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The reaction of N-(a-chloroalkenyl)alkylamidine hydrochlorides (1) with phosgene was studied. The amidine
hydrochlorides (1a—h) which were prepared from nitriles with more than two a-hydrogens reacted with phosgene

at 100—105°C to give good yields of 4,6-dichloro-2,5-disubstituted-pyrimidines (3a—h).

The amidine hydro-

chlorides (1j—t), which were obtained from nitriles with only one a-hydrogen, afforded 2-alkylidene-4,6-dichloro-
5,5-disubstituted-2,5-dihydropyrimidines (5j—t) in good yields. The amidine hydrochloride 1i, however, gave
2-dichloromethylidene-2,5-dihydro-5,5,6-trichloro-4(3H)-pyrimidinone (4i) under comparable conditions.

In our previous papers,®~% it was shown that the
reaction of aliphatic nitriles or amides with phosgene
and HCI gave good yields of 6-chloro-2,5-disubstituted-
4(3H)-pyrimidinones (2), with traces of 4,6-dichloro-
2,5-disubstituted-pyrimidines (3), and that arylaceto-
nitriles gave 1,3-dichloroisoquinoline derivatives with
the corresponding pyrimidinones (2) and pyrimidines
(3). Further, we recently showed that most nitriles
having «-hydrogen reacted with HCI to give N-(a-
chloroalkenyl)alkylamidine hydrochlorides (1) almost
quantitatively.!)

On the basis of the reaction mechanism proposed for
the formation of the pyrimidine derivatives (2) and
(3),? the reaction of the amidine hydrochlorides (1)
with phosgene may be expected to provide a con-
venient and facile one-step synthesis of the pyrimidine
nucleus.

This paper will report the synthesis of pyrimidine
derivatives, mainly 3 and 5, based on this concept.

Results and Discussion

When  N-(a-chloropropenyl)propioamidine hydro-
chloride (1b) was allowed to react with excess phosgene
in chlorobenzene for 260 hr using a sealed glass tube
at 60°C, 6-chloro-2-ethyl-5-methyl-4(3H )-pyrimidinone
(2b) was obtained in a 609, yield, as had been expected
(Scheme 1). However, the similar treatment of N-(a-
chlorostyryl)phenylacetamidine hydrochloride (1le) with
phosgene resulted in the recovery of the starting mate-

1) Part I: 8. Yanagida, T. Fujita, M. Ohoka, 1. Katagiri,
and S. Komori, This Bulletin, 46, 292 (1973).

2) S. Yanagida, M. Ohoka, M. Okahara, and S. Komori,
Tetrahedron Lett., No. 19,2351 (1968), J. Org. Chem., 34,2972 (1969).

3) S. Yanagida, H. Hayama, and S. Komori, ibid., 34, 4180
(1969).

4) S. Yanagida, M. Ohoka, and S. Komori, ibid., 34, 4127
(1969).

