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DESCRIPTION

MORPHINAN DERIVATIVE AND MEDICAL USAGE THEREOF
Technical Field
[0001]

The present invention relates to a morphinan dévig or a pharmaceutically
acceptable acid addition salt thereof, which haekent selectivity for and
antagonism against orexin receptors, and a meaiseaje of the same.

Background Art
[0002]

Orexin is a brain neuropeptide produced in lateyglothalamus. Two types
of orexins, orexin A (hereinafter referred to as<*@”; 33 amino acid residues) and
orexin B (hereinafter referred to as “OX-B”; 28 ammiacid residues), are known to
be produced by enzymatic cleavage of the commatupser preproorexin.
Moreover, two types of G protein-coupled receptorexin 1 (hereinafter referred to
as “OX1") receptor and orexin 2 (hereinafter reddrto as “OX2”") receptor, are
known as receptors for orexin, and OX1 and OX2ptwre are understood to be
coupled to Gg and Gq as well as Gi/o, respectivelX-A activates OX1 and OX2
receptors with similar potencies, while OX-B relaty selectively activates OX2
receptor (Non-Patent Document 1). It is understhad putative physiological
effects of orexin are exerted through either onkath of OX1 and OX2 receptors.
[0003]

Orexin is known to play important roles in regidatof feeding behavior and
maintenance of sleep and wakefulness, which aengakfor life, and is involved in
control of energy metabolism and glucose metabolisfor example, it has been
observed that the expression of orexin is increaseuce or rats which are fasted,
while intracerebral administration of orexin incsea food intake in mice or rats.

Moreover, orexin is reportedly a factor which causkanges in level of wakefulness
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and in emotion, depending on a metabolic stateimdn, and thus induces feeding,
and is understood to be involved in many aspecpatifophysiology, such as obesity,
eating disorder, and sleep disorder (Non-PatenuBents 2 and 3). Narcolepsy is
a sleep disorder characterized by excessive dagieepiness, sudden loss of
muscle strength in response to strong emotionkjdiadtions while falling asleep,
and sleep paralysis. Itis a disease which alewslattention deficit hyperactivity
disorder (ADHD)-like symptoms, and is reported éodaused by insufficiency of the
orexin neuronal system (Non-Patent Document 4).

[0004]

Also, an orexin receptor antagonist is reporteeXaibit antidepressant-like
effects in mouse models of depression (Non-Patecubent 5). Moreover, a
recent study using OX1 receptor knock-out mice am@®X1 receptor antagonist has
indicated the potential of a compound that hasaibitory effect on OX1 receptor
as a candidate therapeutic agent for addictiomaiadse of drugs, including ethanol,
nicotine, cocaine, cannabinoid, and morphine, andhyperphagia and anxiety
disorder (Non-Patent Document 6). Furthermoreptitential of a compound that
has an inhibitory effect on OX1 receptor as a odeudi therapeutic agent for panic
disorder, such as panic attack and the resultitigipatory anxiety, has also been
reported (Non-Patent Document 7).

[0005]

Furthermore, it is reported that orexin receptans be involved in various
pathologic conditions, such as depression, anxistyrder, dependence, obsessive-
compulsive disorder, emotional neurosis, depressagosis, anxiety neurosis,
dysthymic disorder, behavioral disorder, mood disorsexual dysfunction, mental
dysfunction, hypogonadism, schizophrenia, manigeksion, delirium, dementia,
severe mental retardation and movement disordecé @s, for example,

Huntington’s disease and Tourette syndrome), feedisorder (such as, for example,



hypophagia, hyperphagia, plague, and obesity) ctiddieating behaviors (such as,
for example, overeating/vomiting behavior), cardissular disease, diabetes mellitus,

appetite/taste disorder, emesis, vomiting, nawsgama, cancer, Parkinson’s disease,
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Cushing syndrome/disease, basophilic adenoma,qgbirdana, hyperprolactinemia,
pituitary gland tumor/adenoma, hypothalamic diseadmmatory bowel disease,
gastric dyskinesia, gastric ulcer, Froehlich’s synae, adrenohypophysis disease,
pituitary disease, adrenohypophysis hypoactivilyeaohypophysis hyperactivity,
hypothalamic hypogonadism, Kallmann syndrome (@as;Hor example, dysosmia
and hyposmia), functional or psychogenic amenorrpiaitary hypoactivity,
hypothalamic hypothyroidism, hypothalamic adrenalificiency, idiopathic
hyperprolactinemia, growth hormone insufficiencyadsypothalamic disease,
idiopathic developmental retardations, dwarfisngagitism, acromegaly, biological
and circadian rhythm defect, neurological disordkep disorder associated with
neuropathic pain and a disease such as restlessyadrome, cardiopulmonary
disease, acute and congestive heart failure, hgpate, hypertension, urinary
retention, osteoporosis, angina pectoris, myochirdfi@rction, ischemic or
hemorrhagic stroke, subarachnoid hemorrhage, wtlergies, benign prostatic
hypertrophy, chronic renal failure, kidney diseaséeluced glucose tolerance,
migraine, hyperalgesia, pain, hyperpathia, enhanceccessive hypersensitivity to
pain such as burning pain and allodynia, acute, fmiming pain, atypical facial pain,
neuropathic pain, back pain, type | and type Il ptax regional pain syndrome,
arthralgia, pain caused by sport injuries, paimeissed with infection (such as, for
example, infection of HIV), chemotherapy-inducethpaentral post-stroke pain,
post-surgery pain, neuralgia, visceral pain iniabie bowel syndrome or the like and
the state associated with angina pectoris, bladdentinence (such as, for example,
urgent incontinence), narcotic drug tolerance @ghdriawal from narcotic drug

addiction, sleep disorder, sleep apnea, narcolépsymnia, parasomnia, jet lag



10

15

20

25

syndrome, neurodegenerative disorders includinglogially classified events
(such as, for example, a complex disease consistidgsinhibition, dementia,
Parkinson’s disease and muscular atrophy, andipgbonto-nigral degeneration),
epilepsy, seizure disorder, and other diseasetedela dysfunction of the orexin
system (Patent Document 1).

[0006]

Thus, there is a great expectation for a compadladexhibits antagonism
against orexin receptors to be an agent of pravgiti treating sleep disorder,
obesity including obesity observed in diabetic grat, eating disorder, anxiety
disorder, depression, drug dependence, obsessmptisive disorder and attention
deficit hyperactivity disorder (ADHD), and otherri@us diseases or symptoms
related to orexin receptors.

[0007]

Various compounds are known to exhibit antagoragiinst orexin receptors,
and, for example, @-2-{(19-6,7-dimethoxy-1-[2-(4-trifluoromethyl-phenyl)ethy
3,4-dihydro-H-isoquinolin-2-yl}-N-methyl-2-phenylacetamide (Almexant), a
derivative of 1,2,3,4-tetrahydroisoquinoline, hagib clinically developed as a
therapeutic agent for insomnia (Patent Document 2).

[0008]

Also, [(7R)-4-(5-chloro-1,3-benzoxazol-2-yl)-7-methyl-1,4-dépan-1-yl][5-
methyl-2-(2H-1,2,3-triazol-2-yl)phenyllmethanone (Suvorexardtdhit Document 3),
a diazepan compound, andR(2R)-2-{[2,4-dimethylpyrimidin-5-yl)oxy]methyl}-2-
(3-fluorophenyl)-N-(5-fluoropyridin-2-yl)cyclopropee carboxamide, a cyclopropane
compound, and the like are known to be therapaggamts for insomnia which
exhibit antagonism against orexin receptors (Pddeaument 4). Furthermore,
various compounds having the antagonistic actagginst OX receptors are

disclosed in Non-Patent Document 1.



10

15

20

25

[0009]

Meanwhile, Non-Patent Document 8 discloses thatpmunds each having a
particular morphinan structure, the compounds etthdppotent agonism at-opioid
receptor (Patent Document 5), potent antagonisnmstg@RL1 receptor (Patent
Document 6) and strong therapeutic effects on degendence (Patent Document 7),
exhibit a weak antagonistic activity against OXé&egtor.

Prior Art Documents

[Patent Documents]

[0010]

Patent Document 1: WO13/181174

Patent Document 2: WO05/118548

Patent Document 3: WO08/069997

Patent Document 4: WO12/039371

Patent Document 5: WO93/015081

Patent Document 6: Japanese Unexamined PatentcApph Publication No. 2000-
53572

Patent Document 7: W099/011289

[Non-Patent Documents]

[0011]

Non-Patent Document 1: Boss, C. and Roch, C., Réards in orexin research -
2010 to 2015. Bioorg. Med. Chem. Lett., Vol. 25130pp. 2875-2887.
Non-Patent Document 2: Hara, &.al., Orexin: a substance that links feeding
behavior to the awakening system, Seitai-no Kagskl,62, No. 1, Feb., 2011, pp.
31-36.

Non-Patent Document 3: Tsuneki ket al., Hypothalamic orexin system regulates
energy and glucose metabolism, J. Pharmacol.\&ui. 142, 2013, pp. 316-317.

Non-Patent Document 4: Ito, Ht al., A case of Early Childhood-onset Narcolepsy,
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J. Japan Pediatric Soc., Vol. 116, No. 11, 20121g@8-1732.

Non-Patent Document 5: Nollet, M, al., Neurogenesis-Independent
Antidepresssant-Like Effects on Behavior and Sthess Response of a Dual
Orexin Receptor Antagonist in a Rodent Model of i2spion.
Neuropsychopharmacology, Vol. 37, pp. 2210-2221220

Non-Patent Document 6: Pich, E.M. and Melotto(Bexin 1 receptor antagonists
in compulsive behavior and anxiety: possible thewdip use. Front. Neurosci., Vol.
8, pp. 1-6, 2014.

Non-Patent Document 7: Johnson, Petal., Orexin 1 receptors are a novel target
to modulate panic responses and the panic braivoniet Physiol. Behav., Vol. 105,
pp. 733-742, 2012.

Non-Patent Document 8: Saito, & al., Affinity of Nalfurafine for its new receptor,
1P-11, Conference Proceedings of the 32th Medi€h@imistry Symposium, 2014,
Division of Medicinal Chemistry, The PharmaceutiSakiety of Japan (eds.), p. 74.
Summary of the Invention

Problem to be Solved by the Invention

[0012]

However, in previously published Patent Documénts 7 and Non-Patents
Documents 1 to 8, there is no disclosure or noestgon of morphinan derivatives
having a particular structure and exhibiting e>amtlselectivity for and antagonism
against orexin receptors.

[0013]

Thus, an object of the present invention is to/jgf® a novel compound
having the morphinan skeleton which is useful far treatment or prevention of
various diseases or symptoms related to orexirptece
Means for Solving the Problem

[0014]
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The inventors intensively studied and consequdatind that a compound
having a particular structure, among those haviegmorphinan skeleton, or a
pharmaceutically acceptable acid addition saltebieexhibited excellent selectivity
for and antagonism against orexin receptors, agietlly completed the present
invention.

That is, the present invention relates to theofeihg (1) to (11).

(2) A morphinan derivative represented by the garfermula (I) below or a

pharmaceutically acceptable acid addition saltetbier

[0015]

)
[0016]

[wherein }-L%L3 represents CErCH,-CH,, C(R)-CH=CH, or C=CH-CH,
wherein R represents a hydrogen atom, hydroxy, nitreCgalkanoyloxy, G-Cs
alkoxy, G-Cs alkyl, amino, monoalkylamino (the alkyl moiety hase to five carbon
atoms), dialkylamino (the alkyl moiety has oneit@ fcarbon atoms), Cs
alkanamide, benzamide, o¢-Cy4 aryl-alkanamide;

A represents -C(=0)- or -S6)
[0017]

R! represents C; linear or branched alkyl, £Cs cycloalkyl, G-C;

cycloalkylalkyl, G-Cs cycloalkenyl, G-C; cycloalkenylalkyl, G-C,3 aralkyl, G-C;



alkenyl, allyl, or an organic group containing arfybasic skeletons (1) below,
wherein, in the basic skeletons (ll), Q represéht®, or S; T represents GH\NH, S,
or O; | represents an integer of 0 to 5; m andah édependently represent an
integer of 0 to 5, provided that the sum of m ansl mot more than 5; said organic
5 group represented by'f&s optionally substituted by at least one substitiselected

from the group consisting of;&Cs alkyl, C;-Cs alkoxy, G-Cs alkanoyloxy, hydroxy,
fluorine, chlorine, bromine, iodine, amino, monagddimino (the alkyl moiety has
one to five carbon atoms), dialkylamino (the alikdiety has one to five carbon
atoms), nitro, cyano, carboxy, carbamoyl, N,N-drdkrbamoyl (the alkyl moiety

10 has one to five carbon atoms), amidino, guanidswthiocyanate, trifluoromethyl,
phenyl, trifluoromethoxy, and methylenedioxy;

[0018]

(basic skeletons II)

~N
Z

Q:N,0O, 8

\ 7

Q

[

Z<_i/
SR RS
\ 7 'QIID'

T:CHz, NH, S, O

E(CHZ)I | (CﬁTﬂm |= 0-5

| /

T (CHoln M=o
m+n<5

[0019]
both R and R represent a hydrogen atom, or one daRd R represents a

15 hydrogen atom and the other represents hydroxg? and R together represent
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0XO;

R* represents a hydrogen atom, hydroxy-Gg alkoxy, G-C; alkenyloxy, G-
C,3 aralkyloxy, or G-Cs alkanoyloxy;

R° and R together represent -O-, -S-, or -&+br R represents a hydrogen
atom and Rrepresents a hydrogen atom, hydroxy.Gg alkoxy, or G-Cs
alkanoyloxy;

R’ represents a hydrogen atom; @G alkyl, C>-Cs alkenyl, or G-Cy3 aralkyl;

B* represents -N(R)C(=0)- or -NR’, wherein R° represents a hydrogen
atom, G-Cs linear or branched alkyl;

[0020]

B? represents a valence bond; @4 linear or branched alkylene (provided
that said alkylene is optionally substituted witheast one substituent selected from
the group consisting of &Cs alkoxy, G-Cs alkanoyloxy, hydroxy, fluorine, chlorine,
bromine, iodine, amino, monoalkylamino (the alkydiety has one to five carbon
atoms), dialkylamino (the alkyl moiety has oneit@ fcarbon atoms), nitro, cyano,
carboxy, carbamoyl, amidino, guanidino, trifluordimg, phenyl and phenoxy; and
one to three methylene groups are optionally relagith carbonyl groups), £Ci4
linear or branched acyclic unsaturated divalentbgarbon group containing one to
three double and/or triple bonds (provided thad $gdrocarbon group is optionally
substituted with at least one substituent seleftted the group consisting of;€Cs
alkoxy, G-Cs alkanoyloxy, hydroxy, fluorine, chlorine, bromiriedine, amino,
monoalkylamino (the alkyl moiety has one to fivebman atoms), dialkylamino (the
alkyl moiety has one to five carbon atoms), nityano, carboxy, carbamoyl,
amidino, guanidino, trifluoromethyl, trifluorometky, phenyl, and phenoxy; and one
to three methylene groups are optionally replacitd @arbonyl groups), or 8Ci4
linear or branched saturated or unsaturated ditvalgdrocarbon group containing

one to five thioether bonds, ether bonds, and/onatnonds (-N(H)-) (provided that
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the hetero atom comprised in said thioether botidrdoond, or amino bond is not
directly linked to B; and one to three methylene groups are optiomefijaced with
carbonyl or sulfonyl groups);

[0021]

R® represents a hydrogen atom or an organic groutaicimg any of basic
skeletons (Ill) below, wherein, in the basic sketet (111), Q represents N, O, or S; T
represents CEINH, S, or O; | represents an integer of 0 to End n each
independently represent an integer of 0 to 5, pexlithat the sum of m and n is not
more than 5; said organic group representedig Bptionally substituted by at least
one substituent selected from the group consistir@-Cs alkyl, G;-Cs alkoxy, G-

Cs alkanoyloxy, hydroxy, fluorine, chlorine, bromiriedine, amino,
monoalkylamino (the alkyl moiety has one to fivebzn atoms), dialkylamino (the
alkyl moiety has one to five carbon atoms), nityano, isothiocyanate,
trifluoromethyl, phenyl, phenoxy, trifluoromethoxgnd methylenedioxy; and

[0022]

(basic skeletons I11)

~N
=

Q:N,O, S

\ 7

Z\—/
SR RS
\ /~ Q

T:CH,, NH, S, O
(CHy)l (CH2)m |=0-5

—|
[\
_|

m,n=0

m+n<5

(CHon
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[0023]

said general formula (1) inclusively represents ¢h)-form, the (-)-form, and
the (x)-form of the molecule].
[0024]
(2) The morphinan derivative or the pharmaceutycadiceptable acid addition
salt thereof according to (1), whereiflL?-L? represents C(H-CHx-CH, (where R
has the same definition as above) or C=CH,Giid wherein Rand R together
represent -O-.
[0025]
3) The morphinan derivative or the pharmaceutycaticeptable acid addition
salt thereof according to (1) or (2), whereffrBpresents an organic group

containing any of basic skeletons below.

[0026]
O
~
OO0
N
[0027]

(4) The morphinan derivative or the pharmaceutycadiceptable acid addition
salt thereof according to any of (1) to (3), wher@t represents an organic group

containing any of basic skeletons below.

[0028]

N\
0 O
[0029]

(5) The morphinan derivative or the pharmaceutycadiceptable acid addition
salt thereof according to any of (1) to (4), whergf represents £Cs alkoxy or G-

C,3 aralkyloxy.
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[0030]

(6) A pharmaceutical drug comprising, as an adtigeedient, the morphinan
derivative or the pharmaceutically acceptable adidition salt thereof according to
any of (1) to (5).

(7) A pharmaceutical composition comprising, agetive ingredient, the
morphinan derivative or the pharmaceutically acaleletacid addition salt thereof
according to any of (1) to (5).

(8) An orexin receptor antagonist comprising, agetive ingredient, the
morphinan derivative or the pharmaceutically acalelet acid addition salt thereof
according to any of (1) to (5).

9) An therapeutic or prophylactic agent for drigpendence comprising, as an
active ingredient, the morphinan derivative orpharmaceutically acceptable acid
addition salt thereof according to any of (1) th (5

(10) A therapeutic or prophylactic method for ddependence, the method
comprising administering an effective amount of ti@phinan derivative or the
pharmaceutically acceptable acid addition saltebieaccording to any of (1) to (5)
to a mammal in need of treating or preventing dtegendence.

