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Abstract

Phytocannabinoids (and synthetic analogs thereof) are gaining significant attention as promising 

leads in modern medicine. Considering this, new directions for the design of phytocannabinoid-

inspired molecules is of immediate interest. In this regard, we have hypothesized that axially-

chiral-cannabinols (ax-CBNs), unnatural and unknown isomers of cannabinol (CBN) may be 

valuable scaffolds for cannabinoid-inspired drug discovery. There are two main factors directing 

our interest to these scaffolds: (a) ax-CBNs would have ground-state three-dimensionality; ligand–

receptor interactions can be more significant with complimentary 3D-topology, and (b) ax-CBNs 

at their core structure are biaryl molecules, generally attractive platforms for pharmaceutical 

development due to their ease of functionalization and stability. Herein we report a synthesis 

of ax-CBNs, examine physical properties experimentally and computationally, and perform a 

comparative analysis of ax-CBN and THC in mice behavioral studies.

Graphical Abstract

A new twist for cannabinoid research. We report a strategy to conformationally bias cannabinol 

(CBN) scaffolds in a three-dimensional orientation. CBN C-9 to C-10 methyl transposition 

yields axially-chiral cannabinols (ax-CBNs), unnatural isomers of CBN that are comprised of 

the pharmaceutically relevant biaryl framework and display ground state three-dimensionality 

due to steric hinderance. The conformationally biased scaffolds may provide new directions for 

cannabinoid-inspired drug discovery.
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Cannabinoids are under intense investigation in modern medicine as leads for treating 

pain,2a epilepsy,2b nausea,2c and as appetite stimulants and suppressants.2d,2e Drug 

discovery efforts rely on the accessibility of cannabinoid natural products and analogues,3 

which can be obtained from natural sources, by semisynthesis, or by total synthesis.4 

Regarding the latter, the most common strategy to synthesize cannabinoids for drug 

discovery is through the union of monoterpene derivatives with resorcinols by a Friedel-

Crafts alkylation then etherification pathway (Figure 1A).5 This route’s origins date back to 

the 1940’s (Adams5a,b) and 1960’s (Mechoulam5c) and is still utilized extensively in modern 

cannabinoid drug discovery. While efficient, molecular diversity about the cannabinoid core 

using this route is limited to the C3- and the C9-positions, generally speaking.6

One potential approach to increase the diversity of synthetically accessible cannabinoid 

analogs is to devise novel synthetic routes to the natural products. In this regard, 

tetrahydrocannabinol (THC) has been extensively studied7 and the Carreira route is being 

utilized in analog synthesis,8 but there are also routes to cannabinol (CBN),9 cannabidiol 

(CBD),10 cannabichromene (CBC),11 and other major and minor cannabinoids. While 

total synthesis will continue to pave way for better understanding of cannabinoids, we 

wished to devise a novel scaffold that could potentially yield new research directions 

for cannabinoid-inspired drug discovery. We have conceived axially-chiral cannabinols (ax-

CBNs); previously unknown and unnatural cannabinols. While natural cannabinol (CBN) 

and axially-chiral cannabinol (ax-CBN) have many similarities (they are isomeric), it is 

hypothesized that the C9 (natural) to C10 (unnatural) methyl transposition will yield unique 

three-dimensional molecules. Ax-CBNs are comprised of the pharmaceutically relevant 

biaryl framework12 and would be three-dimensional due to steric hindrance.13 On this line, 

it is often significant that a ligand and its receptors have complimentary 3D-topology.14 

Supporting the proposed structure of ax-CBN, it was found that the dihedral angle between 

the aromatic rings was significantly non-planar (θ = 38.30°) compared to CBN (θ = 19.25°) 

(Figure 2A).15 It was also found that the barrier to atropisomerism is ~14.5 kcal/mol (R 
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= CH2OH) (Figure 2B). The calculated barrier supports that ax-CBN would be biased to 

a three-dimensional conformer in its ground state but would be readily atropisomerizing.13 

In other words, if binding cannabinoids to receptors is preferred in a three-dimensional 

arrangement, then ax-could provide uniquely tuned molecular conformations. Furthermore, 

because the atropisomers are calculated to be readily equilibrating,15 both enantiomers 

would be present in the biological system.

The hypothesis and the computational data related to ax-CBNs is compelling and supports 

that such scaffolds could be attractive new directions for cannabinoid-inspired drug 

discovery. As such, we set out to establish a concise route to access the targets. We 

have uncovered the following straightforward six- to eight- step route to axially-chiral 

cannabinols (ax-CBNs, Figure 3): Salicylaldehyde 116 can react with 1,1-dimethylpropargyl 

chloride via copper-catalysis to yield the phenyl propargyl ether 2.17 Condensation of 2 
with allyl nitrile yielded an inseparable 2.5:1 Z:E diene 3 mixture. This Et3N and TiCl4 

mediated condensation is based on a related protocol for the coupling of acrylates and 

benzaldehydes.18 Notably, the conditions and choice of the nitrile functional group were 

crucial for successful coupling (vide infra, Figure 4). Upon heating this mixture of Z:E 
dienes to promote the Diels-Alder reaction, it was found that only the Z-diene diastereomer 

undergoes the desired cycloaddition. The minor E-diene isomer converts to the chromene 

5 by a propargyl Claisen rearrangement/intramolecular etherification.19 The two different 

scaffolds (4 and 5) are easily separated by silica gel chromatography. From the Diels-Alder 

adduct 4, biaryl scaffold 6 is prepared by DDQ-promoted oxidation.20 Lactone intermediate 

7 is established whereby ethanethiolate promotes a demethylation and intramolecular Pinner 

sequence. The 10-hydroxymethyl-ax-CBN 8 is prepared by LiAlH4 reduction. The overall 

synthesis of 10-hydroxymethyl-ax-CBN 8 is six-steps from salicylaldehyde 1, dimethyl 

propargyl chloride, and allyl nitrile and is scalable: From 5 grams of the salicylaldehyde 

1, 1.8 grams of 10-hydroxymethyl-ax-CBN (8) was prepared in a single pass under the 

optimized procedure. Additionally, 8 is a C-9 vs C-10 isomer of 11-hydroxy-CBN, a natural 

cannabinoid. From here, the parent ax-CBN (10) (the C-9 vs C-10 isomer of natural CBN) is 

accessed by benzylic reduction, which is accomplished over a two-step procedure involving 

bis-tosylation (9) and LiAlH4 reduction. The phenolic tosylate is partially removed during 

the reduction and fully removed by a basic work-up.

