
Vol.:(0123456789)1 3

Journal of the Iranian Chemical Society (2021) 18:2517–2534 
https://doi.org/10.1007/s13738-021-02212-0

REVIEW

A review on the syntheses of Dronabinol and Epidiolex as classical 
cannabinoids with various biological activities including those 
against SARS‑COV2

Neda Tadayon1 · Ali Ramazani1,2,3,4 

Received: 21 July 2020 / Accepted: 1 February 2021 / Published online: 26 February 2021 
© Iranian Chemical Society 2021

Abstract
The very important psychoactive phytocannabinoid from Cannabis Δ9 tetrahydrocannabinol (Δ9-THC) and its non-psycho-
tropic member is cannabidiol (CBD). These compounds have a variety of pharmacological activities. THC has been approved 
for the treatment of nausea caused by chemotherapy, multiple sclerosis and chronic and neuropathic pain and research is 
underway to use it to treat stimulation of dementia, anorexia nervous and Tourette’s syndrome. CBD has therapeutic ben-
efits in Epilepsy, neuroprotective, cancer, inflammatory and anxiety. Recognizing candidate drugs efficiently in the new 
SARS-CoV2 disease 2019 (Covid-19) is crucial. Cannabidiol and Δ9-tetrahydrocannabinol have immunomodulatory and 
anti-inflammatory effects. They can reduce the uncontrolled cytokine production of acute lung injury. Although THD and 
CBD can be extracted from natural sources due to the disadvantages of this method such as difficulty in purification, cultiva-
tion, etc. It has been proven that chemical-synthesis methods of these two compounds can solve these problems. This review 
briefly summarizes the chemical-synthetic strategies of Dronabinol and Epidiolex from THC and CBD.
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Introduction

Cannabinoids are chemicals found by the purification and 
isolation in Cannabis Sativa [1]. More than 200 phytocan-
nabinoids were identified including Δ9-tetrahydrocannabinol 
(Δ9-THC, 1), cannabinol (CBN), cannabidiolic acid 
(CBDA), cannabichromene (CBC), cannabidiol (CBD; 2) 
(Fig. 1), etc. [2–4]. Δ9-THC is the major psychoactive com-
pound of cannabis that it’s known in 1964 by Mechoulam 
and Gaoni [5, 6]. Cannabidiol was isolated by Adam et al. in 
1940 and its structure was determined in 1963 by Mechou-
lam and Shvo; then the total configuration was determined 
as CBD in 1967 by Mechoulam and Gaoni [7–9]. CBD is 
a non-psychoactive phytocannabinoid [10]. Cannabinoids 
have pharmaceutical uses on two receptors called Cannabi-
noid receptor type 1 and type 2 (CB1&CB2) [11–18]. The 
two receptors are widely found in the central nervous system 
and periphery [19]. CBD has little interest in these recep-
tors; however, they can act as antagonists of the two recep-
tors [20, 21]. THC is a phytocannabinoid with psychoactive 
effects. In 2004, the use of a Cannabis sativa L. (Marijuana) 
extract was confirmed as a safe and effective treatment for 
HIV/AIDS, arising from anorexia and chemotherapy, from 
nausea and vomiting, multiple sclerosis through the United 
States Food and Drug Administration (USFDA) [22, 23]. 
The active ingredient of this approval medicine, Dronabinol 
(trade names Marinol and Syndros) is a purified Cannabis-
derived (−)-Δ9-trans-tetrahydrocannabinol [24, 25].

Dronabinol demonstrates very few psychoactive effects 
[26]. Accordingly, the World Health Organization (WHO) 
advised the THC for medical uses and low abuse potential 
in 2003 [27]. CBD is another cannabis extract that has non-
psychoactive effects. In 2018, the application of (−)-trans-
cannabidiol was approved by the US Food and Drug Admin-
istration (USFDA) (brand name Epidiolex) for the treatment 
of patients with epileptic seizures related to Lennox–Gas-
taut syndrome and Dravet syndrome [28–31]. It also has 
shown a potential therapeutic advantage in autism, inflam-
mation, cancer, and neurodegenerative diseases [32–41]. 
The appearance of SARS coronavirus 2 (SARS-CoV-2) at 

the end of 2019 in China has resulted in a large spread of 
the highly contagious and epidemic Covid-19 pandemic 
[42, 43]. Infection is adjusted with numerous cytokines 
which act to proceed with inflammatory responses [44]. In 
several cases of viral infections a storm of cytokines and 
chemokines happens through infection [45]. Recent studies 
have demonstrated a series of anti-inflammatory, antioxi-
dant and antiapoptotic properties of cannabinoids such as 
Δ9-tetrahydrocannabinol and cannabidiol in sepsis [46–53]. 
The connection between the cannabinoid system and sep-
sis can be explained via its effects on inflammation, on the 
immune system and on the redox activity (Fig. 2) [54]. By 
acting on special receptors, CBD/THC causes the repres-
sion of cytokine manufacturing, also to a reduction in redox 
mechanisms [55–60].

