CONDENSATION OF 2-AMINOTHIAZOLES
AND 2-AMINOBENZOTHIAZOLES AND THEIR SALTS
WITH B-CHLOROVINYL KETONES
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2-Aminothiazoles and 2-aminobenzothiazoles react with S-chlorovinyl ketones in the pres-

ence of acid in two directions to form isomeric thiazolo[3,2-a]pyrimidinium compounds. In
the absence of acid, the aminothiazole is alkylated only at the cyclic nitrogen atom without

closing of the pyrimidine ring. The PMR spectra were used to establish the structures of

the reaction products and to determine the ratios of isomers formed.

It has been demonstrated [1] that 2-aminothiazoles, 2-aminobenzothiazoles, and 2-aminonaphtho[2,1-
djthiazole with methyl 8-chlorovinyl ketone (XI) inthe presence of perchloric acid form a mixture of iso-
meric thiazolo[3,2-a]pyrimidinium salts. This sort of reaction was first described in [2] for 2-aminopyri-
dine and 2-aminopyrimidine, and only one isomer was isolated in each case.

The reaction was studied in greater detail in the present paper. It was established that the S-chloro-
vinyl ketone in alcohol solution in the absence of acid alkylates aminothiazole at the eyclic nitrogen atom;
salt Ia is cyclized under the influence of acid to thiazolo[3,2-g]pyrimidinium salt IT, which differs from the
isomeric salt II previously isolated in [1]. ’
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The structure of I was confirmed by the IR spectrum, but the chief proof is cyclization to . The
magnitude of the chemical shift of the methyl group (2.55 ppm) and the spin—spin coupling constant of the
pyrimidinium protons (JHaHﬁ= 7 Hz) [3] correspond to a methyl group in the vy position relative to the
bridge nitrogen atom [1]. '

For II, GCHB =2.76 ppm, while the spin—spin coupling constant of the pyrimidinium protons is 5 Hz.
In the thiazolo[3,2-glpyrimidinium salt and other similar condensed pyrimidinium salts, JHaHp and JH'YH.B
are always constant and are 7 and 5 Hz, respectively.

Salt IV was obtained from benzothiazole and phenyl B~chlorovinyl ketone (XII), but the reaction prod-
uct obtained with methyl S-chlorovinyl ketone is a dye, the structure of which has not yet been established.

Thus B-chlorovinyl ketones initially alkylate aminothiazoles at the eyclic nitrogen atom, and cycliza-
tion to a pyrimidinium salt with a substituent in the y position relative to the bridge nitrogen atom then oc-
curs under the influence of acid.

The scheme can also be taken for the reaction in acidic media, with the difference that alkylation
will occur at both the cyclic and exocyclic nitrogen atoms, and the ensuing cyclization will lead to two iso-
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meric thiazolopyrimidinium salts. The direction of alkylation depends on the temperature, steric factors,
and the nature of the S-chlorovinyl ketone. Thus 2-amincbenzothiazide reacts with XI in the presence of
perchloric acid to give a mixture of pyrimido[2,1~b]benzothiazolium salts V and VI in a ratio of 1:2 in the
cold and in a ratio of 2:1 on heating. The effect of steric factors is manifested in the reaction of 2-amino-
4-methoxybenzothiazole with XI in acidic media: one pyrimido[2,1-b]benzothiazolium salt ~ VII, in which
the methyl group is in the vy position relative to the bridge nitrogen atom —is formed.
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As a rule, XI reacts with 2-aminothiazoles in acidic media to give primarily a-methyl-substituted
salts, and the isomer ratio is reversed in the benzothiazole series; the yield of condensation products (in
the form of a mixture of isomers) is 45-98%.

oz-Phenyl—substi!:uted pyrimidinium salts are obtained in both series in 20-70% yields with XII.

In some cases, the mixtures of isomeric salts were separated by fractional recrystallization; in
others only one isomer (generally the a-substituted compound) was isolated in pure form. Several prod-
ucts were obtained only as mixtures. The pure thiazolo[3,2-¢]pyrimidinium and pyrimido[2,1-blbenzo-
thiazolium salts are presented in Table 1.

