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NUCLEOPHILIC CONDENSATION 
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WITH TETRA FLUOROETHYLENE* 
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Yuo V. Zeifman, and I. L. Knunyants 

UDC 542.953 : 547.413.5 : 546.16 

Pe r f luoroa lky l  carbanions  add to the e lec t rophi l i c  multiple bonds of f luoroolefins [2, 3], as shown in 
numerous  d imer iza t ion ,  o l igomeriza t ion ,  and cod imer iza t ion  reac t ions  of f luorootefins under  the cata lyt ic  act ion 
of f luoride ion. In the las t  case,  the c h a r a c t e r  of the products  is de te rmined  by the reac t iv i ty  of the f luoro-  
olefins and the cor responding  earbanions ,  and a lso  by the conditions of the react ion,  which in gene ra l  is revers--  
ible and kinet ical iy or  t he rmodynamica l ly  control led [4, 5]. I r r e s p e c t i v e  of this, the p roce s s  p roceeds  accord ing  
to a subst i tut ion scheme (vinyIic or  allylic) with a t tack  of the f luorocarbanion  at  the multiple bond of the f luoro-  
olefin, and s tabi l iza t ion of the i n t e rmed ia t e ly  fo rmed  new f luoroearbanion by e l iminat ion of F -  ion. A c h a r a c -  
t e r i s t i c  example  of these reac t ions  is the codimer iza t ion  of octaf luoroisobutylene (OFIB) with hexaf luoro-  
propylene,  leading under  kinetic control  conditions to olefin (CF3)3CCF =CFCF3,  via the anionic in te rmedia te  
(CF3)3CCF2CFCF3 [6]. According to the above, i t  could be expected that  during the eodimer iza t ion  of OFIB with 
te t ra f luoroe thylene  (TFE), pe r f luoro( te r t -bu ty le thy lene)  (I) is formed.  

However,  in the p re sen t  work it was shown that  the reac t ion  between OFIB and TFE inthe p r e s e n c e  of 
CsF gives oIefin C10F20 (III) as the main product ,  and a lso  the monohydride (IV) and i s o m e r s  of (III), the f luoro-  
olefins (V) and (VII). t The reac t ion  is c a r r i ed  out in MeCN or  diglyme under  mild conditions (~20~C), the 
amount  of i s o m e r s  (V) and (VI) fo rmed  in diglyme being somewhat  l a r g e r  than in MeCN. With inc rease  in t e m -  
pe r a tu r e  to 60-70~ the ra te  of the reac t ion  i n c r e a s e s ,  but the ra t io  between the products  p rac t i ca l ly  does not 
change. 

F- CF~=CF2, CsF 
(CF3)sC- ~ (CF3)2C=CFe--X" > (CFs)~C:CFC~F5 

I CF2 CF~ (CFa)~C~CFz = - -  :~ (CF3)3CCF2CF2CF ~C(CF~)~ 

(CF3) sCCF2~Fs-  H+ (II I )  
(II)  > (CFa)~CCF~CF2H 

- P  (cF~)~ (~v) 
(CF3)3CCF=CF2 ~ (CFs)3CCF=CFC(CF3)a 

II (i) (v) 

F-  -- (CF~)~C=CF~ 
(CF~)aCCFCF~ > (CF~)sCCFCF8 

(VII) (VI) I 
CF=C(CFa)2 

The resu l t s  show, f i rs t ,  that  p e r f l u o r o - t e r t - b u t y l  anion is the anion with which the eodimer iza t ion  takes  
place.  Under  the conditions studied, pe r f luorce thy l  anion is apparen t ly  not generated,  as indicated, for  
example ,  by the absence  of the olefin (CI~a)2C --- CFC2H~ in the reac t ion  mixture.  It is e spec ia l ly  in te res t ing  
that the in te rmedia te  carbanion (II), fo rmed  during the addition of (CF3)3C - to the multiple bond of TFF,  can be 
induced into a reac t ion  with a second molecule of OFIB, in p r e f e r ence  ove r  the usual  paths of s tabi l izat ion,  i .e.,  
B-e l imina t ion  of F -  leading to olefin J) or  pro ton  capture f r o m  the medium with fo rmat ion  of hydride (IV). 
This unusual r e su l t  of codimerizat ion,  which is marked ly  di f ferent  than known ones, is apparent ly  due to the 
inc reased  nucleophilici ty of carbanion (II) and high e lee t rophi l ie i ty  of the C = C  bond in OFIB. It should be noted 

* P r e l i m i n a r y  communicat ion,  see  [1]. 
t i t  was noted in review [2] that the condensation of OFIB with TFE catalyzed by F -  gives a mixture  of products ,  
but no informat ion on the i r  nature was given. 

