Cannabi noi d active pharmaceutical ingredient for

i nproved dosage forns 1. Field of the Invention The
WQe@Wsas94i nvention is directed to a new cannabPCEB006/005761

active pharmaceutical ingredient conprising

crystalline trans-()-D9-tetrahydrocannabi nol. The

present invention is further directed to

phar maceuti cal conpositions and i nproved dosage forns

t hat a€enrfabimvidtiactivelphenyateatid¢al meredient for improved dosage forms

trans-()-DO-tetrahydrocannabi nol. The present

invention is also directed toward nethods for treating

or preventing a condition such as, inter alia, pain,

enesis, |loss of appetite or weight |oss conprising

adninistering a dosagke f orkieldfofithe Imvemtiont i nventi on
5 t°T€%E g8 DB elrePleg Pt Fanaroga S miifpbiedea
%}éd%n? §oxﬂfm§'|§§ LhRtalifRUSHhs AL)- Qh@ét?ah?&%@é]ﬁagﬂlobyﬂ%‘presem

oc group of experts that summarized the availab
S cmsrnmtum is fgltitea diregad i phiprinhecutindrcapwositions ppl mamovezﬁ@sage

T\/gfqrinﬁnﬁ ;}%%%nfa rrge(}/\b [ Sc?)?s?allorrlle ttrz?nes-e\/? % -(%gtlrahydrocam}/abmol The
ht £ n. r
o %ISJI{_%_ m@selnﬂbrhxs%@gd dlﬁéeff‘e/drr@ram thét80SfoVediG R d\ﬁfrwatﬁanga

report included a recomendation that
10 NI drd)mlhinml sicle amsmtdealzs,lmpo |emesug, losssafappttite or teeght loss comprising

nt i use, of ri or the fol]lown
e i e T e biveetShisd bttpLE SR ghgpen
vom,atnln@& Jr%é@mlglg anti cancer therapy, neurol ogical
and novenent di sorders, pain, and glaucona. In 1999, a

second report was publlshed ("Marijuana and Medi ci ne,
Assessing the Science Base," Janet E. Joy, Stanley J.

Vatson, Jr., and Jahn ABaBemwgund ofithe Infdntion s;
15 V\an@hll 9%& @ﬁ ?%tleng Inst%fes ]6? 19-I%é11t 1ssue%naarep(')6‘1% %Qs%%le%rbeysasﬂ ad hoc

( hérbRp bf @)@&k@ (R RuRtiatica He@QhifdISsdiniific)dataebaling the
provided a review of the actual and
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



potential therapeutic uses of cannabinoids. The latter
report identified additional conditions for which
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i ncluding somatic pain, chronic pain, neuropathic

pai n, inflanmmation, nuscle spasticity including that

associated with spinal cord injury and nmultiple

scl erosi s, nnvenentdisorderézrncluding dyst oni a,

Par ki nson' s di sease, Huntington's di sease, and

Tourette's syndrone, m grai ne headache, epil epsy, and

Al zheiner's disease. In addition to identifying such

medi cal applications for marijuana and/ or

t I @i8Srdérs)inddAdih g dy stbyidl Pa&fikeds dideasel Hahtifig@pos disease, and
hasi zed the need for rapi d-onset, non-snoked, safe,

an OYrglte’ s pYRAremp TR P ae@gﬂp% &PVensys3ndrlzheimer’s discase. In

etrdtlhé’ tlf%llﬂg sﬁclh %810 1164t E%isin{l R2%d achd/& the
Ilterature t ave ocune ed t e therdpeutic
ut irdrist(y)-0%-tetraBydrofannablot, eliat adpoer cmstrasiabd rlml neetMfdratipidsonset,
the active, natural product found in marijuana. U S
Pa@himeksd, gafe pod agliabi camnabingWdeli VEmysERSi on of
references, as well as a summary of the data provided
in those references concerning the use of D9-THC for
t heutiseq@antipnthe@fhafe B&mﬁﬂﬂbm &a@oambﬂhx ilimramda that have
cachexi a, nausea and enesis due to,ca

h%ﬂ’ﬁé?eé e thﬁ%ﬁplﬁu%%tﬂftd ohtrBnEsd’ ﬁ%fr?éwﬂrocgw@e% which is the
I
et el ol @ uRthnh Al el 1 5o PUBA NG U A MY provides o

I [ (tcenipitauoﬁ of eeferehens, aowtlhes opirhmary of-the tlatu @rowded in those
wat er - i nsol ubl e, |Ip0phI|IC resi nous nat

i defrrsceR gonsering theispef AIAHE foy thmeatnaf@ﬁ eﬁéﬂ% -agypciated
M‘zﬁltope%a Mhecd%HESHQ rﬂaﬂge Sale g{gc gsdug"ilg‘ g&cképé}{laﬁd?ﬁ‘ér ?gm due to

for pyran or nonot er p1 ni ol npounds respect
( Agi:vamctdd cahcen) spaﬁdsty rﬂm&ed@amnﬂbplnsckémsm@mdmpml ¢ord injury, and

| t As New Yar k
ACHEARITE: Do § DHES MeABEGHSE O e G © Ry
38({ﬂt1)ca }aé‘t&e&@v@&@inso‘i@ﬂ@ qgg?ﬂi‘h@ JesindBmhdt&td13dentified either as

enlstry, ar macol ogy, abolismand dinica
Ef A’eTHE, orNevil G &epeadiag emivchaies slee fu®Sing slytetnaisbased upon that
Phuasgg? CroplyrzliiI grcggr%temlnlold 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);
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 (ie “trans-(-)-A’-THC”) has
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-(-)-A9-THC, has been reported to be



Behav 40(3):46 1-464 (1991)). In particular,
(-)-6a,10a-trans- D9-tetrahydrocannabinol (i.e.
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conmponent primarily responsible for the antienetic
effects associated with cannabis (S.E. Sallen et al,

N. Engl. J. Med. 302:135 (19%0); A E. Chang et al,

Cancer 47:1746 (1981); and D’S. Poster et al, J. Am

Med. Asso. 245:2047 (1981)). This conmpound, i.e.,
trans-(-)-D9-THC, has been reported to beuseful as an
antienetic to relieve nausea and vomting in patients
recei ving cancer chenot herapy and to stinul ate wei ght
gaugefil s pAakhehatistofrtkevengus dacimd syt ogit patietds Yeceiving cancer
infection (see U S Patent No. 6,703,418 B2 to .
Pl %Iz%fé)ther%éx Huhigrstiputate pierghs gpinyin patientgsyfferigg froge symptomatic
na 0

e G B S e i T
trans-(+)-enantioners, respectively, of

t - (),-.D9- THC ted to p ful for =
AN AR A TN E R

o B | _
Do T UL SR b vy o
Phesrgaepa’-188C 4 3R ep&id to b udefuR&rNseaiag paid; th@'ﬁx}éﬁi-@-l)-Ag-THC

Phar macol . 56:968 (1978); B.R Martin et al, Life
Sce¢nandemen basb®n(idgaified aytheraprenadent of thel twoppantiomers (see, e.g.,

B TGS 3o o P o TSR, Bl e

PUbhkdreaitbOB61988 (EEBe B.&d Mdith of Mg IScResl DOSER(1981); M.
activity ascribed to trans-%&é-Dg-THC in earlier
pubtirimaerdp dfalsPhamacre Bg:-328 (1M e Reshpar setlodlol

of I = (m - P j I

ko b3S ol ERGT R Dol et ot
t rpiasmécolodifal BHIG/ iex irckibéd toaypams @ ) -t TE ¢ iedrhierfdbtifhddheports is
activity of the trans-(-)-D9-THC enantiong%2§wbchoulam_
etlikely to epeepond dlst PRpaseh ehiow lgvals e8jrans(-1-MIHE otheyaterials

Purifi - (=) &D9-THC . hi ¢k i . .
r et e BPr e Oy Fuh Bl Bk s HE s apprdmately
Sap e, SURDREIGERThe (TRL-E )R BHERhal forkhRMERblitm ot al,

unstab
Pharmacol Biochem Behav 40(3):461-464 (1991)).

Purified trans-(-)-A’-THC is a thick, viscous, resinous material that has been
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.

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
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standard dosage forns that are typically avail able for
ot her, solid pharmaceuti cal conpounds. Synt hetic

trans-(-)-D9-THC (i.e. "drongblnol , which is
currently sold as Marinol(r) "by Uni nmed
Phar maceuticals, Inc., is available in 2.5, 5, and 10

ng dosage strengths. The trans-(-)-D9-THC of

Marinol (r)is fornmulated as a solution in sesane oil

which is distributed into gelatin capsules. This

o na Ishbj eadoifindt glasy @dtabolism o thienaves i at)somd THé)iveA\y slowdy, and
ect to first- pa§ netabollsn1|n th S
rhs@dl Jelayss opest 0T ehgmagological askinity; 9 eié haurdg two hours.

R S
medneukiidgd), tyﬁlbﬂl},&eéul)s-l@gm'ﬂﬁﬁet ob')ﬁham’m@bmglcﬂhac(tﬁutg Wwithdy 10 minutes
snmoking). typically results in an_onset

prfrdasEsE el Warkshapop the MﬁdFFa!LH“H%‘Ré) Marijyana,”
W@}tﬁﬁ%\@&ﬁ@é’o& nSOLAR BB R/ MR dMBRIE Ruald hid) ¥ ©Patent

( HtJd) (6,7 V38, 182, re. g&wbtaeﬂwﬂdrﬁd meﬁefejnuamiﬂewmﬁreiab Mebwevandelivery
S, Pat .. 6,713,048 B2, e. able 2 and
tﬂef t;aep-Z-aémg@c RPN PR ISIoh yre%%féév gfew Vs v@feye%ﬁangers of

i (e DOembHG o SDIGh Gl L B B e otositon of

gers o ysena
I uhg pkaanmete)-lalsased!\m Ibreparemlmuumxde:ﬁgametzbs (ﬁmmng ‘iNMamjuefia and

: ngs&l&%g;égs‘%ﬁ%é g’l ggclfesn%%gta?? pgﬁ{%?g M%@%qunaWatson Jr., and
AsRRR . BRnddie ] ﬁ%(ﬁﬂﬁ@ 1B&fi6te of MABLInE- 1999y NatFInaNA8Ndedny Press,

Wat son, Jr., and John A. Benson, Jr., Editors:
| N¥ashingten BEC e meneof thexgassunathemrhls fmla/orenlytepwéls gttempts to

P 19h 5 i SRR AES PR T

therapeutically-effective formul ati ons of

trans-(-)-D9-THC. U S. Patent No. 6,328,992 describes

a Iﬂ Saﬂ@d@trh%@w £22: 8 QMG;CQWtaémmdﬁnr@hﬁﬁ&@rmwswm for cannabinoid
ted

o %lfl)ﬂrq S IP ew}g% i re ac 1\e/e gc():rH)c\)/uend is Ii]aqeci as a EerHreawmpnsmg a
carrier and a permeation enhancer. According to the ‘992 patent, suitable carriers
can include natural rubber, viscoelastic semi-solid materials, hydrogels,
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
sorbitan esters, alcohol ethoxylates, lanolin ethoxylates, ethoxylated fatty methyl

esters and alkanolamides.
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t hernopl astic polyners, elastoners and thernopl astic

el astonmers, or an oil selected fromthe group

consisting of mneral oils, gegetable oils, fish oils,

animal oils, carbon tetrachlforide, ethanolic solutions

of resins and pyrahexyl m xtures. Perneation enhancers

of the formulations of the '992 patent include

noni oni ¢ surfactants or solvents, e.g. glycero

esters, polyglycerol esters, alkyl fatty acid esters,

et Yo PathENoSOB B3 5 andestiBésa cana®nold hipeXiloatfesnasal delivery.

I anol in ethoxylates et hoxyl ated fatty nethyl esters

anﬁh%ﬂlqtlaﬁ raderial o8 th ‘813 pat@@wts fognulgedgna thiphasicsdglivessystem,”
[ n I T

aC gggﬁgpg}lga a%me lglof*? '1[“§QE é)? del%{%gﬁ%% % e[g%]i)zhre% by

" b(tq@iitaﬁin(g thieﬂnu‘gavlyh SI)/Slﬂ and 4 smulmfm t@provide-dnroilnptiage, which is

emul si on. The bi phasic dellvery systemis prepared by

cogh Hl&?@OL{SWemH?eGQ“W FhAI50Bs Phase Bontainiten Sitiliese. the il is
\%_r I?rgfeg&lf?‘g v@%étalﬂg B%uchN Give i, ts@b%ﬂlevd@ 953%1’%11/ cHﬂt&?geed oil, or

an aque hase containing a stabilizer. The ol
i ssogbedrem&bﬂyleahw e@etsdiﬁreambb feuetangsde,al polwxyethylene block

sesa 0i | or oi.l tt n-seed oil. .
o1 FoPORpre THReS Lot S plser e fbeB B P iie s oot complexes

POorprisaidy E8MEbiAbRICIdGARMN AR g addh suchlad dgafo@Bitrill HQvhich the
descri bes the formation of "guest-host conpl exes"

C odfpg |1$¢q1pgalaecbwﬁhlalkﬁ ety imH salubdizimg agent. nfcengding te theh 513
xtrln |n ntai.ne hin

o e T R badoutPulith cha B otk GE PHRUATE sl

' Shategal tﬁﬁﬁcanﬁéﬁﬂc@pkﬁﬁtedh@tﬁtth@é}ﬁﬁlsﬁmeﬁe@ﬁbe@,&)r that can be
freeze-dried to provide a powdered material that can
bedglivetsApsingrasdnswitletor Aevietul si ons descri bed, or that
can be delivered using an insufflator device. U S.

Patent No. 6,713,048 describes a D9- THC sol uti on
el & edtediON6. 6,N1B048 desoribai AAhIHE whutpashétered-dose inhaler
conprising a hydrofl uoroal kane propel | ant and D9- THC

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
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
transmucosal administration, comprising tetrahydrocannabinol, cannabidiol, and a
“self-emulsifying” cannabinoid solubilizer such as glycerol monooleate, glycerol

monostearate, medium chain triglyceride, polyethoxylated castor oil,



Sui tabl e propellants include 1,1,1,2-tetrafl uoroethane
and 1,1,1, 2,3, 3, 3-heptafl uoropropane. In addition the
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solvent, e.g. ethanol, to solubilize the D9-THC. The
D9- THC of the '048 patent is described as the
phar maceutically pure, nonionized resinous drug
subst ance "0
(6aR-trans)-6a, 7, 8, 10a-t et rahydro-6, 6, 9-tri net hyl -
3-pentyl - 6H di benzo [b,d]-pyran- 1-ol . U S. Patent
No. 6, 730,330 B2 descri bes a pharnaceutica
formul ati on for transnmucosal adm nistration,
C OPpBIybRy ity 1616 amame@s@c]ﬁn el ene @ERA qiaﬂybx@hnhymne faty acid ester,
"self-emulsify cannabi noi d sol ubil'izer such as
gl 9@@@@“%&%@&@& orl spekitap|esebnost ear at e, medi um
chain triglyceride, polyethoxylated castor
oi | , pol yoxyet hyl ene al kyl ether, polyoxyethyl ene
et es. Papok Woxy . F8NnYb e deschidtd y canpehiteai F inhalation therapy in which
polyo§¥e12ylene stearate, or a sorbitan ester, .
Paf el (. fornylated i 8 seraiaquen s SV s ARBETIFINGS A l{sirmously selected
in t
Uc?l_ gl urgcorg I&%? ?IQXh(%l W\M& gl!?d Pﬁ%&gﬁv%ﬁg%@f %@g%ﬁ% élyco‘rl‘, such as
SeBEGOSd"(vN@ bﬂhﬁm‘ll‘waeﬁ@bpﬂeﬂé glgtelohol , water and a
pharmaceutically acceptable glycol, such as 35:10:55
(v/v) ethanol :water:propylene glycol. U'S. Published
F’ab@tpu%ﬁ&léd%?%’ ﬁgﬁﬁcatgﬁ)ﬁ%«é %89/@%5 o7 &F&&fchp&sa fSrmulation in
formulation in [ a cannabi noi d conpound
i nebichar@mheabineid @osipgamd gha@m’pmted 1% agagar@lass) hoh sugar alcohol
al cco .ding.toQ ''027 publjcation,.a.natura
s Adodis Fysmel | Sungeado v daterd < Sid Sosthang is
or 83501 6eSiAl MPREr-WHIBIE obhRiSidBint Ivhilfl kSRl ¥Ed disSoMWad & water.
The two solutions are conbined to forma m xture,
whibhitwassalatégnsfareerabided tedforsgrmaixtufe; \éhiCh Vetben freemerdsied, spray
or ,drjed fro su rltlcal f|UI d
or Gt Somp 8, 3 BB R 4 b itiimyly e pprovides a
pubdrbﬁs’i&dk@rwmelﬂ Actdingas 8ss'9d7 ipliblicadion Wl & pkduabsedahtoch

be used for tableting or. for pul nonary adm ni strati on.
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
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
using a pump spray, the viscosity of the formulations disclosed is critical, and

" accordingly, the working range of solvent:co-solvent is quite narrow.
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useful for admnistration using a punp spray. Useful
sol vents described in the ' 108 publication include

G -4 al cohols, including ethanol, which is the
preferred sol vent. Co- sol vent’s i ncl ude gl ycol s, e.qg.
propyl ene glycol, as well as sugar al cohols, carbonate
esters and chl ori nated hydrocarbons. The ' 108
publication notes that, in order to obtain the desired
particle size appropriate for adm nistration as an
aeyas PubHgHed P atend WPPliSRToAN 0. 064/0il $8X9S1 A i d&kribéea composition
formul ations disclosed is critical, and according

t heommmg@ solaiefeonsuspaisiasrierahyrnsarnabincy and gannabidiol.

%ﬁ?%ifglé%(g%lﬁu blo) ngl?sdorpﬁéﬁe%mp‘%% f&és%bé}i% the ‘293 %ubllcatlon

describe osition co
S OinldIude mediurs Ugesrshon- dhﬁmttﬁgryaélydﬁs Onﬁ,’ladimﬁbd:hmi pandl glycerides,
cannabi di ol Suitabl e i pophilic sal vent

s uE‘ﬁéﬁbP’@ﬂaté‘é fattyeteohpdss @plys@exwtefi Hatty %@s ,Bemeﬂ@étﬂiakﬁﬁi fatty
in

TN Y SHRC 0 S o
al weight slcolpds, )patthxbngtbmtoé dorbith wlthcfambsamdm ipybethoxylattdgquirtial
L SEL A Sal) o o BELL L Syt des SoLELS, win
pafa‘t&%'md@ ;ﬂog{'e?}éﬁénes gfy@(’)lg afhdWhik RuréSthExo R @b G211 as mixtures of those

pol yet hoxyl par ‘esters of sorbitan with fatty
actahspounds wiith| fa@s@@r@déﬁr vexgapsglyeols bi gspensianssygukigres of

Enlsranf Bl ingB T Gety ERE RbiT R o SRl it 7>

f adpplic@idrS a dmdlRE oﬂ\@lﬁﬁﬁydibcﬁhmﬁd)lsanﬁrcaﬁ%ﬁlﬁﬂlswmmmup ina
m xtures of lecithins and/or oils and/or waxes. In the

enbbdiesimedéinachpiainenp-apg di-gbygerigss|of €atGro fattyzacids and the
%@EMEO% SHraih&d &%?%Iﬁ{rf’o ?éfb%%gﬂ%%laﬁﬁ Hgsﬂmgab' di ol ~was

en up Inamxture o nono- and
glycerldes OC8-C fatty acids and the sol ution

R T R R -

degahhREsn %oﬁqBHLlhE %@Jhydrocannabmol, 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:
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
solid excipients were added to the granular mixture, which was then dried to form a

powder that could be compressed into tablets.



formul ati on conprising tetrahydrocannabi nol, ethano

and an exci pient. According to the '939 publication,
WOor2ae8394dr nul at i ons may conpri se tetrahydr oca®eaiPaeN6/005761

and ethanol, as well as, in certain enbodi ments, one

or nore of the followi ng: mcrocrystalline cellul ose,

sodi um starch gl ycol ate, magnesi um stearate, funed

silica, mannitol, sucrose, F&ctose, sorbitol

lactitol, xylitol, sodium bicarbonate, sodium

carbonate, citric acid, tartaric acid, and a

wat er-sol ubl e surfactant. In a particul ar enbodi nent,

t et rahydr ocannabi nol was di ssolved in ethanol and the

r eadliddi®i@eds@l thé h@fit Baditficagdo ferituldre pharhnkeititally-avédpeable

granul ar mxture. Additiongl solid excipients were

ad@rmpqsdlqrﬁ @O@PQﬁl@gé‘ianﬁ‘b)tAJ rEH Cylini vaew wﬁﬂxetth@h upgoag nayre of

hat be co i.nto tabl ets, As.
| i R o kDo b PR RHERRT ek bl e e in those
phﬁmﬁ@@,m&p&ﬂoye aFmeRDAL EHEO PRSI dtioAS BreChRABYail§ uAgable and
trans-(-)-D9-THC, in view of the thick, viscous nature

5 of freqventlyaxlaibital relamv,lelb'tabb@mgadtshvlftlgfe tami/@myxgetrhe storgdhat low
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unstable and frequently exhibit a relatively
abbrevi ated shelf-l1ife and/or nust be stored at | ow

t eﬁp@rd\mgbe 1r( glew of the thespedsy m_tgg@]?zpf ﬁm -¢ApA’-THC and in light of
oot ke rotrah e P o fuferilaS bpp o T URRE N d g rre

10 dl hdrh&@Webd &5 aasmpedvatedatie t:&hriabﬁlofcmdﬁwk phh@ihcentical fgredient,
apparent that there is a lo ng- elt, unnmet need for an

i nywhishean bevagsl te pEensRRImATEY ¥ @éa&ﬂfﬁﬁ%ﬁ%@f‘%%ﬁtratlon to
2;%1%9!5?%1cte%1ﬁha g/%ﬂd]ﬁ)l%{lr aat? an]i 8? glﬁglg(?rﬁédl M@ %p 8%@\_/§ﬂed with

orns for admnis ion ents
mnﬁﬁmqjﬁ@hm}mlon that can be aneliorated, treated, or
prevented with trans-(-)-D9-THC. Citation of any
reference in Section 2 of this application is not an

15 @ .tftﬁjno& ahp %fe*elage fne§€cliigﬂ %%f! itﬁ‘is Qﬁf)lﬁf’atigﬁ fs R ah Ia&mission that the
appl1cat1on:

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-(+)-A9-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-(i)-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



3. Summary of the Invention The present invention
provi des a conposition conprising crystalline
WO20emis394) - DO- t et r ahydr ocannabi nol . I n cert ai n PCT/EP2006/005761

enbodi nents of the conposition, the crystalline

trans-()-D -tetrahydrocannabi nol conprises

trans-(-)-D9-tetrahydrocanna§inoI and

trans- (+)-D9-tetrahydrocannabi'nol. In other

enbodi nents of the conposition, the crystalline

trans-()-D9-tetrahydrocannabi nol consists essentially

of trans-(-)-D9-tetrahydrocannabi nol and

trans-(+)-D9-tetrahydrocannabinol. In a particul ar
enélmﬁbrméﬁlht, leadn08%y tyysivaight, Atleast 99%, at least 99.5% or at least 99.9 % by

ans- ( -D9 t et r ghydr ocannabi nol conprises at | east

wgw Réfrgmr Gord rtﬁaﬁ@d{?ca@gﬂmml&a b etakameynt of
b@%ﬁﬂdﬁﬂmﬂshﬂ%@ko Upbnof cannabinoids in the

conmposi ti1on r aspects, the crystalline

trans- () D9 t et rahydr ocannabi nol conpri ses at | east 98%

I 9% at. | t 99, F% t | t
5 ogthdbpd § RS EFRLS Shite oingRgtipn. b ¢ erystalline’” 1 €4S
Dgtrérﬁt(&ﬁwgét%§ﬂf&9hmlind?ﬂ§§£jm%lhrtr§tﬁ) ¢otal anount o f
cannabi hojds in the conposition. a@zurther
t

enthxmst(ﬂ)eﬁ-@tr@hﬁdromn@bmpb@l ttansﬂiﬂ -f\héetmhydrogsnnahimol within a

t (ARG ¢ Gomapb i R GRBRATE M ar HP5 BelPadd B abduPl.r00,

Dt fRdnh abod 002N 08 b £l§8ut wotsm 95. Anl2PREI fiQ efnti‘oﬂﬁﬂérﬂbmwcrystaume
0.8:1.2 tg about 1.2:0.8, or fromabout 0.9:1.1 t

10 akiéﬁ!ls (F)- tetorhydiocpprabingb beg 2 BobE ratinsf t o about
t(r-)a?ls Eg Bb'g{l)zq l§1n81 t%nmgl?-éﬁeﬂt tetJaH?dr%F%rﬁlta?iglto! gle%bout 1:1.

trans- ( drocan has a
f trans-(-)- D9- tetrahydrocannabinol to trans-(+)-

D9-tetrah drocannabi nol o f about 1:1, The present
WRERIESSH fnlyFl’tlth(glr gLpPQuidesa ﬁhmg@ma} ¢Qnposition comprising

Qﬁ‘?@ﬁhhé 9@n§m9' étr%&c%ﬁ%?dlhélrﬁdtar}flﬁﬁﬁne(aeutlcally-acceptable

et rahydr ocannabi ndl
15 pharmmmwmlp@ht yhlaecprefmabIeelbodlmqr&rth@pryebaﬁum ent. In a

treafng r(ﬂr:)e gg ?qu?lghr%%anﬁﬂabmo is prgsen lthg ;e)harmaceutical 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 maﬁmal, 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-(+)-A’-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
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WO 20d/138%943har naceut i cal conposition in a ther ap€RtEPZe{6/095761
effective amount. The present invention further
provi des a dosage form conprising a pharnmaceutica
conposition o f the present invention fornulated into
a dosage formuseful for adnilflirstration to a manmal ,
and particularly a human patient. The dosage form may
b e adapted for oral adm nistration, transnucosa
adm ni stration, transdermal adm nistration,
i ntrathecal adm nistration, parenteral adm nistration
Or ataaif s MG tor dblouDPS thgy Th Bpeifad éibodimen®, thadbsapeélfarin of the present
aspect .o f this enbodi nent, the dosage formis a unit

do¥WGRIGTHARDIISES 2RAUE ihe. SRPW Bt DOUt HemEoahayk 40 gignaout 50

f e [ [ :

o T At B8R, SBYRR R SOOI U0RAE 0P A0 st erygating
r atrges-@) A ftewahydboatndbi@8. m g to about 200 ny, or from
about 0.1 mg to about 100 ng; or fromabout 0.5 mg

Sto about 7 5 ng; or fromabout 2 mg to about 50 ny;
Or The SIFRRH:ioRedBorh fosdRRidland o fbritnsSRE Cdridutated with crystalline
enbodi nents, the dosage form of 'the present invention
cotrprsHEe<\ atetrahydsocapnabibolind0aygr melyowt, RGpmge criswlline

ToBR3A sty BBt g b 8ySeap P nimstrgn. 720Ut

trans-()-DO-tetrahydrocannabi nol. The af orenenti oned

cong;sitions and dosage fornms are fornmulated with

cr Yke priepenh inviepters Ls(al sopsbirectegtp W Addy metdad 407 adoninistegingay |
or._mmy. . nQb, | 4 I - )= 9- .. )

¢ RS se BB T phiie b A herolE hich comprises
Thadnpix e et effoey e imomnticd cafssalint trant(ey A oveahydacamidbiith] and a
for admi nistering trans-()-D9-tetrahydrocannabjnol to .

a RhrmarRuticH naegr iR @Eter AT oS FBRRSEOT] ahH] 39Tigising the
ef &ﬁl‘?ﬂdsg‘fﬁ)nat at@ht, Stk Ak)dcPEf this embodiment, the composition is in
trans-()-D9-tetrahydrocannabi nol and a

15 phthe ferceof 2 sebiign, zucdpemigek oc suspemsion. olnpnothed aspect of this
conposj.tion,, and adm nistering the conposition to.the

e aapmeqi hsCaaBacRu e kPl SR ot andthe

C OfiRYSsitloANs h Soluflon. In a further aspect of this embodiment, the admixing and

10

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 certainembodiments, 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-(+)-A9-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



the formof a solution, emulsion, gel, or suspension.
I n anot her aspect of this enbodi nent, the

wopea'13atidut i cal | y-acceptabl e carrier is a sol PEREP3H1$/005761

10

15

20

25

the composition is a solution. In a further aspect of
this enbodi ment, the adm xing and the adm ni stering
are carried out by the patient, and, in certain,
enbodi ments, the administeridd-is carried out

i medi ately after adm xing the crystalline
trans-()-D9-tetrahydrocannabi nol and a

phar maceutical | y-acceptable carrier to provide the
conmposi tion. In certain*enbodi ments, the conpositions

angoipsa ﬂ?trﬁu@sr (15 ARk etidRQdiRCAERBINOL, rax\aagli(+pm9 DRy drSEarPabinol, and
are for ated wth crystalline

t r ansn-@))lat)@rgaetcrsahyﬁdt tmqanwdb mystallmeet;mnsdd) BY-tetrahy doeamabinol.
sin -),-D9-t etrah drocan abi n
ﬁﬁ?? SShmBosiBen Py b AD s by irocs: My By e prep Sor

E,thé ﬂrs% cOaPodifitn tdntsk SIRAGH FRNTh) fotth g BIpRSSC
conprlses al owi ng trans-(-)-D9-tetTahydrocannabi no

andornp@ntmr(el@)nmntge(u)r afisti orgenisphibsenond (10 avrajenhalificawestic phase
toget her f a osi ti sin

¢ Seeigme B Ly e GRR R R Bo A &' "

tr In9L a non- pol ar

or BN % @é%@f@%?%@%@?ﬁ@ i P

trames- )—Abgetﬁaﬁydlﬁbadﬂfabﬁlahﬁtﬁbuhﬂ Qians Theat fetrahydrocannabinol from the
conmposi tion may be obtained by any process known in

t helcelralic-qagsticpbwap|aad (Prrontacting t}@d?ﬁﬂéér)tli\ oi§tralydregannabinol and
d ti
Coﬁlg:lﬁrglgfa ﬁ%y % §e?r)gh¥cﬁpgzinngﬁ)1§ugﬁﬁr§mﬁﬁegs(8?, W ostnﬁ)rf-;)glghorgamc solvent

al eolsh itke GRUSIhFosise containing the
trans-(-)-D9-tetrahydrocannabi nol and the trans-(+)-D

-t et rahydr ocannabi nol ; (b) separating t he

tr h n nd, th

t rgﬁgr_n%tﬁy}el@h% %st% %g?s&g %}] cdr Ien% talﬁr%m ' ﬁag forming a biphasic

al @cﬂh}ﬂisitﬁm&@ﬂﬁiﬂs&gﬁlﬁb&aﬁﬁmt afpdnic hase) Biididt)iaAgildohelic-caustic phase
trans- (-)-D9-tetrahydrocannabi nol and the

t r niaining tpos-{ Bty ARielrdeesanaahingd] (b) senaratingghe b) | wit h
2 o{x}%gs o\ etraflgdargcgnn% moleﬁ tﬁe algcr)}%lltchcglugtlc ﬁc’hase 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.

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

composition.



Alternatively, the first conposition can be obtained
by: (a) form ng a biphasic conposition conprising (i)

WO2006/1382410r gani ¢ phase, and (ii) an al cohol i c PEARP2II®/005761
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phase containing trans-(-)-D9-tetrahydrocannabi nol ;

(b) separating the trans-(-)-D9-tetrahydrocannabi no
fromthe al coholic-caustic phase; and (c) contacting

t he trans-(-)-EB-tetrahydroCé%nabinoI fromstep (b)

with trans-(+)-D9-tetrahydrocannabi nol and a non-pol ar
organi c solvent to formthe first conposition
Alternatively, the first conposition can be obtai ned

by: (a) form ng a biphasic conposition conprising (i)

a first organic phase, and (ii) an al coholic-caustic
phase containing trans-(+)-D -tetrahydrocannabi nol; . )
( bin efbgramhadigenthdhe eempesitionsped desaggHy@roridhe arssens|invention

fr : l.co [ .Gz ' ; ) NgQ: -
SRR PR B LB SR AT EH vl which
Wi tfystalliae Srags-J+)DA > tetrtah pdvyg cinpelinoklizis bekn pregaed ibyrr-rotas
organi ¢ solvent to formgthe first conposition.In other
endsapRg dlowing travsrpdy tteterydegsannsbiiohand or ns of t he

present .iBventi gn conpri or arne formul ated w th .

Cr GEEAm SR s PirnGls dSHes oB « Higdggpnic

cr ysthdstddhoohipRfg(dankQ o)L ALRAN - 0CARMRRbINOl  has been
prepared by a process conprising allow ng

t 1 ams- ()W Dordhyti reehyehiboed rameli mool-paarcbrganic solvent, to provide
trans- &)-Dg-tetr@hgﬂrocannabLnol to crystallize .

t otfestRkine fragsr)-4 riekrahyirgeannabipglyJdisi firsiii s prsPmBesigon may be
tr - - - : i , . . .

tr SNEE by KBy pERESMERIERIAR M example, in one empodiment, the firs
or g@anic cempugtidn cdrobepotayined by:r (¢ foamlingrefirst biphasic composition

trans-()-%ﬁ;%gtrahydro annabi nol.. The first, oraﬁgﬂc .
cofATBRT e HriljFt BEEBIS IR EPTBRFISHE 2 HFS dRLE- Y Cle praanic
t h&16nt - anb Qi) SXABR Ric-dalstRihaSOBRRAARRL . the first
organi ¢ conposition can be ‘obtained by: (a) formng a
fi ﬁrats—(bj—p?}tmiahydrocmmsbmbband trans-(+)-A’-tetrahydrocannabinol,
(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,

(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
trans-(+)-A’-tetrahydrocannabinol to crystallize together from a second organic
composition comprising trans-(-)-A9-tetrahydrocannabinol,

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



conprising (i) a first organic phase conprising a
first water-inmm scible organic solvent, and (ii) an

WO00@13894lc- caust i ¢ phase cont ai ni ng PCT/EP2006/005761
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trans-(-)-D9-tetrahydrocannabi nol and
trans-(+)-D9-tetrahydrocannabi nol, (b) separating the

al cohol i c-causti c phase and %gntacting t he separat ed

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 -i mm sci bl e organi ¢ solvent to forma second

bi phasi ¢ conposition conprising (i) a second organic
phé&%@taﬁﬁ@ﬁfah@(%mtrxh@ro@dﬂﬂalﬁlhb]) "Bt sR6brid drp@dt edmposition can
al cohol i ¢ phase, contacting the separated second

or basttainpd gsda) fqymm @first biphasic hompewtopermprivngfihp éirst organic
solvent to.f.orm qe first oraa
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t r ABshdlik: daastthnfagély&{tgﬁa@n@awglA%@ﬁamr@cfaaﬁﬁnﬁ@l 1) cBntacting

process conprising all ow ng
t r @nge;(argte@glcpbqlrca@@hgg@n anthragid tgmtovide an acid-treated alcoholic

i t oBERdD) fTB B LR PSR E AR N i Bt BB sy emynmiseivte

t I Gri38nic spvElk-tb ForinR B ¥eioad dihabic REposition comprising (1) a second
trans- (+)-D9-tetrahydrocannabinol, and a non(go ar

or@ranmc pb@sev@mpnsmg tpangi e cﬁegrsln)alrmaneabmaln an QIL)Bn acid-treated

LT TR T S R

COofRAsit phae &%f%r(bﬁb@&réﬁl} ifar éxﬁé&ntcffcﬂﬁﬁb&lt RIS about 1.25
conprising a first ter-1nmm scible organlc sol vent,

anaholair equizal cats cpelrumblam eqmualtentoofptaasé )eSRTEChamye) contactlng the
trans etr r abi nol ; contactln
L coaad Al EBRR o P L PB ARG e Pl Fost B second
an, 3ahid c&rn glifich @(%Trﬁﬁxti'ﬁh 89-ﬁlﬂﬁ§e (c) contacting the

0

aC|f-treat d alc I c phase with a second
mater-inn130|ble organi c solvent to forma second

RS TR S o s ab kG P BEE 51 B ing o s
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trans-( t et rahydor cannabi nol” to the separated
sew@tnrjlmmlsmble organic solvent, and (ii) an alcoholic-caustic phase containing

trans-(+)-A -tetrahydrocannabmo]; (b) 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
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
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.



organi ¢ phase of step (c) preferably in an anmount from

about 0.75 to about 1.25 nolar equival ents per nol ar
wogfea/\adMant of trans-(-)-D9-THC, and (e) cont RETTEPGOU6HE5761

second organi c phase of step (d) with a non-pol ar

organi c solvent to formthe second organic conposition

conprising D-THC. Alternatively, the second organic

conmposition can be obtained'B@T (a) formng a first

bi phasi ¢ conposition conprising (i) a first organic

phase conprising a first water-inmm scible organic

solvent, and (ii) an al coholic-caustic phase

cont ai ni ng trans-(+)-D9-tetrahydrocannabi nol; (b)
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5 acid-treated al coholic phase, (d) adding

trans-(-)-D9-THC to.the separ at ed cond. organi ¢..phase . .
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15 Of(shCR dyk@ataPatkiRDA s@fideBSd, HUBtiANBHTRiRhse and Tourette’s,

pharnaceutlcaf conposition of the present invention hi

v ayndnemedgpierainse b¢adaplies 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-(dc)-Ag-tetrahydrocannabinol with a pharmaceutically-acceptable
carrier or excipient. In certain aspects of this embodiment, the crystalline

25 trans-(i)-A9-tetrahydrocannabino] ;: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.



enbodi nent, the Condition is selected fromthe group
consisting of pain, enesis, |oss of appetite, and
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Condition is selected fromthe group consisting of
cachexi a, nausea and vomting (such as that foll ow ng
anti cancer therapy), glauconﬁ neural gi a, somatic
pai n, chronic pain, neuropaf Pé pai n, inflanmmtion,
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based on the total amount of cannabi noids in the
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an@LtRBEutRARG el O AUNTLE LSt B IFR 3 SR DL A-tdh@h (@884 fabinol into
formis in a powder or other dry form ‘In a further

astpe ungeof & magnrealyo aiced tiereof. hl;l one embodlment the cannabinoid

SP%{WPd’éSg?tr‘lc}gﬁ?Pa%itﬁ‘g S(Pgugﬁl Tos% ail I?)g%g%%a%ﬂ)& (fn one aspect

S USIREBR $hibddinténd) the fyistaliale, trzﬁfs ($Ph&-&¢tﬂihydﬂoﬂarﬁ1abinol, optionally
admixed with a pharmaceutically-acceptable excipient, is in a form selected from the
group consisting of powders, granules, microparticles, nanoparticles, and mixtures
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
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



specific non-limting aspect of this enbodi nent the
dosage formis an enulsion, gel, or solution that is
woptepesed at the tinme the dosage formis to bd@CI/EP2006/005761
adm nistered to the patient. The present invention
further provides conpositions and nethods adapted for
pul nonary adm ni stration of
trans-()-EB-tetrahydrocannabﬂﬁél to a mamal . The
nmet hod conprises depositing a stable cannabi noid
conposition conprising a therapeutically-effective
anount of crystalline trans-()-D9-tetrahydrocannabi no
into the lungs of a manmal in need thereof. In one

entpediy¥eilline tkdig-(@pniabiahydehcamiabasl intothd lange@fihé hdghmal. The
into the lungs of the mammal by inhalation. In one

aspeehanise! daiee @ndsdfarenemplengsletedsiremm)thgronp sprsigtingot a
&\{'@elw a?e???ﬁﬂphgé%l mltuﬁglt hméﬁeaﬁd@%ﬁﬁgr,w&ﬂul?zer, and a pump
y- pt a ina form

