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A B S T R A C T

Although Cannabis sativa L. is well known for being prolific in phytocannabinoids, their biosynthetic modular 
mechanism is ruled by a main enzyme: the geranyltransferase able to pursue the C-isoprenylation of olivetolic 
acid with the geranyldiphosphate. However, the existence of more than 160 meroterpenoids can be partially 
explained by a side degree of promiscuity of the geranyltransferase itself, able to recognise different substrate 
than the ordinary ones. This biological process led to the identification of several unconventional phytocanna
binoids with a limited distribution in the plant both for occurrence and concentration. Taking advance of the 
existing synthetic protocols and using as example the enzymatic promiscuity, we propose a bio-inspired synthesis 
of naturally occurring minor cannabinoids related to the cannabigerol-type and their preliminary biological 
inspection in U87, U251 and T98 human glioblastoma cell lines to investigate their potential contribute as 
supplement in anticancer therapy.

1. Introduction

The relevance of Cannabis sativa L. is rising at exponential grade 
fostered by the recent progress in academic and clinical field [1]. 
Pharmacologically, research is undoubtedly focused on cannabidiol 
(CBD) and Δ9-tetrahydrocannabinol (Δ9-THC). On the other side, the 
requirement of pure CBD and Δ9-THC along with the deep phyto
chemical investigation of different chemotypes of the plant, led to dis
covery several minor phytocannabinoids which interest is rapidly 
growing together with their medicinal evaluation [2].

The modular mechanism ruling the phytocannabinoids metabolism 
consists in the C-isoprenylation of the polyketide core olivetolic acid 
with the geranyldiphosfate by the enzyme geranyldiphosphate:oliveto
late geranyltransferase identifying cannabigerolic acid (CBGA) as the 
first phytocannabinoid with the lowest degree of oxidation. The sec
ondary action of oxidative cyclase on the linear terpenyl moiety leads to 
cannabichromenic acid (CBCA), cannabidiolic acid (CBDA) and tetra
hydrocannabinolic acid (Δ9-THCA) from CBGA (Fig. 1) [3]. However, 

the astonishing ability of cannabis to biosynthesise more than 160 
meroterpenoids can be partially endowed by the enzymatic promiscuity 
of the geraniltransferase able to recognise different starting moieties 
composing the primary phytocannabinoid scaffolds: the para-oriented 
isoprenyl residue, the resorcinoid core with different aliphatic side 
chains (Fig. 1) [3,4].

It has been reported that the enzyme geranyltransferase, in addition 
to gernyldiphosphate, can recognise its oligomers neryldiphosphate and 
the (2E, 6E)-farnesyldiphosphate as isoprenyl substrate with the 
resulting cannabinerol 1 (CBNR) [5,6] and sesqui-CBG 2 [7]. Moreover, 
the characterization of viridines, the propyl-cannabinoids, demon
strated that these compounds are the result of the C-isoprenylation by 
the geranyltransferase with another polyketide precursor: the divar
inolic acid [8,9]. Same metabolic approach can be assumed for the CBG 
3 butyl homologues cannabigerobutol 4 (CBGB) [10], Δ9-tetrahy
drocannabutol, and cannabidibutol [11]. Finally, the recent identifica
tion of the cannabidiphorol and Δ9-tetrahydrocannabiphorol with a n- 
heptyl side chain suppose the existence of cannabigerophorol 5 (CBGP) 
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[12].
The chemical diversity of these unusual phytocannabinoids could be 

a useful tool to investigate a biological vast area still unexplored. Any
way, these unconventional compounds have a limited distribution in 
Cannabis sativa both for occurrence and concentration [2], and an 
isolation process from vegetable material is not convenient. Taking 
advance of the synthesis proposed by Jentsch and colleagues [13] and 
using as example the enzymatic promiscuity, we propose a bio-inspired 
synthesis of rare cannabinoids (Fig. 2) related to the CBG-type as 
alternative strategy to provide sufficient material to support biological 
inspection. The synthetized cannabinoids have been tested in U87, U251 
and T98 human glioblastoma (GBM) cell lines to investigate their po
tential contribute as supplement in anticancer therapy, as suggested by 
the results obtained from recent clinical trials on glioblastoma treatment 
with a combination of Δ9-THC and CBD [14].

2. Materials and methods

2.1. General experimental procedures

Silica gel 60 (0.063–0.200 mm) and Celite® 545 (0.02–0.1 mm), 
used for low-pressure liquid chromatography (LPC), were purchased 
from Macherey-Nagel (Düren, Germany), acidic alumina SepaFlash® 
50–70 μm was purchased from Sepachrom srl (Rho, Italy). Purifications 
were monitored by TLC 60 F254 (0.25 mm) plates purchased from 
Merck (Darmstadt, Germany) and visualized by staining with 5 % H2SO4 
in EtOH and heating. Organic solvents and reagents were purchased 
from Sigma-Aldrich (Milan, Italy). A HPLC JASCO Hichrom silica (250 
× 25 mm), UV–vis detector-2075 plus (Oklahoma, Japan) was used. 1H 
(400 and 600 MHz) and 13C NMR (100 MHz) spectra were measured on 
Bruker 400 spectrometers (Bruker, Billerica, MA, USA). Chemical shifts 
were referenced to the residual solvent signal (CDCl3: δH = 7.26, δC =

77.0).

2.2. MTT assay

3 × 104 cells/mL were seeded in a 96-well plate. The following day, 

compounds or vehicles were added, and six replicates were used for each 
treatment. At 24 h post-treatment, cell viability was analyzed, by MTT 
assay. The absorbance of the sample was measured at 570 nm using an 
ELISA reader microliter plate (BioTek Instruments, Winooski, VT, USA).

Statistical Analysis. The data presented represent the mean and 
standard deviation (SD) of at least 3 independent experiments. The 
statistical significance was determined by two-way Anova followed by 
Dunnett’s multicomparison test using the GraphPad 9.0.1 software.

