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Condensation of 4-amino-6-chloro-2-methoxypyrimidine (I) with p-nitrobenzenesulfonyl
chloride (II) gave, in addition to 6-chloro-2-methoxy-4-(p-nitrobenzenesulfonamido)pyrimidine
(III), two abnormal by-products, the structures of which were assigned as 1-[2-methoxy-4-(p-
nitrobenzenesulfonamido)pyrimidine-6-yl Jpyridinium N,N-betaine (IV) and N-(p-nitrobenzene-
sulfonyl)-B-ureido-g-pyridinium acrylamide N,N-betaine (V).

In the previous paper (2), we reported that conden-  the decrease of IIl and an increase of IV, which indicates
sation of 4-amino-6-chloro-2-methoxypyrimidine (1) with  that product III was converted to IV. When Il was
p-nitrobenzenesulfonyl chloride (II) in the presence of  heated in pyridine, [V was obtained in good yield.
pyridine afforded the expected 6-chloro-2-methoxy-4-(p-
nitrobenzenesulfonamido)pyrimidine (III) hesides by-prod-

ucts IV, m.p. 240° dec. and V, m.p. 243-245° dec., the Soheme 2
structures of which were unclear. We now wish to describe @ ‘ =X
the elucidation of both abnormal products IV and V. ;‘/ ;
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~ TABLE I
N The Relation Between Yields (%) of III, IV, and V and Reaction Times
= A - Compounds I v \

OC 0750 e Reaction Time (hr) Total

! 5 21.6 7.8 25.3 54.7

8 . 5 . . 28.4 21.7 24.4 74.5
The yields of the products I, 1V, and V in this con- 15 .
densation based on reaction time are shown in Table | 40 15.2 354 19.5 70.
from the point of the reaction time. Examination of 80 11.4 45.0 14.6 71.0
Table 1 shows that an increase in reaction time leads to 160 3.8 58.9 8.2 70.9
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To begin with, heating of the yellow compound [V,
CyeH13NsOsS with 10% hydrochloric acid gave the
hydrochloride VI (4), which however dissociated back to
the free base 1V upon addition of water. Treatment of
IV with 10% aqueous sodium lydroxide gave a dark brown
resinous product (5).  Heating of 1V with dilute hydro-
chloric acid in a sealed tube at 150° afforded p-nitro-
benzenesulfonamide, pyridine and ammonium chloride,
indicating the presence of pyridine and p-nitrobenzene-
The structure of the
pyridinium betaine 1V was further supported by the fact

sulfonyl moieties in the structure,

that the betaine of p-nitrobenzenesulfonyl-co-pyridinium
acetamide had been obtained by treatment of N-chloro-
acetyl-p-nitrobenzencsulfonamide with pyridine at 100-
H10° (6). In 20% hydrobromic acid, compound IV gave
the pyridinium bromide VII.  Treatment of the above
chloride VI with perchloric acid, potassium iodide or ferric
chloride gave the corresponding perchlorate VI, iodide
X (7), or chloroferrate IX (8), respectively. Reaction of
[V with ammonia in methanol gave 6-amino-2-methoxy-4-
(p-nitrobenzenesulfonamido)pyrimidine (XI), which was
also obtained by treatment of [II with ammonia.

The ir spectrum of 1V showed a strong absorption at
1135 em™ due to the sulfone group, which indicated the
imino form of the amino group. According to the ob-
servation by Uno (9,10), the amide group of a sulfon-
amide derivative has an imino structure and the absorp-
tion of the sulfone group appears al a lower frequency
than 1145 em™', and vice versa. Other significant absorp-
the band due to the C=N
bond of pyrimidine was observed al 1610 ¢m™
nitro group at 1520 em™!

tions are shown as follows:
and the
An X-ray crystallographic
study of a single crystal revealed the above compound [V

in a monoclinic space group P2, /n (systematic absences:

~
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Figure 1. Nmr spectrum of 1V in deuteriodimethylsulf-
oxide,
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o+ 1= 20 in hOL k = 2nin OkO) with four molecules
(asymmetric unils) in a unit cell dimensions a = 20.40),
b=06.11,¢=12944 and §=93.0°(V=1610 A3). The
molecular weight (385.5), obtained from the observed
density (1.59 g. em™!) agreed with the value (mol. wt. =
387) caleulated with the formula unit of C, ¢H; 3NsO53
as an asymmelric unit.