rials unchanged. Upon continued heating at 100—
105°C for a period of 24 hr, 4,6-dichloro-2-benzyl-5-
phenylpyrimidine (3e) was produced in a 759, yield.
It is worth pointing out that 1,3-dichloroisoquinoline,
which is the main product in the direct reaction of
phenylacetonitrile with phosgene and HCI at 100°C,9
was not formed. 6-Chloro-2-benzyl-5-phenyl-4(3H)-
pyrimidinone hydrochloride, a precursor of 2e,? first
formed must be converted into 3e by phosgene because
of its strong electrophilicity at high temperatures
(Scheme 1.).
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TaABLE 1. PREPARATION AND ANALYSES OF 4,6-DICHLORO-2,5-DISUBSTITUTED-PYRIMIDINES (3)
. Bp IR o NMR Elemental analysis®
3 (R,li ppy Pusification ‘(ﬂ‘;‘)d (°C/mmHg) (neat) “fﬁf)’ (CCly) gngeHl)z) N
° [Mp(°C)] (cm™) () mex C% H% N%
329 H >700 15309 —  — — —
3b CH, Distillation 62 111.0— 1565 190 8.68(t, 3H) 260( 4370) 43.98 4.10 14.57
111.5/21 1507 7.59(s, 3H) (44.01) (4.22) (14.66)
7.16(q, 2H)
3c CH,CH, Distillation 90 84.0— 1560 218 9.02(t, SH)D — 50.07 5.42 12.40
(crude) 85.0/3 1506 8.78(t, 3H) (49.33) (5.52) (12.79)
8.12(m, 2H)
7.15(t, 2H)
7.12(q, 2H)
3d n-C.H, Distillation 49  149.0— 1560 330 — — —  _—  8.16
150.0/0.1 1505 (8.46)
3e” Ph Recrystallized 75 [136.0—= 1550 — — 234(11600) — — —
from ethanol 138.0] 1495 265( 6620)
3f PhCH, Recrystallized 80 [ 69.5— 1550 342 6.90(s, 4H)» 260( 6150) 66.53 4.64 7.97
from ethanol 70.0] 1505 5.85(s, 2H) (66.48) (4.70) (8.16)
2.88(s, 10H)
3g Column 85 [ 28.0— 1530 230 5.42(s) 232(13410)  25.83 0.84 12.30
chromatography 30.0] 1503 268( 7630) (25.90) (0.87) (12.08)
275( 6540))
3h CICH, Column 79 113.0— 1562 258 6.66(t, 2H)D 225( 7180) 32.31 2.24 10.54
chromatography 116.0/3 1510 6.03(t, 2H) (32.34) (2.33) (10.78)
and distillation [ 47.0— 5.45(s, 2H)
48.0]

a) 70eV. b) Valuesin parenth&s(;s are calculated ones. c) Identified by comparison with authentic sample.24

d) Byglpc. €) Nujol. f) Measured in CDCl,.

g) Lit,9 136.0—138.0°C. h) KBr disk.

i) Shoulder. j)

6.67(m, 4H), 5.63(s, 2H), 2.60—7.00(complex peaks, 10H) in CF,COOH.

In view of the above facts, the reaction was extended
to other amidines la—h, employing 100°C as the
reaction temperature. The expected dichloropyrimi-
dines 3a—h were obtained in good yields. (Scheme
1). It should be noted that the pyrimidine 3h was
obtained in a satisfactory yield by this reaction. As
has been reported previously,? the direct reaction of
3-chloropropionitrile with phosgene in the presence of
HCl gave a polymeric substance, and neither the
pyrimidinone 2h nor the pyrimidine 3h was isolated.®

These pyrimidines 3 were confirmed on the basis
of their physical properties and by elemental analysis,
as is summarized in Table I.

The NMR spectra of the pyrimidine 3f are of par-
ticular interest. As is shown in Table 1, in CCly the
signals due to two pairs of methylene protons of the
2-phenethyl group were observed as a singlet, indicating
that the phenyl ring of the 2-phenethyl group and the
pyrimidine ring in 3f are magnetically equivalent. A
similar spectrum was also obtained in benzene. In
CF;COOH, however, this singlet signal was observed
as an A,B, pattern centered at 7 6.67, the signal due
to methylene protons of the 5-benzyl group shifted to
a lower field, and the signals of both phenyl ring protons,
which were observed as a singlet in CCl,, changed to a
complex series of lines. The spectrum complexity is
probably due to the protonation at the pyrimidine
nitrogen.

We assumed that the driving forces of this cyclization
reaction are the nucleophilicity of the S-carbon of a

5) It has been found in our laboratory that 3-chloropropio-
nitrile reacts with phosgene and HCI in chlorobenzene at 100—
105°C to give 1,3-dichloropropenyl isocyanate in a moderate yield,
which fact will be reported eslewhere in the very near future.

kind of enamino group [-NH-CCI=CHR] in the
amidines 1 (Scheme 1)® and the prototropy of the
hydrogen on the f-carbon. In view of these assump-
tions, the amidine hydrochlorides 1li—t prepared from
nitriles with only one a-hydrogen were expected to
react with phosgene under comparable conditions to
give a new type of pyrimidine derivative.

