(12) STANDARD PATENT (11) Application No. AU 2007316584 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)
(87)
(30)

(31)

(43)

(44)

(71)

(72)

(74)

(56)

Title
Composition comprising (-)-delta9-trans-tetrahydrocannabinol

International Patent Classification(s)
CO07D 311/80 (2006.01) A61K 31/353 (2006.01)

Application No: 2007316584 (22) Date of Filing:  2007.11.09
WIPO No:  WO08/055992

Priority Data

Number (32) Date (33) Country
11/595,682 2006.11.10 us
Publication Date: 2008.05.15

Accepted Journal Date: 2013.02.14

Applicant(s)
Johnson Matthey Public Limited Company

Inventor(s)
Shah, Ramesh;Silverberg, Lee Jonathan;Hogan, Robert;Rossi, Ronald

Agent / Attorney
Griffith Hack, GPO Box 3125, Brisbane, QLD, 4001

Related Art
US 2004/0229939 A1
WO 2006/063109 A2




(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

PO O B

(10) International Publication Number

WO 2008/055992 A1l

(74) Agent: NUNN, Andrew; Johnson Matthey Technology
Centre, Blounts Court, Sonning Common, Reading, Berk-
shire RG4 9NH (GB).

(43) International Publication Date
15 May 2008 (15.05.2008)

(51) International Patent Classification:
CO7D 311/80 (2006.01) AG61K 31/353 (2006.01)

(21) International Application Number:

(81) Designated States (unless otherwise indicated, for every
PCT/EP2007/062174 kind of national protection available): AE, AG, AL, AM,
. . AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
(22) International Filing Date: CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
9 November 2007 (09.11.2007) ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL,
. IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
(25) Filing Language: Engllsh LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
(26) Publication Language: English PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
(30) Priority Data: 7ZM, ZW.
11/595,682 10 November 2006 (10.11.2006) US
(84) Designated States (unless otherwise indicated, for every
(71) Applicant (for all designated States except US): JOHN- kind of regional protection available): ARIPO (BW, GH,
SON MATTHEY PUBLIC LIMITED COMPANY GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
[GB/GB]: 40-42 Hatton Garden, London ECIN SEE (GB). ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
(72) Inventors; and FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
(75) Inventors/Applicants (for US only): ROSSI, Ronald g& Ré;}Sgbsgﬁﬁs)}v?]f%%f#s%g?’ CL CM,
[US/US]; 744 Tomlin Station Road, Mullica Hill, NJ ’ ? ? ? ? ’ ’ ’ ? :
08062 (US). SILVERBERG, Lee, Jonathan [US/US]; Published:

1301 Beaverbrook Drive, Cherry Hill, NJ 08034 (US).
HOGAN, Robert [US/US]; 10 Worthington Drive, West
Grove, PA 19390 (US). SHAH, Ramesh [US/US]; Apt.
#07, 107 Van Buren Road, Voorhees, NJ 08043 (US).

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

(54) Title: COMPOSITION COMPRISING (-)»A9'TRANS»TETRAHYDROCANNABINOL

2008/055992 A1 |10 000 0 0 OO0 000

(87) Abstract: A composition comprising a tetrahydrocannabinol compound, a solvent and an acid, wherein the tetrahydrocannabi-
nol compound may be A" tetrahydrocannabinol, (-)-A"-trans-tetrahydrocannabinol or a side chain alkyl derivative of either com-
pound, the solvent may be an oil or C,-Cy alcohol (e.g. sesame oil or ethanol), and the acid may be an organic acid or a mineral acid.

=



WO 2008/055992 PCT/EP2007/062174

COMPOSITION COMPRISING (-)-A’~-TRANS-
TETRAHYDROCANNABINOL

The present invention relates to a composition comprising (-)-A’-trans-

tetrahydrocannabinol or related compounds.

The compound (-)-A’-trans-tetrahydrocannabinol is the active ingredient in
marijuana. It is used therapeutically as an inhalant or an oral drug for stimulation of
appetite among AIDS and cancer chemotherapy patients. Tetrahydrocannabinols
(THCs) can be isolated from marijuana (a mixture of leaves and flowering heads of
the plant Cannabis Sativa). Alternatively, THCs can be obtained by synthetic routes,
e.g. as described in WO 02/096899.

