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ABSTRACT

A new nonenzymatic kinetic resolution method of 1,2-diols 1 using chiral organotin catalyst A with benzoyl chloride was developed. A remarkable
effect due to an inorganic base such as sodium carbonate and a small portion of water on the ee of the main products 2 was observed. The
reaction showed high enantio- and chemoselectivities to 1,2-diols 1.

Nonenzymatic kinetic resolution is emerging as an important
field of organic chemistry. Some effective catalysts for
asymmetric acylation of racemic secondary alcohols1 or
desymmetrization ofmesodiols2 have been reported for this
purpose. On the other hand, there is no precedent for the
kinetic resolution of racemic diols using chiral catalysts,
except enzymatic methods,3 despite its synthetic importance.

Recently, we reported a catalytic monobenzoylation of
diols with benzoyl chloride where a catalytic amount (∼1
mol %) of dimethyltin dichloride selectively worked to
activate the diols, giving monobenzoylated products quan-
titatively (Scheme 1)4 The successful result of the catalytic

process prompted us to extend the reaction to an asymmetric
version. We present herein the first chemoselective kinetic
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Scheme 1. Selective Monobenzoylation of 1,2-Diols
Catalyzed by Organotin Compounds
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resolution of racemic 1,2-diols using a chiral organotin
catalyst.

Racemic 1-phenyl-1,2-ethanediol (1a) was used as a
representative example of 1,2-diols, and (S)-4,4-dibromo-
4,5-dihydro-3H-dinaphtho[2,1-c:1′,2′-e]stannepin (A)5 syn-
thesized according to the reported method6 was employed
as a chiral organotin catalyst (Scheme 2).

The reaction was carried out under a variety of conditions,
and the results are summarized in Table 1. The main product
was (S)-enantiomer-enriched 2-benzoyloxy-1-phenylethanol

(2a), and its ee was determined by CSP HPLC analysis. The
absolute configuration of2a was confirmed by alkaline
hydrolysis followed by comparison of the specific rotation
of the resulting1a with that7 of an authentic sample. The

recovered1awas enriched with the (R)-enantiomer in a 36-
87% yield. A small amount of 1-benzoylated diol3a (0-
10%)8 was found, but no dibenzoylated product.

The results showed the remarkable effects of chiral tin
catalystA, the type of base, and water on the ee of2a.
Namely, the absence ofA in the reaction system did not
result in resolution of1a (runs 1 and 2), though2a was
formed in moderate yields (theoretically, the maximum yield
is 50% since the amount of benzoyl chloride was 0.5 equiv
to 1a). On the other hand, the presence ofA afforded a result
with a resolution of1a (runs 4-12). Although triethylamine
gave an unsuccessful result with respect to the ee of2a (run
3), sodium carbonate as a suspended state9 gave an ap-
preciable degree of ee (32%) of2a (run 4), which was
improved to 58% ee if a small amount of water was present
(run 5). However, the ee decreased in the presence of a large
amount of water (run 6), where sodium carbonate was
completely dissolved to give a homogeneous solution. In
contrast, with sodium carbonate, triethylamine was not
effective even though water was present (run 7).

Although the selectivity (svalue)10 did not vary much in
the temperature range of 0 to-30 °C (runs 8-11), the yield
of 2a dropped when the reaction was carried out at-30 °C
(run 11). The reaction at-40 °C resulted in both low ee
and low yield (run 12).11 The best selectivity was obtained
when the reaction was performed using sodium carbonate
in the presence of a small amount of water at-10 °C (run
9).

The procedure for the best result (run 9) is as follows.
Sodium carbonate (1.5 mmol) as a base was suspended in
THF (5 mL) containing1a (1 mmol), water (100µL, 5.5
mmol), and 0.25 mol % ofA. Then into the suspension was
added benzoyl chloride (0.5 mmol) at-10 °C, and the
resulting solution was stirred at that temperature for 14 h.
After the usual workup, a mixture of2a (86% ee, 38% yield)
and recovered1a (46% ee, 58% yield) was obtained with a
trace amount of3a.

