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A series of P-siil>stitiitcd nniino-4-amino-6-phenyl- (and substituted phenyl)-s-triazines has been synthesized and the 
inti1ienc.e of btructiiral v:iriatioii on the iiltraviolet absorption spectra reported. 

Diurctic activity iii :I scrics of guanamines I, R = 
T I ,  war; a s c r i l d  to tlic tnutonicr 11; whereas with 
homologs of I, It = alkyl, notcd ineffectiveness was 
associated with eqiiilibria \\hich diminbhed the 
population of forms such as 11.' 

R H 

H --HNAN 

nI-x ' ANANH9 H,NJN%H I 
H 
I1 I 

To challenge this concq)t, aryl variants of R 
envisioned as capable of stabilizing I1 werr pre- 
pared (Table I),  in the hop(. that an increase in 
the absolute concentratioii of forms such as 111, 
rather than an unfavorablc cqiiilibrium concentra- 
tion would cnhance diiirctic actil.ity.2 

3Iost of the conipouiids were prepared by conden- 
qntioii of the requisite acid chloride3 with the sub- 
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(1) S. I,. Shapiro, 5'. .%. Parrino, IC. Geiger, S. Kobrin, 

(2)  S. J. h y y a l  arid C. I,. Angyal, J .  Chem. Soc., 1461 
iintl L. Frcdman,  J .  .4112. Chpiii. Soc., 79, 5064 (1957). 

(1952). 

stituted biguanide.* For compounds 5-12 reaction of 
the biguanide in methyl salicylate as a solvent, under 
controlled heating vias the method of choice. 
The reduction of compound 23 to 2-amino-4-n- 
amylamino-6-m-aminophenyl-s-triazine was effected 
using rhodium-on-~arbon.~ On testing as a diuretic 
this compound was inactive while the other com- 
pounds were too insoluble for evaluation of their 
pharmacological properties. 

Spectral characteristics of these compounds 
indicate that the 6-phenyl group of I V  could inter- 
act with the triazine nucleus as an unhindered bi- 
phenyl.6 although the RIR&-- group can influence 

I v 
X = H, o-OH, o-OCH3, m-NOz, nz-KH2 

eo-planarity of the 6-position substituent.' The 
role of the azomethine iinkage in heteroaromatics, 
as imparting a pseudocarbonyl function,a could be 

(3) S. L. Shapiro, V. A. Parrino, and L. Freedman, 
J .  Am. Chem. Soc., 81, 3996 (1959). 
(4) ( a )  8. L. Shapiro, V. A. Parrino, E. Rogow, and L. 

Freedman, J .  .lm. Chem. Soc., 81,  3725 (1959) for aryl- 
biguanidcs; ( b )  S. I,. Shapiro, I-. 4. Parrino, and L. Freed- 
man, J .  A m .  Chem. Soc., 81, 3738 (1059) for alkyl and 
aralk) lbiguanides. 

( 5 )  S. L. Shapiro, I<. Weinberg, T. Bazga, and L. Freed- 
man, J .  Am. C h e m  Soc , 81, 5146 (1951)). 

(6)  H. Gilman, Org. Chemzstry,  Vol. 111, John Wley  & 
Sons, Inc., S e w  York, N. Y., 1953, p. 173. 

( i )  S. I,. Shapiro, V. X Parrino, and L. Freedman, 
J .  Org.  Chem., 25, 370 (1960). 

( 8 )  (a )  S. I,. bhapiro, E:. Isaacs, V. A. Parrino, and 
L. Freedman, J .  Org. Chcni., 26, 68 (1961); ( b )  J T. 
Thurston, F. C. Schacfcr, J. R.  Ihidley, and 11. Holm- 
Hansen, J .  .4m. Chenz. Soc., 73, 2992 (1951); (c )  J. 31. 
Mci\lanus and R. M. Herbst, J .  Org. Chem., 24,1462 (1959); 
( d )  R. Levine and S. Raynolds, J .  Org. Chem., 25, 530 
(1960). 
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No 

1 
2 
3 
4 

5 n n  
6 
7 
8 
9 

1 oaa 
11 
12 

l 3 U Q  
14 
15 
16 
17 
1 ana  
19 
20h 
21 

22aa 
23 
24 
25 

165-160 
100-102 
149-151 
198-l9!J 

187-1 88 
164-1 65 
176-177 
148-150 
164-1 66 
154-1 55 
221-223 
240-251 

2Z-224 
162-164 
174-1i5 
19 1-192 
105-106 
154-155 
395-196 
187-1 01 
228-28 1 

