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In view of the known proton mobility of hydrogen atoms in mono-H-polyfluoroalkanes [2] it could be 
expected that these compounds would be able to undergo the react ions charac ter i s t ic  for compounds con-  
taining an active methylidyne group. However, up to now there has been no significant information in the 
l i te ra ture  on the application of the mobility of hydrogen atoms in mono-H-polyf luoroalkanes in synthesis.  
We can r e fe r  only to the synthesis of the secondary alcohols (I) f rom propionaldehyde and 1H- and 2H-hepta-  
f luoropropanes (ID via the corresponding organolithium compounds (IH) [2]: 

G~tI~CHO 
1Rf -- H q- CHiLi -* H i -- Li ~ H I -- CHC~Hs 

I 
OH 

(II) (III) (I) 

Rf - -  CF3CFzCF2 or (CF3)2CF 

However, the alcohols (I) were  obtained in low yields and in the form of difficultly separable mixtures  with 
other react ion products .  

The accumulat ion of perf luoroalkyl  groups ra i ses  the acidity of mono-H-polyfluoroalkanes,  but also 
facili tates the elimination of fluorine atoms in the form of ions under the action of bases.  Thus, 2H-hexa- 
f iuoro-2-( t r i f luoromethyl)propane (IV) (pK ~ 11) is ve ry  readily split under the action of alkalies [2]: 

~=c ~--. Ro~ Fo 
/\ 

CF~ CF~ 
(iv} 

To bring compounds of the type of 2H-hexafluoro-2-( t r i f luoromethyl)propane into react ion at the 
active methylidyne group (Michael react ion,  aldol condensation, C-acylat ion,  etc.) it is necessa ry  to choose 
a basic catalyst  such that it will polar ize  the C - - H  bond sufficiently without bringing about the minera l i za -  
tion of fluorine atoms. 

We have shown previously that under the action of t r ie thylamine 2H-hexaf luoro-2-( t r i f luoromethyl) -  
propane is dehydrofluorinated revers ib ly  and that the equilibrium is very  much on the side of the fo rma-  
tion of the original reactants  [1]. It could be hoped, therefore ,  that t r ie thylamine would be found to be a 
suitable catalyst  for the condensation react ions of 2H-hexafluoro-2-( t r i f luoromethyl)propane.  However, 
an attempt to use t r ie thylamine as a catalyst  in the C-acylat ion of 2H-hexaf luoro-2-( t r i f luoromethyl) -  
propane was not successful:  in the react ion with benzoyl chloride,  instead of the expected ketone (V), 
perf luoroisobutene (VI) was formed as a resul t  of the displacement of the equilibrium to the right [1] 

(CF~)~CH + (C~H6)eN ~ (CFa)~ C ~ CF~ -~ (C2Hs)a N �9 HF 
(W) + (VI) I q-Cn~COC1 C~H.~CO Cl) i 

r $ 
C~HsCOF -{- (C2Hs)8 N �9 HC1 

O 
II 

(CFa)aC--C~C~H s 
(v) 

�9 For  communicat ion 1 see [1]. 
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However ,  in the  p r e s e n t  work  we  have shown that  t r i e t h y l a m i n e  can be used  succes s fu l l y  as  a c a t a -  
lys t  in the Michael  r e a c t i o n  in the  c a s e  of 2 H - h e x a f l u o r o - 2 - ( t r i f l u o r o m e t h y l ) p r o p a n e  and r e l a t e d  c o m -  
pounds .  It was  found that  in p r e s e n c e  of t r i e t h y l a m i n e  2 H - h e x a f l u o r o - 2 - ( t r i f l u o r o m e t h y l ) p r o p a n e  adds at 
the  double bond of  a c r y l i c  s y s t e m s  --  a c r y l o n i t r i l e ,  me thy l  a c r y l a t e ,  and ac ro le in .  In th is  way  we obta ined  
5 , 5 , 5 - t r i f l u o r o - 4 , 4 - b i s t r i f l u o r o m e t h y l v a l e r o n i t r i l e  (VIIa), me thy l  5 , 5 , 5 - t r i f l u o r o - 4 , 4 - b i s t r i f l u o r o m e t h y l -  
v a l e r a t e  (V]Ib), and 5,5,5-trifluoro-4,4-bistrifluoromethylvaleraldehyde (VIIe): 

