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liquid, which was further dissolved in E t 2 0 and filtered to remove 
an insoluble material. Removal of E t 2 0 from the filtrate afforded 
0.65 g of liquid [i< max (neat) 1700 (broad), 1565, and 1355 c m - 1 ] . 

5-Nitro-2-thiadiazole Derivatives.—Standard techniques or 
methods2 were used for the preparation of the compounds de
scribed below and the yields are based on the amount of 5 used. 

3-( [(5-Nitro-l,3,4-thiadiazol-2-yI)methylene]amino}-2-oxazol-
idinone (6) was obtained in 6-15% yield and reorystallized from 
Me2CO-EtOH as yellow crystals, mp 250-255°. Anal. (C6H5N5-
04S) C, H, N, S. 

l-{ [(5-Nitro-l,3,4-thiadiazol-2-yl)methvlene]amino}-2-imid-
azolidinone (7) was obtained in 13-23% yield and reorystallized 
from 50% aq EtOH as yellow crystals, mp 230-233°; nmr 
(DMSO-rfe): r 2.1 (s, 1 H, C H = N ) , 2.3 (s, 1 H, NH), 5.8-6.7 
(m, 4 H, CH2CH2). Anal. (C6H6N6OsS) C, H, N, S. 

5-Nitro-l ,3,4-thiadiazole-2-carboxaldehyde thiosemicarbazone 
(8) was obtained in 22% yield as a red solid; no suitable sol

vent for recrystallization was found, mp > 290°. Anal. (C4H4-
N1AS2) C, N, S, H : calcd 1.73; found 2.70. 

2-Amino-5-(5-nitro-l,3,4-thiadiazol-2-yl)-l,3,4-thiadiazole (9). 
—The method reported previously2 was used; 46% yield from 8, 
recrvstallized from E t O H - D M F , yellow crystals, mp 240° dec. 
Anal. (C4H2N602S2) C, H, N, S. 
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In connection with other work in progress in this 
laboratory it was necessary to prepare the compounds 
described in Tables I and II for screening purposes, 

TABLE II 

to 
TABLE I 

-CH,CONHN=CR, 

R2CO 

•N' 
H 

Mp, 

161-162 

225-227 
252-254" 
165-167 

174-175'' 

203-204 

228-230* 

Yield, 
% 

Formula Analyses 

85 

83 

C36H43X3O3 

CaHaNiOi 
CiiH«N.Os 
C36H41N3O3 

CnHuNiOi 

C17H1BCIN4O3 

H, X d 

H, N ' 
C, H 
N 
C, H, N 

C, H 

Androstanolone 
benzoate 

Estrone 3-methy] 
ether 

Pregnenolone 
Testosterone ben:;oate 
2-Xitrobenzaldehyde 
4-Chloro-2-nitro-

benzaldehyde 
Indole-3-carbox-

aldehyde 228-230* 77 CuHieNiO C, H, X 

" Recrvstallized from EtOH unless otherwise noted. b Analy
ses indicated within 0.3%,. "All compounds exhibited expected 
spectra. J Calcd: C, 76.43. Found: C, 75.72. • Yield (93%) 
based on recovered steroid. / Calcd: C, 76.45. Found: C, 
75.70. « Not recrvstallized. '' Yield (94%) based on recovered 
steroid. ' Reaction time increased to 5 hr. ' Reaction product 
is CnHuNiCvCsFuOH, (mp 111-112°, analyses: C, H); the 
product was heated to 130° to give the product in the Table. 
* A. Alemany, M. Bernabe, C. Elorriaga, E. F. Alvarez, M. Lora-
Tamayo, and O. Nieto [Bull. Soc. Chim. Fr., 2486 (1966)] re
port mp 193°. 

b y c o n d e n s i n g indo le -3 -ace t i c ac id h y d r a z i d e w i t h 

c a r b o n y l c o m p o u n d s a n d b y c o n d e n s i n g i s a t i n , i ndo le -

3 - c u r b o x a l d e h y d e , a n d l - b e n z y l i n d o l e - 3 - c a r b o x a l d e -

(1) This work was supported by a research grant (CA 10345) from the 
Xational Cancer Institute, U. S. Public Health Service. 

tooRCXrCH-N,RCtJ - C H = N R 

Type 
I 
I 
I 
I 
I 

I I 

H 
I 

RXHi 

Sulfanilamide* 
Sulfisoxazole* 
Sulfathiazole' 
Sulfaguanidine* 
p-Sulfobenzoic acid 

p-hydrazide' 
p-Toluenesulfon-

p-hydrazide 
3-(2-Aminoethyl)-

indole 
p-Sulfobenzoic acid 

hydrazide 
2-Nitrophenyl-

hydrazine 
D-Cycloserine 
Sulfathiazole 
Sulfanilamide 

CH2C6H5 

III 

Mp, 
°C« 

276-278 

237-239'' 

