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REACTION OF PERFLUORO-tert-BUTYL ANION 

WITH VICINA L DIHA L O P O L Y F L U O R O A  LKANES 

So A. Pos tovoi , L. T. Lants ev a , UDC 542.91:547.412.92-128.2:547.413.5 
Yu. V. Zeifman, and Io L.Knunyants 

The pe r f luo ro - t e r t -bu ty l  amon (I) formed by the addition of f luoride anion to perf luoroisobutylene (PFIB) 
is readi ly  alkylated by alkyl halides [1], including geminal [2] and vicinal [1J dihaloalkanes.  In cont ras t ,  and in 
accordance  with the iner tness  under normal  conditions of the S N react ions  c h a r a c t e r i s t i c  of perf luoroalkyl  ha l -  
ides,  the react ion of anion (I) with cer ta in  gem-dibromopolyf luoroalkanes  proceeds  according to the type of halo-  
genophilie reac t ions .  Thus, brominat ion of anion (D takes place in this ease  [2, 3]~ 

We found that anion (I) r eac t s  in a s imi la r  way also with vieinal dibromopolyfluoroalkanes.  * Dibromides give 
tile cor responding  fluorooIefins o r  products  of their  fu r ther  t rans format ions .  In the react ion of anion (I) with 
1 ,2-dibromohexaf luoropropane (II) under mild conditions (0v20~ p e r f luo ro - t e r t -bu ty l  bromide (lid and a mixed 
d imer  of PFIB and hexaf luoropropylene ,  the olefin (V), a re  formed.  

(CFs)2C=CF2 ~ (CFs)sE IIrCF~CFBrCF, (!.I.!_ (CFs)sCBr ~- CF2-~-CFCFs 

(i) - ~  (HI) 

CF3CF=CF2 ~ CF~CFCF~C(CF3)~ - ,  CF3CF=CFC(CF~)3 
(Iv) -~ (v) 

Similar ly ,  the react ion of anion (D with the e s t e r  of 2 ,3-dibromo-2- t r i f luoromethyl-3 ,3-di f luoropropionic  
acid (VD proceeds  readi ly .  In this ease ,  together with the t e r t i a ry  bromide (III), t ransformat ion  products  of 
pe r f luoromethacry l i e  e s t e r  (VII), i .e . ,  ~-per f luoroisobutenylhexaf luoroisobutyr ic  e s t e r  (VIII) and the d imer  of 
pe r f luoromethacry l i e  e s t e r  (iX) a re  formed.  These compounds can be obtained by react ing per f iuoromethaery l ie  
e s t e r  with PFIB in the p resence  of a f luoride anion, or  by a t r ie thylamine-ca taIyzed  react ion of the e s t e r  of ~ -  
hydrohexaf luoroisobutyr ie  acid with PFIB 

CF~ 
/ 

�9 (CF8)3~ @ BrCF~CBr 

(t) (VI) ~COOEt 

(VII) Et~N I ~  (CF3)~COOEt-- 
(CF~)2C--COOEt - -  (X) 

I 
H 

CF~ 
/ . 

_ (CF3)~CBr ~ CF2=C 
-Br (III) (VII) \ COOEr 

(CF~)~C~CF~ 
* (CFa)eC--CF=C(CF3)~ 

] 
COOEr (VIII) 

(VII) , (CFsa)2C_cFb=c_CF3 c 
I I 
COOEr COOEr 
(IX) 

wit has been shown that anion CF3CFCF2CF 3 is brominated by 2,3-dibromoperfluorobutane [4]~ 
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It should be noted that the condensation of e s t e r  (VII) with PFIB with ~" ca ta lys i s  p roceeds  with the C-  
anion of the hexaf luoro isobutyr ic  e s t e r  (X), and not with anion ([), c l e a r l y  because  of the g r e a t e r  r ead iness  of 
format ion  in the case  of the f o r m e r  anion~ 

An in teres t ing  example  is the reac t ion  of anion (I) with 1 ,2 -d ib romote t ra f luoroe thane  (XI). It was shown * 
that a product  of r e p l a c e m e n t  of b romine  by the (CFa)aC group,  i .e . ,  per f luoroisohexyl  bromide  (XII), is thus 
fo rmed in a good yield.  However ,  apparent ly ,  a lso  in this reac t ion  brominat ion of anion (I) init ially takes place,  
resu l t ing  in the format ion  of t e r t i a r y  b romide  (III) and te t ra f luoroe thylene  (TFF),  and then bromide  (iII) adds 
to the mult iple  bond of TFF in the p r e s e n c e  of anion (I) 

