50 9.60 - -
9.31 - 80.32 592 9.52 -

8.79 9.72 7255 481 877 9.98

8.79 9.72 7211 486 8.73 9.88 -
8.89 - 8.61 76.61 545 887 - 8.88
8.56 74.01 491 842 -
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precipitated solids were filtered off and crystallized from ethanol
to give the corresponding 5(3)-aryl-3(5)-phenylpyrazoles (XI) as
colorless needles, yield = 82-82%, identified by m.p. and mixed
m.p. (2), and ir spectra.

The aqueous layer was extracted with ether, and the extract
proved to be benzylthiol.

Reaction of g-Benzylmercapto-a-(p- chlorobenzoyl)styrene (Xd)
with Phenylhydrazine.

Phenylhydrazine (2.0 ml) was refluxed for 3 hours with a
solution of g-benzylmercapto-a«p-chlorobenzoyl)styrene (Xd) in
ethanol (20 ml.). The yellow oil obtained on concentration was
triturated with methanol to give 3(p-chlorophenyl)-1,5-diphenyl-
pyrazole (XIIld) as colorless needles (yield = 96%), identified by
m.p. and mixed m.p. (135-136°) with an authentic sample, pre-
pared by the reaction of the dibromide of benzal-p-chloroaceto-
phenone with phenylhydrazine (6).

The methanol mother liquor was evaporated and the residue ex-
tracted with ether. The ethereal layer was washed with dilute
hydrochloric acid and evaporated to give benzylthiol.

1-Allyl-4,6-diarylpyrimidine-2(1 H)thiones (XVI1d and g).

An alcoholic solution of N-allylthiourea (1.70 g.) in 10 ml. of
ethanol was added to a solution of the acetylenic ketone (0.0146
mole) and sodium ethoxide (0.99 g.) in ethanol (50 ml.), and the
mixture refluxed for 30 minutes. The solvent was removed under
reduced pressure, the residue was diluted with water and extracted
with ether. Evaporation of the solvent left orange solids which
were crystallized from ethanol to give 1-allyl-4,6-diarylpyrimidine-
2(1H)thiones (X VId and g) as orange needles.

Acidification of the alkaline aqueous layer with acetic acid (5
ml.) gave a yellow solid, which on crystallization from benzene
gave the pyrimidine thione (IVd) in 5-8% yield, m.p. and mixed
m.p. 180-181°,

1-Allyl-6-(p-chlorophenyl)-4-phenylpyrimidine-2(1H )thione
(XVId).

This compound had m.p. 195-196°, yield = 55%.

Anal. Caled. for CygH; sCIN,S: C, 67.35; H, 4.46; N, 8.27;
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S, 9.46; Cl, 10.46. Found: C,67.43; H,4.35; N,8.11; S, 895;
Cl, 10.20.

1-Allyl-4-(p-chlorophenyl)-6-phenylpyrimidine-2(1H )thione
(XVIg).

This compound had m.p. 167-168°, yield = 52%.

Anal. Caled. for CygH;sCIN,S: C, 67.35; H, 4.46; N, 8.27;
S,9.46; Cl, 10.46. Found: C,67.31; H,4.42; N, 8.34; S, 9.35;
Cl, 10.56.

Heating of an alcoholic solution of the allylpyrimidine deriva-
tive XVId or XVIg [1.0 g., in absolute ethanol (25 ml.)] in the
presence of sodium ethoxide (0.2 g.) for 30 minutes on a boiling
water bath, gave after acidification, 4(6){p-chlorophenyl)-6(4)-
phegylpyrimidine-2(lH)thione (IVd), m.p. and mixed m.p. 180-
181°.
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