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Abstract - The nitration of 4-phenylpyrimidine using nitric acid/sulphuric 

acid at O0 has been shown to gzve 4-R-nitrophenylpyrimidine and 4-1-nltro- 

phenylpyrimidine in the ratio of 4:6. Under simrlar canditrons 5-bromo- 

2-phenylpyrimidine has given 5-bromo-2--o-n i t ra~henyland  5-bromo-2-=-nitro- 

phenylpyrimidine in the ratio of 3:7 and 5-chloro-2-phenylpyrimidiii has 

given the 2-o-nitrophenyl - and the 2-=-"itropheny1 isomers in the ratio of 

3.5.6.5. 

Extensive studies have been carried out an the directing properties of substituents on the 

benzene ring in relation to electrophilic substitution of the aromatic ring (for example see 

ref. 1). ~n general 'electron-releasing' groups are activating and are ortho and para 

directing whilst 'electron-attracting' groups are deactivating and are meta directing. However 

little systematic work has been carried out usmg heteroaromatic substltuents such as pyridyl and 

pyrimidinyl systems. We have started a detailed study of the nitration of phenylpyrimidines 

and related compounds and this report describes our initial studies of such reactions. we 

intend to publish in full our findings on a number of systems at a later date. 

Same "on-quantitative nitrations of phenylpyrimidines have been reported, for example Lythgoe 

and nayner2 reported that the nitration of 2-phenylpyrimidine in nitric acid/sulphuric acid gave 

only one isolable product (74.6%) which they identified as the 2-m-nitro isomer la by independent 
- 

synthesis. These workers also found that under the same conditions 4-phenylpyrirnidine gave one 

isolable product (21.8%) which they thought to be the =-nitro isomer 2 but which they did not 

character~se. 

The nitration of 5-acetamido-2-phenylpyriiidddd using nitric acid/sulphuric acld has been 

reported3 to give only one isolable product 130%) namely the 2-r-nitro isomer lb and 5-nltro-2- 

phenylpyrimidine also gave the !I-nitro isomer (49%) under similar conditions. 

Lynch and poon4 nitrated 4kphenylpyrimdine using three reagents - (a) mined nitric and sulphuric 



acids ibl nitric acid/trifluoracetic anhydride and ( c )  nitric acid/acetic anhydride. They found 

that methods la) and ibi gave excellent yields i, 90%) of 4-5-nitrophenylpyrimidines, method (a )  

giving the o and m-isamers in the ratio 2:3 and method (b) giving o, m and pisomers in the ratio 

of 45:29:26. ~ethod (c) gave 2,4-diacetoxy-l,3,5-trinitro-6-phenyl-l,2,3,4-tetrahydropyrim~dine 

(3) as the only isolable product i40%1 

AcO I OAc 

NO2 NO2 NO2 

1 (a) Z=H (c) Z=Br 2 3 4 (a1 Z = B ~  

(bl Z=NHAc (dl Z=Cl (bl Z=C1 

By using a method similar to that of Lynch and ~ o o n  [method a1 we have obtained '37% yields of 

4-5-nitrophenylpyrimidines. TLC, using two systems, and GLC has showed the presence of only two 

compounds. Fractional crystallisation and column chromatography both enabled pure samples to be 

obtained which were characterised as the 4-0 - and 4-q?-nitrophenyl isomers. Quantitation of the 

product mixture was carried out by analysis of the 'H nmr spectrum, by quantitative TLC 

idensitometry) and by GLC and a ratio of o:!-isomer of 2:3 was confirmed by each method. 