-t

pharmaceuti ca acce Pe excrpient, Is

sedpegy.ed fromthe group consisting of powders,

granul es, mcroparticles, nanoparticles, and m xtures
S thereof. In certain aspects of this enbodi nent, the

p Ve i : |

P L PR Bl b p B nSafied for oral
gr aimihisgration of opstaliine trass-(HaheEarbydrbempatine triaxhammsl.
thereof. In other aspects of this enbodi nent, the
crystalline trans-()-D9-tetrahydrocannabi nol conprises

atThearal dSkage foin dfARS pre8&Hinvehtibeast bOQptedrfoPrimhEdiste release
99. 5% by werght of trans-()-D9-tetrahydrocannabi no

10 bagsénp gendahdphasmareusicaliormulation tashinlngy.dd ltemativaly, the oral
¢ O&H%gg%/ %)%%ann :t‘)g a ?ﬁ;{gcé %o?'e %@&?egifrtele%ge. tﬁ'c%ﬁ?i%%‘o?ﬁﬁéﬂts, the

t he [ f- rahydrocannabi nol i

dedonten edirdléast femlulatgm @imprizes Mterapeuticdllygefective amount of
mechani cal devicg suitable for pul non

adiyHelding HenofHzh dteeralpfébp@nafbia@pa@éiatq%%eﬂ@i-rélease material. The
IC r&)‘?l{l%h%;d- edst ﬂﬁ%éxfa?l 'c?ﬁbé &he ﬁi&gciﬁﬂ glsaltﬁg QBhsiétﬂ‘%g)ftllsrgfophobic

ungs or the mamm e nechani cal e can
15 exgiphers, Inelreptikcpblyorrs, gemgy mogircdersiedtmaterial$, veaxes, shellacs,

ip%\g%ﬁéﬁ: !i gglslngglﬂj fa?a ]zlg)&l}l}'eég}ggfgofjp Eﬂgéﬁarih er%bo itmeern s(;j Eh%ose
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 C;4/C,ng 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,,4x 1S 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-(-l_-)-Ag-tetrahydrocannabinol and a controlled-release material in which the

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



spray. The present invention further provides nethods
and conpositions adapted for oral adm nistration of
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mammal . The oral dosage formof the present invention
can be adapted for imedi ate rel ease using standard
phar maceutical fornul ation tighnology. Al ternatively,
the oral dosage form can be apted for controlled

rel ease. In certain enbodi nents, the

controll ed-rel ease formul ati on conprises a

t herapeutical ly-effective anount of crystalline
trans-()-D9-tetrahydrocannabi nol and a

Cc ogthbadiment; il ipasipaniehiatd mhtricddsre comipresbddeidto £labRs,®r are
mat eri al _can be selected fron1the4%roup consi sti ng  of

hy@ﬂwﬁ%m ephampreiticall rperepiabig GapsiHe) Qs dispefgrevithin a
h
G R

enbodlnents the control | ed-rel ease fornul ati on

provi des sustained rel ease and is suitable,

8- lsupreseps Iygptomn lurhgr Rrgyidey 3T orgsy rar%ﬂa&aa&eé é’ﬁiﬂfy

! na\%ﬂﬁﬁl@' BnEBRAATBRE YosdelFoidh, Rhid OB e&&sﬁlmﬁg 1RASG of
dosage form after adm nistratiion to a hunan patient,

c aimcqposatidg adhd<t2peubivally-efedtiyeamounbof aijpeielling. 55 t o

about 5, t herapeutic effect. for at,|.east .

o DB Gy AP oA b Gn Sy Bliads RopRfiieRRase material.
enhegpi ar@mrouweeléaiaxndt&laa nfeylbeRsiehatiromp e drblisdiRlsting of

concentrati on. ﬂgartlcular enbodi nent, the ora
c ditbtquﬂHOéd‘—I?Cé}’féa@eh ephjlic pelymes, gnmb) Rrotesr-deyed gngterials,

do»%éxne% she lgcs #r?ﬁatﬂe ’f%y z%esq%?lf:gs[m ft&r%? th%reof form1gng a

harnateu I ca CCeépta I X conp
t hemapaed-reedsk yhaﬁﬁi € triuvaioamtl Btpaﬂfcutalr yﬁﬂ)aﬂﬂmeme said dosage form

trans-()-D9-tetrahydrocannabi nol and a
c oHiter ordl @dministeation teratwmag patieptyproxkies p£2¢fngirtio of from about

COiTR% te&duoRE Wi 4 tthlér géutfe%f%écpﬁﬁta& reaktaaﬁoeum Kduz€s- In

various aspects of th nbodi nent
nultlpartlculate natrlces are conpressed into a
or.are.

t
ph m&e&f }ncvsmﬁ @E@swgmdss Bsthods and gompesitions adanted for

W thdHsuBosal or transdermal administration of crystalline

trans—(i)-Ag-tetrahydrocannabinol to a mammal.
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

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

methods of the invention.
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or solution. The present invention further provides a
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control | ed-rel ease dosage form said process
conprising the step of incorporating a

t herapeutical ly-effective anqgnt of crystalline
trans-()-D9-tetrahydrocannabi into an appropriate
control |l ed-rel ease material. Such a controlled-rel ease
material may be selected fromthe group consisting of
hydr ophobi ¢ pol yners, hydrophilic polyners, guns,
protein-derived materials, waxes, shellacs, and the
like, as well as mxtures thereof, formng a
controll ed-rel ease matrix fornulation. In a particul ar

enpeyli Izm%ni grapibal ilesASBn be Y P LE Chhdlto S8 dbtAhERIARA hnalysis

to a human patient, provides a C24/Cma ratio of from
ab@fuat samr%of aystbbine tang6)-AhgHE preparap ecdording 1 betméthods of the
; VIgst about 24 hours. The present invention further
pr8v? & et hods and conposi tions adapted for
transmucosal or transdermal admninistration of
crystalline trans-()-DO-tetrahydrocannabinol to a
The present invention can be understood nore

 ohIG, IG, 3U§/ a eeanbieh dsiafiamel the ArtaRptgnederom pelifferential scanning
desg Arﬁéﬁ%a@y@ggoéé dargs;tsﬂlﬂ& by s-ﬁiéawrﬁ@ prg}tyr&dﬂa&g?dm% tof the

non- |n1t|n nts o i nventi
DemeuhoMotheﬁfvehhenDrawi ngs FIG 1 is a graphical
illustration of the powder X-ray diffraction pattern
obt ai ned upon anal ysis of a sanple of crystalline
trans-()-D9- THC prepared according to the nethods of

t herd. BME Rigkphidal Busiatich 6F t8E aRBobRlindd! fhors btRdrivan gﬁfwmetrlc
t he HPLC chr omat ogr am obt ai ned upon anal ysi s of

s aanglysisoff asapplent drydalling frany (79 -THE prenaped wordmg to the
acI%gtvhg(iisngf&lgi&vlggtiggle.t hods of the invention.

FIG. SA-5B depict the Fourier Transform Infrared spectrum obtained upon analysis
of a sample 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 .

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
and 3.3 ppm.



FIG 3 is a graphical illustration of the data
obtained froma differential scanning calorinetry

WOR84/188944 of crystalline trans-()-D9-THC pr ep&RCEEP2006/005761
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according to the nmethods of the invention. FIG 4 is a
graphical illustration of the data obtained froma
thermal gravinetric analysis of a sanple of
crystalline trans-()-D9-THC'6?epared according to the
nmet hods of the invention. FIG 5A-5B depict the
Fourier Transform I nfrared spectrum obtai ned upon

anal ysis of a sanple of crystalline trans-()-D9-THC
prepared according to the nmethods of the invention.
FI G 5A depicts the spectrum between wavenunbers 500 cm
1 and 4000 cm1 while FIG 5B depicts the spectrum

befpen way %@HQ@@IES}@Wﬁ%éctﬁﬂgoﬂtZQg% ﬁfﬁ)ﬁl-anaﬂls@:s‘l of®fsample of

6D depict the 1H5NNR spectrum obt ai ned upon anal ysi s
of crastaldimp trene{+)es yEHA] priepared nenosdify tobe Ttheiseyd dceidvention

' t h ds of t i ti Fl .
7 SERL BA WhnicR the Mo RVIR P Tt B s 63t 180 oo ERG o depicts the
6B depuRrt sg)e&thﬂn betvhYR 198968 195pPet BEsEdépiad thd’d NMR
ppm FI G 6C depicts the 1H NVMR %Eﬁctrun1be{meen 1.8

anwegiragn herveearld ariSOammapi E1G 0lhdepiets NvR “STIME: snectrum
b%%ggn%%%SmB ppm FIG 7A - 7D depict the 13C
N fum O B

spec al ned upon anal ysis of a sanple of
crystalline trans-()-D9- THC prepared according to the
met hods of the invention FIG 6A depicts the 13C NWR

spect rum bet wees) 0 apgtaligd IRRARipfidCofMedapisticn t he 13C
NMR spect rum bet ween lepi cts

g hEhelBGvRvRIEpBeid nhﬁrm@mgignl imsreé%gtm gisclpgash heagin comgrisd
' { 8 .
Lo DB R SR TR BB R A0 R BB omer i

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
compositions and dosage forms that comprise the purified enantiomer,
trans-(-)-A’>-THC. For example, samples of purified, crystalline
trans-(i)-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
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
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-(i)-A9-THC may reduce the patient-to-patient



The active cannabi noi d pharmaceutical ingredient
di scl osed herein conprises highly-purified crystalline
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(i.e., trans-(-)-D9-THC), the crystalline
trans-()-D9- THC of the present invention is |ess
sensitive to oxygen, light, % d heat. Consequently,

t he conpositions and dosage fOrns of the present

i nvention exhibit substantially-inproved stability

over known conpositions and dosage forns that conprise
the purified enantioner, trans-(-)-D9-THC. For

exanpl e, sanples of purified, crystalline

tr amsab(il)tymphﬁlmlagmdlrmmmawhmbpﬁcregfoﬁmglpbﬁ atliénistration of
present igvention held for three days at room

t eHpesa-dr & H 2t popedicthedtof air and | aboratory
lighting renmai ned white. Mreover, since the
crystalline trans-()-D9- tetrahydrocannablnol is a

cr ysapaiahbm ef sxylstaﬁmeataﬂm(a) A ATHGC forase asadd active pharmaceutical

fornu accqrdi ods disclosed in the art

| g (o e LinaBf putoac dgegs RyPBC prfschidpYepLon can be
Capid éﬂ‘l@l’l&i phar ﬂwc auddr&iak td ﬂﬁrxﬁéihé‘dktdléjdl&ééh%% Qseavem s in
is readi |y adaptable to tRe preparation of inproved

dosmgmmkyrmn@tidh? apvitigzd apploation Sgnalrﬁce@ioé@@ 556 whish is

of active nt.. as wel. t hose [rav n

o ohtiely b B BEED ete Ree Bils PO R SR AP ofthe prosent
| MaRveNntesh elasRdsolhted B cefstdlitAn Erﬁﬁsﬁ‘(!l) ANVHCt A a compos1t10n
conprising crystalline trans- D9- THC may reduce the

patoraprising (- )sﬁtL VA atspnsiy- 4 nTIéﬁy%qdoq oRJ1-pRlpr erganigsolvent

?f%&%&%ﬁ%’%ﬁ@ %@P%%&l&@?ﬁg@ﬁﬂh{h’% a@%ﬂo@%d%@lose inU.S.

as repor e ar reparati on
of proristdnal hppleatisrafaidl NdDBO/BBIGSE6r use as an active
pharmaceutical ingredient (or "API") in the inproved
dosage form of the present invention can be

acoamhit 5888 1imifl 8y tl?édrf"thé‘ﬁ&%ﬂ if\@ntd? bTeﬁé‘veEr?Mﬂ %Qrfnabmmd

di scl osed herein a5 well as in comonly-owned U.
pr ovpsities &ipicblylpresehi imm SEHCa:Ioni}dosmﬁﬂd ﬁB@uEﬂzﬁ;tlawm 1<f ot
IS herewé1|ncorporated by reference in its gnti

Foforenls EEMeyed wipgn tgms(ped p"ll"ggqul@ trans- (+) A THC are allowed to

form crystalline trans-(+)-A>-THC. Accordingly, in one embodiment, crystalline
trans-(ﬂ:)-Ag-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

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-(-)-A9-THC and
trans-(+)-A’-THC are prepared separately and then combined together in the
presence of a non-polar solvent to provide a composition from which crystalline
trans-(x)-A’-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.



i nvention can be isolated by crystallizing
trans-()-D9-THC from a conposition conprising
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organi ¢ solvent according to the nmethods disclosed
herein, as well as those disclosed in U S. provisiona
appllcatlon Serial No. 60/630,556. Wthout being
limted by theory, the preseﬁi'lnventor bel i eves t hat
cannabinoid inmpurities typically present in D9-THC
conpositions are substantially, if not conpletely,
renmoved when trans-(-)-D9-THC and trans-(+)-D9-THC are
allowed to formcrystalline trans-()-D9- THC.

ACkOdndies %31’056]1 eat ENROEldNBBinersC k. ¥ Shaabl()V-THC and
trans-( of the present invention conpri ses at

| etagrts- (9 -TAHCY 1§aenar@81%pr@nar¢cblaschegg%l sgnthpsigsitheygcgwling to

et PO e R Bk s RAR 5 o . provisons
bht[tﬂi Stgial No. 60/63Q556 Qﬂ@bccfr@lhg&@ﬁleﬂfoﬂp afsalolsétﬂmCthe art.
ggstalllne trans-()-D9 THC used J n the

Heyaati vl represfaratipas of ég@ﬁfanﬁﬁx)echtmﬁ and trans-C+)- 80 THC can be
t r&ﬂg’mé %X’ dd_% i81 gf b Qt%lrc( ()mo&%tlrfge_&t ﬁ%rﬁiroﬁ&?sr §fn as, e.g. by

separate en co lned t e presence
oftha rrmﬂlibdlﬁhcﬂﬁseﬂoh Vbﬂtprbﬂsmhﬂvapﬁhczmoﬁ(ﬂmabh\lb] @630,556, or

whi ch crystal i ne, trans-()-D9-THC can be isql at ed.
Tragrerding Senehel SEIGehelrn Ths: Gantemensgen digh be combined

' S@E&h@lqnftﬁ@é?egaﬁe B Q'ﬂBn Lonp %l'v@nt%@ FHRd AL ESHhSbsitebr! fom which

ods desc in the art.ln another approach, each
of crystellies &rans-Gelk’sTHC, @n berisolated.- ) - D9- THC and
trans-(+)-D -THC, is separately prepared by chem ca
synthesis either according to nmethods descri bed

hefn8jeN anAkR&G ApPidash,itfinki)- ARSI s¢hhedifsPsh 4 Middur®. comprising
provi si onal ﬁlglilcatlon Serial No. 60/630,556, or

ach temy (-6 G end transschdl 'eBHChagoreding to methods described herein,
A é‘eatrcg(?r‘ﬂ ng% l}ﬁﬁl?@ﬁ@g gltgélg il 18&% goé]rg\élts[g)%glfs p&ﬂl%at%% %@?ﬁl No.

rans- tronation
0f6(H63’0 , %36 bﬁa@@ﬁﬁﬁg & ﬂi\gthbdi diselogadtih oieears Thcinixaare @ngprising
t he nmet hod di scl U.S. _provisiona

aphﬂﬂi‘ Hans-GhAsdi g pn ansalﬁ;gg% ol dEgs thep contacted with a non-polar

solvent to provide a composition from which crystalline trans-(x)-A’-THC can be

1solated.

Crystalline trans-(+)-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
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



according to nmethods discl osed bel ow. The enantioners

can then be conbi ned together in the presence of a
WOr2go6/13894dr sol vent to provide a conposition f PEFEMIE®HS761

crystalline trans-()-D9-THC can be isolated. In yet

anot her approach, trans-()-D9-THC i s synthesized as a

m xture conprising both tran& (-)-D9-THC and

trans-(+)-D9- THC, according &~ net hods descri bed

herein, or according to the nmethods disclosed in U S.

provi sional application Serial No. 60/630,556, or

according to nethods disclosed in the art. The m xture

conprising both trans-(-)-D9-THC and trans-(+)-D9-THC

| Stabley) pliRNdBEicesbuldtédpaticlefoPlspénstodls) V@Iﬁfbetrﬂaﬂiifmﬂnée as

a conposition fromwhjch crystalline trans-

caimmpediptegelentepr copireled-relqsae tag sustpinedecel qmumor%

prepared as disclosed herein or as disclosed in U.S,

provi sional application Serial No. 60/630,556, is a
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5 wetdyistse agents et parybe g@wﬁe 118{ releass PPYDlagReHe ﬁgﬁk‘irﬂos%ﬂ* form so
Lrang: é% @%lﬂiﬁgopméjte% eI GicATREALy 5’ff trans-( )-A°-THC
cannabi hoi ds. ThIS solid material” can readily
gr anidrettane- (&nd’AHE,aniorded ta disprusagecienppistrater @ﬁthe formulation by

mat eri al rs.for. us .g., in t er ed- dose .
i e Bl i Bliel iyFafls Bl S5 fERnelude,
O biRfadd nAdfhifddStb! e iCHE adtagorm LI Wl 8116 A el a8hRB%: al. (1996)
for oral adn1n|strat|on .g. in the formoftabl ets,

10 p|J |B301 @he@n&ﬂ{é&] é%b%hémdq tbP 6B2mntagesisb B 194828 saae.g. Shire
t | e
contr ?ﬁ% %ggéok%ﬂgdh%}§¥%§he§ifgﬁgase)

fornulatlons The oral fornul ations of the present
invention may further conprise gne or nore adverse
agents that can be adapt &d-f oRefigititise upon tanpering

Of Al H%d%%?&ﬂethg géﬁ[%rﬁQer%?“AﬁTH%”Qna eE’ér ?Q?%( %_%C"I*H’ée

t he” phar nacol ogfc activity of t

15 ant@'zir@f(+§-lAé—rH‘I(C a9+ FWETHE) @b fmkmreduhafe@ﬂr age
adm ni stration of the formul ati on by
Trans-(-)-A’-THC has the structure of formula (1a):

(CH2)4CH3

(1a)

20



a route other than oral admnistration. Illustrative
exanpl es of such agents include, but are not Iimted

WO2006/13p&#1CBl  ant agoni st, SR 141716 A (see e. gPCEHiP2¢)68D5761
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al. (1996) J . Biol. Chem 271(12): 6941-46) and the
CB2 antagoni st SR 144528 (see e. g. Shire et al. (1998)
J . Pharnmacol. Exp. Ther. 283% 644-50). 5.1.
Definitions As used herein € generlc term " D9- THC
may refer to trans-(-)-D9-THC, trans-(+)-D9- THC
trans-()-D9-THC, or any m xture thereof.
Trans-(-)-D9-THC has the structure of fornula (Ia)

(la) Trans-(+)-D9- THC has the structure of (Ib): (IDb)
AsTan g+ gima:n@h&w:ewt m"D8-THC' may refer to
(-)-D8- (+)-D8-THC, trans-()-D8-THC, or any

m xture thereof (-)-PH3 THC has the structure of
formula (2a): (2a)(+)4D -THC has the structure of

(2b): (2b) As used henein, the generic term"CBD' may
refer to (-)-CBD;g \HM)4BD or any m xture
thereof. (-)-CBD Has the ptructu E of formula (3a):

(3a) (+)-CBD has tHe strucfysk of formula (3b): (3b) As
used herein, the geperit®
"CBD-bIS I, 3- (3 5- di

()- CBD-bIS(3 5
t her eof .

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

trans-(:t)-AS-THC; or any mixture thereof.

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




(-)-CBD-bis(3,5-dinitrobenzoate) has the structure of
formula (4a): (4a) where Ris -C(O (3,5 CoH3(NR) 2)

WO.2066/13EBD- bi s( 3, 5-di nitrobenzoate) has the stPGFERHIST61
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formula (4b): (4b) where Ris -C(O) (3, 5-C6H3(NR)2)
As used herein, the generic term"trans-D9- THC
carboxylic acid" may refer tq trans-(-)-D9-THC
carboxylic acid; trans-(+)-D 4THC car boxylic acid;
trans-()- D9-THC carboxylic acid; or any mxture
thereof. trans-(-)-D9-THC carboxylic acid has the
structure of formula (5a): 5atrans-(+)-D9-THC
carboxylic acid has the structure of fornula (5b): 5b
ThentArrmChak kgdsstrucel-€68(2by: f1 uoride, chlori de,

brom de or iodide. The term"-halo" neans -F, -d, -Br
or -1. The term"-(GC eR, 4)al kyl" nmeans a saturated
straight-chain or bra ched hydr ocar bon having from1
to 4 carbon atons. Repgesentative saturated straight
chain (G -C4)al ky] s _#ie -ethyl, -n-propyl,
and -n-butyl. Reprfe QYFat ed branched
-(CGi-C4)al kyl s arg sec- butyl, -isobutyl,
and -tert butyl. drous organic

sol vent," unl ess ot ey her ei n, means an
organi ¢ sol vent having an ang ater that is |ess
t han about 0. 01% by al amount of

wat er and or ganftsso 7 “cannabi noi ds"
refers to D9- THC i ncl = D9- THC(@irng,CH;

ci s-D9- THC, structuratHj soners of D9- THC havi ng a

nol ecul ar fornmula C21H30Q2, i ncl udi ng D8- THC,
(-)-D8-iso-THC, and (+)-D8-is&2MHC, cannabi nol and
structural isoners of

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;




cannabi nol having a nol ecular fornmula of C2 H28C2;
D9- THC- car boxyl i ¢ acid; D9- THC precursors including
WOQCBes/133%i- CBD, (+) - abn- CBD, ol i vetol, PCT/EP2006/005761
(+) - p-nent ha-2, 8-di en-1-0l and
(-)-p-nmentha-2,8-dien-1-o0ol; salts thereof; and
derivatives thereof |nclud|ng acids, ethers, esters,
am nes, and the |ike.Unl ess™éPherw se speci fi ed
herein, the phrase "cannabinoid inpurities"” neans
cannabi noi ds ot her than trans-(-)-D9-THC,
trans-(+)-D9-THC or ()-D9-THC. Unl ess ot herw se
speci fied herein, the generic term "D9-THC- car boxylic
acq+q"cmpalﬁ§t1(e-s)maﬁr%l€foeraﬁ1laqzuj ic acid,
(+) - D9- THC- car boxyl i c ﬁCId or ()-Do9- TFK>carboxyI|c
acid. As used herein,jthe phrase "crystalline
trans-()-D9- THC nmeans a solid, crystalline form of
D9- THC conpri si ng t 1 3H -(-)-D9-THC and
trans-(+)-D9-THC g \\ing an apmunt of
trans-(-)-D9- THC and trans4f*) -THC that is at | east
95% at | east 98% 2 | east 99.5% or at
| east 99. 9% by wei gkt ®hb : heytotal weight of
cannabi noids. Crystal}ini
trans-()-D9- THC of th
denonstrated, for exaM
signal (s) deter H) ay dMEmapHon. In
one illustrative, non-IcHjting enbodi nent, powder
X-ray diffraction of crystalli % trans-()-D9- THC
according to the present inve on will provide
di Af [ @QitHPEn dfE %elf@fcttbﬁ‘xll k (YBQ"-b&-Hlj 13, SAHi¥abERbatbP rﬁzﬂaltefer to
presented in fn one enbodi nent,
5 cr@)&CQID -bné3, 5-ﬂan@01(e)nzmeﬁﬁ0 GBDt -ie(3pT-dimetnebenneate | on

¢ B SR b ale ek AR Lk oy (e

present |nvent|on crystalline trans-()-D9-THC

conpri ses about ui nol ar anpunts of trans-(-)-D9-THC
arld)- fJBQwhm(ié-dmtr zogte) has e sterebe chEmslaEa)he
present invention, cqy%talllne trans-()-D9- THC
conprises, by

OR”3
CH,
10 (4a)
where R is -C(0)(3,5-CsH3(NO,)).

(CHz)sCHs



wei ght, from about 40%trans-(-)-D9-THC to about 60%
trans-(-)-D9- THC and from about 60%trans-(+)-D9- THC

WO200@381 40% t r ans- (+) - D9- THC, or from about P43YEP2006/005761
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trans-(-)-D9-THC to about 55%trans-(-)-D9- THC and
from about 55% trans-(+)-D9-THC to about 45%
trans-(+)-D9-THC, or from about 48% trans-(-)-D9- THC

t o about 52@6trans-(-)-EB-TF@§and from about

52% rans-(+)-D9- THC t o about 48%trans-(+)-D9- THC, or
from about 49% trans-(-)-D9-THC to about 51%
trans-(-)-D9-THC and from about 51%trans-(+)-D9- THC
to about 49%trans-(+)-D9-THC. The crystalline

tr ﬁn&smmmﬁaﬂfm«lﬁ}‘obémaw) BESIHE siridtart o fBrmimy (416):

pol ymorphic material, i.e. it may exist in nore than
one crystalline f or mGttienti fi ed, for exanple, by a
particul ar "space group" or "crystal class." As used
herein, the phrase " stalline trans-()-D9-THC" is

i ntended to enconpéss 3 such pm ynorphic crystalline
B bellimted to any one
crystalline form |As useqg [ the phrase "active
phar maceutical ing A 2 nmeans any
substance or m xture pf subsfiances™ntended to be used
in the manufacture off a drugl||(nediciinal ) product and
that, when used in tihge production oftsa drug, becones
an active ingredient &) C S h

subst ances are ?h?end 1,0 furnish pharﬁ%%gﬁgéica
activity or other direct effect in the diagnosis,
cure, mtigation, treatnent, @b)prevention of disease

ff d f ' f the body.
$L¥L%ﬁ?%@gg&ﬁkgSﬁi%gbgb;éfIsnaccggf;LFQ galt,? ag ﬁsed

herein, refers to a salt prepared froman APl having
an acidic functional group such as a phenolic group,
ands asqdftereabe gereaic| tyra teepst ABTHC cadrogalie ecid? maygeler to

b . Sui bl b . i ncl ude, t t ljmted to,
e iste s T R s s S A Aot st o
angl.4.id k! —Ahﬁq{@)éhr‘ggg%ﬁfac%;l%?lah{/‘ﬁli%'fé fheflekal such

as cdl cium-and nagnesi
trans-(-)-A’-THC carboxylic acid has the structure of formula (5a):

CO,H

Sa.



hydr oxi des of other netals, such as al um num and zi nc;
anmoni a, and organi ¢ am nes, such as unsubstituted or

WOt/ BR94+1subst i t ut ed nmono-, di-, or trial kyl afiGigg2006/005761
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di cycl ohexyl am ne; tributyl am ne; pyridine; N-nmethyl,
N- et hyl am ne; diethylam ne; triethylam ne; nono-,
bis-, or tris-(2-hydroxy-lower alkyl am nes), such as
nono-, bis-, or tris-(2-hydr8%yethy|)anine,
2- hydroxy-tert-butylam ne, or
tris-(hydroxynethyl)nmethylamne, NN, -di-I|ower
al kyl - N- (hydroxy | oweral kyl)-am nes, such as N,
N, - di met hyl - N- (2- hydr oxyet hyl ) am ne, or
t 1 frads2eharoxe %hﬁbbk}l%dﬂ&ha“h%{rﬁ&hre%#ﬁﬁﬂkmt and
am no acids such as arginine, lysine, and the l|'iKke.
The pharnmaceutical cofPdditions of the present
i nvention conprise crystalline
trans-()-D9-tetrahydreacannabi nol and a
phar maceuti cal | y-& ept =R)1e carrbgr or ex0|p|ent As
used herein, the tlerm"carrier" or "excipient" refers
to a substance ot Her th@n e aglive pharnmaceutica
i ngredient (or "APK ded FRag conp05|t|on or
dosage form of the pr”sent i Carriers or
exci pi ents, when presgnt, i limtation, be
sel ect ed fromoag3 G he grodp consisting of:
bi nders, fillers, compression akgds;, di nts
| ubricants, glidants, smé%tners 4co|or|ﬁg g@e
flavors, preservativeCHsuspenS|on agents, dlsper5|ng
agents, filmforners, and coatings and any
conbi nati ons thereof. As used herein, the term
" ST RahSRARIS refess 1 fRRdeahldrifelbiontidabl iodidemrer s of
i ndi vi dual nol ecules that differ only in the
orbentegp. orletmeansi-F, Ltlo arnl-space. "1t i ncl udes

s RROLH Qpﬁ,
one 011| ral @:& g“ 11(ﬁt hwgiaﬁ%?gatg%t mr ?gg]rt Wlhgrl%gé)g? Fagwfl one drocarbon
anioavigy frmi 1a1$t4e¢aelmreatems Riepresentarivechiurakd steaigletrchain

;f&ﬁ ;(}s‘t)%lg}ﬁlg &?ea-rn?e?gyl Qn@l t -(I)l-pvl\"t)]lli)}('i harfcp & [bu%lf ff?erp?enstent%{i % g Aturated

branched -(C;-C4)alkyls are -isopropyl, -sec-butyl, -isobutyl, and -tert butyl.

The phrase “anhydrous organic solvent,” unless otherwise defined herein, means an
organic solvent having an amount of water that is less than about 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;
structural isomers of A’-THC having a molecular formula C;H300,, including
AS-THC, (-)-Ag-iso-THC, and (+)-A8-iso-THC; cannabinol and structural isomers of
cannabinol having a molecular formula of C;1H230; 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

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



The terns "enantioner," "enantioneric," and the |ike,
refer to a nolecule that is non-superinposeable on its
WOrea'B%94image and hence optically active wher &CA/EPA@6/005761
enanti omer rotates the plane of polarized Iight in one

direction and its mrror inmage rotates the plane of

pol arized light in the opposite direction.The term
"racem c" refers to a mixturéSof equal parts of
enantioners, and which is optically inactive. As used
herein, the ternms "patient"” and "subject” nmay be used

i nt erchangeably, and nean an aninmal, particularly a
manmal , i ncluding, but not limted to a cow, horse,
sheafess Pihgrwis@épecid, hefnlSRe phrabe “daahdbihoid Gpie@esPinteans
etc., nore preferably a prinmate, and mst referaplﬁ a
husrnabimpids ptherthasiznai(nedi- FH Cetaes: ()< dBH ¢ me ¢ F & THC.

A RRSSnBhe gBlae WE B 8 PR A5G acia” means
g ﬁ%—QA?-T@@-%E%.))xﬁﬁf‘&ﬁ&t(g—s‘i&f’ﬁ@f&@{nﬁogﬁw&&d,Q)‘? qi)w-ﬁm_cagrboxync

t herapeuti c” range er a period of tinme of about
5 hoawid, about 12 hours, or about 24 hours. In a
preferred enbodi nent, plasma concentrations of
trans-(-)-D9-THC are mai ntai ned at a sub-psychotropic

| EXE lusedﬁfe[réiﬁ,etﬂe ﬁfa@é ncr?lgtgﬁin% %ragé-g - -TH@Q RLAS aggﬁd, crystalline

maxi mum plasma concentration o e APl obtal ne

dufdrg fa’dirst _Rgmipritiek\tahs-(AA’UBied aheé tens(+)tNETHEr and having an
" C24" denotes thgﬂflasna concentration of the APl at
24atneut of snet-)-A4MHE end sranoh)-AsTHSdbathie pideast 96 He at least 98%,

term” / X tio" rnef da.the ratio,of the .
10 Ukt 8n aPRLoP St Sroni GoChBr e/ Siichirotlo G pisral weightof
adgannhisihbidt.i CRystlifibeo MR il asdm- (S PAEAHC 8f ihepr&knt

the APl attained within the dosing interval. As used
hemggniiontdae bedemonsitaied, der exgample, byshmpresancagénany sipaal(s)

(a)..reduces or el iy nat. ne or noy armacol.ogi. cal
o1 Wt MR Bl Er SN o, B R AR

embodiment, powder X-ray diffraction of crystalline trans-(x)-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-(+)-A>-THC comprises about
equimolar amounts of trans-(-)-Ag-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%



euphoric or toxic effect, or (b) causes an undesired
physi ol ogi cal reaction, such as enesis. In one

WOoeiddBtdnt , an oral dosage form of the prese®CT/EP2006/005761
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i nvention conprisesa first conposition and a second
conposition, wherein the first conposition conprises
crystalline trans-()-D9-THC as APlI, and the second
conmposition conprises an advérse agent. In certain

enbodi nents, the adverse agent is coated with a | ayer

that is substantially insoluble in the

gastrointestinal tract. Wen such an oral dosage form

is orally adm nistered to a patient as intended (i.e.,

| Nera@3-(HUAANIEC @8l ab ot R Y, ®aHsY(+)-AE-TARE; @ffrdrhabduitiasts,
conposition is substantially released in the

gasamse( paedHG @l abonagt% dfansK9-ASeEHEnnd fondabdwe Si¥ver se
agent is pot substantially relegsed. However, if the

or GNsedd4Aye Ho ot A8 & it e t hat the coati ng

on the second conposition is breached, then the

adverse agent will also be substantially rel eased upon
adThaérgbtaRine aans-(HeABDYC efttie brgerit heveatiph atdybeaf fatghorphic
of the first conposition or causing_an undesired
phipaicapb ¢ e.chmay xist iignoreshan geg ¢ryefalling fomy degtifigdy for example,
tr = [ 2) = S S o) ot r

ary SEr s R LB lea s RET: by BF bhfse
wetdrysaslihaahhsis)-AcTicdingtdndedret diedmpaissat] sk golymdrpigic
art (see e.g. WD 03/064407 A2; Turk et al. (1971) J.
Pheystallipg detscand Jgnotriggndebto be lintdechio sy oge cryptallgg form.
Chem Soc. 93:217 (1971); and U. S. Patent No.

6, 365,416 Bl to Elsohly et al.). For exanple,

acAeushdrigrdin, thaphiasdi‘dcsive ghareideed)cahimgerdatnedo0fAPI” means any
powdered plant material can b xtracted with a

P oTDaNSE STIBIARE! SERSFnSES RISPARLLO Beidperl e eaarufachyye of a drug

ex@c@%inﬁ?ﬁl%@ﬁ&t%ﬁQﬁ’eh,eghémuﬁdstﬁ kHeGRo@&tioR ¥4 Mug, becomes an
Sel ected fractions can be pool ed and subj ected %o

f rastive orgaedientsifithd dnug prodwet euchasubsiandes apsriotended to furnish

BB Gt 8PS B R B ¥ pion

??:fnﬁaﬁti, b1t grevdr@ion ©XdisehRrde afbhishasthichlrk Yind GirRtidfiof 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,
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;
dicyclohexylamine; tributyl amine; pyridine; N-methyl, N-ethylamine; diethylamine;
triethylamine; mono-, bis-, or' 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



U S. Patent No. 6,365,416 Bl). In another approach
(RF. Turk et al., J. Pharm Pharnmac. 23:190-195

WO(20067183941 t r ans- (- ) - D9- THC can be i sol at ed fr ®GI/EP2006/005761

marijuana plant tissue, but the product can contain an
undet er mi ned anount of carboxylic precursors of THC
In both instances, the plant extracts may

contai ntrans-(-)-D9- THC as el as impurities such as
cannabi noid i somers from which the desired conpound
nmust be separated. Trans-(-)-D9-THC can be chem cally
synt hesi zed according to nethods disclosed in the art.
For exanple, U S. Patent No. 3,560,528 to Petrizilka
desikyl)hasnés)eucheral,iNadiafettayl-N-61- hy@rﬁﬁydﬂly@dﬂlﬁlﬁe afr

(+ - >- ment ha- 2, 8- dien-1-ol with olivetol in the

sEnbrdraxyeshyasige; gty D-glegamiag and pretacids wish @s
ac “"RTSA H2O') or trifluoroacetic acid
&%Igaﬁ$%%g%?%§ﬂ%g§%t in refluxing benzene to provide
(-)-D8-THC, which can be converted to trans-(-)-D9-THC
rochl orination

(sgﬁd Jﬁvggﬂgﬁﬁgﬁ@%@l&{oﬁggth%mrigsee&l@wnt%mg@was’é@talhne

850 P RS o 58

et e>a:|1p1dlets Oﬁrsl uUsed hedem, tissatetrh O‘narﬁér”a)rl‘r‘lex¢1pfeﬁt”0éfers to a substance
as/fra's- ment ha- 2, 8-dj en- | h,oliv

an®iffehan §hf> hivep W&?ﬁ“cﬁﬂmﬁf’é‘leﬁf (s S ot Eipctanposition
of OIad(RQ%k ﬁlﬂkl%f 'tl‘fbe;[)r@?é?ﬁ’ ‘Fl{v%hh&g @%@}s (ﬁ’réqc%ﬂan?sc '\&%en present, may,

catalyst to for rans- (-)-D9- THC. atent al so

10 dewgthowdanitdtion basi¢ated fncbm(on)eoc armabf ﬂmecgrox(p GonpisBPOL: binders,
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or ..+ (-)-abnormal - ! th a Le

TR RRr. i b Bibisrar g gt nerv unt Sioring

(" BledtsEnadrs, présemnative, edil%péh@ oYlggEntH N YerANDNEHN@ $ilm formers, and
conditions to formtrans- HC (‘al so see WO

037B#0sD8Y ang, comblmamathe@tofal J. Am Chem Soc.

96: 5860 (1974) describes the reaction of a cis/trans
m xture of (+)-p-nmentha-2,8-dien-l-ol wth olivetol in
t has ﬁsﬁeﬂﬂ&i’ﬂlﬁ thé tetfh* B&Secﬁ&aﬁkrs’netargelnemﬂeeﬂnl for altl somees of

anh nesi um sul fat e, t
XlVlC?uaf mn?e%u es that dlfoler oniy in tge orlentatlon 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).

