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In [i] we reported on the determination of the o I and OR ~ constants of 2- and 4-pyri- 
midyl groups having substituents in one of the m-positions of the pyrimidine ring, using 13C 
NMR. In a continuation of these studies of electronic effects in substituted pyrimidal 
groups, we have determined in the present work the constants o I and OR ~ of pyrimidyl groups 
with substituents in the p-position -- specifically, 5-substituted 2-pyrimidal groups and 2- 
substituted 5-pyrimidal groups, by means of 13C NMR. 

Two series of phenylpyrimidines (I) and (II) were synthesized by known methods; the 13C 
chemical shifts (CS) of these compounds were measured in acetone: 
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where  , X = H (a;, CI (bt, OCH~ (c), NH~ (d), N(CHsh (~), COOGH~ (f), CN (g). 

The v a l u e s  o b t a i n e d  f o r  t h e  ~3C CSs a r e  l i s t e d  i n  T a b l e  1.  The re  was no d i f f i c u l t y  i n  
a s s i g n i n g  t h e  s i g n a l s  o f  t h e  b e n z e n e - r i n g  c a r b o n  a t o m s ,  s i n c e  t he  i n t r o d u c t i o n  o f  v a r i o u s  
s u b s t i t u e n t s  i n t o  t h e  p y r i m i d i n e  r i n g  p r o d u c e s  o n l y  r e l a t i v e l y  s m a l l  c h a n g e s  i n  t h e  ~3C CSs 
o f  t h e  b e n z e n e - r i n g  c a r b o n  a toms  ( s e e  T a b l e  1 ) .  These  changes  do n o t  go beyond  the  a n a l o g o u s  
c h a n g e s  i n  m - s u b s t i t u t e d  p h e n y l p y r i m i d i n e s  o f  [1] and b i p h e n y l s  [ 2 ] .  The a s s i g n m e n t  o f  t h e  
s i g n a l s  o f  t h e  p y r i m i d i n e - r i n g  c a r b o n  a toms  i n  t h e  2 - s u b s t i t u t e d  5 - p h e n y l p y r i m i d i n e s  was p e r -  
fo rmed  by  t h e  u s e  o f  t h e  c o r r e s p o n d i n g  i n c r e m e n t s  found  f rom t h e  d a t a  o f  [3] f o r  2 - s u b s t i -  
t u t e d  p y r i m i d i n e s  ( T a b l e  2 ) .  The a s s i g n m e n t  o f  t h e  s i g n a l s  o f  t h e  p y r i m i d i n e - r 9 n g  c a r b o n  
a toms  i n  t h e  5 - s u b s t i t u t e d  2 - p h e n y l p y r i m i d i n e s  was p e r f o r m e d  u s i n g  t h e  i n c r e m e n t s  f o r  5 - s u b -  
s t i t u t e d  p y r i m i d i n e s  [4] and m o n o s u b s t i t u t e d  b e n z e n e s  [2 ,  5] ( T a b l e  3 ) .  

