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OPTICAL INTERCONVERSION OF ENANTIOMERIC SECONDARY
ALCOHOLS USING 2-FLUOROBENZOTHIAZOLIUM SALT

Teruaki MUKAIYAMA and Ko HOJO
Department of Chemistry, Faculty of Science,
The University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113

A convenient method for optical interconversion of enantiomeric
secondary alcohols was established according to the following proce-
dures: treatment of optically active 2-alkyloxybenzothiazolium salt ,
formed in situ from 2-fluoro salt I and optically active secondary
alcohols, with trichloroacetic acid to give the corresponding esters
with inversion of configuration, and facile hydrolysis of the esters
to alcohols with retention.

In the preceding papers, it was demonstrated that 3-ethyl-2-fluorobenzothiazolium
tetrafluoroborate(I) reacted with various alcohols to produce highly reactive 2-
alkyloxybenzothiazolium salt II, which on treatment with alkali metal halides afforded
the corresponding alkyl halides in good yields.l) The present paper reports further
studies on the salt II, and discloses the successful interconversion of optically
active secondary alcohols.

It was found that optically active 2-alkoxy salt II, formed in situ from an
optically active secondary alcohol and 2-fluoro salt I, reacted in the presence of
tertiary amine with a strong acid such as trichloroacetic acid to yield the corre-
sponding ester, which on facile base-catalyzed hydrolysis afforded the alcohol that.
had an asymmetric carbon atom different in configuration from that of the starting
alcohol. Thus the whole sequence makes possible the transformation of the configura-
tionally isomeric secondary alcohols by a simple procedure as is shown in the scheme
below. 2) For instance, (S)-(+)-2-octanol was converted to (R)-(-)-2-octanol in
overall 70 percent yield by treating the alcohol successively with I and trichloro-
acetic acid, followed by hydrolysis. The results are summarized in the table.
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Table Optical Interconversion of Secondary Alcohols)
Entry Starting Alcohol Ester Product Alcohol
a
No. [«]24 ) Yiela [« 2% (cH,C1,)  Yield [«] 2t Inversed
Isomer
(%) (%) (%)
1 (S)-(+)-2-butanol +9.4° 74 -12.8° 81P) -7.8° 92
(c 11.3, CHC1,) (c 12.3) (c 8.3, CHCly)
2 (R)-(-)-2-butanol -9.7 83 +14.3 g4?) +8.6 95
(c 9.3, CHC1) (c 17.7) (¢ 7.5, CHCl,)
3 (S)-(+)-2-octanol +12.3 70 -10.3 quant. -11.2 98
(c 8.8, ether) (c 19.6) (c 8.6, ether)
4 (R)-(-)-2-octanol -12.0 61 +10.5 quant. +10.2 95
(c 9.5, ether) (c 19.9) (c 8.7, ether)
5 (S)-(+)-3-nonanol +9.6 64 -0.10 98 -7.4 89
(c 8.3, CHClg) (c 10.3) (c 8.1, CHCly)
6 (R)-(-)-2-octanol -12.0  73%) -11.6 quant. -12.1 0
(c 9.5, ether) (c 15.9) (c 11.9, ether)

a) Optical rotation measurements were performed in a 0.1 dm cell by the automatic
polarimeter. b) 2-Butanol was obtained by an ester exchange reaction; sodium metal
(200 mg, 8.7 mmol) was dissolved in 2,2'-(ethylenedioxy)diethanol (10 ml), and to
this was added optically active S-butyl trichloroacetate (700 mg, 3.2 mmol).
2-Butanol was distilled in vacuo directly from the reaction mixture, and purified by
redistillation. c) This ester was prepared by the inverse addition of the acid and
the alcohol to the 2-fluoro-salt I. See text.

A typical experimental procedure is described below: to a stirred suspension of
I (1.92 g, 7.2 mmol) in dry CH2C12 (5 ml1) was added a mixture of (R)-(-)-2-octanol
(930 mg, 7.2 mmol, [a]g4 -12.0° (c 9.4, ether)) and triethylamine (727 mg, 7.2 mmol)
in CH2C12 (10 ml1) at -65°C under an argon atmosphere, and the solution was stirred
at -60 v -50°C for one hour. A mixture of trichloroacetic acid (1.17 g, 7.2 mmol)
and triethylamine (727 mg, 7.2 mmol) in CH,C1, (8 m1) was added at -50°C and the
reaction mixture was warmed to room temperature over a period of 3 hours. The usual
work-up and separation by column chromatography yielded (+)-2-octyl trichloroacetate:
1.20 g (61%),%) [a]2® +10.5° (c 19.9 CH,C1,). The ester (1.02 g, 3.7 mmol) was
hydrolysed in aqueous methanol containing potasium hydroxide to give (8)-(+)-2-
octanol (478 mg, quant.), which was purified by distillation. Yield: 418 mg (87%),
[a]gz +10.2° (c 8.7, ether).

Following observations should be mentioned with this ester forming reaction:
(1) The yield and optical purity of the esters depended on the nature of the

neucleophiless) and on the solvents used.6)

(2) Successive treatment of 2-fluoro
salt I first with the acid then with an optically active alcohol gave an ester with
complete retention of the configuration (see Entry 6 of the table and path ¢ in the

scheme below). (3) In some cases, the presence of the acid fluoride in the reaction
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mixture was detected by ir spectroscopy. These observations can be reasonably
accommodated in the scheme shown below.
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There can be considered two alternative pathways (a and b) for the reaction of
2-alkoxy salt II with a carboxylate anion. Path a is an SN2 type reaction at the
asymmetric carbon, which leads to an ester of inverted configuration, whereas path b
is an addition-elimination process at 2-position of the ring to produce 2-acyloxy-
benzothiazolium salt IV, which on reaction with an alcohol or a fluoride ion gives
an ester of retained configuration or acid fluoride, respectively. The latter
process seems responsible for partial loss of optical purity observed in the
products.

It is noted that the present procedure using 2-fluoro salt I and trichloroacetic
acid is a simple and convenient method for the optical interconversion of secondary
alcohols at a specific position.7)

Further investigations are now in progress.
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