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Is O-acetylmandelic acid a reliable chiral anisotropy reagent?
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Abstract—The X-ray crystal structure of DD-1,4-di-O-(O-acetylmandeloyl)-2,3:5,6-di-O-isopropylidene-myo-inositol showed two
different conformations for different acetylmandelate groups. A comparison of its conformation in solution with that in the solid is
made by the use of 1H NMR. The observed anisotropic shielding effect is rationalized based on these conformational studies. This
study cautions the use of O-acetylmandelate as CAR for sterically crowded and conformationally locked alcohols.
� 2003 Published by Elsevier Ltd.
The classical anisotropy method introduced and devel-
oped by Mosher,1 Trost,2 and others is continuing to be
the most simple and reliable method for the determi-
nation of the absolute configuration of a secondary
alcohol (or a-substituted primary amines). A compari-
son of the chemical shifts of the diastereomeric esters
obtained by derivatization of an alcohol with two
enantiomers of chiral anisotropy agents (CARs) such as
MTPA, MPA, or similar derivatives, provides infor-
mation about the absolute configuration of the alcohol.
Different conformational models have been proposed
for different CARs to analyze the NMR data and thus to
predict the absolute configuration. In the model, the
group facing the phenyl (aryl) ring of the CAR experi-
ences an anisotropic shielding effect and hence the pro-
tons of these groups appear at a higher field in the
1H NMR spectrum. From the difference between the
chemical shift values ðDdÞ of a particular proton (or
group of protons) in two diastereomers obtained by the
derivatization with both the enantiomers of the CAR,
the absolute configuration of the alcohol can be
deduced. Thus the reliability of this method obviously
depends on the magnitude of Dd values, a measure of
anisotropic aromatic shielding effect, which in turn
depends on the conformational restriction. There have
been many reports where these methods were inefficient
in predicting the absolute configuration unambiguously3

because of the small magnitude of Dd. These failures can
be rationalized as due to the deviation of the CAR
conformation in solution from the theoretical model.
The existence of different conformers in equilibrium
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(conformational flexibility) for aryl methoxy acetate
(AMA) derivatives has been introduced4 to explain this
small Dd. Such a conformational flexibility imposes
significant limitations on the scope of this method for
determining absolute configuration. Consequently, the
continued search for the ideal CAR (with frozen con-
formation and thus higher value of Dd) resulted in the
development of many new ones.5

Emphasis is given to the CARs, which are both cost
effective and give good enantioresolution and allow the
determination of the absolute configuration. The com-
paratively less expensive and easy to manipulate O-
acetylmandelic acid6 is a preferred candidate in this
context. Smith et al.7 reported the crystal structure of an
(S)-O-acetylmandelate [(S)-OAM] derivative of an in-
termediate during their synthesis of ())-quadron. This
structure showed a conformation in which the carbonyl
and the O-acetyl are eclipsed (syn periplanar, sp like).
Lee et al.8 applied this conformational model to confirm
the absolute configuration of an (S)-OAM derivative of
1,5-heptadien-4-ol. Recently it has been reported that
the Dd of diastereotopic hydrogens in isopentenyl alco-
hol is largest for O-acetylmandelate out of OAM, MPA,
and MTPA esters. This has been used to determine the
configuration at the 2-position of deuterium labeled
isopentenyl alcohols.9 Also there are other reports10

where O-acetylmandelates (OAM) were used for the
determination of the absolute configuration of alcohols.
Recently Chataigner et al.11a compared MPA and OAM
derivatives and illustrated that OAM derivative gives
larger Dd and hence more reliability than MPA deriva-
tives. This study revealed that Trost�s conforma-
tional model for MPA derivative could also be applied
to the OAM derivative. These examples suggest that

mail to: wyutaka@dpc.ehime-u.ac.jp

mail to: wyutaka@dpc.ehime-u.ac.jp



4 K. M. Sureshan et al. / Tetrahedron: Asymmetry 15 (2004) 3–7
O-acetylmandelate derivatives have a comparatively
rigid conformation (increase in Dd) when compared to
MPA derivatives. The added advantage is that the
mandelate derivatives, which can be prepared by selec-
tive deacetylation of the corresponding O-acetyl-
mandelates,11 give more reliable data (higher Dd upto
0.4 ppm) due to conformational freezing (in sp confor-
mation) arising from the hydrogen bonding between the
carbonyl and the hydroxyl group.

