Determination of Absolute Configuration
Using Kinetic Resolution Catalysts
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A new method was developed to assign the absolute configuration of molecules using kinetic resolution catalysts. Secondary alcohols were
acylated in the presence of Birman’s S-HBTM and R-HBTM catalysts, and the fast-reacting catalyst was identified by NMR analysis of the reaction
mixture. A mnemonic was developed to assign configuration based on the identity of the fast-reacting catalyst. The method uses only 1—3 mg of
alcohol, and it is more convenient than the Mosher method. The kinetic resolution strategy may be extended to other classes of molecules.

Establishing the absolute configuration of a molecule is
an important step in the characterization of a natural
product or a new synthetic entity,' and it is a necessary
prerequisite to meaningfully analyzing its interactions with
other chiral entities such as enzymes and receptors. The
advanced Mosher method is the most widely used strategy
for assigning the configuration of a molecule and depends
on the derivatization of a secondary alcohol followed by
purification and NMR analysis of the resulting esters.” The
Mosher method is limited to secondary alcohols that are
not too sterically hindered and where the ester is stable and
isolable. A number of other methods have been developed
for absolute configuration assignment including the
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exciton chirality method** and Kishi’s NMR methods.’
We describe a new strategy for the assignment of absolute
configuration and actualize the strategy as a practical
method for the assignment of chiral secondary alcohols.®

The crux of the new strategy is to derivatize the optically
pure molecule in question with each enantiomer of a chiral
catalyst. The relative rates of the two reactions will be
measured, and the identity of the fast-reacting catalyst will
allow the configuration of the molecule to be assigned
based on an empirical correlation with similar molecules.
Enzymatic derivatizations have been proposed as a
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method to assign configuration, but without having both
enantiomers of the enzyme available, subtle differences in
rate cannot be identified.” The method is empirical, as is
the Mosher’s advanced method,” and empirical rules need
to be developed for each catalyst system. This strategy is a
modern implementation of Horeau’s method® but one in
which the derivatization involves a chiral catalyst rather
than a chiral substrate. Horeau’s method depends on an
analysis of the unreacted 2-phenylbutyric acid, but that
strategy cannot work with an achiral anhydride. We have
turned the analysis around and instead examine the rela-
tive rates of reaction using two different enantiomers of a
chiral catalyst.

The tremendous advances in enantioselective catalysis
and kinetic resolution in the last decades make the strategy
potentially very general.'” It can be applied to any func-
tional group for which there is a good kinetic resolution
catalyst. Our initial focus is on secondary alcohols, which is
one of the most widely distributed functional groups in
synthetic routes and in natural products. The proof of
principle reported below validates the general strategy for
other kinetic resolution catalysts.

Many enantioselective acylation catalysts have been
reported,'' ' but Birman’s homobenzotetramisole
(HBTM) catalysts are of special interest because of their
broad substrate scope, generally good selectivity, and
relative ease of synthesis.'* Both enantiomers of the cata-
lyst were prepared, and they were used to catalyze the
acylation of a model alcohol 1. Birman’s optimized con-
ditions use low temperatures and solvent mixtures;'* for
convenience, we have focused on room temperature reac-
tions in CDCls. The initial results are shown in Figure 1,
where the reactions catalyzed by 5 mol % of HBTM were
monitored by '"H NMR analysis in an NMR tube. The
conversion was measured by integration of the protons on
the carbon adjacent to the oxygen atom, and the results
were evaluated assuming pseudo-first-order conditions.'
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Figure 1. Optically pure alcohol 1 was reacted with propionic
anhydride and either 5 mol % of S-HBTM or 5 mol % of
R-HBTM catalyst. The conversion was monitored directly
by NMR spectroscopy, and the conversion, x, was plotted as
1/(1 — x) versus time to determine a rate constant for each
catalyst enantiomer.’ The R-HBTM was faster than S-HBTM
by a factor of 13.5, which is consistent with the relative reactivity
reported by Birman. Thus the configuration of alcohol was
confirmed to be 15,2R.

In contrast to the Mosher method, the ester itself does
not need to be stable because the reaction can be
monitored by loss of the starting alcohol. Thus this
kinetic resolution method can be applied to chemically
sensitive alcohols.’€ The plots in Figure 1 yield relative rates
of 13.4, where R-HBTM is the fast-reacting catalyst.” Using
Birman’s rate data,'* one can assign the configuration of
alcohol 1 as 1S,2R.

