
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

6 
Ja

nu
ar

y 
20

24
. D

ow
nl

oa
de

d 
on

 7
/1

5/
20

25
 9

:1
1:

01
 A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.

View Article Online
View Journal  | View Issue
Piers–Rubinsztaj
aDepartment of Physical and Chemical Scien

Vetoio, 67100, L'Aquila, Italy. E-mail: fabio.

univaq.it; Web: https://www.carloneresearc
bIndena SpA, viale Ortles, 12, 20139 Milan,
cEaStCHEM School of Chemistry, The Univer
dINSTM, Consorzio Nazionale per la Scienza e

† Electronic supplementary informa
https://doi.org/10.1039/d3ra08392f

‡ These authors contributed equally.

Cite this: RSC Adv., 2024, 14, 2741

Received 8th December 2023
Accepted 8th January 2024

DOI: 10.1039/d3ra08392f

rsc.li/rsc-advances

© 2024 The Author(s). Published by
n reaction to unlock an 8-step
synthesis of 7-hydroxy cannabidiol†

Emanuele Cocco, ‡a Debora Iapadre, ‡a Alessandro Brusa, a Pietro Allegrini, b

Stephen P. Thomas, c Fabio Pesciaioli *a and Armando Carlone *ad

A scalable synthesis of 7-hydroxy cannabidiol (7-OHCBD), a primary metabolite of (−)-cannabidiol (CBD), is

highly desirable, from an industrial point of view, to enable future clinical trials. A Piers–Rubinsztajn reaction

was key to enable a mild deprotection and a concise synthesis of 7-OH CBD from commercially available

CBD, in 31% overall yield.
Introduction

7-Hydroxy-cannabidiol (7-OH CBD, 1) is a primary metabolite of
cannabidiol (CBD, 2) generated during the rst stages of
metabolism.1 Since 2018, the European Medicines Agency
(EMA) and the U.S. Food and Drug Administration (FDA) have
approved the rst cannabidiol-based drug in pure form for the
treatment of two severe forms of drug-resistant childhood
epilepsy, or its intake in combination with commonly used
antiepileptic drugs. Cannabidiol (CBD) is one of the most
abundant phytocannabinoids obtained from Cannabis sativa
and it is well known as a non-psychotic, analgesic, anticonvul-
sant, and anti-inammatory compound. The cannabinoids, and
their derivatives, have thus gained increasing attention in both
academia and industry.2–4 The underlying mechanism by which
CBD exerts its therapeutic efficacy has not been fully eluci-
dated,5 though some of the observed effects have tentatively
been attributed to metabolites including 7-OH CBD 1. Interest
in 7-OH CBD 1 has signicantly grown due to a number of
effects that were observed in preclinical studies.5–7 Due to the
lack of a synthesis of industrial interest, 7-OH CBD 1 has only
been used as an analytical standard to date. The development of
a robust synthesis is, therefore, critical in enabling any future
prospect of targeted clinical trials. Of signicant note, and
inhibiting many synthetic efforts, is that in the presence of acid
CBD, and its metabolites, cyclize to form D9-tetrahydrocan-
nabinol (D9-THC), and derivatives, it is therefore imperative to
plan a feasible synthesis that avoids such acidic reaction
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conditions.8 The directed oxidation of cannabinoids to obtain
hydroxy-derivatives is a reported strategy which involves the use
of selenium dioxide (SeO2) as an oxidizing agent.9 Although
used for the oxidation of limonene,10 the selectivity of oxidation
was low giving a mixture of different regioisomeric hydroxyl-
ation products. To the best of our knowledge, the rst multistep
synthesis of 7-OH CBD 1 was reported by Mechoulam and co-
workers starting from commercially available CBD 2.11,12 The
authors obtained the target compound in 8 steps, with a key
limitation being the demethylation of the protected aryl OH
groups requiring the use of methyl magnesium iodide in neat
conditions at 210 °C. The forcing nature of this deprotection
concisely highlights the challenge that lies in the nal depro-
tection, where acidic conditions are to be avoided.

