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(7) ABSTRACT

The invention provides a method for attenuating the aggre-
gation and/or activation of blood platelets within a blood
product. In accordance with this method, a cannabinoid or
resorcinolic compound is introduced into the blood product
under conditions sufficient to inhibit the aggregation and/or
activation of blood platelets within the blood product. The
invention also pertains to the use of a cannabinoid or
resorcinolic compound to prepare a composition suitable for
inhibiting the activation and/or aggregation of blood plate-
lets and to such compositions. The invention also pertains to
a method of selectively inhibiting COX-1 and thromboxane
synthase within a cell or blood platelet.
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METHODS AND COMPOUNDS FOR INHIBITING
EICOSANOID METABOLISM AND PLATELET
AGGREGATION

BACKGROUND OF THE INVENTION

[0001] Life-threatening vascular related disorders are
mediated by a number of factors when the endothelial
surface of blood vessels is exposed by spontaneous rupture
or fissuring of an athermanous plaque leading to the forma-
tion of a vascular plug. This plug is comprised mainly of
platelets, erythrocytes, leukocytes, thrombin and fibrin.
Platelet aggregation is promoted by local and systemic
factors such as adrenaline, adenosine diphosphate, prostag-
landin E2, thromboxanes, calcium fluxes, and platelet recep-
tor mediated events. A clinical prodrome exists as a result of
the decreased blood flow through partially occluded vessels
to the end organ resulting in ischemic pain or transient
ischemic attacks affecting the central nervous system; fur-
ther aggregation of platelets causes alterations in blood flow
and the shearing forces exerted on red blood cells cause the
release of adenosine diphosphate, which in turn causes
further aggregation of platelets. Additional local factors such
as calcium fluxes, concentration and activation of other
hemostatic proteins also contribute the promotion of a clot.
Eventually, the completion of a thrombus can lead to arterio-
occlusive syndromes such as myocardial infarction, stroke
and vascular occlusive syndromes such as arterial thrombo-
sis within the splanchnic circulation and peripheral vascu-
lature. The release of serotonin from platelets has also been
a contributing factor to the pain of migraine headaches,
which is a vasospastic disease process.

[0002] Pain can be the result of injury, inflammatory
processes, surgical procedures, vaso-occlusive and vasos-
pastic disorders, infection and distention of a hollow viscous
which might result from a physical obstruction such as
gallstone or renal calculus or occlusion of blood supply to
the affected organ. Numerous local factors act to promote
pain among these are the eiconosoids such as PGE2. Other
inflammatory products such as cytokines and chemokines
act in an autocrine and paracrine manner to promote a
response to the injury. The resulting cascade of events
usually results in increased pain and further inflammation.
Pharmacological interventions of such conditions usually
requires the use of analgesics, anti-inflammatory drugs,
muscle relaxants, and when warranted, antibiotics. Surgical
intervention is usually dictated by the circumstances and
post-operative pain is typically managed by narcotic anal-
gesics.

[0003] Arachidonic acid metabolism yields a variety of
hormone like substances which include prostaglandins,
prostacyclins, thromboxanes and leukotrienes which act in a
local environment to mediate a variety of physiologic events
including inflammatory response, fever and pain, the regu-
lation of blood pressure, formation of a clot at the site of
injury, the induction of labor and the regulation of the
sleep/wake cycle.