(C~II~)~IV 
(CF~)~ CH + CH~ ---- CH -- X --> (CF~)~ CCH~CH~X 

(IV) (VII) 

(VII):  a) X ~ C N ;  b) X:COOCH~;~ c) X : C H O  

3 , 3 , 3 - T r i f l u o r o - 2 - ( t r i f i u o r o m e t h y l ) p r o p i o n i c  and ( t r i f iuo romethy l )ma lon ic  e s t e r s  (VIII) and (IX) 
r e a c t  ana logous ly  with g r e a t e r  ease ,  which  c o n f i r m s  that  a lkoxyca rbony l  g r o u p s  have a s t r o n g e r  ac t iva t ing  
ac t ion  than p e r f l u o r o a l k y l  g roups .  The  cyanoe thy la t ion  of  the e s t e r s  (VIII) and (IX) l eads  to the  c o r r e -  
sponding 2 - cyanoe t hy l  de r iva t i ve s  {X) and (XI): 

C00CH~ 
(G~H~)~N /" 

(CF3)2 CHCOOCHs ~- CH~ : CHCN -~ (CFa)~ C 
\ 

CH2CH.~CN 
(VIII) (X) 

C00CHs COOCHs 

CFsCH -~ CH~ = CHCN - -~ CFsC--CH2CH2CN 
\ \ 

C00C2H5 COOC2II~ 

(IX) (XI) 

By the h y d r o l y s i s  of  5 , 5 , 5 - t r i f l u o r o - 4 , 4 - b i s t r i f l u o r o m e t h y l v a l e r o n i t r i l e  (VIIa) we obta ined  the c o r r e -  
sponding amide  (VIId) and ac id  (VIIe). Ethyl  5 , 5 , 5 - t r i f l u o r o - 4 , 4 - b i s t r i f l u o r o m e t h y l v a l e r a t e  (vIIf) was  ob-  
t a ined  by heat ing the  n i t r i l e  with c o n c e n t r a t e d  su l fu r ic  ac id  in p r e s e n c e  of  die thyl  e ther .  

H.~SO4 or. NaOH 
t- * (CF8)3 CCHeCH2CONH2 (VIId) 
H2SO~ or NaOH 

(CF~)8 CCH2CH2CN . . . . .  -~ (CF8)3 CCH2C[{.~COOH (VIIe) 

(VIIa) I I%sQ, (C~g,hO * (CF~)8 CCH2CHeCOOC.~H5 (V]If) 

Reduc t ion  of the a ldehyde (VIIc) o r  e s t e r  (VIIf) led  to 5 , 5 , 5 - t r i f i u o r o - 4 , 4 - b i s t r i f l u o r o m e t h y l - 1 -  
pen tano l  (XII), and r educ t ion  of the n i t r i l e  (VIIa) led to 5 , 5 , 5 - t r i f l u o r o - 4 , 4 - b i s t r i f l u o r o m e t h y l p e n t y l a m i n e  
(XIII), which  was  c h a r a c t e r i z e d  in the f o r m  of the c o r r e s p o n d i n g  subs t i tu ted  p h e n y l u r e a  {XIV): 

LiA1H4 
(CFa)8 CCH~CH2CHO x a 

(VlIc) (CF3)a CCII2CH~CH2OH 
LiA1 I-I, ,~ (XII)  

(CF8)3 GCH2.CH2COOC~H5 
(VIIf) 

LiAltt4 
(CFs)s CCH2CH2CN ~ (CFs)s CC H~Ctt~CH2NH2 

(VIIa) (XIII) I C~H~NCO 

(CFa)~ CCH~CH~CH~NHCONHC6H5 
(xiv) 

Thus ,  in i t s  appl ica t ion  to 2 H - h e x a f i u o r o - 2 - ( t r i f l u o r o m e t h y l ) p r o p a n e  the Michae l  r e a c t i o n  opens  up 
f a i r ly  wide  pos s ib i l i t i e s  in the  syn thes i s  of v a r i o u s  compounds  conta in ing the p e r f l u o r o - t - b u t y l  group.  

