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crystallized from a suitable solvent or distilled. The hydro
chloride salts were prepared by dissolving the base in EtOH or 
EtaO and adding ethanolic HC1. 

l,2-Dihydro-3H-irnidazo[l,5-a]indol-3-ones (Table IV). Pro
cedure C. Reaction of the 2-(Aminomethyl)indole with N,N'-
Carbonyldiimidazole.—A solution or suspension of 0.02 mole of 
the dry 2-(aminomethyl)indole in 40 ml of dry THF or C6H6 
was cooled and a solution of 3.87 g (0.022 mole) of 92% N,N'-
carbonyldiimidazole in 40 ml of THF was added. The mixture 
was allowed to stand at room temperature for 18-20 hr and then 
heated on the steam bath for 1-4 hr. The solvent was distilled 
using a rotating evaporator and the residue was warmed with 
about 50 ml of H20. The product was filtered off and washed 
with H2O (if solid) or extracted into CeH6. The C6H6 layer was 
washed with H20 and concentrated. Cyclization was usually 
incomplete, and further purification was obtained by crystalliza
tion of the base or salt from a suitable solvent or by partition 
chromatography. The salts were obtained by dissolving the 
base in Et>0 or EtOH and adding ethanolic HCl or excess maleic 
acid. 

Procedure D. By Aminoalkylation of the l,2-Dihydro-3H-
imidazo[l,5-a]indol-3-one.—A solution or suspension of 0.01 
mole of the l,2-dihydro-3H-imidazo[l,5-a]indol-3-one in 30 ml of 
diglyme was added dropwise to a suspension of 0.011 mole of 
•50% NaH (in mineral oil) in 20 ml of diglyme. The mixture was 
stirred for 30-60 min and a solution of 0.012 mole of the dialkyl-
aminoethyl chloride in 20 ml of diglyme was added. The reaction 
mixture was heated at reflux temperature for .5 hr, filtered while 
hot, and concentrated. The residue was dissolved in dilute HCl 

We have reported2 earlier the significant diuretic, 
saluretic, and antikaluretic activity of 2-amino-4-m-
chloroanilino-s-triazine (III, R = m-Cl) in rats and 
dogs. Unfortunately, these results could not be extrap
olated to humans except in some cases of Cor pul
monale where interesting diuretic activity was noted.3 

Accordingly, our attempts were directed at the mod
ification of the parent molecule. Since several mer-
capto-s-triazoles exhibit significant diuretic activity,4 

and the S02NH2 group is degraded to mercapto in the 
body,5 it seemed worthwhile to incorporate mercapto 
and related groups in III, in search for better diuretics. 
The present paper deals with the synthesis and evalua-

(1) To whom the inquiries should be addressed. 
(2) (a) D. J. Mehta, U. K. Sheth, and C. V. Deliwala, Nature, 187, 1034 

(1960); (b) K. N. Modi, C. V. Deliwala, and U. K. Sheth, Arch. Intern. Phar-
macodyn., 151, 13 (1964); (c) M. H. Shah, M. Y. Mhasalkar, and C. V. Deli
wala, / . Scilnd. Res. (India), 19C, 282 (1960). 

(3) K. R. Shroff, personal communication. 
(4) (a) M. H. Shah, V. M. Patki, and M. Y. Mhasalkar, J. Sci. Ind. Res. 

(India), 21C, 76 (1962); (h) H. L. Yale and J. J. Piala, J. Med. Chem., 9, 42 
(1966). 

(5) J. W. Clapp, J. Biol. Chem., 223, 207 (1956). 

and extracted with CeH6 to remove nonbasic impurities. The 
aqueous layer was treated with excess 5 N NaOH and extracted 
with C6H6. The C6H6 layer was washed (H20), dried (MgSO,), 
and concentrated. The residue was converted to the hydro
chloride salt and recrystallized from a suitable solvent. 