3. Synthesis of synthons

3.1. Synthesis of 5-butyl resorcinol 17

1-iodo-3,5-dimethoxybenzene 12. To a solution of 3,5-dimethoxyani
line (11, 6.0 g, 1 M equival) in water (60 mL), conc. H2SO4 (6.0 mL) 
and NaNO2 (4.05 g, 1.5 M equival) were added at 0 ◦C and stirred for 20 
min before dilution with diethyl ether and addition of KI (20 g, 117.5 
mmol). The reaction is then stirred at RT for 12 h, followed by TLC 
(silica, Pe/EtOAc 90:10) monitoring the disappearance of 11 and 
quenched by dilution with 25 % Na2S2O3 solution, HCl 1 M and NaOH 2 
M and extracted with diethyl ether. The organic phase is dried (Na2SO4), 
filtered and evaporated at reduced pressure. The residue is purified by 
LPC on silica (200 g, petroleum ether-EtOAc gradient from 100:0 to 
80:20) to afford 6.80 g of 1-iodo-3,5-dimethoxybenzene (12, 65 % based 
on conversion of 11 as white powder).

1-iodo-3,5-dimethoxybenzene 12: white powder; formula C8H9IO2; 
MW = 264.06; 1H NMR (400 MHz; CDCl3): 6.88 (2H, d, J = 2.7 Hz, H-2, 
H-6); 6.43 (1H, t, J = 2.1 Hz, H-4); 3.79 (6H, s, OCH3).

1-[2-(trimethylsilyl)ethinyl]-3,5-dimethoxybenzene 13. To a solution of 
1-iodo-3,5-dimethoxybenzene (12, 6.80 g, 1 M equival) in toluene (100 
mL), in the following order are added: CuI (489 mg, 0.1 M equival), TEA 
(75 mL, 22 M equival), TMSA (10.79 mL, 3 M equival) and Pd(PPh4)3 
(893 mg, 0.03 M equival). The reaction is stirred at 60 ◦C, followed by 
TLC (silica, petroleum ether-EtOAc 90:10) monitoring the disappear
ance of 12. After 24 h, the reaction is quenched by dilution with sat. 
NH4Cl, the organic phase is dried (Na2SO4), filtered and evaporated at 
reduce pressure. The residue is purified by LPC on silica (160 g, 

Fig. 1. Biosynthesis of CBGA, CBCA, CBDA and D9-THCA.
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petroleum ether-EtOAc gradient from 100:0 to 80:20) to afford 4.65 g of 
1-[2-(trimethylsilyl) ethinyl]-3,5-dimethoxybenzene (13, 77 % based on 
the conversion of 12 g).

1-[2-(trimethylsilyl)ethinyl]-3,5-dimethoxybenzene 13: white powder; 
formula C13H18O2Si; MW = 234.37; 1H NMR (400 MHz; CDCl3): 6.65 
(2H, d, J = 2.9 Hz, H-2, H-6); 6.47 (1H, t, J = 2.7 Hz, H-4); 3.80 (6H, s, 
OCH3); 0.28 (9H, s, Si(CH3)3).

1-(2-ethinyl)-3,5-dimethoxybenzene 14. To a solution of 1-[2-(trime
thylsilyl) ethinyl]-3,5-dimethoxybenzene (13, 4.65 g, 1 M equival) in 
anhydrous MeOH (100 mL), 3.55 g of K2CO3 (3.55 g, 1.3 M equival) is 
added. The reaction is stirred at RT, followed by TLC (silica, petroleum 
ether-EtOAc 90:10) monitoring the disappearance of 13. After 72 h, the 
reaction is quenched by dilution with sat. NaHCO3. The organic phase is 
dried (Na2SO4), filtered and evaporated at reduce pressure. The residue 
is crystallized with petroleum ether to afford 2.73 g of 1-(2-ethinyl)-3,5- 
dimethoxybenzene (14, 85 % based on the conversion of 13).

1-(2-ethinyl]-3,5-dimethoxybenzene 14: white powder; formula: 
C10H10O2; MW = 162.19; 1H NMR (400 MHz; CDCl3): 6.68 (2H, s, H-2, 
H-6), 6.49 (1H, s, H-4), 3.78 (6H, s, OCH3), 3.10 (1H, s, H-2՛).

1-(butin-1-yl)-3,5-dimethoxybenzene 15. To a solution of NH(i-Pr)2 
(3.80 mL, 1.6 M equival) in dry THF (25 mL), BuLi 2 M (13.45 mL, 1.6 M 
equival) is added. The solution is stirred at RT and after 30 min 1-(2- 
ethinyl)-3,5-dimethoxybenzene (14, 2.73 g, 1 M equival) and EtI (3.66 
mL, 2.7 M equival) are added dropwise. The reaction is stirred at RT, 
followed by TLC (silica, petroleum ether-EtOAc 95:5) monitoring the 
disappearance of 14. After 72 h, the reaction is quenched by dilution 
with H2SO4 2 N. The organic phase is dried (Na2SO4), filtered and 
evaporated at reduce pressure. The residue is purified by LPC on silica 
(95 g, petroleum ether-EtOAc gradient from 100:0 to 95:5) to afford 
2.40 g of 1-(butin-1-yl)-3,5-dimethoxybenzene (15, 76 % based on the 
conversion of 14).

1-(butin-1-yl)-3,5-dimethoxybenzene 15: yellow oil; formula: 
C12H14O2; MW = 90.24; 1H NMR (400 MHz; CDCl3): 6.60 (2H, s, H-2, H- 
6), 6.40 (1H, s, H-4), 3.70 (6H, s, OCH3), 2.42 (2H, dd, J = 7.6 Hz, H-3′), 
1.26 (3H, t, J = 7.0 Hz, H-4′).

1-butyl-3,5-dimethoxybenzene 16. To a solution of 1-(butin-1-yl)-3,5- 
dimethoxybenzene (15, 2.40 g, 1 M equival) in MeOH/EtOAc 1:1 (140 
mL), 10 % Pd/C 55–65 % wet is added in catalytic and the reaction is 
stirred under hydrogen. After 72 h the reaction is filtered on Celite® and 
evaporated under reduced pressure to afford 2.15 g of 1-butyl-3,5-dime
thoxybenzene (16, 88 % based on the conversion of 15).

