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1. COSY-NMR chemical shift ranges, calibration curves and cannabinoids mixture COSY-NMR spectrum

1.1 COSY-NMR chemical shift ranges

Table S1: COSY-NMR chemical shift ranges used for integration

Cannabinoids Correlations (H-H) Chemical shift (5) Chemical shift range (5)
F1/ F2 F1/ F2
CBD H-10 trans / H-9 4.66 ppm / 1.66 ppm 1.735 - 1.577ppm / 4.711-4.649 ppm
CBDA H-10 trans / H-10 cis 4.56 ppm / 4.40 ppm 4.607 - 4.488 ppm/ 4.448 - 4.488 ppm
CBG & CBGA H-2 /H-1' 3.42 ppm /5.31 ppm 3.513-3.328 ppm / 5.351-5.251 ppm
CBN H-10/H-8 8.18 ppm /7.07 ppm 8.247- 8.139 ppm/ 7.120 - 7.056 ppm
THCA & THC H-10a/H - 6a 1.68 ppm/ 3.25 ppm 1.780 - 1.597 ppm/ 3.297 - 3.208 ppm
Tyrosol (IS) H-3, H-2 / H-5, H-6 7.11 ppm / 6.80 ppm 7.181 - 7.036 ppm/ 6.843 - 6.767 ppm

1.2. COSY NMR calibration curves

CBN
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Figure S1: COSY-NMR calibarition curve for CBN
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Figure S2: COSY-NMR calibarition curve for CBD
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Figure S3: COSY-NMR calibarition curve for CBDA



Molecules 2022, 26, x FOR PEER REVIEW 5 of 30
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Figure S4: COSY-NMR calibarition curve for CBG & CBGA
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Figure S5: COSY-NMR calibarition curve for A9-THC & A9-THCA
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1.3. CBD, CBDA, CBN, CBDA, CBG, CBGA, d9-THCA COSY-NMR spectrum
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Figure S6: CBD, CBDA, CBN, CBDA, CBG, CBGA, A9-THCA mixture COSY-NMR spectrum



Molecules 2022, 26, x FOR PEER REVIEW 7 of 30

2. Cannabinoids TH-NMR spectrum, structure and chemical shifts
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Figure S7: '"H-NMR spectrum and structure of CBD

CBD
2 5.56 (1H, s) 1” 245 (2H, t, 7.5 Hz)
3 3.87 (1H, dm, 11.8 Hz) 2" 1.55 (2H, q, 7.6 Hz)
4 2.40 (m) 3" 1.30 (m)
5 1.84 (m) 4" 1.30 (m)
6 2.22 (1H, m), 2.09 (1H, m) 5" 0.88 (3H, t, 6.9 Hz)
7 1.80 (3H, s)
9 1.66 (3H, s)
4.66 (trans, 1H, m),
10
4.56 (cis, 1H, m)
3’ 6.29 (1H, brs)
4’ 6.20 (1H, brs)
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Figure S8: 'H-NMR spectrum and structure of CBDA

CBDA
2 5.56 (1H, s) 1” 2.93 (1H, m), 2.83 (1H, m)
3 4.09 (1H, m) 27 1.57 (2H, m)
4 2.40 (m) 3” 1.35 (4H, m)
5 1.86 (m) 4" 1.35 (4H, m)
6 2.21 (1H, m), 2.10 (1H, m) 5” 0.89 (3H, t, 6.9 Hz)
7 1.81 (3H, s)
9 1.72 (3H, s)
4.56 (trans, 1H, m), 4.40

10

(cis, 1H, m)
3’ -

v 6.26 (1H, s)
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CANNABIGEROL (CBG)
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Figure S9: 'H-NMR spectrum and structure of CBG
CBG
2 6.26 (2H, s) 17 2.46 (2H, t, 7.5 Hz)
4 6.26 (2H, s) 2’7 1.56 (2H, m)
1’ 3.41 (2H, d, 7.0 Hz) 3 1.31 (2H, m)
2’ 5.29 (1H, m) a4 1.31 (2H, m)
v 2.08 (2H, m) 5 0.88 (3H, t, 6.9 Hz)
5 2.08 (2H, m)
CHs CHg OH
6 5.07 (1H, m) 9 o
8’ 1.61 (3H, s)
9’ 1.69 (3H, s)
10’ 1.83 (3H, s)
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CANNABIGEROLIC ACID (CBGA)
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Figure S10:'H-NMR spectrum and structure of CBGA

