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Previous ly  we had shown that the es te r s  of t r i f luoropyruvic  acid are  easi ly obtained f rom per f luoro-  
propylene oxide [1]. It could be expected that the ketonic carbonyl group in these compounds will be espe-  
cial ly electrophil ic  due to the electron-withdrawing effect of the t r i f luoromethyl  and carbalkoxyl groups; 
consequently, the chemical  p roper t i es  of the es te r s  of t r i f luoropyruvic  acid should be close to the p r o p e r -  
t ies  of hexafluoroacetone and other  fluoro ketones [2]. 

In the present  paper  Was studied the react ion of the methyl es te r  of t r i f luoropyruvic  acid (I) with 
some nucleophilic reagents :  methanol, ketone, cyclohexyl isocyanide and tr iethyl  phosphite. The c o m -  
pletely stable polyketal (II) is formed as the resul t  of vigorous react ion with methanol, which can be d is-  
tilled at a tmospher ic  p r e s s u r e  without decomposit ion (in contras t  to the polyketals of hexafluoroacetone 
[3]), but eas i ly  cleaves methanol when t reated with sulfuric acid. 
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As is shown [4], hexafluoroacetone reac t s  with ketone in the absence of catalysts ,  forming fl, f i-bis(tr i-  
f luoromethyl)propiolactone~ It proved that the es te r  of t r i f luoropyruvic  acid also reacts  very  easi ly with 
ketene without a catalyst .  However, besides the 1 : 1 adduct - the fl-lactone (HI), the 2 : 1 adduct is also 
formed as a react ion result ,  to which should be assigned the s t ructure  of 1,3-dioxan-4-one (IV).* 
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Both adducts are  converted to the corresponding amides of f i -hydroxy-f l -carbomethoxy-%T,T-t r i -  
f luorobutyr ic  acid (*Ca) and (Vb) when t rea ted  with amines.  (scheme at top of next page). 

The prepara t ion  of anilide (Vb) f rom adduct (IV) confi rms the fact that in this adduct the two moieties 
of the t r i f luoropropyruvic  e s t e r s  a re  connected via the formation of the C - O bond, and not the C - C bond. 
The two moiet ies  of the t r i f luoropyruvic  e s t e r  a re  connected in the same manner  when (I) is reacted with 
cyclohexyl isocyanide.  Iminodioxolane (VI)$ is formed as a result ,  i.e., the react ion is completely analo-  

* The analogous adduct of the ketone with two molecules  of formaldehyde is known [5]. 
Only (VI) is formed even when equimolar  amounts of (I) and the isocyanide a re  taken, and the hypothetical 

in termediate  product  (the 1 : 1 adduct) cannot be isolated. 
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g o u s  to  t he  r e a c t i o n  of  h e x a f l u o r o a c e t o n e  w i t h  e y c l o h e x y l  i s o c y a n i d e  [6]. 
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The chemical properties of adduct (VI) are sharply different from the properties of the mlduct of 
hexafluoroacetone with eyelohexyl isoeyanide (VII). Iminodioxolane (VII) when hydrolyzed with acids is 
cleaved at the C = N bond with a retention of the ring [6]. In contrast, the hydrolysis of the "dicarbo- 
methoxyl analog,' (VI) is accompanied by cleavage of the ring at the C - O bond; in addition: saponification 
of the ester group with subsequent deearboxylation* occurs in the hydrolysis of (VI), which in the final anal- 
ysis leads to the eyclohexylamide of triftuorolaetie acid (VIII). 
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The ester of trifluoropyruvic acid reacts with triethyl phosphite in the same manner as does hexa- 
fluoroacetone [8, 9]. The cyclic phosphorane (IX) was obtained as the result of the formation of a new 
C - C bond, the hydrolysis of which leads to the corresponding pinaeol (X)(scheme at top of nex~ page). 

It is obvious, the same as in the case of the reaction of trialkyl phosphite with hexafluoroacetone 
[8, 9] or with the ester of the unfluorinated pyruvic acid [I0], that in the case of the ester of trifluoro- 
pyruvic acid the intermediately formed addition product of I mole of the carbonyl compound to i mole of 
the trailkyl phosphite is very unstable - even the gradual addition of (1) to an equimolar amount of the 
phosphite gives only phosphorane (IX) and unconsumed phosphite. 

As a result, the ester of trifluoropyruvic acid when reacted with nucleophilic reagents behaves 
mainly like hexafluoroacetone. 

* In general, such decarboxylation is not characteristic for a-hydroxy acids and their derivatives, which 
are usually easily decarbonylated (and not decarboxylated) [7]. It is possible that in our case the presence 
of the electron-withdrawing trifluoromethyl and cyclohexylaminocarbonyl groups proves to be the deter- 
mining factor in facilitating the decarboxylation. 
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E X P E R I M E N T A L  

Methyl Es te r  of ~-Hydroxy-~-methoxyt r i f luoropropionic  Acid (II). To 7.8 g of methyl t r i f luoropy-  
ruvate, with cooling and s t i r r ing,  was slowly added 1.6 g of methyl alcohol. Distillation gave 7.8 g (82% of 
theory) of polyketal (II), mp 132-133~ nD 2~ 1.3625. Found: C 31.71; H 4.03; F 30.74%. CsHTF302. Cal-  
culated: C 31.21; H3.19;  F 30.32%. 

