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The discrimination and analysis of the NMR spectra of optically active molecules dissolved
in chiral liquid crystal solvents through 2D correlation experiments is studied. The technique
allows the identification of the line positions of each enantiomer, thus providing a notable
simplification of the spectral analysis. The 2D HOHAHA and multiple-quantum experiments
are investigated and discussed. The potential of the method is illustrated using a sample of
(£) 3,3,3-trichloroepoxypropane dissolved in a thermotropic cholesteric solvent. The case of
chiral molecules bearing a fluorine or deuterium nucleus has also been studied. In addition,
it is shown that 2D heteronuclear correlation experiments are powerful methods for correlating
carbon and proton spectral data of two enantiomers. A specific example is given through
(+) 2-bromopropanoic acid dissolved in a lyotropic polypeptide liquid crystal. Spectral
parameters of each enantiomer are calculated for the different examples.

1. Introduction

From the pioneering works of Snyder et al. it has
been shown that R and S enantiomers give different
NMR spectra in chiral liquid crystal media [ 1, 2]. More
recent studies have extended the usefulness of NMR
spectroscopy of liquid crystalline samples to the study
and analysis of the spectra of the enantiomers of chiral
compounds dissolved in cholesteric thermotropic or
lyotropic polypeptide solvents [3-7]. Indeed, in the
chiral anisotropic solvents, the observation of enanti-
omers is obtained through a doubling of the spectra,
from which spectral parameters can be extracted, provid-
ing subsequently a wealth of detailed information about
the geometry or the orientation of R and S isomers,
which is not available from isotropic liquids [8]. The
differential orientational ordering effect (DOE) of the R
and S enantiomers is an essential element for the under-
standing of the intermolecular interactions involved in
the chiral recognition mechanism [9]. Hence, there is a
necessity to increase the number of experimental studies
with the final aim of correlating the Saupe order para-
meters with the geometries of the molecules. In addition,
such studies might also provide information about pos-

* Author for correspondence.

sible deformations of enantiomers in an anisotropic
chiral medium.

The analysis of the proton spectra of enantiomers in
a racemic mixture is often difficult for two reasons. First,
in liquid crystal solvents, the partially averaged dipolar
couplings are usually much larger than the chemical
shift differences. Consequently, the 'H NMR spectra of
solutes are often second order and inherently very com-
plex to decipher. Second, in the case of chiral solutes
oriented in a chiral anisotropic phase, the degree of
orientation of optically active molecules differs for the
R and S geometries, and two distinct spectra for each
enantiomer are observed due mainly to a difference of
dipolar couplings { 3, 9]. The result is then two complex
superimposed spectra in which the number of transitions
increases dramatically with the number of spins.

A calculation indicates that 30 transitions are pre-
dicted by theory for the proton spectrum of two enanti-
omers for a chiral ABC spin system. In a general case,
the maximum number of transitions of p quantum (I =
1/2) detected for the proton spectrum of two enantiomers

of n spins (I =1/2) is given by:
(2n)!
(1)

ZR+S) o
’ [m—wm+w
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Experimentally, this number is reduced because some
transitions have very low intensities. Nevertheless,
numerous overlapping resonances are observed and the
recognition of different transitions for each enantiomer
can be difficult. Consequently, the first task with the
analysis of a 1D spectrum of a mixture of enantiomers
is to identify which lines are associated with each enanti-
omer and it is important to find an effective method of
discriminating between the spectra of each optical
isomer, in order to exploit the analytical potential of the
chiral anisotropic media. The simplest approach to
simplify the analysis of a crowded proton spectrum is
the use of 2D NMR spectroscopy. In the present case,
the use of 2D correlation experiments is investigated.
Among the numerous 2D NMR sequences, we have
investigated 2D HOHAHA, multiple-quantum and het-
eronuclear correlation experiments.

To illustrate this idea, it will be shown in the first part
of this paper how a 2D HOHAHA or multiple-quantum
experiment allows us to discriminate and analyse the
enantiomer spectra of the ABC spin system of a chiral
molecule, (£ ) 3,3,3-trichloroepoxypropane (ETP), dis-
solved in a cholesteric solvent. We will also investigate
theoretically the case of chiral molecules bearing a
fluorine or deuterium mnucleus through » quantum
experiments.

