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Abstract—NMR analyses of O-acetylmandelate (OAM) esters of a variety of crowded and conformationally locked cyclitol deriv-
atives and other alcohols were carried out to examine the reliability of the use of OAM as a chiral anisotropy reagent (CAR) for the
determination of the absolute configuration of an alcohol. These experiments showed that OAM can be used as a reliable CAR even
in the case of sterically crowded alcohols, but the use of this method in conformationally locked alcohols should be skeptical.
Although OAM is a frequently used chiral auxiliary for the resolution of cyclitol derivatives, the absolute configuration of the
resolved alcohol is usually determined by converting it to a derivative of already known absolute configuration. The present study
suggests that just the NMR analysis of the resolved diastereomers is sufficient enough to deduce the absolute configuration of these
resolved cyclitol derivatives to determine their absolute configurations. Many literature examples where OAM is used for the res-
olution of different alcohols are used to generalize the fact that OAM is more reliable than other frequently used CARs such as
methoxy trifluoromethyl phenyl acetic acid (MTPA), methoxy phenyl acetic acid (MPA) and mandelate.
� 2004 Elsevier Ltd. All rights reserved.
1. Introduction

Simple, efficient and reliable methods for stereochemical
assignment are of interest to a wide cross-section of the
scientific community ranging from biochemists to mate-
rial chemists. The classical anisotropy method intro-
duced and developed by Dale and Mosher,1 Trost
et al.2 and others3 has continued to be the simplest and
most reliable method for the determination of the abso-
lute configuration of a secondary alcohol (or a-substi-
tuted primary amines). A comparison of the chemical
shifts of the diastereomeric esters obtained by derivati-
zation of an alcohol with two enantiomers of chiral
anisotropy reagents (CARs) such as MTPA, MPA or
similar derivatives provides information about the abso-
lute configuration of the alcohol. Different conforma-
tional models have been proposed for different CARs
to analyze the NMR and thus predict the absolute con-
figuration. The groups facing the phenyl (aryl) ring of
the CAR experience an anisotropic shielding effect and
hence the protons of these groups appear at a higher
field in the 1H NMR spectrum. From the difference be-
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tween the chemical shift values (Dd) of a particular pro-
ton (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 de-
pends on the conformational restriction. There are many
reports where these methods were inefficient in predict-
ing the absolute configuration unambiguously4 because
of the small magnitude of Dd. These failures can be
rationalized based on the deviation of the CAR confor-
mation in solution from the theoretical model by any
reasons. The existence of different conformers in equilib-
rium (conformational flexibility) for AMA (arylmeth-
oxyacetate) derivatives has been introduced5 to explain
this small Dd. Such a conformational flexibility imposes
significant limitations on the scope of this method for
determining the absolute configuration. Consequently,
the continued quest for the ideal CAR (with frozen con-
formation and thus higher value of Dd) resulted in the
development of many new CARs.6 There are a few re-
ports7 where comparatively less expensive O-acetylman-
delic acid (OAM) had been used as the CAR for the
determination of absolute configuration of alcohols. De-
spite the use of OAM as a CAR, it has not received
much attention when compared to other CARs like
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MPA and MTPA. We herein report a systematic study
on the use of OAM as a CAR in alcohols of different
rigidity and crowd.
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Chart 1.
2. Results and discussion

The conformational model for OAM esters is similar to
that of Trost�s model for MPA derivatives (Fig. 1). The
OAM takes an sp conformation whereby the a-hydro-
gen, carbonyl carbon and C–OAc are coplanar. In this
conformation, the phenyl group shields HA, HB, HC in
(R)-OAM ester and HX, HY, HZ in (S)-OAM ester.
Thus DdS–R for HA, HB, HC protons will be positive
and for HX, HY, HZ will be negative. Thus by measuring
Dd of the protons on both the sides of OAM plane, the
absolute configuration can be determined.

We were attracted to this field following our recent
observation8 that the crystal structure of DD-1,4-di-O-
(O-acetylmandeloyl)-2,3:5,6-di-O-isopropylidene-myo-
inositol, 1D showed two different conformations for dif-
ferent acetylmandelate groups. One of the two OAMs
was in the ideal sp conformation while the other was
in an unusual ap conformation. Detailed NMR studies8

