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SUMMARY 

Triethoxy-deuteriomethane i s  s y n t h e s i z e d  s i m p l y  f r o m  d e u t e r i o -  
c h l o r o f o r m  and m o n o d e u t e r i o - e t h a n o l .  The p r e v i o u s l y  n o t  d e s c r i b e d  
e thoxy - [  H j m e t h y l e n e  m a l o n o n i t r i l e  can be p r e p a r e d  f r o m  t h e  
d e u t e r a t e d  o r t h o e s t e r  and dideuterio-malononitrile. R i n g  c l o s u r e  
w i t h  a c e t a m i d i n e  i n  e t h a n o l  y i e l d s  4-amino-5-cyano-2-methyl- 
16-  H l p y r i m i d i n e  w i t h o u t  any l o s s  o f  d e u t e r i u m  l a b e l .  
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I N T R O D U C T I O N  

T r i e t h o x y  methane and e t h o x y n e t h y l e n e  m a l o n o n i t r i l e  a r e  

w e l l  known s t a r t i n g  m a t e r i a l s  f o r  t h e  s y n t h e s i s  o f  t h i a m i n e  ( 1 )  as 

w e l l  as a v a r i e t y  o f  h e t e r o c y c l e s  (2,3,4) . I n  t h e  c o u r s e  of  o u r  

s t u d i e s  o f  t h e  mechanism o f  t h e  c l e a v a g e  o f  t h i a m i n e  (5,6) we had 

t h e  t a s k  t o  s y n t h e s i z e  e t h o x y  d e u t e r i o m e t h y l e n e  m a l o n o n i t r i l e  2 . 
The u n d e u t e r a t e d  m a t e r i a l  i s  c o n v e n i e n t l y  p r e p a r e d  f r o m  t r i e t h o x y -  

methane and m a l o n o n i t r i l e  ( 7 ) .  A p r e v i o u s  p u b l i c a t i o n  d e s c r i b i n g  
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the synthesis of t r i e t h o x y - d e u t e r i o m e t h a n e  - 1 started from 

trimethoxymethane ( 8 ) .  A three step reaction with methylmercaptane, 

butyllithium and d e u t e r i o h y d r o g e n c h l o r i d e ,  and finally zincchloride 

in ethanol should give the deuterated material in 3 7  % overall 

yield. Besides an important wrong indication of the reaction 

temperature a in the exchange reaction with butyllithium, however, 

the zincchloride catalyzed substitution o f  the methylmercaptogroups 

with ethanol resulted - at least in our experiments - in a loss of 

deuterium to give only a 7 8  % deuterated product 1. 

RESlJLTS 

To get a higher labelled orthoester we tried the simple and 

well known triethoxymethane synthesis from deuteriochloroform and 

sodium ethoxide ( 9 ) .  But the procedure described in Organic 

Synthesis using sodium ethoxide in ethanol resulted i n  a 55% loss 

of deuterium label. Our other attempts using ethanol-free sodium 

ethoxide in toluene or ether ( 1 0 )  yielded surprisingly again only 

low deuterated material. This deuterium loss can only be explained 

by an exchange reaction with an ethyl hydrogen of either orthoester 

or ethanolate. Finally we succeeded with a modified and optimised 

procedure using monodeuterio ethanol and deuterio- chloroform. It 

was not possible however to separate the deuterated product 1 
directly from the excess ethanol by means of distillation from the 

reaction mixture in more than 5 % yield. Surprisingly, the 

completely analogous reaction with undeuterated material had 

yielded several times about 25% pure orthoester. An aqueous workup 

solved the problem t o  separate the excess o f  deuterioethanol 

a Two attempts t o  run the reaction as indicated (8) at -25 t o  -3OOC 
led to very impure product. The same reaction carried out 
at -35 t o  -40 O C  yielded the desired trithiomethoxy deuterio- 
methane without any problems. 