In  c a l c u l a t i n g  t h e  v - c o n s t a n t s  o f  t h e  s u b s t i t u t e d  p y r i m i d y l  g r o u p s ,  we used  c o r r e l a t i o n  
e q u a t i o n s  g i v e n  i n  [1] f o r  m o n o s u b s t i t u t e d  b e n z e n e s ,  r e l a t i n g  t h e  o - c o n s t a n t s  o f  t h e  s u b s t i -  
t u e n t s  t o  t h e  r e l a t i v e  '3C CSs o f  t he  m- and p - c a r b o n  a toms  (AGG TM and ASCP). The s u b s t i t u t e d  
p y r i m i d y l  g r o u p s  were  r e g a r d e d  a s  s u b s t i t u e n t s  on t h e  b e n z e n e  r i n g .  The r e l a t i v e  CSs o f  t h e  
b e n z e n e - r i n g  c a r b o n  a toms  i n  t h e  p h e n y l p y r i m i d i n e s  , t h e s e  CSs b e i n g  used  to  c a l c u l a t e  t he  o I 
and OR ~ c o n s t a n t s  o f  t h e  s u b s t i t u t e d  p y r i m i d y l  g r o u p s ,  were  a d j u s t e d  by a p p l y i n g  a n i s o t r o p i c  
c o r r e c t i o n s  ( - 0 . 1 5  ppm f o r  A~C TM and - -0 .10  ppm f o r  ASCP) to  a c c o u n t  f o r  t he  i n f l u e n c e  o f  t h e  
r i n g  c u r r e n t  o f  t h e  p y r i m i d i n e  r i n g .  These  c o r r e c t i o n s  w e r e  c a l c u l a t e d  by  a n a l o g y  w i t h  b i -  
p h e n y l  [ 2 ] .  I n  c a l c u l a t i n g  t h e  c o r r e c t i o n s  i n  t h e  c a s e  o f  t he  p h e n y l  p y r i m i d i n e s ,  c o n s i d e r a -  
t i o n  was g i v e n  t o  d a t a  i n d i c a t i n g  t h e  c l o s e n e s s  o f  m a g n i t u d e s  o f  t h e  r i n g  c u r r e n t s  o f  b e n z e n e  
and p y r i m i d i n e  [6] and t h e  s i m i l a r i t y  o f  t h e  g e o m e t r i c  p a r a m e t e r s  o f  b i p h e n y l  and p h e n y l p y r i m -  
i d i n e s .  The a n g l e  b e t w e e n  t h e  p l a n e s  o f  t h e  b e n z e n e  and p y r i m i d i n e  r i n g s  f o r  t h e  5 - p h e n y l p y -  
r i m i d i n e  was assumed t o  be  ~40 ~ by  a n a l o g y  w i t h  b i p h e n y l  [ 7 ] ,  and f o r  2 - p h e n y l p y r i m i d i n e  ~0 ~ 
in accordance with data obtained by x-ray structure analysis.* The anisotropic corrections 
that were obtained remained practically constant when the angle of rotation was varied from 
0 ~ to 40 ~ . In Tables 4 and 5 we have listed the values of the relative CSs of the m- and p- 
carbon atoms of the benzene ring of the substituted phenylpyrimidines, the calculation having 
taken into account the anisotropic correction and the values found on this basis for the o- 
constant of 5-substituted 2-pyrimidy! and 2-substituted 5-pyrimidyl groups. The constants 

*The analysis was performed by Yu. V. Gatilov, using a Syntex P21 diffractometer. 

Institute of Organic Chemistry, Siberian Branch, Academy of Sciences of the USSR, Novo- 
sibirsk. Translated from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 2, ppo 
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TABLE 2. Changes in 13C Chemical 
Shift under the Influence of Sub- 
stituent 2-X, ppm 

4 N 4 N 

/ \--x 5/= \~x 

(II) (III)* 

Substituent Com- 
X ipound C ~ c',~ C~ 

CI 

NH2 

N (CH3) 2 

OCH3 

CN 

C00C2H5 
COOCH~ 

(II) 

(m) I 
(n) 
(III) 
(n) 
(n) 
(m) 
(n) 
(m) 
(n) 
(ni) 

2,42 
2,3 
6,04 
3,7 
4,29 
7,82 
6,7 

-t4,30 
-t4,2 
-i,19 
-3,2 

3,02 
3,3 
i,5i 
0,2 
0,9i 
2,28 
2,3 
1,29 
t,9 
0,64 
0,3 

-0,97 
-0,9 

-10,03 
-t2,3 
-t2,t3 
-6,4t 
-6,5 

2,2t 
2,9 
t,25 
t,2 

*According to [3]; solvent (CDa)2- 
CO; for X = NH2, solvent (CD3)3S0. 

Ts 3. Changes in 13C Chemical 
Shift under the Influence of Sub- 
stituent 5-X, ppm 

N Y 
/~_/ = ' X - - X  -// ---~--X 

N Y 
0) 

Y=N(IV)*, CH(V) ? 

