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XXXI.* PREPARATION OF 4(6)-SUBSTITUTED 2-FLUOROPYRIMIDINES 

O .  P .  S h k u r k o ,  S .  G .  B a r a m ,  UDC 547.853.1'221:542,944.3:543.422 
a n d  V .  P .  M a m a e v  

The p repa ra t ion  of 4 (6)-substi tuted 2 - f luoropyr imid ines  by the action of ce s ium fluoride 
on the cor responding  2 -ch lo ropyr imid ines  in apro t ic  dipolar  solvents  is desc r ibed .  
Spec t ra l  data  conf i rming  the s t r u c t u r e s  of the f luoropyr imid ines  obtained are  p resen ted .  

Halopyr imidines  a re  widely used to obtain d ive r se  functional de r iva t ives  of pyr imid ine .  F luo ro -  
pyr imid ines  a re  of cons iderab le  i n t e r e s t  as  he te roa ry la t ing  compounds,  s ince they a re  the m o s t  r eac t ive  
ha lopyr imid ines .  Polysubs t i tu ted  f luoropyr imid ines  a re  r e l a t ive ly  access ib le  and consequent ly  have r e -  
ceived the m o s t  study; disubst i tuted f luor0pyr imidines  have been studied to a much l e s s e r  extent,  and there  
As no informat ion  at all  r egard ing  unsubst i tuted monof luoropyr imid ines ,  despi te  the a t tempts  made to 
synthes ize  them,  pa r t i cu l a r l y  in the synthes is  of 2 - f luoropyr imid ine  [2,3]. 

We have under taken r e s e a r c h  to obtain 2- f luoropyr imid ine  (I) and i ts  4 (6)-substi tuted de r iva t ives  (II- 
X) in o r d e r  to s tudy the i r  r eac t iv i t i e s  and to a sce r t a in  the effect  of the nature  of the subst i tuent  on the 
labi l i ty  of the f luorine a tom in nucleophil ic substi tution reac t ions .  

The introduction of f luorine a toms  into the e l ec t ron-de f i c i en t  eve~a-numbered posi t ions of the 
pyr imid ine  r ing As usual ly  accompl i shed  by r ep l acemen t  of chlor ine  a toms or a t r ime thy l ammon ium group 
by f luorine by the action of sulfur  t e t ra f luor ide  or  alkal i  me ta l  f luor ides  [4-6]. To obtain I -X,  we se lec ted  
a method involving r e p l a c e m e n t  of chlor ine  a toms  by f luorine in the cor responding  ch loropyr i ln id ines .  The 
use  of ce s ium fluoride as the f luorinat ing agent and ca r ry ing  out the reac t ion  in aprot ic  dipolar  solvents ,  
as  is well  known [4,6-8], make  it poss ib le  to cons ide rab ly  lower  the reac t ion  t e m p e r a t u r e  and shor ten the 
reac t ion  t ime .  Satisfact ion of the indicated conditions is e ssen t i a l  for  the p repa ra t ion  of r eac t i ve  mono-  
f luoropyr imid ines ,  in which, according to our observa t ions ,  the t h e r m a l  s tabi l i ty  is lower and the capaci ty  
for  se l f -qua te rn iza t ion  is h igher  than for  polyf luoropyr imidines  (the la t te r  can be obtained by reac t ion  of 
the cor responding  ch lo ropyr imid ines  and po tass ium fluoride at high t e m p e r a t u r e s  in the absence  of so l -  
vents [9, 10]). The reac t ion  conditions and yie lds  of the f luoropyr imid ines  obtained by us and the i r  phys i -  
cal constants  and analyt ical  data a re  p resen ted  in Table  1. When liquid f luoropyr imid ines  a re  obtained, it 
is  usua l ly  p r e f e r a b l e  to use  N - m e t h y l - a - p y r r o l i d o n e  (MAP) as the solvent  r a t he r  than d ime thy l fo rmamide  
(DMF), in which impur i t i e s  that  a re  difficult to s epa ra t e  f rom the ma jo r  product  a re  fo rmed ;  d ime thy l -  
f o r m a m i d e  can be used  as the solvent  when r e l a t ive ly  h igh-mel t ing  f luoropyr imid ines  are  obtained. 

