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One of the  r e a c t i o n s  w h i c h  d i s t i n g u i s h e s b i s t r i f l u o r o m e t h y l k e t e n e  f r o m  i t s  u n f l u o r i n a t e d  a n a l o g s  i s  
tha t  of d i m e r i z a t i o n  c a t a l y z e d  by  t r i e t h y l a m i n e .  T h i s  i s  the  s t a n d a r d  m e t h o d  fo r  the  p r e p a r a t i o n  of d i m e r s  
f r o m  k e t e n e s ,  mad in t h i s  e a s e  i t  l e a d s  not  to  c y c l i c  c o m p o u n d s  ( /? -d ike tones  [1] o r  p - l a c t o n e s  [2]),  but  to 
a l i n e a r  d i m e r ,  w h i c h  wi l l  be  d i s c u s s e d  in d e t a i l  be low.  

W e  have  p r e p a r e d  b i s t r i f l u o r o m e t h y l k e t e n e  p r e v i o u s l y  [3, 4], but  i t s  c h e m i c a l  s t r u c t u r e  w a s  u n -  
known.  In the  p r e s e n t  w o r k  we s y n t h e s i z e d  i t  by  two a dd i t i ona l  m e t h o d s .  We r e p e a t e d  the  r e a c t i o n  which  
we have  d e s c r i b e d  [3] b e t w e e n  3 , 3 , 3 - t r i 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 i o n y l  c h l o r i d e  and t r i e t h y l a m i n e  
and found tha t  when an e q u i m o l e c u l a r  m i x t u r e  of the  r e a c t a n t s  w a s  lef t  a t  r o o m  t e m p e r a t u r e  the  m a i n  
p r o d u c t  was  b i s t r i f l u o r o m e t h y l k e t e n e  d i m e r ,  w h i c h  was  a c c o m p a n i e d  by the  m o n o m e r  and 3 , 3 , 3 - t r i 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 i o n y l  f l u o r i d e ,  the  m e c h a n i s m  of  w h o s e  f o r m a t i o n  has  b e e n  d i s c u s s e d  p r e v i o u s l y :  

--NRa.HCI 

(CFa)2CH-- COC1 q- NRa ~ (CF3)2C = 

=- CO (monomer+ dimer) @ -(CFa)2CHCOF, 

It was  found tha t  the  s a m e  d i m e r  i s  r e a d i l y  o b t a i n e d  by  the  a c t i o n  of t r i e t h y l a m i n e  o r  c e s i u m  f l u o r i d e  on 
p e r f l u o r o m e t h a c r y l o y l  f l u o r i d e  (I)* 

NIla Or CsF 
(I) CF2 = C(CFa) - -  COF ~(CFa)2C ~- CO - -  dimer. 

In the case of the reaction of the,acid fluoride (I) with cesium fluoride the dimer was not isolated, 

and after the reaction the mixture was immediately treated with methanol. For the moment we will not 

discuss the structure of the main reaction product (the product of the methanolysis of the dimer), but we 

must mention that there is also formed the known methyl 3,3,3-trifluoro-2-(trifluoromethyl)propionate 

(II), which results from the alcoholysis of unchanged acid fluoride and subsequent hydrofluorination of the 
perfluor om ethacrylic ester: 

CF2 ~ C(CF3) -- COF ~ CH30H --~ [CF2 = C(CFs) -- COOCHa ~- HF] -~ 
-~ (CFa)zCHCOOCHa ( I I ) .  

In the  r e a c t i o n  m i x t u r e  we a l s o  found m e t h y l  3 , 3 - d i f l u o r o - 3 - m e t h o x y - 2 - g r i f l u o r o m e t h y l ) p r o p i o n a t e  
(III), f o r m e d  by  the  add i t i on  of a l c o h o l  a t  the  double  bond  [5]: 

CFz = C (CFa) - - -COF-~  2CHaOH-+ CHaOCF2 - -  CH (CF3) - -  COOCHa (HI). 

