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DEXANABI NOL DERI VATI VES AND THEI' R USE AS NEUROPROTECTI VE PHARMVAEEM® idkFO~-9
COVPOSI TI ONS FI ELD OF THE | NVENTI ON The present invention relates to

phar maceuti cal conpositions for preventing or alleviating neurotoxicity.
Sai d pharnmaceuti cal conpositions conprise as their active ingredient the
Stereospecific (+) enantiomers, having {BS, 4S) configuration, of

[‘err]-tetrahydrocannabi nol (THC) type conpounds of general formula (1), as
defi ned herei nbel ow. 3DBX&K QB &ﬁﬁéﬁwmﬁ%ﬂs%e‘g’%nerat i ve

changes, as well as detunerRereceove CHARMBCEDNRCATL a0BMROSDTEONENg di rect
injury to the central nervous system (CNS), may result from pathol ogic
changes in the brain' s endogenous neurochem cal systens. Although the
preci se mechani sns nedi ati ng secondary damage are poorly understood,

post-traumatic neurochem cal chaRrged HRY THRC THIE ctivation of
neurotransmtter release or re-uptgke, changes in presynaptic ar
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i njury. Pharmacol ogi c nanipulationRof endogenous systens by such diverse
phar macol ogi ¢ agents as anticholidgrgics, excitatory am no acid

ant agoni sts, endogenous opi oi degrt-adeQiests, catechol am nes, serotonin

ant agoni sts, nodul ators of arachiAlorBd aci d, Ganti oxi dants and
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BACKGROUND OF THE INVENTION
'Chrpnic degenerative changes, as well as delayed or

secondary neuronal damage following direct injury to the
central nervous system (CNS), may result from patholdgic
changes in the brain’s endogenous neurochemical -systems.
Although the precise mechanisms ﬁediating secondary aamage
are poofly understood, post-traumatic neurochemical changes
may include overactivation of neurotransmitter release or
re-uptake, changes in presynaptic or pOstsynaptic receptor
binding, or the pathologic release or synthesis of endogenous
factors. The identification and characterization of these
factors and of.the timing of the neurochemical cascade after
CNS injury provides a window of -opportunity for.treatment
with pharmacologic agents that modify synthesis, release,

receptor binding, or physiologic activity with subsequent



free radi cal scavengers, steroid and |ipid peroxidation inhibitors,
pl atel et activating factor antagoni sts, anion exchange inhibitors,
fragnesi um gangli osi des, and cal ci um channel antagonists have all been
suggested to potentially inprove functional outcone after brain injury
(Ml ntosh, J. Neurotrauma 10: 215-243, 1993). The pathogenesis of a diverse
group of neurologlcal dlsorders has beeﬁ l'inked to exceSS|ve activation of
excitatory re tors. hgse di sorders_include eg eg % foca
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Neurotrauma 10: 215-243, 1993).

The pathogenesis of a diverse group of neurological
disorders has been linked to excessive activation of
excitatory amino acid receptors. These disorders include
epilepsy, focal and global ischemia, CNS trauma, and various
forms of neurodegeneration including Huntington’s chorea,
Parkinson’s disease and Alzheimer’s disease. There has been
extensive effort invested in the development of excitatory
amino acid receptor antagonists as therapeutic agents
(Rogawski, M.A., Trends in Pharmacol. Sci. 14: 325-331,
1993). '

Since no proven effective therapy for neuronal injury,

or degeneratlon, is yet known, and, for example, stroke alone
is one of the leading causes of death in many countrles, the
importance of finding such therapeutic NMDA antagonists is
self-evident. It will be important to determine whether
certain NMDA angagonists are more effective - or have fewer
side effects - than others in specific disease states.

Some of the compounds of general formula (I) are
disclosed in U.S. Patents Nos. 4,179,517 and 4,876,276. As
disclosed in said U.S. patents, these essentially pure
synthetic (+)-(3S,4S)-THC derivatives and analogues are

devoid of any undesired cannabimimetic psychotropic



are also effective against the diseases and conditions nmentioned above,
possi bly as excitatory am no acid receptor blockers, for exanple NVDA- or
=gl ut amat e- bl ockers or interaction with the glycine receptor, and are
effective in the alleviation and treatnment of many of the abnormal states
i nvol ving said neurotransmtter nediated toxicity. See U S. Patent No.

"5, 284, 867 and the di scl osure hereinbel© SUMVARY OF THE | NVENTI ON The
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The compositions of the present invention are
particularly effective in alleviating and even preventing
glutamate neurotoxicity due to acute injuries to the central
nexrvous system (CNS), such as injuries due to prolonged
seizures, compromised or reduced blood supply, deprivation of
glucose supply and mechanical trauma. The'present
compositions are also effective in alleviating other damages
to the CNS like poison-induced convulsions, considered to be
associated with amino acid receptors other than that of
glutamate, for example glycine.

The compositions of the present invention may also be
effective in the treatment of certain chronic degenerative
diseases which are characterized by gradual selective .
neuronal loss. In this connection, the compositions of the
present invention are contemplated as therapeutically
effective in the treatment of Alzheimer’'s disease.

The present compositions are of special wvalue in grand
mal seizures, glébal hypoxic ischemic insults, in hypoxia, ‘
alone or in combination with blood flow reduction (ischemia),
as well as in cases of cardiac arrest and in cases of abrupt
occlusion of cerebral arteries (stroke).



forebrai n menbranes by dexanabinol. Fig. 3 shows rescue of neurons in
culture frominjury caused by sodiumnitroprusside. Fig. 4 shows the.
anrovenent in neurol ogical scores after mddle cerebral artery occlusion"
I s accel erated by dexanabinol. Figs. SA 5B, and 5C show decreased infarct
area caused by mddl e cerebral artery occlusion after dexanabinol .
treatment. Figs. 6A and 6B show the efféct of dexanabi nol on notor function
of traumatized rats. Figsg % ﬁza%§35§&§@g§ﬁtap +adUpkhQRnek edema formation
in traumati zed rats treated w exanapl no ““8"ﬁ6ﬁ§'the ef fect of
dexanabi nol on B - ersrﬁﬂﬂW%rF‘?rtﬁ?‘Eﬁrﬁﬁgl%é%PR? “e /pf dexaRghd nedat
dexanabi nolblbemm dmmmnnnarhcﬂmed nj ot the une e ueed heupdhabol ic
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conposrtrons of resent i nvent
by middle cerebral artery occlus1on after dexanab1nol

treatment.
Figs. 6A and 6B show the effect of dexanabinol on motor
function of traumatized rats.

Figs. 7A and 7B show the reduction of edema formation in
traumatized rats treated with dexanabinol.

Fig. 8 shows the effect of dexanabinol on BBB disruption
following head trauma.

Fig. 9 shows that dexanabinol reduces the immediate
injury induced deficit in metabolic activity following CNS
injury. _

Figs. 10A and 10B show the long-term beneficial effect
of dexanabinol manifested electrophysiologically followzng
CNS injury.

DETAILED DESCRIPTION OF THE INVENTIbN, T

The present invention provides pharmaceutical
compositions to reduce or even prevent excitatory amino acid
neurotdxicity, due to acute injury or poisoning of the CNS,
such as 1n3ur1es due to prolonged seizures, compromised or
reduced blood supply, deprivation of =olucose supply and
mechanical trauma, and poisonings by, for example,
strychnine, picrotoxin or organophosphorus compounds.

The compositions of the present invention may also be
effective in treating certain chronic degenerative diseases

which are characterized by gradual selective neuronal loss.



are contenpl ated as therapeutically effective in the treatnent of

Hunti ngton's chorea, Parkinson's disease and Al zhei ner's di sease. As stated
above, the present conpositions are of special value in seizures, global
hypoxi c ischemc insults, in hypoxia, alone or in conmbination with blood
flow reduction (ischema) as well as in.cases of cardiac arrest and in
cases of abrupt occl usion. of cer ebr al arteries (stroke). One aspect of the
present invention rel ates phay maceut i cal npositjons for the purpases

set out abo¥®, q’hsv\ﬁ?’dﬂe?ﬁéoﬁctf: & FHBPBEFE?]P“F5°S EBRpBEAESRF fLRYEGEFO
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[err] aIkyI or - en or Cl-C5 al kyl

ydro
-RBN(R' )Z'Vﬁ%?%lhn[%%}fu¥§s sgbﬁg?izhyaﬁﬁﬁﬁ éﬁﬂ enif FPsulﬁﬁrchnnay be the
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alkyl, (b) P waceuthca\h%ﬂmp@sul?%s @FrEthPu’Eh‘a‘PﬁsoiBe%r@HéhébOEQf

al kyl whi chisreyhDéh sthetaétied Bhghb@ibRENLHAE ESHPSENAL OF Be AgEABPNN

group. or formula:

iy ()

having the (3S,48) configuration and being essentially free
of the (3R,4R) enantiomer, wherein A----- B indicates ‘an
optional 1(2) or 6(1) double bond,

R is (a) -Q wherein Q is a heterocyclic moiety having a
labile hydrogen atom so that said moiety acts as a carboxylic
acid analogue, (b) -R*X wherein R® is C1-C5 alkyl and X is
halogen, -OR’ wherein R’ is C1-C5 alkyl, or -OC(O)R‘‘’‘
wherein R’’’ is hydrogen or C1-C5 alkyl, (c) -R’N(R’‘)2
wherein R® is as defined above and each R’‘, which may be the
same or different, is hydrogen or Ci1-C5 alkyl which may
optionally contain a terminal -OR’‘‘’ or -OC{O)JR’‘‘’ moiety
wherein R’’’ is as defined above, (4d) -RS wherein R® is C2-CS
alkyl, or, when A----- B is absent, (e) -R¥OR'‘’ wherein R?® and
R’’’ are as defined above,



(c) -(CH2)nOR "' wherein n is an integer of 1 to 7 and R"' is as previously
defined, and pharnmaceutically acceptable salts or quaternary ammoni um
derivatives thereof. Another aspect of the present invention relates to
pharmaceutical conpositions for the purposes set out above, in which the
active ingredient is a conpound of the Earre -general forrmula R [err] having
the (3S,4S5) configuration and being ess ﬁtially free of the (3R 4R)

enanti omer, wher A te I . daubl
bond. In t#i éser‘r‘gb)gﬁr@ﬁ?og’?nt’ h2g> ngé l?‘%\lAg %r’ R%%)s Olr'-'%’f %u'n' [e’e"“rr]
is C-CS ahkyprentdoXsliyg Qafine€q OerMI)V\h@Ce(DI)R[ér’r}Nhes‘eanl iRfegdr icr as
branched al%XbigﬂLE?”XLflﬁgﬁlOghhyl aryl aryl al kyl, al kylaryl, or

no-

heterocycl pol hydroxyl ated or -hal ogenated

derivati veRbfissafa) rGidiGk? sa el v (%) RUGH » -ipovRicheRi [’ 6ris a

-OPJ err] - £8raZghherRhinBor graneﬁéaoazotsaamkﬁabmmtaJa yOlbe2MMDNi @ or is
an organlc amm i um cation -

a cyclic
ni trogen rﬁﬂpﬁﬁthE? cBEdtheo ménéB'OEBLSBHSP§§’F‘n6l%F phenyl Pé%’f"]f"[é?’?]
wherein R {(c)is(ar2iabrned shexeinDni $sChfl, ifitegexNBE 1, tEBY) [aard R ety
addi ti onal l be an al kal me cation, and Ais a pharmaceutically
accept abl et n%?g%ﬁ?PSPS% g%?éhgﬁ(o%ﬁh(b OC(O) ORerr]Y wherein R4 and Y
are as defpheﬂmabeue;CQE)-Y- @@G@PNHbMYsﬁhéﬁepﬁ Apageanvryr ammendam ned
above, (d) ein [err] and Y are as defined above and Z is
0, S, SO %%J?g'gn%g P{e‘}'(ygéiNH% RAA- wherein %err and_A are as defined
above, (f) CP@BPFPFB+?§PQH efnthe pregengecipy atipn, &elgtegyito oy, '

pharmaceutical compositions for the purposes set out above,

in which the active ingredient is a compound of the same
.general formula

(1)

having the (3S,4S) configuration and being essentially free
of the (3R,4R) enantiomer, wherein A~-~--- B indicates an
optional 1(2) or 6(1) double bond. 1In this embodiment of the
invention, however -

R is -R*X wherein R? is C1-C5 alkyl and X is (a) -0C(O)-R'Y
wherein R' is a linear or branched alkyl, alkenyl, cycloalkyl,
aryl, érylalkyl, alkylaryl, or heterocyclyl radical, or a
mono- or polyhydroxylated or -halogenated derivative of said
radicals and Y is -H, -OH, -C(0)O'B*, -S0O,"B*, or -OPO,* (B*),
wherein B* is.a cation of an alkali metal or ammonia or is an
organic ammonium cation, -N(R‘‘‘),.AH, -N(R‘‘‘);"A", or a
cyclic nitrogen radical selected from the group consisting of



Gis (a) a halogen, (b) Ad-C5 alkyl, or (c) -OR3X wherein R3 and X are as
defined above, with the proviso that Xin the definition of G nay not -OH
when X in the definition of Ris -OH, and R2 is as defined above, and
pharmaceutically acceptable salts or quaternary anmoni um derivatives
thereof. Those skilled in the art are wel| aware of the wide variety of
organi c and inorgani c acids and bases that may be used to make
pharmaceutically acceptable salts of pharmacol ogically active conpounds.
Such acids include, without I|imtatRon, hydrofluoric, hydrochloric,
hydrobrom ¢, hydroiodic, gutfyric, rN phosp citric, succinic,
mal eic, and palnitic acigg. ThBAhase i ncl yde ghe ﬁggp nds as sodi um and
annoniun1hydrOX|des L|kéwi__{(those killed in t e tjare famliar with
quaterni zing agents that can be used to make phar | cal ly acceptable
guat ernary ammoni um deri vatives of pharmacol ogi callyjactive conpounds.
These include without limtation nethyl and ethyl oGOt and sul fates. In
a currently preferred group of conpounds, R2 designates a
1, 1-di net hyl al kyl radical or a 1,2-dinethylalkyl radical with a total of at
| east 7 cahepe i ORS¢ Ai§0a@r@éemed albm@renumomz,ofo,stmi‘l NRNpoUNds:) ,
Particular]l e red oun ein
1,1 -dimeth %eﬁ% t %ﬁni %%y%%g%i§ﬁé ¥hﬁé Eé %SbaPneﬁPé 6flferr]
that are fmupuarmadéﬂhzmnﬂlysaemepbghbs inorganic 6nrorgenm$uanpgntﬁdbdve
activity t r o4 BLESEN nygn t el i eved that any
| ower or npﬁérgﬂa-ﬁqﬁkg% sur{s?tlatuentQ aFF ég éﬁ?ﬂngﬁeag?v?ﬁls position. One
group of pkef e‘r‘P OFERY, whegigisuRisandl ¥i agewrenfsfinedapboveos the
pr elsegtdl nwﬂtﬁc(oﬁ-ﬁm@&mﬁémmgw@sz e f raéﬁ:{éa M@:&&%VL «
:: [err] I r_ret 6/ Sptélé ésoﬂl.s o_rOi\s‘H an(de) '&n‘i?% %A‘ w. ereln é R"are"

as defined above, (f) -0OPO,*>" (B*), wherein B* is as defined

above, or (g) -OH,

G is (a) a halogen, (b) C1-C5 alkyl, or (c) -OR*X wherein R?

and X are as defined above, with the proviso that X in the

definition of G may not -OH when X in the definition of R is

-OH, and '
R* is as defined above, and

pharmaceutically acceptable salts or quaternary ammonium
derivatives thereof.

Those skilled in the art are well aware of the wide
variety of organic and inorganic acids and bases that may be
used to make pharmaceutically acceptable salts of
pharmacologically active compounds. Such acids'iqclude,
without limitation, hydrofluoric, hydrochloric, hydroﬁromic,
hydroiodic, sulfuric, nitric, phosphoric, citric, succinic,
maleic;*and palmitic acids. The bases include such compounds
as sodium and ammonium hydroxides. Likewise, those skilled
in the art are familiar with quaternizing agents that can be
used to make pharmaceutically acceptable quaternary ammonium
derivatives of pharmacologically active compounds. These
include without limitation methyl and ethyl iodides and
sulfates.

In a currently preferred group of compounds, R?



[err] [err] [err] [err] norpholinoacetyloxy (hydrobromni de),

mor phol i noacetyl oxy quaternized with methyli odide,
[err]-norpholinobutyroyl oxy (hydrobromnide), [err]-norpholino- butyroyl oxy
quaterni zed with nmethyliodide, N nethyl- piperazinoacetyl oxy

(di hydrobrom de), N-nethylpiperazino- a8etyloxy diquaternized with

nmet hyl i odi de, w (N-net hyl - piperazi no)butyro [ox (di hydr obrom de)
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[err]-tetr&Red r?éne pPregent @fﬂa&mcwws:rfs%sgmnmi ycompeundd. t o

as HU-211, de f&mxaraat(qd heteiai thr 1BY 11, hedimethph hepeyicale &%rf&on, and
" dexanabi n tressgg I hat

(+)-(3S, 48%' %hgﬁuwggfﬁﬁn ssthtel a}:‘&]‘%?%ea ‘Erp}gﬁ’gg( 985‘&%&2{%2 BRant i oner,
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morpholinoacetyloxy quaternized with methyliodide, '
w-morpholinobutyroyloxy (hydrobromide), w-morpholino-
butyroyloxy quaternized with methyliodide, N-methyl-
piperazinoacetyloxy (dihydrobromide), N-methylpiperazino-
acetyloxy diquaternized with methyliodide, w- (N-methyl-
piperazino)butyroyloxy (dihydrobromide), nicotinoyloxy
{hydrochloride), nicotinoyloxy quaternized with
methylchlorate, succinoyloxy (monoammonium salt), maleoyloxy
(monoammonium salt), phthaloyloxy (monoammonium salt),
2-quinolinoyloxy (monoammonium salt), acetyloxy,
bromoacetyloxy, trifluoroacetyloxy, or disodium
phosphoroyloxy. Another group of preferred speéecific
compounds falling within the ambit of the presenﬁ invention
is the group of compounds of formula (I) wherein R? is
1,1-diwethylheptyl, R is -CH,0H, and G is w-morpholino-
butyroyloxy (hydrobromide), N-methylpiperazinoacetyloxy
(dihydrobromide), N-methylpiperazinoacetyloxy diquaternized
with methyliodide, or disodium phosphoroyloxy. Currently the
most preferred compounds are those described in the Synthetic
Examples herein.

A archetypical compound, with which many physiological

experiments have been carried out, is the compound which may



cannabi noid 7-hydroxy-[err]-tetrahydrocannabi nol have been descri bed
[Mechoulam R., et al., Tetrahedron: Asymmetry 1: 315-319, 1990; Mechoul am
R et al., Experientia 44: 762-764, 1988]. The - (-)-(3R, 4R) enanti omer,
herei n designated HU-210, is a highly potent cannabi m netic conpound
(nearly 100 tinmes nore active than A-|-igtrahydrocannabi nol, the active
conponent of hashish). The (+)-(3S,4S) enantioner, herein designated
dexanabinolbewbéferke@wﬂotstehactkye(as €8) anpl g@shetARUhaptell homolog
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more active than A-l-tetrahydrocannabinol, the active

component of hashish). The (+)-(3S,4S) enantiomer, herein
designated dexanabinol, while known to be active as an
analgesic and as an anti-emetic, is inactive as a
cannabimimetic even at doses several thousand times higher’
than the EDS0 of HU-210 (Mechoulam, R. et al., Experientia
44: 762-764, 1988).

As mentioned above, then, the compounds of the general
formula (I) as defined herein are substantially devoid of
cannabimimetic central nervous system activity.

Pharmacoloay The novel compositions contain in-addition
to the active ingredient conventional pharmaceutically

'acéeptable carriers, diluents and the like. Solid .
compositions for oral administration such as tabiets; pills,
capsules or the like may be prepared by mixing the active
ingredient with conventional, pharmaceutically acceptable
ingredients such as corn starch, lactose, sucrose, sorbitol,
talc, stearic acid, magnesium stearate, dicalcium phosphate
and gums with pharmaceutically acceptable diluents. The
tablets or pills can be coated or otherwise compounded with
pharmaceutically acceptable materials known in the art to
provide a dosage form affording prolonged action or sustained

release. Other solid compositions can be prepared as



Wi t hout organic cosol vents, aqueous or oil suspensions, flavored enul sions
with edible oils, as well as elixirs and sim | ar pharmaceutical vehicles.
Tn addition, the conpositions of the present invention may be fornmed as
aerosols, for intranasal and |like adm nistration. The active dose for
humans is generally in the range of frgg-0.05 ng to about 50 ng per kg body
weight, in a reginen of 1-4 times a day. However, administration every two
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action. The preferred range of dosage is from 0.1 mg to about
20 mg per kg body weight. However, it is evident to the man
skilled in the art that dosages would be determined by the
attending physician, according to the disease to be treated,
method of administration, patient’s age, weight, '

contraindications and the like.

All the compounds defined above are effective
NMDA-receptor blockers and can be used as active ingredients
of pharmaceutical compositions for treatment of one, or
simultaneously several, symptoms of the disorders defined
above. The effective dosages are essentially similar, and the
more pronounced effect is that of NMDA-receptor blocking, in
addition to the known characteristics of these compounds.
However, it is important to note that the compounds and
compositions of the present invention exhibit good blocking

~activity. also against convulsants which may not necessarily
be NMDA-receptor mediators. For example, the compositions of
the present invention can prevent, or at least alleviate,
poisoning caused by strychnine, organophosphorus compounds
and nitrous oxide.

The compounds of the present invention are administered
for the above defined purposes in conventional pharmaceutical
forms, with the required solvents, diluents, excipients, etc.



adm ni stration. The required dose for humans ranges from 0. 005 ng/ kg to
about 50 ng/ kg per unit dosage form The nost preferred dose range is from
about 0.1 ng/kg to about 20 ngy/ kg body weight. It will be appreciated that
the nost appropriate admnistration of the pharmaceutical conpositions. of
the present invention will depend on thg type of injury or disease being
treated. Thus, the treatnment of acute head traumm, stroke or ischemic brain
damage r esutlct |p1g>d‘uma:arhﬂsﬁ(plargm1wucamd diermydteiore. They can
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chronic degenerative damage will necessitate a sustained
dosage regimen.

Dexanabinol conveys significant neuroprotection in
different models of head trauma, global brain ischemia and
crushed optic nerve. This suggests neuroprotective'potential
in a wide spectrum of CNS diseases, poisonings or injuries,
as detailed above, including conditions involving axonal
damage such as that sustained in spinal cord injury.
dexanabinol is also particularly useful in treating neural
edema, associated with trauma, infection, tumors or surgical

. procedures including craniotomies and spinal cord
manipulation.

Moreover, the combined neuroprotective prope;ties of
dexanabinol, as well as the known anti-glaucoma p;opefties of
this class of compounds, leads to special consideration of
retinal™eye diseases, especially those which are associated
with ischemic damage or a hostile biocﬁemical environment.

The following are some major ocular disease groups that
should be considered candidates for dexanabinol therapy:

(1) Diabetic Yétinopathy which stems mainly from altered
retinal capillary circulation that renders the retina
ischemic.

(2) Age-related Macular Degeneration which is associated



-12- with slow deterioration of the retinal pignent epitheliumthat
eventually leads to retinal cell death and tissue alterations. (3) Retinal
Vascul ar occlusions that are relatively cormon and nmay cause consi derabl e
i schem ¢ damage. All retinal occlusions, venous and arterial, including the .
optic nerve (ischem c optic neuropathy);z.as well as retinopathy of
prematurity (oxygen toxicity in premature babies), may be included in this
category. (4) Any insult that may | ead to secondary neural da
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(6) Toxic damage (e.g., chloroguine toxicity) and chronic
malnutrition.

The invention also relates to methods of treatment of
the various pathological conditions described above, by
administering to a patient a therapeutically effective amount
of the compositions of the present invention. The term
administration as used herein encompasses oral, parenteral,
intravenous, intramuscular, subcutaneous, transdermal,
intrathecal, rectal and intranasal administration.

The inventors have discovered that dexanabinol and the
compounds of formula (I), as well as the novel monoesters
which are preferred active agents of the presently claimed
compositibns, at doses in excess of 25 mg/kg body weight,
induce stereotypy, locomotor hyperactivity and tachycardia
effects' typically caused by NMDA-receptor antagonists. At
considerably lower doses of about 2.5 hg/kg body weight, they
are potent blockers of NMDA-induced tremor, seizure and
lethality (Feigenbaum et al., Proc. Natl. Acad. Sci. U.S.,
B6: 9584-9587,°1989). Thus, a good separation has been
achieved between the therapeutic effects (NMDA antagonism)
and possible side effects (such as tachycardia). Binding
studies show that dexanabinol blocks NMDA receptors in a



and possible side effects (such as tachycardia). Binding studies show that
dexanabi nol bl ocks NVDA receptors in a -13- stereospecific manner, and
fhat the interaction occurs at binding site(s) distinct fromthose of sone
ot her non-conpetitive NVDA antagonists or of glutamate and gl ycine. This,
and the other conpounds according to fohgula (1), may therefore prove
useful as non-psychoactive..drugs that protect agai nst NVDA-receptor-
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antagonists. This possibility was explored by examining the
" activity of the compounds in-protecting against the

tremorogenic, convulsive and lethal effects of NMDA and NMDA
agonists in mice. Such effects are counteracted by virtually
all NMDA antagonists and, as expected, NMDA neurotoxicity was
indeed blocked by dexanabinol (Feigenbaum et al., 1989,
ibid.).

Test systems Evaluation of the therapeutic effects of
dexanabinol and its analogs has now been carried out in a
series of experimental systems of increasing sophistication
to support the utility of these drugs as neuroprotectants.
The neuroprotective effects have been evaluated both in wvitro
and in vivo. These neuroprotective effects have been
corroborated in the following systems: .

(a) Binding to the NMDA receptor linked channel: Non
competitive antagonists of NMDA, the primary example of which
is the compound.MK-BOI, bind to a site within the NMDA
receptor channel thus preventing the activation of the
receptor-channel complex and the consequent neurotoxicity.
The ability of "various compounds to compete with the binding
of tritium labeled MK—SOI to brain membranes is considered a
measure of their potency as NMDA non-competitive antagonists.

(b) Blockage of NMDA toxicity in tissue culture: Neurons



receptor channel thus preventing the activation of the receptor-channel
conpl ex and the consequent neurotoxicity. The ability of various conpounds
«t0 conpete with the binding of tritium]labeled MK-801 to brain nmenbranes is
consi dered a neasure of their potency as NVDA non-conpetitive antagoni sts.
(b) Bl ockage of NMDA toxicity in tissuggaculture: Neurons -14- can be
‘grown in culture and survive for several weeks. Application of NVDA to
neuronal cultures results in toxicity to the neurons: m rosc C view ng
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death within 1-2 minutes in untreated mice. Pretreatment with

compounds that can counteract the effects of oxygen
deprivation prolong {(double or more) the survival time of
mice subjected to this treatment. The increase in survival
time is a measure of the potency of the compounds in
counteracting anoxic damage in vivo.

(d) Improved clinical outcome after closed head injury in
rats: Severe head injury is associated with high mortality
and severe neurological impairment. Animals subjected to head
trauma in a controlled fashion serve as models in which to
test drugs of therapeutic potential. Test compounds can be
evaluated both for improved clinical outcome and for
reduction of edema induced by closed head injurﬁ. The ability
of compounds to reduce the severity of neurological symptoms
and to reduce brain edema is considered a measure of their
potency in reducing brain damage.

(e) ZInhibition of ischemic neuronal damage in gerbils-
Temporary blockage of the blood supply to the gerbil brain by
surgical ligation of the two major arteries (common carotids)
results in tran¥ient global forebrain ischemia. Temporary
global ischemia produces a delayed, selective degeneration of
neurons in the hippocampus, a brain structure essential for

memory formation. The ability of various compounds to prevent



of conpounds to reduce the severity of neurol ogical synptons and to reduce
brain edema is considered a neasure of their potency in reducing brain
tdanmage. (e) Inhibition of ischem c neuronal danage in gerbils: Tenporary

bl ockage of the blood supply to the gerbil brain by surgical ligation of
the two major arteries (common carotids)zresults in transient global
forebrain ischenia. Tenporary gl obal |sc%en1a produces a del ayed, selective
degeneration of neurons |n t he hi ppocanpus, a brain structure essential for
menory for REPPOSaTPRE SSiLY LPsEr aps ithes atheRsias nengPeRafiicits 158

hlppocaﬁpabo@%hhe&@@Baam@dam&eat&emﬁﬁﬂrIﬁmnancyksé(ﬂédkdgkdﬁ&&uahﬁedlﬂ
measure of ,th .pot en s neuroprotectants in ischemc.conditions. (f)
optic nervéS§ EHC CORGPHE*ERS'on of mechanical pressure to the optical

nerve resul{tEy i mpctnushelmeulcwmh-t he Appdrisatiigrcof snexeonipsnli qurdgsure
| mredi ate ¢RARYES o 14113 Euct. g%ggig. Ud 38 AP BRI And! s 1N N

inturnis express inre he corpound on potentia
neasur abl ewhi&h fige aﬁ’éﬂﬂ@a@ﬁd’ &% igmeddaten shanges i oxidakivye

(bltI Bdlness}nett’é%tlallaml abh)d @ﬁe&&@re{dous:cmup@ta&lm A @:l’ﬁ.rc&i/@lﬂ{l l&\hen Incks;s i nt o
met abol i ¢ acti vi actia entia vi sua i otentia
i s consi dePEH*ES ﬁéggﬁpe “FﬁéPP'S%t&%@&cmﬂmﬁ?gggﬁﬁqﬁfqi§§q%§§ﬁ§ P
traumati c mepesuyableafeom the) neivivedande dosis alf arretagqnsmcﬂwsxmua(lVCAO)

The ni ddl e cqrghualpgs 1hkL ) | dhet BEANNRY WOULAORP Rl EP1 | 0 € 1O

stroke in RAUMaNs.” I'n-an coagul-ation, pérnanent per manent
pl acement prexenscthedimgst Iﬂflnemqalbotlﬁ-@ aqtewtm odgmmounRder manent focal

stroke aff geiiiag FB g eMEA i eahid Yikuall§sveked pRAEI A 0F ot ferasul ts
in transient focal s

result in 9aP9Pﬁ§r&e§rgggeégoégﬁkéggﬁé§$%F§§%PR§%§ %F; foc%éﬁféﬂ?EEZin

regi ons. Theaakakity iefjusgmeouasdnisq
(g) Middle cerebral artery occlusion (MCAO): The middle
cerebral artery is the cerebral blood vessel most susceptible
to stroke in humans. In animals, coagulation, permanent
ligation or permanent placement of an occluding thread in the
artery produces a permanent focal stroke affecting the MCA
territory. Transient ligation or occlusion results in
transient focal strcke. Both transient and permanent focal
strokes result in varying degrees of edema and infarction in
the affected brain regions. The ability of compounds to
reduce the volumes of edema and infarction is considered a
measure of their potential as anti-stroke treatment. '
(h) Four vessel occlusion (4V0) in rats: The blood supply
to the rat brain arrives via the two vertebral and two common
carotid érteries. Transient occlusion of all four.veséels'
results in global ischemia, as would occur during'cardiac

. arrest in humans. Global ischemia results in neurological

deficits, including short term memory déficits, and a
selective loss of neurons in the CAl field of the
hippocampus. The ability of compounds to reduce the
neurological déficits and increase neuronal survival in this
model is considered indicative of their potential in
preventing brain damage related to cardiac arrest.