The s t r u c t u r e s  of I -VII I  were  conf i rmed  by spec t r a l  data (Table 2). The p rev ious ly  noted [8] s i m i -  
l a r i ty  between the UV s p e c t r a  of the f luoro de r iva t ives  and the cor responding  chloro de r iva t ives ,  with a 
sma l l  ba thochromic  shif t  of the absorpt ion bands of the la t t e r ,  is observed  on compar ing  the spec t r a  of 2-  
f l uo ro -  and 2 -ch lo ropy r imid ines .  Bands of va r i ab le  intensi ty  f r o m  the C - F  valence v ibra t ions  at 1030-  
1125 c m  -1 [12, 13] and intense bands of the ske le ta l  v ibra t ions  of the f luorinated pyr imidine  ring at 1370- 
1430 c m  -1 [12-14] a re  obse rved  in the IR s p e c t r a  of I -VI I I .  The singlet  cha r ac t e r i s t i c  for  the f luorine a tom 
in the 2 posit ion of the pyr imid ine  r ing [14-16] is obse rved  at weak field (116-120 ppm f rom the signal  of 
hexaf luorobenzene)  in the F 19 NMR spec t r a ;  the signal is broadened due to quadrupole in teract ion with the 

*See [1] for  communica t ion  XXX. 

inst i tute of Organic  C h e m i s t r y ,  Siberian Branch,  Academy of Sciences of the USSR, Novos ib i r sk .  
T rans l a t ed  f r o m  Khimiya  Gete ro t s ik l ichesk ikh  Soedinenii,  No. 9, pp. 1281-1284, Sep tember ,  1972. Original  
a r t i c le  submi t ted  August 5, 1971. 

�9 1974 Consultants Bureau~ a division of  Plenum Publishing Corporation, 227 g'est 17th Street, New York, N. Y. 10011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A 
copy of this article is available from the publisher for $15.00. 

1159 



TABLE 1. 4 (6)-Substituted 2-Fluoropyrimidines 

J i Reaetio n 
Comp. ~ R' Solvent time, h mp, *C bp, *C (mm) nn~ 

H 
CHa 
CHs 
C~H5 
CHs 
Cell5 
CHaO 

N(CHa)= 
F 

F 

MAP 
MAP 
DIvlF 
DtV~ 
DMF 

DMI = 
MAP 

DlvIF 

I 
II 

Ill 
IV 
V 

VI 
VII 

VIII 
IX 

,5 22--24 

12- 4 
55--57 
95--96,5 4,5 
94--96 

4~ 63--64__ 

2,5 

85--86 (135) 
67--68 (120) 

74,5--75,5 (18) 
125--126 (3) 

76--79 (135) 

6 8 - - 7 0  (135); 
53 (45) n 

98,5--99; 
98--999 

1,4623 
1,4643 
1,4665 

1,4730 

1,4290; 
1,4278 II 
1,4025; 
1,4038" 9 

Comp. 

