
! P Y R I M I D I N E S  

XXX.* EVALUATION OF THE REACTIVITIES OF SOME 

2-FORMYLPYRIMIDINES 

V.  P .  M a m a e v  a n d  t~. A .  G r a c h e v a  UDC 547.853.1+543.878 

A comparat ive study was made of the addition of ethanol at the carbonyl group of some 2-  
formylpyr imidines  and aldehydes of other  ser ies  in which the carbonyl group is activated 
by the effect of an e l ec t ron-accep to r  grouping (chloral, p-nitrobenzaldehyde, and 2 - fo rmy l -  
pyridine).  It is shown that 2- formylpyr imidines  have high react ivi t ies  that are comparable  
with the react iv i ty  of chloral .  

We previously  noted [2] that the carbonyl  group in 2-formylpyr imidines  has considerable react ivi ty.  
It seemed of interest  to compare  the react ivi t ies  of 2- formylpyr imidines  with the react ivi t ies  of react ive 
aldehydes of other s e r i e s .  With this end in view, we studied the react ion of the aldehydes with ethanol in 
the absence of cata lys ts  (Table 1). This one-s tep  react ion is one of the s implest  addition react ions at the 
carbonyl group. There  is evidence [3,4] that in neutral  media only one molecule of alcohol is added to give 
a hemiaceta l .  

k s 
R--C/SO + R'--O|I ~ R C H (  OH 

\ t !  k~ --OR' 

Subsequent react ion of the hemiacetal  with alcohol to form the acetal can be detected only in the presence  
of a s t rong acid [4]. 

We investigated the addition of ethanol to aIdehydes by means of IR spec t roscopy f rom the decrease  
in the intensity of the carbonyl  absorption band. 

The determinat ion of the kinetic data for  the 2- formylpyrmidines  presented a number of experimental  
difficulties because of the ease of oxidation of the aldehydes (especially in solution) and the high sensit ivity 
of the addition to acid ca ta lys t s .  

A vibrational band at 1800 cm -t (the frequency of the vibrations of the C - -O  of the monomer  of the 
acid) appears in the IR spec t rum of 4 ,6-dimethyl -2-formylpyr imidine~ in carbon te t rachlor ide  after s tand-  
ing for only 0.5 h. The product was isolated in pure form and identified as 4 ,6 -d ime thy tpyr imid ine -2 -ca r -  
boxylic acid. In a compar ison  of the behavior of 4 ,6-d imethyl -2- formylpyr imidine  in ca rbon  te t rachlor ide ,  
ch loroform,  and benzene,  it was observed that oxidation proceeds  most  rapidly in carbon te t rachlor ide .  

In o rder  to reduce the possibi l i ty of the oxidation of the aldehydes to a minimum, the aldehydes were 
purified, the solutions were prepared  under dry nitrogen, and only a freshly prepared solution of aldehyde 
in the appropriate solvent was used for each individual experiment .  

A se r ies  of diminished absorption intensities of the carbonyl  group was obtained as the react ion p ro -  
ceeded.  The measurements  were ca r r i ed  out until a constant, t ime- invar iable  intensity was obtained. The 
optical density (D) at the maximum of the analytical band was measured  by the "base- l ine"  method. The 

* See [1] for communicat ion XXIX. 
4 ,6-Dimethyl -2- formylpyr imidine  was obtained via a modified method [5] which proved to be more  sa t i s -  

fac tory  for  this aldehyde than that in [2]. 
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T A B L E  1. R a t e  C o n s t a n t s  (k 2 and ki) and E q u i l i b r i u m  C o n s t a n t s  
{Keq) fo r  the  R e a c t i o n  of  I at  35 ~ 

Aldehyde 

~ tarting cone., 
Sblvent lm~ t e r _  

laldehyde alcohol 
lit~rK _ eq' 
mole'l  

t ~ �9 10 ~, 
i t e r - -  t 

rnole/sec" 

