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HUI R. A. H. F., S. SALAMONE AND T. H. WILLIAMS. Self-induced nonequivalence in the 'H-NMR spectra of the (+ )-
and (— )-isomers of a cannabinoid ketone intermediate. PHARMACOL BIOCHEM BEHAV 40(3) 491-496, 1991.—The 'H-
NMR spectra in deuteriochloroform of racemic and optically pure (trans)-6a,7,10,10a-tetrahydro-1-hydroxy-6,6-dimethyl-3-
pentyl-6H-dibenzo[b,d]pyran-9(8H)-one (1) are nonsuperimposable, while nonracemic mixtures of the (+)- and ( — )-isomers show
two sets of signals for the phenolic and aromatic protons in ratios directly proportional to the enantiomeric composition of the

mixture. This is a new example of ‘‘self-induced nonequivalence’’ or ‘‘diastereomeric solute-solute interaction,”’

a known but

seldom reported phenomenon. The magnitude of the chemical shift differences are dependent on the ratios of the two enantiomers
while the chemical shift 8 values are concentration dependent. The overall effect was clearly observable even at a concentration of
0.01 M. In a practical sense, optical purities of samples of the cannabinoid ketone (1) are readily determined by 'H-NMR without

the use of additional chiral shift reagents.
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DETERMINATIONS of enantiomeric purities of compounds by
'H-NMR are often made by the use of chiral shift reagents or
chiral NMR solvents, termed ‘‘chiral solvating agents’’ (CSAs)
by Pirkle (9). In seme cases, optically enriched samples of com-
pounds in an achiral solvent by themselves show two sets of
signals in their NMR spectra, in ratios directly proportional to
the amount of each enantiomer present. In these cases, the sol-
ute functions as its own CSA. This phenomenon of ‘‘self-
induced nonequivalence’’ or ‘‘diastereomeric solute-solute
interaction’’ first reported by one of us (10) has since been ob-
served and studied by others (1-10) and analysed statistically
(7). However, the examples in the literature remain few in num-
ber. We report here an example of this phenomenon in the can-
nabinoid field.

TABLE 1

VARIATION OF 'H-NMR 3 SHIFT VALUES OF THE OH AND
AROMATIC SIGNALS WITH RATIOS OF (+)-1 and (—)-1

(+)-(1):

(—)-(1) Ratio OH Minor OH Major Aromatics
1.0:0.0 — 6.76 6.25(d), 6.205(d)
7.5:1.0 6.85 6.75 6.25(s),* 6.21(d)
4,0:1.0 6.85 6.77 6.25(s),* 6.213(d)
2.0:1.0 6.82 6.78 6.25(d), 6.23(d), 6.22(d)
1.0:1.0 —_ 6.80 6.25(d), 6.23(d)

1.0:4.0 6.85 6.75 6.25(s),* 6.213(d)
0.0:1.0 - 6.76 6.25(d), 6.205(d}

METHOD

The appropriate amounts of the racemic, enantiomerically
pure, and artificially mixed ketones were separately dissolved in
deuteriochloroform (CDCl;) (99.8% atom D) to give concentra-
tions of 0.02 M or of from 0.01 M to 0.08 M (concentration
dependence study) and the 'H-NMR spectrum for each solution
recorded at RT on a Varian XL-400 instrument.

RESULTS AND DISCUSSION

The 400-MHz 'H-NMR spectra (Figs. 1 and 2) of 0.02 M
solutions in CDCl; at RT of the (+)-6aS$,10aS- and (—)-6aR,
10aR-enantiomers of the cannabinoid ketone (trans)-6a,7,10, 10a-
tetrahydro- 1-hydroxy-6,6-dimethyl-3-pentyl-6H-dibenzo[b,d]-

