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1. Substance identification
Delta-9-tetrahydrocannabinol refers to the four stereoisomers:*

a. (-)-trans-delta-9-tetrahydrocannabinol (also known as dronabinol)?
b. (+)-trans-delta-9-tetrahydrocannabinol
c. (-)-cis-delta-9-tetrahydrocannabinol

d. (+)-cis-delta-9-tetrahydrocannabinol

1.1 International Nonproprietary Name (INN)
Dronabinol®

1.2 Chemical Abstract Service (CAS) Registry Number
= (—)-trans-delta-9-tetrahydrocannabinol (dronabinol): 1972-08-3
= (+)-trans-delta-9-tetrahydrocannabinol: 17766-02-8
= (—)-cis-delta-9-tetrahydrocannabinol: 43009-38-7
= (+)-cis-delta-9-tetrahydrocannabinol: 69855-10-3

1.3 Other Chemical Names®

1.3.1  delta-9-tetrahydrocannabinol:

e 6a,7,8,10a-Tetrahydro-6,6,9-trimethyl-3-pentyl-6H-dibenzo[b, d]pyran-1-ol**

! Delta-9-tetrahydrocannabinol chemically comprises the four stereoisomers listed, as described in the
report of “dronabinol" of the 34 meeting of the ECDD (34thECDD dronabinol).
% Dronabinol refers to primary psychoactive compound in botanical cannabis (Cannabis sativa L.) (=)-
trans-delta-9-tetrahydrocannabinol.
* Reported by Chemical Abstract Service (CAS).
* Alternate numbering systems: (A)"Dybenzopyran"; (B) "Monoterpenoid"
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1.3.2  ()-trans-delta-9-tetrahydrocannabinol (dronabinol):

e 6H-Dibenzo[b,d]pyran-1-ol, 6a,7,8,10a-tetrahydro-6,6,9-trimethyl-3-pentyl-, (6aR-trans)-

4(A)

e Cannabinol, tetrahydro- (6Cl)
e (6aR,10aR)-6a,7,8,10a-Tetrahydro-6,6,9-trimethyl-3-pentyl-6H-dibenzo[b,d]pyran-1-ol

4(A)

e (—)-trans-A°-THC*¥

e (-)-trans-A°-Tetrahydrocannabi no*®

e (—)-A°-Tetrahydrocannabinol “*

e (—)-A’-trans-Tetrahydrocannabinol HA)

e (6aR,10aR)-6,6,9-trimethyl-3-pentyl-6a,7,8,10a-tetrahydro-6H-benzo[c]chromen-1-ol 48
e Abbott 40566

e (Cannabinoids, THC

e Dronabinol

e Marinol

e NSC134454

e Namisol

e QCD 84924
e SP104

e THC

e Tetrahydrocannabinol

e trans-(-)-A’-Tetrahydrocannabinol HA)

(A) (B)
Delta-9-THC = Delta-1-THC
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e trans-A°-Tetrahydrocannabinol “*
o A-THC'W

e A°-Tetrahydrocannabinol “*

e A’-trans-Tetrahydrocannabinol “*
e Cannabinol, A'-tetrahydro- (7Cl) “®

e (-)-3,4-trans-A'-Tetrahydrocannabinol HB)

e (—)-trans-A'-Tetrahydrocannabinol 48]

e (-)-A-Tetrahydrocannabinol *®

e (I)-A'-Tetrahydrocannabinol “B)

o |-trans-A°-Tetrahydrocannabinol *®
4(B)

e |-A'-trans-Tetrahydrocannabinol

o ALTHC*®

e Al-Tetrahydrocannabinol *®

1.3.3 (+)-trans-delta-9-tetrahydrocannabinol:

e 6H-Dibenzol[b,d]pyran-1-ol, 6a,7,8,10a-tetrahydro-6,6,9-trimethyl-3-pentyl-, (+)- (8Cl) “A)
e 6H-Dibenzo[b,d]pyran-1-ol, 6a,7,8,10a-tetrahydro-6,6,9-trimethyl-3-pentyl-, (6aS-trans)-