[0004] Esterified arachidonic acid (5,8,11,14-eicosatet-
raenoic acid) is stored primarily in cell membranes as a
phosholipid which is released by three different mecha-
nisms—phospholipase A2, phospholipase C and diacyglyc-
erol lipase, each stimulated and regulated by varying auto-
crine and paracrine signaling molecules. The metabolism of
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arachidonate can proceed through a cyclic pathway
(cyclooxygenase) which forms a cyclopentane ring which is
characteristic of prostaglandins, or through a linear pathway
which yields leukotrienes and HPETES. Two forms of the
PG G/H synthase (prostaglandin H2 synthase; prostaglandin
endoperoxide synthase) have been identified which are
colloquially known as COX-1 and COX-2 (cyclooxygenase)
enzymes that produce endoperoxides from arachidonic acid
to serve as substrates for cell specific isomerases and syn-
thases. Tissue specificity determines the end product of
arachidonic acid metabolism. Platelets generally contain
only COX-1 thromboxane, a potent vasoconstrictor and
promoter of platelet aggregation. The inhibition of COX-1 in
platelets prevents the formation of the endoperoxide sub-
strates required for the synthesis of thromboxane, which not
only inhibits platelet aggregation and vasoconstriction but
also effects a redirection of eicosanoid metabolism to the
production of prostacyclin in endothelial cells. Conversely,
endothelial cells possess both COX isoenzymes, but COX-2
predominates to produce prostacyclin, which is inhibitory of
platelet aggregation, leukocyte activation and adhesion, vas-
cular smooth muscle contraction, migration and growth and
cholesterol ester accumulation in vascular cells.

[0005] Inlight of the deleterious problems associated with
blot platelet aggregation, there have been attempts to inhibit
aggregation through chemical intervention using putative
“platelet inhibitors,” aspirin being an archetype. In addition
to the treatment of an acute coronary syndrome such as
stable and unstable angina, acute myocardial infarction,
non-Q wave MI by the prevention of further platelet aggre-
gation, platelet inhibitors have been proposed to be
employed for the prevention of arterio-occlusive syndromes
such as stroke, claudication, during percutaneous coronary
intervention, i.e. stents, and for the prevention of eiconosoid
mediated vascular injury, focal ischemia and thrombosis
associated with acute vascular rejection in organ transplan-
tation. Additionally, such drugs have been proposed for use
in prevention of thrombus formation in non-valvular atrial
fibrillation, particularly in a low risk patient at risk for
embolic stroke.

[0006] Despite the potential health benefits attributed to
the inhibition of platelet aggregation, existing platelet
inhibitory agents are less than ideal. For example, it is
known that aspirin affects both COX-1 and COX-2 activity,
it inhibits both thromboxane and prostacylin in platelets and
endothelial cells respectively. However, since aspirin does
not directly inhibit thromboxane synthase activity in plate-
lets and monocyte/macrophages, thromboxane synthase
remains intact to act on endothelium-derived endoperoxides
PGG2 and PGH2 to allow for a significant transcellular
thromboxane A2 biosynthesis. Indeed, aspirin shares a draw-
back with selective COX-2 inhibitors, both of which result
in decreased production of prostacylin and its ability to
contribute to the inhibition of platelet aggregation. Hence,
the need for thromboxane A2 synthase inhibition in combi-
nation with selective COX-1 inhibition. Thus, there remains
aneed for additional reagents for attenuating the aggregation
and/or activation of blood platelets. Moreover, in light of the
problems attendant with non-selected COX-1 and -2 inhi-
bition, there exists a need for reagents for selectively inhib-
iting COX-1.
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BRIEF SUMMARY OF THE INVENTION

[0007] The invention provides a method for attenuating
the aggregation and/or activation of blood platelets within a
blood product. In accordance with this method, a cannab-
inoid or resorcinolic compound is introduced into the blood
product under conditions sufficient to inhibit the aggregation
and/or activation of blood platelets within the blood product.
The invention also pertains to the use of a cannabinoid or
resorcinolic compound to prepare a composition suitable for
inhibiting the activation and/or aggregation of blood plate-
lets and to such compositions. The invention also pertains to
a method of selectively COX-1 and thromboxane synthase
within a cell or specialized tissue, such as a platelet.

[0008] The method and reagents of the present invention
can be employed to help protect the supply of blood. In other
applications, the method can be employed prophylactically
or therapeutically within patients. These and other advan-
tages of the present invention, as well as additional inventive
features, will be apparent from the following detailed
description.