We were interested in developing a synthesis of 7-OH CBD 1
that could be of industrial interest and generate enough mate-
rial to undertake preclinical studies. Following preliminary
discussions and a series of considerations, such as an estab-
lished industrial process for the preparation of CBD 2 by our
industrial partner, (−)-CBD 2 was selected as a key starting
material, similarly to Mechoulam's route. At the outset, it was
decided that the forcing conditions of the nal deprotection
had to be avoided, and the route would benet from being
shortened. Therefore, a redesign of the synthesis, along with
alternative strategies for the nal deprotection, was undertaken.
Herein we report a 8-step synthesis to 7-hydroxy cannabidiol 1
starting from (−)-CBD 2 featuring two telescoped trans-
formations, that avoids harsh deprotection conditions (Scheme
1). The application of a Piers–Rubinsztajn reaction, involving
B(C6F5)3 (BCF) as a catalyst13 in the presence of pentamethyl
disiloxane, allowed us to successfully carry out an acid-free
deprotection of cannabidiol derivative under mild conditions.
Results and discussion

The forward synthesis was started with protecting (−)-CBD 2 on
the two phenolic groups with methyl tosylate14 to generate
RSC Adv., 2024, 14, 2741–2744 | 2741
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Scheme 1 Overall synthesis of 7-hydroxy-cannabidiol 1.
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dimethoxy CBD 3 in quantitative yield; a subsequent regiose-
lective epoxidation of the endocyclic double bond on the
terpene moiety produced epoxide 4 in high yield. The choice of
the protecting group on the phenolic hydroxy groups was
restricted to methyl to enable the subsequent epoxide ring-
opening reaction,11 as also conrmed in our labs. A Yama-
moto rearrangement, enabled a concomitant ring-opening of
the epoxide with the removal of the methyl hydrogen, smoothly
producing cyclohexanol derivative 5. A strong, bulky base was
found to be key for high regio- and chemoselectivity in the
epoxide ring-opening reaction.15 LDA proved to be efficient and
cost effective for the purpose, providing allylic alcohol 5 in
quantitative yield, without any purication needed. An allylic
rearrangement of 5, that would directly afford primary alcohol
6, was envisaged; if successful, this would indeed provide an
advanced intermediate to 7-OH CBD 1. A conjugated nucleo-
philic substitution16 on the mesylated-derivative 5a was
attempted using hydroxide as a nucleophile in aqueous condi-
tions; to our delight, alcohol 6 was obtained in good yields in
2742 | RSC Adv., 2024, 14, 2741–2744
a telescoped procedure. It should be noted that, given the
multiple steps, complex, biphasic solvent and reagent mixture,
the yield of the reaction is scale dependent. Care must be taken
to ensure all vessel and mixing parameters are matched. To our
delight, the remaining mass balance was unreacted allylic
alcohol 5 that could be recovered and subjected to the allylic
rearrangement again. To afford 7-OH CBD 1 as the nal
product, the removal of the methoxy-protecting groups on the
phenolic moieties posed a stimulating challenge. Indeed,
strong acids or acidic conditions induce a tertiary carbocation
formation on the isopropenyl substituent resulting in a cycliza-
tion to give the THC skeleton, while strong bases in oxidizing
conditions give hydroxy-1,4-benzoquinone derivatives as
byproducts. A number of different approaches that would avoid
the aforementioned conditions were tested (Scheme 2). Mild
Lewis acids were tested, such as FeCl3 and AlCl3 alone or in
combination with Et3N or NaI; di-ether 6 was recovered
unreacted or the reaction led to decomposition. Attention was
then turned to the use of nucleophilic reagents including
© 2024 The Author(s). Published by the Royal Society of Chemistry
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Scheme 2 Attempted reaction conditions to deprotect methoxy
groups on 6.