Phytocannabinoids have been obtained by extracting and 
purifying from the cannabis plant but their physical, chemi-
cal and structural similarities have become problematic [61]. 
Therefore, due to practical problems in purification and con-
sistent quality control, the chemical synthesis route has bet-
ter advantages. Considering the last two drugs made from 
cannabinoids and the chemical synthesis benefits of these 
compounds, in this review, we try to collect some of the 
recent publications about the chemical-synthesis strategies 
of cannabidiol and Δ9-tetrahydrocannabinol.

Synthesis of Δ9‑tetrahydrocannabinol 
(Δ9‑THC)

Many synthetic pathways have been reported for the syn-
thesis of Δ9-tetrahydrocannabinol. In 1967, the primary 
synthetic route of Δ9-THC had published by Mechoulam 
et al. [62, 63]. In this method, they provided olivetylverbe-
nyl by Friedel–Crafts alkylation in the presence of olivetol 
with (−)-cis/trans-verbenol in p-TSA or boron trifluoride. 
Olivetylverbenyl in the presence of boron trifluoride gave 
(−)-Δ8-THC up to 35% yield. Then, (−)-Δ8-THC was con-
verted to (−)-Δ9-THC in 55% yield, by chlorination and 
elimination (Fig. 3).

Fig. 1   Structure of Δ9-THC (1) 
and cannabidiol (CBD, 2)
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Fig. 2   Concepts of the endocannabinoid system in sepsis. TRPV: transient receptor potential vanilloid type 1; AEA: anandamide; 2-AG: 2-ara-
chidonoylglycerol; eCBs: endogenous cannabinoids; ROS : reactive oxygen species; NOS: NO synthase protein

Fig. 3   Reagents: a BF3·Et2O, 
CH2Cl2, rt; b ρ-TSA; c 
BF3·Et2O, CH2Cl2, rt and d 1. 
HCl, ZnCl2, toluene. 2. NaH, 
THF, reflux
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Razdan et al. reported the direct synthesis of Δ9-THC 
[64]. They used p-mentha-2, 8-dien-1-ol in the presence of 
olivetol, Lewis acid catalyst and MgSO4. Razdan’s approach 
provided (−)-trans-Δ9-THC in 31% yield. This method is 
still used in the generation of (−)-trans-Δ9-THC because it 
is done in one step (Fig. 4).

Evans et al. reported the first asymmetric synthesis of Δ9-
THC [65]. They used the Diels–Alder reaction of acryloyl 
oxazolidinone (diene) and l-acetoxy-3-methyl butadiene in 
the presence of the cationic bis(oxazoline)Cu(II) catalyst 
and was obtained acetylated cycloadduct. This cycloadduct 
with LiOBn and the addition of methylmagnesium bromide 
produced p-menth-1-ene-3,8-diol. The diol in the presence 
of olivetol and p-TSA afforded (+)-trans-Δ9-THC in 57% 
yield (Fig. 5).

Kobayashi et al. have reported a method for synthesis 
of Δ9-THC inclusive the three steps: (1) iodination of the 
1-cyclohex-2-enone, (2) Boron trifluoride diethyl etherate-
assisted 1,4-addition of Ar2Cu (CN) Li2, (3) magnesium 
enolates were produced by α-iodo aryl cyclohexanone with 
ethylmagnesium bromide [66]. This synthetic procedure 
used β-pinene and ozonolysis the cyclobutane ring with 
zinc acetate and BF3·OEt2 in acetic anhydride formed enol 
acetate. The diol formed by reduction with DIBAL-H. In the 
following, enol phosphate was produced with α-iodoketone 
in the presence of EtMgBr and diethyl chlorophosphonate. 
The resulting intermediate was cyclized through Evans 
(ZnBr2, MgSO4), and finally, Δ9-THC has been produced 
(Fig. 6).

