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Abstract. The relative rates of reduction of alcohols and ketones by Et;SiH/CF3CO,H have been de-
termined by competition experiments in order to derive scope and selectivities of these reactions.
© 1997, Elsevier Science Ltd. All rights reserved.

Mixtures of silanes and Brensted acids are well-known reducing agents for a variety of functional groups,! but
we are not aware of any systematic investigations on the selectivities of these reactions. In previous work we
have studied the kinetics of hydride transfer reactions from silanes to carbenium ions2 and we will now turn to
the problem of selectivities in ionic hydrogenations.

Scheme 1. Ionic hydrogenations of ketones and alcohols

R] . Rl Rl
>: o CFiCOH/ELSH wOH  CF,CO,H/EtSiH wH
R? R? H R2 H

1
\\ R} / \ R} /
+ +
R? R?
As shown in Scheme 1, alcohols 2 can be reduced to hydrocarbons 3 when the carbocations 5 are sufficiently

stabilized to be generated as intermediates under the reaction conditions. The reduction of carbonyl groups
may, therefore, either yield hydroxy or methylene groups,3 depending on the relative reactivities of 1 and 2.

Scheme 2. Competition experiment to determine x = ky/ky,,
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We will now report on the relative reactivities of alcohols and ketones in presence of CF;CO,H/Et;SiH and

derive a general rule for the outcome of such reactions. Preliminary experiments showed that the reactivity
ratios of alcohols were dependent on the reaction conditions. Partial reduction of a mixture of 2a and 2b, for
example, with Et3SiH/CF3;CO,H in dichloromethane, gave a ratio k54/kyp, Which varied when the ratio of the
reactants or the concentration of the reducing agent was altered. Competition constants, i.e. relative reactivities

independent of the reaction conditions were obtained, however, when the reductions were performed in
presence of 0.03 - 0.6 equivalents of tetraalkylammonium trifluoroacetate after converting the alcohols into their

Scheme 3. Competition constants and calculated relative rate constants for reductions of alcohols and ketones
(EtsSiH/CF3CO,H, 20 °C) and ethanolysis rate constants for the corresponding alkyl chlorides (25 °C).

HOH

OH

&
¢

==}

B3

=)
2 =

o

g%
2

367

w
<
<2

8

‘79

EQ ;=
O

. )

o

. r—E_]d
1853
el

2:::

Q

Qo
g =

Q

S
=

il
%

4

g
&

5
L

Q
2
o

(4

2g —-l

226

227

krel

7.82x107

3.46x10°

3.50x104

1.53x10%

3.52x102

232x102

1.60x102

1.13x102

1.16x102

9.56x10!

4.95x10!

2.90x10!

1.00x10°

4
keon”

2x1072
5x10°5

9x 1076

2x10°7

5x1078



1015

trifluoroacetates. Competition experiments’ as described in Scheme 2 yielded the reactivity ratios listed in
Scheme 3 which have been subjected to a statistical treatment to give the relative rate constants given there.

Scheme 4. Relative reactivities of ketones and alcohols in ionic hydrogenations (CF3;COH/Et;SiH).
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Scheme 4 orders these relative rate constants individually for alcohols and ketones. One can see that cyclohexyl

AN

methyl ketone (1f), a representative of dialkyl ketones, is approximately one order of magnitude more reactive
that the acetophenones 1a - d which hardly differ in reactivity, in accord with a previous report by Fukuzumi.6
Obviously the substituent effects on the basicities of the acetophenones are counterbalanced by the substituent
effects on the electrophilicities of the intermediate hydroxycarbenium ions 4. The well-known fact that the rate
constants of acid catalyzed hydrolyses of ethyl benzoates are independent of the substituents at the arene ring
(Hammet p ~ 0)8 has been explained analogously. For the same reason, the reduction rates of the benzo-
phenones hardly differ from those of the acetophenones. In contrast, dramatic substituent effects are observed
for the reductions of the alcohols. The excellent correlation with the ethanolysis rate constants of the corres-
ponding benzyl and benzhydryl chlorides (eq. 1) indicates a carbocation-like character of the transition states.



