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In this work we invest:gated some pyrolytic reactions, as a result of whmh we developed a method of synthe- 
sizing methyl perfluoromethacrylare. In the investigation of the decarboxylatlon of potassium cr 
isobutyrate it was noted that the composition of the mixture of products depends greatly on the reaction conditions. 
Thus, when the mlt  is, heated inethyl acetate 2-hydropentafluoropropene is obtained in quantitative yield[I] ,  when 
it Is heated in water the only reaction product is 2,2-dlhydrohexafluoropropane, and on pyrolysis of the dry salt et- 
hydrohexafluorolsobutyryl fluoride and 2-hydropentafluoropropene are formed in approximately equal amounts. 

Ethyl acetate 
-CFaCtl = CF.,> 90% 

(CF~), CtlCOOK tl,O : CF3CtItCFa ~ 40% 

J Dry salt 
-" ClvaCt[ = CF., (50%)~nd(CFa)o_CIICOF(50%) 

The alkali formed in the dccarboxylatton of the sa It in water reacts with potassium hcxafluoroisobutyrate with 
elimination of hydrogen fluoride, which leads ultmaately to the mineralization of all  the fluorine. This explains 
the low yield of hexafluoropropane*. Analysis of the impure a-hydrohexafluoroisobutyryl fluoride obtained in the 
pyrolysis of the dry salt with the aid of gas-hqutd chromatography showed that It contained 10-15% perfluorometh- 
aeryloyl fluoride impurity, which could be formed under the pyrolysis condltons from hexafluorolsobutyryl fluoride 
by the elimination of hydrogen fluoride. The correctness of this view was verified experimentally, and it was found 
that in the pyrolysis of the acid fluoride on glass wool at 400* perfluoromethacryloyl fluoride, btstrifluoromethylketene, 
et-bydrohexafluorotsobutyrm acid, and 2-hydropentafluoropropene are formed. 

(CFsh CtICOF ~4~176 CFz =36%C (CFa) COF; (C Fs)2C!~**/,CO; (CFa)2 CHCO0 H ; 7 %  CFaCtl13%= CF~ 

The hydrogen fluoride liberated reacts with the glass with formation of water, which then adds to blstr~fluoro- 
methylketene and so reduces its yield at the expense of the formation of the acid. 

HF+SiO2--~SiFt-f-[I:O 
(CFshC=CO+II~O--- (CF3)s  CtlCOOtl 

With rise in temperature the 2-hydropentafluoropropene coutellt of the pyrolysis products increase;; as a result 
of  the cleavage of a carbon-carbon bond and the ehmlnatton of carbonyl dlfluortde. 

(CFs)s CHCOF - - - - ~  CFaCI[ = CF~ + COF~ 

It is interesting to compare the result of the pyrolysis of a-hydmhexafluoro~sobutyryl fluoride with the action 
of anhydrous potassium fluoride on this substance. Whereas m the first case the removal of a fluorine atom as hydrogen 

_ _ I r  L l  

*A good yield of 2,2-dihydrohexafluoropropane is obtained by heating trlethyLamme a-hydorhexafluorol~obutyrate, 
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fluoride proceeds mainly from the t r i f luoromet~ l  group, in the second ease the fluoride ion is elmamated excluswe- 
ly from the fluorocarbonyl group with fotmatkm of  bistrifluoromethylketene dimer. 

(CFa)s CHCOF + KF ---- [(CF,)t C = COlt + KH Ft 

In the reaction of perfluoromethacryloyl tlaoride with methanol we were unable to arrest the reactton at the 
stage of the perfluoromethacrylie ester:, a sectmd molecule of alcohol added to the double bond of the latter wzth 
formation of methyl 3,3-dffluoro-3-meth,v~r-2--{trifl,.mromethyl)propionate. 

CFt ~--- C (CFs) COF CH~OH : |C,F~ ~--- C (CFa) C00CHs] --+ CHs0CFsCH (CF,) C00CHs 

The possibility of the latter reaction is ~ i a t e d  with the marked electrophilic character of the double bond 
of perfluoromethactylic compounds. I f  we c o ,  pare perfluorolsobutene with perfluoromethacryloyl fluortde it will be 
seen that in the latter compound the e lec t ro tm~t ive  trifluoromethyl group is replaced by the stlli more electronega- 
t i re  fluorocarbonyl group. 