1n a similar way we have nitrated 5-bramo and 5 - c h l a r ~ 2 p h e n y l p y r i m i d i n e  and in each case have 

obtained only two products which we have characterised as the %-isomers 4a and 4b and the 

m-isomers lc and ld respectively. Quantitative analysis has shown that in the case of 5-bromo- - 

2-phenylpyrimidine the ratio of 2-nitrophenyl to m-nitrophenyl product is 3:7 and in the case of 

5-chloro-2-phenylpyrimidine the ratio of g to a=-nitraphenyl product is 3.5:6.5. 

m e  nitration of 4-phenylpyrimidine in nitric acid/trifluoracet~c anhydride has provided some 

problems. The pyrimidine does not readily dissolve in trifluoracetic anhydride at o0 and when 

some trifluoracetic acid was added to aid dissolution and nitration was effected using nitric acid 

(6. 1.42) only the !and!-nitrophenyl isomers were obtained in the ratio of 2:3. A similar 

result was observed when nitric acid (d. 1.42) was added to a suspension of the pyrimidine in 

trifluoracetic anhydride. When nitric acid id. 1.50) was used TLC showed the presence of three 

products these being principally the 2 and =-nitro products (22:781 with a small quantity of a 

third which w e  believe to be the p-isomer. The presence of at least one product other than the 

o and m-lsomer was confirmed by 'H  nmr and GLC analysis but we have not  yet confirmed the presence - - 
4 

of the p-nitro - isoncr. This result differs from that of Lynch and Poon. 

~h~ os 4-phenylpyrimidine using nitric acid in acetic anhydride gave one product in 

good yield similar to the product (31 described by Lynch and Paon. 
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s e v e r a l  mechanisms can be proposed f o r  t h e  n i t r a t i o n  of phenylpyrimidines.  Lynch and poor14 

have proposed t h a t  t he  i n i t i a l  s t e p  i n  t he  case o f  4-phenylpyrirnidine is t he  formation o f  t h e  

N-nitronium spec i e s  5 which would be expected t o  undergo n i t r a t i o n  a t  t h e  m-posit ion s i m i l a r  t o  

t h e  n i t r a t i o n  of the benzyl t r imethylamonium i o n . 5  ~f 5 d i s s o c i a t e s  i n t o  a n  ion-pa i r  t he se  

workers have proposed t h a t  t he  most l i k e l y  s i t e  of a t t a c k  for  t h e  n i t ronium ion  i s  t h e  g -pos i t i on .  

Using t h e  analogy of t he  4-pyrimidinyl  s u b s t i t u e n t  fo r  t he  2.4-dinitrophenyl s u b s t i t u e n t  4-phenyl- 

pyrimidine would be  expected t o  undergo 2 and p - s u b s t i t u t i o n  s i m i l a r  t o  t h a t  observed f o r  

2 . 4 - n i t r ~ b i p h e n y l . ~  However, t h e  2 -  or  4-pyrimidinyl  s u b s t i t u e n t  may a l s o  be cons idered  to be  

analogous t o  t he  cyano group which is !-directing. 

5 6 7. Z=OAC, OCOCFI 

The product  of n i t r a t i o n  of n i t ronium spec i e s  such  as 5 (and that de r ived  from a 2-phenyl- 

Pyrimidine! o r  pro tonated  spec i e s  such as 6 would be expected t o  be t h e  m-isomer. Our f a i l u r e  

t o  observe s i g n i f i c a n t  q u a n t i t i e s  o f  e-isomer would argue a g a i n s t  t h e  n i t r a t i o n  of t h e  f r e e  base 

which might be - o ,p -d i r ec t i ng  - and would suppo r t  a mechanism for %-subs t i t u t i on  such as t h a t  

proposed by Lynch and Poon. However add i t i on  products  such as 7 should  be g ,E-di rec t ing4 '7  so 

t h a t  n i t r a t i o n s  i n  a c e t i c  a c id  or t r i f l u o r a c e t i c  a c i d  might be  expected t o  g i v e  d i f f e r e n t  

product  r a t i o s .  

ou r  p r e s e n t  s t u d i e s  show t h a t  5-halogeno 2-phenylpyrmidines  seem t o  g ive  h ighe r  m : ~  r a t i o s  than  

4-phenylpyrirnidine and h ighe r  b a s i c i t y  tends  t o  favaur ip-attack. We hope t o  be a b l e  t o  d e f i n e  

p r e c i s e  r e a c t i o n  pathways fo r  t h e  n i t r a t i o n  of phenylpyrimidines when we have completed a s t udy  

of t h i s  system. 

