
C O N C L U S I O N S  

1. The applicability of the electrolysis  of CF3COOH in the presence of fluoroolefins for the preparative 
synthesis of several  fluorohydrocarbons is shown. 

2. The orientation of the attack of fluoroolefins by CF 3 radicals,  generated under conditions of anodic 
oxidation of trifluoroacetate ions, matches that which is observed under conditions of thermal or photochemi- 
cal generation. 

3. Under conditions ofanodie generation of ~F 3 radicals,  evidently, strong absorption of them does not 
occur on the surface of the electrode. 
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1,4 ADDITION TO A PERFLUORINATED 

CROSS-CONJUGATED TRIENE 

E.  G. T e r - G a b r i ~ l y a n ,  N.  P .  G a m b a r y a n ,  
~ .  P .  L u r ' e ,  a n d  P .  V. P e t r o v s k i i  

UDC 542.955:547.316.6'161 

We have previously shown that perfluoroisobutylene is converted to triene (I) by the action of Ph3P [1]; 
triene (I) is a representative of a class of perfluoropolyenes which has hardly been studied. Formally,  triene 
(I) is the f i rs t  perfluorinated system with cross conjugation (see the work of Phelan and Orchin [2 ]); however, 
construction of Stewart models shows that one of the heptafluoroisobutenyl groups in this molecule is formed 
almost completely out of the plane of conjugation. Thus, triene (I) may be considered as a conjugated diene 
with an unsaturated substituent. The accumulation of trifluoromethyl groups leads to electron depletion of the 
double bonds in {I), which results in its inertness even towards such a powerful electrophile as SO 3. In con- 
t ras t  to perfluorobutylene [3], {I) does not react  with SO 3 upon prolonged heating up to 100~ On the other 
hand, in reactions with nucleophilic reagents,  (I) is more active than perfluoro-1,3-dienes which yield products 
of 1,2 addition with alcohols in the presence of Et~N and with water [4, 5] and products of vinyl substitution with 
amines [6]. Only the cyclic dimer of perfluorodimethylallene with two exocyclic double bonds adds water in 
the 1,4 position [7]. Triene (1) reacts with alcohol, water,  and aniline under mild conditions without a catalyst 
and yields products of 1,4 addition.* The nucleophilic species adds only at position 1 apparently due to the 
special stability of the intermediate carbanion {III) 

*The vigorous reaction of (I} with NH 3 is accompanied by the mineralization of most of the fluorine atoms. 
Triene (I) reacts with CH2N 2 at the 1,2 bond with the formation of a cyclopropane likely due to the great stability 
of the intermediate (3 + 2) than that for the (3 + 4) cycloadduct. 
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T A B L E  1. 13C NMR Spec t ra l  P a r a m e t e r s  of  Compounds  (lib) and IV) 

P I t r ~ e t e r s  " [ CF~ C I C 2 Ca* G~ 

i 

C s* C8 Me 
i 

~tUe~ 0Ib),6, ppm ] ~12o? 
l, HZ [ 280 

Allene(V), 6, ppm ] ~2i72gl 
7, Hz I 

81,76 h 
29,4 

80,47 h 
29,4 

ii2,53 dd 
22,6; 18,3 

t03,37 d 
25,0 

t56,49 dd 
290,3; 5,5 

206,06 s 

I 
5t,22 c!dh I t58,70 dd 

133,0; 24,6: ! 284,8; t2,9 
32.6 '** 

~ t20 157,40 d 
- 29i,4 

tt3,70 dh 
22,3; 32,6 '~ 

tt2dh 
14,7; 33,8 ** 

*Tenta t ive  s igna l  a s s i g n m e n t .  
t G r o u p  of  qua r t e t s .  
$CF3G(1) 120.95 q, J = 291.2 Hz. 

**J13C-CF 3. 

t~13C-~H}  s ing le t .  

5525 q Tt 
148,0 

55,35 q'['~ 
i48,5 

5 6 $ 6 
CF=C(CFs)a CF~-C(CF~)s 

~ /  BIt) ~z~.CF--C (CFa) ' I ~ /  1 
- (CFa)2fi__ C ,'O . . . .  --* (CFa)sC--C (CF3)~C=C\cF=C(CF~)ss 4 I "%' [ ~a a 

B --SF-"C(CF3)~ B CF--C(CFa) s 
(I) ( I I I )  ] 

(II) 
B=HO (a), MeO (b), EtO (c), PhNH (d) 

