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

rabbits following oral administration. 

Early investigations of the hypoglycemic activity of 2-(p-aminoben- 
zenesulfonamido-5-isopropyl-l,3,4-thiadiazole2 revealed that hypo- 
glycemic activity mas 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 Dubost2 conclude that t,he 
p-amino group was a prerequisite for hypoglycemic activity in this 
series of compounds. During our experiments3s4 with hypoglycemic 
sulfonyl urea derivatives of the general type RS02NHCOKHR' 
we had obtained evidence that there are very specific structural 
requirements on the middle (S02YHCOSH) 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 essent,ial. 
It therefore occurred to us that, similar conditions might hold true 
for the t'hiadiazole derivatives. Consequently me started the in- 
vestigation of a number of such compounds in which the substituent) 

(1) Part 11, J .  Med. Pharm. Chem., 6, 240 (1962). 
(2) See Part I, ibid., 5, 231 (l962),  refs. 1-4. 
(3) B. Hokfelt and A. JSnsson, ibid., 5, 231 (1962). 
(4) B. Hokfelt and A. Jonsson, ibid., 6, 240 (1962). 



in the phenyl nucleuc; mas varied to elucidate thc possitiility of fiiidiiig 
useful therapeutic agents. A feir similar htiidie\ h:i\-t. I~ccn puhliilied 
r e ~ e n t l y . ~  Because of the close connection hetwecn 1,3,4-thiadi- 
azoles and 1,3,4-osadiazoles (cf. Brook? et a1 6, a numhcr of owdiazolc 
derivatives were also included i i i  the investigation. 

Evaluation of the Hypoglycemic Effect.-The rompouiids. c>ither I I I  

form of aqueous soltit i o i i h  of their :,odium sit l~s or :ib huapeiik~iis i i i  

water coiitaiiiiiig 0 170 Tnecii 80 and 1% 1011 x iscosity C‘JIC, \ V P I ( ~  

tested for oral hypoglycaemico effect 111 ixhbits hy the method pie\ I -  

ously desrrihed ? Somc of tht. mole iiiteresting compounds 11 ere also 
tested i i i  the  rahllit rLft(>i >iihitaiieou> admiiiistratioii ttiicl alba I I I  

the rat xdmiiiibtt.ircl h t h  perorally aiitl 3iibc.utaiic,ou%l! 111 t 110 
latter raw nhi te ,  1111)twl i a (s  ncig2iiiig 200 to 300 g. { { V I C J  ia 
to 18 hr. prioi t o  drug dniitii tioil. Blood sugar detwiniiiat i o n <  

were pertornled priiicqxilly in : i ( * w r ( l ~ t t i c ~ ~  n i t  ti what has 1 ) w i i  t i ( , -  

acrihed for the. iahhit at diffcreiit iiitervals for a 24 kir. p ~ r i o d .  111 

the Tahleb t hc hypoglyrwi~ic. potency has beeii graded froin + t o  
+ + + idci.i-iiig t o  t k i c k  1r)ne‘t t)lood sugar le\-el regis te id  ithin 8 
hr. following the :~cfninii~tration of the mhstunce; + + c+oiwbpoiid\ 
to the hypoglycwnic~ effwt rwrted by the same dose of I-p-tolurnc- 
sulfonyl-3-n-biityliir~~~i Compounds lrs, potent thaii I 111% itniidarrl 
but still defiiiitcly aviix,(\ have been dcsignated l q  + atid tho+ 
definitely moic wt ivc  h y  ++ + Parentheses ha\ c I m i i  u>ed to  
indicate a less vicar ciit rrsult.  Zero sign haa been used t o  tleiiotc’ 
either lack of eff w t  oil I h o d  hiigar level or hyperglycemic respoiiw 
In those instance% whert. the  hypoglycemic. effrrt is proseiited iii dl- 
ngrams absolutc blood qi igir  values are given 

Results and Discussion 

The results of the s~reeiiiiig by oral adniiiiiqtratioii in rnhbitq arc 
given iu Tahlw 1-111 T h t  thia- and oxadiazole derivative5 presented 
in Table, I aiid I1 are griierally active whereas a variety of cloiely 
related compounds 111 Tablc I11 are iiiacti\ c This justifies the coii- 
clusion that a:, iii the srilfonylurea ierics there are alm in these nen 
compounds very specific requirements on the structure of the central 
part of the moleculei, \vhcr(’a> the terminal groupq arc l e k -  ipccifir, 

( 5 )  I‘ I C hitbh and I hissenbauiii Cmadiari  C i r m  I 10, 58 ( 1 0 % )  
(6) J. D Hroohs P 1 Ctirirlton P I’ \ I W C T ,  D \ PrnL .ind TF I ~ i i o i t  I C h r n  Ynr  