DETAILED DESCRIPTION OF THE
INVENTION

[0009] The invention provides a method for attenuating
the activation and/or aggregation of blood platelets within a
blood product. In accordance with this method, a (i.e., at
least one) cannabinoid or resorcinolic compound is intro-
duced into the blood product under conditions sufficient to
inhibit the activation and/or aggregation of blood platelets
within the blood product.

[0010] Within the context of the invention, a “blood
product” is any fraction derived from blood that contains
platelets. Suitable blood product that can be treated in
accordance with the invention include whole blood, plasma,
packed red cells, etc. Where the blood product is ex vivo
(typically donated blood and its fractions), the method can
be employed to inhibit platelet aggregation within the prod-
uct. Thus, the invention can be employed to help preserve
such products for future use. In other embodiments, the
blood product can be within an organ or tissue ex vivo (e.g.,
within the vasculature of the organ or tissue). In this aspect,
the method can be used during organ transplantation or
tissue engraftment to reduce or retard thrombus formation in
the graft organ or tissue, and to otherwise promote success-
ful transplantation. Of course, the method also can be used
in vivo, in which it can be used as part of a regimen for
controlling platelet activation and/or aggregation within
suitable patients. In this regard, the method can assist in
prophylaxis for conditions such as stroke, claudication,
thrombus formation in non-valvular fibrillation, heart
attacks, and other conditions that result from thrombosis
within a patient. The method also can be employed thera-
peutically to address indications associated with eicosanoid
metabolism such as acute inflammation, asthma and sys-
temic anaphylaxis, transplant rejection, kidney pathophysi-
ology and immune disorders, pain, inflammation, autoim-
mune diseases, ischemic conditions mediated by platelets,
vascular conditions mediated by the expression of prostag-
landins, thromboxanes and/or phospholipid metabolism.
The method also can be used to treat other conditions such
as migraine headache and variants, TIA (transient ischemic
attacks), angina pectoris both stable and unstable and myo-
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cardial infarction. In other aspects, the method can be used
adjunctively during surgical procedures, which includes
surgical revascularization, for example, catheterization, or
other invasive procedures performed on a patient to prevent
unwanted clotting or thrombus formation at the site of
invasion or on or within devices (e.g., catheters, stents, etc.)
used in such procedures. The compounds also can be
employed for inhibiting the peroxidation of LDL lipid.

[0011] In one embodiment, at least one compound intro-
duced into the blood product can be a resorcinol derivative.
Such compounds are advantageous for use in vivo as they
generally exhibit low cytotoxicity (see, e.g., U.S. Pat. No.
5,859,067). Exemplary resorcinols can have the following
formula:

Formula [
Rl
R R?
R’ R?
R4
[0012] wherein,

[0013] R*, R3 R’ and R° can optionally be —COR?,
—COR®?, —COR?®, and/or —COR®, respectively,
and preferably R® is —COR?, and wherein R can
otherwise be as follows:

[0014] R'is:

[0015] a)H,

[0016] b) a C,_, alkyl group or ester thereof,
[0017] ¢) COOH,

[0018] d) OH,

[0019] e) a O—C,_5 alkyl (preferably OCH,) or

alkanoyl, optionally substituted by mono- or di-
methylamino or ethylamino groups,

[0020] f) a O—CO—C, 4 alkyl group containing
a carboxyl or amino group,

[0021] ¢)
O0—CO—(HO)—N ¢)
[0022] wherein n=1 to 8

[0023] h) a p-aminobenzyl group or a C, , ami-
noalkyl group or an organic or mineral acid addi-
tion salt thereof, an isocyanate or isothiocyanate
derivative of the p-aminobenzyl or aminoalkyl
group, a carboxyl terminated derivative of the
aminoalkyl group having from 1 to 7 additional
carbon atoms or a salt thereof, and an activated
derivative of the carboxyl terminated derivative;
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[0024] i) R' and R* comprise a substituent of the
formula —O(CH,); 5, wherein R and RZ,
together with the carbon atoms to which they are
bonded, comprises a ring where at least one
hydrogen atom thereof is optionally substituted
with a halogen (e.g., fluorine, bromine, iodine,
astatine);

