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Synthesis of [4a- 13 C]-6-Methyltetrahydropterin 
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SUMMARY 

The synthesis of [4a-13C]-6-methyltetrahydropterin, a synthetic 
[2-13C]-ethyl cofactor for phenylalanine hydroxylase, is described. 

bromoacetate was converted in four steps to [5-I3C]-2 ,4-diamino-6- 
hydroxypyrimidine in 86% yield. The latter was nitrosated, reduced, 
condensed with pyruvic aldehyde, and reduced to afford pure [4a-I3C]- 
6-me thy l t e t r ahydrop te r in  in a net overall yield of 16%. 

Key words: [4a-13C]-6-Methyltetrahydropterin, I3C NMR, pyrimidines. 

INTRODUCTION 

The enzymatic hydroxylation of aromatic amino acids requires tetrahydro- 

biopterin as a natural cofactor (1). 

activation remains unknown, there is evidence for a t e t r ahydrop te r in -de r ived  

intermediate, postulated to be the 4a-hydroxy adduct released from the enzyme, 

phenylalanine hydroxylase, after oxygen atom transfer (2). This adduct has 

been observed with both tetrahydrobiopterin and the synthetic cofactor 6-methyl- 

tetrahydropterin during the hydroxylation of L-phenylalanine to L-tyrosine by rat 

liver phenylasanine hydroxylase (3). Additionally it has been recently demonstrated 

that 1.0 mole of iron per 50,000 subunit molecular weight is required for maximal 

activity with a direct correlation between iron content and specific activity ( 4 ) .  

Since neither the structure of the intermediate nor the role of the iron have been 

Although the precise mechanism of oxygen 

unequivocally established, it would be of interest to synthesize a tetrahydropterin 

containing a 13C at the 4a position as a probe of the structure of the intermediate. 
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I n  a d d i t i o n  t h e  d i s t a n c e  from t h e  4a p o s i t i o n  of t h e  bound t e t r a h y d r o p t e r i n  

t o  t h e  i r o n  (Fe3+) could  be measured u s i n g  1 3 C  NMR r e l a x a t i o n  t echn iques  (5) .  

The s y n t h e s i s  of [4a-13C]-6-methyltetrahydropterin, 2, f o r  u s e  i n  such s t u d i e s  

i s  t h e  s u b j e c t  of t h i s  r e p o r t .  

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

The condensa t ion  r e a c t i o n  (6) o f  methyl  g l y o x a l  w i t h  2 ,4 ,5- t r iamino-6-  

hydroxypyr imidine ,  7, i n  t h e  p re sence  of 2-mercaptoe thanol  was chosen t o  

accompl ish  t h e  s y n t h e s i s  o f  t h e  key p r e c u r s o r ,  6 -me thy lp te r in ,  S. There fo re  

t h e  s y n t h e s i s  of  7 Label led  wi th  13C a t  t h e  5 - p o s i t i o n  w a s  r e q u i r e d .  

t r iaminopyr imidone  w a s  s y n t h e s i z e d  from 2,4-diamino-6-hydroxypyrimidine, 

- 5 ,  by n i t r o s a t i o n  fo l lowed by r e d u c t i o n  (7,E). Both 1 and are u s e f u l  

i n t e r m e d i a t e s  f o r  t h e  s y n t h e s i s  of o t h e r  l a b e l l e d  py r imid ine  and p t e r i n  ana logs  

which s e r v e  a s  s u b s t r a t e s  o r  i n h i b i t o r s  f o r  pheny la l an ine  hydroxylase  ( 9 , l O ) .  

Th i s  

The o v e r a l l  s y n t h e s i s  o f  2 from [2-13C]-ethyl b romoace ta t e ,  1, i s  o u t l i n e d  

i n  t h e  Scheme. The ester w a s  hydro lyzed  by 1 e q u i v a l e n t  of b a s e ,  conve r t ed  t o  

- 3 by N a C N  (ll), and r e e s t e r i f i e d  wi th  diazomethane t o  g i v e  5 as a p a l e  ye l low 

l i q u i d  i n  94% y i e l d  wi th  a p u r i t y  o f  95% a s  moni tored  by GC.  Condensation o f  

- 4 w i t h  guan id ine  y i e l d e d  t h e  py r imid ine  5 which w a s  n i t r o s a t e d  t o  g i v e  t h e  r o s e  

co lo red  5 -n i t rusopyr imid ine  5 i n  an o v e r a l l  y i e l d  o f  86% from 1. 
w a s  reduced t o  t h e  t r iaminopyr imidone  by c a t a l y t i c  hydrogenat ion  over  I'd i n  

CF3COOH and immediately condensed w i t h  methyl  g lyoxa l  t o  g i v e  a mix tu re  of 6- 

and 7-methylp ter in  i n  an  o v e r a l l  y i e l d  of  72% from 6 and an isomer r a t i o  of 

