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13 MULTI- C-LABELLED 2,4-DIAMINO-6-METHYLPTERIDINE 

H.T.A. Cheung and P.G. Gray 

Department of Pharmacy, University of Sydney, Sydney, Australia 

SUMMARY 

Samples of 2,4-diamino-6-methylpteridine (l), specifically 

labelled with 13C at one or more carbon positions, were synthesised 

using a combination of the appropriate unlabelled and the following 

13C-labelled starting materials ( c a .  9 0 %  I3C) : 

acetone-1 , 3-I3C2, bromoacetic acid-l-13C , bromoacetic acid-2-I3C , 
sodium cyanide-13C, and g~anidine-'~C. The identity and site ( s )  

of 13C of each final product and intermediate were established by 

I3C- and 'H-NMR. 

acetone-2-I3C , 

KEY WORDS 2,4 ,6-TriaminopyrimidineI 2,4 , 5 ,  6-tetraaminopyrimidj-net  

malononitrile, cyanoacetamide , 1,l-dichloracetone , 13C-labelled, 
C- NMR . J.3 

The inhibition of the enzyme dihydrofolate reductase by 

folic acid antagonists forms the basis of the therapeutic effect 

of a number of anti-tumour, anti-bacterial and anti-parasitic 

agents. As part of a program to study the mode of action of 

dihydrofolate reductase, we have synthesised 2,4-diamino-6-methyl- 

pteridine (1) variously and specifically labelled with I 3 C  (about 

90% isotope purity) at one or more of the following sets of 

positions of the system: 4a or (4 and 8a), 6 or ( 7  and 9 ) ;  2 

[see Table 1 and structure (I)]. 

A number of methods had been used for the synthesis of 

2 , 4-diamino-6-methylpteridine 
selected and various positions of the 6-methylpteridine ring 

For incorporation of 13C into 
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the method chosen must be such that it permits the joining 

together of 13C-labelled intermediates and their unlabelled 

counterparts in various combinations. The method used in the 

present work is summarised in Chart 1, the 13C-labelled 

starting materials being acetone (2) 

13 l3 and g~anidine-~~c ethyl cyanoacetate (4) (2- C or 1 , 3 -  

(7). 

commercially, and was prepared by us by a displacement reaction 

on bromacetic acid-1- C by sodium cyanide-13C, followed by 

esterification. Likewise ethyl c~anoacetate-2-~~C was 

prepared from bromoacetic acid-2-I3C. 

13 ( d 3 C  or 1,3- C2), 

c2' 
Of these, ethyl ~yanoacetate-l,3-'~C~ was not available 

13 

In the synthesis of 13C-labelled 2,4-diamino-6-methylpter- 

idine (1) , as shown in Chart 1, the pyrimidine moiety in the 
form of 2,4,6-triaminopyrimidine ( 8 )  was assembled by condensation 

of guanidine (7) and malononitrile (6) (one or both suitably 

labelled) . Mal0nonitrile-2-~~C and -1,3- C were prepared from 

the appropriately labelled ethyl cyanoacetate ( 4 ) .  While the 

3 

13 
2 

NH NC NC NC NC 

H,NicNH, -!N-10NH7 COOEt COOH COOH 



above r e a c t i o n s  gene ra l ly  followed publ i shed  procedures  on 

un labe l l ed  analogues,  3-5 i n  each  case  modi f ica t ions  w e r e  made t o  

accommodate t h e  s m a l l  s c a l e  r e a c t i o n s  and work-ups invo lv ing  

c o s t l y  l a b e l l e d  compounds. I n  p a r t i c u l a r  , t o  achieve maximum 

r e t e n t i o n  of  label(s) , r a t i o  of r e a c t a n t s  ( l a b e l l e d  r e a c t a n t  

