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Abstract : Poly-y-benzyl-L-glutamate (PBLG) and dichloromethane form a lyotropic liquid
crystal which can be used as solvent for enantiomeric excess analysis of molecules containing
several stereogenic centers, through deuterium NMR spectroscopy. All isomers of 3-deuterio-2-
methylcyclohexanone and of 3-deuterio-2-methylcyclohexanol dissolved in PBLG/CH,Clp
solvents, exhibit different quadrupolar splittings on their deuterium NMR spectra, which allows

an accurate determination of their diastereoisomeric and enantiomeric excesses.

We have recently reported that dichloromethane solutions of poly-y-benzyl-L-glutamate (PBLG), which
forms a lyotropic liquid crystal, can be used as a chiral deuterium NMR solvent to distin guish enantiomers!. The
discrimination originates from the fact that, in such an anisotropic chiral medium, two enantiomers exhibit
different averaged molecular ordering parameters. This phenomenon is expressed in a deuterium NMR
spectrum, in different values of quadrupolar splitting for each enantiomer.

We have recorded proton decoupled deuterium NMR spectra of cyclohexanone 2 and cyclohexanol 3 - in
racemic and optically active forms - dissolved in PBLG/CHaCl, solvent2, in order to see if the differences in the
quadrupolar splittings between all isomers could be important enough to measure accurately their
diastereoisomeric and enantiomeric purities.
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The synthesis of (2R, 35)-3-deuterio-2-methylcyclohexanone 23 and (15, 2R, 35)-3-deuterio-2-
methylcyclohexanol 34, accomplished from microbiological reduction of 3-deuterio-2-methylcyclohex-2-enone
1 by Beauveria sulfurescens, has been previously reported3-5. The racemic cyclohexanone (1)-2 is obtained
from catalytic hydrogenation (Hp, Pd/C) of 1. Reduction of ()-2 by lithium aluminium hydride in ether, leads
quantitatively to (+)-3-deuterio-2-methylcyclohexanol 3.
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component corresponding to the syn
isomer and a major one corresponding Figure 1 : Spectra of ()-2 recorded at 302 K (a) and 255 K (b).
to the anti isomer. Relative integration Spectrum of (2R, 35)-2 recorded at 255 K (c).
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of signals gives a diastereoisomeric excess equal to 88%. For the anti diastereoisomer, only one quadrupolar
splitting is obtained. From previous studies, we know that this method can detect without ambiguity traces of
enantiomers (1%)1¢. We can then conclude that the enantiomeric excess of (2R, 35)-2 is over than 98%,
whereas a comparison with literature data3 had concluded a 90% ee.

Presented in figure 2, are the
deuterium NMR spectra of (+)-3 and
(18, 2R, 35)-3, recorded at 302 K.
The racemic cyclohexanol exhibits 4
isomers : syn-syn, anti-syn, syn-
anti, anti-anti. (This nomenclature
indicates, for the first term, the

relative position of the hydroxy and
methyl groups, and for the second

one, the relative position of the % % & T m & 6T A T g A T d e ke T
methyl and deutero groups). If each

one allows visualisation of B
enantiomers, we must expect 8
doublets, in pairs of the same size,
on the spectrum. As we can see in
entry a, 16 distinct signals are
obtained. The knowledge of the

diastereoisomeric excess of the i
previous racemic cyclohexanone 2,
leads to a first attribution of the —

signals corresponding to :

- the syn-syn (A) or anti-syn = » & B & TR TR TR g,k ke e ke
(A") isomers (4 major doublets),

- the syn-anti (B) or anti-anti Figure 2 : Spectra of (1)-3 (a) and (15, 2R, 35)-3 (b).
(B") isomers (4 minor doublets). Both spectra were recorded at 302 K.

Orientation of the reduction then allows a complete attribution of the signals to each of the 4 isomers and
their corresponding enantiomers, and the determination of the diastereoisomeric excess of the reduction,
estimated as 37% by simple relative integration of the signals.

Determination of the diastereoisomeric and enantiomeric excess of the optically active cyclohexanol is
made by a comparison between the spectrum of (15, 2R, 35)-3 (figure 2, entry b) and the spectrum of (£)-3.
Detection of traces of diastereoisomer on the spectrum of (15, 2R, 35)-3 and integration of these minor signals
leads to a diastereoisomeric excess equal to 97%. On the other hand, the lack of a signal associated to the
enantiomer of (15, 2R, 35)-3 on this spectrum shows the excellent enantiomeric excess of this cyclohexanol,
which can be estimated as over than 98%. The two excellent enantiomeric excesses, obtained as well as for the
cyclohexanone (2R, 35)-2 than for the cyclohexanol (15, 2R, 35)-3, illustrate the stereospecificity of the
microbiological reduction by Beauveria sulfurescens.
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In conclusion, we report herein the application of our new method of enantiomeric excess analysis to
monodeuterated molecules containing several stereogenic centers. By recording only 4 deuterium NMR spectra -
2 of racemic compounds, 2 of the corresponding optically active compounds - it is possible to attribute
completely and accurately the NMR signals to 8 isomers of a 3 stereogenic center molecule. The differences in
the quadrupolar splittings of each isomer are large enough to measure precisely both diastereoisomeric and
enantiomeric excesses.

Furthermore, with this application, we can prove that the enantiomeric excess of (2R, 35)-3-deuterio-2-
methylcyclohexanone 2 is higher than the enantiomeric excess previously reported3. For (15, 2R, 3S)-3-
deuterio-2-methylcyclohexanol 3, this method allows a measurement of its diastereoisomeric excess - while this
measurement is fairly difficult using isotropic proton NMR - but also, and to our knowledge for the first time,
the measurement of its enantiomeric excess. Finally, the comparison between the NMR spectra of (£)-3 and
(1S, 2R, 35)-3 confirms the previously reported stereochemistry of this optically active cyclohexanol.
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