Received: 24 January 2023

Revised: 7 April 2023

M) Check for updates

Accepted: 11 April 2023

DOI: 10.1002/chir.23571

SHORT COMMUNICATION

WILEY

Cannabicitran: Its unexpected racemic nature and potential

origins

Jared S. Wood |
R. Thomas Williamson

Department of Chemistry and
Biochemistry, University of North
Carolina Wilmington, Wilmington, North
Carolina, USA

Correspondence

R. Thomas Williamson and Jeremy

B. Morgan, Department of Chemistry and
Biochemistry, University of North
Carolina Wilmington, Wilmington, NC
28409, USA.

Email: williamsonr@uncw.edu and
morganj@uncw.edu

Funding information
Yousry and Linda Sayed Endowment

1 | INTRODUCTION
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Abstract

Cannabicitran is a cannabinoid found in levels up to ~10% in commercial
“purified” cannabidiol (CBD) extracts. The structure of this natural product
was first reported more than 50 years ago. However, few studies have investi-
gated cannabicitran or its origin despite the rapidly increasing interest in the
use of cannabinoids for the treatment of a wide range of physiological condi-
tions. Following on a recent detailed NMR and computational characterization
of cannabicitran, our group initiated ECD and TDDFT studies aimed at
unequivocally determining the absolute configuration of cannabicitran present
in Cannabis sativa extracts. To our surprise, we discovered the natural product
was racemic, raising questions around its presumed enzymatic origin. Herein,
we report the isolation and absolute configuration of (—)-cannabicitran and
(4+)-cannabicitran. Several possible scenarios for production of the racemate in
the plant and/or during extract processing are discussed.

KEYWORDS
cannabicitran, cannabinoids, CBT-C, DFT calculations, ECD, NMR, OR, TDDFT, VCD

found in the plant.*> This paper will provide insight into
configurational analysis of such cannabinoids.

Cannabinoids, isolated from the Cannabis sativa plant,
have been utilized for medicinal purposes for thousands
of years.' Several cannabinoids have receptor interactions
that are indicated for the modulation of pain, sleep, and
mood disorders, while also exerting beneficial effects in
pathological conditions such as inflammation, cancer,
addiction, and epilepsy.” Cannabinoids such as A°-
tetrahydrocannabinol (A°-THC) and cannabidiol (CBD)
are primarily extracted from C. sativa as single enantio-
mers, but A%-cis-THC is known to be scalemic®; in con-
trast, only the (—) enantiomer of trans-CBD is naturally

Determining the absolute configuration of a molecule
is a crucial component of a complete molecular charac-
terization, especially in the pursuit of developing effective
therapeutics. The infamous and familiar story of (+)-tha-
lidomide, used as a sedative for the treatment of morning
sickness in pregnant women before withdrawal from the
market due to the correlation of its use and severe terato-
genic effects, provided the first broad awareness of this
issue.®*” Before its official recall, thalidomide had
adversely affected approximately 10,000 infants, resulting
in limb and bone abnormalities, and almost 50% of the
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affected infants had died. It was eventually determined
that R-(+4)-thalidomide produced the desired sedative
effects, while S-(—)-thalidomide was responsible for the
teratogenic effects.® Further, it was discovered in 1994
that the racemization of thalidomide occurs in vitro and
even more rapidly in vivo.”'® Thus, enantiomerically
pure R-(+)-thalidomide cannot be administered without
an immediate partial conversion into S-(—)-thalidomide,
the teratogen. The thalidomide tragedy harshly demon-
strated the importance of chirality in the context of drug
development and stimulated the creation of the FDA.
Other chiral pharmaceutical examples like Darvon® (dex-
tropropoxyphene) and Novrad® (levopropoxyphene) pro-
vide further illustration of complementary enantiomers
targeting completely different receptors and exhibiting
unrelated physiological effects. Darvon® elicits analgesic
effects, and Novrad® is prescribed as an antitussive."!