(11) A morphinan derivative represented by the g@rfermula (1) below or a
pharmaceutically acceptable acid addition saltebiefor use in treatment or
prevention of drug dependence

[0031]



10

15

13

(1)

[0032]

[wherein }-L2%L3 represents C3rCH,-CH,, C(R)-CH=CH, or C=CH-CH,
wherein R represents a hydrogen atom, hydroxy, nitroOgalkanoyloxy, G-Cs
alkoxy, G-Cs alkyl, amino, monoalkylamino (the alkyl moiety hase to five carbon
atoms), dialkylamino (the alkyl moiety has oneite fcarbon atoms), Cs
alkanamide, benzamide, o¢-Cy4 aryl-alkanamide;

A represents -C(=0)- or -S€
[0033]

R' represents £C; linear or branched alkyl, £Cs cycloalkyl, G-C;
cycloalkylalkyl, G-Cs cycloalkenyl, G-C; cycloalkenylalkyl, G-Cy3 aralkyl, G-C;
alkenyl, allyl, or an organic group containing arfybasic skeletons (1) below,
wherein, in the basic skeletons (ll), Q represéht®, or S; T represents GH\NH, S,
or O; | represents an integer of 0 to 5; m andah édependently represent an
integer of 0 to 5, provided that the sum of m ansl mot more than 5; said organic
group represented by optionally substituted by at least one substitiselected
from the group consisting of;&Cs alkyl, C;-Cs alkoxy, G-Cs alkanoyloxy, hydroxy,
fluorine, chlorine, bromine, iodine, amino, monaddimino (the alkyl moiety has
one to five carbon atoms), dialkylamino (the alindiety has one to five carbon

atoms), nitro, cyano, carboxy, carbamoyl, N,N-didkrbamoyl (the alkyl moiety
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has one to five carbon atoms), amidino, guanidsathiocyanate, trifluoromethyl,

phenyl, trifluoromethoxy, and methylenedioxy;

[0034]

(basic skeletons II)

) Y YTy MY
v W L P ~ x
|/
A /\N AA_‘.
W 7 B
o
N NG NG
Q AN
PN T
H || = Q:N,O, S

@
I

[0035]

hydrog

0XO;

T:CHz, NH, S, O

Hy)l E(C\HTz)m |=0-5
/

(CHo)n m.nz0

m+n<5

both R and R represent a hydrogen atom, or one d&Rd R represents a

en atom and the other represents hydroxg? and R together represent

R* represents a hydrogen atom, hydroxy-Gg alkoxy, G-C; alkenyloxy, G-

C,3 aralkyloxy, or G-Cs alkanoyloxy;

R°and R together represent -O-, -S-, or -&£Hor R represents a hydrogen

atom and Rrepresents a hydrogen atom, hydroxy.Gg alkoxy, or G-Cs

alkanoyloxy;

[0036]

R’ represents a hydrogen atom; @ alkyl, C-Cs alkenyl, or G-Cy3 aralkyl;

B* represents -N(R)C(=0)- or -NR’, wherein R° represents a hydrogen
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atom, G-Cs linear or branched alkyl,

B2 represents a valence bond: @4 linear or branched alkylene (provided
that said alkylene is optionally substituted withesst one substituent selected from
the group consisting of &Cs alkoxy, G-Cs alkanoyloxy, hydroxy, fluorine, chlorine,
bromine, iodine, amino, monoalkylamino (the alkydiety has one to five carbon
atoms), dialkylamino (the alkyl moiety has oneite fcarbon atoms), nitro, cyano,
carboxy, carbamoyl, amidino, guanidino, trifluoraimg, phenyl and phenoxy; and
one to three methylene groups are optionally reglaith carbonyl groups), £14
linear or branched acyclic unsaturated divalentbyarbon group containing one to
three double and/or triple bonds (provided thad $gdrocarbon group is optionally
substituted with at least one substituent seleftted the group consisting of,€Cs
alkoxy, G-Cs alkanoyloxy, hydroxy, fluorine, chlorine, bromiriedine, amino,
monoalkylamino (the alkyl moiety has one to fivebmn atoms), dialkylamino (the
alkyl moiety has one to five carbon atoms), nityano, carboxy, carbamoyl,
amidino, guanidino, trifluoromethyl, trifluorometky, phenyl, and phenoxy; and one
to three methylene groups are optionally replacihl @arbonyl groups), or Ci4
linear or branched saturated or unsaturated ditvalgdrocarbon group containing
one to five thioether bonds, ether bonds, and/onafmonds (-N(H)-) (provided that
the hetero atom comprised in said thioether botin&rdond, or amino bond is not
directly linked to B; and one to three methylene groups are optiomefijaced with
carbonyl or sulfonyl groups);

[0037]

R® represents a hydrogen atom or an organic grougicimg any of basic
skeletons (Ill) below, wherein, in the basic sketet (111), Q represents N, O, or S; T
represents CEINH, S, or O; | represents an integer of 0 to Enmd n each
independently represent an integer of O to 5, pexvithat the sum of m and n is not

more than 5; said organic group representedtig Bptionally substituted by at least



16

one substituent selected from the group consisting-Cs alkyl, G-Cs alkoxy, G-
Cs alkanoyloxy, hydroxy, fluorine, chlorine, bromiriedine, amino,
monoalkylamino (the alkyl moiety has one to fivebmn atoms), dialkylamino (the
alkyl moiety has one to five carbon atoms), nitygno, isothiocyanate,

5 trifluoromethyl, phenyl, phenoxy, trifluoromethoxgnd methylenedioxy; and
[0038]

(basic skeletons I11)

\ 7
\\’

@:
\ /
\_7

E(CHQ)I (qu)m |=0-5

| i

T o) m,n=0
m+n<5

said general formula (1) inclusively represents ¢R)-form, the (-)-form, and
the ()-form of the molecule].
Effect of the Invention

10 [0039]

A morphinan derivative according to the presewéition or a
pharmaceutically acceptable acid addition saltebiehas excellent selectivity for
and antagonistic activities against orexin receppamod, therefore, is useful as a
prophylactic or therapeutic agent for various dissaand symptoms related to orexin

15 receptors.
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Brief Description of the Drawings
[0040]
Fig. 1 depicts the effect of the compound of Examfd (Compound 26) on the
incidence of morphine physical dependence in nboely weight loss). The
asterisk indicates the statistical significancp &t0.05.
Fig. 2 depicts the effect of the compound of Examfd (Compound 26) on the
withdrawal state in mice with morphine physical éegence (body weight loss).
The asterisk indicates the statistical significaatp < 0.05.
Detailed Description of the Invention
[0041]

A morphinan derivative of the present inventioraggharmaceutically

acceptable acid addition salt thereof is represelyethe general formula (1) below.

[0042]

[0043]

In the general formula (1),tL%L* represents CR-CH,-CH,, C(R)-
CH=CH, or C=CH-CH, wherein R represents a hydrogen atom, hydroxy, nitrg, C
Cs alkanoyloxy, G-Cs alkoxy, G-Cs alkyl, amino, monoalkylamino (the alkyl

moiety has one to five carbon atoms), dialkylaniihe alkyl moiety has one to five
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carbon atoms), 2Cs alkanamide, benzamide, o4-Cy4 aryl-alkanamide. Among
those, -L%L3 preferably represents C)RCH,-CH, (where R has the same
definition as above) or C=CH-GH

A represents -C(=0)- or -SO

5 [0044]

R' represents C;, preferably G-Cs, linear or branched alkyl,#Cs,
preferably G-Cs, cycloalkyl, G-C; cycloalkylalkyl, G-Cs cycloalkenyl, G-C;
cycloalkenylalkyl, G-Cy3 aralkyl, G-C; alkenyl, allyl, or an organic group
containing any of basic skeletons (1) below.

10  [0045]

(basic skeletons I1)

<
N
=

Q:N,O, S

W

=\
9]
&

QS
[

T:CHz, NH, S, O

(CHo)l (Cl"Z)m |=0-5
I: | [ / m,n=0
T (CH2)n o

m+n<5
[0046]
In the above basic skeletons (ll), Q represen® Nor S; T represents GH
NH, S, or O; | represents an integer of O to 5;nth @ each independently represent
an integer of 0 to 5, provided that the sum of mh ams not more than 5.

15 The organic group represented byaRd containing any of the above basic
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skeletons (Il) includes monovalent groups, sucphesyl, naphthyl, or quinolinyl,
derived by removing a hydrogen atom from any rifithe above basic skeletons
(I1); or monovalent groups, such as styrykltfgCH=CH-) or anilino (GHsN(H)-),
derived by removing a hydrogen atom from its sidairc of any of the above basic
skeletons (l1).
[0047]

Among those, Ris preferably an organic group containing any asib

skeletons below.

[0048]

N\
D O
[0049]

The above organic group represented bgiRl containing any of the above
basic skeletons (ll) is optionally substituted watheast one substituent selected
from the group consisting of,&Cs, preferably G-Cs, alkyl, G-Cs, preferably G-Cs,
alkoxy, G-Cs alkanoyloxy, hydroxy, fluorine, chlorine, bromiriedine, amino,
monoalkylamino (the alkyl moiety has one to fiveefprably one to three, carbon
atoms), dialkylamino (the alkyl moiety has oneitef preferably one to three,
carbon atoms), nitro, cyano, carboxy, carbamoyN-Nialkylcarbamoyl (the alkyl
moiety has one to five, preferably one to threegh@a atoms), amidino, guanidino,
isothiocyanate, trifluoromethyl, phenyl, trifluorethoxy, and methylenedioxy.
Among those, organic groups in which the abovedisigtletons (Il) themselves are
substituted with at least one substituent seleftted the above group are preferable.
[0050]

Both R and R represent a hydrogen atom, or one bRd R represents a

hydrogen atom and the other represents hydroxg? and R together represent
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oxo; among those, it is preferred that botreRd R represent a hydrogen atom.

R* represents a hydrogen atom, hydroxyGg, preferably G-Cs, alkoxy, G-
C; alkenyloxy, G-C;3 aralkyloxy, or G-Cs alkanoyloxy; it preferably represents,
among those, ££Cs alkoxy or G-C;3 aralkyloxy.

[0051]

R® and R together represent -O-, -S-, or -E}br R represents a hydrogen
atom and Rrepresents a hydrogen atom, hydroxy-Gg alkoxy, or G-Cs
alkanoyloxy; among those, it is preferred thaeRd R together represent -O-.

R’ represents a hydrogen atom; @G alkyl, C-Cs alkenyl, or G-Cy3 aralkyl;
it preferably represents, among those, a hydrogen.a

B* represents -N(R)C(=0)- or -NR’, wherein R° represents a hydrogen
atom, G-Cs, preferably G-Cg, linear or branched alkyl.

[0052]

B? represents a valence bond; @4, preferably G-Cs, linear or branched
alkylene (provided that said alkylene is optionaljpstituted with at least one
substituent selected from the group consisting:e€§€alkoxy, G-Cs alkanoyloxy,
hydroxy, fluorine, chlorine, bromine, iodine, amjmoonoalkylamino (the alkyl
moiety has one to five carbon atoms), dialkylanthe alkyl moiety has one to five
carbon atoms), nitro, cyano, carboxy, carbamoylidara, guanidino,
trifluoromethyl, phenyl and phenoxy; and one tethmethylene groups are
optionally replaced with carbonyl groupsk-Ci4, preferably G-Cs, linear or
branched acyclic unsaturated divalent hydrocarlvonpcontaining one to three
double and/or triple bonds (provided that said bgdrbon group is optionally
substituted with at least one substituent seleftted the group consisting of,€Cs
alkoxy, G-Cs alkanoyloxy, hydroxy, fluorine, chlorine, bromiriedine, amino,
monoalkylamino (the alkyl moiety has one to fivebmn atoms), dialkylamino (the

alkyl moiety has one to five carbon atoms), nityano, carboxy, carbamoyl,
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amidino, guanidino, trifluoromethyl, trifluorometky, phenyl, and phenoxy; and one
to three methylene groups are optionally replacitd @arbonyl groups), or 8Ci4
linear or branched saturated or unsaturated ditvalgdrocarbon group containing
one to five thioether bonds, ether bonds, and/onafmonds (-N(H)-) (provided that
5 the hetero atom comprised in said thioether botidrdoond, or amino bond is not

directly linked to B; and one to three methylene groups are optiomegijaced with
carbonyl or sulfonyl groups).

If B represents -NR- (provided that B has the same definition as above),
B? preferably represents a group selected from -QB)-, -C(=O)N(H)CH- and -

10 S(=OpN(H)-.
R® represents a hydrogen atom or an organic groutaicimg any of basic

skeletons (Ill) below.

[0053]
(basic skeletons I11)

/'L‘\.N‘ N N

I/\\‘ X " N
QO o
Q
Q
[;;] ﬂ;—][::j Q:N,0, 8

T:CHy, NH, S, O

[«l:Hz)l [(C\H;)m |=0-5
T (CHa), mned

m+n<5
[0054]

15 In the above basic skeletons (1), Q represent®Nor S; T represents GH
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NH, S, or O; | represents an integer of 0 to 5;mth @ each independently represent
an integer of 0 to 5, provided that the sum of mh ams not more than 5.
[0055]

The organic group represented ByaRd containing any of the above basic
skeletons (Ill) includes monovalent groups, sucptenyl or furyl, derived by
removing a hydrogen atom from any ring of the abloasic skeletons (lIl).

Among those, Ris preferably an organic group containing any asib

skeletons below.

[0056]
0
=
OO0
N
[0057]

The organic group represented ByaRd containing any of the above basic
skeletons (Ill) is optionally substituted with abbkt one substituent selected from the
group consisting of CCs alkyl, G-Cs alkoxy, G-Cs alkanoyloxy, hydroxy, fluorine,
chlorine, bromine, iodine, amino, monoalkylaminoe(talkyl moiety has one to five
carbon atoms), dialkylamino (the alkyl moiety hag @o five carbon atoms), nitro,
cyano, isothiocyanate, trifluoromethyl, phenyl, pbey, trifluoromethoxy, and
methylenedioxy.

The above general formula (I) inclusively représeahe (+)-form, the (-)-
form, and the (x)-form of the molecule.

[0058]

A morphinan derivative represented by the gerferatula (l) according to
the present invention can be produced by a methakkscribed below. For
example, E)-3-(furan-3-yl)-N-[(&R 485 7R, 7aR, 12165-4a-hydroxy-9-methoxy-3-
(phenylsulfonyl)-2,3,4,4a,5,6,7,7a-octahydid-4,12-methanobenzofuro[3,2-
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elisoquinolin-7-yl]-N-methylacrylamide (Compound &) compound represented by
the general formula (1) in which A is “-$S© and R is “2-furyl” out of the above
basic skeletons (lll), can be produced by the stgpand (2) of the reaction scheme
1 below.

[0059]

Reaction schemel

OMe OMe OMe
Compound Compound Compound

[0060]

In the step (1) of the above scheme 1, Compoumdi€h has been
synthesized, for example, according to the mettestticbed in Chem. Pharm. Bull.,
Vol. 52, No. 6, pp. 670-674, 2004, is dissolvethydrogen chloride-methanol under
argon atmosphere, and the resulting mixture isestiat room temperature for a
predetermined time period. Then, the reaction uméts concentrated under
reduced pressure, a saturated aqueous solutiauioiis hydrogencarbonate and
potassium carbonate are added to the residue udsdguently the resulting mixture
is extracted with 2-propanol/chloroform. The ongdayer is washed with
saturated brine, dried over sodium sulfate, and demcentrated under reduced
pressure. The obtained crude product is purifiedilica gel chromatography to
give Compound 5.

[0061]

Next, in the step (2) of the above scheme 1, Camg® is dissolved in a

solvent, such as anhydrous dichloromethane, ungenatmosphere, and

triethylamine is added thereto, and benzenesulfomigride is added to the obtained
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solution on ice, and the resulting mixture is stirat room temperature for a
predetermined time period. Then, the reaction unéts diluted with a solvent,
such as dichloromethane, and the resulting soligievashed with a saturated
aqueous solution of sodium hydrogencarbonate andasad brine, dried over
sodium sulfate, and then concentrated under redaesgure. The obtained crude
product is purified by preparative thin layer chedgography, by which Compound 6
can be produced.

[0062]

By using a procedure similar to that in the s@pof the above scheme,
morphinan derivatives having various structuresaggnted by the general formula
() in which A represents “-S&' can be produced using Compound 5 synthesized in
the step (1) of the above scheme 1 and any sulfdrglide having a desired
structure.

[0063]

Also, morphinan derivatives having various struesurepresented by the
general formula (1), that is, compounds represehtethe general formula (I) in
which A represents “-C(=0)” can be produced usingtead of benzenesulfonyl
chloride, any acid chloride having a desired stmecin the step (2) of the above
scheme 1.

[0064]

For example, N-[(R,485 7R, 78R, 1215)-4a-hydroxy-9-methoxy-3-
(phenylsulfonyl)-2,3,4,4a,5,6,7,7a-octahydid-4,12-methanobenzofuro[3,2-
elisoquinolin-7-yl]-N-methylcinnamide (Compound 14)compound represented by
the general formula (1) in which A is “-S© and R is “phenyl” out of the above
basic skeletons (lll), can be produced by the stEp® (4) of the reaction scheme 2
below.

[0065]
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Reaction scheme 2

Compound 3 Compound 11 Compound 12 Compound 13
o\\5/© o\\5/©
o= o*

—

|
N

OH

(2) (3

NMeBn NMeBn

OMe OMe

OMe

Compound 14

[0066]

In the step (1) of the above scheme 2, Compoumdhigh has been
synthesized, for example, according to the mettestticbed in Chem. Pharm. Bull.,
Vol. 52, No. 6, pp. 670-674, 2004, is dissolvethydrogen chloride-methanol under
argon atmosphere, and the resulting mixture isestiat room temperature for a
predetermined time period. The reaction mixturkiither stirred at a temperature
around 50°C for a predetermined time period, aed toncentrated under reduced
pressure. A saturated aqueous solution of sodidrogencarbonate is added to
the residue, and the resulting mixture is extraetgd 2-propanol/chloroform. The
organic layer is washed with saturated brine, tivéed over sodium sulfate, and
concentrated under reduced pressure to purifytitered crude product by silica
gel chromatography, by which Compound 11 can baioédl.

[0067]

In the step (2) of the above scheme 2, Compourahfibe obtained by using

the same method as that in the step (2) of theeat®action scheme 1, except that

Compound 11 is used instead of Compound 5.
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[0068]

In the step (3) of the above scheme 2, Compourabi#ined in the step (2)
is dissolved in a solvent, such as THF, 5% palladan activated carbon is added
thereto, and the resulting mixture is stirred amaemperature for a predetermined
time period under hydrogen atmosphere. Then,ghetion mixture is filtered
through Celite, and the filtrate is concentratedanreduced pressure. The
obtained crude product is again dissolved in aestlvsuch as THF, 5% palladium
on activated carbon is added thereto, and thetiegumixture is stirred at room
temperature for a predetermined time period ungdrdgen atmosphere. The
reaction mixture is filtered through Celite, and fiitrate is concentrated under
reduced pressure to purify the obtained crude mtdoly silica gel chromatography,
by which Compound 13 can be obtained.

[0069]

In the step (4) of the above scheme 2, Compourabizined in the step (3)
is dissolved in a solvent, such as anhydrous diohiethane, under argon
atmosphere, and triethylamine is added thereto. th& @btained solution,
cinnamoyl chloride is added on ice, and the resgilthixture is then stirred at room
temperature for a predetermined time period. Ttlenreaction mixture is diluted
with a solvent, such as dichloromethane, and thaltiag solution is washed with a
saturated aqueous solution of sodium hydrogencatband saturated brine, then
dried over sodium sulfate, and concentrated uretitraed pressure. The obtained
crude product is purified by preparative thin laghromatography, by which
Compound 14 can be produced.

[0070]

Also, in the step (4) of the above scheme 2, lygua procedure similar to

that in the step (4), morphinan derivatives hawiagous structures represented by

the general formula (I) can be produced using Cam@dd.3 and any acid chloride or
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isocyanate having a desired structure.
[0071]

The pharmaceutically acceptable acid additionasadbrding to the present
invention includes, but is not limited to, inorgauaicid salts, such as hydrochloride,
sulfate, nitrate, hydrobromide, hydroiodide, or gpivate; organic carboxylic acid
salts, such as acetate, lactate, citrate, oxahitgrate, malate, tartrate, fumarate,
mandelate, maleate, benzoate, or phthalate; onrgalfonic acid salts, such as
methanesulfonate, ethanesulfonate, benzenesulfgrstieienesulfonate, or
camphorsulfonate. Among those, acid addition salth as, but not limited to,
hydrochloride, hydrobromide, phosphate, tartratenethanesulfonate are preferably
used.

[0072]

The orexin receptor antagonist of the presentritiwa is not particularly
limited as long as it comprises, as an active idigre, a morphinan derivative
represented by the above general formula () drarpaceutically acceptable acid
addition salt thereof, and has antagonism agamegiroreceptors. The orexin
receptors are G protein-coupled receptors inclutirgsubtypes: OX1 receptor and
OX2 receptor. Morphinan derivatives representethkygeneral formula (I) or
pharmaceutically acceptable acid addition salteetbfe which are individually
contained as an active ingredient in an orexinptreantagonist of the present
invention, may have antagonism against either GXg&ptor or OX2 receptor, or
both of them; among those, a morphinan derivatikielvselectively binds to OX1
receptor and exerts antagonism against the recispgpoeferable.

[0073]

The antagonism against orexin receptors can bigremd by, for example,

measuring the change in intracellular calcium ionaentration in a competitive

reaction between a test compound and OX-A and lzding the 1G value (50%
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maximal inhibitory concentration) from the concatitsn-response curve on the
antagonist activity according to the method desdtiim Test Example 1 below.
[0074]

The 1G; of the orexin receptor antagonist of the presevgtion against
either OX1 receptor or OX2 receptor is usually moire than 10QM, preferably not
more than 1@M, and further preferably not more than tMd. Among those, the
ICs0 Of the orexin receptor antagonist of the presewvenmtion against OX1 receptor
is preferably not more than 1000 nM, further prafidy not more than 700 nM, and
particularly preferably not more than 300 nM.

[0075]

A disease which can be treated or prevented lrexin receptor antagonist
of the present invention is such a disease thatrtet of symptoms is promoted by
the binding of the orexin ligand to orexin receptqreferably OX1 receptor.
Administration of the orexin receptor antagonistha present invention to a patient
results in competition between the above ligandtaadirug of the present invention
in the patient’s body, in which the drug of thegmet invention exerts antagonistic
effects on the orexin receptors-ligand binding tredeby improves the patient’s
condition. OX1 and OX2 receptors play importariésdn the regulatory
mechanism for feeding behavior and the maintenareehanism for sleep and
wakefulness, which are essential for life, anddntml of energy metabolism and
glucose metabolism. Accordingly, the diseaseympsoms which can be treated
or prevented by the present invention can inclbdéare not particularly limited to,
sleep disorder, obesity including obesity obseivetiabetic patients, feeding
disorder, anxiety disorder, depression, drug depecs, obsessive-compulsive
disorder and attention deficit hyperactivity dissrdADHD), and the like; the orexin
receptor antagonist of the present invention isepably used as a therapeutic and

prophylactic agent for drug dependence.
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[0076]

Drug dependence targeted by the therapeutic ghgtactic agent of the
present invention can include narcotic addicti@yghostimulant addiction, nicotine
addiction, alcohol addiction, and central nervogstesn depressant addiction, and
the like. Among those drugs causing the aboveridestaddictions, the narcotics
include morphine, heroin, cocaine, cannabis, &g the psychostimulants include
amphetamine, methamphetamine, and the like; thieaderervous system
depressants include barbiturates, benzodiaze@ndghe like. The orexin receptor
antagonist of the present invention is preferabtydirug dependence caused by,
among those, nicotine, alcohol, morphine, and cecai
[0077]

The therapeutic and prophylactic effects of thexmr receptor antagonist of
the present invention on drug dependence can beaged using an appropriate
animal model. Examples of the evaluation inclugeedhod in which a withdrawal
syndrome manifested after the administration obxahe, an opioid receptor
antagonist, is observed using a drug dependencelrmogthich morphine, a
narcotic for mice, is repeatedly administered toenaccording to the methods
described in Test Examples 2 and 3 below.

