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A series of 8-substituted and 7,8-disubstituted-4-0x0-3-(4H-pyrimido[2,1-b ]benzothiazole)-
carboxylic acids and esters including a 9-aza analog were synthesized from substituted 2-amino-
benzothiazoles and diethyl ethoxymethylenemalonate. The 9-aza analog, ethyl 8-methoxy-4-oxo-
3(4H-pyrido[3',2":4,5 Jthiazolo[3,2-a | pyrimidine)carboxylate (56), represents the first prepar-
ation of this new heterocyclic ring. These compounds were examined for antiparasitic activity,

however, no significant activity was detected.

The reported biologic activity of a significant number
of compounds containing condensed pyrimidine ring
systems (1) and the antiparasitic activity shown by many
benzothiazole compounds (2) prompted an investigation
of the 4H-pyrimido[2,1-b ]benzothiazole ring system to
examine its antiparasitic properties. The first examples of
this ring system were described in 1951 (3), with two
more examples reported in 1962 (4). More recent reports
have increased the number of these compounds in the
literature (5), (6), (7).

The general method for the synthesis of the 4H-pyrim-
ido[2,1-b |benzothiazol-4-ones reported herein involves
the reaction of suitably substituted 2-aminobenzothi-
azoles (1) with alkoxymethylenemalonate esters (2).
When the initial condensation was carried out in alcohol as
previously reported, the product was the corresponding 2-
(benzothiazolyl)aminomethylenemalonate (3), (5). These
intermediates were readily cyclized to the corresponding
pyrimido[2,1-b ]benzothiazoles in hot Dowtherm A. How-
ever, since the complete reaction could be accomplished
more conveniently in one step by heating a mixture of
1 and 2 in Dowtherm A until the theoretical amount of
alcohol had been collected, the compounds 4-42 were
prepared by this methiod. Acid or base hydrolysis of
selected esters provided the corresponding acids (43-52).
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The general method used for the preparation of 2-
aminobenzothiazoles involves the reaction of a suitably
substituted aniline with thiocyanogen [(SCN), ] and the
subsequent cyclization of the intermediate by heat or
acid. The thiocyanogen is normally generated in situ
by the action of bromine on an inorganic thiocyanate in
a nonaqueous solvent (8), (9).

The ethyl 8-alkoxy-4-0x0-3-(4H-pyrimido[2,1-bbenzo-
thiazole)carboxylates (26-36) were prepared from 2-amino-
6-methoxybenzothiazole (563). Treatment of 53 with
48% hydrobromic acid provided the corresponding 6-
hydroxy analog 54. Condensation and cyclization of 54
with 2 gave the pyrimido[2,1-b |benzothiazole 18 in
high yield. Compound 18 was used as an intermediate in
the preparation of other 8-alkoxy substituted pyrimido-
[2,1-b ]benzothiazoles 26-36 by alkylation with alkyl

halides in DMF solution.
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Condensation and cyclization of 2-amino-6-methoxy-
pyrido[2,3-d |thiazole (85) (10) with diethyl ethoxy-
methylenemalonate (2, R = C,Hs) led to the preparation
of ethyl 8-methoxy-4-oxo-3-(4H-pyrido[3',2":4,5 ] thiazolo-
[3,2-a]pyrimidin)carboxylate (56), a previously unreported
ring system.
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The compounds 4-42 were assigned the 4-one structure
rather than the 2-one structure as a result of several
observations. Primarily, analogous synthetic reports give
the 4-one assignment (5), (6), (7). In addition, the nmr
spectra of the compounds 4-42 all show the characteristic
downfield shift of Hg from the main aromatic signal.
This proton (Hg) shift has been explained on the basis
that the 4-one function is held in a rigid form, coplanar
with the aromatic ring, thus exerting a deshielding effect
(11). The Hg proton of 4-42 signal is in the region of
8 8.7-9.2, whereas the other aromatic protons are in the
region of 8 6.7-8.0.

