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SUmARY 

Four i s o t o p i c a l l y  l a b e l l e d  metabol i tes o f  t heophy l l i ne  were synthesized. The 

syntheses of l-(methyl-dj)uric-2,8-13C2-acid; 1,3-di(methyl-d3)uric-2,8-13C2 

acid;  3-(methyl -d3 )xanthIne-2-1% ,7-15N and 1-(methyl -d3 Ixanthine-2-13C are 

described. Mod i f i ca t i ons  i n  pub1 ished procedures f o r  the synthes is  o f  the 

corresponding unlabel  l e d  compounds were requ i red  t o  achieve the micro scale 

necessary t o  accommodate the small s t a r t i n g  q u a n t i t i e s  o f  expensive s tab le  i s o -  

tope l a b e l l e d  precursors. 

KEY WORDS: theophyl l  i n e  metabol i tes,  1-methy lur ic  ac id ,  1,3-dimethyluric ac id ,  

1-methyl xanthine, 3-methyl xanthine, s tab le  isotope 1 abel 1 i ng 

I NTRODUCTI ON 

Theophyl l ine i s  a drug which i s  f requen t l y  used i n  the acute and chronic  

management o f  o b s t r u c t i v e  airways disease. Recent s tud ies ( 1 - 3 )  o f  the d i s p o s i -  

t i o n  o f  t h i s  important, b u t  p o t e n t i a l l y  t o x i c ,  therapeut ic  agent have u t i l i z e d  

s tab le  isotope methodology ( 4 )  i n  order  t o  ob ta in  est imates o f  the pharmacokin- 

e t i c  parameters a t  steady s t a t e  under c o n d i t i o n s  o f  chronic  dose admin i s t ra t i on .  
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Although a method f o r  the assay o f  the metabol i tes o f  t heophy l l i ne  i n  plasma and 

u r i n e  by gas chromatography/mass spectrometry has been repo r ted  (51, i t  u t i l i z e s  

deuter ium- label led c a f f e i n e  as the i n t e r n a l  standard. To ensure accurate quan- 

t i f i c a t i o n ,  an i n t e r n a l  standard f o r  each me tabo l i t e  would be des i rab le .  I n  

order  t o  use s tab le  i so tope  l a b e l l e d  compounds as i n t e r n a l  standards i n  the ana- 

l y s i s ,  the syntheses o f  l - m e t h y l u r i c  ac id ,  1,3-dimethyluric ac id ,  

3-methylxanthine and 1-methylxanthine were undertaken u t i l i z i n g  s t a r t i n g  

m a t e r i a l s  enr iched w i t h  13C, I 5 N  and deuterium. 

RESULTS AND DISCUSSION 

The syntheses o f  the compounds were accomplished by means o f  publ ished 

procedures which requ i red  mod i f i ca t i ons  because o f  the small scale. Each 

synthes is  i s  described. 

The compound N-(methyl -d3 )urea-13C ( 1  - 1 was prepared by the r e a c t i o n  

of (methyl-d3)amine hydrochlor ide w i t h  potassium cyanate-13C (6). 

2 

1 
CD3NH3CI KNCO - CD~NHCNHO + KCL * * 

The synthes is  o f  1-(methyl -d31uric-2,8-1%2 a c i d  (2) w i t h  a mass enhance- 

ment o f  5 atomic mass u n i t s  more than na tu ra l  1-methyluric a c i d  was based upon 

the synthes is  developed by S t e i n  (7) and Fischer  ( 8 )  and requ i red  the fo l l ow ing  

fou r  steps. 