65:35 i n  f avor  of t h e  d e s i r e d  6-isomer a s  i n d i c a t e d  by UV and I H  NMR. The 

i somers  were s e p a r a t e d  by f r a c t i o n a l  c r y s t a l l i z a t i o n  from 1 N NaOH-EtOH t o  

g i v e ,  a f t e r  n e u t r a l i z a t i o n  of t h e  sodium salt,!, i n  30% n e t  y i e l d .  The p t e r i n  

The l a t t e r  
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w a s  reduced t o  t h e  t e t r a h y d r o p t e r i n  by c a t a l y t i c  hydrogena t ion  ove r  Pd i n  

6N H C I  (3) t o  g i v e  ~ 9 w i t h  an  o v e r a l l  y i e l d  o f  16% from 1. 

EXPERIMENTAL 

UV s p e c t r a  were r eco rded  on a Cary 118 ins t rumen t .  'H and 1 3 C  NMR s p e c t r a  

were r eco rded  on a Bruker 15N360 spec t romete r .  

(90% I 3 C  e n r i c h e d )  was purchased  from Merck, Sha rpe ,  and Dohme. 

chemica ls  were of t h e  h i g h e s t  commercial  g rade  and used wi thou t  f u r t h e r  

[2-13C]-ethyl b romoace ta t e  

A l l  o t h e r  

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

[2-13C]-Methyl Cyanoace ta te  (6). 
e t h y l  bromoaceta te  111 2 ml MeOH and 1 m l  H20 w a s  added dropwise  o v e r  a p e r i o d  

of  5 minutes  2 ml o t  3 N NaOH ( 6  m o l ) .  The n e u t r a l  s o l u t i o n  w a s  t aken  t o  pH 

9 . 5  w i t h  Na2C03 and s t i r r e d  f o r  15 minutes .  

NaCN i n  1111 H20 was added. 

then 40 minutes  a t  bO"C, coo led ,  a c d i f i e d  wi th  ca .  1 ml 6 N HC1 t o  pH 0 ,  and 

r o t a r y  evapora t ed  under  h igh  vacuum t o  g i v e  a w h i t e  s o l i d .  A s o l u t i o n  o f  

diazomethane i n  Et20  p repa red  from Diaza ld  ( 1 2 )  was added s lowly  u n t i l  a ye l low 

c o l o r  p e r s i s t e d  ( ca .  60 ml) .  The mix tu re  w a s  s t i r r e d  v i g o r o u s l y  under  a stream 

of N2 t o  remove t h e  e x c e s s  d iazomethane ,  d r i e d  ove r  Na2S04, f i l t e r e d ,  and 

r o t a r y  evapora t ed  t o  g ive  0.56 g of 5 as a p a l e  ye l low l i q u i d  ( 9 4 % ) .  Gas 

chromatography (Var ian  Model 3700 u s i n g  a 2000 x 2 mm g l a s s  column w i t h  3% 

OV-225  on Chromosorb W HP 8O/lOO at 120°C) i n d i c a t e d  ca. 95% p u r i t y .  

[ 5-I3C]-2 ,4-Tliamino-6-hydroxy-5-nitrosopyrimidine (6). The ye l low l i q u i d  

(4) was d i s s o l v e d  i n  3 m l  MeOH and 0 .58  g (6 .1  mmol) guanidine-HC1 added. 

Th i s  s o l u t i o n  was added dropwise  t o  a s o l u t i o n  of r e f l u x i n g  N a  (0 .276  g ,  1 2  mmol) 

i n  5 ml o f  %OH and r e f l u x e d  f o r  11 h.  The cooled  s o l u t i o n  w a s  a c i d i f i e d  t o  

To a s o l u t i o n  of 0.67 m l  ( 6  mmol) [2-13C]- 

A s o l u t i o n  of 0 .33  g (6.7 m o l )  

The s o l u t i o n  w a s  s t i r r e d  f o r  1 0  minu tes  a t  2 5 " C ,  
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pH 6 wi th  g l a c i a l  a c e t i c  a c i d  and c h i l l e d  f o r  30 minutes.  The con ten t s  

were f i l t e r e d  and t h e  f i l t r a t e  r o t a r y  evaporated t o  dryness .  The o f f  wh i t e  

powder w a s  washed wi th  H 2 0 ,  E t O H ,  and E t 2 0  and d r i e d  t o  g ive  476 mg (3.30 mmol) 

of o f f  wh i t e  powder (5) which was i d e n t i c a l  t o  2,4-diamino-6-hydroxypyrimidine 

purchased from Ald r i ch  ( E ~ ~ ~  = 20,200 i n  0 . 1  N HC1). 

b a s i c  w i th  3 N NaOH and 300 mg (4.35 mmol)  NaN02 was added. 

s o l u t i o n  was f i l t e r e d  through a g l a s s  wool p lug  i n t o  5 m l  of  co ld  g l a c i a l  

a c e t i c  a c i d  i n  a c e n t r i f u g e  tube.  The p ink  p r e c i p i t a t e  t h a t  formed immediately 

was c e n t r i f u g e d  and washed with H20, EtOH,  and E t z O  t o  g ive  284 mg (1.83 mmol) 

of 6 as a pink powder. 

o f  5 t o  6 w a s  q u a n t i t a t i v e  (3 ) .  