[0078]

Furthermore, other various diseases or symptolateteto orexin receptors
can also be treated or prevented.

It is known that an orexin receptor antagonistosventionally used as a
therapeutic agent for sleep disorder such as insgmwwhile a morphinan derivative
represented by the general formula (l) or a phaewigcally acceptable acid addition
salt thereof in the present invention is also usafuan active ingredient in a
therapeutic agent for sleep disorder.

[0079]



10

15

20

25

30

The sleep disorder in the present invention refeesdisorder characterized
by a chief complaint of sleeplessness, including,nwt limited to, primary insomnia,
secondary insomnia such as insomnia due to cinsabighm sleep disorder,
insomnia caused by depression, insomnia associdtieather mental disorders,
insomnia caused by stress, insomnia caused byqgathylisorders, and insomnia
induced by a substance (such as, for example, @lcamphetamines, antianxiety
agents, caffeine, cocaine, opioid, sedatives, gpddtics). Symptoms of insomnia
include sleep onset insomnia, sleep maintenanocennix, sleep offset insomnia, and
nonrestorative sleep.

[0080]

As the orexin receptor antagonist of the presargntion, a morphinan
derivative represented by the general formulanB pharmaceutically acceptable
acid addition salt thereof can be administerecbmigzination with one or more other
agents conventionally used for the treatment ovgartton of a disease or for
alleviation or suppression of symptoms. The metbfocbmbining other agents
may include sequential administration of each combidrug, or administration of a
drug combination.

[0081]

The morphinan derivative represented by the géfamrmraula (1) or a
pharmaceutically acceptable acid addition saluigfied for pharmaceutical use to
pass a required safety test, after which it caadmeinistered directly as a
pharmaceutical drug, or administered as a pharniaeéaomposition comprising it
in combination with a known pharmaceutically aceépe acid, carrier, excipient, or
the like, orally or parenterally, to a mammal (éx@ample, mouse, rat, hamster, rabbit,
dog, monkey, cow, sheep, or human), preferablyftoraan. A dosage form for
oral administration can be selected from, with@uithtion, dosage forms such as

tablets, capsules, oral disintegrants, powdersyugea, syrups, or jellies, while
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parenteral administration can be selected fromhouit limitation, intravenous bolus
injection, continuous intravenous infusion, intrasowlar injection, subcutaneous
injection, intradermal injection, tapes, patch, #mallike.

[0082]

The content of a morphinan derivative represehtetihe general formula (1)
or a pharmaceutically acceptable acid additiontealteof in the pharmaceutical
composition is not particularly limited, but, ineticase of an oral drug, for example,
it is prepared to usually have a content of {@Xo 100 mg per dose. Moreover, the
dose can be selected based on the condition, adéaaly weight of a patient, and
dosing regimen, and the like; however, the dailpant of a morphinan derivative
represented by the general formula (l) or a phaewigcally acceptable acid addition
salt thereof for adult people is usually from (idlto 20 mg, preferably from g to
10 mg, and can be administered in one dose owverakdivided doses.

Examples
[0083]

The present invention will be specifically desedibelow by way of
Comparative Examples, Examples and Test Exampldsrtmnstrate specific
examples of the morphinan derivative representeithdgeneral formula (1) and the
pharmaceutically acceptable acid addition saltebigbut the present invention is
not limited thereto.

[0084]

The abbreviations used in Comparative Examplessxaanples below are
commonly used abbreviations well known to thos#eskin the art. Some of those
abbreviations are shown below.

COMU: (1-cyano-2-ethoxy-2-oxoethylideneaminooxyédihylamino-
morpholino-carbenium hexafluorophosphate

DMF: N,N-dimethylformamide
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THF: tetrahydrofuran
[0085]
In proton nuclear magnetic resonance spectra, icaéshifts were

referenced to tetramethylsilane and expressédppm), while coupling constants

were expressed in hertz (Hz). Coupling patterasdascribed as singlet (s), doublet

(d), triplet (t), multiplet (m), and broad (br).
[0086]

Moreover, the term “room temperature” in Compaetxamples and
Examples refers to a temperature from about 10%bowut 35°C, while the symbol
“%" refers to percent by weight unless otherwisecsied.

[0087]

(Comparative Example 1) Synthesis Bj-N-[(4R,4a5 7R, 7aR,1215)-3-
(cyclopropylmethyl)-4a,9-dihydroxy-2,3,4,4a,5,6 &-dctahydro-H-4,12-
methanobenzofuro[3,2-elisoquinolin-7-yl]-3-(furand3-N-methylacrylamide
hydrochloride (Nalfurafine hydrochloride, Compouhd

[0088]

-HCI

Compound

[0089]
Compound 1 having the above indicated structuie syathesized according
to the method described in Bioorg. Med. Chem. 20889188-9201.
[0090]
(Reference Example 1) Synthesis Bf-N-[(4R, 485 7R, 7R, 12165)-3-

(cyclopropylmethyl)-4a-hydroxy-9-methoxy-2,3,4,48,5,7a-octahydroH-4,12-
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methanobenzofuro[3,2-elisoquinolin-7-yl]-3-(furand3-N-methylacrylamide
hydrochloride (Compound 2):
[0091]

N
V/\OH

O
P * HCI

N

Me \ D
O

OMe
Compound 2
[0092]

Under argon atmosphere, nalfurafine (200 mg, #4#l) was dissolved in
anhydrous DMF (2.1 mL), and potassium carbonatéd (i@, 1.26 mmol) and
iodomethane (3L, 0.498 mmol) were added thereto. The obtaindatisa was
protected from light and stirred at room tempemafor 18 hours, and the reaction
mixture was then poured into water (6 mL), andaoted with diethylether. The
organic layers were combined, washed sequentiallywater and saturated brine,
dried over magnesium sulfate, and then concentratddr reduced pressure. The
obtained crude product was purified by silica debmatography (2-9% (v/v)
methanol/chloroform) to give the free form of titketcompound 2 (169 mg, 82%) as
a colorless amorphous material. The compound wasgetted to a hydrochloride
by using a hydrogen chloride-ethyl acetate solusind thereby the title compound 2
was obtained.

[0093]

(Free-form)

'H-NMR (400MHz, CDC}) & (ppm): 0.09-0.18 (m, 2H), 0.50-0.59 (m, 2H), 0.79-
0.91 (m, 1H), 1.40-1.73 (m, 4H), 2.06-2.42 (m, 5M§4 (dd, J = 18.4, 5.6Hz, 1H),
2.64-2.71 (m, 1H), 3.02 (s, 2.4H), 3.04 (s, 0.63406-3.18 (m, 2H), 3.72-3.87 (m,

0.8H), 3.81 (s, 2.4H), 3.84 (s, 0.6H), 4.39-4.59(8H), 4.62 (d, J = 8.4Hz, 0.8H),



10

15

20

34

4.72 (d, J = 8.4Hz, 0.2H), 5.10 (brs, 1H), 6.44461®, 2.2H), 6.67 (d, J = 8.4Hz,
0.8H), 6.72 (d, J = 8.4Hz, 0.2H), 6.80 (d, J = &4618H), 7.36-7.62 (m, 3H).
MS(ESD[M+H]" = 491

[0094]

(Hydrochloride)

mp(dec.): 235-240°C

Elementary analysis: asé34N,0Os-HCI-0.2H,0

Calculated: C, 65.64; H, 6.72; N, 5.28.

Observed: C, 65.53; H, 6.97; N, 5.21.

[0095]

(Comparative Example 2) Synthesist@t-butyl(4R,4a5 7R, 7aR,12105)-7-
[benzyl(methyl)amino]-4a-hydroxy-9-methoxy-1,2,43l&,7,7a-octahydroks-4,12-
methanobenzofuro[3,2-elisoquinolin-3-carboxylaterfound 3):

[0096]

OMe
Compound

[0097]
Compound 3 having the above indicated structure syathesized according

to the method described in Chem. Pharm. Bull., 82|.No. 6, pp. 670-674, 2004.

[0098]

(Reference Example 2) Synthesigeat-butyl(4R,4aS 7R, 78R, 12105)-7-[(E)-3-(furan-

3-yl)-N-methylacrylamide]-4a-hydroxy-9-methoxy-1424a,5,6,7,7a-octahydrd43

4,12-methanobenzofuro[3,2-e]isoquinolin-3-carbote/@Compound 4):

[0099]
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OMe

Compound 4

[0100]

Compound 4 having the above indicated structuie syathesized according
to the method described in Chem. Pharm. Bull., 82|.No. 6, pp. 670-674, 2004.
[0101]
(Example 1) Synthesis oE)-3-(furan-3-yl)-N-[(&R,485 7R, 7aR, 121659-4a-hydroxy-
9-methoxy-3-(phenylsulfonyl)-2,3,4,4a,5,6,7,7a-bgtro-1H-4,12-
methanobenzofuro[3,2-elisoquinolin-7-yl]-N-methytgdamide (Compound 6):

[0102]

(1

OMe OMe OMe
Compound Compound Compound

[0103]

Step (1)
Synthesis off)-3-(furan-3-yl)-N-[(4R,485 7R, 7aR, 12[05)-4a-hydroxy-9-methoxy-
2,3,4,4a,5,6,7,7a-octahydréi4,12-methanobenzofuro[3,2-e]isoquinolin-7-yl]-N-
methylacrylamide (Compound 5):

Under argon atmosphere, Compound 4 (960 mg, 0rit76l) was dissolved
in 10% hydrogen chloride-methanol (10 mL), andrdsulting mixture was stirred at
room temperature for 25 hours. The reaction métuas concentrated under

reduced pressure, and a saturated aqueous satfisodium hydrogencarbonate (50
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mL) and potassium carbonate (1 g) were added teegidue, and subsequently the
resulting mixture was extracted with 2-propanolcbform (1:3). The organic
layer was washed with saturated brine, and thesddrver sodium sulfate, and
concentrated under reduced pressure. The obtaiodd product was purified by
silica gel chromatography (agueous ammonia:metharotoform = 0:0:100-
3:27:170) to give the title compound 5 (753 mg, @%a pale yellow amorphous
material.

[0104]

'H-NMR (400 MHz, CDC})

d (ppm): 1.38-1.58 (m, 3H), 1.69-1.81 (m, 1H), 2223 (m, 2H), 2.66-2.80 (m,
1.3H), 2.84 (dd, J = 12.0, 4.4Hz, 0.7H), 2.93-31803.7H), 3.01 (s, 2.1H), 3.12 (s,
0.9H), 3.40-3.49 (m, 0.3H), 3.70-3.80 (m, 0.7HR13(s, 2.1H), 3.86 (s, 0.9H), 3.94-
4.20 (m, 0.3H), 4.63 (d, J = 8.0Hz, 0.7H), 4.89)(¢, 8.0Hz, 0.3H), 6.42-6.51 (m,
1.4H), 6.54-6.62 (m, 0.6H), 6.68 (d, J = 8.4HzH),3%.71 (d, J = 8.4Hz, 0.7H), 6.77
(d, J = 8.4Hz, 0.3H), 6.82 (d, J = 8.4Hz, 0.7H}5¢7.62 (m, 3H). No 1H(OH) was
detected.

MS(ESH[M+Na] = 459

[0105]

Step (2)

Synthesis of )-3-(furan-3-yl)-N-[(&R,4a5 7R, 78R, 1215)-4a-hydroxy-9-methoxy-3-
(phenylsulfonyl)-2,3,4,4a,5,6,7,7a-octahydid-4,12-methanobenzofuro[3,2-
elisoquinolin-7-yl]-N-methylacrylamide (Compound 6)

Under argon atmosphere, Compound 5 (30 mg, 0.668@l) was dissolved
in anhydrous dichloromethane (0.7 mL), and trieghyihe (30uL, 0.215 mmol) was
added thereto. Benzenesulfonyl chloride (1Q.50.0823 mmol) was added to the
obtained solution on ice, and then the resultarst sti@red at room temperature for 2

hours. The reaction mixture was diluted with disbimethane (5 mL), washed
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with a saturated aqueous solution of sodium hydrogeonate and saturated brine,
then dried over sodium sulfate, and concentratel@ureduced pressure. The
obtained crude product was purified by preparatne layer chromatography
(methanol:chloroform = 1:20) to give the title camnd 6 (35.2 mg, 89%) as a
colorless amorphous material.

[0106]

'H-NMR (400 MHz, CDC}) 5 (ppm): 1.37-1.90 (m, 4H), 2.13-2.40 (m, 2H), 2(86
J =18.4Hz, 0.3H), 2.58 (d, J = 18.4Hz, 0.7H), Zddd, J = 12.4, 12.4, 3.6Hz, 1H),
2.86 (dd, J = 18.4, 5.2Hz, 1H), 2.99 (s, 2.1H)53€) 0.9H), 3.13 (s, 1H), 3.64-3.87
(m, 1.7H), 3.78 (s, 2.1H), 3.82 (s, 0.9H), 4.1134(@, 1H), 4.24-4.38 (m, 0.3H),
4.60 (d, J = 8.0Hz, 0.7H), 4.74 (d, J = 8.0Hz, 0,3#0 (d, J = 14.8Hz, 0.7H), 6.40-
6.63 (m, 2.3H), 6.70 (d, J = 8.4Hz, 0.3H), 6.77)¢, 8.4Hz, 0.7H), 7.32-7.70 (m,
6H), 7.79-7.90 (m, 2H).

MS(ESI)[M+Na] = 599

[0107]

By using a procedure similar to that in the s@&pof Example 1, compounds
of Examples 2-28 having structures indicated intétie below were synthesized
using Compound 5 synthesized in the step (1) ofhipta 1 and any sulfonyl
chloride having a desired structure. TheNMR and MS data of each compound

are shown in the table below.



[0108]
[Table 1-1]

38

Example

Structural formula

'H-NMR and MS

TH-NMR (400 MHz, CDGCy) 5 (ppm): 1.3-1.82 (m, 4H).
2.13-2.37 (m, 2H), 2.64 (s, 3H), 2.84-3.17 (m, 7BK0-3.89
(m, 1.7H), 3.80 (s, 2.1H), 3.84 (s, 0.9H), 3.9444(, 1H),
4.19-4.37 (m, 0.3H), 4.60 (d, J = 8.0Hz, 0.7H) 4@, J =
8.0Hz, 0.3H), 6.37-6.49 (m, 1.4H), 6.53-6.63 (N9H), 6.66
(d, J = 8.4Hz, 0.7H), 6.74 (d, J = 8.4Hz, 0.3HB2H(d, J =
8.4Hz, 0.7H), 7.30-7.65 (m, 6H), 8.00 (d, J = 7.5H4).
MS(ESI)[M+Na]' = 613

OMe

TH-NMR (400 MHz, CDCJ) 5 (ppm): 1.38-1.81 (m, 4H),
2.13-2.38 (m, 2H), 2.45 (s, 3H), 2.59 (d, J = 1&4613H),
2.62 (d, J = 18.4Hz, 0.7H), 2.73 (ddd, J = 12.8812.6Hz,
1H), 2.88 (dd, J = 18.4, 5.2Hz, 1H), 3.01 (s, 3H)4 (s, 1H),
3.63-3.88 (m, 1.7H), 3.79 (s, 2.1H), 3.83 (s, 0,9H]1-4.20
(m, 1H), 4.25-4.43 (m, 0.3H), 4.60 (d, J = 7.6HZH), 4.73
(d, J = 7.6Hz, 0.3H), 6.35-6.65 (m, 3H), 6.70 (&,8.4Hz,
0.3H), 6.77 (d, J = 8.4Hz, 0.7H), 7.34-7.69 (m, 7H)
MS(ESI)[M+Na]' = 613

TH-NMR (400 MHz, CDCJ) 5 (ppm): 1.37-1.77 (m, 4H),
2.13-2.37 (m, 2H), 2.46 (s, 3H), 2.01 (d, J = 1&4613H),
2.64 (d, J = 18.4Hz, 0.7H), 2.72 (ddd, J = 12.8812.6Hz,
1H), 2.88 (dd, J = 18.4, 5.2Hz, 1H), 2.97 (s, 2,13404 (s,
0.9H), 3.14 (s, 1H), 3.62-3.85 (m, 1.7H), 3.78(4H), 3.82
(s, 0.9H), 4.11-4.20 (m, 1H), 4.24-4.39 (m, 0.34§0 (d, J =
8.0Hz, 0.7H), 4.73 (d, J = 8.0Hz, 0.3H), 6.41 (&, 15.2Hz,
0.7H), 6.41-6.63 (m, 2.3H), 6.69 (d, J = 8.0Hz}H),%.77 (d,
J = 8.0Hz, 0.7H), 7.30-7.62 (m, 5H), 7.68-7.76 Ri).
MS(ESI)[M+Na]’ = 613

OMe

TH-NMR (400 MHz, CDCJ) 3 (ppm): 1.37-1.72 (m, 4H),
2.12-2.40 (m, 2H), 2.83-3.08 (m, 3H), 2.98 (s, 38114 (s,
1H), 3.62-3.88 (M, 1.7H), 3.08 (s, 2.1H), 3.840(8H), 4.01-
4.12 (m, 1H), 4.17-4.35 (m, 0.3H), 4.61 (d, J =H&00.7H),
4.77 (d, J = 8.0Hz, 0.3H), 6.41 (d, J = 15.2HzH), B.42-
6.50 (M, 0.7H), 6.53-6.63 (m, 0.9H), 6.66 (d, J.&+&,
0.7H), 6.74 (d, J = 8.0Hz, 0.3H), 6.82 (d, J = ZPBI7H),
7.34-7.63 (m, 3H), 7.69-7.80 (m, 2H), 7.88-7.99 (i),
8.22-8.32 (m, 1H).

MS(ESI)[M+Na] = 667




[0109]
[Table 1-2]

39

Example

Structural formula

'H-NMR and MS

6

"H-NMR (400 MHz, CDC;) § (ppm): 1.4+1.80 (m, 4H).
2.17-2.38 (m, 2H), 2.57-2.70 (m, 1H), 2.71-2.91 {nTH),
2.92-3.03 (m, 1.3H), 2.99 (s, 2.1H), 3.15 (s, 0,9461-3.86
(m, 1.7H), 3.79 (s, 2.1H), 3.83 (s, 0.9H), 4.0944(&, 0.3H),
4.21 (d, J = 5.6Hz, 1H), 4.61 (d, J = 8.0Hz, 0.7H}J9 (d, J =
8.0Hz, 0.3H), 6.40 (d, J = 15.2Hz, 0.7H), 6.40-6#i7 0.7H),
6.49-6.61 (m, 1.6H), 6.72 (d, J = 8.0Hz, 0.3H)9%6d, J =
8.0Hz, 0.7H), 7.35-7.63 (m, 3H), 7.66-7.75 (m, 1HB4-7.92
(m, 1H), 8.01-8.09 (m, 1H), 8.10-8.17 (m, 1H).
MS(ESI)[M+Na]+ = 667

OMe

"H-NMR (400 MHz, CDC}) 6 (ppm): 1.39-1.85 (m, 4H),
2.15-2.40 (m, 2H), 2.58-2.72 (m, 1H), 2.80 (dddd, 1B.2,
13.2, 13.2, 3.6Hz, 1H), 2.88-3.10 (m, 2H), 2.92(4H), 3.15
(s, 0.9H), 3.61-3.81(1.7H), 3.79 (s, 2.1H), 3.83)(8H), 4.07-
4.24(0.3H), 4.22 (d, J = 4.8Hz, 1H), 4.61 (d, J.6H&, 0.7H),
4.78 (d, J = 8.0Hz, 0.3H), 6.40 (d, J = 15.2HzH), B.40-
6.47 (m, 0.7H), 6.49-6.63 (m, 1.6H), 6.72 (d, J.4t+&,

0.3H), 6.79 (d, J = 8.4Hz, 0.7H), 7.32-7.64 (m, 3HY6-7.87
(m, 2H), 7.94-8.05 (m, 2H).