Recent studies have shown that various secondary
metabolites in nature are racemates or scalemic mixtures,
despite literature precedence suggesting they are individ-
ual enantiomers."* In addition, there are many papers on
chiral molecules lacking information on enantiomeric
purity because these studies are predominantly con-
cerned with other details such as isolation, biological
activity evaluation, and structure elucidation.>'* These
discoveries raise important questions concerning mole-
cule biosynthesis, and why nature produces racemates or
scalemic mixtures instead of pure enantiomers. It is note-
worthy that some racemates are known to have synergis-
tic effects which yield higher biological activities relative
to their individual enantiomers; one recent example is
melipatulinone, which is known to inhibit pancreatic
lipase.'” Naturally, investigation of cannabinoid enantio-
mers for such qualities is warranted given the extensive
collection of chiral metabolites present in C. sativa.

In fact, opposite enantiomers of cannabinoids are
known to bind individual receptors with vastly different
affinities and oftentimes have high affinity to entirely dif-
ferent protein targets.'® Enantiomers of A°-cis-THC (1)
and trans-CBD (2) (Figure 1) have been shown to exhibit
differences in binding affinities towards the CB; and CB,
receptors.” For both receptors, (—)-1 displays stronger
binding relative to (4)-1. Further, both enantiomers have
significant binding affinities towards endocannabinoid
degrading enzymes such as MAGL and ABHD6. Unnatu-
ral (+)-2 has been shown to bind strongly to CB; and
CB,, unlike the natural (—)-2, which is known to bind to
other targets such as 5-HT;,, multiple TRPs, and
GPR55."

Our group recently reported a detailed NMR study of
cannabicitran (CBT-C, 3, Figure 1), a well-known but
previously undercharacterized cannabinoid.'"® In an
extension of that work, we sought to determine the

absolute configuration of natural CBT-C (3) and discov-
ered that it displays no electronic circular dichroism
(ECD) signal. This observation led us to hypothesize that
natural CBT-C (3) is racemic. Our hypothesis was
strengthened when facile separation of the enantiomers
was achieved using high-performance liquid chromatog-
raphy (HPLC) with a chiral stationary phase. Additional
ECD experiments performed with the isolated enantio-
mers provided further evidence that natural CBT-C (3)
exists as a racemate. Through the utilization of ECD
experiments combined with advanced time-dependent
density functional theory (TDDFT) calculations and
vibrational circular dichroism (VCD) measurements with
corresponding DFT computed spectra, the absolute con-
figurations of (—)-3 and (+)-3 have been firmly
established.

Current intellectual property on CBT-C (3) indicates a
wide range of applications for the cannabinoid, including
uses in sunscreen, skin care, headache treatments, and
treatment of Alzheimer's disease.'”** Additionally, stud-
ies by ElSohly et al. revealed that CBT-C (3) reduces
intraocular pressure in rabbits.>® This work suggests
involvement of the NAGly (GPR18) receptor, a known
target of structurally related cannabinoids. Prior research
demonstrated that the receptor is linked to modulation of
physiopathological processes such as pain, metabolism,
and cancer.”*%¢

2 | EXPERIMENTAL PROCEDURES

2.1 | ECD/VCD/OR experiments

All UV measurements and ECD experiments for natural
CBT-C (3) and the enantiomerically pure (+)-CBT-Cs
((—)-3, (+)-3) were performed on a Chirascan™ Plus cir-
cular dichroism spectrometer in acetonitrile using a 1 mm
pathlength cell. Concentrations for UV and ECD experi-
ments were adjusted to provide for A = 0.65 at 214 nm.
Degrees were measured in (m°) across a wavelength range
of 180-300 nm in increments of 1.0 nm. VCD Experiments
were performed on a BioTools ChirallR-2X™ VCD spec-
trometer equipped with a DualPEM™ accessory, using a
0.20 mm pathlength cell. All infrared (IR) and VCD
spectra were acquired across a range of 930-1650 cm
these spectra were acquired with a PEM wave retardation
factor of 1/4. Concentrations for VCD experiments were
adjusted to ¢ ~ 50 mg/mL in chloroform-d. All ECD, IR,
and VCD sample spectra were baselined and blank
subtracted. Optical rotation (OR) experiments were per-
formed on a Rudolph Research Analytical Autopol® III
Automatic Polarimeter. A 50 mm pathlength cell was
used, and concentrations were adjusted to ¢ = 0.25 g/dL.
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FIGURE 1 Structures for (+)-A°-cis-THC (1), (+)-trans-CBD (2), (+)-CBT-C (3), CBC* (4), (+-)-A°-trans-THC (5), and CBGA (6). All
compounds (excluding 3) are important CBT-C-related compounds that will be discussed later in the manuscript. *Note that CBC (4) is
known to be either scalemic or racemic.

