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5-(p-Aniinophenyl)-s-U'iazole-;J-thiol, administered iuiraperitoneally into the nil, produced diuresis and 
natriuresis. The synthesis and subsequent screening of a number of related derivatives made possible a correla
tion of structure with activity. 

The diuretic and natriuretic activity seen in the rat 
following the intraperitoneal administration of n-(p-
anunophenyl)-s-triazole-3-thiol (9) indicated that a n e w 
class of diuretic compounds had been found, and a 
number of related compounds were synthesized to ex
ploit this lead. Examples of the preparative methods 
employed are shown in Charts I'--V. 

Structure-Activity Relationships. The most potent 
compound was 9; elimination of the 3-SH group (2) 
or the p-amino group (8) resulted in complete loss of 
diuretic and natriuretic activity; conversion of the 8-SH 
group in 9 to SCB>C02H or -SCH ; t also resulted in 
complete loss of activity; and, finally, replacement of 
the 3-SH group in 9 by - N H . and acetylation of the •">-
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The triazolcs prepared are listed in Table I, along with 
Iheir physical constants, analyses, and diuretic and 
natriuretic activities1; a number of intermediate .1-
aroyl-^-thio.semicarbazides are listed in Tabic? II , along 
with their physical constants and analyses. 

(p-ILXCfiHs) group (32) gave an inactive1 compound. 
Weakly active compounds were obtained from 9 by (a) 
conversion of the >>-SH group to -SOoXH-2 (26), or (bj 
replacement of the o-(;>-H2NOfiHi) group by 4-pyridy! 

(1) Diuret ic ami na t r iu re t ic act ivi t ies of this series of compound* u civ 
de te rmined in male albino rats weighing MO to 240 g. T h e an imals , fasted 
for 18 lir. before each test , were depr ived of b o t h food and wate r th rough the 
exper iment . At zero t ime they received in t raper i tonea l ly the test compound 
dissolved in 0,9'V saline solut ion or suspended in 0 . 2 5 % agar solut ion, de
pending u p o n the solubil i ty of the compound , along wi th an oral h y d r a t i n g 
dose of 0.9 Vr: saline for a to ta l fluid in take of 25 m l . / k g , E a c h compound 
was admin i s t e red at the L P s level, roughly a p p r o x i m a t e d in several ra t s . 
T h e four r a t s receiving the compound were placed in me tabo l i sm cages, from 
which the spon taneous ly voided urine of all was collected 5 and 24 hr. la ter . 
Aliquots of each specimen 

I n s t r u m e n t s n a m e pi 
t an t ly in r a t s tha t re 
o u t p u t s in T a b l e I ar 
respect ively. 

analyzed for N a + by means of a Process and 
>tom*'ter. Cont ro l o u t p u t s were obta ined conconii-
eived the hyd ra t i ng solut ion only. Urine and sodium 
expressed as percentage* of water and sod ium inpu t . 
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CHART III 

NH2 

I 
CH3CONH -^(j)— C O N H - C = N C N 

C H 3 C O N H — ( C ) ) ( / \ \ H 

H2NNH2-H20 

HN C = N C N 

H20 

C H 3 C O N H — - < Q ) — C ^ N N N 

HN C - N H C O N H 2 

CHART IV 

N Q ) — C S S K + H-.NNHCSNHNH, 

NH 

C6H r,NHNH2 4- HaNCNHCN 

CHART V 

H , N - N C - S H 

C6H5 

I 
H 2 N - C X %N 

II II 
N C - N H u 

O ^ / C O N H -o 
-J-2 

PCI, HaN 

CI 
rf 7 i — c N 

H N — C — r T 

(19) (the 2-pyridyl, 3-pyridyl, and 4-quinolyl com
pounds 17, 18, and 21, respectively, were inactive). 
The substitution in 9 of the 5-(p-H2NC6H4) group by 2-
pyrazinyl (22) gave a weakly active diuretic but an 
ineffective natriuretic agent. Substitution of the 5-
(p-HgNCHO group of 9 by p-HOC6H4 (10), p-H2NS02-
C6H4 (11), or p-H2NCOXHC6H4 (12) resulted in a de
crease or complete loss of activity. Introduction of an 
o-hydroxy group into 9 gave 16, possessing good diuretic 
but no natriuretic properties. The dose of 29 required 
to achieve good diuretic and natriuretic activity was 
impractical. All other structural modifications of 9 
gave, in general, inactive compounds. 