CD3NHCNH2 Q CH3CNHCH(COOEt Q )2 

* 
1 - H 

3 
H 

/ l .KN[0 ,H20  

2.HCI 
0 

2 
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The r e a c t i o n  of 1 and d i e t h y l  acetamidomalonate when t r e a t e d  w i t h  sodium 

ethox ide,  accord ing t o  the procedure o f  S t e i n  (71, produced 3 i n  good y i e l d  w i t h  

no mod i f i ca t i ons  necessary i n  the procedure. Compound 4 was prepared from 3 by 

F i s c h e r ' s  (8) procedure us ing  potassium cyanate i n  l i e u  o f  ca l c ium cyanate. It 

was found i n  t h a t  procedure, because o f  the micro scale used, more water was 

needed t o  d i sso l ve  the reac tan ts  and the amount o f  base used i n  the i s o l a t i o n  o f  

- 4 had t o  be c a r e f u l l y  c o n t r o l l e d  i n  order  t o  i s o l a t e  the product .  The f i n a l  

steps t o  produce 2 were c a r r i e d  o u t  w i t h o u t  m o d i f i c a t i o n  (8). 

The synthes is  o f  1,3-di(methyl-d3)uric-2,8-13C2 a c i d  (5)  was accomplished 

w i t h  the f u r t h e r  me thy la t i on  o f  2 accord ing t o  the procedure o f  F i sche r  (8). 

The very micro scale o f  the r e a c t i o n  requ i red  more base t o  e f f e c t  s o l u t i o n  of 2 
than was i n d i c a t e d  by the l i t e r a t u r e  (81, and the methyl-d3 i o d i d e  was added i n  

p o r t i o n s  and al lowed t o  r e a c t  f o r  a longer  p e r i o d  o f  t ime. It was determined by 

h igh  performance 1 i q u i d  chromatography ( 9 )  t h a t ,  when the r e a c t i o n  was worked-up 

accord ing t o  F i s h e r ' s  procedure (8). the 1,7-dimethyl isomer was the compound 

t h a t  c r y s t a l l i z e d  ou t  o f  s o l u t i o n  du r ing  r e c r y s t a l l i z a t i o n  and was the major 

product. The des i red  1,3-dimethyl product  was i s o l a t e d  by evaporat ion o f  the 

f i l t r a t e  under n i t r o g e n  gas a f t e r  c r y s t a l l i z a t i o n  o f  the 1,7-isomer. The p u r i t y  

o f  6 i s o l a t e d  by t h i s  procedure was q u i t e  h igh  as determined by h igh  performance 

l i q u i d  chromatography. The mass d i f f e r e n c e  achieved between na tu ra l  

1,3-dimethyluric a c i d  and 6 was 8 atomic mass u n i t s .  

The synthesis of Z-(methyl -d3 ) ~ a n t h i n e - Z - ~ ~ C  ,7-15N (1) was accomplished 

w i t h o u t  m o d i f i c a t i o n  accord ing the t o  scheme below (7. 10-12 1. 
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0 8 pockJ 0 0  20.1. NoOH Ht&? 
CD3NdNH2 HOCCH&N - CD3NHCNHCCH2CN - * pyridine * 0’- p;’ ‘ N H ~  

CD3 
1 lo 

2 * 
1. NaNOz 
2.CH3COOH I 

The final synthesis produced I-(methyl -d3 Ixanthine-213C (El by the reduc- 

The mass enhance- tion of 1-(methyl -d3 luric-2-13C acid (2) with formamide (12 1. 

ment for  g w a s  4 atomic mass units.  

A standard mixture of a l l  four labelled compounds was assayed by high per- 

formance 1 i q u i d  chromatogrpahy (9). Absorbance was monitored simultaneously a t  

280 and 254 nm. A standard mixture of the unlabelled compounds was assayed in 

the same manner. As shown in Table 1, the 280/254 peak height r a t io  of each 

labelled compound was identical t o  the r a t i o  of i t s  unlabelled analog (13) .  

