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FIGURE 2 - Process

{1} extraciing a cannabidid extract
from industrial hemp
having less han 0.3% A8 THC,
cigsolving the axtract in a solvand,
resciing with an organpaiuminum
catalyst in an ingrt slmospherng,
guanching and hllenng he reaclion
rraxiire:

{1} parforming
short path vacuum dishiialion
foliowad by
winad film distiflation
to obtain g H5-THC of
cormprising 93% As-THC and
4% unrsacted CBLG
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FIGURE 3
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iy extracting a cannabidiol exttract from indusinal

| hemp having less than 0.3% Ae-THO, dissolving the
axiract i a solvent, and reaching with an

| organcaluminum catalyst in hexane in an inert

| atmosphers under ambient lemperature,

| quenching with waler or aloohol, and filtering and

Ansing the reaction mikdure using dichloromethane,
| hexanes, of 8 combination,

) Vaouim distiling the crude 86 THE ol with a short path vacuum distilation
system uniil a clear - THE distillate starts to condense and then immediately
stopping he vaouuny distiliing, wheran ssid vacuien Gishiing removes residus
sobvent st volatiles conmabidiod mpurities from e clear s THO distitlale; and

vy Wiped film distifling the clear Do THC distitlate with o wiped §im distillation unit {o
- obtain a Qe-THE ol having »90-89% Qe THO by HPLE, wherein said wiped film

- distilling removes high lemperatire cannabinoid impurities having a non-vasuum

- bodling higher than 180°C.

.......................................................................................................................................................................................................................................................................................................................................................
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FIGURE 4

() exiracting a cannabidiod extract from indusinal hemp having
fess than 0.3% Oe-THO, dissabving the extract in g solvent, and
regcling with an organosiuminum catalyst i hexane in an et
atmaosphere under smbient temperature,

} O, quancing with
§owater or aloohod, and Bitering and ninsing the reaction mixlre
i using dichloromethane, hexanes, of a combination;

(S Vacuum distiing the orude 88 THC off with s short path vacuum distilation
system unt a clear D8 THO distiliate starts © condense and then immadiately
stonping the vacuum disiling, wherein said vacuum distiling removes residual
solvent and volatile cannabidiol impuritiss from the clesr o THE distillate; and

1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

fned Wiped file distifing the olear DA THC distiilate with 8 wiped §im distilation unit o
- obtain A Ha-THE off having >90-859% Aa-THC by HPLE, whersin sald wiped film

 distilling removes high lemperature canmabingid impurities having a norvacuum
- boiling higher than 180°C;
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FIGURE 5

£33 THE by

iy verifyving a source of industnal hemp as having <0.3%
- HPLE;

(i} exiracting a cannabidiol exiract from industrial hemp having iess
than 0.9% Qs THC, shisschang the exiract in g soivent, and reaching
- with an srgancairmnum catalve! in hexans in an inerl aimosphers
under ambient emperature;

LT N T T T o G T A T T N T T P Y o T S S S A T T o A T S A T S T A T T S A o T S S T A S A A T S A o T P T N T T o T A o S A T ST A o P S S T N N S S R o T S S A T PSP R o R R S A o S o A S P R o T P S A T S o o S T A o T S A A S
M

| quenching with water or alcohol, and filtering and
i rinsing the reacton mixture using dichioromethans,
i hexanss, of @ combingtion;

vy Vacuum distilling the orude Ha-THC ot with o short path vacuum distilation

&

stopsng the vaouum dislilfing, wheren said vacuum distilling removes residuat

system until a clear Ho-THO distiiate stans 1o condense and then immeddiately

solvernt and volatife cannabidiol impurities from the clear A THO distilate: and

(v Wipsd flm distiling the clear Da-THO distiliate with 3 wipsd Bim distillation ursi 1o
obstain 3 8- THC ofl having »80-88% ASTHC by HPLC, wherein sald wiped film
gishiling removes Bgh emperature cannabined impunties iaving 8 non-vacuum
Desiting bigher than 18G°C.
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FIGURE 6

(iy verifying 3 source of ndusits! hemp as having <0.3% Qe THO by HPLG,

() exiracting & cannabidind exiradt rom mdusing! hemp having 18ss than

3.4% Do-THC, dissolving the exiract in a solvent, and reacting with an

| organostuminum catalyst in hexane in an inert almosphere under amblent
‘iﬁ%fﬁg.fwﬁﬁim&
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(i) stirring the for 8-20 hours at -20-100 7 ¢,
- quenching with water or sleohol, and filtering and

' rinsing the reaction mixture using dichloromethane,
| hexanes, of & combination,

tivy Vacuum distilling the orude &’5} THO o with a short path vacuum distiliation
system until 3 clear o THC distiliate starls fo condense and then immediately
stopning the vacuum distiling, wherein said vacuum distiling removes residual
sobvent and volatile canmabidio! impurities from the clear Do THO distillate: and

) Wiped Bl distilling the clesr H3-THC distillate with g wiped Bim distillation unit o
abtain 2 Ag-THD oif having »90-80% 8- THC by HPLC, wherein said wiped im

distiling removes high temperature cannabinold impurities having a norvacuum
- holling higher than 18076,

fyid verifying purity of >80-99% A THO using s verification method selecied from
the group consisting of post decarboyylation, HPLEC, GO, GOS8, GC-FID,

ML OABAS, HRLGAUY, HPLC-DAD, HFLC-ESRGTOR, HPLCA-MEBE/MS, URLT,
UPLCTOF, MALDH-ME, TLE, FTIR, and NMR.
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FIGURE 7
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{1} exiracting a camnabudiol extract from mdustrial hemp

having less than 0.3% A8-THC, dissolving the extractina |
| sulvent, reacting with an organoaluminum catalyst in an inert |
- atmosphere, quenching and filtering the reaction mixture;
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 {iif) adding a signature marker such as a i-PUR detectable

- DNA or a specific combination of inactive ingredients to a
product or package containing the high purity 8e-THC ol for
- authentication and identification and to detect counterfeit
PPOGLICES,
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FIGURE 9
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1

PROCESS FOR PRODUCTION OF
ESSENTIALLY PURE
DELTA-9-TETRAHYDROCANNABINOL

FIELD OF THE INVENTION

The present invention relates to an industrial scale process
for preparation of highly pure A”-tetrahydrocannabinol (also
referred to as A°-THC, or delta-9-tetrahydrocannabinol),
intermediate compounds thereof, and derivative compounds
thereol, from a starting material that 1s an extract of indus-
trial hemp having 0.3% or less A”-THC, subjecting the
extract to specific reaction temperatures, pressures, duration,
and solvents, in the presence of an organoaluminum catalyst,
to isomerize cannabidiol (CBD) into A”-THC, and using a
split path distillation process to obtain a highly pure A”-THC
oil. Purity is 90-99% of the presence of A°-THC on a weight
to weight basis as detected by HPLC, and 1s useful for
pharmaceutical, nutraceutical, skin care and/or cosmetic
compositions. Additionally, the method maintains as an
intentional impurity a residual CBD stabilizing composition
with the starting material to stabilize the A°-THC isomer.

BACKGROUND OF THE INVENTION

Hemp 1s a variety of the Cannabis sativa plant species that
1s grown specifically for its derived products. Some hemp
varieties are cultivated for industrial uses such as textiles,
rope and paper where others have high levels of beneficial
nutraceutical cannabinoids. One of the most popular of these
compounds 1s cannabidiol (CBD), which has been used 1n a
variety of consumer products in recent years. For industrial
hemp to be federally legal it must contain less than 0.3% of
A”-THC on dry weight basis. The current genetics in the
space have allowed for the cultivation of high CBD strains
with less than 0.3% A”-THC with relative ease, which has
opened this crop to a very large nationwide market.

However, obtaining A”-THC from CBD typically is
accompanied by A®-tetrahydrocannabinol (A®*-THC) forma-
tion due to 1t being the more thermodynamically stable
isomer of the two. It 1s also diflicult or impossible to
generate high purity, such as greater than 90%, of the
A”-THC without extensive steps of separation and purifica-
tion. Previously, A°~-THC was derived from synthetic start-
ing material, and not from natural CBD distillate and/or

CBD i1solate.

Accordingly, there 1s a need for improved methods for
obtaining highly pure A”-THC from industrial hemp having
0.3% or less THC.

SUMMARY OF THE INVENTION

The present invention 1s directed to a process for the
preparation of high purity A”-THC from CBD, wherein the
purity is greater than 90%-95% A”-THC, without any sig
nificant formation of other cannabinoids, including A®-THC
or the other 1somers of THC. The only measurable cannabi-
noid in this invention, other than the A°-THC, consists of
unreacted CBD. Most importantly, this invention 1s based on
using CBD that 1s extracted from hemp that contained 0.3%
or less A”-THC both in the original hemp and 0.3% or less
A®*-THC in the CBD isolate was used to derive the high
purity A”-THC.

In a preferred non-limiting embodiment, the mvention
includes a process for the preparation of a high purity
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2

A’-tetrahydrocannabinol (A”-THC) oil from CBD that
avoilds traditional crystallization, 1solation, and filtering

steps.

The 1inventive process starts with an industrial hemp plant
that is less than 0.3% A”-THC and using extraction and
purification techniques to derive a cannabidiol (CBD) dis-
tillate or 1solate. The next steps comprise: dissolving the
CBD distillate or 1solate in dichloromethane to create a
homogenized mixture; adding the homogenized mixture to a
reactor vessel continuously purged with an inert gas and
adding a 10 mol % solution of organoaluminum catalyst 1n
hexane slowly over 30 minutes at a temperature of 18-26° C.
to create a reaction mixture; stirring the reaction mixture for
approximately 6-20 hours at a temperature of -20° C. to
about 70° C.; quenching the reaction mixture with water or
a C,-C, alcohol, and stirring for 1 hour; filtering the reaction
mixture through a filter of diatomaceous earth, perlite, or
cellulose to collect a filtrate, and rinsing the filter and
reaction vessel with a rinse solvent selected from dichlo-
romethane, hexanes, or a combination of both, and combin-
ing the filtrate and the rinse solvent to obtain a combined
filtrate and rinse; and performing a split path distillation of
the combined filtrate and rinse, wherein the split path
distillation comprises a short path distillation and a wiped
film distillation to remove terpenes, high volatiles, or high
boiling point cannabinoids from the combined filtrate and
rinse, to obtain a A°-THC oil comprising about 93% or
greater A”-THC and trace amounts of about 4% CBD.

The mvention includes a process for adding a signature
marker molecule to authenticate the product and deter
counterfeit products.

The mvention also includes a method of administering the
A”-THC oil provided by the process herein to a patient in
need thereof, comprising formulating the A”-THC oil as an
oral or topical composition, and delivering the oral or topical
composition to a patient 1n need thereof, wherein the patient
has nausea, anxiety, stress, chronic pain, acute pain, opioid
withdrawal, narcotic relapse risk, or requires an appetite
stimulant.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 1s an HPLC graph showing the peaks of various
cannabinoids.

FIG. 2 1s a process flowchart showing one preferred
embodiment of the inventive process described and claimed
herein for (1) extracting a cannabidiol extract from 1industrial
hemp having less than 0.3% A”-THC, dissolving the extract
in a solvent, reacting with an organoaluminum catalyst in an
inert atmosphere, quenching and filtering the reaction mix-
ture; (11) performing short path vacuum distillation followed
by wiped film distillation to obtain a A”-THC oil comprising,
about 93% A”-THC and about 4% unreacted CBD by HPLC.

FIG. 3 1s a process flowchart showing another preferred
embodiment of the mnventive process described and claimed
herein for (1) extracting a cannabidiol extract from industrial
hemp having less than 0.3% A”-THC, dissolving the extract
in a solvent, and reacting with an organoaluminum catalyst
in hexane 1n an inert atmosphere under ambient temperature,
(11) stirring the for 6-20 hours at -20° C. to 70° C.,
quenching with water or alcohol, and filtering and rinsing
the reaction mixture using dichloromethane, hexanes, or a
combination; (iii) Vacuum distilling the crude A”-THC oil
with a short path vacuum distillation system at 15-20 mTorr
until a clear A”-THC distillate starts to condense and then
immediately stopping the vacuum distilling, wheremn said
vacuum distilling removes residual solvent and volatile
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cannabidiol impurities (low boilers) from the clear A°-THC
distillate; and (iv) Wiped film distilling the clear A”-THC
distillate with a wiped film distillation unit to obtain a
A’-THC oil having >90 or 98-99% A’-THC by HPLC,
wherein said wiped film distilling separates the desired
product from the high temperature cannabinoid impurities
having a non-vacuum boiling higher than 180° C.

FIG. 4 1s a process flowchart showing another preferred
embodiment of the inventive process described and claimed
herein for (1) extracting a cannabidiol extract from industrial
hemp having less than 0.3% A”-THC, dissolving the extract
in a solvent, and reacting with an organoaluminum catalyst
in hexane 1n an inert atmosphere under ambient temperature;
(11) stirring the for 6-20 hours at -20° C. to 70° C.,
quenching with water or alcohol, and filtering and rinsing
the reaction mixture using dichloromethane, hexanes, or a
combination; (iii) Vacuum distilling the crude A”-THC oil
with a short path vacuum distillation system at 15-20 mTorr
until a clear A°-THC distillate starts to condense and then
immediately stopping the vacuum distilling, wherein said
vacuum distilling removes residual solvent and volatile
cannabidiol impurities from the clear A°-THC distillate; and
(iv) Wiped film distilling the clear A°-THC distillate with a
wiped film distillation unit to obtain a A”-THC oil having
>90-99% A”-THC by HPLC, wherein said wiped film dis-
tilling removes high temperature cannabinoid impurities
having a non-vacuum boiling higher than 180° C.; (v)
performing step (1v) a second time.

FIG. 5 1s a process flowchart showing another pretferred
embodiment of the inventive process described and claimed
herein for (1) veriiying a source of industrial hemp as having
<0.3% A°-THC by HPLC; (ii) extracting a cannabidiol
extract from industrial hemp having less than 0.3% A”-THC,
dissolving the extract in a solvent, and reacting with an
organoaluminum catalyst 1n hexane in an inert atmosphere
under ambient temperature, (1) stirring the for 6-20 hours
at —20° C. to 70° C., quenching with water or alcohol, and
filtering and rinsing the reaction mixture using dichlo-
romethane, hexanes, or a combination; (1v) Vacuum distill-
ing at 15-20 mTorr the crude A”-THC oil with a short path
vacuum distillation system until a clear A°-THC distillate
starts to condense and then immediately stopping the
vacuum distilling, wherein said vacuum distilling removes
residual solvent and volatile cannabidiol impurities from the
clear A°-THC distillate; and (v) Wiped film distilling the
clear A”-THC distillate with a wiped film distillation unit to
obtain a A”-THC oil having >90-99% A”-THC by HPLC,
wherein said wiped film distilling removes high temperature
cannabinoid impurities having a non-vacuum boiling higher
than 180° C.

FIG. 6 1s a process flowchart showing another preferred
embodiment of the inventive process described and claimed
herein for: (1) verifying a source of industrial hemp as having,
<0.3% A°-THC by HPLC; (ii) extracting a cannabidiol
extract from industrial hemp having less than 0.3% A”-THC,
dissolving the extract in a solvent, and reacting with an
organoaluminum catalyst 1n hexane 1n an inert atmosphere
under ambient temperature; (111) stirring the for 6-20 hours
at =20° C. to 70° C., quenching with water or alcohol, and
filtering and rinsing the reaction mixture using dichlo-
romethane, hexanes, or a combination; (1v) Vacuum distill-
ing at 15-20 mTorr the crude A”-THC oil with a short path
vacuum distillation system until a clear A”-THC distillate
starts to condense and then immediately stopping the
vacuum distilling, wherein said vacuum distilling removes
residual solvent and volatile cannabidiol impurities from the

clear A°-THC distillate; and (v) Wiped film distilling the
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clear A°-THC distillate with a wiped film distillation unit to
obtain a A°-THC oil having >90-99% A”-THC by HPLC,

wherein said wiped film distilling removes high temperature
cannabinoid impurities having a non-vacuum boiling higher
than 180° C.; (vi) verifying purity of >90-99% A”-THC
using a verification method selected from the group con-
s1sting of post decarboxylation, HPLC, gas chromatography
(GC), GC coupled with mass spectrometry (MS), GC
coupled with flame 10nization detection (FID), HPLC with
MS, HPLC with ultraviolet (UV) absorbance, HPLC with
diode array detection (DAD), ultra-performance liquid chro-
matography (UHPLC), thin layer chromatography (TLC),
Fourier transform infrared spectroscopy (FTIR), and nuclear
magnetic resonance spectrometry (NMR), UV Spectros-
copy.

