WO 2006/ 133941 PCT/ EP2006/ 005761 Cannabi noid active pharnmaceuti cal

i ngredient for inproved dosage forns 1. Field of the Invention 5 The
present invention is directed to a new cannabi noid active pharnaceuti cal

i ngredi ent conprising crystalline trans-()-A9-tetrahydrocannabi nol. The

pr esent ing&p&%&gth further directed to pharnaceutiqghnﬁg%g&%aﬁions and
i nproved dosage orms that are forneg with crystalline
trans-(f)-A9-tetrahydrocannabi nol. The present invention is also directed
toward nmethods for treating or preventing a 10 condition such as, inter
alia, pain, enesis, |loss of appetite or weight |oss conprising

adm ni stering a dosagebinoidnictfe phiitnapéfiss igrédidhe ol irdptoted dasqgatir@mt i n need
of such treatnent or prevention. 2. Background of the Invention 15 In
1997, the National Institutes of Health issued a report assenbled by an ad
hoc group of experts that summarized the available scientific data
regarding the therapeutic applicatiognps. fo rijuana ("Workshop on the
Medical Utility of Marijuana, " I' Bield of the fvention

http:// ww. rsi h. 1gRptaensmvemdbAay difod@a & dMasi @ahdvbioid déanephainigeeutthli S  report
included a recommendation that the NI H shoyld consi def. supporting research
20 on the pot ed{‘gr%ﬂ‘erﬁEWWS‘WSPU%éra?%qi)'éh'éetrﬁbdeWbmﬂleg@Sa’fes‘? di cati ons:

appetite stinMyhahiiéik Gahbedsicdied Rk RcANKa\BRbbditREs bt hPYivegdantd cancer
therapy, neurological and novenent disorders, pain, and gl aucoma. In 1999,

a second repor tforngghat piatieied aathcrigtiling Faws(EAd avRRdEqcArabingls d88i ng t he
Science Base, " ,JaBgtnkntiohQ¥also &Rl Bvard mMAEEAD: tredfing ordRdentiign A Benson,
Jr., Editors; Institute of Medicine, 1999, 25 National ~Acadeny Press,

Vashi ngt on 1. C.conditiensych ashisk §/imppinesgsisaloss &S GPReS e r Metahy bpss RPEH Sr ovi ded
a review of theJAactiidingddsagh AR tRlprds AR iRRRIHNIS a PiRAL Rfhe&iTR@RI NOi ds. The
| atter report identified additional conditions for which
trans-(-)- A9-t d¥RERYIT FEAAHEBI nol coul d be useful, including somatic pain
chronic pain, neuropathic pain, inflammation, nuscle spasticity

2. Background of the Invention
15 In 1997, the National Institutes of Health issued a report assembled by an ad hoc

group of experts that summarized the available scientific data regarding the
therapeutic applications for marijuana (“Workshop on the Medical Utility of
Marijuana,” http://www.nih.gov/news/medmarijuana/MedicalMarijuana.htm). This
report included a recommendation that the NIH should consider supporting research
20  on the potential use of marijuana for the following medical indications: appetite
stimulation/cachexia, nausea and vomiting following anticancer therapy,
neurological and movement disorders, pain, and glaucoma. In 1999, a second report
was published (“Marijuana and Medicine, Assessing the Science Base,” Janet E. Joy,
Stanley J. Watson, Jr., and John A. Benson, Jr., Editors; Institute of Medicine, 1999,
25  National Academy Press, Washington D.C.
(http://books.nap.edu/catalog/6376.html)), which provided a review of the actual and
potential therapeutic uses of cannabinoids. The latter report identified additional
conditions for which trans-(-)-A’-tetrahydrocannabinol could be useful, including
somatic pain, chronic pain, neuropathic pain, inflammation, muscle spasticity

30 including that associated with spinal cord injury and multiple sclerosis, movement



30 including that associated with spinal cord injury and nultiple
sclerosis, novenent WD 2006/ 133941 PCT/ EP20061005761 -2 di sorders

i ncl udi ng dystoni a, Parkinson's disease, Huntington's disease, and
Tourette's syndrone, m grai ne headache, epilepsy, and Al zhei ner's di sease.

In additi ' tifying such nedical applications j.Lyana and/ or
trans-(-)-A 9%g0t6}r1£a&ﬁ‘l3}dr ocannabi nol, that report errphasipggfgp{};ﬁ%do%\@gd for

rapi d-onset, 5 non-snoked, safe, and reliable cannabinoid delivery systens.
Subsequently, there have been nunerous reports in the literature that have
docunented the therapeutic utility of t4-ans-(-)-A9-tetrahydrocannabinol,
which is the active, natural product found in marijuana. U S. Patent No.
6, 713,048 B2 provides a 10 conpilation of references, as well as a summary
of the data provided in those references concerning the use of A9-THC for
the treatnment of Al DS-associated anorexia and cachexia, nausea and enesis
due to cancer cherdstshedediyg dystenia, Rankingop’s disdasandentingtame discasgpadt i city
related to nul t SCd | Sy; [ i, : : oma. The
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opti cal | y- act i \additigmtoadentifidng sybh meditdl peniqitiong for exiivensandiet eri al i dentified
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(Agurel | et sat .noneugkedT$age, adanehaihs cronabsroidClebndrg sysiemPhar macol ogi ¢, and

Ther apeutic Aspects: New York, Academ c Press (1984); Agurell et al.,
Pharmacol. Rev 38(1):21-43 (1986); 20 Mechoul amed., Marijuana: Chem stry,
Phar macol ogy, MNebshanilg thanbavElbee roaleroukfeperts ig theNgeratv@rtkat hiveadem ¢ Press

(1973); Mechoul Phar ol Bj.ochem . Behay 4 . 461-464 (199 In
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references concerning the use of A’-THC for the treatment of AIDS-associated
anorexia and cachexia, nausea and emesis due to cancer chemotherapy, pain due to
advanced cancer, spasticity related to multiple sclerosis and spinal cord injury, and
glaucoma. The term “THC” has been used in the literature to refer to the

15  optically-active, water-insoluble, lipophilic resinous material identified either as
A’-THC or A'-THC, depending on whether the numbering system is based upon that
used for pyran or monoterpinioid compounds, respectively (Agurell et al., eds. The
Cannabinoids: Chemical, Pharmacologic, and Therapeutic Aspects: New York,
Academic Press (1984); Agurell et al., Pharmacol. Rev 38(1):21-43 (1986);

20  Mechoulam ed., Marijuana: Chemistry, Pharmacology, Metabolism and Clinical
Effects, New York: Academic Press (1973); Mechoulam, Pharmacol Biochem
Behav 40(3):461-464 (1991)).

In particular, (—)—6a,1Oa—trans—A9—tetrahydrocannabinol (i.e “trans-(-)-A’~-THC™) has
25  been identified as the component primarily responsible for the antiemetic effects
associated with caﬁnabis (S.E. Sallen et al., N. Engl. J. Med. 302:135 (1980); A.E.
Chang et al., Cancer 47:1746 (1981); and D.S. Poster et al., J. Am. Med. Asso.
245:2047 (1981)). This compound, i.e., trans—(-)—Ag-THC, has been reported to be



Chang et at., Cancer 47:1746 (1981); and D.S. Poster et al., J Am Med.
Asso. 245:2047 (1981)). This compound, i.e., trans-(-)-A9-THC, has been
reported to be WD 2006/ 133941 PCT/ EP2006/ 005761 3 useful as an antienetic
to relieve nausea and vomting in patients receiving cancer chenotherapy
and to sti jght gain in patients suffering fr ic HYV

i nfection ?gégéo%}gégilPatent No. 6,703,418 B2 to Pl asse?&@yﬁﬁqﬁé}g{gh bot h
trans-(-)-A9-THC (i.e. the natural product) and its optical isoner
trans-(+)-A9-THC (i.e, the trans-(-)- and trans-(+)-enantioners,
respectively, of trans-(t)-A9-THC), ar¥ reported to be useful for treating
pain, the trans-(-)-A9-THC enantioner has been identified as the nore
potent of the two enantioners (see, e.g., G Jones et al., Biochem

Phar macol . 23:439 (1974); S.H Roth, Can. J. Physiol. 10 Pharnmacol. 56: 968
(1978); B.R Martin et al., Life Sciences 29:565 (1981); M Reichman et
al ., Ml . Phar raefol as agant@pgti¢ toggiive nausep avid VRaitinigimpaticrts ragbiving Kylcer
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trans-(-)-A9-THC in the materials 15 tested. In fact, when sufficiently
purified, trans-(+)-A9-THC exhl bits approxi mtely onl y 1% of the activity
of the trans-( AlﬂlA%h'IHQ@ teamaﬁt)wmﬁic(thz@bhmralmr@iuct) and its opPp@ isemenl Bi ochem

Behav 40(3): 46Jf 46 fied tran thfl ck,

Vi scous, resi nous ﬁﬁt eria teha? {rﬂ’a'é')baenéir%ra ?+3(engntlom8rs respecstwelyt fee sap and

rubber cenent . trhhs-G)MHTRIG)Adre tepoxﬁdﬂl&ﬁb&ﬁeﬁﬂ!fdﬂlﬁﬁﬁt&:l@lp&m ﬂhetrhnsqk)m -THygen, and
heat. Accordin cult tg formulate
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ng dosage st remgidiMan et al., Mol. Pharmacol. 34:823 (1988); and M. Reichman et al., Mol.

Pharmacol. 40:547 (1991)). In fact, a more recent publication has asserted that the

pharmacological activity ascribed to trans-(+)-A°~THC in earlier published reports is

likely to represent the presence of low levels of trans-(-)-A’~THC in the materials

15  tested. In fact, when sufficiently purified, trans-(+)-A’-THC exhibits approximately
only 1% of the activity of the trans-(-)-A9-THC enantiomer (Mechoulam et. al.,
Pharmacol Biochem Behav 40(3):461-464 (1991)).

Purified trans-(-)-Ag-THC 1s a thick, viscous, resinous material that has been

20  compared to pine-tree sap and rubber cement. This material is chemically unstable
to light, oxygen, and heat. Accordingly, trans-(-)-A>~THC is extremely difficult to
formulate and is not readily adapted for incorporation into standard dosage forms

that are typically available for other, solid pharmaceutical compounds.

25  Synthetic trans-(-)-A’~THC (i.e. “dronabinol”), which is currently sold as Marinol®
by Unimed Pharmaceuticals, Inc., is available in 2.5, 5, and 10 mg dosage strengths.
The trans-(-)-A°-THC of Marinol® is formulated as a solution in sesame oil, which is

distributed into gelatin capsules. This orally-administered form of trans-(-)-A’~THC



The trans-(-)-A9-THC of Marinol (r)is fornmulated as a solution in sesane
oil, whichis distributed into gelatin capsules. This orally-adm nistered
formof trans-(-)-A9-THC WO 2006/ 133941 PCT/ EP2006/ 005761 -4 is subject to
first-pass nmetabolismin the liver, is absorbed relatively slowy, and

exhibits a ‘gﬁl @o‘éﬁ Hnset of phar macol ogi cal activity %T’Qp’t%”myﬂ( hour to

two hours. A"CORT rast, delivery of the active materi a ) - A9- THC,
by inhalation (e.g., by snoking) typically results in an onset of

phar macol ogi cal activity within 10 mnutes 5 of adm nistration ("Wrkshop
on the Medical Wility of Mrijuana," -4-

(http://ww. ni h. gov/ news/ nedmari j uana/ Medi cal Marijuana. htm; U. S. Patent
No. 6,713,048 B2, e.g. Table 2 and the references cited therein). However,
delivery of trans-(-)-A9-THC by snoking is not preferred in view of the

i nherent dangers of snoking (e.g. enphysenma and |ung cancer), as well as
t he undefined dowwhisstite fitshpash meGbelisen ip|thaaiiverrist abpdrbdgelatsety ql@vlp;aééar e
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attenpts to provi erapeu ormmul ati ons of
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formul ated as carrier an pe meat i on enhancer.
According to tMhe. 6,993204@&%2@% Ta;btﬂlqnldltlee refgreneascged therpin). niddwaer, divaryal
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m Xt ur es. er meat’'l on ancers pat ent
i ncl ude noni oniMedginef Asstssimggheg$cience Base,” Janet E. Joy, StanleyJ Watson, Jr., and

John A. Benson, Jr., Editors; Institute of Medicine, 1999, National Academy Press,
Washington D.C.). In view of these issues, the art is fairly replete with attempts to
provide improved therapeutically-effective formulations of trans-(-)-A’-THC.

15
U.S. Patent No. 6,328,992 describes a transdermal delivery system for cannabinoid
compounds in which the active compound is formulated as a mixture comprising a
carrier and a permeation enhancer. According to the ‘992 patent, suitable carriers
can include natural rubber, viscoelastic semi-solid materials, hydrogels,

20  thermoplastic polymers, elastomers and thermoplastic elastomers, or an oil selected
from the group consisting of mineral oils, vegetable oils, fish oils, animal oils, carbon
tetrachloride, ethanolic solutions of resins and pyrahexyl mixtures. Permeation
enhancers of the formulations of the ‘992 patent include nonionic surfactants or
solvents, e.g. glycerol esters, polyglycerol esters, alkyl fatty acid esters, ethoxylated

25  sorbitan esters, alcohol ethoxylates, lanolin ethoxylates, ethoxylated fatty methyl

esters and alkanolamides.



solvents, e.g. glycerol esters, polyglycerol esters, alkyl fatty acid
esters, ethoxylated 25 sorbitan esters, alcohol ethoxylates, lanolin

et hoxyl ates, ethoxylated fatty methyl esters and al kanol am des. WO

2006/ 133941 PCT/EP2 0 0 6100 5 761 5 U.S. Patent No. 6,383,513 describes a

cannab|n0|dW89&BR§hhlon for nasal delivery. The aCti¥8n§E%&ﬁh§)1°f t he

513 patent ornmul ated in a "biphasic delivery sys such as an

oi l -in-water enulsion. The biphasic delivery systemis prepared by
conbining the drug with an oil and an enulsifier to provide an oil phase,
which is 5 then vigorously nmxed wi th & aqueous phase containing a
stabilizer. The oil is preferably a vegetable oil such as olive oil,
sesanme oil, castor oil, cotton-seed oil, or soybean oil, while the

enul sifier can be, for exanple, a pol yoxyethylene block copolynmer. The
"513 patent al so describes the formation of "guest-host conpl exes"

conpri sing a cdhBabitenoNd 683,543 deskrities hiczrinn'gma'gemnpcsini@h fagagyddliodextrin, in

whi ch the 10 drﬂg giﬁ%’?&g‘%i mﬁle \§‘13t t&'}t?s %ﬁlhg BPEas&QﬂeH\%'ry %éjeﬁ'l,g’ agent.

According to the ent, such gues conpl exes can
freeze-dried tougnmwndémaWpEMQEMSdn FMW%mmswdﬂhaUSEﬁmnbewﬂnmdbporated into

e, omul st ons SRSARH Ol HOTE0EAR HSm Bl SRR AR LASHLI | ator
met er ed- dosé i nMImorowkynma'rdwnﬂgareaqcmmpmsc pcmmalmmrpmlsimg Ehe oil is
hydrof | uor oal k%?e?er%l %;: d)@l%%dﬁ% Ong:%ll éé%ﬁ%gﬁ)lcg?t%q)lpgdt oftLed o'ﬂn?\JnUde

1,1,1, 2- tetrafluoroe epta or opr opane
addi tion the fopﬁuma@iaﬁ@eﬁkenhbﬁkﬂ¢®lpa®Eﬂ@Hmhaymﬂw&Wdhﬂﬂaﬁﬂ@$ganic

sol vent, e.g. %ﬁ%ﬁ Ti’lﬁ 519 hé&pﬁt alst ﬁestcp afis% Sidfatiod Qle t-ﬂ)_égchq IQJIes’t he ' 048

patent is descri phar maceut i c pure, i'oni zed Tesi nous drug
subst ance (6aR<bmans)z 66<alnl7ab8101®aildtaét>l|0hlhyldg @geet Bicoag q‘yplnéquw in which the

3-pentyl - 6'1'0(:“ %QL&tmed% Gk éavf?% n thé%oﬁxbllg{ﬂged@&nt l\jgcco%n?g’;tg’tl'?@‘g 1$2
descri bes a pharmaceut cal ornu ation ftor
patent, such guest-host complexes can be freeze-dried to provide a powdered

material that can be incorporated into the emulsions described, or that can be

delivered using an insufflator device.

15 U.S. Patent No. 6,713,048 describes a A’-THC solution metered-dose inhaler
containing a composition comprising a hydrofluoroalkane propellant and A’-THC.
Suitable propellants include 1,1,1,2-tetrafluoroethane and
1,1,1,2,3,3,3-heptafluoropropane. In addition the formulations of the ‘048 patent
may include an organic solvent, e.g. ethanol, to solubilize the A°’-THC. The A>-THC

20  of the ‘048 patent is described as the pharmaceutically pure, nonionized resinous
drug substance (6aR-trans)-6a,7,8,10a-tetrahydro-6,6,9-trimethyl-
3-pentyl-6H-dibenzo[b,d]-pyran-1-ol.

U.S. Patent No. 6,730,330 B2 describes a pharmaceutical formulation for
25  transmucosal administration, comprising tetrahydrocannabinol, cannabidiol, and a
“self-emulsifying” cannabinoid solubilizer such as glycerol monooleate, glycerol

monostearate, medium chain triglyceride, polyethoxylated castor oil,



25 transnucosal adm nistration, conprising tetrahydrocannabi nol,
cannabidiol, and a "self-enulsifying" cannabi noid solubilizer such as

gl ycerol nonool eate, glycerol nonostearate, nediumchain triglyceride,

pol yet hoxyl ated castor oil, WO 2006/133941 PCT/ EP2006/ 005761 - 6-

pol yoxyet hy, et her, pol yoxyethylene ether, p ne fatt
acid ester, %SQ 6§%§éethylene Stearate, or a sorbitan 3§¥@§¥aﬁmé%FPatent %o
6, 747, 058 descrlbes a conposition for inhalation therapy in which 5 A9-THC
IS fornulated in a sem -aqueous solvent conprising a "judiciously sel ected”
volunetric ratio of alcohol, water and @ pharnmaceutically acceptable
glycol, such as 35:10:55 (v/v) ethanol:water:propylene glycol. U S
Publ i shed Patent Application No. 2003/0229027 Al describes a fornulation in
10 which a cannabi noi d conpound is incorporated in a sugar glass or a sugar
al cohol glass. According to the 027 publication, a natural cannabi noid
conpound is dimhokyeldline akylwherpobokydtidene ethan pdysokthglnte fatty had ¢stee, sugar
is dissolved in I are conbined to forma m xture,
which is then i gﬁ)&g&%ﬂm—gg{%a&%é%r A lg’st!m %§e vacuumdried, or dried froma
super-critical f|UId. Freeze- drylng provi des a 15 porous cake which,
according to t Rﬁ*@ that
coul d be used pgr ? g??%§ﬁ§& ?&mm%%qﬁgﬁ @@Rﬁgﬁﬁﬁﬂﬁﬁﬁgﬁfﬁ' Sl[{Publlshed
Pat ent Appl |5catA9dFH(L\|a foxi}ﬁﬂhdéﬂﬁalséxﬁ)&quouslsxﬂmnt bms)rqsimglaﬁnxdemuslga¢lected”
formul ati ons co oid, a solve and a co: nt, which
are useful 20 Vf%g 3 ff[:a(r?cé’ f?lo‘ﬁ&ﬁrsalnd aphamaceupca“?’ AP tfl}%le lﬁlf; Séllce}\l/ent S
described in thﬁ.wmav@nhhmhwtarpmpmﬁna@tyc@l C4 aI cohol s, including
ethanol, which is the preferred solvent. Co-solvents include glycols, e.g.
propyl ene glycol, as well as sugar al cohols, carbonate esters and
chlorinated hydy.8cRublighns PatiteAppliGfiopdiol 2008022902t desctibrata,formulation der  t o
obtain the gdesi reSL aoc%n}léb%!o?d %%%&ﬂ?{n%)%b %{eEIJ q?gutgﬁr%r%gbrsa %r a3nétS. an

aerosol 25 using e VIsC ornu i ons di scl osed
is critical, rgilass Accordlng to the 027 publication, anatural cannabinoid compound is

dissolved in a water-soluble organic solvent while the sugar is dissolved in water.

The two solutions are combined to form a mixture, which is then freeze-dried, spray

dried, vacuum dried, or dried from a super-critical fluid. Freeze-drying provides a
15  porous cake which, according to the ‘027 publication, can be processed into a

powder that could be used for tableting or for pulmonary administration.

U.S. Published Patent Application No. 2004/0034108 A1 describes pharmaceutical

formulations comprising a cannabinoid, a solvent, and a co-solvent, which are useful
20  for administration using a pump spray. Useful solvents described in the “108

publication include C;-C4 alcohols, including ethanol, which is the preferred solvent.

Co-solvents include glycols, e.g. propylene glycol, as well as sugar alcohols,

carbonate esters and chlorinated hydrocarbons. The ‘108 publication notes that, in

order to obtain the desired particle size appropriate for administration as an aerosol
25  using a pump spray, the viscosity of the formulations disclosed is critical, and

" accordingly, the working range of solvent:co-solvent is quite narrow.



accordingly, the working range of solvent:co-solvent is quite narrow. WO
2006/ 133941 PCT/ EP20061005761 -7 U.S. Published Patent Application No.
2004/ 0138293 Al describes a conposition conprising a solution or
suspension of tetrahydrocannabinol and cannabidiol. Suitable Iipophilic

sol vents or on carriers described by the "293 i ncl ude
medi um and\yglrﬁ’gﬁ%’?{ chain triglycerides, nedi umchai ngg}g‘% Olgqt gryceri des,

5 pol yet hoxyl ated fatty al cohol s, polyet hoxyl ated fatty acids,

pol yet hoxyl ated fatty acid tri gI ycerides or partial glyceri des, esters of
fatty acids with | ow nol ecul ar wei ght-7al cohol s, partial esters of sorbitan
with fatty acids, polyethoxylated partial esters of sorbitan with fatty
acids, partial esters of sugars or oligoneric sugars with fatty acids,

pol yet hyl ene glycols, and m xtures thereof, as well as m xtures of those 10
conpounds with fats, oils and/or waxes or glycols or suspensions in

m xtures of | déBtRubhishedRatbwrAppli¢asionNd/ 29040838883 Al deschiees @rvboposeont

d bed h i i . ] bi | d
escribed in t %{ngﬁg t’? EllJ %?1?{%)51g?gdﬁgéFla?gWS?ghﬁéﬁc%a& la&h&%ﬁ?ﬁ&ga Inol an

cannabi di ol was I'um chai n nono-
di - gl yceri des dfuit@8e @idhiliatolyerdcordaspambntcheierssigicnibecdry thbi288 petdicalem

distributed t I I t
No. 2004/ 0229935 e TSR BARSHICERn kicphids, shadlo ANGLpAEh EDkerdRE] ! Cat On
t et r ahydr oc énnaliyathbxyl@ehiatip hicelrdk, miy@hwly\@teé ety apide peldethoxylated ﬁattne 939

publ i cation, t *Lg%%ng%e%ésao& 248 G ERMRIES? s LEAOWHA REARARRNACL and

et hanol , as incer tain e Oor nore o e foll ow ng:
20 mi crocryst alwdightaleellolupatd estem df Mblgnamtbrﬁatgdaytdalpatyethomg%m st ear at e,

fumed silica, %@%ﬁo%l &nw&l&%&mds%ﬁ%sﬁeré&fsﬁgg@épohgaﬁéac Rhars %ﬁﬂ,' tol,

sodi um bi car bonat e, bonat crtr rtaric-aci and a
wat er - sol ubl e sf@ttyfaadtsmmﬂyethb/lcnaglygémpnd:mixaneséh@gd; avpyell as tn@ttwrahvfdh@eannabi nol

vas di ssol ved 1dnBhRA00m Al ofidiha/d: Bk bl APl bl BRiGR PR RRHet N manni tol
to provide a granular m xtur Addi t
lecithins and/or oils and/or waxes. In the embodiment described in the ‘293

application, a mixture of tetrahydrocannabinol and cannabidiol was taken up in a
mixture of medium-chain mono- and di-glycerides of Cs-C); fatty acids and the
solution obtained was distributed to soft gelatin capsules.

15
U.S. Published Patent Application No. 2004/0229939 A1 describes a sublingual
formulation comprising tetrahydrocannabinol, ethanol and an excipient. According
to the ‘939 publication, those formulations may comprise tetrahydrocannabinol and
ethanol, as well as, in certain embodiments, one or more of the following:

20  microcrystalline cellulose, sodium starch glycolate, magnesium stearate, fumed
silica, mannitol, sucrose, lactose; sorbitol, lactitol, xylitol, sodium bicarbonate,
sodium carbonate, citric acid, tartaric acid, and a water-soluble surfactant. In a
particular embodiment, tetrahydrocannabinol was dissolved in ethanol and the
resulting solution combined with mannitol to provide a granular mixture. Additional

25  solid excipients were added to the granular mixture, which was then dried to form a

powder that could be compressed into tablets.



25 solid excipients were added to the granular m xture, which was then
dried to forma powder that could be conpressed into tablets. WO

2006/ 133941 PCT/ EP2006/ 005761 As indicated in the art, it is difficult to
formul ate pharnmaceutical | y-acceptabl e conpositions conprising

trans-(-)- A@OI&-&: b view of the thick, viscous naturgcg&rmbmgm{mt erial

and its senS|t|V|%y to oxygen, |ight, and heat. Accordingly, even in those
i nstances noted above, trans-(-)-A9-THC fornul ati ons are general ly unstabl e
and 5 frequently exhibit a relatively abbreviated shelf-1ife and/or nust be
stored at low tenperature (see e.g. US2003/0229027 and WO 02/ 096899).
Accordingly, in view of the therapeutic potential of trans-(-)-A9-THC and
inlight of difficulties associated with its fornulation, it is apparent
that there is a long-felt, 10 unnmet need for an inproved, stable

cannabi noi d active pharnmaceutical ingredient, which can be used to prepare
i nproved THC dosdgdcdtetinghefagy itéﬁ(ﬂﬁfmhlswrfemildme pharmqyamticelrlw scceiftlil¢ cted with a

Condi tion that Canisgtloa? rpsm%tt E%Ae? 1’n v1ew (Brﬂ?e [(e\gscw%st%Pre{ ?1fl s

trans-(-)-A9-TI—cI{):'.np on o erence in ion
application is thmmawmamﬂdntssan&nvﬁhmoxygm lighe bed lmaat:et\qcsrdprgmavearim thoge t he

application. 3.. Sumar The resent nyent | ovi des a
conposition co ar“§?srf’6¥e(d,ray%teaﬁr&ﬁs'2'§ 81}@5 ?ns,@e %en‘fr? 2hYa gpélgiabi nol. In
certain enbadi %qﬁcﬁltlgbfex}tﬂlima fetuﬂipél§hbhramteddhelf li€er anglomlustive stored at low

trans- (+) A9-t et rahydrocann

trans-(-)-A9-t SEPREH F (‘fﬁﬁﬁﬁ##@%mgﬁ)@g e\gp(ogﬁo-gg@g?'et r ahydr ocannabi nol . In
ot her errbodl ment s of t he corrp05| tion, the crystalline

trans-(+ A9-tetra Ocanna consi sts enti
L anes i) ho t AapaloEarRa ROheaRats bl SR -Re. Y HE aa igbt ebnabi nol .

In a particul al’dliﬁﬂ@ﬁ&laﬁgbﬂffated'&whmlt@lf(){ﬁiu&hbri nas apparent that there is a long-felt,
trans-(+)-A9-tetrah cannabi nql es. at st 95% wej.ght of
Lrane (4] - AD. | GOSN D AnHAD ViG) S A BH GOk B S EB St Eiirabi noi ds
in the which can be used to prepare improved THC dosage forms for administration to

patients afflicted with a Condition that can be ameliorated, treated, or prevented with

trans-(-)—AQ-THC.

15  Citation of any reference in Section 2 of this application is not an admission that the

reference is prior art to the application.

3. Summary of the Invention

The present invention provides a composition comprising crystalline

20  trans-(+)-A’-tetrahydrocannabinol. In certain embodiments of the composition, the
crystalline trans-(+)-A’-tetrahydrocannabinol comprises
trans-(-)-A9-tetrahydrocannabinol and trans-(+)-Ag-tetrahydrocannabinol. In other
embodiments of the composition, the crystalline trans-(+)-A’-tetrahydrocannabinol
consists essentially of trans-(-)-A’-tetrahydrocannabinol and

25  trans-(+)-A’-tetrahydrocannabinol. In a particular embodiment, the crystalline
trans—(:t)—Ag—tetrahydrocannabinol comprises at least 95% by weight of
trans-(+)-A’-tetrahydrocannabinol based on a total amount of cannabinoids in the

composition. In other aspects, the crystalline trans-(+)-A’-tetrahydrocannabinol



conposition. In other aspects, the crystalline
trans-(+)-A9-tetrahydrocannabi nol WO 2006/ 133941 PCT/ EP2006/ 005761 -9
conprises at |east 98% by weight, at |east 99% at |east 99.5%or at | east
99.9 % by weight, of trans-(+)-A9-tetrahydrocannabi nol based on the total

anount of \989 }%gﬂl ds in the conposition. 5 In furtggjf/ £ 6909% nts of the
conposi tion, e crystalline trans-(+)-A9- tetrahydrocanna as a nol ar

rati o of trans (-)-OO-tetrahydrocannabi nol to
trans-(+)-A9-tetrahydrocannabinol within a range of fromabout 0.8:1.2 to
about 1.2:0.8, or fromabout 0.9:1.1 t-&@-about 1.1:0.9, or from about
0.95:1.05 to about 1.05:0.95. In a specific enbodinent, the crystalline 10
trans-(t)-A9-tetrahydrocannabi nol has a nolar ratio of
trans-(-)-A9-tetrahydrocannabinol to trans-(+)-A9-tetrahydrocannabi nol of
about 1:1. The present invention further provides a pharnmaceuti cal

conposi ti on corspmpricngf least §Bsh by Wiight, atdaasis2Ofe ptlast %1% ahgtdeasc@iiabynol and a

phar mRCeut i cal |6 6P BkARLEAL R Bloa Y GBI lotal Mpire! er T ed

enbodi nent, the crystalline tra tetrahydrocanna Binol is pr esent
in the phar mac egriabiapidg oriposoinpogifon.n a  t her apeut| cally effective anount.
The present invention further provides a dosage formconprising a
pharmaceutical 20 conposition of the present invention fornmulated into a
dosage f or mSusédh firthgrombodigentsiod the gempasition, the erpstatibe  and particularly a

human patient. r‘ggse(izgsmhydpgm 81 Q@a%@a@;ﬁg Jeor oral adm nistration,

transnucosal adm ni Strati on, transder nmal ;n nistration, intrathecal
admi ni stration trap%a@*)aht-@?rmydmmmb1991rt<atri11§r(+b¢ @Hﬁimm@mﬂa@h@mthw i nhal ati on.

In a particular ar%%BPﬁ&leﬁouW'S% £ERed Tons, 05@&9&%@99 1f1%'31>61§140"d’“ t 25

dosage form In certain enbodi ments, the dosage form of present
i nvention comF fremabeirs 088D ¥Rt afoutt9%0.85.1 Inwepecific embodlment the crystalline

trans- (t)-AQ- t%ﬁ@mw@&ﬁw@aﬂ&bmﬂﬁabmo@armllag@ of from about 0.05 ng to
about 200 ny, or from about ng to about
trans-(-)-A -tetrahydrocannabmol to trans-(+)-A tetrah rocannablnol of about 1:1.

The present invention further provides a pharmaceutical composition comprising
crystalline trans-(+)-A’-tetrahydrocannabinol and a pharmaceutically-acceptable

15  carrier or excipient. In a preferred embodiment, the crystalline
trans-(+)-A’-tetrahydrocannabinol is present in the pharmaceutical composition in a

therapeutically effective amount.

The present invention further provides a dosage form comprising a pharmaceutical

20  composition of the present invention formulated into a dosage form useful for
administration to a mémmal, and particularly a human patient. The dosage form may
be adapted for oral administration, transmucosal administration, transdermal
administration, intrathecal administration, parenteral administration or administration
by inhalation. In a particular aspect of this embodiment, the dosage form is a unit

25  dosage form. In certain embodiments, the dosage form of the present invention
comprises an amount of crystalline trans-(i)-Ag-tetrahydrocannabinol within a range
of from about 0.05 mg to about 200 mg, or from about 0.1 mg to about 100 mg; or
from about 0.5 mg to about 75 mg; or from about 2 mg to about 50 mg; or from



fromabout 0.5 ng to about 75 ngy; or fromabout 2 ng to about 50 ng; or
from WD 2006/ 133941 PCT/ EP2006/ 005761 10 about 5 ng to about 25 ngy. In
speci fic enbodi ments, the dosage formof the present invention conprises
about 5 ng, about 10 ny, about 20 ny, about 40 ngy, about 50 ngy, about 60

ngy, about ut 100 ng or about 200 ng of crys I
trans-()-Ag‘Ee?g%%?aﬁlgﬁr ocannabi nol. 5 The aforenenti one%gjtr:/lgirlr‘%g%ﬂlo Pbns and

dosage forns are formulated with crystalline trans-()-A9-

t et rahydr ocannabi nol and may, or may not, conprise crystalline

trans-()-A9- tetrahydrocannabinol at thé-tinme of adm nistration. 10 The
present invention is also directed toward a nethod for adm nistering
trans-(+)-A9-tetrahydrocannabinol to a patient in need thereof, which
conprises adm xing an effective anount of crystalline
trans-(+)-A9-tetrahydrocannabi nol and a pharnmaceutically-acceptable
carrier to prowboe Sangompesi2f imen In specifiadnbedinends, itheglosdge formeipsresen to t he
patient. In on LN i t ! L Syp) 5 the
Formof a sol utlanoEenftriddbotu STREAEN me 20T TbL Ak BB B0 1% i s
embodi ment, t henglabeurae mgt dboull §0ymam ebaipl Yohg ocabent 200 nigpfgrysigllipent and t he

conposition is >l Ui s ol Deadndbilol her aspect of this enbodi nent, the
adm xi ng and tt%reégﬂlngsr#st}érr?%ag are carried out by the patient, and, in

certain, entbodi nents, the admnistering is carried out imediately after

admi xi ng the Crﬁéfaﬁ}réﬂléﬂﬁ%%g cbhpiohd i dsdef FSrAQUA QGRMRGAL ROy &ifh 2

phar maceutical | y- accepta carrier to provide the conposition. In certain
enmbodi ment s, t HeneGnposietrdhydmcamebitd sedymay, o may odt, wowripe axsalling nvent i on

conprise or ar Qrajlp-{] = 9%@291y&é0_ et}m%lﬂfcﬁta@ijhlz iillﬁgof administration. o
trans-(+)-A9-tetrahydrocannabi nol 25 prepared by a process conprising

allowi ng trans-(-)-A9-tetrahydrocannabi nol and

tr anls_- (+) - AY t el ahydh aeanRal 19 difeQedtonatdd hitks bPagliRekrind N
non-1imting trans-(+)-A’-tetrahydrocannabinol to a patient in need thereof, which comprises
admixing an effective amount of crystalline trans-(+)-A’-tetrahydrocannabinol and a
pharmaceutically-acceptable carrier to provide a composition, and administering the
composition to the patient. In one aspect of this embodiment, the composition is in
15  the form of a solution, emulsion, gel, or suspension. In another aspect of this
embodiment, the pharmaceutically-acceptable carrier is a solvent and the
composition is a solution. In a further aspect of this embodiment, the admixing and
the administering are carried out by the patient, and, in certain, embodiments, the
administering is carried out immediately after admixing the crystalline

20  trans-()-A’-tetrahydrocannabinol and a pharmaceutically-acceptable carrier to

provide the composition.

In certain'embodiments, the compositions and dosage forms of the present invention
comprise or are formulated with crystalline trans-(+)-A’-tetrahydrocannabinol

25  prepared by a process comprising allowing trans-(-)-A’-tetrahydrocannabinol and
trans-(+)-A’-tetrahydrocannabinol to crystallize together. In a non-limiting
embodiment, the process comprises allowing trans-(-)-A’-tetrahydrocannabinol and

trans-(+)-A’-tetrahydrocannabinol to crystallize together from a first composition



enbodi nent, the process conprises allow ng
trans-(-)-49-tetrahydrocannabi nol and trans-(+)-A9-tetrahydrocannabinol to
crystallize together froma first conposition WO 2006/ 133941

PCT/ EP2006/ 005761 -11 conprising trans-(-)-A9-tetrahydrocannabi nol,

trans-(+)- A@PEﬁ%ﬁggﬁdrocannablnol and a non-pol ar OEQ?ﬁgﬁF§$§¥Fnt to

provi de crys ine trans-()-A9-tetrahydrocannabi nol

conposition nay be obtained by any process known in the art. For exanple,
the first conposition can be obtained by: (a) formng a biphasic 5
conposition conprising (i) a first orgadi-c phase, and (ii) an

al cohol i c-caustic phase containing the trans-(-)-A9-tetrahydrocannabi nol
and the trans-(+)-A9-tetrahydrocannabinol; (b) separating the
trans-(-)-A9-tetrahydrocannabi nol and the trans-(+)-A9-tetrahydrocannabi nol
fromthe al coholic-caustic phase; and (c) contactlng t he

trans-(-)-A9- teiomph;adg mm{(ﬂaﬁnﬂaﬁly«andnndbﬁlot lv@ns-(+)-A° tetrahydrocannabmol and

trans- (+) - A9- tetra rocanna fro ol rpr ani c
Solvent to 7 ortiBE PEEDE aHBoei T ale sk ity Uy R oRRigp ol O
conposi ti on( _C)al’llefQirﬂbbrﬂpd%&dnb)&y bﬁ at)taﬁlartm ang p&cbssmhafnmthcf:@rmml tion )
conprising (i) a firs ani c ase al cohol.i c-caustic ase
15 cont ai ni ng f?@ﬁ@ethﬁpﬁgxwﬁ?? PBE%ﬁW&%ﬁﬁ% ? gﬂﬂPﬁflng t he P
trans-(-)-A%t %ﬁ@b@(@kmm@ﬁabg (ipd ﬁf‘sfr@g@nﬁd}elaal mﬂ(ﬁ) anCal @Bolsd-danstipiphse; and (c)

contacting the trans et rahydr ocanpabj fromstep (b) with
trans- (+)-A9- téPPQWV@&B% &%Pn&Wa ARy Wobﬁﬁéﬁ organi ¢ solvent to form

the first conppgit)o-teflydbdaghdbiiol; V@) Separhitey thé r st conposition can be
obtai ned by: (a) for g bi phasi ¢ conpositiop conprisin a first

organi ¢ phase, tama((g%Fﬁdndaw@@wbmpbmé§w§@n%ﬁpﬁa§%mhﬂb%¥an Fﬁbgﬁmihe
trans-(+)-A9-t %tlcfoﬂﬂx:gﬁfagﬁl% HQSQJ 44 I(c) cgmctﬁg%ﬁ%}xé—ﬁﬁﬁ Qﬁah drocannablﬁol and

trans-(+)-A9-tetra roca nablnol fromt C-caustic phase; and (c)
10 the trans-(+)- A’ -tetrahydrocannabinol from step (b), with a non-polar organic solvent

to form the first composition.

Alternatively, the first composition can be obtained by: (a) forming a biphasic
composition comprising (i) a first organic phase, and (ii) an alcoholic-caustic phase

15 containing trans-(-)-A’-tetrahydrocannabinol; (b) separating the
trans-(-)-A’-tetrahydrocannabinol from the alcoholic-caustic phase; and (c)
contacting the trans-(-)-Ag-tetrahydrocannabinol from step (b) with
trans-(+)-A’-tetrahydrocannabinol and a non-polar organic solvent to form the first
composition.

20
Alternatively, the first composition can be obtained 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)

25  contacting the trans-(+)-A9-tetrahydrocannabinol from step (b) with
trans-(-)-A’-tetrahydrocannabinol and a non-polar organic solvent to form the first

composition.



25 contacting the trans-(+)-A9-tetrahydrocannabi nol fromstep (b) with
trans-(-)-A9-tetrahydrocannabi nol and a non-polar organic solvent to form
the first conposition. WO 2006/ 133941 PCT/ EP2006/ 005761 - 12 In other
enbodi ments, the conpositions and dosage forns of the present invention
conpri se orwpr2?06)‘l b lated with crystalline
trans-()-A9-tetrahydrocannabi nol, which crystalline
trans-(t)-A9-tetrahydrocannabi nol has been prepared by a process 5
conprising allow ng trans-(-)-A9-tetrahydrocannabi nol and
trans-(+)-A9-tetrahydrocannabi nol to crigstallize together froma first
organi c conposition conprising trans-(-)-A9-tetrahydrocannabi nol,

trans- (+)-A9-tetrahydrocannabi nol, and a non-pol ar organic solvent, to
provide crystalline trans-(t)-A9-tetrahydrocannabinol. The first organic
conposition may be 10 obtained by any process known in the art. For
exanpl e, in one enbodinent, the first organic conposition can be obtai ned
oy: (@) T or M NGy il {oaMRAARL Corf RO dnl1 Aean® RIRL Lt kedchinflnlib St

organi ¢ phase conprising a firs ter—1mm scrble or gani ¢ solvent, and
(ii) an al coholdompusassaiedopivial witndrgstalliregrans-(+)-A’-tetrahydrocannabinol, which
trans-(-)-A9-tetr rocannabi - () A9- rocannabi nol ,
15 (b) separ aticﬁl)és Elﬁ’g tr%%i%ﬂ%l ?%h%@gﬁggﬁgéaéb%ﬁége@%%?gg?¥%§ ghe separ at ed
al cohol i c- caus tdomppéias@lowirteiraasi-+ Af-etphycivicdenabinolznil d- t r eat ed al cohol i c
phase, (c) contacting.th cid-treated cohol i c pbhas ith.a second

wat er - i mi sci bl 8" J?%a’r’ﬁ"@&‘@?‘@@ mtogtofcfi’f‘sﬁihge goéstbﬁrafp%? %ﬁgg’rgar&%rrposi tion
conprising (i) BmpesUdtomBfGaitirdhspl)as ectByaédashabihoR9- THC, and (ii) an
acid-treated al coholi g phase, 20 (dL contacting the separated second
organi ¢ phase fifadir{3tlepetiabydrogappabioh gpd prsnapolar grsgaif sAva|to 8I9VidEo form t he
first organic GOIPASELbLASAMRIGLRIRGaRbCTh Ak GiARL Llainof rughal |1 ne
trans-(f)-A9-tetra ygr ocanhabi nol” can be prepared by a process conprising
al | owi ng t rié¥hs-obtajneddy amwt nredesedinora i Aol orgignple, in one embodiment, the first

organic composition can be obtained by: (a) forming a first biphasic composition

PCT/EP2006/005761

comprising (i) a first organic phase comprising a first water-immiscible organic
solvent, and (ii) an alcoholic-caustic phase containing
trans-(-)-A’-tetrahydrocannabinol and trans-(+)-A’-tetrahydrocannabinol,

15  (b) separating the alcoholic-caustic phase and contacting the separated
alcoholic-caustic phase with acid to provide an acid-treated alcoholic phase,
(c) contacting the acid-treated alcoholic phase with a second water-immiscible
organic solvent to form a second biphasic composition comprising (i) a second
organic phase comprising A’-THC, and (ii) an acid-treated alcoholic phase,

20  (d) contacting the separated second organic phase from step (c) with a non-polar

organic solvent to form the first organic composition comprising A°-THC.

Alternatively, crystalline trans-(+)-A-tetrahydrocannabinol can be prepared by a
process comprising allowing trans-(-)-A’-tetrahydrocannabinol and

25  trans-(+)-A’-tetrahydrocannabinol to crystallize together from a second organic
composition comprising trans-(-)-A’-tetrahydrocannabinol,

trans-(+)-A’-tetrahydrocannabinol, and a non-polar organic solvent, to provide



25 trans-(+)-A9-tetrahydrocannabinol to crystallize together froma second
organi c conposition conprising trans-(-)-A9-tetrahydrocannabi nol,

trans- (+)-A9-tetrahydrocannabi nol, and a non-pol ar organi c solvent, to
provi de WO 2006/ 133941 PCT/ EP2006/ 005761 -13 crystalline

trans-(t)- A‘%O%&%ﬁ)’l?’%dr ocannabi nol . The second organi CPE?EP&E&/JO%%P can be

obt ai ned by: ormng a first biphasic conposition conprisin a
first organic phase conprising a first water-inm sci bl e organi c soI vent ,
and (ii) an alcoholic-caustic phase containing
trans-(-)-A9-tetrahydrocannabinol; (b)-1dentacting 5 the separated

al cohol i c-caustic phase with acid to provide an acid-treated al coholic
phase, (c) contacting the acid-treated al coholic phase with a second

wat er-imm scible organic solvent to forma second bi phasic conposition
conprising (i) a second organic phase conprising

trans-(-)-A9- terysahydn@wﬁmaﬁimhydrmabinbl) Tan S@;ohdorgaré‘adzcmdmsiabmcﬂnol ic
phase, (d) addi ny )= A9-te dorcanna inal to r d second
0 organ & phadt oapnel 85 Qo mind FELEIVISE SRR ShrbfitalP I RREhEE To
about 1.25 nolphaseequpnangmfirst \pzear-mmlwbl@q'am@domm afd (fiy ans- (-) - A9 THC, and

(e) contacting seco nd. or i.c. phase .0fo ol ar
organi ¢ sol yentali‘iogohf it Bassg%‘gﬂa‘f‘g gr?%fafr?llc'tg a?ﬁ%% %m%gﬁnoclchﬁ)pcr(ﬁn{saftﬁé A9- THC.
].:LS Al ter na]'E i5v e|tt15(e sebhﬂe&ﬁ@@i@ﬁc—@ilgﬁmplﬁsmm tbipadvidean ah&-ft@kl’e?al&ﬂﬂhby ( (F]l)
ormng a firs bi phasi c.c 0 a fir or c phase
conprising a f ippage. (pg)éﬁ"éafm?grfﬁ%) %Cé age%oaicﬁgﬁfcé’ §%§%&h%sec°éllqdv aﬁelm % tble
al cohol i c- caustdrganjehalsenteofdimiaReddgd biphaitofpdsithi- &mpnﬂy@}mwﬁabl nol ; (b)
contacting the separated al coholic ystic has idt vi de an
aci d-treated aloé@ﬁlflpﬁéseﬁﬂ‘ag‘ésmg(ta“s ég?}t éeértaPWQ ‘?6 ng @E?I’r%’é‘f té%te | cohol i c
phase with a segoRslicWRhR! ) MUrRGiahs-6r) N @fhFdos@hyBiol fthé@pmte@ses&mond

bi phasi ¢ conposition conprisin second aqrgani c phase co I sl ng
trans- (+) - Ad- t SrFeainPHRGCARHRIS W@fera)bbma ap leunéff%@mﬂtoﬂéé? wa{*&hm ic

pthas e( § d) addif@arlteh@0Serdts per Adtal Bfaivdfent HEra 8RN, SRCE DnREGRNAE Phase of
ste Cc
P second organic phase of step (d) with a non-polar organic solvent to form the second

organic composition comprising A°-THC.