[0025] j) a lactone (e.g., COCOH); or

[0026] k) CH(CH,)CO,H or —OCOCH,
[0027] RZis:

[0028] a) H, OH, COOH, or a halogen

[0029] b) C,_¢ carboxy or alkoxy group, or

[0030] c) R' and R? comprise a substituent of the
formula —O(CH,); 5, wherein R' and RZ,
together with the carbon atoms to which they are
bonded, comprises a ring where at least one
hydrogen atom thereof is optionally substituted
with a halogen.

[0031] R3is:
[0032] a) (W),—Y—(Z),, wherein

[0033] W is a Cs_;, straight or branched (pref-
erably 1S'CH;, 2R'CH, dimethyl) alkyl (e.g.,
-pentyl, -hexyl, -heptyl, -octyl, or -nonyl), alk-
enyl, alkynyl, group, or mixture thereof, option-
ally substituted with at least one halogen (e.g.,
halogen terminal group or even dihalogen),

[0034] Y is a bond, O, S, SO, SO,, CO, NH,
N(C_, alkyl), or NCS,

[0035] Zis:

[0036] i) a Cs,, alkyl, alkenyl, alkynyl,
group, or mixture thereof, optionally substi-
tuted with at least one halogen, optionally
substituted with a terminal aromatic ring,

[0037] ii) CN,5, CO,H, or CO,C,_, alkyl,
CONH,, CONHC, , alkyl, or CON(C,_,
alkyl),, wherein each C,_, alkyl on the amide
nitrogen can be the same or different, or

[0038] iii) a phenyl or benzyl group, option-
ally substituted with halo, C, , alkyl, C, 4
alkoxy, C, ¢ alkylthio, CN, CF;, CO,H, or
CO C,_, alkyl, CONH,, CONHC,_, alkyl, or
CON(C,_, alkyl),, wherein each C,_, alkyl on
the amide nitrogen can be the same or dif-
ferent, and wherein

[0039] m and n are the same or different, and
each is either 0 or 1,

[0040] b) a Cs_;, alkyl or haloalkyl group, option-
ally substituted with a terminal aromatic ring,
CN,_;, NCS, CO,H, or CO,C,_, alkyl, CONH,,
CONHC | alkyl, or CON(C,_, alkyl),, wherein
each C,_, alkyl on the amide nitrogen can be the
same or different, or

[0041] c¢) a C5_;, alkene or alkyne group, option-
ally substituted with a halogen, dithiolene, termi-
nal aromatic ring, CN,_;, NCS, CO,H, or CO,C, _,
alkyl, CONH,, CONHC,_, alkyl, or CON(C,_,
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alkyl),, wherein each C,_, alkyl on the amide
nitrogen can be the same or different;

[0042] R*is:
[0043] a) H or halogen (preferably bromine)
[0044] b) OH, or
[0045] c¢) C,_, alkoxyl or carboxyl,
[0046] R’is
[0047] a) H,
[0048] b) a C,_, alkyl group,
[0049] c¢) COOH,
[0050] d) OH, or OCHL,

[0051] e) a O—C, ; alkyl (ether) or alkanoyl,
optionally substituted with at least one mono- or
di-methylamino or ethylamino group, or

[0052] f) a lactone; and
[0053] RC®is:
[0054] a) H or OH;

[0055] b) C,, alkyl (preferably ethyl), alkenyl,
alkynyl, group, or mixture thereof,

[0056] c¢) O—C,_, alkyl, alkenyl, alkynyl, group,
or mixture thereof, or

[0057] d) a pryenyl, gerenyl, or farnesyl group,
optionally substituted at any position with one or
more halogens,

[0058] e) (W),—Y—(Z),, wherein

[0059] W is a C,,, alkyl, alkenyl, alkynyl,
group, or mixture thereof, optionally substituted
with at least one halogen,