Pure (-)-A’-trans-tetrahydrocannabinol that has been produced synthetically
and purified is unstable and is liable to degrade to products such as cannabinol (which
is inactive) and A®-tetrahydrocannabinol (which is less potent).  Although
A®-tetrahydrocannabinol has similar activity to as (-)-A’-trans-tetrahydrocannabinol it
is only approx. 75% as potent and also tends to degrade to other compounds including
cannabinol. Dissolving the (-)-A’-trans-tetrahydrocannabinol in a solvent or carrier
improves the stability, but it is still usual to store the solutions under refrigerated
conditions, e.g. at 5°C, to prevent degradation. The present inventors have sought to
improve the stability of solutions of (-)-Ag-trans-tetrahydrocannabinol and

A®-tetrahydrocannabinol.

WO 2006/063109 (Insys Therapeutics Inc) discloses a gel capsule comprising
a cannabinoid, such as (-)-A’-trans-tetrahydrocannabinol, dispersed in oil that they
claim is stable for at least a year. This application lists a range of different types of
compound that might be used as anti-oxidants in the gel capsules. The patent
application exemplifies a range of suitable anti-oxidants including weak acids and
weak bases. The stability of the compositions of WO 2006/063109 was assessed
using the compendial (USP) HPLC method (see paragraph [0216]), i.c. the
compositions were not assessed against pure substances but instead used branded

products that would have been less than 100% pure.
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Accordingly, the present invention provides a composition comprising:

(a) a tetrahydrocannabinol compound chosen from A® tetrahydrocannabinol,
(-)-A9-trans-tetrahydrocannabinol and side chain alkyl derivatives of either
compound,

(b) a solvent chosen from oils and C,-C4 alcohols, and

(c) an acid,

wherein the composition is in liquid form and the acid is added in an amount

effective to improve the stability of the composition.

By side chain alkyl derivatives of either compound we mean compounds with
the structure of either of the compounds depicted in the Figure, in which R represents
an alkyl side chain. Of particular interest, are compounds in which R is

1,1 dimethylheptyl.

The Figure shows the chemical structures for alkyl substituted (-)-A-trans-

tetrahydrocannabinol derivatives and (-)-A’-trans-tetrahydrocannabinol derivatives.

The inventors have found that the addition of the acid improves the stability of
the composition, i.e. there is less degradation of the tetrahydrocannabinol compound

during prolonged storage of the composition.

The composition includes a solvent. The solvent may be chosen from oils and
Ci - C4 alcohols. Suitable examples of oils include sesame oil, olive oil, canola oil
and combinations thereof. Suitable examples of C; - C4 alcohols include methanol,

ethanol, propanol, iso-propanol and butanol.

According to one embodiment, the solvent is sesame oil. The sesame oil may
be refined or unrefined, but is preferably refined (the US Food and Drug
Administration standards require that refined sesame oil is used in pharmaceutical
products). The composition may further comprise other solvents, but preferably
comprises only sesame oil as the solvent. According to an alternative embodiment,

the solvent is ethanol.

In one embodiment the composition comprises an oil and a C, - C4 alcohol.

488609_2 (GHMatters) P80951.AU
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I'he acid used 1n the composition may be an organic acid. When an organic
acid is used, the organic acid is suitably chosen from citric acid, ascorbic acid, malic

acid, oxalic acid, succinic acid and tartaric acid, and is preferably citric acid.

The acid used in the composition may be a mineral acid. When a mineral acid
is used, the mineral acid is suitably chosen from phosphoric acid, hydrochloric acid,

nitric acid and sulphuric acid, and is preferably phosphoric acid.

In one embodiment the composition comprises a combination of different
acids, optionally a combination of at least one organic acid with at least one mineral

acid.

Weak acids have an especially positive stabilizing effect on (-)-A’-trans-
tetrahydrocannabinol and its derivatives, forming a stabilized composition. If the
amount or concentration of strong acid is too large, the A’-isomer degrades to the

Ab-isomer.