(CF3)~C @ BrCFeCF~Br _ ~(CFa)aCBr -f- CF~=CF2 ~> (CF3)~C--CF2C,F2Br 
(I) (XI) -Br (III) (XII) 

This sequence of t r ans fo rmat ions  in the reac t ion  of anion (i) with d ibromide  (XI) is conf i rmed by the fact that 
t e r t i a ry  bromide  (HD in fact  r e ac t s  witl't TFE during ca ta lys i s  by anion (I) by a scheme of conjugated nucleophi l -  
ic addition to give isohexyl b romide  (XII) via the in te rmedia te  f luorocarbanion (XIII) [6] 

(I) (GF~)~CBr 
CF2= CF2 " (CF3)sC--CF2-CF2 :(I) (CFa)3CCF~CF~Br 

(XIII) I (XII) 
H § ~ (CFs)2C=CF2 

(CFs)aCCF:CF2H ~ (CFs)sCCF2CF2CF= C(CF~)2 
(xiv) (xv) 

In accordance  with this m e c h a n i s m ,  hydr ide  (XIV) and olefin (XV) a r e  formed as side products .  The c o m -  
pounds a r e  the main products  of the t r ans fo rma t ions  of the f luorocarbanion (XIII) in the absence  of brominat ing  
agents  [7]. It was recen t ly  shown that the reac t ion  of anion (I) with CF2Br 2 also leads to products  of the sub-  
sti tutton of b romine  by the (CFa)3C group.  The p roces s  p roceeds  in s t ages ,  including the debrominat ion of CF2Br 2 
with the fo rmat ion  of d i f luorocarbene ,  followed by addition of anion (i) and bromine  to it [3]. 

The unique reac t ions  of  anion (I) with 1 ,2 -d ib romote t ra f luoroe thane  compared  with other  v i e - d i b r o m o p o l y -  
f luoroa lkanes ,  for  example ,  with 1,2-dibromohexafluoropropane, is de te rmined  by d i f fe rences  in the behavior  
of the cor responding  in te rmedia te  f luorocarban ions l  the less  r eac t i ve  secondary  f luoroearbanion (IV) is p r e f e r -  
entially s tabi l ized by/? -e l imina t ion  of f luoride anion, and not by capture  of b romide  as in the ea se  of p r i m a r y  
f luorocarbanion (XIII) 

[Br] 
(CF~)sCCF~CFuBr ~-R-=-~F (CF3)sC--CF2CFI1 : -# ~ (CF3)sCCF---CFCFa 

(XII) = a=CF~ �9 (V) 
13 = CFa (IV), F (XIII) 

In the sequence of t r ans fo rma t ions  leading to isohexyl b romide  (XII), the s lowest  is apparent ly  the f i r s t  
s t age ,  the debrominat ion of d ib romidc  tXI) by anion (I), s ince  ne i ther  TFE nor  the t e r t i a r y  bromide  (HI) a r e  
accumulated in not iceable  amounts  in the reac t ion  mix ture .  In con t ras t ,  in the reac t ion  of anion (I) with 1,2-  
d i iodote t raf luoroethane ,  the f a s t e s t  reac t ion  is the s tage  of dehalogenation,  whereby TFE and p e r f l u o r o -  
t e r t -bu ty l  iodide a r e  formed in a high yield.  

We also studied the reac t ion  between anion (i) and 1,2--dibromotr i f luoroethane (XVI). In this c a se ,  as in 
the reac t ion  with d ibromide  (XI), a product  of subst i tut ion of b romine  by the (CF3)~C group,  the bromide  (XVII), 
is formed.  However ,  in con t r a s t  to the above c a s e s ,  in this reac t ion  f i r s t  dehydrobrominat ion  of d ibromide  (XVI) 
by anion (I) takes p lace ,  which leads to t r i f luorobromoethy lene  and monohydroperf luorobutane  (XVIll), and the 
addition of this hydr ide  to f luoroethylene ,  Catalyzed by f luoride anion,  accompanied by the format ion  of b r o m o -  
olefin (XIX)and b romoalkane  (XX). The p r e l i m i n a r y  format ion  of hydr ide  (XVIII) and CF2= CFBr  and their  sub-  
sequent  t r ans fo rma t ion  into reac t ion  products  were  conf i rmed by ~gF NMR and GLC analys is  of the reac t ion  

mix tu re  in the cou r s e  of the p roce s s  F b' (CF a)3c F e 

(CFs)s~+ BrCFuCFI-IBr ~ (CFa)sCH -~ CF~=CFBr = "~'~(CF3a)ac--C--cI~dHBr @ ~ C = C /  ~- CFaCFHBr 
(I) (XVI) (XVIII) (XVII)F] c ~ b /  ~Br (XX) 