1-butyl-3,5-dimethoxybenzene 16: yellow oil; formula: C12H18O2; MW 
= 194.27; 1H NMR (400 MHz; CDCl3): 6.36 (2H, s, H-2, H-6); 6.32 (1H, 
s, H-4); 3.81 (6H, s, OCH3); 2.57 (2H, t, J = 7.8 Hz, H-1′); 1.61 (2H, td, J 
= 7.6, 15.2 Hz, H-2′); 1.37 (2H, tdt, J = 7.4, 7.4, 7.4 Hz, H-3′); 0.96 (3H, 
t, J = 7.6 Hz, H-4′).

5-butyl resorcinol 17. To a solution of 1-butyl-3,5-dimethoxybenzene 
(16, 2.15 g, 1 M equival) in dry dichloromethane (70 mL), BBr3 1 M (33 
mL, 3 M equival) is added dropwise. The reaction is stirred at RT, fol
lowed by TLC (silica, petroleum ether-EtOAc 80:20) monitoring the 
disappearance of 16. After 12 h, the reaction is quenched by dilution 
with 1 M NaHCO3. The organic phase is washed with HCl 1 M, dried 
(Na2SO4), filtered and evaporated at reduce pressure. The residue is 
purified by LPC on silica (60 g, petroleum ether-EtOAc gradient from 
80:0 to 50:50) to afford 880 mg of 5-butyl resorcinol (17, 48 % based on 
the conversion of 16).

5-butyl resorcinol 17: brown solid; formula: C10H14O2; MW = 166.22; 
1H NMR (400 MHz; CDCl3): 6.38 (2H, s, H-4, H-6); 6.35 (1H, s, H-2); 
2.47 (2H, t, J = 7.6 Hz, H-1′); 1.57–1.46 (2H, m, H-2′); 1.40–1.27 (2H, m, 
H-3′); 0.92 (3H, t, J = 7.4 Hz, H-4′).

Fig. 2. Synthetic phytocabbaninoids: CBNR 1, sesqui-CBG 2, CBG 3, CBGB 4, CBGP 5, CBGV 6, CBNRB 7, CBNRP 8, CBNRV 9, isohexahydrocannabinol 10.
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3.2. Synthesis of 5-propyl resorcinol 20

1-(1-propin-1-yl)-3,5-dimethoxybenzene 18. To a solution of NH(i-Pr)2 
(2.78 mL 1.6 M equival) in dry THF (50 mL), BuLi 2 M (9.86 mL, 1.6 M 
equival) is added. The reaction is stirred at 0 ◦C and, after 30 min, 1-(2- 
ethinyl)-3,5-dimethoxybenzene (14, 2.0 g, 1 M equival) and CH3I (2.68 
mL, 2.7 M equival) are added. The reaction followed the same procedure 
of 15 to afford 2.05 g of 1-(1-propin-1-yl)-3,5-dimethoxybenzene (18, 
94 % based on the conversion of 14).

1-(1-propin-1-yl)-3,5-dimethoxybenzene 18: yellow oil; formula: 
C11H12O2; MW = 176.21; 1H NMR (400 MHz; CDCl3): 6.67 (2H, s, H-2, 
H-6); 6.49 (1H, s, H-4); 3.78 (6H, s, OCH3); 2.12 (3H, s, H-3′).

1-propyl-3,5-dimethoxybenzene 19. To a solution of 1-(propin-1-yl)- 
3,5-dimethoxybenzene (18, 2.05 g, 1 M equival) in MeOH-EtOAc 1:1 
(50 mL), 10 % Pd/C 55–65 % is added catalytic under anhydrous con
dition. The reaction followed the same procedure of 16 to afford 1.95 g 
of 1-propyl-3,5-dimethoxybenzene, (19, 92 % based on the conversion 
of 18).

1-propyl-3,5-dimethoxybenzene 19: yellow oil; formula: C11H16O2; 
MW = 180.24; 1H NMR (400 MHz; CDCl3): 6.27 (2H, s, H-2, H-6); 6.20 
(1H, s, H-4); 4.83 (2H, s, OH); 3.80 (6H, s, OCH3); 2.49 (2H, t, J = 8.8 
Hz, H-1′); 1.69–1.58 (2H, m, H-2′); 0.95 (3H, t, J = 7.0 Hz, H-3′).

5-propyl resorcinol 20. To a solution of 1-propyl-3,5-dimethoxyben
zene (19, 1.95 g, 1 M equival) in dry dichloromethane (7 mL), BBr3 1 
M (26.32 mL, 3 M equival) is added dropwise. The reaction followed the 
same procedure of 17 to afford 1.60 g of 5-propyl resorcinol (20, 97 % 
based on the conversion of 19).

5-propyl resorcinol 20: brown powder; formula: C9H12O2; MW =
152.19; 1H NMR (400 MHz; CDCl3): 6.27 (2H, s, H-4, H-6); 6.20 (1H, s, 
H-2); 4.83 (2H, s, OH); 2.49 (2H, t, J = 8.8 Hz, H-1′); 1.69–1.58 (2H, m, 
H-2′); 0.95 (3H, t, J = 7.0 Hz, H-3′).

3.3. Synthesis of 5-heptyl resorcinol 23

1-(1-heptyn-1-yl)-3,5-dimethoxybenzene 21. To a solution of 1-iodo- 
3,5-dimethoxybenzene (12, 2 g, 1 M equival) in toluene (50 mL), CuI 
(144 mg, 0.1 M equival), 1-heptyn (2.97 mL, 3 M equival), Pd(PPh4)3 
(263 mg, 0.03 M equival) and TEA (22 mL, 22 M equival) are added 
under anhydrous condition. The reaction followed the same procedure 
of 13 to afford 1.60 g of 1-(1-heptyn-1-yl)-3,5-dimethoxybenzene (21, 
90 % based on the conversion of 12).