15  Alternatively, the second organic composition can be obtained by: (a) forming a first
biphasic composition comprising (i) a first organic phase comprising a first
water-immiscible organic solvent, and (ii) an alcoholic-caustic phase containing
trans-(+)-A9-tetrahydrocannabino]; (b) contacting the separated alcoholic-caustic
phase with acid to provide an acid-treated alcoholic phase, (c) contacting the

20  acid-treated alcoholic phase with a second water-immiscible organic solvent to form
a second biphasic composition comprising (i) a second organic phase comprising
trans—(+)—A9—tetrahydrocannabinol, and (ii) an acid-treated alcoholic phase,

(d) adding trans-(-)-A’-THC to the separated second organic phase of step (c)
preferably in an amount from about 0.75 to about 1.25 molar equivalents per molar

25  equivalent of trans-(+)-A9-THC, and (e) contacting the second organic phase of step
(d) with a non-polar organic solvent to form the second organic composition

comprising A’-THC.



preferably in an anount from about 0.75 to about 1.25 nolar equival ents per
nmol ar 25 equival ent of trans-(+)-A9-THC, and (e) contacting the second
organi ¢ phase of step (d) with a non-polar organic solvent to formthe
second organi c conposition conprising A9- THC. WD 2006/ 133941

PCT/ EP2006/\98§C70§&3394114 The trans-(t)-A9-tetrahydr ocan?gQ}Epz%mggﬁpar ed as
descri bed heréin nmay be re-crystallized one or nore tines according to the

met hods di scl osed, to provide crystalline
trans-(f)-A9-tetrahydrocannabi nol of a desired purity of at |east 95% at

| east 98% at |east 99% at |east 99.5%ler at |east 99.9% by weight. 5 The
present invention further provides a nethod for treating a Condition
conprising admnistering to a mammal in need of such treatnent and
effective anount of a pharnmaceutical conmposition of the present invention.
I n various aspects of thls enbodi nent, the Condition is selected fromthe
group conS|st|ﬂ®eammga)h memaﬁnsmnhmsd;ﬁ@m@ﬂaﬁ@peﬂmdhmemanWE|ght |l oss. In
ot her aspects of ion ed fron1the group

t
consi sting of &g Srﬁgalﬁéeed Oﬁlg rggre tlﬁrazs acclgﬁc(io qo é}ho%s dls%q%se§ to Prov 8WI ng
anti cancer t herc@ma)lme gh@g&pnﬁtetrﬁwdrcﬁhlgiaanolwaﬂésned paitn of 4 gastvises, pai n,
neur opat hi ¢ pain e i ca orders, muscle spasti city
(such as that ]?iétsgécﬁ’ é‘m’})ﬁ* ]sefﬂtﬁégﬁ gf“olezish uf})li’éﬁ"alghhl tiple sclerosis),
a novenent gi sorder 15 (such as dystonia, Parkinson's disease, Huntington's
di sease, and Tqurette' syn ra|n eadache il epsy, .and
Al zhei ner's di grgﬁglgsen WV%[WSPEPEE‘ %ﬂ’ﬂg%% Héea%ad‘f:?ng‘f?nicgmgﬁsmg

at her oscl er osi administeing t 4 @hmelnh aeidrog Bich tieftmentGaa difédtiofarhaunnef ol ogi cal
trauma or strokg 20 |.n_anot her eggod me r esent |nveF{h? Lon is

directed t owar AMYMAETHHER cqapositigp gL ?Pﬁ?@enﬁ‘nﬁﬂ’:ﬁ‘ﬂ’éb NN S EREFE S
conprising the ealebdlmentpthacmmmtm méctedlﬁt»gfteelglen;ﬁ cdnéiRting ﬁfpath\@nqsrs,elssnt

I nventi on, l%he OPE ppetlte an8 r\gc)nglhts IIOQ r?' otm:r aspe%ts of this embodiment, the Condition is
selected from the group consisting of cachexia, nausea and vomiting (such as that
following anticancer therapy), glaucoma, neuralgia, somatic pain, chronic pain,
neuropathic pain, inflammation, neurological disorders, muscle spasticity (such as
that associated with spinal cord injury and multiple sclerosis), a movement disorder

15  (such as dystonia, Parkinson’s disease, Huntington’s disease, and Tourette’s
syndrome), migraine headache, epilepsy, and Alzheimer’s disease. In another
embodiment, the Condition is atherosclerosis. In a further embodiment, the

Condition is neurological trauma or stroke.

20  In another embodiment, the present invention is directed toward a method for
preparing a cannabinoid composition comprising the active pharmaceutical
ingredient (API) of the present invention, the method comprising admixing
crystalline trans-(_Jc)-A9-tetrahydrocannabinol with a pharmaceutically-acceptable
carrier or excipient. In certain aspects of this embodiment, the crystalline

25 trans-(i)-Ag-tetrahydrocannabinol ;:omprises at least 95%, or at least 98%, or at least
99%, or at least 99.5% by weight of trans-(+)-A’-tetrahydrocannabinol based on the
total amount of cannabinoids in the composition. In certain embodiments, the

composition is formulated as a dosage form, or preferably as a unit dosage form.



crystalline trans-(t)-A9-tetrahydrocannabinol with a

phar maceuti cal | y-acceptable carrier or excipient. In certain aspects of
this enbodiment, the crystalline 25 trans-(t)-A9-tetrahydrocannabi nol
conprises at least 95% or at |least 98% or at |east 99% or at |east

99. 5% by mewggﬁ ggghrans (f)-A9-tetrahydrocannabi nol Qg@@gﬁgﬂmg§9 t ot al

amount of cARNABINoi'ds in the conposition. In certain rments, the
conposition is fornmul ated as a dosage form or preferably as a unit dosage
form WD 2006/ 133941 PCT/ EP2006/ 005761 15 In certain aspects of this
enbodi ment, the pharnmaceutically-acceptlable carrier or excipient is a
powder or other solid material. In another specific non-limting

enbodi ment, the dosage formis in a powder or other dry form In a further
aspect of 5 this enbodi nent, the pharmaceutical |l y-acceptabl e excipient is
chosen to provide a cannabinoid dosage formthat is a suspension,

enul sion, gel, or solution. In a specific non-limting aspect of this

enbodi ment t he Iﬁlgéﬁgﬁasﬁ&%mf't}ﬁs %&Mm%'t%ha%'eeutw&lfy-a%@épltgbleodaﬂeh@# i's
prepared at the tine t dosage formis be admnistered to the patient.

10 The present exeigignitis HPoVWdgr erféherwl&m}@yﬂ clorrpetberispesifec nepdiniiechods adapt ed
for pul monary aagkReRt fhdlhbQPe f&‘}mw iARSokldr oP@th&&fr& fndiPcRRAGRLRL! ot 0 @

manmmal . The nethod conprises depositing a stabl e cannabi noid conmposition
conprising & tthieembutimentdh¢ ghagniceeticaeacseniabl exsfpicnt iy shasen forpgovide a

trans-(t)-A9- t%m&x&aq%g@mnmmla%@peﬁéo& BRulkidRgR1, Of sohutiBMR! i n need

thereof. In one enbodi nen the cannabi noid conposition is deposited into

the |ungs of t Keeciisrnenflinking asprst aff this smbediment ghelopage formgs an enusiemviseleli nent |

the crystalling, thiaRathdtls pat%a;e@taf ﬁi@)ﬂgﬂé%@%@'f&f%lls to%taliﬂﬂfi’étéré(d oM xed Wi th
a pharmaceutically-acceptable excipient, isin a formselected fromthe

group consi sti mgtie¥f- powders, granules, mcroparticles, nanoparticles, and
m xtures 2Qgthereof. In certain aspects of this enbodi nent, the

pharnaceuticalH%-acceptable . -
e present invention further provides compositions and methods adapted for

pulmonary administration of trans-(£)-A’-tetrahydrocannabinol to a mammal. The
method comprises depositing a stable cannabinoid composition comprising a
therapeutically-effective amount of crystalline trans-()-A’-tetrahydrocannabinol into

15  the lungs of a mammal in need thereof. In one embodiment, the cannabinoid
composition is deposited into the lungs of the mammal by inhalation. In one aspect
of this embodiment, the crystalline trans-(+)-A’-tetrahydrocannabinol, optionally
admixed with a pharmaceutically-acceptable excipient, is in a form selected from the
group consisting of powders, granules, microparticles, nanoparticles, and mixtures

20  thereof. In certain aspects of this embodiment, the pharmaceutically-acceptable

| excipient is also in a form selected from the group consisting of powders, granules,

microparticles, nanoparticles, and mixtures thereof. In other aspects of this
embodiment, the crystalline trans-(+)-A’-tetrahydrocannabinol comprises at least
95%, at least 98%, at least 99%, or at least 99.5% by weight of

25  trans-(+)-A’-tetrahydrocannabinol based on the total amount of cannabinoids in the
composition. In a further aspect of this embodiment, the crystalline
trans-(+)-A’-tetrahydrocannabinol is delivered to the lungs of the mammal using a

mechanical device suitable for pulmonary administration and capable of depositing



excipient is also in a formselected fromthe group consisting of powders,
granules, mcroparticles, nanoparticles, and m xtures thereof. In other
aspects of this enbodinent, the crystalline
trans-(t)-p9-tetrahydrocannabi nol conprises at |east 95% at |east 98% at
| east 99% t st 99.5% by wei ght of 25
trans-(t)-A@btngtwrlJ’é @dr ocannabi nol based on the total AMDURE OF Cannabi noi ds
in the conposition. In a further aspect of this enbodi nent, the
crystalline trans-(t)-A9-tetrahydrocannabinol is delivered to the |ungs of
the manmal using a nechanical device -d@i-t able for pul nonary adm ni stration
and capabl e of depositing WO 2006/ 133941 PCT/ EP2006/ 005761 -16 the
crystalline trans-(f)-Q-tetrahydrocannabi nol into the |lungs of the mammal.
The mechanical device can be, for exanple, selected fromthe group
consisting of a powder inhaler, a unit dose inhaler, a netered-dose
i nhal er, a nebuhd aptallimritnapuyipetrabpirasenndpinbhimtqthe kgt ofithreueamman Their t her
provi des net ho i tid O ggg@ r i nj i on of
crystalline trﬁegﬁ%}%af&%&?%%%% g)greoc n%ﬁg ?%%Ifr%q%ﬁggrr?gm'{yﬁ%%{aor al dosage
form of the presedér inhalesrtungdogeanhdie, adetprédofearhalempmdbuizer, aral ;w10
usi ng standard Spﬁ?r maceuti cal formulation technology. Alternatively, the
oral dosage fornm can be adapted for controlled release. In certain
enbodi ments,5 the controlled-rel ease formul ati on conpri ses a
t her apeuti cal | I agriile] Yol i o
trans-(t)-0o-t gl:[hrgé{?geglrr[ gl\ggnrgi?l’abl ntgf %ﬁlg%arxﬁ%ﬁl% %ultl) ed- Srlté nggg?ter%f? 1;-:-Orrfdal . The
control | ed- r el edwinistati@rifatyseHine trenss@)-aCtegrdhyidrasanmabieolde egpmewhsi sti ng of
hydr ophobi ¢ 15 pol ynmers, hydrophilic polynmers, guns, protein-derived
materi al s, waxes, shellacs, and the like as well as m xtures thereof. In
certain enbodi Mdapw deshge fomweff the priceat inentian eanfhsadaptedtfpiommedgie rdlessesust ai ned
rel ease a‘.ndl()I S usilk Et@lﬁiaﬁi ph ccﬁfcglrfomﬁflMH'Eechxi]ogégl}.oﬁrltet(ﬁﬁti\%ﬁf, fRYfadosing in a
human patient. In certai'n enpodi nents, the

dosage form can be adapted for controlled release. In certain embodiments, the

controlled-release formulation comprises a therapeutically-effective amount of
crystalline trans-(z)-A’-tetrahydrocannabinol and a controlled-release material. The
controlled-release material can be selected from the group consisting of hydrophobic

15  polymers, hydrophilic polymers, gums, protein-derived materials, waxes, shellacs,
and the like as well as mixtures thereof. In certain embodiments, the
controlled-release formulation provides sustained release and is suitable, e.g., for
8-hour, 12-hour or 24-hour dosing in a human patient. In certain embodiments, the
oral, controlled-release dosage form, after administration to a human patient, can

20  provide a Cy4/Cpay ratio of from about 0.55 to about 0.85, and a therapeutic effect for
at least about 24 hours. In a specific aspect of this embodiment, the C,,4, is a

sub-psychotropic-threshold concentration.

In a particular embodiment, the oral, controlled-release dosage form suitable for 24
25  hour dosing in a human patient comprises a pharmaceutically-acceptable matrix

comprising a therapeutically-effective amount of crystalline

trans~(i)-A9-tetrahydrocannabinol and a controlled-release material in which the

matrix comprises a plurality of multiparticulate matrices. In various aspects of this



oral, controlled-rel ease dosage form after admnistration to a human
patient, can 20 provide a C24/Cma,. ratio of from about 0.55 to about 0. 85,
and a therapeutic effect for at |east about 24 hours. In a specific aspect
of this enbodinent, the Chma, is a sub-psychotropic-threshold

concentr at i&B'zoo'aH 5 41parti cul ar enbodi nent, the oral, %89&?&[)4/@97_6{ el ease
dosage formsuitable for 24 25 hour dosing in a human patient conprises a

pharmaceutical |l y-acceptable matrix conprising a therapeutically-effective
anount of crystalline trans-(t)-Q-tetrahydrocannabinol and a

controll ed-rel ease material in which tH€- matrix conprises a plurality of
multiparticulate matrices. In various aspects of this WO 2006/ 133941

PCT/ EP2006/ 005761 -17 enbodi nent, the multiparticulate matrices are
conpressed into a tablet, or are disposed in a pharmaceutically-acceptable
capsule, or are disposed within a pharmaceutically-acceptabl e suspension,
emul si on, gel, embodiolenft the multafigelajgmentréass are norapressechinfo g telblels oprovi des a

process for pr E(\lpégf)éeﬁ % }?A%icguticﬁﬁﬁ%cxpta %Llﬁ& Ioiaare ggp(gsﬁcg Mtﬁiq_ar el ease dosage

form said process conprising the step o I ncor porati a

t her apeut i cal | yhaffeestirally-ageeptahte sufpensians eraplbipmegel, or solution.
trans-(t)-A9-tetrahydrocannabi nol into an appropriate controll ed-rel ease
material. Such a controlled-rel ease material nmay be selected fromthe
group consi $ti ridre ofesendinygrtion Hiirtist propdésyarnseasss fhypieraping b sdidpeelver s, gumns,

protein-deri Veccii AR ]%,r éoﬁ{r&led-r%@ﬁosa??ﬁyhh,asgﬁ’pr@égg cBHﬁriMl#tﬂc st@ﬁofwel | as

m xtures thereof, formng a controlled-release matrix Tornulation. In a
particul ar emnbaeromerating s dicthpelisalipectfastiyn ampunteaf costallingdni ni stration to a

humen patient, (pro '.%e.%eta?%&/aml%or ald A a }grogrimoat:}%d-m@asﬁﬁqakega@bout 0. 85,

and a therapeutic effect for at |east abou hours. 15 The present
i nvention furt Haeh peasirpirdsreleaseendasiabmay baowlseisd fripmrike gignproadstngof

transnucosayy Orhyﬁﬁmg%fomerégmrgﬂh%é' }ﬁi}jn%, Q\jmﬁ rb%?éi@hériv@@ materials,
waxes, shellacs, and the like, as well as mixtures thereof, forming a
controlled-release matrix formulation. In a particular embodiment, said dosage form
after oral administration to a human patient, provides a C4/Cp,, ratio of from about
0.55 to about 0.85, and a therapeutic effect for at least about 24 hours.

15

The present invention further provides methods and compositions adapted for
transmucosal or transdermal administration of crystalline

trans-(+)-A’-tetrahydrocannabinol to a mammal.

20  The present invention can be understood more fully by reference to the following
detailed description and illustrative examples, which exemplify non-limiting

embodiments of the invention.

4. Brief Description of the Drawings

25 FIG. 1 is a graphical illustration of the powder X-ray diffraction pattern obtained
upon analysis of a sample of crystalline trans-(x)-A’-THC prepared according to the

methods of the invention.



trans-(t)-A9-tetrahydrocannabinol to a manmal . 20 The present invention can
be understood nore fully by reference to the followng detailed
description and illustrative exanples, which exenplify non-limting
enbodi nents of the invention. 4. Brief Description of the Draw ngs 25 FIG
I is a graphigal .i.l].ustration of the powder X-ray dif j tern
obt ai ned %g%@o%glg{}si s of a sanple of crystalline tr%%@%}towoao%?{mc
prepared according to the nethods of the invention. WO 2006/ 133941
PCT/ EP2006/ 005761 -18 FIG 2 is a graphical illustration of the HPLC
chromat ogr am obt ai ned upon anal ysis ofl8a sanple of crystalline
trans-(t)-A9- THC prepared according to the nmethods of the invention. 5
FIG 3 is a graphical illustration of the data obtained froma differenti al
scanning calorinetry analysis of crystalline trans-()-A9-THC prepared
according to the nethods of the invention. 10 FIG 4 is a graphical
illustration of the data obtained froma thermal gravinmetric analysis of a
sanmpl e of crystalline trans-_ﬂf)-AQ-THC repared according to the methods
of the inventi G FiQ@ graphigBligarstion of theHPol chrematpgramebipined ppdrr aakysis spect rum
obt ai ned upon { RIS | = HC
pr epared accor g?gé%ﬁ%ég%%gﬁgnﬁgrgé@ At r?(eﬁc I%F]}%I/azér?taajic%)dr@ﬁ%%oréﬂg%e%é%ﬁgh} t he
spect rum bet weenveag@renunbers 500 cm 1 and 4000 cm-1 while FIG 5B depicts
t he spectrum bet ween wavenunbers 600 cm-1 and 1700 cm 1. 20 FIG 6A - 6D
depi ct the 'SH NMR spectrum obtai ned upon anal ysis of a sanple of
crystalline trans-(t)-A9-THC prepared accordi ng to the net hods of the
i nvention. G. 3 is‘a graphical illustration of the data obtained from a differential scanning

calorimetry analysis of crystalline trans-(+)-A°-THC prepared according to the

methods of the invention.

10  FIG. 4 is a graphical illustration of the data obtained from a thermal gravimetric
analysis of a sample of crystalline trans-(ﬂ:)-A9-THC prepared according to the

methods of the invention.

FIG. 5A-5B depict the Fourier Transform Infrared spectrum obtained upon analysis
15 ofasample of crystalline trans-()-A’-THC prepared according to the methods of the

invention. FIG 5A depicts the spectrum between wavenumbers 500 cm™ and 4000

cm’ while FIG 5B depicts the spectrum between wavenumbers 600 cm™ and 1700

-1
cm .

20  FIG. 6A - 6D depict the "H NMR spectrum obtained upon analysis of a sample of
crystalline trans-(£)-A’-THC prepared according to the methods of the invention.
FIG 6A depicts the 'H NMR spectrum between 0 and 10 ppm; FIG 6B depicts the
'H NMR spectrum between 4.6 and 6.4 ppm; FIG 6C depicts the 'H NMR spectrum,
between 1.8 and 3.3 ppm; and FIG 6D depicts the 'H NMR spectrum between 0.8

25 and 3.3 ppm.



FI G 6A depicts the 'H NWR spectrum between 0 and 10 ppm FI G 6B depicts the
1H NWR spectrum between 4.6 and 6.4 ppm FIG 6C depicts the 'H NWR

spectrum between 1.8 and 3.3 ppm and FI G 6D depicts the 'H NVR spectrum
between 0.8 25 and 3.3 ppm WD 2006/ 133941 PCT/ EP2006/ 005761 - 19- FIG. 7A -

7D depi ct t spectrun1obtained upon anal ysi s @my
crystalline ﬁéﬁé&%J) A9- THC prepared according to thgeﬁgﬁw§ 0 the

invention FIG 6A depicts the 13C NVR spectrum between 0 and 180 ppm FIG
6B depicts the 5 13C NWVR spectrum between 105 and 155 ppm FI G 6C depicts
the 13C NMR spectrum between 10 and 50%pm and FI G 6D depicts the 13C NWVR
spectrum between 72 and 82 ppm 5. Detailed Description of the Invention
10 The active cannabi noid pharmaceutical ingredient disclosed herein
conprises highly-purified crystalline trans-(f)-A9-THC. Conpared to the
pure enantioner (i.e., trans-(-)-A9-THC), the crystalline trans-()-A9-THC
of the present invention is less sensitive to oxygen, light, and heat.
Consequently, the conp05|t|ons and dosage fornms of the present invention
exhi bi't subst afiGalA y7I Agnictthed ‘G NAR $riettyunpotaingdionm aebyssofipssinlé ohs and

dosage forms th %@B%bss )%b‘%&:}{ tﬂﬁeﬁqc&%ﬂé {0 Bhethods bR MHS idvedtigh®- THC.  For

exanpl e, sanpl es o puri f I'ine
trans-(t)-A9- téﬂﬁéﬁy&p@@&maﬁll‘fMR spestrom detmgen @ andnd0 prasBigt 68 depiattthon hel d

for three qays3@NM\52§ﬁgét}um@ehqb§aﬂﬂSB'QE p@%e@%splaﬁth@"rcﬁm'aborat ory

|'i ghting remai ned Mor eover, sinc he crystalline

trans-(t)-A9- tépwahlydﬁwami{hmdni@mpma@@@@WF&IW@ n@l‘éMRlsﬁeC#Hmerl al, it is
amenabl e to fO%@H%éﬁ%?QmQ%EB&d'“Q to nmethods disclosed in the art in view
of this disclosure. Accor |ng[y, t he active cannabi noid pharmaceuti cal

i ngredi ent disclosed hereinis readily adaptable to the preparation of

i nproved dosage forns such as those
5. Detailed Description of the Invention

10  The active cannabinoid pharmaceutical ingredient disclosed herein comprises
highly-purified crystalline trans-(+)-A’-THC. Compared to the pure enantiomer (i.e.,
trans-(-)-A’-THC), the crystalline trans-(+)-A’-THC of the present invention is less
sensitive to oxygen, light, and heat. Consequently, the compositions and dosage
forms of the present invention exhibit substantially-improved stability over known

15  compositions and dosage forms that comprise the purified enantiomer,
trans-(-)-A’-THC. For example, samples of purified, crystalline
trans-(ﬂ:)-Ag-tetrahydrocannabinol according to the present invention held for three
days at room temperature in the presence of air and laboratory lighting remained
white. Moreover, since the crystalline trans-(+)-A’-tetrahydrocannabinol is a

20  crystalline solid material, it is amenable to formulation according to methods

disclosed in the art in view of this disclosure.

Accordingly, the active cannabinoid pharmaceutical ingredient disclosed herein is
readily adaptable to the preparation of improved dosage forms such as those

25  providing immediate release of the active agent, as well as those providing controlled
release of the active agent. Moreover, the improved dosage forms of the present

invention comprising crystalline trans-(+)-A’-THC may reduce the patient-to-patient



25 providing inmmedi ate rel ease of the active agent, as well as those
providing controlled release of the active agent. Moreover, the inproved
dosage forns of the present invention conprising crystalline
trans-(t)-A9-THC nmay reduce the patient-to-patient WO 2006/ 133941

PCT/ EP2006/ 20 variability in physiol ogical a tropic
responses d%gg&géﬁ¥ﬂ1stratlon of trans-(-)-A9-THC asgggggwﬁﬁﬁggﬁ the art.
Preparation of crystalline trans-(+)-A9-THC for use as an active
pharmaceutical 5 ingredient (or "API") in the inproved dosage form of the
present invention can be acconplished;20dnter alia, according to the

nmet hods di scl osed herein as well as in commonly-owned U. S. provisional
application Serial No. 60/630,556, which is hereby incorporated by
reference inits entirety. For exanple, the APl of the present invention
can be isolated by crystallizing trans-(+)-A9-THC from a conposition 10
conprising tr an\@néblbltymgpmlogtqﬁhamém( rychgroPili®;speirses upon edmipsiralfon®f gani ¢

sol vent accor dind QR eLthodsidisgl osed herein, as well as those

di sclosed in §m ( rOV|sion§¥ apb Pcatlon Serial No. 60/630,556. Wthout
being Iimted by t heory, the present inventor believes that cannabinoid 15
i mpuri ties typigall¥ioRbesEMIid AN HRTROSLL s QR ScAE BratiBRlai i al Ty, if
not conpletely,a%eﬁgve gﬂ 1 Fangg (-)-A9- THC gng i E ﬁ?‘§:A9 THC are
allowed to ¥ orlngreqhy@t(ql“wl’ﬁ’é iry t#lansprewe}idt\s)lg¢mn OAd@@rqamﬁmvynthnwa@bfe

embodi ment . CrystahdiAa il B0 abdordi bfe Iﬁém&da%ls%@ea%ew AVRILL N compri ses
at | east 95% ast 98¢ eas% | east % or at |east

99. 9% by wei ghtcomn%l}w@ﬁ IU %@r%mmlamhm?n mxaiero: @éﬁé@é%nvmqlies t ot al
amount. 0f cannapidoilsmotaftd 89 feBRRCGRR LRy [ RRERAAAIIDS B pRyst al | ne
trans-()-A9-THC used in th i nproved dosage of the present

i nvention, tr anéve@U?n?ﬂgb‘FH@lam@Y CW@H@%#}DSA@)’ﬁ Héjrfé)nrbﬁ epapasidiosepar at el y
and then COW' Q%thphgﬁlﬁrﬂéf( A HRE t?&s-@wt)eﬁ)eﬂ(f@ Al 2 BoNPRaRRLAlc SREMENt tO

provi de a conposition fromwhich crystall
according to the methods disclosed herein, as well as those disclosed in U.S.

provisional application Serial No. 60/630,556.

Without being limited by theory, the present inventor believes that cannabinoid

15  impurities typically present in A’>~THC compositions are substantially, if not
completely, removed when trans-(-)-A°>-THC and trans-(+)-A’-THC are allowed to
form crystalline trans-()-A’-THC. Accordingly, in one embodiment, crystalline
trans-(x)-A°-THC of the present invention comprises at least 95%, at least 98%, at
least 99%, at least 99.5%, or at least 99.9% by weight of crystalline

20 trans-(i)-Ag-THC based on the total amount of cannabinoids.

In one approach for the preparation of crystalline trans-(+)-A°-THC used in the
improved dosage forms of the present invention, trans-(-)-Ag-THC and
trans-(+)-A’-THC are prepared separately and then combined together in the

25  presence of a non-polar solvent to provide a composition from which crystalline
trans—(ﬂ:)—A9-THC can be isolated. Trans-(-)-A’-THC is a natural product that can be

isolated from the plant Cannabis sativa according to methods described in the art.



trans-(+)-A9-THC can be isolated. Trans-(-)-A9-THC is a natural product
that can be isolated fromthe plant Cannabis sativa according to nethods
described in the art. W 2006/ 133941 PCTJEP2006/ 005761 -21 |n another
approach, each of the enantionmers, i.e. trans-(-)-A9-THC and

trans-(+)- A%O'%gn%ﬁﬁssepar ately prepared by chem cal ?ﬁg}Epﬁﬁ]ﬂ%ﬁither

according to descri bed herein, according to ods di scl osed
in US. provisional application Serial No. 60/630,556, or according to
nmet hods disclosed in the art. 5 Alternatively, preparations of both
trans-(-)-A9-THC and trans-(+)-A9-THC-can be obtained by fractionation of
a mxture conprising both enantioners such as, e.g. by the nethod
disclosed in U S. provisional application Serial No. 60/630,556, or
according to nethods disclosed bel ow The enantioners can then be conbi ned
together in the presence of a non-polar solvent to prOV|de a conposition
fromwhich 10 dnystier hppneach,reactsef(tlic) enddiiontdfs, carradme( y&elBCed | n yet another

approach, trang |s synt.hesi ze re ¢ risin both
trans-(-)-A9- Tl—fé“ %t rans- (Sﬂj’%%gy?ﬁ&a reaté%%reaucgl ST0 ht ?@o s des du S bed
herein, or ac Gmatld]dm gestmbetl heremeadmtdmgdo Sme hmsheds dwpldslcc&n tpScpm\smmal

appl | Catl on Seri rt?llcatlon Se%i511§ 9/%90% ccor mg ?)r t&gi .Fﬁelg?edgﬁ)ﬁﬁr alqI scl osed in

the art. The ni’R nprising ans- (+) - A9- THC
is then contSactAdténmmdhy @rdpanahcprsloﬁboth sexis»(e)m -THJC pudavangtéHaA BB omi tei on f r om

which crystalli B&ink gﬂ?raén)onatlono %&t'?re c?m qs?n g{hh(flanti%glegsx&ta%ugé%?osed in

trans-() - A9- THé repar ed ereirn or as
U.S. provisionahe raq:mdd @EfQSmHSE$IFQ¢VIMal z@@h@ﬁ@n 5&6] NoH08380b6.@rcryst al | i ne

material that h- % i.ght, at | t
00% by wei gt . “sroipeisTRlngS RiRiEka 8L e B G B MERALE - A T eas
trans-(t)-A9- T&l@eb)asmdhmeﬂem of e herl-polarsolyprit t@ﬁrowdnmamnmmds fromhwléchsol i d
material cap r%ggv\ah%eg Sg(gh R“Irﬁbecqnﬁ‘@golgédm cronized to provide particul ate

materials and p

In yet another approach, trans-(+)-A’-THC is synthesized as a mixture comprising
both trans-(-)-A’~THC and trans-(+)-A’-THC, according to methods described herein,
or according to the methods disclosed in U.S. provisional application Serial No.

15  60/630,556, or according to methods disclosed in the art. The mixture comprising
both trans-(-)-A’-THC and trans-(+)-A°’-THC is then contacted with a non-polar
solvent to provide a composition from which crystalline trans-(+)-A’~THC can be

isolated.

20  Crystalline trans-(x)-A’-THC, which is prepared as disclosed herein or as disclosed
in U.S. provisional application Serial No. 60/630,556, is a solid crystalline material
that is at least 95% by weight, at least 98% by weight, at least 99% by weight, at
least 99.5% or at least 99.9% by weight of trans-(£)-A>-THC based on the total
amount of cannabinoids. This solid material can readily be granulated and

25  micronized to provide particulate materials and powders for use, e.g., in
metered-dose inhalers, or for transdermal, transmucosal, parenteral or oral

administration. In particular, formulations for oral administration, e.g. in the form of



nmet er ed- dose inhalers, or for transdermal, transnucosal, parenteral or oral
admnistration. In particular, formulations for oral adm nistration, e.g.
in the formof WD 2006/133941 PCTI EP2006/ 005761 -22 tablets, pills, or
encapsul ated particles or suspensions, can be manufactured as

innediate-r&hgaﬁﬁxghrcontrolled-release (e.q. SUSt&iP%ﬂ@kﬁk&ﬂﬁ?%l

formul ati ons. e oral formulations of the present invention may further
conprise one or nore 5 adverse agents that can be adapted for rel ease upon
tanpering of the dosage formso as to, e.g. dimnish or obviate the

phar macol ogi cal activity of trans-(-)-A3-THC and/or trans-(+)-A9-THC, in
order to discourage adm nistration of the fornmulation by a route other
than oral adm nistration. Illustrative exanples of such agents include,
but are not limted to, the CBI antagonist, SR 141716 A (see e.g. Shire et
at (1996) 10 J. Biol. Chem 271(12): 6941-46) and the CB2 antagoni st SR
144528 (see e. gabl@hipills, orgncapbulatédiB@des dr suspensions odn befxgnuiafiyead as 284( 2) :
644-50). 5.1. WA her.ei ganer. | Y A9- THC' may
refer to trans- ?#?%%f%%%?é§%%ﬁ?@%ﬂ§@%%?%%§@%ﬁ ;q?$§%£@§?€?h ?THC; or any
m xture thereof. Trans-(-)-A9-THC has the structure of fornula (la): CH3

9 10 OH 10a 1 Thz ogal fo@m{llagﬁﬁ o@the—p?e?engn%er(tgh'%}ﬁ%er comprise one or more

5 adverse agents that can be adapted for release upon tampering of the dosage form so
as to, e.g. diminish or obviate the pharmacological activity of trans-(-)-A>-THC
and/or trans-(+)-A>-THC, in order to discourage administration of the formulation by
a route other than oral administration. Illustrative examples of such agents include,
but are not limited to, the CB1 antagonist, SR 141716 A (see e.g. Shire et al. (1996)

10 J. Biol. Chem. 271(12): 6941-46) and the CB2 antagonist SR 144528 (see e.g. Shire
et al. (1998) J. Pharmacol. Exp. Ther. 284(2): 644-50).

5.1. Definitions
As used herein, the generic term “A>-THC” may refer to trans-(-)-A’-THC;
15 trans—(+)—A9-THC; trans-(ﬂ:)-Ag-THC; or any mixture thereof.
Trans—(-)—A9-THC has the structure of formula (1a):

20



CH3 (la) 20 WD 2006/133941 PCT/ EP2006/ 005761 -23 Trans-(+)-A9-THC has the
structure of (Ib): CH3 98 10 OH H 10al 6\ 2 CH3 653 04 (CH2)4CH3
CH3 (Ib) As used herein, the generic term"A8-THC' may refer to
(-)-AB-THC, (+)-A8-THC, 5 trans-()-A8-THC, or any m xture thereof.

(-)-A8-THC‘98§00t6}11g9ﬁtructure of formula (2a): CH3 9PC§/E}2(306§36|57%§a V12
6 3 CH3 5

-23 .

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

(CH2)4CH3

(1b)
As used herein, the generic term “A®-THC” may refer to (-)-A%-THC; (+)-A%-THC;

5 trans-(i)-AS-THC; or any mixture thereof.

(-)-A%-THC has the structure of formula (2a):

(CH3)4CHs

10



~O04 (CH2)4CH3 CH3 (2a) 10 WD 2006/133941 PCT/EP2 0 O 6100 5 761 -24
(+)-A8-THC has the structure of (2b): CH3 9 s 10 OHH 10al1l 7 2 CH3 6
5304 (CH2)4CH3 CH3 (2b) 5 As used herein, the generic term"CBD' may
refer to (-)-CBD;, (+)-CBD; (f)-CBD; or any mxture thereof. (-)-CBD has

t he struct %828)%/1&911”“' a(3a: CH3 3 H ,Hs 2 PCT/EP2006/005761

-4 -

(+)-A’-THC has the structure of (2b):

(CH,),CH,

(2b)

S As used herein, the generic term “CBD” may refer to (-)-CBD; (+)-CBD; (+)-CBD;

or any mixture thereof.

(-)-CBD has the structure of formula (3a):

(CH2)4CH;

10 (3a)



HO 3 CH3 (CH2)4CH3 CH2 10 (3a) WD 2006/ 133941 PCT/ EP2006/ 005761 -25
(+)-CBD has the structure of formula (3b): CH3 3 OH H6\ 2 CH3 HO 3
(CH2)4CH3 CH2 (3b) As used herein, the generic term
"CBD bis-1,3-(3,5-dinitrobenzoate)” nmay refer to 5
(-)-CBD- bi ~2-AQl.nj.trobenzoate); (+)-CBD bis(3,5-dini ;
()-CBD bi s?\&ggé)é&%?{lr obenzoate); or any m xture ther e%&igpﬁ%&ayﬁ)
(-)-CBD-bis(3,5-dinitrobenzoate) has the structure of formula (4a): CH3 3
OR ;H6 \ 5 3

-25-

(+)-CBD has the structure of formula (3b):

(3b)
As used herein, the generic term “CBD-bis-1,3-(3,5-dinitrobenzoate)” may refer to
5  (-)-CBD-bis(3,5-dinitrobenzoate); (+)-CBD-bis(3,5-dinitrobenzoate);
(2)-CBD-bis(3,5-dinitrobenzoate); or any mixture thereof.

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

OR”3
CH,
10 (4a)
where R is -C(0)(3,5-C¢H3(NO,)2).

(CHz)4CH3



CH3~\ OR (CH2)4CH3 CH2 10 (4a) where Ris -C(O(3,5-C6H3(NO2)2). WO
2006/ 133941 PCTI EP2006/ 005761 -26 (+)-CBD-bi s(3,5-dinitrobenzoate) has the
structure of formula (4b): CH3 3 OR Hs 2 CHs OR 3 (CH2)4CH3 CH2 (4b)
where Ris -C(O(3,5-C6H3(NO2)2). 5 As used herein, the generic term
"trans- A9- T, ylic acid" may refer to trans-(-)-A9: boxylic
aci d; trans‘?}&%@%&g@iﬁHC carboxylic acid; trans-(f)-A9- #ﬁ@%&%&’%{i c acid,

or any m xture thereof trans-(-)-A9-THC carboxylic acid has the structure

of formula (5a): CO2H 9 6 10 OH pH Oa
-26 -

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

(4b)
where R is -C(0)(3,5-CcH3(NO,),).
5

As used herein, the generic term “trans-A°-THC carboxylic acid” may refer to
trans-(-)-A’-THC carboxylic acid; trans-(+)-A9-THC carboxylic
acid; trans-(+)—A’-THC carboxylic acid; or any mixture thereof.
trans-(-)-A°>-THC carboxylic acid has the structure of formula (5a):

10

S5a.



72 CH3 =63 s ~04 (CH2)4CH3 10 CH3 5a. WD 2006/ 133941

PCT/ EP2006/ 005761 -27 trans-(+)-A9- THC carboxylic acid has the structure
of fornmula (5b): CO2H9 8 10 OH H1l0a 1l 7 2 CH3 6 3 0 4 (CH2)4CH3 CH3
5b The term"halide" refers to fluoride, chloride, bromde or iodide. 5
The term "-hal o" ns -F, -, -Br or -1. The term - | " nmeans a
saturat ed s??é?oﬁlﬁ%g-gchai n or branched hydrocarbon ha\(/igﬁg/EFZr%g%&%%{o 4 carbon
atons. Representative saturated straight chain (Cl-C4)al kyls are -nethyl,
-ethyl, -n-propyl, and -n-butyl. Representative saturated branched
-(G-CA)alkyls are -isopropyl, -sec-butyl-, -isobutyl, and -tert butyl.

trans—(+)-A9-THC carboxylic acid has the structure of formula (5b):
CO,H

5b
The term “halide” refers to fluoride, chloride, bromide or iodide.
5  The term “-halo” means -F, -Cl, -Br or -L.

The term “-(C;-C4)alkyl” means a saturated straight-chain or branched hydrocarbon
having from 1 to 4 carbon atoms. Representative saturated straight chain
(Cy-Cy)alkyls are -methyl, -ethyl, -n-propyl, and -n-butyl. Representative saturated
branched -(C;-Cj)alkyls are -isopropyl, -sec-butyl, -isobutyl, and -tert butyl.

10  The phrase “anhydrous organic solvent,” unless otherwise defined herein, means an
organic solvent having an amount of water that is less than about 0.01% by weight of

the total amount of water and organic solvent.

The term “cannabinoids” refers to A’-THC including trans-A’-THC and cis-A’-THC;
15  structural isomers of A’-THC having a molecular formula C;1H3¢0,, including
AS-THC, (-)-Ag-iso-THC, and (+)-A8-iso-THC; cannabinol and structural isomers of
cannabinol having a molecular formula of C;H2303; A9-THC-carboxylic acid;
A°’-THC precursors including CBD, abn-CBD, (+)-abn-CBD, olivetol,
(+)-p-mentha-2,8-dien-1-ol and (-)-p-mentha-2,8-dien-1-ol; salts thereof; and

20  derivatives thereof including acids, ethers, esters, amines, and the like.



10 The phrase "anhydrous organic solvent,"” unless otherw se defined herein,
means an organi ¢ solvent having an anmount of water that is | ess than about
0.01% by weight of the total amount of water and organic solvent. The term
"cannabi noi ds" refers to 49-THC i ncl udi ng trans-A9- THC and ci s-A9- THC, 15

structural | f A9- THC having a nol ecul ar fornu i ncl udi ng
A8-THC, (- )‘Evig@?é%?ﬁHC, and (+)-08-iso-THC, cannabi no:l)ga%]oWr uc ur al

i soners of cannabi nol having a nol ecular fornmula of C211-128Q2;

A9- THC- car boxylic acid; A9-THC precursors including CBD, abn-CBD,
(+)-abn-CBD, olivetol, (+)-p-nentha-2,8-dien-I-ol and
(-)-p-nmentha-2,8-dien-1-ol;salts thereof; and 20 derivatives thereof

i ncluding acids, ethers, esters, amnes, and the |ike. WD 2006/ 133941
PCT/ EP2006/ 005761 -28 Unl ess ot herw se specified herein, the phrase
"cannabi noid inpurities"” neans cannabinoids other than trans-(-)-A9-THC,
trans- (+) - A9- THQless ov(hm)ms&%%d hgreine ¢ pbtabee foanmsibingidemptritesl’ theanei n, t he

generic term"AQ9-T \Ci g% o THG car ylic acid,
(+) - A9- THC- car boxy mgl aC| g'ﬁxantra(n?};')%g C- %nasr(g)L fﬁ é)aAci . As used

herein, the phriages? (hEMSiea;bdzdlfﬁtﬂ Hefe&ﬂﬂre(g):neﬁg-téFH@A9-ffEIMrlﬁ>x§lid dctll” neaysst al | i ne
form of A9- THC con;prl sin .ans- %H? A9- THC and trans- (a‘% A9- THC and havi ng
an anount of tPehsCyar -Y G XE- r Hscprbpxyks aqifier (Rt -THC-5to048t 959
at | east 98% 1@Qigat | east 99% at |east 99.5% or at |east 99.9% by wei ght
based on the total weight of cannabinoids. Crystallinity of the
crystalline trans-()-A9-THC of the present invention can be denonstrated,

for exanple, byaded RE&SNCHRE “@walﬁﬁ&fm (:IS))A9 ’Idf@%éﬁ'r@@%h@)’cr?&m X-ray
diffraction. In onelllustratlve non-ljimtin enbodj ment, powder X-ray

diffraction of f@my%ﬁﬁaﬂﬂ%@mmmgﬂ(dﬁs)(- RY-THEE E@Sdﬂn@ -THC 25 hevingsnesent
It R‘e’u‘?m :O‘r)gs‘é"‘n't 'e o x\(t_f}?grfuﬁ L) f&“ﬁj&{;ﬁ@ tgﬁrs FoPRrFhAaYis A 1edstbioy, LAY YR ENt tO
10 atleast 99%, at least 99.5% or at least 99.9% by weight based on the total weight of
cannabinoids. Crystallinity of the crystalline trans-(£)-A’~THC of the present
invention can be demonstrated, for example, by the presence of any signal(s)
determined by powder X-ray diffraction. In one illustrative, non-limiting
embodiment, powder X-ray diffraction of crystalline trans-(+)-A’-THC according to
15  the present invention will provide diffraction data partially or fully equivalent to that

presented in Table 1 and FIG 1.

In one embodiment, the crystalline trans-(£)-A’-THC of the present invention
comprises a racemic mixture of trans—(-)—Ag—THC and trans-(+)-A9-THC. In certain
20  embodiments of the present invention, crystalline trans—(i)—Ag-THC comprises about
equimolar amounts of trans-(-)-A’-THC and trans-(+)-A9—THC. In other
embodiments of the present invention, crystalline trans-(+)-A>-THC comprises, by
weight, from about 40% trans-(-)-A’-THC to about 60% trans-(-)-A°~THC and from
about 60% trans-(+)-A’-THC to about 40% trans-(+)-A>-THC; or from about 45%
25 trans-(-)-A’-THC to about 55% trans-(-)-A’-THC and from about 55%
trans-(+)-A’-THC to about 45% trans-(+)-A’-THC; or from about 48%
trans-(-)-A’-THC to about 52% trans-(-)-A’-THC and from about 52%



In one enbodi nent, the crystalline trans-()-A 9-THC of the present

i nvention conprises a racemc mxture of trans-(-)-A9-THC and
trans-(+)-A9-THC. In certain 20 enbodi nents of the present invention,
crystalline trans-(f)-A9-THC conpri ses about equi nol ar anounts of

trans-(-)- A\%o 91 PH trans-(+)-A9-THC. | n other enbogb%p%%mg% }he pr esent

i nvention, crystalline trans-()-A9-THC conpri ses, fbm about
40% trans-(-)-A9-THC to about 60%trans-(-)-A9- THC and from about 60%
trans-(+)-A9-THC to about 40% trans-(+)-A9-THC, or from about 45% 25
trans-(-)-A9-THC to about 55% trans-(-9)29A9- THC and from about 55%
trans-(+)-A9-THC to about 45% trans-(+)-A9-THC, or from about 48%
trans-(-)-A9-THC to about 52% trans-(-)-A9- THC and from about 52% WO
2006/ 133941 PCT/ EP20061 005761 -29- trans-(+)-A9-THC to about 48%
trans-(+)-A9-THC, or from about 49% trans-(-)-A9-THC to about 51 %
trans-(-) - A9- THZnaad-A1THiG @hbat 48% thans-(na¥igHCs pr AGm THOL #¥6about  49%

| nvent | oy BEPSCBOLSHOMOARE: * rarears e ER AT [n rore t han

one crystallinerh@rmA’derd iofab&d 499.afaneanPlrelc. by a particul ar "space
group” or "crystal class." As used herein, the phrase "crystalline

trans-()-A9-THC'" is intended to enconpass all such polynmorphic crystalline

forms and i g Notnel-REGMAS HarksQu: PR -THEIOE B ptQerR IeIVA ntdy e a@blydgphfcor m 10 As
used herein, the phrase "active pharnmaceutical ingredient" or "APP" neans

any subst ance TeAterigh gLt BaHexiss ifyaers e 9n¢ ¢iyea]Hefomp idsatifigd fgr ex9mplse
manuf acture of g a(I)raHQulal( RBAte Gt dr RFREHGss ANk (sBherciiRipidaed in the

production of a ? becones, an active ingredient of the drug product.
Such substancescra(ﬁfél ihpirasdedA t BHENishiteed © qpeimprscd] weh pdymeekitvi ty or

other direct ef I’}%pahmle Borka Gndlis ?ﬂﬂéb&d (& 1Gnitddieh h%de%ﬂ»stalh% g rENt, or

prevention 1oOf disease or to a he structure "and flunction of the body.

As used herein, the phrase “active pharmaceutical ingredient” or “API” means any
substance or mixture of substances intended to be used in the manufacture of a drug
(medicinal) product and that, when used in the production of a drug, becomes an
active ingredient of the drug product. Such substances are intended to furnish

15 pharmacological activity or other direct effect in the diagnosis, cure, mitigation,

treatment, or prevention of disease or to affect the structure and function of the body.

The phrase “pharmaceutically acceptable salt,” as used herein, refers to a salt
prepared from an API having an acidic functional group such as a phenolic group,
20  and a pharmaceutically acceptable inorganic or organic base. Suitable bases include,
but are not limited to, hydroxides of alkali metals such as sodium, potassium, and
lithium; hydroxides of alkaline earth metal such as calcium and magnesium;
hydroxides of other metals, such as aluminum and zinc; ammonia, and organic
amines, such as unsubstituted or hydroxy-substituted mono-, di-, or trialkylamines;
25  dicyclohexylamine; tributyl amine; pyridine; N-methyl, N-ethylamine; diethylamine;
triethylamine; mono-, bis-, of tris-(2-hydroxy-lower alkyl amines), such as mono-,
bis-, or tris-(2-hydroxyethyl)amine, 2-hydroxy-tert-butylamine, or
tris-(hydroxymethyl)methylamine, N,N,-di-lower alkyl-N-(hydroxy lower



The phrase "pharmaceutically acceptable salt,” as used herein, refers to a
salt prepared froman APl having an acidic functional group such as a
phenol i c group, 20 and a pharnaceutically acceptabl e inorganic or organic
base. Suitable bases include, but are not limted to, hydroxides of alkal
metal s SUChwﬁitﬁﬂngn] potassium and |ithium hydro§kg@§ﬂ@%m9%¥allne
earth metal "such as cal cium and magnesi um  hydroxi des netal s
such as al um num and zinc; amonia, and organic am nes, such as
unsubstituted or hydroxy-substituted mono-, di-, or trialkylamnes; 25

di cycl ohexyl am ne; tributyl am ne; pyridi-ne; N-nethyl, N ethylam ne;
diethylam ne; triethylamne; nono-, bis-, or tris-(2-hydroxy-I|ower alkyl
am nes), such as nono-, bis-, or tris-(2-hydroxyethyl)an ne,

2- hydroxy-tert-butylam ne, or tris-(hydroxynethyl)nethylam ne,

N, N, -di -1 ower al kyl -N- (hydroxy | ower WO 2006/ 133941 PCT/ EP20061005761 - 30
al kyl ) - am nes, f@ﬂ@hmas%hmwhwsNiMEﬁmW%yNN(thydnﬁﬁwbmhy¢panine or

tri-(2- hydroxy t e ds such as
argi ni ne, lysi ﬁgwlh%% }%gyyp%ﬁ]{@ IE-H]QHQI &&%ﬁqd@%‘%oﬁ%&%%@% ons of the
pr esent |nventummnmgdpmwsewdhw@MQJI|ne trans-(t)-A9-tetrahydrocannabi nol
and a pharnaceutically-acceptable carrier or excipient. As used herein,
the term"carrier” or "excipient"” refers to a substance other than the
acti ve phar rfacélheipbarmatetjead doreprsitiony of tixAPesent invsh tetegpniprisecrytaipesi ti on  or
dosage form of > Rre I pi ) en present,
may, 10 mﬁthoufhpgﬁsfﬁﬁggﬁwh gﬁ%%r%?@uﬁﬁ%ggﬁ$%u§&l &%%@%ﬁg%ﬁF 4 group
consi sting of. dscip@etr $\s uséd Heledm, she tcmmmesslcmﬁempdimt” Idfesitmhsgxsanctes

| ubricants, gl Io%n th%%t?‘}e %gx%'iaceql%ca n‘%henﬁg?mﬁﬁl’”) 1nclﬁX 1§ ac 0%1 1ro}1/at ive,
suspensi on agents, disp érsi N Eii r mers % s and any
conbi nati ons thmﬂe@ﬁe%m60ﬂ$eusadnhemewn Cmnemtecmmﬁ@t%anusgnnmsmxls a
general terfp 1 Qfinld b BAORHS Qlcted MM U Hor B REYLGechlng 81 fifdern! v 11

the orientation datons in sp
fillers, compression aids, d1s1ntegrants lubricants, glidants, sweetners, coloring

agents, flavors, preservative, suspension agents, dispersing agents, film formers, and

coatings and any combinations thereof.

15  Asused herein, the term “stereoisomers” is a general term for all isomers of
individual molecules that differ only in the orientation of their atoms in space. It
includes enantiomers and isomers of compounds with more than one chiral center

that are not mirror images of one another (diastereomers).