In the second part, we describe the role of 2D heteron-
uclear correlation experiments to correlate coherently
proton and carbon spectral data of two enantiomers.
This last approach will be illustrated using the example
of racemic ( + ) 2-bromopropanoic acid (BPA) dissolved
in the liquid crystalline phase of poly-y-benzyl-L-glutam-
ate, (PBLG), in methylene chloride.

2. Experimental section

The sample of (+) ETP was dissolved in a binary
mixture made from a 1-35/1 by weight ratio of cholesteryl
propanoate (Chol-Pr) from Sigma and ZLI 2806 (a
nematic mixture of Ay, <0 from E Merck) and gives a
proton spectrum which is that of two ABC spin systems.
It has been shown that such a cholesteric mixture orients
homogeneously on a macroscopic scale, with the helical
axis parallel to the magnetic field direction, and con-
sequently allows high resolution spectra to be obtained
[37. The solute molecules were dissolved in the mixture
at about 10% by weight. NMR experiments were carried
out using a Bruker AM 250 high resolution spectrometer
operating at 250-16 MHz.

The sample of (+) BPA was made from 100mg of
PBLG (DP1183, from Sigma), weighed directly into a
5mm NMR tube, and a solution of about 70mg of (+)
BPA dissolved in 560 mg of CD,Cl,. These latter com-
pounds were obtained from the Aldrich Chemical Co.
The tube was degassed and sealed under vacuum in

order to avoid the effects of paramagnetic oxygen and
evaporation of the solvent. The tube was then centrifuged
in both directions until an optically homogeneous
sample was obtained [6]. NMR experiments were per-
formed using a Bruker AM 400 high resolution NMR
spectrometer, equipped with a 'H/"*C dual probe, and
operating at frequencies of 400-13 MHz for proton and
100-16 MHz for carbon-13. One component of the
deuteriated methylene chloride doublet provided the
lock signal.

In all experiments, the 5mm samples were spun at
20 Hz along B, and the temperature was regulated under
air flow by the Bruker BVT 1000 system.

3. Results and discussion
3.1. The 2D HOHAHA experiment

Basically, the 2D HOmonuclear HArtmann-HAhn
experiments produce a transfer of coherence between all
the nuclet of a spin system which are scalar coupled to
each other in isotropic liquids, by the application of a
phase alternated spin-lock field [10, 117]. It has been
pointed out earlier that this type of experiment gives in
many cases enhanced resolution and sensitivity com-
pared with the 2D COSY experiment [ 12]. In a liquid
crystalline sample, the spins are coupled through dipolar
as well as scalar interactions and consequently such a
2D experiment should be a reliable method for con-
necting the resonances belonging to each enantiomer of
a racemic mixture.

The 2D HOHAHA experiment was recorded using
the 2D pulse sequence developed by Bax and Davis
[117 (figure 1). The net magnetization transfer between
homonuclear coupled spins was achieved by the
MLEV-17 pulse sequence, flanked by two 2:5ms trim
pulses to defocus magnetization not parallel to the x-
axis. It has been established for isotropic samples that,
for short mixing times, coherence transfers are mainly
restricted to protons which are scalar coupled, whereas
the remote connectivities are observed when the length
of the mixing time is increased [117. In the case of a
dipolar coupled system, this condition is less critical
because all the spins are generally coupled together.

The experimental 2D spectrum of (+) ETP was
acquired at T=330K, with a 256(t,) x 1024(t,) data
matrix. An unshifted sine-bell filtering in F, and F,
dimensions has been used to enhance the resolution (see

90°¢ SLy SLx

Acq.
e "

MLEV-17

Figure 1. Pulse scheme of the 2D HOHAHA sequence using
MLEYV-17. The phase of pulses is cycled as described in [10].
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the 2D spectrum in figure 2). As we expected, the correla-
tion peaks between the F, and F, projections, allow a
direct access to the line position for each enantiomer.
Indeed, each line for an enantiomer in the first dimension
is correlated to the corresponding lines in the second
dimension. This effect is due to the numerous coherence
transfers created by the pulse sequence on the spin
system via the couplings. Moreover, as the two enanti-
omers do not have any common dipolar or scalar
couplings, no correlations between them are observed
in the 2D spectrum.