Trost et al. synthesized Δ9-THC via Mo-catalyzed asym-
metric allylic alkylation reaction [67]. Allyl alcohol was pre-
pared in four steps. Dimethyl olvitol with dry DMF formed 
intended aldehyde in 83% yield. Allylic alcohol was pre-
pared through Horner–Wadsworth–Emmond reaction in the 
presence of sodium triethylphosphonoacetate and DIBAL-H 
reduction in 97% yield. In the following, allylic carbonate 
with sodium dimethyl malonate and [Mo (CO)3 C7H8] in 
the presence of chiral ligand formed branched product in 
95% yield. They have prepared the intended acid from the 
branched product under classical conditions in 97%. Methyl 
esters formed by dianion of acid alkylation with iodide and 
provided anti- and syn-cyclohexene compounds by Grubb’s 
carbene catalyst. This syn compound was recycled to anti 
with NaOMe in MeOH. The cyclized ester formed tertiary 
alcohol with MeLi in 92% yield. Finally, mono-demethyl-
ation tertiary alcohol with NaSEt in the presence of ZnBr2, 
MgSO4, and de-protection of this product through NaSEt 
in dimethylformamide provided (−)-Δ9-trans-THC in 61% 
yield (Fig. 7).

Minuti et al. used high pressure as the activating method 
of the Diels–Alder reactions for obtaining Δ9-cis- and Δ9-
trans-THC [68]. In this method, Diels–Alder reaction was 
done between 3-methyl-1-(alkoxy/alkyl-substituted phenyl)
buta-1,3-dienes and But-3-en-2-one(methyl vinyl ketone) 
under high-pressure condition (9 kbar) and then trans and 
cis-cyclohexenyl-benzene cycloadducts were prepared. 
The cis-cyclohexenyl-benzene cycloadducts produced by 
Diels–Alder reaction under Grignard conditions and formed 
pyran ring and then Δ9-cis-THC in 70% yield. Δ9-trans-THC 
was provided through Kobayashi and Trost methods in the 
presence of trans-cyclohexenyl-benzene cycloadducts by 
methanolic sodium methoxide, NaSMe and DMF (Fig. 8) 
[66, 67].

Xie et  al. reported total syntheses of (–)-Δ9-
tetrahydrocannabinol by using ruthenium-catalyzed [69]. 
1,4-Cyclohexene di-one-mono-ethylene acetal was iodinated 
at room temperature and cyclic α-iodo enone was provided 
in 84% yield. α-Arylated cyclic enone was prepared by the 
Suzuki–Miyaura cross-coupling of cyclic α-iodoenone with 

 

Fig. 4   Reagents: Olivetol (5-pentylbenzene-1, 3-diol), BF3·OEt2, 
MgSO4

Fig. 5   Reagents: a, b LiOBn, MeMgBr and c p-TSA, Olivetol, ZnBr2
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Fig. 6   Reagents: a Zn(OAc)2, 
BF3·OEt2, AC2O; b Pd(OAc)2, 
DPPE, Bu3SnOMe; c DIBAL-
H; d PCC; e I2, C5H5N; f 
Ar2Cu(CN)Li2; g 1. EtMgBr. 2. 
ClP(O)(OEt)2; h NaSEt and i 
ZnBr2, MgSO2

Fig. 7   Reagents: a (MeO)2SO2, 
K2CO3, acetone; b BuLi, 
DMF, THF; c 1. (EtO)2P(O)
CH2CO2Et, tetrahydrofuran 
(THF). 2. DIBAL-H, ether; d 
BuLi, THF, acrylaldehyde; e 
PdCL2(CH3CN)2, BuLi, CO2, 
THF; f BuLi, ClCO2CH3, 
ether; g ligand N,N’-((1R,2S)-
cyclohexane-1,2-diyl)dipico-
linamide, [MO(CO)3C7H8], 
sodium dimethyl malonate; h 
1. NaOH. 2. HCl. 3. 160 °C; 
i 4-iodo-2-methylbut-1-
ene, THF; j 1. (MeO)2SO2, 
K2CO3. 2. Grubbs catalyst; 
k ether, − 78 °C; l NaSEt, 
DMF, 140 °C and m 1. ZnBr2, 
MgSO4, CH2Cl2. 2. NaSEt, 
DMF, 140 °C



2522	 Journal of the Iranian Chemical Society (2021) 18:2517–2534

1 3

arylboronic acid in 93% yield. α-Arylated cyclic enone was 
hydrogenated on Pd/C and generated cyclic ketone in 90% 
yield and then under MeOCH2PPh3Cl and BuLi intended 
olefin was obtained in 90% yield. This olefin is produced 
in four steps: aqueous AcOH solution, oxidation with the 
Jones reagent, esterification and isomerization with NaOMe 
giving the intended ester in 76% yield. This ester reacted 
with MeMgBr and provided chiral diol in 91%yield. Finally, 
the produced diol promoted the SNAr reaction in basic 

conditions and Δ9-THC obtained in presence of ZnCl2/HCl, 
K-t-pentoxide in 80% yield (Fig. 9).