Substituent 
X 

C1 (I) 
(V) 

OCH3 (I) 
(IV) 
(V) 

NH2 (I) 
(iv) 
(v) 

C00C2H5 (I) 
(v) 

CN (I) 
(V) 

S~rie$ C 2 Cq6 C ~ 

-t,99 -1,66 
-1,t3 0,18 

-7,04 -i3,96 
-7,49 -13,66 
-7,93 -14,5i 
-9,7t -8,41 

- t t , i 6  -i4,43 
- t i ,5 i  -13,87 

2,38 0,7i 
4,53 0,97 
4,5t .2,82 
4,60 3,72 

9,66 
5,60 

32,86 
32,07 
3t,50 
24,87 
20,73 
20,08 
2,22 
2,38 

-t2,96 
-16,50 

*According to [4]; solvent CDCIa when 
X = OCHs, and (CD3)2S0 when X = NH2. 
*According to [i]; solvent (CH~)2CO; 
for X = NH2, solvent (CD~)2C0 [5]. 

al and aR ~ of the 5-substituted 2-pyrimidal groups indicate a weak electron-acdeptor charac- 
ter of these groups. The 2-substituted 5-pyrimidal groups, in terms of their inductive ef- 
fect, are electron-acceptor substituents, but in terms of the mesomeric effect they are weak 
electron-donor substituents; among the 2-substituted 5-pyrimidal groups, the exception is the 
2-cyano-5-pyrimidyl group, which is an electron-acceptor substituent in terms of both in- 
ductive and mesomeric effect (Table 5). 

Previously, in the example of substituted phenyl [2] and pyrimidyl [8] groups, we demon- 
strated that the electronic effects of such complex substituents can be expressed in terms 
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TABLE 4. Relative :3C Chemical Shifts (ppm) of 5-Substi- 

tuted 2-Phenylpyrimidines and Derived Values of o-Constant 
of 5-Substituted 2-Pyrimidyl Groups 

Substituent on pyrimidine 
ring A6C m 

H 01t 
C1 0,t7 
OCH3 0,01 
NH~ -0 , t t  
C00C2H5 0,28 
CN 0,45 

-~13C (C,H,) = 129.08 ppm. 

A6C m* A6C p 

-0,04 2,27 
0,02 2,56 

-0,t4 t,26 
-0,26 0,92 

0,13 3,36 
0,30 3,84 

A6C p* cf I 

2,17 0,05 
2,46 O,O7 
1,16 0,00 
0,82 -0,04 
3,26 0,1t 
3,74 0,t6 

~~ R 

0,t0 
0,1t 
0,07 
0,06 
0,14 
0,16 

*With correction for magnetic anisotropy. The o-constants 
were calculated by the use of the following equations: 

~I ~0.034+0,3i5A6 C m +0,0t~6 cP; e~ =0,N03-0.060A6 Cm+0255A6 cP. 

TABLE 5. Relative 13C Chemical Shifts (ppm) of 2-Substi- 
tuted 5-Phenylpyrimidines and Derived Values of o-Constant 
of 2-Substituted 5-Pyrimidal Groups 

Substituent on pyrimidine 
ring a6em h6Cm* A6cP A6cP ~ ~I (~~ 

H 
CI 
OCH3 
NH2 
N(CH3)~ 
C00C2H5 
CN 

0,97 
1,03 
0,81 
0,76 
0,70 
1,14 
t,24 

613C (C6H6) = 129.08 ppm. 

0,82 
0,88 
0,66 
0,6t 
0,55 
0,99 
t,09 

0,49 
0,61 

"0,37 
-1,18 
-t,38 

1,14 
1,67 

0,39 
0,51 

-0,27 
-t,08 
-t,28 

t,04 
t,57 

*With correction for magnetic anisotropy. 

0,30 
0,32 
0,24 
0,21 
0,t9 
0,36 
0,40 

-0,03 
-0,03 
-0,06 
-0,09 
-0,09 
-0,0t 
-0,0t 

TABLE 6. Parameters of Correlation Equations 

Eqnation 

(i) 
(2) 

(1) 
(2) 

