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SUMMARY 

lIpis paper desc r ibes  a s imp le ,  r a p i d  s y n t h e s i s  f c a f f e i n e -  
1,7- CH3 p r o d u c e d  b y  t h e  r e a c t i o n  o f  i ~ d o m e t h a n e - ~ ~ c  w i t h  3- 
methy lxanth ine .  The s y n t h e s i s  is comple te  i n  one day, r e q u i r e s  
o n l y  t h e  inost rud imen ta ry  l a b o r a t o r y  equipment, and i s  amenable 
t o  l a r g e  s c a l e  syn thes is .  O v e r a l l  y i e l d  a f t e r  p roduc t  i s o l a t i o n  
i s  82%, and t h e  p r o d u c t  i s  o f  99% c h e m i c a l  p u r i t y  and 99% 
i s o t o p i c  p u r i t y .  
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CH 3, i o d o methane- 3C, met hy 1 xan t h i nes , sy n t hes i s , 

INTKODUCTION 

Ca f f e i ne (3,7- d i h y d r o  - 1,3,7- t r i m e t  hy  1 - 1 H - p u r i n e - 2,6 - d i o n e  ; 1,3,7 - 

t r i r n e t h y l x a n t h i n e )  i s  a p l a n t  a l k a l o i d  wh ich  en joys  v i r t u a l l y  u b i q u i t o u s  use 

as a c e n t r a l  nervous system s t i m u l a n t .  The pharinacodynainics o f  c a f f e i n e  have 

been e x t e n s i v e l y  i n v e s t i g a t e d  (1). P r e s e n t  e f f o r t s  i n c l u d e  pharmacok ine t i c  

s tud ies ,  p a r t i c u l a r l y  w i t h  r e y a r d  t o  m e t a b o l i c  conve rs ion  t o  o t h e r  b i o a c t i v e  

x a n t n i n e s .  O t h e r  s t u d i e s  f o c u s  on t h e  p o s s i b l e  r o l e  o f  c a f f e i n e  as a c o -  

ca rc inogen  (2)  o r  a p u r i n e r y i c  a n t a g o n i s t  (3). I s o t o p i c a l l y  l a b e l l e d  c a f f e i n e  

i s  o f t e n  used as a t r a c e r  i n  t h i s  work.  A l k y l a t i o n  o f  m e t h y l x a n t h i n e s  w i t h  

iodoa lkanes  and a l k y l  s u l f a t e s  i s  w e l l  known (4,s) and syntheses o f  c a f f e i n e  

nave been accompl ished i n c o r p o r a t i n g  'H, 3H, "C, 13C, 14C, o r  15N (6-9). 

The p u r p o s e  o f  t h i s  p a p e r  is n o t  t o  d e s c r i b e  a s y n t h e s i s  based  on n o v e l  

chemis t r y .  Rather,  t h i s  scheme i s  a s imp le ,  h i g h  y i e l d  p rocedure  wh ich  can be 

accolnpl isned i n  any l a b o r a t o r y  w i t h o u t  any s p e c i a l  t e c h n i q u e s  o r  a p p a r a t u s .  
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The s y n t h e s i s  r e q u i r e s  one  day, f o l l o w e d  by sirr ip le e x t r a c t i v e  p u r i f i c a t i o n .  

It i s  u s e f u l  f o r  i n c o r p o r a t i o n  o f  ',H, 3H, 1 3 C  o r  14C. 

E XP E K I IfiE NTAL 

S y n t h e s i s  - The r e a c t i o n  v e s s e l  used  was a two-necked ,  250 in1 r o u n d  b o t t o m  

f l a s k  suspended u v e r  a m a g n e t i c  s t i r  p l a t e .  The f l a s k  was f o i l  w rapped  t o  

exc lude l i g h t .  I n t o  50-100 ml CH30H, 0.2 - 2.0 mmol 3-methy l xan th ine  (3  - FIX, 

A l d r i c h  Chemical ,  Mi lwaukee, W I )  was added and s o l u b i l i z e d  by t h e  a d d i t i o n  o f  

K O H - s a t u r a t e d  CH30H. A t  t i m e  ze ro ,  i ~ d o m e t h a n e - ~ ~ C ( ' ~ C H ~ I ,  99 a t o m  %, MSD 

I s o t o p e s ,  S t .  L o u i s ,  M U )  was added such  t h a t  t h e  mol r a t i o  13CH31:2-MX = 20. 