Leahy et al. have used a chemoenzymatic synthesis of 
Δ9-THC and cannabidiol [70]. α,β-Unsaturated enone 
was prepared by methylation and formylation of olivetol. 
The allyl alcohol resulted from enone in two routes: (1) 
Corey–Bakshi–Shibata oxazaborolidine (2) reduction of α, 
β-unsaturated enone with sodium borohydride, acylation 
with vinyl butyrate acylation in presence of Savinase 12 T. 

Fig. 8   Reagents: a CH3COCH3, NaOH; b (Ph)3P=CH2, THF; c Diels–Alder reaction, 9 kbar; d MeMgBr, PhMe; e NaSMe, DMF; f TsOH, ben-
zene; g NaSMe, DMF; h 1. MeMgBr, PhMe. 2. NaSMe, DMF and i Refs. [38, 39]
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Esterification of the obtained ketone and cyclization with 
Grubbs’ second-generation catalyst produced cyclohexene. 
Finally, cyclohexene with methylmagnesium iodide through 
Lewis acid-mediated cyclization formed (−)-trans-Δ9-THC 
in 57% yield (Fig. 10).

Antoniotti et al. found an efficient method for Δ9-ortho-
THC by two catalytic steps (Fig. 11) [71]. They used two 
catalysts for oxidation and cyclization of alcohols: (1) Au 
nanoparticle-catalysis, (2) Ti-MMT-catalysis (acid cataly-
sis). After protonation/dehydration the allylic cation was 
obtained and then combined with olivetol and gave Δ9-
ortho-tetrahydrocannabinol in 77% yield (Fig. 12). 

Lupton and Ametovski presented a new way to synthesize 
Δ9-THC by N-heterocyclic carbene (NHC) catalysis [72]. 
Cinnamoyl fluorides and cyclobutane in the presence of 
NHC catalyst resulted in cycloxyl β-lactone in a 45% yield. 
cis- and trans-cyclohexenes were formed from lactone in the 
presence of KCN oxidant, IBX and Krapcho decarboxyla-
tion reaction. Trost and Dogra had reported the conversion 
method of the cis-to-trans mixture [67]. Finally, according 
to the methods performed by Carreira and Petrzilka [73, 74], 
the authors were obtained Δ9-THC in 89% yield (Fig. 13).

Recently synthesis of Δ9-THC was reported by Carreira 
et al. α-Allylation of the aldehyde with allyl alcohol by 

Fig. 9   Reagents: a I2, K2CO3, 
DMAP, THF; b Pd(PPh3)4, 
LiCL, Na2CO3, DME; 
c Pd/C, EtOH; d BuLi, 
MeOCH2PPh3Cl, THF; e 1. 
HOAc/H2O. 2. Jones reagent, 
acetone. 3. MeI, K2CO3, DMF. 
4. NaOMe, MeOH; f CH3MgBr, 
THF; g NaH, Et2NCH2CH2SH, 
DMF and h 1. ZnCL2/HCL, 
AcOH. 2. K-t-pentoxide, 
benzene

Fig. 10   Reagents: a 1. Me2SO4, 
K2CO3, 80 °C. 2. S-BuLi, 
DMF, − 78 °C to rt. 3. NaOH, 
Me2CO, 60 °C; b 1. NaBH4. 2. 
Savinase 12 T, vinyl butyrate. 
3. NaOH, H2O, EtOH, reflax; 
c Oxazaborolidine, BH3THF, 
toluene, − 78 °C; d 1. DCC, 
DMAP. 2. KHMDS, − 78 °C. 3. 
TMSCL, py, − 78 °C to rt; e 1. 
Me3SiCHN2. 2. Grubbs II and f 
1. MeMgI. 2. ZnBr2
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dual catalytic (Ir-(phosphoramidite, olefin)-catalyst and 
proline-derived Hayashi–Jorgensen catalyst (A4)) was pro-
duced all of four γ,δ-unsaturated aldehyde in 60%, 55%, 
54%, and 62% yields [75]. Then cyclohexanecarbalde-
hydes formed from Grubbs second-generation catalyst and 
methyl esters were produced by Pinnick oxidation. Finally, 
Δ9-THC was formed by the formation of tertiary alcohol 
and double methyl ether deprotection and intramolecular 
etherification in 34%, 21%, 25%, and 36% yields (Fig. 14) 
[73].