The nmr spectrum (8) of IV in deuteriodimethyl-
sulfoxide showed the signals at 3.606 (3H, singlet, OCH3),
6.85 (1H, singlet, Hs of pyrimidine), 8.85 and 9.56 ppm
(IH, and 2H, triplet and quartet, Hy and H, ¢ of pyridine).
On the other hand, the nmr spectrum in deuteriotrifluoro-
acetic acid revealed the aromatic protons at 7.63 (IH,
singlet, Hs of pyrimidine), 8.95 (1H, distorted triplet,
Ha of pyridine) and 9.50 (2H, quartet, H, 4 of pyridine).
Solvent effect indicated that the proton shifting to down
field could be assigned to Cs-H on pyrimidine and the
compound (VI) had a betaine form.

e

.

N =
CFyC00

N | "
MeOk\N ND—502©N02
"

Figure 2. Nmr spectrum of 1V in deuterioacetic acid.

This type of N,N-betaine has been reported in the past,
along with the recent synthesis of [-(2-substituted 6-
arylsulfonamidopyrimidine-4-yl)pyridinium inner salts (11),
which have the same skeleton as V.

In order to examine the generality of the reaction, ]
was condensed with various sulfonyl halides in the presence
of different bases at room temperature. The condensation
of I with benzenesulfonyl chloride in pyridine gave the
corresponding normal sulfonamide XII without giving the
betaine.  The reaction of 1 with o-nitrobenzenesulfonyl
chloride in pyridine gave the starting material. Replace-
ment of pyridine with trimethylamine afforded the V,N-

betaine X111,

lutidine proceeded violently to give a resinous product.

The reaction of 1 in 4-picoline or 2,4-
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TABLE 11

The Appearance of Various Betaines

R, R, M.p.° dec.

v Cli;0 pyridinium 240
group

Vi CH30 pyridinium 270
group

Vi CH30 pyridinium 220
group

VI CH30 pyridinium 220
group

X CH30 pyridinium 174
group

X CH30 pyridinium 200
group

X1l CH30 trimethylammo- 218

nium group

XVI (o Hs0 pyridinium 216

group

This fact is due to the removal of the acidic methyl
proton of the pyridinium compound by the pyridine base,
resulting in the formation of reactive cyclic enamines.
The reaction of I with p-nitrobenzoyl chloride in pyridine

afforded the benzamide X1V, The condensation of the
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Appearance Reeryst. Solvent

yellow prisms or 70% C,HsOH
fine needles
colorless needles (2HCI salt) 10% HCI

20% HBr

colorless prisms (HBr salt)

colorless needles (HCIO4 salt) dil. CH;0H

yellow prisms (HCH-FeCl 5 salt) CH3COOH

yellow prisms (HI salt) 70% CoHsOH

yellow prisms CH;O0H

yellow prisms 70% CoHsOH

Z-ethoxypyrimidine XV with p-nitrobenzenesulfonyl chlo-
ride in pyridine also gave the N,N-betaine XVI. In the
above reaction, the higher reaction temperature might
cause the elimination of the methyl group of the methoxy-
pyrimidines resulting in reaction produets.

