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needles. Recrystallization gave material identical with the cis
bis adduct.

Reaction of cis,cis-1,5-Cyclooctadiene with Dichlorocarbene
from Chloroform.—A suspension of 10 g. of potassium {-butoxide
in 50 ml. of dry ether wasg stirred magnetically in an ice bath, 2 g.
of the diene was introduced, and then 5 ml. of chloroform was
added dropwise in the course of 10 min. Stirring was continued
for 1 hr., 50 ml. more ether was added, and the mixture was
filtered by suction. After washing the filter cake thoroughly with
ether, the filtrate was evaporated to dryness. Crystallization of
the residual solid from ethyl acetate yielded 1.5 g. of colorless
needles of nearly pure (m.p. 172-174°) cis bis adduct (mixture
melting point determination).

eis-Tricyclo[7.1.0.048]decane.—A solution of 2 g. of the cis
bis adduct 2 in 20 ml. of tetrahydrofuran was stirred mechanically
in a 125-ml. erlenmeyer flask mounted above an ice bath which
could be raised for cooling when required to prevent boiling.
Two grams of lithium wire which had been flaked with a hammer
was added in portions along with enough ¢-butyl aleohol to dis-
golve the metal. After disappearance of all but a few small
particles of lithium, the mixture was diluted with water and ex-
tracted with ether. Evaporation gave a yellow oil which was
distilled at the pressure of the water pump (b.p. 135-140°).
The n.m.r. spectrum in carbon tetrachloride clearly showed the
presence of cyclopropyl hydrogens in a multiplet centering at
r 10.2 relative to tetramethylsilane.

Improved Procedure (L.F.F.).—A 250-ml. round-bottomed
flask containing 5 ml. (4.4 g.) of cis,cis-1,5-cyclodecadiene, 14.5
g. (2 equiv.) of sodium trichloroacetate, 20 ml. of tetrachloro-
ethylene, and 5 ml. of diglyme was fitted with a condenser con-
nected to a gas bubbler containing a littie tetrachloroethylene
and heated over a microburner. Gas evolution continued at a
steady rate for 75 min. and then stopped. Lumps of sodium tri-
chloroacetate visible at the bottom of the flask gradually gave
way completely to finely divided sodium chloride. The mixture
acquired no more than a light tan color. At the end of the reac-
tion, 75 ml. of water was added, the flask was fitted with a distil-
lation adapter carrying a steam inlet tube, and the tetrachloro-
ethylene was removed by distillation. The reaction product
geparating as a tan solid was extracted with methylene chloride;
evaporation of the dried extract gave 8 g. of tan solid. The cake
was covered with methanol, the lumps were crushed with a flat-
tened stirring rod, the mixture was cooled, and the product was
collected and washed free of brown mother liquor. The nearly
colorless solid (3.3 g., m.p. 174-176°) consisting almost entirely
of the cis bis adduct on crystallization from ethyl acetate (15 ml.)
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gave 2.9 g. (279,) of large needles of pure material, m.p.
175-176°.

In another run in which the amount of sodium trichloroacetate
was increased to double the theoretical amount, gas evolution
stopped after 1 hr. and 50 min. Evaporation of the dried ex-
tract gave 15.4 g. of tan product which, when washed with
methanol, afforded 7.1 g. of material, m.p. 173-175°. Concen-
tration of the methanol washings and recrystallization of the
main product afforded a total of 6.6 g. (62%) of pure cis bis
adduect, m.p. 175-176°.

7.7,8,8-Tetrachlorotricyclo[5.1.0.0,¢|hexane (5).—A mixture
of 3.5 ml. of 1,4-cyclohexadiene, 14.5 g. of sodium trichloro-
acetate, 20 ml. of tetrachloroethylene, and 5 ml. of triglyme was
refluxed for 75 min., when bubbling stopped. After steam dis-
tillation for removal of solvent, further steam distillation af-
forded 0.53 g. of colorless solid, m.p. 169°. The substance
crystallized from about 20 ml. of 959, ethanol in heavy prismatic
crystals, m.p. 170-171°.