of both 1D and its diastereomer 1L (Chart 1) revealed
similar conformational preferences (sp and ap) of 1D
in solution also. We assumed that the reason for this
conformational deviation could be the steric crowding
near the OAM group, which compels its conformation
to deviate from the ideal one. Conformational compro-
mise can be either from the alcohol part or from the
OAM part. Since the alcohol part is conformationally
locked with two five-membered ketal rings, it is rational
to think that the OAM part deviated from its ideal con-
formation. These results prompted us to investigate sys-
tematically the effect of steric and conformational
locking (of alcohol part) factors towards OAM
conformation.
H
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Figure 1. (a) Conformational model for (S)-OAM and (R)-OAM esters o

conformational model for (S)-OAM and (R)-OAM esters of cyclic alcohols
Soon after the realization of the biological significance
of phosphoinositols, the efforts of many research groups
resulted in the development of many selective protec-
tion–deprotection strategies9 for myo-inositol. Since we
can access myo-inositol derivatives of different steric
bulk and conformational flexibility by applying these
known methodologies, we have chosen protected myo-
inositol derivatives to study the reliability of OAM as
a CAR. In addition, OAM has gained the attention of
inositol chemists as an efficient chiral auxiliary for the
resolution of myo-inositol derivatives.10 However the
absolute configurations of the resulting diastereomers
were usually deduced by converting to a derivative of
known absolute stereochemistry, at times through a
number of chemical transformations, which are time
consuming and costly. To the best of our knowledge,
no CARs (Mosher�s method) have been used on inosi-
tols (cyclitols in general) to assign the absolute configu-
ration. Thus our selection of inositol derivatives for our
study is of additional interest, in the quest for the devel-
opment of an easy and efficient method for determining
their absolute configuration without the need of conver-
sion to a known derivative.

Since OAM in diketal 1D has shown an ap conforma-
tion, we anticipated similar conformational preferences
in the structurally similar dicyclohexylidene derivative
2D11 (Chart 2). Similar magnitudes of DdL–DL–D in structur-
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Chart 2. DdL–DL–D for different protons is marked near the carbon bearing the respective proton(s). Only one of the diastereomers (DD) is shown in this

chart.
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ally similar isopropylidene 1 and cyclohexylidene deriv-
atives 2 suggest that cyclohexylidene derivatives 2D and
2L also take conformation as in the case of isopropylid-
ene derivatives 1D and 1L. It is rational to anticipate an
ideal conformation for the OAM when the conforma-
tional mobility of inositol ring is improved. As expected
DdL–DL–D values for different inositol ring protons of diols12

3D and 3L are in agreement with the ideal sp conforma-
tion of the OAM. Structurally but not sterically similar
cyclohexylidene derivatives 4D and 4L also showed sim-
ilar DdL–DL–D values as in the case of 3. This supports our
assumption that the OAM part takes an ideal (sp) con-
formation provided there is enough flexibility for the
alcohol part for a small change of conformation, to
compensate for the increase in energy arising from the
attachment of bulky CAR (OAM). As diketals 1 and 2
have similar DdL–DL–D values, diols 3 and 4 also showed sim-
ilar DdL–DL–D values for inositol protons, suggesting that
changing the isopropylidene group to a bulkier cyclo-
hexylidene group has a negligible effect on the confor-
mation of OAM and thus on the reliability of OAM
as a CAR for the determination of the absolute config-
uration. Tetrol 5, where no ketal ring exists, did not
show any further improvement in the magnitude of
DdL–DL–D compared to monoketals 3 and 4. Since deriva-
tives 1–5 contained two OAMs at 1,4-positions in a
cyclohexane ring, each of the intermediate protons (pro-
tons on C2, C3, C5 and C6) experience two types of
anisotropic shielding; one from the closer OAM and
one from the further OAM. Thus the observed Dd values
for these protons are the result of a combination of
shielding effects from these two OAMs. Accordingly,
to estimate the contribution from one OAM, compound
6, which has only one OAM, was chosen. NMR analysis
of 6 (6D and 6L) revealed that anisotropic shielding con-
tribution (in Dd) for a proton from the closer OAM is
around 0.22ppm while that from the further OAM is
about 0.05–0.07ppm. An exactly similar magnitude of
Dd for the cyclohexylidene derivative 7 is again in agree-
ment with our assumption that a change in bulkiness at
the locking group does not contribute much in determin-
ing the conformation of OAM.
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Analysis of Dd values of above seven pairs of diastereo-
mers revealed that OAM can endure steric bulk, to some
extent, without conformational change. This is interest-
ing since other usually used CARs cannot endure steric
bulk.4 To what extent can OAM endure bulkiness with-
out much deviation from its ideal (sp) conformation? To
answer this question, we compared the 1H NMR of the
diastereomers of bulky silylated derivatives 8 (8D and
8L) and 9 (9D and 9L). The Dd values for 8 are interest-
ing in that a Dd of about 0.6ppm was observed for a
proton in the less crowded side (H3) of OAM plane
while a Dd for the ring proton in the more crowded side
(H5) was very small (�0.06) in magnitude. However the
Dd values for the ethyl protons of TES attached to O-5
suggest that phenyl group of OAM shields TES group.
This suggests that there is a little conformational devia-
tion either for the inositol ring or for the OAM. How-
ever a comparison of 3JHH coupling constants (Table
1) of inositol ring protons of 8D and 8L with that of
other derivatives having a conformational lock (ketal)13