An expansion of two particular rows of the 2D
spectrum, which are correlated to the two last high-field
lines in the F, dimension, allows a detailed analysis of
all the line positions belonging to both optical isomers.
We can then observe the relative position of each line
in the F, projection, (as illustrated by the direction of
the arrows in figure 2), in view of the positions of the
two respective lines in the F, projection. In other words,
as each transition is correlated with one or other of both
spectra of the mixture, we can observe with a good
discrimination the spectrum of each enantiomer along
either a column or a row on the 2D surface.

After examination and identification of the line posi-

2
H\C *C/
17\ o Ny

v : Enantiomer A
o : Enantiomer B

cal,

tions of each spectrum on the 2D surface, we can then
analyse the spectrum of each enantiomer. The analysis
of the proton spectra was carried out using PANIC
(Parameter Adjustment in NMR by Iterative
Calculation) provided by Bruker, on an ASPECT 1000
computer. The ABC spectrum cannot be iterated by
using all the nine spectral parameters. Consequently, the
scalar couplings were assumed equal to their isotropic
values, ie. J;,=46Hz, J;3=36Hz and J,;=2-1Hz
These values have been obtained by fitting the spectrum
of (+) ETP dissolved in the cholesteric solvent at a
temperature above the clearing point. The signs of scalar
couplings are assumed positive {1].

The chemical shifts and dipolar couplings obtained
through spectrum simulation and iteration in the 15
experimental line positions of each enantiomer detected
on the high resolution 1D proton spectrum (16 K) at
T=330K are given in table 1.

In this case the HOHAHA experiment is a very useful
method for separating and establishing without ambigu-
ity, all the transitions of each enantiomer.

3.2. The multiple-quantum experiment
The number of resonances in the spectrum of a
molecule can be significantly decreased through a

Figure 2. 2D HOHAHA magni-
tude-mode spectrum of (+)
ETP at T=330K resulting
from a 512 x 1024 data matrix
after zero filling in the F,
dimension. The mixing time
consisted of only one
MLEV-17 (total time 09 ms),
plus two trim pulses of 2-5ms
each; the recycle delay is 2s.
Sixteen scans were recorded for
every value of t;. Note the dir-
ection of the arrows for two

specific resonances belonging
to the F, dimension.
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Table 1. Parameters” of the spin Hamiltonian in Hz of the spectrum of (+) ETP dissclved in the cholesteric
solvent at 330 K.

Enantiomer Lines® ViV, Ik Dy, Dy, D,
A¢ 15 154 +02 1570+ 02 —831+01 140-1+ 01 —12:1+01
B¢ 15 141 +02 1573+ 02 —755+01 1375+ 01 —136+01

“ Parameters fitted on the 1D spectrum of the racemic mixture.

® Number of lines fitted in the spectrum.
¢ Arbitrary assignment for both enantiomers.

multiple-quantum experiment. This could reduce the
problem posed by overlapping lines in the spectra of
racemic mixtures. The application of a multiple-quantum
experiment affords us interesting perspectives. The gen-
eral exploitation and the potential of such experiments
for facilitating the analysis of proton spectra of oriented
non-chiral molecules have been demonstrated by Pines
et al. [13-15].