The chief method of proof of the structures of the products was PMR spectroscopy. Other charac-
teristics of the PMR spectra in addition to the characteristic magnitude of the chemical shift and the spin—
spin coupling constant of the pyrimidine protons were used. Thus the shielding of the methyl group by the
phenyl group was utilized; for example, in VIII, in contrast to IX, the methyl group is shielded by a phenyl
group, and its chemical shift is 2.12 ppm (instead of 2.7-2.9 ppm when the phenyl group is absent [1]). In
IX, 5CH3 has the value characteristic for the vy position (2.60 ppm). Similar shielding is observed in X,
the isomer of VII: 6CH3 is 1.78 ppm instead of the usual 2.70~2.75 ppm.

We also used the character of the signal of the protons of the phenyl group bonded to the pyrimidine
ring. It is known [4] that a phenyl group in the @ position relative to a tertiary disubstituted nitrogen atom
appears in the PMR spectrum as two groups of peaks with an intensity ratio of two (at weak field) to three
(at strong field). In our case, the phenyl group in the @ position relative to the bridge nitrogen atom should
give one unsplit peak, while a phenyl group in the vy position should give two groups of peaks with an inten-
sity ratio of 2:3. As we have already stated, only a-phenyl-substituted compounds were isolated from the
reaction with phenyl S-chlorovinyl ketone, and the phenyl group always appears as an unsplit peak in the
PMR spectra of these products.

The factors of the PMR spectra enumerated above often act jointly, and this provides a complete
guarantee of the correctness of the selected structure. Thus the methyl group in the PMR spectrum of X
is shielded by the phenyl group, as demonstrated above; the phenyl protons give one unsplit peak, and the
spin—spin coupling constant of the pyrimidine protons is 5 Hz. All of the data make it possible to accu-
rately determine the position of the phenyl group as being the @ position relative to the bridge nitrogen
atom.

The ratio of the isomers in the crude products of the condensation with XI was determined from the
integral intensities of the methyl groups in the @ and y positions of the pyrimidine ring. Neither the start-
ing salt nor any side products give signals in the region of the absorption of these methyl groups; the com-~
position of an artificial mixture of the isomers, which was determined from the PMR spectrum, was in
agreement with their weight ratio.

The products of the condensation with XI — quaternary salts with methyl groups in the @ and y po-
sitions relative to the bridge nitrogen atom — give polymethine dyes in the usual manner; this test serves
as a qualitative indication of the occurrence of the condensation reaction.
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EXPERIMENTAL

The IR spectra of KBr pellets were recorded with a UR-10 spectrometer. The PMR spectra of tri-
fluoroacetic acid solutions were determined with a Varian A-60A spectrometer. The chemical shifts are
presented on the 8 scale with respect to hexamethyldisiloxane (HMDS).

2-Amino-3-(1-buten-3-on-1~yl)thiazolium Chloride (Ia). A mixture of 2 g (0.02 mole) of 2~-amino-
thiazole, 3 ml (0.029 mole) of XI, and 8 ml of methanol was allowed to stand at room temperature. After
30-40 min, the reaction product was isolated. The precipitate was separated and washed with alcohol and
ether to give 2.15 g (52%) of a product with mp 183.5° (methanol). IR spectrum, em™1; VNH, 3300, V§H2

2500-3180; V¢ =0 gonj, 17005 ¥C=0 and vo =N 1640-1670; v op = CH-trans 960- Found: N 13.78; 8 15.67%.
CqHoCIN,OS. Calculated: N 13.68; S 15.66%.

2-Amino-3-(3-phenyl-1~propen~3-on-1-yl)thiazolium Chloride (Ib). This compound was similarly
obtained in 79% yield and had mp 197.5° (methanol). IR spectrum, cm™%: VNH, 3275; V§IH2 2350-3200;
V=0 16805 L GH_trans 948 Found: N 10.53; 8 11.7%5%. CpH; CIN,0S. Calculated: N 10.50; S 12.02%.