The acid may be added to the other constituents either as a separate
component, or the acid may be formed in a solution of the other constituents. An
example of the latter is the use of dissolved CO; in ethanol, which also stabilizes the

A’-isomer, probably due to formation of carbonic acid.

The amount of acid is suitably from 0.01-2% as a weight percentage of the

composition, preferably from 0.02-1% and most preferably from 0.05-0.5%.

The amount of (-)-A’-trans-tetrahydrocannabinol in the composition is suitably

from 0.1-15% as a weight percentage of the composition, preferably from 1 to 10%.

The composition may further comprise antimicrobial agents such as methyl
paraben or propyl paraben. The composition may further comprise preservatives such
as alpha-tocopherol or butylated hydroxytoluene (BHT). The composition may
further comprise antioxidants. = The antimicrobial agents, preservatives and

antioxidants may be used alone or in combination.
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In a preterred embodiment, the composition ot the invention consists
essentially of a tetrahydrocannabinol compound, an oil or a C;-C4 alcohol, and
0.01-2wt% of an acid chosen from the group consisting of citric acid, ascorbic acid,
malic acid, oxalic acid, succinic acid, tartaric acid, phosphoric acid, hydrochloric acid,
nitric acid and sulphuric acid. Additional components (e.g. antimicrobial agents,
preservatives, antioxidants) may comprise up to 1wt% of the solution. In an
especially preferred embodiment, the composition of the invention consists essentially
of (-)-A’-trans-tetrahydrocannabinol, sesame oil and 0.05-0.5wt% citric acid or
phosphoric acid, wherein additional components may comprise up to 1wt% of the

solution.

Compositions according to the invention may be prepared by adding the acid
to a solution of a tetrahydrocannabinol compound in sesame oil or a C;-Cy4 alcohol
and mixing. Solutions of (-)-Ag-trans-tetrahydrocannabinol in sesame oil may be
prepared by dissolving pure (-)-A’-trans-tetrahydrocannabinol in sesame oil, or by
mixing sesame oil with a solution of (-)-A’-trans-tetrahydrocannabinol in ethanol, and

then distilling off the ethanol.
The following examples are illustrative but not limiting of the invention.

Composition Preparation: Sesame oil solvent

Sesame oil was degassed under vacuum distillation and blanketed with
nitrogen. The sesame oil was refined sesame oil from Jeen International
(Compositions 1-2, 7-17) or Dipasa (Compositions 3-6). A solution of (-)-A’-trans-
tetrahydrocannabinol in ethanol was added to the sesame oil and the acid was also
added. The solution was mixed and the ethanol was removed using a rotary

evaporator.

Each composition contained 6.65wt% (-)-A’-trans-tetrahydrocannabinol based
on the weight of the composition. The additional components in each composition

were as shown in Table 1 below:
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lable | Compositions 1-1¥ 1n Sesame U1l Solvent
Acid Other components
Composition 1 None None
Composition 2 0.1wt% citric acid None
Composition 3 None None
Composition 4 0.1wt% citric acid None

Composition 5

None

Methyl paraben, Propyl
paraben, Alpha tocopherol,
BHT

Composition 6

0.1wt% citric acid

Methyl paraben, Propyl
paraben, Alpha tocopherol,
BHT

Composition 7 None None
Composition 8 0.1wt% ascorbic acid None
Composition 9 0.1wt% acetic acid None
Composition 10 0.1wt% citric acid None
Composition 11 0.1wt% lactic acid None
Composition 12 0.1wt% fumaric acid None
Composition 13 0.1wt% malic acid None
Composition 14 0.1wt% oxalic acid None
Composition 15 0.1wt% succinic acid None
Composition 16 0.1wt% salicylic acid None
Composition 17 0.1wt% tartaric acid None
Composition 18 0.1wt% phosphoric acid | None

Composition Preparation: Ethanol solvent

Citric acid was added to 2ml samples of a solution of (-)-A’-trans-

tetrahydrocannabinol
tetrahydrocannabinol was 66.6mg/ml).