[0060] Y is a bond, O, S, SO, SO,, CO, NH,
N(C, , alkyl), or NCS,

[0061] Zis:

[0062] i) a C,, alkyl, alkenyl, alkynyl,
group, or mixture thereof, optionally substi-
tuted with at least one halogen, optionally
substituted with a terminal aromatic ring,

[0063] ii) CN, 5, CO,H, or CO,C,_, alkyl,
CONH,, CONHC,_, alkyl, or CON(C,_,
alkyl),, wherein each C,_, alkyl on the amide
nitrogen can be the same or different, or

[0064] iii) a phenyl or benzyl group, option-
ally substituted with halo, C,  alkyl, C, ¢
alkoxy, C, ¢ alkylthio, CN, CF;, CO,H, or
CO,C,_, alkyl, CONH,, CONHC, , alkyl, or
CON(C,_, alkyl),, wherein each C,_, alkyl on
the amide nitrogen can be the same or dif-
ferent, and wherein

[0065] m and n are the same or different, and
each is either 0 or 1,

[0066] f)a Cs_;, alkyl or haloalkyl group, option-
ally substituted with a terminal aromatic ring,
CN,_;, NCS, CO,H, or CO,C,_, alkyl, CONH,,
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CONHC, _, alkyl, or CON(C,_, alkyl),, wherein
each C,_, alkyl on the amide nitrogen can be the
same or different,

[0067] g) a Cs_,, alkene or alkyne group, option-
ally substituted with a halogen, dithiolene, termi-
nal aromatic ring, CN, 5, NCS, CO,H, or CO,C, ,
alkyl, CONH,, CONHC,_, alkyl, or CON(C,_,
alkyl),, wherein each C, , alkyl on the amide
nitrogen can be the same or different, or

[0068] h) CH(CH,)CO,H, CH,COOH, or
—OCOCH,.

[0069] Compounds according to Formula I preferably
include a lactone, H, OH or OCH,, —CH(CH,)CO,H, or
—OCOCH, as R* substituents. Preferred substituents at R*
are hydrogen, halogen (most preferably fluorine) hydroxyl,
COOH, or methoxyl groups. Preferred substituents at R*
include H or a halogen (most preferably bromine). Preferred
substituents at R® include a lactone, H, OH, and OCH,.
Preferred substituents at RS include H, OH, ethyl,
CH(CH;)CO,H, CH,COOH, and —OCOCH,. Where com-
pounds of formula I are included, preferably R° is methyl or
ethyl. A more preferred compound according to Formula I
has hydroxyl substituents at R*, R®, and a methyl substituent
at R®% even more preferably, the compound has a third
hydroxyl substituent at R®. Preferred substituents at R> are
discussed elsewhere herein; however, the invention provides
compounds according to Formula I, wherein

[0070] R?is:
[0071] a) (W),—Y—(Z),, wherein

[0072] Wis a Cs_,, alkyl, alkenyl, alkynyl (e.g.,
2'-ynyl, 3'-ynyl or 4'-ynyl), group, or mixture
thereof, optionally substituted with at least one
halogen,

[0073] Y is a bond, O, S, SO, SO2, CO, NH,
N(C_, alkyl), or NCS,

[0074] Zis:

[0075] i) a Cs_,, alkyl, alkenyl, alkynyl (e.g.,
2'-ynyl, 3'-ynyl or 4'-ynyl), group, or mixture
thereof, optionally substituted with at least
one halogen, optionally substituted with a
terminal aromatic ring,

[0076] ii) C,5 CO,H, or CO,C,, alkyl,
CONH,, CONHC,_, alkyl, or CON(C,_,
alkyl),, wherein each C,_, alkyl on the amide
nitrogen can be the same or different, or

[0077] iii) a phenyl or benzyl group, option-
ally substituted with halo, Cl-6 alkyl, C,
alkoxy, C, , alkylthio, CN, CF;, CO,H, or
CO C,_, alkyl, CONH,, CONHC,_, alkyl, or
CON(C, _, alkyl),, wherein each C,_, alkyl on
the amide nitrogen can be the same or dif-
ferent, wherein at least one of W and Z
includes a branched chain and wherein