1-(1-heptyn-1-yl)-3,5-dimethoxybenzene 21: yellow oil; formula: 
C15H20O2, MW = 232.32; 1H NMR (400 MHz; CDCl3): 6.60 (2H, d, J =
2.4 Hz, H-2, H-6); 6.43 (1H, t, J = 2.4 Hz, H-1); 3.79 (6H, s, OCH3); 2.43 
(2H, t, J = 7.3 Hz, H-3′); 1.64 (2H, td, J = 7.2, 14.4 Hz, H-4′); 1.50–1.38 
(4H, m, H-5′, H-6′); 0.96 (3H, t, J = 7.3 Hz, H-7′).

1-heptyl-3,5-dimethoxybenzene 22. To a solution of 1-(eptin-1-yl)-3,5- 
dimethoxybenzene (21, 1.60 g, 1 M equival) in MeOH-EtOAc 1:1 (50 
mL), 10 % Pd/C 55–65 % wet is added catalytic under anhydrous con
dition. The reaction followed the same procedure of 16 to afford 1.50 g 
of 1-heptyl-3,5-dimethoxybenzene (22, 92 % based on the conversion of 
21).

1-heptyl-3,5-dimethoxybenzene 22: yellow oil; formula: C15H24O2; 
MW = 236.35; 1H NMR (400 MHz; CDCl3): 6.37 (2H, d, J = 2.4 Hz, H-2, 
H-6); 6.32 (1H, d, J = 2.0 Hz, H-4); 3.81 (6H, s, OCH3), 2.57 (2H, t, J =
7.6 Hz, H-1′); 1.63 (2H, t, J = 7.6 Hz, H-2′); 1.39–1.25 (8H, m, H-3′, H-4′, 
H-5′, H-6′), 0.90 (1H, d, J = 7.6 Hz, H-7′).

5-heptyl-resorcinol 23. To a solution of 1-heptyl-3,5-dimethoxyben
zene (22, 1.50 g, 1 M equival) in dry dichloromethane (50 mL), BBr3 
1 M (20.25 mL, 3 M equival) is added dropwise. The reaction followed 
the same procedure of 17 to afford 1.12 g of 5-heptyl-resorcinol (23, 85 
% based on the conversion of 22).

5-heptyl-resorcinol 23: brown solid; formula: C13H20O2; MW =
208.30; 1H NMR (400 MHz; CDCl3): 7.20 (2H, s, OH); 6.34 (2H, s, H-4, 
H-6); 6.31 (1H, s, H-2); 2.46 (2H, t, J = 8.0 Hz, H-1′); 1.57 (2H, td, J =
7.3, 14.6 Hz, H-2′); 1.35–1.26 (8H, m, H-3′,H-4′, H-5′,H-6′); 0.92 (3H, t, J 

= 7.1 Hz, H-7′).

3.4. Synthesis of minor cannabinoids

To a solution of each different synthons (1.5 M equival) in DCE (5 
mL/mmol isoprenyl alcohols) isoprenyl alcohols (1 M equival) and 
acidic alumina (2 g/mmol isoprenyl alcohol), previously dried at 200 ◦C 
for 6 h, were added (Fig. 4). The reactions were stirred at 80 ◦C followed 
by TLC (silica, petroleum ether-EtOAc 90:10) and finally filtered in a 
sintered funnel on a bed of Celite® and evaporated at reduced pressure. 
Each residue is purified by LPC on silica (5 g, petroleum ether-EtOAc 
gradient from 100:0 to 90:10) and then on HPLC (silica, petroleum 
ether-EOAc isocratic elution 90:10) to afford the cannabinoids reported 
in Table 1.

3.5. Synthesis of isohexahydrocannabinol 10

Iso-hexahydrocannabinol 10. To a solution of olivetol (27, 603.8 mg, 
1 M equival) in dicholoromethane (50 mL), p-TSA (125 mg, 0.23 M 
equival) and nerol (25, 628 μL, 1.2 M equival) were added (Fig. 5). The 
reaction is stirred at RT in dark condition followed by TLC (silica, pe
troleum ether-EtOAc 90:10). After 72 h the reaction is quenched by 
dilution with sat. NaHCO3. The organic phase is dried (Na2SO4), filtered 
and evaporated at reduce pressure. The residue is purified by LPC on 
silica (50 g, petroleum ether-EtOAc gradient from 100:0 to 90:10) and 
then on HPLC (silica, petroleum ether-EtOAc isocratic 90:10) to afford 
220 mg of isohexahydrocannabinol (10, 20 % based on the conversion of 
24) [16,17]. Olivetol 27 with geraniol 24 in the same condition, lead to 
afford the same compound 10 (yield 20 %).

The stereostructure has been assigned based on the full network of 
COSY, HSQC, HMBC and NOE 2D NMR correlations. The 1H and 13C 

Table 1 
Synthetic protocol of cannabinoids.

Cannabinoid Synthon Prenyl 
alcohol 
moiety

Acidic 
alumina

DCE Time 
(h)

Yield 
%

CBNR 1 Olivetol 
24, 1.5 M 
equivale

Nerol 25, 
1 M 
equival

2 g/ 
mmol

5 mL/ 
mmol

6 73

Sesqui-CBG 
2

Olivetol 
24, 1.5 M 
equivale

(2E, 6E)- 
farnesol 
26, 1 M 
equival

2 g/ 
mmol

5 mL/ 
mmol

6 77

CBGB 4 5-butyl 
resorcinol 
17, 
1.5 M 
equivale

Geraniol 
24, 1 M 
equival

2 g/ 
mmol

5 mL/ 
mmol

6 77

CBNRB 7 5-butyl 
resorcinol 
17, 
1.5 M 
equivale

Nerol 25, 
1 M 
equival

2 g/ 
mmol

5 mL/ 
mmol

6 60

CBNRV 9 5-propyl 
resorcinol 
20, 
1.5 M 
equivale

Nerol 25, 
1 M 
equival

2 g/ 
mmol

5 mL/ 
mmol 4 50

CBNRP 8 5-heptyl 
resorcinol 
23, 
1.5 M 
equivale

Nerol 25, 
1 M 
equival

2 g/ 
mmol

5 mL/ 
mmol

4 55

CBGP 5 5-heptyl 
resorcinol 
23, 
1.5 M 
equivale

Geraniol 
24, 1 M 
equival

2 g/ 
mmol

5 mL/ 
mmol

6 79
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NMR resonances were in perfect agreement with the literature data of 
the synthetic (1S,3S,4R)-8,9-dihydro-p-isoTHC [16,17].