During our ongoing research to provide easy access to
many inositol phosphates and their lipid analogues,
whose chemistry and biology have undergone a remark-
able advance in recent years due to their important
biological roles,12 we have resolved13 the diketal 1 via
sequential crystallizations of its di-(S)-OAM derivatives
2-LSS and 3-DSS. The absolute configurations of the
individual diastereomers were determined by converting
them back to the known enantiomers of diol 1. In ad-
Figure 1. ORTEP diagram of 3-DSS showing the anti-parallel relationship
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dition, we have confirmed the absolute configuration by
solving the crystal structure of 3-DSS.14 Surprisingly
each OAM group in 3-DSS is found to be in a different
conformation with respect to the other in the crystalline
state. One of the OAM conformations (attached to C4-
O) is in agreement (sp) and the other (attached to C1-O)
is different (anti periplanar; ap) to the previously pro-
posed conformational model (sp) for the determination
of the absolute configuration. In the ideal conformation
both phenyl rings are expected to be in parallel ar-
rangement (both in sp) however both are in an anti-
parallel (sp and ap) relationship (Fig. 1). Similar to the
crystal structures of CAR derivatives that substantiated
the conformational model for MTPA,15 MPA,2 and
MPPA,5f the known crystal structures of OAM7;16 de-
rivatives have also shown a conformation similar to the
proposed conformational model. Ours is probably the
first exception where a CAR shows two distinct con-
formations in its crystal structure.17
of two phenyl ring (sp and ap conformation).
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Figure 2. Conformational models.
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This remarkable conformational variance prompted us
to examine the conformation of these acetylmandeloyl
groups in solution by comparing the 1H NMR spectra
of 2-LSS and 3-DSS based on the anisotropic shielding
effect. For this purpose different conformational models
were drawn (Fig. 2). Figure 2a shows the ideal confor-
mation for 3-DSS in which both the OAM are in sp
conformation (ideal) and Figure 2b is exactly the ex-
trapolation of the crystal structure conformation; one
OAM in sp and the other in ap conformation. Figure 2c
represents the ideal conformation for the 2-LSS. The
experimental chemical shift values of both 2-LSS and 3-
DSS and their difference, Dd, are tabulated in Table 1.

According to the ideal conformation, H2 and H3 in
3-DSS (Fig. 2a) and H5 and H6 in 2-LSS (Fig. 2c) are
shielded by two phenyl rings and hence each of these
pairs of protons is expected to show an up-field shift
compared to the other diastereomer. Since all of these
four protons are flanked by two OAMs (one closer and
one further), they are expected to suffer equal amounts
of anisotropic shielding effect. But the smaller Ddl�d

value for H2 (0.22 ppm) compared to H3 (0.37 ppm)
suggests that the OAM near H2 (the one attached to C1-
O) in 3-DSS is in a different conformation and hence the
shielding experienced by H2 is solely due to the further
OAM (attached to C4-O). As the OAM attached to C1-
O is not shielding H2 and H3, it must be shielding H6
and H5, the protons on the other side of the OAM
plane, through a change of conformation. Let us assume
that the OAM attached to C1-O in 3-DSS takes an ap
conformation in CDCl3 solution as in the crystalline state
Table 1. Chemical shifts and Ddl�d of inositol ring protons

H 2-LSS ðdÞ 3-DSS ðdÞ Ddl�d

H1 5.09 5.07 0.02

H2 4.55 4.33 0.22

H3 4.16 3.79 0.37

H4 5.30 5.22 0.08

H5 3.23 3.45 )0.22

H6 4.04 4.06 )0.02
(Fig. 2b) and hence shields H6 and H5. This argument
was substantiated by NOESY spectroscopy of 3-DSS,
which showed cross peaks of aromatic protons with H6
and H3 but not with H2 (as in Fig. 2b) while a NOESY
spectrum of 2-LSS is in agreement with the ideal sp
conformation (as in Fig. 2c) of both the OAM groups.
However the smaller Ddl�d values for H5 and H6 is a
direct reflection of the shielding experienced by these
protons (H6 and H5) in 3-DSS. The very small Ddl�d for
H6 compared to H5 is due to the fact that anisotropic
shielding experienced by H6 in 3-DSS is more, as the
phenyl ring (of OAM at C1-O) is closer to H6. The small
values of Dd for H1 and H4 are as expected since these
protons are least affected by the aromatic shielding.