EXPERIMENTAL 

R U  mp are uncorrec ted .  'H  nmr spec t r a  were measured us ing  a Perkin Elmer R32 90 mz ins t rument .  

mass s p e c t r a  were measured us ing  an A . E . I .  902 ins t rument .  TLC systems: s i l i c a  g e l  G F254 

us ing  d i e t h y l  e t h e r :  dichloromethane (10:go v /v ) ,  c e l l v l o s e  (wi th  f l uo re scen t  i n d i c a t o r !  us in^ 

d i s t i l l e d  water .  GLC was car r ied  out using a perk in  ~ l m e r  gas  chromatograph (FID! and a n  OV-1 

5% s i l i c o n e  column (3,") a t  2Co0. 

N i t r a t i o n  o f  4-phenylpyrimidine4 ( a )  4-Phenylpyrimidine (1.00 g! was d i s so lved  i n  su lphu r i c  a c id  

(d .  1.80,  3.3 m l !  a t  o0 then a of n i t r i c  a c i d  Id. 1.50,  1.6 ml! and su lphu r i c  a c i d  



Id. 1 . M .  2.2 m l )  c o o l e d  t o  8 was added. The r e a c t i o n  m i x t u r e  w a s  a l lowed  t o  s t a n d  for  2 h r  

then poured  o n t o  i c e / w a t e r  (1. 250 g l .  The p r o d u c t s  were  r e c o v e r e d  b y  d ich lo romethane  e x t r a c t i o n  

of the r e s u l t i n g  s u s p e n s i o n .   he a v e r a g e  y l e l d  oi 4-x-nitrophenylpyrimidine p r o d u c t s  was 9 7 % .  - 

separation and r e c r y s t a l l i s a t i o n  ( d i c h l a r o m e t h a n e )  gave 4 - ~ n i t r a p h e n y l p y r i m i d i n e  Imp. 122-124O. 

11 t .~  1 2 3 ~ 1  TICOC131 7 . 6 8  I t ,  5 ' - ~ 1  7 .77  ( d ,  5-H) 8 . 4 0  ( super imposed  d . 4 ' .  6'-Hl 8 . 8 5  (d.6-H) 

8.93 ( s p l i t  S ,  2'-ii) 9 . 3  IS, 2-HI. M' 201;  4-g-nitrophenylpyrimrdine Imp 69-70°, lit.4 67') 

T I C D C ~ ~ )  7.47 ( s p l i t  d ,  5-H) 7.57-7.651mj 7.90-8.13lm) i n l t r o p h e n y l  H s )  8.82 ld.6-H) 9.24 

(S.2-HI . X '  201. 

5-~romo-2-phenylpyrimidine8 was r e a c t e d  similarly t o  g i v e  a m i x t u r e  ( 9 2 % )  of 5-brorno-2-g-nitro- 

p h e n y l w r i m i d i n e  Imp 101-102'1 T I C D C ~ S )  7.57-8.10 lm, n i t r o p h e n y l  H S I  8 . 8 5  (s.4.6-"1. M? 2811279) .  

C .  43.6;  H .  2 . 1 ;  N ,  14.6% C1oH6BrNp02 r e q u i r e s  C ,  42 .9 ;  i I ,  2 .2;  N ,  15 .0%.  5-Bromo-2-%-nitro- 

p h e n y l p y r i m i d i n e  Imp 1 6 9 - 1 7 0 ~ )  T!CDC~,I 7 .62  ( t , 5 ' - ~ )  8.32 ( b r o a d  d ,  6 ' - ~ )  8 . 8 2  (d,4 ' -H) 8.86 
+ 

(S.4.6-H) 9 . 2 5  !split S ,  2 ' - ~ l .  M '  2 8 1 ( 2 7 9 ) .  C, 4 3 . 3 ;  H ,  2.6; N, 14 .3%.  CIOH6BrN3O2 

r e q u i r e s  C ,  42.9;  A, 2.2;  N ,  15.0%. 