citric acid in each solution is shown in Table 2 below:

cthanol (the concentration of the (-)-A’-trans-

The solutions were mixed. The amount of
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Table 2 Compositions 18-23 in Ethanol Solvent

Amount of citric acid (mg) | Weight % of citric acid compared
to the weight of A>-THC
Composition 19 0.00 0.0%
Composition 20 2.51 1.9%
Composition 21 2.01 1.5%
Composition 22 0.50 0.4%
Composition 23 0.25 0.2%
Composition 24 0.13 0.09%

Stability: Sesame Qil solvent

The stability of the sesame oil compositions (compositions 1-18) was assessed
at three different conditions: 5°C or Normal Storage (Refrigerated) Conditions;
25°C/60% Relative Humidity or Accelerated Conditions; and 40°C/75%
Relative Humidity or High Temperature/High Humidity Conditions. The degradation
of the (-)-Ag-trans-tetrahydrocannabinol was monitored using a High Performance
Liquid Chromatography (HPLC) method with ultraviolet detection at 228nm. Each
detected impurity peak was measured using percent peak area (% PA) with
respect to the peak area counts for (-)-A’-trans-tetrahydrocannabinol for each
chromatogram, i.e. the degradation of the composition was assessed against
(-)-A9-trans-tetrahydrocannabinol not against a branded product -containing
(-)-A9-trans-tetrahydrocannabinol. Each impurity peak was identified with a relative
retention time (RRT) relative to the (-)-Ag-trans-tetrahydrocannabinol peak elution
time from each chromatogram. Impurity peaks measuring above 0.05% PA were

recorded.

The impurities that are attributed to the degradation of (-)-Ag-trans-
tetrahydrocannabinol elute from the HPLC column at a RRT window of 0.56 to 0.95
and at a RRT of 1.06. The impurities cannabinol and A®- tetrahydrocannabinol elute

from the column at RRTs of 0.95 and 1.06 respectively.

488609_2 (GHMatters) P80951.AU
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lable 3 shows the results ot the stability tests tor compositions 1-1¥. 1he
period of time after which the degradation of the composition was assessed is

indicated beside each table.

Table 3 - Stability tests for compositions 1-18

Composition 1, 1 month

% Peak Areas according to Relative Retention Time (RRT)
Condition 056 ] 0.57] 0.58 | 0.61 | 0.63 ] 0.66 | 0.67 | 0.70 | 0.74 | 0.78 | 0.90 | 0.95 | 1.06
Initial 0.28
25°C/60%RH 413 | 4450096 [3.11] 102 235 | 022 036 | 1.46 | 4.06 | 5.33
40°C/75%RH 809 | 535 | 2.43 | 491 [ 029 | 1562 | 0.28 0.49 | 1.86 | 2.99

Composition 2, 3 months

% Peak Areas according to Relative Retention Time (RRT)
Condition 0.56 | 0.57 1 0.58 | 0.61 | 0.63 ] 0.66 | 0.67 | 0.70 | 0.74 | 0.78 | 0.90 | 0.95 | 1.06
Initial
5°C 0.08 | 0.05 0.05
25°C/60%RH 0.18 0.13 0.07 0.07 0.16 | 0.37 | 0.29
40°C/75%RH 1.96 0221091 |0.17 045|036 | 0.3 005|125 4.16 | 2.17

Composition 3, 3 months

% Peak Areas according to Relative Retention Time (RRT)

Condition 0.56 | 0.57 | 0.58 | 0.61 | 0.63 | 0.66 | 0.67 | 0.70 | 0.74 | 0.78 | 0.90 [ 0.95 | 1.06
Initial 0.12
5°C 0.29 | 0.51 0.29 [ 0.13 1 3.96 | 0.22 0.35] 1.89 0.15 | 0.08

25°C/60%RH | 0.85 | 0.74 | 1.97 | 1.23 | 0.72 [ 6.13 | 1.81 | 0.06 | 0.23 | 2.55 | 0.44 | 2.03 | 0.64

40°C/75%RH | 0.16 | 0.52 | 0.31 | 0.65 | 0.74 | 3.72 | 0.45 | 0.02 [ 0.08 | 1.02 | 1.96 | 1.46 | 0.7

Composition 4, 3 months

% Peak Areas according to Relative Retention Time (RRT)

