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NEUROPROTECTIVE PROPERTIES OF DEXTROROTATORY MORPHINANS

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention:
[0002] The invention relates to a neuroprotective compound. The invention further relates to a
morphinan compound used to treat a variety of neurological conditions, including Parkinson’s
disease or the symptoms of Parkinson’s disease, learning and memory impairment in Alzheimer’s
disease, the symptoms of intoxication and or dependence on such narcotics as cocaine, morphine,
and methamphetamine. The invention also relates to pharmaceutical formulations for such
morphinan compounds.
[0003] 2. General Background and State of the Art:
[0004] Dextromethorphan (DM; 3-methoxy-17-methylmorphinan) is a non-narcotic morphinan
derivative widely used as an antitussive for almost 40 years. It has attracted attention due to its
neuroprotective properties (5, 9, 17-20, 23, 24, 26, 27, 33, 34, 46, 50, 51). However, case reports of
toxicity in children (43, 45); and phencyclidine (PCP)-like psychotomimetic reactions (8, 12, 44, 53)
associated with high-dose DM ingestion are likely attributable to dextrorphan (DX; 3-hydroxy-17-
methylmorphinan), which is a major metabolite of DM (50, 51). The DM dose for the
neuroprotective effects (17-20, 50, 51) is much higher than the cough suppressant dosage.
Clinically, high doses of DM can produce psychotropic effects (8, 12, 19, 43-45, 53). Furthermore,
DM has been recognized as the object of drug-seeking behavior in several countries (19, 43, 45).
Previously, it was suggested that DM potentiates the psychotropic effects induced by cocaine (13,
25), and that DM itself might produce psychotoxic effects in mice (12, 15, 20, 24, 27). Moreover, it
was demonstrated that chronic DM administration perturbs the cellular immune response (16), and
this is similar to the immunosuppressive effects caused by PCP (19). In the past decade,
investigators have documented that DM has an N-methyl-D-aspartate (NMDA) receptor antagonistic
effect with regard to neuroprotection (5, 9, 19, 20, 50). Therefore, a DM analogue that retains its
neuroprotective activities without being converted into DX in vivo would be highly useful (7, 24, 27,
46, 50, 51).
[0005] Recently, a series of compounds that are modified in positions 3 and 17 of the morphinan
. ring system were synthesized, with the intention of developing compounds that retain anticonvulsant
activity/neuroprotective property with negligible psychotropic effects (24). To reduce the PCP-like
behavioral side effects (24, 39, 46), while retaining the anticonvulsant/neuroprotective effects, a
-1-
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series of 3- and 17-substituted morphinans were prepared that are structurally similar to DM, but are
either not expected to be metabolized into DX or are expected to do so at a reduced rate compared to
DM (24).

[0006] 1-Methyl-4-phenyl-1,2,5,6-tetrahydropyridine (MPTP)(3, 40), lipopolysaccharide (LPS)
(10, 28, 40) and methamphetamine (MA) (21, 22, 29) all cause degeneration of nigrostriatal
dopaminergic neurons and loss of striatal dopamine in rodents, primates and other species (40).
Accumulating evidence indicates that DM exerts antiparkinsonian effects in vivo (14, 47) and in
vitro (33). In addition, DM improves levodopa associated motor fluctuations and dyskinesias in
Parkinson’s disease, although the narrow therapeutic index and psychotropic effects of DM limit its
clinical usefulness (52).

[0007] Accordingly, there is a need in the neurobiology industry for a neuroprotective
pharmaceutical compound that is substantially free of unacceptable side-effects, such as a compound
that can treat the symptoms of Parkinson’s disease without causing other negative psychological

effects.

SUMMARY OF THE INVENTION

[0008] The invention is directed to a neuroprotective compound or a composition comprising a
neuroprotective compound. In one aspect, the invention is directed to a pharmaceutical composition
for treating Parkinson’s disease, comprising an effective anti-Parkinsonism amount of 3-
hydroxymorphinan (HM) or a morphinan derivative of 3-hydroxymorphinan (HM), in which the 3
and 17 positions are derivatized, including without limitation 3-allyloxy-17-methylmorphinan (AM),
3-cyclopropylmethoxy-17-methylmorphinan (CM), and 3-methyl-17-methyl-morphinan (DF) or a
physiologically acceptable salt thereof together with a pharmaceutical carrier or excipient. The
composition may comprise a mixture of the morphinan compounds. And in particular, the invention
is directed to 3-hydroxymorphinan. The composition may further comprise other neuroprotective
agents or any other pharmacologically acceptable compound. The composition may be in a sustained
release dosage form.

[0009] In another aspect of the invention, the invention is directed to a unit dosage formulation
for treatment of Parkinson’s disease, comprising a morphinan described above or a pharmaceutically
acceptable salt thereof in a form that is designed for oral ingestion by humans, wherein the
morphinan or salt thereof is present at a dosage which renders the morphinan therapeutically
effective in substantially reducing symptoms of Parkinson’s disease, without causing unacceptable
side effects. The unit dosage formulation may comprise a digestible capsule, which encloses the
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morphinan or pharmaceutically acceptable salt thereof. In such a formulation, it is contemplated that
morphinan content may be about 250 milligrams/day or less.

[0010] In yet another aspect, the invention is directed to a method of treating Parkinson’s disease
or the symptoms of Parkinson’s disease comprising administering to a patient or animal in need of
such treatment an effective anti-Parkinsonism amount of the composition described above. In this
treatment method, the composition may comprise a mixture of the morphinan compounds described
above. In particular, the morphinan compound may be 3-hydroxymorphinan. Further, in this method,
the composition may be in a sustained release dosage form. Moreover, the composition may
comprise a digestible capsule, which encloses the morphinan or pharmaceutically acceptable salt
thereof. In addition, the composition may be administered at about 250 milligrams/day or less. And
the composition may further comprise a neuroprotective agent.

[0011]  In still another aspect, the invention is directed to a method of preventing decrease of
dopamine production in substantia nigra of a subject comprising administering to the subject a
protective effective amount of the composition described above.

[0012] The present invention is also directed to a pharmaceutical composition for treating or
preventing a symptom of Alzheimer’s discase comprising an effective anti-Alzheimer’s disease
amount of 3-hydroxymorphinan (HM) or a morphinan derivative of 3-hydroxymorphinan (HM), in
which the 3 and 17 positions are derivatized, including without limitation 3-allyloxy-17-
methylmorphinan (AM), 3-cyclopropylmethoxy-17-methylmorphinan (CM), and 3-methyl-17-
methyl-morphinan (DF) or a physiologically acceptable salt thereof together with a pharmaceutical
carrier or excipient. The composition may comprise a mixture of the morphinan compounds. And in
particular, the invention is directed to 3-hydroxymorphinan. The composition may further comprise
other neuroprotective agents or any other pharmacologically acceptable compound. The composition
may be in a sustained release dosage form. In particular, the learning and memory impairment
related to Alzheimer’s disease may be treated. In this regard, the invention is also directed to a
method for treating or preventing learning and memory impairment related to Alzheimer’s disease
comprising administering to a patient or animal in need of such treatment an effective anti-
Alzheimer’s amount of the composition described above.

[0013]  In another aspect, the invention is also directed to a pharmaceutical composition for
treating a symptom of narcotics or psychotropic agent intoxication or dependence comprising an
effective anti-intoxication amount of 3-hydroxymorphinan (HM) or a morphinan derivative of 3-
hydroxymorphinan (HM), in which the 3 and 17 positions are derivatized, including without

limitation  3-allyloxy-17-methylmorphinan (AM), 3-cyclopropylmethoxy-17-methylmorphinan
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(CM), and 3-methyl-17-methyl-morphinan (DF) or a physiologically acceptable salt thereof together
with a pharmaceutical carrier or excipient. The composition may comprise a mixture of the
morphinan compounds. And in particular, the invention is directed to 3-hydroxymorphinan. The
composition may further comprise other neuroprotective agents or any other pharmacologically
acceptable compound. The composition may be in a sustained release dosage form. And in this
regard, the invention is directed to a method for treating narcotics intoxication comprising
administering to a patient or animal in need of such treatment an effective anti-intoxication amount
of the above-described composition. In particular, the narcotics intoxicant may be without limitation
cocaine, morphine or methamphetamine.

[0014] The invention is also directed to a method for treating narcotics dependence comprising
administering to a patient or animal in need of such treatment an effective anti-dependent amount of
the above-described composition. In particular, the narcotics dependence may be without limitation
cocaine, morphine or methamphetamine dependence.

[0015] These and other objects of the invention will be more fully understood from the following
description of the invention, the referenced drawings attached hereto and the claims appended

hereto.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] The present invention will become more fully understood from the detailed description
given herein below, and the accompanying drawings which are given by way of illustration only, -
and thus are not limitative of the present invention, and wherein;
[0017] FIGURE 1 shows chemical structures of exemplified dextrorotatory morphinan analogs.
[0018] FIGURES 2A-2B show changes in locomotor activity following repeated administration
of morphinan or phencyclidine (PCP). DM=dextromethorphan, DX=dextrorphan, HM=3-
hydroxymorphinan, AM=3-allyloxy-17-methylmorphinan, CM=3-cyclopropylmethoxy-17-
methylmorphinan, DF=dimemorfan. In 2A, ‘total distance moved in cm’ by the animals in the
horizontal locomotor activity was measured for 30 min after final treatment. In 2B, after measuring
locomotor activity, the ‘absolute turn angular’ parameter was analyzed in a 3-min monitoring period
using an automated video tracking system in order to examine marginal activity (circling behavior).
Each value is the mean + S.E.M. of 10 animals. ®P<0.05, °P<0.01, °P<0.001 vs. Saline, P<0.05 vs
PCP 2.5mg/kg (ANOVA with DMR test).
[0019] FIGURES 3A-3H show the tracings of a representative locomotor pattern; A. Saline
injection, intraperitoneal (i.p.), B. Phencyclidine (PCP) 5mg/kg, i.p., C. Dextromethorphan (DM)
4.
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40mg/kg, i.p., D. Dextrorphan (DX) 40mg/kg, i.p., E. 3-Hydroxy-morphinan (HM) 40mg/kg, i.p., F.
3-Allyloxy-17-methylmorphinan  (AM) 40mg/kg, 1ip., G. 3-Cyclopropylmethoxy-17-
methylmorphinan (CM) 40mg/kg, intrapentoneal (i.p.), H. Dimemorfan (DF) 40mg/kg, i.p.. Note the
peculiar increase in the marginal activity (circling behavior) after treatments with PCP, DX or DM.
[0020] FIGURE 4 shows changes in conditioned place preference (CPP) profile following
repeated administration of morphinan or phencyclidine (PCP). DM=dextromethorphan,
DX=dextrorphan, ~HM=3-hydroxymorphinan, = AM=3-allyloxy-17-methylmorphinan, =~ CM=3-
cyclopropylmethoxy-17-methylmorphinan, DF=dimemorfan. Each value is the mean + S.E.M. of 15
animals. *P<0.05, ®P<0.01, °P<0.001 vs. Saline, P<0.05 vs corresponding dose of DM, °P<0.05,
Tp<0.01 vs. corresponding dose of DX, , 8P<0.05 vs. PCP 2.5mg/kg, 8P<0.05 vs. DX 20mg/kg
(ANOVA with DMR test).

[0021] FIGURES 5A-5B show effects of morphinan analogs on the locomotor activity (A) and
locomotor pattern (B) induced by MPTP in mice. Each value is the mean = S.E.M. of 10 animals
A). #p<0.01 vs. Saline + Saline, "P<0.01 vs. Saline + MPTP. A significant reduction in locomotor
activity/pattern in the animals treated with MPTP, is significantly increased in the presence of HM or
DM. This attenuation is more pronounced in the animal treated with HM.

[0022] FIGURES 6A-6B. 6A shows effects of morphinan analogs (24mg/kg, i.p.) on the tyrosine
hydroxylase-like immunoreactivities (TH-IR) in the substantia nigra (SN) dopaminergic neurons
from mice treated with MPTP. Magnification = 40x. In 6B, each value is the mean & S.E.M. of 5
animals. Total numbers of the TH-positive neurons throughout the SN pars compacta were counted.
TH-positive neurons with clearly stained somata were identified and counted using a microscope
equipped with graded eyepiece. Total neuronal number was corrected for section thickness by the
method of Abercrombie (1) under image analysis system (Optimas version 6.2). #p<0.01 vs. Saline
+ Saline, "P<0.05 vs. Saline + MPTP (Fischer LSD test).

[0023] FIGURES 7A-7B show effects of morphinan analogs on the locomotor activity (A) and
locomotor pattern (B) induced by LPS in mice. Each value is the mean = S.E.M. of 10 animals (A).
#P<0.01 vs. Saline + Saline, "P<0.05 vs. Saline + LPS, “P<0.01 vs. Saline + LPS. A significant
reduction in locomotor activity/pattern in the animals treated with LPS, is significantly increased in
the presence of HM or DM. The attenuation is more pronounced in the animal treated with HM.
[0024] FIGURES 8A-8B. 8A shows effects of morphinan analogs (24mg/kg, i.p.) on the tyrosine
hydroxylase-like immunoreactivities (TH-IR) in the substantia nigra (SN) dopaminergic neurons
from mice treated with LPS. Magnification = 40x. In 8B, each value is the mean £ S.E.M. of 5

animals. Total numbers of the TH-positive neurons throughout the SN pars compacta were counted.
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TH-positive neurons with clearly stained somata were identified and counted using a microscope
equipped with graded eyepiece. Total neuronal number was corrected for section thickness by the
method of Abercrombie (1) under image analysis system (Optimas version 6.2). "P<0.01 vs. Saline
+ Saline, "P<0.05 vs. Saline + MPTP, (Fischer LSD test).

[0025] FIGURE 9 shows experimental schedule for methamphetamine (MA) study. Mice
received 4 injections of MA-HCI (7.5mg/kg,i.p. as a free base) at 2hr intervals. Rectal temperature
was recorded at 40 min after each MA treatment. Each morphinan was administered two times, 4h
and 40min, and 40min before first MA injection. Mice were sacrificed at 3 days after final MA
injection.

[0026] FIGURES 10A-10B show effect of morphinans on the methamphetamine (MA)-induced
hyperthermia. Mice received i.p. injections of MA (four injections of 7.5mg/kg each) at 2-h
intervals under the ambient temperature of 22.0 = 0.5° C. Temperatures were recorded at 40 min
after each MA treatment (Arrow = MA injection). HM was the most effective in attenuating MA-
induced hyperthermia. Each value is the mean = S.EM. of 12 animals. P<0.01 vs. Saline,
*P<0.05 vs. MA alone, **P<0.01 vs. MA alone (ANOVA for repeated measures).

[0027] FIGURES 11A-11B show effects of morphinan analogs on the locomotor activity (A)
and locomotor pattern (B) induced by methamphetamine (MA) in mice. Each value is the mean ==
S.E.M. of 10 animals (A). #P<0.01 vs. Saline + Saline, "P<0.01 vs. Saline + MA. A significant
reduction in locomotor‘activity/pattern in the animals treated with MA, is significantly increased in
the presence of HM or DM. The attenuation is more pronounced in the animal treated with HM.
[0028] FIGURES 12A-12B show effects of morphinan analogs (24mg/kg, i.p.) on the tyrosine
hydroxylase-like immunoreactivities (TH-IR) in the substantia nigra (SN) dopaminergic neurons
from mice treated with methamphetamine (MA). Magnification = 40x. In 12B, each value is the
mean = S.EM. of 5 animals. Total numbers of the TH-positive neurons throughout the SN pars
compacta were counted. TH-positive neurons with clearly stained somata were identified and
counted using a microscope equipped with graded eyepiece. Total neuronal number was corrected
for section thickness by the method of Abercrombie (1) under image analysis system (Optimas
version 6.2). *P<0.01 vs. Saline + Saline, *P<0.05 vs. Saline + MA (Fischer LSD test).

[0029] FIGURE 13 shows displacement of specific binding of [3H]CP 55,940, a CB1 receptor
agonist, in rat cerebral cortex membranes. Each value denotes the mean of 3 independent

experiments.
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[0030] FIGURE 14 shows CBIl antagonistic property (a partial agonist) of HM (3-
hydroxymorphinan). CP = CP 55,940, a selective CB1 agonist, AM-251 = a selective CBI
antagonist.

[0031] FIGURES 15A-15F show representative photographs of substantia nigra immunostained
with tyrosine hydroxylase at 1 week after last MPTP administration in the substantia nigra.
Neuroprotective effect of HM was counteracted by ACEA, a CB1 agonist. CB1 agonist or antagonist
was administered 45 min before every MPTP, while HM was injected 30 min before every MPTP
(20 mg/kg, i.p. /day x 7). Compounds were administered for 7 days post-final MPTP. Magnification
=40 x.

[0032] FIGURE 16 shows effects of ACEA, a CB1 receptor agonist or AM-251, a CB1 receptor
antagonist on the action of HM in response to lipopolysaccharide (LPS)-induced mortality. Mortality
was observed by 2 weeks after bilateral LPS intrastriatal injection (one side: 2 pg x 2). Note
combined treatment of HM (20 mg/kg) did not produce mortality induced by LPS. HM (20 mg/kg)
with or without ACEA (2 mg/kg) / AM-251 (0.3 mg/kg) was injected one a day for 2 weeks after
LPS. First treatment of ACEA or AM-251 was performed at 45 min, and of HM was done at 30 min
post-LPS.

[0033] FIGURES 17A-17F show representative photographs of substantia nigra immunostained
with tyrosine hydroxylase at 2 weeks after last LPS administration in the substantia nigra.
Neuroprotective effect of HM was counteracted by ACEA, a CB1 agonist. Magnification = 40 x.
[0035] FIGURES 18A-18F show representative photographs of substantia nigra immunostained
with tyrosine hydroxylase at 3 days after lasf methamphetamine (MA) administration in the
substantia nigra. Neuroprotective effect of HM was counteracted by ACEA, a CB1 agonist.
Compounds were administered 3 days before and after MA injection. Every treatment of ACEA (2
mg/kg) or AM-251 (0.3 mg/kg) was done 15 min prior to HM (20 mg/kg). Methods on first
pretreatment of the drug were as follows; ACEA or AM-251 treated at 45 min before MA, while HM
was done 30 min before MA. Animals were sacrificed at 72 h after final MA. Magnification = 40 x.
[0036] FIGURE 19 shows experimental schedule for the evaluvation of HM’s effect in
comparison with L-dopa with or without carbidopa in MPTP model.

[0037] FIGURES 20A-20B show effects of carbidopa, L-dopa, carbidopa + L-dopa and HM on

the changes in locomotor activity (A) and locomotor pattern (B) induced by MPTP in mice. Each

value is the mean + S.E.M. of ten animals. *P < 0.05 vs. Saline + MPTP, *P < 0.01 vs. Saline +
Saline (ANOVA with DMR test).
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[0039] FIGURES 21A-21G show effects of carbidopa, L-dopa, carbidopa + L-dopa and HM on
the nigral tyrosine hydroxylase-like immunoreactivity (TH-IR) of the mice treated with MPTP. Each
value is the mean = S.EM. of 5 animals. Total numbers of the TH-positive neurons throughout the
substantia nigra pars compacta were counted. p< 0.01 vs. Saline + Saline, *P < 0.05 vs. Saline +
MPTP (ANOVA with DMR test). Magnification = 40 x.

[0041] FIGURE 22 shows experimental schedule for the evaluation of HM’s effect in
comparison with L-dopa with or without carbidopa in LPS model.

[0042] FIGURE 23 shows effects of carbidopa, L-dopa, carbidopa plus L-dopa or HM in
response to mortality induced by LPS. Mortality was observed by 2 weeks after LPS injection. *P <
0.01 vs. Saline + LPS (x2-test).

[0043] FIGURE 24 shows effects of HM, carbidopa, L-dopa, carbidopa plus L-dopa on the
hypolocomotion induced by LPS in mice. Each value is the mean + S.E.M. of ten animals. p< 0.01
vs. Saline + Saline, *P < 0.05 vs. Saline + LPS, **P < 0.01 vs. Saline + LPS (ANOVA with DMR
test). |

[0044]  FIGURE 25 shows the representative locomotor pattern on the effects of carbidopa, L-
dopa, carbidopa + L-dopa and HM in response to LPS in mice.

[6045] FIGURES 26A-26] show representative photomicrographs on the effects of carbidopa, L-
dopa, carbidopa plus L-dopa or HM on the LPS-induced reduction in TH-IR. Magnification = 40 x.
[0048] FIGURE 27 show effects of carbidopa, L-dopa, carbidopa + L-dopa and HM on the
nigral tyrosine hydroxylase-like immunoreactivity (TH-IR) of the mice treated with LPS. Each value
is the mean £+ S.E.M. of ten animals. #P < 0.01 vs. Saline + Saline, *P < 0.05 vs. Saline + LPS, **pP
<0.01 vs. Saline + LPS (ANOVA with DMR test).

[0049] FIGURE 28 shows representative photomicrographs on the induction of microglial cell as
labeled by F4/80 in the substantia nigra of the mice. Magnification = 40 x.

[0050] FIGURE 29 shows effects of carbidopa, L-dopa, carbidopa + L-dopa and HM on the
nigral increases in F4/80 immunoreactivity of the mice treated with LPS. Each value is the mean +
S.E.M. of 6 animals. *p< 0.01 vs. Saline + Saline, *P < 0.05 vs. Saline + LPS, **P < (.01 vs. Saline
+ LPS (ANOVA with DMR test).

[0051] FIGURE 30 shows experimental schedule for the evaluation of HM’s effect in
comparison with L-dopa with or without carbidopa; Methamphetamine model.

[0052]  FIGURES 31A-31B show effect of drugs on the MA-induced hyperthermia. Mice

received MA injections as 2 hrs’ time interval under the ambient temperature of 22.0 + 0.5 °C. Each
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value is the mean + S.E.M. of 6 animals. P < 0.01 vs. Saline, *P < 0.01 vs. MA alone (ANOVA for
repeated measures).

[0055] FIGURE 32 shows effects of HM, carbidopa, L-dopa, carbidopa plus L-dopa on the
hypolocomotion induced by MA in mice. Each value is the mean + S.E.M. of ten animals. *P < 0.01
vs. Saline + Saline, #P < (.05 vs. Saline + LPS, illWP < 0.01 vs. Saline + LPS (ANOVA with DMR
test).

[0056] FIGURES 33A-33G show effects of carbidopa, L-dopa, carbidopa plus L-dopa, and HM
on the nigral tyrosine hydroxylase-like immunoreactivity (TH-IR) of the mice treated with MA.

Each value is the mean = S.EM. of 5 animals. Total numbers of the TH-positive neurons

throughout the substantia nigra pars compacta were counted. " P < 0.01 vs. Saline + Saline, *P <
0.05 vs. Saline + MA (ANOVA with DMR test). Magnification = 40 x.