FIG. 7 1s a flow chart showing another preferred embodi-
ment of the inventive process described and claimed herein
for adding a signature marker molecule to a product con-
taining the A”-THC oil having >90-99% A”-THC made by
the process herein.

FIG. 8 1s a bar graph of a prospective example showing,
the use of a signature marker to authenticate the high purity
A’-tetrahydrocannabinol made according to the process
herein. FIG. 8 shows an example of a rt-PCR graph, where
the resulting cycle threshold (Cq) can be compared against
negative and positive controls, as shown.

FIG. 9 1s a chromatogram showing the HPLC results at
220 nm of a UV detector from 0.0-10.0 minutes of a CBD

peak and a d9-THC peak.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Provided herein are methods for obtaining CBD from
industrial hemp plant having 0.3% or less A”-THC (also
known as federally compliant hemp) and converting the
CBD to a highly pure A°-THC. The reaction mixture can be
mampulated by time, temperature, and catalyst concentra-
tion to produce oils at different purities depending on the
goal of the reaction. The method of converting CBD vields
an essentially pure A°-THC with potency greater than 90%.
This process 1s completed by introducing cannabidiol and
adding 1t to an organic solvent with a catalyst to form a
reaction mixture, loading the mixture into a reaction vessel,
heating the solution to the preferred temperature, allowing 1t
to reflux for the preferred duration, quenching the reaction
mixture when complete, removing the aqueous phase, recov-
ering the solvent, stripping the terpenes and distilling the
crude residue to form an essentially pure A”-THC oil.

Essentially pure i1s defined as greater than 90% presence
of A”-THC on a weight to weight basis as detected by HPLC.
Such purity of A°-THC is generally accepted as a pharma-
ceutical, nutraceutical, skin care and/or cosmetic composi-
tions. Additionally, the method consists of the ability not
only to produce high purity A°-THC (i.e. 90% to 99.9%) but
also to scale up from converting hundreds of grams of CBD
to the ability to convert hundreds of kilograms of CBD while
maintaining said high purity A”-THC (i.e. 90% to 99.9%). In
essence the purity of said A”’-THC is considered essentially
pure (1.€. 90% to 99.9%) on a weight to weight percent basis
of the total composition.

More specifically, 1n one embodiment the invention
relates to a process having the steps comprising: obtaining
CBD distillate or 1solate from industrial hemp plant that 1s
less than 0.3% A°-THC, dissolving CBD distillate or CBD
isolate 1 dichloromethane (DCM) to create a homogenized
mixture; adding the homogenized mixture to a reactor vessel
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continuously purged with an inert gas and adding a 10 mol
% solution of organoaluminum catalyst 1n hexane slowly
over 30 minutes at a temperature of 18-26° C. to create a
reaction mixture; stirring the reaction mixture for approxi-
mately 6-20 hours at a temperature of —20° C. to about 70°
C.; quenching the reaction mixture with water or a C,-C,
alcohol, and stirring for 1 hour; filtering the reaction mixture
through a filter of diatomaceous earth, perlite, or cellulose to
collect a filtrate, and rinsing the filter and reaction vessel
with a rinse solvent selected from dichloromethane,
hexanes, or a combination of both, and combining the filtrate
and the rinse solvent to obtain a combined filtrate and rinse;
and performing a split path distillation of the combined
filtrate and rinse, wherein the split path distillation com-
prises a short path distillation and a wiped film distillation to
remove terpenes, high volatiles, or high boiling point can-
nabinoids from the combined filtrate and rinse, to obtain a
A’-THC oil comprising over 90% A’-THC and trace
amounts ol CBD.

In another preferred embodiment, the process comprises
wherein the CBD 1solate 1s extracted from natural hemp
containing 0.3% of less A°-THC, wherein the solvent is
dichloromethane; wherein the inert gas 1s Argon gas or
Nitrogen gas; wherein the organoaluminum catalyst 1s tri-
1sobutylaluminum (1Bu,Al); wherein quenching uses water;
wherein the filter 1s a diatomaceous earth filter; wherein split
path distillation comprises short path distillation first to
obtain a main portion separated from a heads portion and a
tails portion, followed by wiped film distillation of the main
portion; and, wherein the A°-THC oil comprises 95% or
greater A”-THC and 3% or less unreacted CBD.

In another preferred embodiment, the process comprises
wherein the CBD 1solate 1s extracted from natural hemp
containing 0.3% of less A”-THC, wherein the solvent is
dichloromethane; wherein the inert gas 1s Argon gas or
Nitrogen gas; wherein the organoaluminum catalyst 1s tri-
1sobutylaluminum (1Bu,Al); wherein quenching uses water
tollowed by sodium hydroxide followed by additional water;
wherein the filter 1s a diatomaceous earth filter; wherein split
path distillation comprises short path distillation first to
obtain a main portion separated from a heads portion and a
tails portion, followed by wiped film distillation of the main
portion; and, wherein the A°-THC oil comprises 95% or
greater A”-THC and 3% or less unreacted CBD.

In another preferred embodiment, the process comprises
wherein the CBD 1solate 1s extracted from natural hemp
containing 0.3% of less A°-THC, wherein the solvent is
dichloromethane; wherein the inert gas 1s Argon gas or
Nitrogen gas; wherein the organoaluminum catalyst 1s tri-
isobutylaluminum (1Bu,Al); wherein quenching uses water
followed by base such as sodium hydroxide or potassium
hydroxide followed by aqueous ammonia followed by addi-
tional water to aflord a granular filterable precipitate;
wherein the filter 1s a diatomaceous earth filter; wherein split
path distillation comprises short path distillation first to
obtain a main portion separated from a heads portion and a
tails portion, followed by wiped film distillation of the main
portion; and, wherein the A°-THC oil comprises 95% or
greater A”-THC and 3% or less unreacted CBD.

In a preferred embodiment, the invention relates to a

process for the preparation of a high purity A”-tetrahydro-
cannabinol (A”-THC) product compound of the formula
shown in FORMULA 1 describing the chemical structure of
A°-THC.
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The final high purity A”-tetrahydrocannabinol (A”-THC)
1s preferably derived from Cannabidiol 1solate (CBD 1solate)
described in FORMULA 2.

It can also be derived from CBD Distillate or a combi-
nation thereof. As the scale of these reactions increases, the
control over the process becomes more dificult, due to the
exothermic reaction that results from such mixtures. The

combination of a CBD 1solate solution 1n a solvent such as
dichloromethane (DCM) with the slow addition of an
organoaluminum catalyst, results 1n much higher levels of
A”-THC than other metal catalyst or acid previously tested
such as aluminum chloride or boron trifluoride diethyl
ctherate. Running the reaction in a solvent such as dichlo-
romethane (DCM) at reflux temperatures below 1ts boiling
point, further increases the conversion of CBD to A°-THC.
Hence, the method of the present invention, by the slow
addition of an organoaluminum catalyst, such as triisobuty-
laluminum (1Bu;Al) in hydrocarbon solution, n a CBD
1solate that 1s dissolved in DCM at a temperature below 1ts
boiling point, gives vastly improved selectivities for the
production of A°-THC over its unwanted isomers found in
the prior art. The temperature of the reaction may occur at
room temperature or a temperature below the boiling point
of DCM to maximize the rate of conversion of A”-THC.
Further, the cyclization of cannabidiol to A”°-THC is a
notoriously diflicult reaction to control and carry out selec-
tively. Previously, catalysts, such as BF,OFt,, (boron trii-
luoride diethyl etherate) or aluminum chloride have been
used. These can induce isomerization of the desired A”-THC
isomer to the thermodynamically more stable A*-THC iso-
mer, which 1s very diflicult to separate from the product.
Moreover, cyclization of the phenol unit can occur onto the
endocyclic double bond to give significant levels of 1so-THC
derivatives, which are also very diflicult to remove. The
method of the present invention, by using organoaluminum-
based Lewis acid catalysts, gives vastly superior selectivities
in this cyclization. For example, with boron trifluoride
diethyl etherate, vields of A”-THC are approximately
50-60% at best, with ca. 20% 1so-THC and the inherent
problem of isomerization of the A”-THC to the A®*-THC
isomer by the strong Lewis acid. Extended reaction time
favors the double bond isomerization to A®>-THC. In con-
trast, when the method of the present invention 1s used as
described herein, e.g., when triizsobutylaluminum 1n hydro-
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carbon solution is used, yields of A”-THC are >90% with
<2% 1s0-THC with practically no 1somerization of the

desired product to A®-THC.

Any of the processes herein may include wherein quench-
ing uses water followed by base such as sodium hydroxide
or potassium hydroxide followed by aqueous ammonia
tollowed by additional water to afford a granular filterable
precipitate.

Any of the processes herein may include a final basic
adjustment step to remove alumina in the final product.

The 1invention described below 1s a process to produce an
essentially pure A”-tetrahydrocannabinol (A”-THC) oil. The
original CBD used for the reaction i1s obtained from an
industrial hemp-based extract containing less than 0.3%
A°-THC.

Cannabidiol 1s further dissolved in an organic solvent,
such as dichloromethane, and cyclized by an organometallic
compound. The resulting crude residue 1s further purified by
short path, fractional, or vacuum distillation to produce an
essentially pure A”-tetrahydrocannabinol oil.

The procedure for converting cannabidiol (CBD) to
A’ -tetrahydrocannabinol consists of a cannabidiol added to
an organic solvent with a catalyst to form a reaction mixture.
The solution 1s loaded 1nto a reaction vessel for processing.
The reaction mixture 1s either cooled, held at room tempera-
ture or heated to preferred temperature below the boiling
point of the solvent. The reaction mixture 1s mixed for
preferred duration depending on the thermodynamic condi-
tions to vyield the highest levels of A”-THC. The reaction
mixture 1s quenched with a neutralizing solution. The mix-
ture 1s separated into an aqueous phase and organic phase.
The aqueous layer 1s drained. The organic solvent 1s evapo-
rated to leave a crude A”-tetrahydrocannabinol residue. The
crude A”-THC 1is loaded into a boiling flask. The Rashig
rings are added to the distillation head. The solution 1s
heated up to a specific temperature. Any remaining terpenes,
plant material, or solvent is condensed. Crude A”-THC
cither continues on to be distilled 1n short path or 1s loaded
into wiped film for distillation. The crude residue 1s distilled
to concentrate the A”-tetrahydrocannabinol (A”-THC) at
scale. At the end of the procedure, essentially pure A”-tet-
rahydrocannabinol (A”-THC) oil is collected. The final com-
position of the product is essentially pure A”-THC at a purity
of greater than 90% and preferably even greater than 95% on
a weight to weight percent basis as measured by HPLC. The
remaining composition consists of the original CBD 1solate
at a concentration of a few percent up to 3% on a weight to
weilght percent basis as measured by HPLC.

The preferred embodiment uses dichloromethane (DCM)
as the organic solvent. Other solvents do not work to provide
the high percentage of purity desired, >90% A”-THC.

Although, 1t 1s contemplated within the scope of the
invention to use this organoaluminum catalyst to obtain
lower percentages of A”-THC, e.g. 20-50% in a final
A”-THC oil. Any of these embodiments herein may include
where the organic solvent comprises ethanol, methanol,
1sopropanol, ethyl acetate, acetone, acetonitrile, dimethyl-
turan, dimethyl sulfoxide, toluene, butane, hexane, pentane,
heptane, methylene chloride (dichloromethane), ethylene
dichlonide, (dichloroethane), tetrahydrofuran, benzene,
chloroform, purified water, diethyl ether, xylene, and com-
binations or mixtures thereof.

Any of the preferred embodiments herein may include
where the catalyst may be an organoaluminum based cata-
lyst compound comprising of triusobutylaluminum (1Bu,Al)
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in hydrocarbon solution, triisobutylaluminum, or triethyl-
aluminum, and diethylaluminum sesquachloride in a hydro-
carbon solvent.

Any of the preferred embodiments herein may include
where the organoaluminum catalyst 1s selected from the
group consisting ol a trialkyl- or tnarylaluminum, dialkyl-
or diarylaluminum halide, alkylarylaluminum halide, dial-
kvyl- or alkylaryl- or diarylaluminum alkoxide or aryloxide,
dialkyl- or alkylaryl- or diarylaluminum thioalkoxide or
thioarylate, dialkyl- or alkylaryl- or diarylaluminum car-
boxylate, alkyl- or arylaluminum dihalide, alkyl- or arylalu-
minum dialkoxide or diaryloxide or alkylaryloxide, alkyl- or
arylaluminum dithioalkoxide or dithioarylate, alkyl- or ary-
laluminum dicarboxylate, aluminum trialkoxide or triary-
loxide or mixed alkylaryloxide, aluminum triacylcarboxy-
late, and mixtures thereof.

Any of the preferred embodiments herein may include
where the organoaluminum catalyst 1s a C1-C30 alkylalu-
minum-based catalyst, or more specifically the organoalu-
minum-based Lewis acid catalyst 1s ethyl aluminum dichlo-
ride,  diethylalumimnum  chloride,  diethylaluminum
sesquichloride, 1sobutylaluminum dichloride, diisobutylalu-
minum chloride, or mixtures thereof.

Any of the preferred embodiments herein may include
where the trialkylaluminum is trimethylaluminum, triethyl-
aluminum, triisopropylaluminum, trisobutylaluminum, tri-
octylaluminum, or tridecylaluminum.

Any of the preferred embodiments herein may include
where the trialkylaluminum 1s trusobutylaluminum.

Any of the preferred embodiments herein may include
where the organoaluminum catalyst 1s 1n an amount of from
about 0.5 mol % to about 100 mol % with respect to the
amount of CBD charged, the amount put 1n the reactor.

Any of the preferred embodiments herein may include
where said organoaluminum catalyst in an amount of from
about 5 mol % to about 15 mol % with respect to the amount
of CBD charged.

Any of the preferred embodiments herein may include
where the catalyst may be hydrolyzed with 1sopropyl alco-
hol, or another alcohol. The reaction can further be quenched
with water.

Any of the preferred embodiments may include where
quenching uses water followed by aqueous base such as
sodium hydroxide or potassium hydroxide, optionally fol-
lowed by aqueous ammoma, and then followed by addi-
tional water to afford a granular filterable precipitate.

Any of the preferred embodiments herein may include
where the reaction mixture contaiming an organic and non-
organic mixture 1s then separated and the organic fraction 1s
further treated to remove the solvent from the desired
A”-THC fraction. In some embodiments a separation funnel
can be used to separate the organic phase. The organic
fraction 1s filtered through celite before being loaded into the
gvaporation.

Any of the preferred embodiments herein may include
where the reaction IS carried out under an inert atmosphere
with an 1nert gas. In some embodiments the inert gas 1s
nitrogen or argon, and/or equivalent gas, or a mixture of
argon and nitrogen.

Any of the preferred embodiments herein may include
where the process includes an additional aprotic solvent
selected from toluene, hexane, heptane, xylene, chloroform,
1,2-dichloroethane, dichloromethane, or a mixture thereof,
and pretferably the solvent 1s dichloromethane.

Any of the preferred embodiments herein may include
where said stirring 1s carried out at a temperature of from
about -20° C. to about 70° C., or more particularly said
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stirring 1s carried out at a temperature of from about —10° C.
to about 70° C., or said stirring 1s carried out at a temperature
of from about 0° C. to about 40° C., or said stirring 1s carried
out at a temperature of from about 10° C. to about 35° C.

Any of the preferred embodiments herein may include
where the process may comprise an additional purification
method selected from the group consisting of chromatogra-
phy, and countercurrent extraction.

Any of the preferred embodiments herein may include
where the starting CBD distillate or CBD 1solate 1s selected
from the group consisting of a crude CBD extract, a CBD
Isolate, a CBD distillate, and combinations thereof.

Any of the preferred embodiments herein may include
wherein Kief 1s added to the CBD distillate or 1solate. In a
preferred embodiment, the Kief 1s 1-2% by weight. In other
preferred embodiments, the Kief may include 0.1-1.0% by
weight.

Any of the preferred embodiments herein may include
where the invention is the A”-THC oil made according to the
processes described and claimed herein.