Anal. Caled. for CsHsCly (245.97): C, 39.06; H, 3.28; Cl,
57.66. Found: C, 39.14; H, 3.39; ClI, 57.33.

X-Ray Analysis.—X-Ray photographs of a crystal of the lower
melting isomer demonstrated C2h lattice symmetry, that is, a
twofold axis perpendicular to a mirror plane, and hence showed
that the crystal lattice is monoclinic. Measurement and calcula-
tion established the following dimensions of the unit cell: a =
14.8, b = 762, ¢c = 12.1 R.; 8 = 58°. Calculation from the
molecular weight of 274 and the observed density of 1.49 g./ml.
indicates the presence of four molecules per unit cell.

Crystals of the higher melting isomer have lattice symmetry
D2h (three mutually perpendicular mirror planes) and, therefore,
are orthorhombic. The units cell dimensions are ¢ = 12.0, b =
6.11,c = 7.89 A. On the assumption that the molecular weight
is 274 and the density is the same as observed for the iso mer, cal-
culation shows the presence of two molecules per unit cell.

The precise space group for the monoclinic erystal is C2, Ce,
C2/m, or C2/c and that for the orthorhombic crystal is either
Pnnm or Pnn2, but these possibilities in themselves do not dis-
tinguish between the two configurations. However, measure-
ment of the molecular dimensions of models on the assumption of
an intramolecular H-H distance of 2.4 A. indicated that the cis
isomer cannot preserve the symmetry of the space group Pnn2
and fit into this unit cell, whereas the trans isomer does fit in this
space group. Furthermore, symmetry requirements show that
the cis isomer cannot yield crystals of the Pnnm space group.
Therefore, the higher melting bis adduct forming orthorhombic
crystals must be the {rans isomer.

Investigations in Heterocycles.
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A simple one-step synthesis has been developed for the preparation of 1,2-disubstituted 4-thiopyrimidines by
condensing an «,8-unsaturated amino ester (enamine) with an acyl isothiocyanate. The general structure of

these compounds has been confirmed by chemical and spectral methods.

pounds are described.

The recent monograph on pyrimidines by Brown?
has outlined comprehensively the principal methods of
synthesis and the chemical and physical properties of
pyrimidines. It has been tacitly implied herein that,
although a great variety of mercaptopyrimidines have
been prepared, only the 2-mercaptopyrimidines have
been synthesized directly from a 3-carbon intermediate
and an appropriate condensing agent (e.g., thiourea).
However, the usual procedure employed to arrive at

(1) Presented in part before the Organic Division at the 145th National
Meeting of the American Chemical Society, New York, N. Y., Sept., 1963.

(2) D. J. Brown, *'The Pyrimidines,”” John Wiley and Sons, Inc., New
York, N. Y., 1962.

The spectral properties of these com-

the 4-mercaptopyrimidines involves the synthesis of the
4-hydroxy- or 4-chloropyrimidines, which then are
allowed to react with phosphorus pentasulfide or sodium
hydrosulfide, respectively. This method is limited in
that it permits substitution at position 1 only after a 4-
aminopyrimidine derivative has been alkylated and the
resulting alkyl 4-imino intermediate has been hydro-
lyzed to the corresponding 4-oxo derivative.® Thus, a
minimum of four steps is required in the preparation of
a l-alkyl 1,4-dihydro-4-thiopyrimidine from the appro-

(3) D.J. Brown, E. Hoerger, and 8. F. Mason, J. Chem. Soc., 211 (1955);
see also pp. 373-382 of ref. 2.
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priate 3-carbon intermediate. The problem becomes
even more acute if one considers the synthesis of the
heretofore unknown 1,2-disubstituted 4-thiopyrimidines
and especially the 1,2-diaryl substituted compounds
which are unavailable by conventional routes. The
synthesis of such substances serves as the subject of
this report.