Condition 0.56 ] 0.57 058 ] 0.61 | 0.63 ] 0.66 ] 0.67 | 0.70 | 0.74 | 0.78 [ 0.90 | 0.95 | 1.06
Initial

5°C 0.05
25°C/60%RH | 0.19 0.10 0.10 | 0.20 | 0.14
40°C/75%RH | 1.96 0.15 053] 029030 0.17 1.11 | 2.62 | 0.41

Composition 5, 3 months

% Peak Areas according to Relative Retention Time (RRT)

Condition 0.56 ] 0.57 [ 0.58 ] 0.61 | 0.63 ] 0.66 | 0.67 | 0.70 | 0.74 | 0.78 [ 0.90 | 0.95 | 1.06
Initial 1.54

50C 0.05 | 0.12 0.08 | 0.06 1.36 | 0.05 | 0.09 0.30
25°C/60%RH | 0.40 | 0.65 | 0.2 | 0.13 | 0.41 | 0.50 | 0.37 | 0.14 | 0.92 | 0.12 | 0.27 | 0.48 | 1.00
40°C/75%RH | 1.05 | 0.63 | 0.23 | 0.11 | 0.91 | 0.62 | 0.22 107 | 0.11 | 054 [ 1.63 | 1.74

Composition 6, 3 months

% Peak Areas according to Relative Retention Time (RRT)

Condition 0.56 ] 0.57 [ 0.58 | 0.61 | 0.63 ] 0.66 | 0.67 | 0.70 | 0.74 | 0.78 [ 0.90 | 0.95 | 1.06
Initial 0.05 1.54

RF 5°C 0.06 1.52 0.11 | 0.05
25°C/60%RH | 0.09 0.06 0.07 1.52 053] 03
40°C/75%RH | 0.97 | 021 | 0.15 [ 052 [ 0.25 [ 032 | 0.2 | 0.18 | 1.57 0.63 | 2.96 | 1.96
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composiuon /, 4 WEEKS

% Peak Areas according to Relative Retention Time (RRT)

Condition 0.56 | 0.57 | 058 | 0.61 | 0.63 ] 0.66 | 0.67 | 0.70 | 0.74 | 0.78 | 0.90 | 0.95 | 1.06
Tnitial 0.03 | 0.03 0.02 0.01 0.02
5°C 0.01 0.11 | 0.02 0.04 | 0.04 | 0.01 0.05
25°C/60%RH | 0.19 | 0.16 013011 1.76 0.51 0221001005005
40°C/75%RIH | 0.23 | 0.21 | 0.46 | 1.41 | 0.67 | 5.60 | 0.22 | 0.07 | 1.00 | 0.81 | 0.29 | 0.56 | 0.05

Composition 8, 4 weeks

% Peak Areas according to Relative Retention Time (RRT)

Condition 0.56 ] 0.57 1 0.58 | 0.61 | 0.63 ] 0.66 ] 0.67 ] 0.70 | 0.74 | 0.78 | 0.90 | 0.95 | 1.06
Tnitial 0.01 0.01 0.01 0.01 0.02
5°C 0.02 0.01 0.02
25°C/60%RH 0.03 | 0.03 0.02 | 0.01 | 0.02
40°C/75%RH | 0.02 | 0.01 | 0.06 | 0.11 | 0.03 0.02 | 0.02 | 0.04 | 0.05 | 0.06

Composition 9, 4 weeks

% Peak Areas according to Relative Retention Time (RRT)

Condition 0.56 ] 0.57 ] 0.58 | 0.61 | 0.63 ] 0.66 ] 0.67 | 0.70 | 0.74 | 0.78 | 0.90 | 0.95 | 1.06
Initial 0.02 0.04 | 0.03 0.02
5°C 0.17 [0.10 [0.02 | 0.1 [0.02[067]0.16 0.15] 0.15 0.02 | 0.05