20  The term “chiral center” refers to a carbon atom to which four different groups are
attached.

23 ¢

The terms “enantiomer,” “enantiomeric,” and the like, refer to a molecule that is
non-superimposeable on its mirror image and hence optically active wherein the
25  enantiomer rotates the plane of polarized light in one direction and its mirror image

rotates the plane of polarized light in the opposite direction.



i ncl udes enantioners and i soners of conpounds with nore than one chiral
center that are not mrror inmges of one another (diastereoners). 20 The
term"chiral center" refers to a carbon atomto which four different groups

are attached. The terns “enantioner," "enantioneric," and.the like, refer
to a nnlecu% 2&Qg non- superi nposeable on its mrr 8&/bﬂﬁ@ﬁ;ﬁpd hence
optically active ereln the 25 enantiomer rotates the pl'ane of pol ari zed

light in one direction and its mrror inmage rotates the plane of polarized
light in the opposite direction. WO 2006/ 133941 PCT/ EP2006/ 005761 -31 The
term"racemc" refers to a mxture of €fual parts of enantiomers, and which
is optically inactive. As used herein, the terns "patient" and "subject"
may be used interchangeably, and 5 nean an animal, particularly a mammal,
including, but not limted to a cow, horse, sheep, pig, cat, dog, nouse,
rat, rabbit, guinea pig, etc., nore preferably a primte, and nost
preferably a huRgrerniThaemal neférs tsd mixtwerd of eghd psed ofiegantiemierssuhd fwduichpsir poses  of
the present invg QE @qmﬁévthe 10 rel ease of APl from a dosage form at such
a rate that bl o % pl asma) concentrations are nmaintained within the
t herapeutic range over a perlod of time of about 8 hours, about 12 hours,

or about 24 NOULS,.cd flu o REELELY G GTORALUBNLe o0l 35 MR iGBERILE R Lo of

trans-(-)-A9- THC are nai’ntai ned a sub-psychotropic eve used
herei n, the % ermeah@ranitnall pmrtewda it dyeammxdi molmlipg.dotmeot bontediotarcawi norseof t he

API obtalned d 0.; i er.eij m."C24"
11 2oL e UL AESLDg AL LYol SR h Ly L
adn1n|stratlonfméﬁwﬂwmﬁ%mhhémemm the term"C24 / Chax ratio" refers to

the ratio of the plasna

The term “sustained-release” is defined for purposes of the present invention as the
10  release of API from a dosage foﬁn at such a rate that blood (e.g., plasma)

concentrations are maintained within the therapeutic range over a period of time of

about 8 hours, about 12 hours, or about 24 hours. In a preferred embodiment, plasma

concentrations of trans-(-)-A’~THC are maintained at a sub-psychotropic level.

15  Asused herein, the term “Cy,ax” denotes the maximum plasma concentration of the

API obtained during a dosing interval.

As used herein, the term “C,4” denotes the plasma concentration of the API at 24
hours after administration.

20
As used herein, the term “Cpy4 / Ciax ratio” refers to the raﬁo of the plasma
concentration of the API at 24 hours after administration to the maximum plasma

concentration of the API attained within the dosing interval.

25  Asused herein, the term “adverse agent” means an agent that (a) reduces or
eliminates one or more pharmacological effects of a therapeutic agent, such as a
euphoric or toxic effect, or (b) causes an undesired physiological reaction, such as

emesis. In one embodiment, an oral dosage form of the present invention comprises



concentration of the APl at 24 hours after admnistration to the maxi num
pl asma concentration of the APl attained within the dosing interval. 25 As
used herein, the term "adverse agent" neans an agent that (a) reduces or
elimnates one or nore pharnacol ogi cal effects of a therapeutic agent, such
as a eupho‘;vbgoog;mgﬁm c effect, or (b) causes an unde ]i,ﬁ‘:gzo J){%@%P' ogi cal
reaction, such as enesis. In one enbodi nent, an oral osa e rormof the
present invention conprises WO 2006/ 133941 PCT/ EP20061005761 -32 a first
conposition and a second conposition, wherein the first conposition
conprises crystalline trans-()-A9-THC @8 -API, and the second conposition
conpri ses an adverse agent. In certain enbodinents, the adverse agent is
coated with a layer that is substantially insoluble in the
gastrointestinal tract. When such an 5 oral dosage formis orally

adm nistered to a patient as intended (i.e., in an untanpered form, only
the APl of the afﬁrstwmpcﬁimghd R esrondcanpositiom whateinthe ise@swdsifion t he
gastrointestin | ) e S not
substantially % PE&QE{XQ ]Il—\op{erargaé -5 Ir]?ﬁ g‘?al n%l%g\é 8§ C%%%g 10'1 anpered with
so that the coa:bmpgsesan adviesse 8o Nd cetaipashadinpamts] melad\e:eaelagm istchaed t he
adverse agent w t.i rel.ea m nigtration,

t her eby reduci nglht%l%yeéﬁlaﬁls samgn# ?‘%P I?SOKUTb}gI gjefglasmfn%esgnalll%a& ?\Iﬂl on orﬁ causi ng
an undesired physidodaggioralis wrelacatdnomsteﬁdmd\mlhmdsuﬁanded (6ol amtanng
trans-(-)-A9-THC Tran n be extracted rifi from
Cannabi s sal i Va%‘baf‘ngered ?orﬁ% onfb‘gthe N%ochh fb stlc‘omgosathon 1%su%ntgnt81HErele§§ Ccii

nmet hods di scl osmlgalsutmnthﬂmalrttac(cs“em mtient, MOHREIM OGgbA@Ent APnot ﬂ'ulvsﬂant@Iyal (1971)

J. Ph Ph A 93: 217
(1971;;1r mand ?Jr S. &B % nt %Qr gfz‘l‘s%%%‘ dX%Q%i gta@%fgﬁ%th X hath Soatl Or exanpl e,
according to onke qgcdmldlcsmp@nmnhbxdqchﬁhden &teeldvme qg@Wd\elﬂ aldo bgpdubstantially er i al
can be extrgct %9?2}%%151)09 8&4&9{]&{ th%%'l)g?e%?f?%&@ @%Q@%‘ﬁe@ﬁoﬁ st e 20

resul ting extr romao raphed on &ct ed
fracti ons can Igemposition or causing an undesired physiological reactlon

52 Methods for Isolating trans-(-)-A°’-THC

Trans-(-)-A°-THC can be extracted and purified from Cannabis sativa plant material,

15  as well as hashish, according to methods disclosed in the art (see e.g.
WO 03/064407 A2; Turk et al. (1971) J. Pharm. Pharmac. 23: 190-195; Y. Gaoni et A
al., J. Am. Chem. Soc. 93:217 (1971); and U.S. Patent No. 6,365,416 B1 to Elsohly
et al.). For example, according to one published method, macerated or powdered
plant material can be extracted with a non-polar solvent such as hexane, and the

20  resulting extract chromatographed on a silica gel column. Selected fractions can be
pooled and subjected to fractional distillation under vacuum to provide
approximately 90% pure THC. Additional purification involving either a second
fractional distillation or HPLC purification can provide substantially pure THC (see
U.S. Patent No. 6,365,416 B1). In another approach (R.F. Turk et al., J. Pharm.

25  Pharmac. Q:‘190-195 (1971)), trans—(-)—AQ-THC can be isolated from marijuana
plant tissue, but the product can contain an undetermined amount of carboxylic

precursors of THC. In both instances, the plant extracts may contain



pool ed and subjected to fractional distillation under vacuumto provide
approxi mately 90% pure THC. Additional purification involving either a
second fractional distillation or HPLC purification can provide
substantially pure THC (see U.S. Patent No. 6, 365,416 BlI). In another

approach (%E?ngl&léﬂet al., J. Pharm 25 Pharmac. 23: Jp% /TE%Z%&/(‘O%’%Z]'))’

trans-(-)- can be isolated frommarijuana plant tissue, but the
product can contain an undeterm ned anmount of carboxylic precursors of
THC. In both instances, the plant extracts nay contain WO 2006/ 133941
PCT/ EP2006/ 005761 -33 trans-(-)-A9-THG3as well as inpurities such as
cannabi noid i sonmers fromwhich the desired conpound nust be separated.
Trans-(-)-A9-THC can be chemi cally synthesized according to nethods
disclosed in 5 the art. For exanple, U S. Patent No. 3,560,528 to
Petrizil ka describes the reaction of a cis/trans m xture of

(+) - p- ment ha- 2,1@ag{-2A>-THE)as wietl las ippuvitiesalichi as carimebipeid semees foim which thei d

catal yst such %ﬂfeﬁ%h&ﬁ&%ﬁﬁh&t isaqa%;&g nonohydrate ("PTSA-H20") or
as a dehydr

trifluoroacetic aci Ing agent in refluxing benzene to provide
(-)-As-THC, which can be converted to trans-(-)-A9-THC by addition of HC
10 fol  owed by .dehydroc rinhation {see Y. choul amet at. J. Chem
Soc. 89:4553 (1957):° SOk 30 lgr%fgt{‘eséﬁe&/?“f]%}fﬁu% oot qitsedff! (TS
(1972)). USS. tRedrerftor Bamplk, 025 Poteft Noo 3 BaQ tizno @tiriailka ddesibes thesadtioe reaction
of a mxture C)fof (c:zlsﬁ/atn}’ 2 %ﬁg 3%(%—5’-_ -rrrneerr]&hrz}-az_g-di8ﬁ-(#-lo?9vft£ E)l?\lletoW'nt tﬂe C)rlelse\rllcet Inan
inert organic sof V&A™ WYHe Bredefce of an Exe8ES of" A ASHTE Kal i ne
dehydr ati ng agentcidndalas sauiad paelualeydfonicacid remohtdranE&PTSA-HAO2)THC. Thi s

pat ent al so desgi bes .t he. reactian.of (-)-capnabidial "(-)-CBD" or

S abmor mal - Gyt i R A B pierd iy R e o hasids “por on
trifluoride di ¢)injiTeid)ahich cBiFBe Bh2éte) té mana(-)iATaHC sodddeioh ofilHAEr anhydr ous

condi 10015 10" Q1 Tbt 3085, bbb (24 501551, 9207 9508), 520
89:4553 (1967); and R. Mechoulam et al., J. Am. Chem. Soc. 94:6159 (1972)).

U.S. Patent No. 4,025,516 to Razdan et 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

15  presence of an excess of a non-alkaline dehydrating agent and an acid catalyst to
form trans-(-)-A’-THC. This patent also describes the reaction of (-)-cannabidiol
(“(-)-CBD” or “(-)-abnormal-CBD” (“(-)-abn-CBD”)) with a Lewis acid such as
boron trifluoride diethylether (“BF;-Et,0”) in an inert solvent under anhydrous
conditions to form trans-(-)-Ag-THC (also see WO 03/070506).

20
R. K. Razdan et al., J. Am. Chem. Soc. 96:5860 (1974) describes the reaction of a
cis/trans mixture of (+)-p-mentha-2,8-dien-1-o0l with olivetol in the presence of 1%
BF3-Et;0, methylene chloride and anhydrous magnesium sulfate to form
trans-(-)-A’-THC.

25 .
U.S. Patent No. 4,381,399 to Olsen et al. describes a method for separating
trans-(-)-A’-THC from a crude synthetic mixture, the method comprising esterifying

the crude mixture, isolating the resultant trans-(-)-A°-THC ester, hydrolyzing the



R K Razdan ei at, J Am Chem Soc. 96:5860 (1974) describes the reaction
of a cis/trans mxture of (+)-p-nentha-2,8-dien-l-ol wth olivetol in the
presence of 1 % BF3 Et20 nethylene chloride and anhydrous nagnesi um

sulfate to form trans-(-)-A9-THC. 25 U. S. Patent No. 4,381,399 to dsen et

al . descri b&;gz@m;%g{]od for separating trans-(_—)-AQ-T &&;85@/ L[ ude

synthetic m Xxture he nmet hod conprising esterifying ecrue m xture,
isolating the resultant trans-(-)-A9-THC ester, hydrolyzing the WO

2006/ 133941 PCT/ EP2006/ 005761 -34 ester, and distilling trans-(-)-A9-THC
at reduced pressure. Additional nethods4f-or the synthesis of A9-THC are
disclosed in U S. Patent No. 5,227,537 to Stoss et al.; in Razdan et al.
(1975) Experientia 31: 16; and in International PCT Publication WO
02/096899 Al. 5 In addition to those nethods disclosed in the art, the
present invention and the disclosure of U S. provisional appli cation
Serial No. 60/ &&6:; Sibdigiiking tehas-ENATHS 4t exducedpkdssige. chodiiamil mahalsdenpri si ng
at |l east 98% | east 99% t 99.9% by wei ght of
rane(-) - Ao ThEs AR S THE PEORRCSBLI. Bt Nnaat Wo dRS PRt e

specifically, desddnicperl(10es)dxperidhsiasmabimd n{ Riferiatiagd] POM@ublit@tion WO
trans-(+)-A9- TH crystalline trans-()-A9-THC, on a chiral stationary

phase to provi &5709%93,{%1 (-)-A9-THC. Wthout being limted by theory, the
present inventor believes that cannabi noi d inmpurities typically present in
A9- THC conposi t| ‘Efﬁ are subst renoved

ia sfllﬁ I etely. @:h
trans- (-) - A9- THEAHIPRD fiese Tgrtf‘l 4&91‘ gfdd? g‘eé’ﬂ RGP UPRIM BT yst al | i ne
trans- () - A9- THQiscibkuts of U 8eprouibised] HﬁﬂfbatrdﬂfsehzutN()O 60/630,5 Sk padvide(netiAds TdriC
obtained fromcrystalline. trans- Z-y g"/'tﬂ: ag el utéi n 9;5? veni on a
hi ral st at | ondry EHAREOGIo0y FRRTrE LI O DR QY PTG S0 PEALE108% by
99.9% by weight of trans-(-)-A’~THC based on the total amount of cannabinoids.
10  More specifically, described herein is a method for fractionating trans-(£)-A’-THC,
e.g. crystalline trans-(x)-A’-THC, on a chiral stationary phase to provide
trans-(-)-A’-THC. Without being limited by theory, the present inventor believes that
cannabinoid impurities typically present in A°’-THC compositions are substantially or
completely removed when trans-(-)-A>~THC and trans-(+)-A°-THC are allowed to
15  form crystalline trans-(i)-Ag-THC. Thus, the subsequent resolution of
trans-(x)-A°-THC obtained from crystalline trans-(+)-A’-THC with an eluting solvent
on a chiral stationary phase provides a composition comprising at least 98% by
weight of trans-(-)-A’-THC based on the total amount of cannabinoids in the
composition. Thus, in this embodiment, trans-(-)-Ag-THC, which can be used in the
20  Crystallizing Step can be reused or “recycled” from a previous resolution of

trans-(:t)-Ag-THC on a chiral stationary phase, e.g. as described in Section 4.6,

below.
53  Methods for Isolating trans-(+)-A’-THC
25 ' Trans-(+)-A’-THC, which is not known to occur in nature, can be

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

(+)-A8-THC with HCI followed by dehydrochlorination (see R. Mechoulam e al., J.



wei ght of trans-(-)-A9-THC based on the total anmount of cannabinoids in the
conposition. Thus, in this enbodi nent, trans-(-)-A9-THC, which can be used
in the 20 Crystallizing Step can be reused or "recycled" froma previous
resolution of trans-(t)-A9-THC on a chiral stationary phase, e.g. as

descri bed i I 4.6, below. 5.3 Methods for Iso ' <
trans-(+)-A 9?@%}@3&” ans-(+)-A9-THC, which is not kng’%"ﬂ%"%"%&%

nature, can be made by known synthetic nmethods including, but not limted
to, reaction of (+)-AS-THC with HCI foll owed by dehydrochlorination (see
R Mechoulamet al., J. WO 2006/ 133941 3BCTI EP2006/ 005761 -35 Am Chem

Soc. 94:6159 (1972)). Alternatively, trans-(+)-A9-THC can be synthesized
according to other nethods disclosed in the art (U S. Patent No. 3,560,528
to Petrizilka; Y. Mechoulamet al., J Am Chem Soc. 89:4553 (1967); U.S.
Patent No. 4,025,516 to Razdan et al.; R K Razdan et al., J. Am Chem
Soc. 5 96: 5860 A Whd))Socyicilisel€d72nantteroativelyctadnky+)pATFBHC e3n be

p-ment ha-2, 8-dien:1-0l is used .as the reagent rea ith.olivetol to
provi de the intsé":’lpr?ﬂﬁe%f’ceco {neg? ?thg%rﬁ‘ﬁtg‘bqsgfsglgﬁe? mé\lﬁflghﬁgl }g\g}t%{\@l y can be
converted to t 369,508 Jo- RBizIkICY . Meahaddnt §r-wAQL AWCCeam She 89ab5a(18€); by net hods

described in S i b I n addjtJ t o, met hods, di.scl osed in the
art, the pr eseﬁ‘fg‘ilpgeélﬁy?'o‘ﬁdzg’r\%’ 6? O%azg?nsegf%’s}{j%ehda%dan Efag.’gﬁlrmo'vc?' 571'0%51
application 58e|r9je§l86&€§’({/@§)bﬁﬁflie&5ﬁanﬁmg}&fiodﬂay I:m«t hbﬁ-glghms-zrﬁeddémgol ismsqdogigt g%s
conprising at |east o _.at .l east. at. | east D% 0r a t : y
wei ght of trans® f)rga,ﬁfﬂtfﬁee%gétg L‘(’)eg(%tt%]%m}[ng gjlelrg?%lﬁ%? tecglfe"ccgrﬁlnr?g%?)??Oi ds in

t he conpositi onvhiddanemagiecirf becmhleyted agms-(Hed-THE. elmns-@)-a°-FEiChad bé or

fractionating 15 trans-()-A9-THC e.g..crystalline trans-()-A9-THC, on a
chiral stati oné’??"‘ﬁﬁ&@%ﬂds ‘FP‘B'@F%H—? S%“E‘?”%E‘fl‘f‘i’) - A9- THC conposition. Wt hout
being limted by theory, the present inventor believes that cannabinoid
Inpurities 1'[0y pIIr(1: %c}it}/onp(cr) %%&g(rls Aigcléas\gd 111'4% art, the present invention and the disclosure of

U.S. provisional application Serial No. 60/630,556 provide methods for making
compositions comprising at least 98%, at least 99%, at least 99.5% or at least
99.9%by weight of trans-(+)-A’~THC based on the total amount of cannabinoids in
the composition. More specifically, described herein is a method for fractionating

15 trans-(:t)—Ag-THC, e.g. crystalline trans-(i)-Ag-THC, on a chiral stationary phase to
provide a trans-(+)-A’~THC composition. Without being limited by theory, the
present inventor believes that cannabinoid impurities typically present in A’-THC
compositions are substantially or completely removed when trans-(-)-A°-THC and
trans—(+)—A9—THC are allowed to form crystalline trans-(:l:)—Ag—THC. Thus, the

20  subsequent resolution of trans—(i)—A(”'-THC obtained from crystalline
trans-(+)-A’-THC with an eluting solvent on a chiral stationary phase provides a
composition comprising at least 98%, at least 99%, at least 99.5% or at least 99.9%
by weight of trans-(+)-A’~THC based on the total amount of cannabinoids in the
composition. Thus, in this embodiment, trans-(+)-A9-THC, which can be used in the

25 - Crystallizing Step can be reused or “recycled” from a previous resolution of
trans-()-A°’-THC on a chiral stationary phase, e.g. as described in Section 4.6,

below.



conpositions are substantially or conpletely renoved when trans-(-)-A9- THC
and trans-(+)-A9-THC are allowed to formcrystalline trans-(+)-A9-THC
Thus, the 20 subsequent resolution of trans-(+)-A9-THC obtai ned from
crystalline trans-(+)-A9-THC with an eluting solvent on a chiral
stationary vides a conposition conprising a 0 at | east
99% at |eé§pq§§@§%oor at least 99.9% by weight o? t%gﬁgﬁébygggiTHC based
on the total anobunt of cannabinoids in the conposition. Thus, in this
enbodi nent, trans-(+)-A9-THC, which can be used in the 25 Crystallizing
Step can be reused or "recycled" from-aéprevious resolution of
trans-(+)-A9-THC on a chiral stationary phase, e.g. as described in Section
4.6, below. WD 2006/133941 PCT/ EP2006/ 005761 -36 Anot her chronat ographic
approach to the isolation of enantioneric forns of A9-THC 1is described in
S. L. Levinet al., J. Chromatogr. A 654:53-64 (1993), which describes a
nmet hod for resolving trans-(-)-A9-THC and trans-(+)-A9-THC froma 5

conposition conprisi equi mgl.ar _amount s of the_.traps-(-)- _and o
trans- (+)- enani?‘lﬁ’% agﬁ*ﬂ? 8%%%?%%5‘} g’ﬁﬁﬁ ’E?I%tleoﬁé)ﬁ 8?%n§%m%$° g Ogﬁr';r F&d out on
a colum conpris 8¢strgbedin BTy [LoGE ef dli, 3(Crbmaogrel by4: phenibedr bbinmt e)

stationary phase |mmobi|ized on silica gel 0 5.4 th or Isolating
trans- (+)-A9- by A tr@)‘?s?(é)ﬁéﬂﬁ%ﬁ‘@r@“é‘%sfﬁ ?@f%@’mﬂ& h

trans- (-) - AS THompbstidn BRrifiny edndiiGmoaad ob@le fltsqhnad by direct chemi cal
synt hesis. Wien such a synthetic nethod is used, the ratio of

trans- (-) - A9- THEENE-6Depyriomer, ) thigehiqupatoszaphie SERATHIOR SRS TSR OP4HR %opt i cal
purity of the ropgebmpaffg iden@eRitees, Stinsytiighedyl e sistiondBhase
trans-(-)-A9-THC 1g,and trans-(+)-A9- THC can be obtained in about equinol ar
anmounts by a symmeatlized onsiigelysi ng raceni c reagents. Non-limiting nethods
for preparing a mxture of trans-(-)-A9-THC and trans-(+)-A9-THC by a

direct synthetic route include reaction, 9 )
10 5.4  Methods for Isolating trans-(+)-A"-THC Mixtures

A mixture of enantiomers comprising both trans-(-)-A’-THC and trans-(+)-A°’-THC
can be obtained by direct chemical synthesis. When such a synthetic method is used,
the ratio of trans-(-)-A°-THC to trans-(+)-A°’-THC can vary depending on the optical
purity of the reagents and the choice of synthetic process. Thus, trans-(-)-A’-THC

15 and trans-(+)—A9-THC can be obtained in about equimolar amounts by a synthetic
route using racemic reagents. Non-limiting methods for preparing a mixture of
trans-(-)-A°-THC and trans-(+)-A°’-THC by a direct synthetic route include reaction
of citral and olivetol in the presence of a Lewis acid (see R. Mechoulam et al., J. Am.
Chem. Soc. 94:6159 (1972)), or hydrolysis of

20 (i)—l-m—m'trobenzenesulfoanate'—6a,10a—trans—A9-THC with NaOH in aqueous
methanol (K.E. Fahrenholtz et al., J. Am. Chem. Soc. 89:5934-5941 (1967)). More
specifically, K.E. Fahrenholtz et al., J. Am. Chem. Soc. 89:5934-5941 (1967)
describes the synthesis of a mixture of d/-A’-tetrahydrocannabinol and
dl-As-tetrahydrocannabinol (in a 74:26 ratio) upon reaction of 9-chloro-

25 64a,7,8,9,10,10a-hexahydro-6,6,9-trimethyl-3-pentyl-6H-benzo[ c]chromen-1-o0l with

sodium hydride. This reference also describes the hydrolysis of

(£)-1-m-nitrobenzenesulfoanate-6a, 1 Oa-trans-A’-tetrahydrocannabinol with NaOH in



of citral and olivetol in the presence of a Lews acid (see R Mechoul am et
al., J. Am Chem Soc. 94:6159 (1972)), or hydrolysis of 20
(+)-1-mnitrobenzenesul f oanat e- 6a, 10a-trans- A9- THC with NaCOH i n aqueous
nmet hanol (K. E. Fahrcnholtz et all, J. Am Chem Soc. 89:5934-5941 (1967)).
More speci K.E. Fahrenholtz et a!., J Am Ch 5934- 5941
(1967) des\&p?@e l%?ﬂe synthesis of a m xture of dl- A9$'?15F?§ﬁ6/({9r§7§cannabl nol
and dl-As-tetrahydrocannabinol (in a 74:26 ratio) upon reaction of
9-chloro 25

6a, 7, 8, 9, 10, 10a- hexahydr o- 6, 6, 9-tri met+dyl-- 3- pent yl - 6H benzo[ c] chr omen-1 - ol
with sodium hydride. This reference al so describes the hydrol ysis of
(+)-1-mnitrobenzenesul f oanat e- 6a, | Oa-trans- A9-t et rahydr ocannabi nol wth
NaOH in WD 2006/ 133941 PCT/ EP2006/ 005761 -37 aqueous nethanol to provide
trans-()-A 9-THC, which could subsequently be crystallized from hexane as
i ght tan crystagheus mnthaxmbtormovxa@qmm{tc)m ”Efe@,ovhlﬁsduidmulﬁeﬁentlﬂhwl or et al.

J. Am Chem Soc 1966 raI n eact ed .w tol in
aci di fied ethani lze$g?m e’Faélﬁs- %Ch) )Lﬁf—% Ennané)[her Xt e d Jang%ad“/xa(gl d. 5
Al ternatively, Taylmne:- c(l)JM% Thiéin.cSan. &é@bt%ﬁpedalb»ym hetelactet*swnﬂee;ld:wetomd in

Section 6, belo . ds for 9 i.ng Cr fgans- (f)-A9- THC
Crystalline tre?ﬁ‘\s%fteg)egﬂ%/ﬁ LSt ?n'lrﬁ?fén g?Pé%% tallyr;?vg ntfSn can be

obt ai ned by sanyaltekftikapWanor) I AARIC chavebbpiae tyah&Rsls defib&Xaspdtien 63
non-limting nethod for obtaining crystalline trans-()-A9-THC includes

crystallizati orPPPom a fir st conposition conprising trans-(-)-A9-THC
trans-(+)-A9-THC, and a non-pol ar organic solvent to provide crystalline
trans-(f)-A9-THC, as described bel ow. 15 Conpositions conpri sing

trans-(-)-A9- THC tranf (+!-@9 TEC énd &r anE:(eff A9iT seful for
purifying crystalline 7 42 y t hods descri bed
in Sections 4.2, 4.3. and 4. 4 above, respectively, as well as in

Crystalline trans-(+)- A’-THC useful in the present invention can be obtained by any

10  known or later-developed method. For example, a non-limiting method for obtaining
crystalline trans-(x)-A°-THC includes crystallization from a first composition
comprising trans-(-)-A9-THC, trans-(+)-A’-THC, and a non-polar organic solvent to

provide crystalline trans-(ﬂ:)-Ag-THC, as described below.

15  Compositions comprising trans-(-)—A9—THC, trans-(+)-A9-THC, and
trans-(+)-A’-THC useful for purifying crystalline trans-(+)-A’-THC can be obtained
by methods described in Sections 4.2, 4.3. and 4.4, above, respectively, as well as in
Section 6, below. In addition to those methods, in another embodiment, the
trans-(-)-A’-THC and trans-—(+)—A9-THC, which may be used in the Crystallizing Step

20  (described below) can be obtained from derivatives of trans-(-)-A’-THC and
trans-(+)—A9—THC. For example, an admixture of trans-(-)-Ag-THC and
trans-(+)-A’-THC can be reacted with a phenol protecting group such as
m-nitrobenzenesulfonate and crystallized to provide
2—m-nitrobenzenesulfonate-(i)-AQ-THC (see U.S. Patent No. 3,507,885 to

25  Fahrenholtz; and K.E. Fahrenholtz et al., J. Am. Chem. Soc. 89:5934-5491 (1967)).
The 2-m-nitrobenzenesulfonate-(+)-A’-THC can then be deprotected, and the



Section 6, below. In addition to those nethods, in another enbodinent, the
trans-(-)-A9- THC and trans-(+)-A9-THC, which may be used in the
Crystallizing Step 20 (described below) can be obtained fromderivatives
of trans-(-)-A9-THC and trans-(+)-A9-THC. For exanple, an adm xture of

trans-(-)-A%THC,8pd trans-(+)-A9-THC can be react edP%/kpﬁogﬁ/qg%pol
stal 1z

protecting group such as mnitrobenzenesul fonate and Cry ed to

provi de 2-mnitrobenzenesul fonate-(+)-A9-THC (see U.S. Patent No.
3,507,885 to 25 Fahrenholtz; and K E. Fahrenholtz et al., J. Am Chem Soc.
89:5934-5491 (1967)). The 2-mnitroberBenesul f onat e- (+)-A9- THC can t hen be
deprotected, and the WO 2006/ 133941 PCT/ EP2006/ 005761 -38 resultant
conposition conprising trans-(-)-A9-THC and trans-(+)-A9-THC can be
crystallized froma conposition conprising the trans-(-)-A9-THC, the
trans-(+)-A9-THC, and a non-pol ar organic solvent to provide crystalline
trans- (+) - A9- THEult&t Fempositioh compisbedianem-A°-EBEtaad rraispha-THEsad be t he
trans-(+)-A9-THC . .traps-(-)-A9-THC and/ g r ans- (9)=A9-,JHC can be renoved
according to tﬁ(r—:y Staﬂi&&?ﬁgﬁ&g é‘?‘??sllt%:oéltcf)rgﬂn%th%%ansgis)é%I)nggéh ‘el ow, prior to
the use of thosanAG)RHCHA akdES hak®ldr Brgahie s€vans torbvidadriwalist ep. This A9- THC
Purification Method igcludes a 10 "Caustic Contacting Step," in which the
trans-(+)-A9-TFl@?S'@ﬂ'€ ’tTl}]é:ns-(-)-AQ-THC, and/or the trans-(+)-A9-THC
conpositionsto be purified is contacted with base. This first step yields
an al coholic-caustic phase that, in the second stepof the A9-THC
Purification MR pther pabedipeni e {nruatistip dhaternpstovd dél@n aci d-tr eat ed

al coholic phag s-'-ﬂA%@hemndﬁobﬁalgr@ﬁgmmbrexm Ifeﬁope%' oS tolth@ns- (+) - A9- THC
and 15 trans- (- ;A -THC are not soluble. Crystalline trans-(+)-A9-THC can
al so be obt ai n€d -BiCalukibudtiag Mettgds digclysedBeldPrantb the use of those A”-THC

materials in the Crystallization Step. This A>~THC Purification Method includes a

10 “Caustic Contacting Step,” in which the trans-(+)-A9-THC, the trans-(-)-A9-THC,

and/or the trans-(+)-A>~THC composition to be purified is contacted with base. This

first step yields an alcoholic-caustic phase that, in the second step of the A’-THC

Purification Method, is contacted with acid to provide an acid-treated alcoholic

phase, in which, the present inventor believes, trans-(+)-A’-THC and

15  trans-(-)-A’-THC are not soluble.

Crystalline trans-(+)-A’-THC can also be obtained by allowing trans-(-)-A’~THC and
trans-(+)-A’-THC to crystallize from a composition comprising trans-(-)-A°-THC,
trans-(+)-A9-THC and a non-polar organic solvent (the “Crystallizing Step”) to

20  provide crystalline trans-(+)-A’-THC and a liquid phase. Compositions comprising
trans-(-)-A’-THC, trans-(+)-A’~THC and a non-polar organic solvent useful for the
Crystallizing Step can be obtained by any known or later-developed method. For
example, crystalline trans—(i)—Ag—THC can be obtained by contacting a suitable
amount of trans-(-)-A’~THC and trans-(+)-A’-THC with a non-polar organic solvent.

25  The order and rate of addition of the trans-(-)-A’-THC, the trans-(+)-A’-THC and the
non-polar organic solvent are not critical and can be carried out sequentially or

substantially simultaneously. As an example, trans-(-)-A’-THC, optionally in the



trans-(+)-A9-THC to crystallize froma conposition conprising
trans-(-)-A9-THC, trans-(+)-A9-THC and a non-pol ar organic solvent (the
"Crystallizing Step") to 20 provide crystalline trans-()-A9-THC and a

| i qui d phase. Conpositions conprising trans-(-)-A9-THC, trans-(+)-A9-THC
and a non- p\%%%R&gﬁm c solvent useful for the CrySt?Ur/'Eﬂops%o%Fp can be
obt ai ned by any known or | ater-devel oped nethod. For exanple, crystalline
trans- (+) - A9- THC can be obtained by contacting a suitable anount of
trans-(-)-A9-THC and trans-(+)-A9-THC wi th a non-pol ar organic solvent. 25
The order and rate of addition of the -t3ans-(-)-A9-THC, the

trans-(+)-A9- THC and the non-polar organic solvent are not critical and
can be carried out sequentially or substantially sinultaneously. As an
exanple, trans-(-)-A9-THC, optionally in the WD 2006/ 133941

PCTI EP2006/ 005761 -39 presence of a non-polar organi c solvent, and

trans- (+) - A9- Tlﬂ@:sembf omad ;bcyariorgahineolvmemérrm -©)-A THGnemi@hdty imﬂ@ani C

sol vent, can be_ad : 5% N dsdoét\/en € lvent

trans- (+)-a9- Tﬁff’sfr}?ef’ﬁ%n%’r%o aéﬁ’ amcfso éenrlf 4 SrigRPe a%%rlg%mc? ahd

trans- (-) - A9- THiGkewiset thghs{iF )28 eNIE€ irothe ﬁremﬁﬂeqifcﬂrﬁh peragafgamc sVevieqnid can be
adm xed. 5 The ratlo of trans-(-)-A9-THC and trans-(+)-A9-THC used in the
Crystal lizing S’Eaéii -gahH{dp ?eme@?ﬁcﬁo%"eﬂ“&oﬁr PEARIE 801venfcqy, éaQIHB‘B i ment, the
trans-(-)-a%-THC is present in an amount from about 0.75 to about 1.25
mol ar equi val ents per nolar gquival ent of trans-(+)-a9-THC, |In another

enbodi nent, t helheFaigef frans-(AeN prd tne6Br - THE aed 1othe frpgiallizingsitsPabout 0. 9
to about 1.1 g.swa&%h,\e%m BmRE 1 IR aﬁbo%&wnv%&%s @§-A9 JrERNS pledoht A9- THC.

I n anot her enbodi nent trans-(-)-A9-THC i s present in an anmount from
about 0.95 to abewourt figf ahonta) 7S¢ aboph éﬁmglapequwbhﬁme@qdﬁwpefhkn@ff

rans- (+) - A9 Thigye 1), AN, o SIROUBRMhen [N ANS i AJrdbiEyd & present i

an anount of a ar equl val ent per ar equl va
trans- (+)-A9- TH@ountf@m about 0.9 to about 1.1 molar equivalents per molar equivalent of

trans-(+)—A9—THC. In another embodiment, the trans-(-)-A’-THC is present in an
amount from about 0.95 to about 1.05 molar equivalents per molar equivalent of
trans-(+)-A9-THC. In another embodiment, the trans-(-)-Ag-THC is present in an
amount of about 1 molar equivalent per molar equivalent of trans—(+)-A9-THC.

15
Non-limiting examples of non-polar organic solvents that are useful in the
Crystallizing Step include aliphatic (C4-Cg)hydrocarbons such as a straight-chain
aliphatic hydrocarbon, a branched aliphatic hydrocarbon or a cyclic aliphatic
hydrocarbon, such as a butane, a pentane, a hexane, a heptane, an octane, a nonane,

20  or a decane, or any mixture thereof.

In one embodiment, the non-polar organic solvent used in the Crystallizing Step is a

straight-chain or branched-chain heptane. In another embodiment, the non-polar

organic solvent used in the Crystallizing Step is a pentane, hexane, heptane, octane
25  oriso-octane. In a specific embodiment, the non-polar organic solvent used in the

Crystallizing Step is n-heptane.



Non-limting exanples of non-polar organic solvents that are useful in the
Crystallizing Step include aliphatic (C4-G o)hydrocarbons such as a

straight-chain aliphatic hydrocarbon, a branched aliphatic hydrocarbon or
a cyclic aliphatic hydrocarbon, such as a butane, a pentane, a hexane, a

hept ane, a%BSBo@H%Ma nonane, 20 or a decane, or anyl’?ﬁ’)ﬂ’%&&“’%afreof' I n

one enbodi nent e non-pol ar organi c solvent used in l'izing
Step is a straight-chain or branched-chain heptane. In anot her enbodi nment ,
t he non-polar organic solvent used in the Crystallizing Step is a pentane,
hexane, heptane, octane 25 or iso-octaf®.- In a specific enbodi ment, the
non- pol ar organi c solvent used in the Crystallizing Step is n-heptane. WO
2006/ 133941 PCT/ EP20061005761 -40 The anount of the non-pol ar organic
solvent that can be used in the Crystallizing Step can vary and w ||
depend, in part, on the anount and type of cannabinoid inpurities and
tenperature. Tyfhiegaobnt of thh@ompelapubarc solvgatrihag Cgthmminmrb@alﬁziegent in an

About 156 to abory? SRRY NN fulehitlf, GAKE Ry G HidurCangaRlaT, on Trom ®
preferably frompmttwaandﬂ@%@r@tumb(Tbrpiczﬂl)%hbyowmlgmgdnwermam bepresspal  anount
of A9-THC and Ql?%rﬂc%t BR%@&% ?o;&@]h&a% n}’rgﬁéwn QA %&%Lrlt}a%r[‘ﬁoét ep can be

carried out for a UF & 'S U |c I ent
trans-(t)- A% TH@omrlgﬁstbab@xt 95%1prnferablyfffqncabeuttzowtocabgisﬁa%l maze ptdfaﬂlﬂy() A9 THC
can be from ab

220 hour o &0t bSpa o sSoialPhRd e [k ARBRESt 4 2EHEART, t 050N

hours to about tHeSnonhﬁlMSrgaﬂEsd[y@t.cal ly, a tenmperature range sufficient to
provi de crystalline trans-(f)-A9-THC can be from about -78C to about 100C,
from about -50C to about 25C; from about -30C to about OC, or from about
-25C to about -ThbCrystallizing Step can be carried out for a time and at a temperature sufficient to

10 provide trans-(+)-A’-THC crystals. A time sufficient to crystallize trans-(+)-A’-THC
can be from about 1 hour to about 200 hours; or from about 5 hours to about 150
hours; or from about 25 hours to about 100 hours; or from about 30 hours to about 75

hours.

15  Typically, a temperature range sufficient to provide crystalline trans-(x)-A>-THC can
be from about -78°C to about 100°C; from about -50°C to about 25°C; from about
-30°C to about 0°C; or from about -25°C to about -15°C.

In certain embodiments, the Crystallizing Step can be carried out at two or more

20  different temperatures. In one embodiment, the composition comprising
trans-(-)-A°-THC, trans-(+)-A9-THC and a non-polar organic solvent can be prepared
at a first temperature, e.g., 20°C or higher. Without being limited by theory, the
present inventor believes that forming the composition at a temperature of 20°C or
higher can increase the solubility of the trans-(-)-A’-THC and the trans-(+)-A°-THC

25  in the non-polar organic solvent. The temperature of the admixture can then be
decreased to a second temperature, e.g., 0°C or lower. Without being limited by
theory, the present inventor believes that holding the admixture at a temperature of

0°C or lower can decrease the solubility of trans-(+)-A’-THC and promote



In certain enbodi nents, the Crystallizing Step can be carried out at two or
nore 20 different tenperatures. In one enbodi nent, the conposition
conprising trans-(-)-A9-THC, trans-(+)-A9-THC and a non-pol ar organic

sol vent can be prepared at a first tenperature, e.g., 20C or higher.

W t hout belag &fﬂlgﬁd by theory, the present |nventor E&%%ﬁmﬁ?mihat
formng the conposition at a tenperature of 20C or er-can I ncrease the

solubility of the trans-(-)-A9-THC and the trans-(+)- A9 THC 25 in the

non- pol ar organi c solvent. The tenperature of the adm xture can then be
decreased to a second tenperature, e.g.41-0C or |lower. Wthout being limted
by theory, the present inventor believes that holding the adm xture at a
tenperature of OC or |ower can decrease the solubility of trans-()-A9-THC
and pronote WD 2006/ 133941 PCTI EP2006/ 005761 -41 crystallization.
Optionally, the tenperature of the adm xture can be further decreased to
e.g., to -15C twystadatiort Opeiohdlycte tengpetatans-tid adABx tlitdCac be/Htthdr| | zat i on

G soolved | na CHSHERO S B aRi e Servbthoree Pasir AR IEEREER Cool ed

to about -15C, modds¢ he resultant crystalline trans-(+)-A9-THC i s separated
fromthe liquid phase. The Crystallizing Step can be carried out in the
presence of a seed crystal. Typically, 10 the seed crystal, when used, can

be added to 3§ hanea®bfbd(reeng trandQ-8t-THOWRE ﬁansqdm&mcarecmawé@ihrag
trans-(-)-A9-THC, trans-(+)-A9-THC and the nonggf ar organi, aTla{olvent In
one enbodi ment mpﬂ)@lag%réernf;?%flhﬁhergsuewé?latm1%1 g abopt y DRg: apdidhe e

progress of thgeQitiflAllailiat RehsILER’-TAQ iPRpARBd o ekt lijuflymkdey Or using 15
conventional analytical techniques, such as e.g., thin-layer chromatography

("TLC"), high-performance |iquid chromatography ("HPLC'), gas
chr omat ogr aphy fhe@?ys}amznigassteﬂ dal W darfi B SUTRE B PrRRAYe &f‘aGeQ stdl NTypaEa¢,

spectroscopy (" spectroscopy. (" Ram "2 ear magnetic
resonance s tpq)gee%ﬁ'ystfl--mmt)se% Gppe added to the cooled eg., O C or lower)

admixture comprising trans-(-)- -A°-THC, trans-(+)-A’-THC and the non-polar organic

solvent. In one embodiment, the seed crystal is crystalline trans-(+)-A°-THC.

The progress of the Crystallizing Step can be monitored visually or using

15  conventional analytical techniques, such as e.g., thin-layer chromatography (“TLC”),
high-performance liquid chromatography (“HPLC”), gas chromatography (“GC”),
gas-liquid chromatography (“GLC”), infrared spectroscopy (“IR”), Raman
spectroscopy (“Raman”) or nuclear magnetic resonance spectroscopy (“NMR?”) such
as 'H or "C NMR.

20
The Crystallizing Step can be carried out at reduced pressure, atmospheric pressure
or elevated pressure. In a specific embodiment, the Crystallizing Step is carried out

at atmospheric pressure.

25  Asnoted above, certain impurities can be removed from the trans-(-)-A°-THC,
trans-(+)-A’-THC, and/or trans-(i)-A9-THC compositions prior to carrying out the

Crystallizing Step. Non-limiting methods for removing impurities prior to carrying



as '"Hor 1}C NVR 20 The Crystallizing Step can be carried out at reduced
pressure, atnospheric pressure or elevated pressure. In a specific

enbodi ment, the Crystallizing Step is carried out at atnospheric pressure.
25 As noted above, certain inpurities can be renoved fromthe

trans-(-)-A9- rans-(+)-A9-THC, and/or trans-(t)-A9-~ ositions
prior to CQQP}F%EX%ﬁt the Crystallizing Step. N0n-|iﬁI/F%§&%§?ﬁgdS for

removing inpurities prior to carrying WO 2006/ 133941 PCTJEP2006/ 005761 -42
out the Crystallizing Step include columm chromat ography or extraction
under basic conditions as described heein bel ow. |In one enbodi nent,
trans-(+)-A9-THC, trans-(-)-a9-THC, or trans-(+)-49-THC can 5 be contacted
Wi th base prior to carrying out the Crystallizing Step. |In another

enbodi ment, trans-(+)-A9-THC, trans-(-)-A9-THC, or trans-(+)-A9-THC can be

purified using the "A9-THC Purification Method," which conprises
cont acti ng t he aut tha &rystjlizg Srdncludeapabmn chroagtopHGhp er axfragiion Grder pgRcTHC, 10

respectively, W hiuchshb I&tridahekmivaizsci bl e organic solvent, a
wat er-m sci bl e al cohol, water, and an al kali netal hydroxide (the "Caustic

Contacting Step") to forma biphasic m xture conprising (i) a first

organi ¢ phase i hal i\e: .Gy O I, ShN

T ane- (+) - po- TR g B G R L TR et ng
limted by tshedreygpntadial withetseapridr tventymg obethe €wpellizingtStaphe Caustic 15
Contacting Step serves to renove inpurities fromthe trans-(+)-A9-THC ,
trans-(-)-49-THC or trans-(+)-A9-THC -containiqgﬁglcoholic-caustic phase

into the fir stinengsnenbptiase, rav-OR i THD tiats-@5AWBHC dorotahe )i g Hdpede or
E;g:’lggf det gﬁgﬁ_cég%_ A%f}jgcli_ll%;;% t?l&‘%?ﬁi#} ?leﬁéqu%igrgMe&lgd,IQvﬁicgrcrc?lglr)]r‘isegf al kali netal
contacting the trans-(+)-A’-THC, trans-(-)-A’~THC or trans-(+)-A>-THC,
10 respectively, with a first water-immiscible organic solvent, a water-miscible alcohol,
* water, and an alkali metal hydroxide (the “Caustic Contacting Step”) to form a
biphasic mixture comprising (i) a first organic phase and (ii) an alcoholic-caustic
phase comprising the trans-(+)-A’-THC, trans-(-)-A’-THC or trans-(i)-A9-THC.
Without being limited by theory, the present inventor believes that the Caustic
15  Contacting Step serves to remove impurities from the trans-(+)-A’-THC-,
trans-(-)-A’-THC- or trans-(i)-Ag-THC -containing alcoholic-caustic phase into the

first organic phase, which impurities would otherwise impede or prevent

trans-(i)-Ag-THC from crystallizing.

20  The amount of alkali metal hydroxide such as NaOH, KOH, LiOH or CsOH,
preferably NaOH or KOH to be used in the Caustic Contacting Step typically ranges
from about 1 to about 1000 molar equivalents, from about 10 to about 100 molar
equivalents, or from about 25 to about 55 molar equivalents, per molar equivalent of
the trans-(+)-A°-THC, trans-(-)-A’-THC or trans-()-A>-THC.

25
Non-limiting examples of water-miscible alcohols that can be used in the Caustic
Contacting Step include methanol, ethanol, isopropanol, or any combination thereof.

In a specific embodiment, the water-miscible alcohol is methanol.



preferably NaOH or KOH to be used in the Caustic Contacting Step typically
ranges fromabout 1 to about 1000 nol ar equival ents, from about 10 to
about 100 nolar equivalents, or fromabout 25 to about 55 nol ar

equi val ents, per nolar equivalent of the trans-(+)-p9-THC,

trans-(-) trans-(+)-A9-THC. 25 Non-limting

wat er - m scﬁg?gmg %(% lol's that can be used in the Caustlpg%&%héfoggﬁ ng Step

i ncl ude net hanol, ethanol, isopropanol, or any conbination thereof. 1In a
speci fic enbodi nent, the water-mscible alcohol is nmethanol. W 2006/ 133941
PCT/ EP2006/ 005761 -43 The anount of waBer-m sci bl e al cohol that can be
used in the Caustic Contacting Step typically is fromabout |I part to
about 100 parts by weight, fromabout | part to about 25 parts by weight,
or fromabout 5 parts to about 10 parts by wei ght, based on the weight of
the alkali netal hydroxide. 5 Non-limting exanples of a first

wat er - i mm sci blThe emgam o€ wated- m'sniblewmmllth'dt pantbeaisedGa tistGapsticdingctingng St ep

i ncl ude the nong I. r

Grystalli 2ing STOp RSP Eh BeiP) BEEk S ARTGE by SR cblilabol Whmrin )
sol vent is n-hbpitafeartshy viheht,ambamtabadft Stpars Piabeit 10ererbyiwanghs bafsdenor gani ¢
sol vent used int L& .1 Step typically can be from about |
part to about %eo‘ggﬁjgr%@égf&al\l/\e%{g%&% n(rgom about 5 parts to about 100 parts
by weight, dr fromabout 5 parts to about 20 parts by weight, based on the
wei ght of the T gjﬁp§ ied out b
nmet hods known /%@OH Egt é%‘aﬂ;g%ﬁ M ‘gat%{not fdl@gg%g%h%ﬁgm?@rlﬁ%g shaki ng, Y
count ercurrent @aﬁ@éﬁmt,acmﬂgtstasodn@ thelminxpotey orgonic solvents described above for

the Crystallizing Step. In a specific embodiment, the first water-immiscible solvent

is n-heptane.

10
The amount of the first water-immiscible organic solvent used in the Caustic
Contacting Step typically can be from about 1 part to about 1000 parts by weight,
from about 5 parts to about 100 parts by weight, or from about 5 parts to about 20
parts by weight, based on the weight of the A’-THC.

15

The Caustic Contacting Step can be carried out by methods known in the art such as,
but not limited to, stirring, shaking, countercurrent cascade, ultrasound admixing, or
pumping. The Caustic Contacting Step can also be carried out by methods useful for
liquid-liquid extraction (see, e.g., Lo et al., “Extraction,” in 7 Kirk-Othmer Encyc. of
20 Chem. Technol. 349-381 (4™ ed. 1993), which is incorporated herein by reference).
The Caustic Contacting Step typically can be carried out in a time period of from
about 0.25 hours to about 50 hours, or from about 0.25 hours to about 10 hours, or

from about 0.25 hours to about 2 hours.