EXPERIMENTAL 

All labelled compounds used a s  s t a r t i ng  materials were obtained from KOR 

Isotopes, Cambridge, MA. Mass spectral analyses were performed w i t h  a Finnigan 

3200F mass spectrometer using a solid sample probe a t  300°C. Melting points 

were taken on an Electro-Thermal apparatus (uncorrected I. High performance 

l iquid chromatographic analyses were performed using the method of Muir e t  a1 

(9) with two Waters Model 510 pumps, Waters 440 and 480 detectors,  Waters 

In te l l igent  Sample Processor autosampler, Waters Model 752 gradient controller 
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and Waters Model 730 Data Module. The column used was Spheri-5, RP-18 (4.5 mn 

x 25 cm) obtained from Brownlee Labora to r ies .  

N-(Methyl-d3 )urea-13C (1) 

A s o l u t i o n  o f  2.6 g (37 mnol 1 (methyl-d3)amine hydrochlor ide ( c o n t a i n i n g  

98 mol% CD3NH2) and 3.1 g (38 mnol potassium cyanate-13C (con ta in ing  90 mol% 

1 3 C )  was prepared i n  18.6 m l  o f  de ion ized water. The s o l u t i o n  was s t i r r e d  

magnet ica l ly  and the water s lowly  d i s t i l l e d  o u t  through a shor t -path d i s t i l l a -  

t i o n  head. A f t e r  15 m l  o f  water had been recovered, the res idue was d r i e d  under 

vacuum. The crude product  was then t r a n s f e r r e d  t o  a Soxhlet  e x t r a c t i o n  th imble 

and ex t rac ted  f o r  3 h r  w i t h  pentane. The e x t r a c t i o n  was then cont inued f o r  20.5 

h r  w i t h  methylene c h l o r i d e .  Upon evaporat ion o f  the methylene c h l o r i d e ,  2.01 g 

(69.6%) o f  a whi te  s o l i d  was obtained. The compound was used w i thou t  f u r t h e r  

p u r i f i c a t i o n .  

The mass spectrum o f  N-methylurea i n d i c a t e s  major i ons  a t  m/e 74 ( M f ) ,  m/e 

58 (M+-NH2) and m/e 44 (W-NHCH3). I f  ions below m/e 40 a r e  n o t  considered, the 

r e l a t i v e  abundances o f  the i ons  are 100, 18.5 and 48.2% r e s p e c t i v e l y  and there 

i s  no s i g n i f i c a n t  M-1  i o n  (14 ) .  The mass spectrum o f  N - ( m e t h y l - d 3 ) ~ r e a - ~ ~ C  (1) 
was cons is tan t ,  e x h i b i t i n g  i ons  a t  m/e 78 ( M + ) ,  m/e 62 (M+-NH2) and m/e 45 

(M+-NHCO3) w i t h  r e l a t i v e  abundances o f  100, 26 and 54.3% respec t i ve l y .  Based 

upon the isotope analyses s ta ted  by the s t a r t i n g  ma te r ia l  supp l i e r ,  (methyl -d3 1 

amine hydrochlor ide con ta in ing  98 mol% deuterium and potassium cyanate-13C con- 

t a i n i n g  90 mol% 13C, t he  M+ t o  M - 1  i ons  i n  1 should have been 100 t o  13.4%. We 

observed M-1 i n  L t o  be 57.1% of Mf. Since m/e 43 i n  the un labe l l ed  compound 

had a r e l a t i v e  abundance o f  14.8% and m/e 44 i n  1 had a r e l a t i v e  abundance o f  

36.7%, the potassium cyanate-13C appears t o  have been the major source o f  the 

d i f f e rence .  The potassium cyanate-13C would have t o  have been about 65 mol% 13C 

t o  account f o r  the r e s u l t s .  

