
Mini-Reviews in Medicinal Chemistry, 2005, 5, 631-640 631

CB1 Cannabinoid Receptor Ligands
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Abstract: The CB1 receptor is expressed in the central nervous system and numerous other tissues including

heart, lung and uterus and has been recognized as an important therapeutic target for pain, appetite modulation,

glaucoma, multiple sclerosis and other indications. An interesting feature of this GPCR is its ability to be

activated by a number of structurally different classes of compounds, thus, raising the possibility of multiple

activated forms of the receptor. Understanding of the structure-activity relationships of cannabinergic ligands

has paved the road for the development of novel ligands exhibiting receptor subtype selectivity and efficacy.

This review highlights the important CB1 cannabinergic ligands developed to date.
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INTRODUCTION The discovery of the CB1 receptor was followed by the
isolation and identification of two key endocannabinoid
ligands: N-arachidonoylethanolamine (anandamide) [27] and
2-arachidonoyl glycerol (2-AG) [28-30] and has led to a
better understanding of the physiological and biochemical
roles of the endocannabinoid system. More recently, 2-
arachidonyl glyceryl ether (noladin ether) has been proposed
as a representative of a third endocannabinoid class [31],
although its biochemical relevance remains in question.

The medical benefits of cannabis (marijuana), the mixture
of natural cannabinoids found in cannabis sativa have been
recognized for centuries. However, the isolation and structure
elucidation [1] of its active ingredient (-)-!9-
tetrahydrocannabinol afforded the initial opportunity to
investigate the pharmacological properties of cannabinoids
and develop detailed correlations between structure and
function within this class of compounds [2, 3]. The next
milestone in cannabinoid research was the discovery that
cannabinoids produce most of their biochemical and
pharmacological effects by interacting with CB1 and CB2,
the two known Gi/o-protein-coupled receptors (GPCRs) [4-
7]. The presence of saturable, specific, high-affinity
cannabinoid CB1 binding sites was demonstrated both in
the central nervous system (CNS) as well as in certain
peripheral tissues (for reviews see: [8, 9]). In CNS the CB1
receptor is expressed with high density in the cerebellum,
hippocampus and striatum [10-14]. It is also found in a
variety of other organs including heart, vascular
endothelium, vas deferens [15, 16], testis [17], small
intestine [15, 16], sperm [18, 19] and uterus [20].
Conversely, the CB2 receptor appears to be associated
primarily with the immune system. It is found in the
periphery of the spleen and other cells associated with
immunochemical functions, but not in the brain [7] and is
believed to have an immunomodulatory role. CB1 and CB2
share an overall homology of 44% and 68% in
transmembrane domains. The rat [6], mouse [21, 22] and
human CB1 receptors [5] have been cloned and show 97-
99% sequence identity across species while the mouse CB2
[23, 24] exhibits 82% sequence identity with the human
clone [7]. CB1 and CB2 share common signal transduction
pathways, such as inhibition of adenylyl cyclase and
stimulation of mitogen-activated protein kinase. However,
unlike CB1, CB2 has not been shown to affect ion channels
(for recent review see: [25, 26]).

Like other polytopic membrane proteins, the CB1
receptor has remained elusive to large-scale purification and,
consequently, is not yet a candidate for structural
characterization through the use of crystallographic or other
biophysical methods. However, a great deal of information
regarding molecular recognition of cannabinergic ligands has
been obtained from classical structure-activity relationship
(SAR) studies summarized in a number of recent reviews
[32-36]. This information coupled with the development of
three-dimensional models of CB1 [37, 38] based, in part, on
the bovine rhodopsin (Rho) crystal structure [39], provided a
basis for postulating a number of ligand-receptor binding
motifs which have received partial validation from single-
site mutation studies along with chimeric constructs [37, 40-
43]. More direct information about the binding motifs is
now being obtained with the help of suitably designed and
highly specific covalent binding probes [44].

