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The Aldol condensation of 1,1,1-triflucropropanone (I) has been studied using potassium hydroxide, sodium hydroxide,

sodium amide, sodium ethoxide, pyridine and dimethylaniline as catalysts.
hexafluoro-2-pentanone (II) was obtained using sodium amide in chloroform at —10°.
Reaction of III with methylmagnesium iodide gave 2,4-dimethyl-1,1,1,5,5,5-
hexafluoro-3-penten-2-ol (IV), and reduction of IV gave 2,4-dimethyl-1,1,1,5,5,5-hexafluoro-2-pentanol (V).

1,1,1,5,5,5-hexafluoro-3-penten-2-one (III).

A 569, vield of 4-hydroxy-4-methyl-1,1,1,5,5,5-
Dehydration of II gave 4-methyl-

Compound V

was identical to that obtained by the reduction of compound III to give compound VI and the subsequent reaction of VI
with methylmagnesium iodide, thus proving the structure of IV.

Discussion

Since the presence of a perfluoroalkyl group ad-
jacent to a functional group modifies the chemical
and physical properties of the latter, it was of in-
terest to investigate the aldol condensation of
1,1,1-trifluoropropanone (I). Compound I was
treated with basic reagents under varying condi-
tions to determine the conditions for its self con-
densation; the best yields of 4-hydroxy-4-methyl-
1,1,1,5,5,5-hexafluoro-2-pentanone (II) were ob-
tained using either sodium amide in chloroform
(56-659) or sodium ethoxide in ether (58-649) at
temperatures less than 0°. Potassium hydroxide
was found to be unsatisfactory because it caused
subsequent hydrolysis of II to fluoroform and 3-
trifluoromethyl-3-hydroxybutanoic acid; in spite
of this side reaction, a 409, yield of II was obtained.
When aqueous sodium hydroxide was employed,
hydrolysis was the major reaction.* Compound
II was identified by its reaction with aqueous base
producing fluoroform and 3-trifluoromethyl-3-hy-
droxybutyric acid, which was isolated as its p-
phenylphenacyl ester and its amide. Compound
II forms a stable, solid hydrate and gives a 2,4-
dinitrophenylhydrazone. Compound II was de-
hydrated to 4-methyl-1,1,1,5,5,5-hexafluoro-3-pen-
ten-2-one by sulfuric acid or phosphorus pentoxide.
The dehydration of IT occurred much less readily
than the dehydration of diacetone alcohol and II
was unchanged when treated with reagents com-
monly used for the formation of mesityl oxide.

The addition reactions of e«,8-unsaturated ke-
tones have been the subject of intense study during
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the past forty years. Some reagents add 1,2 to the
carbonyl group, others add 3,4 to the ethylenic
linkage, still others add 1,4 to the conjugated sys-
tem and a final group of reagents adds both 1,2 to
the carbonyl group and 1,4 to the conjugated sys-
tem. The addition of ammonia to the olefin, 4-
methy!-1,1,1,5,5,5-hexafluoro-3-penten-2-one, in the
presence of ammonium hydroxide, takes place with
greater ease than in the case of mesityl oxide.”
The direction of addition of this anionic reagent to
the double bond is undoubtedly 1,4 as is the case
for mesityl oxide and ethyl 4,4,4-triflucrocroto-
nate.® The product obtained was the stable hy-
drate of 4-amino-4-methyl-1,1,1,5,5,5-hexafluoro-
2-pentanone.

Grignard reagents may add 1,2 or 1,4 and the
formation of the unsaturated alcohols is the result
of 1,2-addition to the carbonyl group; the forma-
tion of saturated ketones may be due either to di-
rect addition of the reagent to the ethylenic link-
age or to 1,4-addition of the reagent to the conju-
gated system followed by ketonization. With the
Grignard reagent the mechanism of 1,4-addition
has been established and the effect of substituents
on the mode of addition has been determined.?
4-Methyl-1,1,1,5,5,5-hexafluoro-3-penten-2-one  is
an o,8-unsaturated ketone possessing two tri-
fluoromethy! groups and it was of interest to deter-
mine how this compound would add a nucleophilic
reagent such as methylmagnesium iodide. This
Grignard reagent possesses no B-hydrogen atoms
and complications due to reduction would not be
introduced. 1!