25  The Caustic Contacting Step is typically carried out in a temperature range of from
about 0°C to about 100 °C, or from about 20°C to about 50°C, or from about 20°C to
about 30°C.



punpi ng. The Caustic Contacting Step can also be carried out by nethods
useful for Iliquid-liquid extraction (see, e.g., Lo et al., "Extraction,"
in 7 Kirk-Q hmer Encyc. of 20 Chem Technol. 349-381 (4" ed. 1993), which
is incorporated herein by reference). The Caustic Contacting Step

typically ried out in atine period of fro hours to
about 50 hg‘gpé&%ﬂgg 1r om about 0.25 hours to about 10%83@2%66/0957% rom about

0.25 hours to about 2 hours. 25 The Caustic Contacting Step is typically
carried out in a tenperature range of from about OC to about 100 C, or
from about 20C to about 50C, or from ab@dut 20C to about 30C. WO

2006/ 133941 PCT/ EP2006/ 005761 -44 The Caustic Contacting Step can be
carried out at reduced pressure, or at atnospheric pressure (i.e., about |
at nosphere), or at elevated pressure. In a specific enbodinment, the
Caustic Contacting Step is carried out at atnospheric pressure. The
progress of thérhea]asstih@oﬁlacttrgc&témgnseeani@mt teedvoetl iresserd, aust ng conventi onal

5 techni ques, ?rgct]srr%ﬁis ctplg'%%l?e ges oblPﬁgtlm%gggx\ége 095t etlenlgte %?istu?el lﬂl‘zi's&g f§t ep. The

A9- THC Puri fi cal |sease step in whi ch t he
al cohol i c- caustembogimastethe CaginCactacithg\Witdphs wmaimudattaonqspmm(ﬂ»eesame

acid-treated al.¢gghol i ) LN imt - he present
i nventor beli ev@s P9at s ?ﬁﬂﬁﬂ%sﬁ‘%&%gﬁg%gﬁfﬁ ]Jee nFBﬁﬁt§ %glﬁéégé %J%? %elll coholic
phase. Non- |5 mitédhniguesxauip hetbosefdegobetisabageouthe Cnystalring SSepc ond step i ncl ude
citric acid, acetic acid, and the like. In a specific enbodinent, the acid
is citric acid. Typically, the acid can be added in an anmount sufficient to
achi eve a pH ofThe lmilﬁomtonMGttm)da:lamﬁhTh&comppH 4 seomdatzp it which theabout 8,
or a pH of fro

ific at, ion d may
further conpri g)ecog hctcﬁgimﬁgasf A °°38°t8d ‘f‘”?%%t i 1 ()V“Loalnl‘%1 Ssasd co}ioﬁ a second
wat er -i mm sci b|pﬁa£l’ YdthoGt bl \lietited by thHeoythe ﬁneaenamsemrbdhevesr e’ crHphas e
conpri sing fA\g 1mmlscﬂ‘>?e mghe a)md%ncdaaf:colgohc p z?étéeglon Ihcm?t?nog elxa(l:mlﬂes o%‘ acids useful in
this second step include citric acid, acetic acid, and the like. In a specific

embodiment, the acid is citric acid.

Typically, the acid can be added in an amount sufficient to achieve a pH of from

15  about 5 to about 9, a pH from about 6 to about &, or a pH of from about 7 to about 8.
The A’-THC Purification Method may further comprise contacting the acid-treated
alcoholic phase with a second water-immiscible organic solvent to form: (i) a second

organic phase comprising A®°-THC; and (ii) an acid-treated alcoholic phase.

20  Non-limiting examples of second water-immiscible organic solvents useful for
contacting the acid-treated alcoholic phase to form a second organic phase
comprising A°-THC include the non-polar organic solvents described above for the
Crystallizing Step. In one embodiment, the second water-immiscible organic solvent
is n-heptane. The amount of the second water-immiscible organic solvent used

25  typically can be from about 1 part to about 1000 parts by weight, or from about 1
part to about 50 parts by weight, or from about 1 part to about 10 parts by weight,
based on the weight of the A°-THC. Methods useful for contacting the acid-treated



20 Non-limting exanples of second water-inmscible organic sol vents useful
for contacting the acid-treated al coholic phase to forma second organic
phase conprising A9-THC i ncl ude the non-polar organic solvents descri bed
above for the Crystallizing Step. In one enbodi nent, the second

wat er - i mmi s&bg{m%“%gani c solvent is n-heptane. The a%g/ﬁfﬂyfoﬁ’sfmo% second
n-be

wat er -i mm sci bl'e ofgani ¢ sol vent used 25 typically ca romabout | part
to about 1000 parts by weight, or fromabout |I part to about 50 parts by
wei ght, or fromabout 1 part to about 10 parts by weight, based on the

wei ght of the 6.9-THC. Methods useful f49r- contacting the acid-treated WO
2006/ 133941 PCT/ EP2006/ 005761 -45 al coholic phase with a second

wat er -i mm sci bl e organi ¢ sol vent include those described above for the
Caustic Contacting Step. The A9-THC Purification Method can further
conprise separating the second organic 5 phase fromthe acid-treated

al cohol i ¢ phaselcohMdichpba® withefsatonfl grates-aparsaiblervgeaniveolverd owhde rogani ¢ phase

fromthe aci d‘tc#a&%%fjab%bé:ﬁp&lei us‘?i@%f%ﬁtai:tﬂl I@é})'e t hose descri bed above for

separating the tirst organi c phase trom t’he al coholic-caustic phase. After
separation fromthe acid-treated al coholic phase, the second organi c phase

can be dried, 8. Qo 0¥ az€Qtrqpic distilhlati [ t he
second organic pt %s g HE\;VI I?ﬁl%? 3 rﬂgloldncagguétlgﬁrt%obg%e%?g @&é@%‘%@/ﬁ%‘% The
A9- THC Pur i f5 cghaserrovethé add-geated dicohbidr phogenMdtisels tisedul $ereppaodting 6recent r at i ng

the second organi hase to.form a. concentrat ofe) rgani c.phase
conpri si ng A9%Fﬁ%f$ O%.a rglgl.c p]'t')aﬁe glmgtttlmi a}cgitgtlreg%s aifﬁfg()hgi%]sl?slgﬁcal} Fglr?gec%ﬁgrbbgpcar ried
out at el evat edbpredessepaatingSheafirmsginerphasegroasthe nleohotic-catstic gase etlftgpr essur e.

I n one enbodi nent, .th i.stil Lon I8 .. carrli t i C
pressar o I gt BBt s ARy i sk Rbar MRERAERL ©
reduced pr essurdeied, Blzge bAQzepkiGpiPdisiillation tndder chistdtind theapcohd pighwr poseprth se

contacting 1tohe SRNSE teﬁta(teinga?sQ)“%g Qg \organi ¢ phase with a non-pol ar
organi ¢ sol vent d?o §GTmactirst ‘or E%nl ¢
The A’-THC Purification Method can further comprise the step of concentrating the
second organic phase to form a concentrated second organic phase comprising
A’-THC, e.g. by distillation. The distillation can be carried out at elevated pressure,
15  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.

The A’-THC Purification Method can further comprise contacting the concentrated

20  second organic phase with a non-polar organic solvent to form a first organic
composition comprising A’-THC. The amount and type of non-polar organic solvent
can be any of those described above in the Crystallizing Step for the non-polar

organic solvent.

25  In one embodiment, the A’ THC used in the A’-THC Purification Method comprises
trans-(-)-A°>-THC. In another embodiment, the A’-THC used in the A>~THC
Purification Method comprises trans-(+)-A°-THC. In another embodiment, the

trans-A’>-THC used in the A>-THC Purification Method comprises both



conposi tion conprising A9-THC. The anmpbunt and type of non-pol ar organic
sol vent can be any of those described above in the Crystallizing Step for
t he non-polar organic solvent. 25 In one enbodi nent, the A9-THC used in
the A9-THC Purification Method conprises trans--)-A9-THC. |n another

enmbodi nent , -THC used in the A9-THC Purificati ri ses
ybDRAS FRrAEhROs PP

trans-(+)- n anot her enbodi nent, the trans-A used i n the

A9- THC Purification Method conprises both WO 2006/ 133941 PCT/ EP20061005761
-46- trans-(-)-49-THC and trans-(+)-0-THC. In certain enbodi nents, the
trans-(-)-A9-THC is present in a range4of- fromabout 0.75 to about 1.25

nol ar equi val ents per nolar equivalent of trans-(+)-A9-THC. 5 The A9- THC
Purification Method can further conprise adding trans-(-)-a9-THC or
trans-(+)-p9-THC to the first organic conposition in an anount sufficient
to provide a second organic conposition conprising trans-(-)-A9-THC and
trans-(+]2-A9- THiGns-(-MASTHCRNE henst(FRNSTHC) 1iMertZinGnibsdipreatsaghd preferably in an
amount of from about 0.75 to about 1.25 nolar i val ent r nol ar

equi val ent of tt%ﬁ@'égyﬁﬁﬁ FERSNt 1R 3dangg © fr‘l"B\ﬂP%S‘? ? é“nai’-"t‘tﬁ)z-ssﬁfg‘ﬁ?HC and

trans- (+) - A9- TRy Ref Y& hithdr kg@vdiht Bf @Mk gde-Lrprstal | ine  trans-(t)-p9-THC as
descri bed above for the Crystallizing Step. The A9-THC Purification Method
can further conprise allowing the trans-(-)-.9-THC and trans-(+)-A9-THC to

crystal l'ize f r oG Hd pi3ific oA Ntfodlan SRS IpHA iR e REAVL LByt al | i ne
trans-()-A9-THC as descri bed above for the GCystallizing Step, wherein (a)

the first orgariiaos-Copa3Q fode Frempganireompositiangn an Jmangit THTient ¢p provide
trans-(+)-p9-THC, and b.%% t he trans-é-. - A9- THC b s present in,ofirst organic
conposi tion pr ea‘fsg?oéfglogﬁ(df“ HRAPRHSL SP™ rr‘%nr%té %’E‘?Aoil?g atng%g So(:j?Alfr}é{ * ol ar
equi val ent's perwHeBlirethe easi(Vad eTHC @f présti@pSeférahly H%m BlGunt2® from about 0.75

to about 1.25 molar equivalents per molar equivalent of trans—(+)—A9-THC, and

10  allowing trans-(-)-A°-THC and trans-(+)-A’-THC to crystallize to provide crystalline
trans-(+)-A’-THC as described above for the Crystallizing Step.

The A>-THC Purification Method can further comprise allowing the
trans-(-)-A°-THC and trans-(+)-A’-THC to crystallize from the first organic

15  composition to provide crystalline trans-(+)-A’-THC as described above for the
Crystallizing Step, wherein (a) the first organic composition comprises
trans-(-)-A°-THC and trans-(+)-A’-THC, and (b) the trans-(-)-A’-THC is present in
first organic composition preferably in an amount from about 0.75 to about 1.25
molar equivalents per molar equivalent of trans-(+)-A’-THC.

20
In one embodiment, a method for making crystalline trans-(+)-A’-THC, comprises
allowing trans-(-)-A>~THC and trans-(+)-A’-THC to crystallize from a first
composition comprising trans-(-)-A°-THC, trans-(+)-A°-THC, and a non-polar
organic solvent to provide crystalline trans-(x)-A’-THC, wherein the

25 trans-(-)-Ag-THC and the trans-(+)-A’-THC were obtained by: (a) forming a biphasic
composition comprising (i) a first organic phase comprising a first water-immiscible

organic solvent, and (ii) an alcoholic-caustic phase containing trans-(-)-A9-THC and



I n one enbodi nent, a nmethod for making crystalline trans-(f)-A9-THC

conprises allowing trans-(-)-A9-THC and trans-(+)-A9-THC to crystallize
froma first conposition conprising trans-(-)-z9-THC, trans-(+)-A9-THC,
and a non-polar organic solvent to provide crystalline trans-(+)-49-THC,

wher ei n thew%%gmﬁﬂ@ﬁ,( )-49-THC and the trans- (+)-A9- }E%E &ﬁmQ&ia'ned by:

(a) formng a asic conposition conprising (i) a firs organlc phase
conprising a flrst wat er-i mm sci ble organic solvent, and (ii) an

al cohol i c-caustic phase containing trans-(-)-A9-THC and WD 2006/ 133941

PCT/ EP2006/ 005761 -47 trans-(+)-A9-TH&7-and (b) separating the
trans-(-)-A9-THC and the trans-(+)-A9-THC fromthe al coholic-caustic
phase. Methods for form ng the biphasic conposition, as well as the anmounts
and type of 5 water-inm scible organic solvent, water-mscible al cohol,

wat er, and al kal i netal hydr oxi de can be selected fromthose descrlbed
above for the Gausth)e\ @it acd (b)gepaStingthe Sansi(Hat F HC st thotasi(br-ASEHEr at i ng

the trans-(-) THC | (+)-p9-THC from-t he al coholic-caustic
phase, and metﬁ%sM aé&?@%%ﬁﬁggﬁﬂéafirst conposition conprising (i) the

trans-(-)-A9-THC and the trans-(+)-A9-THC of step 10 (b), and (ii) the

non- pol ar orga l v C 0 crlbed
above for the Eg&?ﬁ%ﬂggg%yn %gb@ﬁmﬁﬁoﬁ%égﬁﬁh%eﬂ%%¥g$ﬁ% B%?@i ?
trans- () - A9-STHOvdteprimmgscible QrM1®0y$ntaWhtmzmrsgb$taephoja\matbreandsa@phmmt%d f rom t he

liquid phase b}il %1%? gzﬁs%@%‘éﬂ 4@01}1 ﬁ%&ﬁtscﬁblggé&g%%r it Ca%gtpcaéﬁlttééﬂlgg 15 the

crystalline trans- fom I qul ase can i1 nc
filtration, ceﬁhqnﬁMthWQmmthdanmanmo@tmﬂnm&cmﬁﬁﬂﬁéhmdﬂwthereof In a

T e o W S bR s TR B T e
Crystal lizing Sb@pos@h c@ﬂbhﬁﬁg?dd tHe Bahs20-Magiteshdwhd tana i+ )L gBHIC 6f 4GS h

sol vent, and separat ed fron1the | i qui d phase as described above. Wen
crystal I i nel% r 4Ps2ndGi) tho nepe ?rsorgeeerf@hrentmebf &tsésddtont wossgmethods

described above for the A’>-THC Purification Method.

Once obtained, crystalline trans-(+)-A°-THC formed in the Crystallizing Step can be

separated from the liquid phase by methods known in the art. Methods for separating
15  the crystalline trans-(2)-A’-THC from the liquid phase can include, e.g., filtration,

centrifugation, decantation or a combination thereof. In a specific embodiment,

crystalline trans-(+)-A’-THC is separated from the liquid phase by filtration.

Crystalline trans-(+)-A’-THC formed in the Crystallizing Step can optionally be
20  washed with an organic wash solvent, and separated from the liquid phase as
described above. When crystalline trans-(i)-Ag-THC is washed, the temperature of
the organic wash solvent can be varied. Typically, however, the washing, when
done, will be carried out with an organic wash solvent at a temperature from about
-78°C to about 50°C, from about -30°C to about 30°C, or from about -20°C to about
25  25°C.



t he organi c wash sol vent can be varied. Typically, however, the washing,
when done, will be carried out with an organi c wash solvent at a
tenperature fromabout -78C to about 50C, from about -30C to about 30C, or
from about -ZOC to about 25 25C. WD 2006/ 133941 PCT/ EP2006/ 005761 -48
Exanpl es of rgani ¢ wash sol vents include any ol ar
organi c ven Hi cfgscri bed above. In a specific enbo ET&P}?O%@%ePor gani c
wash sol vent, vvhen used, is n-heptane. 5 The separated trans-(t)-49-THC
can optionally be dried. The drying can be carried out at atnospheric
pressure, optionally with the aid of a“%weep gas such as dry air,

nitrogen, helium argon, or the like. Alternatively, the trans-(+)-A9-THC
can be dried at reduced pressure. 10 Wien the separated trans-(t)-A9-THC
is dried, the drying tenperature can be varied. Typically, the drying,
when done, can be carried out at a tenperature from about -25 to about
65C, or from abd@amps elosefbbergand@@shaelvéntoinsladrany opthe non-pPlenargaBoC,
Typically. the asadllbdeoltCn: rpmp@&lﬂ@s{nwlm@ (B ool Lk 10l
conprises at |east 5% by welg or at [east 98% By weight, or at |east
99% or at | eagsedB noKptape. at 15 | east 99.9% by wei ght of trans-(-)-A9-THC
and trans-(+)-A9-THC, based on the total anpunt of cannabinoids. 5.6 The
Resol ving Step The separated trans- (+)-A9- THC, which can be prepared
according td t Heseaturddrang @) eV 9E1Gbse dpiienatinke WC@U‘F wnsembmmedan be

resol ved on a i A9- THC
and purified t(r%g{rfgt%l(m(ﬁ%%g %%ru}(%ﬁé&?%ﬁd%&ﬂ} 121%]91‘6 %jﬁ c%?}aiti{fgr%"( t )he
present invent umrv,gert helnsn, @atgon AG-thicH&eo Biteinaectyf ﬁnm@t&ﬂéﬂHmn be dried
trans-(t)-A9-T an dan el uting solvent can be contacted with a chiral
stationary phﬁ NG PEEVe the trans-(-)- and (+)-enantioners (the
"Resolving Step"). This can

10 When the separated trans-()-A°>-THC is dried, the drying temperature can be varied.
Typically, the drying, when done, can be carried out at a temperature from about -25°
to about 65°C, or from about 0° to about 60°C, or from about 25° to about 50°C.
Typically, the trans-(i)-Ag-THC obtained in the Crystallizing Step comprises at least
95% by weight, or at least 98% by weight, or at least 99%, or at least 99.5%, or at

15  least 99.9% by weight of trans-(-)-A’-THC and trans-(+)-A’-THC, based on the total

amount of cannabinoids.

5.6 The Resolving Step

The separated trans-(+)-A°-THC, which can be prepared according to the methods
20  disclosed in the preceding section, can be resolved on a chiral stationary phase to
provide purified trans-(-)-A>~THC and purified trans-(+)-A’-THC, where desired.
Thus, according to the present invention, trans-(+)-A’-THC obtained from crystalline
trans-(+)-A’-THC and an eluting solvent can be contacted with a chiral stationary
phase to resolve the trans-(-)- and (+)-enantiomers (the “Resolving Step™). This can
25  provide a composition comprising at least 98% by weight of trans-(-)-A°-THC or at

least 98% by weight of trans-(+)-A9-T HC based on the total amount of cannabinoids.



25 provide a conposition conprising at |east 98% by wei ght of
trans-(-)-A9-THC or at |east 98% by wei ght of trans-(+)-A9-THC based on
the total anmount of cannabinoids. WO 2006/ 133941 PCT/ EP2006/ 005761 -49 In
a further preferred enbodi nrent of the invention the conpositions conprise

at | east % rably at least 99.5% and nore pre % by
wei ght of 9\%55?102)’1%@? A9- THC or of trans-(+)-A9-THC bafggjg@gir?xgt/@%6?ot al

anount of cannabinoids. Wthout being limted by theory, the present

i nventor believes that resolving 5 trans-(+)-A9-THC obt ai ned from
crystalline trans-(+)-A9-THC can provid@-a trans-(-)-A9-THC or
trans-(+)-A9- THC conposition having very |ow |levels of, or no cannabinoid
impurities found in trans-(-)-A9-THC or trans-(+)-A9- THC obtained by prior
nmet hods. 10 The conposition conprising trans-()-A9-THC used in the

Resol ving Step can contain an amount of trans-(-)-A9-THC that is |ess

t han, equal t o lop fgthenpreferrechembadineent aftheimyentibn theapmpdsitionAQMHEE atFor
exanple, the c ot 1 LS] dtkof T - 2 j by admi xi ng
crystalline (+)q§gg\g®¥ﬁ89v§r§tﬁggﬁ%ar%g% a%d@gre $E§raﬂg%%%%§ib? %%hgﬁg/ or a

trans- (+) - A9- THGnp¢-)-01-THE oc af trarisify)-HHTHE heseRes tie it gmStwpS caiSabiygdscal | vy,
the conpositio 0 i.sing. trans-(t),-A9- THC can .contai.n, about an equi nol ar
amount of ¢ he oY TG oS R B .t R SRB: SRSy AR 01

| at er - devel opedragdhix)al’-TsGdtitonarfyonplragalias trame(HadolHQyanysefidda t 0  resol ve

trans-(-)-A9-THC and §rans-(+)-A9-JHC can be used. For ex |l e, a method
20 for resol vi ﬁﬁ‘“i‘?'}iﬁs'-T%-C)o- &égﬁ@bAdﬁﬁctcP’é‘H%S-‘t("-P)ﬁ‘?ﬂgg m&%@% e on a
chiral stati ongh¥haPieid8mpitide ffhd RAFhnE-1)-B°-THC dr@¥hY+EN°-AHC obdine@ibf 0Bt Ogr .
A 654:53-64 (1993)). Typically, the chiral stationary phase can contain a

chiral group oPriog@ethedst i ve i nmobi | i zed on a support such as, e.g., a
pol ymer or inorganic oxide. A non-limting exanple of a useful polyner
support is polystyrene in bead form 25 Non-limti ng exanpl es of useful
i nor gani ¢ oY de'hg GppRnsttion icorapripne tsns-(F0A - Tk gred inthe Resolving Step can

contain an amount of trans-(-)-Ag-THC that is less than, equal to or greater than the
amount of trans-(+)-A’-THC. For example, the composition comprising (+)-A°-THC
may be obtained by admixing crystalline (+)-A°-THC with a trans-(-)-A°-THC
composition and/or a trans-(+)-A’-THC prior to carrying out the Resolving Step.

15  Typically, the composition comprising trans-(+)-A’-THC can contain about an

equimolar amount of the trans-(-)-A’~THC and trans-(+)-A’-THC.

Any known or later-developed chiral stationary phase or methodology useful to
resolve trans-(-)-A°-THC and trans-(+)-A’-THC can be used. For example, a method

20  for resolving trans-(-)-A’~-THC and trans-(+)-A’-THC enantiomers on a chiral
stationary phase is described in S. L. Levin et al., J. Chromatogr. A 654:53-64
(1993)). Typically, the chiral stationary phase can contain 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.

25 Non-limiting examples of useful inorganic oxide supports include silica, magnesium
silicate, magnesia, alumina and molecular sieves. In one embodiment, the inorganic

oxide support is silica.



silicate, magnesia, alum na and nol ecul ar sieves. In one enbodi ment, the
i norgani ¢ oxide support is silica. WO 2006/ 133941 PCT/ EP2006/ 005761 -50
The imobilized chiral derivative conprises at |east one chiral center.
Non-limting exanples of useful chiral derivatives include

tris(aryl c%ﬁq@hﬂﬂderi vatives of saccharides such ??T/Eﬁzo%/(ms%{wl ose,
cel lul ose, chitosin, xylan, curdlan, dextran, and inulan.”Tn one

enbodi ment, the saccharide is amylose. In one enbodinment, the 5

tris(aryl carbamate) is tris(3,5-di nethyl phenyl carbanate);

tris(4-chl orophenyl carbamate); tris(4-18t-hyl earbamate);

tris(4-nmethyl benzoate); or tris[(S)-phenylethylcarbamate]. |In another
enbodi ment, the tris(arylcarbamate) is tris(3,5-dinmethyl phenyl carbamate).
I n anot her enbodi nent, the chiral stationary phase is anyl ose
tris(3,5-dinmethyl carbonate) i mobilized on silica, available as 10

Chi ral pak(r) AD®Mithmobiifadicbied] déinenv€aimprisaas kendt esg chiralkogater. Mypalimiti@g her
non-limting exanpl.es of .useful. chi.ral. stationar hases .i hcl u cel | ul ose
T acetat e ol RUTRES eIl dedi Bl & P PO RRALIF G YN fe ethy)
ester]; 3, 5- dismicharclenzbyd, plgeamlyighbey céllubse, chiossl, kylke durdlan, dextran, and

di - (3, 5-di net hyl benzoyl ) - S diallvitartram de: erossli

i - (2 cort - bur ot e agyrg ol Blesloep Mdei ALAGE S GRAbIRE e

t et r ahydr o- am nagtérgleahirhatenetrid3(35-dimaihyipbbglrabamae); (see E. R Francotte, J

Ch t A ' - < kPl GA : UL f
R G e A
front) of a coltusits)pbmykihyicagpamatehiln ahotlstr anbainaeny, thhias@rylchi@mate) is

trans- (f)-A9- THC . it | Wi ) NE ., the
nobi | e( p)has e) k&éggpb@%hgﬁﬁgﬁ%gﬂﬁé} %?%%eﬁn?oéﬁ%{-e?g5h-%%bl¥#%m%{rar}?

t rans- (+) - A9- Thi@se ThenyRess 6is@, idinStlepradandtamoabilivaibnoiicamyiiiglazat ch

chr omat ogr aphy,~.¢ jen Fole]s A i ted novi ng bed
Chr omat ogr gy ¢ EEBAL I Sop T RO ERBREHIARNH G, Fhd T T A 906375 367
(2001)). In one enbodinent, the Resolving Step is

Other non-limiting examples of useful chiral stationary phases include cellulose
triacetate; cellulose tribenzoate; poly[(S)-N-acrylolyphenylalanine ethyl ester];
3,5-dinitrobenzoylphenylglycine; crosslinked di-(3,5-dimethylbenzoyl)-L

15  diallyltartramide; crosslinked di-(4-fert-butylbenzoyl)-L diallyltartramide; and
tetrahydro-aminophenanthrene 3,5-dinitrobenzamide (see E.R. Francotte, J.

Chromatogr. A 906:379-397 (2001)).

Typically, a concentrated solution of trans-(+)-A’-THC and an eluting solvent can be

20  added to the top (or front) of a column containing a chiral stationary phase. The
trans~(£)-A’-THC can then be eluted with the eluting solvent (i.e., the mobile phase)
to provide eluent containing trans-(-)-A9-THC or trans-(+)—A9-THC.

The Resolving Step can be carried out using batch chromatography, continuous
25  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 out using continuous chromatography.



carried out using continuous chromatography. WO 2006/ 133941

PCT/ EP2006/ 005761 -51 The Resolving Step can be carried out at about |

at nosphere of pressure, or at reduced pressure, or at el evated pressure.

I n one enbodi nent, the Resolving Step is carried out at about 1 atnosphere

of pressur jher enbodinent, the Resolving St d out at
el evat ed p?vgggﬁog@&?{n one enbodi rrent t he Resol ving S?QT)EEOS@JO%%?H ed out

usi ng flash chronmat ography at from about 1.1 to about 10 at nospheres; from
about 1.1 to about 5 atnospheres; or fromabout 1.1 to about 1.3

at nospheres. I n another enbodi nent, t-#@¢-Resolving Step is carried out at
using flash chromatography at from about 10 to about 175 atnospheres; from
about 100 to about 175 atnospheres; from about 125 to about 175

at nospheres; or at about 150 10 atnospheres. Non-limting exanples of
eluting solvents useful in the Resolving Step include: (a) straight- chai n
or branched- chdihe ReQilviaytap kanl b cgmuiod duttatisbedt Wittnhspbere obpresporegor-a®H, -
-OC(OR,, -C(O haln 15
(C4-C o) al | phatr%b%dypd?sg‘lérg’r%g{nesl?v%)Pge?%%e? )le%%%fadf*?%ﬂé eur%égﬁ%% Bhie 0o

optional |y sulsstried ottetiaboiut hatowephere ofipressureR In affather ¢1@ediEngng e RQSOhfmger s
optionally sub i re -R ) LG : car bons
optionally sub;ﬁt‘li %ﬁgewu%ﬁeéeggt%%?{e%ﬁ}r%é% 9%,8:“11)?) ﬁ%ﬂeg{’ 9‘%5"?}’1‘??%@?%

- CH( hal 0) 2, 5- C(chlaiedv))ﬁi using flasB(cBron@&)zedpky ht; fremnabo(f ). 1 trppovti I0tatmaespherdser eof ;

wherein R is f r -chain
and branched- chal n b()g‘]) %X%{)% S%Qm&gﬂ%ééslf ?Ptffrf}[ng 0%%(ﬁﬂpdo%§m81r3 2k gdh% -OR,
-OC(OR1, - O)Imlother hlab@hmcnt, theResohvolgfdiep is erti¢varvo bt usimgiflasiol , n- pr opanol ,

| sopropanol , Rr;& L m%l'ag qp)'rﬁ ;?0'891! 10 t{) S du pﬁtagl'HQJE)Rerfsc %ﬁragmt B@‘g)le{boﬁ{et hyl ene

chl ori de, chl or'of0 on tetrachloride I sopropyl
et her, tert - butly ammespheteseitdme phoun Biétto apaut 115@tmmh¢t9ﬂ of s bt €30 et hyl

10 atmospheres.

Non-limiting examples of eluting solvents useful in the Resolving Step include: (a)
straight-chain or branched-chain (C;-C4)alkyls substituted with one or more -OH,
-OR|, -OC(O)R, -C(O)OR, -halo, or -CN; (b) straight-chain or branched-chain

15  (C4-Cjp)aliphatic hydrocarbons; (c) (Cs-C;)cycloaliphatic hydrocarbon optionally
substituted with one or more -Ry; (d) (C4-C7)cyclic ethers optionally substituted with
one or more -R;; (¢) aromatic hydrocarbons optionally substituted with one or more
-Ry, -halo, -CH;(halo), -CH(halo),, -C(halo)s, or -O(C;-Cg)alkyl; and (f) any mixture
thereof, wherein R is a (C;-C4)alkyl.

20
Non-limiting examples of straight-chain and branched-chain (C,-Cs)alkyls
substituted with one or more -OH, -OR,, -OC(O)R, -C(O)OR, -halo, or -CN include
methanol, ethanol, n-propanol, isopropanol, n-butanol, isobutanol, tert-butanol,
chloromethane, methylene chloride, chloroform, carbon tetrachloride, diethyl ether,

25  di-isopropyl ether, tert-butyl methyl ether, acetonitrile, methyl formate, ethyl
formate, methyl acetate, ethyl acetate, isopropyl acetate, butyl acetate, and mixtures

thereof.



formate, nethyl acetate, ethyl acetate, isopropyl acetate, butyl acetate,
and m xtures thereof. WD 2006/ 133941 PCT/ EP2006/ 005761 -52 Non-limting
exanpl es of straight-chain and branched-chain (C4-Cie)aliphatic

hydr ocar bons i ncl ude butane, pentane, hexane, heptane, isooctane, nonane,

decane, a S thereof. 5 Non-limting exanple
(C5-Cr) cycr\gg%%}ﬁatﬁ)iﬁc hydr ocar bons optionally substi t%tcg@m\(}\ﬁ/({oﬁ%bne or nore

-R1 include cycl opentane, cycl ohexane, nethylcycl ohexane, cycl oheptane,
and m xtures thereof. Non-limting exanples of (C4-C7)cyclic ethers
optionally substituted with one or 10 M¥-e -Ri include tetrahydrofuran,

nmet hyl t etrahydr of uran, 1, 4-di oxane, 1, 3-di oxol ane, and m xtures thereof.
Non-limting exanples of aromatic hydrocarbons optionally substituted with
one or nore -RI, -halo, -CH2(halo), -CH(halo)2, -C(halo)3 -O(C -C6)al kyl

i nclude toluene, 15 xylene, chlorobenzene, benzotrifluoride, and m xtures
t hereof . | n oneNemiyoidingexamplaslo€stesight-chraip and|brasphedechpin ¢6nlatiphatic mi xt ur e of

an aliphatic D%Qﬂfo%%rm&l&fé%uﬁﬂe ?!&rﬁﬁ-ﬁoﬂexarlenhegﬂge egmaqﬁm&;anT Lbeng! uting

sol vent can conprise a mxture O ept ane i SO- propano I'n’a
speci fi ¢ enbodiard mixturehthergpfani ¢ 20 sol vent conprises a 95:5 (v/v) mxture
of n-heptane: 2-propanol. Eluents that contain trans-(-)-A9-THC and that are
substantially free of other cannabinoids can be conbi ned. In one

embodi ment , % heNatlifeiting exammples ohfstsiGicyelpalipbatisthydgabing opgnghy substituedast 99%

by wei ght, at | te i ght of
trans-(-)-A9- TH‘%%%g?gm&@ R mxeﬁétl%}gbp%%%ne, ngﬁ&hezﬁlgg Pc%é%%)(% and

trans- (+) - A9- THecloheptanpand sisiesdierspluent s. WO 2006/ 133941 PCT/ EP2006/ 005761
-53

Non-limiting examples of (C4-C7)cyclic ethers optionally substituted with one or
10 more -R| include tetrahydrofuran, methyltetrahydrofuran, 1,4-dioxane, 1,3-dioxolane,

and mixtures thereof.

Non-limiting examples of aromatic hydrocarbons optionally substituted with one or
more -Rj, -halo, -CH;(halo), -CH(halo),, -C(halo); -O(C,-Cg)alkyl include toluene,

15  xylene, chlorobenzene, benzotrifluoride, and mixtures thereof.

In one embodiment, the eluting solvent can comprise a mixture of an aliphatic
hydrocarbon and an alcohol. In one embodiment, the eluting solvent can comprise a
mixture of n-heptane and iso-propanol. In a specific embodiment, the organic

20  solvent comprises a 95:5 (v/v) mixture of n-heptane:2-propanol.

Eluents that contain trans-(-)-A°-THC and that are substantially free of other

cannabinoids can be combined. In one embodiment, the eluents can comprise at least

98% by weight, at least 99% by weight, at least 99.5% by weight, or at least 99.9%
25 by weight of trans-(-)-Ag-THC, based on the total amount of trans-(-)-Ag-THC and

trans-(+)-A’-THC, in the combined eluents.



Simlarly, eluents that contain trans-(+)-A9-THC and that are substantially
free of other cannabinoids can be conbined. In one enbodi nent, the eluents
can conprise at |least 98% by weight, at |east 99% by wei ght, at | east

99.5% by weight, or at |east 99.9% by weight of trans-(+)-A9-THC, based on

t he tOtalcg@Bngn$$u5 trans-(+)-A9-THC and trans-(-)- @@?A$§$&&S%pe conbi ned

el uents. onal the eluents, which conprise a firs vent
trans-(-)-A9-THC or trans-(+)-A9-THC, can be separated fromthe volatlles
to provide each enantionmer as an oil. Methods for separating the
trans-(-)-A9-THC or trans-(+)-A9-THC fr3¥m 10 vol atil e conponents i ncl ude,
e.g., distillation at atnospheric pressure or reduced pressure. For
exanple, the trans-(-)-A9-THC or trans-(+)-A9-THC can, if desired, be
distilled by fractional distillation to provide a trans-(-)-A9-THC or
trans-(+)-A9-THC distillate (see U S. Patent No. 4,381,399 to O sen et
al .). 15 As notS@ilabbelaents thafrpentain)trapg(HAC THCojeltthas progplstantipllyfseeof ) - A9- THC,

can be useful fle{er czﬂﬁgﬂl&gdﬂaﬂ Bt @dnllﬂnﬂﬁ th{ ﬁﬁ%n{btﬂmégt E[l'é'gluefﬁ’@ @d’n%o?n@ﬂse
trans-(-)-A9- THC and/ or trans-(+)-A9-T HC conpositions can be made b

y
met hods descri BéelagBdhedy wsight, Bblepst P by ieight, arlgast 23-1% Be wereghh ot ‘{tt1¢a5tA9 THC 20

As noted above9%@%6&%&gﬂ%f&m%(@?A*@HEaQ¥QL9Qﬁ9Qﬁ@hB&hub§ a thick, viscous
material that is dlfflcult to Mor eover, since

trans-(-)-A9- té@ﬂ&h@dﬁd%ﬁhﬁ&ﬁmﬁ&[)ASTH§én§WFPW@U@%dB¥V§en and |ight,
conposi tions conprising trans-(-)-A9-tetrahydrocannabinol that have been
disclosed in the art are inherently unstable; they generglly nust be
stored at |ow tQgaslly te eluensy, sthichicamprisegrfirstisgivent 4 “QE(é#¥rH§%@'they t end

to have a rel attfaﬁ@ ﬁh@{é caed e Arétgcﬁfror;[ %%laﬂfe@ﬂ%r&%@@ea@lfl enantiomer as
trans-(-)-A9-tetra ggrocannablnoF have essentially precluded the

fornmul ati on of angHagfethods foeam%vaféatr?@r(éa%eT%%trqnw(‘s) AhBHCHemM d enabl e

sustai ned rgl eagtuiRicompbRAS idcude/%. [ SR ASREAR %QLsureF&&edhE@ sane
reasons, it has not been possible to WD 2006/1339419 CT/ EP2006/ 005761 -54
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-(+)-A°-THC

distillate (see U.S. Patent No. 4,381,399 to Olsen et al.).

15  As noted above, trans-(+)-A’-THC, together with trans-(-)-A’-THC, can be useful for
making crystalline trans—(i)-A9-THC, where the trans-(-)-Ag-THC and/or

trans-(+)-A°-THC compositions can be made by methods described above.

5.7 Formulation of Crystalline trans-(+)-A’-THC

20  As noted above, pure trans-(-)—Ag-tetrahydrocannabinol is a thick, viscous material
that is difficult to formulate. Moreover, since trans-(-)-A’-tetrahydrocannabinol is
sensitive to oxygen and light, compositions comprising
trans-(-)-A’-tetrahydrocannabinol that have been disclosed in the art are inherently
unstable; they generally must be stored at low temperature, protected from light and

25 air, and they tend to have a relatively short shelf-life. These properties of
trans—(—)—A9-tetrahydrocannabin01 have essentially precluded the formulation of
practical controlled-release materials that would enable sustained release of

trans-(-)-A’-tetrahydrocannabinol. For the same reasons, it has not been possible to



provi de effective formulations that would be suitable for adm nistration of
trans-(-)-A9-tetrahydrocannabi nol by inhalation. Due to the sensitivity
and/or instability of the trans-(-)-A9 THC in the presence of 5 |ight,

heat, oxygen and conbi nations thereof, precautions are necessary to prevent

or mnim s of material. In sonme cases fail w this
precauti oné‘?otﬁ@?l;s éad to deconposition of the materi gﬁ/gﬁzgo{/ﬁ#gf)of t he

resulting formulation. In contrast the conpositions according to the

i nvention, conprising crystalline trans- 10 (+)-A9 THC, preferably at |east
95% nore preferably 98% even nore preferably 99% even nore preferably
99. 5% and nost preferably 99. 9% by weight of trans-()- A9 THC, do not show
any sensitivity against |light, heat and therefore do not require special
handl i ng. The conpositions according to the present invention conprising
trans-()-A9 THC are stabl e under anbient conditions for weeks, preferably
for 15 nont hs amevideesisctivgfemplatibey thisiwouldde stitaplegfpr asdmdnistestion pf ef er abl y f or
1-3 years wit y i 2l ition of the conmposition. In
addi tion, wthpﬁag%ﬁgﬂ %W%O%g%aﬁp(@?gﬁgﬁggﬁ'of weeks, preferably nonths and
even nore preferably 1 year and nost preferably 1-3 years no loss of titer

is observed. Fycther. 1n.contrast afhe. . trans- (ka9 itions,
t he conpositi otlﬁsueg%éloers ?i'is’rtfg\;’%f%n (Héns%;gleht%(ﬁftth? e t) i(Ao)nrH%glam&ig’ r%gw(r%zqui re any
speci al st orSagdigbhdht,toxpges andédnitonstiotretherepfheadtidne aemgcesmeciofpreventeory, it

is assuned that_the e £orns ording. : p.nyention
conprising the I?I%hmﬁzsq ??I%%EJO 'Fﬁ&rllalh h?%ognea %)e\s/gd-ﬂh%é% "?182’35‘§§%tr°?‘1t“§%{5’ g% ibit a

| onger shel f - | il§ag.to @&oinpositemtof detmatdriabandrtipstoé theiresalting &mmulatiyn. A9- THC of t he
present inventionis a highly-purified, crystalline, solid material that
will be nore stable than the pure trans-(-)-A9-THC enanti oner.

Accor di ngly, t Hecortystti dompesitignapsco(dingX0 thEHE eofiort, henMiBirZC0G/all 3@ 9dds-

PCT/ EP2006/ 1%057(9)]%9 Téé, preferably at least 95%, more preferably 98%, even more preferably
99%, even more preferably 99.5% and most preferably 99.9% by weight of trans-(£)-
A’ THC, do not show any sensitivity against light, heat and therefore do not require
special handling. The compositions according to the present invention comprising
trans-(+)-A® THC are stable under ambient conditions for weeks, preferably for

15 months and even more preferably for 1 year and most preferably for 1-3 years

without any substantial decomposition of the composition. In addition, within the
mentioned time period of weeks, preferably months and even more preferably 1 year
and most preferably 1-3 years no loss of titer is observed. Further, in contrast to the
trans-(-)-A9 THC compositions, the compositions according to the present invention

20  do not require any special storage conditions.

Without being bound to any specific theory, it is assumed that the dosage forms
according to the present invention comprising the trans-(i)-A9 THC in the above-
mentioned purity, exhibit a longer shelf-life.

25
In contrast, the crystalline trans-(+)-A’-THC of the present invention is a
highly-purified, crystalline, solid material that will be more stable than the pure
trans-(-)-A’-THC enantiomer. Accordingly, the crystalline tr_ans-(i)—A9-THC of the



present invention is anmenable to fornulation according to nethods discl osed
inthe art for use with solid active pharmaceutical ingredients, including
those disclosed in the art cited in Section 2, above. Described bel ow are
illustrative, non-limting, exanples of formnulations that can be prepared
usingthe e trans-(t)-A9-THC 5 of the pres n. In one
enbodi nment %‘%%0%5%3;9/& alline trans-(t)-A9-THC of tﬁe p?g@gij{wﬁ?oﬂ%fgﬁtl on can
be granul ated and/or micronized to provi de free-fl ow ng powders,

m croparticles and nanoparticles useful for the fornulation of
pharmaceutical conpositions that can be530 adm nistered to a patient in
need of such treatnent. Mcroparticul ates conprising crystalline
trans-(t)-A9-THC are suitable for inclusion in solid dosage forns such as
tabl ets, capsules, dry powder inhalers, and the |like. As used herein, the
term "particle" is used broadly to refer to granules, particles, and
spheres that hgr&egiiestiononarhémable taformdhtiom accondisg ®rmeadimds Id'sclosedei!r thef

nanomnet ers. Accor I n gnt ext di terms
"particle, " "m Crfgrplf’:lsr ,Eﬂ’Yltl(}lS&(f ﬁveo;ﬁxarmaceutlcgi %'fcf;én?st ?n%lu(a}: gl{o\% 3 celclgsg gnngeabl y.
The particl es chagpt ¢iwid ngSectigsl, abdwen@ewnacdsbe(c)w A@ﬂrﬁs@twa,mot}élmlﬁr@; med in a

si ze range consj st perties s 9

rel ease rate oqf‘arflﬁ %{%ngtﬁggs n?q rﬁrf are% 0B S téﬁglgf%m%@%(%eﬁhg?m bei ng
prepared. G ysiféelpresent invamson(f) - A9 THC of the present invention can be

m croni zed to produce 20 particles in a size range of about 0.1 to about 10
m crons. For exanple, crystalline trans-(t)-A9-THC of the present invention
can be m cronilzesgk énbodinSat, EI&M}&taHinlehr,anﬁ(:tg-Ag-aTHeIofmﬂelﬂreser’it@m{éﬁt@cﬂuﬁﬁbaarti cles

in a size range of bout 10 m crons cr

trans (1) - Ao THETSBIFBR EPEHIZLE PR TR R B P TS Befgcls il
phar maceuti cal |nkdn<i}ﬁﬁﬁ&§ akehe f(ﬁrallid’fbﬁﬂitﬂatibh o€ YRRl donposited than canttee
formul ation. |n another approac

I ‘f@e qr, or e of .the . .
phar maceut i Pal 13/MUESE QPa ‘%’éf“r’]eg Yrh RIS MiCoRAHiSr AR PRSI S e
fornul ati on cannRelline@aky-@ed® WH wrequptatlaldr idtisioh ansid d)sapOfoltlsupk bOr to
m croni zation. Such WO 20061133941 PCTJ EP%O?G/ 00576

tablets, capsules, dry powder inhalers, and ike. As used herein, the term

“particle” is used broadly to refer to granules, particles, and spheres that have sizes

on the order of microns or on the order of nanometers. Accordingly, unless context
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15  dictates otherwise, the terms “particle,” “microparticle,” and “nanoparticle” are used
interchangeably. The particles comprising crystalline trans-(x)-A°-THC can be
formed in a size range consistent with the intended properties such as, e.g. the release
rate of the active agent from the pharmaceutical dosage form being prepared.
Crystalline trans-(+)-A°-THC of the present invention can be micronized to produce

20 particles in a size range of about 0.1 to about 10 microns.

For example, crystalline trans-(+)-A’-THC of the present invention can be
micronized in a suitable mill, e.g. a jet mill, to produce particles in a size range of
about 10 microns. In one approach, crystalline trans-(-_t-)-Ag-THC can be micronized
25  separately from other pharmaceutically-acceptable carriers or excipients included in
the formulation. In another approach, one or more of the
pharmaceutically-acceptable carriers or excipients included in the formulation can be

combined with crystalline trans-(i)-Ag-THC prior to micronization. Such



-56 pharmaceutical |l y-acceptable carriers or excipients are known in the
art. These include desiccants, diluents, glidants, binders, colorants,
preservatives, lubricants, disintegration agents, filling agents,
surfactants, buffers and stabilizers (see e.g. Rem ngton's, The Sci ence
and Practi macy (2000); Lieberman, H A and L., Eds.,
Phar maceut F‘?g% 1;s}glgle Forns, Marcel Decker, New York, PﬁIT@%w@gyéb and

Li ebeman et al., Pharmaceutical Dosage Forns (Volumes 1-3, 1990)).

M croni zation of crystalline trans-(f)-A9-THC, optionally in the presence
of one or nore pharmaceutically-accept®ble carriers or excipients can be
advant ageous in that the particles so produced conprise a nore uniform
di stribution and content of the 10 active pharmaceutical agent within those
particles. It is believed that such particles can provide a nore

consi stent release profile and inproved bioavailablity for the finished
dosage f or m i ntyhammicaticillyeacceptable qaumrspo eadigehts o knawxaimtiesyt. Jhede
particul ate mat.eqi al, .e. | e ] - i.cle . i.cl es
conprising the 'ggglrmses & Clalgrrsfe(gl{u g&g%éﬁfﬁsﬁgg%g&é%ﬁ%@esg{vg@geg,g Qﬁéﬁet%t ion can
be conpressed tdisidtegratiohBgerad fiding agmtsc amfabrenteliboffers but etabilizorsdepsl es f or
adm ni stration. ) [ } I r risi.pg the
crystalline t r%e\r@&% (?rl %\gﬂ %Eﬁg%cghﬁ%%&Pﬁ;F ?F@agg!}%ggosoggggﬁ%gn%ﬁbn?oé?n? he fl ow
properties df tlwehmamieEdal PhanuoedicaldsagetRoany, Mares! Beckad Mewirrk.af-¥on, e. g.
when using a drsRQuelelo a0l POA!KRlm AL oS RRBEAAG L 913 1Y) [ or mat i on
of microparticleés ’and nanoparti’cles conprising an active pharntceuti cal

i ngredi ent ar e Mivowivaiion dfloeys@tine aad-(£Roi-UHE, osionally idthgipregencadf drermg, | ui d

energy grindin mcro flui ﬂi_zati see e.g.. U S Pat n&r[ N? l\ﬁth?S, 139
2y, 1 yophi 1 1 2atieRterueseihaly S8oe fle fS & deipteR ool B Mllpdfus B
6, 706, 281 B]). tRSpaictessd brodakied abmpnise afare eniforp ldestriboaen dnd costerd of thepr oduce
parft I .Cl es ¢ ra:c Ve Bharniac u%itcaﬂ lalﬁénrtlgv'thlrn%]o é{)grfitﬁ‘esg_lgribg:elie\o@d t%m sB&lr];ah?clle%s can
exhi bi t contr ol &d G SEETUET SRT At es

can provide a more consistent release profile and improved bioavailablity for the

finished dosage form into which they are incorporated. For example, such

particulate material, e.g. granules, microparticles or nanoparticles comprising the

crystalline trans-(+)-A’-THC of the present invention can be compressed to form

15 tablets or can be distributed to capsules for administration.

Where appropriate, the micronized powder comprising the crystalline
trans-(+)-A’~THC can be further processed to improve the flow properties of the
material according to the route of administration, e.g. when using a dry powder

20  inhaler. Specific approaches for the formation of microparticles and nanoparticles
comprising an active pharmaceutical ingredient are known in the art and include
spray drying, milling, fluid energy grinding, microfluidization (see e.g. U.S. Patent
No. 6,555,139 B2), lyophilization, and melt-extrusion (see e.g. U.S. Patent No.
6,706,281 B1).