The CB1 receptor has been recognized as an important
therapeutic target for pain, appetite modulation, glaucoma,
multiple sclerosis and several other indications, and is
currently receiving increasing attention by the pharmaceutical
industry and other drug discovery laboratories. An
interesting feature of CB1 is its ability to be activated by a
number of structurally different classes of compounds, thus,
raising the possibility of multiple activated forms of the
receptor. The currently known classes of cannabinergic
ligands include (1) classical cannabinoids (CCs) (2) non-
classical cannabinoids (NCCs) (3) hybrid cannabinoids (4)
arachidonic acid based endocannabinoids and their analogs
(5) diarylpyrazoles and (6) other cannabinergic classes.
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Fig. (1). Representative classical cannabinoid CB1 ligands.

on the important CB1 receptor ligands that exhibit high
affinity, selectivity and /or efficacy.

!9-THC, 1), the more stable and almost equipotent isomer
(-)-!8-THC, other pharmacologically active constituents of
the plant cannabis sativa and their synthetic analogs. A
review of structure-activity relationship studies [2, 3, 32, 34-
36, 45, 46] recognizes three pharmacophores (Fig. 2) within
this class of compounds: a phenolic hydroxyl (PH), a
lipophilic side chain (SC), and a northern aliphatic hydroxyl
(NAH). An additional fourth pharmacophore, the southern

CLASSICAL CANNABINOIDS

Classical cannabinoids are ABC-tricyclic terpenoid
compounds bearing a benzopyran moiety (Fig. 1). This class
includes the natural product (-)-!9-tetrahydrocannabinol ((-)-
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Fig. (2). Representative non-classical and hybrid CB1 agonists.

aliphatic hydroxyl (SAH, 13, Fig. 2), is encompassed in the
synthetic non-classical cannabinoids developed by Pfizer
(e.g. 11). (-)-!9-THC binds equally well to both CB1 and
CB2 receptors and is a partial agonist with regard to both
receptor subtypes. In this class of compounds the phenolic
hydroxyl group at C-1 is essential for CB1 affinity as its
replacement by a methoxy group, hydrogen or fluorine atom
diminishes CB1 affinity [47-51] with lesser effects on CB2.
Variation of the n-pentyl side chain of natural cannabinoids
leads to wide variations in potency and selectivity. Optimal
activity is obtained with a seven or eight carbon length
substituted with 1",1"- or 1",2"-dimethyl groups as was first
demonstrated by Adams (e.g. 2) [52-54], while incorporation
of halogen, cyano or azido group at the end of the side chain
enhances CB1 affinity [55-60]. Thus, AM087 (3a) and O-
581 (3b) bearing bromo and cyano substituents respectively
at the end of the dimethylpentyl side chain exhibit
subnanomolar affinities for the CB1 receptor. More recent
studies have focused on novel side chains bearing 1",1"-
cyclic moieties [61-64]. Some of the synthesized analogs
exhibited remarkably high affinities for both CB1 and CB2
receptors while in vitro pharmacological testing found the
dithiolane analog 4 to be a potent CB1 selective agonist.
The results of these studies suggest the presence of subsite
within CB1 and CB2 binding domain at the level of the
benzylic side chain carbon in the THC series [64].

equatorial (e.g. 6 and 7 respectively) have been shown to be
more potent than their #-axial counterparts [66-68]. Thus,
nabilol (6) and AM906 (7) [69] behave as potent CB1
agonists.

A tetrahydrocannabinol derivative, HU-210 (8),
developed by Mechoulam [70, 71] is one of the most potent
classical cannabinoids reported. This ligand binds with
subnanomolar affinity to both CB1 and CB2 and in one
report it has been shown to exhibit preference for CB1 [72].
It acts as a potent CB1/CB2 receptor agonist and inhibits
forskolin-stimulated cAMP production. Both the affinity
and potency of HU-210 are much higher than those of its
synthetic (+)-6aS, 10aS enantiomer (HU-211, dexanabilol),
thus, mirroring the steroselectivity in CB receptor-ligand
interactions.