Experimental Section 

3-Phenyl-s-triazole (1). Method A.—A mixture of 9.0 g. 
(0.11 mole) of 8, 100 ml. of absolute ethanol, and 15 g. of Davison 
sponge nickel (filtered with suction but still damp) was refluxed 
for 3 hr. and filtered hot. The filtrate, concentrated from the 
steam bath, gave an oil which crystallized spontaneously; re-
crystallization from equal parts of toluene-Skellysolve E gave 
5.0 g. of 1. 

p-(s-Triazo)-5-yl)phenylurea (6). Method B.—To 6.0 g. (0.031 
mole) of 2 in 40 ml. of 1 N aqueous HC1 was added 3.4 g. (0.042 
mole) of potassium cyanate. Reaction was prompt and a solid 

separated. This was filtered and recrystallized from propanol to 
give 6. 

4-(s-Triazol-5-yl)succinanilic Acid (7). Method C.—A mix
ture of 8.0 g. (0.042 mole) of 2, 5.0 g. (0.05 mole) of succinic an
hydride, and 600 ml. of anhydrous acetonitrile was stirred and 
refluxed for 18 hr. and cooled; the solid was filtered and dried to 
give 11.0 g. of material, m.p. 248-250°. Recrystallization from 
95% ethanol gave 4.0 g. of 7. 

5-Phenyl-s-triazoIe-3-thiol (8). Method D.—A solution of 
70.0 g. (0.36 mole) of l-benzoyl-3-thiosemicarbazide in 360 ml. of 
5% aqueous NaOH was heated for 4 hr. on the steam bath, 
cooled, and acidified with glacial acetic acid. The solid which 
separated was filtered and recrystallized from water to give 47.8 g. 
of 8. 

5-(p-Anunophenyl)-s-thiazoIe-3-thiol (9). Method E.—A mix
ture of 26.0 g. (0.19 mole) of l-(p-nitrobenzoyl)-3-thiosemi-
carbazide and 175 ml. of commercial 20% aqueous ammonium 
sulfide solution was heated on the steam bath for 1.5 hr. in an 
open flask maintaining a constant volume by the addition of 
water. The hot solution was filtered rapidly from the precipi
tated sulfur and the filtrate was cooled. The solid which sepa
rated was filtered and recrystallized from water to give 14.7 g. of 
9.2 

p-(3-Mercapto-s-triazol-5-yl)phenyIurea (12). Method F.— 
To a solution of 6.7 g. (0.035 mole) of 2 in 3500 ml. of water at 
70° was added 4.34 g. (0.043 mole) of nitrourea; the mixture was 
kept 10 min. at 80°, heated to boiling, allowed to cool, and filtered. 
The filtrate, when concentrated in vacuo to about 100 ml. and 
cooled, gave 5.0 g. of solid. Recrystallization from water gave 
4.0 g. of 12. 

3-Ethyl-l-[p-(3-mercapto-s-triazol-5-yI)phenyl]urea (13). 
Method G.—A mixture of 5.8 g. (0.03 mole) of 2, 1000 ml. of 
anhydrous acetonitrile, and 4.4 g. (0.06 mole) of ethyl isocyanate 
was refluxed for 16 hr. and cooled, and the solid was filtered to 
give 7.5 g. of crude 13, m.p. >310°. Recrystallization from 95% 
ethanol gave 6.3 g. of 13. 

3-(Methylthio)-5-(4-pyridyl)-s-triazole (24). Method H.—To 
53.4 g. (0.3 mole) of 19 and 20.0 g. (0.3 mole) of 85%, KOH in 500 
ml. of methanol was added 43.0 g. (0.3 mole) of methyl iodide, 
dropwise. Subsequently, the mixture was refluxed gently for 3 
hr. and concentrated to dryness on the steam bath, and 150 ml. 
of water was added. A clear solution formed momentarily and 
then a solid separated; this was filtered and recrystallized from 
water to give 27.6 g. of 24. 