Each of these systems represents an aspect of



reduce the volunmes of edema and infarction is considered a neasure of their
potential as anti-stroke treatnment. (h) Four vessel occlusion (4VO in
Tats: The bl ood supply to the rat brain arrives via the two vertebral and
two conmon carotid arteries. Transient occlusion of all four vessels
results in global ischema, as would occur during cardiac arrest in humans.
d obal ischema results in neurol ogi cal deficits, including short term
menory deficits, and a selective |oss ~&f neurons in the CAI field of the

hi ppocanmpys, £Q¥%£¥% J3QH¥cH“H§) 1a) nngg?ufﬁté;@ég@ ical deficits

and |ncrease neuron survival 1n IS con5| I ndi cati ve of
their pot mrmaqu%@ﬂerﬁgwfmféi% RGP rhe MR ‘é%?%ﬁ’ra‘érari’ésﬂ-s Each

of these 3yudeaARp ﬂ}%ﬁ&&%t®@bw%f afhe pré.@enmem%zwwmtaxébtch ls

anenabl e tQ i.nteyvention pharnaceqﬂﬁcaj age, ?g%blﬂd to tE
recept or. el qeNORSEratad MRUTARENAT Y § & ?% tv*¥5%ﬁt? R&Ft
t hei r denmahdilriatye dcondrimepriod drtte \Mdmlfmnq:mwmewmelémr abi tahgpoto

bind to t ey EfeLed U y%ﬁg that their
activity ?)% NM(%%{ %3‘&8 el\l'fﬁ/ér\{e%e ors % l§ ona rrﬂékhaniﬂésl{‘rrs The
prototypenﬁqunﬂnﬁidﬂnadﬂmﬂxnnalnm@ﬁh@mxﬁm%Jock|ng activity is the
conmpound MK- SOJméMB REhEN Y B asFa Maa NN SH1REOR1 51 o&RBhg

cannot be -used as n thera tic agent due to.its toxicit W& have
eval uat ed AAte-Vaity |=§r| q}ﬁ lgfr‘f S equ'e's ‘ﬂ&‘%éehs thePPF Y %%l

activiti e%eafed\&iwnm aimagmtistolthaats A |h@dzsédTaaé)laegzuma’hi S
Sotely ho CHETRRgREH BREA i @ 1P A0l O SR Hitve Sedfald Phls:
may be athMmﬂaﬂﬂu;QSJanﬁhdmﬁﬁﬂﬁennﬂﬁuhaQWEanrnheuhxgﬂqgi¢zk|dant and

radi cal scaNGREQ!; rnht-%sol aep{d QA A A d Wamh AL SL ST RACEANRET NY

factor antagonism nodul atjon o
1. This evaluation clearly supports the concept that

dexanabinol is not acting solely as an NMDA antagonist.
Rather the therapeutic effects of dexanabinol may be
attributable to additional mechanisms including antioxidant
and radical scavenger properties, anticholinergic action,
platelet activating factor antagonism, modulation of
arachidonic acid, or inhibition of lipid peroxidation, among
others. All of these types of pharmacologic agents have been
suggested to potentially improve functional outcome after
brain injury. All of these mechanisms may be involved in
delayed, secondary or chronic neuronal damage following
injury to the CNS (McIntosh, J. Neurotrauma 20: 215-243,
1993).



arachidonic acid, or inhibition of Iipid peroxidation, anong others. Al of
these types of pharnacologlc agents have been suggested to potentially
i nprove functional outcome after brain injury. Al of these nechanisns may
be involved in delayed, secondary or chronic neuronal damage follow ng

ipjury to the CNS (Mclntosh, J. Neurotrauma 20: 215-243, 1993). -17-
TABLE 1: Properties of Dcxanabinol and MK/801: Similarities and differences
oi |l /water partition very lipophilic wat er soluble Binding to

vcs(| ow recept or TABLE \leSPdopaticsail lexrinabiol and ME/E0d: Shnibanitiad doidiffereaisndi Nng t 0
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gl obal ischenia || nhgmehi | s (CCAo) yed Yos Gowallinity) 7 yes (high alinftghilly i n
rats (4VO } " P o Protectromrager sttt oses
injury inrats ?anw'“"g“ mascarinie yes

Binding to kainate/AMPA o -

receptors

. Blockade of NMDA toxicity in

cultare yes yes

Blockade of quisqunalate .

toxicity in colture partial no

Blockade of NMDA induced

Cs uptake yes yes

Blockade of NO (SNP*)

toxicity yes no

Anaslgesia in mice yes o

Blockade of emesis in pigeons - "

yes (not tested)

Behavioral toxicity in mice .low hi only) high

Protection against global o

ischemia in gerbils (CCAo) ¥y yes

Protection against global

ischemia in rats (4VO) yes no

- -
Protection against closed head | g poor (toxic)

mnnﬂnmnnne,ngmummf nitrous oxide 61

Compounds Experiments have shown that the (+)-(3S,48)
the compound of formula I wherein A-----B designates a 6(1)
double bond, R is methyl, R1l is hydrogen, and R? is
1,1-dimethylheptyl and the compound of formulas I wherein
A----- B designates a 1(2) double bond, R is methyl, Rl is
hydrogen, and R2 is 1,1-dimethylheptyl, both said compounds
being essentially free of the (-)-(3R,4R) enantiomer, have
practically the same activity as that of the compound



SNP = sodi um ni toprussi de, a generator of nitrous oxide (No). Conpounds
Experi nents have shown that the (+)-(3S,4S) the conpound of fornula I

wherein A----- B designates a 6(1) double bond, Ris nmethyl, Rl is
hydrogen, and R2 is |, 1-dinethyl heptyl and the conpound of fornulas I
wherein A----- B designates a 1(2) doubll8-bond, Ris methyl, Rl is hydrogen

and R2 is 1, 1-dinethyl heptyl, both said conpounds being essentially free of
the (-)-(3RdéRiganaeti dexanaldvelpr adhiec doryperhcospomnactisvides ignated of
the conpound, Smpsh & yieshonaked rdeearaRianoly, 1796 sh9% TRheC ABRAN ddpound
designated co oun in U'S” Patent No. 4,179,/517; the latter ound is
conpound XI BSt FEREPNNd KIRJGDETSA™t has been found that some novel

conpounds of genghakdBatidhnait! haswbeesi rfolaneneumateeme&mm avingdunds
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central nernaagtsyat@n;suscnmam@adam¢ m@&§g§etn@ebp@@¢emradn b¥asiter .

However, ?rBEQQrEHP k:émi,@uﬁhs' 'ﬁnemaeak;m @a_mhafuad el ey poor

solublllty s the devel opient of fornul ations suitable

-substltuted glycxnate ester salts, such as the trimethyl-

and triethylammonium acetate derivatives of dexanabinol.
These novel compounds have the added advantage of being
soluble in some aqueous solutions, whereas the parent
compounds are extremely hydrophobic.

The highly lipophilic character of dexanabinol enables
the compound to enter the central nervous system, as it
readily passes the blood-brain barriexr. However, the high
lipid solubility is also associated with very poor solubility
in water. This makes the development of formulations suitable
for intravenous administration of dexanabinol difficult,
hampering its clinical application. Water-soluple derivatives
of dexanabinol designed to readily release the drug by
hydrolysis following i.v. administration might overcome this
problem and will be used as prodrugs. On the other hand, if
the obtdined derivatives are hydrolytically stable but
possess intrinsic biological activity they could be used as
easy-to-formulate analogs (congeners) possessing significant
NMDA antagohist activity.

The novel derivatives are obtained by the attachment of
polar or permanent charge bearing groups to the allylic (C-7)
or phenolic (C-3‘) hydroxylic functionalities of dexanabinol,

the two sites suitable for reversible structural



for intravenous adm nistration of dexanabinol difficult, hanpering its
clinical application. Water-sol uble derivatives of dexanabi nol designed to
teadily release the drug by hydrolysis following i.v. adm nistration m ght
overcone this problemand will be used as prodrugs. On the other hand, if
the obtained derivatives are hydrolytically stable but possess intrinsic
bi ol ogi cal activity they could be used-48-easy-to-formul ate anal ogs
(congeners) possessing significant NVDA antagoni st activity. The novel

derivativespgnerobheiBrd bHrblighabt 26PBBRY10E POLEF &F ﬁﬁégﬁﬂgﬂé charge
beari ng groggs to the allylic (CG7) or phenolic (C3') hydroxylic

functional i EEaS?'dexanabinol, the two sites suitable for reversible
struct ural - 1'Phenalil ¥l cat hgdrokil oggbup aarbbaytie peserion pfiosphate
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more reactive than the sterically hindered phenolic CG3" group. Due to this
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phenol i c esters. generall ontam nat ed. t he, products. Reaction of .
dexanabi nol AWy kR BYSTekyLSTPUROCR L GhoEghesTALL ATQiRFS of Phenolic
acetonitril esterst gghépabbyi dentamihatedeshacprofucisycl pémayicarobdi i m de

(DCC) and 4s(di ] [OXVAgY E)%/A _ A t'%(,ﬁ] c
ester of deQé%éﬁségﬁ%ﬁg%ggﬂmgsbghgg?ge E% %§§ﬁﬁ§ﬂ§ﬁ%3%a od?ap ng#%ex%-BOC
prot ecti ng greupnibrilendivetbhylfioumashderin the dresenes|oficet ate sol ution
affording tg A8k{1 06 xrbBA: $hy QY| (BEEPraRd HLYXRIROLRPLahindbPridine
(schene 1). %ﬁ?f%?r?kgcheﬁe Ilseveraf P,Kkﬁisubstitute d%riva#?ggs of 3
wer e (DMAP) gave the 7‘- (N-t-BOC) glycyl ester of dexanabinol
which was purified by column chromatography. The t-BOC
.protecting group was removed by hydrochloric acid in ethyl
acetate solution affording the HCl salt of the glycyl ester

of dexanabinol in pure form (scheme I).
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Schems !

Sévéral N,N-disubstituted derivatives of 3 were
synthesized via-the 7-bromoacetyl dexanabinol which was
obtained by acylation of dexanabinol with bromoacetic
anhydride in toluene followed by chromatographic column
purification (scheme II).



synt hesi zed via the 7-bronoacetyl dexanabinol which was obtained by

acyl ati on of dexanabi nol with bronoacetic anhydride in toluene followed by
<hr omat ographi ¢ colum purification (scheme I1). -20- 0 0 4 Jerr]
Reaction of 7-bronpacetyl dexanabinol w th dinmethylam ne in hexane,
produced the N, N-di nethylglycinate. The,hydrochloride salt thereof was
obtained by the treatnment of. the free base with ethanolic HCL. In a
simlar manner, the N, N-diethylglycyl dexanabinol and its hydrochl oride
salt were prepared Two dexanabi nol esters bearing permanent charges, the
tri met hyl anmoni unacetyl bronidg and t‘eTfW|ethyIannDn|un} acetyl brom de
wer e obtai ned by reacting t%ﬂ?rTfBF e yl derlvatlve with trimethylam ne
and triethyl am ne, respectiveLyT_in EXANPLES The foll ow ng
exanples are intended to illustrate vention and these are to
be construed in a non-Iinitative nanneﬁ. -21- Synthetic Exanple 1
(6aS-trans) -6, 6-dinethyl - g; 1- diaret hwW heptyl) -1-hydroxy-6a, 7,10,1
Cn-tetrahydro-GFFdibenzo[b d)@yr -9- ne?%ytzﬁenlsu00|nate 1 a. Dexanabi nol
hem succi nat e triethylannnnlu alt. 1.95 exanabi nol (0.005 nol) was

di ssolved in 50 mM of dry toluene and 0.51 g succinic anhydride (0.005

mol ), dlssolved in 50 m tolueng!nwas added t jddxapablnol

I3 R-"H 7 R’CH;
¢ R'Ozﬂs 8 ReCaHg
Schesme Il

Reaction of 7-bromoacetyl dexanabinol with dimethylamine
in hexane, produced the N,N-dimethylglycinate. The
hydrochloride salt thereof was obtained by the treatment of.
the free base with ethanolic HCl. 1In a similar manner,'the
N,N-diethylglycyl dexanabinol and its hydrochloride salt were
prepared. Two dexanabinol esters bearing permanent charges, '
the trimethylammoniumacetyl bromide and the triethylammonium-
acetyl bromide were obtained by reacting the 7-bromoacetyl
derivative with trimethylamine and triethylamine,
respectively, in pyridine.

EXAMPLES

The following examples are intended to illustrate the
preseﬁf"invention and these are to be gpnstrued in a
non-limitative manner.



solution. The m xture was placed into round-bottom fl ask, equi pped with
condenser, and refluxed 6 h. 700 ncl (0.5 g, 0.005 nol) of triethylam ne
Was added, and m xture was refl uxed overnight. The reaction was nonitored
by thin layer chromatography (TLC) on fluorescent |abeled silica-gel

pl ates, nobile phase - toluene:acetone_433. After conplete elimnation of
dexanabi nol (Rf=0.86) in the reaction m xture organi c solvent was
conpletely evaporated with the aid of a rotatory evaporator (50 mmHg,
60[err] Q). E@-ﬁth%%kéuﬁx\éi@l@' gsolved in 20 m of diethylether and 20 ni
n- hept ane, evaporated to dryness again, this stage was repeated tw ce
for conpl et gea¥aerabkdn 60k -Game@ne1 - B 1t, ni-SimeltARTBRIpW1Y al1t- Hyfdroxy - 6a,
dexanabi nol 7he0i, 30aciteirahydsodBlaidieény® (B, dYpyranyel-hewhifl vi scous oi

yi el d i s abneimig8ecihalbe Dexanabi nol hem succinate free acid. The
triethylamoniumsalt of dexanabi nol hem succinate was dissolved in 100 n
2% water solution of tris-(hydroxynmethyl)-am nonethane with the help of
soni cati on 138.ni Rexanpbipodr hemisugednate kadethylampopdwre #alt-o 500 ni

cold sol ution of 124%5Hgl geRawabihol t(id . iodise mH1Y € wals arils%lvéaillrﬂerﬂ@dnl of
dexanabi nol _hem succi nat e free acid was col |l ected, sed 3 inmes with

pure water BRYi FOLHEDEHARG Qe o3 St FYCRITHS Fﬁlﬁﬁ- °5°°Fh§‘ idgcous
product (waigesedwtaninabounlbtUluens,Cadscaddddand diesamabdholn 300 nl  of
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of anhydrou prot ec
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material, waheBmhEogehphle ('I‘@-C')Ebhalfg.hor%%%bﬁltl labe2edaid 18a&l-igdll Y sol ubl e
in vater. thg?ragglin "3 ag% t-Irt]:%l?l.%lnrétac:et:one 1:3. After complete
ellmlnatlon of dexanabinol (Rf=0.86) in the reaction mixture

organic solvent was completely evaporated with the aid of a
rotatory evaporator (50 mmHg, 60°C). The residue was
dissolved in 20 ml of diethylether and 20 ml n-heptane, and
evaporated to dryness again, this stage was repeated twice
for complete evacuation of toluene. The triethylammonium
salt of dexanabinol hemisuccinate was obtained as slightly
yellowish viscous oil, yield is about 98%.

1 b. Dexanabinol hemisuccinate free acid.

The triethylammonium salt of dexanabinol Hemisuccinate
was dissolved in 100 ml 2% water solution of - )
tris- (hydroxymethyl) -aminomethane with the help of sonication
(30 minutes) or wrist-shaker (2 hours), and poured into 500
ml cold solution of 2% HCl in water with intensive stirring.
Sedimented dexanabinol hemisuccinate free acid was collected,
rinsed 3-S5 times with pure water until the pH value of the
wash rose to pH- 4-5. The viscous product (water content about
60%) was collected and dissolved in 300 ml of diethyl ether.
The solution was then dried for 24 h using large quantities
of anhydrous Na2S04 or MgSO4, protected from light. After



range of 50.3 - 62.7[err]C was observed for dexanabi nol hem succi nate using
a Haake Buchler nelting point apparatus (S/N 17681B-77). An infrared
spectrum of dexanabi nol hem succinate (prepared as a KBr pellet) was

obt ai ned on a Perki n-El ner Model 1600 FTIR (SN 134707). The infrared
spectrumis consistent with the assigned structure. Interpretation of the
FT-1R spectrum of dexanabi nol hem succipagte: | R(KBr,v,cm1): 3424 and
3226(2x v OH), 2961(vas CH3), 2826(vas CH2), 2894(vs CH3), 2868(vs CH2),
1736(vs C=0), 1719(vs C=0), 1625(v C=C, olefin), 1578(phenyl nucleus),
1459(d CHIvagehdy, ild84 finchd dddaeit sbreéhy! jn 426dCuag EvBpOratbi§bEvs
C0-0, 1 (v : ( r 839 - Q). The UV
spectrum fé'é%gﬁggﬁg%ggh%hi%ﬁgdg%%%%aé%%é}e%%&gaéél5§L§£22%§exafdg4mas
sol uti on iabtasinethol yiekd alsmteest) UVIY6Ds shegresphpionandr mpSENbe235621) .

The W speGid il Ofe £ ex@@binoh beghSyCE8L8qSagRrie prepared in

met hanol is consistent; wth the assjgned Structure (log €276.0 _ 3.09 and
| og €282.0 = 3.DgWanakifglihemisuGpipaate 715 \eR - GERDgey¥GLonegaRdBi nol To a
3_o| ut iholnf Qfatﬁ&xﬂlla,biSWKﬂcl'( 11@%%%%5&1m&h&?039ea@eiébﬁ'ﬁiei(tag %}1 anld)

I met hyl f or.mani wer e adde t- - ci ne . 3. :
di cycl oheﬁﬂr}%a‘rag@z}f ﬁﬂ%]("o.’e‘h vAter g r#&"j“g%%%g%i rﬁ’éfﬁa '&fﬁqﬁbf}?r PoiRE
(0. 025 g, xaryenud )50.3The 624t2¢ ovasi cbsexvedsfer i deranabilrpolanhydr ous
condi tion . 3 O YN ol ' Lcyelo was
filtered, %e%l-%c;ixﬁa}ego éu%rll% néi%%ake%-?um@gfge% %%f%/glg%gbg%lg{:t %@5 r%'él&g%e was
purified HAB/AhrIHERIRNEDhy. Silica gel: Aldrich, 200 - 425 nesh, 40/3 cm

el ut ed successiyg!ihthdred Bt raf® e dadtaibyho RCRERS Sublihgrane (200 ni

each) and 6@6etQ¥i acetate 1 n hexane (1500 nig éo Ive 0.553 g40@© of the

title ComﬁﬁfﬁPa? as a KBr pellet) wds obtained on a Perkin-Elmexr ,
Model 1600 FTIR (SN 134707). The infrared spectrum is

consistent with the assigned structure. Interpretation of

the FT-IR spectrum of dexanabinol hemisuccinate:
IR(KBr,v,cm-1) : 3424 and 3226(2x v OH), 2961 (vas CH3),
2826 (vas CH2), 2894(vs CH3), 2868(vs CH2), 1736(vs C=0),
1719¢vs C=0), 1625(v C=C, olefin), 1578 (phenyl nucleus),
1459(d CH3), 1415,1384 and 1371(gem. dimethyl), 1267 (vas
C-0-C), 1186(vs C-0-C), 1085(v C-0 phenol), 968(g CH, Ar),
839(Q CH, olefin). The UV spectrum of dexanabinol
hemisuccinate was recorded (as a 2.58 x 10-4M solution in
methanol) on a Shimadzu UV-160 spectrophotometer {(S/N
1235621) . The UV spectrum of the dexanabinol hemisuccinate
sample prepared in methanol is consistent with the assigned
structure (log e276.0 = 3.09 and log e282.0 = 3.10).

Synthetic Example 2

7-(Nzngoc—glycyl) dexanabinol

To a solution of dexanabinol (1.00 g, 2.59 mmol) in
acetonitrile (20 mL) and dimethylformamide (5 mL) were added
N-t-BOC-glycine (0.544 g, 3.10 mmol) ,
dicyclohexylcarbodiimide (0.64 g, 3.10 mmol) and
dimethylaminopyridine (0.025 g, 0.2 mmol). The reaction
mixture was stirred under anhydrous conditions at 22 - 25°C

for 3 days. The precipitated dicyclohexylurea was filtered,



(purity according to HPLC peak area: 99.3% . By recrystallization

(nitromet hane) of a second fraction (91% purity) was determned to give a
.total yield of 70% of pure conpound (>995), mp. 110-112[err]C Synthetic
Exanmpl e 3 7-d ycyl dexanabi nol hydrochloride A solution of the conmpound of
Synthetic Exanple 2 (0.35 g, 0.64 mml ),in 2 N hydrochloric acid in ethyl
acetate (3 nL) was stirred at 20 - 25 Cfor 10 min. The solvent was renoved
i n vacuo and the residue slurried with ethyl ether (5 nL) and dried

affording Q ii&%g} ‘ﬁis-,d)eﬁ A6 dd 12 AR UKk ash@nr O { aUbi fi8sSOl i d;

(HPLC peak area nt het o Exanpl € 4 /- Bronpacet yl dexanabi nol To a
sol ution ofP |bkﬂC¥KP@§RPQFaRh&6 ﬁﬁﬂlﬁalgF%tﬂQ%ﬁﬁﬂ?% nt§O0was23dded

br Qmoaget i ane?élh.yg%ﬂﬁﬁ dn]?.« dRika Qﬁﬂ&éﬁ’ﬁﬂ‘)emd»il&le Heegarhd | Ngs rramawée was
stirre at - 0] ni c ut SEX racte wi th
wat er (2 x S Taskets vy Romind ordd i FadP) i e Ceiet [ 4G ERRE A8
purified bmﬂurmmtlﬁpmpﬂy) (& |gioee iS50 Crd%h ofirhek itbe 6GmPEGnd00

mesh, 32/2 t Qﬁ§§p IIy i ncreased
concentrati ons géffé A?ateq{ﬁémo to 69 vi elgsng 0. (93. 4%

yi el d) of tﬂﬁ?ﬂ&‘}%ucmfd il e g anqdur@ﬁfaﬁﬁﬁ!&#r@'é%@WL@b&ak
area: 96. S%u%)haias: dewsriindd to FIRs I eoRdA0aeRME SEXPORNGAObutS)

-24- To a solution oé, qionoacehﬁgk binol (0.419 g, 0.24 mmol) in
hexane (6 A9 RRMPE CEL] h %Ryo d di met hyl ami ne (gas) and the
m xture was stirred for.2°h at 20 - 25 C. The precipitated di nethyl am ne

brom de wa(iﬂéﬁ éj he sol ution was evaporated to dryness and the
resulting r ue urrr h hexane (3 x 2 mL.). After drying, 0.01 g

(yield 90k)7~(&1]7c5ﬂi @MMMW%ochloride

A solution of the compound of Synthetic Example 2 (0.35
g, 0.64 mmol) in 2 N hydrochloric acid in ethyl acetate (3
mL) was stirred at 20 - 25 °C for 10 min. The solvent was
removed in vacuo and the residue slurried with ethyl ethexr (5
mL) and dried affording 0.28 g (90% yield) of the title
compound as an off-white solid; (HPLC peak area): 97.7%.

Synthetic Example 4

7-Bromoacetyl dexanabinol

To a solution of dexanabinol (0.100 g, 0.26 mmol) in
toluene (6 mL) was added bromoacetic anhydride (0.118 g, 0.45
mmol) and the resulting mixture was stirred at 20 - 25 0 C
for 48 h. The organic solution was extracted with water (2 x
2 mL) then dried over Na2S804 and evaporated. The .residue was
purified by chromatography (silica gel: Aldrich, Merck grade
60, 2307: 400 mesh, 32/2 cm; elution with hexane, then hexane
and gradually increased concentrations of ethyl acetate from
0 to 6%) yielding 0.123 g (93.4% yield) of the title compound
as an oil. Purity according the HPLC peak area: 96.8%.

Synthetic Example 5

7-Dimethylaminocacetyl dexanabinol (5)



dexanabi nol was obtained, mp. 110 - 112 C, purity (HPLC peak area):

99. 6% The hydrochloride salt of 7-dinethylam noacetyl dexanabinol was
prepared by adding a solution of HCL in ether to a solution of that
conmpound in ether followed by filtering and rinsing the resulting solid
with ether. Synthetic Exanple 6 7-Di ethy)am noacetyl dexanabinol (6) To a
'sol ution of 7-bronpacetyl dexanabinol (0.178g, 0.34 nmmol) in hexane (6 nl)
degassed wi th argon was added_di gt hyl am_ne , 1.41 19 ) and the
m xture was stiffed ¥t lﬁna9928’g¥?§F€Fﬂt&a gﬁé‘%@é’c’l%% aﬁoedlnﬂ?oe%hyl am ne
hydr obr om @e24vasmél ) t &necbenahe ﬂEemﬁaIdegasamﬁveuﬂpGHQMijaschddeds and
the resid th a r ture

bel ow 50[g§ria§“§%)§'%6# (%?g’; di éﬁél g‘%@rﬁ)é‘gcepal%r ﬁan |no yllglél{j'£ ﬁg/o
resul ted as of f vﬂﬁh@epsef:mltﬁfsd @wewa[lamm hyigmide (vmcf beigred

area); 98.4f¢ dhe tndreshheiodewasal évago%adeat ity Wta)ﬂd dgy@nabi nol
was prepared by addin solu ion.of. H g et her sol ytion of that

conpound iFF¥Y %ﬁn$cﬁgﬁﬂa o) ?Fngplﬁé%Qn Aé Fﬁ@ ul t ‘i<l i d
wi t h ‘et herdrySyyf het 0T &xéypedd79D&)andbi7rdhimethydawinoacethily| anmoni um

'nhexane QTS B w8, QhediRRRiTRHL Y CReaRY Mol it e e

(gas) wasﬁmﬁkxﬁxﬂaho 2%.€%. The -25- resulting mxture mas stirred for
18 h at 20-25' %@%&Pscmsﬁaet@wtma% ﬁLP&ﬁ;E%gng 13k rid Wth hexane.
cru exana 7-acet yl

After drying in vacuo, O.
trimet hyl é?ﬁﬁﬁﬂ%’r’éﬁ”onﬁ’% Hﬁgpé%?gl H¥dadﬂt}P9'f Ac&Ptetion lﬂf 9’1% tip ether
col d ethergo y4 adsibst {ord %0f £hdt 3&dmpbuAdr €nCekbesn EolRvieldy byHfiq hasing

0,
area): 98. lé rn.x?s:.rxlg? 8t1%§ Oag:esult:mg solid with ether.

Synthetic Example 6
7-Diethylaminoacetyl dexanabinol (6)

To a solution of 7-bromoacetyl dexanabinol (0.178g, 0.34
mmol) in hexane (6 mL) degassed with argon was added
diethylamine (2 mL, 1.41 g, 1.9 mmol) and the mixture was
stirred for 4 h at 20 - 25°C. The precipitated diethylamine
hydrobromide was filtered off, the solution was evaporated to
dryness and the residue slurried with hexane (3 x 2 mL).
After drying (temperature below 50°C), 0.160 g of 7-
diethylaminoacetyl dexanabinol (yield 94%) resulted as an off
white solid, wm.p. 128-130°C; purity (HPLC peak area); 98.4%.

The hydrochloride salt of 7-diethy1aminoacé£y1‘ .
dexanabinol was prepared by adding a solution of HCl in ether
to a solution of that compound in ether followed by filtering
and rinsing the resulting solid with ether.

Synthetic Example 7
Dexanabinol 7-acetyl trimethylammonium bromide ({(7)
To a solution of 7-bromoacetyl dexanabinol (0.81 g, 1.60

mmol) in hexane (15 mL) placed in a closed system under
argon, trimethylamine (gas) was added at 20-25°C. The



Synt heti ¢ Exanpl e 8 Dexanabi nol 7-acetyl triethylamoniumbromde (8) To a
sol ution of 7-bronpacetyl dexanabinol (Q 081 g, 0.16 mmol) in tol uene (45
.m.) was added triethylamne (5 nL, 3.6 g, 0.035 Mol ) and the m xture was
stirred under argon atnosphere for 3 days at 20-25[err]C. The precipitated
salt was filtered off and the solution was evaporated to dryness. The
residue was slurried with toluene (3 x,8_nlL) to afford 0.092g (95% yi el d)
of dexanabi nol 7-acetyl triethylamoniumbromde. Purity (HPLC): 94%

Synt heti c Exanpl e 9 Dexanabi nol - 7- Hydr ogen Mal eate A sol ution of

dexanabi note$dD0ifg ngixOuré wasl $tirnedefor andiydlrade20285ACnghe. 8emmol )

and pyridi eéﬁ?f’ 0k %s?’gif{';%rédi Na4 8! PERES L P e YGRe StI REE under
argon at err %{?or %25 h. e solution was poured rnto ice-water (20 g),
aci di fi ed @¥yinackhivageod Po8Pras{vhelexdPattefl arudetdexanabénpyl acetate

(10 +N;gsgh)a%sapﬁ @%%ﬁé@ﬁy!@ﬁ?$g§@ﬁdbﬂbﬁh%é0@%§Q$Qt¥@ﬁéa.%&0 nL)gddr|ed
over ) and evapor at ed under reduce essure e.resi due was
subj ect ed ?Qé%éﬁ %%rgﬁiYﬁﬁYaﬁﬁ§h(€i¥i%%.@%I?o i%ﬁh?ﬁiuﬁﬁ%}gFayp'49

acet at e/ di@xeswe/ &% haod| phe ledmpdpund. anPetient (HPLC epelak aapbanel 98 . hggr ogen
mal eat e (z%.B np, §f§$.§és obtained as an oily substance. Synthetic Exanple
10 - 26- ﬂ%kané%ino fmoni um-Mal eate A m xture of dexanabi nol (103.7 ng,
0.27 mml ), naleic anhydride (132.1 ng, 1.35 nmol), pyridine (1.62 nL, 2.0

ol ) and 4.8l Ledes & 2 leVWgs stirred under argon at 25[err]C for 6 h. 5%
NaHCO3 (6.0 nL, 3.57 mmol) was added, and the stirring at 250C was

conti nued p&tarsisitd DMLl adeeyl ntriré'@hdfﬁ;ﬁﬁhéﬁhﬂiﬁiéiﬁfdé\fam xtracted with
ether (30 nL). The extract was washed with 5t NaHCO3 (5 ni) foll owed by

water (10 n), geg solution of 7-bromoacetyl dexanabinol (0.081 g,

0.16 mmol) in toluene (45 nmL) was added triethylamine (5 miL,
3.6 g, 0.035 mmol) and the mixture was stirred under argon
atmosphere for 3 days at 20-25°C. The precipitated salt was
filtered off and the solution was evaporated to dryness. The
residue was slurried with toluene (3 x 5 mL) to afford 0.092g
(95% yield) of dexanabinol 7-acetyl triethylammonium bromide.

Purity (HPLC): 94%.