As r e g a r d s  the m e c h a n i s m  of this  r eac t ion ,  it m a y  be supposed  that  it is  e f fec ted  with i n t e r m e d i a t e  
f o r m a t i o n  of  the ca rban ion  {XV), which  r e a c t s  at  the ac t iva ted  double bond: 

(C.F8)3 CH (CP8)8 C ~ (CF3).~ C ~ CF2 
(iv) ~ (xv) ~ (vI) 

(C2Hs)a N (C~Ha)a NH (C2H5)3 NH -~ F | 
@ 

' ~ - ~ .  CH~C~f CHCN C~HD,N (CF~)a c + + (CFs)a CCH~CH2CN 

(XY) (VIIa) 
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However ,  in r eac t ion  with benzoyl  chlor ide  the s ame  carbanion  does not give the cor responding  
ketone  (V), but l o se s  a f luoride ion and is  conver ted  into per f luoro isobutene  (VI) [1]. This  can be explained 
e i ther  by s t e r i c  hindrance to the approach  of the benzoyl  chlor ide molecule  to the carbanion  (XV) f rom the 
side of the t e r t i a r y  ca rbon  a tom,  or  on the view that,  under  the conditions of the reac t ion ,  the reac t ion  of 
the f luor ide  ion with benzoyl  chlor ide is i r r e v e r s i b l e ,  in con t ras t  to the addition of the f luoride ion to the 
ac t iva ted  double bond of the ac ry l i c  sys tem:  

cF/ cF \corn 
(xv) 

CF~o~ 

cF/"t, cF/  

o 
H 

(CF3)sE-- C-- C6H5 (V) 
CF3 

\ 
C ~- C6HsCOF ~ C1 ~ 

CF3 CF2 

(vi) 
(CF3)s CCHsCH2CN (VIIa) 

CF3 
\ e 

C ~ FCH2CHCN 

CF3 CF2 
(vi) 

In the future we intend to study the m e c h a n i s m s  of these  r eac t ions  and the behav ior  of the 2H-hexa -  
f l u o r o - 2 - ( t r i f l u o r o m e t h y l ) p r o p a n e - - t r i e t h y l a m i n e  sy s t em under  va r ious  conditions. 

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

5 , 5 , 5 - T r i f l u o r o - 4 , 4 - b i s t r i f l u o r o m e t h y l v a l e r o n i t r i l e  ( V I I a ) .  A mix tu re  of 26 g 
of 2H-hexaf iuoro-2- ( t r i f luoromethy l )p ropane ,  6 g of ac ry lon i t r i l e ,  and 2.8 g of t r i e thy lamine  was heated in 
a sea led  tube in a boiling wa te r  bath  for  77 h. By dist i l lat ion of the mix tu re  we i so la ted  20.5 g (66%) of 
5 ,5 ,5 - t r i f luo ro -4 ,4 -b i s t r i f luo romethy lva le ron i t r f l e ;  b.p. 80-81 ~ (55 ram); m.p.  ~ 25 ~ Found %: N 5.09; 
F 62.64. CTH4F9 N. Calcula ted %: N 5.12; F 62.63. NMR spec t rum (internal s tandard  hexamethyldis i loxane):  
6 CH 2 2.5 (singlet). 