5-(p-Aminophenyl)-s-triazol-3-ylmercaptoacetic Acid (25). 
Method I.—A mixture of 10.0 g. (0.056 mole) of 9, 5.3 g. (0.056 
mole) of chloroacetic acid, and 4.5 g. (0.12 mole) of NaOH was 
refluxed for 2 hr., cooled, and acidified with acetic acid. The 
solid which crystallized slowly from the acid solution was filtered 
and recrystallized from water to give 11.5 g. of 25. 

5-(p-Aminophenyl)-s-triazole-3-sulfonamide (26). Method J. 
—5-(p-Nitrophenyl)-s-triazole-3-thiol was prepared by method D 
in 73% vield, m.p. 253-255° dec , after recrystallization from 
water' {Anal. Calcd. for C8H8N402S: C, 43".24; H, 2.72; N, 
25.21. Found: C, 43.08; H, 2.73; N, 24.87.). A stirred sus
pension of 25.0 g. (0.113 mole) of the p-nitrophenyl derivative, 
in 400 ml. of 2 A" aqueous HC1 was maintained at 5-8° while dif
fused with chlorine gas for 2 hr. The sulfonyl chloride was 
filtered and added gradually with stirring to 400 ml. of concen
trated aqueous NH3, and the mixture was kept for 18 hr. at room 
temperature. The trace of solid was filtered and the filtrate 
was acidified with glacial acetic acid. After filtration and air 
drying, the solid weighed 21.0 g., m.p. 216-218° dec. Recrystal
lization from 50% ethanol gave 12.0 g. (40% yield) of 5-(p-
nitrophenyl)-s-triazole-3-sulfonamide, m.p. 244-246° dec. (Anal. 
Calcd. for CsH7N504S: C, 35.68; H, 2.62; X, 26.01. Found: C, 
35.43; H, 2.55; N, 25.35.). The product from the previous step 
(12.0 g.) was dissolved in 200 ml. of warm 95% ethanol, 2 g. of 
5 % palladium on charcoal in 50 ml. of 95% ethanol was added, 
and the mixture was hydrogenated under 3.5 kg./cm.2 for 0.25 hr. 
The catalyst was filtered, the filtrate was concentrated to dryness, 
and the residue was recrystallized from water to give 7.0 g. of 26. 

5-(4-Acetamidophenyl)-3-amino-s-triazole Hydrate (32). 

(2) These reactants were reported by J. Bernstein, H. L. Vale, K. Losee, 
M. Holsing, J. Martin, and W. A. Lott [J. Am. Chem. Soc. 73, 908 (1951)] 
to yield l-(p-aminobenzoyl)-3-thiosemicarbazide. The compound was, in 
fact, an unusually stable monohydrate of 9, since drying at 137° in vacuo 
•was required to obtain anhydrous 9. The authors are grateful to Dr. E. 
Hoggarth of Imperial Chemicals Industries for first calling their attention to 
the correct structure. 
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TABLK I 

SUBSTITUTED S-TMAZOLES AND RELATED COMPOUNDS 

R " 

I 
R - C XN 

-C—R' 

N o . 

1 
2 
•J 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

It 
C,H6 

p-H2NC,H4 
3-Pyridyl 
4-Pyridyl 
p-(H2NS02)C6IL 
p-(H2NCONH)C6H4 
p-( H02CCH2CH2CONII)C6H4 