-182 (1950) 
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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 Dubost2 
(ref. 2 )  based on results with 2-benzenesulfonamido-5-isopropyl- 
thiadiazole that a p-amino group should be essential was found to be 
incorrect. Kot only could it be substituted by a wide number of other 
groups but also the unsubstituted parent phenyl derivatives possessed 
considerable activity. The inff uence 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- 
amy1-2-n-hexanesu1fonamido-1,3,4-thiadiazo1e1 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 sulfanilamidooxadiazoles as antibacterial 
agents reported by Brooks, el aL16 the latter appears to be the most 
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Fig. 2. - M e e t  of J M  3-17, JM 38!1, arid 1) 860 (toltJiitaiiiido) 011 the blood sugar 
level of rat: nican values for 3 to  10 animalb. 

probable reason. It is iiiteresting that whereas the decrease in blood 
sugar concentration obtainable u ith carbutamide does not exceed 
about 307,, these new compounds in high doses often seem to induce 
much greater rcductionr. It is noteworthy that in iome iiistancct 
the blood 5ugnr responte following oxadiaxoles whcii compared to  
those ai'tcr an c~111al dose of 1 -p-tolueiiesulfonyl-S-n-hutylurea \vat 

less pronounced in the rat than in the rabbit.7 

Experimen tals 
5-Alkyl-2-amino-1,3,4-thiadiazoles.-The~e cwnpounds were prepared froni 

thiosemicwbazide and the appropriate acyl rhlorid(~ folloiving the gencral dire(:- 
tions given by Wojahn and TTTuckrl.Y M o s t  of the substances have been described 
by these authors and by Ohta and Higashijirna.'o The 5-n-heptyI derivative 

(7) After the completion of this investigation some similar thiadiasoles have been described 
by F. L. Chubb and J. Nissenbaum [Can. J .  Chem., 37, 1121 (1959)l and by 11. RlcColl [ A d .  
Therapeutics, 2 ,  203 (1960) 1. One of them, 2-p-methoxybenzenesulfonamido-.5-isobutyll,3,4- 
thiadiazole (Stabinol8) bas been successfully tested clinically by %I. F. Healy and J. D. Arneaud, 
(Bri t .  M e d .  J., 1960 11, 913). 
(8) All melting points are corrected. 
(9) H. Wojahn and H. Wuckel, Arch. Phavm., 284, 53 (1951). 



appears to be new and its analytical data are included in Table IV. 
5-Alkyl-2-amino--amino-1,3,4-oxadiazoles.-These compounds were prepared by 

acylating thiosemicarbazide with the appropriate acid anhydride and treating 
the acylthiosemicarbazide thus obtained with lead oxide as described by Stoll6 
and Fehrenbach" (cf. Brooks et aZ.6) for the synthesis of 2-amino-5-methyl-1,3,4- 
oxadiazole. 
2-Amino-5-isopropylthiazole was prepared according to Sunagawa et U Z . , ' ~  and 

2-amino-5-n-butylthiazolone-4 according to Nicolet and Bate.'* 
2-Amino-4-methyl-5-isopropylthiazole.-3-Bromo-4-methylpentanone-2 (269 

g., 1.5 mole), obtained by bromination of methyl isobutyl ketonel4>l6 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 30% 
sodium hydroxide solution. An oil separated which slonly crystallized. Crystal- 
lization from petroleum ether afforded coarse prisms, m.p. 71-73' (lit.'4 m.p. 72- 
73"), yield 158 g. (67%). 

2-Amino-4-isobutylthiazole was obtained similarly in 85% yield from l-bromo- 
4-methylpentanone-2. The product formed an oil, b.p. 131' (9 mm.) (lit.'4 
b.p. 111-112.5' (1.5 mm.)), which slowly crystallized. Recrystallization from 
petroleum ether afforded prisms, m.p. 53-54'. 

Su1fonamidoheterocycles.-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 a t  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 A' 
hydrochloric acid, the product which separated was taken up in ether, chloroform 
or benzene, washed with water and extracted with S 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 1-111. The yields of purified compounds were 
generally in the order of 50%. The main by-products were alkali-insoluble disul- 
fonyl derivatives. In some experiments these were isolated (Table 111, Nos. 
214, 215, 272, 353, 354). They were easily converted into the corresponding 
monosulfonyl derivatives by boiling 10% aqueous-ethanolic sodium hydroxide 
solution. The formation of such neutral disulfonyl derivatives has been re- 
ported.'ev1' 

Melting points and analytical data are given in Table IV. 

(10) M. Ohta and T. Higashijima, .I. Pharm. Soc. Japan,  73, 376 (1952); f rom Chem. Abstr., 

(11) R Stoll6 and K. Fehrenbach, .I. prakt. Chem., [2] 122, 289 (1929). 
(12) G.  Sunagawa, S. Okada, and H. Hamatsu, J .  Pharm. Sac. Japan,  73 ,  879 (1953); from 

(13) B. H. Nicolet and L. F. Bate, J .  A m .  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 Tzdsskr. Farm., 16, 41 (1941). 
(17) K. -4. Jensen and B. Possing, Dansk Tadsskr. Farm., 16, 191 (1941). 

41, 3856 (1953). 

Chem. Abstr.,  48, 8777 (1954). 



