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A b s t r a c t  - The s y n t h e s i s  and a l k y l a t i o n  o f  6,7-dimetiiyl-5~-1,2,4-triiiiiii[5,6-blin- - - 

dole-3(2H)-ihione ( 2 )  are d e s c r i b e d .  

1 
The broad range of  a n t i v i r a l  a c t i v i t y  e n h i h i r e d  by some t r i a r i n o i n d o l e s  l e d  u s  t o  i n v e s t i g a t e  

t h e  s y n t h e s i s  o f  t h e  t i t l e  compound ( 5 )  and i t s  a l k y l a t i o n .  The condensa t ion  of i s a t i n  w i t h  - 
r h i a s e m i r a r b a r i d r  and subsequent  c y r l i r a r i o n  of t h e  r e s u l t i n g  t h i a s e m i c a r b a r a n e  t o  t h e  corres- 

ponding 1,2,4-triazino[5.6-~lindolc has been r e p o r t e d  by several i n v r s t i g a r o r ~ . ~ - ~  W e  prepared 

5 (N.C., 81ZY. m.p. 360°d) by r e f l u x i n g  6 , 7 - d i m e t h y l i s a t i n  (1) w i t h  f h i o s e m i c a r b a z i d e  (?) i n  an 

5 
aqueous p o t a i i i u m  c a r b o n a t e  s o l u t i o n .  The i n t e r m e d i a t e  th iosemicarbazone  ( 3 ) ( N . C . ,  93.5%Y, - 
m.p. 288-290'd) cou ld  be  o b t a i n e d  e i t h e r  by  s h o r t e n i n g  t h e  r e f l u n  p e r i o d  o r  by per ia rming  t h e  

condensa t ion  i n  a b s o l u t e  e t h a n o l ,  u s i n g  o c a t a l y t i c  amount of po tass ium c a r b o n a t e .  When 1 and 

2  were condensed i n  aqucous potass ium hydrox ide ,  6-(2-amino-3,4-dimerhylphenyl)-3-thio-l,2,4- 

6  
triazine-3,5(2!,4x)dione ( 4 )  w a s  o b t a i n e d  (N.C., 83.OZY. m.p. 360 'd) .  Compound 5 cou ld  a l s o  be 

s y n t h e s i z e d  by r e f l u x i n g  5 i n  dirnethylfarmsmide (Scheme 1 ) .  
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6,7-Dimethy1-5H-1,2,4-triiiiii[5,6-b]indol-3(2)-hi - - ( 2 )  p o s s e s s e s  f o u r  p o s s i b l e  s i t e s  for 

d k y l a f i o n .  T h e r e f o r e ,  it was of inrercsr t o  v a r y  t h e  a l t y l a t i o n  c o n d i t i o n s  t o  examine t h e  

p o s s i b i l i t y  of c o n t r o l l i n g  n i t r o g e n  and s u l f u r  a l k y l a r i a n .  

x e t h y l u t i o n  of 5 w i r h  m e t h y l  i o d i d e  i n  e i t h e r  aqueous hydrox ide  o r  sodium r t h o n i d e  i n  

l e d  to t h e  fo rmat ion  of t w o  isomers ( 5  and !) ~ h i l e  t h e  a c t i o n  a1  methyl  i o d i d e  i n  soda- 

mide i n  l i q u i d  a m o n i a  a f f o r d e d  8 e x c l u s i v e l y  (Scheme 2 ) .  - 

1 '*I' , 
SaNWaI . NH3 gjIJfk CH, H N SCH, 

! 

me =eact ian  of  5 w i r h  diazomerhane i n  e t h e r - d i a x a n e  r e s u l t e d  i n  the f o r m a t i o n  of f o u r  p r o d u c t s :  

6 ,  8 ,  4 ,  and (Scheme 3 ) .  

compounds 5, 8 and 9 had been p r e v i o u s l y  s y n t h e s i z e d  by o t h e r  methods and t h e r e f o r e  were e a s i l y  

c h a r a c t e r i z e d  by comparison of L h e i r  s p e c t r a l  d a t a  and m e l t i n g  p o i n t s  w i t h  t h o s e  of a u t h e n t i c  

 sample^.^ The 'HNMK spec t rum of 10 c x h i b i t e d  two resonances  a t t r i b u t a b l e  to K-methyl g roups  -- 
which suppor ted  t h e  s t r u c t u r e  shown. 

