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The first detailed phytochemical analysis of the cannabigerol (CBG)-rich chemotype IV of 

Cannabis sativa L. resulted in the isolation of the expected cannabigerolic acid/cannabigerol  

(CBGA/CBG), cannabidiolic acid/cannabidiol (CBDA/CBD) and of nine new 

phytocannabinoids (5-13), which were fully characterized by HR-ESIMS and 1D and 2D NMR. 

These included mono- or dihydroxylated CBGA/CBG analogues, a congener with truncated 

side chain (10), cyclocannabigerol B (11) and the CBD derivatives named cannabifuranols 

(12-13). Cyclocannabigerol B and cannabifuranols are characterized by a novel 

phytocannabinoid structural architecture. The isolated phytocannabinoids were assayed on 

the receptor channels TRPA1 and TRPM8 unveiling a potent dual TRPA1 agonist/TRPM8 

antagonist profile for compounds 6, 7 and 14. Chiral separation of the two enantiomers of 5 

resulted in the discovery of a synergistic effect of the two enantiomers on TRPA1.  
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Cannabis sativa L. (Cannabaceae) is a multi-purpose perennial plant, traditionally used in 

rope, clothes and paper manufacturing, as a recreational agent, as part of religious rituals 

and in medicine.1,2 The discovery of the endocannabinoid system and several clinical 

observations have rekindled the interest in the countless medicinal properties associated with 

this plant, which is employable in the treatment of rheumatic pain, glaucoma, anxiety, 

spasticity and tremors associated to multiple sclerosis and other neurological 

conditions.3 Cannabis is the so-called plant of “a thousand and one molecules”2 mainly due 

to the presence of phytocannabinoids, which represent the hallmark of the specialized 

metabolism in this plant. Modifications and further rearrangements of the cannabigerolic acid 

(CBGA, 1) scaffold, the biogenetic precursor of all cannabis phytocannabinoids, generates 

the immense chemodiversity of this class. Hence, CBGA is a substrate of different synthases, 

whose catalytic action affords cannabichromenic acid (CBCA), cannabidiolic acid (CBDA, 3) 

and Δ9-trans-tetrahydrocannabinolic acid (Δ9-THCA).4 Then, the main features responsible 

for chemodiversity are i) further rearrangements in the terpenyl moiety, ranging from the 

acyclic compounds related to cannabigerol (CBG, 2) to polycyclic analogues, e.g., 

cannabicyclol (CBL), and ii) variations of the polyketide starter (divarinic acid instead of 

olivetolic acid) that, because of the aromatic transferase promiscuity, afford compounds of 

the varin class (C3).4 Interesting members of the class are the sesquiterpenyl 

sesquicannabigerol,5 congeners with C4 or C7 side chains6 and the recently reported dimeric 

phytocannabinoid cannabitwinol,7 a methylene-linked CBD dimer. Currently, more than 500 

cannabis metabolites have been identified along with phytocannabinoids, including 

polyphenols, flavonoids, terpenoids, fatty acids, oils and waxes.8,9  
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 The relative content of phytocannabinoids in C. sativa is highly variable, and it is closely 

related to the expression of genes encoding for enzymes involved in the biosynthetic 

pathways.10 Based on the relative abundance of THCA, CBDA and CBGA, five cannabis plant 

chemotypes have been identified:10 chemotype I, also known as the “drug”-type, is 

characterized by a high THCA/CBDA ratio (>> 1); chemotype II shows an intermediate 

THCA/CBDA ratio (about 1); chemotype III includes the typical fiber-type plants and has a 

low THCA/CBDA ratio (<< 1); chemotype IV includes fiber plants containing CBGA as major 

cannabinoid and minor amounts of CBDA;11 chemotype V includes fiber-type plants with a 

phytocannabinoid content below the detectable gas-chromatographic standards. 

 The presence of THC and CBD in cannabis plant is regulated by a monogenic 

codominant mechanism.12 De Meijer et al. postulated the presence of two different alleles, BD 

and BT, in the B locus, encoding for CBDA-synthase and THCA-synthase. As a result, the 

relative amount of these two major phytocannabinoids depends on genetics: strains 

presenting BD/BD genotype at locus B belong to chemotype III; those with a homozygotic BT 

genotype at locus B express a predominance of THCA (chemotype I), and strains presenting 

a heterozygotic genotype BD/BT show a CBDA/THCA ratio close to 1 (chemotype II). Further 

studies demonstrated the presence of a minimally functional allele (B0), which encodes for 

dysfunctional THCA- and CBDA synthases. Then, in homozygotic B0/B0 breeds, the 

conversion of CBGA in CBDA and THCA is almost completely blocked and CBGA/CBG result 

to be the main phytocannabinoids (chemotype IV).13 
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Although CBG (2) has been undoubtedly shadowed by its low abundance in many C. 

sativa strains and by the dominating bioactivities of THC and CBD (4), its activity on the typical 

phytocannabinoid end-points, the metabotropic receptors (CB1, CB2) and transient receptor 

potential (TRPs) channels, and its potential for the treatment of several conditions including 

pain, neurodegenerative diseases, inflammation, cancer and osteoporosis are known.14 

These studies have evidenced that CBG was a partial agonist of CB2 receptors,15 can 

stimulate and desensitize human TRPV1 and TRPV2, while a botanical CBG-enriched extract 

(40-70% w/w of extract) was a potent rat TRPM8 antagonist.16  

CBGA (1) and CBG (2) have been also employed as versatile starting materials for the 

efficient synthesis of various bioactive molecules, including tetrahydroxantanes17 and 

quinones,18 or for the iodine-mediated cyclization to cannabispiranes, active on TRP 

channels.19  In the framework of our continuing interest in the phytochemical studies of 

cannabis chemotypes,20,21 we have undertaken the first detailed extensive phytochemical 

characterization of a C. sativa chemotype IV. Our analysis led to the isolation of 14 

phytocannabinoids in pure form: in addition to CBGA (1), CBG (2), CBDA (3), CBD (4), and 

cannabigeroquinone (14), nine new phytocannabinoids (5-13) (Figure 1) were obtained and 

structurally characterized. The isolated compounds have been evaluated for their profile of 

TRP modulation, providing interesting clues on the bioactivity of this class of plant 

metabolites.  
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Figure 1. Chemical structures of the new phytocannabinoids (5-13) and of 

cannabigeroquinone (14), isolated from C. sativa chemotype IV extract. 