2-Amino-3-(3-phenyl-1-propen-3-on-1-yl)benzothiazolium Chloride {IV). This compound was sim-
ilarly obtained in 25% yield and had mp 251°. IR spectrum, em” L VNH2 2750-3100; Vo =0 1679;

965. Found: S 10.02%. C;H;CIN,0S. Calculated: S 10.01%.

¥..CH=CH-trans

7-Methylthiazolo[3,2—¢]pyrimidinium Perchlorate (II). A mixture of 2 g (9.6 mmole) of Ia and 4 ml
of trifluoroacetic acid was refluxed on a water bath for 1 h. The mixture was allowed to stand for 2 days,
and the cyclization product was precipitated by the addition of ether to give 1.65 g (91%) of the chloride.
The chloride was converted to the perchlorate (mp 177-178°) by means of NaClQ,. This product did not
depress the melting point of II isolated from the mixture of isomers [1] but did depress the melting point
of Il.

Condensation of 2~aminothiazoles and 2~Aminobenzothiazoles with Methyl and Phenyl 8-Chlorovinyl
Ketones. The condensation was carried out by the method in [2] with the introduction of several changes.
A mixture of an aleohol solution of 0.02 mole of the appropriate 2-aminothiazole or 2-aminobenzothiazole,
0.035 mole of XI or X1, and 4 ml of 57% perchloric acid was warmed slightly on a water bath until spon-
taneous heating of the mixture commenced. The precipitated reaction produet was separated after 1.5~
2 h, washed with alcohol and ether, and recrystallized from methanol.

Reaction of 2-Amino-4-(p~methoxyphenylthiazole with Methyl 3-Chlorovinyl Ketone. This reaction
was carried out similarly with 1.01 g (0.005 mole) of 2~amino-4-(p-methoxyphenyl)thiazole and 2 m1(0.019
mole) of XI to give 1.3 g (73%) of product. One recrystallization from methanol gave a mixture of isomers
A (R=R"'=H, R'=CH,, R"=p-OCH,C¢H,) and A (R=CH,, R'=R'"=H, R'"'=p-OCH;C¢H,) in a ratio of 1:5
(from the intensity of the methyl groups at 2.57 and 2.13 ppm) with mp 246~247°. Found: N 8.02; S 8.82%.
CHECIN,O;S. Calculated: N 7.82; S 8.98%.

Reaction of 2-Amino-6-methoxybenzothiazole with Methyl B~Chlorovinyl Ketone. The reaction was
carried out similarly with 1.8 g (0.01 mole) of 2-amino-6-methoxybenzothiazole and 2.5 ml (0.024 mole)
of XI to give 0.7 g (21%) of product. Three recrystallizations from methanol gave a mixture of isomers
B (R=R''=H, R'=CH,, R""=0CHj) and B (R=CHg, R'=R"=H, R'"'=0CHj,) in a ratio of 1: 2 (from the in-
tensity of the methyl groups at 2.60 and 3.08 ppm) with mp 210-212°. Found: 8 9.75%. CpH;;CIN,O;S.
Calculated: S 9.69%.

Reaction of 2-Amino-6-methylbenzothiazole with Methyl 8-Chlorovinyl Ketone. The reaction was
carried out similarly with 1.6 g (0.01 mole) of 2-amino~6-methylbenzothiazole and 2.5 ml (0.024 mole) of
XI to give 1.6 g (51%) of product. One recrystallization from methanol gave a mixture of isomers B (R=
R"=H, R'=R*'"*"=CH;) and B (R=R"'=CH;, R'=R!"=H) in a ratio of 4:1 (from the intensity of the methyl
groups at 2.62 and 3.12 ppm) with mp 234-236°. Found: S 10.10%. CpH,;CIN;O,S. Calculated: S 10.18%.

Reaction of 2-Amino~-6-nitrobenzothiazole with Methyl 8~Chlorovinyl Ketone. The reaction was car-
ried out similarly with 1.9 g (0.01 mole) of 2-amino~6-nitrobenzothiazole and 2.5 ml (0.024 mole) of XI to
give 1.3 g (38%) of product. Two recrystallization from methanol gave a mixture of isomers B (R'=R''=
H, R=CH;,, R'"'=NO,) and B (R=R'"=H, R'=CH;, R"'=NQ,) in a ratio of 3.7: 1 {from the intensity of the
methyl groups at 2.67 and 3.18 ppm) with mp 212-213°. Found: S 9.33%. CHiCIN,;O;S. Calculated: S
9.27%.
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