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(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-H&C6H4) group by 2- 
pyrazinyl (22) gave a weakly active diuretic but an 
ineffective natriuretic agent. Substitution of the 6- 
(p-H,?jC&) group of 9 by p-HOC,H, (lo), p-H2r\'S02- 
CGH1 (ll), or p-Hzn'COSHC6H4 (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 (I). 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-Triazol-5-yl)phenylurea (6).  Method B.-To 6.0 g. (0.031 

mole) of 2 in 40 ml. of 1 LV 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 propaiiol to 
give 6. 

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. 

Method D.--il solution of 
70.0 g. (0.36 mole) of 1-benzoyl-3-thiosemicarbazide in  360 nil. of 
5% aqueous PiaOH p-as heated for 4 hr. on the $team bath, 
cooled, and acidified with glacial acetic. acid. The solid which 
separat,ed was filtered and recrystallized from water to give 4T.8 g. 
of 8. 

5 4  p-Aminophenyl)-s-thiazole-3-thiol(S). 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)phenylurea (12). Method F.- 
To a solution of 6.7 g. (0.035 mole) of 2 in 3500 ml. of water a t  
70" was added 4.34 g. (0.043 mole) of nitrourea; the mixture was 
kept 10 min. a t  80°, heated to boiling, allowed t o  cool, and filtered. 
The filtrate, when concentrated in vucuo to about 100 ml. and 
cooled, gave 5.0 g. of solid. Recrystallization from water gave 
4.0 g. of 12. 

3-Ethyl-1- [ 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. -2 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 1.-A mixture of 10.0 g. (0.056 mole) of 9, 5.3 g. (0.056 
mole) of chloroacet,ic acid, and 4.5 g. (0.12 mole) of NaOH was 
refluxed for 2 hr., cooled, and acidified wit>h acet,ic acid. The 
solid which crystallized slowly from the acid solutiou 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-r\'it~rophenyl)-s-triazole-3-thiol was prepared by met,hod 11 
in 7 3 5  yield, m.p. 253-255' dec., after recrystallization from 
water (Anal. Calcd. for C ~ H B N ~ O ~ S :  C, 43.24; H, 2.72: K, 
25.21. Found: C, 43.0s; H, 2.73: N, 21.8T.). A stirred sus- 
pension of 25.0 g. (0.113 mole) of the p-nitrophenyl derivative, 
in 400 nil. of 2 X aqueous HC1 was maintained a t  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 NH,, and the mixture was kept for 18 hr. a t  room 
temperahre. 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. Itecrystal- 
lization from 50% ethanol gave 12.0 g. ( 4 0 5  yield) of 5 - ( p -  
nitrophenyl)-s-triazole-3-sulfonamide, m.p. 244-246" dec. (.Anal. 
Calcd. for C,H,N,04S: C, 35.68; H, 2.62; S, 26.01. Found: C, 
35.43; H,  2.55; N,  25.35.). The product from the previous steF 
(12.0 g.)  was dissolved in 200 ml. of warm 95% ethanol, 2 g. of 
5% palladium on charcoal in 50 ml. of 95fz i  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). 

4-(s-Triazol-5-yl)succinanilic Acid (7). 

5-Phenyl-s-triazole-3-thiol (8). 

(2) These reactants were reported by ,J. Bernstein, H. L. Tale,  K. Losee, 
31. Holsing, J. Martin,  and I\'. A. Lott  [ J .  Am.  Chrm. Soc., 73, 906 (1961)l 
to yield l-(p-aminobenzoyl)-3-thiosemicarbazide. The compound v a s ,  in 
fact, an unusually stable monohydrate of 9, since drying a t  1 3 i 0  i n  m r u o  
v a s  required to  obtain anhydrous 9. The authors are grateful t o  U r .  E. 
Hoggarth of Imperial Chemicals Industries for first calling their attention to 
the correct structure. 
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a Toluene-Skellg-solve. * E. Hoggarth [J. Chem.  Sac., 1160 i 194H)] reported m.p. 121 '. \Vater. Itecrystallizatioti from s y l c ~ ~ e  
gave the anhydrous compou~~d,  n1.p. 196-10i0. Anal .  Calcd. for C,H8N4: C, j!j.88: JI, 5.04; S, 34.98. Found: C, 60.04; IT. 
5.03: N, 34.53. The ailhydrous compound ill absolute ethanol with ethereal IICl gave a dihydrochloride, m.p. 258-260", a f l w  rc- 
c~rystallizatioii from absolute ethanol-ether. Anal. Found: C1, 30.27: S,  24.25. 
e Xylene. J W'ater. Q Anal. Calcd.: neut. equiv., 146. Foutid: nei i t .  equiv. (HCIOa), 139. .Inid. Calctl.: S, 14.30. Forltltl: 
Sj 13.99. ' 1-Propanol. 1 et,hanol. E. Hoggart,lib prepared this compouiid by a differelit. procedure and reported 111.p. 2.56'. 

