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Ancient Chinese medicinal texts mention

hemp for cramps and pain
P P pal Cannabis spreads through

Arab world due to Persian
influence.

Cannabis spreads across
Africa. Soudoun Sheikouni
prohibits hashish

Spaniards bring industrial
hemp to S. America for

N . cultivation
Virginia passes act requiring

hemp growers to grow both
English and Indian Hemp

Rising penalties are
established globally as
consumption spreads

Bonaparte's invasion in
Egypt leads to regulars
consuming hashish in the
alchol-prohibited region

Willian O'Shaughnessy
studies cannabis' medicinal
properties for stimulating
appetite, inflammatory pain,
and infant seizures

Wood isolates CBD
from "purified red oil"

The Hasheesh Eater by Fitz
Hugh Ludlow is published

CBD is determined to not
be the active constituent

Reefer Madness is produced

(youtu.be/zhQlcMHhF 3w)
Marihuana Tax Act bans hemp
production

Hemp for Victory is produced by the
Dept. of Ag. Its existence was
denied, today copies can be found

THC extracted successfull, (youtu.be/bIxFhYVv_Gk)

. _bfjf ??E |-d-e-n-t|-f|-e-d _______ Mechoulam & Gaoni characterize
and synthesize A®-THC

............... R. Adams Synthesizes CBD

THC interaction. Nabilone, first synthetic cannabinoid

'''''''''''''''''''''''''' gains FDA approval
---- CBjis cloned

Mechoulam discovers Anandamide

John W. Huffman publishes
alkyl-napthoyl pyrroles

""" CO & WA legalize Cannabis
CB Crystal is published

Farm Bill legalizes CBD, FDA
approves Epidiolex (CBD)

What is Cannabis Sativa. Cannabis
Indica, and Cannabis Ruderalis?

Y YW

Cannabis Sativa Cannabis Indica  Cannabis Ruderalis
« Tall Stalk « Shrubby plant * "wild cannabis"

* Low cannabinoid content
+ auto-flowering

» wide leaf

* narrow leaf
- High THC content * More equal THC/CBD
ratio

Botanists disagree on the taxonomic classification of Cannabis, some believe
that sativa and indca are the same species. They recommend calling them
Cannabis Sativa subspecies sativa or indica respectively.

States where marijuanais legal

Legalized medical

"TAKE THESE WITH A GALLON OF WATER"
Selected Scientific Champions of the Cannabinoids
== Jacques-Joseph ;
Moreau
« First Physician to
publish research

; hashish's effects
: Lon the CNS

John W. Huffmann

: . » Discovered >400 research
William molecules that have furthered
O'Shaughnessy Allyn Howlett cannabinoid understanding
« Published a « Professor at Raphael Mechoulam
number of Wakeforest who is « Discovery/Synthesis of THC.

credited with
discovering the
first evidence for a

therapeutic
applications of
cannibis in India

Discovery of anandamide.

including spasticity cannabinoid
reduction, anti- receptor in the
inflammatory, anti- human body.
convulsive. ,

For Mechoulam's Story See:

youtu.be/qwfC5ye2UBk
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Endocannabinoids: Identity, Biosynthesis and Related Systems

Anandamide (N-arachidonoylethanolamine aka AEA)
* Isolated from pig's brains by Raphael Mechoulam and coworkers (1992)
» ananda (Sanskrit for joy, bliss, delight) + amide
* Member of the eicosanoid family
* Binds to CB4 and CB, as a full agonist

» Many of the observed biological effects of the phytocannabinoids are similar to AEA's
* Involved in processes like memory impairment, appetite stimulation, inflamation,

immune response, cell proliferation, reward and pain systems.
2-Arachidonoylglycerol (2-AG)

* CB; and CB, receptor agonist, less potent than AEA but found in higher conc.

* As research continues, 2°’AG grows in its relevance an an endocannabinoid

» Considered the primary endogenous ligand for CB,

« Synthesized by PLC and DAGL. It's synthesis is Ca®* dependent. o

* Hydrolyzed by MAGL and FAAH fo)

. . Me
Virodhamine
» CB4 antagonist and CB, agonist.
* Found in the hippocampus but largely concentrated in the peripheral tissue
* Modulates body temperature
» Can be produced non-enzymatically. Biosynthesis unknown.

2-Arachidonoylglycerol (2-AG)

Paracetamol (Acetaminophen) is a cannabinoid? NO!
» Acetaminophen has been used to relieve inflammatory pain for over a century.