Th i s  o r d e r  of addi t ion is a l so  conta ined f o r  r a d i c a l  r e a c t i o n s ;  t r i ene  (I) does not r e a c t  with b romine  but 
is ch lo r ina ted  upon i r r a d i a t i o n  with the f o r m a t i o n  of 1,4 adduct  (W) 

5 6 
CF=C(CF~)~ 

UV I 2// 
(I) -}- C12 ~ (CF~)~C--C 

I %3  4 
C1 CF--C(CF3)s 

(IV) C1 

The  s t r u c t u r e  of the p roduc t s  of 1,4 addi t ion is suppor t ed  both by the s p e c t r a l  c h a r a c t e r i s t i c s  (Tables  1 
and 2) and c h e m i c a l  ana lys i s .  A c h a r a c t e r i s t i c  s igna l ,  n ame ly ,  a doublet  of hep te t s  f o r  the p ro ton  of the 
{CF3)2CHCF group ,  is found in the PMR s p e c t r a  of all  the addit ion p roduc t s  (II). In the 13C NMR s p e c t r u m  of 
(IIb), the c a r b o n  a t o m s  of the C(3)F = C ( 2 ) - C ( 5 ) F  group a re  seen  as three  doublets .  In the IR s p e c t r u m  of the 
addi t ion p r o d u c t s  (ID, two bands a r e  o b s e r v e d  at  1670-1675 and 1700-1710 cm -1. 

Al lene  (V) with a t r a c e  of  t r i ene  (VI) is f o r m e d  upon the dehydrof luor ina t ion  of diene (IIb) with f ine ly  
ground KOH o r  the Et3N �9 B F  3 adduct  (see ou r  p r e v i o u s  w o r k  [8]) 

5 6 5 6 
CF=C(CF3)s CF=C(CF3)z 

EtsN.BF,  1 2 / /  t 2 /  
( l id)  " - - ~ ' ~  (CF3)*C--C "~ (CF3)2C ' -C  

OMe C=C(CF~)~ OMe CF--C=CFs 
] 

(v) (vi) CF~ 

A band in the v ic in i ty  of 2000 cm -1 is o b s e r v e d  in the IR s p e c t r u m  of a l lene (V), while the ca rbon  a toms  
of the C(3)=C(2) -C(5)F  g roup  a r e  seen  in the 13C NMR s p e c t r u m  as  a s inglet  and two double ts .  

Only t r i ene  (VII) is f o r m e d  in the dehydro f luor ina t ion  of the diene (IId) pos s ib ly  a s  a consequence  of in- 
t r a m o l e c u l a r  h y d r o g e n  bonding both in s t a r t i n g  (IId) and in the p r o d u c t  (VII) (the 3460 cm -I band fo r  N H . . .  F in 

the IR s p e c t r u m )  

5 6 
CF=C (CFa)2 

~t~N.BF~ 1 2 / /  
(IId) _ - - ~  (CF3)2C--C 

I %3 
N C--C~-CF2 

/ \  / /  I 
Ph H...F CFa 

(vii) 

993 



TABLE 2. tSF NMR Spectra l  P a r a m e t e r s  (5, ppm) of Compounds 
(IIa)-(IId) and (IV) 

Compound 

(Ha) 
(lib, 
(IIc) 
(]Ia) (:in CClO 
(Fv) 

(CFs)9.C(1) m 

-3,O; -O,4 
-7,1 * ddq~ -5.8 
-7 t * ddq; -518 
-8',4 * ddqi -6,3 

-10,3; -6,6 

(CFshC(4) m 

-13, i ;  -ii,6 -16,5 
-13,2; -tl,3 -i6,5 
-i3,3; -it,3 -i6,5 
-i4,2; b,~t,8 -17,0 
-7,8 -t6,3 

(CFshC(m 6) [FC(3) m. 

*JCF3_CF = JCFs_CF S = 11.3 (lib, c); 11.9 Hz (IId). 

+8,7 
+6,6 
+7.6 
+0,5 

-10,5 

FC(5) m 

-i3,0 
:- 14,7 
-i4,7 
-i4,0 
-i7,8 

Thus ,  t r iene  (I) both in act ivi ty and addition reg iose lec t iv i ty  differs  sharp ly  f r o m  per f luoro-1 ,3 -d ienes .  
T h e r e f o r e ,  despi te  significant  s t e r i c  hindrance leading to loss  of p lanar i ty  and the e lec t ron-wi thdrawing  effect  
of the CF z groups ,  f ea tu res  of e lec t ron  s t ruc tu re  cha r ac t e r i s t i c  for  s y s t e m s  with c ross  conjugation a re  r e -  
tained in (I), spec i f ica l ly ,  the specia l  r eac t iv i ty  of posi t ion I and the tendency towards  1,4 addition. These  
fea tu res  of c ross -con juga ted  s y s t e m s  a re  evident f rom a compar i son  of the molecu la r  d i ag rams  for  1,3-butadiene 
and 2 -me thy lene - l , 4 -pen tad i ene  [9] 