 

 

RESULTS AND DISCUSSION 

 Isolation and structural elucidation. Hemp threshing residues obtained from a CBG-

rich chemotype IV, variety Enectarol, were extracted in a percolator with 60% EtOH to obtain 

an ethanolic extract. The dereplication process of the mixture and the identification of its 

constituents was performed by adopting a LC-MS/MS approach in the negative ion scan 

mode (Figure 2). As expected, the main components of the mixture were CBGA (1), m/z 359 

[M-H]- and CBG (2), m/z 315 [M-H]-. As reported in Table 1, injection of standards available 
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in our laboratories could provide unambiguous support to the assignment of some additional 

compounds, such as cannabielsoic acid (CBEA), cannabigeroquinone (14) and the 

prenylated flavonoids cannflavins A and B.22 The remaining compounds could only be 

identified after their isolation in the pure state and subsequent detailed NMR spectral 

investigation. To this aim, the extract was subjected to MPLC-DAD on a C18 cartridge followed 

by repeated HPLC purifications, guided by the preliminary LC profile, which resulted in the 

isolation of the nine phytocannabinoids not annotated in the preliminary LC-MS/MS analysis 

(Table 1), whose structures were assigned as the new compounds 5-13. All the detected 

phytocannabinoids are of the CBG type, except for CBDA (3) and CBD (4), the minor CBEA,23 

and the new compounds 12 and 13.  

 

Figure 2. Full scan LC-MS chromatogram (-)-ESIMS of the C. sativa extract 
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Table 1. Detected components of the C. sativa chemotype IV extract analyzed via LC-MS/MS 

and the main parameters supporting their identification. Compounds are listed in order of LC-
MS elution. All mass peaks are [M-H]- .  

 Family Assignment Formula 
Rt 

(min) 
Precursor 
ion (m/z) 

Identification 
criteria 

a Cannabinoids New cannabinoid C22H33O6 2.26 393.34  Isolation 

b Cannabinoids New cannabinoid C19H26O6 2.39 349.30  Isolation 

c Cannabinoids New cannabinoid C22H31O6 2.56 391.32  Isolation 

d Cannabinoids Cannabielsoic acid C22H29O5 2.87 373.31 Standard 

e Cannabinoids New cannabinoid C22H29O6 3.43 389.29 Isolation 

f Cannabinoids New cannabinoid C22H29O6 3.43 389.29 Isolation 

g Cannabinoids New cannabinoid C22H31O5 4.26 375.25 Isolation 

h Cannabinoids New cannabinoid C22H31O3 4.26 331.39 Isolation 

i Flavonoids Cannflavin B C21H19O6 4.55 367.25 Standard 

j Cannabinoids New cannabinoid C22H31O5 4.77 375.38 Isolation 

k Cannabinoids New cannabinoid C21H31O3 4.77 331.44 Isolation 

l Cannabinoids New cannabinoid C22H29O5 8.34 373.31 Isolation 

m Cannabinoids 2,3-epoxy cannabigerolic acid C22H31O4 9.15 375.34 
Putative 

assignment 

n Cannabinoids Cannabigeroquinone C21H29O3 9.32 329.33 Standard 

o Cannabinoids Cannabidiolic acid C22H29O4 10.52 357.41 
Standard - 
Isolation  

p  Flavonoids Cannflavin A C26H27O6 10.53 435.20 Standard 

q Cannabinoids Cannabidiol C21H29O2 11.31 313.50 
Standard - 
Isolation 

r Cannabinoids Cannabigerolic acid C22H31O4 11.31 359.34 
Standard - 
Isolation 

s Cannabinoids Cannabigerol C21H31O2 11.31 315.49 
Standard -  
Isolation  
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6’-Hydroxy-Δ7’,8’-dihydrocannabigerolic acid (5) was obtained as an optically inactive 

pale yellow amorphous solid with molecular formula C22H32O5, deduced by HR-ESIMS. The 

1H and 13C NMR spectra of 5 showed typical features of a CBGA-derivative, including one 

resorcinol signal, pentyl chain and monoterpenyl unit signals. However, resonances of this 

moiety showed significant differences compared to CBGA, since they included an sp3 

oxymethine (δH 4.06, δC 76.2) and an sp2 methylene (δH 4.82 and 4.90, δC 111.2) which 

pointed to a migration of the double bond to C-7’/C8’. This was confirmed by HMBC 

correlations (H3-10’ with C-7’, C-8’ and the oxygenated C-6’ and H2-5’ with C-7’) (Figure 3).  

 

Figure 3. Diagnostic 2D NMR COSY (bold), HMBC (arrows) and NOESY (dashed arrows) 
correlations of the terpenyl side chain detected for 5, 7, 8, 10.  
 

With the aid of the full network of COSY, HSQC and HMBC correlations (e.g., H3-9’ with 

C-2’, C-3’ and C-4’) the planar structure of the compound was confirmed and complete H/C 

NMR assignment was done. NOESY cross-peak H3-9’/H2-1’ was indicative of the E geometry 

of Δ2’,3’ double bond (Figure 3). Compound 5 is optically inactive and, therefore, it is a racemic 

mixture.  

Compound 6 was identified as the product of decarboxylation of 5 and, accordingly, its 

HR-ESIMS data were in agreement with the molecular formula C21H32O3, a CO2 unit less than 

5. 1H and 13C NMR spectra of 6 were almost identical to those of 5 (see Experimental Section), 

with the single exception of the presence of an additional aromatic signal in the 1H spectrum 
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(δH 6.23, 2H, bs), indicating the absence of the carboxylic group at C-2. Thus, compound 6 

was identified as (±)-6’-hydroxy-Δ7’,8’-dihydrocannabigerol. 

A molecular formula of C22H32O5, identical to that of 5, was determined by HR-ESIMS 

for compound 7. Based on their almost superimposable 1H and 13C NMR resonances, 7 was 

expected to be closely related to 5. Since the resonances of the olefinic proton and the allylic 

methyl (δH 5.29, H-2’; δH 1.71, H-9’) were different from those found in 5, a different 

configuration at the Δ2’,3’ double bond was hypothesized. The 2D NMR NOESY experiment 

showed the cross-peaks H-9’/H-2’ and H-1’/H-4’ (Figure 3), indicating a Z configuration at 

Δ2’,3. Thus, compound 7 was identified as a derivative of cannabinerolic acid, the Z isomer of 

cannabigerolic acid isolated by Taura et al. in 1995.24 

Compound 8, C22H30O5 by HR-ESIMS, evidenced an additional unsaturation degree 

compared to 5. A detailed analysis of its 1H and 13C NMR spectra (see Experimental Section), 

accomplished by inspection of 2D COSY and HSQC NMR spectra, revealed that compound 

8 shared with 5 all the carbon and proton resonances of pentyl and resorcinyl moieties, while 

it clearly differed for the terminal positions of the terpenyl moiety. The oxidation of the 

oxymethine (C-6’) to a ketone group and, thus, the presence of an α,β-unsaturated carbonyl, 

was suggested by NMR resonances of a sp2 methylene at δH 5.94 and 5.75 (both s, H-8’a, 

H-8’b) and of a conjugated ketone group at δC 201.3 (C-6’). These assignments were 

supported by the 2D HMBC spectrum (Figure 3), showing crucial correlations of H2-8’ with C-

6’, C-7’, and C-9’ and of H3-9’ with C-6’, C-7’, and C-8’, that allowed an unambiguous 

connection of the partial moieties and the structural assignment of the new 6’-oxo-Δ7’,8’-

dihydrocannabigerolic acid (8). 