Synthetic Example 9

Dexanabinol-7-Hydrogen Maleate

A solution of dexanabinol (100.0 mg, 0.26 mmol), maleic
anhydride (29.4 wmg, 0.30 mmol) and pyridine (24.3 mL, 0.30
mmol) in toluene (1.0 mL) was stirred under argon at 25°C for
24 h. The solution was poured into ice-water (20°g),..
acidified with acetic acid to pH 5 and extracted with
toluene/ethyl acetate (10 + 10 mL). The extract was washed
with ice _cold water (10 mbL), dried over Na2S0O4 (20 g) and
evaporatéd under reduced pressure. The residue was subjected
to column chromatography (silica gel) using toluene/ethyl
acetate/dioxane/ethanol (1:1:1:1) as an eluent. Pure
dexanabinol-7 hydrogen maleate (71.8 mg, 57%) was obtained as
an oily substance.

Synthetic‘ Example 10



by very diluted H2SO4 (pH 3, 5 nL) and again by water (10 nmL). Finally, the
extract was dried over MgSO4 (0.50 g) and evaporat ed under reduced
*pressure. The residue was dissolved in ether (2.0 nL), and the solution was
saturated with gaseous NH3. The solvent and excess NH3 were evaporat ed.
Trituration with hexane turned the stiglky residue into yellow sh powder.

“The solid was separated by decantation and dried at 50[err]C under reduced

pressure £) .+ |y pure dexanabi nol ammoni um nal eate
(87.6 (Dégf?%ngq{\h‘%l 33&5%81 ra‘l]‘%ié%%l ysis: Calcd: C, 69.43; H, 8.64: N,
2.79; Found C_69.16; H, 8.54; N, 2.54. Synthetic Exanple 11 Dexanabi nol
Hydr ogen Pht halPa i XtAI R ﬂ%r‘?’&?nﬁé&‘&%bfﬁ%? (198 69 ngy’ 'B'“‘Bl mBpteic
phthal i c amndididr (GQHER 9 vy, 01755 rmt%)) Pyyt il inee (81. 62, m, 02. oAb 19nd

tol uene (2 was s t rr]C for h 5% Sodi um
bi car bonataé’%( gLJrﬁ_ ners 5& 'rérd\‘d"} 3 a%l %‘%dul§$+$r?lf1%°%t arZS?%rF] ? .
cont i nued SkoNaaiDY | hat @0, i B7 BmellprSeaddeI@h t &g blﬁeaseirrlagl at pH
of the m I xt byted with
)étsuceé)%sextract ecfivﬂ i@lgan 3 hﬁlﬁn ﬂaﬁer ea? so

wat er (20 L) The et uti on was

washed wi SH-XEaxg Wz ef?ﬁ)r#QﬁfF%v%’eFlbye‘l’@eﬁcé? ki d Th® ex§ragb Wased over
MySO4. . Af WSK@@W@{ i ndde 68 hﬂm fSELOwEd by - WeSedli 650! MEY, | Bhkal uene

20 nL d e t d 20 T 50 O t
(20 1) 20 SR OSSP S5 Ll S e 20h 1),
vacuum ovan,)(o Fimally Sk rgxDraat gras doied lod® Mdsoy, (0089, ghhand

V\d ¥
Found: ' . Sygrated il relifed pallodse ) Bk Hegiaud wdd' alblolbea
3- Car boxy-iz- gphiedt n(e’bg;(’rbdﬁy.l and theisplrticn was sagraved )wkkl added to a
suspensi 0o ARXIRAL NoPhd AW Ferd® artd B ) NI dvdre-evaporated.

Trituration with hexane turned the sticky residue into
yellowish powder. The solid was separated by decantation and
dried at 50°C under reduced pressure (0.5 Torr) to give
analytically pure dexanabinol ammonium maleate (87.6 mg,
65%). M.p. 90-100°C. Analysis: Calcd: C, 69.43; H, 8.64; N,
2.79; Pound: C, 69.16; H, 8.54; N, 2.54.

Synthetic Example 11

Dexanabinol Hydrogen Phthalate.

A mixture of dexanabinol (196.6 mg, 0.51 mmol), phthalic
anhydride (110.9 mg, 0.75 mmol), pyridine (81 mL, 1.00 mmol)
and toluene (2.0 mL) was stirred under argon at-25°C for 24
h. 5% Sodium bicarbonate (6 mL, 3.57 mmol) was added ‘and
stirring at 25°C was continued for additional 30 min. By
dropwise addition of acetic acid, pH of the mixture was
reduced from 8.0 to 7.0. The mixture was diluted with water
(20 mL) and extracted with ether (30 mL). The ethereal
solution was washed with water (20 mL) followed by 10% acetic
acid (20 mL) and dried over MgSO4. After evaporation of the
ether, the residue was dissolved in toluene (20 mL)} and
evaporated again under reduced pressure (20 Torr, S0°C) to
remove completely acetic acid. The solid residue was dried



pyri di nedi car boxylic anhydride (198.1 ng, 1.33 nmol) in toluene (2 n.) and
the obtained m xture was stirred under argon at 25[err]C for 25 h. TLC

i ndi cat ed no presence of dexanabinol. The reaction m xture was poured into
ice-water (25 g) and extracted with ether (30 nL). The ethereal |ayer was
washed with water (20 nlL), dried over_ppSO4 and evaporated. The obtai ned
‘resi due was subjected to columm chromat ography using silica gel and
AcOEt / Et OH/ Et 3N (7:2: 1) as an eluent. The residue obtained after
evapor at i oAno# vAEupmr ovenr 48t fodowas 80s€d| vedgineephee A3dL912)- 4amg .t he

et hereal sgbyjiopnhyes %@h@g.wg.i 88 Colgd ¢ dbad284dl hah ¢sa.d afidy] 3.0
(2 x 20 m_ fol | oned by water gé nL) _.and_dried qover MySO4.” Evaporation of
the ether Gnd’@r¥7hgtof -PReFPEBAGUE i H3a FacHufi-88en (0.5 Torr, 50[err]C)
af forded pure product as a white solid (176.3 ng, 61%, mp. 150 - 153C

(decomp.). 6 | cd: C, 71.75, H7.71, N, 2.61 Found: C,
71.56, H 7§§%gk%#596ggg?§gﬁe%?c Exanpl e 13 (6aS-trans) -6, 6-Di nethyl - 3-

(1, 1-di metpyl bephyhdy-3-c rboxy-z-pyr%ﬁ%gfg?§f8§ylﬁy

hydroxy-6a,7,10,10a-tetraﬁydro-6k¥d|b a eQ-mathanol 1- (Di et hyl

Phosphate) To a_solution of 0.231 (0.48 muol e) qf _dexanabi nol -7-
trifluorpacet at BYFading (8% @by 5yBPdWW81£tWP§eaé@6ﬂiﬁe 8. suspensiong@f
.ol e) of &exahapifbkt (Rbedsphgspbosasmmsyshhagi deswas added -28- and
oLored o 3elSihbal SRS DO pnlgh iR TILNT S 8o70, ol Bl TR of o1y
evapor at edtolueneud2 (dLHgan§l ther obtrainefemiktnee @asl stirded nakdeene was
added and gigbilLeda8tE- sdhesEehl dugrpasnhi8aLed Wb! BrdsBhclf of" Y tol uene,

dexanabinol. The reaction mixture was poured into ice-water

(25 g) and extracted with ether (30 mL). The ethereal layer

was washed. with water (20 mL), dried over MgSO4 and

evaporated. The obtained residue was subjected to column

chromatography using'silica gel and AcOEt/EtOH/Et3N (7:2:1)

as an eluent. The residue obtained after evaporation of the

first fraction was dissolved in ether (30 mL) and the

ethereal solution was washed with ice cold diluted sulfuric

acid of pH 3.0 (2 x 20 mL) followed by water (20 mL) and

dried over MgSO4. Evaporation of the ether and drying of the

residue in a vacuum oven (0.5 Torxr, 50°C) afforded pure

product as a white solid (176.3 mg, 61%), m.p. 150 - 153°C

{decomp.).
C32H41NO6 Caled:  C, 71.75, H 7.71, N. 2.61
Found: C, 71.56, H 7.86, N 2.66 T

Synthetic Example 13

(6as-trans) -6,6-Dimethyl-3-(1,1-dimethylheptyl) -1-
hydroxy-6a,7,10,10a-tetrahydro-6H-dibenzo [(b,d] pyran-
9-methanol

1~ (Dimethyl Phosphate)

To a solution of 0.231 g (0.48 mmole) of
dexanabinol-7- trifluorcacetate in 1 ml of dry
pyridine at ice cooling 0.075 ml (0.80 mmole) of
freshly distilled phosphorus oxychloride was added



filtered, washed with 3xI m of dry toluene, and the conbined sol utions
were evaporated in vacuo (1 Hgnm at roomtenperature. The residue (0.326
“g) was chromatographed on 25 g of silica gel with
acetonitrile-dichloromethane (7-3 v/v) providing 0.098 g (41 %9 of pure
title conpound as a light brown thick-ggl. Rf = 0.61 (acetonitrile-

di chl oronet hane, 7-3 v/v). Synthetic Exanple 14

6aS-trans | Q== XYs 68 7. : - a rO :
I(—I-di benzol %3 p s}rtefglr-é&/(rget?h‘?no\ac 122;% %‘83’?‘%&% %cgs%hat“é x%r% sol ution of
0.405 g (0. &4 o) (f0 demetfabihl a7y nethanel dtretadeednandn] of dry

pyridine at strddCdt kbdh Hemberamhrd £dr {4 asdihys di st idaed phosphorus
oxychl ori de was added, and storedpagt +3 Jerr] _for 20 hours. It was

evapor at ed SYAPLRRFEL MR HHATTUMARAL HWDR, CEMRETAE R das extract ed
with 3x3 m mdf ofr dxhe tadnersn dvas eadderbiaretl dissizclleed obfif | onsewer e

evapor at ed | @éiéo“agsi Kgoag Felelyy tlﬁ;t;a 1 si due was extracted
with 2x10 rr%# ry ether ant _thwe cor%ﬁﬂr?éggéo ito%isl??/\ég'e evaporated in
vacuo (1 Hgkdlteredbomashask wikth Sx1 me ol driudqluarss, @gndathei ssol ved in

50 m of drycpidi®led Hol S GaP ek @rﬁﬂoﬁté@!ﬂﬂiﬁé‘é&&’aifrl{ y added and
stirred at" ice coolin for 18 haqurs. To, { he xture-10 m of. 20 % sodi um

chl ori de soPt FPMEE -Ur&n FESIHE ethredd® FolWR% on was washed
w th 3x10 nchafomddfraphiednah|aB igleof@ilicngeldniigth over nmagnesi um

-29- sul fat . r aded 4 q;iﬁ (L g, rQomdiemperature. The -

resi due vvasggiegg)o J'v\e%'lia'l n-%r%&(ﬁ%e ner’ J1_'(9)' m @) ?gagn{}s’b%f hydr ogen

carbonat e s8l-G880F vidd &ldef pune Sitdedopmunditas & Yighn t enper at ure.
brown thick oil. Rf = 0.61 (acetonitrile-

dichloromethane, 7-3 v/v).

Synthetic Example 14

(6aS-trans)l2tyl) -1l-hydroxy-6a,7,10,10a-tetrahydro-6
H-dibenzo [b,d] pyran-9-methanol
1- (Dihydrogen Phosphate)

To a solution of 0.405 g (0.84 mmole) of
dexanabinol-7- trifluoroacetate in 2 ml of dry
pyridine at -20 i{C 0.14 ml (1.5 mmole) of freshly
distilled phosphorus oxychloride was added and stored
at +3 ;C for 20 hours. It was evaporaﬁed in vacuo (1

' Hgmm) at room temperature, the residue was extracted
with 3x3 ml of dry benzene and the combined benzene
solutions were evaporated in vacuo (1 Hgmm) at “room -
temperature. The residue was extracted with 2x10 ml-of
dry ethg; and the combined solutions were evaporated
in vacugi(i Hgmm) at room: temperature. The residue:
(0.485 g) was dissolved in 50 ml of dry ether, at ice
cooling 30 ml of deionized water was added and stirred
at ice cooling for 18 hours. To the mixture 10 ml of
20 % sodium chloride solution was added, separated,
the etheric solution was washed with 3x10 ml of 20 %

- sodium chloride solutions, dried over magnesium



It was separated, the organic solution was,.washed with 3x5 m of 20 %
sodi um chl ori de solution, dried over magnesi um sul fate, and evaporated in
~vacuo (1 Hgmm) at room tenperature. The residue (0.309 g) was

chr omat ogr aphed on 25 g of silica gel with nethyl acetate-acetic acid-water
(85-10-5 v/v). The conbined fracti ons v&#e evaporated, the residue was
“dissolved in 10 nl of ether, washed with 3x5 m of 5 5 sodi um hydrogen

car bonat e amhlHBE e and2@Evapdragoetl uancaguale (3 olHgnmdnsat dniasn over
magnesi um sy ﬁ;& ardiid eV@ﬂer%%qdh@ V@&yodﬂswm (Al TP Mm g LAt Ur €

providing 0.1 36 % puretlt e caonmpound

0.43  (met RHD erac afnd- 9Eebi ® %EE‘FH-‘M@’-’O%H‘ B?IEPGWQBG SIMHAN ¢ Exanpl e
?1.5d( 6aS- E;r am&)ﬁjad@dalo ] ”tﬁtﬂ@”StS-T(erIj‘I_ld'djﬁdmﬂ@Hﬂ‘%m )ﬁo)oml-temperatuzie .
r oxy- 6a a-tetr | Z0 ran- nQ
(D hydr oud BRSSBREEEFERRe ot are CATRLs oL ST e SATRTA MR 0. 10
mol e) of déxé‘pna@l nof - 268 pﬂmbphat@hlwﬁied solutignet Banel wwar argon
at nospher e %ﬁg aﬁrpsf:(ifm e%m fegaﬁgzﬁe dSQH'VQ&Wd(P \;ﬂﬁ%r% gition in

dry et hanol heh t sol ution was e ed in vacuo
(1 Hgnm) at ropabm Fewaerat:ure Th'@‘?esFtﬁ?é-q}J@s stPr2E8 \Mgh 20ag  of

dei oni zed Waheomatdyraphed) @i&mh@r%ﬁ ogiRibauigel Ithui‘elt red, washed
with 2x10 m_ of ter, .and _th ar_sQl utio fr e ed overnlght
af f or di ng Oaﬁ"?fa‘ga B8R S R -g:a[ (%cso &1“'873@ %ﬁﬁfg 8&“&’&&9@ whi te

~material. SfralettionsEveens evdporatsd, the residue was dissolved

(6aS-trans) h t%{
hydr oxy- 6a, %ﬁ g'oDldmat ﬁ’hé b- gg’r ggge)rcl)zllogl?ﬁ 5)y"lI}lan?f 5 % sodium
hydrogen carbonate and 3x5 ml o $ of sodium

chloride solutions, dried over magnesium sulfate, and
evaporated in vacuo (1 Hgmm) at room temperature
providing 0.141 g (36 %) pure title compound as a
thick o0il. Rf = 0.43 (methyl acetate-acetic
acid-water, 85-10-5 v/v);

Synthetic Example 15

(6asS-trans) -6, 6-Dimethyl-3-(1,1-dimethylheptyl) -1~
hydroxy-6a,7,10,10a~-tetrahydro-6H~dibenzo [b,d] pyran-
S-methanol

1-(Dihydrogen Phosphate) Disodium Salt

To a solution of 0.047 g (0.10 mmole) of
dexanabinol- 3’-phosphate in 5 ml of dry ethanol under
argon atmosphere 1.07 wml (0.20 mmole) of 0.18"’7'M-
sodium hydroxide solution in dry ethanol was added (pH '
~-8) and then the solution was evaporated in vacuo .(1
Hgmm) at’ ‘room temperature. The residue was stirred
with 20 ml of deionized water under argbn atmosphere
for 2 hours. It- was filtered, washed with 2x10 ml of
water, and the clear solution was freeze dried
overnight affording 0.032 g (63 %) of pure title

- compound as a hygroscopic white material.

Synthetic Example 16



9-met hanol a-(Di-t-butyl Phosphate) To a stirred solution of 3.22 g (8.33
nmol e) of dexanabinol in a mxture of 16 m of dry pyridine and 3.49 ni
(25.0 mMmole) of dry triethylam ne a solution of 5.72 g (25.0 mol e) of

di -t-butyl phosphoro- chloridate in 80 m of dry dichl oronethane was added
gt -40 oC and stored at -15 [err]C for-30days. It was evaporated at room
tenperature in vacuo (1 Hgnm, the residue was solved in 75 m of

di chl or onet hafeasekamsihes], 6\ imé el 13 - Of , - dhsethyhéytydYeh-car bonat e
sol uti on and Hydfoxg- &, 201 0) B et cathodroet ol ibenne [Hr dbdygasr nagnesi um
sul fate, and %veghartedd in vacuo (1 Hgmm) at room tenperature. The residue
(8.75 g) was %h?@rrﬁ@%e&hoﬁﬂhat%)i lica gel (500 g) with

di chl or onet hane- net hanol (95-5 v/v) to provide 3.41 g (71 % of pure title
conmpound as a pal E‘rd&“@t«!\iibé&ks@ihtl& 5£03542( di o8 mraormickwéne &et hanol ,

95-5 v/v); An cul ated.for erg ], {548.77) ;. C: 68. 4 58 %
Found: C. 68. %’é%s %(zfné) oF ddry pyridiie hnd
(6aS-trans)-@& &ﬂmﬂetm - 8- l(uicleljlqﬁt Hylhéptigithylamine a solution

hydr oxy- 6a, 7, et rah 0p6 Z0 Jgb, ﬂ@g@l

a- (D hydrogen os;-ﬁé eé )(Qé goﬁn&bg%@of of 4?§' p_\%{@mérg%ﬁ

dexanabi nol - 'F-h](QﬁldaQﬁJtJﬂ %o@bhﬁfeﬁrh’nm r@ﬂ%ﬂﬁ]l"&ﬁ)f%ﬁ@@t room

tenperature L93_4b 25 A BtoLédt @tflmowefbe @'da*@s a@dagaand
stirred for 40 mnutes, It was diluted with 20 m ﬁp roforrrtlc]h%\\n/ashed
§§Q'Eﬁ‘ate th

with x50 m SRBPIRLES A IRAR FEMPAt e SHHT o
sodi um chl or iskEidd ®x25 solveld 2ih %¥Sodilunof hddchdersmethames, andi ed over

magnesi um Su'v;aastheéd %r!ﬂ:l? VERL6 %f doknsvg(:lé%d(iﬁml_%o en carbonate
solution and 1x40 ml of 20 ¥ sodium chloride solution,
dried over magnesium sulfate, and evaporated in vacuo
(1 Hgmm) at room temperature. The residue (8.75 g) was
chromatographed on silica gel (500 g) with
dichloromethane-methanol (95-5 v/v) to provide 3.41 g
(71 %) of pure title compound as a pale yellow thick
oil. Rf = 0.54 (dichloromethane-methanol, 95-5 v/v);
Analysis: Calculated for C,;Hs;;PO, (578.77): C: 68.48,
H: 9.58 %; Found: C: 68.28, H: 9.53 %.

Synthetic Example 17

(6aS-trans) -6,6-Dimethyl~3~(1,1l-dimethylheptyl)-1- -
hydroxy-6a,7,10,10a~-tetrahydro-6H~-dibenzo [b,d] pyran-
9-methanol L
a- {Dihydrogen Phosphate) -

To a solution of 1.45 g (2.5 wmmole) of .
dexanabinol~-7- (di-t-butyl-phosphate) in 40 ml of dry
chloroform at room temperature 1.93 ml (25 mmole) of
trifluoroacetic acid was added and stirred for 40
minutes. It was diluted with 20 ml of chloroform,
washed with 1x50 ml of 5 % sodium hydrogen carbonate
solution saturated with sodium chloride, and 2x25 ml
of 20 % sodium chloride solutions, dried over

magnesium sulfate, and evaporated in vacuo (1 Hgmm) at



-31- room tenperature. The residue (1.045 g) was chromat ographed
twce on 100 g of silica gel with nethyl acetate-acetic acid-water (85-
«10-5 v/v). The conbi ned fractions were evaporated in vacuo (1 Hgmm) at room
tenperature, dissolved in 25 m of chlgogroform washed with 2x25 mM of 5 %
sodi um hydr ogen car bonate sol ution satutdt ed with sodi um chl ori de, and 1x25

M of 20 % L um ¢hl oride sal uti dri ver g I u ul f , and
evapor at ed rsr(r%’%\t/nacugef@eﬁﬁﬁw‘%feat r@g?n téje%ceiraeurqufg\g/?’di %fo. f%gg (15 9

of pure titchrogwroartipied)| bwicei e nhf@r igal of S@Eitlliad cgekampiteh 18

(6aS-trans) pRebryd AP red-ddedidi AR VARt Y 351-10-5 v/v). The

hydr oxy- 6a, 7, 10, 10a-t et r ahydr o- 6H- di benzo[ b, d pgr an- 9-net hanol

a- ( Di hydr ogERMBHEEh HXACHHWS TR xGY2RPFRN.A | £rT¥aqUS| dt HIM™ 0. 971 ¢
(2.1 mmol e) atf roematahpashtdrephdspbal eednii 2 srimbofofdichlatdfang, 0. 48 ni

(4.2 mol e) _of I 1] dge ad. e ed Thi s
sol ution \/va‘s"'(‘g1 oL te g&g?ﬁ Iq?lz\(,a@gt §lOg! .ngFQ?O}é@?gEg%g& bg)ﬂsge Sar at ed
crystal s weselutios ahturatiast with wn ehlorideet Andolx25d mlkied in

vacuo (1 HoBp) 29!+ S0HLLATRRIG HAE sSTRACh NUried Rk Gulifnesild, |1 vas
recrystallized from6 né of dry 1%04%8”0' affording 0.394 g (28 %9 of pure
conpound. as SWAEREEne s EVRAPOTaLRS 148 VAGUq ; (1 p i st @AMl ated for
Eler1 r7 ] (V(Gg;‘;. Qﬁ)np_ae@at&&eSfbrd{lgi&mg, oN174. 1 5 FRUNbBE Guee. ¢Atld 9.84, N

: 0 nt heti c a .
(62t 1 ans) GO B GLE5Er Like MAGSH ity ) - 1-
hydr oxy- 6a, 7, 10, 10a-t et r ahydr o- 6H- di benzo b, d] pyran- 9-net hanol )
[err]-(Di hyggrggﬁgtlf{l&om%q)e [pigsodi um Salt To a solution of 0.052 g (0.11

of

nmol e)

{(6aS-trans)-6,6-Dimethyl-3-(1,1l-dimethylheptyl) -1-
hydroxy-6a,7,10,10a-tetrahydro-6H-dibenzo[b,d] pyran-
9-methanol

a- (Dihydrogen Phosphate) bisCyclohexylamine Salt

To a solution of 0.971 g (2.1 mmole) of
dexanabinol-7- phosphate in 15 ml of dry methanol 0.48
ml (4.2 mmole) of cyclohexylamine was added and
evaporated to 5 ml. This solution was left to
crystallize at 0 j{C for 10 days. The separated
crystals were filtered, washed with 4x2 ml of dry
methanol and dried in wvacuo (1 Hgmm) at room
temperature providing 0.467 g of salt. It was
recrystallized from 6 ml of dry 1-propanol affording
' 0.394 g (28 %) of pure compound as white needles; ﬁp,:' _
176-180 iC; Analysis: Calciilated for CjHN,O.P
(664.91): C; 66.84, H: 9.85, N: 4.21 %; Found: C:
66.62, H:'9.84, N: 4.17

o\®

Synthetic Example 19

(6aS-trans) -6, 6-Dimethyl-3-(1,1-dimethylheptyl)-1-
hydroxy-6a,7,10,10a-tetrahydro-6H-dibenzo{b,d}pyran-
9-methanol

a- (Dihydrogen Phosphate) Disodium Salt

To a solution of 0.052 g (0.11 mmole) of



- 32- dexanabi nol - 7- phosphate in 2 ml of dry ethanol 0.83 m (0.22 nmol e)
of 0.268 M sodi um hydroxi de solution in dry ethanol was added at room
tenperature (pH - 7-8). The solution was evaporated in vacuo (1 Hgnm at
roomtenperature. The residue (0.055 g) was stirred with 40 ml of deionized
water, filtered, and washed with 2x20~8R-of water. The conbi ned water

*sol utions were freeze dried overnight affording 0.044 g (78 % title
conpound as alesaryalhiyrgsSTopphogphate maheri all; ofp.dryoverhdsl [@r83 it begin

to carbonize. [ 0 : : :
(6aS-trann)- é“]?/pé% hrﬁrflgié’(nl)g? gi' rzrgtah;% hsé)ﬁitlﬁns -hf{dIOdee solution

hydr oxy- 6a, 7,10, d0%- %mr"@%l—laéiisénf&['b??ﬂ’fbyFaﬁpegaﬁBFﬁan‘d?H ~

a- (4- Mor phol i4u4) ae8ialsd 11 idbn walsl eva@br@thd id ¢Acad MMOhgImPfat
dexanabi nol, 1.2 of di net hyl @@gno ri di ne §a¢§%yss, 0. 091 é(g 50
mol e) of (&£9R5 phePPFRRYAERL i dPECi qﬁfg?eocﬁ oY Pdedat®ss ?ﬁ’g’é‘F ry

di chl or onet hanicW. 403ml EE. deiomizdd ovates; dfd)tleadedyylaxal beabhed de was
added and stiry o] 3 r r . r

i cycl onexyl a0 BT pRMEeR rhe] cBRBSRE Yiacdl SdfFifons

di chl or onet havexe tfreezabinted soverndgbtuwefEonddnad 0wt I ABDF LM
hydrogen car honale sGhptintd 43X35vehy. Higrbcdrilc MRatEs wbsri{ps e, and
evaporated in vacuo (1%@ at é());j%rr . The resci due (0.319 g) was
chr omat ogr apRr 0rPET 20D g XBAPYIR tP CIEPBRLZBne- di et hyl anmine (8-2
v/iv) to provide 0.154 g (60 % of pure title conmpound as a |ight br own
sticky material,. .. = 44 (cycl ohexane-di et hyl am ne, 8-2
vIv); Analsﬁé?hﬁiﬂ?iﬁfﬂﬁg??céb[err] (513.72): C. 72.48, H 9.22, N 2.73
% Found: C (2l this):@%-Dindeify 4 - M DELhSe Ay PBbEy I 1-
hydroxy-6a,7,10,10a-tetrahydro-6H-dibenzo[b,d] pyran-
9-methanol
a- {4-Morpholinyl)acetate

To a mwmixture of 0.194 g (0.50 mmole) of
dexanabinol, 1.2 mg of dimethylaminopyridine catalyst,
0.091 g (0.50 mmole) of (4-morpholinyl)acetic acid
hydrochloride, and 8 ml of dry dichloromethane 0.103
g (0.50 mmole) of 1,3-dicyclohexylcarbodiimide was
added and stirred at room temperature for 113 hours.
The formed dicyclohexylcarbamide was filtered out,
washed three times with dichloromethane, the combined
- solutions were washed with 5 % sodium hydrogen
carbonate solution (1x25 ml), dried over magnesium
sulfate, and evaporated in vacuo (1 Hgmm) at 40 ac
The residue (0.319 g) was chromatographed on silica
gel (30 g) with cyclohexane- diethylamine (8-2 v/v) to
- provide®0.154 g (60 %) of pure title compound as a
light brown sticky material. 'Rf = 0.44
(cyclohexane-diethylamine, 8-2 v/v); Analysis:
Calculated for C,,H.,NO; (513.72): C: 72.48, H: 9.22, N:
2.73 %; Found: "¢: 72.51, H: 9.25, N: 2.92 %.