CBNR 1: yellow oil; formula: C21H32O2; MW = 316.49; 1H NMR 
(400 MHz; CDCl3): 6.27 (2H, s, H-4, H-6); 5.31 (1H, t, J = 7.0 Hz, H-2′); 
5.19 (1H, m, H-6′); 3.41 (2H, d, J = 6.1 Hz, H-1′); 2.45 (2H, t, J = 7.4 Hz, 
H-1′′); 2.30 (2H, t, J = 7.8 Hz, H-4′); 2.21 (2H, td, J = 7.0, 14.0 Hz, H-5′); 
1.75 (3H, s, H-9′); 1.72 (3H, s, H-8′); 1.67 (3H, s, H-10′); 1.59 (2H, td, J =
7.5, 15.0 Hz, H-2′′); 1.34 (4H, m, H-3′′, H-4′′); 0.90 (3H, t, J = 6.8 Hz, H- 
5′′); 13C NMR (100 MHz; CDCl3): 154.7 (C-1, C-3); 142.7 (C-5); 138.9 (C- 
3′); 132.4 (C-7′), 123.8 (C-6′); 122.6 (C-2′); 110.7 (C-2); 108.3 (C-4, C-6); 
35.5 (C-1′′); 32.0 (C-4′); 31.5 (C-3′′); 30.8 (C-2′′); 26.3 (C-5′); 25.7 (C-9′); 
23.4 (C-10′); 22.6 (C-1′); 22.0 (C-4′′); 17.7 (C-8′); 14.0 (C-5′′).

Sesqui-CBG 2: yellow oil; formula: C26H40O2; MW = 384.60; 1H 
NMR (400 MHz; CDCl3): 6.26 (2H, s, H-4, H-6); 5.31 (1H, bt, J = 6.2 Hz, 
H-2′); 5.10 (1H, m, H-6′); 5.08 (1H, m, H-10′); 3.40 (2H, d, J = 6.3 Hz, H- 
1′); 2.45 (2H, t, J = 7.8 Hz, H-1′′); 2.07 (8H, overlapped m, H-4′, H-5′, H- 
8′, H-9′); 1.99 (2H, m, H-8′); 1.84 (3H, bs, H-15′); 1.70 (3H, bs, H-12′); 
1.63 (3H, s, H-14′); 1.61 (3H, s, H-13′); 1.56 (2H, m, H-2′′); 1.37–1.31 
(4H, m, H-3′′, H-4′′); 0.92 (3H, t, J = 6.8 Hz, H-5′′); 13C NMR (100 MHz; 
CDCl3): 154.8 (C-1, C-3); 142.7 (C-5); 138.9 (C-3′); 135.6 (C-7′); 131.3 
(C-11′); 124.4 (C-6′); 123.6 (C-10′); 121.8 (C-2′); 110.6 (C-2); 108.2 (C-4, 
C-6); 40.0 (C-4′, C-8′), 35.8 (C-1″), 31.6 (C-3″), 31.1 (C-2″), 27.1 (C-5′), 
27.0 (C-9′), 26.0 (C-12′), 23.0 (C-1′), 22.5 (C-4′′), 18.1 (C-13′), 16.6 (C- 
15′), 16.4 (C-14′), 14.0 (C-5″).

CBGB 4: yellow oil; formula: C20H30O2; MW = 302.46; 1H NMR (400 
MHz; CDCl3): 6.27 (2H, s, H-4, H-6); 5.30 (1H, t, J = 6.6 Hz, H-2′); 5.06 
(1H, t, J = 6.6 Hz, H-6′); 3.42 (2H, d, J = 7.5 Hz, H-1′); 2.48 (2H, t, J =
7.5 Hz, H-1′′); 2.09 (4H, m, H-4′, H-5′); 1.83 (3H, s, H-9′); 1.71 (3H, s, H- 
8′); 1.57 (3H, s, H-10′); 1.53 (2H, q, J = 8.4, 15.4 Hz, H-2′′); 1.37 (2H, m, 
H-3′′); 0.94 (3H, t, J = 7.3 Hz, H-4′′); 13C NMR (100 MHz; CDCl3): 154.8 
(C-1, C-3); 142.7 (C-5); 138.9 (C-3′); 132.0 (C-7′); 123.8 (C-6′); 121.8 (C- 
2′), 110.6 (C-2), 108.3 (C-6, C-4), 39.7 (C-4′), 35.2 (C-1′′), 33.2 (C-2′′); 
26.4 (C-5′); 25.6 (C-9′); 22.3 (C-1′, C-3′′); 17.6 (C-8′); 16.1 (C-10′); 13.9 
(C-4′′).

CBGP 5: yellow oil; formula: C23H36O2; MW = 344.54; 1H NMR (400 
MHz; CDCl3): 6.27 (2H, s, H-4, H-6); 5.30 (1H, t, J = 6.6 Hz, H-2′); 5.08 
(1H, t, J = 6.6 Hz, H-6′); 3.42 (2H, d, J = 7.1 Hz, H-1′); 2.45 (2H, t, J =
8.0 Hz, H-1′′); 2.09 (4H, dt, J = 9.5, 9.6 Hz, H-4′, H-5′); 1.83 (3H, s, H-9′); 
1.70 (3H, s, H-8′); 1.61 (3H, s, H-10′); 1.40 (2H, m, H-2′′); 1.32–1.29 (8H, 
m, H-3′′, H-4′′, H-5′′, H-6′′); 0.91 (3H, t, J = 7.1 Hz, H-7′′); 13C NMR (100 
MHz; CDCl3): 154.8 (C-1, C-3); 142.7 (C-5); 138.9 (C-7′); 132.0 (C-3′); 
123.7 (C-6′); 121.7 (C-2′); 110.5 (C-2); 108.3 (C-4, C-6); 39.7 (C-4′); 35.5 
(C-1′′); 31.8 (C-3′′); 31.1 (C-2′′); 29.2 (C-5′′); 29.1 (C-6′′); 26.3 (C-5′); 25.6 
(C-9′); 22.6 (C-1′); 22.3 (C-4′′); 17.7 (C-8′); 16.1 (C-10′); 14.1 (C-7′′).