4-Isobutylthiazole-2-thiol.-To a stirred mixture of amnioniiim dithioo:trl)am:Ltc. 
(200 g., 1.8 mole) and absolute ethanol (500 nil.) there was slowly added 1- 
hromo-4-methylpentanone-2 (208 g., 1.15 mole) with cooling in tap water. 
When the vigorous reaction had subsided the mixture wa8 refluxed for a further 
2 hr. Most of the solvent was removed under reduced pressure on a wtt'er hath. 
Water (750 ml.) was added and the oil which separated was t8:tken up in ether, 
washed with water and dried (CaC12). After evaporation of the ether the re- 
maining oil crystallized on cooling. Crystallization from petroleum ether 
afforded coarse prisms, m.p. 66-67'; yield 110 g. (55%,). 

Anal. Cdcd. for C7Hll-PIIS2: C, 48.,5; H, 6.40; S, 8.08. Foiincl: C, 48.9; 
H, 6.44; N, 7.92. 
5-Isopropyl-4-methylthiazole-2-thiol was obtained similarly in 57% yield from 

3-bromo-4-methylpentanone-2 as needles from petroleum ether, m.p. 132.5 - 
133.5'. 

Anal. Calcd. for C,H11NS2: C. 48.5; H, 6.40; N, 8.08. Foiind: C, 48.8; 
H, 6.45; N, 8.05. 
4-Isobutyl-2-p-nitrobenzenesulfonylthiazole was prepared by the general 

method of Backer and Buisrnan.l8 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 mi.) followed by p-nitrochlorobenzene (34 g., 0.24 molej. The mixture 
was refluxed for about 12 hr. and the solvent \\-as removed under reduced pressure 
on a water bath. The remaining oil could not be induced to crj-stallize and was 
dissolved in glacial acetic acid (300 ml.) and slowly treated 011 the m t e r  hath 
with 30% hydrogen peroxide (100 nil.) during 3 hr. Kater (600 nil.) was :Lcldecl 
and the precipitated oil !?as forced to crystallize by cooling and scratch in^. 
Crysta,llization from et,hanol and from henzene-petroleum ether afforded prisnis, 
m.p. 116-117.5'; yield, 36g. (51yo). 

Anal. Calcd. for CISH~&~iLO&: C, 47.8; H, -1.32. Found: C! 47. i ;  H, 4.48. 
2-p-NitrobenzenesulfonyI-4-methyl-5-isopropylthiazole was prepared similarly 

from 5-isopropyl-4-methylthiazole-2-thiol in 77% yield; m.p. 161.5-163.5'. 
Anal. Found: C, 48.2; 

H, 4.39; N, 8.70. 
2-p-Aminobenzenesulfony1-5-isopropyl-4-methylthiazole.-To a mixture of 

2-p-nitrobenzenesulfonyl-4-meth~l-5-isopropylthiazole (10 g., 0.033 mole), 96 % 
ethanol (200 ml.) and concentrated hydrochloric acid (0.5 ml.), iron powder 
(100 g.) was added. The mixture \?as refluxed for 10 hr., made alkaline with 
ammonium hydroxide solution and fi1t)ered. The iron sludge was thoroughly 
washed with el,hanol nnd the combined fi1trat)e and waahings concent,rated to 
about 100 nil. Concent,rat,ed hydrochloric acid (100 ml.) anid water (200 nil.) 
were added and the solution was trent,ed n.ith decolorizing c:~rbon, filtered 2nd 
made alkaline with ammonia. On cooling colorless plates were obtained ( 6 . 5  
g., 675Z0). 
2-p-Aminobenzenesulfonyl-4-isobutylthiazole was obtained similnrlj, i n  53% 

yield from 2-p-nitrobenzenesulfonyl-4-isob~it~lthiazole: 

Calcd. for C13HllN2O4S2: C, 47.8; H, 4.32; N, 8.58. 

Melting point and analytical data are given in Tctble 111. 

see Tnhle 111. 

(18) H. J. Backer and J. A. K. Buisman, Rec.  t iao.  c h i n . ,  64, 102 (1945). 
(19) R. Dahlbom and T. Ekstrand, Suensk Kern. Tidskr., 66, 122 (lM.'iI. 
(20) A. R. Frisk, Acta .Wed. Scand., 142, Siippl. I (1912). 
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Dihydro-m-benzoxazines were prepared by condensation of phenols, @-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-dihydrooxazines 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 tetrahydrc-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 (e) 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; c, (methylene chloride-) benzene; d, 
(methylene chloride-) ethyl acetate; e, (methylene chloride-) cyclohexane: f, 
(methylene chloride-) heptane; 8, chloroform; h, methanol-ether; i, water. 
Substituent groups: j ,  3-picolyl; k ,  4picolyl; 1, 3,4dimethoxyphenethyl; 
m, 2-picolyl; p ,  Cpyridyl; p, 3-pyridyl; r, Bpyridyl. Other: n, partial destruc- 
tion on chromatography; 0, 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. 