5 , 5 , 5 - T r i f l u o r o - 4 , 4 - b i s t r i f l u o r o m e t h y l v a l e r a l d e h y d e  ( V I I c ) .  A m i x t u r e o f 5 . 5 g  
of 2H-hexaf luoro-2- ( t r i f luoromethy l )p ropane ,  1.4 g of acrole in ,  and 0.35 g of t r i e thy lamine  was left  o v e r -  
night in a sea led  tube at 0 ~ On the next day vacuum dist i l lat ion gave 1.5 g (20%7 of 5 ,5 ,5 - t r i f l uo ro -4 ,4 -b i s -  
t r i f luoromethylva le ra ldehyde ;  b.p. 50-53 ~ (40 mm).  Found %: F 61.87. CTH5FgO. Calcula ted %: F 61.95. 

In addition, dis t i l la t ion of the r e s idue  gave 2 g of a high-boil ing mix tu re  of unidentified condensation 
products ;  b.p. 92-96 ~ (2 mm).  

M e t h y l  5 , 5 , 5 - T r i f l u o r o - 4 , 4 - b i s t r i f l u o r o m e t h y l v a l e r a t e  ( V I I b ) .  A m i x t u r e o f  
7.5 g of 2H-hexaf luoro-2- ( t r i f luoromethy l )p ropane ,  2.8 g of methyl  ac ry la te ,  and 1.5 g of t r i e thy lamine  was 
heated in a sea led  g lass  tube in a boiling wa te r  bath for  20 days. Dist i l lat ion gave 3.1 g (30%) of methyl  
5 ,5 ,5 - t r i f luo ro -4 ,4 -b i s t r i f luo romethy lva le ra t e ;  b.p. 63-64 ~ (33 mm).  Found %: F 55.53. CsHTFgO 2. Ca l -  
culated %: F 55.88. 

The e s t e r  (VIIb) was  also fo rm ed  in the methyla t ion  of 5 ,5 ,5 - t r i f luo ro -4 ,4 -b i s t r i f luo romethy lva le r i c  
acid (VIIe) with diazomethane.  

M e t h y l  4 - C y a n o - 2 , 2 - b i s t r i f l u o r o m e t h y l b u t y r a t e  (X) .  A mix tu re  of l0 g of methyl  
3 ,3 ,3 - t r i f luoro-2- ( t r i f luoromethy l )p rop iona te  (VIII) [3], 2.5 g of acry loni t r f le ,  and 1.1 g of t r i e thy lamine  
was heated in a boiling wa te r  bath for  15 h, and we obtained 6 g (50%7 of the n i t r i le  (X); b.p. 72-74 ~ (3 mm).  
Found %: N 5.38; F 43.30. CsHTF6NO 2. Calculated %: N 5.32; F 43.34. 

E t h y l  M e t h y l  ( 2 - C y a n o e t h y l ) ( t r i f l u o r o m e t h y l ) m a l o n a t e  ( X I ) .  A m i x t u r e o f 9 g o f  
ethyl methyl  ( t r i f luoromethyl )malonate  (IX) [1], 2.2 g of ac ry lon i t r i l e ,  and 0.73 g of t r i e thy lamine  was heated 
in a boiling wa te r  ba th  for  7.5 h, and we obtained 5 g (45%7 of the n i t r i le  (XI); b.p. 125-127 ~ (3 ram). Found%: 
N 5.39; F 21.84. C10H12F3NO 4. Calcula ted  %: N 5.20; F 21.34. 