CBNRB 7: yellow oil; formula: C20H30O2; MW = 302.46; 1H NMR 
(400 MHz; CDCl3): 6.27 (2H, s, H-4, H-6); 5.29 (1H, t, J = 7.2 Hz, H-2′); 
5.19 (1H, t, J = 7.2 Hz, H-6′); 3.40 (2H, d, J = 6.4 Hz, H-1′); 2.48 (2H, t, J 
= 7.2 Hz, H-1′′); 2.30 (2H, m, H-5′); 2.17 (2H, m, H-4′); 1.78 (3H, s, H-9′); 
1.73 (3H, s, H-8′); 1.66 (3H, s, H-10′); 1.57 (2H, m, H-2′′); 1.37 (2H, m, H- 
3′′); 0.93 (3H, t, J = 7.8 Hz, H-4′′); 13C NMR (100 MHz; CDCl3): 154.7 (C- 
1, C-3); 142.7 (C-5); 138.9 (C-3′); 132.4 (C-7′); 123.8 (C-6′); 122.6 (C-2′); 
110.7 (C-2); 108.3 (C-4, C-6); 35.2 (C-1′′); 33.3 (C-2′′); 32.0 (C-4′); 26.3 
(C-5′); 25.7 (C-9′); 23.4 (C-8′); 22.3 (C-1′); 22.0 (C-3′′); 17.7 (C-10′); 13.9 
(C-4′′).

CBNRP 8: yellow oil; formula: C23H36O2, MW = 344.54; 1H NMR 
(400 MHz; CDCl3): 6.26 (2H, s, H-4, H-6); 5.27 (1H, t, J = 6.2 Hz, H-2′); 
5.18 (1H, t, J = 6.6 Hz, H-6′); 3.40 (2H, d, J = 7.2 Hz, H-1′); 2.45 (2H, t, J 
= 7.9 Hz, H-1′′); 2.28 (2H, m, H-4′); 2.15 (2H, m, H-5′); 1.77 (3H, s, H-9′); 
1.73 (3H, s, H-8′); 1.67 (3H, s, H-10′); 1.57 (2H, m, H-2′′); 1.40–1.30 (8H, 
m, H-3′′, H-4′′, H-5′′, H-6′′); 0.88 (3H, t, J = 6.9 Hz, H-7′′); 13C NMR (100 
MHz; CDCl3): 154.7 (C-1, C-3); 142.8 (C-5); 138.9 (C-3′); 132.4 (C-7′); 
123.8 (C-6′); 122.5 (C-2′); 110.7 (C-2); 108.3 (C-4, C-6); 35.6 (C-1′′); 32.0 
(C-4′); 31.8 (C-3′′); 31.1 (C-2′′); 29.2 (C-5′′); 29.1 (C-6′′); 26.3 (C-5′); 25.7 
(C-9′); 23.4 (C-8′); 22.5 (C-1′); 21.9 (C-4′′); 17.6 (C-10′); 14.1 (C-7′′).

CBNRV 9: yellow oil; formula: C19H28O2; MW = 288.43; 1H NMR 
(400 MHz; CDCl3): 6.26 (2H, s, H-4, H-6); 5.29 (1H, t, J = 7.3 Hz, H-2′); 

5.19 (1H, t, J = 6.6 Hz, H-6′); 3.43 (2H, d, J = 7.0 Hz, H-1′); 2.46 (2H, t, J 
= 7.9 Hz, H-1′′); 2.29 (2H, m, H-4′); 2.19 (2H, m, H-5′); 1.78 (3H, s, H-9′); 
1.74 (3H, s, H-8′); 1.66 (3H, s, H-10′); 1.61 (2H, m, H-2′′); 0.95 (3H, t, J 
= 7.3 Hz, H-3′′); 13C NMR (100 MHz; CDCl3): 154.8 (C-1, C-3); 142.4 (C- 
5); 138.8 (C-3′); 132.4 (C-7′); 123.8 (C-6′); 122.5 (C-2′); 110.7 (C-2); 
108.2 (C-4, C-6); 37.6 (C-1′′); 32.0 (C-4′); 26.3 (C-5′); 25.7 (C-9′); 24.1 (C- 
2′′); 23.4 (C-8′); 21.9 (C-1′); 17.7 (C-10′); 13.8 (C-3′′).

Iso-hexahydrocannabinol 10: brown oil; formula: C21H32O2, MW 
= 316.49; 1H NMR (600 MHz; CDCl3): 6.27 (1H, s, H-4′); 6.11 (1H, s, H- 
2′); 3.32 (1H, bdd, J = 2.6 Hz H-3); 2.45 (2H, t, J = 7.5 Hz, H-1′′); 1.88 
(1H, dd, J = 13.3, 2.6 Hz, H-2a); 1.81 (1H, m, H-8); 1.71 (1H, dt, J =
14.0, 3.4 Hz, H-6b); 1.59 (2H, overlapped, H-2′′); 1.56 (1H, overlapped, 
H-6a); 1.55 (1H, overlapped, H-2b); 1.50 (2H, overlapped, H-5); 1.32 
(2H, overlapped, H-4′′); 1.30 (2H, overlapped, H-3′′); 1.26 (1H, over
lapped, H-4); 1.33 (3H, s, H-7); 1.09 (3H, d, J = 6.6 Hz, H-10); 0.95 (3H, 
d, J = 6.6 Hz, H-9); 0.88 (3H, t, J = 7.1 Hz, H-5′′); 13C NMR (150 MHz; 
CDCl3): 157.3 (C-5′); 152.2 (C-1′); 142.4 (C-3′); 111.7 (C-6′); 107.9 (C- 
4′); 105.9 (C-2′); 74.5 (C-1); 44.2 (C-4); 35.6 (C-1′′); 35.0 (C-6); 31.7 (C- 
3′′); 30.8 (C-2′′); 30.5 (C-2); 29.4 (C-7); 27.8 (C-3); 26.2 (C-8); 22.5 (C- 
4′′); 22.0 (C-9); 21.1 (C-10); 20.6 (C-5); 14.0 (C-5′′).