25
Microfluidization, for example, can be used to produce particles comprising
crystalline trans-(+)-A’~THC, which particles can exhibit controlled dissolution rates

and more consistent drug release properties. Compositions comprising crystalline



and nore consistent drug rel ease properties. Conpositions conprising
crystalline WO 2006/ 133941 PCT/ EP2006/ 005761 -57 trans-(t)-A9-THC can be
processed in a mcrofluidizer in which shear forces reduce the particle
si ze. Moreover, the product can be recycled into the mcrofluidizer to

obtain Sm'\%%ﬂ%ﬁ%ﬁf' es (see U S. Patent No. 6,555, 1%%TE§2006/(IO?76fertai n
enbodi nents, " “such particles can have a substantially unitormsize

distribution that generally falls 5 within a size range of from about 1
mcron to about 30 mcrons, fromabout 1 mcron to about 20 mcrons, from
about 1 mcron to about 10 m crons, or-3rom about | mcron to about 5

m crons. Qther nethods for the production of small particles falling within
a defined size 10 range can be based upon the use of supercritical fluids.
For exanple crystalline trans-()-A9-THC can first be solubilized in
supercritical CO2 and then sprayed through a nozzle into a | ow pressure
gaseous nedi umtrabxpanSiTHIC ah bt pecentdiniaaricraduidizér ipadshshdahfooegledidee nozzl e

causes a reductjon in CO2.densit | eadi ng, to crystallization of the
e o T Rt bt o MR fegr SRR AR bg Rl REE T thits PR kiR o0
crystal line tr absin gmafiSrphHICles duze IJES. hsstalos 6455, h3 %8B0 lvenhin(egbodimasts,et hanol
or hexane) to spr ovi dz Sra? sol uti

f

nthat is then jntroduced int e
supercritical PR @hageﬁ(%@’f}agtfﬁ]@%ﬁora‘l LSRR g?g%eﬁeeral?o{aﬁsent inthe
supercritical fwithinda sigd rusdealf fromeabodtrianisrof g ab88t 3DHKicwog) fidmeboexipectoad t o
precipitate out,_in formof very snall articles, e..g. nano-particles
(see & o U S pattul g o it B0 o PRI Rufin G im0t he

crystal | i ne tr anisroftgabéBtSTihiicradk. t he present invention can be fornmulated
for oral adm nistration. In one aspect of this enbodinment, the present

i nvention provides an orally adm nistrable, imediate-rel ease fornul ation
of crystalli nethé¢ramshody foAthe Phiduction cimatlhptidsgadbg withih hidsfiredisedi nent, t he

]E):)resme“n; ¢ |2ng Og}/ergr'{gie Uh lperboa\s/eiddu%gn flusd (%J sluﬁle-rcaf'lq{creill rHuls 5! ?prl &amglg @;ygtgfhkg d-rel ease
trans-(+)-A’-THC can first be solubilized in supercritical CO; and then sprayed
through a nozzle into a low-pressure gaseous medium. Expansion of the solution as
it passes through the nozzle causes a reduction in CO; density, leading to
recrystallization of the solid in the form of fine particles. In an alternative approach,

15  crystalline trans-(x)-A’-THC can be dissolved in a solvent (such as ethanol or
hexane) to provide a solution that is then introduced into the supercritical fluid using
a nozzle. Upon dissolution of the solvent in the supercritical fluid, crystalline
trans-(+)-A’-THC would be expected to precipitate out in the form of very small
particles, e.g. nano-particles (see e.g. U.S. Patent No. 6,620,351 B2).

20
In one embodiment, the crystalline trans-(+)-A’-THC of the present invention can be
formulated for oral administration. In one aspect of this embodiment, the present
invention provides an orally administrable, immediate-release formulation of
crystalline trans-(+)-A’-THC. In another aspect of this embodiment, the present

25  invention provides an orally—adm?nistrable, controlled-release formulation of
crystalline trans-(+)-A°-THC suitable for once-a-day or twice-a-day administration.

In one embodiment, the orally-administrable, controlled-release crystalline

trans-(i)-A9-THC formulation provides an early onset of therapeutic effect and, after



crystalline trans-()-A9-THC suitable for once-a-day or tw ce-a-day
admnistration. In one enbodi nent, the orally-adm nistrabl e,

controll ed-rel ease crystalline trans-(+)-A9-THC formul ati on provi des an
early onset of therapeutic effect and, after WD 2006/ 133941
PCT/ EP2006/‘98&:;(70 3304128 rising to a maxi num concentr at iP?JI’]/ %5%976{ he dosage
interval, provides a relatively flat serum plasma profri e at is, the

pl asma | evel of the cannabi noid active pharmaceutical ingredient provides
a C24 /Cmax ratio of about 0.55 to about 1.0, and provides effective
relief to the patient. In certain enbodi8rents, the dosage form5 provides a
C24 1 Cox ratio of fromabout 0.55 to about 1.0; or fromabout 0.55 to
about 0.85; or fromabout 0.55 to 0.75; or fromabout 0.60 to about 0.70.
In certain enbodi nents, the controll ed-rel ease oral dosage form of the
present invention can conprise a matrix which includes a sustained-rel ease
mat eri al and 10istgyst mkkimme dconengat{op-dagndHEdosage inrtahiproveishodilatieelys, t he
matri x can be i t V. j 1.y ... he overcoat ed
with a coati ngcﬂtﬁﬂgetﬁtﬁ1§ ?1%9%%& ?{i@bﬁh%tgé’)'tﬂﬁgla%gglse?gidr%h%%ﬁquglgélgx%\?eri al of the
matri x, nay comhamolaceugba argeedeet preidesa/Sh & l.i migo oftabawt-551t9 aba@t THi@nfr om t he
formul ation, s . .S, P i i LEhin a

t herapeutic ra g@l&oe\ggifecgk&ceég%fletﬁggtﬁ%%&'i @&Lrg?ﬁ tgllngrr%fngéfﬁgé?l %'?l hel afjogllﬁti C range
15 is, pref éralpkgyidebeConiCr.h sdtiorof rainrabolt 0 Sitmehovel .fgy dhataboyiOcSSdd f ect s. I n
certain embodi g yss! e SPRLLALL L0l ARG Hodl 0. 8A5306: b9pm Of the present
i nvention can be an osnotic dosage formwhich conprises a single |layer or
bil ayer core conprising crystalline trans-(t)-A9-THC, an expandabl e

pol yirer s a Seimy Z RETRAR fisTREBIAIR UL WOGL Rifin 6P predli] 2
passageway di sposecfll In the sem - perneable menbr ane 1 or sugt al ned rel ease
of the cryst al livsatiancansoniprisa@ MpHG, whickcincluddsatsuidiogslcreleesgaateriof andp|  can be

iy st ore 1 Qaeet SRR KRC, IS AEhoBhen hERAG Bt Bihofied; pe "
present inventiigna rtm;ct el hgappt@bale bdg‘@pa)atied] gf_ith alégatingx}attr}j)i gldition to the

sustained release material of the matrix, may control release of the crystalline

trans—(i)—Ag—THC from the formulation, such that blood levels of API are maintained

within a therapeutic range over an extended period of time. That therapeutic range

15 s, preferably, below that required to induce psychotropic effects.

In certain embodiments, the controlled-release oral dosage form of the present
invention can be an osmotic dosage form which comprises a single layer or bilayer
core comprising crystalline trans-(+)-A’-THC; an expandable polymer; a semi-

20  permeable membrane surrounding the core; and a passageway disposed in the semi-
permeable membrane for sustained release of the crystalline trans-(i)-Ag-THC, such
that blood levels of API can be maintained within a therapeutic range over an
extended period of time when administered to a patient. The controlled-release
dosage forms of the present invention may be “cannabinoid-sparing.” For example,

25  itis possible that the controlled-release oral dosage form may be dosed at a
substantially lower daily doéage in comparison to conventional immediate-release

products, with no difference in therapeutic efficacy. At comparable daily dosages,



25 it is possible that the controll ed-rel ease oral dosage form may be dosed
at a substantially |lower daily dosage in conparison to conventi onal

i mredi at e-rel ease products, with no difference in therapeutic efficacy. At
conpar abl e daily dosages, WO 2006/ 133941 PCTI EP2006/ 005761 -59- greater
efficacy ”3%05@%H£$u“‘th t he use of the controlIed-rekﬁﬂiﬁw8£§g7posage form
of the present invention in conparison to conventiona Frvedi ate-rel ease
products. Controlled-rel ease fornulations of crystalline trans-()-A9-THC
can be provided by 5 adapting any of a wide variety of controlled-rel ease
formul ati ons known in the art in view3f- the instant disclosure. For
exanple, the materials and nethods disclosed in U S. Patent No. 4,861,598,
U S. Patent No. 4,970,075, U S. Patent No. 5,958,452, and U S. Patent No.
5,965,161 (each of which is hereby incorporated by reference) can be
adapted to prepare dosage forms useful according to the present invention.
10 Dosage f or nerafer etiigaqymeayaesultivithahe wso nf tira yorftigH ediesteasernedl ddsagofeemof  nor e
addi tional (or : U R i i e t y or may
not act synergfgﬁﬁggqﬂ§W£g#{%%gﬁggggﬁﬁﬁﬁ%ﬁ%?%m%ﬁﬁﬁﬁﬂhfﬁ%ﬁﬁ?ggﬁﬁgainvention.
| f present, the additional APl can be included in controlled-release form
or I n i mmedi at g5 & RAS e LR FMu NG AL BBk . R r68 PR, ARG d
agoni st, a non-opioid anal'gesic, a non-sterordal” anti- 1nfllanmatory agent,
an antim grai nedggegtny & aGoge Vdrietyriic@nittotied-refeagFoaaiigives kioen ibtheakén , an
anti convul sant,_.an t.idepre nt,.an anticancer. agent n nt, for
treating addi ctvlw\)veoﬁll?eslgg%fgp l,sglgﬁlr%g%oﬁf Xa1‘mc§’trle’ @‘re&a??“ﬁgsgaﬁ‘é?ﬁhﬁéso‘ﬁ%sé‘? Sease and
par ki nsoni sm ahS.dyent N6.ak86f ;5e&tU. B atnkNe t4970 A5, b rRatehoNo. t5y98 84D g

epi | epsy, an a fan, t i i , g a
stroke, an age%ﬁgpgggggga(T%ga%hggﬁg?%?%%ﬁé%gﬁgﬁy%%&ggﬁkgégh%g?%?ptreating
psychosi s, an agebr adhpted torpeepareriysakk 8)yrmamsedig @endording to the mresentigyveatigogni ti ve

di sorder, ap agent for treating a nmigraine, an agent for treating
vomting, an agent for treating dyskinesia, or an agent for treating

depr essi on, or DRwsage forms of the present invention may further include one or more additional (or

second) active pharmaceutical ingredients that may or may not act synergistically
with the cannabinoid API of the present invention. If present, the additional API can
be included in controlled-release form or in immediate-release form. The additional

15  API can be an opioid agonist, a non-opioid analgesic, a non-steroidal anti-
inflammatory agent, an antimigraine agent, a Cox-II inhibitor, a B-adrenergic
blocker, an anticonvulsant, an antidepressant, an anticancer agent, an agent for
treating addictive disorder, an agent for treating Parkinson’s disease and
parkinsonism, an agent for treating anxiety, an agent for treating epilepsy, an agent

20  for treating a seizure, an agent for treating a stroke, an agent for treating a pruritic
condition, an agent for treating psychosis, an agent for treating ALS, an agent for
treating a cognitive disorder, an agent for treating a migraine, an agent for treating
vomiting, an agent for treating dyskinesia, or an agent for treating depression, or a
mixture thereof.

25
In one non-limiting embodiment, the additional API is an opioid compound.
Examples of useful opioid agonists include, but are not limited to, alfentanil,

allylprodine, alphaprodine, anileridine, benzylmorphine, bezitramide, buprenorphine,



m xture thereof. 25 In one non-limting enbodi nent, the additional APl is
an opi oid conpound. Exanples of useful opioid agonists include, but are
not limted to, alfentanil, allylprodine, alphaprodine, anileridine,
benzyl nor phi ne, bezitram de, buprenorphi ne, WO 2006/ 133941

PCT/EPZOO6[&§§&§é$wu60 but or phanol , cl oni tazene, COdegEﬁEgﬁﬁﬁﬁ {phlne
dextronora €zoci ne, dlanpronlde, di anor phone, oco el ne,

di hydr onor phi ne, di menoxadol, di mepheptanol, dinethylthlanbutene

di oxaphetyl butyrate, dipipanone, eptazocine, ethoheptazine,

et hyl met hyl t hi anbut ene, et hyl nor phi ne,-68t-oni tazene, fentanyl, heroin, 5
hydr ocodone, hydronor phone, hydroxypethi di ne, isonethadone, ketobem done,

| evor phanol , | evophenacyl norphan, |ofentanil, neperidine, neptazinol,

nmet azoci ne, methadone, mnetopon, norphine, nyrophine, nal buphi ne, narcei ne,
ni conor phi ne, norl evorphanol, nornet hadone, nal or phi ne, nornorphi ne,

nor pi panone, opiipmhan@xyoudesne, codeiyardespmombine sigplaanerranidmdezmsineazoci ne,
phenadoxone, pb@ﬁggﬁﬁ ﬂ@ﬂ&ﬁ nodi ne,
piritram de, pro ptéggﬁgml nggﬂﬁégﬁ&ggmégl |néﬁﬁgg%aﬁygﬁ$ﬁgropoxyphene
suf ent ani |, ti |dird¢pheptartot, s!mmﬂthlaptbatemadw@nhem byyratgcdipipanah¢. éptazdcins, t her eof ,

and m xtures t i Ol 1St ol
*Cég{gg%ftazme rﬁoqé One%& ’E%{&Lrﬁﬂ?ﬁlﬂé QR bgk, ?eQBﬂ&l, flerdis,

sel ected from oco one, oxycodone,

d|hydrocodeﬁnehy@phybn®hﬁhgmmmémwmuﬁgnwmémdmmaWﬁ@ﬁﬁdmwgkyﬁﬁm§NO%e
phar maceuti cal llé’vogﬁgﬁ}?tl@\ggﬁengwlﬁﬁ Bcjﬂlef ?é?lftamlarﬂg)eﬁhlﬁ& lilﬂe%&zﬁlgleﬁ@@%cngxanpl €s
of useful non-opi an esi Cs | é% non- s

teroi dal anti-inflammatory
agents, such asnegfwgdone metopgnmoathins, mmoelmeqf, erlhephinsaparesinsnnicdseniphiegr of en,

f 1 urbi profen, %eréx%ﬂﬁ%o‘i’fn%ﬁnetﬁédupé‘BQBpphfﬁ@tn‘aHﬁ(%ﬁHe nbl%ﬂﬁi?&n@fﬂhm p| ropr of en,

carprofen, oxaprozin, pranoprofen, muroprofen, trioxaprofen, rof en,
am nopr of en, t iAyodgneneiymesthgne, PFDW?FP@%W“‘%%?%@@E"%P@F: P‘ilﬁﬁa'@ ¥aci n,

sul i ndac, tl@' n‘f)ﬁéﬂaxocﬁfémhéﬁﬁdmg,'p‘ﬁﬂfn@@ﬁe, piritramide, proheptazine, promedol,

properidine, propiram, propoxyphene, sufentanil, tilidine, tramadol, pharmaceutically

acceptable salts thereof, and mixtures thereof.

In certain embodiments, the opioid agonist is selected from codeine, hydromorphone,
15  hydrocodone, oxycodone, dihydrocodeine, dihydromorphine, morphine, tramadol,

oxymorphone, pharmaceutically acceptable salts thereof, and mixtures thereof.

Examples of useful non-opioid analgesics include non-steroidal anti-inflammatory
agents, such as aspirin, ibuprofen, diclofenac, naproxen, benoxaprofen, flurbiprofen,

20  fenoprofen, flubufen, ketoprofen, indoprofen, piroprofen, carprofen, oxaprozin,
pramoprofen, muroprofen, trioxaprofen, suprofen, amindprofen, tiaprofenic acid,
fluprofen, bucloxic acid, indomethacin, sulindac, tolmetin, zomepirac, tiopinac,
zidometacin, acemetacin, fentiazac, clidanac, oxpinac, mefenamic acid,
meclofenamic acid, flufenamic acid, niflumic acid, tolfenamic acid, diflurisal,

25  flufenisal, piroxicam, sudoxicam, isoxicam, and pharmaceutically acceptable salts
thereof, and mixtures thereof. Examples of other suitable non-opioid analgesics
include the following, non limiting, chemical classes of analgesic, antipyretic,

nonsteroidal antiinflammatory drugs: salicylic acid derivatives, including aspirin,



zi donetaci n, acenetacin, fentiazac, clidanac, oxpinac, mefenam c acid,

nmecl of enam ¢ acid, flufenamc acid, niflumc acid, tlfenam c acid,
diflurisal, 25 flufenisal, piroxicam sudoxicam isoxicam and
pharmaceutically acceptable salts thereof, and m xtures thereof. Exanples

of other suh,quﬁ JfN-opi oi d anal gesi cs i ncl ude t he ek Jep %g)&m{’non
nons

limting, am car> ¢l asses of anal gesic, antipyretic, eroi dal anti

i nflammatory drugs: salicylic acid derivatives, including aspirin, WO
20061133941 PCTI EP2006/ 005761 -61 sodiun1sa|icy|ate, chol i ne magnesi um
trisalicylate, salsalate, diflunisal, -@alicylsalicylic acid,

sul fasal azi ne, and ol sal azi n; para am nophennol derivatives i ncluding
acet am nophen and phenacetin; indole and i ndene acetic acids, including

i ndomet haci n, sulindac, and etodol ac; heteroaryl acetic acids, including
tolmetin, 5 diclofenac, and ketorolac; anthranilic acids (fenamates),

i ncl udi ng nef ersadiun saliiytite, clatide megiesihenasdicylaeisdsalandiflwisalci ds, incl uding

oxi cams (piroxigam.,f S(QQX {ié%mfasalgﬂge aIP(?’&%%a%lni; %5&%9&%@&%&1@%90&{&9&“ azone,
oxyphent hart azone nones ng’ "naburetone. For a nore

detai |l ed descr |1mlmcbmg ayétamhepmhd)shen&@en,mdd)le And ihdeme hcetic Agidd, geBiding

Anti pyretic an of ' 10

Tr eat ment of Ggrﬁ(%%%ema& S%gm% aggéﬁﬁgg%ﬁﬁlse@%é}?ﬁ%&? ﬁggég}nggl?féﬁw@a@?s of

Ther apeut i ¢S 61dtcl&enacRad kytoBlachMpithiramilad 4cids fEndReapesh netlviingRuddomieasd, | 9t h ed

1996) “and @ en By [A0RONnc AR GRHE Geia NG Skichin AR AGL (BLbAITRICY

Drugs in Rem ng Cl ence an racti ar macy
(A.R Gennaro petdzolidnedioaes. (P9 )tandmiecdx yplreathhrazeir); and@difapm@,tledumlyg

reference in t g Skl £ S5 ol Miel@lith G LEATANDPLATS 1200

5-11 poxygenase 1 n Itors, nati ons ereo aré descri bed
in US. Patent Aﬂglgeﬁcdﬁ@y&@wnmfehqdnsnmwéwtﬂ m&rpmlémﬁé@eéyl the ef erence in

s entirety, BYATMLES 6h. U8 MllmfP¥ il ATHDRLOLACNORLY HEy, fut are not

limted to, rofecoxi d“cel ecoxi I n anot non-limtirng aspect of
t hi s enbodi nentTheweeléldmlﬂriit(Pm BrMoelinheffyasd Bpymand W. Ruddon eds., 9th ed

1996) and Glen R. Hanson, Analgesic, Antipyretic and Anti Inflammatory Drugs in
Remington: The Science and Practice of Pharmacy Vol 11 1196-1221 (A.R. Gennaro
ed. 19th ed. 1995) which are hereby incorporated by reference in their entireties.

15  Suitable Cox-II inhibitors and 5-lipoxygenase inhibitors, as well as combinations
thereof, are described in U.S. Patent No. 6,136,839, which is hereby incorporated by
reference in its entirety. Examples of useful Cox II inhibitors include, but are not

limited to, rofecoxib and celecoxib.

20  In another non-limiting aspect of this embodiment, co-administration of crystalline
trans-()-A’-THC of the invention and the additionél API enhances the
antinociceptive potency of either the crystalline trans-(i)-Ag-THC of the invention or
of the additional API. Accordingly, equivalent analgesia may be obtained by using a
lower dose of either or both components, when administered in combination.

25
In a particular embodiment, a dosage form or formulation of the present invention
comprises the crystalline trans-(i)-Ag-THC of the present invention and the

additional API. In one aspect of this embodiment, the crystalline trans-(+)-A°-THC



trans-(f)-A9-THC of the invention and the additional APl enhances the

anti noci ceptive potency of either the crystalline trans-()-A9-THC of the
invention or of the additional API. Accordingly, equival ent anal gesia nmay
be obtained by using a |ower dose of either or both conponents, when

adninisteregozamﬁggﬁjnation. 25 In a particul ar e"bOd'%?E529&p?8§age form

or fornul ation of e present invention conprises thé Ccrys
trans-(t)-A9-THC of the present invention and the additional API. In one
aspect of this enbodinent, the crystalline trans-(f)-A9-THC WD 2006/ 133941
PCT/ EP2006/ 005761 -62 and the additi orf@l- APl are conbined in a fornulation
that is adapted, e.g., for parenteral, transdermal, or transmucosa

adm ni stration, and which may be a controlled-release fornulation. In a
further aspect, the formulation is contained disposed within a patch
adapted for transdernal delivery of the crystalline 5 trans-(f)-A9-THC and
the additional aaPthe aiditignabAP] 4re pembihrin adpmutation thatis sdapledizagifent , t he

formul ation coMLhaRs ARRINEN AR LORRLSRALE duthhitn Higpe grystal 11 ne

trans-()- A9-THC of the present i1nvention and the additional API
For nul at i ons arrdntrdlefradlense forpilgtiemdn eémhﬁfcﬁsp@éliheép@aé@oﬁeﬁqmﬂampﬂ ons and

met hods,  sui t qmpsseﬁ%tha,hdmawh%hgﬁéd BBk An AR AL Offie crystal line

trans- (f) A9- THC resent Invention an he additional APl are
descri bed héreﬁﬁmsFﬂl&é$¥%$ﬁt@W§BHWRéﬁﬂ§ Inpgptill derthenpsed oBthisPl  of t he

present inventigi&tnDfe fGAREDS NS aﬂ a§@o§§§o‘lﬁﬁ%n ﬁﬂ:&)ﬁg@mtﬁ fheof the CB1

receptor in order to prOV|de substantially CB2-specific pharmacol ogi cal
and/ or t her apewrystallisp frerst @)1~ B af the preseanbinyentioi andh thhedditiontliAPdt i on i s

adm ni st ered. $‘omulll§tfo|n¥and rﬂetﬁ&ﬁ%ﬁcl@ﬂp%wnﬁgﬁgdsrele&sg?omﬁ?aﬂ&?sba'nﬁl%e@hoéf | of the
pr esent invention can be conbined wt a selective antagonist of the CB2

receptor in or daitablefonsdsynigieation hsa epmbiinatipy ofitis cryypidbines trags- %H%ar%@f ogi cal
and/ or t her @peuhd fre@hfifGhiod HdanPakiBR AP WAENH b RATDI nat i on i s

In certain embodiments, the cannabinoid API of the present invention can be
combined with a selective antagonist of the CB1 receptor in order to provide
substantially CB2-specific pharmacological and/or therapeutic effects to a patient to

15  whom the combination is administered. Similarly, in other embodiments, the
cannabinoid API of the present invention can be combined with a selective
antagonist of the CB2 receptor in order to provide substantially CB1-specific
pharmacological and/or therapeutic effects to a patient to whom the combination is
administered. Illustrative, non-limiting, examples of selective antagonists of

20  cannabinoid receptors include the CB1 receptor antagonist SR 141716 A (see e.g.
Shire et al. (1996) J. Biol. Chem. 271(12): 6941-46), and the CB2 receptor
antagonist SR 144528 (see e.g. Shire et al. (1998) J. Pharmacol. Exp. Ther.
284(2): 644-50).

25 A controlled-release dosage form comprising crystalline trans-()-A’-THC can
comprise a controlled-release material incorporated into a matrix along with
crystalline trans-(x)-A°-THC. Alternatively or additionally, the controlled release

material can be applied as a coating over a substrate core comprising the API



adm nistered. Illustrative, non-limting, exanples of selective antagonists
of 20 cannabi noid receptors include the CBl1 receptor antagonist SR 141716 A
(see e.g. Shire et al. (1996) J. Biol. Chem 271(12): 6941-46), and the
CB2 receptor antagonist SR 144528 (see e.g. Shire et al. (1998) J.

Phar macol . %BOOP/‘H}?L. 284(2): 644-50). 25 A controll ngi/%ﬂo?ﬁo%ﬁagosage form
ystalTine

conprising cr trans-(t)-A9-THC can conprise a controlled-rel ease
material incorporated into a matrix along with «crystalline
trans-()-A9-THC. Alternatively or additionally, the controlled rel ease
material can be applied as a coating ow8r a substrate core conprising the
APl WD 2006/ 133941 PCT/ EP2006/ 005761 -63 (wherein the term "substrate"
enconpasses beads, pellets, particles, tablets, tablet cores, and the
like). The controll ed-rel ease material may be hydrophobic or hydrophilic
as appropriate. 5 An oral dosage formaccording to the present invention
may be provi dedwhgeinfherternesubptite] enpomgasagsibeads, pelite rmopiches.i tehlets tablet

nanoparti cl es b OLRRITHL! MARLYIGHLRSash RO Ab) QORRAMIC LA the art. An

anount of nultiparticulates effective to provide sired dose of

crystal line trdndoplilic Zgpmeiagi¢er time can be disposed within a capsule,
or may be incorporated in any other suitable oral solid formsuch as, e.g.,
by 10 conpression into a tablet. An oral dosage formaccording to the
present i nvént iAaypralidasagh éorpracesadingltoghe preseatiheantippmay eoripwdedsist far a

control I ed-rel %Qa?ﬁpl?,%?%ga?@es Ricr ﬁ:les,tlﬁg+rﬁhic¥eggpsthérirﬁlgti}ﬁn%faw x of

crystalline trans-(f) THC and conttol'ed-rel ease material, and
optional | y ot héermpyhsipprdiewn irtthe by de sinpeh bempligrraelaestefe¢tivedo prowidg uent s,

pi nders, ol Of 3l sirdaHBLd SHMnE binsl e A FABIG B dufiflech 8 BR5R 4IQRAAG Torm of
the present 15 invention nay alternatively be prepared as a bea
formul ati on or casulanorosaydeinsorpdogage afyortiman setablsroral beliddemt siich agmigody nent s of
the pres ent1 o' n\églgfn]e&%n i}ltlae«\i tﬁ)?&lt Mlolfa?géslégé e rof)%r{g% ﬂltelppégent invention
" may be prepared as a tablet core coated with a controlled-release coating, or as a

tablet comprising a matrix of crystalline trans-(+)-A’-THC and controlled-release

material, and optionally other pharmaceutically-desirable ingredients (e.g., diluents,

binders, colorants, lubricants, etc.). A controlled-release dosage form of the present

15 invention may alternatively be prepared as a bead formulation or as an osmotic

dosage formulation.

In certain embodiments of the present invention, the controlled-release formulation
can be achieved by use of a matrix (e.g. a matrix tablet) that includes a

20  controlled-release aspect. The matrix may be a hydrophilic or a hydrophobic
controlled-release material. The matrix may also include a binder. In such an
embodiment, the binder can contribute to the controlled-release aspect of the matrix.
The matrix may further comprise one or more diluents, lubricants, granulating aids,
colorants, flavorants, glidants, or mixtures thereof, that are conventional in the

25  pharmaceutical art.

Optionally, the controlled-release matrix, multiparticulates, or tablet can be coated,

or the gelatin capsule comprising the API-containing particles can be further coated



can be achieved by use of a matrix (e.g. a matrix tablet) that includes a
20 controll ed-rel ease aspect. The matrix may be a hydrophilic or a

hydr ophobic controll ed-rel ease material. The matrix may al so include a
bi nder. In such an enbodi ment, the binder can contribute to the

controlled-&g ﬁ) fofspect of the matrix. The matrix gg ELﬂ&%ﬁg& conprise
one or nore di uen? | ubricants, granul ating aids, oran *Iavorants,

glidants, or m xt ur es thereof, that are convent i onal |n t he 25
pharmaceutical art. Optionally, the controlled-rel ease matri X,

mul tiparticul ates, or tablet can be cod&#ed, or the gelatin capsule
conprising the APlI-containing particles can be further coated WO

2006/ 133941 PCT/ EP2006/ 005761 -64 with a control |l ed-rel ease coating. Such
coatings preferably include a sufficient anount of a hydrophobic or
hydrophilic controlled-rel ease material to obtain a weight gain |evel from
about 2 to aboutith2bcopeeldnticasakodtiogigbuch heatingeprefomblynegjudsa sufficeat er

depending Upon 4Gy LAIALSIRRIANR: o SRRLIGH Sizfighpangator mul at i ons

of the present 1nventio upon i ngestion
and exposure tomga$gmnEVHHhmddxaﬁﬁmmhen26pmrmmekmnmhﬂwthpdEanhe

controlled-rel e ?efgé)%é&llﬁ%?ﬁ“éﬁﬁJeg&mh%*% of the present invention can be

altered wusing ogi es known in the art. 10 As noted above,
control |l ed-rsel ease dosage forns according to the present invention may be

prepared as osrmlf 6, dagaae f&%ﬁ'd&?stdfg{%resﬁ!d?J%emn%gé%agﬂlﬁr9&§é‘ﬁi§A}>fT m can
i nclude a bilayer core conprising a g layer conprisihg crystalline
trans-(f)-A9- TH@“QJ’IGPOQ inishtioneny exposurp tesdastrit Hyids andwharte intesting flids.ayer core

s 15 sur roundad. iy, duseIAS EARLE: Vbl A AREANRLLOALLNG. Bhrdeast one

passageway di spose ereln n certain enbo ayer core can
conprise a cr yslsmgbt]ambrd methodologies known in the art.

10
As noted above, controlled-release dosage forms according to the present invention
may be prepared as osmotic dosage formulations. Such an osmotic dosage form can
include a bilayer core comprising a drug layer comprising crystalline
trans—(ﬂ:)—Ag—THC and a delivery, or push, layer, wherein the bilayer core is

15  surrounded by a semipermeable wall and optionally having at least one passageway
disposed therein. In certain embodiments, the bilayer core can comprise a crystalline
trans—(i)—A9—THC—c0ntaining layer and a push layer. In certain embodiments, the
drug layer may comprise at least one polymer hydrogel. In certain embodiments of
the present invention, the delivery or push layer can comprise an osmopolymer,

20  which drives the crystalline trans—(ﬂ;)-Ag-THC from the osmotic dosage form. The
push layer may also include one or more osmotically effective compounds that are
referred to as osmagents or osmotically-effective solutes. Such compounds imbibe
an environmental fluid, for example, from the gastrointestinal tract, into the dosage
form and contribute to the delivery kinetics of the displacement layer.

25

‘ Dosage forms of the present invention may optionally be coated with one or more
coatings suitable for the regulation of release, or for the protection of, the

formulation. In one embodiment, a coating can be provided to permit either



trans-(t)-A9-THC-containing | ayer and a push layer. In certain enbodi nents,
the drug layer may conprise at | east one polyner hydrogel. In certain
enbodi ments of the present invention, the delivery or push |ayer can
conpri se an osnopol yner, 20 which drives the crystalline trans-(t)-A9-THC
fromthe os%%%%ﬂ%gﬁage form The push |ayer may al S‘Bcjr/ﬁﬂoh'é}'o'ﬁsﬁ{"e or nore
osnotical ly effective conpounds that are referred to as osnagents or
osnotically-effective solutes. Such conpounds inbi be an environnental
fluid, for exanple, fromthe gastrointestinal tract, into the dosage form
and contribute to the delivery kinetic®5ef the displacenent |ayer. 25
Dosage fornms of the present invention may optionally be coated with one or
nore coatings suitable for the regulation of release, or for the
protection of, the fornulation. In one enbodi nent, a coating can be
provided to permt either WO 2006/ 133941 PCT/ EP2006/ 005761 -65

pH dependent omHadpemidepe pHendepeeleatasleasel m egrblodidients of the pfes¢nh avprtesent

i nvention whereg t c i QNRLi_se ' sion of a

hydr ophobi c con e?eoﬁel Ceogf%];1 ‘{Z)gﬂ gg&pﬁaﬁtagl?elﬁ%ﬁaz{,} p?ﬁ%&ﬁ%!?%ﬂdr%ﬁ@%ﬁ ef fective anount
of a pl asti ci zepntralled-ndeasamatedal sincigpesfsih effectife iyadmophrabastciratietheal wi | |
further inprove the I cal operti - - r el ease
coating. Non-| i OPSn(glpl}eéiséo(%n%fggdrgéhog%ir{laé%\%le‘g{cllo%{hr?%ﬁ%g {eﬂé%: @ﬂ’ss{é:%mat erials,

bi nders, di lISuemrapertie ofithe gmhrbBed-bleadepdinggr anul ati ng ai ds, col orants,
flavorants, glidants, controlled-release coating materials, coated bead
control |l ed-rel ease formul ati ons, 10 controll ed-rel ease osnoti c dosages,
osnopol yners, o&mdinited ¢xpmales pl/sitadeotroldis; releasadhagsirialst hindepsedidneatse provi ded
in US. Patent . . i i s por at ed by
reference in i thg&g?ﬁ P rggﬁt‘?i?/rg%%\ﬁ}:ﬁa{l é %%W?/‘faﬁté’gg“&g %{t(S: é&)@%ﬁ%l es of

phar maceut i cal Icyntedleéplicabd eatizg mitenas, agateddxed grintsolf og-religase formplabensused t o

ngL d”g'ogf(eo flfaos 306 196 TRl oshidfic BEESEMsnopMGALS WRmBh &NPESRE LhRshubis, t he

and plasticizers are provided in U.S. Patent No. 6,733,783 B1 (which is hereby
incorporated by reference in its entirety). Additionally, specific examples of
pharmaceutically-acceptable carriers and excipients that may be used to formulate
dosage forms of the present invention are described in the Handbook of

15 Pharmaceutical Excipients, American Pharmaceutical Association (1986),

incorporated by reference herein.

Although pharmacologically-active compounds are most commonly administered by
the oral route, oral administration of the cannabinoid API of the present invention

20  could be contraindicated in certain instances such as, e.g., for patients already
suffering from nausea and/or émesis. In addition, the onset of pharmacological
activity is expected to be less rapid with an orally-administered compound due to
first-pass metabolism in the liver. Consequently, in another embodiment, the
crystalline trans-(£)-A’-THC of the present invention can be administered by

25 inhalation, using e.g. preferably a mechanical device such as a powder inhaler, a
unit-dose inhaler, a metered-dose inhaler, a nebulizer, or a pump spray. In one
aspect of this embodiment, crystalline trans-(+)-A’-THC can be dissolved in a

pharmaceutically-acceptable solvent (e.g. ethanol) and administered to a patient



15 Pharmaceuti cal Excipients, Anerican Pharmaceutical Association (1986),

i ncor porated by reference herein. Although pharmacol ogically-active
conpounds are nost conmonly adm ni stered by the oral route, oral

adm ni strati on of the cannabinoid APl of the present invention 20 could be

contraindic | ertain instances such as, e.g., f i al ready
suffering f@é%%ﬁg%géa and/or enesis. In addition, thegtr%}s&g%()h%@g%l

phar macol ogi cal activity is expected to be less rapid with an

oral | y-adm ni stered conpound due to first-pass netabolismin the liver.
Consequently, in another enbodi nent, th®- crystalline trans-(f)-09-THC of
the present invention can be adm nistered by 25 inhalation, using e.g.
preferably a mechani cal device such as a powder inhaler, a unit-dose

i nhal er, a nmetered-dose inhaler, a nebulizer, or a punp spray. In one
aspect of this enbodinent, crystalline trans-()-A9-THC can be dissolved in
a pharmaceut i oalngyn atelefidrakiviee sehuetiht descriped mtlharRakent Ho.dh, 4909k bt ered to a

patient WO 2006/ 133941 PCT/ EP20061005761 _ <66 i.ng, an jnhal ati on device
such as that de?%?‘? 8‘8604‘3'36%?’ e Cﬁgiaﬁﬁ’te rﬁ%s.'(i%',gigg,%éﬁ%ml %d W’Ié}]etlrh fain
enbodi ment s, t aeiayg&itiadilytddeeptdbbasdiveiit)at O tithkelhel AP thepedennirtvhntionés
pharnaceuticalgé-accegiabgg olvent at the tine the APl of the present
invention is AP R he patient. 5 In another aspect of this
enbodi ment, st he crystalline trans-(f)-A9-THC of the present invention can
be formul ated as a powder fqr adm nistration by inh tLon. | nhal ation
del i very syst eﬂE ARG 23PgeH %g"%eégﬁﬂimq“bfheﬁmsf?ﬂ‘r?\éFf}nsé@@rizrg@rozgmed’ﬁe%’?t t he
cannabi noi d  ARhveafiod &8 bpFemERtediafly pided for admidisPawa @ inHattiok Elnhddationar e not
limted to, those of U S. 10 Pagent . 6,814,072, . which descri pes. .a
Altiyesy syl bty %‘ése@g%asvl@onw ai@@inisvmn égﬁ praciaefer mi ned

net er ed- dose i
amount of a povkiglhethephaéitasentionGah pbwdaithcrile, it ar€ AdtPifiisd fg thosyEtas ! i ne

trans-()- Agl-OTH%aitegt (i>.e6\!§19TO7I£,r\]N%i<erd%sscer!i Ezs adriqestgrle(?-agsré?r;lhag'r t%'at would be capable
of delivering a pre-determined amount of a powdered pharmaceutical formulation
comprising crystalline trans-(+)-A’-THC in view of the present disclosure; U.S.
Patent No. 6,642,275 B2, which describes a number of such devices that are suitable
for administration of powdered pharmaceutical formulations; and U.S. Patent
15  Application Publication No. 2004/0069798, which is directed toward a
remote-controlled dispensing device comprising a locking mechanism designed for

the administration of controlled substances.

In another embodiment, granules, particles, microparticles or nanoparticles

20  comprising the API of the present invention can be used to prepare a suspension,
emulsion, or gel useful for transmucosal administration. Such pharmaceutical
formulations can be advantageous in that crystalline trans-(+)-A’-THC administered
by this route can avoid first-pass liver metabolism. In a specific aspect of this
embodiment, crystalline trans-(+)-A’~-THC-containing particles can be combined

25  with an appropriate material, e.g. a hydrogel, that can form an emulsion capable of
adhering to a mucosal surface. In specific, non-limiting aspects of this embodiment,
the pharmaceutical composition can be formed as a solid gel and shaped e.g. as a

pastille, a compressed tablet, a lozenge, a capsule, or incorporated into a gel spray



Patent No. 6,642,275 B2, which describes a nunber of such devices that are
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In yet another embodiment, crystalline trans-(+)-A°~THC of the present invention can
be formulated to provide a composition useful for transdermal administration. A
“transdermal dosage form” of the present invention encompasses any device that
when contacted with a patient’s skin can deliver an effective amount of the API

15  through the skin of the patient. In a specific, non-limiting aspect of this embodiment,
the transdermal dosage form can be a diffusion-driven transdermal system (e.g. in the
form of a patch) that comprises a drug-in-adhesive matrix system. Other transdermal
dosage forms can include, but are not limited to, topical gels, lotions, ointments,
transmucosal systems and devices, and iontophoretic (electrical-diffusion) delivery

20  systems (see e.g., U.S. Patent No. 4,626,539 to Aungst et al.; U.S. Patent No.
4,806,341 to Chien et al.; U.S. Patent No. 5,069,909; and U.S. Patent Application
Publication No. 2004/0126323).

Compositions comprising crystalline trans-(+)-A°-THC as the API that may be

25  formulated for use in transdermal administration may further comprise one or more
permeation enhancers. Permeation enhancers are intended to facilitate transfer of the
API across the skin and into the circulatory system of the patient. Non-limiting

examples of such permeation enhancers are disclosed in U.S. Patent No. 4,783,450,
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in the art, are suitable formulations for the compositions accordmg to the present

invention.

5.8 Therapeutic/Prophylactic Administration
15 of Compositions Comprising trans-()-A’-THC

The pharmaceutical compositions of the present invention comprising crystalline
trans—(d:)-Ag-THC are useful for treating or preventing the same diseases, ailments,
disorders or symptoms (i.e., the “Conditions”) for which trans-(-)-A’-THC is known
to be useful, or for any Condition for which trans-(-)-A’-THC may later be found to

20  be useful for treatment or prevention. For example, a pharmaceutical composition of
the present invention can be used for treating or preventing emesis, loss of weight,
loss of appetite, multiple sclerosis, Tourette’s syndrome, Parkinson’s disease, or

palsies such as cerebral palsy.

25 In one embodiment, a pharmaceutical composition of the present invention can be

used to treat or prevent pain.



10 5, 338, 753, which are enclosed herewith in their entirety, as well as
others described in the art, are suitable formulations for the
conpositions according to the present invention. 5.8
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anot her enbodi ment, a pharmaceuti cal conp03|t|on of the present invention
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phar maceuti cal £QGERAS kkdt gppr@%nt RERNERISNY., s MeGBLlQRsmiilomAIR HiFEd tO treat
or prevent a Condition selected fromthe group consisting of
infection including acquired immunodeficiency syndrome (AIDS) or AIDS related

10  complex (ARC).

In another embodiment, a pharmaceutical composition of the present invention can
be used to treat or prevent a Condition selected from the group consisting of
glaucoma, neuralgia, somatic pain, chronic pain, neuropathic pain, labor pain,

15 inflammation, muscle spasticity (such as that associated with spinal cord injury or
multiple sclerosis), movement disorders (such as that associated with dystonia,
Parkinson’s disease, Huntington’s disease, or Tourette’s syndrome), migraine

headache, epilepsy, and Alzheimer’s disease.

20  In another embodiment, a pharmaceutical composition of the present invention can

be used to treat or prevent a Condition associated with neurological trauma or stroke.

In another embodiment, a composition of the present invention may further

demonstrate beneficial activity at one or more N-methyl-D-aspartate (NMDA)
25  receptor subtypes. Accordingly, a composition of the present invention may be

useful to treat or prevent one or more NMDA-associated indications when

administered at appropriate therapeutically effective levels. More specifically, a
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recurrent strokes. In addition, a compound of the present invention may find
particular utility in treating or preventing one or more adverse neurological
consequences of surgery, such as coronary bypass surgery or carotid endarterectomy

15  surgery.

In a further embodiment, a pharmaceutical composition of the present invention can
be used to treat or prevent atherosclerosis or a Condition associated with

atherosclerosis.

20 The j)resent invention provides methods for treating or preventing any of the
aforementioned Conditions, comprising administering to a patient in need thereof an
effective amount of a pharmaceutical composition of the present invention. In
certain embodiments, the crystalline trans—(:t)—A9-THC present in the pharmaceutical
composition comprises at least 95.0% by weight, at least 98.0% by weight, at least

25  99% by weight, at least 99.5%, or at least 99.9% by weight of crystalline

trans-(+)-A’-THC based on the total amount of cannabinoids in the composition. In



consequences of surgery, such as coronary bypass surgery or carotid
endarterectony 15 surgery. In a further enbodi nent, a pharmaceuti cal
conposition of the present invention can be used to treat or prevent
at herosclerosis or a Condition associated with atherosclerosis. 20 The
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composition is a solution. In a further aspect of this embodiment, the step of
admixing is carried out by the patient or by the attending medical practitioner. In
certain embodiments, the administering step is carried out immediately upon

admixing the crystalline trans-(+)-A’-tetrahydrocannabinol and a

15  pharmaceutically-acceptable carrier to provide the composition.

The term “pharmaceutically acceptable™ as it refers to a carrier or excipient, means
that the carrier or excipient has been approved by a regulatory agency of the Federal
or a state government or listed in the U.S. Pharmacopeia or other generally

20  recognized pharmacopeia for use in animals, and more particularly in humans.

The term “carrier” (used interchangeably with “excipient’) refers to one or more
components selected from diluents, vehicles, binders, fillers, compression aids,
disintegrants, lubricants, glidants, sweetners, coloring agents, flavoring agents,

25  preservatives, suspension agents, dispersing agents, film formers, and coatings with
which the crystalline trans-(+)-A°-THC is to be combined and administered to a
subject. Such pharmaceutically-acceptable carriers can be solid or dry components.

Alternatively, such pharmaceutically-acceptable carriers can be liquids, such as water
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APl of the present invention,
The present composmon can take the form of a suspension, tablet, pill, pellet,

suppository, or capsule, (e.g., a capsule containing a powder, microparticles,
multiparticulates, or nanoparticles) form comprising the API of the present invention,
or any other form suitable for use. Any of the present compositions can be prepared
15  as a controlled-release formufation. In other specific, non-limiting embodiments of
the present invention in which the composition in its final form can be prepared at
the time it is to be administered to the patient, and preferably can take the form of a

solution, emulsion, aerosol, spray, or liquid-filled capsule.

20  The API-containing composition of the present invention can be administered

| systemically or locally by any convenient route. Methods of administration include
but are not limited to pulmonary, intradermal, intramuscular, intraperitoneal,
intravenous, subcutaneous, oral, sublingual, intranasal, intrathecal, epidural,
intracerebral, intravaginal, transdermal, topical (e.g. to the ears, nose, eyes, or skin),

25  transmucosal, or rectal administration. One mode of administration is oral
administration. Another mode of administration is pulmonary administration (e.g. by
inhalation). Another mode of administration is transmucosal administration, e.g., by

absorption through epithelial or mucocutaneous linings (e.g., oral mucosa, rectal and



or any other formsuitable for use. Any of the present conpositions can be
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agents (such as fructose tame or saccharin avorin agents (such
as pepperm nt, fmdxarolblewctemm agents (syeh esHaictopy, aspaghoe prigecheemt Bavoang)

agents (such as peppermint, oil of wintergreen, or cherry); coloring agents; and
preserving agents, to provide a pharmaceutically palatable pfeparation. Moreover,
tablets or pills can be coated to delay disintegration and absorption in the

15  gastrointestinal tract, thereby providing a sustained action over an extended period of
time. Selectively-permeable membranes surrounding an osmotically active driving
compound are also suitable for orally administered pharmaceutical compositions. In
these latter platforms, fluid from the environment surrounding the capsule is imbibed
by the driving compound, which swells to displace the agent or agent composition

20  through an aperture. These delivery platforms can provide an essentially zero-order
delivery profile as opposed to the spiked profiles of immediate release formulations.
A time-delay material such as glycerol monostearate or glycerol stearate may also be
used. Oral compositions can include standard carriers such as, e.g., mannitol,
lactose, starch, magnesium stearate, sodium saccharine, cellulose, or magnesium

25  carbonate. Such carriers are preferably of pharmaceutical grade.

When adapted for parenteral delivery, the API-containing composition of the present

invention can be formulated in accordance with routine procedures for administration
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nmonost earate or glycerol stearate may al so be used. Oral conpositions can
i nclude standard carriers such as, e.g., mannitol, |actose, starch,
magnesi um st eartahemangutienism Rsefershlar ¢ pharmaseitical eogwosiden fenppientdralm 25
car bonat e. SUCQd&%JtJaFE&&s ?Jrﬁuﬁ{egfagag&!lt)/on%fr s&Pé{sﬁﬁ%?Hédlgéhtoﬂlw@EousV\he”
adapted for parentera I ver I -contalnin ositi
present i nventbuffer, eptientlly widy mﬂhé?l!leidlgl atgeracbtﬁiﬂi’a%ﬁ@ ngR ilhmtmmnen@fﬁrlbc edur es
For 2dm i st ot B NE0RR AR e T B2 000H 08K corpfdrid ol B! TNt s
Preferably, arnaceu conposition for parenteral Istration is
f or nul at ed a?s atdmmlamatl@ws errisligpentbe bme ftrs tobe pdrhigistesedt Slamposiiaredars  buf fer,
optional Iy wi th,a,sn Mpllnhi's&étfag c?rggﬂ?ltonalﬂyrfncﬂ’u(ﬁqudaf Arfesth R Rudh 431 Jgin@spect Of
this enbodi nent, preparation o frrnal form pharmaceuti call conposition
for parenteral t@eaaelmm pigthe giteiod thejirjectian.r Cengrablyt the ingredients jarpsupnlied githep pe
adm ni stered. {,511 A8 Iogétherﬁaﬁﬁn&o%sg%lfoﬁﬂm LS Fr @kdnPile, G8R4QPL i onal 1y
include a | ocal anesthetic such as |ignocaine to ease pain at 'the site of
the inj ection. \xaphdized poyder g1as p wgicedicesrnsenypts in g ppymicticallgsealrdcontaiagiar at el y
or mixed toget het, JsAn WAbudNSaGR S ARIAFIGHR: cﬁémtxt? Bf the XANRifdid Agiva dry
| yophi | i zed powder or as a water-free concentrate in a hernetically-seal ed
contai ner, 10 segEetiensobthe prsgsplingenyion.s Whpe thephpmicedicd sempesdioginiatet y of t he

cannabi noi d aCtyiMhistered by infusion, it can be dispensed with an infusion bottle containing
sterile pharmaceutical grade water or saline, optionally with a solublizing agent.
Where the pharmaceutical composition is administered by injection, an ampoule of
15  sterile water for injection or saline can be provided so that the ingredients can be

mixed prior to administration.

In one embodiment, the API-containing composition of the present invention is
formed as a tablet.

20
In another embodiment, the API-containing composition of the present invention is
encapsulated. In one embodiment, the encapsulated API-containing composition

further comprises sesame oil (see, e.g., U.S. Patent No. 6,703,418 B2).