4(A)

e (6aS,10a5)-6a,7,8,10a-Tetrahydro-6,6,9-trimethyl-3-pentyl-6H-dibenzo[b,d]pyran-1-ol 4A)

e (+)-trans-A’-Tetrahydrocannabinol **

e (+)-A-Tetrahydrocannabinol *®

o (+)-A°-THC*™

e (+)-A°-Tetrahydrocannabinol **

e d-A’-Tetrahydrocannabinol **

e trans-(+)-A°-Tetrahydrocannabinol A

1.3.4 (-)-cis-delta-9-tetrahydrocannabinol:

e 6H-Dibenzo[b,d]pyran-1-ol, 6a,7,8,10a-tetrahydro-6,6,9-trimethyl-3-pentyl-, (6aS-cis)- A
e (60S,10aR)-60,7,8,10a-Tetrahydro-6,6,9-trimethyl-3-pentyl-6H-dibenzo[b,d]pyran-1-ol 48

e cis-A’-Tetrahydrocannabinol A



1.3.5 (+)-cis-delta-9-tetrahydrocannabinol:

e 6H-Dibenzo[b,d]pyran-1-ol, 6a,7,8,10a-tetrahydro-6,6,9-trimethyl-3-pentyl-, (6aR-cis)- *®

e (6aR,10aS)-60,7,8,10a-Tetrahydro-6,6,9-trimethyl-3-pentyl-6H-dibenzo[b, d]pyran-1-ol *®

1.4 Trade names [1]

1.4.1  (-)-trans-delta-9-tetrahydrocannabinol (dronabinol or (—)-trans-A°-THC):
Canada: Marinol (preparation discontinued or no longer actively marketed);
Israel: Ronabin (preparation discontinued or no longer actively marketed);
South Africa: Elevat (preparation discontinued or no longer actively marketed);
United States: Marinol*; Syndros?;
United States Pharmacopeia USP 40: Dronabinol Capsules®
»  (+)-trans-delta-9-tetrahydrocannabinol ((+)-trans-A°-THC): N/A
= (—)-cis-delta-9-tetrahydrocannabinol ((—)-cis-A’-THC): N/A

= (+)-cis-delta-9-tetrahydrocannabinol ((+)-cis-A*-THC): N/A

" MARINOL is supplied as round, soft gelatin capsules for oral use as follows: ¢ 2.5 mg white capsules ® 5 mg dark
brown capsules 10 mg orange capsules. Each MARINOL capsule strength is formulated with the following inactive
ingredients: 2.5 mg capsule contains gelatin, glycerin, sesame oil, and titanium dioxide; 5 mg capsule contains iron
oxide red and iron oxide black, gelatin, glycerin, sesame oil, and titanium dioxide; 10 mg capsule contains iron oxide
red and iron oxide yellow, gelatin, glycerin, sesame oil, and titanium dioxide

 SYNDROS (dronabinol) oral solution, 5 mg/mL is a clear, pale yellow to brown solution. Each milliliter of SYNDROS
contains 5 mg of dronabinol as an active ingredient and the following inactive ingredients: 50 % (w/w) dehydrated
alcohol, polyethylene glycol 400, propylene glycol, sucralose, methyl paraben, propyl paraben, butylated
hydroxyanisole, and water.

3 . . .
Dronabinol in sesame oil.



1.5  Street Names
N/A

1.6 Physical Appearance

1.6.1  (-)-trans-delta-9-tetrahydrocannabinol (or (—)-trans-A*-THC):

Colourless to light yellow resinous oil at room temperature, which tends to solidify at lower

temperature [2-6]

1.6.2  (+)-trans-delta-9-tetrahydrocannabinol (or (+)-trans-A°-THC):
Colorless oil [5]

1.6.3  (—)-cis-delta-9-tetrahydrocannabinol (or (—)-cis-A°-THC):
Colorless oil [5]

1.6.4  (+)-cis-delta-9-tetrahydrocannabinol (or (+)-cis-A°-THC):
Colorless oil [5]

1.7 WHO Review History

Dronabinol was included in Schedule | of the 1971 Convention on Psychotropic Substances at the
time of its adoption as delta-9-tetrahydrocannabinol together with several other isomers of
tetrahydrocannabinol. At its 26" meeting, the Expert Committee on Drug Dependence (ECDD)
recommended that dronabinol, which is the (=)-trans isomer of delta-9-tetrahydrocannabinol
((-)-trans-A’-THC), be moved to Schedule I, while keeping the other stereoisomer in Schedule I.
This proposal was rejected by the Commission on Narcotic Drugs and ECDD reviewed the
guestion again at its 27" meeting in 1990, which recommended that all the stereochemical
variants of delta-9-tetrahydrocannabinol be rescheduled to Schedule Il. This recommendation

was adopted by the Commission on Narcotic Drugs (CND).

