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The Synthesis of 5,6-Dihydro-6-methylthiazolo-
[2,3-b][1,3] benzodiazepines, 2,3,10,11-Tetrahydro-10-
methyl-1H-cyclopenta[4,5] thiazolo[2,3-b] [1,3] benzodiazepine,
and 7,8,9,10,12,13-Hexahydro-13-methylbenzothiazolo[2,3-b] [1,3]-
benzodiazepine via 1,3,4,5-Tetrahydro-5-methyl-2H-1 ,3-benzodiazepine-2-thione

Edward F. Elslager, Donald F. Worth, and S. C. Perricone

Department of Chemistry, Medical and Scientific Affairs Division, Parke, Davis & Company

Catalytic reductive scission of 4-methylcinnoline (V) with Raney nickel afforded o-amino-
B-methylphenethylamine (IV) in 57% yield. Treatment of 1V with carbon disulfide followed by
thermal cyclization of the product furnished 1,3,4,5-tetrahydro-5-methyl-2H-1,3-benzodiazepine-
2-thione (III). Reaction of I with ethyl chloroacetate, ethyl 2-bromohexanoate, ethyl 2-chloro-
acetoacetate, 2-bromo-2'-methoxyacetophenone, and 2-bromoacetophenone provided a series of
substituted 5,6-dihydro-6-methylthiazolo[2,3-b ] [1,3 ]benzodiazepines. Condensation of III with
2-chlorocyclopentanone and 2-chlorocyclohexanone gave 2,3,10,11-tetrahydro-10-methyl-1H-
cyclopenta[4,5 |thiazolo[2,3-b ][1,3 |benzodiazepine and 7,8,9,10,12,13-hexahydro-13- methyl-
benzothiazolo[2,3-b ][1,3 ] benzodiazepine, respectively. Structure assignments are discussed.
None of the compounds possessed appreciable biological activity.

Tetramisole (d!-2,3,5,6-tetrahy dro-6-phenylimidazo-
[2,1-b Jthiazole hydrochloride) (I) (1) is a potent anthel-
mintic with broad action in man (2) and against a variety
of adult and immature gastrointestinal and pulmonary
nematodes in laboratory animals, poultry, and livestock (3).
A previous communication from this laboratory (4)
reported the preparation of 2,3,5,10-tetrahydrothiazolo-
[3,2-6][2,4]benzodiazepine (II) and other related 2,4-

benzodiazepine analogs of tetramisole.
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The present communication describes the synthesis of a
new series of tetramisole analogs derived from 1,3,4.5-
tetrahydro-5-methyl-2H-1,3-benzodiazepine-2-thione (I1I),
namely, 5,6-dihydro-6-methylthiazolo[2,3-b][1,3 ]benzo-
diazepines (VI, VII, VIII, XI, and XII), 2,3,10,11-tetra-
hydro-10-methyl-1H-cyclopenta[4,5 ] thiazolo[2,3-b][1,3]-
benzodiazepine (IX), and 7,8,9,10,12,13-hexahydro-13-
methylbenzothiazolo[2,3-6][1,3 |benzodiazepine (X).

These three ring systems are not listed in “The Ring Index”
(5) and appear to be novel heterocyclic types.

The key intermediate for these new heterocyclic com-
pounds is 1,3,4,5-tetrahy dro-5-methyl-2H-1,3-benzodiaze -
pine-2-thione (III).
revealed that few 1,3-benzodiazepine derivatives have been
reported (5-8), although considerable attention has been
directed toward the synthesis of 1,4- and 1,5-benzo-
diazepines (5,9,10). 1,3,4,5-Tetrahydro-5-methyl-2H-1,3-
benzodiazepine-2-thione (1II) was obtained in 65% yield by
treatment of o-amino-B-methylphenethylamine (IV) with
carbon disulfide, followed by thermal cyclization of the
intermediate dithiocarbamic acid. o-Amino-3-methyl-
phenethylamine (IV) was readily obtained (57%) from the
Raney nickel hydrogenation of 4-methylcinnoline (V).