Colonge!? states that in the aliphatic series ad-
dition to the conjugated system (1,4-addition) is
never as important as normal addition to the
carbonyl group (1,2-addition). 1,2- and 1,4-
additions may be regarded as competitive, and
hemnce the reactivity of the carbonyl group plays an
important role in determining the mode of addition.
In e,f-unsaturated carbonyl compounds (RCOCR!
=CRZR?) the atom or radical R— would naturally
have a pronounced effect on the reactivity of the
carbonyl group. The question then arises as to
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whether this effect is predominantly electronic or
steric.

If the effect is predominantly electronic the re-
activity of the carbonyl group should increase as
the “electronegativity” of R— decreases and the
chance of 1,2-addition occurring should be greatly
enhanced.!®!* If the steric factor is most impor-
tant, the bulkier the group R— is the less the re-
activity of the carbonyl group and the greater the
inhibition of 1,2-addition. In 1,2-addition, R?
and R® would be expected to exert a relatively
minor electronic effect and a negligible steric effect.
On the basis of the evidence now available, the
steric effect would appear to be the more important
one, Mesityl oxide undergoes 1,2-addition chiefly s
whereas with benzalacetone, 1,4-addition predomin-
ates.!6

When inethylmagnesium iodide was added to
4-1methyl-1,1,1,5,5,5-hexafluoro-3-penten-2-one (I1I)
the product was a tertiary alcohol IV resulting
from 1,2-addition (709). This may be explained
as follows: sterically, a trifluoromethyl group is
approximately the same size as a methyl group,
and since the non-fluorine-containing isomer, i.e.,
mesity! oxide, yields 70-809 of a 1,2-addition prod-
uct, this is what would have been expected. Elec-
tronjcally, the inductive effect exerted by a tri-
fluoromethyl group must either be negligible or
unimportant in relation to the steric factor in-
volved.

The structure of IV was proven by selective
hydrogenation of III to give a saturated ketone
(VI) which on reaction with methylmagnesium
iodide gave V. This product (V) was identical to
that obtained on catalytic reduction of IV, and
possessed identical infrared spectra.

The authors gratefully acknowledge the financial
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Experimental”

4-Hydroxy-4-methyl-1,1,1,5,5,5-hexafluoro-2-pentanone.

—-QOne gram atom of sodium sand was prepared in xylene
and the xylene removed by means of a sintered-glass filter-
stick. The sodium sand was washed twice with ether and
covered with 200 ml. of ether. With vigorous stirring, 60 g.
(1.3 moles) of absolute ethyl alcohol was added to the sodium
sand during 30 min. To the well-stirred ether solution of
sodium ethoxide was added 100 g. (0.89 mole) of 1,1,1-
trifluoropropanone,b18 the temperature of the reaction
mixture being kept below 0°. After the solution had been
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stirred for 1-2 hr. it was poured onto a mixture of 100 ml.
of concentrated sulfuric acid and 1000 g. of ice. The solid
hydrate was removed by filtration and tlie aqueous layer
neutralized and extracted with ether. The ether solution,
on distillation, gave 20 g. (20%) of crude condensation
product, b.p. 78-94°, These liquid products will revert,
on standing in air, to the solid hydrate, m.p. 80-81°.
The solid product obtained from filtration of the hvdrolysis
mixture was recrystallized from a petroleum ether-benzeue
mixture and weighed 42 g. (39%), m.p. 80-81°.

Anal. Caled. for CH;F:O,: C, 32.12; H, 2.98.
C, 32.09; H, 2.69.