At the 32™ meeting, ECDD pre-reviewed dronabinol and recommended its critical review on the
grounds that the rate of abuse of dronabinol was extremely low.
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Dronabinol was critically reviewed by the 33" ECDD in September 2002. On the basis of the
available data the Committee considered that dronabinol should be rescheduled to Schedule IV
of the 1971 Convention. However, the procedure was not completed and the Committee's advice

was not sent to the CND at that time.

11



2. Chemistry

2.1  Chemical Name

2.1.1 IUPAC Name:

2.1.1.1  (-)-trans-A°-THC:
(6aR,10aR)-6a,7,8,10a-Tetrahydro-6,6,9-trimethyl-3-pentyl-6H-dibenzo[b,d]pyran-1-ol
2.1.1.2  (+)-trans-A°-THC:
(6aS,10aS)-6a,7,8,10a-Tetrahydro-6,6,9-trimethyl-3-pentyl-6H-dibenzo[b,d]pyran-1-ol
2.1.1.3  (-)-cis-A°-THC:
(6aS,10aR)-6a,7,8,10a-Tetrahydro-6,6,9-trimethyl-3-pentyl-6H-dibenzo[b,d]pyran-1-ol
2.1.1.4  (+)-cis-A°-THC:
(6aR,10a5)-6a,7,8,10a-Tetrahydro-6,6,9-trimethyl-3-pentyl-6 H-dibenzo[b, d]pyran-1-ol
2.1.2 CAIndex Name:
2.1.2.1 (-)-trans-A°-THC:
6H-Dibenzolb,d]pyran-1-ol, 6a,7,8,10a-tetrahydro-6,6,9-trimethyl-3-pentyl-, (6aR,10aR)-
2.1.2.2  (+)-trans-A°-THC:
6H-Dibenzol[b,d]pyran-1-ol, 6a,7,8,10a-tetrahydro-6,6,9-trimethyl-3-pentyl-, (6aS5,10aS)-
2.1.2.3  (—)-cis-A°-THC:
6H-Dibenzol[b,d]pyran-1-ol, 6a,7,8,10a-tetrahydro-6,6,9-trimethyl-3-pentyl-, (6aS,10aR)-
2.1.2.4  (+)-cis-A’-THC:

6H-Dibenzol[b,d]pyran-1-ol, 6a,7,8,10a-tetrahydro-6,6,9-trimethyl-3-pentyl-, (6aR,10aS)-
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2.2  Chemical Structure

Free base:

(6aR,10aR)-6a,7,8,10a-Tetrahydro-6,6,9-trimethyl-3-pentyl-6H-dibenzo[b,d]pyran-1-ol
(-)-trans-delta-9-tetrahydrocannabinol

(6aS,10aS)-6a,7,8,10a-Tetrahydro-6,6,9-trimethyl-3-pentyl-6H-dibenzo[b,d]pyran-1-ol
(+)-trans-delta-9-tetrahydrocannabinol

(6aR,10aS)-6a,7,8,10a-Tetrahydro-6,6,9-trimethyl-3-pentyl-6H-dibenzo[b,d]pyran-1-ol
(+)-cis-delta-9-tetrahydrocannabinol

(6aS,10aR)-6a,7,8,10a-Tetrahydro-6,6,9-trimethyl-3-pentyl-6H-dibenzo[b,d|pyran-1-ol
(-)-cis-delta-9-tetrahydrocannabinol

Molecular Formula: CyH3,0,
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Molecular Weight: 314.46

2.3  Stereoisomers
A®-THC has two chiral carbon atoms C6a and C10a, which generate four stereoisomers:
(—)-trans-A°-THC and (+)-trans-A°-THC, (—)-cis-A>-THC and (+)-cis-A°-THC.

Naturally occurring in cannabis is the (—=)-trans-A>-THC. The other three stereoisomers have been

recently synthetized [5].
2.4  Methods and Ease of lllicit Manufacturing
(=)-trans-A°-THC can be obtained mainly by four methods:

1. Natural source: extraction of A’-tetrahydrocannabinolic acid (THCA),
decarboxylation and purification

2. Decarboxylation of THCA and purification

3. Semi-synthesis: extraction of cannabidiolic acid (CBDA), decarboxylation and
conversion into THC

4. Total synthesis from terpene and olivetol
2.4.1  Natural source

(—)-trans-A°-THC does not occur at significant concentration in Cannabis. The plant synthesizes
primarily the carboxylic acid form of (=)-trans-A’-THC, namely, A’-tetrahydrocannabinolic acid
(THCA)” from cannabigerolic acid and accumulates in the glandular trichomes of flowers and

leaves where it represents up to 90% of the total THC samples [7, 8].

