| DESCRI PTI ON Anal gesic Technical Field The present invention relates to
an anal gesic useful for treating pain, which 5 conprises as an effective

i ngredi ent a norphi nan derivative having a nitrogen- containing heterocyclic
group, or a pharnmaceutically acceptable dcid addition salt thereof.
Background Art Causes of pain are known to include the cases where a tissue
i.s damaged by a 10 disease or injury so that an al gesic substance is
topically produced, and the cases W@@é j Iﬁaﬁre is no direct factor such as
noxi ous stinulus, but the pain is causSed by ysfunction of nerve system or
the like. Pain maybe largely classifiegd into 3 groups depending on the
cause, that is, (1) nociceptive pain, 5§(3§uropathic pain and (3)

psychogeni c q@% iaﬁ&%ﬂ&“OCiceptive pain" is the pain caused by an external
stinmulus 15 such as’injury and the pain caused by a lesion in an internal

tissue. Most of this t . of .pain_is transjent ich di sappears.when the
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portion of peripheral nerve, or due to damage of peripheral nerve, or caused
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menti oned ne rop hic pain and the psychogenic pain belong to this chronic
pai n. Althoﬁﬁﬁ ain is caused by various factors and its expression
nechanisn]hai%ngt Qfgn wel | understood, reported endogenous substances
Af<eAY

related to p g regul ation include bradykinin, histam ne,
prostagl andi n, serotonin, substance P agn 25 opi 0i d peptides. As the

t her apeutic drugs C%ﬁ%ﬁsﬁgﬁ)all‘ﬁalr"d Thto lﬂ‘gH&@F B?St?%tl""%ﬁ‘i‘?tq tsspg 15 sarraeest Oy 2 dr ugs
(NSAI Ds). such.as aspi.rin apd acetam npophen, having a site of action in the 2
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severe pain, wherein there is no direct factor such as noxious stimulus, but the pain is caused by
dysfunction of nerve system or the like. Pain may be largely classified into 3 groups
depending on the cause, that is, (1) nociceptive pain, (2) neuropathic pain and (3)
psychogenic pain. The "nociceptive pain” is the pain caused by an external stimulus
15 such as injury and the pain caused by a lesion in an internal tissue. Most of this type
of pain is transient, which disappears when the underlying disease is cured, so that it
is usually classified into acute pain. On the other hand, chronic pain is caused by
dysfunction of central nervous system due to abnormality of a peripheral tissue or
terminal portion of peripheral nerve, or due to damage of peripheral nerve, or caused
20 by damage of central nervous system or psychologic mechanism. The above-
mentioned neuropathic pain and the psychogenic pain belong to this chronic pain.
Although pain is caused by various factors and its expression mechanism has not
been well understood, reported endogenous substances related to pain and its
regulation include bradykinin, histamine, prostaglandin, serotonin, substance P and
25 opioid peptides.
As the therapeutic drugs against mild pain, nonsteroidal anti-inflammatory

drugs (NSAIDs) such as aspirin and acetaminophen, having a site of action in the



opi oi d anal gesics typified by norphine, having a site of action in the
central nervous system have been used. However, the peripheral anal gesics
such as NSAI Ds have a problemin that thfy have a side effect against

digestive, in addition to the fact that

5 the anal gesic effects thereof are

not sufficient in sone cases. The opioid anal gesics have a problemin that
they have side effects such as nausea, voniting constipation and

dependence.
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nitrogen-containing cyclic group on the 6-position, it has already been suggested that
cyclic secondary amino compounds have analgesic effect (see Patent Literatures 1, 2
and 3). Further, chemical structures of some of the morphinan compounds having a
cyclic imide group on the 6-position have been disclosed, although the analgesic
activities thereof have not been directly disclosed (see Non-patent Literatures 1, 2
and 3). On the other hand, separately from these, it has been disclosed that the
compounds used in the present invention have therapeutic effects against frequent
urination and urinary incontinence (see Patent Literature 4).  Their antipruritic
activities have also been disclosed, although the date of disclosure is after the priority
date of the present application (Patent Literature 5). However, none of these
disclosed information infer that the compounds used in the present invention may be
used as valuable analgesics which have potent analgesic effects and which may also
be applied to chronic pain.

Patent Literature 1: Japanese Patent Publication (Kokoku) S41-18824



Pat ent Publication EP 1555266 Al) 5 Patent Literature 5: International

Pat ent Publication No.: W?2005/094826 Non-patent Literature 1. Csaba Sinon
and two others, Tetrahedron, 1994, vol. 50, No. 32, pp.9757-9768 Non- pat ent
Literature 2: L. M Sayre and three others, Journal of Medicinal Chemstry,
1984, Vol .27, No. 10, pp.1325-1335 10 Non-patent Literature 3: Csaba Sinon
and two others, Synthetic Communications, 1992, Vol. 2, No. 6, pp.913-921
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Non-patent Literature 4: Chaplan SR and four others, Journal Neuroscience Methods,
1994, Vol. 53, p.55-63
Disclosure of the Invention
15 An object of the present invention is to provide an analgesic comprising as an
effective ingredient a compound or a pharmaceutically acceptable acid addition salt
thereof, having a highly potent analgesic effect, among the morphinan compounds
having a nitrogen-containing cyclic substituent at the 6-position, which is effective
for therapies of various types of pain ranging from acute pain to chronic pain.
20 To attain the above-described object, the present inventors intensively studied
to discover that, among the morphinan compounds having a nitrogen-containing
cyclic substituent on the 6-position, the compounds having an acyl-amino
substructure used in the present invention have drastically higher analgesic effect
than the compounds having a cyclic amino group. Further, the present inventors
25 discovered that the compounds used in the present invention are useful for therapies
against various pain ranging from acute pain to chronic pain, thereby completing the

present invention,.



NRoO RI3 NRL1 | R14 RI2ZX(RS)k R3 (1) 5 [wherein R is hydrogen, CI-C5
al kyl, C4-C7 cycl oal kyl al kyl, C5-Cg cycl oal kenyl al kyl, C6-Cl12 aryl, C7-Cl3
aral kyl, C3-C7 al kenyl, furanylal kyl (wherein the nunber of carbon atons in
the alkyl noiety is 1 to 5), thienylal kyl™ (wherein the nunber of carbon
atonms in the alkyl noiety is Ito 5) or pyridylalkyl (wherein the nunber of
carbon atons in the alkyl noiety is 1 to 5); 10 R2 and R3 are i ndependently
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integer of O to 8, R5 is(are) (a) substituent(s) in the nunber of k on a

cyclic struct g@, whReh 20 independently is(are) fluoro, chloro, brono,
i odo, nitro, & Clﬁfy al kyl i dene, C7-Cl13 cycl oal kyl al kyl , C7-C13
r

cycl oal kyl al kyl i ds C12 yl, C7-Cl3 aralkyl, C7-C13 aral kylidene,
C6- Cl12 aryl o>(<$|,13 t trifluoronethoxy, 5 cyano, isothiocyanato,
t &) p3(

(CH2) pSR , ( 2)R7, (CH2)pOR7, (CH2)pC(=OR7,
(CHZ)pOC(:O)%M( ) NR8R9, (CH2)pS(2)NR8R9,

RO, PNRBRQ, ~( CH2) pN(R8) C(=O) RO or (CH2) pN(R8) S(2) R9, or

sper of k, two R5s bound to the '

(CH2) pq( - O Nl
anong the R5s in th

(1)

5 [wherein R'is hydrogen, Cy-Cs alkyl, C4-C5 cycloalkylalkyl, Cs-Cg
cycloalkenylalkyl, C¢-C |, aryl, C7-Cy3 aralkyl, C3-C; alkenyl, furanylalkyl (wherein
the number of carbon atoms in the alkyl moiety is 1 to 5), thienylalkyl (wherein the
number of carbon atoms in the alkyl moiety is 1 to 5) or pyridylalkyl (wherein the
number of carbon atoms in the alkyl moiety is 1 to 5);

10 R¥and R’ are independently hydrogen, hydroxy, C;-Cs alkoxy, C3-C7 alkenyloxy,
C7-Cy3 aralkyloxy or C-Cs alkanoyloxy;
-X- is C»-C5 alkylene, C,-C7 alkenylene or C,-C7 alkynylene, (one or more carbon
atoms therein may be replaced by nitrogen, oxygen and/or sulfur atom) constituting a
part of the ring structure;

15 Y represents valence bond, -C(=0)-, -C(=S)-, -S(O)-, -S(0»)-, -N(-R4)-, -C(=0)-N(-
RY- or -C(=S)-N(-RY-;
R*is hydrogen or C-Cs alkyl;
k is an integer of 0 to 8;
R’ is(are) (a) substituent(s) in the number of k on a cyclic structure, which

20 independently is(are) fluoro, chloro, bromo, iodo, nitro, C{-Cs alkyl, C{-Cs
alkylidene, C7-C;3 cycloalkylalkyl, C7-C,3 cycloalkylalkylidene, C¢-Cy; aryl, C7-Cy3

aralkyl, C7-Cy3 aralkylidene, C4-C1; aryloxy, trifluoromethyl, trifluoromethoxy,



5 sanme carbon atomor to the same sul fur atom cooperatively represent one
oxygen atomto form carbonyl or sul foxide, or two R5s bound to the sane
carbon atom cooperatively represent one_sul fur atomto formthiocarbonyl,
or four R5 s bound to the sane sul fur 3ton1cooperatively represent two
oxygen atonms to formsulfone, or anong the R5s in the nunber of k, two R5s
hound to adjacent carbon atons, 10 respectively, cooperatively form benzo,
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pain. The present 5 invention furt rOVI es a ne od for relieving or

al l ayi ng pai AYC/eRHAIOsTYS Fﬁﬂﬁ?%ﬁ@?@ ’éﬁc @@@PﬂW@ FRIBR 9%f one or nore

of the above-described norphi nan
cyclohepteno, each of these rings formed with said two R’s bound to adjacent carbon

atoms being non-substituted or substituted with 1 or more R° S;
Rﬁ(s) independently is(are) fluoro, chloro, bromo, iodo, nitro, C;-Cs alkyl, C7-Cy3
15 aralkyl, trifluoromethyl, trifluoromethoxy, cyano, C¢-C; aryl, isothiocyanato,
(CH2),SR’, (CH,),S(O)R, (CH»),S(02)R’, (CH,),0R’, (CH,),C(=O0)R’,
(CH,),0C(=0)R’, (CH,),CO:R’, (CH2),S(O)NR®R’, (CH,),S(0,)NR*R’,
(CH2),C(=O)NR®R’, (CH,),NR®R’, (CH,),N(R})C(=0)R’ or (CH,),N(R*)S(0,)R’;
p is an integer of 0 to 5;
20 R7, R® and R9 are independently hydrogen, C;-Cs alkyl, C3-C5 alkenyl, Cs-C; aryl,
or C7-C;3 aralkyl;
R'? is hydrogen, C;-Cs alkyl, C,-Cs alkenyl, C5-C13 aralkyl, (CH,),OR’ or
(CH,),CO,R” (wherein p and R7 represent the same meanings as described above);
R'' and R'? are bound to form -O-, -S- or -CH,-, or R''is hydrogen and R s
25 hydrogen, hydroxy, C;-Cs alkoxy or Cy-Cs alkanoyloxy;
R' and R cooperatively represent 0xo, or R is hydrogen and R'"is hydrogen,

hydroxy, C;-Cs alkoxy or C;-Cs alkanoyloxy;



derivatives having a nitrogen-containing heterocyclic group and the

phar maceutically acceptable acid addition salt thereof. The present
invention still further provides a use of the above-described norphinan
derivative having a nitrogen-containi ng 10 het erocyclic group, or the
pharmaceutically acceptable acid addition salt thereof, for the production
aof an analgesic. Effects of the Invention The nnrphinan derivatives having a
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Effects of the Invention
The morphinan derivatives having a nitrogen-containing heterocyclic group
used in the present invention have highly potent analgesic effects and may be used as
15 excellent analgesics effective for therapies of various pain ranging from acute pain to
chronic pain.
Brief Description of the Drawings
Fig 1. shows the results of the experiment, as a comparative example, using
Morphine in the PGF,a-induced allodynia model method.
20 Fig 2. shows the results of the experiment for confirming the analgesic
activity of Compound 10, by the PGF,a-induced allodynia model method.
Fig 3. shows the results of the experiment for confirming the analgesic
activity of Compound 3, by the PGF,a-induced allodynia model method.
Fig 4. shows the results of the experiment for confirming the analgesic
25 activity of Compound 6, by the PGF,a-induced allodynia model method.
Fig. 5 shows the results of the experiment for confirming the analgesic

activity of Compound 10f, by the Chung model method. Each group consisted of 6



activity of Conpound L O, by the Seltzer nodel nethod. Each group consisted
of 5 10 mce (n=5). ###. P<0.001 vs. shamvehicle-treated group (student's
t, test or Welch's test) *** : P<0.001, * . P<0.05 vs.

| i gation-vehicle-treated group (rrultiple7paired t test corrected with

Dunnett's nmethod). Fig. 8 shows the results of the experinment for confirmng
t-he anal gesic activity of Conpound L O, by the diabetic induced
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Fig. 8 shows the results of the experiment for confirming the analgesic activity of
Compound 10f, by the diabetic induced neuropathic pain model method. Each
15 group consisted of 4 rats (n=4). ***: P<0.001, **: P<0.01, *P<0.05 vs. vehicle-
treated group (multiple paired t test corrected with Dunnett’s method).
Best Mode for Carrying out the Invention
As mentioned above, the analgesic according to the present invention
comprises as an effective ingredient a morphinan derivative having a nitrogen-
20 containing heterocyclic group, represented by Formula (I) or a pharmaceutically
acceptable acid addition salt thereof.
In Formula (1), R'is preferably hydrogen, C4-C5 cycloalkylalkyl, Cs-Cg
cycloalkenylalkyl, Cg-Cy, aryl or C3-C7 alkenyl. Among these, more preferred are
hydrogen, cyclopropylmethyl, 2-cyclopropylethyl, 3-cyclopropylpropyl, 4-
25 cyclopropylbutyl, cyclobutylmethyl, cyclopentylmethyl, cyclohexylmethyl,
cyclobutenylmethyl, 2-cyclobutenylethyl, 3-cyclobutenylpropyl, phenyl, naphthyl,

tolyl, allyl and prenyl. Among these, more preferred are hydrogen,



k is an integer of O to 6, and preferably I or 2, especially preferably 2.

Wen k is 1, RS is preferably G-C5 alkyl, G -C5 al kylidene, C7-Cl3

cycl oal kyl al kyl , C6-C,2 aryl, C7-Cl3 aralkyl, C7-Cl3 aral kylidene, C7-C)3

¢ycl oal kyl al kyl i dene or C6-Cl2 aryl oxy, for e preferably nethyl, ethyl,

et hyl i dene, 15 propyl, propylidene, butyl, butylidene, benzyl, benzylidene,
net hyl benzyl, net hyl benzyl i dene, fl uorobenzyl, quorobenzyIidene
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cycl opropano, | obut ano, cycl opentano, cycl openteno, cycl ohexano,
cycl ohexeno, a ééﬁ%lhept ano or cyclohepteno, nore preferably benzo or
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et hoxy, trifluoronethyl, trifluoronethoxy, cyano, C6 9 Cl2 aryl (especially
phenyl ), i sot hi ocySnitsefeshly, CsCopiRylenspng)-R7 alkeryipe wrytitutipgpipyrt of the) Ry,
(CH2), CO2R7, S(O NR$R9, S(02)NR5R9, C(=0) NR8R9, (CH2), NR$R9 or
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hydrogen, C1-C5 al kyl (especially nethyl, ethyl or propyl), or Cr7-Cl13

ar al kyl1Qq espéeeleatd JondmentyiQ)y. anriwsmmllmpmfeltabln He=@hses where the benzo or

cycl ohexeno is not substituted, @né is(are) nore preferably and

i ndependent |y, fl lgs an ini¢genpt) toh, and prefesaely 1rris especiaky pgferady Byl , propy! |

benzyl, hydroxy, nethoxy, i?\Fhoxy, trifluoronethyl, 10 trifl uoromethoxy,

cyano, phenyl, hdehmyl‘nEtlh is pryterabky €16y lalkyl, :Catfﬁj dkyladeae.d;7-Creer capt o,

met hyl thi o, nethylsul finyl, nethylsulfonyl, nethoxymethyl, ethoxynethyl,

met hoxyet hyl ,cy@lodkyin&yl,@ae@noﬂyxl, e Creoatglisal Sm@ah araﬁtyﬂldm@nﬁbmyl ,
cycloalkylalkylidene or C¢-C 1, aryloxy, more preferably methyl, ethyl, ethylidene,

15 propyl, propylidene, butyl, butylidene, benzyl, benzylidene, methylbenzyl,
methylbenzylidene, fluorobenzyl, fluorobenzylidene, trifluoromethoxybenzyl,
trifluoromethoxybenzylidene, phenethyl, phenethylidene, cyclohexylmethyl,
cyclohexylmethylidene, phenoxy or chlorophenoxy. When k is 2, it is preferred that
two Rs bound to adjacent carbon atoms, respectively, cooperatively form benzo,

20 pyrido, naphtho, cyclopropano, cyclobutano, cyclopentano, cyclopenteno,
cyclohexano, cyclohexeno, cycloheptano or cyclohepteno, more preferably benzo or
cyclohexeno, especially preferably benzo, each of these rings mentioned above

formed with the two R’s is non-substituted or substituted with 1 or more R’.
Although the benzo or cyclohexeno may preferably be non-substituted, the
25 substituent(s) Ré(s) is(are) also preferably and independently fluoro, chloro, bromo,
iodo, nitro, C;-Cs alkyl (especially, methyl, ethyl or propyl), C;-C;3 aralkyl