�9 I 0 ~ ,  

s e c - I  

4~ ~- Dimethyl-2- formyl- CC14 
pyrimidine 

4, 6- Dipheayl- 2- formyl- CC14 
pyrirfiidine 

Chloral CC14 

2- Formyl- 
pydmldine 

4,6- Dimethyl-2- formyl- 
pyrimidine 

The same 

Chloral 

i C6Hs 

C6H6 

CHCI3 

CHCI3 

0,025 
0,025 
0,025 
0,025 
0,02 
0,02 
0,03 
0,03 
0,02 
0,02 
0,025 
0,025 
0,025 
0,025 
0,025 
0,03 
0,03 

0,125 
0,125 
0,078 
0,078 
0,075 
0,07~ 
0,112 
0,112 
0,08 
0,08 
0,125 
0,125 
0,075 
0,075 
0,125 
0,112 
0,112 

36,2 
43,6 
33,4 
33,0 
31,4 
30,6 

198,9 
198,9 
15,2 
15,2 
14,7 
14,2 
6,0 
6,0 
7,0 

82,6 
74,9 

2,1 
2,2 
2,3 
2,6 
1,6 
1,6 
1,0 
1,1 
1,6 
2,1 
2,0 
1,8 
0,3 
0,3 
0,2 
0,6 
0,6 

5,8 
5,0 
6,9 
7,9 
5,1 
5,2 
0,5 
0,5 

10,6 
13,8 
13,1 
12,6 
5,0 
5,0 
3,0 
O3 
0,8 

a l d e h y d e  c o n c e n t r a t i o n  at  any i n s t a n t  was  d e t e r m i n e d  f r o m  the f o r m u l a  c x = c0(Dx/D0) , w h e r e  D O i s  the  
o p t i c a l  d e n s i t y  of the s t a r t i n g  a ldehyde  so lu t i on  wi th  a c o n c e n t r a t i o n  of c o . The  e x p e r i m e n t a l  da t a  w e r e  
t r e a t e d  in  a c c o r d a n c e  wi th  [6] fo r  a s e c o n d - o r d e r ,  r e v e r s i b l e  r e a c t i o n .  

K2 

Ai + A ~ - - B .  
K1 

The  e q u i l i b r i u m  c o n s t a n t  (Keq) was  c a l c u l a t e d  f r o m  the  f o r m u l a  

t(eq ([Al]0--x) ({A2]0--x) ' 

w h e r e  [At] 0 and [A2] 0 a r e  the  i n i t i a l  a ldehyde  and ethan01 c o n c e n t r a t i o n s ,  r e s p e c t i v e l y ,  and ~ i s  the  e q u i l i b -  
r i u m  c o n c e n t r a t i o n  of the  h e m i a c e t a l .  

The  d e p e n d e n c e s  of  log  (~' - x) / (~ - x) on t i m e  (x i s  the  i n s t a n t a n e o u s  h e m i a c e t a l  c o n c e n t r a t i o n  and 
~' =[(Keq([A1] 0 +[A2]o) + 1 ) / K e q  ] - ~ )  a r e  p r e s e n t e d  in F i g .  1.  The  e x p e r i m e n t a l  po in t s  a l l  f i t  we l l  on s t r a i g h t  
l i n e s ,  wh ich  a t t e s t s  to  the  fac t  tha t  the  r e a c t i o n s  a r e  s e c o n d - o r d e r .  The  s e c o n d - o r d e r  r a t e  c o n s t a n t  in  e a c h  
c a s e  was  d e t e r m i n e d  f r o m  the  s l o p e  of the  a p p r o p r i a t e  l i n e .  The  r a t e  c o n s t a n t  fo r  the  r e v e r s e  r e a c t i o n  (k 1) 
was  c a l c u l a t e d  f r o m  the f o r m u l a  k I = k J K e q .  The  k l ,  k2, and Keq  v a l u e s  fo r  the  r e a c t i o n  of the  a p p r o p r i a t e  
a l d e h y d e s  wi th  ethan01 in  v a r i o u s  s o l v e n t s  a r e  p r e s e n t e d  in T a b l e  1. 