CFm CFm 
, I  7 

CFz =. C CFt = C 

CF~ COF 

It is known that the effect of the presem:c of  two trifluoromethyl groups in perfluoroisobutene is manifested m 
the particular ease with which nucleophilic addS_ions occur. In a homogeneous medium perfluorolsobutcne reacts 
even with pure water [2]. These reactions s!ro-~m go just as readily with perfluoromethacryhc acid, wh~,.h is indeed 
observed. After the protection of th~double  bozd in perfluoromethacryloyl fluoride by the addition of chlorine no 
difficulty was experienced in obtaining the desired product, and methyl perfluoromethacrylate was syntlaestzed from 
a ,  B-diehloropentafluoroLSobutyryl fluoride aftex methanolyms and dehalogenatlon with zinc. 

CFt -----" C (CF,) COF ~.ct, CF.~C.ICC! (CF,) COF .CHf~ CFzCICCI (CF3) COOCHs Z_n_,. 
--~ CF~ --  C (CF~) COOCH, 

This ester did in fact react slowly with pure water in absence of catalyst and solvent, and a molecule of meth- 
anol added at  the double bond with evolution o f  heat.  

CFt = C (CF~) COOCH3 + CHsOH -.~ CtttOCF2CH(CFs) COOCH3. 

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

Pyrolysis of Potassium a-Hydrohexafhmxo~rbutyrate.  2 g of  the dry salt was heated m a stream of nitrogen at 
140-150" in a round-b0ttomed flask. The deowmlx~sitxon products were collected in a trap at - 75 ~ We obtained 1.4 
g of liquid, which was analyzed on the chromatographic column described m Communication 2. Composmon: 48 % 
2-hydropentafluoropropene, 4590 a - h y d r o h e x a ~ r o i s o b u t y r y l  fluoride, and 790 perfluoromethacryloyl fluoride. At a 
temperature of not above 0* to 1.2 g of hexaflram'oisobutyric acid we added an equimolecular amount of ~tr~ethylamme 
and stirred well. Liberation of gas began a t  ro~m temperature and went briskly at 40". In all 0.8 g of gas was con- 
densed in the trap, and it was identified on tim chromatographic column as 2,2-dihydrohexafluoropropanc; yield 85%. 

An aqueous solution of 10.4 g of potassium a-hydrohexafluoroisobutyrate was boded under reflux. The gas 
liberated was washed with water, dried with calci~,rn chloride, and collected in a trap. We obtained 2.7 g (409o) of 
2,2-dihydrohexafluoropropane, b.p. from - 1.8 to - 1.4"; mol.wt, found, 149; calculated, 152. Found: C 23.30; 
H 1.60; F 74.51%. C.tF6H v Calculated: C 23.g8; H 1.32; F 75.00%. The literature [3] gives b.p. - 0.7 ~ 

Pyrolysis of a-Hydrohexafluoroisobutyryl Fluoride. The pyrolysis of the acid fluoride was carried out in a glass 
tube, 4 r a m  in dmmeter,  filled with glass wool and heated over a length of 450 mm w~th an electric spiral. 

The tube was heated to 400 ~ and 100 g of  tim acid fluoride was passed in dropwise in a stream of nitrogen over 
a period of two hours. The reaction products were collected in a trap containing roasted calcium chloride. We 

1436 



obtained 75 g of pyrolyzate, by the fractionation of which, first through a low-temperature column and then through 
an ordinary column, we obtained the following fractmns: I (7.1 g), b.p. up to 4*; II (7.1 g), b.p. 5-30"~ III (22~3 g) 
unchanged original acid fluoride, b.p. 31-33"; IV (25.0 g) perflaoromethacryloyl fluoride; b.p, 52* (760 ram); 
n~i~ 1.3025; d~ ~ 1.4710. Found: C 26.96; F 62.37%. C4F60. Calculated: C 26.97; F 64.04~o. 

Chromatograpbm analysis of Fractmns I and II showed that Fractmn I consisted mainly of 2-hydropentafluoro- 
propene and Fraction II was blstrifluoromethylketene. On dlztillatlon of 8.,5 g of the residue m the st~11 from its 
mixture with concentrated sulfuric acid we obtained 5 g of c~-hydrohexafluoroLsobutyrm acid, m.p. 52*. 

