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It has been established that his(4, G-dimethyl-2-pyrirnidyl)methyl- 
phosphonate (I) is capable of forming a crystalline hydrate with five 
molecules of water, Compoqnd I reacts with dimethyl sulfate, forming 
a complex mixture of products from which dimethyl methylphospho- 
nate, 1,4, 6-trimethyl-5-sulfo-2-pyrimidinone, the betaine 1, 3, 4, 6- 
tetramethyl-2-oxodihydropyrimidinium-2-sulfonate, and 4, 6-dimethyl- 
2-hydroxypyrimfdine methylphosphonate have been isolated, 

We have p r e v i o u s l y  r e p o r t e d  [1] the s y n t h e s i s  of 
b i s (4 ,  6 - d i m e t h y l - 2 - p y r i m i d y l )  me thy lphosphona t e  (I) 
by the r e a c t i o n  of the  sod ium sa l t  of 4, 6 - d i m e t h y l - 2 -  
hydroxypyri i~;~dine and me thy lphosphon ic  d i c h l o r i d e .  
The p r e s e n t  wc~ k was unde r t aken  in o r d e r  to s tudy 
some  c h e m i c a l  p : e p e r t i e s  of compound I - - i t s  r e a c t i o n  
with w a t e r  and b e h a v i o r  on a lky la t i on .  

The e s t e r  I is  capab le  of f o r m i n g  a c r y s t a l l i n e  h y -  
d r a t e  (II) con ta in ing ,  a c c o r d i n g  to a n a l y s i s ,  f ive m o l e -  
cu les  of w a t e r  of c r y s t a l l i z a t i o n  p e r  m o l e c u l e  of e s t e r .  
The IR s p e c t r u m  of the f r e s h l y - p r e p a r e d  h y d r a t e  t aken  
not  m o r e  than  about  an hour  a f t e r  i t s  p r e p a r a t i o n  d i f -  
f e r s  f r o m  the s p e c t r u m  of the  in i t i a l  e s t e r  only by the 
p r e s e n c e  of a b s o r p t i o n  bands  in the 1660 and 3 4 0 0 -  
3600 cm -1 r e g i o n s ,  j u s t  w h e r e  the v i b r a t i o n s  of c r y s -  
t a l - b o u n d  w a t e r  a p p e a r  [2]. If the  f r e s h l y - p r e p a r e d  
h y d r a t e  is  s lowly  hea ted  to 100 ~ C in vacuum ( 8 - 5  ram) ,  
the  w a t e r  d i s t i l s  off and the  in i t i a l  e s t e r  I is  f o r m e d .  
The h y d r a t e  is  r a p i d l y  h y d r o l y z e d  by the w a t e r  of c r y s -  
t a l l i z a t i o n .  A f t e r  a d a y ' s  s t o r a g e ,  the h y d r o l y z e d  II 
m e l t e d  in the  r ange  f r o m  168 to 180 ~ C. 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  f rom a m i x t u r e  of me thano l  and e t h e r  
of the  h y d r o l y s i s  p roduc t  y i e l d e d  two compounds - -4 ,  6-  
d i m e t h y l - 2 - h y d r o x y p y r i m i d i n e ,  mp 196-198  ~ C, and 
4, 6 - d i m e t h y l - 2 - h y d r  o x y p y r i m i d i n e  me thy lphosphona t e  
(III), mp  153-154 .5  ~ C. 

We have  s tud ied  the m e t h y l a t i o n  of the e s t e r  I with 
d i m e t h y l  su l f a t e .  The r e a c t i o n  of I with d i m e t h y l  su l fa te  
in the  a b s e n c e  of a so lven t  a t  6 0 - 8 0  ~ C took p l a c e  v e r y  
v i g o r o u s l y  and ended ,  a s  a r u l e ,  in the  d e c o m p o s i t i o n  
of the r e a c t i o n  m i x t u r e .  Consequen t ly ,  m e t h y l a t i o n  
was  s u b s e q u e n t l y  c a r r i e d  out in benzene  at  18--20 ~ C 
in the p r e s e n c e  of an e x c e s s  of d i m e t h y l  su l f a t e ,  o r  in 
n i t r o b e n z e n e  a t  110-125  ~ C. F r o m  the c o m p l e x  m i x t u r e  
of p r o d u c t s  of th is  r e a c t i o n  we i s o l a t e d ,  b e s i d e s  d i -  
m e t h y l  m e t h y l p h o s p h o n a t e  (IV), ano the r  t h r e e  c o m -  
pounds  to  which,  on the  b a s i s  of a n a l y t i c a l  r e s u l t s  and  
IR s p e c t r a ,  w e r e  a s s i g n e d  the  s t r u c t u r e s  of 1, 4, 6 - t r i -  
m e t h y l - 5 - s u l f o - 2 - p y r i m i d i n o n e  (V), the  be t a ine  1 ,3 ,  
4, 6 - t e t  r a m e t h y l -  2 - o x o d i h y d r o p y r i m i d i n i u m - 5 -  su l fonate  
(VI), and the me thy l  su l f a t e  d e r i v a t i v e  of 4, 6 - d i m e t h y l -  
2 - h y d r o x y p y r i m i d i n e  (VII). 