A. N. Nesmeyanov Insti tute of He te roorgan ic  Compounds, Academy of Sciences of the USSR, Moscow. 
Trans la ted  f r o m  Izves t iya  Akademii  Nauk SSSR, Ser iya  Khimieheskaya,  No. 7, pp. 1586-1590, July, 1982. 
Original  a r t i c le  submit ted November  23, 1981. 
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that  the C-  or  O-anions genera ted  by the addition of (CF3)3C- to acry loni t r i le  [7] or  a r o m a t i c  aldehydes [8] can 
a lso  en te r  into fur ther  vinyl subst i tut ion reac t ions  with OFIB, Also, the p resence  of olefins (V) and WI) in the 
reac t ion  mixture  indicates  that  anion (II) is s tabi l ized to a cer ta in  extent  in the normal  way, giving olefin if). 
Under  the reac t ion  conditions, the l a t t e r  en te r s  into a fu r ther  reac t ion  with OFIB and CsF,  and gives disub-  
st i tution product ,  olefin (V), and also genera tes  anion (VII), which r eac t s  with OFIB s i m i l a r l y  to anion (II). This 
scheme is conf i rmed expe r imen ta l ly  (see below). The s t ruc tu re  of olefin (III) was conf i rmed by spec t r a l  
methods and by chemica l  t r ans fo rma t ions .  Olefin (III) is readi ly  chlorinated during UV i r rad ia t ion ,  and by oxi-  
dation with NaOC1 accord ing  to [9], gives o~- oxide (IX) in a good yield. Under  the cata lyt ic  action of CsF,  the 
la t ter  i s o m e r i z e s  into f luoro ketone (X). The reac t ion  of olefin (iII) with KIVLnO 4 also gives in normal  way the 
acid (X-f) and hexaf luoroacetone hydrate .  Ketone (X) was unexpectedly observed among the products  of this 
reac t ion;  i ts  fo rmat ion  can be explained by the epoxidation of (iII) by the action of KMnQ,  followed by i s o m e r i z a -  
t ion of the ~ -ox id e  (IX) thus fo rmed into ketone (X) under  the reac t ion  conditions 

Ch 

NaOCI 
( I I I ) -  ~- 

ok I NaOIt 

KMno, :, ,L 
(CFs)aCCF2CF2COOH ~- (CFs)~C(OH)e + (X) 

(XI) [_..._~ (CFs)3CCF2CF2COOC2I-I~ 
(XH) 

(CF~)3CCF2CF~CFC1CC1 (CFa)z 
(viii) 

o 
CsF II 

(CFs)3CCF~CFzFC~C(CF3)2 ---+ (CF3)3CCF2CFzCCF(CF3)z 
(IX) \ / (x) 

The pyro lys i s  of the Na salt  of acid (XI) gives olefin (I) in a high yield 

(CFs)sCCF2CF$COONa - >- (CFs)sCCF--CF2 
-coz ,  --NaF (I) 

As expected,  under  mild conditions (diglyme, ~20~C), olefin (I) r e ac t s  with OFIB in the p re sence  of CsF,  
giving the i s o m e r i c  olefins W) and (VD. 

Thus, cod imer iza t ion  of OFIB with TFE in the p r e sence  of CsF  is cha rac t e r i zed  by the fact that two mole-  
cules of OFIB en te r  the reac t ion  pe r  molecule  of TFE. This reac t ion  is an or iginal  example  of a combined 
e lec t rophi l i c  addition to f luoroolefin (TFE) with par t ic ipa t ion  of a f luoro carbanion as a nucleophile and OFIB as 
an e lec t rophi le .  

R F- + CF2~CF2 + A - - X  > RF--CF2CF~--A 
- x -  

It  is c l ea r  that dur ing e lec t rophi l i c  ca ta lys is  (SbFs) , the reac t ion  of OFIB with TFE leads to an en t i re ly  different  
resul t :  olefins CF3CR =CFC2H 5 (R =CF 3 or  C3F 7) a r e  formed via the in te rmedia te  per f luor ina ted  allyl  cations 
[10]. 