25°C/60%RH | 0.13 | 0.23 | 0.36 [ 1.00 | 0.09 | 3.18 | 0.46 | 0.02 [ 0.58 | 0.59 | 0.1 | 0.68 | 0.14

40°C/75%RH | 0.65 | 1.25 [ 0.29 | 2.95 [ 0.32 | 2.99 | 1.71 [ 0.04 | 0.30 | 0.12 | 0.49 | 3.69 | 0.7

Composition 10, 4 weeks

% Peak Areas according to Relative Retention Time (RRT)

Condition 0.56 | 0.57 | 058 | 0.61 ] 0.63 ] 0.66 | 0.67 ] 0.70 | 0.74 | 0.78 | 0.90 | 0.95 | 1.06
Tnitial 0.02 0.01 0.01 | 0.02
5°C 0.01 0.01
25°C/60%RH 0.04 0.03 [ 0.01 | 0.02
40°C/75%RH | 0.11 0.11 | 0.02 [ 0.02 [0.02 [ 0.02 | 0.03 0.16 | 0.12 | 0.14

Composition 11, 4 weeks

% Peak Areas according to Relative Retention Time (RRT)

Condition 0.56 | 0.57 | 0.58 | 0.61 ] 0.63 ] 0.66 | 0.67 ] 0.70 | 0.74 | 0.78 | 0.90 | 0.95 | 1.06
Tnitial 0.02 0.02
5°C 0.02 0.01 | 0.02 | 0.02 | 0.03
25°C/60%RH | 0.02 | 0.01 | 0.09 0.01 0.04 | 0.11 | 0.07
40°C/75%RIH_ | 0.02 | 0.19 [ 0.12 | 0.27 | 0.04 | 0.16 | 0.04 0.02 | 0.33 ] 0.60 | 0.43

Composition 12, 4 weeks

% Peak Areas according to Relative Retention Time (RRT)
Condition 0.56 | 057 ] 058 ] 0.61]0.63]0.66]067]070]0.74]0.78]0.90 ] 0.95 | 1.06
Initial 0.02 0.01 0.02 0.03 0.01
5°C 0.26 | 0.10 | 0.09 0.05 | 042 ]0.17 0.09 | 0.12 | 0.01 | 0.02 | 0.06
25°C/60%RH | 0.08 | 0.09 [ 0.12 | 0.02 | 0.07 | 038 | 0.1 | 0.02 | 0.04 | 0.07 | 0.19 | 0.19 | 0.67
40°C/75%RH | 0.42 | 0.11 | 0.53 | 0.07 | 0.16 | 0.31 | 0.32 0.07 | 0.04 | 0.98 [ 1.41 | 2.58

Composition 13, 4 weeks

% Peak Areas according to Relative Retention Time (RRT)

Condition 0.56 ] 0.57 ] 0.58 | 0.61 | 0.63 ] 0.66 ] 0.67 | 0.70 | 0.74 | 0.78 | 0.90 | 0.95 | 1.06
Initial 0.02
5°C 0.01 0.01
25°C/60%RH | 0.01 0.02 0.02 | 0.03 | 0.03
40°C/75%RH | 0.15 0.02 | 0.06 | 0.04 | 0.03 0.03 0.15 | 0.18 | 0.18
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composition 14, 4 weeks

% Peak Areas according to Relative Retention Time (RRT)

Condition 0.56 | 057 | 0.58 [ 0.61 [0.63]0.66]067]0.70]0.74]0.78 [0.90 [ 0.95 [ 1.06
Initial 0.01 0.02
5°C 0.05 0.01 0.02
25°C/60%RH 0.16 0.03 | 0.03 | 0.02
20°C/75%RH | 0.04 | 0.03 | 0.35 | 0.02 0.11]0.12 | 0.02

Composition 15, 4 weeks

% Peak Areas according to Relative Retention Time (RRT)

Condition 0.56 | 0.57 [ 0.58 | 0.61 | 0.63 ] 0.66 | 0.67 | 0.70 | 0.74 | 0.78 | 0.90 | 0.95 | 1.06
Initial 0.02 0.02 0.01 0.02
5°C 0.01 | 0.01 | 0.02
25°C/60%RH 0.03 0.02 0.01 0.03
40°C/75%RH | 0.05 | 0.01 [ 0.25 [ 0.03 | 0.08 | 0.08 | 0.03 0.03 0.11 | 0.10 | 0.28