Carmagerolic acid (9) was isolated as an optically inactive yellowish amorphous solid 

with the molecular formula C22H32O6 (HRESIMS). The geranyl residue of this CBG derivative 

showed the evidence of a dihydroxylation of the terminal double bond, which included an 

oxymethine resonance (δH 3.34, δC 78.3), a non-protonated oxygenated carbon (δC 73.0) and 
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two relatively downfield shifted methyl singlets at δH 1.19 and 1.15. The 2D NMR COSY and 

HSQC spectra allowed assignments of all the protons and corresponding carbon atoms of 9 

(see Experimental Section), that closely resembled those of the known phytocannabinoid 

carmagerol,25 isolated by Appendino et al. 2008. However, compound 9, in agreement with 

the molecular formula, showed an additional CO2 unit and only one resorcinol signal (δH 6.24, 

s, H-4) suggesting the acidic nature of the new dihydroxy phytocannabinoid, assigned as 

carmagerolic acid (9).  

Compound 10, C19H26O6 by HRESIMS, showed a shortened terpenyl side chain 

compared to the previous analogues. Inspection of the 1H and 13C NMR of 10 (see 

Experimental Section) by means of COSY and HSQC spectra indicated the presence of a 

single carbon-carbon double bond Δ2’,3’ in the monoterpenyl moiety, the lack of the isopropyl 

group, and the presence of a carboxylic resonance at δC 177.8 (C-6’). This latter was located 

at the terminus of a five-carbon terpenyl chain through the 2,3J HMBC cross-peaks (Figure 3) 

of the two mutually coupled methylenes H2-4’ (2.37, 2H, t, J = 7.2, 14.2 Hz) and H2-5’ (2.50, 

2H, t, J = 7.2, 14.2 Hz). Compound 10 could derive from the oxidative cleavage of terminal 

diol in carmagerolic acid (9). 

HR-ESIMS established the molecular formula of cyclocannabigerol B as C21H34O4 

(11), implying five degrees of unsaturation. Analysis of the 1H NMR data of 11 (CDCl3, Table 

2) in combination with the 2D NMR HSQC spectrum revealed the typical signals of pentyl and 

resorcinyl moieties and three methyl singlets resonating at δH 0.89 (H3-8’), δH 1.11 (H3-9’) and 

δH 1.21 (H3-10’), an oxymethine at δH 3.43 (H-6’) and seven well resolved multiplets between 

δH 1.62 and 2.71, suggesting a modified geranyl moiety.  
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Table 2.  1H (600 MHz) and 13C (150 MHz) NMR data of cyclocannabigerol B (11) in CDCl3 

position δC, type  δH, mult. (J in Hz) 

1 153.3, C  

2 106.6, CH 6.18, s 

3 142.1, C  

4 109.4, CH 6.24, s 

5 153.3, C  

6 106.4, C  

7   

1’ 17.45, CH2 
2.71, dd (4.9, 16.1) 
2.39, dd (3.0, 16.1) 

2’ 46.6, CH 1.66, dd (4.9, 13.4) 

3’ 76.1, C  

4’ 37.7, CH2 
1.98, dt (3.3, 6.9, 12.6) 
1.73, dd (3.3, 12.6) 

5’ 28.2, CH2 
1.85, m 
1.62, m 

6’ 78.1, CH 3.43, m 

7’ 38.6, C  

8’ 14.2, CH3 0.89, s 

9’ 27.2 CH3 1.11, s 

10’ 19.8, CH3 1.21, s 

1’’ 35.6, CH2 2.45, m 

2’’ 30.9, CH2 1.56, overlapped 

3’’ 31.6, CH2 1.29, overlapped 

4’’ 22.5, CH2 1.30, overlapped 

5’’ 14.0, CH3 0.89, t (7.1) 

 

With the aid of COSY correlations, all the proton multiplets of this moiety could be 

organized within two spin systems, spanning from H2-1’ to H-2’ and from H2-4’ to H-6’. 

Moreover, the 13C NMR spectrum of 11 (CDCl3, Table 3) suggested the presence in the 

terpene moiety of two unprotonated carbon atoms resonating at δC 76.1 and at δC 38.6. A 

series of key 2,3JH,C correlations evidenced by the HMBC spectrum were used to assemble 

the above fragments drawing the structure of a 1,3,3-trimethylcyclohexane-1,4-diol moiety. 

Particularly diagnostic were the HMBC correlations of H3-9’ with C-2’, C-3’ and C-4’ and of 

H3-8’ and H3-10’ with C-2’, C-6’ and C-7’, allowing the complete assignment of the proton and 

carbon resonances as reported in Table 2. Finally, cross peaks of the diastereotopic H2-1’ 



13 
 

with C-2’, C-3’ and C-7’ indicated the attachment of the terpene and resorcinyl moieties of 

cyclocannabigerol B (11). The relative configuration at the three stereogenic centers 

belonging to the dihydroxycyclohexyl moiety was assigned by means of diagnostic NOESY 

cross-peaks (H-2’/H-6’ and H3-9’/H-1’a) (Figure 4). The absence of optical activity indicated 

that 11 has been isolated as a racemic mixture. 

 

 

Figure 4. Left: diagnostic 2D NMR COSY (bold) and HMBC (arrows) correlations of 11; Right: 
key 2D NMR NOESY (dashed arrows) correlations detected for 11.  
 

 To the best of our knowledge, cyclocannabigerol B (11) is a new skeletal arrangement 

in the class of phytocannabinoids. A related compound, cannabigerol A, with an oxygen 

bridge between C-1 and C-3’ was prepared semisynthetically from CBG.19 A plausible 

mechanism for the formation of 11 involves water oxygen nucleophilic attack on the Δ2’,3’ 

double bond of an epoxydated cannabigerol, followed by a 6-exo-tet ring closure with 

formation of a bond between C-2’ and C-7’ (Figure 5).   

 

Figure 5. Postulated formation of cyclocannabigerol B (11). 

 The 1H and 13C NMR spectra of cannabifuranol A (12), C22H30O6 by HR-ESIMS, clearly 

differed to those of the CBGA/CBG analogues described before. In particular, the 1H NMR 
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spectrum of 12 (CDCl3, Table 3) included one resorcinol singlet (δH 6.32), typical signals of 

the pentyl side chain, while two relatively downfield-shifted methyl singlets (δH 1.80 and 2.04 

ppm), three 1H broad singlets at δH 4.75, 4.95 and 5.85 ppm and a series of multiplets 

between δH 1.67-3.47 should belong to the monoterpenyl unit. The 13C NMR data of 12 

(CDCl3, Table 3) showed a carboxylic acid resonance at δC 173.3, a ketone carbonyl at δC 

208.7, an acetal carbon at δC 105.3 and eight signals in the sp2 region. The combined 

inspection of 2D NMR COSY and HSQC spectra indicated two spin systems (highlighted in 

bold in Figure 6), namely the typical phenyl-linked pentyl moiety, and a C5 moiety spanning 

from the hemiacetal proton (δH 5.85) to methylene protons at C-4’ (δH 2.26 and 2.42). 