The example in Figure 1 demonstrates the concept, but
the kinetic method requires both instrument time and
significant material to assign a configuration. It is only
necessary to identify the fast-reacting catalyst for a parti-
cular alcohol, and that can be done without measuring
precise reaction rates. All of the subsequent conversion
data were determined by running side-by-side reactions in
a common water bath for a fixed length of time. The
reactions were set up in 100 uL of CDCl;, and the reactions
were terminated'® by adding 400 uL of CDCl; followed by
NMR analysis. Each reaction used 10 gmol of alcohol,
0.4 umol of catalyst, and ca. 1.3 equiv of the other reagents
for pseudo-first-order kinetics (at modest conversion).'*
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Table 1. Determination of the Fast-Reacting Catalyst for a
Series of Optically Pure Secondary Alcohols®

s
D=N_
NP j\/
OH 4 mol % HBTM o OH
X X + X
R "R? (EtCO),0 (1.3 equiv) RU "R2 R’ "R2
i-ProNEt (1.2 equiv) .
0.10 Miin 0.100 mL CDClg NMR Analysis
19°C
entry substrate time (h) % conversion

S-HBTMP R-HBTM®

0.75 4

2 0.75 6

3 0.75 10
4 0.75 9

5 0.5 8
6 > 0.5 28
7 0.75 15
8 0.75 21
9 0.75 28
10 4 24 25
11 4 16
12 4 33

“The reaction conditions are given in the text. * S-HBTM er =
97.4:2.6. “ R-HBTM er = 98.2:1.8.

The method uses a total of 20 umol of alcohol in the
determination. The results with a variety of secondary
alcohols are presented in Table 1.
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Most alcohols with activating s-substituents produce
sufficient conversion in 30—45 min to identify the fast-
reacting catalyst. The fast-reacting catalyst for each entry
is circled in Table 1. The enantiomeric pairs (entries 1, 2
and 3,4) showed the expected complementary reactivity.
The less active substrates (entries 11 and 12) were run for
4 h to achieve sufficient conversion to determine the fast-
reacting HBTM catalyst. The designation of “less active”
substrates is a bit arbitrary: the alcohols in entries 8 and 12
show similar reactivities, but entry 12 was run for a longer
time to give higher conversion. In only one case (entry 10)
was the reactivity of the two catalysts too close to make a
clear assignment of the fast-reacting catalyst. The HBTM
catalyst system does not differentiate between the ester
chain and the phenethyl chain. A different enantioselective
acylation catalyst might be used to make this assignment.
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Figure 2. Birman’s transition state model predicts the fast-
reacting alcohol structure with the S-HBTM catalyst (left.) A
more general mnemonic (right) places the small or zz-substituent
on the left and the large group on the right. The alcohol
preferred by the SS-HBTM catalyst is back, whereas the alcohol
preferred by the R-HBTM catalyst is forward.

In order to use the observed rate difference to assign
configuration, a clear relationship needs to be identified
between the fast-reacting chiral catalyst and the three-
dimensional structure of the alcohol. Birman examined a
number of substrates and proposed the model shown in
Figure 2.'* His transition state model predicts that the
S-HBTM catalyst will react faster than the R-HBTM when
the aryl group is over the benzotriazole ring, and the alkyl
group is pointing up and away from the complex. We
propose a mnemonic based on our more extensive results
and Birman’s TS model, which is shown in Figure 2. The
dominant sz-group is placed to the left, and the larger
(alkyl) group is drawn to the right. When the S-HBTM
catalyst reacts faster, the hydroxyl group is back. When the
R-HBTM catalyst reacts faster, then the hydroxyl group is
forward. The substrates in Table 1 are drawn in this
orientation, and the general suitability of the mnemonic
is substantiated by inspection. The trend from the data for
the 7-dominant group is shown below:

aryl > propargyl > homothiophenyl = benzyl > allyl
~ crotyl > alkyl

This simple mnemonic predicts the HBTM selectivity for
all of the alcohols presented, but it will not be adequate to
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predict the reactivity of all secondary alcohols. Birman has
shown that the HBTM catalyst and the closely related
BTM catalyst are effective in the kinetic resolution of a
variety of secondary alcohols including those with benzylic,
propargylic, allylic, and cyclohexyl structures.'*'* All of
these alcohols can be analyzed with our proposed mnemo-
nic or by direct analogy to specific example.

One goal of future work is to systematically broaden the
scope of this method by studying different classes of
secondary alcohols and refining our predictive mnemonic.
Further refinements in catalyst structure,'*™!” reaction
conditions, and analytical strategy may be helpful in
making this method more convenient and more widely
applicable. The simple procedure described herein for
determining the fast-reacting enantiomer of the HBTM
catalyst, combined with the mnemonic based on Birman’s
model, will make this new method a valuable tool for
assigning the configuration of secondary alcohols.

The method has been developed for secondary alcohols,
but the general strategy should be applicable to any

(17) Shiina, I.; Nakata, K.; Ono, K.; Onda, Y .-S.; Itagaki, M. J. Am.
Chem. Soc. 2010, 132, 11629-11641.
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functional group for which an effective kinetic resolu-
tion catalyst has been developed. We will extend the
strategy to assign the configuration of molecules based
on functional groups not subject to common analytical
methods.
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