JO so[n1 10§ Areiqry autjuQ £3[IA\ UO (SUOTIPUOD-PUER-SULIdY/ W0 KA[Im  KIeIqI[aul[uo//:sdny) suonipuoy) pue suLd [, a1 33§ *[£702/S0/0¢] uo Areiqry auruQ A3IA ‘uoISurIpy eutjore)) YuoN jO Asioatun £q [ LS 1Yd/2001 0 1/10p/wod Kafim: Kreiqijautjuo//:sdny woiy papeojumod ‘0 “X9£90zS [

SOPOIIE YO fosn

QSULIIT suowwo)) dANear) ajqesridde ayy £q pauroaos are



‘WOOD ET AL.

* L wiLE Y- IR

(-)-3

FIGURE 2

2.2 | TDDFT calculations

In our previous NMR-based study of CBT-C (3), the
Schrodinger MacroModel software package was used to
perform a mixed torsional/low-mode sampling
(MTLMOD) conformational search using the OPLS4
force field”” on a methyl-truncated structure of (—)-3
(Figure 2). Geometry optimization and frequency calcula-
tions were performed on the primary conformer using
the B3LYP/6-31G+(d,p) functional and basis set (gas
phase). This optimized structure was used to predict OR
and ECD data using the Gaussian software package
through TDDFT calculations (see Supporting Informa-
tion). The functionals and basis sets used for these calcu-
lations are shown below (Table 1). Three-dimensional
models for the methyl-truncated enantiomers of CBT-C
(3) are shown below (Figure 2).

All TDDFT calculations were repeated using the
entire Boltzmann-weighted conformational ensemble of
(—)-3 (152 conformers) at the ®B97XD/6-311G++(2d,2p)
level of theory using an acetonitrile PCM solvent
model to verify that there is negligible influence from
the alkyl chain on the predicted ECD spectrum (see
Supporting Information). In general, we recommend
that TDDFT calculations for cannabinoids with olivetol-
derived alkyl chains are performed using methyl-
truncated structures.

Experimental and TDDFT-predicted UV and ECD
data were processed and fitted in SpecDis.*® All results

Truncated geometry-optimized 3D structures for both enantiomers of CBT-C (3).

TABLE 1 Functionals and basis sets used in ECD, OR, and
VCD predictions for CBT-C (3).

Data set Functionals Basis sets
ECD (100 excited CAM-B3LYP 6-311G++(2d,2p)
states, 180.0-300.0 nm) ®B97XD def2-TZVP
aug-cc-pVTZ
OR (589.3 nm) B3LYP 6-311G++(2d,2p)
CAM-B3LYP def2-TZVP
®»B97XD aug-cc-pVIZ
VCD (930-1650 cm ™) B3LYP-D3 6-31G-+(d,p)

Note: Calculations for ECD and OR predictions utilized an implicit (PCM)
solvent model for acetonitrile, and calculations for VCD predictions were
performed in the gas phase.

incorporated the following SpecDis parameters for UV
fitting: a band broadening range of 0.1 to 0.4 eV, a shift
range of —30 to +30 nm, and a wavelength range of
180 to 300 nm.

DFT calculations for VCD spectral prediction were
performed using the optimal geometry and frequency
parameters with Grimme's D3 empirical dispersion cor-
rection. All DFT predictions and experimental data were
processed based on a maximum IR absorbance of 1. Addi-
tionally, DFT calculations were performed on all 152 con-
formers of (—)-3 to obtain Boltzmann-weighted IR and
VCD data in further support of using methyl-truncated
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FIGURE 3 An ECD spectrum of CBT-C (3) obtained from a CBD extract.

molecules for related cannabinoid predictions (see Sup-
porting Information).

3 | RESULTS AND DISCUSSION

3.1 | ECD and TDDFT results

An ECD spectrum was acquired after absorbance optimi-
zation to facilitate the assignment of CBT-C's (3) absolute
configuration. ECD data for CBT-C (3) obtained from a
CBD extract displayed a near-flat line (Figure 3), despite
literature precedence suggesting the (1R,3R,4S) configu-
ration.>*’ A commercial reference standard of CBT-C (3)
was obtained, and the experiment was repeated, yielding
the same result. This intriguing discovery led to the
hypothesis that CBT-C (3) is racemic and that further
analysis with chiral-phase HPLC was needed to verify the
presence of the two enantiomers.