(especially benzyl), methoxy, ethoxy, trifluoromethyl, trifluoromethoxy, cyano, Cg-



met hoxycar bonyl nmet hyl , et hoxycar bonyl met hyl, sul fanmoyl, dinethyl sul fanoyl,

di nmet hyl car banoyl, di net hyl am no, di nethyl am nonet hyl, di nmet hyl am noet hyl
15 ami no, acetami no or acetam nonmethyl. R10 is preferably hydrogen, C1-C5

al kyl, allyl or benzyl, nore preferably ydrogen or nmethyl. Rl11 and R12 are
preferably bound to form-0-, or preferably, R 1 is hydrogen and R12 is
hydr ogen, hydroxy or nethoxy, and nore preferably, RlL and R 2 are 20 bound
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nitro, Cl-G5 n?étﬁ&y’eth?ﬁ_a%oxy, phenoxy, methoxycarbonyl, ethoxycarbonyl,
methoxycarbonylmethyl, ethoxycarbonylmethyl, sulfamoyl, dimethylsulfamoyl,
dimethylcarbamoyl, dimethylamino, dimethylaminomethyl, dimethylaminoethyl,
15 amino, acetamino or acetaminomethyl.
R s preferably hydrogen, C;-Cs alkyl, allyl or benzyl, more preferably
hydrogen or methyl.
R and R'? are preferably bound to form -O-, or preferably, R is hydrogen
and R is hydrogen, hydroxy or methoxy, and more preferably, R'' and R'? are
20 bound to form -O-.
R" and R preferably cooperatively represent oxo, or preferably, R" s
hydrogen and R"is hydrogen or hydroxy, and more preferably, both R" and R are
hydrogen, that is, the one which is not substituted is more preferred.
Preferred examples of the pharmaceutically acceptable acid addition salts
25 include inorganic acid salts such as hydrochloric acid salt, sulfuric acid salt, nitric

acid salt, hydrobromic acid salt, hydroiodic acid salt and phosphoric acid salt;

organic carboxylic acid salts such as acetic acid salt, lactic acid salt, citric acid salt,



15 al kyl i dene, C7-Cl13 cycl oal kyl al kyl , C7-C13 cycl oal kyl al kyl i dene, C6-C12
aryl, Cr7-Cl13 aral kyl, C7-Cl13 aral kylidene, trifluoronethyl,

t.,ri fluoromet hoxy, cyano, isothiocyanato, Q(CH2)pCR7, (CH2) pC( =0 R,

(CH2) pOCRR7, (CH2) pNR8R9 or ( CH2) pN(R8) Cl2O) RO, or anong the R5s in the
nunber of k, two R5s bound to adjacent carbon atons, respectively,
cooperatively form benzo, pyrido, naphtho, cycl opropano, cycl obutano, 20

cycl opent ano ’OXQIYQC%]CQ@ gam %ﬂﬂarlcc%?d ohexane 8018 ¥§IEQ£}%§%M s%&%uﬁﬂa%@t safl!
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Cl- G5 al kyl tC5 alkylldene C7- C13 cycl oal kyl al kyl , C? C13
cycloalkylalﬁﬁ

al kyl

f'dene, -C12 aryl, Cr7-C13 aralkyl, C7-C13 aral kylidene, or
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benzyl

independently is(are) fluoro, chloro, bromo, iodo, nitro, C;-Cs alkyl, C{-Cs
15 alkylidene, C7-C 3 cycloalkylalkyl, C7-C3 cycloalkylalkylidene, Cs-C3 aryl, C7-Cy3
aralkyl, C;-C,3 aralkylidene, trifluoromethyl, trifluoromethoxy, cyano, isothiocyanato,
(CH)),0R’, (CH,),C(=0)R’, (CH,),CO,R’, (CH2),NR*R® or (CH,),N(R*)C(=0)R’,
or among the R’s in the number of k, two R’s bound to adjacent carbon atoms,
respectively, cooperatively form benzo, pyrido, naphtho, cyclopropano, cyclobutano,
20 cyclopentano, cyclopenteno, cyclohexano, cyclohexeno, cycloheptano or
cyclohepteno, each of these rings formed with said two R’s bound to adjacent carbon
atoms being non-substituted or substituted with 1 or more R6s;
R6(s) independently is(are) fluoro, chloro, bromo, iodo, nitro, C;-Cs alkyl,
trifluoromethyl, trifluoromethoxy, cyano, C4¢-C) aryl, isothiocyanato, (CHz)pOR7,
25 (CH),C(=0)R’, (CH,),CO:R’, (CH2),NR*R’ or (CH,),N(R*)C(=O)R’;
R® and R® are independently hydrogen, C;-Cs alkyl or C7-C,3 aralkyl; and

both R"® and R" are hydrogen and acid addition salts thereof;



met hyl benzyl i dene, fluorobenzyl, fluorobenzylidene, trifluoronethoxybenzyl,
trifluoronethoxybenzyli dene, phenethyl, phenethylidene, cycl ohexyl nethyl,
cycl ohexyl net hyl i dene, phenoxy or chloroggenoxy, or two R s bound to

adj acent 20 carbon atons, respectively, operatively form benzo, pyrido,
napht ho, cycl opr opano,

cycl obut ano, cycl opent ano, cycl opent eno, cycl ohexano, cycl ohexeno, cycl ohept ano

| oh , h i f d. w '
adj atent - cartbon anenC bt ATSFar T BheEl B dat bR br H R R r o e

R6s; and R11l : ound to form-0-, or R11 is hydrogen and R12 is
hydr ogen, hyé?@%ﬁngé%gggﬁg’hoxy and acid addition salts thereof; (5) Those
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4) Those compounds of (3) wherein R hydrogen, C4-C5 cycloalkylalkyl, Cs-Cg
15 cycloalkenylalkyl, Cg-C1; aryl or C3-C5 alkenyl; R’ is methyl, ethyl, ethylidene,
propyl, propylidene, butyl, butylidene, benzyl, benzylidene, methylbenzyl,
methylbenzylidene, fluorobenzyl, fluorobenzylidene, trifluoromethoxybenzyl,
trifluoromethoxybenzylidene, phenethyl, phenethylidene, cyclohexylmethyl,
cyclohexylmethylidene, phenoxy or chlorophenoxy, or two R’s bound to adjacent
20 carbon atoms, respectively, cooperatively form benzo, pyrido, naphtho, cyclopropano,
cyclobutano, cyclopentano, cyclopenteno, cyclohexano, cyclohexeno, cycloheptano
or cyclohepteno, each of these rings formed with said two R’s bound to adjacent
carbon atoms being non-substituted or substituted with 1 or more R6s; and R'! and
R'? are bound to form -O-, or R is hydrogen and R s hydrogen, hydroxy or
25 methoxy and acid addition salts thereof;
(5)  Those compounds of (4) wherein R'is hydrogen, cyclopropylmethyl, 2-

cyclopropylethyl, 3-cyclopropylpropyl, 4-cyclopropylbutyl, cyclobutylmethyl,



adj acent carbon atons, respectively, cooperatively formbenzo which is non
20 substituted or substituted with 1 to 4 R6s; R6(s) independently is(are)
fluoro, chloro, brono, iodo, nitro, et hyl, propyl, benzyl, hydroxy,
met hoxy, ethoxy, trifluoronethyl, trifl&éronethoxy, cyano, phenyl,

hydr oxynmet hyl , hydroxyet hyl, i sothiocyanato, nercapto, nethylthio,

met hyl sul fi nyl, nethyl sul fonyl, nethoxynethyl ethoxynethyl nethoxyethyl
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are bound to %mnaqwﬁ n?%%mgﬁﬂﬁgﬂﬁﬁg%PgﬁFﬁggﬁg %HV  fh&a¥hr mul a
(la) bel ow are i %abl . In the tabl es described bel ow, CPM neans
cycl opr opyl méf ?ﬂﬁ luonﬁaW% 0 that the substituent is not shown in the
formul a, and N Rsa i 0 R6b

, nd at 6- 17M O
33 Rs Rsd V‘é(%)(l a) m%@wﬁg%ﬁéa&%'a%w p‘rsé‘ggrr%‘é‘ﬂ Cksgz PYimethyly ), the

conmpound wher ei n is . C ro . ar e, hydr , R6b is
fl uorine, S AR osBi %@LP Brandi’ saerndemdiet BYdBkeT PaforE (3, that
'S, hel Orrpcr)rlxjenhoxy, et&loxy, allyloxy, benzyloxy, acetoxy or propionoxy; -X- is ethylene,

vinylene, propylene or propenylene; two Rs bound to adjacent carbon atoms,
respectively, cooperatively form benzo or cyclohexeno, each of these rings formed
with said two R’s bound to adjacent carbon atoms being non-substituted or
substituted with | to 4 R6S; R" s hydrogen or methyl; and R'' and R'? are bound to

15 form -O- and acid addition salts thereof; and
(7) Those compounds of (6) wherein in Formula (I), R'is hydrogen,
cyclopropylmethyl, cyclobutylmethyl or allyl; R*and R’ independently are hydrogen,
hydroxy, methoxy or acetoxy; -X- is vinylene; Y is -C(=0)-; two R’s bound to
adjacent carbon atoms, respectively, cooperatively form benzo which is non-

20 substituted or substituted with 1 to 4 R6S; R6(s) independently is(are) fluoro, chloro,
bromo, iodo, nitro, methyl, ethyl, propyl, benzyl, hydroxy, methoxy, ethoxy,
trifluoromethyl, trifluoromethoxy, cyano, phenyl, hydroxymethyl, hydroxyethyl,
isothiocyanato, mercapto, methylthio, methylsulfinyl, methylsulfonyl,
methoxymethyl, ethoxymethyl, methoxyethyl, acetoxy, phenoxy, methoxycarbonyl,

25 ethoxycarbonyl, methoxycarbonylmethyl, ethoxycarbonylmethyl, sulfamoyl,
dimethylsulfamoyl, dimethylcarbamoyl, dimethylamino, dimethylaminomethyl,

dimethylaminoethyl, amino, acetamino, acetaminomethyl or methanesulfonamide;
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owing formula: ~ OH t7C—~1 0 56 N2 3 O4F O1 _3 OH6 5 is naned
7- (cycl opropyl net hyl ) - 4, 5a- epoxy- 3, 14- di hydr oxynor phi nan-6[ 3-yl ] -
uorophthalimde. 20 14 Table 1-1 RI R3 Réa Rob R ¢ R6d CPM OH CH -
- CPMOHOHF - - - CPMOHOH- F- PCPMOHOHF- - F CPMOHOH- F F
MOHOHFFFF CPMOHOHO - - - CPMOHOH- A - - CPMOHOHO - -
CPMOHOH- O d - CPMOHOHBr - - - CPMOHGI - Br - - CPMOH CH Br
Br

CPM @0 %_ily-dr%CH,B nd botht (@ MR Hyd_rog_engﬁcl}/l L a Sl tion Vits thereof.

Among the compounds represented by Formula (I) used in the present

invention, specific examples of the compounds wherein -X- is vinylene, Y is -C(=0)-,

kis 2, two R>s bound to adjacent carbon atoms, respectively, cooperatively form

5 benzo which is non-substituted or substituted with R6a, R6b, R or R™ (R6a, R6b, R®

and R have the same meanings as the above-described R6) or an arbitrary

combination thereof, RIO, R'? and R' are hydrogen, R'' and R are bound to form

-0-, that is, the compounds represented by the Formula (Ia) below are shown in

Table 1. In the tables described below, CPM means cyclopropylmethyl, "-" means

10 that the substituent is not shown in the formula, and the bond at 6-position is a or f3.

(Ia)
Among the compounds represented by Formula (Ia), the compound wherein
R'is cyclopropylmethyl, R% and R? are hydroxy, R is fluorine, and the
15 configuration of the bond at the 6-position is 3, that is, the compound of the

following formula:

is named N-[17-(cyclopropylmethyl)-4,50-epoxy-3,14-dihydroxymorphinan-6f3-yl]-
4-fluorophthalimide.

20



- CPMOH OH - Ow

CPMOHOH M - - B CPMOHOH- M M - CPMOH OH Ow - -
- - CPMOHOHOW - - OB CPMOHOH - O O - CPMOH OH OH - - -
C]—I-C]—I--CPMC]—IC]—IC]—I--C]—ICPMC]—IC%-/(I-C]—IC]-I-CPMC]-IC]-INOZ
OHOH- N2 - - CPMOH OH N2 - - N OHOH- N2 N2 - CPM CH OH NH2 -
- - CPMOHOH- NH2 - - CPMOH OH NH2 - - NH2 CPMOH OH - NH2 NH2 - allyl
HOHH- - - - alyl HOHF- - - allyl HOH- F- 15 Table 1-2 RRR3 A
aR6bR60Aaaalbllé/{_1C]-IC]-lF--F allyl OHOH- FF- allyl OHOHFF FF
allyl OH OH - - -alyl HOH-d - - allyl HAHd - - d
Rl R2 R3 R6a R6b Réc R6d
CPM OH OH - - - -
CPM OH OH F - - -
CPM OH OH - F - -
CPM OH OH F - - F
CPM OH OH - F F -
CPM OH OH F F F F
CPM OH OH Cl - - -
CPM OH OH - Cl - -
CPM OH OH Cl - - Cl
CPM OH OH - Cl Cl -
CPM OH OH Br - - -
CPM OH OH - Br - -
CPM OH OH Br - - Br
CPM OH OH - Br Br -
CPM OH OH Me - - -
CPM OH OH - Me - -
CPM OH OH Me - - Me
CPM OH OH - Me Me -
CPM OH OH OMe - - -
CPM OH OH - OMe - -
CPM OH OH OMe - - OMe
CPM OH OH - OMe OMe -
CPM OH OH OH - - -
CPM OH OH - OH - -
CPM OH OH OH - - OH
CPM OH OH - OH OH -
CPM OH OH NO, - - -
CPM OH OH - NO, - -
CPM OH OH NO, - - NO,
CPM OH OH - NO, NO, -
CPM OH OH NH, - - -
CPM OH OH - NH, - -
CPM OH OH NH, - - NH,
CPM OH OH - NH, NH, -
allyl OH OH - - - -
allyl OH OH F - - -
allyl OH OH - F - -




allyl OHOH- d d - allyl OHOHBr - - - allyl OHOH- Br - - allyl OH OH

Br - - Br allyl OHOHd - Br Br - allyl OHOHd Me - - - allyl OHOH - M - -
allyl OHOH M - - M allyl OGHOH - M -allyl HOHOw - - - all 1 OH
OH- O - - allyl OHOHOWw - - O alfyl OHOH - Ovw Ow - allyl OHOH OH
- - -allyl HOH- OH- - allyl OHOHOH- - OH allyl OHOH - OH OH -
allyl OHOH N2 - - - allyl OHOH- N2 - - allyl OHOH N2 - - N2 allyl
mm-Nozw@glelgllylOHOHNHz---allylanOH NH2 - - allyl OH OH
NH2 - - NH2 _ally] NH? - CPMHOH - - - - CPMH E- - - CPMH
OH- F- - CPMROHJF - R F|coP’H OH - ®°F { R® R% R*

allyl OH OH F - - F

allyl OH OH - F F -

allyl OH OH F F F F

allyl OH OH Cl ; ; -

allyl OH OH - Cl - -

allyl OH OH Cl - - Cl

allyl OH OH - Cl Cl -

allyl OH OH Br - - -

allyl OH OH - Br - -

allyl oH OH Br - - Br

allyl OH OH - Br Br -

allyl OH OH Me - - -

allyl OH OH - Me - -

allyl OH OH Me - - Me

allyl OH OH - Me Me -

allyl OH OH OMe - - -

allyl OH OH - OMe - -

allyl OH OH OMe - - OMe

allyl OH OH - OMe OMe -

allyl OH OH OH - - -

allyl OH OH - OH - -

allyl OH OH OH - - OH

allyl OH OH - OH OH -

allyl OH OH NO, - - -

allyl OH OH - NO, - -

allyl OH OH NO, - - NO,

allyl OH OH - NO, NO, -

allyl OH OH NH, - - -

allyl OH OH - NH, - -

allyl OH OH NH, - - NH,

allyl OH OH - NH2 NH2 -

CPM H OH - - - -

CPM H OH F - - -

CPM H OH - F - -

CPM H OH F - - F

CPM H OH - F F -

CPM H OH F F F F

CPM H OH Cl - - -

CPM H OH - Cl - -




CPMHOHFFFF CPMHOHO - - - CPMHOH- d - 16 Table 1-3 R R2 R3

Rba R6b R6c R6d CPMHOH O - - d CPMHOH- d d - CPMH O Br - - -
CPMHOH- Br - - CPMHOHBr - - Br CPMHOH- Br Br - CPMHOH Me - - -
CPMHOH- M- - CPMHOHM - - MM CPMHOH- M@ M - CPMHOH Ow - - -
CPMHOH- OWB - - CPMHOHOW - - OB CPMH OH - Ow O - CPM H OH OH -
--.- CPMHOMH- OH- - CPMHOHOH- - OH CPMHOH - OHOH - CPMH OH N2 -
--CPMHC]—IaQQZ:% CPMHOHN® - - N2 CPMHOH- NO2 N2 - CPMH CH
NH2 - - - CPM NH2 - -