C6H6 

p-H2XC6H4 

p-HOC6H4 

p-(H2NS02)C6H4 

p-(H2NCONH)C6H4 

p-(C2H5NHCONH)C6H4 

p-(H02CCH2CH2CONH)C6H4 
p-(C2H5S02)C6H4 

4,2-H2N(HO)C6H3 

2-Pyridyl 
3-Pyridyl 
4-Pyridyl 
4-Pyridyl 
4-Quinolyl 
2-Pyrazinyl 
CHS 

4-Pyridyl 
p-H2NC6H4 
p-H2NC6H4 

p-(C2H6NHCONH)C6H4 

p-(H02CCH2CH2CONH)C9H4 

4-Pyridyl 
CeH5 

2-Thenyl 
p-CH,CONHC6Hi 
p-CH3CONHC6H4 

CH8 

4-Pyridyl 

it' 
II 
II 
11 
H 
II 
11 
II 
SH 
SII 
SH 
SII 
SI! 
SII 
SII 
SII 
SH 
SII 
SII 
SII 
SII 
SII 
SII 
SII 
SCH3 

SCH2C02H 
S02NH» 
S02NH2 

S02NH2 

S02NH2 

NH2 

NH2 

NH2 

NHCONII2 

NH2 

SH 

II 
II 
II 
H 
H 
11 
II 
11 
11 
H 
H 
II 
11 
11 
H 
II 
II 
11 
II 
II 
II 
H 
II 
II 
H 
II 
II 
II 
II 
11 
II 
II 
II 
II 
Ni l 

36 
37 
38 
39 

NH 2 

2-Furyl 
2-Furyl 
4-Pyridyl 

Cells 
2-Furyl 
2-Furyl 
4-Pyridyl 

XII. 
II 
NH2 

N H . 

Melhu.l 
)f prepn. 

(see 
Exptl. 

Section) 

A 
A 
A 
A 
A 
B 
C 
1) 
H 
i) 
i) 
F 
(.1 
C 
1) 
D 
1) 
1) 
I) 
1) 
1) 
D 
1) 
1! 
I 
.1 
(i 
(' 
J 
/ 

K 

.r 

11 
aa 
M 
XI 

Recrystn. 
solvent 

rt 
c, ,1 

(' 
J 
f 
I 

] 
f 
f 
f 
III 

j 
j 
111 

f 
III 

f 
0 

j 
0 

f 
0 

i 
f 
,/' 
/ 
III. 

•IH 

III 

f 
f 
f 
III 

IV 

f 

z 

f 
j 
Not re-

Yield, 

% 
58 
42 
58 
63 
50 
48 
40 
54 
62 
40 
76 
42 
80 
65 
64 
58 
66 
80 
60 
50 
76 
62 
62 
48 
81 
66 
68 
56 
51] 

43 
55 
• ) ( 

46 
43 
44 

46 
37 
18 
30 

AI.p., °C. 

116-117'' 
187-189 
160-162 
214-216 
263-266 
237-238 dec. 
250-251 
253-255" 
300-301 
289-291 
299-300 dec, 
280-282 dec. 
>310 
>310 
267-269 
309-310 dec. 
270-272 dec. 
285-286 
>310 
305-306 
184-186 dec. 
290-291 
264-265r 

165 167 
103-105 
278-279 dec. 
>310 
260-261 dec. 
315-317 dec. 
186-187" 
207-209 
188-190 dec. 
>310 
149-151' 
226-227 dec. 

solidifying, 
remelting 
248-249 dec. 