25  The amount of the API-containing composition that is effective in the treatment or
prevention of a Condition can be determined by standard clinical techniques. In
addition, in vitro or in vivo assays can be employed to help identify optimal dosage

amounts. The precise dose to be employed will generally depend on the route of



i ngredient of the present invention. Were the pharnmaceutical conposition
is to be admnistered by infusion, it can be dispensed with an infusion
bottle containing sterile pharnmaceutical grade water or saline, optionally
with a solublizing agent. \Were the pharnaceutical conposition is

adm ni ster egog 1% ction, an anmpoule of 15 sterile V‘@E’F/!'Epicodﬁr/ooéﬂl ectl on or
sal i ne can be pI’OVI ed so that the ingredients can be

adm nistration. In one enbodi nent, the API-containing conposition of the
present invention is forned as a tablet. 20 In anot her enbodi nent, the

APl - cont ai ni ng conposition of the presémt- invention is -encapsulated. In
one enbodi nent, the encapsul ated API-containing conposition further
conprises sesane oil (see, e.g., U S. Patent No. 6,703,418 B2). 25 The
anount of the API-containing conposition that is effective in the treatnent
or prevention of a Condition can be determ ned by standard cli nical

t echni ques. | n admddsttaiigngnditire seriousoese pf the Conditionassizops gowrellpbe devpledyed t o

nelp 1dent 1 SBLL R cReRAE AP SySohS SB PSSR BReSY /52 !

admi ni strati on panigulaiieinséry ofisihbshed ofnitahtialSo Ndieh ko mmedwde-tdmsgeneral |y be
dect ded _aco0r ity be hSHBRDLiROLorfboB A Kol ARELAA OlhoRiE PALL NE o

circunstances, particu y n vie |n|c tria Wien an
i medi at e- r &l ealosge ﬁmounut@mscfmnmﬁbouh@omg/kgoﬁb@wmer@t @@h@nﬁliﬁtm&«fhg ofs

T/ kg of body waryiriedaBafl sk 5y i HHARART GIRUN LARE T AT ATRLT O O
hours, al t hougtfbedyieighy pi lesslabyutgred d hatrs.y Wabwmthe AP Ixontginkyg compoditgraly wei ght
or I ess about ‘?é’t%rb‘é W & e g\gﬁl"y%g&{;@r 6)'%' oﬁ&”éx@}ﬂg}%gxg()&%@é?tzh ﬂS‘urs ' S t o be

adm ni stered e.g. only once ry every 1 ever
hours, the ef fthfmffevtéfe(ﬂosaageang@r@ebe mmm@amlweﬁtrltMWah@? 9lsglp%fétf@r than

those di scl @3 e@idxfn%ristration every 4 hours. In one embodiment, the effective dosage amount can

be from about 0.01 mg/kg of body weight to about 0.8 mg/kg of body weight,
preferably from about 0.02 mg/kg of body weight to about 0.2 mg/kg of body weight,
or more preferably from about 0.02 mg/kg of body weight to about 0.150 mg/kg of
body weight.

15
In other embodiments the dosage form, which can be an oral dosage form, can
comprise an amount of crystalline trans-(+)-A°’-THC from about 1 mg to about 200
mg, or preferably from about 1 mg to about 100 mg, or more preferably from about 1
mg to about 80 mg, or even more preferably from about 5 mg to about 20 mg. In

20  other embodiments, the oral dosage form can comprise about 2 mg, about 5 mg,
about 10 mg, about 20 mg, about 40 mg, about 80 mg, about 100 mg, or about 200

mg of the API of the present invention.

In one embodiment, an effective dosage amount is administered about every 24 hours
25  until the Condition is satisfactorily abated. In other embodiments, an effective

dosage amount is administered about every 12 hours, or about every 8 hours, or

about every 6 hours, or about every 4 hours, until the Condition is satisfactorily

abated.



10 admi nistration every 4 hours. In one enbodinent, the effective dosage
anount can be from about 0.01 ng/ kg of body weight to about 0.8 ny/kg of
body wei ght, preferably from about 0.02 ng/ kg of body weight to about 0.2
ng/ kg of body weight, or nore preferably fromabout 0.02 ng/kg of body

wei ght to a& mhmg #50 ng/ kg of body weight. 15 In otgg&mﬁggﬁggants t he
OCH

dosage form can be an oral dosage form can conprise an anount of
crystalline trans-(+)-A9-THC from about 1 ng to about 200 ng, or
preferably fromabout 1 ng to about 100 ny, or nore preferably from about 1
ng to about 80 ng, or even nore preferdl-y fromabout 5 ng to about 20 ny.
In 20 ot her enbodi nents, the oral dosage form can conprise about 2 ng,

about 5 ny, about 10 ng, about 20 ng, about 40 ng, about 80 ng, about 100
nmg, or about 200 ny of the APl of the present invention. In one

enbodi nent, an effective dosage anount is adm nistered about every 24 hours
25 until the Condition is satisfactorily abated. In other enbodi nents, an

effective  dosage.apu odln?en?sd[{%ﬂk%& §4:RehI 2B odﬁxeqay?ﬂa%ﬂngwca} or about

every 8 hours, ours, or a eve ours, until the
Condition is samn$680ﬁ0hmﬂynn®bhnedﬁdM@W@Gaaﬁiﬁsgd&wﬁ@WﬁEﬁﬂ@@@P@bﬁ?61 -76

In certain enb O {I;?lll‘ﬁ‘l?lﬂ %1‘ OE’ C&? %cgr?lﬁfs{rzﬁgh € Inttrgvénmc{lf?ig %ﬁﬁmtstl?zﬁlog Q%l' @C euti cal

conposi tion directly in e central nervous system a sultable route,
such as by 35 ntfrcilitated, relg;lblyan ingravéntriquinr hashesdr aa@hlwmiogtrpwmoamuch as an

Intraventricula(gmﬁgIJE Blsffation can be 5 facilitated, e.g., by an
i ntraventri cul ar camheferrattached to a reservoir, such as an Ommaya

reservoir. Pul nonary adm nistration can be enployed, e.g., by use of an

i nhal er or nebul .g&f fimifHa0n Lme/él%blogéd £3EbPL&EITR ichAYERhERMzbrn
formul ated with an aerosoli1zing agen
which the API of the present 1nvent10n is formulated with an aerosolizing agent, or

10  with a fluorocarbon or synthetic pulmonary surfactant.

In certain embodiments, a pharmaceutical composition of the present invention can
be formulated as a suppository, with traditional binders and carriers such as
triglycerides.

15
In another embodiment, the API composition of the present invention can be
delivered in a vesicle, such as a liposome (see Langer, Science 249:1527-1533
(1990); Treat et al., in Liposomes in the Therapy of Infectious Disease and Cancer,
Lopez-Berestein and Fidler (eds.), Liss, New York, pp. 353-365 (1989);

20  Lopez-Berestein, ibid., pp. 317-327; see generally ibid.).

In yet another embodiment, the API-containing composition 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 et al., Surgery

25  88:507 (1980); Saudek et al., N. Engl. J. Med. 321:574 (1989)). In another
embodiment, the appropriate 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



10 with a fluorocarbon or synthetic pulnmonary surfactant. In certain

enbodi nents, a pharnaceutical conposition of the present invention can be
formul ated as a suppository, with traditional binders and carriers such as
triglycerides. 15 In another enbodi nment, the APl conposition of the present

i nvention livered in a vesicle, such as a I|i Langer,
Sci ence 248‘?9%@&%%@3 (1990); Treat et al., in Li posgﬁg@%ﬁﬁm{o%@?mer apy of

I nfecti ous Di sease and Cancer, Lopez-Berestein and Fidler (eds.), Liss,
New York, pp. 353-365 (1989); 20 Lopez-Berestein, ibid., pp. 317-327; see
generally ibid.). In yet another enbodi7/fent, the API-containing conposition
can be delivered in a controlled-rel ease system I|In one enbodi nent, a punp
can be used (see Langer, supra; Sefton, CRC Crit. Ref Bioned. Eng. 14:201
(1987); Buchwald el al., Surgery 25 88:507 (1980); Saudek et at, N. Engl. J
Med. 321:574 (1989)). In another enbodinent, the appropriate polyneric

mat eri al s can Rerfusencd, SweleiMaud Ball (edppWilep.diévo erkdf 98 Rangdr kedlPReisease,

Langer and W seg PlLESomo ] -l 2. . Cont Lol | ed

Drug Bi oavai | ab]i W%}%mbﬁ%ggap 'r[gg%cztn %eeg%% tgﬁgw\%g:g%(%% jl%%g%fll’cyﬁnrp ©

PCT/ EP2006/ 005288:190 (178 Dl firovereanlk elnn S d@rSaidd (E8P); Howdxl & al Wi | ey, New Yor k
1984); Ra (PP : 23: 61

( ) nger J\%H%sﬁgpg?ﬁygl(g%%!\’%%n%m& %d%%ﬁ%f&@l%&@éase %@gﬁs\

(1983); see also Lev ci ence During et at, Ann.
Neur ol . 25: 351 cfrh@d)g theidRbeahtaningeompdsitioNenbe placgy. in Proxingéy to Igg3Yve. | n

anot her enbodi %g&’th@s reQff 'r[goanh frgc(ﬁkr?glst esq%t%hl%ﬁ'ao?e 694:r9r !,@-OQ&OBHS

APl - cont ai ni ng conposition ca e placed i'n proximty 0 the tissue

target, thus reéédical dnpliortiops of GangrotledoRelabe, sipra.sps e 1 0B 1%, e. g.
CGoodson, in ' i ' f ed . Beleaskvi aned0l . 2, pp.
115-138 (1984;“)%211&g”ﬁ@?%%eﬁet%%éoﬁgﬁgﬂgrsg(l%%gg}{é)gé's{l}gétacsams, sucﬁlewt hose di scussed
in the review W§cidnang1527-1533 (1990)), can be used.

10

The present invention also provides pharmaceutical packs or kits comprising one or
more containers filled with a crystalline trans-(+)-A’-THC-containing composition of
the present invention. Optionally associated with such container(s) can be a notice in
the form prescribed by a governmental agency regulating the manufacture, use or

15  sale of pharmaceuticals or biological products, which notice reflects approval by the
agency for the manufacture, use or sale for human administration of the API of that

particular formulation.

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

20  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 scope of the

present invention.

25 6. Examples



(Sci ence 249: 1527-1533 (1990)), can be used. 10 The present invention also
provi des pharnmaceuti cal packs or kits conprising one or nore containers
filled with a crystalline trans-(f)-49-THC-containing conposition of the
present invention. Optionally associated with such container(s) can be a
notice in ﬂwggm%ggghprescribed by a governnent al agenﬁgT&QgH%ﬁg%pg t he
manuf acture, use or 15 sale of pharmaceuticals or biological products,
whi ch notice reflects approval by the agency for the manufacture, use or
sal e for human administration of the APl of that particular fornulation.
The follow ng exanples are set forth td8assist in understanding the
invention and do not I[imt the invention described and cl ai ned herein.
Such variations of the 20 invention, including the substitution of al
equi val ents now known or | ater devel oped, which would be within the
purvi ew of those skilled in the art, and changes in fornulations or mnor
changes i n expédfilesepthaiwisgstatagnall feadtionsjan he parti¢seous vrsjseardrgerhe nitpagers ent
invention. 25 qt(ggﬁ#ples WO 2006/ 133941 PCT/ EP2006/ 005761 -78 Unl ess
ot herw se stated? reactions can be carried out under an argon or
nitrogen atnosphere. Unless otherw se stated, the phrase "cold water,"
"col d hexane, " (@fiess GikildSRIANGS phsc AR NR® Sotd REXRIG: <Qlid RERHEBNS.
respectively, at a tenperature oF rom about 0 to about 5 C. "Reagents and
Sol vent's: Ul egreaps Figierwhaxens prheptine, a¢spectiseleh @ emwadtusodivieom abogl the
purchased frompgldsbeh Chem cal Conpany and can be used without further 10
purification. H gh Performance Liquid chromatography: H gh performnce
liquid

Reagents and Solvents: Unless otherwise stated, all reagents and solvents can be

purchased from Aldrich Chemical Company and can be used without further

10 purification.

High Performance Liquid chromatography. High performance liquid
chromatography (HPLC) can be carried out under the following conditions, and the
purity of the samples eluents can bé calculated from the resultant area percentages.
15  Standard HPLC can be carried out using a 3 pm C,3-stationary phase column (150 x
4.6 mm); a mobile phase of the following composition: THF (71%), MeOH (24%)
and water (5%) for 25 min, gradient to THF (71%), MeOH (5%) and water (24%) in
10 min, and THF (71%), MeOH (24%) and water (5%) for 10 min; a flow rate of 1

mL/min; and a UV detector at 228 nm.

20
Chiral HPLC method 1 can be carried out using a 20 pm Chiralpak AD 250 x 4.6
mm column; a mobile phase of heptane:isopropanol (95:5 (v:v)); a flow rate of 1
mL/min; and a UV detector at 228 nm. The concentration of the sample can be about
1 mg per 1 mL of heptane.

25

Chiral HPLC method 2 can be carried out using a 5 um 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



chromat ography (HPLC) can be carried out under the follow ng conditions,
and the purity of the sanples eluents can be cal culated fromthe resultant
area percentages. 15 Standard HPLC can be carried out using a 3 mC,
s-stationary phase colum (150 x 4.6 mm; a nobile phase of the follow ng

itiong %, MOH (249 d t 5% f ] di ent t
TrE (71 5 “REBETE “nd water (249 T 10 min. and PR oo

(24% and water (5% for 10 min; a flowrate of I nlmn; and a UV detector
at 228 run. 20 Chiral HPLC nethod 1 can be carried out using a 20 pm
Chiral pak AD 250 x 4.6 nmm colum; a moli-l e phase of heptane:i sopropanol
(95:5 (v:v)); aflowrate of | nl/mn; and a UV detector at 228 nm The
concentration of the sanple can be about | ng per 1 nL of heptane. 25
Chiral HPLC nmethod 2 can be carried out using a 5 m Chiral pak AD-H 250 x
4.6 mm (D acel) colum; a nobile phase of hexanc:ethanol (95:5 (v:v)) for
CBD and hexaneteiestopat@p@mml TheECuntéhtarongf)thed sempla@anbiGbouat If thgperrlatkeobf |
m./mn; and a W, MO 2006/ 133941 PCT/ EP2006/ 005761 -79 detector at 228 nm
The concentration of the sanple can be about | ng per I nL of hexane. Gas
chromat ogr aphy: Gas chromat ography (GC) can be carried out under the 5

fol [ ow ng Condi(tic;s%ﬂlsz)Ma?b rda J;'.eGg)sucr. tnyato%alphl}&,é’)l A B%)?an%%inoupgrgﬁﬁhgu' ated from

the resultant area percentages. Standa can be carried using a HP-5
capi |l ary cdl urfollqWiesignbitions3@nd the puridy of the dBentandan bacal¢witéddimam thephase of 5%
di phenyl / 95% di | - il oxane (0.25 10 pmfilm; an injection

t enper at ure of I%B%?{araeggéer%%%atgg%/tenper ature (FID) of 270C, and an oven
tenperature programusing a hold at 100C for 3 mn, increasing to

Standard GC can be carried using a HP-5 capillary column (length - 30 m,
ID - 0.25 mm); a stationary phase of 5% diphenyl/95% dimethyl-polysiloxane (0.25
10 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 can be
about 1 mg per 1 mL of EtOH.
15
Chiral GC can be carried out in a manner similar to that described above for standard
GC, except that an Alpha-DEX-120, 30 m x 0.25 mm column is used; the injection

temperature is 250°C; and the oven temperature is 90°C (isothermal).

20  Powder x-ray diffraction patterns: Powder x-ray diffraction analysis was carried out
by known methods using a PANALYTICAL (Philips) X’Pert Pro MPD x-ray powder
diffraction system (CuK, radiation, PW3050/60 goniometer, PW3011/20

proportional detector). The Bragg-Brentano scheme can be used for beam focusing.

25  Nuclear Magnetic Resonance Spectroscopy: Nuclear magnetic resonance (NMR)
spectra can be recorded on a Bruker AM-200 (‘H at 200 MHz, 13C at 50 MHz) or a
Bruker AM-400 ('H at 400 MHz) instruments using CDCls (unless otherwise stated)

as a solvent. Chemical shifts can be expressed in & (ppm) relative to internal TMS.



240C at 10C per mnute, holding at 240C for 10 mn, increasing to 270C per
mn, and holding at 270C for 10 mn. The concentration of the GC sanple can
be about | ng per I nmL of EtOH 15 Chiral GC can be carried out in a
manner simlar to that descri bed above for standard GC, except that an

Al pha- DEX- : X 0.25 mm colum is used; the inj ' erature is
250C; and %ﬁgz%ggﬁ 1errperature is 90C (isothermal). Zggb%g@%wﬁgg?ay
diffraction patterns: Powder x-ray diffraction analysis was carried out by
known met hods using a PANALYTICAL (Philips) X Pert Pro MPD x-ray powder
diffraction system (CuKa radi ati on, PWB050/ 60 goni oneter, PWB011/20
proportional detector). The Bragg-Brentano schene can be used for beam
focusi ng. 25 Nucl ear Magneti c Resonance Spectroscopy: Nucl ear magnetic
resonance (NVR) spectra can be recorded on a Bruker AM 200 ('H at 200 Mz,
13C at 50 MHz) or a Bruker AM400 ( I H at 400 MHz) instruments using
CDCl 3 (unless otherwi se stated) as a solvent. Chemcal shifts can be

expressed in 6 el atdV i - : : /. -

PCT/ EP2006/ 005%%9’?98”65’%\@%1.‘ﬁ%f"g{‘)ﬂud%{e%‘g%l‘@@gbe\é%ﬁ?gﬁé’%g‘%?n%%"éltl?%ns can be
carried out in topensicapBiithaByb45 cuhdsy wsiting pantBppdratupes4th aiMpitlet-Belgdonel ti ng
poi nt appar at us;0 Lt - - | - I J: ccessory
with FP-900 pr ?%ls%ﬁ‘ngrﬁ“é‘l}%eéét“ﬁ%wg%?ﬁ? ¥ Qﬁ%eg%fﬂ%ﬁ‘g%@a‘?‘g ae] Exanpi e 1:
Prepar at i on Sof uhcdreed®d.THC Crude (-)-A8-THC (2a) can be prepared in a manner

simlar to that described below for the preparation of crude (t)-A8-THC,
except that (+)-p-nentha-2,8-dien-l-ol is 10 used instead of (f)

p-nmentha-2, 8-dien-1-ol. 6.2 Exanple 2: Preparation qf §+)-A8-THC Crude
(+) - A8-THC (2b) can be prepdredia a fl hat descri bed bel ow

Crude (-)-A%-THC (2a) can be prepared in a manner similar to that described below
for the preparation of crude (i)-Ag—THC, except that (+)-p-mentha-2,8-dien-1-ol is
10 used instead of (+)-p-mentha-2,8-dien-1-ol.

6.2 Example 2: Preparation of (H)-AS-THC

Crude (+)-A%-THC (2b) can be prepared in a manner similar to that described below
for the preparation of crude (+)-A®-THC, except that (-)-p-mentha-2,8-dien-1-ol is
15  used instead of (+)-p-mentha-2,8-dien-1-ol.

6.3 Example 3: Two-part Preparation of trans-(—)-A’-THC

Synthesis of (-)-CBD (3a): A solution of (+)-p-mentha-2,8-dien-1-ol in
dichloromethane is added drop-wise over 1 hour to a stirred mixture of olivetol, zinc

20  chloride, water and dichloromethane at 40°C. The mixture is stirred for an additional
30 minutes at 40°C. The mixture is cooled to 25°C, poured into ice water, and the
resultant biphasic mixture stirred for 20 minutes at 0°C. The resultant organic phase
can be collected and washed twice with cold water. The organic phase can be

collected and concentrated under reduced pressure to provide a first residue.



for the preparation of crude (f)-A8-THC, except that
(-)-p-nmentha-2,8-dien-l1-ol is 15 used instead

of (t)-p-nentha-2,8-dien-1-0l. 6.3 Exanple 3: Two-part Preparation of
trans-(-)-A9-THC Synthesis of O CBD (3a): A solution of

(+)-p-nent ogmﬁ/gb n-1-ol in dichloromethane is addggngﬁﬁﬁﬁﬁgﬁf over
hour to a stirre nlxture of olivetol, zinc 20 chloride, water and

di chl oronet hane at 40C. The mixture is stirred for an additional 30

m nutes at 40C. The m xture is cooled to 25C, poured into ice water, and
the resultant biphasic m xture stirre®lf-or 20 m nutes at 0C. The resultant
organi ¢ phase can be collected and washed twice with cold water. The
organi ¢ phase can be collected and concentrated under reduced pressure to
provide a first residue. WO 2006/ 133941 PCT/ EP2006/ 005761 - 81 Analysis
(GC) of the first residue may contain nore than 50% (-)-CBD, as well as
abn- CBD, ol i vetalwisdGE) of the/fiest weldesl mayedootiain Mdve than p&% (HEHRvewelhas be

di ssolved in n- ﬂﬁﬂﬁﬁ?%hv QQn&Hﬁ%5%%yoL@§& solution can be 5 adm xed with
Y0 SO

an approxi mately equal une o i um hydr oxi de solution. The
resul tant organic phase can be coIIected washed with water, and

concentrated ' UG atHees RIASIVERLDRLAYLARNARAlhico B gRCONd

resi due. Anal ysis second e 1's expected to contain nore
than 60% (- )5 CBOmixed witlap aagoama@lymsuaiefplamleyf | Gneadivarbydnexids soblitigh-ky | at ed

olivetol. 10 Thﬁe%&gﬁmofggab ?ﬁkﬁf EabeRE) Jc{eﬂ%dsf?ébaxl/ itk f&dd'éoﬁéén(rétZdl -1 78 G

0.1 mMmmHg) to provi ate, is expected to contain nore than
70% (-)- CBD. Thadgireduiced peessute Snprovidnaralydirewopenl renduse pinalyeis €6CBFC and

filtered. The rtﬂéé&cé rHamdu%% %}Jpl:étédqg @odtzﬁn %ﬁeﬂh&%‘"/ep) bgDoastheHSanand seeded

wi th powdered crystalline (-)- 3a). The seeded sol Ution can then be
stirred at 0 t(ﬁOB@qu@rlylﬁthcﬂm@nmfd’l lfYéﬂ\ﬁedalthVetSkB to -20C for 48 hours. The
resultant mjxture can be filtered, and the resultant solids

The second residue can be fractionally distilled (171°-178°C; 0.1 mm Hg) to provide
a distillate, which is expected to contain more than 70% (-)-CBD.

The distillate can then be dissolved in heptane at 57°C and filtered. The resultant

15 filtrate is then cooled to 0° to 5°C and seeded with powdered crystalline (-)-CBD
(3a). The seeded solution can then be stirred at 0° to 5°C for 5 hours and then at -15°
to -20°C for 48 hours. The resultant mixture can be filtered, and the resultant solids
washed with cold heptane. The solids are then dried under reduced pressure at 40°C
to provide (-)-CBD (3a) of greater than 95% purity. The structure of the (-)-CBD

20  (3a) so produced can be confirmed by '"H NMR spectroscopy.

Synthesis of trans-(-)-A°-THC (1a): A solution of crystallized (-)-CBD (3a) in
anhydrous dichloromethane can be added drop-wise over 1 hour to a stirred solution
of BF;-Et,0 in anhydrous dichloromethane at -10°C under an Ar atmosphere. The
25  mixture can then be stirred for 2 hours at -10°C and poured into ice water. The
resultant biphasic mixture is then further stirred for 20 minutes at 0°C. The resultant
organic phase can be collected, washed sequentially with cold water, 7 % aqueous

sodium bicarbonate, and water. The organic phase can then be dried with Na,;SO4



washed with cold heptane. The solids are then dried under reduced pressure
at 40C to provide (-)-CBD (3a) of greater than 95% purity. The structure
of the (-)-CBD 20 (3a) so produced can be confirmed by 'H NVR spectroscopy.
Synthesis of trans-(-)-z19-THC (la): A solution of crystallized (-)-CBD
(3a) in i chl or onet hane can be added drop- hour to a
stirred sol u%sgg(ﬁ”?” BF3Et 20 i n anhydrous di chl or orret aﬁ@l’%i{&d’oi%b under an
Ar atnosphere. The 25 m xture can then be stirred for 2 hours at -10C and
poured into ice water. The resultant biphasic m xture is then further
stirred for 20 mnutes at 0C. The resu&ant organic phase can be

col l ected, washed sequentially with cold water, 7 % aqueous sodium

bi carbonate, and water. The organi c phase can then be dried with Na2SO4 WO
2006/ 133941 PCT/ EP20061005761 -82 and filtered. The resultant filtrate can
be concentrated under reduced pressure at 40C and is expected to provide
trans-(-)-A9 THad @meraq Hmrasuymttﬁhwteaiah bheancengrated poder teducedfpraboett 80% 5 6. 4
Exanpl e 4: Prepat £0 of t nX xture vet ol & nc
chloride, and azfri}h??/l drous™g °‘e‘?f r%‘{ir%%t ans'“l sTQt Ve agfl?owgg\afvmrgalwﬁgur under
an Ar at nospherofabot 8@hb.uti on of (+)-p-nentha- 2,8 dien-1-ol and

di chl oronet hane is added drop-w se over 1 hour to the stirred

olivetol -containing mxture, and the resultant mxture is then stirred for
an additional 40 mnutes at 10 40C. The mxture can then be cooled to -10C
and a sol utison of BF3Et 26M4i n Exa i dlrepag Anei(1) t hen added
dropwi se over one hour. The resulting mxture can then be stirred for 1.5
hours at -10C. Acmirduraaf @iveiol zing ghlonddand anhydoysklshlaresgihang gtigedni ¢ phase
can then be coljpected h@%nﬂ@%%@a%&sﬂleﬁ;@lﬁsd@;&l%f (@-ﬁlm@rghhe@glﬁleﬁqddlum

bi carbonate, and water. The organic phase can then dried with 15 Na2SO4
and filtered. PRédichigtmerhape is pded drop- ‘61%0‘{%19?10‘}5@ @Sﬁtt‘}éﬁ‘i‘tolhéﬁt%‘ocoﬂﬁd’é“rg reduced

pressure to proyk@e, sddeSrelli@RSnikte B 8red srrdd 189 an@3diBokHl Q0VRirRkds at
10  40°C. The mixture can then be cooled to -10°C, and a solution of BF3;Et,;0 in

anhydrous dichloromethane is then added dropwise over one hour. The resulting
mixture can then be stirred for 1.5 hours at -10°C. Cold water is then added, and the
resulting organic phase can then be collected and washed with cold water, 7%
aqueous sodium bicarbonate, and water. The organic phase can then be dried with
15 NaySO, and filtered. The resulting filtrate can then be concentrated under reduced

pressure to provide crude trans-(-)-A°-THC (1a) as a brown oil.

The crude trans—(—)—Ag-THC oil can be dissolved in heptane and the resulting mixture
can then be thoroughly washed with 10% NaOH and water, dried over Na,SO4, and

20  then filtered. The resulting filtrate can then be concentrated under reduced pressure
to provide a first crude residue that contains trans-(-)-A9-T HC (1a). The crude

residue is also expected to contain A -THC (2a), and A%-iso-THC.

This first crude residue can be dissolved in heptane to provide a solution that can
25  then be extracted three times with 9% NaOH in 80% methanol. The combined basic
methanolic extracts are then acidified to approximately pH 7 with 20% citric acid

and then extracted three times with heptane. The combined organic fractions can



The crude trans-(-)-A9-THC oil can be dissolved in heptane and the
resulting mxture can then be thoroughly washed with 10% NaCH and wat er,
dried over Na2SO4, and 20 then filtered. The resulting filtrate can then
be concentrated under reduced pressure to provide a first crude residue

t hat cont ai (-)-A9-THC (la). The crude resid xpected to
contain Aevgaé&f§£§“’and A8-iso-THC. This first crude¥§g@? ﬁ%ﬁ%gﬁ B

di ssolved in heptane to provide a solution that can 25 then be extracted
three tines with 9% NaOH i n 80% net hanol. The conbi ned basic nethanolic
extracts are then acidified to approxi-ftely pH 7 with 20%citric acid and
then extracted three tines with heptane. The conbi ned organic fractions can
WO 2006/ 133941 PCT/ EP2006/ 005761 -83 then be washed with water, dried over
Na2SO4, and then filtered. The resulting filtrate can then be concentrated
under reduced pressure to provide a crude residue containing about 40 wt.
% (HPLC) of tr dhen-be-Washkd witheratds, iied oFscaympi@, S1d thyndfigredt Thaireslting
trans-(+)-A9-T i vet ol ,
zinc chlori de, hﬁ%%%g&gﬁ%t§ég%ﬁﬁ6#%ﬁ%$ 5ﬁ§@%¥&§§%egiggb?éH&%dﬁ%ﬂg&é

sol ution of (-)copairmgtbent 2) 81.db GHRLC)0 trams-(e €FH@r onet hane is added

drop-wi se over 0.75 hour to the refluxing mxture, and the resulting
reaction mxture is then mxed for 0.5 hours at reflux. The m xture can
then 10 be cooled to 25C, ice water added, and the resul tant biphasic

m xture can 5t hen be st|65edEﬁaﬂuiﬁﬁJﬁﬂauEEmnzﬂtamBthhJPHEuItant organic

phase is then col |l ected, washe twce with water and then with 5% NaHCG3.
The organi c pha¥@hesis of pare GT)r@?jD 6perA migurseyoliveiof zie ghloridg wahndt hen be

concentrat ed unE@loré RS S B8RS Wra Hobr. DX QYA of(-)- hﬂe%{haQrM@n {6) mCBD
residue. The first crude (+)-CBD residue can then purified by 15 col um

chr omat ogr aphy dhloggmsthage gseaﬁdf(deqr%mse R/HGB@/7ﬁé‘2‘érrf%}h°tr6ﬂ‘HFW‘d%‘feaa%de%Bnd

crude (+)-CBD ety foactidbHhiR@sd i§ tRh nfiged-f6:B Rius{ 2 cGhili Thd hedepzaaha) (4b): A

sol ution of 3 -di nitrobenzoyl
be cooled to 25°C, ice’'water added, and the resultant biphasic mixture can then be

stirred for 20 minutes at 0°C. The resultant organic phase is then collected, washed

twice with water and then with 5% NaHCO;. The organic phase is then dried over

Na,SO,, filtered, and can then be concentrated under reduced pressure to provide a

first crude (+)-CBD residue. The first crude (+)-CBD residue can then be purified by
15  column chromatography on silica gel (eluent MTBE/hexane) to provide a second

crude (+)-CBD residue.

Synthesis of (+)-CBD-bis(3,5-dinitrobenzoate)(4b): A solution of 3,5-dinitrobenzoyl
chloride in dichloromethane is added dropwise to a stirred mixture of the second

20  crude (+)-CBD residue, 4, N,N-dimethylaminopyridine, pyridine, and
dichloromethane at 0° to 5°C. The mixture is then allowed to warm to 25°C and
stirred for 2 hour at 25°C. The mixture can then be poured into a mixture of 37%
HCI, ice, and dichloromethane. The resulting organic phase can then be collected,
sequentially washed with brine, and 5% NaHCOs, dried over Na;SOj, and then

25  filtered. The resulting filtrate can then be concentrated under reduced pressure to
provide crude (+)-CBD-bis(3,5-dinitrobenzoate) (4b). A solution of the crude
(+)-CBD-bis(3,5-dinitrobenzoate) in a 10:1 (vol:vol) mixture of isopropanol and



chloride in dichloromethane is added dropwi se to a stirred m xture of the
second 20 crude (+)-CBD residue, 4, N, Ndinethylam nopyridine, pyridine,

and dichloronmethane at 0 to 5C. The mixture is then allowed to warmto 25C
and stirred for 2 hour at 25C. The m xture can then be poured into a

m Xt ure of 0 i ce, and di chl oromet hane. The re i ni ¢ phase
wo by TS e

can then be C sequentially washed with brine, an HCGs,
dried over Na2SO4, and then 25 filtered. The resulting filtrate can then be
concentrated under reduced pressure to provide crude

(+)-CBD- bi s(3,5-di nitrobenzoate) (4b).-8A-solution of the crude

(+)-CBD- bis(3,5-dinitrobenzoate) in a 10:1 (vol:vol) m xture of i sopropanol
and WO 2006/ 133941 PCT/ EP20061005761 -84- ethyl acetate is stirred overnight
at 25C and then filtered. The resulting precipitate can then be washed
three tines with a 10:1 (vol:vol) m xture of isopropanol and ethylacetate,
and dried underthykduged sprebevermaght et 25f© wndiberciijestdal Thie nesulting precipitate

+) - CBD- bi s( 3, 5-.dj ni \ . ) i felt)- b): A
gn' 2<t ure o:‘ Sg heégﬁrje)}/lgi %ﬁr‘ﬁgﬁi&ﬁ{%@n&g@%?é?é%@ﬂé’{ﬁﬁ{t‘?ﬁggg#zs%%?é&? B(asfg) )

but yl am ne, andthybragnend dgedsndenredicet pressemto prewdesrasteliiee f or 12 hours and
t hen Concentrat(%é’(f%'ﬁﬁ%%&%ﬁ-ﬁfﬁﬂ&%@nz%tﬁf(ﬁ e. The resulting residue can then

be purified by c romat ogr aphy on silica gel 10 (el uent hexane: MIBE
(70:1 (v:v)p to provide (+)-CBD as an oil, which can then be dissolved in

hexane and StOréﬁ’g”ég%%zf]??f%?f_!,’{i-"’;é&mrmﬂﬁgﬁ‘syﬁéﬁi t m xture can then be

filtered, and the res . ids can thenk ried under reduced pressure
to provide (+)YH)EEBDB.S5-dwitighenzeatey($b) butglamitei anld tgdugnehiastisred aproeint y  of

about 98% ( by @%ﬁerat&y Rl hefibts A tgefilgcgﬁc' Qt’fétéﬁ?rfdlﬁ?&hhdég ﬁﬁé&sﬂ&i i Of BF3EL20 in

anhydrous 15 dichloronethane is adc ropw se wt irring over 1 hour to
a sol ution of resplisg esidpgreanthenbepmyifi@id)y cohmarshspdratnggaptly ehilitagisbt hane at

-5C. The r Q%l‘” t(élﬁ&t hexane:MTBE (70:1 (v:v)) to provide (+)-CBD as an oil, which can then be
dissolved in hexane and stored overnight at -15°C. The resultant mixture can then be
filtered, and the resulting solids can then be dried under reduced pressure to provide
(+)-CBD (3b) as white crystals, which can have a purity of about 98% (by GC).
Synthesis of trans-(+)-A°-THC: A solution of BF3-Et,O in anhydrous

15  dichloromethane is added dropwise with stirring over 1 hour to a solution of
crystalline (+)-CBD (3a) in anhydrous dichloromethane at -5°C. The resulting
mixture is stirred for 1.5 hours at -5°C. The mixture is then added to a mixture of ice
and 7% NaHCOs;. The resulting organic phase can then be collected and the aqueous
phase can be extracted twice with dichloromethane. The combined organic phases

20  are washed with water, dried with Na;SOy, and then filtered. The resulting ﬁltrate
can then be concentrated under reduced pressure at 40°C. The resulting residue can
then be purified by column chromatography on silica gel (stationary phase) using
MTBE:hexane (1:100 to 3:100 (v:v)) as eluent to provide crude
trans-(+)-A’-THC (1b), which is expected to have a purity of about 90% and to

25  appear as a yellow oil.



m xture is stirred for 1.5 hours at -5C. The m xture is then added to a

m xture of ice and 7% NaHCO03. The resulting organi c phase can then be
col l ected and the aqueous phase can be extracted twice with

di chl oronet hane. The conbi ned organi ¢ phases 20 are washed with water,

dried with nd then filtered. The resulting fi then be
concentraté@l8 gﬁr *Yeduced pressure at 40C. The resul?k%@ﬂéggpgﬁg can then
be purified by colum chromatography on silica gel (stationary phase) using
MIBE: hexane (1:100 to 3:100 (v:v)) as eluent to provide crude
trans-(+)-A9-THC (1 b), which is expect®d to have a purity of about 90% and
to 25 appear as a yellow oil. WO 2006/ 133941 PCT/ EP2006/ 005761 -85 6.6
Exanpl e 6: Preparation of trans-(+)-A9-THC A m xture of olivetol, zinc

chl oride, and anhydrous dichloronethane is stirred at 40C for 1 hour. A
solution of (-) p-nmentha-2,8-dien-I-o0l in anhydrous 5 dichloronethane is
added drop-wi se over 1 hour at 40C to the stirred olivetol-containing

m xture, and the resultant m xture is then stirred for an additional 40

m nutes at 40C. The m xt ! e ﬁg%;lﬁﬂed?ﬂgga%}”}u%‘?t ags_%_hopq@d a solution of
BF3Et 20 i n anhydr ous dic en b rop-w se over 1
hour at -10C Arl?l%m!i}’b&ifélfv@tol $ink BRBri&d hid BHydr&ls dRP1ordHsihRS istkired RC.  Col d
water is then 10 added, and the resultin %lpha5|c m xture is stirred for

an additional Z8°Gfasdtew. 4 solyien ofryly-meatipiSrilietol-gLinB YIS es ar e

col l ected, washgdicSRMRRAL isHdbda - alseabalh\e@[t@moocste{orwa@&s sodi um
blcarbonate and water. The organi c phase can then be concentrated under

reduced pressurcdveel- WO@m%ﬁHXE“FFe apddle fepyliggt PigEirgis dher sfirdfarenpdditignal s o) ved

i n n-heptane at402fkutesth 809 Stk iiRPreTAh theh Belcoofed tNA0°E QAUERIhtRIloy Washed 15
wi th 10% aqueous KOH, and water, then dried wt and fi|tered. The

resulting fil t&ﬁséb@dﬂ@Wéwub@c@%e&mea%ag&wahaéqdwgéme@ae PreebaHrat at 40C.

The resulting.-[®si dﬂ@nﬁ&ﬁ}eﬁsf'tﬁéh doiered FoRr G0 imdR@dslay-10¢ st @d1l edtedds theaduced
pressure (0 1 mhar) t

added; and the resulting biphasic mixture is stirred for an additional 20 minutes at

0°C. The resulting organic phases are collected, washed sequentially with cold
water, 5% aqueous sodium bicarbonate, and water. The organic phase can then be
concentrated under reduced pressure at 40°C, and the resulting residue can then be
dissolved in n-heptane at 25°C. The resulting solution is then sequentially washed
15  with 10% aqueous KOH, and water, then dried with MgSOy, and filtered. The
resulting filtrate can then be concentrated under reduced pressure at 40°C. The

resulting residue can then be fractionally distilled at reduced pressure (0.1 mbar) to

provide trans-(+)-A’-THC (1b),

20 6.7 Example 7: Preparation of trans-(:l:)—A’-THC

A solution of BF;-Et;0 in anhydrous dichloromethane is added dropwise with
stirring over 1 hour to a solution of (+)-CBD in anhydrous dichloromethane at -5°C.
The (+)-CBD used in this step can be prepared according to the method disclosed in
Example 3, above, except that (+)-p-mentha-2,8-dien-1-ol is used as a reagent rather
25  than (+)-p-mentha-2,8-dien-1-ol. The resultant mixture is then stirred for 1.5 hours

at -5°C. The mixture can then be added to 7% NaHCO;. The resultant organic



9 provide trans-(+)-A -THC (Ib). 20 6.7 Exanple 7: Preparation of
trans-(f)-A9-THC A solution of BFyEtzO in anhydrous dichl oronethane is
added dropwi se with stirring over 1 hour to a solution of (+)-CBD in
anhydrous di chl oronmet hane at -5C. The ()-CBD used in this step can be
prepared a A o the nethod disclosed in Exanpl except
that (t)- pc‘g}rrgnﬁinﬂgﬁl% dien-1-0ol is used as a reagent ?g?/ﬁpﬂjg)@égmh P
(+)-p-nmentha-2,8-dien-1-ol. The resultant m xture is then stirred for 1.5
hours at -5C. The mi xture can then be added to 7% NaHCO3. The resultant
organi ¢ WD 2006/ 133941 PCT/ EP2006/ 0057&b - - 86 phase is then coll ected and

t he aqueous phase can be extracted with dichl oronmethane. The organi c phase
is then washed with brine and can be dried with Na2SO4 and filtered. The
resulting filtrate can then be concentrated under reduced pressure. The
resulting residue can then be purified by colum chronmat ography on silica
gel 5 (stati onghysephthaeollactel B dyesman ghasd cab0e ekivacRd OB d@ahlworjlethmleel uent
to provide crude tra ich is, expecte o..haye

appear ance of a yé’f%alél\?vplé‘igsf: Stﬁeﬁhwas thl?“élﬁsmt‘fﬁn 8 ‘?‘E@tthNa%b |n this
manner can therﬁlta&:ddirhsmkulmg fillrath eaethen be cangdntrited unelsuieducagpmssmteurTbel s then
mai ntai ned at ISt% re31duec t‘lﬁnbe THed recSo n%nlcr}]ngb m Xt% onmﬁc e?n filtered,
washed with colrtcisuh1 %ahe "and then fdried y WEEPLY pressure to provi de
trans-(f)-A% Tl-eéfauomhny@hase;arﬂmp"éBE hd{ahc)(lhla)(leeoz ﬂl@) (azpfpmrehlnmeo pfovids| i ght |y

rose-col ored cr ar ati.on of trans

Preparation of %“ ("fFéigﬁ gg;éanglﬁﬁés effP?cﬁe%g Ve s aﬁ’?‘ﬁaranc &Wm xt ure of
(- 15 )-1inonengeoHy Gens((®)-8°-THOPRIphSH ngthalmwﬁerl:aﬂthen seadlaﬁ&edinaﬁi@eeonen c
m xture; avail abI e from Al drich Chem cal, [ t hi ophenol

(e.g. avail abl éndfheasrlingRuxtesdnheypaingiegat - l%l\;g?%lolig? P"a‘ﬁﬁ) %B%%‘gggl um

car bonat e, mixture is then filtered, washed with cold hexane and then dried under reduced
10  pressure to provide trans-(i)-Ag-THC, which is expected to have the appearance of

slightly rose-colored crystals.

6.8  Example 8: Preparation of trans-(+)-A>-THC

Preparation of (-)-(1R,2R,S5)-2-phenylthio-8-p-menthen-1-ol: A mixture of (-

15 )-limonene oxide (e.g. comprising about 1:1 cis:trans diastereomeric mixture;
available from Aldrich Chemical, St. Louis, Missouri), thiophenol (e.g. available
from Fluka Chemical, Buchs, Switzerland), potassium carbonate,
N,N-dimethylformamide, and toluene are stirred at 117°C for 19 hours under an Ar
atmosphere. The mixture can then be cooled to 25°C and water added. The resulting

20  organic phase can then be collected, and the water layer can be extracted with
toluene. The combined organic phases can then be washed sequentially with water
and a 15% solution of brine. The organic phase can then be dried over Na,SO4 and
filtered, and the resulting filtrate can then be concentrated under pressure at 65°C.
The resulting product, which is expected to appear as a brown oil can then be

25  fractionally distilled under reduced pressure to provide (-)-cis-limonene oxide, which

can have a purity of about 90% or greater.



N, N- di et hyl f ormam de, and toluene are stirred at 117C for 19 hours under
an At atnosphere. The m xture can then be cooled to 25C and wat er added.
The resulting 20 organi c phase can then be collected, and the water |ayer
can be extracted with toluene. The conbi ned organi c phases can then be

washed seq with water and a 15% sol ution of organic
UEBGl @bt OF oRAJePingu i Or 0

phase can lied over Na2SO4 and fil tered, PeSut i ng
filtrate can then be concentrated under pressure at 650. The resulting
product, which is expected to appear as a brown oil can then be 25
fractionally distilled under reduced pr&ssure to provide (-)-cis-Ilinbnene
oxi de, which <can have a purity of about 90% or greater. WO 2006/ 133941
PCT/ EP2006/ 005761 -87 Preparation of (IR, 2R, 4S)- 1- Hydr oxy- 8- p- nent hen- 2
phenyl sul foxide: (-)-(IR 2R, 4S)-2-phenylthio-8 p-nmenthen-1-ol is dissolved
in nmethyl alcohol with stirring at 25C under an Ar atnosphere. The

resul ting sol utRrepuretom of WV RyES)d ofddecky- &mmer]t@ertbphe@ﬂsummdal ution of

OXONE(r)  (pot astai-(gfg)ég%g%@r{}ﬁﬁ%'%p %:%nth?ﬁ’f‘ﬁi 1?915 01\5 ﬁﬁ%@hﬁ a‘i'{ G it em Ca' )

in water is the WSe 1 I on over
hours at -10 t ctirbgat 2116 umtim anéstalmqsptgrernﬂnemseltmgsqlttm cgit fhen bejcdoled an

addi tional 30 rH)n Rl —é"% tAOso'ngg 83_85\(&@%@#@&%3& rbe}cﬁ(qupo%Hl\f\ﬁé quﬁlla{)lg 20 to

25C, and water can then” resu I phasi'c m xture can
t hen be ext rSactfexh Aliricih Cbiéngibdlp irowsthiathen added dopwise tettie metpaidlehphases can

then be dried qy {I%eg‘gw%&, S gtﬁgggr]{a d’Juce quﬁ‘lpedishféﬁst‘ir?egg{ngntng

filtrate can then concentr at e pressure at
provi de a resi duditiondhd0 mgsitdll to S°Chéhe pixtiré paadhdmpe V@hncxhiaﬂ@btloahﬁl‘@ on a

silica gel coluym, (el UG b2 aer?R&gEA 4%1%{ %)g% GRhat ﬁm%ire karf 41 grl ted ThE

fractions that contain nainl roxy-38 p-nent enyI
sul f oxi de are twithidderbinetbaheaitie congendtorganicphengsiean theadgdned @-rer s.c@hmur s at

4010 15 50 t Qu kOl I ficleh Tl thetBhachig MALOKY: HerfbicMBRLNEReAinBAS Mo U f OXT de

as a mxture | ast er eoners. pr I's reaction can be
stored frozen. pressure at 60° C to provide a residue. The re31due is then purified by

chromatography on a silica gel column (eluent: n-heptane/ethyl acetate 9:1 then 8:2).

The fractions that contain mainly (1R,2R,4S)-1-hydroxy-8-p-menthen-2-phenyl

sulfoxide are then combined and concentrated under vacuum for 10 hours at 40° to
15  50°C to provide (1R,2R,4S)-1-hydroxy-8-p-menthen-2-phenyl sulfoxide as a mixture

of two diastereomers. The product of this reaction can be stored frozen.

Preparation of (-)-cis-p-Mentha-2,8-dien-1-ol: A mixture of
(1R,2R,4S)-1-hydr0xy—8-p-menthen-2-phenylsulfoxide and piperidine in

20  dimethylsulfoxide is heated to 163°C under a flowing Ar atmosphere, and the
resultant mixture is then stirred at 163°C for 3 hours. The mixtufe can then be cooled
to 20° to 25°C, treated with water, and then extracted with diethyl ether. The organic
phases can be combined and washed sequentially with 1N HCI, a 7% solution of
sodium hydrogen carbonate, and brine, and then dried over sodium sulfate. The

25  organic phase can then be concentrated under reduced pressure. The resultant
residue can then be purified by silica gel column chromatography (eluent: n-heptane

followed by n-heptane:ethyl acetate (1:9 (v:v)). Fractions containing mainly



Preparation of (-)-cis p-Mentha-2, 8-dien-1-01l: A m xture of

(IR 2R, 4S) - | - hydr oxy- 8- p- nent hen- 2- phenyl sul f oxi de and piperidine in 20

di met hyl sul foxide is heated to 163C under a flow ng Ar atnosphere, and the
resultant m xture is then stirred at 163C for 3 hours. The m xture can then

be cool ed 25C, treated with water, and then th
di et hyl et h\;(-%-]g2 ﬁ%ggr gani ¢ phases can be conbl ned and %(}E{)‘ﬁ&t/%%g%muentl ally

with INHC, a 7% sol ution of sodium hydrogen carbonate, and brine, and
then dried over sodium sulfate. The 25 organi c phase can then be
concentrat ed under reduced pressure. T&-resultant residue can then be
purified by silica gel colum chronmatography (eluent: n-heptane followed
by n-heptane: ethyl acetate (1:9 (v:v)). Fractions containing mainly WO
2006/ 133941 PCT/ EP2006/ 005761 88  (-)-cis p-nmentha-2,8-dien-1-o0l are
conbi ned and concentrated under reduced pressure at 40 to 50C over 10
hours to provi do-dgs-p-meitha-g.3rdeant hel-ape @mbined ahd erincentrped padeataduged of

trans-(t)-do- T'ﬂgessdr M@o ey 1611%@%0\%4 &)-REFRANGI 23S dich- ?'%’FC“ bed

above, except | I ronene oxid .g. conprising about
cis/trans dlastereonerlc nlxture) |s used i nstead of (- )-IlnDnene OX|de A

Stirred ai 40C G io B PamTR- e A0R ALY CUG Lo RRATELTE ) °
(+) - p- mrent ha- 2 d8scdbe1mbbve3b>sceamuatzﬁn)hlyd¢r@mssoxmh (elsl onpreinpamet ai:é added
drop-w se over cils/tgﬂyﬁl &ére(ﬂt(?enth%&tta?e%ftds&{ gg?a:h%f g—h—lli}élgg&le ogl(agt ﬁ'ng%tﬂg:(g' xture,

and the resulting m xture 16 irre onal m nut es at
40C. The mi xt urdvaelnzihheorile, and ehlmdrdue dichlo@methage iasm)ftdult #&6 fof l BR8 Et 20 in

anhydrous di chl ogom;]gpef E&P&Q% &}qu?gl g@%nmg“tﬁag%g 1,,hur, d 1OC The

m Xxture can then be sti m nut then c
can be added. Tilivelormlhambnlgabdqsihia@ wlsnvwmrheunas4(ﬂ°heﬂle§mr¢¢ ed for an

addi ti onal %0 %ﬁv egcldﬁﬁﬁlhr%tm&ﬁ de Irnﬁhé 3y 111@ ﬂ&t@éﬂ% tnpm?ancﬂgltltogaq n be

col |l ected and was wat er, 8% aqueous sodi um bi carbonate, and
wat er. The or géﬁmgmpﬁ;@gé@’@aﬁ’hg héxfure can then be cooled to -10°C, and a solution of

BFEt,O in anhydrous dichloromethane is then added drop-wise over 1 hour at
-10°C. The mixture can then be stirred for 30 minutes at -10°C, and then cold water
can be added. The resulting biphasic mixture is then stirred for an additional 20

15 minutes at 0°C. The resulting organic phase can then be collected and washed with
cold water, 8% aqueous sodium bicarbonate, and water. The organic phase can then
be concentrated under reduced pressure at 40°C. The resulting residue can then be
dissolved in n-heptane at 25°C and washed with 10% aqueous KOH for 40 min at
25°C, and then washed with water. The organic phase can then be concentrated

20 under reduced pressure at 50°C to provide crude (+)-A’-THC, which is expected to

appear as a brown oil.