The  r a t e  and e q u i l i b r i u m  c o n s t a n t s  p r e s e n t e d  a r e  a p p r o x i m a t e  s i n c e ,  b e c a u s e  of the  d i f f i cu l t  a c c e s s i -  
b i l i t y  of e s p e c i a l l y  p u r e  c o m p o u n d s ,  the  n u m b e r  of e x p e r i m e n t s  in  e a c h  s e r i e s  was  s m a l l  (two to t h r e e ) ,  and 
the  e f f ec t  of the  r e a g e n t  c o n c e n t r a t i o n  on the r a t e  c o n s t a n t  was  not  i n v e s t i g a t e d  to  a" su f f i c i e n t  d e g r e e .  

T A B L E  2. V i b r a t i o n a l  F r e q u e n c i e s  of the  C ~ O  G r o u p  in C h l o r o -  
f o r m  

Aldehyde 

v C=O*, 
c r f 1 - 1  

2- Formyl- ~z1-14' 6-2_Dimeth-14,formyl~2_6-formvl_Diphenyl- II 2 - Form'y 1- p- Nitrobenz= 
I pyrimidine ]pyrimidine ~pyrimidine I pyridine aldehyde 

. t738 I 1732 t 1730 t 17i7"f 1717" i " 

Benz- 
aldehyde 

1705 r 

* The  IR s p e c t r a  w e r e  o b t a i n e d  wi th  a U R - 2 0  s p e c t r o m e t e r  fo r  s o l u -  
t i on  c o n c e n t r a t i o n s  of 1% and a l a y e r  t h i c k n e s s  of 0.4 r a m .  (The a c -  
c u r a c y  of the  m e a s u r e m e n t s  was  + 1 c m  -1.) 

T h e s e  v a l u e s  a r e  f r o m  [11]. 
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Fig. I. Dependence of log [(x' - x)/(x - x)] 
on the time required for the addition of 
ethanol in carbon tetrachioride at 35~ l)to 
4,6-diphenyl-2-formylpyrimidine; 2) to 4,6- 
dimethyl-2-formylpyrimidine; 3) to chloral. 

The ra t e  and equ i l ib r ium constants  for  the addit ion 
of alcohol to  2 - f o r m y l p y r i m i d i n e s  and to such r eac t i ve  a l -  
dehydes as ch lo ra l  have a s igni f icance  of one o r d e r  of 
magni tude .  

The introduct ion of an e l e c t r o n - d o n o r  methyl  group 
into the 2 - f o r m y l p y r i m i d i n e  molecule  does not have an ap-  
p r e c i a b l e  effect  on the r eac t ion  r a t e  (k 2 for  unsubst i tu ted  
2 - f o r m y l p y r i m i d i n e  and 4 , 6 - d i m e t h y l - 2 - f o r m y l p y r i m i d i n e  
in benzene are  ident ica l ) .  The d e c r e a s e  in k 2 (for example ,  
fo r  4 , 6 - d i m e t h y l - 2 - f o r m y l p y r i m i d i n e )  in ch lo ro fo rm as 
c o m p a r e d  with carbon  t e t r a c h l o r i d e  can probably  be ex -  
p la ined by the inhibi t ing effect  of the p o l a r i t y  of the m e d i -  
um on the addit ion at the carbonyl  group ( re inforcement  of 
the nonspecif ic  so lva t ing  action of the solvent  on the c a r -  
bonyl group) [7]. 

In addition to the a ldehydes  indica ted  in Table 1, we 
a lso  inves t iga ted  the r eac t i on  with alcohol of such a lde -  
hydes  as p -n i t robenza ldehyde  and 2 - f o r m y l p y r i d i n e .  It 
was found that  these  a ldehydes  did not r e a c t  with ethanol 
(the in tens i ty  of the band of the C = O group of these  a l d e -  
hydes did not change with t ime) even when the a l d e h y d e -  
alcohol r a t i o  in ca rbon  t e t r a c h l o r i d e  was 1 : 10. This  is  
evidence that ,  in this  ca se ,  the effect  of conjugation of the 