Racemic CBT-C (3) was subjected to HPLC using ana-
lytical chiral-phase columns. The CHIRALPAK® IC col-
umn efficiently separated the CBT-C (3) enantiomers
with equal peak areas. Isolation of individual chromato-
graphic peaks provided microgram quantities of each
CBT-C (3) enantiomer. After isolation, ECD experiments
were repeated for each enantiomer leading to equal and
opposite signals (Figure 4). This separation was success-
fully scaled up to 1 g using the same stationary phase
(250 x 30 mm column) and elution with 10% MeOH with
0.1% diethylamine/90% CO, at 90 mL/min 100 bar, with

UV detection at 220 nm and a 1 mL injection volume of a
~50 mg/mL solution.*

Through TDDFT calculations, geometry-optimized
methyl-truncated structures of CBT-C (3) enantiomers
were used to predict ECD spectra for comparison with
experimental data. The resulting predicted UV and ECD
spectra for each enantiomer are shown below (Figure 4).
Among the various hybrid functionals used, CAM-B3LYP
yielded the most accurate results based on wavelength
after spectral fitting in SpecDis.

VCD experiments were performed and compared
with DFT-predicted data (Figure 5). The results shown
are derived from DFT predictions for the methyl-
truncated structure of CBT-C (3). Comparison of the
experimental and DFT-predicted spectra clearly supports
the correct configurational assignments of both
enantiomers.

The final task was ultimately assigning (—) and (+) to
the enantiomers of CBT-C (3) using experimental and
TDDFT-predicted OR data. At 589.3 nm, the experimen-
tal specific rotation values were measured to be —15 and
+17°/(dm-g/mL) in methanol for configurations
(1R,3R,4S) and (1S,3S,4R), respectively. These approxi-
mately equivalent magnitudes further support the exis-
tence of separate enantiomers. Through TDDFT
calculations at the ®B97XD/def2-TZVP level of theory,
the specific rotation values were predicted to be —21 and
+21°/(dm-g/mL) in methanol for configurations
(1R,3R,4S) and (1S,3S,4R), respectively. As expected, both
CAM-B3LYP and oB97XD were excellent functionals for
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FIGURE 4 Fitted UV and ECD spectra of (—)-3 and (+)-3, including TDDFT results obtained at the CAM-B3LYP/def2-TZVP level of

theory.

CBT-C (3) ECD and OR predictions, and def2-TZVP was
the best-performing basis set overall (see Supporting
Information). It should be noted that while CBT-C (3)
has a flexible alkyl chain, OR predictions are known to
be more reliable with rigid molecules.”’ However, we
have clearly demonstrated that truncation of CBT-C (3)
in DFT and TDDFT calculations yields excellent and reli-
able results, and high accuracy of predicted specific rota-
tions is not necessary for the assignment of (—) and (+)
to the individual enantiomers. The mathematical signs of
TDDFT-predicted specific rotation values and related
cannabinoids (i.e., A®-cis-THC (1)) provide valuable

support for the correct assignment of the enantiomers'
absolute configurations. Thus, configuration (1R,3R,4S) is
(=)-CBT-C ((—)-3) and configuration (1S,3S,4R) is
(+)-CBT-C ((+)-3).

3.2 | Potential origins of CBT-C

The racemic nature of cannabicitran raised questions
about its presumed enzymatic origin. In one example
related to a potential biosynthetic origin of CBT-C (3),
Schafroth et al. explored the occurrence and chirality of
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FIGURE 5 Experimental and DFT-predicted VCD spectra for enantiomers of CBT-C (3).