Any of the preferred embodiments herein may include
where the invention comprises the A”-THC oil made by the
processes herein and a pharmaceutically acceptable carrier.

Any of the preferred embodiments herein may include
where the invention comprises the A”-THC oil formulated as
a pharmaceutical composition as a tincture, a gummi, or fast
melt tab comprising: (i) >90% pure A°-THC oil at a dosage
of 1-500 mg/dose, and (1) a pharmaceutically acceptable
carrier comprising a dietary wax, an optional secondary
dietary oil, an optional secondary solvent and/or surfactant
at 0.1-10% w/v, and an optional antioxidant, and an optional
sweetener or flavorant.

Any of the preferred embodiments herein may include
where the invention comprises the A”-THC oil formulated as
a pharmaceutical composition as a tincture, a gummi, or fast
melt tab comprising: (i) >90% pure A”-THC oil at a dosage
of 1-500 mg/dose, and (11) a pharmaceutically acceptable
carrier comprising: dietary wax selected from the group
consisting of bees wax, plant waxes, very long chain fatty
acid waxes, and mixtures thereot, a dietary o1l selected from
the group consisting of medium chain (C8-C12) and long
chain (C10-C22) dietary triglycerides selected from the
group consisting of caprylic triglyceride, capric triglyceride,
lauric triglyceride, myristic triglyceride, palmitic triglycer-
ide, stearic triglyceride, oleic triglycenide, linoleic triglyc-
eride, gamma linoleic triglyceride, ricinoleic triglyceride,
arachidic triglyceride, behenic triglycenides, MCT or LCT,
sesame o1l, vitamin E, soybean o1l, vegetable oil, corn oil,
olive oil, peanut o1l, coconut o1l, palmseed o1l, and mixtures
thereol, and an optional secondary solvents selected from
the group consisting of a very long chain fatty alcohol
(C24-C34), ethanol, glycerol, propylene glycol, and poly-
cthylene glycols.

Any of the preferred embodiments herein may include
where the mvention comprises a topical composition com-
prising the A”-THC oil in a topical formulation for skin care
and cosmetic use.

Any of the preferred embodiments herein may include
where the invention comprises a topical composition com-
prising the A°-THC o0il formulated as a topical formulation
for skin care and cosmetic use, at a dosage of 1-300
mg/dose, said topical composition comprising: (1) >90%
pure A”-THC oil, and (ii) a carrier formulation comprising:
a self-emulsitying wax, a polyol, a fatty alcohol, a moistur-
1zer, a hydrocarbon moisturizer/occlusive, an emulsifier, an
antioxidant, and optionally a fragrance, a stabilizer, a skin
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conditioner, Aloe Barbadensis Leaf Juice, a surfactant, an
anti-inflammatory, and a preservative.

Any of the preferred embodiments herein may include
where the mvention comprises a topical composition com-
prising the A°-THC oil formulated as a topical formulation
for skin care and cosmetic use, at a dosage of 1-300
mg/dose, said topical composition comprising: (1) >90%
pure A’-THC oil, and (ii) a carrier formulation comprising:
a self-emulsifying wax comprising glyceryl stearate, and/or
PEG-100 stearate, a polyol comprising glycerin, a fatty
alcohol comprising cetyl alcohol, a moisturizer comprising
allantoin, a hydrocarbon moisturizer/occlusive comprising
petrolatum, an emulsifier comprising steareth-21, an anti-
oxidant comprising tocopheryl acetate, and optionally a
fragrance, a stabilizer comprising xanthan gum, a skin
conditioner comprising dipotassium glycyrrhizate, Aloe
Barbadensis Leal Juice, a surfactant comprising trietha-
nolamine, an anti-inflammatory comprising bisabolol), and a
preservative comprising disodium EDTA.

Any of the preferred embodiments herein may include
where the invention comprises a topical composition com-
prising the A”-THC oil formulated as a cream, an ointment,
foam, gel, lotion, ointment, paste, spray, or solution, com-
prising: (1) >90% pure A”°-THC, and a topical carrier selected
from the group consisting of cream, omntment, foam, gel,
lotion, ointment, paste, spray, and solution, wherein the
cream, ointment, gel, lotion, ointment, paste 1s a water-in-oil
or oil-in-water emulsion containing less than 20% water,
greater than 50% hydrocarbons, waxes and/or polyols, and
includes a surfactant to create a semi-solid, spreadable
composition, wherein the foam 1s a cream or ointment
packaged 1n a pressurized container and delivered with a
gas, wherein the spray 1s a liquid packaged 1n a pressurized
container and delivered with a gas, wherein the solution 1s
a ligqmd packaged in a container and delivered with an
alcohol.

Any of the preferred embodiments herein may include
where the invention comprises a nutraceutical composition
comprising the A°-THC oil in a nutraceutical formulation.

Any of the preferred embodiments herein may include
where the invention comprises a method of administering
the A°-THC oil to a patient in need thereof, comprising
formulating the A”-THC oil as an oral or topical composi-
tion, wherein the patient has nausea, anxiety, stress, chronic
pain, acute pain, or requires an appetite stimulant.

Any of the preferred embodiments herein may include
using a signature tracking marker that 1s added to a product
or packaging containing the high purity A”-THC oil made
herein.

Any of the preferred embodiments herein may include a
process for authenticating the A°~-THC oil made according to
the high purity process herein, by adding a signature marker
to a product or packaging containing the A°-THC oil made
according to the high purity process herein, testing the
product or packaging for the presence of the signature
marker, comparing a test result against a positive control and
a negative control, and 1dentifying the product or packaging
as authentic 1f the test result matches the positive control
more than the negative control.

The embodiments herein and the various features and
advantageous details thereof are explained more fully with
reference to the non-limiting embodiments that are illus-
trated 1n the accompanying drawings and detailed in the
following description. Descriptions of well-known compo-
nents and processing techniques are omitted so as to not
unnecessarily obscure the embodiments heremn. The
examples used herein are intended merely to facilitate an
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understanding of ways in which the embodiments herein
may be practiced and to further enable those of skill in the
art to practice the embodiments herein. Accordingly, the
examples should not be construed as limiting the scope of
the embodiments herein.

Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled 1n the art.
Like numbers refer to like elements throughout. As used
herein the term “and/or” includes any and all combinations
ol one or more of the associated listed items.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to limat
the full scope of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises”
and/or “comprising,” when used 1n this specification, specily
the presence of stated features, integers, steps, operations,
clements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

Unless defined otherwise, all technical and scientific
terms used herein have the same meamngs as commonly
understood by one of ordinary skill 1n the art. Nothing 1n this
disclosure 1s to be construed as an admission that the
embodiments described in this disclosure are not entitled to
antedate such disclosure by virtue of prior invention. As
used 1n this document, the term “‘comprising” means
“including, but not limited to.”

Many modifications and variations can be made without
departing from 1ts spirit and scope, as will be apparent to
those skilled 1n the art. Functionally equivalent methods and
apparatuses within the scope of the disclosure, 1n addition to
those enumerated herein, will be apparent to those skilled in
the art from the foregoing descriptions. Such modifications
and variations are intended to fall within the scope of the
appended claims. The present disclosure 1s to be limited only
by the terms of the appended claims, along with the full
scope of equivalents to which such claims are entitled. It 1s
to be understood that this disclosure 1s not limited to
particular methods, reagents, compounds, compositions or
biological systems, which can, of course, vary. It 1s also to
be understood that the terminology used herein 1s for the
purpose ol describing particular embodiments only, and 1s
not intended to be limiting.

With respect to the use of substantially any plural and/or
singular terms herein, those having skill in the art can
translate from the plural to the singular and/or from the
singular to the plural as 1s appropriate to the context and/or
application. The various singular/plural permutations may
be expressly set forth herein for sake of clarity.

It will be understood by those within the art that, in
general, terms used herein, and especially 1n the appended
claims (e.g., bodies of the appended claims) are generally
intended as “open” terms (e.g., the term “including” should
be interpreted as “including but not limited to,” the term
“having” should be interpreted as “having at least,” the term
“includes™ should be interpreted as “includes but i1s not
limited to,” etc.). It will be further understood by those
within the art that virtually any disjunctive word and/or
phrase presenting two or more alternative terms, whether in
the description, claims, or drawings, should be understood to
contemplate the possibilities of including one of the terms,
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either of the terms, or both terms. For example, the phrase
“A or B” will be understood to include the possibilities of

“A” or “B” or “A and B.”

In addition, where features or aspects of the disclosure are
described 1n terms of Markush groups, those skilled 1n the
art will recognmize that the disclosure 1s also thereby
described in terms of any individual member or subgroup of
members of the Markush group.

As will be understood by one skilled 1n the art, for any and
all purposes, such as 1n terms of providing a written descrip-
tion, all ranges disclosed herein also encompass any and all
possible subranges and combinations of subranges thereof.
Any listed range can be easily recognized as sufliciently
describing and enabling the same range being broken down
into at least equal subparts. As will be understood by one
skilled 1n the art, a range includes each individual member.

Specific Definmitions

The terms A®-tetrahydrocannabinol or A®-THC or delta-
8-tetrahydrocannbinol refers to 6,6,9-trimethyl-3-pentyl-6a,

7,10,10a-tetrahydrobenzo[c]chromen-1-01 (IUPAC 2019-
06). A®>-THC can be represented by 2D structure as follows:

/I\ o

The term A”-THC or A”-tetrahydrocannabinol or delta-9-
tetrahydrocannbinol refers to (6aR,10aR)-6,6,9-trimethyl-3-
pentyl-6a,7,8,10a-tetrahydrobenzo[c]chromen-1-ol (IUPAC
2019-June). A°-THC can be represented by 2D structure as
follows:

b

The term “pure” or “essentially pure” or “lighly pure’
refers to greater than 90% of A°-THC in the final product,
and/or from 90-99% of A”-THC in a given final product.
Purity may be obtained using HPLC.

FIG. 1 1illustrates, using an HPLC chromatograph, the
peaks of various cannabinoids. The first to come ofl at
around 90 seconds 1s cannabidivarinic acid, followed by
cannabidivarin at around 1'45". The next peaks, 3-4-5-6-7,
fall between 2 minutes and 3 minutes (2'-3') are cannabid-
1iolic acid, cannabigerolic acid, cannabigerol, cannabidiol,
and tetrahydrocannabivarin, respectively. Between 4' and 3,
the peaks for 8 and 9 are shown for tetrahydrocannabivarinic

acid, and cannabidiol (CBD). Between 6' and 7', the peaks
for 10 and 11 are A’-tetrahydrocannabinol (A”-THC), and
A®-tetrahydrocannabinol (A®-THC). At around the 9 minute

(9') mark the number 12 and 13 species are cannabi-
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chromene and A”-tetrahydrocannabinolic acid A. And finally
at about 11'30", the cannabichromenic acid comes off.

The term “CBD” refers to cannabidiol and has a molecu-
lar weight of 314.47 g/mol.

The term “CBD Distillate” refers to the process of apply-
ing high heat (boiling point) to raw extracted oil 1n a
distillation chamber to separate the o1l components and
obtain highly pure CBD. CBD distillate does not contain or

contains only a very small percentage of terpenes.
The term “CBD Isolate” refers to 99% pure CBD created

by cooling and crystallizing CBD extract to form a white
powder.

The term “hemp” does not include marijuana, and “natu-
ral hemp”, “industrial hemp™, or “hemp” as used herein
refers to a varniety of Cannabis sativa that contains less than
0.3% A”-tetrahydrocannabinol (A”-THC).

The term “cannabinoid” or “cannabinoids’™ as used herein
encompasses at least the following substances: A®-tetrahy-
drocannabinol, A”-tetrahydrocannabinol (THC), cannabinol
(CBN), cannabidiol (CBD), cannabigerol (CBG), A”(11)-
tetrahydrocannabinol (exo-THC), cannabichromene (CBC),
tetrahydrocannabinol-C3 (THC-C3), tetrahydrocannabinol <
(THC-C4).

Examples of cannabinoids include:

X OH

COOH

=

A

Tetrahydrocannabinolic acid

(THCA)
X OH
- /
7\ 0 X
Tetrahydrocannabinol
(THC)

NN

Delta-8-tetrahydrocannabinol
(Delta-8-THC)

f’fL*b oH

NP P

j\ o N ‘\/\/\

Cannabidiolic acid

(CBDA)
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-continued

Cannabidiol

(CBD)

Tetrahydrocannabivarin

(THCV)
OH

7
~

Cannabigerolic acid

(CBGA)

OH
S

\
]
/

HO/\/\/\/\

N

Cannabigerol

(CBG)

)

OH

/l\/COOH
\

\/W\

Cannabinolic acid

(CBNA)

7
\_/

)

P
\_/

OH
4ﬁJH“T

\/W\

Cannabinol

(CBN)
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-continued

OH

COOH

d

\\/\/\

Cannabichromeric acid

(CBCA)

O

OH

Z

\W\

Cannabichromene

(CBC)

OH

/\)\/

NN

\

e

(

COOH

Cannabicyclolic acid
(CBLA)
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-continued
OH

COOH

Cannabicyclol

(CBL)

*Note: the CBC structure above 1s intended to contain an oxygen in the ring next to the
benzyl.

A”-THC has a published boiling point at about 157° C. at
15-20 mTorr vacuum. A*-THC has a published boiling point
at about 177° C. at 15-20 mTorr vacuum. Solvents, non-
compliant cannabinoids, and volatile cannabinoids are
defined as having a boiling point less than about 160° C. at
15-20 mTorr vacuum. In distillation, as used herein, these
low temperature compounds are known as “heads”. High
boiling point cannabinoids (vacuum) are defined herein as
cannabinoids having a boiling point above about 180° C. at
15-20 mTorr vacuum, and do not include, by definition
A®*-THC. In distillation, as used herein, these high tempera-
ture compounds are known as “tails”, with the “main” being
A®-THC, its crude oils, its distillates, and its purified oils.

Boiling points differ among cannabinoids. This permits

separation by distillation techniques.

TABLE - Relevant cannabinoid structures and boiling points

STRUCTURE

NAME B.P.

A® - THC 157° C. at

A® - tetrahydrocannabinol ~ 15-20 mTorr
vacuuin

CBD cannabidiol 160-180° C.
15-20 mTorr
vacuuin

A® - THC 175-178° C.

A® - tetrahydrocannabinol ~ 15-20 mTorr
vacuum
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(Ll

Cannabinoid b.p. - lowest to highest, under 15-20 mTorr vacuum

NAME B.P. ° C.
THCA 105
CBG 105
B-CARYOPHYLLENE 119
p-CYMENE 134
a-PINENE 156
A°-THC 157
CBD 160-180
B-MYRCENE 166-168
AS-THC 175-178
1,8-CINEOLE 176
d-LIMONENE 177
CBC 185
CBN 185
LINALOOL 198
TERPINEQOL-4-OL 209
a-TERPINEOL 218
THCV 220
PULEGONE 224
APIGENIN 270
QUERCETIN 302
CBDA 316-531
B-SITOSTEROL 414

The term “extraction” refers to a process for obtaining
raw Cannabinoid extract from dried Hemp plant material.
Non-limiting 1llustrative processes include CO, extraction,
liquid chromatography, solvent extraction, and olive oil
extraction. Extracts contain other plant components—major
and minor cannabinoids, terpenes, and flavonoids—that
1solates do not.

The term “CO,, extraction” refers to a process for obtain-
ing CBD from industrial hemp that comprises by way of
illustration 1n a non-limiting example the following steps:
—extraction with supercritical CO, (e.g. 60° C., 250 bar);
—decarboxylation (e.g. 80° C., 2 hours); and —separation
in a high pressure column (using CO, as solvent). The
method 1s shown to yield an extract contaimng CBD in
approximately 90% purity.

The term “Winterization” refers to combining extracted
CBD o1l with ethanol and freezing overnight, which 1s then

filtered to remove fats and other impurities, and the filtrate
1s heated to evaporate the ethanol.

The term “Kief” refers to a high potency THC composi-
tion consisting of accumulated trichomes, or resin glands,
sifted from cannabis flowers through a mesh screen or sieve.
Trichomes are the crystal-like hairs that cover the cannabis
flower bud. Trichomes secrete a sticky resin containing the
terpenes and cannabinoids that give cannabis 1ts unique
qualities. As concentrated resin glands, kief occurs as a fine
powder and 1s a potent form of cannabis. More simply, Kief
1s a cannabis concentrate that contains from about 50%-80%
THC and includes both cannabinoids and terpenes.

