
10. Pyrimidines 

10.1 Introduction 
Formal replacement of a C H unit in pyr id ine 5.1 by a nitrogen atom leads to 
the series of three poss ib le diazines , pyr idaz ine 10.1, pyr imidine 10.2, and 
pyrazine 10.3. Like pyr idine they are ful ly aromat ic heterocycles . The e f fec t 
of an addi t iona l n i t rogen a tom as c o m p a r e d to pyr id ine accen tua tes the 
essential fea tures of pyr idine chemistry . Electrophil ic substi tution is diff icul t 
in s imple unact ivated diazines because of both extensive protonat ion under 
strongly acidic condi t ions and the inherent lack of reactivity of the f ree base. 
Nucleophil ic displacements are comparat ively easier. 
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Interestingly, the second electronegative heteroatom reduces the capacity of 
the d i az ines to to le ra te the pos i t ive c h a r g e resu l t ing f r o m p ro tona t ion . 
Pyr idaz ine 10.1 ( p ^ a = 2.24), py r imid ine 10.2 ( p K a = 1.23), and pyraz ine 
10.3 ( p ^ a = 0.51) are all far less basic than pyridine ( p ^ a = 5.23). 

T h e m o s t impor tan t of the d i az ines is p y r i m i d i n e 1 0 . 2 . P y r i m i d i n e 
derivat ives uracil 10.4, thymidine 10.5, and cytosine 10.6 are the monocycl ic 
'bases' of nucleic acids. The bicycl ic bases are the pur ines adenine 10.7 and 
guanine 10.8. The pur ine r ing is essential ly a fus ion of the pyr imid ine and 
imidazole rings. 
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The actual b iosynthes is of pur ines (i l lustrated be low in abbrevia ted fo rm 
f o r the n u c l e o t i d e a d e n o s i n e m o n o p h o s p h a t e A M P 1 0 . 9 ) i n v o l v e s 
construction of a pyrimidine ring onto a pre- formed imidazole. 
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Nucleot ides are the monomer ic 
bui ld ing blocks of 
deoxyr ibonuc le ic ac id (DNA) in 
wh ich is stored the genet ic 
informat ion of the cell. 
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T h e e n z y m e s that m a n i p u l a t e nuc leo t ides , nuc le ic acids, etc. are the po in t s 
of the rapeu t i c in te rven t ion f o r a n u m b e r of d i seases invo lv ing cel l rep l ica t ion 
d i so rde r s such as c a n c e r s and v i ra l i n fec t ions . For in s t ance , A Z T 10 .10 , an 

HO— | ^ N - ^ O inh ib i to r of t he e n z y m e r eve r se t r ansc r ip tase , is an ant i -viral d rug cu r ren t ly 
used in the t r ea tmen t of A I D S . 

W e sha l l n o w g o o n to c o n s i d e r t he s y n t h e s i s a n d c h e m i s t r y of t h e 
N3 10.10 p y r i m i d i n e r ing sys t em. 

10.2 Synthesis of pyrimidines 
D i s c o n n e c t i o n of t he N 1 - C 6 b o n d in g e n e r a l i s e d p y r i m i d i n e 1 0 . 1 1 in the 
u s u a l w a y p r o d u c e s e n o l 10 .12 , w h i c h ex i s t s as k e t o n e 1 0 . 1 3 . S i m i l a r l y , 
d i s c o n n e c t i o n of t h e c a r b o n - n i t r o g e n d o u b l e b o n d in 1 0 . 1 3 y i e l d s a 
d i c a r b o n y l c o m p o u n d 1 0 . 1 4 and an a m i d i n e 1 0 . 1 5 . T h i s r e t r o s y n t h e t i c 
ana lys is , sugges t i ng the c o m b i n a t i o n of b is -e lec t rophi l ic and b i s -nuc leoph i l i c 
c o m p o n e n t s , is the bas i s of a ve ry genera l p y r i m i d i n e synthes is . 
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W h e r e R 4 is a h y d r o g e n or c a r b o n a t o m , 1 0 . 1 5 is s i m p l y an a m i d i n e . 
NH2 H o w e v e r , u rea 10 .16 , t h iourea 10.17, o r guan id ine 10 .18 and their de r iva t ives 

m a y b e u s e d . T h e s e n u c l e o p h i l e s m a y be c o n d e n s e d wi th e s t e r a n d n i t r i le 
func t iona l i t i e s as wel l as wi th a l d e h y d e s a n d ke tones . Such c o n d e n s a t i o n s to 
a f fo rd pyr id imid ine der ivat ives are usual ly faci l i ta ted b y acid or ba se catalysis , 