Group 

x_< D- 
N 

0,t4 
0,06 

0,t2 
0,05 

0,22 
0,1t 

0,21 
0,11 

0,998 
0,99i 

0,996 
0,992 

0,007 
0,007 

0,009 
0,006 

of the effects of their components, i.e., in terms of the effects of the corresponding un- 
substituted group and the substituent. In the present work, by means of a two-parameter cor- 
relation, we have also found equations that can be used to estimate the o-constants of sub- 
stituted 2- and 5-pyrimidyl groups if we know the o-constants of the unsubstituted 2- or 5- 
pyrimidyl group and the substituent X. The parameters of these correlation equations are 
listed in Table 6. In the constant oi(Pym X), characterizing the inductive effect of the 
substituted pyrimidyl groups as defined by Eq. (i), contributions that are comparable in 
magnitude come from the inductive and mesomeric effects of the substituent. In the constant 
OR~ X), which characterizes the mesomeric effect of the substituted pyrimidyl groups as 
defined by Eq. (2), there is very little dependence on either the inductive or mesomeric ef- 
fects of the substituent X. 
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EXPERIMENTAL 

The 13C NMR spectra were measured at ~28~ in the pulse regime under conditions of com- 
plete spin coupling, with subsequent Fourier transform, in a Bruker NX-90 spectrometer 
(22.63 MHz). The 13C NMR spectra were taken on solutions of the substances, at a concentra- 
tion of 0.35 mole/liter. TMS was used as in internal standard. Approximately 5% (CD3)2C0 
was added to stabilize the resonance conditions. The pulse width was 15 ~sec (~60~ The 
time between pulses was I0 sec. The sweep width was 5000 Hz. The number of scans was varied 
from 300 to 5800. The accuracy of CS measurement was • ppm. 

2-Dimethy!amino-5-pheny_l~yrimidine(%IeJ~ To a solution of 1.33 g (7 mmoles) of 2- 
chloro-5-phenylpyrimidine (IIb) and 25 ml of absolute acetone, there was added i0 ml of ab- 
solute acetone containing 0.63 g (14 mmoles) of NH(CH3)2. The course of the reaction was 
followed chromatographically on Silufol (CHCIs). The reaction mixture was evaporated to 
dryness, and the residue was recrystallized twice from ethanol. Yield 1.05 g (75%), m.p. 
90-91~ Found: C 72.2, H 6.45, N 21.0%. CI=H~3N3. Calculated: C 72.3, H 6.58, N 21.1%. 

_5-Phenylpyrimidyl-2-trimethylammonium Chloride (VI). To a solution of 1.9 g (I0 mmoles) 
of (IIb) in 25 ml of absolute acetone, was added, with cooling, 20 mi of absolute acetone 
containing 1.77 g (30 mmoles) of N(CH3)3. The reaction mixture was allowed to stand for 7 h 
at ~200C. The precipitate was filtered off, washed with acetone, and vacuum-dried. Yield 
2.28 g (92%). Found: C 62.4, H 6.52, N 16.7%. C13HITCINs. Calculated: C 62.5, H 6.46, 
N 16.8%. 

2-Cyanor5~p~henffl~p_xrSmidine (IIg)). A mixture of 1.5 g (6 mmoles) of (VI), 0.78 g (12 
mmoles) of KCN, and 25 ml of H=O was stirred at 700C for ! h. The mixture was then cooled 
to %20~ and the precipitate was filtered off, washed with water, vacuum-dried, and crystal- 
lized from ethanol. Yield 0.69 g (63%), m.p. 129-130~ Found: C 72.8, H 3.81, N 23.2%. 
C11HTN3. Calculated: C 72.9, H 3.89, N 23.2%. 

2-Carbethoxy~57~heDyl~rimidine (II_f~. To a suspension of ! g (5 mmoles) of 5-phenylpy- 
rimidyl-2-carboxylic acid in 15 ml of absolute benzene, there was added 1.2 ml of SOC12 and 
2 drops of DMFA. The mixture was refluxed 1.5 h while stirring. After cooling, the solvent 
and excess SOC12 were driven off under vacuum. To the dry residue of the acid chloride, 30 
ml of absolute methanol was added, and the mixture was refluxed for 2 h. The reaction mix- 
ture was evaporated to dryness, and the residue was treated with a 5% NaHCO3 solution. The 
precipitate was filtered off, washed with water, and crystallized from ethanol. Yield 0.82 
g (72%), m.p. 123-125~ Found: C 68.3, H 5.27, N 12.2%. C13H~2N202. Calculated: C 68.4, 
H 5.30, N 12.3%. 