A t o  l a b e l l e d  r e a c t a n t  B ;  and l a b e l l e d  reectant A t o  = labe l l ed  

r e a c t a n t  B) had t o  b e  ad jus t ed .  Procedures  a r r i v e d  a t  a f t e r  

repea ted  t r i a l  experiments  on un labe l l ed  r eagen t s  were f i n a l l y  

app l i ed  t o  the l a b e l l e d  spec ie s  (see exper imenta l )  , producing 

y i e l d s ,  f o r  t h e  r e a c t i o n s  d iscussed  above, o f  80-95%. 
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The nex t  s t e p ,  t h e  i n t r o d u c t i o n  of an amino group t o  t h e  

l a b e l l e d  2,4,6-triaminopyrimidine ( 8 )  by d i t h i o n i t e  reduct ion  of 

a n i t r o s o  in t e rmed ia t e  r e s u l t e d  i n  13C-labelled 2 , 4 , 5,6- 
te t raaminopyrimidine ( 9 )  i n  y i e l d s  comparable wi th  t h a t  r epor t ed  

f o r  the un labe l l ed  analogue. 3 

Recent ly ,  Ca ta lucc i  and Arona7 desc r ibed  t h e  condensat ion 

of  2,4,5,6-tetraaminopyrimidine ( 9 )  wi th  1,l- dich loroace tone  (10) 

t o  g ive  2,4-diamino-6-methylpteridine (1). I n  adopt ing  t h e  

procedure t o  t h e  s y n t h e s i s  of  13C-labelled analogues,  w e  found 

it necessary t o  c a r r y  o u t  t h e  r e a c t i o n  a t  pH 3. T r i a l  experiments  

on un labe l l ed  s p e c i e s  a t  var ious  pH showed t h a t  a t  t h e  h i g h e r  pH 

s p e c i f i e d  by Ca ta lucc i  and Arona, there was formed an unacceptable  

amount of t h e  by-product (11) having methyl group a t  p o s i t i o n  7 ,  

an event  r e a d i l y  followed by 'H-NMR. 

-I3c7 and 1, I - d i ~ h l o r o n c e t n n e - 2 - ~ ~ C  r e a u i r e d  €or t h e  

condensat ion w e r e  syn thes i sed  from t h e  appropr i a t e  l a b e l l e d  

ace tone  by c h l o r i n a t i o n  wi th  s u l f u r y l  c h l o r i d e .  Following 

t h e  publ ished procedure ,6 s i g n i f i c a n t  decomposition of t h e  

des i r ed  1 , l - d i c h l o r i n a t e d  product  occur red  dur ing  t h e  f r a c t i o n a l  

1 , l -Dichloroacetone-l . ,  3 -  
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TABLE 1. 

1 2 1  Kgauss 13C- and H-NMR data of intermediatesa 
~ 

3C-NMR 

c-1 c-2 c- 3 -OCH - - 2  

Ethyl cyanoacetate (4) 

-2- c - 24.6 - - 1 3  

162.7,162.9 21.7,24.5,27.2 112.9,113.0 62.7,GJ.R 

( J 4.2) ( J1,2& J2,3 

61.2, 62.7) 

13 -1,3- c 
2 2  1 1 2 2 

( J1,3 4.2) ( Jcoc 2.W 
~3 

Unlabelled 162.8 24.2 113.6 62.3 

Cyanoacetamide(5) 
-2- 13c b,c - 26.1 - 

13 d 
2 -1,3- c 

Unlabelled 

Malonoritrile ( 6) 

-2- c 13  

13  
2 -1,3- c 

1,l-Dichloroacetone ( 1 G )  

166.6 

168.0 

109.1 

69.6 
70.4 

13  -1,3- c 

- 

26.2 

8.6 

115.6 

216.8 

109 - 1 

21.7 - 
2 2 . 5  

a Unless otherwise stated, spectra were run in CDC13. Chemical shifts 
y e  in p.p.m. downfield from SiMe4 with .$(SiMe4) = 0 p.p.m. for 

are in Hz. When splittings of 'H signals 
directly attached 13c individual signals are listed. Where lH signals 
are split by 'H or other 13C, multiplicities are recorded. Chemical 
shifts in italics refer to natural abundance 13C. 

13C spectrum refers to CD30D solvent with i(CD30D) = 49.5 p.p.m. 

