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P\ “(-)-A9-THC can be extracted from hashi sh (see, Y.
2. Background of the Invention
(-)-62,10a-Trans-A’-tetrahydrocannabinol (“(-)-A%-THC”) is mainly

responsible for the antiemetic effects associated with cannabis (S.E. Sallen et al., V.
Engl. J. Med. 302:135 (1980); A.E. Chang ef al., Cancer 47:1746 (1981); and D.S.
Poster et al., J. Am. Med, Asso. 245:2047 (1981)). Both trans-(-)-A’-THC and trans-
(H)-A°-THC, the
trens-(-)- and (+)-enantiomers, respectively, of (:)-A’-THC, are reported to be useful

for treating pain, with trans-(-)-A’-THC reported to be more potent than trans-
(H)-A°-THC (see, e.g., G. Jones et al., Biochem. Pharmacol. 23:439 (1974); S.H.
Roth, Can. J. Physiol. Pharmacol. 56:968 (1978); B.R. Martin et al., Life Sciences
29:565 (1981); M. Reichman ef al., Mol. Pharmacol. 34:823 (1988); and M.
Reichmetn et al., Mol. Pharmacol. 40:547 (1991)). Hans—(—)—Ag—THC is reported to be
useful an antiemetic to relieve nausea and vomiting in patients receiving cancer
chemotherapy and to stimulate weight gain in patients suffering from symptomatic
HIV infection (see U.S. Patent No. 6,703,418 B2 to Plasse). An encapsulated
formulation of synthetic trans-(-)-A~THC (“dronabinol”) in sesame oil is currently
sold as Marinol® by Unimed Pharmaceuticals, Inc., in 2.5, 5, and 10 mg dosage |
strengths. '

Trans~(-)-A°-THC can be extracted from hashish (see, Y. Gaoni et i,
J- Am Chem. Soc 93:217 (1971); and U.S. Patent No 6,365,416 Bl to Elsohly et
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47: 1746
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J. Am Chem Soc. 93:217 (1971); and U. S. Patent No. 6, 365,416 Bl to El sohly
et WO 2006/ 053766 PCT/ EP20051012378 -2- al.). The concentration of :
trans-(-)-A9-THC i n hashi sh, however, ranges fromonly about 1-5% dependi ng
on the source, and, even after extraction, trans-(-)-A9-THC nust be

separ at WO Hher i mpurities such as cannabinoi d iPESHRRSIORSE Turk et
al., J. Pharm Pharmac. 23:190-195 (1971) describes a 5 nethod for
isolating trans-(-)-A9-THC from mari huana, but the product contained an
undet ermi ned anount of carboxylic precursors of THC. The foll ow ng

par agr aphs relate to known net hods tHhat purport neking trans-(-)-A9-THC or
(d)-A9-THC: U.S. Patent No. 3,560,528 to Petrizilka describes the reaction
of 10 (+)-p-nmentha-2,8-dien-I-ol with olivetol in the presence _

of p-tol uenesul fonic acid nonohydrate ("PTSAH20") or trifluoroacetic acid in
refluxi ng benzene to provide (-)-A8-THC, which can be converted to
trans- (-) - AG)THR toncadaiivn oftrans-(HiA’-THO i lmakidh, iy wetednymingss ftonr ondgt i on (see Y.

Mechoul amet at,, J. Am Che Soc. 89:4553 (1967); and R, Mechoul am et at,
3. Am. CherbosdsS%slapatng 0@1@7@%@% g, @ers.a%ﬁaqxgﬁ?ﬁ%tra%:%?"s% to Razdan et

al . descri t,‘o@?ep%ﬁ?eﬁtﬂoﬂpﬁtﬂér iﬁi\;)umi {2 anGibdoid RBRek ) .
p-nment ha-2,8-dien-I-ol wth olivetol 1 n an inert organic solvent in the
presence of an excesR.IbfTugk aromh; AlAbati.nthadeby A8 400185 GiP&h) dearribean aci d

catalyst. to formtraps-(:-)-A9-THC this patent .also descri bes the reaction
o (7 ScarmeiBdiostsohtpd Fhn 4 SHCURYS HBRBER S B8 PRe) CoRBREeaD ) i t h a
Lew s 20 aGifdcredsilePinfiRg %&H&?ﬂié’ﬁfebﬂé‘ox?bﬁﬁw ether (BF3Et20") in an inert
sol vent under anhydrous conditions to formtrans-(-)-A9-THC. R K Razdan

et at, J. Am Chem Sbeolosimgaoegadyplatedésknompasethods that paoiton of a mixture
of cis/trans-(+), p-manisha-2, 8-di @n=k=0l with olivetol in the presence of 1%
BF3Et 20, né?ﬂ%%tﬁ%wgﬁfﬁgméoﬁ%g'%h Sr ous magnesi um sul fate to 25 form
trans-(-)-A9-THC. U. 9.8 PaiafioN)s60452384 Padifilt-deSdrfRitRteation BESCr i bes a |
met hod for separati ng trans-(-)-A9-THC froma crude synthetic m xture, the

met hod Wondi-Bimgthack -diens lyel gt olvetal gutbe pesengs af iolemaniliqgicrrd resul t ant
trans-(-)- QGMEQJE(@[ETSA-HZO”) or trifluoroacetic acid in refluxing benzene to provide

(-)-AB-THIC, which can be converted to trans~(-)-A’~THC by addition of HCI
followed by dehydrochlorination (see Y. Mechoulam et al., J. Am. Chem. Soc.
89:4553 (1967); and R. Mechoulam ez al., J. Am. Chem. Soc. 94:6159 (1972)).

15 U.S. Patent No. 4,025,516 to Razdan ef al. describes the reaction of a
mixture of cis/trans-(+)-p-mentha-2,8-dien-1-ol with olivetol in an inert organic
solvent in the presence of an excess of a non-alkaline dehydrating agent and an acid
catalyst to fonﬁ trans-(-)-A°-THC; this patent also describes the reaction of
(-}-cannabidiol (“(~)-CBD”) or (-)-abnormal-CBD (“(-}-abn-CBD”") with a Lewis

20 acid such as boron trifluoride diethylether (“BF3-E1,0™) in an inert solvent under
anhydrous conditions to form trans-(-)-A’-THC.

R.K. Razdan et al., J. dm. Chem. Soc. 26:5860 (1974) describes the
reéction of a mixture of cis/trans-(+)-p-mentha-2,8-dien-1-ol with oliveto] in the
presence of 1% BFs'Et;0, methylene chloride and anhydrous magnesium sulfate to

25 form trans-(-)-A’-THC. |

U.S. Patent No. 4,381,399 to Olsen et al. describes a method for
separéting trans-(-)-A°-THC from a cmdé synthetic mixture, the method comprising
eéterifying the crude mixture, isolating the resultant traﬁs—(—)-Ag—THC ester,
hydrolyzing the ester, and distilling trans-(-)-A’-THC at reduced pressure.



hydrol yzing the ester, and distilling trans-(-)-A9-THC at reduced pressure.
WO 2006/ 053766 PCT/ EP2005/012378 -3 K. E. Fahrenholtz et al., J. Ain. Chem
Soc. 89:5934-5941 (1967) describes the hydrol ysis of
(f)-1-mnitrobenzenesul f oanat e- 6a, 10a-trans- A9- tetrahydrocannabi nol wth
NaOH i n W§BWIS3Met hanol to provide ()-A9-THC, whi clPCRER2SHESTUeNt |y
crystallized fromhexane. 5 E G Taylor et al., J. Am Chenz. Soc. 88: 367
(1966) describes the reaction of citral with olivetol in acidified ethanol
to form (f)-09-THC in about 35% vyield. S. L. Levin et al., J. Chromatogr. A
654: 53-64 (1993) describe a net hod ¥or resol vi ng trans-(-)-A9-THC and
trans-(+)-A9-THC froma conposition 10 conprising equinolar anounts of the
trans-(-)- and (+)-enantioner. Despite these described nethods, there
remains a need for inproved nethods for making trans-(-)-A9-THC in pure or
substantially pure form Citation of any reference in Section.2 of this
application is not aiEdtiieaboltresthal dirh€herefSore3iesodinssopt (I67prt to the
application, 15 3. Su ry of the Invention The invention rglates to nmethods
for prepar iq*?écr e%@\‘?;ﬁg‘.ig&sﬁr?? @b hpr-nisehepzencgpseapaty-6ad Dairensyp -

trans-(+)-A9- .gﬁ?ﬁ' i I g t @S a nmethod for
prepari ng ﬁgﬁa}g&ggéﬁﬁggﬁﬁ on cgbrrf}_;ﬂr-ﬁ:Il éﬁuﬁé%g?étﬂég)gp Iga%g‘élggk:gégjosg&&/@V\/ei ght of
trans- (-) - Athidiabadeduently dridtallietdontlisxaid. of cannabi noi ds. In another
enbodi nent, the inventjop relates to met hod for repari_ng a conposition
conprising trans-(-) -W@,”Wﬂﬂf’ﬁ@i&&m- §P‘F-§§~i3ﬁ§(hg%ébﬁﬁ§6‘§1?eﬁth?n conpri sing
(+) - A9- THC ,ang .20 St ig 1-‘)%‘1:}) SP, L difans OAP. i " tionary
phase to provi g a -trr anls-?-1 -AQ-A'FIE%E c%mogﬁﬁ?gél&)vﬁeﬁ‘??{&ﬁg %’?-09- THC i s
obt ai ned fryeticrystal line (d)-A9-THC. In another enbodinent, the invention
;g'ngﬁ e ;g: a method 1Of 1 RESB3N! Prdomadns 4'gshisa%a i ARape & ' O

' method for resolving trans-(--A*-THC and trans-(+)-A°-THC from a composition

10 compriéing equimolar amounts of the trans-(-)- and (+)-enantiomer.
7 Despite these described methods, there remains a need for improved
methods for making trans-(-)-A>-THC in pure or substantially pure form.
' Citation of any reference in Section 2 of this application is tot an
admission that the reference is prior art to the application.
15

3. Summary of the Invention

The invention relates to methods for preparing a composition
comprising trans-(-)-A>~THC or trans-(+)-A’-THC.
In one embodiment, the invention relates to a method for preparing a
20  composition comprising at least about 98% by weight of trans-(-)-A’-THC based on
the total amount of cannabinoids. ' _
In another emhodiment, the invention relates to a method for
preparing a composition comprising transF(-)—AgnTHC, comprising:
| allowing a coinposition comprising &)-A>-THC and an eluting
25  solvent to separate on a chiral stationary phase to provide a trans—(—)-Ag—THC
composition, wherein the (:l:)-A9~THC is obtained from crystalline ()-A°-THC.
In another embodiment, the invention relates to a method for

preparing a trans-(-)>-A>-THC composition, comprising:



WO 2006/ 053766 PCT/ FP2005/012378. -4 allowi ng a conposition conprising
(f)-49-THC and an eluting solvent to separate on a chiral stationary phase
to provide a trans-(-)-A9-THC conposition conprising at |east about 98% by
wei ght of trans-(-)-A9-THC based on the total anmpunt of 5 trans-(-)-A9-THC
and tran¥Q2WRIIFHC, wherein the (f)-A9- THC was obt akGREEP205/0a137HW ng
trans-(-)-A9-THC and trans-(+)-p9-THC to crystallize froma first
conposition conprising trans-(-)-A9- THC, trans-(+)-A9-THC, and a non-pol ar
organi c solvent to provide crystallipe (t)- d9-THC and a |iquid phase. 10
The invention also relates to methodts for preparing a conposition
conprising at |east about 98% by wei ght of trans-(+)-A9-THC based on the
total anount of cannabinoids. In one enbodinment, the invention relates to a
met hod for preparing a conposition conprising trans-(+)-A9-THC, conpri-sing:
15 allowi ng a conposition conprising (f)-A9-THC and an eluting solvent to

separate on a chiral aHbaticQtaipogiasemmisPEey- 4 TR nans eluthg A9- THC
conposition, wherein the ég? -A9-THC i s obtained from crygstal %i ne (f)-A9-THC.
| n anot her witsotiorseprrate phe chimlsiatipenty phasatoggotide atpestbbd -THE preparing a

trans-(+)-A9- THC .conposLti 0 conprishng: 20, allow ng .a osition
conpri si ng fO&t}ROﬂQSJ&E%ﬂWga ,lfé‘lsiﬁ%gﬁtgﬁ /%1@5( yeight gagﬁ"ﬁ"g'raa’t@ﬁgﬁasﬁ @hi r al
stationary phasg Puli@vi de a trans-(+)-A9-THC conposition conprising at

| east about 98% by wei ght of the trans-(+)-49-THC based on the total anount
of the t¥ angane-0)-RITHEEndranst(Hxad-THC; - A9- THC, 25 wherein the ()- Q- THC was
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THC, trans-(+)-A°-THC, and a non-polar organic solvent to provide crystalline (£)-

A’-THC and a liquid phase.

10 o The invention also relates to methods for preparhig a composition
comprising at least about 98% by weight of trans-(+)-A’-THC based on the total
amount of cannabinoids.

In one embodiment, the invention relates to a method for preparing a
composition comprising trans-(+)-A°-THC, comprising;

15 allowing a composition comprising (3)-A°-THC and an elutiﬁg
solvent to separate on a chiral stationary phase to provide a trans-(+)-A’-THC
composition, wherein the (£)-A’-THC is obtained from crystalline (£)-A>-THC.

In anotllf;r embodiment, the invention. rélates toa method for
preparing a trans-(+)-A>~THC composition, comprising: |

20 allowing a composition comptising (&)}-A’-THC and an eluting
solvent to separate on a chiral stationary phase to provide a trans-(+)-A*-THC
composition comprising at least about 98% by weight of thé: trans-(+H)-A’-THC based
on the total amount of the " '
trans-(+)-A°-THC and trans-(-)-A’-THC;

25  whereinthe (£)-A’-THC was obtained by allowing trans-(-)-A’-THC
and trans-(+)-A’-THC to crystallize from a first composition cpmprising trans-(-)-A>-
THC, trans-(+)-A’-THC, and a non-polar organic solvent fo provide crystalline (&)-
A’-THC and a liquid phase.



-5 The invention also relates to conpositions conprising either
trans-(-)-A9-THC or trans-(+)-49-THC. In one enbodi nent, the invention
relates to a conposition conprising at |east 99.0% by wei ght of
trans-(-)-49-THC based on the total anount of 5 cannabinoids. In another
enbodi merfo 200b6s3tggventi on relates to a conposition c¢ f’z%@)s’itﬁzﬁ% | east
99. 0% by wei ght of trans-(+)-A9-THC based on the total anobunt o
cannabi noi ds. The invention also relates to pharmaceutical conpositions
conprising 10 trans-(-)-49-THC. In one enbodi nent, the invention relates to
pharmmaceutical conpositions conprisgng at |east 99.0% by wei ght of
trans-(-)-A9- THC based on the total anobunt of cannabi noids. The invention
still further relates to nethods for treating or preventing a condition
such as, e.g., emesis, loss of weight or |oss of appetite conprising 15
admnistering to a patient in need thereof an effective anount of a
conposition conprisi iqk_&;ag%}Q% O%JQY we %ﬂt<?f traq;- -)-A9- THC based
on the total anount SRR AbT s %ﬁén%?% e%?’?@ﬁﬂﬁ%|¢§ can be

under st ood ﬁgﬁqgmﬁknmgayﬁﬁ@aﬁyghqulo the follow ng detail ed description
and illustrative exanpl es, Ich exenplify non- 20 [imting enbodi ments of
the invention. 4. Detlapheenimsimeitghe tivewfontrplates fvaenminssition compiefg ni ti ons As .
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the strust ugemadindigy. mul a (1la): WO 2006/ 053766 PCT/ EP2005/012378 -6- CH3 9

In another embodiment, the invention relaies to a composition
comprising at least 99.0% by weight of trans-(-+)-A’-THC based on the total amount
of cannabinoids.

The invention also relates to pharmaceutical compositions comprising -

10 ti'ans-(—)-Ag-THC. In one embodiment, the invention relates to pharmaceutical

| compositions comprising at least 99.0% by weight of trans-(-)-A’-THC based on the
total amount of cannabinoids.

~ The invention still further relates to methods for treating or preventing

a condition such as, e.g., emesis, loss of weight or loss of appetite comprising

15 administering to a patient in need thereof an effective amount of 2 composition’
comprising at least 99.0% by weight of trans-(-)-A°-THC based on the total amoumt
of cannabinoids. |

The present invention can be understood more fully by reference to
the following detailed 'Vdescri.ption and illustrative examples, which exemplify non-

20 limiﬁng embodiments of the invention.

4. Detailed Description of thé Invention
4.1. Definitions

As used herein, the generic term “A’.THC” refers to trans-(-)-A’-
THC,
25 trans-(+)-A’-THC, (£)-A°-THC, or any mixtute thereof.
tra.ns-(-)—Ag-THC has the structure of formula (1a):



8 10 OH 10a16\ 2 CH3 =63 04 (CH2)4CH3 CH3 (1la) Trans-(+)-A9-THC has
the structure of (lb): CH3 s 810 OHH 10a 1l 6a CH3 6 3 O4 (CH2)4CH3 5
CH3 (Ib) As used herein, the generic term" A8-THC refers to (-)-A$- THC,
(+)-A8-THC, (+)-A8-THC, or any mxture thereof. (-)-A8-THC has the structure
of for nul¥HOREENIITED 2006/ 053766 PCT/ EP2005/ 012375 7- PCHEPZ0S/8123B OH 10a

'\ 172 =611

=
! 0 " {(CH2)4CH3

(1a)

Trans-(+)-A’-THC has the structure of (1b):

(1b)
As used herein, the generic term “A*-THC” refers io (-)-A%-THC,

' (+)-A8—'I'HC, (£)-A%-THC, or any mixture thereof.
(-)-A%-THC has the structure of formula (2a):



CH3 3 (CHz)4CH3 -~ 4 CH3 (2a) (+)-As-THC has the structure of (2b): CH3 9
6 10 OH H10a 1l 7 2 CH3 6 3 4 (CHz)4CH3 CH3 5 (2b) As used herein, the
generic term "CBD' refers to (-)-CBD, (+)-CBD, (t)-CBD, or any m xture

t her eof . é -CBD has the structure of formula (3a) WO 2006/ 053766

PCT/ EP20WS20M6033766 8 CH3 3 OH Hqg s 2 5 CH3 HO 3 PCOEPYWEPR3TR

(2a)
(H)-A*-THC has the structure of (2b):

(CH,),CH,

5 2b)
As used herein, the generic term “CBD” refers to (-)-CBD, (+) CBD,

(x)-CBD, or any mixture thereof.
(-)-CBD has the structure of formula (Sa)



P S,

CH2 (3a) (+)-CBD has the structure of fornmula (3b): CH3 3 OH H6 2 5 CH3
HO 3 (CH2)4CH3 CH2 5 (3b) As used herein, the generic term

"CBD bis-1,3-(3,5-dinitrobenzoate)"” refers to
(-)-CBD-bis(3,5-dinitrobenzoate), (+)-CBD bis(3,5-dinitrobenzoate),

(d) - CBD-WD=20@/05374 ni t r obenzoate), or any nixture thepeqfrprioosoizsrs
(-)-CBD-bis(3,5-dinitrobenzoate) has the structure of formula (4a): WO
2006/ 053766 PCTI EP2005/ 012378 9 CH3 LOR 6 11& CHz)4CH3 OH 2 (4a) where
"Ris -C(O(3,5-C6H3(N02)2) (+)-CBD-bis(3,5-dinitrobenzoate) has the
structure of fornmula (4b): CH3 3 OB- H 1

{CHp)4CH3

(32)
(/)-CBD has the stracture of formula (3b):

{CHy)4CH3
5 | | (3b)

As used herein, the generic term “CBD-bis-1 ,3-(3,5-dinitrobenzoate)”
refers to (-)-CBD-bis(3,5-dinitrobenzoate), (+)-CBD-bis(3,5-dinitrobenzoate),
(£)-CBD-bis(3,5-dinitrobenzoate), or any mixture thereof. '

. (-)-CBD-bis(3,5-dinitrobenzoate) has the structure of formula (4a):



6 2~ CH3 OR3/ 5 (CH2)4CH3 5 CH2 (4b) where Ris -C(O (3, 5-C6H3(NR) 2)
As used herein, the generic term"trans-A9- THC carboxylic acid" refers to
trans-(-)-A9-THC carboxylic acid, trans-(+)-A9-THC carboxylic acid, trans-
10 (r)-A?-THC carboxylic acid, or any m xture thereof trans-(-)-A9-THC

car boxyl i WOZLHHES the structure of formula (5a): WOPLOGBEO586E

PCT/ EP2005/ 012375 -10- CO2H a 10 OH 10a 7 2 CH3 =6 5 3 04 (CH2)4CH3 CH3
5a trans-(+)-A9-THC carboxylic acid has the structure of formula (5b):
C®2H9 s 1c OH H1l0a 1 2 CI—136394(CHZ)4CHB CH3

(4a)
where R is -C(0)(3,5-CsH3z(NO2)y).
(+)-CBD-bis(3,5-dinitrobenzoate) has the structure of formula (4b):

(4b)

where R 15 ~C(0)(3,5-CgHs(INO9)2).
As used herein, the generic term “irans-A’-THC carboxylic acid”
refers to trans-(-)-A’-THC carboxylic acid, trans~(+)-A’-THC carboxylic acid, trans-
10 @)-A’-THC carboxylic acid, or any mixture thereof | |
trans-(-)-A’-THC carboxylic acid has the structure of formula (5a):



it i et

5 5b The tern1"ha|ide" refers to quorlde chioride, brom de or Todideé
The term"-hal 0" neans -F, -d, -Br or -1. The term"-(Cl-C4)al kyl" neans a
saturated straight-chain or br anched hydr ocarbon having from1l to 4 carbon
atons. Representative saturated 10 straight chain (Cl-C4)al kyls are
-nmet hyl ,  wef Jawdoss7eR- propyl, and -n-butyl. Representati branched
-(d-C4)alkyls are -isopropyl, -sec-butyl, - isobutyl, ﬂ@h@?ﬁi&ﬁﬁs utyl. The
phrase "anhydrous organic solvent," unl ess ot herw se def i ned her ei n, means
an organi ¢ sol vent having an anmount of water that is |ess than about 15
0.01% by weight of the total anmpunt .gfj-water and organic solvent. WO
2006/ 053766 PCT/ EP20051012378 -11 The term "cannabi noi ds" refers to A9-THC
i ncluding trans-A9-THC and cis-A9-THC, structural isonmers of A9-THC havi ng
a nolecular forrmula C21H30Q2, including Ag-THC, (-)-A8-iso-THC, and
(+)-Ag-iso-THC, canmabinol and structural isomers of cannabinol -having a
nol ecul ar fornmul a of C21H29C24xﬁ%BTHC 5 carboxylic acid; A9-THC precursors
i ncl udi ng CBD, abn-CBD, (+)-abp-* olivetol, (+)-p-nentha-2,8-dien-I-ol
and (-)-p-nentha-2,8-dien-l-o|} salts thereof; and derivatives thereof
i ncl udi ng aci ds, ethers est eFg,._ amnes, and the like. Unless otherw se
specified hereln t he phrf' MAbi noi @H i npurities" means cannabi noi ds
ot her than trans-(-)-AQ—THi angH(+) {A9-THC. 10 Unl ess ot herw se
specified herein, the geng i C te%u“*AQ-T‘C carboxylic acid" neans
(- ) A9- THC-carboxyllc aci d, ; carhQxylic acid, or
phrase "crystalline ()-A9-THC'
t equi nol ar amounts of
ghid_havi ng an anmount of

i s atCHpast about 95% by wei ght

means a solid formof A9- THCZ onpri g
trans-(-)-A9- THC and trafds +) - A8
trans-(-)-A9-THC and trans-(+)} A 2

based on the tot al weight of aapnabinoids. As used herein, the term
"patient” neans an animal, including, but not limted, to an aninmal . such a
cow, horse, sheep, pig, chi cken, turke$2 quail, cat, dog, nouse, rat,
rabbit,. trans-(+)-A%-THC carboxylic acid bas the structurs of formula (5h):
CO,H

The term “halide” refers to fluoride, chloride, bromide or jodide.

The term “~halo” means -F, -Cl, -Br or -1

The term “~(Cy-Cq)alkyl” means a saturated straight-chain or
branched hydrocarbon having from 1 to ‘4 carbon atoms. Represqntaﬁve saturated

10 straight chain (Cy-Cyalkyls are -methyl, -ethyl, -n-propyl, and -n-butyl.

Representative saturated branched -(C;-Cy)alkyls are -isopropyl, —sec—butyl, -
isobutyl, and -tert butyl.

- The phrase “anhydrous organic solvent,” unless otherwise defined
herein, means an organic solvent having an amount of water that is less than about

15 0.01% by weight of the total amount of water and organic solvent.



guinea pig, etc., and is nore preferably a manmal, and nost preferably a
human 20 4.2. Methods for Purifying trans-(-)-A -THC As noted above, the
present invention relates methods for making conpositions conprising at

| east about 98%bﬁy wei ght of trans-(-)-A9-THC or trans-(+)-A9-THC based on
t he tot aVOAUFE78f cannabi noi ds. I n one embodi ment, ROTERPAFSMIITHN rel at es
to a nethod conprising 25 allowi ng a conposition conprising (f)-A9-THC and
an eluting solvent to separate on a chiral stationary phase to provide a
trans-(-)-A9-THC or trans-(+)-A9- THCi conmposi tion, wherein the WO

2006/ 053766 PCT/ EP2005/ 012378 12 (f )1 “A9-THC i s obtained fromcrystalline
()-A9-THC. Wthout being |imted by theory, Applicants believe that
cannabinoid inpurities typically present in A9-THC conpositions are
substantially, if not conpletely, renoved when trans-(-)-A9-THC and
trans-(+)-A9-THC are allowed to formcrystalline (f)-A9-THC. Subsequent 5
resol ution of ()-A9- Thﬁeﬁbf‘amemnélﬂgmféfmuﬁJTIH(DmcIﬂd)ngAﬂma' WETHWG h an el uting
sol vent on a chiral stationary phase jprovides a corrp05| tion conprising at

| east aboutandgged’ b@HQ@h@W@éfsomeﬁmi 4 -JH@davipga g1o Qcﬂlilﬁ@m@ﬂ% A9- THC based on
t he total

Lo a ot hod AR O ishRRTS  SE 67 afe B OSNAR P arIcy “FraRES o TG, °°

conpri si ng: stz%l:thﬁff‘ds@ﬂe@ of BRESIhb1 1AV gqrﬁm&oﬁlaa%rﬁma &&:ﬁrgogrm marc-el uting
solvent to separate on_a chiral stationary phase to provide a

t r ans- ( -5) - ARsbbkidic amlm&ﬂiﬁ pmgurwhemeludmr(&lk fajmvﬁmﬁrﬂe}a@-fiBDai ned from

crystalline - THC. di ment ge i.nven relates to a
met hod for - 1‘%81)01”( § -}nieﬂt&a?[ 8?@‘ qulf‘}l‘gﬁﬁ ﬂias%éﬁ 1ep;Lsple t§r ?’THC

conpri si ng: ar@ldlaﬂ%ﬁ}&tﬁexe@ﬂmaaamggads:@m@fsl skl afnles AR ThiGiiand an el uting
solvent- to separate on_a chiral stationary phase to provide a

trans- (+)-A9- THC coMplss eibervisagresiipdbareid the pluag. “ppmabigoidpt ai ned from
venti on QB BEORa cab AR U AT TP ek LIRS o
exanpl e;p a non-1im t idkss otherwise specified herein, the generic term “AY THC-
carboxylic acid” means (-)-A”-THC-carboxylic acid, (+)-A9—"IHC-carboxy1ié acid, or
(£)-THC-carboxylic acid.
As used herein, the phrase “crystalline (£)-A’-THC” means a solid
form of A’-THC comprising about equimolar amounts of trans~(-)-A>-THC and trans-
15 (H-A>-THC and having an amount of trans-(-)-A>-THC and trans-(+)-A°-THC that is
 at least about 95% by weight based on the total weight of cannabinoids. As used
herein, the term “patient” means an animal, including, but not limited, to an animal
such a cow, horse, sheep, pig, chicken, turkey, quail, cat, dog, mouse, rat, rabbit,

guinea pig, efc., and is more preferably a mammal, and most preferably a human

20 4.2. Methods for Purifying trans-(-)-A’-THC

Asnoted aBove, the present invention relates methods for making
compositions comprising at least ébout 98% by Weight of trans-(—)—A9~THC or
trans-(+)-A’-THC based on the total amount of capnabinoids.

In one embodiment, the invention relates to a method cofnprising

25  allowing a composition comprising (:!:);AQ-THC and an eluting solvent {o separate on
a chiral stationary phase to provide a trans-(-)-A’-THC or trans-(+)-A’-THC

composition, wherein the



met hod for obtaining crystalline (t)-A9-THC includes crystallization froma
first conposition conprising trans-(-)-A9-THC, trans-(+)-A9-THC, and a

non- pol ar organi c saolvent to provide crystalline (f)-A9-THC as descri bed
below in Section 4.3. 25 In another enbodinent, the invention relates to a ;
met hod P 2006/08%4¢ i ng a trans-(-)-A9- THC conpositi on PCImPoEAing: al l owi ng a
conposition conprising (f)-A9-THC and an eluting solvent to separate on a
chiral stationary phase to provide a trans-(-)-A9-THC WD 2006/ 053766

PCT/ EP2005/ 012378 -13 conposition conprising at |east about 98% by wei ght

of trans-(-)-A9-THC based on the td2al anount of trans-(-)-A9-THC and
trans-(+)-A9- THC, wherein-the (f)-A9-THC was obtai ned by all ow ng
trans-(-)-A9-THC 5 and trans-(+)-A9-THC to crystallize froma first
conposition conprising trans-(-)-A9- THC, trans-(+)-A9-THC, and a non-pol ar
organic solvent to provide crystalline (1)- A9-THC and a liquid phase. In

anot her en@%ﬁm@ is StMBnddWaRLHRANR! 8. £5The. zey'ﬂﬁmsgng BhitedbyePari ng a

trans-(+)- C conposition, conprising: 10 | owm ng a conpdsition

conpr i si ngthet)y; ApplddEisdatievartha canahipoiddmipudtids tymcdlypassattdn ANTEICC hi 1 al
stationary phase.to provide a trans-( +Be- A9- THC conpositijon, conprising at j
| east abouCCRHRs Fesisgbrtangielly. ibnes complefely, TqeosA $dan Bs-Ehe -THbal ampunt of

Db mod pand L @R-RAR: tndadio Tt criBaRECEAR IS Gk HE VS
froma §ir sdsoR@BROSEYAATIROSRMILED Rem chARRIe-(:-ARTHENGh Ad Sgr( +) - A9- THC, and

a non-pol ar organic solvent to provide crystalline ()- A9-THC and a liquid
phase. Conpelsentiopashiedwistiprary ghase arpyides i cADpASHEODA0EPLIRAE ot lpasf abiyt THC 20

gzgitrj: b;gr i9§9>tb§ie*§%i§%ﬁ?§¥§?@-i\d~"?ﬁc(§r) -A9- THC can be obtai ned by nethods
trans-(+)-A’-THC based on the total amount of cannabinoids.
In one embodiment, the invention relates to a method for preparing a
10 composition comprising trans-(-)-A’-THC, comprising:
allowing a composition comprising (£)-A’-THC and an eluting
solvent to separate on a chiral stationary phase to provide a trans-(-)-A°-THC
composition, wherein the (£)-A’-THC is obtained from crystalline (£)-A’~THC. |
In another embodiment, the invention relates to a method for '
15 preparing a composition comprising trans-(+)-A>-THC, comprising:
allowing a compésiﬁon comprising (i)—_A9—THC and an eluting
solvent to separate on a chiral stationary phaée to provide a trans-(+)—A9-THC
composition, wherein the (£)-A’-THC is obtained from crystalline (+)-A’-THC.
Crystalline (+)-A’-THC useful in the present invention can be
20 obtained by any known or later-developed method. For example, a non-limiting '
method for obtaining crysialline (i)—Ag—THC includes crystallization from a first
composition comprising
_ traris—(—)-Ag-THC, trans-(+)-A%-THC, and a non-polar organic solvent to provide |
cryétalline (£)-A’-THC as described below in Section 4.3.
25 ~ In another embodiment, the invention relates to a method for
preparing a trans-(~)-A9-THC composition, comprising:
allowing a composition comprising (&)-A’-THC and an eluting

solvent to separate on a chira] stationary phase to provide a trans-(-)-Ag-THC



4.3. The Crystallizing Step As noted above, crystalline (f)-A9-THC can, in
one enbodi nent, be obtained by allowi ng trans-(-)-A9-THC and
trans-(+)-A9-THC to crystallize froma 25 conposition conprising
trans-(-)-A9-THC, trans-(+)-A9-THC and a non-pol ar organic solvent (the
"Cryst al KEWW@“SEép") to provide crystalline (+)-A9- Td@m@maebsaidsrgiui d phase.
Compositions conprising trans-(-)-A9-THC, trans-(+)-A9-THC and a non WO
2006/ 053766 PCT/ EP2005/ 012378 -14 pol ar organi ¢ sol vent useful for the
Crystallizing Step can be obtained by any known or |ater-devel oped net hod.
For exanple, crystalline (f)-A9- Tkﬁﬂgan be obtained by contacting a

sui tabl e anpbunt of trans-(-)-A9-THC and trans-(+)-A9-THC wth a non-pol ar
organic 5 solvent. The order and rate of addition of the trans-(-)-A9-THC,
the trans-(+)-A9 THC and the non-pol ar organic solvent is not critical and
can be carried out sequentially or substantially sinultaneously. As an
exanpl e, t gaRSesiton ARpitiee atl@zﬁE LA by i oPLARANGE - FiC 88885 PO a1
organi ¢ solvent, and Prans- - opttonally i'n the presence of a
non- pol ar dmgahlmnsnMvént can be added to a non-polar 10 organic sol vent.

