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Synthesis of fluorinated pyrimidines by the reaction of 
perfluoro-2-methylpent-2-ene with amidines 
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4-Fluoro-6-pentafluoroethyl-5-tfifluoromethylpyrimidines have been synthesized by the 
reaction of perfluoro-2-methy!pent-2-ene with aceto- and tfifluoroacetoamidines. The high 
activity of the fluorine atom at position 4 of these compounds in reactions with nucleophilie 
reagents was found. 

Key words: fluoroolefins, condensation with amidines; synthesis and nucleophilic reac- 
tions of 4-fluoropyrimidines. 

One of the methods for the synthesis of  fluorinated 
pyrimidines is known to be based on the reaction of 
fluorine-containing unsaturated compounds with amidines. 
Dini t r i les  C F 3 C C I = C ( C N ) 2 , 1  2 -ch to rope r f luo ro -  
cycloalkene-l-carbonitriles,  z C2FsCF=CR[PO(OEt)2],  3 
and (CF3)2C=CFOMe a have been involved in this reac- 
tion. The reaction was carried out with amidine free bases 
using an excess of the amidine to bind the hydrogen 
halide that was liberated in the course of the reaction. 1.z 
On the contrary., equimolar amounts of the reagents were 
used by others, 3,4 thus the more available amidine hydro- 
chlorides were involved in the reaction in the presence of 
alkaline reagents of the NaOH,  KOH, or N a i l  type 
generating an amidine free base that directly enters the 
reaction. In an especially convenient modification, the 
reaction of unsaturated fluorinated compounds with 
amidine hydrochlorides is carded out in an organic sol- 
vent that is immiscible with water in the presence of an 
aqueous alkaline solution and a phase' transfer catalyst. 4 

We studied the reaction of  perf luoro-2-methyl-2-  
pent-2-ene (1) with aceto- and trifluoroacetoamidines 
(2)* using the two latter experimental versions. We used 
either diethyl ether or F r e o n - l l 3  (F-113) (in which 
fluoroolefin 1 is very soluble) as a medium for the 
reaction and N a O H  or KOH aqueous solutions and 
benzyltr iethylammonium chloride (BTEA) as a base and 
a catalyst, respectively. 

We showed that the reaction occurs according to the 
scheme involving the formation of  the product of substi- 
tution of  the vinylic fluorine atom (3), which further 
undergoes  p ro to t rop ic  i somer iza t ion ,**  dehydro-  

* Deceased. 
* For Preliminary, communication, see Ref 5. 
**When olefin 1 reacts with ammonia or aniline in ether, the 
reaction does not stop at the stage of the vinylic substitution. 
Instead, it affords the products of enamine-imine isomefiza- 
tion. 6 

fluorination, and cyclization. The fluoropyrimidines 4 
that formed in this case can be defluorinated with an 
aqueous alkali to give hydroxypyrimidines 5 and, in the 
case of amidine 2b, hydroxy acid 6. 
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When olefin 1 interacts with amidine 2a, vinylamidine 
3a, fluoropyrimidine 4a, or hydroxypyrimidine 5a can 
be isolated. The type of  reaction product depends on the 
nature of the solvent, the presence of  the catalyst, and 
the duration of the process. Thus, we found that in 
relatively polar diethyl ether, the first stage, which gives 
vinylamidine 3a, occurs more rapidly than the subse- 
quent cyclization and defluorination, making possible 
isolation and characterization of this compound. At the 
same time, transformations 3a --, 4a and 4a ~ 5a 
proceed at comparable rates (19F N M R  data). This fact 
hampers the use of  the reaction carried out in ether for 
the synthesis of f luoropyrimidine 4a. However, hydroxy- 
pyrimidine 5a can be obtained under these conditions in 
60% yield. 

A similar result was obtained when the reaction of 
olefin 1 with amidine 2a was carried out in non-polar  
Freon- i 13. The only difference consists in slowing down 
the first stage, the vinylic substitution. Therefore, both 
vinyl amidine 3a and fluoropyrimidine 4a are involved 
in further transformations as they are formed. For  this 
reason, the reaction in Freon can also be used only for 
the synthesis of  hydroxypyrimidine 5a. 

