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PREPARI NG DELTA- 9- TETRAHYDROCANI dA$I NOL ESTERS BACKGROUND OF THE | NVENTI ON

Del t a- 9-t et rahydr oeannabi nol (THC, al so onabi nol ) o4
bi ol ogically active conponent in the Can@ﬁ&n&mﬁ Emmnﬂhlch has 2A§2§%$§ved
by the Food ag % g, Adm ni stration (FDA control oL ﬂg é?V?

vom ting aSSOCIate W t h chenot herapy and, n%P®2fecently, ar e
stinmulation of AIDS patients suffering from the wast i ng syndrone. The dr.ug,
however, shows ot her biological activities which | end thenselves to
possi bl e therapeutic applications, such as in the treatnent of glaucoma
(1), mgraine headaches (2,3), spasticity (4), anxiety (5), and as an

anal gesi ¢ (4) MEtiob SobepRRNG DIEIA-PFINTRANYD RO NGIRIMOIAEETERS I €5 of
THC that marijuana has been brought into a public debate relative its
medi ci nal val ue. The bal ance betmeen ned|C|naI use of a drug and the abuse
potential is a delicate balz=hee=t S e _HRY fotnt s brought by the
medi ci nal marijuana proponents is the fact that the currently avail abl e
soft gelatin capsule fornulation is very expensive and | acks consistency in
its effects. The |Relts-Puiahradpygirgcppnakprel nEtHbasddooknphe fact t hat

oral THCpRasaBifal) Ciabsey piadien bfleﬂil;fLBElgﬁsié‘@i\f‘é esdnipddlentr 86t thés subj ect

to the fi rshaRass %_étr(\i%xlc%s It| gehn g ,yeémg%\q%é sr.@o\gl Ldg pb?ﬁ' ctl on of

hi gh | evel's 8t 118 eS|ra ST de ect's. Ano her
fornulatﬁéﬁlmhﬁﬁhat%o%LﬁﬁQﬁhIﬁ@ruﬁéérCGEV@@%ﬂﬁﬁﬁﬂaqﬁﬁaaa@ﬂoyémaél%%n5|stlng
of THC haeﬂssamté@tmﬁmrdndnaaltteﬁrtapyaaﬁdppmré afeedtSsy, (Gpr dpbsties mul atl on
appears 0 S 0 P an

nae beon " SHENEC RO Qs BefTlals P BREALE " Sl WOl BL RREPELMAAR 20,

Prelim na??ec‘#?‘hgcakllo‘?%t is§akEoASheR o P R fa&tlt‘ﬂ%ltéefso‘r’]h’cﬁlat]‘r%’rﬁi (8,
9, 10). kheimsebnés Cipaiextibiat tokhepedtit fappill eitions, wshkhbes f o1 téteom ng

in Lighty §%%Eg%1mf lad ol 08} | Rubbeid D aRRIics At by}  sss el aannabi s.

23 July THE | resent i_nventjon conprises an
econom ¢ ‘Bl ocBFEFEE BN anaQQfPéléﬁtaﬁ?%%%§£ §5 coﬂWeﬁF RECFEE 1V i ts
ester. StKheeaﬂamsis:qwamnqotlammelyaetmbtl%m/ﬁarﬁmorth@ﬂ: Meicijeana shasst er

di sti nQUbéeﬁsb{r&egrpE qsfﬁm d @ma&boaef)a@@ M@aﬁx}@&t@r headegRsdi vlve, the
presentnEFvent or %g(nnwe o &gge%; %F%P aratlgg of a conpound of
t he fornuf'& 1@?% TORIY (?nlg‘ tere) 2 1T ROR a%%%ts an aryl
group, waptenpiatelss a delicate balance. One of the main p01nts brought
by the medicinal marijuana proponents is the fact that the
currently available soft gelatin capsule formulation is very
expensive and lacks consistency in its effects. The latter point
could be explained based on the fact that oral THC has erratic
absorption from the gastrointestinal tract, is subject to the
first-pass effect resulting in heavy metabolism with production
of high levels of 11-OH-THC, and undesirable side effects.
Another THC formulation which is currently under development is a
pro-drug consisting of THC hemisuccinate formulated in a
suppository base (6). This formulation appears to overcome the
proklems associated with the oral preparation and has been shown
to produce consistent biocavailability in animal studies (7).
Preliminary clinical investigations show promise for this
formulation (8, 9, 10). It is anticipated that other THC
formulations will be forthcoming in light of the current interest
in the therapeutic activities of cannabis.
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20 conprises reacting delta-9-tetrahydrocannabinol with an acid halide or
-aci d anhydride, having R as the residue group, in the presence of a

