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Caffeine (1) and theobromine ( 2 )  reacted with 

pyridine in the presence of hypochlorous acid to give 

8-(N-pyridinium)xanthine salts, which were characterised 

as the triiodides (3 and 5) and monoiodides (4 and 6). 

Treatment of 8-(N-pyridinium)caffeine iodide (3) with 

sodium hydroxide afforded sodium 5-(caffeine-8-y1)- 

imino-1,3-pentadienoxide ( 7 ) .  This experiment made 

clear the mechanism in the colorimetry of caffeine by 

hypochlorous acid-pyridine method. 

Caffeine (1) is medically used as a stimulant for central nervous 

system, respirator and heart, and quantitatively analysed by 

dimethylglyoxime thiosemicarbazide solution1 or hypochlorous aoid- 



pyr id ien  method. 2 ' 3  The l a t t e r  method i s  more widely used. I n  t h i s  

communication we wish t o  r e p o r t  t h e  mechanism of t h e  c o l o r a t i o n .  

A s o l u t i o n  of c a f f e i n e  (1) and pyr id ine  i n  aqueous a c e t i c  a c i d  

a t  pH 5.36 - 5.71 was t r e a t e d  wi th  sodium hypoch lor i t e  a t  0 - 3'. 

and then iod ine  was added t o  t h e  r e s u l t i n g  aqueous s o l u t i o n  t o  give  

8- (N-pyridinium) c a f f e i n e  t r i i o d i d e  ( 3 ) .  m.p. 228 - 230°, i n  25.3 % 

y i e l d .  Reduction of t h e  iod ide  (3 )  wi th  sodium b i s u l p h i t e  af forded 

t h e  monoiodide ( 4 ) ,  m.p. 268 - 271°, whose s t r u c t u r e  was determined 

a s  follows. The n.m.r. spectrum (6 i n  D20) o f  4 showed f i v e  protons  

due t o  pyridinium r i n g  a t  8.15 - 9.30 i n  a d d i t i o n  t o  t h r e e  N-methyl 

groups a t  3.27, 3.45 and 3.91 p.p.m., and t h e  proton a t  t h e  8 posi-  

t i o n  of c a f f e i n e  disappeared.  The absorp t ions  due t o  carbonyl groups 

were observed a t  1705 and 1675 cm-I i n  t h e  i . r .  spectrum ( K B r ) .  

- 0'01 HC1 nm ( l o g  c ) :  262 (4.07) and 335 (3.66);  The U.V. s p e c t r a  [ A m a x  

A O . O 1  N - NaOH 
max nm ( l o g  E ) :  455 (4 .89) l  were s i m i l a r  t o  those  of 7- 

methyl-8- (N-pyridinium)xanthine m e t h y l b i s ~ l p h a t e . ~  Heating t h e  mono- 

iodide  w i t h  0 .1  3 sodium hydroxide s o l u t i o n  y ie lded  8-aminocaffeine 

( 8 ) .  

Theobromine ( 2 )  a l s o  fu rn i shed  8-(N-pyridinium)theobromine tri-  

iod ide  ( 5 ) ,  m.p. 216 - 220° (decomp.) and t h e  corresponding monoio- 

d ide  ( 6 ) ,  m.p. 296 - 301' (decomp.) by the  same t reatment  a s  above. 

Treatment of t h e  monoiodide (5 )  wl th  aqueous sodium hydroxide 

s o l u t l o n  a t  room temperature a f fo rded  q u a n t i t a t i v e l y  r e d  prisms, 

- A ~ " '  NaOH nm ( l o g  E )  : 455 (4 .86) ,  t o  which t h e  s t r u c -  m.p.> 290°, 

t u r e  (7 )  was ass igned on t h e  b a s i s  o f  t h e  following evidences.  The 

n.m.r. spectrum (6 i n  D20) exh ib i t ed  f i v e  o l e f i n i c  protons  a t  8.27 

( l ~ ,  d, J = 9.5 Hz,  C1-H), 7.65 ( 1 H ,  d ,  J = 1 1 . 0  H z ,  C5-H) ,  6.18 
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( l H ,  t, J = 13.0 Hz, C3-H) , 5.45 ( l H ,  dd,  J = 11.0 and 13.0 Hz, 

c4-H) , and 5.37 ( l H ,  dd,  J = 9.5  and 13.0 Hz, C2-H) a long  w i t h  

t h r e e  N-methyl s i g n a l s  a t  3.04, 3.28 and 3.45 p.p.m. A f t e r  f u r t h e r  

t r e a t m e n t  of  7 w i t h  sodium hydroxide ,  the r e s u l t i n g  s o l u t i o n  

showed t h e  a b s o r p t i o n  due t o  g l u t a c o n i c  d i a ldehyde  a n i o n  a t  364 nm 

i n  t h e  U.V.  ~ p e c t r u m . ~  I n  t h i s  c a s e  8-aminocaf fe ine  ( 8 )  was i s o -  

l a t e d .  