Behrend*® found that ethyl S-aminocrotonate on
condensation with phenyl isothiocyanate affords only a
low yield of 6-methyl-3-phenyl-2-thiouracil along with a
by-product, ethyl S-amino-a-phenylthiocarbamoylero-
tonate. The identification of this ester was the first
suggestion of the enamine character of ethyl 8-amino-
crotonate. It was with this observation in mind that
we considered the condensation of ethyl g-anilinocro-
tonate (I) with benzoyl isothiocyanate. It was antic-
ipated that the primary product of this condensation
reaction would be ethyl B-anilino-a-benzoylthiocar-
bamoylerotonate (II). However, when these intermedi-
ates were allowed to react in ethyl ether or tetrahydro-
furan under mild reflux, a bright yellow copious pre-
cipitate was obtained in 609, yield. The elemental
analysis of this compound indicated that the elements
of water had been eliminated through condensation of
the intermediates described. This substance dissolved

CHa—(|3=CH—COOCzHa EHa—?:(ID—COOCzH:
Il\I—H — 1|\1—H (|:=s
CeHs CeHs ITI—H
I ‘ (|:=o

] / CeH
C,H;00C —
N I
| J§
H,C b,I CeHs
CeHs
III

in ethyl alcohol gave maxima in the ultraviolet at 247
and 341 mp. No bands were observed in the -NH or
~OH region of the infrared, but the carbonyl region had
three strong bands: 1732 ¢m.~! for the ester group, 1630
em.~! for -C=N, and 1600 cm.~! for the phenyl
group. The n.m.r. spectrum contained signals for ten
aromatic protons from 7 3.12 to 2.67. The singlet at
r 8.08 corresponded to the methyl group linked to
unsaturated carbon, and the triplet at = 8.63 and the
quartet at r 5.67 are characteristic for carbethoxy pro-
tons. These data support the assignment of structure
III to this compound. The alternative structure 1V
was not considered feasible since it required an amide
carbonyl interaction with the carbon bearing the vinyl
proton, a reaction which is not favored for the elimi-
nation of water under the mild reaction conditions de-
seribed.

CeHs
C:Hs00C . ~N
HsC N’gs
Cuby
v

(4) R. Behrend, F. Meyer, and Y. Buchholz, 4nn., 814, 200 (1901).
(5) R. Behrend and P. Hesse, ibid., 329, 341 (1903).
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This reaction has been applied to a variety of «,3-
unsaturated amino esters and acyl isothiocyanates, and
the results of this work are recorded in Table I. Several
interesting factors are worthy of note. The reaction
seems to be quite general, although higher yields of 4-
thiopyrimidines were obtained if the acyl isothiocyanate
were substituted with an electron-withdrawing group.
On the other hand, the condensation with o-methoxy-
benzoyl isothiocyanate gave a very poor yield of prod-
uct and a number of different by-produets were formed.
These facts then suggest the following mechanism which

CeHs ?sHs
H:C N—H Ar HC_~ N—H 4,
e / /
No ¢=0 ¢’ oo
S A P
N-H
VRN VZa AN
C:H,00C H\‘ﬁ J C:H;00C (ﬁ
S S
CeHs CeHs
Ar
HsC.__N._-Ar. H:C._ N
T L [ YsoH
N N
C,H;00C C,H,00C N
S S H

requires an electron-deficient carbonyl to facilitate the
ring closure and subsequent dehydration. It was also
observed that the isothiocyanate derivatives of aliphatic
acids gave good yields of product. Variations in the
structure of the crotonic ester did not significantly
affect the course of the reaction. Ethyl S8-methyl-
aminocrotonate and ethyl g-aminocrotonate in general
similarly gave good yields of the corresponding pyrimi-
dines.

It was also observed that, in all cases, a small amount
(2-59%,) of the acylthiourea derivative was formed.
This could usually be avoided by using freshly distilled
crotonic acid ester.