When the  r e a c t i o n  m i x t u r e  was  p o u r e d  into  w a t e r ,  (III) was  h y d r o l y z e d  into d i m 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  (IV): 

H20 

CHaOCF2 - -  CH(CFa) - -  COOCHa--+,CF3CH (COOCHa) 2 (IV), 

* In t h i s  w o r k  the  known p e r f l u o r o m e t h a c r y l o y l  f l u o r i d e  [5] was  s y n t h e s i z e d  in h igh  y i e l d  by  a new m e t h o d :  
t he  t h e r m a l  r e a r r a n g e m e n t  of b i s t r i f l u o r o m e t h y l k e t e n e  o v e r  g l a s s  wool  a t  440~ 

rearrangement (CFa)2C=CO -- - ~  CF~=C (CFa)--COF. 

We carried out this work in collaboration with L. Alekseeva. 
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Bis t r i f l uo rome thy lke t ene  d imer  is  pe r f iuoro(2 ,4 ,4 - t r imethy lg lu taconoyl )  f luor ide  (V), which follows 
f rom i t s  r e a c t i o n s  and s p e c t r a  (IR absorp t ion  max ima:  double bond at 1690 and carbonyl  g roups  at 1805 
and 1835 cm-1). We t r i e d  to e s t ab l i sh  the p r e s e n c e  of a double bond by a chemica l  method,  as well  as  by 
the IR spec t rum,  but,  for  example ,  we were  unable to br ing  about the additon of ch lor ine  to the d imer .  The 
l a t t e r  r e m a i n e d  unchanged when i r r a d i a t e d  in p r e s e n c e  of ch lor ine  in a s ea l ed  tube. The s t r u c t u r e  of the 
d i m e r  was p roved  by i ts  chemica l  t r ans fo rma t ions .  Thus,  under the act ion of wa te r  the ac id  f luor ide  (V) 
was conver ted  into a m ix tu r e  of c i s -  and t r ans -2H,  4H - he p t a f l uo r o - 4 - ( t r i f l uo r om e t hy l ) - 2 - pe n t e ne s  (VI): 

tt20 

(V) FOC - -  C(CFa)2 - -  CF -~- C(CF3) - -  COF 
--2C02 

, [HOOC - - C  (CF~)~- CF ----- C (CF3)-  COOHI 
> (CF3)zCHCF = CHCF~ (VI). 

In the IR spec t rum of the mix tu re  of olefins the double bond absorp t ion  is  at 1712 cm -1, the shift 
toward  s h o r t e r  waves  f rom the band in the spec t rum of the ac id  f luor ide  (V) being due to the lo s s  of the 
conjugat ion with the carbonyl  group in the decarboxyla t ion .  

F r o m  the mix tu re  of c i s  and t r a n s  pentenes  we were  able to i so la t e  the i s o m e r  p r e s e n t  in the g r e a t e r  
amount. This  w a s p r o b a b l y  the i s o m e r  in which the hydrogen and f luor ine  a toms  at  the double bond a re  in 
the  t r a n s  pos i t ion ,  which follows f rom the value  of the sp in - sp in  in te rac t ion  constant  (31.2 Hz) (cf. [6]). 
The PMR spec t rum of the t r a n s  pentene (VI), de t e rmined  at  40 MHz, i s  given below, and it contains mul t ip le t  
s igna ls  f rom the two pro tons ,  one of which H(2) shows up as  a doublet of quar t e t s  with a chemica l  shift  of 
5.53 p .p .m,  and the other  H(1) --  in the  form of 8 l ines ,  which can be i n t e r p r e t e d  as  two s u p e r i m p o s e d  
heptets  with a chemica l  shift  of 3.61 p .p .m.  (Fig. 1). 

Fe 

>CW--C=C--CF] 

The chemica l  shift of the H(2) atom- i s  in a c c o r d  with data in the l i t e r a t u r e  [7]. As r e g a r d s  the H(1) 
a tom,  we c o m p a r e d  i ts  pos i t ion  on the 5 sca le  with the chemica l  shif ts  of t e r t i a r y  hydrogen a toms in a 
number  of wel l  known subs tances  containing a 2 , 2 , 2 - t r i f l u o r o - l - ( t r i f l u o r o m e t h y l ) e t h y l  group,  the s t r u c -  
t u r e s  of which a r e  wel l  es tab l i shed .  The s p e c t r a  w e r e  de t e rmined  at room t e m p e r a t u r e  in CO14 with h e x a -  
me thy ld i s i loxane  as in te rna l  r e f e r e n c e  substance.  Chemical  shifts a r e  given r e l a t i v e  to t e t r a m e t h y l s i l a n e  
(Table 1). 

