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Abstract—Configurational assignment for a wide array of aromatic–heteroaromatic carbinols using NMR method employing
a-methoxyphenyl acetic acid (MPA) as a convenient and reliable anisotropic agent is described.
� 2005 Elsevier Ltd. All rights reserved.
We have recently published a work on the highly enan-
tioselective hydrogenation of aromatic–heteroaromatic
ketones using a catalyst pioneered by Noyori et al. to
give the corresponding alcohols in excellent yield and
enantiomeric purity (ee).1 For example, asymmetric
hydrogenation of the ketone 1 afforded the alcohol 2
quantitatively in 99.4% ee (Scheme 1).1 The structural
uniqueness of this compound did not allow us to deter-
mine its absolute configuration by comparison to other
chiral substrates studied. A simple chemical derivatiza-
tion of the alcohol to chiral molecules with known con-
figuration was not conceivable either. With additional
aromatic–heteroaromatic carbinols obtained in high ee
using this methodology, we were prompted to seek a
reliable method for determining their absolute configu-
ration. Among many methods developed, we chose to
0040-4039/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
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Scheme 1.
assign the absolute configuration by 1H NMR spectro-
scopy. The absolute configuration of secondary alcohols
bearing a b-hydrogen next to the chiral centre can be
readily deduced from 1H NMR by esterification of both
alcohol enantiomers with several a-substituted phenyl
acetic acids.2 The application of the protocol to bis-aro-
matic alcohols that lack a b-hydrogen, however, is not
well precedented in the literature.3 Herein, we report
that a simple acid, (R)- or (S)-a-methoxyphenyl acetic
acid (MPA), serves as an excellent derivatizing reagent
to induce anisotropic effect on these carbinols allowing
for the ready assignment of their absolute configuration
in a reliable manner.

Our first attempt to derivatize alcohol 2 involved the use
of a-methoxy-a-trifluoromethylphenyl acetic acid
cheng_chen@merck.com
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(MTPA), which is commonly employed as an effective
chiral derivatizing agent for NMR spectroscopy.2,4

The experiment, however, turned out to be quite dis-
appointing since very little differentiation in chemical
shifts was observed between the (R)- and (S)-MTPA
esters. As such, we were not confident that these data
could be used to assign the absolute configuration for
2. We reasoned that the interaction of the phenyl group
in MTPA and the aromatic moieties in 2 was not strong
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Scheme 2. Determination of absolute configuration of alcohol 2.
enough to generate substantial anisotropic effect, pre-
sumably due the steric bulkiness of the MTPA. We were
delighted to find that the NMR experiment using a ste-
rically less demanding agent such as a-methoxyphenyl
acetic acid (MPA) and the same substrate (2) worked
remarkably well (Scheme 2). In the actual experiment,
alcohol 2 was converted to its (R) and (S)-MPA esters
via an EDCI mediated coupling. Both diastereoisomers
were isolated by preparative TLC and their NMR spec-
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Figure 1. Correlation of the NMR experiment with the X-ray analysis.

Table 1. Validation of the NMR methods
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tra were recorded. The chemical shifts of these two dia-
stereoisomers were highly distinguishable, allowing us to
assign the absolute configuration of the alcohol (2) as
the (R)-MPA ester based on the reported protocol.2

Thus, this NMR method is valid for this bis-aromatic
carbinol since the alcohol was subsequently converted
to a potent PDE4 inhibitor (4) whose absolute configu-
ration was unambiguously established by X-ray
analysis.5

Having secured the assignment for the absolute configu-
ration of alcohol 2, we turned our attention to o-tolyl
pyridyl carbinol (5), which was prepared by hydrogena-
tion of the corresponding ketone in 98.7% ee.1 Alcohol 5
was derivatized to its (R)- and (S)-MPA esters and based
on the working scheme depicted above, we readily
assigned the absolute stereochemistry as the S-isomer.
A single crystal of the (R(MPA),S)-isomer (6) was later
obtained, which confirmed the results of the NMR
experiment (Fig. 1).

The accuracy of our method for the assignment of the
absolute configuration by NMR was further validated
by the application of this protocol to a wide array of
these biaryl alcohols (Table 1). We again demonstrated
the simplicity in deducing the absolute configuration of
a known substrate, o-tolyl phenyl carbinol (9). The (S)-
enantiomer was prepared according to Noyori�s meth-
od6 and the absolute configuration of this compound
was determined by Watanabe et al.7 employing both
chemical correlation and X-ray analysis. We reasoned
that a simple derivatization of the alcohol using
MPA will lead to assignment of the absolute configura-
tion. Indeed, the NMR methods elaborated above
allowed us to assign the absolute configuration as (S)
in a very straightforward manner. Absolute configura-
tions were assigned for compounds 10–13 based on the
NMR experiment and these results were confirmed
by X-ray analyses. Alternatively, the NMR assign-
ments for compounds 14–16 were confirmed by com-
parison of optical rotation to that of the authentic
material.

In summary, we have demonstrated that a-methoxyphen-
yl acetic acid (MPA) serves as an effective resolving
agent for aromatic heteroaromatic carbinols. The signifi-
cant anisotropic effect allows for the determination of
the absolute configuration of these structurally interest-
ing alcohols in a very reliable manner. Moreover, MPA
is an inexpensive and readily available reagent with ro-
bust reactivity towards secondary alcohols. We believe
that the method described should be routinely used for
these alcohol derivatives.
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