H spectra and $(CDC13) = 76.9 p.p.m. for 13C Spectra. Coupling constants 
are due to enriched (90%) and 
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-CH cn3 2- 
H-2 H-3 -0CH - -CH CH 

-2 2 -3 
H - 1  

- 2.69 ,4 .22#  - 4.2E?q* 1 . 3 2 ' ~ ~  

(JHc 136.7)  (JHCCH7-2) (JHCCH 7.2)  

3.45* 

- 3.52 d of d *  - 4 . 2 8  d of a* 1 . 3 2 t *  
(JHccH 7.2)  (JHcc 8 .2 ,10 .2)  (JHccH 7.2;  

JHCOC 3.2)  

# - 2 . 8 0 , 4 . 3 3  

(JHc 136.7)  

3 .56* 

- 3.54  d of d*  - 
(JHcc 6 . 8 , 1 0 . 5 )  

# - 2 . 8 0 , 4 . 3 9  
(JHc 142.4)  

1 .59*  

- 3 . 6 0  t S  - 

( J H c c 1 1 . 7 )  

# 

(JHcc 6 . 3 )  
2 .42 '2 .49  

2 .46  * 
# 3.7?,4.78 # - 1 . 7 2 , l .  74  

5.78,5.79* 2.45,2.46 '  # 
5.78,6.80 3 .17 ,3 .19  # 

(JHccc1.3; ( JHCC cl. 3; 

JHc 1 8 0 . 9 )  JHc 1 2 9 . 7 )  

1H sepctrum r e f e r s  t o  D 2 0  s o l v e n t  with $ (dioxane)  = 3.61  p,p.m. 

Both l 3 C  and I H  s p e c t r a  w e r e  run i n  C D 3 0 D  w i th  L(SD3OD) = 49.5 p.p.m 

I n  D 0 con ta in ing  dioxane wi th  S ( d i o x a n e )  = 67.4  p.p.m. 2 

' a t t a c h e d  t o  I 3 C .  

*'H a t t a c h e d  t o  I 2 C .  
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vacuum d i s t i l l a t i o n  of t h e  r e a c t i o n  mixture .  This  was avoid-ed 

by t rea tment  with s o l i d  calcium carbonate  ( t o  remove a c i d i c  

m a t e r i a l )  p r i o r  t o  d i s t i l l a t i o n ,  y i e l d i n g  l a b e l l e d  1,l- 

dichloroacetone i n  about  65% y i e l d .  

'H-and 13C-NMR d a t a  a r e  g iven  i n  Tables  1-3 .  I n  p a r t i c u l a r ,  

t h e  13C-NM2 d a t a  ( f o r  I3C-enriched carbons  and some n a t u r a l  

abundance ones)  provide unambiguous evidence of t h e  i d e n t i t y  
13 and p u r i t y  of t h e  C- labe l led  compounds syn thes i sed .  

EXPERIMENTAL 

The 'H-and 13C-NMR d a t a  were c o l l e c t e d  us ing  a JEOL FX- 

9OQ spectrometer  ope ra t ing  a t  89.6 M H z  and 22.5 MHz r e s p e c t i v e l y  

i n  t h e  Four ie r - t ransform mode. Acquis i t ion  t i m e ,  pu l se  de l ay  
1 and pu l se  width were, f o r  H :  4 .57s ,  c a . l s ,  and 4 3 ~ s ~  f o r  

13c: 0.37 o r  0 .73s,  ca. 0 . 5 ~ ~  and 7 p s  r e s p e c t i v e l y .  

chemical i o n i s a t i o n  m a s s  s p e c t r a  (CI-MS) were obta ined  us ing  

a Finnigan 3200E G C - m a s s  spec t rometer  and a s s o c i a t e d  Finnigan 

6 1 1 0  d a t a  system. Thin- layer  chromatography (TLC)  and column 

chromatography w e r e  on Merck H60 TLC-grade s i l i c a  g e l .  

