
Journal of Labelled Compounds and Radiopharmaceuticals-Vol. XXIII, No. 3 
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SUMMARY 

T h i s  a r t i c l e  describes synthes is  o f  a l l  7 N-tr ideuteromethy l  isotopomers of 
c a f f e i n e  by r e a c t i o n  o f  t r ideuteromethy l  i od ide  (CZH31) w i t h  the 
approp r ia te  xanthine molecules. 
The use o f  proton, deuterium and carbon-13-NMR as a f i r s t  step i n  p u r i t y  asses- 
sment revealed 13C-NMR deuterium isotope e f f e c t s  on the resonance o f  per- 

deuteromethyl carbons. 
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INTRODUCTION 

Caf fe ine (3,7-dihydro-1,3,7-trimethyl-lH-purine-2,6-dione~ , an a1 k a l o i d  we l l  
known f o r  i t s  m n y  ac t i ons  on the c e n t r a l  nervous system ( a l t e r a t i o n  of psycho- 
motor coord inat ion,  EEG spectra, sleep, mood and cogn i t i on )  induces numerous 
o t h e r  pharmacodynamic e f f e c t s  (1,Z). 

Despi te  i t s  l ong  use i n  a l imen ta t i on  and f o r  therapeut ic  purposes, i t s  i n t ima te  
ac t i ons  on b i o l o g i c a l  systems have been uncovered r e c e n t l y  (3-91. I t s  metabolic 
pathways (10-12) and pharmacokinetics (13-16) have a l so  been precised. 

Though specu la t i on  has been growing concerning caf fe ine t o x i c i t y  (1,17) ; one 
genera l l y  lacks evidence f o r  i t  (1 ) .  

Moreover, new i n t e r e s t  has emerged as t o  i t s  p o t e n t i a l  e f fect iveness i n  the 
t reatment  o f  a top i c  d e r m a t i t i s  (1,181 and neonatal apnea (1,19-21II 

I n  the  course o f  s tab le- isotope s tud ies o f  methyl xanthines metabolism and 
pharmacokinetics (22,231 , we found o f  i n t e r e s t  t o  search for poss ib le  isotope 
e f f e c t s  due t o  deuterium l a b e l l i n g  o f  ca f fe ine .  So a l l  7 N-tr ideuteromethyl 
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analogues of caffeine (Fig. 1) were prepared via alkylation of the appropriate 
xanthi ne molecules usi ng [*H 13-iodomethane. 

I 
c Ha C'D C H ,  

1- CDI CAFFEINE (1) I- CD1 CAFFEINE (1) 7- tDI CAFFEINE (2) 

The present paper is intended to describe the method used for the synthesis and 
present the results of NMR analysis. 

EXPERIMENTAL 

SYNTHESIS 

. The mono-trideuteromethyl caffei ne-mol ecules = 1-tri deuteromethyl-3,7-di- 
methylxanthine (11, - 3-tri deuteromethyl-l,7-dimethylxanthine (2) and 7-trideu- 
teromethyl-1,3-dimethylxanthi ne (3) - were synthesized from theobromine (3,7-di- 
methylxanthine, Sigma Chemical Co) , paraxanthine (1,7-dimethylxanthine, Fluka) 
and theophylline (1,3-dimethylxanthine, Sigma Chemical Co) respectively. 

. The di-trideuteromethyl caffeine-molecules = 1,3-di-trideuteromethy1-7-me- 
thylxanthine (5) ; 1,7-di-trideuteromethyl-3-methylxanthine (5) - and 3,7-di-tri- 
deuteromethyl-1-methylxanthine (6) - were synthesized from 7-, 3- and 1- methyl- 
xanthi nes (F1 uka respectively. 

. Tri-trideuteromethyl caffeine (7) - was synthesized from xanthine (Sigma Chemi- 
cal Co). 

In all cases, the method we used was derived from Horning and a1 (24) according 
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t o  the fo l lowing procedure. To a s t i r r e d  so lu t ion  of 500 mg xanthine (o r  mno- 
o r  dimethylxanthine) i n  25 m l  acetone : water (1: l )  were added successively 25 

m l  o f  0.5 N sodium hydroxide so lu t ion  and 750 u l  (o r  500 u l  or 250 u l  f o r  

synthesi s of  d i -  and mono- tri deuteromethyl ca f f e i  ne-mol ecul es respect ively)  
C2H31 (CEA, Saclay, France, i so top ic  enrichment : 99.25 X). 

Addit ional a l iquo ts  o f  [2HJ3 methyl iodide (750 - 500 o r  250 u l )  were added 
a f t e r  1 and 2 hours. 