5 , 5 , 5 - T r i f l u o r o - 4 r 4 - b i s t r i f l u o r o m e t h y l v a l e r i c  A c i d  ( V I I e )  a n d  I t s  A m i d e  
(V I I d ) _  a) A mix tu re  of 3 g of 5 ,5 ,5 - t r i f luo ro -4 ,4 -b i s t r i f luo romethy lva le ron i t r i l e  (VIIa), 3 ml  of wa te r ,  
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3 ml of concentrated sulfuric acid, and 3 ml of glacial acetic acid was heated for 4,5 h in a boiling water 
bath, and the mixture was then poured into 200 ml of cold water. The precipitate formed was reprecipitated 
from its solution in sodium bicarbonate solution by the addition of dilute hydrochloric acid. We obtained 
2.63 g (82%) of 5,5,5-trifluoro-4,4-bistrifluoromethylvaleric acid (Vile), m.p. 82-83 ~ (from benzene). 
Found %: C 28.76; H 1.91; F 58.69. CyHsFgO 2. Calculated %: C 28.76; H 1.71; F 58.56, 

b) A mixture of 1 g of 5,5,5-trifluoro-4,4-bistrifluoromethylvaleronitrile (VIIa) and 2.5 ml of con- 
centrated sulfuric acid was heated at 140-170 ~ for 1 h, cooled, and poured in cold water. The precipitate 
formed was washed with water and then extracted with sodium bicarbonate solution and with ether. Acidifi- 
cation of the bicarbonate solution gave 0.19 g (18%7 of 5,5,5-trifluoro-4,4-bistrifluoromethylvaleric acid 
(Vile). The ether extract was evaporated, and the residue consisted of 0.6 g (55%) of 5,5,5-trifluoro-4,4- 
bistrifluoromethylvaleramide (VIId), m.p. 89-90 ~ (from benzene). Found %. N 5.32; F 58.75. CTH6FgNO. 
Calculated %: N 4.81; F 58.76. 

e) A mixture of I g of 5,5,5-trifluoro-4,4-bistrifluoromethylvaleronitrile 0fIIa), 0.4 g of KOH, 0.4 ml 
of water, and 5 ml of alcohol was boiled for 3.5 h, and the mixture was evaporated in air on a clock glass. 
The residue was treated with sodium bicarbonate solution. As a precipitate we obtained 0.25 g (23.5%) of 
the amide (VIId), m.p. 88-89 ~ (from benzene); a mixture with the sample prepared by the method (b) melted 
without depression. ]By acidification of the bicarbonate solution we obtained 0.4 g (37.4%7 of 5,5,5-trifluoro- 
4,4-bistrifluoromethylvaleric acid (Vile), m.p. 81-82 ~ (from benzene), undepressed by admixture of the 
samples prepared by the methods (at and (b). 

It was shown by titration that, when 5,5,5-trifluoro-4,4-bistrifluoromethylvaleronitrile was boiled 
with alcoholic KOH, 5-6% of its fluorine was eliminated in the form of fluoride ion. 

Ethyl 5,5,5-Trifluoro-4,4-bistrifluoromethylvalerate (VIIf). Amixture of 
2 g of 5,5,5-trifluoro-4,4-bistrifluoromethylvaleronitrile (VIIa), 4 ml of diethyl ether, and 12 ml of con- 
centrated sulfuric acid was heated under reflux at 140-165 ~ for 5 h. Vacuum distillation (about 25 ram, 
bath temperature up to 180~ gave an impure product, which was washed with water and dried with anhy- 
drous magnesium sulfate. Distillation gave 1.2 g (51%) of ethyl 5,5,5-trifluoro-4,4-bistrifluoromethyl- 
valerate; b.p. 67-68 ~ (25 ram); nD24 1.3428. Found %: C 33.71; H 3.10; F 53.40. CgHgF902. Calculated%: 
C 33.75; H 2.84; F 53.44. 