177 -17S 
185-186 
255-256 
>310 

22 290-292 dec. 
tallization from xvlene 
Found: C, 60.04'; II, 

crystd. 
40 4-Pyridyl 4-Pyridyl 4-Pyridyl-NH N bb 

" Toluene-Skellysolve. b E. Hoggarth [J. Chem. Soc, 1160 (1949)] reported m.p. 121°. c Water. d Recry 
gave the anhydrous compound, m.p. 196-197°. Anal. Calcd. for C,H8N4: C, 59.88; II, 5.04; N, 34.98. 
5.03; N, 34.53. The anhydrous compound in absolute ethanol with ethereal HCl gave a dihydrochloride, m.p. 258-260°, after re-
crystallization from absolute ethanol-ether. Anal. Calcd. for C8HgNY2HCl: CI, 30.41; N, 24.02. Found: CI, 30.37; X, 24.25. 
' Xylene. > Water. 'Anal. Calcd.: neut. equiv., 146. Found: neut. equiv. (HC104), 139. h Anal. Calcd.: S, 14.30. Found: 
S, 13.99. ' 1-Propanol. > 95% ethanol. * E. Hoggarth6 prepared this compound bv a different procedure and reported m.p. 256°. 
'Anal. Calcd.: S, 15.25. Found: S, 15.66. " 'Water-N,N-dimethylformamide. "» Anal. Calcd.: S, 12.18. Found: S, 12.02. 
" 5% aqueous HCl. p The base melted a t 278-279° dec. after recrystallization from water. Anal. Calcd. C, 47.18; H, 3.39; N, 
31.44. Found: C, 47.21; H, 3.62; N, 31.30. « Recrystallization from 5 % aqueous HCl gave the hydrochloride hemihydrate, m.p. 

Method K.—To a stirred suspension of 12.6 g. (0.11 mole) of 
aminoguanidine hydrochloride in 100 ml. of pyridine, at 0°, 
was added gradually 22.5 g. (0.011 mole) of p-aeetamidobenzoyl 
chloride. The solution was stirred for 1.5 hr. at 0° when a solid 
separated: cooling and stirring was discontinued, the mixture 
was kept for 18 hr. at room temperature and diluted with 300 

ml. of water, and the solution was neutralized with powdered 
NaHC0 3 . Concentration of the neutral mixture to about 100 
ml. in vacuo gave 24.0 g. of solid, m.p. 262-265° dec. An analyti
cal sample of p-acelamidobenzamidoguanidine was obtained by 
recrystallization from water and melted at 270-271° dec. (Anal. 
Calcd. for C,„HI3N502: N, 29.77. Found: N, 29.44). The 
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Renal activity of LDs dose in rats i.p. 
-5 hr . 24 hr 

Formula 

C8H7N3 

C8H8N4-0.5H2O 
C7H6N4 

C7H6N4 

C8H8N402S 
C9H9N60 
C12H12N403 

C6H7N3S 
C8H10N4OS-H2O 
C8H9N302S-H20 
C8H8N402S2 

C9H9N6OS 
C„H13N8OS 
C12H12N403S 
C10H11N3O2S2 

C8H8N4OS 
C,H6N4S 
C7H6N4S-HCP 
CHiNiS 5 

C,H6N4S-HC1 
C„H8N4S* 
C6H5N5S 

C3H6N3S 
C8H8N4S 
C10H10N4O2S 
C8H9N502S 
CnHuNeOsS 
C12H13N605S 
C7H7N502S 
C8H8N4 

C6H6N4S 
CuHnNsO-HaO 
CnH12N6O2-0.5H2O 
C3H6N4 

C,H,N5S 

c 

56.80 
57.51 
57.51 

53.20 
55.38 
54.21 

45.47 
37.49 
45.94 
50.17 
49.31 
44.60 
46.17 
47.18 
39.15 
47.18 
39.15 
57.88 
40,21 
31.20 
49.98 
48.00 
40.19 
42.57 
42.47 

60.00 
43.36 
51.03 
49.06 
36.73 
43.50 

-Calcd., %-
H 

5.36 
4.14 
4.14 

4.47 
4.65 
3.98 

4.30 
3.16 
3.86 
4.95 
4.14 
4.12 
3.88 
3.39 
3.29 
3.39 
3.29 
3.53 
2.81 
4.36 
4.20 
4.03 
3.80 
4.54 
3.86 

5.04 
3.64 
5.57 
4.68 
6.16 
3.65 

X 

28.95 
33.11 
38.34 
38.34" 
24.99* 
34.47 
21.63 
23.72 
26.65 ' 
15.18 
21.86 
29.77 

n 

19.17 
15.16 
26.90 
31.44 

31.44 

24.55 
39.08 
27.76 
29.15 
22.40 
29.30 
27.08 
20.64 
31.10s 

33.72 
29.77 
31.21 

36.24 

C 

56.96 
57.50 
57.51 

53.03 
55.62 
54.39 

45.77 
37.10 
46.11 
50.24 
49.21 
44.88 
46.41 
47.39 
38.82 
47.18 
39.11 
58.05 
39.96 
31.49 
49.58 
47.91 
40.01 
42.78 
42.22 

