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From the data o f  Table 1 it follows that a decrease in 
the angle between the planes o f  the double bonds brings 
about significant at tenuation o f  TBI,  whereas TSI is 
little affected. Since the through-bond interaction is 
greatest in the fiat conformation,  it is a supplementary 
flattening factor, and, in parallel with steric effects, has 
significant influence on the equilibrium structure and 
conformat ional  flexibility o f  the 1,4-cyclohexadiene 
molecule. 
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Reactions o f  internal fluoroolefins with ammonia  
usually occur as vinylic substitution followed by enamine- 
imine isomerization and dehydrofluorination giving rise 
to imino-enamines  (1) or  the products o f  their further 
transformations 1-4 (Scheme 1). 

The products o f  the monoamina t ion  o f  perfluoro-2- 
butene or isomeric CsF16-olefins by ammonia  have also 
been reported. 5,6 

We found that perf luoro-2-methyl-2-pentene (2) also 
gives a monosubsti tuted product,  viz., imine 3a, in a 
moderate yield under  controlled conditions (0--20 ~ 
calculated amount  o f  ammonia) .  Similarly, anil 3b and 
enamine 5 were prepared from olefin 2 and aniline or 

* Deceased in 1994. 
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p e r f l u o r o - l - m e t h y l c y c l o p e n t e n e  (4) and ammonia ,  re- 
spectively. 
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However,  one cannot  ent irely avoid further transfor-  
mat ions  of  compounds  3a and 5 under  the act ion of  
N H  3, despi te  very mi ld  condi t ions.  This is apparent ly  
associated with the fact that  the  rates of  substi tution of  
the vinylic f luorine a tom and subsequent  dehydrof luor i -  
na t ion are comparab le ,  which results in the  format ion of  
po lyamina t ion  products .  The  lat ter  have been synthe-  
sized earl ier  2,4 by the  in teract ion of  compounds  2 or 4 
with excess ammonia .  However,  the  react ion of  f luoro- 
olefin 2 with potass ium benzenesul fonamidate  proceeds 
in an uncompl i ca t ed  manner  to  afford the  potass ium salt 
of  the mesomer ic  anion 6 in a high yield. This salt can 
be t ransformed into sulfonylimine 7 by the usual method.  7 
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The structures of  the  compounds  obta ined were con-  
f i rmed by spectral  methods .  In the  case of  imine 3a, the 
structure was also conf i rmed by its acid hydrolysis into 
ketone (CF3)2CHC(O)C2F 5. The reductive defluorination 
of  sulfonyl imine 7 into enamine  8 by the act ion of  
metal l ic  Mg in T H F  8 was also carried out. 

Experimental 

1H and 19F NMR spectra were recorded on a Bruker-200 
SY instrument at 200 MHz and 188.3 MHz, respectively, in 
CC14 relative to tetramethysilane and trifluoroacetic acid as 
external standards, respectively. IR spectra were recorded on a 
UR-20 spectrophotometer. Mass-spectra were obtained on a 
VG-7070E spectrometer at the ionization potential 70 eV. 

2-Hydroperfluoro-2-methyl-3-pentaneimine (3a). Ammo- 
nia (1.5 g) was passed through a solution of olefin 2 (11.4 g) in 

absolute ether (20 mL) at 0 ~ with stirring. The mixture was 
then heated to 20 ~ and kept for 3 h. The solvent and 
volatile products were evaporated in vacuo (10 Torr) at 100 ~ 
the distillate was redistilled to give 5.3 g of a fraction with b.p. 
70--80 ~ which contained, according to GLC analysis, ether 
(3 %), (CF3)2CHC3F 7 (7 %), and imine 3a (90 %). Rectifica- 
tion of this fraction gave pure imine 3a as a mixture of syn- 
and anti-isomers, b.p. 72--78 ~ Found (%): C, 23.97; 
H, 0.72; F, 70.03. C6H2FllN. Calculated (%): C, 24.24; 
H, 0.67; F, 70.34. IR, v/cm-l :  1670 (C=N); 2900 (CH); 
3200--3320 (NH). 19F NMR, 6 : -14 .1  and -14.0 (both m, 
FA); 2.5 and 4.0 (both m, Fc); 38.0 and 43.2 (both m, FB). 
MS, m/z (/rel (%)): 278 [M-F]  + (6), 178 [M-C2Fs] + (100), 
146 [C2F5CNH] + (49.5), 69 [CF3] + (50). 

N-[2,2,3,3,3-Pentafluoro- l-(2,2,2-trifluoro-l-trifluoro- 
methyl)ethylpropylidene]anfline (3b). A solution of aniline 
(2.1 g) and olefin 2 (13.5 g) in absolute ether (30 mL) was 
kept for 4 h at 20 ~ then washed with dilute HCI (1:5), 
dried with MgSO4, and distilled to afford 3 g of a fraction with 
b.p. 65--67 ~ (12 Torr), which contained 84 % imine 3b 
(GLC analysis). Pure 3b, nD 20 1.3872, was isolated by prepara- 
tive GLC. Found (%): C, 38.50; H, 1.68; F, 56.60. 
C12H6FllN. Calculated (%): C, 38.60; H, 1.61; F, 56.03. IR, 
v/cm-l:  1680 (C=N). 1H NMR, 6:4.9 (sept, CH); 7.0--7.8 
(m, Ph). 19F NMR, 6: -16.1  (dt, FA); 3.0 (s, Fc); 34.8 (sept, 
F B, JFA,F B = 11 HZ). 