Procedure E. 7-Chloro-2-piperidinomethyI-l,2-dihydro-3H-
imidazo[l,5-a]indol-3-one Hydrochloride.—A mixture of 1.03 g 
(0.005 mole) of 7-chloro-l,2-dihydro-3H-imidazo[l,5-a]indol-3-
one, 0.50 ml (0.005 mole) of piperidine, 0.40 ml (0.005 mole) of 
37% HCHO, and 40 ml of EtOH was heated on the steam bath 
for 2 hr. Some insoluble material was filtered off and the mother 
liquor was concentrated. The residual oil was dissolved in 5 ml of 
EtOH, and 1.5 ml of 3 A* ethanolic HCl was added. The precipi
tate was filtered off and recrystallized from MeOH. 
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tion of several 2-amino-4-arylamino-6-mercapto-s-tri-
azines and related compounds. 

Chemistry.—N-Phenylthioammeline was prepared by 
Welcher and coworkers8 by the extension of Rathke's 
method7 for thioammeline involving the condensation 
of dicyandiamide with ammonium thiocyanate in the 
presence of HCl. Recently, Kurzer and Pitchfork8 

have shown that the product obtained from phenyl-
dicyandiamide and ammonium thiocyanate was not 
the 2-amino-4-anilino-6-mercapto-s-triazine (II, R = 
H) but was hexahydro-4,6-diimino-l-phenyl-s-triazine-
2-thione, i.e., l-phenyl-2-thioammeline (I, R = H), 
which they prepared by the condensation of biguanide 
and phenyl isothiocyanate. We have studied an al
ternate route, viz., the extension of Rackmann's method9 

for thioammeline wherein biguanide is treated with 
CS2 (Scheme I). 

(6) R. P. Welcher, D. W. Kaiser, and V. P. Wystrach, J. Am. Chem. Soc, 
81, 5663 (1959). 

(7) B. Rathke, Ber.. 20, 1059 (1887). 
(8) F. Kurzer and E. D. Pitchfork,./. Chem. Soc. 6296 (1965). 
(9) K. Hackmann, Ann., 376, 163 (1910). 
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Arylbiguanides and CS2 reacted in the presence of KOH to give the title compounds along with isomeric 
l-aryl-2-thioammelines. The 6-mercapto-s-triazines were further converted to the corresponding 6-alkylmer-
capto and 6-hydroxy derivatives. In general, these compounds showed mild diuretic activity when fed orally to 
rats, while 2-amino-4-m-fluoroanilino-s-triazine and a few others showed good diuresis and natriuresis. 
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TABLE I (Continued) 
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Anal. Calcd for CsHgXsS-CeHsXaOT: X, 25.00. Found: X, 25.16. « Was obtained as hvdrated hydrochloride, mp 280-285° dec. 
Anal. Calcdfor C 3H 9N 50-HC1-H 20: X, 27.18. Found: N, 26.26. For C9H9N50-HC1-2H20, S. L. Shapiro and C. G. Overberger 
[/. Am. Chem. Soc, 76, 97 (1954)] found mp 127-130° and F. Kurzer and E. D. Pitchfork [/. Chem. Soc, 1886 (1967)] found mp 132-
134° (base mp >365°). While drying at 175° in vacuo it lost both H 2 0 and HC1; picrate sinters at 252°, mp 262-264° (Kurzer and 
Pitchfork found mp 262-265°). ' Xot screened. " X : calcd, 25.45; found, 24.91. * Reported earlier.2' ' Chlorazanil. ' X : ealcd, 
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The condensation of phenylbiguanide with CS2 in the 
presence of alcoholic KOH proceeded with evolution of 
H2S and gave 2-amino-4-anilino-6-mercapto-s-triazine 
(II, R = H). It gave S-alkyl derivatives by reacting 
with alkyl bromides. Another product, insoluble in 
cold dilute NaOH, was also isolated from the same re
action mixture. This compound was found to be 
identical with compound I (R = H) obtained by Welch-
er's method. Both I and II were not interconvertible 
by treatment with acid, alkali, boiling in C6H6, or 
pyridine. Although S-allyl or S-methyl derivatives of 
I also could be prepared and isolated as their hydro-
halide salts, the corresponding bases were found un
stable and decomposed during attempts of crystalliza
tion from organic solvents such as EtOH and Et20. 