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

The NMR spec t r a  were  run on a P e r k i n - E l m e r  R-32 s p e c t r o m e t e r  ~tt, 90 MHz and tgF 84.6 MHz) with 
r e f e r e n c e  to TMS and CF3COOH as ex te rna l  s tandards ;  the IR spec t r a  were  measured  on a UR-20 appara tus ,  the 
Raman  spec t r a  on a R am anor -HG-2S  s p e c t r o m e t e r  with exci ta t ion by argon l a s e r  (5145 K), and the mass  spec t r a  
on a Var ian  MAT CH-8 appara tus ,  with e l ec t ron  ene rgy  of 70 eV, t e m p e r a t u r e  of ionic source  ~150~C (m/z ,  the 
suggested ass ignment ,  and re la t ive  intensity,% a re  given). F o r  analyt ica l  and p r e p a r a t i v e  GLC, Krytox and FS- 
1265 on C h r o m o s o r b  W were  used. The phys icochemica l  and spec t r a l  c h a r a c t e r i s t i c s  of compounds 
(CF3)3CCF2CF2IR a re  l is ted in Table 1. 

React ion of Octaf luoroisobutylene with Tet raf luoroe thylene  in the P re sence  of CsF.  A mixVare of 19.5 g 
of OFIB, 7.5 g of TFF,  1.5 g of CsF,  and 40 ml of absolute MeCN was shaken for  24 h in a 100 ml autoclave 
(total holding t ime  6 days).  Af te r  r e m o v a l  of gaseous products ,  the res idue  was poured into HC1 (1 : 5). F r o m  
the organic  layer ,  a f t e r  drying ove r  CaC12, 24 g of a mixture was obtained, which contained (GLC) 66% of olefin 
(III), 14.5% of hydride (IV), and < 1% of olefin (V). By disti l lation, 7 g of a f ract ion consis t ing of hydride (IV), bp 
25-45~ (70 mm) was obtained. Dist i l la t ion of res idue  gave 14.7 g (60%) of p e r f l u o r o - 2 , 6 , 6 - t r i m e t h y l - 2 - h e p t e n e  
(liD. Mass spec t rum:  500 (M+), 0.02; 481 (M + -  F), t1.1;  281 (M + -  C4F9) , 10.2; 269 (CsFII +) 4.9; 231 (C5F9+), 
26.1; 212 (C5F8+) , 3.6; 193 (C5H7 +) 1.0; 181 (C4F7+), 58.7; 143 (C4F5+), 3.7; 131 (C~F5+); 1.0; 124 (C4F4+), 1.0; 112 
(C3F4+), 1.4; 100 (C2F4+), 1.8; 93 (C3F3+), 7.0; 69 (CF3+), 100; 31 (CF+), 1.8. Metastable ions: C10F19- CF4~ 
C9F15 + (* 321.1); C10F19 + -  C4F8~ C6FI1 + (* 164.2); C~FI1 + -  C2F4~ C4F7 + (* 116.6); C5Fll + -  CF 4 --~ C4F7 + (* 121.8); 
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C5F9 + - CF 2 -~ C4F7 + (* 141.8); C5F8 +- CF3-~ C4F5 + (* 96.46); C5F8 + - CF2 -~ C4F6 + (* 123.8); C4F7 + - C3F4 -~ CF3 + 
(* 26.3); C4F6 +- CF3 -~ C3F3 + (* 53.4), C4H5 +- CF2~ C3F3 + (* 60.48). Hydride (IV) was purifed by preparative 
GLC. PMR spectrum: 5.85 t.t (CH); Jgem-F-H = 53, Jvie-F-H = 6 Hz. 

Under similar conditions, the reaction between OFIB and TFE in diglyme gives a mixture containing 67% 
of (III), 4% of (IV), 5% of (V), and 2% of (VI). 

2 ,3-Dieh loroper f luoro-2 ,6 ,6- t r imethylheptane  (VIII). A solution of 2 g of olefin ffII) in 5 ml of F r e o n - l l 3  
was sa tura ted  with chlorine under  UV i r radia t ion.  At the end of the reac t ion  (GLC control), 0.8 g (35%) of 
chloride (VIII) was isolated by disti l lation. 

