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Abstract: A one step, clean and efficient, conversion of
arylaldehydes, ketones and ketals into the corresponding
hydrocarbons using ionic hydrogenation conditions employing
sodium cyanoborohydride in the presence of two to three equivalents
of BF,.0Ft, is described.

Conversion of aryl ketones into the corresponding hydro-
carbons is a frequently encountered reaction in organic synthesis.
Among the relatively few direct one step methods available! for this
transformation, the ionic hydrogenation® using trialkylsilanes in the
presence of Bronsted or Lewis acids has a special place for its
convenience and efficiency. In our search for finding an alternative
to trialkylsilane in fonic hydrogenation reaction, we have discovered
that sodium cyanoborohydride in the presénce of boron trifluoride
etherate reduces the aromatic aldehydes, ketones and ketals very
cleanly and efficiently into the corresponding hydrocarbons.

TABLE 1.* Reductive deoxygenation using NaCNBH; and BF;.OEt,

MeQ, Me MeO Me
NaCNBH,
BF..OF,

Me Me
1 2

Reaction of the tetralone 1° in the presence of three equi-
valents of BF;.OFEt, with sodium cyanoborohydride in dry THF at
room temperature for four hours, cleanly furnished the tetralin 2° in
81% yield, whose structure was established from its spectral data.
In an analogous manner various aryl afldehyde and ketones, 3-13
were reductively deoxygenated into the corresponding hydrocarbons
14-23* using sodium cyanoborohydride in the presence of two to
three equivalents of BF,;.OEt, in dry THF either at room tempera-
ture or at reflux temperature, and the results are summarised in
table 1. All the reactions were clean and the structures of all the
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(@) Yields (unoptimised) refer to isolated and chromatographically pure products. All the products exhibited spectral data consistent with their
structures. (b) Only alcohols were obtained when the reaction was carried out at room temperature. (c) Low yield is probably due to the partial
hydrolysis of the ester to acid. (d) No reaction was observed even with 5 equivalents of BF;.OEt,.
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products were established from their spectral data. Mechanistically
the reaction may be proceeding as in other ionic hydrogenation
reactions, via the reduction of the carbocations. The intermediacy
of carbocation is clearly revealed by the ease of the reaction with
substrates containing electron donating groups at para position. The
intermediacy of the corresponding benzylic alcohols (or equivalent)
in the reaction is evident from the isolation of the corresponding
benzylic alcohols when the reactions were carried out at room
temperature instead of at reflux temperature with the ketones 8-11.
Reductive deoxygenation of the benzyl alcohol 24 to the hydro-
carbon 25 employing the same procedure further established the
intermediacy of benzyl alcohols in the reaction. Interestingly even
the corresponding acetate 26 was cleanly transformed into the
hydrocarbon 25 using the present procedure. Reductive deoxygena-
tion of the ketals 27 and 28 to the hydrocarbons 19 and 20 (entries
15 and 16) further extended the scope of this methodology. Even
though, quite expectedly, the THP ether was cleaved to the corres-
ponding phenol (entry 5), surprisingly the benzyl ether of phenol
was found to be resistent to reductive cleavage (entry 6) under these
conditions. Both esters as well as acids were found to be inert
(entries 17 and 18) pointing to the chemoselectivity of the reaction
conditions.

Typical experimental procedure: Sodium cyanoborohydride (120 mg,
2 mmol) was added to a magnetically stirred solution of 2,5,8-
trimethyl-7-methoxy- 1-tetralone® (1, 220 mg, 1 mmol) and BF;.OEt,
(0.39 ml, 3 mmol) in dry THF (3 ml) and the reaction mixture was
stirred at room temperature for 4 hr. After the completion of the
reaction (monitored by TLC), the reaction mixture was diluted with
ether (10 ml), washed with saturated aqueous NaHCO; solution
followed by brine and dried over anhydrous Na,SO,. Evaporation of
the solvent and purification of the residue over a silica gel (4 gm)
column using hexane as eluent furnished 2,5,8-trimethyl-7-methoxy-
tetralin® (2, 165 mg, 81%) as an oil. IR (neat): x,,, 1595, 1580,
1480, 1465, 1295, 1120, 835 cm™. '"H NMR (90 MHz, CDCly): &
6.65 (1 H, s, aromatic), 3.8 3 H, s, O-CH;), 2.5-2.7 (4 H, m, 2
x ArCH,), 2.24 3 H, s, C;-CH,), 2.1 (3 H, s, C-CH;), 1.75-2.05
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(BH,m,H-2and3), 1.1 3H, d, ] = 7.2 Hz, sec-CH;); *C NMR
(67.5 MHz, CDCL,): & 155.8 (C-7), 137.4, 134.7, 128.2, 122.6
(C-8), 110.9 (C-6), 56.5 (O-CH,), 37.2 (C-1, 32.0, 29.8, 27.6,
23.0 (C5-CH,), 20.7 (C-CH3), 11.5 (C,-CHy).

In conclusion, we have discovered a convenient and efficient
procedure for the reductive deoxygenation of aryl aldehydes, ketones
and ketals using ionic hydrogenation conditions employing sodium
cyanoborohydride as the reducing agent and BF;.OFE, as the Lewis
acid. Currently, we are investigating the suitability of this reagent
combination for further synthetically important transformations.
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