P repa ra t ive  high p res su re  l i q u i d  chromatography s e p a r a t i o n  

(HPLC) was performed on an Altex 331 chromatograph us ing  a 

Pa r t i s i l co lumn,  and e l u t i o n  was c a r r i e d  o u t  by 30% d i e t h y l  e t h e r  

i n  l i g h t  petroleum a t  1 , 5 0 0  p . s . i .  and a t  a flow r a t e  of 9 ml 

p e r  min; t h e  d e t e c t o r  was a Waters R 403 d i f f e r e n t i a l  r e f r ac tomete r .  

Evaporation o f  a l l  s o l v e n t s  took p l ace  under reduced p r e s s u r e  a t  t h e  

lowest  p o s s i b l e  temperature .  Melt ing p o i n t s  w e r e  uncorrec ted .  

CH4 
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C-Labelled s t a r t i n g  m a t e r i a l s  w e r e  purchased from t h e  13 

Centre  d 'Etudes NuclLaires  de Sac lay ,  C . E . A . ,  Gif-sur-Yvet te ,  

France (acetone-1,  3-13C2 and acetone-2-l3C) , and from S t o h l e r  

I so tope  Chemicals, Waltham, M a s s . ,  U.S.A. (bromoacet ic  ac id - l -  

I 3 C  and -2-'3C, sodium cyanide-13C, and g ~ a n i d i n e - ~ ~ c  n i t r a t e )  . 

Ethyl  cyanoacetate-1,  3-15C2 To a s o l u t i o n  of bromoacetic 

acid- l - l3C ( 1 . 0 4  g ,  7 . 4  mmole) i n  water  ( 2  m l )  and n e u t r a l i s e d  

wi th  sodium carbonate  ( c a  . 0 . 4  g) was added a s o l u t i o n  of  sodium 

cyanide-13C ( 0 . 4 0  g ,  8 . 0  mmole) i n  water  (1 m l )  . 
s t i r r e d  a t  t h e  b o i l i n g  p o i n t  f o r  5-10 minutes ,  t h e  s o l u t i o n  was 

cooled,  10M hydroch lo r i c  a c i d  ( 0 . 8  ml) was added and t h e  s o l v e n t  

was evapora ted  under reduced p r e s s u r e  a t  below 50 . Ethanol  was 

added t o  t h i s  r e s idue ,  t h e  i n s o l u b l e  s o l i d s  removed by f i l t r a t i o n  

and t h e  f i l t r a t e  evaporated.  Ex t r ac t ion  w a s  r epea ted  t o  y i e l d  

crude cyanoace t ic  ac id-1  , 3- 13C2.  

a c i d  (0.033 m l )  i n  100% e thano l  ( 8  ml) was added, and the s o l u t i o n  

r e f luxed  f o r  1% - 2 hours  by which t i m e  TLC showed t h a t  e s t e r i f i c a t i o n  

w a s  completed. The ino rgan ic  s a l t s  w e r e  removed by f i l t r a t i o n ,  

e thano l  was evapora ted ,  and the re s idue  w a s  d i s so lved  i n  d ich loro-  

methane, and run through a s h o r t  column of s i l i c a  g e l  t o  y i e l d  

e t h y l  ~ y a n o a c e t a t e - l , 3 - ~ ~ C ~  (0.72 g,  8 4 % )  , b.p .  1 0 7 O C  a t  2 7  t o r r  

p re s su re .  

was contaminated wi th  about  20% 

(CI-MS 

cyanopropionate w a s  c a r r i e d  o u t  by HPLC. 