[0057] FIGURES 34A-34B show effect of morphinans on the cocaine-induced hyperactivity in
the mice. Morphinans (15 and 30 mg/kg, i.p.) were administered 30 minutes prior to cocaine (5 and
20 mg/kg, i.p.). Central activity means relatively non-specific locomotor activity in the center of the
box. Marginal activity means circling behaviors. All treatments were performed for 7 days. Each
value is the mean = S.E.M. of 6 animals. *P < 0.05 vs. saline, **P < 0.01 vs. saline, #P <0.05 or #p
< 0.01 vs. saline + corresponding dose of cocaine (ANOVA with DMR test). v

[0058] FIGURES 35A-35D show effect of dimemorfan (DF) on cocaine - induced hyperactivity
in the mice. DF (20 mg/kg, i.p.) was administered 30 minutes prior to cocaine (5 and 20 mg/kg, i.p.).
All treatments were performed for 7 days. Each value is the mean + S.E.M. of 6 animals. *P < 0.05
vs. saline, **P < 0.01 vs. saline, *P < 0.05 vs. corresponding control, #P < 0.01 vs. corresponding
control (ANOVA with DMR test).

[0059] FIGURES 36A-36F show representative photomicrographs showing Fos-related antigen-
immunoreactive neurons in the dorsolateral striatum of mice brains. A: Saline, B: DM (20 mg/kg,
i.p.) + Cocaine (5 mg/kg, i.p.), C: Cocaine (5 mg/kg, i.p.), D: DF (20 mg/kg, i.p.) + Cocaine, E: AM
(20 mg/kg, i.p.) +Cocaine, F: CM (20 mg/kg, i.p.) + Cocaine. Magnification = 100 X.

[0060] FIGURE 37 shows effect of cannabinoid CB1 receptor modulation on the HM-mediated
action in response to cocaine-induced conditional place preference. Each value is the mean + S.E.M.
of 10 animals. *P < 0.05 or **P < 0.01 vs. Sal-treated group, *P < 0.05 vs. cocaine, *P < 0.05 vs.
Coc + HM (ANOVA with DMR test).
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[0061] FIGURE 38 shows effect of cannabinoid CB1 receptor modulation on the HM-mediated
action in response to cocaine-induced behavioral sensitization. Each value is the mean + S.E.M. of
10 animals. *P < 0.05 or **P < 0.01 vs. Sal, *P < 0.05 vs. cocaine alone (ANOVA with DMR test).
[0062] FIGURES 39A-39D show effect of morphinans on the MA-induced hyperactivity in the
mice. Each morphinan (20 mg/kg, i.p.) was administered 30 minutes prior to MA (1 mg/kg, i.p.). All
treatments were performed for 7 days. Each value is the mean & S.E.M. of 6 animals. *P < 0.05 vs.
saline, **P < 0.01 vs. saline, *P < 0.05 vs. Sal + MA (ANOVA with DMR test).

[0063] FIGURE 40 shows representative photomicrographs showing Fos-related antigen-
immunoreactive neurons in the dorsolateral striatum of mice brains. A: Saline, B: MA (1 mg/kg,
ip.), C: DM (20 mg/kg, i.p.) + MA, D: DF (20 mg/kg, i.p.) + MA, E: AM (20 mg/kg, i.p.) + MA, F:
CM (20mg/kg, i.p.) + MA. Magnification = 100 X.

[0064] FIGURES 41A-41B show effects of morphinans on the MA-induced sensitization in the
mice. Morphinans (20 mg/kg,i.p.) were administered last 3 days of wash-out period. Each value is
the mean + S.E.M. of 6 animals. *P < 0.05 vs. Sal + Sal, **P < 0.01 vs. Sal + Sal, *P < 0.05 vs.
corresponding dose of Sal + MA (ANOVA with DMR test).

[0066] " FIGURE 42 shows effect of cannabinoid CB1 receptor modulation on the HM-mediated
action in response to MA-induced conditioned place preference. Each value is the mean + S.E.M. of -
10 animals. *P < 0.05 or **P < 0.01 vs. Sal, *P < 0.01 vs. MA alone, P < 0.01 vs. MA + HM .
(ANOVA with DMR test).

[0067]  FIGURE 43 shows effect of cannabinoid CB1 receptor modulation on the HM-mediated
action in response to MA-induced behavioral sensitization. Each value is the mean = S.E.M. of 10
animals. * P < 0.02, **P < 0.01 vs. Sal, *P < 0.05 vs. MA alone, P < 0.01 vs. MA + HM (ANOVA
with DMR test).

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0069]  In the present application, “a” and “an” are used to refer to both single and a plurality of
objects. As used herein, administration "in combination with" one or more further therapeutic agents
includes simultaneous (concurrent) and consecutive administration in any order.

[0070] As used herein, "effective amount" is an amount sufficient to effect beneficial or desired
clinical or biochemical results. An effective amount can be administered one or more times. For
purposes of this invention, an effective amount of a morphinan compound is an amount that is
sufficient to palliate, ameliorate, stabilize, reverse, slow or delay the progression of a disease state or
condition. In a preferred embodiment of the invention, the “effective amount” is defined as an
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amount of compound capable of preventing decrease in formation of dopamine in substantia nigra,
and is an amount that substantially reduces the symptoms of Parkinson’s disease. Other forms of
effective amount may be for the treatment or prevention of the learning or memory impairment
related to Alzheimer’s disease. Further, in another form, the effective amount may refer to an
amount that is effective to treat the symptoms of intoxication from narcotics, wherein such
symptoms include without limitation analgesia, euphoria, respiratory depression, miosis, sedation,
dysphoria, hallucinations, psychosis, and seizures. The effective amount may also refer to an amount
that may be used to substantially alleviate or relieve the dependence of an individual on narcotics
such as without limitation cocaine, morphine or methamphetamine. In yet another embodiment, the
“effective amount” is defined as the neuroprotective effective amount of the morphinan.

[0071] As used herein, administration "in combination with" one or more further therapeutic
agents includes simultaneous (concurrent) and consecutive administration in any order.

[0072] As used herein, "mammal" or “subject” for purposes of treatment refers to any animal
classified as a mammal, including humans, domestic and farm animals, and zoo, sports, or pet
animals, such as dogs, cats, cattle, horses, sheep, pigs, and so on. Preferably, the mammal is human.
[0073] As used herein, “neuroprotective” agent refers to drugs or chemical agents intended to
prevent damage to the brain or spinal cord from ischemia, stroke, convulsions, or trauma. Some must .
be administered before the event, but others may be effective for some time-after. They act by a
variety of mechanisms, but often directly or indirectly minimize the damage produced by
endogenous excitatory amino acids. Neuroprotection also includes protection against
neurodegeneration and neurotoxins. Further, by “neuroprotective” it is meant to include intervention
that slows or halts the progression of neuronal degeneration. Neuroprotection may also be used for
prevention or progression of a disease if it can be identified at a presymptomatic stage.

[0074] As used herein, “Parkinson’s disease” refers to a chronic progressive nervous disease
chiefly of later life that is linked to decreased dopamine production in the substantia nigra.
Symptoms include stooped posture, resting tremor, weakness of resting muscles, a shuffling gait,
speech impediments, movement difficulties and an eventual slowing of mental processes and
dementia.

[0075] Morphinan Analogues

[0076] The neuroprotective morphinan analogues or derivatives of the invention may be those
that are substituted at the 3 and 17 positions of 3-hydroxymorphinan. Such analogues may include
without limitation substitutions at the 3 position with substituted O, substituted N, halogen, alkyl,
including ethyl, propyl, and so forth. The nitrogen group at 17 position may be derivatized with a
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variety of groups as well. Examples of the inventive compounds used for neuroprotective purposes
are present below as well as in the Preparative Examples section in the present application.

[0077] Synthesis of Derivatives from 3-Hydroxymorphinan Preserving O
Scheme L. N,O Alkylation

H Boc Boc
N N N

(Boc).0 O-Alkylation

- —
-

OH OH OR,

O,
1)deBOC R1= ’:'\m\./\\/ 1,_}7/\7 1,‘%/\@ WC‘\\S\\/
2) N-Alkylation o Et.
R,= :zl, 0, P
kORATD XYL
o B

[0078] Compounds with substitution of O at position 3
[0079] Scheme 1
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,Boc

PivCl, TEA

—_—

CHLCl
HO

_ PHNTRTEA
T oo

@@3

3

P

PCT/IB2005/051582

R
H H
__Holg) _ R {%
onxane
d o
DS 23

32 33 (R=methylcyclopropyl)
34 (R=benzyl)
35 (R=propargyl)
36 {(R=methanesulfonyl)

NH N
__Hoig) H RX H
e Yo
Dloxane
0
38

39 (R=benzyl)
40 (R=methylcyclopropyl)

N 1. Pd(OAc),, (S)-BINAP N
H ,Benzophenone imine, CS,C03 H
2.2NHC
TfO HoN
40 4

[0080] 1) Synthesis of 3-Aminomorphinan derivatives

[0081] Scheme 2

,Boc
N
PhNng, TEA
CH.Cl,
oH 2

N/\v i) Pd(OAC)s, (S)-BINAP

,Benzophenone imine,
CS,C03

ii) 2N Hel

orr 40

HCI
Dloxane

39 (R-benzyl
40 (R=methylcyclopropyl)

" v

NsCl, TEA

—_ .

CHoCl,

NH, 41 NHNs 42

(Ns = 4-nitrobenzenesulfonyl)
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v v

1. Pd(OAc),, (S)-BINAP
.Benzophenone imine, CS,C03

2. 2N Hal
3.NsCl, TEA,CHoCly

OTf 39 NHNs 43

(Ns = 4-nitrobenzensulfonyl)

[0082] 2) Synthesis of 3-Halogen-substitued Morphinan derivatives

[0083] Synthesis of halogen compounds and hydroxymethyl derivatives by introducing tin derivatives at
position 3 as shown in Scheme 3 below resulted very low yield and the desired compound could not be
obtained from limited amount of the starting material.

[0084] Scheme 3
ﬁoc r!%loc 54

%&k

Pd(PPh3), LiCl, X
————————e -
nBusSnSnBu; (X=Cl, Br, 1)

dioxane

OTf
"Very Low Yields" SnBus

N "o
N

CH,0H

[0085] 3) Synthesis of 3-Ethylmorphinan derivatives

[0086] Since 3-Halogen-substitued compounds could not be obtained from 2) above, vinyl group
was directly added to position 3 to obtain similar derivatives. Introduction of vinyl group was
successful and several derivatives were synthesized as shown in Scheme 4 below.

[0087] Scheme 4
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Boc Boc Boc
N Tributyl(vinytin,/ O N N
LiCl, :
Pd(PPhg)s, Hy, PAIC
—
Dioxane MeOH
OTf 37 ~ 44 45

/\/
HCI(g) AIIy{( I;Eglde,
Dioxane DMF
46 47
Boc Boc
N N
NMO, OsO4
Acetone : H,O = 2:1
OH
= 44
HO 48

[0088] List of Exemplified Compounds

IBoc PBoc /{]
nH HC! N

&j& O\///‘O\/5

OH 2 OBoc 3
N

IBoc
N
) B
~ O LD
N

[ §§ E N
(oN szo Ny S//O Oo S//O
o) 9 o] Q

S

O
A\
N
O
X\
[+-]
/
/
/
>
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o N Hel N
OBn EO?O
15 16 17
Ts Boc

N N

20
H HQ ~
N N
<§Om
O\/J:::r O\/J:::r
23 25
Ph
ON-NH
,Boc H .HCI
N N
O\H/NH\Ph O\n/NH\Ph OTNH\Ph
e} e} 0O
28 29 30
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N/_<l N/_O NS

Z 0

1%
z‘?
o

O’/

X 6 X oK S b
o 33 0 34 °©
o]
A

o 35 (o] 36 49
O\\s( Cbz JBoc H .HC
N0 N N
N cl o} cl
O\n/NH\Ph O\H/NH\ o _~_7C I~ ~ TN
0 50 o 51 52 53 54
O\:S\\/ O
N O &\(}
o _~_¢C (c%\\/il 0\/\/C'
55
NO Compound NMR Amount
Formula (mg)
e 87.04~7.18 (3H, m), 3.73(2H, m), 3.68(1H, m), 3.08 (2H,m),
2.15 (1H, m), 1.83(2H, m), 1.70(2H, 4m), 1.44 (9H, s), 1.15 ~
1.38 (6H, m)
2 1
OH
C2qH2gNO;
Mol, Wt.: 343.46
N,BOC 66.83 ~ 7.08 (3H, m), 4.30 (0.50H, br) 4.00 (0.50H, br),
3.85(0.50H, m), 3.68 (0.50H, m), 3.05~3.25 (1H, m),
2.50~2.70(2H, m), 1.65~1.80 (5H, br), 1.57 (9H, s), 1.49 (9H,
3 s), 1.15~1.40 (6H, m) 9
OBoc
Ca6H37NOs
Mol. Wt.: 443.58
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NBoc 57.04~6.89 (3H, m), 4.70(2H, s), 4.33(0.5H, br), 4.18 (0.5H,
m), 3.90 (0.5H, d), 3.73(0.5H, d), 3.15~3.07(1H, m), 2.65 (2H,
4 s), 2.49 (1H, s), 2.30 (1H, br), 1.83 (2H, m), 1.60 (2H, m), 1.4
o 7 1.44~1.47 (9H, 5), 1.15~1.30 (6H, m)
Mo 36151

NH FO | (MeOD) 86.93~7.19 (3H, m), 4.75(2H, s), 3.32(2H, m),
3.15~3.07(1H, m), 2.98 (2H, m), 2.78 (1H, m), 2.49 (1H, s),

5 1.15~1.80 (10H, m) 3.6
0o _Z
CygH24CINO
Mol. Wt.: 317.85
/‘“<] 87.00~6.76 (3H, m), 4.70(2H, s), 3.18 (2H, br), 2.75 (1H, m),

N
2.68 (1H, m), 2.48 (1H, d), 2.35 (2H, m), 2.00 (1H, m),

6 1.86(2H, m), 1.63 (2H, br), 1.25~1.60 (6H, m), 0.95 (1H, m), 5

O\/ 0.58 (2H, s), 0.25 (2H, m)
Ca3HagNO
Mol. Wt.: 335.48
= 86.73~7.09 (3H, m), 5.90 (1H, m), 5.14 ~5.20 (2H, m), 4.64
N (2H, m), 3.17(2H, m), 2.94 (2H, m), 2.85 (1H, m), 2.55 (1H,
d), 2.53 (2H, m), 1.83 (2H, 1), 1.63 (2H, br), 1.20~1.48 (6H,
7 m) 47
o Z
Ca2H7NO
Mol. Wt.: 321.46

@ 86.73~7.49 (8H, m), 4.70 (2H, s), 3.68 (2H, br), 3.05(2H, m),
N )

2.85 (1H, br), 2.60 (2H, br), 2.49 (1H, m), 2.30 (1H, m), 1.13
~1.80 (10H, m)
8 1.7

o _Z
Mol. Wt.: 371.51
N'B°° 87.07 ~7.23 (3H, m), 4.33 (0.5H, br), 4.18 (0.5H, m), 3.90
(0.5H, d), 3.73(0.5H, d), 3.30 (1H, br), 3.14 (3H, s), 2.60 (1H,
m), 2.55 (1H, m), 2.30 (1H, m), 1.73 (2H, m), 1.60 (2H, br),
9 1.44~1.47 (9H, s), 1.10~1.40 (6H, m) 1.6
@]
(O NG}
/§\
o}
CpoH31NOsS
Mol. Wt.: 421.55
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X/ §7.08 ~ 7.30 (3H, m), 4.03(1H, br), 3.68 (1H, m), 3.30 (1H,
N0 m), 3.18 (3H, s), 2.86 (3H, m), 2.83 (1H, s), 2.60(1H, m), 2.35
(1H, m), 1.68~1.80 (4H, m), 1.25~1.60 (6H, m)
11 2.6

5

(0]

C1gHa7NO4S,
Mol. Wt.: 397.55

N~~Z | 56.85~7.19 (3H, m), 5.85 (1H, br), 5.14 ~5.20 (2H, m), 3.17
(2H, m), 3.07 3H, s), 2.80 (2H, m), 2.40 (2H, m), 2.35 (1H,
d), 1.60~1.90 (4H, m), 1.20~1.48 (6H, m)

12 1.8
O

&

PN

Cy1HgNO,S
Mol. Wt.: 359.53

<] |86:85~7.19 3H, m), 3.14 (3, 5), 2.99 (1H, m), 2.80 (2H, m),
O

2.60~2.78 (2H, m), 2.50 (1H, br), 2.20 (2H, s), 1.70 (2H, br),
1.20~1.48 (8H, m), 0.90 (1H, m), 0.50 (2H, m), 0.17 (2H, m)
13 1

Ve

-

(o}
CaoH34NOoS

Mol. Wt.; 373.55

56.73~7.49 (SH, m), 3.61 ~ 3.74 (2H, m), 3.08 (3H, s), 3.03

N D (1H, m), 2.88 (2H, m), 2.65 (1H, m), 2.30 ~ 2.48 (2H, m), 1.80
(2H, m), 1.73 (2H, m), 1.14~ 1.70 (6H, m)
14 : 4
o]
-4
(o]

Mol. Wt.: 409.58
jioc 0 7.46-7.34 (5H, m), 7.00(1H, m), 6.91 (1H, m), 6.80 (1H, m),
N 5.04 (2H, m), 4.37 (0.55H, br), 4.18 (0.45H, br), 3.73 (1H, m),
3.06 (1H, m), 2.65 (2H, m), 2.32 (1H, m), 1.63 — 1.08 (19H,
m)
15
OBn
CogH3sNO3
Mol. Wt.: 433.58
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NH TS (MeOD) § 7.43-7.28 (5H, m), 7.12 (1H, br), 6.88 (2H, br),
5.04 (2H, m), 3.29 (2H, br), 2.90 (1H, br), 2.33 (2H, br), 1.67-
1.10 (11H, m)
16
OBn
Co3HpCIND
Mol. Wt.: 369.93
N,—<] 87.43-7.26 (5B, m), 6.99 (1H, m), 6.86 (1H, m), 6.75 (1H, m),
5.01 (2H, m), 3.07 (1H, br), 2.90 (1H, m), 2.67-2.45 (3H, m),
2.32-2.28 (2H, m), 1.98 (1H, m), 1.81-1.25 (10K, m), 0.86
(1H, br), 0.49 (2H, br), 0.09 (2H, br)
17
OBn
Ca7HagNO
Mol. Wt.: 387.56
N/V/ § 7.46-7.30 (5H, m), 7.05 (1H, m), 6.89 (1H, m), 6.80 (1H, m),
5.88 (1H, br), 5.24-5.15 (2H, m), 5.03 (2H, m), 3.19 (2H, br),
2.94 (2H, br), 2.59 (2H, m), 2.30 (1H, m), 2.04 (2H, br), 1.83-
18 1.13 (9H, m)
OBn
CaeH3iNO
Mol. Wt.: 373.53
N,B" 87.43-7.23 (10H, m), 6.87 (1H, m), 6.86 (1H, m), 6.77 (1H,
m), 5.01 (2H, m), 3.73-3.58 (2H, m), 2.99 (1H, m), 2.83 (1H,
br), 2.62-2.56 (1H, m), 2.43 (1H, m), 2.28 (1H, m), 2.12 (1H,
19 m), 1.85-1.14 (10H, m)
OBn
C3gH33NO
Mol. Wt.: 423.59
N,MS §7.44-7.25 (5H, m), 7.04 (1H, m), 6.89 (1H, m), 6.83 (1H, m),
5.05 (2H, m), 4.09 (1H, m), 3.70 (1H, m), 3.38-2.78 (6H, m),
2.28 (1H, m), 1.82-1.12 (10H, m)
20
OBn
C24HogNO3S
Mol. Wt.: 411.56
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N/TS 87.71-7.68 (2H, m), 7.43-7.26 (7TH, m), 6.84 (2H, m), 6.75
(1H, m), 5.00 (2H, m), 4.12 (1H, m), 3.59 (1H, m), 2.89 (1H,
m), 2.67 (1H, m), 2.46 (4H, m), 2.26 (1H, m), 1.74-1.09 (10H,
21 m)
OBn
Mol. Wt.: 487.65
N,B°° § 7.55-7.50 (2H, m), 7.36-7.25 (2H, m), 7.00 (1H, m), 6.87
(1H, m), 6.77 (1H, m), 5.00 (2H, m), 4.37 (0.59H, br), 4.18
(0.41H, br), 3.75-3.72 (1H, m), 3.06 (1H, m), 2.67-2.61 (2H,
22 gr | m), 2.30 (1H, m), 1.65 — 1.07 (19H, m)
Oﬁ
023H34BFN03
Mol. Wt.: 512.48
- Hel (MeOD) § 7.57-7.51 (2H, m), 7.41-7.35 (2H, m), 7.17 (1H,
m), 6.92 (2H, m), 5.07 (2H, m), 3.26-3.10 (2H, m), 2.95-2.81
(1H, m), 2.78 (1H, m), 2.36 (1H, m), 1.73-1.19 (11H, m)
23 B
L
Cz3H27BrCINO
Mol. Wh.: 448.82
N/\ﬂ 8 7.51-7.33 (2H, m), 7.30-7.26 (2H, m), 7.01 (1H, m), 6.84
(1H, m), 6.73 (1H, m), 4.98 (2H, m), 3.21 (1H, br), 2.95-2.85
(1H, m), 2.73-2.51 (3H, m), 2.32 (2H, m), 1.98 -1.23 (11H,
4
2 Br | m), 0.75 (1H, br), 0.52 (2H, br), 0.12 (2H, br)
L
027H328I'NO
Mol. Wt.: 466.45
NH 6 7.54-7.36 (2H, m), 7.31-7.25 (2H, m), 7.00 (1H, m), 6.82
(1H, m), 6.75 (1H, m), 5.79 (1H, br), 5.28-5.13 (2H, m), 5.01
(2H, m), 3.21 (2H, br), 2.90 (2H, br), 2.62 (2H, m), 2.27 (1H,
25

0

C25H3DBTNO
Mol. Wt.: 452.43

3

m), 2.06 (2H, br), 1.85-1.21 (9H, m)