Keasling et  al. used the biosynthesis method for the 
synthesis of Δ9-tetrahydrocannabinol. They produced can-
nabigerolic acid (CBGA) by geranyl pyrophosphate (GPP) 
and olivetolic acid. Cannabigerolic acid was converted to 
tetrahydrocannabinolic acid (THCA) by the cannabinoid 
synthases THCAS. Δ9-THC was produced after THCA 
decarboxylate by heat (Fig. 15) [73].

Verbeck et al. used the chemical method for produced 
Δ9-THC by the acid-catalyzed cannabidiol reaction with the 

addition of the three acids such as battery acid, muriatic acid 
and vinegar (Fig. 16) [76].

Synthesis of cannabidiol (CBD)

Various synthetic methods have been reported for CBD. In 
1964, Mechoulam and Gaoni presented the first synthesis 
of cannabidiol [77]. In this study, their methods include the 
addition of geranial to lithiation of olivetol dimethyl ether 
which formed allyl alcohol. Tosylation of allyl alcohol with 
p-toluenesulfonyl chloride led to the cyclization, and even-
tually demethylation with methyl magnesium iodide. This 
synthesis had its drawbacks, including the production of the 
racemic –CBD and its low yield. In 1965, Petrzilka et al. 
presented a stereoselective synthesis method for (–)-CBD. 
The (–)-cannabidiol can be obtained through olivetol with 
4-isopropenyl-1-methyl-2-cyclohexene-1-ol in the presence 
of N,N-dimethylformamide (DMF) [78, 79]. In this method, 

Fig. 11   Reagents: a Au NPs 
catalysis, O2; b Ti/MMT cataly-
sis; c H+, − H2O; d Olivetol 
(5-pentylbenzene-1,3-diol) and 
e Hydroalkoxylation

Fig. 12   Chemistry design for 
the synthesis of Δ9-ortho-THC
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the yield is a mixture of three products: (‒)-CBD: 25%, 
abnormal cannabidiol: 35%, (‒)-2,4-disubstituted olivetol: 
5% (Fig. 17).

The remaining problem is the formation of abnormal 
CBD [(‒)-4-(3-3,4-trans-p-menthadien-(1,8)-yl)-olivetol] 
as a by-product, and this synthetic way is not practical value. 
Beak et al. have modified this procedure in weak acid con-
ditions. They used boron trifluoride etherate in basic alu-
mina (BF3·OEt2/Al2O3) as a reagent in reaction olivetol with 
(+)-cis/trans-p-mentha-2,8-dien-1-ol, which prevented the 
formation of abnormal cannabidiol. The major product was 
obtained at 44% yield [80].

In 1966, Korte et al. and Kochi et al. suggested a new 
synthetic approach. This method considers two steps: first, 
[4 + 2] cycloaddition of (4) and (3) as diene and dienophile 
which allowing the formation of cis/trans product (5). Sec-
ond, a Wittig reaction gives the diastereoisomeric cis/trans 
(6), which produced (±)-CBD in 16% low yield after the 
deportation of methyl groups [81–83]. Kochi’s method dif-
fered just in the formation of (3). They procured it by a Grig-
nard reaction and dehydration with (1) [84] (Fig. 18).

Pinnick and coworker used Diels–Alder procedures from 
the Claisen rearrangement reaction for prepare (±)-CBD. 
They have synthesized (3) by Diels–Alder reaction in the 
presence of (1) and methyl methacrylate (2) with DIBAL 
reduction. Then (5) is formed by Wittig reaction in the pres-
ence of (4) and cyclic dihydropyran intermediate. A Wittig 
reaction of (6) and deprotection of phenyl hydroxyl groups 

produce (7). Deletion of the methyl ether group of (±)-(7) 
produces (±)-CBD (Fig. 19) [85].

Burdick et al. used Friedel–Craft reactions for ethyl can-
nabidiolate (2) and (1) in the presence of scandium triflate 
as a catalyst. Sc(OTf)3 has some benefits. For example, it 
is stable and works in the presence of aqueous solutions 
(Fig. 20) [86].