R RZ R3 R6a R6b R6c R6d

CPM H OH Cl - - Cl

CPM H OH - Cl Cl -

CPM H OH Br - - -

CPM H OH - Br - -

CPM H OH Br - - Br

CPM H OH - Br Br -

CPM H OH Me - - -

CPM H OH - Me - -

CPM H OH Me - - Me

CPM H OH - Me Me -

CPM H OH OMe - - -

CPM H OH - OMe - -

CPM H OH OMe - - OMe

CPM H OH - OMe OMe -

CPM H OH OH - - -

CPM H OH - OH - -

CPM H OH OH - - OH

CPM H OH - OH OH -

CPM H OH NO, - - -

CPM H OH - NO, - -

CPM H OH NO, - - NO,

CPM H OH - NO, NO, -

CPM H OH NH, - - -

CPM H OH - NH, - -

CPM H OH NH, - - NH,

CPM H OH - NH, NH, -

allyl H OH - - - -

allyl H OH F - - -

allyl H OH - F - -

allyl H OH F - - F

allyl H OH - F F -

allyl H OH F F F F

allyl H OH Cl - -

allyl H OH - Cl - -

allyl H OH Cl - - Cl

allyl H OH - Cl Cl -

allyl H OH Br - - -

allyl H OH - Br - -

allyl H OH Br - - Br




CPMHOHNH - - NH2 CPMHOH - NH2 NH2 - all | HOH- - - - allyl HOHF -
--aIIyIHO—|-F--aIIyIHO—|F--FaIIyIHO—|-FF-aIIyIHO—|FF
EF all 1 HOHO - - - all --aIIyIHC]—ICI--CI allyl H
O—I-CICI-aIIyIHO—IBr---aIIIH allyl HOH Br - - Br 17
Table 1-4 R R2 R3 Rea R6 Rc R aIIyIHO—l Br Br-aIIyIHO-ll\/E---
allyl HOH- Me - - allyl HOH M - - M allyl HOH- M M - allyl HOH
Ove - - - allpableH-PH - O - - allyl HOHOw - - OW allyl HOH - Ow Ow
- allyl H OH D—IRi - 41£2\/I (133- = R-6aal |yl R%)ﬂ—l (@ = I_{6c_ Q R6d

allyl H OH - Br Br -

allyl H OH Me - - -

allyl H OH - Me - -

allyl H OH Me - - Me

allyl H OH - Me Me -

allyl H OH OMe - - -

allyl H OH - OMe - -

allyl H OH OMe - - OMe

allyl H OH - OMe OMe -

allyl H OH OH - - -

allyl H OH - OH - -

allyl H OH OH - - OH

allyl H OH - OH OH -

allyl H OH NO, - - -

allyl H OH - NO, - -

allyl H OH NO, - - NO,

allyl H OH - NO, NO, -

allyl H OH NH, - - -

allyl H OH - NH, - -

allyl H OH NH, - - NH,

allyl H OH - NH, NH, -

CPM OAc OH - - - -

CPM OAc OH F - - -

CPM OAc OH - F - -

CPM OAc OH F - - F

CPM OAc OH - F F -

CPM OAc OH F F F F

CPM OAc OH Cl - - -

CPM OAc OH - Cl - -

CPM OAc OH Cl - - Cl

CPM OAc OH - Cl Cl -

CPM OAc OH Br - - -

CPM OAc OH - Br - -

CPM OAc OH Br - - Br

CPM OAc OH - Br Br -

CPM OAc OH Me - - -

CPM OAc OH - Me - -

CPM OAc OH Me - - Me

CPM OAc OH - Me Me -




OHF FFF CPMOAC OH
CPM QAc OH -
CPM QAcp

HOH- OHOH- allyl HOHN®2 - - - allyl HOH- N2 - - allyl
allyl HOH- NO2 NO2 allyl HOH NH2 -
H OH NH2 - NH2 HOH- NH2 NH2 - CPM QAc CH -
CPM QAc OH - F - CPM QAc CH'F - F CPM QAc CH -
CPM CAc CH - - - CPM QAc OH C
a d CPM QAc CH Br - CPM QAc CH - CPM QAc CH Br
a%l\ké)li Br - CPM QAc CH Me - CPM QAc OH - Me -
c OH - Me 18 Table 1-5 R1 R3 R6a R6b R6c_R6d

R1 RZ R3 R6a R6b

CPM OAc OH OMe -

CPM OAc OH - OMe

CPM OAc OH OMe -

CPM OAc OH - OMe

CPM OAc OH OH -

CPM OAc OH - OH

CPM OAc OH OH -

CPM OAc OH - OH

CPM OAc OH NO, -

CPM OAc OH - NO,

CPM OAc OH NO, -

CPM OAc OH - NO,

CPM OAc OH NH, -

CPM OAc OH - NH,

CPM OAc OH NH, -

CPM OAc OH - NH,

allyl OAc OH - -

allyl OAc OH E -

allyl OAc OH - F

allyl OAc OH F -

allyl OAc OH - E

allyl OAc OH F E

allyl OAc OH Cl -

allyl OAc OH - Cl

allyl OAc OH Cl -

allyl OAc OH - Cl

allyl OAc OH Br -

allyl OAc OH - Br

allyl OAc OH Br -

allyl OAc OH - Br

allyl OAc OH Me -

allyl OAc OH - Me

allyl OAc OH Me -

allyl OAc OH - Me

allyl OAc OH OMe -

allyl OAc OH - OMe

allyl OAc OH OMe -

allyl OAc OH - OMe

allyl OAc OH OH -

CPM QAc
CPM OAc

CPM QAc




CPMOAc CHOWe - - - CPMOAc CH- O - - CPM OAc CH Ove - - Ow CPM OAc OH

- OV OV - CPMOAC OHOH - - - CPMQAc OH- OH- - CPMOQACc OHOH - - H
CPMOAc OH- OHOH - CPMOQAc OH N2 - - - ,CPM QAc OH - NO2 - - CPM QAc CH
N2 - - N2 CPMOAc OH - NO2 N2 - CPM QAc OH NH2 - - - CPM QAc OH - NH2 -
- CPMOAC CHNH2 - - NH2 CPMOAc OH - NH2 NH2 - allyl OAc OH - - - - allyl
QAc HF - - - allyl CGAc H- F- - allyl CGAc HF - - F allyl OQAc OH- F F
- allyl OAc e FE6F F allyl OAc OHdO - - - all | GAc OH- A - - allyl
OAfc OHdO - —d __allyl QAc - d -_allyl OAc Br - - - allyl c OH
- Br - - alllyl ®@c OH BR> -[Br RAII [1 @ oH - & Br| - RE R

allyl OAc OH - OH - -

allyl OAc OH OH - - OH

allyl OAc OH - OH OH -

allyl OAc OH NO; - - -

allyl OAc OH - NO; - -

allyl OAc OH NO, - - NO,

allyl OAc OH - NO; NO, -

allyl OAc OH NH, - - -

allyl OAc OH - NH, - -

allyl OAc OH NH, - - NH;

allyl OAc OH - NH, NH, -

Among the compounds represented by Formula (I) used in the present
invention, specific examples of the compounds wherein -X- is propenylene
5 (-CH,-CH=CH-), Y is valence bond, two R’s bound to adjacent carbon atoms,
respectively, cooperatively form benzo which is non-substituted or substituted with
R6a, R6b, R6c or R6d (R6a, R6b, R6C and R6d have the same meanings as the above-
described R6) or an arbitrary combination thereof, RIO, R and R' are hydrogen,
R'! and R'? are bound to form -O-, that is, the compounds represented by the

10 Formula (Ib) below are shown in Table 2.

(Ib)

Among the compounds represented by Formula (Ib), the compound wherein
R'is cyclopropylmethyl, R% and R® are hydroxy, R% is fluorine, and the
15 configuration of the bond at the 6-position is p, that is, the compound of the

following formula:



all I OAc OH Me - - - allyl QAc OH- Me - - allyl QAc OH Me - - M allyl

OACO—|-I\/EI\/e-aIIyI QAc HOwe - - - ally! OAc OH- Ow - - all | OAc OH
Qwe - Owve allyl CAc OH - Owve Owe - albyl CGAc OHOH - - 19 Table 1-6 R
R2R3R6aR6R6cR allyl OAc OH- OH- - allyl CAc OHOH - - OH allyl OAc
OH- OHOH - allyl CAc OH N2 - - - allyl OAc OH - N2 - - allyl OAc OH NO2
--- N2 allyl CGAc OH- NO2 N2 - allyl QGAc OH NH2 - - - allyl OQAc OH - NH2
- -all I CAc HNH - - NH2 allyl OpgOH - NH2 NH2 Anong t he conpounds

represented by Fornula (1) ed~n _thg present invention, specific exanples
of the conpounds wherein -XlA1s {pfope e 5 (O CHz2- CH:CH-) Y is val ence
bond, two R5s bound to adj acent cagbo 5 2 respectively, cooperatively
form benzo which is non-substituted or: subst' tuxed mth R6a, R6b, R6c or
R6a (R6a R6b Rho and R6d have th®0 N¢ t he above described R6)
or an arbitrary conbi nation thereof, t4Fare hydrogen, R11 and

R12 are bound to form-0-, that is, eBOOrrﬁoun4 &presented by the
5

is named 2-[17-(cyclopropylmethyl)-4,50-epoxy-3,14-dihydroxymorphinan-63-yl]-6-

fluoro-2,3-dihydro-isoindol-1-one.



10 Formula (I b) below are shown in Table 2. RJ, R 17M, O N R6d tR3 6a R
RGb (Ib) Anmong the conpounds represented by Fornmula (Ib), the conpound
wherein Rl is cyclopropyl nethyl, R2 and ﬁ@ are hydroxy, R6c is fluorine,
and the 15 configuration of the bond at t2 e 6-position is (3, that is, the
compound of the following formula: 20 OHV 17 N 1456 2 0 N7 100/ i O
36 F \/~_ 3 OH45is naned

2-[17- (cycl oprappyi-met hyl ) - 4, 5a- epoxy- 3, 14- di hydr oxynor phi nan- 6( 3-y1] - 6-

fluoro-2, 3-dihydro-isoindol-=l-one_ 2 Tahle 2-1 Rl R R3 R6a Rh R6¢ d CPM

OHOH- - - |- CRMOH OHFF - | - IBPM OH @&¥- # - R®°CPM OHREH - - R® cbM o

OH- - - F [CPopyd CH -og F 1| COMOH|[CHE F R F _ _
CPM OH OH F - - -
CPM OH OH - F - -
CPM OH OH - - F -
CPM OH OH - - - F
CPM OH OH - F F -
CPM OH OH F F F F
CPM OH OH Cl - - -
CPM OH OH - Cl - -
CPM OH OH - - Cl -
CPM OH OH - - - Cl
CPM OH OH - Cl Cl -
CPM OH OH Me - - -
CPM OH OH - Me - -
CPM OH OH - - Me -
CPM OH OH - - - Me
CPM OH OH - Me Me -
CPM OH OH OMe - - -
CPM OH OH - OMe - -
CPM OH OH - - OMe -
CPM OH OH - - - OMe
CPM OH OH - OMe OMe -
allyl OH OH - - - -
allyl OH OH F - - -
allyl OH OH - F - -
allyl OH OH - - F -
allyl OH OH - - - F
allyl OH OH - F F -
allyl OH OH F F F F
allyl OH OH Cl - - -
allyl OH OH - Cl - -
allyl OH OH - - Cl -
allyl OH OH - - - Cl
allyl OH OH - Cl Cl -
allyl OH OH Me - - -
allyl OH OH - Me - -
allyl OH OH - - Me -
allyl OH OH - - - Me




c

OMe
Cl
Me

OMe
Cl

- - allyl

FFF allyl

OH OH -

LIyl

R6c

Me

OMe

OMe

Cl

Cl

Me

Me

OMe

OMe

Cl

R6b

Me

OMe

OMe

Cl

Cl

Me

Me

OMe

OMe

Cl

R6a
OMe
Cl
Me
OMe
Cl

OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH

OH
OH
OH
OH
OH
OH
H
H
H
H
H
H
H
H
H
H
H

A T

allyl
allyl
allyl
allyl
allyl
allyl
CPM
CPM
CPM
CPM
CPM
CPM
CPM
CPM
CPM
CPM
CPM
CPM
CPM
CPM
CPM
CPM
CPM
CPM
CPM
CPM
CPM
CPM
allyl
allyl
allyl
allyl
allyl
allyl
allyl
allyl
allyl
allyl
allyl




allyl OHOH - - - M 22 Table 2-2 Rl RZ R3 Ra R6b R6c R6d allyl OH OH -
M Me - allyl OHOHOw - - - allyl OHOH- Ow - - allyl OHOH - - Ow -
allyl OHOH - - - Ow allyl OH OH - Ow - CPMHOH- - - - CPMHOH F -
- - CPMHOMH-F- - CPMHOMH- - F- CPMHOMH- - - F CPMHOH- FF- CPM
HOHFFFF CPMHOHO - - - CPMHOH- O - - CPMHOH- - d - CPMH OH
-.--d CPMHOMH- O d - CPMHOH M - - - CPMHOMH- M- - CPMH OH -
_NE_CPMHﬂ%?-B_NE CPMHOH- M M - CPMHOHOW - - - CPMH OH -
ow - - CPM - - Owe -

R R 'S G R R R%

allyl H OH - Cl Cl -

allyl H OH Me - - -

allyl H OH - Me - -

allyl H OH - - Me -

allyl H OH - - - Me

allyl H OH - Me Me -

allyl H OH OMe - - -

allyl H OH - OMe - -

allyl H OH - - OMe -

allyl H OH - - - OMe

allyl H OH - OMe OMe -

10

Among the compounds represented by Formula (I) used in the present

invention, specific examples of the compounds wherein -X- is ethylene or vinylene,

Y is -C(=0)-, RIO, R" and R' are hydrogen, R'" and R'? are bound to form -O-, and

two R’s bound to adjacent carbon atoms, respectively, cooperatively form specific

fused ring, that is, the compounds represented by the Formula (Ic) or Formula (Ic')

below are shown in Table 3.




CPMHOH- - - OB CPMHOH- O Ow - allyl HOH- - - - allyl HOHF - -
- allyl HOH- F- - allyl HOH- - F- ally] HOH- - - F allyl HOH- F F
-,allyl HOHFFFF allyl HOHC ---4aIIyI HOH- d - - allyl HOH - -
d -allyl HOH- - - d 23 Table 2-3 RE*RR. RR Ra Ré6b R6c R allyl H OH -
a d - allyl HOHM - - - ally] HOH- M - - allyl HOH- - M - all I H
CH- - - M al | HO™H - allyl HOHOw - - - allyl HOH - Ow -

- M M I

Ove Tyl HOH - - -

gorrpouﬁdsyr epr esenAtmela ye%g%?ﬂgsﬁ%reﬁe?{eég t{yryd{@ga& éeﬁ%ﬁgen{?]gﬁgﬁspeci fic
I ft - ' I 5 | nyl '

XD S o, LSOmAUpUmAREE B b SR L EOR ChOMY e sl

and 5 two R%OIQQQ&%e&tﬁgeg@Jtcﬁglf‘eP%tisv%@r f3AR c%l&@e%%%ﬁﬁ%tdo‘ﬁﬁpérgtigrgE?fﬁreat | vel y

formspecific fused rin , “'the conpoun represen € Fornul a

(I'c) or Formy.aqel ﬁlle)6-pcgﬁlo?1vi’s B,r &a?i@%@ c&HpJ&B' &t tl’?’e following formula:

0O
2 3
Y
1 4
5 6 5
is named N-(17-cyclopropylmethyl-4,5a-epoxy-3,14-dihydroxymorphinan-6f3-yl)-
3,4,5,6-tetrahydrophthalimide.
Table 3
Formula R! R? R R®
Ic CPM OH OH Cyclopropano
Ic CPM OH OH Cyclopentano
Ic CPM OH OH Cyclohexano
Ic’ CPM OH OH Cyclohexeno
Ic’ CPM OH OH Pyrido
Ic Allyl OH OH Cyclopropano
Ic Allyl OH OH Cyclopentano
Ic Allyl OH OH Cyclohexano
Ic’ Allyl OH OH Cyclohexeno
Ic’ Allyl OH OH Pyrido
10 Among the compounds represented by Formula (I) used in the present

invention, specific examples of the compounds wherein -X- is propylene or
propenylene, Y is valence bond, RIO, R" and R' are hydrogen, R'" and R'? are
bound to form -O-, and two Rs bound to adjacent carbon atoms, respectively,
cooperatively form specific fused ring, that is, the compounds represented by the

15 Formula (Id) or Formula (Id") below are shown in Table 4.



R2 RIM:14 O NRE ORS 3 R3R (lc) 10 R2 R', 7M1, 0 ANRs Rs 3 R3
(lc') 24 Anong the conpounds represented by Formula (Ic'), the conpound
wherein Rl is cyclopropylnethyl, R2 and are hydroxy, two R5s bound to

adj acent carbon atomns, respectively, co6peratively form cycl ohexeno, and
the configuration of the bond at the 6-position is that is, the conpound of
the followwing fornula: OH V17MO N2 3 1 a 3 OMHG65 5 is naned
N-(17-cycl opropyl net hyl - 4, 5a- epoxy- 3, 14- di hydr oxynor phi nan- 6( 3-yl) -

3,4,5, 6-tetrahydropht hal i m de. f\l,’gbl e RFormula RR R RBR5 Ic CPM OH OH

Cycl opr opano 17N5§ & 0
SN 5
= 0 é/R
|: | R5
3 R3
(Id)

5 (Id"
Among the compounds represented by Formula (Id"), the compound wherein
R'is cyclopropylmethyl, R* and R’ are hydroxy, two R’s bound to adjacent carbon
atoms, respectively, cooperatively form cyclohexeno, and the configuration of the

bond at the 6-position is B, that is, the compound of the following formula:

10
is named N-(17-cyclopropylmethyl-4,5a-epoxy-3,14-dihydroxymorphinan-63-yl)-

2,3,4,5,6,7-hexahydro-isoindol-1-one.



lc CPM OH OH Cycl opentano Ic CPM OH OH Cycl ohexano 1Ic' CPM OH CH

Cycl ohexeno Ic¢c' CPMOH OH Pyrido Ic Allyl OHOH Cyclo ro ano Ic Allyl OH
H Cyclo entano Ic Allyl OH OH Cycl ohex%o lc' Allyl OH OH Cycl ohexeno

lc' Allyl OH OH Pyrido 10 Anong the conpdunds represented by Forrmula (1)
used in the present invention, specific exanples of the conmpounds wherein
-X- is propylene or propenylene, Y is valence bond, Rl, R3 and R 4 are
hydrogen, Rl fn@yl R12 are bound to form-0-, and two R5s bound to adjacent

carbon atons,—respectively cooperatively formspecific fused ring, that
I's, the corrpourlfdsnulepresentléd by tRé 15 ROrnul a (1 d)Rf:)r Formulla (1d") bel ow
are shpyvln in Tabllg 4. 25 dpv RZ[ I0RF 140f 9 5 NCkSlopfdpsne S 3|R (1d)  R-1,
E}Z/ éZ)rNrruI ;4(?;@\75{ ?emzon:bﬂl-&ggdwhegﬂi A T8 A”U”%yctzl'c')_‘erhé’r'x' ourds represent ed
71d 'CPM OH OH Cyclohexano

Id’ CPM OH OH Cyclohexeno

Id® CPM OH OH Pyrido

Id Allyl OH OH Cyclopropano

Id Allyl OH OH Cyclopentano

Id Allyl OH OH Cyclohexano

Id’ Allyl OH OH Cyclohexeno

Id’ Allyl OH OH Pyrido

Among the compounds represented by Formula (I) used in the present
invention, specific examples of the compounds wherein
5 -X- is ethylene or vinylene which is non-substituted or substituted by R and/or R*®
(RSa and R°® have the same meanings as the above-described RS), Y is -C(=0)-, Rlo,
R" and R are hydrogen, R'' and R'? are bound to form -O-, that is, the compounds

represented by the Formula (Ie) or Formula (Ie') below are shown in Table 5.

