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Reaction of perfluoro-2-methylpent-2-ene with azoles 
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Perfluoro-2-methylpent-2-ene reacts with pyrazole, imidazole, t,2,4-triazole, and 
benzotriazole to give products of the replacement of the vinytic fluorine atom. In the case of 
imidazole, the product of allylic fluorine substitution. 1,3-bisimidazolytperfiuoro-2-methylpent- 
2-one, is also formed. The structures of the products were confirmed by spectral data. 
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The reactions of  internal perftuoroalkenes with sec- 
ondar2,' amines are known I to give not only the products 
of the replacement of  the vinylic fluorine atom but also 
enamines derived from a terminal perfluoroalkene. It 
has been assumed that this is due to the fact that under 
the action of  amines, internal perfluoroalkenes isomer- 
ize to give terminal perfluoroalkenes and that the type of 
amine is significant for this process. In fact, diethyl- 
amine yields enamine derived from the isomerized 
perfluoroalkene, l whereas pyrrolidine z and piperidine 3 
lead to mixtures of two enamines, whose ratio depends 
on the solvent. In the case of lactams (a-piperidone,  
c~-pyrrolidone, caprolactam, etc.), substitution of the 
vinylic fluorine atom occurs. 4-6 It may be suggested 
that these N-nucleophi les  do not catalyze isomerization. 

The purpose of  this work is to study the reactions of 
pe r f luo ro -2 -methy lpen t -2 -ene  (1) with some azoles 
(pyrazole, imidazole,  1,2,4-triazole, and benzotriazoleL 
which are weak bases, but are still stronger than 
carbo• 

The reaction of  perfluoroalkene 1 with imidazole in 
pyridine yields the product of  the vinylic substitution of 
fluorine, viz., N-(perf luoro-  l - e thy t -2 -me thy lp rop -  l -  
enyl)imidazole (2), and the product of subsequent allylic 
substitution of  the fluorine atom in the CF  3 group, viz., 
1 , 3 - b i s i m i d a z o l y l - 2 - m e t h y l p e r f l u o r o p e n t - 2 - e n e  (3) 
(Scheme I). 

Apparently,  the basicities of imidazole and pyridine 
are insufficient to ensure isomerization of  compound I 
to 2 -methy lper f luoropen t - l -ene ;  therefore, no products 
of  its reaction with nucleophiles were detected. 

The structures of  comp(~unds 2 and 3 were con- 
firmed by spectroscopic data, which were interpreted 
taking into account  the available information on the 
structures of  compounds  of  this type. 
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To direct the reaction to the formation of  only 
compound 2, the vinylic fluorine atom was temporari ly 
replaced by the easily leaving Et3N group. Previously, 7 
(trifluoro- 1 -pc ntaf luoroethyl-  2 - t r i f luoromethylprop-  1 - 
enyl) tr iethylammonium fluoride (4) was obtained by the 
reaction of  compound 1 with Et3N. Recently 8 it was 
shown that when salts of this type react with dialkyl- 
amines, the AIk3N * group is replaced by a dialkylamino 
group. In the reaction with pyridine,  compound 1 does 
not form salts of  type of 4 ( tgF N MR spectrum). 

We found that salt 4 prepared by the known proce- 
dure 7 reacts with imidazole, pyrazole, 1,2,4-triazole, 
and benzotriazole to give products  2, and 5- -7  respec- 
tively (Sc].eme 2). In the case o f  imidazole,  compound 3 
can also be isolated; however, the yield of product 2 is 
higher and the yield of  product  3 is lower than those 
obtained according to Scheme l. 

Evidently, product 3 is formed from compound  2 by 
allylic substitution of a fluorine atom in the C F  3 group 
(Scheme 3). Enamine 2 is actually converted into corn- 
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pound  3 in 37% yield in the  presence  of  an equ imola r  
a m o u n t  of  im idazo l e  in M e C N ,  whereas c o m p o u n d  
2 i tself  does not  change  when  hea ted  in M e C N  (4 h at 
70 ~ 
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Exl re r imenta l  

IH, t3C, and 19F NMR spectra were recorded on a Bruker 
WP 200 SY spectrometer (200, 50, and 188 MHz, respectively) 
using tetramethylsilane and C6F 6 as the internal standards. IR 
spectra were recorded on a Specord M-80 spectrophotometer 
[CCIa); and mass spectra were obtained on a VG 707 d E  
GC/MS spectrometer (with an energy of the ionizing electrons 
of 70 eV). 