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

2% <C

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
enantiomer rotates the plane of polarized light in one direction and its mirror image

rotates the plane of polarized light in the opposite direction.



trans-(-)-D9-THC. U.S. Patent No. 4,381,399 to d sen
et al. describes a nethod for separating

WO 208¢1833941) - D9- THC from a crude synthetic m xt RCI/ERPS/005761
nmet hod conprising esterifying the crude m xture,
isolating the resultant trans-(-)-D9-THC ester,
hydrol yzing theester, and distilling trans-(-)-D9-THC
at reduced pressure. Additi ordl” nethods for the
synthesis of D9-THC are disclosed in U S. Patent No.
5,227,537 to Stoss et al; in Razdan et al. (1975)
Experientia 3J : 16; and in International PCT
Publ i cati on WD 02/096899 Al. In addition to those
MeThe temdiraehSeférd 1 HtiRute oflaBalRfaeS @ bndritie@iekd, @Ad which is
and the disclosure of U S. provisional applicati on
Sepptigallxanacgge.630, 556 provi de met hods for maki ng
conmpositions conprising at |east 98% at |east 99% at
| east 99.5% or at |east 99.9% by wei ght of
t r ABsisdd Deré); fhkiterhaspdtian” e dubjeat” mapbidisedfinterchangeably, and
cannabi noi ds. Mbre sFeC|f|caIIy descrlbed herein is a

5 rebisayan gl PR AL hEammpisDelpding. hyaot imyfed to a cow, horse,
cr ykd! dik &t td'fo NSiolde, BR: r E)B'& Dgg%'ihe% p‘l"%vertcal méxtea}réfe%iya primate,

phase to”provi e trans- hout bel n

| i and mdsthpyefetebby y huthe present inventor believes that
cannabinoid inpurities typically present in D9-THC
conpositions are substantially or conpletely renoved

WheRe b Sadtaihed Rl dds6 ANEf hédiﬂﬁ pﬁ}iﬁ%s@ofﬁh@pﬁs@nt%\b&%ﬂ as the

to formcrystalline trans-()- hus
10 su@é@q@eﬁAPI towl audcbsage &y c"rtangh q yatmlatrbmém &b pkegma) om

o P B bl OO R FBY oPfime of
COo#vut 8hogrsaibdueds ho&&%@boﬂﬁl@ﬂd&ur@f It & plféﬁeded)en%d'ﬁhﬁlt plasma
based on the total anmgunt of cannabinoids in the
c ofRIsentEations ofrtigrs-(-1-A 1T’ G aerfyataiedat a sub-psychotropic level.
trans-(-)-D9-THC, which can be used in the
Crystallizing Step can be reused or "recycled" froma

15 pr Av usedsher@s othetdron”@f.. 't denotes (he DBxifitdd plasma chneeatration of the

n h ri in ion 4.
Stgi’ Otglne ufairsfgeadomggma%grvglesc bed Sectio 6,

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 “Cj4 / Cax 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



bel ow. 5.3 Methods for Isolating trans-(+)- D9-THC
Trans-(+)-D9-THC, which is not known to occur in

WOreatafr3g941ican be nade by known synt hetic net hod®§CT/EP2006/005761
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including, but not limted to, reaction of (+)-D38-THC
with HCO foll owed by dehydrochlorination {see R
Mechoul amet al., J. Am Chem__Soc. 94:6159 (1972)).

Al ternatively, trans-(+)-D9:?ﬂC can be synthesi zed
according to other nmethods disclosed in the art (U S
Patent No. 3,560,528 to Petrizilka; Y. Mechoul am et
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

Chg fixst So@poSBod &&Da 6dcDhd bdm pgiam, deféraﬁeE&ﬁ@nwmmitidfl
pure (-)-p-nentha-2, 8-di F IS used as the reagent

r emweﬁmmta&MWGar@t(ﬂ 8 ﬂr&@ ardéP{ radithe secopdifemeosition

oS st e ol Gl B REr SR o inec

bywitBtahogs tighe ss:gubb@elumry ﬁe&hblenn the daeirotestifal a€ed. tWabn such an
to nmethods disclosed in the art, the present invention

aneral desage &umois eradlyordministerest 94 patisakas lawpd«?dc@nei, &han
S
eﬁﬂt@np%\l@d fgx% g’rgy?gﬂ?ﬁgf gf fhlg%rﬁ%togw@) 1t10 lﬁ eag{aﬂgﬂy released n

I ons east
| e‘astgaﬁﬁnﬂt‘b’stﬁ’ral actl falsd pARnh) Uy thm&idg'bﬁse @gent is not substantlally
trans- (+)-D9- THC hased on the tatal anount of

caffieaprdh dileneyes if Hie eralinsass fosm is iapmereuth po thaf thy coating on
deger é&%@i cB[_%‘?E%Boh $s BrelBieh otﬂexﬁ e dabast hgé}ff‘wm le%e substantlally

trans-( crystalline trans=()-
a I(elﬁasta] u;gﬁlaatdmjmatrytlcph dmeliy[repmcom{g the eaphonc effect of the ﬁrst

t W.t hout I ted b
{ rERE e s B P D Physiip SO et ian c anmaby ot 4

inpurities typically present in D9-THC conpositions
are substantially or conpletely renoved when
trans-(-)-D -THC and trans-(+)-D9- THC are %Ilomed to
formcrystallifé trAlethéds fon ISpiating tnans- (e -EHEsequent
resolution of trans-()-D9-THC obtai ned from

c r,}(st -k-l)-A@eFHC can be extracted and purified from Cannabis sativa plant material,
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
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.
Pharmac. Q:‘190-195 (1971)), trans-(-)-Ag-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



trans-()-D9-THC with an eluting solvent on a chiral
stationary phase provides a conposition conprising at

WO 200E13398% at | east 99% at | east 99. 5% or atPOTER2H06/005761

10

15

20

25

99. 9% by wei ght of trans-(+)-D9-THC based on the total
amount of cannabinoids in the conposition. Thus, in
this enbodi nent, trans-(+)-D9;THC, which can be used
in the Crystallizing Step can-be reused or "recycl ed"
froma previous resolution of trans-()-D9-THC on a
chiral stationary phase, e.g. as described in Section
4.6, bel ow. Anot her chromat ographi c approach to the

i solation of enantionmeric fornms of D9-THC is descri bed

i Ntréns-L)-ALTHaekeldbs implritieh kadBdsa@hnabindd fobRrHfom which the
(1993), which describes a nethod for resolving

t rdgsyed cqmppunpHoug g sepaipisd( +) - D9- THC from a
conmposi tion conprising equi nolar anobunts of the
trans-(-)- and trans-(+)-enantiomer. This

¢ hTRB 9 aC @af 6B @héthically Saihdiezed AbEdr@idg @bl ineBibdd disclosed in
col umm conp r|S|n%éan anyl ose

t rthe @8; Fogpramemgl Pive RptcatiNpahbe @2 Stodt gt Heeydepgithss the reaction
It P%?gzg&% r%z%gn%e%\*f ><(§2 F%gln}ih% 2% (E/r%}é qo(ﬂ%&/ltho&%\!e?oqllx‘rilmenlgesence of

enan

C od1Pddih targl ybiasubh tig ancluengsul®Onid bidanshohiydmse ¢ PI'S BT or
can, be obtai ned by direct chem cal synthesis. Wen
s ugitlugraagettaraq as %@W&laatmg aggRidn r@%ﬂﬂ%\bwe@ﬁ to provide

g 1R8] (IﬁC %1{1‘,;% i éorn@ ad to)t{a)?g-(g:l;'_p “PRC b %tlon ofJ-ICl

endi ng’on optlca puri t he re

t hfallotved be deﬁycﬁ-ymlbneﬁatmnmf@c%slﬂechﬂumn et al. J Am. Chem Soc
tran D9- THC and trans- HC can be obta

B2 12605 Ml By NEsBUTED gl dymiists Sog. S4ied S04 )
racen1c reagents. Non-limting nmethods for preparing a
m xture of trans-(-)-D9-THC and trans-(+)-D9-THC by a
di Usc Patsyiiihet, 025,5 MutoeR azdeh et desacbésahe ofacgort ofad matdre of

oI|v tol j.n the pr nce. o W s acid
¥ e e 2 a1 8w cBk! Gargntd Sfaggipspjvent in the
OrprBééﬂE@bﬁ/zﬁi &cRés 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-(-)-A9-THC (also see WO 03/070506).

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-ol with olivetol in the presence of 1%
BF3-Et,O, methylene chloride and anhydrous magnesium sulfate to form
trans-(-)-A’-THC.

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



()-1-mnitrobenzenesul f oanat e- 6a, 10a-trans- D9- THC
with NaCH i n aqueous net hanol (K E. Fahrenholtz et

WOz006/1339241Am Chem Soc. 89:5934-5941 (1967)). PNBIEP2006/005761
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specifically, K E Fahrenholtz et al., J. Am Chem
Soc. 89:5934-5941 (1967) describes the synthesis of a
m xture of ~/”~-tetrahydrocannabi nol and

ANl N-t et rahydr ocannabi nol (in3é'74:26 rati o) upon
reaction of 9-chl oro-

6a, 7, 8,9, 10, 10a- hexahydro-6, 6, 9-tri met hyl - 3- pent yl - 6H-
benzo[c] chronen-1-ol with sodium hydride. This
reference al so describes the hydrol ysis of

() esltérr@id'&! dlgtﬁhﬁg ﬁﬁﬁ‘seéWAP-qq{@ta?feﬁﬁceh%e%ﬁ@“ $&dditional methods for
t et rahydrocannabi hol w th NaOH i'naqueous net hano

t othp spvthels of ARTHC) arblistideed intlil ShPatont Mo sy2k5ATe0tStyss ef al.; in

be cryst al ed from hex s Li.ght tan c

AR eh ﬁﬁ"géh Exggsisafio pll Grang Bintqraghina é?tfg'@}u%h&atlon WO
Ay /668889 A5pC. 88:367 (1966), citral can be reacted

Mﬁth olivetol in acidified ethanol to form

trans-()-D9-THC i n approxi mately 35% yi el d.

rrebAA G o e BEF s At En T he A G reent MBrTEdent dhe
| s@ik@bdupd® ofUYS tHhadvidibRal lap piatiol 98ridHGo. Goyes0ad J6i pr6vide methods for

trans-()-D9-T useful In the present invention can be
obmalﬂns OMPONYNKIPOWITISIS at dgast w@llwéW%e@tHwt 9% 8% or at least

o Rt e BRanee OLB- TRE e e el o o symgyinoias.

fro@tesgebitRhll QiEE’&ﬁJeH'h@félx?fé%bt%b@%ﬂffﬁ:ﬂ%nin&g tF&ns'EkpA -THC,
trans-(+)-D9-THC, and a non-pol ar organi c solvent

proy.i @rg;mmys trahs- () e\t THASorf eﬁ)@alitﬂﬁpnag mhesacm.ptne\dde

bel ow. ositions conprising trans-(-)-D -
t riEaHs-: ((MJT%HC H&lthaﬁfcbeﬂfr%\]%“@? bﬁwm ft?s@ﬁ%ﬂnt F’dPntOf believes that

pur.i f Ilne an a

bycarr%neﬁ (%g SC e sbtgglca e% nlg %)1}] 59 I%c%%%os%?onggg éilb%‘antlally or

lettESRAOVEY Rh¥n trass ﬁ@w’ -THC hid $aELHIN STHOakOMowed to

In addition to those ,Tet i n anot her enbodi nent,

t hferm crystalline trans-(+)- -A°-THC. Thus the subsequent resolution of
trans-(+)-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
Crystallizing Step can be reused or “recycled” from a previous resolution of

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

below.

5.3  Methods for Isolating trans-(+)-A’-THC

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

(+)-A%-THC with HCI followed by dehydrochlorination (see R. Mechoulam et al., J.



trans-(-)-D9-THC and trans-(+)-D9- THC, which may be
used in the Crystallizing Step (described bel ow) can

WOoRel@sHilned from derivatives of trans-(-)- D9PCHEPIHE/005761
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trans-(+)-D9-THC. For exanple, an adm xture of
trans-(-)-D9-THC and trans-(+)-D9- THC can be reacted
Wi th a phenol protecting grouyp such as

m ni t robenzenesul fonate and~ égyst allized to provide
2-mni trobenzenesul fonate-()-D9-THC {see U. S. Patent
No. 3,507,885 to Fahrenholtz; and K. E. Fahrenholtz et
al., J. Am Chem Soc. 89:5934-5491 (1967)). The

2-m ni trobenzenesul fonate-()-D9- THC can t hen be

depmotneheshe. 98159 ergs)) aRm#RBROFhhd-G1)-ALOMRCIcah BE
trans-(-)-D9-THC and trans-(+)-D9-THC can be

cr spathesized actotdingiamotbormetiiots disclosadpnithd arg (Y BePatent No.

Foha 2 toretifie: YORasehB IR kbl T Bl Spf S0u4553 (1967);

t rarss PajenPRo.T4025,5 16 aRieh etE‘&lfOQUIKTHIszarC@trdl@l/nAm Chem Soc.
| urities in the trans-(+)-D9-THC, trans-

: 18360 (rlaﬁé))(growech:@%@mepéalbeme £U-PaBED aﬂn?gdtea lrﬁlels used
t I?;(;S tﬁy%aggﬁt r%éc‘f@g %gﬂ _?F_{E&BP% rgw?g H%%S%Elggdlgt\él (i & &a%lalglglol)

use

Cr yhicB ultird@elydsan Beepnveltedo mnéf{{}ﬂlﬂ“ HEL cabhe@ )Mt TIAd can be
includes a "Caustic Contacting Step,” in which the

t reiiaingd by pepthpdsdesdiibed impection)o, bOWHC, and/ or t he
trans-()-D9- THC conposition to be purified is
contacted with base. This first step yields an
al naiddition-t6 anshdds didvhaed ihaie art] thetpheseatinoadiostand thé disclosure of
theD9THC rificatign Methaod, is contacted with acid

|§r emve@%ﬁ apRlicatipp SeradNa 00881158 Pﬁ%‘é{ %meﬂwdﬁﬁqreﬂakmg

r < rrlﬁs)ﬂ ?ﬁ?ﬂts Cblﬁﬁcmlg at ﬁ%t'%‘?e%aeﬁg@@@’ (aﬂea%-@%oﬁﬂgleast

e not so ysta I ne
t rgmg%by woight biCtra@n (-9 S 6THE bakddadrmihe tdtyl ahdwnioh gannab1n01ds in

¢ rBReamebioRT Mos Resisl: q%grth%g hrdn s e for ractionating
trans-(:t)-A -THC, e.g. crystalline trans-(i)-A -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-(+)-A’-THC are allowed to form crystalline trans-(i)-Ag-THC. Thus, the
subsequent resolution of trans-(i)-Ag'-THC obtained from crystalline
trans-(z)-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-(+)-A°-THC, which can be used in the

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

below.



trans-(+)-D -THC and a non-pol ar organi c solvent (the
"Crystallizing Step") to provide crystalline

WO2086i33¢41- D9- THC and a |i quid phase. Conposi t iP6EAEEP2006/005761
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conprising trans-(-)-D9-THC, trans-(+)-D9-THC and a
non- pol ar organi c sol vent useful for the Crystallizing
Step can be obtai ned by any known or | ater-devel oped
nmet hod. For exanple, crystalBfne trans-()-D9- THC can
be obtai ned by contacting a suitable anount of
trans-(-)-D9-THC and trans-(+)-D9-THC with a non-pol ar
organi c solvent. The order and rate of addition of the
trans-(-)-D9-THC, the trans-(+)-D9-THC and the
non-pol ar organic solvent are not critical and can be
carried out sequentially or substantially

si Anbthanduomiatp grakbicappeoahyd 8ie isolation Qf gnamdorTess; forms of A °-THC

opisvEnetoel iy S, Faf i $a6g. Shenaiat Bl A 0BRD. which
Pr 8SBA6& a%eéaoa (33 Ieeélafngq;agétw)wsm@%ﬁa ,traﬁm)bﬁ ?AdeHom a

to a non-pol ar organic sol vent.
t r enspdsitjorBHGingequireoiar esenue of)ﬂlearan&-b)pmi(hr

an| soI vent a trans -P9-THC i.n th resenc
of AN SR emesr i OB bt s Bl A Rsar SR on a
r a&dlﬁmﬁfcoﬁ-{pﬁgﬁlg(an)an{:ﬁcss-ghﬁs@ mdﬁ“rfeﬂﬁﬁ% chytcefbahtdte) léi-’a@i@nélﬂ? phase
t he Cr%/ allizing Step can vary within certain limts
| ningne xém;bmsrbmgelt he trans-(-)-D9-THC is present in
an amount from about 0.75 to about 1.25 nol ar
equi val ents per nolar equivalent of trans-(+)-D9-THC.

10 | n anot her seprbovig@als féBolatimdSrdms) PN THEC Mixtupgent
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in an anmount from about 0.9 to about 1.1 nolar .
eqeu mixteab§ expremomtsmonaqwnn@b@htram‘ -( i) rAarTsHQ aid pasTHE:-A™-THC

anot her. e i men trans- res
| redrPe AT Y OHF BBt Ical SRR Sm SR S Syhgle oo is used,
eq [ 2.
nﬂﬁsﬁ%ﬁ@i@a&@nﬁo’dﬁtﬁ‘ﬁj R R TG S (e B e opticl
I npaity affthentagentsedndithe ghaied @ffsyﬁthetm pi’(mais riamsnmdn‘sif( ) A -THC
equi val ent of trans-(+)-D9-THC. Non-limting exanp
of anfgFRnS Y i Jr}b%ﬁiﬂbb%gﬁ’t@’é‘ﬁ@ in ghoxf eqpimolps éfrmmtsmtarﬁeynthetlc

%%}?}%ﬁl&)sjgg%ggm%trg%]elngc lI\le(ng 1§1 th%}?&ﬂhﬁds( 8?‘ pg:‘parmg a mixture of
trans-(-)-Ag-THC and trans-(+)- A9-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
(#)-1 -m-nitrobenzenesulfoanate-6a,10a-trans-A’~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-
6a,7,8,9,10,10a-hexahydro-6,6,9-trimethyl-3-pentyl-6H-benzo[ c]chromen-1-ol with
sodium hydride. This reference also describes the hydrolysis of

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



al i phati c hydrocarbon, a branched aliphatic
hydr ocarbon or a cyclic aliphatic hydrocarbon, such as

WO=2200aft3d9d, a pentane, a hexane, a heptane, an PEIYEM806/085761
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nonane, or a decane, or any mxture thereof. In one
enbodi nent, the non-polar organic solvent used in the
CrystaII|2|ng Step is a stralght-chain or
branched-chai n heptane. In aféther enbodi ment, the
non- pol ar organi c solvent used in the Crystallizing
Step is a pentane, hexane, heptane, octane or
i so-octane. In a specific enbodi nent, the non-pol ar
organic solvent used in the Crystallizing Step is
Etf_lé amemaﬁolaw%xtld@fraﬂsh@ DEIPHO] RhicR c8@distbseqlidRtbe
th can be used in the ystaII|Z|ng Step can vary
ancrysiallized épeniexane asplaght tarperysthls. ém@nmhermrqaylp,eie@mbed inE.G.

rolee drtar o Ehr et 2 BB il s Y aRed il erot i

sufdili¢ic@ Bthah®! tBITOMA San@(HJLACLPIHE iR approQindatél)-35¥yield.
concentration from about 1%to about 95% preferably

f r Altembtwly 208ts(6)-abdHC Z6vhe ohoniged by frethatds wesaribed in Section 6,

abqat 40% t o about 60% by wei ght based on the total
nBUAY- of D9- THC and the non- pol ar organic sol vent.

The Crystallizing Step can be carried out for a tine

and at a tenperature sufficient to provide

trans-()-D9-THC crystals. A tlne suff|C|ent to

crystalliz®5traMe pOr 136 3 St N6

to about 200 hours; or fron1about 5 hours to about 150

o TR SR AR et R s b

10 t eRRRI RS MULRIdeNISpIUhEth6d e Rbr éx‘aﬂ'?l@\é'n@ﬁ lﬁﬁﬂlﬁg%éth&ﬁfor obtaining
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trans-()-D9- THC can be from abo 78C to about 100C
f r onystalbime ttran$Q€)-A eTHlﬁbmtluﬁ&O;rysﬁtaldxmtabnﬁWm-aﬁhﬁl ¢omEis Bipn

0C, or from about,-25C to abouj -15C. In cer%?
entRSORTiFURE GanstnsA T, dveps ﬁﬂn@ -EHép apdip NRR PO PIEATICHIRIvent to

at pllowzle%;ys%ﬁr?e trans-(i)-A -THC, as described below.

Compositions comprising trans-(-)-A’-THC, trans-(+)-A’-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-(-)—A9-THC and trans-(+)-A9-THC, which may be used in the Crystallizing Step
(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-(+)-A>-THC (see U.S. Patent No. 3,507,885 to
Fahrenholtz; and K.E. Fahrenholtz et al., J. Am. Chem. Soc. 89:5934-5491 (1967)).

The 2-m-nitrobenzenesulfonate-(+)-A’-THC can then be deprotected, and the



different tenperatures. In one enbodi nent, the
conposition conprising trans-(-)-D9-THC

WOt20¢0is8394+) - D9- THC and a non- pol ar organi ¢ sol PEREPZeN6/005761
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be prepared at a first tenperature, e.g., 20C or

hi gher. Wthout being [imted by theory, the present

i nventor believes that forn1gg the conposition at a
tenperature of 20C or hi ghef“Can increase the
solubility of the trans-(-)-D9-THC and the trans-(+)-D
-THC i n the non-pol ar organic solvent. The tenperature
of the adm xture can then be decreased to a second
tenperature, e.g. , 0OC or lower. Wthout being limted
byreblle@E Yompbretidit @eptisingivant O)-AbeHiemestriat)- DA THO gan be
the adm xture at a tenperature of 0O0C or |ower can
deeysialliged freanmqsuttoyl Mnmsmgsthé )ramg( FAGTAHG the
pronot e ation. t|o a e tenperat ure of
PRl T cind B e e s Pry Gy e €

- 1550t @)-A28%ct 0 enhance the trans-()-D9-THC
crystaIPlzatlon process. In one enbodi nent,
trans-(-)-D9-THC and trans-(+)-D9- THC are di ssol ved in
a non- Polar organi c solvent; the resultant ;solution is

c ol 388 h@belab%‘@}fnen?ﬁ@"alah@PPWéesrléélﬂﬁ &r%rﬁtﬁéwéysii%% i ne
t r ans S%%ﬁ%n&/orsﬁ* sa%titA@dTI—fI can mov accc? ng%o the

12in n be carrle out

p r %’E‘H‘}@ PR fi @at%ﬁﬂdleﬁfoﬁs dakclosdy Bd16®! por th & SR those A°-THC
crystal, when used, can be added to the cooled (e.g.,

OOnamerlhls\l\leth)e (ém}'stlabltzan@l St@pp hesi A?gTItIthsrf(caf)lemeﬂﬂd@ includes a
ans- (+é - THC, ang ol ar organic _sol ve S ol N

ord AP HaE Sihe g% ighripe fraps™{g- le}léparhe itgs-(-)-A™-THC,

tr A% e E?ns:;;ﬁAtgor e gégﬁ? PJ bé ﬂgﬁ%&@%&&tgét?& ngth base. This

Step can conven

ant%lst/itbpiﬁlelds Q6 r&[UoﬂUBé-cati‘s’d@ bh@& tEatgm, thé Béoﬁnh @tsep lof the A9 THC
chronatogra hy ("TLC'), high-performance |iqui
b&ﬂyodg tspnEcjed @&sa@ﬁtmmm@raamgd (reeml glcoholic

pviléﬁ» 3'5?2 g [;M FRacand o

NUEdBRY)- APROREdrE nbERMAGCE Spect roscopy ("NVR') such

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
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.
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



as 1H or 13C NVR The Crystallizing Step can be
carried out at reduced pressure, atnospheric pressure

WOR00@138%dt ed pressure. In a specific enbodi mre®CI/EPR@06/005761
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Crystallizing Step is carried out at atnospheric
pressure. As noted above, certain inpurities can be
renmoved fromthe trans-(-)-D9-THC, trans-(+)-D9-THC,
and/ or trans-()-D9-THC conpo§?f|ons prior to carrying
out the Crystallizing Step. Non-limting nethods for
renoving inpurities prior to carryingout the
Crystallizing Step include colunm chromat ography or
extraction under basic conditions as described herein
lln@%ncé Bf Qﬂ&ﬁgﬁ@ digmntsolvenfAfd (rans-B9=AFHIC, optionally in the
trans-(-) or trans-()-DQ THC can be cont act ed
wi priesdnas ef pnPopotap omnwh@nb gan bt addadye @a!onrpzalang)rgamc solvent.

| t
or ks, B- i TIRC i I PrisehisS P dorboatonrdphie oo v ond
9 :
L O 1 B0 A R s
trans-(-)-D9-THC or trans- () D9- THC respectlvely,

wth a first waterg -|nn1s&g_ organi ¢ sol vent,
1%

vvaT]é"‘r tafip € rBns (A codt an ool Hf; vardka e Gavspllizing Step

bi %ﬁ%ﬁ?&/}ﬁgx ertaﬁ:ial% § CInC&l%t ?%o'dﬁ%nﬁ t??t gl)]fA(9 rrlr%g ds, present in
angh {rhdynt a;ramabmin oI7|5ao @Bwttll TS5 jpbas quﬁoﬂﬁlﬁtb @blﬂ@lolalﬁ @quivalent of
trans-(+);D9-THC, trans-(-)-D9-THC or trag - D9- THC,
thrmt(ﬁ)@eﬂrfgc | imanasker isybopissny, the Hénqoek ¢ FVIIAgEHE In an

beI | c()el}/n? %’rotrnh 6\)({1]3 Q% tfc):?ggltltl lhen}o?aar% g% %g)%ﬁ’_mﬂr eﬁﬁwtapent of

t rt@d}ﬁ (l—) h‘g 0943 Hier arthér leibddinmenhd tens-CPALATHT fpresent in an

alcohollc caustic phase into the first or gani ¢ phase,
whinseunt djeat ahaug 8- Ndo p@owtlﬁ&w@e equipdlents per mplay equivalent of

t rt%f;{% ((Faréta?ir}ir fr 0 @8 ay %I\tlg%-l s}@q’g%ls&resent in an

Cs{hbunt of about 1 molar equlvalent per molar equivalent of trans-(+)-A9-THC.

Non-limiting examples of non-polar organic solvents that are useful in the
Crystallizing Step include aliphatic (C4-C g)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,

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
or iso-octane. In a specific embodiment, the non-polar organic solvent used in the

Crystallizing Step is n-heptane.



preferably NaOH or KOH to be used in the Caustic
Contacting Step typically ranges from about 1 to about

wOoRoeoI3gsilar equi val ents, from about 10 to abo®CTIEPR006/005761
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nol ar equi val ents, or from about 25 to about 55 nol ar
equi val ents, per nolar equival ent of the
trans-(+)-D9-THC, trans-(-)-D9-THC or trans-()-D9- THC.
Non-limting exanpl es of wat 8P -ni sci bl e al cohol s t hat
can be used in the Caustic Contacting Step include

nmet hanol , et hanol, isopropanol, or any conbi nation
thereof. In a specific enbodinent, the water-m scible
al cohol is nethanol.The anobunt of water-m scible

al Thdahothalf teadorbolkisaganid sélent@aathh ®e Gosit iaGhé Tgystallizing
Ste&@typically i.s fromabout 1 part to about 100 parts
byStgeicamvaryrand il ispend; ippgit, opdhegpapntagd gyperaf cgynabinoid

we " t

welrBpriegnd EADCRRR 1BpRaN St BB PEE o RBohienbtan be present
hyhraaxingtint Nofficlehtriot progide xamphes hofinga W YRHC concentration from
wat er -i mm sci bl e organi ¢ sol vent useful in the Caustic

Cotfosit 1 Yarlg abpetd Sndireigeabl Wiomabopol G torkpti7e%s Bloyepreferably
CoREFBATBRT AL P FERPH P T mbatbr o™i and

Sdh%%@h-ﬂo&r@r%h%mmnt.-rhe amount of the first
wat er -i mm sci bl e organi ¢ solvent used in the Caustic

Contacting Step typically can be fromabout 1 part to

oot Chop ARk S i WELARed Shl P Indu BBy sumcient o

abgrovidaQrapeut sAbYH@® L. Pasad sofficidne toralyghllizotrahdrer)-A°-THC
D9- THC. The Caustic Contacting Step can be carried out
bycameiess aReivirhaup tq pouas 2P0 Bejs; erdrorp gbow ot hqurpiorabgut 150

t Ol%ou%' ok %ﬂgﬂg%bo%'? 3K B 1§ A 06 H{E)qu,“&d@a&ﬁ%ﬁgﬁ' 30 hours to about 75

ul trasound adm xing, Or punpi ng. e ustic

Compwacti ng Step can al so be carried out by nethods

useful for liquid-liquid extraction (see, e.g., Lo et
"Extraction,” in 7 Kirk-OQhnmer Encyc. of Chem

al .,

T ) ' , . e orake

hgf)&%nﬂlggﬁ ?%?;gb?éetﬁéegangee&fﬁ&g%)) prMH&&yEélHn@%ﬁﬁp ?i)ag §HC 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
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
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—(fc)-Ag-THC and promote



The Caustic Contacting Step typically can be carried
out in atinme period of fromabout 0.25 hours to about
WO004i3d94d, or from about 0.25 hours to about POTHERIN/005761
or from about 0.25 hours to about 2 hours. The Caustic
Contacting Step is typically carried out in a
tenperature range of from about 00C to about 100 C, or
from about 20C to about 50C;4dr from about 20C to
about 30C. The Caustic Contacting Step can be carried
out at reduced pressure, or at atnospheric pressure
(i.e., about 1 atnosphere), or at el evated pressure.
In a specific enbodi nent, the Caustic Contacting Step
i's cﬁ@tra[lizﬁgorp U pASnally NS ahs érﬁtuper S EEixTNC chh 86 figdfer
of the Caustic Contacting can be nonitored using
codeaersedad. gt teinPQues20%y d:dn elaisint:ﬁti@éra@eét} Agé*bl(“a@(wtelhzatlon
for the Crystallizing Step. The D9-THC Purification
MeP¥GEcan further conprise a second step in which the
al coholic-caustic phase is contacted with an acid to
provide an acid-treated al coholic phase Wt hout bei ng
51 i T ¢recenityoditheny franst GRAPTER2md franse(rid-oy - HEC amadissol vedtin a

RoRCT PR PR G el e i § ofted fn o g SR 8iTg and the
St gRRulkHe CHRRIR :Tjé)dn‘% (%gAd-T}ftE?stdeﬁaré&H%on@ﬂ{é Hidusd bl‘d&@

In a speci'fic e e acid 1s citric acid
Typi cal ly, the acid can be added in an anDunt

Su%[l.f: f%l en %8%1 %:eg)l q%\é%g% Hedg)fut fg{ gnpgq%glgc}e c% Brggttfil gTypically,
10 t 0trRRE4Y cr§stall BefP Az carP e hddeadd tRolRIdhe. %O MR dr WWégr

conprise contacting the acid-treated al coholic phase
wi sdmixtige comgrisiag exans- (AR THIT grapws gaiAc- THT amhthetn@n polar organic

aniIYst) Infciening: O SSrLBROR & PRGN RER-(T THHHG

exanpl es of second water-inm scible organic sol vents
useful for contacting the acid-treated al coholic phase
t oThoprvgeess eLiheCrystgldiming Jieyasan 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-(x)-A’-THC compositions prior to carrying out the

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



conpri sing D9-THC i ncl ude the non-pol ar organic
sol vents descri bed above for the Crystallizing Step.

WO 200@138%94dnbodi nent, the second wat er-i nm sci bIPETEPGAI$/065761
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solvent is n-heptane. The anount of the second

wat er -i nmm sci bl e organi c sol vent used typically can be
fromabout 1 part to about 1%90 parts by weight, or
fromabout 1 part to about 50“parts by weight, or from
about 1 part to about 10 parts by wei ght, based on the

wei ght of the D9- THC. Methods useful for contacting

the aci d-treatedal coholic phase with a second

wat er -i mm sci bl e organi ¢ sol vent include those
deswirthédCeyseddlining Sap ihdladedlsinh chicomdtagrupingorSixeqactidihender basic
D9- THC Purlflcatl n Met hod can further conprise

s eI §s O @gaﬁﬁnﬂ? Wi ¢ phase fromthe

acid-treated al coholic phase. Methods useful for
separating the second organi c phase fromthe
aclortercstiodimentewink (+9-ABEISE, transh(WEe’-THES er trexsssi) el HC can
above for separating the first organi c phase fromthe

al %%W%ﬁd«:‘éﬂ}%?ﬁ? mé%cmlﬁéputsthﬁgmmlgﬁng S8R t he
acid-treated al coholic phase, the second organi c phase
can be dried, e.g., by azeotropic distillation and/or

COht :ﬁibtheﬂ gmbhelmqomsmgahmcp rase (MA FTRC gonttang-(+)-A’-THC
agent %: Na2SO4 or . The D9-THC

Puqaanfbearam 56 unisghibrl & ahH lt @laﬂ%Mﬂth@e Wh@h§f>@1@né¢s

t
oM R d ke o et e e Bo B Br i B THE
e. @spdvivellySiith |a§1rbt%aterﬂﬂxﬂniibfoldé adit 9flvemNa RatGahiktiBI® alcohol,
out at el evat ed pressure, atnospheric pressure, or at

r eaicadng an slkaH enetalrhygrexidnttbei Gasistic Contacting Biepl)tpiferm a
| rsr%lg agsrlcl: 5 %th(l)lil'ﬁl‘,tcmar}: R 'g{s)pht%rs grggﬁlgzvﬁyge aénd éﬁ gp?l‘i:gl?(glc ca(ljlstlc

Inmen Ion I’'sS C

p r gifeSe E@npridieg BR- tfrdri@(PynP fiHG thaas ()Y’ hDdCeafrahsi(4)hEt THC.
gprlse contacting the concentrated second %ﬁganlc
dowi heinglimasad piithaory thppriesens gtveator bﬁleﬁwe@;ﬁ thefGaustic

osition conpris nd
t yg%nrlg(ftmlggﬂg Sqrygs t8 rr&rgﬁ? 1n§pd.1r€1§§??rom'_ge trans (w%nguﬁlf-l(fa
trans-(-)- A’-THC- or trans- -(¥)- -A°-THC -containing alcoholic-caustic phase into the
first organic phase, which impurities would otherwise impede or prevent

trans-(ﬂ:)-Ag-THC from crystallizing.

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.

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.



can be any of those described above in the
Crystallizing Step for the non-polar organic sol vent.
WOI20066¥38%4@nbodi ment, the D9- THC used in the DOPTHEP2006/005761
Purification Method conprises trans-(-)-D9-THC. In
anot her enbodi nent, the D9- THC used in the D9- THC
Purification Method conprises_trans-(+)-D9-THC. In
anot her enbodi nent, the trané3D9- THC used in the
D9- THC Purification Method conprises
bot htrans-(-)-D9-THC and trans-(+)- D9-THC. In certain
enbodi nents, the trans-(-)-D9-THC is present in a
range of from about 0.75 to about 1.25 nol ar

equhy @h&itit S ReferiBisaibledethod Rbtarte dseans tHe Qaublc Thkiacting
The D9-THC Purification Method can further conprise

addien gyni¢adlyss from avputhgadito ebeusd 09 pyrctsioy Wright, drammabout 1 part to
f ! £botut 95 ggr@ 5 &/g g %' tﬁJo‘l-’H]a\Blet §§ lffgpouzﬁ)tou§ P(S I)%ri%nlgp\gveltgﬁt, based on

rovi dé ani ¢ conp i on Cco

tr@;BSvdig}itthherﬂ@haﬂﬁétat hyﬂﬁmﬁﬂ D - THC, vvher ein the
trans-(-)-D9-THC is present preferably in an anmount of
5 from about 0.75 to about 1.25 nolar equival ents per

mﬁaﬁ-li?ﬂyﬁ%g%%esoéf ﬁ@f‘&/a{eg-x?%sc}wg r%'%gfé & Jeﬁ‘ﬁﬁlﬁiul in the

trans- trans crystallize
toCmmde@aumﬁygSamhndedeﬁmmmnﬁjﬂﬁﬁmgﬁﬁbs&v@@sﬁmmﬂmmzmoveﬁn

above, for the Crystalli zi.n
P OF e R o dcRroT Crer st b Do Metesmymistiblg solvent
t r@ansudotaneD9- THC and trans-(+)- DO9-THC to crystallize

fromthe first organic conposition to provide
10 crystalline trans-()-D9- THC as descri bed above for the

stalll erein. the fjrst orgapi :

i Eneid i ead P S rannsblediu ) AR Canpuc
Dgcaﬁt&tlr@rsie;{ Bpidah@ chii BE Srofir dboubP pdiitite hlsoup 1l 0@ parts by Weight,

or ani ¢ conposition preferably in an anmount from about

@ntabow&bsomﬂsro ZBOI#dIOQrPaéa bv et gty fiam abgiptarparts to about 20
O L ok e oo e o
15 conpr is es
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.



allow ng trans-(-)-D9-THC and trans-(+)-D -THC to
crystallize froma first conposition conprising

WO2080i33¢4) - D9- THC, trans-(+)-D -THC, and a no®CHdIPap06/005761
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organi c solvent to provide crystalline trans-()-D
-THC, wherein the trans-(-)-D9-THC and the
trans-(+)-D9- THC were obtained by: (a) formng a

bi phasi ¢ conposition conprisﬁﬂg (i) a first organic
phase conprising a first water-inmm scible organic
solvent, and (ii) an al coholic-caustic phase
containing trans-(-)-D9-THC andtrans-(+)-D -THC, and
(b) separating the trans-(-)-D9-THC and the

t r RS Chustic @ onfddéing ISP dalDeVairAult Gt dUSH preRBRS 6r at
Met hods for form ng the biphasic conposition, as well

asatm%pmmﬁ@sssu@r(de + gt dratmaspbiere) ram g gletspted oregam.c In a specific

soI vt

(ffngr OXI emggﬁt%épage%‘ 22 F‘gds ?a\rllx%%n(?{) %toagggﬁ(zggcr [ %%rgssure'
abDN@progfesi betheaBaabticComattant $tog cﬁt l@epmoﬁitdjﬂeﬂ asing conventional
nmet hods for separ ating the trans- -THC and the

t r igARIQUSS, FYS: ?H@qsraéﬁsoméd abovsiiar fh %aﬁréﬂﬁzwao%s&e and

met hods for formng the first conposition conprising
(i) the trans-(-)-D9-THC and the trans-(+)-D9- THC of

st Eiie ADTHCGP f{datipn M@hodcanpfatther @hgaisea ssaindesndp, inoetich the
be selected fromthose nethods descri bed above for t

Dgalcrqﬂl@ PPt coRePRIs qBtaRtsd Withaeadbtopruige aeraygirfmtffc{:@cohohc

F T e R

t hienraistiblMatthegsdified akepali@phadg Nog-1mhiyiag akdhples of ac1ds useful in
trans-()-DO9-THC fromthe |iquid phase can incl ude,

e. s segond step inghde CHRE @Flfluﬁ“é‘le 6ﬁd quecthpfikei Bha specific

Qﬁigj f speci fi c enbodi nent,
cr{/gsh% F%gt%eggg(@g m%)g ’?HC i s separated from the
i quid phase by flltratl on. Crystal l[ine
ns-(- -THC fqrmed in the Cr Li zi ng,Step
TRl Preidaoeciced i s v it o SR EReH ffrom

Sea%hai efaddupD) 4 PR fddl ldb&ht%h@%ﬁo@t% deapH &%@h@&ﬁ 7 to about 8.
When cryst alline trans-()-D9-THC i $ washed, the
t ehped ATHCPwification 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.