Furthermore, the 2D NMR HSQC spectrum indicated the presence of an olefinic methylene, 

associating the two singlets at δH 4.75 and 4.95 with the same carbon at δC 114.8. The 2D 

HMBC spectrum (Figure 6) provided the critical 2,3JH,C cross-peaks to assemble the above 

moieties. In particular, cross-peaks of H3-7’ with the ketone carbonyl (C-6’) and methylene C-

5’, along with those of the allylic H3-10’ with olefinic methylene moiety C-8’, C-9’ and the 

methine C-3’ disclosed the branched side chain structure. Finally, the key cross-peaks of H-

1’ with C-5 and C-6 indicated the presence of a γ-lactol with an oxygen atom connecting C-5 

and the hemiacetal carbon C-1’. Typical cross-peaks of the resorcinyl moiety (H-2’ with C-6 

and with the oxygen-bearing carbon atoms C-1/C-5 and H-1’’ with C-3, C-2 and C-4) 

completely defined the planar structure of cannabifuranol A (12).  

 

Figure 6. Left: diagnostic 2D NMR COSY (bold) and HMBC (arrows) correlations of 12/13; 
Right: key 2D NMR NOESY (dashed arrows) correlations for 12 and 13.  
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 Table 3. 1H (600 MHz) and 13C (150 MHz) NMR Data of Cannabifuranols A (12) and B (13) in CDCl3 

 

 

 The chromatographic purification afforded in pure form cannabifuranol B (13), that 

showed the same molecular formula (C22H30O6 by HRESIMS) and 1D NMR spectra almost 

superimposable to those of 12. The planar structure of 13 was disclosed to be the same as 

that of 12 through extensive inspection of 2D NMR spectra; thus, based on NOESY 

correlations, 13 was identified as the C-1’ epimer of 12. In particular, 12 and 13 shared the 

 12 13 

position δC, type δH, mult. (J in Hz)  δC, type  δH, mult. (J in Hz)  

1   144.7, C  144.4, C   

2 151.9, CH  151.7, C   

3   104.5, C   104.2, C  

4 105.8, CH  6.32, s 106.1, CH 6.35, s 

5 163.8, C  163.8, C  

6 110.6, C  111.2, C  

7 173.3, C  173.3, C  

1’ 104.2, CH 5.85, s 105.4, CH 5.81, s 

2’ 51.2, CH 3.47, m   50.5, CH 3.34, d (9.1) 

3’ 45.3, CH 2.67, dt (3.1, 6.6, 11.8)  48.8, CH 
2.31, m  

 

4’ 21.4, CH2 1.67, overlapped   24.4, CH2 
 1.85, overlapped 
1.94, overlapped  

 

5’ 41.9, CH2 
2.26, m 
2.42, m 

41.6, CH2 
2.31, m 
2.42, m 

6’ 208.7, C  209.0, C  

7’ 29.9, CH3 2.04, s 30.0, CH3 2.10, s 

8’ 144.8, C  144.8, C  

9’ 114.8, CH2 
4.75, s 
4.95, s 

114.8, CH2 
4.76, s 
4.92, s 

10’ 21.8, CH3 1.80, s 19.3, CH3 1.65, s 

1’’ 37.1, CH2 
2.87, m 
2.96, m 

37.1, CH2 2.91, m 

2’’ 31.4, CH2 1.58, overlapped 31.9, CH2 1.57, overlapped 

3’’ 31.9, CH2 1.33, overlapped 32.2, CH2 1.34, overlapped 

4’’ 22.5, CH2 1.33, overlapped 22.5, CH2 1.34, overlapped 

5’’ 14.0, CH3 0.89, overlapped 14.0, CH3 0.89, overlapped 
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NOE correlation H-2’/H3-10’, while H-1’ displayed NOE cross-peak with H3-10’ in 12 and with 

H-3’ in 13 (Figure 6). A very slow tendency to interconversion was observed for these two 

acetal epimers, and they remained unmodified after 48h in solution.  

 Cannabifuranols show an unprecedented phytocannabinoid structural architecture. 

They are likely formed from CBDA (3) which, after dihydroxylation and oxidative cleavage of 

the endocyclic double bond, should form a keto-aldehyde intermediate. This latter can give a 

stereoselective aldolization affording the cyclopentane of cannabimovone (15),26 or a 

nucleophilic addition of the resorcinol hydroxy to the aldehyde group C-1’ (Figure 7), affording 

cannabifuranols. The regiochemistry of this cyclization is likely guided by the intramolecular 

H-bond between the adjacent OH and COOH groups, leaving the OH group at position 5’ 

more prone to react. Interestingly, a parallel mechanism could be hypothesized for the 

formation of cannabicoumaronone (16)27 from THC (Figure 7).  

 In view of the plausibility of the biogenetic scheme, the absolute configuration at the 

stereogenic center C-2’ and C-3’ of 12 and 13 was assumed to be the same as that of CBDA. 
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Figure 7. Postulated biogenetic origin of cannabifuranols (12/13) and of the related 
cannabimovone (15) and cannabicoumaronone (16). 
 

 Pharmacological evaluation. CBG has a pharmacological profile that is well distinct 

from that of THC and CBD.28 CBG has a significantly lower affinity for both cannabinoid 

receptors (CB1 and CB2) compared to THC (5- and 27-fold, respectively). On the other hand, 

the profile of modulation of CBG on transient receptor potential (TRP) channels, a group of 

membrane proteins involved in the transduction of chemical and physical stimuli, is more 

similar to that of CBD. In particular, both CBD and CBG are able to activate TRP ankyrin 

(TRPA1), and TRP vanilloid (TRPV1, TRPV2, TRPV3 and TRPV4) channel sub-families, 

while they are antagonists of the melastatin (TRPM8) channel. Interestingly, it has been 

proposed that modulation of TRPs is not only implicated in the CBD analgesic activity but also 

in its antiepileptic activity.29 Since thermo-TRPs are involved in some of the major therapeutic 

areas where non-psychotropic phytocannabinoids have shown clinical efficacy (epilepsy) or 

potential effectiveness (neuropathic and chronic pain, inflammation), there was a strong 
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rationale to investigate the impact of chemical modifications on the TRPs modulation activity 

of the new CBG/CBD derivatives found in this study.  

 The pharmacological profile of the new phytocannabinoids has been investigated by 

fluorescence-based assay on both TRPA1 and TRPM8 receptor channels, two key drug 

targets for the treatment of neuropathic pain and migraine.30,31 Table 4 reports, for each tested 

compound, both efficacies and potencies at eliciting a TRPA1-mediated increase in Ca2+ 

influx and the desensitizing effect against allyl isothiocyanate (AITC) at this receptor channel 

and the inhibition of icilin-mediated activation of rat TRPM8 in transfected HEK-293 cell lines. 