I 
II 

III 
IV 
V 

VI 
VII 

VltI 
1X 
X 

Empirical 
formulaT 

C4HaFN2 
CsHsFN~. 
C6HrFN~ 
CmHTPN2 
CIIH~FN2 
CmH1,FNa 
CsHsFN20 
C6HsFNa 

49,0 
53,2 
56,8 
68,7 
70,1 
76,8 
47,4 
50,8 

Found, % 

28,9 
24,7 
21,9 
16,2 
14,8 
ll,3 
21,7 
29,5 

49,0 
53,6 
57,l 
69,0 
70,2 
76,8 
46,9 
51,0 

Calc., % 

H F 

3,0 19,3 
42 16,5 
5,6 14,9 
4,1 10,7 
4,8 9,9 
4,5 7,4 
3,8 14,6 
5,8 13,2 

I �9 H F N 

3,1 
4,5 
5,6 
4,0 
4,8 
4,4 
3,9 
5,7 

19,4 28,5 
16,9 ] 25,0 
15,1 22,2 
10,9 16,1 
10,1 I 14,9 
7,6 11,2 

29,8 

Yield, 
% 

33 
16 
33 
30 
30 
36 
25 
80 
30 
53 

*At 20 ~ . 
The molecular  weights determined by mass  spec t rometry  were 

in agreement  with the calculated values.  

TABLE 2. Data f rom the Spectra of 2-Fluoropyrimidines 

Comp. 

I 
II 

Ill 
IV 

V 

VI 

VII 
VIH 

UV spectrum, k max, nm 
(log s) 

245 (3,57) 
248 (3,71) 
251 (3,77) 
251 (3,85), 283 (4,25) 

254 (3,25), 282 (4,27) 

248 (4,41), 311 (4,48) 

247 (3,70) 
239 (4,20), 284 (3,88) 

2-F 

NMR spectrum, chemical shift, p_pmt 
4-H 5-H 6-H 

- -  1 1 8 , 7  
- -  1 1 7 , 7  
--116,l 
--118,5 

--117,0 

- -  1 1 7 , 9  

- -  1 2 0 , 5  
- -  1 1 7 , 5  

8,69 
(2,51) 
(2,44) 

(7,31--7,72, 
7,99--8,26) 

(2,52) 

(7,34--7,56, 
7,99--8,21 ) 

(3,99) 
(3,09) 

7,30 
7,05 6 ?1 

7,89 

6,61 
6,4 l 

8,69 
8,59 

(2,44) 
8,61 

(7,31--7,61, 
7,92---8,22) 
(7,34--7,56, 
7,99--8.21 ) 

8,28 
7,95 

* F r o m  t h e  s i g n a l s  of C6F 6 and  (CHs)4Si. T h e  c h e m i c a l  s h i f t s  of 
the  s u b s t i t u e n t  p r o t o n s  a r e  p r e s e n t e d  in  p a r e n t h e s e s .  

C o i n c i d e s  w i t h  the  m u l t i p l e t  of the  p h e n y l  g r o u p  at  7 . 3 1 - 7 . 7 2  p p m .  
/; C o i n c i d e s  w i t h  t h e  m u l t i p I e t  of the  p h e n y l  g r o u p  at  7 . 3 1 ' 7 . 6 1  p p m .  
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adjacent  n i t rogen a tom.  The posi t ions,  mul t ip l ic i t ies ,  and in tegra l  in tensi t ies  of the proton s ignals  in the 
H i NMR s p e c t r a  a r e  in comple te  ag reemen t  with the 4 (6)-substi tuted 2- f luoropyr imid ine  s t r u c t u r e s  (Table 
2). More detai led data on the NMR s p e c t r a  will be d i scussed  in a s epa ra t e  pape r .  

EXPERIMENTAL 

The UV spectra of ethanol solutions of the compounds obtained were recorded with a Unicam SP- 

700C recording spectrophotometer. The IR spectra of 5% solutions in CCI 4 were recorded with a UR-20 
spectrometer. The H i and F 19 NMR spectra of 5% solutions in CCI 4 were recorded at 38-39 ~ with a Varian 

A 56/60 A spectrometer; hexamethyldisiloxane and hexafluorobenzene were used as internal standards. 

Prior to the experiments, cesium fluoride was calcined at 440 ~ for 7 h. The solvents (DMF and MAP) 

were dried over phosphorus pentoxide and distilled before the experiments. The starting chloropyrimi- 

dines were obtained by known methods. 