[0078] m and n are the same or different, and
each is either 0 or 1,

[0079] b) a terminally-branched (e.g., terminal
dimethyl)C_ alkyl or haloalkyl group, optionally
substituted with a terminal aromatic ring, CN, 5,
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NCS, CO,H, or CO,C,, alkyl, CONH,,
CONHC | alkyl, or CON(C,_, alkyl),, wherein
each C,_, alkyl on the amide nitrogen can be the
same or different, or

[0080] c¢) a terminally-branched Cs_;, alkene or
alkyne group, optionally substituted with a halo-
gen, dithiolene, terminal aromatic ring, CN, 5,
NCS, CO,H, or CO,C,, alkyl, CONH,,
CONHC = alkyl, or CON(C,_, alkyl),, wherein

14
each C,_, alkyl on the amide nitrogen can be the
same or different.

[0081] Particularly preferred R>® substituents include
C-Cy, alkynes, and particularly preferred groups also
include di- or tri-methyl terminal groups. A most preferred
substituent at R* is a dimethylheptyl, particularly 1'S, 2'SR,
and also preferably with terminal halogen (or dihalogen)
substituents, and another preferred substituent is 5,5-diim-
ethyl hex(1-ene)(3-yne)yl (e.g., compound ii). While any
such compounds can be included within the composition in
accordance with the inventive method, some preferred com-
pounds are as follows:

Formula Ia
OH
HO%
Formula Ib
OCh;
HO%
Formula Ic
OH
H%
Formula Id

OChy

p
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Formula Ie

-continued

OCh;,
HO
NCS Formula Ig
OH
HO
\ Br
Formula Th
OH
H%
Formula Ii
OH
HO =

[0082] In another embodiment, at least one compound for
introduction into the blood product can be a cannabinol
derivative having the following formula:

Formula IT
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[0083] wherein,

[0084] R'is:
[0085] a)H,
[0086] b) a C,_, alkyl group or ester thereof,
[0087] ¢) COOH,
[0088] d) OH,

[0089] ¢) a O—C, ; alkyl (preferably OCH,) or
alkanoyl, optionally substituted by mono or di
methylamino or ethylamino groups,

[0090] f) a O—CO—C, 4 alkyl group containing
a carboxyl or amino group,

[0091] ¢)

0—CO— (H,O)—N o)

[0092] wherein n=1 to 8

[0093] h) a p-aminobenzyl group or a C, , ami-
noalkyl group or an organic or mineral acid addi-
tion salt thereof, an isocyanate or isothiocyanate
derivative of the p-aminobenzyl or aminoalkyl
group, a carboxyl terminated derivative of the
aminoalkyl group having from 1 to 7 additional
carbon atoms or a salt thereof, and an activated
derivative of the carboxyl terminated derivative;

[0094] i) R' and R* comprise a substituent of the
formula —O(CH,), 5, wherein R' and RZ,
together with the carbon atoms to which they are
bonded, comprises a ring where at least one
hydrogen atom thereof is optionally substituted
with a halogen;

[0095] j) a lactone (e.g., COCOH); or

[0096] k) CH(CH,)CO,H or —OCOCH,
[0097] R*is:

[0098] a) H, OH, COOH, or a halogen

[0099] b) C,_¢ carboxy or alkoxy group, or

[0100] c) R* and R? comprise a substituent of the
formula —O(CH,); 5, wherein R' and RZ,
together with the carbon atoms to which they are
bonded, comprises a ring where at least one
hydrogen atom thereof is optionally substituted
with a halogen.

