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Cannabinochromene (CBC, 1a) is the archetypal member of a class of more than twenty isoprenylated 5-hydroxy-7-alkyl(aralky)benzo[2H]pyranes first
reported from Cannabis sativa L. but also occurring in unrelated plants (Rhododendron species) as well as liverworts and fungi. The chemistry, synthesis, and
bioactivity of CBC (1a) is reviewed, highlighting its underexploited pharmacological potential and rich chemistry.
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Cannabichromene (CBC, la) was first isolated from Cannabis
sativa L. in 1966, only two years after the isolation of A°-
tetrahydrocannabinol (A%-THC, 2a) [1,2], while its corresponding
acid (cannabichromenoic acid, CBCA, 1b) was isolated two years
later from the same plant source [3]. These compounds are the
archetypal members of a group of over twenty 5-hydroxy-7-
alkyl(aralkyl)benzo[2H]pyranes characterized by a limited
distribution in Nature, that encompasses, however, not only plants
but also fungi. Cannabichromene (1a) was isolated at the outset of
modern studies on the chemistry of Cannabis, but it has been less
investigated compared to other phytocannabinoids in terms of
biological profiling and chemical reactivity. It is traditionally
considered, along with A%>-THC (2a), cannabidiol (CBD, 3a) and
cannabigerol (CBG, 4a), a major phytocannabinoid, and a member
of the so-called big four of Cannabis constituents. It was even
believed to be the second most abundant cannabinoid in recreational
marijuana [1,2], but its concentration in Cannabis seems to have
been substantially overestimated because of the difficulty to
separate CBC (la) and CBD (3a) on the gas chromatography
conditions of those years [4], with the ensuing attribution of the
peak area exclusively to CBC (1a). The concentration of CBC (1a)
in Cannabis is actually much lower t the other “major”

phytocannabinoids. It rarely exceeds 0.2-0.3% on dry weight basis,
and CBC (1a) has never been found to accumulate in modern
medicinal and recreational strains of Cannabis at the two-digit
other

percentage  concentrations
phytocannabinoids [5].
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There is considerable confusion in the literature on the physical
properties of natural CBC, that was originally reported as an
optically active [1,2] crystalline compound [2]. CBC is actually an
oil or a gum, and, unlike the other major phytocannabinoids, is
scalemic, as shown by chromatography on chiral stationary phases
[6]. After the isolation of CBC, various analogues and derivatives
(cannabichromenoids) were discovered not only from Cannabis but
also from unrelated plants as well as from liverworts and even from
fungi [5]. The orcinoids cannabiorcichromenic acid (5a),
chlororcichromenic acid (5b) [7], and confluentin (6) [8] are the
only phytocannabinoids of non-plant origin, and were isolated from
Cylindrocarpon olidum Wollenw. a fungal parasite of a nematode
(5a and 5b) [7], and from a mushroom (6) [8]. Interestingly,
confluentin (6) is also a constituent of Rhododendron dauricum L.,
a popular ornamental plant but a protected species in its natural
environment [9].
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The cannabichromenoid chemical space

Diversity of natural cannabichromenoids is mostly associated to the
modular scheme of their biosynthesis, as expressed by prenylation
or deprenylation of the isoprenyl residue, and/or shortening of the
pentyl residue (Figure 1) [5]. Replacement by a phenethyl-type
group as well as isomerization to the abnormal series (ortho-
relationship between the resorcinyl substituents) have also been
observed outside Cannabis [5]. As with all other classes of
phytocannabinoids, n-alkyl residues (methyl-, propyl-, pentyl-) are
typical of Cannabis and higher plants (Figure 1, type A
cannabichromenoids), while the phenethyl type substituents are
mostly, but not exclusively, found in liverworts (type B
cannabichromenoids) [5]. Diversity  in  the  natural
cannabichromenoids is the result of the combination of a diverse
iteration of the elongation step of the isoprenoid pathway that
generates the electrophilic isoprenylating agent, and of the nature of
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the polyketide starter that eventually generates the alkyl-substituent
of the resorcinyl core. Thus, the isoprenylating agent can be prenyl-,
geranyl-, or farnesyl pyrophosphate [10], while the polyketide
starter can be hexanoic acid [cannabichromene (CBC)-type
compounds], propanoic acid [cannabivarichromene (CBCV)-type
compounds], or acetic acid (cannabiorcichromene (CBOC)-type
compounds], or cinnamic acid (phenethyl and stiryl-type
compounds). All these phytocannabinoids are assumed to be
generated in carboxylated form, and to be next decarboxylated
enzymatically or, most probably, during storage of the plant
material. Modifications of the benzochromene moiety are rare, and
involve hydratation of the pyrane double bond as well as
functionalization of the “peri-position” of the chromene core by
chlorination or acetoxylation [5]. Also rare is the oxidative
modification of the isoprenoid group at the terminal and electron-
rich double bond.
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Figure 1. Diversity of naturally occurring cannabichromenoids