-21-




WO 2005/110412 PCT/IB2005/051582

N/Cbz 87.3~7.5(5H, m) 6.9(1H, t) 6.8(1H, d) 6.6(1H, 1) 5.1(2H, s)
4.3(1H, dd) 3.9(1H, m) 3.1(1H, m) 2.7(2H, m) 2.3(1H, d)
1.0~1.8(10H, m)
26 1
OH
Co4H27NO3
Mol. Wt.: 377.48
N/Cbz 87.3~7.6(10H, m) 7.0(2H, m) 6.9(1H, m) 5.3(2H, s) 5.1(2H, s)
4.3(1H, dd) 3.9(1H, m) 3.1(1H, m) 2.7(2H, d) 2.3(1H, m)
1.0~1.8(10H, m)
27 1
OCbz
CazH33NOs
Mol. Wt.: 511.61
o. In 87.4(2H, d) 7.2(6H, m) 7.0(6H, m) 6.3(1H,s) 4.4(1H, s)
\\rN“ 3.5(1H, d. d.) 3.1(1H, d. d.) 2.8(2H, m) 2.3(1H, m)
N 1.0~1.9(10H, m)
28 $O 1
O\n/NH\Ph
(o]
C3gH31N303
Mol. Wt.: 481.59
Boc 87.4(2H, d) 7.3(2H, t) 7.1(3H, m) 6.9(2H, m) 4.3(1H, m)
3.8(1H, m) 3.1(1H, d. d.) 2.4~2.8(2H, m) 2.3(1H, m) 1.3(9H,
s) 1.0~1.7(10H, m)
29 1
O\n/NH\Ph
(o]
CagHagN204
Mol. Wt.: 462.58
H Hel (MeOD) 87.5(2H, d) 7.3(3H, m) 7.1(1H, d) 7.0(2H, m)
3.9(1H, m) 3.0~3.4(3H, m) 2.8(1H, m) 2.5(1H, m)
1.0~1.9(10H, m)
30 1
O\n/NH\Ph
O
Mol. Wt.: 398.93
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°

Boc
N
o\n/|<
[¢]

80.9~1.7 (m, 29 H), 2.34 (d, J= 9.9 Hz, 1 H), 2.52~2.73 (m, 2
H), 3.09~3.17 (m, 1 H), 3.73~3.84 (m, 1 H), 6.83~6.87 (m, 1
H), 6.95 (s, 1 H), 7.09~7.12 (m, 1 H)

T

CaoH31NO,S
Mol. Wt.: 405.55

31
CapH37NO,
Mol. Wt.: 427.58
/—Q 0.43~1.58 (m, 24 H), 2.35~2.52 (m, 2 H), 2.69~2.73 (m, 1H),
N 2.90~2.96 (m, 2 H), 3.16~3.35 (m, 2H), 3.91 (s, 1 H),
6.92~6.96 (m, 1H), 6.99 (s, 1H), 7.17 (d, J= 8.2 Hz, 1 H)
32
ow><
(o]
Cas5H3sNO,
Mol. Wt.: 381.55
@ 80.91~1.74 (m, 18 H), 1.89 (m, J = 12.6 Hz, 1 H), 2.07~2.21
N (m, 1 H), 2.29~2.48 (m, 2H), 2.63~2.69 (m, 1 H), 2.87 (s, 1
H), 3.09 (d, J=18.3 Hz, 1 H), 3.68 (dd, J= 13.4 Hz, 2H),
34 6.82~6.93 (m, 2H), 7.15 (d, J= 8.3 Hz, 1 H), 7.25~7.38 (m, 5
om>< H)
(0]
CogHasNO;
Mol. Wt.: 417.58
NTTS | 81.15~1.87 (m, 20 H), 2.14~2.31 (m, 2 H), 2.67~2.74 (m, 2H),
3.02 (d,J=18.6 Hz, 1 H), 3.12~3.14 (m, 1 H), 3.36~3.39 (m,
2H), 6.81~6.93 (m, 2H), 7.16 (d, J= 8.2 Hz, 1 H)
35
Lk
(o]
C24H31NO2
Mol. Wt.: 365.51
Oy 81.08~1.87 (m, 20 H), 2.36 (d, J= 12.4 Hz, 1 H), 2.77~2.92
N’ N,
© (m, 5 H), 3.51~3.54 (m, 1 H), 4.10~4.15 (m, 1H), 6.86~6.96
(m, 2H), 7.13 (d, J= 8.3 Hz, 1 H).
36
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Boc

ng

"H NMR (300 MHz, CDCl;) § 7.03~7.38 (3H, m), 4.30 (1H,
5), 3.85 (1H, dd), 3.13 (1H, d), 2.72 (1H,d), 2.50 (1H, m), 2.30
(1H, d), 1.43 (9H, s), 1.09~1.80 (10H, m)

37 1
OoTf
Mol. Wt.: 475.52
NHHC' 8 0.96~2.04 (m, 12 H), 2.27~3.18 (im, 4 H), 3.45 (s, 1 H),
7.07~7.15 (m, 2H), 7.22 (s, 1 H)
38
OTf
C17H31CIF3NO3S
Mol. Wt.: 411.87
r@ 1.05~1.72 (m, 9 H), 1.74~1.85 (m, 1 H), 1.90~1.94 (m, 1 H),
N 1.96~2.05 (m, 1 H), 2.31 (d, J= 13.0 Hz, 1 H), 2.48~2.52 (m,
1 H), 2.88~2.91 (m, 1 H), 3.12 (d, /= 18.6 Hz, 1 H), 3.67 (dd,
39
J=13.4 Hz, 2 H), 7.03~7.38 (m, 8H).
OTf
Co4HaeF3NO3S
Mol. Wt.: 465.53
f_q 0.19~2.10 (m, 17 H), 2.31 (d, J = 13.8 Hz,1 H), 2.47~2.59 (m,
N 2 H), 2.78~2.88 (m, 2 H), 3.30 (s, 1 H), 7.02~7.06 (m, 1 H),
7.13~7.20(m, 2 H).
40
OTf
Ca1HagF3NO3S
Mol. Wt.: 429.50
N /\V 0.15~3.24 (m, 25 H), 6.62~6.65 (m, 1 H), 6.75 (d, J= 2.2 Hz,1
H), 6.94 (d, J=8.2 Hz,1 H)
41

NH,

CapHagNy
Mol. Wt.: 296.45
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N/\V 0.19~0.63 (m, 8 H), 0.96~2.11 (m, 13 H), 2.55~3.53 (m, 6 H),
6.83~6.87 (m, 2 H), 7.10 (d, /= 8.3 Hz, 1 H), 8.10 (d, /= 8.7
Hz, 2 H), 8.38 (d, /= 8.7 Hz, 2 H)
42 o
HN:IS//
i “NO,
CogHaiNz04S
Mol. Wt.: 481.61
N C 0.89~2.06 (m, 12 H), 2.46~2.701 (m, 2 H), 2.87 (s, 1 H), 3.06
(d, J=18.6 Hz, 1 H), 3.54~4.10 (m, 2 H), 6.76 (s, 1 H),
6.83~6.86 (m, 1 H), 7.12 (d, /= 8.4 Hz, 1 H), 8.04 (d, /= 8.8
Hz, 2 H)
43
HN. O
L
NO,
CogH31N304S
Mol. Wt.: 517.64
N,BOC 87.25~7.32(2H, m), 7.05(1H, d), 6.62(1H, d.d.), 5.78(1H, d),
5.20(1H, d), 4.30(1H, m), 3.55~4.80(1H, m), 3.10(1H, m),
2.30~2.65(2H, m), 2.05(1H, m), 1.23(9H, s), 1.00~1.80(10H,
m)
44
Ca3H31NO,
Mol. Wt.: 353.50
N,B°° 87.06~7.36 (3H, m), 4.37 (0.5H, s), 4.19 (0.5H, s), 3.88 (1H,
dd), 3.11 (1H, m), 2.63 (2H, m), 2.59 (2H, m), 2.44 (1H, m),
45 1.60 ~ 1.80 (4H, m), 1. 40 ~ 1.60 (9H, d), 0.90 ~ 1. 40 (9H, m)
Ca3HasNO,
Mol. Wt.: 355.51
e (MeOD) §7.13~7.46 (3H, m), 3.27 (2H, m), 3.19 (2H, s), 2.88
(1H, m), 2.81 (1H, m), 2.58 (2H, m), 1.10 ~ 1.80 (13H, m)
46
C1gH26CIN
Mol. Wt.: 291.86
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86.89~7.16 (3H, m), 5.80 (1H, d), 5.16 ~ 5.30 (2H, m), 4.00 ~

NN
4.30 (1H, dd), 3.68 (2H, 1), 3.66 (1H, m), 3. 15 (1H, br), 2. 68
(2H, m), 2. 50 (2H, m), 2.38 (1H, m), 1.10 ~ 1.70 (13H, m)
47

CaqHagN
Mol. Wi.: 295.46

87.29~7.36(1H, m), 7.17~7.10(2H, m), 4.79(1H, d),

Boc
N 4.37(0.55H, br), 4.19(0.45H, br), 3.77~3.66(3H, m), 3.11(1H,
m), 2.72~2.41(4H, m), 2.03(1H, m), 1.71~1.04(19H, m)
48
OH
HO

Ca3H33NO,
Mol. Wt.: 387.51

- [87.35(4H, m), 7.10(2H, m), 6.85(1H, d), 6.75(1H, d.d.),

N 6.28(1H, 5), 4.38(1H, m), 4.10(2H, t), 3.80(2H, 1), 3.65(1H,
m), 3.14(1H, d.d.), 2.83(2H, m), 2.37(1H, m), 2.25(2H, m),
49 1.00~1.80(10H, m)

O\n/NHw:.h
(o]
CusH31CIN,Oo
Mol. Wt.: 438.99
o‘\S/ 87.48(2H, d), 7.31(2H, t), 7.15(3H, m), 7.04(1H, m), 6.90(1H,
N o s), 4.11(1H, m), 3.55(1H, m), 3.18(1H, m), 2.93(3H, s),
2.84(2H, m), 2.30(1H, d), 1.00~1.80(10H, m)
50
O\ﬂ/NH\F,h
0
CoqH2gN204S
Mol. Wt.: 440.56
8\\ 87.45(2H, d), 7.30(2H, t), 7.15(3H, m), 7.03(2H, m), 4.95(1H,
) m), 3.55(1H, m), 3.15(1H, m), 2.90(1H, m), 2.75(1H, m),
2.30(1H, m), 2.05(3H, s), 1.00~1.80(10H, m)
51
O\n/NH\Ph
0
CasH2N203
Mol. Wi.: 404.50
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Lbz §7.30(5H, m), 7.00(1H, t), 6.83(1H,d), 6.70(1H, d. d.),
N 5.10(2H, m), 4.30(1H, m), 4.05(2H, t), 3.90(1H, m), 3.79(2H,
t), 3.05(1H, m), 2.75(2H, m), 2.30(1H, m), 2.15(2H, m),
1.00~1.80(10H, m)
52
o ~FCl
Co7H32CINO;
Mol. Wt.: 454.00
N,BOC 87.05(1H, m), 6.83(1H, d), 6.75(1H, d.d.), 4.28(1H, d),
4.05(2H, 1), 3.90(1H, m), 3.83(3H, t), 3.15(1H, m), 2.60(2H,
5 m), 2.30(1H, m), 2.15(1H, m), 1.30(9H, s), 1.00~1.80(10H, m)
o~ G
C24H34CINO3
Mol. Wt.: 419.98
N .HCI (MeOD) §7.15(1H, d), 6.80~7.10(2H, m), 4.05(2H, t),
3.78(2H, t), 3.65(2H, m), 3.30(1H, m), 3.10(2H, m), 2.78(1H,
54 m), 2.45(1H, m), 2.18(2H, m), 1.00~ 2.00(10H, m)
O~_FCl
C1gHa7CILNO
Mol. Wt.: 356.33
O/ §7.01(1H, m), 6.85(1H, d), 6.70(1H, d.d), 4.05(3H, m),
N O 3.78(2H, t), 3.56(1H, d.d.), 3.15(1H, d.d.), 2.90(3H, s),
2.83(2H, m), 2.32(1H, m), 2.20(2H, m), 1.00~1.90(10H, m)
55
o _~_~¢
CooH2sCINO3S
Mol. Wt.: 397.96
03_ 86.96(1H, 1), 6.83(1H, d), 6.75(1H, d. d.), 4.92(1H, m),
N 4.15(2H, t), 3.81(2H, 1), 3.75(1H, m), 3.12(1H, m), 2.95(1H,
m), 2.62(1H, m), 2.30(1H, m), 2.18(2H, m), 2.05(3H, s),
1.00~1.80(10H, m)
56
O~_Cl
CpH2sCINO,
Mol. Wt.: 361.91
§7.15~7.35(5H, m), 7.05(1H, d), 6.80(1H, s), 6.73(1H, d),
) 4.10(2H, 1), 3.55~3.85(4H, m), 3.05(1H, m), 2.80(1H, m),
2.56(1H, m), 2.40(1H, m), 2.00~2.30(4H, m), 1.00~1.90(10H,
57
m)
O _~_Cl
CogH32CINO
Mol. Wt.: 409.99
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[0089] Morphinan and Parkinson’s Disease

[0090]  Accumulating evidence suggests that dextromethorphan (DM) exhibits antiparkinsonian
effects in vivo and in vitro. However, it is well-known that DM-induced psychotropic effects might
hamper its clinical application. Dextrorotatory morphinans 3-hydroxymorphinan (HM), 3-allyloxy-
17-methylmorphinan (AM), 3-cyclopropylmethoxy-17-methylmorphinan (CM) and dimemorfan
(DF) were previously synthesized (Bioorg Med Chem Lett 2001; 11:1651-1654, Behav. Brain Res.
2004;151: 267-276, Br. J. Pharmacol. 2005; 144: 908-918). They showed negligible behavioural
side effects as seen in DM or its major metabolite dextrorphan (DX). The present invention is
directed to using dextrorotatory morphinans in treating or treating the symptoms of Parkinson’s
disease. DM, HM, and CM attenuated hypokinesia, reductions in the striatal levels of the dopamine
and its metabolites, and in the nigral tyrosine hydroxykinase-like immunoreactivity (TH-IR) induced
by  1-methyl-4-phenyl-1,2,5,6-tetrahydropyridine ~ (MPTP), lipopolysacharide ~ (LPS) or
methamphetamine (MA). Although AM and DF did not significantly affect these toxicities induced
by MPTP or LPS, they attenuated neurotoxicities (hyperthermia, hypokinesia, reductions in the
striatal levels of the dopamine and its metabolites, and in the nigral TH-IR) induced by MA.

[0091] The behavioral and antiparkinsonian effects of dextrorotatory mqrphinans in mice were
examined. As a parameter of behavioral side effect, PCP-induced behavioral profiles were
examined, which are typically characterized by circling behaviors and conditioned place preference
(CPP) (13, 27, 37). Interestingly, the marginal locomotor patterns (circling behaviors) were similar
to those of CPP as previously demonstrated (13, 27). The action of DX was qualitatively similar to
that of PCP, which is in line with previous investigations (24, 27). Although the DM-induced
behavioral characteristics appeared to be less pronounced than those of DX, its psychotropic effects
were observed in a dose-related manner. More significantly, AM, CM, HM, and DF which are
modified in positions 3 (and 17) of the morphinan ring system, retained neurological activities but
had weak behavioral side effects (7, 24, 27, 46). Previous demonstrations indicated that the
mechanism of anticonvulsant / neuroprotective action of AM, CM or DF might be mediated via o,
receptors rather than PCP sites (7, 24, 27, 46). The very low affinity of AM, CM or DF to PCP sites
also provides evidence that acting on PCP sites might not be a prerequisite for the anticonvulsant /
neuroprotective effects of morphinans. Although DM, AM, CM and DF exhibited anticonvulsant
effects, HM did not show any anticonvulsant effect in response to kainate (24) or maximal electric
shock (27), suggesting that pharmacological action of HM may be specific to the dopaminergic
system. DM is rapidly metabolized by O-demethylation to a PCP-like compound, DX (50, 51, 54).
DX then undergoes N-demethylation yielding HM. Both DX and HM are eliminated after
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glucuronidation.  Alternatively, DM is metabolized first by N-demethylation yielding 3-
methoxymorphinan, which then undergoes an O-demethylation reaction to yield HM (54). These
metabolic processes may be helpful in attenuating dopaminergic toxicity, although more evidence
should be gathered. It was assumed that 3-methoxymorphinan and HM have lower CNS activity as
compared with DM or DX, but the route-specific effects of morphinan administration, influence of
morphinan dosage, and in vivo glucuronidation capacity should be considered (54).

[0092]  Although DM and DX have many actions in common, they differ in their receptor
binding characteristics and in vivo pharmacology (7, 27, 34, 50). DM exhibits a high binding
potency for distinct DM recognition sites and o-receptor binding sites, but has a relatively low
affinity for sites labeled by DX. In contrast, DX exhibits a high affinity for DX and PCP binding
sites in the brain, while exhibiting a low to moderate affinity for DM and o sites (50). Therefore,
DM doses higher than the recommended antitussive dose should produce PCP-like effects related to
DX (1, 2). In addition, DM might have the properties of a mixed agonist (17, 19, 20, 50, 51), which
acts as a noncompetitive NMDA receptor antagonist at a low dose, but as a partial agonist at higher
doses (20, 48, 49). Therefore, DM might interact with the PCP-NMDA-c receptor complex (20, 48,
49, 50).

[0093] To reduce the PCP-like behavioral side effects ‘(24, 39), while retaining the
neuroprotective effects, a series of 3- and 17-substituted morphinans that are structurally similar to
DM were prepared, but were either not expected to be metabolized into DX or were expected to do
so at a reduced rate compared to DM. The size effect and rate of hydrolysis of ether were considered
(24).

[0094]  In Parkinson’s disease, dopaminergic denervation of the striatum is the main biochemical
lesion which accounts largely for clinical symptoms such as akinesia, hypotonia, tremor and postural
instability (35). Despite several attempts to develop new dopaminergic drugs, especially dopamine
agonists, levodopa remains the “gold standard” in the treatment of Parkinson’s disease (35).
Howevér, its long-term use is associated with several side-effects, such as abnormal movements,
fluctuations in performance, hallucinations and psychosis (35, 36). Thus, from a therapeutic point of
view, new strategies based on new pathophysiological approaches are needed. Hence, drugs which
act on symptoms that are resistant to levodopa, or which are neuroprotective, would be extremely
valuable.

[0095] It has been suggested that low-affinity NMDA open channel antagonists may be good
candidates for antiparkinsonian drugs. DM has a complex pharmacological profile that includes a
micromolar affinity for the NMDA receptor channel. In two open-label clinical trials, DM was
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found to afford significant improvement in small cohorts of parkinsonian volunteers. Further, a
modest recovery of activity in reserpinized mice following injection of DM and ketamine was seen,
but these were subject to considerable inter-animal variation (47).

[0096] A major objection to administering NMDA receptor antagonists to man is that they can
cause unacceptable side effects. These include psychostimulation and memory impairment, as well
as muscle relaxation and ataxia. From theoretical considerations, however, compounds which have a
low affinity for the NMDA receptor-associated ion channel may be the most effective and the least
toxic of the many NMDA receptor antagonists that are available (32). Among the NMDA receptor
antagonists, DM appears to come close to approximately matching this theoretical ideal and has been
tested in small groups of idiopathic parkinsonian patients with mixed success (47).

[0097] Earlier reports have indicated that NMDA receptor blockade can directly restore motility
to Parkinson-like mice (4) and rats (30), but not primates (6). However, not all laboratories find this
and the matter is subject to some controversy (14).

[0098] In contrast, dextromethorphan analogs such as HM, AM, CM and DF disclosed in the
present application, had very low affinities for NMDA receptor associated PCP sites (7, 27),
suggesting that NMDA associated PCP sites are not prerequisites for their antiparkinsonian actions.
In addition, previous reports have indicated that DM, DX, HM, AM, CM and DF are high affinity
ligands for o) receptors (7, 27, 46). Further, it is recognized that o; receptors regulate glutamate
NMDA receptor function and release of dopamine (11). Selective o; receptor ligands have been
suggested to present a new class of therapeutic agents for neurodegenerative diseases, although none
have yet been introduced into therapeutic use (11). Recently, it was demonstrated that o; receptor
agonists inhibit NMDA-stimulated [*H]dopamine release from slices of rat and guinea pig striatum, -
prefrontal cortex and nucleus accumbens (2). In addition, o receptor plays an important role in the
facilitation of dopamine transmission (31,42). This phenomenon is partially involved in the
augmentation of dopamine synthesis rate. Without being bound by theory, although morphinans’
contribution via NMDA receptor antagonism cannot be excluded, the primary mechanism of action
of morphinans is, at least in part, related to &, receptor modulation.

[0099] Combined, the results of this study indicate that DM has prominent antiparkinsonian
effects in the MPTP, LPS, and MA models, although DM exhibits behavioral side effects. More
importantly, the other morphinans do not produce the PCP-like behavioral side effects of DM or DX.
Moreover, HM and CM have significant antiparkinsonian effects in response to MPTP, LPS and
MA. AM and DF are effective against MA-induced neurotoxicity. MA-induced dopaminergic
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toxicity has long been considered to be one of the most important animal models of Parkinson’s
disease.

[00100] Therapeutic Formulations

[00101] Administration of the morphinan and their mixtures and/or pharmaceutically acceptable
salts can be orally or transdermally or by intravenous, intramuscular, subcutaneous, intrathecal,
epidural or intracerebro-ventricular injection. Effective dosage levels can vary widely, e.g., from
about 0.25 to about 250 mg/day, but actual amounts will, of course, depend on the state and
circumstances of the patient being treated. As those skilled in the art recognize, many factors that
modify the action of the active substance herein will be taken into account by the treating physician
such as the age, body weight, sex, diet and condition of the patient, the time of administration, the
rate and route of administration, and so forth. Optimal dosages for a given set of conditions can be
ascertained by those skilled in the art using conventional dosage determination tests in view of the
experimental data provided herein.

[00102] Therapeutic compositions containing the morphinans, their mixtures and/or
pharmaceutically acceptable salts will ordinarily be formulated with one or more pharmaceutically
acceptable ingredients in accordance with known and established practice. Thus, the morphinans,
their mixtures and/or pharmaceutically acceptable salts can be formulated as a liquid, powder, elixir,
injectable solution, etc. Formulations for oral use can be provided as hard gelatin capsules wherein
the morphinans, their mixtures and/or pharmaceutically acceptable salts are mixed with an inert solid
diluent such as calcium carbonate, calcium phosphate or kaolin, or as soft gelatin capsules wherein
the morphinans, their mixtures and/or pharmaceutically acceptable salts are mixed with an
oleaginous medium, e.g., liquid paraffin or olive oil.

[00103] Aqueous suspensions can contain the morphinans, their mixtures and/or pharmaceutically
acceptable salts in admixture with pharmaceutically acceptable excipients such as suspending agents,
e.g., sodium carboxymethyl cellulose, methylcellulose, hydroxypropylmethylcellulose, sodium
alginate, polyvinylpyrrolidone, gum tragacanth and gum acacia; dispersing or wetting agents such as
naturally occurring phosphatide, e.g., lecithin, or condensation products of an alkaline oxide with
fatty acids, e.g., polyoxyethylene stearate, or condensation products of ethylene oxide with long
chain aliphatic alcohols, e.g, heptadecaethylene-oxycetanol, or condensation products of ethylene
oxide with partial esters derived from fatty acids and a hexitol, e.g., polyoxyethylene sorbitol
monoleate or condensation products of ethylene oxide with partial esters derived from fatty acids
and hexitol anhydrides, e.g., polyoxyethylene sorbitan monoleate. Such aqueous suspensions can

also contain one or more preservatives, e.g., ethyl-or-n-propyl-p-hydroxy benzoate, one or more
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coloring agents, one or more flavoring agents and one or more sweetening agents, such as sucrose,
saccharin or sodium or calcium cyclamate.