* It loses activity in CB4 knockout mice, despite looking nothing like AEA or 2-AG.

» Furthermore, Acetaminophen is largely devoid of anti-inflamitory activity itself.
o

2

HNJLMe NH
© FAAH? ©
—_— —
—
OH OH

AM404

» AM404 was identified as an endogenous cannabinoid reuptake inhibitor that inhibits

FAAH.

* AM404 was also found to act as a COX-1 and -2 inhibitor and TRPV agonist,
preventing prostaglandin synthesis.

* Recent evidence also suggests that AM404 interacts directly with CB1.

Eur. J. Pharmacol. 2006. 531, 280-281; J. Biol. Chem. 2005 280, 31405-31412
Eur. J. Pharmacol. 2000 396, 39-42; Journal of Pain Research, 2017, 2703-2709
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Arachidonic Acid (FAAH)
DA

Anandamide Biosynthesis and degredation by FAAH

o N-acyltransferase j\

< L (NAT) R0

OH OH H
RTO\)\/O\,PI\o/\/NHZ R\ﬂ/o\)\/o\P]\o/\/ N O
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phosphatidylethanolamine (PE)

acylphosphatidylethanolamine | Me \ \
phospholipase D (NAPE-PLD)
Fatty Acid o \ \

Amide Hydrolase

+ 2- Ethanolamine

Anandamide (AEA)

Overview:
Prostaglandins & other Lipid Mediators. 2009, 89, 112—-119
Discovery of FAAH:
Scripps team. Nature, 1996, 384, 83-87

Related Eicosanoid signaling molecules
o /\/OH
— NH

—/ = Me
homo-y-linolenoylethanolamide

virodhamine

OMe
OH
M
o OMe S\/OH
—_—\ = (o)
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noladin ether
NH,
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oleamide
J. Med. Chem. 2005, 48, 5059-5087

docosatetraenoylethanolamide
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A. Crystal sfructure of CB4 with Rimonanbant (antagonist) bound. 3 pockets are observed: Hydrophobic
pocket, antagonist binding region, membrane access
B. 3 CB, antagonists with their respective binding domains highlighted.

D. Docking of CB4 bound to an antagonist.

C. Crystal structure of CB, with an antagonist bound. [CB1 Structure: Cell 2016 167, 750762
E. Docking of CB4 bound to an agonist.

CB, Structure: Cell 2019, 176, 459—467)

Interestingly, the binding pocket of CB, bound to an antagonist is more similar to the pocket of CB4
bound to an agonist. This has important implications for therapeutics and selective drug molecules.

(Useful Resources on Cannabinoid Receptor Biology:
The Structure—Function Relationships of Classical Cannabinoids: CB1/CB2 Modulation.
Perspectives in Med. Chem. 2016, 8,17-39 DOI: 10.4137/PMC.S32171
The Endocannabinoid System: Drug Targets, Lead Compounds, and Potential Therapeutic Applications. J. Med. Chem.
2005, 5059
The Endocannabinoid System as an Emerging Target of Pharmacotherapy DOI:10.1124/pr.58.3.2
Medicinal Chemistry, Pharmacology, and Potential Therapeutic Benefits of Cannabinoid CB2 Receptor Agonists. Chem.
Rev. 2016 519
The neurobiology and evoloution of cannabinoid signaling Phil. Trans. R. Soc. Land. B 2001 381-408
DOI:10.1098/rstb.2000.0787
The Pharmacology of cannabinoid receptors and their ligands: an overview. International Journal of Obesity. 2006. 30,
S13-S18

-

The Cannabinoid Receptors

« Originally, phytocannaboid activity was thought to be lipid membrane related.
* First evidence of a receptor was found by Prof. Allyn Howlett (Wakeforest)

» CB4 and CB, are members of the rhodopsin-like GPCR family, largest family
* In neurons, they are involved retrograde signaling (post-synaptic
communication to pre-synaptic neurons).

+ Although only two receptors have been called cannabinoid receptors, much
debate exists about the total number of endocannabinoid receptors with some
evidence suggesting the existence of more.

* CB; and CB, have been the target of dozens of R&D programs.

* Involved in memory, appetite, inflamation, thermoregulation immune
response, cell proliferation & differentiation, reward and pain systems.