Synthetic Example 21



-33- (6aS-trans)-6, 6-D net hyl -3-(1, 1-di net hyl heptyl)-1I -

hydr oxy- 6a, 7, 10, 10a-t et r ahydr o- 6H di benzol b, d] pyran- 9- net hanol

-<a-[4- (4-Morphol inyl)butyrate] To a mi xture of 0.194 g (0.50 nmole) of
dexanabi nol, 1.2 ng of di nethyl am nopyridi ne cat al yst 0.105 g (0.50 mmmol e)
of 4- rmrphol i nobutyric acid hydrochl oridde, and 8 nl of dry dichloronet hane
0.103 g (0.50 mmol e) of 1,3- dicycl ohexyl carbodiim de was added and stirred
at room t enpésas wrado) - OyerDigathyTh2- {br hedidethglbbpxyltadbam de was
filtered outhydwestedsa h? ek0110estetrahvdrat 6H odbbenne [bt Hipyoabi-ned

sol utions wet-gnskls#rel with 5 % sodi um hydrogen carbonate solution (Ix5 ni),
dried over regHes{tmierphelnybhhbreyEdbeht ed in vacuo (1 Hgmm) at 40 [err]
The residue (0.281 g) was chronmat ographed on silica gel (25 g) with

cycl ohexane- di et hptbana'; nemiﬁtarg/ vpft oopnow deg O. Qf.bcg (nf7o 28 ) ofoﬁure title
conpound as |.0

(cycl ohexan aﬁf/’f’é?vtf : §‘92°§/ %‘me%ﬁjfa‘(‘ﬁl?w rlﬂln%nf%‘ﬁ}xs‘:%% (n

OH), 2927 [ ar 15 2852 ([OerStO] tmdde)n GEO 4 ahoxphol inobutyyicl62¢idn C=C,
olef i), 153 bebapud-iuel cus) elﬁooeddg?z)dlaa@%@eﬂa&%% 1185 [err]

Co0, 1112 C-H, _araomat 859 %9 | efTn
Anal ysi s: C@c&@aﬁ@dm’&le@ﬂ%l exylearbodijmigieigwas; 2. 59 9 :

Found: C 7Zded Hind. §81r£~led2a62r%bm3m@@iﬁa¢:@éafﬂﬂxe ernight.
hydroxy- 0a, FHE. TOERER ARGHTL RPN ot ORREA] IS ELAEREERarRE
a- (4- (4- vet wdshedhdires untwes |With ydiatlelloranbktheare, dlsolavmisined 0. 092 g
(0.17 ol e)sé?llcui:ions were washed with 5 % sodium hydrogen
carbonate solution (1x5 ml}, dried over magnesium
sulfate, and evaporated in vacuo (1 Hgmm) at 40 iC.
The residue (0.281 g) was chromatographed on silica
gel (25 g) with cyclohexane-~diethylamine (8-2 v/v) to
provide 0.221 g (82 %) of pure title compound as a
pale yellow very  thick oil. Rf = 0.42
(cyclohexane-diethylamine, 8-2 v/v), IR (film, n,
cm™) : 3358 (n OH), 2927 (n,, CH,;), 2852 (n, CH,,), 1736
(n C=0, aliphatic ester), 1621 (n C=C, olefin), 1576
(phenyl nucleus), 1450 (d CH;), 1266 (n,, C-O-C), 1185
(n, C-0-C), 1118 (n C-0), 967 (g C-H, aromatics), 859
(g C-H, olefin); Analysis: Calculated for C;H;NO,
(541.77): C: 73.16, H: 9.49, N: 2.59 %; Found: C:
72.92, H: 9.53, N: 2.62 %. -

Synthetic Example 22

(6as~trans) -6, 6-Dimethyl-3-(1,1-dimethylheptyl)-1-
hydroxy-6a,7,10,10a-tetrahydro-6H~-dibenZo[b,d] pyran-
9-methanol

a- (4~ (4-Methylmorpholinium-4-yl)butyrate] Iodide

To a solution of 0.092 g (0.17 mmole) of
dexanabinol-7-morpholinobutyrate in 1 ml of dry
acetone 0.053 ml (0.85 mmole). of methyl iodide was
added and stored at room temperature for 2 days. After



dexanabi nol - 7- nor phol i nobutyrate in 1 m of dry acetone 0.053 ml (0.85
nmol e) of nethyl iodide was added and stored at roomtenperature for 2
days. After -34- evaporation, the residue was solved in dry ether (4
m), filtered and stored in dark for 5 days. The separated sticky materi al
was filtered, washed three tines with <34~ ether, and dried in vacuo (1
Hgnm) at 35 [err] providing 0.043 g (37 %9 of pure title conpound as a
nearly white eaxalpdo;am:ef | ahe h:bsxgﬁumei twaswasobD8ed imbdriPlatheSyn{heti c

Exanpl e 23 (Q@é tr@gﬁ ﬁ (Ejg, I%a( 1ig- Qiariaé hebhepy yld)a%,%no The

hydr oxy- 6a, 7 104 benzo[b d].pyran- 9-net a-
(4- Met hyl - | - (& qmmqﬂlgta@bmmet%la mWﬂSurfeﬂ&FR?dlgzwgsl'(%ﬁ%hﬁﬁm e) of

dexanabi nol , tlinedbyDén dAFpt BYhaw, naaw udu&a qa:t alatio O Mgng) (850 Mol e)
of (4-net hyI 1 pi er a2| n izéacet |l§%aC| of dry, dichl oronet hane

0.103 g (0.5@ Ui 4219 r%%oq"fﬁa%l S SRA*BHd stirred
at room terrpasatwmaﬁ:@y M:S.tlmsrts.ck‘phmatemxad dﬂ:t:yscpnhexyl washadi Be was
filtered out, \%Hﬁﬁ'ﬂé hree tinmes with dichl oronethane, the conbi ned

sol uti ons were With 5 % sodi um hydrogen carbonate sol ution (1x25
m), dried over magnesi um sul fate, and evaporated in vacuo (1 Hgm) at 40

[err]. The Tﬁ}%éﬂ, 1&@ag3 chr omat ogr aphed on silica gel (30 g) wth
cycl ohexane- diethylamne (8-2 v/v) to provide 0.137 g (52 %9 of pure title

conpound as & @l -Eeid)ove Vesyihdthyl o3t (1 Ri-&ikleBRylheptyl) -1~
( cycl ohexane 1ididawy <68 ,/%, 18; Loa+ vetraypdhot 6H-dkbante [B4d] pyran-
(6aS-trans) - @-Gnd¥tmidly| - 3- (1, 1- di net hyl heptyl ) - 1-

a- (4-Methyl-l-piperazinyl)acetate

To a mixture of 0.194 g (0.50 mmole) of
dexanabinol, 1.2 mg of dimethylaminopyridine catalyst,
0.079 g (0.50 mmole) of (4-methyl-l-piperazinyl)acetic
acid, and 8 ml of dry dichloromethane 0.103 g (0.50
mmole) of 1,3- dicyclohexylcarbodiimide was added and
stirred at room temperature for 113 hours. The formed
dicyclohexylcarbamide was filtered out, washed three
times with dichloromethane, the combined solutions
were washed with 5 % sodium hydrogen carbonate
solution (1x25 ml), dried over magnesium sulfate, and
evaporated in vacuo (1 Hgmm) at 40 ;C. The residue
(0.345 g) was chromatographed on silica gel (30 q)
with cyclohexane— diethylamine (8-2 v/v) to provide
0.137 g (52 %) of pure title compound as a pale 3}.e-1;1_ow-.
very thick oil. Rf = 0.37 (cyclohexane-diethylamine,

8-2 v/v);

Synthetic Example 24

(6as-trang)-6,6-Dimethyl-3-(1,1l-dimethylheptyl)-1-
hydroxy-6a,7, 10 ,10a-tetrahydro-6H-dibenzo [(b,d]pyran-
9- methanol ’

a- [ (4-Methyl-1l-piperazinyl)acetate] bisHydrobromide

To - a solution of 0.052 g (0.10 mmole) of



hydr oxy-6a, 7, 10,1 Qa-tetrahydro-6Hdi benzo [b,d] pyran- 9- nethanol

a-[ (4- Met hyl - 1- pi perazi nyl ) acet at e] bisFNdrobronide To a solution of 0.052
g (0.10 nmol e) of - 35- dexanabi nol - 7- (N net hyl pi perazi noacetate) in 1
m of dry dichloronethane 0.56 m (0. 23 nmmol e) of 0.40 M hydrogen bromni de
solution in dry dichloronmethane was atded at ice cooling, and the solution
‘was evaporated at once in vacuo (20 Hgmm) at roomtenperature. To the

resi due (0. G&xagabamal- Tof (Nl vAmipeiasineacetriee, i0rdexdd dbr 2

m tnut es, lf't|dt %c}‘(‘ﬁ?f&ﬁie%%fie5 gmseofmﬂel(@ngze%m&tear boﬁgg hf@68m7=0rrbl nedf |
wat er sol utions were freeze dri QVeEr Qi qvidin o
pure title R’ﬁ W%s%% YELRR ¢ gH’Eﬁ'g é"llhqoé'\%’mel‘?gﬁ 7 I e 25
(6aS-trans) agdediatetileyl <ddllink,diaret hHehemlyit)ioh was evaporated

hydr oxy- 6a, 7,.1 a=te dr Gﬁl;ﬂ e ] =9

a-[4-(4- Met %tl gi’%% 6ér g%émﬁ (80 Agégégo'?n&%/ﬂre a'\8‘"([)@ hﬁé‘ lzeO 50 rrrml e)
of dexanabi mszdpez (9g 067 a)rre?cﬁmlam Saiandized watan was cad ed .4

(0. 50 foPrdx@d £6d 2 ml%Jteds(‘l‘.‘lrmiéBéd 1%5}%@%% JPYWY T
acid blshydrochl qQride, and gFOf dry. di chl oromet hgne 0.103 g (0 50
dFp

mmol e) of 1%%”&%%”@%??’"%?5 ARe dﬁ%‘&?’érﬁ? '-'H‘?’é%l "ﬁrﬁ?oom
terrperatﬁrgf&@reh 2ed died. ovﬁegﬁgute rbudix@eaybsar lr?gmsi-g wls df ltered
out, washed_thre c [ . .conbi.ne utions were
washed wi t h P&, %&td"l&mcl?wo@d‘en W%&% ire (“i‘?"'z%r’rﬁ dried over

magnesi um sul fate, and evapor at ed in vacuo (I Hgnm at 40 [err] The

resi due (0%%% G aphed on S|I|ca gel (50 g) with
cycl ohexane t:Q%eyl am ne ?8 2

(6as-trans)-6,6-Dimethyl-3-(1,1-dimethylheptyl)-1-
hydroxy-6a,7,10,1l0a-tetrahydro-6H-dibenzo[b,d}pyran-
9-methanol
a- [{4- (4-Methyl-1l-piperazinyl)butyrate]

To a mixture of 0.194 g (0.50 mmole) of
dexanabinol, 1.2 mg of dimethylaminopyridine catalyst,
0 .14 4 g (0 .50 mmole) o £

'4—(4-methyl—1-piperazinyl)butyric acid
bishydrochloride, and 15 ml of dry dichloromethane
0.103 g (0.50 mmole) of 1,3-dicyclohexylcarbodiimide
was added and stirred at room temperature for 65
hours. The formed dicyclohexylcarbamide was filtered
out, washed three times with dichloromethane, the
combined solutions were washed with 5 % sodium
hydrogen carbonate solution (1x25 ml), dried over
magnesium sulfate, and evaporated in vacuo (1 Hgmm) at
40 iC. The residue (0.329 g) was chromatographed.on
silica gel (50 g) with cyclohexane-diethylamine (8-2
v/v) to provide 0.142 g (51 %) of pure title compound
as a pale yellow very sticky material. Rf = 0.43
(cyclohexane- diethylamine, 8-2 v/v), IR (film, n,
cm') : 3000 (very broad, n OH), 2930 (n CH,,), 1734 (n
C=0, aliphatic ester), 1620 (n C=C, olefin), 1575
(phenyl nucleus), 1461 (d CH,), 1371 (gem. dimethyl),
1283 and 1186 (n C- 0-C), 1087 (n C-O, phenol), 968 (g



v/iv) to provide 0.142 g (51 % of pure title conmpound as a pale yellow very
sticky material. Rf = 0.43 (cycl ohexane- diethylamne, 8-2 v/v), IR (film
-n, cnerr]): 3000 (very broad, n OH), 2930 (n [err], 1734 (n C=0O, aliphatic
ester), 1620 (n C=C, olefin), 1575 (phenyl nucleus), 1461 (d CH3), 1371
(gem dinethyl), 1283 and 1186 (n C O,Q) , 1087 (n CO phenol), 968 (g
-36- CH, aromatics), 816 (g CH, olefln Analysis: Cal cul ated for [err]
(554.82 + 1 Wbdlchloronethane + 3 @6 |et ' . 72,78, H. 9 90, N
5.42 % FourfrEC axomatige)g oBl6 N % s?/nﬁ%fw’e’t‘c?c BRRPYELSE

(6aS-trans) -CalcblavédyFos- (:J.HLMOnetBQA m;qt)t-yll) -4-dichloromethane

hydr oxy- 6a, 7, 10, 10831 I+ gi. benz yga 9
a-[4-(4- Met hyI91 p?dle%zﬁy'ﬁrgup rat e] bl.‘S’:Hg rﬁb?o?nodeNTg&} gwsgl'utlon of

0.060 g (CFdundm@}eJ2.98. dﬁxa aBPnolN: 75 - 8- #et hyl pi perazi nobutyrate) in
1 m of dry dichloronethane 2.45 m (0.27 mmole) of 0.11 M hydrogen brom de
solution in dry dichloronethane was added at roomtenperature. After 10

mnutes it Vs ENSODE EREmpDevV26UO (1 Hgnmm) at roomtenperature, to the
residue 30 m of deionized water was added, and fortexed for 5 mnutes. It

was f|Itered(amm-tfinmm%e;GsDimethnlmas(15éedﬁmdthy&hep$yﬁbgnb provi di ng
0.071 g (90 Bfdsbxpeéa, 7;10el0anpetinadhydra-Fgddbenpodbudl pyrrasx-eri al .
Synt heti ¢ ExanphetRanée®aS-trans) -6, 6- Di net hyl - 3- (1, | -di net hyl heptyl)-1-
hydr oxy- 6a, ?#iD%iOé?MethmhyarBiBPFGFBEﬁ%bPE w¥afehn- 9- net hanol

a- (Tr|fluorda%%$£§%9br

"PTo a solution of 0.060 g (0.11 mmole) of
dexanabinol-7- (N-methylpiperazinobutyrate) in 1 ml of
dry dichloromethane 2.45 ml (0.27 mmole) of 0.11 M
hydrogen bromide solution in dry dichloromethane was
added at room temperature. After 10 minutes it was
evaporated in vacuo (1 Hgmm) at room temperature, to
the residue 30 ml of deionized water was added, and
fortexed for 5 minutes. It was filtered and the water
solution was freeze dried overnight providing 0.071 g
(90 %) of pure title compound as a hygroscopic white
material.

Synthetic Example 27

{6aS-trans)~6,6-Dimethyl-3-(1,1-dimethylheptyl) -1-
hydroxy-6a,7,10, 10a-tetrahydro-GH-dibenzo[b,d]pyran-
9-methanol _

o~ (Trifluoroacetate) -

To a solution of 1.160 g (3.0 mmole) of
dexanabhinol in 60 wml of dry chloroform 2.3 ml (30
mmole) of trifluorocacetic acid and 9 g of molecular
sieves (3 G, 4-8 mesh) were added and stored at room
temperature for 22 hours. It was filtered, washed with
dry chloroform.{3x10 ml), and the combined solutions
were evaporated in vacuo at room temperature. The
residue was treated with 12 ml of dry n-pentane, the
small amount of insoluble material was filtered out



To a solution of 1.160 g (3.0 nmole) of dexanabinol in 60 m of dry
chloroform2.3 m (30 mmole) of trifluoroacetic acid and 9 g of nol ecul ar
Sieves (3 u, 4:-8 nmesh) were added and stored at roomtenperature for 22
hours. It was filtered, washed with dry chloroform (3xIO m), and the
conbi ned sol uti ons were evapor at ed i nzyacuo at roomtenperature. The
residue was treated wwth 12 m of dry n-pentane, the snmall anount of

i nsol ubl e mabLeld alyawReaf 'wlri@l'ieddﬂ!v’t n-pentéandnq¥ashgd) W tingr i pent ane
(3xI m), and the conbi ned pentane solutions were evagor ated in vacuo (1

Hgm) at rooﬁPP‘?&B@FaPSPEaQFV?%“El@?E Her8scYaPorabert el Y3 okdpound as a
col orl ess st Helyn) nedter rabm Rlempedakhirdbenieinng Lsapaopanods 9-«1) ,oﬂ R (film

(0“0 %%%ée%@éé%%?snﬁgﬁﬁs%%@a#@@ 238 giqerdutadd]. B8 )
1459 (d CH3) = 0188 ((hedzeney, isgpropanclO-giendR) (fd4de. (@, Ccm ")asrornatucs)

837 (g CGH, | al | c ted 7HA30
67.20, H 7. gggfz ﬁ%)ucrjllg’1 !§B§ (%a éﬁ@ 2§@6 @% etlg Ex%aﬁr%alze?ﬁ

Oy ey Bl b AIBRCIS. (ool patoman astan < 1625 AP e,

hy([jro?y 6a, 701@:f1&a-ta15ﬂ:5hy(¢tmtﬁﬂ- divesrennd o, di489 a(d a{-)r;emmol(% f

1-[ 4- (4- Mor pRolai ratel_Jo LhYr e g ol mlhe) o
dexanabi nol - ? bt ?&?‘ Iggrraéagglt gt@ %}"%%rfglqdf %&15% 39 er sr*é cat al yst,
0.105 g (0.563ndgef-Bf qlerﬁlphmlAn@b]asg'tﬁhcCal;cdlayddoﬁQrdE;l,HﬁF,@ﬁd 8 m of
dry di chl or oqghasg)Q. 103 g7( 9o 50HIO} 8)3 O , 1palmdcyq;ohe>,;ya9ar hadi i mi de

was added anggstl rred at’ room t enperature for overni ght

Synthetic Example 28

(6as~-trans)~6,6-Dimethyl-3-(1,l-dimethylheptyl) -1~
hydroxy-6a,7,10,10a-tetrahydro-6H-dibenzo[b,d] pyran-
9-methanol

1-[4-(4-Morpholinyl)butyrate]

To a mixture of 0.241 g (0.50 mmole) of
dexanabinol-7- trifluoroacetate, 1.2 mg of
dimethylamino-pyridine catalyst, 0.105 g (0.50
mmole) of 4-morpholinobutyric acid hydrochloride,
and 8 ml of dry dichloromethane 0.103 g (0.50 mmole)
of 1,3-dicyclohexylcarbodiimide was added and

. stirred at room temperature for overnight. The
formed dicyclohexylcarbamide was filtered out,
washed three times with dichloromethane, the "_ -
combined solutions were washed with 5 % sodium |
hydrogen carbonate solution (1x5 ml), dried over
magnesitim sulfate, and evaporated in vacuo (1 Hgmm)
at 40 {C. The residue (0.330 g) was cﬁrbmatographed
on silica gel (25 g) with toluene-diethylamine (9-1
v/v) to provide 0.134 g (71 %) of pure title
compound as a pale yellow very thick oil. Rf = 0.4S
(toluene-diethylamine, 9-1 v/v), IR (film, n, cm):
3408 (n OH), 2929 (n,, CH,;), 2856 (n, CH, 3}, 1757 (n
C=0, phenol ester), 1624 (n C=C, olefin), 1563



formed di cycl ohexyl carbam de was filtered out, washed three tinmes with

di chl or onet hane, the conbi ned sol uti ons were washed with 5 % sodi um

~hydr ogen carbonate solution (I x5 m), dried over nagnesium sul fate, and

evaporated in vacuo (1 Hgrm at 40 jC The residue (0.330 g) was

_chromat ographed on silica gel (25 g) w38k toluene-diethylamne (9-1 v/v) to

“provide 0.134 g (71 % of pure title conpound as a pale yellow very thick

ol I R = 0 @yl uslereliat hvi ags nﬁa G Vo | @ek |dﬂmerbhéﬂ4rﬂ (e”]clc 3408
n

, 2929 6 henol”. est
E)Inefai_l)n) 156"31[169”‘%&2‘{55 [e”] g PR essl%)m (gem di methyl),
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Synt heti c Exa %4%929”( ?"E%‘gan‘g) u?jgﬁ rr%’[ h%/qﬁs% (hl 1 dof Pet hyl heptyl)-1-

hydr oxy- 6a, 7, 10, 10a-t et r ahydr o- 6H di benzo[ b, d] pyr an- - 9- net hanol
1-[4-(4-th@yduyauyaigﬂdﬁﬁxqugbutyrate] lodide To a solution of 0.059
g (0.11 nrmole) of dexanabinol -4-norpholinobutyrate in 1 m of dry

acet one 0. 036as!- tirns) 676 -Dindthyl 434 (1 AHdimeElsy BGISEy BN st ored at room
t enper at ur e hiydrokyd®as.7 A, A0 e taparatiydr - GHad 1lven 26 Eb )@Fpgeah + nuousl y
extract ed ‘wiSt-melthianalg n- hexane for 2 hours. The insol uble part was

dried in vadud4-(4-dfathyimosrpodidiym-ciAylk ybptndtiely Xadidé of pure title

conmpound as a pale yellow glass-like material. Its purity was 96. 0 % by
(5aStrans) 1ty vty ey £F 18:058 « fhyd%id mmele) of
H- di benzo[ b@EFRANRRis giqgpholinobutyrate 1n 1 ml of dry
acetone 0.034 ml (0.55 mmole) of methyl iocdide was
-added and stored at room temperature for 2 days. After
evaporation, the residue was continuously extracted
with boiling n- hexane for 2 hours. The insoluble
part was dried in vacuo (1 Hgmm) at 40 ;C providing
0.031 g {41 %) of pure title compound as a pale yellow

glass-like material. Its purity was 96.0 % by HPLC.

Synthetic Example 30

(6aS-trans)1lltyl) -1-hydroxy-6a,7,10,10a-tetrahydro-6
H-dibenzo [b,d] pyran-9-methanol
1-({4-(4-Methyl-l-piperazinyl)butyrate]

To a mixture of 0.407 g (0.843 mmole) of
dexanabinol-7- - trifluoroacetate, 2.5 mg. of
dimethylamino-pyridine catalyst, 0.172 g (0.93 mmole) -
of 4—(4;methy1-1-piperazinyl)butyric acid, and 25 ml
of dry dichloromethane 0.209 g (1.01 mmole) of 1,3-
dicyclohexylcarbodiimide was added and stirred at room
temperature for 305 hours. The formed dicyclohexyl-
carbamide was filtered out, washed with 3x1.5 ml of
dichloromethangi the combined_solutions were washed
with 5 % sodium ﬁydrogen carbonate solution (1x50 ml),
dried over magnesium sulfate, and evaporated in vacuo
(1 Hgmm) at 40 {C. The residue (0.495 g) was



1-[4-(4-Methyl - | - pi perazinyl)butyrate] To a mxture of 0.407 g (0.843
nmmol e) of dexanabi nol - 7- trifluoroacetate, 2.5 ng. of

~di met hyl am no- pyri di ne catalyst, 0.172 g (0.93 mvle) of

4- (4-met hyl - | - pi perazinyl)butyric acid, and 25 m of dry dichl oronet hane
.0.209 g (1.01 nmole) of 1,3- dicycl ohe§¥,Lcar bodi i m de was added and stirred
“at roomtenperature for 305 hours. The formed di cycl ohexyl - carbam de was
filtered out, washed with 3x1.5 m _of dich] oronethane, the conbi ned

sol uti ons WEhEOMRSREFARNES 508 s8#tiRRhyRbgetP CaHondiassol WEEHN (1x50
m), dried béﬁl{zel’ﬁ&gl&eﬁleltmmﬁlmtee (s eﬂapoa&ﬁe@gﬂma@mmsilltﬂgmﬁ at 40

[err] The r du 2(50 ?rl ¢ Yi’asbenzegg éggg)ggs a@?letgxlél Liga gel (50

g) first WI be Zenes | am again o fita gel (25
g) W th benz8nd-isop/vpane? - mﬁqéﬂﬂﬁ a®i-#d3(891- (L46// \ﬁ)) t @fpr bikkde 0.213 g

(46 % of te&hioaaapoagd as plémght 18l AP W sl iy Hiﬁi:@&-':.ﬁh T*i*ﬁeanal yti cal
sanpl e was fur col u oma I'lica gel

her, rified chr to
wi th cycl ohBR& Xt&Féihyﬁéﬂ?%E (83 \r/g]% rl"q%epé’gﬁlﬁolﬁé’d PVaCFPBHE‘nwere sol ved
i n di chl or oethhwiban a tid & erep hand evegor at@ﬁilli’lc\a’;lCUOg(é.ngmﬁylaih40 [err] C

(benzgn§6t$§é§l&18¥]§%gﬁg QQE%%’}L‘[Q@]’B% -(%0%31 /V‘)grfzen he - com%:.neu

i sopropanol fractibpsawere, selved vnvgi;-chhotbethana, ﬁnit{azed] and3193 (n

, 2930 5734 Nviartlo | gfin), -1566
phenyl nuf:?‘é giiktl:%éz 1‘ [err pggl gem d| rret hZ»Q_-) n%é:éS ﬁ EO)C) 867
(g CH, ol eff¥¢iohs &P%rélee&b’ ardngd f f-3 erv/fv)(554R§2 =1 %17

di chl or onet (Baazend- i}!o:ﬁleehmhmhee) B-8: v/#) B6REH= §.94, (Bknzegé-% Found:
C 72.74, H sc9>p§'3panol trleéhylamlne, 8-1-1v/v), IR (film, n, cm

}): 3193 (n OH), 2930 (nCH,,), 1757 (n C=0, phenol

ester), 1624 (n C=C, olefin), 1566 (phenyl nucleus),

1462 (d CH,), 1371 (gem. dimethyl), 1283 (n C-0-C), 867

(g C-H, olefin); Analysis: Calculated for C,H,N,0,

(554.82 + 1 % dichloromethane + 2 % diethylamine): C:

72.86, H: 9.84, N: 5.28 %; Found: C: 72.74, H: 9.87,

N: 5.20 %.

Synthetic Example 31

Dexanabinol-7-acetate

Acetic anhydride (0.48 mL, 5.0 mmol) was added .
to a suspension of dexanabinol (2.00 g. 5.2 mmol) in
anhydrous chloroform (6.0 mL) and the obtained -
mixture was stirred under argon at 24°C for 72 h. -
The obtained solution was subjected to column
chromatography (silica gel) using toluene/ethyl
acetate (19:1) as an eluent. Fractions'éontaining
dexanabinol -7-acetate were combined and evaporated
to give analytically pure product (0.73 g, 34%) as a
sticky oil. Analysis: Calcd: C, 75.66; H 9.41;
Found: C, 75.56, H 9.46.

The second fraction from column chromatography
recovered the unreacted dexanabinol (1.30 g, 65%).



Synt heti c Exanpl e 31 Dexanabi nol - 7-acetate Acetic anhydride (0.48 nL, 5.0
nmol ) was added to a suspension of dexanabinol (2.00 g. 5.2 nmmol) in
anhydrous chloroform (6.0 nL) and the obtained m xture was stirred under
argon at 24[err]C for 72 h. The obtai ned solution was subjected to col um
chromat ography (silica gel) using tolquglethyl acetate (19:1) as an

el uent. Fractions containing dexanabi nol-7-acetate were conbi ned and
evaporated to give analytically pure product (0.73 g, 34% as a sticky oil.
Anal ysi s: Calltkiddoginads;ExatpXd ;1 Found: C, 75.56, H 9.46. The second
fraction from colum chromat ography recovered the unreacted dexanabi nol
(1.30 g, 65%europrafectantsiatiyicty IWabmee toxpeityroedirbad wéeivity
agai nst t oxigdixtpnadd peaPRYAry|in SREeicrtcPprbreres-cortical cultures. The
neur oprotective effects of the conpounds of the invention were tested on

neurons exposed trhe/ddutprowddioiexi @bfédrsubt Utlke dbwpoan@eusdsthest ed
I ncl uded dexanabi nol and dexanabinol acetate, Lchywere previously shown
Feitd R

to have NVDATYSRRFGH Hex5 LT IR B ~184%834, 867 and
dexanabi nol extddiotadeins GQrardult@iree Tieerocompdendy sestédsindhededst drugs

vere exam neflolariHE £ | ddiaddb Mot SetELL Ond n ety e T om L oxi c

ef fects of agoni erent utamate receptor subtypes (agonists
of inotropi @mms%tmdm&ag\r%t@meaamw )PrepgrtiAReALRANPA,

kai nat e and pides qUAIA! Patlit MO [ B 280667 i e d@dansbiNorondi tions were
all perfornmed as desqgribed-in Eshhar et al., NeuroReport 5, 237-240 (1993).

In brief, pSuggipate). .

Quantitative neurotoxicity studies. The test drugs were
examined for their ability to protect neurons in culture
from toxic effects of agonists of the different glutamate
receptor subtypes (agonists of inotropic and/or
metabotropic glutamate receptors), e.g. NMDA, AMPA,
kainate and quisqualate. The culture conditions and assay
conditions were all performed as described in Eshhar et
al., NeuroReport 5, 237-240 (1993). In brief, primary
cerebral cortical cell culturés were prepared from 18-20
day old rat fetuses by enzymatic dissociation. Resulting
cell suspensions were plated on confluent cortical glial
cell feeder layer {(prepared 2 weeks earlier by a similar
method) . Neurons were grown in MEM media containing 0.6%
glucose, FUDR/Uridine mixture and N2 supplement (insulin,
progesterone, putrescine, selenium and transferrin).
Cells at 10 days in culture were exposed to the various
toxins either alone, or in the presence of the tested
compounds. All exposures were carried out at 37°C for
20-24 hours before assessing neuronal cell damage and
neuroprotectant activity. Cell viability was determined
morphologically following neuroﬁ specific enolase
immunostaining of cells using the ABC biotin-avidin
complex method,..and determined quantitatively by
measuring the extent of mitochondrial activity in living
cells using the XTT-based assay. XTT .
(2,3-bis[2-methoxy—4-nitro-S-sulfophenyl]-2H—tetrazolium



~cerebral cortical cell cultures were prepared from 18-20 day old rat
fetuses by enzymatic dissociation. Resulting cell suspensions were plated
*on confluent cortical glial cell feeder |ayer (prepared 2 weeks earlier by
a simlar nethod). Neurons were grown ip MEM nedi a containing 0.6% gl ucose,
_FUDR/ Uridine m xture and N2 suppl enent” {insulin, progest erone, putrescine,
seleniumand transferrin). Cells at 10 days in culture were exposed to the
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Radioligand binding studies: Binding of [3H]MK-801 to

membranes was conducted in the presence of 30 mM glycine

and 10 mM L-glutamate. Membranes (250 mg protein) were

re-suspended in 50 mM tris-acetate pH 7.4 buffer and

incubated with 10 nM [3H)MK-801, either alone or in the

presence of dexanabinol at 0.195-100 mM concentrations

for three hours at room temperature (RT). Reaction

buffers used in the different radioligand binding studies

contained 10% of an ethanol/Emulphor 620/deionized water

mixture. The ratio (by volume) of the respective

components in the mixture was 20/3/57. This mixture is

required for solubilizing dexanabinol at concentfé;iong

above 30 mM. Reaction volume was 1 ml. Non-specific

[3H]MK-801 binding was determined in the presence of 100

mM unlabeled MK-801. Binding of [3H]AMPA of and

[3H] vinylidene-kainic acid to membranes was performed as

‘described in Eshhar et al., 1993 (ibid.).

Dexanabinol neuroprotective activity: Co-application of

1000 mM NMDA and 10 mM dexanabinol to cell cultures

resulted in complete salvage of neurons from NMDA-induced

toxicity. The morphological features of dexanabinol

treated cells appeared similar to that of untreated



Radi ol i gand bi ndi ng studies: Binding of [3H MK-801 to nenbranes was
conducted in the presence of 30 nMglycine and 10 nM L-gl utamate. Menbranes
- (250 ng protein) were re-suspended in 50 mMMtris-acetate pH 7.4 buffer and
i ncubated with 10 nM [ 3H MK-801, either alone or in the presence of
dexanabi nol at 0.195-100 nM concentratig@ns for three hours at room
"tenperature (RT). Reaction buffers used in the different radioligand

bi ndi ng studi es contained 10% of an et hanol / Emul hor 20/ dei oni zed wat er
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relationship of dexanabinol required to protect against

1.2

NMDA- and quisqualate neurotoxicity was examined.
NMDA-elicited neurotoxic effects were attenuated by
dexanabinol in a concentration-dependent manner.
Half-maximal neuroprotection against NMDA mediated
toxicity (ECS50) was observed at 3.8+0.9 mM

dexanabinol (mean i s.d.; n=3; Figure 1). Neurotoxicity
produced by exposing cells to 1000 quisqualate was
attenuated by dexanabinol, although to a much lesser
degree. The percent of cells rescued by 10 mM dexanabinol
was found to be 28.2 +8%. By contrast, dexanabinol
failed to protect neurons from damage caused by the
non-NMDA agonists - kainate or AMPA.

Dexanabinol mechanism of action as analyzed by it__ T
radioligand binding studies: The identification of
possible recognition sites for dexanabinol at different
glutamate receptor subtypes was carried out by measuring
the ability of dexanabinol to inhibit the binding of
either MK-801, kainic acid or AMPA to rat forebrain
membranes. Radioligand binding studies demonstrated that
dexanabinol competes with the binding of MK-801 to
membranes, while it is unable to inhibit AMPA or kainic
acid binding. Concentration dependence of dexanabinol
inhibition of ([3H]MK-801 binding is illustrated in Figure



activity in cells following injury and/or protection, using the XTT-based
assay. The dose-response rel ationship of dexanabinol required to protect
sagai nst NMDA and qui squal ate neurotoxicity was exam ned. NVDA-elicited
neurotoxi c effects were attenuated by dexanabinol in a
concentration-dependent manner. Hal f-maydmal neuroprotection agai nst NVDA
medi ated toxicity (EC50) was observed at 3.8+0.9 nmM dexanabi nol (nmean +
s.d.; n=3; Figure 1). Neurotoxicity produced by exposing cells to 1000
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dexanabi nol &wgempeti manner.