5,5,5-Trifluoro-4,4-bistrifluoromethyl-l-pentanol (XII). A solution of 2. 5 g of 
ethyl 5,5,5-trifluoro-4,4-bistrifluoromethylvalerate in 5 ml of dry ether was added slowly with vigorous 
stirring to a suspension of 0.56 g of lithium aluminum hydride in I0 ml of dry ether. When the exothermic 
reaction subsided, the mixture was boiled for 2 h. It was cooled, and with stirring I0 ml of moist ether, 
3 ml of water, and 15 ml of 10% sulfuric acid were added successively. The ether layer was separated, 
the residue was extracted with ether, and the combined ether extracts were dried with magnesium sulfate. 
Distillation gave 2 g (91%) of 5,5,5-trifluoro-4,4-bistrifluoromethy1-l-pentanol; b.p. 77-78 ~ (35 ram). 
Found %: C 29.98; H 2.54; F 61.47. CTHTFgO. Calculated %: C 30.21; H 2.52; F 61.51. Phenylcarbamate, 
m.p. 64 ~ (from a mixture of benzene and heptane). Found %: N 3.85; F 42.86. CI4HI2FgNO 2. Calculated %: 
N 3.53; F 43.07. 

Analogously, from 2 g of 5,5,5-trifluoro-4,4-bistrifluoromethylvaleraldehyde (VIIc) and 0.15 g of 
lithium aluminum hydride we obtained 0.97 g (48%) of 5,5,5-trifluoro-4,4-bistrifluoromethyl-l-pentanol; 
m.p. 60-62 ~ (15 ram); the phenylearbamate melted without depression in admixture with the sample 
described above. 

5~5,5-Trifluoro-4,4-bistrifluoromethylpentylamine (XIII). A solution of 4g of 
5,5,5-trifluoro-4,4-bistrifiuoromethylvaleronitrile (VIIa) in 6 ml of dry ether was added gradually with 
vigorous stirring and cooling to a suspension of 0.57 g of lithium aluminum hydride in 27 ml of dry ether. 
After I0 rain with stirring and cooling 1.5 ml of water, 1.5 ml of 20% NaOH solution, and 3 ml of water 
were added successively. The ether layer was separated, the residue was extracted with ether, and the 
combined ether extracts were dried with magnesium sulfate. Distillation gave 0.8 g (19%) of impure 
5,5,5-trifluoro-4,4-bistrifluoromethylpentylamine (XIII), b.p. about 45-51 ~ (6 mm). 

From 0.6 g of unpurified (XIII) and 0.24 g of phenyl isocyanate we obtained 0.45 g (53%) of l-phenyl- 
3-(5,5,5-trifluoro-4,4-bistrifluoromethylpentyl)urea (XIV), m.p. 163-164 ~ (from a mixture of acetone and 
benzene). Found %: N 7.09; F 43.10. CI4HI3FgN20. Calculated %: N 7.07; F 43.18. 
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C O N C L U S I O N S  

For  the f i r s t  t ime the proton mobili ty of hydrogen atoms in mono-H-polyf luoroalkanes  due to the 
e lec t ron-a t t rac t ing  action of perf luoroalkyl  groups was applied in synthesis.  By Michael react ions  with 
2H-hexaf luoro-2- ( t r i f luoromethyl )propane  var ious  der ivat ives  of 5 ,5 ,5 - t r i f fuoro-4 ,4 -b i s t r i f luoromethy l -  
va ler ic  acid were  prepared ,  and f rom these a number  of compounds containing the per f luoro- t -bu ty l  group 
were  synthesized.  

Michael reac t ions  were  also conducted with 3 ,3 ,3- t r i f luoro-2-( t r i f luoromethyl)propionic  and ( tr i -  
f luoromethyl)malonic es te r s .  

I~ 

2. 
3. 
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All a b b r e v i a t i o n s  of  p e r i o d i c a l s  in  t he  a b o v e  b i b l i o g r a p h y  a re  l e t t e r - b y - l e t t e r  t r a n s l i t e r a -  
t i ons  of the  a b b r e v i a t i o n s  as  g i v e n  in the  o r i g i n a l  R u s s i a n  j o u r n a l .  Some or all o f  th is  peri-  

odical  l i terature m a y  we l l  be ava i lab le  in E n g l i s h  translat ion.  A c o m p l e t e  l i s t  of the  c o v e r - t o -  
cove r  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  at  the  b a c k  of  t he  f i r s t  i s s u e  of  t h i s  yea r .  
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