1016

18 kyeg = 1.075 1g kgyon + 9.889 (5 points, r = 0.997) )

Scheme 4 now answers the initial question on the selectivities of ionic hydrogenations. Since dialkylcarbinols
do not react under these conditions, dialkylketones are selectively reduced to secondary alcohols. The
reactivity of the unsubstituted acetophenone (1a) differs only slightly from that of the corresponding alcohol
(2a) indicating that the quantitative reduction of the acetyl group to the ethyl group is unproblematic if 2
equivalents of reducing agent is employed, but that the alcohol 2a is not produced selectively from 1a under
the reaction conditions. The hundred-fold lower reactivity of the m-chloro substituted alcohol 2d compared to
1d implies that acceptor substituted acetophenones, in contrast to the parent and to the donor-substituted
acetophenones may selectively be reduced to the corresponding alcohols. Since diphenylmethanol (2e) is 104
fold more reactive than benzophenone (1e), the ionic hydrogenation of benzophenones usually gives rise to the
formation of diarylmethanes, and the isolation of the intermediate benzhydrols can only be expected for systems
with strong electron acceptors.

The close similarity of the reduction rates of various types of ketones (Scheme 4) and aldehydes® in com-
bination with eq. 1 gives rise to a rule of thumb: lonic hydrogenation of carbonyl compounds only yields
alcohols selectively under the conditions described in this work, if the ethanolysis rate constants (25 °C) of
the corresponding alkyl chlorides* are smaller than 106 to 108 s-1. Otherwise, the carbonyl group is
immediately reduced to a methylene group.

Acknowledgment. We thank the Deutsche Forschungsgemeinschaft and the Fonds der Chemischen Industrie
for support of this work.

References and Notes:

(1) (a) Kursanov, D. N.; Parnes, Z. N.; Loim, N. M. Synthesis 1974, 633-651; (b) Nagai, Y. Org. Prep. Proc.
Int. 1980, /2, 13-48; (c) Pawlenko, S. in Houben-Weyl, Methoden der Orgamischen Chemie,4th ed.;
Georg Thieme Verlag, Stuttgart 1980; Vol. XIII/5, pp 350-360; (d) Hajos, A. ibid 1981, Vol. IV/1d, pp 1-
486; (e) Davis, A. P. ibid 1995, Vol. E21d, pp 4067-4073; (f) Kursanov, D. N.; Parnes, U. N.; Kalinkin,
M. L; Loim, N. M. lonic Hydrogenation and Related Reactions, Harwood, Chur, 1985; (g) Cannon, J. G.;
Kirschbaum, K. S. Synthesis 1993, 1151-1154.

(2) (a) Mayr, H.; Basso, N.; Hagen, G. J. Am. Chem. Soc. 1992, 114, 3060-3066; (b) Mayr, H.; Patz, M.
Angew. Chem. 1994, 106, 990-1010; Angew. Chem. Int. Ed. Engl. 1994, 33, 938-957.

(3) (a) Carey, F. A,; Tremper, H. S. J. Am. Chem. Soc. 1968, 90, 2578-2583; (b) West, C. T.; Donnelly, S. J.;
Kooistra, D. A.; Doyle, M. P. J. Org. Chem. 1973, 38, 2675-2681; (c) Doyle, M. P., West, C. T. ibid
1975, 40, 3835-3838 and refs cited; (d) Larsen, J. W.; Chang, L. W. ibid 1979, 44, 1168-1170; (e) Olah,
G. A.; Arvanaghi, M.; Ohannesian, L. Synthesis 1986, 770-772; (f) Olah, G. A.; Wang, Q.; Prakash, G. K.
S. Synlett 1992, 647-650 and references cited in ref 1.

(4) Mayr, H. in Cationic Polymerizations: Mechanisms, Synthesis, and Applications (Matyjaszewski, K ;
Ed.), Marcel Dekker: New York, 1996, 51-136 and references cited therein.

(5) In a typical experiment, ketone 1b (0.4 mmol), alcohol 2a (0.5 mmol), and ferr.-butylcyclohexane (GC-
standard) were combined with BuyN*tCF3CO," (0.07 mmol) in CH,Cl, (0.75 mL) and CF3CO,H (0.9
mL). After 10 min, when the alcohol was converted into the trifluoroacetate, triethylsilane (0.2 mmol) was
added and the reaction was followed by taking 0.2-mL samples which were quenched with aqueous
ammonia or saturated K,COj; solution, and analyzed by GC. Four experiments with reactant ratios
[1b]/[2a], ranging from 0.7 to 4.1 yielded an averaged competition constant of k = kya/kyy, = 2.10 £ 0.04.

(6) Fukuzumi, S.; Fujita, M. Chem. Lert. 1991, 2059-2062.

(7) Freiberg, W. J. Prakt. Chem. 1994, 336, 565-574.

(8) Exner, O. Correlation Analysis of Chemical Data, Plenum Press: New York, 1988, p. 71.

(Received in Germany 5 December 1996; accepted 13 December 1996)