10 (Ie)



R is cyclopropylmethyl, R2 and R3 are hydroxy, two R5s bound to adjacent
carbon atons, respectively, cooperatively form cycl ohexeno, and the
configuration of the bond at the 6- positz'zon is (3, that is, the conmpound of
the followwng fornula: /_OH 17MO N 17403 76 3 OH4 5 10 is nanmed N (I
7-cycl opropyl met hyl - 4, 5a- epoxy- 3, 14- di hydr oxynor phi nan- 63-yl ) -

2,3,4,5, 6, 7- hexahydr o-i soi ndol -1 -one. 26 Table 4 Formula R RR RR5 |d CPM
OHOHCcloroano |d CPMOH O4 Cclg,entano 1d CPM OH OH C cl ohexano 1d'
CPM OH OH Cycl ohexeno Id' CPMFQ—i O_—IByrido Ild AIl 1 OHOH Cyclo ro ano 1Id
All 1 OH OH Cycl opent ano IdAIIyN: clopexano 1d Alyl OHOHC

cl ohexeo 1d" Alyl OH OH Pyri dd Sl co gunds represented by Formul a
(I') used in the present inventioE~Spesstry rrﬁlg,gs of the conmpounds
wherein 5 -X- is ethylene or vinyl’henexwhioh |i s/ -substituted or
substituted by R 5a and/or R 5b (RY%Z have the sane neanings as the
above-described R5 ), Yis -C(O -, b R14 are hydrogen, Rl | and
R 2 are bound to form-0-, that is, tHé3acBRApounds

(Ie)
Among the compounds represented by Formula (Ie), the compound wherein
R'is cyclopropylmethyl, R” and R® are hydroxy, R™is ethylidene, and the
5 configuration of the bond at the 6-position is P, that is, the compound of the

following formula:

is named N-[17-(cyclopropylmethyl)-4,5a-epoxy-3,14-dihydroxymorphinan-6f3-yl]-
2-ethylidene succinic imide.

10



represented by the Fornula (le) or Formula (le') below are shown in Table 5.
R, RZ17 N' t4 6 0O5 NRsa 403 20Rb 3R310 (le) 27 R 17 N 14 6
O5N1Ra 40203Rb 3R3(le’) Agong the conpounds represented by
Formula (le), the conpound wherein R~ is cyclopropylnethyl, R2 and R3 are
hydroxy, R 5a is ethylidene, and the 5 configuration of the bond at the
6-position is 3, that is, the conpound of the following formula: OH V 17M
O N1 / 4.0rad3 3 OHis nanmed N[

17-(cvcel opr Opy| et hyl )} -4 _Sa-epaxy-3 14-di hydr oxynorphinan- 6(i-yl]-
2- e§ hzl | dene | JRETH § i Ride] K| B R> R’
Ie CPM OH | OH - -
Ie CPM OH | OH methylidene -
Ie CPM OH | OH ethylidene -
Ie CPM OH | OH propylidene -
Ie CPM OH | OH butylidene -
le CPM OH | OH cyclohexylmethylidene -
le CPM OH | OH benzylidene -
le CPM OH | OH phenethylidene -
le CPM OH | OH methyl -
Ie CPM OH | OH ethyl -
Ie CPM OH | OH propyl -
le CPM OH | OH butyl -
le CPM OH | OH cyclohexylmethyl -
le CPM OH | OH benzyl -
le CPM OH | OH p-methyl-benzyl -
le CPM OH | OH p-fluoro-benzyl -
le CPM OH | OH p-chloro-benzyl -
Ie CPM OH | OH | p-trifluoromethoxy-benzyl -
le CPM OH | OH phenethyl -
le CPM OH | OH phenoxy -
Ie CPM OH | OH p-methyl-phenoxy -
le CPM OH | OH p-fluoro-phenoxy -
le CPM OH | OH p-chloro-phenoxy -
le CPM OH | OH phenyl -
le CPM OH | OH phenyl phenyl
Ie’ CPM OH | OH - -
Ie’ CPM OH | OH phenyl -
le’ CPM OH | OH phenyl phenyl
le’ CPM OH | OH methyl -
Ie’ CPM OH | OH methyl methyl
le Allyl OH | OH - -
le Allyl OH | OH methylidene -
Ie Allyl OH | OH ethylidene -
Ie Allyl OH | OH propylidene -
Ie Allyl OH | OH butylidene -
Ie Allyl OH | OH cyclohexylmethylidene -
Ie Allyl OH | OH benzylidene -




28 Table 5-1 Formula R R RB Rsa Rs |le CPMOH OH - - e CPM OH OH
nmet hylidene - le CPM OH OH ethylidene - e CPM CH CH propylidene - |le CPM CH
H butylidene - e CPM OH OH cycl ohexyl mat)hylidene- |l e CPM OH CH

benzylidene - e CPM OH OH heneth lidene™= le CPM OH OH nethyl - e CPM OH
OHethyl - le CPMOH CHropyl - le CPMCOH OH butyl - e CPM OH CH
cycl ohexylmeth I - e CPM OH OH benzyl - le CPM OH CH p-net hyl -benzyl - le
CPM OH OH p- fT4h ¢2benzyl - le CPM OH OH p-chl oro-benzyl - e CPM OH OH
p-trifluoromethox -benz | - le CPM OH OH phenethyl - le CPM OH OH phenoxy -
le CPM OH OH|pEersruly 1| - pRénoxly R? Ile REPM OH OH pKT uor o- pheroxy Rl e ¢PM OH OH
p- chl or o- phenoxyie Allyl | OH | OH phenethylidene -

le Allyl OH | OH methyl -

le Allyl OH | OH ethyl -

Ie Allyl OH | OH propyl -

Ie Allyl OH | OH butyl -

le Allyl OH | OH cyclohexylmethyl -

le Allyl OH | OH benzyl -

le Allyl OH | OH p-methyl-benzyl -

le Allyl OH | OH p-fluoro-benzyl -

Ie Allyl OH | OH p-chloro-benzyl -

le Allyl OH | OH | p-trifluoromethoxy-benzyl -

le Allyl OH | OH phenethyl -

Ie Allyl OH | OH phenoxy -

le Allyl OH | OH p-methyl-phenoxy -

Ie Allyl OH | OH p-fluoro-phenoxy -

le Allyl OH | OH p-chloro-phenoxy -

le Allyl OH | OH phenyl -

Ie Allyl OH | OH phenyl phenyl

le’ Allyl OH | OH - -

Ie’ Allyl OH | OH phenyl -

Ie’ Allyl OH | OH phenyl phenyl

le’ Allyl OH | OH " methyl -

le’ Allyl OH | OH methyl methyl

Among the compounds represented by Formula (I) used in the present
invention, specific examples of the compounds wherein
5 -X- is propylene or propenylene which is non-substituted or substituted by R and/or
R (R52l and R*® have the same meanings as the above-described RS), Y is valence
bond, RIO, R'® and R are hydrogen, R'! and R'? are bound to form -O-, that is, the
compounds represented by the Formula (If) or Formula (If") below are shown in

Table 6.



|l e CPM OH OH phenyl - le CPM OH CH phenyl phenyl le" CPMOH OH - - |le' CPM
OH OH phenyl - le' CPM OH OH phenyl phenyl le' CPMOH OH nethyl - |e" CPM
H OH nethyl methyl le Al -1 OH OH - 56 Allyl OH CH nethylidene - le
Allyl OH CH ethylidene - le Allyl OH OH propylidene - e Allyl OH CH
butylidene - le Allyl OH OH cycl ohexyl methylidene - e Allyl OH OH
benzylidene 29 Table 5-2 Formula RL R2 R3 Rsa R5b e Allyl OH OH
phenet hylidene - le Allyl OH OH mathyhz- le Allyl OH CH ethyl - le Allyl OH
OHproyl - le Allyl OH OH J OH OH cycl ohex I nethyl - le
Allyl OH OH benzyl - le A A -bgnz 1 - le ALl 1 OH CH
p-fluoro-benz 1 - le Allyl jor.@glbenzyl - le AIl 1 OH CH
p-trifluoronethoxy -benzyl 4 nehball -
R5b
3 R3
(I)
O
N R5
i/}
R5
3°R3
f)
5 Among the compounds represented by Formula (If), the compound wherein

R'is cyclopropylmethyl, R? and R® are hydroxy, R™is benzyl, and the configuration

of the bond at the 6-position is B, that is, the compound of the following formula:

is named 3-benzyl-1-[ 17-(cyclopropylmethyl)-4,5a-epoxy-3,14-

10 dihydroxymorphinan-63-yl]pyrrolidine-2-one.



le Allyl OH OH phenoxy - le Allyl OH OH p-nethyl -phenoxy - e All | OH OCH
p-fluoro-phenoxy - le All 1 OH OH p-chl oro-phenoxy - le Al | OH CH phenyl -
l.Le Allyl OH OH phenyl phenyl. Te" Alyl; OH- - e Alyl OH CH phenyl -
le' Al 1 OH CH phenyl phenyl 1le" Allyl OH methyl - e Alyl OH COH
met hyl nethyl Anong the conpounds represented by Forrmula (1) used in the
present invention, specific exanples of the conpounds wherein 5 -X- is
propyl ene or mypepenyl ene which is non-substituted or substituted by R5a
and/ or R5b _Q_R_5a__a_q_d_j_3\5b_hay£ the _sa neani ngs_as the abhove-descri hed R5),
Y i s val encd Fasemée | RI®' R13 ®Ad |RR4 pre hydrogdt® R | and R12 Rife bpund to
form-0-, that fs, thecpponpoopds ogpresented by _the Formula| (I1f). or Fornul a
(I'f) bel ow arehﬁnovm T@pMTap 8- g | R L, RethyMene 14 O © FZ_ N Rba 40
Rob - R3 (11)—Fg CPM_| OH | OH ethylidenc i

If CPM OH | OH propylidene -

If CPM OH | OH butylidene -

If CPM OH | OH cyclohexylmethylidene -

If CPM OH | OH benzylidene -

If CPM OH | OH phenethylidene -

If CPM OH | OH methyl -

If CPM OH | OH ethyl -

If CPM OH | OH propyl -

If CPM OH | OH butyl -

If CPM OH | OH cyclohexylmethyl -

If CPM OH | OH benzyl -

If CPM OH | OH p-methyl-benzyl -

If CPM OH | OH p-fluoro-benzyl -

If CPM OH | OH p-chloro-benzyl -

If CPM OH | OH p-trifluoromethoxy-benzyl -

If CPM OH | OH phenethyl -

If CPM OH | OH phenoxy -

If CPM OH | OH p-methyl-phenoxy -

If CPM OH | OH p-fluoro-phenoxy -

If CPM OH | OH p-chloro-phenoxy -

If CPM OH | OH phenyl -

If CPM OH | OH phenyl phenyl

If CPM OH | OH - -

If CPM OH | OH phenyl -

If CPM OH | OH phenyl phenyl

If CPM OH | OH methyl -

I CPM OH | OH methyl methyl

If Allyl OH | OH - -

If Allyl OH | OH methylidene -

If Allyl OH | OH ethylidene -

If Allyl OH | OH propylidene -

If Allyl OH | OH butylidene -

If Allyl OH | OH cyclohexylmethylidene -

If Allyl OH | OH benzylidene -

If Allyl OH | OH phenethylidene -




N 146 0 R'7, 5NR 3R 3R (If ) 5 Arong the conpounds represented
by Formula (1f), the conpound wherein Rl is cyclopropyl methyl, R2 and R3
are hydroxy, R5a is benzyl, and the conflguratlon of the bond at the
6-position is P, that is, the conpound oé the following fornula: OH ~ V
17N, 14 0 56 N2 40354/ 3 OCH\ is naned 3-benzyl-I-]

1.7- (cycl opropyl net hyl ) - 4, 5a- epoxy- 3, 14- 10

di hydr oxynor phibias26( 3- yl]pyrrolldlne 2-one. 31 Table 6-1 Formula RI R R3

R5a R5b | f .CPM-CH CPM m H et hylidene - 1 CPM (H_et hyl i dene

S If CPM OH |dFerpvd Ildéne 1 R qPR’OH OH butyl iRfBne - I f CPM OHRTH ¢

cl ohexyl net ligene| - AflylCPM OH QHOPehzyl i dene methyl .
If Allyl OH | OH ethyl -
If Allyl OH | OH propyl -
If Allyl OH | OH butyl -
If Allyl OH | OH cyclohexylmethyl -
If Allyl OH | OH benzyl -
If Allyl OH | OH p-methyl-benzyl -
If Allyl OH | OH p-fluoro-benzyl -
If Allyl OH | OH p-chloro-benzyl -
If Allyl OH | OH p-trifluoromethoxy-benzyl -
If Allyl OH | OH phenethyl -
If Allyl OH | OH phenoxy -
If Allyl OH | OH p-methyl-phenoxy -
If Allyl OH | OH p-fluoro-phenoxy -
If Allyl OH | OH p-chloro-phenoxy -
If Allyl OH | OH phenyl -
If Allyl OH | OH phenyl phenyl
If’ Allyl OH | OH - -
If Allyl OH | OH phenyl -
If? Allyl OH | OH phenyl phenyl
I Allyl OH | OH methyl -
If? Allyl OH | OH methyl methyl

The above-described various morphinan derivatives and pharmaceutically
acceptable acid addition salts thereof may be used as the effective ingredient of the
5 analgesic of the present invention individually, or two or more of these may be used
in combination. Either of these cases are within the scope of the present invention.
Among the morphinan derivatives having a nitrogen-containing heterocyclic
group represented by the above-described Formula (I) and the pharmaceutically
acceptable acid addition salts thereof, those wherein both R'? and R' are hydrogen,
10 that is, those represented by Formula (Ig) below (wherein Rl, RZ, R3, RS, R, R' 1,
Rlz, k, X and Y represent the same meanings as described above) and
pharmaceutically acceptable acid addition salts thereof may be produced by the

methods described in International Patent Publication No.: W02004/033457



f CPM OH OH phenethylidene - If CPMOH OH nethyl - If CPM OH CH ethyl - If
OH

CPM OH propyl - If CPM OH OH butyl - If CPM OH OH cycl ohexyl nethyl - |f
CPM OH OH benzyl - If CPM OH OH p-net hyl enzyl - If CPMOH OH
p-fluoro-benzyl - If CPM OH OH p-chl or o- 8enzy| - If CPM OH OH
p-trifluoronethox -benzyl - If CPM OH OH henethyl - If CPM OH CH phenoxy - -
I.f CPM CH CH p-net hyl -phenoxy If CPM OH CH p-fluoro- henox - - If CPM CH CH
p- chl or o- phenp¥bpear Patéitubticdddnire landish CPM COH
OH - 1T CPM O B Pt ﬁéﬂ%ﬁ?ﬁ?%@%m YIsBIoM agdish rret hyl
If CPM OH CHggethyl nethyl If Allyl OHOH - - If Allyl OH OH net hylidene -

Among the morphinan derivatives having a nitrogen-containing heterocyclic
5 group represented by the above-described Formula (I) and the pharmaceutically

acceptable acid addition salts thereof, those wherein both R"” and R' are R"* and
R (wherein R'* and R cooperatively represent oxo, or R s hydrogen and R
is hydroxy, C;-Cs alkoxy or C;-Cs alkanoyloxy), that is, those represented by
Formula (Ih) below (wherein Rl, R2, R3, R5, Rlo, R! 1, Rlz, k, X and Y represent the

10 same meanings as described above) and pharmaceutically acceptable acid addition
salts thereof may be produced, as shown in Scheme 1 below, by directly oxidizing
the benzyl position of the morphinan derivative having a nitrogen-containing
heterocyclic group of Formula (Ig) (wherein Rl, R2, R3, RS, Rlo, R! 1, Rlz, k,Xand Y
represent the same meanings as described above) described above obtained by the

15 method described in W02004/033457 (EP 1555266 Al), or by oxidizing the benzyl
position of the morphinan derivatiile represented by Formula (Ila) (wherein RI, R2,
R3, RIO, R' 1, R" represent the same meanings as described above, - - - Q represents
0x0 or benzylamino) to obtain the intermediate represented by Formula (IIb)
(wherein R R R R R R R R "and - - - - Qrepresent the same meanings

20 as described above), and then applying thereto the method described in
W02004/033457 (EP 1555266 A1) mentioned above. In the oxidation of the

benzyl position, the hydroxy group or the oxo group may be directly introduced, or



If Allyl OH OH ethylidene - If Allyl OH CH propylidene - If Allyl OH OH
butylidene - If Allyl OH OH cycl ohexyl nethylidene - If Allyl OH OH
benzylidene - If Alyl C]—IC]—IphenethyIid%%?| 32 Table 6-2 Formula R1L R2 R3
Rsa Rs If Allyl OH OH nethyl - If Alyl OH ethyl - If Allyl OH OH propyl
- If Allyl OH OH butyl - If Allyl OHOHc clohex Inmeth | - If Allyl OH OH
benzyl - If Allyl OH OH p-nethyl-benzyl - If Allyl OH OH p-fluoro-benzyl -

BT e e T
B: gﬁlt 2%’1)_ plh:anogfllqu% bh tkéltgﬁyés o%eqabﬁg%ﬁ@ Pcit?é'f%ﬁ%fi dé)_{ Eﬁi{ L% gte%_&bgﬁg% i

Alyl OH CH addec’lfasx‘éhhi}‘éd.a" OH phenyl - If Alyl C]—I H phenyl phenyl

reductive amination, R1
. ~

condensation,

cyclization, etc.