[0101] R?is:
[0102] a) (W), —Y—(Z),, wherein
[0103] Wis a Cs_;, straight or branched (pref-
erably 1S'CH,, 2R'CH, dimethyl) alkyl, alk-

enyl, alkynyl, group, or mixture thereof, option-
ally substituted with at least one halogen,

[0104] Y is a bond, O, S, SO, SO,, CO, NH,
N(C, , alkyl), or NCS,
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[0105] Zis:

[0106] i) a Cs,, alkyl, alkenyl, alkynyl,
group, or mixture thereof, optionally substi-
tuted with at least one halogen, optionally
substituted with a terminal aromatic ring,

[0107] ii) CN,5, CO,H, or CO,C,_, alkyl,
CONH,, CONHC,_, alkyl, or CON(C,_,
alkyl),, wherein each C,_, alkyl on the amide
nitrogen can be the same or different, or

[0108] iii) a phenyl or benzyl group, option-
ally substituted with halo, C, ¢ alkyl, C,
alkoxy, C, , alkylthio, CN, CF;, CO,H, or
€O C,_, alkyl, CONH,, CONHC, _, alkyl, or
CON(C,_, alkyl),, wherein each C,_, alkyl on
the amide nitrogen can be the same or dif-
ferent, and wherein

[0109] m and n are the same or different, and
each is either 0 or 1,

[0110] b)a Cs_,, alkyl or haloalkyl group, option-
ally substituted with a terminal aromatic ring,
CN, 5, NCS, CO,H, or CO,C, , alkyl, CONH,,
CONHC | alkyl, or CON(C,_, alkyl),, wherein
each C,_, alkyl on the amide nitrogen can be the
same or different, or

[0111] c¢)a Cs_;, alkene or alkyne group, optionally
substituted with a halogen, dithiolene, terminal
aromatic ring, CN, 5, NCS, CO,H, or CO,C, ,
alkyl, CONH,, CONHC, , alkyl, or CON(C,_,
alkyl),, wherein each C,_, alkyl on the amide
nitrogen can be the same or different;

[0112] RS and R together form =0 or =S, or each
is independently selected from the group consisting
of:

[0113]

[0114] b) C,_¢ alkoxy, C,_g alkylthio, C,_¢ alkyl, or
C,_ haloalkyl,

a) hydrogen,

[0115] ¢) CN,

[0116] d) CO,H,

[0117] ¢) CO,—C,_, alkyl,

[0118] f) C(Y)(Z)—OH,

[0119] g) C(Y)(Z)—O—C,_, alkyl, and

[0120] h) C,_4 alkyl-CO,—Y,

[0121] wherein Y and Z are each independently H

or C, ¢ alkyl,
[0122] R7is:

[0123]

[0124] D) halo,

[0125] c¢) C,_¢ alkoxy, C,_g alkylthio, C,_¢ alkyl, or
C,_ haloalkyl,

[0126] d) CN,
[0127] ¢) N,
[0128] f) CO,H,

a) hydroxy or lactone,
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[0129]
[0130]
[0131]
[0132]
[0133]

[0134] wherein Y and Z are each independently H
or C, ¢ alkyl;

[0135] Qis:
[0136]
[0137] b) N—W, wherein W is:

[0138]

[0139] ii) C, alkoxyalkyl, C, 4 alkyl, or C,_4
haloalkyl

[0140]
[0141]
[0142]
[0143]
[0144]

[0145] wherein Y and Z are each independently H or
C, ¢ alkyl.

g) CO,—C, , alkyl,

h) C(Y)(Z)—OH,

i) C(Y)X(Z)—0—C,_, alkyl,
j) Cy6 alkyl-CO,—Y, or
k) =0 or =S,

a)OorS, or

i) hydrogen,

iif) OC, ¢ alkyl, or OC,_¢ haloalkyl,
iv) CN,

v) C_¢ alkyl,

vi) (Y)(Z)C,_, alkyl, or

vii) C,_¢ alkyl-CO,—7Z,

[0146] In on preferred embodiment R' in Formula II
preferably is not OH, as it is in the natural cannabinol and
tetrahydrocannabinol compounds. Rather, preferably R in
Formula IT is H, O—C,_, alkyl (more preferably methoxy)
or a hemi ester of succinic acid, malonic acid or the alaninate
ester of alanine and salts thereof. In another preferred
embodiment, R' and R* together comprise a substituent of
the formula —O(CH,); s—, wherein R and RZ, together
with the carbon atoms to which they are bonded, comprise
a ring where at least one hydrogen atom thereof is optionally
substituted with a halogen (e.g., an 0,2 propano ring).
Furthermore, where R* Formula II is a halogen, preferably
it is iodo. Preferably, R® and R® together form =0 or each
are methyl, ethyl, or methoxy.