4-am no-substituted pyridine and a further organic am ne. The2Dygppogs an ne
may be, for exanple, an organic 25 nono, di or trialkyl am ne. The
esterified THC can be purified by col um chromat ography and/ or by HPLC.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON 30 The process of the present
invention represents an efficient and econom c nethod for converting THC to
the ester form In formula (I) Ris typically an acyl group having a 23
July 2003 pol ar side chain. BUMMARYHOF RHES TAIVENAIONOf the formula O | -
C- R 5inwiich R is an alkyl group containing a carboxyl group, a salt
of a carboxyl group, or an amino group. Most preferably R has from2 to 10
carbon atons. | MTle mmmmeoﬁrermmliafremormrismsiatwe@d:émast:iIsrcbdﬂ@ddjleei est er
of 10 succi n| aci d. - Anot usef ul pol ar ester i s @_2 em ester_of malonic
acid. It hgs (ﬁﬂ]%%ﬁﬁﬁf%QKﬂp% X9 ot RO S HAY &b% Xyt§e @EFF group of
the ester, Thor abeongd equatrttaﬁ\atrmmw}mﬂwwﬁnmmﬁlm el TH@sté het sodi um
and pot assi ur%sal&s are_al so us&fsul 15 The corg)ounds are di scl osed and

descri bed iY e BRE HNd 1 U S OPat e NS BERRY, 375.
These estemx&nnpounds are hydrolysed |n the bl ood streamreleasing THC to
provi de a high ree of b|o |Iab|I of the THC without regard to
patient conditi N5 Yand el ik ® Bt e BF A HedhP 1SS

esterifiedfloy tﬂhﬁs rpeﬁa;tamlcdn BHC avddmpiuret gafhitheadiockmidld derjor preferably
ofr gani (fCId anhydride in the presence of a 4-am nosubstituted pyridine in
adm xture with an organic anine. 25 The 4-am ne-substituted pyridi nes can
be represented by the general formula: NR~-R2 30

M

15 (CHy)4CH;,

in which R represents an acyl group, which process
20 comprises reacting delta-9-tetrahydrocannabinol with an
acid halide or acid anhydride, having R as the residue
group, in the presence of a 4-amino-substituted pyridine
and a further organic amine.
The organic amine may be, for example, an organic
25 mono, di or trialkyl amine. The esterified THC can be

purified by column chromatography and/or by HPLC.
DETAILED DESCRIPTION QOF THE INVENTION

30 The process of the present invention represents an
efficient and economic method for converting THC to the
ester form.

In formula (I) R is typically an acyl group having a

-2 -



o~ N _3_ 23 July 2003 in which R and R2 are each independently H,
wopti‘onally substituted | ower alkyl or optionally substituted aryl, or Rl
and R2 can be taken together to forma carbocyclic or 5 heteRdcyuil20035- or

6-menbered ring. Illustrative substituted pyridines include, for exanple,
4di r net hyl am nopyri di ne and 4-pyrrolidinopyridine. The invention wll be
further described in the Exanples which follow 23 July 2003 PREPARATI ON

OF DELTA- 9- TETRAEHYDROCANNABI NOL Ei EM BUCCI NATE ( TaC- H5 ) COMPARATI VE
EXAMPLE NO. 1: To one gram of pure THC (purity about 95% was added one
gram succi ol sanhyidid dehaaintl 3@ aelf guakildi ke iandh tdwoueast i te N XEmii Ba was
refluxed for 24 hours. The reaction m xture was poured over 100 nil iced
wat er and extracted with ether (30 nl X 3). The ether extracts were

conbi ned, dried over anhydrous Na2SO4 and evaporated to dryness {TLC
exam nation using silica gel plat e,OldeveI opi ng sol vent: hexane- et her
(80:20), visualizing agent: fast hlgepolution, showed that the yield was
about 3G 40% . The residue was mxed with 5 g silica gel and 5 nl et her.