NH2 a l t h o u g h ce r t a in c o m b i n a t i o n s of r e a c t i v e e l e c t r o p h i l i c and n u c l e o p h i l i c 

H s 1 0 1 7 c o m p o u n d s requ i re no ca ta lys t at all. S o m e e x a m p l e s are s h o w n b e l o w . 
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N o t e that severa l of these e x a m p l e s p r o d u c e py r imidones , ana logous to the 
p y r i d o n e s p r ev ious ly e n c o u n t e r e d in C h a p t e r 5. A represen ta t ive m e c h a n i s m 
is s h o w n f o r t he p r e p a r a t i o n of 2 - p y r i m i d o n e 1 0 . 1 9 , a n d is s i m p l y t w o 
consecu t ive condensa t ions . 



10.3 Electrophilic substitution of pyrimidones 
A s m e n t i o n e d ear l ier , e lec t rophi l ic subs t i tu t ion on unac t iva ted p y r i m i d i n e s is 
of l i t t le i m p o r t a n c e . B u t , as w i t h p y r i d i n e , the p y r i m i d i n e n u c l e u s c a n be 
ac t iva ted t o w a r d s e lec t rophi l ic a t tack b y e m p l o y i n g N-ox ides or py r imidones , 
fo r the s a m e reasons as were d i scussed in Chap te r 5. 

F o r i n s t a n c e , n i t r a t i on of 2 - p y r i m i d o n e 1 0 . 2 0 a f f o r d s n i t r o p y r i m i d o n e 
10.21 . W i t h d o u b l y - a c t i v a t e d sys t ems such as 10 .22 , n i t ra t ion to g ive 1 0 . 2 3 
can o c c u r w i thou t hea t ing . 
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10.4 Nucleophilic substitution of pyrimidines 
L e a v i n g g r o u p s at the C 2 , C 4 , a n d C 6 p o s i t i o n s of p y r i m i d i n e s c a n b e 
d i s p l a c e d b y n u c l e o p h i l e s , w i t h t he n e g a t i v e c h a r g e of the i n t e r m e d i a t e 
de loca l i sed ove r bo th n i t rogen a toms . 
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X = Nucleophile 
Y = Leaving group 
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C h l o r i n a t e d p y r i m i d i n e s t h e m s e l v e s a r e o f t e n a c c e s s i b l e f r o m t h e 
c o r r e s p o n d i n g p y r i m i d o n e s b y r e a c t i o n wi th p h o s p h o r u s o x y c h l o r i d e . 
( A g a i n , s ee C h a p t e r 5 f o r an e x p l a n a t i o n of th is so r t of r e a c t i o n . ) F o r 
ins tance , a m i n o p y r i m i d i n e 10 .24 c an b e syn thes i sed by the c lass ical s e q u e n c e 
depicted be low. 
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10.5 Problems 
1. W r i t e a m e c h a n i s m f o r this n i t ra t ion , bu t s tar t ing f r o m an a l te rna t ive 
m e s o m e r i c r e p r e s e n t a t i o n of 1 0 . 2 0 tha t he lps to exp la in the inc reased 
susceptibil i ty of such pyr imidones to electrophil ic attack. 

N HNQ3 ^ N ° 2 - v j ^ N 

N ^ O H e a t ^ N ^ O 
H H 

10.20 10.21 

2. Barbi tura tes (pyr imidine t r iones such as 10.25) used to be widely used as 
sedat ives , but have n o w largely been superseded by drugs with f e w e r side-
ef fec ts . Sugges t a synthesis of 10.25. 
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3. The re are several p repara t ions of cytos ine 10.6 avai lable, one of which is 
the condensa t ion of nitri le 10 .26 with urea 10.16. P ropose a m e c h a n i s m fo r 
this react ion. 
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