c=c  
[ 

1 2 3 4 1 2 3 4 
C=C--C=C C:C -- C = C 

0,638 0,891 0,916 0,100 0,416 0,62~ 

The f ree  valence index in the c ross -con juga ted  t r iene  is enhanced for  C(1) and diminished for  C(2). 

E X P E R I M E N T A L  

The NMR spec t ra  were  taken on P e r M n - E l m e r  R-12 (tH, 60 MHz), P e r k i n - E l m e r  R-20  (19F, 60 MHz), 
P e r k i n - E l m e r  R-32 (19F, 84.6 MHz; 1H, 90 MHz), Bruke r  HX-90 (13C, 22. 635 MI-Iz), and Bruke r  WH-180 
(13C, 45.28 MHz) s p e c t r o m e t e r s .  The chemical  shifts  in ppm are  given re la t ive  to ex te rna l  s tandards  HMDS 
(fH, 5 sca le) ,  CF3CO2H (19F), and CS 2 (13C, 5 192.8). The Ilt s p e c t r a ,  were  taken on a UR-20 s p e c t r o m e t e r .  
P r e p a r a t i v e  GLC was p e r f o r m e d  on a C a r l o - E r b a  chromatography  with a column packed with QF-1  and hel ium 
gas c a r r i e r .  

React ion  of T r i ene  (I) with Nueleouhfles .  a) A mix ture  of 8.6 g (I), 15 ml  acetone,  and 1 ml  wa t e r  was 
s t i r r e d  at ~20~ fo r  24 h until it became homogeneous.  Wate r  was added, and the lower l aye r  was sepa ra ted  
and dr ied with magnes ium sulfate.  Pure  (IIa) was obtained f r o m  the f rac t ion  with bp 157-160~ (3.1 g) which 
contained 80~ alcohol (IIa) by p r epa ra t i ve  GLC. Found: C 26.58; H 0.00; F 70.59%. Calculated fo r  C12H2F2oO: 
C 26.57; H 0.37; F 70.11%. IR s p e c t r u m  (v, cm-1): 1670 (C----C), 1710 (C =C) .  PMR spec t rum (u, ppm):  3.3 s 
(OH), 3.9 d. h (CF3)2CHCF, J H - F  = 24.5, and J H - C F  3 = 6.6 Hz. 

b) A mix ture  of 22.2 g (I) in 10 ml  abs.  methanol  was heated at ref lux for  24 until it became homogeneous.  
Wate r  was added and the lower  l aye r  was sepa ra ted ,  washed with aq. CaC12, wa t e r ,  and dried with CaC12. A 
yield of 17.4 g (73.8%) e ther  (IIb) (bp 160-164~ was obtained by dist i l lat ion.  Found: C 28.13; H 0.66%. Ca lcu-  
lated for  C13H4F200: C 28.06; H 0.72%. IR s pe c t rum (v, cm- t ) :  1675 (C--C), 1705 (C=C). PMR spec t rum:  3 .6s  
(MeO), 3.9 d. h (CF3)2CHCF, J H - F  = 26.7, JH_CF 3 = 6.7 Hz. 

c) A mix tu re  of 3.7 g (I) and 6.4 g abs.  ethanol was mainta ined for  10 days at  ~20~ until it became h o m o -  
geneous. The reac t ion  solution was t r ea ted  as in run b. Dist i l lat ion yielded 2.9 (65.8%) e ther  (IIc) (bp 165- 
169~ Found: C 29.19; H 1.19%. Calculated for  C14H6F200: C 29.47; H 1.05%. IR spec t rum (v, cm- l ) :  1675 
(C----C), 1705 (C=C).  PMR spec t rum:  1.1 t (Me), 3.7 q (CH2, JCH3_CH 2 = 6.7 Hz),  3.7 d. h (CF3)2CHCF , J H - F  = 
35.8, J H - C F  3 = 6.7 Hz. 