[00104] Dispersible powders and granules suitable for preparation of an aqueous suspension by
the addition of water provide the morphinans, their mixtures and/or pharmaceutically acceptable
salts in admixture with a dispersing or wetting agent, suspending agent and one or more
preservatives. Suitable dispersing or wetting agents and suspending agents are exemplified by those
already mentioned above. Additional excipients, e.g., sweetening, flavoring and coloring agents, can
also be present. Syrups and elixirs can be formulated with sweetening agents, for example glycerol,
sorbitol or sucrose. Such formulations can also contain a demulcent, a preservative and flavoring and
coloring agents.

[00105] The morphinans, their mixtures and/or pharmaceutically acceptable salts are
advantageously provided in sustained release dosage form of which many kinds are known, e.g., as
described in U.S. Pat. Nos. 4,788,055; 4,816,264; 4,828,836; 4,834,965; 4,834,985; 4,996,047;
5,071,646; and, 5,133,974, the contents of which are incorporated by reference herein.

[00106] It is also within the scope of this invention to administer the morphinars, their mixtures
and/or pharmaceutically acceptable salts prior to, concurrently with, or after administration of any -
other known pharmacologically active agent useful for treating or treating the symptoms of
Parkinson’s disease. Such pharmacologically active agents may include without limitation other -
neuroprotective agents.

[00107]  Neuroprotective agents attempt to save ischemic neurons in the brain from irreversible
injury. Other neuroprotective agents prevent potentially detrimental events associated with return of
blood flow. Although return of blood flow to the brain is generally associated with improved
outcome, reperfusion may contribute to additional brain injury. Returning blood contains leukocytes
that may occlude small vessels and release toxic products. Ischemia leads to excessive activation of
excitatory amino acid receptors, accumulation of intracellular calcium, and release of other toxic
products that cause cellular injury. By preventing excitatory neurotransmitter release,
neuroprotective agents may reduce deleterious effects of ischemia on cells.

[00108] The most commonly studied neuroprotective agents block the N-methyl-D-aspartate
(NMDA) receptor. Modulating other non-NMDA receptors and channels also can reduce excitatory
neurotransmitter release. Antiadhesion antibodies such as monoclonal antibodies that can block an
intercellular adhesion molecule (ICAM) on the endothelium may be used to prevent adhesion of
white blood cells to the vessel wall. Because anti-ICAM antibodies appear to block an early step in

reperfusion-related injury, they present a hopeful mechanism for preserving neuronal function. Other
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neuroprotective agents induce membrane stabilization. For example, an exogenous form of CDP-
choline is used in membrane biosynthesis and decreases free radical formation. Neuronal healing
agents such as basic fibroblast growth factor may also be used.

[00109] Instructions

[00110] The present invention is also directed to instructions regarding the use the inventive
morphinans for treating a variety of neurological conditions, including Parkinson’s disease or the
symptoms of Parkinson’s disease, learning and memory impairment in Alzheimer’s disease, the
symptoms of intoxication and or dependence on such narcotics as cocaine, morphine, and
methamphetamine. Such instructions may be in a permanent or temporary format. The instructions
may be in written form, such as but not limited to a textbook, protocol book, catalog, internet web
site and so on. Such instructions may be in relation to but not limited to the sale and use of the
morphinans. The instructions may be presented via a computer screen on a cathode ray tube, LCD,
LED, and so on, so long as the instructions are visible through the eye. The instructions may also be
in the form of audio/visual media, or as part of a kit for treating the various symptoms as indicated
above.

[00111]  The present invention is not to be limited in scope by the specific embodiments described
- herein. Indeed, various modifications of the invention in addition to those described herein will
become apparent to those skilled in the art from the foregoing description and accompanying figures.
Such modifications are intended to fall within the scope of the appended claims. The following

examples are offered by way of illustration of the present invention, and not by way of limitation.

EXAMPLES

(00112] EXAMPLE 1 - Preparative Examples
[00113]  Preparative Example 1.1 - Preparation of 3-hydroxy-N-(fert-butyloxycarbonyl)morphinan

2 and 3-O-(tert-butyloxycarbonyl)- N-(tert-butyloxycarbonyl)morphinan 3

[00114]
NH Boc ,Boc
N N
(Boc),0, TEA +
DCM
OH 1 2 3

OH OBoc
[00115]  To a solution of 3-hydroxy-N-(tert-butyloxycarbonyl)morphinan (200 mg, 0.62 mmol) in

dry dichloromethane (3.0 mL) were added triethylamine (250 pL, 1.83 mmol) and Boc,O (190 mg,
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0.88 mmol) sequentially and the mixture was stirred at room temperature. After 2 h, solvent was
removed under reduced pressure and the residue was purified by silica gel column chromatography
to yield Compound 2 (168 mg, 79%) and compound 3 (43m, 16%): 'H NMR (300 MHz, CDCls)
87.04~7.08 (3H, m); 3.73 (2H, m); 3.68 (1H, m); 3.08 (2H, m); 2.15 (1H, m); 1.83 (2H, m);
1.50~1.70 (8H, m); 1.40 (9H, s) (for 2), §7.05~6.83 (3H, m); 4.30 (0.50H, br) 4.00 (0.50H, br);
3.85(0.50H, m); 3.68 (0.50H, m); 3.05~3.25 (1H, m); 2.50~2.70 (2H, m); 1.65~1.80 (5H, br); 1.57
(9H, s); 1.49 (94, s); 1.15~1.30 (6H, m) (for 3).

[00116] Preparative Example 1.2 - Preparation of 3-O-propargyl-N-(tert-

butyloxylcarbonyl)morphinan 4

[00117]

Boc
N

o\/
4
[00118] To a solution of compound 2 (22 mg, 0.064 mmol) in dry DMF (2.0 mL) were added

potassium carbonate (40 mg, 0.29 mmol) and propargyl bromide (34 pL, 0.384 mmol) sequentially
and the mixture refluxed at 60 °C. After 18 h, to the mixture was added sat aq NaCl solution (2 mL)
and the mixture was extracted with EtOAc (3mLx3). Combined organic layer was dried over
anhydrous MgSO,, filtered, and concentrated. Silica gel column chromatography of the crude
product gave 20 mg (82%) of a white solid: '"H NMR (300 MHz, CDCls) 67.04~6.89 (3H, m);
4.70(2H, s); 4.33(0.5H, br); 4.18 (0.5H, m); 3.90 (0.5H, d); 3.73(0.5H, d); 3.15~3.07(1H, m); 2.59
(1H, s); 2.30 (1H, br); 1.83 (2H, m); 1.60 (2H, m); 1.44~1.47 (94, s); 1.15~1.30 (8H, m).

[00119]  Preparative Example 1.3 - Preparation of 3-(2-propynyl)oxymorphinan-HCI 5

[00120]

|
NH HCl

o\/
5
[00121] To a solution of compound 4 (22 mg, 0.052 mmol) in dry DCM (1 mL) was added 4 N

HCI in 1,4-dioxane solution (160 pL) and the mixture stirred for 6 h at room temperature. After
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starting material disappeared on TLC, solvent was evaporated. And 18 mg (96%) of white solid was
obtained: '"H NMR (300 MHz, CD;0D) 87.04~6.89 (3H, m); 4.75 (2H, s); 4.33 (0.5H, br); 4.18
(0.5H, m); 3.90 (0.5H, d); 3.73 (0.5H, d); 3.15~3.07 (1H, m); 2.59 (1H, s); 2.30 (1H, br); 1.83 (2H,
m); 1.60 (2H, m); 1.15~1.30 (8H, m).

[00122] Preparative Example 1.3 - Preparation of  3-(2-propynyloxy-N-(1-

cyclopropyl)methylmorphinan 6
[00123]

—~

N

O\/
6
[00124]  To a solution of compound 5 (6 mg, 0.017 mmol) in dry DMF (0.5 mL) were added

potassium carbonate (6.6 mg, 0.048 mmol) and cyclopropylmethyl bromide (4.0 .pL, 0.04 mmol)
sequentially and the mixture was refluxed at 60 °C. After 6 h, to the mixture was added sat aq NaCl
solution (2 mL) and organic material was extracted with DCM (3mLx2). Combined organic layer -
was dried over anhydrous MgSOs, filtered, and concentrated. Column chromatography of the crude
product gave 4.5 mg (79%) of a white solid: 'H NMR (300 MHz, CDCl;) §7.00~6.76 (3H, m);
4.70(2H, s); 3.18 (2H, br); 2.75 (2H, m); 2.68 (1H, m); 2.48 (1H, d); 2.35 (2H, m); 1.56(2H, m); 1.53
(1H, br); 1.44 (2H, m); 1.25~1.40 (6H, m);.0.95 (1H, m); 0.58 (2H, s); 0.25 (2H, m).

[00125]  Preparative Example 1.4 - Preparation of 3-(2-propynyl)oxy-N-allylmorphinan 7

[00126]

e

N

0\/
7
[00127] To a solution of compound 5 (6 mg, 0.017 mmol) in dry DMF (0.5 mL) were added
potassjum carbonate (6.6 mg, 0.048 mmol) and allyl bromide (3.1 pL, 0.036 mmol) sequentially and
the mixture was refluxed at room temperature. After 2 h, to the mixture was added sat aq NaCl
solution (2 mL) and the mixture was extracted with DCM (2 mL x 2). Combined organic layer was
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dried over anhydrous MgSQy, filtered, and concentrated. Column chromatography of the crude
product gave 5.1 mg (91%) of a white solid: '"H NMR (300 MHz, CDCls) §6.73~7.09 (3H, m); 5.90
(1H, m); 5.14 ~5.20 (2H, m); 4.64 (2H, m); 3.17(2H, m); 2.94 (2H, m); 2.85 (1H, m); 2.55 (1H, d);
2.53 (2H, m); 2.00 (2H, t); 1.63 (2H, br); 1.20~1.48 (6H, m).

[00128] Preparative Example 1.5 - Preparation of 3-(2-propynyl)oxy-N-benzylmorphinan 8
[00129]

Y

O\/
8
[00130] To a solution of compound 5 (6 mg, 0.016 mmol) in dry DMF (0.50mL) were added

potassium carbonate (6.6 mg, 0.048 mmol) and benzyl bromide (5.8 pL, 0.048 mmol) sequentially
and the mixture was refluxed at 60 °C. After 3 h, to the mixture was added sat aq NaCl solution (2
mL) and the mixture was extracted with EtOAc (3mLx3). Combined organic layer was dried over
anhydrous MgSOs, filtered, and concentrated. Column chromatography of the crude product gave
5.0 mg (84%) of a white solid: '"H NMR (300 MHz, CDCls) 86.73~7.49 (8H, m); 5.30 (2H, s); 3.68
(2H, br); 3.05(2H, m); 2.83 (1H, br); 2.55 (1H, br); 2.35 (1H, m); 2.23 (1H, m); 1.80 (1H, m);
1.13~1.60 (10H, m).

[00131]  Preparative Example 1.6 - Preparation of  3-methanesulfonyloxy-N-(tert-

butyloxylcarbonyymorphinan 9
[00132]

Boc

I

N

[00133] To a solution of compound 2 (26 mg, 0.076 mmol) in dry DCM (3.0 mL) were added
triethylamine (32pL, 0.23 mmol) and methanesulfonyl chloride (7.6 pL, 0.098 mmol). And the
mixture was refluxed at 60 °C. After 30min, the mixture was dried over anhydrous MgSOs, filtered,
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and concentrated. Column chromatography of the crude product gave 30 mg (94%) of a white solid:
'H NMR (300 MHz, CDCls) 87.04~6.89 (3H, m); 4.33(0.5H, br); 4.18 (0.5H, m); 3.90 (0.5H, d);
3.73(0.5H, d); 3.20(3H, s); 3.15~3.07(1H, m); 2.60 (1H, m); 2.55 (1H, m); 2.30 (1H, m); 1.73 (2H,
m); 1.60 (2H, br); 1.44~1.47 (9H, s); 1.15~1.30 (8H, m).

[00134]  Preparative Example 1.7 - Preparation of 3- methanesulfonyloxymorphinan-HC1 10

[00135]

HCI
NH

10
[00136] To a solution of compound 9 (27 mg, 0.019 mmol) in dry DCM (1 mL) was added 4 N

HCl in 1,4-dioxane solution (200 pL) and the mixture stirred for 12 h at room temperature. After
starting material disappeared on TLC, solvent was evaporated and 25 mg (96%) of white solid was
obtained.

[00137] Preparative  Example 1.8 -  Preparation  of  3-methanesulfonyloxy-N-

(methanesulfonyDmorphinan 11

[00138]

(@]
%!
N" o

11
[00139]  To a solution of compound 10 (7 mg, 0.020 mmol) in dry DCM (1.0 mL) were added

triethylamine (32 pL, 0.23 mmol) and methanesulfonyl chloride (7.6 pL, 0.098 mmol). The mixture
was refluxed at 60 °C. After 2h, it was dried over anhydrous MgSQ,, filtered, and concentrated.
Column chromatography of the crude product gave 7.5 mg (94%) of a white solid: '"H NMR (300
MHz, CDCl3) 87.2~6.90 (3H, m); 4.03 (1H, br); 3.68 (1H, m); 3.30 (2H, m); 3.23 (3H, s); 2.82 (3H,
m); 2.75 (3H, s); 2.60 (1H, m); 2.35 (1H, m); 1.68~1.80 (4H, m); 1.25~1.60 (6H, m); 1.15~1.20 (2H,
m).

[00140]  Preparative Example 1.9 - Preparation of 3- methanesulfonyloxy-N-allylmorphinan 12
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[00141]
NN

0
NN

12
[00142] To a solution of compound 10 (7 mg, 0.020 mmol) in dry DMF (0.5 mL) were added

potassium carbonate (6.6 mg, 0.048 mmol) and allyl bromide (3.0 uL, 0.036 mmol) sequentially and
the mixture was refluxed at room temperature. After 6 h, to the mixture was added sat aq NaCl
solution (2 mL) and the mixture was extracted with DCM (2mL x 4). Combined organic layer was
dried over anhydrous MgSOy, filtered, and concentrated.. Column chromatography of the crude
product gave 5.0 mg (70%) of a white solid: '"H NMR (300 MHz, CDCl;) 66.85~7.19 (3H, m); 5.90
(1H, br); 5.14 ~5.20 (2H, m); 3.14 (2H, m); 3.07(3H, s); 2.80 (2H, m); 2.40 (2H m); 2.35 (1H, d);
1.60~1.90 (4H, m); 1.20~1.48 (8H, m).

[00143]  Preparative Example 1.10 - Preparation of 3- methanesulfonyloxy-N-allylmorphinan 13
[00144]

v

o)

&

/,S\

13
[00145] To a solution of compound 10 (7 mg, 0.020 mmol) in dry DMF (0.5 mL) were added

potassium carbonate (6.6 mg, 0.048 mmol) and cyclopropylmethyl bromide (4.0 pL, 0.04 mmol)
sequentially and the mixture was refluxed at 60 °C. After 6 h, to the mixture was added sat aq NaCl
solution (2 mL) and the mixture was extracted with DCM (3mLx2). The combined organic layer
was dried over anhydrous MgSQy, filtered, and concentrated. Column chromatography of the crude
product gave 5.5 mg (78%) of a white solid: 'H NMR (300 MHz, CDCl;3) 86.85~7.19 (3H, m); 3.07
(3H, s); 2.80 (2H, m); 2.40~2.60 (2H, m); 2.20 (2H, m); 2.10 (2H, s); 1.700 (2H, br); 1.20~1.48 (8H,
m); 0.80 (2H, m); 0.40 (2H, m).

[00146] Preparative Example 1.11 - Preparation of 3-methanesulfonyloxy-N-benzylmorphinan 14

[00147]
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Y

O

&
//S ~N
o

14
[00148] To a solution of compound 5 (7 mg, 0.020 mmol) in dry DMF (0.50mL) were added

potassium carbonate (6.6 mg, 0.048 mmol) and benzyl bromide (5.8 pL, 0.048 mmol) sequentially
and the mixture was refluxed at 60 °C. After 12 h, to the mixture was added sat aq NaCl solution (2
mL) and the mixture was extracted with EtOAc (3mLx3). The combined organic layer was dried
over anhydrous MgSOs, filtered, and concentrated. Column chromatography of the crude product
gave 5.9 mg (74%) of a white solid: '"H NMR (300 MHz, CDCl3) 86.73~7.49 (8H, m); 3.68 (2H, m);
3.05(3H, s); 2.88 (2H, m); 2.65 (1H, m); 2.30 (1H, m); 2.13 (1H, m); 2.00 (2H, m); 1.80 (1H, m);
1.73 (2H, m); 1.40~ 1.70 (6H, m); 1.15~1.33 (2H, m).

[00149] Preparative Example 1.12 - Preparation of 3-benzyloxy-N-(tert-

butyloxycarbonyl)morphinan 15
[00150]

Boc
/

N

OBn
15

[00151] To a solution of 3-hydroxy-N-(tert-butyloxycarbonyl)morphinan (20 mg, 0.058 mmol) in
dry DMF (0.3 mL) were added potassium carbonate (17 mg, 0.12 mmol) and benzyl bromide (10
KL, 0.087 mmol) sequentially and the mixture refluxed at 60 °C. After 5 h, to the mixture was added
sat aq NaCl solution (2 mL) and the mixture was extracted with EtOAc (3mLx3). The combined
organic layer was dried over anhydrous MgSQ,, filtered, and concentrated. Column chromatography
of the crude product gave 22 mg (88%) of a white solid: "H NMR (300 MHz, CDCls) 6 7.46-7.34
(5H, m); 7.00(1H, m); 6.91 (1H, m); 6.80 (1H, m); 5.04 (2H, m); 4.37 (0.55H, br); 4.18 (0.45H, br);
3.73 (1H, m); 3.06 (1H, m); 2.65 (2H, m); 2.32 (1H, m); 1.63 — 1.08 (19H, m).

[00152]  Preparative Example 1.13 - Preparation of 3-benzyloxymorphinan-HCI 16

[00153]
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HCI
NH

OBn
16

[00154] To a solution of compound 15 (22 mg, 0.051 mmol) in dry THF (70 pL) was added 4 N
HCI in 1,4-dioxane solution (110 pL) and the mixture stirred for 2 h at room temperature. After
starting material disappeared on TLC, solvent was evaporated. Simple trituration of the crude
product gave 18 mg (97%) of a white solid: 'H NMR (300 MHz, CDCl3) 3 7.43-7.28 (SH, m); 7.12
(1H, br); 6.88 (2H, br); 5.04 (2H, m); 3.29 (2H, br); 2.90 (1H, br); 2.33 (2H, br); 1.67-1.10 (11H, m).
[00155] Preparative Example 1.14 - Preparation of 3-benzyloxy-N-(1-

cyclopropyl)methylmorphinan 17
[00156]
~<

N

OBn
17

[00157] To a solution of compound 16 (6 mg, 0.016 mmol) in dry DMF (0.16 mL) were added
potassium carbonate (6.6 mg, 0.048 mmol) and cyclopropylmethyl bromide (2.3 pL, 0.024 mmol)
sequentially and the mixture was refluxed at 50 °C. After 3 h, to the mixture was added sat aq NaCl
solution (2 mL) and the mixture was extracted with EtOAc (3mLx3). The combined organic layer
was dried over anhydrous MgSOy, filtered, and concentrated. Column chromatography of the crude
product gave 4.5 mg (72%) of a white solid: 'H NMR (300 MHz, CDCls) 37.43-7.26 (SH, m); 6.99
(1H, m); 6.86 (1H, m); 6.75 (1H, m); 5.01 (2H, m); 3.07 (1H, br); 2.90 (1H, m); 2.67-2.45 (3H, m);
2.32-2.28 (2H, m); 1.98 (1H, m); 1.81-1.25 (10H, m); 0.86 (1H, br); 0.49 (2H, br); 0.09 (2H, br).
[00158] Preparative Example 1.15 - Preparation of 3-ben: loxy-N-allylmorphinan 18
[00159]
/\/
N

OBn
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18
[00160] To a solution of compound 16 (6 mg, 0.016 mmol) in dry DMF (0.16 mL) were added

potassium carbonate (6.6 mg, 0.048 mmol) and allyl bromide (2.1 pL, 0.024 mmol) sequentially and
the mixture was refluxed at 50 °C. After 3 h, to the mixture was added sat aq NaCl solution (2 mL)
and the mixture was extracted with EtOAc (3mLx3). The combined organic layer was dried over
anhydrous MgSOs, filtered, and concentrated. Column chromatography of the crude product gave
5.1 mg (85%) of a white solid: "H NMR (300 MHz, CDCl3) 6 7.46-7.30 (5H, m); 7.05 (1H, m); 6.89
(1H, m); 6.80 (1H, m); 5.88 (1H, br); 5.24-5.15 (2H, m); 5.03 (2H, m); 3.19 (2H, br); 2.94 (2H, br);
2.59 (2H, m); 2.30 (1H, m); 2.04 (2H, br); 1.83-1.13 (9K, m).

[00161]  Preparative Example 1.16 - Preparation of 3-benzyloxy-N-benzylmorphinan 19

[00162]

Bn
/

N

OBn
19

[00163] To a solution of compound 16 (6 mg, 0.016 mmol) in dry DMF (0.16 mL) were added
potassium carbonate (6.6 mg, 0.048 mmol) and benzyl bromide (2.9 uL, 0.024 mmol) sequentially
and the mixture was refluxed at 50 °C. After 3 h, to the mixture was added sat aq NaCl solution (2
mL) and the mixture was extracted with EtOAc (3mLx3). The combined organic layer was dried
over anhydrous MgSQ,, filtered, and concentrated. Column chromatography of the crude product
gave 6.2 mg (91%) of a white solid: '"H NMR (300 MHz, CDCl3) §7.43-7.23 (10H, m); 6.87 (1H,
m); 6.86 (1H, m); 6.77 (1H, m); 5.01 (2H, m); 3.73-3.58 (2H, m); 2.99 (1H, m); 2.83 (1H, br); 2.62-
2.56 (1H, m); 2.43 (1H, m); 2.28 (1H, m); 2.12 (1H, m); 1.85-1.14 (10H, m).

[00164] Preparative Example 1.17 - Preparation of 3-benzyloxy-N-(methanesulfonyl)morphinan
20

Ms

1]

N

OBn
20
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[00165] To a solution of compound 16 (6 mg, 0.016 mmol) in dry CH,Cl, (0.16 mL) were added
triethylamine (6.7 uL, 0.048 mmol) and methanesulfonyl chloride (1.9 uL, 0.024 mmol) sequentially
and the mixture was stirred for 2 h at room temperature. To the mixture was added sat aq NaCl
solution (2 mL) and the mixture was extracted with EtOAc (3mLx3). The combined organic layer
was dried over anhydrous MgSOQy, filtered, and concentrated. Column chromatography of the crude
product gave 5.7 mg (87%) of a white solid: 'H NMR (300 MHz, CDCls) §7.44-7.25 (5H, m); 7.04
(1H, m); 6.89 (1H, m); 6.83 (1H, m); 5.05 (2H, m); 4.09 (1H, m); 3.70 (1H, m); 3.38-2.78 (6H, m);
2.28 (1H, m); 1.82-1.12 (10H, m).