Condensation of 1,3,4,5-tetrahydro-5-methyl-2H-1,3-
benzodiazepine-2-thione (IlI) with ethyl chloroacetate,
ethyl 2-bromohexanoate, ethyl 2-chloroacetoacetate, 2-
bromo-2'-methoxyacetophenone, and 2-bromoacetophe-
none gave 5,6-dihydro-6-methylthiazolo[2,3-6][1,3]-
benzodiazepin-3(2H)-one (VI) (81%), 2-butyl-5,6-dihydro-
6-methylthiazolo[2,3-5][1,3 ]benzodiazepin-3(2H)- one
hydrochloride (VII) (35%), 5,6-dihydro-3,6-dimethyl-
thiazolo[2,3-b](1,3 ]benzodiazepine-2-carboxylic acid
ethyl ester (VIII) (64%), 5,6-dihydro-3-(o-methoxyphenyl)-
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6-methylthiazolo[2,3-b ][ 1,3 | benzodiazepine (XI) (48%),
and 5,6-dihydro-6-methyl-3-phenylthiazolo[2,3-6][1,3]-
benzodiazepine (XI1) (26%), respectively. Treatment of
5,6-dihydro-6-methyl-3-phenylthiazolo[2,3-6]{ 1,3 | benzo-
diazepine (X1I) with methyl iodide afforded 6,11-dihydro-
6,11-dimethyl-3-phenyl-5H-thiazolo[2,3-6][1,3]benzo-
diazepinium iodide (XIII) (68%), while Raney nickel
desulfurization of XII gave 4,5-dihydro-5-methyl-3<(a-
methylbenzyl)-3H-1,3-benzodiazepine (X1V).

2,3,10,11-Tetrahydro-10-methyl-1H-cyclopenta[4,5]-
thiazolo[2,3-b][1,3 |benzodiazepine (IX) and 7,8,9,10,12,
13-hexahydro-13-methylbenzothiazolo[2,3-b ][ 1,3 |benzo-
diazepine (X), which represent the other two novel
heterocyclic ring systems investigated, were obtained in a
similar manner from 1,3,4,5-tetrahydro-5-methyl-2H1,3-
benzodiazepine-2-thione (1II), 2-chlorocyclopentanone,
and 2-chlorocyclohexanone in yields of 30% and 77%,
respectively.

Structure assignments for compounds VI-XII were
made assuming preferential attack on sulfur by analogy

with the formation of monoeyclic thiazoles. from alpha-
halogenated carbonyl compounds (11). It is tentatively
assumed that ring-closure of these intermediates occurred
on the nitrogen at position 3 of the 1,3-benzodiazepine
ring by analogy with previous work, where 2-methyl-5H-
thiazolo[2,3-b Jquinazoline (XV) was obtained from reac-

tion of 1,2,3 4-tetrahydro-2-thioquinazoline with 2-chloro-
propanone (12). Further, it was observed that neither of
the 5,6-dihydro-6-methylthiazolo[2,3-b][1,3 ]benzodiaze-
pines (VI, VII) containing a carbonyl group showed
a large downfield shift of an aromatic proton in close
proximity to the carbonyl group. Such a shift would
be expected (13) from the corresponding products
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(XVla and b) that would have been obtained if ring-

closure had occurred on the nitrogen at position 1.

CHg

a, R=H
b, R =(CH;),CH,

The compounds described in the present communication
were tested against a broad spectrum of helminths in mice,
including Syphacia obvelata, Nematospiroides dubius,
Hymenolepis nana, and Amplicaecum robertsi. The effects
of the compounds on the central nervous system of mice
and on the inhibition of ADP-induced thrombocyte
aggregation in vitro were also evaluated. None of the
compounds possessed appreciable biological activity in
these test systems.

EXPERIMENTAL (14)

0-Amino-g-methylphenethylamine Dihydrochloride (1V).

To a solution of 54 g. (0.38 mole) of 4-methylcinnoline
(Aldrich Chemical Co.) in 600 ml. of methanol was added 20 g. of
Raney nickel, and the mixture was hydrogenated on a Parr shaker
at an initial pressure of 52 p.s.i.g. After heating at 5658° for 21
hours, the hydrogenation became sluggish. The pressure change
indicated that 88% of the theoretical amount of hydrogen had
been absorbed. A second 20 g. of Raney nickel was added, and
heating was continued for an additional 16 hours, when 919%
of the theoretical amount of hydrogen had been absorbéd.
The catalyst was removed by filtration, and the filtrate was
concentrated to 500 ml. Excess hydrogen chloride was bubbled
into the solution. Addition of ether gave 48 g. (57%) of
beige crystals, m.p. 236° dec.; UV A max (methanol containing
excess sodium hydroxide), 287 mu (e, 2,060), 235 mu (e, 7,030).