However, it turned out that in the presence of BTEA, 
the ratio between the rates of  the stages of the overall 
process sharply changes, and in this case fluoropyrimidine 
4a can be isolated in 50% yield. 

Somewhat different results were obtained in the stud- 
ies of the reaction of  olefin 1 with amidine 2b. As it 
turned out, olefin 1 does not react with amidine 2b in a 
solution of  Freon-  113, obviously due to the lower basic- 
ity of amidine 2b compared to that of non-fluorinated 
analog. At the same t ime,  olefin 1 readily reacts with 
amidine 2b in a water- -die thyl  ether system to Nve 
vinylamidine 3b in satisfactory yield (ca. 50%) under 
controlled conditions.  Vinytamidine 3b gives pyrimidine 
4b  when it reacts with an aqueous alkali in Freon-113 in 
the presence of  BTEA. However, the yield of pyrimidine 
4b does not exceed 10%, and the major reaction product 
is hydroxy acid 6. 

Attempts to carry out cyclization of vinyl amidine 3b 
to fluoropyrimidine 4b in an anhydrous medium failed. 
Thus, we found that  the reaction does not occur in ether 
in the presence of  Li2CO 3, and in a K F - - M e C N  or a 
powdered K O H - - e t h e r  system, a mixture of products is 
formed that does not contain fluoropyrimidine 4b. At 
the same time, when vinylamidine 3b is heated with 
Me3N, Et3N, or Et3N �9 BF 3 complex in ether, D M F ,  or 
without solvent, a mLxture of  products is formed that 
contains ~10% 4-hydroxypyrimidine 5b. The same com- 
pound (but not f luoropyrimidine 4b) was synthesized in 
high yield in the  reac t ion  of  compound  3b with 
1,4-diazabicyclo[2.2.2]octane. 

Fluoroolefin 7 was also involved in the reaction with 
amidine 2a. 7 In this case fluoropyrimidine 9 was obtained 
in addition to hydroxypyrimidine 10 by a two-step pro- 
cess with preliminary isolation of  vinylamidine 8. 

(CF3)2C==CCICF3 + MeC~ NH - HC] NaOH, H~O= 
NH 2 Et2o 

7 2a 

2 3 
FsC.,. ` .,.-OF 3 NaOH, H~O 
1 ...C=C... 
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8 Me 
2 1 

7 ~ F3 3 CF3 2 
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N . , ~  N I N. . ,~  N 

Me Me 
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The structures of the compounds synthesized were 
confirmed by the N M R  spectral data and several chemi- 
cal transformations. Thus, f luoropyrimidine 4a was con- 
vetted to hydroxy-, amino-  ( l l a ) ,  phenylamino-  ( l l b ) ,  
and cyano (12) derivatives. In turn, hydroxypyrimidine 
5a gave the corresponding chloropyrimidine 13 by react- 
ing with PC15, and the reaction of the nitrile 12 with 
o-aminophenol afforded benzoxazolylpyrimidine 14, 

CF a 
NaCN ~ N C ' ~  "CF2CF3 F ~ C F 2 C F a  CFa 

N.,~N MeCN N.,~N 

Me Me 
4a 12 

OH 

RNH21 Et2~ [ ~N H 2 

R N H ~  CF2CF3 ~'~.,,-"""-~ O J [ ~ N ~ c "  ~ "'CF2CF3 ~[[ "T 

Me Me 
11a,b 

R = H (a), Ph (b) 
14 
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CF3 C I @ C F 2 C F  3 H O @ [  7CF2CF3 PCI s 

Phil " 

Me Me 
5a 13 

Comparison of the results obtained with the data on 
the nuc leophi l i c  subs t i tu t ion  of  the  f luor ine  in 
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Table 1. Characteristics of the compounds synthesized 