Reaction of  compound 1 with imidazole. A. Compound 1 
(I 5 g, 50 retool) was added to a solution of imidazole (3.4 g. 
50 mmoi) in 100 mL of pyddine at 20 ~ The mixture was 
stirred at 60 ~ for 1 h and poured into water: the organic 
layer was separated, washed with 5% HCI and water, and dried 
with MgSO 4. Evaporation of the solvent yielded 17.5 g of a 
mixture whose distillation gave 6 g (34.5%5 of N-(perfiuoro-I- 
e thy l -2 -mcthy lp rop- l -eny l ) imidazo le  (2), b p 75--78 ~ 

(20 Ton'). IR (CC14), v /cm- l :  3110 (C--H);  1635 (C=C);  
1465 (N=C); 1190--1230 (C--F) .  MS, m/z(Ir~t(%)): 348 [M] § 
(100), 329 [M-F1 + (35), 279 [M-CF3]*  (11), 260 [ M - C F  3-  
F] ~ (3.7), 290 (30), 203 (29), 202 (11), 182 i l l ) ,  69 [CF3] + 
(46), 52 [CHF2] + (13). Found: m/z = 348.01270. C9H3FIIN 2. 
Calculated: m/z = 348.01205. IH NMR (CD3CN), 6 :7 .14 (s, 
H(2)); 7.80 and 7.87 (both d, H(4) and H(5), d = 7.0). 
19F NMR (CD3CN), & 107.0 (3 F, FC( I ' ) ,  JF(t'),F(5') = 
9 Hz; JFtI').F(4') = 18 Hz; JF(I,),F(6. ) = 9 Hz); 103.6 (3 F, 
FC(6') ,  JF~6'),F(t ") = 9 Hz); 82.9 (3 F, FC(5"), JF(S') Fit') = 
9 Hz); 52.3 (2 F, FC(4"), JF(4")FOb = 18 Hz). 13(~' NMR 

N " ~ , ' (CD3C~), 8:139.4 (C(3) ,  "Jc F = 28.3 Hz); 139.8 (C(2)); 
" 3 " )  132.1 (C(5)); 129.9 (C(2"), 2Jc. F 34.5 Hz); I , , . 4  (C(4)); 

121.0 (C(6"), I JcF  = 277.9 Hz); 12040 (C(1"), [JCF = 276 
Hz) 119.0 (C(5")', ~ic F = 287.9 Hz "Jc,F = 35.2 Hz); 108.6 
(C(4"). IJc. F 261.5 Hz, = Hz). Vacuum = "~JC,F 40.4 sublima- 
tion at 130 ~ (0.8 Tore) of the residue after distillation of 
compound 2, ,and subsequent recrystallization from CCI 4 gave 
4.5 8 (22.7%) of 1,3-bisimidazolylperfluoro-2-methylpent-2- 
ene (3), m.p. 140--142 ~ IR (CCI4) , v/era- i :  3100 (C--H);  
1625 (C=C); 1415, 1495 (N--C);  1120--1250 (C--F) .  MS, 
m/z (lr~j(%)): 396 [M]* (100), 377 [ M - F ] "  (5), 327 [ M -  
CF3I + (1.3), 329 {M-C3H3N2I + (8), 309 { M - C F 3 - F ]  + ( l l ) ,  
277 [M-C2F5] + (12.9), t20 [M-HC2FsI  + (18.8), 119 [C2F5] + 
(7.4), 52 [CHF_,] § (21.9). Found:  m/z = 396.04405. 
Ct~H6FIoN 4. Calculated: m/z = 396.04326. IH NMR 
(CD3CN), 6 : 7 . 6 7  and 6.88 (both d, H(5"), H(4 ' ) ,  J = 
7.0 Hz); 7.17 (s, H(2")). 19F N M R  (CD3CN), 8:108.4 (3 F, 
FC(6)); 83.3 (3 F, FC(5); 62.5 (2 F, FC(4)); 42.8 (2 F, C(I)).  