 

Table 4. Efficacy, potency, and inhibitory effect on TRPA1 and inhibitory effect on TRPM8 
(expressed in HEK-293 human embryonic kidney) cells for tested compounds. 

aLiterature data taken from Chianese et al.7   

 

 Compounds 6, 7 and 14 showed the best dual activity profile as TRPA1 

activator/desensitizer and TRPM8 inhibitors. These compounds were also tested against 

 
Comp. 

TRPA1 
Efficacy 

(% AITC 100 μM) 

TRPA1 
Potency 
EC50 μM 

TRPA1 
Inhibition 
IC50 μM 

TRPM8 
Inhibition 
IC50 μM 

5 96.1 ± 2.7 12.1 ± 1.3 37.3 ± 0.52 10.4 ± 0.2 

(+)-(S)-5 31.0 ± 0.2 15.0 ± 0.4 > 50 33.0 ± 0.4 

(-)-(R)-5 68.5 ± 0.3 8.5 ± 0.1 > 50 5.2 ± 0.4 

6 75.3 ± 1.9 1.0 ± 0.1 7.9 ± 0.3 0.8 ± 0.02 

7 100.5 ± 1.6 6.9 ± 0.4 13.9 ± 0.8 4.0 ± 0.4 

9 84.1 ± 1.4 10.3 ± 0.7 25.1 ± 0.9 17.3 ± 2.4 

10 40.4 ± 1.2 28.3 ± 4.05 > 50 29.5 ± 0.1 

12 85.7 ± 1.2 8.8 ± 0.5 19.2 ± 0.4 8.0 ± 1.0 

13 91.5 ± 0.7 6.6 ± 0.2 17.9 ± 0.7 23.9 ± 1.4 

14 133.6 ± 4.4 7.8 ± 0.9 8.4 ± 0.6 3.0 ± 0.2 

CBGA (1) 182.8 ± 0.2 8.4 ± 3.5 7.14 ± 0.2 1.31 ± 0.1 

CBG (2) 99.9 ± 1.1 0.7 ± 0.03  13.0 ± 4.8 0.16 ± 0.02 

CBD (4)a 96.7 ± 1.4 0.48 ± 0.03 0.45 ± 0.01 2.8 ± 0.2 
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TRPV1 channel resulting inactive at this receptor (data not shown), thus confirming the 

selectivity toward TRPA1/TRPM8 channels. 

Since compounds 5-7 and 9 have been isolated and tested as racemic mixtures, it was 

interesting to evaluate the impact of absolute configuration on bioactivity. Due to the higher 

amounts isolated, compound 5 was selected for separation on a chiral column (Lux 3µ i-

Amylose-3), which provided the two enantiomers in pure form. Their absolute configuration 

was assigned on the basis of the comparison of their optical rotations with those of model 

compounds.32  

 Intriguingly, while the activity of the racemic 5 at TRPM8 was, as expected, lower than 

the most active enantiomer R, the opposite behavior is observed at TRPA1, where both 

enantiomers show an efficacy lower than the racemate, with 68% and 31% vs 96%. This trend 

is also observed for the desensitizing effect, which, although very weak, is still detectable for 

the racemate but not for the purified enantiomers. This interesting behavior suggests a 

synergistic action of the two compounds in eliciting TRPA1 modulation and is worthy of future 

studies.   

 To get insights into the putative binding modes of the three most active compounds (6, 

7 and 14) on both TRPA1 and TRPM8, a molecular docking study was carried out (see 

Supporting Information). 

 

CONCLUSIONS 

This study reports the first detailed phytochemical profile of the CBG-rich chemotype IV. 

Since in this chemotype THCA-synthase is not expressed and the conversion of CBGA into 

CBDA is largely inhibited, the extract was dominated by CBGA/CBG and several new CBGA 

analogues were found, spanning from the simple products of hydroxylation to side chain 

cleaved analogues and including the cyclized cyclocannabigerol B (11), that showed a novel 

phytocannabinoid skeleton. As expected, lower amounts of CBDA/CBD were also isolated 
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and these are the likely precursors of cannabifuranols (12 and 13), also including an 

unprecedented structural arrangement in the class of phytocannabinoids.     

 Since the TRPA1/TRPM8 modulation is one of the most characteristic biological traits 

of CBG, the analogues isolated in sufficient amounts were assayed for TRPA1 agonism and 

TRPM8 antagonism. While compounds 6, 7 and 14 showed the better dual and selective (no 

action on TRPV1) activity, separation of the two enantiomers of 5 on a chiral column allowed 

to evidence the role of stereospecific interactions with the TRPM8 binding site and the 

synergistic effect of the two enantiomers on TRPA1.  

 

 EXPERIMENTAL SECTION 

General Experimental Procedures. Optical rotations (CH3OH) were measured at 589 

nm on a P2000 Jasco (Jasco Europe s.r.l., Cremella, Italy) polarimeter. HR-ESIMS 

experiments were performed on a LTQ-Orbitrap mass spectrometer equipped with an ESI 

interface and Excalibur data system. 1H (400, 600 and 700 MHz) and 13C (100, 150 and 175 

MHz) NMR spectra were measured on a Bruker Avance spectrometer (Bruker®, Billerica, 

MA, USA). Chemical shifts are referenced to the residual solvent signal (CDCl3: δH 7.26 ppm, 

δC 75.0 ppm). Homonuclear 1H connectivities were determined by COSY (COrrelation 

SpectroscopY) experiments. Through-space 1H connectivities were evidenced using a 

NOESY (Nuclear Overhauser Enhancement SpectroscopY) experiment with a mixing time of 

300 ms. One-bond heteronuclear 1H−13C connectivities was determined by the HSQC 

(Heteronuclear Single Quantum Correlation) experiment: two- and three-bond 1H−13C 

connectivities by gradient-HMBC (Heteronuclear Multiple Bond Correlation) experiments 

optimized for a 2,3J of 8 Hz. MPLC-DAD separations were performed on an Interchim® 

instrument, puriFlash XS 520 Plus, (Sepachrom s.r.l., Milan, Italy) using Purezza®-Daily C18 

cartridge 60Å 50 µm - Size 330 (475 g), and Purezza®-SpheraPlus cartridge C18 100Å 25 µm 

- Size 25 (33 g) and 12 (20 g). RP-HPLC separations were performed on an Agilent 
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instrument, using 1260 Quat Pump VL system, equipped with a 1260 VWD VL UV-vis 

detector, and a Knauer 1800 apparatus equipped with a refractive index detector using Luna 

10µm C18 (2) 100Å 250 x 10 mm,  Kinetex 5µm Biphenyl 100Å 250 x 4.6 mm, Kinetex 2.6 µm 

C18 (2) 100Å 100 x 4.6 mm, and Lux 3µ i-Amylose-3 250 x 4.6 mm columns  (Phenomenex, 

Torrance, CA, USA) and a Rheodyne injector. For all RP-HPLC-UVvis separations, the UV 

detection wavelength was set at 275 nm. Thin-layer chromatography (TLC) was performed 

on plates coated with silica gel 60 F254 Merck, 0.25 mm. Chemicals and solvents were from 

Merck Life Science S.r.l. and were used without any further purification unless stated 

otherwise. 