The treatment of the amidine hydrochloride 1i,
where both R and R’ are Cl, with phosgene under the
same conditions as above led to a colorless compound,
which was analyzed well for C;GHON,Cl,. The IR
spectrum, taken in CCl,, showed absorption bands at
3070, 2970, 2880 (NH), 1690 (C=0), 1590 (C=N), and
1530 (C=C) cm1. The series of absorption bands in
the NH region were thought to be too low to assign
to the NH stretching band. However, the NMR
spectrum, measured in CCl;, showed only a broad
signal attributable to the NH proton at z —2.85.
In addition, the IR spectra in the region below 1700
cm~! are quite identical both in the solid state and in
solution (CCl,). On the basis of these spectral analytic
results, the compound was formulated as 2-dichloro-
methylidene-2, 5-dihydro-5, 5, 6-trichloro-4(3H )-pyrimi-
dinone (4i) rather than the following alternative struc-
tures:

H
N N N,
Cho-¢ -0 Shcp-d t-0 SIyo-d¢ t-oH

arG=¢ ¢ crtH-G ¢ arG=¢ ¢
K LoLa N &Q
N N N
& a 4
"

6) G.H. Alt, “Enamines: Synthesis, Structure, and Reactions,”
Ch. 4, ed. by A.G. Cook, Marcel Dekker, New York, N. Y. (1969).
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TABLE 2. PREPARATION AND ANALYSES OF NEW TYPE PYRIMIDINE DERIVATIVES 4 AND 5

Mp (°C) IR

Elemental analysis™

40r5 R R/ Purification ‘Ef;l;i [Bp(°C/ (neat) l‘ﬁfs)“’ NM‘}()CC‘D EIX((CGH;Q RPN
0)  mmHg)] (cm™1) 4 Emx) Qo HY N%
4 Cl Cl Recrystallized 97  130.0 1690% 280 —2.85(b) 295( 3500) 21.15 0.31 9.77
from petroleum 1590 275( 3120)® (21.27) (0.36) (9.92)
ether—ether 1530 242( 3990)
55 CH; Cl Sublimation 73 55.0— 1553® 258 7.48(s, 3H) 226( 5740) 32.14 2.09 10.81
57.0 1518 7.45(s, 3H)  260( 3880) (32.34) (2.33) (10.78)
5k CICH, Cl Column 59 46.0— 1552 291D  5.44(s, 2H) 232( 8490) — — 8.14
chromatography 49.0 1515 5.20(s, 2H)  258( 3880)® (8.52)
51 n»CH, Cl Distillation 93 — 1550 342 ca. 9.05(m, 6H) — — —_ 8.01
(crude) 1510 ca. 8.47(c, 8H) (8.14)
ca. 7.23(m, 4H)
5m Ph Cl1 Sublimation 93  126.5— 1540° 3868 — 245(10560) 53.12 2.69 7.37
127.5 1500 (53.16) (2.62) (7.29)
5n Ph CH, Recrystallized 74  158.0— 1645° 342 7.97(s, 3H)® 296(22580) 66.39 4.47 8.32
from petroleum 159.0 1605 7.49(s, 3H) (66.48) (4.70) (8.16)
ether 2.63(s, 10H)
50 CH,;CH, CH;CH, Column 56 [107.0— 1650 274 9.13(t, 6GH)™» 262(17600) 56.93 7.61 9.88
chromatography 107.5/3] 1610 8.95(t, 6H) (56.73) (7.32) (10.18)
8.07(q, 4H)
7.48(q, 4H)

a) 70eV.
d) Shoulder. e) KBr disk.
(Mechrolab osmometer, Model 301A).

On the other hand, other amidine hydrochlorides
1j—t afforded further chlorinated pyrimidine deriva-
tives formulated by the general formula 5 in good
yields (Scheme 2):

Ry Ha Ry NH,Cl~
CHC=N —  CH-G,
!, ! I
R R HN  RE®)
Nole!