Crude (+)-A’-THC oil prepared in this manner can then be dissolved in a minimal
amount of heptane and then purified by chromatography in a single pass using a

25  Merck-Knauer PP K-1800 preparative chromatograph with one cylinder (e.g. 50 mm
x 210 mm of LUNA. CM 10 pm,; loading capacities 600 mg; eluent: n-heptane).

. .. 9 .
Fractions containing trans-(+)-A -THC are combined and concentrated under reduced



be concentrated under reduced pressure at 40C. The resulting residue can
then be dissolved in n-heptane at 25C and washed with 10% aqueous KOH for
40 min at 25C, and then washed with water. The organi ¢ phase can then be
concentrated 20 under reduced pressure at 50C to provide crude (t)-A9-THC,
which is ex&gg&gﬂlﬁﬁ> appear as a brown oil. Crude ()}@T@§J$109%{ pr epar ed
in this manner can then be dissolved in a mninmal anount 0 ept ane and
then purified by chronmat ography in a single pass using a 25 Merck-Knauer PP
K- 1800 preparative chronmat ograph with one cylinder (e.g. 50 mm x 210 mm
of LUNA CM 10 pm | oading capacities 639-ng; eluent: n-heptane). 9
Fractions containing trans-(+)-A -THC are conbi ned and concentrated under
reduced WO 2006/ 133941 PCTI EP2006/ 005761 -89 pressure at 40C to provide
trans-(t)-A9-THC (1), which can have a purity of over 90% 6.9 Exanple 9:
Preparation of trans-(t)-A9-THC 5 A m xture of olivetol, zinc chloride, and
anhydr ous di chlpesamneitdai®@tol ppoddd tranedt)at -THIOQ) fvdtichlcah bame.a pArigalfuvéron of (+)
p-nentha-2,8-d5§@-l-ol i n anhydrous dichl oronethane is then added
drop-w se over “1”hour at 40 to the stirred olivetol-containing mxture,
and the resultant m xture is then stirred for an additional 0.50 hours at
40C. The m xture can then be cooled to -10C, and a solution of 10 BF3 Et20

i n anhydrous di chl oronet hane s then_ added. dr op- wi {o e mxture over 1
hour at -10C. The nixtur%éis b pRIRE 255 S%ﬁé% -10C, and cold
water can tRen g added bl St bhibidGalQnh Rk Ridiatise Wk g The
organic phage [}ém?ﬁeﬁﬂ%%%léépedqaﬁggwasﬁggﬁﬂ%th cold fb%ef, 5% agueous
sodi um bi car bodétfor fheur. wetobition The)-prepatiad. tiasé-obimpnhyissisbe dri ed over

Na2SO4 and Ti | ek Rebmdde fshfenlRddd@fl-#isB Bvdr it bl 0GB thelshiffey be concentrat ed
under reduced pressure to provide a first
olivetol-containing mixture, and the resultant mixture is then stirred for an additional

0.50 hours at 40°C. The mixture can then be cooled to -10°C, and a solution of

10 BF3-EtpO in anhydrous dichloromethane is then added drop-wise to the mixture
over 1 hour at -10°C. The mixture is then stirred for 0.50 hours at —10°C, and cold
water can then be added with stirring to form a biphasic mixture. The organic phase
is then collected and washed with cold water, 5% aqueous sodium bicarbonate, and
water. The organic phase can then be dried over Na,SO4 and filtered, and the

15  resulting filtrate can then be concentrated under reduced pressure to provide a first

9
crude trans-(+)-A -THC residue.

9
The first crude trans-(+)-A -THC residue can then be dissolved in heptane, and the
resulting solution can then be washed with 10% NaOH, and water. The organic

20  solution can then be dried by azeotropic distillation and concentrated under reduced

9 .
pressure to provide a second crude trans-()-A -THC residue.

6.10 Example 10: Preparation of trans-(+)-A’-THC from a Mixture of
Crude trans-(-)-A’-THC and trans-(+)-A’-THC

25  Trans-(-)-A’-THC can be prepared as described in Example 9 for preparing

trans—(ﬂ:)—Ag-THC residue, except that (+)-p-mentha-2,8-dien-1-ol is used instead of



9 crude trans-(+)-A -THC residue. The first crude trans-(+)-A9-THC residue
can then be dissolved in heptane, and the resulting solution can then be
washed with 10% NaOH, and water. The organic 20 solution can then be dried
by azeotropic distillation and concentrated under reduced 9 pressure to

provi de a de trans-(t)-A -THC resi due. 6.10 ;%
Prepar at i Oz\?ié?ﬁ]}tg/g%%ié ()-A 9-THC froma M xture of ?@?Rgszog ) - A9- THC

and trans-(+)-A9-THC 25 Trans-(-)-A9- THC can be prepared as described in
Exanple 9 for preparing trans-()-A9-THC residue, except that
(+)-p-nmentha-2,8-dien-1-ol is used inst%®ad of WD 2006/ 133941

PCT/ EP2006/ 005761 -90- (f)-p-nentha-2,8-dien-l1-ol. Crude trans-(-)-A9-THC
prepared in this manner can be about 40% by wei ght of trans-(-)-A9-THC, as
determ ned by HPLC. Trans-(+)-A9-THC can be prepared as described in
Exanple 9 for preparing 5 trans-(+)-A9-THC residue, except that
(-)-p-nentha-2 (:B)-plnemthh—Z;ﬁLdmrsl use:dndenameaqmafrHC(mapapdmemshmnaa&aniben | -ol .

Crude trans- (+) H pre in. thi nner ca bout 35% by wei ght
of trans-(+)-Ad° égﬁg§ e(ééuhécgaéﬁ§“P ngﬁgH% and crude
trans-(+)-z 9-THC can be dlssolved together in 10 heptane at 25C. The

resultant solution is §hen adm xed with a solution of 9% agueous
NaOH: met hanol Ofﬁﬁéb)% T@?fm’Wﬁeqﬁﬁﬂﬁﬁﬁﬁ??Tﬂﬁ%g§%§ﬂ%?g“Pﬁ@ﬂ“€OWb|ned and

treated wt @t ﬁg%?lsgg%- ggglﬁeée)pc%ttﬂ?att ﬁg—g%ent?f& ZU{'EhE l-ohﬁ upéd xhﬁcﬁl@g?m 7.

Heptane is organi c phase i's was wth
wat er. The orgaﬁ)pnwmmaSQ<hanbbhéhmbeuﬂ9tedfdvﬁrmhhﬁ&ﬁnﬂandmﬁwt@mmed and

o pr ovi de o udtoH Paey ek ET TR TREFIABLEr ans- (1) - AS- THC pr opared i n
this manner can have a purity (HPLC) of about
The crude trans-(-)-A’-THC and crude trans-(+)-A’-THC can be dissolved together in
10 heptane at 25°C. The resultant solution is then admixed with a solution of 9%
aqueous NaOH:methanol (20:80 (v:v)). The methanolic phases are then combined
and treated with 10% citric acid at 0°C to about 5°C until the pH is about 7. Heptane
is then added, and the resulting organic phase is washed with water. The organic
phase can then be dried over Na,SO; and filtered, and the resulting filtrate can then
15  be concentrated under reduced pressure to provide crude trans-(+)-A°-THC. The
crude trans-(+)-A°-THC prepared in this manner can have a purity (HPLC) of about

45%, and is expected to be a brown oil.

The crude trans-(i)-Ag-THC can then be dissolved in heptane, and the resulting

20  solution is then cooled to 0°C and seeded with crystalline (:t)-A9-THC. The resulting
mixture can then be further cooled to —15°C for 12 hours and filtered. The resulting
solids can then be washed with cold heptane and dried under reduced pressure to
provide trans-(d:)—A9-THC. The trans-(+)-A>-THC can have a purity of over 95% and
is expected to appear as a white crystalline solid. Moreover, crystalline

25  trans-(x)-A’-THC prepared in this manner is expected to retain that white appearance
for at least three days at 25°C. Stability of crystalline trans-(+)-A’-THC can be

monitored, as a function of storage conditions, using HPLC analytical methods



45% and is expected to be a brown oil. The crude trans-()-A9-THC can then
be di ssolved in heptane, and the resulting 20 solution is then cooled to 0C
and seeded with crystalline (+)-p9-THC. The resulting m xture can then be
further cooled to -15C for 12 hours and filtered. The resulting solids can
then be wa | col d heptane and dried under redu to

provi de trﬁ@%”ﬁg’}% 'THC. The trans-(t)-A9- THC can havgggmg{??ﬁﬁ@gﬁgf over 95%
and is expected to appear as a white crystalline solid. Mreover,
crystalline 25 trans-(+)-A9-THC prepared in this nmanner is expected to
retain that white appearance for at |€dst three days at 25C. Stability of
crystalline trans-()-A9-THC can be nonitored, as a function of storage
condi tions, using HPLC anal ytical nethods WO 2006/ 133941 PCT/ EP2006/ 005761
-91 known in the art that are capable of separating and detecting
cannabinoid inpurities. In this nmanner, it can be denonstrated that the
crystal |l i ne tr dmewi in)the@t heQraRipalge of seharatmigasédttedting eannatonpid snpyoties. st abl e
to air, tenperatuyre. and.light,as co t r b - {51).+A9- THC
enant | omer 5. an HU BRGS0 o BRoR IS heldhhilfe sBHG B B Aror AT TG
Preparati on of thd prewit@avienkion il nod s1abloto aof tempérivarresnd|lfgbivs corapdrel] tonhe

di chl oronet hane is agf%dT a stol ution of olivetol and

(t) - p- ment ha- 2, BdFER Y261 i aROMEr omet hane.  The resul tant mixture can
be refluxedsfor 4 hours with renoval of water using a 10 Dean-Stark
separator. The m xture is then cooled to 25C and treated w th aqueous

NaHCO3. The resulta organi C ggﬁe can th @E e ecth%d concentr at ed
under reduced pr esgl]rle. iubie 115 Ppialoh SFH-ARNTR hERIECAS i hept ane and

washed with 10% NaOH, and the resultant organic phases can be concentrated
under reduced REssimef 9-AHIBIG: de sdvtisdef (ethamBulTHE, acidhinlichbaemétbare a

i 0
purity of gr eatise a';dd%(i1 & sgﬁx(i%n oflo%vetol and (+)-p-mentha-2,8-dien-1-ol in dichloromethane.

The resultant mixture can be refluxed for 4 hours with removal of water using a
10 Dean-Stark separator. The mixture is then cooled to 25°C and treated with aqueous
NaHCQ;. The resultant organic phase can then be collected and concentrated under
reduced pressure. The resultant residue is dissolved in heptane and washed with
10% NaOH, and the resultant organic phases can be concentrated under reduced
pressure to provide crude (+)-A%-THC, which can have a purity of greater than 65%.
15

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

(fc)-Ag-THC, zinc chloride, and anhydrous dichloromethane is stirred for 0.5 hours at
25°C under an Ar atmosphere. The mixture is then cooled to 0°C, and gaseous
hydrogen chloride is bubbled through the mixture for 1.5 hours. The mixture can

20  then be poured into an ice bath, and the resultant biphasic mixture stirred for 1 hour
at 0 to 5°C. The organic phase can then be collected and washed sequentially with
cold water, 8% sodium bicarbonate solution, and water. The organic phase is then
dried over anhydrous Na;SOys, and filtered. The resultant filtrate is then concentrated
under reduced pressure at 30°C. The resultant residue can then be dissolved in

25  n-heptane, cooled to 0°C, and seeded with (+)-9-chloro-trans-hexahydrocannabinol.
The resultant mixture is then stirred at 0°C for 5 hours, cooled to -15°C, and stirred

at -15°C for 60 hours. The mixture can then be filtered and the resultant solids are



Preparation of ()-9-chloro-trans-hexahydrocannabinol: A m xture of the
crude (t)-As-THC, zinc chloride, and anhydrous dichl oronethane is stirred
for 0.5 hours at 25C under an Ar atnosphere. The mixture is then cooled to
0C, and gaseous hydrogen chloride is bubbled through the m xture for 1.5
hours. The m an 20 then be poured into an ice e

resul t ant b%é?i"g{l%”ﬁ‘i xture stirred for 1 hour at O t%@g@zo dgsigrgani C
phase can then be collected and washed sequentially with cold water, 8%
sodi um bi carbonat e sol ution, and water. The organic phase is then dried
over anhydrous Na2SO4, and filtered. F#-resultant filtrate is then
concentrated under reduced pressure at 30C. The resultant residue can then
be di ssolved in 25 n-heptane, cooled to 0C, and seeded with

(t)-9-chl oro-trans-hexahydrocannabi nol. The resultant m xture is then
stirred at OC for 5 hours, cooled to -15C, and stirred at -15C for 60
hours. The mni xtwaskedoeth dcollemhdpeanti Thesolids an then he dricdguderapducebiresdwrear e WO
2006/ 133941 PCI. 006/, 8L h10iQBanlk Wt DarGRh dri-RERE ARG The solids
can then be drislgggu?on‘%gérl%r)%ggce ropgaen\séglg%%g(gt 5_%%%‘0 prdglv%e

() - 9-chl or o- t ranS-<chiescettapsthexahyrnedonmbino! Premarggun thismeymer dap exceed 99%, as
(f)-9-chloro-trans-he grocannabi nol prepared in this manner can exceed
99% as anal yzae%\%y éi%ﬁ% ‘5 Preparation of (+)-49-THC. A nixture of
potassiumtért-anylate, the (t)-9-chloro-trans-hexahydrocannabi nol

prepared as above, and anhydrous toluene is stirred for 75 m nutes at 65C
The m xture is ghen cool-ed Pc . 1nto. | er. The resulting
or gani ¢ phase c};ar?fmtr%tg)r'f Oggigé%ﬁ&%@%‘ggy\g%%ggastgﬁﬁ%ﬁﬁ%@%y 10 with cold
wat er, 7% sodi Um-dcidambonahexahainckawabmol prafaecdos glenvecng hatgdropatolichers be
dried over anhydro 2504 Loncentr e. The
resul ting resi cfﬁgedé%ﬁ énrlfteﬁgtn%l g'sgﬁ?/'gém?%\%g@%ggﬁgdné%t%g%epgﬁﬁg%geé?, and

t hen seeded wiitdwdtér) TAQr<FiiMng drgmic wwed dan tign bt xdllgrted emlwvashaisepenidliyr r ed at
0C for 5 hOH)r Sswith cold water, 7% sodium bicarbonate, and water. The organic phase can then be
dried over anhydrous Na,SO4 and concentrated under reduced pressure. The

resulting residue can then be dissolved in n;heptane, cooled to 0°C, and then seeded

with (i)-Ag—THC. The resulting mixture can then be stirred at 0°C for 5 hours,
cooled to -15°C, and then stirred at -15°C for 60 hours. The mixture can then be

15 filtered and the resulting solids washed with cold n-heptane. The solids can then be
dried under reduced pressure at 50°C to provide (nE)-AQ-THC, which can have a purity
(HPLC) of over 95%.

6.12 Example 12: Purification of (i)-A9-THC

20 Preparation of (£)-&A-THC m-nitrobenzenesulfonate: A mixture of crude
(+)-A°-THC (e.g., the second crude residue prepared according to the method of
Example 9, above) can be combined with 3-nitrobenzenesulfonyl chloride,
triethylamine, and dichloromethane, and then stirred at 25°C for 1 hour. The
resultant admixture can then be treated with cold water, after which the resultant

25  organic phase can be collected and washed sequentially with 10% HCI, water, 5%
NaHCOj; and water. The organic phase is then dried over Na;SO4 and filtered. The



cooled to -15C, and then stirred at -15C for 60 hours. The m xture can then
be 15 filtered and the resulting solids washed with cold n-heptane. The
solids can then be dried under reduced pressure at 50C to provide
()-A9-THC, which can have a purity (HPLC) of over 95% 6.12 Exanple 12:
Purificati - A9- THC 20 Preparation of (t)-z19-

nm ni trobeng‘gﬁg@lﬁﬁ%ﬂate: A m xture of crude (t)-A9- TﬁggP‘é?O&?"’,"s?he second
crude residue prepared according to the nmethod of Exanple 9, above) can be
conbi ned with 3-nitrobenzenesul fonyl chloride, triethylamne, and

di chl oronet hane, and then stirred at 23€-for 1 hour. The resultant

adm xture can then be treated with cold water, after which the resultant 25
organi ¢ phase can be coll ected and washed sequentially with 10% HCl, water,
5% NaHCO3 and water. The organi c phase is then dried over Na2SO4 and
filtered. The WO 2006/ 133941 PCT/ EP2006/ 005761 -93 resultant filtrate can
t hen be concentresattad filiratheran fhed be esheprtesd under talugxd prdssiee @ providet a firstr ude

- A9- THC [ | f. i due, .which h . ' f
Bbout 40wt ST (P e 8 e ferrao it Sigf GREIR EpfhuP b dbi ©

m ni t r obenzeneswhtonalydiriesi due can then be dissolved in isopropanol at
50C. The resultant solution is then cooled to roomtenperature, seeded
wi th powdered crystalline (t)-A9-THC m nitrobenzenesul fonate, cooled to
0C, and then stihigfas che (H2A°MHIC raditréienzehbialforsdikdi@ntcaliieh b¢ @issobretl hen
filtered, and the resultant solids can be washed wi th cold heptane, and
dried under reduteRoRmOH aQ &y hergsulimbinlyionss @%‘b‘iﬁ’ﬁw‘l&ﬁa’é‘ RIRRrAY ST HC

m ni t r obenzeneseddb@Rah Bow @SdddR taliTcqs)-NETHOW-S8bcHzend oSS 0dledtb Ude
(f)-A9-THC m ni trobenzenesul fonate resi due can, according_to HPLC, have a

d
purity of over 07 g thepgtiseddont? happdd ¢ Theoresplientminiure i3 hem kel and onat e can

then be di ssol vebedultant b6lidicebOr QAL BRI Hdpaunt, @BUbLE@NInd&akdHctdN can be

distilled while isopropanol is 0 ) )
10  pressure to provide a second crude (+)-A”-THC m-nitrobenzenesulfonate residue as a

yellow solid. The second crude ()-A°-THC m-nitrobenzenesulfonate residue can,

according to HPLC, have a purity of over 75 %.

The second crude (:t)-Ag-THC m-nitrobenzenesulfonate can then be dissolved in

15  dichloromethane. The resultant solution can be distilled while isopropanol is
continuously added dropwise to the mixture. The distillation is stopped when the
temperature of vapors in the head of the column reaches 82.4 °C. The contents of the
distillation pot are then cooled to 0°C to 5°C, and the resultant suspension stirred for
12 hours at 0°C to about 5°C. The suspension can then be filtered, and the resultant

20  solids washed with cold heptane and then dried under reduced pressure to provide
crystalline (+)-A’-THC m-nitrobenzenesulfonate, which can have a

HPLC-determined purity of 99.0%

Preparation of (t)-A9 -THC: A mixture of the crystalline (ﬂ:)-AQ-THC

25  m-nitrobenzenesulfonate prepared as above, 50% NaOH, and methanol is stirred at
50°C for about 1-2 hours and then cooled to room temperature. The cooled mixture
can then be mixed with cold water followed by addition of 10% HCI until the pH is

about 7. The resultant mixture can then be extracted with heptane, and the organic



continuously added dropwi se to the m xture. The distillation is stopped
when the tenperature of vapors in the head of the colum reaches 82.4 C
The contents of the distillation pot are then cooled to OC to 5C, and the
resul tant suspension stirred for 12 hours at OC to about 5C. The

suspensi on %8% é};{sﬁ be filtered, and the resultant ZOPEE’M% /%@%ped W th
col d heptane an en dried under reduced pressure to provi crystalline
(t)-A9- THC m nitrobenzenesul fonate, which can have a HPLC—determ ned
purity of 99.0% Preparation of ()-49-THC. A m xture of the crystalline
(t)-A9-THC 25 m nitrobenzenesul f onat e -pdepared as above, 50% NaCOH, and

met hanol is stirred at 50C for about 1-2 hours and then cooled to room
tenperature. The cooled m xture can then be mxed with cold water foll owed
by addition of 10% HCl until the pHis about 7. The resultant m xture can
then be extracted with heptane, and the organic W 2006/ 133941

PCT/ EP20061005 Z8ttact w@sﬁ:eexetqnmallmﬁh &0 Noglflisrand whteyy Thietohgai@ophlsski@Berand
water. The or 93 ed: oxp %ﬁj n%ﬁﬁ’ ed. dIrhe u éﬁ?ﬁltxj\%%§%er?géjconlcén§r§treg QHdeIhe
resultant filtrate can thén concen rated ressure rovi de
crude () - A9- TH@resAmato}{m\sde(dﬂRlc@):) mngHﬁeralml@(Pmmduﬁtﬂae cnuddpnoduoes that a

urit f 92% b THC b d.. 5 Th d
O a0) he can ittt oy oftrel SRRk e A PRSI  FSb b edn: “sol uti on

is then coolsed to 0C, seeded wi th powdered crystalline (+)-A9-THC, and
stirred for 12 hours at -15C. The resul tant m xture n_then be filtered
and the resul tTé‘ﬁfmg‘E)ﬁ)dssT\H&s??édh%bﬁﬂ‘sﬁ%Yed i Repragp at 401‘1§eT1§%‘ie?‘dt§mare t hen

dried under redpegsh i theRkEISHHBC eeéa@@mtﬂsome}eﬁ%sﬂﬂ@ege - frehinhe
crystals. This crystalline “%&5@ 3 THC is stable at 25Cin the presence of
e

air and | abor atsBisd for fhrqupsct Reesultpgsngxtugerran thep ge Bterediandghrduct

| ndi cates that g,k bdids Vhshed witkeidRe eleo%@gcn@siare the 3ri @B Bdubdd
Preparation of Crystalline (f)-A9-THC from
10  pressure to provide (£)-A’-THC as off-white crystals. This crystalline ()- A’-THC is

stable at 25°C in the presence of air and laboratory lighting. Moreover, HPLC
analysis of the product indicates that a purity of 99.0% can be obtained.

6.13 Example 13: Preparation of Crystalline (:i:)-A’-THC from
15 trans-(-)-A>-THC and trans-(+)—A9-THC

A solution of trans-(-)-A’-THC (1a) and trans-(+)-A’~THC (1b) in heptane is cooled

to 0°C, seeded with trans-(x)-A’-THC, and stirred for 5 hours at 0°C. The resultant

mixture is cooled to -15°C and stirred for an additional 48 hours at -15°C. The

mixture is then filtered, and the resultant solids are washed with cold n-heptane. The
20  solids recovered are then dried under reduced pressure at 35°C to provide crude

(#)-A°-THC, which can have a purity of over 93%.

This crude (+)-A’-THC can then be dissolved in heptane at 50°C, and the mixture
cooled to 0°C with stirring. The resultant mixture can then be stirred at 0°C for 2
25  hours, cooled to -15°C, and stirred for an additional 48 hours at -15°C. The mixture

can then be filtered and the resultant crystalline solids washed with cold n-heptane.



15 trans-(-)-A9-THC and trans-(+)-A9-THC A solution of trans-(-)-A9-THC
(la) and trans-(+)-A9-THC (I b) in heptane is cooled to O0C, seeded with
trans-(+)-A9-THC, and stirred for 5 hours at OC. The resultant mxture is
cooled to -15C and stirred for an additional 48 hours at -15C. The mxture
is then filger jd the resultant solids are washed hept ane.
The 20 sol i‘&fgzﬁ)gfégver ed are then dried under reduced 5%/2%3§@40%€p35cpt
provi de crude (+)-A9-THC, which can have a purity of over 93% This crude
()-A 9-THC can then be dissolved in heptane at 50C, and the m xture cool ed
to OCwith stirring. The resultant m xt9re can then be stirred at 0C for 2
25 hours, cooled to -15C, and stirred for an additional 48 hours at -15C
The m xture can then be filtered and the resultant crystalline solids
washed with cold n-heptane. WO 2006/ 133941 PCT/ EP2006/ 005761 -95 The
solids obtained are then dried under reduced pressure at 35C to provide
crystal line (f)FhéSelidsiGbtninad aream:ntdaetburelelpuducbqpmésum\ae%°97to ptovide14 Exanpl e
14: Preparation o t +) A9- THC, obtai ned for
exanpl e by enanctwsoa%heei tngreHdgﬁlrao%f)gthA@e add%fOffOR' cr ystal line ()-A9-THC as
described in Exanple 16 below, and trans-(-)-A9-THC which can be obtained
according to the nethod of Exanple 4 above, are di ssol ved in heptane. The
resultant solution ca I'1ine

o e STher oo A fe §98heH 110p R0 ARty SEEARGNC! Rl e o
72 hour 10 at -15C. The resultant mXxture is flltered and the solids washed
with col d hépt dnens-(+-FAeTHE) qhirinedfer axpraple fy pregitiopaleetivechiwmatographeelsur e at 35C

t d of t th
0895 6. 16° Exaump e it L diane i S ELMANG, Sy a2yl Soter than
trans(-)-A9- TH@zlwmban bedsainedarsor(ing toAbe Meilo¢ affExsmplsricghaye dreissgyaoesses
described in E)E%E%Leesfhé re%{;'lganp sohﬂgg\é% be SoRE &td°&eahg seeg'gd%gi% &&s@ﬁﬁﬁe( -)-A9-THC

and
(+)-A>-THC. The resultant mixture is stirred for 5 hours at 0°C, and then for 72 hour

10  at-15°C. The resultant mixture is filtered and the solids washed with cold heptane.
The solids are then dried under reduced pressure at 35°C to provide crystalline

(:t)-Ag-THC, which can have a purity of greater than 98%.

6.15 Example 15: Preparation of Crystalline (i)-Ag-THC

15  Crude trans(-)-Ag-THC and crude trans-(+)-A9-THC can be prepared by processes
described in Examples 4 and 6, above, respectively. Crude trans-(-)-A’-THC and
crude trans-(+)-A9-THC in heptane can be admixed with a methanolic caustic
solution containing 50% caustic, water, and methanol for 20 minutes at 25°C. The
resultant purple methanolic caustic (lower) phase can be collected, and the organic

20  phase admixed again with a methanolic caustic solution containing 50% caustic,
water, and methanol for 20 minutes at 25°C. The resultant methanolic caustic phase
can be collected, and a 10% solution of citric acid in water can be added to the
combined methanolic caustic phases to lower the pH to about 7. The yellow
admixture that results can then be extracted with heptane. The resultant organic

25  phase can be collected and washed with water, dried over Na;SOy, and filtered. The

resultant filtrate can be dried by azeotropic distillation and concentrated under



crude trans-(+)-A9-THC i n heptane can be adm xed with a nethanolic caustic
sol ution containing 50% caustic, water, and nethanol for 20 m nutes at 25C.
The resultant purple nmethanolic caustic (lower) phase can be coll ected,
and the organic 20 phase adnixed again with a nethanolic caustic solution
cont ai ni ng 9 |c wat er, and net hanol for 20 C. The
resul t ant n‘ggé?z’i(ﬁg %: caustic phase can be collect edeB @ﬁéo%é}%gol ution of
citric acid in water can be added to the conbined nmethanolic caustic
phases to lower the pHto about 7. The yellow adm xture that results can
t hen be extracted with heptane. The resil-tant organic 25 phase can be

col |l ected and washed with water, dried over Na2SO4, and filtered. The
resultant filtrate can be dried by azeotropic distillation and concentrated
under WD 2006/ 133941 PCTI EP20061005761 -96 reduced pressure. The red oil
that is produced can be dissolved in heptane, cooled to O0C, and seeded
with crystalli meducyd pxesstreiCTheTied ofl dwtilstrenduceddan ke disselvedin Hgptanp odadedl tot 0 - 15C
and stirred at p t

suction-filter chti)é ané&rdﬁd;—%glg?& ine QZeAdq‘\?\nwt g%ggﬁsm%teg{ngﬁtgpe% ge ‘r:oeoéegl t ant
yel | ow 5 sol i dgo afSéC ahd siwed at- d)5°(§3r®r Wlebars. §"¢letqsuitﬂntmlxp%f@%nd>é crude

(t)-A9-THC. Th ) dj ﬁﬂ{ e 1 eheRtaR Sty 50C, and

t he resul tant %g‘bq[ogﬁﬁtg(ﬁﬁcag@%e& Q@d%l&)%%l @ ei; ourse The r suI tant m xture
can be suctisn SbildStaeﬁr%bweémﬁrYh@CBWCil@stomi@@ﬂ@eﬁ)nibsTH@th col d hept ane.
The solids are then allowed to dry 10 under suction to provide (t)-A9-THC

as white crystals, that can have a purity greater than 95% 6.16 Exanple
16: Resol ut i on 1k crudafig=A -HQGnPedissgieed in heptane at- pOAD anpHiee fepdigny +) - A9- THC 15

(+) - A9-THC pr el%@fuﬁsin &)%{%Qrt&"l@‘éb fo? 23MbuRf TLQ%sﬁQ&VﬁxRﬁQ&ﬂ%HE&%oﬁﬁﬂe@@
separ ated by l'ash chromat ography on a Merck columm using Chiral pak(r)

ADTM 20 pm chi raa1j the s@ligds svaphed Paiages with spld mypptans. (The sdida are dreaploytdde dry( | oadi ng
capacity 500 MGB&uction to provide (£)-A’-THC as white crystals, that can have a purity greater

than 95%.

6.16 Example 16: Resolution of trans-(-)-A9-THC and
trans-(+)-A’-THC from ()-A’-THC

15 (¥)-A°-THC prepared according to any of the above procedures can be separated by
flash chromatography on a Merck column 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.
Fractions containing only the trans-(-)-A’-THC isomer can be combined and the

20  volatiles removedAusing a rotary evaporator at 35° to 40°C to provide
trans—(—)—Ag—THC (1a). In this manner, up to 99.9% pure trans-(-)-Ag-THC can be

isolated.

6.17 Example 17: Resolution of trans-(-)- A’-THC and
25 ' trans- (+)-A°>-THC from (+)-A’-THC

Crystalline (fc)-A9—THC, prepared according to any of the above procedures, can be

dissolved in heptane:2-propanol (95:5 (v:v)) mixture. The resultant solution is then



injection, W at 228 nm and n- heptane: 2-propanol (95:5 (v:v)) as the

nobi | e phase. Fractions containing only the trans-(-)-A9-THC i soner can be
conbi ned and the 20 volatiles renoved using a rotary evaporator at 35 to
40C to provide trans-(-)-A9-THC (1a). In this manner, up to 99.9% pure

trans- ) be isolated. 6.17 Exanple 17: R '

trans- A&S-E%—(&%aﬁd 25 trans- (+)-A9-THC from (t)ig%#%bég@f/ﬂ al l'ine
()-A9- THC prepared according to any of the above procedures, can be

di ssol ved in heptane: 2-propanol (95:5 (v:v)) mxture. The resultant
solution is then WO 2006/ 133941 PCT/ EPZ00G6/ 005761 -97 injected into a 2
inch stainless steel "Load and Lock"” colum (Varian) packed with

Chiral pak(r) AD chiral derivatized silica (Chiral Technol ogies, Inc. Exton,
PA). Elution can be 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 5 i6@edintoof2 ethugtrinlessisteel ‘Dondatd lonk ofolwanyatmiasked Witk el uent

can be carried @H& QmH\éhﬁagQ ml&m (@@@1 @@J{;@&Sm@mﬁ%@c wi ll

elute first, conbi ned trans- ents can
concentrat ed urfdetronrcerdh@:@quroeswleewmmprcowtdmswthmoletu)no@ THC (1b) as a

10 reddi sh-yell

trans- (+) - A9- TI—?%W 50pr%?£ﬁ(§3%5¥] Q?at};rl_t] glr]égrg(t&re%k %%’ETHC&E*%&&E?] sowcrzgtr(l3 ‘be

concent r at ed urkdémly dalisatinipr Esteaia of gomppawidde thetatugniscap by coxgediyCby | a) as a
t hi ck vi scous r@ﬂgﬁsg nXﬁLt‘ﬁ‘f"n&" Trans-(-)-A9- THC 15 product prépared in

t his manner can have a purity of over 99% 6.18 Exanple 18: Resol ution of
trans-(-)-A9-THC and trans-(+)-A9-THC from (t)-A9-THC Crystalline

(T)-A9-THC, €. Or, RIGPAPEHAGHULAL R, bd AR YorMinddEn@ROY K- PHOCRANS €5 Can

be concentrated under reduced pressure to provide trans-(+)-A’-THC (1b) as a

10 reddish-yellow oil.

Trans—(—)—Ag—THC will elute after the trans-(+)-A’-THC, and the combined
trans-(-)- A®°-THC eluents can be concentrated under reduced pressure to provide
trans-(-)-A°-THC (1a) as a thick viscous reddish-yellow oil. Trans-(-)-A’- THC

15  product prepared in this manner can have a purity of over 99%.

6.18 Example 18: Resolution of trans-(-)-A9-THC and
trans-(+)-A°-THC from (£)-A’-THC

Crystalline (i)-Ag-THC, e.g. prepared according to any of the above procedures, can
20  be dissolved in a 95:5 heptane:IPA (v:v) mixture to provide a 10 wt.% solution. A

portion of the 10% solution is injected into a 220 x 50 mm stainless steel column

(Merck) packed with Chiralpak® AD 20 mm chiral derivatized silica (Daicel, Tokyo,

Japan). Elution can be carried out under isocratic conditions with a solution of

heptane:2-propanol (95:5 (v:v)) solvent at about 25°C and at a flow rate of 200 mL
25  of eluent/min. Detection of products in the eluent can be carried out by UV

absorption at 228 nm.



20 be dissolved in a 95:5 heptane: I PA (v:v) mxture to provide a 10 wt. %
solution. A portion of the 10% solution is injected into a 220 x 50 mm
stainless steel colum (Merck) packed with Chiral pak(r) AD 20 mm chiral
derivatized silica (Daicel, Tokyo, Japan). Elution can be carried out
under isocraf.i itions with a solution of heptang; 2- (95:5
(v:iv)) soIQghf&gﬁggﬂout 25C and at a flow rate of 200$C/Eg%8@ﬁ9§*uent/n1n.
Det ecti on of products in the eluent can be carried out by U/ absorption at
228 nm WD 2006/ 133941 PCTI EP20061005761 98  The fracti ons cont ai ni ng
(+)- A9- THC can be conbi ned and concentr®8ted under reduced pressure to
provide (+)-A9-THC as reddi sh-yellow oil having a purity of about 97.0% 5
The fractions containing trans-(-)-A9-THC can be conbi ned and concentrat ed
under reduced pressure to provide trans-(-)-A9-THC (la) as a thick viscous
reddi sh-yellow oil having a purity of 99.9% This product is stored in a
freezer and prothedmeeipns panfaining Gid dME wRr e eembingl agd soncesteptgd|vadero:

Preparation ande&b&fAﬁ&Isﬁe k2100 (195A°- THY AtrdldishBR1W B Ravidg Al §F 6. 19. 1
Preparation of ﬁ-)- 9- Tet r ahydr ocannabi nol from n- Cannabidi ol OH OH BF3
Et 20 -, C CH, ClapgatPZ0%- oN n- Cannabi di ol (-)-A9- Tetrahydrocannabi nol A
250-nmL reactor was charged with dichl oronethane (240 g) and boron
trifluoride 15 diethyletherate (8.4,9) and filled with argon. The

resul ting sdl utThefagioss exstinee Fans-(9¢d d Hinepntbs sorglinest ang sorsentiatedamderbi di ol
(15.0 g) in di chluesarRENa bl BdnsWBN*-THC (1a) as a thick viscous reddish-yellow

oil having a purity of 99.9%. This product is stored in a freezer and protected from

light and oxygen.

10 6.19 Example 19: Preparation and Characterization of
Crystalline trans-(i)-A9-THC

6.19.1 Preparation of (-)-A°-Tetrahydrocannabinol from n-Cannabidiol

BF;E,0 "
e New | CH.Cl, "
n-Cannabidiol (-)—Ag-Tetrahydrocannabinol

A 250-mL reactor was charged with dichloromethane (240 g) and boron trifluoride

15  diethyletherate (8.4 g) and filled with argon. The resulting solution was cooled to
-10 °C and the solution of n-cannabidiol (15.0 g) in dichloromethane (60 g) was
added dropwise to the mixture over a one-hour period at -10 °C. The reaction
mixture was stirred for an additional two hours at the same temperature ( -10 °C). A
sample taken after 1.5 hours was analyzed (gas chromatography) and found to

20  contain (-)-A’-tetrahydrocannabinol ((-)-A’-THC) (80.8%), n-cannabidiol (CBD)
(4.46%) and A%-iso-THC (12.3%).



added dropwi se to the m xture over a one-hour period at -10 C. The reaction
m xture was stirred for an additional two hours at the sane tenperature
(-10 ©. A sanple taken after 1.5 hours was anal yzed (gas chr omat ogr aphy)
and found to 20 contain (-)-A9-tetrahydrocannabi nol -A9- THC) (80.8%,

n- cannabi dl@bé%:?&“ (4.46% and A8-iso-THC (123%. C%%PSMD%;%M

PCT/ EP2006/ -99 The reaction m xture was poure Ce- Wat er (100
g) and the mxture was stirred for 20 mnutes at 0 C. The dichl oronet hane
| ayer was washed successively with cold water (50 g), dilute sodium

hydr ogen carbonate solution (50 g) and%ater (50 g). The dichl oronethane
solution was dried over anhydrous sodiumsulfate (15 g), and 5 sol vent was
evapor at ed under reduced pressure at 40 C (i.e. tenperature of the water
bath) to provide 14.9 g of a yellow oil (yield 99% containing 81.8% of
(-)-A9-THC, according to HPLC analysis. 6.19.2 Preparation of (+)-A9-THC
10 (+)-A9- THC Was ractapaniathirdyasgloneduito ge-apter €108 gparddhé oixtwé waagewi c A9- THC

on a prepar at'erezo mQtE'EeEt%géal?ﬂé Eﬁcl'u&%}n HIENL o WBE Ghnnauelibdy it 800)
iy by

(Knauer; Berli The racemc was separate | ash
chr omat ogr aphy cotdhvamgﬁ) Q diteciodionl hydrgéPdaeboxats Solntn (Q(P\/E)ranﬂ wa@afﬁ@@)adt ,

Cer many) paCketh\é‘(ifcnlor %‘t}{a é&%&)ﬁl)wa'g@a_%g :ﬂlﬁ? rous-ggkl}ﬂl?l’sut}%ﬂgﬁg\)ﬁ?,%ﬂd B{? chiral

stationary phase capacl t per ‘injection
det ecti on at5 ZzsslvnmwaEbupmwdmr mducrqd@obssmat H°E - entehppre@rredfZhgyrasganol

95:5 (v/V), %‘é{hﬁ)%ﬁ%‘égolé% R Aeftbw O &;%éd g@% EJn?a%h%ﬂSS"/cgfq{ LAANYfg, pure

(+)-A9-THC were ¢ porate ness o] a rotary evaporator
under reduced presdug e HiLCGangbsper at ure (vvat er bath) of 35 to 40 C. Drying
was term nated when the product reached a constant weight 20 (weight |oss
is less than 0.2%in 5 to 6 hours under a vacuumof |less than 1.0 nbar) to
gi ve the tar get6.lOSnPrsnaratiqnof (AN’ THES The conbi ned sanpl e, which was used in

10  (+)-A°-THC was prepared by chromatographic separation of racemic A’-THC on a
preparative chromatographic instrument (Merck-Knauer PP K-1800) (Knauer;
Berlin, Germany). The racemic A°-THC was separated by flash chromatography
through a Merck column (210 x 50 mm) (Merck; Darmstadt, Germany) packed with
Chiralpak® AD™ (Diacel: Tokyo, Japan) 20 pm chiral stationary phase (loading

15  capacity: 500 mg per injection) with UV detection at 228 nm. Elution was carried
out with n-heptane/2-propanol 95:5 (v/v), flow rate 200 mL/min at 20-25 °C.
Fractions containing pure (+)—A9—THC were combined and evaporated to dryness on
a rotary evaporator under reduced pressure at a temperature (water bath) of
35 to 40 °C. Drying was terminated when the product reached a constant weight

20  (weight loss is less than 0.2% in S to 6 hours under a vacuum of less than 1.0 mbar)
to give the target compound (+)-A’-THC. The combined sample, which was used in
the following step (preparation of crystalline (+)-A’-THC) had a purity (HPLC) of
94.3%.

25  6.19.3 Preparation of Crystalline (x)-A°-THC
A 100 mL reactor was charged with a solution of crude comprising (-)-A°-THC (3.36
g; 81.8%) and (+)-A°-THC (2.76 g; 94.3%) in n-heptane (6.5 g). The solution was
seeded with racemic A’-THC (0.01 g), at 0 °C and stirring continued for 5 hours at



the follow ng step (preparation of crystalline ()-A9-THC) had a purity
(HPLC) of 94.3% 25 6.19.3 Preparation of Crystalline (t)-A9-THC A 100 nL
reactor was charged with a solution of crude conprising (-)-A9-THC (3. 36
g, 81 8% and (+)-A9-THC (2.76 g; 94.3% in n-heptane (6.5 g). The sol ution

seede emc A9-THC (0.01 g), at 0 Cand § tinued for
5 hours atdw&)g6%?@33941 PCT/ EP2006/ 005761 100- 0 C. EI:}H)}0 %(Igg was

cooled to -15 C and stirred for 48 hours at the same tenperature.
Precipitated solids were collected by filtration, washed on the filter

with cold n-heptane (6.0 g) and dried -uffer reduced pressure at 35 C (water
bath tenperature) to a constant weight to provide 3.5 g of racem c A9- THC.
After two 5 re-crystallizations fromn-heptane, 2.0 g of crystalline
racem c A9- THC was obtained. This material was characterized by powder
X-ray diffraction, HPLC, nelting point determ nation, differential
scanni ng cal or i0fet e (DS wat heradeth -1fiGandrstitred for dhbdupssit she(sTi@a) ,  and

infrared spectr R . igfeSeCtions.
10 616 4" PowddERs! BiEp e ufl Sk BltelcPol Bt it BRI B 00
powder X-ray d|W1fhr<abitn -eptapafd (ég)rnndﬂncﬁhysimabdlucn@pl(essumgi IHC Qm@r bether m ned
according to r - tw

(Phi | i ps/ PANantl%élrﬁ?eg%lnjéﬂP\r%ﬁg?ﬁs U Mgt de?cs Eoird iy ey e 0 wdler
syst em ( CuKa radba@hwnmmmsﬁ@maﬂEQ%@ﬂZQQnﬁ@nE@@meHPVB@ﬁéﬂ?ﬁ3W@%B det ect or
(X Celerator) . ERgRNHY fHafrialtRR RELSHOPLY %Md@rﬂ B AHRLRS, Hppei ng i n

conti nuous node set second ~count step over a two-theta
range of 5 to 3&eltingyeint dgerntizatign,alifdreninl acmlmr%IO@Orlmam(WﬂH@éd in Table

1. WO 2006/ 1339g4e§virﬁ)&;% EB%QQ %89{’, Zn@(il'infrared spectroscopy (FTIR), as provided in the

following six sections.

10
6.19.4 Powder X-Ray Diffraction (PXRD) of Crystalline (£)-A°-THC
The powder X-ray diffraction pattern of crystalline (:l:)-Ag-THC was determined
according to methods known in the art using PANALYTICAL (Phillips/PANalytical
Inc.; Natick, MA), X’Pert Pro MPD x-ray powder system (CuKa radiation,

15  PW3050/60 goniometer, PW3015/20 RTMS detector (X’Celerator). The analysis
was performed with goniometer running in continuous mode set for 6.35 second
count per 0.017 step over a two-theta range of 5° to 35°. The results are shown in

FIG 1 and summarized in Table 1.



-101- TABLE I Position Height FWHM d- Spacing Relative 1 Metal counts
oTheta [A] Intensity [% 6.6692 19498.80 0.1937 13.24282 100.00 7.5065
371.92 0.2442 11.76756 1.91 8.2160 6175.19 0.2022 10.75285 31.67 10.0639
452. 67 0.1833 8.78223 2.32 12.0785 2719.63 0.2648 7.32158 13.95 12.5994
3096. 56 0. 7 01999 15.88 13.4115 1526.84 0. 1946 7 15. 7538
3687. 75 o.%@égm?@%%%76 18.91 16.7992 3184.87 0. 2996 g?i@@%@”?@égs 16. 9469
3842. 66 0.1379 5.22765 19.71 18.1358 824.73 0.2900 4.88753 4.23 18.3638
838.84 0.1931 _ 4.82737 4.30 18.9889 1149.05 0. 3438 4. 66985 5.89 19. 4280
1481.36 0.2117 4.56526 7.60 20.3297 5867-26 0.2421 4.36478 30.09 21.3925
2243.64 0.2405 4.15027 11.51 22.6319 891.49 0.2973 3.92572 4.57 23. 1056
549. 17 0.2055 3.84628 2.82 23.7747 914.98 0.2504 3.73952 4.69 24.8661
800. 07 0.3940 3.57782 4.10 25.6949 264.12 0.2130 3.46427 1.35 26. 8305
79.60 0.2079 3.32016 0.41 27.4632 144.77 0.2812 3.24509 0. 74

TABLE 1
Position Height FWHM d-Spacing Relative

[°2Theta] | (counts) [° 2Theta] [A] Intensity [%]
6.6692 19498.80 0.1937 13.24282 100.00
7.5065 371.92 0.2442 11.76756 1.91
8.2160 6175.19 0.2022 10.75285 31.67
10.0639 452.67 0.1833 8.78223 2.32
12.0785 2719.63 0.2648 7.32158 13.95
12.5994 3096.56 0.1849 7.01999 15.88
13.4115 1526.84 0.1946 6.59672 7.83
15.7538 3687.75 0.2438 5.62076 18.91
16.7992 3184.87 0.2996 5.27328 16.33
16.9469 3842.66 0.1379 5.22765 19.71
18.1358 824.73 0.2900 4.88753 4.23
18.3638 838.84 0.1931 4.82737 4.30
18.9889 1149.05 0.3438 4.66985 5.89
19.4280 1481.36 0.2117 4.56526 7.60
20.3297 5867.26 0.2421 4.36478 30.09
21.3925 2243.64 0.2405 4.15027 11.51
22.6319 891.49 0.2973 3.92572 4.57
23.1056 549.17 0.2055 3.84628 2.82
23.7747 914.98 0.2504 3.73952 4.69
24.8661 800.07 0.3940 3.57782 4.10
25.6949 264.12 0.2130 3.46427 1.35
26.8305 79.60 0.2079 3.32016 0.41
27.4632 144.77 0.2812 3.24509 0.74
28.6526 365.56 0.3754 3.11303 1.87
31.5552 296.56 0.3828 2.83298 1.52
33.7001 78.62 0.0830 2.65741 0.40
34.1623 86.35 0.4055 2.62251 0.44




28. 6526 365.56 0.3754 3.11303 1.87 31.5552 296.56 0.3828 2.83298 1.52
33.7001 78.62 0.0830 2.65741 0.40 34.1623 86.35 0.4055 2.62251 0.44 WO
2006/ 133941 PCT/ EP2006/ 005761 - 102 6.19.5 HPLC Anal ysis of Crystalline
(t)-A9- THC HPLC anal ysis was carried out using a LaChrom System 2

(Merck-Hi ta\&giz'%)y%%( KGA, Darnstadt, Germany/Hi tac%h&ﬂfbﬁ&@%i‘t s, Inc.,

Separation Systens oup, San Jose, CA) and indicated a purity of 98.8%
(FIG 2). The colum used was a 5 Hypersil BDS C18 3 micron; 150 x 4.6 mm
colum. Mbbile phase (A: nethanol, B: water, C THF); 71%\ 2498/ 5% for 25
m nutes, gradient to 71%A 5%B/ 24%C in -100-m nutes, 71%N 598/ 24%C for 10
mnutes; flowrate: | n./mn; Detection: UV detector fixed wavel ength (228
nm; Tenperature: 25 C. 10 The results are presented in FIG 2. 6.19.6
Melting Point of Crystalline (f)-A9-THC The nelting point of crystalline
(t)-A9-THC was neasured using a Biichi, B-545 (Zurich, Swtzerl and)

nel ting point it HPEAtAnalfie ofiEtystiahige poiNtTH@S deternined to 15 be

63 3640 G ¢ STl bl ST el o PRANN N QTIPS [ifeRL R ALL e

()-A9-THC Differenti scanni ng ca crystalline (1) THC was
perfornmed usi ngKGaA, Vetmitsit, GeohegdHiBEgaRements Incintaparafidveysticans GTelpedo;

Col unbus, Oni o) I I - r | 7 69 was
accurately wei g%‘?lé?jgl ,ﬁf@a&é% ﬁ’]d)érpgﬁ‘&?’é?g'g‘f"éﬁﬁﬁmﬁ%g%'g%d&%? Prg%aseal ed with
a perforated | ilthpeFh8DSLSIdonisers; | Hoat € dinatolunin. Vobilswphese diemetaanob fige of 25
Cto 320 Cwt hva@z:r,rtllt’lr}ﬂg?’ﬂ‘ﬁ@§4‘ﬁgf59& for I?ﬁlir{u?e%,%acﬁer@{o%1@%5%&3%%@nm G 3.