Plant material. The CBG-rich chemotype IV of Cannabis sativa L. (monoecious 

cultivar of industrial hemp), Enectarol variety, was supplied by “Canvasalus Research S.r.l.” 

(Monselice, Italy). The biomass was collected at the late flowering phase, air dried to complete 

the drying phase and stored in paper bags at room temperature. A voucher sample is stored 

at Indena spa (1197/26A). 

Extraction and Isolation. The Cannabis sativa L. biomass was previously ground 

with a 10 mm grid and poured in a jacketed percolator. The biomass was covered with 60% 

EtOH (6 – 7 vol) and the extraction was carried out in static conditions at 50 °C for 4 hours. 

After having discharged the leachate, an additional extraction was carried out at the same 

experimental conditions. The leachates were filtered, combined, concentrated and dried in a 

static dryer at 50 °C under vacuum overnight to yield C. sativa extract with a w/w process 

yield around 10%. The extract (19 g) was subjected to a first chromatographic purification by 

MPLC-DAD on a Cartridge C18 60Å 50 µm - Size 330 (475 g) – Column Volume (CV) 430 mL. 

The mobile phase was a mixture of A: water with a 0.1% formic acid, B: MeCN and C: MeOH 

with the following gradient method: from 60% A- 35% B -5% C to 0% A- 95% B- 5% C in 26 

CV, flow rate was 50.0 mL/min. The UV detection wavelength was set at 275 nm. This 

separation afforded 21 fractions (labeled A-Z), and a series of fractions needed further 
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purifications on MPLC and HPLC. Fraction F (eluted with a mixture of 40% A – 55% B - 5% 

C) was re-chromatographed by RP-MPLC on a C18 cartridge 100Å 25 µm - Size 25 (33 g), 

Column Volume (CV) 32 mL. The mobile phase was a mixture of A: water with 0.1% formic 

acid and B:MeOH, using an elution gradient from 85% A – 15% B for CV1-3, from 15% B to 

45% B for CV4-10, hold for CV11-15, then from 45% B to 55% B for CV16-20, subsequently 

from 55% B to 95% B for CV21/28, and, finally, hold for CV28-33. The UV detection 

wavelength was set at 275 nm and the flow rate was 15.0 mL/min. This separation yielded 14 

fractions labeled (F1-F14). Fraction F6 (eluted with a mixture of 30% A - 70% B) was re-

chromatographed by RP-HPLC-UV on a Kinetex 5µ Biphenyl 100Å 250x4.6mm using an 

isocratic eluent H2O + 0.1% HCOOH:MeCN:MeOH = 65:30:5, flow rate 0.8 mL/min affording 

12 (2.0 mg, Rt 59.1 min). Fraction F7 (eluted with a mixture of 20% A - 80% B) was separated 

by RP-HPLC-IR on a Kinetex 5µ Biphenyl 100Å 250x4.6mm using an isocratic eluent H2O + 

0.1% HCOOH:MeCN:MeOH = 50:45:5, flow rate 1.0 mL/min, yielding 10 (1.6 mg, Rt 9.99 

min), CBEA (2.0 mg, Rt 11.55 min), and 13 (1.5 mg, Rt 14.00 min). Fraction H (eluted with a 

mixture of 30% A – 65%  B - 5%C) was separated by RP-HPLC-UV on a Luna 10 µm C18 (2) 

100Å 250 x 10 mm using an isocratic eluent H2O + 0.1% HCOOH:MeOH = 20:80, flow rate 

3.0 mL/min, affording 6 (6.3 mg, Rt 8.99 min), 5 (17.0 mg, Rt 12.65 min) and 7 (2.2 mg, Rt 

13.00 min) and 14 (2.0 mg, Rt 14.00 min). Fraction I (eluted with a mixture of 30% A – 65% B 

- 5% C) was separated by RP-HPLC-UV on a Luna 10 µm C18 (2) 100Å 250 x 10 mm. The 

isocratic mobile phase was a mixture of A (water with a 0.1% formic acid), B (MeCN) and C 

(MeOH), which eluted in the ratio A:B:C = 40:55:5, flow rate 3.0 mL/min, affording 9 (8.0 mg, 

Rt 9.29 min) and nine additional fractions (labeled I2-I10). Fraction I10 (Rt 24.70 min) was re-

chromatographed elution of H2O+0.1% HCOOH:MeCN:MeOH = 55:40:5, flow rate 0.5 

mL/min, to afford 11 (0.4 mg, Rt 34.1 min) and 8 (0.3 mg, Rt 44.48 min).  

6’-hydroxy-Δ7’,8’-dihydrocannabigerolic acid (5): yellowish amorphous solid. [α]D =  0  (c 0.7, 

MeOH); 1H NMR (CDCl3, 400 MHz) δ 6.24 (1H, s, H-4), 5.31 (1H, t, J = 7.0, 13.4 Hz, H-2’), 
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4.90 (1H, s, H-8’a), 4.82 (1H, s, H-8’b), 4.06 (1H, t, J = 6.0 Hz, H-6’), 3.41 (1H, d, J = 7.0 Hz, 

H-1’),  2.85 (2H, t, J = 8.0, 15.2 Hz, H-1”), 2.10 (2H, m, H-4’), 1.83 (3H, s, H-9’), 1.71 (3H, 

overlapped, H-10’), 1.55 (2H, m, H-2”), 1.32 (4H, overlapped, H-3”-4”), 0.89 (3H, overlapped, 

H-5”); 13C NMR (CDCl3, 100 MHz) δ 175.3 (C-7, COOH), 163.6 (C-5, C), 160.0 (C-1, C), 147.3 

(C-3, C), 147.2 (C-7’, C), 137.6 (C-3’, C), 122.6 (C-2’, CH), 111.8 (C-6, CH), 111.2 (C-8’, 

CH2), 111.1 (C-4, CH), 103.7 (C-2, C), 76.1 (C-6’, CH), 36.6 (C-1”, CH2), 36.1 (C-4’, CH2), 

32.2 (C-5’, CH2), 32.0 (C-3”, CH2), 31.4 (C-2”, CH2), 22.5 (C-4”, CH2), 22.3 (C-1’, CH2),  17.7 

(C-10’, CH3), 16.6 (C-9’, CH3), 14.0 (C-5”, CH3). HR-ESIMS found m/z [M+Na]+ 399.2140 

(calcd. for C22H32O5Na, 399.2142). 

The racemic mixture of compound 5 (3.0 mg) was separated by RP-CHIRAL-HPLC-UV on a 

Lux 3µ i-Amylose-3 250 x 4.6mm using an isocratic eluent H2O + 0.1%HCOOH:MeCN = 50:45 

to yield (+)-S-5 (1.3 mg, Rt 41.75 min) and (-)-R-5 (1.6 mg, Rt 43.03 min).  