Dialer et al. used protecting groups and they provided 
dibromide (2) in 82% yield. Then, Friedel–Crafts alkylation 
of dibromide intermediate (2) and (3) under acid condition 
produced the (4) in (90–99%) yield. Finally, reductive debro-
mination of (4) provided (−)-CBD in 78% yield (Fig. 21) 
[87].

Another useful strategy for the synthesis of cannabidiol is 
reported with Kobayashi et al.. In this synthesis, cyclohex-
enylmonoacetate reacted with zinc reagent and NiCl2 
(PPh3)2 as a catalyst and ligand tetramethylethylenediamine 
(TMEDA) as a ligand formed (1R, 4R)-p-Mentha-2, 8-dien-
1-ol (1). The compound (2) was produced by Jones oxida-
tion and iodination from compound (1). Then compound (3) 
formed in the presence of boron trifluoride diethyl etherate. 
This enol phosphate (4) was obtained via the magnesium 
enolate and using a Grignard reagent through ClP(O)(OEt)2. 
The mixture (5) was formed under Ni-catalyzed reaction 
with Kumada coupling by methylmagnesium chloride. The 
demethylation mixture (5) led to the production of (‒)-CBD 
with SN2-type in good yield (Fig. 22) [88–92]. Kobayashi 
method is less facile than the one-step synthesis of beak.

Fig. 13   Reagents: a DAST, 
CH2Cl2; b NHC, DMF/THF; 
c 1. KCN, MeOH. 2. IBX, 
EtOAc, 80 °C; d 1. LiCl, H2O, 
DMSO, 170 °C; e NaOMe, 
MeOH, 50 °C; f 1. MeMgI, 
Et2O, 160 °C. 2. ZnBr2, MgSO4, 
CH2Cl2 and g 1. ZnCl2, HCl, 
CH2Cl2. 2. KOC5H11, toluene
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Teske et al. used a direct approach to the synthesis of 
CBD. In other words, olivetol was reacted with the diol 
(2) using the optimized Friedel–Crafts alkylation, and the 
triol (3) was produced in 73% yield. The mesylation of triol 

(3) with Et3N provided the elimination of the isopropenyl 
group. Then, the aromatic mesylate groups were removed 
with MeLi and (±)-CBD was produced in satisfactory yield 
(Fig. 23) [93].

Fig. 14   Reagents: a [Ir(C8H12)
Cl]2, (R)-or(s) L, (R)-or (S)A4, 
Zn(OTf)2, 1,2 DCE, rt, 20 h; b 
Grubbs II cat. 92% (S,S), 87% 
(R,S), 90% (S,R), 85% (R,R); c 
sodium chlorite, sodium dihy-
drogen phosphate, 2-methyl-
2-butene, tBuOH/H2O, 258C; d 
Me3SiCHN2, C6H6/MeOH, 66% 
(S,S), 60% (R,S), 61% (S,R), 
65% (R,R); e MeMgI, Et2O, 
pressure to 150 mm Hg; ZnBr2/
CH2Cl2, 258C, 34%(S,S), 21% 
(R,S), 25% (S,R), 36%(R,R)

Fig. 15   Reagents: a CsPT4; b 
THCAS and c heat (ΔT)
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Ballerini et al. reported the synthetic route for CBD 
under a high-pressure Diels–Alder approach to hydroxy-
substituted 6a-cyano-tetrahydro-6H-benzo[c]chromen-
6-ones. In this approach, 3-cyanocoumarin hydroxy 
dienophile reacted with isoprene ([4 + 2] cycloaddition) 
in mild reaction with 11  kbar pressure and produced 
tetrahydro-6H-benzo[c]chromen-6-ones in high yields. 
Decyanation reaction of the cycloadducts, 6a-cyano-tet-
rahydro-6H-benzo[c]chromen-6-ones in aqueous solution 
of NaHCO3 formed cis-1-hydroxy-9-methyl-3-pentyl-
6a,7,10,10atetrahydro-benzo[c]chromen-6-one. (Fig. 24) 
[94]. The reaction of cis-1-hydroxy-9-methyl-3-pentyl-
6a,7,10,10atetrahydro-benzo[c]chromen-6-one with 

CH3MgI gave the triol compound and it’s dehydrated with 
thionyl chloride in pyridine gave CBD [95].

Gianluca Brufola et al. prepared 3-cyano-hydroxy-sub-
stituted-coumarins by Knoevenagel condensation between 
salicylic aldehydes and malonitrile [96], but in this synthetic 
method, Ballerini et al. proposed a new environmentally 
friendly synthetic route for Δ9-cis-cannabidiol.