Li kew se, tran HC in esence of a non-polar organic solvent
and trans- ags—ébg t‘lﬁgs’b"")é%m of a non-pol ar organic solvent can be

adm xed. Trans-(-)- UG OF by

synt heti c net hods. f‘%h%ﬁg e%%% nent‘%s{](r?%%liéé )ﬂﬁw Q t]tal ned froma

natural 5 lﬁncbfrﬁlik(&} Agu"elo: @Sryselliye ,ﬁohﬁ@ﬁtss&)lﬂposﬂﬁhlcbmpﬁﬁng g@s-(Y-A’Gaoni et at, |
J. Am Chem Soc. 17 1971); and U. S. Patent No. 6,365,416E 1 to El sohly f
et al.). §rm(1s-§+) 286 A - BelaberSae solFed tq)gtowd@ms@;am fatic met hods
i ncl udi ng, —Lf%ICg I lm%%ﬁt reaction of cis/trans m xture of

(+).p- ment B lh ‘with olivetol in the presence of an acid

catal yst such a par afi ghdiienembbdiRehiCthe Ginindéh ANfksdo dalendadéd ng agent (see
U S. Patent No. 3,560,528 to Petrizilka and U. S. Patent No. 4,025,516 to
Razdan et @repynngreﬁ@ﬁr(dr}erfTH@gomeBenthhm@nalew s acid such as BF3Et20in an

t | t d d di t P 4,025, 516 t
Razdan 10t a1 and. | ARSTHGE FORERCRDBPRBAEIE B T DL 08s) ; or ’

solvent to separate on a chiral stationary phase to provide a trans~(+)-A9-THC

composition comprising at least about 98% by weight of trans-(+)-A>-THC based on
the total amount of |
trans-(-+})-A"-THC and trans-(-)-A’-THC;

15 wherein the (£)-A’-THC was obtained by allowing trans-(-)-A°-THC
and trans-(+)-A>-THC to crystallize from a first composition comprising trans—(-)-Ag-
THC, trans-(+)-A’-THC, and a non-polar orgamic solvent to provide crystalline (&)-
A’-THC and a liquid phase.

Compositions comprising trans-(-}-A’-THC and trans-(+)-A’-THC

20 . useful for obtaining crystalline (:i:)—Ag-THC can be obtained by methods described in

Section 4.3. |

4.3. The Crystallizing Step

As noted above, crystalline (i)-AQ—THC can, in one embodiment, be
obtained by allowing trans-(-)-A’-THC and tran.s-('-l-)—Ag-THC to crystallize from a
25  composition comprising ﬁans-(¥)~A9—THC, tfans—(+)~A9—'IHC and a non-polar organic
solvent (the “Crystallizing Step”) to provide crystalline (&:)-Ag_—THC and a liquid
phase. Compositions comprising trans-(-)-A°-THC, trans-(+)-A"-THC and a noﬁ-




reaction of (-)-A8-THC with HC followed by dehydrochlorination (see Y. 25
Mechoulamet al., J. Ain. Ozem Soc. 99:4553 (1967); and R Mechoul am et
at, J. Am Chem Soc. 94:6159 (1972)). Alternatively, trans-(-)-A9-THC can
be obtai ned by nethods described in Section 5. Trans-(+)-A9-THC, which is
not knowWQ0@§deé i n nature, can be made by known symtirebismissed hods

i ncluding, but not limted to, reaction of WO 2006/ 053766 PCT/ EP2005/012378
-15 (+)-A$-THC with HC1 foll owed by dehydrochl orination (see R Mechoul am et
at., J. Am Chem Soc. 94:6159 (1972). Alternatively, trans-(+)-A9-THC can
be obtai ned by nethods described i-i4Section 5. In one enbodi nment,
trans-(+)-A9-THC used in the Crystallizing Step is "recycled" froma

previ ous resolution of (f)-A9-THC on a chiral 5 stationary phase as
described in Section 4.4 In another enbodi ment, the trans-(-)-A9-THC and
trans-(+)-A9-THC wused in the Crystallizing Step can be obtained as a

m xt ure of J i . i : hetic
method i 5 Joon OIS RS SeSefbisduPht B CryNigebich HE b M tT BB PRSI can
vary dependirtegeredeveihpedopéthodl purity of the reagents and the synthetic
process. In one enbodi nent,  trans-(-)-A3- and trans-(+)-A9-TBC are

obt ai ned in about eq P’?ﬁﬂag’ﬁﬂeaﬁ‘ﬁﬁﬁ]gé‘eéi)ﬁ?fﬁﬁfﬁ?q ebtaiy Ié’ SR HBceni ¢ |
reagents. Mg 08 O thoohs r anh ne =)= AQ- d

trans-(+)- %ﬁ%&g@&ge%@é t&b:gﬁﬁtet%ﬁr%gra(%tﬁe%%%gn% cta}]_éggmg? citral and

ol ivetol5 i nolveg. [The saRe endiateroflagition dbthath-CsABTRC, Meehauf’et al ., J. Am
Chem Soc. 94:6159 (1972)) or hydrolysis of

() - 1-i n- ni tHeprhihe parpplipbongatie sevent sagt extcakandearbecyriehowaoH i n aqueous

met hanol 1z : - ; ©93 41(1967)).
Al ternati See@en?@yﬁg%iﬁag#@éﬂto 14 %@eﬁ%&ﬁ%ﬁ%ggﬁ Sg(éggﬂ eﬁg [ §1 Sec% |) on 5.
20 In yet aptibhely ietHeeiéseRiriof abbepblaptgatic yoldéht, Hrid tand(HAnH(¢,+) - A9- THC

used in the Crystallizing Step can be obtained from derivatives of
trans- (-) - Aptiomally i the presgpes-qf aopgoley przanis solzstd Agn be addeddeiansa-veler of

trans- (1'0) ) 'Aé%g&ﬂ%o%ﬂt t]fiﬁéwi'sé, Jfl)aﬁéb—\al:)—Ag -THC in the presence of a non-polar organic
solvent and trans-(-)-A"-THC in the preseﬁce of a non-polar organic solvent can be

admixed.

Trans-(-)-A>-THC can be obtained from natural products or by
synthetic methods. In one embodiment, trans-(-)-A’-THC is obtained from a natural
15  product such as, e.g., hashish of marijuana {see Y. Gaoni ef al., J. Am. Chem. Soc.
93:217 (1971); and U.S. Patent No. 6,365,416 B1 to Elsohly ef al.).
Trans-(-)-A°-THC can also be obtained by known synthetic methods
including, but not limited to, reaction of cis/trans mixture of (+)_—p-menﬂ1a—2,8¥dien~
1-ol with olivetol in the presence of an acid catalyst such a para-toluenesulfonic acid
20 and a dehydrating agent (see U.S. Patent No. 3,560,528 to Petrizilka and U.S. Patent
No. 4,025,516 to Razdan ef al.); reaction of (-)-CBD with a Lewis acid such as
BF;-Et,O in an inert solvent under anhydrous conditions (see U.S. Patent No.
4,025,516 to Razdan et al.; and International publication no. WO 03/070506); or
reaction of (-)-A*-THC with HC] followed by dehydrochlérination (see Y.
25  Mechoulam et al., J. Am. Chem. Soc. 89:4553 (1967); and R. Mechoulam et al., J.
Am. Chem. Soc. 94:6159 (1972)). Alternatively, -
trans-(-)}-A*-THC can be obtained by methods described in Section 5.
Trans~(+)—A9-THC, which is not known to occur in nature, can be

made by known synthetic methods including, but not limited to, reaction of



THC can be reacted with a phenol protecting group such as

m ni trobenzenesul fonate 25 and crystallized to provide

2-mni trobenzenesul fonate-(f)-A9-THC (see U S. Patent No. 3,507,885 to
Fahrenholtz; and K E. Fahrenholtz et al., J. Am Chem Soc. 89:5934-5491
(1967)) ) WORAY/03376 ni t r obenzenesul f onat e- () - A9- THC cawTiEremshes7slepr ot ect ed,
and the resultant conposition conprising trans-(-)-A9-THC and trans WD
2006/ 053766 PCT/ EP2005/ 012378 -16 (+)-A9-THC can be crystallized froma
conposition conprising the trans-(-)-A9-THC, the trans-(+)-A9-THC, and a
non- pol ar organic solvent to proviedéScrystalline THC. The ratio of
trans-(-)-@-THC and trans-(+)-A9-THC used in the 5 Crystallizing Step can
vary. In one enbodinent, the trans-(-)-A9-THC is present in an anount from
about 0.75 to about 1.25 nolar equival ents per nol ar equi val ent of
trans-(+)-A9-THC. In another enbodinent, the trans-(-)-A9-THC is present in

an amount i S0rad asth HE1So i Ryiag ek alﬂﬁkﬁﬁ £ Kol RBi jrolar
equi val ent(gf trans- (+) -,%\9- THC. | n}%rn%t er gnggdi ment , %a%gétta?gﬂs-(-)-AQ- THC
i s present A Chem.fwo Ft6150 (978 Abﬂuﬁﬁx@lyQﬁaﬁsd+MBﬂHﬂceﬁEoembtaTaTedégui val ent s

per nol ar equival ent of trans-(+)- A9-THC. And in another enbodi nent, the
trans- (-) - methpgdgseribed iy gegtion 3. é‘ho%ﬁﬁ%hﬂdl%?nﬁéﬁﬁﬁrﬁ)lf—{bo nbrGuseGoikeal ent per

nmol ar  equj - ans: (1) A9- . RN 643 . _hon- pol ar
organic sopﬁk@??ﬁ?ﬁgre K‘gee% uﬁgx{l?ﬂ%ﬁm@ %S"i(l}r%}%?gﬁ?lzﬁ% %faep faﬂcl ude

al i phat$c §iedorahyopaydhsaessibodin Sattibn 48 but ane, pentane, hexane, hept ane,
octane, nonane, decane, including straight-chained aliphatjc hydrocarbons,

branched aliphatic Hpareherahedingg thsisansd-)ad TPl end trangy-4ca¥ons, or any

i Xt th I . i . - ol di
The 150 Gr St melChr8NGRESRALARES ondilty ARG ELr Bafdhés BOL R 1300 T,
anot her  espalttitio®ithodt WFehenasynbbis methodiiveed; tevetis ofttsad- (N’ tihEC Crystal | i zi n

Step is pentane, hexane, heptane, octane or isooctane. In another -
enbodi ment 224 he non- pol ar organic solvent used in the Crystallizing Step is

G vep }, s RUHC Sh VaBRIBORTRE bR he SpEATGS 8 HE WaghREthd e * N
synthetic process. In one embodiment, trans-(-}-A’-THC and trans-(+)-A>-THC are
obtained in about equimolar amounts by a synthetic route using racemic reagents.
Non-limiting methods for preparing trans-(-)-A>-THC and trans-(+)-A’-THC by a
direct synthetic route include reaction of citral and olivetol in the presence of a Lewis

15  acid (see R. Mechoulam et al., J. Am. lChem. See. 94:6159 (1972)) or hydrolysis of
(&)-1-m-nitrobenzenesulfoanate-6a, 1 0a~trans-A’-THC with NaOH in aqueous
methanol (K.E. Fahrenholiz et al., J. Am. Chem. Soc. &2:5934—5941' (1967).
Alternatively,

(£)-A’-THC can be obtained by methods described in Section 5.

20 In yet.another embodiment, the trans-(-)-A’-THC and trans-(+)-A>-
THC used in the Crystallizing Step can be obtained from derivatives of ‘ufan.s—(—)—z:fJ -
THC and | |

trans-(+)-A°-THC. For example, an admixture of trans-(-)}-A*-THC and trans~(+)-A’-
THC can be reacted with a phenol protecting group such as m-nitrobenzenesulfonate

25  and crystellized to provide 2—m-ni1:robenzeneSulfonate-(:l:)-Ag-THC (see U.S. Patent
No. 3,507,885 to Fahrenholtz; and K.E. Fahrenholtz et al., J. Am. Chem. Soc.
89:5934-5491 (1967))). The 2—m—nitrobenzenesuifonate-(:‘:)-AQ-THC can then be

deprotected, and the resultant composition comprising trans-(-)-A’-THC and trans-



25 Step can vary and will depend, in part, on the anount and type of
cannabinoid inpurities and tenperature. Typically, the non-polar organic
solvent is present in an anount sufficient to provide a m xture having a

A9- THC concentration fromabout 1% to about 95% preferably from about 20%
to about_ 75% nore preferably from W 2006/ 053766 PCT/ EP2005/ 012378 -17
about 40%8 ¢WOABEh 60% by wei ght based on the total REBEHZYIIZES- THC and t he
non- pol ar organic solvent. The Crystallizing Step is carried out for a tine
and at a tenperature sufficient to provide (f)-A9-THC crystals. A tine
sufficient to crystallize (E)-A9 5 1HC is fromabout 1 hour to about 200
hours; in another enbodi nent, front Bout 5 hours to about 150 hours; in

anot her enbodi ment, from about 25 hours to about 100 hours; and in another
enbodi ment, from'about 30 hours to about 75 hours. Typically, a tenperature
sufficient to provide crystalline (f)-A9-THC is fromabout -78C to about :
100C, in another enbodinent, from about -50C to 10 about 25C; in another |
enbodi ment (HEA TR Akanbe er3OLTlita fodao o fssitnctonprising tHearans-¢ a8 diF@gnt , from |
about -25C to about -15C In certain enbodinents, the Crystalligzing Step is
carried outhedrang~ip-dr THarind amermhetas pigess solveptéparoxids stistelime x-Ae conpositi on
conpri si ngThltans-(-)-AQ- THC, 15 trans-(+)-A9-THC and a non-pol ar organic
solvent is prepared at a first tenperature, e.g., 20C or higher. Wthout
being limted by thelkgratidopting)t/S- 1ot b@VeadsHal-A’-TBOsagirithe conposi tion at
a temperature of 20C or higher increases the solubility of the

trans- (3) - SoysEl@ingdicp ke taranks-ope pmpodimen, the tiehe(-rén-TH] iapregerdami ¢ sol vent .

{emper at ur Bh ROy Fonfiooh 7 2RTACE S B0 LR A7 FBPRG @RS " Aopl 1 cants

bel i eve thahndi@) N NGIC.NB andWel otiibdandl, the kARNSLALTHE iOfrefdft M@lan! Ower
decreases the sol ubili tgaof (t% -A9- THC and pronotes crystallization.

Opt i onal |y 2mppe feapplouhb.dieakont t-hackrenyivelees pernear eqpivplepteaf taeer eased to
(111 PRI, S Sl e B SO PAS TR R P 0o 1
10  from about 0.95 to about 1.05 molar equivalents per molar equivalent of trans-(+)-
A’-THC. And in another embodiment, the
trans-(-)-A’-THC is present in an amount of about 1 molar equivalent per molar
equivalent of trans-(+)-A’-THC.
Non-limiting examples of non-polar organic solvents that are useful in
15 the Crystallizing Step include aliphatic (C4-Cjp)hydrocarbons such as butane,
pentaﬁe, hexane, heptane, octane, nonane, decaﬁé, including straight-chained |
aliphatic hydrocaﬂ:ons, branched aliphatic hydrocarbons and cyclic aliphatic
hydrocarbons, or any mixture thereof,
In one embodiment, the non-polar organic solvent used in the
20 Crystallizing Sfep is a straight-chain or branch-chain heptane. In another
embodiment, the non-polar organic solvent used in the Crystallizing Step is pentane,
hexane, heptane, octane or isooctane. In another embodiment, the non-polar organic
solvent used in the Crystallizing Step is n-heptane.
The amount of the ﬁon—polar organic solvent used in the Crystallizing
25  Step can vary and will depend, in part, on the amount and type of cannabinoid |
impurities and temperature. Typically, the non-polar organic solvent is present in an |
amount sufficient to provide a mixture having a A°-THC concentration from about

1% to about 95%, preferably from about 20% to about 75%, more preferably from



process. In one enbodi ment, trans-(-)-A9-THC and trans-(+)-A9-THC are

di ssol ved in a non-polar organic solvent; the resultant solution is cool ed
to about WD 2006/ 053766 PCT/ EP2005/012378 -18 0C, the resultant mxture is
further cooled to about-15C, and the resultant crystalline (f)-A9-THC is
separ at SYOPYSWY#e | quid phase. In another enbodi mercr/EPHesMRyst al | i zi ng
Step is carried out in the presence of a seed crystal. Typically, the seed
crystal, when used, is added to the 5 cold (e.g., OC or |ower) adm xture
conprising trans-(-)-A9-THC, trans-é+)-A9-THC and the non-pol ar organic
solvent. In one enbodinent, the seed’erystal is (f)-A9- - THC. The progress
of the Crystallizing Step can be nonitored visually or using conventi onal
anal ytical techniques, including, but not limted to, thin-layer 10
chromat ography (" TLC'), high-performance |iquid chromatography ("HPLC'), gas
chromat ography ("GC'"), gas-liquid chronatography ("&C'), infrared

spect r 0scogyout 40%Ro Lbouﬁm% Hﬂze(tot%?éﬁé'{nﬂ ofTRBGhER. Magnetic
resonance spectroscopy ( suc as 1H or 13C NVR The Crystallizing
Step can beomgmhxwgamwsdvmﬁreduced pressure 15 atnnspherlc pressure or

el evat ed pressure. one enbodiment stalliz Ste |s carried out
at atnospheric pressHEll1 -y ptalliging Stshdot ‘ﬁ?u? tﬂ*&?ﬁnﬁgﬁm’fﬁf are renoved

from the timBenio prdficAmGG ANl fRide Gamasi i ans prior (o

carrying out the ystallizing . Non-limting nethods for renoving
i mpuritbes T,b}(] lérfmtroaboaﬂrb@mg) @l@ueZﬁohdues mrey@that ¢mbadugerst g ebait Gde col umm

chr omat ogr e t|on ctio itions as
descri bed %8?%v9 8[10 g% Oe"]ﬁbglcﬁnﬁ%‘ ]’Eem!i ﬁ‘iﬂ?:nbct{ﬂggéb ?—?@fbogﬂb?) -A9-THC i s
contact ed Whiirh; dnd$eaithed embodit@fiil ﬁbmgzbOMBOthh&rs% yisdual7$ h@irmg Step. In anot her
enbodi nent, the invention also relates to a nethod for hg r|fy|n

trans- (+)-A9- THC, t r hymcally)a tsopeiatore gfigien fapropide soystpiimehd -THE- THC
Purificati gng MrLRAH 73-E0REduE! §SBC; in another embodiment, from about -50°C to
10 about 25°C; in another embodiment, from about -30°C to about 0°C; and in another
embodiment, from about -25°C to about -15°C.

In certain embodiments, the Crystallizing Step is carried out at two or
more temperatures. In one embodiment, the composition comprising trans-(-)-A°-
THC, |

15  trans-(+)-A>-THC and a non-polar organic solvent is prepared at a first temperature,
e.g., 20°C or higher. Without being limited by theory, Applicants believe that
forming the composition at a temperature of 20°C or higher increases the solubility
of the |
trans~(-)-A’-THC and the trans-(+)-A’-THC in the non-polar organic solvent. The

20 temperature of the adreixhlre can then Be decreased to a second temperature, e.g.,
0°C or lower. Without being limited by theory, Applicants believe that holding the
admixtire at a temperature of O.°C or lower decreases the solubility of (+)-A’-THC
and promotes crystallization. Optionally, the temperature of the admixture can be
further decreased to third temperature, e.g., <20 to -15°C. As noted above, such a

25  decrease in temperature is believed to enhance the (i)-/_\9 -THC crystallization
process. |

In one embodiment, trans-(-}-A’-THC and trans-(+)-A’-THC are

dissolved in a non-polar organic solvent; the resultant solution is cooled to about




contacting trans-(+)-A9-THC, trans ( ) A9-THC, or trans-(+)-A9-THC wth a
first water-inmm scible organic solvent, a water-m scible al cohol, water, and
an alkali metal hydroxide (the " Causti ¢ Contacting Step") to form a

bi phasi ¢ m xture WD 2006/ 053766 PCT/ EP2005/012378 -19 conprising (i) a
first or ehPW6/PHE@e and (ii) an al coholic-caustic phaserepnpsiiisizeg
trans-(-)-A9-THC and trans-(+)-A9-THC. Wthout being limted by theory, it
is believed that the Caustic 5 Contacting Step extracts inpurities fromthe
A9- THC- cont ai ni ng al coholic-caustic phase into the first organic phase,
which inpurities may i npede or prevedt- (k)-A9- THC fromcrystallizing from
the conposition conprising the trans-(-)-L9-THC, the trans-(+)-A9-THC and
t he non-pol ar organic solvent. The amobunt of alkali netal hydroxide used in
the Caustic Contacting 10 Step typically ranges fromabout 1 to about 1000
nol ar equi val ents per nolar equivalent of A9-THC, in another enbodi nent,

the amount @t ﬁielf@marﬁﬁﬁmehyﬁ{r%aa%wd%@gs&ﬂws@@ arfifesdlt 0 about 100

mol ar equi val énts per nol ar equi val ent of trans-A9-THC, an i n anot her
enbodi nment crwﬁailum(ibyﬂ-aﬂ@ﬂsmepmdfrmmedlqudh)hawges fromabout 25 to 15

about 55 rml ar equival ent.s ent _of trans-A9-T C
Non-1imiting exanpl ezr‘ E’@LO%%@F %}641’63 Step &fagiied; gyt § Caustic

Contacting sptRRcd dTels rﬁ@c{lhqgﬁbaﬂgﬁﬁﬁ%@ﬁ crydtaﬂ%ﬁé?ﬁﬁ@&lls addled & Whe CONDI Nation
thereof. I'n one enbodi nent wat er - m sci bl e aI cohdl is nethanol. The

amount  df wazﬁda@ergn@&obloevea)l aclotiiire ropgrising trives- (eaﬁsil"HS ’@m‘,t(ak;ﬂ? ABIC 20 Step
typlcallylsfromab art to. _about 100 based on the
e ght | ot AR peteat SHlyarotn e cmt amBRis st puar b K

he anount of
wat er-mscvpﬁ@ al cohol is fromabout 1 part to about 25 parts by wei ght
based on the weight of the alkali nmetal hydroxide; and in another

embodi ment, the anoufie pfogwss eftheCeystalizing St esadic menitoradrmisubuor 5 parts to

0 S RS s A B BRI ™ L 1
10 chromatography (“TLC™), high-performance liquid chromatography (“HPLC™), gas
chromatography (“GC”), gas-liquid chromatography (“GLC™), infrared spectroscopy
{“IR”), Raman spectroscopy (“Raman’”) and nuclear magnetic resonance
-spectroscopy (“NMR”) such as 'H or “C NMR.
The Crystallizhlg Step can be carried out at reduced pressure,
15  atmospheric pressure or elevated pressure. In one embodiment, the Crystallizing
Step is carried out at atmospheric pressure.
In one embodiment, certain impurities are removed from the
 trans-(-}-A’-THC and/or trans-(+)-A’~THC compositions prior to carrying out the
Crystallizing Step. Non-limiting methods for removing impurities prior to carrying
20 out the Crystallizing Step include column chromatography (see Section 4.4) or
extraction under basic conditions as described below.
In one embodiment, (+)-A’-THC, (--A>-THC, or (£)-A>-THC is.
contacted with base prior fo carrying out the Crystallizing Step.
In another embodiment, the invention also relates to a method for
25  puifying trans-(+)-A’-THC, trans-(-)-A>-THC, or trans-(+)-A’-THC (the “A’-THC
Purification Method™) coﬁlpxising:
co'ntacting.tra.ns~(+)-A9~THC, tréns—(n)-Ag-THC,_ or trans-(#)-A’-THC
with a first water-immiscible organic solvent, a water-miscible alcohol, water, and an

alkali metal hydroxide (the “Caustic Contacting Step”) to form a biphaéic mixture



useful in the Caustic Contacting Step include the non-polar organic solvents

descri bed above for the Crystallizing Step. In one enbodinent, the first
wat er- inmm sci ble solvent is heptane. WO 2006/ 053766 PCT/ EP20051012378 -20
The amount of first water-imm scible organic solvent used in the Caustic
Cont act | M 20e¥3tpical |y is fromabout 1 part to aboetT/m©0@/mzres by wei ght
based on the weight of the A9-THC, in another enbodi nent, the anount of

wat er- inmm scible organic solvent is fromabout 5 parts to about 100 parts
by wei ght based 5 on the weight of the 49-THC, and in another enbodi nent,
the amount of water-inmmscible organi® solvent is fromabout 5 parts to
about 20 parts by wei ght based on the weight of the A9-THC. The Caustic
Contacting Step can be carried out by nethods known in 10 the art such as,
but not limted to, stirring, shaking, countercurrent cascade, and

ul trasound. adm xi ng, punping. The Caustic Contacting Step can al so be

carried OWonyisiB i@ %sst ek phisetankl {194k Gtdohdtie- o e, e.g., Lo
et al., Extréd?tilg%,wi n 7 lg:gli?ifnr [F—CIhmagg%%cygpag‘&gﬁ§nqﬁ%cﬁg%§g349- 381 (4th
ed. 1993), trane(enyiIH awht ents of which are incorporated herein by
reference). 15 T)g?ﬁq stic Contacting Step typically is carried out from
about 0. 25 T45Es ft gbout 50 hours; in another enbodinent, from about 0.25

hours to about 10 heyggu: ud liRitd@ Rt B8ky SR idR A that e @R@Rout 0. 25 hours
to about 2 hours. The Caasti C Colnt acti ngry’St ep 1|1s tyr?i cglly carried at a

t enper atSur & mftactihg Step akivasts iBGutitesdizouthe YGAHT -containing aheholerdansticnent , from
about 20C tq about 0, 50C, a}?d [ r}g? not her, enbodi nent, from ?bgut 20C to
about 30C. PPage 105 1hg TSt gamic phase g REEHeRa: Iefe o Bttt educed

pressure, ﬁ@%ﬂ%@g@ﬁéﬁ?@ﬁ%g si’tioﬁg%rlj]st]m i FRIRNE-R).Trel gl evat ed

pressure. |In one ustic Ing Step is tarried out at
at mospher i arans-€SpALEHCTAR the ar e opfanidwelveéatist i ¢ Contacting Step can be
nonitored using 25 nventional technjques.as described above for the
Crystallizing Step. | egﬁ&%@ﬁ%ﬂb@&tﬁh@f@m@we ithe CaustieGentsghing i cat i on

Met hod 1@f tdi€p iypically ranges from about 1 to about 1000 molar equivalents per molar
equivalent of
A’-THC; in énother embodiment, the amount of alkali metal hydroxide ranges from
about 10 to about 100 molar equivalents per molar equivalent of t:ans—Ag-THC; and
in another embodiment, amount of alkali metal hydroxide ranges from about 25 to
15 about 55 -molar equivalents per molar equivalent of trans-A’-THC.
Non-limiting examplés of water-miscible alcohols useful in the
Caustic Contacting Step include methanol, ethanol, isopropanol, or any combination
thereof. In one embodiment, the water-miscible alcohol is methanol.
The amount of water-miscible aleohol used in the Caustic Contacting
20 Step typicélly is from about 1 part to about 100 parts by weight based on the weight
of the alkali metal hydroxide; in another embodiment, the amount of water-miscible
alcohol is from about 1 part to about 25 parts by weight based on the weight of the
alkali metal hydroxide; and in another embodiment, the amount of water-miscible
alcohol is from about 5 parts to about 10 parts by weight based on the weight of the
25  alkali metal hydroxide.
Non-limiting examples of first water-immiscible organic solvents
useful in the Caustic Contacting Step include the non-polar organic solvents
described above for the Crystallizing Step. In one embddiment, the first water-

immiscible solvent is heptane.



present invention further conprises contacting the al coholic-caustic phase
wth an acid to provide an acid-treated al coholic phase. Wthout being
limted by theory, it is believed that WO 2006/ 053766 PCT/ EP2005/ 012378

-21 trans-A9-THC is inm scible in the acidified al coholic phase.

Non- | i mi ONPORYSEMSI es of useful acids include citricrewieosaaetsc acid, and
the like. In one enbodinent,. the acid is citric acid. Typically, the acid,
is added in an anobunt sufficient to achieve a pH 5 of fromabout 5 to about
9. In another enbodinent, the acid is added in an anount sufficient to
achi.eve a pH from about 6 to about -#0-i n anot her enbodi nent, the acid is
added in an anount sufficient to achieve a pH of fromabout 7 to about 8. In
anot her enbodi nent, the A9-THC Purification Method of the present invention
further conprises contacting the acid-treated al coholic phase with a 10
second wat er-inm sci ble organic solvent to form (i) a second organi c phase

conprising trans- (- )AQamhbkat 30 frs {vhikr-BmREbR-driRad Rvoal 6008] the phase.
Non-1imting exanpl es of second water-immscible organic solvents useful

for cont actfawstia Gentacsing Stapdynieadlyas Eonebow 1pngde abant {¢0nazts bEewight or gani ¢

phase 15 pr iS4 ng & i ncl ude t.-ha. non-pol ar _organi ¢ sol vents
descri bed g%g@eé S%? ‘%F ﬁé@@@éﬁ‘%’ﬂ?ﬁ 2:'inr‘f‘é‘o‘%?reeﬂ)l?l bol%lr%n%nﬁ’etg%%%lﬁll "t he second
wat er - i M Sinkibeble beafic Solveliy Rith absut BeptaRaboliN@0PERYBY weikhiHakst

wat er-i mm sci ble organjc solvent used is typically is fromabout 1 part to
about 1600 9pdhe weight efdhgyht based on the weight of the trans-Q-THC in

anot her enbedj . Of - L JaAeSGL D] j 20 sol vent is
from about 1° Igzr}{%%ﬁ %@8@@%5%‘%F?f\é\&%§&ﬁe%t eg_s"ggﬂ%%ﬁ%]h%mégi ght of the
t r ans- A9- THGlvealrig fivm oot neits edrbtedt 20eits by veighibaset on thewadight of thei sci bl e

organic solyent is fromabout 1 part to about 10 parts by wei ght based on
t he wei ght btTHGe trans-A9- THC. Methods useful for contacti ng the

20 %, 20Nl 19 PHBSE i 8RBkl FEDM B4R <, 501 v
anot her 1lenitbelamremh astiuenddinlitdd iRuwtiringcdiekiog, dvbtthwdrrett cadvade, and

ultrasound. admixing, pumping. The Caustic Contacting Step can also be carried

out by methods useful fdr liquid-liquid extraction (see, e.g., Lo ef al., Extraction, in 7

Kirk-Othmer Encyc. of Chem. Technol. 349-381 (4th ed. 1993), the entire contents of

which are incorporated herein by reference). '

15 The Caustic Contacting Step typically is carried out from about 0.25
hours to about 50 hours; in another embodiment, from about .25 hours to about 10
hours; and in another embodiment, from about 0.25 hours to about 2 hours.

The Caustic Contacting Step is typically carried at a temperature of
from about 0°C to about 100 °C; in another embodiment, from about 20°C to about

20 50°C; and in another embodiment, from about 20°C to about 30°C.

The Caustic Contacting Step can be carried out at reduced pressure,
atmospheric pressure (i.e., about 1 atmospbere), or elevated pressuré. In one
embodiment, the Caustic Contacting Step is carried out at atmosphetic pressure.

The progress of the Caustic Contacting Step can be monitored using

25 conventional techniques as described above for the Crystallizing Step.