The term “optically active” or “chiral” CBD refers to the
CBD extract comprising an optically active chiral CBD
having an R,R or trans(-) rotation. CBD 1s known to have
two chiral centers. Natural, plant-based CBD has this R,R or
trans(—) rotation, specifically =125 deg. to about -129 deg.
in alcohol. Contrast this with synthetic (crystalline) CBD
that 1s not optically pure. This 1s due to the fact that synthetic
CBD 1s formed from limonene, with the freebase treated
with ethanol. The consequence of using limonene, which 1s
sourced from California or Florida, 1s that the resulting
synthetic CBD 1s not optically pure, and when synthetic
CBD is used to form A”-tetrahydrocannabinol, the reaction
cannot provide optically pure A’-tetrahydrocannabinol iso-
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mer, without additional processing to form a crystalline ester
of the A’-tetrahydrocannabinol to obtain a single diaste-
reomer, and then hydrolyzing back from the ester to obtain
an optically pure A”-tetrahydrocannabinol. Thus using syn-
thetic CBD sourced from California or Florida limonene can
result in a “California 1somer” or “Flornida isomer” of an
optically impure A”-tetrahydrocannabinol isomer.

The term “organic solvent” refers, 1n a preferred embodi-
ment, to dichloromethane (DCM). In alternative embodi-
ments, the organic solvent may refer to ethanol, methanol,
isopropanol, acetone, toluene, hexane, pentane, heptane,
methylene chloride (dichloromethane), ethylene dichloride
(dichloroethane), tetrahydrofuran, benzene, chloroform,
purified water, diethyl ether, and/or xylene.

The term “catalyst” refers to an organoaluminum catalyst
1s selected from the group consisting of a trialkyl- or
triarylaluminum, dialkyl- or diarylaluminum halide, alky-
larylaluminum halide, dialkyl- or alkylaryl- or diarylalumi-
num alkoxide or aryloxide, dialkyl- or alkylaryl- or diaryl-
aluminum thioalkoxide or thioarylate, dialkyl- or alkylaryl-
or diarylaluminum carboxylate, alkyl- or arylaluminum
dihalide, alkyl- or arylaluminum dialkoxide or diaryloxide
or alkylaryloxide, alkyl- or arylaluminum dithioalkoxide or
dithioarylate, alkyl- or arylaluminum dicarboxylate, alumi-
num trialkoxide or triaryloxide or mixed alkylaryloxide,
aluminum triacylcarboxylate, and mixtures thereof. In a
preferred embodiment, the organoaluminum catalyst 1s a
C,-C,, alkylaluminum-based catalyst. In a more preferred
embodiment, the organoaluminum-based Lewis acid cata-
lyst 1s ethyl aluminum dichloride, diethylaluminum chlo-
ride, diethylaluminum sesquichloride, isobutylaluminum
dichloride, dusobutylaluminum chlornide, or mixtures
thereof. In another preferred embodiment, the trialkylalu-
minum 1s trimethylaluminum, triethylaluminum, triisopro-
pylaluminum, triisobutylaluminum, trioctylaluminum, or
tridecylaluminum. In another preferred embodiment, the
catalyst 1s 1-2 molar triisobutylaluminum in hexane or 1
molar triusobutylaluminum 1n toluene. In another preferred
embodiment, the catalyst 1s 1n an amount of from about 0.5
mol % to about 100 mol % with respect to the homogenized
mixture, or 1n an amount of from about 5 mol % to about 15
mol % with respect to the homogenized mixture.

The term “Short Path Daistillation™ refers to distillation
having a minimal number of plates, e.g. 1 plate or 3 plates,
and, refers to slowly heating CBD o1l until extraneous
substances having a different boiling point than CBD, such
as heads (terpenes and high volatiles), and tails (high boiling
point cannabinoids), are vaporized mnto a distillation tube,
condensed by cooling coils, and separated, leaving purified
CBD o1l. Short Path distillation 1s generally not known for
scalability into large batches. Short path distillation pro-
duces a high-quality distillate, but 1s limited 1n scale.

Short path distillation utilizes an apparatus with a multi-
position receiver and condensing head. This process 1s very
limited 1n scale and production, but can produce high-
quality distillate with an experienced operator. Crude o1l 1s
heated 1n a boiling flask with a magnetic stirrer. The con-
densing head 1s jacketed and requires a recirculating
“chiller” with hot water to cool the condensing head to
condense the cannabinoid vapor back mnto a liquid form,
with the different fractions condensing into diflerent receiv-
ing flasks.

A short path will typically have 3 fractions—heads (ter-
penes and high volatiles), main body (THC/CBD), and tails
(high boiling point cannabinoids).

The term “Thin Film Dastillation™ or “Wipe Film Dastil-
lation” refers to adding CBD crude o1l, under vacuum, to the
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top of a heated vertical cylinder on a rotating plate. As the
o1l enters the cylinder (a jacketed, chilled condensing head),
it encounters the rotating, specially designed wipers or
rollers that create and renew a thin film on the heated
surface. A long condenser 1n the middle of the wipers 1n the
evaporator body, cooled with recirculating fluid, condenses
the vapor. Receiving vessels collect the distillate and the
high temperature residue at the bottom. A recirculating
heater maintains the temperature of the feed container and
outer jacketed wiped film evaporator body. Relrigerated
circulators cool the condenser and cold trap.

Optimizing the feed rate, vacuum, and temperatures 1s
essential to yield the desired component composition in the
distillate. This method reduces the exposure time of the o1l.
With a wiped film extraction, two passes through the system
are required to achieve a distillate. As 1n distillation, wiped
film strips the crude of low boiling point compounds {irst,
for example, terpenes and leftover volatiles. Then, during
the second pass, the residue 1s run again to achieve the final
CBD distillate.

The term “hexanes” refers to mixed 1somers of hexane
used as a solvent. The boiling point of hexanes 1s 68-70° C.

The term “verification” or “compliance” refers to quan-
titative methods for ensuring a level of less than 0.3%
A”-THC of the starting material, the reaction intermediates
and reaction mixtures, the crude A”-THC oil, the clear
A°-THC distillate, and the highly pure >90% A”-THC oil.
Quantitative methods may also be used to detect levels of
impurity. Such impurities may include without limitation:
A®-THC, solvent, catalyst, terpenes, cannabinoids, and can-
nabinoid processing-related volatiles.

Quantitative compliance verification methods contem-
plated as within the scope of the invention include, without
limitation, any verification method selected from the group
consisting of post decarboxylation, HPLC, gas chromatog-
raphy (GC), GC coupled with mass spectrometry (MS), GC
coupled with flame 10onization detection (FID), HPLC with
MS, HPLC with ultraviolet (UV) absorbance, HPLC with
diode array detection (DAD), HPLC-electrospray 1oniza-
tion-quadrupole time of flight (ESI-qTOF), HPLC-MS/MS,
ultra-performance liquid chromatography (UPLC), UPLC-
qTOF, matrix assisted laser desorption 1onization mass spec-
trometry (MALDI-MS), thin layer chromatography (TLC),
Fourier transform infrared spectroscopy (FTIR), and nuclear
magnetic resonance spectrometry (NMR).

The term “HPLC” refers to high performance liquid
chromatography.

The term “normal phase chromatography™ 1s a type of
HPLC technique. It separates analytes based on the degree
ol interaction towards the absorbent, which 1s polar silica.
Therefore, the stationary phase of this type of chromatog-
raphy 1s hydrophilic. It can also make hydrophilic interac-
tions with the hydrophilic molecules 1n the sample mixture.
Generally, these interactions include hydrogen bonding,
dipole-dipole interactions, etc. Therefore, more non-polar
analytes stay longer in the stationary phase, increasing the
retention time. Furthermore, the mobile phase 1n the normal
phase chromatography 1s non-polar and non-aqueous.
Theretfore, non-polar or hydrophobic analytes 1n the mixture
wash out effectively with the mobile phase at the beginning
of the process. Meanwhile, the retention time of analytes
reduces with the increasing polarity of the mobile phase. In
the present invention, 1t 1s contemplated 1n one embodiment
that normal phase chromatography may be used for analysis
of the reaction products and purified products from the
intermediate steps of the process up to, but not including, the
final purification step of the process.
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The term “reverse-phase chromatography™ 1s a type of
recent HPLC. It has an increased reproducibility of the
retention time when compared to normal phase chromatog-
raphy. Basically, this increase of the reproducibility 1s
achieved by making the stationary phase non-polar. To do
that, the surface of the silica stationary phase 1s modified as
R-(Me),S1Cl, where R 1s a straight-chain alkyl group such as
C,.H;, or C;H,,. However, due to the non-polar nature of
the stationary phase, less polar analytes in the sample
mixture tend to have a higher retention time in contrast to the
normal phase chromatography. Moreover, one can increase
the retention time by adding more water to the mobile phase,
which, 1 turn, increases the hydrophobic interactions
between the non-polar analytes and the stationary phase.
Also, the mobile phase of the reverse phase chromatography
1s polar, washing out polar analytes in the sample mixture.
This facilitates the separation of the non-polar analytes 1n
the sample mixture. Furthermore, the surface tension of the
mobile phase, as well as 1ts pH, have eflects on the retention
time. In the present invention, it 1s contemplated in one
embodiment that reverse phase chromatography may be
used for analysis of the final purified product from the final
step of the purification process.

In contrast, normal phase chromatography refers to a
separation method which allows the distribution of compo-
nents of a mixture between two phases, one of which 1s a
polar stationary phase while the mobile phase 1s non-polar,
whereas reverse phase chromatography refers to the sepa-
ration method, whose mobile phase 1s more polar than the
stationary phase. Normal phase chromatography uses a polar
stationary phase, which 1s mainly pure silica, while reverse
phase chromatography uses a non-polar stationary phase,
which 1s a modified silica substrate with long hydrophobic
long chains. Normal phase chromatography uses a non-
polar, non-aqueous solvent as the mobile phase, which 1s
mainly chloroform while reverse phase chromatography
uses a polar mobile phase, which 1s mainly water, methanol
or acetonitrile. Normal phase chromatography separates
polar analytes with high retention time in the column, while
reverse phase chromatography separates less polar analytes,
which have a high retention time 1n the column. In normal
phase chromatography, the mobile phase carries non-polar
analytes at the beginning of the separation while 1n reverse
phase chromatography, the mobile phase carries polar ana-
lytes. A non-polar mobile phase increases the retention time
of normal phase chromatography while a polar mobile phase
increases the retention time of reverse phase chromatogra-
phy. Analytes can be eluted by increasing the polarity of the
mobile phase 1n the normal phase chromatography while the
analytes can be eluted by decreasing the polarnty of the
mobile phase in the reverse phase chromatography. The
stationary phase of normal phase chromatography contains
a layer of water or protic organic solvent while the stationary
phase of reverse phase chromatography does not contain
water or a layer of protic solvent.

EXAMPLES

The mvention 1s described below by means of an
example, although the invention 1s not limited to this
example.

The present invention relates to a process for the prepa-
ration of a high purity A”-tetrahydrocannabinol product
compound of the formula:
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FORMULA 1. Chemical Structure of A”-Tetrahydrocan-
nabinol

The final high purity A”-tetrahydrocannabinol (A”-THC)

1s preferably derived from Cannabidiol distillate or CBD
1solate, or a combination thereof. In a preferred embodiment
the starting material 1s Cannabidiol Isolate.

PR

FORMULA 2. Chemical Structure of Cannabidiol (CBD)

Extracted from Hemp

As the scale of these reactions increases, the control over
the process becomes more diflicult, considering the exother-
mic nature of the reaction. By adding the organoaluminum
catalyst slowly, the reactions of the present invention can
proceed with practically no overreaction to cyclized prod-
ucts. The combination of a CBD i1solate solution 1n a solvent
such as dichloromethane (DCM) with the slow addition of
an organoaluminum catalyst, results in much higher levels of
A”-THC. Running the reaction in dichloromethane (DCM)
at temperatures below its boiling point further increases the
conversion of CBD to A”-THC. Hence, the method of the
present invention, by the slow addition of an organoalumi-
num catalyst in a CBD 1solate that 1s dissolved in DCM at
a temperature below 1ts boiling point, gives vastly improved
selectivities for the production of A”-THC over its unwanted
isomers found in the prior art.

Cyclization of cannabidiol to A°-THC, without converting
to the thermodynamically more stable A®-isomer, uses
organoaluminum-based Lewis acid catalysts to obtain yields
of A°-THC are >90% with <2% iso-THC with practically no
isomerization of the desired product to A>-THC.

The organoaluminum-based Lewis acid catalyst used in
the method of the present invention can be a trialkyl- or
triarylaluminum, dialkyl- or diarylaluminum halide, alky-
larylaluminum halide, dialkyl- or alkylaryl- or diarylalumi-
num alkoxide or aryloxide, dialkyl- or alkylaryl or diaryl-
aluminum thioalkoxide or thioarylate, dialkyl- or alkylaryl
or diarylalumimum carboxylate, alkyl- or arylaluminum
dihalide, alkyl- or arylaluminum dialkoxide or diaryloxide
or alkylaryloxide, alkyl- or aryl aluminum dithioalkoxide or
dithioarylate, alkyl- or arylaluminum dicarboxylate, alumi-
num trialkoxide or triaryloxide or mixed alkylaryloxide,
aluminum triacylcarboxylate or mixtures thereof. Suitable
examples of organoaluminum-based Lewis acid catalysts
include, but are not limited to, trimethylaluminum, triethyl-
aluminum, trusopropylaluminum, triusobutylaluminum, tri-
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octylaluminum, tridecylaluminum, diethylaluminum chlo-
ride, dusobutylaluminum chlonde, diethylaluminum

sesquichloride, ethyl aluminum dichloride, methylalumi-
num dichloride, 1sobutylaluminum dichloride, diethylalumi-
num ethoxide, diethylaluminum 1sopropoxide, diisobutyl-
aluminum methoxide, disobutylaluminum phenoxide,
diphenylaluminum 1soproproxide, tetraisobutylalumoxane,
methylalumoxane, methylaluminum bis-(2,6-d1-t-butyl-4-
methylphenoxide), diisobutylaluminum acetate, diisobutyl-
aluminum benzoate, diisobutylaluminum trifluoroacetate,
duisobutylaluminum isopropoxide, diisobutylaluminum 2,6-
di-t-butyl-4-methylphenoxide, 1sobutylaluminum bis-(2,6-
di-t-butyl-4-methylphenoxide), 1sobutylaluminum diacetate,
aluminum trimethoxide, aluminum triisopropoxide, alumi-
num tri-tert-butoxide, and aluminum trifluoroacetate. Sev-
eral such catalysts are commercially available or can be
prepared from commercially available aluminum reagents,
using methods known 1n the literature, such as described by
Oo1 and Maruoka, Science of Synthesis, Vol. 7, pp. 131-195,
Stuttgart, Germany Thieme (2000), which 1s hereby incor-
porated by reference in its entirety.

In one embodiment of the present invention, the organo-
aluminum-based Lewis acid catalyst 1s a C,-C,, alkylalu-
minum-based or C,-C,, arylaluminum-based substance or
mixture. In another embodiment of the present invention, the
organoaluminum-based Lewis acid catalyst contains one or
more oxygenated substituents bonded to the aluminum
which modify the physical properties or performance of the
catalyst. In another embodiment of the present invention, the
organoaluminum-based Lewis acid catalyst may be made 1n
situ before use by reaction of a precursor aluminum reagent
with a moditying substituent. Specifically, the organoalumi-
num-based Lewis acid catalysts can be catalysts which
provide high selectivity for A°-THC at lower levels of
catalyst usage and at convenient rates for larger scale
preparation. More specifically, the organoaluminum-based
Lewis acid catalysts can be catalysts that produce A”-THC
with very low levels of isomers (e.g., cis-A”-THC, A*-THC,
and 1so-THC), as these are diflicult to remove from the
product and render 1t diflicult to achieve current standards of
pharmaceutical purity.

In another embodiment of the present invention, the step
of treating 1s carried out with the organoaluminum-based
Lewis acid catalyst in an amount from about 0.5 mol % to
about 100 mol % with respect to the first intermediate
compound. In yet another embodiment of the present inven-
tion, the step of treating 1s carried out with the organoalu-
minum-based Lewis acid catalyst in an amount from about
5> mol % to about 15 mol % with respect to the amount of
CBD charged.

