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Abstract Olivetol, methyl olivetolate and a series of orthogonally
protected methyl ether derivatives were synthesized from commonly
available precursors using an atom-economical, catalytic oxidative aro-
matization process.
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Resorcylates such as orcinol (3,5-dihydroxytoluene) and
olivetol 1 (Scheme 1) form the central core of many con-
densed polyketide aromatic natural products and higher
analogues. These include methylated derivatives and di-
mers such as griseofulvin, usnic acid and alternariol, as well
as the large class of prenylated meroterpenoid natural
products. Of notable significance among the latter class are
the phytocannabinoids isolated from Cannabis sativa. Over
100 such phytocannabinoids, including (-)-trans-A°-tetra-
hydrocannabinol 6 (THC) and (-)-cannabidiol 7 (CBD) have
been identified'! among almost 600 natural products that
have been profiled in cannabis extracts.'®* While much at-
tention has focused on the pharmacological properties of
THC 6,'f CBD 7'8 and cannabinol,'” a wide range of biologi-
cal activities continue to be reported for these and the less-
er known cannabinoids.!? The natural products are biosyn-
thesized through geranylation of 5-alkyl resorcinol carbox-
ylic acid derivatives such as orsellinic acid and olivetolic
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acid 2. Olivetolic acid is thus a central intermediate in the
biosynthesis of the phytocannabinoids, while olivetolic acid
and more commonly olivetol are crucial building blocks in
the chemical synthesis of phytocannabinoids and ana-
logues. Efforts in the chemical synthesis of these phytocan-
nabinoids and similar meroterpenes have therefore histori-
cally and continue to involve the regioselective terpenyla-
tion of olivetol 1.3
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Scheme 1 Polyketide precursors in the chemical and biological syn-
thesis of phytocannabinoids

We became interested in the synthesis of 5-alkylresorc-
inols such as olivetol and olivetolic ester derivatives for sev-
eral reasons. Recently, olivetol and olivetolic acid deriva-
tives have been shown to modulate (selective agonists or
antagonists) the pharmacology of human cannabinoid CB,
and CB, receptors,** and cannabidiolic acid analogues have
been shown to exhibit anticonvulsant activity in a mouse
model of Dravet syndrome.* It has also been shown that
variations in the length and branching of the C5-substituent
on the olivetol fragment can have significant effects on the
potency of the derived cannabinoids.!d44-f Terpenylation of
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C5-variable olivetol derivatives*-f is the most direct syn-
thetic route to these analogues. The regioselective ter-
penylation of olivetolic acid ester derivatives has been
shown to proceed with very high regioselectivity in favour
of the natural meroterpenoid cores.>®f The various synthet-
ic efforts towards olivetol 1° require the use of stoichiomet-
ric oxidants, such as elemental bromine, under harsh condi-
tions that do not permit access to olivetolate esters, which
are otherwise not commercially available. In this communi-
cation, we report a short synthesis of olivetol 1 through a
mild, atom-economical oxidative process that is catalytic in
iodine, as well as methyl olivetolate 3 and the orthogonally
methylated ether analogues 4 and 5.

The most efficient synthesis of olivetol 1 to date in-
volves preparation of the cyclic diketo ester 8 and subse-
quent saponification/decarboxylation to diketone 9. Inter-
mediate 8 (or less efficiently 9) is then converted into olive-
teol through thermolysis in DMF using a stoichiometric
amount of bromine (Scheme 2).°2 The oxidation process re-
quired forcing conditions which must be controlled careful-
ly to limit the formation of over-brominated aromatic by-
products.>® Although other routes have been reported, they
generally suffer from either high cost of starting materials,
such as 3,5-dimethoxybenzene or 3,5-dimethoxybenzoic
acid, or employ techniques that are operationally prohibi-
tive at scale.5>-f Olivetolic acid or ester derivatives such as 3
are not directly obtained in this method but may be subse-
quently accessed from olivetol 1 via ortho-lithiation and
carbonylation of its corresponding dimethyl ether deriva-
tive,”" or via other more complex routes.>®
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Scheme 2 Previous routes to olivetol and olivetolic acid methyl ester

Oxidative aromatization (dehydrogenation) of cyclohex-
anones as a method for synthesis of arenes, including phe-
nols, has been investigated for decades, and has received re-
cent renewed interest (Scheme 3).