The original biogenetic numbering of phytocannabinoids was based
on their meroterpenoid structure, and used two distinct systems for
the resorcinyl and the isoprenyl moieties. The numbering of A°-
THC was later changed to a systematic one, based on the polycyclic
heterocyclic core [5]. Two systems are therefore possible for CBC
(Figure 2), but the systematic one (A) is more popular, and will be
use throughout.

Figure 2. The systematic (A) and the biogenetic (B) numbering system of
cannabichromene (CBC, 1a)

Biosynthesis and enzymology

The skeletal diversity of phytocannabinois is generated by the
oxidative cyclization of linear isoprenyl precursors (cannabigerolic
acid, CBGA, 4b) for the terpenyl (C10)-derivatives), with a
convergence of the cyclase and the oxidase phases, as observed also
in other classes of meroterpenoids (Figure 3). Thus, the enzyme
cannabichromenic acid (CBCA, 1b) synthase is a FAD-oxido-
cyclase with little specificity for the length of the alkyl chain of the
resorcinyl core, accepting both olivetolic acid and its lower
homologue divarinic acid as substrate. Compared to the
tetrahydrocannabinolic acid (THCA, 2b)- and the cannabidiolic acid
(CBDA, 3b) synthases, CBCA synthase has a higher substrate
affinity (Km = 23 uM vs 134 uM and 137 uM for, respectively,
CBDA- and THCA synthases) but a lower catalytic capacity (Kcat =
0.04 s vs 0.19 st and 0.20 s for CBDA- and THCA-synthases)
[11]. CBCA synthase is encoded at a fixed locus (C) distinct from
the allelic loci of CBDA- and THCA-synthases (Bo and Br,
respectively, with Bo corresponding to poor functioning synthases
and the accumulation of CBG). C is expressed mostly in juvenile
tissues of Cannabis, declining with maturation. As a result, the
concentration of CBC in the flower heads is generally much lower
than the one of CBD and THC, and plants whose cannabinoid
profile is dominated by CBC are very rare. Overall, the genetic
control of CBC synthesis is poorly understood. A substantial
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accumulation could be related to the persistence of a juvenile gene
expression profile related to a not yet characterized inheritable
factor [12].

It has also been observed that CBC is accumulated differently
compared to and A°-THC (2) and CBD (3). In general, cannabinoids
have a single site for synthesis and accumulation, being produced
and stored in the secretory cavity of specialized glandular
trichomes, three types of which are, however, present in Cannabis.
The large capitate-stalked trichomes only develop on the bracts that
surround the flowers and in the bracteols that enclose the ovary, and
can accumulate large amounts of phytocannabinoids. Conversely,
the small bulbous- and the large capitate-sessile trichomes, that
develop all over the leaves , have a 20-fold minor capacity to
produce and accumulate phytocannabinoids [12]. CBCA synthase is
apparently little, if any, expressed in the cannabinoid-rich capitate-
stalked trichomes, and this explain why CBC does not benefit from
the cannabinoid biosynthetic bonanza associated to flowering,
rather peaking soon after seedling formation, declining during
development, and eventually stabilizing at a low level in mature
plants. As a result, although pure CBC Cannabis breeds have been
produced, the isolation yield remains much lower compared to the
other three major phytocannabinoids [12]. Traces (ppm) of
cannabinoids were recently detected in the roots of various strains
of Cannabis. The highest concentrations of CBC were associated to
narcotic high-THC plants, as often observed also in the aerial parts
[13].