Composition 16, 4 weeks

% Peak Areas according to Relative Retention Time (RRT)

Condition 0.56 ] 0.57 ] 0.58 ] 0.61 ] 0.63 | 0.66 ] 0.67 ] 0.70 | 0.74 | 0.78 | 0.90 | 0.95 | 1.06
Initial 0.01 0.04 0.01 | 0.01 | 0.02 0.01 | 0.03
5°C 0.01 0.16 0.03 | 0.08 | 0.04 0.05 | 0.15 | 0.01 | 0.22 ] 0.07
25°C/60%RH | 0.36 | 0.1 | 1.87 058063 075|001 019276005 ]| 427015
40°C/75%RH | 0.41 | 0.27 | 0.99 [ 0.17 | 0.45 | 0.34 | 0.77 | 0.05 | 0.08 | 2.97 | 0.64 | 4.5 | 0.59

Composition 17, 4 weeks

% Peak Areas according to Relative Retention Time (RRT)

Condition 0.56 | 0.57 | 0.58 | 0.61 ] 0.63 ] 0.66 | 0.67 | 0.70 | 0.74 | 0.78 | 0.90 | 0.95 | 1.06
Tnitial 0.02 0.01 0.02 0.02
5°C 0.01 0.02
25°C/60%RH 0.02 0.02 [ 0.02 [ 0.02
40°C/75%RH | 0.13 0.04 | 0.04 [ 0.01 | 0.04 0.03 0.12 [ 0.12 [ 0.17

Composition 18, 16 days

% Peak Areas according to Relative Retention Time (RRT)
Condition 0.56 | 0.57 | 0.58 [ 0.61 ] 0.63 | 0.66 | 0.67 | 0.70 | 0.74 | 0.78 | 0.90 | 0.95 | 1.06
Tnitial 1.58 | 0.26 | 0.55 0.36 0.05
25°C/60%RH 339 (020 | 0.17 | 0.09 0.09 1.08
40°C/75%RH 339 [ 020 | 0.18 | 0.08 0.10 1.08

" data after 1 week, not 16 days

Compositions 1, 3, 5 and 7 did not contain any organic acid, and the tables
show that considerable degradation occurred during the observation period. By
contrast, the degradation observed for compositions 2, 4 and 6 (which all contained
0.1wt% citric acid) was considerably less. Compositions 5 and 6 both contained
antimicrobial agents and preservatives, yet composition 6 (containing 0.1wt% citric

acid) was more stable than composition 5.

Compositions 8-18 contained a variety of acids. Compositions &, 10, 11, 12,

13, 14, 15, 17 and 18 (containing 0.1wt% ascorbic acid, 0.1wt% citric acid, 0.1wt%
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lactic acid, 0.1wt% fumaric acid, 0.1wt% malic acid, 0.1wt% oxalic acid, 0.1wt%
succinic acid, 0.1wt% tartaric acid and 0.1wt% phosphoric acid respectively) all
showed improved stability compared to composition 7 (containing no organic acid).
Compositions 9 and 16 (containing 0.1wt% acetic acid and 0.1wt% salicylic acid) did
not show an appreciable improvement compared to composition 7 and it would seem
that these acids are less effective at improving stability (although the inventors believe

that these acid may provide an improvement if used at another concentration).

Stability: Ethanol solvent

The stability of the ethanol compositions (compositions 19-24) was assessed
in substantially the same manner as for the sesame oil compositions except that they
were only assessed at only one set of conditions (40°C) and the compositions were

analysed after 60 hours and 1 month.
Table 4 shows that the composition that did not contain citric acid
(composition 19) showed the greatest degradation and there seems to be a slight

correlation between increasing citric acid content and increased stability.