SR
b4k
R = H, CH,;, C¢Hs; Ar = aryl group

Recently, Goerdeler and Pohland® have reported that
ethyl B-amino-a-benzoylthiocarbamoylerotonate can
be converted to the corresponding 4-thiopyrimidine in a
259, ammonium hydroxide solution. We have studied
this also, but have found that the ring closure is easily
accomplished merely by carrying out the reaction in
refluxing tetrahydrofuran. Condensation of ethyl 8-
aminocrotonate with acyl isothiocyanates in refluxing
tetrahydrofuran in the absence of base also affords the
desired product. , However, allowing III, dissolved in
ammonium hydroxide solution, to stand at room tem-
perature for 2 days gave rise to a colorless substance
which was determined to have the following dimeric
structure.

S_
HsC AN
L

CsH,00C CeHy|,

(8) J. Goerdeler and H. W. Pohland, Chen. Ber., 98, 526 (1963).
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TaBLE 1

4-THIOPYRIMIDINES
S
C:H;00C N
|
H,C I}IJ\R’

R

Com- M.p., Yield, Empirical Caled., % — Found, % —
pound R R’ °C. % formula C H N C H N

1 H Ce¢H; 130 42 C1H1N:0s8 61.30 5.14 10.21 61.04 515 10.60
2 H p-Br-C¢H, 174-176 45 C1H;3BrN,0,8 47.63 3.71 7.94 47.35 3.71 7.90
3 H C¢H;CH, 162-164 57 C1:H16N20,8 62.48 5.59 9.72 62.69 559 9.75
4 CH, CH; 164-165 65 C1cH1aN2058 53.14 6.24 12.38 53.47 6.16 12.01
5 CH, Cq¢H; 152 50 Ci1sH;6N30,8 62.48 5.59 9.72 62.58 5.53 9.55
6 CH;, p-Br-CeH, 230 47 CysH1sBrN.0.8 49.09 4.12 7.63 49.18 4.12 7.32
7 CsH; CH, 207-209 70 C:H1sN2058 62.48 5.59 9.72 62.60 5.58 9.42
8 CsH; CICH. 130 73 C1:H,:CIN0-8 55.95 4.70 8.70 55.97 4.81 8.53
9 CsH;  C¢H:;CH, 182-183 65 CoHpoN2058 69.15 5.53 7.69 69.05 5.50 7.46
10 CeH, CeH:C:H,* 229-230 48 CoeHyoN30.8 70.83 5.69 7.18 71.19 5.54 7.02
11 CH; CeH; 215 60 CzoH1sN:0.8 68.57 5.14 8.00 68.60 5.26 7.95
12 CH;  p-Br-CH, 190 45 CzH,7BrN,0,8 55.99 3.99 6.53 60.01 3.8 6.27
13 CeHs  2,4-CL,C,H; 183-184 75 CH1ClN0.8-C.H;:OH  56.89 4.73 6.03 57.04 473 6.03
14 Ce¢H;, 0-(OCH;)CeH,. 184-185 15 CuH3zoN.OsS 66.28 5.31 7.36 66.12 520 7.14
15 CeH; 3,4,5-(0OCH;);CH, 232-233 12 Cy3HayN2O,S 62.64 571 6.35 62.26 5.49 6.26
16 CeH;  p-NO.CeH, 250 dec. 77 CooH17N30,8 60.81 4.34 10.64 60.72 4.30 10.25
17 CsHs m-NOzCsI-L 240 dec. 65 C20H17N304S 60.81 4.34 10.64 60.92 4.52 10.67
18 Ce¢H; 2-C;:H,N 226-227 40 C1sH17N30.8 65.01 4.88 11.97 64.90 4.74 11.61

¢ Cyclopropyl.

In this case the stronger base ammonia replaces the
anilino group and the resulting 4-mercaptopyrimidine
can undergo air oxidation to give the disulfide.