The nmr of the 9-aza derivative 56 also shows the
consistent downfield shift for Hg. The nmr spectrum of
56 shows a triplet at & 1.38 and a quartel at & 4.39
assigned to the ethyl ester function; a 3 proton singlet at
3.98 for the 8-methoxy group; a 1 proton singlet at 8
8.71 assigned to H,; Hg and Hy each appear as 1 proton
doublets centered at § 9.15 and & 6.87, respectively.
The ultraviolet spectrum of 56 is remarkably similar to
the uv spectra of the other 4-one compounds 4-42 with a
uv maximum at 358 nm. The ir spectrum of 56 shows
carbonyl bands at 5.85 and 5.95 microns of nearly equal
intensities. All these data are consistent with the 4-one
structure assignement for 56.

The 4H-pyrimido[2,1-b [benzothiazoles 4-56 reported
herein were tested in a number of antiparasitic screening
programs against various helminths and coccidia, but no
significant activity was observed.

EXPERIMENTAL (12)

The 2-aminobenzothiazoles 1 were prepared according to the
literature procedures outlined (8), (9) and were not purified, but
used crude in subsequent reactions.

General Procedure (A) for the Preparation of Alkyl 4-Oxo-3(4H-
pyrimido[2,1-b]benzothiazole)carboxylates 4-42. Example: Ethyl
8-Metho xy-4-ox0-3-(4H-pyrimido[2,1 b |benzothiazole)carboxyl-
ate (D).

A mixture of 2-amino-6-methoxybenzothiazole (53) (90 g.,
0.5 mole) and diethyl ethoxymethylenemalonate (2, R = C,Hs)
(110 g., 0.5 mole) in Dowtherm A (750 ml.) was heated at 220°
with stirring until 54 ml. of condensate had been collected
(theory 57 ml.). The reaction mixture was then cooled and
filtered and the product washed with hexane. The crude product
weighed 127 g. (85%) and was recrystallized from ethanol.

General Procedure (B) for the Preparation of 4-Oxo-34(4H-
pyrimido[2,1 -b ]benzothiazole)carboxylic Acids (43-52). Example:
8-Bromo-4-0xo0 -3 -(4H-pyrimido[2,1-b ]benzothiazole)carbo xylic
Acid (45).

Ethyl 8 -bromo -4-0x0-3-(4H-pyrimido[2,1-b ]benzothiazole)-
carboxylate (6) (25 g., 0.07 mole) was boiled under reflux with
stirring in 48% hydrobromic acid (300 ml.) for 3 hours. The
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cooled mixture was filtered and the product washed with aqueous
alcohol. The crude product weighed 22 g. (100%). Recrystalli-
zation from nitromethane provided analytically pure material.

Ethyl 8-Methoxy-4-0x0-3{(4H-pyrimido[3',2":4.,5 Jthiazolo[3,2a]-
pyrimidine)carboxylate (56).

Condensation and cydlization of 2-amino-6-methoxypyrido-
[2,3-d Jthiazole (55) (10) with diethyl ethoxymethylenemalonate
(2, R = C,Hs) according to the general procedure (A) resulted in
formation of 56 in 73% yield.

2-Amino-6-hydroxybenzothiazole Hydrobromide (54).

A solution of 2-amino-6-methoxybenzothiazole (100 g., 0.55
mole) in 48% hydrobromic acid (1000 ml.) was heated under
reflux with stirring for 4.5 hours. The hot solution was treated
with charcoal and filtered. Crystallization took place on cooling
and the product was removed by filtration. The crude product
(100 g., 74%) was recrystallized from methanol/ether to provide
analytical material which melted at 248-252°.

Anal. Caled. for C7HgN,O0S-HBr: C, 34.02; H,2.86; N, 11.34.
Found: C, 33.88; H,2.92; N,11.29.

General Procedure (C) for the Preparation of Alkyl 8-Alkoxy4-
ox0-3-(4H -pyrimido[2,1 -b ]benzothiazole)carboxylates (26-36).
Example: Ethyl 8.1-Butoxy-4-oxo-3{4H-pyrimido[2,1-b ]benzo-
thiazole)carboxylate (32).

To a warm (60°) solution of 18 (8.0 g., 0.028 mole) and
anhydrous potassium carbonate (7.0 g., 0.05 mole) in DMF (100
ml) was added nbutyl iodide (8.0 g., 0.04 mole). The reaction
mixture was then stirred and heated at 70° for 4 hours, then
poured onto ice and allowed to crystallize. The crude product
(5.0 g., 53%) was recrystallized from ethanol to provide analytical
material.
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