ca rbonyl  group with the a roma t i c  r ing,  which s t a b i l i z e s  the aldehyde molecule  in c om pa r i s on  with the h e m i -  
ace ta l ,  p r edomina t e s  over  the inductive effect  of the e l e c t r o n - a c c e p t o r  grouping,  which des t ab i l i z e s  the 
aldehyde in c o m p a r i s o n  with the hemiace t a l  [8]. F o r  s imple  addit ion r eac t ions  at the ca rbonyt  group,  a high 
r a t e  of conve r s ion  c o r r e s p o n d s  to a more  comple te  convers ion ,  and vice  v e r s a  [9]. Al l  of these  r e su l t s  are  
evidence that  the effect  of the py r imid ine  r ing  on the aldehyde C ~ O  group r e s u l t s  in cons ide rab l e  a c t i v a -  
t ion of the l a t t e r .  

It is  known that  the f requency of the valence  v ib ra t ions  of the C = O bond in the tR s p e c t r a  of carbonyl  
compounds d e c r e a s e s  (a d e c r e a s e  in the double-bond c h a r a c t e r )  with an i n c r e a s e  in the e l e c t r o n - d o n o r  capac -  
i ty of t he  group bonded to the carbonyl  group.  In this  connection,  it  is i n t e re s t ing  to c o m p a r e  the f requen-  
c i e s  of the C = O  v ib ra t ions  for  the a ldehydes under  cons ide ra t i on .  As seen f rom Table  2, v C = O  d e c r e a s e s  
in the o r d e r  2 - f o r m y l p y r i m i d i n e  > 4 , 6 - d i p h e n y l - 2 - f o r m y t p y r i m i d i n e  > 4 , 6 - d i m e t h y l - 2 - f o r m y I p y r i m i d i n e  > 
2 - f o r m y l p y r i d i n e ,  p -n i t robenza ldehyde  > benza ldehyde .  It is  apparent  that the e l e c t r o n - a c c e p t o r  effect  of 
the grouping bonded to the carbonyl  group d e c r e a s e s  in the same o r d e r .  Thus,  the data on the v ib ra t iona l  
f requenc ies  of the C ~ O  bond indicate  that  the pyrmid ine  r ing in the ground s ta te  has i n c r e a s e d  e l e c t r o n -  
accep to r  capac i ty ;  this  is  in ag reemen t  with data  on the r e a c t i v i t i e s  of 2 - f o r m y l p y r i m i d i n e s .  

EXPERIMENTAL 

Analytical grade carbon tetrachloride was dried over freshly calcined potassium carbonate and dis- 
tilled. The chloroform was freed from alcohol by washing ~dth water and was then dried over calcium 
chloride for 24 h (chloroform decomposes when it is allowed to stand over the drying agent for many days) 
and distilled over calcined potassium carbonate. The benzene was dried with calcium chloride and distilled 
over sodium metal. 

Chloral was obtained by dehydration of chloral hydrate; chloral hydrate was shaken in a separatory 
funnel with concentrated HzSO 4 with several changes of acid. The chloral was then separated and distilled 
in the presence of a small amount of HzSO 4 under nitrogen, with collection of the fraction with bp 97-97.5 ~ 
which was again distilled over freshly calcined calcium oxide. 

4,6-Dimethyl-2-formylpyrimidine (1). A__: Preparation of 2- (I ,3-diphenyl-2-imidazolidinyl)-4,6- 
dimethylpyrimidine (In). A solution of 2 g (0.016 mole) of 2-cyano-4,6-dimethylpyrimidine in 50 ml of 
methanol was hydrogenated at room temperature in the presence of 3.4 g (0.016 mole) of dianilinoethane, 
1.6 ml of glacial acetic acid, and 6.2 g of Raney nickel until 360 ml of hydrogen had been absorbed. The 
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ca ta lys t  was f i l te red  off and washed with ethyl ace ta te .  The f i l t ra te  was evapora ted  to one thi rd  i ts  or iginal  
volume,  and the resul t ing  prec ip i ta te  was f i l te red  and dried to give 2.3 g (45~) of Ia with mp 146-148 ~ (from 
ethyl aceta te) .  Found%: C 75.85; H 6.50; N 17.11. C21H22N~. Ca lcu la ted%:  C 76.33; H 6.67; N 16.98. 

