
2 -  A N D  4 - S U B S T I T U T E D  5 - F L U O R O P Y R I M I D I N E S  
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2-  and 4 - subs t i t u t ed  5 - f luoropyr imid ines  were  synthes ized by the react ion  of 2 ,4 -d ich lo ro-  
5 - f luoropyr imid ine  with alkoxides,  phenols,  and a r o m a t i c  and he terocycl ic  amines.  

2 - C h l o r o - 4 - a l k o x y -  (I1) and 2 ,4 -d ia lkoxy-5 - f luo ropyr imid ines  (III) [3] were  obtained by the reac t ion  
of 2 ,4 -d ich lo ro -5 - f luo ropyr imid ine  (1) [1,2] with one or  two equivalents  of sodium alkoxide.  The r ep l acemen t  
of chlorine in I by one or  two aroxy  groups was c a r r i e d  out in an excess  of the cor responding  phenols by 
heas with the ca lcula ted  amount of anhydrous po ta s s ium carbonate  [4, 5]. The yields of  2 - c h l o r o - 4 - a r o x y -  
5 - f luoropyr imid ines  (IVa, b) were  cons iderably  higher  in this case than in the synthesis  of these same c o m -  
pounds with an equivalent  amount of the cor responding  phenoxides [3]. 2 ,4 -Dia roxy-5 - f luo ropyr imid ines  
(IVc-h) were  obtained in high yields (Table 1) v ia  this method. 

In analogy with the products  of the reac t ion  of I with amino acids [6] and amines  [7], the 2 - c h l o r o - 4 -  
a lkoxy-  and 2 - c h l o r o - 4 - a r o x y - 5 - f l u o r o p y r i m i d i n e  s t r u c t u r e s  were  adopted for  II and IVa, b, the products  
of the reac t ion  of I with 1 mole of sodium alkoxide or  phenol. 

Compounds V, which contain res idues  of a r o m a t i c  or  he te rocyc l ic  amines ,  were  obtained by heating 
an excess  of  the appropr ia te  amInes  with I. All of the compounds obtained fo rm hydrochlor ides  (Table 1). 

We were  unable to obtain 2 - a r y l a m i n o - 4 - p h e n o x y - 5 - f l u o r o p y r i m i d i n e s  f r o m  IVa by heating with an 
exces s  of the amines ,  s ince the phenoxy group in the 4 posi t ion is rep laced  in addition to the chlorine in 
the 2 posi t ion to give V. 

Compound II r e ac t s  v e r y  v igorous ly  with excess  piperidine (the t e m p e r a t u r e  of the reac t ion  mixture  
r i s e s  to 100~ to give 2 - p i p e r i d y l - 4 - a l k o x y - 5 - f l u o r o p y r i m i d i n e s  (VI), which reac t  with alcoholic hydrogen 
chloride solution to give hydrochlor ides  that r ead i ly  yield the ba se s  in aqueous solution. 

EXPERIMENTAL 

2-Chloro-4-methoxy-5-fluoropyrimidine (IIa). A solution of sodium methoxide, obtained from 0.23 g 

(0.01 mole) of sodium in 30 ml of absolute methanol, was added by drops in the course of I0 mln to a solu- 

tion of 1.66 g (0.01 mole) of I in 30 ml of absolute methanol, and the mixture was stirred for 1 h,diluted with 
water, and extracted with ether. The ether solution was dried with anhydrous sodium sulfate, the solvent 

was removed by distillation, and the residue was vacuum distilled. 

Compounds IIb-d were similarly obtained. 

2,4-Dimethoxy-5-fluoropyrimldine (Ilia). A sodium methoxide solution, obtained from 2.3 g (0.I mole) 
of sodium in 50 ml of absolute methanol, was added in the course of 30 min to s solution of 8.3 g (0.05 mole) 
of I in 50 ml of absolute methanol, and the mixture was heated at 40 ~ for 30 min. The mixture was then 

worked up as in the preparation of fla. The reagent ratio for IIIb, c, d was similar to that in the prepara- 
tion of IIIa, but the mixture was refluxed for 19 h in the preparation of IIIb, held at i00 ~ for 30 mln for the 
preparation of IIIc, and held at 120 ~ for 1 h for the preparation of IIId. 