CBCA synthase performs a chemistry basically distinct from the
one leading to CBDA (3b) and THCA (2a). After initial FAD-
mediated hydride removal from the benzallyl carbon, a process
common to all three cannabinoid synthases [11,12] (Figure 3),
electrocyclization of the resulting quinonmethide (8) to a chromene
takes place, in line with the classic Ollis-Sutherland proposal for the
biosynthesis of chromenes from ortho-isoprenylated phenolics [14].
This reaction is, formally, a 6-endo-trig process, sometimes referred
to in the literature as a Wacker cyclization. Alternatively, oxidative
removal of the benzallylic hydrogen is associated to removal of the
configurational barrier to intramolecular cyclization represented by
the proximal E-double, as expressed by the resonance formulas 9a-
d. This makes it possible, depending on the folding of the terpenyl
residue, intramolecular cyclization by electrophilic addition to the
electron-rich terminal double bond, leading to either to CBDA (3b)
or to THCA (2b) according to the nature of the termination step
(proton loss or oxygen trapping of the cationic intermediate, Figure
3, aand b, respectively).

Figure 3. Mechanism of formation of the three main phytocannabinoid
chemotypes from cannabigerolic acid (4b)
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The quinonmethide substrate for the electrocyclization is achiral,
and chirality in the final product derives solely from enzymatic
inprinting. Natural CBC (1a) is scalemic [6], but analogues from
Rhododendron species like daurichromenic acid (6b) have been
isolated in high optical purity [15]. The daurichromenic acid
(DCRA) synthase from R. dauricum has been cloned and shows
high similarity to CBCA synthase from Cannabis sativa [16]. An
enantioselective transgenic production of (+)-daurichromenic has
been developed in Aspergillus oryzae by heterologous expression of
this synthase coupled to the one of its precursor (grifolic acid, 11)
from the fungus Stachybotrys bisbyi [17].
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Figure 5. Enzymatic synthesis of daurichromenic acid (6b) from grifolic
acid (11)

Synthesis

CBC (1a) is the only phytocannabinoids from Cannabis that can be
obtained relatively easily by synthesis. The classic preparation is
based on a tandem Knoevenagel-electrocyclic reaction between
citral (12) and olivetol (5-n-pentylresorcinol, 13). The course of the
reaction is different in basic and acidic conditions. CBC could be
obtained, via the quinonmethide 14, only under basic conditions
(Figure 6), and the yield was strongly dependent on the base used.
With pyridine (Crombie-Razdan conditions [18,19]), the yield was
poor (ca 10-15%), due to the formation of a complex reaction
mixture that included also cannabicyclol (15), the product of formal
[2+2] intramolecular cycloaddition of CBC, as well as cannabicitran
(17), resulting from the intramolecular [4+2] cycloaddition of the
heterodiene 16 [18, 19]. The formation of the post-condensation
products 15 and 17 is surprising, since acid or light promotion
would be necessary for the [2+2] cycloaddition that generates
cannabicyclol (15), and acid conditions for the generation of the
heterodiene 16 for the [4+2] cycloaddition to cannabicitran (17).
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Figure 6. Reaction of citral (12) and olivetol (13) under basic conditions.
Cannabicyclol (15) and cannabicitran (17) are formed only with pyridine as
the base

Natural Product Communications Vol. 12 (0) 2017 3

The formation of the post-condensation products could be prevented
when the reaction of citral and olivetol was carried out in refluxing
toluene in the presence of tert-butylamine (EISohly conditions).
CBC is obtained in 50-60% vyield [20], with abnormal-CBC (18)
and the product of bis-chromenylation (19) as major by-producs
[20].

HO
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Under acidic conditions, the reaction of citral and olivetol afforded
instead cis-A°-THC as the major reaction product (20), the result of
a terpenic-type intramolecular cationic cyclization (Figure 7)
[18,19].
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Figure 7. Reaction of citral (12) and olivetol (13) under acidic conditions

The reaction of citral and olivetol is interesting, and well worth re-
investigation to clarify its mechanistic ambiguities and subtleties.
An organo-catalytic version was developed based on a pre-formed
iminium salt of piperidine and citral, complicating, however, the
reaction protocol and without improving the yield [21]. Also the use
of the classic Tietze conditions for the reaction (ethanediammonium
diacetate, methanol, RT) did not substantially improve the yield
[22], even when dihydroolivetol (5-n-pentyl-1,3-cyclohexanedione)
was used for the tandem reaction and the resulting adduct was then
aromatized by selenylation-oxadeselenylation [23]. Taken together,
these observations show that CBC can be obtained from citral (12)
and olivetol (13) under basic conditions, even though yield are only
in the range of 50% and chromatography is necessary to purify the
product, an oil, from the reaction mixture.

