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It has  been es tab l i shed  that in the r e a c t i o n  of 2 , 4 , 6 - t r i m e t h y l p y r y l i u m  p e r c h l o r a t e  with 2- ,  3- ,  and 4-  
aminopyr id ines ,  cy tos ine ,  adenine,  guanine,  and the co r r e spond ing  nuc leos ides ,  and a l so  with 2 - a m i n o - 1 -  
me thy lbenz imidazo le ,  2 - a m i n o - 4 - m e t h y l t h i a z o l e ,  2 - amino -4 -pheny l th i azo l e ,  2 - a m i n o - 6 - b r o m o b e n z o -  
th iazole ,  and 2 -amino-6 -me thoxybenzo th i azo le ,  e i the r  the co r re spond ing  qua t e rna ry  pyr id in ium sal t  i s  
f o rmed  or  the p y r y l i u m  r ing  opens,  depending on the b a s i c i t y  of the amino group�9 

The capac i ty  of p y r y l i u m  sa l t s  for  r e a d i l y  r eac t i ng  with p r i m a r y  amines  of the a l iphat ic  and a r o m a t i c  s e r i e s  is  
widely  used to obtain qua t e rna ry  py r id in ium compounds [1]. We have shown that the b r i e f  boil ing of 2 , 4 , 6 -  
t r i m e t h y l p y r y l i u m  p e r c h l o r a t e  (TMPP) with equ imolecu la r  amounts  of 2 - a m i n o - 4 - m e t h y l t h i a z o l e ,  2 - a m i n o - 4 -  
phenyl th iazole ,  2 - amino -6 -me thoxybenzo th i azo l e ,  and 2 - a m i n o - 6 - b r o m o b e n z o t h i a z o l e  in ethanol  of g l ac ia l  ace t ic  ac id  
f o r m s  a lmos t  quanti ta t ive y ie lds  of qua te rna ry  py r id in ium sa l t s  which, on the b a s i s  of e l e m e n t a r y  ana lys i s  and IR 
s pec t ro scopy  (p resence  of s t rong absorp t ion  bands of py r id in ium r ing  at 1640-1655 and 1560-1575 cm -1 and a l so  bands 
of the C104- anion in the 1100 -cm- '  region) a r e  a s c r i b e d  s t r uc tu r e s  I and II. 
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When weakly  bas ic  he t e rocyc l i c  amines  ( 3 - a m i n o - I ,  2 , 4 - t r i a z o l e ,  5 - a m i n o t e t r a z o l e ,  1 -aminocol l id in ium 
p e r c h l o r a t e  [2]) were  used in the reac t ion ,  only the s t a r t ing  m a t e r i a l s  were  r e c o v e r e d .  

In view of the p r ev ious ly  observed  [3] capac i ty  of p y r y l i u m  sa l t s  fo r  causing c h r o m o s o m a l  r e a r r a n g e m e n t ,  
e x p e r i m e n t s  were  ins t i tu ted concerning the r eac t ion  of TMPP with the aminopur ines  and a m i n o p y r i m i d i n e s  p r e s e n t  in 
nucle ic  ac ids  (cytos ine ,  cyt idine ,  adenine,  adenosine ,  guanine, and guanosine).  In con t r a s t  to 5 - a m i n o p y r i m i d i n e s ,  
the amino group of which is  r e a d i l y  blocked by py ry l ium sa l t s  with the fo rma t ion  of qua te rna ry  py r id in ium sa l t s  [4], 
the n i t rogen  b a s e s  and nuc leos ides  ment ioned above do not fo rm condensat ion p roduc t s  with TMPP (even on prolonged 
boi l ing in wa t e r ,  ethanol,  g l ac ia l  ace t ic  ac id ,  or  d ime thy l fo rmamide)  but spl i t  off the anion f rom the py ry l ium sal t ,  
and cause  a concomitant  opening of the py ry l ium r ing.  
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The r eac t ion  of 2-  and 3 -aminopyr id ine  and 2 - a m i n o - l - m e t h y l b e n z i m i d a z o l e  takes  p lace  in the s a m e  way, but 2-  
aminomethy lbenz imidazo le  and 3 -aminopyr id ine  (which, l ike 5 - a m i n o p y r i m i d i n e s ,  r e s e m b l e s  a r o m a t i c  amines)  fo rm 
qua t e rna ry  py r id in ium sa l t s  (III, IV). 

CH3 ~H3 

H c l o ~  I 
�9 I i l  CH3 cJ04 CFI a 

IV 

The r e s u l t s  obtained a r e  in ha rmony  with the r e s u l t s  of quan tum-mechan ica l  ca lcu la t ions ,  accord ing  to which in 
adenine the most  bas ic  a tom is  Nz, in guanine NT, and in cy tos ine  N 3 [5]. These  a toms  a r e  r e a c t i o n  c e n t e r s  in r eac t i ons  
with e l ec t roph i l i c  agents  (addit ion of a pro ton  [6,7] and a lkyla t ion  [8, 9]. In addi t ion to th i s ,  the methyla t ion  of 2- 
aminopyr id ine  [10] and 2 -aminobenz imidazo le  [11] t akes  p lace  at  a r ing  n i t rogen a tom.  On the b a s i s  of these  fac t s ,  we 
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m a y  a s s u m e  that  in the r eac t ion  of TMPP with the des ignated  he t e roc yc l i c  amines  t he re  is  no fo rma t ion  of a 
qua t e rna ry  pyr id in ium sal t  because  the e l ee t roph i l i e  a t tack  of the p y r y l i u m  cat ion does not take p lace  on the 
conjugated p r i m a r y  amino group but on the he t e rocyc l i c  n i t rogen a tom.  Consequently,  py ry l ium sa l t s  a r e  incapable  of 
r eac t ing  d i r e c t l y  with the nucleic  ac ids ,  and the c h r o m o s o m a l  r e a r r a n g e m e n t s  which they induce [3] r e su l t  f rom 
reac t ion  with the p r o t e i n s  [12] of the c h r o m o s o m e s  or  with enzyme s y s t e m s .  