Corn- Yield B.p./~ Found (%) Molecular 
pound (%) (p/Tort) Calculated formula 

[M.p./~ C H F 

3a 68 60--63 (2) 27.72 1.61 61.63 CsHsFI~N~ " 
[49--51] 28.38 1.48 61.85 

3b 53.7 85--86 24.31 0 _ 7 6  67.97 CgH2Ft4N 2 
(40) 24.49 0.51 67.86 

4a 47 53--55 31.80 1.o__oo 56.98 CsHsFgN 2 
(22) 32.21 0.92 57.38 

4b 7 55--56 27.19 --  65.06 CsFI2N 2 
(38) 27.27 64.77 

5a 58 [162--1641 32,32 1.32 .50.87 CsH4FsON 2 
32.43 1.35 5t .35 

5b 78 [72--74] 27.27 0.23 59.73 CsHFHON2 
27.24 0.29 59.75 

6 34 [228--230] ;29 .18 0.67 47.33 CsH2FgO3N 2 
29.45 0.61 46.63 

8 60 73--74 (3) 29.70 1.87 60.52 CTHsFgN 2 
[40--43] 29.17 1.74 59.38 

9 21 55--56 .33.53 1.2_I. 53.51 C/H3FTN 2 
(40) 33.87 1.21 53.63 

I0 34 [162--1631 34.12 t,59. 46.45 CTH4F6N2 O 
34.15 1.63 46.34 

l l a  73 [98--100] 32.79 1.71 51.37 CsHsFgN 3 
32.54 1.69 51.52 

l i b  84 [45--47] 44.92 2.56 41.34 C14HgFsN 3 
54.28 2.42 40.97 

12 45 65--67 35.33 1.01 _49. $4 C9H3FsN 3 
(2) 35.41 0.98 49.83 

13 56 78--80 30.63 1-06 -- C8H3CIFsN2 
(20) 30.52 0.95 

14 57 [72--74] 27.27 1.60 59.73 Cst tFIION 2 
27.24 0.29 59.75 

4 - f l u o r o - 6 - m e t h o x y - 2 - m e t h y l - 5 - t  r i f l u o r 0 m e t h y l p y r i -  
m i d i n e  4 indica tes  t h a t  a c c u m u l a t i o n  o f  perf luoroalkyl  
g roups  in a 4 - f l u o r o p y r i m i d i n e  makes  the  f luor ine  a tom 
especia l ly  sensi t ive to  nuc l eoph i l i c  a t tack.  In t he  case of  
f l u o r o p y r i m i d i n e  4b,  a suscept ib i l i ty  o f  the  f luor ine  
a t o m s  of  the  t r i f l u o r o m e t h y l  g roup  to  hydrolys is  appears  
addi t iona l ly .  

Experimental  

The NMR spectra were recorded on a Bruker-200 SY 
spectrometer (200 and 188. 3 MHz for IH and 19F, respec- 
tively) in either C C I  4 o r  diethyl ether. Me4Si and CF3COOH 
were used as the external standards (IH and t9F, respectively). 
The IR spectra were recorded on an UR-20 spectrophotom- 
eter. The yields and the characteristics of the compounds 
synthesized are presented in Table I. The 19F N M R  spectra of 
vinyl amidines 3a,b and 8 and pyrimidines 5a, 11--14 are 
given in Tables 2 and 3, respectively. 

N- (Perfluoro-2- methylpent-2-en-3-yl)acetamidine (3a),  
N- (perfluoro-2-methyipent-2 -en-3-yl)triflnoroaeetamidine (3b), 
and N-(pertluoro~3-methytbut-2-en-2-yl)acetamidine (8). A 
solution of KOH (2 g) in water (14 mL) was added dropwise to 
a mixture of amidine 2a (2 g), olefin 1 (8.4 g), diethyl ether 

Table 2. 19F NMP spectra of vinylamidines 3a,b, and 8 

Corn- 8 J /Hz  

pound F-1 F-2 F-3 F-4  F-5 1--2 1--3 2--3 2--4 
(m) (q) (q) (q) is) 