Contrary to (—)-trans-A°-THC, THCA does not elicit intoxicating effects in humans [7].!

" THCA is not a scheduled substance.

14



This acidic cannabinoid is thermally unstable and can be quickly decarboxylated when exposed to

heat via smoking or baking [9].
In order to obtain A°-THC from cannabis plant it is possible to follow two strategies:

- Decarboxylation of cannabis inflorescence prior to extraction

- Extraction and decarboxylation of THCA into (—)-trans-A*-THC.

Both processes are described in the literature. As an example, the method of extraction of (—)-

trans-A’-THC and THCA is reported in the patent US8846409B2 [10].

The extraction of (=)-trans-A’-THC involves the heating of cannabis inflorescence, which is
preliminarily shredded in 2 mm particles in two phases, the first at 105 °C for 15 minutes and the
second at 120 °C for 2 hours in order to decarboxylate at least 95% of THCA. Subsequently, the
plant material is extracted with either supercritical carbon dioxide (CO,) or an organic solvent,
such as alcohol or hexane, which is evaporated to obtain a solid residue. The latter is dissolved
into hot ethyl alcohol and left at —20 °C for two days in order to precipitate wax and other
impurities, which are removed by filtration. The filtrate is dried and (—)-trans-A°-THC is separated
from the other components by chromatography through a column packed with Sephadex LH20,
eluting with 2:1 chloroform/dichloromethane. (-)-trans-A’-THC is then purified from methanol

and pentane.
2.4.2  Decarboxylation of THCA and purification

THCA is extracted as a crystalline solid following a procedure similar to that employed for neutral
(—)-trans-A°-THC but without the heating step. If heated up (i.e. smoked or baked), THCA

decarboxylates to give neutral (—)-trans-A°-THC.

! For forensic analysis the total THC is required, that is the sum of neutral THC and THCA. A gas chromatographic
method is generally employed, thus the non-derivatized sample is heated up in the injector and THCA converts
into neutral THC. The yield of decarboxylation is strictly dependent from the temperature and geometry of the
injector.
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2.4.3

-CO,

>
heat
(6aR,10aR)-6a,7,8,10a-Tetrahydro-1-hydroxy-6,6,9- (6aR,10aR)-6a,7,8,10a-Tetrahydro-6,6,9-trimethyl-3-
trimethyl-3-pentyl-6H-dibenzo[b,d]pyran-2-carboxylic acid pentyl-6H-dibenzo[b,d]pyran-1-ol
(-)-trans-delta-9-tetrahydrocannabinolic acid (-)-trans-delta-9-tetrahydrocannabinol

Semi-synthesis
(—)-trans-A°-THC can be obtained by partial synthesis from cannabidiol (CBD) [6, 11].

Mechoulam et al. described that CBD, in the presence of boron trifluoride etherate in methylene

chloride, rapidly isomerized to (-)-trans-A*-THC (60% vield) and A®-iso-THC (13%) [12].

Alternatively cannabidiol can be converted quantitatively into delta-8-tetrahydrocannabinol by

strong acid and then into (—)-trans-A°-THC by hydrochlorination and dehydrochlorination [12-17].
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2.4.4

Strong acid
_—
heat

(-)-trans-delta-8-tetrahydrocannabinol

HCl
ZnCl,

(-)-trans-delta-9-tetrahydrocannabinol

potassium-tert-amylate
+

OHH

(-)-delta-8-iso-tetrahydrocannabinol

(-)-trans-delta-9-tetrahydrocannabinol

Total synthesis of (—)-trans-A°-THC

After the first synthesis of (i)—trans—A9—THC, published by Mechoulam and co-workers [18], a number of
stereospecific syntheses were published, such as those by Petrzilka et al. [19, 20], by Razdan and
Handrick [21], and Gaoni and Mechoulam [6, 11] that are based on the same principle, the

condensation of olivetol with an optically pure monoterpene [22-25].

The synthesis of Petrzilka et al. demonstrated a facile entry into cannabinoids utilizing (+)-cis- or trans-

p-mentha-2,8-dien-l-ol. By condensing with olivetol in the presence of weak and strong acids they

obtained (—)-CBD and (—)-A%-THC, respectively. The yield of cannabidiol was 25%, but with a strong
17



acid, no cannabidiol was isolated and delta-8-tetrahydrocannabinol was obtained in 53% vyield. The
conversion to (—)-trans-A’-THC was carried out by addition of hydrochloric acid (HCI) and

dehydrochlorination using potassium tert-amylate in benzene obtaining a 100% yield.