TABLE 2

VARIATION OF 'H-NMR & SHIFT VALUES OF THE OH
AND AROMATIC SIGNALS WITH CONCENTRATION FOR
4:1 MIXTURES OF (+)-1 AND (-)-1

Total

Concentration OH Minor OH Major Aromatics

0.01 M 6.39 6.32 6.26(s),* 6.21(d), 6.187(d)
0.02M 6.85 6.77 6.25(s),* 6.213(d)
0.04 M 7.27 7.20 6.28(d), 6.24(s)*

0.06 M 7.51 7.44 6.295(d), 6.255(m), 6.24(s)*
0.08 M 7.65 7.59 6.305(d), 6.265(m), 6.24(s)*

(s) Singlet; (d) doublet; *slightly broadened singlet.
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(s) Singlet; (d) doublet; (m) multiplet; *slightly broadened singlet.
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FIG. 1. 400 MHz 'H-NMR spectra of: (a) (trans-rac)-1;
10aR-(1).

pyran-9(8H)-one(1) as shown in Figs. 1b, 2b, 1c and 2c are
identical to each other, as expected, but are different from that
for the racemic modification shown in Figs. 1a and 2a.

The low-field portions of the spectra of artificial nonracemic
mixtures (all 0.02 M in CDCl; at RT) of (+)-(1) and (—)-(1)
in ratios of 7.5:1, 4:1 and 2:1 respectively are also shown in
Fig. 3a, b, ¢ and the & chemical shift values are included in
Table 1.

It is seen that there are two OH signals in each spectrum, the
integration ratios of which are directly proportional to the ratios
of each enantiomer present. The aromatic proton region is less
clearly resolved, but the existence of two sets of signals in each
spectrum is also apparent. In keeping with the theory and previ-
ous studies (1-10) the phenomenon may be ascribed to the pres-
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(b) (+)-6a5,10a8-(1); (©) (—)-6aR,

ence of different populations of monomer and dimers of the
enantiomers as outlined below:

(+) + (+) = (+)(+) [Homochiral dimer] ...... (1)
(+) + (=) = (+)(—) [Heterochiral dimer] ..... 2)
(=) + (=) = (—)(—) [Homochiral dimer] ...... 3

When the (+ )-isomer is in excess the population of dimer spe-
cies will be biased towards Eqn. (1) under conditions of fast ex-
change. By external comparision, the average environment
experienced by the (+ )-isomer will be different (diastereomeric)
from that experienced by the (— )-isomer and two signals for the
reporter nuclei can be observed, one corresponding to the weighted
average of the three inherent signals from the populations of
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FIG. 2. Low-field expansions of the spectra shown in Fig. 1.

(+), (+)+) and (+)(—) species and the other from the as each enantiomeric mixture is the mirror image of the other.
weighted average of (—), (—)(—) and (+)(—) signals. As expected, Fig. 3 also shows that the major and minor OH

Inversion of the enantiomeric populations, in theory, should signals approach each other as the enantiomeric purity decreases
leave the spectral observation unchanged (i.e., identical) as and coalesce as the sample becomes racemic. Similarly, the two
borne out by inspection of Fig. 4a and 4b. The enantiomer as- sets of aromatic signals gradually change and coalesce into a
signments of the major and minor peaks will merely be reversed single set.
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Diagram |

Postulated Dimer Species

(+)(-) Heterochiral dimer {-)(-) Homaochiral dimer

In the present case, the postulated heterochiral (+)(—) and
homochiral [illustrated for (—)(—)]} dimer species can be repre-
sented as shown in Diagram 1. Note that the overall symmetry
of the two species is different, and will be a factor in the aver-
age environment experienced by each enantiomer in the nonra-
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cemic mixtures.

The phenomenon is also concentration dependent (2-7, 9, 10)
and the effect of varying the total solute concentration from 0.01
M to 0.08 M in CDCIl, for a 4:1 mixture of (+)-(1) and (—)-
(1) is shown in Fig. 5.

Nonequivalency in the present case persists strongly even at
a concentration of 0.01 M (Fig. 5a). There is a ‘‘crossing of
peaks’’ for the aromatic signals with comparatively small changes
in chemical shift. In contrast, the shift difference for the pair of
hydroxy resonances remains large throughout while the chemical
shifts appropriately demonstrate very large changes.