[4a-13C]-6-Methylpterin (S). 

f l u o r o a c e t i c  a c i d  w a s  hydrogenated 30 minutes ove r  10 mg 10% Pd/C i n  a P a r r  

appa ra tus .  The c l e a r  s o l u t i o n  a a s  f i l t e r e d  through prewashed C e l i t e  under 

argon. The brown o i l  1 ob ta ined  a f t e r  reducing t h e  volume under argon w a s  

taken up i n  1 ml H 2 0 ,  0.05 m l  2-mercaptoethanol added, and then NaHC03 t o  

n e u t r a l i t y .  A s o l u t i o n  of 0.17 m l  40% aqueous pyruvic  aldehyde (1.05 mmol) 

con ta in ing  0.25 m l  2-mercaptoethanol i n  1 . 2  m l  H20 was added a f t e r  30 minutes 

t o  t h e  above s o l u t i o n  and t h e  mixture  hea ted  f o r  45 minutes  a t  75°C. The 

c o n t e n t s  were a c i d i f i e d  t o  pH 7 with g l a c i a l  a c e t i c  a c i d  and cooled ove rn igh t .  

A f t e r  c e n t r i f u g a t i o n  followed by washing wi th  H20,acetone,andEt20,  128ngofayel low 

powder w a s  i s o l a t e d  (72%).  A UV spectrumin 0.1NKOHgave OD251/OD362 = 2.87 which 

impl i e s  69% of t h e  6-isomer and 31% of t h e  7-isomer (6 ) .  NMR (360 MHz) 

i n  1 N NaOD gave a s i n g l e t  a t  8 .41 ppm (66%) and a doublet  a t  8.16 ppm, (34x),JC4a-H6' 

10 Hz (13) f o r  t h e  v i n y l  protons.  Dioxane w a s  an i n t e r n a l  r e f e r e n c e  a t  3.70 

ppm. R e c r y s t a l l i z a t i o n  of 80 mg from 1 m l  of 1 N NaOH and 0.25 r n l  95% E t O H  

The f i l t r a t e  was made 

The p a l e  yel low 

The o v e r a l l  y i e l d  of 5 and 6 was 86%. The conversion 

A s o l u t i o n  of 155 mg (1 mmol) 6 i n  2 m l  of tri- 
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gave 50 mg of t h e  sodium s a l t  t h a t  w a s  88% pure  (86% r e c o v e r y ) .  The sodium 

s a l t  w a s  d i s s o l v e d  i n  1 m l  H 2 0 ,  n e u t r a l i z e d  w i t h  g l a c i a l  a c e t i c  a c i d ,  c e n t r i f u g e d  

and washed wi th  H20, a c e t o n e ,  and Et20  t o  g i v e  48  mg o f  t h e  f r e e  base .  

w a s  r e c r y s t a l l i z e d  and conve r t ed  t o  t h e  f r e e  b a s e  as above t o  g i v e  33 mg of 

pu re  [4a-13C]-6-methylpterin. 

o v e r a l l  y i e l d  of 26% from 1. 
dioxane  67 .4  ppm) ( 1 3 , 1 4 ) ;  T i  = 43.2 s e c  (44'C). 

8 .44 ,  s ,  7 H ( r e f d i o x a n e -  3 .70)  ( 6 ) .  

[4a-13C]-6-Methyltetrahydropterin (2). 

and 5 mg 10% Pd/C i n  1 5  m l  6 N H C 1  w a s  shaken  under hydrogen a t  24 p s i  on a 

P a r r  a p p a r a t u s  f o r  1 0  h.  The c l e a r  s o l u t i o n  w a s  f i l t e r e d  through prewashed 

C e l i t e  and r o t a r y  evapora t ed  t o  g i v e  an  o f f  wh i t e  powder. Th i s  w a s  washed wi th  

E t O H ,  a ce tone ,  Et20  t o  g i v e  1 4 . 1  mg pure  wh i t e  powder as  t h e  d i h y d r o c h l o r i d e  

monohydrate (62%). The UV spec t rum i n  0 .1  N H C 1  w a s  i d e n t i c a l  t o  u n l a b e l l e d  

m a t e r i a l  (Amax = 265; €265 = 14 ,380) .  