3a -22.9  -18 .3  34.6 3.5 I0 22 6.5 
3b -26.0 -21 .0  31.1 0 . 2 - 7 . 9  10 22 6.5 
8 -21.8 -25.1 -17 .0  9.5 1.5 15 

(q) (qq) 

Table 3. tgF N M R  spectra of pyrimidin 

CF. 2 3 
X - I ~ C F 2 C F  3 

N.f.N 
Me 

Corn- X 8 Ji_2/Hz 

pound F- 1 F -2  F- 3 
(t) (q) (s) 

5a HO -1%0 32.7 2.2 22 
11 H2N -21.8  32.1 1.7 22 
12 NC -21.9  33.0 2.5 20 
13 CI -20.5  3 t .2 2.0 22 
14 Benzoxa- -22.6 33.0 2.8 20 

zol-2-yI 

(25 mL), and water (7 mL) with stirring and on cooling to 0-- 
5 ~ and the reaction mixture was warmed to 20 ~ for l h .  
The ether layer was separated and dried over MgSO4. Product 
3a was isolated by distillation. IR,  v / cm- l :  1610, 1675 cm - l .  
lH NMR, 8:2.5 (s, Me); 5.2--7.1 (br. s, NH). Vinyl amidines 
3b and 8 were obtained similarly. 

4-Fluoro-2-methyl-6-pentafluoroethyl-5-trifluoromethyl- 
pyrimidine (4a). A solution of N a O H  (3.5 g) in water (15 mL) 
was added dropwise to a mixture of  olefin 1 (7.1 g), amidine 
2a (1.8 g), F-113 (20 mL), BTEA (0.1 g), and water (7 mL) 
with stirring at temperature not exceeding 10 ~ the reaction 
mixture was warmed to 20 ~ during 40 rain. After 30 rain the 
reaction mixture was acidified wi th  HC1 (1 : 5), the organic 
layer was dried over MgSO 4 and distilled to give compound 4a, 
no ~~ 1.3625. IH NMR,  8:2.43 (s, Me).  ;9F NMR, 8 : - 2 3 . 7  (q, 
F-I) ;  -20.1 (q, F-2); 4.2 is, F -4  ); 33.6 (q, F-3); J l - 2  = 
32-3 = 22 Hz. 

4-Fluoro-6-pentafluoroethyi- 2,5-bis(trifluoromethyl)py- 
rimidi~e (4b) and 4-hydroxy-6-pentafluoroethyl-2-trifluoro- 
methylpyrimidine-5-cm'boxylic acid (6). The crude vinylamidine 
3b obtained from olefin 1 (6 g) and amidine 2b (2.3 g) as 
described above was dissolved in F-113 (20 mL) and TBEA 
(0.1 g) was added. A solution of NaOH (2.8 g) in water (15 
mL) was added to the resulting mixture with stirring and on 
cooling to 5 ~ The reaction mixture was stirred for 2.5 h. The 
organic layer that formed was dried over MgSO 4 and distilled 
to give compound 4b, nD 20 1.3350. 19F NMR,  8 : - 3 4 . 3  (q, 
F-I) ;  -24.9  (q, F-2); -10 .0  (s, F-5) ;  - t . 1  (s, F-4); 28.3 (q, 
F-3); J I -2  = 22 Hz. The aqueous layer was acidified, the 
crystals that precipitated were dried and sublimed in vacuo to 
give compound 6. tgF NMR (Et20) ,  8 : - 6 . 9  (s, F - l ) ;  3.9 (s, 
F-3); 37.l is, F-2). 

4- Hydrox~j-2- methyl-6-pentafluoroethyl - 5- trifluoromethy| - 
pyrimidine (5a). A solution of N a O H  (3.5 g) in water (I5 mL) 
was added dropwise to a mixture o f  olefin 1, diethyl ether (20 
mL) amidine 2a (1.5 g), and water  (7 mL) at temperature not 
exceeding 20 ~ with stirring. The reaction mixture was stirred 
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for 3 h; and N a O H  was added. The organic layer was sepa- 
rated, the aqueous layer was acidified, and the precipitate that 
formed was extracted with ether and dried over MgSO4. The 
ether was removed to afford compound 5a. tH NMR (freon- 
113), 8: 3_l (s, Me); 7.7 (s, OH). 