Another classical cannabinoid that behaves as a agonist at
both receptor subtypes and has received considerable
attention because of its water solubility is O-1057 (9). This
ligand exhibits high affinity for both receptors (Ki = 4.4 nM
(CB1) and 11.2 nM (CB2)) with a preference for CB1 and
its potency at CB1 matching that of (-)-CP-55,940 and
exceeding that of !9-THC [33, 73, 74].

A classical cannabinoid ligand, 6'-azidohex-2'-yne-!8-
THC (O-1184, 10) was reported to behave as a potent
selective cannabinoid receptor antagonist in the myenteric
plexus-longitudinal muscle preparation of guinea-pig small
intestine [75]. Later binding experiments with rat cerebellar
membranes using [35S]-GTP$ S found this compound to
behave as a low-efficacy agonist at CB1 receptors [76, 77].

Replacement of the n-pentyl side chain of !8-THC with
a 1-adamantyl group led to AM411 (5), the high potency
and efficacy CB1 agonist developed by Makriyannis. This
ligand exhibits about 7-fold CB1 selectivity with relatively
slow receptor desensitization [65]. AM411 acts as a potent
full agonist and was shown to suppress locomotion, induce
catalepsy, reduce temperature, and induce analgesia as
measured by the tail-flick response (Salamone and
Makriyannis unpublished results).

NON-CLASSICAL CANNABINOIDS (NCCs)

This class of cannabinoid receptor agonists designated as
non-classical cannabinoids and possessing close similarity
with CCs was developed by Pfizer in an effort to simplify
the CC structure, while maintaining or improving biological
activity [78, 79]. These ligands are characterized by AC
bicyclic (e.g. 11) and ACD tricyclic (e.g. 12) structures
lacking the pyran B-ring of CCs. The best known example
of this class is (-)-CP-55,940 (11) a crystalline ligand
displaying high and roughly equal affinities for both
cannabinoid receptors (Ki = 0.6-5.0 nM (CB1); 0.7-2.6 nM
(CB2)). As a radioligand, [3H] CP-55,940 was the key

Incorporation of a hydroxyl group at the C-9 or C-11
position (northern aliphatic hydroxyl, NAH) in hexahydro-
or tetrahydrocannabinols leads to significant enhancement in
affinity and potency for both CB1 and CB2.
Hexahydrocannabinols, in which the C-ring is fully
saturated, include 9# and 9% isomers based on the relative
configuration at the C-9 position. Of these, the %-epimer in
which the C-9 hydroxyl or hydroxylmethyl group is
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compound that led to the discovery of CB1 [4]. A
representative of the ACD tricyclic NCCs is the CB1
agonist (-)-CP-55,244 (12) which displays higher CB1
affinity and relative intrinsic activity than that of (-)-CP-
55,940 [10, 79-81]. NCCs share some of the key
pharmacophores of CCs namely, the phenolic hydroxyl, the
side chain and the northern aliphatic hydroxyl groups.
Additionally, they incorporate a hydroxylalkyl chain on the
cyclohexyl ring contiguous and trans to the aromatic
phenolic group generally designated as southern aliphatic
hydroxyl (SAH) [82].

hypothermia, intestinal immobility and mild antinociception
in mice, effects typically produced by cannabinoid agonists.
However, its agonist activity was found to be significantly
lower than that of 2-AG. Noladin ether’s biosynthetic
pathway has not been characterized and its occurrence in the
normal brain has been questioned [97].

