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Solubility of Cannabinol in Supercritical Carbon Dioxide
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Cannabinol (CBN) is a decomposition product of the cannabinoid (—)-A°-tetrahydrocannabinol (AS-THC),
the main active compound of cannabis. The solubility of CBN in supercritical carbon dioxide was determined
at (314, 327, and 334) K and in the pressure range from (13.0 to 20.2) MPa by using an analytical method
with a quasi-flow apparatus. The molar solubility of CBN ranged from 1.26- 10~ to 4.16-10~*. CBN showed
different behavior compared to AS-THC in terms of molar solubility. The data were correlated using the
Peng—Robinson equation of state in combination with quadratic mixing rules. Deviations between cal cul ated
results and the experimental dataranged from (4.14 to 4.46) % absolute average relative deviation (AARD).

1. Introduction

At present, there is a growing interest in natural medicinal
compounds. Cannabis is one of the oldest medicina plants
known.* Recently, the medicinal use of cannabis has been
legalized in severa countries. The major biologicaly active
compound from cannabis, the cannabinoid (—)-A°-tetrahydro-
cannabinol (A®%-THC), has been registered for medical applica-
tions, and cannabis preparations are being developed as
medicines. AS-THC eases pain and is neuroprotective; it has
approximately equal affinity for the CB1 and CB2 receptors.
Its effects are perceived to be mostly cerebral.? However, A%
THC is not the only biologically active compound in cannabis.
In total, cannabis contains more than 400 different ingredients,
including 66 cannabinoids that can show biological activity.?

One of these cannabinoidsis cannabinol (CBN). CBN isonly
mildly psychoactive and is perceived to be sedative or stupefy-
ing. It is the primary product of AS-THC degradation, and its
amount is limited in a fresh plant. CBN content increases as
AS-THC degrades in storage under exposure to light and air.
This chemical reaction is a dehydrogenation reaction and is
represented in Figure 1. The cyclohexene ring present in A°-
THC is dehydrogenated to become an aromatic benzoic ring.>

To obtain pure cannabinoids, they can be extracted directly
from cannabis by organic solvents (e.g., hydrocarbons such as
hexane and alcohols) with a yield exceeding 90 %.* However,
these solvents are flammable, and many of them are toxic.
Supercritical fluid extraction (SFE) with carbon dioxide (CO,)
isapromising alternative technique. There are no flammability
or toxicity issues; solvent removal is simple and efficient, and
the extract quality can be well-controlled. This green solvent
has widely been used for the extraction of natural compounds,
including pharmaceutical molecules, from plant material >~ **

To extract cannabinoids from cannabis with the use of SFE,
it is crucia to have solubility data. Such data are however
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Figure 1. Dehydrogenation of A°-THC into CBN.

currently lacking. So far, only the solubility of A%-THC has
been reported.?

To reduce the lack of solubility data of cannabinoids, this
work presents the determination of the solubility of CBN in
supercritical CO,. In addition, the experimental data are cor-
related using the Peng—Robinson equation of state (PR-E0S).
Finaly, the solubilities of CBN and A%-THC in supercritical
CO, are compared, and their differences are explained in terms
of structure, molecular weight, and polarity.

2. Experimental Section

The solubility of CBN in supercritical CO, was measured at
(314, 327, and 334) K and pressures between (13.0 and 20.2)
MPa, by using an analytical method with a quasi-flow apparatus.
Details of this solubility cell and the equipment for analyses
can be found elsewhere.*?

The solubility cell wasloaded by transferring aliquid mixture
of CBN and methanol into the sample cylinder, after which the
methanol was evaporated with a vacuum pump (RNF Lab) for
1 h a ambient temperature to ensure complete evaporation of
the solvent. Subsequently, the pump was disconnected, and the
system was closed. CO, at the desired temperature was added
to the solubility cell filled with CBN until the desired pressure
was reached and the CO, circulation over the sample vessel
was started. The temperature measurements have an uncertainty
of 0.2 K due to the temperature fluctuations in the oven and
the error in the reading of the thermometer. The uncertainty of
the pressure measurements is 0.05 MPa.