It wi l l  be seen f rom Table  1 that the shift  in the proton H(1) toward  s t ronge r  f ie lds  is  obse rved  in 
those  compounds which contain a l a r g e r  number  of f luor ine  a toms in the a - p o s i t i o n  r e l a t i v e  to the pro ton  
under  cons ide ra t ion  and is  g r e a t l y  dependent on the s t r u c t u r e  of the r e s t  of the molecule .  It i s  i n t e re s t ing  
that  in methyl  2H-pen ta f luo ro -2 - ( t r i f l uo rome thy l )p ropy l  e ther  (compound 2) the constants  for  sp in - sp in  
in t e rac t ion  with the a toms F(1) and F(2) a r e  equal,  which we have a lso  obse rved  p rev ious ly  for  compounds 
of analogous s t r u c t u r e  [12]. Unlike the ac id  f luor ide  (V), 2H,4H-hep ta f iuo ro -4 - ( t r i f luo romethy l ) -2 -pen tene  
r e a d i l y  combines  with a ch lor ine  molecu le  wi th  fo rmat ion  of a m i x t u r e  of d i a s t e r e o i s o m e r s *  of 2H,4H-3,4-  
d i ch lo rohep ta f luo ro -2 -  ( t r i f luoromethyl )pentane  (VII): 

Ch 
(CF3)2CH --  CF = CH - -  CFa ~ (CF~)zCH --  C*FC1 --  C*HC~ --  CF~ (VII). 

hv 

F u r t h e r  conf i rmat ion  of the s t r u c t u r e  of b i s t r i f l uo rome thy lke t ene  d i m e r  is  p rov ided  by the r eac t ion  
with methanol ,  in which we obtained dimethyl  pe r f luoro (2 ,4 ,4 - t r ime thy lg lu tacona te )  (VIII): 

CHaOH 

FOC --  C (CF3)2 --  CF ~--- C (CF3) - -  COF-  

CH300C - -  C(CFa)2 - -  CF = C(CF3) --  COOCH3 (VIII). 

The IR spec t rum of th is  compound contains  an absorp t ion  band due to a double bond conjugated with 
a CO group and a doublet due to carbonyl  groups.  The p r e s e n c e  of a conjugated C = C - - C  = O  grouping 
a lso  follows f rom the UV spec t rum,  and the PMR spec t rum contains  two signMs f rom methyl  protons .  

*I t  f o r m s  two peaks  on the ch roma tog ram.  
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Fig. 1 

For the purpose of assigning signals from these protons to the saturated or unsaturated end of the mole- 
cule we compared the NMR spectra of methyl esters of a number of saturated fluorinated acids with the 
spectrum of the perfluoromethacrylic ester (Table 2). The conditions under which these spectra were 
determined were the same as for the compounds containing the 2,2,2-trifluoro-l-(trifluoromethyl)ethylgroup. 

It will be seen from Table 2 that the signal from the methyl group of the unsaturated ester clearly 
lies in a stronger field, which is an argument in favor of an analogous assignment of the signals of the 
different methyl groups in the molecule of the diester (VIII). The resonance peak with 6 = 3.96 we attribute 

to an H(1) proton and that with 6 = 3.83 to an H(2) proton [CH3iOOC --C(CF3) 2 --CF=C(CF3) --COOCH32]. 

The mechanism of the formation of the linear dimer from bistrifluoromethylketene can be envisaged 
as follows. It is probable that dimerization is preceded by the isomerization of the ketene into the more 
stable perfluoromethacryloyl fluoride: 

( C F 3 ) 2 C  -~- C O  ->- CF2 = C(CFa)COF. 

The active double bond of this compound is attacked by a fluoride ion, which may be provided by 
cesium fluoride or  the product of the react ion of the unsaturated acid fluoride with t r ie thylamine:  

@ 
BaN. . . )  CF2 = C (CFa) - -  COF--> Fe -~ RaN--C4FsO 

| 
F e . . . )  CF~ = C (CFa)--COF --> (CFa) z C--COF. 

