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Diastereomeric Shape Recognition Using
NMR Spectroscopy in a Chiral Liquid
Crystalline Solvent

Abdelkrim Meddour, Cécile Canlet, Luis Blanco, and
Jacques Courtieu*

The use of NMR spectroscopy in liquid crystalline solvents
proved to be a method of choice for enantiomeric analysis.[!)
The best results have been obtained with the lyotropic liquid
crystals made of organic solutions of a synthetic polypeptide,
poly-y-benzyl-L-glutamate (PBLG).! These lyotropic phases
have been known for a long time, and many organic
cosolvents such as dichloromethane, chloroform, THF, or
DMF can be used.B!

We have shown that, when dissolved in PBLG liquid
crystals, enantiomers are not oriented in the same way.[*! Thus
all order-dependant interactions observed by NMR spectro-
scopy—namely, the chemical shift anisotropies, the dipolar
couplings, and the quadrupolar splittings for nuclei with 7> 1/
2, such as deuterium—are affected. With numerous examples,
including isotopic chirality, we concluded that this method
was more powerful and more general for enantiomeric
analysis than any other NMR method.P!

Induced orientation in liquid crystals is strongly dependent
on the shape of the dissolved molecule.l’! Consequently we
raised the point whether the molecular order parameters, to
which NMR interactions are related, could be used to
differentiate molecules that have different shapes. In other
words, can NMR spectroscopy be used for shape recognition
in liquid crystals?
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Thinking in terms of shape recognition led us to the
problem of distinguishing diastereomers. One could then
notice that classical NMR spectroscopy in isotropic solvents
does resolve spectra of diastereomers very well, and that no
fancy NMR technique in liquid crystals is needed. This remark
is true when chiral centers are close to each other. However,
when they are separated from each other by four bonds or
more this no longer applies, and the problem of distinguishing
and attributing threo-erythro/meso diastereomers with remote
asymmetric groups is exceedingly difficult. Consequently we
decided to explore the potential of NMR spectroscopy in
PBLG liquid crystals to distinguish diastereomers with
remote chiral centers.

We decided to study a,a’-dideuter- OH b
ated diol 1, which exists as the R,R and D>{_©_\<OH
S,S enantiomers and the R,S meso
form. The reason is that Takemura
et al. reported that the meso and threo
diastereomers of the non-deuterated
analogue, where the asymmetric car-
bon atoms are five bonds apart, cannot be distinguished by
'"H NMR at 500 MHz or *C NMR spectroscopy at 125 MHz.["!
Wallace et al. distinguished such stereoisomers by NMR
spectroscopy!®! with their bis(a-methoxy-a-trifluoromethyl-
phenylacetyl) (MTPA) ester derivatives.’ Still the differences
observed were extremely small.’!l Does NMR spectroscopy in
PBLG liquid crystals provide an efficient tool to distinguish
directly all the stereoisomers for such diols?

Reduction of 14-diacetylbenzene with NaBD, yielded
easily a statistical mixture (25/25/50) of the R,R/S,S/R,S
isomers of 1. Figure 1a shows the 'H-decoupled 2H NMR
spectrum of this mixture in the PBLG/THEF liquid crystalline
solvent.'”] The spectrum contains four quadrupolar doublets
with the same intensities. As each kind of deuterium atom
produces a doublet in the 2H NMR spectrum measured in
PBLG liquid crystals, the interpretation is the following: For
the (R,R)-diol, the two deuterium atoms are homotopic (C,
axis of symmetry), and thus they are magnetically equivalent.
Consequently we expect a single doublet, of intensity 2, for
this molecule. For the same reason, the S,S isomer will also
furnish a single doublet, of equal intensity but with a different
splitting from the signal for the R,R isomer because of the
chiral discrimination. In the achiral R,S meso isomer, things
are different. The deuterium nuclei are enantiotopic because
they are only related through a symmetry plane. We have
recently shown that enantiotopic nuclei are not equivalent in
this medium, in contrast to the case of isotropic solvents in
classical NMR spectroscopy.’® 'l Besides, the probability of
obtaining the R,S form upon reduction of 1,4-diacetylbenzene
is twice that of the R,R or §,S isomers. Consequently, we
expect two doublets, of intensity 2, for this meso diol, one
doublet for the pro-R and one doublet for the pro-S
deuterium atoms.

To check this interpretation, a mixture of enantiomerically
pure (S,5)-diol™ with some R,S diastereomer (S,S/R,S = 85/
15; Figure 1b) was isolated by chromatography on silica gel of
the mixture obtained by transesterification of isopropenyl
acetate with the statistical mixture of diol 1 in the presence of
the lipase from pseudomonas cepacia.™ To the latter was
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Figure 1. 'H-decoupled 2H NMR spectrum in PBLG/THF (28.0 wt%
PBLG) at T=320 K of a) a statistical mixture of stereoisomers of diol 1,
b) an enantiomerically pure and diastereomerically enriched mixture of
diol 1 (S,S/R,S =85/15), and c) an enantiomerically and diastereomerically
enriched mixture of diol 1 (threo/meso="73/27; ee=85%). See text for
details.

added a small amount of the statistical mixture of diol 1. The
H NMR spectrum of this sample in PBLG/THF is presented
in Figure 1c. It is clear that there is one doublet (the small
“inner” peaks) for the R,R isomer, one doublet for the S,S
isomer (the most intense peaks), and two equally intense
doublets for the (R,S) meso diol.