The dried slurry was transferred on to the top of a
in which R’ is an alkyl group containing a carboxyl group,

a salt of a carboxyl group, or an amino group. Most
preferably R’ has from 2 to 10 carbon atoms. In a
preferred embodiment of the invention R is the hemiester of

10 succinic acid. Another useful polar ester is the hemi-
ester of malonic acid. It has been found that salts of the
terminal carboxylic acid group of the ester, for example,
the N-methyl glucamine salt as well as the sodium and
potassium salts are also useful.

15 The compounds are disclosed and described in U.S.
Patent No. 4,933,368 and in U.S. Patent No. 5,389,375.
These ester compounds are hydrolysed in the blood stream
releasing THC to provide a high degree of bicavailability
of the THC without regard to patient conditions and

20 anomalies.

THC obtained by any means is esterified by the
reaction of THC with an organic acid halide or preferably
organic acid anhydride in the presence of a 4-amino-
substituted pyridine in admixture with an organic émine.

25 The 4-amine-substituted pyridines can be represented

by the general formula:

NRR; "
30



silica gel colum {40 g silica gel, dinensions: 3 X 50 cm). Elution was
~carried out with hexane-ether mxtures in a manner of increasing
polarities. The fractions eluted with hexane-ether (9: 1) and3eluhc2008ere
conbi ned and evaporated to give 0.442g of THC-HS (33% yield). - 5 23
July 2003 COVMPARATI VE EXAMPLE NO. 2: To one gram of THC (95~ purity) was
added 0.5 g anhydrous Na2C(O3, one g=am succi nic anhydride, and 20 nil dry
benzene and the reaction m xture was refluxed for 24 hours. The reaction.
m xture was filtered and the filtrate was evaporated to dryness. The

resi due showed THC-HS content between 17-20% usi ngh' PLC anal ysis (C18

col um usi t i ‘4 ARATI VE
EXAMPLE NOQ%WH(;% é&grﬁk g(gafr’%l;lt ?nég%ﬂd@étggd gpg%bnsuc inic
anhydri de, s@xb&&:g;m:qmyrlromexdlaﬂdgylr i e taineh 201 y smmmmrm, reaction
m xture was kept [ oom 3. ho TL n hovved t hat
t he format ?ién gfj ?F—ICC?% Was a outyé(g %%ér H‘Eeyéénéc |%‘Eﬁ§§1 x?giegwés |l e

over ni ght  fhert eXbdyotiris ditd ot G-enembersst agiaig. (tlfﬂelu-stmfaﬂ}'{ié HS was about
30-50~). Then th reaqctlon g xture viadref uxed for. 4 pur s (~ of THCG H5
was 75. 6k EPCES GedtG ot i xtUr € wa"ép]re’fl uxed for another 20
hour s afteldmieer}@dmntﬂrmpyﬁldldﬁ) ag1d)f4-4>yrpxw]rm:lurcbpmdurda ne. HPLC anal ysis
showed no i nncreas . the $ of, .THC bout 7 23 July 2003
COVPARATI VE EXA%%LGE% eNf10R, Wi é’raf e(r9§escd$ﬁtﬁf} s htided 0.5 g
succi ni ¢ amEkpthplds WBickd fINadw. ar _d 20 ml dry benzene and the reaction
m xture was | eft at room tenperature over weekend (72 hours). TLC

exam nation showed that the % of THC-HS was snall (about 20-30% . The
reaction m xture was refluxed for about 24 hours, but the TLC exam nation
showed no increase in the yield. HPLC anal ysis showed that the $ of THC HS
was about 14.8. COVPARATI VE EXAMPLE NO. 5: To one cram TFC (purity about
S~) was added 0.5 g succinic anhydride, 0.8 g 4-pyrrolidinopyridine and 30
m benzene and the reaction m xture was refluxed for 24 hours, filtered and
the filtrate was TLC exam ned. TLC showed that the % of THC- HS was about
50-60%. HPLC anal ysis showed that the $ of THC-HS was 60$%. The reaction

m xture was worked up as follows: The benzene was evaporated and the

resi due was-chromat ographed on a silica gel colum ( SO g silica gel, 3 X
50 cmin dinensions). Fractions eluted wi =h hexane-ether (9: 1) and
hexane-et her (25: 15) were contained and evaporated to give 0.7g of THC-HS
(53% vyi el d)