Reaction of a-Hydrohexafluoroisobutyryl Fluoride with Potassmm Fluoride. A mixture of 2.2 g of the acid 
fluoride and 0.7 g of anfiydrous potassmm fiuortde was heated m a sealed tube at 100" for 16 hours. Distillation of 
the reactmn m~xture from an oil bath at 150" then gave a hqmd, whmh was analyzed on a chromatographic column. 
It eontahaed 65% unchanged original acid fluoride and 35% btstrifluoromethylketene dimer, tdentmal ~Jth the corn- 
pound described m Commtm~catmn 2 of this serms. 

c~, 8-DichloroPentafluorotsobutyry I Fluoride. Thas was prepared m 80% ymld by the ultrawolet lrrad~atmn of 
an equimolecular mixture of perfluoromethacryloyl fluoride and chlorine m a sealed quartz tube; b.p. (;8.5* 
(746 mm); n2i~ 1.3346; d~ ~ 1.642. Found: G 19.17, F 45.01%. C4F~C~zO. Calculated: C 19.27; F 45~80%. 

The NMR spectrum of the product ~ contains three trees having chemical shifts, measured relative to CF2Clz, 
of -4'2,, + 48, and + 59, which can be assigned to the groups COF, CF2C1, and CFa, respectively [4]. The NMR 
spectrum of the isomeric c~-chlorohexafluotoisobutytyl chloride, which has ~dentmal constants (b.o. 69.5*; n ~  1.3345; 
d~ ~ 1.647), was determined for comparison purpose and contains only one line, whmh according to its ml.enslty and 
shift (+ 59) is to attributed to two trifluoromethyl groups. 

_ - - _ . prepared by the methanolysts of the corresponding acid 
fluori �9 - 1.5721. Found: C 23.14; H 1.55%. CsFsHaCI~O z. Calculated: 
C 23.00; H 1.15%. 

Methyl Peffluorome~hacrylatc. This was prcparcd m 77% yield by the dechlormatlon of methyl cz, ~-dichloro- 
pentafluoroisobutyrate w~th zinc m dry ether; b.p. 90-92"; n ~  1.~288; d~ ~ 1.373 Found: C 30.85; H 2.11; 
F 49.34%. CsFstI~O z. Calculated: C 31.C,0; tl 1.5S; F 50.00%. 

Meth.~,l/3,~-Dffluoto-~-methox},-c~-(trffluorometh~.l)propmaate. 7.3 g of petfluoromethacryloyl fluoride was 
added to cooled methanol, and when the exotherrnm reactmn had stopped the m~xture was refluxed foe four hours 
and then d~luted with water. The oil that separated was taken up m ether and dried w~th calcium chloride. After 
two vacuum distillations we ~solated two fractmns: I (6.1 g), b.p, 78-81" (~0 ram); II (1.5 g), b.p. 100-102" (57 ram) 
and n~  1.3708. 

Fraction 15 was not investigated, but Fraction I was found to be methyl ~,~ -dffluoro-/3 -methoxy-a-(trff luoro- 
methyl)propmnate, nZ~ 1.3435; d~ ~ 1.382; yxeld 67%. Found: C 32.60; H 3.40; F 42.92%. CsFsH~Oa. Calculated: 
C 32.431 H 3.15; F 42.'/907o. 

W~th the a~d of gas-hqmd chromatography the ester obtained was shown to be identzcal w~th the product of 
the reaction of methyl perfluoromethacrylate wxth absolute methanol. The ymld m this case was more than 90%. 

S U M M A R Y  

1. In the pyrolysi~ of a-hydrohexafluoroisobutyryl fluoride fluorine atoms are ehmmated as hydrolgen fluoride 
both from the trifluoromethyl and from the fluorocarbonyt group, which leads to a mLxtt~rc of bist~ifluoromethyl- 
ketene and perfluoromethacryloyl fluoride. On the other hand, under the action of potassium fluoride the., 
elimination of a fluorzde lea proceeds only from the fluorocarbonyl group. 

2, It was shown that the double bond m perfluoromethacryhc compounds ~s h~ghly active toward the addition 
of nueleophllie agents. 
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ALt abbreviat ions of perlodJcals in the above bibUo~'aphy are let ter-by-let ter  t ransl i ter-  

a t ions  of  the abbreviat ions as given in the original Russian journaL Some or all of  this peri- 
odlcal literature may well be available la English translation. A complete l l s t  o~the  cover-to-  

cover  Engl i sh  t ranslat ions appesrs  at the back of this issue.  
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