Analogs of CBC could be synthesized in the same way, using
prenylogous isoprenic aldehydes or analogues of olivetol where the
n-pentyl is replace by a n-propyl- (viridinol) or a methyl- (orcinol)
group [20]. On the other hand, the synthesis of enantiopure
analogues requires a different strategy, since the configuration at C-
2 cannot be controlled during the electrocyclic step. Of relevance is
an organocatalytic strategy based on a formal [4+3]cycloaddition
(actually a domino aldol-oxa-Michael reaction) that was developed
by Woggon for the enantioselective synthesis of S-daurichromenic
acid (S-6b)[24]. Chirality was introduced by reacting 2-hydroxy-4-
methyl-6-methoxybenzaldehyde (23) with the chiral dienamine 22.
The resulting and optically active semiacetal 24 was next oxidized
to a lactone, and the extra carbon removed in a 6-step sequence that
eventually afforded the natural S-enantiomer of daurichromenic
acid (6b) [24].

CBC (1a) could also be obtained by the biogenetic oxidation of
cannabigerol (CBG) (Figure 3) with dichlorodicyanobenzoquinone
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(DDQ), a biogenetic reaction typical of ortho-isoprenylated phenols
first reported by Campbell and extensively investigated by Merlini
in the late Sixties [25]. Reaction with  chloranil
(tetrachlorobenzoquinone) gave a more complicated reaction
mixture, containing also cannabicyclol and cannabicitran-type
compounds [26].

PhCOOH
Toluene
(63%)

Figure 8. Enantioselective step of the asymmetric synthesis of S-
daurichromenic acid (6b). R = trimethylsilyloxy(bis)(3,5-
trifluoromethylphenyl)methyl.

Reactivity

The scalemic nature of natural CBC could be due to racemization
via the same electrocyclic mechanism underlying its formation. In
this context, it is remarkable that daurichromenic acid (6b) and its
derivatives were isolated in high optical purity [9], suggesting that
the presence of a carboxylic function para-to the chromene oxygen
could slow down or even prevent racemization, possibly by an
increased resonance stabilization of the chromene benzenoid moiety
that imposes a higher activation energy for the dearomative
electrocyclic opening. If so, decarboxylation of CBCA could be the
trigger for the poor optical purity of CBC.

CBC is photochemically unstable, easily undergoing [2+2]
photocycloaddition to cannabicyclol (15) [27]. The structure
originally  proposed for this compound [2] involved
photocycloaddition from a chair-like transition with bonding of C-2
of the chromene to the gem-dimethyl substituted isoprenyl carbon,
opposite to the one actually observed that involves a more compact
transition state and bonding of C-3 to the terminal olefinic carbon
[27]. The same reaction can occur under acidic conditions,
representing a remarkable example of the Gassman [2+2]cationic
cycloaddition [22, 28]. The presence of acids also promotes a
different reaction course, leading to cannabicitran (17) via a [4+2]
cycloaddition [22] (Figure 6). On the other hand, treatment of CBC
with BFs.Et20 or p-toluenesulfonic acid afforded a complex
reaction mixture, dominated by compounds originating from
formation of a benzyl cation and its trapping from the distal olefin
double bond, with formation of compounds from the iso-THC (25)
series (Figure 9, path a) [29]. The formation of these compounds is
mechanistically related to the one of cannabicitran (17), being
triggered by formation of a benzylic cation by electrophilic or protic
attack to the chromene double bond (cf. Figure 6 and Figure 9).
Compounds originating from the heterolytic cleavage of the bond
between the chromene oxygen and C-2 and ultimately generating
compounds of the THC-series (26) via trapping of the resulting
benzallyl cation by the terminal olefin bond were not observed
(Figure 9, path b) [29].
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Of great interest is the observation that, under thermal conditions,
CBC could isomerize to tetrahydrocannabinol derivatives via a
cycloreversion-cycloaddition  reaction  involving in  the
electrocyclization the terminal olefin bond and not the terminal
bond of the quinonmethide intermediate [30]. Support for this
chromene metatesis was observed in a model compound (Figure
10), but no data are available for cannabichromene itself, a
surprising observation because of the reaction could occur during
vaporization of Cannabis products, and could be therefore of
biomedical relevance.
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Figure 9. Formation of iso-THC derivatives from the acidic treatment of
cannabichromene (1a)

Overall, many aspects of the chemistry of cannabichromene are
unclear and need further investigation. Given the thermal and
photochemical instability of cannabichromene, it is surprising that
this compound could be detected in historical samples of Cannabis