B. A mixture of compound I (15 g, 50 mmol) and Et3N 
(5 g, 50 mmol) in 20 mL of MeCN was stirred for 1.5 h at 
55 ~C. The mixture was cooled to 20 ~ and imidazole (2.4 g, 
50 retool) was added. The reaction mixture was stirred at 20 ~ 
for 0.5 h and at 55 ~ for 1.5 h, cooled, poured into water, and 
extracted with ether. The extract was dried with MgSO 4. 
Distillation gave 7.46 g (43%) of  compound 7. b.p. 76--78 ~ 
(20 Ton-5: sublimation of the distillation residue at 130 ~ 
(0.8 Tort) gave 2.28 g (11.5%) of compound 3. Judging by 
their spectra, compounds 2, and 3 were similar to those 
prepared by procedure A. 

N- (Per f luoro-  1- ethyl-  2-  methylprop-  l - e n y l ) p y r a z o l e  (5). 
A mixture of compound I (15 g, 50 mmot), Et3N (5 g, 
50 mmol), and 20 mL of MeCN was stirred for 1.5 h at 50 ~ 
pyrazole (3.4 g, 50 retool) in 35 mL of MeCN was added 
dropwise over a period of I b., and the mixture was heated to 
80 ~ kept for 3 h, and left overnight. Then the reaction 
mixture was poured into water and extracted with ether; the 
extract was washed successively with saturated solutions of 
NaHCO 3 and NaCI (100 mL), and the ethereal layer was 
separated. The extract was dried with MgSO 4 and treated with 
activated carbon (grade "C", 0.5 g). Distillation gave 703 g 
(40%) of compound 5, b.p. 70--72 ~ (20 Tore). IR (CC14), 
v/cm-I:  3110 (C--H):  1625 (C=C);  1515 (N=C);  1180--1240 
(C--F).  MS, m/z (I~t(%)): 348 [M] + (100), 329 [ M - F ]  ~ 
(51.9L 281 [M-C3H2N2] § (4.3), 279 [M-CF3]  + (52.5), 229 
[M-C2Fs1 § (19.6), 209 [ M - C 2 F s - H F ] *  (18.5), 119 [C2Fsl ~ 
(5.i), 69 [CF3] + (45.4), 52 [CHF~] + (21.2). Found: m/z = 
348.00994. CgH3FIIN 2. Calculated:  m/z = 348.01205. 
IH NMR (CD3CN), & 6.53 (dd, H(4), J = 2.8 Hz, J = 
1.5 Hz); 7.70 (d. H(35, J = 1.5 Hz); 7.75 (t, H(5), 3JH. H = 
5./H, F = 2.8 Hz). I~F NMR (CD3CN), (3:106,8 (qqt, 3 F, 
FC( I ' ) ,  J = 10 Hz, J = 18 Hz, J = 8 Hz); 101.8 (q, 3 F, 
FC(6') ,  J = 10 Hz): 82.0 (q, 3 F, FC(5 ' ) ,  J = 18 Hz); 50.6 (q, 
2 F, FC(4"), J = 8 Hz). t3C NMR (CD3CN), 6:142.4 (C(3)); 
138.6 (C(2') .  2de. F = 27.5 Hz): 131.3 (C(5)); 126.8 (C(3"5, 
2Jc, F = 32.5 Hz): 118.6 ( C ( I ' ) ,  IJc, F = 276.7 Hz); 118.2 
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(C(6"), IJc. F = 276.6 Hz); 116.5 (C(5"), IJc. F = 2885 Hz, 
2Jc,g = 35.5 Hz); 109.4 (C(4)5; 108.8 (C(4 ' ) ,  Igc, v = 
261.6 Hz, ~ = t Hz), "Jc, F 40. 