The a l k y l a r i o n  of 5 w i t h  methyl  c h l o r i d e  and sodium h y d r i d e  i n  d i m e r h y l f o r m m i d e  a l s o  a f f o r d e d  

a m i x t u r e  o f  p r o d u c t s :  5 ,  _Ip, and  2 (Scheme 4 ) .  

Scheme * il -. 

Compound 6 was t h e  major p roduc t  i n  t h i s  r e a c t i o n .  A l k y l a t i o n  of 2 w i t h  methyl  i o d i d e  i n  a d i -  

methyl  su l fon ide-wate r  m i x t u r e  i n  t h e  p resence  of a t r a n s f e r  c a t a l y s t ,  b e n z y l t r i m e t h y l a m o -  

nium bromide a l s o  gave 5 as t h e  main p roduc t  a l o n g  wi rh  s m a l l e r  amounts of 2 and &I. Methyla t ion  

of 5 w i t h  methyl  i o d i d e  and s i l v e r  o x i d e  i n  dimethylformomidr y i e l d e d  a m i x t u r e  of l i v e  compounds: 
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6, !, 9 ,  A? and 11. The r a t i o 5  o f  t h e  methy la red  p r o d u c t s  o b t a i n e d  i n  t h e s e  r e a c t i o n s  a re  

shown i n  Tab le  I. 

The r e s u l t s  o b t a i n e d  when 5 was a l k y l a c r d  w i t h  methyl  i o d i d e  and e i t h e r  sodium hydrox ide  o r  - 
sodium f r h a n i d e  agree w i t h  the f i n d i n g s  of o r h e r  i n v e s t i g a t o r s  f o r  t h e  m e t h y l a t i o n  of 1 , 2 , 4 -  

t r i a r i n e s .  Daunis s t u d i e d  t h e  a l k y l a r i a n  of w i t h  mcthyl  i o d i d e  i n  t h e  p resence  of sodium 

merhaxide (Srhpmr 5 ) .  
7 

(hlly s u l f u r  m e t h y l s t i o n  was observed when one  mole of methyl  i o d i d e  was used (2:). With a n  

excess of  a l k y l a t i n g  r e a g e n t ,  rwo i somers ,  _1_4+ and Ll,, were o b t a i n e d  i n  a 4 : 1  r a t i o .  T h r r e i o r e ,  

m e t h y l a t i o n  a t  t h e  2 -n i r rogen  w a s  f avored .  S i m i l a r  r e s u l t s  were found by Gut et al. who re- 

p a r t e d  r h a r  i n  t h e  p resence  of an excess of  methy l  i o d i d e  a l k y l a t i o n  of  g> occur red  f i r s t  on 

s u l i u r ,  and then  on t h e  2 -n i t rogen  (14b).8 A l k y l a r i o n  on t h e  4 -n i t rogen  w a s  nor r e p o r t e d .  

These  ~ e s u l t s  a re  c o n s i s t e n t  w i t h  t h e  p r e f e r e n t i a l  a l k y l a r i a n  at t h e  2 -n i t rogen  of 2 .  

The h a r d - s o f t  a c i d  base  (IISAB) concep t  may be used  t o  r a t i o n a l i z e  a l l  of t h e s e  o b s e r v a t i o n s .  

S u l f u r  is t h e  p r e f e r r e d  s i r e  of  a l k y l a t i o n  i n  S 2  r e a c t i o n s  because of i t s  g r e a t e r  p o l a r i r a b i l i t y .  N 

Once s u l f u r  h a s  been m e t h ~ l a t e d ,  t h e  s o f t e s t  n i t r o g e n  is a l k y l a t e d  n e x t .  Examinat ion of the t h r e e  

p o s s i b l e  a n i o n s  formed after p r o t o n  removal from 5 shows r h a r  t h e  a n i o n  a t  t h e  5 - p o s i t i o n  may 

ex tend  i t s  d e l o c a l i z a t i o n  i n t o  e i t h e r  t h e  benzene r i n g  o r  t r i a z i n e  r i n g  and might be  c o n s i d e r e d  

t h e  s o f t e r  n i t r o g e n .  The p r e f e r e n t i a l  a l k y l v r i m  o i  t h e  2 -n i t rogen  may b e  e x p l a i n e d  by t h e  

e x t r a  ~ t ~ b i l i r y  of t h e  cor responding  a n i o n  i n  t h e  pa ra -qu ino id  form. 

m e  exclusive a l k y l a t i o n  a €  s u l f u r  w i t h  methyl  iodide-sadamide i n  l i q u i d  ammonia was unexpected 

bu t  cou ld  be a t t r i b u t e d  t o  t h e  s o l u b i l i t y  of t h e  p roduc t  under  t h e  c o n d i t i o n s  used .  