In another embodiment, the trans-A°-THC Purification Method of the
present invention ﬁirther comprises contacting the alcoholic-caustic phase with an
acid to provide an acid-ireated alcoholic phase. Without being limited by theory, it is
believed that |



present invention further conprises separating the second organi c phase from
the acid-treated al coholic phase. Methods useful for separating the second
organi ¢ phase fromthe WO 2006/ 053766 PCT/ EP2005/012378 -22 acid-treated
al cohol i ¢ phase include those descri bed above for separating the first
organi ¢ ¥RFLE5176M t he al cohol i c-caustic phase. Aftemrcagpanatizorn from the
acid- treated al coholic phase, the second organic phase is typically dried
by, e.g., azeotropic distillation and/or contacting the second organic
phase with a drying agent 5 (e.g., Na2S04 or MgSOH). I n anot her enbodi nent,
the A9-THC Purification Method of tRE- present invention further conprises
concentrating the second organi c phase to forma concentrated second
organi ¢ phase conprising trans--A9-THC. A non-limting nethod useful for
concentrating the second organic phase is distillation. Wen the 10 second
organi c phase is concentrated by distillation, the distillation can be

carri ed OUl @A’ elieM@nGfisAPR IS er%cidﬁieﬁf%ftﬂﬁ@ﬁd fhal¥, 3SR inR exAhpleeduced

pressure. I'n one enbodinent, the distillation is carried out at atnospheric °
pressure. bAuwfdatids incudbotiiowsin, acetibecidj awdithd ks, dn ohsembrdiment, thet at reduced
pressure. | n.angther..enbodi nent, the A9- THC Purification Method of the 15 :
present i n@%‘ﬂﬁ% lcfaﬁ‘fit her conprises contacting the concentrated second

organi ¢ phase W th BygieMyabé ahidas SRkl ¢ SOANKRE sitfBcibaokeidvea$H or gani ¢
conposi tion conprising trans-A9- THC. The anpunt, _and type of non-pol ar

or gani c3solf Ept ahpw Sttp skt §e Seanothey emberiment, e ppid itpdgled B1anjamavgt Step for the
non- pol ar E%%E : t I I : r =A9- THC used ‘
in the A9-$ , Eﬁ?? |%§%ﬁp§1ﬁ t@gﬁr@gﬁg‘?‘f@g@%ﬁ}%{;&%giﬁ’ﬁ%&m n anot her
enbodi nent js d¢dded inraansoudGuiifl@ng tethieme & hE offeoHBORUT fofaboatty. on Met hod :
conprises trans-(-)-A9-THC and .. trans-(4).-A9- THC. . I n anot her enbodi nent, the .
t rans- A9- THC used inﬁtaﬁ‘% ﬂ?ﬁ‘%@élm%r ?é%@é%ﬁﬁ“‘g@?th)&&d@g%?ﬁet@%s 25

trans- (-) - AQs IRt ARG cbmbriAS cditbotingey RidirtNEl H1EADEe fhake ARRFHC 1S
present in" an anount from about 0.75 to about 1.25 nolar” equival ents per
- ol ar dfui vedosdt of ‘

water-immiscible or ganic solvent to form (i) a second organic phase comprising
trans-(-)A’-THC and (ii) an acid-treated alcoholic phase. _

Non-limiting examples of second water-immiscible organic solvents
useful for contacting the acid-treated alcoholic phase to form a second organic phase

15  comprising trans-A’-THC include the non-polar organic solvents deseribed above for
the Crystallizing Step. In one embodiment, the second water-immiscible organic
solvent is heptane. The amount of first water-immiscible organic solvent used is
typically is from about 1 part to about 1000 parts by weight based on the weight of
the trans-A’-THC; in another embodiment, the amount of water-immiscible organic

20  solvent is from about 1 part to about 50 parts by weight based on the weight of the
trans-A’-THC; and in another embodiment, the amount of water-immiscible organic
solvent is from about 1 part to about 10 paItS by weight based on the weight of the
trans-A’-THC. Methods useful for contacting the
acid-treated alcoholic phase with a second water-immiscible organic solvent include

25  those described above for the Caustic Contacting Step. _

In another embodiment, the A>-THC Purification Method of the
present invention further comprises separating the second organic phase from the
acid-treated alcoholic phase. Methods useful for separating the second organic phase
from the
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trans-(+)-A9-THC. In another enbodinent, the A9-THC Purification Method of
the present invention further conprises: W 2006/ 053766 PCT/ EP2005/012378
-23 adding trans-(-)-A9-THC or trans-(+)-A9-THC to the first organic
conposition in an anmount sufficient to provide a second organi c conposition
conpri si W 00E5XE6 THC and trans- (+)-A9- THC, wherein tha/rmensmsiBss - A9-THC is
present in an anmount from about 0.75 to about 1.25 nolar equival ents per
nolar 5 equivalent of trans-(+)-49-THC, and allow ng trans-(-)-A9- THC and
trans-(+)-A9-THC to crystallize from the first organic conposition to
provide crystalline ()-A9-THC as degéri bed above for the Crystallizing
Step. 10 In another enbodi nent, the 49-THC Purification Method of the
present invention further conprises allowing the trans-(-)-A9-THC and
trans-(+)-A9- THC to crystallize fromthe first organic conposition to
provi de crystalline THC as descri bed above for the Crystallizing Step,

wher ei n ( @)acidigatddrafdohOiIRRLLincIGAMROR dek@ibed QPRI fSERpd:Btidg the Bt THC and
trans-(+)-A9-THC, and (b) the trans-(-)-A9-THC is present in first organic

conposi t i orPrgaRicarhagmiem thefalepho b eavstiophmse. 1 dfteseparatondep ke aridequi val ent s
per ol o Sttt A0SR} BT, g e
20 al | owi ngztotep®>-distillafiéh AidGr attadtingnise dgndARgabikpHage witl s tating Zenf rom a
non- pol 8" GEgMFOSBNEI o provi de crystal | i ne- ()- A6, THG, wher of n the
trans-(-)-A9- THC and ! ARt affodidibat e AIFTHEP GifREG NRfhod BYihe25 (a) forning
a bi phasi c conposition conprising ?I) a first organic phase conprising a
first wat erpréesen igeinbibe figihgaminmprised opeednjratmgihé sécpndiorgamic phask itacform a
concentrated second organic phase comprising trans--A’-THC. A non-limiting
method useful for concentrating the second organic phase is distillation. When the
10  second organic phase is concentrated by distillation, the distillation éan be carried out
at elevated pressure, atmospheric pressure, or at reduced pressure. In one
embodiment, the distillation is carried out at atmospheric pressure.. In another
embodiment, the distillation is carried out at reduced pressure.
In another embodiment, the A’ THC Purification Method of the
15  present invention further comprises contacting the concentrated second organic phase
with a
non-polar organic solvent to form a first organic composition comprising trans-A’-
THC. The amount and type of non-polar organic solvent are those described above
in the Crystallizing Step for the non-polar organic solvent.
20 In another embodiment, the trans-A’-THC used in the A’-THC |
Purification Method comprises trans-(-)-A’-THC. In another embodiment, the frans-
A°-THC used in the A’-THC Purification Method comprises trans-(-)-A’-THC and
trans-(-)-A°-THC. In another embodiment, the trans-A’-THC used in the A’-THC
Purification Method comprises
25 trans-(-)-A’-THC and trans-(+)-A’-THC, wherein the trans-(-)-A’-THC is present in
an amount from about 0.75 to about 1.25 molar equivalents per molar equivalent of
trans-(+)-A’-THC. |
In another embodiment, the A*-THC Purification Method of the

present invention further comprises:



caustic phase containing trans-(-)-A9-THC and trans-(+)-49-THC, (b)
separating the trans-(-)-09-THC and the trans-(+)-A9-THC from the

al cohol i c-caustic phase; and WO 2006/ 053766 PCT/ EP2005/012378 -24 (c)
formng the first conposition conprising (i) the trans-(-)-A9-THC and the

t rans- ( +VOR998I66f step (b), and (ii) the non-pol ar rarmganiGosstyent .

Met hods for form ng the biphasic conposition as well as the anmpbunts and type
of first water-inm scible organic solvent, water-m scible alcohol, water, 5
and al kali netal hydroxide include those described above for the Caustic
Contacting Step. Sinmilarly, nethodg3for separating the trans-(-)-A9-THC and
the trans-(+)-A9- THC from the al coholic-caustic phase, and nethods for
formng the first conposition conprising (i) the trans-(-)-A9-THC and the
trans-(+)-A9-THC of step (b), and (ii) the non-polar organic 10 . solvent

i ncl ude those descri bed above for the ()-A9-THC Purification Method. Once

obt ai ned, - crystal | i ngidf udA9xJHC. TRt BPFadsi-+{- AR TACSUR fsZdpgyc Step can be
separated fromthe quui% phe@e by nee?ﬁoég Lnovvn in the arrggjlﬁwt hods for

separ at i ng compogitignsinah lhinpent(shifick@t D> fidonsacoe ¢rigenic compaiieni ncl ude, e. g.,
filtration, centri ati nd decaptation. I.n_one enhodi t, crystalline
(f)-A9 15 ‘PP@W%‘“%Q&%F&%@“&W'E@@&F%@%"gheﬁﬂ’étg@ WS'E:!%At "rTgf' Bn. Crystalline
(1) - A9- THC Qb8 ak Bnbli fShYHodd d 77i0M8oRiSS £y cquiiRidhRIRE h¥lar € Washed with

an organi c ‘wash sol vent, and separated fromthe ITquid "phase as described
above. Vhersqewslsuiaifl i ne (f)-A9-THC is washed, the tenperature of the

organi ¢ wash _sol.ve an.vary. Typically, the washing, when done, is carried
20 out w tﬁrag?i%a?%glﬁﬁ(g’a\ﬁgsh solvent at a tenperature fromabout -78C to :

about 50C, in anot hg[ovﬁﬂg)@ggsn@n 5. THCQRA YyA39EIE R @ReMEZIm and in
anot her  enbodi nent, from about” -20C to about "25C. Exanpl es of useful

or gani ¢ washe first wrentic cimuisitide t¢ prevido neypialline (+)eh’§EHC @s dedcnbaatabodescr i bed
above. In Qe egbogiument t he organi ¢ wash solvent, 25 when used, is
n- hept ane. © SOSUAME SIS A9- THC can, optionally, be dried. The drying can .

10 In another embodiment, the A’~THC Purification Method of the
present invention further comprises allowing the trans-(-)-A’-THC and trans-(+)-A>-
THC to crystallize from the first organic composition to provide crystalline (&)-A’-
THC as described above for the Crystallizing Step, wherein (a) the first organic
composition comprises

15 (9)-A°-THC and trans-()-A%-THC, and (b) the trans-(-)-A°>-THC is present in first
-organic composition in an amount from about 0.75 to about 1.25 molar equivalents
per molar equivalent of trans-(+)-A’~THC

In another embodiment, the invention relates to a method for making
crystalline (+)-A’-THC comprising: -

20 | allowing trans-(-)-A°-THC and trans-(+)-A’-THC to crystallize from a
first composition comprising trans—(-)-Ag-THC, trans~(+)-A’-THC, and a noﬁ-polar
organic solvent to provide crystalline (£)-A’-THC,

* wherein the trans-(-)}-A’-THC and the trans-(+)-A’-THC were obtained
by:

25 (a) forming a biphasic composition comprising (i) a first organic
phase comprising a first water-immiscible organic solvent, and (i) an alcoholic-
caustic phase containing trans-(~)-A°>-THC and trans-(+)-A>-THC;

(b) separating the trans-(-}-A>-THC and the trans-(+)-A’-THC from

the alcoholic-caustic phase; and



be carried out at atnospheric pressure, optionally with the aid of a sweep
gas such as dry air, nitrogen, helium argon, or the like. Alternatively,
the (f)-A9-THC can be dried at reduced pressure. WO 2006/ 053766

PCT/ EP2005/ 012378 -25 When the separated (f)-A9-THC is dried, the drying
tenperature can vary. Typically, the drying, when done, can be carried out
at a tenp@P81dP¥% rom about -25 to about 65C in andch@resbngdisnent, from
about 0 to about 60C;, and in another enbodi ment, from about 25 to about
50C. 5 Typically, the (4:)-A9-THC obtained in the Crystallizing Step
conprises at |east about 95% by meiaht of trans-(-)-A9-THC and
trans-(+)-A9-THC based on the totaF4ampunt of cannabinoids. In another
enbodi ment, the (f)-A9-THC obtained in the Crystallizing Step conprises at
| east about 98% by wei ght of trans-(- )-A9-THC and trans-(+)-A9-THC based on .
the total amount of cannabinoids. In 10 anot her enbodi nent, the (f)-A9-THC
obtained in the Crystallizing Step conprises at |east about 99% by wei ght

of trans-(-)-A9-THC @berﬁn[r%ﬁﬁe firs) cosobiden Q@ﬁ?ﬁi@‘%}ﬂﬂ@u&&t@iﬁm@m of
cannabi noi ds. The se arate (th)-A9-THC can then be resol ved on a chiral
st at i onar y and B frianser)-ds-10ES of sitre@®), bad Giy them@epilirengahidsolvéntt. The Resol vi ng

Step In the present jnyention, (f):A9-THC obtai.ned fr crystal line

()-A9- THC and an el u%%@dss%rgjéﬁ“%}@g@mﬁcamﬁs ?ﬁsgglrﬁﬁf%flmgﬁﬁi onary
phase to LA&HLHY6f ilewittaidniscible odRdidshivefD Malet-2ARNIe ALHRL, WARSO! ving Step”).
This provides a 20 conposition conprising at |east about 98% by wei ght of

t rans- (9) - A9d glkedi wetal ygledde ingludethpacieputhed abnyedershe Geustic fantapingof

cannabi noi {th i limt t heor, |icants Lb eve that
resol vi ng %?é)p y&%%’% 8&%%05%‘?1) %a%g%rﬁés a'g?"ﬁ?"r%" B%P %ﬁﬁ'ﬁesﬁgﬁ\‘l des a
trans- (-) - A% Hiin dhie dl¢ohbBe-CanbtidPhatiant orp0ds fok Gimigvihe Grst Oapdsgieal s, 1 f any,

of the cannabinqgid. inpurities found in trans-(-)-A9-THC or trans-(+)- 25
A9- THC obt &PREEEOABWN net hods. The conposi tion conprising (f)-A9-THC used

in the Reslyi PYASTRR and the trans-(H)-A>-THC of step (b), and (ii) the non-polar organic
10 . solvent inclﬁde those described above for the (£)-A>~THC Purification Method.
Once obtained, crystalline (&)-A’-THC formed in the Crystallizing
Step can be separated from the liquid phase by methods known in the art. Methods
for separating the crystalline ()-A’-THC from the liquid phase in-clude, e.g.,
filiration, centrifugation and decantation. In one embodiment, crystalline (+)-A°-
15 THC is separated from the liquid phase by filtration.
| Crystalline (£)-A°-THC formed in the Crystallizing Step can,
optionally, be washed with an organic wash solvent, and separated from the liquid
phase as described above. When crystalline (&)-A°-THC is washed, the temperature
of the organic wash solvent can vary. Typically, the washing, when done, is carried
20 out with an organic wash solvent at a temperature from about -78°C to about 50°C;
in another embodiment, from about -30°C to about 30°C; and in another
embodiment, from about -20°C to about 25°C.
Examples of uéeful organic wash solvents include the non-polar
organic solvents described above. In one embodiment, the organic wash solvent,
25  when used, is p-heptane.
The separated ()-A°~THC can, optionally, be dried. The drying can
be carried out at atmospheric pressure, optionally with the aid of a sweep gas such as
drﬁr air, pitrogen, helivm, argori, ot the like. Alternatively, the (i)~A9—THC can be

dried at reduced pressure.
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can contain an anount of trans-(-)-A9-THC that is |less than, equal to or
greater than WO 2006/ 053766 PCT/ EP2005/012378 -26 the anount of
trans-(+)-A9-THC. For exanple, the conposition conprising THC may be
obt ai ned_by admi xi ng crystalline (1)-A9-THC with a trans-(-)-A9- THC
conposi t WORUAEH6f a trans- (+)-A9-THC prior to carryireg/EratesmierResol vi ng
Step. Typically, the conposition conprising (+)-A9-THC contai ns about an
equi nol ar 5 anmount of the trans-(-)-A9-THC and trans-(+)-A9- THC. Any known
or | ater-devel oped chiral stationargﬁphase that resolves trans-(-)-A9-THC
and trans-(+)-A9-THC can be used. Fe?-exanple, a nethod for resolving
trans-(-)-A9- THC and trans-(+)-A9-THC enantioners on a chiral stationary
phase is described in S. L. Levin et at., J. Chrornatogr. A 654:53-64
(1993)). 10 Typically, the chiral stationary phase contains a chiral group
or derivative imobilized on a support such as, e.g., a polyner or -

i norgani c oxide. A NyRed ih8kdpaRfed Wnﬁﬁlﬁﬂhéduﬁﬁ h@@&h&ﬂﬁ&x%&@port i's
pol ystyrene in bead form Non-Iim exanpl es of useful inorganic oxide
supports |H@Wué@P@ﬂb@6§Chﬁ%@ﬁ@@ndnm%Paabﬁﬂ%nmim@gﬁ%@ﬂaﬁﬂﬁﬁuﬁwma and

nmol ecul ar a ° X ort is
silica. Th§$ g'lnezr%alCCl %)O(rapgsale ?@%ﬂé{(}){%ﬁ%q%oélgﬁ %t (genggﬁéugrqe%@%?lrl%q% er. Non-
limting emﬂesembodmaﬁuﬁrombbmﬁlZS‘dﬁrabvﬁtSOV(és include tri s(aryl car bamat e)
derivatives of saccharides. such lose cellulose chi tosin,

xyl an, eurdl an, dextFacal I&ﬁh‘-"(‘-"l)'r%l%po ‘ﬁméllllél #rboxsialesRe Stehe saccharide is

g'ny”l??ﬁ; phg%yﬁ%% E{EP%%W%Q Y&J%%%F or oag"%éﬁy‘il@af;krﬂg "l"’)s"(i)"hy‘ll‘ﬁﬁ:3 >

tris(4- et bydegah lmrfatralsamomt 61 G@hidkbifRtdyy |Iﬂ@lﬁtﬂ:ﬁh’iteﬁﬂ)oﬁihlent the (i)-A -THC
tris[(S)-phenyle | carbamate] . I n anot her enbodi nent,
tris(aryl c&bﬂﬁ@ﬁﬁﬂ@% F%stallizsr( iep @nnmsmtd%h%m&b?%hweyght wfﬁraaﬁét her

enbodi ment ltiﬁl(lccartgahl z%. ’%@%}{seﬁ%ﬁ%ﬁe lo‘c?ixl Ql%llzﬂ%?cannabmmdﬁ & o ae

trls(3,5-d nmobi 1 1zed. on sil1ca, aval
Chi r al pak( Bl)Oﬂ‘kBEMbbdlﬂIﬁlDﬂleCﬂ Chem cal Industries, Tokyo, Japan. O her

non-limti gxanpl es, of useful chiral statiognary ph ses |n | ude cellul ose
triacetat e?%c‘%rrrﬁ&@g@“leli%@ﬁ?&ﬁfaik%lgﬂ’ G@?PIF@%EWIWSB%?BH% Al ani ne et hyl
weight of trans-(-)-A>~THC and trans-(-F)-A’-THC based on the total amount of

cannabinoids.
The separated (£)-A’-THC can then be resolved on a chiral stationary
15  phase as described below in Section 4.4.

4.4. The Resolving Step

In the present invention, (£)-A>-THC obtained from crystalline
(:l:)-Ag-THC and an eluting solvent are contacted with a chiral stationary phase to
resolve the frans-(-)- and (+)-enantiomers (the “Resolving Step”). This provides a
20  composition comprising at least about 98% by weight of trans-(-)-A’-THC or trans-
(+)-A°-THC based on the total amount of cannabinoids. Without being limited by
theory, Applicants believe that resolving (&)-A°-THC obtained from crystalline (£)-
A°-THC provides a trans-(-)-A*THC or trans-(+)-A’-THC composition having low
levels, if any, of the cammabinoid impurities found in trans-(-)-A’-THC or tralis—(+)-
25  A’-THC obtained by known methods.
The composition comprising (£)-A>-THC used in the Resolving Step

can contain an amount of trans-(-)}-A’-THC that is less than, equal to or greater than



ester]; WD 2006/ 053766 PCT/ EP2005/012378 -27

3, 5-di ni trobenzoyl phenyl gl yci ne; crosslinked di- (3, 5-di nethyl benzoyl)-L
diallyltartram de; crosslinked di-(4-tert-butyl benzoyl)-L diallyltartram de;
and tetrahydro-am nophenant hrene 3, 5-di ni trobenzam de (see E.R Francotte,
J.  Chr oVRZYYS376R 906: 379-397 (2001)). 5 Typically, reTownasninat ed sol ution
of (f)-A9-THC and an eluting solvent is added to the top (or front) of a
colum containing a chiral stationary phase. The ()-A9-THC is then eluted
with the eluting solvent (i.e., the nobile phase) to provide eluents

contai ning trans-(-)-A9-THC or trangb¢+)-A9-THC. 10 The Resol ving Step can
be carried using batch chromatography, continuous chronmatography or

si mul at ed novi ng bed chronmatography (see, e.g., E R Francotte, J.

Chromat ogr. A 906: 379-397 (2001)). In one enbodinment, the Resolving Step is
carried using continuous chromat ography. The Resolving Step can be carried
out at aboyfe snALHGRAS(D- M TAD, PHESEHDR, Bk coRBbdifAdnprisal (hefuced pressure
or elevated pressure. In’ one enbodinent, the Resolving Stép is carried out
at about 1 THGrospbeeaiotd pr ebsiving cryisialline¢tRaTTHEitida et )-A’HBEIRes ol vi ng

Step is carried.out. el eva syre. In,one enbpodjpent, the Resol ving
Step is caFPﬁnB?PltEﬂﬁ‘t“g{mﬁgﬁ?ﬁj&S&i&ﬁf@W‘H EUDIARAN the Resplyingr™eel y el evat ed

ressure, : : . 159 ] . 20 about 1.1
A R O R D L e

anot her senhpdimmifithe tiae (RSOt ngl iBine+)-4"-THCr i ed out at using flash
chromat ography at highly el evated pressure, e.g., fromabout 10 to about

175 at nospheres: f r ofRRKERN orlefer-geyeloped ehitel sationaryspiies @at e0FEM about 125 to
about 175 VS PREFESS . Ol al_abou S 2 .mting '
exanpl es o?ﬁgﬁf?\ngﬁ?oﬁn\ggﬁtgs(ﬁsgﬁﬁc %%P%%%@%eg%ﬁx?% fe; %’Eﬂg%&li #\dgl ude

st rai ght - chedolvigy trabean -1 b £4Bs-(OANBTRY chastitasdré 6 eidrabbthfionae or  nore
-OH, -OR1, -OC(OR1, C(OORL, -halo, qr -CN straight-chain or branch-chain
(C4- G 0) al PB#sHS st de fIb&r?é’}ne(tég’-JCﬁWW‘f%-ﬂéﬁﬁg?"é“ﬁm??ﬁcar bon optionally -

10  Typically, the chiral stationary phase contains a chiral group or derivative

immobilized on a support such as, e.g., a polymer or inorganic oxide. A non-limiting
example of a useful polymer support is polystyrene in bead form. Non-limiting
examples of useful inorganic oxide supports include silica, magnesium silicate,
magnesia, alumina and molecular sieves. In one embodiment, the inorganic oxide

15  support is silica. '

The chiral derivative comprises at least one chiral center. Non-
limiting examples of useful chiral derivatives include tris(arylcarbamate) derivatives
of saccharideé such as, e.g., amylose, cellulose, chitosin, xylan, curdlan, dextran, and
inulan. In one embodiment, the saccharide is amylose.

20 In one embodiment, the tris(arylcarbamate) is tris(3,5-
dimethylphenylcarbamate), tris{4-chlorophenylcarbamate), tris(4-methylcarbamate),
tris(4-methylbenzoate) or tris[(8)-phenylethylcarbamate]. In another embodiment,
the tris(arylecarbamate) is tris(3,5-dirﬁethy1phenylc arbamate). In another
embodiment,.the chiral stationéry phase is amylose tris(3,5-dimethylcarbonate)

25 immobilized on silica, available as -Chiralpa,k® AD™ from Daicel Chemical
Industries, Tokyo, Japan;

Other non-limiting examples of useful chiral stationary phases include
cellulose triacetate; cellulose tribenzoate; poly[(S)-N-acrylolyphenylalanine ethyl

ester];



substituted wi.th one or nore -Rl; (C4-C7)cyelic ethers optionally

substituted with one 30 or nore -Rl; aromatic hydrocarbons optionally

substituted with one or nore -Ri, WD 2006/ 053766 PCT/ EP20031012378 -28-

hal o, CI—Iw%hal O%'?i CH(hal 0) 2, -C(halo)3 Q(Cl-C6)al kyl; or any m xture

t her eof BPASRES i s (al-Ca)alkyl. Non-linmiting examsiraPbossrsai ght - chain
or branch-chain (Cl- C4)al kyls substituted with one or nore -OH, -OR1,

- -OC(ORL, -C(OORI, -halo, or 5 CN include nethanol, ethanol, n-propanol,

i sopropanol, n-but anol i sobutanol, tert- butanol, chloronethane, nethyl ene

chl ori de, chI oroform carbon tet racﬁ?’orl de chloride, diethyl ether,

di -i sopropyl ether, tert-butyl nmethyl ether, acetonitrile, nethyl formate,

et hyl formate, rrethyl acetate, ethyl acetate, isopropyl acetate, butyl

acetate, or any mxture thereof. 10 Non-limting exanples of straight-chain

or branch-chain (C4- Clo)aliphatic hydrocarbons include butane, pentane,

hexane, heBﬁadim};robaﬁoﬂplmnﬂlglycm;]aﬂﬁlmk&mamﬁ,s -dixhetyipenvox®dr e t hereof. -

Non- | i | oal i ph |
Subst 1 T ut cQHRRRBRGE oA SREErn bt bDNG FidFe rhowanc. 15
met hyl cycl %Hi‘ﬁ?g’fﬁ LamophQRERERES, soeimﬁfaxeﬁ?ﬁiaer&e@&rﬁ% ublon- limting

exanpl es of ( Cl)cyclic ethers optionally substituted W th one or nore
-Ri incl udé’htcemmwyﬂﬁﬁﬁ?%ﬁw (ribéﬁbbyl t et rahydr of uran, 1, 4-di oxane,

1, 3- di oxol ture th f t
nydr ocarbons. opt | onal b krieGaniRt ot GRe oP BHOMRRe oo™ ¢
- CH2('hal 0) solvédtiishalie) .the 16p e feond) of Qcohmn@onaimyd a tiel uditorkel glage, xyl ene,

cl zl orobenzene, benzotrifluoride, or any mxture thereof. I'n one
embodi ment 1B f’he el uting solvent conprises an aliphatic hydrocarbon and an

al cohol . I g fiets GEPaHA%R thd HEiis ééiw)eﬁ%@oh\%%bﬂggﬂﬁg’t% ovide N-heptane

and i so-propanol. In another ?nbodlnen e organic conprises a
(95: 5 ( v/ vpivents genigising frans-Gepl-ARE @-tpnopRrsHTIIC.
10 The Resolving Step can be carried using baich chromatography,

continuous chromatography or simulated moving bed chromatography (see, e.g.,
E.R. Francotte, J. Chromatogr. A 906:379-397 (2001)). In one embodiment, the
Resolving Step is carried using continuous chromatography.

The Resolving Step can be carried out at about 1 atmosphere of

15  pressure or, optionally, at reduced pressure or elevated pressure. In one embodiment,
the Resolving Step is carried out at about 1 atmosphere of pressure. In another
embodiment, the Resolving Step is carried out at clevated pressure. In one
embodiment, the Resolving Step is carried out at using flash chromatography at
moderately elevated pressure, e.g., from about 1.1 to about 10 atmospheres; from

20  about 1.1 to about 5 atmospheres; or from about 1.1 to about 1.3 atmospheres. In
another émbodiment, the Resolving Step is carried out at using flash chromatography
at highly elevated pressure, e.g., from about 10 to about 175 atmospheres; from about
100 to about 175 atmospheres; from about 125 to about 175 atmospheres; or at about

| 150 atmospheres.

25 Non-limiting examples of eluting solvents useful in the Resolving
Step include straight-chain or branch-chain (C1-Cyalkyls substifuted with one or
more -OH, -OR;, -OC(0)R;, -C(O)OR;, -halo, or -CN; straight-chain or branch-chain
(C4-Cig)aliphatic hydrocarbons; (Cs-Cr)cycloaliphatic hydrocarbon optionally '
substituted with one or more -Ry; (C4-Cr)eycelic ethers optionally substituted with one

30 or more -R; aromatic hydrocarbons optionally substituted with one or more -Ry, -



The progress of the Resolving Step can be nonitored using anal yti cal

met hods descri bed above in Section 4.3. WO 2006/ 053766 PCT/ EP20051012378
-29 The eluents containing trans-(-)-A9-THC and being substantially free of
ot her cannabi noi ds can be conbined. In one enbodi nent, the eluents conprise
at Ieas@ogp%gp,%€96by wei ght of trans-(-)-@Q-THC, in another enbodi ment, at
| east out ggdx y weight of trans-(-)-A9-THC, in ad§{TH@R00SMISTH nent, at

| east about 5 99.5% by weight of trans-(-)-A9-THC, and in anot her

enbodi ment, at |east about 99.9% by wei ght of trans-(-)-A9-THC based on the

t ot al anDunt of trans-(-)-A9-THC an% trans-(+)-A9- THC. Simlarly, eluents f
contai ning trans-(+)-A9-THC and berl % 10 substantially free of other
cannabi noi ds can be conbi ned. In one enbodi nent, the eluents conprise at

| east about 98% by wei ght of trans-(+)-A9-THC, in another enbodinent, at

| east about 99% by meight of trans-(+)-A9-THC, in another enbodinent, at

| east about 99.5% b t of trans-(+)-A9-THC, and in another enbodi nent,
at | east abdot-Cib(lg ,bﬁfﬁbm@htcﬁhkﬂﬁ trans (+) A9- THC based on the tota

amount of t {Lans e eluents conprising a
first solve 6@aﬁ§fﬁ% rans tbﬁlfif’ b‘i’yIg Bé}'?s(cf @%PTHC can, optionally, be
separated fromthe w%mhmitmgekm@é@wsd&gﬁﬁaﬁm@%ﬂich%ﬁh(@ls an oil. Methods

for separating the trans- g )-A9-THC or trans-(+)-A9 20 THC fromvolatile
conponent s Ayl Fabstigited withypng qrimaoge 1@, GR1ar erf©)pResklly-&ror  reduced

pressus.  BRnIATplend Whblmasndlo bl iar (thuda I can. 1
trans-(-)- h@wIHGithnﬂhmEaH@ﬂwkaQﬂH@kdpﬁpnﬁmHLemt@EEﬁUmEKMQatent No.
£, 301,35 0, Qg ol e B SRR, BT 25T,
conposi t i oftemapEylifsintge, ifetyb adetakte, Athylideiaty, idop@pgtdesthte/Sitylldcetaten one
enbodlnentorégﬁn&gﬁgﬁékgp relates to a conposition conpr|5|ng _
10 Non-limiting examples of straight-chain ot branch-chain (C4-
Cjo)aliphatic hydrocarbons include butane, pentane, hexane, heptane, isooctane,
nonane, decane, or any mixture thereof.
_ - Non-limiting examples of (Cs-Cy)cycloaliphatic hydrocarbons
optionally substituted with one or more ~R; include cyclopentane, cyclohexane,
15  methylcyclohexane, cycloheptane or any mixture thereof.
Non-limiting examples of (C4-Cr)cyclic ethers optionaily substituted
with one or more -R; include tetrahydrofuran, methyltetrahydrofuran, 1,4-dioxane,
1,3-dioxolane, or any mixture thereof,
Non-limiting examples of aromatic hydrocarbons optionally
20  substituted with one or more -Ry, ~halo, ~-CHj(halo), —CH(han)z, -C(halo)s -O(C,;-
Cealkyl include toluene, xylene, chlorobenzene, benzotrifluoride, or any mixture
thereof. |
In one embodiment, the eluting solvent comprises an aliphatic
hydrocarbon and an alcohol. In another embodimcht, the eluting solvent comprises
25 n-heptane and
iso-propanol, In another embodiment, the organic solvent comprises a (95:5 (v/v)
mixture of n—heptane:z-propanol._ |
The progress of the Resolving Step can be monitored using analytical

methods described above in Section 4.3.



at least 99.0% by wei ght of trans-(-)-A9-THC, in another enbodi nent, at

| east about WD 2006/ 053766 PCT/ EP2005/012378 -30 99. 5% by wei ght of
trans-(-)-A9-THC, and in another enbodi ment, at |east 99.9% by weight of
trans-(-)-A9-THC based on the total anount of cannabinoids. In one
embodi meWP 283 vention rel ates to a conposition cogprEPiongz3® at | east
99. 0% up to about 99.95% by wei ght of trans-(-)-A9-THC based on the total
amount of cannabi noids. In another enbodi nent, the invention relates to a
conposition conprising at |least 99.0% up to about 99.98% by wei ght of
trans-(-)-A9- THC based on the t ot af? anount of cannabi noi ds. In anot her
enbodi nent, the conpositions conprising at |east 99.0% 10 by wei ght of
trans-(-)-A9-THC based on the total anount of cannabinoids are fornul ated
as a pharmaceutical conposition as described in Section 4.6. In one
enbodi ment, the invention relates to a conposition conprising at |east
99. 0% by wei ght of tTiersucts)coA@inTigGrank(-)atEHE@ endbaaiubEaitaliaticb east

99. 0. 0% by jght of.trans-(+)-A9-THC, in another embodi nent, at | east

99. 5. 0% byoygtgg\ﬁéﬁn&%@" cf“flg“né@%%ﬁ%gﬁ%&a%%m?% MEFRE cuHBlEfhent, at
| east 99. 9?@@a§%)éb&ﬁ'9gmb)p®eigﬁtrcgéﬁﬁn{r§- LARIHTHR zﬁﬁ%ge@vﬁxg&t}m&h anmount  of

cannabi noi ds. The trans-(-)- conpositions o present invention

typi cal |y aeaipromy iz oftsgsdarb ol o anether, eoybividikené.ahlebs abatind i n

trans-(z)- o ositions derived fromnatural sources (see RF. Turk
et al., SJ. egﬁg"'r%%‘g%ﬁlg%ggc 23:190-195 (1971)). In one enbodi ment, the

trans- (-) - AfssHHEASOHE sid inansthaferitodiment, @skeadt about 9ROV weighiafn | ess t han

0. 05% A9- THC car boxyli.c acid: in_another. enpodi t, less than 0.01% A9- THC
car boxyl i c &%y -Ru"ﬁ%ﬁ?@@%ﬁ%ﬂﬁ% t,OfFr@gSgB)-gﬁgﬁ%@PéG@%-(&ézﬂmc carboxylic
aci d; and ipgcanot her enbodi nent, |ess than 0.001% 25 A9- THC carboxylic acid
based on the based on the total amount of cannabinoids. In another

enbodi ment, the tran¥inilalysuepscopisinasransGhish cBHEand beiog A9- THC * car boxyl i ¢
aci d. b % 29&@&9&5&@%%%&98?&9&8&3& be combined. In one embodiment, the

eluents comprise at least about 98% by weight of trans-(+)-A>~THC; in another
embodiment, at least about 99% by weight of Trans—(+)-A9-THC; in another
embodiment, at least about 99.5% by weight of trans-(+)-A’~THC; and in another
embodiment, at least about 99.9% by wéight of

15 trans-(+)-A"-THC based on the total amount of trans-(+)-A>-THC and trans-(-)-A°-
THC.