Anal. Caled. for CoH 4N, 2HCL: C, 48.44; H,7.23; N, 12.56.
Found: C,48.32; H, 7.03; N, 12.46.

1,3,4,5-Tetrahydro-5-methyl-2H-1,3-benzodiazepine-2-thione (11I).

An aqueous solution of 50 g. (0.22 mole) of o-amino-g-
methylphenethylamine dihydrochloride (IV) was treated with
excess sodium hydroxide solution, and the mixture was extracted
with chloroform. After washing the chloroform extracts with
water and drying over potassium carbonate, the solvent was
removed by rotatory evaporation. The oily residue was dissolved
in 200 ml. of ethanol and added dropwise over 1 hour to a
solution of 30 ml. (0.50 mole) of carbon disulfide in 300 ml. of
ethanol. The shghtly exothermic reaction produced a maximum
temperature of 28°.  After standing for 3 days, the reaction
solution was heated under reflux until hydrogen sulfide evolution
ceased. After cooling, the precipitate which formed was collected
by filtration, washed with ethanol, and was used as an 1ntermed1ate
without further purification, yield, 28 g. (65%), m.p. 171- 181°.
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This material gave an infrared absorption curve essentially
identical to that obtained from a previously prepared analytical
sample of m.p. 180-182°; infrared (carbon tetrachloride) em™L,
3430(m), 3390(m), 1610(m), 1560(s), 1490(s); NMR (dimethyl-
sulfoxide-dg), broad 1 proton singlets at 9.83 and 8.82, 1.16 (3
proton doublet).

Anal. Caled. for C10H12N25‘: C, 6247,
Found: C,62.37; H,6.22; S,16.79.

5,6-Dihydro-6-methylthiazolo[2,3-6][1,3]benzodiazepin-3(2H)-
one (VI).

A mixture of 5.0 g. (0.026 mole) of 1,3,4,5-tetrahydro-5-
methyl-2H-1 3-benzodiazepine-2-thione (III) and 6.4 g. (0.052
mole) of ethyl chloroacetate in 25 ml. of toluene was heated with
stirring  to 100° when a vigorous reactlon took place. After
heating an additional hour at 100- 110 the hot mlxture was
filtered to obtain a crude hydrochloride salt m.p. 236° dec. This
was slurried with dilute, excess ammonium hydroxide, and the
mixture was extracted with chloroform. The combined extracts
were washed with water and dried over potassium carbonate.
Rotatory evaporation gave a solid which upon recrystallization
from 2-propanol yielded 4.9 g. (81%) of pale yellow solid, m.p. 115-
116°; NMR 7.0-7.4 (4 proton multlplet), 1.22 (3 proton doublet);
mfrared (carbon tetrachloride) cm™ ", 1730(s), 1680(w), 1640(s).

Anal. Caled. for CanNgOS C 62.04; H 5.21; N 12.06.
Found: C,61.95; H,5.32; N, 12.27.

2-Butyl-5,6-dihydro-6 - methylthiazolo[2,3-b][1,3 ] benzodiazepin-
3(2H)-one Hydrochloride (VII).

A mixture of 5.0 g. (0.026 mole) of 1,3,4.5-tetrahydro-3-
methyl-2H-1,3-benzodiazepine-2-thione (III) and 6.25 g. (0.028
mole) of ethyl 2-bromohexanoate in 25 ml. of toluene was heated
under reflux for 2 hours. The mixture was filtered hot to obtain
a crude hydrobromide. This was treated with excess, aqueous
sodium hydroxide, and the mixture was extracted with chloro-
form. After drying over potassium carbonate, the extracts were
concentrated to a tan oil. Upon treatment with 2-propanol
containing excess hydrogen chloride there was obtained a precipi-
tate which was collected by filtration, washed with 2-propanol
and dried to Flve 3.0 g. (35%) of colorless crystals, m.p. 163- 166°%;
infrared em™ , 1770(s), 1640(s). A 50 mg. sample of the hydro-
chloride was converted to the oily base. The carbonyl region of the
infrared curve (carbon tetrachloride) was very similar to the curve
obtained from VI, with absorption at 1730(s), 1680(w), and
164(s) em™!.