The pale yellow compound V, C;sHy3NgOgS, m.p.
243-245° dec., decomposed in 10% sodium hydroxide to
give a brown resinous material.  The ir spectrum of V
shows the following absorptions: 3370/ (NH), 3175 (amide
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Figure 3. Nmr spectrum of 'V in deuteriodimethylsul{-

oxide.
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NH), 1710 (CO), 1630 (amide CO), 1595 (amide CO),
1122 (SO,), 1515 and 1352 (NOy), and 855 em™' (1,4
disubstituted benzenc). The nmr spectrum (8) of V in
deuteriodimethylsulfoxide showed no signal in the higher
field indicating the absence of alkyl protons. In the lower
field, there were observed five pyridyl protons (2:1:2) and
The signal at 7.9 (2H) and 1 1.5
ppm (1H, broad), which disappeared by addition of

four phenyl protons.

deuterium oxide, was assigned to the carboxamide protons
of the CONH, and CONH groups of urea. Moreover, an
olefinic proton was observed at 6.20, which was shifted to
7.15 in deuteriotrifluoroacetic acid as in the case of com-

pound IV,
()
+
0 o
g N CF3C00™
-~ \N
O,N NS
oF N0~502@N02
A

JJ

10 9 B 7
Figure 4. Nmr spectrum of V in deuterioacetic acid.

Hydrogenation of V in the presence of Adams’ catalyst
gave, after an uptake of 7 moles of hydrogen, an
extremely soluble material in water, which was acetylated
to give a resinous substance. Furthermore, treatment of
V with nitrous acid gave p-nitrobenzenesulfonamide,
during which an evolution of nitrogen and carbon dioxide
was observed and the odor of pyridine was detected.
These facts also support the structure of V.

EXPERIMENTAL (12)

Reaction of 4-Amino-6-chloro-2-methoxypyrimidine (I) with p-
Nitrobenzenesulfony! Chloride (11).

To a solution of 4.0 g. (0.025 mole) of I in 6 ml. of dry
pyridine was added 5.5 g. (0.025 mole) of IL The resulting
reddish-orange solution was allowed to stand at room temperature
for 20 hours to give a reddish brown viscous oil, which was diluted
with 100 ml. of water. From the resulting mixture upon standing
crystals separated, which were collected by filtration, washed
with water and dried to give 7.0 g. of a solid, m.p. 105-125°.
This material was extracted with 70 ml. of hot ethanol in order to
remove an insoluble substance [V. After removal of the solvent,
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the residue was acidified with 30 ml. of concentrated hydro-
chloric acid and the mixture was heated at 70-80° for a few
minutes. After cooling, the crystals which separated were col-
lected to give 1.2 g. (15.2%) of 6-chloro-2-methoxy-4-(p-nitro-
benzenesulfonamido)pyrimidine (II) as a solid, m.p. 160-169°.
Recrystallization from dilute ethanol gave pale yellow needles,
m.p. 174-175°, the ir spectrum of which was identical with that of
an authentic sample (3).

The above insoluble material gave 4.1 g. (35.4%) of 1-[2-
metho xy-4-(p-nitrohenzenesulfonamido)pyrimidine-6-yl] pyridin-
jum N,N-betaine (IV), m.p. 236° dec., which was recrystallized
from 78% aqueous ethanol to give yellow prisms, m.p. 240° dec.,
ir (potassium bromide) 1355, 1365 (S02).

Anal. Calcd. for C16H13N5055 (mol wt., = 38730), C,
49.62; H, 3.38; N,18.08. Found: C,49.72; H,3.63; N, 18.07.

The aqueous filtrate obtained above was then concentrated
under reduced pressure and the residue was treated with 8 ml. of
water. The ecrystals which separated were collected to give 2 g.
(19.5%) of N-(p-nitrobenzenesulfonyl)-B-ureido-B-pyridiniumacryl-
amide N,N-betaine (V), m.p. 230° dec., which was recrystallized
from water to give pale yellow needles, m.p. 243-245°,

Anal. Calcd. for (:15H13N5055'H202 C, 4401, H, 369, N,
17.11. Found: C, 44.20; H, 3.33; N, 17.06.

This hydrate was dried in vacuo over phosphorous pentoxide
at 70-80° to give the anhydrous compound.