On the basis of these results, we applied this method to
various 1-substituted 1,2-ethanediols1b-e. The results are
summarized in Table 2.
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Scheme 2. Kinetic Resolution of 1-Phenyl-1,2-ethanediol (1a)
with CatalystA

Table 1. Kinetic Resolution of Diol1a by Benzoylation with
CatalystAa

a Reaction conditions:1a (1.0 mmol), BzCl (0.5 mmol), THF (5 mL).
b Determined by CSP HPLC analysis (for2a, Chiralcel OB column; 254
nm; n-hexane:i-PrOH) 9:1). c Corrected value based on the ee of usedA
(91%). d Isolated yield based on starting1a. e (+); (S)-isomer.f See ref 10.
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Moderate selectivities were also observed for theA-
catalyzed benzoylation of1b-e in which the 2-benzoylated
diols 2b-e were enriched with (S)-enantiomer and 1-ben-
zoylated products were found in trace amounts. Other 1,2-
diols such astrans-1,2-cyclohexanediol afforded poor results
under similar reaction conditions.

The other remarkable property of our method was its 1,2-
diol selectivity. That is,1a was efficiently resolved even in
the presence of an equimolar amount of cyclohexanol (1f)
(Scheme 3). The ee of2a in the reaction was almost

unaffected by the presence of1f, though a small amount of
cyclohexyl benzoate (2f) was formed. This result suggests
that the initiation step involves formation of stannylene acetal
as an intermediate as described below.

The resolution reaction presented here may involve two
crucial steps: formation of stannylene acetalB by the
reaction of 1 with chiral tin catalystA (first step) and
benzoylation ofB with benzoyl chloride (second step)
(Scheme 4). The formation ofB is supported by the high
chemoselective formation of2awith a high ee from a mixture
of 1a and1f (Scheme 3).

Since the observed ee was strongly dependent on the type
of base (Table 1) and it has been well documented that
stannylene acetals are easily acylated without bases by
various acid chlorides,12 the first step may be responsible
for the enantiodiscrimination of racemic1, which may occur
on the surface of sodium carbonate.

Thus, we propose a mechanism for the kinetic resolution
of 1ausingA as depicted in Scheme 5. That is, when amine

is used as a base, stannylene acetalsB may be formed in a
solution phase (THF) in whichA approaches the primary
hydroxyl group of1a from as far away as possible from a
bulky phenyl group (route a in Scheme 5). According to this
hypothesis, there seems to be no significant difference
between the accessibility ofA toward (S)-1aand (R)-1a.

On the contrary, when sodium carbonate is used as the
base, the hydrophilic 1,2-diol moiety of1amay be adsorbed

Table 2. Kinetic Resolution of Diols1b-e by Benzoylation
with CatalystAa

a Determined by CSP HPLC analysis.b Isolated yield.c See ref 10.

Scheme 3. Chemoselective Kinetic Resolution of1a in the
Presence of Cyclohexanol (1f)

Scheme 4. Enantioselective Benzoylation of 1,2-Diol by a
Chiral Organotin Catalyst

Scheme 5. A Mechanism for Resolution of1a with Catalyst
A
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on the surface of the sodium carbonate, directing the
hydrophobic phenyl group toward the solution phase (THF)
(route b in Scheme 5). In the presence of a small amount of
water, a thin aqueous phase is formed on the surface of the
sodium carbonate and, as the result, the adsorption of1a is
assisted by hydrogen bonding as depicted in Scheme 5.
Provided that this hypothesis is true,A should approach from
the solution phase in a manner that allows the steric repulsion
betweenA and the phenyl group to be as small as possible.
Thus, the discrimination of (S)-1afrom (R)-1atakes place
since a steric repulsion between the methylene group ofA
and the phenyl group of (S)-1ais less than that betweenA
and (R)-1a.

In conclusion, we report the first catalytic system for
nonenzymatic kinetic resolution of 1,2-diols. Since the known
acylating catalysts for 1,2-diols work by activating acylating
reagents, further modification to recognize substrates is

required. On the other hand, our method was based on the
selective activation of 1,2-diols by a chiral organotin catalyst
and therefore the process couldpossess not only a high
enantioselectiVity but also a high chemoselectiVity.

Our report presents complementary information for the
design of new artificial enzymes to allow for the recognition
of both acylating reagents and substrates.

A detailed mechanistic study and development of new
chiral organotin catalysts are under investigation.
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