MS(ESI)[M+Na]+ = 667

TH-NMR (400 MHz, CDCJ) 5 (ppm): 1.34-1.71 (m, 4H),
2.07-2.31 (m, 1H), 2.40 (ddd, J = 12.8, 12.8, 5,6HH), 2.91-
3.05 (m, 1H), 2.96 (s, 2.1H), 3.06-3.26 (m, 3.98{),0-3.80
(m, 1.7H), 3.81 (s, 2.1H), 3.85 (s, 0.9H), 3.9514(, 1H),
4.19-4.36 (m, 0.3H), 4.60 (d, J = 7.6Hz, 0.7H) 4@, J =
7.6Hz, 0.3H), 6.41 (d, J = 15.2Hz, 0.7H), 6.42-6@8 0.7H),
6.53-6.61 (m, 0.6H), 6.65 (d, J = 8.4Hz, 0.3H)16d, J =
8.4Hz, 0.7H), 6.78 (d, J = 8.4Hz, 0.3H), 6.85 (&, 8.4Hz,
0.7H), 7.35-7.62 (m, 3H), 7.66-7.81 (m, 3H), 8.1178(m,
1H).

MS(ESI)[M+Na]+ = 644

OMe

"H-NMR (400 MHz, CDC}) 5 (ppm): 1.39-1.78 (m, 4H),
2.18-2.40 (m, 2H), 2.72 (d, J = 18.4Hz, 0.7H), Ad8J =
18.4Hz, 0.3H), 2.79-3.24 (m, 3H), 2.98 (s, 2.1H)63(s,
0.9H), 3.61-3.87 (m, 1.7H), 3.78 (s, 2.1H), 3.840(8H),
3.91-4.07 (m, 0.3H), 4.22-4.30 (m, 1H), 4.61 (¢, 0.6Hz,
0.7H), 4.82 (d, J = 7.6Hz, 0.3H), 6.38 (d, J = HZ60.7H),
6.39-6.45 (m, 0.7H), 6.53-6.62 (m, 1.6H), 6.73)d; 8.4Hz,
0.3H), 6.80 (d, J = 8.4Hz, 0.7H), 7.34-7.64 (m, 3Hy1-7.81
(m, 1H), 8.16-8.25 (m, 1H), 8.41-8.49 (m, 1H), 8&37 (m,
1H).

MS(ESI)[M+Na]+ = 644




[0110]

[Table 1-3]

40

Example

Structural formula

'H-NMR and MS

10

OMe

"H-NMR (400 MHz, CDC;) § (ppm): 1.3+1.78 (m, 4H).
2.17-2.40 (m, 2H), 2.69 (d, J = 18.4Hz, 0.7H), 2d7868.4Hz,
0.3H), 2.76-3.28 (m, 3H), 2.97 (s, 2.1H), 3.160(8H), 3.61-
3.89 (m, 1.7H), 3.78 (s, 2.1H), 3.84 (s, 0.9H) 034909 (m,
0.3H), 4.20-4.28 (m, 1H), 4.61 (d, J = 7.6Hz, 0.,74B2 (d, J
= 7.6Hz, 0.3H), 6.38 (d, J = 15.6Hz, 0.7),6.33-q#7 0.7H),
6.52-6.64 (m, 1.6H), 6.73 (d, J = 8.4Hz, 0.3H)06&, J =
8.4Hz, 0.7H), 7.32-7.65 (m, 3H), 8.02-8.12 (m, 28132-8.42
(m, 2H).

MS(ESI)[M+Na]+ = 644

11

TH-NMR (4C0 MHz, CDCs) 5 (ppm): 1.3+1.83 (m, 4H)
2.14-2.37 (m, 1H), 2.41 (ddd, J = 12.8, 12.8, 5,6H), 2.72-
2.87 (m, 1H), 2.88-3.03 (m, 1H), 2.98 (s, 2.1HP433.20 (m,
2.9H), 3.62 (dd, J = 13.6, 4.8Hz, 0.7H), 3.65-390 1H),
3.80 (s, 2.1H), 3.85 (s, 0.9H), 4.12-4.30 (m, 1,3H$2 (d, J =
8.0Hz, 0.7H), 4.79 (d, J = 8.0Hz, 0.3H), 6.11 (¢, 15.2Hz,
0.7H), 6.42-6.48 (m, 0.7H), 6.53-6.61 (m, 0.6HBHB(d, J =
8.0Hz, 0.3H), 6.69 (d, J = 8.0Hz, 0.7H), 6.75 (&,8.0Hz,
0.3H), 6.83 (d, J = 8.0Hz, 0.7H), 7.32-7.63 (m, 3Hp7-7.83
(m, 2H), 7.86-7.96 (m, 1H), 8.12-8.20 (m, 1H).
MS(ESI)[M+Na]+ = 624

12

"H-NMR (400 MHz, CDC}) 6 (ppm): 1.39-1.87 (m, 4H),
2.17-2.40 (m, 2H), 2.67 (d, J = 18.4Hz, 0.7Hz),Ad3] =
18.4Hz, 0.3H), 2.74-2.91 (m, 1H), 2.93-3.21 (m, 2HP8 (s,
2.1H), 3.16 (s, 0.9H), 3.58-3.90 (m, 1.7H), 3.792(&8H), 3.84
(s, 0.9H), 3.95-4.13 (m, 0.3H), 4.22 (d, J = 5.2H4), 4.61
(d, J=7.6Hz, 0.7H), 4.81 (d, J = 7.6Hz, 0.3H}466.48 (m,
1.3H), 6.52-6.64 (m, 1.7H), 6.73 (d, J = 8.4HzH),3.81 (d,
J = 8.4Hz, 0.7H), 7.32-7.74 (m, 4H), 7.84-7.93 {id), 8.05-
8.14 (m, 1H), 8.16-8.22 (m, 1H).

MS(ESI)[M+Na]+ = 624

13

OMe

TH-NMR (400 MHz, CDCJ) 5 (ppm): 1.40-1.85 (m, 4H),
2.17-2.40 (m, 2H), 2.64 (d, J = 18.0Hz, 0.7H), 2d1) =
18.0Hz, 0.3H), 2.75-3.05 (m, 3H), 2.98 (s, 2.1H163(s,
0.9H), 3.59-3.89 (m, 1.7H), 3.79 (s, 2.1H), 3.840(8H),
3.93-4.10 (m, 0.3H), 4.20 (d, J = 5.6Hz, 1H), 461J =
8.0Hz, 0.7H), 4.80 (d, J = 8.0Hz, 0.3H), 6.39 (&, 15.6Hz,
0.7H), 6.39-6.46 (m, 0.7H), 6.53-6.62 (m, 1.6HY,3H(d, J =
8.0Hz, 0.3H), 6.80 (d, J = 8.0Hz, 0.7H), 7.35-7(85 3H),
7.80-7.88 (m, 2H), 7.93-8.03 (m, 2H).

MS(ESI)[M+Na]+ = 624




[0111]
[Table 1-4]

41

Example

Structural formula

'H-NMR and MS

14

TH-NMR (400 MHz, CDGCy) 5 (ppm): 1.3-1.78 (m, 4H).
2.13-2.39 (m, 1H), 2.32 (ddd, J = 12.8, 12.8, 5,6H), 2.80-
2.96 (m, 3H), 2.97-2.38 (m, 1H), 2.99 (s, 2.1H)L33(s,
0.9H), 3.67-3.86 (m, 1.7H), 3.81 (s, 2.1H), 3.840(8H), 4.12
(d, J = 5.2Hz, 0.3H), 4.16 (d, J = 5.2Hz, 0.7H2244.36 (m,
0.3H), 4.61 (d, J = 8.0Hz, 0.7H), 4.76 (d, J = &PBI3H),
6.42 (d, J = 15.6Hz, 0.7H), 6.42-6.49 (m, 0.7H$366.62 (m,
0.9H), 6.65 (d, J = 8.4Hz, 0.7H), 6.74 (d, J = &4BI3H),
6.82 (d, J = 8.4Hz, 0.7H), 7.19-7.69 (m, 6H), 77898 (m,
1H).

MS(ESI)[M+Na]+ = 617

15

"H-NMR (400 MHz, CDC;) § (ppm): 1.4¢-1.78 (m, 4H).
2.15-2.38 (m, 2H), 2.61 (d, J = 18.4Hz, 1H), 2.7842(m,
1H), 2.84-2.98 (m, 2H), 2.99 (s, 2.1H), 3.14 (8H), 3.64-
3.86 (m, 1.7H), 3.79 (s, 2.1H), 3.83 (s, 0.9H),74d, J =
5.2Hz, 1H), 4.14-4.31 (m, 0.3H), 4.61 (d, J = 7.6617H),
4.76 (d, J = 7.6Hz, 0.3H), 6.40 (d, J = 15.6HzH), B.41-
6.46 (m, 0.7H), 6.50 (d, J = 8.4Hz, 0.3H), 6.5316(@,
1.3H), 6.71 (d, J = 8.4Hz, 0.3H), 6.79 (d, J = &4617H),
7.29-7.68 (m, 7H).

MS(ESI)[M+Na]+ = 617

16

OMe

TH-NMR (400 MHz, (DCly) 5 (ppm): 1.41.78 (m, 4H)
2.15-2.37 (m, 2H), 2.61 (d, J = 18.4Hz, 0.7H), A62) =
0.3H), 2.68-2.83 (m, 1H), 2.86-3.04 (m, 2H), 2.992.1H),
3.14 (s, 0.9H), 3.60-3.86 (m, 1.7H), 3.79 (s, 2,13483 (s,
0.9H), 4.16 (d, J = 4.8Hz, 1H), 4.13-4.32 (m, 0.3HpO0 (d, J
= 8.0Hz, 0.7H), 4.76 (d, J = 8.0Hz, 0.3H), 6.40)¢; 15.2Hz,
0.7H), 6.40-6.46 (m, 0.7H), 6.50 (d, J = 8.0Hz}H),%.53-
6.61 (m, 1.3H), 6.71 (d, J = 8.0Hz, 0.3H), 6.79X&, 8.0Hz,
0.7H), 7.18-7.29 (m, 2H), 7.33-7.63 (m, 3H), 7.8947(m,
2H).

MS(ESI)[M+Na]+ = 617

17

OMe

"H-NMR (400 MHz, CDC}) 5 (ppm): 1.37-1.76 (m, 4H),
2.10-2.35 (m, 1H), 2.33 (ddd, J = 12.8, 12.8, 5,6H4%), 2.89-
3.24 (m, 7H), 3.69-3.80 (m, 0.7H), 3.73 (dd, J =613.8Hz,
1H), 3.81 (s, 2.1H), 3.85 (0.9H), 3.90 (d, J = &8BL3H),
3.94 (d, J = 4.8Hz, 0.7H), 4.25-4.41 (m, 0.3H)14&, J =
8.0Hz, 0.7H), 4.75 (d, J = 8.0Hz, 0.3H), 6.42 (d,15.2Hz,
0.7H), 6.45-6.48 (m, 0.7H), 6.54-6.61 (m, 0.6HK4%(d, J =
8.0Hz, 0.3H), 6.71 (d, J = 8.0Hz, 0.7H), 6.76 (¢,8.0Hz,
0.3H), 6.84 (d, J = 8.0Hz, 0.7H), 7.35-7.62 (m, 68113-8.19
(m, 1H).

MS(ESI)[M+Na]+ = 633




[0112]
[Table 1-5]

42

Example

Structural formula

'H-NMR and MS

18

"H-NMR (400 MHz, CDC;) § (ppm): 1.4+1.83 (m, 4H).
2.15-2.38 (m, 2H), 2.63 (d, J = 18.4Hz, 1H), 2.7832(m,
1H), 2.89-3.02 (m, 2H), 2.99 (s, 2.1H), 3.14 (8H), 3.62-
3.81 (m, 1.7H), 3.79 (s, 2.1H), 3.83 (s, 0.9H) 444128 (m,
1.3H), 4.61 (d, J = 8.0Hz, 0.7H), 4.77 (d, J = &0Bi3H),
6.40 (d, J = 14.8Hz, 0.7H), 6.41-6.47 (m, 0.7H326d, J =
8.4Hz, 0.3H), 6.57 (d, J = 8.4Hz, 0.7H), 6.57-662 0.6H),
6.72 (d, J = 8.4Hz, 0.3H), 6.79 (d, J = 8.4Hz, (,7H34-7.63
(m, 5H), 7.68-7.76 (m, 1H), 7.82-7.87 (m, 1H)
MS(ESI)[M+Na]+ = 633

19

"H-NMR (400 MHz, CDC}) 5 (ppm): 1.40-1.77 (m, 4H),
2.15-2.37 (m, 2H), 2.63 (d, J = 18.4Hz, 0.7H), A64J =
18.4Hz, 0.3H), 2.69-2.82 (m, 1H), 2.88-3.04 (m, 2HP9 (s,
2.1H)3.14 (s, 0.9H), 3.60-3.87 (m, 1.7H), 3.72(4H), 3.83
(s, 0.9H), 4.12-4.28 (m, 1.3H), 4.60 (d, J = 8.0617H), 4.76
(d, J =8.0Hz, 0.3H), 6.40 (d, J = 15.6Hz, 0.7H4066.47 (m,
0.7H), 6.52 (d, J = 8.0Hz, 0.3H), 6.54-6.61 (mH),3.72 (d,
J = 8.0Hz, 0.3H), 6.79 (d, J = 8.0Hz, 0.7H), 7.3@37m,
5H), 7.75-7.83 (m, 2H).

MS(ESI)[M+Na]+ = 633

2C

TH-NMR (400 MHz, CDCy) 5 (ppm): 1.3-1.68 (m, 4H)
2.08-2.40 (m, 1H), 2.35 (ddd, J = 12.8, 12.8, 4,8H4), 2.92-
3.32 (m, 4.9H), 2.99 (s, 2.1H), 3.66-3.97 (m, 2,73482 (s,
2.1H), 3.85 (s, 0.9H), 4.26-4.44 (m, 0.3H), 4.61X¢ 8.0Hz,
0.7H), 4.75 (d, J = 8.0Hz, 0.3H), 6.42 (d, J = H&60.7H),
6.42-6.50 (m, 0.7H), 6.53-6.61 (m, 0.6H), 6.65Xd; 8.4Hz,
0.3H), 6.72 (d, J = 8.4Hz, 0.7H), 6.76 (d, J = &4BI3H),
6.84 (d, J = 8.4Hz, 0.7H), 7.33-7.63 (m, 5H), 77786 (m,
1H), 8.21 (dd, J = 7.6, 1.6Hz, 1H).

MS(ESI)[M+Na]+ = 677

21

OMe

"H-NMR (400 MHz, CDC}) 5 (ppm): 1.41-1.76 (m, 4H),
2.14-2.38 (m, 2H), 2.63 (d, J = 18.4Hz, 0.7H), AG4) =
18.4Hz, 0.3H), 2.71-2.83 (m, 1H), 2.86-3.02 (mH),13.14
(s, 0.9H), 3.60-3.86 (m, 1.7H), 3.79 (s, 2.1H)338, 0.9H),
4.12-4.29 (m, 0.3H), 4.18 (d, J = 4.8Hz, 1H), 461J =
7.6Hz, 0.7H), 4.77 (d, J = 7.6Hz, 0.3H), 6.40 (&, 14.8Hz,
0.7H), 6.41-6.48 (m, 0.7H), 6.52 (d, J = 8.4HzH),3%.54-
6.62 (m, 1.3H), 6.72 (d, J = 8.4Hz, 0.3H), 6.79)&, 8.4Hz,
0.7H), 7.34-7.63 (m, 4H), 7.71-7.81 (m, 2H), 7.9028(m,
1H).

MS(ESI)[M+Na]+ = 677




[0113]
[Table 1-6]
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Example

Structural formula

'H-NMR and MS

22

"H-NMR (400 MHz, CDC;) & (ppm): 1.4+1.80 (m, 4H).
2.15-2.37 (m, 2H), 2.64 (d, J = 18.4Hz, 0.7H), A&5] =
18.4Hz, 0.3H), 2.69-2.84 (m, 1H), 2.88-3.05 (m, 299 (s,
2.1H), 3.14 (s, 0.9H), 3.60-3.86 (m, 1.7H), 3.792(&H),
3.83 (s, 0.9H), 4.11-4.27 (m, 0.3H), 4.17 (d, J2+&, 1H),
4.60 (d, J = 8.0Hz, 0.7H), 4.76 (d, J = 8.0Hz, 0,340 (d, J
= 15.6Hz, 0.7H), 6.41-6.46 (m, 0.7H), 6.50-6.62 nGH),
6.72 (d, J = 8.4Hz, 0.3H), 6.79 (d, J = 8.4Hz, (,7H34-7.64
(m, 3H), 7.65-7.75 (m, 4H).

MS(ESI)[M+Na]+ = 677

23

TH-NMR (400 MHz, CDC}) 5 (ppm): 1.38-1.77 (m, 4H),
2.12-2.35 (m, 2H), 2.33 (s, 3H), 2.63 (s, 6H),
2.91(ddd,12.8,12.8,3.6Hz, 1H), 2.87-3.06 (m, 1HY8Zs,
2.1H), 3.07-3.34 (m, 2.9H), 3.47-3.58 (m, 1H), 33720 (m,
1.7H), 3.81 (s, 2.1H), 3.85 (s, 0.9H), 4.22-4.37 Qu8H),
4.59 (d, J = 7.6Hz, 0.7H), 4.75 (d, J = 7.6Hz, 0,3#3 (d, J
= 15.2Hz, 0.7H), 6.43-6.49 (m, 0.7H), 6.56-6.61 Q13H),
6.57 (d, J = 15.2Hz, 0.3H), 6.64 (d, J = 8.0HzH),%.70 (d,
J = 8.0Hz, 0.7H), 6.76 (d, J = 8.0Hz, 0.3H), 6.83)=
8.0Hz, 0.7H), 6.96-7.02 (m, 2H), 7.34-7.62 (m, 3H).
MS(ESI)[M+Na]+ = 641

24

OMe

"H-NMR (400 MHz, CDC}) 5 (ppm): 1.34-1.71 (m, 4H),
2.07-2.28 (m, 2H), 2.87-3.11 (m, 4H), 2.91 (s, 0,994 (s,
2.1H), 3.59 (dd, J = 13.2, 4.8Hz, 1H), 3.67-3.80 Qr7H),
3.78 (s, 2.1H), 3.82 (s, 0.9H), 4.08-4.15 (m, 1422-4.39
(m, 0.3H), 4.53 (d, J = 8.0Hz, 0.7H), 4.69 (d, 8.6Hz,
0.3H), 6.40 (d, J = 15.6Hz, 0.7H), 6.40-6.45 (nTH), 6.51-
6.60 (m, 0.9H), 6.61 (d, J = 8.4Hz, 0.7H), 6.71X¢, 8.4Hz,
0.3H), 6.79 (d, J = 8.4Hz, 0.7H), 7.34-7.68 (m, BH}H9-7.77
(m, 1H), 7.96-8.02 (m, 1H), 8.09-8.15 (m, 1H), 8(@3J =
7.6Hz, 1H), 8.52-8.59 (m, 1H).

MS(ESI)[M+Na]+ = 649




[0114]
[Table 1-7]

44

Example

Structural formula

'H-NMR and MS

25

OMe

"H-NMR (400 MHz, CDC;) § (ppm): 1.4+1.51 (m, 2H).
1.51-1.64 (m, 1H), 1.70-1.87 (m, 1H), 2.03 (ddd, 12.8,
12.8, 5.2Hz, 1H), 2.17-2.38 (m, 1H), 2.97 (s, 2.431p4
(ddd, J =12.8, 12.8, 4.0Hz, 1H), 3.10 (s, 0.6H)833.34 (m,
2.2H), 3.39 (d, J = 18.4Hz, 0.8H), 3.72-3.87 (n8H), 3.80
(s, 2.4H), 3.85 (s, 0.6H), 4.23-4.37 (m, 0.2H),24(8, J =
8.0Hz, 0.8H), 4.59 (d, J = 4.8Hz, 0.2H), 4.65 (d,4.8Hz,
0.8H), 4.70 (d, J = 8.0Hz, 0.2H), 5.35 (s, 0.2H}65(s,
0.8H), 6.44 (d, J = 15.6Hz, 0.8H), 6.44-6.51 (B8H), 6.52-
6.61 (m, 0.4H), 6.69 (d, J = 8.4Hz, 0.2H), 6.7316®, 1H),
6.85 (d, J = 8.4Hz, 0.8H), 7.35-7.72 (m, 5H), 88097 (m,
1H), 8.30-8.37 (m, 1H), 8.57-8.63 (m, 1H), 9.11,(dd& 4.4,
1.6Hz, 1H).