HO
HO -
HO, OH
strong
or + acids
—_—
z B OH
/\ /\

(+)-cis-p-mentha-2,8-dien-1-ol olivetol (-)-trans-delta-8-tetrahydrocannabinol
or

(+)-trans-p-mentha-2,8-dien-1-ol HCI

ZnCl,

HO

Cl

o

potassium tert-amylate
-

(-)-trans-delta-9-tetrahydrocannabinol

Because of the commercial availability of the starting terpene cis/trans-p-mentha-2,8-dien-l-ol, this
route was further developed by Razdan and co-workers for the preparation of (-)-trans-A°-THC
employing boron trifluoride diethyl etherate (BFs;Et,O) in the presence of magnesium sulfate (MgSO,)
as the dehydrating agent [26]. By this process (—)-trans-A°-THC of very high optical purity was formed

in a simple one-step synthesis in 50% yield.

HO = HO
N g OH
or +
/\ /\
((;)—c:s-p -mentha-2,8-dien-1-ol olivetol (-)-trans-delta-9-tetrahydrocannabinol

(+)-trans-p-mentha-2,8-dien-1-ol
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2.5

2.5.1

252

2.5.3

Recently, a stereoselective total synthesis of all isomeric forms of A°-THC has been developed by

Schafroth et al. [5].

Chemical Properties

i. (=)-trans-A’-THC:
Melting point
<25°C[27]

Boiling point

200 °C at 0.02 Torr!
Solubility

Yalkowsky et al. measured a pKa of 10.6 and a solubility in water of 2.8 mg/L at 23 °C [28]. (-)-
trans-A°-THC is also soluble in alcohol (1 part in 1 part of alcohol); 1 part in 1 part of acetone; 1
part in 3 parts of glycerol. It is also soluble in 0.15 M sodium chloride (0.77 mg/L at 23 °C) and in
fixed oils [29].

(-)-trans-A>-THC binds to glass (20% at 0.1 ug/mL). Polycarbonate, polypropylene, Teflon and
stainless steel containers showed more extensive binding than glass. Degraded rapidly in acidic

solution (ty,=1 h at pH 1 and at 55 °C) [30].

Rosenkrantz et al. conducted studies of solubility of (—)-trans-A’-THC, (=)-trans-A%-THC and pure
cannabis extract in several solvents like ethanol, acetone, dimethyl sulfoxide (DMSO), chloroform,
benzyl alcohol and sesame oil in order to obtain suitable oral and parenteral formulations of
cannabinoids. Similar solubility values were obtained for (—)-trans-A>-THC, (—)-trans-A®-THC and
crude cannabis extract in polar solvents. The solubility of (—)-trans-A>-THC was in ethanol and
acetone greater than 1 g/mL, 0.90 g/mL in benzyl alcohol, 0.30 g/mL in sesame oil, 0.54 g/mL in
DMSO, 0.58 g/mL in propylene glycol, 0.39 g/mL in glycerol and 0.28 g/mL in polyoxyethylene

monooleate (Tween 80) [31].

! Reported by Chemical Abstract Service (CAS).
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2.5.3.1 n-Octanol/water partition coefficients (Po/w)

n-Octanol/water partition coefficients (Po/w) of (—)-trans-A>-THC, as measured by shake-flask

methods, span from 6,000 [32] to 60,000, as estimated by Roth and Williams [30].

Brian et al. calculated the Po/w of (=)-trans-A°-THC and (=)-trans-A%-THC by two procedures:
reverse-phase high-pressure liquid chromatographic (HPLC) and computer calculation. As
expected, the position of the double bond in either position 8 or 9 had only a poor effect on the
Po/w. Based on the molecular structure, the log Po/w obtained for (=)-trans-A°-THC by computer
calculation was 7.18, which is in close agreement with the log Po/w of 6.93 as determined by

HPLC. This very high value of log Po/w indicated an extreme lipophilicity [33].
2.5.3.2 Optical Rotatory Power
Reports vary from —148 to —161.8:

= —148:(c. 0.35,CHCI;, wavelength: 589.3 nm) [34]
= —150.5: (CHCl, Temp: 20 °C)*
=  -161.8:(c. 1.0, CHCI5) [5]

