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Abstract: Kinetic resolution of racemic secondary alcohols has been achieved by the reaction with benzoyl
halide in the presence of a SnX,-chiral diamine complex to afford the corresponding benzoate in good to
excellent enantioselectivities. Copyright © 1996 Elsevier Science Ltd

Enzymes hold great potential for asymmetric synthesis of small polyfunctional chiral compounds which
are well suited for further manipulation and have been widely used in synthetic organic chemistry.l Many
methods have been well documented for the enzymatic kinetic resolution of alcohols in organic media.”  On the
other hand, concerning the nonenzymatic procedures for the efficient synthesis of optically active alcohol
variants from alcohols, several methods have been reported. Most of them were based on the enantioselective
acylation with chiral acylating agents. 34 Scattered examples of nonenzymatic acylation of alcohols with achirdl
acylating agents are found in the literature; however, these reactions require further elaboration before they can
become practical methods.”"*

Herein we report the preliminary results of highly enantioselective acylation of racemic secondary alcohols
with achiral acyl halides using chiral diamine derived from (§)-proline.

We recently developed a catalytic asymmetric ring-opening of cyclohexene oxide. meso epoxide, using
benzoyl halides in the presence of a catalytic amount of chiral diamine derived from (S)-proline.7 Our interest
in creating readily chiral compounds from racemic alcohols has led us to consider an asymmetric acylation of
racemic secondary alcohols with achiral acyl halides in the presence of chiral diamine.

First, treatment of trans-2-phenyl- I-cyclohexanol (1) with benzoyl bromide” in the presence of a catalytic
amount of a SnBr,-chiral diamine complex induced asymmetric acylation providing optically active benzoate 2
and unreacted alcohol 3. Screening various reaction conditions, we found that CH,Cl, was the most suitable
solvent and molecular sieve was a very effective additive. ~ Other solvents such as Et,O and CH;CN provided
lower levels of acyl transfer selectivity. Faster acylation occurred with benzoyl bromide as compared to
benzoyl chloride, but lower enantioselectivities were obtained in the acylation of frans-2-phenyl-1-cyclohexanol
(Table 1, Runs 3 vs. 5, and 6 vs. 8). However, in the case of benzoyl bromide. higher enantioselectivities
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were obtained by lowering the reaction temperature (Runs 3 vs. 4. and 6 vs. 7).  We. therefore. tentatively
chose a combination of SnBr, and benzoy! bromide in the presence of MS 4A (molar ratio of alcohol : SnBr,-
chiral diamine : BzBr=1:0.3 : ).

Table 1. Asymmetric Acylation of trans-2-Phenyl-1-cyclohexanol

SnX, - N L 0
OH Me LOCPh OH
U + PhCOX - Q + U
“Ph CH,Cl, Ph “Ph
()1 2 3
Ron X lj:(;?if_ C/zjllx{:l Additive Temp T/":e Yieldf:t‘;cr f:eh)/% Yield‘?’lj(;:me:“/%

1 Br 1 0.1 none rt 8 29 11 58 15
2 Br 1 0.2 none rt 3 22 43 53 35
3 Br | 02  MS3A rt 3 32 71 64 36
4 Br 1 02  MS4A 78°C 24 36 97 49 60
5 ¢ 2 02 MS4A rt 24 34 87 52 46
6 Br | 03  MS4A rt 3 47 75 45 71
7 Br 1 03 MS4A -78°C 24 44 97 49 84
g8 C 2 03  MS4A 1t 8 41 92 53 73
9 ¢ 2 03  MS4A -78°C 24 35 96 46 59
10 Br | 04  MS4A 1 025 42 86 48 74
1noa 2 04  MS4A rt 3 45 87 47 73

a) Isolated yields of purified product. b) Determined by the analysis of the derived Mosher’s ester after reduction of ester 2.
¢) Determined by the analysis of the corresponding Mosher’s ester.