Anal. Caled. for C14HooN20S-HCL:  C, 59.15; H, 6.52;
N, 8.62; S, 9.87; Cl, 10.92. Found: C, 59.01; H, 6.59; N,
8.21; S,9.83; Cl, 11.10.

5,6-Dihydro-3,6 -dimethylthiazolo{2,3-6 ][1,3 ] benzodiazepine-2-
carboxylic Acid Ethyl Ester (VIiI).

A mixture of 5.0 g. (0.026 mole) of 1,3,4,5-tetrahydro-5-methyl-
2H-1,3-benzodiazepine-2-thione (III) and 8.6 g. (0.052 mole) of
ethyl 2-chloroacetoacetate in 25 ml. of toluene was heated under
reflux for 3 hours while water was removed in a Dean-Stark trap.
After coolmg to room temperature, a crude hydrochloride
(m.p. 203- 205° dec. ) was collected by filtration. This was stirred
into a mixture of excess ammonium hydroxide and chloroform.
The aqueous layer was separated and washed with chloroform.
The combined chloroform extracts were dried over potassium
hydroxide and concentrated by rotatory evaporation to an oil which
crystallized on scratching. Recrystallization from acetommle gave
5.0 g. (64%) of pale yellow prisms, m.p. 142- 144°; NMR 6.8-7.3
(4 proton multiplet), 2.47 (3 proton singlet), 1.23 (3 proton

H, 6.29; S, 16.67.
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doublet), 1.30 (3 proton triplet); infrared em™, 1710(s), 1630(s).

Anal. Caled. for Cy6H;gN,0,8: C, 63.55; H, 6.00; N, 9.27.

Found: C,63.77; H, 5.96; N, 9.34.

2,3,10,11-Tetrahydro-10-methyl-1H-cyclopenta[4,5]thiazolo-
[2,3-b]1[1,3 ]benzodiazepine (1X).

A mixture of 5.0 g. (0.026 mole) of 1,3,4,5-tetrahydro-5-methyl-
2H-1,3-benzodiazepine-2-thione (III) and 6.2 g. (0.052 mole) of
2-chlorocyclopentanone (Aldrich Chemical Co.) was heated under
reflux for 2 hours in 25 ml. of toluene while water was removed
in a Dean-Stark trap. After cooling to room temperature, the
supernatent liquid was decanted, and the tarry residue was
triturated with 2-propanol to give the crude hydrochloride salt
as a tan solid, m.p. 236° dec. This was treated with excess, dilute
sodium hydroxide, and the mixture was extracted with chloro-
form. After drying over potassium carbonate, and treatment with
charcoal, the chloroform was removed leaving an oil which
crystallized on scratching. Two recrystallizations from acetonitrile
gave 2.0 g. (30%) of light tan solid, m.p. 131-133°; infrared cm™!
2860(m), 1640(s), 1570(s), 760(s).

Anal. Caled. for C;5sH1gN,S: C, 70.27; H, 6.29; N, 10.93.
Found: C,70.34; H, 6.31; N, 10.96,

7,8,9,10,12,13-Hexahydro-13-methylbenzothiazolo [2,3 -b][1,3]-
benzodiazepine (X).

A mixture of 3.0 g. (0.026 mole) of 1,3,4,5-tetrahydro-5-
methyl-2H.1,3-benzodiazepine-2-thione (III) and 6.9 g. (0.052
mole) gf 2-chlorocyclohexanone in 50 ml. of toluene was heated
to 100" when melting, foaming, and then resolidification occurred.
After heating an additional hour under reflux, the insoluble hydro-
chloride was collected by filtration. This was treated with excess
dilute sodium hydroxide, and the mixture was extracted with
chloroform. The extracts were washed with water, dried over
potassium carbonate, and concentrated. Recrystallization of the
residue from acetonitrile gave 5.4 g. (77%), m.p. 158-159°;
infrared cm_l, 2840(m), 1640(s), 1570(s), 760(s).