Yy

(lla) (19)
oxidation of oxidation of
benzyl position benzyl position

R2

reductive amination,
condensation,

Q cyclization, etc.

y

5 Scheme 1
In the oxidation step, although any oxidizing agent which may usually be used

for the oxidation of benzyl position may be employed, in case of introducing
hydroxyl group, for example, manganese (II) salts such as manganese (III) acetate;
lead compounds such as lead tetraacetate; organic peroxides such as z-butyl

10 hydroperoxide and benzoyl peroxide; cerium compounds such as cerium (IV)
ammonium nitrate (CAN); and oxygen may be used as the oxidizing agent. Among
these, by using cerium (IV) ammonium nitrate, the a-hydroxy compound may be
selectively obtained in some cases, so that it is useful. By using an oxidizing agent
which contains an organic acid such as acetic acid in its chemical structure, alkanoyl

15 group such as acetoxy may be effectively introduced in some cases.

In cases where an oxo group is to be introduced, permanganates such as



if Allyl OH OH nethyl If Allyl OH OH nethyl nethyl The above-descri bed
various norphi nan derivatives and pharnaceutically acceptable acid addition
salts thereof may be used as the effectiye ingredient of the 5 anal gesic of
the present invention individually, or two or nore of these may be used in
conmbi nation. Either of these cases are within the scope of the present
i-nvention. Anong the norphinan derivatives having a nitrogen-contai ni ng

het erocycl i ¢ mtasipnT gpmes@ntedmbygdnbe @hpoandasck kbednfeesadiaxidt) and the
pharmaceutically acceptable acid addition salts thereof, those wherein both

R13 and R14 aheorhiyer agepounddéichhathiomiurh beER ahe po@sAheshm iy, feniha (19)
bel ow (wherein R, R2, R3, Rs, Ro Ru R12, k, X and Y represent the sane

meani ngs as degpouldichuah ey slenitl dRddTpESsHatcR 8LdYas2eaRE BRH RIaRS LEinggdi ti on
salts thereof nmay be produced by the nethods described in International

Pat ent Publ i cath SDNO); silWRERHOORB4Rh &3ilveFaian eatuRabapbuidisliticad i on EP
1555266 Al ), Tetrahedron. 50, 9757 (1994) and so on. Rz- R M: R10 R11IN

RI2X- (RH Kk  RBriihq)V) AnmogiukatraR(CAIN) 2Rl S8k VM drRS bidah& ghBiodine); _
ni trogen-contai ning heterocyclic 5 group represented by the above-descri bed

Formula (1) ajsyggérﬂeh doasRGextE;Gal ke Recap BPhLdaci d addition salts thereof,
t hose wherein both %13 and R 14 are R13 and R14 (wherein R13 and R14

cooper atively reprieesictiox ondioRkacH S RYHRAIER ANl tehipeydeoxy, Cl-C5
al koxy or Cl1-C5 al kanoyl oxy), that is, those represented by Fornula (Ih)

bel ow (wher eirBadibn iR, suRdiratBeond@hatiRlank-eqiibAlenks ratfo 30 the Yed RRIGRG e t he 10

same neani ngs as described above) and pharmaceutically acceptable acid
addi tion appropriately selected depending on the oxidizing agent used, and in case of using a

10 cerium compound such as cerium (IV) ammonium nitrate (CAN), for example, the
desired compound may be obtained with high yield by reacting 4 equivalence of the
oxidizing agent with respect to the substrate in a mixed solvent of acetonitrile/water
at room temperature.

In cases where the oxo group is reduced to hydroxyl group, although any

15 ordinary reducing agent which is used for reducing carbonyl compounds may be
employed, hydride reducing agents such as sodium borohydride and lithium
aluminum hydride may preferably be employed.

The reaction conditions such as reaction solvent, reaction temperature,
reaction time, substrate concentration and equivalence ratio of the reagents may be

20 appropriately selected depending on the reducing agent used, and in case of using
sodium borohydride, for example, the desired compound may be obtained at a high
yield by carrying out the reaction in an alcoholic solvent such as methanol at room
temperature. In cases where the hydroxyl group is generated via the reduction step
of oxo group, compounds having -configuration may be selectively obtained

25 opposite to the cases where the hydroxyl group is directly attached.

Conversion of the hydroxy compound into the alkoxy compound or

alkanoyloxy compound may be carried out under ordinary etherification or acylation



salts thereof may be produced, as shown in Schenme 1 below, by directly
oxi di zing the benzyl position of the norphinan derivative having a

ni trogen-contai ning heterocyclic group g Formula (l1g) (wherein Rl, R2, RS,
R5, R10, R 1, R12, k, X and Y represent the sane neani ngs as descri bed
above) descri bed above obtained by the 15 nmethod described i n W2004/ 033457
(.EP 1555266 Al), or by oxidizing the benzyl position of the norphinan
derivative r epnésiens.edCdnwefstomiutosan(dciddddftwinesatinmyRk, calRed ouRBy RiiRQingRicl, R12
represent the sane neani ngs as descri bed above, Q represents 0xo0 or
benzyl am no) dompohhdiwithtalyhaimicentiedly ateptabler eskintvedertyt ifram oigagic(sblvent,
(wherein R1, R2, R3, R10, R11, R12, R13, Rla and Q represent the sane
meani ngs 20 amddesgingbatcalentetion andryhésrepiepipitatieh, tdveyseilizatioa angbohog
described in W?2004/ 033457 (EP 1555266 Al) nentioned above. In the

oxi dation of likee benzyl position, the hydroxy group or the oxo group may be
directly introduced, or 34 after the oxo group is introduced, it may be

reduced % o hydr oxylheghaupat theumbiphinan ddgpeivds havigna hi®gén pagaiaingt he
substituents, protection and deprotection steps may be added as required. R

R2 reducti ve hrogrogiclio grouRtefresehteR LY Foandeaibahd et phdkniceutiallgweidi additioan, et c.
R11 Q R11 NR12 R12 may-(R5)k R3 R3 (Ila) (lg) oxidation of oxidation of

benzyl posi tisahs beroy hrepdfettiveofor the thtagy didalR map b&ddhfiredd 6t sh@viagitat i on, R
13AN 10 O condensation, R R13 Q cyclization, etc. RN

actions of the compounds to reduce the behavior induced by pain in animal models.
For example, the reported testing methods utilizing the behavior induced by pain in

10 animal models include mouse acetic acid writhing method (Life Sci., vol 65, 1685-93
(1996)) for treating acute pain, PGF,a-induced allodynia model method in which
pain is induced, for which morphine is ineffective (Pain. Vol 50, 223-229 (1992)),
rat Chung model method (Pain. Vol 50, 355-363 (1992)), mouse Seltzer model
method (Pain. Vol 76, 215-222 (1998))and diabetic induced nuropathic pain model

15 method (Pain. Vol 80, 391-398)). PGF,a-induced allodynia model has also been
reported as an animal model which induces allodynia that is a characteristic symptom
to the patients suffering from chronic pain (PAIN RESEARCH., vol 7, 129-134
(1992), Pain. Vol 50, 223-229 (1992)).

As will be shown in Examples 1 to 5 below, the morphinan derivatives

20 having a nitrogen-containing heterocyclic group represented by Formula (I) and the
pharmaceutically acid addition salts thereof exhibited highly potent analgesic
activities when evaluated by the acetic acid writhing method. Further, it was
confirmed that they have analgesic activities in PGFpa-induced allodynia model, rat
Chung model, mouse Seltzer model, diabetic induced neuropathic pain model, and in

- 25 evaluation of activity to relieve cystalgia caused by hyperextension of bladder using

myoelectric activity of external oblique abdominal muscle as index, so that the

derivatives may be widely applied to various pain ranging from acute pain to chronic



Rl11 R11 1 R14/ | R12 R14 R12 1, X-(R5)k ~ R3 R3 (Ilb) (Ih) 5 Schenme I In
the oxidation step, although any oxidizing agent which may usually be used

for the oxidation of benzyl position nmay enpl oyed, in case of introducing
hydr oxyl group, for exanple, manganese (I11) salts such as nanganese (I111)
acetate; |ead conpounds such as |lead tetraacetate; organic peroxides such

as t-butyl 10 hydroperoxi de and benzoyl peroxide; cerium corrpounds such as

corium (V) | ATDTH ARG RGO R IR B 7 R 5] 021

agent. Anong these anmoni um n

conpound may Hgjydif! Kk MRbY, @ﬁﬁa é‘f%q uﬁe§m aS HAbtire 4R &ﬁgéd WE)lhnd'S gusef ul

dl
By using an OX|d|2|ng agen a|ns an organic aci Dcetic

acidinits C(fjllf‘er‘l[b engllnﬁﬁ{ﬁqt $cfias %ﬂ%ﬁ@ﬁﬂs ol rsp&ﬁraﬁ & haﬁgggg t§t glﬁ%uci %Z%{I’llo be

effectively |ntro uc I'n sone C n’ ca

I ntroduced, p‘?l[:l% ﬁth%é‘l;gah%m (1}3&% ca q%%@ 13' ur%eg%g[g an%gtﬁ\egg fjganese

conmpounds suc nga ese hrom um
per i odat g sust “'ﬂl AR L BRI Shk e BETRS {ésdsla% EelRbe el er *sompounds
itrate ?&Kﬁhaﬁ dmkﬁp%rfi: i Fﬁ%ﬁ RSP A R R R
per oxi de; and_t i ke reaction c ndi ti ons.such as reaction
sol vent, reactt gﬁs b%ﬁ%‘é} %ﬁﬁﬂt') ina rpégb%’?ﬁwam Onéclﬂ? YiF Rf'Q S&B‘#@E‘ﬁt Pafalgf and
cau val ence 13448 S{Qn%agﬁgtisﬁ &gm 5 ka5, SRRBLR o ek popen S,
oS cert um (10 SRR WL sbg%’éﬁ%wq‘% L el S
Z? epg o {)erjglfl%rﬁglé cys 1tqse c%) Sytpra"flrtl ue 1o AR gers%\)/(eec()jrggr? <|i1\§gar;2: pcé:ﬁvu{f1 gaeltnOl?rlo}orglmI e/ vat er
diseases pain; and pain in gynecologic field such as pain due to dysmenorrhea; and
psychogenic pain. The analgesic according to the present invention may be used for
mammals (e.g., mouse, rat, hamster, rabbit, cat, dog, bovine, sheep, monkey and
human).
15 The analgesic of the present invention may be administered alone or in
combination with other one or more drugs used for the therapy or prevention of
diseases, or for alleviation or inhibition of symptoms. When the analgesic of the
present invention is administered in combination with one or more other drugs, the
analgesic and the drug(s) may be separately administered or may be administered
20 after being mixed together. Examples of such drugs include COX-1 and/or COX-2
inhibitors which are nonsteroidal anti-inflammatory drugs (NSAIDs), such as aspirin,
indomethacin, diclofenac, ibuprofen, acetaminophen, acetylsalicylic acid, ketoprofen,
piroxicam, mefenamic acid, tiaramide, naproxen, Loxonin, oxaprozin, zaltoprofen,
etodolac, meloxicam, lornoxicam, amproxicam, celecoxib, rofecoxib, valdecoxib,
25 lumiracoxib and licofelone; opioid analgesics such as codeine, morphine,

dihydrocodeine, hydrocodone, hydromorphone, oxycodone, fentanyl, buprenorphine,

butorphanol, nalbuphine, pentazocine, levorphanol, methadone, pethidine, tramadol



In cases where the oxo group is reduced to hydroxyl group, although any 15
ordi nary reduci ng agent which is used for reducing carbonyl conpounds nay be
enpl oyed, hydride reduci ng agents such aggsodi um borohydride and |ithium

al um num hydri de may preferably be enployed. The reaction conditions such as
reaction solvent, reaction tenperature, reaction tinme, substrate
concentration and equivalence ratio of the reagents may he 20 appropriately
sel ected depeididxgn@fpHoe, dtReHaahIReki &%a0h ad!SMlperRindplePatafif @n@batisfedg sodi um
bor ohydri de, for exanple, the desired conpound may he obtalneé at a high

yi el d by car raﬁieﬁﬁetﬁwdrugbﬁmh%@ﬁblioﬂﬁné,rlid%@aiﬁé,%ﬂh@daﬁrfe, %yiwa%&he,saﬁ&ogx%cg%ﬁam'
at room tenperature. I'n cases where the hydroxyl group 1s generated via the

reduction st ecﬂltpi\ﬁ%aiﬁé( BndbRIPBI0l . ARAPRHLB B A RGuPH E@Hﬁ%%}%‘dﬁg ﬁlgfﬂi{%égﬁde, :

sel ectively obtained 25 opposite to the cases where _ r oxy roup is
directly att £blam @A Y&aSIpam; %elétﬁ%t@éf&@?é)(&uﬁ?%ﬂ%@Qaﬂé%&)i)ocfolp.q{c%aﬁgély
conpound or al kanoyl oxy conpound may be carried out under ordinary

etherifigati %d%an%@%h%%é?ﬂné@borﬁ@@ﬁée&its%ﬂgh as(j&géft%&ﬂ]e?gliljrr)' {1 ﬁﬂnzﬁﬂﬂnaddi tion

salt may be carried out by mxing t conmpoun arimaceuttfcal ly

accept abl e aGiMiifayebkhitMtadl é}ldarﬁrﬁfigltﬁﬂf a‘hti%&ll\}ﬁ?seh S SP?}?Q c%ﬁ;arrlﬂ-zg@}lg ut

concentration to'dryness, ‘reprecipitation, recrystalliZation and/ or the
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al so been blockers such as ziconotide; potassium channel openers such as flupirtine and
retigabine; serotonin receptor antagonists; sodium channel blockers; cannabinoids;
15 and toxins such as botulinum toxin and tetrodotoxin, but these drugs are examples
and should not be interpreted in any way to restrict the scope of the present invention.
When using the analgesic according to the present invention as a
pharmaceutical, the pharmaceutical may be the free base or a salt thereof alone, or the
pharmaceutical may optionally be admixed with one or more additives such as
20 vehicles, stabilizers, preservatives, buffering agents, solubilizers, emulsifiers,
diluents and isotonic agents. The formulations may be prepared by usual methods
appropriately using the carriers for each type of formulation. The administration
form include formulations for oral administration such as tablets, capsules, granules,
powders and syrups; formulations for parenteral administration such as injection
25 solutions, suppositories and liquids; and formulations for topical administration such

as ointments, creams and patches.

The analgesic according to the present invention may preferably contain the



reported as an ani mal nodel which induces allodynia that is a characteristic
synptom to the patients suffering fromchronic pain (PAIN RESEARCH., vol 7,
129-134 (1992), Pain. Vol 50, 223-229 (%gQZ)). As will be shown in Exanpl es
1 to 5 below, the norphinan derivatives havi ng a ni trogen-contai ni ng

het erocyclic group represented by Fornmula (1) and the pharmaceutically acid
addition salts thereof exhibited highly potent analgesic activities when

eval uat ed by Jndec-aeRtibed ey ddidt ilBt A6unt 6801006861 tol J0oNBS wegghf i r med
that they have analgesic activities in PGF2a-1nduced allodynia nodel, rat

Chung nodel , HBUSRerSRbE .oomqe@b%waz@ighﬂ.cmﬁu then@HA AR HInGloR@ Ay Model
and in 25 evaluation of activity to relieve cystal gia caused by

hyper ext ensi ; i Il WA t al oblique
abdoni nal rrug%l%Eéégrﬁﬁggie}&?gk%ﬁgémﬁgﬁﬁlges'{r”?‘@?t?’i{’\?éés’ %&8“@%”'@‘3& y applied to

various pain J@ngispgidd R8ha¢ YAEHmR KB, ﬁ@a&é&@@}&gﬁ@gg@@&%ﬁfaa@ggfﬁiugi g

according to the present I nvention nmay be appli e

f B I nvent pliec ute e
or exanpl e, ﬁ%ﬁl@ﬁ&?& Aghdh ggh%§s§§)‘f%ﬁ'mﬁﬁstgaﬁl1gﬁgggr§e&ﬁﬁ, MELSEE YRYRgs  pain

due to in pendicitis; operative “pain; “and to

chroni ¢ pai n 1 0} (gl BeRERRARRIALG, Palibh ANEN A% ERRGREBA BoDhRES, Z0St er

pai n, postherpe neural gia, trigemnal neu I'a; and pain due to
di abetic neur gl Qbay i ahghls phantomlinb pain. In addition, they may be
applied to deep pa?n and visceral pain such as headache, abdom nal pain,

back pain, chroni .G, paln: r BT - pal ginitis,
(chronic) prostat????#égﬁtgg% F@%@ﬂggqﬁ§3%éa§%d?%§mﬁgg?h@?QE§¥%ﬁ?¥%iasis,
ur et hr al calqﬁ%%gf cystitis, urethritis, urinary tract infection or due to