2-Methoxy-4-ethoxy-5-fluoropyrimidine (IIIe), This compound was obtained by refluxing equimolar 

amounts of lib and sodium methoxide in absolute methanol for 6 h with subsequent workup as in the prepara- 
tion of IIa, 
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2-Chloro-4-phenoxy-5- f luoropyr imid ine  (IVa). A mixture of 10 g (0.06 mole) of I, 28.2 g (0.3 mole) 
of phenol, and 4.14 g (0.03 mole) of anhydrous potass ium carbonate was heated at 80 ~ for  1 h and then at 
100 ~ for  1.5 h. The cooled mass  was mixed with an aqueous solution of 16.2 g (0.3 mole) of potassium hy-  
droxide, and the precipi ta ted crystal l ine substance was removed by filtration, washed with water ,  dried, 
and recrys ta l l ized.  

Compound IVb was s imi la r ly  obtained. 

Compound I and potass ium carbonate (1:2) and an excess  of the appropriate phenol were used for the 
synthesis of IVc-h, and the mixture was heated at 140 ~ for  3 h. The excess  mater ia l  in the preparat ion of 
IVi was IIb. 

2 ,4-Diphenylamino-5-f luoropyrimidine (Va). A 1.66-g (0.01 mole) sampleof  I or  2.24 g (0.01 mole) 
of IVa was mixed with 9.3 g (0.1 mole) of aniline, and the mixture was heated at 100 ~ for 1 h and at 150 ~ 
for 2 h. It was then cooled, 10 ml of water  and 10 ml of methanol were added, and the product,  which began 
to crysta l l ize ,  was removed by filtration, dried, and recrysta l l ized.  Compounds Vb, c were s imi lar ly  ob- 
tained. Compound Vd was isolated af ter  dilution of the react ion mixture with water. 

2 ,4-Dipiper idyl-5-f luoropyr imidine  (Ve). A mixture of 3.34 g (0.02 mole) of I and 10.2 g (0.12 mole) 
of piperidine in 25 ml of ethanol was heated for 3 h, af ter  which the piperidine hydrochloride was removed 
by filtration, the solvent was removed by distillation, and the residue was t rea ted  with ether. The ether  
was removed by distillation, and the final product  was vacuum distilled. 

2 ,4-Diary lamino-5-f iuoropyr imidine  Hydrochlorides.  These were obtained by mixing equimolar  
amounts of acetone solutions of V and an alcohol solution of hydrogen chloride. 

2 -P iper idy l -4 -methoxy-5- f luoropyr imid ine  (Via). A mixture of 8.61 g (0.053 mole) of IIa and 21.5 g 
(0.25 mole) of piperidine was s t i r r ed  with water  cooling until the mixture no longer warmed up. It was then 
mixed with water  and ext rac ted  with ether.  The ether  extract  was dried with anhydrous sodium sulfate, the 
solvent was removed by distillation, and the residue was vacuum distilled. 

Compounds VIb-d were s imi la r ly  obtained. 

Hydrochlor ides  of VIa-d. These were  obtained by a method s imi lar  to that used for the hydrochlor ides  
of V, but absolute ethanol was used as the solvent. 

2 -Chloro-4-p iper idy l -5 - f luoropyr imid ine  (Vie). A solution of 1.7 g (0.02 mole) of piperidine in 20 ml 
of e ther  was added in the course  of 30 min to a solution of 3.34 g (0.02 mole) of I and 2.02 g (0.02 mole) of 
t r ie thylamine in 30 ml of ether.  The t r ie thylamine hydrochloride was removed by filtration, and the solvent 
was removed by distillation. Dilution of the oily substance with petroleum ether  and cooling of the mixture 
precipi tated the crystal l ine product. 
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