['H]Triethoxymethane and Ethoxymethylene Malononitrile 1457 

T a b l e  1. O p t i m a t i o n  o f  t h e  y i e l d  o f  deuteriotriethoxymethane 1 

T e s t  C2H50D Na C O C l  Y i e l d  

(ml  1 ( m o l l  ( m o l l  ( 9 )  ( m o l l  ( 9 )  ( % I  

1 50 0.86 
2 50 0.86 
3 a 25 0.43 
4 50 0.86 
5 50 0.86 
6 50 0.86 
7 50 0.86 
8 50 0.86 

0.15 
0.21 
0.21 
0.15 
0.30 
0.30 
0.30 
0.45 

16.87 0.14 1.98 10 
8.43 0.07 1.03 10 

25.30 0.21 4.90 15 
8.43 0.07 1.67 16 

16.87 0.14 3.56 17 
16.87 0.14 4.23 20 
16.87 0.14 4.53 22 
16.87 0.14 6.39 31 

a These c o n c e n t r a t i o n s  l e d  t o  a 20 % l o s s  o f  d e u t e r i u m  l a b e l  
A t  f i r s t  f o r m a t i o n  o f  sodium e t h o x i d e  and t h a n  a d d i t i o n  o f  
c h l o r o f o r m .  
Y i e l d  based on d e u t e r l o - c h l o r o f o r m ;  t h e  y i e l d  o f  t h e  Organ ic  
S y n t h e s i s  p r o c e d u r e  ( 9 )  was 27 -31  % . 

f r o m  1 s a t i s f a c t o r y .  T h i s  way i s  s i m p l e ,  cheap and c o n v e n i e n t .  The 

t a b l e  shows some r e s u l t s  u s i n g  d i f f e r e n t  r a t i o s  o f  r e a g e n t s .  

V e r s i o n  8 seems t o  be t h e  upper  c o n c e n t r a t i o n  l i m i t  o f  sodium and 

c h l o r o f o r m  y i e l d i n g  31% o r t h o e s t e r .  H i g h e r  c o n c e n t r a t i o n s  o f  

c h l o r o f o r m  i n  e t h a n o l  l e d  a g a i n  t o  a p a r t i a l  l o s s  o f  d e u t e r i u m  

l a b e l  ( v e r s i o n  3 ) .  

/CN 
/o-c2 H5 /CN Ac20 c2 Hs-0, 

0--2 Hs 'CN D /c=c\ CN 

D-C-O-C2HS + CD, 
06% ' \ 

2 
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Reaction of orthoester 1 with undeuterated malononitrile to form 
ethoxy deuterio-methylene malononitrile 2 led surprisingly again 

to a loss of about 18 % of deuterium label. Therefore deuterated 

malononitrile (111, which can be made s mply by exchange in D20 was 

used to give finally a 9 6  % deuterium abelled 2 . Ring closure of 
- 2 with acetamidine led to 4-amino-5-cyano-2-methyl- 6- H - 

pyrimidine' without any loss of deuterium. 

2 

EXPERIMENTAL 

Tr iethoxy- [  2H]aethane 1 
To a cooled solution of mono deuterio-ethanol (50 ml, 0.86 mo1,99% 

D) and deuterio-chloroform (16.9 g, 0.14 mol, 99.8% D )  in a dry 

100-ml flask fitted with a magnetic stirrer, a condenser and a 

drying tube are added successively clean pieces of sodium (10.35 g, 

0.45 moles) . After 12 hours the reaction mixture is poured into a 

solution of sodium hydrogencarbonate (49) in water (100ml). The 

mixture is extracted twice with n-hexane (60ml). The organic 

layer is dried over magnesium sulfate and the hexane is removed by 

gentle distillation, otherwise there is a notable loss of 

orthoester. The residue is fractionated through a short Vigreux 

column and the fraction boiling at 142-145' is collected; yield: 

6.39 g (31 %;  96 % D estimated by a 200MHz 'H-NMR spectrum). 

2 Ethoxy-[ Hlmethylene m a l o n o n i t r i l e  2 
In a dry 50-1111 round-bottomed flask fitted with a condenser and a 

drying tube deuterio-malononitrile (11) (1.82 g, 27.6 mmol) , 

deuterioorthoester 1 ( 6  g, 39 mmol) and acetic anhydride (6.719, 

76.2 mmol) are refluxed for 6.5 hours. The reaction mixture is 

then evaporated and the dark residual solid is first washed with 

hexane, then with ice cold ethanol (3ml). The grade of deuteration 

is 96-97 % ; yield: 2.42 g (86 % )  mp.: 69-71'. 
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