60.37 
43.19 
50.88 
48.85 
36.33 
43.57 

-Found, % -
H 

5.15 
3.88 
4.04 

4.39 
4.83 
3.86 

4.54 
3.08 
4.12 
5.08 
4.15 
4.16 
4.07 
3.58 
3.77 
3.36 
3.06 
3.29 
2.96 
4.46 
3.95 
4.13 
3.67 
4.35 
3.91 

4.78 
3.54 
5.61 
4.50 
6.24 
3.45 

N 

28.93 
32.98 
38.38 
38.29 
24.93 
34.67 
21.94 
23.83 
26.36 
15.06 
22.02 
30.05 

18.91 
15.27 
27.04 
31.39 

31.18 
* • • 

24.31 
38.81 
27.50 
29.49 
22.34 
29.04 
26.79 
20.73 
31.15 

33.64 
29.45 
30.80 

36.75 

LDs, 
mg./kg. 

252 
725 
340 
295 
130 

88 
1200 

790 
15 
38 

430 
198 
480 

2150 
1260 
790 
304 
120 
156 
184 
560 
780 

>1200 
156 

>3000 
1200 

238 
>2400 

1200 
150 
408 

1260 
256 

>2400 
370 

Lrme, 
% 
0 
0 
8 
0 

0 
116 

0 
56 
0 
0 
0 
0 
0 
0 
0 

17 
0 
0 

53 
0 
0 
0 

68 
0 
0 
0 

0 
0 
0 
0 
6 

Xa, 
% 
0 
0 

37 
0 

0 

119 
0 
0 
0 
0 
0 
0 
0 

62 
0 
0 
0 
0 
0 
0 

41 
0 
0 
0 

0 
0 
0 
0 
0 

L nne, 
% 
15 
35 

4 
0 

0 
295 

0 
30 
88 

6 
0 
0 

223 
0 
0 

66 
0 
0 

154 
0 
0 
0 

67 
11 
0 

115 

0 
0 
0 
0 
0 

Xa, 
% 

23 
75 
24 
52 

0 
81 

71 
138 

15 
0 
0 
0 
0 
0 

138 
0 
0 
0 
0 
0 
0 
0 
0 
0 

282 

0 
0 

c 
52 

0 

C8H9N5 

CioH7N302 

CI0H8N4O2 

Ci2H\oN6 

54.84 5.18 54.99 .05 

55.55 
60.49 

3.72 
4.19 

20.88 
25.91 
35.27 

55.78 
60.29 

3.52 
4.08 

21.06 
25.44 
34.91 

1000 0 0 38 61 
235 25 44 57 36 

1750 0 0 0 0 
1200 0 0 0 0 

C,8H13N,0'2HC1 23.55cc 23.82 2400 

269-270°. Anal. Calcd.: C, 48.26; H, 3.68; N, 20.46; H 20, 3.29. Found: C, 48.57; H, 3.34; N, 20.03; H 20, 4.04. ' X. 
Girard [Compt. rend., 225, 458 (1947)] reported m.p. 260-261°. 'Anal. Calcd.: S, 14.24. Found: S, 14.50. ' The procedure of E. 
Hoggarth [J. Chem. Soc. 612 (1950)] was used. » E. Hoggarth' reported m.p. 186-187°. - The procedure of J. Thiele and K. 
Heidenreich [Ber., 26, 2599 (1893)] was used; they reported m.p. 148°. " E t h y l acetate. x The procedure of H. Bode-Kbnig, W. 
Siefken, and H. A. Offe [ibid., 87, 825 (1954)] was used; they report m.p. 210 dec , solidifying and remelting at 248-252° dec. * The 
procedure of J. P. Turner and J. Walker [J. Chem. Soc, 4542 (1952)] was used; they report m.p. 174-175°. z Ethylene dichloride. 
00 The procedure of A. Pinner and N. Caro [Ber., 28, 465 (1895)] was used; they report m.p. 185°. bb 90% methanol. cc Anal. 
Calcd.: CI, 17.03. Found: CI, 16.81. 

crude product from the previous step, 23.0 g., and 250 ml. of 5 % 
aqueous NaOH was treated as in the preparation of 8 above. 
The yield of 32, after recrystallization from water, was 8.5 g. 