Finally, ethyl g-anilinocrotonate was allowed to react
in refluxing tetrahydrofuran with benzoyl isocyanate.
Surprisingly, even after long periods of reflux, only
ethyl B-anilino-a-benzoylearbamoyl crotonate (VI)
could be isolated. The absence of a vinyl proton signal
in the n.m.r. served to confirm the structural assign-
ment. Attempted ring closure in higher boiling sol-

H
CZstCIE\P/\c .

N
HL | —H TH,
CGH5
VI

vents, e.g., toluene, xylene, or in the presence of dehy-
drating agents (e.g., carbodiimide), was to no avail
Heating VI for a short time at a temperature slightly
above its melting point yielded only N-benzoyl-N’-
phenylurea. Condensation of I with p-nitrobenzoyl
isocyanate also gave only the carbamoyl derivative.
1t, therefore, appears that the greater electronegativity
of the carbamoyl oxygen as compared to sulfur’ is in-
strumental in overcoming the tendency for cyclization
followed by dehydration. The synthesis of ethyl 6-
methyl-4-0x0-1,2-diphenylpyrimidine carboxylate (VII)
was achieved through mercuric acetate in acetic acid
oxidation of IIl.. In addition to the 1735-cm.-! ab-
sorption band for the carbethoxy group, VIII also gave
a strong band at 1648 em.~!, which is characteristic of
the 1-substituted pyrimidin-4-ones.?

(7) L. Pauling, “'Nature of the Chemical Bond,” Cornell University
Press, Ithaca, N. Y., 1951, p. 59.
(8) E. D. Bergmann, S. Cohen, and I. Shakak; J. Chem. Soc. 3278 (1959).

C;H;00C
X
HC™ N” CcH,

sHs
Vi

Spectral Data Interpretation.—The ultraviolet ab-
sorption data for the compounds prepared are listed in
Table II. Several correlations can be derived there-
from. Substitution of the 2-position with an aromatic
group is responsible for the absorption band at 250 to
260 my, since with 2-alkyl substituted derivatives this
absorption maximum is shifted to approximately 230
mu. It would appear that the 260-my absorption is due
to the resonance contribution of the 2-phenyl group
in conjugation with the 4-thione grouping through the
C=N. It was also observed that the l-unsubstituted
compounds (1, 2, and 3 in Tables I and 1I) contain an
additional absorption maximum at 305-310 mp.
Since this band is absent from the N-methyl and N-
phenyl derivatives, it seems reasonable to assume that
it arises mainly from this type resonance contribution.

HC._N_R H.C. N__R
| “
I\F/—H D S mN/—H
C:H,00C d C:H,00C +
S s~
5 7
N
HSCI?I/
N
C:H,00C
.-

Moreover, this indicates the difficulty of assigning a
predominant tautomeric form to the -N-H compounds.
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TasLE IT Tasre I11
1,2-D1sUBSTITUTED PYRIMIDINES INFRARED ABSORPTION IN THE CARBONYL REGION
Compound no.? Amax, My € R
1 240 14,540 [
308 13,770 A
352 4780 C
2 267 15,730 |
308 13,940 ,
356 4790 R COOC:Hs ]
3 300 12,950 R R », em, "1
345 5920 H H 1665 (s), 1624 (vs)
4 228 5680 CesH; H 1655 (8), 1620 (vs),
337 21,270 1600 (s)
5 250 10,310 —C—N—C—CsHs*
340 20,650 H [ 1698 (s), 1665 (va),
8 259 12,370 S H 1618 (s)
340 19,190
7 228 6350 H —IC—N—C—@—Br“ 1695 (s), 1665 (vs),
337 22,740 L1l 1615 (s)
8 234 11,810 S HO
326 15,040 H N _@_ s 1700 (s). 1672
9 234 7920 clj N C|: N02 (S), (VS),
[ 1610 (S)
339 21,990 S HO
10 a
..'2’;;2 ;‘1‘5’253 CeHs —C_I\Il—ﬁ—CaHs 1713 (8), 1657 (vs),
11 248 8890 . 1620 (s)
341 23,420 . .
12 254 11,670 In Nujol mull.
341 25,100
13 230 16,560 .
340 24,690 a-benzoylthiocarbamoyl-g-aminocrotonate and related
14 compounds. The principal absorption bands in the
15 230 17,980 carbonyl region of the infrared for these substances are
340 24,940 listed in Table T1L.
16 56(2) 13,350 The 1665-cm.~! band for ethyl S-aminocrotonate is
17 2:3 ?gggg assigned to the ester grouping and, in the B-anilino
' derivative, the carbethoxy group absorbs at 1655 cm. ~™.
342 22,520 . . .
18 340 10.990 This shift to a lower wave length has been ascribed to
272 (shoulder) 6470 intramolecular hydrogen bonding effect, thus suggesting
341 24,040 a cis relationship between the amino and the ester
¢ See Table 1. groups. This was supported by the chemical shifts
observed in the n.m.r.® In addition, ethyl 8-diethyl-
Furthermore, the absence of absorption bands at the  aminocrotonate’ gives two carbonyl bands, 1677