The anion of 3,3,3-trifluoro-2-(trifluoromethyl)propionyl fluoride formed at this stage again reacts 
with the unsaturated acid fluoride with replacement of the vinyl fluorine atom and formation of the dimer 
and a fluoride ion, which continues the reaction: 

cF~ - ~F3 ~Fa ~Fa 
F O C ' ~ C  ~ ' ~  C F = C - - C O F  - - ~  FOC--C- -CF~-~-C- -COF + F e e t c .  
cL / C~ I 
�9 , CF 3 

Thus, we are inclined to regard "bistrifluoromethylketene dimer" as being rather the dimer of 
perfluoromethacryloyl fluoride, and this unusual condensation is probably general for fluorine-containing 
acids with an active double bond. For example, in an attempt to prepare unsaturated esters from 3,3,3-tri- 
fluoro-2-(trifluoromethyl)propionic or (trifluoromethyl)malonic esters by the action of triethylamine in 
presence of benzoyl chloride* we isolated only the dimers of the expected unsaturated esters, one of which 
(R =CF3} was found to be identical to the product obtained from the dimer (V) and methanol: 

CFa--CH (R) COOCHaq-Nlqs ~ [CF2-----C (B) COOSHa] ~,= NRa. HF 
I I ~hcoo~ 

0,SCFa--C (13) CF=C (R) COOCtta PhCOF @ NRa-HCI 
I 

COOCHa 
R=CFa (VIII) and COOZHa (IX), 

* This method of dehydrofluorination was proposed by us recent ly  for the synthesis  of unsaturated c o m -  
pounds whose double bond is active toward nueleophilic reagents  [14]. 
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TABLE 1 

No. 

1 

Compound 

(C F31 ) 2C H i-C F 2 ---- C H 2- 
C F33 

(C F3 I) 2 C H i --C F22 --OC H 3 
(C F31)2CH--COF 2 [8] 

(C H3 l) 2 C H i --C OOC H 3 
(C FI3)2CH--CN 
(C FI3)2CH--Br [9] 
(C F31)2CHI--CH20 [i0] 
(C F31)2CHICON(CH3)2 [Ii] 

H (1) 

3.61 

3.53 
4.15 
4.25 
4.45 
4.39 
4.15 
4.60 

JH (1) F (1) 

7.1 

7.0 
7.3 
7.6 
6.6 
6.4 
8.4 
7.1 

JH (1) F (2) 

21.9 

7.0 
2.0 

6 CH 3 

3.70 

3.89 

3.0 and 
3.17 

6 H (2) 

5.53 

9.87 

JH (1) H (2) 

2.0 

The spec t ra l  c h a r a c t e r i s t i c s  of t e t r ame thy l  p e r f l u o r o ( 1 - b u t e n e - l , l , 3 , 3 - t e t r a c a r b o x y l a t e )  (IX) a re  
ident ical  to those  of dimethyl  per f luoro(2 ,4 ,4- t r imethylg lu taconate) .  

EXPERIMENTAL 

The identification of all liquid compounds with known samples was conducted by gas-liquid chromato- 
graphy. IR spectra were determined in the IR Spectroscopy Laboratory of the Institute of Heteroorganic 
Compounds with UR-10 and IKS-14 spectrophotometers. UV spectra were determined with an SFD-2 instru- 
ment in the Karpov Physicochemical Institute by Sh. Nadzhimutdinov. PMR spectra were recorded by I. P. 
Amiton with a TsLA-55-35 NMR spectrometer with hexamethyldisiloxane as an internal reference; chem- 
ical shifts are given on the 6 scale relative to tetramethylsilane. Analyses were carried out in the Micro- 
analytical Laboratory. 

Perfluoromethacryloyl Fluoride (I). Bistrifluoromethylketene (147g) contained ina 
glass trap was allowed to evaporate freely at room temperature into a glass tube filled with glass wool and 
heated to 440 ~ over a length of 500 mm. A feeble stream of dry nitrogen was passed simultaneously through 
this tube. Beyond the heated zone the acid fluoride formed was condensed in a down-sloping condenser 
connected to the heated tube, and it flowed into a receiver; unchanged ketene was collected in a cooled trap. 
When the ketene had evaporated completely, the traps at the start and end of the apparatus were inter- 
changed, and the condensate was again evaporated. In the trap at the end of the apparatus a gas condensed 
which came over below --I0 ~ and was not unchanged ketene; it was not investigated. By distillation of the 
liquid through a column we isolated 89.6 g (61%) of (I), b.p. 51.5 ~ identical to the preparation described 
previously [5]. IR spectrum (Vmax, cm-i): 705, 980, 1040, 1060, 1167, 1270, 1385, 1700, and 1833 (only 

strong absorption). 