3.6. Isolation of CBG 3 and CBGV 6

Plant material: Non-psychoactive Cannabis sativa L. plant material, 
belonging to a CBGV-rich chemotype, was purchased from Canvasalus 
Srl (Monselice, Italy). A voucher specimen (Cs-CBGV12/2023) of the 
vegetal material is stored in Novara Laboratories.

Extraction and Isolation: nonwoody C. sativa aerial parts (100 g) is 
extracted with acetone (2 × 5 L) in a vertical percolator at room tem
perature, affording 6.9 g (6.9 %) of a dark green syrup. This is later 
dissolved at 45 ◦C in 70 mL of MeOH (raw extract/MeOH ratio 1:10 w/v) 
and left at 8 ◦C to condense fatty acids and waxes. After 12 h, the so
lution is vacuum-filtered with cold MeOH in a sintered funnel protected 
by a bed of stratified Celite®, obtaining a residual methanolic fraction. 
This latter portion is filtered through solid-phase extraction on C-18 
silica gel (35 g) to remove pigments, unsaturated fatty acids, and poly 
isoprenoids to finally obtain 4.3 g of the purified fraction after evapo
ration of MeOH under reduced pressure.

Once the fraction is dried, it is heated at 130 ◦C under stirring for 
45 ◦C in a paraffin bath to achieve the decarboxylation. This latter 
decarboxylated fraction is fractionated by LPC on silica gel (100 g, 
PE–EtOAc gradient from 90:10 to 20:80 v/v) to afford three fractions (I, 
II, and III). Fraction I (1.3 g) is further purified with LPC on silica gel (50 
g, PE–EtOAc gradient from 90:10 to 80:20 v/v) to afford 332 mg of CBG 
3 [18] as a white powder. Fraction II (2.5 g) is fractionated with LPC on 
silica gel (100 g, PE–EtOAc gradient from 80:20 to 70:30 v/v) to afford 
400 mg of CBGV 7 [8] as a white powder. All of the isolated compounds 
are identified according to 1H NMR previously described in the litera
ture. NMR data of the isolated compounds are shown in Fig. S5, S6 and 
S11, 12 of the Supporting Information.

CBG 3: white powder; formula: C21H32O2; MW = 316.49; 1H NMR 
(400 MHz; CDCl3): 6.27 (2H, s, H-4, H-6), 5.30 (1H, t, J = 6.9 Hz, H-2′), 
5.08 (1H, t, J = 6.2 Hz, H-6′), 5.04 (2H, s, OH), 3.42 (2H, d, J = 7.1 Hz, 
H-1′), 2.48 (2H, t, J = 7.6 Hz, H-1′′), 2.18–2.04 (4H, m, H-4′, H-5′), 1.83 
(3H, s, H-9′), 1.70 (3H, s, H-8′), 1.58 (5H, t, J = 7.6 Hz, H-10′, H-2′′), 
1.38–1.29 (4H, m, H-3′′, H-4′′), 0.92 (3H, t, J = 7.1 Hz, H-5′′); 13C NMR 
(100 MHz; CDCl3): 154.8(C-1, C-3), 142.8 (C-5), 138.9 (C-3′), 132.0 (C- 
7′), 123.8 (C-6′), 121.7 (C-2′), 110.6 (C-2), 108.4 (C-6, C-4), 39.7 (C-4′), 
35.5 (C-1′′), 31.5 (C-2′′), 30.8 (C-4′′), 26.4 (C-5′), 25.7 (C-9′), 22.6C-1′), 
22.3 (C-3′′), 17.7 (C-8′), 16.2 (C-10′), 14.0 (C-5′′).

CBGV 6: white powder; formula: C19H28O2; MW = 288.43; 1H NMR 
(400 MHz; CDCl3): 6.28 (2H, s, H-4, H-6), 5.30 (1H, t, J = 7.1 Hz, H-2′), 
5.08 (1H, t, J = 5.7 Hz, H-6′), 5.04 (2H, s, OH), 3.42 (2H, d, J = 7.1 Hz, 
H-1′), 2.46 (2H, t, J = 7.6 Hz, H-1′′), 2.18–2.04 (4H, m, H-4′, H-5′), 1.84 
(3H, s, H-9′), 1.70 (3H, s, H-8′), 1.62 (2H, t, J = 3.7 Hz, H-2′′), 1.62 (3H, s, 
H-10′), 0.95 (3H, t, J = 7.3 Hz, H-3′′); 13C NMR (100 MHz; CDCl3): 154.8 
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(C-1, C-3), 142.5 (C-5), 139.0 (C-3′), 132.1 (C-7′), 123.8 (C-6′), 121.7 (C- 
2′), 110.7 (C-2), 108.4 (C-6, C-4), 39.7 (C-4′), 37.6 (C-1′′), 26.4 (C-5′), 
25.7 (C-9′), 24.2 (C-2′′), 22.3 (C-1′), 17.7 (C-8′), 16.2 (C-10′), 13.9 (C-3′′).