Physiological Example 2

Neurotoxic effects of sodium nitroprusside in rat
cortical cultures are attenuated by dexanabinol

The ability of dexanabinol to prevent neuronal cell
" death induced by the nitric oxide (NO) donor sodium
-nitroprusside (SNP) was studied in rat cortical cell
cultures. Neurotoxic effects of SNP can be attributed to
NO which is spontaneously released by the compound or
possibly to released cyanide. NO is an active agent in
neurotoxicity and is an important neurotransmitter in the
central and peripheral nervous system (Garthwaite, TINS
14: 60-67, 1991). It has been hypothesized that NO may
be a médiator of neuronal damage during ischemia (Nowicki
et al., J. Pharmacol., 204: 339, 193%1) and it has been
proposed, as the chemical mediator that couples excitatory
neurotransmission to excitotoxic cell death (Dawson et
al., PNAS 88: 6368, 1991). Several lines of evidence
have suggested that toxic actions of SNP might not result
solely from the-release of NO. As shown by Izumi et al.
(Exp. Neurol. 121: 14, 1993), SNP neurotoxicity produced
in rat hippocampal slices was not attenuated by MK-801.
Moreover, that study suggested that SNP induces cell



added to the system The apparent cal cul ated BMAX val ues for [3H MK-801
were 0.290 0.012 and 0.273 0.007 pnole/ng protein respectively. The
tTespective nH values were found to be: 1.0110.027 and 1.0080.009. These
dat a suggest that dexanabi nol displaces MK-801 binding in a conpetitive
manner . Physi ol ogi cal Exanple 2 Neurotoxic effects of sodium nitroprusside
inrat cortical cultures are attenuated by dexanabinol The ability of

dexanabi nol t rev ney, naI el th i ndu ri c oxide
(NO donor sé%"i)? e‘tp’$oprc§s‘£i~:‘|ﬁo (’QST\W' g%% %‘9 ((gjeg Q¥ {vncor %cal cel |

cul tures. Newystrde- ef fect s of SNP can be attrlbuted to NO which is

spont aneously rel eased by the conpound or possibly to rel eased cyani de. NO
is an active agent in neurotoxicity and is an inportant neurotransmitter in
the central HORS pheral nervous system (Garthwaite, TINS 14: 60-67,

1991). It hapdegardviv el ek del - mlmcyubm:eemedleﬁbtuﬁésnearenal
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neurotransn1sﬁamthJIMC|totOX|c cell death (Enmson et al., PNAS 88: 6368,
-1991). Sever R 06 G Nty g o5 f&;i@%s&&ébﬁe&ﬁ&'-onéeﬁss'\":

m ght not resu t SO eI fronlthe rel ease of l'zum et al
(Exp. Neurol at1ip- 1f4 apr PN YR VR RS eRicRaST RO r @M ENBpocanpal
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i nduces ce - amgge t om t hat _produce ) or
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prepared accoudi Mpr @a-+24 haossilate I rhdfpreabassessing neuronal
cell death. Cells of sister cultures were exposed in

‘parallel to vehicle only and were referred to as
controls. Cell death was analyzed morphologically
following immunocytochemical localization of
neuron-specific enolase and assessed quantitatively using
the XTT-based assay, as described in Physiological
Example 1.

RESULTS

Incubation of cells with SNP produced a massive
neuronal and glial cell damage. A dramatic attenuation in
cell death was observed when cells were co—lncubated with
dexanabinol and SNP concentrations up to 5 mM.
dexanabinol was not effective when co- admlnlstered to
cells w1th SNP at 10 mM concentration. Quantltatlve .
assessments of mitochondrial activity in cells have shown
that dexanabinol was able to rescue 75% of the cells from
injury ¢dused by 500 mM SNP (Figure 3).. No cell rescue
was observed and measured when cells were co-incubated
with MK-801. Results are mean+S.E.M. of 3 experiments
performed in sextuplicate. As discussed above and shown
in example 1, results indicate that dexanabinol elicits
neuroprotective activities that could not be displayed by
MK-801 although both drugs are non-competitive NMDA
antagonists and can protect neurons from excitotoxicity



exanple 1. Exposure of cells to SNP and toxicity assessnents: Cells at
10- 14 days in culture were exposed to 0.5-10 nM SNP, either alone or in
~.concert with 10 nM dexanabi nol (HPCD preparation) or 30 nM MK-801. Al
exposures were carried out for 20-24 hours at 370C before assessing
neuronal cell death. Cells of sister cyldures were exposed in parallel to
"vehicle only and were referred to as controls. Cell death was anal yzed

hol ogi cal |y fol | ow i t ochemi I l.i zati f .
neur on- speci¥A4 RiRAE Tl SeReteall REERE, tarRbeny hsFhg MHBRXHTESgeq
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attenuation i at h was™ obser ved : re co-incubated wth
dexanabi nol rrebENY cOkR drR¥tEAR ORe (BeShant sHeRBnaBEABP - wa¥hgot

ef fecti ve Wigio£ds A 08P &b Sh@h eSE tz@e&fédbﬁo%&eiw%ati&@tmvaieﬁma%aabyon-
Quantitative_assesspents, of mfochondr ave shown t hat
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dexanabi nol RXARARINQ *iﬁRREQQ%ﬁo%f°'ﬂ%rgcﬁiéhvgﬁhgggﬁuri caused by 500

- mM SNP (Figure 3).. No cell rescue was observed and neasured when cells
were co-inc ] @%”;ﬁg Its are meanS. E. M of 3 experinents
per f or med l#%éé%%##%&\% . |S(S:%s§eq above and shown in exanple 1,

resul ts indi d QobefbbEi b A8LAARLPLEE! bYCpathhiikhies that

coul d not begfd P! £, a MesP m@asnough both drugs are nhon-conpetitive

NVDA ant agoni sts and can protect neurons fromexcitotoxicity -45- via

binding to identical sites |ocated in e NVDA i nked, ion,channel. It is
eviden? that dexatthi HHTREPLETLLEE ﬁ%g?ﬁﬁsof}gﬁfﬁﬁﬁﬁbﬁoinﬂﬂeed by a

vari ety of Hagsssed in a model of permanent focal ischemia using
rats in which the middle cerebral artery was electrically
coagulated. In this model, the primary damage caused is
not amenable to pharmacological intervention.
Improvement in the outcome is expected in terms of
reduction in the penumbra'of secondary damage which can
be contained to the immediate vicinity of the MCA. Thus,
successful intervention will reduce the total infarct
volume.

PROCEDURES

Animals (Sprague-Dawley rats weighing 300-400 g)
were fasted overnight but were allowed free access to
water. Anesthesia was induced with 4% halothane, 70%
nitrous oxide and a balance of oxygen and was maintained
with 2% halothane and 70% nitrous oxide during the
surgical procedures. Atropine sulfate (0.04 mg, i.p.)
was injected. The right femoral artery and vein were
cannulatea with PE-50 polyethylene catheters for -
monitoring of drterial blood pressure and blood gases,
and for the administration of drugs. Rats were than
intubated endotracheally, immobilized with pancuronium
bromide (initial dose, 0.6 mg/kg; additional dose, 0.2
mg/kg, i.v.), and were mechanically ventilated. The

animals were fixed in a stereotaxic frame (Stoelting,



probably via nore than one nechani smof action. The broader spectrum of
neuroprotective activity displayed by dexanabi nol is obviously of great
ddvant age. Physi ol ogi cal Exanple 3 The neuroprotective effect of
dexanabi nol on permanent focal isachema (rat MCAo) The neuroprotective
effect of dexanabi nol was assessed in aj gmdel of permanent focal ischem a
using rats in which the mddle cerebral artery was electrically coagul ated.
In this nodel,_fhe g%lnar damage caused is not amenabl e to pharmacol ogi cal

i nt erventi on. 1} hPotehent B1ACE nE288F c BABL| 30oXpEEERd RALOM®ESSF reduct i on
in the penuntmq:aﬁhs@mndapyasiamagkumbsehaﬁdnlbetaaét dcaedose /Mhae-dagedi at e

t ft T, LI d t t ot al
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were fasted oWk rPXHRTbe® were all owed free access to water. Anesthesia was

Jinduced wth:fh/efwa @%agﬁc@x%fr@éﬁaﬁébﬁﬁoﬁngravgﬁh eeagl-ipyygen and

was mai nt ai ned th ZW halotha and 70% nitrous_oxid uring the surgical
pr ocedur es. %ﬁﬁ QEW%P( LeRr MCRe, 1 )emagolﬁ}BcPGHerT ugi ght
f enor al arteradmﬂhmatﬂm)e Cc Py bbPogitcah virbabbekywbkyl Raprcat heters

for nonitori q{ &rﬁgﬂﬁR t)i‘ﬁ)ag?pressure and bl ood gases, and for the

adm ni strat-io drugs e than intubated endotracheally,
i mobi | i zed WM3A ¢EDRANTA Maﬁcmntdmei‘mturglmdnibprOaﬁdngBrgnibndd:ioh:i.onal

dose, 0.2 no/dge 33dhe ,M@w@@,&%@&é&wa&a rgsewa%fdr E{lgﬁ s vere

fixed in a stereotaxic frane (St gases
(ABL 30 syst effamuxs opetdt- . chperPkge n)B ¢rg sFhoy Mesab. anll Iéérépe

(G ucose/ Lactxggr) . In brief, the cranial vault and the right lateral
surface of the skull were exposed via a longitudinal skin
-incision between the eye and the ear. The zygomatic arch
was removed. A burr hole (1.5 mm in diameter) for the
brain temperature probe was made above the right parietal
cortex by means of a high-speed min-drill (Nihon-Seimitsu
Kikai Kogyo K.K., Japan) under an operating microscope
(Carl Zeiss, Germany):; the field was irrigated frequently
with cooled saline to avoid thermal damage. Brain
temperature was monitored with a thermocouple probe (CN
9000, Oméga), which was inserted into the cerebral cortex
(approximate coordinates, 4 mm lateral to the bregma, 2
mm depth from brain surface). Brain temperature was
maintained between 35-36°C by means of a small heating
lamp placed 20 cm over the head. Another burr hole (2 mm
1ater§l to the burr hole for the temperature prbblem; 2
mm in diameter) was made in the lateral surface of thé
temporal bone to permit continuous CBF measuremené by
laser- "Déppler flowmetry (P433-3, Vasamedics). This
probe was connected to a perfusion monitor (LaserFlo BPM
403A, Vasamedics). This position of the probe was
determined based upon previous studies (Duverger and
MacKenzie, J. CGereb. Blood Flow Metab. 8: 449-461, 1988;
Shiraishi, Sharp & Simon, J. Cereb. Blood Flow Metab. 9:
765-773, 1989; Tyson et al., Ann. Neurol.

15: 559-567, 1984) using the same proximal MCA occlusion



Anal yzer Mbdel 2300 STAT, YSI, Chio) were nonitored 30 min prior to the
adm ni stration of dexanabinol or vehicle during ischema (30 mn after
MCAO, i.e. 60 mn after drug adm nistration). Physiological variables were
kept within normal limts. MCA exposure, brain tenperature nonitor and CBF
nonitor. The ri ght MCA was exposed by the_nmethod of Tanura et al. (Tanura
et al. . Cereb. Blood Flow Metab., 1: 53-60, 1981). In brief, the cranial

vaul t and t hg Light e skul exposed via a
R LASS Qe § Yemplitiad

Iongltudlnal I'n_inci ween ‘the e ye an e ear. The zygomatic arch
was renoved. bnr5uhplﬁowé8( £henmade danarﬁzéteerr)etfr&—qnbebﬂlaulfﬁamé?cature

probe was ma eraaeveltlbpmlgghiﬁ Rl ¢ical 6/ tetve BurEadt s covdsihgpeed
mn-drill (N on i mtsu Kikaj Kogyo K. K., Japan) under an operating

m croscope (ERPI ME& Wes ERERS\): the field was irrigated frequently with
cool ed sal i neteadgy std tiehmomdltots melyag &dmunnahqaummnmnuhaﬂnnnnitored with
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cortex (approximate I nat'es nm dept h

from brai n shalesbpnepwasn disepatinyed \H@samlﬁ‘t éﬁh«?e@ﬁa‘-mﬁe@f 35-360C by
neans of a spehbthaak Ba E?%eﬂh@cﬁio& @fe@\é@rret Iaexdwm Anot her burr hol e

2 mlateral to the burr e fo e te roblem. 2
i amat or) wadnraEbesia: Hes RRorLA s MiEH R o, At % i ¢
cont i nuous CBEygeasurgh&wtybm;hases-ammppldushbmWﬁmMum:@EﬂiﬁEB o BOM
Vasanedi cs e t a Ser.Fl 0
403A, Vas a%eggﬁéﬁh% m\gggl i%g‘ %?l%f %'([% htg'%e € \?/alé?eg‘q‘tc”g’%}ﬁe gieoalu pon
previ ous stuUaEsastﬁerQBF.aMQPNhananMdSeJra@ermbﬁ Blegnuh .Fl ow Met ab. 8:

449- 461, 198§te§ﬁyt-§'t§9b b§Q@'1|?.n& $am@s Yreree relorde ao%é;&)@ M. 9:
765-773, 1989;  Tyson al ., Neurol . 15: 559-567 usi ng the
sane prOX|nanNEﬂ1§EEPE§PBn°f dexanablnol or the vehicle, and CBF was

expressed as a percentage of the average of 6 baseline
measurements taken every 5 min prior to the
administration. Because ambient light interferes with
the flow reading, the heating lamp was turned off for 30
sec at the time of each CBF recording. Brain temperature
did not decrease below 35°C during this period. To
detect the effect of dexanabinol on CBF and MAP, these
variables were measured every 15 min after the
administration of dexanabinol or the wvehicle.

After 30 min of pre-ischemic data sampling,
dexanabinol (11 mg/ml, 20 mg/kg i.p.) or the same amount
of vehicle was administered. Thirty wminutes after the
drug administration, the proximal portion of thé'righ;
MCA was electrocoagulated and severed. _
Brain perfusion, pathological study: Brains were
perfusion-fixed for pathological examination 3 days
following the ischemic insult. 'The raﬁé were deeply
anesthetized with pentobarbital and perfused
transcardially with physiological saline (5 min) and
then with FAM (2 mixture of 40% formaldehyde:glacial
acetic acid:methanol, 1:1:8 by volume, 20 min) at a
pressure of 120 mmHg. The head was immersed in FAM for
at least 24 hours; the brain was then removed and kept in



-47- nodel in Sprague-Dawl ey rats. A tenporal burr hole was then made in
the retro-orbital region to permt clipping of the MCA and the dura mater
covering the MCA was opened. Steady state nonitor, drug adm nistration and
MCAo. Fol |l owi ng these surgical procedures, the inspired hal ot hane was

di scontinued to avoid the effect of hal tsllane on system c bl ood pressure
and CBF. Anesthesia was maintained with 70% nitrous oxide and 30% oxygen.

Thirty mnut egpaf EenediescQRti a0 olayhial ofiantr IS Y Ly Lhe

prei schem ¢ physi ol ogl cal vari abl es e rate was begun.
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heating | anp tes torpedlobectdond)wsae seleeted mt lefbasd CEBRatarr di ng.
Brain tenperaj geelgl' qoe%rﬁecreecaeq 39'1%7350CEMH r&é&}o% Rfd Qftewldyy det ect

t he effect of dexanabi nol MAP, these vari abl es were neasured
every 15 min &Ft &P% H@"’&Hm(ﬂps?‘l’atla@ﬁi Stheg cextdifiadolinfiangte Wasitaraced t er

30 mn of preonaahpaperdahangaapbaﬁ@radamam mmcx(obbdm/ Attatthmarikg i.p.)

or the.sane

s _adm ni_st nut es after the
drug admi ni s'?ggfgoﬂrawﬁﬁgp?“'ﬁfl %ané'ﬁtir&? ?? q"l’?é’ ﬁ e llr;g(]f
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Brai ns were pg{.@g?' g: I?héﬁdck%nait RkRgi calry @‘@t“%lg{&xw tvﬁa%yséc[@o

the ischemc 1nsu rat's were ep y ane hetiz pen |ta
and perfused PYanumardcall jnkegrasies &ifo Gegaientdialn dnfmngtn preas hen wi th

FA:VI (a mzét ure of 4pkrbetaRldebrdedindtiedl (@St i0F aevdiEhhanplarely 1:8 by
vol ure, MD)L18818; 2-10.05; 3=8.92; 4=7.19; 5=6.06; 6=5.15; 7=3.75;

B8=2.18; 9=1.02; 10=-0.48 anterior to the interaural line.

RESULTS

Animals whose physiological variables could not be
kept within normal limits, or which had uncontrollable
bleeding, were excluded from analysis. A total of
twenty-nine rats were used. Twenty rats were operated on
without uncontrollable bleeding
and met the physiological criteria. One rat out of 20
was discarded because the pathological finding disclosed
no cerebral infarction. The absence of infarction means
the failure of MChAo.

As can be seen in Figure 4, the neurological scores
at 1d, 2d and 3d after MCAo were significantly imbroved
compared with the neurological score of 2h, in tﬁe_

'dexan;binol treated group. The improvement in the
dexanabinol treated group was signifieéntly accelerated
compared to vehicle-treated controls. More revealing is
the analysis of infarct area presented in Figure 5. At
levels between 4 and 8, the infarct volume of dexanabinol
treated animals was significantly reduced. This
indicates that dexanabinol is effective in significantly

reducing the penumbral damage which occurs outside the



pressure of 120 mmHg. The head was imersed in FAM for at |east 24 hours;
the brain was then renoved and kept in -48- the sane fixative for 7
days. The brains were cut coronally and enbedded in paraffin. Brain
sections 10 nmthick were prepared at 200 mminterval s and were stained

wi th hematoxylin and eosin. For a rmrpﬁé?rétri c study, ten coronal sections
Were sel ected at defined anatomic |levels (OGsborne et al., 1987). Each
section was wegussh atonsie pewiely (llvodvednth tdierect tdamhge nfaectowadhet raced
onto paper usid¥ GCAMEI&h | ucida mcroscope attachnment. Each drawi ng was
then retraced onto a digitizing tablet interfaced to a conputer, which
calculated infarcted areas at each coronal |evel. Infarct volunme was

conput ed -by muywididgiddiemedmsle 0f sequential infarct areas. Stereotaxic
coordinates (m) of levels 1-10 are: 1=12.13; 2=10.05; 3=8.92; 4=7.19;

5=6. 06; 6=5. Ihe Bffeld; Jrdédxdndigindl-logexi¢brdll 48ic¢md einoa tatt he

i nteraural | medelRESUILRSRArmma whose physi ol ogi cal variabl es could not be
kept within normal limts, or which had uncontrollabl e bl eeding, were

excl uded from analpd cerblBptotdct IRIIIEFAE SRl ML LRET wdNenty rats
were operated on w t hout uncoptrol g’g%&bl eedi ng ar‘sd et the physi ol ogi cal

criteria. On@SEgs I & FraEua s @ helh F3eP ogi EBIVEYNdi ng
di scl osed nowesr ddicddfiar cinesthdthizeb amiae f 4 Maiglit odropaasvibe

20 and 3d af SR YRRS A8 & SERTTORE R TR o R T RS T
neur ol ogi cal tywer @foftxzumsg iproducrs braimadeneatioe gringredde inpr ovenment
in the dexanghieq ddrftdftd HQMRAES & HPdd Y |9 ARGE) SRt e cOMPared to
vehicle-treated cqontrols. Mre revealingis
‘brain), breakdown of the blood brain barrier (BBB) and
clinical dysfunction. The clinical status of the rats
was evaluated 1, 24 and 48 hours after injury along with
measuring the extent of cerebral edema. The neurological
deficit, assessed by a set of criteria termed the
Neurological Severity Score (NSS), is maximal at 1-hour
after the initiation of head trauma. The NSS slowly
decreases over time from the initiation of HT, with the
gradual spontanecus recovery of the rats.
Dexanabinol significantly reduces edema formation
and BBB disruption when given before (30 min),
immediately after HT (0 min) or even 1 and 2 hours after
HT. This effect was similar regardless if the active
ingredient was given into the brain (i.c.v.) or ..
parenterally (i.p. or i.v.). The doses required for‘
signifiéant neuroprotection depend on the mode of -
administration and range from 0.5-20 mg/kg. It is also
importaﬁénto note that-the NSS, mainly specific motor
function (e.g. beam-walk and balance) improved
significantly upon administration of dexanabinol. 1In
fact, even one dgse of dexanabinol, given 1 hour after
the impact, effectively reduced edema and improved the,
clinical outcome measured 48 hours after HT (Shohami et
al., J. Neurotrauma 10: 109, 1993)



the analysis of infarct area presented in Figure 5. At |evels between 4 and
8, the infarct volunme of dexanabinol treated animals was significantly
Teduced. This indicates that dexanabinol is effective in significantly
reduci ng the penunbral damage which occurs outside the -49- region
consistently involved in direct damage-dge to the MCA occl usion.
Physi ol ogi cal Exanple 4 The effect of dexanabi nol on cerebral edema in a

rat nodel of gesERiveurE, THeocepeREopr ot ective effect of dexanabi nol was

assessed in a nod of h trau HI) Ln.ra LA njur Lndyc in
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wat er cont enty, GRELEASEaida S " r g &ie LArbBeady 8-8) anflr eakdqwy t he
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the rats was Xt HR%R B0lbowed ungahbeF sORft ¥eeknj UPYringnhhatt ReFEQ8ur i ng
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of criteria termed the Neurol ogical Seveg] NS LS. maxi at 1
hour after tfﬁ?qﬁﬁkqeﬁi?ﬁS?ﬁ da?Yaﬁﬁﬁéé%%%gﬁgéﬁsﬁbﬂgyKachégseg?o3ér
time fromthed,niad sixsmn ©f Hidays! hrate wereuaacspbhcedeouThedrovery of
the rats. De ' | g 'q@gﬁ d Lon ! BB
di sruption V\h%&vg%e%ée%éeé( Jﬁé%??g%ﬁnﬁgﬁlaat_e y£§1¥?§%h§ﬁt?ggﬁq§n) or even
1 and 2 hour $akenrtadeteruing (YRt QORLARt ar ipBGarAAcEBe f the active

i ngredi ent WqfetHBENE tdl f hEntePédt (dt Caly) pRFt PohEatchath¥olicp. OF

I.v.). The doses required for signjficant neuroprotection depend on the

mode of | adm FERGAHE UM anghif i Ehe SRCREPRY. BRFLPY. ofBs
clinical status was evaluated by a set of criteria (NSS).

Trauma induced a significant decrease in specific
gravity (SG) of brain tissue and increase in water
content following head injury. Edema developed since
more water accumulates in either the extracellular
(vasogenic) or intracellular (cytotoxic) spaces. The
methods employed to determine edema are based on linear
gradient columns of bromobenzene and kerosene (for SG)
and for water content on drying the tissue in a
desiccated oven. Tissue pieces (20 mg each) were placed
on top of the column and the SG calculated from the
equilibrium position in the column , using a standard
curve.

Animals were given chloral hydrate (350 mg/kg i.p.)
and placed in a 4.7 Tesla magnet 30 minutes after the
trauma ‘for a 10 min T2 weighted scan (TR=2.5 sec), TE=55
msec, Slice thickness=1 mm, center to center slicé
separation=1.2 mm, 128x256 matrix, FOV=5 cm). One hour
after trauﬁa, rats received an i.v. inﬁéction of
dexanabinol S mg/kg in emulsion (N=9), or the appropriate
vehicle (N=11). The scan was repeated 24 hours
post-trauma. THE extent (volume) of initial damage to the
brain was calculated from the volume difference between
the right and left hemispheres. The volume of edema 24

hours later was calculated from the area of hyperintense



I nportant to note that the NSS, mainly specific notor function (e.qg.
beam wal k and bal ance) inproved significantly upon adm nistration of
~dexanabi nol. In fact, even one dose of dexanabinol, given 1 hour after the
i npact, effectively reduced edema and i nproved the, clinical outcone
_measured 48 hours after HI (Shoham et-si-, J. Neurotrauma 10: 109, 1993)
-50- EXPERI MENTAL PROCEDURE The nodel was described in detail by Shapira et
al., Crit. Q@gﬁo d-(bégiid%@w%%%rﬂc‘i%%)_ Raf 2 Melthe W £6d £ datOrdeadchr auma
(HT) by a wei ght-drop device and survivi rat re foll]owed up after one
veek. DuringeBHQPSp@FF@dOPﬁ@fWﬂﬂjqgﬁ%¥aﬁﬁ%ﬁgiéiﬁﬁaﬁniQH&F%E&%?, B¥d were
Eept 2-3 rgtls 2§ ama cape. rAltiambfdemg;esitgmmuwimﬂ Iimigigl ldawla%la4, 48
rs, 4, 7 da rats were sacrificed, ' ins .,were.the pidly
fembved and2Pgy £EENR VoIuTS F?fbﬁ%i?%%gggqﬁéﬁgiéhﬁgM%ﬁﬁligl,éfbns and the
met abol i t esanfimadt &oesonairodnf opaManid tdonee tigh dinid iads (darage udi ed. During
the recovery period, the clinical status was evaluated by a set of criteria
(NSS). . Trauma induced a significant decrease in specific gravity (SG of
brain tissuBE&R®TPncrease in water content follow ng head injury. Edema
((Jlevel oped )si nce rmb;:ewlalt %llimﬁﬁ@:urﬂd@tt&& i)fesajlid”sarixi hrwemeﬂs%eéf ul ?r .
vasogeni c) or intracellular (cytatoxic CRS.. . et S Q to
det er mi ne e&@?ﬁrépgn%‘%ed I tﬁeﬁ ar sé"r'a&%%\%’%&“&%s“}ﬁ %@%%%%r??’é%g and
kerosene (fat 8GLowndober (lattemgydigt)edingetdyyiiny tichdhe ssrrebral
desi ccat ed s Thasue ¢pi S deeld # ] t i
col utm and ?ﬁgeg.éz‘ggl'cull%t Z:gl%f rom t:% g}ﬁﬁﬁ%\ﬁ #&%ﬁgﬁ %&E%O c%?unn :
usi ng a st amgdkd-cudre bokhi peits R experdmartisor fhenug aRsPLYORKg i . p.)
half an hour before, or just after, the induction of

~ trauma and its effect on edema_ and clinical outcome was
evaluated 24 and 48 hours latexr. The result indicates a
significant (p<0.05) decrease in the degree of edema
developed after head trauma (HT). BAbout 50% less water
was accumulating in the brain as a result of dexanabinol
treatment to traumatized rats.

TABLE 2: The effect of dexanahinol on improving cerebral edema after Head Trauma

Route | Dose Time Time Percent of Control
of | mgkg | of of 5G percent
admin. admin. | evalu. water
iev 116 |-30min |24n |547 25.0
iev. 116 [otme |24n [e0a s0
icv |16 Otme |48h | 667 92
b E 30min |24n | 65.0 60.0
Lp. |3 30min |24h | 600 < |62.0
“ Lp- 25 Otme |48h |63.4 62.0 ﬂ

The effect of dexanabinol was calculated by the
percent edema formation, where 100% was taken as edema in

control, non-treated rats. Thus, the reduction in the SG



and placed in a 4.7 Tesla magnet 30 minutes after the trauma for a 10 mn
T2 wei ghted scan (TR=2.5 sec), TE=55 nsec, Slice thickness=l mm center to
tenter slice separation=1.2 mm 128x256 matri x, FOV=5 cm). One hour after
trauma, rats received an i.v. injection of dexanabinol 5 ng/kg in enulsion
(N=9), or the appropriate vehicle (N=Ik52-The scan was repeated 24 hours
post-trauma. The extent (volune) of initial danage to the brain was

cal cul at ed fr di £ f between the right and |eft

hem spheres. $§§L£E; ﬂ?e%é géggsﬁ%urs Iater mas calculated fromthe
area of hyperlnte e SLdes_ve lices
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The rati o bet ween ‘Ee“sro|-n® &P diFiakHan®yd="ard ¥éena vol une was

cal cul ated for eadW} meesubival PEeseRredoivohheotabbe auei gERSAStEFAlAM i al
damage. RESUGES flakd g 2(§wn@$) zepoiheohesdl | StrAuhyeiselsvehieigeri ments.
In the first, dexanabinol was adm nistered at a | ow dose (1.6 ng/kg)
directly in ttﬁqqﬁ;e‘fe?%‘b?al ventricle. In the second, it was injected i.p.,
at 20-30 ng/kg. | mfesh \a@tesbébbxmdnehesefféetdongede&agi whenhatifrean

hour before, U af t I nducyt.k au an f edema
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as a result 3? dexanabi ﬁrea ment to,iraumatized rats. TABLE
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studies. As can be seen, dexanabinol was fully effective,

54.7

even when administered up to 2 h post-injury; at 3 h
post-trauma the effect was less pronounced.
MRI analysis of edema. MRI (magnetic resonance imaging)
analysis of the results of head trauma enabled us to
investigate the effect of dexanabinol on the spread of
edema in relation to the site and size of initial damage:
Animals were scanned 30 minutes after the trauma,
injected with dexanabinol or vehicle 30 minutes later,
and again scanned 24 hours after the trauma. The volume
of initial damage was calculated from the difference

: between the right (uncontused) and left hemisphere,-and
the volume of the edema was assessed by measuring the
hyperlntense regions on the brain slices. dexanabinol.
s1gn1f1cantly reduced the ratio of edema volume to volume
of initial damage, which reflects the spread of edema
normalizéed to the severity of the initial injury.

The volume of brain tissue damage in the
experimental animals varied from 15 to 60 mL. The mean
volume of initial damage was higher in the dexanabinol
treated animai;“(39 mL vs. 24 mL) since vehicle treated
rats with large (>45 mL} lesions did not survive. Edema

volume, however, was higher in vehicle treated animals
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wi ndow, " nanﬁkgi?g@gnabinol, 25 mg/ kg i.p. was given one, two or three
hours after . I'ts effect on NSS (and on specific notor function) was
assessed, as well as the effect on edema and BBB integrity. Figures 6-8
summari ze t heconenbbezoRf t hese studies. As can be seen, dexanabi nol was
fully effective, eyen when adm.ni.stered up, 1o osh-injurys at 3 h
post-trauma.the ef SXFrﬁageF sdHFsu é‘ﬁeg:.e’ﬁmzragn%sffg}eé“ fte eftra. . MR
(magneti c r esasapcdatedgiwigh ankligh swcoftallicy emtle s(exfcartichg r50fa amdbl ed
us to investi gahe EiRceibash BLrdskanabdidli ) SRGHANAC I Bdd)
relation to the Sife and_size of initial damage: Animals were scanned 30
m nutes aft er experimgokal repearsd withexge antBihyeld-dafinge® 30 ninutes

| ater, and agéh&rﬁ?&EEGQo%4thﬁ%é§c@H&&tﬂdﬁ%l'VTH§¥e'Hﬁé\ﬁéﬂyﬁféﬁ initial

damage was cal cul,gagq fromthe di ffere%ce e e
avail e treatments for brain injury today and the
gradual progressive biochemical changes which occur after
head trauma can lead to the evolution of permanent
neuronal damage. The results clearly demonstrate that the
compounds of the instant invention, namely dexanabinol,
possess cerebroprotective properties in a model of closed

head injury in rats.

