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NEW LOW-VALENT TITANIUM CATALYZED REACTION OF CHLORODIFLUOROMETHYL
KETONES LEADING TO a,0-DIFLUORINATED B-HYDROXY KETONES

Takashi ISHIHARA,* Tohru YAMANAKA, and Teiichi ANDO
Department of Industrial Chemistry, Faculty of Engineering,
Kyoto University, Yoshida, Kyoto 606

Various chlorodifluoromethyl ketones underwent the aldol-type
reaction with aldehydes or ketones by the action of titanium tetra-
chloride and zinc reagent in tetrahydrofuran at room temperature to
give moderate to good yields of a,a-difluorinated B-hydroxy ketones.

The aldol reaction is oné of the most important, fundamental reactions in
organic synthesis. Although a variety of methods1) have been developed so far
for effecting such a transformation, there exist few or no reports on the aldol
reaction of fluorine-containing carbonyl compounds occurring at their
fluorinated carbon terminus. In our continuing studies?) to develop new
methods for the introduction of fluorine or fluoroalkyl substituent(s) into
organic molecules, which often brings about unique physiological activities,3)
titanium tetrachloride-zinc reagent was found to be effective for the synthesis
of o,a-difluoro-B-hydroxy ketones from chlorodifluoromethyl ketones.

This communication describes a new method of regiospecific aldol synthesis
from chlorodifluoromethyl ketones or ordinary a-chloro ketones, which provides

4)

the first example demonstrating that the low-valent titanium can serve as an

efficient catalyst for the aldol formation.
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To a black-colored suspension, prepared by the treatment of titanium
tetrachloride (0.1 equiv.) with zinc dust (3 equiv.) in anhydrous tetrahydro-
furan (THF) at room temperature for 15 min, was dropwise added a solution of
chlorodifluoromethyl ketone 18) (1 equiv.) and a carbonyl compound (1.5 equiv.)
in THF at 0 °C under nitrogen. The whole mixture was stirred at room tempera-
ture for 2 h. Quenching with an aqueous NH,Cl solution, followed by extrac-
tion, drying, evaporation in vacuo, and silica gel column chromatography

9)

afforded analytically pure o,a-difluoro-B-hydroxy ketones (2). The results

of the reaction are summarized in Table 1.
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Table 1. Aldol Synthesis from Chlorodifluoromethyl Ketones (1)

Ketone 1 Carbonyl compd Yield of aldol 2/%
CH3 (CH,) 5COCF,C1 CH3(CH,) ,CHO 95
CH; (CH, ) 5CHO 63
(CH3) ,CHCHO 75
cyclo-CgHq 4 CHO 38
CH3CH,COCH,CH3 55
cyclohexanone 58
CH4CO(CH, ) ,COOEt 5420,
CH3CO(CH, ) 3COOEL 503,d)
CH3COCH,CH(OCH;3) , 473,d,€)
CH3(CH2)5CHO 61
(CH3) ,CHCHO 88
CYC].O-CGH1 1 CHO 47
CH;CH,COCH,CH; 50
cyclohexanone 52
CH3COCF,C1 CH3(CH, ) ,CHO 62
PhCH,COCF,C1 CH3(CH,) ,CHO 50

a) A 0.15 equiv. of titanium tetrachloride was used. b) Reaction

time, 5 h. c¢) 4-(1,1-Difluoro-2-oxooctyl)-4-methyl-y-butyrolactone was
obtained instead of the corresponding aldol. d) Reaction time, 3 h.

e) Worked up with an aqueous NaHCO3 solution.

A variety of aliphatic aldehydes and ketones were subjected to the reac-
tion to give the corresponding B-hydroxy ketones 2 in moderate to good yields.
The reaction with aromatic or a,B-unsaturated carbonyl compounds such as
benzaldehyde, acetophenone, and 2-butenal, however, gave no more than 20%
yields of the desired products, which could not be improved at all in spite of
the reaction conditions being varied. As shown in Table 1, keto esters, e.q.,
ethyl 4-oxopentanoate and ethyl 5-oxohexanoate, selectively underwent the
aldol-type reaction at their ketonic carbonyl group to form the products 2.10)
Only 4-(1,1-difluoro—2-oxooctyl)—4-methyl—y-butyrolactone11) was obtained from
the reaction of 1-chloro-1,1-difluoro-2-octanone with ethyl 4-oxopentanoate;
the '9F NMR analysis of the reaction revealed that it was formed by successive
cyclization of the initially formed aldol adduct. The acetal function did not
react under the reaction conditions used; the treatment of 4,4-dimethoxy-2-
butanone with 1-chloro-1,1-difluoro-2-octanone, followed by alkaline hydroly-
sis, afforded 4,4-difluoro-3-hydroxy-3-methyl-1,1-dimethoxy-5-undecanone.!2s13)

The use of titanium tetrachloride is essential to effect the reaction,
since in its absence the result was the mere recovery of the unchanged carbonyl
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compounds. Of more significance is that only a catalytic amount of titanium
tetrachloride is sufficient as far as it is used with zinc.14) Very probably,
the real active species in this reaction is a bivalent titanium compound,15)
which attacks the chlorine atom of chlorodifluoromethyl ketones 1 to give the
corresponding enolates.

It has been found, moreover, that ordinary a-chloro ketones are also as
susceptible to the reaction described here as are chlorodifluoromethyl ketones.
Thus, the treatment of 3-chloro-2-butanone (3) with butanal or 2-methylpropanal
in the presence of zinc and a catalytic amount of titanium tetrachloride in THF
gave the corresponding B-hydroxy ketones?) as a mixture of stereoisomers 4e and
4t. Their ratios were determined by 13¢ NMR,16) indicating the erythro

selectivity in these reactions.

0 OH 0 OH
Lo TiCl,-Zn/THF
CH3CH-CCH3 +  RCHO N CHj3 R + CHj R
3 ' CHj CHj

4e 4t

R=CH3(CHy),, 50% (4e/4t=78/22)
R=(CH3),CH, 49% (4e/4t=68/32)

Further studies on the application of the present reaction and its

mechanism are now underway.
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