10 interstitial Ccystitis, colicky pain due to digestive organ disease,
ai n dublto” aysmercrored AT s B Rsn Rt BT beRY SRE B Sccor ai ng 1o
LG LD S R T
el Dby B AT R, S SR A BBt " 0 1
alTeviation Oornei-hr}]/ }o%llltoirig rz]ici(afsal%]Y @c));n%rcr)ﬁﬁd X\I[J F—?l %—py%lo%?c%)ly%ggt&l}(l:l-ﬁga:[eggxyﬁ,14-
dihydroxy-morphinan-63-yl)-3-benzyl-pyrrolidine-2-one-tartaric acid salt],
15 Compound 4 [1-(17-cyclopropylmethyl-4,5a-epoxy-3,14-dihydroxy-morphinan-6a.-
yl)-3-benzyl-pyrrolidine-2-one (diastereomer mixture)-tartaric acid salt], Compound
5 [2-(17-cyclopropylmethyl-4,5a-epoxy-3,14-dihydroxy-morphinan-63-yl)-2,3-
dihydro-isoindol-1-one-tartaric acid salt], Compound 6 [N-(17-cyclopropylmethyl-
4,50-epoxy-3,14-dihydroxy-morphinan-6p-yl)2-butylidene succinic imide-tartaric
20 acid salt], Compound 7 [N-(17-allyl-4,50-epoxy-3,14-dihydroxymorphinan-6§3-yl)-4-
fluorophthalimide-tartaric acid salt], Compound 8 [N-(17-allyl-4,5c-epoxy-3,14-
dihydroxy-morphinan-6a.-yl)-3-fluorophthalimide-tartaric acid salt], Compound 9 [N-
(17-allyl-4,5a-epoxy-3,14-dihydroxymorphinan-60.-yl)-phthalimide-tartaric acid salt],
Compound 10 [N-(17-cyclopropylmethyl-4,50-epoxy-3,14-dihydroxy-morphinan-6[3-
25 yl)-phthalimide-hydrochloric acid salt], Compound 10f [N-(17-cyclopropylmethyl-
4,50-epoxy-3,14-dihydroxy-morphinan-6p-yl)-phthalimide], Compound 11 [N-(17-

cyclopropylmethyl-4,5a-epoxy-3,14-dihydroxy-morphinan-63-yl)-4-



present invention is adm nistered in conmbination with one or nore other
drugs, the analgesic and the drug(s) may be separately adm nistered or may
he adm ni stered 20 after being m xed togghher. Exanples of such drugs
include COX-1 and/or COX-2 inhibitors which are nonsteroidal
anti-inflammtory drugs (NSAIDs), such as aspirin, indonethacin,

di cl of enac, ibuprofen, acetam nophen, acetylsalicylic acid, ketoprofen,
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such as hal ot'/hane, |idocai ne, etidocal ne, I vacai oca

bupi vacas ne ane, RELeAAS thdllgﬁf@gqhé‘{pﬁﬂaﬂ %g?nr 9s Sq(u%}'byﬂtlﬁﬁ ﬁgﬁ cid salt]

chlordlazepOX|de dl prazol’am oraze e re axanté such

o gotam no. oLV TRRan Loy R A e R R T ﬁ‘%‘%ﬁ%ﬁ-@”c“ "
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such as amtr 9&3%() £3 1@%'iﬁ}fdk&é/iyr%!r)@ﬁrng%—&%%ﬁg&tpalw&%@cO' m pram ne,

par oxeti ne, uvo et ne; cor steroids such as

dext iﬁﬂ.@lﬁz'ﬁéﬁﬁn@%ﬁ@f B AT R M AL ATB FA= a1 &
agoni st g, and antagonL 5y SKER A g@gs@gws Afhof 'tl{ylﬁl]‘?ﬁ@fa%ﬁ@aciﬁéélﬁ', um

channel bl oc taSS|un1 annel “openers suc

bl ocker L”eciﬁtﬁa% o 8@”2@7 AP R BT PR SRy gl e0enne

any vy to roAPiGMIFRE Hlla-Ad, ﬁf%%ﬁé%ﬁfﬁé AR O UE?S%F’[ e

phar aceut | ey e %4?&9‘? e A o By BORRA R s

phar maceut i Caéaltﬂ%’on%%&lhg Q_@l %C}Q?op?mlﬁ%gt(ﬂylv-\ﬁ,gH-e%QQy-gﬁ-(H}H’(%a%geq1-Srl)\-/es such as

15 morphinan-3,14-diol-tartaric acid salt] and Compound 21 [N-(17-cyclopropylmethyl-

4,50-epoxy-3,14-dihydroxy-morphinan-6-yl)-succinic imide-tartaric acid salt] used
in Examples 1 to 5 were synthesized by the methods described in Examples 46, 34,
48-2,35,28,24-2,58,63,64, 11, 12,15, 16, 17, 18, 19, 55, 66, 77, 111 and 20-2 of
International Patent Publication No. W02004/033457 (European Patent Publication

20 No.: EP 1555266 Al).
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‘hydrochloric acid salt
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20 vehicles, stabilizers, preservatives, buffering agents, solubilizers,

emul sifiers, diluents and isotonic agents. The fornul ati ons nmay be prepared
hy usual nethods appropriately using thelcarriers for each type of
formul ati on. The admi nistration forn1in6ﬁude formul ati ons for oral

adm ni stration such as tablets, capsules, granules, powders and syrups;
formul ations for parenteral adm nistration such as injection 25 sol utions,
suppositories and |iquids; and forguylations for topical admnistration such

as ointnments, creans and gg;eh: ~J anal gesi c according to the present
invention may preferably nt aifF t

Lre
9 ove-descri bed effective
i ngredient in an anount of 0.00B80f:tg 9Q9%\by wei ght, nore preferably 0.0001

to 70% by weight. Although the adeinit tatt on dose may be appropriately

sel ect ed depending on the synpto ge, body weight, and adm nistration

nmet hod and the like, the dose of e “eHf ect-hukocdomonedtalper adult per 5 day
may be 0.1 g to 1 g in case of admnistration by injection, and may be 1 g
to 10 g in case of oral admnistration. fkach dose may be admi nistered in
one tine or dividedly in several tinmes. The present invention will now be
described in detail by way of exanples thereof. 10 Conpound 1

[1-(17-cycl opropyl net hyl -4, 5a- epoxy- 3, 14- di hydr oxy-

nmor phi nan- 63-yl ) pyrrolidine-2-ong, hydrochloric acid salt], Conpound 2

[ 1-(17- cycl opropyl nmet hydl- 4+5 a<§ y- 3,.14- di hydr oxy- nor phi nan- 6a-yl ) pyrrol

i di ne-2- onehydrochl ori 6-aci d\ £ 0
[1- (17-cycl opropyl net hyl - 4, 5asepe
di hydr oxy- nor phi nan- 63-yl ) - 3-

15 Conpound 4
[ 1- (17-cycl opropyl net hyl -4, 5a-e 14- di hydr oxytaiR Bl ARN- 6a-

yl ) -3-benzy]-pyrrolidine-2-one (diastereoner m xture) -tartaric acid salt],
Compound_ 5
[2-(17-c§c|opropy|nethyl-4,5a-epoxy-3,14-%ihydroxy-nnrphinan-6[3-y|)-2,3-

di hydro-isoindol-1-onetartaric acid salt], Conpound 6

[N-(17-cycl opropyl nethyl - 4,5
cc-epoxy-3,14-dihydroxy-nDrphinaqﬁ§[3-yl)2-butylidene succinic imdetartaric
20 acid salt], Conpound E>//\
[N-(17-al |yl -4, 5a- epoxy- 8;14- {i;
fluorophthalimde-tartaric acis®

[N—(17-a|IyI-4,5a-epoxy-3,14-i\[filfo
OH

2-one -tartaric acid salt],

K

it

y

-tartaric acid salt

[+~

10 : OH -tartaric acid salt

[n



di hydr oxy- nor phi nan- 6a-yl)-3-fluorophthalimdetartaric acid salt], Conpound
9 [N

((17-al lyl -4, 5a- epoxy- 3, 14- dlhydroxynorphuaan 6a-yl)-phthalimde-tartaric
acid salt], Conpound 10

[N-(17- cyclopropylnethyl 4, 5(x-epoxy- 3, 14- di hydr oxy- nor phi nan-6(3 25

yl ) -pht hal i m dehydrochloric acid salt], Conmpound I O

[ N-(17-cycl opropyl net hyl - OH
4, 5a- epoxy- 3, 14- dihydroxE>nnﬁR:'_ | ) -pht hal i m de], Conpound 11
[ N-(17- cycl opropyl nmet hy Sgsel 3, 1¥- di hydr oxy- nor phi nan-63-yl )-4 40

met hyl pht hal i m dehydrochl ori c :a

[ N-(17-cycl opropyl net hyl -

4, 5( x- epoxy- 3, 14- di hydr oxy- m)r chl orophthalimde-tartaric
acid salt], Conpound 13 OH ‘tartaric acid salt

[N-(17- cyclopropylnethyl 4, 5a- epoxy- 3, 14- di hydr oxy- nor phi nan- 6( 3-
yl)-4-fluorophthalimdetartaric acid salté Conmpound 14

[ N-(17-cycl opropyl net hyl 5

4, 5a- epoxy- 3, 14- di hydr oxy- nor phi nan- 6(3-yl)-3-fl uorophthalimdetartaric acid
salt Conmpound 15

[N—(17 cycl opropyl net hyl - 4, 5a- epoxy- 3, 14- di hydr oxy- nor phi nan- 6[ 3-

yl)-3-net hyl pht hal i m det ax{ ax C+ salt], Conpound 16

[ N-(17-cycl opropyl net hyl - ﬁijjiii%@ 0

4, 5a- epoxy- 3, 14- di hydr oxy- norp - | ) napht hal enedi car boxyl i c

i mi de- hydrochl oric acid salt],\CoRpo0 N-[17-(cycl opropyl met hyl ) -4, 5a
10 epoxy- 3, 14-di hydr oxynor phi n ©i chl oropht hal i m detartaric
acid salt], Conpound 18 tartaric acid salt
[N-(17-cycl opropyl net hyl -4, 5a- epoxy- 3 14 di hydr oxy- nor phi nan- 6a-
yl)-phthalimdetartaric acid salt], Cbnpoynd 19
[ N-(17-cycl opropyl net hyl - 4, 5a- -
epoxy- 3, 14-di hydr oxy- nor phi nan-6(3-yl)-3, 4,5, 6-tetrahydrophthal i m de-tartar
c acid salt], Conpound 20
[ 17-cycl opropyl net hyl - 4, 5a- epoxy- 6
nmor phi nan- 3, 14-di ol -tart an Ci
[N-(17-cycl opropyl net hyl - NQ/A% 5
4, 5a- epoxy- 3, 14- di hydr oxy- nor phipeis 6
salt] used in Exanples 1 to 5\ere _$on hen ed by the nethods described in
Exanpl es 46, 34, 48-2, 35, 28,0 64, 11, 12, 15, 16, 17, 18,
19, 55, 66, 77, 111 and 20-2 of ati val ¢ 1€Q&dp lication hb.
W2004/ 033457 ( Eur opean Patent Publication 20 .. EP 1 55266 Al). OH O
ON~
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-(pyrrolidine-1-yl) 15
t] and Conpound 21

10 -tartaric acid salt

NO



OH -hydrochloric acid salt 41 OANO /Il v "OH -hydrochloric acid salt 2
[/ OH -tartaric acid salt 53 OHO - "N OH tartaric

OH >-~NT-~ O NO
4 OH VN-O ONV/ 11 10C]—It4<’51rtaric acid salt

acid salt
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‘hydrochloric acid salt
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\@o -
OH

‘tartaric acid salt
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\ OH .tartaric acid salt 6 OH N O OF OH-tartaric acid salt 5 7 OH
\/~INOF ,OOH-tartaric acid salt 8 OH N O 10 OH 'tartaric acid salt
Q 43 OH M O N OH hydrochloric acid sal4'51 10OH N ~OONOM O

o)
A
o

OH

‘tartaric acid salt

‘tartaric acid salt

0] QQ

‘hydrochloric acid salt

Cl

10 Cl -tartaric acid salt



hydrochloric acid salt 5 11 OH NMO NOC OH-tartaric acid salt 12 OH
D\NMO NF 10 OH -tartaric acid salt 13 44 OHNMONF OHtartaric
acid salt 14 OH NM O N M C]—Itartaricégcid salt 515 OH NO

‘tartaric acid salt

-tartaric acid salt

‘tartaric acid salt

10 ‘tartaric acid salt

Reference Example 1
Synthesis of N-(17-cyclopropylmethyl-4,5a-epoxy-3,14-dihydroxy-

morphinan-6-yl)-maleic imide-tartaric acid salt (Compound 22)



NO ~'"OH"'hydrochloric acid salt 16 OH >\NO NOC aOd 10 C
-tartaric acid salt 17 45 OHa,,'"N O OH-tartaric acid salt 18 OH N O
. ONOH tartaric acid salt 5 19 CH nz4,6No ~\N

e

22

‘tartaric acid salt

In DMF (30 mL), 800 mg (2.34 mmol) of 6B-naltrexamine was dissolved, and
252 mg (2.57 mmol) of maleic anhydride and 0.48 mL (3.50 mmol) of triethylamine
5 were added thereto, followed by stirring the resulting mixture at room temperature
for 1.5 hours. To the mixture, 0.53 mL (8.18 mmol) of methanesulfonic acid was
added, and the resulting mixture was stirred at 120 °C for 8 hours.  After allowing
the reaction solution to cool to room temperature, saturated aqueous sodium
hydrogen carbonate solution was added and the resulting mixture was extracted with
10 ethyl acetate. Organic layers were combined, washed with water and saturated brine,
dried over anhydrous magnesium sulfate, and concentrated to obtain a crude product.
The obtained crude product was purified by silica gel column chromatography to
obtain 141 mg (yield: 14%) of the free form of the captioned Compound 22, and the
obtained compound was converted to tartaric acid salt to obtain the captioned
15 Compound 22.
'H-NMR (ppm) (400 MHz, CDCl3)
6.70-6.75 (3H, m), 6.61 (1H, d, J = 8.0 Hz), 5.02 (1H, d, ] = 8.3 Hz), 3.8-3.9 (1H,
m), 3.08 (1H, d, J = 5.6 Hz), 3.04 (1H, d, ] = 18.3 Hz), 2.6-2.7 (3H, m), 2.3-2.4 (3H,
m), 2.12 (1H, dt, J = 12.0, 3.6 Hz), 1.4-1.7 (4H, m), 0.8-0.9 (1H, m), 0.5-0.6 (2H, m),
20 0.1-0.2 (2H, m) (free form)
Mass (ESI) : 423 (M+1)
Example 1

Analgesic Activity Test by Mouse Acetic Acid Writhing Method

To each male ddY mouse, each test compound or the vechicle was



/ 1l OHtartaric acid salt 20 OHO0 O 10 OH -tartaric acid salt 21

Ref erence Exanple 1 Synthesis of

N (17-cycl opropyl met hyl - 4, 5( x- epoxy- 3, 14-di hydr oxy- nor phi nan-6(3-yl)-nal eic
imde-tartaric acid salt (Conmpound 46 Oﬁ NO N OOj OH-tartaric acid
salt 22 In DVF (30 nL), 800 ng (2.34 mml) of 6f3-naltrexam ne was

di ssolved, and 252 ng (2.57 mmol) of maleic anhydride and 0.48 nL (3.50

mol ) of tri equbyhtaidonsly aBmiEtereadsl 86l adhidi@laBon LohRWED. ML A0 4 oLy t he
resulting mxture at roomtenperature for 1.5 hours. To the m xture, 0.53 niL

(8.18 nmmol ) OfeipBi han@sul hiaties 1A 0 1WaIS/10 2dded wedhdof MRb&SHbYJ BE,)M Xt ure
was stirred at 120 C for 8 hours. After allowng the reaction solution to

cool to room{epeiatiluBen Has Hﬁ@%&ﬂoﬁ&w%ﬁnﬁaweum PV @GR RuERERQTRL €
solution was added and the resulting mXture was extracted wth 10 et hyl

acetate. O gafinfinisaYGdSoMBE Scebie TBIANE AtioWARL RV IT WRLAL r@s?)@n drated
entrated to obtain a

brine, dried over anhydrous magnesium sul fate, and con

crude_proauCtpcha b ARhAINEHISHAGREAAYE! HASHOUELH BHnEY0 HlibhiEgwge!  col um
A of t e t he

chromat ography to obtain 141°ng (yield: 149 r formo _
captioned Corpoufd g th@QﬁjaI%cQﬁ: acﬂbﬁ?%@&amﬁ@% YR Ehe HRMRE bErififing artaric

acid salt to obtain the captione
response. The EDso value was evaluated by calculation of the dosage of test

compounds to halve the number of writhing response which was observed in vehicle
administration. 10% Aqueous dimethylsulfoxide (DMSO) was used as a vehicle for
10 test compounds 1,2,3,4,5,6,7,8,9,10,11, 12, 13, 14,15, 16, 17, 18, 19, 20, 21

and 22. 0.1% Citric acid / aqueous 5% xylitol was used as a vehicle for test

compounds 10f. The results are shown in Table 7 below.