MS(ESI)[M+Na]+ = 650

26

TH-NMR (400 MHz, CDCJ) 5 (ppm): 1.40-1.74 (m, 4H),
2.16-2.33 (m, 2H), 2.93-3.24 (m, 12H), 3.50-3.60 {18H),
3.68 (s, 0.7H), 3.72-3.88 (m, 0.7H), 3.81 (s, 2,13485 (s,
0.9H), 4.02-4.14 (m, 1H), 4.05 (s, 0.9H), 4.06(2),14120-
4.36 (m, 0.3H), 4.60 (d, J = 7.6Hz, 0.7H), 4.78)&, 7.6Hz,
0.3H), 6.43(d,16.4Hz, 0.7H), 6.43-6.48 (m, 0.7H}466.61
(m, 0.6H), 6.65 (d, J = 8.0Hz, 0.3H), 6.72 (d, 8.6Hz,
0.7H), 6.77 (d, J = 8.0Hz, 0.3H), 6.84 (d, J = &PBI7H),
7.14-7.21 (m, 1H), 7.36-7.66 (m, 7H), 7.79-7.85 {ii),
8.20-8.24 (m, 1H).

MS(ESI)[M+Na]+ = 796

27

OMe

TH-NMR (400 MHz, CDCJ) 5 (ppm): 0.96(t,J=7.6Hz, 3H),
1.37-1.92 (m, 8H), 2.18-2.45 (m, 2H), 2.84-3.28 i),
3.00 (s, 2.1H), 3.17 (s, 0.9H), 3.52-3.69 (m, 134J0-3.91
(m, 0.7H), 3.82 (s, 2.1H), 3.86 (s, 0.9H), 3.9974(th, 1.3H),
4.64 (d, J = 7.6Hz, 0.7H), 4.83 (d, J = 7.6Hz, (,3#2-6.91
(m, 0.7H), 6.43 (d, J = 15.2Hz, 0.7H), 6.54-6.62 (BH),
6.67 (d, J = 8.4Hz, 0.3H), 6.74 (d, J = 8.4Hz, 0, 8477 (d, J
= 8.4Hz, 0.3H), 6.86 (d, J = 8.4Hz, 0.7H), 7.3277(f, 3H).
MS(ESI)[M+Na]+ = 579

28

OMe

"H-NMR (400 MHz, CDGC;) & (ppm): 0.9+1.13 (m, 2H).
1.16-1.30 (m, 2H), 1.39-1.78 (m, 4H), 2.15-2.54 @),
2.87-2.98 (m, 1H), 3.01 (s, 2.1H), 3.09-3.27 (m),38416 (s,
0.9H), 3.58-3.69 (m, 1H), 3.72-3.91 (m, 0.7H), 3(822.1H),
3.86 (s, 0.9H), 4.10 (d, J = 5.2Hz, 1H), 4.19-4135
J=0.3H), 4.63 (d, J = 8.4Hz, 0.7H), 4.78 (d, J4+&, 0.3H),
6.43 (d, J = 15.6Hz, 0.7H), 6.43-6.50 (m, 0.7H3566.70 (m,
0.9H), 6.74 (d, J = 8.4Hz, 0.7H), 6.77 (d, J = &A4BI13H),
6.86 (d, J = 8.4Hz, 0.7H), 7.34-7.67 (m, 3H).
MS(ESI)[M+Na]+ = 563

[0115]
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(Example 29) Synthesis of 3-(f4aS 7R, 7aR,12b5)-7-[(E)-3-(furan-3-yl)-N-
methylacrylamide]-4a-hydroxy-9-methoxy-1,2,4,4a,%,6a-octahydro43-4,12-
methanobenzofuro[3,2-elisoquinolin-3-yl}sulfonyl)iNFdimethylbenzamide
(Compound 7):

[0116]

Compound 7

[0117]

Under argon atmosphere, Compound 5 (30 mg, 0.668@l) was dissolved
in anhydrous dichloromethane (0.7 mL), and trieghyihe (30uL, 0.215 mmol) was
added thereto. To the obtained solution, 3-(clslolfonyl)benzoic acid (10.pL,
0.0823 mmol) was added on ice, and the resultingure was then stirred at room
temperature for 2 hours. The reaction solution suggplemented with anhydrous
DMF (0.7 mL), and COMU (38.4 mg, 0.0897 mmol) wasled thereto on ice.
After 5 minutes, dimethylamine hydrochloride (7.8,M.0957 mmol) was added to
the reaction solution, and stirred at room tempeeaffor 26 hours. The reaction
mixture was poured into 1 M hydrochloric acid (5 )nand extracted with ethyl
acetate. The organic layer was washed with aa@iaqueous solution of sodium
hydrogencarbonate and saturated brine, then dvedsmdium sulfate, and
concentrated under reduced pressure. The obtarndd product was purified by
preparative thin layer chromatography (methanabdibrm = 1:20) to give the title
compound 7 (35.3 mg, 79%) as a pale brown amorpimaterial.

[0118]



46

'H-NMR (400 MHz, CDC}) 5 (ppm): 1.39-1.76 (m, 4H), 2.13-2.38 (m, 2H), 2(65
J = 18.4Hz, 1H), 2.70-2.82 (m, 1H), 2.93 (dd, B=415.2Hz, 1H), 2.93-3.19 (m,
1H), 2.99 (s, 5.1H), 3.14 (s, 3.9H), 3.63-3.85 {nTH), 3.78 (s, 2.1H), 3.82 (s, 0.9H),
4.10-4.31 (m, 0.3H), 4.17 (d, J = 5.2Hz, 1H), 460J = 8.0Hz, 0.7H), 4.75 (d, J =
8.0Hz, 0.3H), 6.40 (d, J = 15.2Hz, 0.7H), 6.40-#6 0.7H), 6.49 (d, J = 8.4Hz,
0.3H), 6.53-6.61 (m, 0.6H), 6.55 (d, J = 8.4HzH),7.70 (d, J = 8.4Hz, 0.3H), 6.78
(d, J = 8.4Hz, 0.7H), 7.34-7.72 (m, 5H), 7.85-7(85 2H).

MS(ESI)[M+Na] = 670

[0119]

(Example 30) Synthesis dE)-N-[(4R,485 7R, 7eR,12b5)-3-{[2-(dimethylamino)
phenyl]sulfonyl}-4a-hydroxy-9-methoxy-2,3,4,4a,5,&,a-octahydro-H-4,12-
methanobenzofuro[3,2-elisoquinolin-7-yl]-3-(furand3-N-methylacrylamide
(Compound 8):

[0120]

Compound 8

[0121]

Under argon atmospher&){3-(furan-3-yl)-N-{(4R,4a5 7R, 7aR,12k5)-4a-
hydroxy-9-methoxy-3-[(2-nitrophenyl)sulfonyl]-2,34&,5,6,7,7a-octahydra-it
4,12-methanobenzofuro[3,2-elisoquinolin-7-yl}-N-rhglacrylamide (105.6 mg,
0.170 mmol) was dissolved in dichloromethane (3 =mohd ethanol (3 mL), and
concentrated hydrochloric acid (120) was added thereto. The obtained solution

was heated to 40°C with stirring, and tin(ll) cldier (800 mg, 4.22 mmol) was then
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added thereto and stirred for 2 hours. A saturatpabous solution of sodium
hydrogencarbonate (20 mL) was added to the reantigture to adjust pH to 9, and
subsequently precipitates were filtered througtt€el The solids on the Celite
were rinsed with chloroform (100 mL), the orgaragdr was separated, and the
aqueous layer was then extracted with chloroforifhe organic layers were
combined, dried over sodium sulfate, and concesdrander reduced pressure.
The obtained crude product was dissolved in aeeid (8 mL), and
paraformaldehyde (153 mg) and sodium cyanoborotgdi06.8 mg, 1.7 mmol)
were added thereto. The obtained reaction liquad stirred at 40°C for 3 hours
under argon atmosphere, and then concentrated tediered pressure. A
saturated aqueous solution of sodium hydrogencatbomas added to the residue to
adjust pH to 9, and the resulting mixture was estéd with chloroform. The
organic layer was washed with saturated brineddreer sodium sulfate, and then
concentrated under reduced pressure. The reslitjind was purified by
preparative thin layer chromatography (aqueous ammermaethanol:chloroform =
1:9:400) to give the free form of the title compdui@4.6 mg, 71%) as a yellow oily
material. The compound was converted to a hydooid by using a hydrogen
chloride-methanol solution and thereby the titlenpound 8 was obtained.

[0122]

(Free-form)

'H-NMR (400 MHz, CDC}) & (ppm): 1.20-1.33 (m, 0.7H), 1.36-1.58 (m, 3.3H),
1.58-1.75 (m, 1H), 2.03-2.37 (m, 2H), 2.75-3.24 @H), 2.84 (s, 4.2H), 3.00 (s,
1.8H), 3.71-3.86 (m, 0.7H), 3.80 (s, 2.1H), 3.840(8H), 4.10-4.24 (m, 1H), 4.25-
4.40 (m, 0.3H), 4.58 (d, J = 8.0Hz, 0.7H), 4.6814®, 0.6H), 4.91-5.01 (m, 0.7H),
6.39-6.88 (m, 4H), 7.15-7.67 (m, 6H), 8.07-8.19 {iH).

MS(ESD[M+H]" = 620

[0123]
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(Hydrochloride)

mp(dec.): 129-130°C

Elementary analysis: as#3/N;0;SHCI-2H,0
Calculated: C, 57.26; H, 6.12; N, 6.07.
Observed: C, 57.04; H, 6.06; N, 5.98.

[0124]

(Example 31 and Example 32)

By a procedure similar to that in Example 30, coomas having structures
indicated in Table 2 below were synthesized usasga starting materiak)-3-
(furan-3-yI)-N-{(4R 4&S 7R, 7aR,12105-4a-hydroxy-9-methoxy-3-[(3-
nitrophenyl)sulfonyl]-2,3,4,4a,5,6,7,7a-octahydig-4,12-methanobenzofuro[3,2-
elisoquinolin-7-yl}-N-methylacrylamide (Example 3} (E)-3-(furan-3-yl)-N-

{(4R4a5 7R, 78R, 1215)-4a-hydroxy-9-methoxy-3-[(4-nitrophenyl)sulfonyl]-
2,3,4,4a,5,6,7,7a-octahydrét#4,12-methanobenzofuro[3,2-e]isoquinolin-7-yl}-N-

methylacrylamide (Example 32).



[0125]
[Table 2]
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Example

Structural formula

'H-NMR, MS and Elementary analysis

31

OMe

(Free-form)

'H-NMR (400 MHz, CDC}) & (ppm): 1.37-1.80 (m, 5H)
2.12-2.37 (m, 2H), 2.61-2.93 (m, 3H), 2.94-3.15 4id),
2.99 (s, 1.8H), 3.02 (s, 4.2H), 3.63-3.85 (m, 0,734]9
(s, 2.1H), 3.83 (s, 0.9H), 4.08-4.21 (m, 1H), 44285
(m, 0.3H), 4.60 (d, J = 7.6Hz, 0.7H), 4.72 (d, 3.6Hz,
0.3H), 6.35-6.61 (m, 3H), 6.70 (d, J = 8.4Hz, 0.361Y8
(d, J =8.4Hz, 0.7H), 6.83-6.95 (m, 1H), 7.02-7(46
2H), 7.32-7.65 (m, 4H).

MS(ESI)[M+Na]+ = 642

mp(dec.): 130-131°C

(Hydrochloride)

Elementary analysis: as C33H37N3CHSI-H20
Calculated: C, 58.79; H, 5.98; N, 6.23.

Observed: C, 58.92; H, 5.74; N, 6.13.

32

(Free-form)
'H-NMR (400 MHz, CDC}) & (ppm): 1.38-1.82 (m, 5H),
2.14-2.36 (m, 2H), 2.64-2.92 (m, 3H), 2.97-3.21 8H),
2.99 (s, 1.8H), 3.08 (s, 4.2H), 3.57-3.67 (m, 13§8-
3.85 (m, 0.7H), 3.79 (s, 2.1H), 3.82 (s, 0.9H) 644017
(m, 1H), 4.25-4.46 (m, 0.3H), 4.59 (d, J = 8.0HZH),
4.71 (d, J = 8.0Hz, 0.3H), 6.38-6.74 (m, 5.3H),76d, J
=8.4Hz, 0.7H), 7.32-7.69 (m, 5H).

MS(ESI)[M+Na]+ = 642

(Hydrochloride)

mp(dec.): 147-148°C

Elementary analysis: asf:;N;O-SHCI

Calculated: C, 60.04; H, 5.84; N, 6.40.

Observed: C, 60.70; H, 5.91; N, 6.27.

[0126]

(Example 33) Synthesis of R@aS 7R, 7aR,12165)-7-[(E)-3-(furan-3-ylI)-N-

methylacrylamide ]-4a-hydroxy-9-methoxy-N-pheny24,4a,5,6,7,7a-octahydro-

3H-4,12-methanobenzofuro[3,2-elisoquinolin-3-carboiar{Compound 9):

[0127]

[0128]

Compound 9
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The synthesis of the title compound was perforimethe same method as in
Example 1 except that phenyl isocyanate was usgead of benzenesulfonyl
chloride in the step (2), and thereby the title poomd 9 (32.6 mg, 85%) was
obtained as a colorless solid.

H-NMR (400 MHz, CDC}) 5 (ppm): 1.40-1.79 (m, 4H), 2.18-2.35 (m, 1H), 2.40
(ddd, J = 12.8, 12.8, 5.6Hz, 1H), 2.90-3.26 (m,,34)0 (s, 2.1H), 3.16 (s, 0.9H),
3.23 (s, 0.7H), 3.36 (brs, 0.3H), 3.59-3.72 (m,,134y3-3.89 (m, 0.7H), 3.82 (s,
2.1H), 3.86 (s, 0.9H), 4.13-4.30 (m, 0.3H), 4.50X¢ 5.2Hz, 0.3H), 4.58 (d, J =
5.2Hz, 0.7H), 4.64 (d, J = 7.6Hz, 0.7H), 4.81 (&, 0.6Hz, 0.3H), 6.40-6.50 (m,
1.4H), 6.54-6.62 (m, 0.6H), 6.62-6.75 (m, 2H), 6(@8J = 8.4Hz, 0.3H), 6.85 (d, J =
8.4Hz, 0.7H), 7.01-7.10 (m, 1H), 7.25-7.62 (m, 7H).

MS(ESI)[M+Na] = 578

[0129]

Compounds of Examples 34-36 having structurecatdd in the table below
were synthesized by the same method as in Examgpteebpt that any acid chloride
having a desired structure was used instead ofeloeszlfonyl chloride in the step

(2). The'H-NMR and MS data of each compound are shown irnahle below.



[0130]
[Table 3]

Example

Structural formula

'H-NMR and MS

34

TH-NMR (400 MHz, CDGCy) 5 (ppm): 0.7-0.92 (m,
2H), 0.93-1.18 (m, 2H), 1.38-2.01 (m, 5H), 2.10&2.6
(m, 2H), 2.76-3.34 (m, 7H), 3.61-3.95 (m, 3.9HPG.
4.13 (m, 0.7H), 4.17-4.54- (m, 0.7H), 4.59-4.72 (m,
0.7H), 4.74-4.88 (m, 0.3H), 4.88-5.04 (m, 0.7H}16.
6.53 (M, 1.4H), 6.55-6.91 (m, 2.6H), 7.36-7.67 (m,
3H).

MS(ESI)[M+Na] = 527

35

"H-NMR (400 MHz, CDC}) & (ppm): 1.23-1.75 (m,
4H), 1.86-2.12 (brs, 1H), 2.17-2.75 (m, 2H), 2.88 (
3H), 2.84-3.37 (m, 6H), 3.42-3.68 (m, 1H), 3.6813.9
(m, 3.7H), 3.93-4.19 (m, 0.3H), 4.24-4.83 (m, 1.4H)
4.97-5.12 (m, 0.6H), 6.37-6.90 (m, 4H), 7.15-7.86 (
2H), 7.29-7.66 (m, 5H).

MS(ESI[M+Na] = 577

36

OMe

"H-NMR (400 MHz, CDC}) & (ppm): 1.39-1.88 (m,
4H), 2.04 (brs, 1H), 2.18-2.54 (m, 2H), 2.61-2.18 (
0.2H), 2.86-3.27 (m, 6H), 3.44-3.61 (m, 0.2H), 3.72
3.95 (m, 4.6H), 4.15-4.40 (m, 0.4H), 4.43-4.55 (m,
0.2H), 4.56-4.73 (m, 0.2H), 4.66 (d, J = 7.6HzH),4
4.80 (d, J = 7.6Hz, 0.2H), 5.03-5.14 (m, 0.6H) 9.3
7.07 (m, 5H), 7.31-7.70 (m, 9H).

MS(ESI)[M+Na] = 589

[0131]

(Example 37) Synthesis dE)-3-(furan-3-yl)-N-[(4R,485 7R, 7aR,12[05)-4a-hydroxy-

9-methoxy-3-(quinoline-6-carbonyl)-2,3,4,4a,5,6a/0ttahydro-H-4,12-

methanobenzofuro[3,2-elisoquinolin-7-yl]-N-methytgdamide (Compound 10):

[0132]

[0133]

Compound 10
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Under argon atmosphere, 6-quinolinecarboxylic §&£3 mg, 0.0825 mmol)
was suspended in anhydrous DMF (0.4 mL), and Njsbgdropylethylamine (3@L,
0.207 mmol) and COMU (36 mg, 0.0841 mmol) were addethe obtained solution
on ice, and the resulting mixture was then stirredfter 5 minutes, a solution of
Compound 5 (30 mg, 0.0687 mmol) in anhydrous DMR (AL) was added thereto,
and the resulting solution was stirred at room teragure for 19 hours. The
reaction mixture was poured into a saturated acgieolution of sodium
hydrogencarbonate (5 mL), and extracted with edlogtate. The organic layer was
washed with water and saturated brine, dried ovéiusn sulfate, and then
concentrated under reduced pressure. The obteindd product was purified by
preparative thin layer chromatography (methanabdibrm = 1:20) to give the title
compound 10 (35.5 mg, 87%) as a colorless amorpimadtsrial.
[0134]
'H-NMR (400 MHz, CDC}) & (ppm): 1.24-1.79 (m, 4H), 2.01-2.51 (m, 3H), 2.68-
2.85 (m, 0.2H), 2.86-3.19 (m, 5.2H), 3.25 (dd, 84, 5.6Hz, 0.6H), 3.47-3.68 (m,
1H), 3.68-3.92 (m, 3.6H), 3.99-4.10 (m, 0.2H), 44180 (m, 1.2H), 4.74-4.88 (m,
0.3H), 5.14 (d, J = 3.6Hz, 0.7H), 6.34-6.90 (m, 4HB3-7.64 (M, 4H), 7.76 (d, J =
8.4Hz, 0.7H), 7.83-8.09 (m, 1.3H), 8.09-8.23 (m),28192-9.01 (m, 1H).
MS(ESH[M+Na]" = 614
[0135]
(Example 38) Synthesis of N-[RUaS 7R, 7aR,12b5)-4a-hydroxy-9-methoxy-3-
(phenylsulfonyl)-2,3,4,4a,5,6,7,7a-octahydtd-4,12-methanobenzofuro[3,2-
elisoquinolin-7-yl]-N-methylcinnamide (Compound 14)

[0136]



10

15

53

Compound 3 Compound 11 Compound 12 Compound 13

\/,o

Q,
N\

(3

OMe

Compound 14

[0137]
Step (1)
Synthesis of (B,4a5 7R, 7aR,12b5)-7-[benzyl(methyl) amino]-9-methoxy-
1,2,3,4,5,6,7,7a-octahydroHat,12-methanobenzofuro[3,2-elisoquinolin-4a-ol
(Compound 11):

Under argon atmosphere, Compound 3 (1.92 g, 3m8lpwas dissolved in
10% hydrogen chloride-methanol (10 mL), and theltesy mixture was stirred at
room temperature for 37 hours. The reaction metuas further stirred at 50°C for
7 hours, and then concentrated under reduced peessA saturated aqueous
solution of sodium hydrogencarbonate (20 mL) wateddo the residue, and
subsequently the resulting mixture was extractet @4propanol/chloroform (1:3).
The organic layer was washed with saturated band,then dried over sodium
sulfate, and concentrated under reduced pressiliiee obtained crude product was
purified by silica gel chromatography (aqueous amigonethanol:chloroform =
0:0:100- 3:27:170) to give the title compound 11 (1.539/® as a colorless
amorphous material.
[0138]
'H-NMR (400 MHz, CDC}) & (ppm): 1.36 (ddd, J = 13.6, 11.6, 4.0Hz, 1H), 1.44
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1.59 (m, 2H), 1.68 (ddd, J = 13.6, 4.0, 4.0Hz, 1HY0-2.04 (m, 1H), 2.27-2.38 (m,
1H), 2.32 (s, 3H), 2.60 (ddd, J = 11.6, 6.8, 4.4H4), 2.74 (ddd, J = 12.8, 12.8,
4.0Hz, 1H), 2.90 (dd, J = 12.8, 4.0Hz, 1H), 3.08, @= 18.4, 5.6Hz, 1H), 3.14 (d, J
= 18.4Hz, 1H), 3.37 (d, J = 4.0Hz, 1H), 3.70 (&, 14.0Hz, 1H), 3.77 (d, J = 14.0Hz,
1H), 3.88 (s, 3H), 4.76 (d, J = 6.8Hz, 1H), 6.61Je 8.4Hz, 1H), 6.72 (d, J = 8.4Hz,
1H), 7.16-7.24 (m, 1H), 7.25-7.32 (m, 2H), 7.3307(t, 2H). No 2H(NH, OH) was
detected.
MS(ESI[M+H]" = 407
[0139]
Step (2)
Synthesis of (B,4a5 7R, 7aR,12b5)-7-[benzyl(methyl) amino]-9-methoxy-3-
(phenylsulfonyl)-1,2,3,4,5,6,7,7a-octahydrd-44,12-methanobenzofuro[3,2-
elisoquinolin-4a-ol (Compound 12):