[0147] While R” can be at any of positions 7-10 of ring C,
preferably it is at position 9 of the ring, and preferably it is
electronegative (e.g., COOH, halogen, p-hydroxy, or lac-
tone.), and to enhance activity, it can be substituted with
either a lactone or a B-hydroxy group.

[0148] Ring C in Formula II can be any of the following
(the dashed lines representing a double bond at either the
A6a-10a, A8-9, or A9-10 position):

R’
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[0149] However, preferably the ring is aromatic. In such
compounds, R” preferably is electronegative and more pref-
erably is on C9. Furthermore, R* preferably is other than OH
and preferably is deoxy, an ester, or an ether. Exemplary
cannabinol derivative compounds include:

Formula ITa
CH,Br

Formula ITb
COOH

Formula Ilc
COOH

CF;
Formula IId

COOH

CH,

CH,

CH;,
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-continued
Formula Ile

COOH

Formula IIf

[0150] Many compounds according to Formula IT are well
known, and others can be manufactured in accordance with
published methods (see, for example, International Patent
Application W099/20268 (Burstein), and U.S. Pat. Nos.
2,509,386 (Adams), 3,799,946 (Loev), 3,856,821 (Loev),
3,897,306 (Vidic et al.), 4,064,009 (Fukada et al.), 4,087,545
(Archer et al), 4,142,139 (Bindra), 4,309,545 (Johnson),
4,599,327 (Nogradi et al.), 4,833,073 (McNally et al),
4,876,276 (Mechoulan et al.), 4,973,603 (Burstein), 5,338,
753 (Burstein et al), 5,389,375 (ElSohly), 5,440,052
(Makriyannis et al), 5,605,906 (Lau), and 5,635,530
(Mechoulam et al.); and Charalambous et al., Pharm. Bio-
chem. Behav., 40, 509-12 (191), Gareau et al., Bioorg. Med.
Chem. Lett., 6(2), 189-94 (1996), Griffin et al., Br J.
Pharmacol., 126, 1575-84 (1999), Huffman et al., Bioorg.
Med. Chem. Lett., 6,2281-88 (1998), Lemberger et al., Clin.
Pharmacol. Ther, 18(6), 720-26 (1975), Loev et al.,J. Med.
Chem., 16(11), 1200-06 9 (1973), Loev et al., J. Med.
Chem., 17(11), 1234-35 (1974), Martin et al., Pharm. Bio-
chem. Behav., 46, 295-301 (1993), Papahatjis et al., J. Med.
Chem., 41(7), 1195-1200 (1998), Pars et al.,J. Med. Chem.,
19(4), 445-53 (1976), Pertwee et al., Pharmacol. Ther,
74(2), 129-80 (1997), Razdan et al., J. Med. Chem., 19(4),
454-60 (1976), Razdan, Pharmacol. Reviews, 38(2) 75-149
(1980), Reggio et al., J. Med. Chem., 40(20), 3312-18
(1997), Reggio et al., Life Sci., 56(23/24), 2025-32 (1995),
(Ross et al., Br. J. Pharmacol., 126, 665-72 (1999), Thomas
et al.,J. Pharm. Exp. Ther., 285(1), 285-92 (1998), Wiley et
al., J. Pharm. Exp. Ther, 285(1), 995-1004 (1998), Winn et
al., J. Med. Chem., 19(4), 461-71 (1976), and Xie et al., J.
Med. Chem., 41, 167-74 (1998)).



















































