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Per f luoro  carbanions  a r e  eas i ly  genera ted  by the reac t ion  of bases  with CH acids or by the react ion  
of f luoride ion with perf luoroolef ins  [1]. F r o m  the resu l t s  r epor t ed  in [2] it follows that the p e r f l u o r o - t e r t -  
butyl carbanion {i), genera ted  f rom t r i s ( t r i f luoromethy l )methane  and a t e r t i a r y  amine,  is eas i ly  alkylated 
by compounds that bea r  a posi t ively  charged  ca rbon a tom.  As was shown in the p resen t  c ommunication,  the a lky la -  
t ion reac t ions  of the s a m e  anion {i), genera ted  f r o m  per f luoro isobuty lene  and alkal i  me ta l  f luor ides  in ap-  
rot ic  b ipolar  solvents ,  exhibit a g r e a t e r  d ivers i ty .  Thus,  anion (I) eas i ly  r e ac t s  with the n i t r i le  or an e s t e r  
of ac ry l ic  acid to r e spec t ive ly  give ei ther  the n i t r i le  or the es te r  of fl- (per f luoro- ter t -buty l )propionic  acid 

CsF | | 
(CF3)2 C~CF~-- -~  (CF,)aC -~- CH~=~CII--X --, [(CF,)~ CCH~CHX] n +  (CFa)a CCH2CtI2X, 

(I) (it) 
X=--CN,  --COOCHz. 

A by-produc t  he re  is a m o r e  complex compound, which is fo rmed  as  the resu l t  of the nucleophilie 
a t tack of the per f luoro isobuty lene  molecule  by the in te rmedia te ly  fo rmed  anion (II) 

(-) H+ 
[(CF~)~CCH2CHCN] ~ CF~=C (CF@z--* [(CFs)aCCH2CH--CF~C (CF@~] --H~ 

l 
(II) cN 

-~ (CFs)aCCH2C=CFCH (CFs)~ o 
I 

CN (III) 

Only f i - (pe r f luoro- te r t -bu ty l )p rop ion i t r i l e  is fo rmed  at a t e m p e r a t u r e  between - 5 0  and 0~ while at 
r oom t e m p e r a t u r e  the re  is formed,  together  with fl- (per f luoro- te r t -buty l )propioni t r i le ,  a lso  ni t r i le  {iII) in 
in a 4 : 1 ra t io .  The reac t ion  of carbanion  (I) with aero le in  goes in a s imi l a r  manner ,  but the yield of fi- 
(per f luoro- ter t -buty l )propionaldehyde is low due to polymer iza t ion .  Carbanion (I) a lso  r eac t s  readi ly  with 
ethylene oxide and the thiooxide. 

Ethylene oxide r e a c t s  with anion {i) in monoglyme to g ive /3- (per f luoro- te r t -bu ty l )e thanol  (IV) 

| ~ H+ 
(CFs)aC + CH2--CH2 ~ [(CF3)~ CCIt~CH20] ' (CF3)a CCH~CH2OH. 

\ /  
o (IV) 

This  alcohol is identical  with that p rev ious ly  obtained by the hydro lys i s  of fl- (pe r f luoro- te r t -bu ty l ) -  
ethyl iodide. 

The reac t ion  of ethylene thiooxide with anion (i) in monoglyme is more  v igorous  than that of ethylene 
oxide, but the cor responding  mercap t an  could not be isola ted by us due to the g r e a t e r  nucleophilici ty of the 
fo rmed  in te rmedia te  anion, which r e a c t s  with per f luoroisobuty lene  to give f i - (per f luoro- te r t -bu ty l )e thy l  p e r -  
f luoroisobutenyl  sulfide (V) and the bis-[f i -  (perf luoro- ter t -butyl )e thyl]  di thioacetal  of hexaf luorodimethylketene 
(VI). 
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(CF3)8 CCH2CH~S 

(CF,I,C -~- CH~--CH2 ~ [(CF3)8 CCH~CH~S] - -  (CFs)3CCH2CH~SCF=C (CF3)2 ~ C=C (CF~)~. 
\/ / 
S (V) (CFs)3CCH~CH~S 

(W) 