(xix) 

In conclusion,  it should be noted that the m e c h a n i s m  of c l e a v a g e - a d d i t i o n  reac t ion ,  proceeding during the 
r e p l a c e m e n t  of b romine  by per f luoro- te r t -buW1 group in the r eac t i on  of 1 ,2 -d ib romote t ra f luoroe thane  with an-  
ion (i) is genera l  in c h a r a c t e r  for the reac t ions  of this d ibromide  with nucleophilic r eagen t s .  This is indicated 

* P r e l i m i n a r y  communica t ion ,  see  [5]. 
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by the resul ts  of its react ions with EtONa [8] and MeSeNa [9]. 

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

The [R spect ra  were run on a UR-20 apparatus ,  and the NMR spectra  on a P e r k i n - E l m e r  R-32 apparatus 
(PMR 90 MHz, 19F NMR 86.46 MHz) with re fe rence  to HMDS and CFzCOOH as external s tandards .  The GLC 
analysis  was car r ied  out on an LKh!Vf-SMD apparatus using a Krytox column on Chromosorb.  

rlhe react ion of perf lunroisobutylene with 1,2-dibromohexafluoropropane (H) was car r ied  out in the p r e s -  
ence of CSFo 

A 16.5 g portion of PFIB was added with s t i r r ing  and cooling by ice-water  to a mixture of 6.3 g of CsF and 
40 ml of abs. diglyme. Then 10 g of dibromide (iI) in 10 ml of diglyme were added dropwiseo The react ion mix-  
ture was s t i r red  for 2.5 h, and then distilled in a 2 mm Hg vacuum into a trap (-78~ to yield 18.6 g of a mix -  
ture containing (GLC) 31% of t e r t i a ry  bromide (HI), 50% of olefin (V) [10], and 6.5% of dibromide (Ii)o 

Ethyl Ester  of 2,3-Dibromo-2-trffluoromethyl-3~3--difluoropro_pionic Acid (VI). A solution of 10.6 g of 
b r o m i n e i n 5 m l  of MeCN was added to a solution of 13.5 g of ethyl per f luoromethacryla te  (VII) in 15 ml of abs. 
MeCNo The mixture  was left to stand for 1 day, and was then poured into water ,  and the organic layer  was ex- 
tracted by ether ,  dried and dt~tilled~ Yield, 19o9 g (82%) of dibromide (V[), bp 64-66~ (10 ram), nD 2~ 1.4205. 
Found: C 19.98; H 1o35%o CJ~IsBr2FsO2o Calculated: C 19.78; H 1.37%, IR spec t rum:  1760 ern "I. 19F NMR 
spec t rum:  -12 .9  d.d (CF3), -26 .9  (FA), -31o6 (F B) (CF 2, AB sys tem,  each component of which is resolved into 

a quadruplet); JCFz_FA = 15; JCF3_FB = 9.4; JFA_F]3 = 174 Hz~ 

Ethyl  Ester  of 2 ,2 ,4-Tr is  ( t r i f lunromethyl)perf luoropenten-3-oic Acid (VIII). 1) A 10.6 g portion of d i -  
bromide (VI) in 10 ml of diglyme was added in the course  of 30 rain, with s t i r r ing  and cooling, to a mixture  of  
5.6 g of CsF,  13o6 of PFIB, and 30 ml of abso diglyme. After 1 h, 7~ g (90%) of bromide (IK) was distilled off. 
From the res idue ,  af ter  t reatment  with HC1 (1:5),  extraction by e ther ,  evaporat ion,  and distil lation over conc. 
H2SO 4 in 2 mm Hg vacuum, 10.3 g of a mixture was obtained, containing (GLC) 13% of bromide (HI), 84% of es ter  
(VIII), and 3% of d imer  (IX). Subsequent distil lation gave 8~ g (70%) of es ter  (VIII), bp 140-142~ 38-39~ (10 
ram), nD 2~ 1.3240. Found: C 29.07; H 1.19; F 60~ Ct0HsFi302. Calculated: C 29.70; H 1.24; F 61.14%. 
IR spec t rum:  1685, 1790 cm -l.  19F NMR spec t rum:  -18 .2  and -17o5 (CF3C= , mult iplets ,  6F), -12 .7  m (CF3C- , 
6F), + 2 . 5 m  (CF, 1F)o 