The m i x t u r e  was sea led  and s t i r r e d  a t  amb ien t  t e m p e r a t u r e  (20-24'). The pti o f  

t n e  s o l u t i o n  was checked p e r i o d i c a l l y  u s i n g  p H - i n d i c a t o r  paper and a d j u s t e d  t o  

pH = 12-14 by t h e  a d d i t i o n  o f  me thano l i c  KOH. ga tes  o f  p roduc t  f o r m a t i o n  were 

assessed by  r e v e r s e  phase HPLC as d e s c r i b e d  below. 

Upon c o m p l e t i o n  o f  t h e  r e a c t i o n ,  t h e  f l a s k  was f i t t e d  w i t h  a s h o r t  p a t h  

d i s t i l l a t i o n  head and an  i c e - c o o l e d  r e c e i v e r  was a t t a c h e d .  U s i n y  g e n t l e  

warming o f  t h e  f l a s k ,  un reac ted  %H31 was c o l l e c t e d  and r e t a i n e d  f o r  f u t u r e  

s y n t h e t i c  work. CH3UH was t h e n  d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e  and 

c o l l e c t e d .  

The r e s u l t a n t  w h i t e  s o l i d  was r e d i s s o l v e d  i n  100 mL H20, and e x t r a c t e d  

w i t h  3 x 30 mL f r a c t i o n s  o f  CHC13. A f t e r  b a c k - e x t r a c t i o n  a g a i n s t  d i l u t e  

aqueous KOH (pH 14) ,  t h e  o r g a n i c  phase  was g e n t l y  e v a p o r a t e d  u s i n g  a r o t a r y  

e v a p o r a t o r .  The r e s u l t a n t  w h i t e  f l a k e s  w e r e  c o l l e c t e d  and  a s s e s s e d  as t o  

chemica l  arid i s o t o p i c  p u r i t y  by compar ison t o  USP c a f f e i n e  (US Pharmacopeial  

Convention, R o c k v i l l e ,  MD). 

Chemical P u r i t y  - Chemical p u r i t y  was assessed by m e l t i n g  range de te rm ina t ion ,  

g r a d i e n t - e l u t i o n  r e v e r s e  phase HPLC (20 cm C18 ~o lumn,CH~OH,H~0,40~,  f l o w  r a t e  

2 mL x m i n - I ) ,  and  c a t i o n  exchange  c h r o m a t o g r a p h y  l l m  Z i p a x '  S C X  c o l u m n  
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(Dupont, U i l m i n y t o n ,  D E ) ,  1% aqueous a c e t i c  ac id ,  25”, f l o w  2 mL x m i n - l ] .  

S p e c t r o p h o t o m e t r i c  d e t e c t i o n  (A=254 nm) was used i n  b o t h  c h r o m a t o g r a p h i c  

modes. 

I s o t o p i c  p u r i t y  was assessed by d i r e c t  probe e l e c t r o n  impact (70 eV) mas 

spectrometry us ing  a VG 7035 mass spectrometer ( V G  Instruments, Stamford, CT). 

RESULTS AND D I S C U S S I O N  

The c o n v e r s i o n  o f  3-MX t o  c a f f e i n e  proceeds t h r o u g h  i n t e r m e d i a t e  

m e t h y l a t i o n  t o  e i t h e r  l Y 3 - d i m e t h y l x a n t h i n e  ( t h e o p h y l l i n e )  o r  3,7- 

di inethylxanthine (theobromine) as i l l u s t r a t e d  i n  F igure 1. 

7 Under these condi t ions,  me thy la t i on  o f  N proceeded more r a p i d l y  than N1- 

Theophyl l ine methy lat ion,  and theobromine accumulated e a r l y  i n  the  reaction. 

0 

I 
CH3 

/f Caffeine 

CH3 
3 - Methylxanthine 

CH3 

Theobramine 

Figure 1. Metriy1dtion pathways f o r  cdt f i ‘ l  W. 
i ntermedi a te  d i  methyl xdnth i  nes, tt leobromi ne o r  t heophy 1 1 1 ne. 
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F i g u r e  

METHYLXANTHINES ' PRODUCT FORMATION RATE 
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- 2. Keac t ion  p rog ress  was assessed by  r e v e r s e  phase HPLL. Theobroinine 
( 3 , 7 - d i m e t h y l x a n t h i n e )  i s  f o r m e d  m o r e  r a p i d l y  and  consuined more  
s l o w l y  than i s  t h e o p h y l l  i n e  (1 ,3 -d imethy lxanth ine) .  

produced was r a p i d l y  7-methylatesd t o  c a f f e i n e .  

was comple te  ( F i y u r e  2). 

d u r i n g  e x t r a c t i o n .  