The step of treating can be carried out 1n an organic
solvent. In one embodiment of the present invention, the
solvent 1s aprotic. Examples of organic solvent include, but
are not limited to ethanol, methanol, 1sopropanol, ethyl
acetate, acetone, acetonitrile, dimethylfuran, dimethyl
sulfoxide, toluene, butane, hexane, pentane, heptane, meth-
ylene chlonide (dichloromethane), ethylene dichloride, (di-
chloroethane), tetrahydrofuran, benzene, chloroform, puri-
fied water, diethyl ether, and/or xylene and/or a mixture
thereof.

The step of treating can be carried out at a temperature of
from about -20° C. to the boiling point of the solvent used
for the reaction. In another embodiment of the present
invention, the step of treating can be carried out at a
temperature of from about 0° C. to about 40° C. In yet 1n
another embodiment of the present invention, the step of
treating can be carried out at a room temperature or slightly
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higher than room temperature to speed up the reaction rate
but cannot exceed the boiling point of the solvent. In one
non-limiting embodiment, the temperature 1s below the
boiling point of hexanes at 68-70° C. In one non-limiting

embodiment, the temperature is below the boiling point of >

dichloromethane at 39-40° C. In one non-limiting embodi-

ment, the temperature 1s below the boiling point of toluene
at 110-111° C.

The starting product compound 1s a totally natural sub-
stance from natural hemp which contains less than 0.3%
A’-THC as a starting material. Furthermore, the CBD is
extracted from the hemp and converted to CBD distillate or
CBD 1solate or a combination thereof.

In another embodiment, the process of the present inven-
tion further involves carrying out a method selected from
chromatography, countercurrent extraction, and distillation
on the product under conditions effective to produce a
purified product.

Examples

The following examples are provided to illustrate embodi-
ments of the present invention but are by no means intended
to limit its scope.

Example. Extraction of CBD from Industrial Hemp
Containing 0.3% or Less A”-THC

Dried Hemp plant material 1s processed, or extracted, to
obtain a raw Cannabinoid extract. Non-limiting illustrative
processes include CO, extraction, liquid chromatography,
solvent extraction, and olive o1l extraction. The extract
contains other plant components—major and minor can-
nabinoids, terpenes, and flavonoids—that 1solates do not.

In a non-limiting preferred embodiment, industrial hemp
containing 0.3% or less A°-THC is processed using “CO,
extraction” to obtain CBD. Specific steps include: —extrac-
tion with supercritical CO,, (e.g. 60° C., 250 bar); —decar-
boxylation (e.g. 80° C., 2 hours); and —separation 1n a high
pressure column (using CO,, as solvent). The method yields
an extract contaiming CBD 1n approximately 90% purnty.

Example. Extraction of CBD from Hemp
Containing 0.3% or less A°-THC, and Winterization

Industrial hemp containing 0.3% or less A”-THC is pro-
cessed using “CO, extraction” to obtain CBD. Specific steps
include: —extractlon with supercritical CO, (e.g. 60° C.,
250 bar); —decarboxylatlon (e.g. 80° C., 2 hours); and
—separation 1n a high pressure column (usmg CO, as
solvent). The method yields an extract containing CBD 1n
approximately 90% purity. The CBD extracted o1l 1s com-
bined with ethanol and 1s then frozen overnight. After
freezing, the combined CBD-EtOH 1s then filtered to
remove Tats and other impurities, and the filtrate 1s heated to
evaporate the ethanol.

The following examples show A”-THC from CBD Dis-
tillate.

Example 1. Preparation of A”-THC from CBD
Distillate Using Basic Ionic Resin Workup

CBD Dustillate (15 kg @85% CBD content) was dis-
solved 1n dichloromethane (75 liters) 1n a nitrogen 1nerted,
150 L cylindrical glass reactor with an overhead stirrer,
pressure equalizing addition funnel and a water-cooled
reflux condenser to create a homogenized mixture. The
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reactor was 1nerted with nitrogen and tritsobutylaluminum
(6 L of 1 M solution 1n hexane, 10 mol % catalyst) was then
slowly added over 30 minutes at a batch temperature of 26°
C. The reaction mixture was stirred for 6 hours at a tem-
perature of 26 to 30° C., at which point the reaction was
determined to be complete by TLC and HPLC analysis
(<2.0% CBD by HPLC). The solution was quenched with 25
liter of water and stirred for 1 hour, then circulated through
a water washed Amberlyst A21 resin column for two hours.
The reaction mixture was filtered through celite coated
sparkler filter. The reactor and celite cake were rinsed with
dichloromethane (5 L) and rinse was added to the clarified
batch. The layers were separated, and the aqueous layer was
washed with fresh dichloromethane (2.5 L) and this rinse
was added to the organic layer. The organic layer was
concentrated under reduced pressure. The remaining organic
residue was wiped film distilled (165° C. at 15 mTorr
vacuum) to afford 8.7 kg (58% yield when corrected for the
assay of the starting material) of A”-THC as a clear to light
yellow viscous oi1l. The HPLC analysis of this product was
comparable to the assay of earlier batches.

Example 2. Preparation of A”-THC from CBD
Distillate, with Aqueous Sodium Hydroxide
Workup

CBD Diustillate (3.0 kg @85% CBD content) was dis-
solved 1n dichloromethane (15 liters) in a nitrogen inerted,
50 L cylindrical glass reactor with an overhead stirrer,
pressure equalizing addition funnel and a water-cooled
reflux condenser to create a homogenized mixture. The
reactor was 1nerted with nitrogen and triisobutylaluminum
(2.0 L of 1 M solution 1n hexane, 10 mol % catalyst) was
then slowly added over 3.5 hours at a batch temperature
between 18 and 30° C. The reaction mixture was stirred for
approximately 6 hours at a temperature of 20 to 25° C., at

which point the reaction was determined to be complete by
TLC and HPLC analysis (<2.0% CBD by HPLC). The batch

was diluted with THF (4 L) and stirred for 15 minutes. The
solution was quenched with water (75 mL) followed by 15%
NaOH solution (75 g) and then water (235 mlL). The
quenched batch stirred for 1 hour, then magnesium sulfate
(500 g) was added, and the stirring was continued for an
additional hour. The alumina containing suspension was
clanfied through a celite coated sparkler filter. The filter cake
was washed with fresh THF (1 L) and the wash was added
to the batch. The filtrate was concentrated under reduced
pressure using a rotary evaporator until the light solvents
stopped distilling. The remaining organic residue was wiped
film distilled in two temperature stages (first pass: 160° C.
at 15 mTorr vacuum then second pass: 170° C. at 15 mTorr
vacuum) to afford 3.83 kg (90% vyield when corrected for the
assay of the starting material) of A°-THC as a clear to light
yellow viscous o1l. The HPLC analysis of this product was
comparable to the assay of earlier batches.

Example 3. Preparation of A”-THC from CBD
Distillate, with Aqueous Ammonia Workup

CBD Diustillate (1.0 kg @85% CBD content) was dis-
solved 1n dichloromethane (3 liters) in a nitrogen inerted, 22
L glass reactor with an overhead stirrer, pressure equalizing
addition funnel and a water-cooled reflux condenser to
create a homogenized mixture. The reactor was 1nerted with
nitrogen and tritzsobutylaluminum (400 mL of 1 M solution
in hexane, 10 mol % catalyst) was then slowly added over
2 hours at a batch temperature between 18 and 30° C. The
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reaction mixture was stirred for approximately 6 hours at a
temperature of 20 to 25° C., at which point the reaction was
determined to be complete by TLC and HPLC analysis

(<2.0% CBD by HPLC). The reaction was quenched with

water (15 mL) and when the active catalyst was quenched,
the reaction mixture was rotary evaporated under reduced
pressure to ca. 1 L volume. The batch was diluted with
methyl tert-butyl ether (MtBE) (2 L) and the mixture was
stirred. To the stirred solution was added 28% aqueous
ammomnia solution (25 mL) followed by additional water (50
mL). To the resulting slurry was added sodium sulfate (100
o) and the stirring was continued for an additional hour. The
batch was clarified through a celite coated sparkler filter, and
the filter cake was washed with MtBE, and the wash was
added to the filtered batch. The filtrate was concentrated
under reduced pressure using a rotary evaporator until the
light solvents stopped distilling. The remaining organic
residue was wiped film distilled 1n two temperature stages
(first pass: 160° C. at 15 mTorr vacuum then second pass:
1°70° C. at 15 mTorr vacuum) to atiord 766 g (90% vyield
when corrected for the assay of the starting matenal) of
A”-THC as a clear to light yellow viscous oil. The HPLC
analysis of this product was comparable to the assay of
carlier batches.

Example 4. Preparation of A’-THC from CBD
Distillate, with Aqueous KF Workup

CBD Dustillate (500 g @83% CBD content) was dis-
solved 1n dichloromethane (2 liters) in a nitrogen inerted, 22
L glass reactor with an overhead stirrer, pressure equalizing
addition funnel and a water-cooled reflux condenser to
create a homogenized mixture. The reactor was nerted with
nitrogen and tritsobutylaluminum (200 mL of 1 M solution
in hexane, 10 mol % catalyst) was then slowly added over
2 hours at a batch temperature between 18 and 30° C. The
reaction mixture was stirred for approximately 6 hours at a
temperature of 20 to 25° C., at which point the reaction was
determined to be complete by TLC and HPLC analysis
(<2.0% CBD by HPLC). The reaction was quenched with a
mixture of potassium fluoride (28 g) in water (15 mL) and
when the active catalyst was quenched, the reaction mixture
was rotary evaporated under reduced pressure to ca. 0.5 L
volume. The batch was diluted with methyl tert-butyl ether
(MtBE) (2 L) and the mixture was stirred. To the stirred
solution was added silica gel (30 g) and the stirring was
continued for an additional hour. The batch was clarified
through a celite coated sparkler filter, and the filter cake was
washed with MtBE, and the wash was added to the filtered
batch. The filtrate was concentrated under reduced pressure
using a rotary evaporator until the light solvents stopped
distilling. The remaining organic residue was short path
distilled and the main fraction was collected at 165° C. to
175° C. at 25 mTorr vacuum to afford 228 g (80% yield
when corrected for the assay of the starting material) of
A”-THC as a clear to light yellow viscous oil. The HPLC
analysis of this product was comparable to the assay of
carlier batches.

Example 5. Preparation of A”-THC from CBD
Distillate, with Aqueous Workup

CBD Dustillate (15 kg @85% CBD content) was dis-
solved 1n dichloromethane (75 liters) 1n a nitrogen 1nerted,
150 L cylindrical glass reactor with an overhead stirrer,
pressure equalizing addition funnel and a water-cooled
reflux condenser to create a homogenized mixture. The
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reactor was 1nerted with nitrogen and tritsobutylaluminum
(6 L of 1 M solution 1n hexane, 10 mol % catalyst) was then
slowly added over 2 hours at a batch temperature of 26° C.
The reaction mixture was stirred for 6 hours at a temperature
of 26 to 30° C., at which point the reaction was determined
to be complete by TLC and HPLC analysis (<2.0% CBD by
HPLC). The reaction was quenched by pumping the batch
into a 200 L reactor equipped with a bottom valve and
mechanical stirrer containing water (40 L) The addition time
was about 30 minutes. The biphasic mixture was stirred for
an additional 2 hours. The stirring was stopped, and the
layers were separated. The bottom organic layer was saved
for further processing and the remaining aqueous layer was
extracted fresh dichloromethane (20 L) and this wash was
added to the quenched organic solution. This solution was
clanfied through celite coated sparkler filter. The reactor and
celite cake were rinsed with dichloromethane (5 L) and rinse
was added to the clarified batch. The organic layer was
concentrated under reduced pressure. The remaining organic
residue was wiped film distilled (163° C. at 15 mTorr
vacuum) to afford 8.7 kg (58% vyield when corrected for the
assay of the starting material) of A°-THC as a clear to light
yellow viscous o1l. The HPLC analysis of this product was

comparable to the assay of earlier batches.

Example 6. Preparation of A”-THC from CBD
Distillate Fortified with Kief, with the Aqueous
Workup

CBD Distillate (15 kg @85% CBD content) was dis-
solved 1n dichloromethane (75 liters) in a nitrogen inerted,
150 L cylindrnical glass reactor with an overhead stirrer,
pressure equalizing addition funnel and a water-cooled
reflux condenser to create a homogenized mixture. To this
solution was added Kief (30 g, 0.2 weight %) and the
mixture was stirred until the Kief dissolved. The reactor was
re-inerted with nitrogen and tritsobutylaluminum (4 L of 1
M solution 1n hexane, 6.6 mol % catalyst) was then slowly
added over 2 hours at a batch temperature of 26° C. The
reaction mixture was stirred for 8 hours at a temperature of
26 to 30° C., at which point the reaction was determined to
be complete by TLC and HPLC analysis (<2.0% CBD by
HPLC). The reaction was quenched by pumping the batch
into a 200 L reactor equipped with a bottom valve and
mechanical stirrer containing water (40 L). The addition
time was about 30 minutes. The biphasic mixture was stirred
for an additional 2 hours and celite (3.0 kg) was added. This
mixture was clarified through celite coated sparkler filter.
The quench reactor and celite cake were rinsed with dichlo-
romethane (5 L) and rinse was added to the clarified biphasic
mixture. The stirring was stopped, and the layers were
separated. The bottom organic layer was saved for turther
processing and the remaining aqueous layer was extracted
fresh dichloromethane (20 L) and this wash was added to the
quenched organic solution. The organic solution was con-
centrated under reduced pressure. The remaining organic
residue was wiped film distilled (165° C. at 15 mTorr
vacuum) to afford 13.1 kg (87.3% vyield when corrected for
the assay of the starting material) of A°-THC as a clear to
light yellow viscous o1l. The HPLC analysis of this product
was comparable to the assay of earlier batches.

The following examples show A°-THC from CBD isolate.

Example 7. Preparation of A°-THC from CBD
Isolate, Using Basic Ionic Resin Workup

CBD Isolate (185 g at >95% purity) was dissolved 1n
dichloromethane (1 L) 1n an argon inerted, 5 L, 3-necked



US 12,029,718 B2

27

round bottom flask with an overhead stirrer, pressure equal-
izing addition funnel and a water-cooled condenser. Tri-
1sobutylaluminum (60 mL of 1 M solution 1n hexane, 10 mol
% catalyst) was then slowly added over 30 minutes at about
room temperature. The reaction mixture was stirred for
approximately 20 hours, until the reaction was complete by
TLC and HPLC analysis (<2.0% CBD by HPLC). The
reaction was quenched with water (1 L) and the biphasic
mixture was stirred for about 1 hour. The biphasic mixture
was passed through a water washed Amberlyst A21 (mildly
basic) column The biphasic reaction mixture was then
clarified through a celite loaded sparkler filter. The celite
cake and reaction vessels were rinsed with dichloromethane
(1 L) and combined with the clarified biphasic batch mix-
tures. The layers were separated, and the water layer was
washed with fresh dichloromethane (250 mL) The combined
organic layers were transferred to a short path distillation
apparatus and concentrated under reduced pressure and the

residue was distilled (170° C. at 15 mTorr vacuum) to afford

135 g; (73% vyield) of A”-THC as a clear to light yellow
viscous o1l. The HPLC analysis of this product showed 93%
A”-THC and 4% unreacted CBD.

TABLE—Quantitative Results

Quantitative Results

Detector A
ID# Name Ret. Time Dry weight %
1 CBDV — 0.00
2 CBDA — 0.00
3 CBGA — 0.00
4 CBG — 0.00
5 CBD 4.080 4.12
6 THCV — 0.00
7 CBN — 0.00
8 A9-THC 6.586 92.92
9 AR-THC — 0.00
10 CBC — 0.00
11 THCA — 0.00

Example 8. Scale Up Preparation of A°-THC from
CBD Isolate, Using Basic Ionic Resin Workup

CBD Isolate (15 kg at >93% purity) was dissolved in
dichloromethane (75 liters) 1n a nitrogen inerted, 150 L,
cylindrical glass reactor with an overhead stirrer, pressure
equalizing addition funnel and a water-cooled reflux con-
denser. to create a homogemzed mixture. Trusobutylalumi-
num (3 L of 1 M solution 1n hexane, 10 mol % catalyst) was
then slowly added over 30 minutes maintaining the reactor

below 25° C. The reaction mixture was stirred for approxi-
mately 20 hours at which point the reaction was determined
to be complete by TLC and HPLC analysis (<2.0% CBD by
HPLC). The solution was quenched with water (25 L) and
stirred for 1 hour, then circulated through a pair of water
washed Amberlyst A21 resin column for two hours. The
reaction mixture was then filtered through a celite loaded
sparkler filter. The celite cake and reaction vessels were
rinsed with dichloromethane (5 L) and combined with the
total mixtures of solvents. The layers were separated, and the
aqueous layer was washed with fresh dichloromethane (2.5
L) and the remaimming aqueous layer was disposed. The
organic solvent containing the desired product was concen-
trated under reduced pressure and the residue was wiped

film distilled (165° C. at 15 m'Torr vacuum) to afford 10.2 kg
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(68% vield) of A”-THC as a clear to light yellow viscous oil.
The HPLC analysis of this product showed 93% A”-THC
and 4% unreacted CBD.