2) A 9.0 g portion of PFIB was added, with s t i r r ing  and ice-cooling,  to 1.9 g of CsF in 15 ml of diglyme,  
and then 6.1 g of es te r  (VII) in 5 ml of diglyme was added dropwise in tire course  of 20 rain. The mixture was 
heated for  15 min to 20~ unreacted PFIB was distilled in vacuo, and the residue was poured into HCI (1:5). 
The organic layer  was extracted by ether,  the extract  was washed by water ,  5% NaHCO 3 solution, again by water ,  
and dried over  MgSO t. The ether was dist i l led,  and the res idue was distilled in vaeuo over  conc. H2S Q to yield 
6.3 g of a fraction bp 45-80~ (12 mm),  which contained 90% of es te r  (VIII) and 10% of es ter  (IX). 

3) A mixture of 7.8 g of ethyl es ter  of ~-hydrohexaf luoroisobutyr ic  acid, 20 ml of abs. MeCN, a few drops 
of t r ie thylamine,  and 14 ml of PFIB was held in a sealed ampul for 12 days at ~ 20~ The unreacted PFIB and 
(CF3)3CH were distil led, and the res idue was poured into water .  The organic layer  was distilled in a 10 mm Hg 

vacuum over  conc. H2SO 4 to yield 8 g of a mixture  containing 40% of es ter  (VIii) and 42% of d imer  (IX). Subse- 
quent fractionation gave pure diethyl es ter  of pe r f luoro(~ ,~ ,7 - t r ime thy l )g lu tacon ic  acid (IX), bp 90-92~ (16 
mm) ,nD2~  IE spec t rum:  1680, 1760, 1780 cm -1. Found: C35.34;  H2.71;  F46 .98~ .  C l~;10F;0aOIF Cal-  
culated: C 35.31; H2.50; F 46.59%. 19F NMR spec t rum:  -16.8  d [ F c ) , - 1 2 . 3  d (Fa), +6.6 m (~-- b 
12.8; J F b - F  e = 21 Hz. 

In the same way as for ethyl es te r  (VIII), f rom PFIB and methyl per f luoromethacry la te ,  the methyl es ter  
of 2,2,4-tr is  (tJ: if luoromethyl)perfluoropenten-3-oic acid, bp 50-52~ (35 mm),  nD2~ 1.3195, was obtained. Found : 
C 27.52; H 0.58%. CgH3Ft302. Calculated:  C 27.69; H 0.77%. IR spec t rum:  1680, 1790 cm -I. I~F NMR spec -  
t rum:  -17o8 m (CF3C= , 6F), -12 .5  m (CF3C- , 6F), +2.9 m (CF, 1F)o 

l -Bromo-per f luoro-3 ,3-d imethy lbu ' t ane  (XII). A mixture of 14.9 g of Cs F, 22 g of 1 ,2 -d ibromote t ra f luoro-  
ethane, 50 ml of abso diglyme,  and 17.6 g of PFIB was heated in a sealed ampul for 7.5. h at 80~ The mixture 
was then poured into water ,  and the lower l ayer  was distilled in a 10 mm Hg vacuum over cone. H2SO 4 into a trap 
(-78~ Distillation gave 7 g of a fract ion,  bp 40-98~ [contains (GLC) 18% of dibromide (XI), 32% of hydride 
(XIV), and 50% of bromide (XII)], and 16o8 g (49.5%) of bromide (XII), bp 99-102~ nD2~ 1.3161o Fotmd: C 18.14; 
F 61.76%, CGBrF13. Calculated: C 17o96; F 61.75%. 19F NMR spec t rum:  -18 .4  dec. to (CF2Br), -15.1  t.t (CF3) , 
+21.1 dec. t (CF2); JCF3_CF2B r =  14ol; J C F _ C F  2 = 10.4; JCF2_CF2 = 0.9 Hz. From the distillation residue,  
3 g of bromide (XII) containing 40% of olefin 0f-V) were  obtained. 
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Reaction of Per f luoro isobuty lene  with 1 ,2-Di iodote t ra f luoroe thane  in the P r e s e n c e  of Cs F. A 9 g port ion 
of PFIB was added with s t i r r i ng  and ice-cool ing  to a suspens ion of  7.5 g of CsF  in 30 ml  of diglyme.  Then, 
16 g of 1,2--diiodotetrafluoroethane in 10 ml  of digly-me were  added in the cou r se  of 1 h ,  and the t e t r a f l uo ro -  
ethylene evolving (0.7 l i ter)  was col lected in a g a s o m e t e r .  ~rhe reac t ion  mix tu re  was poured into HC1 {1:5), the 
organic  l a y e r  was washed with sodium thiosulfate  solut ion,  and dist i l led in vacuo over  conc~ H2SO 4 to yield 7.2 
g of a mix tu re  containing (GLC) 60% of p e r f l u o r o - t e r t - b u t y l  iodide and 40% of the initial diiodide. 

