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A new chiral derivatizing agent, tetrahydro-1,4-epoxynaphthalene-1-carboxylic acid (THENA), with a
represented syn-periplanar disposition of O–Ca–C@O as a part of the bicyclic system to lock the aromatic
residue conformation and the availability of an internal reference proton for 1H NMR spectral alignment,
is introduced. In the determination of the absolute configuration of chiral secondary alcohols, THENA
offered good uniformity of Dd with high reliability, resulting in unambiguous assignment of the absolute
configuration.

� 2010 Elsevier Ltd. All rights reserved.
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Figure 1. Common chiral derivatizing agents (CDAs) 1–6 and tetrahydro-1,4-
epoxynaphthalene-1-carboxylic acid (THENA) (7). The MPA and the analogous MPA
arrays are highlighted in shade.
The introduction of chiral derivatizing agents (CDAs),1 such as
Mosher’s acid 1,2 MPA 2,3 MaNP 3,4 2-NMA 4,5 2-ATMA 56 and
9-ATMA 6,7 has provided chemists with a set of tools for the deter-
mination of absolute configuration by analysis of diastereotopic
NMR shifts (Dd). In general, these CDAs apply the favored confor-
mational equilibrium of the syn-periplanar array of Lk–Ca–C@O,1a

for example, Lk = OMe in 2–6 (known as MPA array) (Fig. 1), and
the aromatic anisotropic effect from the Ar group to differentiate
the substitution patterns of the chiral substrate. Rotation around
the Ca–Ar bond, however, may generate additional conformational
options8 and, in some cases, result in ambiguous absolute stereo-
chemistry assignment.9 Here we report the design and synthesis
of tetrahydro-1,4-epoxynaphthalene-1-carboxylic acid (THENA) 7
as a new CDA for the determination of the absolute configuration
of chiral secondary alcohols. The key features of THENA include
(i) the analogous MPA array as a part of the bicyclic system, to limit
the rotational degree of freedom of the aromatic moiety, (ii) the
observed anisotropic deshielding effect on the substituents, due
to the bicyclic tether, (iii) the presence of an internal reference pro-
ton (Href) to facilitate spectral alignment, and (iv) the low cost
straightforward synthesis.

The optically active acid 7 was prepared from commercially
available and low cost starting materials. As summarized in Scheme
1, methyl furan-2-carboxylate (8) was reacted with benzenediazo-
nium-2-carboxylate (9), generated from the reaction between
anthranilic acid and iso-pentyl nitrite, in boiling 1,2-dichloroethane
to yield the racemic bicyclic ester 10 in 87% yield.10 The ester was
then subjected to catalytic hydrogenation with H2 over Pd-C (97%
yield) followed by ester hydrolysis with KOH in MeOH/1,4-dioxane
ll rights reserved.
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chang).
to give the acid 7 in 95% yield. The resulting acid was then resolved
by formation of an ester with (+)-(S)-menthol to yield a pair of dia-
stereomers (S,S)-12 (47%) and (R,S)-12 (46%). Finally, hydrolysis of
each diastereomer furnished the desired (S)- and (R)-THENA 7 in
95% and 97% yields, respectively.

X-ray analysis11 of the THENA ester (R,S)-12 (Fig. 2) established
the absolute configuration of the THENA acid. In addition, the X-ray
structure confirmed the conservation of the analogous MPA plane
(the syn-periplanar disposition of the O–Ca–CO–O–C*–H) in the
THENA ester derivative.

Accordingly, a pair of diastereomers derived from both enanti-
omers of THENA 7 with an optically active secondary alcohol
should provide distinctive NMR characteristics. The presence of
Href which is not influenced by the diastereotopic environment
can serve as an internal reference for spectral alignment and thus
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Scheme 1. Synthesis and resolution of optically active THENA 7.

Figure 2. ORTEP diagram of the X-ray crystal structure of (R,S)-12, indicating the R
configuration of the THENA moiety and the analogous MPA plane.

Figure 3. Influence of the anisotropic deshielding effect on subsituents L1 and L2 in
a pair of diastereomeric esters derived from (a) (S)-THENA and (b) (R)-THENA. (c)
The proposed model to correlate between the DdSR value (DdSR = d(S,?) � d(R,?) where
? denotes an unknown absolute configuration of the chiral alcohol) and the absolute
configuration. Dashed line represents the plane.
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Figure 4. Chemical shift difference values (DdSR) and the assigned absolute
configuration of the tested chiral alcohols. Substituents with positive values are
on the right while those with negative values are on the left. Dashed line represents
the plane.
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the chemical shift difference (Dd) can then be calculated explicitly.
A model to correlate Dd with the absolute configuration assign-
ment is proposed as follows (Fig. 3). Related to MPA and its analogs,
the THENA ester should adopt a syn-periplanar arrangement of the
O–Ca–CO–O–C*–H (dashed line)12 and therefore position the sub-
stituents L1 and L2 on either the left or the right side of the plane.
It should be emphasized that, since the aromatic moiety of the
bicyclic ester is conformationally locked, a deshielding anisotropic
effect, as opposed to a shielding effect from the phenyl ring of the
MPA, is observed exclusively. Moreover, the structural rigidity in
the bicyclic system eliminates the conformational equilibrium
around the Ca–Ar bond, leading to an unambiguous calculation of
the Dd values.
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Thus substituents L2 of the diastereomer derived from (S)-THE-
NA should be influenced by the anisotropic deshielding effect and
their chemical shifts should appear at a lower field (Fig. 3a). In
analogy, the chemical shifts of substituents L1 of the diastereomer
derived from (R)-THENA should also be shifted to a lower field
( Fig. 3b). Consequently, given DdSR = d(S,?) � d(R,?) where ? repre-
sents the unknown configuration of chiral alcohols (Fig. 3c), the
protons on L1 should have negative DdSR values (DdSR <0) while
the protons on L2 should have positive DdSR values (DdSR >0) and
the absolute configuration can then be deduced.

Application of THENA as a CDA for the determination of the
absolute configuration of chiral secondary alcohols was demon-
strated. Eleven chiral secondary alcohols with known absolute con-
figuration were esterified with the acid chloride of both (S)- and
(R)-THENA 7, following a modified Trost method,3a to give the cor-
responding esters in 69–92% yields. The spectra of both diastereo-
mers were aligned with respect to the chemical shift of Href, and
the chemical shift difference (DdSR) of the corresponding protons
in the diastereomeric (S)- and (R)-esters, respectively, was com-
puted and the values shown in Figure 4. It is worth mentioning
that, although the DdSR values of the THENA esters were relatively
smaller than those of the MPA analogs due to the weaker deshiel-
ding effect, the use of Href as an internal reference facilitated reli-
able calculation of the DdSR value. In addition, the signs of DdSR

of the protons situated on the same side of the plane were ob-
served with uniformity. Thus, according to the proposed model,
substituents with positive DdSR values (L2) were placed on the right
side of the plane (dashed line) while substituents with negative
DdSR values (L1) were on the left, and the absolute configurations
of the chiral alcohols were then assigned. It was found that, in all
cases, the absolute configurations derived from the experimental
data and the proposed model were all satisfactorily in good agree-
ment with the known configuration.

In conclusion, a new chiral derivatizing agent, THENA (7), has
been prepared. The application of THENA (7) as a CDA in the
NMR shift difference method is realized, and its potential as a can-
didate for single derivative methods3b,c to determine the absolute
configuration is very promising. Further investigations on the
application of THENA 7 in determining the absolute configuration
of chiral secondary alcohols and of other systems, as well as its
application in natural products chemistry are currently in progress.
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