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A number of 5-alkyl-2-arylsulfonamido-1,3,4-thia- and oxadiazoles has been
prepared. Several of them exerted a powerful hypoglycemic activity in rats and
rabbits following oral administration.

FEarly investigations of the hypoglycemic activity of 2-(p-aminoben-
zenesulfonamido-5-isopropyl-1,3,4-thiadiazole? . revealed that hypo-
glycemic activity was generally exerted by a great number of related
sulfanilamidoalkylthiadiazoles. Optimal activity was found in com-
pounds possessing an alkyl group comprising three to five carbon
atoms. The finding that 2-benzenesulfonamido-5-isopropyl-1,3,4-
thiadiazole was inactive made Bovet and Dubost? conclude that the
p-amino group was a prerequisite for hypoglycemic activity in this
series of compounds. During our experiments®* with hypoglycemic
sulfonyl urea derivatives of the general type RSO,.NHCONHR/’
we had obtained evidence that there are very specific structural
requirements on the middle (SO.NHCONH) section of the molecule
but that the end groups R and R’ may vary within fairly wide limits;
the p-amino group in carbutamide, e.g., is by no means essential.
It therefore occurred to us that similar conditions might hold true
for the thiadiazole derivatives. Consequently we started the in-
vestigation of a number of such compounds in which the substituent

(1) Part II, J. Med. Pharm. Chem., B, 240 (1962).

(2) See Part I, ibid., 5, 231 (1862), refs. 1-4.

(3) B. Hokfelt and A, Jonsson, ibid., 8, 231 (1962).
(4) B, Hékfelt and A. Jénsson, ibid., 8, 240 (1962).
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in the phenyl nucleus was varied to elucidate the possibility of finding
useful therapeutic agents, A few similar studies have heen published
recently.” Because of the close connection between 1,3,4-thiadi-
azoles and 1,3,4-oxadiazoles (¢f. Brooks et al.?) a number of oxadiazole
derivatives were also included in the investigation.

Evaluation of the Hypoglycemic Effect.—The compounds, either in
form of aqueous solutions of their sodium salts or as suspensions in
water containing 0.19% Tween 80 and 19, low viscosity CMC, were
tested for oral hypoglycemic effect in rabbits by the method previ-
ously deseribed.? Some of the more interesting compounds were also
tested in the rabbit after subcutaneous administration and also in
the rat administered both perorally and subcutancously. In the
latter case white, inbred rats weighing 200 to 300 ¢. were fasted 12
to 18 hr. prior to drug administration. Blood sugar determinations
were performed principally in accordance with what has heen de-
scribed for the rabbit at different intervals for a 24 hr. period. In
the Tables the hypoglycemic potency has been graded from -+ to
+ 4+ referring to the lowest blood sugar level registered within 8
hr. following the administration of the substance; + -4 corresponds
to the hypoglycemic effect exerted by the same dose of 1-p-toluene-
sulfonyl-3-n-butylurea. Compounds less potent than this standard
but still definitely active have been designated by -+ and those
definitely more active by -+ 4. Parentheses have been used to
indicate a less clear cur result. Zero sign has been used to denote
either lack of effect on blood sugar level or hyperglycemic response.
In those instances where the hypoglycemic effect is presented in di-
agrams absolute blood sugar values are given.

Results and Discussion

The results of the screening by oral administration in rabbits are
given in Tables I-II1. The thia- and oxadiazole derivatives presented
in Tables T and IT are generally active whereas a variety of closely
related compounds in Table ITT are inactive. This justifies the con-
clusion that as in the sulfonylurea series there are also in these new
compounds very specific requirements on the structure of the central
part of the molecules, whereas the terminal groups are less specific,

(5) F. L. Chubb and J. Nissenbaw, Canadian Chem. J., 16, 58 (1358).

(6) J. D. Brooks, P. T. Charlton, P. E. Macey, . A. Peak, and W. F. Short, .J. Chem. Noc.,
452 (1950),
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Bilood sugar Bleod sugar
mg % mg %
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) \ e)
0o b o 100 {0\, -0 L
~~0u t-" D 860 N A" osso
00 g o 8| Omo "
60 so L
Oral administration of 0.5g/kg Subcutaneous adm. of 0.25g/kg
40 L_ as,sodium salt. 40 L s sedium salt,
IS S N R S S TR e el ——————
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[ 2 4 8 B 10 12 24 Hours 0 2 4 B 8 10 2 24 Hours
after adm, after adm.
Blood sugar Blood sugar
me% mg %
140 L 140 D860 0.25 g/kg
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100 100 O~ P 0.5g/kg
H/' X P
80 BT~ Lo 80 L 0- -~
~o. /ﬂ’ X
s0 - -0 D 860 50
4«0 f. Oral adminisiration of 0.25g/kg 40 Subculaneous ‘adm. sodium salt.
as sodium salt,
e ——_———r—a e ——————_———— i ——L.