A f t e r  be ing  

0 

A s o l u t i o n  of 18M s u l p h u r i c  

I n  an experiment ,  t h e  commercial bromoacet ic  acid- l - I3C 

2-bromopropionic acid- l - l3C 

and '€&and 13C-NMR) , and removal of l a b e l l e d  e t h y l  2- 

Ethyl  ~yanoace ta t e -2 - '~C .  Bromoacetic acid-2-I3C was 

t r e a t e d  wi th  un labe l l ed  sodium cyanide (1.1 mole equ iva len t )  and 

then e s t e r i f i e d  ( a s  desc r ibed  above f o r  i t s  analogue) t o  g i v e  

e t h y l  ~yanoace ta t e -2 - '~C ,  MH' (CI-MS) 115. 
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Cyanocetamide-1 , 3-13C2 and cyanoacetamide-2-13C. 

mixture o f  ethyl cyanoacetate-1 ,3-13C2 ( 0  - 339, 2.9 mole) and 
aqueous ammonia (0.5 ml, 31% w/v) was shaken until homogeneous 

and then left at -loo overnight. After dissolution by warming 

of the crystals formed, the solution was applied to a short 

column of silica gel. After removal of unreacted starting 

material with dichloromethane, elution with 20% ethanol in 

dichloromethane gave cyanoacetamide-1 , 3-13C2 as a colourless 

solid (0.23 g, 93%), m.p. 119-120" [lit. m.p. (unlabelled), 

119-120°] 4 ,  MH' (CI-MS)  87. Cyanoa~etamide-2-~~C, MH' 86, 

was prepared in the same way from ethyl cyanoacetate-2-13C. 

Malononitrile-1, 3-13C2 and 1nalononitrile-2-~~C. To 
13 cyanoacetamide-1,3- C2(0.30 g, 3.5 mmole) in dry dichloroethane 

( 0 . 7 q )  was added anhydrous calcium chloride (0.059) and 

phosphorous oxychloride ( 0 . 3 8 g l  2.5 mole). The mixture was 

heated at 90" with stirring for 5-6 hours. On cooling, the 

solid was broken up and transferred to the top of a silica gel 

column. Elution with dichloromethane and evaporation gave 

rnalon0nitrile-l,3-~~C~ as a low melting solid (0.229, 93%). 

Mal0nonitrile-2-~~C I MH' 68 was prepared analogously from 

cyanoacetamide- 2 -' 3C. 

5 

2,4,6-Triaminopyriridine 18)13C-labelled at 2,5-, 4 ,6 -  and 2- 

positions. To a solution of sodium (O.O9g, 3.9 mmole) in ethanol 

( 3  ml) was added guanidine-13C nitrate (0.339, 2.7 mmole) followed 

by nal0nonitrile-2-~~C( 0.189 I 2.7 mmole) and the mixture was 

refluxed f o r  6 hours. On cooling, t h e  solid product was filtered, 

washed with ice-cold ethanol yielding 2,4,6-triaminopyrimidine- 

2,5- C2 (0.30 g, 88%) as a crystalline solid. Further amount 

of the product (0.029, 6%) was obtained by applying the residue 

13 
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on evaporation of the filtrate to a short silica gel column and 

eluting with methanol. 

was made in an identical manner from malononitrile-l , 3-I3C2 and 
unlabelled guanidine hydrochloride (1.05 mole equivalent), while 

the synthesis of 2,4,6-triamin0pyrimidine-2-~~C required starting 

from guanidine-l3C nitrate and unlabelled malononitrile (1.25 

mole equivalent). 

2 , 4 , 6-Triaminopyrimidine-4,6- 13c2, MH' 1 2  8 

2,4,5,6-Tetraaminopyrimidine (9) 13C-labelled at 2 ?5-, 4,6- 

and 2-positions. The appropriately labelled 2,4,6-triamino- 

pyrimidine (about 0.2 g each) was converted to the corresponding 

13C-labelled 2,4,5,6--tetraaminopyrimidine as was described by 

Mallett, Taylor and Cain3 for unlabelled species but without 

isolation of the intermediate nitroso compound. 