Table 4 - Stability tests for compositions 19-24

Condition % Peak Areas according to Relative Retention Time (RRT)
0.57 1058 10591061 ]063]066]0.67]070]0.74[0787]0.827090]0.95

Initial 0.11
Composition | 40°C/60hr | 0.04 | 0.04 025 | 0.02 | 1.80 0.35 0.02
19 40°C/lmo | 034 | 034 | 0.14 | 86 | 1.58 | 5.13 0.13 | 233 | 007 | 146 | 0.52 | 0.34
Composition | 40°C/60hr 03 | 0.02 0.04 0.07
20 40°C/1mo 0.02 2381 0.19 | 0.03 | 0.06 | 0.02 0.05 | 0.01 | 0.58
Composition | 40°C/60hr | 0.04 0.3 | 0.02 | 0.0l 0.05 0.08
21 40°C/lmo | 0.02 250 02 [0.02] 006 | 0.02 0.05 | 001 | 0.6
Composition | 40°C/60hr 035 | 003 | 0.07 0.11 0.04
22 40°C/1mo 0.02 337 ] 027 | 0.06 | 0.06 | 0.03 0.23 | 0.02 | 0.69
Composition | 40°C/60hr 031 | 0.03 | 0.11 0.11 0.02
23 40°C/lmo | 0.02 | 0.02 3.03 1025012004 [ 0.03 0.42 [ 0.01 | 0.51
Composition | 40°C/60hr | 0.02 028 [ 0.03 | 0.16 0.02 0.11 0.02
24 40°C/Ilmo | 0.02 1.71 | 0.14 | 0.13 | 0.02 | 0.03 0.39 0.24
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The claims defining the invention are as follows:

1. A composition comprising:
(a) a tetrahydrocannabinol compound chosen from A? tetrahydrocannabinol,
(-)-A9-trans-tetrahydrocannabinol and side chain alkyl derivatives of either
compound,
(b) a solvent chosen from oils and C;-C4 alcohols, and
(c) an acid,
wherein the composition is in liquid form and the acid is added in an amount

effective to improve the stability of the composition.

2. A composition according to claim 1, wherein the derivative of

A tetrahydrocannabinol or (-)-Ag-trans-tetrahydrocannabinol has a 1,1 dimethylheptyl

side chain.

3. A composition according to claim 1 or 2, wherein the solvent is sesame oil.

4. A composition according to claim 1 or 2, wherein the solvent is ethanol.

5. A composition according to any preceding claim, comprising more than one
solvent.

6. A composition according to claim 5, comprising an oil and a C,-C4 alcohol.

7. A composition according to any preceding claim, wherein the acid is an

organic acid.

8. A composition according to claim 7, wherein the organic acid is chosen from
the group consisting of citric acid, ascorbic acid, malic acid, oxalic acid, succinic acid

and tartaric acid.

9. A composition according to claim 7 or 8, wherein the organic acid is citric

acid.
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10. A composition according to any of claims 1 to 6, wherein the acid is a mineral

acid.

11. A composition according to claim 10, wherein the mineral acid is chosen from
the group consisting of phosphoric acid, hydrochloric acid, nitric acid and sulphuric

acid.

12. A composition according to claim 10 or 11, wherein the mineral acid is

phosphoric acid.

13. A composition according to any preceding claim, wherein the amount of acid

is from 0.01-2% as a weight percentage of the composition.

14. A composition according to any preceding claim, wherein the amount of
(-)-A’-trans-tetrahydrocannabinol in the composition is from 0.1-15% as a weight

percentage of the composition.

15. A composition according to any preceding claim, further comprising at least

one of antimicrobial agents, preservatives and antioxidants.

16. A composition according to any preceding claim, consisting essentially of a
tetrahydrocannabinol compound, an oil or a C;-C;4 alcohol, and 0.01-2wt% of an acid
chosen from the group consisting of citric acid, ascorbic acid, malic acid, oxalic acid,
succinic acid, tartaric acid, phosphoric acid, hydrochloric acid, nitric acid and
sulphuric acid, wherein additional components may comprise up to 1wt% of the

solution.

17. A composition according to claim 15, consisting essentially of (-)-A’-trans-
tetrahydrocannabinol, sesame oil and 0.05-0.5wt% citric acid or phosphoric acid,

wherein additional components may comprise up to 1wt% of the solution.

18. A composition substantially as described herein with reference to the

Examples.
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