Anal. Caled. for C15H;3Ns06S: C, 46.06;
17.90. Found: C,45.88; H, 3.28; N, 17.58.

1-[2-Methoxy-4-(p-nitrobenzenesulfonamido)pyrimidine-()-yl Jpyri-
dinium N,N-Betaine (1V).

A solution of 0.3 g. (0.87 mmole) of IIl in 2 ml. of dry
pyridine was heated at 95° for 30 minutes. The reaction mixture
was cooled and allowed to stand whereupon crystals separated.
The crystals were collected by filtration, washed with water and
recrystallized from 70% aqueous ethanol to give 0.32 g. (95.0%) of
IV as yellow prisms, m.p. 240° dec., which was identical with the
authentic sample.

H, 3.35; N,

1-[2-Methoxy-4-(p-nitrobenzenesulfonamido)pyrimidine-6-yl Jpyri-
dinium Chloride Hydrochloride (VI).

A solution of 387 mg. (1 mmole) of IV in 10% aqueous
hydrochloric acid solution was decolorlized by treatment with
active charcoal at 70-80° and filtered while hot. The filtrate
was cooled and allowed to stand whereupon crystals separated
which were collected by filtration to give 350 mg. (76.1%) of VI
as colorless needles, m.p. 270° dec. This compound was analyzed
without recrystallization because of its instability.

Anal. Caled. for C16H4CIN5OsS-HCl: C,41.75; H, 3.29; N,
15.21. Found: C, 42.04; H, 3.51; N, 15.10.

This compound was dissolved in water and the resulting solu-
tion was allowed to stand to separate yellow prisms, m.p. 240°
dec., the ir spectrum of which was identical with that of 1V,

1 -[2-Meth0xy-4--(p-nitrobenzenesulfonamido)pyrimidine-é-yl lpyri-
dinium Bromide ( VII).

A solution of 387 mg. (1 mmole) of IV in 5 ml. of 20%
hydrobromic acid was treated with active charcoal at 70-80°.
Similar treatment of the above product as in the case of VI gave
330 mg. (70.5%) of VII as colorless prisms, m.p. 220° dec.

Anal. Caled. for C1¢H14BrNsOsS: C, 41.04; H, 3.02; N,
14.96. Found: C,40.79; H,2.79; N, 14.66.

1-[2-Methoxy-4-(p-nitrobenzenesulfonamido )pyrimidine-6-yl | pyri-
dinium Perchlorate (VIII).
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To a solution of 1 g. (2.17 mmoles) of VI in 70 ml. of hot
water was added dropwise 2 ml. of 60% perchloric acid with
stirring.  The precipitate which separated was collected by filtra-
tion to give 0.8 g. of VIII, m.p. 203° dec., which on recrystalliza-
tion from dilute methanol gave 0.65 g. (61.4%) of VIII as colorless
needles, m.p. 220° dec.

Anal. Caled. for C1gH14CINsOgS: C, 39.39; H, 2.89; N,
14.35. Found: C, 39.56; H, 2.96; N, 14.55.

1-[2-Methoxy-4-(p-nitrobenzenesulfonamido)pyrimidine-6-yl }pyri-
dinium Chloroferrate (IX).

To a solution of 387 mg. (1 mmole) of IV in 5 ml. of 20%
hydrochloric acid was added dropwise 5 ml. of 50% aqueous
ferric chloride hexahydrate. The yellow crystals which separated
were collected by filtration, washed with a small amount of cold
methanol, and recrystallized from acetic acid to give 350 mg.
(59.7%) of 1X as yellow prisms, m.p. 174° dec.

Anal. Caled. for C16H14C14FCN5058'VZH20 (13): C, 32.31;
H, 2.54; N, 11.77. Found: C, 32.74; H, 2.43; N, 11.34.

1-[2-Methoxy-4-(p-nitrobenzenesulfonamide )pyrimidine-6-yl |pyri-
dinium lodide (X).