The eluents comprising a first solvent and trans-(-)-A’-THC or
trans-(+)-A’~THC can, optionally, be separated from the volatiles to provide each
enantiomer as an oil. Methods for separating the trans-(-)-A>-THC or trans-(+)-A’-

20  THC from volatile components include, e.g., distiflation at atmospheric pressure or
reduced pressure. For example, the trans-(-)-A’-THC or trans-(+)-A>-THC can, if
desired, be distilled By fractional distillation to provide a trans-(-)-A”-THC or trans-
(+)-A9-THC distillate (see U.S. Patent No. 4,381,399 to Olsen ef al.).

4.5. Compositions Comprising frans-(-}-A>-THC er trans-(+)}-A’-THC

25 As noted above, the present invention also relates to compositions
comprising trans-(-)-A’-THC or trans—(+)—A9~THC.
In one embodiment, the invention relates to a composition comprising

at least 99.0% by weight of trans-(-)—Ag—THC; in another embodiment, at least about



-31 I n anot her enbodi nent, the invention relates to a conposition
conprising at |east 99.0% by weight of trans-(-)-A9-THC and | ess then of
0. 05% of A9- THC carboxylic acid; in another enbodi ment, at |east about
99.5% by weight of trans-(-)-A9-THC and |ess then 0.05% of A9- THC
carboxyl'8 cid- and in another 5 enbodi ment, at |east 99.9% by wei ght of ;
trans-()y-ﬂ 6PEE5%nd | ess then 0.05% of A9- THC car b&&%yiEPHoHeizgsbased on the
total anount of cannabinoids. |In another enbodinment, the invention rel ates
to a conposition conprising at |east 99.0% by wei ght of trans-(+)-A9-THC
and | ess then of 0.05% of A9-THC carboxylic acid; in another enbodi nent, at
| east about 99.5% by wei ght of 10 t?%hs-(+)-A8-THC and | ess then 0.05% of
A9- THC carboxylic acid; and in another enbodinment, at |east 99.9% by wei ght
of trans-(+)-A9-THC and | ess then 0.05% of A9-THC carboxylic acid based on
the total anmount of cannabinoids. As noted above, trans-(+)-A9-THC, together
wth trans-(+A9-THC, is wuseful for nmaking crystalline ()-A9-THC. 15 The
trans- (-) - 8Q5%HE vasight b s (HAAPHT HRIGH BRABreinboginkat) abieadiegley, §3y net hods
descri bed above. In another enbodi nent, the invention relates to a
conposi t i oweighfpri sing (-)-A9-THC, trans-(+)-A9-THC, a first

wat er-i mm sci bl\e i l.ve a er-m-sckbl e al cohol, water, and an
al kal i net%%&H3H$€§$§§%%?%§ﬂ%ﬁﬁ%&@???%%%?%m‘ (ﬁggful for renoving inmpurities

from (-)-A9- THC and/labné éabstithent; thS inkekiion rdlafes tolhemaeitioh ¢oitp@aRy | actic
Adm . ni stration of Conpositions nprising trans-(-1-A9- THC The conpositions

Co
of the ¥ nvaideash?P. Q6o 2oryOXP5% b seciaht olimansy-)-Mel iifh basst op thertetal - ) - A9- THC
based on t Male] 25 treating the
sae. i sealdghit P anBpisls, 2h 4 RARYR, Hetul BRbl il aP L PR CT )
A9-THC i s kaowmition cheprisies atlleasDd9.096 fup anyboGOIEDE% b woltht whtkeb-(-)-A°-
trans-(-)-A9-THC is later found to be useful for treating or preventing.
For exanpl EHG hasggon thy toped amppmt of gapsalingilons conpri sing at | east 99. 0% by

‘_Ngizght of trans-(-) 1p3ndthlr AABEELAN HBmPRHARYARALRE It 5FEH0S/ 012378

10 by weight of trans-(-)-A>-THC based on the total amount of cannabinoids are
formulated as a pharmaceutical composition as described in Section 4.6.
In one embodiment, the invention relates to a composition comprising
at least 99.0% by weight of trans—(+)-A9—THC ; in another embodiment, at least
. 99.0.0% by weight of trans-(+)-A’-THC; in another embodiment, at least 99.5.0% by
15 | weight of |
trans-(+)-A"-THC; and in another embodiment, at least 99.9% by weight of
transw(+)~A9 _THC based on the total amount of cannabinoids.
The trans-(-)-A’~THC compositions of the present invention typically
~ containno A’-THC carboxylic acid, which can be found in frans-(-)-A’-THC
20 compositions derived from natural sources (see R.F. Tutk et al., J. Pharm. -Pharinac.
23:190-195 (1971)). In one embodiment, the trans-(-)-A’-THC compositions of the
present invention contain less than 0,05% A’-THC carboxylic acid; in another
embodiment, less than 0.01% A’-THC carboxylic acid; in another embodiment, less
than 0.005% Ag;-TI-IC carboxylic acid; and in another embodiment, less than 0.001%
25  A’-THC carboxylic acid based on the based on the total amount of cannabinoids. In
another embodiment, the ttans-(~)—A9-THC compositions contain no A-THC

carboxylic acid.



total anmount of cannabinoids can be used for treating or preventing enesis,
| oss of weight |oss of appetite, nmultiple sclerosis, Tourette's syndrone,
Par ki nson' s di sease, or palsies such as cerebral palsy. Accordingly, in one
enbodi ment, the present invention also relates to nmethods for treating or
prevent iYW 2W6RTeH ti on, conprising 5 admi nistering tBCHEPADI/@RI78i N need
thereof an effective anount of a trans-(-)-A9 conposition, wherein the
trans-(-)-A9-THC conposition conprises at |east 99.0% by weight of
trans-(-)-A9-THC, in another enbodi nent at |east 99.0% by wei ght of
trans-(-)-A9-THC, in another enbodidknt at |east 99.5% by wei ght of
trans-(-)-A9- THC, and in another enbodi nent at |east 99.9% by wei ght of
trans-(-)-A9-THC 10 based on the total anmount of cammabinoids. |In another
enbodi ment, the present invention also relates to nethods for treating or
preventing a Condition, conprising admnistering to a patient in need

thereof an effecti venanBHitenHodBndnt, FSmlentioARIABAopAHionvher ei n t he
trans-(-)-A9- THC conposition conprises at |east 99.0% by wei ght of

trans- ( - ) - ASRDHSDEA Eabth9DYE by whight Of 10BN AL e lessrthandfi0ic%ef d; in
anot her enbedinent, at..l east 99.0% by _weight of tr s 2) - A9-THC and | ess
hen 0. 0506 g1 PRGBSty MRS RodPR o i s HEMEET | cast 9. 596

by wei ght  gfpd -)a,&ﬂsTﬁdaa#@Og;f {cn 810954 cffgazﬁﬁlggﬁg@g}gg%ﬂf iy Ll boxylic

acid; and 1n another e I ment at wel ght o
t rans- (%) - abddiGeitastdehsdD. 2% by treighk obimms(t)-AOf THAandkinbhed& 03Mdf| ess then 20
0. 05% of A9; THC carboxylic acid. In one enbodi nent, the Condition is pain.

I n anot her AehbiSdiaroxylic adibbaserhen the defal anouppeficannagingids. a5 the result of

cancer chenot herapy.r,l Qpet_ng:%ﬁiuﬁéﬁt’ | 4 : bionsis | oss of
appetite. 25 In anot ea'rraoénbo I ment ,’%@@‘R&W?‘Sﬁg{%ﬁ ?gﬁ‘!{‘ﬂ 0ss, e.g., as
t he resul t corafrisiyng iaEloi096 b ghhéfaens-¢H)-AAEHC dnd tesaithen of R05% of

i mmunodef i chency syndrone. (A DS) or AlDS rel at ed corrgl ex (ARC) . Wen

admi ni st er 8dTHE arboapiiesnd; i prother smbodimentagt Iqastaboyhdn 1oty g¥eight 85nt ai ni ng at

o RS O 0 A Rl ude o Y0
‘embodiment, at least 99.9% by weight of trans-(+)-A’-THC and less then 0.05% of
A’-THC carboxylic acid based on the total amount of cannabinoids.
Aé noted above, trans—(+)—A9~THC, together with trans-(-)-A>-THC, is
useful for making crystalline (£)-A’-THC.
15 The trans-(-)-A>~THC or trans-(-+/)-A’-THC compositions can be made
by methods described above, |
In another embodiment, the invention relates to a composition
comprising (-)-A°-THC, trans~(+)-A°-THC, a first water-immiscible organic solvent,
.a water—niiscible alcohol, water, and an alkali metal hydroxide. The composition is

20 useful for removing impurities from (-)-A’-THC and/or trans-(+)-A%-THC.

4.6. I_heraneutic/l’rophzlactic Adminjstration
of Compositions Comprising trans-(-)-A’-THC

The compositions of the invention comprising at least 99.0% by
weight of trans-(~)-A>-THC based on the total amount of cannabinoids are useful for
25  treating the same diseases, ailments, or disorders (“Conditions™) for which trans-(-)--
A-THC is known to be useful, or for any Condition for which trans-(-)-A’-THC is
later found to be useful for treating or preventing. For example, trans-(-)-A>~THC |

compositions comprising at least 99.0% by weight of trans-(-)-A’-THC based on the




amount of cannabi noids conprise a suitable anmobunt of a pharmaceutically
acceptable carrier so as to provide the formfor proper admnistration to
the patient. In a specific enbodinment, the term "pharmaceutically
acceptabl e neans approved by a regul atory agency of the Federal or a state
gover nmehP 2Wp07376t ed 5 in the U S. Pharmacopei a or BCHEP2098WesTl |y

recogni zed pharnacopeia for use in animals, and nore particularly in humans.
The term"carrier™ refers to a diluent, adjuvant, excipient, or vehicle
with which the trans-(-)-A9-THC, containing at |east about 99.0% by wei ght
of trans-(-)-09-THC based on the to¥at anount of cannabinoids, is _
adm ni stered. Such 10 pharmaceutical carriers can be liquids, such as water
and oils, including those of petroleum aninmal, vegetable or synthetic
origin, such as peanut oil, soybean oil, mneral oil, sesane oil, and the

| i ke. The pharmaceutical carriers can be saline, gum acacia, gelatin,

starch pastol aindlu@.of k@fmabihids €21 YeQisstbdor &bitingdr prékeRingA@siH N6ssldfke. | n
addi tion, auxiliary, stabilizing, thickening, lubricating and coloring
agent s mayWB&htilgss pf appetitg: smulinde ilerodn dpwstie’s synsirome, Paekdnsoa s diseass: al so

contain m Sgém i n : l. SLL VI t or pH buffering
agents. We azla m Elalts é:rglfae r_afti‘ﬁh?. ‘g%"t% }tdé%w lﬁh%y%rﬂ%rd%!ﬁg’uttﬁ?g%% accept abl e
~carriers aimwepioafapatibtys wteethbdds forfinatipy esgatentingp Qenditiomsomarisingke the form

of solutions,. suspensions, . enujsion, tablets, pills, pellets, capsules,
capsul e3 cBHEAISHIAG | 3 palielkin nEEiherret an: e%%%%ﬁgf@é?%é'@‘ "ormul at i ons,

SUPPOST { Of Lo H! TS thASRRR YL TIRPL oo USRBANS AP B 90090y Ot her form

suitable for ‘use. 1n one e rans- ition

cont ai ni ngwaight ¢faags-(-HASUTTF Q% Dty cibbdihtniof 1dast@90 by weRhdddC based on the
total amount of cannabi noids further con‘gri ses sesane oil. |In, anot her

enbodi ment TansHe-A HAGS; inanother gmpotinené aieass §9.P%rky weight &f Brasg-kd’-| east about

99. 0% by i.oh t S- (1= )= A9- TH ?9"‘9:“? .th ot t of

cannabi no;,ﬁg@f %ﬁl}@%é?&g%r?éw}si@%ggs}aa% Of °?’y§% tﬁgﬁaﬁsg@ﬁﬁ%ﬁ adm xture is
encapsuf) at Bgked 6€the t@alhmoublt & cal@ibéiidsNo. 6, 703, 418 B2). WO 2006/ 053766

PCT/ EP2005/ 012378 34 | n_ another enbodi nent, the trans-(-)-A9-THC

conposi tion cont ai nilAgnother embediment, the presgnigayanion alsg rlatey fogpethads () - A9- THC
based on t kg vk or 3FRURINg Condition, comprising administering to a patient in need

thereof an effective amount of a trans-(-)-A’ composition, wherein the trans-(-)-A°-
THC composition comprises at least 99.0% by -Weight of trans-(-)-A°-THC and less

15 then 0.05% of A’*“THC carboxylic acid; in another embodiment at least 99.0% by
weight of trans-(-)-A’-THC and less then 0.05% of A>-THC carboxylic acid; in
another embodiment at least 99.5% by weight of trans-(-)-A"~THC and less then
0.05% of A>“THC carboxylic acid; and in another embodiment at least 99.9% by
weight of trans~(-)-A°-THC based on the total amount of cannabinoids and less then

20 0.05% of A>-THC carboxylic acid.

In one embodiment, the Condition is pain.

In another embodiment, the Condition s emesis, e.g., as the result of
cancer chemotherapy.

In another embodiment, the Condition is loss of appetite.

25 In another embodiment, the Condition is weight loss, e.g., as the result
of symptomative HIV infection including acquired immunodeficiency syndrome
(AIDS) or AIDS related complex (ARC).

When administered to a patient, the trans-(—)—Ag—THC compositions
containing at least about 99.0% by weight of trans—(—)—Ag—THC based on the total



cannabinoids is forned as a tablet. The trans-(-)-A9- THC conpositions
containing at |east about 99.0% 5 by weight of trans-(-)-A9-THC based on
the total weight of cannabinoids can be adm nistered by any conveni ent
route, for exanple by infusion or bolus injection, by absorption through
epi t hel i %O @Pﬁl‘gﬁécut aneous linings (e.g., oral nucoskGT/ERgGsAN23aMd
intestinal nucosa, etc.) and may be adm ni stered together w th anot her
biologically active agent. Admi nistration can be system c or |ocal. Various
delivery systens are 10 known, e.g" encapsulation in |iposones,

m croparticles, mcrocapsul es, capsﬁﬁes, etc., and can be used to
adm ni ster the pharnmaceutical conpositions., Methods of admnistration

include but are not limted to intradermal, intranuscular, intraperitoneal,
i ntravenous, subcutaneous, intranasal, epidural, oral, sublingual,
intranasal, intracerebral, intravaginal, transdermal, rectally, by

i nhal ati on, anﬂfunﬂ-@fdaﬂwbﬁﬁids)éomgnﬁdhesuﬁélﬂé amB&&%fa?hﬁﬁlacéﬂhcﬂlﬁi decepldtge preferred
node of adm nistration is oral, but other npdes of adm ni stratl on can be

left to thecamegé@@ﬂt%ﬁ%@eth%@ﬂﬂpfpwrpmruaémnstmmwth%@@rlepbr oral delivery,
the trans-(-)-A9-THC g@g h%@dmféﬂﬂl%‘t%ﬂ‘ﬁah@fmelc ?Q&lé%ta&gu 0% by wei ght
on the

of trans-(-)-A9-THC t ot al nount cannabi noi ds can be in
t he form ofméamb hﬁtrsvedlbgmagﬂxgryaqmlﬁ ﬂerdpﬂayorawemﬂeunﬁantgrbmd es,

powders,,. enul suI £s rups, ,,or elixifr for ex ally
admi ni st relat%o 0 ?e]@‘aaﬁo@%liﬁegleﬁuﬁﬁéo%‘?z @rnﬁf’ﬁf’?%%%‘ngéeg%‘nts f or
exanpl e, S%ﬁhﬁ@laﬁgn@%ﬁ&ﬁc@#@hnﬁﬁmaﬁsuqq@m 'RePie aRE t9h dliaaghari n;
flavoring agents such ‘as peppermnt, oil of V\nglter green, or cherry;

col ori ng agelitvent, exeibias, qu \mﬁgwlaéeth@érﬁn&-(ﬂ Br aﬁcdwlﬁalphamhh@@utl cally
pal atabl e pr eover, where.in tablet or pill form the
conposi ti o "@mgw’&{h@ij o] deI ay disintegration and absorption in the
gastroint eS&dﬂagl)-frm bishe b B¢ (PP HINDEE AnSAbsordsPRAdRGI ORI 08@L  an
extended period of tine. Selectively perneable menbr anes sur r oundi ng an

osnot i cHl | yphatnaopeticgh apierg candredisivy, sk asivaler andi osla,bnféuqheg thepaef v
23%25: o SR ORI SRR il RSS!
sur r oundi ngminee! o, apsutleili and thbhloeedﬂtmyphhﬂmmwkxﬂcai ang“xamcqmdmrsdhna;\/gumh swells to
acacia, gelatin, starch paste, talc, keratin, colloidal silica, urea, and the like. In
addition, auxiliary, stabilizing, thickening, lubricating aud coloring agents may be
15 used. The present compositions, if desired, can also contain minor amounts of
wetting or emulsifying agents, and/or pH buffering égents. When administered to a
patient, the pharmaceutically écceptable carriers are preferably sterile.

The present compositions can take the form of solutions, suspensions,
emulsion, tablets, pills, pellets, capsules, capsules containing liquids, powders,

20  sustained-release formulations, suppositories, emulsions, aerosols, sprays,
suspensions, or any other form suitable for use.

In one embodiment, the irans-(-)-A’-THC composition containing at
least about 99.0% by weight of tré,ns—(~)-A9—THC based on the total amount of
cannabinoids further comprises sesame oil. In another embodiment, the trans-(-)-A’-

25  THC compositions containing at least about 99.0% by weight of trans-(-)-A’>-THC
based on the total amount of cannabinoids further comprises sesame oil, and the

resultant admixture is encapsulated (see, e.g., U.S. Patent No. 6,703,418 B2).



di spl ace the agent or agent conposition through an aperture. These delivery
pl atforns can provide an essentially zero-order delivery profile as opposed
to the 5 spiked profiles of imMmediate rel ease formulations. A tine del ay
mat eri al gl ycerol nonostearate or glycerol stearate nay al so be
used. Crgﬁﬂ%gﬂﬁggftions can include standard carri erBCTERMSAE23A 0NN t ol

| act ose, starch, magnesium stearate, sodium saccharine, cellul ose,
magnesi um car bonate, etc. Such carriers are preferably of pharmaceutical
grade. 10 Wen used for intravenous gelivery, the trans-(-)-A9-THC
conposition containing at |east abodh "99. 0% by wei ght of trans-(-)-A9-THC
based on the total anmount of cannabinoids is fornulated in accordance with
routi ne procedures for intravenous adm nistration to hunan bei ngs.
Preferably, the pharnaceutical conpositions for intravenous adm nistration
are solutions in sterile isotonic aqueous 15 buffer, optionally with a

sol ubl i zi ng agent. Chnpotict ewbalifent, fhatreaseRra:FHCadmipositon adntonngay
optionally include | ocal anesthetic swch as |jignocaine to egse pain at
the site oftt{Hhg aﬁﬂ?@@t@%‘?ﬁw WQ@%M%@H%@%%@F@Q@@% lied either
separ at el yaﬁn%?&iéﬁ%échﬁrathﬂeﬂ!mt dosage form for exanple, as a dry

| yophilized powder or water free concentrate in a hernetically seal ed
cont ai ner such as anTROirampEuAeTHE comphstite conteingmgtat tegsttahent@ddpt i ty of
active agent. \\ere the rmaceuti cal conpositjons are to be adm nistered
by i nfusi orPy WHER Og%ﬂsb(é)ﬁéﬁéggﬁ%fé‘d’}l ﬂpf'oﬁomiwa%r %tl, cafiAbHRoKls CAhPRisi on bottl e
cont ai ni N9 3hkiitkBY A REGUlILE Bute, WAKSMPRIS infikiof B bilfs inpBLLRR! | Y Wi h a

&
sol ubl i zi ng agent. ere the pharmaceutical nposi tions are admi ni stered
by i nj ect i cipsorpiioraihyemgh epithlialtos mukecuipateys lingngsi(hg.coml vne@s restalsadti ne can be

provi ded so_that.the |ngredi can.he mxed.prj t o adnni.stration. The
anount of tlﬂgg&fnral alﬁnsl(-;o(sg’)e?cr&i%? E}%&iﬂg@pﬁ%ﬁ@#ﬁ%@%ﬁt@ﬁuﬁ %O%I%%%%ﬁlyabout 99. 0%
by wei ght afetite &8t (AJmiARHIAiHG caabesystmit belotalt ariaynlelivergbystadurabi noi ds '
that is effective in the treatpent or preventlion,of a ndi tion can be

det er mi Wed B9V8t e deficaPRlefipg Pop ARG nIRIRRATUGIS, TEAPPPBLES: $3RSWPL ro or in vivo
assays_can Y0 2A0H A5AL0% PiHLER2A0 P ARIARicar AhpBRtbAN dtedier ol oyed o

hel p identify optiml dosage anpunts. preci sé dose to be enployed wll

al so dependdsnnistrasion dnpluse biit arelpotdingitedde insrdermall intrmuseirousness

intraperitoneal, intravenous, subcutaneous, infranasal, epidural, oral, sublingual,

intranasal, intracerebral, intravaginal, transdermal, rectally, by inhalation, or

15 topically to the ears, nose, eyes, or skin. The preferred mode of administration is
oral, but other modes of administration can be left to the discretion of the
practitioner.

| When used for oral delivery, the trans-(-)-A’-THC composition

containing at least about 99.0% by weight of trans-(-)-A’~THC based on the total

20 amount of cannabinoids can be in the form of tablets, lozenges, aqueous or oily
suspensions, granules, powders, emulsions, capsules, syrups, or elixirs, for example.
Orally administered compositions can contain one or more optional agents, for
example, sweetening agents such as fructose, aspartame or saccharin; ﬂavbring
agents such as peppermint, oil of .wintergreen, or cherry; céloring agents; and

25  preserving agents, to provide a pharmaceutically palatable preparation. Moreover,
where in tablet dr pill form, the compositions can be coated to delay disintegration
and absorption in the gastrointestinal tract thereby providing a sustained action over
an extended period of time. Selectively permeable menmbranes surrounding an

osmotically active driving compound are also suitable for orally administered



of the Condition and can be decided according to the judgnment of a
practitioner and/or each animal's. circunstances. Wien 5 trans-(-)-A9-THC
conpositions containing at | east about 99.0% by weight of trans-(-)-A9-THC
based on 6he total anmount of cannabinoids are adm nistered orally, the

ef fect i vE¥ dYE8yE%mount is from about 0.005 ng/ kg of PEB@EY200EIGHS t 0 about
0.4 ny/kg of body wei ght about every 4 hours, although it is typically
about 0.1 ng/kg of body weight or less. In one enbodi nent, the effective
dosage anount is from 10 about 0.022 nmg/ kg of body weight to about 0.4 ng/kg
of body weight; in another enbodir %f, the effective dosage anmount is from
about 0.01 ny/kg of body weight to about 0.1 ng/kg of body weight; and in
anot her enbodi nent, the effective dosage anount is from about 0.01 ng/kg of
body wei ght to about 0.075 ng/kg of body weight. 15 The oral dosage forns
typically conprise an anmount of trans-(-)-A9- THC from about 0.1 ng to about
20 ng; in pheonhevtieybodpesiivns. ftbesedddonpiatiords,fipid fromaboentvicdOmenf; i n anot her

enmbodi nent .__abo .5 s Jdn ot-he nbodi nent . .abou :and i n anot her
embodi nent Su%%%ﬁl%g %ﬁ °ﬁ€§ﬂ qlﬁu%ﬁlge‘%%%ﬁl&r%lﬁ% FO%%OWf@%FE'Y%aEE{Eage amount is
adm ni st er gplatiabit agedDoregeiititorhodifdH Hirduoh bh apdiRrCoTdEd dedivedys abated. In

anot her enbodi nent, an, effective dosage anpount is adm ni stered about every
12 hours uRkfprmsgan prpilern spseptiallyzarserden delivery profds asompeudie e, an effective

dosage amoyhied foRAETbi el a8 reRRQUbrEMRIhs S ARBYE Felayhtblial sfih &0ndi tion is

abat ed. In anot'her enbodi nent, an- e?'?'gctl ve dosage "anount 1s adm ni stered
about ever glyéerhlouempsigarale orizhisc@bstekirate orayiatsodb asell Orahebmpositinet dagr 25

enbodi ment ef f i.ve do e_anpunt, i.s: adni ni stered about every 4 hours
ittt heineila bl (8ap SRS PR e SRR B R, TV EL s abr e
t o i nt r odug®iidh gacclpdiiae arilelotd, e@lgnabipPeRbdnatnsic) Biuch daherc a8 ipraidraliler vous

system by apy suitable rqute, including intraventricular and intrathecal
i nj ection. Ofﬂ%?f:éﬂ?qaf%ﬁ%r i njection may be WD 2006/.053766

PCT/ EP2§05/ 012378 '@ieﬂ%%h"f&rtiﬁ‘&ﬁ@nﬁéd@lﬁ‘v&}“% &@_t(_r)i_guﬁq@ cat heter, for
+ h ¥

exanpl e, attached to a reservoir, suc as ‘an ya reservoir.
composition containing at least about 99.0% by weight of trans-(-)-A’-THC based on

the total amount of cannabinoids is formulated in accordance with routine procedures
for intravenous administration to human beings. Preferably, the pharmaceutical
compositions for intravenous administration are solutions in sterile isotonic aqueous

15  buffer, optionally with a solublizing agent. Compositions for intravenous
administration may optionally include a local anesthetic such as lignocaine to ease
pain at the site of the injection. Generally, the ingredients are supplied either
separately or mixed together in unit dosage form, for example, as a dry Iyophilized
powder or water free concentrate in a hermetically sealed container such as an

20  ampoule or sachette indicating the quantity of active agent. Where the
pharmaceutical compositions are to be administered by infusion, they can be
dispensed, for example, with an infusion bottle containing sterile pharmaceutical
grade water or saline, optionally with a solublizing agent. Where the pharmaceutical
compositions are administered by injection, an ampoule of sterile water for injection

25  or saline can be provided so that the ingredients can be mixed prior to administration.

The amount of the trans-(»)—A9 -THC composition containing at least

about 99.0% by weight of trans-(—)—Ag-THC based on the total amount of
cannabinoids that is effective in the freatment or prevention of a Condition can be

-determined by standard clinical techniques. In addition, in viire or in vivo assays can



SR ; ™

Pul monary adm nistration can al so be enployed, e.g., by use of an inhaler '
or nebulizer, and fornulation with an aerosolizing agent, or via perfusion
in a 5 fluorocarbon or synthetic pul nonary surfactant. In certain

enbodi nents, the pharmaceutical conpositions can be fornul ated as a

supposi twoyeewsdzes t radi tional binders and carriers skghpdRshirkgl Ycerides.

I n anot her enbodi nent, the trans-(-)-A9-THC conposition containing at | east
about 99. 0% by wei ght of trans-(-)-A9-THC based on the total amount of 10
cannabi noi ds can be delivered in a vesicle, in particular a |iposone (see
Langer, Science 249:1527-1533 (1999)- Treat et al., in Liposones in the
Therapy of Infectious D sease and Cancer, Lopez-Berestein and Fidler

(eds.), Liss, New York, pp. 353-365 (1989); Lopez- Berestein, ibid., pp.
317-327; see generally ibid.). 15 In yet another enbodi nent, the
trans-(-)-A9-THC conposition containing at |east about 99.0% by wei ght of
trans-(-)-A9- t f akt nal.qs be delivered
in a contH@%P%ggﬁgﬁgggggg%Q?@%#B#ﬁ§SR@ﬁgﬁﬁ%%gﬁﬁgﬁgg'zhgﬁﬁgg%gﬁﬁbe used (see
Langer, suprheemphiytdwill iGlepeid on e foubi effadthinisttantign, dhd:tROErGAE8%) ; Buchwal d

et at, Surge 88:.507 (1980); Saydek et at, N. Engl. 20 ]J. Med. 321:574
(1989)). @é%%? ong GRft ldegaw § 1 theUpRARST 2 RfcBionE g (see

Medi cal  Apglive d4dnoRsnfs cEonh&lcbedwRel ease, Langer and Wse (eds.), CRC
Pres., Boca Raton, Fla. (1974); Controlled Drug Bioavailability, Drug

Pr oduct5 Deisangii-)eiel HPeorfumsitimns eont@nink ehleash abd®a pP.0%dswiightfl ey, New Yor k
1984); R L .. | . Sci.. Rev. I 23:61

(1083)  ScBaIgan L DBE b (e el GhGRY oL Tainolby AGRBPG TG et al .