Grea t  synthetic poss ib i l i t i e s  for  p r epa r ing  var ious  organic compounds,  containing the p e r f l u o r o - t e r t -  
butyl group, a r e  opened up by the alkylat ion reac t ions  of the p e r f l u o r o - t e r t - b u t y l  carbanion with var ious  
halo de r iva t ives .  At tempts  to a lkylate  monohydroper f luoro isobutane  by reac t ion  with ethyl iodide in the 
p r e s e n c e  of t r i e thy lamine  ended in failure;  in the opinion of the authors ,  the fo rmed  qua te rna ry  ammonium 
sal t  is incapable of alkylat ing (CF3)3CH [4]. As our s tudies disclosed,  the p e r f l u o r o - t e r t - b u t y l  carbanion,  
genera ted  f r o m  per f luoro isobuty lene  and ces ium fluoride,  is a lkyla ted under v e r y  mi ld  conditions by halo 
de r iva t ives  to give sa tu ra ted  and unsa tura ted  hydrocarbons ,  containing the p e r f l u o r o - t e r t - b u t y l  grouping, 
in near ly  quanti tat ive yields  

(CF~).C- =- R- -X - .  (CF,),C--R, 
R---- --CH3, --C4tI9, --CIt~CIt=CH~, --CH~CsH 6. 

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

f l - (Pe r f luo ro - t e r t -bu ty l )p rop ion i t r i l e .  Into a solution of 0.05 M of ac ry lon i t r i l e  and 0,05 M of e i ther  
p o t a s s i u m  or ce s ium f luor ide  in 20 ml  of monoglyme was p a s s e d  at room t empera tu re ,  with s t i r r ing ,  0.05 
M of per f luoro isobuty lene .  The mix tu re  was s t i r r e d  for  2 h at room t empera tu r e ,  a f te r  which the reac t ion  
m a s s  was  poured over  ice, and the lower layer  was sepa ra t ed  and dissolved in e ther .  The aqueous layer  
was ex t rac ted  with e ther .  The combined e ther  solutions were  dr ied over  MgSO 4. Vacuum-dis t i l la t ion  gave 
]3- (per f luoro- te r t -bu ty l )prop ion i t r i l e  in 42% of the theore t ica l  yield; mp 25~ bp 70-72~ (31 ram); n~ 
1.3355. F r o m  [2]: bp 80-81~ (55 ram). Found: C 30.21; H 1.46; F 63.28; N 5.28%. CzH4FgN. Cal-  
culated: C 30.76; H 1.46; F 62.63; N 5.20%. 19F NMR spect rum:  - 1 0 . 0  [(CF3) 3, singlet] .  NMR spect rum:  
6 2.6 ppm (CH 2, b road  singlet) .  

Toge ther  with f i -pe r f luoro - t e r t -bu ty l )p rop ion i t r i l e ,  we obtained 2 ,2 ,6 - t r i s  ( t r i f l uo rome thy l ) -4 -cyano  
- 3 , 3 , 6 - t r i h y d r o p e r f l u o r o - 4 - h e p t e n e  in 10% of the theore t ica l  yield; bp 83-85~ (15 ram); mp 65-67~ 
Found: C 29.18; H 0.89; F 67.88; N3.61%. CllF16H3N. Calculated: C 29.13; H 0.64; F67.10; N3.09%. 
19F NMR spec t rum:  +9 (CF, multiplet) ,  - 1 1 . 5  [(CF3) 3, doublet], J(CF3)3_CF 4.05 Hz, - 1 3 . 5  [(CF3)2, t r i p -  
let], J(CF3)2_CH and J(CF3)2_CF 8.10 Hz. NMR spect rum:  5 5.55 ppm (CH, doublet of heptets),  JCH_(CF3)2 

8, J C H - C F  26.6 Hz; 6 3.5 ppm (Ctt 2, broad singlet) .  Infrared spec t rum (u, cm-1): 1680 ( ) C - C ~ ) ,  
% / 

2230 

( C -  N). 

In a s i m i l a r  manner ,  f r o m  0.1 M of acry loni t r i l e ,  0.1 M of CsF and 0.05 M of perf luoroisobutylene ,  
at -70~  we obtained 5 - (pe r f luo ro - t e r t -bu ty l )p rop ion i t r i l e  in 33% of the theore t ica l  yield.  