B~ Decomposi t ion  of In. A solution of 2 g of Ia in 50 ml  of ch lo ro fo rm was s t i r r ed  for  5-10 min with 
30 ml  of 18% HC1. The init ial  g reen-ye l low colora t ion  vanished as dianilinoethane dihydrochloride p r e -  
c ipi ta ted.  The prec ip i ta te  was f i l tered and washed with ch lo roform,  and the f i l t ra te  was neut ra l ized  with 
sodium b ica rbona te .  The ch lo ro fo rm l aye r  was separa ted ,  and the aqueous l aye r  was ex t rac ted  with ch lo ro -  
f o r m .  The combined ch lo ro fo rm solutions were  dr ied with MgSO4, the 'solvent was evapora ted ,  and the 
res idue  was r ec ry s t a l l i z ed  f r o m  pe t ro leum e ther  (40-60 ~ to give 0.5 g (66%) of I with mp 89-90 ~ (identical 
to the product  obtained in [2]). A sample  for the kinetic m e a s u r e m e n t s  was r e c r y s t a l l i z e d  twice f rom dry  
pe t ro l eum e ther  (40-60 ~ and vacuum-subl imed at 70 ~ (15 ram).  

2 -Fo rmy lpy r i m i d i ne  and 4 ,6 -Dipheny l -2 - fo rmylpyr imid ine .  These  were  obtained by the method in [2]. 

2 - F o r m y l p y r i d i n e .  This  was s i m i l a r l y  obtained [2] f rom 10 g (0.073 mole)  of methyl  picolinate and 
1.73 g (0.036 mole)  of l i th ium aluminum hydr ide .  The yield of product  with m p  76-78 ~ (25 ram) (bp 181 ~ [12]) 
was 4 g (50%). 

p -Ni t robenza ldehyde .Pure  grade  p-ni t robenzaldehyde was r e c r y s t a l l i z e d  f rom pe t ro leum e ther  (70- 
100 ~ to give m a t e r i a l  with mp 104-105 ~ 

All of the aldehydes were  s to red  in the dark  under  ni t rogen over  P205 at 5 ~ Immed ia t e ly  p r io r  to use 
they were  subjected to repur i f ica t ion .  The pur i ty  of the aldehydes was moni to red  by compar i son  of the i r  IR 
s p e c t r a  with the spec t r a  of analyt ical  s ample s .  

The kinetic m e a s u r e m e n t s *  were  made with a UR-10 spec t ropho tomete r  in t he rmos ta t ed  cuvet tes  
made  of KRS-5 with an a b s o r b i n g - l a y e r  th ickness  of 1 ram.  The m e a s u r e m e n t s  were  made  f rom the ab-  
sorp t ion  band of the ca rbonyl  group of the cor responding  aldehyde. 

The aldehyde solut ions were  p r e p a r e d  in a d ry  box filled with ni t rogen.  A f resh ly  p r e p a r e d  aldehyde 
solution was used for  each  individual exper imen t .  An aliquot of the aldehyde solution in the appropr ia te  so l -  
vent was introduced into a r eac t ion  ves se l  equipped with a jacket  for  the rmos ta t ing ,  and the ve s se l  was 
sea led  with a s topper  and t r a n s f e r r e d  out of the dry  box. An aliquot of an alcohol solution in the s ame  so l -  
vent was introduced into a second v e s s e l  with the rmos ta t ing .  Both solutions were  t he rmos ta t ed  at the r e a c -  
t ion t e m p e r a t u r e ,  and they were  then mixed  (the zero  t ime  of the react ion) by means  of rapid  connection of 
the ground-glass  joints  of both reac t ion  v e s s e l s .  The reac t ion  mix tu re  was s t i r r e d  thoroughly and t r a n s -  
f e r r e d  through a polyethylene cap i l l a ry  into a cuvette  (one of the ve s se l s  had a g lass  cap i l l a ry  outlet). All 
of these  opera t ions  were  p e r f o r m e d  without allowing contact  with the a tmosphe re .  The reac t ion  of the a lde-  
hyde with ethanol occur red  d i rec t ly  in the cuvet te .  
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