Table 7
Test Compound EDso (mg/kg)
Compound 1 2.62
Compound 2 0.95
Compound 3 0.28
Compound 4 0.26
Compound 5 0.071
Compound 6 0.48
Compound 7 0.033
Compound § 0.03
Compound 9 0.14
Compound 10 0.031
Compound 10f 0.037
Compound 11 0.045
Compound 12 0.29
Compound 13 0.037
Compound 14 0.034
Compound 15 0.03
Compound 16 0.31
Compound 17 0.27
Compound 18 0.019
Compound 19 0.032
Compound 20 (control compound) >10
Compound 21 3.37
Compound 22 2.18




15 Conpound 22. ' HNMVR (ppm) (400 MHz, CDC13) 6.70-6.75 (3H. n), 6.61 (1H,
d, J=8.0 Hz), 5.02 (1H, d, J = 8.3 Hz), 3.8-3.9 (1H, n), 3.08 (1H d, J =
5.6 Hz), 3.04 (1 H, d, J = 18.3 Hz) 264287(3H m, 2.3-2.4 (3H, ), 2.12
(1H,dtJ=20,3.6Hz),1417(4H m, 0.8-0.9 (1 H n), 0.5-0.6 (2H,

m, 20 0.1-0.2 (2H, m) (free form Mass (ESI) : 423 (M+l) Exanple 1

Anal gesic Activity Test by Muse Acetic Acid Withing Method To each mal e
ddY nouse, each test conpound or the vechicle was 47 subcutaneously

adm nistered in an adm nistration volunme of 0.1 nL/ 10 g body weight.
Fifteen m nutegah@eer, 0.1 m /10 g body wei ght of aqueous 0.6% (v/v) acetic
acid solution was intraperitoneally adnlnlstered From 10 m nutes after the

a_dm nistrati Oﬂnﬁﬁest@?&cﬁ{;@%l"é‘st B%P@Fg&ldﬁdc&p 11b Ef MRfno$f 1 thing response
(i.e., the 5 behavior en t the body)
during 10 m nutes Y&gachGRMAHEY mARE éa@l?te@tné‘)ln%ﬁ%hﬁ of"ﬁlte'\)éhfc}’ew@ss eval uat ed

based on the nunber of withing response Dso val ue was eval uat ed by

cal cul at 5on ofybkfignSRERIENRhistRAtn aﬁgﬁmﬁﬁ'sgﬁliﬁoﬁgoﬁﬁle O?Otp%&%%%pf writhing

response whi ch was obsérved 1 n vehicle mnistration

Qi methyl sul Toxtidey ( BYRED mifiRediger pason WERGhALAY MhiSelGonaunds 1 2. 3

4 5 6 10, 1T

0 1% aliri ¢ e holus SRUROIAY 0 Vel 651 HERSh B8, A8 Al 39’?12%-

conpounds | he resu are shown 1n

Conpound EDs Ol"lgengfggi?rp vxgﬁ @Qgﬁgd] %y gco@%g t@)ﬁpﬁdﬁ@g ofe2h WRimAPUTRR Wth Fadd- 28

Conmpound 4 0. 26
of the body were stroked with a paintbrush according to the following criteria:

10 Score 0: no response
Score 1: slightly vocalized or disliked the stroking and escaped.
Score 2: loudly vocalized or disliked the stroking and ran about trying to shun, or
quickly escaped or flicked.
The evaluation was repeated for 40 minutes with 5 minutes intervals.
15 The results are shown in Figs. 1 to 4.
Example 3

Analgesic Activity Test by Rat Chung Model Method

Male SD rats of 7 weeks old were used. Rat Chung model animals were
purchased from Japan SLC (the nerve innervating the left hind limb of each rat was
20 ligated when the rat was 6 weeks old). One week after the nerve-ligation treatment
or later, the analgesic activity of each of the test compounds and the vehicle was
evaluated by the Dixson's Up-Down method (Non-patent Literature 4) using a
filament (North Coast Medical Inc. CA, USA) which exerted a pressure of 0.407,
0.692,1.202, 2.041, 3.630, 5.495,8.511 or 15.136 g.  The both plantar hind paws
25 were pressed with the filament for 8 seconds (von Frey test). During this
stimulation with the filament, if the rat showed avoidance response (raised, tapped or

licked the leg(s)), the rat was scored as "responded” (X), and if the rat did not show



Compound 6 0.48 Conpound 7 0.033 Conmpound 8 0.03 Conpound 9 0.14
Compound 10 0.031 Conpound 1O 0.037 Conpound 11 0.045 Conpound 12 0. 29
Conpound 13 0.037 Conpound 14 0.034 Conpound 15 0.03 Conpound 16 0. 31
Compound 17 0.27 Conpound 18 0.019 Conpound 19 0. 032 Compound 20 (control
conpound) >10 Conpound 21 3.37 Conpound 22 2.18 48 Exanple 2 Anal gesic
Activity Test by PG~a-induced Allodynia Mddel Method To each nal e ddY

mouse, each t&stavoREREUREpGHe theray Rk SdoBed VRS nEn-S4PGAH-ANEONS ! BeAAMHAI St er ed
in an adm ni stration voﬁﬁ%e of 0.1 nm./10 g bgdy geight. hir?@gﬂyﬁutes

| ater, PGF2a y@sinisthficl beGaldhys, 6HFRY st vadcaduded 8s6uteih tie PR VERIS

%Kin an
adni ni stration volune of 4 L/nouse, thereby inducing allodynia. The

al | odyni a wasthey 8hdhadres way o9 himthisthed! ePRONGEr R} 1 QA& ARFITR bot h
sides of the body mer% strokgd with a paintbrugﬁiaccord@%g tgd?ﬂg?follomdng

The Stroking ang coaam e e e Dy P PR ot ok ng
and ran gbout add %MIE {99 M&UPossiBle Effect = (Threshold weight value after the drug

administration - Pre Value)/(Cutoff weight (15.00 g) - Pre Value) , Each Value:

Calculated by the method according to the literature (Chaplan SR et al., Journal

Neuroscience Methods, 1994, Vol. 53, p.55-63)) was determined. The %MPE was

employed as an index of analgesic activity. The results are shown in Fig. 5.

10
Example 4
Analgesic Activity Test by Mouse Seltzer Model Method
Male ICR mice of 5 weeks old were used.  After anesthetizing each mouse
with pentobarbital, the sciatic nerve at the femoral region of the right hind limb was
15 exposed, and the sciatic nerve was triply ligated tightly such that only half thickness

thereof was pressed with silk suture of 8-0 (USP standard: NATSUME
SEISAKUSHO) under microscope. On the other hand, the mice each of which
sciatic nerve was exposed but not ligated were used as shams. One week after the
nerve-ligation treatment, using a filament (North Coast Medical, Inc. CA, USA)

20 which exerted a pressure of 0.02 g or 0.16 g, the both plantar hind paws were pressed
with the filament 3 times for 3 seconds/time with an interval of 3 seconds (von Frey
test). The escape behavior during this trial was scored (0: no response, 1: showed
slow and slight escape behavior in response to the stimulation, 2: showed quick
escape behavior without flinching or licking, 3: showed quick escape behavior with

25 flinching or licking), and the total of the scores obtained in the triplicate pressing trial
were used as the indices of the pain. Before the administration of the drug, von

Frey test was conducted to obtain the Pre value, and then each drug was orally



qui ckly escaped or flicked. The evaluation was repeated for 40 mnutes with
5 mnutes intervals. 15 The results are shown in Figs. 1 to 4. Exanple 3
Anal gesic Activity Test by Rat Chung Mddej, Method Male SD rats of 7 weeks
old were used. Rat Chung nodel aninmals were purchased from Japan SLC (the
nerve innervating the left hind linb of each rat was 20 |igated when the
rrat was 6 weeks old). One week after the nerve-ligation treatnent or |ater,
t he anal gesi cadaghisterddy dfheeaalFroftestheastpegbrie@imounsisurnbothRukehhg! 8o was
eval uated by the Di xson's Up-Down net hod (Non-patent Literature 4) using a
filament (NormhmuGsasbpdvbidlearorhite drGAadiipistranibh Gid ebeeddiefs of BE Aniveerof
0.407, 0.692, 1.202, 2.041, 3.630, 5.495, 8.511 or 15.136 g. The both

pl antar hi nd qvaliated5> Wae eesphesselowh IhFibhe dddl7ament for 8 seconds (von Frey
test). During this stimulation with the filament, if the rat showed

avoi dance response (raised, tapped or licked the leg(s)), the rat was
scored as "responded” (X), and if the rat did not show 49 any avoi dance
response5 theExaaiplaves scored as "non-responded” (0). Before the

adm ni stration of the drug, von Frey test was conducted to obtain the Pre
value, and tAgilelacAclitydreselsy Nedbhohi @HAh Medee MRehodNEnyY Dibbele8indiRSy Was
performed at 30 mnutes, 60 mnutes and 180 m nutes, respectively, after
the drug admpdtstration, 5 and %PE (% Max Possible Effect = (Threshold

wei ght value after the drug adm nistration - Pre Value)/(Cutoff weight

(15.00 g) - Pre Valfue)SD raeAst oMt old wetk G At gslabiyedtiRguddi:iedgccording to
the literature (Chaplan SR et al., Journal Neuroscience Mthods, 1994, Vol.

53, p. 55-63) )putemsdetemThReiRLd R 63NREs YRS 50 ﬁg}iaéggqxgﬁre?%z%cinf@%) Qs

anal gesic activity. The results are shown in Exanpl e 4 Anal gesic

Acti vityg Testin@%e%ﬁ@llﬁ@drﬁ&%ﬁeré@&ﬁde).Nbflt}@@wk@s%ﬁkgﬁe AH&hiQfatren\We Sy, ol d

were used. After anesthetizing each nouse wth pentobarbital, the sciatic
nerve at the Higgwglatost ¢BicPRaPlctéifinéd @1k aBtRidd B D'E8od glucose meter, and

those rats in which the blood glucose levels were not less than 200 mg/dL were
judged as diabetes-induced rats. Four weeks after the administration of STZ, the
analgesic activity of each of the test compounds and the vehicle was evaluated by the

15 Dixson's Up-Down method (Non-patent Literature 4) using a filament (North Coast
Medical Inc. CA, USA) which exerted a pressure of 0.407, 0.692, 1.202, 2.041, 3.630,
5.495, 8.511 or 15.136 g.  The both plantar hind paws were pressed with the
filament for 8 seconds (von Frey test). During this stimulation with the filament, if
the rat showed avoidance response (raised, tapped or licked the leg(s)), the rat was

20 scored as "responded” (X), and if the rat did not show any avoidance response, the rat
was scored as "non-responded" (O). Before administration of the drug, von Frey
test was conducted to obtain the Pre value, and then each drug was orally
administered. The von Frey test was performed at 30 minutes, 60 minutes and 180
minutes, respectively, after the drug administration, and %MPE was determined.

25 The %MPE was employed as an index of analgesic activity. The results are shown
in Fig. 8.

Example 6



15 exposed, and the sciatic nerve was triply ligated tightly such that only
hal f thickness thereof was pressed with silk suture of 8-0 (USP standard:
NATSUME SEI SAKUSHO) under microscope. On dhe other hand, the mce each of
which sciatic nerve was exposed but not ligated were used as shans. One
week after the nerve-ligation treatnent, using a filament (North Coast

Medi cal, Inc. CA, USA) 20 which exerted a pressure of 0.02 g or 0.16 g, the

both plantar Bidichtipaws Averity i REEeE Cydaloh Chged by 8B&Ex@BniibABSB k3
seconds/tinme with an interval of 3 seconds (von Frey test). The eScape

behavi or dur i Gging Mywetecirkl AnBsty 9 BkRehd] Obligee ABSRAMSEMudile 8bped sl ow and
slight escape behavior in response to the stinulation, 2: showed quick
escape behavi or wiTHwdetivity bNCHmPGurAr1 0f ik HeliBds cydial GEAMWE By AitEkugSE ARE _
behavior with 25 flinching or licking), and the total of the scores obtained

in the triplingédeduiessivity of Extainal yliRe Ub@shiasl hild Mdiype&sxRhsibhef pai n.
Before the admnistration of the drug, von Frey test was conducted to obtain

the Pre val uehladidof fHeRtheardd ras g andrleRoatHe\ySlgiRd M k@b @dentd Qs 4O Frey
test was perforned at 30 minutes, 60 m nutes and 180 m nutes, respectively,
from the drugsadeiineldtfemile Spragadhalee r§t§g¢DEA J@[IBant, Hﬁ;&%éigﬁng‘@ﬁ@to uat ed.
The results are shown in Figs. 6 and 7. Exanpl e 5 Anal gesic Activity Test
by Neur ogeni cwéaiugedvbdel ©Met hod Using Di abetes-induced Rats Male SD rats of
10 weeks ol d were used. D abetes-induced rats were purchased from Japan SLC

(at 6 weeks old, SOnhde@hkigttahe &.5-a0)aAQHREIaNa pSI)&hyNAS catled PELANGSI t Oneal |y
adm ni stered once). Three weeks after the adn1n|s¥rat|on of  STZ, bl ood

gl ucose | evelcywmettotwrisingeaed Witd thedldldech-sisaruiiP Hupder, dlpdpeas et er, and
those rats in which the bl ood glucose | evels were not | ess than 200 ng/dL

vere juglged cashettr #PE1160) foh BUGRD Ny FbRgidaPslindeak ssaftdEitd e btk hr ati on
of STZ, the analgesic activity of each of the test conpounds and the

vehicle was eyahpatdhilMet find S Hlck Safetsr W IiRtdaad thPRyHalbeRhl
Literature 4) uégﬁé a fifanent (hﬁrth %DgstSE%gg}ggl Inc.aﬁig US%) whi ch

exerted a pregiid o8fnoPledR fronth®9ide ofling@Fon. 2- Aédthetdr @ﬁ@{uﬁg adnfifRtratfhno11l or
e

15. 136 g. The both plantar hind paws were pressed wt
was indwelled in the femoral vein. The skin in the lateral ventral part was incised

and a bipolar electrode for electromyographic measurement was inserted into the

15 external oblique abdominal muscle and indwelled therein. A reservoir preliminarily
filled with physiological saline was connected to the catheter indwelled in the bladder
and held at a prescribed height to extend the bladder. The extension stimulus was
continued for 20 seconds. In cases where the stimulation is repeatedly given, the
interval between stimulation was 3 minutes. A bipolar electrode (needle electrode

20 for electroencephalography, NITHON KOHDEN) was connected to an
electromyograph amplifier (EMG100C, Biopac Systems), and a high cut filter (5
kHz) and low cut filter (100 Hz) were applied. Thereafter, the signals were taken
into an AD converter (MP-150WSW, Biopac Systems) and into a computer at 1 kHz,
and the myoelectric activity was recorded using the special software (AcqKnowledge

' 25 3.8.1, Biopac Systems). The intravesical pressure was measured using a pressure

transducer (AP641G, NIHON KOHDEN) and a general purpose amplifier (DA100C,

Biopac Systems). The halothane level was adjusted such that a stable myoelectric



filament for 8 seconds (von Frey test). During this stinmulation with the
filament, if the rat showed avoi dance response (raised, tapped or |icked
the leg(s)), the rat was 20 scored as "regponded” (X), and if the rat did
not show any avoi dance response, the rat was scored as "non-responded” (0).
Bef ore adm nistration of the drug, von Frey test was conducted to obtain
t.he Pre value, and then each drug was orally adm nistered. The von Frey
test was per fativRd vak oBRinEH bieR&nsi6R atd pretise NTD 8,0, MnAWk&Sthe d atively,
after the drug adm nistration, and %WPE was deterni ned. 25 The %PE was

enpl oyed as antravdeyslphdmnadigresdi CTRatiner thypertR@ngies bl bladddr evas hepwatedifor Fi 9.

8. Exanple 6 51 Evaluation of Activity to Relieve Cystal gia Caused by

Hyper ext ensi o4t l&dst B) adslees. Usi ng Myoel ectric Activity of External Oblique
Abdom nal Muscle as Index The activity of Conmpound | O to relieve cystalgia
was eval uated usi nphd drag wiy dBkeloEd intag@ediis\s4 Yylabl-eRL %N di@ic aefdl doliuRnakdon nal
nmuscl e in hyperextension of 5 bladder of anesthetized rats as an index of

the cystal gi athe hBmidigrivpebiviegs 0.3mil/Re. IHrewaedn dTiti hensdraf Spikague- Dayl ey
rats (CLEA Japan, Inc.) weighing 300 to 360 g were used. Under hal ot hane

(2.5-4% anesdiifigithe twic®BIpead:ttspnefGaldaet iefmddPizel Qefdr®the d@ﬁ(%t onetry was
inserted into the bl adder transurethrally. Further, a polyethylene 10

cat heter (PE-ddd@histrafiod whd ddTheRBY SleQlaR@iRRIre SRl AhiNEEationS EMhREgithd 0 t he
bl adder fromthe apex of bl adder donme. Each catheter was tightly ligated so

that physi ol oglg@befoeahd g Aasnistedtioh @8k 00%0iNe thghgsiih eGfunibes 6f §filkR. A
catheter for drug admnistration was indwelled in the fenoral vein. The

skin in the |gte@hamingniioabl BRIdrupRas hotelasies. aMd riedniditedhafbE@tthode for
el ect romyogr aphi ¢ neasurenent was inserted into the 15 external oblique

abdoni nap nusglebaRd spiReMB] the dotsBartRieMhreétinRs BYpedterRicdl daffiddasit |y filled
wi th physi ol ogi cal saline was connected to the catheter indwelled in the

bl adder and jghélidklybeRire SEkftdrad-hHiRu@h kintepottiRng tHehRuPhdaidesratidh ¥as
extension stimulus was continued for 20 seconds. |In cases where the

stinul ation igsiagReatadine dhy effect W6 andlddEsvaiillipgt w@en stinul ation was 3
m nutes. A bipolar electrode (needle el ectrode

As shown in Table 7, Compound 10f dose-dependently and significantly
inhibited the myoelectric activity. The minimum effective dose was 0.01 mg/kg.

15 Table 8

Action of Compound 10f on Myoelectric Activity of External Oblique Abdominal
Muscle by Hyperextension of Bladder

Rate of Inhibition of Myoelectric Activity

Drug Dose ?nl;EZIes rof (Numbgr of Spikes) of External Oblique
Abdominal Muscle
(mg/kg, iv) (vs. before administration, %)
Vehicle 9 -19.4£19.9
Compound A 0.003 6 59+£11.5
0.01 6 42,4 +21.1*
0.03 7 64.3+£17.2*

The data represent mean + standard error.
*P<0.025 (significance vs. control group treated with vehicle, Williams test)
. Industrial Availability
The analgesic according to the present invention has a very high analgesic

20 effect, may be applied to various types of pain ranging from acute pain to chronic



20 for el ectroencephal ography, N HON KOHDEN) was connected to an

el ectronmyograph anplifier (EMG1L000, Biopac Systens), and a high cut filter
(5 kHz) and low cut filter (100 Hz) were,applied. Thereafter, the signals
were taken into an AD converter (MP-150WW Biopac Systens) and into a
conputer at | kHz, and the nyoelectric activity was recorded using the
speci al software (AcqKnow edge 25 3.8.1, Biopac Systens). The intravesi cal
pressure was paasured using a pressure transducer (AP641G N HON KCOHDEN)
and a general purpose anplifier (DA1OOC, Biopac Systens). The hal ot hane

| evel was adjusted such that a stable nyoelectric 52 activity was obtained
by extension at a pressure of 50 cnH2O and then the drug was intravenously
adm ni stered. Thereafter, hyperextension of bl adder was repeated for at

| east 20 m nutes. The drug was dissolved in agqueous 5% xylitol-0.02%citric
acid solution, and 5 the adm nistration volunme was 0.5 nL/kg. The nean of
the nunber of spikes during the tw ce hyperextension of bladder imrediately
before the drug admnistration was defined as the val ue before drug

adm ni stration. Taking the value before the drug adm nistration as 100%
the change in the nunber of spikes after admnistration of the drug was
normal i zed. The nean of the change in the 10 nunber of spikes by the
consecutive three times hyperextension carried out imediately before or
after 15-mnutes tinme point fromthe drug adm nistration was cal cul at ed,
and the drug effect was analyed by Wllians test. As shown in Table 7,
Compound | O dose-dependently and significantly inhibited the nyoelectric
activity. The m nimum effective dose was 0.01 ng/kg. 15 Table 8 Action of
Compound 10f on Myoelectric Activity of External Oblique Abdom nal Miscle
by Hyperextensi on of Bl adder Nunber of Rate of Inhibition of Myoelectric
Activity Drug Dose animals (Nunmber of Spikes) of External blique