Scheme 3 Deprotection of 6 in mild conditions employing Piers–
Rubinsztajn reaction.
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HPPh2 and tBuOK, which have been exploited in mild depro-
tection protocols of aryl methyl/benzyl/allylethers,17 but unfor-
tunately only a single phenolic oxygen was deprotected, even
under forcing conditions or when subjecting the mono-depro-
tected product 7 to a second round of the deprotection reaction.
Additionally, sodium ethanethiolate has been used to induce
a nucleophilic cleavage of the C–O bond, leaving the phenolate
as a leaving group. Despite the reported treatment of CBD-ether
3 with 4 equivalents of NaSEt at 150 °C for 5 hours leading to
CBD 2,18 in our hands it was unsuccessful yielding only mono-
deprotection. A similar result was obtained in our trials of
NaSEt; the reaction with dimethoxy derivative 6 afforded only
mono-deprotected 7, with only trace 7-OH CBD 1 detected by 1H
NMR spectroscopy and MS. This issue suggests that in the
presence of nucleophiles such as HPPh2 or NaSEt the rst
demethylation provides a methoxy phenolate that increases the
electron density of the aromatic ring, rendering the second
deprotection more difficult. While we were facing this chal-
lenge, Passarella and co-workers reported the successful
deprotection on small scale of dimethoxy CBD 3 to CBD 2 by
using a large excess of NaSEt, in two sequential steps, isolating
the monodeprotected intermediate.19 Unfortunately, the same
protocol did not prove successful in our hands for the depro-
tection of dimethoxy derivative 6; 7-OH CBD 1 was obtained in
very low yield and only detectable by mass spectrometry.
Derivatization of phenolate 7 with an easily removable electron-
withdrawing group to affect the second deprotection was
attempted, along with adjusting the pH, to no avail.

Eventually, we realized that the Piers–Rubinsztajn reac-
tion20,21 could be the key to a successful deprotection although it
had not been reported for the purpose in the context of canna-
binoids. We, therefore, investigated whether it could be
employed to our aim. The use of tris(pentauorophenyl) borane
(BCF) as a catalyst in the presence of silyl hydrides constitutes
a mild and scalable deprotection methodology for aryl
ethers.22,23 Lewis basic oxygen species, such asmethyl ethers, can
attack the activated Si-center of the Lewis complex formed
between BCF and a siloxane. A reductive cleavage of both O-
methyl groups on the phenolic oxygens brings about the release
© 2024 The Author(s). Published by the Royal Society of Chemistry
of methane and the formation of Ar–O–Si bonds in their place,
that can be easily cleaved with TBAF in acid-free conditions.
More importantly for the case of deprotecting dimethoxy deriv-
ative 6, the instant formation of the silyl ether is a key point;
capping the negative charge of the phenolate, thus enabling the
intermediate monodeprotected species 7 to undergo a second
deprotection via nucleophilic attack. Initial tests using CBD-
ether 3 as a model substrate were very encouraging; 1H NMR
analysis showed the complete formation of CBD 2 as the main
product. Unfortunately, subjecting dimethoxy derivative 6 to the
same conditions resulted in the unexpected recovery of CBD 2.
In hindsight, with the reductive cleavage of methyl groups, the
unwanted deoxygenation is also promoted by the reaction
system. As demonstrated by Yamamoto, primary and allylic
alcohols can be reduced to alkanes using BCF and HSi(Et)3.24

Therefore, a series of protecting groups (see ESI†) were tested on
the primary alcohol of an analogue of dimethoxy derivative 6;
these had to be stable under the reaction conditions and, ulti-
mately, be removed during the nal step of the Piers–Rubinsz-
tajn sequence. TIPS was eventually selected as the protecting
group of choice for compound 6. Aer simple quantitative
protection with TIPS, crude 6a is telescoped in the Piers–
Rubinsztajn reaction to crude 6b, that is also telescoped to the
nal deprotection to 1. 7-OH CBD 1 was obtained in a satisfying
54% yield over the three steps (Scheme 3).
Conclusions

In conclusion, we report the development of an 8-step synthesis,
with two telescoped transformations, of 7-hydroxy-cannabidiol
1 in 31% overall yield. The synthesis features an allylic rear-
rangement and a Piers–Rubinsztajn reaction as key steps; in
particular, the development of the nal removal of the O-methyl
groups was critical to efficiently effect the deprotection reaction
under moremild and safer conditions. Interestingly, this type of
deprotection of cannabidiol derivatives is reported for the rst
time, to the best of our knowledge, and we believe that such
a mild deprotection will be highly attractive for cannabidiol
RSC Adv., 2024, 14, 2741–2744 | 2743
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chemistry. Further work is underway in our labs to access
similar derivatives and undertake research for clinical studies
on the pharmacological activity of 7-hydroxy-cannabidiol.
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