The use of allyl nitrile as the carbon source in this synthetic route is notable. Under 

the best conditions we have found to date (reported in Figure 3), allyl nitrile and the 

aldehyde yield a 2.4:1 mixture of Z:E diene isomers and only the major Z isomer proceeds 

to the desired product. In related attempts to optimize this diene synthesis, we explored 

crotonate-type nucleophiles (Figure 4, equation 1). With a model salicylaldehyde, undesired 

(for our synthesis) E-dienes are exclusively prepared. Thus, the sterically smaller nitrile 

results in a stereochemical switch to the desired Z-dienes (Figure 4, equation 2 and the 

applied version to ax-CBN synthesis in Figure 3). The different stereochemical outcomes 

for crotonates vs allyl nitriles are likely a thermodynamic preference. Finally, in limited 

attempts, vinylogous Horner-Wadsworth Emmons (HWE) reactions were unsuccessfully 

explored (Figure 4, equation 3). Furthermore, it is known in the literature that such 
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alkylidene cyanophosphonates react by vinylogous HWE reaction, resulting in regioisomeric 

products. This could be a contributing factor to the decomposition observed.21

While the main goal of this work is to conceptualize ax-CBNs and develop a synthetic 

route to access the architecture, we also wished to provide preliminary support for their 

bioactivity. In this regard, we next performed a comparative analysis of ax-CBNs vs. THC 

in mice behavioral and analgesic studies. To examine whether ax-CBN produces overt 

physiological effects similar to THC, we assessed ax-CBN in a modified version of the 

tetrad assay, which consists of measuring acute thermal antinociception, body temperature, 

as well as locomotion and is generally used to screen CB1 receptor agonists.22,23 Mice 

were given vehicle, THC (10 – 56 mg/kg) or ax-CBN (56 – 320 mg/kg) and were tested 

in the three assays (Figure 5). Both THC and ax-CBN dose-relatedly produced thermal 

antinociception, hypothermia and decreased locomotion (see the supporting information 

for statistical analysis results). Given that THC is well-established to produce anti-pain 

behavioral effects in numerous animal studies,24,25 we next tested ax-CBN in a mouse 

model of neuropathic pain. Chronic constriction injury (CCI) of the sciatic nerve is 

widely used as a model of neuropathic pain and produces increased sensitivity to thermal 

heat, termed thermal hyperalgesia, as well as an increase in light touch sensitivity, 

termed mechanical allodynia.22,23,25,26 Both THC and ax-CBN dose-relatedly reversed 

CCI-induced thermal hyperalgesia within 30 minutes of injection, which persisted for at 

least 6 hours (Figure 5, see the supporting information for statistical analysis results). 

THC and ax-CBN also dose-relatedly reversed CCI-induced mechanical allodynia within 

30 minutes of intraperitoneal administration, which persisted for at least 3 hours (Figure 

5). Analysis reveals that ax-CBN reverses mechanical allodynia and thermal hyperalgesia 

in an equipotent manner. THC is less potent in the reversal of mechanical allodynia than 

in the reversal of thermal hyperalgesia. Further, THC produces cannabimimetic effects at 

doses required to reverse mechanical allodynia (see the supporting information for potency 

ratio analysis). Meanwhile, the doses of ax-CBN needed to reverse mechanical allodynia 

are about 2-fold lower than those that produce cannabimimetic effects. Therefore, ax-CBN 

and analogs may hold therapeutic promise in the treatment of chronic pain with fewer 

dose-limiting cannabimimetic effects.

In conclusion, we have developed an 8-step synthesis of axially-chiral cannabinol (ax-CBN), 

an unnatural isomer of cannabinol (CBN), whereby C-9 to C-10 methyl transposition results 

in an isomer with substantially unique ground-state three-dimensionality. This controlled 

structural change will provide new directions for cannabinoid-inspired drug discovery. On 

this line, we validated physical and biological properties, which support our hypothesis. 

Future studies include the identification of ax-CBN biological targets and the synthesis of 

designed analogs based on the synthetic route disclosed herein.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
A: The standard route to synthesize cannabinoids. B: Representative natural products and 

analogs prepared by this method.
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Figure 2. 
A: A comparison of THC, CBN, and ax-CBN, including calculated dihedral angles about the 
carbocycle linkages B: ax-CBN is three-dimensional in its ground-state.
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Figure 3: 
Six- to eight- step de novo synthesis of ax-CBNs from abundant starting materials.
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Figure 4. 
The nitrile is significant to achieving the necessary Z-diene stereoisomer.
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Figure 5. 
Behavioral and Biological Studies A: Tail-Flick Antinociception measured as percent 

maximum possible effect (% MPE) B: Body Temperature measured as change from baseline 

C: Locomotion measured as ambulatory time. D,E: Neuropathic Pain-Induced Thermal 

Hyperalgesia, measured as latency in seconds to respond F,G: Neuropathic Pain-Induced 

Mechanical Allodynia measured as grams required to produce a stimulus response.
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