To a solution of 0.5 g. of potassium iodide in water was added
with stirring 0.5 g. (1.08 mmoles) of VI. The yellow crystals
which separated were collected by filtration, washed with water
and recrystallized from methanol to give 450 mg. (80.9%) of X
as yellow prisms, m.p. 285-290° dec.

Anal. Caled. for (:16H141N5()SSS (:, 3729,
13.59. Found: C, 37.47; H, 2.64; N, 13.52.

6-Amino-2-methoxy-4<(p-nitrobenzenesulfonamido)pyrimidine (X1).

A solution of 1.15 g. (2.97 mmoles) of 1V in 40 ml. of 15%
(w/v) methanolic ammonia was stirred at room temperature for
48 hours in a sealed tube. The reaction mixture was filtered to
remove an insoluble material and the filtrate was concentrated
under reduced pressure. The residue was diluted with water and
filtered to give 0.8 g. (82.8%) of XI, which on recrystallization
from 50% aqueous acetone gave 7 g. (72.5%) of colorless plates,
m.p. 201° dec.; nmr (5% solution in hexadeuteriodimethylsulfoxide)
5 3.82 (3H, s, OCH3), 5.82 (1H, s, pyrimidine 5H), 7.30 (2H, s,
NH;), 8.20 (4H, q, aromatic H) and 12.5 (1H, broad, NHSO,).

Anal. Caled. for Cl IH“NSOSS-Vsz() (]3): C, 3955, H,
3.61; N, 20.95. Found: C,40.01; H, 3.77; N, 20.94.

Hydrolysis of [V.

A mixture of 0.5 g. (1.29 mmoles) of IV and 20 ml. of 10%
hydrochloric acid was heated in a sealed tube at 150° for 5 hours.
After cooling, the separated crystals were collected by filtration
and recrystallized from water to give 0.25 g. (96.2%) of p-
nitrobenzenesulfonamide as colorless prisms, m.p. 178° [lit. (14)
178-190°].

Anal. Caled. for CgHgN,048: €, 35.65; H, 2.99; N, 13.86.
Found: C, 35.45; H, 3.10; N, 13.88.

H, 2.73; N,

The above filtrate was concentrated under reduced pressure.
The separated crystals were collected by filtration to give am-
monium chloride as colorless prisms, m.p, > 350°. Moreover,
pyridine was detected, when the filtrate was basified with 10%
aqueous sodium hydroxide solution.

4-Benzenesulfonamido-6-chloro-2-methoxy pyrimidine (XI1).

A solution of 3.2 g. (0.02 mole) of [ and 3.6 g. (0.02 mole) of
benzenesulfonyl chloride in 5 ml. of dry pyridine was allowed to
stand at room temperature overnight and poured into 50 ml. of
water. The separated crystals were collected by filtration and
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recrystallization from dilute methanol to give 5.2 g. (86.8%) of
XIH as colorless needles, m.p. 138°.

Anal. Caled. for C1;H;0CIN3O3S: C, 44.07; H, 3.32; N,
14.01. ¥Found: C,43.78; H, 3.32; N, 13.98.

N-[2-Methoxy-4-(p-nitrobenzenesulfonamido) pyrimidine-6-y1 ] tri-
methylammonium N, N-Betaine (XIII).

To a solution of 4.8 g. (0.03 mole) of I in 20 ml. of benzene
containing 4 g. of trimethylamine was added dropwise a solution
of 6.7 g. (0.03 mole) of Il in 20 ml. of dichloromethane and 5 ml.
of benzene at 3-5° with stirring during 1 hour and the stirring was
continued at below 5° for 5 hours. The reaction mixture was
concentrated under reduced pressure at below 30° and the residue
was diluted with water. The insoluble material was collected by
filtration and recrystallized from methanol to give 4.4 g. (40%)
of XIII as pale yellow granules, m.p. 218° dec.; ir (potassium
bromide) 1615 (pyrimidine CH=N), 1530 (NO;), 1360 and 1145
(502).