A sample for high-performance liquid chromatography (HPLC)
analysis was taken after 4 h and successively every 30 min.
When the concentration difference measured was less than
0.09-10"* mol - mol ~* between two subsequent analyses, it was
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Table 1. Molar Solubility Data (y) of CBN at Different
Temperatures (T) and Pressures (P)

TIK = 314 TIK = 327 TIK =334
PMPa 10y  P/MPa 10ty PIMPa 10%y

138 1264013 130 251+025 130 138+0.14
143 1274013 134 2954030 133 1.33+£013
145 1274013 137 346+035 136 165+0.16
153 1474015 140 3744037 146 210+£021
155 1584016 144 309+031 149 1994020
163 1794018 148 4144041 156 2354023
177 1774018 152 380+038 165 2274023
182 2024020 156 3924039 171 2484025
191 208+021 162 3754038 174 2174022
202 233+023 166 408+041 182 220+£022

171 451+045 185 2.36+0.24

178 416+£042 199 2174022

assumed that equilibrium was reached, and the concentration
measured was recorded as the solubility.

The HPLC profiles were recorded at 228 nm. The analytical
column was a Vydac (Hesperia, CA) Cig, type 218MS54 (4.6
x 250 mm?, 5 um). The mobile phase consisted of a mixture
of methanol, distilled water, and tetrahydrofuran in the propor-
tions 0.62:0.31:0.07 (mass fractions). The flow rate was 1.5
mL -min~?, and the total running time was 14 min. Because the
peak areas of the components calculated from the chromato-
grams are linearly related to their amounts by the Lambert—Beer
law, it was possible to determine their concentration using a
calibration line. This line was realized by using five standard
samples with different concentrations in the range (0 to 5)
mg-mL 1. Each standard sample was injected at least three
times, and an average was taken to perform the linear regression.
The linear regression coefficient of the calibration curve was
equal to 0.997.

The CO, used for the measurements was supplied by Hoek
Loos (quality 2.7). CBN with a purity of 0.995 mass fraction
was provided by Echo Pharmaceuticals B.V. Methanol and
tetrahydrofuran (HPL C reagent grade) were purchased from J. T.
Bakker. These materials were used without further purification.

3. Results and Discussion

The solubility of CBN in supercritical CO, was measured at
(314, 327, and 334) K and in the pressure range from (13.0 to
20.2) MPa. The results in term of molar fractions (y) are
summarized in Table 1 and graphically shown in Figure 2. Each
point is an average of at least two measurements. The maximum
standard deviation was 0.0002+ 104, as represented by the error
bars in Figure 2.

As shown for the isotherms in Figure 2, the solubility of CBN
in supercritical CO, increases with an increase in pressure.
Interestingly, the highest solubility is observed at the medium
temperature (327 K), while it was expected that the solubility
would increase with increasing temperature, just as was observed
for A%-THC.*? Although uncommon, this phase behavior is
theoretically possible and has been observed before, for example,
in the naphthalene + supercritical ethylene system.™®

Also, contrary to AS-THC', no crossover region was observed
in the measured pressure range. However, this behavior is likely
to occur at pressures lower than the lowest pressure in the
measurements (13.0 MPa), because it is expected that the solubility
curves intercept around 10 MPa (extrapolation of Figure 2).

The experimental data were correlated with the PR-EoS:***°

RT a (1)
V—=b 24 2pv - p?
where P is the pressure, T is the temperature, V is the volume,
R is the gas constant, and a and b are parameters calculated

pP=
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Figure 2. CBN molar solubility (y) in supercritica CO,. Experimental: @,
315 K; x, 327 K; A, 334 K. —, correlated with the PR-EoS.