I H  decoupled) s i n g l e t ,  98 .9  ppm ( r e f  CD30D - 49.0  ppm) (15 ) .  The coupled  

spec t rum is  a doub le t  due t o  C4a - H6 long  range  coup l ing  w i t h  J = 1 . 8 3  i . 31  Hz. 

'H NMR ( anae rob ic  0.05 M KPhos/D20 pD = 8 .0 )  CH3 decoupled 6 2 .99 ,  d of  d ,  

Th i s  

Th i s  r e p r e s e n t s  a y i e l d  of 30% from 5 o r  an 

I 3 C  NMR (4% NaOD) s i n g l e t ,  128 .6  ppm ( r e f e r e n c e  

'H NMR ( 1N NaOD) 6 2.50 ,  s ,  CH3; 

A suspens ion  o f  15  mg (0.084 mmol) 5 
.__ 

I 3 C  NMR (40% CD30D - 0.02 M T r i s  pH 8.0;  

7 Ha,, J7ax ,7eq  = 12.2 Hz, J7ax,6 = 8.2 Hz; 3 .12 ,  d of d Of d ,  6 H ,  J6,7ax = 

8.2  Hz, 3 6,7eq = 3.0 Hz, J 6 , ~ 4 ~  = 1 . 8  Hz; 3 .40 ,  d Of d ,  7 Heq, J7eq ,6  = 3.0  Hz, 

J7eq,7ax = 12.2 Hz. The methyl  group a t  C6 w a s  a t  1 .15  ppm, J c H ~ , ~  = 6.6 Hz ( 1 6 ) .  

ACKNOWLEDGMENTS 

This  work w a s  suppor t ed  by t h e  N a t i o n a l  Sc ience  Foundation (Grant No. 

PC8103670). The a u t h o r s  g r a t e f u l l y  acknowledge D r .  Cha r l e s  W .  DeBrosse who 

ob ta ined  t h e  NMR d a t a .  



1195 

1. 

2 .  

3. 

4. 

5 .  

6.  

7. 

8. 

9. 

10.  

11. 

12. 

13. 

14. 

15. 

16. 

REFERENCES 

Kaufman S. and F i she r  D.B. - Molecular Mechanisms of  Oxygen A c t i v a t i o n ,  
0. Hayaishi ,  ed . ,  Academic P r e s s ,  New York, 1974, p.285. 

Kaufman S. - Chemistry and Biology of P t e r i d i n e s ,  W. P f l e i d e r e r ,  e d . ,  
W. de Gruyter ,  B e r l i n ,  1975, p.291. 

Lazarus,  R.A. ,  D i e t r i c h  R.F., Wall ick D . E . ,  and Benkovic S . J .  - Biochemistry 
20: 6834 (1981). 

G o t t s c h a l l  D.W., D i e t r i c h  R .F . ,  Benkovic S . J . ,  and Shiman R. - J. B io l .  
Chem. 257: 845 (1982). 

H a r r i s ,  D . C . ,  Gray G . A . ,  and Aisen P. - J. Bio l .  Chem. 249: 5261 (1974) 

Storm C . B . ,  Shiman R . ,  and Kaufman S .  - J. Org. Chem. 36: 3925 (1971).  

Cain C . K . ,  M a l l e t t e  M.F., and Taylor  E . C . ,  Jr. - J. Amer. Chem. SOC.  68: 
1996 (1946). 

Korte  F. ,  and Barkemeyer H. - Chem. Ber. 89: 2400 (1956). 

Bai ley S.W. and Ayling J . E .  - Biochem. Biophys. R e s .  Commun. - 85: 1614 (1978).  

Moad G. ,  Luthy C.L. ,  Benkovic P.A., and Benkovic S . J .  - J. Amer. Chem. SOC. 
~ 101: 6068 (1979). 

Roberts J .L .  and P o u l t e r  C.D.  - J .  Org. Chem. 2: 1547 (1978).  

F e i s e r  L.F. and F e i s e r  M. - Reagents f o r  Organic Syn thes i s ,  Vol 1, 
John Wiley & Sons, New York, 1967, p.191. 

M i l l e r  G. and von P h i l l i p s b o r n  W. - Helv. Chim. Acta. 56: 2680 (1973).  

Ewers U . ,  Gunther H . ,  and Jaenicke L. - Chem. Ber. 106: 3951 (1973). 

F r i ck  W . ,  Weber R . ,  and Vi scon t in i  M. - Helv. Chim. Acta. 57: 2658 (1974). 

Ganguly A . N . ,  B i e r i ,  J . H . ,  and Vi scon t in i ,  M. - Helv. Chim. Acta. 64: 367 (1951). 