5-Acetamido-l-( methyl -d3 1-2 ,Q,6-tr ioxopyrimidi ne-2-l3C (3)  

Sodium (0.324 g, 0.0144 gram atom) was d i sso l ved  i n  10 m l  o f  absolute etha- 

and 2.65 g (12.2 mnol 1 o f  d i e t h y l  acetamido- n o l .  Compound 1 (0 .9 g, 12 mnol 
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malonate were added and the r e s u l t i n g  m ix tu re  was heated f o r  6 hr i n  an o i l  ba th  

a t  90°C. The r e a c t i o n  m ix tu re  was cooled t o  0°C and 15 m l  de ion ized water was 

added. Concentrated hyd roch lo r i c  a c i d  (2.4 m l  1 was added and the p r e c i p i t a t e  

was f i l t e r e d ,  y i e l d i n g  2.29 g (98.3%) wh i te  s o l i d .  Th is  ma te r ia l  was used 

w i t h o u t  p u r i f i c a t i o n .  

5-Ami no-1-(methyl -d3 1-2,4,6-tr ioxopyrimidi ne-2-13C (Q) 

Compound 3 (0.80 g, 4 mnol 1 was suspended i n  40 m l  o f  absolute methanol. 

Concentrated hyd roch lo r i c  a c i d  ( 6  m l  ) was added and the m ix tu re  was r e f l u x e d  f o r  

80 min i n  an o i l  bath. The r e a c t i o n  m ix tu re  was cooled t o  0°C and 4 m l  o f  20% 

sodium hydroxide s o l u t i o n  was added dropwise i n  0.25 m l  increments w i t h  

s t i r r i n g .  The s o l u t i o n  was s t i r r e d  f o r  about 2 min a f t e r  the a d d i t i o n  o f  each 

0.25 m l  o f  base t o  a l l o w  f o r  a delayed p r e c i p i t a t i o n .  Excess base was found t o  

d i sso l ve  the product  i r r e v e r s i b l y .  The product  was f i l t e r e d ,  y i e l d i n g  0.80 g 

(82%)  l i g h t  p ink s o l i d .  T r i a l  reac t i ons  w i t h  the un labe l l ed  s t a r t i n g  ma te r ia l  

y i e l d e d  the 5-amino-l-methyl-2,4,6-trioxopyrimidine as a l i g h t  p ink  s o l i d ,  m.p. 

265-270°C dec. ( l i t .  253-6) (8). The mate r ia l  was used w i thou t  f u r t h e r  p u r i f i -  

ca t i on .  Occasional ly the hydrochlor ide s a l t  was i s o l a t e d  b u t  t h i s  was used as 

i s  i n  the nex t  r e a c t i o n  w i t h  no adverse e f f e c t s .  

5-(Carbamoyl-13C-ami no 1-1-(methyl -d3 )-2,4,6-trio~opyrimidine-2-~~C ( 5  - 

The hydrochlor ide o f  Q (0.40 g, 1.6 mnol )  and 0.13 g o f  potassium 

cyanate-1% (90 mol% 1%. 1.7 mnol 1 and 2 m l  o f  de ion ized water were heated f o r  

80 min a t  100°C i n  an o i l  bath. The r e a c t i o n  m ix tu re  was cooled t o  0°C and 0.5 

ml o f  10% hydroch lo r i c  a c i d  s o l u t i o n  was added dropwise t o  p r e c i p i t a t e  the pro-  

duct. The whi te  s o l i d  was f i l t e r e d ,  y i e l d i n g  0.15 g (46%). A t r i a l  r e a c t i o n  

forming the un labe l l ed  compound y i e l d e d  a whi te  s o l i d  m.p. 230°C dec. ( l i t .  