23 July 2003 EXAVPLE NO. 1 To 1.1g THC( purity 95% was added 0.46 g
succinic anhydride, C. 66 m triethylamnne, 78 ng 4-dimethyl am nopyri di ne
and 20 m nethylene chloride. The reaction m xture was |eft abﬂHmygpo
tenperature for 3.5 hours. TLC exam nation showed that all the ag been
converted to THC-HS. The reaction was worked u~ as follows: the solvent was
distilled off and the residue was purified on a silica gel colum (50 g
silica gel, 3 X50 cmin dinensions). Fractions eluted with hexane-ether
(9:1) and hexane-ether (8:2) were conbined and evaporated to give |.3l g of
THC-HS, 95% purity using HPLC analysis. The total yield of THC HS was
90.32. ' _ g _ 23 July 2003 EXAMPLE NO. 2 To 0.5 g of pure THC (98%

purity) was added ci_ni ri-de,, .Q m.tLiethyl amine, 39 ng
4- di met hy| aminOpyggﬁA&ﬁ%&"O?”&' ek F pitclinhb iy

e ‘“@ﬁfﬁgdqlﬁ’ﬂ He reacti on was

left at roomtenperature in - ‘ The sol vent was _
distilled off and the residue was mxed with 1 g silica gel and 1 m ether.
The dried slurry was transfeOMPARATIVE EXAMPIGE NO.di:1 i ca gel colum (7 g
silica gel 60, dinmensions: 1 X 50 cm. Fractions eluted with hexane-ether
(9: 1) and hexane-et'her (85:15) were conbined and evaporated to give 0.59g
of THC-HS (95.2 pifiqnde §SitAgCAPPEr andiy sty i tyhabeetabSYi efad ¢HdFHC HS was

88.5. EXAMPLE NO. 3 .Ta 0.5 re. T 98~ _purit was .added 0,23 g

tcol ni BRAnTyH (A 0L APV EFEET A ha- 2 g e oF RR e A RERGRFR i ne,
‘and 10 gt pRtdylene GHhQehdeor The KKad.i ornwasehetloAtn {00t ggperature in
the dark for 24 hours. The reaction m xture was worked up as in Exanpl e No.
7 to giyveuPedlgpearf 1DHCHE 5cé6whtsatirdaridy ensiragt HPLGE einad 4ksdirs (30 The ¢ ot al
yield of THCHS was 89.8. _ g _ 23 July 2003 EXAMPLE NO. 4 To 2 g of THC
(purity3ls aBvutetde:) exisagtdete e FPTPiogdei AFécAntRRN iatdydrods ml

triethyl am ne 60 4-di met hyl am ropyridi ne, .and. 40 mi methyl ene

chl ori d%a}zg'?heél? actd a\)\7§§1rrlg8f r%?e§%o{r#1tce SFPAPAFEOF oF S YW RSESe The
reacti ofe Mddiee A%l BB ng WS rvdifl:URe@8nkDe EXEAD} 60 N 645 Epactians el uted
with he§2n§¥ether (95 1? %%d hé&ane-efhe? (%5.IS)twere)corx%lgﬁgd}'a:fr}g;S

evapor adgthtt:0 fgiswe b2u24go biit Jd1G- HRowethtABt 6Bheuyidlyd whieazbehal yiel d of
THC-H5 was 85%. EXAMPLE NO. 5 To 1 g of THC (purity is about 92~) was added
0.46 g ¥Udd%Hi-c afhpdreabdud vasminedevhfhabi esiliangel and 5 ml