222-224 
122-123 
165-1 67 
212-215 

.A 
13 
A 
B 

-1 
.4 
A 
.I 
A 
h 
A 
h 

B 
n 
A 
.4 
B 
R 
A 
-4 
C 

B 
R 
B 
13 

6 1 . 4  61 1 

66.!) 6 6 . 6  
6 8 . 4  68.Y 

5 7 . 1  5 7 . 5  
50 . :3 59 . 0 
tio. 2 60 4 
61.5  61.9 
( t . 4  66.1 
t i6 .4  6 6 . 0  
64.5 65.0 
57.4 5 7 . 0  

58.8 5 8 . 5  

6 1 . 5  6 1 . 6  
6 2 . 7  6 3 . 0  
62 7 62.1 
0 7 . 3  6 7 . 0  
6 7 . 3  6 7 . 2  
6 5 . 5  65 2 

5 0 . 8  50.9 
5 5 . 6  55.9  
56.0 55 .7  
58 4 5 8 . 6  

6 1  

6 7  
5 0 

5 7  
5 4  
t i  f i  
i 0 
5 (i 
5 fi 
4 7  
:3 9 

6 2  

7 0  
7 4  
7 4  
6 0  
6 0  
5 2  

4 7  
6 0  
5 4  
:3 9 

6 .3 

7 0  
4 8  

0 1 
5 4  
t i  8 
7 1  
5 :3 
5 8  
4 8  
4 1  

5 !I 

6 8  
7 4  
7 3  
6 0  
5 9  
5 3  

4 7  
6 2  
5 1  
4 0  

3 2 ,  5 32. !) 
27 .2  " 8 . 7  

2 6 ,  (i 2(i 0 

:30. :3 :30 4 
28.8 2 8 . 7  
2 7 . 0  26 .0  
25 6 25 :3 
2 2 . 8  2 2 . 6  
2 2 . 8  2 2 . 0  

L"L ;{ 22 ;< 

2 7 . 2  2 K 9  

2 1 . 8  2 2 . 1  
2 1 . 8  2 2 . 1  

2 1 . 4  2 0 . 9  

2 7 . 8  2 8 . 2  

2 7 . 3  2 7 . 1  

R2 is hydrogen ilnless otherwise indirated; R? is methyl. llelting points are not corrected. S = recrystallizing ~ o l -  
vent; A = ethanol-wxter; B = :wetonitrile; C = hlethyl Cellosolve-water. d Yields are reported as recrystallized product. 
e Analyses are by Weiler and Straiiss, Osford, England. The picrate, melted 
202-206" (ethanol-ht,sanc). . lna l ,  C:llctl. for C12H18S808:  C, 50.9; H, 3.5: S,  21.5, Found: C, 51.2; H, 3 . 5 :  N, 21.2. 

R1R2?;- = piperidino. 0 C:<Hb- = allyl. 

reflected hereiii as hciizaniidiiic or lxiizamidc spcc- 
tra. The taiitomeric variaiits of IV,  reflected by 
I11 above, may also iiiflueiiw or bc the predominant 
form. Thc spectra havr Ixen dctailcd in Table 11. 

The influenrc of the &position sribstitiicnt is 
manifest as It i, varied as hydrogeii, mtthvl, and 
phenyl in I. Relative to I, R = H (It1 = aromatic.), 
R = CHJ affords proiioimccd hathorhromic and 
hyperchromic effect<," although this effect is 
modified when the free amino group is replacrd 
by the diniethylniniiio group (cwmpoiiiids 3 1  and 
32) and a new chroniophorr i h  obtained at a h i t  
236 n i p .  Wheii R1 is aliphatic., substitution of I1 = 
methyl for R = hydrogen givrs a hypsochiomic. 
shift ( A  A,,,, = 7 mp) with no significant effect on 
the extinction cocffic*icnt (scc rompoiiiids 28, 29) .I" 

( 9 )  C. G .  Overberger and S. L. Shapiro, J .  Am. Chem. 
Soc., 76, 1855 (1954) (sec rompound 1 vs. 4,  8, and 9, Tnbk 
I1 of this referrnrc~). 