2600-cm. ! region of the infrared and the presence of
only —-N-H signals in the n.m.r. precluded the presence
of appreciable amounts of a 4-thiol tautomer in this
series of heterocycles.

Finally, all of the 4-thiopyrimidines exhibited a
maximum at 345-350 my, regardless of the substituents
in the 1- or 2-position. This absorption maximum was
found to be conspicuously absent in the spectrum of
VIII. Thus, this long wave-length absorption can be
attributed to the influence of the sulfur with its ex-
panded valence shell on the resonating pyrimidine sys-
tem.

The infrared absorption spectra of these substances
have already been discussed in connection with the
structure proof of ITI. However, the ester group for the
l-unsubstituted compounds in Nujol mull absorbs at
1710 ¢m. !, whereas the 1-substituted compounds give
a strong band at 1735 cm. ! in Nujol mull. When the
infrared absorption of the former compounds was de-
termined in chloroform, the ester absorption was shifted
to 1732 em.~*. Thus, the shift to higher wave lengths
in Nujol mull for the -N-H containing compounds can
be associated with hydrogen bonding effects.

Infrared and n.m.r. spectroscopy were very useful in
determining the stereochemical relationship of ethyl

(strong) and 1655 ecm.~! (very weak), in the infrared.
This consists of a mixture of cis and trans isomers, with
trans predominating as evidenced by the strength of the
absorption bands.

The cis stereochemical relationship (i.e., the cis
orientation of the amino and ester groups) holds for the
aroylthiocarbamoyl and carbamoyl derivatives, since
the ester group absorption is found at 1665-1672 cm. ™},
when the amino group is unsubstituted, and at 1657
em.~! with the B-anilino derivative. However, this
stereochemical assignment has little if any influence on
the ring closure reaction since the driving force for this
reaction appears to be the unshared pair of electrons of
the amino group, thus leading to a transition state in
which free rotation about the a-carbon is possible.

?
HsC~2N—H
H I +
|
Ar—C—N-C COOCsz
p) H

=

(9) C. F. Huebner, L. Dorfman, M. M. Robison, E. Donoghue, W. G.
Pierson, and P. Strachan, J. Org. Chem.,28, 3134 (1963).
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Experimental

The n.m.r. spectra were run in deuteriochloroform solutions at
60 Mec. using trimethylsilane as an internal standard. The infra-
red spectra were obtained from Nujol mulls or chloroform using a
Perkin-Elmer Model 21 grating spectrophotometer. The ultra-
violet absorption spectra were obtained from ethyl alcohol solu-
tions using a Beckman recording spectrophotometer, Model DK.
The melting points are corrected.

All acyl isothiocyanates were prepared by allowing equimolar
amounts of acid chloride and lead isothiocyanate to react in
benzene solution under mild reflux for 1 hr. The lead salts then
were removed by filtration, and the filtrate was concentrated to an
oily residue which then was purified by vacuum distillation. As
outlined by Assony! acid chlorides as a rule react with isothio-
cyanate salts to form the isothiocyanate derivatives rather than
the thiocyanate. Infrared absorption spectroscopy supported
this, since the acyl isothiocyanates prepared exhibited a broad
strong band at 2000~2050 cm. !, typical of the isothiocyanate
group, whereas the thiocyanate group shows a sharp medium
band at 2150 cm. ~%.