Pe r f luoro -2 ,6 ,6 - t r ime thy l -2 -hep tene  Oxide (IX). A solution of NaOCI (prepared f rom 15.3 g of NaOH, 45 
ml of water ,  and 9 g of C12) , 15.2 g of olefin (III), and 8 ml of diglyme was s t i r r ed  for  1.5 h at ~20~C. The lower 
layer  was separa ted  and dr ied  over  CaC12. By disti l lation, 11.7 g (7570) of oxide (IX) was obtained. 

Pe r f luoro-2 ,6 ,6 - t r ime thy lhep tan-3-one  (X). A mixture of 2.5 g of oxide (IX), 0.1 g of CsF, and 4 ml of 
absolute diglyme was s t i r r ed  for 8 h at ~20~ A 10-ml  por t ion of concentrated H2SO 4 was added, and by dis t i l -  
lation in vacuo, 2.1 g (86%) of ketone (X), bp 49-51~ (23 ram), were obtained. 

Pe r f luo ro -~ / , 7 -d ime thy lva l e r i c  Acid (XI). Po tass ium permanganate  was added in port ions,  with s t i r r ing  
and cooling, to a mixture of 15 g of olefin (III), 30 ml of acetone and 3 ml of water  until  a stable violet  color  
appeared.  The mixture was thenboiled for  30 rain, the precipi ta te  was f i l tered,  and the f i l t rate was diluted with 
water,  and acidified with HC1 (1 : 5). The organic l aye r  was ex t rac ted  by Freon-113.  According to 19F NMR 
data, a mixture of 5C% acid (XI), 35% of ketone (X), and 15% of hexafluoroacetone hydrate  was obtained. To de-  
compose ketone (X), the mixture was shaken with 10% aqueous KOH, and then acidified, and f rom the organic 
layer ,  a f te r  drying and remova l  of the solvent  by dist i l lat ion over  concentrated H2SO4, 7.4 g (68%) of acid (XI) 
were  isolated. PMR spect rum:  11.4 s (HO). 

A mixture of 3.4 g of acid (XI) and 5 ml of concentra ted H2SO 4 was boiled for  40 rain, and then poured into 
water.  F r o m  the lower layer ,  by disti l lation, 3 g (82%) of e s t e r  (XII) were  isolated. PMR spect rum:  1.1 t (Me), 
4.2 q (CH2); J =7 Hz. 

Pe r f l uo ro -3 ,3 -d ime thy l - l -bu t ene  (I). A 6.5~g por t ion of d ry  Na salt  of acid (XI) was heated in a dist i l lat ion 
flask over  a gas burner  flame. F r o m t h e  dist i l late,  af ter  repeated distil lation, 3.9 g (7870) of olefin (I), bp 56- 
57~ nD 2~ <1.3, were obtained. Found: C 25.53; F 75.96%. C6F12. Calculated: C 24.0; F 76.0%. Raman 

l 3 
(CF3)8C F .. 

s pec t rum (v, e ra- l ) :  1774. \ c = c  / ~gF NMR spect rum:  -1 2 .5  d.d (F1), +13.8 d.d. (F~), +25.6 d.d.dec. 

F F 
(F3), +104.9 d.d.dec. (F2); JF2_F3 =113, JF3_F4=52.6, JF2_F4 --45.1, JFI_F3=15,  JFl  F 2 =11.3 Hz. Mass spec-  
t rum:  300 (M+), 15.1; 281 (M + -  F), 11.8; 231 (M + -  CF3) , 15.7; 212 (C5F8+), 4.1; 193 (M + -  F - CF4) , 15.9; 181 
(CaF7+), 30.1; 143 (C4F5~), 5.8; 124 (C4F4+), 1.14; 112 (C3Fa+), 1.3; 100 (C2F4+), 2.4; 93 (C3F3+), 11.8; 74 (C3F2+), 
1.9; 69 (CF3+), 100; 50 (CF2) , 1.2; 31 (CF +) 5.8. Metastable ions: M + -  CF3-~CsF9 + (* 177.9); C6Fll + -  C F2~  
C5F9 + (* 189.9); C6Fll + -  C2F 4 ~ C4F7 + (* 116.6); C5F9 + -  CF2 -~ C4F7 + (* 141.8); C5F8 + -  CF3 -~ C4F5 + (* 96.46); 
C5F7 + -  CF 2 -~ C4F5 + (* 105.95); C4F7 + -  C3F a ~ CF3 + (* 26.3); C4F6 + -  CF 3 --~ C3F3 + (* 53.4); C4F5 + -  CF 2 
C3F3 + (* 60.48). 