With R = phenyl, the band a t  about 238 mp 
(compounds 1-3) indicates that the priricipal eler- 
troiiic path is through the phenyl ring, co-acting 
with the triazine nucleus.11 The spectral character 
is vlcarly distinct from 2,-l-diamino-6-phenyl-s- 
triazine" with compounds 1-3 showing nearly 
twice the absorbance and a hypsochromic effect rela- 
tive to this compound. This may be associated with 
decreasing population of the imino formi1& (see 
compounds 1 and 3 us. 2 )  with the more fully sub- 
stituted compounds. With compound 4 the hatho- 
chromic effect, rclativc to compounds 1-3, is 

(10) IZcf. 1, shom tt comparable It = H analog of com- 
~ o i i n d  28 in-butyl deriv.) A,,,, 263 (3.801, and of com- 
iiound 29, A,,, 263 (4.13). 

(1 1 ) (a)  P. B. Russell, G. H. Hitchings, B. H. Chase, 
and J. Kalker. J .  Am. Chem. Soc., 74, 5403 (1952) report 
A,,, 249 (25.0)  (ethanol); (b)  F. C. liachod and E. A.  
Steck, J .  Am. Chem. Soc., 70, 2819 (1948) report A,,, 
244 (1S.6) (9.SCi ethanol). 



TABLE Ir 
ULTRAVIOI.ET ABSOHPTION H P E C T R A ~  

No.0 A,,, x 1 0 - 3 ) ~ ~ ~  

1 237 (29.2) ;  270-290 (3 .9)  
2 237 (25.2); 276-290 (3 .8)  

4 255 (36.2) ;  292-303 (6 .6)  
:3 240 (34.6); 270-288 (4 .2)  

5 248 (19.9); 313 (7.7)  
ci 251 (15.5); 315 (7 .2)  
7 251 (17.6) ;  314 ( 6 . 9 )  
8 250 (18.0); 314 (7 .1)  
9 250 (18.4) ;  315 (7 .1)  

10 248(21.6);313 ( 7 . 8 )  
11 257 (33.3); 314 (11.6) 

1 a 276 ( 6 . 2 )  
14 276 (5.7)  
15 276 (6 .0)  
16 276 ( 5 . 9 )  
17 276 (6 .2)  
18 278 ( 6 . 9 )  
I 9 275 (6 .0)  

12 acia(35.4); 292-315(13.9) 

2 0 254(24.6) ;  275-281(16.2) 
21 258 (26.7); 276-287 (19.9) 
22 232 (42.2) ;  260-278 (8.8) 
23 229 (38.8); 256-275 ( 8 . 9 )  
24 235 (46. 0); 257-288 (8.4) 
25 255 (39.7) 
26dn 260 (3.7)  
2 7db 256 ( 3 . 7 )  
28dC 256 ( 3 . 7 )  
2 9 d d  257 ( 4 . 2 )  
Bode 258 ( 4 . 9 )  
3ldf 236 (21.8) ;  257 (21.6)  
32dg 227 (30.4) ;  259-270 (6.0)  
Ae 236(9 .0) ;  267(11.8);283-304(8.5) 
Af 
BO 233 (7.6) ;  301 (3.9)  
Bf 239 (7 .3) ;  326 (5.9) 
Ch 234 (7 .5) ;  302 ( 3 . 8 )  

Di 232 (40.0) 

238 (15.7) ;  269 (14.0) ;  336 (8 .9 )  

C J  213-217(6.4); 296(3 .8)  

a The spectra were established in methanol with a Beck- 
man recording spectrophotometer, Model DK. Compounds 
5-12 were also evaluated in 0.1N sodium methoxide in 
methanol, and gave spectra identical to those found with 
niethanol. * Numbers correspond to compound numbers 
in Table I. Where a range for the maximum is shown, the 
extinction coefficient is calculated a t  the center of the 
shoulder. Compounds 26-32 are derivatives of aceto- 
gusnumine and have been descrihpd by S. L. Shapiro, E. 
Isaws, V. Parrino, and L. Freedman, J .  Org. Ch~m. ,  26, 68 
( 1961); the 2-substituted amino group is identified below, 
and unless otherwise stated the 4-substituent is amino; da 

dimethylamino; db allylamino; dC n-amylaniino; dd p-phw- 
ethylaniino; de S-methylbenzyl; d f  2-anilino-4-dimethyl- 
:imino; d g  2-(2,6-dimethylanilino)--l-diniethylamino. e Sali- 
cylanilide. f Solvent for compound immediately above was 
0.1.V sodium methoxide. g Salicylamide. h%licylic acid. 
2-Amino-4-n-amyliniino-B-m-aminophrnyl-s-trixsine hy- 

drochloride hydrate. 