General Method for the Preparation of Thiocarbamoyl Deriva-
tives. Ethyl 3-Amino-o-benzoylthiocarbamoylcrotonate. —Ethyl
B-aminocrotonate (5.5 g., 0.043 mole) dissolved in 50 ml. of ethyl
ether was treated with vigorous stirring at 5-10° with 7.0 g.
(0.043 mole) of benzoyl isothiocyanate.. An immediate reaction
occurred resulting in the formation of a copious orange precipi-
tate, m.p. 115°. This was found to be identical with the com-
pound prepared by Goerdeler and Pohland.

Anal. Caled. for C,HieN.0:S. N, 9.58; S, 10.97. Found:
N, 9.32; 8, 10.62.

Ethyl g-amino-a-(p-bromobenzoylthiocarbamoyl)crotonate had
m.p. 106°.

Anal. Caled. for C,HisBrN.O;S: C, 45.45; H, 4.06; N,
7.50. Found: C, 45.71; H, 4.07; N, 7.31.

Ethyl B-amino-o-(p-nitrobenzoylthiocarbamoyl)crotonate had
m.p. 112°.

Anal. Caled. for CiH;sN:OsS: C, 49.80;
12.45. Found: C, 49.72; H, 4.36; N, 12.29.

The above described esters could be recrystallized from glacial
acetic acid.

Conversion of Crotonate Derivatives to Pyrimidines. Ethyl
4-Mercapto-6-methyl-2- phenyl -5 - pyrimidinecarboxylate. —Ethyl
B-amino-a-benzoylthiocarbamoylerotonate (5.0 g., 0.017 mole)
was dissolved in 25 ml. of ethyl alcohol and refluxed on the steam
bath for 6 hr. The color of the solution turned from orange to
bright yellow. The solvent then was removed in vacuo, and the
resulting bright yellow residue was crystallized from ethyl alcohol
to give the product, m.p. 140°.

Anal. Caled. for C,,H,,N,0.8: C, 61.30; H, 5.14; N, 10.21.
Found: C, 61.14; H, 5.15; N, 10.23.

This compound could be obtained also by allowing ethyl 8-
aminocrotonate to react with benzoyl! isothiocyanate in refluxing
tetrahydrofuran for 2 hr. After chilling the reaction mixture
overnight, the yellow precipitate was collected on a filter and
crystallized from ethyl alcohol. The yield of product was usually
higher by this direct method.

Bis(6-methyl-2-phenyl-5-carbethoxypyrimidyl) Disulfide (V).—
Six grams (0.017 mole) of ethyl 4-mercapto-6-methyl-2-phenyl-5-
pyrimidinecarboxylate was dissolved in 100 ml. of 289, ammo-
nium hydroxide solution. The solution was allowed to stand at
room temperature for 24 hr. A white precipitate formed which

H, 447; N,

(10) J. J. Assony in M. Kharasch, "Organic Sulfur Compounds,” Vol.
I, Pergamon Press, London, 1961, pp. 325-338,
(11) J. Goerdeler and H. W. Pohland, Chem. Ber., 94, 2950 (1961).
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was collected and recrystallized from methylene chloride-ethyl
alcohol (1:1). The white crystalline substance melted at 174-
175°. Molecular weight determination by osmometry gave a
value of 548. Thus, a dimeric compound (molecular weight of
546.7) was indicated; it showed AS2E*°H 273 mu (e 59,568).

Anal. Caled. for CyHxNO,S:: C, 61.59; H, 4.80; N,
10.26; S, 11.77. Found: C, 61.73; H, 4.96; N, 10.05; S,
11.49.