8 
5-Chloro-2-phenylpyrimidine s i m i l a r l y  gave a m i x t u r e  193%) of 5-chloro-2-o-nirrophenylpyrimidine - 

(mp 104-105~1  I ( C O C ~ ~ )  7.55-8.10 (m, n i t r o p h e n y l  Hs) 8.77 (5, 4.6-"1. M? 2371235) .  C. 51 .1 ;  

H ,  3 .3;  N ,  1 6 . 9 % .  C1oHrClN~02 r e q u i r e s  C, 50.9;  H ,  2 . 6 ;  N ,  17 .8%.  

5-Chloro-2-m-nitrophhhy1pyriiidiii - (mp 1 6 8 - 1 1 0 ~ ,  lit.' 112-173') r (CDCl l j  1 . 1 5  I L ,  5 l -n)  8 . 3 8  
+ 

( b r o a d  d ,  6 ' - ~ 1  8 . 7 5  I d ,  4'-Hl o v e r l a p p i n g  w i t h  8 .80  ls,4,6-H1 9.29 ( s p l i t  S ,  ? ' - H I .  M '  237!2351. 

C, 5 1 . 4 ;  H ,  2 . 9 ;  N ,  17.1%. C a l c .  for CIoH~C1N3O2 C,  50.9;  H ,  2 .6 ;  N ,  17 .8%.  

N i t r a t i o n  o f  4 -pheny lwr lmid ine4  !bl 4 -Pheny lpyr imid ine  ( 1 . 0 0  g )  was suspended  i n  t r i f l u o r a c e t i c  

a n h y d r i d e  112 mll at 0' t h e n  n i t r i c  a c i d  id. 1 . 4 2 ,  0 .5  ml) was added.    he r e a c t i o n  m i x t u r e  was 

s e t  a s i d e  f o r  160  h r  t h e n  the  s o l v e n t  was removed under  r educed  p r e s s u r e ,  the r e s i d u e  was 

a d j u s t e d  t o  p ~ 7  w i t h  d i l u t e  ammonia and t h e n  e x t r a c t e d  w i t h  d i c h l o r o m e t h a n e .  Mononitro p r o d u c t  

0 90%) was obtained shown b y  TLC to  be the 2 and !-nitro i s o m e r s  !ratlo 2 : 3 ) .  In another 

e x p e r i m e n t  t r i f l u o r a c e t i c  a n h y d r i d e  (5 ml) was added t o  d i s s o l v e  t h e  4 - p h e n y l p y r i m i d i n e .  Work 

u p ,  as above, gave the g and m - n i t r o  i s o m e r s  196%) i n  t h e  r a t i o  of 2 :3 .  I n  further e x p e r i m e n t s  

a d d i t i o n  of n i t r i c  a c i d  Id.  1 . 5 0 )  t o  a s u s p e n s i o n  o f  4 -pheny lpyr imid ine  i n  t r i f l u o r a c e t i c  

a n h y d r i d e  as above gave 85% of m o n o n i t r a t e d  p r o d u c t  m i x t u r e  which showed a s m a l l  q u a n t i t y  of a 

t h l r d  p r o d u c t  by TLC and GLC. 

4 
  he n i t r a t r a n  of 4 - ~ h e n y l p y r i m i d i n e  i n  a c e t i c  a n h y d r i d e  ( ~ y n c h  a n d  Poon j gave  a s i n g l e  

c r y s t a l l i n e  p r o d u c t  !mp. ex dich lo romethane  140.144' 147O ex methano l )  r [CDCl3)  2 .10.  

2.16 ! S .  Ac-CHI 7 . 5 4  l m ,  p h e n y l  H s )  8.09 Is) 8.39 (81 ( 2  and 6-Hl. 
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