1,l-Dichloroacetone-l, 3-I3C and 1,l-di~hloroacetone-2-~~C. 2 - 

To acetone-2-13C ( 0 . 3 9 9 ,  6.6 mmole) was added sulfuryl chloride 

(2.39, 17 mole) slowly and with stirring and cooling,6 and the 

mixture was kept at room temperature overnight. 

indicated that the crude product mixture consisted of 1,l- 

dichloroacetone( ca. 70%) , 1,1,3-trichloroacetone( ca. 20%) and 1,3- 
dichloroacetone( ca .lo%) . Anhydrous calcium carbonate (0.25 g )  

was added, and after 5 minutes the mixture was filtered, and the 

solid (calcium carbonate) washed with a small amount of dry 

dichloromethane. The solvent was removed at room temperature 

under vacuum, and the residual liquid fractionally distilled at 

25 torr giving l,l-di~hloroacetone-2-~~C (0.52 g, 62%) b.p. 22-24O 

'€I-NMR analysis 

.- I d  3t 25 torr. l-l-Dichloroacetone-1,3- C2 was prepared in the 

same way from acetone-1,3- C2. 13 
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2 I 4-Dim1rno-6-methylpter idine ( 1) 13C-label led a t  var ious  - 

p o s i t i o n s .  2 I 4-Diamino-6-methylpteridine l3C- labe l led  a t  one o r  

more p o s i t i o n s  ( a s  l i s t e d  i n  Table 3) w e r e  syn thes i sed  from 1,l- 

dichloroacetone-1 I 3-13C or  - d 3 C  i n  combination w i t h  un labe l l ed  2 
13 o r  C-label led 2,4,5,6-tetraaminopyrimidine (see above and 

Table 2 )  . 
i s  desc r ibed  below: t h a t  o f  2,4-diamino-6-methylpteridine l a b e l l e d  

a t  o t h e r  p o s i t i o n s  proceeded i n  t h e  same manner. To 2 ,4 ,5 ,6-  

te t raaminopyrimidine ( 9 )  (1.05 g r  4 . 1  m o l e )  (p rev ious ly  c r y s t a l l i s e d  

from water )  w a s  added success ive ly  sodium b i s u l f i t e  (0 .66  g )  

and l,l-di~hloroacetone-2-~~C (0 .32 g,  4.05 m o l e )  I and t h e  mixture  

was s t i r r e d  f o r  15 minutes a t  room temperature  du r ing  which the 

pH f e l l  t o  2.8-2.9. 

whereupon t h e  te t raminopyrimidine d i s so lved  and the pH was 2.2-2.3. 

By t h e  a d d i t i o n  of M sodium hydroxide t h e  pH was a d j u s t e d  t o  and 

maintained a t  3.0 t 0 . 1  whi le  t h e  r e a c t i o n  was allowed t o  proceed 

a t  80°. The completion of  t h e  r e a c t i o n  a f t e r  4-5 hours  was  

i n d i c a t e d  by a very slow f a l l  i n  pH. A t r a c e  of i n s o l u b l e  m a t e r i a l  

ob ta ined  on cool ing  was f i l t e r e d  o f f  and t h e  f i l t r a t e  (pH 2.5 

a t  30°) was a d j u s t e d  t o  pH7 wi th  M sodium hydroxide while  be ing  

s t i r r e d  v igorous ly .  The yel low p r e c i p i t a t e  c o l l e c t e d  by c e n t r i -  

fuga t ion  was washed wi th  wa te r  and cen t r i fuged .  Washing and 

c e n t r i f u g i n g  was r epea ted  t h r e e  t i m e s  u s ing  e thano l .  T o  t h e  

r e s u l t i n g  yellow s o l i d  was added e t h e r ,  and t h e  suspension 

was f i l t e r e d  t o  g ive  2,4-diamin0-6-methylpteridine-6-~~C (1) 

(0 .28 g r  4 1 % ) .  The y i e l d  r e l a t i v e  t o  2,4,5,6-tetraaminopyrimidiae 

was l o w e r  than t h e  l i t e r a t u r e  y i e l d  of  un labe l l ed  2,4-diamino- 

6-methylp ter id iner  s i n c e  i n  t h e  l i t e r a t u r e 7  an excess  of  1,l- 

dichloroace tone  was used. 

The s y n t h e s i s  o f  2,4-diarnin0-6-methylpteridine-6-~~C 

The s t i r r e d  s o l u t i o n  was hea ted  t o  80° 
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