Example 9. Preparation of A”-THC from CBD

Isolate Fortified with Kief, with the Aqueous
Workup

CBD Isolate (300 g at >98% purity) was dissolved 1n
dichloromethane (2 L) mn an argon inerted, 12 L, 3-necked
round bottom flask with an overhead stirrer, pressure equal-
1zing addition funnel and a water-cooled condenser. To this
solution was added Kietf (3 g, 1 weight %) and the mixture
was stirred until the Kief dissolved. Triisobutylaluminum
(100 mL of 1 M solution in hexane, 10 mol % catalyst) was
then slowly added over 30 minutes at about room tempera-
ture. The reaction mixture was stirred for approximately 20
hours, until the reaction was complete by TLC and HPLC
analysis (<2.0% CBD by HPLC). The reaction was
quenched with water (1 L) and the biphasic mixture was
stirred for about 1 hour. Celite (66 g) was added to the batch
and the slurry was stirred for 1 hour. The reaction mixture
was then clarified through a celite loaded sparkler filter. The
celite cake were rinsed with dichloromethane (1 L) and
combined with the clanfied biphasic mixtures. The layers
were separated, and the water layer was washed with fresh
dichloromethane (250 mlL) The combined organic layers
were transierred to a short path distillation apparatus and
concentrated under reduced pressure and the residue was
distilled (170° C. at 15 mTorr vacuum) to afford 235 g; (78%
yield) of A”-THC as a clear to a pale-yellow viscous oil. The
HPLC analysis of this product showed 93% A9-THC and
4% unreacted CBD.

The following examples demonstrate A”-THC from com-
bined CBD distillate and 1solate.

Example 10. Preparation of A”-THC from
Combined CBD Distillate and Isolate, with

Aqueous Workup

CBD Diastillate (7.5 kg @85% CBD content) and CBD
1solate (7.5 kg at >95% purity) are dissolved in dichlo-
romethane (735 liters) 1n a nitrogen nerted, 150 L cylindrical
glass reactor with an overhead stirrer, pressure equalizing
addition funnel and a water-cooled reflux condenser to
create a homogenized mixture. The reactor 1s inerted with
nitrogen and triisobutylaluminum (6 L of 1 M solution in
hexane, 10 mol % catalyst) 1s then slowly added over 2 hours
at a batch temperature of 26° C. The reaction mixture 1s
stirred for 6 hours at a temperature of 26 to 30° C., at which
point the reaction 1s determined to be complete by TLC and
HPLC analysis (<2.0% CBD by HPLC). The reaction 1s
quenched by pumping the batch into a 200 L reactor
equipped with a bottom valve and mechanical stirrer con-
taining water (40 L) The addition time 1s about 30 minutes.
The biphasic mixture 1s stirred for an additional 2 hours. The
stirring 1s stopped, and the layers are separated. The bottom
organic layer 1s saved for further processing and the remain-
ing aqueous layer 1s extracted fresh dichloromethane (20 L)
and this wash 1s added to the quenched organic solution.
This solution 1s clarified through celite coated sparkler filter.
The reactor and celite cake are rinsed with dichloromethane
(5 L) and rinse 1s added to the clarified batch. The orgamc
layer 1s concentrated under reduced pressure. The remaining
organic residue 1s wiped film distilled (165° C. at 15 mTorr
vacuum) to afford 8.7 kg (58% yield when corrected for the
assay of the starting material) of A°-THC as a clear to light
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yellow viscous o1l. The HPLC analysis of this product 1s
comparable to the assay of earlier batches.

Example 11. Preparation of A°-THC from CBD
Distillate and Isolate Fortified with Kief, with the
Aqueous Workup

CBD Distillate (7.5 kg @85% CBD content) and CBD
isolate (7.5 kg at >95% purity) are dissolved in dichlo-
romethane (75 liters) 1n a nitrogen 1nerted, 150 L cylindrical
glass reactor with an overhead stirrer, pressure equalizing
addition funnel and a water-cooled reflux condenser to
create a homogenized mixture. To this solution 1s added Kief
(30 g, 0.2 weight %) and the mixture 1s stirred until the Kief
1s dissolved. The reactor 1s re-inerted with nitrogen and
trizsobutylaluminum (4 L of 1 M solution 1n hexane, 6.6 mol
% catalyst) 1s then slowly added over 2 hours at a batch
temperature of 26° C. The reaction mixture 1s stirred for 8
hours at a temperature of 26 to 30° C., at which point the

reaction 1s determined to be complete by TLC and HPLC
analysis (<2.0% CBD by HPLC). The reaction 1s quenched
by pumping the batch into a 200 L reactor equipped with a
bottom valve and mechanical stirrer containing water (40 L).
The addition time 1s about 30 minutes. The biphasic mixture
1s stirred for an additional 2 hours and celite (3.0 kg) 1s
added. This mixture 1s clarified through celite coated spar-
kler filter. The quench reactor and celite cake are rinsed with
dichloromethane (5 L) and rinse 1s added to the clarified
biphasic mixture. The stirring 1s stopped, and the layers are
separated. The bottom organic layer i1s saved for further
processing and the remaiming aqueous layer 1s extracted
fresh dichloromethane (20 L) and this wash 1s added to the
quenched organic solution. The organic solution 1s concen-
trated under reduced pressure. The remaining organic resi-
due 1s wiped film distilled (165° C. at 15 mTorr vacuum) to
afford 13.1 kg (87.3% vield when corrected for the assay of
the starting material) of A”-THC as a clear to light yellow
viscous o1l. The HPLC analysis of this product 1s compa-
rable to the assay of earlier batches.
Pharmaceutical Compositions/Medicaments

The compositions of the mmvention may be converted
using customary methods into pharmaceutical compositions
and medicaments. The pharmaceutical composition and
medicaments contain the composition of the invention either
alone or together with other active substances. Such phar-
maceutical compositions and medicaments can be for oral,
topical, rectal, parenteral, local, or inhalant use. They are
therefore in solid or semisolid form, for example a A°-THC
solution in sesame oil, a A”-THC composition in a liquifilm
gelcap, or a color gelcap stable 1n light, or a 5 mg liquifilm
gelcap, or a dosage form for delivery of A°-THC composi-
tion at 2.5 mg-40 mg or 5 mg-100 mg/day, oils, drops,
lotions, balm, pills, tablets, creams, gelatin capsules, cap-
sules, suppositories, soit gelatin capsules, gels, foams, pow-
ders, and formulated for internal use. For parenteral uses,
those forms for intramuscular or subcutaneous administra-
tion can be used, or forms for infusion or intravenous
injection can be used, and can therefore be prepared as
solutions of the compositions and medicaments or as pow-
ders of the active compositions to be mixed with one or more
pharmaceutically acceptable excipients or diluents, suitable
for the aforesaid uses and with an osmolarity that 1s com-
patible with the physiological fluids. For local use, those
preparations in the form of creams or omntments for topical
use or 1n the form of sprays may be considered; for inhalant
uses, preparations in the form of sprays, for example nose
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sprays, may be considered. Preferably, the composition and
medicaments are administered topically or orally.

The pharmaceutical compositions and medicaments can
be prepared by per se known methods for the preparation of
pharmaceutically acceptable compositions which can be
administered to patients, and such that an effective quantity
of the active substance 1s combined 1n a mixture with a
pharmaceutically acceptable vehicle. Suitable vehicles are

described, for example, 1n Remington’s Pharmaceutical Sci-
ences (Nack Publishing Company, Easton, Pa., USA 1985).

On this basis, the pharmaceutical compositions and medi-
caments include, albeit not exclusively, the composition of
the invention 1n association with one or more pharmaceuti-
cally acceptable vehicles or diluents, and are contained 1n
buflered solutions with a suitable pH and 1so-osmotic with
the physiological fluids.

The compositions and medicaments are indicated as
therapeutic agents either alone or in conjunction with other
therapeutic agents or other forms of treatment. For example,
in the case of skin care or cosmetic use, or for nausea,
anxiety, stress, chronic pain, acute pain and used as an
appetite stimulant. The compositions and agents of the
invention are intended for admimstration to humans or
animals.

In another embodiment, the invention provides for an
edible product comprising a composition of the present
invention. Edible products include a pure A”-THC oil for-
mulated 1n a food composition selected from an edible, a
meltable form for adding to hot beverages selected from
collee, tea, cider, cocoa, and mixed hot drinks, a powder or
dissolvable form for adding to cold or room temperature
beverages selected from water, tea, collee, a soda/carbonate
drink, a cider, a juice, an energy drink, beer, ale, wine, a
liquor, a mixed beverage, a gummy, lozenge, a candy, a hard
candy, a boiled sweets, lollipop, gummy candy, candy bar,
chocolate, a brownie, a cookie, a trail bar, a cracker, a
dissolving strip, a mint, a pastry, a bread, and a chewing
gum.

Dosages

Dosages for A”-THC contemplated as within the scope of
the invention include, without limitation, the following
dosage examples:

1 mg to 2.5 mg THC edibles—for mild relief of symptoms
like pain, stress, and anxiety;

increased focus and creativity.

2.5 mg to 15 mg THC edibles—{or stronger relief of pain
and anxiety symptoms; sleep aid.

30 mg to 100 mg THC edibles—{tor patients living with
inflammatory disorders, cancer, and other serious condi-
tions.

Other preferred dosages of the invention include 1 mg, 2.5
mg, 5 mg, and 10 mg capsules. For chemotherapy, as a
non-limiting example, a 5 mg capsule 1s taken 1-3 hours
before chemotherapy, and then additional 5 mg capsules
every 2-4 hours as prescribed or as necessary. For anxiety,
appetite increase (e.g. in people diagnosed with AIDS),
op1oid withdrawal, or narcotic relapse prevention, a patient
may take a 1 or 2 mg tablet twice per day, as prescribed.

In another embodiment, the A”-THC is co-administered
with CBD as a combination delivered simultaneously, or as

a combination delivered sequentially. A preferred embodi-
ment includes a ratio of A”-THC to CBD of about 1:2, or 1:3,

or 1:4, or 1:5.

Example 12. Oral Formulation

A >95% pure A”-THC oil is prepared, the A”-THC oil at
a dosage of 1-500 mg/dose 1s homogenized with a dietary
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o1l, an optional secondary solvent and/or surfactant at 0.1-
10% w/v, and an optional antioxidant. An optional sweetener
or tlavorant may be added. An oral formulation of pure
A”-THC is obtained. The dietary oil may comprise medium
chain (C,-C,,) and long chain (C,,-C,,) dietary triglycer-
ides selected from the group consisting of caprylic triglyc-
eride, capric triglyceride, lauric triglyceride, myristic tri-
glyceride, palmitic triglyceride, stearic triglycernide, oleic
triglyceride, linoleic triglyceride, gamma linoleic triglycer-
ide, ricinoleic triglyceride, arachidic triglyceride, behenic
triglyceride, and derivatives and mixtures thereof. The
dietary o1l may also comprise, alone or in combination with
mid-chain triglycerides or long-chain triglycerides, sesame
oil, vitamin E, soybean o1l, vegetable o1l, corn o1l, olive oil,
peanut o1l, coconut o1l, palmseed oi1l, and mixtures thereof.
The optional secondary solvents are selected from ethanol,
glycerol, propylene glycol, and polyethylene glycols.

Example 13. Oral Formulation

A >95% pure A’-THC oil is prepared, the A”-THC oil at
a dosage of 1-3500 mg/dose 1s formulated into a tincture, a
gummi, or fast melt tab, by mixing a dietary wax, an optional
secondary dietary o1l, an optional secondary solvent and/or
surfactant at 0.1-10% w/v, and an optional antioxidant. An
optional sweetener or flavorant may be added. An oral
formulation of pure A”-THC is obtained. The dietary wax
may comprise beeswax, plant waxes, very long chain fatty
acid waxes, and mixtures thereof. The dietary o1l may
comprise medium chain (Cg-C, ,) and long chain (C, ,-C,,)
dietary triglycerides selected from the group consisting of
caprylic triglyceride, capric triglyceride, lauric triglyceride,
myristic triglyceride, palmitic triglyceride, stearic triglycer-
ide, oleic triglyceride, linoleic triglyceride, gamma linoleic
triglyceride, ricinoleic triglycenide, arachidic triglyceride,
behenic triglyceride, and derivatives and mixtures thereof.
The dietary o1l may also comprise, alone or 1n combination
with MCT or LCT, sesame o1l, vitamin E, soybean oil,
vegetable o1l, corn oi1l, olive o1l, peanut o1l, coconut oil,
palmseed o1l, and mixtures thereotf. The optional secondary
solvents are selected from a very long chain fatty alcohol
(C,,-C,,), ethanol, glycerol, propylene glycol, and polyeth-
ylene glycols.

Example 14. Oral Formulation

A >99% pure A°-THC oil is prepared, the A”-THC oil at
a dosage of 1-500 mg/dose 1s formulated into a tincture, a
gummi, or fast melt tab, by mixing with sesame o1l and
ethanol. An oral formulation of pure A°-THC is obtained.

Example 15. Oral Formulation

A 90-99% pure A°-THC oil is prepared, the A°-THC oil
at a dosage of 1-500 mg/dose 1s formulated into a food
composition selected from an edible, a meltable form for
adding to hot beverages selected from collee, tea, cider,
cocoa, and mixed hot drinks, a powder or dissolvable form
for adding to cold or room temperature beverages selected
from water, 1ced tea, 1ced coflee, a soda/carbonate drink, a
cider, a juice, an energy drink, beer, ale, wine, a fermented
beverage such as Kombucha and Kefir, a liquor, a mixed
beverage, a gummy, a lozenge, a candy, a hard candy, a
boiled sweets, lollipop, gummy candy, candy bar, chocolate,
a brownie, a cookie, a trail bar, a cracker, a dissolving strip,
a mint, a pastry, a bread, and a chewing gum.
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Topical Formulations

In preferred embodiments, the present compositions can
additionally comprise at least one skin conditioning agent.
In this regard, the present compositions preferably contain
about 1% to about 15% by weight, and more preferably from
about 5% to about 10% of at least one agent. The skin
conditioning agent can help provide the softening, smooth-
ing, lubricating, and skin conditioning features of the pres-
ently preferred compositions.

Preferred non-limiting examples of skin conditioning
agents useful in the present compositions include petrola-
tum, red petrolatum, white petrolatum, liquid petrolatum,
semi-solid petrolatum, light mineral o1l, heavy mineral oil,
white mineral o1l, mineral o1l alcohols, calamine, derivatives
thereof, and mixtures thereof.

Organosiloxane

The presently preferred compositions can further com-
prise at least one organosiloxane. Organosiloxanes useful in
the present compositions can be volatile or nonvolatile,
including but not limited to polyalkylsilicones, cyclic poly-
alkylsiloxanes, polydialkylsiloxanes, polydiarylsiloxanes,
polyalkarylsiloxanes, or cyclomethicones. Preterred polyal-
kylsiloxanes useful 1n this regard have a viscosity of from
about 0.5 to about 100,000 centistokes at 25° C., and more
preferably have a viscosity of less than 500 centistokes at
25° C.

Aqueous Solvent

The present compositions additionally comprise an aque-
ous solvent. Preferably the aqueous solvent 1s present in the
instant compositions from about 50% to about 95% by
weilght, and more preferably from about 60% to about 90%
by weight.

Emollient

Certain of the presently preferred compositions can addi-
tionally comprise at least one emollient. The present com-
positions may contain about 0.01% to about 5% by weight,
and more preferably from about 0.1% to about 1% by weight
of an emollient.