For our purpose, we must obtain a multiple-quantum
spectrum in which all the spectral information for both
enantiomers is still present, i.e. chemical shifts, scalar
and dipolar couplings. In theory, this can be achieved
for an n spin system by obtaining the (n—2) or (n—1)
quantum spectra [ 16]. In the case of an (n— 1) quantum
spectrum, the number of transitions for two enantiomers
of n spins is given by:

res [ (200
Zgz,,?l_z[(zn_l)!] 2)

In a multiple-quantum experiment, two steps must be
considered. First, the identification of each resonance of
the spectrum of an enantiomer using correlations
between the single and multiple-quantum spectra.
Second, there is the analysis of the (n—1) quantum
spectrum to give the spectral parameters. These may
then provide convenient starting data for the iteration
on the single-quantum spectrum. Considering the three
spin system in (+) ETP, we carried out a 2D double-
quantum experiment. A number of different pulse
sequences have been suggested for exciting double-
quantum coherences, but for our purpose, we have
applied the 2D pulse sequence developed by Freeman
et al. and depicted in figure 3 [17, 18].

The experimental two dimensional double-quantum
spectrum of ( +) ETP, displayed in figure 4, has been
recorded with 512(t,) x 1024(t,) points of digitisation at
T=335K. An unshifted sine-bell filtering is used in F,
and F, dimensions. As previously, the correlation peaks
between the Fy and F, projections allow a direct identi-
fication of the transitions of each optical isomer in the
single- and double-quantum spectra. The double-
quantum spectra were then analysed using a program

Acq.

X X
’1: l T l t Acq.

Figure 3. Pulse scheme of the 2D double-quantum sequence.
The phase of pulses is cycled as described in [17, 18]. The
angle o is 135°

for analysing multiple-quantum spectra which is a devel-
opment of the LAOCOONOR program [19].

The NMR spectral parameters computed through the
analysis of the (n— 1) quantum spectra are then used as
starting values for iterations on the high resolution 1D
spectrum (16 K). During iterations on the 1Q and 2Q
spectrum, the scalar couplings are kept constant and
equal to their isotropic values. The NMR spectral para-
meters calculated from the 2D double-quantum and
high resolution 1D spectrum at T=335K are listed in
table 2.

We can see the good agreement between the spectral
parameters computed from the double- and single-
quantum spectrum, thus showing the value of obtaining
an {n— 1) quantum 2D spectrum.

The small differences observed between the two spec-
tral data sets result essentially from the lower digital
resolution of the (n— 1) quantum spectrum compared to
the high resolution 1D spectrum. Consequently, the
NMR spectral parameters caiculated through the ana-
lysis of the (n— 1) quantum spectra should be considered
as valuable starting values for an accurate solution of
the high-resolution 1D spectrum.

Note that an n quantum experiment cannot in this
case be used to assign lines in the single-quantum
spectrum. Indeed, the frequency of the single n quantum
transition for an n spin 1/2 system is equal to the sum
of the chemical shifts of the n nuclei. A calculation from
the chemical shifts given in Table 2 indicates that the
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Figure4. 2D double-quantum
spectrum of (+) ETP (in mag- g
nitude mode) at T=335K on

resulting from a 512 x 1024
data matrix. The recycle delay
is 2s and the mixing time is
1'7ms. Sixteen scans were
recorded for every value of ¢;.
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Table 2. Parameters of the spin Hamiltonian in Hz of the spectrum of ( +) ETP dissolved in the cholesteric solvent

at 335K.
nQ Enantiomer N Yi—V, Vy—Vy Dy, Dy D,
20° Af 6 10+2 156 +1 —93+1 172+1 —16+1
B¢ 6 6+2 153+1 —101+1 177+1 —15+1
1¢Q¢ Al 15 64 +02 1545+ 01 —919+01 1728 +01 —166+01
B’ 15 77402 1549 + 01 —101-2+01 1758+ 01 —158+01

“Number of lines fitted in the spectrum.

® Parameters fitted in the F; projection of the 2D spectrum.

¢ Parameters fitted in the high resolution 1D spectrum.

¢ Arbitrary assignment for both enantiomers.

difference between for the R and S enantiomers would
be about 1-4 Hz. Such a value is lower than the linewidths
generally observed in an »n quantum experiment.
Consequently, this identification of line positions on the
single-quantum projection would be impossible in this
case.