4-Methyl-1,1,1,5,5,5-hexafluoro-3-penten-2-one (IIl).-—
From a mixture prepared by adding 250 g. of 989, sulfuric
acid to 55 g. (0.244 mole) of 4-hydroxy-4-methyl-1,1,1,-
5,5,5-hexafluoro-2-pentanone hvdrate there was distilled
26.6 g.(53%) of 111, b.p. 76°, n®D 1.3260.

Anal. Caled. for CH,F:O (III): C, 34.90;
Found: C, 34.76; H, 2.13.

2,4-Dimethyl-1,1,1,5,5,5-hexafluoro-3-penten-2-ol (IV).—-
To a well-stirred ether solution containing 35 g. (0.21 mole)
of methylmagnesium iodide was added 29.8 g. (0.21 mole)
of 4-methyl-1,1,1,5,5,5-hexafluoro-3-penten-2-one. The
solution was stirred for 1 hr. and hydrolyzed with 200 ml.
of a 5% solution of hydrochloric acid. The aqueous layer
was separated, neutralized with a saturated solution of
sodium carbonate and extracted with two 100-ml. portions
of ether. The ether washings were combined, extracted
with a saturated sodium sulfite solution, and dried over
anhydrous magnesium sulfate. The ether solutiou, on
distillation, gave 26 g. (61.59%,) of 2,4-dimethyl-2-hydroxy-
1,1,1,5,5,5-hexafluoro-3-penten-2-ol (IV), b.p. 76° (130
mm.), #®p 1.3545, d%, 1.332.

Anal. Caled. for GiHgF:O: C, 37.86; H, 3.63; MKb,
36.42. Found: C, 37.56; H, 3.68; MRp, 36.28.

4-Methyl-1,1,1,5,5,5-hexafluoro-2-pentanone (V).—When
16 g. (0.077 mole) of 4-methyl-1,1,1,5,5,5-lhiexafluoro-3-
penten-2-one in 50 ml. of glacial acetic acid and 0.1 g. of
Adams catalyst was hydrogenated at 44 lb. pressure the
uptake ceased after 45 min.; separation from the catalyst
by filtration followed by distillation gave 11 g. (67%) of
4-methyl-1,1,1,5,5,5-hexafluoro-2-pentanone, b.p. 87°, n¥p
1.3160, 4%, 1.338.

Amnal. Caled. for CHiF:O: C, 34.63; H, 2.90; MKp,
30.76. Found: C, 34.35; H, 3.18; MRb, 30.48.

2,4-Dimethyl-4-hydroxyl-1,1,1,5,5,5-hexafluoro-2-pentanol
(VI).—To a well-stirred ether solution containing 20.7 g.
(0.125 mole) of methylmagnesium jodide was added 8 g.
(0.038 mole) of 4-methyl-1,1,1,5,5,5-hexafluoro-2-pentanoue.
The solution was stirred for 30 min. and then hydrolyzed
with 100 ml. of a 5% solution of hydrochloric acid. The
ether layer was separated and combined with the ether
extracts of the neutral aqueous layer. Upon distillation
of the ether layer 5.8 g. (68%) of 2,4-dimethyl-4-hydroxy-
1,1,1,5,5,5-hexafluoro-2-pentanol was obtained, b.p. 87°
(130 mm.), »®p 1.3525, d%, 1.335.

Anal. +Caled. for G;H FO: C, 37.53; H, 4.50; MRp,
36.89., Found: C, 37.71; H, 4.76; M Rp, 36.43.

Catalytic Hydrogenation of 2,4-Dimethyl-1,1,1,5,5,5
hexafluoro-3-penten-2-ol.—When 2,4-dimethyl-1,1,1,5,5,5-
hexafluoro-3-penten-2-ol in glacial acetic acid was reduced
at 35 pouuds liydrogen pressure with 0.1 g. of Adans catalyst
the same product was obtained as when 4-imethylhexafluoro-
3-penten-2-onie was treated with methylmagnesium iodide
b.p. 87° (130 uun.), #®p 1.3526, d%, 1.335.
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Found:

H, 1.95.