3 1L
[ 2 4 & 8 10 1 24 Hours 0 2 4 8 B 10 12 26 Hours
after adm atter adm.

Fig. 1.—Effect of JM 347, JM 389 and D 860 (tolbutamide) on the blood sugar
level of rabbit: mean values for 3 to 10 animals.

and may vary considerably. In agreement with earlier findings op-
timal activity was found in compounds carrying three to five carbon
atoms in the alkyl side chain. The conclusion of Bovet and Dubost?
(ref. 2) based on results with 2-benzenesulfonamido-5-isopropyl-
thiadiazole that a p-amino group should be essential was found to be
incorrect. Not only could it be substituted by a wide number of other
groups but also the unsubstituted parent phenyl derivatives possessed
considerable activity. The influence of substitution in the phenyl
nucleus is approximately the same as was found in the sulfonyl-
ureas. The only compound tested with an aliphatic side chain, 5-n-
amyl-2-n-hexanesulfonamido-1,3,4-thiadiazole, seems to exert only
moderate hypoglycemic activity.

Generally the oxadiazole derivatives produce a greater reduction of
the blood sugar concentration in rabbits than the thiadiazoles. The
effect is, however, of fairly short duration, suggesting either a rapid
excretion or a rapid break-down in the organism. In view of the
results from studies with sulfanilamido6xadiazoles as antibacterial
agents reported by Brooks, et al.,® the latter appears to be the most
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Fig. 2.—Effcet of JM 347, JM 389, and ) 860 (tolbutamide) on the blood sugar
level of rut: mean values for 3 to 10 animals.

probable reason. It is interesting that whereas the decrease in blood
sugar concentration obtainable with carbutamide does not exceed
about 309, these new compounds in high doses often seem to induce
much greater reductions. It is noteworthy that in some instances
the blood sugar response following oxadiazoles when compared to
those after an equal dose of 1-p-toluenesulfonyl-3-n-butylurea was
less pronounced in the rat than in the rabbit.”

Experimental®

5-Alkyl-2-amino-1,3,4-thiadiazoles.—These compounds were prepared from
thiosemicarbazide and the appropriate acyl chloride following the general direc-
tions given by Wojahn and Wuckel.? Most of the substances have been described
by these authors and by Ohta and Higashijima.?® The 5-n-heptyl derivative

(7) After the completion of this investigation some similar thiadiazoles have been described
by F. L. Chubb and J. Nissenbaum [Can. J. Chem., 87, 1121 (1959)] and by D. McColl [Appl.
Therapeutics, 2, 203 (1960)]. One of them, 2-p-methoxybenzenesulfonamido-3-isobutyl-1,3,4-
thiadiazole (Stabinol@) has been successfully tested clinically by M. F. Healy and J. D. Arneaud,
(Brit. Med. J., 1960 II, 913).

(8) All melting points are corrected.

(9) H. Wojahn and H. Wuckel, Avrch. Pharm., 284, 53 (1931).
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appears to be new and its analytical data are included in Table IV.
5-Alkyl-2-amino-1,3,4-0xadiazoles.—These compounds were prepared by
acylating thiosemicarbazide with the appropriate acid anhydride and treating
the acylthiosemicarbazide thus obtained with lead oxide as described by Stollé
and Fehrenbach! (¢f. Brooks et al.%) for the synthesis of 2-amino-5-methyl-1,3,4-
oxadiazole. Melting points and analytical data are given in Table IV.
2.Amino-5-isopropylthiazole was prepared according to Sunagawa et al.,’? and
2-amino-5-n-butylthiazolone-4 according to Nicolet and Bate.!3

2-Amino-4-methyl-5-isopropylthiazole.—3-Bromo-4-methylpentanone-2 (269
g., 1.5 mole), obtained by bromination of methyl isobutyl ketone!41s was slowly
added to a solution of thiourea (129 g., 1.7 mole) in water (150 ml.). When the
vivid reaction subsided the mixture was heated under reflux for a further 2 hr.
After cooling the mixture was made strongly alkaline by the addition of 309,
sodium hydroxide solution. An oil separated which slowly crystallized. Crystal-
lization from petroleum ether afforded coarse prisms, m.p. 71-73° (lit.2¢ m.p. 72-
73°), yield 158 g. (67%).