220°C ) (a ) .  This  ma te r ia l  was used w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  

l - (Methy l  -d3 ) u r i ~ - 2 , 8 - ~ 3 C 2  a c i d  ( 2  - ) 

Compound 5 (0.30 g, 1.5 mnol ) and 2.5 m l  o f  20% hyd roch lo r i c  a c i d  s o l u t i o n  

were heated f o r  1 h r  a t  100°C i n  an o i l  bath. The r e a c t i o n  m ix tu re  was cooled 
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t o  0°C and the s o l i d  p r e c i p i t a t e  was f i l t e r e d .  Th is  s o l i d  was d i sso l ved  i n  2.5 

m l  o f  20% sodium hydroxide s o l u t i o n  and brought  up t o  a t o t a l  volume o f  10 m l  

w i t h  deionized water. Hydrochlor ic  a c i d  s o l u t i o n  (10%) was added i n  excess 

u n t i l  p r e c i p i t a t i o n  was complete. The wh i te  s o l i d  was f i l t e r e d  and washed w i t h  

water, y i e l d i n g  0.05 g (18%). A t r i a l  r e a c t i o n  forming the un labe l l ed  

1-methyluric a c i d  y i e l d e d  a wh i te  s o l i d  m.p. 4OOOC dec. ( l i t .  4OO0C)(8). Mass 

spect ra l  ana lys i s  showed a molecular i o n  a t  m/e 187 which i n d i c a t e d  the expected 

gain o f  5 a.m.u. A mass spectrum o f  an au then t i c  sample o f  the un labe l l ed  com- 

pound showed no M-1 i o n  b u t  major fragments a t  m/e 125 f o r  a l o s s  o f  57 mass 

u n i t s  and a t  97 f o r  a l o s s  o f  85 mass u n i t s .  The l a b e l l e d  2 showed s i g n i f i c a n t  

i ons  a t  m/e 126 and 98 b u t  M-1 a t  m/e 186 became the base peak. As discussed 

e a r l i e r  f o r  5, t he  i nco rpo ra t i on  o f  a second 1% w i t h  the same potassium 

cyanate-% would l ead  t o  a s t i l l  more impor tant  i o n  a t  M-1  f o r  t h i s  molecule. 

l-(Methyl-d3 )uric-2-13C a c i d  (9) 

Th is  compound was prepared from 4 us ing  un labe l l ed  potassium cyanate 

according t o  the  same procedures used t o  prepare 5 and 2. 

1,3-Di(methyl -d3)uric-2,8-1%2 a c i d  (5) 

Compound 2 (0.10 g, 0.5 mnol 1 was d i sso l ved  i n  2 m l  o f  1N potassium 

hydroxide. Trideuteromethyl i o d i d e  (0.10 m l ,  99.5 mol% d3, 1.6 mnol 1 was added 

and the m ix tu re  was s t i r r e d  r a p i d l y  and heated t o  5OOC. Trideuteromethyl i od ide  

(0.02 m l  , 0.3 mnol 1 was added every 30 min f o r  t he  f i r s t  3 h r  o f  the r e a c t i o n  

t o  rep lace any t h a t  was l o s t  pas t  the r e f l u x  condenser. The r e a c t i o n  was 

r e f l u x e d  f o r  an addi tonal  3 h r  w i t h o u t  f u r t h e r  a d d i t i o n  o f  a l k y l  ha l i de .  

Hydrochlor ic  a c i d  s o l u t i o n  (108, 0.5 m l  1 was added t o  p r e c i p i t a t e  the product. 

Th i s  product  was added t o  a s o l u t i o n  o f  10 m l  o f  methanol and 5 m l  o f  de ion ized 

water. The mater ia l  t h a t  d i d  n o t  d i sso l ve  was shown by HPLC ana lys i s  (9) t o  be 

a mixture o f  the 1,7-dimethyluric a c i d  and unreacted 1-methy lur ic  ac id .  The 

s o l u t i o n  was cooled t o  0°C and a second crop o f  c r y s t a l s  was c o l l e c t e d  and ana- 

l y z e d  by HPLC. They were shown t o  be p r i m a r i l y  1,7-dimethyluric a c i d  w i t h  some 

1,3-dimethyluric ac id .  The f i l t r a t e  was evaporated under a stream o f  d r y  n i t r o -  
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gen y i e l d i n g  0.012 g (12%) o f  whi te  s o l i d  t h a t  was e s s e n t i a l l y  pure 

1,3-d imethy lur ic  a c i d  w i t h  a t race  o f  the 1,7-isomer. A t r i a l  r e a c t i o n  forming 

the  un labe l l ed  l S 3 - d i m e t h y l u r i c  a c i d  y i e l d e d  a whi te  s o l i d ,  m.p. 345-350°C dec. 