COCl,
e

i) R=Cl, R’=Cl; j) R=CH,, R'=Cl;

k) R=CICH,, R’=Cl; 1) R=xr-C,H,, R’'=Cl;

m) R=Ph, R’'=Cl; n) R=Ph, R"=CHj;

o) R=C,H;, R’'=C,H;; p) R=CH;, R’'=CH,;

q) R=CH,CH,, R'=CH,;; r) R=n-C;H,, R’'=CH;,
s) R=n-C,H,, R’=CH,; t) R=CICH,, R'=CH,.

Scheme 2.

It is apparent that the pyrimidines 5 are formed
through the chlorination of the initially-formed pyri-
midinones 4 by phosgene, and that the pyrimidinone
4i must be unreactive to phosgene under the reaction
conditions employed.

The structures of 55—o were confirmed on the basis
of their physical properties and by elemental analysis
(Table 2). Attempts to isolate analytically-pure pyri-
midines 5p—t were unsuccessful. They were charac-
terized by IR and mass spectra (see Experimental
section).

b) Values in parentheses are calculated ones.
f) Corresponding to M+ —Cl.
h) Measured in CDCl,.

c) Both cases, KBr disk and in CCl (11 mg/ca. 1 ml).
g) Molecular weight by vapor pressure osmometer

It should be noted that, as is shown in Table 2, the
IR absorptions attributable to the C=N and C=C
stretching vibrations of 5j—m are shifted to frequencies
lower by about 100 cm~! compared with those of the
other pyrimidines 50o—t. These large shifts may be
explained by considering the following structures, based
on the mesomeric effect:

Cl\ /N\\ Cl{ —/N\\
c-¢ c-a o-¢ G-
R/ ] | Cl R/ | 1 Cl
N C¢ N &«
~qs R ~qg/ R
ol &
ar N as N,
o-¢ G-a c-¢ t-al
R/ | 1 Cl R/ (] | Cl
N &« N _ &<
~g- R ¢~ R
]
& &

The IR spectra of the crude products from the
amidines 1p—t showed weak bands around 1750 cm—!
and medium bands attributable to the N=C=O stretch-
ing vibration around 2260 cm~1, indicating the forma-
tion of by-products with a COCI group and/or an
N=C=0O group.” Accordingly, the crude products from
Ip and 1t were treated with aniline, unexpectedly
giving dimethylmalonoanilide and butylmethylmalono-
anilide in 9 and 259, yields, respectively, based on
the starting amidines. This fact suggests the formation

7) As noted in Ref. 6, some nitriles have been found to react
with phosgene at high temperature to give «-chloroalkenyl iso-
cyanates. In view of this fact, we assumed the compounds having
N=C=O group to be corresponding isocyanates, which are pro-
bably produced through imidoyl chlorides formed by the degrada-
tion of the amidines 1 as follows;

Ry cocl, R ,N=C=0
1— CH-C-NH | — >  C-C
R” & R” N\
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of disubstituted malonyl chlorides as by-products, we
assumed that they were produced through the further
reaction of the pyrimidines 5p—t with phosgene.®
However, no urea derivatives, which were thought to
be derived from compounds with an N=C=O group,
were isolated.®

Further studies of the reactivity of the pyrimidines
5 are now in progress in our laboratory.

Experimental

The melting points were determined on a Yanagimoto
micro melting point apparatus and were corrected. The
boiling points were uncorrected. The NMR spectra were
obtained using a Model JNM-G-60 spectrometer (Japan
Electronic Optics Laboratory Co.); the solvent was carbon
tetrachloride, except where otherwise noted, with tetramethyl-
silane as the internal reference. The IR spectra were recorded
with a Japan Electroscopic IR-E spectrophotometer, the
mass spectra, with a Hitachi mass spectrometer, Model
RMU-6E, and the UV spectra, with a Shimadzu double-
beam spectrophotometer, UV-200.

Materials. N-(x-Chloroalkenyl)alkylamidine hydro-
chlorides (la—t) were prepared according to the method
reported previously.!