CB, (aka CB4R) Cannabinoid Receptor 1

* Cloned in 1990 for the first time. Interacts with G;, G5 and G, proteins

« Responsible for A>THC's psychotropic effects.

* Ubiquitous throughout the brain and CNS.

« Activation leads to a cAMP cascade in addition to Ca®* and K* channel
inhibition affecting neural plasticity and slowing repolarization.

* Receptors located in the basal ganglia and cerebellum are associated with
THC's effects on gait.

* Receptors in the cerebral cortex and hippocampus are responsible for
THC's impact on cognition and memory (loss).

* It is also located in the spleen, tonsils, Gl tract, uterus, prostate, cascular
smooth muscles and adrenal glands peripherally, leading to numerous
pharma campaigns on IBS and Gl conditions.

CB, (aka CB,R) Cannabinoid Receptor 2

* Cloned in 1993 for the first time. Interacts only with G;.

« Responsible for A%-THC's anti-inflammatory effects.

* CB, is present in the CNS, but not highly expressed like CB4.

* CB, is highly expressed in the spleen and immune cells.

* CB,'s expression is often upregulated in neuroinflammatory diseases
like Huntinton's, and Alzheimer's making it a target as a diagnostic and for
therapy.

* CB, has been shown to be involved in cell differentiation and
proliferation pathways, consistent with cannabinoids effects on dev.

* CB; is localized on microglial cells, neutrophils, macrophages,
monocytes, and lymphocytes.

* In recent years multiple approaches to selective CB, agonists have been
tried by Pharma for various inflammatory conditions and for pain
management.
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The Cannabinoid Pathway
POSTSYNAPTIC

CELL

PRESYNAPTIC
CELL

2. Anandamide binds to
cannabinoid receptors

o _

1. A stimulus leads to the synthesis of anandamide (and other endocannabinoids) as

demonstrated above. Andandamide enters the symaptic cleft through not fully ellucidated
mechanims (possibly involving cholesterol concentration in the lipid membrane).

2. Next, the endocannabinoid binds to the GPCR CB4 or CB, causing a G-protein mediated
signal transduction. With CB4 three events are possible: cAMP production will be

downregulated, potassium ions will be imported, and calcium will be exported.

3. The movement of ions in this way decreases the neuron's ability to reach an action potential
and will block future neurotransmitter release. This is how the cannabinoid system modulates

4. Through not fully understood mechanisms, the endocannabinoid retrograde signaling
molecule will be hydrolyzed. This hydrolysis can occur in the post-synaptic cell where the

endocannabinoid originated from by FAAH. Hydrolysis can also occur in the pre-synaptic cell

i Anandamidc + CBI
synthesis
. G. neuronal plasticity.
1
o ~——T ®
4. Anandamide
A . uptake N 1 cAMP through MAGL

N

FAAH

5. Anandamide hydrolysis

Phil. Trans. R. Soc. Land. B 2001 381-408 DOI:10.1098/rstb.2000.0787

h

3. Inhibition of
neurotransmitter
release

@
‘

Although ubiquitous in the brain, regions that have particularly high expression of FAAH are the
regions primarily responsible for endocannabinoid signaling. For reasons not fully understood
endocannabinoid signaling and FAAH expression are strongly related. A similar mechanism is at
play with neuronally expressed CB,, although only cAMP synthesis is affected.

Key Points: Anandamide is synthesized immediately following signal transduction. It acts in
retrograde. Activation of CB1 leads to short- and long-term inhibition of plasticity. Anandamide is
destroyed after signaling through hydrolysis.

Cannabinoid Receptors’ Role in

Reward and Addiction Systems

» Physiochemical differences exist in subject populations
taking cannabinoid receptor modulators while taking

addictive subtances compared to control groups.
» Behavioral differences in those two groups have also been

observed.

Genetic or
pharmacological
manipulation

CB1R knockout

CB1R antagonist

» CB4 knockout mice developed less conditioned place
preference while administering ethanol, nicotine or opiates.
Similar behavior was observed in a mouse population taking

a CB4 antagonist.

» These mice were also less likely to self-administer ethanol,

nicotine, or opiates.

* When mice were given a CB agonist, the behavior

CB1R agonist

FAAH inhibition

reversed and mice were more likely to self administer
alcohol, nicotine, or opiates and develop conditioned place

preference.

* Mice consuming stimulants displayed more complex
behavior, opposite of the other populations.

» Complex behavor was observed when administration of
drugs was forced, indicating CB in the reward mechanism

of drug consumption.