( l i t .  37OoC)(8). Mass spec t ra l  ana lys i s  showed a molecular i o n  a t  m/e 204 which 

i n d i c a t e d  the expected ga in  of 8 a.m.u. Again the M-1 i o n  a t  m/e 203 was the 

base peak because the same potassium cyanate-l% source was used twice du r ing  

the synthesis. 

N-(Cyanoacetyl )-N'-(methyl -d3 )urea-% (lo) 

To an oven-dried and n i t rogen- f lushed 100-ml , three-neck, round bottom 

f l ask  f i t t e d  w i t h  a n i t r o g e n  i n l e t  tube, septum and d r y i n g  tube was added 0.70 g 

( 9  mnol 1 o f  1, 0.76 g ( 9  mnol 1 o f  cyanoacetic a c i d  and 1.4 m l  o f  p y r i d i n e  which 

had been d r i e d  over NaOH. The m ix tu re  was s t i r r e d  magnet ica l ly  under n i t rogen  

and warmed w i t h  a water ba th  t o  d i sso l ve  the s o l i d s .  The water bath was brought 

t o  room temperature and 0.43 m l  (0.70 g, 4.6 mnol 1 o f  phosphorous oxychlor ide 

was added dropwise by means o f  a syringe. The r e a c t i o n  was exothermic and pro-  

duced a t h i c k ,  dark brown syrup which was al lowed t o  remain a t  room temperature 

f o r  one-half h r .  To the r e a c t i o n  m ix tu re  was then added 5.6 m l  o f  deionized 

water which produced a mustard y e l l o w  s l u r r y .  The s l u r r y  was c h i l l e d  i n  an i c e  

ba th  and f i l t e r e d .  The c o l l e c t e d  s o l i d  was washed w i t h  a small amount of i c e  

c o l d  water. The s o l i d  was taken up i n  about 35 m l  o f  de ion ized water, a c t i v a t e d  

charcoal was added and the r e s u l t i n g  m ix tu re  was heated t o  b o i l i n g .  F i l t r a t i o n  

through a h o t  funnel y i e l d e d  a s l i g h t l y  y e l l o w  f i l t r a t e  which began t o  p r e c i p i -  

t a t e  upon coo l i ng .  A f t e r  c h i l l i n g  the f i l t r a t e  i n  i ce ,  0.58 g of s l i g h t l y  

y e l l o w  c r y s t a l s  were c o l l e c t e d .  Evaporation o f  the f i l t r a t e  under vacuum even- 

t u a l l y  y i e l d e d  two more small c rops o f  c r y s t a l s  f o r  a t o t a l  o f  0.63 g (48%). 

The m e l t i n g  p o i n t  o f  un labe l l ed  N-(cyanoacetyl 1-methylur urea obtained i n  a 

t r i a l  run  was 217-221°C ( l i t .  205OC)(15). The product  was used w i thou t  f u r the r  

p u r f i c a t i o n .  
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4-Amino-2,6-dihydroxy-3-(methyl -d3) pyrimidine-2-13C (11) 

To 0.63 g (4 .5  nun01 1 o f  i n  a c r u c i b l e  was added 1.89 m l  o f  20% NaOH 

w i t h  s t i r r i n g ,  A s l i g h t l y  r e d  s o l u t i o n  b r i e f l y  occurred and then a s o l i d  

reformed. On cont inued s t i r r i n g ,  t he  s t i f f  m ix tu re  became almost pure whi te  and 

l e s s  viscous. G lac ia l  a c e t i c  a c i d  was then added u n t i l  the pH was l e s s  than 7. 