In a s im i l a r  manner ,  f r o m  0.1 M of acry loni t r i l e ,  0.5 M of KF and 0.05 M of per f luoro isobuty lene  
in 100 ml  of monoglyme,  at  35~ we obtained/3_ (per f luoro- te r t -buty l )  p rop ion i t r i l e  in 22% of the theore t ica l  
yield.  

Methyl E s t e r  of f i - (pe r f luoro- te r t -bu ty l )p rop ion ic  Acid. Into a s t i r r ed  solution of 0.1 M of methyl  
a c ry l a t e  and 0.1 M of e i ther  ce s ium or po t a s s ium fluoride in 50 ml  of monoglyme at room t e m p e r a t u r e  was 
p a s s e d  0.1 M of per f luoro isobuty lene .  After  1 h the reac t ion  m a s s  was poured on ice, and the lower layer  
was sepa ra t ed  and d isso lved  in e ther .  The aqueous l ayer  was ex t rac ted  with e ther .  The combined e ther  
ex t r ac t s  were  washed with 2% NaHCO 3 solution, then with water ,  and dr ied over  MgSO 4. Dist i l lat ion gave 
the methyl  e s t e r  of f i - (pe r f luoro- te r t -bu ty l )p rop ion ic  acid in 20% of the theore t ica l  yield; bp 70-71~ (50 
ram); n~  1.3360. Found: C 30.95; H 1.95; F 55.66%. C8}t7F902. Calculated: C 31.37; H 2.28; F 55.88%. 
F r o m  [2]: bp 63-64~ (33 ram).  

React ion of Per f luoro isobuty lene  with Acrole in  in the P r e s e n c e  of Metal F luor ides .  Into a solution of 
0.1 M of acro le in  and 0.05 M of e i ther  ce s ium or po t a s s ium fluoride in 80 ml  of monoglyme at r oom t e m -  
p e r a t u r e  was p a s s e d  0.05 M of per f luoro isobuty lene .  Subsequent t r ea tmen t  was the s a m e  as  descr ibed  in 
the expe r imen t s  with ac ro le in .  We ob ta inedf l - (per f luoro- te r t -bu ty l )p rop iona ldehyde  with bp 40-45~ (35 
ram); yield 3%. Found: F 36.62; N 12.65%. Ci3H~NtFgO4. Calculated: F 37.50; N 12.28%. F r o m  [2]: 
bp 50-53~ (40 ram).  2 ,4-Dini t rophenylhydrazone;  mp 168-170~ (absolute ethanol). In addition, we 
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obtained 13 g of a low-molecular  polymer  of fi- (perf luoro- ter t -  
butyl)propionaldehyde with bp 122-124oc (5 mm); n~ 1.708; tool. 
wt. 932 (cryoscopically).  Found: C 30.69; H 1.27; F 63.11%. 
(CTHsFg) x. Calculated: C 30.43; H 0.8; F 61.95%. 

Analogous resul ts  were  obtained when the react ion was run at 
t empera tures  ranging f rom 0~ to -60~  

f i - (Perf luoro- ter t -butyl)e thanol .  Into a s t i r red  suspension of 
0.2 M of CsF in 40 ml of monoglyme at r o o m t e m p e r a t u r e w a s p a s s e d  
0.2 M of perfluoroisobutylene.  Then the reaetion mass  was s t i r red  
for 1 h, cooled to -20~ and 0.2 M of ethylene oxide was passed 
in. The react ion mass  was allowed to stand overnight at - 10~ 
poured over ice, acidified with cone. H2SO 4, and the lower layer  
was separated,  dissolved in ether, washed twice with cold water,  
and dried over anhydrone. Distillation gave /3- (per f luoro- te r t -  
butyl)ethanol in 33% of the theoret ical  yield; bp 133-135~ mp 
35-37~ Found: C 27.47; H 1.32; F 64.25%. C6HsF90. Cal- 
culated: C 27.29; H 1.89; F 64.75%. F rom [3]: bp 134-135~ 
mp 36-37~ 