Leahy et al. have reported a synthetic method for CBD on 
a large scale with high enantiopurity [70]. In this synthesis, 
α,β-unsaturated enone was prepared from the formylation 
of olivetol and aldol process with acetone. They used two 
methods to prepare allyl alcohol: (1) CBS oxazaborolidine, 
(2) an enzymatic approach. In this method, (2) reduction 

Fig. 16   Isomerization reac-
tion of cannabidiol to Δ9-
tetrahydrocannabinol

Fig. 17   Reagents: Me2NCH 
(OCH2C(CH3)3)2, CH2Cl2, rt, 
63 h
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of α,β-unsaturated enone with sodium borohydride and 
acylation with vinyl butyrate under enzymatic conditions 
(Savinase 12 T) provided allyl alcohol. Acylation of this 
allyl alcohol with acid after the Ireland–Claisen rearrange-
ment provided carboxylic acid. Methylation carboxylic acid 
caused the formation of the corresponding ketone. CBD 
is produced by the Wittig olefination with Ph3P=CH2 and 

deprotection (Fig. 25). They have achieved CBD via inex-
pensive and available enzyme Savinase 12 T.

Stunder et al. used organometallic intermediates for the 
synthesis of CBD. For this method, they used alkyl deriva-
tives of (S)-perillic acid (1). They produced the aryl iodide 
(3) for the arylation of olefins. For this synthesis, they used 
(5) in the presence of KI, m-CPBA, and crown-6 followed 

Fig. 18   Reagents: a acetone, NaOH, 20 h, 80%; b 1. Ph3PCH3Br, BuLi, THF, 3 h. 2. 15 h, reflux, 79%; c vinyl ketone, hydroquione, toluene, 
64%; d Ph3PCH3Br, BuLi, THF, 3 h, 78% and e 1. CH3I, Mg, Et2O, 130 °C. 2. 165–170 °C, 20 min, 50%

Fig. 19   Reagents: a 1. 200 °C, 
C6H6, 2 h, 67%. 2. DIBAL, 
C6H6, − 78 °C; b Ph3PCH3Br, 
NaH, DMSO; c (4); d CH2Cl2, 
48 h, 94% and e 1. Ph3PCH3Br, 
THF, n-BuLi, 3 h, r.t. 2. (6), 
THF, 6 h, reflux, 80%
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Fig. 20   Reagents: a Sc(OTf)3, 
MgSO4, CH2Cl2, 10 °C, 3 h and 
b NaOH, MeOH, reflux, 5 h, 
44%

Fig. 21   Reagents: a Br2, 
CH2Cl2, − 50 °C, 15 min, 82%; 
b ρ-TsOH·H2O, CH2Cl2, − 35 °C 
and c Na2SO3, ascorbic acid, 
Et3N, MeOH, 75 °C, 16 h, 78%

Fig. 22   Reagents: a NiCl2 
(tpp)2, TMEDA, rt, overnight; b 
1. CrO3, H2SO4. 2. I2, DBHQ, 
Py; c Ar2Cu (CN)Li2, BF3·OEt2, 
Et2O, − 78 °C, 2 h; d 1. EtMgBr. 
2. ClP (O) (OEt)2, THF, 0 °C, 
2 h; e MeMgCl, Ni(acac)2, THF, 
rt and f MeMgI, 155–165 °C
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Fig. 23   Reagents: a (2), CSA, 
CH2Cl2, 20 °C, 3 h, 73%; b 
MsCl, Et3N, CH2Cl2; 0 °C, 1 h, 
then 20 °C, 16 h, 89% and c 
MeLi, THF, 0 °C, 1 h, 70%

Fig. 24   Reagents: a Diels–
Alder,11 kbar, 55 °C; b 
(NaHCO3)aq, PH = 8.3, 150 °C; 
c CH3MgI and d SOCl2, Py

Fig. 25   Reagents: a 1. Me2SO4, 
K2CO3, 80 °C. 2. S-BuLi, 
DMF, − 78 °C to rt. 3. NaOH, 
Me2CO, 60 °C; b 1. NaBH4. 2. 
Savinase 12 T, vinyl butyrate. 
3. NaOH, H2O, EtOH, reflax; 
c oxazaborolidine, BH3THF, 
toluene, − 78 °C, d 1. DCC, 
DMAP. 2. KHMDS, − 78 °C. 
3. TMSCL, py, − 78 °C to rt; e 
MeLi and f 1. Grubb’s 2nd gen. 
2. Ph3P=CH2, 75 °C. 3. MeMgI, 
160 °C
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by methylation of dimethyl sulfide (Me2S). Finally, decar-
boxylation of (2) with Pd catalyze provided the (+)-CBD in 
73% yield (Fig. 26) [97].