Two other endogenous ligands N-docosatetraenoyl
ethanolamine (DEA, 17) and N-arachidonoyldopamine
(NADA, 18) were reported to behave as CB1 receptor
agonists. The former was found to activate CB1 receptors in
microglia and binds to rat synaptosomal membranes (Ki =
34.4 nM) [98, 99] whereas the latter (NADA), an amide of
dopamine and arachidonic acid, was isolated from rat and
bovine nervous tissues [100, 101]. It is metabolically stable,
binds to the CB1 receptor with similar affinity as
anandamide and exhibits equal efficacy but does not bind to
the dopamine receptors. NADA is a potent VR1 agonist
(EC50 & 50nM) and competitively inhibits FAAH and the
anandamide transport. Recent studies showed that like
anandamide, NADA is a potent vasorelaxant [102]. These
effects are mediated by activation of CB1, VR1 and possibly
a novel endothelial cannabinoid-like receptor.

HYBRID CANNABINOIDS

Combining the structural features of classical and non-
classical cannabinoids led to a hybrid class of cannabinoids
represented by 13 (Fig. 2). This new class (CC/NCC
hybrids) had the added advantage of serving as
conformationally more defined three-dimensional probes for
the CB1 and CB2 active sites than their non-classical
counterparts. Receptor binding data showed that at C-6 the
equatorial %-hydroxypropyl analog had higher affinity than
the #-axial epimer [83]. Further refinement of the CC/NCC
hybrids was obtained by imposing restricted rotation around
this SAH pharmacophore which was accomplished through
the introduction of double and triple bonds at the C2''
position of the 6%-hydroxypropyl chain (13). This promising
class of compounds encompassing four asymmetric centers
is amongst the most structurally complex and potent
cannabinergics synthesized to date [83-89].

Oleamide (cis-9,10-octadecenoamide, ODA, 19) was first
isolated from the cerebrospinal fluid of sleep-deprived cats
and was found to induce physiological sleep in animals
[103]. It exhibits cannabinoid-like behavioral responses
without binding significantly to CB receptors (Ki = 1.14µM
for CB1) [104-106]. ODA behaves as a full agonist at rat
and human CB1 receptors [106] and has been found to
modulate serotonin receptors [104, 107-110],
benzodiazepine-sensitive GABAA receptors [111, 112], and
antagonize glial gap junction cell communication [113,
114]. Its physiological role remains to be fully elucidated.

ENDOGENOUS CB1 LIGANDS

The discovery of cannabinoid receptors was followed in
1992 by the demonstration that N-arachidonoylethanolamine
(anandamide, AEA, 14) is an endogenous ligand for these
receptors [27]. AEA is a highly lipophilic compound
isolated from porcine brain and shown to encompass four
non-conjugated cis double bonds. This ligand is sensitive to
both oxidative metabolism mainly by COX-2 [90] and
cytochrome P450 [91] and enzymatic hydrolysis by fatty
acid amide hydrolase (FAAH) [92-95]. It was shown to bind
to the CB1 receptor with moderate affinity (Ki = 61nM) and
has low affinity for the CB2 receptor (Ki = 1930nM).
Pharmacologically, anandamide resembles (-)-!9-THC by
behaving as a partial CB1 and CB2 agonist with higher
CB1 efficacy.

Another endogenous cannabinoid O-
arachidonoylethanolamine (virodhamine, 20) the ester of
arachidonic acid and ethanolamine was identified by
researchers at Lilly [115]. Concentrations of virodhamine in
rat brain and human hippocampus were similar to
anandamide while at peripheral tissues they were 2- to 9-fold
higher. It has been shown that virodhamine behaves as a
partial agonist and in vivo antagonist at the CB1 receptor,
whereas at CB2 it behaves as a full agonist. Recently it was
shown that virodhamine relaxes the rat small mesenteric
artery by endothelium-dependent activation of Ca2+ activated
K+ channels, perhaps through a putative ‘abnormal-
cannabidiol receptor’. These effects are inhibited by O-1938,
a pharmacological antagonist for this receptor but not by the
CB1 selective antagonist AM251 or by CB2 selective
antagonists SR144528 and AM630 [116].