[31].
0 0
JSBL
(¢] (77%) o
o X o
X
{AA@ — I> 1
x o €5
Figure 10. Thermal isomerization of a simplified analogue of

canabichromene

Bioactivity

Most studies on cannabichromenoids were done on CBC (1a), and
limited information exists on the biological profile of its naturally
occurring analogs. The first studies on the pharmacology of CBC
were spurred by the wrong assumption that it was the second most
abundant cannabinoid in recreational marijuana, an observation due
to the poor resolution capacity of the GC columns of the Sixties and
Seventies [4]. In in vivo experiments, CBC was not narcotic, but at
high dosages, it could, nevertheless, induce the tetrad response
typical of AS-THC (hypomotility, catalepsy, hypothermia,
analgesia) [32,33]. Since CBC has only marginal affinity for CB1
and CB2, and the tetrad response was not blocked by the CB1
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reverse agonist rimonabant, other mechanisms could operate
[34,35].

CBC was reported to outperform the other major cannabinoids in
terms of anti-bacterial and anti-fungal activity [20], but no
significant difference with THC, CBD and CBG was observed on
various drug-resistant strains of Staphylococcus aureus (MTRSA)
[36]. The most important target of CBC is the ion channel TRPAL,
that is activated at two-digit nanomolar concentrations (ICso = 90
nM), and desensitized to allylisothiocyanate activation at higher
concentration (ICso = 370 nm) [35]. Most potent ligands of TRPA1
are covalent ligands [37], while CBC is devoid of the electrophilic
sites necessary to trap reactive cysteine residues, and behaves
therefore as a non-covalent modulator. At micromolar
concentration, CBC increases the endocannabinoid tone by
inhibiting the cellular uptake of anandamide and the enzymatic
degradation of 2-arachidonoyl glycerol [35], an activity in principle
potentially involved in the potentiation in vivo of the
antinociceptive effects of A®-THC in the mouse-tail flick assay
[32,33]. Thus, intratecal administration of CBC reduced tail-flick
nociception in a way that was blocked by AM251, a CB1 antagonist
[33]. The same effect was, however, blocked by DPCPX, an
Adenosine Al-selective antagonist, as well as by the TRPA1l
antagonist AP18 [33]. The antinoniceptive effects of CBC might
therefore be mediated not only by modulation of the
endocannabinoid system, but also by interaction with adenosine and
TRPAL receptors, a well as with other yet-to-be discovered end-
points.

The desensitization of TRPA1 and the inhibition of
endocannabinoid degradation seemingly also underlie the activity of
CBC to ameliorate murine colitis induced by dinitrobenzensulfonic
acid (DNBS) [38]. CBC could also selectively reduce
inflammation-induced intestinal  hypermotility, but neither
cannabinoid receptors nor TRPAL were involved in this activity
[39]. CBC showed potent anti-inflammatory activity in the
carrageenan-induced rat paw edema assay, outperforming oral
phenylbutazone upon peritoneal administration, and being
equipotent upon oral administration [40].
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In a systematic screening of the potential of non-narcotic
phytocannabinoids for the treatment of acne, CBC, along with
CBDV and THCV, emerged as the best candidate due its capacity to
normalize excessive sebaceous lipid production induced by pro-
acne agents, reduce proliferation and alleviating inflammation [41].

Limited information is available on the pharmacokinetics and
metabolism of CBC. Allylic hydroxylation of the isoprenyl residue
and hydroxylation of the n-pentyl substituents were the major
metabolic pathways in various rodents and not rodent species
[42,43,44,45], but many metabolites could not be identify, and some
appear to be artefact from the spontaneous degradation of CBC. The
brain penetration from smoke is inferior to the one of THC and
CBD, possibly because of the higher reactivity and thermal
instability of CBC compared to these two other cannabinoids. CBC
has also been reported to increase the brain concentrations of THC
after iv co-administration of these compounds [33]. Unlike CBD,
CBC is not endowed by significant cytotoxicity against cancer or
non-mutated cells [46].

CBC aside, only daurichromenic acid (6b) and some of its
analogues have received attention because of their bioactivity.
These compounds are potent HIV1 inhibitors [16], and are toxic to
the producing cells, being only accumulated extracellularly in the
apoplasts of glandular scales attached on the surface of young
leaves [46]. The molecular mechanisms underlying the antiviral and
the phytotoxic activities of daurichromenic acids have not been
elucidated.