Reaction of Chloropyrimidines with Cesium Fluoride. A mixture of 0.05 mole of chloropyrimidine, 

0.15 mole of cesium fluoride, and I0 ml of MAP or 10-30 ml of DMF (depending on the solubility of the 

chloropyrimidine) was stirred at 150 ~ for the period indicated in Table I. Cesium fluoride was used in 

0.2 mole and 0.3 mole amounts, respectively, in the reactions with dichloro- and trichloropyrimidines. In 

the case of II, the reaction mixture was stirred at 120 ~ 

The reaction mixtures were worked up and the fluoropyrimidines were isolated by different methods 

depending on their properties. 

I s o l a t i o n  o f  t h e  F l u o r o p y r i m i d i n e s  

2 -F luo ropyr imid ine  (I), 2 ,4-Dif luoropyrirnidine (IX), 2 - F l u o r o - 4 - m e t h y l p y r i m i d i n e  (II), 2 - F l u o r o -  
4 ,6 -d imethy lpyr imid ine  (HI), and 2 - F l u o r o - 4 - m e t h o x y p y r i m i d i n e  {VII). The reac t ion  mix tu re  was t r ea t ed  
with absolute e ther ,  and the p rec ip i ta te  was r emoved  by f i l t ra t ion and washed with e ther .  The e ther  was 
ca re fu l ly  r emoved  by dist i l lat ion at a tmosphe r i c  p r e s s u r e ,  and the res idue  was vacuum dist i l led,  with 
col lect ion of the en t i re  f rac t ion  up to the s t a r t  of dist i l lat ion of the solvent .  The dist i l lat ion was repea ted  
two to th ree  t imes  with collect ion each  t ime  of a f rac t ion  over  a n a r r o w e r  in terva l .  The las t  t ime ,  the 
f luoropyr imid ines  were  dis t i l led and col lec ted  over  the in te rva l s  indicated in Table  1. According to g a s -  
liquid c h r o m a t o g r a p h y  (GLC), VII contained l e s s  than 2% impur i t i e s ,  while the r emain ing  products  contained 
l e s s  than 1% i m p u r i t i e s ,  

2 -F luo ro -4 -pheny lpy r imid ine  (IV). The reac t ion  mix tu re  was t r ea t ed  with absolute e ther ,  and the 
p rec ip i ta te  was r em oved  by f i l t ra t ion and washed with e ther .  The e ther  was r e m o v e d  by dist i l lat ion,  and 
the res idue  was vacuum-dis t i l led .  The col lected product  was r e c r y s t a ! l i z e d  f rom pe t ro l eum ether  (bp 40- 
60~ 

2 - F l u o r o - 4 - m e t h y l - 6 - p h e a y l p y r i m i d i n e  (V). The react ion  mix tu re  was worked up as in the case  of 
IV. The res idue  a f t e r  r e m o v a l  of the e the r  by dist i l lat ion was dissolved in CC14, the solution was passed  
through act ivi ty  II A1203, and the eluate was evapora ted  to d r y n e s s .  The res idue  was subl imed at 100 ~ (10 
ram). 

2-F luoro -4 ,6 -d ipheny lpyr imid ine  (VI). The reac t ion  mix tu re  was t rea ted  with four  25-ml  port ions of 
absolute benzene and f i l t e red .  The f i l t ra te  was evapora ted  and t r ea t ed  with 50 ml  of water ,  and the p r e -  
c ipi ta te  was r e m o v e d  by f i l t ra t ion and ref luxed in 60 ml  of a lcohol .  The f i l te red  alcohol solution was 
evapora ted ,  and the res idue  was r e c r y s t a l l i z e d  f r o m  alcohol.  The bis (4 ,6-diphenyl-2-pyr imidyl)  oxide,* 
which was insoluble in boiling alcohol, was sepa ra t ed  and r e c r y s t a l l i z e d  f r o m  acetic  acid to give 3% of a 
product  with mp 216-217 ~ Found: C 80.8; H 4.6; N 11.8%; tool .  wt. 478. C32H22N40. Calculated:  C 80.4; 
H 4.6; N 11.7%; tool.  wt. 478. PMR spec t rum (5% solution in CDC13) , ppm: 7.88, s inglet  (pyrimidine 5-H), 
7.21-7.49 and 7.90-8.14, mul t ip le ts  (phenyl group protons) .  