CBGA
2 - 17 2.88 (2H, t, 7.6 Hz)
4 6.29 (1H, s) 2" 2.10 (2H, m)
1’ 3.45 (2H, d, 7.0Hz) 3" 1.35 (2H, m)
2 5.29 (1H, t, 7.0 Hz) 4" 1.35 (2H, m)
¥ 2.09 2H, t, 6.6 Hz) 5" 0.90 3H, t, 6.9 Hz)
5 2.09 (2H, q, 6.5 Hz)
6 5.07 (1H, t, 6.6 Hz)
8 1.61 (3H, s)
9 1.69 (3H, s)

10’ 1.83 (3H, s)
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Figure S11: '"H-NMR spectrum and structure of CBC

CBC

2 6.11 (1H, s) 1” 2.45 (2H, t, 7.5 Hz)
4 6.25 (1H, s) 2 1.55 (2H, q, 7.6 Hz)
1’ 6.61 (1H, d, 10.0 Hz) 3" 1.30 (m)

2 | 5.49(1H, d, 10.0 Hz) 47 1.30 (m)

Y 2.44 (2H, t, 6.9 Hz ) 5" 0.88 (3H, t, 6.9 Hz)
5 2.12 (2H, m)

6 5.07 (1H, m)

8 1.58 (3H, s)

9 1.40 (3H, s)

10’ 1.66 (3H, s)
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Figure S12: '"H-NMR spectrum and structure of CBCA

CBCA
2 - 1” 2.87 (2H, t, 7.5 Hz)
4 6.23 (1H, s) 2 1.56 (2H, m)
1’ | 6.73(1H, d, 10.0 Hz) 3" 1.34 (2H, m)
2 | 5.48(1H, d, 10.0 Hz) 47 1.34 (2H, m)
¥ 2.09 (2H, m) 5" 0.90 3H, t, 6.9 Hz)
5 2.09 (2H, m)
6 5.07 (1H, m)
8 1.57 (3H, s)
9 1.41 (3H, s)

10’ 1.66 (3H, s)
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Figure S13: 'TH-NMR spectrum and structure of A9-THC

A9-THC
2 6.14 (1H, d, 1.6 Hz i 2.45 (2H, td, 7.3 Hz, 1.6 Hz)
4 6.28 (1H, d, 1.6 Hz 4 1.55 (2H, q, 7.8 Hz)
6° 1.69 (m) 3 1.29 (2H, m)
7 1.90 (1H, m), 1.40 (m) ¥ 1.29 (2H, m)
8 2.17 (2H, m) 5 0.87 (3H, t, 7.0 Hz)
10 6.32 (1H, q, 1.6 Hz) $Hs
10 3.21 (1H, m)
11 1.68 (3H, s)
12 1.41 BH, s)

13 1.09 (3H, s
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D9-TETRAHYDROCANNABINOLIC ACID (D9-THCA)
HaC
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Figure S14: '"H-NMR spectrum and structure of A9-THCA

T T T T T T T T T
45 40 35 30 25 20 15 1.0 05

13 1.11 (3H, s)

A9-THCA
2 - i 2.94 (1H, m), 2.78 (1H, m)
4 6.26 (1H, s X 1.57 (2H, m)
6° 1.67 (m) 3 1.35 (2H, m)

7 1.92 (1H, m), 1.35 (m) ¥ 1.35 (2H, m)
8 2.16 (2H, m) 5 0.90 (3H, t, 6.9 Hz)

10 6.40 (1H, brs) $Hs

10 3.24 (1H, m)

11 1.68 (3H, s)

12 1.44 3H, s)
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CANNABINOL (CBN)
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Figure S15: 'TH-NMR spectrum and structure of CBN

T T T T T T
3.0 2.5 2.0 1.5 1.0 0.5 0.0

CBN
2 6.29 (1H, d, 1.1 Hz) 1 2.50 (2H, t, 7.5 Hz)
4 6.44 (1H, d, 1.1 Hz) 2’ 1.63 (m)
6 - 3 1.32 (m)
7 7.14 (1H, d, 7.9 Hz) v 1.32 (m)
8 7.07 (1H, d, 7.9 Hz) 5 0.89 3H, t, 6.8 Hz)
10 8.18 (1H, s)
10~ 2.38 (3H, s)
11 1.60 (6H, s)
12 1.60 (6H, s)
13 6.29 (1H, d, 1.1 Hz)
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D8-TETRAHYDROCANNABINOL (D8-THC)

H4C

l CHz

|

T T T
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Figure S16: '"H-NMR spectrum and structure of A8-THC

T
4.5

T T T T T T T
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[ 6E+08
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4E+08