Reaction of Perf luoroisobutylene with Ethylene Thiooxidc in 
the P resence  of Cesium Fluoride.  To the per f luoro- te r t -bu ty l  c a r -  
banion, obtained f rom 0.1 M of CsF and 0.1 M of per f luoroisobuty l -  
one tn 20 ml of monoglyme,  was added 0.1 M of ethylene thioxide 
at such a rate that the tempera ture  did not r i se  above 50Oc. The 
s t i r r ing  was continued for another 2 h, after which the react ion 
mass  was poured over ice. The lower layer was separated, dis-  
solved in ether, and dried over anhydrone. Distillation gave (V) 
in 50% of the theoret ical  yield; bp 69-70~ (5 mm); n~ 1.3540. 
Found: C 26.07; H 1.30; F 66.58; S 6.97%. C10H4Ft6S. Calcu- 
lated: C 26.00; H 0.87; F 67.00; S 6.96%. lgF NMR spectrum: 
- 10.0 [(CF3) 3, singlet]; -+3.5 (CF, multiplet); - 19.0 [(CF3)2, mul-  
tiplet]. The NMR spect rum is typical for the A2B 2 sys tem (51,-,2.4; 

f 52 ~ 3.2). Inf rared spectrum: u 1630 cm -1 (CF = C \  ). 

Together with (V), we obtained 5 g (20%) of (VI) with bp 138- 
140~ (18 mm); mp 28~ Found: C 26.62; H 1.11; F 63.04; S 
8.9%. C16HsF24S 2. Calculated: C 26.50; H 0.98; F 63.24; S 9.24%. 
tgF NMR spectrum: - 11 [(CF3) ~, singlet]; -- 22 [(CF3)2, singlet]. 
The NMR spect rum is typical for the A2B 2 sys tem (51 ,-, 2.3; 52 ~" 3.3). 

\ / 
Infrared spectrum: v 1550 cm -1 ( / C = C \ ) .  

Only (VI) was obtained in 75% yield when the same react ion 
was run at - 30~ 

Typical  Experiment  for Alkylation of Pe r f luoro- te r t -bu ty l  
Carbanion with Halo Derivat ives .  In a four-necked flask was placed 
0.1 M of CsF in 40 ml of the solvent and 0.1 M of perf luoroisobutyl-  
one was passed through the vigorously s i t r red  mass .  The react ion 
mass  was heated for 2 h at 40~ To the obtained solution of the 
per f luoro- te r t -bu ty l  carbanion was gradually added 0.1 M of the halo 
derivative; the react ion with iodides was run at room temperature ,  
while the reaction with the bromides  and chlorides was run at 50- 
60~ The (CF3)C - R was obtained by distillation. The yield, 
physical  constants,  solvent, and analysis  resul ts  of the obtained 
compounds a re  given in Table 1. 

The 11% spectra  were taken on a UR-10 instrument .  The hrMR 
spectra  were  recorded  on a P e r k i n - E l m e r  R-12 instrument at an 
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operat ing f requency of 60 MHz. Hexamethyldis i loxane (HMDS) was used as the internal  s tandard and the 
values  of the shifts  a r e  given on the 6 sca le .  The 19F NMR spec t ra  were  r cco rded  on a Hitachi H-60 in- 
s t rumen t  at an operat ing f requency of 56.46 MHz, and the chemica l  shifts a r e  given in ppm f r o m  CF3COOH 
(external  s tandard) .  

CONCLUSIONS 

i. The alkylation of the perfluoro-tert-buty] carbanion with acrylonitrile and the esters of acrylic 
acid is a convenient method for the preparation of P- (perfluoro-tert-butyl)propionic acid derivatives. 

2. The a]kylation of the perfluoro-tert-butyl carbanion With ethylene oxide gave P- (perfluoro-tert- 
butyl)ethanol. 

3. The alkylation of the perfluoro-tert-butyl earbanion with ethylene thiooxide gave P-(perfluoro- 
tert-butyl)ethyl perfluoroisobutenyl sulfide and the bis-[fi-(perfluoro-tert-butyl)ethyl] dithioacetal of hexa- 
flu orodimethylket one. 

4. The reaction of perfluoroisobutylene with halo derivatives in the presence of metal fluorides gave 
(per f luoro- te r t -bu ty l )methane ,  1- (per f luoro- ter t -buty l )butane ,  1 - ( p e r f l u o r o - t e r t - b u t y l ) - 2 - p r o p e n e ,  and 
w-(per f luoro- te r t -bu ty l ) to luene  in 70-90% yield.  

1. 
2. 

3. 

4. 
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