E X P E R I M E N T A L  

1 - ( 4 ' - M e t h y l t h i a z o l - 2 ' - y l ) c o l l i d i n i u m  p e r c h l o r a t e  (Ia). A mix tu r e  of 1.14 g (0.01 mole)  of 2 - a m i n o - 4 -  
methy l th iazo le  and 2.23 g (0.01 mole)  of TMPP in 10 ml of g l ac i a l  ace t ic  acid was boiled for  30 min.  The cooled 
r eac t i on  mix tu re  was diluted with a th reefo ld  volume of e ther ,  and the l ight co lored  c r y s t a l s  were  f i l t e r ed  off. Yield 
2.7 g (85%), mp 148 ~ C (from ethanol).  Found,  %: C 44.91; H 5.01; C1 11.40; S 10.05. Calcula ted for  C12HIsC1N204S, %: 
C 45.21; H 4.74; C1 11.12; S 10.05. 

1 - ( 4 ' - P h e n y l t h i a z o l - 2 ' - y l ) c o l l i d i n i u m  p e r e h l o r a t e  (Ib). In a manner  s i m i l a r  t o  the p r e p a r a t i o n  of Ia, 1.76 g (O.0] 
mole)  of 2 - amino -4 -pheny l th i azo l e  and 2.23 g (0.01 mole)  of TMPP in 15 ml  of g l ac ia l  ace t ic  acid yielded 3.2 g (84%) 
of a c r y s t a l l i n e  product  with mp 195 ~ C (from ethanol).  Found,  %: C 53.30; H 4.32; C1 9.12; S 8.15. Calculated for  
CITHl~C1NzO4S, %:C 53.61;H 4.23; C1 9.31; S 8.42. 

1 - (6 ' -Me thoxybenzo th i azo l -2 ' - y l ) co l l i d in iu m p e r c h l o r a t e  (IIa). A mix tu r e  of 0.52 g (~3 mM) of 2 - a m i n o - 6 -  
methoxybenzoth iazole  and 0.56 g (2.5 mM) of TMPP in 5 ml of ethanol  was boiled fo r  3 hr .  When the cooled solut ion 
was diluted with e the r ,  a c r y s t a l l i n e  product  s epa ra t ed  out. Yield 0.9 g (94%), mp 154 o C (from e thanol ) .  Found, %: 
C 50.22; H 4.62; C1 9.22; S 8.13. Calcula ted f o r  Ct6Ht7C1N2OsS, %: C 49.93; H 4.45; C1 9.2]; S 8.33. 

1 - (6 , -Bromobenzo th iazo l -2~-y l )co l l id in ium p e r c h l o r a t e  (IIb). A mix tu re  of 1.14 g (5 mM) of 2 - a m i n o - 6 -  
b romobenzo th iazo le  and 1.12 g (5 mM) of TMPP in 5 ml  of ace t ic  acid was boi led for  1 hr  30 min.  Af ter  standing fo r  
a day at room t e m p e r a t u r e ,  the r e a c t i o n  mix tu re  was f i l t e r ed  f rom the unchanged TMPP.  On dilut ion with e ther ,  the 
f i l t r a t e  deposi ted a syrup ,  which c r y s t a l l i z e d  in the course  of a day,  giving 0.6 g (27%) of product .  Light co lored  
need les ,  mp 190 ~ C (from ethanol).  Found,  %: C 41.32; H 3.5];  C1 8.17; S 7,]1.  Calcula ted for  ClsHI4ClBrN204S, %: 
C 41.07; H 3.25; C1 8.17; S 7.39.  

Benz imidazo l -21 -y lme thy lco l l i d in ium p e r c h l o r a t e  (III). A mix tu re  of 1.47 g (0.01 mole)  of 2 - a minome thy lbenz -  
imidazo le  and 2.23 g (0.01 mole) of TMPP Was bo i l ed  in 15 ml of g l ac ia l  ace t ic  acid  for  20 min.  When the r eac t i on  
mix tu re  was  di luted with e the r  a sy rup  depos i ted ,  which c r y s t a l l i z e d  giving 3.4 g (96%) of a product  with mp 210 ~ C 
(from wate r ) .  Found,  %: C 54.93; H 5A2; C1 9.99. Calcu la ted  fo r  C16H18CIN304, %: C 54.62; H 5.15; C1 10.07. 

1 - (Py r id in -3 t -y l ) eo l l i d in ium p e r c h l o r a t e  {IV). A solut ion of 0.9 g (~0.01 mole)  of 3 -aminopyr id ine  in 6 ml  of 
g l ac ia l  ace t ic  acid was t rea ted  with 2.23 g (0.01 mole)  of TMPP,  and the mix tu re  was boi led for  30 min.  The cooled 
solut ion was f i l t e r ed  f rom a r e s i n  and was highly diluted with e ther .  The syrup that deposi ted was d isso lved  in 5 ml  
of w a t e r  and the solut ion was acidif ied with HC104 and ex t r ac t ed  with e ther .  The aqueous solution was evapora ted  
under  vacuum. The r e s i d u a l  syrup  was d isso lved  in hot ethanol  and, on cooling,  c o l o r l e s s  needles  depos i te  d . The yield 
of IV was 0.7 g (23%), mp 208 ~ C (from ethanol) .  Found, %: C 52.34; H 4.78; C1 12.25. Calcula ted for  Ct~H~C1N204, 

%: C 52.26; H 5.06; C1 11.86. 
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