Perfluoro(2,4,4-trimethylglutaconoyl) Fluoride (V} (Bistrifluoromethyl- 
ketene Dimer I. a) A mixture of l.4 g of (1) and two drops of dry triethylamine was sealed in a glass 
tube at --78 ~ and the mixture was allowed to warm up to room temperature. When the weakly exothermic 
reaction stopped, the tube was heated to i00 ~ for 1 h; it was then cooled and opened, and the contents were 
distilled. We obtained i.i g (79%) of a liquid of b.p. 110-117 ~, which froze to crystals when cooled and was 

identical to known dimer (V) [3, 4]. 

IR spectrum (~max, cm-i): 740 m; 755 w; 770 w; 785 w; 825 m; 985 s; i000 s; 1025 s; 1075 m; 1120m; 
1170-1300 v.s; 1345 v.s; 1390 v.s; 1500 w; 1540 w; 1690 s; 1805 v.s; 1835 (shldr}. NaCI prism. 

b) A mixture of 1 g of el) and 0.3 g of cesittm fluoride was left in a sealed tube at 20 ~ for two days, 
and it was treated with methanol and then diluted with water, i.i g of an oil was obtained, and this was 
found to consist of 13% of methyl 3,3,3-trifluoro-2-(trifluoromethyl)propionate (II), 8% of methyl 3,3-di- 
fluoro-3-methoxy-2-(trifluoromethyl)propionate (HI) [5], 6% of dimethyl (trifluoromethyl)malolmte (IV) 
[14], and 73% of dimethyl perfluoro(2,4,4-trimethylglutaconate) (VIII), identical to the substance described 

below. 

IR spectrum of (If) (~nax, cm-i}: 730 s; 785 m; 864 m; 922 w; 1020 s; IIi0 v.s; 1126 v.s; 1170 s; 

1250 v.s; 1315 v.s; 1370 v.s; 1450 m; 1773 v.s (CO). NaCI prism. 

c) A round-bottomed flask at --78 ~ was charged with 16.8 g of 3,3,3-trifluoro-2-(trifluoromethyl)- 
propionyl chloride, and an equimolecular amount of dry triethylamine was added cautiously. The mixture 
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TABLE 2 

Compound 6 CCH 3 

C3FTCOOCH 3 
(C F3)3C --C OOC H 3 
(C F3)2CH--COOCH 3 
(C F~)2C (CH3)--COOC H3* 
C F3C OC OOC H 3 
C F 2 = C (C F3)--COOC H 3 

Ref. to 
5 0 C  H 3 

prepn. 

4.01 

[II] 3.99 
3.90 
3.85 

[13] 3.83 
[51 3.6s 

1.69 

* This  e s t e r  was synthes ized  by Yu. E. Aronov f rom the c o r r e -  
sponding acid f luoride ( s e e  Exper imenta l ) .  

was allowed to warm up to room temperature gradually (in the course of 3 h) with the flask connected to 
a cooled (--78 ~ trap, The apparatus was then connected to a water pump, and all the liquid in the flask 
(ii g) was distilled in a boiling water bath into the trap. Distillation of the condensate through a column 
gave 2.3 g (18%) of bistrifluoromethylketene, b.p. 5-10 ~ 1.3 g (9%) of 3,3,3-trifluoro-2-(trifluoromethyl)- 
propionyl fluoride, b.p. 30-33 ~ 1.4 g (15%) of a mixture of cis- and trans-2H,4H-heptafluoro-4-(trifiuoro- 
methyl)-2-pentenes [see experiment with (VI)], b.p. 71-80 ~ and 4.0 g (32%) of bistrifluoromethylketene 
dimer, b.p. 105-110 ~ 