Anal. Caled. for C1gH1gN2S: C, 71.07; H, 6.71; N, 10.36.
Found: C,71.01; 11, 6.51; N, 10.21.

5,0-Dihydro-3-(o-methoxyphenyl)-6-methylthiazolo[2,3-6][1,3]-
benzodiazepine (XI).

A mixture of 2.4 g. (0.012 mole) of 1,3,4,5-tetrahydro-5-
methyl-2H-1,3-benzodiazepine-2-thione (IlI) and 3.2 g. (0.014
mole) of 2-br0m0-2’-methoxyacetophenone in 100 ml. of 2-
methoxyethanol was heated under reflux for 3 hours. The solvent
was removed on a rotary evaporator, and the residue was triturated
with 2-propanol to obtain a solid which upon recrystallization
from 2-propanol gave 2.4 g. (48%) of a pale yellow solid, m.p.
241-243"; NMR 6.89 (1 proton singlet), 3.85 (3 proton singlet),
1.18 (3 proton doublet); infrared em Y, 1630(s).

Anal. Caled. for Ci9HgN,0S-HBr: C, 56.58; H, 4.75; N,
6.95. Found: C,56.43; H, 4.85; N, 6.95.

5.6-Dihydro-6-methyl-3-phenylthiazolo[2,3-6][1,3 ] benzodiaze -
pine (XI11).

A mixture of 5.0 g. (0.026 mole) of 1,3,4,5-tetrahydro-5-
methyl-2H-1,3-benzodiazepine-2-thione (III) and 10.3 g. (0.052
mole) of 2-bromoacetophenone in 50 ml. of toluene was heated
under reflux for 1 hour while water was collected in a trap. The
mixture was filtered while hot to obtain the crude hydrobromide.
Treatment with excess, aqueous sodium hydroxide and extraction
of the mixture with chloroform, followed by drying over potassium
carbonate and concentration on a rotary evaporator, gave a
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brown solid. Recrystallization from 2-propanol and then aceto-
nitrile gave 2.0 g. (20%) of pale yellow crystals, m.p. 137-140;
NMR 6.8-7.6 (9 proton multiplet), 5.92 (1 proton singlet), 1.25
(3 proton doublet).

Anal. Caled. for CigHy N2 S: C, 73.94; H, 5.52; N, 9.58.
Found: C, 74.08; H, 5.54; N, 9.53.

6,11-Dihydro-6,1 1-dimethyl-3-phenyl-5H-thiazolo(2,3-6][1,3] -
benzodiazepinium lodide ( X11I).

A solution of 0.50 g. (0.0017 mole) of 5,6-dihydro-6-methyl-3-
phenylthiazolo[2,3-b][1,3 ] benzodiazepine (XII) in 15 ml of
methyl iodide was heated under reflux for 2 hours. . Upon cooling
the yellow precipitate was collected by filtration and recrystallized
twice from ethanol to give 0.50 g. (68%) of pale yellow needles,
m.p. 225.226°dec.; NMR 7.2.7.6 (10 proton multiplet), 1.38 (3
proton doublet); infrared ecm™", 1590(m), 1540(s), 1490(s).

Anal. Caled. for C;9H9IN,S: C, 52.54; H, 4.41; N, 6.45.
Found: C,52.57; H,4.42; N, 6.24.

4,5-Dihydro-5-methyl-3-(@-methylbenzyl)-3H-1,3-benzodiazepine
(XIV).

To a solution of 0.50 g. (0.0017 mole) of 5,6-dihydro-6-
methyl-3-phenylthiazolo[2,3-b][1,3] benzodiazepine (XII) in 200
ml. of ethanol was added 12 g. of a 50% slurry of Raney nickel in
water (W. R. Grace) and the mixture was heated under reflux for
6 hours. After cooling to room temperature the catalyst was
removed by filtration and the filtrate was concentrated to an oil.
Treatment of an ether solution of this oil with excess hydrogen
chloride in 2-propanol gave a precipitate which on crystallization
from acetone yielded 0.05 g. of colorless crystals, m.p. 269.272°.

Anal. Caled. for CygH,oNo2-HCL: C, 71.86; H, 7.04; N, 9.31.
Found: C, 71.54; H, 7.01; N,9.17.
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