Af ter  a 2-day standing a t  room temperature, acetone was removed under a stream 

o f  nitrogen and 50 m l  of water added. 

The rough product was extracted from the aqueous solut ion using CHCl3 ( 3  x 50 
ml). The solvent was removed i n  a ro ta ry  evaporator (55'C). 

PURIFICATION 

The white s o l i d  residue obtained was redissolved i n  chloroform and p u r i f i e d  via 
preparative p la te  chromatography (home-made 20 x 40 cm glass-plates coated with 
0.8 mm HF-254 Merck s i l i c a  gel).  

Before use, the plates were ac t iva ted  by heating a t  100°C fo r  3 hours. 

A l l  chromatographic separations were conducted i n  tanks saturated w i th  solvent 
system ethyl  acetate-methanol-25 % amnonia (80:20:10 ; V / V ) .  

Af te r  migration, tr ideuteromethyl caf fe ine spots were located on the plates, 

the s i l i c a  was scraped out and the compounds were extracted using chloroform ( 4  

x 50 ml). 

Solvent evaporation ( ro ta ry  evaporator) y ie lded the 7 p u r i f i e d  products. Ove- 
r a l l  y i e l d s  ranged from 15 t o  60 % ; however no valuable conclusion my be 

drawn from t h i s  v a r i a b i l i t y ,  considering the several steps involved i n  
preparation. 

NMR ANALYSIS 

- Proton Magnetic Resonance (P.M.R.) studies rOJ5 ppm] used a Bruker WP-80-FT 
high-resolut ion spectrometer and CDC13 as solvent ( i n te rna l  lock). 
The fol lowing condit ions were used f o r  a l l  spectra : 8 scans, pulse angle : 30' 
; acqu is i t ion  time : 2.73 s. ; pulse delay : 0 s. 

- Deuterium Magnetic Resonance (D.M.R.) studies i [-275, + 100 Hz], reference 
CDCL3) were car r ied  out w i th  CHC13 as solvent (same spectrometer). 
The fol lowing condit ions were used : 16,32 or 48 scans ; pulse angle : 30", 
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a c q u i s i t i o n  t ime : 2.73 s .  ; pu lse  delay : 0 s. 

- Carbon-13 Magnetic Resonance-Proton decoupled ( { l H  } CMR) spectra were 
obta ined us ing CDC13 as so l ven t  and lock. 

Reference was TMS. 
A Varian XL - 100 - FT (25.2 MHzf h igh - reso lu t i on  spectrometer was used i n  a l l  
cases ( a c q u i s i t i o n  t ime : 1 s. ; pu lse  angle : 35" ; pu lse  delay : 0 s.) except 
f G r  the magni f ied spectra of 1, 4, 5 and - 7 which were obtained on a Cameca 

350-FT (88 MHz) h igh - reso lu t i on  spectrometer ( a c q u i s i t i o n  t ime : 0.475 s.  ; 

pulse angle : 38" ; pu lse  delay : 6 x 

All  spectra were recorded a t  room-temperature. 

- - -  

s .1 .  

C 2 ~ 3 1  i s o t o p i c  p u r i t y  was assessed by GC/electron-impact mass-spectrometry 
(70 eV) us ing  a HP 5970 B mass-spectrometer equipped w i t h  a HP 59970 A Worksta- 

t i o n  (Hewlet t  Packard, Evry, France). 

RESULTS AND DISCUSSION 

PROTON MAGNETIC RESONANCE (P.M.R.) s i g n a l s  o f  na tu ra l  and syn the t i c  c a f f e i n e  

analogues are gathered i n  f o l l o w i n g  t a b l e  : 

P o s i t i o n  o f  c a f f e i n e  protons Corresponding 6 (ppm) Caf fe ine analogues 
(For  atom numbering, see Fig.1) concerned 

N 1  - CH3 

N3 - CH3 

N7 - CH3 

c8 

Caffeine, 2, 3, 6 

3.58 Caffeine, 1, 3, 2 

3.99 Caffeine, _1, 2, 4 

7.51 a1 1 analogues 

- - -  3.40 

Table 1 : PMR s igna ls  o f  c a f f e i n e  and t r ideuteromethy l  caffeine-molecules 

Deuterium l a b e l l i n g  i s  o f  p a r t i c u l a r  i n t e r e s t  here, p e r m i t t i n g  unequivocal 
assignment of the th ree  N-methyl proton groups : each t ime one p o s i t i o n  i s  
l abe l l ed ,  d i s p a r i t i o n  o f  na tu ra l  c a f f e i n e  corresponding s ignal  ensues. 
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Moreover no o f f s e t  s ignal  could be observed i n  the  spectra o f  the 8 analogues 
i n v e s t i g a t e d  (absence of N-H s ignal  from p a r t i a l l y  methylated xanthines used 
f o r  synthes is  1. 
To f i n i s h  with, P.M.R. reveal9 no i so tope  e f f e c t  on the chemical s h i f t s  o f  

N-methyl protons a t  o ther  pos i t i ons ,  as w e l l  as on t h a t  o f  H on C-8. 