2-Phenyl-4-hydroxy-5%meth0xypyrimidine (VII). To 0.92 g (0.04 g-at) of Na in 12 ml of 
absolute toluene, a mixture of 4.16 g (40 mmoles) of the methyl ester of methoxyacetic acid 
and 2.96 g (40 mmoles) of ethyl formate was added dropwise while stirring. The mixture was 
stirred at ~20~ until the Na dissolved completely. The toluene was decanted off, and the 
yellow, viscous Na derivative was dissolved in i0 ml of absolute ethanol. In a separate op- 
eration, 0.92 g (0.04 g-at) of Na was dissolved in 30 ml of absolute ethanol, and 6.26 g 
(40 mmoles) of benzamidine hydrochloride was added. This mixture was poured into the alco- 
holic solution of the Na derivative and refluxed for 5 h while stirring. The reaction mix- 
ture was evaporated to dryness, and the residue was dissolved in 40 ml of H20, filtered, and 
neutralized with acetic acid. The resulting precipitate was filtered off and crystallized 
from methyl Cellosolve. Yield 2.59 g (32%), m.p. 215-2170C. Found: C 65.4, H 5.01, N 14.0%. 
C:IHIoN=02. Calculated: C 65.3, H 4.98, N 13.9%. 

2-Phenyl-4-chloro-5-methoxypyrimidine (VIII). To 30 ml of SOC12, 3 ml of DMFA was ad- 
ded dropwise. Over a period of 15 min, 2.02 g (i0 mmoies) of (VII) was added in portions. 
The reaction mixture was refluxed for 2 h, the excess SOC12 was distilled off, and the resi- 
due was poured over ice (~i00 g). The resulting solution was extracted with ether; the ex- 
tract was washed with NaHC03 solution and with H~O and then dried over calcined MgS04. The 
ether was driven off, and the residue was sublimed under vacuum. Yield 1.72 g (82%), m.p. 
157-158~ Found: C 59.8, H 4.00, N 12.8%. CI~HgCIN20. Calculated: C 59.9, H 4.11, N 
12.7%. 

2-Phenyl~5-methox~yrimidine (Ic). A mixture of 0.3 g (1.3 m~oles) of (VIII), 3 g (46 
mmoles) of activated zinc dust, 5 ml of ethanol, and 5 ml of H=O was refluxed while stirring~ 
The course of the reaction was followed chromatographically on Silufol (CHCIs). Then the 
hot reaction mixture was filtered, and the filter cake was washed with hot ethanol. The 
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ethanol was distilled off from the filtrate, and the remaining solution was extracted with 
benzene. The benzene extract was passed through a column with AI20~ (activity II) and then 
evaporated to dryness; the residue was crystallized from methyl Cellosolve. Yield 0.Ii g 
(46%), m.p. 58-59~ Found: C 71.0, H 5.28, N 15.1%. CI~HIoN20. Calculated: C 70.9, H 
5.41, N 15.0%. 

2-Phenyl-5-carbethoxypyrimidine (If). Obtained, analogous to (Ic), from 2-phenyl-4- 
chloro-5-carbethoxypyrimidine. Yield 20%, m.p. 94-96~ (ethanol), Found: C 68.4, H 5.13, 
N 12.4%. C13HI2N202. Calculated: C 68.4, H 5.30, N 12.3%. 

2x~e~Y~x~_~gP~Y~di~e_!~g)_. Obtained, analogous to (Ic), from 2-phenyl-4-chloro- 
5-cyanopyrimidine. Yield 27%, m.p. 187-188~ (ethanol). Found: C 72.8, H 3.79, N 23.1%. 
C~IHTN3. Calculated: C 72.9, H 3.89, N 23.2%. 

CONCLUSIONS 

i. ~3C chemical shifts have been measured for substituted phenylpyrimidines in acetone. 

2. The ~ and OR ~ constants have been determined for 5-substituted 2-pyrimidyl groups 
and 2-substituted 5-pyrimidal groups. 

3. Relationships have been found for estimation of the o-constants for any 5-substi- 
tuted 2-pyrimidyl group or 2-substituted 5-pyrimidyl group. 
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