4E+08

4E+08

 3E+08

2E+08

2E+08

2E+08

r 1E+08

[ SE+07

—~-5E+07

A8-THC

2 6.11 (1H, d, 1.6 Hz) 1 2.44 (2H, td, 8.3 Hz, 2.1 Hz)
4 6.27 (1H, d, 1.5 Hz) 2 1.56 (2H, q, 7.6 Hz)
6> 1.80 (m) 3 1.32 (m)

7 2.13 (1H, m), 1.64 (1H, s) 4 1.32 (m)

8 5.43 (1H, brd, 4.8 Hz) 5’ 0.88 (3H, t, 7.1 Hz)
10 3.19 (2H, dd, 16.5 Hz, 3.7

Hz)

10« 1.70 (3H, s)

11 1.38 (3H, s)

12 1.10 (3H, s)

13 6.11 (1H, d, 1.6 Hz)
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Figure S17: '"H-NMR spectrum and structure of CBE

CBE

) 4.11 (1H, d, 6.0 Hz) 17 2.49 (2H, t, 8.0 Hz)
3 3.33 (1H, dd, 11.0 Hz, 6.0 o 1.58 (2H, m)

Hz)
4 1.89 (1H, m) 37 1.31 (2H, m)
5 1.72 (2H, m) 4 1.31 (2H, m)
6 1.51 (2H, m) 57 0.88 (3H,t,7.0)
7 1.47 (3H, s)
9 1.84 (3H, s)
oo v
3 6.30 (1H, s) H2(130
4 6.27 (1H, s)




Molecules 2022, 26, x FOR PEER REVIEW

18 of 30

CANNABIGEROVARIN (CBGV)

CHg

AN

HaC
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Figure S18: 'H-NMR spectrum and structure of CBGV
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r2E+08

r1E+08

CBGV
2 6.26 (2H, s) 17 2.46 (2H, t, 7.5 Hz)
4 6.26 (2H, s) 2 1.56 (2H, m)
1’ 3.41 (2H, d, 7.0Hz) 3" 0.92 (3H, t, 6.9 Hz)
2’ 5.29 (1H, m)
Y 2.08 (2H, m)
5 2.08 (2H, m)
6 5.07 (1H, m)
8 1.61 (3H, s)
9 1.69 (3H, s)
10’ 1.83 (3H, s)
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D8-TETRAHYDROCANNABINOVARIN (D8-THCV)
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Figure S19: '"H-NMR spectrum and structure of A8-THCV
A8-THCV
2 6.11 (1H, d, 1.6 Hz) 1’ 2.44 (2H, td, 8.3 Hz, 2.1 Hz)
4 6.27 (1H, d, 1.5 Hz) 2 1.56 (2H, q, 7.6 Hz)
6o 1.80 (m) 3 0.92 (3H, t, 7.1 Hz)

7 2.13 (1H, m), 1.64 (1H, s)

8 5.43 (1H, brd, 4.8 Hz)

10 3.19 (2H, dd, 16.5 Hz, 3.7

Hz)
10« 1.70 (3H, s)
11 1.38 (3H, s)
12 1.10 (3H, s)

13 6.11 (1H, d, 1.6 Hz)
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CANNABIDOVARIN (CBDV)
CHj;

2E+08

r2E+08
‘ r2E+08
HO

r2E+08

O r2E+08

H,c” O 2E+08
HO CHg

2E+08

r1E+08

r1E+08

r1E+08

r1E+08

r1E+08

r9E+07

r 8E+07

r7E+07

r 6E+07

r 5E+07

[ 4E+07

r3E+07

[ 2E+07

L F1E+07
AN

r-1E+07

o

T T T T T T T T T T T T T T T T T T 1
12.5 115 10.5 95 90 85 80 75 70 65 60 55 50 45 40 35
f1 (ppm)

_

T T T T T T
30 25 20 15 10 05 0.0

Figure S20: 'H-NMR spectrum and structure of CBDV

CBDV
2 5.57 (1H, s) 1” 2.45 (2H, t, 7.5 Hz)
3 3.87 (1H, dm, 11.8 Hz) 2" 1.55 (2H, q, 7.6 Hz)
4 2.40 (m) 3" 0.88 (3H, t, 6.9 Hz)

5 1.84 (m)

6 2.22 (1H, m), 2.09 (1H, m)

7 1.80 (3H, s)
9 1.66 (3H, s)
4.61 (trans, 1H, m), 4.52
10
(cis, 1H, m)
3 6.19 (1H, brs)

v 6.19 (1H, brs)
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Figure S21: '"H-NMR spectrum and structure of CBDVA
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Figure 522: 'TH-NMR spectrum and structure of A9-THCVA
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3. GC-MS and HPLC analysis