DEUTERIUM MAGNETIC RESONANCE (D.M.R.) 

D.M.R. permi ts  mon i to r i ng  of the l a b e l l i n g  process from another standpoint, na- 
mely emergence o f  i s o l a t e d  o r  combined resonance s igna ls  each t ime one o r  more 

N-tr ideuteromethyl groups a r e  in t roduced i n t o  xanthfne molecules ( t a b l e  2) .  

P o s i t i o n  o f  t r ideuteromethy l  Corresponding d (ppm) Caf fe ine 
s u b s t i t u t i o n  analogues concerned 

N -  1 

N - 3  

N - 7  

- 0.57 

~~ 

Table 2 : DMR s igna ls  o f  t r i deu te romethy l  caffeine-molecules 

As expected, i n  the  case o f  m u l t i p l e  l a b e l l i n g ,  the r e l a t i v e  i n t e n s i t i e s  o f  

N-methyl deuteron s igna ls  are i n  p r o p o r t i o n  1:l t o  each other. 

No D.M.R. s ignal  cou ld  be observed a p a r t  from those corresponding t o  the three 

N- t r ideuteromethy l  pos i t i ons .  

PROTON-DECOUPLED CARBON-13 MAGNETIC RESONANCE ( { l H }  CMR) 

Deuterium l a b e l l i n g  r e s u l t s  i n  the  s p l i t t i n g  i n t o  seven l i n e s  o f  N-methyl 
carbons signals. 
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Chemical sh i f t s  of carbon atoms common t o  a l l  8 analogues of caffeine are : 

6 = 151,5 ppm for C-2 6 = 155,2 ppm for C-6 
6 = 148,4 ppm for C-4 6 = 141,l ppm for C-8 

6 = 107,5 ppm for C-5 

Table 3 gathers the resonance data of non-splitted N-methyl signals. 

Position of methyl group 6 (ppm) Caffeine analogues concerned 

N 1  27.9 Caffeine, 2, 3, 2 

N 3  29.7 Caffeine, 1, 3, 5 

N 7  33.6 Caffeine, 1, 2, 2 

Table 3 : {IH} CMR signals o f  perhydrogeno-methyl carbons in caffeine and 
deuterated analogues 

The introduction of trideuteromethyl groups i n  caffeine does not appear to 
a f f ec t  the chemical sh i f t s  of other carbon atoms. 

To get further insight into possible deuterium isotope effects on I3C 
chemical s h i f t s  and measure J 13C-2H ; the regions corresponding to 
methyl-carbon-resonance were magnified in four instances, namely spectra of I, 
4, 5 and - 7 (Figures 2 A - 2 D ) .  

From these spectra, three types o f  data can be extracted : 

- -  

- Zooming of the baseline zone r25 ; 35 ppm ] reveals l3c sp l i t t ed  
signals (7  l ines  each time one methyl group i s  labe l led) ,  thus allowing deter- 
mination of J = 21.2 Hz i n  a l l  cases. 

l3C-'H 

- Chemical s h i f t s  o f  trideuteromethyl carbons can also be measured, there- 
fore revealing isotope s h i f t s  on l3c chemical sh i f t s  on deuterium labelling: 
l H / z H  replacement i s  known to induce upfield s h i f t s  on the resonance 
signals of cdrbons bearing the substituted hydrogen($) (27 - 30). 

These diamagnetic sh i f t s ,  a t t r ibu ted  to an increase i n  magnetic shielding a t  
isotopically s u b s t i t u t e d  atoms (31),  were a lso  observed here, w i t h  a magnitude 
of 0.6 - 0.7 ppm (isotope e f fec t  a t  C on N7 being nearer the 0.7 ppm mark) .  
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" C H 3 ( N - 7 )  

I , , ,  . , I .  1 1 1  I . . ,  . . I ,  I , . ,  * . I  .I., 

Figure 2 = Fine { ' H I  CMR pa t te rns  o f  methyl carbons f o r  L(A) , i ( 0 )  ; z(C) 
and I(0) w i t h  mention o f  theore t ica l  s p l i t t i n g  o f  l3cZH3 signa ls  