React ion between Pe r f l uo ro -3 ,3 -d ime thy l - l - bu t ene  and Perf luoroisobutylene  in the P r e s e n c e  of C s F .  A 
mixture of 1.4 g of CsF, 5.3 g of olefin (I), 3.6 g of OFIB, and 2 0 m l  of absolute diglyme was held for 3 days in 
a sealed ampul. The mixture was poured into dilute HC1, and the organic l aye r  was dr ied over  MgSO 4. By d is -  
t i l lation, 7.7 g of a f ract ion with bp 75-137~ were isolated, containing (GLC) 38% of olefin (V) and 48% of olefin 
(VI), which were  separa ted  by prepara t ive  GLC. 

Pure  (V): mp 40-42~ Found: C 24.40; F 76.14%. Cl0F20. Calculated: C 24.0; F 76.0%. R~man spec-  
t r u m  (v, cm -1) (in CCI3F): 1700. 19F b/MR sp ec t ru m  (in CC13F): - 1 4 .9  t (CF3) , +64.0 m (CF); JCF3-F=16.9  
Hz. Mass spec t rum:  500 (M+), 4.6; 481 (M + -  F), 5.0; 412 (M + -  CF4) , 2.75; 393 (M + -  F - CF4), 15.1; 343 
(M + -  CF 4 - CF3) , 5.9; 255 (C7F9+), 2.9; 231 (C5F9+), 2.0; 205 (C6F7+), 1.2; 181 (C4F7+), 3.7; 93 (C3F3+), 2.2; 69 
(CF3 +) 100. Metastable ions: C10F19 + -  CF~ ~ CgF15 + (* 321.1); C9F16 + -  CF 3 ~ C8F13 + (* 285.6); CgFI5 + -  CF4--  
CsFI1 + (* 236.7); C6Fli + -  CF2~CsF9  + (* 190); C5F9 + -  CF 2 ~C4F7 + (* 141.8). 
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Pure (VI): bp 130~ nD 2~ 1.3040. Found: C 23.981 F 76.34%. CloF2o. Calculated: C 24.0; F 76.0%. 
1 3 6 

(CF3)~C--CF GF~ 
Raman spectrum (u, cm-l): 1675. 19F NMR spectrum: -22.6 d.m. FsC C=C . (i~),--18.0 d.q (FS), -16.9 

F CF3 

d.d.q.q. (Ft), -7 .2  m (F2), +12.7 m (F4), +95.75 m (F3); JF3_F ~ = 55.5; JF4_FS=38.5; JFI_F2 =JFI_F3 =JF i -F  4= 
JFS_FG=ll.3; JFI_F6--1.9 Hz. Mass spectrum: 500 (M +) 0.2; 481 (M + -  F) 4.7; 412 (CgFi6+), 3.4; 393 (CgFis+), 
1.0; 343 (C8F~3+), 2.6; 281 (M + -  C4F9) , 9.8; 255 (C7F9+), 1.4; 231 (C5F9+), 1.8; 212 (CsFs+), 1.1; 181 (C4F7+), 
20.0; 143 (C4F5+), 1.6; 93 (C3F3+) , 3.4; 69 (CF3+), 100; 31 (CF+), 1.0. Metastable ions: CloFi9 + -  C t F s ~  C~Fll + 
(* 164.2); C9F1G + -  CF3--" C8F13 + (* 285.6); CGFli + -  C2F4 -~ C4F7 + (* 116.6); CGF~9- CF2-~ C4F7 + (* 141.8). 

CONCLUSIONS 

A CsF-catalyzed condensation of octafluoroisobutylene with tetrafluoroethylene leads to pe rfluoro-2,6,6- 
trimethyl-2-heptene as a result of a combined addition of perfluoro-tert-butyl  anion and octafluoroisobutylene 
to the multiple bond of tetrafluoroethylene. 
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