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Bis(trifluoromethyl)acetolactone, a 
Stable a-Lactone' 

Summary : Photolysis of bis(trifluoromethy1)malonyl 
peroxide (2) affords bis(trifluoromethy1)acetolactone 
( l ) ,  which on heating suffers decarbonylation into 
hexafluoroacetone (3) and on ethanolysis addition at  
the carbonyl bond leading to  ethyl a-hydroxyhexa- 
fluoroisobutyrate (6). 

Sir: Instead of "steric stabilization" of a-lactones2 as 
excercised by the tert-butyl group,a we have employed 
the concept of "electronic stabilization" exhibited by 
the trifluoromethyl group,4 in an effort to diminish the 
high propensity toward self-polymerization of the 
elusive a-lactones. The trifluoromethyl group was ex- 
pected to  discourage formation of the dipolar structure 
since electron density should be drawn from the nega- 
tive oxygen pole toward the a carbon, thereby pro- 
moting formation of the cyclic structure l a .  Presently 

la lb IC 

we are reporting the preparation and characterization 
of bis(trifluoromethy1)acetolactone (1) and its ther- 
molysis and ethanolysis. 

The precursor to a-lactone 1, bis(trifluoromethy1) 
malonyl peroxide (2), was prepared in 20% yield by 
reaction of bis(trifluoromethy1)malonyl difluoride with 
98% HzOz in methanesulfonic acid at  0" (eq 1). This 

2 

material, rectified by fractional distillation [bp 62" 
(760 mm), 98% pure by iodometric titration], was 
characterized on the basis of its ir, fmr, and mass 
spectra. Photolysis of a matrix of 2 a t  77°K by means 
of a 800-W Hg high pressure arc directly in a low tem- 
perature ir cell (Air Products C O . ) ~  led to immediate 
consumption of the C=O bands of 2 at  1870-1825 cm-' 
and simultaneous appearance of new C=O bands a t  
2350 (COJ and 1970 cm-l (a-lactone). On prepara- 
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tive scale, the a-lactone 1 could be more conveniently 
produced by photolysis of a 0.32 M CC1, solutions of 
2 a t  - 15" in a Pyrex vessel, resulting in rapid conver- 
sion of 2 (87% in 1 hr) into 1, as evidenced by fmr mon- 
itoring. This solution which is stable toward further 
photolysis under the conditions employed for its for- 
mation,6 can be stored in the freezer a t  - 20" for many 
days with negligible reduction of the intensity of its 
1975-cm-1 C=O band in the ir. At ambient condi- 
tions bis(trifluoromethy1)acetolactone (1) is a gas 
(C=O band at  1980 cm-l and parent ion a t  m/e 194) 
persisting a t  24" with a half-life of 8 hr. 

The major product (66% yield) of the thermal de- 
composition of CC1, solutions of a-lactone l at  25-40" 
was hexafluoroacetone (3). Also the insoluble per- 
fluorinated polyester 5 with C=O band at  1820 cm-' 
settled out. The kinetics of the thermolysis of 1 in 
CC1, solution was examined directly in a thermostated 
ir cell and followed first-order rate law, affording 
AH* = 18.2 f 0.8 kcal/mol, AS*  = -12.8 f 2.8 
gibbs/mol, and AG* (300°K) = 22 f 1 kcal/mol. 
Significant was the observation that addition of polar 
solvents such as acetonitrile to  the CCI, solution of a- 
lactone 1 led to a -10-fold increase in the rate of a- 
lactone destruction a t  300°K. Thus, efforts to  isolate 
the pure a-lactone 1 in the condensed phasc failed since 
1 by itself must be sufficiently polar to promote self- 
annihilation. 

Informative on the structural nature of a-lactone 1 is 
its chemical behavior toward ethanol. Addition of 
ethanol to a CC1, solution of 1 resulted in the formation 
of ethyl a-hydroxyperfluoroisobutyrate (6) and ethyl 
hemiacetal (4) in the ratio of 3:2, respectively, iden- 
tified by comparison of their ir, fmr and pmr, and mass 
spectra with those of the authentic substances. We 
could not detect any a-ethoxyhexafluoroisobutyric 
acid, the usual alcoholysis product of a-lactones de- 
rived from the dipolar form lb.2 Attempts to trap the 
a-lactone 1 with dipolarophiles' such as bis(trifluoro- 
methyl) ketene, 1,3-~yclohexadiene, and cis-dimethoxy- 
ethylene have led predominantly to  decarbonylation 
rather than l,&dipolar addition. 

A mechanistic rationalization consistent with these 
facts is given in eq 2. As anticipated, the trifluoro- 
methyl groups discourage opening of the a-carbon- 
ether oxygen bond into dipole l b ,  so that even at  room 
temperature the cyclic valence isomer la persists in the 
gaseous and condensed phases. This conclusion is 
supported by the fact that its C=O band lies a t  1975 f 
5 cm-l in the matrix, CC1, solution, and vapor. Con- 
sistent with the cyclic structure la  is the fact that on 
heating carbon monoxide is extruded, a reaction which 
is typical for the related cyclopropanones.* 

The relatively low AH* for decarbonylation of la 
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hints at  a considerable strain inherent with this ring 
system, while the rather negative A s *  suggests chelo- 
tropic de~arbonylation~ similar t o  the thermolysis of 
episulfones.1° In  polar media, e.g., acetonitrile or 
ethanol, opening of the carbonyl carbon-ether oxygen 
bond in l a  leading to dipole IC, first suggested as a 
possible a-lactone structure in the thermolysis of an- 
hydro sulfites,ll presumably competes with concerted 
decarbonylation. Thus, in the aprotic CHsCN solvent 
dipole IC, but not Ib, may serve as a common precursor 
to  ketone 3 and polyester 5 owing t o  lowering of the 
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activation energy for heterolysis of the carbonyl 
carbon-ether oxygen bond as a consequence of solva- 
tion. Even in the protic EtOH solvent the thermal 
decay of 1 into 3 (observed as its hemiketal4) competes 
favorably with the addition of EtOH at the carbonyl 
group of 1, analogous to cyclopr~panones,~ affording 
the a-hydroxy ester 6. However, the formation of 
dipole lb ,  the accepted reactive form of a-lactones,2 
cannot be significant since we fail t o  detect any a- 
alkoxy acids, the usual alcolysis product of a-lactones. 

In  conclusion, on the basis of the presented facts, 
particularly the thermal decarboxylation and ethanol 
addition a t  the carbonyl group, we propose that bis- 
(trifluoromethy1)acetolactone ( l ) ,  in contrast to pre- 
vious cases12 acts through its cyclic structure la. Al- 
though our approach of “electronic stabilization” of a- 
lactones has proved rewarding, we must cope with the 
limitation that such species can so far be preserved only 
in matrix form, in solutions of nonpolar solvents, or in 
their vapor phase since their inherent polar nature 
dictates their self-destruction. 
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