2.5.3.3  Stability

When stored, (—)-trans-A°-THC decomposes and becomes reddish [4]. It is unstable in air, light,
and acidic media and at high temperatures. (=)-trans-A>-THC is more stable in ethanol than in
carbon tetrachloride or hexane. Thin films of (=)-trans-A’-THC are less stable than (=)-trans-A°-
THC in solutions. Stability is not improved by adding antioxidants. The major product of (=)-trans-
A’-THC decomposition is cannabinol (CBN) and the minor product is (—)-trans-A®-THC. Due to its
high lipid/aqueous partition coefficient, (—)-trans-A’-THC has a higher affinity for biomembranes

than for aqueous media [3, 6, 35].
2.5.3.4 Chemical characterization

'H NMR (400 MHz, CDCls)
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§=6.32-6.28 (m, 1H), 6.27 (d, J = 1.6 Hz, 1H), 6.14 (d, J =1.6 Hz, 1H), 4.71 (s, 1H), 3.25 —
3.15 (m, 1H), 2.48 — 2.38 (m, 2H), 2.21 — 2.11 (m, 2H), 1.95— 1.85 (m, 1H), 1.71 — 1.67 (m,
4H), 1.60 — 1.51 (m, 2H), 1.41 (m, 4H), 1.33 — 1.24 (m, 4H), 1.09 (s, 3H), 0.91 — 0.84 (m,
3H)

13C NMR (101 MHz, CDCl5)

6 =154.9, 154.3, 143.0, 134.6, 123.8, 110.3, 109.2, 107.7, 77.4, 46.0, 35.6, 33.7, 31.7,
31.3,30.8,27.7,25.2,235,22.7,19.4, 14.2

IR (neat, Vma/cm ™)

3392, 2927, 2858, 1624, 1578, 1425, 1365, 1331, 1268, 1234, 1183, 1129, 1113, 1038,
878

[a]*5 =-161.8 (c. 1.0, CHCI5) [5]
ii. (+)-trans-A°-THC:

Melting point: N/A

Boiling point: N/A

Solubility: N/A

Stability: N/A

2.5.3.5 Chemical characterization
"H NMR (400 MHz, CDCl,)

6=6.32-6.28 (m, 1H), 6.27 (d, J = 1.6 Hz, 1H), 6.14 (d, J =1.6 Hz, 1H), 4.71 (s, 1H), 3.25 -
3.15(m, 1H), 2.48 = 2.38 (m, 2H), 2.21-2.11 (m, 2H), 1.95- 1.85 (m, 1H), 1.71 = 1.67 (m,
4H), 1.60 = 1.51 (m, 2H), 1.41 (m, 4H), 1.33 = 1.24 (m, 4H), 1.09 (s, 3H), 0.91 — 0.84 (m,
3H)

13C NMR (101 MHz, CDCl5)
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6 = 154.9, 154.3, 143.0, 134.6, 123.8, 110.3, 109.2, 107.7, 77.4, 46.0, 35.6, 33.7, 31.7,
31.3,30.8,27.7,25.2,235,22.7,19.4,14.2

IR (neat, Vpm/cm ™)

3392, 2927, 2858, 1624, 1578, 1425, 1365, 1331, 1268, 1234, 1183, 1129, 1113, 1038,
878

[a]®p = +159.1 (c. 1, CHCl3) [5]
iii.  (—)-cis-A>-THC:

Melting point: N/A

Boiling point: N/A

Solubility: N/A

Stability: N/A

Chemical characterization

'H NMR, °C NMR and IR data were identical with that of the (+)-trans-A°-THC.

[a]*5 ==95.0 (c. 1.0, CHCl;) [5]
iv. (+)-cis-A°-THC:

Melting point: N/A

Boiling point: N/A

Solubility: N/A

Stability: N/A

22



2.5.3.6 Chemical characterization
'H NMR (400 MHz, CDCls)

§=6.25(d, J = 1.6 Hz, 1H), 6.23 — 6.19 (m, 1H), 6.13 (d, J = 1.6 Hz, 1H), 4.75 (s, 1H), 3.56
(t, J = 5.6 Hz, 1H), 2.47 — 2.39 (m, 2H), 2.06 — 1.88 (m, 3H), 1.75 — 1.70 (m, 1H), 1.70 —
1.67 (bs, 3H), 1.59 — 1.52 (m, 2H), 1.5 - 1.42 (m, 1H), 1.39 (s, 3H), 1.34 — 1.28 (m, 4H),
1.27 (s, 3H), 0.90 — 0.86 (m, 3H)

B3C NMR (101 MHz, CDCls)