Ann.  Neur Ofe ¢@ai30 dosa dO8Rdunt [HAWGA bRl 0805 mpks @%H&Wbﬁ%ﬂﬁ to ABak@% (1989)). In

anot her. enbodi nent, a  controlled-rel ease system can be placed in proximty
of the targekgofbedyeveigh abord ceary #datrscdthpas it isdypicaliyiabsutrlelymigfigng only a

fraction ofgt ] 0 i d i i Appl i cations
of Control %feb&ﬁﬁxﬁ@*s‘ﬁr%ﬁ-u%é@ cpaiisent, ef(ﬁg?'geo%’g%éﬁ%‘g?%ﬁ?‘tpzpoa 012378
-38 11595 lﬁo@m%mgﬂc@bhmdyamgmm hledt ﬂ.eb@!@ofﬂapﬂyeméldmsmmd in the
review by enlil?o eernt,( ¢ Ciretive 304s;ggela5n§07u-n% 153:)&?3»11( e:tlbgo%g 272)1 gaagﬂig of bg%? gv'eight

to about 0.1 mg/kg of body weight; and in another embodiment, the effective dosage

amount is from about 0.01 mg/kg of body weight to about 0.075 mg/kg of body .
‘weight.
i5  The oral dosage forms typically comprise an amount of trans-(-)-A-
THC from about 0.1 mg to about 20 mg; in another embodiment, from about 2.5 mg
to about 10 mg; in another embodiment, about 2.5 mg; in another embodiment, about
5 mg; and in another embodiment, about 10 mg.
In one embodiment, an effective dosage amount is administered about
20  every 24 hours wntil the Condition is abated. In another embodiment, an effective
dosage amount is administered about every 12 hours until the Condition is abated. In
another embodiment, an effective dosage amount is administered about every 8 hours
until the Condition is abated. In another embodiment, an effective dosage amount is
administered about every 6 hours until the Condition is abated. And in another
25 embodiment,'an effective dosage amount is administered about every 4 hours until
the Condition is abated.
In certain embodiments, it may be desirable to introduce the
pharmaceutical compositions into the central nervous system by any suitable route,

including intraventricular and intrathecal injection. Intraventricular injection may be



The invention al so provides pharnmaceutical packs or kits conprising one or
nore containers filled wwth the trans-(-)-A9-THC conposition containing at 5
| east about 99. 0% by wei ght of trans-(-)-A9-THC based on the total anount of
cannabiq&'ds. ptionally associated with such container(s) can be a notice
in the b?ﬂ%@? &ribed by a governnental agency reg@cCafPengsohersmanuf act ur e,
use or sale of pharmaceuticals or biological products, which notice
reflects approval by the agency of manufacture, use or sale for human

adm nistration. 10 The followi ng exanples are set forth to assist in

under standi ng the invention and do*fot limit the invention described and
claimed herein. Such variations of the invention, including the
substitution of all equivalents now known or |ater devel oped, which would
be within the purview of those skilled in the art, and changes in
formul ati ons or mnor changes in experinmental design, fall-within the 15

scope of theilipteblgnn insmenticolar cahetdexXfarptagmld atiased thresonde sedhat ed, al |
reactions were carried out under argon or nitrogen atnosphere. Unless
ot her wi se &2 QYmaydEsSHMGse “cold water, " "cold hexane,” or 20 “cold

heptane” means wat erpu RGN RimiRkARR\AA iso BESRBRYLA el by Ble & dhermper at ur e of
fromabout O to about 5C ‘Reagents and Sol vents: ™ Unl gs_s ot herw se st at ed,

al | r eageninbalgier nebdizgn andlopprietignvith e extodotisime Aget.ios Wia@leehirsiomin Lonpany and
used w ¢ ho further r'fiﬁa;ignﬂ [% H gh Performance. Li,quid
chr omattf;ogrJ:';tﬂ|cl)cf"f§)/é:s!élr |ng%sg§ir{?ﬂg|ljrmncne Ilqu?[ L. g‘ﬁ?%%ﬁ%e %Iﬁ%/msf LC) was carried

out under pliemécuticaagpahinds tandrormaitsed fiea suppssitbly, odth tladitisadIpl es el uent s
was cal culgt d fromthe result nhp'iir ea percentages: WO 2006/ 053766
PCT/ EP20053849F8 %g* carrgys gy ﬁ%lﬁ%g“ %€ was carried out using a 3 pm

conpos t on. THE. (710 Bl U el A A s P b 2 et “to
THE (71% , atNesSH-hHob089.60 by veitheof tf249)-A’FTHO baged on drdoffHmMAuALS) , McOH (24%
and Waii? ' éa?ltl)l/gblflfgas gag bgjdgl.ive?ed in a vesicle, in particular a liposome (see Langer,
' Science 249:1527-1533 (1990); Treat ef al., in Liposomes in the Therapy of
Infectious Disease and Cancer,
Lopez-Berestein and Fidler (eds.), Liss, New York, pp. 353-365 (1989); Lopez-
Berestein, ibid., pp. 317-327; see generally ibid.).

15 ' In yet another embodiment, the trans-(-}-A>-THC composition
containing at least about 99.0% by weight of trans-(-)-A’-THC based on the total
amount of cannabinoids can be delivered in a controlled-release system. In one
embodiment, a pump can be used (see Langer, supra; Sefton, CRC Crit. Ref. Biomed.
Eng. 14:201 (1987); Buchwald ef al., Surgery 88:507 (1980); Saudek et al., N. Engl.

20 J Med. 321:574 (1989)). In another embodiment, polymeric materials can be used
(see Medical Applications of Controlled Release, Langer and Wise (eds.), CRC Pres.,
Boca Raton, Fla. (1974); Controlled Drug Bioavailability, Drug Product Design and
Performance, Smolen and Ball (eds.), Wiley, New York (1984); Ranger and Peppas,
J. Macromol. Sci. Rev, Macromol. Chem. 23:61 (1983); see also Levy et al., Science

25 228:190 (1985); During et al., Ann. Neurol 25:351 (1989); Howard et al., J.
Neurosurg. 71:105 (1989)). In another embodiment, a
controlled-release system can be placed in proximity of the target of the
pharmaceutical compositions, thus requiring only a fraction of the systemic dose

(see, e.g., Goodson, in Medical Applications of Controlled Release, supra, vol. 2, pp.



5 flowrate of I nb/mn; and a Wdetector at 228 nmu. Chiral BPLC nethod 1
was carried out using a 20 mChiral pak AD 250 x 4.6 mm columm; a nobile
phase of heptane:isopropanol (95:5 (v:v)); a flow rate of | nL/mn; and a
WV detector at 228 mu. The concentration of the sanple was about | ng per 1
nL of hepP AW % Chiral HPLC nethod 2 was carried oBET/EBI0AH0IAS gm

Chiral pak AD-H 250 x 4.6 mm (Di acel) colum; a nobile phase of

hexane: et hanol (95:5 (v:v)) for CBD and hexane:isopropanol (90:10 (v:v))
for AO-THC, a flowrate of 1 niL/mn;,and a UV detector at 228 ma. The
concentration of the sanple was aboltt™ 1 ng per 1 nL of hexane. 15 Gas
chromat ography: Gas chromat ography (GC) was carried out under the foll ow ng
conditions, and the purity of the eluents was calculated fromthe resultant
area percentages: Standard GC was carried using a HP-5 capillary colum
(length - 30 in, 20 ID - 0.25 nun); a stationary phase of 5% di phenyl | 95%
di met hyl )pbl@«ﬁ& @S%e thelzf@ntrnﬁlefdﬂbh)se susteins flisotstahin tlenpeewbyr e of 230C, a

det ector/t ure d an . oven tenperature programusing a
hol d at 10 &t #—ﬁ%?gﬁﬁgg") Sanq)fzfﬁffi at 10C per mnute, hol ding at
240C for 10 m n, i ncmeagieRtod ﬂ@@ﬁd@@fhmm&uﬁtﬁﬂgaoh@bﬂhﬁgoﬁ@nﬁﬁ@C for 10

m n. The concentration of the sa was 25 out 1 per 1 rat, of ME

Chiral GC wwr@mrwwmmﬂﬁﬂ@dwﬂmﬁm@m é—mﬂéﬂlwmqq@pn@@ﬁ@mns@a above for

The i nf ot 1 amper i B e SaR AR e e B S e soc T
(i sot her matannaBid) Opii 3! ?@@&%ﬂﬁ%@@a& 238 (s) cADodiONies inghé ay di ffraction

patterns: Powder x-ray diffraction analysis was carried out by knovvn

met hods usfaey PABSFIIBIPQAIPV'FI OXErnpRal 355897 wglvi@;tmg the ganwfpriuse, §sgpr pricee
diffracti Ogﬁlﬁ%\ﬁé offial '&Qﬁ%&% Hﬁﬂc‘c RYBAPRYRA « {s% 21 Y éﬁ’\’%@ 20

proportion et ect or agg- rent ano sc S us eam
of manufacture, use or sale for human administration.

10 The following examples are set forth to assist in understanding the
invention and do not limit the invention described and claimed herein. Such
variations of the invention, including the substitution of all equivalents now known
or later developed, which would be within the purview of those skilled in the art, and
changes in formulations or minor changes in experimental design, fall within the

15  scope of the present invention.

5. Examples

Unless otherwise stated, afl reactions were carried out under argon or
nitrogen atmosphere.

oy &L

Unless otherwise stated, the phrase “cold water, ” “cold hexane,” or
20 “cold heptane” means water, hexane, or heptane, respectively, at a temperature of
from about 0° to about 5°C.

Reagents and Solvents: Unless otherwise stated, all reagents and
solvents were purchased from Aldrich Chemical Company and used without further
purification.

25 High Performance Liquid chromatography: High performance liquid
chromatography (HPLC) was carried out under the following conditions, and the

purity of the samples cluents was calcnlated from the resultant area percentages:



5 focusing. Nuclear Magnetic Resonance Spectroscopy: Nucl ear magnetic
resonance (NVR) spectra were recorded on a Bruker AM 200 (111 at 200 IHz,
13C at 50 MHz) or a Bruker AM 400 (1H at 400 MHz) instrunents using CDCl3
(unless otherw se stated) as a solvent. Chem cal shifts are in 8 (ppm
rel ative ' | 10 TVM5. Melting points: Melting point determ nations
were car ré’géh@[?gﬁﬁ open capillary tubes using a BucKRCTEPEWEIRATM | | ary
mel ting point apparatus or with a Mettler-Toledo FP-81 Melting point
accessory with FP-900 processor. The nelting points are uncorrected. 15
5.1. Exanple 1: Synthesis of (-)-ci S_ﬁ_ Ment h-2,8-dien-1-0l Preparation of
(-)- (IR 2R, S5) -2 phenyl thio-8 p-i nefthén-1-ol: A mixture of (-)-linmonene
oxide (152.2 g, 1.00 nol (about 1:1 cis:trans diastereomeric m xture)

(Al drich Chem cal), thiophenol (60.6 g, 0.55 nol) (Fluka Chem cal, Buchs,
Swi tzerl and), potassi um carbonate (82.9 g, 0.60 nol), NN-dinethylformam de
(18.9 20 g, 0.26 nol) and toluene (400 nL) was stirred at 117C for 19 hours
under. an Ar  at nosphe$tendad@PHTUX#ad kerred suiosdiged o C3pGandidrwvgtass (300 nl)

was added. The resultant organic phas s cqllected,. and _the water |ayer

was extract éalumnt@% h&HB); a%@ e25@69&@“@%4@%%?%@0&%@‘V@ha-ses w)ére

washed with 0 f 7) i 410 m.).
%}g £24\(>A/7a1) afid ﬂsﬁé&r gﬂ;’/i%)efgﬁﬁsim%, %gacﬁei%urm? 5'7 1 /ig)j Mepﬁe(tséefu} gféd )

The organic s then over Na2SO4 , and the
resul tant fiviatar §2486)d0Ae et raad dEFU{A H%), Ne@ld £24%) aad v68E.(5%] free 1Pesnda ant  br own

oil (200.5 wa, act,i onal pstille der reduced pressure to . provide
(I-)-((:i 5- P ngi?&ﬁétseﬁﬁaﬂgﬂ/@%?%ééﬁ}(%é‘%i%gﬁ% @11 mbar) and () (1R
2R, 43) - 2- phenyl t hi 0- S8cErdYeIPy Jtefetho®l wad defridd G0t vkihgd 8 20t en EBRalgdk AD1. 2 nbar)
WO 2006/ 053766 PCT/ EP2005/ 012375 -41 having a puri t%s_%éGC) of 90.2% An

anal yti cal &4fpl4eé o cofumn; o TRbIRPHEE oPhepasaitsopripendl (H3:préryerilaw ol had np of

20-51 & (rexpnghs AR R ok P, O SRl SRkl 8l i [ 520 ~110
was about 1 mg per 1 mL of heptane.

10 Chiral HPLC method 2 was carried out using a S pm Chiralpak AD-H
250 x 4.6 mm (Diacel) column; a mobile phase of hexane:ethanol (95:5 (v:v)) for
CBD and hexane:isopropanol (90:10 (v:v)) for A’-THC; a flow rate of 1 mL/min; and
a UV detector at 228 nm. The concentration of the sample was about 1 mg per 1 mL
of hexane.

15 : Gas chromatography: Gas chromatography (GC) was carried out
under the following conditions, and the purity of the eluents was calculated from the
resultant area percentages:

Standard GC was cartied using a HP-5 capillary column (length - 30
m,

20  ID - 0.25 mm); a stationary phase of 5% diphenyl/95% dimethyl)polysiloxane (0.25
um film); an injection temperature of 230°C; a detector/temperature (FID) of 270°C;
and an oven temperature program using a hold at 100°C for 3 min, increasing to
240°C at 10°C per minute, holding at 240°C for 10 min, increasing to 270°C per
min, and holding at 270°C for 10 min. The concentration of the GC sample was

25  about 1 mg per 1 mL of EtOH.

Chiral GC was carried out in 2 manner similar to that described above
for standard GC, except that an Alpha-DEX-120, 30 m x 0.25 mm columﬁ was uSed;
the injection temperature was 250°C; and the oven femperature was 90°C
(isothermal).



“Preparation of (I'R 2R 4S)-1-Hydroxy-8 p-;nnthen-2- phenyl sul f oxi de:

(-)-(1R 2R, 4S) - 2- phenyl thi 0-8 p-nenthen-1-ol (147 g; 0.56 nol) was

di ssolved in nmethyl alcohol (1.35 L) with stirring at 25C under an Ar

at nosphere, and the resultant solution was cooled to -10to -5C. A solution
of 10 CMCNEQ&?@%fOtassiun1peroxynDnosquate) (279.1 g, 0.448 nol) (A drich
Chenicalfvoi SR’ (1.35 L) was added dropwi se to t hECEEPHP§H01EEBohoI
solution over 2 hours at - 10 to -5C, and the resultant m xture was stirred
for an additional 30 min at -10 to - 5C. The m xture was warmed to 20 to
25C, water (2.1 L) was added, and th resul tant bi phasic m xture was
extracted with dichloronethane (3 x 910 nL). The 15 conbi ned organi ¢ phases
were dried over sodiumsulfate and filtered, and the resultant filtrate was
concentrated under reduced pressure at 60 Cto provide 150.9 g of a

resi due. The residue was then purified by chromatography on a silica gel
colum (eluent: n-heptane/ethyl acetate 9:1 then 8:2). The fractions

contai ning mainly 20PaWbR; @RpAGyrdctidryginitaxny: &opdeentdyeifideipnenylysisul f oxi de
wer e conbi ned and . concentrat e nder v hours,.at 40 to 50C to
brovi de (1 FEAeRg 1 BF SRy ot e ATV R F e B B8 2 i wrur e of
two di ast ex@eIRES poWkist difraBBonlsydierP@ul L radii P?@@iﬁdmmg&i&ﬁ&éﬁd in freezer.
(-)-cis p-Mentha- ,pé)-di en- | -o?: 3% m xtua{%eaof él 1R, 2R, 4S) - 1- hydr oxy- 8

p- ment hen- 2P P& hY/LG plcpokipukd d¢ig@oy), The Biaggdpntamdschphngwns wiedfor(bBam0 g, 0. 83
mol) in fi nFt h%rllsulfoxi de (910 nlL) was heated to 163C wunder a flow ng Ar

at nospher e, $Hd™ he resultant mixture was stirred at 163C for 3 hours. The

m xture was cool ed t qvidfeal Diadhdtic Hek@RineESHCcEBscoRE: EudSPthapihetic and extracted
with diethyl ether (2 x 400 nL). The combi ned or%anilc phases were 30 washed
with IN HC ree%ec%@ﬂ, BSPPORaSHIE £5eekiled Pnedurkan AYaPe § Ehatehl MBkat € (150 WO

2006/ 053766436 205 42 38 400431 Bidop VAT il o B0, fllegd over
sodi um sul f%lte. “The organi c phasgq{vvas then) concentsr atg unsdg'éﬂergscejduced
pressure. Tohemassidialhs a sdvaoheClhi@lica shiftswesindupp:h) ethiiby to igietdata gel col umm

chr omat ?(?ra,;iz (eluent: n-heptane foll owed by n-heptane:ethyl acetate (1:9
(v:v)), *the actions containing mainly

Melting points: Melting point determinations were carried out in open
capillary tubes using a Buchi B-545 capillary melting point apparatus or with a
Mettler-Toledo FP-81 Melting point accessory with FP-900 processor. The melting

points are uncorrected.

15  5.1. Example 1: Synthesis of {-}-cis-p-Menth-28-dien-1-0]

Preparation of (—i-(1R,2R,55)-2-phenylthio-8-p-menthen-1-0l: A
mixture of (—)-limonene oxide (152.2 g, 1.00 mol (about 1:1 cis:trans diastereomeric
mixture) (Aldrich Chemical), thiophenol (60.6 g, .55 mol) (Fluka Chemical, Buchs,
Switzerland), potassium carbonate (82.9 g, 0.60 mol), N,N-dimethylformamide (18.9

20 g, 0.26 mol) and toluene (400 mL) was stirred at 117°C for 19 hours under an Ar
atmosphere. The mixture was cooled to 25°C and water (300 ml) was added. The
resultant organic phase was collected, and the water layer was extracted with toluene
(3 x 200 mL). The combined organic phases were washed with water (1 x 400 mL)
and a 15% solution of brine (1 x 410 mL). The organic phase was then dried over

25  NaySO04 (30 g), filtered, anti the resultant filtrate concentrated under pressure at 65°C.
The resultant brown oil (200.5 g) was fractionally distilled under reduced pressure to
provide (-)-cis-limonene oxide (33.7 g) (28.1° t0 32.1°C @ 1.1 mbar) and (-)-(1R,
2R ,48)-2-phenylthio-8-p-menthen-1-ol (147.4 g) (128.1° 10 138.2°C @ 1.2 mbar)



5 Ocis p-nentha-2,8-dien-1-o0l were conbined and concentrated under reduced
pressure at 40 to 50C over 10 hours to provide (-)-cis

p-ment ha-2,8-dien-l1-ol. Yield: 26.1 g; 55% Analysis (GC) of the product
indicated. that it was 90;9 % pure. Optical rotation: [a]D25 -69 (neat). 1H
NVR agr e¥8 2046(0f7fthe structure. 10 5.2. Exanple 2: SyRCH&ESL®50f2378
(+)-cis-y-Menth-2,8-dien-1-o0l (+)-p-nentha-2,8-dien-1-o0l was prepared as
described in Exanple 1, except that (+)-linbnene oxide (1:1 cis/trans

di astereomeric mxture) was used instead of (-)-linonene oxide. Analysis
(GO of the resultant product indi tated that it had a 15 purity of 91.0%
Optical rotation: MD 25 +78 (neat). 5.3. Exanple 3: Synthesis of
()-cis-p-Menth-2,8-dies-1-ol (f) p-Mentha-2,8-dien-1-o0l was prepared by

m xi ng equi val ent quantities of (-) p-nentha-2,8-dien-l-ol of Exanple 2
with (+) p-nmentha-2,8-dien-1- 20 of of Exanple 1. 5.4. Exanple 4: Synthesis
of (+) - CBDhéwiyt hgsits (GF) 6ra0des.( Ah a6BRidaBihipidofri xt ure of olivetol (3.6 g, 20
mol ), zinc_chloride (3.5 g, 26 mpl) ter (3.5 nm, 19 mmul) and

di ohl or ome{iHe2A5- HrbenyisiiorGe menben- o had mgok SOA1 SGi(hesan w8 a
(-)-p-nenthas i@n-1-ol (3.0 g, 20 mol) in dichl oronethane (10 nl)
was added H%%_(%C)ggf%%{g)r@. 0.75 hour to the refluxing mxture, and the

resul tant reaction rpticatetaties: falx€dl ¥06Kc WD.3B00E®S3766 PCT/ EP2005/ 012378
-43 0.5_hours at reflux. The m xture was cooled to 25C, ice water (50 ni)
was added, and the agReedyPHAS PSSt ure stirred for 20 minutes at OC.
The resultant  or ganye,RRaseoMaR 2RUS)- 2058 o VRS NRAMM D water (2 x 20 nl)
and 5% NaHCO3 (20 nl)". The organic phase was dried over Na2S04, filtered,
and concenphaylsdforiite (-)F1R. d-pheagthio-8-ntwenhay]-0b(187@; §56fmob)i r st crude

(+)-CBD regj % I % f N “¥1 ag%lg resi due indicated
that it coﬁ}tag‘lhllgsé’cli‘é? X%é%l ! .Oég)g)'g'safr'j(}%t%%? & %{j&% %gg . The first crude
(+) - CBD r estnthgghend andthe irdsulghtylutiel wascooled to —10° to —5°C. A solution of

10 OXONE® (potassium peroxymonosulfate) (279.1 g, 0.448 mol) (Aldrich Chemical)

in water (1.35 L) was added dropwise fo the methyl alcohol solution over 2 houss at -

10° to -5°C, and the resultant mixiure was stirred for an additional 30 min at -10° .to -
5°C. The mixture was warmed to 20° to 25°C, water (2.1 L)) was added, and the
resultant biphasic mixture was extracted with dichloromethane (3 x 910 mL). The

15 combined organic phases were dried over sodium sulfaie and filtered, and the
resultant filtrate was coneentrated under reduced. pressure at 60° C to provide 150.9 g
of a residue. The residue was then purified by chromatography on a silica gel -
column (eluent: n-heptanc/ethyl acetate 9:1 then 8:2). The fractions containing
mainly

20  (1R,2R.48)-1-hydroxy-8-p-menthen-2-phenyl sulfoxide were combined and
concentrated under vacuum for 10 hours at 40° to 50°C to provide
(1R,2R,4S)—1-hydroxy—S-p-menthén—Z-phenyl suifoxide as a mixture of two
diastereomers. Yield: 86.1 g; 55.2%. The product was stored in freezer.

(_);cis—lt?—Mentfqa—Z, §-dien-1-0l: A mixture of

25  (IR,2R.48)-l-hydroxy-8-p-menthen-2-phenylsulfoxide (86 g, 0.31 mol) and
piperidine (71.0 g, 0.83 mol} in dimethylslﬂfo)dde (910 mL) was heated to 163°C
under a flowing Ar a’tmdsphere, and the resultant mixture was stirred at 163°C for 3
hours. The mixture was cooled to 20° to 25°C, treated with water (800 ml), and
extracted with diethyl ether (2 x 400 mL). The combined organic phases were

30 washed with IN HCI (160 mL), a 7% solution of sodium hydrogen carbonate (150



chromat ography on silica gel (eluent MIBE/ hexane) to provide 2.4 g of a
second crude (+)-CBD residue. 10 Synthesis of
(+)-CBD-bis(3,5-dinitrobenzoate)(4b): A solution of 3,5-dinitrobenzoyl
chloride (3.4 g, 14.7 mmol) in dichloronethane (10 nL) was added dropwi se
to a stirh ? m xture of the second crude (+)-CBD residue (2.4 Qg),

N, N-di me¥ 3034‘?1’336 foyri dine (0.05 g), pyridine (6 nL) RRATHIOFIBI Brret hane (15
m) at 0 to 5C. The m xture was allowed to warmto 25C and stirred for 2
hour at 15 25C. The m xture was then poured into a m xture of 37% HCO (6
m.), ice (75 g) and dichloronet hang (50 mL). The resul tant organic phase
was col |l ected, washed wth brine [ 3 L 5% NaHCO3 (15 nl), dried over
Na2SO4, and filtered. The resultant f||trate was concentrated under reduced
pressure to provide 5.2 g of crude (+)-CBD bis(3,5-dinitrobenzoate) (4b). A
solution of the crude (+)-CBD-bis(3,5 20 dinitrobenzoate) (5.2 g) in a 10:1
(vol:vol) m xture of isopropanol and ethylacetate (70 nL) was stirred

over ni ght atbL)s@eqd thl), ted dukd Meesadasubilfut Theecigpid pihe washennvashed wit h

10: 1 | 1yol ) m t hyl t d
dri ed(\tj(rjlde;éor} mgé%ynb?rerg‘iﬁgip 688 ?ao eorgs‘@ ; é@%c(ﬁéﬁ & whdpiied vy 2"
(+) - CBD- bi gifida 1%1@1@&%%@@41% (61680 n-i¥é fol:ﬁav?edgag 26.5% 25 Melting

poi nt: 90-92C ). Optical rotation: [a] D20 c 0.4, CHC 3).
Synt hesi s @fhep@eMae%y(l A (v )t e Eagifong penteinipg ¥ne (+)-CBD

b1 (3. Sacl it oENERRbAL Aol (P SOl TRl ko B MAPL 3, 7 0, SO

nmol ) and tirre room tenperature for 12 hours and
30 concent pakseade stdd@to ffOéﬁmadl (promssstu (peovide(e)-die puhdnant2,8-diehdud. was purified

by col um 006/ 0 { /012378 . -44 chromato on silica gel
(el uent he&gﬂéﬂgﬁfﬁ%? ﬂfTﬁPﬁPgﬂiﬁrP&ﬁ“aféﬂﬁw@%’?’a it Wﬁ%‘%@% an oil. A
solution of the (+) (%Bafﬂata%oﬂ) dL 25h, @atj(l m.) was kept overnight at
-15C. The resultant xture was then filtered, and the resultant solids

were dried under redFENNRuasesiwith the spmawede 5 (+)-CBD (3b) as white
crystals. Yield: 1.2 g, 64% Analysis (GC) of the product indicated that it

was 98,§% PUre. 53 Example2: Synthesis of (+)-cis-p-Menth-2.8-dien-1-o0}

(+)-p-mentha-2,8-dien-1-ol was prepared as described in Example 1,
except that (+)-limonene oxide (1:1 cis/trans diastereomeric mixture) was used
instead of
(-)-limonene oxide. Analysis (GC) of the resultant product indicated that it had a

15 purity of 91.0%.
Optical rotation: [afjp™ +78° (neat).

5.3. Exampie 3: Svnthesis_of (£)-cis-p-Menth-2,8-dien-1-0]

(&)-p-Mentha-2,8-dien-1-0l was prepared by mixing equivalent
quantities of (~)-p-mentha-2,8-dien-1-0l of Example 2 with (+)-p-mentha-2,8-dien-1-
20 ol of Example 1.

5.4. Example 4: Synthesis of (+)-CBD

Synthesis of crude (+)-CBD (3b): A mixture of olivetol (3.6 g, 20
mmol), zinc chloride (3.5 g, 26 mmol), water (3.5 mL, 19 mmol) and
dichloromethane (35 mL) was refluxed for 1 hour. A solution of (-)-p-mentha-2,8-

25  dien-1-0l (3.0 g, 20 mmol) in dichloromethane (10 mL) was added drop-wise over

0.75 hour to the refiuxing mixture, and the resultant reaction mixtore was mixed for



Melting point: 64-66C Optical rotation: [a] D20: +126 (c = 0.12, 95% Et OH).
5.5. Exanple 5: Preparation of (f)-A8-THC 10 A solution of nethanesulfonic
acid (1.1 g, 11 mmol) in dichloronethane (6 nL) was added to sol ution of
olivetol (10.0 g, 55.5 nmol) and (f) p-nmentha-2,8-dien-1-0ol (8.5 g, 55.5
mvol ) i nwdizeislesazegret hane (130 M.). The resul tant M pEfp200asi 28Rl | uxed for 4
hours with renoval of water using a Dean-Stark separator. The m xture was
then cooled to 25C and treated with aqueous NaHCO3. 15 The resultant organic
phase was col |l ected and concentrated under reduced pressure. The resultant
resi due was dissolved in heptane (1#0-nlL) and washed with 10% NaCH (130
m.), and the resultant organi c phases was concentrated under reduced
pressure to provide 15.6 g of crude (f)-A8-THC. Analysis (GC) of the crude
product indicated that it had a purity of 20 61.7% 5.6. Exanple 6:
Preparation of (-)-A8-THC Crude (-)-A8-THC (2a) was prepared in a manner

simlar togt I fdont rude
(t) - A8- THCOSE%E%S%?%ﬁ fﬁ?‘gfﬂ - ment ﬁ&?gf%é%lcé%g@{#@a@ju\g% n%t ead of (f)
p- ment ha- 2 afd theeemﬂtamlblphaﬁc ﬁm?ztureﬁnﬁaﬁ)fcﬁ 20 mikriea02d.i Dire fulibnt) - As- THC WO

2006/ 053766 PCI/ EP200510 Crude (F) - A8:-THC pared in a
manner si miFEPARTNERS C0 ‘é°§ WB%’(T "Atheyatenl ?‘éﬂglﬂc)r @%e}l‘éﬁg@é?&{q on of crude

(f)-48- THlegxq%ebrgaﬁﬁtphase)waeﬂne@a&éa@ra;s@ Hlt@z@d'an@l:oﬂ&@ﬁtrdﬂéﬁ&dbﬁs'f ead of (f)
p- ment ha- 2, 8-'di en-1-0 :

: t f
trans-(?)- A@hwwtlnsssure?,ymcwwuﬁsﬂ m ﬁrsy cr@mwg%[;rwdgglﬁgﬁéﬂis (830) of
+ t t 325 nL
s Do s PR resillicthed P offashed (o SEILIBIRRADE (950 O

0.56 nol ), abn-(u)cm‘ﬂ)olrgn@ (THO @i cgude @+WCBDREYdue Watparifi¢d®: &lwbn 0. 56 nol ) and
di chl or onet hane ( IE at _40C., The m xtu )i;e was stirred for an additional 30
M nut es at A at@ﬂ’i"é’ ahvaeﬁ@%g%é@u%éﬁ%ﬁ grape) te profefedst g ke 5550 | ce wat er

(500 9), ar&gldrelcﬁ)_cgg%glmg bi phasic m xture stirred for 20

10 Synthesis of (+)-CBD-bis(3,5-dinitrobenzoate)(4h): A solution of
3,5-dinitrobenzoyl chloride (3.4 g, 14.7 mmol) in dichloromethane (10 mL) was
added dropwise to a stirred mixture of the second crude (+)-CBD residue (2.4 g),
4, N,N-dimethylaminepyridine (0.05 g), pyridine (6 ml.) and dichlorométhane s

- mL)at 0°to 5°C. The mixture was allowed to warm to 25°C and stirred for 2 hour at

15 25°C. The mixture was then poured into a mixture of 37% HC1 (6 mL), ice (75 g)
and dichloromethane (50 mL). The resultant organic phase was collected, washed
with brine (15 ml.), 5% NaHCO; (15 mL), dried over Na;S04, and filtered. The
resultant filtrate was concentrated under reduced pressure to provide 5.2 g of crude
{(+)-CBD-his(3,5-dinitrobenzoate) (4b). A solution of the crude (+)-CBD-bis(3,5-

20  dinitrobenzoate) (5.2 g) ina 10:1 (vol:vol) mixture of isopropanol and ethylacetate

(70 mL) was stirred overnight at 25°C and filtered. The resultant precipitate was
washed with 10:1 (vol:vol) mixture of isopropanol and ethylacetate (3 x 10 mI.) and
dried undef reduced pressure to provide crystalline
(+)-CBD-bis(3,5-dinitrobenzoate) (4b). Yield: 3.7 g, 26.5%.
25 Melting point: 90-92°C (dec.).

Optical rotation: [a]p2 +80° (¢ = 0.4, CHCI).

Synthesis of (+)-CBD (3b): A mixturé of the crystalline
{+)-CBD bis(3,5-dinitrobenzoate) (4b) (3.'5 g, 5.0 mmol), butylamine (3.7 g, 50
mmol) and toluene (20 mL) was stirred at room temperature for 12 hours and

30  concenfrated under reduced pressure. The resultant residue was purified by column -



m nutes at OC. The resultant organic phase was coll ected and washed wth
cold water (2 x 250 nL). The organi c phase was col |l ected .and concentrated
under reduced pressure to provide a first residue (185.5 g). Analysis (GO
of the first residue indicated that it contained (-)-CBD (51.8%, abn-CBD
(13. 2% WQPR0eeaes 15 (8.0% and dial kyl ated ol i vet obct/EB0d9912378he fi r st
residue (185.5 g ) was dissolved in n-heptane (1.1 L), and the resultant
solution was adm xed with a solution of 10% sodi um hydroxide (1.3 L). The
resul tant organi c phase was coll ected, washed with water (250 niL), and
concentrated under reduced pressured4o provide an oily-brown second residue
(124.3 20 g). Analysis (GC) of the second residue indicated that it
contained (-)-CBD (66.0%, abn-CBD (0.0%, olivetol (0.0% and dialkyl ated
olivetol (16.8% . The second residue (124.3 g) was fractionally distilled
(171 -178C, 0.1 mmHg) to provi de a 87.0 g of a distillate. Analysis (GQC)
of the dis Moss qus:s 4:3% s {o-1) . 25 The
distillat eg}%rgﬁ?l%gﬂyh}t&gh I sso él&kg{?ér}fﬁlépt ane (?gqfs(%ﬁ?_))%/(g%g%é 3%519 filtered.
The resul tétlr)tCBIDhsan:acmb Maslutigodigbe ¢o-GBR 01.5€) mdﬂxss:@e(&iai)washepto 02 ng of

powdered cr CBD he seed | ut. rred at 0 to
5C for gﬁ ét )rhfi?)eslﬂém%%@@“%’? % ﬁgﬁ’r@ V\@%FF%Q Smxture was
fil tered @@ﬂdﬁ%&@nd&%&u&&i\ﬁmﬁﬁﬁeltﬁl roMelee washed with cold heptane. The
solids were then dried under WD 2006/ 053766 PCT/ EP2005/ 012378 -46 reduced
pressur& afH4RD () sr slhite eryptals. Fimd:(13hE. 64 eheplyso(GL) @i tleypduphal ysis  (GO)
of the pro [MaYell t contained (-)-CBD (3a) (97.1 %9 and
trans-(-)-ﬂﬁg?tfzbiggdkﬁg%a%%"fs rﬁ ‘L“. The structure of 3a was confirned by 'H NWR
spectroscopy. An aerelyih'gparlnt ﬁé{ﬁﬁ?@ was prepared by recrystallizing a
portion of the crude_3a from anec?s_gescriabed above. Melting point:
64- 65C. Optical rot a@PWIOEaéIPBZ[G‘] 3?12(% = 8:12995% B8 OH) . Synt hesi s of
trans-(-)-A9-THC (la): A solution of 15.0 g (47 8 mml) of the crystallized

(-)-CBD (3a) in anhydrougsdizghhe ]88k Sidnlor Yo added 10 drop-w se
over | hour to a stirred so 92rrrm|) in
10 A solution of methanesuifonic acid (1.1 g, 11 mmol) in

dichloromethane (6 mL) was added to solution of olivetol (10.0 g, 55.5 mmol) and
(:£)-p-mentha-2,8-dien-1-0f (8.5 g, 55.5 mmol) in dichloromethane (130 mL). The
resultant mixture was refluxed for 4 hours with removal of water using a Dean-Stark
separator. The mixtuxe was then cooled to 25°C and treated with aqueous NaHCOs.
15  The resultant organic phase was collected and concentrated under reduced pressure.