It is interesting to note that the n quantum proton
spectrum in the case of chiral molecules bearing an
NMR active heteroatomic label such as a fluorine nuc-
leus can be much more useful. Indeed, in this particular
example, the n quantum proton spectrum of a mono-

fluorinated molecule appears as a single dipolar doublet
with a splitting which is equal to the sum of the fluorine-
proton couplings, Y (J;;+2D;;). Consequently, for a
chiral molecule, there is the possibility of an enhanced
separation in the F; dimension.

To illustrate this clearly, we have simulated the double-
quantum 2D spectrum of a fictitious AMX spin system
at 250-16 MHz where X is a fluorine nucleus, using the
NMRSIM computer program provided by Bruker. In
order to simulate a realistic spin system, we have
assumed that the proton and fluorine chemical shifts in



08:54 26 January 2011

Downl oaded At:

432 Lesot et al.

the two enantiomers are equal and the differences of
dipolar couplings between each enantiomer are small
(see details in table 3). The scalar couplings were set to
zero. For the simulation, a basic three-pulse sequence,
9043 —T;m—904,-1,-90435-Acq.,, Was used, and the number
of points used was 512 in t; and 2048 in t,, typical of a
real experiment. The simulated 2D spectrum is presented
in figure 5.

As expected, two doublets at the frequency of the
double-quantum transition, i.e. the sum of the proton
chemical shifts, are observed in the F, dimension. The

v : Enantiomer R

o : Enantiomer S

Figure 5. Simulated 2D double-

quantum proton spectrum (in —=

magnitude mode) of two
enantiomers for a fictitious
‘AMX’ spin system. The ‘X’ part
is a fluorine nucleus (for details,
see table 4). The 2D data
matrix is 512 x 2048 points; the
delay 7,, is 2-8 ms. Thirty two
scans were recorded for every
value of r,. A sine-bell apodis-
ation function is applied in the
F, and F, dimension.

dipolar splittings measured on the vertical projection
are equal to the sum of the residual fluorine—proton
dipolar couplings, ) (2D;;), i.e. respectively 55 and 74 Hz
for each enantiomer arbitrarily noted as R and S (see
table 3).

The correlations on the 2D surface allow the NMR
lines for each enantiomer in the single quantum spectrum
to be discriminated and identified. Note that the correla-
tions for each enantiomer are distributed on rows
belonging to both components of each doublet.
Consequently, only the sum of both rows for each

- -200

ot 4 + 4 = 0Hz

-
-

pes
-

200 OHz -200

Table 3. Parameters of the spin Hamiltonian in Hz of the fictious ‘AMX’ spin system
associated with the simulated »n quantum spectrum of figure 5.

Enantiomer v vpe vy Dyoi®  Dax’ Dux®
Rf 200 —150 0 —50 6 21-5
54 200 —150 0 —40 10 27

“ Proton frequency at 250-16 MHz.
® Fluorine frequency at 235-35 MHz.

¢ For the spectrum simulation, the T, and T, relaxation times of nuclei are assumed

identical and equal to 0-7s.

¢ Arbitrary assignment for the R and S enantiomers.
* The dipolar couplings uses the PANIC definitions: D;;{ NHRSIM) = — 2D, ,( PANIC).
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Table 4. 'H—'H and 'H-'3C dipolar couplings in Hz associated with the methyl group of ( +) BPA dissolved in PBLG/CD,Cl,
at 305 K.

Enantiomer A?

Enantiomer B’

NMR Nuclei ija IJC Jijd Dije '1';](: J,'jd Dije
'H —CH;, 879401 — 29-3+01 9-6+01 — 32401
'H CH-CH, 187101 69101 59+01 84401 69101 0-8+01
13¢C —-CH, 1363+ 02 1309 £ 02 27402 1269+0-2 1309402 —-20+£02
1BC CH-CH; 41402 25402 0-8+02 25402 25402 0+02

“The coupled nuclei are in bold.
b Arbitrary assignment to A and B enantiomers.
“Dipolar splittings measured on the 1D spectrum.

41sotropic scalar coupling constants, measured in CD,Cl, solvent at 305K.