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
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



t he organi c wash sol vent can be varied. Typically,
however, the washi ng, when done, will be carried out

WOR00Gi133M1or gani ¢ wash sol vent at a tenper at ur @CIER906/005761
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about -78C to about 50C, from about -30C to about

3Q0C, or from about -20C to about 250C Exanples o f
useful organic wash sol vents include any of the

non- pol ar organi ¢ sol vents dé<cribed above. In a

speci fic enbodi nent, the organi c wash sol vent, when
used, is n-heptane. The separated trans-()- D9-THC can
optionally b e dried. The drying can b e carried out

at atnospheric pressure, optionally with the aid o f a
sweegholid phasechiting seondavdter-idthistible (@@ e eslRent include those
hheel | i i uumm , aarrggon, or the like. Alternatively,

t hdeserbidsaboye fagharJansticrContectiagiSéep- at r educed

pressure. When the separated trans-()- D9-THC is

dried, the drying tenperature can b e vari ed.
Typheal-THC Pilefichtivh Miethodhedn fieher, congitisb sepatating thel s@ohd organic
at a tenperature from about -25 to about 65C, o r from

abRhgse from the apiditreaty Aevholig phaseo ivlethedn useBil ey sgpyyatingthe

00 TyRi cal 157 () - - THC [ [ :

& s HRaiR st 015 (he AR 1heg Btk b RRek Ao Mescribed
or atdlve f@aseparaifg the\firstirgintic phasedionh dresilcddBlic-caustiatphase. After
| east 99.5% or at | east 99. 9% weight o f .

t r3gRataion fro t?lwedatﬁ%ﬁtqdr%@Ofw)pga%gthmg@%sﬁ%ﬂh%ﬁéan be
TR, B0 80 ag R opROBRRMLY iR oroaci RESErofl SPeanl EPhpse with
accdrydigagenolethNaSChod Mgh@gl osed i n the preceding
section, can b e resolved on a chiral stationary phase

to provide purified trans-(-)- D9-THC and purified

t ransa{TiC RRiflddon MRS S8SLHBE colPiSe tIRCEEY 6K dddcdiftrating the

the present invention, trans-()- D9-THC obtained from
crsesomal drigamic phasedo (fyrm DYoTddatrated seqondlonganngphset vemprising

ca confacted with_ a chiral stationar
Xb -JIJH%, e.g. by glstllqatlon. hI'he cﬁstﬂ[atlon can Ee cameX out at elevated pressure,
atmospheric pressure, or at reduced pressure. In one embodiment, the distillation is
carried out at atmospheric pressure. In another embodiment, the distillation is

carried out at reduced pressure.

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

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



phase to resolve the trans-(-)- and (+)-enantioners
(the "Resolving Step"”). This can provide a conposition

WO99Gt3B%iing at | east 98% b y weight o f transPCIJEP2006/005761
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D9-THC or at |east 98% b y weight of trans-(+)- D9-THC
based o n the total anobunt o f cannabinoids.In a
further preferred enbodi nent of the invention the
conpositions conprise at |eadf-99% preferably at
| east 99.5% and nore preferably 99. 9% by wei ght of
trans-(-)-D9-THC or of trans-(+)-D9-THC based on the
total anmount of cannabi noids. Wthout being |imted by
theory, the present inventor believes that resolving
Ur iR ((-% AWH%@@&&Hq? NI & Yol érhl%‘dlments the
trans-{( HC can provide a trans-(-)-D9- THC o
tr @) [DMCFH(;Brexenpmsa tahgenofhiavh ngowmer. y5 tooabohel/ éﬁ solar
of , or no cannabinoid inmpurities found in
t r egvévalents prrpler equivalentof frans-0o- F@{@ot ai ned by prior

nmet hods. The conposition conprising trans-()-D9-THC

used in the Resolving Step can contain an anount of
t r aRs AL THPudtiGtibhaethsd tastirthbaddm@iteatiding t@ns-(-)-A’-THC or
greater than the amount of trans-(+)-D9-THC. For
extaapte)-A HEHGE tnhedinsi gsaoapnpesitien (rx)anmnquﬂcswféiylebéto provide
obt ai ned by adm xi ng. crystal]ine
t r%\?&cotlg yraﬂglﬁqqélpeaﬁ'ﬁwmpaﬁm&ﬁapé QP ffﬁﬁsane FPRpgEHACTHC,
pr Lf-

PRk B I A o RRR Bt 2 S DAL Sk bou 075

abt@tﬂboaﬂl 25| tiola cauivareatier afolirtguivakns of trinsQ9)-RAQ HOdand
trans- (+)-D9-THC. Any known or | ater-devel oped chi r al

st atqvonatlynaahagg T3iC ﬁred Hreeo(0gY - L Eftacrystallizege ppevide crystalline
trans and,tran .can he d. F
exHs ﬂ%)ﬁaqﬂﬁgﬁaﬂﬂ%BPe @%%F&P%@D%?§§9h :$§% andor

trans-(+)-D9- THC enanti oners on a chiral stationary
phase is described in S. L. Levin et al, J.
Chflonat-GHiC Purtientios mh@wsf}mhermmmab |at19wtrtgethc hi r al
stationary_phase can contain a chlr

e 5 THREH Fi2ea g |16 Gpparelieaetomhd stpraani
poémorsn%rn tb %95@&’@&&58?1 ng(:t‘rané(i)-Ag-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-(+)-A9-THC.

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-(i)-A9-THC, wherein the
trans-(-)-A’-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-(-)-A’-THC and



non-limting exanple of a useful polynmer support is
pol ystyrene in bead form Non-limting exanples of

wOowded/1aB941nor gani ¢ oxi de supports include sili @&I/EP2006/005761
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magnesi um si |l i cate, nmagnesia, alum na and nol ecul ar
sieves. In one enbodi nent, the inorganic oxide support

is silica. The i mobilized chiral derivative conprises

at | east one chiral center. "Non-limting exanples of
useful chiral derivatives include tris(aryl carbamate)
derivatives of saccharides such as, e.g., anylose,

cellul ose, chitosin, xylan, curdlan, dextran, and

i nulan. I n one enbodi nent, the saccharide is anyl ose.

| Nrgrre( ?@ﬂiﬂ@%ﬁd (,?9 bq;atefting(tm dhiza- }na?nim aithe trans-(+)-A’-THC
tris(3,5-dinethyl car bamat e) ;

t r frepghe hhcgh@mw@fwym@;a 4§armt e);

tris(4-nmethyl carbamate); tris(4-nmethyl benzoate); or
tris[(S)-phenyl ethylcarbamate]. I n another enbodi nent,

t h®tethods far fphtimighaerBipB)sit Somposition, as well as the amounts and type of
tris(3,5-dinethyl phenyl carbamate). | n another

enﬁé@r-ﬁ@mSCIHIﬁ ergenicrsal vest ayaterimisgibjsralsehal.svaisry ped glkali metal

fﬂg’%ﬁeggﬂ;ﬁ@ ct E@Q@%&%ﬁ&? raglr)n@egfg)r gg:l & s’ug @on}actmg
| nSltgp! Slrﬁﬁarly‘[ﬁi@ﬂmds$azp@paraﬁh§ ete tRmg-(H-A-T H@ganﬂxhﬂ'pl es

of useful ,chiral stationary phases include cellul ose
tr irwéﬁ&tAe'TI'é@ Ifiom theealgohphengaustic @hase, and methods for forming the first

O s IR Fh S BIAGHRE B 1R H- A% THC of step

%An)ic éoldérﬁ" daMIbeRElctRAR those methods
crossllnked di - (4- ter but yl benzoyl) - L

di @dsblybddaahowalﬁordm AGTHG Burifitarion Methdpdophenant hr ene
3,5-dinitrobenzam de (see E.R Francotte, J.
Chromatogr. A 906:379-397 (2001)). Typically, a

CORRENSHtAhES PRtdtin ORaRl (AP ¥orRRd ThheOH sBMizing Stfep can be

el uting solvent can be added to the top (or “front)
a sephrarad foomtha Inquig) phasclhyrrmthsdsdmo&manthmasMethﬁde for separating

t - D9- THC be with th [, ut

s{)q%gz_ aéleneetranst(%i-gﬁ%lﬁ%] éf%h@gi'ﬂ %d’l}ﬁ?%%"dgdgﬁ%é:r& fltration,

C oA fbAbnt BaRRtatioh oP] cdibifdfioh HRASGT( 1 a Shecifiembodiment,
crystalline trans-(+)-A’-THC is separated from the liquid phase by filtration.

Crystalline trans-(+)-A’-THC formed in the Crystallizing Step can optionally be
washed with an organic wash solvent, and separated from the liquid phase as
described above. When crystalline 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°C.



The Resolving Step can be carried out using batch
chr omat ogr aphy, continuous chronat ography, or

wWOo209a/133%4ed novi ng bed chromat ography (see, e. ®CI/FR2MR6/005761
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Francotte, J. Chromatogr. A 906:379-397 (2001)). In

one enbodi nent, the Resolving Step is carried out

usi ng conti nuous chronmat ography. The Resol ving Step can
be carried out at about 1 atfnBSphere of pressure, or

at reduced pressure, or at elevated pressure. In one

enbodi nent, the Resolving Step is carried out at about

1 atnosphere of pressure. |In another enbodi nent, the
Resolving Step is carried out at el evated pressure. In

onexanplesbfmseful ot dimid@ag solviatsShelpde anycaf the @0n-putar organic
using flash chromat ography at fron1about 1.1 to about
105y SR inseriast aboygnimd srscific embqdinpify themrganio washetokyent, when

el. 1 to about 1.3 atnospheres. In another

n%£gf§gﬁ?$ e Resolving Step is carried out at using

flash chromat ography at from about 10 to about 175

at nospheres; from about 100 to apout 175 atngﬁnheres
f r B paiedityansi(s)-AndHC f%oxat%gbh%fiegd bhe drymgysgibe carried

o3 AR o O LA SEARLES: oy Bl ik s
St fiéro g, heharh Nar@on, i alne e - A‘lﬂahditl\(e@v {l@&aisk()kl)ss -THC can be dried
substituted with one or nore -OH, -ORi, -OC(ORi,

_ tapdored PERASWE: or - ON. (b) strai ght-chain or
branched-chain (C4-C o)aliphatic hydrocarbons; (c)
(C5-C7)cycl oal i phatic hgdrocarbon optionally
S uBSieh thy egaratedhrapsg:pA° -THI®is-ddied, tbd)ir)(lﬁ?grteﬁﬁ)e@amﬂel @n be varied.
et hers optionally substituted with one or more - .
( e} ynisalyathedrywpgr when %@}%C%b G acd Qutal BIMRIIRBES fﬁﬁ)mrﬁbout -25

O CB a8, P BB R Elon B o s07C

t HEymadlly, W&&f@smﬂ:)?ﬁ IIHCaolﬁtﬁineka) allelﬁtb/stalﬂ\i@mgl Step tcbrﬁg'lses at least
exa | es of straight-chain and branched chai n

G2chy araightsoray ﬂ)"é’ﬁ 870 by WEiEH. oAt 1gsst YRR or_abigast YD %, or at
%SQ})B@% B%Q}ggt? OftraM'?A fuc N frglfsl-(lJrsj-%9-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
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
provide a composition comprising at least 98% by weight of trans-(-)-A’-THC or at

least 98% by weight of trans-(+)-A’~THC based on the total amount of cannabinoids.



met hanol, ethanol, n-propanol, isopropanol, n-butanol,
i sobutanol, tert-butanol, chloronethane, nethyl ene

WOcKW@r3BHe, chl orof orm carbon tetrachl oride, ®CEEP2I06/005761
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ether, di-isopropyl ether, tert-butyl nethyl ether,
acetonitrile, methyl formate, ethyl formate, nethyl
acetate, ethyl acetate, |sopr8pyl acetate, butyl

acetate, and m xtures t her eof* Non-limting exanples of
strai ght-chain and branched-chain (C4-C o)aliphatic

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

I sooct ane, nonane, decane, and m xtures thereof.
Non-limting exanples of (C5-C7)cycloaliphatic

hyHr Dfithbopeferidi cpitddinie WIS huéRidnwhé Eorap&itinsOMPrise at
-R include cycl opentane, cycl ohexane,

rre]tehiﬁl98y/@ |p6€rf§r>@hl¥eat lwb?%ﬁé)p@tﬂéﬁ’éore Rrrferbit - L% bynusighrof
rarjls-(gq {3 éramt "R éng %CC@S%X %lq tﬁe t%i%%rn%un of cannabinoids.
n Ut th I'nc uéé

optio y 'su stlt one or

t eWigBMObeh i lidited BRI, ehé playeht Qf\léhﬂﬁi bellevts tiad¥&BBing
1, 3- dloxolane and m xtures thereof. 9 limting

extanste3-AS{THE ohtained fram costal linsrgans)-dndHG can provide a

S Rt A THE b e YA TRE ol hing (s RISkt or no
xyéa%ngmn&al AR ARERZRAR IPBIALTAY IHer bl At b88ined by

t her eof . I ment |ng sol vent can
cqapnnﬁﬁhadsn xture of an aliphatic hydrocarbon and an
al cohol. In one enbodi nent, the eluting solvent can
conprise a mxture of n-heptane and iso-propanol. In a

S PP édm§mdéoﬁ}fsmfgft%h sQEgAN mc,seée\ath&m%wlﬁggtea can

95:5 ( m xt ept ane: 2- propanol . El uents

t haintain ah ambuhtr(f:fﬂﬁi—né-()) ﬂgrﬂe%aﬁdlekhaianm@al to or greater than the
substantially ree of ot her cannabi noi ds can be

coammﬁéaf trpms- ﬁﬁeé ehd6dikioe pramplphe p@n@n@sstl@aepremg ga-A’-THC

St 98% 9
" amat BE o8 PPk cpPlai Ry RO K e Phv-THe
composition and/or a trans-(+)- A°’-THC prior to carrying out the Resolving Step.
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
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.
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.



- by weight of trans-(-)-D9-THC, based on the total

anount of trans-(-)-D9-THC and trans-(+)-D9-THC, in

WOt29¢6/38Mi ned el uents. Simlarly, eluents that PEEAP3ING/005761
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trans-(+)-D9-THC and that are substantially free of

ot her cannabi noi ds can be conbi ned. In one enbodi nent,
the eluents can conprise at | east 98% by wei ght, at

| east 99% by wei ght, at | eas?099. 5% by wei ght, or at

| east 99. 9% by wei ght of trans-(+)-D9-THC, based on
the total anount of trans-(+)-D9-THC and
trans-(-)-D9-THC in the conbi ned eluents. Optionally,
the eluents, which conprise a first solvent and

t rﬁlﬁbsmﬁm&)blfi);?ed-rﬁﬁ:ra@ Heriva®ive cbrhprisdd-al Hast dirithiel &aRRr Aloddimiting
fromthe volatiles to provide each enantioner as an

oi ¢xamyestd isefubehigd ﬁammtlvlqglmhélettn%(ﬁgflqarbmmemvwves of
t rs%@&agld)e clh é‘tsl_!ic ] ro M)% % 11{1'1 ?é: %HR(%“I? rk&lr Ql?ljd%%edextrém and

qi°st at HOSpRGT T ¢ e’ or
pn@&l&ur €n oﬂf@émb@’(ﬁﬁ%hf,‘ thd d&%ﬁahﬂ@&*z{m&lo@ -Ihikda@e @mbodiment, the
trans- (+) - D9- an, if desired, bhe distilled by

frtaé(amﬁ%mareat@i 1S|tna&3p%ﬁlm%hsdpleﬁmférb&maﬁ hs- (- ) - D9- THC
Z’rtgg(f?%g%&?%e@caﬂ_&lgb)s 11)14(11 %ge?hr?(l gaanj%t% tﬁﬁh %éth%genzoate) or

sen et
t rmE{SI—pherE%tH'ﬂ&rbamgle] hiaranetiteh eﬂnbaahme@t )hd]@rs(l'dr&lparbalmate) is

it B SR e 955 oo iona

c %H&Qéistdrm&e(iﬁﬁ3 @dﬁ@&%l@%b%@qgﬁqd%@l%ﬁgges%&b%able as

. IatJrono Crystalline trans-()

no@btﬁhlm}@v@ menmmghem)wmmammmpmb. nol is
a thick, viscous material that is difficult to

for mul at e. Moreover, since

t r@mer fon- h%ﬁf&ﬂaﬁm{&r&ﬁﬁaﬂw&hm ktatisnd¢ lfoﬁhsieb Weelide cellulose
oxygen and |i conmposi tions conprisin

t rtaﬁ@etqte)ceﬂjglqs@tm@we&t@d&mwrmrﬂcrxlwaphmlﬁéarb@@%hyl ester];
di I a
geneanorRey BBl ahe LBORRER A EhRR e B,
f rdiail yliagdmidagerasslinkeddii- ¢4kveyt-mmylﬁertzmybayélaﬂyltmramiidﬂe byd
Sht(e.:)trratlhy‘:’l?oe Iarfn;rllolp grian-trl?rgl?ee r%?r%{)énezgmuge (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
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-(-)-A’-THC or trans-(+)-A’-THC.

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

carried out using continuous chromatography.



trans-(-)-D9-tetrahydrocannabi nol have essentially
precl uded the fornul ation of practica

WOt/ ¥38941ed- r el ease materi al s that - woul d enablPE€T/EP2006/005761
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sust ai ned rel ease of

trans-(-)-D9-tetrahydrocannabi nol. For the sane

reasons, it has not been possible toprovide effective
formul ations that would b e-sSlitable for

adm nistration o f trans-(-)- D -tetrahydrocannabi no

b y inhalation. Due to the sensitivity and/or

instability o f the trans-(-)- D9 THC in the presence

o f light, heat, oxygen and conbi nati ons thereof,
PreRaREIOVIfg Btep JARBRTAATEM JuPatibBUEN htnfisphér8iofbZeSsurBeor at
loss o f material. In some cases failure to follow )
t hiedugndanressiteppsat eherptadauessins. de opapabpdimsat,dhg Respdving Step is
mat er. | n S the [ L PN, :
corpeEutl ol ufottEo BRI 18 B rtbiifiens, the Resolving
Co8Rp isSéanded dutsit alel ate ptasauis.- I gne dabodilaentp thefRessalbing Step is
at least 95% nore preferably 98% even nor

. y e
prerashetyisygsfash shipmaegrapiiettdroab o d. Isig,abant Hymospheres;
Pr25&r8Bhy1. 9% b S%t%%?ggltesporffr% abut () Lt out 3 atnBspheres.
not show any sensitivity against light, heat and
t hiaraabtree extbodiatent, ehgiR el @pg Steplis bamied ongat uFing flash
conposi tions acgordin 0 the ent invention
c oHpmaog PRy dhomabotio! Siacebapll £ et o ouh 00 to about
contl 4iin@Sshek@F f¥REAut PSR V75 AfnoSEHEAS 0ARALBNETSO

more preferably for 1 year and nost preferably for 1-3
yeaimosplier¢sout any substantial deconposition o f the
conposition. In addition, within the nmentioned tine
period o f weeks, preferably nonths and even nore

prebetiahlivg dxangses @hdhutiipsdol whef @eal iy tht-Resylealgsstep include: (a)
loss o f titer is observed. Further, in contrast to

t hidraighinehaip-oy branghad-chaie fpoSielkylrsubstifated aviurne orgpare -OH,

ac di t se I QvVeRt.i . .
R T e R
S pELHE o yaliphatrhydradarioms A& (Cxed,) t yrdtal iphetidoghgearbar optionally
aaccccoorrddi i nngg ttog tthhee rreesseenntt ) .
T RSRAE ROt BT B0 R APt alhssypytituted with
?oﬁenl-%'('f;ln:l(?g LRE (HReNB IR Y RHGH dHd dpti¥nal BPSibRithted WiBNEIRS or more
-R,, -halo, -CHz(halo), -CH(halo),, -C(halo)s, or -O(C;-C¢)alkyl; and (f) any mixture

thereof, wherein R is a (C;-Cy)alkyl.

Non-limiting examples of straight-chain and branched-chain (C,-Cy)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,
di-isopropyl ether, tert-butyl methyl ether, acetonitrile, methyl formate, ethyl
formate, methyl acetate, ethyl acetate, isopropyl acetate, butyl acetate, and mixtures

thereof.



In contrast, the crystalline trans-()- D9-THC o f the

present invention is a highly-purified, crystalline,
wWOo2006/ B3t erial that will b e nore stabl e thaPCGIVEP2006/085761

trans-(-)- D9-THC enanti omer. Accordingly, the

crystalline trans-()- D9-THC o f thepresent invention

is anenable to fornul ation a%éfrding to net hods

di sclosed in the art for usé“wi'th solid active

phar maceuti cal ingredients, including those disclosed

in the art cited in Section 2, above. Described bel ow

are illustrative, non-limting, exanples of

formul ati ons that can be prepared using the

cr Wohdlrhiting ekdrapies 6§ stEghtkdbaof andbearehed-ehdin i Oy-€nd)aldhatic

I n. one epbodi nent, the crystalline trans-()-D9- THC of

t hBydspearhens inglyde Prighe. PsRfape hexaiieuhentans. iRastane, nonane, decane,

m gt PRiAELs iryeovi de free-flow ng powders,

m croparticles and nanoparticles useful for the

formul ati on of pharmaceutical conpositions that can be

adp nistered to a | e in need.of such treatnent. .
5M ﬁ]pg-rgléplppg Grapples gg&%faé?wwggpa}mqr hbons optlonarHy substituted

tr QM8 ond bPﬁfoTé‘KR.Qﬁ&u&é%}lcﬁ}ﬂeﬁtaﬁé’,rcybl'&ﬁb%'e%eﬂh@lc%r@ﬂoh@xane,

dosage forns such as tabl éts, capsules, dry powder

i nbyl@reptangrahdtrhiturekhered€ used herein, the term

"particle" is used broadly to refer to granul es,

particles, and spheres that have sizes on the order of

M RoAMniflhg eXarhples 6f @GLCHEyCNB RMERS Ptonale ssHiude With one or
unl ess context dictates otherwi se, the terns

10 » payore 4 encludertpeshgzeforag) methylagahyvdsefopar 1 dodiexangy b3-dioxolane,
us &agnpkﬁ%g pggably. The particles conprising
ystalline }

cr rans-()-D -THC can be forned in a size
range consistent with the intended properties such as,
e.&. the rel ease rate of the actjve agent from.the
phaf

Préicaitipg exmplesalomalifhplp b Yseapiicadtly ebyituigd witl one or
tr @R R, --B8o TG Qhalb)) %H’(l?ﬁ&?}-d(ﬁh‘(@)@t-bf@.-é{f)ﬁl Pinclude toluene,

m croni Zed to produce particles in‘a size range

15 abgylend) chlotabentamet bei@otrifboods, anBanixexestperof.
crystalline trans-()-D9-THC of the present invention
can be mcronized in a suitable mll, e.g. ajet mll,

t OInyrREAIRDdRAL] the @Ruting s8lvehZAncORPEis®h 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-(+)-A9-THC, in the combined €luents.



about 10 microns. In one approach, crystalline
trans-()-D9-THC can be m cronized separately from

WORnbrdr33phar maceut i cal | y-accept abl e carri ers oPCT/EP2006/005761
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exci pients included in the fornmul ation. In another
approach, one or nore of the

phar maceuti cal | y- accept abl e ggrriers or excipients

i ncluded in the formul ati on"can be conbi ned with
crystalline trans-()-D -THC prior to mcronization.
Suchphar maceuti cal | y-acceptabl e carriers or excipients

are known in the art. These include desiccants,

di luents, glidants, binders, colorants, preservatives,

| qumldzﬁl’yi; sluents shat cegtahit trams- (agaﬁm{c fnd thangeagbsmnmally free of
surfactants, huffers and stabilizers see

RefiihRpEBRaRINOIH ganspe S R IB?meE‘SFHEBV can comprise
(2 :
bhar niss oo ey OBR allee o0 [REEAC sl o0 ARy <jghty or ateast
N 9. 9%11538®¢1ghnmf ttane’deMﬁ-Té{C Aased Ghtherreiabarhowelof Dosage

0ls 1990)) cronlz tion . of

o Gl e and Bens b 2 AR itnte
presence of one or nore pharnaceutlcally accept abl e
carriers or excipients can be advantageous in thaf the
pa@pn@maéls/ the eprenthy phirhcepmmpriss @ fustrpphventand toanm(-)-A THC or

t [ @l)l h%age%gstgggr%teﬁ t b € voﬁatxoeesI h%\g Ceuc{h enantllqomer as
pa.mt mtpl M:‘etlfo@@ f@fsépaxdﬁngltlféﬁfa@s-Qg%gL’SHerﬁr tfa@b-gapA°-THC from
profile and inproved bioavailablity for the finished

d o‘é@@‘é‘efcemﬁpp‘ﬁ%lf\ﬁ)ﬂdéw £ hdistilation 3 abperphgtiepresspg or reduced
ufe. ?&%Qaﬂgfet Hﬁ%a%ts? R ?Hbadr’tra?lls—g-F )-4°- ?ﬁf& Eat, if desired, be

ropartl cles nanopartl cl es conpr | ng
crdasthlzkbd bynfeadtionalsdi§t) a9 n Toiprovide diearsr(es AT HGwetndrise(r)-A”-THC

i Qe e S et Bood BerBanOhrelier afl on. wher e

approprlate the n1cron|zed powder conprising the
crystalline trans-()- D9 THC can be further processed
t 0As nptedwboveh grand- b*v)‘-[p FBHEr tagethenvith lteansrit) €Y FBILC, can be useful for

e ey s A e
t NEads QAP OTC ROmPb&E SRR e nERie B AROQPRALL LS Ebove.

5.7 Formulation of Crystalline trans-(:t)-A9-THC

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
air, and they tend to have a relatively short shelf-life. These properties of
trans-(-)-A’-tetrahydrocannabinol 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



conprising an active pharmaceutical ingredient are
known in the art and include spray drying, mlling,

WOf2004/t33%ier gy gri ndi ng, mcrofluidization (sed®Cad/EP2006/005761

U. S. Patent No. 6,555,139 B2), |yophilization, and
nmelt-extrusion (see e.g. U S. Patent No. 6,706, 281

Bl). Mcrofluidization, for %ganple, can be used to
produce particles conprising”crystalline

trans-()-D9-THC, which particles can exhibit

controlled dissolution rates and nore consi stent drug

rel ease properties. Conpositions conprising
crystallinetrans-()-D -THC can be processed in a

m grofdelffdtit ey formulaibadithatwaiildfbersasble stideihigation of
particle size. Mreover, the product can be recycled

i ntranstbAnitiebydraranngbinot by slbelatian.snal | er particl es

(see U S. Patent No. 6,555,139 B2). In certain

enbodi nents, such particles can have a substantially
unbti@foths iséitilistdndstihabilifyasf teenatsal-J-1° Tald & the prisénce of
a size range of fromabout 1 mcron to about 30

mi kghsrlacat, foxyasnaansrombingtions therepfapyseautions aediesersaryftp prgvent or
abgut. ' t m .
T ERR st i i ImLELO Ryl AT ARkcabions, my
prledd ai deebmpbsidombf theandteddlesd tlalsldfnige msdlhing f@andddtione d

si ze range can be based upon the use of supercritica
fluids. For exanple crystalline trans-()-D9-THC can

i inSdonREst I Sthpdstfshsialeottimt g& gﬂetih(f‘é}ltio%rﬁﬁ@siﬁ@@r?stalline trans-

sprayed through a nozzle in | ow pressure gaseous

10 meH)uyh THSreefsrably off least 5 %o neré prefersbly t98pa ssesmohe prefinably
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t hg,,nozzl e caus redyction i ensi | eadi. n

t S BosGu e posereal B pad Bt el R e by o AR rans--
past TH(CE 8o nbishaty a’ﬂyts@ﬁﬂﬁ?iity/@%a@fm 1i9RC Reat GhY Shedbfotd @ not require
trans- ( -THC can be dissolved 1n a solvent (such as

- D9

et fpgeiel g@dllnéxﬂwaomwsrsm@% perording & {eipsesentiaventionioeaprising

i ducad - i il L .

SRR 1T B UL Sl ot 908, ety

superiths ahd ewdn thondipdefetablssfoall lyiemeardr raos profedadlyTide 1 vioydags

be expected to ?re i pitate ou% in the formof very |

s iilthout 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-(-)-A’ THC compositions, the compositions according to the present invention

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-(£)-A® THC in the above-

mentioned purity, exhibit a longer shelf-life.

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 trans-(i)-A9-THC of the



particles, e.g. nano-particles (see e.g. U S. Patent
No. 6,620,351 B2). In one enbodi nent, the crystalline

WOt208i833¢41L- DO9- THC of the present invention canPGd/EP2006/005761
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fornul ated for oral administration. In one aspect of

this enbodi nent, the present invention provides an

orally adm ni strable, imredi ate-rel ease fornul ati on of
crystalline trans-()-EB-TF[:5§n anot her aspect of this
enbodi nent, the present invention provides an

oral ly-adm ni strable, controlled-rel ease formul ati on

of crystalline trans-()-D9-THC suitable for once-a-day

or twi ce-a-day administration. In one enbodi nent, the

Or glekefrt aflidhidBis altingble GO Rriill tRA-dcedr@Pao Ghated Bl diddsyed in the
trans-()-D9-THC fornul ati on provides an early onset of '
t hast fpewge withephid eetivapharmfeeatiedl sngrgdientsainglyding these disclosed in
copcentrati o ri e e hterval i des;.a...

¢ PEARARY P Pohar ST SRERER M PG iiiine

Pl aak@plEoabmilatidifs tEanaabe paipdredaisingethp baystaRUEdns dl)-A’-THC
ingrgg}ent provi des a C24 /%nés ratf%ﬁbf g@out 0.554t%
abelithe pregentam¢enppovi des effective relief to the

patient. In certain enbodi nents, the dosage form

provides a C24 /Crax ratio of from about 0.55 to about

1. @ orRlenfiodith@R oMt cByshdlitedralRqu)-AQ-18¥C oPthefpré@heiadtttion can be
0.55 to 0.75; or fromabout 0.60 to about 0.70. In
cegrenilnted ahd/ar maerorized keprovidertiet ftawing pewdersomégroparticles and
dosaae_ f.or m of e.present .iny ion can ri

R PR ho G R BB Thub A Bl PR G GRS R g oon be
Cr yduhialskdréd®totd getien( Jrneb® of kich tteatrheit! alidropanidiaBrdosprising
the matrix can bg conpressed into a tablet and may,
operygalling jrangEt)ody e F H6aare suifgblenfos inchesiomig sohiddosagg forms such as

addition to the sustai.n rel ease,.nateaeri h
et blele Copsfieb oy PAVRLABRCE SR RRATE, 2618 Mirgh e tem

t rgrastide’> iDAsdd-Kohd19no tdfer toQramlet particles il shheres thaokale sizes
| evel s of APl are maintained within a therapeutic
r e odsr oh mievneatethserds @f Hanqmeters. Tregprdingly, unless context

U NGEARE YhilebwlsBNME tdriis “Bél?i%@;’a‘%%lror{ﬂﬂk@w * LR ndnBPMHERE are used

to I nduce psychotropic ect s. cert’ain

enineditmmpéadly. t Tiee gatitleotdmprising egswallmeatans¢spye THAT ean be

Offotrrggd Pnr ale Ssigg ;ange 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

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)-A9-THC can be micronized
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



i nvention can be an osnotic dosage form which
conprises a single |ayer or bilayer core conprising
WOQ09EL33941i ne trans-()- D9- THC, an expandabl e PETYER006/085761
sem per meabl e menbrane surroundi ng the core; and a
passageway di sposed in the sem perneabl e nenbrane for
sustai ned rel ease of the crystalline trans-()- D -THC,
such that blood |evels of APPYcan be maintained within
a therapeutic range over an extended period of tine
when adm nistered to a patient. The controll ed-rel ease
dosage fornms of the present i nvention may be
"cannabi noi d-sparing." For exanple, it is possible

t hﬁﬁaﬁdﬁ@e&@ﬁlﬂi-@&de@&bf&éaﬂ@&@ oPEipidS AL foW T InYRY at®e These
dosed at a substantially | ower d%ll%)dosa ge in
1¢

comhrdﬁsléﬁc‘tf’@tse dilyents, ishidants.ibindess, aploranty, @seservptives, bibsicants,
mr 0 f LLeRC

BB RO R shDRC ABBULREE0 s e e
vvl Rbmidgeoxuser}@fSoﬁdifze@@@thb@dﬂﬂ&imas;e(moa) Ldaﬁaa:gen H. A. and
formof the resent i nvention in conparison

5 cohddidnehalEds sirbafimaceutica| ngaéep"roea&M§rcel Decker, New York, N.Y.,
Coi‘éf{d" &u?ﬂt%)g#] FEéii‘alf %’AHMJ&QQ% éﬂ{) a&d DR (Wollfnes 1- -3, 1990)).

can be provi y adaptlng any o
WI Nﬁct‘qsﬁfzaﬁ(tryobfryﬂmlﬂhhé abhsd-)r & BHE o ptoumalll di t}mr]ﬁ’esienm/\mf one or
in the art in view of the instant disclosure. For
exBI9pt Rharmaceutisa by neaeRtableFariarh B HRIER!P 6¥LRF adyapiageous in that

Pa ,

ot erNEes s rpRfpesSombicy 4 FRMALNR g Bioli g ofthe
10 ( eativephamircetitidad agamt @bithin those pmrtlelbe ditly/belefved dratg)ch particles

can be adapted to pre are dosa rns usg%ul Jablitv for th

actiSrRiP e@mfﬁéoﬁe FEISrRERRIcGRT TEBEYH PiagyRilably for the

t hEnRAGBERhgd fO¥RNhI0ORhiER helyWid nl%rgoe&w o rQRBmPle, SRHE

addi ti onal %or second) active pharnmaceutica

i npaTtcilatemsaterils e. gregramrlemycwoartlabs 0g yampgﬁalrrscca’mpylsmg the
ent_invention

or S9lne B> G ¢ Tt APPSa e PR S pprenied 1) form

15 COoRble dredn b8! BasiBufe@tdAsuled foramBAhRL ide! ease form
The additional APl can be an opioid agonist, a

non opi oi d anal gesic, a non- sterpldal ant i
W}ﬁ%lp%ﬁﬁageq %]tr%lhc(g?nlggcf pow ?%br%%ﬁ%%% Bile cr?stgl)l)ﬁél |
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



bl ocker, an anticonvul sant, an anti depressant, an
anti cancer agent, an agent for treating addictive
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and parkinsonism an agent for treating anxiety, an
agent for treating epilepsy, an agent for treating a
sei zure, an agent for treating a stroke, an agent for
treating a pruritic condi ti oR/ -an agent for treating
psychosi s, an agent for treating ALS, an agent for
treating a cognitive disorder, an agent for treating a
m grai ne, an agent for treating vomting, an agent for
treating dyskinesia, or an agent for treating

deRrRSEH NLTIHE cén B iSPdéE%e& s 8RErofILIAIARR ¢ PRI sh8ArtthREs reduce
enbodi nent, the additional APl is an opioid conpound.

Exﬂnp:laﬁmlmlzm sMbcﬂOVolp ithed prodigw wis be récycled dgo thrmicapfuidizer to

grélﬁlaljﬁ:g ! ?l%lé}t)z?rgﬁl e n&fﬁ ieéa’t%@ :]1\% k%sghp %62) In certain embodiments,

begichiafl i, cal WV &R SutRbinfall P uhids e 3o listributiBh Hak @8furally falls
codei ne, desonorphi ne, dextronoram de, dezocine,

d| yﬁpnmﬁmﬁeranm a qalpha(bn@t 1 gni¢ron) tq)@hp@léﬁﬂ giicrons, from about 1 micron

{%ﬁ)ﬁomggc:{gn grr%nwebn u(t) ig&ﬁfotan) qg&%qsﬂrﬂ;rﬁfg%ﬂgi or. from about 1

epﬁﬁk&@@td’]ﬁ)ouef) hdbept.azi ne, et hyI nmet hyl t hi arrbut ene
et hyl nof hine, etonitazene, fentanyl, heroin,
hydr ocodone, hydronorphone, hydroxypet hi di ne,

' Sg%&enacy?fc’hﬁé Egﬁi‘[ﬂ:ﬁ&?@f snkzﬁyﬁrﬂa@@palllm(ﬁ within a defined size

| evop ent ani nmeper i
Mefahga tarobe based agacihease nkdupectoitieal fivedo pitor, exampwdry&talline
nmyr ophi ne, nal buphi ne, narﬁelne ni conor phi ne,

not PG Pharet Cath BFsvBE Feldb iged HaTupFisRtIRY, Cototisghem sRyayed
no{hrdx@%%%zleqmo% 1?%%3%9@%& %%ﬂ{ém ansio o‘{]tgﬁ solution as

papaver etum pentazocin nono ,
phi¢ pages ihneyghthe nagrde ca:hserea regductionodiGey, dqmgstty,tlea;iini@l@,

prohept azi ne, prone properidi ne, piram .

P o reian oLIBRaRLQH 1HE o phiHESiriFlsad Al altemative approach,

ph&?&gﬁﬁgUaﬁ@ygyAa’?H@péaﬁmths%ﬁiv‘éé it RS6188t (s@Rhs ethanol or

m xtures thereof. In certain enbodi nents, the opioid

agloniase) to proeded sadtidn tat sablei inepdimed rigtoshe fupercritical 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).

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
invention provides an orally—adm?nistrable, controlled-release formulation of
crystalline trans-(i)-Ag-THC suitable for once-a-day or twice-a-day administration.
In one embodiment, the orally-administrable, controlled-release crystalline

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



hydr ocodone, oxycodone, di hydrocodei ne, di hydronof
hi ne, nof hine, tramadol, oxynof hone,
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m xtures thereof. Exanples of useful non-opioid

anal gesi cs include non-steroidal anti-inflamuatory
agents, such as aspirin, ibuprofen, diclofenac,

napr oxen, benoxapr of en, fluréﬁprofen, f enopr of en,

fl ubuf en, ketoprofen, indoprofen, piroprofen, caf

rof en, oxaprozin, pranoprofen, mnuroprofen,

tri oxaprofen, suprofen, am noprofen, tiaprofenic acid,
fl uprofen, bucloxic acid, indonethacin, sulindac,

t OfigIRE tda maRIRRh lc8fcentrh@fi ddeng the Aok atteRal, provides a relatively
acenetacin, fentiazac, clidanac, oxpinac, mefenpamc .
actlaf servse Plosma artdeadhet 1sitheplapmaicevehef e carmapinsidactive

i ‘ . . ) Ceal f. .
ol ERRESRA, ot R AR SBAR35 o sppy 1.0
acprepidabp ek trelidfhhe theqiatieatn dn recdit leabotlinesneg the dosage form

Exanpl es of ot her suitable non-opiojd anal gesics

i nRIPYYES £ free Kot BHP 9 fropbabaut RiSithaoow Hehiot Alomtabput s> to
of ;iRpA 9,5(')15&01{;}'%%1&3([95 {0%0.7 8 St BARD.60 to about 0.70.