. The resultant residue was dissolved in heptane (110 mL) and washed with 10%
NaQOH (130 mL), and the resultant organic phases was concentrated under reduced
pressure to provide 15.6 g of crude |
(&)-A’-THC. Analysis (GC) of the crude product indicated that it had a purity of

20 61.7%.

5.6. Example 6: Preparation of (-)-A*-THC

Crude (-)-A*THC (2a) was prepared in a manner similar to that
described in Example 5 for the preparation of crude (£)-A*-THC, except that (+)-p-

mentha-2,8-dien-1-ol was used instead of (+)-p-mentha-2,8-dien-1-ol.

25 57, Example 7: Preparation of (1)-A*THC




anhydr ous di chl oronmet hane (180 nL) at -10C under anAr atnosphere. The

m xture was stirred for 2 hours at -10C and poured into ice water (100 g).
The resultant biphasic mxture was further stirred for 20 m nutes at OC.
The resultant organic phase was coll ected, washed with cold water (50 nL),
7 % aqueBQgrs@ai7erm 15 bi carbonate (50 nl), and wat er pCB@Prie3/e123ige or gani c
phase was dried with Na2SO4 and filtered. The resultant filtrate was
concentrated under reduced pressure at 40C to provide trans-(-)-A9-THC (Il a)
as a yellowoil. Yield: 14.9 g, 99% Analysis (CG of the product indicated
that it contained 81.9% of trans-(=#5d9-THC (1a). 5.9. Exanple 9: (One- Pot
Synthesis of trans-(-)-A9-THC 20 A m xture of olivetol (50.0 g, 0.28 nol),
zinc chloride (50.0 g, 0.36 nol) and anhydrous dichl oronet hane (510 nlL) was
stirred at 40C for 1 hour under an Ar atnosphere. A solution of (+)

p- ment ha- 2, 8-dien-1-0l (42.2 g, 0.28 nol) and dichl oronethane (155 nL) was
added drop-w se over IASL j i | = jing m xture, and
t he resul tant nixtu#g%agggé%fgﬁggﬁ?i%kgﬁﬁggg?%%ghafmﬁgﬁﬁ$ﬁﬂ?§2 25 at 40C.

The i xt ur desaribeddn@xepled foll BEprepacition stirutd (@PALTHBE8Ete4iAH g, 166 \
mol ) i n anhydrqus.di chl oronet hane (37 nlL) s_added_dropw se over one hour.
The resultEﬁﬂgﬁﬁf?@?%?%%§m§Pﬁﬁﬁ@ﬁmﬁﬁg@@?Bmﬁgﬁ?gﬁdgmkl@h. Col d water (250 nl)
was added, and the resultant organic phase was coll ected and washed with

cold water WO 2006/ Gbg v  ERR R ﬁil'tc%)%ﬁ?e@qs °fﬁ7"“§'§"§“- ’-%1%@ 7% aqueous sodi um

bi carbonate (120 nL) . se was dried with
Na2S04 £30 g) and f] Th L t P e ~Gomcent pat ed under
reducedgpr essure to %&%lﬁg?@r"gﬁgﬁ% _ﬁ&lﬁtﬁ%@?‘iﬁ%fg‘g’ﬁ%agﬁ%%ﬁgic{l- Yi el d:

1 89.14 g, 463 Dadeb ool) ithicllommethang (A9 nlHGas eddedniror-wiselvgerol hour Anal ysi s ( GC)

(-)- ne. TrCe SSmygiry SEgRere {TRel & (R 055 R LRSS 150 ol vel o
(7.95% aneated (1@l 20.961mol)i avi@ dihlofdetBanet(1 ¥ at 400Ct THE ErifiewAR- THC (1 b) was
det ect ed. A@;%{fétl orhﬂ%f t@l?ﬁm{al?}tré;_@é,%&i;ﬁg%hﬂ_@ oi | (520@0 )?élr"g hept ane (120
m) was tA hinA0RE 1R ¢ MBEuseIvyas shefe (50 nL), dried
over 18 M3 %nt@{ae'va‘a{e!rgs%gg-ang%fe A Hasi %&ﬁ?&%ﬂé@ origaen concentrated
under reduced pressure to provide a ftirst crude residue ?f .6 g) containing
38.5 w . YamwfuiesaaO¥G. (The-resultant organic phase was collected and washed with cold

water (2 x 250 mL). The organic phase was collected and concentrated under
reduced pressure to provide a first residue (185.5 g). Analysis (GC) of the first
residue indicated that it contained (-)-CBD (51.8%), abn-CBD (13.2%), olivetol

15 (8.0%) and dialkylated olivetol (13.4%).

The first residue (185.5 g ) was dissolved in n-heptane (1.1 L), and the
resultant solution was admixed with a solution of 10% sodium hydroxide (1.3 L).
The resultant organic phase was collected, washed with water (250 mL), and
concentrated under reduced pressure to provide an oily-brown second residue (124.3

20  g). Analysis (GC) of the second residue indicated that it contained (-)-CBD (66.0%),
abn-CBD (0.0%), olivetol (0.0%) and dialkylated olivetol (16.8%).

The second residue (124.3 g) was fractionally distilled (171°-178°C;
0.1 mm Hg) to provide a §7.0 g of a distillate. Analysis (GC) of the distillated
indicated that it contained 74.3% of (-)-CBD.

25 The distillate (87.0 g) was dissolved in heptane (425 mL) at 57°C and
filtered. The resultant filirate was cooled to 0° to 5°C and seeded with ~0.02 mg of
powdered crystalline (-)-CBD (3a). The seeded solution was stisred at 0° to 5°C for
5 hours then at -15° to -20°C for 48 hours. The resultant mixture was filiered, and

the resultant solids were washed with cold heptane. The solids were then dried under



A9-THC (la) using HPLC, and trans-(-)-A9-THC (la) (47.4%, A8-THC (2a)
(8.6%, A8-iso-THC (19.6%, CBD (0.5%, olivetol (0.0% and dialkyl ated
olivetol (10.9% wusing GC. 15 A solution of the first crude residue (16.5
g) in heptane (240 nL) was extracted with an aliquot of 9% NaOH in 80%

met hanol WP30060386 nl.) . The conbi ned basi c net hanol i @CemPr@stR3IMWEr €
acidified to approximately pll 7 with 20% citric acid and extracted with
heptane (3 x 90 nmL). The conbined organic fractions were washed with water
(50 mL), dried over Na2SO4, and filtered. The resultant 20 filtrate was then
concentrated under reduced pressure4ée provide 13.7 g of crude residue

whi ch contained 44.0 wt. % of trans-(-)-A9-THC using HPLC, and
trans-(-)-A9-THC (la) (51.8%, A8-THC (2a) (10.0%, A8-iso-THC (22.3%, CBD
(0.0%, olivetol (0.0% and dial kkylated olivetol (1.3% using GC. 25 5. 10.
Exanpl e 10: Synthesis of trans-(+)-A9-THC A solution of BF3Et20 (0.34 g,

2.4 Ml ) bomantyeaie: 4@@%@5@&%@9@ 68, MR, added C%%‘M se with

stirring over our to a solution ‘of the crystalllne(+- (3a) from

Exanpl e 4 (GC)ofghe groguehimsiidatddithatitspataingd (IWSBID (&) (5317 %6 amDTHER?P 05/ 012378

-48 di chl h | t t d f
1 %5 hour's_ A THCHAT (2900 phe MoiaS osdiged et Al THIME Sl o) and 796
NaHCO8 ( 10%{&1}1%:;5[ @anﬁ@wa& brRpire @b Al Gtall mﬁorp&ith@&ﬁs@s@ﬂ&nt he aqueous

phase extracted with | or omet hane (2 x The conbi ned organic
phases Wer éemdleleﬂ?Pﬁ®OMt er (20 nL), dri ed W|th Na2SO4, and filtered.
The resultant filtra centd ated under reduced pressure at 40C. The
resul tant residue vva%ﬁh&@?)? gﬂbgﬁg dE;:oI um chr omat ography on silica gel
(stationary phase) uSpr@le%nhmg"ﬁelﬁi(clﬂo12t9596E{m®) (v v)) as eI uent to
provide crude trans-(+)-A9-THC (lb),as a yell : g. Analysis
(&0 of the crude tré)WﬁWflK@‘lﬁfHCA *ﬁHCdéff)ed’*%qll‘&*tonqulﬁ&(ﬂ(ﬁ gllﬁﬁl‘ﬁiﬁlrl ty of

02 0% O LB AL CF RSl NRIRS Bk BRI R T Xt ure o

10 drop-vnsa over 1 hour o a stm:ed solution of BF3-Et;0 (8.4 g, 59.2 mmol) in
anhydrous dichloromethane (180 ml.) at -10°C under an Ar atmosphere. The
mixture was stirred for 2 hours at -10°C and poured into ice water (100 g). The
resultant biphasic mixture was further stirred for 20 minutes at 0°C. The resultant
organic phase was collected, washed with cold water (50 mL), 7 % aqueous sodium

15  bicarbonate (50 mL), and water (50 mL). The organic phase was dried with NaySO4
and filtered. The resultant filtrate was concentrated under reduced pressure at 40°C
to provide trans-(-)-A°-THC (la) as a yellow oil. Yield: 14.9 g, 99%. Analysis (CG)
of the product indicated that it contained 81.9% of trans-(-)-A’-THC (1a).

5.9. Example 9: One-Pot Synthesis of trans-(—)-A9 ~-THC

20 o A mixture of olivetol (50.0 g, 0.28 mol), zinc chioride (50.0 g, 0.36
mol) and anhydrous dichloromethane (510 ml) was stirred at 40°C for 1 hour under
an Ar atmosphere. A solution of (+-)-p-mentha-2,8-dien-1-01 (42.2 g, 0.28 mol) and
dichloromethane (155 mL) was added drop-wise over 1 hour to the stirred olivetol-
containing mixture, and the resultant mixture was stirred for an additional 40 minutes

25  at 40°C. The mixture was cooled to -10°C, and a solution of BFsEt,0 (23.6 g, 166
mmel) in aphydrous dichloromethane (37 mL) was added dropwise over one hour.
The resultant mixture was stirred for 1.5 hours at -10°C. Cold water (250 mL) was

added, and the resultant organié phase was collected and washed with cold water



102. 6 mmol ) and anhydrous di chl oronet hane (145 nlL) was stirred at 40C for 1
hour. A solution of (-) p-nentha-2,8-dien-l-ol (12.00 g, 76.6 nol) and
anhydrous 15 di chl oronet hane (45 nL) was added drop-w se over 1 hour at 40C
to the stirred olivetol-containing mxture, and the resultant m xture was
stirred WORMARSHEi ti onal 40 nminutes at 40C. The m ¥CUmE2008612870! ed to
-10C, and a solution of BF3.Et20 (6.7 g, 47 mmol) in anhydrous

di chl oronet hane (12 nL) was added drop-wi se over 1 hour at -10C. The

m xture was stirred for 30 mnutes at -10C. Cold water (50 nL) 20 was added,
and the resultant biphasic nixturefﬁﬁs stirred for an additional 20 m nutes
at 0C. The resultant organic phase was col |l ected, washed with cold water (2
x 50 mL), 5% aqueous sodi um bi carbonate (50 nL), and water (50 nlL). The
organi ¢ phase was then concentrated under reduced pressure at 40C, and the
resul tant residue (24.8 g) was dissolved in n-heptane (140 nL) at 25C. The
25 resul t afft20sal)yt7vomusas; sodishcdeaddnbie {026 al)y eodisai€OH20 134, mhy, water (2 x

Concono o iR ol b SRRt T 37
hen f _' 1St 4 ; id
Crans. (1) AGEGRRAEY ider fadlds driiuBlo SSOHESABANIEE A ATR8l ol 0P ©V16%,
69 % Anal Wibld: £933) g,ei5% heedsotit gins-REAL AREdohiteat inithe @D MuBIRAGAGO)ans- (+) -

A9- THC (1b) (49.2%, A8-iso-THC (25.31 % e}%;i dial kylolivetol (1.29 %; no
trans- @-) - oAGeprruchiaglicsiad thebit eenteiped tang£-)-ArxEp (ko) 145-198) e SiHC of

G el or ore A POAD TaE TERAE T oo S AT S M hour 1o
ol ut i on_ofyidikiat6BBliloL 0108 w9 :antak ) 7R E5 s dleehlior onet hane (45 )

at -5C. The resultant mxture was stifred for 1.5 hours at -5C. The mixture
was then added to 7% seb#HoDef (b8 Orand-(-)-A TRHC ab@0 ) in eptrani(R0phigse was

col l ected and.t he ueous., 1 r-acted with dichloranethane (3 x 30
). The corbiad? g\ga#sdﬁﬁsﬁﬁ‘%ﬁ%@f@ Sttt GERLS JESEOWE) | dried with
Na2SO4 1and Nd,$ 0L eedl filithd, Mas wshiemt filtdhie Wwdsahe dvasentanre efdd addeedunder reduced
pressure. The resultant residue was purified _by colum chromatography on

silica gel Prespyetoprayide phisy yuds residur . heheankiniag 3Hpwt. % of trans-(-)-
A°-THC (1a) using HPLC; and trans-(-)-A’-THC (1a) (47.4%), A-THC (2a) (8.6%),

AB-iso-THC (19.6%), CBD (0.5%), olivetol (0.0%) and dialkylated olivetol (10.9%)

using GC.

15 A solution of the first crude residue (16.5 g) in heptane (240 mL) was
extracted with an aliquot of 9% NaOH in 80% methanol (3 x 180 mL). The
combined basic methanolic extracts were acidified to approximately pH 7 with 20%
citric acid and extracted with heptane (3 x 90 mL). The combined organic fractions
were washed with water (50 mL), dried over NaySOy, and filtered. The resultant

20 filtrate was then concentrated under reduced pressure to provide 13.7 g of crude
residue which contained 44.0 wt. % of
trans-(-)-A>-THC using BPLC; and trans-(-)-A’-THC (1a) (51.8%), A>-THC (2a)
(10.0%), Ab-i50-THC (22.3%), CBD (0.0%), olivetol (0.0%) and dialkylated olivetol
(1.3%) using GC.

25 510.  Example 10: Synthesis of trans-(1)-A’-THC

A solution of BF3*Et,0 (0.34 g, 2.4 mmol) in anhydrous
dichloromethane (8 mL) was added dropwise with stirring over 1 hour to a solution
of the crystalline (+)-CBD (3a) from Example 4 (1.1 g, 3.6 mmol) in anhydrous



il st o

to 2:100 (v:v)) as eluent to prOV|de crude (f) A9- THC as a yel |l ow oi

Yield: 0.6 g, 15 56% Analysis (GC) of the (*)-A9-THC oil i ndicated that it
had a purity of 92.6% purity. The oily (+)-A9-THC (0.6 g) was dissolved in,
hexane (0.5 nL), and the resultant m xture was nmaintained at -15 C for 24
hours. TW® 20&d\3ment m xture was filtered, washed wrdr@ehdpigxgne (3 x 1
m.) and dried under reduced pressure to provide 20 (f)-A9-THC as slightly
rose crystals. Yield: 0.4 g. Melting point : 65-66 C. 5.13. Exanple 13:
One- Pot Synthesis of ()-A9-THC A m xture of olivetol (11.84 g, 65.7 mmol),
zinc chloride (11.87 g, 85.4 mol)-4&nd anhydrous di chl oronet hane (120 nlL)
was stirred at 40C for 1 hour. A solution of (+) p-nentha-2,8-dien-I-ol
(5.00 g, 32.84 nol), (-) p-nmentha-2,8-dien 25 1-ol from Exanple 1 (5.00 g,
32.84 nol) and anhydrous dlchloronethane (37 mL) was added drop-w se over 1
hour at 40 to the stirred olivetol -containing nlxture and the resultant

m xture was ol 006/ 053766
PCT/ EPZOOSI%%%?%E%S {58?‘21“)3322& *éogﬁﬁéei‘l'ﬂa‘“%ﬁ%h'%t e 055@%9\{*% F3Et 20 (5. 6
g, 39.4 m*roJSjC|Themixhydmmddddmﬁmnﬁmbﬁmaélf(ﬂlg) andl J 0t COH@ A0 ehip- Wi se over

1 hour at m xt Lhae was stirre or 30 nutes at_ -10C, and 50 nmL
of cold wat ténté’a%?&fp §hWas o ptie eSS Aretracd® B ot i rred for an

addi ti onal &maﬂoﬂlefhaﬁe txﬁﬁnLghph& obfdRi4h bARhicPhaRE WerPaABed Wi col | ected and
washed with cold water 8% aqueous sodi um bi carbonate (50 ni),

and wat €r (Bgery mLThtledwgﬁrN@S@mgéﬁ\l«ta@d Ebmeertaptiilédteoreder reduced
ressure at - hept
Pressur e Sl I LR eS8 U0 TR T lesgod Sy, - PPt ane

and wat er (& ¢hromhiveg@pligac dligas Gtatasary bMe)h&mgQVITBEtHemdl aodler reduced
pressure at 50C to provjde 17.1 of crude (f,) THC as_a brown oil. A

portion of ©RAVY 361"'5‘1?5&@01’1'-‘1@1 |c|rud(eiraas-@)) W@K@@F@éﬂh‘%m& m ni mal

amount of Is SS using a

Mer ck- Knaug?ﬁkgqﬁgggﬂﬁg&é {)ara Five ¢ ron%lt?% Clﬂchat%dnthJéy a?iflader (50 mm x
15 210 1om ofurktyd9XFH.10 m | oadi ng capacities 600 ng; eluent: n-heptane). ‘
Fractions containing (f)-A9-THC were conbi ned and concentrated under reduced '

5.11. Example 11: One-pot Synthesis of trans-(-)-A>-THC

A mixture of olivetol (14.21 g, 79.6 mmol); zine chloride (14.25 g,

102.6 mmol) and anhydrous dichloromethane (145 mL) was stirred at 40°C for 1
hour. A solution of (-)-p-mentha-2,8-dien-1-01 (12.00 g, 76.6 mol) and anhydrous

15  dichloromethane (45 mL) was added drop-wise over | hour at 40°C to the stirred
olivetol~contdining mixiare, and the resultant mixture was stirred for an additional 40
minutes at 40°C. The mixture was cooled to -10°C, and a solution of BF3.Et2O (6.7
g, 47 mmol) in anhydrous dichloromethane (12 mL) was added drop-wise over 1
hour at -10°C. The mixture was stirred for 30 minutes at -10°C. Cold water (50 mL)

20 was added, and the resultant biphasic mixture was stirred for an additional 20
minutes at 0°C. The resultant organic phase was collected, washed with cold water
(2 x 50 mL), 5% aqueous sodium bicarbonate (50 mL), and water (50 mL). The
organic phase was then concentrated under reduced pressure at 40°C, and the
resultant residue (24.8 g) was dissolved in n-heptane (140 mL) at 25°C. The

25  resultant solution was washed with 10% aqueous KOH (124 mL), water (2 x 50 mL),
dried with MgSO4 (10 g), and filtered. The resultant filtrate was concentrated under
reduced pressure at 40°C. The resultant residue (20.7 g) was then fractionally

distilled at reduced pressure (0.1 mbar) to provide trans-(+)«A9'THC (1b). Yield:

4



pressure at 40C to provide (f)-A9-THC (1). Yield: 1.1 g. Analysis (GC) of
the product indicated that it contained (f)-A9-THC (1) (91.27 %,
iso-A8-TFIC (1.87 %9 and A8-THC (1.08 9%9. 20 5.14. Exanple 14: Preparation
of (1-A9-THC A m xture of olivetol (15.0 g, 83.2 nnnol), zinc chloride (15.0
g, 108 MbIsRaTéanhydr ous di chl oronet hane (150 nl) w@sE®begmeds at 40C for
1 hour. A solution of (}) p-nentha-2,8-dien-1-01(12.7 g, 83.2 mmol) and
anhydrous di chl oronmet hane (45 25 nlL) was added drop-w se over 1 hour at 40
to the stirred olivetol-containing mxture, and the resultant m xture was
stirred for an additional 0.50 hours#9at 40C. The mi xture was cooled to
-10C, and a solution of BF3Et20 (7.1 g, 49.4 mmol) in anhydrous

di chl oronet hane (11 nmL.) was added drop-wise to the m xture over 1 hour WD
2006/ 053766 PCT/ EP2005/012378 -51 at -10C. The mi xture was stirred for 0.50
hours at -10C, and 80 nL of cold water was added with stirring to forma

bi phasi ¢ mmter% 69 PREARIGANCR) F?Hﬁge %tﬁﬁlcb@?ﬁﬁ@itc@?ﬁn gé}ﬁgsayeth col d

wat er (80 % aqueous sodi'um onate (80 niL r (80 nL).

The organi cA ﬁhﬁ@qwﬁss» ova, ed-ienerCNag $0%) and dhikylered] (12094, d} h8 tang-esul tant
e

filtrate was cpncentrated under reduced pressure to provi 28.5 g of a
first crude-ArTRE-(T&Graselsicckad. Anal ysis of the residue indicated that it
contai ned THC (30.3 % using HPLC, and ()-A9-THC (45.2.%, Ag-THC (3.2 %,
(})-Ag-iso- THC (17.3 %Q. CBD (4.0 9%, oIivet_oI gB.; 9 and di al kyl at ed
olivetol (11.7 % usingléc 18% ; ; rude ()-A9-THC

residue (28.5 g) was dissol ved n_heptane (165 nlL), ~and the resultant
sol uti ons(vvas washed \ﬁf%@“@@%}cﬁg@l@iﬁé g,ﬁﬂ)lmaﬁlgm,@%@@mpgo m.). The organic

sol ution vvaﬁcﬁlgl%gwglrahceg Iﬂ%)e@gaseégg%g&lgﬁMSQM| %}L?{gl ggr PR &P tdat ed under

reduced pressure to crude THC residue. Yield: 23.5
g, 37.6 % &) QBiDs(l@fg,ﬁﬁenmebun@lwdmdedlclﬁlpm&ﬂmae W@L}a&il—ﬁ@e Thli cat ed t hat

1, Sortl nellha i e UEMBIESG ARhofblARLiaan 0 20T
di al kyl at ed7%IN#EI®I(50 mL) The resultant organic phase was collected and the aqueous
10 phase exiracted with dichloromethane (3 x 30 mL). The combined organic phases
were washed with brine (20 mL), dried with Na;SO4 and filtered. The resuliant
filtrate was concentrated under reduced pressure. The resultant residue was purified
by column chromatography on silica gel (stationary phase) and MTBE:héxane (1:100
to 2:100 (v:v)) as eluent to provide crude &)-A°-THC as a yellow oil. Yield: 0.6 g,
15 56%. Analysis (GC) of the (:)-A’~THC oil indicated that it had a purity of 92.6%
purity. The oily (:I:)uAg-THC (0.6 g) was dissolved_in hexane (0.5 mL), and the
resultant mixture was maintained at -15 °C for 24 hours. The resultant mixture was
filtered, washed with cold hexane (3 x 1 mL) and dried under reduced pressure to
provide
20 (#)-A°-THC as slightly rose crystals, Yield: 0.4 g. Melting point : 65-66 °C.

5.13. Example 13: One-Pot Svnfhﬁ_i_g of (1)-A’-THC

A mixture of olivetol (11.84 g, 65.7 mmol), zine chloride (11.87 g,

85.4 mmol) and anhydrous dichloromethane (120 mL) was stirred at 40°C for 1 hour.

A solution of (+)-p-mentha-2,8-dien-1-0l (5.00 g, 32.84 mol), (-)-p-mentha-2,8-dien-
25  1-ol from Example 1 (5.00 g, 32.84 mol) and anhydrous dichloromethane (37 mL)
was added drop-wise over 1 hour at 40° to the stirred Glivetol—containing mixture,

and the resultant mixme was stirred for an additional 40 minutes at 40°C, The



(12.8 %9 using GC. 5.15. Exanple 15: Preparation of (f)-A9-THC froma

M xture of Crude 20 of trans-(-)-A9-THC and trans-(+)-A9- THC
Trans-(-)-A9- THC was prepared as described in Exanple 14 for preparing the
crude second ()-A9-THC residue, except that (+)-p-nmentha-2,8-dien- 1-ol was |
used i nsWe2@64F376¢ ) - p- ment ha- 2, 8-di en-1 -0l . Anal ysi s pdiRIpG)osof23tshe ‘
resultant crude trans-(-)-A9-THC indicated that it contained 41.4% by wei ght
of 25 trans-(-)-A9-THC. Trans-(+)-A9- THC was prepared as described in

Exanple 14 for preparing the crude second (f)-A9-THC resi due, except that
(-)-p-nentha-2, 8-di en-1 WD 2006/ 053786 PCT/ EP2005/ 012375 -52 of was used
instead of (f)-p-nentha-2,8-Bien-l-ol. Analysis (BPLC) of the resultant

crude trans-(+)-A9-THC indicated that it contai ned 37.5% by wei ght of
trans-(-)-A9-THC. The crude trans-(-)-A9-THC (24.3g; 10.0 g of
trans-(-)-A9-THC) and 5 trans-(+)-A9-THC (26.7g; 10.0 g of

trans-(+)- ﬁﬁxtﬂé@:as%&%d@dﬂﬁ%\éﬁ@a's&uﬁ&%@l%]@ 480 (343 3@4&&@1 yidhe resul tant

sol ution was admixed with 2 X 180 niL of a sol utlon 9% aqueous

NaOH: net haasiyd¢R9 :d8Bidommsthine (Imejlmmdﬂaﬂldﬁoga\hﬁs @SerViioRr atG DORQ. ﬂﬁﬂ and
treated with 10%C|tr|(§ glda oaboé@nrgCuntll t he pH about 7.
Hept ane (2 90XHi9) Watsarse e On%iﬁ‘&fc%aﬁe FEstnc 2nl of gl vatcs fistee washed 10

with water ThIPé’sufPe(rE g;hés:lcpﬂﬁc%ﬁe%%ﬁrhﬁ%ﬁid WS 2 uceg‘tegﬁ't@@d'ﬁ Ll tered, and

the resultant fil te was concentrated under re pressure to provide
41.8 g 6f cesubdant Ota‘a)lm@@aS‘éH@Sasﬂ@tddragdwadleki withnald watst ((ZHHIB)]L))B% he crude

(f)-A9-THC indi cated %., The cr f)-A9- THC
(41.8 9) g 8P§§°(§f% m?Iﬁ?O’P'l%ep@ﬁ@( ¥@§Hﬁ3 EQPWEE?JGH t solution
was cool ed chreatedehdeerdestdwidsiure byEral IThe estikant AMER0(5100vasny) . The
resultant m xture was further cooled to -15C for 12 hour and filtered. The

resul t ant W?W@%@%@H&é k) 287 @%@%@ﬂé@% aﬂ@wﬁﬂi%ﬂ Bried under
reduced pr@ﬁ% dicj?:d(\%éter%goiﬁhi @R Gk HBasE WS hl ine solid. Yield:

8.79, 43% yS| S HPLC t he product indi Cated t it had a purity of
96. 5% 1The concentrated under reduced pressure at 50°C to provide 17.1 g of crude (fc)-A -THC

as a brown oil. ,

A portion of the crude (ﬂ:)—Ag—THC oil (2.4 g) was dissolved in-a
mjnimal amount of heptane and purified by chromatography in a single pass using a
Merck-Knauer PP K-1800 preparative chromatograph with one cylinder (50 mm x
15 210 mm of LUNA CM 10 pm; loading capacities 600 mg; eluent: »-heptane).

Fractions containing (i)—Ag"THC were combined and concentrated under reduced

pressure at 40°C to provide (:l:)-Ag'THC (1). Yield: 1.1 g. Analysis (GC) ofthe

product indicated that it contained (:E)~A9-THC (1) (91.27 %), iso-A8~THC (1.87 %)

and A°-THC (1.08 %).

20 | 514,  Example 14: Preparation of (£)-A°-THC

A mixture of olivetol (15.0 g, 83.2 mmol), zinc chloride (15.0 g, 108
mmol) and anhydrous dichloromethane (150 mL) was stirred at 40°C for 1 hour. A
solution of |
' (%)-p-mentha-2,8-dien-1-0l (12.7 g, 83.2 mmol) and anhydrous dichloromethane (45
25 mL) was added drop-wise over 1 hour at 40° to the stirred olivetol-containing
mixture, and the resultant mixture was stirred for an additional 0.50 hours at 40°C.

The mixture was cooled to -10°C, and a solution of BF3'EtyO (’7.1 g, 49.4 mmol) in

_ anhydrous dichloromethane (11 m1) was added drop-wise to the_mixture over 1 hour



20 crystalline (+)-A9-THC remai ned white after at |east three days at 25C
5.16. Exanple 16: Preparation of ()-A9-THC from (f)-A8-THC Preparation of
(t)-9-chl oro-trans-hexahydrocannabinol: A m xture of crude (f)-A8-THC from
Example 5 (15.6 g; 9.63 g of ()-A8-THC), zinc chloride (4.66g, 34.23 nmol)
and anhyWP3l%/0837%€h| or omet hane (310 nl) was stirred f@cTEPB@D1BmUrs at 25C
under an Ar atnosphere. The m xture was cooled to 0C, and gaseous hydrogen
chl ori de was bubbl ed through the m xture for 1.5 hours. The m xture was
poured into an ice bath (150 g), and the resultant biphasic m xture was
stirred for 1 hour at 0 to 5C. The idr-gani ¢ phase was col |l ected and washed
with cold water (2 x WD 2006/ 053766 PCT/ EP2005/ 012378 -53 100 nl), 8%

sodi um bi carbonate solution (100 nL), and water (100 nL). The organic phase
was dried over anhydrous Na2S04 (15 g), and filtered. The resultant
filtrate was then concentrated under reduced pressure at 30C. The resultant

residue (1§.80°8) m@&iﬁhﬁws%ﬁ&eci_ﬁmsbﬁea@a@-ﬁ@é mdl)&o(rgﬁgii A LaePC and

seeded with (f)-9 5 chloro-trans exe}hy(_jrocannabi no The resul tant
m xt ur e waswashaddedswiith stadngito fodCa biphadic motwrs, The otgaulicpbase ¥&Ccolkmttdst i rred at

-15C for 60 urs.. The m xtur Liltered and,the result sol i ds washed
with cold n@ﬁg’ﬁf% e %ﬂrﬂ%‘?&r @?@o?ﬁ&‘&“e%?%‘ﬁ%é’waﬁ?waﬂ?ﬁ@i E”chduced
pressure atwHqso elpr Oké ganit hise Nl i@l Gret NaSDAMaeebdosarRabi nol . Yi el d:
5.7 g; 32.7% _Anal gsi s (HPLC) of 10 the

(f)-9-ch orrssql‘fr%trfé ﬁ@%@ﬁw}&@@éﬂﬁmﬁiﬂ%ﬁﬁqﬁép?a%%tqngaﬁd¢ 8. haaf afisr | Ity of
95.2% A | , i, . t ane,, i
poi o 56708 (A" ARt o tuiEen Py ogﬁw%iggfez "

. v i i as
structur e B8 2 itk Pabossndadu Jurctiy %), o THORD AZEER M ) 100 o
31.5, 34. ITHGRI73 YAXED (4.8 %8, oliidl (8.7 %)Fand Mhalfylatd@Blivetol 1087 %) 110.0, 142. 8,

154.5, 155.0, The x-ray powder diffraction pattern of the crystalline
(t)-9(3-d -Y99€ Ctrad characteristic peaks expressed in degrees 20 at

approxiytely 7.5, 1)]A2 .13. 14. 9 .4, . 9.1 19. 7. 0.0 and 22.5.
20 Pr ep@at ion of (f _%’gqu}_@h%ﬁﬁ ?&lﬂﬁ' éﬁ@fq %?5@%%8?5&)&&3%@%@( 6.6

in heptane (165 mL), and the resultant solution was washed with 10% NaOH (200

mL) and water (80 mL). The organic solution was then dried by azeotropic

distillation and concentrated under reduced pressure to provide a second crude

(:\:)uAg-THC residue. Yield: 23.5 g, 37.6 %. Analysis of the second crude (:l:)-Ag-
15  THC residue indicated that it contained (:l:)—Ag—THC (37.6 %) using HPLC; and

@)-A°-THC (50.7 %), A'-THC (3.8%),

(:r:)-Ag—iso-THC (19.6 %), CBD (4.4 %), olivetol (0.0 %), and dialkylated olivetol

(12.8 %) using GC. -

5.15. . Example 15: Preparation of g:h)-A?—THC from a Mixture of Crnde
20 of trans-(-}-A’~THC and trans-(+)-A>-THC

Trans-(-)-A’-THC was prepared as described in Example 14 for
preparing the crude second (:l:)-Ag-THC residue, except that (+)-p-mentha-2,8-dien-~
1-ol was used instead of ()-p-mentha-2,8-dien-1-0l. Analysis (HPLC) of the
resultant crude trans-(-)-A’-THC indicated that it contained 41.4% by weight of
25  trans-(-)-A’~THC. _
| Trans-(+)-A’~THC was prepared as described in Example 14 for
preparing the crude second (d:)—Ag-THC residue, except that (-)-p-mentha-2,8-dien-1-



g), ()-9-chloro-trans-hexahydrocannabinol (5.7 g, 16.2 mmol) and anhydrous
toluene (280 nmL) was stirred for 75 mnutes at 65C. The m xture was cool ed
to 25C and poured into ice water (100 g). The resultant organi c phase was
collected and washed with cold water (2 x 100 nlL), 7% sodi um bi carbonat e,
‘and wat eWO@H06053™6 100 nl). The organi ¢ phase was therPaivireasowsrs anhydr ous
Na2S04 and concentrated under reduced pressure. The resultant residue (5.35
g) was dissolved in n-heptane (3.4 nlL), cooled to 0C, and seeded with
(d)-A9-THC (0.01 g). The resultant m xture was stirred at OC for 5 hours,
cooled to -15C, and stirred at -15€52for 60 hours. The nmixture was filtered
and the resultant solids washed with cold n WO 2006/ 053766 PCT/ EP2005/ 012375
-54 heptane (4 nmL). The solids were then dried under reduced pressure at 50C
to provide (1)-A9-THC. Yield: 3.3g, 64.7% Analysis (HPLC) of the product
indicated that it had a purity of 97.23% 5.17. Exanple 17: Purification of
()-A9- THC %I Reeprt aistead obf)-bfnherfir-T RiQidh Nbl. r ABSRZEFDS ) betst&uliAt M xt ure of
t he second crude (f)-A9-THC resi due of Exanple 14 (20.0 g; 7.52 g of

() - A9- THO) crudg- nj t r obenzenesul fonyl chloride (14.5 g, 65.4 mol), :
triethylampe. (9.8 chk.or t o ) S. st i at 25C for 1
hour. The Fggﬁ@;ﬂﬁ%%&%ﬁgﬁ%ﬁ Sﬁg??éa‘ggg 1%&9%\‘\{%3?’@'}\’%_/5 (200 m.).
The resul tant organi Thphagermds-)10-ToC (2Liedoandbrasheldaumnhial |y with
10% HC1(80 nl), wat er %100 n%&f’,q)S% Nalgl P 100@Ct)n1_ aﬁg-_mat er (100 m.). The
or gani ¢ Sphaxes-iash”t HER (36 120 d0.8 eeof trapm@iIad- Wwere deadvied iTheptams ul t ant

it orudd ) RS Tac i e aer e BUE S BRERR b AL R AT e B oy G

the first of9teaquidns NaDIBRehiKo!i(20:80 tviOheTizaneahatolio phises wesi due i ndi cated
that it had a purity of 42 9 w.,% The first crude (f)-A9-THC

m ni t r obenZ8REYEH pyhiEgaed vEth Hl}ewcm%acl%ﬁ%‘éﬁ%*ewﬁ G uwgitspthees (95 nL) at

50C. The r tan L pisi QR oloBhe ded with

powder ed c%?gl%tg?ﬁeﬁg‘g( %gp%gf)%%a%@%’%%gﬁenesal fong)?g%e%éag’vgg%%ed to 0C,
and st il0r edviftowatér? The @rganic pbase Wisdhanadsiet toaertNaxP Q4 andefileasd, fid ther ed, and

resultant filtrate was concentrated under reduced pressure to provide 41.8 g of crude

(£)-A°-THC as a brown oil. Analysis (HPLC) of the crude

(+)»-A’-THC indicated that it had a purity of 48%.