Dermatologically Acceptable Excipients

The preferred compositions discussed herein can addi-
tionally comprise at least one dermatologically acceptable
excipient commonly known to those of ordinary skill in the
art as useful in topical compositions. Preferred, non-limiting
examples of dermatologically acceptable excipients useful
in these compositions are those selected from the group
consisting of moisturizers, preservatives, gelling agents,
colorants or pigments, antioxidants, radical scavengers,
emulsifiers, pH modifiers, chelating agents, penetration
enhancers, derivatives thereof, and mixtures thereof.
Moisturizers

The presently preferred compositions may optionally fur-
ther contain at least one moisturizer. Preferably, the pres-
ently preferred compositions can comprise about 0.01% to
about 10% by weight of at least one moisturizer. Preferred
non-limiting examples of moisturizers that can optionally be
included 1n these compositions include glycerin, pentylene
glycol, butylene glycol, polyethylene glycol, sodium pyr-
rolidone carboxylate, alpha-hydroxy acids, beta-hydroxy
acids, polyhydric alcohols, ethoxylated and propoxylated
polyols, polyols, polysaccharides, panthenol, hexylene gly-
col, propylene glycol, dipropylene glycol, sorbitol, deriva-
tives thereotf, and mixtures thereof.

Preservatives

The presently preferred compositions may optionally fur-
ther contain at least one preservative. Preferred non-limiting
examples of preservatives that can optionally be included 1n
these compositions include benzyl alcohol, methyl paraben,
cthyl paraben, derivatives thereol, and mixtures thereof. A
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particularly preferred preservative in this regard i1s benzyl
alcohol or a derivative thereof. Additionally, the preservative
1s preferably present in an amount of about 0.1% to about
2.5% by weight of the overall weight of the composition.
Gelling Agents

The presently preferred compositions may optionally fur-
ther contain a gelling agent. Preferred non-limiting
examples of gelling agents that can optionally be included 1n
these compositions include various cellulose agents, such as
cellulosic polymers, methylcellulose, hydroxyethylcellu-
lose, hydroxypropylcellulose, and hydroxypropylmethylcel-
lulose. Additional, non-limiting examples of gelling agents
include gum arabic, gum tragacanth, locust bean gum, guar
oum, xanthan gum, cellulose gum, sodium carbomer, car-
bomer, polyacrylic polymers, denvatives thereof, and mix-
tures thereof. Other suitable gelling agents which may be
usetul 1n the present compositions include aqueous gelling
agents, such as neutral, anionic, and cationic polymers,
derivatives thereof, and mixtures thereol. Exemplary poly-
mers which may be usetul 1n the preferred compositions in
this regard include carboxy vinyl polymers, such as car-
boxypolymethylene. Additionally preferred gelling agents
include Carbopol® and Carbomer® polymers (1.e. poly-
acrylic polymers) such as 1s available from Noveon Inc.,
Cleveland, Ohio. The gelling agent 1s preferably present 1n
the instant compositions 1n an amount of from about 0.01%
to about 10%, more preferably from about 0.1% to about
5%, and most preferably from about 0.1% to about 2%, by
weight.
Antioxidants

The presently preferred compositions may optionally fur-
ther contain at least one antioxidant. Preferably, the pres-
ently preferred compositions can comprise about 0.1% to
about 5% by weight of at least one antioxidant. Preferred
non-limiting examples of antioxidants that can optionally be
included 1n these compositions include ascorbic acid,
ascorbyl esters of fatty acids, magnesium ascorbyl phos-
phate, sodium ascorbyl phosphate, ascorbyl sorbate, tocoph-
erol, tocopherol sorbate, tocopherol acetate, butylated
hydroxy benzoic acid, thioglycolates, persulfate salts, 6-hy-
droxy-2,5.7,8-tetramethylchroman-2-carboxylic acid, lipoic
acid, gallic acid, propyl gallate, uric acid, sorbic acid, lipoic
acid, amines, N,N-diethylhydroxylamine, N-acetyl-L-cyste-
ine, amino-guanidine, sulthydryl compounds, glutathione,
dihydroxy fumaric acid, lycine pidolate, arginine pilolate,
nordihydroguaiaretic acid, biotlavonoids, curcumin, lysine,
1 -methionine, proline, superoxide dismutase, silymarin, tea
extracts, grape skin/seed extracts, melanin, rosemary
extracts, derivatives thereof, and mixtures thereof.
Emulsifiers

The presently preferred compositions may optionally fur-
ther contain an emulsifier. Preferably, the presently preferred
compositions can comprise about 0.05% to about 153% by
weilght, and more preferably from about 0.5% to about 10%
by weight of at least one emulsifier. Preferred, non-limiting,
examples of specific emulsifiers useful in this regard include
glycol esters, fatty acids, fatty alcohols, fatty acid glycol
esters, fatty esters, fatty ethers, esters of glycerin, esters of
propylene glycol, fatty acid esters of polyethylene glycol,
tatty acid esters of polypropylene glycol, esters of sorbitol,
esters of sorbitan anhydrides, carboxylic acid copolymers,
esters and ethers of glucose, ethoxylated ethers, ethoxylated
alcohols, alkyl phosphates, polyoxyethylene fatty ether
phosphates, fatty acid amides, acyl lactylates, soaps, poly-
cthylene glycol 20 sorbitan monolaurate (polysorbate 20),
polyethylene glycol 5 soya sterol, steareth-2, steareth-20,
steareth-21, ceteareth-20, PPG-2 methyl glucose ether dis-
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tearate, ceteth-10, polysorbate 80, cetyl phosphate, potas-
sium cetyl phosphate, diethanolamine cetyl phosphate, poly-
sorbate 60, glyceryl stearate, PEG-8 stearate, PEG-100
stearate, derivatives thereof, and mixtures thereof.

pH Modifiers

The presently preferred compositions may optionally fur-
ther contain a pH modifier. Preferably, the presently pre-
ferred compositions can comprise about 0.001% to about
1% by weight of a pH modifier. Preferred non-limiting
examples of neutralizing pH modifiers that can optionally be
included 1n these compositions include morganic hydrox-
1ides, 1norganic oxides, morganic salts of weak acids, deriva-
tives thereol, and mixtures thereof. Preferred, non-limiting
examples of morganic hydroxides useful in this regard
include ammonium hydroxide, alkali metal hydroxide, alka-
line earth metal hydroxides, denvatives thereof, and mix-
tures thereof. Preferred morganic hydroxides useful 1n this
regard include ammomum hydroxide, monovalent alkali
metal hydroxides such as sodium hydroxide and potassium
hydroxide, divalent alkali earth metal hydroxides such as
calcium hydroxide and magnesium hydroxide, derivatives
thereof, and mixtures thereof. Preferred, non-limiting
examples of 1norganic oxides useful 1n this regard include
magnesium oxide, calcium oxide, derivatives thereof, and
mixtures thereof. Preferred, non-limiting examples of 1nor-
ganic salts of weak acids useful in this regard include
ammonium phosphate (dibasic), alkali metal salts of weak
aclds such as sodium acetate, sodium borate, sodium
metaborate, sodium carbonate, sodium bicarbonate, sodium
phosphate (tribasic), sodium phosphate (dibasic), potassium
carbonate, potassium bicarbonate, potassium citrate, potas-
sium acetate, potassium phosphate (dibasic), potassium
phosphate (tribasic), alkaline earth metal salts of weak acids
such as magnesium phosphate and calcium phosphate,
derivatives thereof, and mixtures thereof.

Chelating Agents

The presently preferred compositions may optionally fur-
ther contain a chelating agent. Preferably, the presently
preferred compositions can comprise about 0.01% to about
1% by weight of a chelating agent. Preferred non-limiting
examples of chelating agents that can optionally be included
in these compositions include citric acid, 1sopropyl (imono)
citrate, stearyl citrate, lecithin citrate, gluconic acid, tartaric
acid, oxalic acid, phosphoric acid, sodium tetrapyrophos-
phate, potassium monophosphate, sodium hexametaphos-
phate, calctum hexametaphosphate, sorbitol, glycine (ami-
noacetic acid), methyl glucamine, triethanolamine
(trolamine), EDTA, DEG (dihydroxyethylglycine), DPTA
(diethylene triamine pentaacetic acid), NTA (Nitrilotriacetic
Acid), HEDTA (N-(hydroxyethyl)-ethylenetriaminetriacetic
acid), aminocarboxylates, dimercaperol (BAL), larixinic
acid (Maltol), unidentate ligands (fluoride and cyanide 10ns),
diphenylthiocarbazone, O-phenanthroline, bartum diphe-
nylamine sulfonate, sodium glucoheptonate, 8-hydroxyqui-
noline, olefin complexes (such as dicyclopentadienyl iron),
porphyrins, phosphonates, pharmaceutically acceptable salts
thereol, derivatives thereol, and mixtures thereof.

In addition to those enumerated above, any other phar-
maceutically active agent, occlusive skin conditioning
agent, emollient, penetration enhancer, organosiloxane,
moisturizer, preservative, gelling agent, colorant or pigment,
antioxidant, radical scavenger, emulsifier, pH modifier,
chelating agent, or other dermatologically acceptable excipi-
ent commonly known to those of ordinary skill in the art as
usetul 1n topical compositions 1s contemplated as useful in
the compositions described herein. Further, any non-toxic,
inert, and eflective topical carrier may be used to formulate
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the compositions described herein. Well-known carriers
used to formulate other topical therapeutic compositions for
administration to humans will be useful 1n these composi-
tions. Examples of these components that are well known to
those of skill in the art are described 1n The Merck Index,
Thirteenth Edition, Budavari et al., Eds., Merck & Co., Inc.,

Rahway, N.J. (2001); the CTFA (Cosmetic, Toiletry, and
Fragrance Association) International Cosmetic Ingredient
Dictionary and Handbook, Tenth Edition (2004); and the
“Inactive Ingredient Guide”, U.S. Food and Drug Adminis-
tration (FDA) Center for Drug Evaluation and Research
(CDER) Oflice of Management, the contents of which are
hereby incorporated by reference 1n their entirety. Examples
of such useful pharmaceutically acceptable excipients, car-
riers and diluents include distilled water, physiological
saline, Ringer’s solution, dextrose solution, Hank’s solution,
and DMSOQO, which are among those preferred for use herein.

These additional other mmactive components, as well as
cllective formulations and administration procedures, are
well known 1n the art and are described 1n standard text-
books, such as Goodman and Gillman’s The Pharmacologi-
cal Bases of Therapeutics, 8th Ed., Gilman et al. Eds.
Pergamon Press (1990) and Remington’s Pharmaceutical
Sciences, 17th Ed., Mack Publishing Co., FEaston, Pa.
(1990), both of which are incorporated by reference herein
in their entirety.

In another particularly preferred embodiment, the pres-
ently preferred pharmaceutical compositions are formulated
in a lotion, cream, ointment, gel, suspension, emulsion,
foam, aerosol, or other pharmaceutically acceptable topical
dosage form.

Example 16. Topical Transdermal Composition

A >90% pure A”-THC oil is prepared, the A”’-THC oil at
a dosage of 1-500 mg/dose 1s formulated 1nto a transdermal
formulation by mixing pure A”-THC with a transdermal
formulation base, the transdermal formulation base com-
prising an emulsion formed from an aqueous phase and an
o1l phase, and an penetration enhancer, an optional emulsi-
fier, and an optional emollient. A topical transdermal
A”-THC composition is thereby obtained.

Example 17. Topical Composition

A >95% pure A°-THC oil is prepared, the A”-THC oil at
a dosage of 1-500 mg/dose 1s formulated as a cream, an
omtment, foam, gel, lotion, ointment, paste, spray, or solu-
tion. A topical >95% pure A”-THC composition is thereby
obtained. The cream or ointment 1s a water-in-o1l or oil-1n-
water emulsion containing less than 20% water, greater than
50% hydrocarbons, waxes and/or polyols, and using a
surfactant to create a semi-solid, spreadable composition.
The foam 1s a cream or omntment packaged in a pressurized
container and delivered with a gas.

Example 18. Topical Composition

A >99% pure A”-THC oil is prepared, the A”-THC oil at
a dosage of 1-500 mg/dose 1s formulated as a topical
composition comprising: (1) >99% pure A”-THC oil, and (ii)
a carrier formulation comprising: a self-emulsilying wax
(1.e. glyceryl stearate, PEG-100 stearate), a polyol (glyc-
erin), a fatty alcohol (cetyl alcohol), a moisturizer (allan-
toin), a hydrocarbon moisturizer/occlusive (petrolatum), an
emulsifier (1.e. steareth-21), an antioxidant (tocopheryl
acetate), and optionally a fragrance, a stabilizer (xanthan
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gum), a skin conditioner (1.¢ dipotassium glycyrrhizate),
Aloe Barbadensis Leat Juice, a surfactant (triethanolamine),

an anti-inflammatory (1.e. bisabolol), and a preservative
(disodium EDTA).

Any of the topical formulations herein may include a
hydrocarbon base (“oleaginous™), such a white petrolatum
or white ointment, an absorption base (water-in-oil) such as
hydrophilic petrolatum or lanolin, water-removable base
(o1l-in-water) such as hydrophilic ointment, or a water-
soluble base, such as polyethylene glycol ointment.

The topical formulation may also include a wax such as
beeswax, plant waxes, very long chain fatty acid waxes, and
mixtures thereotf, an o1l such as medium chain (Cg4-C,,) and
long chain (C,,-C,,) triglycerides, and alone or in combi-
nation with MCT or LCT, sesame oi1l, vitamin E, soybean
o1l, vegetable o1l, corn o1l, olive o1l, peanut o1l, coconut o1il,
palmseed o1l, and mixtures thereof. Any of the topical
formulations herein may include solvents are selected from
a very long chain fatty alcohol (C,,-C,,), ethanol, glycerol,
propylene glycol, and polyethylene glycols. Any of the
topical formulations herein may include a penetration
enhancer such as ethoxydiglycol (i1.e. transcutanol) or an
equivalent.

Uses

As used herein, the terms “administering”, “administra-
tion”, and like terms refer to any method which, in sound
medical or cosmetic practice, delivers the composition to a
subject 1n such a manner as to provide a positive eflect on
a dermatological disorder, condition, or appearance. The
compositions are prelerably administered such that they
cover the entire area to be treated. “Direct administration™
refers to any method which, in sound medical or cosmetic
practice, delivers the composition to a subject without the
use of another composition, delivery agent, or device. “Indi-
rect admimstration” refers to any method which, in sound
medical or cosmetic practice, delivers the composition to a
subject with the use of at least one other composition,
delivery agent, or device.

As used herein, the phrases an “effective amount” or a
“therapeutically eflective amount” of an active agent or
ingredient, or pharmaceutically active agent or ingredient,
which are synonymous herein, refer to an amount of the
pharmaceutically active agent suflicient enough to have a
positive eflect on the area of application. Accordingly, these
amounts are suilicient to modily the skin disorder, condition,
or appearance to be treated but low enough to avoid serious
side eflects, within the scope of sound medical or dermato-
logical advice. A therapeutically eflective amount of the
pharmaceutically active agent will cause a substantial relief
of symptoms when applied repeatedly over time. Effective
amounts of the pharmaceutically active agent will vary with
the particular condition or conditions being treated, the
severity of the condition, the duration of the treatment, the
specific components of the composition being used, and like
factors.

Anti-Tampering and Anti-Counterfeiting
The mvention also includes adding a signature marker

molecule to a product containing the high purity A”-THC oil
made herein.

Example 19. Authentication, Anti-Counterfeit
Markers

Step 1. A product containing the high purity A”-THC oil
1s prepared. The product can include an over-the-
counter product or a pharmaceutical composition or
medicament. The product or dosage form can include
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manufactured for oral, topical, rectal, parenteral, local,
or inhalant use. The product may be 1n 1n solid or
semisolid form, and may include oils, drops, sprays,
lotions, balm, pills, tablets, creams, ointments, gelatin
capsules, capsules, suppositories, soit gelatin capsules,
gels, foams, powders, and formulations for internal use
including intramuscular forms, subcutaneous forms,
infusion forms, 1njectable forms, reconstitutable pow-
der forms.