9
antlln?lannatory rugs: salicylic acid derivatives,
i ncl udi ng aspirin,sodiumsalicylate, choline nmagnesi um

B L
defhiMion“@a cbMpliselh Rt Shal iRARIGNH ARAiRIGERERE thterial and
i ndol e and i ndene acetic acids, including

i nutgsteliine tians-(39eA F RAGC | In gadais teobotiments ¢heamataixydan be compressed
acetic i ds, includi ol metin, .di.cl of enac,, and ...

sy PRl S5 mHYsationate SRS S B ML R PR K agaition to the
MefuSAREH Geldsdednatdisl oTRd MhRRANaG BRirél reRAG dfGh@6iydtlline

i ncl udi ng_oxi cans (piroxicam tenoxican), and

pytremzfﬁt)-digﬂé{ﬂ tnoesthe poremylaton, apdirtbat blood levels of API are maintained

BT AIR AP R TavrT & BREXICPO HREieAr Jicor 18 tefppeuti range
NS4 fP6ferab8R bR thAt rdq0f8d to NBRdIRFEIotAMA &Yscel i ¢ and

Antiinflammatory Agents and Drugs Enpl oyed in the
Treatment of Gout, in Goodman & G I nman's The

R R RS G B P el
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-
permeable membrane surrounding the core; and a passageway disposed in the semi-
permeable membrane for sustained release of the crystalline trans-(:t)-A9-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,
it is 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,



1996) and G en R Hanson, Anal gesic, Antipyretic and
Anti Inflammatory Drugs in Rem ngton: The Science and
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ed. 19th ed. 1995) which are hereby incorporated by
reference in their entireties. Suitable Cox-1I

i nhibitors and 5-1i poxygenase _inhibitors, as well as
conbi nati ons thereof, are deséribed in U S. Patent No.
6, 136,839, which is hereby incorporated by reference
inits entirety. Exanples of useful Cox Il inhibitors
i nclude, but are not limted to, rofecoxib and

cel ecoxib. In another non-limting aspect of this

eng@egtenefficacyciPapedsulivatt @k uedlofthe eoiytsdld ek@se oral dosage form of
trans-()-D9-THC of the invention and the additiona

APhe PFISERABECIIRE 18 ROMARASOAP PR ENH R Apynediatetalense pragacts.
crystalline trans-()-D9-THC of the invention or of the

addi tional API. Accordingly, equival ent anal gesia my

beCettalicdadlchye foshoRtiand OVeystaltine trafis-@i)tA'eTHOrcah bt Provided by
conponents, when adnministered in conbination. In a . )

paddapting any efwiflermniety of epgaled-rebease rmndations knewn inpthe art in
¢ h £ i ny . c . h . '

t A s AR e RGP, UK Bl btfhods disclosed in
addiS. iPatreat N&RL, 861,890y SaBapentN®M,370,07 Se iy dlareanNp. 5,088,452,

crystalline trans-()-D9- THCand t he additional APl ar
c o ra PRigntaN ?-oi»%éﬁ)a ﬁ@ﬁcft %ﬁ\yhlicg 1%%653{)@&90@9@%@3 inpfeference)
pa@aﬁﬁfe%@f)ted td ﬁ%g%grd@ége Bfmd ﬁ&@tﬁ%&&%ﬁig to the present invention.

adm ni strati on, whith may be a controlled-rel ease
formulation. In a further aspect, the fornulation is

f ?@%’]%ég?d dSi 032’%?5}%?%'[ El?\jefnlﬂgn B‘%&; %{1@%‘%? (tél%je (];n%ror more additional (or
t r RBsnd) Jactis gitdemasshticliengdichtsARa! mA\Pdr mhynét &t bydergistically

further aspect of this enbodi ment, the fornul ation

cowith theesgnagbinid Ao f dhst presenn inyesihen el prdsent, theeadditional APT can
Lipe t - +THC of i ' .
;L%Sﬁ%lgll'eld%d;gﬁ o&ﬁgﬁfci-kg?ars)g EOF'T_II‘ICO n 151*1]1?ed?artg-ge%r;%§te E{)}lérg ?’Hleo fditional

I Ona ormul at1ons an
I n&PLchintg anapididlagenist; @ neaspidid amalgaid, amsnangdoidel dods,

suitable for adm nistration of a conbination %f the
criy -adrenergic

fIMAtgEy agenian Tl)tl_ngg:am.q@g;pt, a Cox-II inhibitor, a
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
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.

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,



the present invention and the additional APl are
descri bed herein. In certain enbodi nents, the

WOoasmisB4ioi d APl of the present invention canPGd/EP2006/005761
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conmbined with a selective antagonist of the CB
receptor in order to provide substantially
CB2-speci fic pharmacol ogi cal and/ or therapeutic
effects to a patient to whoi®PRe combination is

adm nistered. Simlarly, in other enbodi nents, the
cannabi noid APl of the present invention can be
conbined wwth a selective antagoni st of the CB2
receptor in order to provide substantially CB

- stpeeiphhgol pélaireend, @gﬂ@ﬁé dzsshherphinked apenidremilef éebsine,
to a patient to whomthe conbination_ i s adm ni Stered.

| |qha@pmlﬂwlarﬁ%whpn?ndelilw@ocoéﬁlalﬁpdlegdremoml%@Pm@loxadol

a .
AR ARG R6H LR gl i
( 19B@)epthzing] ethylnhleyithiddhtdd), ethybddrphbie, eta_niliazteheg faéBanyl, heroin,
e o bR b ok R i e Moy BtoBghidone
Col@@@rﬁhérﬁ)qi lé%ﬁéﬁﬁ:y@ﬁ§ﬁ‘ﬂ§n fl@femaﬁﬁnﬂiﬁ%bé{dﬁﬁe %ébﬂzﬁldl'rﬂ&azocme
trans-()-D9- THC can conprise a control |l ed-rel ease

mamethaddne] mtuppomomlhmmmyr@p}nm, mabbuahmﬁ,gmameunﬁ, nicomorphine,
ternathve

cr alline.trans

FleFbwte); SRR ohlehipe rEEBR R Fo Birapgne gaiom.
ap@i Yc88brS 02 rREphbt) p@YSiercturh Uit 478t @ie CfHeBaddXBRE, phei@morphan,
t he API(mhereln the term "substrate" enconpasses

berwgazasisie, phenoperding.qlimnodingy p@tt@mlﬂ%mr@tep%rr@spmawdol

e, T X -

damageabile saitsahereof]iand niivtuidseh@ees ent i nventi on may be
provi ded as, for exanple, as granules, mcroparticles,
nanoparticles or other multiparticulate formulations

kg thif ehfddfthénts Ae 5B goRlst el RAEdnT BbARS hydromorphone,
effective to provide the desired dose of crystalline
t rigidsecpilom) oX D donerdihydrecadzimebdihgidropusplinei mérphing, 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,
fenoprofen, flubufen, ketoprofen, indoprofen, piroprofen, carprofen, oxaprozin,
pramoprofen, muroprofen, trioxaprofen, suprofen, aminoprofen, 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,
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,



capsul e, or may be incorporated in any other suitable
oral solid formsuch as, e.g., by conpression into a

WO 24p4/889241An oral dosage form accordi ng to the BsAEER3HR6/005761

10

15

20

25

i nvention may be prepared as a tablet core coated with
a controlled-rel ease coating, or as a tablet
conprising a matrix of crystalline trans-()-D9-THC and
control | ed-rel ease material ; %and optionally other

phar maceuti cal | y-desirabl e ingredients {e.qg.,

di l uents, binders, colorants, lubricants, etc.). A
control | ed-rel ease dosage form of the present
invention may alternatively be prepared as a bead

f ogoMitlrashldy142¢, chSliddmaghasting trekalagetef @il dalt@ tdi fuhisal N
certain enbodi nents of the present invention, the

covlieyisalicylie apdast fasplaping.nd ohsabai; beara aminopbenne) de&\éatwes
of I t

oA ebadne? LA cbAE' e SRR SR, nctuing
hyghdopbihatia, ailindad)\add @tﬂd@bﬂcp heterdatyll dcetile scde aﬁxhlding tolmetin,
material. The matrix may al so |n§Jude a bi nder

sugisloftnagrnddictasptac; aeapilis daids Sienamatet s iMsIHCNg @e?qeémlc acid,
Coﬁﬁdrlﬂleélﬁfin&ﬁlc%?@ AR Gkidef intld8in g%txﬁdaﬁls (P1ExitBh ! teXoxicam), and

further conprise one or nore l'uent's, [ubricants,
g r Ia)rral:tdtdmaglcmesi Qqhengallbutaanms oxyprentrgatsie); g&n(bl@lharsmeeu rmcludmg

ures th eof , t at a canven

R Car 41 Jei PO rryion Hee o Bl 35 boul Aalisel
rraxﬁdlgeszmhﬁpyp@ﬁct &whﬁ&zﬁﬁam%mt;ﬁhgsﬁts GAN DPBgCRAbRYed BY the
the gelatin Capsule conprising the API-containin

paT'teﬂttdl@% of Gaubin Ggmhh@rr &cﬁdménlethh Pharmacological Basis of

COR Ahb 8 P2 BerE B oSl e ROLAR S BELR L Youn e

hypbr%p and Gq‘encm M sGbh eqn&%leﬁasm@mrclcaddAm Ruaimatdry Drugs in
wei ght gain | evel fromabout 2 to ab

al Remingkore ke Sgierecosd ﬁwtzwfg"f@éwew Uebﬂ, ﬁa Bﬁégggtg,ﬁ.R. Gennaro
¢ o%iﬂﬁ? i, Ide‘ij9§ lfvﬁ?ﬁ}garre%?eb CEQ &Ja e@% r@)l'e? }heir entireties.

ons present 1n entlo prefe y
r ebambie (EdsveIIAHlnbsbm/dnyl Sdippox ygergsse irihdbitcas)chs wqﬂcrswombirtations
gaigrrelo ésggbgdn 191 IB Eepatter?t IlI(I)’] t6e Is3t()J f&%l wfhlcl}ll is ﬁereby incorporated by

reference in its entirety. Examples of useful Cox II inhibitors include, but are not

limited to, rofecoxib and celecoxib.

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-(ﬂ:)-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.

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



The control |l ed-rel ease profile of a fornulation of the
present invention can be altered using standard

WOorgetditsdotiogi es known in the art. As noted aboWw€I/EP2006/005761
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control |l ed-rel ease dosage forns according to the
present invention may be prepared as osnotic dosage
formul ati ons. Such an osnotig dosage form can incl ude
a bilayer core conprising a“drug |ayer conpri sing
crystalline trans-()-D9-THC and a delivery, or push,

| ayer, wherein the bilayer core is surrounded by a

sem perneabl e wall and optionally having at | east one
passageway di sposed therein. In certain enbodi nents,

t handothk agditionalrAPIcae caabiped $ea fortiuyBioalthdtieadapted, e. g for
trans-()-D9- THC contai ning | ayer and a push

a
c ePargtaTap HsBad srmal o trapunyfosy adgyistratan, ereﬂfﬁhx%énaét bea
' e@oﬂtroﬂ@@ raeésxrfﬁﬁnmmﬁlpg]ﬁ fghﬁ é&' e mﬁ@ BaNE SorRhined
resent I nvention, the | ve Yy or us ayer can
c odlrppossé wathios patpb hgamed fomlmmtdednalv@d;weﬂymf the/stysthllinae

| G G A S et AP LG REpe Py of BiE S

ef &RGddiMent @l’f%kﬂ?ﬁ*ﬁtl&fﬂ @émﬁﬁ&s fafi fa&ﬁéo%g s&19t16§ p%‘ﬁﬁi%@l &ttSthe
or osnotically-eff ectlve sol utes.” Such conpounds

| n@wttellmn transH{)o ArdiH G lof fHeyiresent mlvelémraniéhe dddomertah & PL

C o (%rho' e{ﬁ gl%t %5] al ggo(rﬁlg,lc hlélpg}g%ohg{‘;’l]ledo -Te Oémn]a%ons and methods,

di slaBREFEMmMinAY@tion DO dg@binafiéeothe bﬂ@twr@&mﬁs (+)-A°-THC of

i nvention may optionally be coated with one or nore

c odieiPrRsentdnyendien and dhe additiqnah AP haiesles@ibed dicrdse, or

for the protection of, the fornulation. In one

enbodi nent, a coating can be provided to permt

ei Inhertpi-chetpeindents, the cpttabimdabaRbefthe padser@sevention can be

enbo ts of the present ventlon where the coatln
%lg%gwgh aSGIFEB iR gt 9? B (¢! eeceiar ’é‘ﬁﬁgﬁl tg provide’

C %E@hﬁﬁ@ ¢ B RBSEf FPh&hlablo cQ]CAnld%rQﬁ‘ergéeuﬁe cBlSed | b Y&tient to

amount of “a plasticizer I n the aqueous di spersion of

hyehap hiohbéambraateom ialadmitibtefedr tStrstlarlyypn other embogmesisctile

ropert.ie t e controll ed-rel ease goatjn .
R AN AOIII of the present Dvention can e comcbmed wilh 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
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).

A controlled-release dosage form comprising crystalline trans-(+)-A’-THC can
comprise a controlled-release material incorporated into a matrix along with
crystalline trans-(i)-Ag-THC. Alternatively or additionally, the controlled release

material can be applied as a coating over a substrate core comprising the API



Non-limting exanples of suitable controll ed-rel ease
materials, binders, diluents, lubricants, binders,

WOgoeniisBatli ng ai ds, colorants, flavorants, gli @eAtEP2006/005761
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controlled-rel ease coating naterials, coated bead
controll ed-rel ease formul ati ons, controll ed-rel ease
osnoti c dosages, osnopolyners, osnotically active
compounds, and pIasticizers'Q?é provided in U S
Patent No. 6,733,783 Bl (which is hereby incorporated
by reference inits entirety). Additionally, specific
exanpl es of pharnaceutical |l y-acceptable carriers and
exci pients that nay be used to fornul ate dosage forns
of (vileeciptiasteiih “subsaniel’ efconipssie beadsy pelldts) phhrldsaadiean kablet
of Pharmaceuti cal Excipients, American Pharmceutica
Asewses, and Bie likep gEhe condroblegdelspsednasgrial anayy kefpwdrophodicor

Al . i cally-active conpounds are nost
COW%“Q%M@% by the oral route, oral

adm ni stration of the cannabinoid APl of the present
i nyention coul d be cgntraindicated in certain

i nep QF?.é desagg ﬂmg\ggcogig_g to ?h@rpr?)sggq 1§N§1§103| rp%ya. Provided as, for
S USRI s BE R0 B AHREGp ARAEO hatiRftides dr"btl?é?%&lti??i%ﬁelﬁfé

onset "of pharmacol ogical activity is expected '
| efosmulappus kvavin iartheadl Ay-aahving pEmeltpdrtouipesafttctiveta mrovide

first-pass, metabolismin th jver. Consequently, in . .
rE HEReDraP R i croet-{ S A e yoF B o Desispppsiopithin a
tN&pRIIESE Hhay bR/ RRSIBEAR G RS IEE@AsdM form such as, e.g., by
i nhal at1on, ‘using e.g. preférably a nechanical device

s usmpsssepnpotdetablebhAheral dasagei formeserdingad the,present invention
e a9 A R M ol i, s o
trapiee &()rﬂ]%??ﬂ%%‘%;‘_‘ﬂﬁ{k becrditaipiak Varks-(30-A-THC and controlled-release

phar maceu ' accept abl e solvent (e.g. ethanol) and
adnitarislt emdopticnaly ptter harusiceicatly-dafieabbet ingredbats (ee., diluents,

such.as that described j .S, Patent, No., 5 497, 94
RS Pl b aBr s leond GyEFrTRbe dosist Km of the presen
t rigfémtioh B alltdendtise Bobd ﬁi’@ﬁ‘%r&i da b&W formulation or as an osmotic

phar maceuti cal | y-acceptabl e sol vent at the tinme the
Amjosgge fopaulstierent i nvention is

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
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

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



adm nistered to the patient. In another aspect of this
enbodi nent, the crystalline trans-()-D9-THC of the

WOR0eEBa41i nventi on can be fornul ated as a pow®€EA/EP3P06/005761
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adm ni stration by inhalation. Inhalation delivery
systens that may be useful for pul nonary

adm ni stration of the cannabinoid APl of the present

i nvention as a powder i ncl ud8%-but are not limted to,
those of U. S. Patent No. 6,814,072, which describes a
met er ed- dose i nhal er that woul d be capabl e of
deltivering a pre-determ ned anount of a powdered
pharmaceutical formulation conprising crystalline

t r @itk a(chniPOH kel daBe ¥oRiNgOSutih €oddings preferfbly GhASI £sufficient
U S. Patent No. 6,642,275 B2, which describes a nunber
of anseertt of e\iydrophebisor hydrophilic spnieolfedrrelsass materiabioiobtain a

ot SR G e BLAOEIRRE S R B2 TR 0o BE ey ety be
| sgrdhteedépredingwpom tite desired selenatatal | ed di spensi ng

devi ce conprising a | ocking nechani sm designed for the
adm ni stration of controlled substances. |In another

e n@Qﬂk&Fe!atrleléggeaﬂ%ﬁﬁtio%it thg b%%eltnt g%&{hﬁgﬁ Bféf@ﬂaﬁl? rElease the API

nanoparticles conprising t rese

i nstewtyi ypondagestien asé dxpgosumerte gastec Auslssped tisingn intestinal fluids.

ermul si on, .0 el useful faqr trans sal . .

ad P peolieq el case BRI oL BB AR (POPYaTTL i sRUoR g be altered
bey, @ely &M BYE RidthddBIdghRtknbiMsh @ld ne trans-()-D - THC
admnistered by this route can avoid first-pass liver

nmet abol i sm hi a specific aspect of this enbodi nent,

O XSt S5 Rl PR TSR0 AL LAG RRE 1 B 5estMhmveniion

opriate nat eri

hy@apBe brephitatas ©amofio 63agd f@ulaions. Sagedd esnidtic dosage form can
adhering to a nucosal surface. In specific,

nowciuder bilayer £opreeanapriing hilwigdass gPmersing chatalline

PUPAEES o1 PERORLLR 680 R S 2y P

t adur@undé bz SdfiPernicadiPSall Bnd GftionaltY hindh@heldadt ©he passageway
gel spraythat, upon_contact with the nucosa, can form i
andigpased }ll’@ﬁel{l.hgt cexfain eghpdipentsothe pdayer core can comprise a crystalline

trans-(i)-A9-THC-containing 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,
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.

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



tissue (see e.g. U S. Patent No. 6,642,275 B2 for
addi tional pharmaceutical fornul ations that can be

woRdegst38tlf or transnmucosal adm ni stration of crP¢ItEN2006/485761
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trans-()-D9-THC). In other non-limting aspects of
this enbodi nent, such as e.g. those in which the final
phar maceutical formulation is _prepared at the tine it
is to be adm nistered to the%ati ent, crystalline
trans-()-D9- THC- cont ai ni ng pharmaceuti cal formul ations
useful for transnucosal adm nistration of the active
agent may further conprise a solvent (e.g. a G to 4
al cohol such as ethanol), and a co-sol vent which acts

aspl-depérdeid it pH-BNRPBERNt fefeale. R MIdRMENtS bY £l pré¥ent invention
glycerol). In yet another enbodinent, crystalline

t rehere the mimrgleompnm@nmqe%mdlsmmn ofonhyspphobic
gonwgﬂg(? g 1&%8 %{a%/na? uglﬁg%ggﬁ %ff@éh er naldl}'xt I)Péi %lastlcizer in the
. sage

t ransaer mai mni's ran

f cdqucowd dikpeesipn GSEyt!roplmlﬁct’liniawﬁaEWﬂDﬁiﬁ@ﬁsm‘ﬁpraﬂt}/t}ﬂ@hi}@%l

that when contacted wth a patient's skin can deliver
anPrepertigs pi/Be sapfipitedgrleasracosbngt hr ough the skin of the

patient. In a specific, non-limting aspect of this

enbodi nent, the transdermal dosage form can be a

di Wénbindtinglexangpied o fsuitdiele ra:ahtrd;&dtrelmseemgterihls bihderkadiluents,

of atch) that co rlse adru nadhes e matrix
RRmoPinders EnSRBPEAI (L S e e e

b WonfoBedldledst Thiti ﬁthenEl@Pdo%ﬁ:ld tﬂ:% §®nt{dﬂeHQE‘1%ase formulations,

oi ntments, transnucosal systens and devices, and

| cxmncpﬁgd -etlgase @ettnet:c dpsagts, @bmppd yoais, dfemtvc@}ly aglyet eomgpounds,

626, 5
&6 laPiskernage pip b a s Bt Nun O 2 i ey
Nomc&'ggﬁi%d efcBibelin s chadegf)t AdaRtdInGRY,ispBcifiblekard i;oﬁ
04/ 0126323). Compositions conprising crystalline

t rrsmgme()euagalmcaetabmams @rma@xcrmwbélaf Bambe asedtorfgrmulate
“Sc?oshgle EO%Q%F{%[%&%H%&&@ r#t a&fang&y in tﬂé HGEL&RE | se

nor e atl on enhancers rneati on enhancers
arkharmbendeal Hmm;ﬁaﬁs,l AmatieantFtanafieuticd]l Askeciation (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
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
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



APl across the skin and into the circul atory system of
the patient. Non-limting exanples of such perneation

wOopEBéetls are disclosed in U S. Patent No. PCT/EP2006/005761

4,783,450, U. S. Patent No: 3,989,816, U S. Patent No.
4,316,893, U S. Patent No. 4,405,616, U S. Patent No.
4,557,934, and U. S. Patent hb 4,568, 343, each of

whi ch is hereby incorporated 6y reference. O her
pernmeati on enhancers that may be useful in this
enbodi ment are disclosed in: Percutaneous Penetration
Enhancers, eds. Smth et al. (CRC Press, 1995).
Wthout having tried, it is assuned that fornmul ations
di §§h%§1eﬂlhlamibl§d@vi3é udA thddSe&orDRIADD.S. Watdht RB55,487,944. In
US 6, 943, 266, US 6, 900, 236, US 6,939, 977, US

6, dgmjivenpbodidestsods, cmsfa,llimﬁstr@lsa&% JHC ysudanized withghe
US 6, 162,829 US 5

ar BT Ba aRSRIDI fop héﬁafﬁdsme.t?%@? % s lvention i

ot Afhit@sdtd (e Palishit he art, are suitable fornulations
for the conp05| i ons accordlng to the present

|nvent|on . 8 Therapeutlc/ProphyIactlc Adm ni stration

of CD |t|o tran - D9- THC The

o RERET rHes] STBRIBUEIBHR BF DR BB ARG gfihe present
COREAMMIT GinYeMdirahlhicAss b rp@%el( for B¥miikera2ioR bysﬁﬁdllzhl(fno Mnhalation
treating or preventing the sanme diseases, ailnents,

di ddivder systemssthatpnaybe (lseﬁel for ptﬁmomtymdnnm@mﬁgn ¢fghe cannabinoid
éﬁgﬁ%@]%tp?% elgyerw%ncaﬁ tpogvgﬁ T chu%ﬁgt? user];olfllm?lpetd to otgxose of U.S.

10 f OP&Entt 0. 858 1USERU vhidr deb éritits ABRdtered -dokeinhnliet that wbald be capable
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exanple, a pharnaceutlcal conmposition of the present
i nQ nvenng:anreo@etmaeC% gnoyteae pay dered phaspacentigyl formulation

SC? %rm%g cr.}zsta{lm?? t(:g)ykg%ﬁcolfn v%%? gl% %gg:ﬁesg}f dﬁlk@%ﬁlre U.S.

| Sease
or PRBMNE B,642¢17 5852, Gatiiebdéeribél Siyumbdr of Becheddvindi i tire suitable

har maceut j cal conposition of the present invention
C ater péministration of powdered pharmaceutical formulations; and U.S. Patent
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
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-(:t)-A9-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
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



used to treat or prevent pain.ln another enbodi nent, a
phar maceuti cal conposition of the present invention

wocane/138940sed to treat or prevent enesis, e.g. PCIEPRHB/005761
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result of cancer chenotherapy. In another enbodi nment,

a pharmaceuti cal conposition of the present invention
can be used to treat or prevgz | oss of appetite. In
anot her enbodi nent, a pharmaceuti cal conposition of

the present invention can be used to treat or prevent

wei ght loss, e.g., as the result of synptomatic HV

i nfection including acquired i nmunodefici ency syndrone
(AIDS) or AIDS related conplex (ARC). In another

enthat) up@m tontact HaY e atitbsa; 3hn ﬁmm;sérmhl sion dtiat tAHE adhere to the

present inventiqn can be used to rgﬂé,or event a
ColfIHE (157 ee eb AL Nomb ORG24 ot eitltiensl phargraceutica

gl ﬂ%gﬁﬂﬁnﬁﬁﬁ{ @a!n%eaadagt%mxj t?an@ﬁ‘n'u??sap m&ﬁlﬁs@raﬁéh Bf frgstallme

neur opat hi ¢ pai n, pai n, t1on, nusc
s ptaatsk(&)-tA)g TEOC Hnashdr Mah-lmsisiag hgiced ofitliik embbdnaien(;(snd) as e.g.
njury or. multiple sclerosis movenent di sorders

[

( sthesf iasvhighthefingbpharmegeuiicehiogpalagan & preparrq plstf tige it is to be
g;%%?iglﬁée)rwgﬁtgg ggtgéglt,hcﬁé%gﬁé ﬁarésgqﬂi) -I_Aoufﬁ&tc%alsamln g pharmaceutical
Al phauEohsusshid e“asmnsiﬂmca@oa&ﬁrmwm@d ofithatactide agent may further

pharnaceutlcal conmposition of the present invention
c afPIHEIsG Sglvent (er% 8tCidp Garalspbpk S“éh@ﬁ@‘?’ﬁ?lbﬁnééscﬁcioé‘teéﬂv"hwh

I
o T b e ool SERBPPSE N on mmy
further dennnstrate benefi ci al act|V|ty at one or nore

N- net hyl - D-aspartate (NVD rece ol, Subt ypes. ) )
Aclé‘dfeaﬁ?ﬂj g Oéaﬂ%s?wa@nsfra% ) gé'i@%tgfgh‘?/%‘?né fpvention can
T RERHBRELHD pfiddF B SRS ENERN (F WarRlcl Ramnnstration. A
apfranpddrmtbddshge fopelitaf ted pryseat inseptiomeericemphsses M:br device that

pe |f|caII c of tH pre I nvent i
et S PR sofm e deifen oy Grare FESEI o3 he API
netHfdih%ﬁ FRNGERbT 18 pdli&Rasea sp¥cifi@YioReiniEiRE WépedSofaRis embodiment,

anticonvul sant or for inducin
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
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
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,



anesthesia, or for treating epilepsy or psychosis.
Neur odegener ati ve di seases which nay be treated with a

woomp3s4i on of the present invention nmay i nclPGAEP2HIEEE5761
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selected fromthe group consisting of Al zheinmer's

di sease, anyotrophic lateral sclerosis, Huntingdon's

di sease, Parkinson's di sease and Down's syndrone. A
conposition of the present rA%enti on may al so find
particular utility in the treatnent or prevention of
neuronal |oss associated with nultiple strokes which

give rise to denentia. After a patient has been

di agnosed as suffering froma stroke, a conposition of

t hg. prasaniNoi HY8INBI 6N .BBYatb@ N¢! M Nicg9s! BK.tPatent No. 4,405,616,
aneliorate the inmedi ate i schem a and prevent further

nelrSoRatent et 85783 apd - ddtatent Nao th 308 Sdd r eash of thighgs hereby

]lc ninggrglo;a{teodno #1&8 O.Lq}ﬂer.o en%‘lgz?tio%re%iﬁmeﬂ @1\5?1%1#' B wS&Y1 in this
in articular utiTity i'n treating or preventing one

or efiBsdimantvee dclosed @t PgiceaheqnPeacaivhcEnhahcesirederSmith er al.
such as coronary bypass surgery or carotid

endd¥s Bresetldfy)-surgery. In a further embodi nent, a
pharmaceuti cal conposition of the present invention

can be used to treat or prevent atherosclerosis or a
Cowdihbuaimvasstoied ait escasyurbdd thhhiferraslatiensodisdoseihe Ui @€3€h048, US

SO PR B8 e i D SRR 00 4T BANEY, 088 132702

adink il giersNg stas g, BAL URY 3591651856 6,167,899, 185,932,557, and US
ef fective amount of a pharmaceutical conposition of )
t hB3p%,é8bmhi¢haresnilosed haneveigh inatheir entinsty, e wel as pHers described

crystalline t. Sz ()-D.-T resent in the ..

o gt B buteipr o Bl liost ot Farging o e
weingéitionat | east 98. 0% by wei ght, at | east 99% by

wei ght, at least 99.5% or at |east 99.9% by wei ght of
crystalline trans-()-D9-THC based on the total anount

of cannabinoids in the conposition. Incertain aspects

of these enbodidhenilherapeuti tratiopg. THC
conposi tion of Compositions Comprising trans-(+)-A"-THC

The pharmaceutical compositions of the present invention comprising crystalline
trans-(+)-A’-THC are useful for treating or preventing the same diseases, ailments,
disorders or symptoms (i.e., the “Conditions”) for which trans-(-)-Ag-THC is known
to be useful, or for any Condition for which trans-(-)-A’~-THC may later be found to
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.

In one embodiment, a pharmaceutical composition of the present invention can be

used to treat or prevent pain.



conprises |less then 0.05% of D9- THC car boxylic acid.
The present invention also provides a nethod for

WO/ 13B8%ter i ng trans-()-D9-tetrahydrocannabi n@ICTEP2¢06/005761
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patient in need thereof, which conprises adm xi ng an
effective amount of crystalline
trans-()-D9-tetrahydrocannabi_pol and a
pharnaceuticalIy-acceptable'é rrier to provide a
conposition, and adm nistering the conposition to the
patient. In one aspect of this enbodi nent, the

conposition is in the formof a solution, enulsion,

gel, or suspension. In another aspect of this

enhodiotien embb Giengph ar pracraadeuded] cymposiaph abthe préu‘eﬁi @vention can
a solvent and the conposition is a solytlon

f ub® HesH LASRAQT PO P hPBeRhiS s At [eSHIh 8T Stnepr %\emo erapy.

adm xing is carried out by the patient or by the

attendi ng nedi cal practitioner. In certain
enhmiiOﬁmnbmbOdimenadirpha'rmt@tic@ cetppsilien ofitheipeesentinvention can

tely upon ad th tall
ngegse?)to 2 ditp;%mﬂtoé%élﬁ B0l and a

pharnaceutically acceptable carrier to provide the
conposi tion. The term "pharnaceutical |y acceptabl e" as
| t Invamothres embodimeat, i réxarrmce@u@al shepositipe ahthetpesent ingention can

rier.o een ap ved
e o e SRR ERL e BERLORIR PR Byl Y
i nm‘félﬁoﬂnﬁlud?ﬂ@ﬁm%@%hﬁuﬂbdﬁ’tdik&fcy@ﬁﬁt&bﬁh@(%llDSﬁ@@ﬂiD&ehlated
phar macopeia for use in animals, and nore particularly

i n¢ AREhe term “carrier" (used interchangeably

with "excipient") refers to one or nore conponents
selected fromdiluents, vehicles, binders, fillers,

c ohspmeehe’r embadideent, di ;fhianha@utiml sombuoditior afiths pregentdantrsion can

etn colorin s, flavo ent s,
pr 1Si é? r@%é?r pE‘?Ygg%%gPB t‘ﬁ’@;é‘ﬂ?ge‘{ t’ng’p@gg‘WQ CQQ%FFH% of
{1 T OARE ol A0SR bAASCHIbIB Pl R8Lrb fniE NS fbb pA
tr%ns- - aﬁ%?lg to ge conbfngd andra%ﬁ?%ﬁﬁtered ? "
a mﬂbmmlonSuUW1®MSMUd§0¢}tf§I thyt-aasasegiechwith spiamak ¢osd snjury or
Carrﬁ Rl%less%lleroswc}r m%(l mentqpsorgers %such as that associated with dystonia,
Parkinson’s disease, Huntington’s disease, or Tourette’s syndrome), migraine

headache, epilepsy, and Alzheimer’s disease.

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)
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



Al ternatively, such pharmaceutically-acceptable
carriers can be |iquids, such as wateror oils,

WO 2904/13d944g t hose of petrol eum ani nmal, veget alfICa/ER2006/005761
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synthetic origin, such as peanut oil, soybean oil
mneral oil, sesanme oil, and the like in which the
cannabi noid APl of the present i nvention can be
suspended. The pharnaceutlcalocarrier can, e.g., be
sel ected fromsaline, gumacacia, gelatin, starch
paste, talc, keratin, colloidal silica, urea, and the
like. In addition, auxiliary, stabilizing, thickening,
| ubricating and col oring agents may be used. The
Pr &smeplsitArareksd }%ﬂeﬁﬁﬁ invehtigieflay 8d us€rantoatdae oﬁﬂ@b@it Meuronal loss,
m nor anounts wetting or enulsifying agents,
bu# newrPdrgeagreivasdisease. orandydeanseti apem émtw@pabhsmtpé for inducing
etc. t
hareﬁ%l}gsggtof%c %aglﬁ]l‘gogﬂepsg r?? p Ss?cth § eIr\Ig %%e%fineratllve dlS.FﬁSCS which

p reaaebé treae@ 0sthta @mnpganiohalehd Ibtese‘no rrmeoﬁomnﬁy&pmtm those
tablet il pel | et, suppagsitory, or. capsule, q
rg ngp ﬁ@ns&tﬁgm é*lzhemqgrrso@gqa@q: @p@g)trophlc ateral
mJ { i §
40‘%&% S BIRS i Qhed PARRRhS MRS A IRFECRAID A
s mdr@zdsmommf thsprcse@um ynvehtidhmap akse émid patthmdmnttlihtbnm thatreatment
be prepar.e s a cqntrolled-r rmul atian.. In
ot HETORHE o Bt TS Aac i EWEb aTaHF SRS HEch Ve rise to
Pr &sdiial AMRRGL lpgﬁeﬂtm)am&mlt s&PFPR¥etih S Frona kfrdke, a
final formcan be prepared at the time it is to be
adermmositiomed theopresant prenteon mayhe aémeﬁetm@dltq amahommdbe
sol r osol

| D ligte PcbfinBndireren REEhAtund et e thaf R ot from

Of rebieen k@5I8RE  InaNion0A céapolirl ctdne pueséne i®@ntion may find
system cally or IocaIIy by any conveni ent route.

Nm%@%ardmh@dm tHPaiNE AF PECRtRE QRETIIRre AferRpReyrpleBical
o%gédggﬁ?eg %t s+&%f}ﬁg§<fhrg§lcordnﬁw %ﬂﬁ&éﬂr oral Sor carotlfi endarterectomy

|n rap neal ;> I'htravenous ut an ora

suprgengual , i ntranasal, intrathecal, epidural
intracerebral, intravaginal, transdermal, topica

{e.g. to the ears, nose, eyes, or skin), transnucosal
orinreefatthtr enaiadimnsiity aphaacénahadepssitioacifithe itesait ird@ntion can
! Sbeourse(li to treat or prevent atherosclerosis or a Condition associated with

atherosclerosis.

The .present 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)-Ag-THC present in the pharmaceutical
composition comprises at least 95.0% by weight, at least 98.0% by weight, at least
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



adm ni stration. Another node of adm nistration is
pul nronary adm nistration {e.g. by inhalation). Another
WOrz00é138941admmi ni stration i s transnmucosal adm niPSIERPGO05761
e.g., by absorption through epithelial or
mucocut aneous linings {e.g., oral nucosa, rectal
andi ntestinal nucosa, etc.). Another node of
adm nistration is by i nfusi odl6r bol us i njection.
Various delivery systens are known, e.g.,
encapsul ation in |iposones, nicroparticles,
m crocapsul es, capsules, etc., and any of these can be
used to adm nister the pharnmaceuti cal conpositions of
t hgerRfile aRtts b RS RBodifAcRR! theepfstlli iPEaR-@)-A-THC composition
adm ni stration can be Ieft to tHe discretion of the
pr eahptises hess thewes % o6 4’ fIHTC carhdxydildciery, t he
cannabi noi d API - cont ai ni ng conposition of the present
invention can be in the form for exanple, of tablets,
| 07RO BRSent Wﬁﬁ% all3b %Jldessaqﬁ&ﬁ% f&%mnﬁ%t%ﬂkié es,
powders, enul sions, capsu es, syrups, or eliXirs.
50 aamsy(d%)eﬁntnnrdtydr@xanmhmpd 40 @ patient dmneaddheradf whikh eamprises

t
ot e TR Pindp B S Alin o BTR Jea bl and o
f ﬁyﬁmaa@t@glwb&eﬁﬁlﬁmaﬁﬁerﬂ@ Eﬂﬁ/ﬁd@ HNeéompdsitidH, and administering the
W nt er green or cC

colorin gents; and
pr eBpasi i tagl@?m@lent npm\aismsta %Fﬁa?mm@?meﬁlelcympomtlon is in
pal t
LB PESIRNES Ao EE 0 o AL hn Pk, i
10 t hembeditreni, meqstarrﬂadeuthﬂmaccéﬂstamle leyrrier Gvd sﬁm@t and the

sust ai ned acti on over an extended erl%ﬁ%ﬁ nE
SePUBRINHANS Bplvtian & 5 AwECQfrthis sRtRoAENEY the step of
OS IRhix llsxamea 'oﬁﬁbﬂﬂeegiaﬂgnt%@w%&t&aﬁlg%é&caﬁ%atc%l%ﬁer In

for orally adm niste pharmaceuti cal conpositions hi
t hesmiri @mb@hmphtai the mdmjni§tetngistep tsmatrln@l @m\nmnmdtmlf upon

di | d
BHiE PR GRS bR dphaeeMhabBLAtd &1 "agen

15 Coﬁﬂh@ﬁhééu@l@all)hﬁ&'éﬁﬁbMaﬁi@rt& yfcﬁideﬂhsa&ng@éma@r y
platforns can provide an essentially zero-order

dellvery profile as opposed to the spiked profiles of
efh ﬁaerlrn%%?u%caﬂg Q}{!e LB lﬁeferﬂ% d‘?anq%( ?@ie% means
Su 1S g ycero S rate or glycero eara
al 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



used. Oral conpositions can include standard carriers
such as, e.g., mannitol, lactose, starch, magnesi um

WOo0ewr3a4d, sodi um saccharine, cellul ose, or nMRGTER2ME005761
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carbonate. Such carriers are preferably of

pharmaceuti cal grade. Wien adapted for parentera

delivery, the API-containing_conposition of the

present invention can be forfarated in accordance with
routi ne procedures for adm nistrationto hunan

patients. Preferably, a pharmaceutical conposition for
parenteral admnistration is fornulated as a sol ution

or suspension in sterile isotonic aqueous buffer,

opéid dilkalrcludig those Sfetdiduhg iaREnag@gktableroraystbesd diigin, such as
non-limting aspect of this enbodi nent, preparation of .
t heeanpheil, sngsbq@n Hamegsd il segamesilpard thedikerip which the cannabinoid
pa I 1-0i ti [ i - j

PTAPLOEY® prAUHR Rl loR caffBe ilupERds Hheprrhockil bRy can, e
adbe selatedafroransalking) gopt dcacia) gefatin) statutiepaate] bgkeratin, colloidal
anest hetic such_as |igngcaine .pain at the site

of o et @R PEHKE U RIpR, EhiEns, AGpiGTiEnHickeee, Tubricating

Supp| Logckirf) P8 ) NROREGORE it dddirbidan al
do@gg%) 5?%#%§§ﬁ§ S, ?%? exgkggg, aspgggﬁy’fyopHiVizggso
povahtain arinarsangounds eff wéttieg oc emubsifyingtagents, & buffering agents,

her neti.cal |l y- seal ed.,cont ai sych. as anpou or
ot ol PAGIERS cGuanhin Jranitied BARESThae
achha¥@at RBEARIMosBibn iNFreRr S5 §Blerilaavent i on. Were the
phar maceutical conposition is to be adm ni stered by

infusion, it can be dispensed with an infusion bottle

c aini ng steri.le phar i r . of. |

CarhobasaRebRbig BTHRESEIM P  BOR R Miopkin. peles

phaippBs ey, ot @hpstld)Pag), b icapsul Sconthinifp atpdwaldr, yicroparticles,

i njection, an anmpoule of sterile water_ for in%gction, )

or myHipariculaiss. penapopdtigled) empaprswg thadfEaf dswsesentinvention,

be. i O ‘ st . .

o P L 0 A% o QR BRIE ve rear

| nasenddnarolledsrdl easerdoimadatéont dblogter slbew:iﬁx_n tn_bhéimiting embodiments of

Sr gglf:ﬁsng?thgg%lggaﬁnp:wb?c%nthg Icgrlnggsit?gnngl(ﬁsl ttlrlla? rf]orror}c catnh[)ee 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.