2 -F luo ro -4 -d i m e t hy l am i nopy r i m i d i ne  {VIII). The reac t ion  mix tu re  was t r ea t ed  with 125 ml  of wa te r  
and ex t rac ted  with benzene.  The benzene ex t r ac t  was dried over  magnes ium sulfate  and vacuum-evapora ted ,  
and the v iscous  res idue  was t r i t u ra t ed  with pe t ro leum e ther  (bp 40-60~ The c rys ta l l ine  product  was sep-  
a ra ted  and r e c r y s t a l l i z e d  f r o m  pe t ro l eum e the r .  

*The fo rmat ion  of a side product  of s i m i l a r  s t ruc tu re  was noted in the p repa ra t ion  of 2 ,4 -d in i t roch loro-  
benzene [17]. 
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2,4,6-Trifluoropyrimidine (X). The product was distilled from the reaction mixture with collection 
of a fraction up to bp 150 ~ A fraction with bp 98-100 ~ was selected during redistillation. This material  
was redistilled with collection of a fraction with bp 98.5-99 ~ (according to GLC, the amount of impurities 
in the product did not exceed 1%). 

L I T E R A T U R E  C I T E D  

1. V . P .  Mamaev and ]~. A. Graeheva, Khim. Geterotsikl. Soedin., 838 (1971). 
2. D. Bly and M. Mellon, J.  Org. Chem., 2_~7, 2945 (1962). 
3. D. Brown and P .  Ford, J .  Chem. Soc., C, 568 (1967). 
4. G. Schiemann and B. Cornils, Chemie und Tectmologie Cyclischer Fluorverbindungen, Stuttgart 

(1969), pp. 17, 128. 
5. D. Brown, Chemistry of Heterocyclic Compounds, Vol. 16, Suppl: I, The Pyrimidines, Wiley, New 

York-London (1970, p. 118. 

6. A. Barbor,  L. Bell, and M. Bexton, in: Advances in Fluorine Chemistry [Russian translation],Vols. 
3-4, Khimiya, Leningrad (1970), p. 151. 

7. M. Boudakian and C. Kaufmml, US Patent No. 3,314,955 (1967); Chem. Abstr.,  68, 59,604 (1968). 
8. T. Okano, S. Goya, and H. Matsumoto, Yakugaku Zasshi, 8_~7, 1315 (1967); Chem~-Abstr., 6_88, 114,540 

(1968). 
9. V.G. Nemets, B. A. Ivin, and V. I. Slesarev, Zh. Obshch. Khim., 355, 1429 (1965). 

10. G. Fuller, British Patent No. 1,059,231 (1967); Ref. Zh. Khim., 23N281 (1967). 
11. C. Tullock, R. Carboni, R. Harder, W. Smith, and D~ Coffman, J. Am. Chem. Sot., 8_.22, 5107 (1960). 
12. R. Banks, D. Field, and R. Haszeldine, J. Chem. Soc., C, 1822 (1967). 
13. T. Okano, A. Takadata, and H. Matsumoto, Yalmgaku Zasshi, 8__88, 439 (1968); Chem. Abstr., 6_.99, 

63,143 (1968). 
14. R. Banks, D. Field, and R. Haszeldine, J. Chem. Sot., C, 1280 (1970). 
15. R. Chambers, J. MacBride, and W. Musgrave, Chem. Ind., 1721 (1966). 
16. T. Okano and A. Takadata, Yakugak~ Zasshi, 8_88, 1179 (1968); Chem. Abstr., 7_0, 72,760 (1969). 
17. N.N. Vorozhtsov and G. G. Yakobson, Zh. Obshch. Khim., 2__77, 1672 (1957). 

1162 