5-(4-Acetamidophenyl)-3-ureido-s-triazoIe (33). Method L.— 
To a stirred solution of 14.0 g. (0.2 mole) of 8 5 % KOH in 45 ml. of 
water, 11.0 g. (0.13 mole) of dicyandiamide, and 55 ml. of acetone, 

at 0 to 5°, was added gradually 20 g. of p-acetamidobenzoyl chlo
ride. The mixture was kept for 18 hr. at room temperature, 
diluted with 300 ml. of water, filtered, and the filtrate was acidified 
with acetic acid. The solid was filtered and air dried to give 9.1 
g. of material, m.p. 235-239° dec. An analytical sample, re-
crystallized from 50% aqueous N,N-dimethylformamide, melted 
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at 27)0-252° dec. [Anal. Calcd. for CnH„X 5 0 2 : X, 28.57. 
Found: X, 28.19.). The crude product from the previous step 
(9.0 g.), 200 ml. of !)5rv ethanol, and 2.5 ml. of 8 5 % hydrazine 
hydrate were refiuxed for 4 hr. and cooled, and the solid was 
filtered. The air-dried material, 5.G g., was recrystallized from 
aqueous X,X-dimethylforniamide to give 4.5 g. of 33. ' 

4-Amino-3,5-bis(2-furyl)-s-triazole (38). Method M.—The 
reaction between 33.0 g. (0.15 mole) of l,2-bis(2-furoyl)hydrazine 
and 15.0 g. (0.40 mole) of 8 5 % hydrazine hydrate by the litera
ture procedure4 gave 5.7 g. of 38. 

N-(3,5-Di-4-pyridyl-s-triazol-4-yl)isonicotinamide Dihydro-
chloride (40). Method N.—To 20.0 g. (0.084 mole) of 
39 in 100 ml. of pyridine, at 0-5°, was added in portions 17.8 g. 
(0,1 mole) of sublimed isonieotinyl chloride hydrochloride. 
The reaction mixture was stirred for IS hr. at room temperature, 
heated for •'! hr. on the steam bath, cooled, and treated with 250 

<;.',) 1). \V. Kaiser and ( i , A. Pe te rs (./. Org. Clem. 18, lUti (1953)] have 
described the fo rmat ion of ;t-',ireido-5-ar\ b.?-triazoles by this r eae t ion ; they 
did Tiot p repa re 33. 

M) l i . M. Herlist and ,I. A, Garr i son , ihitl.. 18, 872 i 11)53), It is of interes t 
t ha t A. Pinner l . lni , , , 298, 32 (181)7)] ob ta ined 38, m.p. 245°, by hea t inn 
:{,t>-bh<2-fur\ l ) -1 .2-dihydro- l ,2 .4 ,5- te t razine in 2 5 ' , HC1 lint repor ted the 
prodne t to l>e 3.t i- l) is(2-furyl)- l ,4-dil iydro-l ,2 .4 .5- te t razine. R. Stolle 
\.I. prakt. Cl.im., [2] 75 , 416 (HI07)] showed t h a t 3,6-disiil)stititted d ihydro -
t e t r a / i n e s , tniT not including P inner ' s c o m p o u n d , when so t r ea t ed stave 
tr iazoles. Hence. I''. K. Beilstein ("Handl) t ieh der organischen C h e m i e , " 
Vol. 27, 1th ed., lillfl, p. 700) lists 38 by the aljo\'e eorreeted s t r u c t u r e . 