6 =154.9, 154.0, 142.6, 135.2, 122.1, 110.2, 109.6, 108.1, 76.3, 40.2, 35.6, 31.7, 31.7,
30.7,29.9, 26.1, 25.5, 23.8, 22.7, 20.8, 14.2

IR (neat, vmax /cm-1) 3395, 2927, 2856, 1622, 1577, 1425, 1379, 1366, 1263, 1236,
1157, 1136, 1112, 1035, 889

[a]”p = +91.7 (c. 1.0, CHCl3) [5]
2.6 Identification and Analysis

Synthetic (=)-trans-A°-THC was characterized and 'H NMR properties [36, 37], °C NMR properties [36-

39], mass properties [36, 40-57] and ultraviolet (UV) and visible properties [56, 58] are reported.

Recently, Schafroth et al. synthesized all stereoisomeric forms of A°-THC and optical rotatory power, *H NMR,

BC NMR, IR and chromatographic enantioseparation of each stereoisomer was reported [5].

Color tests are described in “Recommended methods for the identification and analysis of cannabis and
cannabis products” edited by United Nations office on drug and crime [59]. They are the Fast Corinth V salt test,
Fast Blue B salt test and Rapid Duquenois test (Duguenois-Levine test) [59]. The positive results to color tests
are only presumptive test and it is therefore mandatory for the analyst to confirm such results using additional

analysis like chromatographic analysis.

Several analytical methods are reported regarding (=)-trans-A°-THC qualitative and quantitative
determination in different matrices such as cannabis inflorescence, cannabis extracts and biological fluids.

Chromatographic methods are the most employed coupled to several detection techniques such as UV
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and mass spectrometry (MS) [60]. Based on the specific matrix available, specific sample pre-treatment
and chromatographic method should be followed. In general, the chromatographic techniques can be

divided into:
2.6.1  Thin-layer chromatography (TLC)

It is quite difficult to separate (=)-trans-A%-THC from (—)-trans-A°-THC employing a
normal and polar stationary phases [56]. A two dimensional TLC method has been developed

with the advantage to obtain a better resolution between the two isomers [61].

2.6.2  Gas chromatographic method with mass spectrometry (GC-MS) or flame ionization detection (GC-

FID)

These methods are widely employed in several laboratories and permit to analyse (—)-trans- A°-
THC with or without preliminary derivatization [56, 62]. Hazekamp et al. also developed a GC-
MS method that easily distinguished (—)—trans—Ag—THC from its isomer (—)—trans—AS—THC [56]. GC

methods are generally employed for both plant material and biological matrices with an

appropriate sample pre-treatment [60].

2.6.3  Liquid chromatography (LC)

LC methods are generally coupled to ultraviolet (LC-UV) and/or mass spectrometry (LC-MS)
detection. They offer the advantage of a very high sensitivity without a derivatization step [63-
67]. LC methods are widely employed for both plant material and biological matrices with an
appropriate sample pre-treatment [60]. As for GC-MS, (—)—trans—Ag—THC from its isomer (—)-

trans-AB-THC can be easily separated by LC-UV [56].
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Ease of Convertibility Into Controlled Substances

The only controlled substance that (—)-trans-A°-THC can be converted into is its isomer (=)-trans-
AB-THC, which is in Schedule | of the 1971 Convention. The conversion reaction is reported in the
literature and involves the treatment of (—)-trans-A’-THC with an acid resulting in an equilibrium
mixture containing approximately 3% of the (—)-trans-A- and 97% of the more

thermodynamically stable (=)-trans-A%-THC isomer [68, 69].
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Table 1: Stereoisomers of delta-9-THC
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lettered in table but as a
largely a text table numbers
perhaps better

Natural
occurrenc
e

CAS
Registr

Numbe
r

Structure
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trans-A°-
THC

IUPAC name:
(6aR,10aR)-
6a,7,8,10a-
Tetrahydro-
6,6,9-trimethyl-
3-pentyl-6H-
dibenzo[b,d]pyr
an-1-ol

CA index
name: 6H-
Dibenzo[b,d]py
ran-1-ol,
6a,7,8,10a-
tetrahydro-
6,6,9-trimethyl-
3-pentyl-,
(6aR,10aR)-

6H-Dibenzo[b,d]pyran-1-ol,
6a,7,8,10a-tetrahydro-
6,6,9-trimethyl-3-pentyl-,
(6aR-trans)-

Cannabinol, tetrahydro-
(6CI)

(6aR,10aR)-6a,7,8,10a-
Tetrahydro-6,6,9-trimethyl-
3-pentyl-6H-
dibenzol[b,d]pyran-1-ol