3.1. HPLC-UV ANALYSIS

HPLC quantification was performed with the Beckman Autosampler 507, 126 Solvent Module and 166 Detector (System
Gold), with a Rainin C18 analytical column (5pm, 200mm x 5mm). 80:20 acetonitrile / water with 0.2% formic acid used
as the mobile phase with isocratic elution. The wavelength was set at 228nm and the duration of the method for quan-
titation of CBD, CBG and CBN was 10 min. Concentrations of 10ppm, 25ppm, 50ppm, 75ppm, 100ppm and 150ppm of

CBD, CBG and CBN solution in acetonitrile were prepared for the calibration curves. Then, 10ul of the solutions were

injected.
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Figure S23: HPLC- UV chromatograms of CBG, CBD and CBN in different concentrations
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3.2. GC-MS ANALYSIS
GC-MS quantification was performed with the Agilent Technologies 7820A GC System gas chromatograph in combi-

nation with the Agilent Technologies 5977B MSD mass spectrometer, with a HP 5MS 30m, 0.25 mm, 0.25m capillary
column and helium gas carrier (Iml / min). The quantitation using GC-MS was performed using reference standards of
cannabidiol (CBD) and cannabigerol (CBG), to generate calibration curves with the use of squalene as an internal stand-
ard, which is used as an internal standard in the analysis method. Greek legislation. Concentrations of 25 ppm, 50 ppm,
100 ppm, 200 ppm, 500 ppm and 750 ppm of CBD and CBG solution in acetonitrile were prepared for the reference

curve, to which a constant amount of squalene solution was added to each solution and the final solutions were injected.

750ppm CBD & CBG IS

500ppm CBD & CBG

Figure S24: GC-MS chromatograms of CBD and CBG in different concentrations
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Table S2: Comparison of a carboxylated cannabis extract with different analytical methods

CBD % CBG % CBN %

COSY-NMR 37.6 2.34 ND

H-NMR 36.8 2.42 ND
GC-MS 35.5 2.38 -

HPLC 35.1 2.43 0.02
% Relative difference COSY-NMR/H-NMR 2.13 3.42 -
% Relative difference COSY-NMR/GC-MS 5.92 1.71 -
% Relative difference COSY-NMR/HPLC 7.12 3.85 -
% Relative difference H-NMR/GC-MS 3.66 1.68 -
% Relative difference H-NMR/HPLC 4.84 0.41 -

4. Method validation Tables

Table S3: LOD, LOQ, intra-day precision, inter-day precision and accuracy of 'H qNMR quantitation method

H-NMR
A9-
CBD CBDA CBG CBGA CBN A9-THC
THCA
H-10 H-1'a/H-
Proton H-10cis | H-1'a/H-1'b H-10 H-10a H-10a
trans 1'b
LOD (mg) 0.018 0.018 0.020 0.020 0.015 0.042 0.042
LOQ (mg) 0.060 0.060 0.066 0.066 0.050 0.930 0.930
Intra —day
2.4 29 2.6 2.1 2.7 29 22
precision (%)
Inter-day
29 3.2 3.1 29 3.1 3.3 3
precision (%)
Accuracy
%) 0.3 0.8 0.4 1.2 1.1 0.9 0.6

Table S4: LOD, LOQ intra-day precision, inter-day precision and accuracy of "H-'H COSY NMR quantitation method