Physiological Example 5

Beneficial effect of dexanabinol on injured rat optic
nerves -

Injury to nerves of the mammalian central nervous
system (CNS) leads to axonal degeneration followed-by a
loss of cell bodies. Initial degeneration of the injured
nerve probably results from direct damage. The =
physiélogical and biochemical events that occur in the
nerve immediately after injury are probably responsible
for the degeneration not only of directly injured axons,
but also of those that escaped the primary lesion. Thus,
the primary biochemical and physiological events which
devastate the -spared axons have a critical influence on
the long-term functional outcome.

The present study was designed to assess the
potential ability of the active ingredients of the



bet ween the right (uncontused) and | eft hem sphere, and the vol une of the
edema was assessed by neasuring the hyperintense regions on the brain
slices. dexanabinol. significantly reduced the ratio of edema volune to
volume of initial damage, which reflectg t he spread of edema normalized to
the severity of the initial injury. The %ol une of brain tissue damage in
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will facilitate the rescue of axons that escaped primary

.injury. In all of these studies, the rat optic nerve was
used as a model for the CNS. The results are thus
applicable to CNS trauma in general and the optic nerve
in particular. Moreover, it is specifically indicative
of protection against axonal damage and, therefore, is
also relevant to spinal cord injuries.

METHODS
Male Sprague-Dawley rats weighing 300-400 g were

anesthetized with sodium pentobarbitone (35 mg/kg
intraperitoneally). A cannula was introduced into the

. trachea for artificial ventilation when required. With
the animal’s head held in place by a head holder, a
lateral canthotomy was performed under a binocula; -
operating microscope and the conjunctiva was incised '
lateral ‘to the cornea. After separation of the retractor
bulbi muscles, the optic nerve was identified and a
length of 3-3.5 mm was exposed near the eyeball by blunt
dissection. The dura was left intact and care was taken
not to injure the nerve. The first part of a light guide
holder was inséfted under the optic nerve and the nerve
was gently eased into the light guide canal. The second
part was then fixed in place in such a way that the light

guide was located on the surface of the optic nerve 1 mm



Injury to nerves of the manmalian central nervous system (CNS) leads to
axonal degeneration followed by a | oss of cell bodies. Initial degeneration
of the injured nerve probably results fromdirect damage. The physi ol ogi cal
and bi ochem cal events that occur in the nerve imedi ately after injury are
probably responsible for the degenerati-®®not only of directly injured
axons, but also of those that escaped the primary |esion. Thus, the prinmary
bloch$n1c?l_aﬂ?omhyﬁeoép?ﬁcar euﬁ?fy.mhlch Qevaftate t he -sEared axo?s Paée
acritical i n e ng- na . present study
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potential'drdgf€#0§€%$c ﬂ%%ﬁfoghékc%ggeg&éf.?ggoﬁgg%éedggegggaﬁﬁgngﬁ?ather
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results are tfisesPpPllight eghd&N\NSwhsalisedi togepananigngheh@ighti eonerve in
particular.-anﬁgger It is égecif;callé indicgtlve of P&otectlon agai nst
axonal danagé“é ,r?me?%?o RELFSNGFYG P%§aﬂ? fBgspfﬁa &Brd i njuries.
METHODS measurements technically feasible. Excitation light (366
nm) was transmitted through the bundle of excitation
fibers to the nerve. The light emitted from the nerve,
after being transmitted through a second bundle of
fibers, was split in a ratio of 90:10 for measurement of
the fluorescent light (90%) at 450 nm and the reflected
light (10%) at 366 nm by two photomultipliers connected
to a one-channel direct current

fluorometer-reflectometer. In order to minimize
variations among animals, standard signal calibration
procedures were applied at the start of the recordings,
as desqribed in detail previously (Yoles et al., Invest.
Ophthalmol. Vis. Sci., 30: 3586-3591, 1992). Changes in
the fluorescence and reflectance signals during the
experiment were calculated relative to the calibrated
signals. - '
Changes in the reflected light were correlated with
changes ‘in tissue absorption caused by hemodynamic
effects and movements of the optic nerve secondary to
alterations in arterial blood pressure and nerve volume.
The fluorescence measurements were found to be adequately
corrected for NADH redox state measurements by
subtraction of the reflected light (366 nm) from the
fluorescent light (1:1 ratio) to obtain the corrected

fluorescence signal.
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of 90: 10 forafgaggeerebirush injury.

© Experimental protocol for metabolic measurements: Using
calibrated cross-action forceps (Duvdevani et al.,.Res
Neurol. Neurosci. 2: 31-38, 1991), a moderate crush
injury was inflicted on the nerve between the eye and the
light guide holder at a pressure corresponding to 120 g
for 30 sec, as previously described (Duvdevani et al.,
1991). 1In control groups (13 animals),
phosphate-buffered saline (PBS) was injected immediately
after injury; in the experimental groups (6 animals),
dexanabinol (20 mg/kg) was injected. Metabolic activity

prior to injury was measured in all nerves.

RESULTS | S

Figure 9 shows the results of a single dexanabinol
injection (intraperitoneally, 20 mg/kg) at the time of
injury-on the metabolic activity of the injured nerves.
As can be seen, the injury-induced reduction in metabolic
activity was partially attenuated by dexanabinol. The
effect was already noticeable within 30 min after the
injury. This réduction in the injury-induced deficit
lasted at least for the 4 h of the experiment. The
effect was statistically significant according to the
paired t-test.
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wer e neasured behssessment of the possible long-term effect of

dexanabinol is achieved by physiological means.

Physiological measurements: The experimental setup was
as per Assia et al. (1990). Prior to removal of optic
nexves for electrophysiological measurement, the rats
were deeply anesthetized with 70 mg/kg pentobarbitone.
The skin was removed from the skull and the optic nerves
were detached from the eyeballs. Subtotal decapitation
was performed and the skull was opened with a ronguer.
The cerebrum was displaced laterally, exposing the
intracranial portion of the optic nerve. Dissection at
the level of the chiasm enabled removal of the whole
length of the nerve, which was transferred to vials -
containing fresh, cold Krebs solution, consisting of (in
ml) : NaCl 125, KCl 5, KH2PO4 1.2, NaHCO3 26, MgSO4 0.6,
CaCl2 24, D-glucose 11, aerated with 95% 02 and 5% coé.
The nerves were kept in this solution, in which .
electrical activity remained stable for at least 3-4
hours. After 1 hour of recovery, nerves were immersed in
the Krebs solution at 37oC. Eléctrophysiological
recordings were obtained from the nerve distal to the
crush lesion, since the nerves were too small to allow
measurements on both sides of the crush. The nerve ends
were then connected to two suction Ag-AgCl electrodes

immersed in the bathing solution. The stimulating pulse



and after crush injury. Experinmental protocol for netabolic neasurenents:

Using calibrated cross-action forceps (Duvdevani et al.,. Res Neurol.
Neurosci. 2: 31-38, 1991), a noderate crush injury was inflicted on the
nerve between the eye and the |ight guige holder at a pressure
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.long-term effect of dexanabinol manifested

electrophysiologically. Dexanabinol was injected
intraperitoneally at various dosages, immediately after
injury. Electrophysiological activity was recorded in
vitro 2 weeks after the injury and the drug
administration, using suction electrodes.

Controls. injured nerves were excised from animals,
injected with the vehicle at the time of injury. Already,
at 3 mg/kg, the action potential was higher than in
control nerves. Maximal physiological activity was
observed at 7 mg/kg. At 20 mg/kg there was no effect.

In all animals the contralateral nerves, which were
not injured, were used as controls for the physiological
measurements and for the treatment. Dexanabinol'had.no
effect on uninjured nerves. Examination of the shape of
the action potential curve (mono- or multicomponehts)
revealed .that dexanabinol appears to rescue selectively
fast-conducting fibers.

Beneficial effect of dexanabinol as a function of injury
gseverity. In all of the above experiments, the crush
injury inflicted was of moderate severity. We considered
the possibility that the beneficial effect of dexanabinol
might be more pronounced if the number of injured fibers

was lower to begin with, leaving more fibers that escaped



or the rescue of axons not directly damaged by |ocal events in their
vicinity. Assessnent of the possible long-termeffect of dexanabinol is
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an AAZT a”p”égﬁﬂfoingiimals, as compared with five of the eight
dexanabinol-treated injured nerves (Table 3).

From these experimental results, it is evident thaé
the active ingredient of the present invention is
effective in treating injuries to the central nervous
system and consequently improving the neurological
outcome from such injuries.

TABLE 3 VEP respovses in injured nerves treated with dexanahinol,
compared with control injured nerves

Amplitade a Latency b(msec)
mean 1 S.E. mean 1 S.E.

14.125 + 29.0 + 1.558
2423

alysis of variance: DF = 14, P = 0.0387, F = 5.284

bAmlyssot‘vamnce. DF = 12, P = 0.4029, F = 0.757. No significant difference.

Physiological Example 6

'Neuroprotectlon by dexanabinol in reversible middle
cerebral artery occlusion

In this study, Sprague-Dawley rats were subjected to



solution, stinulator and anplifier had a common ground. The maxi num
anplitude of 8 averaged conpound action potentials (CAPS) was recorded and
phot ographed with a Pol aroid camera. The |eft nerves (uninjured) were used
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i nj ured nerVe%eWo%x@&El%ﬁQﬂdeB@%H@'e%ctéfﬁ@?té‘&lrd\ti@ éP@ei‘?hiﬁ{:S ghet he
time of injury. Al ready, "at / kg, the action ’&(l)tentla was her _t han

in control neﬂ@é@rWX|%°%§@‘ﬁ}f@£ 2R vi t %\B@r‘b%sé‘?%ﬂlné inofy/ kg.
C\\;] _ Zg N/ kg t her ©i0gs 2m0 nef R ti . ;idr) adat mnlmé tvb@r@%tﬁﬁi‘é?éﬂédnﬁhvﬁs
ich- were n i wer e .ysed as contr.o si ol pgi ca

measur enent s %ﬁr&"ﬁ&g &%@W&lt I?e%?a%btf%é\d&ga%f:%ﬁug*¥%tt Igﬁlﬂﬂ#ﬁj ured
nerves. Exanmn&ammmdbmhduiqﬂiqning phxsxmi¢ng¢lnm@m1G¢rrmgve (nmono- or
mul t i conponen . b ﬁ%uguf%agqgi' @%Fggq r l ggtivel y
f ast - conductlﬁgkffgéﬁge%%éne Iclral effe ﬁ exan?%”%% eggﬂa ?ﬁn fon of

i nj ury. severi epRtiRugus FrEasurenfie %ﬁ(ﬁ‘?’?’?ﬁ‘ﬁ- JECPFEdo?’ESﬂ’F‘Fﬁ?Ury

inflicted was mf:emietrt@t& sREHurenett oo Blsksd agimds@s@om@l hoh¥tbPahgt he
beneficial eff of de anabl nol \/E(H]“%Pebﬁg rmre pr.onpu er of

i nj ured flberQ rﬁﬂ%@&f%é?%r?hgflggﬁ ped
-59- primary e wu;rvémh \ﬂmeuhﬁeuarwsa. t@md&m degefres bon ofiixda t est

this possibil L:t:)éh M. ep%ﬁ%fﬂ)e embedded coronal sections were
.stained with hematoxylin and eosin. Infarct areas were

measured at 11 coronal levels. At each of these levels,
ipsilateral and contralateral hemispheric volume were
also measured, and from the latter measurements, an index
of hemispheric edema [(ipsi - contra) (contra)] was
computed.

EXPERIMENTAL DESIGN

The initial design was a randomized one, in which
the experimenter was blinded as to whether drug or
vehicle was being given, and an attempt was made to
generate approximately equal numbers of drug- and '
vehicle-treated animals. It became apparent that many
animals failed to survive, and that they were, for the
most part vehicle-treated rats. Thus, addltlonal
animals were added to the series, and these were
predominantly drug-treated, so as to obtain eventually
equal numbers for statistical analysis. The final number
of animals studied in this series is as follows:



| ong-term experinent but inflicted a mlder injury. It was found that a
si-ngle injection of 7 ng/kg resulted in a dramatic inprovenent in the
nerve's performance. Long-term effect of dexanabi nol assessed by recording
of VEP responses. VEP responses were recorded in an attenpt to determ ne
whet her dexanabi nol has any effect on th&i-escue of fibers and thus on
preservation of function. Al of these aninmals had el ectrodes inplanted in
the cortex, and then functional recovery was assessed by flashing of |ight
onto the eye with the injured nerve. A ppgiti,ve VEP response was recorded
in two of the seven -control aninmals ared with five of the eight
dexanabi nol -treated inj y§fred nerves rom these expgri nenta
results, it is evident Hﬂfmﬂh@"H&T$V§ i ngl derpeabinobgropm @t dent i nvent i on
i's effective in treating "##Pa"re& t o t he cl N EHE 8REPVELS syst em and
consequent |y inprovi ng {§henketiviigaaiond oufGone trPn1sucQ'| uries. TABLE 3
YEP responses in injure] nerves treat with Cio] ﬁﬂf;%ﬁf red with
control injured nerves rinental n ANDE BPURE"S 1 afency b(mmsec)
gr oups mean S.E. nmean S.. dexanabino
29.0 2. 423 Vehi de Contr ol 7 7.143 2.423 26.5 2.5T a Analysis of
vari ance: = 1RESPLES(Q, 0387, F = 5.284 b Analysis of variance DF = 12, P =
Rle 49, F = t Ot 7§.Zr«6£baﬁtgnr1f5e§elnarél iﬁ&iéﬂﬁgd EhweohagmaaueExanpme@e
uroprotectign by dexanabjno vers e_m artery
occl'usi on In 8 t3 ¥erfyany %Yﬁﬁﬂegfaéﬁﬁéera?seﬁﬁF BﬁﬁﬁﬁgféatYOCeSt‘Go 60

mn of tenporvhjchi dilebdedrabrpkoalt suggedtipgoackiigndfiibgntnseendon of an
|ntra[un1nal Q¥$§Pdsyﬁg£§ved survival in HU-treated animals.
Physiological data: Essentially, there were no

important differences in mean arterial blood pressure or
Blood gases among surviving animals treated with
dexanabinol or vehicle, or non-surviving animals.
Similarly, there was no difference in head temperature.
One should note that in these spontaneously breathing
animals, arterial PCO2 tended to be somewhat elevated in
all groups.

Infarct and edema volumes: Individual and mean data are
presented in Table 5. It is apparent that, with 60 min
MCA occlusion, there is an extremely broad range of
infarction. Nonetheless, there is a trend toward an 18%
reduction in mean infarct volume with dexanabinol, as
well as a 31% reduction in edema volume. _

The data presented show a significant trend-tdwg;d
improved animal survival with dexanabinol treatment, and
a moderate reduction in infarct volume in surviving
animals. As noted above, if all animals had surviQed,

"and if one assumes that infarcts in the dying animals
were larger than in the survivors, the data may have
shown a stronger tendency for dexanabinol to reduce
infarct volume. That is, dexanabinol may both increase

35 survival in animals with very large infarcts, and at the
same time, reduce infarct volume. These results

demonstrate the therapeutic potential of dexanabinol in



retrogradely through the external carotid artery into the internal carotid
artery and MCA. The drug (dexanabinol in oil, 20 nmg/kg i.p.) or vehicle,
were administered in a blinded fashion 30 min prior to MCA occl usion.

Ani mal s received the follow ng physiological nonitoring: intermttent
neasurenent of arterial PCO2, P02 and péR-conti nuous neasurenent of
arterial blood pressure; intermttent neasurenent of blood glucose, and
moni toring of %Q&ﬁé'ﬁo&ﬁ%@ch@ﬂ@ﬁr awl@h ARl oS iWereddld auRibit &f
survive for three Brains were perfusion-fixed with FAM

Par af fi n- enbeﬂﬁ@ﬂk%o+BnEPm§B€tlons were stained with hematoxylin and eosin.
Infarct areas were neasured at 11 coronal |levels. At each of these |evels,

i psilateral and contral ateral” bgpi8RNAlice A HE ViRfafes 2! SO rreasured and
fromthe latter e:-~~:L:L—u——ﬂ“~mLmL-r-~~~—-r~~——~—7Tf ----------

contra)(contra)] was conput e snEXPER koS! GN T de;rln was a
random zed one, §n which the ggperl rnter was blinded as t et her f{drug or
vehi cl e was be|nw A e 1 Ferehe—t-6 s mat el y

equal nunbers ofd?"ﬂ@‘b‘“&hd vehl cle-t|eag ed animals. ] i3 becarre appar §nt t hat
many ani mal s falled to survije, and §hem they were, forothe nost palit,
vehicle-treated fats. Thus, aﬂdition.BzaninaIs were pdded to the sefi es,
and these were pfedom nantly]dirug-tr¢aued, so as to paein eventual §y equal
nunmbers for statfstical anally8is. Thqg 708nal nunber of 3%hi mals studi¢d in
this series is af follows: 6-61- TABRE24 Aninmals sp3tlving for

dexanabi nol grouM =7 hi stgﬁét hol ogy 277.9 Vehicl e gra n =717

Non-surviving -angmal's  dexapabi nol ¢888482%* =| 5 (69%)*
Vehicle-treated 1 0 202
2 20.1 19.9
3 3.6 13.7
4 27.1 31.9
5 33.6 16.6
6 295.5 125.3
7 388.1 51.5
Mean 109.7 39.9

*% of vehicle contro

Physiological Example 7

Neuroprotection against cerebral ischemia in gerbils

The compounds of the present invention were tested
for their ability to prevent neurological damage in
gerbils exposed to bilateral common carotid artery
occlusion. . N

Mongolian gerbils (male), 65-70 gr (Tumblebréok °
Farm) underwent the ischemic procedure while
anaesthetized with equithisine.

Common carotid arteries (CCA) were isolated and 3-0
silk suture material was positioned loosely round them.
The tips of each loop were tied together, and the suture
material was buried beside the trachea. The ventral neck
incision was then sutured. In the following day, they
were lightly anaesthetized with ether, the neck skin
wounds were opened and both CCA were occluded for 10



Vehi cl e group, n=7 RESULTS Survival: These are indicated above in Table 4.
These data were anal yzed by Fisher's exact probability test, which yielded
d p<0.1 suggesting a significant trend toward i nproved survival in
HU-treated ani mal s. Physi ol ogi cal dat a: Essentially, there were no
l.nportant differences in nean arterial bdmpod pressure or bl ood gases anong
surviving animals treated with dexanabi nol or vehicle, or non-surviving

ani mal s. Si niiaoktes usdng wam N0 ditder ericipd N Hiedthd eimer féhémi&nenghoul d

note that in Fllggietgﬁog%q_lr&]%ciuslgecl%rveatﬂg ng. AN nﬁé{%géfg‘?’ﬁ% PCO2 tended to
unes:

be sonewhat elevate r oups ar et | ndi vi dual
and nean dat Feilexesdse ey mrmmaeuaamed simppaaam state with 60 min
MCA occl usi on36t Beny . 'Ssca'}e@ﬁtarlerf"énﬁne@rﬁ&é)an%l(&fty WAt don:

Nonet hel ess, Eire is a trend tqowa an 18% reduction 1 n nmean infarct
vol ume with GeriR¥APFoPRsSEE @il 2schemigyoAndmacks WeXe Xem vol une. The
dat a present aflaebohet iziedni(kitth@at) taneh e Heo\spdopHiee Ay ds Sur vi val

W th dexanabgaa}_ng_gﬁ%@anﬁ,egaggr&%erz%%fert%tq%zrﬂduct.i on in infarct volunme in

survi ving ant ma nal e had survived, and if one
assumes that infaféiniealt eradyatdomni miﬂma/\mte 8 dhagurs thatrer n aﬂn:anals

survivors, t4er@abBaiBelay ot Bilid I %‘#lncre ol to-

reduce i nfarct V€ g dexana |no e surV| val

in ani mal s wrRedodBRY F‘&F&le AB&#@R@ iags &l -t'hé'esreﬁhr Bhaod (Bl e i nf ar ct

vol une. ThesHetabul #s deppnserateThie Waey @emiel iesre emlrfﬁufg degeanabi nol

N 62 teRDSLERE LoBRl HoRE BT 30 AL et QNN 1% ik Toilel Qf stroke
animals were anaesthetized (equ:.thlsine) and perfused
transcardially with 10% formaldehyde solution.

TABLE 6 Neurobehavioral scores in stroke model in gerbils (normal score, 0)

l Nearological behavior Score (5) '

Normal
0
Slecpy/lethargic 1
opee 2 |
Circline/Ptost
3
p—
" umping 4
Tossing seizures/Ophistolonus 5
‘Tonic convulsion 6
Coma, weak pain response 7 i
" Coma, no pain response 8 "
L= |
9

Modification of Rudolphi‘’s Clinical scoring method.

Histopathological evaluation. Brains were removed
and stored for one week. Then, 5 mm sections were cut
from the area of the dorsal hippocampus, stained with H&E
and cresyl violet, and evaluated according to the



TABLE 5 Infarct and edema vol unes Ani nal Infarct (mB) Ederma (mMmB) No.

dexanabi nol 1 6.2 13.0 2 30.9 11.9 3
32.2 -id 4 74.0 47.9 5 70. 8

33.2 6 127.2 30.1 Mean 7 277.9 57.8
Mean 89.5 (82% * 27. 54 69% Vehicle-treated

20.2 2 20.1 19.9 3 3.6 13.7 4 27.1
31.9 5 33.6 . 16.6 6 295.5 125. 3 Mean

7 388. 1 following systemdllye number of jgiable, pyvamidrd cedti=olin

Physi ol ogi cal dReamddal Nemiddrt£ed | Tat @841 N@A1 ceuBPiahai sghemea i N
gerbils The cggpounds of the resQ%% iq¥enti$@ wer e tgsted,for their
ability to pr FERCSRIIRMS S GRUUTRJETR: £8P | Bagaibicatignyi rdcas|
conmon car ot i @ .a&r tmar inodsdtksisoidedbngol i an gerbils (male), 65-70 gr

( Tunbl ebr ook Farm d ' ] C ur | n thetized

Wi th equithisine. &‘S%&“?X ﬁﬁ%ﬁﬂfﬁ% %‘?}jv\e&%w?é% S e%ggﬁ‘éii'o si |k
suture nat eri ¥ehigdepseatac nigals y($MRnd? tRbAkg Thevt ) psan@ eadmallsop

were tied togerbatedd thhehelttdst nhey i ad ﬁ§¢k?u11@g besi de the trachea.
n the foll ow ng day, they were

The ventral neck incisi,on was then sutured.

lightly anaestheti%&fiﬁ%%*ﬁﬁﬂua,eq#ﬂf;ﬁﬂﬁF%ij?PQEEERBCQBVQSOﬁEHQUz& bot h

CCA were occl uddagf 8Mlbdxon Rank Sum Test. The histopathological
evaluation was analyzed using One-Way ANOVA followed by

Duncan’s Test.

RESULTS
Behavioral study: As can be seen from Table 7, the
clinical status of the dexanabinol treated group showed a
" significantly better performance (low score, mean 2.1)
compared to the vehicle treated group (mean 4.0) and
untreated group (mean 8.6). The dexanabinol group showed
far fewer severe signs (only one animal had severe, i.e.
5-8, scoring symptoms) compared to the control groups.
Five animals from the dexanabinol treated group showed no
signs at all (compared to none from the untreated group
and 1 from the vehicle treated group).



-63- mnutes using snmall artery clips. During the ischema and until the
animal s recovered (regaining righting reflexes), they were nmaintained in a
mwarm state (36.5-37.5[err]C rectal tenperature). Thirty m nutes follow ng
onset of ischema, animals were re- anaesthetized (ether) and the
appropriate drug was adm nistered i.v..g4a the fenoral vein. Cinical
‘eval uation. Three to 5 hours later, aninmals were observed for their
clinical appearance using the Rudolphl nmet hod ( Rudol phi et al., Cereb.

Bl ood Fl ow Met ab. Ak:san4 thegipcrepsed BRrthit e kate 2iTakle s8) f shovad
entire 96- how SHidmfl-t Aind NSE esbrdmid)i cs sk, pﬁsw@ciﬁoﬂvem the
anaesthetlze%§54§ﬁb I%]EE{ and perfu d téangga a“l wi th 10%

f or mal dehyde ot T NATHEBE VTSR es %s % Pk nodel in
gerbils (norgaloupsare, 0) hburologlcal behavi or Score (s) Norna

Sl eepy/| et haggi g JSRHAT a1 e\zlalua,t:x.on. . Thé ﬂ%ﬁiﬂé‘ éfﬁ&&é ate

3 Junpi ng 0ssi ng sei zures/ I st ol onus on|c

convul sion (Table 9) @icsyLicank Pl 7 IomeocamPdhi n
response DeaidagdiirEitGdn ,0iud daldrémmﬁc Qrsiias) Sifstid "EheBdPPflerent

Then: 5. mm.o EEERSHENTe AP 1 1 S PSR ERE S A S SFNIF TR oEsahed
st ai ned wi t hgidéhpandrexree iamagesl dia,r amrea\saé\tmteiy v dilog to the
dexanabinol treatment group. - ’
All animals showed some damage compared to naive
controls. However significantly more live cells were
preserved in the dexanabinol-treated animals.

TABLE 7 Gerbil ischemia model improved clinical outcome
after administration of dexanabinol (8 mg/kg i.v., 0.5 h post-insult)

|| Treatment Average Neurological Score + S.EM.

21 1+ 0.7

Vehicle 40 4 13

I U ! 86+ 29

* vs. ed p<0.01

TABLE 8 Mortality rate in different treatment groups
after 10 mins bilateral CCA occlusion in Mongolian gerbils

Untreated n=10 Yehicle n=10 dexanabinol
.o n=10 "’

% dead

30 20 0




-64- follow ng system The nunber of viable pyramdal cells in the nedial,
m ddl e and | ateral CAl subfield of the hippocanpus we counted under x400
magni fication, along 0.4 nmin both sides. The study paradi gmwas (n=10):
untreated animals, vehicle treated aninals (SVE, 4 mM/kg i.v.); and animals
t.reated with the test drug (8 ng/kg I. %GStatIStICS Neur ocl i ni ca

appear ance was anal yzed using WI coxon Rank Sum Test. The hi stopat hol ogi cal
eval uati on was anal yzed u5|ng One- WAy ANOVA fol |l owed by Duncan's Test.
RESULTS Behavi oral st udy: %Nqﬁé ‘#W%ﬁw?&ﬁﬂé 7, the clinical

status of the dexanabi nol d "P?y better
performance (|l ow scoreean . eat.ed group
(mean 4.0) and untreat ¢dqroup (nmean 8. T e deﬁgpuglnol group showed f ar
fewer severe signs (onfy_one aninnal had qe\/er SCOI‘I g synpt ons)
conpared to the controlf dexsasbipol Fi ve an m t he dexanablnpl treated
group showed no signs ;‘ aopared ' ril:h romithe yntreated group and
1 fromthe vehicle treltﬁdﬂgﬁoup) -a@z,@L§96m¢he decreased I-rtality
rate (Table 8) showed § a¥ala =Yafa W ar=Taa e atefftion in the
dexanabi nol treated an[ ariseaE8npar ed tof thq L£afu¥ r ol groups

H st opat hol ogi cal eyal ---—-----=_:-——_---__—:_:=-:_: ________________ a2l si gni fi cant

- differences in CA Ioggq- nar _;«‘ s 0N, due to |schen1c insult, anong
the different treatnefitogrotdE " 1 %Peat ed and the vehicle treated
groups were danmaged far nore severely t han t he dexanabi nol treatnent group.
As can be seen from the above tables, a
significantly better clinical performance is observed
‘after treatment with the active ingredient of the present
invention, compared to vehicle and untreated controls.
The active ingredient'of the present invention
improved both neurological and ﬁistopathological outcomes
of global ischemia in the Mongolian gerbil model. The
two control treatments demonstrated a similar
performance: severe neurological deficit and similar CAl
hippocampal degeneration.

Physiological Example 8

Neuroprotection by dexanabinol in 4VO model in rats

The 4-vessel occlusion (4VO) rat model is often used
as an animal model for brain ischemia, becauseiit-ibﬂ.
relatively easy to produce and shows good
reprodqpibility. Transient but severe global or
forebrain ischemia, which occurs clinically in patients
successfully resuscitated from cardiac arrest and
experimentali} in some animals models, causes
irreversible 1njury to a few, specific popr ations of
highly vulnerable neurons.

In our study, dexanabinol in
hydroxypropyl-b-cytodextrin (HPCD) protects against



Al'l ani mal s showed sone damage conpared to naive controls. However
significantly nore live cells were preserved in the dexanabi nol -treated

ani mals. TABLE 7 Gerbil ischenia nodel inproved clinical outconme after
adm ni strati on of dexanabinol (8 mg/kg i.v., OS h post-insult) Treatnent
Average Neurol ogial Score S E M dexani nol 2.1 0.7* Vehicle

4.0 13 Untreaated control 8.6 2.9 *dexanabinol vs. untreated p<601 TABLE
8 Mortality rﬁéerbnaMiﬁ&aagatcaueadnbyttgamsﬁen&ftsavk&emfmrdwﬂaakeral CCA

occlosion In yggggkéan gBEEhF Eeqbgd a%q e 2lQ nabi no

n=10 O - 66- I sC en1a no rove hlstopatho oglcal_
out cone afteroédhﬁﬁbgﬂiatF@ﬁPBFGQeian5BPn6PrP81n@P@§1|a@ ig mspally

583%' n;gl {/ ) r'[dlseawspbnswe tsAtraaaﬂeﬁanpafrh@eLelff@:@unbfd@éac&aﬂmeiol
ehi

dexanabi nol guﬁ?WBSPEGSpQS Bﬁedéﬁﬁﬁ %n&Pv$§t19BhFPIghﬁ§om§§%&s can be
seen fron1thedemonstrabéeSheauSLthyloénthysbebbmpouhdslasl performance is

observed afte hoLBReactive ingredient of the present
i nvention, cdé%%%e gg&égﬁbé g&%n untreated controls. The active

|ngred|ent of the present invention inproved both neurol ogical and

hi st opat hol ogi cal out cones of ngmmmm Mongol i an ger bi |
nodel . The two control treatnents d nonstrate% %lnllar er.f.or nce
Wl (18024 B

sever e neur ol ogi caPPERFNETPAUREY sPABar 2ER 0 g) supplied
Anilab (Hulda, Israel) were used in this study. They

were anesthetized using Pentothal (Abbott, Italy) for
induction, with Halothane (ICI Pharmaceuticals, England),
in a mixture of 70% N2 and 30% 02 for maintenance.

Two test materials were used: 45% HPCD, in water,
for vehicle treatment (4.m1/kg) and dexanabinol (8
mg/kg) in 45% HPCD, in water, prepared at Pharmos Ltd.
(Rehovot, Israel). Animals underwent four-vessel
occlusion model (4VO) according to Pulsinelli et al.
(ref) 1982:

A two-stage operation was performed:
(1) On the first day the vertebral arteries were
occluded. A midline skin incision was performed above
the spinal cord behind the skull occipital bone. Muscles
were separated and cut until the C1 vertebra was
isolated. The alar foramina are located and the
vertebral arteries are coagulated via the alar fb;amina.
Muscles and skin and closed in-two layers. On the same
day, the common carotid arteries (CCA) are isolatéd
through:a central neck midline incision. A loose suture
material is positioned around them and the skin is
closed.
(2) On the second day the CCA are occluded. The animal
is anesthetized”lightly (ether), the skin is opened and
CCA are closed for 20 min with arterial clips.