Chlorination of Bistrifluoromethylketene Dimer. Anequimolecular mixture ofthe 
dimer (i g) and chlorine was irradiated in a sealed quartz tube for 5 h with a PRK-2 lamp at a distance of 
i0 cm. At the end of the irradiation the tube was cooled to --78 ~ opened, and heated to 50 ~ to remove chlo- 
ride. The residue was identified as unchanged dimer. 

trans-2H,4H-Heptafluoro-4-(trifluoromethyl)-2-pentene (VI). With cooling a 
sufficient amount of bis-2-methoxyethyl ether was added gradually to a mixture of 0.95 g of (V) and 1 ml 
of water in a round-bottomed flask with a reflux condenser to make the mixture homogeneous. At the end 
of the exothermic reaction the mixture was heated at 70 ~ for 15 rain (until no more CO 2 came off -- identi- 
fied by gas-liquid chromatography) and diluted with water; the precipitated oil (0.8 g) was separated and 
washed with water, and it was distilled from its mixture with an equal volume of concentrated H2SO 4. We 
obtained 0.42 g (62%) of the olefln (VI), b.p. 71-79 ~ which was shown chromatographically to a mixture of 
the cis and trans isomers in about 1 : 5 proportions. The trans isomer was isolated by means of prepara- 
tive chromatography,* and it had b.p. 68.5 ~ (752 ram) (micro method); nD2~ 1.285. Found %: C 27.3; H0.79; 
F 72.0. CGH2FI0. Calculated %: C 27.3; H 0.76; F 72.0. 

IR spectrum of the mixture of isomers (Vmax, cm-i): 695 w; 720 s; 735 m; 748 w; 769 w; 794 m; 
820 w; 850 w; 890 s; 920 s; 978 s; I000 s; II00 s; 1140-1340 v.s; 1395 m; 1685 (shldr); 1705 (shldr); 1712 s; 
1757 (shldr); 2985; 3088; 3140. 

PMR spectrum: (CF~)2CHi--CF2=CH2--CF 3 5H(1) 3.61; 6H(2) 5.53; JH(1)F(1) 7.12 Hz; JH(1)F(2) 
21.gHz; JH(2)F(2) 31.2Hz; JH(2)F(3) 7.2Hz. 

(~)-2H,4H-3,4-Dichloroheptafluoro-2-(trifluoromethyl)pentane (VII). Amix- 
ture of 8.1 g of (VI) and 3.02 g of chlorine was irradiated in a sealed glass tube with UV (PRK-2 lamp) for 
6 h. The tube was cooled to --78 ~ opened, and warmed to room temperature; hydrogen chloride was liber- 
ated. In the distillation of the liquid obtained (8.7 g) through a column we isolated 6.5 g (63%) of a fraction 
of b.p. 114-118 ~ and nD2~ 1.3356, which was found to be a mixture of two diastereoisomers of the chlorinated 
product, which were not completely separated on the chromatogram. Found %: C 21.0; H 0.62; F 56.7. 
C6H2FIoCI 2. Calculated %: C 21.5; H 0.60; F 56.7. The IR spectrum of the sample contained no absorption 
in the region 1450-2200 cm -i at a layer thickness of 60 p. 

Dimethyl Perfluoro(2,4,4-trimethylglutaconate) (VIII). Amixtureofl0.2gof 
bistrifluoromethylketene dimer and 30 ml of absolute methanol was boiled in a flask with a reflux con- 
denser for 2 h and then diluted with water. The precipitated oil was separated, dried with P205, and dis- 
tilled. We obtained 7.5 g (69%) of the dimethyl ester (VIII), b.p. 71-75 ~ (Ii ram) and 175-178 ~ (760 ram). 

* The work was carried out by R. V. Golovnya and A. V. Sklyarov with a Virus Gasofract 3000PR chromato- 
graph. 
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A chromatograph ica l ly  pure  sample  had b.p. 75 ~ (11 mm) and nD 2~ 1.3570. Found %: C 31.4; H 1.68; F49.4.  
C10H6F1004. Calcula ted  %: C 31.6; H 1.58; F 50.0. 

LR spec t rum  (Vmax, cm- t ) :  590 m; 630 w; 650-675 m (doublet), 710 w; 727 m; 745 s; 760 m; 930- 
945 w (doublet), 990 s; 1040 s; 1080 s; 1150-1340 v.s ;  1440 s; 1675 s (C = C ) ,  1760-1775 s (doublet CO). 
UV spec t rum:  in alcohol log emax 2.994 at 226 rap; in hexane log emax  2.725 at 228 mt~. PMR spec t rum:  
5CH 3 3.83 and 3.96 p .p .m,  with ra t io  of in tens i t ies  of 1 : 1. 