[00166] Preparative Example 1.18 - Preparation of 3-benzyloxy-N-(p-toluenesulfonyl)morphinan
21

[00167]
Ts

/

N

OBn
21

[00168] To a solution of compound 16 (6 mg, 0.016 mmol) in dry CH,Cl, (0.16 mL) were added
tricthylamine (6.7 pL, 0.048 mmol) and p-toluenesulfonyl chloride (4.6 mg, 0.024 mmol)
sequentially and the mixture was stirred for 2 h at room temperature. To the mixture was added sat
aq NaCl solution (2 mL) and the mixture was extracted with EtOAc (3mLx3). The combined organic
layer was dried over anhydrous MgSO,, filtered, and concentrated. Column chromatography of the
crude product gave 7.2 mg (92%) of a white solid: 'H NMR (300 MHz, CDCl3) 8 7.71-7.68 (2H, m);
7.43-7.26 (TH, m); 6.84 (2H, m); 6.75 (1H, m); 5.00 (2H, m); 4.12 (1H, m); 3.59 (1H, m); 2.89 (1H,
m); 2.67 (1H, m); 2.46 (4H, m); 2.26 (1H, m); 1.74-1.09 (10H, m).

[00169] Preparative Example 1.19 - Preparation of _ 3-(4-bromobenzyloxy)-N-(fert-

butyloxycarbonyl)morphinan 22
[00170)

Boc
N

Br
T

22
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[00171]  To a solution of 3-hydroxy-N-(fert-butyloxycarbonyl)morphinan (20 mg, 0.058 mmol) in
dry DMF (0.3 mL) were added potassium carbonate (17 mg, 0.12 mmol) and p-bromobenzyl
bromide (22 mg, 0.087 mmol) sequentially and the mixture refluxed at 60 °C. After 5 h, to the
mixture was added sat aqg NaCl solution (2 mL) and the mixture was extracted with EtOAc (BmLx3).
The combined organic layer was dried over anhydrous MgSO,, filtered, and concentrated. Column
chromatography of the crude product gave 26 mg (86%) of a white solid: 'H NMR (300 MHz,
CDCls) 8 7.55-7.50 (2H, m); 7.36-7.25 (2H, m); 7.00 (1H, m); 6.87 (1H, m); 6.77 (1H, m); 5.00 (21,
m); 4.37 (0.59H, br); 4.18 (0.41H, br); 3.75-3.72 (1H, m); 3.06 (1H, m); 2.67-2.61 (2H, m); 2.30
(1H, m); 1.65 — 1.07 (19H, m).

[00172]  Preparative Example 1.20 - Preparation of 3-(4-bromobenzyloxy)morphinan-HCI 23

[00173]

H
N HCI

Br
1S9

23
[00174]  To a solution of compound 22 (26 mg, 0.050 mmol) in dry THF (90 pL) were added 4 N

HCI in 1,4-dioxane solution (130 pL) and the mixture stirred for 2 h at room temperature. After

starting material disappeared on TLC; solvent was removed under reduced pressure. Simple .
trituration of the crude product gave 18 mg (96%) of a white solid: 'H NMR (300 MHz, CD;0D) &

7.57-7.51 (2H, m); 7.41-7.35 (2H, m); 7.17 (1H, m); 6.92 (2H, m); 5.07 (2H, m); 3.26-3.10 (2H, m);

2.95-2.81 (1H, m); 2.78 (1H, m); 2.36 (1H, m); 1.73-1.19 (11H, m).

[00175] Preparative Example 1.21 - Preparation of _ 3-(4-bromobenzyloxy)-N-(1-

cyclopropylmethylmorphinan 24
[00176]

N,

Br
¢

24
[00177]  To a solution of compound 23 (6 mg, 0.016 mmol) in dry DMF (0.16 mL) were added

potassium carbenate (6.6 mg, 0.048 mmol) and cyclopropylmethyl bromide (2.3 uL, 0.024 mmol)
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sequentially and the mixture was refluxed at 50 °C. After 3 h, to the mixture was added sat aq NaCl
solution (2 mL) and the mixture was extracted with EtOAc (3mLx3). The combined organic layer
was dried over anhydrous MgSO,, filtered, and concentrated. Column chromatography of the crude
product gave 5.7 mg (74%) of a white solid: '"H NMR (300 MHz, CDCl3) & 7.51-7.33 (2H, m); 7.30-
7.26 (2H, m); 7.01 (1H, m); 6.84 (1H, m); 6.73 (1H, m); 4.98 (2H, m); 3.21 (1H, br); 2.95-2.85 (1H,
m); 2.73-2.51 (3H, m); 2.32 (2H, m); 1.98 -1.23 (11H, m); 0.75 (1H, br); 0.52 (2H, br); 0.12 (2H,
br).

[00178]  Preparative Example 1.22 - Preparation of 3-(p-bromobenzyloxy)-N-allylmorphinan 25
[00179]

S~
N
&O Br
LT
25

[00180] To a solution of compound 23 (6 mg, 0.016 mmol) in dry DMF (0.16 mL) were added
potassium carbonate (6.6 mg, 0.048 mmol) and allyl bromide (2.1 pL, 0.024 mmol) sequentially and
the mixture was refluxed at 50 °C. After 3 h, to the mixture was added sat aq NaCl solution (2 mL)

and the mixture was extracted with EtOAc (3mLx3). The combined organic layer was dried over
-anhydrous MgSOs, filtered, and concentrated. Column chromatography of the crude product gave -
6.3 mg (87%) of a white solid: '"H NMR (300 MHz, CDCl3) 6 7.54-7.36 (2H, m); 7.31-7.25 (2H, m);
7.00 (1H, m); 6.82 (1H, m); 6.75 (1H, m); 5.79 (1H, br); 5.28-5.13 (2H, m); 5.01 (2H, m); 3.21 (2H,
br); 2.90 (2H, br); 2.62 (2H, m); 2.27 (1H, m); 2.06 (2H, br); 1.85-1.21 (9H, m).

[00181]  Preparative Example 1.23 - Preparation of 3-hydroxy-N-(benzyloxycarbonyl)morphinan
26

[00182]
Cbz

/

N

OH
26

[00183]  To a stirred solution of 3-hydroxymorphinan (20 mg, 0.061 mmol) and triethylamine (26
KL, 0.183 mmol) in dry Dichloromethane (0.3 mL) was added benzyl chloroformate (10.5 pL, 0.073
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mmol) at 0°C. The mixture was stirred for 2 h, and to the mixture was added sat aq NaCl solution (2
mL) and the mixture was extracted with EtOAc (3mLx3). The combined organic layer was dried
over anhydrous MgSO,, filtered, and concentrated, after column chromatography of the crude
product gave 12 mg (51%) of title compound: 'H NMR (300 MHz, CDCl5) 87.3~7.5 (5H, m) 6.9
(14, t); 6.8 (1H, d); 6.6 (1H, t); 5.1 (2H, s); 4.3 (1H, dd); 3.9 (1H, m); 3.1 (1H, m); 2.7 (2H, m); 2.3
(1H, d); 1.0~1.8 (10H, m).

[00184] Preparative FExample 1.24 - Preparation of 3- bengzyloxycarbonyloxy-N-

(benzyloxycarbonyl)morphinan 27

[00185]
Cbz

4

N

OCbz
27

[00186] To a stirred solution of 3-hydroxymorphinan (5 mg, 0.015 mmol) and triethylamine (13
pL, 0.091 mmol) in dry dichloromethane (0.3 mL) was added benzyl chloroformate (5.2 pL, 0.036
mmol) at 0°C. The reaction mixture was stirred for 2 h at room temperature. After starting material
disappeared on TLC, solvent was removed and column chromatography gave 6.3 mg (80%) of title
compound: 'H NMR (300 MHz, CDCl3) 87.3~7.6 (10H, m); 7.0 (2H, m); 6.9 (1H, m); 5.3 (2H, s);
5.1 (2H, s); 4.3 (1H, dd); 3.9 (1H, m); 3.1 (1H, m); 2.7 (2H, d); 2.3 (1H, m); 1.0~1.8 (10H, m).

..[00187] Preparative  Example 1.25 - Preparation  of  3-anilinocarbonyloxy-/N-

phenyluridomorphinan 28
[00188]

oL
YNH
N

0O NHL

\ﬂ/ Ph

o}
28
[00189] To a stirred solution of 3-hydroxymorphinan (5 mg, 0.015 mmol) and triethylamine (8.3
pL, 0.060 mmol) in dry dichloromethane (0.3 mL) was added phenyl isocyanate (5 pL, 0.046 mmol)
and the mixture was stirred for 1 h at 0°C. After starting material disappeared on TLC, solvent was
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removed and column éhromatography gave 6.5 mg (88%) of the title compound: "H NMR. (300
MHz, CDCl3) 87.4 (2H, d); 7.2 (6H, m); 7.0 (6H, m); 6.3 (1H,s); 4.4 (1H, s); 3.5 (1H, d. d.); 3.1 (1H,
d. d.); 2.8 (2H, m); 2.3 (1H, m); 1.0~1.9 (10H, m).

[00190] Preparative Example 126 - Preparation of  3-anilinocarbonyloxy-N-(tert-

butvloxycarbonylmorphinan 29
[00191]

Boc
N

o\[rNH\Ph
0
29

[00192] To a stirred solution of 3-hydroxy-N-(tert-butyloxycarbonyl)morphinan (9 mg, 0.026
mmol) and triethylamine (10 uL, 0.04 mmol) in dry dichloromethane (0.3 mL) was added phenyl .
isocyanate (4 pL, 0.045 mmol) and the mixture was stirred for 1h. After starting material -
disappeared on TLC, solvent was removed and column chromatography gave 11 mg (90%) of the
title compound: 'H NMR (300 MHz, CDCl3) 67.4 (2H, d); 7.3 (2H, t); 7.1 (3H, m); 6.9 (2H, m); 4.3
(1H, m); 3.8 (1H, m); 3.1 (1H, d. d.); 2.4~2.8 (2H, m); 2.3 (1H, m); 1.3 (9H, s); 1.0~1.7 (10H, m).
[00193] ‘Preparative Example 1.27 - Preparation of 3-anilinocarbonyloxymorphinan-HC] 30

[00194]
H Hal

O __NH_

\[( Ph
0
30
[00195] To a solution of 3-O-phenylcarbamoyl-N-(fert-butyloxycarbonyl)morphinan D-4 (10 mg,

0.051 mmol) in dry dichloromethane (0.5 mL) was added 4N HCl in 1,4-dioxane solution ( 120 pL)
and the mixture stirred for 2 h at room temperature. After starting material was disappeared on TLC,
solvent was concentrated. Simple trituration of the crude product gave 9 mg (96%) of white solid: 'H
NMR (300 MHz, CD;0D) §7.5 (2H, d); 7.3 (3H, m); 7.1 (1H, d); 7.0 (2H, m); 3.9 (1H, m); 3.0~3.4
(3H, m); 2.8 (1H, m); 2.5 (1H, m); 1.0~1.9 (10H, m).

[00196] Preparative Example 1.28 - Preparation of N-Boc-3-pivaloyloxymorphinan 31
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[00197)
HCl
motes {;@3 tg
CHZCIZ Dioxane
3 32 33 (R—methylcyc]opropyl)

34 (R=benzy!)

35 (R=propargyl)

36 (R=methanesulfonyl)

Boc
N

<

0
31
[00198]  To a solution of N-Boc-3-hydroxymorphinan 2 (20 mg, 0.058 mmol) and triethylamine ©

L, 0.064 mmol) in dry CH,Cl, (1 mL) was slowly added pivaloyl chloride (8 uL, 0.064 mmol) at 0
°C and the mixture stirred for 1 h. Solvent was removed under reduced pressure. The crude product
was purified on a silica gel column chromatography (5:1 n-Hexane/EtOAc) to give a colorless oil
(23 mg, 92% yield): '"H NMR (300 MHz, CDCl5) 0.9~1.7 (m, 29 H); 2.34 (d, J = 9.9 Hz, 1 H);
2.52~2.73 (m, 2 H); 3.09~3.17 (m, 1 H); 3.73~3.84 (m, 1 H); 6.83~6.87 (m, 1 H); 6.95 (s, 1 H);
7.09~7.12 (m, 1 H).

[00199] Preparative Example 129 -  Preparation _ of _ N-(1-cycloprypyl)methyl-3-

pivaloyloxymorphinan 33
[00200]

O\ﬂ><
0
33

[00201]  To a solution of N-Boc-3-pivaloyloxymorphinan (5 mg, 0.012 mmol) in dry CH,Cl, 0.2
mL) was added 4 M HCI dioxane solution (0.5 mL) and stirred for 2 h at 0 °C. Solvent was
evaporated under reduced pressure. The crude HCI salt of 3-pivaloyloxy morphinan 32 was

dissolved in CH3CN (0.5 ml) and to it were slowly added (bromomethyl)cyclopropane (2 uL, 0.020
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mmol) and TEA (9 pL, 0.064 mmol) at 0°C. After 10 h stirring, the reaction mixture was
concentrated under reduced pressure. The crude product was purified on a silica gel column
chromatography (95:5 CH,Clo,/MeOH) to give a colorless oil (3 mg, 65% yield): '"H NMR (300
MHz, CDCl;) 0.43~1.58 (m, 24 H); 2.35~2.52 (m, 2 H); 2.69~2.73 (m, 1H); 2.90~2.96 (m, 2 H);
3.16~3.35 (m, 2H); 3.91 (s, 1 H); 6.92~6.96 (m, 1H); 6.99 (s, 1H); 7.17 (d, J= 8.2 Hz, 1 H).
[00202]  Preparative Example 1.30 - Preparation of N-benzyl-3-pivaloyloxymorphinan 34

v,

O\ﬂ><
0
34

[00203]  To a solution of compound 31 (5 mg, 0.012 mmol) in dry CH,Cl, (0.2 ml) was added 4 M
HC] dioxane solution (0.5 mL) and the mixture stirred for 2 h at 0°C. Solvent was evaporated under
reduced pressure. The crude amine salt 32 was dissolved in CH,Cl, (0.5 ml) and to it were slowly
added benzyl bromide (2 pL, 0.020 mmol) and TEA (9 pL, 0.064 mmol) at 0°C. After 4 h stirring,
the reaction mixture was concentrated under reduced pressure. The crude product was purified on a
silica gel column chromatography (3:1 n-Hexane/EtOAc) to give a colorless oil (4 mg, 80 % yield):
'H NMR (300 MHz, CDCls) 0.91~1.74 (m, 18 H); 1.89 (m, J = 12.6 Hz, 1 H); 2.07~2.21 (m, 1 H),
2.29~2.48 (m, 2H); 2.63~2.69 (m, 1 H); 2.87 (s, 1 H); 3.09 (d, J = 18.3 Hz, 1 H); 3.68 (dd, J = 13.4
Hz, 2H); 6.82~6.93 (m, 2H); 7.15 (d, /= 8.3 Hz, 1 H); 7.25~7.38 (m, 5 H).

[00204]  Preparative Example 1.31 - Preparation of N-(2-propynyl)-3-pivaloyloxymorphinan 35

[00205]
NT =

L
0]
35

[00206] To a solution of compound 31 (5 mg, 0.012 mmol) in dry CH,Cl, (0.2 mL) was added 4
M HCI dioxane solution (0.5 mL) and the mixture stirred for 2 h at 0 °C. Solvent was evaporated
under reduced pressure. The crude amine salt 32 was dissolved in CH,Cl, (0.5 mL) and to the
mixture was slowly added 80 wt% propargyl bromide solution in toluene (2 pL, 0.020 mmol) and

TEA (9 pL, 0.064 mmol) at 0°C. After 4 h stirring, the reaction mixture was concentrated under
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reduced pressure. The crude product was purified on a silica gel column chromatography (1:1 7-
Hexane/EtOAc) to give a colorless oil (3 mg, 68 % yield): 'H NMR (300 MHz, CDCl;) 1.15~1.87
(m, 20 H); 2.14~2.31 (m, 2 H); 2.67~2.74 (m, 2H); 3.02 (d, J = 18.6 Hz, 1 H); 3.12~3.14 (m, 1 H);
3.36~3.39 (m, 2H); 6.81~6.93 (m, 2H); 7.16 (d, /= 8.2 Hz, 1 H).

[00207]  Preparative Example 1.32 - Preparation of N-methanesulfonyl-3-pivaloyloxymorphinan
36

[00208]

O)‘s\/
N" o

L
(0]
36

[00209]  To a solution of compound 31 (5 mg, 0.012 mmol) in dry CH,Cl, (0.2 mL) was added 4
M HC1 dioxane solution (0.5 mL) and stirred for 2 h at 0 °C. The solvent was evaporated under
reduced pressure. The crude amine salt 32 was dissolved in CH,Cl, (0.5 mL) and slowly added
methanesulfonyl chloride (2 uL, 0.030 mmol) and TEA (9 pL, 0.064 mmol) at 0 °C. After 1 h
stirring, the reaction mixture was concentrated under reduced pressure. The crude product was -
purified on a silica gel column chromatography (3:1 n-Hexane/EtOAc) to give a colorless oil (3 mg,
82 % yield): "H NMR (300 MHz, CDCl3) 1.08~1.87 (m, 20 H); 2.36 (d, J = 12.4 Hz, 1 H); 2.77~2.92
(m, 5 H); 3.51~3.54 (m, 1 H); 4.10~4.15 (m, 1H); 6.86~6.96 (m, 2H); 7.13 (d, /= 8.3 Hz, 1 H).
[00210]  Preparative Example 1.33 - Preparation of 3-(trifluoromethanesulfonyloxy)morphinan 38
[00211]

NH N
PHNsz TEA HC](g) H RX H
CH2C|2 Dloxane
0 0
38

38 (R=benzyl)
40 (R=methylcyclopropyl)

HCI
NH

OTf
38
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[00212] To a solution of compound 2 (200 mg, 0.58 mmol) and TEA (0.32 mL, 2.32 mmol) in dry
CH,Cl, (5 mL) was slowly added PhNTf, (414 mg, 1.16 mmol) at 0 °C. The reaction mixture was
allowed to warm to room temperature and stirred for 6 h. The solution was diluted with CH,Cl,,
washed with sat aq NaHCOs; solution, and then dried over sodium sulfate. It was filtered and the
filtrate concentrated under reduced pressure to afford a crude product 37. To solution of crude 37 in
dry CH,Cl, (1 mL) was added 4 M HCI dioxane solution (5 mL) and the mixture stirred for 5 h at
room temperature. Solvent was removed in vacuo. The crude amine salt was purified on a silica gel
column chromatography (90:5:5 CH,Cl,/MeOH/TEA) to give a pale yellow oil (184 mg, 85% yield):
'H NMR (300 MHz, CDCl3) 0.96~2.04 (m, 12 H); 2.27~3.18 (m, 4 H); 3.45 (s, 1 H); 7.07~7.15 (m,
2H); 7.22 (s, 1 H).

[00213]  Preparative Example 1.34 - Preparation of N-benzyl-3-

(trifluoromethanesulfonyloxy)morphinan 39
[00214]

N/_®
O‘

OTf
39
- [00215]  To a solution of compound 38 (50 mg, 0.13 mmol) and TEA (74 uL, 0.53 mmol) in dry

CH,Cl; (2 mL) was slowly added benzyl bromide (32 pL, 0.27 mmol) at 0 °C and stirred for 5 h.

Solvent was removed under reduced pressure. The crude product was purified on a silica gel column
chromatography (90:5 CH>Cly/MeOH) to give a colorless oil (51 mg, 84 % yield):lH NMR (300
MHz, CDCl;) 1.05~1.72 (m, 9 H); 1.74~1.85 (m, 1 H); 1.90~1.94 (m, 1 H); 1.96~2.05 (m, 1 H); 2.31
(d,J=13.0 Hz, 1 H); 2.48~2.52 (m, 1 H); 2.88~2.91 (m, 1 H); 3.12 (d, /= 18.6 Hz, 1 H); 3.67 (ad, J
= 13.4 Hz, 2 H); 7.03~7.38 (m, 8H).

[00216] Preparative Example 1.35 -  Preparation of  N-(l-cyclopropyDmethyl-3-

(trifluoromethanesulfonyloxy)morphinan 40

v

OTf
40
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[00217] To a solution of compound 38 (50 mg, 0.13 mmol) and TEA (74 pL, 0.53 mmol) in dry
CHzCl; (2 mL) was slowly added (bromomethyl)cyclopropane (25 pL, 0.26 mmol) at 0 °C and the
mixture stirred for 5 h. Solvent was removed under reduced pressure. The crude product was
purified on a silica gel column chromatography (95:5 CH>Cl,/MeOH) to give a white solid (43 mg,
77% yield): '"H NMR (300 MHz, CDCl3) 0.19~2.10 (m, 17 H); 2.31 (d, J = 13.8 Hz,1 H); 2.47~2.59
(m, 2 H); 2.78~2.88 (m, 2 H); 3.30 (s, 1 H); 7.02~7.06 (m, 1 H); 7.13~7.20(m, 2 H).

[00218] Preparative Example 1.36 - Preparation of Compound 41

[00219]

N/\V i) Pd(OAC),, (S)-BINAP N/\V N/\V

,Benzophenone imine,

CS,C03 NsCl, TEA
ii) 2N HCl CHaCly
orr 40
NH, 41 NHNs 42

(Ns = 4-nitrobenzenesulfonyl)

[00220] A round bottom flask were charged with Pd(OAc), (1 mg, 0.0045 mmol), (S)-(-)-BINAP
(3 mg, 0.0045 mmol), and CS,CO; (22 mg, 0.069 mmol) and flushed with argon. To the mixture N-
(1-cyclopropyl)methyl-3-(trifluoromethanesulfonyloxy)morphinan (40) (20 mg, 0.046 mmol) in
DMF (1 mL) and benzophenoneimine (13 mg, 0.069 mmol) were added. The mixture was heated at -
80 °C for 12 h, then treated with 2 N HCl solution (3 mL) at room temperature for 2 h. Solvent was
removed under reduced pressure. The crude product was purified on a silica gel column
chromatography (95:5:5 CH,CL,/MeOH/TEA) to give a white solid (10 mg, 73% yield): 'H NMR -
(300 MHz, CDCls) 0.15~3.24 (m, 25 H); 6.62~6.65 (m, 1 H); 6.75 (d, J = 2.2 Hz,1 H); 6.94 (d, J =

8.2 Hz,1 H).
[00221] Preparative Example 1.37 - Preparation of Compound 42
[00222]

vV

NHNs

(Ns = 4-nitrobenzenesulfonyl)

42
[00223]  To a solution of compound 41 (5 mg, 0.017mol) and TEA (7 ul, 0.051 mmol) in dry

CH,Clz (1 ml) was slowly added 4-nitrobenzenesulfony! chloride (7 mg, 0.034 mmol) at 0 °C and the
mixture stirred for 1 h. Solvent was removed under reduced pressure. The crude product was
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purified on a silica gel column chromatography (95:5 CH,Cl,/MeOH) to give a colorless oil (6 mg,
83 % yield): '"H NMR (300 MHz, CDCl3) 0.19~0.63 (m, 8 H); 0.96~2.11 (m, 13 H); 2.55~3.53 (m, 6
H); 6.83~6.87 (m, 2 H); 7.10 (d, /= 8.3 Hz, 1 H); 8.10 (d, J = 8.7 Hz, 2 H); 8.38 (d, J = 8.7 Hz, 2
H).