Anal. Caled. for C14H7N505S: C,45.77; H, 4.67; N, 19.07.
Found: C, 45.56; H, 4.45; N, 18.88.

6-Chloro-2-methoxy-4-(p-nitrobenzamido)pyrimidine (XIV).

A mixture of 3.2 g. (0.02 mole) of I and 3.8 g. (0.02 mole) of
p-nitrobenzoyl chloride was treated with 4 ml. of dry pyridine
to give a solid, which was diluted with 30 ml. of water and filtered
to afford 5.6 g. (90.8%) of XIV. This was recrystallized from
methanol to give colorless needles, m.p. 224°; ir (potassium
bromide) 3400 (NH), 1700 (CO), 1575 (pyrimidine CH=N) and
1520 (NO,).

Anal. Calced. for C12HoCIN4O4: C, 46.69; H,2.93; N, 18.15.
Found: C, 46.84; H, 3.02; N, 18.42.

i-[2-Ethoxy-4-(p-nitrobenzenesulfonamido) pyrimidine-6-yl ] pyri-
dinium N,N-Betaine (X VI).

A solution of 3.47 g. (0.02 mole) of XV and 4.5 g. (0.02
mole) of Il in 5 ml. of dry pyridine was allowed to stand at room
temperature for 40 hours. The reaction mixture was poured into
80 ml. of water and allowed to stand overnight. The crystals
which separated were collected by filtration, washed with 80 ml.
of hot ethanol and dried to give 3 g. (37.4%) of XVI, which on
recrystallization from 70% aqueous ethanol gave yellow needles,
m.p. 216° dec., ir (potassium bromide) 1610 (pyrimidine CH=N),
1515 (NO3), 1355, 1345, and 1140 (SO,).

Anal. Caled. for Cy7H;sNsOsS%2H,0 (13): C, 49.75; H,
3.93; N,17.06. Found: C,49.89; H, 3.98; N, 17.32.

N-(p-Nitrobenzenesuifonyl)-g-ureido-g-pyridiniumacrylamide N, V-
Betaine (V).

To a solution of 3.0 g. (10 mmoles) of p-nitrobenzenesulfonyl-
pyridinium chloride in 30 ml. of chloroform and 3 ml. of methanol
was added 1.6 g. (10 mmoles) of 4-amino-6-chloropyrimidine (1).
The resulting mixture was refluxed for 10 hours. The solvent was
removed under reduced pressure and the residue was diluted with
a small amount of water and filtered to give 0.8 g. (19.6%) of
V, m.p. 235° dec., which on recrystallization from dilute ethanol
gave pale yellow needles, m.p. 243-245° dec., identical with the
above sample by the mixed melting point test and infrared spectral
comparison.

The Molecular Determination of [V by X-ray Analysis.

From Weissenberg (h01-h21) and precession (hk0, hkl) photo-
graphs, taken with CuKa radiation, lattice parameters and space
group were determined. Density measurement was carried out by
the flotation method in a mixture of chloroform and carbon
tetrachloride.
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Treatment of V with Sodium Nitrite in Hydrochloric Acid.

To a stirred solution of 1 g. (2.5 mmoles) of V in 35 ml. of 10%
hydrochloric acid was added dropwise a solution of 400 mg. (5
mmoles) of sodium nitrite in 4 ml. of water during 15 minutes at
10° and the stirring was continued for 2 hours at 20°. After the
evolution of nitrogen and carbon dioxide had ceased, the resulting
orange solution was evaporated under reduced pressure and the
residue was triturated with 20 ml. of ethanol and filtered to
remove sodium chloride. The filtrate was evaporated and the
residue was dissolved in 1 ml. of hot water. This was allowed to
stand in a refrigerator to separate 120 mg. of p-nitrobenzene-
sulfonamide, m.p. 175° identical with the sample prepared by
Baker (14). On the other hand, pyridine was detected when the
above aqueous filtrate was basified with aqueous sodium hydr-
oxide solution.
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