Calcd. . ' ; -
II \ 

— b o u n d , ',' 
c li x 

45 47 4.30 15 IS 45.77 4.54 15.00 
20,43 . . . 20 34 

41.79 4 57 . . . 41.98 4.00 , , 
24.70 24,90 
28,55 28.21 

53.04 4.10 53.34 4.48 
30.54 3.5S 35 53 30 74 3 70 35 45 

ml. of ice water. The precipitated solid was filtered and dried to 
give 8.0 g. of 39. To the filtrate was added 20 ml. of concen
trated aqueous XII3 and the solution was concentrated to dry
ness in vacuo. The residue was dissolved in 600 ml. of boiling 
absolute ethanol and allowed to cool to room temperature, the 
XH4C1 was filtered, the filtrate was concentrated to 200 ml. and 
again filtered, and the filtrate was diluted with 400 ml. of hexane. 
The solid which separated was filtered and dried to give 9.3 g. 
('32'',: yield) of crude base, m.p. 267-268° dec , but this com
pound could not be purified by recrystallization. 

To the base, 6.9 g. (0.02 mole) in 150 ml. of absolute ethanol, 
was added 0.062 mole of TIC1 in ether solution. The crystalline 
product was filtered and recrystallized from 90 rf methanol to 
give 6.2 g. of 40. 

l-(p-Acetoxybenzoyl)-3-thiosemicarbazide. Method O. To 
2.30 g. (0.25 mole) of powdered semiearbazide and 40 ml. of pyri
dine, with ice-water cooling, was added dropwise 49.6 g. (0.25 
mole) of p-acetoxybenzoyl chloride in 50 ml. of dry benzene. The 
mixture was stirred for 4 hr. at room temperature and diluted 
with 200 ml. of water, and the oily solid was filtered. T'ecrystal-
lization from 95% ethanol gave 14.5 g. of product. 

l-(p-Sulfamoylbenzoyl)-3-thiosemicarbazide. Method P.--A 
mixture of 21.5 g. (0.1 mole) of p-sulfamoylbenzoyl hydrazide, 
7.L g. (0.1 mole) of dry ammonium thiocyanate, and 8.6 g. of con
centrated HC1 in 90 ml. of water was heated on the steam bath for 
16 hr. and then cooled; the solid was filtered and air dried to 
give 20 g. of product. 

Iodinated 5- and 8-Hydroxyisoquinolines as Potent ia l Amebicides 

K. SCHEXKER, R. A. SCHMIDT, W. LEIMGRVBER. AXD A. BROSSI 

Department of Chemical Itesearch, liesearch Division, Hoffmann-La I'oche I lie., Xiitleu, Xew .lerneij 
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Some iodinated 5- and S-hydroxyisoquinolines have been synthesized and evaluated for antiamebic activity 
in vitro and in vivo in comparison with Vioform. With the exception of 5,7-diiodo-8-isoquinolinol (III) and 5-iodo-
S-isoquinolinol (VII), which were weakly active when tested in vitro against Endamoeba histolytica, none of the 
substances showed antiamebic activity at. the doses employed. 

Various iodinated 8-hydroxyquiiioliites such as Di-

iodoquin (I) and Vioform (II) are frequently used in the 

prophylactic and therapeutic t reatment of intestinal 

amebiasis. We wish to report the synthesis of the 

isomeric isoquinoline analogs I I I and IV of Diiodoquin 

and the results of the evaluation of their antiamebic 

properties. 

8-Isoquinolinol (VIII) is of potential interest, as a 

starting material for the synthesis of o,7-diiodo-8-

isoquinolinol ( I I I ) . This compound has been de

scribed by Robinson,1 who prepared it in an overall 

yield of 15% by sulfonation of isoquinoline at 300° 

followed by alkali fusion of the resulting sulfonic acid 

mixture. Since the structure of VI I I had been as

signed solely on the basis of nonidentity with o-, 0-, 

and 7-hydroxyisoquinoline, we decided to refrain from 

the use of Robinson's method for the preparation of 

this compound and, instead, utilized the p-aminophenol 

V in the synthesis of I I I (Scheme I ) . The diazonium 

<1) R. A. Robinson , ./. Am. Chem. S i c , 69, 1944 (.1947). 
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