In the crystal structure of 3-DSS, the average distance
between the phenyl ring of the OAM attached to C4-O
to H3 is 6.037�AA and that to H2 is 7.535�AA. The observed
magnitudes of anisotropic shielding (in Dd) for these
protons (0.37 ppm for H3 and 0.21 ppm for H2) are
inversely proportional to their distances from the phenyl
ring. The phenyl ring of the other OAM (attached to the
C1-O) is 5.456�AA from H6 and 7.502�AA from H5. Hence
we can expect, by analogy, a similar magnitude of
shielding for these protons; that is the expected up-field
shift in 3-DSS for H6 @ 0.37 ppm and for H5 @ 0.22 ppm.
In 2-LSS both H5 and H6 are shielded by the phenyl
rings. In other words, H5 and H6 are shielded in both 2-
LSS and 3-DSS. Hence the difference in chemical shift
for these protons between 2-LSS and 3-DSS, Ddl�d,
becomes small. This is in agreement with the observed
Ddl�d ()0.02 for H6 and )0.21 for H5). The unreliably
small value for H6 suggests that the shielding experi-
enced by this proton in both 2-LSS and 3-DSS is almost
similar. The relatively larger magnitude of Ddl�d for H5
is due to the fact that the shielding experienced by this
proton in 2-LSS (due to one closer and one further
phenyl ring; see Fig. 2c) is more than that in 3-DSS (due
to one further phenyl ring; Fig. 2b). Taking these into
consideration the real anisotropic shift exerted for all the
protons near to OAM is around 0.37–0.40 ppm. This
implies that the observed anisotropic effect of OAM is



Table 2. Comparison of Dd2LSS� 3DSS and Dd4LSS� 5DSS

H1 H2 H3 H4 H5 H6

Dd2LSS� 3DSS 0.02 0.22 0.37 0.08 )0.22 )0.02

Dd4LSS� 5DSS )0.04 0.14 0.32 0.02 )0.21 )0.03
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better or comparable to the best known CARs. The
existence of different conformers in a dynamic equilib-
rium can also be ruled out. Although we found two
conformers for OAM, based on the forgoing discus-
sions, we cannot question the reliability of OAM as a
CAR.
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The reason for this conformational deviation could be
due to the steric crowding near the OAM group, which
compels its conformation to deviate from the ideal one.
Conformational compromise can be either from the
alcohol or OAM part. Since the alcohol part is con-
formationally locked with two five membered ketal
rings, it is rational to think that the OAM part deviated
from its ideal conformation.18 We anticipated similar
conformational preferences in structurally similar dicy-
clohexylidene derivatives 4-LSS and 5-DSS. A com-
parison of 1H NMR of both the diastereomers revealed
very similar Ddl�d (Table 2) as in the case of 2-LSS and
3-DSS. The very small value of Ddl�d for H6 suggests
that H6 is shielded (almost equally) by the phenyl ring of
the OAM in both 4-LSS and 5-DSS as in the case of
2-LSS and 3-DSS. In addition, the Ddl�d values for all
the inositol protons in both the isopropylidene (2-LSS
and 3-DSS) and cyclohexylidene (4-LSS and 5-DSS)
derivatives are very similar. This suggests that 4-LSS
and 5-DSS have analogous conformations to 2-LSS and
3-DSS, respectively. This supports the fact that the ob-
served conformational change is due to the conforma-
tionally locked and sterically crowded nature of the
alcohol (inositol). The present results caution the ap-
plication of OAM as a CAR for determining the abso-
lute stereochemistry of conformationally locked and
crowded alcohols.

In conclusion, we have observed for the first time in the
crystal structure of an OAM derivative two distinct
conformations for the CAR. A comparison of its con-
formation in solid and solution states revealed that
similar conformations are retained in solution also. A
structurally analogous molecule also showed similar
conformational preferences suggesting that the observed
anomaly is inherent with the diketal systems due to
conformational locking and steric factors. To answer the
question, �Is O-acetylmandelic acid a reliable CAR?� au-
thoritatively, additional results with structurally diverse
alcohols and amines are necessary and such studies are
underway in our laboratory, the detailed results of
which will be reported in due course.
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