Since we were primarily interested in the study of 
mercapto-s-triazines (II) and their conversion to S-
alkyl, sulfamoyl, and hydroxy derivatives, various 
substituted phenylbiguanides were condensed with 
CS2 to obtain the desired II. All of these compounds 
gave the expected stable S-alkyl derivatives when 
treated with alkyl halides and on treatment with Raney 
nickel afforded the corresponding desulfurized products 
(III) identical in all respects with the corresponding 
compounds obtained by the interaction of appropriate 
arylbiguanides with formic acid. The mercapto-s-
triazines (II) on treatment with H202 under alkaline 
conditions gave the corresponding 2-amino-4-arylamino-
6-hydroxy-s-triazines. They also gave disulfide de
rivatives by the action of iodine10,11 or sodium nitrite.11 

The attempt at transformation of SH in II to S02-
XH2 by the usual method12 did not work and instead 
products devoid of sulfur were obtained. Such failures 

(10) W. H. Miller, R. O. Roblin, Jr., and E. B. Astwood, J. Am. Chem. 
Soc.,67, 2201 (1945). 

(11) M. Israel, H. K. Protopapa, H. N. Schlein, and E. J. Modest, J. Med. 
Chem.,1, 792 (1964). 

(12) I. B. Douglass and T. B. Johnson, J. Am. Chem. Soc, 60, 1486 
(1938). 

have also been noted by Roblin and Clapp.13 The 
l-aryl-2-thioammelines formed simultaneously with the 
desired II were obtained in all cases. These were also 
purified and studied for their diuretic activity. 

All these compounds have been listed along with 
their physical constants in Tables I and II. 

Pharmacological Results.—The results indicate that 
2-amino-4-arylamino-6-substituted s-triazines, in gen
eral, possess only mild diuretic activity except 2-amino-
4-anilino-6-allylmercapto-s-triazine (4) which was 
significantly saluretic. Another compound which 
showed very good diuretic activity in the present study 
was 2-amino-4-m-fluoroanilino-s-triazine (60) which was 
better than hydrochlorothiazide (at their respective 
optimal dose levels) but did not equal the corresponding 
m-chloroanilino derivative (15). 

Structure-Activity Relationship.—The study of the 
diuretic activity in rats given in Tables I and II shows 
that from among the compounds studied by us, 25, 60, 
15, 66, 47, 38, 26, 36, 41, and 42 had an activity better 
than or comparable to hydrochlorothiazide as far as 
water diuresis was concerned, the order of activity being 
in descending order. If the saluratic activity is com
pared, the order of activity is 15, 47, 60, 4, and 25. 

According to earlier reports14'15 2-amino-4-p-chloro-
anilino-s-triazine (25) was the most active and 2-amino-
4-p-tolylamino-s-triazine (47) had lower diuretic activ
ity14 than 25. Our experiments confirm this as true 
only insofar as water diuresis is concerned, but on taking 
into consideration the electrolyte excretion it is seen 
that 47 is more active than 25. In compounds with H 
in the 6 position of the triazine, the order of activity as 
a function of substitution in phenyl is m-Cl > m-Y > 

(13) R. O. Roblin, Jr., and J. W. Clapp, ibid., 72, 4890(1950). 
(14) O. Clauder and G. Bulcsu, Magy. Kern. Folyoirat, 57, 68 (1931); 

Chem. Abstr., 46, 4023 (1952). 
(15) C. M. Kagawa and C. G. Van Arman, J. Pharmacol. Exptl. Th<rap. 

124,318(1958). 
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S c 11 F.MK I 

-NHCNHCN + NH 4 CNS + HCl 

II 
NH 

<f >—HNCNHCN 
\=t / 

CNHCNH, + CS, 

N H NH 

HCOOH 

s= ŝ=,„ + -^rV»-<y 
^ = f ^[==NH N*yN 

T / NH 
NH 

R 

N,/ F 

rVNH-u 
N w N 

III 

NH. 
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TABLE II 

1 - ARYL-2-THIO VMMELINEB 

S 

r\ - N ' - ' ^ N H 

H N = C v N ^ C = N H 

No. 
03 
04 
(>."> 
00 
07 
08 
Oil 
70 
71 

R 

II 
2-Cl 
3-CI 
4-C1 
2-Me 
3-Me 
4-Me 
2-MeO 
3-F 

Yield, % 

1 7 . 0 

2 1 . 2 

3 1 . 2 

21 .5 

2 0 . 2 

20.,") 

2 0 . 2 

3 0 . S 

2.1. 8 

M p , ° C " 

290 dec'-' 
277-278 dec 
284-28.") dec 
285-280 dec ' 
209-270 dec 
273 dec 
289-290 dee>! 