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),
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



encapsul ated. I n one enbodi nent, the encapsul at ed
APl - cont ai ni ng conposition further conprises sesane

WOg006/388d, e.g., U. S. Patent No. 6,703,418 B2pPCTHEP3006/005761
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amount of the API-containing conposition that is
effective in the treatnment or prevention of a
Condition can be determ ned by standard clinica
techniques. In addition, in- vgrro or in vivo assays
can be enployed to help identify optiml dosage
anmounts. The precise dose to be enpl oyed wl |
generally depend on the route ofadm nistration and the
seriousness of the Condition, and can generally be

deigtedfal aekalicnd). t Andther mw&g&m&mm‘suamm@tyuﬁﬁl@m for bolus
and/ or each patlent s circunstances, particularly in

vi iaigetpn.pYBriperdsdivery syseals are kngven, evpegiicapsulation in liposomes,

I chw?clgse ln% ag nés?lfcqué ?ts%lg aCIT"I %/@%ﬁghel%gec Il%.le&%d to

I on St €
d WﬁlSWWhMG@QﬁlCﬁHG@Yﬁp@bﬂth Of & prageitgnedntiond Pther useful
ght to about 0. / kg of body wei ght. about every 4
hotupées ofladpaigtration qaggvﬁm tosthe ;9‘%%@@ r0£ thepraginnen. 2
ng/ kg of body wei ght or |ess about every 4 hours.
Where the API-containing conposition is to be
adwihen stel fod oml delivany ythe namabiwerdyA Bl- h@llaiﬁing@mmppsiliﬁn of the

hours, or ever 4 haour e effecti e ran

C aTeRFEt PRVEREAT § a&ﬁﬂfﬂeﬁ}gﬁ %P@ e eSame o1 et EndSaaous or
f 081,21 EHsiink ArhAlle€ Y8 Wderd, SRWERNs, | Ap A&, )vm?@ Iofremlrs
the 'ef fecti ve dosagé ampunt can be from abou

ng(Dta@lym‘dnbousprmogltmOStt@nabmucormals ofrg ok tpoedt omm;al agents such as,

vveﬁl g Ifdr]il r,:sg\gelrﬁ enlbry I ogkauc ]lc'lats gpug%ss\kr%/ %r?ame or sacéf/harm) flavoring
Pr&fefisARUch ak pepperidit! oil oPRintergle@nOdr diefly); weldginlg agents; and
about 0. 150 ng?%g of body weight. In other -enbodi nents

t HECYHYag 88¢BY. P PUtideR phamgecusigally palatgbls asepargion, Maggover,
f.
;&g@t {sib? c%%lé'&)a%g 6(9 B¥l§§/ glrskr{té%?ttlcf yz‘b} rr??lno lggth rom

era
1ngastr®in&i90nnl tho0) tlmyebmromdlr% mmfaﬂ'arrﬂkﬂcy'oﬂ poen anbaxtindéd period of

tHﬂet gblg%%)v&?y E%Qqﬁgfepﬁgnﬁgrarqgsrs% o{n? 1%% %r? Io m];trlga yaaggge 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
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

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



ot her enbodi nents, the oral dosage form can conprise
about 2 ng, about 5 ngy, about 10 ng, about 20 ny,

WO00it33%0 ng, about 80 ng, about 100 ng, or abSHEP2QG/005761
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ng of the APl of the present invention. In one

enbodi nent, an effective dosage anount is adm ni stered
about every 24 hours until H Condition is
satisfactorily abated. In of gr enbodi nments, an
effecti ve dosage anount is adm ni stered about every 12
hours, or about every 8 hours, or about every 6 hours,
or about every 4 hours, until the Condition is
SM|sﬂth|IyabMedln certain enbodi nents, it may

betodrmianalatients 0 Preferablyi 6 hifeacpltivaes apdsitisal for parenteral

conpositiaon dlrectly into the central nervous system

bya igistraten s foppylated as @solkiop or suppeRsiHIn Sterle éﬁot%vc aqueous
IS, rayv ul.ar.

S o RO il R A o M (B el pOK-timiting aspect o this

i némiauBment, preparatioahi Elteeﬁnadifctmqbtmdrnamuacale_xampmsiition for parenteral

igc r%iglssgﬁg%%aﬁ? rcgast Gt ﬁ{; t%eel?gslr ﬁw&pﬁgye%l lséorrr?lgolsﬁlnons for
nebiitigar adrﬂm‘ﬂﬁ'aﬁbn Eﬁ?oﬁ%naﬁil ifdhleld 1BeR %eétﬁ‘éﬂ%%bﬁ’ Bs lignocaine

fornmul ated wth an aerosolizing agent, or wt

f | ocascpaibenthosite 9f1t11¢em|eet1cpu| Gengeally, mrlfla@d@ms ar¢ prhed either
certai n,enbodi maceuyt i cal 05|t

¢ bRl E RS sr T RARLERRE Hotef et RIBR kSR, &a ary
SURBRHEI L& powdr bh ad & ddtdrifRRadonbinidy in aditéme@dalllyesled container,
such as triglycerides. In_another enbodi nent, the API

c otash & an ampeilconsaghetie Hicating din qusntitaf the canspbipeideagtive

255 58 P40 o, AOREUR A 00ED o B o b

t helmfiRBteagl/bwinflididrg Gt ¢anls dﬂ;&emlavmlndn cefaden bottle containing

Lopez-Berestein and Fidler (eds.), w Yark, p
35aerdgphirmysgytcal gisds wals Qs palig, OPtlﬂf’&ﬁy“ﬁ i splebitang feent

Se®hIRNRE Bhdrhaklitfal composition is administered by injection, an ampoule of
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.

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).

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



In yet anot her enbodi ment, the API-containing
conposition can be delivered in a controll ed-rel ease

WOye/B3941l n one enbodi nent, a punp can be use®CIgda006/005761
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Langer, supra; Sefton, CRC Crit. Ref Bioned. Eng.
14:201 (1987); Buchwald et al., Surgery 88:507 (1980);
Saudek et al., N Engl J. Med, 321:574 (1989)). In
anot her enbodi nent, the apprgériate polynmeric

mat eri al s can be used (see Medical Applications of
Control | ed Rel ease, Langer and Wse (eds.), CRC Pres.,
Boca Raton, Fla. (1974); Controlled Drug

Bi oavai l ability, Drug Product Design andPerf ornance,

SnaireiRistatoBand the88Soysneddidfele CHORIMINQ Ak AP Bdheral Fetgddcided
and Peppas, J Macronol. ScL Rev. Macronol. Chem 23:61
( 1988dingtedhe judgmeat, 9f praglitionse ped{eecach pationy’ s ciggmstances,

Duy i [ | ;.25 9).. .

A s Tt D

2g?mﬂhmﬁﬁﬁofﬁwoﬁmmﬂﬂkﬁﬂmgmeh@aﬁgoﬁystﬁﬂgﬁ&m@f@aﬂﬂghéhﬁéahm
-contal ni ng conposition can be aced | im

t odqsAge %mg@uégqgéﬁgrgp} b -0l dpg(Ke o EO%hwyllggt ﬁa?éilﬁm% ng/kg of

of ten] e o e '

Se DS URBOLeden HFR Ry ESRHADprdeeBleal g2 mo

11&6F 6088 wWel@84) Jess @bhereveryrt halrs.eWhesd tha 9P sopstagmeg composition
such ﬁég&hose di,scussed in the review

b
{ e RS e irerias 551 835 ety S TRk Biyd dqoingr every 24 hours,

Pr &g ket VARl dedan 8ds3@n Be PYd fdeSoriay BRGRY thdndhoRafkikIosed for
or kits conprising one or nore contalners filled with

a aimyisistrhliomevery 4hours) -Imong piabedimeat. thaeffectivp desage @mount can

of, the pres i nyentd.on. ti.onal | i at Wi th

ol ERAPERTEDY AL B TRl EBorl P RRR PO e,
prgeferdbde troyabduf0Ne @R s bAbodoeEight the®uhid.2 agy/kdhef body weight,
manuf acture, use or sale of pharmaceuticals or

bi Gmagfiea¢fersbbaiiemsiboyil-h meds efbadyryaghtdo appit Qvia0 mg/ks of

tgﬁ) qeaeN for the manufacture, use or sale for human
a md?i st%tion of the APl of that particular

formul ation. The followi ng exanples are set forth to

aSI%i ost’}tleriepnb%g{jrr?gnstg t%%qf.ors]ggetflgrem,i VD]’YI%R tclu? Qe gl? graﬁj 8osage 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
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
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.



not limt the invention described and cl ai ned herein.
Such variations of the invention, including the

WO00E133940t i on of all equival ents now known or PCIER2006/005761
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devel oped, which would be within the purview of those
skilled in the art, and changes in fornul ations or

m nor changes in experinental_ design, fall within the
scope of the present i nventidf- 6. Exanpl esUnl ess

ot herw se stated, all reactions can be carried out
under an argon or nitrogen atnosphere. Unl ess

ot herwi se stated, the phrase "cold water," "cold
hexane," or "cold heptane" neans water, hexane, or
hept ane, respectively, at a tenperature of from about

0 to about 5C. Reagents and Solvents: Unless otherw se

st b eegtainggmbedimgaiing i may degsigsivablg to 1nlpduse the phasmageptical

fr [.C an it ho

U E TG e ATIARNARERR BFs UACHIYoEHIch as by

C hinraeérng cul phot: infritg beab adrhoristeanios. [ntcaventrictlao advh odrtapiby can be
HPLC) can be carried out under the follow ng

E:ofi’éﬁl’c“i‘téﬁirse;g- ahtan wEragentneyargatheter aliachndde agpIFEYR% sechhas an

beog‘g.‘ll%lrgge@@oi;r omthe resultant area percentages.
St anda HPLC can be carried out using a 3 mm

C 8-stationary phase colum (150 x 4.6 mm); a nobile

(2 9imode e apirp§9y S SRR 25 hai 5pp o mheléF of nebulizer in
( 7d%ch the AP OB ni¥al &itioh 3¢ #rmiulhtdddwith Bn aéddSoliHilty agent, or
(71%, MeOH (24% and water (5% for 10 mn; a flow

r awih efflupredarbeinor sanbietic pNMyapEUsiactant. 228 nm  Chi r al

HPLC nethod 1 can be carried out using a 20 mm

Chiral pak AD 250 x 4.6 nm columm; a nobil e phase of

hept @pain drsiiiap@sal pHadPa&eutivalvbiripositibh oftteaireseaf inkention can

be formulated as a suppository, with traditional binders and carriers such as

triglycerides.

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);
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
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



nm./mn; and a UV detector at 228 nm The concentration
of the sanple can be about 1ng per 1nL of heptane.

WOCHPa/EB94PLC nmet hod 2 can be carried out usi n@Ca/FEP2006005761
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Chiral pak AD-H 250 x 4.6 mm (Di acel) colum; a nobile

phase of hexane: ethanol (95:5 (v:v)) for CBD and

hexane: i sopropanol (90:10 (v._.v)) for D9-THC, a flow

rate of 1 ml/nin; and a Uvdeféctor at 228 nm The
concentration of the sanple can be about 1ng per 1niL

of hexane. Gas chromatography: Gas chromat ography (GC)

can be carried out under the follow ng conditions, and

the purity of the eluents can be cal culated fromthe

I EB&NS1dlinc Bl HEAKEBLIAYRS.), Wﬁl@?,dﬂé\d Yk CEB4pR her arkdPeppas,
using a HP-5 capillary colum &en%th- 30 m ID - )
0.-2Maarpmol Sei ey dbaergmeh {dero3 Hdo b eteg afsytogvy et al., Science

(oL PBO Pl BRaL Bl Rl 25 T 1980, Pl

270&zps1apd7 B N0OHUOB89Y)e i encthetredntpdaaerdm owitrogled-rélohs sgstem
1000C for 3 mn, ingreasing to 240QC a}t éQC per . .

m ?ﬂ!i‘i’lé?s"r&ﬂhﬂ ﬁ?d'cﬁptaﬂ%@‘flﬁ?sui‘@ ?ﬁnﬂ’,e H& é‘égTOﬁ‘émt% to the tissue
27, i . i . 1 .
e Sl U0 BT LA, Ofon i
1nMedita A PicaGmst | CoB@ odadh Releaseasupredva ul, fpn 185188 0184)).

sim.lar to.that described ove for. standard CC,

ox st cqniselledelap XS tpRR. Sp5p a5 _S%%%?S%gm&ﬁ? ESEQHRY Lgnger
US(ggsenww:mﬁtssqglb%m%awwed.s 2500C; and the oven
tenperature i s 900C (isothermal). Powder x-ray

diffraction patterns: Powder x-ray diffraction
anal ysis was carried out by known nethods using a

Lﬂ{e%l‘nv@ﬁ@c&de%gf %ﬁ%lcfe’g élfl%@a%ema/@%'g%%gf?%prising one or

P
di Tfraction sys Kra 1on,
gonRbRheinerPHBELwith 2Qrtalee trien@)-AdereCtnjainidg €omposition of

Bragg- Brent ano schene can be used for beam focusing. o
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
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
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.

6. Examples



Nucl ear Magneti c Resonance Spectroscopy: Nucl ear
magneti ¢ resonance (NWVR) spectra can be recorded on a

WOBPUKBB94AM 200 (1H at 200 MHz, 13C at 50 MHz) PEA/ER2006/005761
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Bruker AM 400 (1H at 400 MHz) instrunments using CDC 3
(unl ess otherw se stated) as a solvent. Chem cal

shifts can be expressed in d_(ppnm relative to

i nternal TMS. Mel ti ngpoi nts: "Mel'ting point

determ nations can be carried out in open capillary

tubes using a Buchi B-545 capillary nelting point
apparatus or with a Mettler-Tol edo FP-81 Melting point
accessory with FP-900 processor. The nelting points

ar gnlescotheediestate, dll exaigpk €ad be Birtipadoag under ad argdB-of hiGrogen
Crude ( ) - D8- THC (2a) can be prepared in a manner

si #Mospheére t hat described bel ow for the preparation of
crude ()-D8-THC, except that

(+)-p-nmentha-2,8-dien-1-ol is used instead of

() Upleseothbrawiy Bateil ghe phake “d@l@whieaiiptald hexBreghar a:bld:iteptane

o A APEn RETAREr GFhPiae, TRSerY S BUTBRFRIFE § g0 abott 0° to

prapRaf 8¢ on of crude ()-D -THC, except that
( )-p-nmentha-2,8-dien-I-o0l is used instead of
()-/?-mentha-2,8-dien- 1-ol. 6.3 Exanple 3 : Two-part

(TR G B2 PRiers S oty B  f FR can be

Lﬁl}b}ws@wﬁbhmmrﬂcﬁ CHefRehl doaipal 88d BMEBe dsel AHthouPfirther
stirred m xture of olivetol, zinc chloride, water and

di RiiftseBeRet hane at 40C. The mixture is stirred for an
additional 30 mnutes at 40C. The m xture is cooled to
25C, poured into ice water, and the resultant biphasic
m' Highr RerfrinanedLigoid didomungtdapty atigiOferforancekglid ant
%anlc phaecan e coll ect dan gfitvvlce i.th
ORAeZHP vrﬁ‘é bfysan be prrdedoutan Bfet & bo! %P%&O fions, and the

C PRPbE HeSdmpRd %[ueh?s%lﬁ 8d cRICERRN Forh T eOMialEara Ifglexrcéﬁta ges.

resi due. Analysis (GC) of the first residue may contain

no$tendadnd RAIPR.O%6an-be-BBixd @s usmigla 3asm C,z-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.

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.

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



abn-CBO, olivetol and dialkylated olivetol. The first

resi due can be dissolved in n-heptane, and the
WOr28eai138%it sol uti on can be adnixed with an PCT/EP2006/005761

approxi mately equal volunme of 10% sodi um hydr oxi de

solution. The resultant organi c phase can be

col l ected, washed with water, and concentrated under

reduced pressure to provide‘gﬂ'oily-bromn second

residue. Analysis (GC) of the second residue is

expected to contain nore than 60% (-)-CBD, as well as

a considerably | ower anount of dial kylated olivetol.

The second residue can be fractionally distilled

( 1dekeckdB46:228 nin. "ThdEbncbirddio\Wf e AntlSEdn Beadbdut Wiighker 1 mL of

is expected to contain nore than 70% (-)-CBD. The

di keXah¢.at e can then be dissolved in heptane at 57C and

filtered. The resultant filtrate is then cooled to O

to 5C and seeded with powdered crystalline (-)-CBD

( 3@hs chlomateael): XGAsdhir@nato gphNEBCPearstid daigel @it uidécthe

5C for 5 hours and then at -15 to -20C for 48 hours.

5 Thibllpwdng ¢onditions,andrthe pumtyid the ¢lpenteenn beepleyied from the
re j hed with cold heptane. The solids
ar%gwkgﬁgggggggﬁﬁggf reduced pressure at 40C to
provide (-)-CBD (3a) of greater than 95% purity. The

structure of the (-)-CBD so .qroduced can be

o TIHEE G5 B vl Bk paties sgpifgrionats GRS 30 m,

of ap; nrh); 1ti : i ! ) l. .

5 235y T s ote AR I o e A e 02
10 drjmp-filingd paromgactidn hemupreratorean fEB07C ed etedter! tempe@hBE 8E IE) 20270°C;

i n_anhydrous dichl oronet hane at -10 er, an Ar :
AR BB oS POBET g ORI 10018 60 Ry Mgreasing to
hosyecat 109%ERE ARt AIdRth 4tPU0°E && MBhRY, incfdi8ing to 270°C per

resul tant biphasic mxture is then further stirred for
20miri, and belditg BGTV°T e 10gvn tThetconeepsation phtis i€ aample can be

col,l ect ed shed ntially wwth cold water, 7 %
aqﬁ%3EL“¥8%%ﬁ&P§P£§$§§§ate, and water. The organic
15 phase can then be dried with Na2SGand filtered. The
resultant filtrate can be concentrated under_reduced
prekisg/@&C gan 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, '*C at 50 MHz) or a
Bruker AM-400 ('H at 400 MHz) instruments using CDCl; (unless otherwise stated)

as a solvent. Chemical shifts can be expressed in & (ppm) relative to internal TMS.



400C and is expected to provide trans-(-)-D9-THC (I a)
as a yellow oil having a purity of about 80% 6.4

WORRSHIFPB14 : Preparation of trans-M D9- THC A RCHER@06EPST61
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olivetol, zinc chloride, and anhydrous dichl oronet hane

Is stirred at 40C for 1 hour under an Ar atnosphere. A

sol ution of (+)-p-nentha-2,8-dien-I-ol and

di chl oronmet hane i s added droé Wi se over 1 hour 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 xture can then be cooled to -10C, and a

sol uti on of BF3Et20 i n anhydrous dichl oronethane is

t hen added dropw se over one hour. The resulting

m xture can then be stirred for 1.5 hours at -

CoMa!ringinsents:s Maling priedptermynptions Ct@%tw%owrlg é?ﬁ?% capillary

ph :
hotBes G8% LRENS sA3 ek AN e RERLAS b o Bl o Metter-Toledo

or BR43il (Mf.ihag poinaacdebsomny bathdiP-2@D protéssdia ZB@melndg points are

filtered. . The resulting filtrate can then be

cOPRHEFSed under reduced pressure to provide crude

trans-(-)-D -THC (la) as a brown oil. The crude

trans-(-)-D9-THC oil can be dissol ved in heptane and

the resulting m xture can then be thoroughly washed

with 10% NaOH @ wdxampleil; BdepmratiolaP GDA’-BHE t hen

filtered. The resulting filtrate can then be

c o0nei(f)ar’cTHAN@8) candeeshreat mSasmametr cinpitav\td deu des‘cnbsd below

crude residue that contains trans-(-)-D9-THC ( The

cr @atherrepageiéon ef cau@%(ié;éo&%de&ceptdbﬁt(éb ‘B- ruﬁntfrHéSc@ﬁl} l-olis
T Si. . C e residue can be

'gseg)lnSt%% O-P_%e% nbén%h b% (fr"?)nv?tl‘i’(fl a solution that can

then be extracted three times with 9% NaCH in 80%

nmet hanol . The conbi ned basic nethanolic extracts are

then acidified to aoorOX|nater pH 7 mnth %O@bcltrlc
acid and then &% i SRk P )

conbi ned of %anlc fractlons canthen be mashed Mﬁt

wetarde (H-pedHéy@b) ke Bonrepaned in parmnne siwtlagto tipfalescribed below
) l'”thte prgparatlon of crude ()-A%-THC, except that (-)-p-mentha-2,8-dien-1-ol is

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

6.3 Example 3: Two-part Preparation of trans-(—)-A9-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
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.



filtrate can then be concentrated under reduced
pressure to provide a crude residue containing about
WOR006/3394% ( HPLC) of trans-(-)- D9-THC. 6.5 Ex&REIIEP2¢16/005761
Preparation of trans-(+VD9-THC Synt hesis of crude
(+J-CBD (3b): A mxture of olivetol, zinc chloride,
wat er and di chl oronet hane is refluxed for 1 hour. A
sol ution of (-)-p-nentha-2, 8- 8diren-1-0l in
di chl oronet hane i s added drop-wi se over 0.75 hour to
the refluxing mxture, and the resulting reaction
m xture is then mxed for 0.5 hours at reflux. The
m xture can then be cooled to 25C, ice water added,

andnhReis( ey lof &mtﬁxbti ﬂéhaﬁé faficshtdineme@thih§0%.{e-GBDY aedell as
for 20 m nutes at The resultant organic phase is

t hebr-E80, olivetgl a%@ﬁg‘dlatt% deveglt h wat er and then with

5% NaHCO 3. The organic phase is then dried over

Na2SO4, filtered, and can then be concentrated under

r e@he ekt pestheune bt dispolwd 'dEn-he}ﬁt'ama tand rthedesyltapt &BBion can be

res$due The first cru pdue can t$ (P
S pubdTmPEd vih APRFRRAREH i;Y BY © Bib & odpn fygroxide solution.
(elrye fgsulmgf%ﬁl@ﬁ}%)se Egh Y QfebRd aw SRR MEE ahd tofBRrated

resi due. Synthesi’'s
of @rder GRIDcEd pieSsiBe thi providelae wilydirey ( 46dond AesdiautAmatysas (GC) of

di nit b | d d
Sl Uk e AR POLEB e s
cr g6iRidetabl PRRY e @flotHEs f dalkNatdd@dlivBlony | am nopyri di ne,

pyridine, and dichl oronethane at 0 to 5C. The m xture
10is then allowed to warmto 25C and stirred for 2 hour

o 83 i e R A ) G BEREALR1E, @ Ao v

or gdfistitlatevabieh ¢agk pebted tdeortaih nswrt echn e u@BRI | y
washed with brine, and 5% NaHCO 3, dried over Na2SO4,
and then filtered. The resulting filtrate can then be

c O;I‘ﬁcemsﬁ@ét@ ?aﬂ*@l@ foe rd?s‘éb‘ﬁ@&’ iPh a%léra? 5’9‘23 Qﬁcpmtg%d C‘THQ ?esultant
i nitrobenzoate) (4b). A solution of
15 t hBltctend ¢hen cooled to 0° to 5°C and seeded w1th 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-(-)-&°-THC (1a): A solution of crystallized (-)-CBD (3a) in
anhydrous dichloromethane can be added drop-wise over 1 hour to a stirred solution
of BF3:Et;O 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,;SO,4



(+)-CBD-bi s(3,5-dinitrobenzoate) in a 10:1 (vol :vol)
m xture of isopropanol andethylacetate is stirred

WOoer 133t at 25C and then filtered. The resulPCGIAP2006/005761

10

15

20

25

preci pitate can then be washed three times with a 10:1

(vol :vol) m xture of isopropanol and ethylacetate, and

dried under reduced pressure _to provide crystalline
(+)-CBD—bis(3,5-dinitrobenzo§@é) (4b). Synthesis

of (+)-CBD (3b): A mixture of the crystalline

(+)-CBD- bi s(3,5-dinitrobenzoate) (4b), butylam ne, and
toluene, is stirred at roomtenperature for 12 hours

and then concentrated under reduced pressure. The

r egdd filtdred." Eé byaltam filtie Barbige ¢umcerttAel ydee eddud®d pressure at

chr omat ography on silica gel (eluent hexane: MTBE (70:1 )
( V4@ andgs prprsgtadeo providpmnss(- kA -diHC (hahiag i yeliaw oHdwving a purity
diﬁﬁﬁJvEg”;n hexane and stored overnight at -15C. The

r eSUHPHht M xture can then be filtered, and the

resulting solids can then be dried under reduced

pressure to provide (+)-CBD (3b) as white crystals,

whi ch can have a purity of about 98% (by GOC).
Synt hesi s of 64 an&xampled: Freparatie raRs (GARFBHE: 20

i n anhydrous dichl oronet hane is added dropwi se with

st Amixfge ofelivetolhaing chloride.swd gnhyhows dighlpsaragthansas stirred at

(+)50 a) i n, anhydrous di chlo . at _-5¢C ,lhe. .
FAGETRRY Hhb o R A PR o TR 81 P2 i 1o
mi aidudichlbsnidilemeasi gt dideopwisexdvet € holir fottRe stiveled’9k ¥adteOntaining

3. The resulting organic phase can then be collected
an@ixtue. anglibs oesufipdaixiuen IjhertiFekiosan pdditienaljtPpninutes at

di I can j [g@ni .
e A AARE T nBTEURE o QRO 2L95ER, B e i

f i dthgdeas dich&oromsthhne i3ghén dddedideoppape dVeeonbdour. The resulting
concentrated ynder reduc ressur 40C Th

Bt gh R HGBTEAIoR hoHoWs el Sl aies i fien added. and the
cheaiahe gfgaﬁmlfphggb &nl th&Pb O 11eCRHah AR WIRSEM Wb F%
MIBE: hexane (1:100 to 3:100 (v:v)) as eluent to

prasvcoes S@dum@btcadmsat@ﬁnd weerT Hehe driggnic phisgtean ¢hen be dried with
eXIQa% ‘tﬁ%na %lt%%\é.e ﬁeegsrullttu}/g f?lftra ebc%lr'lltthegn O/e° cao%%ergtpated 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;SOy4, and
then filtered. The resulting filtrate can then be concentrated under reduced pressure
to provide a first crude residue that contains trans-(-)-Ag-THC (1a). The crude

residue is also expected to contain AY-THC (2a), and A8-iso-THC.

This first crude residue can be dissolved in heptane to provide a solution that can
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



appear as a yellow oil.6.6 Exanple 6 : Preparation of
trans-(+VD9-THC A m xture of olivetol, zinc chloride,

WORA0b/B3Mtdr ous di chl oronet hane is stirred at 2POTEP3061005761
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hour. A solution of (-)-p-nmentha-2,8-dien-I-ol in
anhydr ous di chl oronet hane i s added drop-w se over 1
hour at 40C to the stirred ol jvetol-containing
m xture, and the resultant nﬁiture is then stirred for
an additional 40 mnutes at 40C. The mixture can then
be cooled to--10C, and a solution of BF3-Et20 in
anhydrous di chl oronet hane can then be added drop-w se
over 1 hour at -10C. The mixture is then stirred for
30theh be trasheai witl OGter Griad ovet B, 3Gy, bk theadidieekd. aihe redidting
resul ting blpha3|c mxture is stirred for an
adiitratessan) thepbsangerisated urrter redyged RIS tngPreYigssiceude residue
ph I e y with cold
ma?%?%nﬁggg&ﬁé%ﬁggéggﬂ%ﬁ§£?€%8§q ng%d wat er. The
organi ¢ phase can then be concentrated under reduced
pressure at 400C, and the resulting residue can then
be di ssolved in n- heptane at 25C, The result|po
solution is 6-]5en X ATNEEE Propata \!L‘._.'J KAR Y g 5
KOH, and water, then drled wi th S™4, and flltered
The&nthesisiaf icruglef()1GRR Shaf mmanre phokvidleane shiogidgnyater and

e
t h&égﬁlg%n?é’tﬁaﬁ}%%o ﬁegﬁtxeé gogslt ﬂ%lﬁe a'\ %);lltllt dn ce) dﬁ 'g?eéglsaﬁ?g -dien-1-0l in
( Odlil:hlﬂhﬁlliéthzir& ip adﬂedothopmmox(eﬂ) B ho'ﬁH(b tdab béﬂuxﬁ:ng mixture, and the

nmpl.e 7: Preparat|on of tr (V tian
O BPties oo BRHYER I8 thendPis Rirhal oo g miture can then

driQPMob&! WP Sl Watd?3d@YEhnd tH%Cf%ultraQt Bp ﬁ&h@ﬁl‘l)&ﬁre@an then be
()-CBD i n anhydrous dichl éronethane at - ()-CBD

ussiiredrfot 20 misttesat8@. e pesefiantedganc phate lrégthtem colbested, washed

t hod | [ |
R e e D
{1}'18@' fiRerB®Hnb @ar (fmBednter®ated Rer RAUEdIPHessTtetb Prévide a
| S

en stirred for 1.5 hours
first crude (+)-CBD residue. The first crude (+)-CBD residue can then be purified by

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
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% NaHCOj3, dried over Na;SO,, and then
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



at -5C. The m xture can then be added to 7% NaHCGS.
The resul tant organi cphase is then collected and the

woé3d%tiphase can be extracted wi th di chl or oPEITHFP3€06/005761
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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 b§4purified by col um
chromat ography on silica gel (stationary phase) and
MIBE: hexane (1:100 to 2:100 (v:v)) as eluent to
provi de crude trans-()-D9-THC, which is expected to
have the appearance of a yellow oil. The oily

t r @fifaderatOfs stirkedpvepagit @t RSPC MdstheRAfefedC dhe kNN precipitate
di ssol ved in_hexane, and the resulting m xture is then

mesantthgawashed thrse timpes withp Hb 1 £eol:vphanixgygof jsqpropanol and
! he&%&té@ &l %eﬁ luhgé’if e et ‘?&@S{'e% gﬁw?@é &&Q%ﬂé‘e and

ed un er uce ssur rovi

tr(&DI-@HD-bWB,'_‘EHihltmbmzbaﬁe;(45[)9pect ed to have the
appearance of slightly rose-colored crystals. 6.8
Exanpl e 8: Preparation of trans-(VDO-THC Preparation

Ofs)Lzz/)esz(v' {ﬂ)zi*@%b} /phﬁ{%lretcgftﬁe{‘ BryRrallRRt hen-1-ol : A

nonene oxIi conpri si ng about
1. (+1 QBIB-bis(?aﬁahmitrabermoet@hﬂh)pbutylnnmae anditdidrgpisetifred at room
Al drich Ch ouis, Mss .t hiopheno
{ &°eizpiy fote dobrotrd PR R e ndds e Pesiine. The
SVi‘eﬁL?lﬁ‘ﬁé ARfdlLe cRPiRA Depaticiad BPRalushn chromatography on silica gel
N, N- di net hyl f or mam de, and toluene are stirred at 117C

f delugat hﬂxan%M]lH?cFeﬂ &h (\AV))éQ noyjstec(te-CBih es an ailwkick gan then be
| ed to Th in
or g%‘srqpved in hexane an nd Fﬁ)re vern eéf%g/,ei dIéhne Jegl}%{él%\tj'\g%t&et%lre%an then be

EC

| afiedred; and B rexdlfife t@ilis\wai thehdeuleire unah&e@lmé’ﬂiplﬁés@ure to provide
organlc EPases can then be washed sequenti al

by a3 sdpitesrymtalpiviieh gan e apsitye %hﬁ“g 9%%6(% GO).
@?gg'b ?I ?“{ g)déeiﬂzglgc {\%eﬁ%ggg glr?fgl .ngzr a@%&hgﬁkgeé e
prcﬁ&ﬂbﬂoﬁleﬁtanﬁ Maddebdrsmeisd tith gtifinpdiet | hobit ha dodution of
excr)?s%atlllelge E+o) &glge(gzrl) i%sanﬁy(tljrggwicgliolrorggﬂargehg n-SQ(%. The resulting
mixture is stirred for 1.5 hours at -5°C. The mixture is then added to a mixture of ice
and 7% NaHCO;. The resulting organic phase can then be collected and the aqueous
phase can be extracted twice with dichloromethane. The combined organic phases
are washed with water, dried with Na;SQ,, 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

appear as a yellow oil.



fractionally distilled under reduced pressure to
provide (-)-c/s-1inonene oxide, which can have a

WOR96/139948f about 90% or greater. Preparati on ofPCT/EP2006/005761
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(1R 2R 4S) - 1- Hydr oxyS- p- ment hen- | - phenyl sul f oxi de:
(-)-(I'R 2R, 4S) - 2- phenyl t hi 0- 8- p-nenthen-I-ol is

di ssolved in nethyl alcohol with stirring at 25C under
an Ar at nosphere. The resultﬁﬁg sol ution can then be
cooled to -10 to - 50C. A solution of OXONE(r)

(pot assi um per oxynonosul fate, available from Al drich
Chemcal) in water is then added dropw se to the

nmet hyl al cohol solution over 2 hours at -10 to -5C,
and the resulting mxture is then stirred for an
additional 30 mn at -10 to -5C. The mi xture can then
be warnmed to 20 to 25C, and mater can then bg added

and t he resuﬁﬁlngEL=mw5_m eparation effnang16n-AaTH
extracted with di chl oronmet hane. The conbi ned organlq
phastelgturanf olh‘eerﬁolbémd chleddenaad agbyiirons dighlosaraethane is stirred at
fi and esu filt n t.h

cdﬁ%g% OF 187 A e?ﬁde u%@qupgésgﬁégﬁﬁqéaIESF%yp?%%ide

a dieblofbiGethaieds a@fddcmepdeM 1 ot hti 40dChY the stirred
chronatography on a silica g col um (el uent:

n- st rrentsiis maxiate ped @rereqqht@ﬁt gixpyre lsrﬂ@nﬁspge(i fos,3a additional

| o

%5 E}%ﬁﬁgdt prfg dlrﬂ(% i/m)étube can nth%n be %OOI%detr?y Iloscljl Pd a, sglutlon of
ar BF{-Bg0 in anlydreds (hnldormmmbmtemh dgebnibededed dopenist overlDhour at
ho 08 40 .t o 500C to

5'35 mix iy S shired el it PrEhH SUAPERLgrde then

asacﬁem dﬁﬁl{ﬁ@re@ﬁltlhg@lﬂiaﬁé%&ﬁf?gﬁr&meah& B QUEInaPPo ihnsies at
reaction can be stored frozen. Preparation
of Q°-Q -Thesrepultieg oiganiz, phaskisare tollsicted Awashed $equepfially with cold

dr 8-/.?2-nment h p sul f oxi de
st haen iy st iRl e Pt LR st P g ghen be
UnéRicertratddOvdeg retiunc@t pressaieitelocaNshdt the résaRifgtragifiue can then be
m xture is then stirred at 163C for 3 hours. The

mi dssobeeddn p-heptane B2 3601 Bl reslting selubgoss theresaduentigliyhwashed
v, 5 107 LIRS LRPLER DI R Bt e

e congi ned and Yequent al Iy
WI ﬂekulhﬂg ﬁl[f:'a,te éanftbers bt vbricentratbd under reduced pressure at 40°C. The

resulting residue can then be fractionally distilled at reduced pressure (0.1 mbar) to

provide trans-(+)-A9-THC (1b).

6.7 Example 7: Preparation of trans-(:l:)-A9-THC

A solution of BF3°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 (x)-p-mentha-2,8-dien-1-ol is used as a reagent rather
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



sodi um hydrogen carbonate, and brine, and then dried
over sodium sul fate. The organi c phase can then be

WOHtEBat4lat ed under reduced pressure. The res®CGTa2006/005761
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resi due can then be purified by silica gel colum
chromat ogr aphy (el uent: n-heptane followed by

n- hept ane: et hyl acetate ( 1:9 (v:v)). Fractions

cont ai ni ng mai nl y(-)-cw p-nme8fha-2,8-dien-1-ol are

conmbi ned and concentrated under reduced pressure at 40

to 500C over 10 hours to provide
(-)-m/"-nmentha-2,8-dien-1-ol. Preparation of
trans-()-D9-THC. (+)-p-nentha-2,8-dien-l-ol is

Pr SIRAE thas cH R i A dhaRANBus FrESEBAn Bd@trael-vitBeRBLomethane.
oxi de {e.g. conprising about a 1:1 cis/trans

di Bke engevinwhiss isthenuvashed withdeise jand ceambe dfied with Na,SO4 and

(- XL ne id m. xt,ure of olivetol .. zinc

critlirele aia S by s Sl s RnBriok e efifeg prapure. The
40fesihilfihg teshdidlcan fhenMeyduri@ied ®y column chromatography on silica gel
(-)-p-nmentha-2,8-dien-I-ol, i

( +gsta/t1?n¢ferrnhﬁ%ﬁ) ang MiTRR:hexaie (1408 taAnPA(wyY) as eluent to provide

di chl.or ome D e_added_dr op-,wi r .
e N S e R
r ephd &iilmaﬂgl%tgwem@ préparedsihithis @thnher caah@fisk dikNdd it Biexane,
m nutes at 400C. The mixture can then be cooled to '

- 190, thamgubiingahixture s thén BRStENS R -hS §6H9u2bheurs. The resulting

di chl. orongt hane is then adde rop-w over 1 hour .a
e nBeR Bl Wi FEERla PP ol T Fleg B fegleo
at predQRGo e dt haRs-cOLAP-TEEe WhichNs BepREdad had e appearance of
resul ting 'bi phasic mxture is then stirred for an
adslightlp mede-@0orad potstads. at 00C. The resul ting organic
phase can then be collected and washed with col d

wat er, 8% aqueous sodi um bi carbonate, and water. The
organi ¢ phase can then be concentrated under reduced
pressure at ¢Q0C. Ediyfipless UPiéiﬁgatﬁ&Sbﬂuﬁnﬁﬁﬂ-Ah’fﬁl@e

di ssolved in n-heptane at 25C and washed w th 10%
A0RPEASII{OL (12D HIBS)- Bbh@BMeio-8PpIndiken- Mo hRdnirB of (—
wat er. The organi c phase can then be concentrated
undémopengueds (sige sempasiag aboud:t eisiapy figatergopgaic mixture;

O 201 oV Rl Ll ShERBACEET ohR RRREAS), AophdibP g Cdvailable

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
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
fractionally distilled under reduced pressure to provide (-)-cis-limonene oxide, which

can have a purity of about 90% or greater.