2-Amino-4-isobutylthiazole was obtained similarly in 859, yield from 1-bromo-
4-methylpentanone-2. The product formed an oil, b.p. 131° (9 mm.) (lit.1
b.p. 111-112.5° (1.5 mm.)), which slowly crystallized. Recrystallization from
petroleum ether afforded prisms, m.p. 53-54°.

Sulfonamidoheterocycles.—The aminoheterocycles were converted into sul-
fonamido compounds by treatment with an equivalent amount of the respective
sulfonyl chloride in pyridine solution. In general the mixture was cooled in
water in order to prevent the temperature from rising above about 30° and the
mixture was kept at room temperature for 2 days. In the preparation of the
thiadiazole derivatives, however, it was found advantageous to carry out the
reaction at 100° for 2 hr. The reaction mixture was poured into excess 2 N
hydrochloric acid, the product which separated was taken up in ether, chloroform
or benzene, washed with water and extracted with N sodium hydroxide. Acidi-
fication of the alkaline extract afforded the crude sulfonamido compound which
was further purified by crystallization. Melting points and analytical data of
the compounds are given in Tables I-III. The yields of purified compounds were
generally in the order of 509,. The main by-products were alkali-insoluble disul-
fonyl derivatives. In some experiments these were isolated (Table III, Nos.
214, 215, 272, 353, 354). They were easily converted into the corresponding
monosulfonyl derivatives by boiling 109, aqueous-ethanolic sodium hydroxide
solution. The formation of such neutral disulfonyl derivatives has been re-
ported.16.17

(10) M. Ohta and T, Higashijima, J. Pharm. Soc. Japan, 72, 376 (1952); from Chem. Abstr.,
47, 3856 (1933).

(11) R. Stollé and K. Fehrenbach, J. prakt. Chem., [2) 122, 289 (1929).

(12) G. Sunagawa, S. Okada, and H. Hamatsu, J, Pharm. Soc. Japan, T8, 879 (1953); from
Chem. Abstr., 48, 8777 (1954).

(13) B. H. Nicolet and L. F. Bate, J. Am. Chem. Soc., 49, 2064 (1927).

(14) H. M. E, Cardwell and A, E. H. Kilner, J. Chem. Soc., 2430 (1951).

(15) J. R. Catch, D. F. Elliot, D. H. Hey, and E. R. H. Jones, J. Chem. Soc., 272 (1948).

(16) K. A. Jensen and Th. Thorsteinsson, Dansk Tidsskr. Farm., 15, 41 (1941).

(17) K. A. Jensen and B. Possing, Dansk Tidsskr. Farm., 16, 191 (1941).
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4-Isobutylthiazole-2-thiol.—To a stirred mixture of ammonium dithiocarbamate
(200 g., 1.8 mole) and absolute ethanol (500 ml.) there was slowly added 1-
bromo-4-methylpentanone-2 (208 g., 1.15 mole) with cooling in tap water.
When the vigorous reaction had subsided the mixture was refluxed for a further
2hr. Most of the solvent was removed under reduced pressure on a water bath.
Water (750 ml.) was added and the oil which separated was taken up in ether,
washed with water and dried (CaCls). After evaporation of the ether the re-
maining oil crystallized on cooling. Crystallization from petroleum ether
afforded coarse prisms, m.p. 66-67°; vield 110 g. (559,).

Anal. Caled. for C:H;NS:: C, 48.5; H, 6.40; N, 8.08. Found: C, 48.9;
H,6.44; N,7.92.

5-Isopropyl-4-methylthiazole-2-thiol was obtained similarly in 579, yield from
3-bromo-4-methylpentanone-2 as needles from petroleum ether, m.p. 132.5-
133.5°.

Anal. Caled. for G;H;NS,: C, 48.5; H, 6.40; N, 8.08. Tound: C, 48.8;
H, 6.45; N, 8.05.