A mix tu re  of 10 g of CsF ,  18.6 g of d i iodote t ra f luoroe thane ,  15.3 g of PFIB ,  and 40 ml  of MeCN was s h a -  
ken for  70 h in a 100-ml s teel  autoclave .  Te t ra f luoroe thy lene  was r emoved ,  and f rom the r e s idue ,  by the usual 
t r ea tmen t ,  9.3 g (56%) of (CF3)3C[ were  i sola ted,  containing ~1% of (CF3)3C-CF2CF2I. 19F NMR s p e c t r u m .  

-24 .0  dec. t (CF2I), -15 .0  t.t (CF3) , +16.0 dec.  t (CF2); JCF3_CF2 I= 14.1; JCF3_CF 2 = 11.1; JCF2_CF 2 = 5.6 
ttz .  

Reaction of Per f luoro i sobuty lene  with 1 ,2 -Dibromot r i f luoroe thane  in the P r e s e n c e  of Cs F. A 13.5 g p o r -  
tion of PFIB was added with s t i r r i n g  and ice-cool ing  to a suspens ion of 12 g of  CsF  in 25 ml  of abso monoglyme.  
~hen, 16.1 g of  d ibromide  (XVI) in 10 ml  of monog lyme  were  added dropwise ,  and the mix tu r e  was heated to 20~ 
aadheld 6 h to comple te  convers ion  of CF 2 = CFBr  (control by GLC). The volat i le  compounds containing (CF3)3CH 
and CF3CFHBr * were  dis t i l led ,  and the res idue  was poured into water .  The organic  l a y e r  was dist i l led in vacuo 
o v e r  conc. H2SO 4 to yield 11.7 g of  a f rac t ion ,  bp 100-108~ containing (GLC) 80% of b romoalkane  (XVII)and 
20% of  b romoalkene  (X[X). By p r e p a r a t i v e  G LC (QF on C h r o m o s o r b  W), pure  1 - h y d r o - l - b r o m o - p e r f l u o r o - 3 , 3 -  
dimethylbutane (XVII), bp 108~ nD 2~ 1.3258, was isolated.  Found: C 18.76; H 0.29; F 59.63%. C6HBrF12. 
Calculated:  C 18.90; H 0.26; F 59.84%. PMR s p e c t r u m :  6.7 d.d (CH). tgF NMR s p e c t r u m :  -14o4 d.t  (Fa), 
+17.1 d.d.dec (Fb), +36.1 d.d.dec (FC), +74.0 m (Fd); J F b _ F  c = 296; JFc_Fd = 15; JFa_Fb  = J F a _ F  d = 12;2; 
J F a _ F  c = 9.4; JFd_H = 48; JFb_H = 22 Hzo 

1 - B r o m o - p e r f l u o r o - 3 , 3 - - d i m e t h y l - l - b u t e n e  (XIX). A mix tu r e  of  12 g of b romoalkane  (XVII) containing 
20% of  olefin (XIX), 12 g of KOH powder ,  and 15 ml  of  abs.  e ther  was boiled for  3 h. The p rec ip i t a te  was f i l -  
te red ,  and the f i l t ra te  was mixed with an equal volume of conc~ H2SO4, and dist i l led in 10 m m  Hg vacuum into 
a t rap (-78~ to yield 5~ g of olefin (XIX), which af ter  repeated  dist i l lat ion had bp 95-97~ nD2~ 1.3315. Found: 
C 20.06; F 57.73%. CGBrFll. Calculated:  C 19.94; F 57.89%. IR s p e c t r u m :  1690 c m  -1. 19F NMR s p e c t r u m :  
-13 .8  d.d (Fa), +21.6 d. dec (Fb), +64.4 d. dec (FC); JFa_Fb  = 17; J F a - F  c = 12.2; J F b _ F  c = 147 Hz. 

C O N C L U S I O N S  

Vicinal d ibromopolyf luoroa lkanes  a r e  dehalogenated by p e r f l u o r o - t e r t - b u t y l  anion. In the reac t ion  of 1,2 
d ib romote t ra f luoroe thane  with this anion,  b romine  is rep laced  by the p e r f l u o r o - t e r t - b u t y l  group by a c l e a v a g e -  
addition mechan i sm.  
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