Ethanol

LCppP
4 Operant self-administration
4 Ethanol-induced NAc DA

4 Operant self-administration
{ Preference
4 Ethanol-induced NAc DA

T Operant self-administration
T Motivation for ethanol

T Operant self-administration
T Preference for ethanol
versus water

Nicotine

4 CPP
4 Operant self-administration

4 CPP
4 Operant self-administration
4 Nicotine-induced NAc DA

TCPP

T CPP (mouse, CB1R)

4 CPP (rat, non-CB1R)

4 Operant self-administration
(rat, non-CB1R)

4 Nicotine-induced NAc DA
(rat, non-CB1R)

Opiates

4 CPP
4 Operant self-administration

4CPP

4 Operant self-administration

* No change in
morphine-induced NAc DA

TCPP

T Motivation for heroin

* No change in operant
self-administration

* No change in
morphine-induced VTA DA
excitation

Stimulants

* No change in CPP
* No change in operant
self-administration

4 Operant self-administration
(AM251)

4 Cocaine effects on ICSS

* No change in
cocaine-induced NAc DA

4 Operant self-administration
4 Cocaine effects on ICSS

* No changein
cocaine-induced VTA DA
excitation

* No change in operant
self-administration

CB1R, cannabinoid 1 receptor; CPP, conditioned place preference; DA, dopamine; FAAH, fatty acid amide hydrolase; ICSS, intracranial self-stimulation (an index of
brain reward function); NAc, nucleus accumbens; VTA, ventral tegmental area.

Endocannabinoid signalling in reward and addiction. Nat. Rev. Neurosci. 2015, 16, 579-594
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Phytocannabinoids: Biosynthesis & Bioactivity OH Me OH
0 3x Olivetolic Acid Cyclase )
)]\/\/\ malonyl-CoA O O O o (OAC) CO,H Geranyldiphosphate COzH
CoAs Me —> )J\/lk/lk/u\/\/\ — > —
TKS CoAS Me HO Me Aromatic Me
hexanoyl-CoA Olivetolic Acid Prenyltransferase

Me Me

Cannabidiol (CBD) Me

Me Cannabigerolic Acid

inodiol [O] 4—,
Cannabinodiol Cannabigerol-Type (CBG) [0]

-Cco,

Me . )
Cannabielsonin-type
(CBE)-type

and

Me

Isocannabinoids

R
R=H, Cannabichromen
R=CO,H, Cannabichromenic acid

- | [4+2]
" Y l hvor H*
e
CsHis Cannabimovone Me c bicitran-t Me
anhydrocannabimovone 0] A®-Tetrahydrocannabinol (THC) am(‘gBl-?)l_:;;(; ype o
Me 0] Me Cannabicyclol-type
Me e (CBL)-type
Cannabinol HO Me Me HO Me
H This biosynthesis proposal is based on
Me Cannabitriol-type other citran-type natural products
Mée Me (CBT)-type not on direct literature precedence.

J. Org. Chem. 2020, 85, 2103-2117
Me J. Chem. Soc., Perkin Trans. 1, 2000, 2491-2494
Nat. Prod. Rep., 2016, 33, 1357-1392

Progress in the Chemistry of Organic Natural Products. Volume 103. Phytocannabinoids Unraveling the Complex Chemistry and Pharmacology of Cannabis sativa.
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Phytocannabinoids: Biosynthesis & Bioactivity (cont.)

Me
A%-Tetrahydrocannabinol (THC)

HO

* CB; and CB,, partial agonist and active constituent in cannabis.

» Metabolized in the liver by p45¢'s to 11-OH-THC, also psychoactive.
* Highly pure samples are used as medicines for neuropathic pain and
as an appetite stimulant for AIDS and chemo patients

* Approved brands are: Sativex and Dronabinol.

* It has also been credited with anti-convulsant and anti-inflammatory

and antiemetic properties.

* Beyond CB4 and CB, THC has shown to inhibit 5SHT (seratonin)
receptors and have agonistic effects on TRPV (2,3,4) channels.
« Its isomer A8-THC is also a psychoactive CB4 and CB,, partial agonist

Me

>

OH
Me

Me O

Cannabinol (CBN)

(o) Me

» Weakly psychoactive oxidized THC metabolite.