COSY-NMR
CBG & A9-THCA &
CBD CBDA CBN
CBGA A9-THC
Correlations H-10 trans / H-10 trans / He6' | H1 H-10/ H.8 H-10a/H-6
. - - - - -10a —6a
(H-H) H-9 H-10 cis
LOD (mg) 0.11 0.12 0.1 0.08 0.08
LOQ (mg) 0.2 0.22 0.16 0.17 0.17
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Intra —day
2.6 53 54 4.3 2.9
precision (%)
Inter-day
47 6.3 42 5.6 3.1
Precision (%)
Accuracy (%) 1.8 3.2 4.5 2.8 2.1
Table S5: Comparison of 'TH-qNMR and 'H-'"H-COSY qNMR methods
CBD CBD CBDA CBDA CBD&C | CBG&C | CBG&CB
Sample BDA BGA GA
(D % @ % % (1) %
RIN135 (1) 0.33 0.28 4.88 4.72 5.00 0.75 0.73
H- RIN135 (2) 0.33 0.28 491 4.75 5.03 0.78 0.76
NMR RIN135 (3) 0.34 0.29 494 478 5.07 0.77 0.75
R1N135 (Average) 0.33 0.28 4.91 4.75 5.03 0.77 0.75
H-NMR % RSD 2.04 0.63 0.69 2.05
RIN135 (1) 2.22 0.25 27.54 4.69 493 88.95 0.72
COSY RIN135 (2) 2.32 0.25 28.94 492 5.18 87.71 0.71
-NMR RIN135 (3) 2.44 0.26 29.47 5.01 5.28 89.57 0.72
R1IN135 (Average) 2.33 0.26 28.65 4.87 5.13 88.74 0.71
COSY-NMR % RSD 2.28 3.38 3.51 0.80
% Relative difference 7.69 2.52 5.63
R4N120 (1) 0.21 0.18 3.74 3.62 3.82 0.27 0.26
1H- R4N120 (2) 0.21 0.18 3.76 3.64 3.84 0.28 0.27
NMR R4N120 (3) 0.22 0.19 3.78 3.66 3.87 0.28 0.27
R4N120 (Average) 0.21 0.18 3.77 3.65 3.86 0.28 0.27
H-NMR % RSD 3.15 0.55 0.65 2.16
R4N120 (1) ND ND 21.28 3.62 3.6 30.38 0.26
COSY R4N120 (2) ND ND 21.72 3.70 3.75 31.51 0.27
-NMR R4N120 (3) ND ND 21.86 3.72 3.69 31.24 0.27
R4N120 (Average) ND ND 21.62 3.68 3.68 31.04 0.26
COSY-NMR % RSD 1.44 2.05 2.16
% Relative difference 0.82 4.97 3.84
R3N110 (1) ND ND ND ND ND 3.27 3.18
H- R3N110 (2) ND ND ND ND ND 3.28 3.19
NMR R3N110 (3) ND ND ND ND ND 3.28 3.19
R3N110 (Average) ND ND ND ND ND 3.28 3.19
H-NMR % RSD 0.18
R3N110 (1) ND ND ND ND ND 345.6 3.00
_(1:\?;; R3N110 (2) ND ND ND ND ND 346.9 3.01
R3N110 (3) ND ND ND ND ND 349.3 3.03
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‘ R3N110 (Average) ND ND ND ND ND 347.3 3.01
COSY-NMR % RSD 0.51
% Relative difference 5.98

4. 'H-NMR and COSY- NMR experiment parameters.

4.1. 'H-NMR experiment parameters
Table S6: 'TH-NMR acquisition parameters

Acquisition Parameters F1
PULPROG zg

TD 32768

NS 16

DS 2

SW 13.155 ppm
SWH 5263.158 Hz
FIDRES 0.321238 Hz
FW 240000000.00 Hz
AQ 3.1129601 sec
RG 101

DW 95.000 usec
DECIM 24

DR 32

DDR 2

DE 6.50 usec
ONP 1

NUC1 1H

o1 2400.78 Hz
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SFO1 400.1324008 MHz
o1pP 6000 ppm
BF1 400.1300000 MHz
LOCNUC 2H
SOLVENT CDCls
PROBHD 11:5mmMultinucl.
EXP PS done
RO 20 Hz
MASR 4200
NBL 1
TE 300.0 K
D1 10 sec
Po 10 usec
V9 5.00 %
WBST 1024

4.2. COSY-NMR experiment parameters

Table S7: COSY-NMR acquisition parameters
Acquisition Parameters F2 F1
PULPROG cosygpmfppf -
TD 2048 256
NS 2 -
DS 16 -
NDO - 1
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INO - 0.00020600 sec
SW 12.1319 ppm 12.1319 ppm
SWH 4854.369 Hz 4854.360 Hz
FIDRES 5.086263 Hz 18.962343 Hz
FW 240000000.00 Hz -

AQ 0.2109440 sec -

RG 128 -

DW 96.000 usec -

DWOV 4.000 usec -

DECIM 24 -

DR 18 -

DDR 2 -

DE 8.00 usec -

QNP 1 -

NUC1 1H 1H

01 2400.78 Hz 2400.78 Hz -
SFO1 400.1324008 MHz 400.1324008 MHz
Oo1P 6000 ppm 6000 ppm

BF1 400.1300000 MHz 400.1300000 MHz
GRDPROG Isqua -

LOCNUC 2H -

SOLVENT CDCI3 -

PROBHD 11:5mmMultinucl. -
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EXP PS done

RO 20 Hz

MASR 4200

NBL 1

TE 300.0 K

D1 1.5 sec

PO 10 usec

V9 5.00 %

WBST 1024

WBSM 4.0000000 MHz