335-336 

296-297 

254-256 

Yield, 
Vo 
83 
60 
93 
44 
74 

207-209 / 90 

174-176 

224-226" 

66 

93 

Formula 
CuHnNiOsS 
C19H16N4O4S 

C17H12N4O3S2 

CisHisNsOsS 
CuHuN»OiS 

CisHisNsOsS 

CisHisXsO 

Ci6H13X804S 

CuHisNOs 

Analyses • 

C, H 

C, H 

H» 

C, II 

11" 

II D-Cycloserine 223-224' 56 Oi.HiiNiOs H, N' 
III Sulfathiazole 192-193* 51 CisHaN^OiS. C. H 
III Sulfanilamide 156-158 53 CuHnNiOsS C, H 

" Reorystallized from EtOH unless otherwise noted. b Analy
ses indicated within 0.3%. "All compounds exhibited expected 
spectra. d Not reorystallized. ' Calcd: C, 52.47. Found: C, 
51.99. ' M. P. Cava, R. O. Little, and D. R. Napier [J. Amer. 
Chem. Soc, 80, 2257 (1958)] report mp 190-200°. » Calcd: C, 
74.72. Found: C, 74.11. * Calcd: C, 64.28. Found: C, 63.78. 
'Calcd: C, 62.87. Found: C, 62.18. 'Tr i tura ted with hot 
EtOH-EtOAc. * FromEtOAc. ' Inactive (T/C = 83 - 102%) 
at 400 mg/kg against L-1210 lymphoid leukemia. 

hyde with various amines. Reaction of indole-3-acetic 
acid hydrazide with succinic anhydride2 gave 1 while 

CX7 
H 

-CH2CONHNHCO(CH2)2C02H 

I 

r e a c t i o n of 3 - a m i n o c a r b a z o l e w i t h 4 - [ b i s ( 2 - c h l o r o e t h y l ) -

a m i n o ] - o - t o l u a l d e h j ' d e g a v e t h e e x p e c t e d inl ine.* 

(2) F. W. Short and L. M. Long, J. Heterocycl. Chem., 6, 707 (1969). 
(3) F. D. Popp, J. Med. Chem.. 7, 210 (1964). 
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Experimental Sect ion 4 

Condensat ions with Indole-3-acet ic Acid Hydrazide. -—Equi-
molar q u a n t i t i e s of indole-3-acet ie acid h y d r a z i d e and t h e a p p r o 
p r i a t e c a r b o n y l c o m p o u n d s were dissolved in a m i n i m u m of 
E t O H and h e a t e d on a s t e a m b a t h for 30 m i n . After cooling, and 
in some cases s t a n d i n g for severa l d a y s t h e p r o d u c t s descr ibed in 
T a b l e I were o b t a i n e d b y filtration. 

Condensat ions with A m i n e s . — I n a similar m a n n e r equ imola r 
q u a n t i t i e s of isa t in , i ndo le -3 -ca rboxa ldehyde , or 1-benzylindole-
3 -ca rboxa ldehyde were a l lowed to reac t in E t O H w i t h t h e a p p r o 
p r i a t e amines to give t h e c o m p o u n d s in T a b l e I I . 

Indole-3-acetic Acid Hydrazide and Succinic Anhydride.- A 
mix tu re of 1.89 g (0.01 mole) of indole-3-acet ic acid h y d r a z i d e and 
1.00 g (0.01 mole) of succinic a n h y d r i d e in M e 2 C O (5 ml ) was re-
fluxed for 15 min and al lowed t o s t a n d overn igh t at room t e m 
p e r a t u r e . F i l t r a t i o n g a v e 2.30 g (80 r- (.) of I , rap 2 0 3 - 2 0 4 ° from 
E t O H ; i r ( K B r ) : 3400, 3240, 2945 . 1700 (b road ) . 1610 c m - 1 . 
Anal. ( C H H 1 5 N ; A ) : C, H . 

Tolualdehyde Mustard and 3-Aminocarbazole. A m i x t u r e of 
1.82 g (0.01 mole) of 3 -aminoca rbazo le a n d 2.60 g (0.01 mole ) of 4-
|b i s - (2 -eh lo roe thy l ) amino] -o - to lua ldehyde was refluxed in E t O H 
lo give 3.22 g (76 c /r) of imine , rap 188° from E t O H . Antil. 
(C«H 2 3 C1 2 X 3 ) :"N. 

'4) Analyses by Spantc Microanalytical Laboratory, Ann Arbor'. Mich. 
A 11 melting points were taken in capillaries and are corrected. 