Catalytic dehydrogenation of cyclic enones using palla-
dium on carbon was reported to afford phenols with vary-
ing degrees of success (Scheme 3, i).” However, the use of
transition-metal catalysts in the late stage of olivetol syn-
thesis was considered not ideal for the purpose of this syn-
thetic effort due to issues of cost (Pd) and possible transi-
tion-metal contamination in the products. The oxidative
aromatization of enones to give the corresponding phenols
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Scheme 3 Methods for catalytic oxidative aromatization

I2 (20 mol%), DMSO, 80 °C

using catalytic iodine in DMSO as the terminal has more re-
cently been reported (Scheme 3, ii), but not applied to
olivetol or derivatives.® Earlier reports described the use of
excess iodine (2.00 equivalents) to give a 5-methyl resorci-
nol monomethyl ether®* from a cyclic diketone similar to
9. We hypothesized that the redox equivalent 1,3-dike-
tones, 8 and 9, could be oxidized using catalytic quantities
of iodine in DMSO to afford olivetol and olivetolate esters.
Here, we report the success of this method for selective oxi-
dative aromatization, an improved synthesis of olivetol,
high yielding synthesis of methyl olivetolate, and access to
synthetically useful orthogonally protected methyl ether
derivatives.

The syntheses of the cyclic diketo-ester 8 and diketone 9
were accomplished as previously outlined by Focella et al.>®
The isolation of both intermediates was explored and it was
found that both 8 and 9 could be isolated by precipitation
from the corresponding reaction mixtures, and that the en-
tire sequence can be carried through sequentially to obtain
9 in 84% isolated yield over three steps (Scheme 4).11!
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Scheme 4 Synthesis of diketone intermediates

Turning to the oxidation/aromatization process, we ini-
tially focussed on the ester derivative 8. To our delight, oxi-
dative aromatization was observed to proceed smoothly us-
ing a catalytic quantity (20 mol%) of molecular iodine in di-
methyl sulfoxide (DMSO) giving methyl olivetolate 3 in 88%
isolated yield (Table 1, entry 1).

The reaction was equally successful at higher concentra-
tions (Table 1, entry 2) requiring less solvent use, and the
loading of the catalytic amount of iodine could be lowered
to 10% (entry 3) with no detriment to yield. The reaction
appeared to be incredibly robust with respect to concentra-
tion and catalyst loading. The aromatic methyl ester 3 was
readily isolated by solvent partition (EtOAc) from aqueous
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Table 1 Catalytic Oxidation of Ketones

o OH
ﬁl:[ﬂ I» (cat), DMSO, 80 °C /@ER
_eleat), TSH, BB 2
o CsHi4 HO CsHyq
8 R = COMe 3R =CO,Me
9R=H 1R=H

Entry Substrate Conc. (M) Loading Time (h) Yield (%)
(mol%)
1 8 0.5 20 24 88
2 8 6.0 14 24 88
3 8 1.0 10 20 87
4 9 6.0 10 27 48

sodium thiosulfate, filtration through a short silica-gel plug
and removal of solvent, yielding the desired product as a
slightly yellow crystalline solid. Conditions to effect oxida-
tion of 9 were similarly developed (entry 4) leading to
olivetol 1. The conversion could be effected in high yield.
Work-up as before and removal of solvent yielded olivetol 1
in high yield. Purification via high-vacuum distillation re-
sulted in highly pure olivetol 1, which was isolated in 48%
yield as a colourless crystalline solid.

Aromatization in the presence of methanol was next ex-
plored as a method for obtaining methylated derivatives of
3 (Scheme 5). To this end, it was found that selective methyl
ether formation could be accomplished by using methanol
as a solvent with a stoichiometric amount of DMSO and cat-
alytic iodine (Scheme 5, a). This procedure results in forma-
tion of methyl olivetolate 3 and the mono methyl ether 4, in
a 70:30 ratio, readily separable using flash column chroma-
tography resulting in the efficient isolation of 3 (65%) and 4
(27%). Various modifications of these reaction conditions
did not appear to have a noticeable effect on the overall ra-
tio of products observed. We postulated that enol ether hy-
drolysis (vinylogous ester) may be taking place during the
aromatization process. In order to limit this potential,
trimethyl orthoformate (TMOF) was used (Scheme 5, b) to
dramatic effect. In this case, the mono methyl ether 4 and
methyl olivetolate-dimethyl ether 5 were obtained in high
yield and no trace of methyl olivetolate 3 was observed. The
orthogonally protected methyl olivetolates were readily
separable using silica-gel flash chromatography, resulting
in the efficient preparation of 5 and 4 in 49% and 21% isolat-
ed yield, respectively. This method represents a simple al-
ternative to O-methylation of the resorcylates using danger-
ous methylating agents and permits selective access to the
orthogonally protected methyl olivetolate mono- and di-
methyl ethers in 100-200 mg quantities at the scale report-
ed herein.