Atrial. Calcd.: S, 15.25. Found: S, 15.66. nL Water-N,N-dimethylformamide. -4nal. Calcd.: S, 12.18. Found: S, 12.W. 
' I  5C,; aqueous HCl. P The base melted at 278-279' dec. after recrystallization from water. d n a l .  Calcd. C, 47.18; H, 3.39; x j  
31.44. Found: C, 47.21; H, 3.62; N, 31.30. q Recrystallizatiou from 5% aqueous HCl gave the hydrochloride hemihydrate, m.11. 

Calcd. for C,I18X4, 2HC1: CI, 30.41 ; N, 24.02. 

Method K.-To a stirred susperisioii of 12.6 g. (0.11 mole) of ml. of water, aitd the solution was neutralized with powdereti 
aminoguanidine hydrochloride in 100 ml. of pyridine, a t  O", XaHC03. Conceiitratio!~ of the neutral mixture to about' 100 
w:w :idtletl gradually 22.5 g. (0.011 Illole) of p-:tc.etamidol)elizcJyl nil. in c'aclto g:tve 24.0 g. of solid, n1.p. 262-265' dec. An  ntialyti- 
c*trloritle. The solution was stirred for 1.5 hr. a t  Oo when a solid (>a1 sample of p-acetamidobenzamidoguanidine was obtained by 
repsrated: cooling arid stirring was discontinued, the mixture ret tallization from water and melted at 270-271" de(.. (.ln(ll.  
w:ih h p t  for I8  hr. at, room ienlperature aiid diluted wi th  :300 C h l c d .  for C,oH13N502: S, 29.7'7. Found: X, 2!).443. 'rli(! 
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Renal activity of LD6 dose in rats i.p. 
--5 hr.- --24 hr.- 

LD6, Urine, S a ,  t-rine, S a ,  
mg./kg. '70 ?C R '70 

252 0 0 15 23 
725 0 0 35 7 5  
340 8 37 4 24 

0 52 295 0 0 
130 . . .  . . .  . . .  . . .  
88 . . .  . . .  . . .  . . .  

1200 . . .  . . .  . . .  . . .  
790 0 0 0 0 

15 116 . . .  295 81 
38 0 . . .  0 . . .  

430 56 119 30 71 
198 0 0 88 138 

6 15 480 0 0 
2150 0 0 0 0 
1260 0 0 0 0 
790 0 0 223 0 
304 0 0 0 0 
120 0 0 0 0 
156 17 62 66 138 
184 0 0 0 0 
560 0 0 0 0 
780 53 0 154 0 

>1200 0 0 0 0 
156 0 0 0 0 

>3000 0 0 0 0 
1200 68 41 67 0 

0 
>2400 0 0 0 0 

1200 0 0 115 282 
150 . . .  . . .  . . .  . . .  
408 0 0 0 0 

1260 0 0 0 0 
256 0 0 0 C 

>2400 0 0 0 52 
370 6 0 0 0 

0 11 238 0 

-54 99 5 .05  I . .  1000 0 0 38 61 
. . .  . . .  21.06 235 25 44 57 36 

1750 0 0 0 0 55.78 3 52 25 44 
60 29 4.08 34.91 1200 0 0 0 0 

. . .  . . .  23.82 2400 . . .  . . .  . . .  . .  
269-270". Anal. Calcd.: C, 48.26; €1, 3.68; N, 20.46; H20,  3.29. Found: C, 48.57; HI 3.34; N, 20.03; H20,  4.04. r X .  
Girard [Compt. rend., 225, 458 (194711 reported m.p. 260-261'. The procedure of E .  
Hoggarth [J. Chem. A'oc. 612 (1950)l was used. ti The procedure of J. Thiele and K. 
Heidenreich [ B e y . ,  26, 2599 (189311 was used; they reported m.p. 148". The procedure of H. Bode-Konig, W. 
Siefken, and H. A. Offe [ibid., 87, 825 (1954)l was used; they report m.p. 210 dec., solidifying and remelting a t  248-252" dec. Y The 
procedure of J. P. Turner and J. Walker [J. Chem. Soc., 4542 (1952)] was used; they report m.p. 174-175'. Ethylene dichloride. 

they report m.p. 185'. bb 90% methanol. cc Anal. 
Calcd.: C1, 17.03. Found: C1, 16.81. 

8 Anal. Calcd.: S ,  14.24. Found: SI 14.50. 
E. Hoggartht reported m.p. 186-187'. 

Ethyl acetate. 

The procedure of A. Pinner and K. Caro [Ber., 28, 465 (1895)l was used; 

crude product from the previous step, 23.0 g., and 250 ml. of 570 
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-triazole (33). Method L.- 
To a stirred solution of 14.0 g. (0.2 mole) of 8570 KOH in 45 ml. of 
water, 11.0 g. (0.13 mole) of dicyandiamide, and 55 ml. of acetone, 

a t  0 to  5 O ,  was added gradually 20 g. of p-acetamidobenzoyl chlo- 
ride. The mixture was kept for 18 hr. a t  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 50Y0 aqueous N,N-dimethylformamide, melted 