» Demonstrates higher affinity for CB,
modulator is still controversial.

over CB, although its role as a

* Has shown to be a TRPA; agonist and TPRMg antagonist, although
behavioral or physiological effects have not been demonstrated

7/18/2020

This creates multi-layered CBD
placements within the garment,
strategically designed and placed
to align with your muscle groups.

Me

Cannabidiol (CBD)-- What's the truth?
« CBD is NOT psychoactive.
+ CBD does NOT bind to CB4 or CB,, although it may indirectly have antagonistic effects.
* CBD seems to bind as an antagonist to GPRg5, a potential cannabinoid receptor.
« CBD does NOT mobilize Ca?*, nor does it influence B-arrestin recruitment.
+ CBD DOES act as a mild 5HT4 5 agonist which could be significant if demonstrated in vivo.
* A counterbalancing anxiolytic property of CBD is observed when subjects consume THC.
+ CBD is not acutely toxic, subjects have taken > 1g quantities for consecutive days without
harm.
» Research suggests that CBD may prevent the degredation fo anandamide.
1+ CBD appears to influence extinction and reconsolidation memory systems by preventing
Edegredation of anandamide, an effect that is reversed when given a CB, antagonist.
E. Effects on hippocampal neurogenesis have been observed, and inhibited in CB{ knockout
Estudies, again suggesting an indirect influence of CBD on CB, receptors.

++ Beyond attenuating THC's psychosis inducing effects, CBD does not have clear anti-

' psychotic effects.

E- CBD has shown some potential as an anti-inflammatory for collagen induced arthritis
Ediseases, although this has not been well established.

'+ Several Studies have observed an "inverted U" dose response curve, further contributing to

confusion in the data. This may be due to competing pathways being influenced by CBD.
* In 2018 Epidiolex (CBD) was approved by the FDA for treatment of Dravet and Lennox-

acabada active wear: CBD gym clothes?

(" ) E Me
Useful Pharmacology Refs: ' X
Neurochemical Research 2005 30, 1037— |, 0
1043(2005) ‘Me o
. BrJ Pharmacol 2012 165 2620 '
Phil. Trans. R. Soc. B 2012 367, 3364-3378 |\Me Me
Progress in the Chemistry of Organic Natural |t o
Products. '
Volume 103. Phytocannabinoids Unraveling the|s C5H11
Complex Chemistry and Pharmacology of |:\Cannabichromanone Q C.H
L Cannabis sativa. ) E D 511 Me Cannabisol
i ™55 Should you be giving your fish CBD? Nat. Prod. Rep. 2016, 1357 “0—’ Cannabioxepane me © Cstu
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Total Synthesis of Canabinoid Natural Products
The First Racemic Total Synthesis of A>-THC (Mechoulam & Gaoni, JACS 1965 3273)

Me Me q4/-A%—
~ Me OTs OMe Me dI-A’>-THC
S OMe
° . . Lo 3 1'\23'\({'3' OMe ~2% Overall yield
+ y, Bioinspired Strategy
| MeO 5H11 Me O
Me” ~Me MeO CsHyq MeO CsHyq
‘The First Enantioselective Total Synthesis of A%- 'T'HE;' 'M'e}:h'édléH & Gaoni, JACS 1967 4552) T Chem. Eur. J. 2015, 21,8347 - éé“}s'd """
Me A8_ e
A=THC > Hcig), zncl, O Me
1. pTSA OH 2. BF3°EtzO 3'. NaH .
_>Me . wH _ N Me "
“, 45% 85% 55% OH M OH
OH HO CsHyq HO O C.H M";' (two steps) Me H
verbenol ., " Me sHas 20% BF3+Et,0, 50% BF3°Et,0,
_________________________________________ 1BFeELO3S% b et min t, 1h
Other Chiral Pool Approaches to CannabanIds gor a review on Chiral Pool Synthesis see: Chem. Rev. 2017,11753) E
Me OH -THC Me '
S OH  1.19% BF;Et,0, "abnormal CBD" :
MgSQO,4,0 °C via retro-F.C. rxn :
+ —_— : N
P A '
- - )
= HO C5H11 31% Mgl : H
Me/\ (0] C5H11 : Me
. Me CsHyy : 9
trans-p-terpineol Razdan, JACS 1974, 5860 i Me M
(1step from trans:Limonene oXide) e o+ AB-cannabinoids usually thermodynamic product
OTMS OMOM . sHis 0M8M 3. DIBAL . A®-cannabinoids are kinetic product
(NC)Cu 1. Sn2', 60% 4.CS,, Mel For Topical Synthesis Reviews See:
—_— MOMO Me — Progress in the Chemistry of Organic Natural Products.
2. E B, 0 . Volume 103. Phytocannabinoids Unraveling the
MOMO CsHqq CB, 85% Me ‘ SGpI\ISBAI\\’I A Complex Chemistry and Pharmacology of Cannabis
from She: Tetrahedron 2007, 1014 ' ' __sativa. Chapter 2 p. 37
_..canone epoxide. ... ... ACIEE 2006, 3651 Synthesis, 2010,1766 | reusSniL A wmd O T St (O Bomol Crem 200,18 %208 %2 ).