2-Arachidonoyl glycerol (2-AG, 15) a monoglyceride is
another endogenous ligand representing a new class of
endocannabinoids. 2-AG was isolated from intestinal and
brain tissues, is capable of binding to both CB1 and CB2
and behaves as a full CB1 agonist [28, 29]. 2-AG is at the
crossroads of multiple pathways of lipid metabolism where
it can serve interchangeably as end-product for one pathway
and precursor for another. These diverse roles can explain its
high concentrations in brain tissues (approximately 170-fold
higher than anandamide) [28-30, 96].

SYNTHETIC ENDOCANNABINOID-LIKE CB1
AGONISTS

Anandamide has served as a template for the
development of CB1 agonists in this class of compounds
[117, 118]. Its chemical structure can be divided into two
major molecular fragments: a polar ethanolamido head group
and a hydrophobic arachidonyl chain. In the head group
modifications, the CB1 versus CB2 selectivity of
anandamide has been significantly enhanced by substituting
2-hydroxyl group with a chloro [119, 120] (AM881, also

An ether type endocannabinoid agonist, 2-arachidonyl
glyceryl ether (noladin ether, 16) was reported to be isolated
from porcine brain [31]. It was found to bind selectively to
the CB1 receptor (Ki = 21.2nM) and cause sedation,
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known as ACEA, 21) or by a fluoro group (O-585) [121].
Both ligands behave as excellent CB1 selective agonists.
Substitution of ethanolamine with a N-cyclopropylamine
group leads to a ligand exhibiting high affinity and
selectivity for CB1 receptors (ACPA, 22). This compound
exhibits 325-fold selectivity over CB2 and is active in vivo
[120]. Both ACPA and AM881 behave as potent CB1
receptor agonists with reasonably high efficacy but show
susceptibility to enzymatic hydrolysis.

cannabinoids and anandamide interact with similar residues
at the CB1 binding site. It was, thus, postulated that similar
substitution in anandamide should result in an increase in
receptor affinity and potency. This postulate proved to be
true when it was shown that the dimethylalkyl analogs (24
and 25) [124-126] exhibit increased receptor affinities (CB1
= 2.2nM and CB2 = >10,000nM) and in vivo potencies.

DIARYLPYRAZOLE CB1 ANTAGONISTS
One of the shortcomings of anandamide and their analogs

as effective pharmacological tools is their facile in vivo and
in vitro enzymatic degradation. It was, thus, important to
develop analogs that are resistant to the hydrolytic action of
anandamide amidohydrolase. To address this shortcoming
four chiral C-1" or C-2" methyl analogs were synthesized
[119, 122, 123]. Of these the 1"-R-methyl isomer R-(+)-
methanandamide (AM356, 23) exhibited four-fold higher
CB1 affinity than anandamide while exhibiting excellent
metabolic stability. This analog is now being used as an
important pharmacological tool in cannabinoid research.

The most widely studied compound of this class,
SR141716A (Rimonabant, 26) was developed by Rinaldi-
Carmona and co-workers at Sanofi [127] and is currently
undergoing clinical trials as an antiobesity medication. This
highly potent and selective CB1 receptor ligand has served
as a unique pharmacological and biochemical tool for the
characterization of the CB1 receptor [128, 129]. In vitro,
SR141716A antagonizes the inhibitory effects of
cannabinoid agonists on both mouse vas deferens
contractions and adenylyl cyclase activity in rat brain
membranes. SR141716A also antagonizes the
pharmacological and behavioral effects produced by CB1
agonists after intraperitoneal (ip) or oral administrations
[127].