suggested that the inositol ring deviated considerably in
8D and 8L. However this does not rule out the possibil-
ity of conformational deviation of both OAM and inos-
itol ring. To resolve this issue, we relied on molecular
model analysis. The approximate torsion angles between
vicinal protons were calculated by using Haasnoot–Al-
tona equation14 from observed 3JHH values. Such an
analysis suggests that the conformation of 8D is a flat-
tened chair while that of 8L is a flattened half chair.
In 8L C2–C3–C4–C5–C6 tend to be coplanar and con-
stitutes the seat of the half chair and C6–C1–C2 forms
the backrest of the half chair. Now assuming an sp con-
formation for the OAM, the observed Dd can be ration-
alized. In the flattened chair conformation of 8D, the H3
comes closer to the phenyl group of OAM (in an sp con-
formation) and hence the effective shielding as expected.
In the half-chair conformation of 8L, the TES group is
very near to the phenyl ring of OAM (assuming an sp
conformation for OAM); this TES also masks the H5.
This is in agreement with the small magnitude of
observed Dd for H5 and high Dd for ethyl protons of
Table 1. 3JHH coupling constants of different ring protons of ketal locked in

Entry Compound H1–H2 H2–H3

1 1D 4.4 4.4

2 1L 4.4 4.9

3 2D 4.9 4.9

4 2L 4.9 4.9

5 3D 4.4 4.4

6 3L 4.4 4.4

7 4D 4.9 4.9

8 4L 4.4 4.4

9 6D 4.4 4.4

10 6L 4.4 4.4

11 7D 4.8 4.8

12 7L 4.9 4.9

13 8D 4.4 5.4

14 8L 3.4 5.9

15 9D 4.4 4.4

16 9L 3.4 5.9

17 10D 4.4 4.4

18 10L 3.9 4.4
TES. Thus the conformation of OAM has not deviated
from its ideal sp conformation. As anticipated, exactly
similar DdL–DL–D values for the cyclohexylidene derivatives
9 (9D and 9L) also supports this line of thought. A com-
parison of DdL–DL–D values of triols 6 and 7 with that of the
corresponding silylated bulky derivatives 8 and 9 sug-
gests that when bulkiness increases, the inositol ring
deviates slightly such that H3 comes directly under the
shielding zone of OAM in the diastereomer D. The ob-
served 3JHH values for other inositol ring protons also
support this argument. The exceptionally higher magni-
tude of Dd for H3 in 8 and 9 suggests that when aligned
properly, the anisotropic shielding effect of OAM can
bring about a Dd of 0.6ppm.

It is interesting to note that the removal of TES from ke-
tal 9, resulted in an increase in magnitude of Dd for H5
to �0.19ppm (in 10) and a decrease for H3 to 0.23ppm,
both in the normal Dd range for a non-deviated inositol
derivative such as 6. This suggests that the conforma-
tional deviation of the inositol ring in 9 (and in 8) was
due to the presence of the TES group rather than
TIPDS. This was further established by the fact that
triol 7 and TIPDS derivative 10 have similar Dd values
for the inositol ring protons, the only structural differ-
ence being the presence of TIPDS in 10. This similar
Dd values for 7 and 10 suggests that they have similar
conformations. This is also evident from the 3JHH values
of both 7 and 10. Despite 10 being very bulky, it did not
affect the conformation of OAM.

Compound 10, allows the selective deprotection of
either the TIPDS group or the ketal group to provide
triol 7 or triol 11 (Chart 3). A comparison of the Dd
between either of these triols with that of 10 provides
ositol derivatives
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a direct comparison of the effect of steric bulkiness
(TIPDS) and conformational locking (cyclohexylidene)
on the reliability of OAM as a CAR for the determina-
tion of absolute configuration. Thus a comparison of
dL–DL–D of 7 and 10 suggests that even though TIPDS is a
very bulky group, and hence offers crowding to the inos-
itol ring, the OAM has no conformational deviation
either on addition or removal of this group. In contrast,
a comparison of DdL–DL–D of 10 and 11 reveals that the
ketal, a conformational lock, has a decisive role in the
magnitude of Dd. This suggests that OAM can endure
steric crowding at the alcohol part while a conforma-
tional lock at the alcohol (which restricts the alcohol
part from conformational compromising to reduce the
energy) part may give rise to a conformational deviation
of OAM from its ideal sp conformation.