Taken together, the studies we have summarized show that CBC
(1a) is endowed with interesting bioactivity, not completely
rationalizable on the basis of its agonistic activity on TRPAL, the
only high-affinity target identified so far. Equally interesting is its
chemistry, since the chromene system can isomerize to other
structural types of phytocannabinoids. In the light of the
straightforward availability by synthesis, CBC (1a) represents
therefore an interesting tool to explore the biological space
associated to the cannabinoid chemotype.

Acknowledgments — GA and EM are grateful to Emerald Science
for supporting their cannabinoid research project.

[1] Gaoni Y; Mechoulam R. (1966) Cannabichromene, a new active principle in hashish. Chemical Communications, 20-21.

[2] Claussen U, Spulak F v, Korte F. (1966) Chemical classification of plants. XXXI. Hashish. 10. Cannabichromene, a new hashish component.
Tetrahedron, 22, 1477-1479.

[3] Shoyama Y, Fujita T, Yamauchi T, Nishioka I. (1968) Cannabis. Il. Cannabichromenic acid, a genuine substance of cannabichromene. Chemical &
Pharmaceutical Bulletin 16, 1157-1158.

[4] Turner CE, Hadley KW, Holley JH, Billets S, Mole ML Jr. (1975) Constituents of Cannabis sativa L. VIII: Possible biological application of a new
method to separate cannabidiol and cannabichromene. Journal of Pharmaceutical Sciences, 64, 810-814.

[5] Hanu§ LO, Meyer SM, Muiloz E, Taglialatela-Scafati O, Appendino G. (2016) Phytocannabinoids: a unified critical inventory. Natural Products
Reports 33, 1357-1392.

[6] Mazzoccanti G, Ismail OH, D'Acquarica |, Villani C, Manzo C, Wilcox M, Cavazzini A, Gasparrini F. (2017) Cannabis through the looking glass:
chemo- and enantio-selective separation of phytocannabinoids by enantioselective ultra high performance supercritical fluid chromatography.

Chemical Communications, 53, 12262-12265.

[7] Quaghebeur K, Coosemans J, Toppet S, Compernolle F. (1994) Cannabiorci- and 8-chlorocannabiorcichromenic acid as fungal antagonists from
Cylindrocarpon olidum. Phytochemistry, 37, 159-161.

[8] Hellwig V, Nopper R, Mauler F, Freitag J, Ji-Kai L, Zhi-Hui D, Stadler M. (2003) Activities of prenylphenol derivatives from fruitbodies of
Albatrellus spp. on the human and rat vanilloid receptor 1 (VR1) and characterisation of the novel natural product, confluentin. Archiv der Pharmazie
(Weinheim), 336, 119-126.

[9] lwata N, Wang N, Yao X, Kitanaka S. (2004) Structures and histamine release inhibitory effects of prenylated orcinol derivatives from Rhododendron
dauricum. Journal of Natural Products, 67, 1106-1109.

[10] Wang X, Li L, Zhu R, Zhang J, Zhou J, Lou H. (2017) Bibenzyl-based meroterpenoid enantiomers from the Chinese liverwort Radula sumatrana.

Journal of Natural Products,;80, 314 3-3150.



6 Natural Product Communications Vol. 12 (0) 2017 Author A et al.

[11]
[12]
[13]
[14]
[15]
[16]
[17]

[18]

[19]
[20]
[21]
[22]
[23]
[24]

[25]
[26]

[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]

[38]

[39]

[40]
[41]

Morimoto S, Komatsu K, Taura F, Shoyama Y. (1998) Purification and characterization of cannabichromenic acid synthase from Cannabis sativa.
Phytochemistry, 49, 1525-1529.

de Meijer EP, Hammond KM, Micheler M (2009) The inheritance of chemical phenotype in Cannabis sativa L. (lI1): variation in cannabichromene
proportion. Euphytica,, 65, 293-611.

Gul W, Gul SW, Chandra S, Lata H, Ibrahim EA, EISohly MA. (2018) Detection and Quantification of Cannabinoids in Extracts of Cannabis sativa
Roots Using LC-MS/MS. Planta Medica. (in press, doi: 10.1055/s-0044-100798).

Ollis WD, Sutherland 10. (1961) Recent Development in the Chemistry of Natural Substances , p 84, Pergamon Press Oxford 1961.