As discussed earlier, the side chain SAR of cannabinoids
has been studied extensively and it is known that 1",1"-
dimethylheptyl (DMH) substitution generally leads to
optimal potency. There is also evidence that classical
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Other diarylpyrazole ligands that have contributed to our
understanding of CB1 pharmacology are AM251 (27) and
AM281 (28) both of which are CB1 antagonist/inverse
agonists capable of displacing [3H] SR141716A and [3H]
CP-55,940 in CB1 receptor membrane preparations [128].
Both AM251 and AM281 share the ability of SR141716A
to attenuate the responses to established cannabinoid receptor

agonists like WIN-55,212-2 or CP-55,940. However, recent
evidence indicates that AM251 may have a more “CB1
selective” role than SR141716A [130].

Very recently, Sanofi reported [131] a new potent, orally
active and selective CB1 antagonist SR147778 (29). This
compound displays nanomolar affinities, Ki = 0.56nM and
3.5nM, for the rat brain and human CB1 recombinant
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receptors, respectively, and has low affinity (Ki = 400nM)
for both the rat spleen and human CB2 receptors. In vivo
SR147778 was shown to reduce both ethanol and sucrose
consumption in mice and rats and food intake in fasted and
non-deprived rats.

CB1 receptors and binds to muscarinic and 5-HT2 receptors
at low micromolar concentrations.

Aventis reported [135] a new class of CB1 receptor
antagonists, which are represented by the
diarylmethyleneazetidine analog (33). Recently a novel class
of diarylsulfonylester cannabinoid agonist was reported by
Bayer Health Care (Wuppertal, Germany) [136-138]. The
representative analog (-)-(R)-3-(2-hydroxyl-methylindanyl-4-
oxy) phenyl-4,4,4-difluoro-1-sulfonate (34, BAY 38-7271)
is a high affinity CB1 ligand (Ki = 0.46-1.85nM) as
assessed in rat brain or human cortex membranes and
recombinant human CB1 receptor. BAY 38-7271 behaves as
a potent CB1 agonist in vivo and possesses neuroprotective
properties [139].

As a variation in the diarylpyrazole structure, Solvay
reported [132] some CB1 selective tricyclic rigid analogs of
SR141716A in which the 4- and 5-substituents are
conformationally restricted through the formation of a
relatively rigid tricyclic system. In these compounds the 4-
methyl group is connected with the ortho position of the
aromatic 5-aryl substituent to form benzocycloheptapyrazole
analogs as represented by 30, a ligand exhibiting higher
CB1 affinity than the parent SR141716A. However, the
compound had poor oral bioavailability.

CONCLUSIONS
OTHER CANNABINERGIC CLASSES

Prior to its discovery, the CB1 receptor had been targeted
for the development of novel analgesic agents. However, our
improved understanding of the extensive physiological roles
of this very interesting GPCR has opened the door for
additional therapeutic indications such as neurodegeneration,
appetite modulation as well as pathologies of the
cardiovascular and reproductive systems. Furthermore, the
recognition that CB1 can be activated by structurally
dissimilar ligands through diverse binding motifs offers the
opportunity to develop tissue specific CB1-based
medications. Such compounds can also find utility as
pharmacological probes for the further elucidation of the
biological role of the endocannabinoid system. For these
reasons the development of novel CB1 ligands remains an
important priority in cannabinoid research.

Very recently, Solvay Pharmaceuticals reported a novel
class of 3,4-disubstituted pyrazoline analogs exhibiting high
CB1 selectivity [133]. The (-)-enantiomer SLV-326 (31),
exhibited high CB1 affinity and selectivity (Ki = 35.9 nM
(CB1), Ki = 3,515 nM (CB2)) and was shown to in vivo
antagonize CP-55,940 induced hypotension in a rat model,
whereas the (+)-isomer was inactive.

A notable CB1 receptor selective antagonist, structurally
distinct from aminoalkyl indoles (AAIs) and diarylpyrazoles
was developed by Eli Lilly is LY320135 (32) [134] which
was shown to bind to CB1 receptor preferentially although
with a lower affinity than that of SR141716A. LY320135
also shares the ability of SR141716A to exhibit inverse
agonist activity at some signal transduction pathways of the
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