273-274 dec 
26") dec 

ZI6 

203 

F o r m u l a 

C,,HBN5S 

C,,1ISC1N;,S 

C a I I s ClN, , s 

CUII8C1N.>S 

CoHnN.-.S 

CioIInNiS 

C l 0 H u N 5 S 

CioIInXsOS 

C„H 8 FNoS 

C, 

C. 

c, 
c, 
N , 
N , 
N, 
0 , 
N 

II, X 
II, N 

II, X 

II , N 

S 

S 

s 
If, N 

O p t i m a l 
respon

sive do^p, 

12 .0 

4 . :> 

2 0 . 0 

2 . 0 

2 0 . 0 

8 . 0 

0 . 0 

S.) 

110.0 
128 
217 
105 
124..") 
98 

Diuretic act 

Xa ' 
292.8 
378.5 
143 
118.4 
494 

207 

171.2 
275 
150 
218.5 
181 .2 
227.8 
232.0 

202 
330 

25-1 

0 Purified through HCl and NaOH and subsetiuently suspended in hot EtOIl except inethvl Cellos 
Lit.8 mp 287-288°. " Picrate, mp 228-229°. Anal. Calcdfor C0H9X,,S-C«H.,NT

3O?: X, 25.00.' Found 
253°. ' Lit.9 mp 299-300°. f Expressed as percentage of control values. 

live for 63 ai 
X. 24.72. < 

,(1 Me2CO for 65. 
Picrale, mp 252 

/)-CHs > p-Cl. Furthermore, the K + excretion with 
m-Cl (15), m-F (60), and ;>CH3 (47) was much less 
than with the p-Cl derivative (25). 

Replacement of H in position 0 of the triazine with 
either SH, OH, or S-alkyl considerably reduced both 
diuretic and saluretic activity. The order of activity 
in descending order is H > S-alkyl > OH > SH. Ka-
gawa and Van Annan18 also had observed that sub
stitution at position 6 by COOC2H6 and CH2N(CH.,)2 

in active compounds caused a loss in activity. 
It is also seen that the alleviation of the SH grouping 

by allyl, /3-hydroxyethyl, or benzyl improved the 
saluretic action. 2-Amino-±-anilino-6-allylmercapto-
•s-triazine (4) showed powerful saluretic action which 
was greatly reduced by the nuclear substitution in the 
benzene ring in contrast to the series with R' = H 
where it is observed that such nuclear substituents en
hanced the saluretic activity. Similarly, benzyl-
mercapto derivatives also lost their diuretic activity 

with substitution in the phenyl ring. With mercapto 
or ^-hydroxyothylmercapto series, however, such nu
clear substitution enhanced the activity. 

Experimental Section16 

Pharmacological Method.—Albino rats (male) weighing about 
180-200 g were taken in a group of four in each cage and four 
or more such groups were taken for each test dose. Prior to the 
experiment, the rats were allowed food and water ad libitum. 
During the experiment each group of four animals was housed 
in an improved metabolism cage described by .Modi, el at.17 

One group was used as untreated control and received orally 
the vehicle only consisting of 0.5 ml of 2% starch solution. 
Another group received hydrochlorothiazide (2.5 mg/'kg) as 

(16) T h e mel t ing po in t s were t a k e n in capi l lary t u b e s with a par t ia l iiu 
mersion t h e r m o m e t e r a n d are uncor rec ted . W h e r e ana lyses are ind ica ted 
only by symbols of t he e lements , t h e ana ly t i ca l resul ts ob ta ined for these ele
m e n t s were wi th in - tO. 4 r;