25
10 minutes, 71%A/5%B/24%C for 10 minutes; flow rate: 1 mL/min; Detection: UV
detector fixed wavelength (228 nm); Temperature: 25 °C.

10 The results are presented in FIG 2.

6.19.6 Melting Point of Crystalline (+)-A°-THC
The melting point of crystalline (i)-Ag-THC was measured using a Biichi, B-545
(Zurich, Switzerland) melting point instrument. The melting point was determined to

15 be 63.3-64.0 °C.

6.19.7 Differential Scanning Calorimetry of Crystalline (:t)-Ag-THC
Differential scanning calorimetry of crystalline (:t)-Ag-THC was performed using a
Mettler Toledo DSC822¢ instrument (Mettler Toledo; Columbus, Ohio).

20  Approximately 7 mg of crystalline (:!:)-Ag-THC was accurately weighed into a 40
microliter aluminum pan and crimp sealed with a perforated lid. The sample was

heated at 10 °C/minute over a range of 25 °C to 320 °C with a nitrogen gas purge.

The results are depicted in FIG 3.

25
6.19.8 Thermal Gravimetric Analysis of Crystalline (+)-A’-THC
Thermal gravimetric analysis was performed using a Mettler Toledo

TGA/SDTAS851a instrument. Approximately 15 mg of crystalline (#)-A°-THC was



6.19.8 Thermal Gavinetric Analysis of Crystalline (f)-A9-THC Thernal
gravinetric analysis was perfornmed using a Mettler Toledo TGA SDTA851 a

i nstrunment. Approximtely 15 ng of crystalline (t)-A9-THC was WO

2006/ 133941 PCTI EP2006/ 005761 - 103 accurately weighed into a ceram c pan.

The sanpl e %ioogﬁ%BEd at 10 ¢ mnute over the rangeG(i;&'T%;?g%é&o%fgo Cwth

a nitrogen gas purge. The results are depicted in FI

I nfra- Red Spectroscopy of Crystalline (f)-A9-THC The infra-red spectra were
acquired using a Nicloet Inpact 410 FT-1R Spectroneter (N colet Instrunent
Cor poration, Madison, W) equipped wi t-H0&-Pi ke Technol ogi es (Mdison, W),
EasiDiff D ffuse Refl ectance Accessory using a 5% di spersion of a 10 sanple
of crystalline (f)-A9-THC of the invention in potassium brom de. The
spectrum was recorded at 4 cm ' resolution using 64 background and 64
sanple scans over the wave nunber range 400 cm-1 to 4000 cm 1. Mjor
peaks were recotuksely aeighabigto axgpgic @6 The sl wasgigged atd 0 9C/mumpgoves 332,

1270, 1233, 1188, 1285 oAb k30 od QR a nARRdn 0atQade. 1009, 992, 972, 921, 909,
876, 846, 807, 77r§l?gje727, 15 694, ar’%cri‘ 6%4 gcm%-%f3 The spectra obtai ned are

depicted in FIG 5A and FIG 5B. 6.19.10 'H and "C NWR Spectroscopy of

Crystalline (t A% JIRG &Rt ust gld 4 ne trans-()-A9-THC prepared according to
t he net hods di scéoesseg krlergﬁl has al so been characterized by both 1H NWR

(FI G 6A-6D) Sand 13C NMR (FIG 7A-7D). The data in Tables 2 and 3 bel ow are

provi ded for cgnpar in%gﬁ{ewsggbtx%gl% @férgglﬁuiﬁé A8ARD and FI G 7A- 7D,
respectively. WO 2006/ 133941 PCT}) P20061005761 - 104

The infra-red spectra were acquired using a Nicloet Impact 410 FT-IR Spectrometer
(Nicolet Instrument Corporation, Madison, WI) equipped with a Pike Technologies
(Madison, WI), EasiDiff Diffuse Reflectance Accessory using a 5% dispersion of a
10 sample of crystalline (x)-A’-THC of the invention in potassium bromide. The
spectrum was recorded at 4 cm’' resolution using 64 background and 64 sample
scans over the wave number range 400 cm’™ to 4000 cm™. Major peaks were
recorded at 3325, 2926, 2863, 1622, 1578, 1509, 1420, 1332, 1270, 1233, 1186,
1128, 1113, 1091, 1051, 1034, 1009, 992, 972, 921, 909, 876, 846, 807, 772, 727,
15 694,and 654 cm™.

The spectra obtained are depicted in FIG 5A and FIG 5B.

6.19.10 'H and *C NMR Spectroscopy of Crystalline (x)-A’~THC

20  Crystalline trans-()-A’~-THC prepared according to the methods disclosed herein has
also been characterized by both 'H NMR (FIG 6A-6D) and '*C NMR (FIG 7A-7D).
The data in Tables 2 and 3 below are provided for comparison with the data of FIG
6A-6D and FIG 7A-7D, respectively.



9 8\ 10CH 10al6alm3pS 0O4a 4 ayYe Chemcal Structure of
(-)-A9-THC Table 2 provides a summary of a conparison of 'H NVR Chem ca
Shifts Conparison of a (-)-A9-THC Reference Standard with literature
values (Taylor et at. 5 (1966) J. Am Chem Soc. 88: 367) Table 2 Proton
Chem cal Shy [,plicity Nunber of J(Hz) Expt. Pr

beuhtihh o SEPRPul g ) o

Literature Literature Aromatic 6.13 6.12 d 1 1.2 -

Oefinic 6-29 6.42 d | - - | Gall 3.20 3.14 br d I - delinic CH3 1.69
1.65s 3 - - gemdi-CH, 1.09 1.08 s 3 - - 1.42 1.38 s 3 - f2-CH 0.88 0.88
t 3 - - Table 3 provides a summary of -a0d¢enpari son of 13C NVR Cheni ca

Shifts 10 Conparison of a (-)-A9-THC Reference Standard with literature
val ues (Archer et al. (1977) J. Og. Chem 42: 490) WO 2006/ 133941
PCT/ EP2006/ 005761
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Chemical Structure of (-)-A°-THC

Table 2 provides a summary of a comparison of 'H NMR Chemical Shifts
Comparison of a (-)-A9-THC Reference Standard with literature values (Taylor et al.
5 (1966) J. Am. Chem Soc. 88: 367)

Table 2
Proton Chemical Shift Multiplicity | Number of J (Hz)
Expt. Protons Expt.
Literature Literature
Aromatic 6.13 6.12 d 1 1.2 -
6.26 6.32 d 1 1.5 -
Olefinic 6.29 6.42 d 1
10aH 3.20 3.14 brd 1
Olefinic CHj; 1.69 1.65 S 3
gem di-CH;, 1.09 1.08 s 3
1.42 1.38 s 3 -
OQ-CH; 0.88 0.88 t 3

Table 3 provides a summary of a comparison of '*C NMR Chemical Shifts
10  Comparison of a (—)—Ag—THC Reference Standard with literature values (Archer et al.
(1977) J. Org. Chem. 42: 490)



- 105 Table 3 Carbon Chem cal Shift (ppm Carbon Chem cal Shift (ppm
Expt. Literature Expt. Literature C(1) 154.5 154.4 C(10) 123.5 123.7 (C(2)
107.4 107.5 C(l10a) 33.7 33.6 (C(3) 142.6 142.5 6a-Cl1-13 19.4 19.2 C(C(4)
110.0 109.8 63-CH3 27.7 27.5 (C(4a) 153.9 154.1 9-CH3 23.5 23.3 (C(10b)
109. 0 108. 35.4 (C(6) 77.2 77.1 (3-C 30.8 3 45.9 45.7
y-C 31.6 3?‘”&2&&:}%’@25 2 25.0 5-C 22.7 22.5 C(8) 31. %C@EPZ%&%%“M 2 15.0
C(9) 134.2 133.8 The 1H NWR spectra obtai ned upon analysis of crystalline
trans-(f)-49-THC 5 prepared according to the nethods disclosed herein are
presented in FIG 6A-6D. The 13C NWR spdétra obtai ned upon anal ysis of
crystalline trans-()-A9-THC prepared according to the nmethods discl osed
herein are presented in FIG 7A-7D. The present invention is not to be
limted in scope by the specific enbodinments 10 di sclosed in the Exanpl es

which are intended sinply as illustrations of a few aspects of the
invention and any embodi ments that are functionally equivalent are within
the scope of this invention. I|Indeed, s nodifications of the
i nvention in addition to those shown ang coigscri bed herein will becone
apparent to those gkijl e '&emﬁsﬂft&pp AERL b POk TRl o) CNi N 1 e
scope of the appended cl ai WEpt. .t{}hk of refefempgrs havgeh@en [cited,
the entire discl OSULES © vv[y 'gn are &er eoy C(10) 1235 1237

CQ) 107.4 107.5 C(10a) 33.7 33.6

C@3) 142.6 142.5 6a-CH; 19.4 19.2

C(4) 110.0 109.8 6B-CH; 27.7 27.5

C(4a) 153.9 154.1 9-CH; 23.5 233

C(10b) 109.0 108.9 a-C 35.6 35.4

C(6) 77.2 77.1 B-C 30.8 30.5

C(6a) 45.9 45.7 y-C 31.6 31.4

c(7) 25.2 25.0 8-C 22.7 225

C(8) 31.3 311 e-C 14.2 15.0

C(9) 134.2 133.8

The 'H NMR spectra obtained upon analysis of crystalline trans-(+)-A°-THC
5  prepared according to the methods disclosed herein are presented in FIG 6A-6D.

The >C NMR spectra obtained upon analysis of crystalline trans-(x)-A’-THC
prepared according to the methods disclosed herein are presented in FIG 7A-7D.

The present invention is not to be limited in scope by the specific embodiments

10 disclosed in the Examples which are intended simply as illustrations of a few aspects
of the invention and any embodiments that are functionally equivalent are within the
scope of this invention. Indeed, various modifications of the invention in addition to
those shown and described herein will become apparent to those skilled in the art and
are intended to fall within the scope of the appended claims.

15
A number of references have been cited, the entire disclosures of which are hereby

incorporated herein by reference.



i ncorporated herein by reference. 106- Claiins 1. A pharnmaceuti cal
conposition conprising trans-(i)-A9-tetrahydrocannabinol in the
crystalline formand a pharmaceutical |l y-acceptable carrier for use as
a nedi canent. 2. A pharnaceutical conposition conprising
Vans-()-A)-tetrahydro Call nabinol, wherein said conmposition is
formul ated with trans-()-A9-tetrahydrocannabinol in the crystalline
form and a pharnaceutically-acceptabhe.carrier for use as a

medi canment. 3. A dosage formconprising a therapeutically effective
anount of trans-(i:)-A9-tetrahydrocannabinol in the crystalline form
and a pharmaceutical ly-acceptable carrier for use as a nedi canent.

4. A dosage formconprising a therapeutically effective anount of'
trans- (k) - A9-tetrahydrocannabi nol, wherein said dosage formis
fornmulated with trans-(-)-A 9- telr ydr gcannabi nol in the.
crystallineformfor use as a nedi ca@ngﬂﬂ-ﬁ—g The pharmaceuti cal
conposition or dosage formfor use of any one of clains 1-4, wherein
t he crystial | i Aehtmansiticd] JonA@sitiet bcah]whﬂltgaammaﬂm’edcuﬂqﬁmun@eaﬁmat inlieast
95% prefer aﬁ (g I]ea t 98% rrﬁ pre 1er ablé at | east 99% even
more prefBrY ‘l% A et “‘@@‘1%5) GRYAHEEE " frEr ?’éﬁi’%ﬂbﬁtm‘?‘%%i‘gimég 9% by
wei ght of the total anobunt of cannabinoids in said conposition. 6.
The phar rzaceur\ilmaﬂmemam@&icmiqm@iﬁ?x:i calaaage farm)tAokrusdrehnabholReeein
clains 1-4, wherein ‘ystallin 9 L _
Cranes (49 coBbeuR iR o ERIRAR HIr Eoh sty bl ybegsialine form
trans- (- ind\dphLikeR e 9CRBER NQbri@Ash use as a medicament.

t.rans-(+)- A 9-tetrahydrocarnabinol. 7. The pharmaceuti cal

conposi ti,on or dosage form for e of .an e .of clains 1-4.

wher ei n the néﬁgwapg YR RloRtel et 238 ‘F‘*‘j"“Aéi"‘t’%tcﬁgﬂy’&r‘alf’élﬁ‘r%{bl nol to

trans- (i tl)nwd(g')IAéIuEtﬁJH dﬂ’(’)&ﬁ ARAR iR e d)ﬁ)ta\ml{chbﬂ} fod ﬂﬂﬂﬂauﬁgu@d’aﬂmd@uﬁmﬂﬁc
to 1.2:0.8, preferab - 107 within a range of fromO

1.1:0.09, tﬁﬁkfefOpPSérrc‘ér*aw*yﬂwa‘rn 0. 95 1.05 to 1.05:0.95 and rmst
preferably 1:1.

4. A dosage Torm comprising a therapeutically effective amount of
trans-(£)-A"-tetrahydrocannabinol, wherein said dosage formy is formulated with

[¢ . N . ~ ~ .
frans-(£)-A"-tetrahydrocannabinol in the erystaliine form for use as a medicament.

5. The pharmaceutical composition or dosage form for use of any one of claims 1-4,

aden 4 ren : - n G ot e T rd e : L . 0c0 :
wherein the crystalline trans-()-A"-tetrahydrocannabinol comprises at least 95%, preferably
at least 98%, more preferably at least 99%, even more preferably at Jeast 99,5% and most

preferably at least 99,9% by weight of the total amount of cannabinoids in said composition.

0. The pharmaceutical composition or dosage form for use of any one of claims 1-4,
wherein the erystalline uﬁnsn(:-.i.:)wA9~tetrahydrocam]abinoi consists essentially of

) N . ¢ .
trans-(-)-A’-tetrahydrocannabinol and trans-(+)-4° -tetrahydrocammabinol.

7. The pharmaceutical composition or dosage form for use of any one of claims 1-4,
- . ~ Ly .
wherein the molar ratio of h'ams—(«)«AJ ~tetrahydrocannabinol o

C . . - . .
trang-(+)-A’-tetrahydrocannabinol is within a range of from 0.8:1.2 to 1.2:0.8, preferably



8. The dosage formfor use of claim3 or 4, wherein said anount of
crystalline trans-()-A9-tetrahydrocannabinol is within a range of
from0.1 ng to 100 ng, preferably wthin a range of liomO0.5 ng to
75 ny, nore preferably from2 ntg to 50 ng, and nost preferably from
5nm to 25 ng. 9. The dosage formfor use of claim3 or 4, wherein
said amount of crystalline trans-(i)-A9-tetrahydrocarntabinol is 80
ng, 40 ng, 20 ny, 10 ng or 5 ny. 10,;pkhe pharmaceutical conposition
or dosage formfor use of any one of clains 1-4, wherein the
crystalline trans-(:)-A 9 -tetrahydrocannabinol is prepared by a
process conprising: |I) allowng trans-(-)-A9-tetrahydrocannabi nol
and trans- (A )-A 9-tetrahydrocam abinol to crystallize froma first
conposi t J Sl -9,

T ana. (1 O g e A BT 02 s 1050 93
to prOV|dqumMémahH|he tra)is-(.)-A""- tetrahydrocannablnol

wherein the first conposition is obtained by: (a) formng a biphasic
e B0 CORICEIGnl ok 18 ofdidiBls RORRLERRASG10u AN cfshaisR”

al cohol i c-caust| the

trans- (- mmﬁa;té&ﬁah&ﬁho&mnﬁahﬂmanmmdzﬁ@eofﬁomﬁﬁkmgne)GwﬁaheMMabw
??Z‘ﬁ;??a Algl l{liglil;:rb (ﬁyl)a)}no(ga }gaalﬁ 73%}5,, iR Q1ﬁ%1ably from 2 mg to 50 mg, and most

t rans- ( +pref2Heirealtyids acanmabi nol from the al cohol i c-caustic phase;
and (c) contacting the trans-(- ) A9-t et rahydrocannabi . nol and the

trans-(+ rocannabi nol. fromstep (b), with ol ar
organi c éolve t¢ 0“ g ?ﬁé“aﬁ{igW 3Brpd ?ngﬁ%'ﬁanTﬁgU”E%‘%alIomnng
trans- ( FrarAQ=1-at-teahyehoeanaanil Rot0 MRG0 mg, 20 mg, 10 mg or 5 mg.
trans-(-i-)-A9- tetrahydrocannablnol to crystallize froma first

conposi t nprisin etr ocannabi no

Cranes ( 18- aSTEGtpSHy e CHRAHEN o Siee oMo ot Lo g8 Al gl 7kt
to provi dﬁu@wls&@wmmm u&[{sa(mw\( ){nlﬁﬁycﬁ@iahﬁem/ﬂﬁ QcanRadl o] provhigrei n the
first conposition is obtained by: (a) formng a blpha5|c conposition
conpri si #*Ya first organic phase, and (ii) an

- . - ¢ - .

1) allowing trans{--)--/,\) -tetrahydrocannabinol and l.rans—(-l-')—Ag—tctl'zllaydrocamnabmol 1o
erystallize from a first composition comprising h'ans—(-)—[\9~i<3trahydmcamlabinol,
trans-(-+}-A"-tetrahydrocannabinol, and a non-polar erganic solvent to provide crystalline

Q . . - Ve . .
trans-(£)-A"-tetrahydrocannabinol, wherein the first composition is obtained by:

(a) forming a biphasic composition comprising (i} a first organic phase, and (i) an
' - P ¢ '
alcoholic-caustic phase containing the trans-(-)-A"-tetrahydrocannabinol and the
[1‘&11";5'“(-1-)-A9~tetrah},fcirocaumabim)l.;
. [ -
(b) separating the trans-(-)-A-tetrahydrocannabinol and the
. 9 . ; oin s . : :
rans-(+)-A"-tetrahydrocannabinol from the alcoholic-caustic phase; and
. { .
(¢) contacting the trans-(-)-A -tetrahydrocannabinol and the
{ . n . .
trans—(-i—)w/_\) -tetrahydrocannabinol from step (b), with a non-polar organic solvent to form the

first composition; or



al cohol i c-caustic phase containing trans-(-)-A9-tetrahydrocannabi nol ;
(b) separating the trans-(-)-A9-tetrahydrocannabi nol fromthe

al cohol i c-caustic phase; and (c) contacting the

Trans-(-)-A 9-Al)fromstep (b) with
trans-(t-)-A9-tetrahydrocannabi nol and a non-pol ar organic solvent to
formthe first conposition.; or Ill) allow ng
trans-(-)'-A9-tetrahydrocannabi nol d
trans-(l-)-A@-tetrahydrocannabinoF]' 0 crystallize froma first
conposition conprising trans-(-)-A,)-tetrahydrocannabinol, trans-(
i-)-A 9-tetrahydrocannabi nol, and a non-pol ar organic solvent to
provide crystalline trans-(1:)-A9- tetrahydrocannabinol wherei n the

];'OLIS)? i (S:IO;]TSO?: § a% 1§> ifﬁrt ?85\@qetp1\(1ﬁd1()@??n1mﬁ &(W '1:1:9 rans 145) Illa Wgcé’; ygee délgabixigo?n
phase comu@hnmm@[hnmm$nﬁamnWwAmﬂuem@ahygnm&&@nﬁb&nﬂhﬁu@bmmgmparat|ng

the trans- z é ablnol f onlthq al coholi.c-caustic
phase; &Hd & %%\ i ﬁ H ?“i‘”‘Hé“ e “P AREIPOTL 9 s LAY ige SRAD R ol
from Ste@cm(ql@) Wh-tcvahidiédagndbinel Adreb@h faleronasnai isebtambdbp non- pol ar
organic solvent to formthe first conposition; or TV) allow ng

trans- (-) - A9-(helaahyd pigRrnadlpekiienebmprising (i) a first organic phase, and (i) an
trans- (+)-A9-tetrahydrocannabinol to,crystallize froma first

or gani ¢ ﬁﬁﬁﬁbgPﬂPBﬁ’@ﬁhﬁ@ﬁ§?ﬁ@‘¥PﬁH%A(“?”%EhW@PP%WVH#ocannablno
-109- trans-( L Ad-tetralr drocgnnahlnol and a non-pol ar _organic
solvent to prB ﬁwl%wéte&rwﬁé t“?‘aﬁlfgdleﬁ)lulﬂgﬁqlét‘)ﬁbwdfceb%lf?rfa‘ ftiggihase;
wherein fjae first organic conposition is obtained by: (a) formng a
first biphasic conposition conprising (i) a first organic phase, and

(ii) an al Cc(t'ﬂcﬁl?mﬁ Ut 'u‘%n@gﬁﬁetc%@ﬂkﬁéd:lhﬁ‘a@nntohﬁom(stc,p (5)) with

trans--)-LA9- t'ef rahy r oeannabi nol

- t et r ahyeimedanh atﬁllﬁb}rdl oqahabsep airdht novgpaltrer @ﬂmm@b{bntmdgm thedirghase
fromthe, nﬁﬁ@ﬁmgrganlc phase; (c) contacting the separated

al cohol i ¢-daustic phase with acid to provide an

. . [0 . s .
111) allowing trans-(-)-A"-tetrahydrocannabinol and trans-(+)-A’-tetrabydrocansabinol
. . e . ky -
to crystatlize from a first composiiion comprising i‘rans{-)—/\) ~tetrahydrocannabinol,
frang-(+)-A’-tetrahydrocannabinol, and a non-polar arganic solvent to provide crystalline

frang-()-A’ -tetrahydrocannabinol, wherein the first composition is obtained by:

(a) forming a biphasic composition comprising (i) a first organic phase, and (ii) an

. . P ¢ .
alcoholic-caustic phase containing trans-()-Atetrahydrocannabinol;

- . . L4 . - . .

(b} scparating the trans-(+)-A’-fetrahydrocannabinol from the alcoholic-caustic phase;
and

. 4 . .
(c) contacting the trans-(-+)-A” -tetrahydrocannabinol from step (b) with
{ . . "

trans-(-)-A°-tetrahydrocannabino) and a non-polar organic solvent to form the first

composition; or

. ' { . g 1
V) allowing trang-(-)-A"-tetrahydrocannabino] and trans-(+)-A°-tetrabydrocannabinol

. - - v L. « 1] .
to crystallize from a first organic composition comprising t]:ans‘-(u)--r.\) -tetrahydrocannabinol,



acid treated al coholic phase contai ni ng
trans-(-)-A9-tetrahydrocannabi nol and trans-(-1 ) -A

-Cetral rydrocannabi nol; (d) form ng a second bi phasic conposition
conprising (i) the acid treated al coholic phase of step (c) and (ii)
a second organi c phase; (c) separating the second organi c phase of
step (d) containing raps-(-)-~A9-tetrahydrocannabinol and trans.-(d
)-Ao-teiriliydi-ocini-iabiiiol-, anggg¢l) contacting the separated
second organi c phase of step (e) with a non polar organic solvent to
formthe first organic conposition; or V) allow ng
trans-(-)-iA9-tcirahydrocannabi nol and

trans-(-+- )-iAQ tetrahydrocannabinol to crystallize froma second
organic dro annal

r e (+§SREPE oy AR TR ot =R a0k oishp s kBRGSO B8
to provigesaystl- albhytieo dangdabsinof dit )mﬁﬁ?tlﬁ&hﬂ@tg&dfo@s@ﬁnﬂabd}mﬂ lobtaee hei n
the second organic conposition is obtained by: (a) formng a first

bi phasi ¢ conyasifdrindi €HRPibBistEofippsidor wns;mmlgqaral Bsiphase, phand atd (i)
an alcoholl austi.c phase cont i ni g

Lr ans- (-3 RETPUTF RIS PHCAATHBIREIC (155 dpdssh figespRebinol and the
a|COhO||@mﬁ%ﬂﬁh?ﬁhﬁh@ﬁ&ﬂhﬁﬂﬂkﬁhe first organic phase; 110- (c)
contacting the separated al coholic-caustic phase with acid to provide

an aci d- t r eat(gf salaeRRQki Lol RINBBE AU ]@Hd@é A8 the {irst organic phase;
trans-(-)-A9- tetrahydrocannablnol (d) formng a second bi phasi e

conposi tion qmsméimg tﬂch)%p:ﬁéﬁwjai%lﬁﬁil%gus@l,99:51,@ bk @ d,@iai% Srovife St ep (c)
and a second or?anlc ase; (c) separatipg the secon gani ¢ phase

of step {dhteit dedioky: 3114‘1?&%15;410“1):11}\9&&bﬁ?%yhﬁrﬂb@amﬁé’m%@hd and (f)
contacti§§mgth$@g yﬁﬂ&q“ﬁﬁﬁ nd organi ¢ phase of step (c) with
dr

trans- (i tetra ocannabi’nol and a non-pol ar organi ¢ solvent to

form the Secgnﬂo%&%r\ Qu}ngmﬁb&}1 1%5(]9}5 ¥ éli?h‘ QWh@gmd treated aleoholic

trans-(-)-LA9-tetra drocannabi no
b) - A9-t elulriahqlldg{mdahndljnh@};econd organic phase;

(¢) separating the second organic phase of step (d) containing

[} . < .
trans-(-)-A’-tetrahydrocannabino! and trans-(+)-A -tetrahydrocannabinol; and

(1) contacting the separated second organic phase of step () with a non-polar organic

solvent to form the first organic composition; or

V) allowing 1.1";1113—('—)—A\g-teh'ahydmcannabinol and trans-(+)-A ~tetrahydrocannabinal
to crystallize from & second organic composition comprising
trans-(-)-A"-tetrabydrocannabinol, trans-(+)-A-ietrabydrocannabinol, and a non-polar organic
solvent o provide crystalline u'ans~(:i:)—Ag-tctrahyd1'oczmnabinol, wherein the second organic

composition 15 obtained by:

() forming a first biphasic composition comprising (i) a first organic phase, and (i) an

. . .o [$ .
alcoholic-caustic phase confaining the trans~(-)-A’-tetrahydrocannabinol;

(b) separating the alcoholic-caustic phase {rom the [irst organic phase;



to crystallize froma second organi c conposition conprising
trans-(-)-A 9-A()trans-(-1-)-1A9-tetrahydrocannabuiol, and a

non- pol ar organic solvent to provide crystalline
trans-(t-)-A9-tetrahydrocannabi nol, wherein the second organic
conposition is obtained by: (a) formng a first biphasie conposition
conprising (i) a first organic phase, and (ii) an alcoholic-caustic
phase containing the trans-( i-)-/_] @§rahydrocannabinol; (b)
separating the al coholic-caustic phase fromthe first organic phase;
(c.) contacting the separated al coholic-caustic phase with acid to
provide an acid-treated al coholic phase containing trans-(-|

)-tA9. -tetrahydrocannabi nol; (d) form ng a second bi phasie
conposition ¢ i.si:pngqt.he..acld [ oli.¢, ~ohstep (c)
and 2 second o At EREHE G AL L RAL SRRl FRREMLE R Bros S °F et
of step (w@j-treand aiotiotig phaseansaibing-JanAd) #éiatthyhycnodamiahi nol ; and
-111- (f) contacting the separated second organi c phase of step (e)
wi t h trans- (-0 Ar@irteet scadnddrgesain rabpesdionandpasing fepolddreawd gnhdic phase
solvent to . fo ,Hheusegong organi.c conposition. 11. The dosage form
for use 8#“%1%?%%3*%?m1,mhﬂﬁfgpﬁ“the dosage formis a unit dosage
form 12. The dosa g formfor use of claiml1ll, which is adapted for
or &l adm ni o1 E AP Dh PGP HR A Qoo PSP Plins mucosnl

admi ni st ratsi@Ep)’-trangaepmbinadmdai stration, or adninistration by

i nhal ation. 13. An oral cannabinoid dosage formconprising a first
conposi tion mﬂfboataaﬁi@g)tﬂlﬂlsTlﬁQﬁE:cﬁ]?&i:dﬂdeﬂganW]ﬁxﬁﬁi dffsteb@e)ﬁizi[lﬁt conposi tion
conpri ses a thepapeutjca -effective anpunt |0 ,
{rans- A9‘-""E]1§f(fj"é'ﬁ§"8$‘8&%ﬂ%‘8-i’¥i%‘F°1 ARG R BYGSrEng fdvenbiedPahhesiend Aughi
conposi t i@hoskRAPsd ses an effective anount of an agent that is
adverse to the pharnmacol ogical activity of the
trams-(:)-A9-tetrahydrocannabinol in the crystalline form preferably

sai d agent i svgali@etn@thans-{-)-A"-tetrahydrocannabinol and trang-(+)-A"-tetraliydrocannabinol
{0 erystallize from a second organic composition comprising
mins—(—)—Ag-Letmhydroczmlmbinol, trans-(+)-A"-tetrahydrocannabinol, and a non-polar organic
solvent to provide crystalline trans-()-A%tetrahydrocannabinol, wherein the second organic

composition is obtained by:

(a) forming a first biphasic composition comprising (1) a first organic phase, and (ii) an

. . . { .
alcoholic-caustic phase containing the trzms,-.-(--%v)HA)wt(-:tmh_ydrocannalnno!;
(b) separating the alcoholic-caustic phase from the first organic phase;
{¢) contacting the separated alcoholic-caustic phase with acid io provide an
- . . . € .
acid-treated alcoholic phase containing trans-(+)-A’-tetrabydrocannabinol;
{d) forming a second biphasic composition comprising the acid treated alcoholic phase
of sien (¢) and a second organic phase;
() separating the second organic phase of step (d) containing

| .
trans-(-+)-A"-tetrahydrocannabinol; and



fromthe group consisting of SR 141716 A, SR 144528, and conbi nations
thereof for use as a nedicanent. 14. The oral cannabi noid dosage
formof claim13, wherein the second conposition is coated with an

i nner acid-soluble layer and an outer base-soluble |ayer. 15. The
oral cannabi noi d dosage forum of claim 13, wherein said crystalline
trans-(:)-A9-tetrahydrocannabi nol conprises at | east 95% preferably
at least 98% nore preferably at |east 99% even nore preferably at

| east 99.5% and nost preferably at-FEhst 99.9% by wei ght of the
total anmount of cannabinoids in said first conposition. 16. The oral
cannabi noi d dosage formof claim 13, wherein the first conposition
and the second conposition are each independently in aform sel ected
fromthe group consi.sting of powders, granules, microparticles,
nultiparticuIQ}%??mhgh%%gﬁF?%Vg%?mﬁéﬁ E@“@Wﬁaﬁﬁ§jg;£§ﬁ? 112- thereof,
cont ai necami-t hivhteaaigapsiahebiol ased sotgdaforpnic o Beqro dpncho sicshd ngant
powders, granules, mcroparticles, multiparticul ates, nanoparticles,
and i xt GBSt WEr eof , di spersed in a pharnaceutical | y-acceptabl e
matrix. 17. The oral cannabi noid dosage formof claim13, in the form

of a two-layer, tablet. having a first layer. conprising the first
corpost L1 bn an ReGdalit Mee Mo RESERSSRiaR AT ih vl it
wherein fhe.tablet is coated with a coating that dissolves in the
stomach. 18. A controll ed-rel ease, cannabi noid dosage form suitable

o e Bl PO 57 DA BT RS SRR S

t her apeupieabilaya@hiiRGhEone ran@mBssaDidministration, transdermal administration, or
trans-(-,-)-A9-tetrahydrocannabinol in the crystalline form and a
phar mac et TEEPPYRLRCEPT4H% control | ed-rel ease material for use as a
nmedi canent for oral admnistration. 19. The controll ed-rel ease, ca

nnabi noi g3 dosage; esiibiasid s toral @npridBe aWARLEMPoLiS and a second
controll ed-re|l ease material is selected fromthe group consisting of

hydr ophoBtePgBIopmPeEcin it psrmopitien pripiries & thegipaticalby-stfetine aapii e

mat eri al ganWaxas.iciHAPhbaeaabi1 S he@RR M tidheHha hhELEQT composition
comprises an cifective amount of an agent that 1s adverse fo the pharmacological activity of
the trans-(£)-A-etrahydrocannabinol in the erystalline form, preferably said agent is selected
Grom the group consisting of SR 141716 A, SR 144528, and combinations thercof for use as a

medicament.

14, The oral cannabinoid dosage form of claim 13, wherein the second composition is

coated with an inner acid-soluble layer and an outer base-soluble layer.

15, The oral cannabinoid dosage form of claim 13, wherein said crystalline

[y . . ~
trang-(-:)-2A g -tetrahydrocannabine! compryises at least 95% preferably at least 98%, more
preferably at least 99%, even more preferably at least 99.5% and most preferably at least

99.9% by weight of the total amount of cannabinoids in said first composition.

16, The oral cannabinoid dosage form of claim 13, wherein the first composition and the
second composition are each independently in a form selected from the group consisting of

powders, granules, microparticles, muitiparticulates, nanoparticles, beads, and mixtures



20. The control |l ed-rel ease, cannabinoid dosage formfor use of claim
18, said dosage formafter admnistration to a human patient,
providing a C2,r/C',a,.ratio of fromO0.55 to I, preferably from
0.55 to 0.85; nore preferably fromO0.55 to 0.75; nost preferably from
0.60 to 0.70 and said dosage form providing a therapeutic effect for
at | east 24 hours, wherein C,,,,x is preferably a

sub- psychotropi c-t hreshol d concentration. 2.1. The
control |l ed-rel ease, cannabi noid dosage-formfor use of claim18,
wherein said crystalline trans-(d)-A 9.-tetrahydrocannabi nol
conprises at |least 95% preferably at least 98% nore preferably at
| east 99% even nore preferably at least 99.5% and nost preferably at
| east 9 i aI anmount of cannabinoids in said
dosage fﬁ?ﬁ\ Qximgmggh gh &1§%a§e formfor use of claim18, wherein
sai d natBMmﬁ@mennsﬂyomommmmmﬂgdﬁpowﬂusnymn%pamhuqmﬂaks1nammmoeﬁaus

ot BB Tl <RI e SRR Rl P BT AL Bt A E RPN E or

di sposed in a pharnmaceutically-acceptabl e suspension. 23. A process
for the p? epariat cnoirmorﬁabamcbﬂosdgc forrabf cleiant 3, ai the dormedfease;lawa mbédd hodngd
dosage ?‘r according to ﬁla|n118 CO”?D'S'nﬂU, he step .of

i ncor por ATHYYE TR EPEIET BT FRreF AR prd S RDIR cOPPETYE hEFTIoRe
trans- (- 2mARiioa! WAkYdnRcCARRER cftdd WITh @ cantRh alarpeemds aalhk ¥mateept abl e
controll ed-rel ease material, wherein the controlled-rel ease materi al

T L Ll ke A Sh R EE i B R

waxes, shedilgaie s, hudlsh Hatichd Gofb kil EshathQe@dall y-fdéUc,maBQ ndalrix comprising a
controlled rel ease matri x fornulatlon, sai d dosage forn1after

adni ni st PatreHiceby-selivaamopdol ems: (‘kr/\o%tkﬁ%{j%m@éﬁ?(@athpéi yetallfe dosm

0.55 t 0 dna Ppigk: Iﬁﬁt%mltyi ! dQJLH JQtaﬁﬁzoBf?olea%boa@ﬁcﬁu1c1H? ﬁ@fu@é 28] Yo dil A ?i(ﬁ5
to 0.75 nost preferably from 0 J70; t herapeutic ef f ect

for at pehetmigdtisur s, wher ei n sald
trans-(a_)-A 9-tetrahydrocannabinol is present in said dosage form

in the ciystapd f,%ﬁua‘n%mu&& (,Jh%np&@%é %111‘11}1%55@()12@1%11;1‘{“?@ n]n%a
crystalline grans-(E) tétra K rocannabi no conprises at |east
mmge

95% pr efw@ygbedretasd @3@&@8% np tlefaseulopsisingl odhgdropigsige BALENETRDT e
hydrophilic polymers, pums, protein-derived materials, waxes, shellacs, oils, and mixtures

thereof.

20, The controiled-release, cannabinoid dosage form for use of claim 18, said dosage
form after administration to a hwman patient, providing a Coe/C e, tatio of from 0.55 1o 1,
preferably from 0.55 to 0.85; more preferably from 0.55 to 0.75; most preferably [rom 0.6¢ 1o
0.70 and said dosage form providing a therapeutic effect for at least 24 hours, wherein C,p is

preferably a sub-psychotropic-threshold concentration.

21, The controlled-release, cannabinoid dosage form for use of claim 18, wherein said

. ¢ . * ~
erystalline trans-(+)-A”tetrahydrocannabinol comprises at least 95%, preferably at least 98%,
more preferably at least 99%, even more preferably at least 99.5% and most preferably at least

99.9% by weight of the total amount of cannabinoids in said dosage form.



preferably al |east 99.5% and nost preferably at |east 99. 9% by

wei ght of the total anpunt of cannabinoids in said dosage form 25.
A cannabi noi d conposition of trans-(: )--A9-tetrahydrocannabi nol,
wherein said conposition is formulated with
trans-(1)-A9-tetrahydrocanna. binol in the crystalline formand a
pharmacet.rtically acceptable carrier adapted for transnurcosal or
transdermal adm nistration for use as a nedi canent for transnueosal
or transdermal adm nistration. 26.-Th&-cannabi noid conposition for
use of claim25, wherein said crystalline trans-(-i::)-4
-tetrahydrocannabi nol conprises at |east 95% preferably at |east
98% nore -114- preferably at least 99% even nore preferably at

| east 99,5% a dihe .
toral amitnt O San bRl 1R B G URL AL o Bl
ef fecti vemarnaurwlaaf nmtheescwhqaoi&i mﬁdomlupalmdm@udmaialgea eﬁopmﬁca&iﬂpccdhmgssmb
any one. 1? ¢ g[ h ECUEIEE% atlo cca urTe amen for the
treat nent™of 5ptg?f‘éélilé}pl‘l 8’§1 afbcﬁ%lﬁ CaBPGRT YRROSFORL for t he
treat ITEI’I]’Q3&)ﬁm&u[l"&[ﬂ?@dccctphﬁlkﬁﬁdpcn@ﬁn A use of a therapeutically
effective armunt of trans (3=)- A9 tetrahydrocannabi nol in the

crystalli pngc { 1nalcl Yrafs) soh ihl ontr angabigoid dosage
phar nace |caI A 8b éBé’@P?P} A 01 =i ) o {6 0 (o3 A6 o} A

medi canmefirm J(.&nbﬁhg:a(dﬂlhnl $3 &flﬁ[ﬁ‘lsmg 1H£ﬁ®[$d)ﬁ1h@ﬂpcﬁ§imf, a therapeutical ly-effective
trans- O A9-t et rahydr ocanna aln gl ?%ﬂ%@the Iun s of a mammmal in need

t her eof . UDEUTTRENHELTEAREY tyh SHI YR PIEN o & PYSTHEFI RYl-secepiable

trans- (- BdmAYcd -8l EA0¥MAFAC MBAR (NOLontGAPPFl B&SmAkiA1R88 %R Wmatrix
preferably at |east 98% nore preferably at |east 99% even nore

pr ef er abPyjecand frerashe s s srd Sy dippldbes pbryerathyHwabilicgolygugp gums,
wei ght 0{)1 UtLChl dét?\tcﬂlmc@%%mmm@f sheg‘?c,nn(ﬁg' gfaln‘{l&u'l&{ﬁ&t{q R)Qi%%s' tion. 30.

The use aim?2 efein said cryst
trans-( dec)mmgaci retasaywdindoanighinnelid dosogpt fponaﬂd:a)ac ek (Reetidhn Ve @ huraan

phar mace%mn anda&,:L?P bl em?? )ngm (), 4551()|1n1|2]€'1(,3d%§yn}1$1‘g ()eb%tt(;Jl 8f5r1%r)qct he

group consi’st ers, ranules opar icles
and m xt pre@sa t}heneﬂf 55 103175 ﬁlz‘hre puﬁmlﬁj h@lnaﬂ 0 128) Tonked #1 maa@auda[ ect for at
crystall -t et rahydr ocannabi noly i g ivered to the.lun sai d

marmal Ld?’h Wﬁ'&'h\é{ Grgig sal é‘\i‘i%@)ﬁjrt{“‘éﬂ}}’ ’Of"ml”lﬂm rff)ﬂlé’f"s}“ m saldgcﬁ)sag,u form

in the crystalline form.

e ~ ' - . . ‘. 3 .
24, I'he process of claim 23, wherein said crystaliine trans-(+)-A"-tetrahydrocannabinol
comprises al least 95%, preferably at least 98%, more preferably at least 99%, even more
preferably at least 99.5% and most preferably at least 99.9% by weight of the total amount of

cannabinoids in said dosage form.

- ‘ . P -~ - 1 ' . .
25, A cannabinoid composition of i’ransu(:i:)--.[}.) <tetrahydrocannabinol, wherein said
composition is formulated with trans-(&)-A-tetrahydrocannabinol in the crystalline form and
a pharmaceutically-acceptable carrier adapted for transmucosal or transdermal adminisiration

for use as a medicament {or transmucosal or transdermal adminisiration.

26, The cannabinoid composition for use of claim 25, wherein said crystaltine

¢ N . ~
trans-(::)-A"-tetrahydrocannabino] comprises at least 95%, preferably at least 98%, more



adm ni stration and capabl e of depositing said crystalline
trans-(::t:)-A -tetrahydroca nabi nol of a mammal, preferably is

sel ected fromthe group consisting of powder inhaler, a unit dose

i nhal er, a netered dose inhaler, a punp spray and a nebulier. 32. A
use of a conposition conprising trans-(d_)-A9-tetrahydrocannabi nol,
in the preparation of a nedicanent conprising adm xing an effective
anount of -115- trans-(i)-d 9-tetrahydrocamabinol in the crystalline
form and a pharmaceutical | y-acceptabl®- carrier to provide a
conposition suitable for adm nistration to the patient. 33. The use
according to claim32 wherein the conposition is in the formof a
suspension or in the formof a dry solid or dry powder. 34. The use

accordin o.claim3 wherein th m Xi n t he adm.ni steri
car i ed SIS SRS, S A OB BRI e ad o AL e S LAy Saent 1 ©

wher ei N bh1evadidibg be teNal Snddl & RBnBiHoids TR adporitaht er

-t etrahydr oeannabi nol and a pharnmaceutical |l y-acceptabl e adm xing,
the crystalline trans-(=t:.)-/s9 carrier- to provide the conposition.
36, Tho Bhar rhee R Al LEbIBET Wi crmaseobpP e dris R ErPaRs
wher ei n bR rclyet &4l ih AR prébadien Of # frelicAnent forl the h&at@BRALAGLBS drZlH, Y5 of
powder X-ray diffraction data that is fullé equi valent to ( Position
Hei ght | snactiewr wighslose o ghe ropnent plaomampplidiced, 6. 669 19498 80
0.1937 13.24282 100.00 7.5065 1 37192 0.2442 1 11.76756 1.91 8.2160
j._ 6175,19 0,2022 10.75285 L67, 10.0639 45167 Q. 1833 8.78223 2.32
13795 128.078f e 0fz“ﬁ!ﬁ@‘*‘%%““@%“!26*2{%*‘“?‘{%*1255‘8‘ fi‘-él.aﬁ‘@‘réﬂ%“’-%o‘@%ﬁ‘l’gél%f“%woﬁ“ 751

999 15. 8@)'ystaﬂine form, optionally admixed with a pharmaceutically-acceptable carrier, in the
produciion of a medicament, to be administered by deposition of

trans-(+:)-A”-tetrahydrocannabinol into the lungs of a mammal in need thereof.

29.  ‘The use of claim 28, wherein said crystalline trans-(:)-A-tetrahydrocannabinol
comprises at least 95%, preferably at Jeast 98%, more preferably at least 99%, even more
preferably at least 99.5% and most preferably at least 99.9% by weight of the total amount of

cannabinoids in said composition.

30. The use of claim 28, wherein said erystalline trans-(::)-A"-tetrahydrocannabinol,
optionalty admixed with a pharmaceuticatly-acceptable carrier, 15 in a form selected from the
aroup consisting of powders, granules, microparticles, nanoparticles and mixtures thereof.

31, The use of claim 28, whercin said crysialline trans-(3)-A%-tetrahydrocannabinol is
delivered to the Jungs of said mammal from a mechanical device suitable for pulmonary
administration and capable of depositing said crystalline trans-()-A"tetrahydrocanmabinot of
a mammal, preferably is selected from the proup consisting of powder inhaler, a unit dose

inhaler, a metered dose inhaler, a pump spray and a nebulizer.

32, A use of a composition comprising trang~(&)-Atetrahydrocannabinol, in the

preparation of a medicament comprising admixing an effective amount of
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33.

or in the form of a dry solid or dry powder.

The use according to claim 32 wherein the composition is in the form of a suspension

34. The use according to claim 32, wherein the admixing and the administering are carried out

by the patient.

35. The use according to claim 32, whercin the administering is carried out immediately after
admuxing the crystalline trans-(4:)-A-tetrahydrocannabinol and a pharmaceutically-acceptable

carrier Lo provide the composition.

30.

trans-(4)-A"-THC is characterized by powder X-ray diffraction data that is fully equivalent to

The pharmaceutical composition for use of claim 1 or claim 2, wherein the crystalline
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and 36 for use in the treatnent of pain,
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Pharmaceutical composition or dosage form for use of any of claimsg 1 to 22, 25, 206

and 36 for use in the treatment of pain, emesis, loss of appetite or weight loss,

38.

Pharmaceutical composition or dosage form for use of claim 37 wherein the erystalline

trans-(+)-A7-11IC, optionally admixed with a pharmaceutically-acceptable carrier, (o be

o . - Y. - . -
administered by the deposition of [l'%l.l_]s--(d:)-f,\)_IH C info the lungs of a mammal in need

thereof.

39.

crystalline trang-()-a°

Pharmaceutical composition or dosage form for use of ¢laim 38, wherein said

SFHC comprises at least 95%, preferably at least 98%, more preferably

at least 99%, even more preferably at least 99,5% and most preferably at least 99,9% by

weight of the total amount of cannabinoids in said composition or dosage form.



45. The pharmacei.lical conposition for use of claim42, wherein the
admnistering is carried out imediately after adm xing the
crystalline trans-(:a:)-/.9-THC and a pharnaceutically-acceptable
carrier to provide the conposition.

117 -

40.  Pharmaceutical composition or dosage form for use of claim 38, wherein said
crystalline trans-(:)-A%-THC, optionally admixed with a pharmaceutically-acceptable carrier,
is in a form selected from the group consisting of powders, granules, microparticles,

nanoparticles and mixtures thercof.

41, Pharmaceutical composition or dosage form for use of claim 38, wherein said
crystalline trans-(:£)-A"~THC is delivered to the lungs of said mammal {rom a mechanical
device suitable for pulmonary administration and capable of depositing said crystalline trans-
(#)-A"-TTIC of @ mammal, preferably selected from the group consisting of powder inhaler, a

unit dose inhaler, a metered dose inhaler, a pump spray and a nebulizer.

' I I L4 S, .
42, Pharmaceutical composition comprising trans-(#)-A-THC for use in the treatment of
pain, cmesis, loss of appetite or weight loss comprising admixing an effective amount of
[ , - - . Ny
trans-(+)-A’-THC in the crystalline form and a pharmaceutically-acceptable carrier to provide

a composition suitable for administration to the patient.

43.  Pharmaceutical composition for use of claim 42, wherein the composition 1$ in the

form of a suspension or in the form of a dry solid or dry powder.

44, The pharmaceutical composition for use of claim 42, wherein the admixing and

adminisiering are carried out by the patient.

45, The pharmaceutical composition for use of claim 42, wherein the administering is
. . + . s . N [y Q.
carried out immediately after admixing the erystalline trans-G)-A"-THC and a

pharmaceutically-acceptable carrier to provide the composition.
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