¢ Dipolar coupling constants.

doublet furnishes the total spectrum of both enantiomers.
These results on a fictitious AMX spin system demon-
strate that a 2D n quantum experiment can be used to
discriminate between the spectra of chiral fluorinated
molecules.

In a real molecule, the success of the method will
depend on the sums of the **F-!'H dipolar couplings
being different for the enantiomers. In practice, we can
speculate that this situation will be that usually encoun-
tered, but the observed differences could be quite small.
It is also reasonable to expect that the observed differ-

H g
Hooc-C-c M
Br H

v : Enantiomer A

o: Enantiomer B

Figure 6. 2D carbon—proton cor-
relation magnitude-mode spec-
trum of (+) BPA dissolved in
the PBLG/CD,Cl, mixture at
T=305K. The 2D spectrum is
recorded with a 256 x 1024
data matrix. Zero filling in the
F, dimension has been used to
yield a 512 x 1024 matrix. No
apodisation or other beautify-
ing routine was applied in
either dimension of the spec-
trum to enhance spectral
appearance. The recycle delay
is 3 s and the polarisation trans-
fer is 2-1 ms. Sixteen transients
were added for every value
of t;.

ences in the F; dimension will be larger than the
differences in the F, dimension. Note that identical
experiments can be carried out on chiral molecules
bearing a deuterium label. In such a case, two different
triplets will be observed in the F, dimension, from which
the spectra of the enantiomers can be identified.

3.3. The X H-correlation experiment
In previous work, it has been shown that measure-
ments of carbon—proton dipolar couplings made in
the study of two optical isomers can be used to obtain

vy
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the five elements of the Saupe order matrix, when the
number of proton—proton dipolar constants is insuffi-
cient [ 9]. Nevertheless, this approach, already developed
for a non-chiral molecule by Khetrapal et al. [20],
cannot be applied in the case of chiral molecules in a
racemic mixture. Indeed, as no difference of line intensity
is observed, it is then not possible to correlate directly
the 1D proton spectrum of one enantiomer with the
corresponding 1D carbon-13 spectrum, and then obtain
a coherent set of spectral data for each optical isomer.

To overcome this problem, we propose the application
of 2D C-'H correlation experiments. In order to
illustrate our purpose, we present in figure 6, the 2D
carbon-proton correlation spectrum of (+) BPA dis-
solved in the PBLG/CD,Cl, mixture at T=305K. The
2D spectrum has been recorded with the pulse sequence
{see figure 7) described by Freeman and Morris [21].
The receiver and the proton and carbon transmitter
phases are derived from the phase cycling reported
further by Morris [22]. Contrary to the basic experi-
ment, the carbon signal is obviously not decoupled
during the ¢, acquisition period. We obtain then a carbon
and proton spectrum in which the 'H-'H and *C-'H
dipolar splittings are present and correlated together.

The offset of the 2D spectrum is adjusted on the
chemical shift of the proton and carbon signal belonging
to the methyl group of the molecule in order to increase
the digital resolution. A detailed analysis of proton and
carbon spectra shows that we have to correlate two
doubled triplets (proton) with two doubled quadruplets
(carbon). The 2D map allows us to connect the proton
and carbon multiplets for each enantiomer. In this
example, we thus get four connected dipolar coupling
constants for each enantiomer, instead of two independ-
ent sets of measurements of dipolar couplings.

In this specific example, the spectral information
extracted from the 2D spectrum demonstrates that XH
correlation experiments are powerful tools for the ana-
lysis of the spectra of enantiomers. Consequently, their
use appears as an essential part of obtaining coherent

‘1’1 ¢2
1
| 1
180° 90°
13 ¢3 ¢4 ACq.
C 1y ‘ \ u2  Alla,

Figure 7. Pulse scheme for obtaining the 2D correlation
carbon-proton spectrum. The phase of the pulses is cycled
as described in [22].

sets of spectral data when the number of homonuclear
dipolar couplings is insufficient to calculate the order
parameters.

In a general case, we should also expect to determine
the whole set of dipolar couplings belonging to each
enantiomer by combining the analysis of proton
resonances from a 2D HOHAHA spectrum.