At this stage, we turned our attention to diastereomeric
OAM esters where no ketal rings are present. Fortu-
nately, a survey of the recent literature revealed that
during the syntheses of phosphoinositols or other natu-
ral products, different groups have resolved racemic
inositol derivatives as their OAM esters.10 In all of these
cases, the absolute configurations of these resolved dia-
stereomers were determined by converting them to a
known derivative. For our study, we analyzed the re-
ported NMR data of these diastereomers. The Dd values
of different protons of different derivatives are shown in
Chart 4.

During the synthesis of methyl uronates, Chida et al.10e

resolved 3,4,5,6-tetra-O-benzyl-myo-inositol as its (S)-
OAM diastereomers 12D and 12L. The DdL–DL–D for H2
was 0.25ppm while that for H6 was only �0.04ppm.
Although OAM is not shielding H6 in 12L effectively,
careful analysis of the reported NMR data revealed that
it is shielding the protons in the protecting group at-
tached to O-6. While all four pairs of benzylic protons
in 12D appeared in the range 4.65–4.87ppm, only three
pairs in 12L appeared in this range. The other pair of
benzylic protons appeared as an AB quartet at 4.12
and 4.47ppm. This suggests that OAM is shielding the
benzylic protons, probably the one attached to O-6. This
is in agreement with the sp conformation of OAM, even
though the alcohol is sterically bulky. A similar trend
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was observed for the structurally identical derivative
13.10k Mills and Potter has used OAM, as a chiral aux-
iliary, extensively for the resolution of various inositol
derivatives during their elegant syntheses of various
phosphoinositols. The observed chemical shifts of these
various derivatives (14,10g 15,10d 16,10j) are in agreement
with the sp conformation of OAM. In all these deriva-
tives (12–16), the Dd value for the proton on one side
of OAM is very low compared to the other side, presum-
ably due to minor conformational changes in these
derivatives. Much earlier Mills and Potter10i resolved
DLDL-1,4-di-O-allyl-5-O-benzyl-6-O-(4-methoxybenzyl)-
myo-inositol via chromatographic separation of their
diastereomeric (S)-OAM derivatives 17D and 17L.
Analysis of the reported NMR data for both 17D and
17L revealed that the ring protons at either sides of
OAM experience similar shielding from the phenyl
group of OAM. The remarkably high Dd value for H6
in 17 compared to that in other derivatives 12–16 sug-
gests that the allyl group at 6-position does not affect
the conformation.

During the synthetic efforts for the preparation of
mannostatin A, Ogawa et al.15 synthesized various opti-
cally active aminocyclopentane tetrols via the diastereo-
meric resolution of the corresponding racemic
derivatives with (S)- or (R)-OAM. The Dd values of var-
ious protons of these compounds (18–20, Chart 5) are in
agreement with the sp conformation of OAM. These
analyses further suggest that OAM can also be used reli-
ably to deduce the absolute configuration of heavily pro-
tected cyclopentitol derivatives too.

From the Dd values of all 20 pairs of diastereomers of
cyclitol derivatives discussed above, the reliability of
the use of OAM as a CAR even in sterically crowded
cyclitol derivatives is ratified, where no CAR has been
used to date to determine the absolute configuration.
Thus with OAM being a frequently used chiral auxiliary
for the diastereomeric resolution, especially in inositol
chemistry, the present results suggest that the use of
OAM in inositol has the advantages of determining
the absolute configuration without the need for
laborious practice of conversion to a derivative of
known absolute configuration.
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The exciting results on the reliability of OAM as a CAR
in cyclitols prompted us to investigate the reliability of
OAM in general systems too. As a representative exam-
ple, open chain alcohols, namely (R)-1-phenyl-1-butanol
and (R)-3-chloro-1-phenyl-1-propanol were converted
into their diastereomeric esters by treatment with both
(S)-OAM and (R)-OAM acids (Chart 6). A comparison
of NMR spectra revealed that open chain derivatives
also gave reliably good Dd values of up to 0.42ppm.
Similarly the lower d values of the methyl protons in
the (R,S)-diastereomers of the (S)-OAM esters of b-
hydroxy sulfides7e 23–26, when compared to the (S,S)-
diastereomer are in agreement with the sp conformation
of the OAM (Chart 7).
RS
Me