Crude ()-D9-THC oil prepared in this manner can then
be dissolved in a mniml anpunt of heptane and then

wOop0h6/f33%d by chromat ography in a single pass WwSITEP2806/005761
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Mer ck- Knauer PP K-1800 preparative chromatograph with
one cylinder {e.g. 50 mmx 210 nmof LUNA CM 10 nm

| oadi ng capacities 600 ng; el uent: "-heptane). 9
Fractions containing trans- (')8 D - THC are conbi ned and
concentrated under reduced9 pressure at 40C to provide
trans-()-D -THC (1), which can have a purity of over
90% 6.9 Exanple 9 : Preparation of trans-()-D9-THC A
m xture of olivetol, zinc chloride, and anhydrous

di pm p&mt@?mk 2R94.S§IJLsz¢ﬁG ts ﬁlﬁgntﬁz@ﬁ 2meyv§u1fo&zde

sol uti on of -nment ha- 2, 8-dien-1-0l in anhydro

di ch(d, aRékSaél@qnylthlhe&Tpmbprwdmbm\m@elvgdem mfﬂ% a}coml with
fggtrﬁpéﬂf 2?’6 rnrd%r a19 Al taﬁ phCon %Srﬁgtlrgq%ﬁlgg)% caﬂ Seooled

ure I's ?Il‘l‘e

0. ®0-1veys SS“&I AQGE}&OKBGOK@NE@detadﬁlddﬂperob?mcﬁﬁﬂuﬁdtet @vailable
-10C, and a solution of BF3-Et2g in anhydro
d| Epmohigeh fhsmiGad) hwatenisdben %ﬁdﬁé dpprywse to tlﬂﬁ gethwt alsegol

0. ?&utﬁoo QI 2§1tour ]aQ O°T£65‘r@ ;ﬁ%g ke xle§ult1H Hmt?t?i&é 1s ?ﬁjen 531 ed for an

urs at - and C wat er
W ddditsdriat BO Agn tao- 1106 ltdnsaCbl”lﬂieamxmrmcm t]uee be erned gnm%to 25°C,

phase is then coll washe th cold wat 5%
DSt 0 B ot B S crHc e 4 feh be extracted
Ph@#R dedbrbRehaRE Phé 85BMEs ohRRRPHARE ik kﬁe%r‘&:%neamer sodium

the resulting filtrate can then be concentrated under
r em]lfamjaqdrfdmcd and thgueswltig filtraté ean then be gelecentiratad udermeduced

Il)_}ce:ssure atd6Lé)g C to provide a residue. The residue 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
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
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
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



The first crude trans-()-D -THC resi due can then be
di ssol ved in heptane, and the resulting solution can

woteait3getinvashed with 10% NaOH, and wat er. The PEAFPA1®/005761
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solution can then be dried by azeotropic distillation
and concentrated under reduced 9 pressure to provide a
second crude trans-()-D -THC_pesi due. 6.10 Exanple 10:
Preparation of trans-(VD -THC’froma M xture of Crude
trans-M D9- THC and trans-(+)-D9-THC Trans-(-)-D9- THC
can be prepared as described in Exanple 9 for
preparing 9 trans-()-D -THC resi due, except that
(+)-p-nmentha-2,8-dien-l-ol is used instead

of ()-cip-prmshtha-228-8ielt 00} dre @bmbied dad tosoeatrited uﬁBerTHﬁlced
prepared in this nanner can be about 40% by MEL?

t rRfREIre 3t468 trp2C qeer d Qihomrs tRdroHge (Hbicis.p-nientha-2.8- dich-1-ol
Trans-(+)-D9- THC can be prepared as described in
Exanple 9 for preparing 9 trans-()-D - THC resi due,

exB:@ptzrdtia;atofém)zs-n&m’hﬂm 2 (B ghnentta-nB-dich- Lok pre;mmmk
of ()-p-nment -dien-l-ol. Crude trans-(+)-D9-THC
pr‘?ﬁﬁ‘?ﬂé‘dl 4bﬁ"? rﬁxgemﬁhaﬁ &F)-Hmenene atidr e B59MpYising .abﬂmt 3of: 1
T
St Al Ry G G L B o, Ificune o
i mlh&ml;m&c cliloA&€.and laahydasmd dielibroswdthdneasn stirsed dtGﬁ°C for 1 hour.

d h | 9%
(b 58t oF {3 - BHe R R Cohanseehydrous
ar](ﬁcﬁlf)ﬁﬁﬁe?ﬁjan\é" atr@aécﬂ-:(f’(ﬁd%ﬁ Kige Al 8 hghr 8Gob o ﬁ*%%m'reéc

until the pHis about 7. Heptane is then added, and -
t rrdme@zlwbntiangng)mgmrec aphthsaesuitingmhaeres thenwtirred for phadditional

nlc t he be dri ed ove 2 an .
i 36 s BEheRag by herPleot B N AR sotution of
c qm«: e}m Oah eshydsiey ditifoiteedhces tidh @dd& @opMisEoedr Udur at
trans- f) D -THC. The
-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
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
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
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



crude trans-()-D9-THC prepared in this manner can have
a purity (HPLC) of about 45% and is expected to be a

WOR0eaM33%0Ll . The crude trans-()-D9- THC can t he®CE&EP2006/005761
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di ssol ved in heptane, and the resulting solution is
then cooled to OC and seeded with crystalline ()-D
-THC. The resulting m xture n then be further cool ed
to -15C for 12 hours and filtéred. The resulting
solids can then be washed with cold heptane and dried
under reduced pressure to provide trans-()-D9-THC. The
trans-()-D9-THC can have a purity of over 95%and is
expected to appear as a white crystalline solid.
MOSEQURS at 40P B4 ?Mvicreqratr{sqgmf JTHE(HH-hRhRBA S 4 ﬁuﬂit?'o? over
manner Is expected to retain that white appearance for
at90%ast three days at 25C. Stability of crystalline
trans-()-D9- THC can be nonitored, as a function of
storage conditions, using HPLC anal ytical methodsknown
in the art that are capable of separating and

detecti ng cagpabi Eﬁhﬁﬁiéﬂltﬁﬂebh@ﬁiod oF teMsSEYBUEHC it

can be denonstrate a e crystalTine _

t r aRsixfure Bs1Vefo1 Athe ehilotile ARk %ﬁﬁ*ﬁroﬁé"d’l@ﬁl&&ﬁbthzﬁle@ Etred at
stable to air, tenperature, and 1ight as conpared to

t HO°pubel hoamsA golptipg of €G- remanthadsdienel -ehinErbygrioes 11:

Pr ration of (VDO- from ()-D8-,THC aration

or b RS iR agsrob e vt bt PEHTAB LR ik

di sV RBRtbMMEmIGuRd dtithe @esultaf Hixngd iPtheR biirel A adRdditional
()-/?-mentha-2, 8-dien-1-ol in dichloronmethane. The

r €590 s atd X Curldegnirtuse casthien be gogled tor- 1954y andyg gohution of

£ i .G . .
reir e & MRbRFT 88 PrroRte R A AAEPRSA e Sllaminere
NaHEB hodf & -1 %Y TR HALLA0 tenRAASE 556 R&URs RE-10°C, and cold

col I ected and concentrated under reduced pressure. The

r exatért Ganttherelsd atlded ivathdstagng tefdrinm tiphesavaixdvrg. s loeghnic phase

wi.th 10% nd .t he .resultant Qrgani c phases .can b

cndsherupder imdiRrenedaubEety Al P HRRt G BT RE P fRere, and

((3 )Svg/d_tﬁ’. Titthe, orpdrii€ Phaseeah #ed b deiédiohvér Nh, U et 6iltetdialind the
regulting 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

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-(i)-A9-THC from a Mixture of
Crude trans-(—)-Ag-THC and trans-(+)-A9-THC

Trans-(-)-A’-THC can be prepared as described in Example 9 for preparing

trans-(i)-Ag-THC residue, except that (+)-p-mentha-2,8-dien-1-ol is used instead of



Preparation of ()-9-chl oro-trans- hexahydrocannabi nol: A
m xture of the crude ()-D -THC, zinc chloride, and

WOAe0y3BBils di chl oronethane is stirred for 0.5PREHPSG{005761
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25C under an Ar atnosphere. The m xture is then cool ed
to 0C, and gaseous hydrogen chloride is bubbl ed
through the m xture for 1.5 hours. The m xture can
then be poured into an ice baPh, and the resultant
bi phasic m xture stirred for 1 hour at 0 to 5C. The
organi ¢ phase can then be coll ected and washed
sequentially with cold water, 8% sodi um bi carbonat e
solution, and water. The organic phase is then dried
OVﬁ%? p@ﬂ@ﬂtﬂﬁ-@l@dﬂ@ﬁzﬁw Crafé trhd-t g AEGHAT BRphRaYh Hd®manner can be
rate i s then concentrated under reduced pressure
at abt®OCA0% vy weightl dfarins{(9sA dlCoandetérenindskbydHEEG) ved i n
n- hept ane, cooled to 0C, and seeded with
()-9-chloro-trans-hexahydrocannabi nol . The resultant

m 'Er%% gnj d§9 rfenc tHer ﬂr@ﬁjar@d adfestWedn rE?(‘dfﬁ?)ieif Rl ehatiag

tirre 15C for 60 hours e m xture

Cat?arfslf(%‘-A gHE lrésﬁfu%de)?créﬂt thBe(- )'ﬁfn‘x’énttlﬂf-‘ﬁ 85Réd-U] is used instead of
arewashed with col d n-heptane. The solids can then be

d r (H-gh-mouatba- 2r89dhlenddolp r@edeitrensat+)S0THE mep}lvccﬁla this manner can be

)-9-chl oro-trans- hexah%g gcannabi nol . The purity of
@0(15353%@1’5(%@511&9%@@516 Ay HCo &% -nol prepared in

thls manner can exceed 99% as anal yzed by HPLC. 9
Preparation of ()-D -THC. A m xture of

poltasgudénrher¢-)-AMIHCE 8ad tdde trans-(+)-A’-THC can be dissolved together in
)-9-chloro-trans- hexahydrocannablnol prepared as

gawenea%ﬁaﬂfn hi/ler tsgaltans selafien jsdhen admixgd path amglytionpf 986
qgé&ls !l@HrHlé(tI’l%L (Q@ ) F\EO)R cqfb ?lpetl!la%ogg ghgjs%g aIQQH%]r?gombmed
e resu g S en

I ce water organic p e can t
bemdctfda&dt\eldl bod ociached & @qUentbalt Isyc\mtihtheqnllﬁiswhbmw Heptane

7% sodi i carbonate, and water.. The orga
& 4h DAL 201 Kt eopabe S RIGE TasSksd GG werd The organic
%?@&aﬁﬂh@ﬁjbé‘ ad&d 0{3&%§@4 RhFRREE - an-ﬁhﬁe f&fﬂ'ﬁlng 'ﬂ?@ate can then
resi due can then be dissolved in n-heptane, cool e to
0Qe @nderithatedl wrledsdluced 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
solution is then cooled to 0°C and seeded with crystalline (:t)-Ag-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-(+)-A’-THC. The trans-(x)-A’-THC can have a purity of over 95% and
is expected to appear as a white crystalline solid. Moreover, crystalline
trans-(i)-Ag-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



9 wth ()-D-THC. The resulting m xture can then be
stirred at OC for 5 hours, cooled to -15C, and then

WO200¢/¥38¥1at - 15C for 60 hours. The m xture ca®CIER30e&405761
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filtered and the resulting solids washed with cold

n- hept ane. The solids can then be 9 dried under

reduced pressure at 500C to provide ()-D -THC, which

can have a purity (HPLC) of © Vér 95% 6. 12 Exanpl e 12:
Purification of ()-D9-THC Preparation of ()-D9-THC

m ni trobenzenesul fonate: A m xture of crude ()-D9-THC
(e.g., the second crude residue prepared according to

the net hod of Exanple 9, above) can be conbined with

3- kidwiDeAZ e eisd laf Ociphble i e&paditingtantd elchigliggitaimabiadbid impurities.
di chl oronmet hane, and then stirred at 25C for 1 hqur.

Thin thisguanngntit eaprhedananstraad thee thelsaystaliae Bansp ) coilg APT of

water. after which the resultant oraganic ph can bhe
cotpais g Bhertitadnme S utBats Rty BEARRL 0B REf o Gllydfed to he
59@&@@@5@.9QQ:M@Cthn{m§xprganic phase is then dried

over Na2S and filtered. Theresultant filtrate can

then be concentrated under reduced pressure to provide

a first crude ()-D9-THC wnitrobenzenesul fonate

oo ol iaifle 13 BrhaPilio e B ROPHI f8mf- K iric

m ni t robenzenesul fonate resi due can then be di ssol ved

| npiaRiRRIeL)- AL T QA sdhi@ioh 85 lethaRsusBhiétacRN it dichldedmethane
cooled to roomtenperature, seeded with powdered

crigstidéd forresofytionpi DliCetol and CHotremerthe2ud-flisndt-el inslbdhilergmethane.
t C d.then stirnredsfor, 12, hour at, OC. T, .

 orli tesfan hE St Bk BFa RN insoford Gnstprygine o
SObkASSGaNsdparatas e nixtilte tthen bepERRE 5°anaddfcaed with aqueous
under reduced pressure to provide a second crude

() NOICOCThe mesttep enganeBiAse samthen besplersedhandconcentrated 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%.

Preparation of (1)-9-chloro-trans-hexahydrocannabinol: A mixture of the crude

(:t)-AS-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
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;SOy, and filtered. The resultant filtrate is then concentrated
under reduced pressure at 30°C. The resultant residue can then be dissolved in
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



yel l ow solid. The second crude ()-D9-THC
/' wni trobenzenesul fonate resi due can, according to

WOHPE33dve a purity of over 75 % The second PET(ER2006/005761
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()-D9- THC m ni trobenzenesul fonate can then be

di ssol ved in dichl oronethane. The resultant solution

can be distilled while isoprgganol is continuously

added dropwi se to the m xturé€s"The distillation is

st opped when the tenperature of vapors in the head of

the columm reaches 82.4 0C. The contents of the
distillation pot are then cooled to OC to 5C, and the

resul tant suspension stirred for 12 hours at 0Cto

ab@déhed WithTddd aURPLNS] The S6lRIstdAR fhetbeldriet @meel, redngtdtphessure at
resul tant solids washed with cold heptane and then

dr PEE tgrimeyide Ec-ehlop-Barghexapyirpeanppbiaok rThgpynty gethe

() 209 FH1G W Dis QBN - i 8 )
P ot AR R B I B BRP @ RRecd 99% s
() arl®yzEHBy HPIG Xt ure of the crystalline ()-D9-THC

m ni t robenzenesul fonat e prepared as above, 50% NaCH

and nethanol is stirred at 50C for about 1-2 hours and

then cooled to roomtenperature. The cool ed m xture

cap then. be m xetl w th, col er. fol addj tion
St S U e e

M )19 ghl6RtraREHEx Bty REdanasHifsl phegdied@&Pdbane, andRdhydiBus toluene is
organi cextract washed sequentially with 7% NaHCO3 an

d
wattisted fPneS arigrtes & G5REs d e sniksnisdhsnaepobsrelo 2856 3ed pagd into
fi %c%%& ?eq TTlg ?esrugfhg (;rg{ﬁhc Ehe&sterc% thehidd %h?&e&)ﬁnd washed sequentially

fi under p re g8

concentrate ess to provi crude
() witA <dKGvatémn aby sidsurh HRIatEonafe, abwater dBhgporgdnic iphase can then be

indicates that a purity of over 92% i ght of
() dressl ovseanbyslrons Tt 88 congeatTiE B()E‘?%)Tg‘%f/-%dr%sﬁ‘gﬁ- The

t Qulhﬁ% HhsRRRI UR thdnhERLARE i@h;}féQQne The1dies abt:; then seeded
solution |s then cooled to OC, seeded wth powdered

Cr yith @Jﬁj-hgntm@. -0 (EbiGtin@Rdxtetd danaBlerd K stik2dn@ PG f@t5 hours,
-15C. he resultant m xture can then be filtered and

t heoolesstal-1 2, and thensstisd abd SA-tfpr @bhebrhe pheyméxturprran then be
Sohftgrgd A tl;er}gsr%llt r{gI seo(iiidgI %gﬁedr\gﬁi}lf' 8(98 n-heptane. The solids can then be

9
dried under reduced pressure at 50°C to provide (+)-A -THC, which can have a purity
(HPLC) of over 95%.

6.12 Example 12: Purification of (d:)-A9-THC

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
organic phase can be collected and washed sequentially with 10% HCI, water, 5%

NaHCOs; and water. The organic phase is then dried over Na;SO4 and filtered. The



pressure to provide ()-D9-THC as off-white crystals.
This crystalline ()-D9-THC is stable at 25C in the

wopRoegBatid of air and | aboratory |ighting. Mor &\Té&P2006/005761
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HPLC anal ysis of the product indicates that a purity
of 99.0% can be obtained. 6.13 Exanple 13: Preparation
of Crystalline (VD9-THC fromtrans-M A 9-THC and
trans-f+VA 9-THC A sol ution-8% -trans-(-)-D9- THC (la)
and trans-(+)-D9-THC (Ib) in heptane is cooled to 0C,
seeded with trans-()-D9-THC, and stirred for 5 hours
at 00C. The resultant m xture is cooled to -15C and
stirred for an additional 48 hours at -15C The

m P&Elklfa%t fiftrdtd&4h thih bettben@NEd LhGr r &Ik PRbssiOtd piovRtea first
washed with cold n-heptane. The solids recovered are

t hemdel¢)el - TiHGer-nitechsoecheprl bxsterresidue, 380ch eangraye iagirity of about
crude ()- whi ch can have a purity of over 93%

Th‘k1 W&/ﬁ@%gﬁ@g-ﬂ—c can then be dissolved in heptane

at 50C, and the m xture cooled to OC with stirring.

The resul tant m'xture can then be stirred at 0C for 2

hoThis firg colded)-a° TIIICm aimbstzienq:sgtfoﬁm r@iﬂl@@dh theorfel dissolved
48 hours at ture, can.t filtered and

thl@lmm@ah@t]s@ Gt doh N B OB Aot P BBy Patre,

éda\'fs}ﬁh gi@d&@h 'cpy%tﬂm@{ﬁ%d “BIE€ 7i-ARMbbEG AL IRASE, cooled to
re uced ssure at” 350C rovide crystalline ()-

- THC, hhdithena;nrrhdufcﬁ 12 oo iat 9°beTlmnesu191?it MixtOreli4 t@eﬁt’:ﬁr@i and

#téﬁgésg ?r{t%tgi %_EOfQ?grf%ﬁ?l l&'llt:hg.‘?)lcéme any dried under reduced

e I AE=Te)d
nﬂ%s’uﬁﬁ% ng%gf\é( g S%'Ungd@llﬁ%qg-%ngié Z%ﬁlYIglbgﬂvéehgbﬁx(ljfonate residue as a

t rﬁem@“( solid DIThe Iskconddi cmhdeo(&mAlﬁgmbtnanmﬁemnenuﬂbnge tresidue can,

the nmethod of Exanple 4 above, are dissolved in

hefscagding W%Pﬁa%shﬂvﬁérﬁu“%Pﬁ‘?‘feéﬂ ¢&n be cooled to 0C

and seeded with crystalline ()-D9-THC. The resul tant

m xture is stirred for 5 hours at 0C, and then for 72

hoTtie scondl&Gde FHeArEHA mantrobenxénesw fammtd danttkerelst diswlved in

the solids washed with col d hep t%
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
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 (i)—A9 -THC: A mixture of the crystalline (i)-Ag-THC
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



The solids are then dried under reduced pressure at
35C to provide crystalline ()-D9-THC, which can have a

WOoR096/139948f greater than 98% 6. 15 Exanpl e 15: PCI/EP2006/005761
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Preparation of Crystalline ()-D9-THC Crude
trans(-)-D9- THC and crude trans-(+)-D9-THC can be
prepared by processes described in Exanples 4 and 6,
above, respectively. Crude tPﬁns-(-)-D - THC and crude
trans-(+)-D9-THC i n heptane can be adm xed with a

nmet hanol i ¢ caustic sol ution containing 50% causti c,
wat er, and nethanol for 20 mnutes at 25C. The
resultant purple nmethanolic caustic (I ower) phase can

beexific! Rasted seqidtisiewih FoNNaHOTA SR 3hdrX Gthe dP@nic PhdsB is then
a methanolic caustic solution containing 50% causti c,

wadrigd oven NaptPhandofiltered. Ple repwltang §lteate cathemrhe concentrated under

e B0 RE PR SRR HA RIS AR EeBaisR s Poouc
adﬁaféateg R 8 pRARP IR r TBINANRLiLE STRUSIP THIN &S Sttained.

| ower the pH to about 7. The yeéll ow adm xture that
results can then be extracted MAth hept ane. The

ul tant or se ca ected a hed

[T te 0 PTG B0 S Besalved i hepaap 2n R Sultant
re I r 9
G DT ok obRlTo 038, eI pOWAGEEELLBRNE (4)-A*THC, and
Theirfeddooi2 houraat 115°Qr Gte eaditammikere casthew bd filtared and the

hept ane cooled to 0C, d seed Wi { lline
() ieptentgoldppashed with skl hearmst The ouldh abtten arisd Unger reduced
t@Nho
i e byiEe £ A1 THEM dElinhe ch S, T kBl @ g THC s
vv| dtdble al 2H°Nepttikagresehice of eis ahd mbbrayalylligitisgl Midseaesg HPLC
al l owed to dry under, suction to pr cr.ud
wegefﬁpkétherwe dpgtppdicgtys %gt armeltaé\ﬁgéé)gwgg Qeginesh
heptane at 50C, and the resultant solution cooled to
-100C for 2-3 hours. The resultant m xture can be
suction-filtered and the SO|IdS washed 3 tlnes W th
col d hegtthe Extmple dBi BeepratiomehCaydtalling bas
suction to provi dearsy-PA2 -’[}II[E asdmnse(w-m\?SIHCs t hat

can have a purl ty greater
A solution of trans-(-)-A’-THC (1a) and trans-(+)-A’~THC (1b) in heptane is cooled

to 0°C, seeded with trans-(:t)-Ag—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
solids recovered are then dried under reduced pressure at 35°C to provide crude

(j:)-A9-THC, which can have a purity of over 93%.

This crude (ﬂ:)-Ag-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
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.



than 95% 6.16 Exanple 16: Resolution of trans-(-V
D9- THC and trans-(+)- D9-THC from ()-D9- THC ()-D9- THC

WOoppepeBtd according to any of the above proce®GTEP2ewAQ05761
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be separated by flash chromat ography on a Merck col um
using Chiral pak(r) AD(tm) 20 mm chiral (Daicel, Tokyo,
Japan) as the stationary phase (loading capacity 500
ng per injection, UV at 228'%%} and

n- hept ane: 2- propanol (95:5 (v:v)) as the nobile phase.
Fractions containing only the trans-(-)-D9-THC i soner
can be conbined and the volatiles renoved using a
rotary evaporator at 35 to 400C to provide

t reRssdiids oD&nﬂéHGré {h@h drie® uhfdr§ed@BA Presswtp at 95¥hoPWovide
pure trans-(-)-D9-THC can be isolated. 6.17 Exanple

17eryselioe (£)-8n THC thahean have agumpyofamygr P7 &ns -
(+)-A9-THC from (VA9- THC Crystalline ()-D -THC,
prepared according to any of the above procedures, can
be di ssol ved in heptane: 2-propanol (95:5 (v:v))

m xture. TOe4 r eBidrhplet14s Preparation sf Chestalineqpd’ITHO a
2 inch stainless steel "Load and Lock™ columm (Varian)
packed with Chiral pak AD chiral derivatized silica

( d‘%lran&i(ﬂffé HHS setae@d fPh%XaﬂlBlQ bnengnppselegtiyeichrpreaipgpihy of
t d h |
or iR th-REEBC ARG Aedn 2Rl Bl Pl e e

of whfRhn Be GbRMEdAkcrdin ]gQMVtHeah@th@cﬁ o?—EQarﬂi;leQFf above are dissolved in
eluent/mn. Detection o ounds in the eluent can

beheptanei ddre gesultbyt solptigbsen pe |C@m\e<ét0 F$banthsecqedayygh cayjstalline
=1
m(#—:@ ’ﬂlb lfjés%ltg% rrisiltx’tur@l nsd tﬁﬁéﬂ et‘éro ) né&e}s qf g ﬁg@g thn for 72 hour

el ten S can pbe concen rat

prasssAce Tike REWEnt thiktusonis 11 teyed 2d TG olide wadlsedawith cold heptane.
reddi sh-yel | ow Qi l . ) .
The solids are then dried under reduced pressure at 35°C to provide crystalline

(i)-A9-THC, which can have a purity of greater than 98%.

6.15 Example 15: Preparation of Crystalline (i)-Ag-THC

Crude trans(-)-A9-THC and crude trans-(+)—A9-THC can be prepared by processes
described in Examples 4 and 6, above, respectively. Crude trans-(-)-Ag-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
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
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



Trans-(-)-D9-THC wil|l elute after the
trans-(+)-D9-THC, and the conbined trans-(-)- D -THC

wWog00é38stican be concentrated under reduced pr ®EIEPI0GEH0S5761
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provide trans-(-)-D9-THC (la) as a thick viscous

reddi sh-yellow oil. Trans-(-)-D9- THC product prepared

in this manner can have a purity of over 99% 6.18

Exanpl e 18: Resol ution of trdfs-M DI- THC and

trans-(+)-A 9-THC from (VA9- THC Crystal line ()-D9-THC,

e.g. prepared according to any of the above

procedures, can be dissolved in a 95:5 heptane: | PA

(viv) mxture to provide a 10 w.% solution. A portion

of rddbecdlft6safd. Ultieasd bf thdtjieploddcddrian ba d2s201vd idhépnane, cooled to
stai nl ess steel colum (Mer cgk)&gpacked W

) . th )
chP alapdresdrd Anhomysialian (Fad -4BIG: vHie reedtag) aqrpiture can be cooled
( DgJ 4 §‘l.’€ arTcht}{"Ped alapfh@ for Eh HhLRN ThERe ﬁaﬁﬁﬁf'x'h%g cbe
under “isocratic conditions wth a solution o
hegptcaine-fRtepadp prachihle sOBds washed with codd hgmaneatThebesudtagbgellow
and at a f]Jow rate of 200 mL_ of eluent/mn. ction
of S%@a &’Ef-‘c%llé’“ieﬂ.t? B Widse fictiogio Beova ?‘P%"g}*étﬁgg%guv
absorption at 228 nm The fractions contai ni ng
(+)-D9- THC can be conbi ned and concentrated under
r etheeoudp (@S@UTHQ @npeskisdbyed #) hépBaneHC HEC, and the resultant

reddi sh-vyel | ow oid . havi a purit f ;about 97..0% The

S ol P i B ety Py heiufia: BER S Sopol terea

anghd@B sSMsvadsBed 8ifidess witstd® Heh@RS STHeSsolifls RfeQMérd@lowed to dry

trans-(-)_—D9-THC.d(Ia gs a thick viscous .

r editfles Bugjien|teprayide (A nigl@ apwhite pristalg thayggn Igijesa purity greater

pr@]% okoj s stored in a freezer and protected from

lig and oxygen. 6.19 Exanple 19: Preparation and

Characterization of Crystalline trans-()-A 9-THC

6.19.1 Preparation of (-)-D9-Tetrahydrocannabi nol from

" - Cannabi di ol 9

6.16 Example 16: Resolution of trans-(-)-A"-THC and

trans-(+)-A’-THC from (+)-A’-THC

(£)-A°-THC prepared according to any of the above procedures can be separated by
flash chromatography on a Merck column using Chiralpak® AD" 20 yum 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
volatiles removed Ausing 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
trans- (+)-A9-THC from (£)-A’-THC

Crystalline (:t)-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



"-Cannabi di ol (-)-D -Tetrahydrocannabi nol A 250-nL
reactor was charged with dichl oronethane (240 g) and

WORop@r3341i f | uori de di ethyl etherate (8.4 g) and®CIVER2e1$/005761

with argon. The resulting solution was cooled to -10

0C and the solution of n-cannabidiol (15.0 g) in

di chl oronet hane (60 g) was added dropw se to the

m xture over a one-hour peri'ga’at -10 OC. The reaction

m xture was stirred for an additional two hours at the
sanme tenperature ( -10 0C). A sanple taken after 1.5

hours was anal yzed (gas chromat ography) and found to
contain (-)-D9-tetrahydrocannabi nol ((-)-D9-THC)

( Bfhj&¥8d intcCa T avhakifliesy stéePBDbad shdi056k” @Bn{MBV d#ian) p¥cked with

12 3% . The reaction nmixture vvasmgoured into_ice-water

( 16birgipalandDx thirahglsratigedyaicas (Ghirad d eehmol omiespdisu ExongPA).
0
oul aiol ¥ Pl E4hBl BIEMARE RoL AUE LBl AR solutin of

hyRémgrisaaopmoh {95 : S Of: u)) ada tenFitraghrearfabumt 25 C(and ag) flow rate of

The di chl or onet hane sol uti on was drjed over anhydrous
s ot UrLsafi efuanilmin. s Dglectiofhefl «xmrpsings wage sk}l&{afo?a&[%@dtamed outby

Ung&r 16 lﬁggqh?jsemure at 40 OC (i.e. tenperature of
t

t he wate to provide 149901‘ a yell ow oil
(y| eld 999 containing 81.8%of (-)-D9-THC, according

(STHBB TR THLC B S E By MENRb b BGP A BA S QoG gpents can
Of bd &SiREBAFatEPaddderQRiced Pre8RRé &) hrvPide WaREREONT-ZRIT Ab) as a
i nstrunment (Merck-Knauer PP K-1800) (Knauer; Berlin,

10 Gereddistiyyellaweilr acem ¢ D9- THC was separated by flash
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chr omat ogr aphy through a Merck colum (210 x 50 mm)
(Merck; Darnstadt, Germany) packed with Chiral pak(r)

AD{tam}-() A °araC: willahye ,aftdlatﬂlamr)ans? 0-)d-THIO, ahd sHeabhrbivasdy
phase (Il ogding cap ac:lt% per i nj ectlon) with U
detraseFor akHO 2Bentn cap appw%@d&aﬁ?r reducsdprégeng to provide

gt G%t(gjs‘ﬁééﬁﬁ ARFA0L ik Vistds\eddid-PMAAbE. R THLA rHC

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 (#)-A°-THC, e. g. prepared according to any of the above procedures, can
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
of eluent/min. Detection of products in the eluent can be carried out by UV

absorption at 228 nm.



Fractions containing pure (+)-D9-THC were conbi ned and
evaporated to dryness on a rotary evaporator under

WOoreehiétt1pr essure at a tenperature (water bat RCTGP2@6/005761
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to 40 OC. Drying was term nated when the product
reached a constant weight (weight loss is |ess than
0.2%in 5 to 6 hours under a,yacuum of less than 1.0
nbar) to give the target corrg und (+)-D9-THC. The

conmbi ned sanpl e, which was used in the follow ng step
(preparation of crystalline ()-D9-THC) had a purity
(HPLC) of 94.3% 6.19.3 Preparation of Crystalline
()-D9-THC A 100 ni reactor was charged with a sol ution
of The fral@ione mpntammgjﬂ)—@ -THE ERICHE 8o1dbing¢d afd c&%:nmitdd under

o‘?edt[‘)‘?eég;%é r%stég’ de%%sﬁ rEféEIﬁgéQ%@ har@% 'ghg%ﬁlg a gurify of

0GHdoshé4 ring continued for 5 hours at0 OC. The
m xture was cooled to -15 OC and stirred for 48 hours
at t he sarre tenperature. Precipitated solids were

Jr eﬁa lé)Bf ?ffg!'nl{ltglr trald;grka?nzgﬁ ’gFIl%d(am td;g?nblfnléeldlffg)rgd:\gncentrated under
prl%ﬁﬁééﬂq)r@stsm%ﬁo Pfovidetrais-PRANTHRPIQN aé Wik VRcdus reddish-yellow
constant weight to row de 3.5 g of racem c D9- THC.
Af @ibhavipga pemb/rqfs% - ZIds predudtnpstpredrie ptfeagecr apd prefeesed from
cr%'gsntt%ml n)((s racemc D9 THC was obtained. This materi al

char actsri zed by powder X-ray diffraction, HPLC,

mel ting point determnation, differential scanni ng
cal ori net rgngSC) t her rral gr avinmetric anal yS| S (TGA)
and i nf r ar d9spBxamplek, Preparation and Chavagtprizatis
fol | owi ng SIX secﬂoﬁkﬂﬁﬂ.‘ﬂﬁﬂd@iﬂ_’ﬂﬁﬁa
Diffraction (PXRD o% Crystalline ()-Do- THC The povvder
X-4-. é%/ldli’rfepftramn -pat fletrahysirocangahiagli frave n¢Gamabiliit was

deter mi ned according to nmethods known in the art using

CH,ClL,

n-Cannabidiol (-)-A9-Tetrahydrocannabinol

A 250-mL reactor was charged with dichloromethane (240 g) and boron trifluoride
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
contain (-)-A’-tetrahydrocannabinol ((-)-A*-THC) (80.8%), n-cannabidiol (CBD)
(4.46%) and A%-iso-THC (12.3%).



PWB050/ 60 goni oneter, PWB0O1l 5/20 RTMS detect or
(X Celerator). The analysis was perfornmed with
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second count per 0.017 step over a two-theta range of
5to 35. The results are shown in FIG 1 and summari zed
in Table 1. TABLE 16.19.5 HPLC Analysis of Crystalline
()-D9- THC HPLC anal ysi s was-¢arried out usi ng a
LaChrom System 2 (Merck-Hitachi; Merck K&A,

Dar nst adt, Germany/ Hi tachi Instrunents, Inc.,
Separation Systens G oup, San Jose, CA) and indicated
a purity of 98.8% (FIG 2). The colum used was a

HyPR¢ feaktidaDiXtire8va3 poufddantio id&Water 416 Fandaheéiiixture was stirred
Mobi | e phase (A: nethanol, B: water, C  THF);

71020 avppssas @ 7 Dhe dichloranethaedayarivasyigpshed successively with

719 9 % | ' 0 0 uC f
LS SRS DAl e ARG el 0
f i Kegldivhloemeaiire soRRBnnds, dribdroper athydrus 26di0G sultae (15 g), and

results are presented in FIG 2. 6.19.6 l\ﬁlti ng Poi nt
of Sty taF pyanoratsd prrer rrauprbpigaiurs Al GGr W tsmperature of the water

YahAb!drfdé 14 B oGBS dIPgﬁéiH 99 _%Bﬂtgin%n%it?k%Tﬁg%?-THC,

cr
(Zurich,” Swtzerl|Tan melting point instru
meddcorigngioi kL Gasalgss.er m ned to be 63.3-64.0 0C,
6.19.7 Differential Scanning Calorinmetry of
Crystalline ()-D9-THC Di fferential scanning

Ca(!i.‘i’gbnprt'\elgé(raﬂd‘)n 6f yStafltisge () - D9- THC was per for med
usi ng a ttler Tol edo DSC822e i nstrunent pél\/bttl er

Tol+db- THIS wastpueparahboghromsipemphitesepiiption pfragemic A’-THC ona
crystallin -D9- THC .was._ac tely wei [ 40
o PR T b AR R R R PR ) SO il

peBéMihaGeehdnyyl. THhRceAMPALTWaEsw heapaatadtbylilash/chiomEtégraphy
over a range of 25 0C to 320 OC with a nitrogen gas .
puthgaughpderck salumn 18 xhmay) dilerek; Bagnstadt, Germany) packed with

Chiralpak® AD™ (Diacel: Tokyo, Japan) 20 pm chiral stationary phase (loading
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 (+)-A’-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
(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%.

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



6.19.8 Thermal Gravinetric Analysis of Crystalline
()-D9-THC Thermal gravinetric analysis was perforned

WORgVap3diMet t | er Tol edo TGA/ SDTA851a i nstr unme®CI/EP2006/005761
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Approxi mately 15 ng of crystalline ()-D9-THC
wasaccurately weighed into a ceram c pan. The sanple

was heated at 10 C mnute over the range of 25 0Cto

320 OC with a nitrogen gas pﬂlP%é. The results are
depicted in FIG 4. 6.19.9 Infra-Red Spectroscopy of
Crystalline ()-D9-THC The infra-red spectra were

acquired using a N cloet Inpact 410 FT-1R Spectroneter

(Ni col et Instrunment Corporation, Mdison, W) equipped

wi § PC aThe kxthechantcaideEn (1¥di martirmél Yor 43asdul} Atfthe same

D ffuse Refl ectance Accessory using a 5% di spersion_ of

a ‘sapsraursf Pegojpitatgd sohids perepmlteeied gf/ tiltgtiqng Washadgm the filter
pPo _ . 0

P AR S RIS 0 DRAIRRE bl Sy BN 35 - (et bath
ovempehguraptoe conshar weghge ptotide M5lg bHrad@al ARTHC. After two
Maj or peaks. were recorded at 3325, ﬁ926, 2863, ,[1[%%2
15tPESryysiigations Sipm pdigptang, 77 g of seystallingggeemip A-1HG fras

a0 s Fois et WS Shordr ey pidor X, R o PLC
ar meliimgipotre deiermiraGon Ali fectnfidl GeaBingcal Grimhotry AD3G)Y thg®al

SRS LSRR A Sl Bk o ol OB HBF i

di HbRsekikeéRions.has al so been characterized by both
1H NWVR (FI G 6A-6D) and 13C NMR (FI G 7A-7D). The data
in Tables 2 and 3 bel ow are provided for conparison

Wi t,hg dat f El.G 6A-6 FLG 7A- 7D 9

reb o Pl S RanD G R RREPL L Pt ot G .

ProNd plesder XS tYNaTYactibn pat@ipachsallinf (1A’ NWRC Ghe dieahined

Shifts Conparison of a (-)-D9-THC Reference Standard )

wi 29¢ordingstoznetheds dgnoyexsingthe git yping £ AN ALY TICAL (Phillips/PANalytical
Inc.; Natick, MA), X’Pert Pro MPD x-ray powder system (CuKa radiation,
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.



(1966) J. Am Chem Soc. 88: 367) Table 2 Table 3

provi des a summary of a conparison of 13C NVR Chem ca
WOSHiG/13894Conpar i son of a (-)-D9- THC Ref erence SBCAVRF20$/005761

with literature values (Archer et al. (1977) J. Og.