4. Conclusion

We report here the possibility through 2D NMR
experiments currently in routine use of discriminating
and identifying correctly the experimental resonances of
each enantiomer of a racemic mixture oriented in chiral
liquid crystal hosts, thus facilitating the spectral analysis.
The method furnishes an elegant and useful way to
overcome the complexity of proton 1D spectra resulting
from the doubling of lines, especially in the case of chiral
molecules bearing a fluorine or deuterium label
Moreover, the necessity for non-standard spectrometer
hardware does not arise.

The authors gratefully thank Dr. Y. Gounelle from
the University of Orsay, France, and Prof. M. Longeri,
from the University of Calabria, Italy, for their assistance
with the spectral analysis.

References

[1] Sackmann, E., MEemoowm, S., and SNYDER, L. C., 1968,
J. Am. chem. Soc., 90, 2183.

[2] Sackmann, E. E., MEIBOOM, S., SNYDER, L. C., MEIXNER,
A.E., and DTz, R. E., 1968, J. Am. chem. Soc., 90, 3567.

[3] LaronNTAINE, E., BaYLE, J. P., and CourtiEu, J., 1989,
J. Am. chem. Soc., 111, 8294.

[4] CourTtiry, J., LAFONTAINE, E., PECHINE, J. M., BAYLE,
J. P., and MAYNE, C. L., 1990, Lig. Cryst., 7, 293.

[5] MEDDOUR, A., CANET, 1., LOEWENSTEIN, A., PECHINE,
J. M., and CourTiey, J., 1994, J. Am. chem. Soc., 116,
9652.

[6] Caner-Fresse, 1., CourtiEu, J., LOEWENSTEIN, A.,
MEDDOUR, A., and PECHINE, J. M., 1995, J. Am. chem.
Soc., 117, 6520.

[7] Lesort, P., MERLET, D., MEDDOUR, A., LOEWENSTEIN, A.,
and CourTiEy, J., 1995, J. chem. Soc., Faraday Trans.,
91, 1371.

[8] EmsLey, J. W, and Lmpon, J. C, 1975 in NMR
Spectroscopy Using Liquid Crystal Solvents, edited by
(Oxford: Pergamon Press).

[97 Lesor, P., GOUNELLE, Y., MERLET, D., LOEWENSTEIN, A,
and CoOURTIEU, J., 1995, J. phys. Chem., 99, 14871,

[10] Bax, A., and Davis, D. G, 1985, J. Magn. Res., 63, 207.

[117 Bax, A., and Davis, D. G,, 1985, J. Magn. Res., 65, 355.

[12] Bax, A,, and FReEeMAN, R., 1984, J. Magn. Res., 44, 542.

[13] SinToN, S. W, and PiNgs, A., 1980, Chem. Phys. Lett.,
76, 263.

[14] WaRrreN, W. S., and PiNgs, A., 1981, J. Am. chem. Soc.,
103, 1613.

[15] Wertekamp, I. R., GarBow, J. R., and PInEs, A, 1982,
J. chem. Phys., 77, 2870.



08:54 26 January 2011

Downl oaded At:

NMR of enantiomers in LC solvents 435

{16] FmELp, L. D., Pierens, G. K., Cross, K. J., and TERRY,
M. L., 1992, J. Magn. Res., 97, 451.

[17] Bax, A., FrReeMaN, R., and Levrrt, M. H., 1981, J. Magn.
Res., 43, 478.

[18] Marecy, T. H., and Freeman, R., 1983, J. Magn. Res.,
51, 531.

[197] DmnL, P., HENriCHS, P. M., and NIEDERBERGER, W.,
1971, Mol. Phys., 20, 139.

[20] CurisTy Rani GRaCE, R., SuURvaAPRAKASH, N,
KuMAR, A., and KRETRAPAL, C. L., 1992, J. Magn. Res.

4,99, 81.

[217 Freeman, R, and Morris, G. A., 1979, Bull. Magn. Res.,
1, 5.

[22] Bax, A., and Morris, G. A., 1981, J. Magn. Res. A,
42, 501.