6’-hydroxy-Δ7’,8’-dihydrocannabigerol (6): yellowish amorphous solid. [α]D = 0  (c 0.2, MeOH); 

1H NMR (CDCl3, 600 MHz) δ 6.23 (2H, s, H-4, H-6), 5.31 (1H, t, J = 14.0 Hz, H-2’), 4.93 (1H, 

s, H-8’a), 4.84 (1H, s, H-8’b), 4.05 (1H, t, J = 12.2 Hz, H-6’), 3.38 (1H, d, J = 7.0 Hz, H-1’), 

2.45 (2H, t, J = 7.8, 15.2 Hz, H-1”), 2.10 (2H, m, H-4’), 1.83 (3H, s, H-9’), 1.71 (3H, s, H-10’), 

1.58 (2H, overlapped, H-2”), 1.31 (4H, overlapped, H-3”-4”), 0.89 (3H, m, H-5”);13C NMR 

(CDCl3, 150 MHz) δ 154.8 (C-1, C-5, C), 147.5 (C-7’, C), 143.1 (C-3, C), 138.3 (C-3’, C), 

122.0 (C-2’, CH), 111.1 (C-8’, CH2), 110.7 (C-6, C), 108.3 (C-2, C-4, CH), 74.8 (C-6’, CH), 

35.8 (C-4’, CH2), 35.6 (C-1”, CH2), 32.9 (C-5’, CH2), 31.2 (C-3”, CH2), 30.8 (C-2”, CH2), 22.4 

(C-4”, CH2), 22.1 (C-1’, CH2), 17.7 (C-10’, CH3), 16.6 (C-9’, CH3), 14.0 (C-5”, CH3). HR-ESIMS 

found m/z [M+Na]+  355.2248 (calcd. for C21H32O3Na, 355.2244). 

6’-hydroxy-Δ7’,8’-dihydrocannabinerol (7): yellowish amorphous solid. [α]D = 0 (c 0.12 , MeOH); 

1H NMR (CDCl3, 400 MHz) δ 6.26 (1H, s, H-4), 5.29 (1H, t, J = 7.0 Hz, 14.0, H-2’), 4.98 (1H, 

s, H-8’a), 4.86 (1H, s, H-8’b), 4.07 (1H,  dd, J = 4.2, 9.0 Hz, H-6’), 3.43 (1H, d, J = 7.0 Hz, H-
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1’),  2.86 (2H, br s, H-1”), 2.20 (1H, overlapped, H-4’a), 2.17 (1H, overlapped, H-4’b),  1.76 

(3H, s, H-10’), 1.71 (3H, s, H-9’), 1.67 (1H, overlapped, H-5’a), 1.65 (1H, overlapped, H-

5’b),1.55 (2H, m, H-2”), 1.32 (4H, overlapped, H-3”-4”), 0.89 (3H, overlapped, H-5”); 13C NMR 

(CDCl3, 100 MHz) δ 173.3 (C-7, COOH), 160.1 (C-1, C-5, C), 147.3 (C-3, C), 147.2 (C-7’, C), 

137.5 (C-3’, C), 123.3 (C-2’, CH), 111.8 (C-6, CH), 110.9 (C-8’, CH2), 110.9 (C-4, CH), 103.1 

(C-2, C), 76.51 (C-6’, CH), 36.6 (C-1”, CH2), 31.9 (C-3”, CH2), 31.4 (C-2”, CH2), 27.5 (C-4’, 

CH2), 26.1 (C-5’, CH2), 23.0 (C-9’, CH3),  22.5 (C-4”,CH2), 21.8 (C-1’, CH2), 18.1 (C-10’, CH3), 

14.0 (C-5”, CH3). HR-ESIMS found m/z 399.2150 [M+Na]+  (calcd. for C22H32O5Na, 399.2142). 

6’-oxo-Δ7’,8’-dihydrocannabigerolic acid (8): colourless amorphous solid. 1H NMR (CDCl3, 700 

MHz) δ 6.24 (1H, s, H-4), 5.94 (1H, s, H-8’a), 5.75 (1H, s, H-8’b), 5.27 (1H, t, J = 7.3, Hz, H-

2’), 3.42 (1H,  m, H-1’), 2.86 (2H, t, J = 7.7, Hz, H-1”),  2.80 (1H, t, J = 8.0 Hz, H-5’a), 2.45 

(1H, m, H-5’b), 2.34 (2H, m, H-4’),  1.84 (3H, s, H-10’), 1.82 (3H, s, H-9’), 1.56 (2H, m, H-2”), 

1.32 (4H, overlapped, H-3”-4”), 0.89 (3H, overlapped, H-5”); 13C NMR (CDCl3, 175 MHz) δ 

201.3 (C-6’, CO), 173.9 (C-7, COOH), 163.9 (C-5, C), 160.2 (C-1, C), 146.9 (C-3, C), 144.8 

(C-7’, CH), 136.8 (C-3’, C), 124.6 (C-8’, CH2), 121.9 (C-2’, CH), 111.3 (C-6, C), 111.1 (C-2, 

C), 109.4 (C-4, CH), 36.6 (C-1”, CH2), 35.8 (C-5’, CH2), 34.0 (C-4’, CH2), 31.7 (C-3”, CH2), 

31.2 (C-2”, CH2),  22.5 (C-4”,CH2), 22.0 (C-1’, CH2), 17.6 (C-10’, CH3), 16.3 (C-9’, CH3), 14.1 

(C-5”, CH3). HR-ESIMS found m/z 397.1988 [M+Na]+ (calcd. for C22H30O5Na, 397.1985). 

Carmagerolic acid (9): yellowish amorphous solid. [α]D =  0  (c 0.2, MeOH); 1H NMR (CDCl3, 

600 MHz) δ 6.24 (1H, s, H-4), 5.32 (1H, t, J = 6.8, 14.4 Hz, H-2’), 3.41 (2H, d, J = 6.8 Hz, H-

1’), 3.34 (1H, d, J = 10.2 Hz, H-6’), 2.86 (2H, t, J = 7.7 Hz, H-1”), 2.27 (1H, m, H-4’a), 2.15 

(1H, m, H-4’b), 1.83 (3H, s, H-9’), 1.59 (1H, overlapped, H-5’a), 1.56 (2H, overlapped, H-2”), 

1.43 (1H, overlapped, H-5’b), 1.32 (4H, overlapped, H-3”-4”), 1.19 (3H, s, H-10’), 1.15 (3H, s, 

H-8’), 0.89 (3H, m, H-5”); 13C NMR (CDCl3, 150 MHz) δ 174.2 (COOH), 163.6 (C-1, C), 159.8 

(C-5, C), 146.8 (C-3, C), 137.9 (C-3’, C), 122.3 (C-2’, CH), 111.8 (C-6, C), 110.8 (C-4, CH), 
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103.2 (C-2, C), 78.3 (C-6’, CH), 73.0 (C-7’, C), 36.8 (C-4’, CH2), 36.5 (C-1”, CH2), 31.9 (C-3”, 

CH2), 31.5 (C-2”, CH2), 29.6 (C-5’, CH2), 26.4 (C-10’, CH3), 23.2 (C-8’, CH3), 22.5 (C-4”, CH2), 

22.0 (C-1’, CH2), 16.6 (C-9’, CH3), 14.0 (C-5”, CH3). HR-ESIMS found m/z 417.2244 [M+Na]+ 

(calcd. for C22H32O6Na, 417.2248). 