a)
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2
MeOH (1 M)
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b)
2 1. I (10 mol%) OR!
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—_—
MeOH (1 M), rt, 1 h
o CsHi1  2.DMSO (1.5eq) R20 CaHis
reflux, 72 h
8 R'=R2 = Me; 5 49%

R'=H, R2 = Me; 421%

Scheme 5 Synthesis of methylated derivatives

In conclusion, the synthesis of olivetolic acid methyl es-
ter 3 has been achieved in 65% isolated yield in only two
steps from the cyclic diketone 8 employing an oxidative
aromatization strategy that is catalytic in iodine in DMSO.!?
Similarly, the synthesis of olivetol 1 was achieved in 40%
yield over two steps from diketone 9 using this method.!?
Process methods were developed that allow isolation of
both products without the use of preparative chromatogra-
phy. The oxidative aromatization reaction performed in the
presence of methanol and, more strikingly, trimethylortho-
formate, resulted in the development of efficient routes to
the mono- 4 and dimethyl 5 ethers of methyl oliveto-
late.'*1> These results demonstrate the success of the cata-
lytic oxidative aromatization synthetic route to olivetol and
orthogonally protected methyl olivetolate ethers. The selec-
tive oxidative aromatization proceeds with no detectable
halogenation®®® and the process routes developed provide
the products with high mass balance. The compounds pre-
pared here provide a valuable platform for the synthesis of
other resorcylates and enable access to resorcinol and olive-
tol derivatives with variable length alkyl chains. The prepa-
ration of cannabinoids and analogues via regioselective ter-
penylation reactions employing the intermediates present-
ed here is under active investigation in our laboratories.
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2-one (11.6 mL, 70.2 mmol) over 0.5 h with vigorous stirring.
The pale-yellow slurry was heated at reflux over 3 h under a
nitrogen atmosphere. The resulting yellow solution was cooled
to room temperature whereupon the methanol was removed
using a rotary evaporator with heating not exceeding 40 °C. The
resulting yellow solid was dissolved in 20 wt% sodium hydrox-
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(600 MHz, CDCl,): & = 5.49 (s, 1 H), 3.66 (s, 1 H), 3.37 (s, 2 H),
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(12) Synthesis of Olivetolic Acid Methyl Ester 3: To a solution of 8

(6.9391 g, 28.87 mmol) in DMSO (7 mL) was added iodine
(1.0236 g, 4.03 mmol) and the brown solution was stirred at 80
°C for 24 h. The reaction mixture was diluted with ethyl acetate
(70 mL), then extracted with 0.1 M sodium thiosulfate (3 x 10
mL), then water (10 mL). The organic solution was concentrated
in vacuo to afford a viscous dark-red liquid. The crude material
was passed through a plug of silica, using hexanes—ethyl acetate
(4:1) to elute. The eluent was concentrated and dried under
reduced pressure (ca. 0.1 mmHg) to afford the desired product 3
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as a pale-yellow crystalline solid (6.050 g, 88%). 'H NMR (600
MHz, CDCl,): & = 11.78 (s, 1 H), 6.29 (d, J = 2.5 Hz, 1 H), 6.24 (d,
J=2.5Hz,1H),3.92(s,3H),2.81(dd, ] = 8.9, 6.8 Hz, 2 H), 1.58-
1.47 (m, 2 H), 1.39-1.28 (m, 4 H), 0.90 (t, J = 6.8 Hz, 3 H). 13C
NMR (151 MHz, CDCl3): 8 = 172.03, 165.08, 160.59, 149.00,
110.96, 104.91, 101.39, 51.95, 36.81, 32.07, 31.47, 22.51, 14.07.