Chem 42: 490)Table 3 The 1H NVR spectra obtai ned upon

anal ysis of crystalline trans
according to the nethods di sd

pgSed

- THC prepa

herein are

red

presented in FIG 6A-6D. The 13C NWVR spectra obtai ned
upon anal ysis of crystalline trans-()-D9-THC prepared
according to the nethods disclosed herein are

presented in FIG 7A-7D. The present

i nvention

i s not

to be limted in scope by the specific enbodi nents
di scl osed in the Exanpl es which are i ntended sinply as

|IIustfay!ons of a feM/asPe . k he |nvent|on and
o0 RO T BT (i< UM "o et o, e
modi f[° @Zhetahls @puntsk: i nyéndThetali n hddi tAdn’ tn t hdensity [%o]
shows.@evd descrigqogRohier ei . Mi3lzl becons.&RRar ent t ©00.00
{nose, ST el T BT apfare T ANoRISEO AT ol
W t -A—thne—Stope ol ne appcnucu crat s,
ref aréehkd®s h vemﬂéelr? cited.202Re en |r1@7(§|2§él osure@lcﬁc7
whi ghigagegohel ebwsprgzor por atiedsher e| n Ryspes erlence. 32
r ans 2080 ect At oo anetibor -apd g8 (¢ 13.05
phar{n@e¥?ti cal |30986ept abl08d8r ri ef . 201ﬁ9%onD05|ﬂﬁéﬁ
conriz4ing tranﬁ&z@)mtg t efori@aydr ocanna@am wher €7 83
Crand (B0t et 18yt ocan i hol—apd 30207 "¢ 1891
phard&é@@ﬂicalKvﬂééﬂéptabpé98érrler. 3.27R%¥oslage flormh
comrie4ag al t heggapeut i calplig7ef f ecti vesamesint| of 19.71
crystg{3sge 824.73 0.2900 4.88753 423
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




trans-()-D9-tetrahydrocannabi nol and a
phar maceutical | y-acceptable carrier. 4. A dosage form
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trans-()-D9-tetrahydrocannabi nol, wherein said dosage
formis fornmulated with crystalline
trans-()-D9-tetrahydrocannabinol . 5. The conposition
or dosage form of any one of 182 2i ns 1-4, wherein the
crystalline trans-()-D9-tetrahydrocannabi nol conprises
at least 95% preferably at |east 98% nore preferably
at least 99% even nore preferably at |east 99, 5% and
nost preferably at |east 99, 9% by wei ght of the total
an@mgts APLCARAAPIIN6T OysialiRALsL AOTIOS  ti on. 6. The

osition or dosage form of any one of clains
n‘géprﬁnp}yélséy%sgzpqu, gy using a LaChrom System 2 (Merck- Hltachl Merck

tr ﬁEﬁA( ba%st@%@t@gﬁ%{%ﬁgg&? ?Asﬂ%hxeﬁ%nﬁfc ﬁ ?%pﬁ%ﬁ&pg&ﬂéﬁly Group,

of trans ydrocannabi nofl

t r 8415Fds¢;,) C AParideindmhyed raqiaitynabd $18%0. (FIG 2Th@he cotpmsiusedvas a
or dosage form of any one of clains 1-4 erein the
motlapersii BDS 618 Waﬁgon( 150 p4.6 mpy splymn o Mabslsmhas (A gethanol, B:

Lr 0%s Qfﬁn‘ﬁ% gﬁ%kg@mgwﬁg@rfabwﬁ%ndéés gfahiynmoev 1%&95%9)‘24% in

from dbo t o about referably wt
a t(amy[mtm‘ 7t A/ 5B 4%0C Jorl 1 A mirauted) dlotv ratel 1 (mlg’mm;dbaectlon uv

fera fromab 05 to a 1.05:0.95 and
nD qteqtor eé’éda%?@e&gghézgnfg %emﬁﬁé%?%@- formof claim
3 or 4, wherein said amobunt of crystalline
trans-()-D9-tetrahydrocannabinol is within a range of
f r Bhe rebalts are plesenjed i BKO4t 100 ny, preferably within a
range of fromabout 0.5 ng to about 75 ng, nore
preferably fromabout 2 ng to about 50 ng, and nost

pr & @ bableltirde Futhtd Ty stall g (&pA%xtrm 25 ng. 9. The
dosage formof claim3 or wherei n sai d_anmount
cr ke melting point o stystal . (fthér ARVE e aRalEh gsIng 8 BowbutB -545

8O(Zﬁ?x’ch,%%erl%%d)‘%eltﬁg%ld{nt 2t henf PP melting point was determined to
be 63.3-64.0 °C.

6.19.7 Differential Scanning Calorimetry of Crystalline (x)-A°’-THC

Differential scanning calorimetry of crystalline (:t)-AQ-THC was performed using a
Mettler Toledo DSC822¢ instrument (Mettler Toledo; Columbus, Ohio).
Approximately 7 mg of crystalline (:b)-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.
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



10 ng or about 5 ng. 10. The conposition or dosage
formof any on of clains 1-4, wherein the crystalline
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process conprising: 1) allow ng
trans-(-)-D9-tetrahydrocannabi nol and
trans-(+)-D9-tetrahydrocannaE' ol to crystallize from

a first conposition conprisi g?'
trans-(-)-D9-tetrahydrocannabi nol,

trans- (+)-D9-tetrahydrocannabi nol, and a non-pol ar

organi c solvent to provide crystalline trans-()-D

-t et rahydr ocannabi nol, wherein the first conposition

| Sacotitaddl yedidhyd irfta) cecantit pan.aThe phasie ovas hegied at 100C/minute over

conprisin i), a first organic phase, and (ii) an

al b ﬁ%ﬂgPé’%géuétt‘i’ 29 fé%t {ragsl #7 PuRge-
trans-(-)-D9-tetrahydrocannabi nol and the
trans-(+)-D9-tetrahydrocannabinol; (b) separating the
t r'Bmsreful)s-dp® depitedyBl@dannabi nol and t he
trans-(+)-D9-tetrahydrocannabi nol fromthe

al cohol i c-caustic phase; and (c) contacting the

t r@[‘@Q(I'nh‘a@@ed: SlabNdHY ©R OPRRII R (i?W—TH@

trans-é})-D@- et rahydrocannabi nol fromstep (b), with
a Theninpeired spactjamiete swjuired using afNicleet mepact 4 K3 FT-IR Spectrometer
orl

cRESH SR OR. ho SR ggorea wit  Pike eshnologes
t r@ngtidoh) WIS -RL{DiathyaTee Refathmel Addessory ading hiszedikpasion of a
a first conposition gonprising o ) )

t reanwplq ofyarysaliipe fahdy d’,l“%@f,{gg, [ygntion in potassium bromide. The

tr - (+) - [9- c ' . -

o BB PR AT A0 i B OB i

t rsemssqver DR-waterminytdr camerdabdicnol to 400ecai 'n Mhjer peakstwere

comasard son2sontim 25 168 1978 1B BHABERAGS S tase,
(ii1psaf 13l ¢@0libsT c@aal i HoPHas &78 sm1abmd 186, 846, 807, 772, 727,

trans-(-)-Dg-getrahydrocannabinoI; (b) separating the
t riédsar(d §54Bgnt et r ahydr ocannabi nol from the

The spectra obtained are depicted in FIG 5A and FIG 5B.

6.19.10 'H and '*C NMR Spectroscopy of Crystalline (+)-A’-THC

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.



al cohol i c-caustic phase; and (c) contacting the
trans-(-)-D9-tetrahydrocannabi nol fromstep (b) with

WO208ai33¢4+) - DO- t et r ahydr ocannabi nol and a non- PET&P2006/005761

organi c solvent to formthe first conposition; or II1)
all owi ng trans-(-)-D9-tetrahydrocannabi nol and
trans-(+)-D9-tetrahydrocannabinol to crystallize from
a first conposition conprisihg*-
trans-(-)-D9-tetrahydrocannabi nol,

trans- (+)-D9-tetrahydrocannabi nol, and a non-pol ar
organi c solvent to provide crystalline
trans-()-D9-tetrahydrocannabi nol, wherein the first
conposition is obtained by: (a) formng a biphasic
conposition conprising (i) a first organic phase, and
(ii1) an al coholic-cgustic phase containing
trans-(+)-D9-tetrall drocannabi nol ; (b) separating the
trans-(+)-D9-tetyad fromthe

al cohol i c-causti ¢ (c) contacting the
trans-(+)-DO-tetra S 4 fromstep (b) with
trans-(-)-D9-tetrah droum| and a non-pol ar
organi c solvent t™Eormt S coﬂp05|t50n orlV)
al l owi ng trans-(-) Ly
trans-(+)-D9- tetrahydrocannablnolato crystallize from

a first organic conposition conprising

trans-(-)-Do-t et rahygeaeansaliitl of (HLANSHCY) - D
-tetrahydrocannabi nol, and a non-polar organic sol vent

to provide crystall|ne

trans-()-D9-tetrahydrocannabinol, wherein the first

or g g p cﬁ}?@é%%' dubfflar g%fg% Qﬁ?onbé‘f "HRME @B%[&l Shifts

flrst asi c conmposition onpr|3|ng (1 I rst
or@mpmq@haﬁa (-)aNdTHO Befarenad Stahd;zhrdomda]mlstanare vhhse (Taylor ef al.

5 ¢ HROBbEh e et Eoss A ocannabi mol -

10

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 CH,4 1.69 1.65 S 3 - -
gem di-CH; 1.09 1.08 3 - -
1.42 1.38 3 - -
Q-CH; 0.88 0.88 t 3 - -

Table 3 provides a summary of a comparison of '>*C NMR Chemical Shifts
Comparison of a (-)-AQ-THC Reference Standard with literature values (Archer et al.

(1977) J. Org. Chem. 42: 490)



(b) separating the al coholic-caustic phase fromthe

first organic phase;

(c) contacting the separated

WO0e@13894lc- causti ¢ phase with acid to provi de PEA/EP2006/005761
acid-treated al coholic phase containing

5

10

15

trans-(-)-D9-tetrahydrocannabi no
trans-(+)-D9-tetrahydrocanna
second bi phasic conposition”

ik

and
(d) f

ormng a

rising (i) the acid

treated al coholic phase of step (c) and (ii) a second

or gani ¢ phase;

of step (d) containing

tra

ns-(-)-

D9-t et rahydr ocannabi no
trans- (+)-D9-tetrahydrocannabi nol ;
the separated second organic
non- pol ar organic solvent to

1phase

and

(e) separating the second organic phase

and (f) contacting
of step (e) with a
kd the first organi c

conmposition;, or V) allow ng
t r ans-GarhonDO t e Cheriyd Shiftappmalbi rjol Carbgn Chemical Shift (ppm)
traps- (+) - D94t éixpahydr ddtarstiabi ol to cryst Bkiti ze fkigpypture
a S=Conﬂrpr9dnlQs&?nDCSIHB@E CCWDRH&»”Q 123.5 123.7
trans= tet IyUI ocannabit
trans- ﬁ¥b DQ,tptgéHvdrocé ﬁéblrolcxwﬁh noﬁiﬁolar 336
organlaxmolvent1uD6prcV|d@26rystaBMCHe 19.4 19.2
t rans- D9-Tetr, droca i nal, reijn t Secjond
or ga faf E\d(r\)nrthCI f?(?\i -9 ngil'aglgnor hég\@ﬁ ot nr?i?*q afi rég's
bipwasﬁémbonposﬂﬁi%n ¢onpPt-$i nd |%C%;f|rst2b§gan|c 233
phase, c@ny (||)1@m0alcohqbgg ccusthq;phase gout ai ni ngs4
t heftrans=—(==DB9=—tetrahydrocannabi —(b)—se dra’(l ng
t he_al oli¢-callstic nhaefrrmtftgfqut gani 0.5
phase; C(6) cont atto ng themSEparatedCalcoholBcécaust|GL4
hage h acid rovidg an acid eat|ed ohqglic
Sha;e g%htalﬁlngigrgn‘ 25 cetrgﬁédrﬂcan?%u.nil 22>
(d) | for%dng a séﬁénd blph§§1c dgonpé$i tian codhpri |ngl5-O
t he| acicoyt r eat edsgd cohol i1g3 phage of step (c) and ja
secondorgani t phase; {(e) separ ating the second

organi ¢ phase of step (d) contai ning

t rﬁ]eS1I(I_I‘3MR9s})tegttre{ AALe %Sgnngn%'lys?sl of crys(éallme trans-(+)-A°-THC

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

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.

A number of references have been cited, the entire disclosures of which are hereby

incorporated herein by reference.



(f) contacting the separated second organi c phase of
step (e) with trans-(+)-D9-tetrahydrocannabi nol and a
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conposition; or VI) allow ng

trans-(-)-D9-tetrahydrocannabi nol and

trans-(+)-D9-tetrahydrocannabinol to crystallize from

a second organic conpositionlgénprising trans-(-)-D

-t et rahydr ocannabi nol ,

trans- (+)-D9-tetrahydrocannabi nol, and a non-pol ar

organi c solvent to provide crystalline

trans-()-D9-tetrahydrocannabi nol, wherein the second

organi c conposition is obtgrpedis (a) formng a

first biphasic conposition conprising (i) a first

organi c phase, and (ii) an al coholic-caustic phase

containing the trans-(+)-D -tetrahydrocannabi nol; (b)

separating the al coholic-caustic phase fromthe first

or gani cARbamesitios compritiag ctysallimetraraay-af eetrahydrocannabinol and

al cohol i c-caustic phase wiith acid to provide an

ach Bharpagewigally-aensplabie ¢iESe cont ai ni ng

trans-(+)-D9-tetrahydrocannabinol; (d) formng a

Croated A ABnol S CORRRLhL AR EEIPY Rl ey kAN RG] wherein said

or gampasitjzias éormulated Wwith ofystal bepaanst (Hgh ttéteahydmmanhabinol and a

organi c phase o f s d) containing trans-(+)- D

- t&%ﬁﬁ?%@i}x’ﬁﬁ%ﬁpﬁhf&a&ﬁ%‘ (f) contacting the

separated second organic phase o f step (e) with

t rans- (A)dosdR-tbeh caimpeEias anRabpaubicalinerfetine BmBaAtAST crystalline

organi c sqglvent to formthe second organic )

c oipssd-Loretrahydropgenabined ged a phapmnceutiqallygegepgablecarrier.

wherein the dosage formis a unit dosage form 12. The

dogage LM thrrf bohHidihg o HrfkutitalfPERcAde bitbuft'
trans-(+)-A’-tetrahydrocannabinol, wherein said dosage form is formulated with

crystalline trans-(+)-A’-tetrahydrocannabinol.

5. The composition or dosage form of any one of claims 1-4, wherein the
crystalline 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

composition.

6. The composition or dosage form of any one of claims 1-4, wherein the
crystalline trans-(ﬂ:)-Ag-tetrahydrocannabinol consists essentially of

trans-(-)-A’-tetrahydrocannabinol and trans-(+)-A9-tetrahydrocannabinol.

7. The composition or dosage form of any one of claims 1-4, wherein the molar
ratio of trans-(-)-A’-tetrahydrocannabinol to trans-(+)-A’-tetrahydrocannabinol is

within a range of from about 0.8:1.2 to about 1.2:0.8, preferably within a range of



parenteral adm nistration, transnucosa
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treating pain, enesis, loss o f appetite or weight

| oss conprising admi nistering to a manmmal in need o f
such treatnent an effective anpunt o f the conposition
or dosage formo f any one olf7claims 1-4. 14. A

met hod for preparing a cannabi noid conposition, the
met hod conpri sing aaddnmm i xxi i nngg
ccrryyssttaalllliinnee ttrraannss--(())--D 9
--tteettirahydrocannabi nol and a

phabfe®eut 0.0al 1 ¥-He6e Pl @Y, endid prdferablylffom Abs®ichesd1 DS ko about
preparing a cannabi noid dosgge form the nethod

c oh9P 103 andaaest eraferably abppekdi ve anount o f

crystalline trans-()- D9-tetrahydrocannabi nol and a

phar mac j - ac . =T i

DA o e J6Bbe KordCHRRLAP B £ 3le8h sabimdbalBE dodai ot

C otrs (&) 119 - teteginyslt ddangabiimdl s witkinl axagge of firora abawmtrtal nigto about
dth f bi noi d it i Sj

tn ﬁg@%@gﬁrﬁeg‘é@lﬁy Svawrg% Ifqrrl&lg Og%%%%éf b% r;ngC t%nﬁ)rolutS%] g‘l g?more

cr ?&f@éﬂl}' AN AR 0 PRy deht SWGr ALARB&RIERIably from about 5 mg to

optionalTy adm xed with a phariaceuti cal | y-accept abl e

caaloueRS nfg7. The net hod of claim 15 or 16, wherein
said crystalline trans-()-D9-tetrahydrocannabi no

COQpris t | east %. ef erabl v _at. .l east . 98% r

o oF er abis Rispef BRI oI L LR Ao Shideliti o RaE,

9% Bbé @’ esdhyaf RbAfiAMII i94boue8s ingd SbARMDNyBbEII20ahg, about
the total amount of cannabinoids in said conposition

1810 mgeor ghoWoumef cl ai m 16, wherein said crystalline
trans-()-D9-tetrahydrocannabi nol, optionally adm xed

Lrans: Jyar oce !  2am x
f om Sefli%{dgxg;%f%iﬂdnctﬂtéo)fa GERRLARMFE B flhifks 1-4 Swhétef the

romthe oup consi sting
crystalline trans-(+)-A’-tetrahydrocannabinol is prepared by a process comprising;

I) allowing trans-(-)-Ag-tetrahydrocannabinol and
trans-(+)-A’-tetrahydrocannabinol to crystallize from a first composition comprising
trans-(-)-A’-tetrahydrocannabinol, trans-(+)-Ag-tetrahydrocannabinol, and a
non-polar organic solvent to provide crystalline trans-(:i:)-Ag-tetrahydrocannabinol,
wherein the first composition is obtained by:

(a) forming a biphasic composition comprising (i) a first organic phase, and
(i1) an alcoholic-caustic phase containing the trans-(-)-A’-tetrahydrocannabinol and

the trans-(+)-A’-tetrahydrocannabinol;

(b) separating the trans-(-)-A’-tetrahydrocannabinol and the

trans-(+)-A’-tetrahydrocannabinol from the alcoholic-caustic phase; and

(c) contacting the trans-(-)-A’-tetrahydrocannabinol and the
trans-(+)-A’-tetrahydrocannabinol from step (b), with a non-polar organic solvent to

form the first composition; or



of powders, granules, mcroparticles, nanoparticles,
and m xtures thereof. 19. The nethod of claim 16,

woRewBBflsai d crystalline PCT/EP2006/005761
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trans-()-DO-tetrahydrocannabinol is delivered to the

| ungs of said mammal from a nechani cal device suitable
for pul nonary adm ni strati on_and capabl e of depositing
said crystalline trans-()-D9- 9%trahydrocannab|nol into
the lungs of a manmal, preferably the device is

sel ected fromthe group consisting of a powder

i nhal er, a unit dose inhaler, a nmetered dose inhaler,
a punp spray, and a nebulizer. 20. An oral cannabinoid
dosage lflpilmxﬁﬁ?ﬂ'ahﬂ NN° Aethdhfy@iocaMEBARD] bh@n and a
second conposi wher ei n the first conposition
conmprsr(sw dettahydapennaboail Itg/ereﬁthﬁxzte ifiom & froatl gbmbsition comprising

crystallife trans-()-D9-t cannapi nol, and t
setéfﬁﬁc( k%ﬂf?&@hﬂ%?ﬁ"é‘éh‘ﬁf’ érégs ﬁy ?@Ea@x ecagpghinel. 6‘#{1 an

c{nr{q%glgra&rgé F?Ql‘(/@ﬁtstg E&lé{'&ﬁ&gﬁ{ i aﬁé g%oca etrﬁﬁdr}f{:a%abmol

I'ne tr nna

pr@ﬁae&hha fisic8mpaanbdn isobtah&rtyed from the group
consi sting of SR 141716 A, SR 144528, and conbi nati ons

t her eof (a2 ¥ornliRg aWifHasaBARLifiGh doRBASEE (i) Qrﬂﬁﬂfr§&{1é‘bﬂése, and

20, wherein the second conposition IS coat ed
i n(iig an alsoblelsmtanstie phasgepntamingimarset e A’-besby drokariiabinol;
| ayer. 22. The oral cannabi noid dosage form of claim

20, wh ng? isBparatink GleYshall)iAtaetrahydrocannabinol from the
trans D9-t et rahydr ocannabi nol conprises at | east

o59sqhoditwangiophase; [apdst 98% nore preferably at | east

99% even nore preferably at |east 99.5% and nost

pr ef er ab) goradctingdlsd trAs- @Mﬁyetmhy@btammbmbbfrbmtmp (b) with

anmount of jcannabi noids in said first conposition.

Trféanér(av Aigtrpirosanaingh gad 1 Bpmrpeler ETgéPIﬁ S?b’enmefPEP he first

Fﬁﬂ ﬁ)cgpp05|t|on and the second conposition are
eac ependently in a formselected fromthe group
IIT) allowing trans-(-)-A’-tetrahydrocannabinol and

trans-(+)-A’-tetrahydrocannabinol to crystallize from a first composition comprising
trans-(-)-Ag-tetrahydrocannabinol, trans-(+)-Ag-tetrahydrocannabinol, and a
non-polar organic solvent to provide crystalline trans-(i)-Ag-tetrahydrocannabinol,

wherein the first composition is obtained by:
(a) forming a biphasic composition comprising (i) a first organic phase, and
(i1) an alcoholic-caustic phase containing trans-(+)-A’-tetrahydrocannabinol;

(b) separating the trans-(+)-A’-tetrahydrocannabinol from the

alcoholic-caustic phase; and

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

composition; or



consi sting of powders, granules, mcroparticles,
mul tiparticul ates, nanoparticles, beads, and m xtures
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the group consisting of powders, granules,

m croparticles, nultiparticul ates, nanoparticles, and

m xtures thereof, dispersed hﬁ a

phar maceuti cal | y-accept abl e” Ffix. 24. The ora
cannabi noi d dosage formof claim20, in the formof a
two-1ayer tablet having a first |layer conprising the

first conposition and a second | ayer conprising the

second conposition, wherein the tablet is coated with

a coat i ng diiddingliraiol- 1S tdtanhl Mo cainab@ehand?5. An oral ,
control |l ed-rel ease, cannabi noid dosage form suitable

f otrar8-(Houy -tettghydmeannabina? 4o exystiallie Siomgya fipst grgampmepmposition
patient conprising a pharmaceuti cal | y- accept apl :
e R S M TR e 7|t?9%f@é§f@v§§&ﬁﬁiﬁwabmoh and
of | ine: .t - ()= r naR_ :
ook Bbt bisafiosbARAC hrpiat EhsAKERRRTERR Ifan dcihnabinol,
meBérel the 6irst Sheaniy @mpasiivnriobbtathed dlyease, cannabi noi d
dosage form of claim25, wherein the

control dag Cfofn@i'ng A st BbRdsiAdomposiRhehReisingqm d first Skl phase,
consi sting of hydrophobic polymers, hydrophilic )
poindnfi) sn algaheljc-gaustie phasd spitaminghe dtansi(9-A vietx@rydrocannabinol
shell acs, oils,q an ) xtures thereof. 27. The oral,
cdﬁ@ﬁEFP@ﬂ*@@ﬂéé?ggngbﬁﬁﬁﬁ? B9ld dosage form of claim

25, said dosage formafter admnistration to a human

pat i ent(b) peparaingiealaohalichaustigphasedron thefinghenganig phase;

to about 1, preferably fromabout 0.55 to about O0.85;

mor e pr(e) epalbecing thesepdraied alPoBglic-enustiq phasgpgth acid to provide an

pr ef er abl r ahout 0.60.tq aboyt,O. 70 and sai.d

ol erey alepP Sl Ao PRl BT S Raginol and
| e@ss- (@02 et2thyBRIASnabMdEr €i n Cmax is preferably a
sub- psychotropic-threshol’d concentrati on.

(d) forming a second biphasic composition comprising (i) the acid treated

alcoholic phase of step (c) and (ii) a second organic phase;

(e) separating the second organic phase of step (d) containing

trans-(-)-Ag-tetrahydrocannabinol and trans-(+)-A’-tetrahydrocannabinol; and

(f) contacting the separated second organic phase of step (€) with a non-polar

organic solvent to form the first organic composition; or

V) allowing trans-(-)-Ag-tetrahydrocannabinol and
trans-(+)-Ag-tetrahydrocannabinol to crystallize from a second organic composition
comprising trans-(-)-A9-tetrahydrocannabinol, trans-(+)-A-tetrahydrocannabinol, and
a non-polar organic solvent to provide crystalline trans-(:t)-49-tetrahydrocamabinol,

wherein the second organic composition is obtained by:



28. The oral, controlled-rel ease, cannabi noid dosage
formof claim30, wherein said crystalline
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95% preferably at |east 98% nore preferably at | east
99% even nore preferably at |east 99.5% and nost
preferably at |east 99.9% by g@ight of the total
anmount of cannabi noids in said dosage form 29. The
dosage form of claim25, wherein said nmatrix conprises
a plurality of nmultiparticulate matrices, wherein said
multiparticulate matrices are preferably conpressed
into a tablet, disposed in a
phar mac@ytfbaaink w-fascisphaid @ngapiitheotipriinguosetirst dSlrgamc phase,
pharnaceutlcally acceptabl e sol ution, gel, ;suspensio

or anskfif) 8n aleohalis-cansie phass soptgiming e sagpin =y rtéﬁﬁalwr%annabmol
solid, oral, controlled-rel ease, cannabi noid dosage
f or m cofprsepimgng the adcobpliofcaistic (phmrfam'l lge farst organic phase;
therapeutically-effective amount of crystalline
t rans- ((c) @ntaeting@thydepaated aliohollic-taustc phase with acid to provide an
pharnaceutlcally accept abl e control | gd-rel ease

nedcd-rgpted gicohalkephase sendainge trangi(nrss otethé‘F%mﬁlHEOI
control |l ed-rel ease material conprises a matriXx
sel ect ed) foronng heecagnd biphesinsosippsitjon fompdsiog Histrced treated

ot ST e SR GhERP B g v T 'ur”efie” ved

thereof formn control | ed-rel ease . .
formi L) SRPRiATkihg SSChRd RIS BASE P! Sam I COIINBN o

r -Bﬁfe'n%% rollr%bidlbdn@ C24/Cm L: ratio of from
about .b5 to a out 1, preferably fromabout 0.55 to

about O, re pr r t

0.75 rmff%%?te mrgatgFgé arr%%iécon n%g%g’(th ag)e% ‘%p @?%{ﬁ

angai- (el ageiytifocehideaiol had a abnlpeRs braahitol At tofohs the second
32. The process of claim30, wherein said crystalline

tﬂH§®n€POWBO$@@haﬁydrocannab|noI conprises at | east
95% preferably at |east 98% nore preferably at | east
99% even nore preferably at | east 99.5% and nost

V1) allowing trans-(-)-A’-tetrahydrocannabinol and

trans-(+)-A’-tetrahydrocannabinol to crystallize from a second organic composition
comprising trans-(-)-AQ-tetrahydrocannabinol, 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 (i) a first organic phase,

and (i1) an alcoholic-caustic phase containing the trans-(+)-A9-tetrahydrocannabinol;
(b) separating the alcoholic-caustic phase from the first organic phase;

(c) contacting the separated alcoholic-caustic phase with acid to provide an

acid-treated alcoholic phase containing trans-(+)-A’-tetrahydrocannabinol;

(d) forming a second biphasic composition comprising the acid treated

alcoholic phase of step (c) and a second organic phase;



preferably at |east 99.9% by wei ght of the total
anount of cannabi noids in said dosage form 33. A
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transdermal adm ni stration of
trans-()-D9-tetrahydrocannabi nol, wherein said
conposition is fornmulated with crystalline
trans-()-EB-tetrahydrocannabﬂﬁ%F and a
pharmaceutical |l y-acceptabl e carrier adapted for
transnmucosal or transdermal admi nistration. 34. The
cannabi noi d conposition of claim33, wherein said
crystalline trans-()-D9-tetrahydrocannabi nol conprises

at | easte) YeParaingitRrsabdnd @panie phise D8 Yep )y @npisingr abl y

at least Q9% even nore preferably at [east 99.5% and
motranspaflertaisalydsacaneabinologndios by wei ght of the tot al
anmount of cannabinoids in said conmposition. 35. A

met hod {frecoatintimg Seaepargted servnd Oygadic phase of step (€) with
-tetrahydgocannabinol to a patient. in need {hereof,

t hga%%%égrteé@hﬁﬁ?ﬁogw@bmwﬁaoraﬁoléf eBrioya b orip B he second
cr [ r-ans- () -D9-t etrahydrocannabi nol and a

phg ﬂ%éﬁ?&@%ﬁﬁglacceptable carrier to provide a
conposition, and adm nistering the conposition to the

patj ent- t . i ' .
Cotiosi THodoshle Sl {13l 2 6LE' Thetn PEEELE K 2 unit dosage

geformor suspension or in formof a dry solid or a dry
powder. 37. The nethod of claim 35, wherein the

phay maceutical | y-accept.able carrier, is sol.vent. .and.

P combbe feenta & Quful fofiters damEd FutRg daoimiehaion
35partfiefat hinili8rafeh] td bl hiRind@atiBh StBkidthafh@ninistration,
carried out by the patient and preferably the

10 aden adnginistratien by inbalatived out i nmedi ately after
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adm xi ng. 39. A use of an effective anmount of the

copposi ti t : i DG .
CORES! NG efSEA0E, LALR TRSEE 1400 00008, moriing
t r sdrhimeyidringfto pahaimmal in need of such treatment an effective amount of the

composition or dosage form of any one of claims 1-4.

14. A method for preparing a cannabinoid composition, the method comprising
admixing crystalline trans-(+)-A’-tetrahydrocannabinol and a

pharmaceutically-acceptable carrier.

15. A method for preparing a cannabinoid dosage form, the method comprising
admixing an effective amount of crystalline trans-(i)-Ag-tetrahydrocannabinol and a

pharmaceutically-acceptable carrier.

16. A method for administration of trans-(+)-A’-tetrahydrocannabinol comprising
depositing into the lungs of a mammal in need thereof a cannabinoid composition

comprising a therapeutically-effective amount of crystalline



enesi s, |loss of appetite or weight |loss for the
treatnent of a manmal in need. 40. A use of a

wozerwgedt i cal |y effective amount of crystal | iPGg/EP2006/005761
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trans-()-D9-tetrahydrocannabi nol, optionally adm xed
wi th a pharmaceutical | yacceptable carrier, in the
production of a nedi canent, Eggprising t he deposition
of trans-()-D9-tetrahydrocan inol into the |lungs of
a manmal in need thereof. 41. The use of clai m 40,
wherein said crystalline
trans-()-D9-tetrahydrocannabi nol conprises at |east
95% preferably at | east 98% nore preferably at |east
99%ansaep’ ne ghydrozhemablol, @tiohitpidiIRed Wit nost
preferabl¥ at least 99.9% by weight of the total
a euticalnasseriablecarmiersai d conposition. 42. The
use of claim40, wherein said crystalline
trans-()-D9-tetrahydrocannabi nol, optionally adm xed
with a %Wﬁﬁ'@é@f rcéanll;i oadéewh%mesa@a@rwtélﬂme. sina
fotrrgﬂss é%mtgtga }1.11&1% rﬁﬁ%&% 89&5# fetaF (y)f 91%%?)0% least 98%,
gr anul'es, nlcr Icles, opa es and

t hebeOfrefedablyl htelem 09%, e@érﬂhﬁie‘kﬁefevﬂ’wy &t 18ass &b (5% and most
crystalline tran t rahydr ocannabi_nol

b irertin at ot B8P hyS/esab SR HApHRP A anabihoids in said

ne Isifn device suitable for pul monary
adm ni stration and capable of depositing said
crystalline trans-()-D -tetrahydrocannabi nol of a

ggg%s‘?g tTIEJ 8@@6 V\élairﬁ 1%%?&%%%afd &?&t& faedroup

i nha ose inhaler, a
metrarsee) 8arah|ybaicemnabm@,mpmosﬁii3agdmdd svithebul i zer .

f
B CH P B SR Ao HGck Braghs g fonisting

of o ApHRELS, HFEA e RITBOh iR q%b%grngleéranafrﬁ&ﬁﬁesvtﬁereof
anount of crystalllne trans- tetrahydrocannablno

and a pharmaceutically- acceptable carrier to provide a

gg{gl’os'ﬂ@rﬂetﬁﬂg ofEFIM 18! $hiel Lifcrsaamas! tion to the

trans-(+)-A’-tetrahydrocannabinol is delivered to the lungs of said mammal from a
mechanical device suitable for pulmonary administration and capable of depositing
said crystalline trans-(i)-Ag-tetrahydrocannabinol into the lungs of a mammal,
preferably the device is selected from the group consisting of a powder inhaler, a unit

dose inhaler, a metered dose inhaler, a pump spray, and a nebulizer.

20.  An oral cannabinoid dosage form comprising a first composition and a second
composition, wherein the first composition comprises a therapeutically-effective
amount of crystalline trans-(ﬂ:)-Ag-tetrahydrocannabinol, and the second composition
comprises an effective amount of an agent that is adverse to the pharmacological
activity of the crystalline trans-(i)-Ag-tetrahydrocannabinol, preferably said agent is
selected from the group consisting of SR 141716 A, SR 144528, and combinations
thereof.



45. The use according to claim44 wherein the
conposition is in the formof a solution, enulsion,
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powder. 46. The use according to claim 44, wherein the
pharmaceutical |l y-acceptable carrier is a solvent and
the conposition is a solution, 47. The use accordi ng
to claimd44, wherein the adni%1hg and the

adm nistering are carried out by the patient. 48. The
use according to claim44, wherein the adm ni stering
is carried out imediately after adm xi ng the
crystalline trans-()-D -tetrahydrocannabi nol and a

phar, mace drelfdahiataséie fosdpeFoR OF LIRIm 0O, Wh&¥intdBe tdt@nd
conposition. 49. The conposition according of claim1

orcopipmisition is ededewvith anénner e splublrelayeraand ap)oufyy bysesqlable
cqgngcterized by powder X-ray diffraction data that is
paft{ially or fully equivalent to that of Table 1.

22.  The oral cannabinoid dosage form of claim 20, wherein said crystalline
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 first

composition.

23.  The oral cannabinoid dosage form of claim 20, wherein the first composition
and the second composition are each independently in a form selected from the group
consisting of powders, granules, microparticles, multiparticulates, nanoparticles,
beads, and mixtures thereof, contained within a capsule; or

selected from the group consisting of powders, granules, microparticles,
multiparticulates, nanoparticles, and mixtures thereof, dispersed in a

pharmaceutically-acceptable matrix.

24.  The oral cannabinoid dosage form of claim 20, in the form of a two-layer
tablet having a first layer comprising the first composition and a second layer
comprising the second composition, wherein the tablet is coated with a coating that

dissolves in the stomach.

25. An oral, controlled-release, cannabinoid dosage form suitable for 8-hour,
12-hour, or 24 hour dosing in a human patient comprising a

pharmaceutically-acceptable matrix comprising a therapeutically-effective amount of
crystalline trans-(+)-A’-tetrahydrocannabinol and a pharmaceutically-acceptable

controlled-release matenal.
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26.  The oral, controlled-release, cannabinoid dosage form of claim 25, wherein
the controlled-release material is selected from the group consisting of hydrophobic
polymers, hydrophilic polymers, gums, protein-derived materials, waxes, shellacs,

oils, and mixtures thereof.

27. The oral, controlled-release, cannabinoid dosage form of claim 25, said
dosage form after administration to a human patient, providing a Cz4/Cax ratio of
from about 0.55 to about 1, preferably from about 0.55 to about 0.85; more
preferably from about 0.55 to 0.75; most preferably from about 0.60 to about 0.70
and said dosage form providing a therapeutic effect for at least about 24 hours,

wherein C,,;, is preferably a sub-psychotropic-threshold concentration.

28. The oral, controlled-release, cannabinoid dosage form of claim 30, wherein
said crystalline 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.

29.  The dosage form of claim 25, wherein said matrix comprises a plurality of
multiparticulate matrices, wherein said multiparticulate matrices are preferably
compressed into a tablet, disposed in a pharmaceutically-acceptable capsule or

disposed in a pharmaceutically-acceptable solution, gel, suspension, or emulsion.

30. A process for the preparation of a solid, oral, controlled-release, cannabinoid
dosage form comprising the step of incorporating a therapeutically-effective amount
of crystalline trans-(+)-A’-tetrahydrocannabinol into a pharmaceutically-acceptable

controlled-release material.

31.  The process of claim 30, wherein the controlled-release material comprises a

matrix selected from the group consisting of hydrophobic polymers, hydrophilic
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polymers, gums, protein-derived materials, waxes, shellacs, oils, and mixtures
thereof, forming a controlled-release matrix formulation, said dosage form after
administration to a human patient, providing a C,4/C,, ratio of from about 0.55 to
about 1, preferably from about 0.55 to about 0.85; more preferably from about 0.55
to about 0.75 most preferably from about 0.60 to about 0.70; and a therapeutic effect

for at least about 24 hours.

32.  The process of claim 30, wherein said crystalline
trans-(z)-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.

33. A cannabinoid composition for transmucosal or transdermal administration of
trans-(+)-A’-tetrahydrocannabinol, wherein said composition is formulated with
crystalline trans-(i)-Ag-tetrahydrocannabinol and a pharmaceutically-acceptable

carrier adapted for transmucosal or transdermal administration.

34.  The cannabinoid composition of claim 33, wherein said crystalline
trans-(z)-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

composition.

35. A method for administering trans-(+)-A’-tetrahydrocannabinol to a patient in
need thereof, the method comprising 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.
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36. The method of claim 35, wherein the composition is in the form of a solution,

emulsion, gel, or suspension or in form of a dry solid or a dry powder.

37.  The method of claim 35, wherein the pharmaceutically-acceptable carrier is a

solvent and the composition is a solution.

38.  The method of claim 35, wherein the admixing and the administering are
carried out by the patient and preferably the administering is carried out immediately

after admixing.

39. A use of an effective amount of the composition or the dosage form according
to any one of claims 1-4 in the preparation of a medicament for the treatment of pain,

emesis, loss of appetite or weight loss for the treatment of a mammal in need.

40. A use of a therapeutically effective amount of crystalline
trans-(+)-A’-tetrahydrocannabinol, optionally admixed with a pharmaceutically-
acceptable carrier, in the production of a medicament, comprising the deposition of

trans-(+)-A’-tetrahydrocannabinol into the lungs of a mammal in need thereof.

41.  The use of claim 40, wherein said crystalline
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

composition.

42. The use of claim 40, wherein said crystalline trans-(+)-A’-tetrahydrocannabinol,
optionally admixed with a pharmaceutically-acceptable carrier, is in a form selected
from the group consisting of powders, granules, microparticles, nanoparticles and

mixtures thereof.
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43.  The use of claim 40, wherein said crystalline
trans-(+)-A’-tetrahydrocannabinol is delivered to the lungs of said mammal from a
mechanical device suitable for pulmonary administration and capable of depositing
said crystalline trans-(:t)—A9-tetrahydrocannabinol of a mammal, preferably is
selected from the group consisting of powder inhaler, a unit dose inhaler, a metered

dose inhaler, a pump spray and a nebulizer.

44. A use of a composition comprising trans-(+)-A’-tetrahydrocannabinol, in the
preparation of a medicament comprising 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.

45. The use according to claim 44 wherein the composition is in the form of a

solution, emulsion, gel or suspension or in the form of a dry solid or dry powder.

46. The use according to claim 44, wherein the pharmaceutically-acceptable carrier is

a solvent and the composition is a solution.

47. The use according to claim 44, wherein the admixing and the administering are

carried out by the patient.

48. The use according to claim 44, wherein the administering is carried out
immediately after admixing the crystalline trans-(+)-A’-tetrahydrocannabinol and a

pharmaceutically-acceptable carrier to provide the composition.

49.  The composition according of claim 1 or claim 2, wherein the crystalline
trans-(+)-A°-THC is characterized by powder X-ray diffraction data that is partially
or fully equivalent to that of Table 1.