Cycloaddition Approaches to Cannabinoids
y PP Me Avery. T.L. 2004 1689

OH Steps ¢ machaeriol B displays some antimalarial activity and
% cat. + ' represents a unique class of hexahydrodibenzopyrans (+)-machaeriol B
" : Me i H H] Me
}// then steps OH HO C X z ° 0 H o
' H

(S)-citronellal

H
5M19
Me OH ,OTSA; OMOM HCI Me'h S g H OH Steps
oy N e SO OV e
S/ \) Evans. T. L. 1997 3193 l M N Me Me O Me!
ent-ASTHC Me e omom L Me o OH Md

MOMO - Me
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: : H 0 Org. Lett. 2019, 1212 t-Bu_
Total Synthesis of Canablnmd Natural Products (Cﬁgt.) : pogon Grom. 201818370 N-N,
Org. Lett., 2008, 10, 269-271 Mech? ' F OMe '.I\N Y
(0] Name? (o) ! +
OH o oB LDA, TBSCI, "o o8 5 CoﬁazMe Byl Me
— 0 Z  HMPA z - 2Me o
> T . ' MeO CsHy, Mech? 15% NHC cat.
Me” NF o Me X (CHa)Ph; et 0.0
HO (CH3),Ph (-)-perrottetinene ; A°-THC
............................. '?_29__________(9_'12)_25'3_______________________(9_"_'2)_2_'3'3_JJ.QLJS.L.J@[@I.S.@-@_J_u_nqtl_qrz__i______________________
1. POCI;, DMF; Me '
OH oer+ | Me 4. CaCly, 7749\] :
; )Jj@\ Et3N MW o Me oH Me
K 2-NaClO,, TMS Me OH Me 5. TBAF HO H E
DMSO farnesal Me o '
3. TMSCH,CH,OH, Org. Lett., 2003, 4481 daurichromenic acid Me
_______________ DEAD, PPH, ______see also: Org. Biomol. Chem., 2014, 1250 _fhododaurichromanic acid A & B.
Structure ACthlty RelatlonShlp of THCI OMe OH Me [Ir(P,olefin)], chiral pyrrolidine cat.
AB211_ all remain potent. = Zn(OTf),
Where R=Me or OH the + 0
R- epimer is significantly more potent than S-
R=0 is potent (Nabilone) CsHyq OMe H OMe .
R=CH,OH, the main metabolite of THC in the body, cHO [L*Au(MeCN)I"[ Mech?

remains psychotropic.
R=CO,H is another metabolite, but in inactive

TBSO Ar

Me : Me

Removing H-bond donor
increases CB, Selectivity

W T

OH OH
Me \
e
R CsHyq
ent-THC loses ZH
all potency. [\j OH OH ¢ /‘Me
cis-THC needs _ ) cannabimovone
further stud subsitution close longer alkyl chain Me
Y- to aryl ring increases potency. and
increases CB4 selectivity  Ideal: 5-9 Carbons. Me .
. . N CsHyq 0" We OH = anhydrocannabimovone
* When conformationally restricted, the alkyl chain pointing away e H C5H11 (o) o)
from the phenol is more potent. o (0] C5H11
« Derivatives not containing an ether linkage (CBD-like) lose CB+/, M
potency. Me e

OH
Me

Molecules 2018, 1526; doi:10.3390/molecules23071526
J. Med. Chem. 2017, 9913
Chem. Rev. 2016, 519

Fully Stereodivergent and Selective Synthesis of A%>-THC isomers
ACIEE. 2014 13898 See also: Science 2013 1065 & JACS 2014 3020
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[Perspect/ves in Medicinal Chemistry 2016 17-39 doi 10.4137/PMC.S32171J
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