Kashiwada Y, Yamazaki K, Ikeshiro Y, Yamagishi T, Fujioka T, Mihashi K, Mizuki K, Cosentino M, Fowke K, Morris-Natschke SL, Lee K-H. (2001)
Isolation of rhododaurichromanic acid B and the anti-HIV principles rhododaurichromanic acid A and rhododaurichromenic acid from Rhododendron
dauricum. Tetrahedron, 57, 1559-1563.

ljima M, Munakata R, Takahashi H, Kenmoku H, Nakagawa R, Kodama T, Asakawa Y, Abe |, Yazaki K, Kurosaki F, Taura F. .(2017) Identification
and characterization of daurichromenic acid synthase active in anti-HIV biosynthesis. Plant Physiology, 174, 2213-2230.

Okada M, Saito K, Wong CP, Li C, Wang D, lijima M, Taura F, Kurosaki F, Awakawa T, Abe |. (2017) Combinatorial Biosynthesis of (+)-
Daurichromenic Acid and Its Halogenated Analogue. Organic Letters, 19, 3183-3186.

(a) Crombie L, Ponsford R (1968) Synthesis oif cannabinoids by terpenic cyclization. Chemical Communications, 894-895. (b) Crombie L.; Ponsford
R. (1971) Synthesis of cannabinoids by pyridine catalyzed citral-olivetol condensation: synthesis and structure of cannabicyclol, cannabichromene
(hashish extractives), citrilidene-cannabis, and related compounds. Journal of the Chemical Society (Section C), 796-804.

Kane VV, Razdan RJ (1968) Constituents of hashish. A novel reaction of olivetol with citral in the presence of pyridine. Total synthesis of dl-
cannabicyclol and dl-cannabichromene. Journal of the American Chemical Society, 90, 6551-6553.

Eisohly HN, Turner CE, Clark AM, Eisohly MA (1982) Synthesis and antimicrobial activities of certain cannabichromene and cannabigerol related
compounds. Journal of Pharmaceutical Sciences, 71, 1319-1323.

Luo G-Y, Wu H, Tnag Y, Li H, Yeom H-S, Yang K, Hsung RP. (2015) A total synthesis of rhododaurichromanic acid A via an oxa-[3+3] annulation
of resorcinols. Synthesis, 47, 2713-2720.

Li X, Lee YR (2014) Efficient and novel one-pot synthesis of polycycles bearing cyclols by FeCls-promoted [2+2] cycloaddition: application to
cannabicyclol, cannabicyclovarin, and ranhuadujanine A. Organic & Biomolecular Chemistry, 12, 1250-1257.

Tietze L-F, Kiedrowski Gv, Berger B. (1982) A new method of aromatization of cyclohexanone derivatives: Synthesis of cannabichromene. Synthesis,
683-684.

Liu K, Woggon W-D. (2010) Enantioselective synthesis of daurichromenic acid and of confluentin. European Journal of Organic Chemistry, 1033-
1036.

Cardillo G, Cricchio R, Merlini L (1968) Synthesis of p -cannabichromene, franklinone and other natural chromenes. Tetrahedron, 24, 4825-4831.
Mechoulam R, Yagnitinsky B, Gaoni Y. (1968) Stereoelectronic factor in the chloranil dehydrogenation of cannabinoids. Total synthesis of dI-
cannabichromene. Journal of the American Chemical Society, 24, 2418-2420.

Crombie L, Ponsford R, Shani A, Yagnitinsky B, Mechoulam R. (1968) Hashish components: Photochemical production of cannabicyclol from
cannabichromene. Tetrahedron Letters, 5771-5772.

Yeom H-S, Li H, Tang Y, Hsung RP. (2013) Total syntheses of cannabicyclol, clusiacyclol A and B, iso-eriobrucinol A and B, and eriobrucinol.
Organic Letters, 15, 3130-3133.

Yagen B, Mechoulam R (1969) Stereospecific cyclization and isomerizations of cannabichromene and related cannabinoids. Tetrahedron Letters,
5353-5356.

Garcia A, Borchardt D, Chang A-E A, Marsella MJ (2009) Thermal isomerization of cannabinoid analogues. Journal of the American Chemical
Society, 131, 16640-16641.

Harvey DJ. (1985) Examination of a 140 year old ethanolic extract of Cannabis: Indentification of new cannabitriol homologues and ethyl homologue
of cannabinol. Proceeding of the Oxford Symposium on Cannabis, 23-30.