2-Aminopertluoro-l-methyleyelopentene (5). Ammonia 
(1.4 g) was passed through a solution of olefin 4 (11.9 g) in 
absolute ether (25 mL) at 0 ~ The mixture was heated to 
20 ~ and the ether and volatile products were evaporated at 
t00 ~ (10 Torr). Subsequent distillation gave 6.8 g (57 %) of 
enamine 5, b.p. 70--72 ~ (32 Tort), nD 2~ 1.3496. Found 
(%): C, 27.70; H, 0.79; F, 65.91; N, 5.66. C6H2FgN. Calcu- 
lated (%) : C, 27.79; H, 0.77; F, 66.02; N, 5.40. IH NMR, 
6:4.9 (br.s). 19F NMR, 6 : -18 .6  (m, CF3); 27.0, 42.1, and 
54.2 (all m, CF2). MS, m/z (lrel (%)): 259 [M] + (100), 240 
[M-F]  + (77.2). 

iV- [2,2,3,3,3- Pentafluoro- 1- (2,2,2-trifluoru- 1-trifluoro- 
methyi)ethylpropyUdene]benzenesulfonamide (7). Olefin 2 (I7 g) 
was added dropwise to a suspension of potassium ben- 
zenesulfonamidate (5 g) in absolute monoglyme (40 mL) with 
stirring and cooling, so that the temperature of the reaction 
mixture did not exceed 35 ~ The resultant homogenous 
solution was stirred for 1 h. Concentration of the mixture 
afforded a yellow solution of salt 6 in monoglyme, tgF NMR, 
6 : -26 .2  (tq, FA); --21.5 (q, FB); 1.0 (s, FD); 34.6 (q, F C, 
JFAFB = 9 Hz, JFA,FC = 20 Hz). After evaporation of the 
solvent in vacuo, absolute CH2C12 was added to the residue, 
and dry HC1 was passed through the mixture until saturation. 
The precipitate was then filtered off, and distillation of the 
filtrate afforded 9.2 g (82 %) of imine 7, b.p. 78--80 ~ 
(2 Torr). Found (%): C, 32.50; H, 1.34; F, 48.01. 
C12H6FllNO2S. Calculated (%) : C, 32.95; H, 137; F, 47.82. 
IR, v/cm-[: 1665 (C=N). ]H NMR, g: 6.5 (sept, CH); 7.8-- 
8.3 (m, Ph). 19F NMR, 6 : -17 .1  (dt, FA); 3.2 (s, FC); 35.5 
(sept, F B, JFA,F B = 11 Hz, JFA,CH = 7.5 HZ). 

4- Hydroperfluoro-4-methyl-3- phenylsulfonamido- 2-pentene 
(8). HgC12 (0.3 g) was added to Mg chips (0.7 g) in absolute 
THF (35 mL) tinder Ar with stirring. After the exothermic 
reaction was finished, a solution of imine 7 (8.8 g) in THF 
(10 mL) was added dropwise at a temperature below 35 ~ 
After 1 h, the reaction mixture was poured into cooled dilute 
HCI (1:5), the oil that precipitated was extracted with ether, 
and the extract was dried with MgSO 4. Distillation afforded 
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4.3 g (49 %) of enamide 8, b.p. 135--145 ~ (2 Torr), m.p. 
82--84 ~ Found (%): C, 34.37; H, 1.54; F, 45.17. 
C12HTFIoNO2S. Calculated (%): C, 34.36; H, 1.67; F, 45.34. 
Raman spectrum, v/cm-l: 1695 (C=C). 1H NMR, 8: 5.l 
(sept, CH); 7.3 (s, NH); 7.9--8.2 (m, Ph). 19F NMR, ~: 
-14.3 (dd, FA); --10.5 (d, Fc); 46.3 (m, F B, JFA,FB = 17 Hz, 
JFC,FB = 9 Hz, JFA,CH = 8 Hz). 

References 

l .A .M.  Doyle and A. E. Pedler, J. Chem. Soc. C, 1971, 282. 
2. K. V. Dvornikova, V. E. Platonov, L. N. Pushkina, S. V. 

Sokolov, G. P. Tataurov, and G. G. Yakobson, Zh. Org. 

Khim., 1972, 8, 1042 [J. Org. Chem. USSR, 1972, 8 (Engl. 
Transl.)]. 

3. M. A. Kurykin, L. S. German, and I. L. Knunyants, lzv. 
Akad. Nauk SSSR, Ser. Khim., 1980, 2827 ]Bull. Acad. Sci. 
USSR, Div. Chem. Sci., 1980, 29 (Engl. Transl.)]. 

4. D. C. England, J. Fluor. Chem., 1981, 17, 265. 
5. C. G. Krespan, J. Org. Chem., 1969, 34, 42. 
6. Sh. Bartlett, R. D. Chambers, A. A. Lindley, and H. C. 

Fielding, J. Chem. Soc., Perkin Trans. 1, 1980, 1551. 
7. Yu. V. Zeifman, D. P. Del'tsova, and I. L. Knunyants, lzv. 

Akad. Nauk SSSR, Ser. Khim., 1976, 591 [Bull. Acad. Sci. 
USSR, Div. Chem. Sci., 1976, 25 (Engl. Transl.)]. 

8. Yu. V. Zeifman, Izv. Akad. Nauk SSSR, Ser. Khim., 1990, 
202 [Bull. Acad. Sci. USSR, Div. Chem. Sci., 1990, 39, 186 
(Engl. Transl.)]. 

Received June 15, 1994 