9-di met hyl am n ridin d 20 m_ nethylene chloride and the_reaction

m xt ur eer%fsr‘ke%?‘%afiriﬁ‘grﬁa?‘érﬂﬁ’éP”zi‘tsuftéa?%fﬁﬁ’f?(‘gf%? tZ’4 th"ﬁugg‘? he® sol vent was
di stillad s0ff and bhgnsepidug was A xed, Wildleds Gl ica ggl cgnd 1 nl ether.
The dried slurry was chromatographed on a silica gel colum 10 g silica

gel , diBensicoonszs cXrbledmyt wWEtachegaseet tihed mixdndeexanea eidrefe 21) anal
hexane- et her (85:15) were conbi ned and evaporated to give 1.17g of THC HS,
(88. 7 VitEIE@RS 1THePTHEF HE 9%si dlé WASCHhGRTH. S FEcaft dttbofrapheteidiera silica

?‘ﬁlc- CHgl 980}(5);8&%:1? Iﬁ&:f’lecg vgeez.lé c%'mg?.gseldogrsldl e%apSOOraCter tt% gluelle dO ’) 4 402%C o%f pure

THC-HS (33% yield).

8 ]




- 10, 23 July 2003 EXAMPLE NO. 6 To I g of THC (92% purity) was added

‘0. 46g succinic anhydride, 0.7 m triethylam ne, 80ny

4- di met hyl am nopyri di ne and 20mL met hyl ene chl oride and the r2adbly 2003

m xture was kept at roomtenperature in dark for 24 hours. The sol vent was
distilled off and the residue was dissolved in 10 ml hexane and transferred
on to the top of a silica gel colum (1 Qg silica gel, 230-400 nesh, lot G
42352, dinmensions: 1 x 50 cm. The columm was eluted with hexane (100 m),
foll owed by hexane-ether 195:5)(100ml], hexane ether (90:10)(100 n] and
hexane-ether (80:20)[300 m]. The last fraction was evaporated to give 1.2g
of THC-HS (98~ yield), purity was aqver 98% ] HPLC anal ysis. COVPARATI VE
EXAMPLE NO. 6: To 50 ngC succi ni ¢ anhydride, 0.04
m _triethylamne and chloride and the reaction m xture was kept at the

dark for 24 hours. TLC exam nation (sili~ devel oping system Hexane-ether
80: 20) showed 30-40%.0. Jida Radrheenssorueried tRsTHEES. cagded 25 ng 2.5
m et hyl ene roomtenperature in ~a gel plate, that only about - 11 23

July 20@3hGENPARANE MB s EXAMPLE aNOsuécToi 50amhyy dxf i dBHC afypueiot mli 6rP8% was
added 25mg succinic a~-ihydride, 5 ng 4-dinmethyl an nopyridine and 2.5 ol
net hyl eR€RERREr pEE BRRl XFECTiOACRIBFIRE Mak &atddReptoat 24 ceritenpdhature in

the dark for. .29 hours. TLC i nation ilig el _pl ate, devel opnent
et om SRESEAGE AT TED ) TARDRER (TN ek e Eks et ot R Hied EBen
CP”VE’rtﬁgyLQs;rHC'H?e(Qés'i%%%) showed THC-HS content between 17-20% using-

HPLC analysis (Cl8 column using MeCOH:H0:Acetic Acid at a ratio

of 80:20:0.01).

COMPARATIVE EXAMPLE NO. 3:

To one gram THC (purity 95%) was added 0.5 g succinic
anhydride, 0.35 ¢ 4~-pyrrolidinopyridine and 20 ml benzene and the
reaction mixture was kept at room temperature for 3 hours. TLC
screening showed that the formation of THC-HS was about 20-30%.
The reaction mixture was left overnight for 24 hours and TLC
examined again (the % of THC-HS was about 30-50%). <Then the
reaction mixture was refluxed for 4 hours (% of THC-HS was 75.6%,
HPLC analysis). The reaction mixture was refluxed for another 20
hours after the addition of 0.30 ¢ of 4- pyrrolidinopyridine.