S t u d i e s o f t h e C h e m i s t r y o f A z o l e D e r i v a t i v e s . 
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In view of the potent pharmacological activity of 
a large number of heterocyclic thioureas1-8 additional 
tliioureidothiazolo[3,2-a]benzimidazoles were synthe-

Kxper imen ta l Sec t ion 

2 - A m i n o t h i a z o l o l 3 , 2 - a ] b e n z i m i d a z o l - 3 - ( 2 # i-one. A solut ion 
of th iazo lo(3 ,2-u]benz imidazol -3(2f f ) -one 4 (5 g) in A O O H (20 ml) 
was slowly a d d e d at 0° to a solut ion of P h X 2 0 1 wi th s t i r r ing . 
T h e m i x t u r e was kept for 1 hr a t ( 0 - 5 ° i and t h e product ob ta ined 
was crys ta l l ized from E t O H . T h e azo c o m p o u n d (5 g) was dis
solved in hot E t O I I 125 ml ) . A solut ion of Xi i 2S 20 4 (25 gi in 
H 2 0 (50 ml) wa> added and the m i x t u r e was refluxed for 30 min 
and t h e n cooled. T h e amino c o m p o u n d o b t a i n e d was recrys ta l -
lized from E t O H , yield 5 7 ' , , rap 185°. Anal. ( O J E X - S ) : X ,S . 

S y n t h e s i s of Th ioureas .—-Equ imolecu la r q u a n t i t i e s of 2-ani ino-
thiazole[3,2-«]benzimidazo]-3(2.f7 j -one and an aryl i so th io rya -
n a t e were refluxed in abs E t O H for 5 hr and cooled. T h e pre
c ip i ta ted th ioureas were crystali / .ed fC«II,; i. T h e hyd roch lo r i de -
were p repa red in E t 4 ) solut ion. 
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We have reinvestigated the reaction of monosodium 
urea with methyl 3,">-diamino-6-chloropyrazinecarboxy-
late1 as well as the o-metbylamino analog and found 
that a small amount of the desired A'-carbamoylpyr-

TABLT; 1 

2-A.\UN(),l'.HIAZ0L0|3,2-alBENZIMIDAZ0L-3('2//j-ONi:'rHlOt lit:A I I VI 

N ^ S -

=0 

-NHCSNHR-HC] 

liOCHLOKini' .S 

No. 

1 

•) 

4 

5 

0 

7 

s 
9 

10 

" All new 
used for t h e 

+ + + 4- + 
40 ran, + + 

R 

Ph 

o-AIePh 

p - M e P h 

m.-MePh 

o -BrPh 

p - B r P h 

m - B r P h 

o-ClPh 

p - C l P h 

w-ClPh 

c o m p o u n d s were a n a h 
exper 

r a t i ng 
is rais 

m e a t s for ar 

Formula 

( . ; 6H 1 8CIX»S, 
C17Hi6ClX,is2 

C H ^ C I X ^ 

C,-H1 3C1X4S2 

C 1 6 H 1 2 ClBrN 4 S, 
C t 6 H 2 C l B r X 4 * 2 

C, 6 Ht 2 ClBrX 4 S 2 

C1 6H2C12X4S2 

C1 6H I 2C12N4S2 

C'i6Hi2Cl2X'4S2 

zed for N . S and t h e a n a h 
t i c o n v u l s a n t a c t i v i t y followin 

was g iven if t h e 
ed b y 15-20 m a 

convuls ive t h r e sho ld is 
and + is ra i sed b y 10 

•tical 
g t h e 

e leva ted 
-15 ma , '•• 

Alp, '<• 

220-221 

195-197 

175 177 
I9S-200 

210 

165-166 

189 

202-204 

211 

215 

va lues w e n 
m e t h o d in 

'. w i th in 
P u t n a n 

m o r e t h a n 60 ma , 
.5 hr after 

\ 

± 

ield. 

60 

65 

59 

5 s 

60 

65 
5S 

62 
59 

61 

. 11.4', 
and IE 

+ 
t r e a t m e n t 

4- — 4-

ot 
H . 
is 

the 
Met 

Activ i ty 

+ + 
+ -r 

+ +-r 
+ + + 
+ + + 

4- + + + 
+ + + + 

+ + + + + 
ca lcu la ted v 
r i t t , Science 

raised t o 60 ma , 

allies. 
85 , 525 

+ + + 

I, DM 

(toxicity.) 

200 

260 

240 

2S0 

300 

2S0 

290 

300 

35(1 

330 
b Mice wen 

(1937). A 
is raised by 

sized. These compounds have been tested for 
anticonvulsant activity (Table I). 

(1) L. Goldman, U. S. Patent 2,617,804, Chem. Abstr., 48, 2124 (1954). 
(2) T. \ . Ghosh and A. R. Chaudhuri. J. Indian Cham. Soc, 28, 268 

iltlol;. 
(3,1 11. P. Kautmann and P. Schulu. .1/•(•)•. I'htrm., 273, 22 Ufl35j. 

azinecarboxamide is produced in each case. The 
products were isolated by liquid-liquid partition 
chromatography (llpc) and shown to be the desired 
compounds by comparison of ir, mass spectrum, tic. 

J. William llanitiii, 
12, 1102 (KHiti!. 

and Elliott Cohen, ,/. M,it. 