[00224]  Preparative Example 1.38 - Preparation of Compound 43

[00225]

Y Y

1. Pd(OAc),, (S)-BINAP
\Benzophenone imine, CS,CO3

2. 2N HCl
3.NsCl, TEA,CH,Cl,

OTf 39 NHNs 43

(Ns = 4-nitrobenzensulfonyl)

[00226] A round bottom flask was charged with Pd(OAc), (1 mg, 0.0045 mmol), (S)-(-)-BINAP
(3 mg, 0.0045 mmol), and CS,CO; (22 mg, 0.069 mmol) and flushed with argon. Triflate 39 (20 mg,
0.046 mmol) in DMF (1 mL) and benzophenone imine (13 mg, 0.069 mmol) were added. The
mixture was heated at 80 °C for 12h, and then treated with 2 N aq HCI solution (3 mL) at room
temperature for 2 h. Solvent was removed under reduced pressure. To a solution of the crude
compound and TEA (17 pL, 0.127 mmol) in dry CH,Cl, (1 mL) was slowly added 4-
nitrobenzenesulfony! chloride (8 mg, 0.041 mmol) at 0 °C and stirred for 1 h. The solvent was
concentrated under reduced pressure. The crude product was purified on a silica gel column
chromatography (2:1 n-Hexane/EtOAc) to give a colorless oil (6 mg, 83% yield): 'H NMR (300
MHz, CDCl3) 0.89~2.06 (m, 12 H); 2.46~2.701 (m, 2 H); 2.87 (s, 1 H); 3.06 (d, J= 18.6 Hz, 1 H);
3.54~4.10 (m, 2 H); 6.76 (s, 1 H); 6.83~6.86 (m, 1 H); 7.12 (d, J = 8.4 Hz, 1 H); 8.04 (d, /= 8.8 Hz,
2 H).

[00227]  Preparative Example 1.39 - Preparation of 3-vinyl-N-(fert-butyloxycarbonyDmorphinan
44

-52.-



WO 2005/110412

Boc
N Trlbutyl vmyl)tln
Pd(PPh3)4
Dioxane
oTf 37
HCI
NH N ANF
Allyl Bromide,
HCl(g) K,COs
Dioxane DMF
46 47
,Boc
N
N Y
44
[00228] To a stirred solution of

PCT/IB2005/051582

IBoc
N
S 45

H,, Pd/C
MeOH

3-O-(trifluoromethansulfonyl)-N-(tert-

butyloxycarbonyl)morphinan 37 (18 mg, 0.039 mmol) in dry 1,4-dioxane (0.8 mL) were added
tributyl(vinyl)tin (17 pL, 0.059 mmol), LiCl (17.3 pL, 0.117 mmol), Pd(PPhs), (17.3 pL, 0.174
mmol), and a few crystals of 2,6-di-tert-butyl-4-methylphenol. The resulting suspension was heated

to reflux. After starting material disappeared on TLC, solvent was evaporated and column
chromatography of the residue gave 8 mg (59%) of the title compound: '"H NMR (300 MHz, CDClL)
67.25~7.32(2H, m) 7.05(1H, d); 6.62(1H, d.d.); 5.78(1H, d); 5.20(1H, d); 4.30(1H, m);
3.55~4.80(1H, m); 3.10(1H, m); 2.30~2.65(2H, m); 2,05(1H, m); 1.23(9H, s); 1.00~1.80(10H, m).

[00229] Preparative Example 1.40 - Preparation of 3-Ethyl-N-(tert-butyloxycarbonyl)morphinan,
45
[00230]

lBoc

N

45
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[00231]  To a stirred solution of 3-vinyl-N-(tert-butyloxycarbonyl)morphinan, 44 (10 mg, 0.028
mmol) in dry methanol (1 mL) was added Pd/C (4 mg) and the flask was charged with hydrogen gas
in a balloon. After starting material disappeared on TLC, solvent was evaporated and column
chromatography of the residue gave 7 mg (70%) of product: ‘H NMR (300 MHz, CDCls) 87.06~7.36
(3H, m); 4.37 (0.5H, s); 4.19 (0.5H, s); 3.88 (1H, dd); 3.11 (1H, m); 2.63 (2H, m); 2.59 (2H, m);
2.44 (1H, m); 1.60 ~ 1.80 (4H, m); 1. 40 ~ 1.60 (9H, d); 0.90 ~ 1. 40 (9H, m).

[00232]  Preparative Example 1.41 - Preparation of 3-Ethylmorphinan-HCI 46

[00233]

HCI
NH

46
[00234] To a stirred solution of 3-Ethyl-N-(tert-butyloxycarbonyl)morphinan 45 (6 mg, 0.017

mmol) in dry DCM (1 mL) was added 4N HCI in 1,4-dioxane solution (300uL) and the mixture
stirred for 4h at room temperature. After starting material was disappeared on TLC, solvent was
evaporated. 'H NMR (300 MHz, CDCl;) 87.13~7.46 (3H, m); 3.27 (2H, m); 3.19 (2H, s); 2.88 (1H, -
m); 2.81 (1H, m); 2.58 (2H, m); 1.10 ~ 1.80 (13H, m).

[00235] Preparative Example 1.42 - Preparation of 3-Ethyl-N-Allylmorphinan 47

[00236]
NN

47
[00237] To a stirred solution of 3-Ethylmorphinan-HCI 46 (3 mg, 0.01 mmol) in dry DMF (0.6

mL) was added potassium carbonate (5 mg, 0.036 mmol), allyl bromide (5.0 pL, 0.060 mmol)
sequentially and the mixture was refluxed. After 2 h, the mixture was dried over anhydrous MgSO,,
filtered, and concentrated. Column chromatography of the product gave ~2 mg of white solid. 'H
NMR (300 MHz, CDCl;) § 6.89~7.16 (3H, m); 5.80 (1H, d); 5.16 ~ 5.30 (2H, m); 4.00 ~ 4.30 (1H,
dd); 3.68 (2H, t); 3.66 (1H, m); 3. 15 (1H, br); 2. 68 (2H, m); 2. 50 (2H, m); 2.38 (1H, m); 1.10 ~
1.70 (13H, m).
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[00238] Preparative Example 1.43 - Preparation of 3-(1°,2’-dihydroxyethyl)-N-(tert-
butyloxycarbonyl)morphinan 48

[00239]
Boc Boc
N N
NMO, OsO4
Acetone : H,0 = 2:1
OH

[00240] To a stirred solution of 3-\'f-iigyl-N-(tert—butyloxycarbonyl)morphinan 44 (10.5 mg, 0.03
mmol) in acetone : water = 2:1 solution (0.3 mL) were added N-methylmorpholine-N-oxide (10 pL,
50 wt.% in water), and osmium tetroxide (one drop) sequentially and the mixture was stirred for 2 h
at rt. After starting material disappeared on TLC, ethyl acetate (2 mL) and aqueous Na,SO; solution
(2 mL) were poured into the mixture, and the organic layer was separated, dried over MgSOs, and
concentrated. Column chromatography gave 10 mg (87 %) of the title compound: 'H NMR (300
MHz, CDCl3) 67.29~7.36(1H, m); 7.17~7.10(2H, m); 4.79(1H, d); 4.37(0.55H, br); 4.19(0.45H, br);
3.77~3.66 (3H, m); 3.11 (1H, m); 2.72~2.41 (4H, m); 2.03 (1H, m); 1.71~1.04 (19H, m).

[00241] Preparative Example 1.44 -  Preparation of _ 3-Phenylcarbamoyloxy-N-(3-

chloropropyl)morphinan 49

[00242]
H (\/C!
N Hal |
1-Bromo-3-Chioropropane
KoCO3
DMF
c>\n’NH‘Ph (e} NH‘Ph
o 30 hig 49

[00243] To a stirred solution of 3-phgnylcarbamoyloxymorphinan-HCl 30 (2.8 mg, 0.007 mmol)
in dry DMF (0.15 mL) was added potassium carbonate (5.4 mg, 0.021 mmol), 1-bromo-3-
chloropropane (1.9 pL, 0.042 mmol) sequentially and the mixture was stirred at 50 °C. After starting
material disappeared on TLC, solvent was concentrated and column chromatography gave 2.1 mg
(70%) of the title compound: '"H NMR (300 MHz, CDCls) §7.35 (4H, m); 7.10 (2H, m); 6.85 (1H,
d); 6.75 (1H, d.d.); 6.28 (1H, s); 4.38 (1H, m); 4.10 (2H, t); 3.80 (2H, t); 3.65 (1H, m); 3.14 (1H,
d.d.); 2.83 (2H, m); 2.37 (1H, m); 2.25 (2H, m); 1.00~1.80 (10H, m).

[00244] Preparative Example 145 - Preparation of 3-Phenylcarbamoyloxy-N-

(methanesulfonymorphinan 50
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[00245]
O\\/

ey

N

O_NH.

3 Ph
o]
50

[00246] To a stirred solution of 3-O-phenylcarbamoyloxymorphinan-HC1 30 (2.8 mg, 0.007
mmol) and triethylamine (5.4 pL, 0.042 mmol) in dry dichloromethane (0.3 mL) was added
methanesulfonylchloride (1.5 pL, 0.021 mmol) and the mixture stirred at room temperature. A fter
starting material disappeared on TLC, solvent was removed and column chromatography gave 2.1
mg (70%) of the title compound: "H NMR (300 MHz, CDCl3) 87.48(2H, d); 7.31 (2H, t); 7.15 (3H,
m); 7.04 (1H, m); 6.90 (1H, s); 4.11 (1H, m); 3.55 (1H, m); 3.18 (1H, m); 2.93 (3H, s); 2.84 (2H, m);
2.30 (1H, d); 1.00~1.80 (10H, m).

[00247]  Preparative Example 1.46 - Preparation of 3-Phenylcarbamoyloxy-N-acetylmorphinan 51

[00248]
0

.

N

O NH.

TPh

0
51

[00249] To a stirred solution of 3-O-phenylcarbamoyloxymorphinan-HCl 30 (2.8 mg, 0.007
mmol) and triethylamine (5.4 pL, 0.042 mmol) in dry dichloromethane (0.3 mL) was added acetyl
chloride (1.4 pL, 0.021 mmol) and the mixture was stirred at room temperature. After starting
material disappeared on TLC, solvent was removed and column chromatography gave 2 mg (70%)
of the title compound: '"H NMR (300 MHz, CDCl3) 87.45 (2H, d); 7.30 (2H, t); 7.15 (3H, m); 7.03
(2H, m); 4.95 (1H, m); 3.55 (1H, m); 3.15 (1H, m); 2.90 (1H, m); 2.75 (1H, m); 2.30 (1H, m); 2.05
(3H, s); 1.00~1.80 (10H, m).

[00250] Preparative  Example 147 -  Preparation  of  3-(3-Chloropropyloxy)-N-

(benzyloxycarbonymorphinan 52
[00251]
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1-Bromo-3-Chloropropane
KoCO3

O\/\/Cl

[00252] To a stirred solution of 3-hydroxy-N- (benzyloxycarbonyl)morphinan 26 (3.6 mg, 0.009
mmol) in dry DMF (0.16 mL) were added potassium carbonate (4 mg, 0.028 mmol), 1-bromo-3-
chloropropane (2.8 uL, 0.028 mmol) sequentially and the mixture was stirred at 50 °C. After starting
material disappeared on TLC, solvent was removed and column chromatography gave 3 mg (70%)
of the title compound: 'H NMR (300 MHz, CDCl3) 87.30 (SH, m); 7.00 (1H, t); 6.83 (1H,d); 6.70
(1H, d. d.); 5.10 (2H, m); 4.30 (1H, m); 4.05 (2H, t); 3.90 (1H, m); 3.79 (2H, t); 3.05 (1H, m); 2.75
(2H, m); 2.30 (1H, m); 2.15 (2H, m); 1.00~1.80 (10H, m).

[00253] Preparative Example 148 - Preparation of _ 3-(3-chloropropyloxy)-N-(fert-

butyloxycarbonyl)morphinan 53
[00254]

1-Bromo-3-Chloropropane
KoCO4

O A

. 53
[00255] To a stirred solution of 3-hydroxy-N-(fert-butyloxycarbonyl)morphinan (20 mg, 0.058

mmol) in dry DMF (0.3 mL) was added potassium carbonate (24 mg, 0.174 mmol), 1-bromo-3-
chloropropane (17.3 pL, 0.174 mmol) sequentially and the mixture was stirred at 50 °C. After
starting material disappeared on TLC, solvent was removed and column chromatography gave 18
mg (74%) of the title compound: 'H NMR (300 MHz, CDCl;) 87.05 (1H, m); 6.83 (1H, d); 6.75 (1H,
d.d.); 4.28 (1H, d); 4.05 (2H, t); 3.90 (1H, m); 3.83 (3H, t); 3.15 (1H, m); 2.60 (2H, m); 2.30 (1H,
m); 2.15 (1H, m); 1.30 (94, s); 1.00~1.80 (10H, m).

[00256] Preparative Example 1.49 - Preparation of 3-(3-chloropropyloxy)morphinan-HCl 54
[00257]
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H
N .HCI

O A~
54
[00258] To a stirred solution of 3-(3-chloropropyloxy)-N-(fert-butyloxycarbonyl)morphinan 53

(17 mg, 0.04 mmol) in dry dichloromethane (1.0 mL) was added 4 N HCl in 1,4-dioxane solution
(200 pL) and the mixture stirred for 2 h at room temperature. After starting material disappeared on
TLC, solvent was concentrated. Simple trituration of the crude product gave 14 mg (97%) of a white
solid: "H NMR (300 MHz, CD;0D) §7.15 (1H, d); 6.80~7.10 (2H, m); 4.05 (2H, t); 3.78 (2H, t);
3.65 (2H, m); 3.30 (1H, m); 3.10 (2H, m); 2.78 (1H, m); 2.45 (1H, m); 2.18 (2H, m); 1.00~ 2.00
(10H, m).

[00259]) Preparative _ Example 1.50 -  Preparation  of  3-(3-chloropropyloxy)-N-

(methanesulfonyl)morphinan 55

[00260]
%
N O

O _~_¢GCl
55
[00261]  To a stirred solution of 3-(3-chloropropyloxy)morphinan-HCl 54 (3 mg, 0.008 mmol) and

triethylamine (7 uL, 0.050 mmol) in dry dichloromethane (0.3 ml) was added
methanesulfonylchloride (2 pL, 0.025 mmol) and the mixture was stirred at room temperature. After
starting material disappeared on TLC, solvent was removed and column chromatography gave 3 mg
(88%)of title compound: '"H NMR (300 MHz, CDCl;) §7.01 (1H, m); 6.85 (1H, d); 6.70 (1H, d.d);
4.05 (3H, m); 3.78 (2H, t); 3.56 (1H, d.d.); 3.15 (1H, d.d.); 2.90 (3H, s); 2.83 (2H, m); 2.32 (1H, m);
2.20 (2H, m); 1.00~1.90 (10H, m).

[00262] Preparative Example 1.51 - Preparation of 3-(3-chloropropyloxy)-N-acetylmorphinan 56
[00263]
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o L~_C
56
[00264]  To a stirred solution of 3-(3-chloropropyloxy)morphinan-HC] 54 (3 mg, 0.008 mmol) and

triethylamine (7 pL, 0.050 mmol) in dry dichloromethane (0.3 mL) was added acetyl chloride (1.8
pL, 0.025 mmol) and the mixture was stirred at room temperature. After starting material
disappeared on TLC, solvent was concentrated and column chromatography gave 2.5 mg (82%) of
the title compound: '"H NMR (300 MHz, CDCl3) 66.96 (1H, t); 6.83 (1H, d); 6.75 (1H, d. d.); 4.92
(1H, m); 4.15 (2H, t); 3.81 (2H, t); 3.75 (1H, m); 3.12 (1H, m); 2.95 (1H, m); 2.62 (1H, m); 2.30
(1H, m); 2.18 (2H, m); 2.05 (3H, s); 1.00~1.80 (10H, m).

[00265] Preparative Example 1.52 - Preparation of 3-(3-chloropropyloxy)-N-benzylmorphinan 57

[00266]

Y

SN
57
[00267]  To a stirred solution of 3-(3-chloropropyloxy)morphinan-HCI 54 (3 'mg, 0.008 mmol) in -

dry DMF (0.15 mL) was added potassium carbonate (7 mg, 0.024 mmol), benzylbromide 2 uL,
0.032 mmol) sequentially and the mixture was stirred at 50 °C. After starting material disappeared
on TLC, solvent was concentrated and column chromatography gave 3 mg (87%) of the title
compound: 'H NMR (300 MHz, CDCls) §7.15~7.35 (5H, my); 7.05 (1H, d); 6.80 (1H, s); 6.73 (1H,
d); 4.10 (2H, t); 3.55~3.85 (4H, m); 3.05 (1H, m); 2.80 (1H, m); 2.56 (1H, m); 2.40 (1H, m);
2.00~2.30 (4H, m); 1.00~1.90 (10H, m).

[00268] EXPERIMENTAL EXAMPLE 1 — NEUROPROTECTIVE EFFECT OF MORPHINAN

[00269]  Experimental Example 1.1 - Animals and drugs

[00271]  All animals were treated in strict accordance with the NIH Guide for the Humane Care
and Use of Laboratory Animals (NIH Guide for the Care and Use of Laboratory Animals, NIH
Publication No. 85-23, 1985). Male C57BL/6 mice (Bio Genomics, Inc., Charles River Technology,
Gapyung-Gun, Gyeonggi-Do, Korea) weighing about 30 + 3 g were maintained on a 12:12 h
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light:dark cycle and fed ad libitum. They were adapted for 2 weeks to the above conditions before
carrying out the experiments. Dopaminergic neurotoxins used in this study were 1-methyl-4-phenyl-
1,2,5,6-tetrahydropyridine (MPTP; Sigma, St. Louis, MO), lipoploysacchrade (LPS; Sigma Chem ,
St. Louis, MO), and methamphetamine (MA; NIDA/NIH, USA).

[00272] Male mice received daily MPTP injections (20 mg free base/kg, s.c.) for 7 consecutive
days. Each morphinan was administered 30 min prior to every injection of MPTP for last three days
(from day 4™ to day 7“‘). Animals were sacrificed 24 h after the last MPTP treatment.

[00273] Male mice were anesthetized with chloral hydrate (200 mg/kg, i.p.) and positioned in a
small-animal stereotaxic apparatus. Injection of LPS into striatal region was made using the
stereotaxic coordinates, measured from bregma (Franklin and Paxinos, 1997): +0.7 mm posterior, +
1.0 lateral, -3.4 ventral. LPS (2 pg in a volume of 2 pl of PBS) was injected into both sides of the
striatum over a period of 2 min, and the injection needle was kept in place for 2 min after the
injection. Control animals received striatal injection with PBS. Each morphinan was administered
two times (4 h and 40 min, and 40min) before intrastriatal injection with LPS (10, 28).

[00274]  Because MA induced hyperthermia and neurotoxicity can be blocked by lowering‘the .
ambient temperature during the drug treatment (22, 29), the mice were housed in a temperature-
controlled (22.0 + 0.5°C) colony room, which was controlled at 50 + 5 % humidity under filtered
positive pressure ventilation on a 12-hr/12-hr dark cycle with diets and water ad libitum. Mice -
received four injections of MA hydrochloride (7.5 mg/kg, i.p. as a free base) at 2-hr intervals (22,
29). Colonic temperatures were recorded 60 min after each treatment. Colonic temperatures were
measured using thermometer (Thermoscan, San Diego, CA). Animals were returned to the same -
home cage after final measurement of colonic temperature. Mice were sacrificed at 3 days after the
final injection of MA (29). Each morphinan was administered two times, 4h and 40 min, and 40 min
before first MA treatment.

[00275] Experimental Example 1.2 — Morphinans

[00276] All solutions were freshly made using distilled deionized water or saline. DM
hydrobromide was obtained from Sigma Chemical Co. (St. Louis, MO). Dextrorphan (DX) tartrate,
3-allyloxy-17-methylmorphinan (AM) hydrobromide, 3-cyclopropylmethoxy-17-methylmorphinan
(CM) hydrobromide, and 3-hydroxymorphinan (HM) hydrobromide (24), and dimemorfan (DF)
phosphate were synthesized (38, 41, 46) (Fig. 1). Each compound was injected i.p. in a volume of
0.1 ml/10 g.

[00277]  Experimental Example 1.3 — Locomotor activity and locomotor pattern
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[00278] C57 BL/6 mice received each compound (20 or 40 mg/kg, i.p./day) once a day for 7 days.
Ten min after the last treatment with each drug, locomotor activity was measured for 30 min. After
measuring the locomotor activity (i.e. 40 min after the last drug injection), the ‘absolute turn
angular’ was analyzed in a 3-min monitoring period using an automated video-tracking system
(Noldus Information Technology, Wagenin, The Netherlands) to examine locomotor patterns.
Locomotor facilitation at the borders (margins) of the test box was defined as marginal activity
(circling behavior), respectively (13, 25, 27). Eight test boxes (40 x 40 x 30 cm high) were operated
simultaneously by an IBM computer. Animals were studied individually during locomotion in each
test box, where they were adapted for 10 min before starting the experiment. A printout for each
session showed the pattern of the ambulatory movements of the test box. The distance traveled in
cm by the animals in horizontal locomotor activity was analyzed (13, 25, 27). Data were collected
and analyzed between 0900 and 1700 hr.

[00279] Experimental Example 1.4 — Conditioned place preference (psychological dependence)

[00280] As a control, C57 BL/6 mice received an i.p. injection of saline just before entering the
white or black compartment. Each compound (20 or 40 mg/kg, i.p.) dissolved in saline (0.1 ml/10g)
was administered immediately before the mice were placed in the white compartment (37).