The asymmetric acylation was conducted with various racemic secondary alcohols including cyclic and
acyclic alcohols under the optimum conditions and the successful results are summarized in Table 2. Excellent
enantioselectivities were obtained with zrans-2-phenyl-1-cyclohexanol and cis-2-phenyl- I -cyclohexanol (Runs 1
and 2). We found that frans-2-phenyl-1-cyclopentanol and trans-2-phenyl-1-cyclooctanol also undergo
asymmetric acylation to give the corresponding benzoate derivatives with high enantioselectivities (Runs 4 and 5)
The reaction was similarly effective with acyclic racemic secondary alcohols (Runs 6, 7, and 8). 1o

A typical experiment proceeded as follows: To anhydrous tin(lI) bromide (25.1 mg, 0.0901 mmol) and
molecular sieve 4A (40.7 mg) were added a solution of (S)-1-methyl-2-[(dihydroisoindol-2-yl)methyl]-
pyrrolidine (21.4 mg, 0.0989 mmol) in CH,Cl, (0.5 ml), a solution of trans-2-phenyl- [-cyclohexanol (52.6 mg,
0.298 mmol) in CH,Cl, (0.5 ml) and a solution of benzoyl bromide (55.4 mg. 0.299 mmol) in CH,Cl, (0.5 ml)
sequentially at -78°C under an argon atmosphere. The reaction was quenched after 24 h at -78°C by the
addition of a phosphate buffer (pH 7). The organic materials were extracted with CH,Cl, and the combined
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extracts were washed with brine, dried over Na,SO,, and concentrated in vacuo. The residue was purified by
thin layer chromatography on silica gel to yield 36.4 mg of #rans-I-benzoyloxy-2-phenylcyclohexane (44%,
[a]y+106.2° (¢ 1.0, MeOH)) and 25.8 mg of frans-2-phenyl-1-cyclohexanol (49%, [at),,-46.6 (¢ 1.0, MeOH)).

Table 2. Asymmetric Acylation of Various Secondary Alcohols with Benzoyl Bromide®

30 mol%
N
SnBr,- N |O|
OH Me OCPh OH
qi AN o+ PhCOBr - oA A
R MS 4A / CH,Cl, / -78°C R R
(%)-
Time Ester Alcohol =
Run Alcohol . o ¢
! cono /h Yield” /% ee /%  Yield™/ % e /% E
OH
1 Cr 24 44 97 49 84 >100
"y
g:‘ (18, 2R (1R.2S)
2 CE 24 40 94 45 87 62
g: (18,28 (1R.2R)
3 O’ 12 50 73 32 96 14
g”: (15,25 (1R.2R)
4 O’ 24 44 86 46 86 27
Ph (18, 2R)" (1R.28)
OH
5 O 24 47 89 42 95 41
“Ph
OH
6 Ph)\ 2.5 44 59 43 61 6.0
OH (5" (R)
7 4 38 77 40 79 12
Me
v OH
8 Ph U 12 34 55 42 51 45
($H (R)

a) Molar ratio of alcohol : PRCOBr : SnBr» : chiral diamine = | : 1:0.3:0.3. b) [solated yields of puriticd product.
¢) Determined by the analysis of the derived Mosher’s ester after reduction of ester. d) Determined by the analysis of
the corresponding Mosher's ester. e) Calculated from percent conversion (isolated yield) and acylation product ee.
J.Am. Chem. Soc. 1982, 104.7294-7299. 1} J. Org. Chem. 1982, 47, 5074-5088. ¢)J. Org. Chem. 1968, 33,
4045-4049. h) J. Am. Chem. Soc. 1986, 108, 6761-6764. i) Tetrahedron 1965, 21. 1701-1709. ) 20 mol% of
catalyst was used. k) J. Chem. Soc. 1914, 105, 1115-1131.
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In brief, the salient features of the present nonenzymatic asymmetric acylation of racemic secondary

alcohols include 1) the ease of operation, 2) ready availability of inexpensive reagents, 3) mild reaction
conditions, and 4) high enantioselectivities, especially for cyclic alcohols.  Further investigation to broaden the

scope and synthetic application of this asymmetric acylation of alcohols and mechanistic study are underway in

our laboratory.
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