The same method as in Example 3 was performegetta Compound 11
(1.5 g, 3.69 mmol) was used instead of Compoumdtbea step (2), and thereby the
titte compound 12 (1.8 g, 89%) was obtained.
[0140]
'H-NMR (400 MHz, CDC}) 5 (ppm): 1.32 (ddd, J = 12.8, 12.8, 3.2Hz, 1H), 1.48
1.59 (m, 2H), 1.64 (ddd, J = 12.8, 4.0, 4.0Hz, 1HY8 (dddd, 12.8,12.8,12.8,3.2Hz,
1H), 2.24 (ddd, J = 12.8, 12.8, 5.6Hz, 1H), 2.38), 2.51-2.64 (m, 2H), 2.75 (ddd,
J=12.8,12.8, 3.2Hz, 1H), 2.84 (dd, J = 18.4H%,6LH), 3.20 (brs, 1H), 3.60-3.72
(m, 2H), 3.76 (d, J = 14.0Hz, 1H), 3.85 (s, 3HL4(d, J = 5.6Hz, 1H), 4.72 (d, J =
6.8Hz, 1H), 6.41 (d, J = 8.4Hz, 1H), 6.65 (d, J.4+&, 1H), 7.17-7.23 (m, 1H),
7.23-7.31 (m, 2H), 7.31-7.39 (m, 2H), 7.51-7.58 BH), 7.58-7.65 (m, 1H), 7.80-
7.90 (m, 2H).
MS(ESI)[M+H]" = 547

[0141]
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Step (3)

Synthesis of (B,4a5 7R, 7aR,12b5)-9-methoxy-7-(methylamino)-3-(phenylsulfonyl)-
1,2,3,4,5,6,7,7a-octahydroHat,12-methanobenzofuro[3,2-elisoquinolin-4a-ol
(Compound 13):

Compound 12 (1.35 g, 2.47 mmol) was dissolvedHifr T13.5 mL), 5%
palladium on activated carbon (Degussa type) (3GPwas added thereto, and the
resulting mixture was stirred at room temperatoredf7 hours under hydrogen
atmosphere. The reaction mixture was filtereduphoCelite, and the filtrate was
concentrated under reduced pressure. The obtaindd product was again
dissolved in THF (13.5 mL), 5% palladium on actadtarbon (Degussa type) (500
mg) was added thereto, and the resulting mixture stisred at room temperature for
37.5 hours under hydrogen atmosphere. The reattixtare was filtered through
Celite, and the filtrate was concentrated undeuced pressure. The obtained
crude product was purified by silica gel chromaapiny (aqueous
ammonia:methanol:chloroform = 1:9:95 3:27:170) to give the title compound 13
(913 mg, 81%) as a colorless solid.

[0142]

'H-NMR (400 MHz, CDC}) & (ppm): 1.30-1.42 (m, 1H), 1.46-1.59 (m, 2H), 1.61-
1.77 (m, 2H), 2.30 (ddd, J = 12.8, 12.8, 5.6Hz,, 34 (s, 3H), 2.54 (ddd, J = 9.2,
4.4, 4.4Hz, 1H), 2.65 (d, J = 18.4Hz, 1H), 2.80d(d#i= 12.8, 12.8, 4.0Hz, 1H), 2.92
(dd, J = 18.4, 5.6Hz, 1H), 3.62 (dd, J = 12.8, &,61H), 3.85 (s, 3H), 4.22 (d, J =
5.6Hz, 1H), 4.39 (d, J = 5.6Hz, 1H), 6.48 (d, J.6H&, 1H), 6.70 (d, J = 8.0Hz, 1H),
7.47-7.65 (m, 3H), 7.81-7.93 (m, 2H). No 2H(NH, ONjs detected.
MS(ESI)[M+H]" = 457

[0143]

Step (4)

Synthesis of N-[(R 4a5 7R, 7aR,12b5)-4a-hydroxy-9-methoxy-3-(phenylsulfonyl)-
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2,3,4,4a,5,6,7,7a-octahydréi4,12-methanobenzofuro[3,2-e]isoquinolin-7-yl]-N-
methylcinnamide (Compound 14):

Under argon atmosphere, Compound 13 (20 mg, 0.0%88l) was dissolved
in anhydrous dichloromethane (44D), and triethylamine (18.pL, 0.133 mmol)
was added thereto. To the obtained solution, amayhchloride (9.2 mg, 0.0552
mmol) was added on ice, and the resulting mixtuas then stirred at room
temperature for 2 hours. The reaction mixture dikged with dichloromethane (5
mL), washed with a saturated aqueous solution diuse hydrogencarbonate and
saturated brine, then dried over sodium sulfaté,camcentrated under reduced
pressure. The obtained crude product was purifyepreparative thin layer
chromatography (acetomehexane = 1:1) to give the title compound 14 (2Q mg
78%) as a colorless amorphous material.

[0144]

'H-NMR (400 MHz, CDC}) 6 (ppm): 1.38-1.80 (m, 4H), 2.14-2.40 (m, 2H), 2(87
J =18.4Hz, 0.3H), 2.58 (d, J = 18.4Hz, 0.7H), 2680 (m, 1H), 2.88 (dd, J = 18.4,
5.6Hz, 1H), 2.93-3.09 (m, 1H), 3.01 (s, 2.1H), 3(460.9H), 3.64-3.90 (m, 1.70H),
3.71 (s, 2.1H), 3.83 (s, 0.9H)4.11-4.23 (m, 1H2344.40 (m, 0.3H), 4.62 (d, J =
8.0Hz, 0.7H), 4.76 (d, J = 8.0Hz, 0.3H), 6.46 (¢,8.0Hz, 0.3H), 6.52 (d, J = 8.0Hz,
0.7H), 6.68 (d, J = 15.2Hz, 0.7H), 6.70 (d, J H&40.3H), 6.75 (d, J = 8.4H,0.7H),
6.86 (d, J = 15.2Hz, 0.3H), 7.24-7.43 (m, 4H), 77481 (m, 5H), 7.79-7.90 (m, 2H).
MS(ESI)[M+Na] = 609

[0145]

(Example 39 and Example 40)

By a procedure similar to that in the step (4Er&mple 38, compounds
having structures indicated in Table 4 below wergtsesized using Compound 13
and any acid chloride having a desired structure.

[0146]
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[Table 4]

Example | Structural formul

'H-NMR and M¢

39

OMe

"H-NMR (400 MHz, CDC3) & (ppm): 1.2+1.68 (m, 4H).
2.06-2.41 (m, 3H), 2.51-3.00 (m, 10H), 3.48 (ddd, J
12.8, 8.0, 4.4Hz, 0.7H), 3.63-3.73 (m, 1H), 3.642(&H),
3.82 (s, 0.9H), 4.13 (d, J = 5.6Hz, 1H), 4.21-4185
0.3H), 4.56 (d, J = 8.0Hz, 0.7H), 4.66 (d, J = &0BI3H),
6.45 (d, J = 8.4Hz, 0.3H), 6.49 (d, J = 8.4Hz, ), 8465
(d, J = 8.4Hz, 0.7H), 6.69 (d, J = 8.4Hz, 0.3HD077.04
(m, 1H), 7.10-7.23 (m, 3H), 7.25-7.31 (m, 1H), Z&39
(m, 2H), 7.60-7.67 (m, 1H), 7.81-7.86 (m, 2H).
MS(ESI[M+Na] = 611

40

"H-NMR (400 MHz, CDCl) & (ppm): 0.6-0.79 (m,
0.7H), 0.85-0.96 (m, 0.7H), 1.34-1.67 (m, 2.4HQ71.
(dddd, J = 12.8, 12.8, 12.8, 2.8Hz, 0.7H), 2.09Zr8,
0.3H), 2.24 (ddd, J = 12.8, 12.8, 5.6Hz, 1H), &5 =
18.4Hz, 0.3H), 2.56 (d, J = 18.4Hz, 0.7H), 2.72d/dHi=
12.8, 12.8, 3.6Hz, 1H), 2.78-2.93 (m, 2H), 2.88(&H),
2.96 (s, 0.9H), 3.49-3.58 (m, 1.3H), 3.63-3.76 2m3H),
3.83 (s, 0.9H), 3.86-3.93 (m, 0.3H), 3.88 (s, 2,14407 (d,
J = 5.6Hz, 0.7H), 4.13 (d, J = 5.6Hz, 0.3H), 4.2884m,
0.3H), 4.56 (d, J = 8.0Hz, 0.7H), 4.66 (d, J = &0BI3H),
6.44 (d, J = 8.4Hz, 0.3H), 6.59 (d, J = 8.4Hz, (,B469
(d, J = 8.4Hz, 0.3H), 6.72-6.78 (m, 1H), 6.82 (¢, 8.4Hz,
0.7H), 7.07-7.13 (m, 2H), 7.20-7.35 (m, 2H), 7.5677
(m, 3H), 7.79-7.87 (m, 2H).

MS(ESI)[M+Na] = 597

[0147]

(Example 41 and Example 42)

By a procedure similar to that in the step (4Erample 38, compounds

having structures indicated in Table 5 below wergtsesized using Compound 13

and any isocyanate having a desired structure.
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[0148]
[Table 5]

Example | Structural formula "H-NMR and MS

TH-NMR (400 MHz, CDC3) & (ppm): 1.3-1.47 (m, 1H).
1.49-1.62 (m, 2H), 1.70 (ddd, J = 13.2, 3.2, 3.2H4),
2.25-2.39 (m, 2H), 2.58 (d, J = 18.4Hz, 1H), 2.ddd, J =
13.2, 13.2, 3.6Hz, 1H), 2.86 (dd, J = 18.4, 5.6H%), 2.92-
3.00 (m, 1H), 2.95 (s, 3H), 3.67-3.77 (M, 2H), 3(823H),
4.16 (d, J = 5.2Hz, 1H), 4.66 (d, J = 7.6Hz, 1H526(d, J =
8.4Hz, 1H), 6.72 (d, J = 8.4Hz, 1H), 6.94-7.04 (), 7.12
(brs, 1H), 7.21-7.28 (m, 2H), 7.29-7.34 (m, 2H5Z7.61
(m, 2H), 7.61-7.69 (m, 1H), 7.79-7.89 (m, 2H).
MS(ESI)[M+Na] = 598

41

TH-NMR (400 MHz, CDC}) 5 (ppm): 1.41 (ddd, J = 12.8,
12.8, 3.2Hz, 1H), 1.43-1.53 (m, 1H), 1.56 (dd, 128,
2.8Hz, 1H), 1.67 (ddd, J = 12.8, 2.8, 2.8Hz, 1H)422.28
(m, 1H), 2.26 (ddd, J = 12.8, 12.8, 5.6Hz, 1H)82AE, J =
18.4Hz, 1H), 2.73 (ddd, J = 12.8, 12.8, 4.0Hz, TH82-
2.92 (m, 1H), 2.88 (s, 3H), 3.60 (s, 3H), 3.65-3T7 2H),
4.15 (d, J = 5.6Hz, 1H), 4.33 (dd, J = 15.2, 6.4H4), 4.40
(dd, J = 15.2, 5.6Hz, 1H), 4.61 (d, J = 8.0Hz, 1547 (brs,
1H), 6.49 (d, J = 8.4Hz, 1H), 6.64 (d, J = 8.4Hd),17.18-
7.33 (m, 5H), 7.51-7.66 (m, 3H), 7.79-7.89 (m, 2Nb.
1H(OH) was detected.

OMe MS(ESI)[M+Na] = 612

42

[0149]
(Example 43)

Synthesis of N-[(R,4857R,7aR,125)-4a-hydroxy-9-methoxy-3-
(phenylsulfonyl)-2,3,4,4a,5,6,7,7a-octahyditd-4,12-methanobenzofuro[3,2-
elisoquinolin-7-yl]-N-methyl-N’-phenylsulfamide (@apound 15):

[0150]

Compound 15

[0151]
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Under argon atmosphere, anhydrous benzene (5.&nd_phosphorus
pentachloride (120 mg, 0.577 mmol) were added fthBRylsulfamic acid (100 mg,
0.577 mmol), and the resulting mixture was heabe®#é hours under reflux. The
obtained solution was allowed to cool, and theripitated solids were removed by
filtration, and the filtrate was concentrated unebetuced pressure. Under argon
atmosphere, to a solution of the obtained cruddymb(79 mg) in anhydrous
dichloromethane (880L), a mixed solution of Compound 21 (20 mg, 0.04380l)
and triethylamine (11hL, 0.824 mmol) in anhydrous dichloromethane (44pwas
added onice. The obtained solution was stirred@n temperature for 20 hours,
and triethylamine (115L, 0.824 mmol) was then added thereto, and thdtregu
mixture was further stirred for 20 hours. The teacmixture was diluted with
dichloromethane (5 mL), washed with a saturateeaqgs solution of sodium
hydrogencarbonate and saturated brine, then dvedsmdium sulfate, and
concentrated under reduced pressure. The obtaindd product was purified by
preparative thin layer chromatography (acetoiiezxane = 2:3, followed by
methanol:chloroform = 1:40) to give the title cornpd 15 (19.5 mg, 73%) as a
colorless amorphous material.

[0152]

'H-NMR (400 MHz, CDC}) 5 (ppm): 1.38-1.54 (m, 2H), 1.62 (dd, J = 12.8, Z8H
1H), 1.69 (ddd, J = 12.8Hz, 2.8, 2.8Hz, 1H), 2.08dd, J = 12.8, 12.8, 12.8, 2.8Hz,
1H), 2.29 (ddd, J = 12.8, 12.8, 5.6Hz, 1H), 2.53)(d 18.4Hz, 1H), 2.70-2.92 (m,
2H), 2.79 (s, 3H), 2.90 (s, 1H), 3.71-3.85 (m, 2BIB3 (s, 3H), 4.14 (d, J = 5.6Hz,
1H), 4.64 (d, J = 8.0Hz, 1H), 6.52 (d, J = 8.4H4),16.74 (d, J = 8.4Hz, 1H), 7.09-
7.19 (m, 1H), 7.28-7.35 (m, 2H), 7.40-7.47 (m, 2H}2-7.61 (m, 2H), 7.61-7.68 (m,
1H), 7.80-7.88 (m, 2H). No 1H(OH) was detected.
MS(ESI)[M+Na] = 634

[0153]
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(Example 44) Synthesis dE)-3-(furan-3-yl)-N-[(4R, 7R, 7aR,1215)-9-methoxy-3-
(phenylsulfonyl)-2,3,4,6,7,7a-hexahydrbt-4,12-methanobenzofuro([3,2-
elisoquinolin-7-yl]-N-methylacrylamide (Compound)18

[0154]

Yy

OMe

Compound 12 Compound 16 Compound 17 Compound 18

[0155]

Step (1)

Synthesis of (B 7R,7aR,125)-N-benzyl-9-methoxy-N-methyl-3-(phenylsulfonyl)-
2,3,4,6,7,7a-hexahydra-t4,12-methanobenzofuro[3,2-elisoquinolin-7-amine
(Compound 16):

Under argon atmosphere, Compound 12 (163 mg, Gr288l) was dissolved
in anhydrous pyridine (6 mL), and thionyl chlori®20uL, 3.02 mmol) was added
thereto with stirring on ice. The obtained solatwas stirred for 30 minutes on ice
and then for 6 hours at room temperature. A stdraqueous solution of sodium
hydrogencarbonate (20 mL) was slowly added to ¢laetron mixture on ice, and
potassium carbonate (2 g) was then added therddha resulting mixture was
extracted with ethyl acetate. The organic layes washed with saturated brine,
and then dried over sodium sulfate, and concentnateler reduced pressure. The
obtained crude product was purified by silica debmatography (0-3% (v/v)
methanol/chloroform) to give the title compound(1&5 mg, 73%) as a colorless
amorphous material.

[0156]

'H-NMR (400 MHz, CDC}) & (ppm): 1.64 (ddd, J = 12.8, 12.8, 5.2Hz, 1H), 1.76
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1.84 (m, 1H), 1.93-2.10 (m, 2H), 2.34 (s, 3H), 2(6dd, J = 10.4, 10.4, 5.2Hz, 1H),
2.79 (d, J = 18.0Hz, 1H), 2.95 (dd, J = 18.0, 6,8H%), 3.16 (ddd, J = 12.8, 12.8,
2.8Hz, 1H), 3.66-3.87 (m, 3H), 3.89 (s, 3H), 4.@4J = 9.6Hz, 1H), 4.87 (d, J =
6.8Hz, 1H), 5.52-5.58 (m, 1H), 6.49 (d, J = 8.4H4), 6.68 (d, J = 8.4Hz, 1H),
7.11-7.37 (m, 5H), 7.47-7.62 (m, 3H), 7.81-7.88 2H).
MS(ESH[M+H]" = 529
[0157]
Step (2)
Synthesis of (B, 7R, 7aR,1215)-9-methoxy-N-methyl-3-(phenylsulfonyl)-
2,3,4,6,7,7a-hexahydrad-t4,12-methanobenzofuro[3,2-elisoquinolin-7-amine
(Compound 17):

Compound 16 (71 mg, 0.134 mmol) was dissolvedeéthamol (4 mL), and
5% palladium on activated carbon (Degussa type){@pwas added thereto. The
obtained solution was stirred at room temperatord 8 hours under hydrogen
atmosphere. The reaction mixture was filtereduphoCelite, and the filtrate was
concentrated under reduced pressure. The obteindd product was purified by
silica gel chromatography (agueous ammonia:metharoroform = 1:9:95-,
1:9:30) to give the title compound 17(53.7 mg, 8&& R pale brown amorphous
material.
[0158]
'H-NMR (400 MHz, CDC}) 6 (ppm): 1.69 (ddd, J = 12.8, 12.8, 5.2Hz, 1H), 1.79
(ddd, J = 12.8, 3.6, 1.6Hz, 1H), 2.00 (ddd, J §161.6, 1.6Hz, 1H), 2.41 (ddd, J =
16.0, 6.8, 5.2Hz, 1H), 2.53-2.68 (m, 1H), 2.573¢4), 2.91 (d, J = 18.4Hz, 1H), 3.00
(dd, J =18.4, 6.8Hz, 1H), 3.12-3.24 (m, 1H), 336®7 (m, 1H), 3.83 (s, 3H), 4.63 (d,
J =9.2Hz, 1H), 4.91 (d, J = 6.8Hz, 1H), 5.52 (@¢,6.8, 1.6Hz, 1H), 6.55 (d, J =
8.4Hz, 1H), 6.69 (d, J = 8.4Hz, 1H), 7.46-7.52 @H), 7.53-7.59 (m, 1H)7.80-7.87

(m, 2H). No 1H(NH) was detected.
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MS(ESI)[M+H]" = 439
[0159]
Step (3)
Synthesis off)-3-(furan-3-yl)-N-[(4R, 7R, 7aR,12b5)-9-methoxy-3-(phenylsulfonyl)-
2,3,4,6,7,7a-hexahydra-t4,12-methanobenzofuro[3,2-elisoquinolin-7-yl]-N-
methylacrylamide (Compound 18):

The same method as in Example 38 was performezpextat Compound 17
(20 mg, 0.0456 mmol) was used instead of Compo@nid the step (4), and thereby
the title compound 18 (20.9 mg, 82%) was obtained.
[0160]
'H-NMR (400 MHz, CDC}) 6 (ppm): 1.62-1.92 (m, 2H), 2.01 (ddd, J = 16.4, 6.8
4.8Hz, 1H), 2.22-2.55 (m, 1H), 2.76-3.16 (m, 2HR&(s, 1.8H), 3.12 (s, 1.2H),
3.18 (ddd, J =12.8, 12.8, 3.2Hz, 1H), 3.64-3.89r6H), 3.69 (s, 1.8H), 3.80 (s,
1.2H), 3.93-4.20 (m, 0.4H), 4.59 (d, J = 10.0HBH), 4.92 (d, J = 6.4Hz, 0.4H),
4.96(J=7.2Hz, 1H), 5.58 (d, J = 6.4Hz, 0.4H), 5§62) = 6.4Hz, 0.6H), 6.10-6.18 (m,
1H), 6.50-6.65 (m, 2H), 6.68 (d, J = 8.4Hz, 0.481}5 (d, J = 8.4Hz, 0.6H), 7.31-
7.65 (m, 6H), 7.82-7.90 (m, 2H).
MS(ESI)[M+Na] = 581
[0161]
(Example 45) Synthesis dE)-N-[(4R,485 7R, 7eR,12b5)-3-{[2-(dimethylamino)
phenyl]sulfonyl}-4a-hydroxy-9-methoxy-2,3,4,4a,5,&,a-octahydro-H-4,12-
methanobenzofuro[3,2-elisoquinolin-7-yl]-N-methy{yridin-2-yl)acrylamide
(Compound 25):
[0162]
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OMe OMe OMe OMe
Compound 19 Compound 20 Compound 21 Compound 22

=
one Compound 23 OMe Compound 24 onre Compound 25
[0163]
Step (1)

Synthesis of (R4a'S7aR,12b'S)-9’-methoxy-3’-[(2-nitrophenyl)sulfonyl]-
1',2',3",4',5",6’-hexahydro-4a’H,7a’H-spiro([1,3]dixolane-2,7’-
[4,12]methanobenzofuro[3,2-elisoquinolin)-4a’-olai@pound 20):

Under argon atmosphere, R4a’'S7a'R,12b'S)-9’-methoxy-1',2",3',4',5,6'-
hexahydro-4a’H,7a’'H-spiro[[1,3]dioxolane-2,7’-[4 Ji2ethanobenzofuro[3,2-
elisoquinolin]-4a’-ol (Compound 19) (5.94 g, 17.2nml) was dissolved in
anhydrous dichloromethane (100 mL), and triethytaen(6.0 mL, 43.0 mmol) was
added thereto. To the resulting mixture, 2-nitratmnesulfonyl chloride (4.57 g,
20.6 mmol) was added on ice, and subsequentlyethdting mixture was stirred at
room temperature for 1 hour. A saturated aqueolusisn of sodium
hydrogencarbonate (80 mL) was added to the reantigture, and the resulting
mixture was extracted with chloroform. The orgdaiger was washed with
saturated brine, and then dried over sodium syléaté concentrated under reduced
pressure. The obtained crude product was pufiyesilica gel column

chromatography (0> 5% (v/v) methanol/chloroform) to give the titlerespound 20
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(9.06 g, 99%) as a yellow amorphous solid.