This result is really important, and we may summarize it as
follows:

a) 2H NMR spectroscopy in chiral liquid crystals allows the
discrimination of all the possible stereoisomers of diol 1,
which classical NMR spectroscopy cannot distinguish. Notice-
ably the diastereomers R,R/S,S and R,S are discriminated
because molecules which do not have the same “shape” are
not ordered in the same way in the liquid crystalline solvent.

b) Not only can the diastereomers be distinguished in the
spectrum, but it is trivial to determine unambiguously which
signals belong to the meso and threo compounds for a
nonracemic mixture. Thus, only the R,S isomer can give two
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doublets of equal intensities. The R,R HO_ D D_ ,OH
and S,S derivatives cannot give more
than a single doublet each.

The above conclusions are totally D
general, as can be seen on the next OH
example. The preparation of triol 2 by 2

reduction of 1,3,5-triacetylbenzene
should give a mixture of the four
stereoisomers R,R,R/R,R,5/S,S,R/S,S,S in the statistical ratio
1/3/3/1. The 2H NMR spectrum of such a mixture in PBLG/
DMF liquid crystals is reported in Figure 2. As above, we
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Figure 2. 'H-decoupled 2H NMR spectrum of triol 2 in PBLG/DMF
(31.3wt% PBLG) at T=340 K. Six doublets are observed, among which
the tallest (marked with *) belong to the R,R,S/R,S,S diastereomer.
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expect a single doublet for the R,R,R isomer of intensity 3
because there are three nondiscernible nuclei and a relative
probability of formation of 1. For the R,R,S isomer two
quadrupolar doublets are expected, of relative intensity 2:1
and the relative probability of 3, thus giving one doublet of
intensity 6 for the R deuterium atoms and another doublet of
intensity 3 for the § deuterium atom. The multiplicity and
intensity expected for the signals of the S,S,R (or the S.S,S)
enantiomer will be the same as those for the R,R,S (or the
R,R,R) enantiomer, but with different splittings because of
the chiral discrimination of the solvent. Therefore, a spectrum
with six doublets is expected for a statistical mixture of the
four stereoisomers, four of them having the same intensity and
two of doubled intensity. One can see in Figure 2 that we
indeed obtain such a spectrum.

In this spectrum the tallest peaks have to be attributed to
the R,R,S and §,S,R stereoisomers; there is no assumption to
be made, and this attribution is obtained with pure logic.
Besides, with an enantiomerically and diastereomerically
enriched sample of stereoisomers of 2, 2H NMR spectroscopy
in PBLG liquid crystals will furnish the diastereomeric excess
and the enantiomeric excess for each diastereomer.

To put the discrimination power of this nonconventional
NMR technique to the test, we decided to study diol 3. It must
be remembered that there
are no direct spectroscopic
methods to distinguish these
diastereomers where the
asymmetric carbon atoms
are nine bonds apart. Even 3
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the NMR spectra of the bis-MTPA derivatives showed no
difference between the stereoisomers.®! The 2H NMR spec-
trum of a statistical mixture of the three stereoisomers R,R/S,S
and R,S is shown in Figure 3. Even though the line splittings
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Figure 3. 'H-decoupled 2H NMR spectrum of diol 3 in PBLG/THF (27.5
wt% PBLG) at T=302 K.

are not tremendous, the technique discriminates all the
stereoisomers and would allow again a measurement of any
diastereomeric and enantiomeric excess using deconvolution
tools.

It has been demonstrated that 'H-decoupled 2H NMR
spectroscopy with a chiral liquid crystalline solvent allows the
NMR spectroscopic discrimination of diastereomers with re-
mote asymmetric centers up to nine bonds apart. This discrim-
ination originates in the difference in the molecular order
parameters of the stereoisomers. To the extent where order
parameters reflect the shape of a molecule, this opens up the
idea of shape-recognition NMR spectroscopy. Furthermore,
we have shown with a few examples that the spectral
multiplicity of the 2H NMR spectra leads to the unambiguous
assignment of the resonances of each diastereomer.
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Photoregulation of the Formation and
Dissociation of a DNA Duplex by Using the
cis — trans Isomerization of Azobenzene**

Hiroyuki Asanuma, Takanori Ito, Takayuki Yoshida,
Xingguo Liang, and Makoto Komiyama*

Recently, much interest has been focused on chemical
modifications of oligonucleotides,'! and various types of
functionalization have been successfully accomplished. How-
ever, there has been no report on the preparation of a
modified oligonucleotide that can reversibly alter the duplex-
forming activity in response to an external stimulus. If one can
convert double-stranded DNA into two single strands (and
vice versa) at a predetermined place and time, a number of
promising applications, either in vivo or in vitro, would
appear.”l Here we report the first photoregulation of the
duplex-forming activity of an oligonucleotide. The melting
temperature of the duplex (7,,) is notably changed when the
azobenzene moiety in the side chain undergoes cis—trans
isomerization. The formation of the DNA duplex and its
dissociation are successfully modulated simply by irradiating
with either visible or UV light.

The modified oligonucleotide 5-AAAXAAAA-3 (1, X=
the residue carrying an azobenzene moiety in the side chain;
see Scheme 1) was synthesized as described previously.l* 4
The two diastereomers 1a and 1b, based on the chirality of the
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