The p r o d u c t s  i s o l a t e d  from t h e  r e a c t i o n  of 5 w i t h  diazomethane are i n  f u l l  agreement w i t h  t h o s e  

r e p o r t e d  by Daunis er a 1 . 9  Merhylar ion o f  16 w i t h  diazomethane r e s u l t e d  i n  i n i t i a l  m e t h y l a t i o n  -- 
a t  t h e  4 - n i t r o g e n  fo l lowed  by t h e  c o m p e t i t i v e  m e t h y l a t i o n  of t h e  2 -n i t rogen  (22) and s u l f u r  U!) 



T a b l e  I .  Methy la t ion  of 5_ 

NaHICH C 1  
DMF 3 

B e n z y l r r i -  
methyl-  
ammonium bromide 
CH31/NaOHIDMS0 

COMPOUND m . p . ,  OC 

P roduc t  Mix tu re  (Z) 

b L 52 Lo_ L I  
52.5 33 .8  -.. .-. ..- 

45.5 1 8 . 7  --- -.. .-. 

..- --. ... .-- -.- 

25.97 ... 28.88 21.69 ..- 

77.4 .-. 5.8 8 . 6  -.. 

79.5 -.. 9 . 6  ... 2 .7  

Tab le  11. Mel t ing  p o i n t s ,  i n f r a r e d .  and u l t r a v i o l e t  d a t a  

INFRARED 
-1 

~ a j o r  (Kar ,  cm 
Peaks 

95% EtOH 95% EtOH 95% EtOH 
1 N  KOH 5% HC1 
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COKPOUND m.p. INFRARED 

3080, 1595 ,  1561,  1552 w:~ 322-326 d 1352.  1269,  1189 ,  1140 
CH, ' 

CH, CH, 1124 ,  1058 ,  652 

3050, 2900, 1610 ,  1580 
324-325 1280,  1205,  1010 

CH. CHs 

a Prepared  by unequ ivoca l  methods, see re f .  5. 
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(Scheme 6 )  

A smal l  amount of O-alkylar ion was a l s o  observed .  P r o t o n s t i o n  of diaromerhane r e s u l t s  i n  a ha rd  

+ 
m e t h y l a r i n g  s p e c i e s  (Cll ) which i s  expec ted  t o  a t t a c k  n i t r o g e n  i n  p r e f e r e n c e  t o  s u l f u r .  The 

3 

predominance of m e t h y l a t i o n  a t  t h e  4 -n i t rogen  s u p p o r t s  t h e  hard c h a r a c t e r  of t h i s  center, and 

is c o n s i s t e n t  w i t h  t h e  f a c t  t h a t  t h e  4 -n i t rogen  was n o t  a l k y l a t e d  w i t h  a s a l t  met l ry lh t ing  agen t  

such as  methy l  i o d i d e .  Methyl c h l o r i d e ,  a h a r d c r  m e t h y l a r i n g  a g e n t  than  methyl  i o d i d e  a f f o r d e d  

mare n i t r o g e n  a l k y l a t i o n .  Phase t r a n s f e r  c a t a l y s i s  gave 6 as t h e  major  p roduc t  a l t h o u g h  some 

a l k y l a t i c n  of t h e  h a r d e r  n i t r o g e n s  was observed t o  a smal l  e x t e n t .  

Methy la t ion  i n  t h e  presence of s i l v e r  o x i d e  i n  dimethylformamide a f f o r d e d  a complex m i x t u r e  of 

f i v e  p r o d u c t s ,  t h e  predominant p roduc t  showing p r e f e r e n t i a l  a l k y l a t i m  at t h e  2 -n i t rogen  i s  

w e l l  as a t  s u l f u r .  

The m e l t i n g  p a i n t s ,  i n f r a r e d  and u l t r a v i o l e t  data of t h e  a l k y l a t e d  p r o d u c t s  a re  summarized i n  

Tab le  11, and the n u c l e a r  magnet ic  resonance d a t a  f o r  r h c s e  compounda are c o n t a i n e d  i n  Table 111. 
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