The crude (£)-A°-THC (41.8 g) was dissolved in heptane (85 mL), and

15  the resultant solution was cooled to 0°C and sceded with crystalline (£)-A’-THC (100

mg). The reéultant mixture was further cooled to —15°C for 12 hour and filtered.

The resultant solids were washed with cold heptane (3 x 10 mL) and dried under

reduced pressure to provide (&)-A°-THC as a white crystalline solid. Yield: 8.7g,

43%. Analysis (HPLC) of the product indicated that it had a purity of 96.5%. The
20 crystalline (2)-A’-THC remained white after at least three days at 25°C.

5.16. Example 16: Preparation of (£)-A’-THC from (£)-A>-THC

" Preparation of (£)-9-chloro-trans-hexahydrocannabinol: A mixture

of crude (i)-As-TI—IC from Example 5 (15.6 g; 9.63 g of (d:)-AS-THC), zine chloride
-7 (4.66g, 34.23 mmol) and anhydrous dichloromethane (310 mL) was stirred for 0.5
. 25  hours at 25°C under an Ar atmosphere. The mixture was cooled to 0°C, and gaseous
hydrogen chloride was bubbled through the mixture for 1.5 hours. The mixture was
poured into an ice bath (150 g), and the resultant biphasic mixture was stirred for 1

hour at 0 to 5°C. The organic phase was collected and washed with cold water (2 x



the resultant solids were washed with cold heptane (65 nlL). The solids were
then dried under reduced pressure to provide 10.3 g of second crude
(f)-A9-THC m nitrobenzenesul fonate residue as a yellow solid. Analysis
(HPLC) of the second crude ()-A9-THC mnitrobenzenesul fonate residue

i ndi cat edV® MW3F66had a purity of 25 79.1 % The secporEEosiRA2{7s- A9- THC

m ni trobenzenesul fonate (10.0 g) was dissolved in dichioronethane (13 nL),
and the resultant solution was added to a distillation pot equipped with a
10 cm Vigreux colum and an addition port. The WD 2006/ 053766

PCT/ EP2005/ 012378 -55 contents of 4Jfe- distillation pot were then distilled
whi | e i sopropanol (40 nmL) was continuously added dropwi se to the m xture
through the addition port. The distillation was stopped when the
tenperature of vapors in the head of the colum reached 82.4 C. The
contents of the distillation pot where cooled to OCto 5C, and 5 the

resul tant smm'smo\aﬁﬁuﬁ&arw sfoﬁfnof;%ldm%tff&%w&&@@omutrgéc The

suspension was fritered, and the resultant sé s were washed with cold
hept ane ( 2201'gam9 phaih Bfasdﬂﬂddsfermﬂlﬁdltohe}iaﬁmébﬁ gin eiet filteecil C8d rpmutisiture to

provi de cry f ni tr enzene te. 7.0 g, 59%
Anal ysi s (r@@é& %E‘ﬁg? 90“%P§§8€P“ﬁ c‘:‘%‘“t R % ﬁ Chzr;@‘eéesﬁg?fﬁf‘i?ldé? 99. 0% 10
Mel ting poi6;3 ohQars Hidddbvedin hakpRONIBmE), Eddlariioen, NAtbRtka wilitaract eri stic
peaks expressed in _degrees 20 where observed at approxinmately 9.3, 10.6,

12.5, 15 2, chigograpshegahydrogannapipl §305g). ﬁb@gawétw@ﬁxme vastherostimadat A mi xt ure
of the crys ) b 7.5 mmol),
50% NaOH (56505,@1*0%r ??’8‘%’3’ crcr’éltgﬁg:gls (%%ng%ré_@mggégtﬂf%ﬁgﬁbg@@e‘g% out 1-2
hours then ﬁkb@lbcbﬁhdttbe readtmtﬂtﬁﬂewaﬂnd&dth'ﬁhmn-hqnﬂnedlmm ufle solids t hen treated
with cold water 1 x.15 n%]l)]ﬁ;f %gtreat with 10% HC1L until the
pH was aboutc? thepizicd yader I?("'tgﬂﬁ’eé‘t Q,prgL ed with heptane (3 x 75
n), and thg)oaHBednORgGamnGoRhdbaml. S YR 8. MR 3h&eh, WaddlysTd FICO3 (100
nm) and vvat%r) (105 m.). The o? ani ¢ phase vva’}g@drl ed ovag}r’S SC()jA)fja and

filterelfl THe (*)e%‘&}lﬂﬂfé’rﬁanﬂlﬁf\h& °%§b$ﬂéﬂﬂ1€%¢%ﬁtl?%ﬁdé@‘wﬁd@?95&”/essur e to
provide An analytical sample, recrystallized from heptane, had a melting point of 89-90 °C.

The purity (HPLC) of the analytical same was 99.6%.
Optical rotation: [alp™ 0.0° (¢ = 0.53, CHCls).
"H NMR agreed with the structure.
15 BCNMR (CDCl) 8 13.9, 19.1, 22.4,24.2, 27.6, 30.4, 31.3, 31.5,
34.1,35.3,42.0,44.8,48.7,72.6, 76.7, 107.7, 108.9, 110.0, 142.8, 154.5, 155.0.
The x-ray powder diffraction pattern of the crystalline (%)-93-ClI-HHC
had characteristic peaks expressed in degrees 20 at approximately 7.5, 11.2, 13.3,
14.9,15.4, 15.9, 19.4, 19.7, 20.0 and 22.5. |
20  Preparation of (ﬂ:)~A9-THC: A mixture of potassium-tert-amylate (6.6
g), (£)-9-chloro-trans-hexahydrocannahinel (5.7 g, 16.2 mmol) and anhydrous
toluene (280 mL) was stirred for 75 minutes at 65°C. The mixture was cooled to
25°C and poured into ice water (100 g). The resultant organic phase was collected
and washed with cold water (2 x 100 mL), 7% sodium bicarbonate, and water (2 x
25 100 mL). The organic phase was then dried over anhydrous NayS0O4 and
concentrated under reduced pressure. The resultant residue (5.35 g) was dissolved in
n-heptane (3.4 mL), cooled to 0°C , and seeded with, (:k)-Ag-TH_C (0.01 g). The
resultant mixture was stirred at 0°C for 5 hours, cooled to -15°C, and stirred at ~15°C

for 60 hours. The mixture was filtered and the resultant solids washed with cold n-



2.5 g of crude (t)-A9-THC. Analysis (HPLC) of the crude product indicated
that it contained 92.6 % by wei ght of (f)-A9-THC. The crude (f)-A9-THC was
di ssolved in heptane (5 nL) at 40C. The 25 resultant solution was cooled to
0C, seeded with powdered crystalline ()-A9-THC, and stirred for 12 hours at
-15C. Th&vQ29eM3B76t nmi xture was filtered and the resubdemeo0s0bizgds washed
with cold heptane (3.5 nL). The solids were then dried under reduced
pressure to provide (f)-A9-THC as off-white crystals. Yield: 2.1 g, 74% The
crystalline (f)-A9-TUC was stable at 25C in the presence of .air and

| abor at ory WD 2006/ 053766 PCTI EP2005H012378 -56 |ighting. Analysis (HPLC)
of the product indicated that it had a purity of 99.0% An analytical
sanple that was recrystallized from hexane had a nelting point of 65- 66C
Optical rotation: [a]D20 0.00 (¢ = 0.53, CHC13). 5 1H NVR The spectra of
the product agreed with the structure. 5.18. Exanple 18: Preparation of
(t)-A9- THC ferii Mﬁ!l?: The sofifls Wik thenddd ith@h Sedntdd R8smbldGt Aegabuti on of
trans-(-)-A9-THC (1 (10 g; 9.35 g of trans-(-)-A9-THC based on a purity
of 93.5%, froaids () A Tield: Bg, 64.0% Bralypls€HRLCY dfihOp@dud indficaged 10 based
on a purity of 49.2% _ and heptane (28 nL) was cooled to 0C, seeded with
(f)-A -THC *@@t.lb@d@l?u@h@if@ﬁ?’%ed for 5 hours at OC. The resultant m xture
was cooled to -15C and stirred for an additional 48 hours at -15C. The

m xture was filtered t he A ] efdgdh cold n-heptane (4
nm.). The solids were ?Prlig'n drErKﬁ-l 1 22 publfichf 28 Tﬁét 35C to provide

d A9-THC. Yielgd. 11. 9 i P : d
()-29- T i ndi cat ec CRATATHAA I v PO IETsiiBrele, Krilid®of) . v
(11.2 g) veghe dcoaOtMa )N ERE eRRIué dBEMAE 14 BO0 o, 192 4 dFsAXTHCS, was cool ed

with stirring to 0C. The resultant m xture was_ stirred at 0C for 2 hours,

cool ed to -3Sizobagnesulfenyéahledde @A>2a67-¢ mamel), tdghylening (37 e} @@ 15C. The
m xture wasgfy 0 S &k ysit ' ' vashed with cold
n- hept ane (% ﬁ%%ﬁoﬂe&%g@?gl %5@ v\li\agr gllr%%gtr%sdr ?"3&%‘#,%2?@3%@%& pressure at 35C
to was then treated with cold water (200 mL). The resuitant organic phase was '
10 collected and washed sequentially with 10% HCI (80 mL), water (100 mL), 5%
NaHCOj3 (100 mL) and water (100 mL). The organic phase was then dried over

NaySOy and filtered. The resultant filtrate was concentrated under reduced pressure

to provide 25.8 g of a first crude

(&)-A’-THC m-nitrobenzenesulfonate residue. Analysis (HPLC) of the first crude
15 (&)-A>-THC m-nitrobenzenesulfonate residue indicated that it had a purity of 42.9

wt.%. '

The first crude (4)-A’-THC m-nitrobenzenesulfonate residue was
dissolved in isopropanol (95 mL) at 50°C. The resultant solution was cooled to room
temperature, seeded with powdered crystalline (i)-Ag—THC m-nitrobenzenesulfonate,

20  c¢ooled to 0°C, and stirred for 12 hour at 0°C. The resultant mixture was filtered, and
the resultant solids were Washed with cold heptane (65 mL). The solids were then
dried under reduced pressure to provide 10.3 g of second crude. (&)-A’-THC m-
nitrobenzenesulfonate residue as a yellow solid. Analysis (HPLC) of the second
crude (£)-A’-THC m-nitrobenzenesulfonate residue indicated that it had a purity of

25 791 %.

| “The second crude (£)-A°-THC m-nitrobenzenesulfonate (10.0. g) was

dissolved in dichloromethane (13 mL), and the resultant solution was added to a

distillation pot equipped with 210 cm Vigreux column and an addition port. The



provide crystalline (f)-A9-THC. Yield: 9.2 g, 82% Analysis (HPLC) of the
crystalline (f)-A9-THC indicated that it had a purity of 97.7 % 5. 19.
Exanpl e 19: Preparation of Crystalline ()-A9-THC 25 (+)-A9-THC (2.70g, 2.55
g of trans-(+)-A9-THC based on a purity of 94.3% (obtained from

enant i osWO2004/038766 hr omat ogr aphy of crystalline ()-A9-rilH@)r@a1descri bed in
Exanpl e 21) and trans-(-)-A9-THC from Exanple 9 (3.36 g, 2.76 g of
trans-(-)-@-THC based on purity of 82.2% were dissolved in heptane (9.5
mL). WD 2006/ 053766 PCT/ EP2005/ 012378 -57 The resultant solution was cool ed
to OC and seeded with crystalline (§35A9-THC (0.01 g). The resultant

adm xture was stirred for 5 hours at OC and for 72 hour at - 15C. The
‘resultant m xture was filtered and the resultant solids washed with cold
heptane (8 nlL). The solids were then dried under reduced pressure at 35C to
5 provide crystalline (f)-A9-THC. Yield: 4.4 g, 79.7% Analysis (HPLC) of

t he prOqucéonteﬁlﬁ'cﬁ‘%e‘iﬂstﬂﬁ%nfgét W22y Bidfillddviffe i8hrdptho48 i) magmpl e 20:
Preparation of Crystalline (T)-A9-THC Crude trans(-)-A9-THC and crude

t rans- (+) - Acniim@uakraddgst dppivisel tofe mprtos dercegh the addiion pdsedilien Exanpl es 9 and

11, respecti.velv. ude trans- (,),- A9- TH 27, .containing 10.0 g of
trans-(-)- A@@ﬁw’fn %‘S %gpprﬁ_i V‘gjfen%%%[?%ﬁeéfa%%ag f(%rf%ﬂ%%%{ t?lgﬁgad(o%)%e,&@ﬁ'f‘ﬁg (24.3 g;
cont ai ni ng &kecH3d §2.aFCt Tae Sorftents dfhd #iklilatioh Yoiamieerd equla@ne 066 4bs5°0Tkad wWas

adm xed with a nmethanoli¢ caustic_solution containi n%DSO% caustic (33 g),

wat er (15. ShEFosukamsyrpensignovasstiged fryf2 peps ot)°fn thabe 58¢- 3. The resul tant
purpl e net hgp én%ﬁn%gﬁitblﬁd,(dng\ﬁiﬁsﬂ:aﬁ%%ﬁmerﬁ %alsﬁ'e]‘?ltxﬁﬂ] co"f@ﬁ]er?tteﬁg Igﬂ gani ¢ phase
th a tal

was 15 adm xed again w met hanol 1 ¢ caustic solution co I'ng 50%
causti c (33mf)., Thenmtids wrthen dric)l uadit revetdvbpredsue 16 Pravide chwtalld@ (#)-nut es at

25C. The resyltant . nmethanoljc caustj.c, pha s col | d,. and the conbi ned
met hanol i ¢ éatﬁﬁi%'ﬂﬁ?%m%bﬁ?@%@ﬁ{de&% gﬁf’mﬁséﬁﬁ%@l‘g&ﬁ%ti on of citric
acid in wat glodicehrliciled 1A% Ha@24hutiBNIf 09Yed.| ow admi Xture was then extracted
with heﬁ)t anée (200 g). The resultant organic 20 phase coll ected and washed

with wat@r (150 ni), Melisgipeived0A0B64, and filtered. The resultant

filtrate was dried b %égg :@e. Oi-ST | If’%% %%'n;i .under
reduced pressure. Th)e{xr uR{d‘éﬁ{h‘fﬁr%@%‘b&e 47T, agagﬁ\%\?g{éé 'S %%s\e?géﬁli n hept ane
(57 g),  degrees 26 where observed at approximately 9.3, 10.6, 12.5, 15.2, 18.7,19.3,21.2

and 22.9. |

Preparation of (£)-A"-THC: A mixture of the crystalline (i)—Ag-THC
15 | m-nitrobenzenesulfonate (4.5 g, 7.5 mmol), 50% NaOH (5.3 g), and methanol (110
mL) was stirred at 50°C for about 1-2 hours then cooled fo room temperaﬁxre. The
cooled mixture was then treated with cold water (1 x 150 mL) followed by treatment
with 10% HC1 until the pH was about 7. The resultant mixture was extracted with
heptane (3 x 75 mL), and the combined organic extracts were washed with 7%
20 NaHCO; (100 mL) and water (100 mL). The organic phase was dried over NazSO4
and filtered. The resultant filtrate was then concenirated under pressure to providé
2.5 g of crude (:2)-A°-THC. Analysis (HPLC) of the crude product indicated that it
contained 92.6 % by weight of ()-A*-THC.
* The crude ()-A>-THC was dissolved in heptane (5 mL) at 40°C. The
25  resultant solution was cooled to 0°C, seeded with powdered orystalline (&)-A°>-THC,
and stirred for 12 hours at -15°C. The resultant mixture was filtered émd the resultant
solids washed with cold heptane (3.5 mL). The solids were then dried under reduced
pressure to provide (£)-A’-THC as off-white crystals. Yield: 2.1 g, 74%. The
crystalline (i)-Ag—THC was stable at 25°C in the presence of air and laboratory



cooled to 0C, and seeded with 100 ng of crystalline (f)-Q@-THC. The
resultant adm xture was cooled to -15C and stirred at -15C for 12 hours.
The resultant 25 m xture was suction-filtered, and the solids were washed
with cold heptane (3 x 10 nL). The resultant yellow solids were allowed to
dry und®O 20e58®h t o provide 12.45 g of crude (f)-AS:TTGo0s0232906/ 053766
PCT/ EP2005/ 012378 -58 The crude (f)-A9-THC (12.45 g) was dissolved in
heptane (25 nL) at 50C, and the resultant solution was cooled to -10C for
2-3 hours. The resultant mxture was suction-filtered and the solids washed
3 times with.cold heptane (10, 10,-5%@nd 20 nlL). The solids were then allowed
to dry under suction to provide (f)-A9 5 THC as white crystals. Yield: 8.70
g; 1l4%yield (based on olivetol); 44%yield based on (-)-A9-THC and
(+)-A9-THC. Analysis (HPLC) of the crystalline ()-A9-THC indicated that it
had a purity of 96.45% 5.21. Exanple 21: Resolution of trans-(-)-A9-THC
and 10 trl@%lﬁfm +And\9sid HPTIOOTHS prodilt ideatedl 11291t hhiCa W - AP0 pure) was
eluted by f % chrgmago@raphy %n a iI\l:)LlerE';J(I?aico | unm g&q@(%fggrﬂﬁmﬂnu/m ng

Chi r al pak(#gl S@DP]@ﬁhaéﬁvia? B ypRdized from Irgpapdied paprdiing peintofié5%st at i onary
phase (| oagd@g capacity 500 ng per injection, LTV at 228 ma) and

n- hept ane: 2- propanol (95:5 (v:v)) as the m)bile phase at a flow rate of 15 |
200 mL/mn at 20 to (Bical rdtagord: r[a]#‘i@(l‘sgci#n.mmim nly trans-(-)-A9-THC was
observed were conbined, and the volatiles renoved using a rotary evaporator
at 35 Y0 40Cto pr oﬂWRfr & Spyeip ofdie perguptiagyeed Witk the stocBme.g: 89% Anal ysi's |
of the product (HPLC) i ndi cated that it was at Ieast 99 9% pure, i.e., no
ot her cannabi Rgigd ! : 2 29 AR ! gt on of '
trans4-) - A9- TE% and ' C =~ C (be ()-A9-THC
of hept ane: 2-propanol (95:5 !

(v:v)) mxture. Thez{&ﬁéﬂ:{[ tlx(a@guh'g% g@{% ?%?%of'trgﬁso( j’iAQrﬂ_Il&ch stainl ess

steel "Load and Lock
based on a purity of 93.5%), trans- (+)-A -THC (1b) from Example 11 (17.0g,8.36 g

10 based on a purity of 49.2%) and heptane (28 mL) was cocled fo 0°C, seeded with
(£)-A’-THC (0.02 g), and stirred for 5 hours at 0°C. The resultant mixture was
cooled to -15°C and stirred for an additional 48 hours at ~-15°C. The mixture was
filtered and the resultant solids washed with cold n-heptane (4 mL.). The solids were

~ then dried under reduced pressure at 35°C to provide crude (2)-A-THC. Yield: 11.4
15 g, 68%. Analysis (HPLC) of the crude (£)-A°-THC indicated that it had a purity of
93.6%.

The crude (&)-A>-THC (i 1.2 g) was dissolved in heptane (15 g) at
50°C, and the mixture was cooled with stirring to 0°C. The resultant mixture was
stitred at 0°C for 2 hours, cooled to ~15°C, and stirred for an additional 48 hours at -

20 15°C. The mixiure was filtered and the resultant crystalline solids washed with cold
n-heptane (4 mL). The solids were then dried under reduced pressure at 35°C to
- provide crystalline (£)-A’-THC. Yield: 9.2 g, 82%. Analysis (HPLC) of the
erystalline (£)-A°-THC indicated that it had a purity of 97.7 %.

5.19. Example 19: Preparation of Crystalline (3)-A’-THC

25 (+)-A%-THC (2.70g, 2.55 g of trans-(-H)-A’-THC based on a purity of
04.3%) (obtained from enantioselective chromatography of crystalline (+)-A>-THC)
as described in Example 21) and trans-(-)-A’-THC from Example 9 (3.36 g, 2.76 g of
trans~(—)—A9—THC based on purity of 82.2%) were dissolved in heptane (9.5 mL).



25 Chiral pak(r) AD chiral derivatized silica (Chiral Technol ogies, Inc.
Exton, PA). Elution was carried out under isocratic conditions with a
solution of heptane:isopropanol (95:5 (v:v)) at a tenperature of about 25C
and at a flow rate of WD 2006/ 053766 PCT/ EP2005/012378 -59 250 niL of

el uent /i MO200@E®WEt i on of conpounds in the el uent waseCrRERI@SH1DBE by UV
absorption at 235 ma. Trans-(+)-A9-THC eluted first, and the conbi ned
trans-(+)-A9-THC eluents were concentrated under reduced pressure to
provide 1.5 g of trans-(+)-A9- 5 THC (1b) as a reddi sh-yellow oil
Trans-(-)-A9-THC eluted after the t+¥ns-(+)-A9-THC, and the conbi ned
trans-(-)-A9- THC el uents were concentrated under reduced pressure to provide
trans- (-)-A9-THC (I a) as a thick viscous reddish-yellowoil. Yield: 1.4 g.
Anal ysis 10 (HPLC) of the trans-(-)-A9-THC product indicated that it had a
purity of 99.4% 5.23. Exanple 23: Resolution of trans-(-)-A9-THC and
trans- (+) anple 13
(about 2. e@'éﬁlt%%tféglggxb%ﬁgsJ@%dﬁ@g%gﬁ&@ghérﬁ%téérgéﬂgﬂﬁg& ane: TPA (v:v)

m xture to (ﬁrﬂd\g)dEharemﬂtawa%mmas@nned\forﬁdmmsmnﬂw attdnfer TDBowat ut i on (about

w U n"Ohi 1 ok A ReNi6 PR R od 13 e Fpics et il o

Japan). E lﬂdp&ﬂemgiaﬂﬁd@ﬁd@ﬂ&rem%eﬂﬁﬂ@e&@éduﬁemmmfela@w&ﬂoth a sol ution
of 20 hept ane: 2- propano ). sol vent at about 25C and at a flow

rate of 2000tAtid GWS@IB@E#)TAITH{CDXﬂ%%ﬁ % 8 7pr delrtisHILDREDS uent was
carried OUtprB%ucy\%ﬂgﬁ%HQﬂétR@adagm%%%fry@ ofhe el ution of the remaining

portions of 0% sol ut1on arried on about 3 x 5 g sanples as

descri bed above. The fractions cont ai ni ng (+) - A9- THC vvere conbi ned and 25
concentr at ed. under 528duce@xpmpkc g rystalli reddi sh-yel | ow
oil. Yield: 1.0 g. AnaIyS|s(HPLC) of the 0|I |nd|catedthat it had a

glﬁéi ty of 97.0% Thecméqua&fs@?-'fﬁﬁta%'d%' ng. Lt L2Bs: - %eg_e%cr:e&a?ed% conbi ned

processes as described in Examples 9 and 11, respectively. Crude 1:y:e'u:1s-'(—)-A9 -THC

10 (27.7 g containing 10.0 g of trans-(-)-A’~THC) in 65 mL of heptane and crude trans-
(H-A’-THC (24.3 g; containing 10.0 g of trans-(+)-A°-THC), 50% and heptane (315
ml) was admixed with a methanolic caustic solution containing 50% caustic (33 g),
water (16.5 mL) and methanol (190 mL) for 20 minutes at 25°C. The resultant
purple methanolic canstic (fower) phase was collected, and the organic phase was

15  admixed again with a methanolic caustic solution containing 50% caustic (33 g),
water (16.5 mL) and methanol (190 mL) for 20 minutes at 25°C. The resultant
methanolic caustic phase was collected, and the combined methanolic caustic phases
were treated slowly with a 10% solution of citric acid in water (545 g). The resultant
yellow admixture was then exiracted with heptane (200 g). The resultant organic

20  phase collected and washed with water (150 mL), dried over NaySQOy, and filtered.
The resultant filirate was dried by azeotropic distillation and concentrated under
reduced pressure. The resultant red oil (41.76 g) was dissolved in heptane (57 g),
cooled to 0°C, and seeded with 100 mg of crystalline (:!:)-A§—TI-IC. The resultant
admixture was cooled to ~15°C and stirred at -15°C for 12 hours. The resultant

25  mixture was suction-filiered, and the solids were washed with cold heptane (3 x 10
mL). The resultant yellow solids were allowed to dry under suction to provide 12.45
g of crude (£)-A°-THC,



concentrated under reduced pressure to provide trans-(-)-A9-THC (I a) as a

t hi ck WD 2006/ 053766 PCT/ EP2005/ 012378 -60 vi scous reddi sh-yellow oil.
Yield: 1.0 g. Analysis (HPLC) of the product indicated that it had a purity
of 99.9% The product was stored in a freezer and protected fromlight and
oxygen. WOTHEE®sent i nvention is not to be |imtedPCWEROPE PR t he
specific enbodi nents disclosed in the exanples which are intended as i
illustrations of a few aspects of the invention and any enbodi nents that
are functionally equivalent are wthin the scope of this invention. I|Indeed,
various nodifications of the inventi®®n in 10 addition to those shown and
descri bed herein will becone apparent to those skilled in the art and are
intended to fall within the scope of the appended clainms. A nunber of

ref erences have been cited, the entire disclosures of- which are

incorporated herein by reference. 61 CLAIMS 1. A nethod for preparing a

trans-(-)-A9-tetrahydpogans immﬁ@ﬁmsg)wagalsmwémmbﬁmzs%L%;'at ow ng a
conposition conpr|5|ng (=)- tetra rocaunabi nol and an el Uting sol vent

t o separ at 0Yn aad Eiiresiltantsahition ey cosirtlde - 1S CodB deurs. h%lresulta@t )-A9-
tetral aydr %m&&%n&oﬂ?%éd %r}dc%ﬂe sofids %'a§he§§$tm§es PR 5 éai%%ﬂf pgannabi nol

COh‘pOSI tion conprisin osittron ¢co
(-t)-A9- tetandm@vdm)cahmmclawereahdx afm)weékmdnymgdﬁ&hmﬁmttobﬁ)vii‘_%qza} ate on a chiral

station ry se rovi t et rahydr ocannabi nol

conposi (3:?1%‘?’ Ty Yids- d&e?% tgﬂg J—fg%’é( @Bﬁeélrﬂ%ﬁi ﬁ? o#Bidi ned from
crystall | n%age%}l (HON 118 ah@t r ahydrocannabi nol, and wherein the crystalline
(1)-A9-tet rahygrocanna binol is obtained by allown

trams- (-) - A9-fetHehydrabse{HRbChof theagstallise 6-)ed Y TG indicated that it had a
purity of 96.45%.

5.21. Example 21: Resolution of trans-(-}-A>-THC and
10 trans-(H)-A>-THC from (£)-A’-THC

(E)-A-THC (2.00 g, 97.7% pure) was eluted by flash chromatography
on a Merck column (210 x 50 mm) using Chiralpak® AD™ 20 pm chiral (Daicel,
. Tokyo, Japan) as the stationary phase (loading capacity 500 mg per injection, UV at
228 nm) and n-heptane:2-propanol (95:5 (v:v)) as the mobile phase at a flow rate of
15 200 mL/min at 20° to 25°C. The fractions in which only trans-(-)-A’-THC was
~ observed were combined, and the volatiles removed using a rofary evaporator at 35°
to 40°C to provide trans-(-}-A>-THC (1a). Yield: 0.89 g; 89%. Analysis of the
product (HPLC) indicated that it was at least 99.9% pure, i.e., no other cannabinoids

were detected.

20 5.22, Lixample 22: Resolution of trans-(-}-A’-THC and
trans-(+)-A°-THC from (£)-A>-THC

Crystalline (£)-A’-THC from Example 15 (3.8 g) was dissolved in 8
1l of heptane:2-propanol (95:5 (v:v)) mixture. The resultant solution was injected
into a 2 inch stainless steel “Load and Lock™ column (Varian) packed with
25  Chiralpak® AD chiral derivatized silica (Chiral Technologies, Inc. Exton, PA).
Elution was carried out under isocratic conditions with a solution of

heptane:isopropanol (95:5 (v:v)) at a temperature of about 25°C and at a flow rate of



t et rahydrocannabi nol to crystallize froma first conposition conprising

trans-(-)-A)- tetrahydrocannabinol, trans-(i )_A9-ten ahvdrocannirbinol, and

a non pol ar organic 20 solvent to provide crystalline
r:)-A9-tetrahydrocannabi nol, wherein the first conposition was obtained

by (a) WORWHAY7® bi phasi c corrposi tion conprising (iPCEEPIOPZAIZEFBgani ¢ phase,

and (ii) an al coholic-caustic phase containing the

trains-(-)-A9-tetrahydrocannabi nol and/or the trans-(-

) - A9-t et rahydr ocannabi nol; 25 (b) separating the

trans-(-)-A9-tetrahydrocannabi nol adffor the trans-(-+)-

A9-t et rahydr ocannabi nol fr'oin the alcoholic-caustic phase; and (e) formng

a first: conposition conprising the trans-(+)-A9- tetrahydrocannabi nol,

trans-(-)-A9-tetrahydrocannabi nol, and a non-pol ar organic solvent. 30 2.