[00281] On day 1, the mice were pre-exposed to the test apparatus for 5 min. The guillotine doors
were raised and the mice were allowed to move freely between the two compartments. On day 2, the
time each mouse spent in each compartment was recorded for 15 min. Ondays 3,5,7,9, 11, and 13,
the mice were injected with each drug before being confined to the white compartment, the non-
preferred side, for 40 min. On days 4, 6, 8, 10, and 12, the mice were injected with saline before
being confined to the black compartment, the preferred side, for 40 min. On day 14, the guillotine
doors were raised. The mice were initially placed in the tunnel and the time spent by the mice in the
two compartments was recorded for 15 min. The scores were calculated from the differences in the
time spent in the white compartment in the testing and pre-testing phases (13, 27, 37). Data were
analyzed between 0900 and 1700 hr.

[00282] Experimental Example 1.5 — Determination of dopamine and its metabolites

[00283] Brains were rapidly removed and cut into 1 mm coronal sections on ice. The striatum was
punched using a fine pasteur pipette (3, 21, 22), and stored at -70 °C. DA and its metabolites, 3,4-
dihydroxyphenylacetic acid (DOPAC) and homovanilic acid (HVA) were measured by HPLC-
eletrochemical detection (3, 21, 22). Briefly, the striatum was homogenized in 0.2 M perchloric acid
containing 3,4-dihydroxybenzylamine as an internal standard (10 mg wet weight of tissue per ml).

The homogenate was centrifuged and a 20-ul aliquot of the supernatant was injected into the HPLC
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equipped with an ODS-Cjs column. The mobile phase was comprised of 26 ml of acetonitrile, 21 ml
of tetrahydrofuran and 960 ml of 0.15 M monochloroacetic acid (pH 3.0) containing 50 mg/l of
EDTA and 200 mg/l of sodium octyl sulfate. The amount of DA, DOPAC and HVA were
determined by comparison of peak height ratio of tissue sample with standards, and were expressed
in nanograms per 100 mg of wet weight of tissue.

[00284] Experimental Example 1.6 — Immunocytochemistry

[00285]  The coronal sections containing hippocampus were processed for tyrosine hydroxylase
(TH) immunocytochemistry. Prior to overnight incubation with the primary antibody, sections were
prewashed in 0.2 % Triton X-100 for 15 min, followed by 4% normal goat serum for 20 min. After a
24 h incubation with the primary antiserum, sections were then incubated with a secondary
biotinylated antiserum (1: 800 dilution) for 1 h. Sections were always washed three times with PBS
(pH 7.4) between each incubation step. The avidin-biotin complex method (ABC Kits, Vector
Laboratories, Inc.) with 3,3’-diaminobenzidine tetrahydrochloride as the chromogen was used to
visualize immunoreactive cells. The antibodies against TH (24-27, 49, 61) was diluted 2,000 times.
Total neuronal population was corrected by the method of Abercrombie (1) under the image analysis
system (Optimas version 6.2; Neurolucida program-contrast correcting system was included for

normalizing in background signals) (3, 22).

[00286] Experimental Example 1.7 — Statistics

[00287] The data were analyzed by Fischer LSD test, ANOVA with-Duncan’s new multiple test
and -with repeated measures. Statistical significance was defined as p < 0.05.

[00288] RESULTS

[00289] Experimental Example 1.8 — Changes in locomotor activity following repeated

administration of morphinans or phencyclidine (PCP)

[00290]  The behavioral data are summarized in Figs. 2-4. Saline-injected animals showed basal
locomotor activity. Repeated administration of DX or DM (20 or 40 mg/kg) significantly increased
locomotor activity. This effect appeared to be more pronounced in the animals treated with DX than
in those treated with DM. The behavioural profile induced by DX is comparable to that of PCP.
Although treatment with AM appeared to increase locomotor activity slightly, the locomotor activity
following treatment with HM, CM or DF was comparable to that with saline (Fig. 2A). DX induced
a significant increase in marginal activity (circling behaviour) in a dose-related manner (DX 20 or 40
mg/kg vs. saline, p < 0.01). The behavioral effect induced by DX was similar to that of PCP (PCP
2.5 vs. 5.0 mg/kg, p <0.05). In contrast, DM also induced a significant increase in marginal activity
(DM 20 or 40 mg/kg vs. saline, p < 0.05). However, HM, AM, CM, and DF did not significantly
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affect marginal activity versus the saline group (Fig. 2B). PCP produced much stronger stereotypies
(i-e. circling behaviors = marginal activities) than seen in any other group (Fig. 2A and B).

[00291]  Saline-treated animals did not show any significant locomotor pattern. The locomotor
patterns were significantly altered after treatment with PCP, DM, and DX. PCP, DM, and DX
produced marginal activity (circling behaviour). By contrast, HM, AM, CM and DF did not produce
significant marginal activity in any locomotor pattern (Fig. 3).

[00292] Experimental Example 1.9 — Changes of conditioned place preference (CPP) profile

following repeated administration of morphinans or phencyclidine (PCP)

[00293]  The saline-treated animals did not show any CPP effects. DX-treated animals produced
CPP in a dose-dependent manner (DX 20 or 40 mg/kg vs. saline, p < 0.01; DX 20 vs. 40 mg/kg, p <
0.05). As with DX, treatment with DM also produced CPP (DM 20 mg/kg vs. saline, p < 0.05; DM
40 mg/kg vs. saline, p < 0.01). The most significant CPP followed PCP (PCP 5 mg/kg vs. saline, p <
0.001; PCP 2.5 vs. 5.0 mg/kg, p < 0.05). By contrast, HM, CM, AM and DF-treated animals showed
almost no CPP effects compared with saline-treated animals (Fig. 4).

[00294) Experimental Example 1.10 — Effects of morphinans on hypokinesia (reduction in

locomotor activity) and dopamine loss induced by MPTP

[00295] Repeated treatment with MPTP (20 mg/kg/day x 7) significantly reduced locomotor
activity (Saline + Saline vs. Saline + MPTP, P < 0.01). Pretreatment with CM (Saline + MPTP vs.
CM 24 mg/kg + MPTP, P < 0.05), DM (Saline + MPTP vs. DM 12 or 24 mg/kg + MPTP, P < 0.01)
or HM (Saline + MPTP vs. HM 12 or 24 mg/kg + MPTP, P < 0.01) significantly prevented MPTP-
induced reduction in locomotor activity (Fig. 5A). Their behavioral effects were consistent with
their locomotor patterns (Fig. 5B). However, neither AM nor DF affected significantly the locomotor
hypoactivity induced by MPTP.

[00296] The levels of DA, DOPAC and HVA in the striatum from mice treated with MPTP is
presented in Table 1. No significant difference was observed in the animals that did not receive
MPTP. MPTP treatment significantly decreased DA (P < 0.01), DOPAC (P < 0.01) and HVA (P <
0.01); these reductions were significantly protected by pretreatment with DM (24 mg/kg; DA; P <
0.05, DOPAC; P < 0.05, HVA; P < 0.05), HM (24 mg/kg) (DA; P < 0.01, DOPAC; P < 0.01, HVA;
P <0.01) or CM (DA; P <0.05, DOPAC; P < 0.05, HVA; P < 0.05). However, AM and DF did not
alter reductions in DA, DOPAC and HVA induced by MPTP.

Table 1. Contents of dopamine (DA), 3,4-dihydroxyphenylacetic acid (DOPAC), and homovanillic
acid (HVA) in the striatum from 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-treated mice
with or without morphinans.

-63-



WO 2005/110412

PCT/IB2005/051582

Compound Concentration (ng/100 mg wet tissue)
DA DOPAC HVA
Saline + Saline 1110+ 116 152+ 14 123+ 14
Saline + MPTP 398 & 45° 46 + 7° 54+ 6°
DM 12 + MPTP 520+ 67 69+9 82+9
DM 24 + MPTP 708 + 82° 85+ 10° 98+ 11°
HM 12 + MPTP 582 4+ 74 68 + 7 84+8
HM 24 + MPTP 896 & 79° 98 + 9° 104 + 10°
AM 12 + MPTP 468 52 54+ 6 69+5
AM 24 + MPTP 539 + 64 66+ 8 78+ 7
CM 12 + MPTP 489 + 69 58+6 68+9
CM 24 + MPTP 587 & 76° 78 & 10° 89 + 7°
DF 12 + MPTP 403 + 55 44+ 6 62+7
DF 24 + MPTP 397 + 55 5247 68 +6

Male mice that received daily MPTP injections (20 mg/kg, s.c.) for 7 consecutive days. Each
morphinan was administered 30 min before every injection of MPTP for last three days. Animals
were sacrificed at 24h after the last MPTP injection. Each value is the mean & S.E.M. of 8 animals.
“P <0.01 vs. Sal + Sal, °P < 0.05 vs. Sal + MPTP, °P < 0.01 vs. Sal + MPTP (ANOVA with DMR
test).

[00297] The TH-like immunoreactivities (TH-IR) as influenced by MPTP treatment in
combination with morphinans are shown in Fig. 6. Each animal receiving saline exhibited well-
preserved TH-IR. Treatment with MPTP significantly decreased (P < 0.01) the number of TH-
positive cells. Pretreatment with HM (24 mg/kg) (P < 0.05) DM (24 mg/kg) (P < 0.05) or CM (24
mg/kg) (P < 0.05) significantly attenuated the decrease in TH-positive cells induced by MPTP. The
results show that the DA levels in the striatum are consistent with the TH-IR in the SN following

treatment with MPTP.

[00298]  Experimental Example 1.11 — Effects of morphinans on hypokinesia (reduction in

locomotor activity) and dopamine loss induced by lipopolysaccharide (LPS)

[00299] Bilateral intrastriatal injection of LPS (20 pg x 2) significantly reduced locomotor
activity (Saline + Saline vs. Saline + LPS, P < 0.01). Pretreatment with CM (Saline + LPS vs. CM
12 or 24 mg/kg + LPS, P < 0.05), DM (Saline + LPS vs. DM 12 or 24 mg/kg + LPS, P < 0.05) or
HM (Saline + LPS vs. HM 12 or 24 mg/kg + LPS, P < 0.05 or P < 0.01) significantly prevented
LPS-induced decrease in locomotor activity (Fig.7A). These behavioral effects paralleled their
locomotor patterns (Fig. 7B). However, neither AM nor DF were effective in attenuating locomotor
hypoactivity induced by LPS.

[00300] The levels of DA, DOPAC and HVA in the striatum from mice treated with LPS is
presented in Table 2. No significant difference is observed among the animals in the absence of
LPS. Intrastriatal injection with LPS significantly decreased DA (P < 0.01), DOPAC (P < 0.01) and
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HVA (P < 0.01); these reductions were significantly protected by pretreatment with DM (24 mg/kg;
DA; P < 0.01, DOPAC; P < 0.02, HVA; P < 0.02), HM (24 mg/kg) (DA; P < 0.01, DOPAC; P <
0.01, HVA; P < 0.02) or CM (24 mg/kg) (DA; P < 0.05, DOPAC; P < 0.05, HVA; P < 0.05).
However, AM and DF did not alter LPS-induced reductions in DA, DOPAC and HVA levels.

Table 2. Contents of dopamine (DA), 3,4-dihydroxyphenylacetic acid (DOPAC), and homovanillic
acid (HVA) in the striatum from lipopolysaccharide (LPS)-treated mice with or without morphinans.
Compound Concentration (ng/100 mg wet tissue)

DA DOPAC HVA
Saline + Saline 1012+ 123 149+ 16 128+ 12
Saline + LPS 448 + 45° 47 + 5° 58+ 7°
DM 12 + LPS 612+ 76 68 &7 829
DM 24 + LPS 892 + 924 105+ 12° 98 + 8°
HM 12 + LPS 682 + 70 83+ 10 868
HM 24 + LPS 916 + 98¢ 112+ 11¢ 102 + 10°
AM 12 +LPS 454 + 55 64+ 8 75+ 6
AM 24 + LPS 452 + 49 66+ 7 708
CM 12 + LPS 482 + 54 707 836
CM 24 + LPS 684 % 56° 86+ 9° 89 + 7°
DF 12 + LPS 635 + 65 5447 62+8
DF 24 + LPS 459 + 58 50+8 63+7

Injection of LPS into striatal region was made using the stereotoxic coordinates, measured from
bregma: +0.7 mm posterior, 1.0 mm laterior, -3.4 mm ventral. LPS (2ug in a volume of 2l of PBS)
was injected to both sides of striatum. Each morphinan was administered two times, 4h and 40 min,
and 40min before intrastriatal injection with LPS. Mice were sacrificed at 3 weeks after LPS
treatment. Each value is the mean + S.E.M. of 8 animals. *P < 0.01 vs. Sal + Sal, °P < 0.02 vs. Sal +
LPS, °P < 0.05 vs. Sal + LPS, “P < 0.01 vs. Sal + LPS (ANOVA with DMR test).

[00301] The TH-like immunoreactivities (TH-IR) following LPS treatment with or without
morphinans are shown in Fig. 8. Each animal receiving saline or morphinan alone showed well-
preserved TH-IR. Treatment with LPS significantly decreased (P < 0.01) the number of TH-positive
cells. Pretreatment with HM (24 mg/kg) (P < 0.05), DM (24 mg/kg) (P < 0.05) or CM (24 mg/kg) (P
< 0.05) significantly attenuated the reduction in TH-positive cells caused by administering LPS. The
results show that the DA levels in the striatum correspond with the nigral TH-IR following treatment
with LPS.

[00302] Experimental Example 1.12 — Effects of morphinans on hyperthermia. hypokinesia, and

dopamine (DA) loss induced by methamphetamine (MA)
[00303] It is well recognized that dopaminergic toxicity after MA treatment is linked to MA-

induced hyperthermia. MA-induced hyperthermia (as measured by rectal temperature, Saline vs.

MA, P < 0.01) is attenuated by all morphinans used in this study. HM is the most efficacious (MA
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alone vs. 24 mg/kg HM + MA, P < 0.01) among the five morphinans (MA alone vs. 24 mg/kg of
DM, AM, CM or DF +MA, P < 0.05) in attenuating hyperthermia induced by MA (Fig. 10).

[00304] A significantly reduced locomotor activity (Saline + Saline vs. Saline + MA, P < 0.01)
was observed at 3 days after final treatment with MA (7.5 mg/kg x 4, in a two hour’s interval).
Pretreatment with morphinans significantly prevented MA-induced reduction in locomotor activity
(Fig. 11A). Their behavioral effects were consistent with their locomotor patterns (Fig. 11B). HM
appeared to be the most effective in preventing reduction in motor activity after MA treatment MA
alone vs. 12 and 24 mg/kg of DM (P < 0.05 and P < 0.01), HM (P < 0.05 and P < 0.01), AM (P <
0.05), CM (P < 0.05), and DF (P < 0.05)). The pharmacological effects of DM are comparable to
those of HM.

[00305] The levels of DA, DOPAC and HVA in the striatam from mice treated with MA are
presented in Table 3. No significant differences were observed among the animals that were not
administered MA levels. MA treatment significantly decreased DA (P < 0.01), DOPAC (P < 0.01)
and HVA (P < 0.01); these reductions were significantly protected by pretreatment with DM 24
mg/kg; DA; P < 0.02, DOPAC; P < 0.05, HVA; P < 0.05), HM (24 mg/kg) (DA; P < 0.01, DOPAC;
P <0.01, HVA; P < 0.02), AM (24 mg/kg; DA; P < 0.05, DOPAC; P < 0.05, HVA; P < 0.05), CM
(24 mg/kg; DA; P < 0.02, DOPAC; P < 0.05, HVA; P < 0.05) or DF (24 mg/kg; DA; P < 0.05,
DOPAC; P < 0.05, HVA; P < 0.05).

Table 3. Contents of dopamine (DA), 3,4-dihydroxyphenylacetic acid (DOPAC), and homovanillic
acid (HVA) in the striatum from methamphetamine (MA)-treated mice with or without morphinans.

Compound Concentration (ng/100 mg wet tissue)
DA DOPAC HVA
Saline + Saline 1012 + 123 149 + 16 128 + 12
Saline + LPS 448 + 45 47+ 5° 58+ 7°
DM 12 + LPS 612+76 68 +7 8249
DM 24 + LPS 892 + 92¢ 105 + 12° 98 + 8P
HM 12 + LPS 682 + 70 83+ 10 86+8
HM 24 + LPS 916+ 98¢ 112+ 114 102 + 10°
AM 12 + LPS 454 % 55 64+ 8 75+ 6
AM 24 + LPS 452 + 49 66+7 70+ 8
CM 12 +LPS 482 + 54 70+ 7 83+6
CM 24 + LPS 684 % 56° 86+ 9° 89 & 7°
DF 12 +LPS 635+ 65 5447 62+8
DF 24 + LPS 459 + 58 5948 63+7

Male mice received 4 injections of MA « HCI (7.5mg/kg,i.p. as a free base) at 2hr intervals. Each
morphinan was administered two times, 4h and 40min, and 40min before first MA injection. Mice
were sacrificed at 3 days after final MA injection. Each value is the mean & S.E.M. of 8 animals.
°P<0.01 vs. Sal + Sal, °P < 0.05 vs. Sal + MA, °P < 0.02 vs. Sal + MA P < 0.01 vs. Sal + MA
(ANOVA with DMR test).
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[00306] The nigral TH-like immunoreactivities (TH-IR) following MA treatment with or without
morphinans are shown in Fig. 12. Each animal receiving saline or each morphinan alone exhibited
well-preserved TH-IR. Treatment with MA significantly decreased (P < 0.01) the number of TH-
positive cells. Pretreatment with HM (24 mg/kg) (P < 0.05), DM (24 mg/kg) (P < 0.05), AM (24
mg/kg) (P < 0.05), CM, (24 mg/kg) (P < 0.05), and DF (24 mg/kg) (P < 0.05) significantly attenuated
the decrease in TH-positive cells induced by MA. Consistently, the results show that the striatal DA
levels are consistent with the nigral TH-IR following treatment with MA in the presence of or in the
absence of morphinans.

[00307] EXPERIMENTAL EXAMPLE 2 — EFFECT OF MORPHINAN ON CANNABINOID CB1
RECEPTOR

[00308] Experimental Example 2.1 - HM has a high affinity for cannabinoid CB1 site, and

possesses a CB1 receptor antagonistic property.

[00309] Since recent investigation has suggested that blockade of cannabinoid CB1 receptor
shows beneficial effects in response to Parkinsonian model, it was examined whether 3-
hydroxymorphinan (HM), which is the most efficacious morphinan on dopaminergic damage among
dextrorotatory morphinans that were examined, exhibited a high affinity for the cannabinoid CB1
site. HM has a high affinity (Ki = 11.5 nM) for the cannabinoid CB1 sife (Fig. 13) and HM
possesses CB1 receptor antagonistic properties. A selective CB1 agonist, CP55,940 [la, 2B- (R)-
5a]-(-)-5-(1,1-dimethyl)-2-[5-hydroxy-2-(3-hydroxypropyl) cyclohexyl-phenol] 100 oM .
significantly stimulated GTP yS binding by about 120 %, while a selective CB1 antagonist, AM251
100 nM, inhibited its binding by approximately 20 %. CP 55940-induced stimulation in GTP ¥S
binding was significantly attenuated in the presence of AM 251 [N-(piperidin-1-y1)-5-(4-
iodophenyl)—(2,4-dichlorophenyl)-4-methy1-lH—pyrazole-3—carboxamide]. HM 100 nM inhibited this
binding by about 60 %. CP 55940-induced increased binding was decreased by the treatment with
HM. AM 251 decreased by about one third HM-induced binding. Thus, HM is a partial agonist of
CB1 receptor, as well as a CB1 antagonist (Fig.14).

[00310] Experimental Example 2.2 - HM attenuates MPTP-induced reduced tyrosine

hydroxylase-like immunoreactivity (TH-IR) in substantia nigra of the mice.

[00311] One day after final treatment with MPTP (20 mg/kg, i.p./day x 7) a significant reduction
of TH-IR is seen. This reduction of TH-IR was attenuated by the treatment with AM 251. Combined
treatment with AM-251 (0.3 mg/kg, i.p.) and HM (20 mg/kg, i.p.) was more effective than treatment
solely with AM-251 in response to MPTP-induced loss in TH-IR. The effect of this combination is
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equipotent to that of HM alone against MPTP. However, ACEA (arachidonyl-2-chloroethylamide)
(2 mg/kg, i.p.) counteracted HM’s neuroprotective action, indicating that HM plays a role, at least in
part, as a CB1 receptor antagonist (Fig. 15). Thus, the neuroprotective action of HM is counteracted
by a CB1 agonist, ACEA.

[00312]  Experimental Example 2.3 - HM prevents LPS-induced mortal effects, and attenuates

LPS-induced reduced tyrosine hydroxylase-like immunoreactivity (TH-IR) in substantia nigra of the

mice.

[00313] No animal died in the absence of LPS. Six out of ten mice died in two weeks after
bilateral intrastriatal injection with LPS (one side; 2ug x 2). Neither AM-251 nor ACEA
significantly changed LPS-induced mortality. No animal died in the HM pretreated LPS treated
mice. ACEA reversed HM-induced protective (anti-mortal) effect. AM-251 also appears to block
LPS-induced mortality (Fig. 16).

[00314] ACEA did not alter LPS-induced reduction in TH-IR, but AM-251 attenuates this
reduction. Combined treatment of AM-251 with HM was more effective in protecting neuronal loss
induced by LPS. This neuroprotective effect is comparable to that of HM alone in response to LPS
insult. ACEA counteracted HM’s protective effect on the LPS-induced loss in TH-IR (Fig. 17).

[00315] Experimental Example 2.4 - HM prevents methamphetamine (MA )-induced reduction in

tyrosine hydroxylase-like immunoreactivity (TH-IR) in substantia nigra of the mice.

[00316]  Similar to the above mentioned two neurotoxins, MA-induced dopaminergic damage was
noted. ACEA did not alter MA-induced reduction in TH-IR, but AM-251 attenuates this reduction.
Combined treatment with AM-251 and HM was more efficacious in preventing reduction in TH-IR
induced by MA. This neuroprotective effect is comparable to that of HM alone on the MA toxicity.
ACEA reversed HM’s protective effect on the MA-induced decrease in TH-IR (Fig. 18).

[00317]  Experimental Example 2.5 - HM is more effective than L-dopa, carbidopa, or carbidopa

plus L-dopa in preventing MPTP-induced reductions in the locomotor activity and nigral TH-IR in

mice.

[00318] A prescription drug for treating Parkinsonian patients is L-dopa or carbidopa plus L-
dopa. Thus, the neuroprotective effects of HM was compared with L-dopa, carbidopa, or carbidopa
plus L-dopa. As shown in Fig. 19, mice received MPTP (20 mg/kg, s.c.) once a day for consecutive
seven days. Locomotor activity was examined for 60 min after final treatment of MPTP. Mice were
sacrificed at 24 h after final MPTP administration. HM (24 mg/kg, i.p.), L-dopa (200 mg/kg, p.o.)
with or without carbidopa (20 mg/kg, p.o.) was administered for 2 weeks before first MPTP

challenge.
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[00319] MPTP induced a significant decrease (P < 0.01 vs. saline treatment) in locomotor
activity. However, the activity appeared to increase in the presence of L-dopa, carbidopa, and
carbidopa plus L-dopa. HM significantly increased (P < 0.05 vs. saline + MPTP) hypoactivity
induced by MPTP. Consistently, MPTP-induced nigral loss in TH-IR (P <0.01 vs. Saline treatment)
was significantly attenuated in the presence of carbidopa plus L-dopa (P <0.05 vs. saline + MPTP)
or HM (P < 0.05 vs. saline + MPTP). These results suggest that HM is more effective than L-dopa
or carbidopa plus L-dopa (Fig. 21).