17 g of benzoyl  chlor ide  was added dropwise  in the cou r se  of 1 h to an equimolecular  mix tu re  of 
methyl  3 ,3 ,3 - t r i f luoro-2- ( t r i f luoromethy l )p rop iona te  (21.6 g) and t r i e thy lamine  in a round-bo t tomed  t h r e e -  
necked f lask fi t ted with s t i r r e r ,  dropping funnel, and ref lux condenser .  The mix tu re  was  heated  in a wa te r  
bath  at 100 ~ for  2 h and then diluted with 50 ml  of water .  The oil was  sepa ra ted  and washed with hydrochlor ic  
acid, and the res idue  was  ref luxed with ethanol for  3 h. The solution was diluted with wa te r ,  and the oil 
was  separa ted ,  dr ied  with magnes ium sulfate,  and distilled. We obtained 10.8 g (55%7 of the dimethyl  e s t e r  
(VIII), b,p, 72-78 ~ (9 mm) ,  ident ical  with the sample  descr ibed  above and 11.8 g of ethyl benzoate ,  b.p. 
89-90 ~ (9 mm).  

T e t r a m e t h y l  P e r f l u o r o ( 1 - b u t e n e - l , l , 3 , 3 - t e t r a c a r b o x y l a t e )  ( I X ) .  In an analogous 
way, 10.4 g of benzoyl  chlor ide  was added to a mix tu re  (equimolecular)  of 19.7 g of methyl  ( t r i f luoromethyl ) -  
malona te  and 7.5 g of t r i e thy lamine ,  and the resu l t ing  mix tu re  was  heated at 60 ~ for  3 h. It was  t r ea t ed  
with wa te r  and washed with hydrochlor ic  acid; the oil was  taken up in e ther  and dr ied with magnes ium 
sulfate.  E ther  was  dr iven off, and the res idue  was  vacuum-dis t i l l ed .  We obtained 9 g (98%) of benzoyl  
f luoride,  b.p. 27-45 ~ (9 mm) ,  identical  to a known sample ,  and 6.2 g (47%) of the t e t r ame thy l  e s t e r  (IX), 
b.p. 152 ~ (0.2 mm)  and nD2~ 1.4291. Found %: C 40.0; H 3.32; F 22.1. C12H12F408. Calcula ted  %: C 40.0; 
H 3.33; F 21.1. 

IR spec t rum (Vmax, cm-t ) :  1030 m; 1055 s; 1083 s; 1170 s; 1210-1320 v.s ;  1443 s; 1460 (sbldr); 
1475 (shldr); 1673 m (C = C ) ,  1745-1775 v .s  (CO). NaC1 p r i sm .  PMR spec t rum:  5CH 3 3.76 and 3 .97p.p .m.  

M e t h y l  3 , 3 , 3 - T r i f l u o r o - 2 - m e t h y l - 2 - ( t r i f l u o r o m e t h y l ) p r o p i o n a t e .  This  was 
p r e p a r e d  in the usual  way f rom 3 ,3 ,3 - t r i f luo ro -2 -methy l -2 - ( t r i f luo romethy l )p rop iony l  f luoride [15] and 
methanol  in 64% yield; b.p. 98.5-99 ~ (745 mm).  Found %: C 32.3; H 2.31; F 50.2. C6H6F602. Calculated%: 
C 32.1; H 2.68; F 50.9. 

IR spec t rum (~max, cm-1): 740 s; 765 m; 795 s; 885 s; 980 s; 1075-1325 v.s ;  1400 m; 1450 s; 1600 
w; 1760 v .s ;  2100 v.w. 

CONCLUSIONS 

i. Unlike other known ketenes, bistrifluoromethylketene forms a linear dimer under the action of 
triethylamine. 

2. A new reac t ion  was d iscovered:  the l inear  d imer iza t ion  of functional de r iva t ives  of p e r f l u o r o -  
me thac ry l i c  and (dif luoromethylene)malonic acids.  
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