(J 13c-2H = 2 1 . 2  H z )  

*H-isotope s h i f t s  (ppm) = 

613 ( c a f f e i n e )  - 613 ( d e u t e r o c a f f e i n e )  

7 
L 

5 - 4 - 1 - P o s i t i o n  of i s o t o p i c  s u b s t i t u t i o n  

N1 s u b s t i t u t i n g  carbon + 0.6 + 0.6 t 0.6 + 0.6 

- N3 s u b s t i t u t i n g  carbon + 0.6 - + 0.6 

N7 s u b s t i t u t i n g  carbon - - t 0.7 + 0.7 

Table 4 : ( l H  1 CMR deuterium isotope s h i f t s  on s ignals  o f  N-methyl 

carbons i n  4 c a f f e i n e  analogues. 
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- A s  concerns the spectra o f  4 and l ,  i n tense  p a r a s i t e  peaks occur a t  

8 = 29.7 ppm (see arrows i n  f i g .  2 B and 2 D) ; corresponding t o  the resonance 

s igna l  o f  a perhydregenomethyl carbon a t  p o s i t i o n  N-3 (Table 3) .  

Th is  suggests : 

a )  I s o t o p i c  p l l r i t y  C2H31 used f o r  me thy la t i on  i s  l e s s  than 99.25 %. 
I n  order t o  t e s t  for t h i s  hypothesis, S I M  mass spect rometr ic  ana lys i s  was con- 

ducted on C2H31, p e r m i t t i n g  q u a n t i t a t i o n  o f  the most l i k e l y  impur i t y  i n  
C ~ H ~ I ,  namely CH2H2I (m/z = 144). 

E f f e c t i v e l y  a relat ive-abundance value o f  4.6 % was found f o r  i o n  (M-1)' ; 
which i s  we l l  over the  p r e d i c t a b l e  value o f  2.2 % corresponding t o  99.25 % 

i s o t o p i c  p u r i t y .  

On t h a t  basis, i t  MY be i n f e r e d  t h a t ,  w h i l e  replacement o f  CH3 by C2H3 
groups i n  c a f f e i n e  induces an u p f i e l d  s h i f t  an the CMR s igna ls  o f  methyl car-  

bons, no such e f f e c t  occurs when two deuterium atoms a r e  in t roduced i n t o  methyl 

groups ; a r e s u l t  opposed t o  prev ious r e p o r t s  o f  progress ive increase i n  CMR 
deuterium isotope s h i f t s  a long w i t h  the nulnber o f  hydrogens s u b s t i t u t e d  a t  the 
carbon atom o f  i n t e r e s t  (29). 

b )  S u b s t i t u t i o n  o f  N-H by N-CH2H2 a f f e c t s  p o s i t i o n  N3 p r e f e r e n t i a l -  

l y .  However f u r t h e r  M.S. s tud ies a r e  requ i red  f o r  p rec i se  q u a n t i t a t i o n  o f  t h i s  
p a r a s i t e  s u b s t i t u t i o n  ( t o  be publ ished l a t e r ) .  

Anyway one must bear i n  mind t h a t ,  though more s t e r i c a l l y  hindered than pos i -  

t i o n  N7 i n  xanthines ; p o s i t i o n  N3 c a r r i e s  a more a c i d i c  proton and must 

thus be favoured f o r  n u c l e o p h i l i c  s u b s t i t u t i o n  (32). This, combined w i t h  the 
l e s s e r  e lect ron-donor  p r o p e r t i e s  o f  I H  r e l a t i v e  t o  2H cou ld  poss ib l y  exp la in  

the  marked s u s c e p t i b i l i t y  o f  N3 t o  a l k y l a t i o n  by CH2H21, though we s t i l l  

l a c k  evidence for  i t .  

CONCLUSION 

NMR ana lys i s  o f  the 7 c a f f e i n e  analogues synthesized evidenced s e l e c t i v e  methyl 

deu te ra t i on  a t  p o s i t i o n s  N-1, N-3 and N-7 b u t  f a i l e d  i n  q u a n t i t a t i n g  i s o t o p i c  

p u r i t y ,  an obstac le  M.S. s tud ies w i l l  he lp  overcome. 

I n  four instances, Deuterium isotope e f f e c t s  on I l H  1 CMR s igna ls  o f  N-methyl 
carbons were observed, w h i l e  t h e  presence o f  CHLH21 i m p u r i t y  i n  a l k y l a t i n g  
reagent casua l l y  demonstrated the absence o f  assoc iated CMR-deuterium isotope 
s h i f t  a t  N-3. 
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