(S)-OAM-O
H

(S,S)-23 R = 2-pyridyl (1.38)
(S,S)-24 R = 3-pyridyl (1.26)
(S,S)-25 R = 4-pyridyl (1.37)
(S,S)-26 R = furfuryl (1.19)
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(R,S)-39 R = (R)-OAM; R1 = SiMe2Ph
(R,S)-40 R = (R)-mand; R1 = SiPh2t-Bu
(R,S)-41 R = (R)-OAM; R1 = SiPh2t-Bu

1

2

3

yl protons. DdB–A of different protons of OAM and MTPA esters are

the diastereomers derived from the (S)-alcohol were shown for 30–41.
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There are some reports in the literature, where OAM has
been used as a resolving agent for secondary alcohols
during different synthetic efforts. A comparison of the
reported chemical shift values of both the diastereomers
in such reports gave Dd values, which can interpret the
absolute configuration of both diastereomers. During
the total synthesis of (+)-cheimonophyllon E, Tadano
and co-workers16 resolved the intermediate racemic
alcohol 27 by converting it into diastereomers 28A and
28B with (S)-OAM followed by chromatographic sepa-
ration. Analysis of the NMR spectra of (S)-OAM deriv-
atives 28A and 28B and comparison of Dd(B–A)OAM with
that of the Mosher esters (prepared for determination
of absolute configuration) (DdMTPA) revealed that
OAM derivatives give larger Dd�s than that of MTPA
derivatives. This supports the fact that OAM is more
reliable than MTPA. Chataigner et al.17 compared
MPA and OAM derivatives of five simple alcohols
and illustrated that OAM derivatives give larger Dd�s
meaning OAM is more reliable than MPA. Panek and
Sparks18 resolved different C1-oxygenated E-crotyl
silanes and C3-oxygenated vinyl silanes via their (R)-
O-mandelate diastereomers. The absolute configura-
tions of these derivatives were assigned by comparing
the NMR of the corresponding O-mandelate deriva-
tives. A comparison of Dd in both mandelate and
OAM derivatives revealed that OAM is equally reliable
as the corresponding mandelate derivatives.
3. Conclusion

In conclusion, our investigation on cyclitol derivatives
revealed that OAM endure steric crowding and thus
can be used reliably for the determination of absolute
configuration of crowded alcohols too unlike other
CARs. This study also revealed that the conformation
of OAM deviates when the alcohol part is conforma-
tionally frozen. This supports our theory that the alco-
hol part compromises for minimizing energy of the
system. We have also established that OAM can be reli-
ably used as a CAR in crowded inositol and other cycl-
itol systems for the determination of their absolute
configurations, where no CAR has been used to date.
Simple derivatives were also investigated to generalize
the reliability of the method. Many literature examples
have been used to compare the reliability of OAM as
a CAR with other frequently used CARs. Such a com-
parison proved that OAM is better than MTPA, MPA
and even mandelate derivatives. We are currently inves-
tigating the reliability of this method for the determina-
tion of the absolute configuration of chiral amines,
which will be reported in due course elsewhere.
4. Experimental

4.1. Preparation of the OAM ester by the DCC method

To a solution of the alcohol in dichloromethane, was
added DCC (1.1equiv) and O-acetylmandelic acid
(1.1equiv) and stirred at 0 �C for 2–3h. The urea was fil-
tered off and the filtrate evaporated and chromato-
graphed to give the corresponding OAM ester.

4.2. Preparation of the OAM ester by the chloride method

To a solution of alcohol in pyridine was added a solu-
tion of O-acetyl mandeloyl chloride in dichloromethane
dropwise at 0 �C. After being stirred for 1–2h, the sol-
vents were evaporated under reduced pressure and the
resulting gummy material dissolved in ethyl acetate
and washed successively with water, dil-HCl, satd NaH-
CO3 solution and brine. The organic layer was dried
over anhydrous Na2SO4 and evaporated under reduced
pressure. Further purification was done by chromato-
graphy wherever necessary.

4.3. Typical procedure for the determination of absolute
configuration of cyclitol or any other secondary alcohols

Measure the d values of the group of protons on either
side of the CH-OAM plane in two different diastereo-
mers [derived from opposite enantiomers of the alcohol
with an OAM of known absolute configuration or from
a single enantiomer of the alcohol with both (S)- and
(R)-OAM]. Then by using the conformational model
and the sign of the Dd values, the absolute configuration
of the alcohol(s) can be determined.
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