Davis WM, Hatoum NS. (1983) Neurobehavioral actions of cannabichromene and interactions with delta 9-tetrahydrocannabinol. General
Pharmacology, 14, 247-252.

DeLong GT, Wolf CE, Poklis A, Lichtman AH. (2010) Pharmacological evaluation of the natural constituent of Cannabis sativa, cannabichromene
and its modulation by A(9)-tetrahydrocannabinol. Drug Alcohol Dependence, 112, 126-133.

Cascio MG, Pertwee RG. (2014) Known pharmacological actions of nine nonpsychotropic phytocannabinoids. In Handbook of Cannabis. Pertwee RG
(Ed) Oxford Scholarship 137-151.

De Petrocellis L, Ligresti A, Moriello AS, Allara M, Bisogno T, Petrosino S, Stott CG, Di Marzo V. (2011) Effects of cannabinoids and cannabinoid-
enriched Cannabis extracts on TRP channels and endocannabinoid metabolic enzymes. British Journal of Pharmacology 163, 1479-1494.

Appendino G, Gibbons S, Giana A, Pagani A, Grassi G, Stavri M, Smit E, Rahman MM (2008) Antibacterial cannabinoids from Cannabis sativa: A
structure-activity study. Journal of Natural Products, 71, 1427-1430.

Nilius B, Appendino G, Owsianik G. (2012) The transient receptor potential channel TRPAL: from gene to pathophysiology. Pflugers Archiv.
European Journal of Physiology, 464, 425-458.

Romano B, Borrelli F, Fasolino I, Capasso R, Piscitelli F, Cascio M, Pertwee R, Coppola D, Vassallo L, Orlando P, Di Marzo V, Izzo A. The
cannabinoid TRPAL agonist cannabichromene inhibits nitric oxide production in macrophages and ameliorates murine colitis. Br J Pharmacol. 2013
May;169(1):213-29.

1zzo A, Capasso R, Aviello G, Borrelli F, Romano B, Piscitelli F, Gallo L, Capasso F, Orlando P, Di Marzo V. (2012) Inhibitory effect of
cannabichromene, a major non-psychotropic cannabinoid extracted from Cannabis sativa, on inflammation-induced hypermotility in mice. British
Journal of Pharmacology,166, 1444-1460.

Turner CE, Elsohly MA (1981) Biological activity of cannabichromene, its homologs and isomers. Journal of Clinical Pharmacology, 21, 283S-291S.
Oléh A, Markovics A, Szab6-Papp J, Szabd PT, Stott C, Zouboulis C, Bir6 T. (2016) Differential effectiveness of selected non-psychotropic
phytocannabinoids on human sebocyte functions implicates their introduction in dry/seborrhoeic skin and acne treatment. Experimental Dermatology,
25, 701-707.



Running title here Natural Product Communications Vol. 12 (0) 2017 7

[42]

[43]
[44]
[45]
[46]

[47]

Poklis JL, Thompson CC, Long KA, Lichtman AH, Poklis A. (2010) Disposition of cannabichromene, cannabidiol, and A®-tetrahydrocannabinol and
its metabolites in mouse brain following marijuana inhalation determined by high-performance liquid chromatography-tandem mass spectrometry.
Journal of Analytical Toxicology, 34, 516-20.

Harvey DJ, Brown NK. (1991) Identification of cannabichromene metabolites by mass spectrometry: identification of eight new dihydroxy metabolites
in the rabbit. Biological Mass Spectrometry, 20, 275-285.

Brown NK1, Harvey DJ. (1990) In vitro metabolism of cannabichromene in seven common laboratory animals. Drug Metablism and Disposition, 18,
1065-1070.

Harvey DJ, Brown NK. (1991) Comparative in vitro metabolism of the cannabinoids. Pharmacology Biochemical Behavior, 40, 533-540.

Ligresti A, Moriello AS, Starowicz K, Matias |, Pisanti S, De Petrocellis L, Laezza C, Portella G, Bifulco M, Di Marzo V. (2006) Antitumor activity of
plant cannabinoids with emphasis on the effect of cannabidiol on human breast carcinoma. Journal of Pharmacology and Experimental Therapy, 318,
1375-87.

Taura F, ljima M, Kurosaki F. (2018) Daurichromenic acid and grifolic acid: Phytotoxic meroterpenoids that induce cell death in cell culture of their
producer Rhododendron dauricum. Plant Signal Behavior, 13 (in press, doi: 10.1080/15592324.2017.1422463).