ascribable to a preferred path involving coaction of 
the anilino group with the triazine n u c l e u ~ . ~  

Compounds 22-25 (R = m-nitrophenyl) af- 
forded small hyper- and hypsochromic effects rela- 
tive to compounds 1-4. This enhancement of the 
"anomaly') to 2,4-diamino-6-phenyl-s-triazine with 
t hc more electron-deficient phenyl ring having m- 
i i i t  I Y I  aithstitiition anti  thr  noted hyperchromirity, 

suggest that the predominant, absorbing species may 
be the dipolar ion, form V, in analogy to the ben- 
zoate resonance.12s13 qfx qfX 

I 
-0 / C N 0  

V. X=H, NO, 
The I, R = o-hydroxyphenyl (compounds 5-12), 

spectra compare with salicylic acid and allied struc- 
t u r e ~ ~ ~ ' ~ ~  which have bands a t  about 237 and 308 
mp. The compounds of this series have these bands 
shifted bathochromically and hyperchromically, 
and the identity of the spectral characteristics ob- 
tained in methanol or 0.1N sodium methoxide sug- 
gest that formula IIIa  most closely describes the 
key chromophore.'6 

In  turn, the spectra of I, R = o-methoxyphenyl 
group (compounds 13-21), are distinguished from 
I, R = phenyl to a degree in excess of that  predict- 
able on steric hindrance. hdditionally, they do not 
resemble14 the o-hydroxyphenyl series, which in- 
dicates that the principal absorbing species is dis- 
tinct from that classified for these groups, and 
which is suggested as form IIIc. The aryl RINH- 
variants in this group (compounds 20, 21) have an 
additional strong band a t  about 255 mp reflecting 
the coaction of the anilino group with the triazine 
ring, whereas the characteristic band for this series 
a t  about 276 mp is sublimated as a shoulder. 

EXPERIMENTAL 

2-Amino-4-anilino-6-m-nitrophenyl-s-triazine (Compound 
25). A mixture of 4.43 g. (0.025 mole) of phenylbiguanide in 
25 ml. of acetonitrile and 2.5 ml. (0.025 mole) of 40oJ, sodium 
hydroxide in 10 ml. of water at 0' was treated with stirring 
and continued cooling with 4.62 g. (0.025 mole) of m-nitro- 
benzoyl chloride. After storage at 20' for 24 hr. the reaction 
mixture was decanted into 100 ml. of water, and the product 
5.25 g. (68%) m.p. 209-211", separated. 

Compounds 1-4, 13-24 were similarly prepared using the 
appropriate biguanide and acid chloride, with an  additional 

(12) (a )  W. F. Forbes and M. B. Sheratte, Can. J .  Chem., 
33, 1829 (1955); ( b )  IT. J. Horton and D: E. Robertson; 
J .  Org. Chem., 25, 1016 (1960). 

(13) (a )  H. E. Ungnade and R. W. Lamb, J. Am. Chem. 
Soc., 74, 3789 (1952); ( b )  H. H. Freedman, J. Am. Chem. 
SOC., 82,2454 (1960). 

(14) C. 31. Moser and A. K. Kohlenberg, J .  Chem. Sac., 
804 (1951). 

(15) H. E. Ungnade, E. E. Pickett, L. Rubin, and E. 
Youse, J .  Org. Chem., 16, 1318 (1951). 

(16) R. S. Baichwal, R. hl. Baxter, S. I. Kandel, and 
G. C. Walker, Can. J .  Biochem. and Phjpiot., 38, 245 
(1960) suggest involvement of hydrogen bonding in 
salirylanilides. 
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equivalent of sodium hydroxide when the biguanide hydro- 
chloride \vas used. 

2-Amino-6-o-h 1~droxypheny1-4-p-pheneth ylanzino-s-triazine 
(Compound 9). A mixture of 4.8 g. (0.02 mole) of p-phen- 
ethylbiguanide hydrochloride in 15 ml. of methanol vas 
treated with 5 ml. (0.02) mole of 23y0 sodium methoxide in 
methanol. The sodium chloride formed was separated and the 
filtrate on evaporation gave a residue of the biguanide free 
base which was granulated under pentane. The biguanide was 
suspcnded in 5 ml. (excess) of mcthyl salicylate and heated in 
an oil bath maintained a t  115" for 20 min. with noted evolu- 
tion of basic fumes. When cool, the formed sirup was granu- 
Inted under pentane to give 5.49 g. (8170) of crude product. 