d) To 4.7 g (I) in 5 ml  a b s . e t h e r ,  0.85 g aniline in 3 ml  abs .  e ther  was added with s t i r r i ng  and ice cooling. 
The mix ture  was mainta ined for  20 h a t  ~20~ Dist i l lat ion yielded 4.3 g (93%) pure  (IId) with bp 56-60~ (0.01 
m m  Hg). Found: C 35.29; H 1.08%$ F 61.32; N 2.48%. Calculated for  C18H?F20N: C 35.01; H 1.13; F 61.50; N 
2.26%. IR spec t rum (v, cm- i ) :  1660 (C-----C), 1690 (C----C), 3460 ( N H . . . F ) .  PMR spec t rum (in CC14, 5, ppm):  
3.7 s (NH), 4.5 d. h (CF3)2CHCF , J H - F  = 26.0, and JH_CF 3 = 6.7 Hz. 
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Reaction of Triene (I) with Chlorine. An excess of chlorine was bubbled into 2.6 g (I) for 3 h with UV 
irradiation. Distillation yielded 2 g (68%) pure (IV) with bp 102-104~ (60 mm Hg). Found: C 23.71; F 63.89; 
C1 12.48%. Calculated for C12F20C12: C 24.20; F 63.87; CI 11.93~0. IR spectrum (v, cm-1): 1650 (C=C), 1700 
(C=C). 

Dehydrofluorination of Ether (Hb): To 2.5 g ether (I/b) in 5 ml abs. ether,  0.9 g Et3N. BF 3 in 2 ml abs 
ether  was added with stirring. The precipitate was fi l tered off after  15 h. Distillation of the filtrate yielded 
1.65 g (58%) of a mixture with bp 33-35~ (3 mm Hg), which according to GLC consisted of 98% allene (V) and 
2% triene (VI). Found: C 29.14; H 0.83; F 66.84%. Calculated for CI~H3FlsO: C 29.10; H 0.56; F 67.35%. Pure 
(V) was isolated by preparative GLC. IR spectrum (v, cm-1): 2000 (C=C=C), 1690 (C-=C). PMR spectrum 
(6, ppm): 3.5 s (MeO). 19F NMR spectrum: -18 .0  m [3F, CF3C(6)] , -17.0 d. q [3F, CF3C(6)] , JCF3_ F = 22.4, 
JCF -C ~ = 8.7 Hz, -16.0  br. s [(6F, (CF3)2C(4)] , -6 .3  m [6F, (CF3)2C(1)] , -5 .0  m [1F, FC(5)]. Pure (VI). 
LR s~ectr3um (in CCI4, v, cm-1): 1660 (C=C), 1690 (C=C), 1730 (C=CF2). PMR spectrum (5, ppm): 3.5 s 
(MeO). I~F NMR spectrum: -18 .0  m [6F, (CF3)2C(6)] , -19.7 m [3F, CF~C(4)], -15.2  m [2F, CF2C(4)], -12 .6  
m [1F, FC(3)*] , -9 .2  m [1F, FC(5)*] , -8 .3  d.d.  q [3F, CFaCI(1), JCF3_ F = JCF3_CF 3 = 8.7 H z ] , - 6 . 6  m [3F, 
CF3C(1)]. 

_Dehydrofluorination of Butene (lid}. To 4.3 g (lid) in 5 ml abs. ether, 1.2 g Et3N .BF 3 in 5 ml abs. ether 
was added with stirring and ice cooling. The reaction mixture was maintained for 25 h at ~20~ and the pre- 
cipitate was filtered off. Distillation of the filtrate yielded 2.8 g (680/0) pure triene (VII) with bp 59-63~ (0.01 
ram). Found: C 49.75; H 2.30; F 42.03; N 5.9S~. Calculated for CIsH6FIaN: C 49.79; H 2.35; F 42.04; N 5.81%. 
IR spectrum (v, cm-i):  1660 (C=C), 1690 (C--C), 1730 (C--C). P1VIR spectrum (5, ppm): 3.9 s (NH), 6.7 m 
(Ph). 19F NMR spectrum: -18 .4  m [3F, CF3C(6)], -16.0 m [6F, CF3C(4); CF3C(6)], -14,5  m [3F, CF2C(4 ) and 
FC(3)*], -10.5  m [1F, FC(5)*], -8 .4  d .d .q  [3F, CF3C(1), JCF3-F = JCF3_CF 3 = 11.9 Hz], -4 .2  m [3F, CF3C(1) ]. 

C O N C L U S I O N S  

Perf luoro-(2- isobutenyl- l , l ,4 ,4- te t ramethyl- l ,3-butadiene)  yields 1,4 addition products both in nucleo- 
philic addition and in radical chlorination. 
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