Keasling et al. used biosynthesis routes for the synthesis of 
cannabinoids. They used geranyl pyrophosphate (GPP) and 
olivetolic acid and produced Cannabigerolic acid (CBGA). 
Cannabigerolic acid was converted to cannabidiolic acid 
(CBDA) by the cannabinoid synthases CBDAS. CBD was 
produced after CBDA decarboxylate by heat (Fig. 27) [98].

Marson et  al. have proposed a new method to syn-
thesize CBD [99]. Olivetol was condensed with the diol 

under optimized Friedel–Crafts conditions and the triol 
has been achieved in 73% yield. The mesylation of triol 
with Et3N eliminated the isopropenyl group and then the 
mesylate groups were removed by methyllithium which 
made (+)-cannabidiol in good yield (Fig. 28).

A new synthetic route for production of (−)-CBD and its 
derivatives are developed by Jingshan Shen et al. [100]. They 
used Friedel–Crafts alkylation of A with benzene-1,3,5-triol 
(phloroglucinol) and formed regioselective triflation 1 in 
80% yield. They used (1) with Tf2O to prepare aryl triflate 
(2) in 78.1% yield. They used the Negishi cross-coupling 

Fig. 26   Reagents: a 1. LDA, 
THF, − 78 °C, 2 h. 2. DMPU, 
15 min. 3. DMPU, 15 min, 
90%; b (3), [Pd(dba)2], PhMe, 
Cs2CO3, 110 °C, 26 h, 74%; 
d KI, m-CPBA, 18-crown-6, 
CH2Cl2, 0 °C, 67%, e CH3I, 
K2CO3, DMF, r.t. 87%

Fig. 27   Reagents: a CsPT4, b 
CBDAS and c heat (ΔT)

Fig. 28   Reagents: a CSA, 
CH2Cl2; b methanesulfonyl 
chloride, Et3N, CH2Cl2 and c 
methyllithium, THF
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for phenolic hydroxyl protection. Also, for obtaining CBD 
efficiently, they used C5H11ZnCl with lithium chloride in 
the presence of 1,1′-bis(diphenylphosphino)ferrocene]
dichloropalladium(II) (Pd(dppf)Cl2) catalyst and the high-
est yield was about 20%. In this procedure, the phenolic 
protecting group developed the intermediate organopladium 
by the Negishi cross-coupling reaction. Also, they found 
out that the pivalate group was a great protection group; 
hence, (−)-CBD-2OPiv-OTf was chosen. For achieving the 
best 99% yield of CBD, the Piv group must be omitted, so 
de-protection was done (Fig. 29).

Conclusions

Clinical researches showed effects of Δ9-THC and CBD in 
multiple illnesses such as multiple sclerosis, HIV/AIDS aris-
ing from anorexia and chemotherapy, from nausea and vom-
iting, multiple sclerosis autism, inflammation, neuropathic 

pain, cancer, Epilepsy and Covid-19. Cannabinoid receptors 
1 and 2 (CB1 and CB2) interfere in many processes responsi-
ble for inflammation, redox activity, cellular metabolism and 
mitochondrial activity. These compounds are well applicable 
to provide different drugs too. These compounds are used 
to make four drugs of Dronabinol, Epidiolex, Nabiximols 
and Nabilone. In this review, we report numerous synthetic 
synthesis pathways for Δ9-THC and CBD. Synthetic synthe-
sis of Δ9-tetrahydrocannabinol and cannabidiol instead of 
extracting them from plants eliminates the problems asso-
ciated with cultivation and extraction but this method still 
needs more preparation. Preparing new optimal methods for 
the synthetic synthesis of cannabinoids will cause the pro-
motion of novel drugs.

Acknowledgements  This work supported by the “Iran National Sci-
ence Foundation: INSF” and the University of Zanjan. Also, the present 
work has been done in line with Neda Tadayon Ph.D. Thesis.

Fig. 29   Reagents: a BF3, Et2O, 
THF; b Tf2O, 2,6-lutidine, 
DCM; c C5H11ZnCl, Pd(dppf)
Cl2, LiCl, THF; d Pd(dppf)Cl2, 
LiCl, THF and e CH3MgBr, 
toluene, 110 °C, 12 h

A
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