The met hod of claim 1, wherein the trans-(-)-A9-tetrahydrocannabi nol

conposi t i orpsg aiTPéfichRst/Atn. Im@&uoﬁla%m o%ﬁ&@ﬁﬂlé/ah@ma%med outb

trans-(-)- A9 t et r ahydr ocannabi nol based on the total anount o? trans-

(-)-A9-t et rak éﬁ%@ﬁnol and trans-(1-)-A9- tetrahydrocannablnot and

'east about 98% Li‘”izfaiﬁ g T P SRS d e SR SEbARIB ol " based on
the total anRHRveRS concdiited m&%eddc dﬁ@@u&% %Mmbs pok wARI+)-A"-

bans-(-)-A9 tetrahydrocannabi nol wherein th
(i) - A9- et rm%eﬁmwé@lshﬁbllwgﬂobt ai ned by all OWI ng trans-

Crystallize iloma  SeSE aIpUCRer Bl BefREAG AR B L

9-t et r ahydreggameabi nol , trans-(-+-)-A9 tetrahydr oeannabi noI and a non-pol ar
organi ¢ sol vent t%ﬁ% ovide crystalline (.1:)-A9- fetrahydr ocannabl nol and a -
|i qui d phadens-G)-AFREGuendowert conaghimaied wwqereé'imdmrﬁ@sure to provide trans-

90° 5% by whight 157 (1 ARG PRk gt rdlo i RPE kBB k& LHon ( he Lot al

amount 19f tEHBNE) 6fthe A9_t et r ahydr oeannabi nol  and
trans-(-i-)-A9- te[)rah drocannabi nol . 4. The nethod of claim 3, wherein the
trans- (-) - AQn3-eh erodvnt istigatad that it had a purity of 99.4%.

5.23. Example 23: Resolution of trans-(-)-A°-THC and
trans-(+)-A’-THC from (2)-A>-THC

15 Crystalline (£)-A’-THC from Example 13 (about 2.0 g) was dissolved
in a about 26 m! of 95:5 heptane:IPA (v:v) mixture to provide a 10 wt.% solution. A
portion of the 10% solution (about 5g) was injected into 220 x 50 mm stainless steel
column (Merck) packed with Chiralpak® AD 20 pm chiral derivatized silica (Daicel,
Tokyo, Japan). Elution was carried out under isocratic conditions with a solution of

20  heptane:2-propanol (95:5 (viv)) solvent at about 25°C and at a flow rate of 200 mL
of eluent/min. Detection of products in the eluent was carried out by UV absorption
at 228 nm. The elution of the remaining portions of the 10% solution was carried on
about 3 x 5 g samples as described above.

The fractions containing (+)—A9-THC were combined and

25  concenirated under reduced pressure to provide (+)-A°-THC as reddish-yellow oil.

Yield: 1.0 g. Analysis (HPLC) of the oil indicated that it had a purity of 97.0%.
The fractions containing trans~(-)-A’-THC were combined and

concentrated under reduced pressure to provide trans~(-)-A°-THC (1a) as a thick



15 conposition conprises at |east about 99.8% by wei ght of trans-(-)-A9-

t et rahydr ocaanabi anol based on the total anount of

trans-(-)-A9-t: cuahydrocFnnabi nol and Darns-(+)-A9-tetrah}%lrocannabi nol .
5. The method of any one of clains | to 4, wherein the trans-(-)-A9- 20

t et r ahy d™V9@ 28A887¢%01 conposi ti on conpri ses at | east abOUVEPSBYHIRY8Wei ght of
trans-(-)- A9-tet al nydroearanabirnol based on the total anount of
cannabi noi ds, 6. The method of claimb5, Nvherein the

trans-(-)-A9-tet:rai aydrocanut abi nol conposition conprises at |east about
99% by wei ght of (rans-(-)-A9- 25 tetfahydroea. nnabi nol based on the total
amount of cannabinoids. 7. The nmethod of claim®6, wherein the
trans-(-)-A9-tetrahyd. roeannabi nol conposition conprises at |east about
99. 5% by weight of trans-(-)-A tetrahydrocann. abi nol based on the total
amount of cannabi noids. 30 8. The nethod of any one of clains | to 7,

wher ei n t he geaRSeddigh-fAowl el aaxdr o awﬁ%@@m@) Hi8g budtndidied | 7 St
conposition Iin an anount from about to ‘about 1. nol ar equi val ents
per nol ar edUﬂVéﬁéﬂmwNquﬁﬁﬁ%&({) A9- tetrahydroca rnnahlnal 35 63 9. The

" the 11t composi t TP PARTLRBIAT: b Pl B FRBARRTR ") ) B T

equi val ent s cggentrol ar equi val ent of trans- (-| )-E 9- tetrahydrocannabl nol. 5
10. The nmethod of claim9, wherein the trans-(-)- |9-tet.rahydre>cannabi nol
is presént in the first conposition in an anpunt from about 0.95 to about
1.05 nolar equival engfg L ek a3 6 mﬂéd by i
trans-(+)-1A9-tetrahy re@gnna |nx]|'0? 11. Teﬂﬁ Osgopgf yc %?pr??”f(‘j wherein the
trans-(-)- A@mbeﬂmgscmaokmmmm@iampks vdnc(hqwmdcd asnlltlmtlbmsrdta fmnrpoa tion

in an annun% o% %? It I en%i&ir | %ﬁ’UIva nt of
trans-(-i- 61%"’)5 fﬁ‘ﬁl”)}@?%aﬂaﬂ} i BRe of clains
1. to 11, V\Nﬁﬂﬁlx mefsbt@»e@th)sﬁgcntibﬁl hﬁilasdjwma@mahmmhoma igeshiiah il east about

95% by melght of tr -)-A9. 15 tetrahydrgocannabi nol
trans- (4P- ngdgibpp t? a%alkﬁ drorritsederpithwilh begome prpar ﬂ?se skilled in

the art and are intended to fall within the scope of the appended claims.
A number of references have been cited, the entire disclosures of which are

‘incorporated herein by reference.



of cannabi noids. 13. The nethod of claim 12, wherein the
(d_)-A9-tetrahydrocaunabi nof conprises at | east about 98% by wei ght of
trans-(-)-A"-tetrahydrocannabi nol and trans- 20 ;
(+-)-h9-i:eirahydrocanuabinc:il based on the total anount of cannabi noi ds,
14. The method of claim 1.3, wherein the (a_)-A9-tetrahydrocannabi nol

conpri ses at | east about 99% by weight of trans-(-)-e 9-tetrahydrocannabi nol
and trans- (~)-L 9-tetrahydrocannabi nol based on the total anmount of
cannabi noi ds. 25 15. The nethod of angione of clains | to 14, wherein the
non-pol ar organic solvent is a straight-chain or branch-chain
(C4-Cip)aLiphq;f&ggxdrocarbon, a (C4- G 0)cyel oaliphatic hydrocarbon, or any
m xture thereof” “16. The nethod of claim 15, wherein the straight-chain
or branch-chain hydrocarbon is peirtane, hexane, heptane, isooctane, or any
m xture thereof;, 14 mdiRed rephpaigf claim 1.0, wherein the straight-chain or
branch-chain %d{ ca i 35 The net hod of any one of

n . p}_,__r}b%r] IS F h[egt ane.. 64 . .18.
clains | tBTaF el fWaMAPIO8L CRBIpEERPBRT 0%t her conpri ses a.
(1) - A" - tSet r ahydr oc alneibi; notorsgetionropstpaiking 19)-Atherahpthadnafindrmd ane  of .
clains | to 18, rejn.the el uti NETe | RUI=L: " 2 nal ghts.chaikh or :
branch-chai n (&lt- )s§1\81§/l] tQSﬂ%‘lsa?% %13;{9%39%’1?{%5 Ighéﬂg'?e tﬁﬂj?%\ 1?LO%{HH-SC£??\ - ;
OC(OR i, -C(OeRkydonaingbinelrcompRsitian. ot r ai ght - chai n or branch-chain i
(C4-Cio)aliphatic hydrocarbon; a (C5-C7)cycloaliphat.ic hydrocarbon
optionally substituted wth one or nore -Rl: a.(CA-Cy)cyclic ether
opti onal | y?* ‘é‘ﬂ]lﬁ"'s(f'i"%\lj%eé‘ﬂhg/al?‘h‘“’&%émgFOI%(?‘SéIO}’F&Ofﬁpéﬁ“ fomatic hydrocar bon
optionald y substitaiedngia boromsition avompesing()-Ahediehydr@lanedalod)apd an
-Cl-1(halo)2, 10::=G Q) Beria i Ll ¥ ona® 8o Braditl £adRgieRf., where RL.
is (G -C4)a|kyf%9?59£$%g %gﬁﬁg%g%,§§%§!§¥fg?8u%erefgﬁthe eﬁuf?ng solvent is |
a straij ght - chait# ey IropiaARACREIPASIY: - C4) al kyl substituted with one or nore
-01-1, -OR1, -OC(ORj, - C(OOR,-halo, -ON, or any mxture thereof. 35 21.

The net hOdwl?e];'eig ! %%em &?—-’Ag—\{'\gh%h}eéiI‘QCﬂthSJI'neOl}UESi nc%tzﬁﬁ)cl,dvef%mi %1'3[5515191%”%:}[&@ hanol,
15 tetrahydrocannabinol, and wherein the crystalline (#)-A-tetrahydrocannabinol is
obtained by

allowing trans-(-)-A’-tetrahydrocannabino] and frang-(+)-A’-
tetrahydrocannabinol to crystallize from a first composition comprising trans-(-)-A°-
tetrabydrocannabinol, trans-(+)-A’-tetrahydrocannabinol, and & non-polar organic

20 solvent to provide crystalline (#)-A%-tetrahydrocannabinol,

wherein the {irst composition was obtained by:

{a)} forming a biphasic composition comprising (i} a first organic phase,
and (i) an alcoholic-caustic phase containing the trans-(-)-A’-tetrahydrocannabinol
and/or the trans-(+)-A"-tetrahydrocannabinol;

25 () separating the trans-(-)-A’-tetrahydrocannabinol and/or the {rans-{+)-
A’-tetrahydrocannabinol from the alcoholic-caustic phase; and

(¢) forming a fixst composition comprising the trans-(+)-A%
telrahydrocannabinol, trans-(-)-A%-tetrahydrocanmabinol, and a non-polar organic
solvent.

30
2. The method of claim 1,
wherein the trans-(-)-A%-tetrahydrocannabinol composition comprises at least about
58% by weight of trans-—(-)~/.\9-tetrahyd1'0<>anuabinoi based on the total amownt of trans-
(-)-A°-tetrahydrocannabinol and trans-(+)-A’-tetrahydrocannabinol; and wherein the
35 trans-(+)-A"-tetrahydrocannabinol composition comprises at least about 98% by weight



n- propanol , isopropano), n-butanol, isobutanol, tert-butanol, nethylene
chloride, or any mxture thereof. 20 22. The nmethod of claim 19, wherein
the eluting solvent is a mxture of n- heptanc and 2-propanol. 23. The

met hod of any one of clainms | to 22, wherein the chiral stationary phase is
an inorgani c oxi de having a pendant group bonded to the inorganic oxide. 25:
24. The nmethod of claim 23, wherein the inorganic oxide is silica or 1
alum na. 25. The nmethod of claim 24, wherein the inorganic oxide is silica’
and the pendant group is anylose tris{3, 5-di nethyl phen),|ca. bamate). 30 26.
The met hod of any one of clains |I. to 25, wherein the crystalline (a.:)-A9 °
tetrahydroc nnabi

trans- (-)-R9-F8F r(?r;)nﬁ)d 036%%%% F“O nlﬁwf‘{ £HSH% jotgamput . o, JipSs 5EaHhabi nol to
crystal | i zectfabpimanhilist! acoposi tAbrirsigrpcksiashgot; rags- (- ) - A9- 35

tet r ahydr ocannabi nqlq b, %ﬁff@memcwéaﬁ@mgq YEPRBRENG! o1 Bt Bonanon- pOL ar

organic solvent to provi t et rahydr ocannabi nol, 65
wher ei n t hé)f4 rtgitdlwﬁp@@vw@ﬁrﬂ!m@nbb*t):ﬂ rieferhgrocqrapLipgr richig Al 5ifioRnsi ¢

Clorrpﬁsi tSOEfvﬁon&ﬁh}&isﬂQm(l Pordpriding S'&mﬁfﬁ ?'ﬂp&uﬁhﬁﬁ@uannﬁﬁﬂyl(l itJan@)- A)b I |
al cohol i c- se.containin abi nol an
Ehe trana. COFR RO BTN i Ok ArABE R Pt B veab Pt Firg e et |
trans- (-) - AQrabgtrochydnodandabimdlphanad t he trans-()-A9- tetrahydrocannabinol -

fromthe al coholic-caustic phase and (c) formng it first conposition

conprising the trans-(-)-Aa- tetrahydrocannabi nol ang the trans-(
) - A~-t et r al nydracanigbmsiiof rnslaiteg: Plpren Hig H‘mbn@r‘lﬁpkﬂ‘é 3"16?%&‘?'ﬁbémkol vent .
10 27, The caﬁpaﬂdmofo@ﬁms@enemof ledi aiabButl WFYR6 ) )yV\/ﬂed.‘z@lhm dtheraeystdl | i ne
5? a?’l SA(Q )t rﬁéﬁ‘f&ﬁﬁ‘g’.ﬂa@ca r%tﬁt?dbox'hgl O'okg %Ctinl;ltbgf ?m..(g)%n %tlahycmcammbmol

and trans-(--)- A ~tetrahydrocannabinol, .

4, The method of claim 3, wherein the trans-(-)-A -tetrahydrocannabino

15 composition comprises at least about 99.8% by weight of trans-(-}-a°-

tetrahydrocennabinol based on the total amount of transm(»)—Ag—teu'ah)fdmcazmabinol
and trans»(+-)-Ag—teh‘ahydrocannabinoI.

iy n . . [
5. The method of any one of claims 1 to 4, wherein the trans-(-)-4-
20 tetrahydrocannabinol composition comprises af least about 98% by weight of tans-(-)-
s . . .
A’-tetrahydrocannabinel based an the total amount of cannabinoids,

6. The method of claim S, wherein the trans-(-)-A’-tetrahydrocannabinol
composition comprises at least about 99% by weight of trans-(-)-A’-
25 tetrahydrocannabinol based on the total amount of cannabinoids.

7. The method of claim 6, wherein the trans-(-)-A"-tetrahydrocannabinol
composition comprises at least about 99.5% by weight of trans-{-)}-A%
tetrabydrocannabinol based on the total amount of cannabinoids,

30

8. The method of any one of claims 1 to 7, wherein the trans-(-}-A"-
tetraliydrocannabinol is present in the first composttion in an amount from about .75
to about 125 molar equivalents per molar equivalent of trans-(+)-A’-
tetrahydrocannabinol.

35



t et rahydrocannabi nol to crystallize froma first conposition conprising
trans-(-)-A n- 15 tetrahydrocannabi nol, trans(+)-A9-tetrahydrocannabi nol,

and a non-polar organic solvent to provide crystalline (:y-)

A~-t et aahydrocannabi noi, wherein the first conposition was obtained by: (a.)
form ng a biphasic conposition conprising (i) a first organic phase; and ’
(i1) an al coholic-caustic phase contai ning
trans-(-)-A"''-tetrahydrocannabi nol and 20 trans-(

)-A' -tetm hydrocannabin.ol; .(b) separ@ting the

tunas- (-)-A9-tetrahydrocannabi nol of step (a) and t he

trans-(t)-A 9-fejirahydroc i hol step e a cohol.i.c- caustlc
bhase: and () for mig BOR of CBShBoRher oI ST ST iPH G DT S Ao-

t et r ahydr ocarusatiinahe fi“ngrm(m;m 1eh)in dar anssf ffro)}a ABeited.p ahydooic annablanol from
step (b) ) fro r Ve SOULC .1 r,on-pol ar organic

sol vent Wne?%un zgén(? 3RS n%onll tqm% L%.ﬁl)oqghf&s @f) ?\eggiglﬁgdd%?%yagblpﬁé

trans-(-)-A 9- tetrahydrocannablnol and the trans-(-(-)-A99-

tetr apydlrpeann?bmnolf @rlﬁeiﬁ&p@f ahﬁd 9f m&rbﬁaﬁ@ nahdes. /\J&&ah;ﬁn@gm& daad iof any
one O Clal nB

t et r ahydr Ocalr‘l'ﬁ‘é%l%él l‘lgst 85?18?%%0(]} Buyan ési)lg‘l}uijﬁ) 1 dlg utp(‘?% i?‘o about 1.05 molar
trans-(-)- A&qmewmﬂmwmmmmnwqmmd@Mmmham%@ﬁﬁﬂﬂ@w@w¢eﬁmnﬂhmﬂrahydrocannablnoI to
crystallize froma first conposition conprising trans-(-)-A9- '
tetrahydrocannablnol trans-(--)-Aa-tetrahydrocannabi nol and a non-pol ar
organic solventlltoT @Pévﬂ@éi%ﬁ@ﬁﬂhflNﬁ@“@*%ﬁﬁﬁﬂ%%ﬁﬂ Wy asratizis 35

wher ei nt 1 te plekdi$ iy Qﬁ%@\?b&h;ﬂﬁnmﬁﬂﬁ aphhRiunest aﬂm 66;10%16%@&?@“ P& Bolat pl i asic
conposition conpris S nic phase, and (1i) an
al cohol i c- cﬁﬂ%gﬁﬁnﬁt%gﬁ(éiﬁtgﬁﬂ‘H%MFPgﬁ Cﬁ )- A" ~-t et rahydr ocannabi nol ; (b)

separating the trans-(-)-A9-tetra. hydrocannabinol fromthe al coholic-

caustc phasc: and Sichelnt acLbpokher LIARS: -k A% LaLEGRYAL oggnabi nol

fromstep (b) mnth rocagna i nol a no | ar

or gani c solV@ﬁ@WW%ﬁW6¢HWiHém?F%§tdidéﬁbo@ﬁﬁﬁoﬁ/3dﬂ’byi%ﬁ)ﬁkdﬁﬁfﬁ@”a bi phasi ¢
conposi t | DniceaEirdcahn®inol hndthisrsy-Adrganido@hadtnol bard dni ) t@d amount
alcoholic-cgﬂ%%&%h%ﬂﬁse containing trans-(t)-A9-tetrahydrocannabi nol ;

13. The method of claim 12, wherein the (£)-A’tetrahydrocannabinol
. . N ] i ‘
comprises at least about 98% by weight of trans-(-)-A’-tetrahydrocannabinol and trans-
i ' ~ 1 -
20 (+)-A"fetrahydrocannabinol based on the total amount of cannabinoids.

14, The method of claim 13, wherein the (&)-A>tetrahydrocannabinol
comprises at least about 99% by weight of trans~(-)-A°-tetrahydrocannabinel and trans-
(+)-A%-tetrahydrocannabinol based on the total amount of cannabinoids.

25

15, The method of any one of claims 1 fo 14, wherein the non-polar organic
solvent is a straight-chain or branch-chain (C4-Cyg)aliphatic hydrocarbon, a {Cs-
Cig)eycloaliphatic hydrocarbon, or any mixture thereof.

30 16.  The method of claim 15, wherein the straight-chain or branch-chain

hydrocarbon is pentane, hexane, heptane, iscoctane, or any mixture thereof.

17. The methed of claim 16, wherein the straight-chain or branch-chain
hydrocarbon is n-heptane.



10 (b) separating the bans-(+}-A9-tetrahydrocannabi nol fromthe al coholi c-
caustic phase; and (c) contacting the trans-(+)-A9-tetrahydrocannabi nol from
step (b) with trans-(-)-A9-tetrahydroeannabi nol and a non-pol ar organic |
solvent to formthe first conposition. 15 29. A nmethod for making 1
crystalline (A )-A9-tetrahydrocannabi nol conprising: allowng trans-(-)-A
t etrahydrocannnabi nol and trans-e )-A9- tetrahydrocannabinol to crystallize
froma first conposition conprising trans-(-)-A9- tetrahydrocannabi nol,
trans-(t-)-A9-tetrahydrocannabi nol, ang4a non-polar organic 20 solvent to
provide crystalline (_)-A9-tetrahydrocannabinol, wherein the first o
corposi L1 on was 180 FORHRY: orC) hOLELAGE B PRASHGAE APRR LhOfGRAP! | S1 10
(i) a fist organic phase, n i'T) "anal'cohol I'c- causti ¢ phase” contai ni ng
t he trans- (Aathagomptisealafd-octetmbyibooantabinabisced peystal.
trans-(+)-A9-tetrahydrocannabi nol; 25 (b) separating the :
trans-(-)-A9-teisahydrocansnabi nol and.the trans-(-t-)-A9: e
t: et r ahydr ocannabi n%]le 1‘“{‘3@831"?@“)&1"%%%& Gigs gé‘hiﬁi‘@%‘ﬂ’éé@, eluliig B8P mi ng a ,
first compasiaishpeharoapbasdiinghain €, hallsd fubptih@®d witlebtuadydsec@hinabRnel and the
trans-(+)-A9~ r ap annabinghyf 1 am st ep.. cand .a . NepRkAL.LQr gani c '
sol vent . 339%%%{}5\ m{.‘?j;@g’ ?@% r(%g_%}ﬁfg{ %@)@E g%nl( lr%%gbl I &g"%b“ g‘%(r'gﬁbgﬁ%}gannabi nol
conpr i si ng:hydeicpidanng (¢r-anercfodfiplagicthedicanyer opaensliisHbTH Odert “ithees or (i
).-A9- tet rxfd% dr 0§ @@p%gbﬁ?h et'l'@}:] SFoeshial dub%_ﬁut&:{ Qith@né bf SbreCRTRA S @0
conprising trans-(-)-A9- tetrahydrocannabinol ., 1 )
trans- (F )-QA\QI-OtC%Etb&éA &M%hﬁ’a@ﬁ“ﬁgﬂ*ﬁﬁ‘éﬁa oM Ry hales -GHa@AT0E CREA%: 1 ent to
provi de 16r y&timid)i Ot X pdat et mahyditae drnallivieks RwhdéCelnalide fir st
conposition. was obtained by: 67 (a) form ng a biphasio conposition
conprising (i) a first organic phase, and (ii), an al coholic-caustic phase
containing tr an%o-( . }h%@g&hgql Pfaﬁlﬁ"éﬂ’ SLARsEhg el wing solvent 1s a straighi-chain or

branch-chain (Ci~Cqalkyl substituted with one or more -OH, -OR;, -OC(O)R,, -

C{O)OR;, -halo, -CN, or any mixture thereof,

21, The method of claim 20, wherein the eluting solvent is methanol, ethanol,
n-propanol, isopropanol, n-butanol, isobutanol, tert-butancl, methylene chloride, or any

mixture thereof,

20 22, The method of claim 19, wherein the cluting solvent is a mixture of n-
heptane and 2-propanol.

23, The method of any one of claims 1 to 22, wherein the chiral stationary

phase is an inorganic oxide having a pendant group bonded to the inorganic oxide,

[
[,

24, The method of claim 23, wherein the inorganic oxide is silica or alumina.

25, The method of claim 24, wherein the inorganjc oxide is silica and the
pendant group is amylose tris(3,5-dimethylphenylcarbamate).
30
26, The method of any one of claims 1 to 25, wherein the crystalline (&)-A%
tetrahydrocannabinol is obtained by:
allowing trans-(-)-A’-tetrahydrocannabinol and trans-(+)-A°-
tetrahydrocannabinol to crystallize from a first composition comprising trans-(-)-A’-
35  fetrahydrocannabinel, trans-{-%--)»A9—tetra]wdrocannabinoE, and a uon-polar organic
solvent to provide crystalline (#)-A"-tetrahydrocannabinol,



trans-(- -)-A9-tettraliydrocannabinol; (b) separating the trans-(-)-A?-tetra
ychocannabi nol of step (a) and the 5 trans-(+)-A9-tetrahydrocannabi nol of
step (a) fromthe al coholic-caustic phase; and (c) formng a first
conposition conprising the trans-(-)-A9- tetrahydrocannabinol fromstep (b),
Craps(+)-Ac' -tetrahydrocannabi nol fromstep (b) and/or froman alternative |
source, and a non-pol ar organic solvent wherein prior to step (c) and after .
step (b), the trans-(-)-A9-tetrahydrocannabi nol and the trans-(+)-A9- 10 '
t et rahydr ocannabi nol are separated frogs each other. 31, A nethod for naking
crystalline (i)-A-l:etraliydrocannabi nol conprising al I owi ng _
trans-(-)-A@-tetrah hoc§@%ﬁglnoJ and tra - tetrahydrocannabinol. to

S-
crystallize froma P&t bEGRROSHIOR ST ﬁgb}f rans-(-)-A9 15 |
t et rahydr ocannabi nofa) formimg-o biphdsicADnGetitian cordpiddignfiabifmol organdptasd, r on- pol ar

%g?g: (r:1 b ¥?1’5ta11t£oo‘?159c\,’ b&lﬁtng)ﬁféé%thpﬁ% %1 i %?—/Seti 1?’%91%9&%‘?@?%%@@!
conposi ti oﬁh‘t%%r(*kﬂrr@“(ahyﬂlacmp%bélw or gani c phase and (ii) an

al cohol i g- caustic phasep &@ﬂﬁ@ﬂl@'u@ﬁb @ eangmbydrodAnnatirl LA ydresagnaldt nol ; 20
(h) separatin el rocauna bi nol from the al cohol i c-

ah
catistic pHe¥ 3"5‘8%”’(‘@ 1010%‘% H’étallcr‘fﬂe]f%(@u%/ipéﬁg“’ kg A9- t et r ahydr ocannabi nol
fronn step (b) with()tioammg( +a) -{ASt - bcen;rcmhlxoydrmmmmlgl ndle atrehse- )Fm’n pol ar

organic s Oltc\!tﬁaﬁlidiro&mn%1 RO ik rtﬁﬁﬁb (F)OAVD[Q&L 1QBann@binBY fi Lglﬁ 41&:) g&or :qg a

bi phasic co tiron conpri si Irst organi c phase,
al cohol i c- é@ﬁﬁ@k&oﬁﬁﬁﬁéOW@ﬂtalnlng trans (t-)- AQ tetrahydrocannablnol (b)
separ atiing the trans (~)-A-CCi: rallydrocannabluol fromthe al coholic-

caust i o phase; and EnEall SELLNG A0S E0Ras; L) sAentel Lot oeanpa. bi non

fromstep (b) w O0Cani ha non- pol ar
or gani ¢ solwéllﬁlftlt}@ﬁlmdrlmltlh@biﬂIh?dsby conposition. 32. A nethod accor di ng t-o

claim1, claim30 ofje)i@l M 3dasibst’aptdighilo¥aRsbinfer ei ppef org,descy’i bed. 35
tetrahydrocannabinol to crystallize from a first composition comprising trans-(-)-A-
15 tetrahydrocannabinol, trans-(+)}-A™tetrahydrocannabinol, and a non-polar organic
solvent to provide crystalline ()-A°-tetrahydrocannabinol,
wherein the first composition wag obtained by:
(a) forming a biphasic composition comprising (i) a first organic phase,
and (i) an alcoholic-caustic phase containing trans-(-}-A-tetrahydrocannabingl and
20 h"rms-(-i-)—ag etrahydrocannabinol;
(b) separating the trans-(-)}-A’-tetrahydrocannabinol of step (a) and the
trang-(+)-A’-tetrahydrocannabinol of step (a) from the alcoholic-caustic phase; and
(¢) forming a first composition comprising the trans-(-)-A’-
tetrahydrocannabinol from step (), trems—(+)~Ag—tetrahydrocannabinol from step (b)
25 and/or from an alfernative source, and a non-polar organic solvent wherein prior to step
() and after step (b), the trans-(-)-A°-letrahydrocannabinol and the trans-(+)-A%-

tetrahydrocannabinel are separated from each other.

28.  The method of any one of claims 1 to 25, wherein the crystalling (£)-A%
30 tetrahydrocannabinof is obtained by:
allowing trans-(-)- A’ -tetrahydrocannabinol and trans-(+)-A’-
tetrahydrocannabinel to crystallize from a first composition comprising trans-(-)-A%-
tetrahydrocannabinol, trans-(+)-A’-tetrahydrocannabinol, and a non-polar organic
solvent to provide crystalline ()-A’-tetrahydrocannabinol,
35 wherein the first composition was obtained by:



15

20

30

35

60

(a) forming a biphasic composition comprising (i} a first organic phase,
and (i1) an alcoholic-caustic phase confaining ﬂans-(-)-Ao—tetrahydmeannabinol;

(b} separating the trans-(-)-A’-tetrahydrocannabinol from the alcoholic-
caustic phase; and '

(c) contacting the trans-(-)-A’-tetrahydrocannabinol from step (b) with
trans-(+)-A™tetrahydrocannabinol and a non-polar organic solvent to form the first
composition; or by

(a) forming a biphasic composition comprising (i} a first organic phase,
and (ii) an alcoholic-caustic phase containing trans-(+)-A%-tetrahydrocannabinol;

(b) separating the trans-(+)-A’-tetrahydrocannabinol from the alcoholic-
caustic phase; and

{¢) contacting the trans-(+)-A -tetrahydrocannabino} from step (b) with
i‘raﬁs«(»)~A9~tetrahydrocannabinol and a non-polar organic solvent 1o form the first

composition.

29. A method for making crystalline (+)-A-tetrahydrocannabinol comprising:
allowing trans-(-)-A"-tetralydrocannabino and (rang-(+)-A°-
tetrahydrocannabinol to crystallize from a first composition comprising tx'ﬁtxls-(--)-.69«
tetrahydrocannabinod, trans~(--l—)—Ag-tetrahydrooannabinoi, and a non-polar organic
solvent to provide crystatline (3:)-A"-tetrahydrocannabinol,

wherein the first composition was obtained by:

(a) forming a biphasic compesition comprising (i) a first organic phase,
and (ii) an alcoholic-caustic phase containing the trans-(-)-A"-tetrahydrocannabinol and
the trans-(+)-A’-tetrahydrocannabinol;

(b) separating the trans-(-)-A’-tetrahydrocannabinol and the trans-(+)-A%-
tetrahydrocannabinol from the alcoholic-caustic phase; and

(¢) forming a first composition comprising the -transﬂ(~)~/.‘.;9~
tetrahydrocannabinol and the trans-(+)-A’-tetrahydrocannabinol from step (b), and a

non-polar organic solvent.

30. A method for making crystalline (:1:)«A9~tetz'3hydrocannabinoi comprising:
allowing trans-(-)-A’-tetrahydrocannabinol and trans-(+)-A%
tetrahydrocannabinol to crystallize from a first composition comprising trans-(-)-4"-
tetrahydrocannabinol, trans-(+)-A9~tc—:‘£1'ahydrocannabino1, and a non-polar organic
solvent to provide crystalline (:k)w/.\g-teil'ah}’dl‘() xannabinol,
wherein the first composition was obtained by:
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{a) forming a biphasic composition comprising (1) a first organic phase,
and (ii) an alcoholic-causiic phase containing trang-(-)-A”tetrahydrocannabinol and
trans-(+)-A"-tetrahydrocannabinol;

(b) separating the trans-(-)-A’-tetrahydrocannabinol of step (a) and the
trans«(-+)-Ag-telzralwdrocannabinol of step (&) from the alcoholic-caustic phase; and

(¢) forming a first composition comprising the trans-(-)-A’
tetrahydrocannabinel from step (b), trans-(+)-A’-tetrahydrocannabinol from step (b)
and/or from an alternative source, and a non-pelar organic solvent wherein prior fo step
(¢) and after step (b), the trans-(-)vA9-tetrahydl‘ocannabinol and the trans-(+)-A"-

tetrahydrocannabinol are separated from each other,

31. A method for making orystalline ()-A%-tetrahydrocannabinol comprising:
allowing trans-(-)-A"-tetrahy drocannabinol and trans-(+)-4°-
tetrahydrocannabinol to crystallize from a first composition comprising trang-(-)-A"-
tetrahydrocannabinol, trans—(—ln)aA9~tetrahydrocannabino1, and a non-polar organic
solvent o provide crystalline (£)-A"-tetrahydrocannabinol,
wherein the first composition was obtained by:
(a) forming a biphasic composition comprising (i) a first organic phase,
and (ii) an alcoholic-caustic phase containing i:ran.s»(w)-A9~tetrahydmcannelbinol;
(b) separating the trans-(-)-A’-tetrahydrocannabinol from the alcoholic-
caustic phase; and
(c) contacting the trans-(-)-A°-tetrahydrocannabinol from step (b) with
trans-(+)-A"-tetrahydrocannabinol and a non-polar organic solvent to form the first
cotnposition; or by
(a) forming a biphasic composition comprising (i) a first organic phase,
and (ii) an alcoholic-caustic phase containing trans-(+)-A-tetrahydrocannabinol;
(b) separating the trans-(+)-A-tetrahydrocannabinol from the alcoholic-
caustic phase; and
{c) contacting the trans—»(--i~)~A9~te*frahydro cannabinol from step (b) with
trans-(-)-A" -tetrahydrocannabinol and a not-polar organic golvent to form the first

composition.

32, A method according to claim 1, claim 30 or claim 31 substantially as

hereinbefore described.