The r e s u l t i n g  whi te  s l u r r y  was then c h i l l e d  i n  i c e  and f i l t e r e d  t o  y i e l d  a whi te  

s o l i d .  A f t e r  be ing r e c r y s t a l l i z e d  from about 60 m l  o f  de ion ized water, 0.52 g 

(83%) o f  whi te  c r y s t a l s  were obtained. The product  was used w i t h o u t  f u r t h e r  

p u r i f i c a t i o n .  

4-Amino-Z,6-di hydroxy-3-(methyl -d3 1-5-ni tros0-~5N-pyrimidine-2-13C (12) 

To 0.52 g (3 .6  mnol 1 o f  fi i n  40 m l  o f  b o i l i n g  deion ized water was added 

0.27 g (3.9 mnol )  o f  sodium n i t r i t e - 1 5 N  (99 mol% 15N) which e f f e c t e d  d i sso lu -  

t i o n  o f  11. To the s o l u t i o n  was then added 0.18 m l  (0.19 g, 4.3 mmol 1 o f  g l a c i a l  

ace t i c  ac id  which produced a pu rp le  c o l o r .  Upon coo l i ng ,  c r y s t a l l i z a t i o n  began 

t o  occur. A f t e r  c h i l l i n g  i n  i ce ,  pu rp le  c r y s t a l s  were c o l l e c t e d  and washed w i t h  

i c e  c o l d  water. A f t e r  c o l l e c t i n g  a small second crop o f  c r y s t a l s ,  a t o t a l  o f  

0.57 g (83%) was obtained. The product  was used w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  

4-Amino-5-amino-15N-2 ,6-di hydroxy-3-(methyl -d3 Ipyrimidine-2-13C 1 2 )  

To 0.54 g ( 3  mnol )  o f  12 i n  a 50-1111 round-bottom f l ask  f i t t e d  w i t h  a 

magnetic s t i r r i n g  bar  and heated by a b o i l i n g  water bath was added 22% diam- 

monium s u l f i d e  s o l u t i o n  which had been p rev ious l y  heated i n  a b o i l i n g  water 

bath. The dropwise a d d i t i o n  was cont inued u n t i l  the pu rp le  c o l o r  o f  12 had been 

discharged and bubb l i ng  ceased. To the r e s u l t i n g  y e l l o w  s o l i d  and orange l i q u i d  

was added concentrated hyd roch lo r i c  a c i d  u n t i l  pH 2 was obtained. The l i g h t  

y e l l o w  s o l i d  and l i q u i d  were then heated i n  a b o i l i n g  water bath and f i l t e r e d .  

The s o l i d  was washed on the f i l t e r  w i t h  several p o r t i o n s  o f  h o t  de ion ized water. 

The l i g h t  y e l l o w  f i l t r a t e  was brought t o  pH 8-9 w i t h  concentrated ammonium 

hydroxide whereupon a l i g h t  y e l l o w  p r e c i p i t a t e  formed. The volume was reduced 

by warming the mixture.  The m ix tu re  was then c h i l l e d  and f i l t e r e d .  The l i g h t  
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y e l l o w  s o l i d  was washed w i t h  c o l d  de ion ized water. 

product  were c o l l e c t e d  t o  y i e l d  a t o t a l  o f  0.425 g (88.5%). 

Several more small c rops o f  

3-(Methyl -d3 Ixanthine-2-13C ,7-15N ( 7  - 1 

To 0.425 g (2.6 mnol )  o f  i n  a 10-ml round-bottom f l a s k  was added 3 ml 

(3.39 g, 0.075 mol 1 o f  formamide. The m ix tu re  was s t i r r e d  magnet ica l ly ,  main- 

t a ined  under a p o s i t i v e  f l o w  o f  n i t r o g e n  and heated by means o f  a 180°C s i l i c o n  