l-(Perfluoro- 1 -ethyl-2-methylprop- I-enyl)- 1,2,4-triazole 
(6). A mixture of compound 1 (15 g, 50 mmol), Et3N (5 g, 
50 retool), and 25 mL of MeCN was stirred at 55 ~ for 1.5 h, 
and cooled to 20 ~ 1,2,4-triazole (3,45 g, 50 mmol) was 
added. Then the mixture was stirred at 55 ~ for 2 h, poured 
into water, washed with 10% HCI and water, and extracted 
with ether. The extract was dried with MgSOa,. Distillation 
gave 4.76 g (17.5%) of compound 6, b.p, 72--75 *C (30 Torr). 
IR (CC14), v/era- l :  3120 (C--H);  1650 (C=C); 1505 (N=C); 
1190--1250 (C--F).  MS, m/z (Ire}(%)): 349 [M] + (49.6), 330 
[M-F]*  (21.1). 323 [ M - C N ]  + (27.7), 295 [M-N~_-CN] + 
(38.8), 276 [ M - N j - C N - F ]  + (19.95, t19 [C2Fsl + (100), 69 
[CF3] § (73.6), 50 [CFjt* (2.2). Found: m/z = 349.00941. 
CsHjFtl  N 3. Calculated: m/z = 349.00729. 1H NM R (CD3CN), 
8:8.18 and 8.69 (both s, H(3), H(5)). 19F NMR (CD3CN), 8: 
106.7 (qqt. 3 F. FC(I '5, J = 10 Hz, J =  8 Hz, J = 20 Hz); 
I02.4 (q, 3 F, FC(6"), J = 10 Hz); 82.6 (q. 3 F, FC(5') ,  J = 
8 Hz); 51.2 (q, 2 F, FC(4"), J = 20 Hz). ~IC NMR (CD3CN), 
5:154.8 (C(5)); 147.5 (C(3)); [38.8 (C(3') ,  2Jc. F = 28.7 Hz); 
132.4 (C(2"), ' = 34.8 120.8 IJc, F "Jc,F Hz); (C(l "), = 
278 Hz); 120.4 (C(6"), ~Jc,F = 276.8 Hz); 119.1 (C(5') ,  
IJc, F = 287 Hz. :JC.F --- 35.1 Hz); 111.2 (C(4"), ]Jc.F = 
26t.3 Hz, 2Jc. F = 41.4 Hz). 

l-(Perfluoro- l-ethyi-Z-methylprop- l-enyl)benzotriazole 
(7). A mixture of compound 1 (6.0 g, 20 mmol), Et3N (2.02 g, 
20 retool), and I0 mL of MeCN was stirred at 50 '~C for 2 h 
and cooled to 10 ~ Benzotriazole (2.38 g, 20 mmol) was 
added, and the mixture was stirred at 20 ~ for 4 h and poured 
into water. The product was extracted with ether, the extract 
was dried with MgSO~ and distilled to give 3.38 g (42%) of 
compound 7, bp .  5t- -52 ~ (0.03 Torrl. MS, m/z (/tel (%)): 
399 [MI + 119.62), 371 [ M - N j I  + (40.04). 302 [ M - N j - C F 3 I *  
(100). 252 [ M - N 2 - C j F s I  ~ (98431, 232 (13.57), 207 (20.94), 
183 (12.21). I57 (16.36), 100 [CF2=CF2] + (0.64), 95 [CF3CNI* 
(49.56), 90 [NCbH4]* (33.56), 76 [CrH~] + (23.09), 69 [CF]I + 
(26.95), 28 IN2) + (8.50). Found: m/z = 39902183. CIjH4FtIN 3. 
Calculated: m/Z = 399.02294. IR (CCI4), v/cm-I:  1650 (C=C); 
1315 (C--N);  1150--1250 (C--F).  IH NMR (CDjCI2), 8:8.09 

(d, I H, C(4), J =, 8 Hz); 7.78 it, 1 H, C(5), J = 8 Hz); 7.42 
(t, I H, C(6), J = 8 Hz); 7.40 (d, I H, C(75, J = 8 Hz}. 
19F NMR (CD2CI2), 8:106.6 (3 F, CF3); 102.4 (3 F, CF3); 
82.8 (3 F, CF3); 54.9 and 50.9 (2 F, CF2, AB-system, 3JF. F = 
286.1 Hz). 13C NMR (CDjCI2), 8:145.6 (C(8)); 136.9 (C(3"), 
2Jc, ~ = 29.7 Hz); 133.9 (C(9)); 131.7 (C(2"), 2Jc, F = 
35.3 Hz); 129.5 (C(6)); 124.7 (C(5)); 119.8 (C(4)5; 119.1 
(C( I ' ) ,  IJc,F = 278.1 Hz); 118.6 (C(6"), tJc. g = 277.1 Hz); 
117.3 (C(5"), IJc,g = 288.2 Hz, 2Jc, v = 35.8 Hz); 110,5 
(C(4') ,  IJc, F = 260.7 Hz, 2Jc, F = 40.9 Hz); 109.8 (C(7)). 

This  work was carr ied out  wi th  t h e  f inanc ia l  suppo r t  
of  the  Volkswagen F o u n d a t i o n  ( G e r m a n y ) .  
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