HPLC analysis showed nco increase in the % of THC-HS (about 73%).
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23 July 2003 WO 00/ 29402 PCT1US99/ 25141 REFERENCES 1. El Sohly

Harl and, E.; and Waller, C. W, Cannabinoids in glaucoma II: The

effect of dlfferent cannabi noi ds on the intraocul ar pressure @8 Jjulyeoogbbit;

Curr. Eye Res.; 3(6):841 -850, 1984. 2. E1-Mallakh, R S.; Marihuana and
m gr ai ne, Fbadache 27 (3) :442-493, 1987. 3. Vblfe Z . ; Dvilansky, | .A
and Nat han, | . ; Cannabinoids bl ock rel ease of serotonin fromplatelets

i nduced by plasma frommgraine patients; Int. J. Clin Pharnacol. Re
5(4):243-246, 1985. , 4. Maurer, M Henn, V.; Dirtrich, A ; and Hof mann,

A

Del t a- 9-t et rahydr ocannabi nol

S. ..

a single case double-blind trial; Eur. Arch. Psychiatry Cin. Neurosc .

240(1):1-4, 1990. 5.- Nthenmmmmmvﬂammmgﬂo Maul e, WF.: Suppression
of the cardi ac conditioned response by ydrocannablnol A

conpari son with other drugs; Psychopharnmacol ogy, 50(2): 159-163, 1976.

23 July 2003 MD 0 | 29402 PCT/ 9 141 6 | Sohl .- Stanford, D. F.
e tyT, PRe d4agh b5,

Harl and, E.C.: D CPR ATATW PR*X 9. SBFEERLC . N,
and Jon R ctal av [ iqt f L tdah abi no
fromt he gr?%?tﬁ?m (r?at‘le egthgr fé&lnCIl arrétz)un ngyglrg]?ge‘ %??n artécglgu% 3&‘1%%?91842 945,

1991. 7.mifltooh wasMiAZL kbt tb&m <enperalturg tirkal yedkendHarkandurg ;

TLC examination showed that the % of THC-HS was small (about
20-30%). The reaction mixture was refluxed for about 24 hours,
but the TLC examination showed no increase in the yield. HPLC

analysis showed that the % of THC-HS was about 14,8%,

COMPARATIVE EXAMPLE NO. S:

To one gram TEC {purity about 95%) was added 0.5 g
succinic anhydride, 0.8 g 4-pyrrolidinopvridine and 30 ml benzene
and the reaction mixture was refluxed for 24 hours, filtered and
the filtrate was TLC examined. TLC showed that the & of THC-HS
was about 50-60%. HPLC analysis showed that the % of THC-HS was
60%. The reaction mixture was worked up as follows: The benzene
was evaporated and the residue was. chromatographed on a silica
gel column ( 50 g silica gel, 3 X 50 cm in dimensions).

Fractions eluted with hexane-ether (9: 1) and hexane-ethexr (85;:
15) were combined and evaporated to give 0.7g of THC-HS (53%

yield) .

~1

shows antispastic and anal gesic effects in

13



Stanford, D.F.; and Wal ker L. A ; Rectal bioavailability of

del t a- 9-t et rahydr ocannabi nol from various esters; Pharmacol., Biochem,
Behav., 40:497-502, 1991. s 8. Mattes, R D.; Shaw, L.M; Edlipgd 083 J.,
Engl eman, K.; and El Sohly, MA.; Bypassing the first-pass effect for the
t herapeuti c use of cannabi noids; Pharm, Biochem, Behav., 44(3):745-747,
1991. 9. Mattes, R D.: Engel man, K ; Shaw, L.M; and El Sohly, MA. ;
Bypassing the first-pass effect for the therapeutic use of cannabi noi ds,
Pharmacol ., Biochem, Behav., 49(1):187-195, 1994. 10. Brenneisen, R ;
Egli, A ; El Sohly, MA ; Henn, V.; and Speiss, Y.; The effect of orally and
rectally adm ni stered delta-9-tetrahydrocannabi nol on spasticity: A pil ot
study with 2 patients; Inter. JEXAMPLEMNOnrhcol. and Therapeutics,