Animals were fasted overnight between the two stages
of the study (water was allowed).



hi ppocanpal degeneration. Physi ol ogi cal Exanple 8 Neuroprotection by
dexanabi nol in 4VO nodel in rats The 4-vessel occlusion (4VO rat nodel is
*often used as an animal nodel for brain ischem a, because it is.. _
relatively easy to produce and shows good reproducibility. Transient but
.severe global or forebrain ischenia,\Mgéjloccurs clinically in patients
successfully resuscitated fromcardi ac arrest and experinentally in sone
animal s nodel s, causes irreversible injury to a few, specific popul ations

of highly VUlr“”fﬂHé%rE¥”£¥§hti Oplé £ BéH d¥s Qﬁéaﬁﬁbheﬂbalncrlterlon
hydr oxypr opyl - b-cytodextrin (HP éth gcts a& 187, neurong damage
caused by t rEAsiSHIUT IS, TV 9T HPETRT AR nEFF eWﬁaréPst ?héVQvEPﬂB el is a

mor e sever e ifdtle afati ScCHENere HogAr @t hal & Mogesbowmgdehlandlga usual |y

not responS|ve tQ tr e d of the
i nstant i nvéftionq %@mr%% #}?dmrréon%[f g%e t%\xgm%i%] e@@ a%%gggg ﬁﬁounds
as neur opr otr@gtdore t@@t@ew M@MEPWMBW&QQ@A%W@}ISMhe rats
(180-400 g) supplpeast %Mﬂ:ﬂb &wlémnlﬁfé@@fédw@rﬁ UEEUmiA HBESrat udy.

They were anesthetlzed Pent ot hal bott i pduction, wth
Hal ot hane (€& PRfsta e e n’é’rﬁg’r%d) ’FP%a‘PPr aia %éa%fa%%lkﬁt&ﬁ& d309 02
for maintenaitca Jdbee toe‘Sts nﬁgﬁkg abrs tive esamse dvolinde HPEDrehicY8t ¢rPCDYr
vehi cle treatne J€§J144¥E/ d_dexanablnol (8 nmy/ kg)y in 45% HPCD, in
wat er, prep&'ghggt . (Rehovot, Israel). Aninmals underwent
f our-vessel occl Fsiuwn Yhxhataent) gweupsiivere oasedisinelli et al. (ref)
1982: . {a) Sham animals underwent occlusion of both
vertebral arteries, without common carotid arteries
occlusion.

(b) Control untreated animals - occlusion of both
vertebral and common carotid arteries.

(c) HPCD (vehicle) treated controls - occlusion of
both vertebral and common carotid arteries, animals

. treated with HPCD 15 min before CCA occlusion.

(d) dexanabinol (in HPCD) - occlusion of both
vertebral and common carotid arteries, animals treated
with HU- 211 15 min before CCA occlusion.

Body (rectal) temperature was maintained between
37-38°C. Animals were monitored for their clinical
appearance at the following time periods:

(i) Dbefore vertebral occlusion

(ii) before CCA occlusion

(1ii) 5 hours after CCA occlusion - .7

(iv) 24 hours after CCA occlusion

(v} 48 hours after CCA occlusion

(vi) 72 hours after CCA occlusion



A two-stage operation was perforned: (1) On the first day the vertebral
arteries were occluded. A mdline skin incision was perforned above the

~spi nal cord behind the skull occipital bone. Miscles were separated and cut
until the Cl vertebra was isolated. The alar foram na are |ocated and the
vertebral arteries are coagulated via the alar foram na. Miscles and skin
"and closed in two layers. On the sane day, the common carotid arteries
(CCA) are isolated through a central neck mdline incision. A loose suture
material is positioned around themand the skin is closed. (2) On the
second day the CCA are occl udedBLEhe Neidl@gical Gamiatécheti zed |ightly

(ether), the skin is opgned apnd are ed f 0.mn. arterial
clips. Animals were TESt% fﬂg‘&?‘&f"‘ OF S (P, ‘?‘Q ?MF'Sd'taes of the study

(water was al | gweET F g g e D fal
criterion for 3 fin the
rat. Therefore, ‘ ncl uded i njt he
study. Aninmals [ ] d day of
CCA occl usi on. IT gghiibdné Jv. n before tlje onset
of CCA occl usi dnpamdexanabi nol difen @t it at 0 | or the
sane vol une of jp » - - , groups
were used: (a)fl Shafranrmals under ‘muumswnpﬁﬂ<) of4bot overtebral
arteries, wthdu C ot Smms v T OTT ) (oo Imme)| ntr eat ed
animal s - occl‘s % -"i. h vertebrfal and commoij carotild arterles.!(c) HPCD
(vehicle) treatjed. - occl uqi on of
RighBl bt Hes sl 1 for each side 2 0
tilted
3 . ; - l l o
Righting when laid on back
Spontancous motility 2 2 1 (walk on
digits) or 0
(o walking)
Absence of forelimb flexion 1 1 0( 0
Absence of thordax twisting 1 1 0 )
Ahumxofpusk. 1 1 0¢ 0
Global neorological score (normal) 16
RESULTS

It was found that the wvehicle alone is
indistinguishable from the control (ischemic untreated)
group.. The dexanabinol-treated group is sigqificantiy.
better than the control ischemic untreated or vehicle
only groups, and is remarkably indistinguishable from
sham operated animals.by 72 hours after the initial
surgical insult. At 48 hours post-insult, the dexanabinol
treated group was already not statistically different
from the sham opgrated group. These tests were conducted
with 17 animaléhper group. The data shown represent
overall neurological score improvement rates (i.e.
difference between normal score which is 16 and the score
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occl usi on
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al and common carotid arteries, aninmals treated with HPCD 15
m n before CCA occlusion. (d) dexanabinol (in HPCD) - occlusion of both

d common carotid arteries, animals treated with HUJ 211 15 min .

cclusion. Body (rectal) tenperature was naintai ned between

Aninmal s were nonitored for_gheir clinical appearance at the

me periods: (i) before vertebral occlusion (ii) before CCA

i) 5 hours after CCA occlusion (iv) 24 hours after CCA
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M pTABIRENHE Nesl©! s Cadclexefhe al hePemet adhagesgal e for

| | ysi | gbal i scheyi del ) Test Nor mral
AB e H ST G GH] CErTehce DeEvgencibs SRAM 4

0

G aspi ng 1 ef lgeoup faord ddeh Hihwroup dedrdtsgid ngverthaklyRrghthiggof head

when | for

2 : 1 (vvg a%li %gﬁ le S h(ér}'l I?]'%s%\%%iél{)?%%?ﬁ%&?%oﬁn? Absenge of

t horax tw st
(normal ).

I ndi stinguis
dexanabi nol. -

cegpounds of the instgntesaentiomdanayicdoe chsgfull incthe

manaé@mBEQUBESddSﬁME%éﬁéﬁEEté?@né§eiﬂ%$é€i§n@§OBﬁfkér%ng
abl e from.the cqntrol |scq$n1c uptrea edg g[OUf... The
trom BEUEPIe9 e s itAutdatiyF model is particularly

relevant to global ischemia, such as that associated with
cardiac arrest. '

Physiological Example 9

Anti-hypoxic effects of dexanabinol analogs

Exposure of mice to a hypobaric atmosphere (200
mmHg) results in death within a few minutes in normal,
untreated animals. Not only MK-801 but also diazepam and
pentobarbital are known to prolong survival of animals in
this more general model. dexanabinol significantly _
increased survival time at doses as low as 2 and 5 mg/kg
i.p. (in MCT oil). The reduced stereospecific analog of
dexanabinol, denoted HU-251 (Devane et al., J. Exp. Med.
2065-2069, 1992) was as effective as 211 in this system.

Hypobaric anoxia was used as a test system for
screening the neuroprotective effects of all novel
compounds including dexanabinol phosphate and dexanabinol
succinate. The experimental paradigm was derived from
that described by Gotti (Gotti & Depoortere, Congres '
Circ. Cerebrale, Toulouse, 105-107, 1979). Briefly, mice
in groups.of 5 were placed in a chamber which was
equilibrated.at an atmospheric pressure of 200 mmHg (by
evacuation via a vacuum pump). The mice were observed
until they stopped breathing and the time was recorded
for each mouse: The test compounds were administered 45
min before introducing the animals into the chamber. 1In
all cases the experiment was performed in a masked
vehicle controlled study to avoid bias on the part of the

02



better than the control ischemc untreated or vehicle only groups, and is
remar kably indistingui shable from sham operated animals by 72 hours
afterthe initial surgical insult.. At 48 hours post-insult, the dexanabi nol
treated group was already not statistically different fromthe sham
operated group. These tests were conducigd Wi th 17 ani mal s per group. The
data shown represent overall neurol ogi cal score | nprovenent rates (i.

di fference b%en nor@ core which is tﬂhd t he score d-70 at the
time of exani - e ?u??rf?ﬁfffﬁ AR F 1 O RBRY’E  Test for each
tinme i ncrerrerahsdmeneech iTe M emeEhtomeathe akpprophiate fhef Baredbagweenst he
sham gr oup a ¢¥%?§¥§§§?gg¥h erg.,a r 72
hour s. There ore ﬁxana o%ﬁg :){?6% eélfﬁgpgﬁtgkrgnvgﬁt H)l% may be
useful in thoehisdgeroanes e ¥ Je?/%‘h]cié jndheR¥ents suffering from
neuLologlcal%ya%&a%%éalﬁy 1fibéﬁﬁtiﬁtﬁfﬂéd éﬂ|§Uﬁ@%%&D e%mbahn

i schem a, such ,as .t hat associ cardi ac ysi ol ogjca

Exanpl e 9 AnERiRAISiRF ?%ﬁﬁ?é %ﬁaéhﬁﬂﬁ?mﬁ %ﬂl 2@ EpoREeae gk mce to a
hypobari c at dmserarieon 208bieily esults in death within a few mnutes in
normal , untreated animals. Not only MK-8Q1 but also di azepam and
pentobarbrtal are known to prol ong suryrval of animals in this_nore general
model . dexanabi nol sTARLELE Antibypoxic ety éﬁd§ﬁpﬂnﬂﬂm4qﬁn§¥§“§k%es as | ow as
2 and 5 ng/ kg i.p. LA Al =St eree ' g of
dexanabi nol , denotpdch&hﬂﬁauﬁaevane euhﬂhe, J. rmgn“aﬁeagzo 9, 1992)

was as effectrve a§ 211 in this systlem Hvpobar] as a test
system for screenlygN&heumamroproteotlve effects of ounds

i ncl udi ng dexanabi fjol phosphat e and Jdéxanabi nol

dexanabinol - MCT ol 425 + 130

HU-251 MCT ofl 412 + 94

dccanabinol svccinate | oo @3 < 58

desanabinol succinate | ;o rbonate boffer 601 + 206
‘ dexansbinol phosphate | .. pogrer 4711 75

The groups included at least five animals per test
compound. None of the vehicles had any significant
effect on survival.

Although the present invention has been described
with respect to various specific embodiments thereof in
order to illustrate it, such specifically disclosed '
embodiments should not be considered limiting. Many
other spec1f1c embodiments will occur to those skllled in
the art based upon applicants’ disclosure herein, and
applicants propose to be bound only by the spirit and
scope of their invention as defined in the appended

claims.



succi nate. The experinental paradigmwas derived fromthat described by
CGotti (Cotti & Depoortere, Congres Circ. Cerebrale, Toul ouse, 105-107,
1979). Briefly, mce in groups of 5 were placed in a chanber which was

equi librated at an atnospheric pressure of 200 nmHg (by evacuation via a
yacuum punp). The m ce were observed uaybl they stopped breathing and the
time was recorded for each nouse: The test conpounds were adm ni stered 45
mn before introducing, the animals into the chanber. In all cases the
experi ment weRpYRkRHEeR 1 nE%2RRLRed vehicle controlled study to avoid bias
on the part of the server. Each nouse received the test conpound

.. -71-_.0b
di ssol ved irl%kﬂb%%*t¥w°%ﬁ%e§$$?5b??ﬁtEsbﬁf?ered aqueous sol ut.ion

intraperitoneally at a dose of 5 ng/kg, or the vehicle aloné. The results
clearly indicate Mateni (Pl caléy-spghl fasdnplasvacivatof degr vhumandi ne in

animals pretr ' &PAPRYRdse 251 1 e PEES8Es nvention (Table 11).
TABLE 11 Anti%%%%g&a&%\r}ﬁ?y of ggxanab%iﬁoﬁyaﬁg 053835 [ kg i.p. Caonpound

¢ A $ ng/ Kg
t est ed Velfample PreParQE&Q?v%Pd(%@E?bRBHQPrGanﬂtQEQQHabFﬁﬂpounds MCTr
ol A2 rd Wi ddbRrdd in water OET10%! (vol/vol) 4é€hldoliewataki e

succinate  Tris buffer. 433 58 buffe 60} 206 _dexanabnp osphate 75
The groupsjjﬁﬁQﬁﬁ§#5ﬁt*%ﬂ§t°Ei%egaﬁiﬁa?sm%%?ﬁtﬁg g@nﬁguﬂg.EQSne of the
vehi cl es had mesuksiing fselhnt ichs ceerenaddedi val 180l mhoofhwahexrpoesent

i nvention hasf

heran TSRS SELLEER HubIPES L) LA RREL LR Sdore
730 mg/mL. The mixtures were incubated at 37°C for 1 h
and 24 h. Samples were then extracted by addition of
acetonitrile (3 vol) followed by vortexing and immediate
centrifugation (Ependorf centrifuge). BAliquots of the
organic .(upper) phase were analyzed by HPLC. Zero-time
determinations were performed by extracting the solution
with acetonitrile immediately following the dissolving of
the samples. Amounts of dexanabinol resulting by
hydrolysis of the examined esters (as mg and %) were
determined by using a calibration curve. Average values
for 3 experiments were reported.
Analytical Methodology. High performance liquid
chromatography (HPLC) was used for quantitative analysis
of dexanabinol. The HPLC consisted of a Kontron 410
solvent delivery system, Kontron 430 UV detector -
(variable wavelength: channel 1 at 232 nm; channel 2 at
283 nm), Kontron 450-data system. The column was -
'Econosﬁhere C18 (100 mm x 4.6 mm 3mm (Alltech) eqﬁippéd
with column guard (Alltech). The mobile phase was:
acetonitrile: pH 3 aqueous phosphate buffer
(KH2PO4-H3PO4, 0.01 M): 60:40. Flow fate 0.7 - 1.5
mL/min. Detection and quantitation was performed at two
wavelengths (230 and 280 nm) in parallel. Retention time
of dexanabinol “‘was in the range 3.5 - 4.5 min.
Assay Validation. The main aspect of assay validation
was to assess that linearity is unaffected by the
extraction from biological fluid and that the recovery is



enbodi nents shoul d not be considered Iimting. Many ot her specific

enbodi nents will occur to those skilled in the art based upon applicants
di scl osure herein, and applicants propose to be bound only by the spirit
and 'scope of their invention as defined in the appended cl ai ns. -72-

Physi ol ogical Exanple 9 Stability of dexanabinol esters Water (pH 5.6 -
5.7) and plasma (rat, dog, human) were used as nedia for stability studies.
Sanpl e pr epagaiyhoananeeipedmtible Corepilians expuieds viat adticschved in
wat er or 10% (vol /vol t hangl s water. t g concentrati g 2.0 - 7.3 mg/ nm
and 20 nL of *PRE" I_Pi?:né’%séﬁeq |c?§)smv\°/(eir_e&2dd@c§tmg’ fgr%trc‘r}{e of water or
freshly col | aceednpltadde solitiginlc Wi rniadtas tsf pP2eema 730 thg nl. The

m xtures Wer%h%ggll%&ﬁé dt HLIANG Bt sorh R derSHEY g € t hen

extracted by addition of acetonitrile (3 yol ol | gwed. by vartexi ng and

i mredi at e ceRhei P&gEMPoN3EE refxté'@rﬁ(tﬁq lﬁ)‘)e)‘{esﬂri S cﬁaolt‘r%‘%‘?’g%’hi c
(upper) phasguweee weakydeawsy idPhGteierand iviyideise pliamid ONA VIEO &%
performed by_extracting.t | uty ' tonitrile imrediately

f ol | owi ng thﬁeﬁf)‘srggp'vf"%ﬁ g?’tt é‘lésda%o\emsglﬁgsgn%ﬁts of dexanabi nol resulting
by hydr ol ysi 8tebilh&yexafheestedididy @Ff mheaestirawdne watter mmdd by using
a calibratio e. er \Y; f d@ggyﬂ- f S . ed.

Anal yti cal Ng%%%gélé§é¥'H?% ‘per or&aﬁ%ggl|qurd1?%?%né$%&§apﬁ (%FlC) was
used for quaWbieht resLAtecy Pys hydrpdysigivas quantifated hsilRldy % a

Kontron 410 gekyepimaeknde Y tys e Houko Fnd 244 Houd¥ & dGicibatiasn add e
wavel engt h: charﬁlnel 1.at 232 nm,. channel .2 at 283 n? Kontron 450-data
system The 28l GniPw&Be. 2BPES: d‘l?g:lﬁe 00 L EAY Efnaifin (Al | t ech)

equi pped summarized in Table 12. The compounds of Synthetic

Examples 3, 7, and 8 are soluble in water (at least 2-7
mg/mL) while the compound of Synthetic Example 5 and its
hydrochloride salt are soluble in 10% (vol/vol) aqueous
ethanol. The results indicate that the glycinate salt
(Ssynthetic Example 3) is relatively stable in all the
examined media. " In human plasma less than 1% dexanabinol
was released after 1 hour and about 22% in 24 hours. Tﬁe
dialkylglycinate (N,N-dimethyl, Synthetic Example 5, and
N,N-diethyl, Synthetic Example 6) salts are even more
stable than the glycinate salt in all media with the most
stable product being the N,N-diethylglycinate which was
not.hydrolyzed at all in water and only poorly in human
plasma. A different profile was observed with the
quaternary nitrogen containing compoﬁnds of Synthetic
Exampleés 7 and 8 (trimethylammonium- and - '
triethylammoniumacetyl bromides, respectively). While
fairly stable in water (6-7% hydrolysis in 24 hours) both
of these compounds readily hydrolyzed in plasma of
various sources including human. Of particular interest
is compound of Synthetic Example 7 which rapidly
hydrolyzed in human plasma (92% and 100% at 1 hour and 24
hours, respectively). The triethylammonium homolog also
appears to be completely hydrolyzed after 1 hour, since
the same amount of dexanabinol (~ 68B%) was recovered



wi th colum guard (Al ltech). The nobile phase was: acetonitrile: pH 3
aqueous phosphate buffer (KH2PO4- H3PO4,, 0.01 M: 60:40. Flowrate 0.7 -
1.5 nL/mn. Detection and quantitation was performed at two wavel engt hs
(230 and 280 nn) in parallel. Retention tinme of dexanabinol was in the
range 3.5 - 4.5 min. Assay Validation. The nmain aspect of assay validation
was to assess that linearity is unaf f ect/éad by the extraction from

bi ol ogical fluid and that the recovery is -73- high and reproduci bl e.
Spi ki ng expeliePeRitH A M dhdWh ALY ofndfanadinol (1) (10 ni of
the acetonitrile solution) was injected to plasma I n the whole range of 't he
calibration course were perforned The plasna was then extracted as

descri bed. lg i 0o 3 3 i daBiiol egE-2ipsma. A
100% recove??n\/\l/%ngt g%ﬁ%ﬁoﬁ@aﬁ‘rﬁ%&% g%?l@itﬁ/(zi&%he stagi i tyﬁof t he
esters in waerey. Tamd pl asma (rat, do@exapbingh) was det erni ned. Dexanabi nol
whi ch resulted by hydrolysis was qu rerdt ed by HPLC at zero-time and after
1 hour and 24 hoygs of incuatd on aRyPpldsh '] C | NbdghRas@RPT OPT ikfiinan PRickd X
The results are sunmarized in Table 12. The conpounds of Synthetic Exanpl es
3, 7, and 8 are sol ubl e sgmLwat e (arshleast % 7 mg/mlk) whbl e wBleonpolind of
Synt hetic E)gar_rpl 5 and Jts hygdrochloride salt are solyble i 10% (&0l /vol)
aqueous ethanol. The results indicate that the glycinate salt "(Synthetic
Exanpl e 3) is reliativel P.66t abl 840n &l | the* exanilp®d netdd. | d.-HumarP-$ asma
| ess than 1 dexangbi nol s rel,easeq after,1 ho nd t %in

hours. The dial kyl'gl yci r-{a e (Nﬁl’-%gi nmet hyl , Synt h:agt6i72 Exgpﬁgje é,a'{?and #52

N, N-di et hyl 5 Syntthetic B2anpl e*B) s@i0ds art everD.0fore &t abl e 0t0an ttfe

glycinate salt i :} al | madé%a w h thg1 gpst At abl g gy odugt beingaphhe 4
a c ) ) )

N, N- di et hyl gl yci nate whi was

2% 1127  * 20236 * 116 * 18.84  **

6 0 000 % 000 0.00 = 000  **
1 000 * 525 = 000  ** 0.00
2% 000 ** 973 116 ** 077

7 0 155 1.82 000 000 000 000 000 0.0
1 169  1.88 90.18 10580 91.84 10774 17836  91.92
2 640 752 10460 12272 95.60  112.15 89.63  105.15

8 0 784 176 * . . . . .
1 1624  3.64 22370 5020 25820 57.90 301.84 67.70
2 2772 621 28420 6370 309.90 69.50 30240 67.80

* not available
** 9 not calculated

Physiological Example 1l
Activity of dexanabinol esters

Prbdrugs dre by definition inactive combinations
which are activated to release the parent drug following
in vivo hydrolysis. However, based on the aforementioned
considerations "it has been of interest to determine if
the water-soluble esters of Synthetic Examples 3 - 8
possess intrinsic activity.

Three different assays were employed to determine



not hydrolyzed at all in water and only poorly in human plasma. A different
profile was observed with the quaternary nitrogen containi ng conpounds of
Synthetic Exanples 7 and 8 (trinethylamoni um and tri et hyl anmoni unacet vyl
brom des, respectively). Wile fairly stable in water (6-7% hydrolysis in
24 hours) both of these conmpounds readily hydrolyzed in plasma of various
sources including human. O particul ar +Terest is conpound of Synthetic
Exanple 7 which rapidly hydrolyzed in human plasma (92% and 100% at 1 hour
and 24 hours, respectively). The triethylammoni um honol og al so appears to
be conpletely d a r ] Sien e of. d abi no
(- 68% was r%E%VéBL%6§Qy %hﬁ %XQQEEXthE %ﬁﬁ%grcaﬁggnggggﬁ%urs osﬂﬂk

i ncubati on. Treceptor Sbindingyagf mgapHyesdcbY- pgPRisst dispdrcgmeataliino

(HU-211) ConmpinTiiero protectlon of neuronsDﬁ§aﬂﬁBtnﬂMDREQ%HQE%@ (h)

Wat er Rat Pl err L

% [err]gnttoxgégtwfand gb/ﬁﬁugonai gell tﬁgﬁprngpoteni [ ]g 0

* * ghowhi in Physiblogical*Example 1, dexanabinol 1nhib1ts

0. 66 0.4 * o as * _ . 0. 38 1 0.95 24

7.52 % cbhe binding of, (3m] -TCR.38q (3M);Mk5e01, jpup, 0003 %%

0 8. 28oncompetitiveONMDA antagonists,gtgpothe activated gtage * %
%4 81620f the ﬁMDA rgéeﬁéor channel an@ Efe blnalng of t%@t%%ted%i*G
0 ' 0. (MK-801 toe rat gogebraln memgraneg OOAlso,*ancubatlgnoylt * %
1 0. OOnMDA (160 1005 aﬁ) in Ebrtlcal flelfon cultures fromO&etal **
24 0. 00 f a *% . Q.?? ** 7
0 * gat braing,groghogver afggder Jagfr of gligy cellg’(y

0.00 1 rés6dted inidesth ef. 8- 60%105 gbe eel3s withdn 24 hreg. 36

91.92 24 yypbn@exanablpd?, 2i04 BdncehtationdBr0d-20 hiPuwhi 0963

105. 15 8
* * 1 co-incubgted with Bgurog§3e$goseg0thNMD§58cg@1 dgatgowas
301.84  67. 7Beduced or totally prevented in a dose dependent manner.

This effect was similar in appearance and magnitude to
the effect of the classical noncompetitive NMDA
antagonist, MK-801. At the same time, dexanabinol proved
not to be toxic to the host cells in these assays.

The water soluble dexanabinol esters of Synthetic
Examples 3 - 8 were subjected to these tests. No
hydrolysis was expected to occur during receptor binding
determinations given the system configurations. Since,
assays b and ¢ required a longer incubation time, some
hydrolysis of the esters during the experiments was
possible. However, no dexanabinol could be detected in
the cultures. The results are collected in Table 13-



24 27.72 6.21 284. 20 63.70  309.90 69. 50 302. 40 67. 80
* not available ** % not cal cul at ed Physi ol ogi cal Exanple 11 Activity of
dexanabi nol esters Prodrugs are by definition inactive conbinations which
are activated to release the parent drug following in vivo hydrol ysis.
However, based on the aforenentioned considerations it has been of

interest to determne if the water-soluble esters of Synthetic Exanples 3
- 8 possess intrinsic activity. Three different assays were enployed

to determ ne - 75- TABLEGB.I nytya:nehtuaauhmletgumiuvmﬂsmmmat ions: a)
NVDA recept or bi ndi TEa O biion St EHIME- O SP Protechicy Roaitdt vitro
protection of neurdns agalns v'ﬁmh%’ﬂﬁ" toxj ci t xn@yal éht eur pnal cel
toxicity potential §i fEmpbadn [H-P—RAY-SH-oog—cad c exailafi No

i nhibits the bindifg of [3H TEm 2V (Bﬂ]:i"wKBJFCstMM rorf’é etftive NVDA
ant agoni sts, to th activatefl state of FHMVOA receptdr 2 e} and the

blndlng of tritiatg d Nk&SOl o rat fofebrain qenbranes Ass1o8 i‘cubation
wi th NVDA (100 100 |||vy rr—cprt wiermmv ctTr -ttt S f\,‘ i at brains
grown over a feedei Lav&r of alligvc #esulted Tn ddath! _0f 5P-60% of the
cells within 24 hrg. Whén dekanass nol at63a concentratijon 86 1-§0 nM was

co-incubated with i OTORSEXPU ~tU \IIVL%-SSLEII U%LII S _ d or
P

totally prevented §n_a _dose Hepéndent) npdiner  IThi ffact s Shnmilar in
appear ance and nagL_fudé to | hd6&flPect 087-8%e [cl asSi cal] rowtIsnpptiti ve NVDA
ant agoni st, MK-801 At the sarne trie,. be toxic to
the host cells in thﬁie assays. The water soluble dexanabi nol esters of
Synthetic Exanpl ¢50® daga indicatecthah adli fewpopndesexggpt for 7-

diethylaminoacetyl dexanabinol have relatively good NMDA

receptor binding properties, with IC50s varying between
6.8 and 20 mM as compared to 5 mM for dexanabinol. The
inhibition of [3H] MK-801 binding to the NMDA receptor
was 80-90% at a éoncentration of 1 of 100 mM. The
quaternary ammonium type derivatives of Synthetic
Examples 7 and 8 are the most effective in protection
. against NMDA mediated cell death, while at the same time,

void of cell toxicity (EC50, 2-5 mM 100% protection at 10
mM concentration). The compounds of Synthetic Examples 5
and 6 proved not to be protective against NMDA toxicity;
moreover, the latter was toxic to neurons in 2 out of 3
experiments. It is interesting that the compound of"
Synthetic Example 5 is the first among the examined
derivatives which is a potent [3H] MK-801 binding LT
inhibitor (IC50 15-20 mM) but is not protective against
NMDA toxicity'(18% protection at 10 mM concentration),
although‘it is not toxic in and of itself (0% mortality
of neuronal cells caused by 10 mM).

7-Bromoacetyldexanabinol was tested and found to be
was protective against NMDA toxicity (100% protection)
and inhibited MK-801 binding (IC50 13-15 mM; % of
inhibition 83%) but in some experiments caused
significant cell mortality.

In summary the results of this study indicate that



hydrol ysis was expected to occur during receptor binding determ nations
given the system configurations. Since, assays b and c required a | onger
tncubation tinme, some hydrolysis of the esters during the experinents was
possi bl e. However, no dexanabi nol could be detected in the cultures. The
results are collected in Table 13. A6 TABLE 13. Activity of

wat er - sol ubl e derivatives of dexanabinol Inhibition of [err] M-
Protection agai nst 801 bi ndi ng NMDA toxicity Conpound IC , FM %

I nhib. EC39, thf1 two, ppatergarpogmmonium typejdgpivatives, ghe

63-108 5 trime£lyl- 8hd triethyl-ammoni@mbacetateBB8are thebdhost -
30 7 6.8-9.6. . 79488 §-5 100.8 . 12.5-13 87%§%h 5

100- 136 - The REPELFHRBAPRNEnERE AP RRGS HYYCARRES: eFhpTS  BO

di et hyl am noadetyVvatixesabeadilahpdrelyzevéhyhymad NiB&maecemdoraxe ndi ng
properties, W v j b d a$HR0 red to 5 nM
for dexanabiﬁ%%?aﬁﬁggiﬁh?%¥??gﬁ %?&fggfﬁﬁé-gglwégﬁg?Lg%P% Fﬁg NMVDA r ecept or
was 80- 90% atcempenedft ahEPohave Fopf YOgeRkPrTRaANddBIc PERPRTA RSN um t ype
derivatives ohafypébet beot¥atpbasSadadidt SNADAR fhgueeat tekiestive and _
protection agai nst gg{) i at ed, cel he sanme tine, void

of cell toxi-c?¥§ Y& Oékggguﬁﬂﬁibog°%?%ggépioﬁﬁhggigk coRCEAVALY G The
conpounds of SyxibtitycpfepeptiesSfanddérpvatidesosuth be phoseciifve agai nst
cxpor i mont o, SYAPRECKE mxaiifled § Cbr \Bonag hSr B FULSRRRLT sEuBY, ey’
the first anoavetthargstedned berwsedi @aspvpdrugsswhight vapifly] reiedse
bi ndi ng i nhi bi}h@rp4+&R0 demBonatloRUt ISwEGEXDPr hechh¥s agal B3t
interest from QSAR point of view. While the compounds of
Synthetic Examples 3, 5, and 6 appear to be too stable in
human plasma to be used as prodrugs and their
activity-toxicity profile does not show an improvement as
compared to dexanabinol, the esters of Synthetic Examples
7 and 8 appear to be promising prodrug candidates.



NMVDA toxicity (18% protection at 10 mM concentration), although it is not
toxic in and of itself (O%bnortality of neuronal cells caused by 10 mV).