In principle (9), any chiral compound that is able to self-as-
sociate might demonstrate diastereomeric solute-solute interac-
tions or self-induced nonequivalence. The present example
constitutes an additional cautionary note in attempted proofs of
identity of compounds by comparision of NMR spectra of their
racemic and chiral forms.

In a practical sense, the phenomenon allows the estimation
of optical purities of substances by NMR, such as in the present
case, without the need for any additional chiral additives or the
use of chiral solvents.
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FIG. 3. Variation of (+)-(1)/( —)-(1) ratios. Low-field portions of the '"H-NMR spectra. (a), (b), (c),

(d): Molar ratio of (+)-(1)/(—)-(1) respectively.
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FIG. 4. Inversion of enantiomer ratios. Low-field portions of the '"H-NMR spectra. (a), (b): Molar

ratio of the indicated enantiomers.

REFERENCES

. Dobashi, A.; Saito, N.; Motoyama, Y.; Hara, S. Self-induced non-
equivalence in the association of p- and L-amino acid derivatives. J.
Am. Chem. Soc. 108:307-308; 1986.

. Harger, M. J. P. Nuclear magnetic resonance non-equivalence of
the enantiomers in optically active samples of phosphinic amides. J.
Chem. Soc. Chem. Commun. 555-556; 1976.

. Harger, M. J. P. Proton magnetic resonance non-equivalence of
the enantiomers of alkylphenylphosphinic amides. J. Chem. Soc.
Perkin IT 1882-1887; 1977.

. Harger, M. J. P. Chemical shift non-equivalence of enantiomers in
the proton magnetic resonance spectra of partly resolved phosphi-
nothioic acids. J. Chem. Soc. Perkin II 326-331; 1978.

. Horeau, A.; Guette, J. P. Interactions diastereomeres d’antipodes en
phase liquide. Tetrahedron 30:1923-1931; 1974.

. Kabachnik, M. I.; Mastryukova, T. A.; Fedin, E. I.; Vaisberg, M.
S.; Morozov, L. L.; Petrovsky, P. V.; Shipov, A. E. An NMR
study of optical isomers in solution. Tetrahedron 32:1719-

10.

1728; 1976.

. Kabachnik, M. L; Mastryukova, T. A.; Fedin, E. 1.; Vaisberg, M.

S.; Morozov, L. L.; Petrovskii, P. V.; Shipov, A. E. Optical iso-
mers in solution investigated by nuclear magnetic resonance. Russ.
Chem. Rev. 47:821-834; 1978.

. Nakao, Y.; Sugeta, H.; Kyogoku, Y. Intermolecular hydrogen bond-

ing of enantiomers of pantolactone studied by infrared and 'H-NMR
spectroscopy. Bull. Chem. Soc. Jpn. 58:1767-1771; 198S.

. Pirkle, W. H.; Hoover, D. J. NMR chiral solvating agents. In: Al-

linger, N. L.; Eliel, E. L.; Wilen, 8. H., eds. Topics in stereochem-
istry. vol. 13. New York: Wiley-Interscience; 1982:263-331.
Williams, T.; Pitcher, R. G.; Bommer, P.; Gutzwiller, J.; Uskok-
ovié, M. Diastereomeric solute-solute interactions of enantiomers in
achiral solvents. Nonequivalence of the nuclear magnetic resonance
spectra of racemic and optically active dihydroquinine. J. Am.
Chem. Soc. 91:1871-1872; 1969.



496 HUI, SALAMONE AND WILLIAMS

@ 0.01M
—
(b) 0.02M —
—
(©) 0.04M
{d) 0.06M

(e) 0.08M

Il”[lII|IIIII|IIHIHH]IHIIIIH[IIII]|Il|]IIIIIllll]HI|11]IIIIIIIIHII‘ITII]IIII‘III|’|II|]IIII]IIIT]'TI'TITIIIIIHII}HTI]

7.8 7.6 7.4 7.2 7.0 6.8 6.6 6.4 6.2 6.0 58 5.6 PPM

FIG. 5. Effect of concentration for (+)-(1)/(—)-(1)=4/1 mixtures. Low-field portions of the 'H-NMR
spectra. (a), (b), (c), (d), (e): Total molar concentration in CDCl,.