34(10): 446-452, 1996. - 14 23 July 2003 5 10 (1) ~CH2)4CH3 15 in which R
represents an aryl group, which process conprises reacting

del t a- 9-t et rahydr Qcannapi .Lh.gn i | J r i nhydri de, having
R as the residue ggogb?gi%(h\gu%rlg e%%ée:f &% %}ﬁgé?gugsgﬁu & pyri di ne
“and a fyReriaegani 66 ami e i 28 y2anfnd) OTESSy Mh@tﬂ?léﬁi&éﬁf@dﬁne‘mer ern
the 4am no-substituted pyridine is a conpound of the fornula:

and 20 ml methylene chloride. The reaction mixture was left at

2

room temperature for 3.5 hours. TLC examination showed that all
the THC had been converted to THC-HS. The reaction was worked up
as';ollows: the solvent was distilled off and the residue was
purified on a silica gel column (50 g silica gel, 3 X 50 cm in
dimensions). Fractions eluted with hexane~ether (9:1) and
hexane-ether (8:2) were combined and evaporated to give 1.3lg of
THC-HS, 95% purity using HPLC analysis. The total yield of

THC-HS was 90.32%.



25 30 ' CLAIMS: 1. A process for the preparation of a conpound of the formula
{1): NR~-R2 o~ Nin which R and R2 are each independently H, optionally
substituted |ower alkyl or _ 15 . 23 July 2003 optional | Y23&duis2002ut ed
aryl, or RL or R2 can be taken together to forma carbocyclic or

het erocyclic 5-or-6 nenbered ring. 5 3. A process according to claim1 or 2
in which Ris a group of the formula: 01 I -CR 10 in which R is an

al kyl group containing a carboxyl group, a salt of a carboxyl group, or. an
am no group.

EXAMPLE NO. 2

To 0.5 g of pure THC (98% purity) was added 0.23 g
succinic anhydride, 0,33 ml triethylémine, 39 mg '
4-dimethylaminopyridine, and 10 ml methylene chloride. The
reaction was left at room temperature in the dark for 24 hours.
The solven:t was distilled off and the residue was mixed with 1 g
silica gel and 1 ml ether. The dried slurry was transferred on
to the top of a silica gel column (7 g silica gel 60, dimensions:
1 X 50 cm). Fractions eluted with hexane-ether (9: 1) and
hexane~ether (85:15) were combined and evaporated to give 0.58g
of THC-HS (95.2% purity using HPLC analysis). The total yield of

THC-HS was 88.5%.

EXAMPLE NO.3

To 0.51 g pure THC (Sﬁ% purity) was added 0.23 ¢
succinic anhydride, 0.33 ml triethylamine, 40 mg
4~-dimethylaminopyridine, and 10 ml methylene chloride. The
reaction was left at room temperature in the dark for 24 hours.
The reaction mixture was worked up as in Example No. 7 to give
0.61g of THC-HS (96.5% purity using HPLC analysis). The total

yield of THC-HES was 89.65%.



4. A process according to any one of clains 1 to 3 1S wherein Ris the

hem ester of succinic acid. 5. A process according to any one of clains 1
to 3 wherein Ris the hem ester of malonic acid. 20 6. A procgsgupeees di ng
to any one of clains 1 to 5 wherein the 4-substituted pyridine is a

4-dil ower al kyl am nopyridine. 7. A process according to any one of clains 1
to 6 25 wherein the 4-substituted pyridine is a 4di net hyl am nopyri di ne. 8.
A process according to any one of clains 1 to 5 wherein the 4-substituted
pyridine is 4 30 pyrrolidinopyridine. 9. A process according to any one of

t he preceding clains wherein the organic amne is a nono-, di-, or
tri-lower - 16 al kyl anmi nEXAMPLE NOodess according to claim9,

wherein the organic amne is triethylamne. 5 11. A process according to
claim31 wherein Ris the ac%é resi due of succinic acid, the acid anhydride