(-)-trans-A>-THC

(-)-trans-A°-
Tetrahydrocannabino

()-4°
Tetrahydrocannabinol

(-)-A°-trans-
Tetrahydrocannabinol

(6aR,10aR)-6,6,9-trimethyl-
3-pentyl-6a,7,8,10a-
tetrahydro-6H-
benzo[c]chromen-1-ol

Abbott 40566
Cannabinoids, THC
Dronabinol

Marinol

NSC 134454

Namisol

QCD 84924

SP 104

THC
Tetrahydrocannabinol
trans-(-)-A°-
Tetrahydrocannabinol
trans-
A’-Tetrahydrocannabinol
A*-THC*
A’-Tetrahydrocannabinol *

A’-trans-
Tetrahydrocannabinol *

Cannabinol, A’-tetrahydro-
(7cn

(-)-3,4-trans-A*-
Tetrahydrocannabinol *

(-)-trans-A'-
Tetrahydrocannabinol *

()-A-
Tetrahydrocannabinol *

(D-A™
Tetrahydrocannabinol

I-trans-A°-
Tetrahydrocannabinol

I-A-trans-
Tetrahydrocannabinol

A-THC

A-Tetrahydrocannabinol

Yes
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(+)- IUPAC name: 6H-Dibenzo[b,d]pyran-1-ol, | No 17766-
trans-A°- | (6aS,10aS)- 6a,7,8,10a-tetrahydro- 02-8
THC 6a,7,8,10a- 6,6,9-trimethyl-3-pentyl-,
Tetrahydro- (+)- 8CI)* I
6,6,9-trimethyl- .
3-pentyl-6H- 6H-Dibenzo[b,d]pyran-1-ol,
dibenzo[b,d]pyr 6a,7,8,1'0a-tetrahydr0-
an-1-ol 6,6,9-trimethyl-3-pentyl-,
(6aS-trans)-*
CAind
e B (65,10a5)-63,7,8,10a-
Dibenzo[b,d] ge;;?]rgldgo|_—|6,6|9-tr|methyl- (6aS, 1 OaS)—
pyran-1-ol, " el
62.7.8.10a- dibenzo[b,d]pyran-1-ol *
tetrahydro-6,6, (+)-trans-A°-
9-trimethyl-3- Tetrahydrocannabinol*
pentyl-,
(6aS,10aS)- (+)-A-
Tetrahydrocannabinol*
(+)-A%-THC*
(+)-A°
Tetrahydrocannabinol*
d-A%-Tetrahydrocannabinol
trans-(+)-A°-
Tetrahydrocannabinol *
(—)-cis- ) 6H-Dibenzo[b,d]pyran-1-ol, | No 43009-
A-THC | IUPACname: | g, 7 g 10a-tetrahydro- 38-7
(6as,10aR)- 6,6,9-trimethyl-3-pentyl-,
63,7,8,103' (GaS'CiS)-A
Tetrahydro- i
6,6,9-trimethyl- (6aS,10aR)-6a,7,8,10a-
3-pentyl-6H- Tetrahydro-6,6,9-trimethyl-
dibenzo[b,d]pyr 3-pentyl-6H-
an-1-ol dibenzo[b,d]pyran-1-ol *
CAind cis-A®-
inaex H 4
Tetrahyd binol -
meme: 6H- etrahydrocannabino (6aS’1()aR)
Dibenzo[b,d]
pyran-1-ol,
6a,7,8,10a-
tetrahydro-6,6,
9-trimethyl-3-
pentyl-, (6aS,
10aR)-
(+)-cis- ) 6H-Dibenzo[b,d]pyran-1-ol, No 69855-
ASTHC | IUPACname: | g, 7 g 10a-tetrahydro- 10-3
(6aR,10aS)- 6,6,9-trimethyl-3-pentyl-,
63,7,8,103' (GaR-CiS)-A 1
Tetrahydro-
6,6,9-trimethyl- (6aR,10aS)-6a,7,8,10a-
3-pentyl-6H- Tetrahydro-6,6,9-trimethyl-
dibenzo[b,d]pyr 3-pentyl-6H-
an-1-ol dibenzo[b,d]pyran-1-ol *
CA index -
e 6H. (6aR,10aS)
Dibenzo[b,d]
pyran-1-ol,
6a,7,8,10a-

tetrahydro-6,6,

32




9-trimethyl-3-
pentyl-, (6aR,
10aS)-
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