Reaction of the Amidine Hpydrochlorides (1) with Phosgene.
General Procedure: In a 150 ml glass tube we placed 1.6—
3.0g (ca. 20 mmol) of the amidine hydrochloride (1) and
20 ml of chlorobenzene. The tube was then immersed in a
mixture of ice and water, and 6.2—7.4 g (ca. 75 mmol) of
phosgene was bubbled into the mixture. The tube was
stoppered, cooled in a Dry Ice-acetone mixture, sealed
carefully, and heated to 100—105°C in an oil bath for 24 hr.
The reaction tube was then chilled in the Dry Ice—acetone
mixture and opened carefully. After the removal of the
phosgene and chlorobenzene under reduced pressure, the
resulting products were purified by recrystallization or dis-

8) In view of the formation of disubstituted malonyl chlorides,
the following reaction can be considered;

coct, R, ,COCI al N
5p—t ——> C + Cl>C C-Cl1
R’ NCOC1 N ('] R
Ne R’

el

However, latter products have not been identified yet.
9) The following urea derivatives were expected ;"

R. ,NHCONHPh R. NHCONHPh
R” Nl R”  \NHPh
R. ,NHCONHPh
CHC
R/ “NPh

However, more polar solvent eluted only black tarry substance.

[Vol. 46, No. 1

tillation, if necessary, after column chromatographic separa-
tion, as is shown in Tables 1 and 2. The column chromato-
graphy was always done using silica gel, and all the products
were eluted with petroleum ether.

In the cases of the pyrimidines 5p—t, repeated distillations
after column chromatography did not give the analytically-
pure pyrimidines. They were all confirmed in the basis of
their IR spectra. The mass spectra also supported the
structure of 5. The crude vyields, boiling points, and IR
absorption bands attributable to the C=N and C=O streching
vibrations are as follows: 5p: 1655 and 1620 cm!; 5q: 58%,,
ca. 85.0—86.0°C/2 mmHg, 1655 and 1615 cm-1; 5r 529%,
130.0—130.5°C/2 mmHg, 1655 and 1610 cm-'; 5s: 459%,
1655 and 1610 cm-!; 5t: 639%,, ca. 105°C/l mmHg, 1660
and 1620 cm-L

Of particular interest is the fact that 5p is very sensitive to
moisture and that the purification of crude 5p by column
chromatography resulted in the unexpected isolation of 5,5-
dimethylbarbituric acid (829, yield). An attempt to explain
this formation is now under way.

Isolation of Disubstituted Malonoanilides. A typical pro-
cedure was as follows: a crude product (0.77 g) obtained
from 1p was mixed with aniline (1.5 g) in 1,2-dichloroethane
(10 ml). The mixture was then allowed to stand overnight
at room temperature. After the aniline hydrochloride pre-
cipitated had been filtered out with suction, the filtrate was
concentrated under reduced pressure. The residue was chro-
matographed on silica gel; chloroform eluted 0.25 g of di-
methylmalonoanilide (9% vyield based on the amidine 1p).
It was recrystallized from dichloroethane—ether and analyzed
as follows: mp 209.0—210.0°C (1it, 205°C). IR (KBr disk)
3260, 3120, 1645, 1600 cm-l. Mass spectrum (70eV) 282
(M+). NMR (CDCl;-CF;COOH) (r) 8.28 (s, 6H), 2.51—
2.86 (m, 10H). Found: C, 72.23; H, 6.25; N, 9.78%.
Calcd for C;;H;3O,N,: C, 72.32; H, 6.43; N, 9.92%,.

Similarly, butylmethylmalonoanilide was isolated in a 259,
yield based on the starting amidine 1s, and was analyzed after
recrystallization from ethanol as follows: mp 198.5—199.0°C,
IR (KBr disk) 3340, 3240, 1660, 1600 cm-!. Mass spectrum
(70 eV) 324 (M+). NMR (CF;COOH) (r) 8.95 (t, 3H),
8.46 (m, 4H), 8.02 (s, 3H), 7.67 (t, 2H), 2.57 (s, 10H), 0.15
(s, 2H). Found: C, 74.20; H, 7.29; N, 8.64%,. Calcd for
CyoH,,O,N,: C, 74.04; H, 7.46; N, 8.64%.
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10) H. Staudinger, Helv. Chim. Acta, 8, 312 (1922).