Compounds 5-13 were similarly prepared. 
Hydrogenafzoq of compound 23. A mixture of 2.23 p. (0.0074 

mole) of the compound in 2.46 ml. of 3LV hydrochloric acid 
and 250 ml of methanol, and 0.5 g. of 5% rhodium-on-carbon 
was hydrogenated in the Parr hydrogenator a t  20' a t  an 

initial pressure of 62.5 lbs. of hydrogen. Within 10 min. the 
theoretical hydrogen ( 3  equivalents for reduction of nitro 
to amine group) was absorbed. After removal of the catalyst 
and evaporation of the solvent, there was obtained 2.17 
g. (90%) of yello\y crystals of 2-amino-4-n-amylamino-6 m- 
aminophenyl-s-triazine hydrochloride hydrate, m.p. 73- 
79"; recrystallized (water), m.p. 79-80'. 

Anal. Calcd. for CL4H23C1N60: C, 51.5; H, 7.1; S, 26.7. 
Found: C, 51.5; H, 7.2; N, 27.4. 

The dipicrate melted a t  201-203' (acetonitrile). 
i lr~al.  Calcd. for C26H24N12011: C, 43.0; H, 3.3, N, 23.2. 

Found: C, 43.2; X, 3.8; S, 23.2. 
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Trivinyl isocyanurate was obtained from the trimerization of vinyl isocyanate. Cotrimerizations of vinyl or allyl iso- 
cyanates with alkyl or ar: 1 isoci anates yielded the corresponding unsymmetrically substituted isocyanurates. Effects of 
catalysts and reactant ratios on the trimerization reactions were studied. 

X number of examples are to be found in the lit- 
erature describing the preparation of isocyanurates 
by trimerization of aromatic and aliphatic iso- 
cyanates.'V2 The trimerization of cyanic acid to  
form cyanuric acid is also k110n-n.~ S o  examples 
could be found for the preparation of alkenyl iso- 
cyanurates by this type of reaction. The most nearly 
analogous method for the synthesis of an unsatu- 
rated derivative is that  involving reaction of potas- 
sium isocyanate JTith allyl chloride to  produce 
triallyl i s~cyanura t e .~  

Tiny1 isocyanurate is reported to result from 
cleavage of triallyl isocyanurate in the presence of 
a p h c n ~ l . ~  The product was not fully described 
or characterized, and we nere not able to repeat 
this reaction in our laboratory. The syntheses of 
di- and triallyl compounds have been effected by 
reaction of cyanuric acid with allyl chloride in 
aqucous The mono- and diallyl deriva- 
tiyes are reported to be obtained from reaction of 
the triallyl compound vit  h phenol and aromatic 
solvents in the presence of various catalysts.' 

(1) A. W. Hofman, Ber., 18, 765 (1885); I. C. Xogoni 
U. S. Pat.  2,838,511 (1958). 

(2) E. 31. Smolin and L. Rapoport, Heterocyclic Com- 
wounds. Interscience. Xew York, 1959, D. 104; Australian . _  
Pat.  45,955 (1050). ' 

(3) P. Klason, J .  prakt. Chem., (Z), 33, 129 (1886). 
(4) D. K. Kaiser and D. H. Church, U. S. Pat .  2,536,849 

Isocyanurates bearing both saturated and unsatu- 
rated aliphatic substituents have not been reported. 

We have found that mixed trisubstituted isocy- 
anurates of the following types can be prepared by 
base-catalyzed cotrimerization of the appropriate 
isocyanates. 

R 

N 
/ \  o=c c=o 
I 1  

R'-X N-R' 
\ /  

C 
II 
0 

Homotrimerization of vinyl isocyanate has also 
provided the novel trivinyl isocyanurate (VI) in 
good yicld : 

CH=CH2 
I 

N 
/ \  
/ \  

O=C I 1  c=o 
~CHFCH-N=C=O + 

CHFCH-X N-CH=CH? 

(1951). 
(5) H. \leis and H. Sauer, U. S. Pat.  2,860,139 (1958). 
(6) B. E. Lloyd and F. L. Kelly, U. 8. Pat.  2,894,950 

(1959); T. C. Frazier et al.,  J. 070. Chem., 25, 1914 (1960). 