Step 2. A signature marker molecule 1s added to the
product and/or the packaging. The signature molecule
marker can be a single i1dentifier or may be specific
combination of chemicals. Where the signature marker
molecule 1s a single identifier 1s used, the mvention
contemplates the use of a DNA molecular tag such as
the SigNature® molecular tag (Applied DNA Sciences,
Inc.), which 1s a DNA based 1dentifier added as a film
to oral or topical dosage forms to form a covert
authentication platform. This DNA tag functions as a
“molecular bar code”, enabling identification to a
source, as a product type, or other meamngiul attribute.
To validate the product, the product 1s tested for the
presence of the tag using a rt-PCR kit that includes
reagents and a reader, such as the reagent mix Sig-
Nify® Reagent Mix and the SigNiiy® IF portable
reader (Applied DNA Sciences, Inc.) which uses real-
time polymerase chain reaction (rt-PCR).

Where a signature marker molecule 1s a specific combi-
nation chemicals, the invention contemplates the use of
specific trackable batches that contaiming specific varying
amounts and types of substitutable inactive agents. Such
iactive agent combinations can include one or more of a
solvent, surfactant, antioxidant, triglyceride, o1l, condition-
ing agent, organosiloxane, emollient, excipient, moisturizer,
preservative, gelling agent, emulsifier, pH modifier, chelator,
colorant, visible pigment and/or non-visible pigment (UV or
near IR) such as a fluorescent pigment. By selecting and
tracking the specific amount and type of mnactive agent, the
product can be authenticated.

Step 3. Testing products for authenticity includes where a
product containing the signature marker molecule will
be positively identified 1n authentic products, and prod-
ucts that do not contain the signature marker molecule
can be 1dentified as counterfeit products.

Where samples are analyzed by rt-PCR, the resulting
cycle threshold (Cq) can be compared against negative and
positive controls, as shown 1 FIG. 8. A higher Cq value
indicates more cycle time to amplity DNA tag to threshold
and therefore lower quantity of DNA. Any Cq value greater
than 25 1s considered non-detectable. The negative control
and untagged product provided a Cqg>30 indicating no
detection of the tag. In comparison, the tagged product
samples and positive control had Cq values of 10-25 con-
firming the presence of the tag.

Experimental Introduction:

Unless otherwise noted, reagents and solvents were used
as received from commercial suppliers.

TLC analysis of A”-THC for in-process control: Analyses
were obtamned using MilliporeSigma TLC Silica Gel 60
F254 2.5x7.5 cm plates eluted with a 1:1 mixture of chlo-
roform and 50% benzene and visualized 1n TLC chamber

with UV 254 light.
Key Rf values: CBD 0.5, A°-THC 0.7 and A®*-THC 0.8.
HPLC of A°-THC is a non-limiting preferred method for
in-process control and product purity. In a specific, non-
limiting example, the A”-THC purity was obtained using the
tollowing HPLC system. Analyses were obtained on a
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Shimadzu HPLC machine, Model LC 2030C-Plus using a
Raptor ARC-18, 2.7 um, 150x4 6 mm column, at 35° C.

column temperature, with a UV detector set at 220 nm and
solvent gradient program:

TABLE
HPLC
Time Flow
(min) (mL/min) % A % B
0.0 1.6 30.0 70.0
3.0 1.6 30.0 70.0
7.0 1.6 15.0 85.0
7.01 1.6 5.0 95.0
8.0 1.6 5.0 95.0
10.0 1.6 30.0 70.0

Mobile Phase A=Water with 0.085% v/v Phosphoric acid
Mobile Phase B=Acetonitrile with 0.085% Phosphoric
acid
Total Run Time: 10 min
Referring now to FIG. 9, FIG. 9 1s a chromatogram
showing the HPLC results at 220 nm of a UV detector from
0.0-10.0 minutes of a CBD peak and a d9-THC peak.

EQUIVALENTS

Various of the above-disclosed and other features and
functions, or alternatives thereof, may be combined into
many other different systems or applications. Various pres-
ently unforeseen or unanticipated alternatives, modifica-
tions, variations or improvements therein may be subse-
quently made by those skilled in the art, each of which 1s
also intended to be encompassed by the disclosed embodi-
ments.

Having described embodiments for the invention herein,
it 15 noted that modifications and variations can be made by
persons skilled 1n the art 1n light of the above teachings. It
1s therefore to be understood that changes may be made 1n
the particular embodiments of the invention disclosed which
are within the scope and spirit of the invention as defined by
the appended claims. Having thus described the invention
with the details and particularity required by the patent laws,
what 1s claimed and desired protected by Letters Patent 1s set
forth 1n the appended claims.

What 1s claimed as the mvention:

1. A process, comprising:

extracting CBD distillate or 1solate from industrial hemp
having less than 0.3% A9-THC;

dissolving the CBD distillate or i1solate 1n dichlorometh-
ane to create a homogenized mixture;

adding the homogenized mixture to a reactor vessel and
adding a 10 mol % solution of organocaluminum cata-
lyst 1n inert hydrocarbon solvent slowly over 30 min-
utes at a temperature of 18-30° C. to create a reaction
mixture;

stirring the reaction mixture for approximately 6-20 hours
at a temperature of —20° C. to about 70° C.;

quenching the reaction mixture with water or a C2-C4
alcohol, and stirring for 1 hour;

filtering the reaction mixture through a filter selected from
diatomaceous earth, perlite, bentonite clay, celite, cel-
lulose, or a mixture thereot, to collect a filtrate, and
rinsing the filter and reaction vessel with a rinse solvent
selected from dichloromethane, hexanes, or a combi-
nation of both, removing the water or a C2-C4 alcohol
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quench layer from the rinse, and combining the filtrate
and the rinse to obtain a combined filtrate and rinse
mixture;

performing a split path distillation of the combined filtrate
and rinse mixture, wherein the split path distillation
comprises vacuum distilling the combined filtrate and
rinse mixture with a short path vacuum distillation
system, wherein said vacuum distilling removes the
rinse solvent and volatile cannabidiol impurities having
a boiling point less than about 157° C. at about 13-20
mTorr vacuum to obtain A9-THC crude distillate, and
then performing a vacuum wiped film distillation with
a wiped film distillation unit at about 160° C. at about
15-20 mTorr vacuum to obtain a A9-THC o1l compris-
ing over about 90% A9-THC and about 4% or less of
unreacted CBD, wherein said wiped film distilling
removes high temperature cannabinoid impurities hav-
ing a non-vacuum boiling higher than 160° C.

2. The process of claim 1,

wherein the extract from industrial hemp having less than
0.3% A9-THC 1s CBD distillate comprising at least

85% CBD and;
wherein the solvent 1s dichloromethane:

wherein the organoaluminum catalyst 1s tritssobutylalumi-
num 1n 1nert hydrocarbon solvent (1Bu3Al);
herein quenching uses water;
herein the filter 1s a diatomaceous earth filter;
herein split path distillation comprises short path distil-
lation first to concentrate the filtrate under reduced
pressure to obtain a main portion separated from a
heads portion and a tails portion, followed by wiped
film distillation of the main portion; and,
wherein the A9-THC o1l comprises 95% or greater

A9-THC and 2% or less unreacted CBD.

3. The process of claim 1,
wherein the extract from industrial hemp having less than

0.3% A9-THC 1s CBD 1solate;
wherein the solvent 1s dichloromethane;
wherein the organoaluminum catalyst 1s tritssobutylalumi-
num (1Bu3Al) in mert hydrocarbon solvent;
herein quenching uses water;
herein the filter 1s a diatomaceous earth filter;
herein split path distillation comprises short path distil-
lation first to concentrate the filtrate under reduced
pressure to obtain a main portion separated from a
heads portion and a tails portion, followed by wiped
film distillation of the main portion; and,

wherein the A9-THC o1l comprises 95% or greater

A9-THC and 2% or less unreacted CBD.

4. The process of claam 1, wherein the CBD extract 1s
about 85% CBD and 15% other cannabinoids, wherein the
organoaluminum catalyst 1s 1-2 molar trusobutylaluminum
in hexane, wherein the temperature of 25-30° C. to create a
reaction mixture, and wherein the stirring 1s performed until
CBD 1s 2-4% 1n the reaction mixture.

5. The process of claim 1, wherein the CBD extract 1s
optically active chiral CBD having an R,R or trans(-)
rotation.

6. The process according to claim 1, wherein the organo-
aluminum catalyst 1s selected from the group consisting of
a trialkyl- or triarylaluminum, dialkyl- or diarylaluminum
halide, alkylarylaluminum halide, dialkyl- or alkylaryl- or
diarylaluminum alkoxide or aryloxide, dialkyl- or alkylaryl-
or diarylaluminum thicalkoxide or thioarylate, dialkyl- or
alkylaryl- or diarylaluminum carboxylate, alkyl- or arylalu-
minum dihalide, alkyl- or arylaluminum dialkoxide or dia-
ryloxide or alkylaryloxide, alkyl- or arylaluminum dithio-
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alkoxide or dithioarylate, alkyl- or arylaluminum
dicarboxylate, aluminum trialkoxide or tnaryloxide or
mixed alkylaryloxide, aluminum tnacylcarboxylate, and
mixtures thereol.

7. The process according to claim 6, wherein the organo-
aluminum catalyst 1s a C1-C30 alkylaluminum-based cata-
lyst.

8. The process according to claim 6, wherein the organo-
aluminum-based Lewis acid catalyst 1s ethyl aluminum
dichloride, diethylaluminum chloride, diethylaluminum ses-
quichloride, 1sobutylaluminum dichloride, diisobutylalumi-
num chloride, or mixtures thereof.

9. The process according to claim 6, wherein the trialky-
laluminum i1s trimethylaluminum, triethylaluminum, triiso-
propylaluminum, triisobutylaluminum, trioctylaluminum, or
tridecylaluminum.

10. The process according to claim 6, wherein the trial-
kylaluminum 1s triisobutylaluminum (1Bu3Al).

11. The process according to claim 6, wherein the trial-
kylaluminum 1s 1-2 molar triisobutylaluminum in hexane or
1 molar triusobutylaluminum 1n toluene.

12. The process according to claim 1, wherein the organo-
aluminum catalyst 1s 1n an amount of from about 0.5 mol %
to about 100 mol % with respect to the homogenized
mixture.

13. The process according to claim 1, wherein said
organoaluminum catalyst 1n an amount of from about 5 mol
% to about 15 mol % with respect to the homogenized
mixture.

14. The process according to claim 1, comprising an
additional aprotic solvent selected from toluene, hexane,
heptane, xylene, dimethylformamide, dimethylsulifoxane,
dichloromethane, or a mixture thereof.

15. The process according to claim 1, wherein the solvent
1s dichloromethane.

16. The process according to claim 1, wherein said stirring
1s carried out at a temperature of from about —-20° C. to about
70° C.

17. The process according to claim 1, wherein said stirring
1s carried out at a temperature of from about —10° C. to about
70° C.

18. The process according to claim 1, wherein said stirring
1s carried out at a temperature of from about 0° C. to about
40° C.

19. The process according to claim 1, wherein said stirring
1s carried out at a temperature of from about 10° C. to about
35° C.

20. The process according to claim 1, comprising an
additional purification method selected from the group con-
sisting ol chromatography, and countercurrent extraction.

21. The process according to claim 1, wherein the CBD
distillate or 1solate from industrial hemp having less than
0.3% A9-THC 1s combined with kief or a crude CBD extract
before dissolving in dichloromethane to create a homog-
cnized mixture.

22. The process of claim 1, wherein the homogenized
mixture comprises a mixture of CBD distillate and CBD
1solate.

23. The process of claim 1, wherein the homogenized
mixture comprises a mixture of CBD distillate and CBD
isolate and the homogenized mixture 1s combined with kief

or a crude CBD extract.
24. A A9-THC o1l, comprising at least 95% A9-THC, and

2-4% CBD.

25. The A9-THC o1l of claim 24 formulated as a phar-
maceutical composition as a tincture, a gummi, or fast melt
tab comprising: (1) >93% pure A9-THC o1l at a dosage of
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1-500 mg/dose, and (11) a pharmaceutically acceptable car-
rier comprising a dietary wax, an optional secondary dietary
o1l, an optional secondary solvent and/or surfactant at 0.1-
10% w/v, and an optional antioxidant, and an optional
sweetener or tlavorant.

26. The A9-THC o1l of claim 24 formulated as a phar-
maceutical composition as a tincture, a gummi, or fast melt
tab comprising: (1) >95% pure A9-THC o1l at a dosage of
1-500 mg/dose, and (1) a pharmaceutically acceptable car-
rier comprising: dietary wax selected from the group con-
s1sting of bees wax, plant waxes, very long chain fatty acid
waxes, and mixtures thereof, a dietary o1l selected from the
group consisting ol medium chain (C8-C12) and long chain
(C10-C22) dietary triglycerides selected from the group
consisting of caprylic triglyceride, capric triglyceride, lauric
triglyceride, myristic triglyceride, palmitic triglyceride,
stearic triglyceride, oleic triglyceride, linoleic triglyceride,
gamma linoleic triglyceride, ricinoleic triglyceride,
arachidic triglyceride, behenic triglycerides, medium chain
triglycerides (MCT) or long chain triglycerides (LCT),
sesame o1l, vitamin E, soybean oi1l, vegetable o1l, corn oil,
olive o1l, peanut o1l, coconut o1l, palmseed o1l, and mixtures
thereol, and an optional secondary solvents selected from
the group consisting of a very long chain fatty alcohol
(C24-C34), ethanol, glycerol, propylene glycol, and poly-
cthylene glycols.

27. The A9-THC o1l of claim 24, formulated as a topical
formulation for skin care and cosmetic use, at a dosage of
1-500 mg/dose, said topical composition comprising: (1)
>95% pure A9-THC o1l, and (1) a carrier formulation
comprising: a self-emulsifying wax, a polyol, a fatty alco-
hol, a moisturizer, a hydrocarbon moisturizer/occlusive, an
emulsifier, an antioxidant, and optionally a fragrance, a
stabilizer, a skin conditioner, Aloe Barbadensis Leaf Juice, a
surfactant, an anti-inflammatory, and a preservative.

28. The A9-THC o1l of claim 24, formulated as a topical
formulation for skin care and cosmetic use, at a dosage of
1-500 mg/dose, said topical composition comprising: (1)
>95% pure A9-THC o1l, and (1) a carrier formulation
comprising: a self-emulsifying wax comprising glyceryl
stearate, and/or PEG-100 stearate, a polyol comprising glyc-
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erin, a fatty alcohol comprising cetyl alcohol, a moisturizer
comprising allantoin, a hydrocarbon moisturizer/occlusive
comprising petrolatum, an emulsifier comprising steareth-
21, an antioxidant comprising tocopheryl acetate, and
optionally a fragrance, a stabilizer comprising xanthan gum,
a skin conditioner comprising dipotassium glycyrrhizate,
Aloe Barbadensis Leaf Juice, a surfactant comprising tri-
cthanolamine, an anti-inflammatory comprising bisabolol,
and a preservative comprising disodium EDTA.

29. The A9-THC o1l of claim 24, formulated as a cream,
an omntment, foam, gel, lotion, ointment, paste, spray, or
solution, comprising: (1) >93% pure A9-THC, and a topical
carrier selected from the group consisting of cream, oint-
ment, foam, gel, lotion, ointment, paste, spray, and solution,
wherein the cream, ointment, gel, lotion, ointment, paste 1s
a water-in-oil or oil-in-water emulsion containing less than
20% water, greater than 50% hydrocarbons, waxes and/or
polyols, and includes a surfactant to create a semi-solid,
spreadable composition, wherein the foam 1s a cream or
omtment packaged 1n a pressurized container and delivered
with a gas, wherein the spray 1s a liquid packaged 1n a
pressurized container and delivered with a gas, wherein the
solution 1s a liguid packaged 1n a container and delivered
with an alcohol.

30. The A9-THC o1l of claim 24, formulated as a liquid-

filled gelcap.

31. The A9-THC o1l of claim 24, formulated 1n a food
composition.
32. The A9-THC o1l of claim 24, formulated 1n a food

composition selected from an edible, a meltable form for
adding to hot beverages selected from coflee, tea, cider,
cocoa, and mixed hot drinks, a powder or dissolvable form
for adding to cold or room temperature beverages selected
from water, 1ced tea, 1ced collee, a soda/carbonate drink, a
cider, a juice, an energy drink, beer, ale, wine, a fermented
beverage, a liquor, a mixed beverage, a gummy, a lozenge,
a candy, a hard candy, a boiled sweets, lollipop, gummy
candy, candy bar, chocolate, a brownie, a cookie, a trail bar,
a cracker, a dissolving strip, a mint, a pastry, a bread, and a
chewing gum.
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