Table 2. Critical Temperatures (T), Critical Pressures (P.), and
Acentric Factors (w) Used in the PR-E0S

substance TJ/K PJ/MPa w
CO, 304.4 7.38 0.225
CBN 920 1.65 0.431
AS-THC 988 1.95 0.882

Table 3. Binary Parameters (k;) Including Absolute Average
Relative Deviation (AARD) for the Binary CBN + CO, System at
Different Temperatures (T)

TIK ki AARD/%
314 0.113 4.21
326 0.173 4.46
334 0.212 4.14

from the quadratic mixing rule. The attractive term is given
by:
a= 2, 2 yy@a)* (L — k) @
i
where k; is the binary interaction parameter to be optimized
and

2

TCi
P. O“i (3)

cl

a = 0.45724

where
o = [1+ me)1 — T @)
where

M(w,) = 0.37464 + 1.542260, — 0.26992w2  (5)

The covolume parameter is given by:
b= 2.y (6)

where

RT,

P.

cl

b, = 0.07780

()

To use these equations, the critical properties (T, P) and
acentric factor (w;) of the components are required. However,
critical properties of CBN are not available in literature.
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Figure 3. THC, @, and CBN, O, molar solubilities (y) in CO, at 327 K.

Therefore, these properties have been estimated using the Gani
method,*® and the vaues for CO, were taken from the PE
database.’” The critical properties and acentric factors of CBN
and CO, are shown in Table 2. The critical properties of A°-
THC™ are also presented for comparison. As can be seen in
Table 2, the values for the critical pressure and temperature of
CBN are in the same order of magnitude as A®-THC. However,
AS-THC has a higher acentric factor because of the absence of
the aromatic ring that is present in CBN.*

The binary interaction parameter k; was calculated from the
experimental pressure at each point by minimizing the relative
difference between experimental and calculated pressure.*® This
minimization can be expressed by the absolute average relative
deviation (AARD (%)), as described by the following equation:
IpP® — P
o ®

|

Here, nis the number of data experiments at each temperature,
and PP® is the experimental pressure for the experiment i,
whereas P{° s the estimated value. The AARD values a
different temperatures are presented in Table 3. Their values,
around 4 %, show that the data are well correlated by the PR-
EoS.

Table 3 aso presents the binary parameter k;;, at the different
temperatures. This parameter increases linearly with arise in
temperature. The regression coefficient had a value of 1.000.
This demonstrates the consistency of the experimental results.

In Figure 3, the solubility of CBN in supercritical CO, at
327 K is compared to the solubility data of AS-THC in
supercritical CO, at the same temperature from literature.® This
figure shows that the solubility of AS-THC is lower than the
solubility of CBN. This behavior is observed at any measured
temperature. This can be explained by the lower polarity of CBN
compared to A%-THC, which increases the affinity for the
nonpolar supercritical CO,. Moreover, the lower molar mass
of CBN compared to A°-THC also increases its solubility in
supercritical CO,, athough the effect is probably small (only 4
g-mol 1 difference).

From these data it may be concluded that, if a cannabis plant
(after storage) contained both CBN and A®-THC, both cannab-
inoids could be separated from each other with supercritical
CO, on basis of their different affinity. CBN could be extracted

n
AARD (%) = %)2
1

P I MPa

first at low pressure (i.e., around 13 MPa), after which the active
AS-THC could be extracted at higher pressures (around 20 MPa).
This could be a selective process to isolate CBN separately from
A°-THC.

4. Conclusion

In this work, the solubility of the cannabinoid CBN in
supercritical CO, was measured at temperatures between (314
and 334) K and a pressure range from (13.0 to 20.2) MPa.
The highest solubility was observed at the highest pressures
and intermediate temperature (327 K). This behavior is
different from the solubility of another cannabinoid, A°-THC,
in CO,, which shows the highest solubility at the highest
temperature. The experimental data can be adequately
represented by the PR-E0S. As expected from its structure,
molecular weight, and polarity, CBN is more soluble than
AS-THC in supercritical CO, in the studied pressure and
temperature ranges. Therefore, it can be concluded that
supercritical CO, may be a good solvent to isolate CBN from
AS-THC by extraction.
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