[0164]

'H-NMR (400 MHz, CDC}) & (ppm): 1.47 (ddd, J = 13.6, 3.6, 3.6Hz, 1H), 11563
(m, 3H), 2.11 (ddd, J = 13.2, 9.2, 6.8Hz, 1H), 2ddd, J = 12.8, 12.8, 5.6Hz, 1H),
3.03 (ddd, J = 13.2, 13.2, 4.0Hz, 1H), 3.06-3.152Zht), 3.19 (d, J = 18.4Hz, 1H),
3.74 (dd, J = 13.2, 5.6Hz, 1H), 3.79 (dd, J = 18.8Hz, 1H), 3.87 (s, 3H), 3.89 (dd,
J =13.2, 6.8Hz, 1H), 3.96 (d, J = 4.8Hz, 1H), 4dd, J = 13.2, 6.8Hz, 1H), 4.17
(dd, J =12.8, 6.8Hz, 1H), 4.51 (s, 1H), 6.64 (d,814Hz, 1H), 6.78 (d, J = 8.4Hz,
1H), 7.66-7.78 (m, 3H), 8.14 (dd, J = 6.8, 2.4H4).1

MS(ESH[M+Na] = 553

[0165]

Step (2)

Synthesis of (R,4a'S7aR,12b'S)-3'-{[2-(dimethylamino) phenyl]sulfonyl}-9’-
methoxy-1',2",3',4’,5’,6’-hexahydro-4a’H,7a’H-spiffl,3]dioxolane-2,7’-
[4,12]methanobenzofuro[3,2-elisoquinolin]-4a’-olq@pound 21):

Under argon atmosphere, Rda’'S7a’R,12b'S)-9’-methoxy-3’-[(2-
nitrophenyl)sulfonyl]-1',2’,3',4",5’,6’-hexahydro-&'H, 7a’H-spiro[[1,3]dioxolane-
2,7’-[4,12]methanobenzofuro[3,2-e]isoquinolin]-4a’{Compound 20) (9.06 g, 17.1
mmol) was suspended in ethanol (180 mL), and w@&®&mL), a saturated
ammonium chloride solution (25 mL) and iron pow(®6 g, 172 mmol) were added
thereto, and the resulting mixture was stirred08C9 After 1 hour, heating was
stopped, and the mixture was allowed to cool terré@emperature, and the reaction
mixture was then filtered through Celite. Theréite was concentrated under
reduced pressure, and a saturated aqueous sadfisodium hydrogencarbonate (50
mL) was added to the residue, and the resultinguréxwas extracted with
chloroform. The organic layer was washed with isa&d brine, dried over sodium

sulfate, and then concentrated under reduced peessinder argon atmosphere,
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the obtained crude product was dissolved in aeeid (200 mL), and
paraformaldehyde (12.8 g, 426 mmol) and sodium alyarohydride (10.7 g, 170
mmol) were added thereto, and the resulting mixivae stirred at 40°C. After 3
hours, the reaction mixture was filtered througtit€eand the filtrate was
concentrated under reduced pressure. A saturatidns bicarbonate solution (300
mL) was added to the residue to adjust pH to 9,thedesulting mixture was
extracted with chloroform. The organic layer wassied with saturated brine,
dried over sodium sulfate, and then concentrateigiureduced pressure. The
obtained crude product was purified by silica ggumn chromatography (6 10%
(v/v) methanol/chloroform) to give the title compmLi21 (9.32 g, 97%) as a
colorless amorphous solid.
[0166]
'H-NMR (400 MHz, CDC}) 5 (ppm): 1.42-1.63 (m, 4H), 2.10 (ddd, J = 12.88]12.
5.6Hz, 1H), 2.24 (ddd, J = 13.6, 13.6, 3.6Hz, 1233 (s, 6H), 2.93 (ddd, J = 12.8,
12.8, 3.6Hz, 1H), 3.04 (dd, J = 18.4, 4.8Hz, 1H);733.14 (m, 1H), 3.14 (d, J =
18.4Hz, 1H), 3.78 (dd, J = 12.8, 6.8Hz, 1H), 3.873H), 3.89 (dd, J = 13.6, 6.8Hz,
1H), 4.01 (dd, J = 13.6, 6.8Hz, 1H), 4.12-4.2 (#d),24.53 (s, 1H), 4.92 (brs, 1H),
6.62 (d, J = 8.4Hz, 1H), 6.76 (d, J = 8.4Hz, 1H2177.28 (m, 1H), 7.37 (dd, J = 8.0,
0.8Hz, 1H), 7.58 (ddd, J = 8.0, 8.0, 1.6 Hz, 1H);38(dd, J = 8.0, 1.6Hz, 1H).
MS(ESIH[M+Na]" = 551
[0167]
Step (3)
Synthesis of (B,4&8S 78R, 1215)-3-{[2-(dimethylamino) phenyl]sulfonyl}-4a-
hydroxy-9-methoxy-2,3,4,4a,5,6-hexahydid-4,12-methanobenzofuro[3,2-
elisoquinolin-7(7&l)-one (Compound 22):

Under argon atmosphere, Rda’'S7a'R,12b'S)-3'-{[2-(dimethylamino)

phenyl]sulfonyl}-9’-methoxy-1",2",3',4’,5",6’-hexakdro-4a’H,7a’H-
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sporo([1,3]dioxolane-2,7’-[4,12]methanobenzofur@f&)isoquinolin)-4a’-ol
(Compound 21) was dissolved in THF (100 mL), arM Bydrochloric acid (100
mL) was added thereto, and the resulting mixturs stared at 90°C. After 9 hours,
heating was stopped, and the mixture was allowedobto room temperature, and
the reaction mixture was then concentrated undkroed pressure. A saturated
aqueous solution of sodium hydrogencarbonate (1120was added to the residue to
adjust pH to 9, and the resulting mixture was etéd with chloroform. The
organic layer was washed with saturated brineddrieer sodium sulfate, and then
concentrated under reduced pressure. The obteindd product was purified by
silica gel column chromatography (diol-modifiedal gel, ethyl acetate-hexane =
1:5 - 1:2) to give the title compound 22 (5.4 g, 90%pa®lorless amorphous solid.
[0168]
'H-NMR (400 MHz, CDC}) & (ppm): 1.53-1.69 (m, 2H), 1.92 (ddd, J = 13.2, 4.8
3.2Hz, 1H), 2.26 (ddd, J = 12.8, 12.8, 5.2Hz, 1430 (ddd, J = 14.0, 2.8, 2.8Hz,
1H), 2.86 (s, 6H), 2.92 (ddd, J = 12.8, 12.8, 3,6H#), 2.99-3.17 (m, 3H),
3.17(d,18.8Hz, 1H), 3.87 (s, 3H), 4.29 (d, J = Z2HH), 4.64 (s, 1H), 5.38 (s, 1H),
6.65 (d, J = 8.4Hz, 1H), 6.73 (d, J = 8.4Hz, 1H2377.30 (m, 1H), 7.41 (dd, J = 8.0,
0.8Hz, 1H), 7.62 (ddd, J = 8.0, 8.0, 1.6Hz, 1H)58dd, J = 8.0, 1.6Hz, 1H)
MS(ESH[M+Na]" = 507
[0169]
Step (4)
Synthesis of (B,4a5 7R, 7aR,12b5)-7-[benzyl(methyl) amino]-3-{[2-
(dimethylamino) phenyl]sulfonyl}-9-methoxy-1,2,3%46,7,7a-octahydro-4&4,12-
methanobenzofuro[3,2-elisoquinolin-4a-ol (Compoaajt

Under argon atmosphereR4aS,7aR,1205)-3-{[2-(dimethylamino)
phenyl]sulfonyl}-4a-hydroxy-9-methoxy-2,3,4,4a,%16xahydro-H-4,12-

methanobenzofuro[3,2-elisoquinolin-7faone (Compound 22) (1.07 g, 2.20
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mmol) was dissolved in benzene (30 mL), and beracid (273 mg, 2.24 mmol)
and N-benzylmethylamine (0.57 mL, 4.41 mmol) wetdeal thereto. The reaction
mixture was heated for 21 hours under reflux wemoval of water through an
equipped Dean-Stark trap, and then concentrateeruaduced pressure. Under
argon atmosphere, anhydrous methanol (13 mL) ahgdaous THF (20 mL) were
added to the residue to dissolve the residue,l@ndesulting solution was stirred on
ice. Sodium cyanoborohydride (167 mg, 2.65 mmai} awdded thereto, and the
resulting mixture was stirred for 45 minutes. Ausated aqueous solution of
sodium hydrogencarbonate (20 mL) and saturate@ [§#@ mL) was added to the
reaction mixture, and the resulting mixture wasaoted with chloroform. The
organic layers was dried over sodium sulfate, &ed toncentrated under reduced
pressure. The obtained crude product was pulifiesilica gel column
chromatography (NH silica gel, ethyl acetathexane = 3:1) to give the title
compound 23(1.04 g, 80%) as a colorless amorplualigs s

[0170]

'H-NMR (400 MHz, CDC}) 5 (ppm): 1.27-1.38 (m, 1H), 1.47 (dd, J = 12.8, Z4H
1H), 1.52-1.66 (m, 2H), 1.92-2.11 (m, 2H), 2.323), 2.57 (ddd, J = 12.4, 7.6,
4.8Hz, 1H), 2.83 (s, 6H), 2.89 (ddd, J = 12.8, 13.8Hz, 1H), 2.99 (dd, J = 18.4,
5.2Hz, 1H), 3.09 (d, J = 18.4Hz, 1H), 3.09-3.17 @), 3.67 (d, J = 13.6Hz, 1H),
3.79 (d, J = 13.6Hz, 1H), 3.87 (s, 3H), 4.11 (d,418Hz, 1H), 4.68 (d, J = 8.0Hz,
1H), 4.73 (s, 1H), 6.58 (d, J = 8.4Hz, 1H), 6.70Xe 8.4Hz, 1H), 7.16-7.32 (m, 4H),
7.37 (d, J = 7.6Hz, 3H), 7.55-7.61 (m, 1H), 8.1@,@= 7.6, 1.2Hz, 1H)
MS(ESH[M+H]" = 590

[0171]

Step (5)

Synthesis of (BR485 7R, 7aR,12165-3-{[2-(dimethylamino) phenyl]sulfonyl}-9-

methoxy-7-(methylamino)-1,2,3,4,5,6,7,7a-octahydigbl-4,12-
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methanobenzofuro[3,2-elisoquinolin-4a-ol (CompoaAdt

(4R,485 7R, 78R, 12105)-7-[benzyl(methyl) amino]-3-{[2-(dimethylamino)
phenyl]sulfonyl}-9-methoxy-1,2,3,4,5,6,7,7a-octahydiaH-4,12-
methanobenzofuro[3,2-elisoquinolin-4a-ol (Compoa8yl (698 mg, 1.18 mmol)
was dissolved in methanol (20 mL) and THF (10 nalngd 5% palladium on
activated carbon (Degussa type) (678 mg) was atiewdto. The reaction mixture
was stirred at room temperature for 7.5 hours uhgldrogen atmosphere, and then
filtered through Celite, and the filtrate was camitated under reduced pressure.
The obtained crude product was purified by silieaaplumn chromatography
(aqueous ammonia:methanol:chloroform = 1:9:490.:9:40) to give the title
compound 24(570 mg, 96%) as a colorless amorplaligs s
[0172]
'H-NMR (400 MHz, CDCY) & (ppm): 1.34 (ddd, J = 12.8, 12.8, 3.2Hz, 1H), 1(dd
J=12.8, 1.6Hz, 1H), 1.58-1.67 (m, 1H), 1.68-1(189 2H), 2.08 (ddd, J = 12.8, 12.8,
5.6Hz, 1H), 2.45-2.53 (m, 1H), 2.51 (s, 3H), 2.82 6H), 2.89 (ddd, J = 12.8, 12.8,
3.2Hz, 1H), 3.04 (dd, J = 18.4, 5.2,1H), 3.06-3r14 1H), 3.15 (d, J = 18.4Hz, 1H),
3.86 (s, 3H), 4.15 (d, J = 5.2Hz, 1H), 4.46 (d,6.8Hz, 1H), 6.64 (d, J = 8.4Hz, 1H),
6.74 (d, J = 8.4Hz, 1H), 7.20-7.26 (m, 1H), 7.3397(m, 1H), 7.55-7.61 (m, 1H),
8.10-8.14 (m, 1H). No 2H(OH, NH) was detected.
MS(ESH[M+H]" = 500
[0173]
Step (6)
Synthesis of)-N-[(4R,485 7R, 7aR,1215)-3-{[2-(dimethylamino) phenyl]sulfonyl}-
4a-hydroxy-9-methoxy-2,3,4,4a,5,6,7,7a-octahydfs4]l12-methanobenzofuro[3, 2-
elisoquinolin-7-yl]-N-methyl-3-(pyridin-2-yl)acrylaide (Compound 25):

Under argon atmosphere R4S 7R, 7aR,12165)-3-{[2-(dimethylamino)

phenyl]sulfonyl}-9-methoxy-7-(methylamino)-1,2,346,7,7a-octahydro-4&4,12-
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methanobenzofuro[3,2-elisoquinolin-4a-ol (Compo@adl (229 mg, 0.461 mmol)
was dissolved in DMF (8 mL), and 3-(2-pyridyl)ageyécid (75.7 mg, 0.508 mmol),
HATU (437 mg, 1.15 mmol) and N,N-diisopropylethylae (0.25 mL, 1.38 mmol)
were added thereto. After 2 hours of stirringaatrn temperature, the reaction
liquid was poured into ethyl acetate (70 mL), arasked with water (100 mL x 4).
The organic layer was dried over sodium sulfate, @ncentrated under reduced
pressure. The obtained crude product was pufiyesilica gel column
chromatography (aqueous ammonia:methanol:chlorofodn®:990- 1:9:490) to
give the free form of the title compound 25 (277, 195%) as a colorless amorphous
solid. The obtained free form of the compound digsolved in methanol, a
sulfuric acid solution in methanol was added therahd diethylether was then
added thereto to precipitate a disulfate salt eftite compound 25 (Compound 26).

[0174]

OMe

Compound 26

[0175]

(Free form (Compound 25))

'H-NMR (400 MHz, CDC}) 6 (ppm): 1.41-1.59 (m, 3H), 1.62-1.75 (m, 1H), 2D4-
37 (m, 2H), 2.75-2.97 (m, 7H), 2.98-3.24 (m, 6H®B(s, 1.8H), 3.81-3.92 (m,
1.8H), 4.14 (d, J = 4.0Hz, 0.4H), 4.18 (d, J = 4£0816H), 4.30-4.33 (m, 0.4H), 4.57
(d, J = 7.6Hz, 0.6H), 4.71-4.80 (m, 0.8H), 4.93($H), 6.60-6.71 (m, 1.6H), 6.75
(d, J = 8.4Hz, 0.4H), 7.11-7.43 (m, 4.6H), 7.48X&; 15.2Hz, 0.4H), 7.54-7.73 (m,

3H), 8.13 (d, J = 7.6Hz, 1H), 8.52 (d, J = 4.4HBH), 8.62 (d, J = 4.4Hz, 0.4H).
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MS(ESI)[M+H]" = 631

(Disulfate salt (Compound 26))

mp(dec.): 217-220°C

Elementary analysis: asi3gN40sS 2H,SOy-4H,0

Calculated: C, 45.43; H, 5.61; N, 6.23.

Observed: C, 45.49; H, 5.52; N, 6.10.

[0176]

(Test Example 1: Measurement of antagonistic dgtagainst orexin receptors)
The Chinese hamster ovary (CHO) cell lines CHOOXhd CHOOX2R

were established by modifying CHO cells to consyeexpress the NFAT-luciferase

gene and either the human OX1R or human OX2R genbose cells were plated at

10,000 cells/well in 96-well multiplates with DMEmhanufactured by Sigma-

Aldrich Co. LLC) supplemented with 5% FBS (manutaett by Thermo Scientific

Inc.) and incubated at 37°C and 5% ar 48 hours. After removal of the

medium, 10QuL of an assay buffer (20 mM HEPES (manufacture&igyna-

Aldrich Co. LLC), Hank’s balanced salt solution (mdactured by Gibco), 0.1%

BSA (manufactured by Sigma-Aldrich Co. LLC), 2.5 ngvbbenecid acid

(manufactured by Wako Pure Chemical Industries,)LfiH 7.4) containing fM

Fura-2AM (manufactured by Cayman Chemical Co.) agded to each well, and

incubated at 37°C and 5% G€r 60 minutes. After removal of the buffer

containing Fura-2AM, 7oL of the assay buffer was added to each well. TBBn

uL of the assay buffer containing a test compoundhabus concentrations and OX-

A (manufactured by Peptide Institute, Inc.) waseatitb start the reaction. The

change in intracellular calcium ion concentratinduced by the reaction was

evaluated by the ratio of fluorescent intensitwisich were measured at a

wavelength of 510 nm based on the two wavelengtitaion approach using FDSS

7000 (manufactured by Hamamatsu Photonics K.K)) flilorescence excitation at
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340 nm and 380 nm. A concentration-response aumihie antagonistic activity
was plotted from the values of maximal fluoresdaténsity ratio determined when
various concentrations of a test compound werediaudthe presence of 300 pM of
OX-A, where a value of maximal fluorescent inteypisétio determined by adding
300 pM of OX-A alone corresponds to 100% and aeaiumaximal fluorescent
intensity ratio determined by adding the assaydyudfone corresponds to 0%.
Based on the resulting non-linear regression cuhee50% maximal inhibitory
concentration (Igy) was calculated. Each test compound was dissatvB#MSO
to a concentration of 10 mM (the final concentmatd DMSO was 1%), and then
diluted with the assay buffer to give a final comration of 3.0 x 18° M to 1.0 x 10
M (a common ratio of 3), while OX-A was dilutedddinal concentration of 300
pM. The experiment was performed in quadrupliggaé¢es, and the results of the
four independent measurements were averaged tdtgwealue of each reaction,
and then the 163 of a sample was calculated. If the sample numiaer2 or more,
the averaged I§ was used.

[0177]

The 1G of the compounds synthesized in Comparative Exasngohd
Examples are presented in Table 6. As seen fremetbults in Table 6, the
compounds of Examples 1, 2, 3, 4, 5, 8, 11, 1520821, 23, 25, 27, 28, 32, 34, 35,
38, 41, 42 and 45 exhibited a potent and seleetivagonistic activity against human
OX1 receptor. On the other hand, the compound@oafiparative Example 1 and
Comparative Example 2 exhibited a very weak antatjoractivity against human
OX1 receptor.