The f o r m a t i o n  of compounds  I V - V I  can  be r e p r e -  
s e n t e d  by the fo l lowing  s c h e m e :  
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The formation of the small amount of VII can be 
explained only by the partial hydrolysis of I. 

Products V and VI (see figure) have strong bands 
in the 1190-1250 and 1035-1055 cm -i regions and a 
number of bands in the 670-690 cm -i region which 
correspond most closely to the vibrations of SO 2 in 
sulfonic acids and their salts [3]. 

In both cases, and also in the methyl sulfate deriv- 
ative VII, the vibrations of the C-~O bond appear in 
the 1630-1650 and 1730-1770 cm -I regions, the fre- 
quencies falling in the sequence VII--V--VI. Such ab- 
sorption of the carbonyl group is characteristic for 
salts of 4, 6-dimethyl-2-hydroxypyrimidine. Thus, 
4, 6-dimethyl-2-hydroxypyrimidine hydrochloride ab- 
sorbs at 1650 and 1765 cm -I (4, 6-dimethyl-2-hydroxy- 
pyrimidine itself has VC~ O at 1660-1690 cm-i), which 
coincides completely with I,C~ O for VII. Alkylation of 
the nitrogen atom lowers the value of the C~O vibra- 
tions. Thus, in N-(fi-hydroxyethyl)-4, 6-dimethylpy- 
rimidine hydrochloride, VC~ O appears at 1620 and 
1750 cm -I . 

In the 2500-3600 cm -I region, products VII and V 
absorb at 2500-2800 cm -I like 2-hydroxy-4, 6-dimethyl- 
pyrimidine hydroehloride. This absorption may be 
ascribed to the vibrations of the N--H bond in ammo- 
nium s a l t s .  P r o d u c t  VI does  not a b s o r b  at  a l l  in th is  
r e g ion ,  which shows the a b s e n c e  of N--H v i b r a t i o n s  
and of an OH group  capab le  of t a u t o m e r i s m .  The a b -  
sence  of a b s o r p t i o n  in th is  r eg ion  while  the C~-~O a b -  
s o r p t i o n  c h a r a c t e r i s t i c  fo r  p y r i m i d i n e  s a l t s  is  p r e s e n t  
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IR spectra (in paraffin oil): 1) 1,4,6-trimethyl-5-sulfo-2-pyrimidinone 
(V); 2) the hydrated form of the betaine 1,3, 4, 6-tetramethyl-2-oxodihy- 
dropyrimidinium-5-su[fonate (VI); 3) methyl sulfate derivative of 4, 6- 

dim ethyl- 2-hydroxypyrimidine (VII). 
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*Found, %: P 14.44. Calculated, %: P 14.10. 

c a n  b e  e x p l a i n e d  s a t i s f a c t o r i l y  b y  a b e t a i n e - l i k e  i n t e r -  

n a l  q u a t e r n a r y  s a l t  s t r u c t u r e .  T h e  a b s o r p t i o n  a t  3 4 5 0 -  

3 6 2 0  a n d  1 6 1 0  c m  -1 i s  c o n n e c t e d  w i t h  t h e  w a t e r  o f  

c r y s t a l l i z a t i o n ,  a n d  w h e n  t h e  s u b s t a n c e  i s  d r i e d  i n  

v a c u u m  t h e  i n t e n s i t y  o f  t h i s  a b s o r P t i o n  f a i l s  s h a r p l y .  

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

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

n i t r o b e n z e n e  a g r e e  n o t  o n l y  w i t h  f o r m u l a  VI  b u t  a l s o  

w i t h  V i a .  