7- Br onpacet i tested and found to be was protective against
NVDA t oxi ci %ﬂnﬂnamjmm”lmﬁbn) and inhibited MK-801 binding (I1C50 13-15
mM % of i nhi*biti oh 88%s bt in sonme experinments caused significant cel
mortality. In summary the results of thiggstudy indicate that -77- the
two quaternary ammoni um type derivatives, the trinmethyl- and
triethyl-anmoni um acetates are the nost prom sing anong the exam ned

gl ycinate esters. Both derivatives &ﬁ%gig%l drolyze in human plasma, and
are relatively soluble and stable i FEPI™he two conpounds al so have
good receptor binding properties, nmanifest protection against NVDA i nduced
toxicity, apfagresvendipbangyr.onal toxicity. Inportantly, activity and
toxicity properties tor derivatives such as those of Synthetic Exanples 7
or 8 may not be relevant since they are targeted to be used as prodrugs

whi ch rapidly reheaseat Gempaugd oFotihengleén@tralHABwRila t he data are of
interest from QSAR point of view While the conpounds of Synthetic Exanpl es
3, 5, and 6 appear to be too stalle in human plasma to be used as prodrugs
and their activity-toxicity profile does not show an inprovenent as
conpared to dexanabi nol, the_estg Qf Synthetic Exanples 7 and 8 appear to
be prom sing prodrug candida?‘ -78- TEHE CLAIMS What is clained is:

(1

R!

having the (3S,4S) configuration and being essentially
free of the (3R,4R) enantiomer, wherein A----- B indicates
an optional 1(2) or 6(1) double bond,
R is
(2) -Q wherein Q is a heterocyclic moiety having a labile
hydrogen atom so that said moiety acts as a carboxylic
acid analogue,
(b) -RX wherein R?® is C1-C5 alkyl and X is
(a’) halogen, .
(2a’’) -OR’ wherein R’ is C1-C5 alkyl,
(ar’’) -OC(O)R’‘’’ wherein R’’’ is hydrogen or C1-C5
alkyl, '
(ar’**) -0C(O)-R'Y wherein R*' is a linear or‘B:anched
alkyl, alkenyl, cycloalkyl, aryl, arylalkyl,
alkylaryl, .or heterocyclyl radical, or a mono- or
polyhydroxylated or -halogenated derivative of said
radicals and Y is -OH, -C(O)O'B*, -S0,"B*, or -OPO,*"
(B*), wherein B* is a cation of an alkali metal or
ammonia or is an organic ammonium cation,
-N(R"')z.Aﬁ: -N(R’**);'A", or a cyclic nitrogen

radical selected from the group consisting of



1. A conmpound of the general fornmula R G having the (3S,4S) configuration
and being- ' of the (3R 4R) enantioner, wherein A----- B

indi cat es m,lw"mm"mwnor 6(1) double bond, Ris (a) -Qwherein Qis a
het erocycli & nbi ety having a | abile hydrogen atom so that said noiety acts
as a carboxylic acid anal ogue, (b) -R3X wherein R3is O-C5 alkyl and X is
(a') halogen, (a'') -OR wherein R is &eL5 alkyl, (a'') -OC(OR "'
wherein R'' is hydrogen or d-C5 alkyl, (a''') -OC(O-[err] wherein [err]
is a linear or branched al kyl, al kenyl, cycloal kyl, aryl, arylal kyl,

al kylaryl, or heterocyclyl radical, ar 'a nono- or polyhydroxylated or

- hal ogenat ed derivative of ' radlc d Y i s\ -C(OOB+, [err] or
[err] (B+) 2 wherein Bis cat én al kal. ngatNa NYAmonia or is an

organi ¢ ammoni um cation, -\(R' - N( ") err] rj{a cyclic nitrogen
radi cal selected fromthe g con5| st

rein R''" is as
defi ned above, Dis CH2, 0, or * NR ' (B*)2 may [additionally be an
al kaline earth netal cation, and A is a pharnmaceuti caCionrccept abl e

i norganic or organic anion, (b') -OC(O O R4Y wherein [err] and Y are as
defined above, (c') -OC(ONH[err] wherein [err] and Y are as defined

above, (d') -OX(O o RUZR4 wheiein LergbrandaYaBbeaspdeli 68, o, or

NR‘‘‘’, (B'), may additionally be an alkaline earth
metal cation, and A is & pharmaceutically acceptable
- inorganic or organic anion,

{b’) -0C(0)O-R'Y wherein R' and Y are as defined
-above, :

{c’) -OC(O)NH-R'Y wherein R*' and Y are as defined
above,

(d’) -0C(0)-R4ZR4Y wherein R' and Y are as defined
above and 2 is 0, S, SO, SO,, or NH,

(e’) -C(NH,*)-R4A"~ wherein R' and A are as defined

above,
(£’) -OPO,* (B*), wherein B* is as defined above, or’
(g’) -OH,

{(c) -R®N(R‘’’)2 wherein R® is as defined above and each

R’‘, which may be the same or different, is hydrogen oxr

C1-C5 alkyl which may optionally contain a terminal

-OR’’’ or -OC(O)R’‘’' moiety wherxein R’’’ is as defined

above,

(d) -R®* wherein R® is C2-CS5 alkyl, or, when A----- B is

absent, :

(e) -R0OR’’‘’ wherein R® and R’’’ are as defined above,
G:is

(a) a halogen,

(b) C1-CS alkyl, or

(c) -OR’X wherein R® and X are as defined above, provided

that X in the definition of G may not be -OH when X in

the definition of R is -OH, and

. R? is

(a) C1-C12 alkyl,



above and Z is 0, _S. or e') [err] wherein [err] and A are as
defi ned above, “wwﬁm IﬂMﬁm B+ |s as defined above, or (g') -OH, (c)
“RBN(R ') 2 where ed above and each R ', which nmay be the
same or different, |s hydrog nbr d-C5 kyl which may optionally contain
atermnal -OR"' -OC(OR'" noiety erein R "' is as defined above,

(d) -[err] Y\Q,’-Jr F[err] RQQICQSRaI Kyl sa, gﬁ't_"c"a ?D€bsent (e)

-R3OR "' wherein erré are as eflne a hal ogen,
(b) C -CS apkgmched € 7C?eaﬁ-]<y\;khyhepﬁ rawr Peaﬁ&bﬁtartelt&@ @&f ithal above,
gr]gvl ded th@%r(?éllh&\ltbﬁrﬂéﬁldatbtnoﬁyoﬁ @fomé%g TrloE - ol V\hgn X In the
efinition LS. = n a - - thn
which R ' gk a‘é‘f‘?%‘@%a gﬁﬁrﬁd‘b}‘aﬁéhé‘ﬁ &t eE| R ’w% be

substitutedRat’ the aerdeﬁahedaaboneatendby a phenyl group, or (c)
(G2 nOR' '%Mégéutfcé?}g NabBLEEH1 8 slatg zragqagemarf, Dol 4 01

above, and pharnaceutic acce sa ts or aternary anmoni um
deri vat i vesdeRiyaoives, th@€6ﬁ§ound as in claiml of the general fornula R 3
[err] having the (3S,4S) configuration and being essentially

2. A compound as in claim 1 of the general formula

(n

having the (3S,4S) configuration and being essentially

free of the (3R,4R) enantiomer, wherein A----- B indicates
an optional 1(2) or 6{(1) double bond,
"R is

(a) -Q wherein Q is a heterocyclic moiety having a labile
hydrogen atom so that said moiety acts as a carboxylic
acid analogue, '

(b) -R’X wherein R?® is C1-C5 alkyl and X is halogen,

-OR’ wherein R’ is Cl1-CS alkyl, or -OC(O)R‘‘‘ whérein?
R’‘* is hydrogen or C1-C5 alkyl, _

{(c) -RMN(R’‘)2 wherein R® is as defined above and each
R‘‘, which may be the same or different, is hydrogen or
C1-CS alkyl whiqh may optionally contain a terminal

-OR‘’* or -OC(O)R’‘"* moiety wherein R’’’ is as defined
above,
(d) -R® wherein R® is C2-CS alkyl, or, when A----- B is
absent,

(e) -ROR’‘‘ wherein R’ and R‘‘‘ are as defined above,



free of the (SITmuma‘mﬂ“EN“ wherein A----- B i ndi cates an optional 1(2)
or 6(1) double 0 wherein Qis a heterocyclic noiety having
a | abil e hydrogeh at orh s8 that said noi ety acts as a carboxylic acid

anal ogue, (b) -R3X wherein [err] is d-CS alkyl and X is hal ogen, -CR
wherein R is d-CS alkyl, or -OC(OR"'' wherein R'' is hydrogen or O -CS
al kyl, (c) [err] wherein R3 is as defi ne8labove and each R ', which may be
t he sane or diffgrfpt, i's hydrogen or C-CS al kyl which may optionally
contain a termnal "-OR'' or -OC(OR"'' noiety wherein R'' is as defined
above, (d) [®Yr§ bmbeeem.[err] is C2-C5 alkyl, or, when A----- B is absent,
(e) -R3OR {p)Wheresnafepy] and R'' are as defined above, -81- Gis (a)
a hal ogen, L?} a-CSalkyl, (¢), -OR' wherein Fi' I.Ss_as revioushédpefined,
provi ded t hi®) ROR{ 1 YReLERRiRi tidf BF BFAEYONSLY - @R hAgH  XPERVE
definition @fatR RS’ - O, tlee ddf inO{ &) RHE' Gwhay ehot R-OHi shas Jr éwi abs v

defined, an is.(a) -Cl2 alkyl . (b) -OR''", in which R'"'" is a
st rai ght cké%fgéﬁtbé%n%ég% %§-§§§a|%§| whi ch may be substituted at the
term nal catdon-@€ (@i By’ a phengingRblp, 18ragchreyrpshvrdefingdre@md is an

integer of 1 togagnd R'' is as previously defined, and pharnaceutically

acceptabl e salts or quaternary ammoni um.derivatives thereof.
{a) C1-Cl2 alkyl,

(b) -OR’‘’‘’, in which R’’’ is a straight chain or
branched C2-C9 alkyl which may be substituted at the
termiﬁal carbon atom by a phenyl group, or

{c) -(CH2)nOR’'‘’‘ wherein n is an integer of 1 to 7 and
R’’’ is as previously defined, and

pharmaceutically acceptable salts or quaternary ammonium

derivatives thereof.

3. A compound according to claim 2 in which G is
hydroxy and R’ is 1,1-dimethylheptyl or
1,2-dimethylheptyl.

4. A compound according to claim 2 wherein Q is a
saturated or unsaturated ring of 4 to 8 members of C, N,
S, or O, optionally substituted with a -COR‘‘‘’ or
~-C{(O)OR’ '’ moiety wherein R’’’ is as previously defined.

5. A compound according to claim 4 wherein .Q is

tetrazol:S-yl.

6. A compound according to claim 2 wherein R? is
~OQR*f ‘' _
7. A compound according to claim 2 wherein R? is
" - (CH2)nOR" " * .
8. A compound according to claim 2 wherein

A----- B is a 6(1}) double bond, R is R‘OR’, and G is -OH.



3. A conpound according to claim2 in which Gis hydroxy and [err] is

1, 1-di net hyl net hyl heptyl . 4. A conpound according to
*claim2 vvhermnmwmmunuEHMat ed or unsaturated ring of 4 to 8 nenbers of
C, N, S, or 0, 6pttonl |y dubstituted with a -COR'' or -C(OOR"'' noiety
wherein R'' is as previously defined. $§2- A conmpound according to claim4
‘wherein Qis tetrazol-5-yl 6. A conpound according to claim2 wherein
[err] is -OR'''.97. AAcoxpoddaacondilhggtdockhfinn® 2wihketedinn H alg |R4 S
-(CH2)nOR"a4§ G {%Eﬁﬁppund according to claim2 wherein A----- Bis a (1)
doubl e bond, 'S , and Gis -OH -82- 9. A conpound according to
claim2 wherein Ris R and Gis -OH 10. A conmpound according to claim?2
wherein Ris -R >io.11-AAc&am@daa@spaﬂh§g_caoc££%nhZ'Wm%@nnnf%ﬂss

-RN(R ")2. 12. A conpound according to cTaim2 wherein Ris -R. 13. A
conpound accdr'ding to claim2 wherein Gis -ORL. 14. A conpound accordi ng
to claim2 wherein A----- Bis absent, Ris -CH20H, Gis -OH, and R2 is

L L-direthyiheptyly 15 AGRURRNN. oL bc, 9e0eC il o 05 Wha-RsbeH JisP Navi ng

the (3S,4S) confi'gurati on ei ng essenti a
-R’N{R*‘’)2.

12. A compound according to claim 2 wherein R is
-R' -

13. A compound according to claim 2 wherein G is
-OR1.

14. A compound according to claim 2 wherein
A-mmmm B is absent, R is -CH20H, G is -OH, and R? is

1,1-dimethylheptyl.

15. A compound of the general formula

)

R!

having the (38,48) configuration and being essentially
free of the (3R;4R) enantiomer, wherein-A ----- B indicates
an optional 1(2) or 6(1) double bond,
R is -R’X wherein R’ is C1-CS alkyl and X is
(a) -OC(O) -R*Y wherein R* is a linear or branched
alkyl, alkenyl, cycloalkyl, aryl, arylalkyl,
alkylaryl, or. heterocyclyl radical, or a mono- or



free of the (3R 4Ry enant i orrer wherein A----- B indicates an optional 1(2)

or 6(1) double mﬂm/nerein [err] is A-C5 alkyl and X is (a)
T0C(O-[err] Whg‘m I“I-HEI““‘ | i near or branched al kyl, al kenyl,

-cycl oal kyl, aryl* atyltal Ryl 5 afkylaryl, or heterocyclyl radical, or a nono-
or - 83- polyhydroxylated or -halogenaged derivative of said radlcals and
Yis -H -OH -C(OOB, [err] or - [err] (B-) 2 wherein B is a cation of
an al kali netal opoa@an@aix@xgﬂait&damxor-gafﬂdgearﬁﬂyﬁ e xGiaid thinre - Rsaid2. AH,

[err] or a cyclic n:gt rﬁ% |ch_l ?J Eﬁgbf rco(ra)lspg gro&g ﬁon3| sting of

[err] N A s “as “de ove [efT] ™0, or NR '
(B+) 2 may additi @ﬁ@lﬂ ¥Bbe mem |Bneléaﬁt Ragdeal Oéaanoﬁlkaﬂ}d Ameitaly

pharmaceutical |y gecaph@blig bRORGARNC dHgaRiiGARintncH i cdtorn,OC(0) O-[err]
wherein R4 and Y are as geflned ﬁ?ﬁf” (g oCc(O NH- 4Y wher ei n [err] and Y

are as defined abo¥dR’ ZRAYs %er%}'n YRLFECIENdef i ned

above and Z is 0, r&digQl Se2ected\fixrofe)hed gzrdu)p %hsmd'tﬂrrfy R4 and A are
as defined above, (f) [err] wherein B+ is as defined above, or (g) -OH G
is (a) a halogen, (b) O-CS alkyl, a(c) [err] wherein R3 and X are as

defined above, provided tDH inth ele#-l\nltlon i ray not be -OH when X
in ~ : N DA ? DA, \Q O a -

{O)NH,,

wherein R’’’ is as defined above, D is CH,, O, or
NR’‘‘, (B'), may additionally be an alkaline earth
metal cation, and A is a pharmaceutically acceptable
inorganic or organic anion, '
(b) -0C(O)O-R'Y wherein R* and Y are as defined
above,
(c) -OC(O)NH-R'Y wherein R* and Y are as defined
above, |
(d) -0OC(O)-R4ZR4Y wherein R and Y are as defined
above and Z is O, S, SO, SO,, or NH,
(e) -C(NH,*) -R4A" wherein R' and A are as defined
above, '
(£f) -0PO;*" (B*), wherein B* is as defined above, or
(g) -OH,
Gis )
(a) a halogen,
(b) C1-CS alkyl, or
(c) -OR’X wherein R® and X are as deflned above, provided
that X in the definition of G may not be -OH when X in
the definition of R is -OH, and

R? is
(a) Ci1-Ci2 alkyl,
(b) -OR’‘*’, in which R’’’ is a straight chain or

branched C2-C9 alkyl which may be substituted at the



the definition of Ris -OH and [err] is (a) O-Cl2 alkyl, (b) -OR''", in
which R uu'mllmmntl'ﬂﬁgmchal n or branched C2-C9 al kyl which may be
*substi t ut -term nal carbon atom by a phenyl group, or (c)

~(cH2)noR ™' Wherei™ A i§ an integer of 1 to 7 and R'' is as defined
Aabove, and pharmaceutically accept abl e_g&tl_ts or quaternary amoni um
derivatives thereof. 16. A conpound according to claim15 in which Gis
hydroxy and R is 1, 1-dinethyl heptyl or *1, 2-di nethyl heptyl. 17. A conpound
accor di ng t sesmdngll SaghareiatFhdIbfa YRRy b 95OURC(@F CH2NH2. HO |

E @(]O) [CHZN]( ((:LB3) 2.(idd2) nd%_('@) QTM]QHE) Zihé'gin bi-x%%&?‘@f\'( Q‘%&)??Bénd - olc (0)
err] [err] _[errl nor .noacet.yl oxy robroni de), norphol i noacet yl oxy
quat er ni zedRwi t h]lﬁeta%ﬁoeoé&"tf? a[t%/cf‘ﬁ'- néﬂ%hol-i nobut yr oyl oxy (hydr obr oni de),
[ err] - nor phphamrelageptdydaddy qeategrtabdel salts net hypbaoeirdayy ammonium

N- net hyl pi p Z | l - hydrobrom de), N-methyl pi perazi noacetyl oxy
di quat erni Zgg%\;@%ﬁ%ﬁﬁ I odl de, w (N-net hyl pi perazi no) but yroyl oxy

(di hydrobrom de), nicotinoyloxy (hydrochloride), nicotinoyloxy quaternized
(ronoanmoNl M Salry . A e o L a1 )® TR ke i
gggg:mm g}bmﬁiggl"ﬁ’{ :‘"‘“gcé{;y?'ﬁi}fl%fié%ﬁgg QWT O% 1 uor ogcet yl oxy?/ ory
di sodi um phasphaimsittyydheptylA conpound according to claim 1S wherein R2 is
1,1-dimethyl heptyl, Gis -OH and Ris [err] [err] 2 [err]
17. A compound according to claim 15 wherein one of
X and G is -OC(O)CH2NH2.HCl, -OC(O)CH2N(CH3)2.HC1,
-OC(0) CH2N (C2H5)2.HCl, -0C(0O)CH2N(CH3)3+Bxr",
-0C (0) CH,N (C,H;) ,*Br~, morpholinoacetyloxy (hydrobromide),
mbrpholinoacetyloxy quaternized with methyliodide,
w-morpholinobutyroyloxy (hydrobromide),
w-morpholinobutyroyloxy quaternized with methyliodide,
N-methylpiperazinoacetyloxy (dihydrobromide),
N-methylpiperazinoacetyloxy diquaternized with
methyliodide, w-{N-methylpiperazino)butyroyloxy
{(dihydrobromide), nicotinoyloxy (hydrochloride),
nicotinoyloxy quaternized with methylchlorate,
succinoyloxy (monoammonium salt), maleoyloxy
(monoammonium salt), phthaloyloxy' (monoammonium salt),
2-quinolinoyloxy (monoammonium salt), acetyloxy, .
bromoacetyloxy, trifl'uoroacetyloxy, or disodium
phosphoroyloxy. '
18. A compound accoxrding to claim 15 wherein R? is
l,l-dimqphylheptyl, G is -OH, and R is
-CH,0C (O) CH,NH, .HC1, -CH,OC(0)CH,N(CH,),.HC1,
-CH,0C (0) CH,N (C,H,) ,.HC1, -CH,OC (O)CH,N (CH,),*Br",
~CH,0C (0) CH,N (C,H,) ;°Br~, morpholinoacetyloxymethylene
(hydrobromide) , .morpholinoacetyloxymethylene quaternized
with methyliodide, w-morpholinobutyroyloxymethylene
(hydrobromide), w-morpholincbutyroyloxymethylene
quaternized with methyliodide, N-methylpiperazino-



[err] (O)'CHZN er_r_ err r] [err] (O) [err] [err] 3Br,
nmor phol i noac l|“ |“ &hydrobrom’ de), . nor phol i noacet yl oxynet hyl ene
Yuat er ni zed VMHIRNRR} 'SR, [err]-norpholinobutyroyl oxynet hyl ene

¢hydrobrom de), [err]-norpholinobutyroyl oxynmethyl ene quaternized with
et hyl i odi de, N-net hyl pi perazi no- - 8g5-acet yl oxynet hyl ene
(di hydr obrom de), N-nethyl pi perazi no- acetyl oxynet hyl ene di quaterni zed with

nmet hyl i odide, [err]-(N nethyl pi perazi no) but yr oyl oxynet ene )

(di hidr obr om%ﬁ?yiﬁ’%mﬁw%é&gn@&w@ﬁ% f‘ﬂﬁ}ﬁ?‘azm %/ﬁ“a'égﬁplpera“m‘

ni cot [ nonI oxw?ﬁlwéquhybenéz@ﬂqugin%:z% gnt-zraeeh%]éigdide, w- (N-
succi noyl oxyng PROCATTBAL YYD Bbkime 7Y PONL OXARRLBYLEREnI de)

( monoammoni um Saly f% al oyl oxytret enhe noanmoni um salt),

2- qui nol i noylmimﬁaffﬁymﬂ’éhbhﬂ%n&m%%??}?rhéﬂyI oxynet hyl ene,

br omoacet yl o b h{/DERECQLNt XN IREAYHEER, mBEhPl 8ATbMEt e,
phosphorogl O?ﬁ%ﬁﬁ?x&é’: i’Icorrp?ﬁ‘?% acigordi %g t mI ai %1 15 Wnergi nf[err]
is |,1-dinet h%}/'F‘FFé’p%/?/Y,°ﬁ"P§tbé—Q’6ﬁ ‘&W@“‘f‘%nz[“é‘f‘rfgﬂﬁfphol i no- but yroyl oxy
(hydr obr oni degalébybbhyhet el exée n(acedahocayimi Syt bpr oni de) ,

N- net hyl pi per.gzl i e ] { odi de, or disodium
phosphor yl oxf%%%ﬂ%ﬁﬁ%%@%@%r Qﬁé}ég%gﬂéé%ﬁ%@%ér ein A-----Bis a.
6(1) doubl e. il ineylommethyilene | (moropmmoniyn aaltX.is as defined in
(a), and Gisa g,gym KPR ' ' wherein X is

acet yl oxy, tﬁcf%}‘gf oaceﬁ'll oXY, %ﬁaﬁ%&%%ﬁyﬁé@ﬁ)}\%ﬁ?hyl ) - but yr oyl oxy,

4- (4- et hyl - F%%%%E‘PW‘}YM%&%“%UC‘B? n‘@?ﬁ‘gg IM | eoyl oxy,

pht hal oyl oxy pldsphofeybexymetpyléne necar bonyl oxy, and the pharmaceutically
acceptabl e salts and quaternary ammoni um derivatives

19. A compound according to claim 15 wherein R? is
1,1-dimethylheptyl, R is -CH,0H, and G is w-morpholino-
butyroyloxy (hydrobromide), N-methylpiperazinoacetyloxy
(dihydrobromide), N-methylpiperazinoacetyloxy
diquaternized with methyliodide, or disodium
phosphoryloxy.

20. A compound according to claim 15 wherein
A----- B is a 6(1} double bond, R is R‘X wherein R’ is
lower alkyl and X is as defined in (a), and G is -OH.

21. A compound according to claim 20 wherein X is
acetyloxy, trifluorocacetyloxy, glydyloxy, 4-(4-
morpholinyl) -butyroyloxy, 4-(4-methyl-l-piperazinyl)-
butroylbxy, succinoyloxy, maleoyloxy, phthaloyloxy; or 3-
carboxy-2-pyridinecarbonyloxy, and the pharmaceutically

acceptable salts and quaternary ammonium derivatives
thereof. ' ' '

22. A method for treating injuries to the central
nervous system By administering to a patient a
therapeuﬁically effective amount of a pharmaceutical
composition comprising a compound according to any one of

claims 1, 2, or 1S.



thereof. 22. A nethod for treating injuries to the central nervous system

by adm n ient a therapeutically effective amunt of a

phar nace”mﬂwmmmmmmn conprising a conmpound according to any one of
elains 1,*2,¢0r- 1% S - 23. Anethod as in claim22 wherein A ----
ge5|gnates a 1(2) or 6(1) double bond, -Be-s | ower al kyl of 1-3 carbon atons

or CH20H, G is hydroxy or an acyloxy group, and [err] is (a) a straight or

branched C6-Cl12 aIkyI radgg?gagg cﬁagﬁgggugggfgupwgt___gﬁ is a straight

or branched C5-C%° aI f'i §na e ternm na
carbon at oréyignpbesya gKahporZA(lThdonbﬂﬁod’ooﬁ cRaiim 2pwehreradikylsai d

compound | SoAdfi i SLEEEH 4 LofisTBRNRH2DA, PEOLEChyREBKYS breke RIGkAM NO

aci d- medi at &d neurotoxigcity. net g conprlses
adni ni st er i FRPWRI FRRS RO Eab? # p%\'i’i'%%ﬂhté\lrfbre}iﬁ?’b?]?% the- gir?rp?&ﬁ’
associ at ed ¥adicaEUs2l (BECAOgreugueRBoiadetiichnRar ds acetealightier 0

cerebral ischema si s due.to_head auna Qi soni of t he
central ne g?%tgﬁlééa?gﬁg 5?9%5?1 ?PE&?@?&gBtngﬁE&F8§§¥ﬂgi or spinal
cord i nj ur yyh@cefihinakt badboh atamnbg2awphenydogpoupes adm ni stering said
conpound to a patient who exhibits the synptons associated wth epil epsy,

Huntington's di sease, Parkinson's disease, or_ Al zheiner's disease. 27. A
met hod for. bl ock?hg NChetmethodaefariaie RRVIARTEdBeFRdHAs compPusst jddnt

whi ch conpri§fsn PEFE P&t BA1 A0mhfAine? HoPpibeBbr hfainBRNBRCitAltothated to
bl ock said receptors_in ste eospecifi ¢ ggnner a therapeutically

effectlve AR 3F14-ped] BEREPEPKYCEEYany one of claims 1, 2, or 15.

25. The method of claim 22 which comprises
administering said compound to a patient who exhibits the
symptoms associated with neural necrosis due to edema,
neural necrosis due to cerebral ischemia, neural necrosis
due to head trauma, poisoning of the central nervous
system, cardiac arrest, stroke, optic neuropathy, or
spinal cord injury.

26. The method of claim 22 which comprises
administering said compound to a patient who exhibits the
symptoms associated with epilepsy, Huntington’s disease,
Parkinson'’s disease, or Alzheimer’s disease.

27. A wmethod for blocking N-methyl-D-aspartate
(NMDA) receptors in a patient which comprises
administéring to said patient, in a manner calculated to
block said receptors in a stereospecific manner, a |
therapeutically effective amount of a compound according
to any one of claims 1, 2, or 15. '

28. A method as in claim 27 wherein A----B
designates a 1(2)_or 6(1) double bond, R designates a
-CH3 or CﬁZOH, G designates hydroxy or an acyloxy group
and R? designates (A) a straight or branched C6 - C12
alkyl radical; {(B) a group -O-R3, in which R3 is a



28. A method—as~in claim27 wherein A----B designates a 1(2), or 6(1)
‘doubl e bond, R TS um‘mw or CH20H, G designates hydroxy or an

*acyl oxy group'a‘_ mg‘m“m M es (A) a straight or branched C6 - Cl12

sal kyl radical; (B)-ca'grdup®-OR3, in which RBis a -87- straight or
Joranched C5-C9 al kyl radical optionally substituted at the term nal carbon
atom by a phenyl group. 29. The nethod=8f-claim 27 wherein said conpound is
adm nistered in a manner to protect against N-nethyl-D-aspartate (NVDA)
receptor nedi ated neurotoxicity. 30. The nethod_of claim 27 which conprises
adni ni st er i §§T8diHrtc SFpdrshcheda GratGe o Bt Y CRHORIHY ons

associ at ed wublstiewtdld RECHIM TaWA A EAPon AibMIbyecrfsdsyrdue to
cerebral ischemi a, neural necrosis due to head traunmm, poisoning of the

central ner?gﬁngystenl cardiac arrest, or stroke. 31. The nethod of claim
27 which conprises adm nistering said conpound to a patient who exhibits

the Synptoms assggi at GgeWelh L2 (P ikl AU 5 USRS Sombatid NEON' S
di sease, or Al zheiner's disease. 32. A nethod according to T 22 or 27
i n whi ch saP@miRdskesed: itar EeRMREE Horratatdegaingtrrier or diluent. 33.

The nmethod RfmekayD-B2aebactateMINMDA) IRJIRPUCII diEaddier or diluent to
be an aqueous..cosol vent sol ution conprising a pharnmaceutically acceptable

cosol vent, ﬁeHF8§FF&F1 gl*uti on prepared with natural or synthetic ionic or
non-ionic surfactants, or a conbination of such cosolvent and mcellar

solutions. 34. Thg meifadnbnplibl Sathl oY GAIRA Ykl | NG the carrier
to be a solution’of ef angl, a
. administering said compound to a patient who exhibits the

symptoms associated with neural necrosis due to edema,
neural necrosis due to cerebral ischemia, neural necrosis
due to head trauma, poisoning of the central nervous
sYstem, cardiac arrest, or stroke.

31. The method of claim 27 which comprises
administering said compound to a patient who exhibits the
symptoms associated with epilepsy, Huntington’s disease,
Parkinson’s disease, or Alzheimer‘’s disease.

32. A method according to claim 22 or 27 in which
said pharmaceutical composition includes a carrier or
diluent. '

33. The method of claim 32 which comprises
selecting the carrier or diluent to be an- aqueous
cosolvent solution comprising a pharmaceutically. il
" acceptable cosolvent, a micellar solution prepared with

natural or synthetic ionic or non-ionic surfactants, or a

combination of such cosolvent and micellar solutions.
34. The method of claim 32 which comprises
selecting the carrier to be a solution of ethanol, a

surfactant, and water.

35. The method of claim 32 which comprises



surfactant, and mater 35, The nethod of claim 32 which conpri ses - 88-
sel ecting the M’”’ﬂu"muﬂrum emul sion conprising a triglycerides,
IeC|th|n gly L an antioxidant, and water. 36. A nethod
aécordlng to claim22 ot 27 WMereln the daily dosage of said conpound IS

bet ween 0.1 and 25 ng/ kg.
-88-

selecting the carrier to be an emulsion comprising a

triglycerides, lecithin, glycerol, an emulsifier, an
ant10x1dant, and water.

36. A method according to claim 22 or 27 wherein
the dally dosage of said compound is between 0.1 and 25
mg/kg.
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ABSTRACT

DEXANABINOI, DERIVATIVES AND THEIR USE AS
NEUROPROTECTIVE PHARMACEUTICAL COMPOSITIONS

FARVACZAA WA WA W A T S e e

Pharmaceutical compositions are described. for preventing
neurotoxicity, comprising as active ingredient the stereospecific
(+) enantiomer, having (38, 48) configuration of 6
tetrahydrocannabinol type compounds. The compositions are
particularly effective in alleviating and even preventing
neurotoxicity due to acute injuries to the central nervous
system, including mechanical trauma, compromised or reduced blood
supply as may occur in cardiac arrest or stroke, or poisonings.

They are also effective in the treatment of certain chronic

. degenerative diseases characterized by gradual neuronal loss.