[0178]
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[Table 6]

Example No. OX1(Ig) nM OX2 (IGy nM ﬁj{:&?
Compound of Comparative

Example 1 (Compound 1) 1650 >10000 5
Compound of Comparative

Example 2 (Compound 3) 2850 >10000 1
Compound of Example 1

(Compound 6) 82.8 >10000 2
Compound of Example 2 30.0 >10000 2
Compound of Example 3 24.0 >10000 2
Compound of Example 4 162 >10000 3
Compound of Example 5 419 >10000 1
Compound of Example 8 144 >10000 3
Compound of Example 11 49.1 >10000 2
Compound of Example 15 112 >10000 1
Compound of Example 18 195 >10000 1
Compound of Example 20 56.2 >10000 2
Compound of Example 21 200 >10000 1
Compound of Example 23 121 >10000 1
Compound of Example 25 198 >10000 2
Compound of Example 27 87.8 >10000 2
Compound of Example 28 101 >10000 2
Compound of Example 32 11.7 >10000 1
Compound of Example 34 259 >10000 1
Compound of Example 35 571 >10000 2
Compound of Example 38

(Compound 14) 128 >10000 !
Compound of Example 41 159 >10000 2
Compound of Example 42 688 >10000 1
Compound of Example 45 361 >10000 1

(Compound 26)
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[0179]

The above results indicate that morphinan dekieatof the present invention
or pharmaceutically acceptable acid addition sh#seof have an excellent selective
antagonistic activity against human OX1 receptor.

[0180]
(Test Example 2: Evaluation of the prophylactieetfon drug dependence)

Increasing doses of morphine hydrochloride dis=sim saline were
administered subcutaneously to 7-week-old male h@i¢e twice daily (dosing
interval: about 12 hours) for four days (dose: ag mg/kg followed by 15 mg/kg;
Day 2, 20 mg/kg followed by 25 mg/kg; Day 3, 30 kyggfollowed by 35 mg/kg;
Day 4, 40 mg/kg followed by 45 mg/kg). On Day 1Day 4, the mice were
administered intraperitoneally with the compoundgample 45 (Compound 26) at
10 mg/kg or saline, the solvent of the compoundnBtutes prior to every first
administration of morphine hydrochloride. On Dayte mice were administered
subcutaneously with the compound of Example 45 (@amd 26) at 10 mg/kg or
saline, and 30 minutes later administered subcatastg with morphine
hydrochloride at 45 mg/kg as the final dose. Twark after the final
administration of morphine hydrochloride, the mieere administered
subcutaneously with naloxone hydrochloride at 3kaygéymptoms of withdrawal
syndrome (jumping, body shake, ptosis, forepaw dremearing, body weight loss,
and diarrhea) which appeared 60 minutes after adtration of naloxone
hydrochloride were observed. Body weight was messhefore and every 15
minutes after naloxone hydrochloride administratioMoreover, diarrhea was
graded according to a three-point scoring systesedan the appearance of feces:
normal feces (Normal), loose feces (Slightly), &gdid feces or liquid diarrhea
(Severe). The other symptoms of withdrawal synadrevere evaluated based on

the presence or absence of their manifestatiomatis8tal analysis was performed
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using chi square test and two-way analysis of magaand setting the significance

level at p < 0.05.
[0181]

As shown in Table 7, Table 8 and Fig. 1, jumpitigrrhea and body weight

loss, which are included in symptoms of withdrassaidrome, were statistically

significantly suppressed by repeated administraticthe compound of Example 45

(Compound 26) in combination with the narcotic dmmprphine hydrochloride.

Also, the tendency to suppress ptosis and rearagjolserved. This result

indicated that the incidence of morphine physiegde&hdence was suppressed,

indicating the prophylactic effect of the compound.

[0182]
[Table 7]
Number of animals with withdrawal syndrome / tatamber of
: animals
Withdrawal
syndrome Saline + morphine-dosing (ggrr:ggﬁ:dd ;é)Ef?nrgeéehﬁlse_
group dosing group
Jumping 6/8 1/8
Body shake 718 6/8
Ptosit 6/8 4/8
Forepaw tremc 718 6/8
Rearing 8/8 5/8

The asterisk in the table indicates the statiksicmificance (p < 0.05) of the

comparison between the saline + morphine-dosingmend the compound of

Example 45 (Compound 26) + morphine-dosing group.
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[0183]
[Table 8]
Diarrhea score

(Number of corresponding animals / total number of
Group animals)

Normal feces Loose feces I__|qu_|d f_eces or

liquid diarrhea

Saline + morphine-dosing 0/8 1/8 7/8
group
Compound of Example 4%
(Compound 26) + . 2/8 4/8 2/8
morphine-dosing group

The asterisk in the table indicates the statiksicmificance (p < 0.05) of the
comparison between the saline + morphine-dosingmeamnd the compound of
Example 45 (Compound 26) + morphine-dosing group.

[0184]
(Test Example 3: Evaluation of the therapeuticafte drug dependence)

Increasing doses of morphine hydrochloride dissbivn saline were
administered subcutaneously to 7-week-old male n@¢e twice daily (dosing
interval: about 12 hours) for four days (dose: ag mg/kg followed by 15 mg/kg;
Day 2, 20 mg/kg followed by 25 mg/kg; Day 3, 30 kggfollowed by 35 mg/kg;
Day 4, 40 mg/kg followed by 45 mg/kg). On Day e tmice were administered
subcutaneously with morphine hydrochloride at 43kg@s the final dose. Two
hours after the final administration of morphinaltgchloride, the mice were
administered subcutaneously with naloxone hydratidcat 3 mg/kg. The mice
were administered intraperitoneally with the commbof Example 45 (Compound
26) at 10 mg/kg or saline, the solvent of the commaly 30 minutes prior to the
administration of naloxone hydrochloride. Symptashsvithdrawal syndrome
(jumping, body shake, ptosis, forepaw tremor, regrbody weight loss, and
diarrhea) which appeared 60 minutes after thedies¢ of naloxone hydrochloride

were observed. Body weight was measured beforeaeny 15 minutes after
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naloxone hydrochloride administration. Moreoveardthea was graded according
to a three-point scoring system based on the agpearof feces: normal feces, loose
feces, and liquid feces or liquid diarrhea. ThHeeosymptoms of withdrawal
syndrome were evaluated based on the presencesema@bof their manifestation.
Statistical analysis was performed using chi sqtestand two-way analysis of
variance and setting the significance level at(qpG5.

[0185]

As shown in Table 9, Table 10 and Fig. 2, jumpufigrrhea and body weight
loss, which are included in symptoms of withdrassaldrome, were statistically
significantly suppressed by administration of tbenpound of Example 45
(Compound 26) after the repetitive administratibmorphine hydrochloride and
before the administration of naloxone hydrochloridélso, the tendency to
suppress ptosis was observed. This result indldate the withdrawal state in
morphine physical dependence was suppressed, fimdj¢he therapeutic effect of

the compound.

[0186]
[Table 9]
Withdrawal Number of animals with withdrawal syndrome / totamber of
syndrome animals
: e Compound of Example 45
Saline + morphine-dosing (Compound 26) + morphine-
group :
dosing group

Jumping 9/13 2/13
Body shake 9/13 7/13
Ptosit 6/1% 3/1%
Forefaw tremo 12/1% 11/13
Rearing 12/13 11/13

The double asterisk in the table indicates thiessitzal significance (p < 0.01)
of the comparison between the saline + morphinéadagoup and the compound of
Example 45 (Compound 26) + morphine-dosing group.

[0187]
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[Table 10]
Diarrhea scot

(Number of corresponding animals / total number of
Group animals)

Normal feces Loose feces I__|qu_|d f_eces o

liquid diarrhea

Saline + morphin-dosing 0/13 3/13 10/13
group
Compound of Example «
(Compound 26) + . 2/13 8/13 3/13
morphine-dosing group

The asterisk in the table indicates the statissicmificance (p < 0.05) of the
comparison between the saline + morphine-dosingpyemd the compound of
Example 45 (Compound 26) + morphine-dosing group.

[0188]

Accordingly, it is clear that a morphinan derivatof the present invention or
a pharmaceutically acceptable acid addition saltetbf has excellent prophylactic
and therapeutic effects on drug dependence.

Industrial Applicability
[0189]

Because a morphinan derivative of the presenninwe or a
pharmaceutically acceptable acid addition saltebiecan exert excellent selectivity
for and antagonism against orexin receptors,sticcessfully used as a

pharmaceutical drug for various diseases and symgptelated to orexin receptors.
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CLAIMS
1. A morphinan derivative represented by the gériermula (1) below or a

pharmaceutically acceptable acid addition saltetbier

(1)

[wherein }-L2%L3 represents C3rCH,-CH,, C(R)-CH=CH, or C=CH-CH,

wherein R represents a hydrogen atom, hydroxy, nitroOgalkanoyloxy, G-Cs
alkoxy, G-Cs alkyl, amino, monoalkylamino (the alkyl moiety harse to five carbon
atoms), dialkylamino (the alkyl moiety has oneit@ fcarbon atoms), Cs
alkanamide, benzamide, o¢-Cy4 aryl-alkanamide;

A represents -C(=0)- or -S€

R represents C; linear or branched alkyl, £Cs cycloalkyl, G-C;
cycloalkylalkyl, G-Cs cycloalkenyl, G-C; cycloalkenylalkyl, G-C;3 aralkyl, G-C;
alkenyl, allyl, or an organic group containing arfybasic skeletons (1) below,
wherein, in the basic skeletons (ll), Q represéht®, or S; T represents GH\NH, S,
or O; | represents an integer of 0 to 5; m andah édependently represent an
integer of 0 to 5, provided that the sum of m ansl mot more than 5; said organic
group represented by'f&s optionally substituted by at least one substitiselected
from the group consisting of;&Cs alkyl, C;-Cs alkoxy, G-Cs alkanoyloxy, hydroxy,

fluorine, chlorine, bromine, iodine, amino, monagdéimino (the alkyl moiety has
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one to five carbon atoms), dialkylamino (the alidiety has one to five carbon
atoms), nitro, cyano, carboxy, carbamoyl, N,N-dyidlrbamoyl (the alkyl moiety
has one to five carbon atoms), amidino, guanidswthiocyanate, trifluoromethyl,

phenyl, trifluoromethoxy, and methylenedioxy;

(basic skeletons I1)

et e -

o U UL U

~ " " ~ ~ | ~

\\

(CHy)l (Cl*Tz)m |= 0-5

| 0,
T (CHoln M=o
m+n<5

both R and R represent a hydrogen atom, or one d&Rd R represents a
hydrogen atom and the other represents hydroxg? and R together represent
0XO0;

R* represents a hydrogen atom, hydroxy-Gg alkoxy, G-C; alkenyloxy, G-
C,3 aralkyloxy, or G-Cs alkanoyloxy;

R® and R together represent -O-, -S-, or -E}br R represents a hydrogen
atom and Rrepresents a hydrogen atom, hydroxy.Gg alkoxy, or G-Cs
alkanoyloxy;

R’ represents a hydrogen atom; @ alkyl, C-Cs alkenyl, or G-Cy3 aralkyl;

B* represents -N(R)C(=0)- or -NR’, wherein R° represents a hydrogen

atom, G-Cs linear or branched alkyl,
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B? represents a valence bond; @4 linear or branched alkylene (provided
that said alkylene is optionally substituted witheast one substituent selected from
the group consisting of &Cs alkoxy, G-Cs alkanoyloxy, hydroxy, fluorine, chlorine,
bromine, iodine, amino, monoalkylamino (the alkydiety has one to five carbon
atoms), dialkylamino (the alkyl moiety has oneit@ fcarbon atoms), nitro, cyano,
carboxy, carbamoyl, amidino, guanidino, trifluordaimg, phenyl and phenoxy; and
one to three methylene groups are optionally relagith carbonyl groups),£Ci4
linear or branched acyclic unsaturated divalentbgarbon group containing one to
three double and/or triple bonds (provided thad $gdrocarbon group is optionally
substituted with at least one substituent seleftted the group consisting of;€Cs
alkoxy, G-Cs alkanoyloxy, hydroxy, fluorine, chlorine, bromiriedine, amino,
monoalkylamino (the alkyl moiety has one to fivebman atoms), dialkylamino (the
alkyl moiety has one to five carbon atoms), nityano, carboxy, carbamoyl,
amidino, guanidino, trifluoromethyl, trifluorometky, phenyl, and phenoxy; and one
to three methylene groups are optionally replacitd @arbonyl groups), or 8Ci4
linear or branched saturated or unsaturated ditvalgdrocarbon group containing
one to five thioether bonds, ether bonds, and/onatnonds (-N(H)-) (provided that
the hetero atom comprised in said thioether botidrdoond, or amino bond is not
directly linked to B; and one to three methylene groups are optiomegijaced with
carbonyl or sulfonyl groups);

R® represents a hydrogen atom or an organic groutaicimg any of basic
skeletons (Ill) below, wherein, in the basic sketest (111), Q represents N, O, or S; T
represents CEINH, S, or O; | represents an integer of 0 to Enmd n each
independently represent an integer of 0 to 5, pexlithat the sum of m and n is not
more than 5; said organic group representedig Bptionally substituted by at least
one substituent selected from the group consistir@-Cs alkyl, G;-Cs alkoxy, G-

Cs alkanoyloxy, hydroxy, fluorine, chlorine, bromiriedine, amino,
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monoalkylamino (the alkyl moiety has one to fivelman atoms), dialkylamino (the

alkyl moiety has one to five carbon atoms), nityano, isothiocyanate,

trifluoromethyl, phenyl, phenoxy, trifluoromethoxand methylenedioxy; and

(basic skeletons I11)

2

Q:N,O, S

\ 7

Z\—/
58y
\ Q

T:CHy, NH, S, O

_(?H2)| [(CUFZ)m |=0-5
4

T (CHa), e

m+n<5

said general formula (1) inclusively represents ¢h)-form, the (-)-form, and
5 the ()-form of the molecule].

2. The morphinan derivative or the pharmaceuticatiyeptable acid addition
salt thereof according to claim 1, wherefhll*L? represents C({-CH,-CH,
(where R has the same definition as above) or C=CH,Ciid wherein Rand R
together represent -O-.

10 3. The morphinan derivative or the pharmaceuticatiyeptable acid addition
salt thereof according to claim 1 or 2, whereftr&resents an organic group

containing any of basic skeletons below.

SLale

4. The morphinan derivative or the pharmaceuticatiyeptable acid addition
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salt thereof according to any one of claims 1 tevl3erein R represents an organic

group containing any of basic skeletons below.

N\
0 CO
5. The morphinan derivative or the pharmaceuticatiyeptable acid addition
salt thereof according to any one of claims 1 taHerein R represents a{Cs
alkoxy or G-C3 aralkyloxy group.
6. A pharmaceutical drug comprising, as an actigeadient, the morphinan
derivative or the pharmaceutically acceptable adidition salt thereof according to
any one of claims 1 to 5.
7. A pharmaceutical composition comprising, as@iva ingredient, the
morphinan derivative or the pharmaceutically acalelet acid addition salt thereof
according to any one of claims 1 to 5.
8. An orexin receptor antagonist comprising, aaive ingredient, the
morphinan derivative or the pharmaceutically acalelgt acid addition salt thereof
according to any one of claims 1 to 5.
9. A therapeutic or prophylactic agent for drugelggence comprising, as an
active ingredient, the morphinan derivative orpharmaceutically acceptable acid
addition salt thereof according to any one of ckaihto 5.
10. A therapeutic or prophylactic method for dregpendence, the method
comprising administering an effective amount of ti@phinan derivative or the
pharmaceutically acceptable acid addition salteieaccording to any one of claims
1 to 5 to a mammal in need of treating or preventirug dependence.
11. A morphinan derivative represented by the gdriermula (I) below or a
pharmaceutically acceptable acid addition saltabiefor use in treatment or

prevention of drug dependence
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(1)

[wherein }-L2%L3 represents C3rCH,-CH,, C(R)-CH=CH, or C=CH-CH,

wherein R represents a hydrogen atom, hydroxy, nitreCgalkanoyloxy, G-Cs
alkoxy, G-Cs alkyl, amino, monoalkylamino (the alkyl moiety hase to five carbon
atoms), dialkylamino (the alkyl moiety has oneite fcarbon atoms), {Cs
alkanamide, benzamide, o¢-Cy4 aryl-alkanamide;

A represents -C(=0)- or -S€

R' represents GC; linear or branched alkyl, £Cs cycloalkyl, G-C;
cycloalkylalkyl, G-Cs cycloalkenyl, G-C; cycloalkenylalkyl, G-C,3 aralkyl, G-C;
alkenyl, allyl, or an organic group containing arfybasic skeletons (ll) below,
wherein, in the basic skeletons (ll), Q represéht®, or S; T represents GH\NH, S,
or O; | represents an integer of 0 to 5; m andah édependently represent an
integer of O to 5, provided that the sum of m ansl mot more than 5; said organic
group represented by'f&s optionally substituted by at least one substitiselected
from the group consisting of,€Cs alkyl, C;-Cs alkoxy, G-Cs alkanoyloxy, hydroxy,
fluorine, chlorine, bromine, iodine, amino, monagddimino (the alkyl moiety has
one to five carbon atoms), dialkylamino (the alikdiety has one to five carbon
atoms), nitro, cyano, carboxy, carbamoyl, N,N-dyidlrbamoyl (the alkyl moiety
has one to five carbon atoms), amidino, guanidswhiocyanate, trifluoromethyl,

phenyl, trifluoromethoxy, and methylenedioxy;
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(basic skeletons II)

p

17y )

Z =

\
\
\

)

N Py Pt

()

/:\
\_7
D)
=
\ 7

Q
Q |
|| I| Q:N,O, S

T:CHgz, NH, S, O

(CHy)l | (Cl*Tz)m |= 0-5

| l I: / m,n=0
T (CHa)n e

m+n<5

both R and R represent a hydrogen atom, or one d&Rd R represents a
hydrogen atom and the other represents hydroxg? and R together represent
0XO0;

R* represents a hydrogen atom, hydroxy-Gg alkoxy, G-C; alkenyloxy, G-
C,3 aralkyloxy, or G-Cs alkanoyloxy;

R® and R together represent -O-, -S-, or -E}br R represents a hydrogen
atom and Rrepresents a hydrogen atom, hydroxy-Gg alkoxy, or G-Cs
alkanoyloxy;

R’ represents a hydrogen atom; @G alkyl, C-Cs alkenyl, or G-Cy3 aralkyl;

B represents -N(B)C(=0)- or -NR®-, wherein R° represents a hydrogen
atom, G-Cs linear or branched alkyl,

B2 represents a valence bond;: @ linear or branched alkylene (provided
that said alkylene is optionally substituted witheast one substituent selected from
the group consisting of &Cs alkoxy, G-Cs alkanoyloxy, hydroxy, fluorine, chlorine,

bromine, iodine, amino, monoalkylamino (the alkydiety has one to five carbon



10

15

20

25

85

atoms), dialkylamino (the alkyl moiety has oneit@ fcarbon atoms), nitro, cyano,
carboxy, carbamoyl, amidino, guanidino, trifluoramg, phenyl and phenoxy; and
one to three methylene groups are optionally replagith carbonyl groups),£Ci4
linear or branched acyclic unsaturated divalentbgarbon group containing one to
three double and/or triple bonds (provided thad sgidrocarbon group is optionally
substituted with at least one substituent seleftted the group consisting of;€Cs
alkoxy, G-Cs alkanoyloxy, hydroxy, fluorine, chlorine, bromiriedine, amino,
monoalkylamino (the alkyl moiety has one to fivebman atoms), dialkylamino (the
alkyl moiety has one to five carbon atoms), nityano, carboxy, carbamoyl,
amidino, guanidino, trifluoromethyl, trifluorometky, phenyl, and phenoxy; and one
to three methylene groups are optionally replacitd @arbonyl groups), or 8Ci4
linear or branched saturated or unsaturated divalgrocarbon group containing
one to five thioether bonds, ether bonds, and/onatnonds (-N(H)-) (provided that
the hetero atom comprised in said thioether botidrdoond, or amino bond is not
directly linked to B; and one to three methylene groups are optiomefijaced with
carbonyl or sulfonyl groups);

R® represents a hydrogen atom or an organic grougicimg any of basic
skeletons (Ill) below, wherein, in the basic sketest (111), Q represents N, O, or S; T
represents CEINH, S, or O; | represents an integer of 0 to Enmd n each
independently represent an integer of O to 5, pexvithat the sum of m and n is not
more than 5; said organic group representedig Bptionally substituted by at least
one substituent selected from the group consisting-Cs alkyl, G-Cs alkoxy, G-

Cs alkanoyloxy, hydroxy, fluorine, chlorine, bromiriedine, amino,
monoalkylamino (the alkyl moiety has one to fivebman atoms), dialkylamino (the
alkyl moiety has one to five carbon atoms), nityano, isothiocyanate,

trifluoromethyl, phenyl, phenoxy, trifluoromethoxand methylenedioxy; and
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(basic skeletons I11)

L
9@

Q:N,O, S

W

N

A/

b

T:CHy, NH, S, O

E(CHz)I <Cq2)m | = 0-5

| I

T (CHa, mn=o
m+n<5

said general formula (1) inclusively represents ¢h)-form, the (-)-form, and

the (x)-form of the molecule].