is succinic anhy&Pl&egaﬁH THe RUddds iFsaRohbiuts®d as @eeesr Bs3hce of

A n R R R B Ak A AR AR g S
4-dlmethylamlnopyrldlne, and 40 ml methyvlene chloride. The
reaction was left at room temperature for 24 hours. The reaction
mixture was then worked-up as in Example No. 6., Fractions eluted
with hexane-ether (9: 1) and hexane-ether (85.15) were combined

and evaporated to give 2.24g of THC-HS with 98.6% purity. The

totzl yield of THC-HS was 85%.
EXAMPLE NO. 5

To 1 g of THC (purity is about 82%) was added 0.46 g
succinic anhydride, 0.7 ml triethylamine, 7% mg
4-dimethylaminopyridine and 20 ml methylene chlcoride and the
reaction mixture was kept at room temperature in dark for 24
hours. The solvent was distilled off and the residue was mixed
with 1 g silica gel and 1 ml ether. The dried slurry was
chromatographed on a silica gel column ( 10 g silica gel,
dimensions: 1 X 50 cm ). Fractions eluted with hexane-ether
{9:1) and hexane-sther (85:13) were combined and evaporated to
give 1.17¢g of THC-ES, (88.7% vyield). The THC-HS residue was

again rechromatographed on a silica gel column (10¢ silica gel,

th

dimensions 1 x 50 cm) to yield 1.03g of pure THC-HS (98% purity).
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ether (90:10) (100 ml] and hexane-ether (80:20) [300 ml]. The last

fraction was evaporated to give 1.2g of THC-HS (98% yield),

purity was over 98% with HPLC analysis.

COMPARATIVE EXAMPLE NO. 6:

To 50 mg of THC (purity is 98%) was added 25 mg
succinic anhydride, 0.04 ml triethylamine and 2.5 ml methylene
chloride and ‘the reaction mixture was kept ét room temperature in
the dark for 24 hours. TLC examination (silica gel plate,
developing system: Hexane-ether 80:20) showed that only about

30-40% of THC had been converted to THC-HS.

-ll_
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COMPARATIVE EXAMPLE NO. 7

To 50 mg of THC (purity is 98%) was added 25mg succinic
anhydride, 5 mg 4-dimethylaminopyridine and 2.5 ml methylene
chloride and the reaction mixture was kept at room temperature in
the dark for 24 hours. TLC examination (silica gel plate,
development system: Hexane-ether 80:20) showed that a small

amount of THC had been converted to THC-HS (25-30%).
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CLAIMS:

1. A process for the preparation of a compound of the

formula (I):

@

10 (CH2)4CH3

15 in which R represents an acyl group, which process
comprises reacting delta-9-tetrahydrocannabinol with an
acid halide or acid anhydride, having R as the residue

group, in the presence of a 4-amino-substituted pyridine

and a further organic amine.

20
2. A process according to claim 1, wherein the 4-
amino-substituted pyridine is a compound of the formula:
N
30

in which R, and R, are
each independently H, optionally substituted lower alkyl or

- 15 -
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., 10%&' ()-Torby@na}ly substituted aryl, or R, or R, can be taken

together to form a carbocyclic or heterocyclic 5-or-6

membered ring.

5 3. A process according to claim 1 or 2 in which R is a
group of the formula:
i
..__C.__ RI

10
in which R’ is an alkyl group containing a carboxyl group,

a salt of a carboxyl group, or an amino group.

4. A process according to any one of claims 1 to 3

15 wherein R is the hemiester of succinic acid.

5. A process according to any one of claims 1 to 3

wherein R is the hemiester of malonic acid.

20 6. A process according to any one of claims 1 to 5
wherein the 4-substituted pyridine is a 4-dilower

alkylaminopyridine.

7. A process according to any one of claims 1 to 6
25 wherein the 4-substituted pyridine is a 4-

dimethylaminopyridine.

8. A process according to any one of claims 1 to 5
wherein the 4-substituted pyridine is 4-

30 pyrrolidinopyridine.

9. A process according to any one of the preceding claims

wherein the organic amine is a mono-, di-, or tri-lower

- 16 -
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11. A process according to claim 1 wherein R is the acyl
residue of succinic acid, the acid anhydride is succinic
anhydride and the process is conducted in the presence of
4-dimethylaminopyridine and triethylamine.

10