4. Results and discussion

All the CBG-like cannabinoids have been achieved in appreciable 
yields through the C-allylic alkylation of resorcinoid-synthons with 
isoprenyl alcohols. 5-Butyl resorcinol 17 was generated with a Sand- 
Meyer reaction on 3,5-dimethoxyaniline 11 to the 1-iodo-3,5- 

dimethoxybenzene 12. The reaction was carried out with a Sonoga
shira coupling to obtain the alkyne 1-(2-ethinyl)-3,5-dimethoxybenzene 
14 after deprotection. The desired elongation of the alkyl chain was 
reached through an alkylation with lithium diisopropylamide (LDA), 
obtaining respectively the 4-C alkyne 15 and the C-3 alkyne 18, which 
underwent a reduction and demethylation to generate 5-butyl resorcinol 
17 and 5-propyl resorcinol 20.

The lengthening of 1-iodo-3,5-dimethoxybenzene 12 was carried out 
in a single step involving 1-heptyn. The remaining reactions to complete 
the synthesis of 5-heptyl resorcinol 23 were carried out with the same 

Fig. 3. Scheme of the synthesis of 5-butyl resorcinol 17, 5-propyl resorcinol 20 and 5-heptyl resorcinol 23.
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steps (Fig. 3).
To proceed with the alkylation of synthons, we followed the pro

cedure reported by Jentsch and colleague [13] who proposed one-step 
regioselective alumina-promoted allylation reaction, which mecha
nistic investigations were reported by Zangh and colleagues [15]. Acidic 
alumina, previously dried at 200 ◦C for 6 h was added in 1,2-dichloro
ethane (DCE) and the C-alkylation of synthons in presence of the spe
cific isoprenylic alcohol occurred after 4–6 h at 80 ◦C. Conditions are 
summarized in Table 1. This procedure provided a relatively clean and 
selective ortho-prenylation with allylic alcohols. The only observable by- 
products were the di-isoprenylated compounds that could be easily 
removed by purification with silica and low-pressure chromatography 
(LPC).

The different elongation of the aliphatic side chains of the synthe
tized cannabinoids could be identify by 1H NMR resonance taking 
advantage of the number of aliphatic hydrogens present at δ 1.25–140. 
In the n-heptyl 5, 8 8H (Fig. S9, S15 of the Supporting Information), n- 
pentyl 1, 2, 3 4H (Fig. S1, S3, S5 of the Supporting Information), n-butyl 
4,7 2H (Fig. S7, S13 of the Supporting Information) and absent in the n- 
propyl chain 6, 9 (Fig. S11, S17 of the Supporting Information). The 
elongation of the aliphatic side chain could also be evinced by the 
number of the sp2 C in the region δ 35–14 of the 13C NMR data in the 
Supporting Information.

To taste an alternative procedure of synthon allylic alkylation, we 
tried the protocol suggested by Morimoto and co-workers [5] who 
involved p-toluenesulfonic acid (p-TAS) in dichloromethane (DCM). 
Originally low yielding (27 % in 12 h), we increased the time of reaction 
at 72 h. Unfortunately, we achieved the isohexahydrocannabinol 10 
[16,17] both with nerol and geraniol (Fig. 5.

Few information has been provided for minor cannabinoids activity 
in GBM and the only available concerns CBG 3 and a combination of 
CBD and Δ9-THC on glioblastoma tumour cells and glioblastoma stem 
cells, for the evaluation of their cytotoxic, apoptotic, and anti-invasive 
effects [19]. In light of this, the compounds obtained were tested in 
order to evaluate their cytotoxic effect in U87, U251 and T98 glioblas
toma cell lines. The results showed that all the cannabinoids induced a 
dose dependent reduction of cell viability, at 24 h post-treatments. In 
particular, CBNR 1 and sesqui-CBG 2 resulted the most effective in 
reducing cell lines viability, with IC50 being respectively 8,61 μg\mL in 
T98, 8,37 μg\mL in U87 and 12,31 μg\mL in U251 cell lines for CBNR 1 
and IC50 9,35 μg\mL in T98, 9,91 μg\mL in U87 and 13,37 μg\mL in 
U251 cell lines for sesqui-CBG 2. The other cannabinoids exerted lower 

cytotoxic effect. Considering these results, we can speculate that the 
differences in the aliphatic side chains between the prolyl-, butyl- hep
tyl- and the pentyl-cannabinoid did not affect the overall viability of the 
human glioblastoma cell lines. Meanwhile, the difference in the 
isoprenyl-residue can contribute to cytotoxicity as it is underlined by 
higher cytotoxicity of the sesqui-CBG 2 compared to CBG 3. Notably, the 
most important influence on cell viability is not due to the difference in 
the prenylation grade (from geranyl to farnesyl), but in the isomeriza
tion characterizing CBG 3 and CBNR 1 being this latter cannabinoid the 
most cytotoxic of all the tested molecules (Table 2).

5. Conclusion

The interest in minor phytocannabinoids, although rapidly growing, 
is hindered by their limited occurrence in Cannabis [2]. In this work, we 
isolated and, taking advantage of the existing synthesis, we obtained a 
series of rare CBG-like cannabinoids in sufficient amount to provide 
biological investigation. All these cannabinoids have been tested on 
human glioblastoma cell lines to investigate their potential contribute as 
supplement in anticancer therapy (Table 2). Results showed that the 
most relevant influence to cytotoxicity of CBG-like cannabinoids was 
determined by the isomerization of the isoprenyl-moiety being the 
CBNR 1 able to reduce cell viability in higher degree than its major 
isomer CBG 3. Taken together, these results showed that these minor 
cannabinoids could be a useful tool to better investigate not only the 
structure activity relationship of CBG 3, but also a possibility to further 
evaluate the biological space of Cannabis.
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L. Carbone, G. Gigli, C. Citti, HPLC-UV-HRMS analysis of cannabigerovarin and 
cannabigerobutol, the two impurities of cannabigerol extracted from hemp, 
J. Pharm. Biomed. Anal. 203 (2021) 114215, https://doi.org/10.1016/j. 
jpba.2021.114215.

[11] P. Linciano, C. Citti, L. Luongo, C. Belardo, S. Maione, M.A. Vandelli, F. Forni, 
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