A c e t y l a t i o n  o f  7 w i t h  a c e t i c  anhydr ide  and p y r i d i n e  gave t h e  

a c e t a t e  ( 9 ) ,  m.p. 223 - 225O (decomp.).  Xzz13 nm ( l o g  E )  : 320 

hKBr  cm- I :  1760 (en01 a c e t a t e ) ,  ( 4 . 3 4 ) ,  382 (4 .42)  and 395 (4 .43) :  max 

1680 and 1665 (amide c a r b o n y l s )  and 965 (trans o l e f i n ) ;  m/e  331 (M+). 

The c o u p l i n g  c o n s t a n t  o f  t h e  f i v e  o l e f i n i c  p r o t o n s  i n  t h e  n.m.r.  

spec t rum [ ( 6  i n  CDC13)  8.85 ( l H ,  d ,  J = 9.0 Hz, Cl-H), 7.75 ( l H ,  

d ,  J = 12.0 Hz, C5-H), 7.08 ( l H ,  dd,  J = 11.0 and 1510 Hz, C3-H), 

6.55 ( l H ,  dd, J = 9.0 and 15.0 Hz, C2-H) and 6.28 p.p.m. ( l H ,  dd, 

J = 11.0 and 12.0 Hz, C4-HI 1 i n d i c a t e d  a n  all-- geome t r i c  i s o -  

m e r  ( 9 ) .  6  

The above s a l t  ( 7 )  was a l s o  o b t a i n e d ,  when a s o l u t i o n  o f  c a f f e i n e  

C 1 )  and p y r i d i n e  i n  aqueous acetic a c i d  w a s  t r e a t e d  w i t h  sodium 

h y p o c h l o r i t e  fo l lowed by a d d i t i o n  o f  sodium hydroxide  acco rd ing  t o  

t h e  hypochlorous  a c i d - p y r i d i n e  method. 3 

Ring-opening o f  py r id in ium s a l t s  w i t h  some n u c l e o p h i l e s  h a s  

r e c e n t l y  been  r e p o r t e d  by s e v e r a l  workers .  7-9 and t h e  r e a c t i o n  o f  

t h e  monoiodide ( 4 )  w i t h  methylamine a f f o r d e d  s i m i l a r l y  5-methyl- 

0 
amino-N- ( c a f f e i n e - 8 - y l )  - 2 , 4 - p e n t a d i e n y l i d e n e m n e  (10)  , m.p. > 290 , 

H 0 
X m z x  nm ( l o g  E ) :  445 ( 4 . 8 5 ) ,  which was c o n v e r t e d  t o  t h e  a c e t a t e  

+ 
( l l ) ,  m.p. 240°, m/e  344 ( M  ) .  The a l 1 - w  s t r u c t u r e  of  11 was 
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sugges t ed  by the n.m.r. spec t rum (6 i n  CF3C02H), i n  which f i v e  

o l e f i n i c  p r o t o n s  appeared  a t  8 .83 ( l H ,  d ,  J = 11.0 Hz, C1-H), 8.58 

( l H ,  d ,  J = 12.0 Hz, C5-H), 8.30 ( l H ,  dd, J = 12.0 and 13.0 Hz, 

C3-H), 7.08 ( l H ,  dd, J = 11.0 and 13.C Hz, C2-H) and 6.63 p.p.m. 

( l H ,  t, J = 12.0 Hz, C 4 - H ) .  

I t  was t h u s  c l a r i f i e d  t h a t  sodium 5- ( ca f f e ine -8 -y l )  imino-1,3- 

pen tad i enox ide  ( 7 )  formed a s  shown i n  Scheme 2 i s  t h e  a c t u a l  c o l o r e d  

m a t e r i a l  i n  t h e  c o l o r i m e t r y  o f  c a f f e i n e  by hypochlorous a c i d - p y r i d i n e  

method. A p p l i c a t i o n  of  t h e  s u b s t i t u t i o n  o f  c a f f e i n e  and theobromine 

w i t h  p y r i d i n e  i n  t h e  p re sence  o f  hypochlorous a c i d  would p rov ide  

a method f o r  t h e  p r e p a r a t i o n  of  many 8 - s u b s t i t u t e d  x a n t h i n e s .  

Scheme 2 
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