A f t e r  24 hours  t h e  r e a c t i o n  

O v e r a l l  y i e l d  was 82%, w i t h  l o s s  o c c u r r i n g  p r i m a r i l y  

A f t e r  e x t r a c t i o n  and e x t e n s i v e  d r y i n g  under reduced p ressu re  ove r  P2O5, 

chemica l  p u r i t y  was assessed. The m e l t i n g  range f o r  caffeine-1,7-13CH3 was 

224-225" as compared t o  223-225" f o r  USP c a f f e i n e .  Both  began t o  sub l ime  a t  

175". Samples  w e r e  t h e n  s u b j e c t e d  t o  l i q u i d  c h r o m a t o g r a p h i c  a n a l y s i s .  I n  

b o t h  LC modes ~ a f f e i n e - l , 7 - ' ~ C H 3  c o - e l u t e d  w i t h  a u t h e n t i c  c a f f e i n e .  The 

xanth ines  i n  F i g u r e  1 a r e  c o m p l e t e l y  r e s o l v e d  by  these  methods and no t r a c e s  

o f  u n r e a c t e d  m e t h y l -  o r  d i m e t h y l x a n t h i n e s  w e r e  d e t e c t e d .  The l i m i t s  o f  

d e t e c t i o n  a r e  such t h a t  l e s s  t h a n  1% c o n t a m i n a t i o n  wou ld  have been de tec ted ,  

t hus  chemica l  p u r i t y  was g r e a t e r  t h a n  99%. 

E l e c t r o n  i i i i pac t  mass spec t ra  o f  b o t h  c a f f e i n e  i s o t o p e s  were ob ta ined,  and 

a r e  shown i n  F i g u r e  3. T a b l e  1 i s  a l i s t i n g  of f r a g m e n t a t i o n  p a t t e r n s  

p r e v i o u s l y  desc r ibed  i n  accu ra te  mass s t u d i e s  (5, 10) a l o n g  w i t h  t h e  expected 
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CAFFEINE USP REFERENCE STANDARD 
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Figure 3. Di rec t  probe E I  (70eV) mass spec t r a  of USP standard c a f f e i n e  and 
caffei  ne-1,7-13CH3. 

a n d  observed da ta  f o r  ~ a f f e i n e - l , 7 - ~ ~ C H >  These da ta  agree  w i t h  respec t  t o  

fragmentation pattern and re la t ive  ion abundances. 

If 13CH31 of somewhat less  t h a n  99% isotopic purity had been used in t h i s  

synthesis, the most l ike ly  isotopic impurities in the product would have been 

caffeine-l-13CH3 or caffeine-7-13CH3 Either of these incompletely labelled 

Table 1: Fragrnentacion pattern for  caffeine-1,7-13CH3 

Reported m/z for  
Caffeine (Ref 7 )  

194 

137 

109 

82 

67 

55 

Predicted m/ fo r  Observed 
~af fe ine-1 ,7-  I 3% m/z Fragment - 

196 196 C613C2H1002N4' 

138 138 Cgl3CH70N3' 

110 110 Cq 3CH 7 N 3' 

83 83 c 3' 3CH6 N 2' 

67 = 6Ba 67 I 68 C ~ H ~ N Z ' ,  C213CH3N2+ 

56 56 C Z ~ ~ C H ~ N '  

a )  loss of CH3 from N 3  or N 7  equally l ike ly  
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c a f f e i n e  s t r u c t u r e s  would e x h i b i t  a mo lecu la r  i o n  and base peak o f  m/z = 195. 

The r e l a t i v e  abundance o f  m / z  = 195 [ ( M  - l)'] f o r  caffeine-1,7-13CH3 WdS 9%, 

w h i l e  t h e  r e l a t i v e  abundance o f  t h  ( P I  - l)', m / z  = 193 i o n  f o r  USP c a f f e i n e  

was 8%. T h i s  d i f f e r e n c e  i n  abundance o f  (M - 1)' i o n s  i n d i c a t e  t h a t  t h e  

i s o t o p i c  i i r i p u r i t y  o f  t h e  l a b e l l e d  p r o d u c t  was no g r e a t e r  t h a n  1%. Thus t h e  

i i i u t o p i c  p u r i t y  o f  ca f fe ine -1 ,7 -13CH3 p r o d u c e d  i n  t h i s  s y n t h e s i s  das 9Y%, 

r /h ich i s  i n  agreement w i t h  t h e  s t a t e d  p u r i t y  o f  t h e  13CH31. 
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