( of t he theore t ica l va lues . 
(17) K. N. Modi , X. N. Shah, and C. K. Sheth , Arch, lnlrni. /'harm,,,-,,-

dim., 144, lil (I'.MW!. 
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reference standard suspended in the vehicle. The other groups 
received the various test compounds in the same vehicle. Since 
the dose-response curve is found to be parabolic, the dose selected 
for each of the test compounds was the optimal responsive dose 
as determined in previous experiments by the method of Modi, 
et al.K The urine was collected for 24 hr, its volume was meas
ured, and the concentrations of N a + and K + (by Eel flame 
photometer) and Cl~ (by titration) were determined. The 
results are calculated as the mean of four test groups and ex
pressed as the percentage of those in the control groups and are 
given in the tables. 

Intermediates.—o-Chlorophenylbiguanide,19 m-chlorophenyl-
biguanide,20 p-chlorophenylbiguanide,19 m-fluorophenylbiguan-
ide,21 o-tolylbiguanide,20 and m-tolylbiguanide20 were prepared 
by the condensation of the requisite arylammes with dicyandi-
amide using aqueous medium. Phenylbiguanide22 and o-
methoxyphenylbiguanide23 were prepared by using pyridine as 
solvent22 while p-tolylbiguanide20 was prepared by fusion of the 
mixture of p-toluidine hydrochloride and dicyandiamide. 

2-Amino-4-arylamino-s-triazines were obtained from the 
arylbiguanide hydrochlorides by refluxing with formic acid.14 

2-Amino-4-aniIino-6-mercapto-s-triazine (1).—To a mixture 
of phenylbiguanide (88.5 g, 0.5 mole) and alcoholic KOH (26.4 g 
of 85%, 0.4 mole, in 500 ml), 40 ml of CS2 was added. The orange-
colored reaction mixture was stirred mechanically and refiuxed 
for 14 hr with additional amounts of CS2 (10 ml) at intervals of 
4 hr. During the entire course of the reaction, evolution of H2S 
was detected by lead acetate paper. The reaction mixture was 
then cooled in ice-water and the solid was collected by filtration 
(product A). The filtrate on neutralization with HC1 afforded 
the desired alkali-soluble compound 1 which was purified by 
redissolving in alkali and neutralizing to p H 6.5 with HC1; 
crystallized from 80% EtOH, yield 13.95 g, (12.7%), mp 267-
268° dec (lit.8 263-265° dec), hydrochloride mp 195-200° dec, 
picrate mp 216-217° dec (lit,8 206-207° dec). 

Product A was purified by dissolving in dilute HC1 and re-
precipitating with NaOH. I t was crystallized from methyl Cello-
solve to get l-phenyl-2-thioammeline, yield 19.38 g (17.6%), 
mp 290° dec. l-Phenyl-2-thioammeline (63) was also prepared 
by the method of Welcher and coworkers,6 mp 286-288° dec 
(lit.8 286-288° dec). Both of these were found identical in all 
respects including ir spectra. 

All of the 2-amino-4-arylamino-6-mercapto-s-triazines and the 
l-aryl-2-thioammelines were similarly obtained and are recorded 
in Tables I and II, respectively. 

l-p-Chlorophenyl-2-thioammeline (66) was also obtained from 
p-chlorophenyldicyandiamide24 according to Welcher's method6 

for N-phenylthioammeline, mp 283-285°, yield 43.5%. Anal. 

(18) K. N. Modi, M. N. Vartak, N. N. Shah, K. Lotlikar, and U.K. Sheth, 
Arch.Intern. Pharmacodyn., 144, 51 (1963). 

(19) F. H. S. Curd and F. L. Rose, J. Chem. Soc, 362 (1946). 
(20) H. King and I. M. Tonkin, ibid., 1063 (1946). 
(21) S. L. Shapiro, V. A. Parrino, E. Rogow, and L. Freedman, J. Am. 

Chem. Soc, 81, 3725 (1959). 
(22) B. R. Jacobs and Z. E. Jolles (to ICI Ltd.), British Patent 587,907 

(1947); Chem. Abstr., 42, 214t (1948). 
(23) M. Furukawa, Y. Seto, and S. Toyoshima, Chem. Pharm. Bull. 