(13) Synthesis of Olivetol 1: To solution of 9 (10.88 g, 59.7 mmol) in

DMSO (10 mL) was added iodine (0.4837 g, 1.9 mmol) and the
brown solution was stirred in an 80 °C bath over 27 h. The reac-
tion mixture was diluted with ethyl acetate (100 mL) then
extracted with 0.1 M sodium thiosulfate (50 mL). The aqueous
phase was extracted with ethyl acetate (3 x 50 mL), and the
organic fractions were pooled, and concentrated in vacuo to
afford a viscous dark-red liquid. The crude material was dis-
tilled under reduced pressure (ca. 0.1 mmHg, 80 °C) to afford
olivetol 1 as a colourless crystalline solid (5.051 g, 48%). '"H NMR
(600 MHz, CDCl3): 6 =6.26 (d, J = 2.1 Hz, 2 H), 6.18 (t, ] = 2.2 Hz,
1H),5.01 (s, 2 H), 2.51-2.44 (m, 2 H), 1.61-1.53 (m, 2 H), 1.40-
1.21 (m, 4 H), 0.88 (t, J = 7.0 Hz, 3 H). 13C NMR (151 MHz,
CDCly): 6 = 156.46, 146.26, 108.16, 100.20, 35.79, 31.46, 30.72,
22.53,14.02.

(14) Synthesis of Methyl Olivetolate Monomethyl Ether 4: To a

round-bottom flask charged with methanol (4 mL) was added 8
(480.6 mg, 2.00 mmol), iodine (100.0 mg, 0.394 mmol) and
DMSO (234.0 mg, 3.00 mmol) and the mixture was heated at
reflux over 72 h until the disappearance of 8 was observed. The
reaction mixture was quenched with dropwise addition of
Na,S,05 (0.1 M, 10 mL), then extracted with hexanes (3 x 5 mL).
The combined organic fractions were washed with water (5
mL), dried over Na,SO,, filtered, and concentrated to give a pale-

yellow oil. The crude mixture was purified by flash chromatog-
raphy using hexane-ethyl acetate (4:1) as eluent to give 4 as a
colourless oil (138.2 mg, 27%). 'H NMR (600 MHz, CDCl;): & =
11.73 (s, 1 H), 6.32 (d, J = 2.6 Hz, 1 H), 6.28 (d, J = 2.6 Hz, 1 H),
3.91 (s, 3 H), 3.78 (s, 3 H), 2.85-2.81 (m, 2 H), 1.56-1.48 (m, 2
H), 1.35-1.31 (m, 4 H), 0.90 (t, J = 6.9 Hz, 3 H). 3C NMR (151
MHz, CDCl;): 8 = 171.98, 165.59, 163.97, 148.04, 110.60, 104.59,
98.75, 55.20, 51.78, 36.89, 32.08, 31.55, 22.52, 14.06.

(15) Synthesis of Methyl Olivetolate Monomethyl Ether 4 and

Methyl Olivetolate Dimethyl Ether 5: To a round-bottom flask
charged with methanol (4 mL) was added 8 (481.0 mg, 2.00
mmol), iodine (101.2 mg, 0.399 mmol) and trimethyl orthofor-
mate (0.8 mL, 8.0 mmol). The solution was stirred under nitro-
gen, at room temperature, over 1 h, until consumption of 8 was
observed. DMSO (234.1 mg, 3.00 mmol) was added and the
mixture was heated at reflux over 72 h. The reaction mixture
was quenched by dropwise addition of Na,S,0; (0.1 M, 10 mL),
then extracted with hexanes (3 x 5 mL). The combined organic
fractions were washed with water (5 mL), dried over Na,SO,, fil-
tered and concentrated to give a pale-yellow oil. The crude
mixture was purified by flash chromatography using hexane-
ethyl acetate (4:1) as eluent to give 4 as a colourless oil (108.3
mg, 21%) and 5 as a colourless oil (210.9 mg, 49%). 'H NMR (600
MHz, CDCl,): =6.33 (d,J = 2.1 Hz, 1 H), 6.31 (d, J = 2.2 Hz, 1 H),
3.88 (s, 1H),3.81 (s, 1H),3.79 (s, 1 H), 2.56-2.51 (m, 1 H), 1.61-
1.54 (m, 1 H), 1.33-1.29 (m, 1 H), 0.88 (t, J = 7.0 Hz, 1 H). 3C
NMR (151 MHz, CDCl;): & = 168.98, 161.40, 157.99, 143.10,
116.20, 105.83, 96.09, 55.84, 55.31, 52.03, 33.90, 31.68, 30.86,
22.43,13.96.
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