A°-cis-THC (1).% In their report, the presence of A°-cis-
THC (1) was detected quantitatively through chromatog-
raphy methods in various cannabis fiber hemp strains. It
was suggested that biogenetic relationships exist between
A°-cis-THC (1) and trans-CBD (2), as well as CBC (4),
which is known to naturally exist as either scalemic or
racemic in plants; this is likely due to the nature of its
reversible electrocyclization.>* Results from both gas
chromatography (GC) and reverse-phase ultrahigh-
performance liquid chromatography (RP-UHPLC)
coupled with high resolution mass spectrometry
(MS) unambiguously confirmed that both (£)-A-cis-
THCs (1) and (+)-A°-trans-THC (5) co-occur as scalemic
mixtures in cannabis fiber hemp strains. Their findings
supported our original hypothesis in which CBT-C (3)
could originate from A®-cis-THC (1). Alternatively, it
could be suggested that CBT-C (3) is a derivative of CBC
(4), which may have a biogenetic relationship with A°-
cis-THC (1, Scheme 1). Both compounds are potentially
derived from alternative pericyclic processes starting with

CBGA (6) and could be tied to the production of CBT-C
(3). The latter could be framed in both enzymatic and
nonenzymatic scenarios. An initial oxidation of CBGA
(6) yields quinone methide intermediates 7Z and 7E.
Intermediate 7Z can undergo a 6z electrocyclization, fol-
lowed by decarboxylation to generate CBC (4). Alterna-
tively, intermediate 7E reacts via an intramolecular
hetero-Diels-Alder cycloaddition followed by decarboxyl-
ation to produce A°-cis-THC (1). CBT-C (3) could poten-
tially be derived from either of the two routes (note: a
structural reorientation occurs between 4 and 3).

There is also synthetic evidence suggesting the none-
nzymatic formation of CBT-C (3). In the total syntheses
of cannabicyclol reported by Yeom et al., a CBT-C (3)
analog was formed as a side product through an oxa-[3
+ 3] annulation of phloroglucinol and citral.** The reac-
tion primarily produced a CBC (4) derivative in 93% yield
which readily converted to the respective CBT-C (3) ana-
log upon sitting in CDCl; at room temperature. It is also
noteworthy that findings by Micalizzi et al. confirmed the
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SCHEME 1 Potential biosynthetic routes for the production of
CBT-C (3) derived from CBGA (6).

presence of CBT-C (3) in dried cultivars of Kompolti and
Futura and a lack thereof in fresh cultivars.®> This may
suggest a nonenzymatic formation of CBT-C (3) through
the drying process for plant material.

Lastly, it should be noted that in the prior work
reported by Iwata and Kitanaka, analogs of both CBC (4)
and CBT-C (3) were extracted and isolated from Rhodo-
dendron anthopogonoides, which is known to contain
analogs of CBC (4) and other cannabinoids.** Our find-
ings contrast with those of Iwata and Kitanaka, whose
ECD data were reportedly in correspondence with a
methyl-truncated (+)-3 analog. It was expected that the
ECD spectrum of the (+)-3 analog should display key
similarities to our experimental data. Provided the syn-
chronous presence of both CBC (4) and CBT-C (3) in
common sources, it is possible that the presented analog
of (4+)-3 is correct, but the respective ECD spectrum was
not consistent with our experimental and calculated data.
No corresponding NMR data were presented in this
report to unify structural characterization of the molecule
with the reported ECD spectrum. These cumulative find-
ings support the possibility that “natural” CBT-C (3) is in
fact formed through the process of extraction from raw
plant material and that CBC (4) is a viable precursor mol-
ecule involved in the formation of CBT-C (3).

4 | CONCLUSIONS

Through ECD, VCD, and OR analysis, it can be con-
cluded that CBT-C (3) isolated from cannabinoid extracts
is racemic. The CBT-C (3) enantiomers can be resolved
by HPLC using the CHIRALPAK® IC column, where
(—)-3 elutes before (4)-3 with significant resolution. The
(=) and (+) enantiomers possess the (1R,3R,4S) and
(1S,3S,4R) configurations, respectively. We recommend
performing ECD TDDFT calculations for general canna-
binoids at the CAM-B3LYP/def2-TZVP//B3LYP/6-31G
—+(d,p) level of theory and OR TDDFT calculations at the
®B97XD/def2-TZVP//B3LYP/6-31G+(d,p) level of the-
ory. The use of Grimme's D3 empirical dispersion correc-
tion in VCD predictions yielded excellent results. Future
efforts will include improved access to single enantiomer
CBT-C (3) and corresponding pharmaceutical applica-
tions of each enantiomer.
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