Goerdeler and Pohland have reported a melting point of 137°
for their bis compound. We are at a loss to explain this dis-
crepancy; however, these investigators did not determine the
molecular weight of their substance.

General Method for Preparation of 1,2-Disubstituted Pyrimi-
dines. Ethyl 6-Methyl-1,2-diphenyl-4-thiono-5-pyrimidinecar-
boxylate (III).—Ethyl g-anilinocrotonate (4.01 g.) dissolved in
25 ml. of ethyl ether was allowed to react at room temperature
with stirring for 2 hr. with 3.6 g. of benzoyl isothiocyanate.
A copious yellow orange precipitate formed which was collected
on a filter and washed with a small amount of ether. The weight
of this substance, m.p. 210°, was 2.0 g. Work-up of the mother
liquors gave an additional 1.8 g. of product plus a small amount
(0.3 g.) of N-benzoyl-N’-phenylthiourea, m.p. 148-150°, lit.!2
m.p. 150°.

Ethyl $-Anilino-a-benzoylcarbamoylcrotonate (VI).—Ethyl 8-
anilinocrotonate (10 g., 0.05 mole) was dissolved in 25 ml. of
ethyl ether and then treated at 5-10° with 7.4 g. (0.05 mole) of
benzoyl isocyanate. Animmediate reaction occurred and a white
precipitate was formed. This was collected and crystallized from
ethyl aleohol to give 4.0 g. of white crystals, m.p. 120°. In the
n.m.r. spectrum, the absence of a signal at » 3-4 characteristic of
a vinyl proton confirmed the structural assignment.

Anal. Caled. for CoHN20O4: C, 68.25; H, 5.68; N, 7.97.
Found: C, 68.23; H, 5.75; N, 7.94.

Several attempts were made to convert VII to the correspond-
ing pyrimidine. Compound VII was refluxed in benzene with
carbodiimide or in toluene or xylene, but only starting material
was recovered. Compound VII also was heated at its melting
point for 10 min. Under these conditions only N-benzoyl-N'-
phenylurea, m.p. 209° (lit.?® m.p. 210°), was identified.

Ethyl 8-methylamino-2-(benzoylcarbamoyl)crotonate was crys-
tallized from ethyl alcohol to give 609, yield of product, m.p.
134-135°.

Anal. Caled. for C;H;3N.Oy: C, 62.12; H, 6.26; N, 9.66.
Found: C, 62.23; H,6.40; N, 9.63. -

Ethyl 8-anilino-2-(p-nitrobenzoylcarbamoyl)crotonate was crys-
tallized from ethyl alcohol to afford a 459, yield of product, m.p.
157-159°.

Anal. Caled. for CooHy;yN;06:  C, 60.61; H, 4.82; N, 10.59.
Found: C, 61.00; H, 4.77; N, 10.87.

Ethyl 6-Methyl-1,2-diphenyl-4-oxopyrimidinecarboxylate (VII).
—Compound III (2.7 g.) dissolved in 100 ml. of glacial acetic
acid was treated with 2.7 g. of mercuric acetate. The resulting
pale yellow solution was heated at reflux temperature for 5 hr.
The dark brown mixture was filtered, and the filtrate was con-
centrated in vacuo on the steam bath. A yellow oil was obtained
which was triturated with ether. The white solid which formed
was collected and triturated with chloroform. The chloroform
extract was concentrated in vacuo to afford a powder which was
crystallized from isopropyl alcohol-ether (1:2). The product
was obtained as tiny white crystale, m.p. 155-157°, in 349 yield;
ASPHSOH 244 myu (e 22,230), 274 shoulder (8100); infrared absorp-
tion 1735 (ester), 1648 em. ! (-C==0 of ring system).

Anal. Caled. for CpHisN2O;: G, 71.92; H, 5.43; N, 8.39.
Found: C, 71.52; H, 5.41; N, 8.45.

{12y H. J. Wheeler and J. Sanders, J. Am. Chem. Soc., 23, 375 (1900).
(13) O. C. Billeter, Ber., 86, 3220 (1909).