f l -Tr i f luoromethyl-~-carbomethoxy-f i -propiolac tone  (III) and 2,4-Bis( tr i f luoromethyl)-2,4-bis(carbo- 
methoxy) - l ,3 -d ioxan-6-one  (IV). Into an ether  solution of 7.8 g of methyl trifluo~opyruvate,  contained in 
f lask fitted with a reflux condenser  ( ~ -  70~ was passed an excess  of ketene, af ter  which the mixture was 
allowed to stand overnight.  Distil lation gave lactone (III) and dioxanone (IV). The yield of (III) was 3.6 g 
(36% of theory),  mp 68-70 ~ (5 ram); nD 2~ 1.3810. Found: C 36.17; H 2.40; F 29.17%. C6H~F302. Calcu-  
lated C 36.36; H 2.52; F 28.78%. IR spect rum:  1770 and 1870 cm -1 (two C = 0 groups). The yield of (IV) 
was 3.5 g (40% of theory), mp 102-105 ~ (5 ram); nD 2~ 1.3860. Found: C 34.28; H 2.27; F 31.42%. 
Ct0HsF6OT. Calculated: C 33.80; H 2.26; F 32.21%. IR spectrum: 1770, 1835 and 1870 cm -1 (three 
C = O groups).  

Lactone (III) was t rea ted  with an excess  of aqueous dimethylamine solution to give the dimethylamide 
of f l -hydroxy-f l -earbomethoxy-7 ,T,7- t r i f luorobutyr ic  acid (Va), mp 110-112.5 ~ (from heptane). Found: 
F 23.50; N 6.22%. CsHI2F3NO4. Calculated: F 23.37; N 5.79%. 

The t rea tment  of dioxanone (IV) with excess  aniline gave the anilide of f l -hydroxy-f l -carbomethoxy-  
7 ,7 ,7- t r i f luorobutyr ic  acid (Vb), mp 162-164 ~ (from dichloroethane).  Found: F 19.26; N 4.90%. 
C12HIsFsNO. Calculated: F 19.50; N 4.81%. 

5-Cyclohexylamine-2,4-bis( t r i f luoromethyl)-2 ,4-bis(carbomethoxy)dioxolane (VI). To 3,3 g of cy -  
clohexyl isocyanide,  with strong cooling, was added 5 g of methyl t r i f luoropyruvate  in drops.  The next day 
the mixture was distilled to give 1.3 g of unreacted cyclohexyl isocyanide and 5.8 g (91% of theory) of 
iminedioxolane (V1), mp 117-118 ~ (4 mm). Found: C 42.81; H 3.95; F 26.81; N 3.59%. C15HI?F6NO 5 
Calculated: C 42.75; H 4.04; F 27.08; N 3.32%. IR spectrum: 1750 cm -1 (C = O group); 1780 cm -1 
(C = N group). 

Cyclohexylamide of Tr i f luorolact ic  Acid (VIII). A mixture of 1.9 g of iminedioxolane (VI) and 3 ml of 
concentrated HC1 solution was hea ted  for  6 h on the s team bath. The obtained c rys ta l s  were f i l tered and 
washed withwater .  We obtained 0.86 g (85% of theory) ofamide (VIII), mp 98-99% Found: C 48.09; H 6.25; 
F 25,43; N 6o75%. ClsHltF3NO2. Calculated: C 48~ H 6.25; F 25.78; N 6.22%. IRspec t rum:  1550 and 

1650 cm -1 (CON j group). In the NMR spec t rum of the protons was detected the quadruplet 

5(CF3C~" - H )  4 .58p .p .m.  J (HF) 8 HZo 

Cyclic Phosphorane (IX). To an ether  solution of 8.3 g of tr iethyl  phosphite, with cooling in ice 
w a t e r , w a s  gradually added an ether  solution of 7.8 g of methyl t r i f luoropyruvate .  The next day the mixture 
was distilled to give 3.8 g of unreacted tr iethyl  phosphite and 8.4 g (70% of theory) of phosphorane (IX}, 
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bp 126-128 ~ (3 ram). Found: C 34.90; H 4.15; F 24.01; P 6.76%. CItH21F6OgP. Calculated: C 35.15; 
H 4.39; F 23.85; P 6.49%. IR spectrum: 1770 em -I (C = O group). 

Dimethyl Ester of ~,c~-Dihydroxy-c~,o~'-bis(trifluoromethyl)succinie Acid (X). A mixture e f 9.56 g of 

phosphorane (IX) and i0 ml of concentrated phosphoric acid was heated for 15-20 min (bath temperature 
180-200r Then the mixture was cooled and the pinaeol (X) was filtered, yield 2.85 g (65% of theory)~ mp 
102-104 ~ (from dichloromethane). Found: C 31.35; H 2.40; F 36.33%. CsHsF606. Calculated: C 36.68; 
H 2.56; F 36.31%. IR spectrum: 1750 cm -i (C = O group); 3450-3530 em -i (OH group). 

CONCLUSIONS 

io It was shown that the ketonic carbonyl group in the methyl ester of trifluoropyruvic acid is highly 
eleetrophilic. 

2. Reaction with methanol gave the corresponding polyketal, while reaction with ketene; cyelohexyl 
isocyanide or triethyl phosphite gave cyclic adducts~ 

3o In the adducts, containing 2 moles of the trifluoropyruvie ester per mole of ketene or eyclohexyl 
isocyanide, the two moieties of the fluorinated keto ester are connected via the formation of a C - O bond, 
whereas a new C - C bond is formed between the moieties of the trifluoropyruvic ester in the adduct with 
triethyl phosphite, which leads to obtaining the pinacol derivative. 

4. The reaction with ketene also gave the 1 : 1 adduct - the corresponding fl-lactone. 
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