Compound 10: yellowish amorphous solid. [α]D = 0 (c 0.16, MeOH); 1H NMR (CDCl3, 600 

MHz) δ 6.23 (1H, s, H-4), 5.32 (1H, t, J = 6.7 Hz, H-2’), 3.39 (2H, d, J = 6.7 Hz, H-1’), 2.81 

(2H, t, J = 7.7, 15.3 Hz, H-1”), 2.50 (2H, t, J = 7.2 Hz, H-5’), 2.37 (2H, t, J = 7.2 Hz, H-4’), 1.83 

(3H, s, H-7’), 1.58 (2H, overlapped, H-2”), 1.36 (4H, overlapped, H-3”-4”), 0.89 (3H, m, H-5”); 

13C NMR (CDCl3, 150 MHz) δ 177.8 (C-6’, COOH), 174.7 (C-7, COOH), 163.8 (C-5, C), 159.5 

(C-1, C), 147.7 (C-3, C), 135.2 (C-3’, C), 122.9 (C-2’, CH), 111.7 (C-6, C), 110.8 (C-4, CH), 

103.7 (C-2, C), 36.5 (C-1”, CH2), 34.3 (C-4’, CH2), 32.1 (C5’, C-3”, CH2), 31.3 (C-2”, CH2), 

22.5 (C-4”, CH2), 21.9 (C-1’, CH2), 16.1 (C-7’, CH3), 14.1 (C-5”, CH3). HR-ESIMS found m/z 

373.1616 [M+Na] + (calcd. for C19H26O6Na, 373.1622). 

Cyclocannabigerol B (11):  colourless amorphous solid. [α]D = 0 (c 0.04, MeOH) 1H NMR 

(CDCl3, 600 MHz) and 13C NMR (CDCl3, 150 MHz) Table 2; HR-ESIMS found m/z 351.2504 

[M+H]+ (calcd. for C21H35O4, 351.2510). 

Cannabifuranol A (12): yellowish amorphous solid. [α]D = + 12.4 (c 0.33, MeOH) 1H NMR 

(CDCl3, 600 MHz) and 13C NMR (CDCl3, 150 MHz) Table 3; HR-ESIMS found m/z 413.1922 

[M+Na]+ (calcd. for C22H30O6Na, 413.1935). 

Cannabifuranol B (13): yellowish amorphous solid. [α]D = -14.8 (c 0.15, MeOH) 1H NMR 

(CDCl3, 600 MHz) and 13C NMR (CDCl3, 150 MHz) Table 3; HR-ESIMS found m/z 413.1924 

[M+Na]+ (calcd. for C22H30O6Na, 413.1935). 

LC-MS/MS analysis. All LC-MS and LC-MS/MS experiments were performed on a 

Thermo LTQ-XL ion trap mass spectrometer (Thermo Fisher Scientific Spa, Rodano, Italy) 
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coupled to a Thermo ultimate 3000 HPLC system (Agilent Technology, Cernusco sul Naviglio, 

Italy). The LC-MS method was carried out on a Kinetex 2.6 µ POLAR C18 100Å (100 x 3mm) 

column (Phenomenex, Torrance, CA, USA), using 0.1 % V/V of HCOOH in H2O (solvent A) 

and CH3CN (solvent B) as mobile phase. The gradient elution was optimized as follows: 50% 

B 3 min, 50% to 95% B over 20 min, hold 2 min, followed by 5 min of initial conditions. The 

total run time, including column wash and equilibration was 28 minutes. The flow rate 0.5 

mL/min. Injection volume was 5 µL. The MS and MSn spectra, in negative mode, were 

recorded in Data Dependent Acquisition mode inducing fragmentation of the most intense 5 

peaks for each scan. Source conditions were: spray voltage 2.9 kV; capillary voltage: 25 V; 

source temperature: 320 °C; normalized collision energy: 25. The acquisition range was m/z 

150–1500.  

TRP assay. Effects of compounds on intracellular Ca2+ concentration ([Ca2+]i) were 

determined using the selective intracellular fluorescent probe for Ca2+, Fluo-4. Assays of rat 

TRPA1 and TRPM8 or human TRPV1 mediated elevation of intracellular Ca2+ in transfected 

HEK-293 cells were performed as described33 with a continuous monitoring of Ca2+ 

concentration during the experiments. Briefly, human embryonic kidney (HEK-293) cells, 

stably transfected with rat TRPA1, rat TRM8 or human TRPV1 (selected by geneticin 600 μg 

mL−1) or not transfected, were cultured in EMEM + 2 mM glutamine + 1% non-essential amino 

acids +10% FBS and maintained at 37 °C with 5% CO2. TRP-HEK-293 cells express stably 

high levels of TRP transcripts, while these transcripts were virtually absent in wild-type HEK-

293 cells as checked by real-time PCR. On the day of the experiment, the cells were loaded 

for 1 h in the dark at room temperature with Fluo-4 AM (4 μM in DMSO containing 0.02% 

Pluronic F-127). The cells were rinsed, resuspended in Tyrode’s solution (145 mM NaCl, 2.5 

mM KCl, 1.5 mM CaCl2, 1.2 mM MgCl2, 10 mM D-glucose, and 10 mM HEPES, pH 7.4), and 

transferred to a quartz cuvette of a spectrofluorimeter (PerkinElmer LS50B; λEX = 488 nm, 

λEM = 516 nm) equipped with a PTP-1 fluorescence Peltier system (PerkinElmer Life and 
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Analytical Sciences, Waltham, MA, USA) under continuous stirring. Cell fluorescence before 

and after the addition of various concentrations of test compounds was measured normalizing 

the effects against the response to ionomycin (4 μM). The values of the effect on [Ca2+]i in 

HEK-293 cells not transfected are used as baseline and subtracted from the values obtained 

from transfected cells. For TRPA1, agonist efficacy was expressed as a percentage of the 

effect on [Ca2+]i observed with 100 μM allylisothiocyanate. The potency of the compounds 

(EC50 values) is determined as the concentration required to produce half-maximal increases 

in [Ca2+]i.  Antagonist/desensitizing behavior is evaluated against the agonist of the TRP 

analyzed by adding the compounds directly in the quartz cuvette 5 min before stimulation of 

cells with the agonist. Allylisothiocyanate (100 μM) was used for TRPA1, capsaicin (0.1 μM) 

for TRPV1 and icilin (0.25 μM) for TRPM8. The IC50 value is expressed as the concentration 

exerting a half-maximal inhibition of agonist effect, taking as 100% the effect on [Ca2+]i 

exerted by the agonist alone. Dose−response curve fitting (sigmoidal dose−response variable 

slope) and parameter estimation were performed with Graph-Pad Prism9 (GraphPad 

Software Inc., San Diego, CA, USA). All determinations were performed at least in triplicate. 
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