[00320]  Experimental Example 2.6 - HM is more effective than L-dopa, carbidopa. or carbidopa

plus I-dopa in preventing LPS-induced mortal effects, reductions in the locomotor activity, nigral

TH-IR, and proliferation in microglial cell in mice.

[00321]  The neuroprotective effect of HM was compared with L-dopa, carbidopa, or carbidopa
plus L-dopa in response to dopaminergic damage induced by LPS. Experimental schedule is shown
in Fig. 22. Intrastriatal injection of LPS (2 ug x 4/head) produced high mortality (ten animals died
out of twelve animals in the 2 weeks after LPS administration). Although pretreatment with
carbidopa alone, L-dopa alone, or carbidopa plus L-dopa appears to attenuate mortality induced by
LPS, protective effect of HM is most pronounced (Saline + LPS vs. HM + LPS, P<0.01, Chi-square
test) than that of carbidopa alone, L-dopa alone, or carbidopa plus L-dopa (Fig. 23).

[00322] Locomotor activity was examined for 60 min at 3 weeks after LPS treatment. LPS-
induced significant reduction (P < 0.01 vs. saline treatment) in locomotor activity was attenuated by
L-dopa (P < 0.05), carbidopa + L-dopa (P < 0.05) or HM (P < 0.01) (Figs. 24 and 25).

[00323] TH-IR in the substantia nigra was not changed at all in the absence of LPS. LPS-induced
loss in TH-IR was significantly attenuated by the treatment of carbidopa (P < 0.05), L-dopa (P <
0.05), carbidopa + L-dopa (P < 0.05), and HM (P < 0.01). HM is the most effective in attenuating
LPS-induced reduction in TH-IR (Figs. 26 and 27).

[00324] A very little induction of microglia as labeled by F/80-like immunoreactivity was
observed in the absence of LPS. However, LPS-induced microglial cell proliferation was
significantly enhanced (P < 0.01) as compared with saline treated group. This F4/80-like
immunoreactivity was significantly attenuated by the treatment of carbidopa (P < 0.05), L-dopa (P <
0.05), carbidopa + L-dopa (P < 0.05), and HM (P < 0.01). HM is the most effective in attenuating
LPS-induced increase in F4/80-like immunoreactivity (Figs. 28 and 29).

[00325]  Experimental Example 2.7 - HM is more effective than L-dopa, carbidopa, or carbidopa

plus L-dopa in preventing methamphetamine (MA)-induced hyperthermia, reductions in the

locomotor activity, nigral TH-IR in mice.
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[00326] Experimental paradigm for MA with or without compounds is in Fig. 30. Treatment with
MA (7.5 mg/kg, i.p. x four times as two hour time interval) produces hyperthermia (P < 0.01).
Pretreatment of carbidopa, L-dopa, carbidopa + L-dopa or HM significantly attenenuated (P < 0.01)
MA-induced hyperthermia (Fig. 31).

[00327] A significant reduction (P < 0.01) in locomotor activity at 3 days after MA injections was
significantly enhanced by the treatment of L-dopa, carbidopa + L-dopa or HM. Effect of HM is more
efficacious than that of L-dopa or carbidopa + L-dopa (Fig. 32).

[00328] MA-induced nigral loss in TH-IR was significantly observed (Saline treated group vs.
saline + MA, P < 0.01). Although this reduction was significantly attenuated by the treatment of
carbidopa + L-dopa, HM’s effect was more pronounced than that of carbidopa + L-dopa (Fig. 33).
[00329] EXPERIMENTAL EXAMPLE 3 — EFFECTS OF MORPHINAN ON DRUG DEPENDENCE

[00330] Beneficial effects of dextrorotatory morphinans on drug dependence was determined. The
effects of morphinans on the behavioural side effects induced by cocaine or methamphetamine (MA)
was also examined. Effects of dextrorotatory morphinans, in particular, dextromethorphan (DM), 3-
methoxymorphinan (MM), 3-hydroxymorphinan (HM), 3-allyloxy-17-methoxymorphinan (AM), 3-
cyclopropyl-17-methoxymorphinan (CM) and dimemorfan (DF) on the changes in the locomotor
activity, conditioned place preference (CPP) or fos-related antigen-immunoreactivity (FRA-IR) was’
examined after prolonged treatment with cocaine or MA. Prolonged treatment with cocaine (5 or 20
mg/kg, i.p./day x 7) significantly enhanced locomotor activity. Combined treatment with DM (15 or
30 mg/kg, i.p.) attenuated hyperlocomotor activity induced by a high dose of cocaine (20 mg/kg).
However, DM (30 mg/kg) significantly enhanced locomotor activity induced by a low dose of -
cocaine (5 mg/kg). Similarly, although MM (15 or 30 mg/kg) attenuated locomotor activity induced
by a high dose of cocaine change, MM did not alter locomotor activity induced by a low dose of
cocajne (5 mg/kg), suggesting that these morphinans shift their dose-response curve to the left. In
contrast, other morphinans (HM, AM, CM and DF) consistently attenuated locomotor activity
induced by a low dose of cocaine, although their actions on the locomotor activity induced by a high
of cocaine were not uniform. These four morphinans shifted their dose-response curve consistently
to the right. Their profile of behavioural effects is parallel with that of striatal FRA-IR. Since
morphinans (in particular HM) have relatively high affinity for the cannabinoid CB1 site and recent
investigation suggests blockade of CB1 receptor offer a novel approach for preventing drug
dependence, it was examined whether CB1 receptor is involved in the pharmacological action of
HM in response to cocaine-induced psychological dependence as measured by conditioned place

preference (CPP) and behavioural sensitization. Cocaine-induced CPP was significantly observed. A

=70~



WO 2005/110412 PCT/IB2005/051582

CB1 receptor agonist, ACEA (2 mg/kg, i.p.) produced CPP. However, neither HM (20 mg/kg) nor a
CB1 receptor antagonist, AM 251 (0.3 mg/kg, i.p.) exhibited CPP. ACEA did not alter cocaine-
induced CPP, but AM 251 or HM attenuated cocaine-induced CPP. Mice pretreated with cocaine
(10 mg/kg, i.p./day x 7) at one month before a single dose of cocaine (10 mg/kg, i.p.) significantly
increased locomotor activity, as compared with mice receiving a single dose of cocaine (10
mg/kg.i.p.), suggesting that cocaine-induced behavioural sensitization was clearly induced in this
experimental paradigm. Although HM significantly attenuated cocaine sensitization, neither ACEA
nor AM 251 did significantly change cocaine sensitization.

[00331]  Prolonged treatment with MA (1 mg/kg, i.p./day x 7) increased locomotor activity.
Combined treatment with DM (20 mg/kg, ip.) did not alter MA-induced locomotor activity.
However, DF (20 mg/kg, i.p.), AM (20 mg/kg, i.p.) or CM (20 mg/kg, i.p.) significantly attenuated
(P < 0.05) locomotor activity induced by MA. These behavioural effects are in line with the profile
of the striatal FRA-IR in the mice. Pretreated MA (1 mg/kg, i.p./day x 7) at seven days before a
single challenge of MA (1 mg/kg, i.p. x 1) produced significant increase in locomotor activity,
indicating that behavioural sensitization induced by MA occurred. Although DM did not affect MA
sensitization, each morphinan dose of 20 mg/kg (DF, AM, CM or HM) significantly attenuated (P <
0.05) MA sensitization. Neither ACEA (2 mg/kg, i.p.) nor AM 251 (0.3 mg/kg, i.p.) affected MA
sensitization. However, ACEA significantly counteracted HM’s pharmacological action on MA
sensitization, while AM 251 did not significantly influence HM’s effects.

[00332] MA-induced CPP was noted. ACEA alone produced its own CPP (P < 0.05 vs. Saline-
treated group). In contrast, ACEA did not affect CPP produced by MA. However, AM251 or HM -
significantly blocked CPP produced by MA. ACEA reversed HM’s pharmacological action in
response to CPP produced by MA, but AM 251 did not significantly affect HM’s action.

[00333] Taken together, morphinan analogs, particular, DF, AM, CM and HM possess an anti-
psychotropic potential in response to cocaine or MA. In particular, HM-mediated pharmacological
action is, at least in part, via blockade of CB 1 receptor.

[00334] Experimental Example 3.1 - Animals and treatments

[00335]  All animals were handled in accordance with the NIH guidelines for the humane care of
laboratory animals. Male C57BL/6 mice (Bio Genomics, Inc., Charles River Technology, Gapyung-
Gun, Gyeonggi-Do, Korea) weighing about 25 g were maintained on a 12:12 h light:dark cycle and
fed ad libitum. They were adapted to these conditions for 2 weeks before the experiment. All the
rodents were drug and seizure maive before testing. Cocaine (NIDA/NIH, Rockville, MD) or
methamphetamine (MA; NIDA/NIH, Rockville, MD) was dissolved in sterilized saline.
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[00336]  Experimental Example 3.2 - Conditioned place preference (psychological dependence)

[00337]  The control mice received an ip. injection of saline just before entering the white or
black compartment. Cocaine or MA dissolved in saline was administered immediately before the
mice were placed in the white compartment. To test the effect of cocaine alone or MA alone or in
combination with exemplified morphinans (DM, HM, AM, CM or DF), each morphinan was
administered 2 hr before cocaine or saline injection.

[00338]  On day 1, the mice were pre-exposed to the test apparatus for 5 min. The guillotine doors
were raised and the mice were allowed to move freely between the two compartments. On day 2, the
time each mouse spent in each compartment was recorded for 15 min. On days 3,5,7,9, 11, and 13,
the mice were injected with cocaine before being confined to the white compartment, the non-
preferred side, for 20 min. On days 4, 6, 8, 10, and 12, the mice were injected with saline before
being confined to the black compartment, the preferred side, for 20 min. On day 14, the guillotine
doors were raised. The mice were initially placed in the tunnel and the time spent by the mice in the
two compartments was recorded for 15 min. The scores were calculated from the differences in the
time spent in the white compartment in the testing and pre-testing phases.

[00339] Experimental Example 3.3 - Locomotor Activity

[00340] Locomotor activity was measured using an automated video-tracking system (Noldus
Information Technology, Wagenin, The Netherlands). Eight test boxes (40 x 40 x 30 cm high) were
operated simultaneously by an IBM computer. Animals were studied individually during locomotion
in each test box, where they were adapted for 5 min before starting the experiment. A printout for
each session showed the pattern of the ambulatory movements of the test box. The distance traveled
in cm by the animals in horizontal locomotor activity was analyzed. Data were collected and
analyzed between 0900 and 1700 h.

[00341]  Experimental Example 3.4 - Fos-related antigen immunoreactivity (FRA-IR)

[00342] FRA-IR in the striatum was induced at maximal levels at 18h after the final cocaine/MA.
injection. Therefore, brains were removed and used for immunocytochemical analysis at 18 h after
the final cocaine/MA treatment. The coronal sections containing striatum were processed for FRA
immunocytochemistry. Prior to overnight incubation with the primary antibody, sections were pre-
washed in 0.2% Triton X-100 for 15 min, followed by 4% normal goat serum for 20 min. After a 24
h incubation with the primary antiserum, sections were then incubated with a secondary biotinylated
antiserum (1: 800 dilution) for 1 h. Sections were always washed three times with PBS (pH 7.4)
between each incubatjon step. The avidin-biotin complex method (ABC Kits, Vector Laboratories,

Inc.) with 3,3’-diaminobenzidine tetrahydrochloride as the chromogen was used to visualize
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immunoreactive cells. The FRA antibody was used at 1:2,000 as the optimal dilution. The FRA-IR
in the striatum was calculated using image analysis systems with a polaroid digital microscopic
camera (Optimas version 6.2).

[00343] Experimental Example 3.5 - Statistical analysis

[00344] Significance was analyzed with Student’s #-test for paired data and with ANOVA for

repeated measures. A significant level of less than 0.05 was accepted for comparisons.

[00345] Experimental Example 3.6 - The effects of morphinans (DM, MM, AM. CM., HM and

DF) on cocaine-induced hyperlocomotion in mice

[00346] Saline alone did not significantly alter locomotor activity. Cocaine (5 or 10 mg/kg)
caused an increase in locomotor activity over time. The increase in locomotor activity was more
pronounced following the 7™ cocaine challenge than first challenge. Although treatment with DM or
MM (15 or 30 mg/kg) (30 min before cocaine) attenuated (either dose of DM or MM plus 20 mg/kg
of cocaine vs. 20 mg/kg of cocaine, P < 0.05) the high dose of cocaine-induced hyperactivity, 30
mg/kg of DM enhanced locomotor activity produced by a low dose of cocaine (5 mg/kg, i.p.).
Similarly, either dose of MM did not influence locomotor activity mediated by a low dose of
cocaine. In contrast, other morphinans are consistently effective in attenuating locomotor activity
induced by a low dose of cocaine. Combined, they shift their dose response curve to the right,
suggesting that they have anti-psychotomimetic effects (Figs. 34 and 35).

[00347]  Experimental Example 3.7 - The effects of morphinans (DM, MM, AM, CM, HM and

DF) on cocaine-induced fos-related antigen-immunoreactivity (FRA-IR) in the striatum of the mice

[00348] One of the important transcription factors in the neuronal adaptation/stimulation induced
by psychotropic agent, FRA was barely expressed without cocaine. Prolonged treatment with
cocaine (5 mg/kg) markedly induced FRA-IR in the striatum. Neither DM nor MM affects this
induction of FRA-IR mediated by cocaine. In contrast, cocaine-caused FRA-IR was apparently
attenuated by the treatment with DF, AM, CM or HM (Fig. 36).

[00349] Experimental Example 3.8 - The effects of cannabinoid CB1 receptor agonist (ACEA) or

CB1 receptor antagonist (AM 251) on HM-mediated pharmacological action in response to cocaine-
induced CPP.

[00350] Neither saline-, AM 251 (0.3 mg/kg)-treated nor HM (20 mg/kg)-treated animals showed
any CPP response. In contrast, ACEA (2 mg/kg)-treated animals showed CPP effects (P< 0.05 vs.
saline-treated animals). Cocaine (10 mg/kg) induced significant CPP effects (P < 0.01). ACEA did
not alter CPP effects by cocaine. However, AM 251 or HM significantly reduced (P < 0.05) the
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CPP produced by cocaine. AM 251 did not affect HM’s effect in response to cocaine-induced CPP.
In contrast, ACEA appears to counteract the cocaine-induced CPP (Fig. 37).
[00351]  Experimental Example 3.9 - The effects of cannabinoid CB1 receptor agonist (ACEA) or

CB1 receptor antagonist (AM 251) on HM-mediated pharmacological action in response to cocaine-

induced behavioural sensitization.
[00352]  Neither saline-, AM 251 (0.3 mg/kg)-, ACEA (2 mg/kg)-treated nor HM (20 mg/kg)-

treated animals showed any specific behavioural effects. Cocaine induced significant behavioural

sensitization locomotor activity of the animals receiving a single challenge of cocaine vs. locomotor
activity of animals pretreated with cocaine (10 mg/kg/day, i.p. x 7) at one month before a single
challenge of cocaine, P < 0.01]. Neither ACEA nor AM 251 alter behavioural sensitization by
cocaine. However, HM significantly reduced (P < 0.05) the behavioural sensitazation produced by
cocaine. Neither ACEA nor AM 251 significantly alter HM’s effect in response to cocaine-induced
sensitization (Fig. 38).

[00353]  Experimental Example 3.10 - The effects of morphinans (DM, DF, AM. or CM) on

methamphetamine (MA)-induced hyperlocomotion in mice

[00354]  Saline alone did not significantly alter locomotor activity. MA (1 mg/kg) caused an

increase in locomotor activity over time. Treatment with DM (20 mg/kg) (30 min before every MA)
did not affect MA (1 mg/kg, i.p. /day x 7)-induced hyperactivity. In contrast, DF, AM or CM are
consistently effective in attenuating hyperlocomotion induced by MA. (Fig. 39).

[00355] Experimental Example 3.11 - The effects of morphinans (DM, DF, AM or CM) on

methamphetanine (MA)-induced fos-related antigen-immunoreactivity (FRA-IR) in the striatum of

the mice

[00356] Little induction of FRA-IR was observed in the absence of MA. Prolonged treatment with
MA (1 mg/kg, i.p./day x 7) markedly induced FRA-IR in the striatum. DM did not affect this
induction of FRA-IR mediated by MA. In contrast, MA-induced FRA-IR was apparently attenuated
by the treatment with DF, AM, or CM (Fig. 40).

[00357]  Experimental Example 3.12 — The effects of DM, DF. AM or CM in response to

methamphetamine (MA)-induced behavioural sensitization.

[00358]  Saline-treated animals did not show any specific behavioural effects under the video-
tracking system. MA induced significant behavioural sensitization [locomotor activity of the animals
receiving a single challenge of MA vs. locomotor activity of animals pretreated with MA (1 mg/kg,
ip./day x 7) at one week before a single challenge of MA, P < 0.05]. DM (20 mg/kg, i.p.) did not
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alter behavioural sensitization by MA. However, with a 20 mg/kg dosage of the DF, AM or CM, the
MA-evoked behavioural sensitization was significantly reduced (P < 0.05) (Fig. 41).
[00359] Experimental Example 3.13 - The effects of cannabinoid CB1 receptor agonist (ACEA)

or CB1 receptor antagonist (AM 251) on HM-mediated pharmacological action in response to MA-
induced CPP.

[00360] Neither saline-, AM 251 (0.3 mg/kg, i.p.)-treated nor HM (20 mg/kg)-treated animals
showed any CPP responses. In contrast, ACEA (2 mg/kg, i.p.)-treated animals showed CPP effects
(P< 0.05 vs. saline-treated animals). MA produced significant CPP effects (P < 0.01). ACEA did not
alter CPP effects by MA. However, AM 251 (P < 0.05) or HM (P < 0.01) significantly reduced the
CPP produced by MA. AM 251 did not significantly affect HM’s effect in response to MA-induced
CPP. In contrast, ACEA significantly counteracted (P < 0.01) HM’s effects on the MA-induced CPP
(Fig. 42).

[00361] Experimental Example 3.14 - The effects of cannabinoid CB1 receptor agonist (ACEA)
or CB1 receptor antagonist (AM 251) on HM-mediated pharmacological action in response to
methamphetamine (MA)-induced behavioural sensitization.

[00362] Neither saline-, AM 251 (0.3 mg/kg)-, ACEA (2 mg/kg)-treated nor HM (20 mg/kg)-

treated animals showed any behavioural effects. MA induced significant behavioural sensitization

[locomotor activity of the animals receiving a single challenge of MA vs. locomotor activity of
animals pretreated with MA (1 mg/kg, i.p. /day x 7) at one week before a single challenge of MA, P
< 0.01]. Neither ACEA nor AM 251 influenced behavioural sensitization by cocaine. However, HM
significantly reduced (P < 0.05) the behavioural sensitazation produced by MA. Although ACEA
significantly reversed HM’s effect (P <0.05) on the MA-induced sensitization, AM 251 did not
affect MA sensitization (Fig. 43).
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[00363]  All of the references cited herein are incorporated by reference in their entirety.

%ok ok ook %

[00364] Those skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific embodiments of the invention specifically

described herein. Such equivalents are intended to be encompassed in the scope of the claims.
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What is claimed is:

1. A composition comprising a neuroprotective effective amount of 3-hydroxymorphinan or a
morphinan derivative of 3-hydroxymorphinan substituted at the 3 and 17 positions or a

physiologically acceptable salt thereof together with a pharmaceutical carrier or excipient.
2. The composition of claim 1 in sustained release dosage form.

3. The composition according to claim 1, comprising a Parkinson’s disease symptom treatment

effective amount of 3-hydroxymorphinan or the morphinan derivative.

4. The composition according to claim 1, wherein the morphinan derivative is 3-allyloxy-17-
methylmorphinan (AM), 3-cyclopropylmethoxy-17-methylmorphinan (CM), or 3-methyl-17-
methyl-morphinan (DF).

5. The composition according to claim 1, comprising 3-hydroxymorphinan (HM).

6. A unit dosage formulation for treatment of Parkinson’s disease, comprising the composition
according to claim 1 or a pharmaceutically acceptable salt thereof in a form that is designed
for oral ingestion by humans, wherein the morphinan or salt thereof is present at a dosage
which renders the morphinan therapeutically effective in substantially reducing symptoms of

Parkinson’s disease, without causing unacceptable side effects.

7. The unit dosage formulation of claim 6, comprising a digestible capsule, which encloses the

morphinan or pharmaceutically acceptable salt thereof.

8. The unit dosage formulation of claim 7, wherein the dosage of the morphinan is about 250
milligrams/day or less.
9. A method of treating symptoms of Parkinson’s disease comprising administering to a patient

or animal in need of such treatment an effective anti-Parkinsonism amount of the

composition according to claim 1.

10.  The method according to claim 9, wherein the composition comprises a mixture of the

morphinan derivative.
11.  The method according to claim 9, wherein the composition comprises 3-hydroxymorphinan.
12.  The method of claim 9, wherein the composition is in sustained release dosage form.

13.  The method of claim 9, wherein the composition further comprises a neuroprotective agent.
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15.
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18.

19.

20.

21.
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The method of claim 12, wherein the composition comprises a digestible capsule, which

encloses the morphinan or pharmaceutically acceptable salt thereof.

The method of claim 9, wherein the composition is administered at about 250 milligrams/day

or less.

A method of preventing decrease of dopamine production in substantia nigra of a subject
comprising administering to the subject a protective effective amount of the composition

according to claim 1.

A pharmaceutical composition for treating a symptom of psychotropic agent intoxication or
dependence comprising an effective anti-intoxication amount of the composition according to

claim 1.

The pharmaceutical composition according to claim 17, wherein the morphinan derivative is
3-allyloxy-17-methylmorphinan (AM), 3-cyclopropylmethoxy-17-methylmorphinan (CM),
or 3-methyl-17-methyl-morphinan (DF) or a physiologically acceptable salt thereof together

with a pharmaceutical carrier or excipient.

A method for treating psychotropic agent intoxication comprising administering to a patient
or animal in need of such treatment an effective anti-intoxication amount of the composition

according to claim 18.

The method according to claim 19, wherein the narcotics is cocaine, morphine or

methamphetamine.

A method for treating narcotics dependence comprising administering to a patient or animal
in need of such treatment an effective anti-dependent amount of the composition according to

claim 17.
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