% 3  s%oc..20 
I 

CH 3 Via 

However, the poor solubi l i ty Lrl nonpolar solvents 
and the high value of the C=O frequency Ln the IR spec- 
trum c o r r e s p o n d  m o r e  t o  s t r u c t u r e  VI .  T h e  c h a r a c -  

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

t a b l e .  

E X P E R I M E N T A L  

Bis(4, 6-dimethyl-2-pyrimidyl)methylpho~phonate hydrate (ID. A 
concentrated benzene solution of bis(4, 6-d imethyl -2-pyr imidyl )methyl -  
phosphonate was shaken with a small  amount of water at 20* C. The 
white crystals of the hydrate that deposited (yield amost quantitative) 
were dried in vacuum at room temperature (15 rnin, 5 -7  rnm) and 
analyzed immedia te ly .  On slow heating,  the substance melted at 

76 .5 -77*  C and then became red, solidified, and mel ted again with 
decomposition at 105-110 ~ C. On rapid heating,  it  mel ted at 77 -  
78 ~ C. After a day, the II was dried in vacuum and recrystallized 
from a mixture of methanol  and ether (3 :1 ) .  On cooling, a precip- 
itate of 4, 6-dirnethyl-2-hydroxypyrimidine rnethylph0sphonate de- 
posited with mp 153-154.5 ~ C (from methanol) .  4, 6 -Dimethy l -2 -  
hydroxypyrimidine with rnp 196-198" C (from methanol)  was isolated 
from the mother liquor. Its IR spectrum was identical with that of an 
authentic sample of 4, 6-dimethyl-2-hydroxypyr imidine .  

l~act ion of his(4, 6- dimethyl-  2- pyrimidyl) methylph~phonate  
with dirnethyl sulfate, a) At 20* C, 40 ml  (58.3 g, 0.42 mole) of 
dirnethyl sulfate was added to a solution of 20 g (0.065 mole) of I in 
a mixture of benzene and chloroform (1: 1). A white precipitate soon 
began to deposit. After a month,  the precipitate was filtered off and 
was boiled with a small  amount  of methanol .  From the rnethanolic 
extract,  3.5 g of VII was isolated with mp 208-210" C (decomp. ,  from 
methanol) .  The substance insoluble in methanol  was V, with nap 221-  

223* C (decornp.,  from water), yield 75%. When the benzene-chloro-  
form mother liquor was distilled, a 27% yield was obtained of the 

20 1.4093. Found, %: P 24.7. Cal -  ester IV, bp 63-64.5 ~ C (10 rnrn); n D 
culated for CsHsOsP , %: P 25.0. According to the literature [4]: bp 
67-68* C (12.5 ram); n~ 1.4105. 

After distillation, a dark viscous noncrystallizing mass remained 
in the flask from which it was impossible to isolate individual com-  
pounds. 

b) Twenty grams (0.065 mole) of I was added gradually to a solu- 
tion of 6.2 ml  (8.2 g, 0.065 mole),  of dimethyl sulfate in 50 rnl of 
dry nitrobenzene at 100 ~ C. The mixture was heated at 110-125 ~ C 
for 30 rnin, cooled, and diluted with ether,  and the viscous oil was 
separated off. This was dissolved in a boiling mixture of ethanol and 
chloroform (3 : 1). After two weeks, the crystals of VI that had depos- 
ited (4 g) were filtered off, decomp, p. 226-228 ~ C (recrystallized 
three t imes from methanol  and washed with acetone). 

1 ,4 ,  6 -Tr imethyl-5-sul fo-2-pyr imidinone (V) and the monohydrate 
of the betaine 1,3,  4, 6- te t ramethyl-2-oxodihydropyrimidiaium-5-  
sttlfonate (VI)-colorless crystalline substances very readily soluble in 
water, moderately soluble i n  methanol ,  and practically insoluble in 
nonpolar solvents. Compound VI is more soluble in methanol  than V. 
The salt VII is very readily soluble in water and methanol.  When an 
aqueous solution of VII was heated with BaClz, a precipitate of Ba804 
deposited. Even prolonged boiling of aqueous solutions of V and VI 
with BaC12 did not lead to the formation of BaSO4. 

The IR spectra were recorded on a UR-10 spectrophotometer. The 
samples were prepared in the form of mulls in paraffin oil, the ab-  
sorption bands of which are marked in the spectra. 
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