(Tokyo), 9, 914 (1961); Chem. Abstr., 67, 16617i (1962). 
(24) F. H. S. Curd and F. L. Rose,./. Chem. Soc., 729 (1946). 

(C9HsClN5S) N. I t was soluble in very dilute HC1 but insoluble 
in cold dilute NaOH. 

2-Amino-4-anilino-6-allyImercapto-s-triazine (4).—To a filtered 
solution of 2-amino-4-anilino-6-mercapto-s-triazine (1.1 g, 0.005 
mole) in 25 ml of 0.5 N NaOH was added allyl bromide (0.67 g, 
0.0055 mole) and the resulting mixture was stirred for 10 min. 
After 1 hr the solid that separated was collected by filtration, 
washed (H20), and dried. 

All the S-alkyl derivatives were obtained as described above. 
2-Amino-4-anilino-6-hydroxy-s-triazine Hydrochloride (2).— 

2-Amiiio-4-anilino-6-mercapto-s-triazine (1.1 g, 0.005 mole) was 
dissolved in 15 ml of aqueous 0.7 A" NaOH. To this, H202 (5 ml 
of 15%) was added dropwise with continuous stirring. The tem
perature was not allowed to exceed 45°. After 30 min the reaction 
mixture was neutralized with HC1 and the solid was filtered, 
washed (H20), and crystallized (EtOH-HCl) to give fine needles 
of 2, dried at 150° in vacuo. 

All of the 2-amino-4-arylamino-6-hydroxy-s-triazines were 
prepared by following this method. 

Action of Raney Nickel on 2-Amino-4-anilino-6-mercapto-s-
triazine.—2-Amino-4-anilino-6-mercapto-s-triazine (0.55 g, 0.0025 
mole) was finely powdered and suspended in saturated NaHC0 3 

(50 ml). Raney nickel (W6, 4.5 g) was added to it. The mixture 
was refiuxed for 4 hr and filtered hot. The filtrate after neutraliza
tion with HC1 was evaporated to dryness. The residue was 
treated with EtOH and filtered. The filtrate on evaporation gave 
163 mg (37.5%) of 2-amino-4-anilino-s-triazine, mp 229-231°. 
I t was recrystallized from EtOH, mp 233-234°. The mixture 
melting point with the compound prepared by treating phenyl
biguanide with formic acid was not depressed. Ana!. (C9H9N5) N. 

Action of Raney Nickel on l-Phenyl-2-thioammeline.—1-
Phenyl-2-thioammeline (500 mg) was suspended in 50 ml of 
EtOH containing about 2.8 g of Raney Ni (W6). The reaction 
mixture was refiuxed for 3 hr when an almost clear solution was 
obtained. It was then cooled to room temperature and filtered, 
and the filtrate was evaporated to dryness. The residue was 
crystallized (EtOH); one obtains 2-amino-4-anilino-s-triazine, 
142 mg (32.6%), mp 231-232°. A mixture melting point with an 
authentic sample was not depressed. Anal. CalcdforC9H9N5: N, 
26.92. Found: N, 27.34. The picrate melted at 241-243°; a mix
ture melting point with the authentic picrate was not depressed. 

Bis(2-amino-4-anilino-6-s-triazinyl) Disulfide.—To a solution 
of 2-amino-4-anilino-6-mercapto-s-triazine (1.4 g) in aqueous Na
OH (50 ml of 0.4 Ar) 1 NI2-KI solution was added dropwise with 
stirring keeping the temperature at 15-20°. The addition was 
stopped when no further decolorization of I2 was observed. The 
mixture was left at room temperature for 15 min and the separated 
white solid was filtered, washed (H20), and crystallized (MeOH) 
to give the product as a dihydrate (0.75 g, 54%), mp 225-226°. 
I t was insoluble in dilute HC1 or NaOH. Anal. (C18H,6Ni0S2-
2H20) N. After drying at 110° in vacuo, it showed a correct 
analysis for C, H, N. 
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