4- Hydroxy-6-pentafluoroethyt-2,5-bis(trifluoromethyi)py- 
rimidine (5b). A mixture of  vinylamidine 3b (1 g), 
1,4-diazobieyclo[2.2.2]octane (0.9 g), and ether (I0 mL) was 
refluxed for 25 h and washed with dilute HCI. The organic 
layer was dried over MgSO4 and concentrated in vacuo. Com- 
pound 5b was isolated from the residue by sublimation. ;gF 
NMR (Et20), 8 : -18 .0  (t, F-I) ;  -5 .0  (s, 2-CF3); 2.8 (s, F-3); 
32.0 (q, F-2); J I -2  = 20 Hz. 

4-Fluoro - 2 -methyl - 5,6-bis(trifluoromethyl)pyrimidine (9) 
and 4-hydroxy- 2-methyl- 5,6-bis(trifluoromethyl)pyrimidine 
(10), A solution of NaOH (1.4 g) in water (14 mL) was added 
dropwise to a mixture ofvinylamidine 8 (1.7 g), F-113 (9 rnL), 
and TBEA (0.I g) with stirring and on cooling to 0 ~ After 
1.5 h the organic layer was separated, dried, and distilled to 
give product 9. 19F NMR, 5 : -27 .6  (q, F-I) ;  -24.1 (dq, F-2); 
-15.7 (q, F-3); J I -2  = 22, J2-3 = 26 Hz. The aqueous layer 
was acidified with HCI (1 : 5), the crystals that formed were 
extracted with ether, and dried. After removal of the solvent 
compound 10 was isolated by sublimation in vacuo, tgF NMR, 
8 : -17 .7  (q, F - l ) ;  - I 2 . 3  (q, F-2); J = 14 Hz. 

4-Amino-2-methyl-6-pentafluoroethyl-5-trifluoromethyl- 
pyrimidine ( l la )  and 2-methyl-4-pentafluoroethyl-6-pheuyl- 
amino-5-trifluoromethylpyrimidine ( l i b ) .  A sotution of 
fluoropyrimidine 4a (3 g) in anhydrous diethyl ether was 
saturated with ammonia and concentrated by evaporation. The 
solid residue that formed was crystallized from CC14. IH NMR 
(CCI4), 5 :3 .3  (s, Me); 6.5 (s, H2N). Derivative t l b  was 
obtained similarly. 

2 - Methyl- 6-pentafluoroethy1-5-trifluoromethylpyrimidine-4- 
earbouitrile (12). Sodium cyanide (0.5 g) was added to a 
solution of fluoropyrimidine 4a (2.6 g) in dry MeCN (8 mL) at 
temperature not exceeding 20 ~ The resulting mixture was 

stirred for 2 h until the initial material 4a was completely 
transformed (GLC monitoring) and poured into water, the oil 
that formed was extracted with ether. Distillation gave product 
12, nD 2~ 1.3965. IR, v 2255 cm-L  

4-Cldoro-2-methyl-6-pentafluoroethyl- 5-triflnoromethyl- 
pyrimidine (13). A mixture of hydroxypyrimidine 5a (4.7 g), 
PCI 5 (5 g), and benzene (15 mL) was refluxed for 2.5 h and 
quenched with water, The organic layer that formed was dried 
and distilled to afford compound 13, nD 2~ 1.3997. 

4-(Benzoxazol-2-yl)-2-methyi-6-(pentafluoroethyl)-5- 
trifluoromethylpyrimidine (14). A rr6xture of nitrile 12 (1.6 g), 
and o-aminophenol (0.6 g) was heated under argon at 175 ~ 
for 2 h. The reaction mixture was dissolved in ether, washed 
with HC1 (1 : 5), dried over MgSO4, and distilled in vacuo (2 
Torr). The product 14 c rys~aUized during storage. 
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