4-Isobutyl-2-p-nitrobenzenesulfonylthiazole was prepared by the general
method of Backer and Buisman.® 4-Isobutylthiazole-2-thiol (32.2 g., 0.215
mole) was added to a solution of sodium (5.0 g., 0.215 mole) in absolute ethanol
(100 ml.) followed by p-nitrochlorobenzene (34 g., 0.24 mole). The mixture
was refluxed for about 12 hr. and the solvent was removed under reduced pressure
on a water bath. The remaining oil could not be induced to crystallize and was
dissolved in glacial acetic acid (300 ml.) and slowly treated on the water bath
with 309, hydrogen peroxide (100 ml.) during 3 hr. Water (600 ml.) was added
and the precipitated oil was forced to crystallize by cooling and scratching.
Crystallization from ethanol and from benzene-petroleum ether afforded prisms,
m.p. 116-117.5°; yield, 36 g. (51%,).

Anal. Caled. for CisHiuN:0:S:: C, 47.8; H, 4.32. Found: C, 47.7; H, 4.43.

2-p-Nitrohbenzenesulfonyl-4-methyl-5-isopropylthiazole was prepared similarly
from 5-isopropyl-4-methylthiazole-2-thiol in 77% yield; m.p. 161.5-163.5°.

Anal. Caled. for C;HN20,8;: C, 47.8; H, 4.32; N, 8.58. Found: C, 48.2;
H, 4.39; N, 8.70.

2-p-Aminobenzenesulfonyl-5-isopropyl-4-methylthiazole.—To a mixture of
2-p-nitrobenzenesulfonyl-4-methyl-5-isopropylthiazole (10 g., 0.033 mole), 967
ethanol (200 ml.) and concentrated hydrochloric acid (0.5 ml.), iron powder
(100 g.) was added. The mixture was refluxed for 10 hr., made alkaline with
ammonium hydroxide solution and filtered. The iron sludge was thoroughly
washed with ethanol and the combined filtrate and washings concentrated to
about 100 ml. Concentrated hvdrochloric acid (100 ml.) and water (200 ml.)
were added and the solution was treated with decolorizing carbon, filtered and
made alkaline with ammonia. On cooling colorless plates were obtained (6.5
g.,679). Melting point and analvtical data are given in Table II11.

2-p~Aminobenzenesulfonyl-4-isobutylthiazole was obtained similarly in 539,
vield from 2-p-nitrobenzenesulfonyl-4-isobutylthiazole: see Table TT1.

(18) H. J. Backer and J. A, K. Buisman, Rec. trav. chim., 64, 102 (1945).

(19) R. Dahlbom and T. Ekstrand, Svensk Kem, Tidskr., 86, 122 (1943).
(20) A. R. Frisk, Acta Med. Scand,, 143, Suppl. T (1942).
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Dihydro-m-benzoxazines were prepared by condensation of phenols, g-naphthol
and 7-hydroxycoumarins with formaldehyde and primary amines. The prod-
ucts were quaternized or cleaved hydrolytically to aminophenols which could be
condensed with aromatic aldehydes to yield 2-substituted dihydro-1,3-oxazines.
From hydroquinone, isomeric pairs of bis-dihydrodxazines were obtained and
structures assigned on the basis of dipole measurements. The dihydro-m-
oxazines as a class show inhibition of adenocarcinoma E0771. This activity is
retained in the corresponding methiodides and aminophenols as well as non-
benzenoid tetrahydro-m-oxazines.

Introduction.—The organic chemist’s intensive efforts to synthesize
compounds which will inhibit unrestricted neoplastic growth have
led to effective agents which may be grouped into three categories:
(a) alkylating agents, (b) antimetabolites and (c) diverse unrelated
compounds which have been discovered either by random antitumor
screening or because of a special therapeutic interest in some other

Abbreviations Used in Tables I-X.—Solvents: a, (methylene chloride-) meth-
anol; b, (methylene chloride-) ethanol; ¢, (methylene chloride-) benzene; d,
(methylene chloride-) ethyl acetate; e, (methylene chloride-) cyclohexane; f,
(methylene chloride-) heptane; g, chloroform; A, methanol-ether; ¢, water.
Substituent groups: j, 3-picolyl; k&, 4-picolyl; {, 3,4-dimethoxyphenethyl;
m, 2-picolyl; p, 4-pyridyl; ¢, 3-pyridyl; r, 2-pyridyl. Other: =, partial destruc-
tion on chromatography; o, 0.01 molar in benzene except 0.004 molar for no.
76,77, 84, 85; s, orally active.

(1) To whom inquiries should be directed at the Chemistry Department, University of
Vermont, Burlington, Vt.