o i l  bath. D i s s o l u t i o n  occurred r a p i d l y ,  w i t h  s l i g h t  bubbl ing,  t o  form a deep 

black-green s o l u t i o n  b u t  a f t e r  15 min s o l i d  began t o  form. The m ix tu re  was 

heated a f u r t h e r  15 min, then cooled and 12 m l  o f  de ion ized water added t o  pro-  

duce a yel low-green mixture.  The m ix tu re  was then c h i l l e d  and f i l t e r e d  t o  

y i e l d  a green-black s o l i d  which was d i sso l ved  i n  25 m l  o f  de ion ized water and 

about 4 m l  o f  concentrated ammonium hydroxide. The r e s u l t i n g  o l i v e  co lo red  

s o l u t i o n  was decolor ized w i t h  a c t i v a t e d  charcoal .  A f t e r  f i l t r a t i o n  the h o t  

f i l t r a t e  was brought t o  pH 2 w i t h  concentrated hyd roch lo r i c  ac id ,  whereupon 

c r y s t a l s  began t o  form. A f t e r  c h i l l i n g  and f i l t r a t i o n ,  0.32 g (73%) o f  7 was 

obta ined as a very pa le  y e l l o w  s o l i d .  The o v e r a l l  y i e l d  from 1 was 21%. The 

mass spectrum o f  showed a molecular i o n  a t  m/e 171 and major ions a t  m/e 127 

and 99 corresponding t o  i ons  a t  m/e 166, 123, and 95 f o r  un labe l l ed  3-methyl- 

xanth ine (16) .  There was no M - 1  shown f o r  un label led-3-mthy lxanth ine b u t  the 

M-1 i o n  a t  170 f o r  1 was 54.7% of M+ as would be expected based upon the analy- 

s i s  o f  1. 

1-(Methyl -d3 Ixanthine-2-13C (8) 

A m ix tu re  o f  0.11 g (0.59 mnol 1 o f  2 and 4 m l  o f  formamide (4.5 g, 0.1 mol 

was s t i r r e d  f o r  2.5 h r  under a n i t r o g e n  f low.  The m ix tu re  was then heated f o r  

two h r  by a 18OOC s i l i c o n  o i l  bath w h i l e  n i t r o g e n  f l o w  was maintained. A f te r  

coo l i ng ,  10 m l  o f  de ion ized water was added and the m ix tu re  c h i l l e d  and f i l t e r e d  

t o  y i e l d  a tan-grey s o l i d .  Upon evaporat ion o f  the f i l t r a t e  a second crop o f  

c r y s t a l s  was obtained. The combined c r y s t a l s  were taken up i n  90 drops o f  1N 

NaOH, a c t i v a t e d  charcoal was added and the m ix tu re  warmed by a b o i l i n g  water 

ba th  be fo re  being f i l t e r e d  t o  y i e l d  a l i g h t  yel low-green f i l t r a t e .  When the 
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temperature o f  the f i l t r a t e  was 60°C. 2 drops o f  30% hydrogen perox ide were 

added, fo l lowed by 6N s u l f u r i c  a c i d  dropwise t o  pH 2 when the s o l u t i o n  reached 

65°C. Upon c h i l l i n g  

a pa le  ye l l ow  s o l i d  formed which was c o l l e c t e d  by c e n t r i f u g a t i o n  t o  y i e l d  0.042 

g (42%). Mass spec t ra l  ana lys i s  showed a molecular i o n  a t  m/e 170 which i n d i -  

cated the expected ga in  o f  4 a.m.u. There was again a s i g n i f i c a n t  M-1  i o n  (55% 

o f  m)) f o r  the l a b e l l e d  compound b u t  none observed f o r  un labe l l ed  

1-methylxanthine. Both l a b e l l e d  and un labe l l ed  compounds e x h i b i t e d  a major 

fragment a t  m/e 109. 

The s o l u t i o n  was then warmed t o  85°C be fo re  being c h i l l e d .  
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