Abdom nal Muscle (ng/kg, iv) (vs. before adm nistration, %



Vehicle 9 -19.4 19.9 Conpound A 0.003 6 5.9 11.5 0.01 6 42.4 21.1* 0.03
7 64.3 17.2* The data represent nean standard error. *P<0.025
(significance vs. control group treated with vehicle, WIllians test)

| ndustrial Availability The anal gesic acgarding to the present invention has
a very high analgesic 20 effect, nay be applied to various types of pain
ranging fromacute pain to chronic 53 pain. 54 CLAIMS 1. An anal gesic
conprising as an effective ingredi ent agLagpyghi nan derivative having a

ni t rogen-contai ni ng heterocyclic group, represented by the Formula (1): R

R2 N - R10 RI13 Rl inaigedicRbAp¥i¥m Bs?')ﬂf effecti®d ikdrddien Al MbYPhRiaR dBlivdtSehydr ogen,

Cl-C5 al kyl, C4-C7 cycl oal kyl aI kyl", -C3 cycl oal kenyl al kyl , C6-Cl12 aryl,
C7-C13 aral k)h'avm@?a If;&ogénk@ﬂi’dlmn% Hét@fb)éﬂ/(ﬁlc@fbuﬂ,‘i‘éb%s%h@d bl ik W%‘H apf car bon
atons in the alkyl noiety is 1 to t hi'enyl'al' kyl (whérein the nunber of

carbon atons in the
nunmber of carl;tﬁ

i ndependent |y hy
aral kyl oxy or Cl

ab kyl noiety |s 1to 5) or pyridylal kyl (wherein the

5. in the alkyl noiety is 1 to 5); 10 R2 and R3 are
fpydrogy, Cl-C5 al koxy, C3-C7 al kenyl oxy, C7-Cl3
Ramoyl ofy; -X- is C2-C7 al kyl ene, C2-C7 al kenyl ene or
e~ar bon

(R,

5 [wherein R'is hydrogen, C1-Cs alkyl, C4-C5 cycloalkylalkyl, Cs5-Cg
cycloalkenylalkyl, C¢-Cy, aryl, C4-Cy3 aralkyl, C3-C alkenyl, furanylalkyl (wherein
the number of carbon atoms in the alkyl moiety is 1 to 5), thienylalkyl (wherein the
number of carbon atoms in the alkyl moiety is 1 to 5) or pyridylalkyl (wherein the
number of carbon atoms in the alkyl moiety is 1 to 5);

10 R? and R? are independently hydrogen, hydroxy, C;-Cs alkoxy, C3-C5 alkenyloxy,
C4-C, 3 aralkyloxy or CI-C5 alkanoyloxy;
-X- is C»-C5 alkylene, C,-C- alkenylene or C,-C5 alkynylene, (one or more carbon
atoms therein may be replaced by nitrogen, oxygen and/or sulfur atom) constituting a
part of the ring structure;

15 Y represents valence bond, -C(=0)-, -C(=S)-, -S(O)-, -S(05)-, -N(-R*)-, -C(=0)-N(-R%)-
or -C(=8)-N(-R*)-;
R*is hydrogen or C;-Cs alkyl;
k is an integer of 0 to §;
R’ is(are) (a) substituent(s) in the number of k on a cyclic structure, which

20 independently is(are) fluoro, chloro, bromo, iodo, nitro, C;-Cs alkyl, C;-Cs
alkylidene, C5-C13 cycloalkylalkyl, C7-C3 cycloalkylalkylidene, Cg-Cy; aryl, C7-Cy3

aralkyl, C7-Cy3 aralkylidene, C4-C, aryloxy, trifluoromethyl, trifluoromethoxy,



atons therein may be replaced by nitrogen, oxygen and/or sulfur atom
constituting a part of the ring structure; 15 Y represents val ence bond,
-¢(=0-, -(=5)-, -S(Q-, -S(02)-, -N-R')-, -G=0-N-R- or -¢(=S)-N(-R)-;
R4 is hydrogen or Cl-C5 alkyl; k is an isgteger of Oto 8, R5 is(are) (a)
substituent(s) in the nunber of k on a cyclic structure, which 20

i ndependently is(are) fluoro, chloro, brono, iodo, nitro, Cl-C5 alkyl, C-C5

e, ot oty S EoCeOIS e S 52
[ ) i ' 2) pS( O R7,

(G2) b3 ) R S SR AR SRS R G 8) bowre

CH2) pS(O N 2 T !

( G2y b R8) oS QPR RS bRy 2 B TR T i R R O TR umber o

K. Lo R5s DS NRYREO SRS WSl BV Tl b, SR L4, AL o

cooperatively r et es atom t'o form carbonyl “or "su &i de, or
atom to Tor m R SeaPRaRyT o 8PSl Al AREEAREIATLY ERIAE G 0Bl oy '
cooperat | vel Vb aRL b FHRERE TR0 BShL S0 e P SRS, 5
cooper et vl e LA BaDE b X A PRI B BLESORIE LEXECERIRETS,
orelohePtono gl Sk ERE KRR LSRN b S0 BT Pl ) 2o
R o L)
oy o2y e 0 ey TR G R D Ry ) .
(GH2) pN( R8) S(F%g?"iﬁ@‘;gt%g f?%%%%@ﬁg%ﬂoh(g%@ F%ﬁ%;ﬁg‘mo’(c%%ﬂ%ém dr
cyclohepteno, each of these rings formed with said two Rs bound to adjacent carbon
atoms being non-substituted or substituted with 1 or more R6s;
R6(s) independently is(are) fluoro, chloro, bromo, iodo, nitro, C;-Cs alkyl, C7-Cy3
15 aralkyl, trifluoromethyl, trifluoromethoxy, cyano, C¢-C; aryl, isothiocyanato,
(CHo),SR, (CH,),S(O)R’, (CH,),8(02)R’, (CH,),OR’, (CH,),C(=O)R’, (CH,),OC(=O)R’,
(CH,),COR", (CH,),S(O)NR®R’, (CH,),S(02)NR’R’, (CH,),C(=0)NR’R’, (CH,),NR’R’,
(CHy),N(R®)C(=0)R’ or (CH,);N(R*)S(0,)R’;
pisan integer of 0to 5;
20 R7, R® and R’ are independently hydrogen, C;-Cs alkyl, C3-C; alkenyl, Cg-Cy; aryl,
or C7-C3 aralkyl;
R'? is hydrogen, C;-Cs alkyl, Cy-Cs alkenyl, C-Cy3 aralkyl, (CH,),OR’ or
(CH,),CO,R’ (wherein p and R’ represent the same meanings as described above),
R11 and R12 are bound to form -O-, -S- or -CH>-, or R11 is hydrogen and R12 1s
25 hydrogen, hydroxy, C;-Cs alkoxy or C;-Cs alkanoyloxy;
R and R cooperatively represent 0xo, or R is hydrogen and R"is hydrogen,

hydroxy, C;-Cs alkoxy or Cy-Cs alkanoyloxy]



20 R7, R8 and R9 are independently hydrogen, Cl1-C5 al kyl, C3-C7 al kenyl,

C6-Cl12 aryl,

or C7-Cl13 aralkyl; R10 is hydrogen, Cl1-C5 al kyl, C2-C5

al kenyl, C7-C13 aral kyl, (CH2)pOR or (CH2)pCRRR7 (wherein p and R7

represent the sane neani ngs as described gpove); RIL1 and R12 are bound to

form-0-, -S
Cl- G5 al koxy

or R13 is hyq;q9@maRdufaflylasc éﬂ)’l@&?&‘addi@é&g&w&r{eregp—f% al koxy or Cl1-C5

or -CH2-, or R11 is hydrogen and R12 is 25 hydrogen, hydroxy,
or Cl-C5 al kanoyl oxy; R13 and R14 cooperatively represent oxo,

al kanoyl oxy] 56° or a pharnaceutically acceptable acid addition salt

XITS oo Vel oengaes R RER (el Suedn 900 FLfiohd &@5?%&5 ??-% "o %
R S S R U e

part of the r
k on the -X-,

4% SRR S0 o AR gy € B

cycl oal kyl al Kyl'i

ene, ar al' Ky

) oS e SLATP AB acRB L BLBR BB ST
R i h J , |

L A A R A T ol R
T
b d dj i 7 [ sSUbSt o d wth
bound 10, 20, QeRRloR gl TR A0 PR L Ryl 29 W

respectively,
cycl obut ano,
cycl ohept ano

nitro, Cl1-C5

i sot hi dRyAb (R pesbS TR ks e D) SRS HECr) PrRRO o

(CH2) PN(R8) O

(2] P 8 BSOS BB CR R,
cgltl%bgﬁtgno,w&z;}?én?erfopcﬁ%h%xaﬁ%r, Q}gl&he%ﬁd, C?gféhép%ng?or 20 al kyl ene

according to
al kenyl ene.

15

20

25

cyclohepteno, each of these rings formed with said two Rs bound to adjacent carbon
atoms being non-substituted or substituted with 1 or more R6s;

R6(s) independently is(are) fluoro, chloro, bromo, iodo, nitro, C;-Cs alkyl,
trifluoromethyl, trifluoromethoxy, cyano, C4-Cy; aryl, isothiocyanato, (CH2)pOR7,
(CH,),C(=0)R’, (CH,),CO,R’, (CH,),NR*R? or (CH,),N(R®)C(=0)R?,

R® and R are independently hydrogen, C;-Cs alkyl or C7-Cy3 aralkyl; and

both R'* and R'* are hydrogen.

3. The analgesic according to claim 2, wherein in said Formula (I), -X- is C,
alkylene or alkenylene.

4. The analgesic according to claim 1, wherein in said Formula (I), -X- is C5-C4
alkylene or alkenylene constituting a part of the ring structure; Y represents valence
bond or -C(=0)-; kis 1 or 2; R is(are) C1-Cs alkyl, C;-Cs alkylidene, C7-Cy3
cycloalkylalkyl, C7-Cy3 cycloalkylalkylidene, C¢-Cy; aryl, C7-Cy 3 aralkyl or C4-Cy3
aralkylidene, or two Rss, among R’s in the number of k, bound to adjacent carbon
atoms, respectively, cooperatively form benzo, pyrido, naphtho, cyclopropano,

cyclobutano, cyclopentano, cyclopenteno, cyclohexano, cyclohexeno, cycloheptano

or



4. The anal gesic according to claim1l, wherein in said Formula (1), -X- is
C2-C4 al kylene or al kenylene constituting a part of the ring structure; Y
represents valence bond or -C(=0-; kis 1 or 2; R5S is(are) Cl1-C5 al kyl,
Cl-C5 al kylidene, C7-C13 cycl oal kyl al kylsy C7-C13 cycl oal kyl al kyl i dene,
C6-Cl2 aryl, C7-C13 aral kyl or C7-Cl13 25 aral kylidene, or two R5s, anong R5s
in the nunber of k, bound to adjacent carbon atons, respectively,

cooper at i vel YorfcpslBhdRaEn cadbuTitkiRe ringPfdifed wethGhidRHo FER BoundMcddpdeeh@ano,

cycl opentano, cyclopenteno, cyclohexano, cyclohexeno, cycloheptano 57 or
cycl ohept eno,caftRghitdths baﬁ%ﬁoﬁ-sm’aw&@rmdbymﬁted saihdl $rRoBTE sPR Ryt gedl acent
carbon atons bei ng non-substituted gr sggstituted wth 1 or nore R6s; R7 is
hydrogen,  nah&ll, edyhplopyPsiiehyloR” BRERY krideféhdently 8 Hyaepensenill shal e

hydr ogen, nethyl,setzyP, propyl or benzyl; gﬁh R10 isyﬁggrpgen?§C1-%%_ _

al kyl, allyl @epherbyzyl:andR' rsq]aft%bg,ecsll-gs al(kzl?ﬁﬂylﬂﬂbbﬂz laim4, wherein in
said Fornul a (|§, Rl hydr ogen, - C7 cycl oal kyl al kyl, -C8

cycl oal kenyl & kyl ,Tlféeanﬁrgasi_awdordaﬁ%é&lﬁﬁl &\eeth in BB FermuTB (YR, hyRkrébeh,
ethylidene, propyl, propylidene, butyl, butylidene, benzyl, benzylidene,

net hyl benzyl ,cpeEbydl&ﬂmmkyld@@@,; dyblegkengneyl ¢ id,yer0benzyl adead; R’ is
trifluoronmethoxybenzyl, trlfluoronethoxybenzylldene, phenet hyl ,

phenet hyl i dengiethyll Bthgl ethghigsns! pbiy nopyu@elnﬁ,hﬁfsyll, By denk desneyl, Bélﬁ?ﬁeréhepr

chl orophenoxy, or two R5s, anong s In the nunber of k, bound to adjacent

car bon at ons,méBgIBERAYI, Réthylberz9 RSk Mhorebehzy 0 b IREBZAidéne! | do, napht ho,
cycl opropano, cycl obutano, cyclopentano, cyclopenteno, cycl ohexano,

cycl ohexeno, tﬁﬂﬁb@ﬂ%ﬁ@@er&&l,@H@d&&ﬁ%@%en@ﬁfél@n@fpheﬂéﬂ%g,%}feh&ﬁﬂidéﬂéﬁed with

said two R5s bound to adjacent carbon atons bei ng non substituted or

substi tug ed WybRhdx@heli9l, RyEoxyRidhyRbndMheithd @IcBlobHRAoH0 of BFGR Q-  or
R11 is hydroggn aﬁgqﬁﬁggisyhydﬁggen, hygrgﬁﬁ or ngthoxy. G?D%he anal gesi c

accor di ng to dhcgR 3 in MeefuBIRr bk, YLAY fooddpaeest datbon a?émé,ses[peat%ggen,
cycl opropyl nmet hyl, 2-cycl opropyl et hyl, 3-cycl opropyl propyl, 4-

cycl opropyl budoyberaGyedy ittt benaB Yo, €apeiRPEROPrSRInbYéycldbvtdne hex¥dpertahly,) . 20
cycl obut enyl net hyl , 2-cycl obut enyl et hyl, 3-cycl obut enyl propyl,” phenyl,

Too R4 hound Tt o e R Car Do e Peena T oo il 3 form
benzo, pyri dapededipt Btmed with said two R’s bound to adjacent carbon atoms being non-

15 substituted or substituted with 1 or more R6s; and R'! and R'? are bound to form -O-,
orR'is hydrogen and R is hydrogen, hydroxy or methoxy.

6. The analgesic according to claim 5, wherein in said Formula (I), R'is
hydrogen, cyclopropylmethyl, 2-cyclopropylethyl, 3-cyclopropylpropyl, 4-
cyclopropylbutyl, cyclobutylmethyl, cyclopentylmethyl, cyclohexylmethyl,

20 cyclobutenylmethyl, 2-cyclobutenylethyl, 3-cyclobutenylpropyl, phenyl, naphthyl,
tolyl, allyl (not included in definition) or prenyl; k is 2; and two R’s bound to
adjacent carbon atoms, respectively, cooperatively form benzo, pyrido, naphtho,
cyclopropano, cyclobutano, cyclopentano, cyclopenteno, cyclohexano, cyclohexeno,
cycloheptano or cyclohepteno, each of these rings formed with said two R’s bound to

25 adjacent carbon atoms being non-substituted or substituted with 1 or more RSs.

7. The analgesic according to claim 6, wherein in said Formula (I), R'is

hydrogen, cyclopropylmethyl, cyclobutylmethyl, allyl or prenyl; R” and R’



cycl opropano, cycl obutano, cycl opentano, cycl openteno, cycl ohexano,

cycl ohexeno, cycl oheptano or cycl ohepteno, each of these rings fornmed with
said two R5s bound to 25 adjacent carbon atons being non-substituted or
substituted with | or nmore R6s. 7. The agyl gesic according to claim®6,
wherein in said Fornmula (1), RL is hydrogen, cycl opropyl nethyl,

cyclobutyl methyl, allyl or prenyl; R2 and R3 58 independently are hydrogen,
hydr oxy, met hiadypenaédiBxre hydrbydr kydrobg Azefhoxyyeth@&6e RNy xy, MenB OB}, Q0S¥ - X-

is ethylene, vinylene, propylene or propenylene; two R5s bound to adjacent

carbon at oms, o 6piesbtY EKYis eSpe] Ahylved, grcfptyreﬁb bEpRPeR ey BlOREXBARI t§ach
of these rings forned with said two R5s bound to adjacent carbon atons bei ng

non 5 substi tadjsdnosarisonagdmt, ttgdctively) cdopetate REBim BdndoSorltyeloRé@No Mdachet hyl ;
and RI 1 and R12 are bound to form-0-. 8. The anal gesic according to claim

7, wherein i nofxaésd rires thid Wil sall tvioSR sty dh@ BEdHj ace M Cd PR §BERY hon-
cyclobutyl nethyl or allyl; R2 and R3 independengly are hydrogen, hydroxy,

met hoxy or aceibetimted-ofsubsiitMbdyiBNas 4R %R G Ffdrogent Mandts; 4R RBuRd R'®
adj acent carbon atons, respectively, cooperatively formbenzo which is
non- substi t ut gd beundwasimtoted with 1 to 4 R6s; R6(s) independently is(are)
fluoro, chloro, brono, iodo, nitro, nmethyl, ethyl, propyl, benzyl, hydroxy,

net hoxy, ethogy, THkd{da §i@fé€édﬁaﬁh§ ;t]c; Elhild OKRYEH RO XMd FGM%Q(I%,)F}F’SEY"

hydr oxynet hyl , hydroxyethyl, isofhiocyanato, nercapto, net i 0,

net hyl sul fi nyhydr hociopr b thyll ey BRI WAILyl;%WmBMendently are

nmet hoxyet hyl , "acet oxy, phenoxy, nethoxycarbonyl, ° et hoxycarbonyl,

met hoxycar bonydigddny hydr&h erenfoas e Rk byl is vitidn@meyl .c=d) ey h s ul f amoyl ,

di met hyl car barioyl”, dinet hyl am no, di nmet hyl ami nonethyl, di nét hyl ami noet hyl ,

anmi no, aget andiRd 16 aghedrt DABERY ﬁwins%%ﬂéeﬁ@ﬂ,%uﬂ)éramm % beRdPwhrnhydr ogen;
and both R13 and R14 "are hydrogen. 20 9. e anal gesic according to claim1l

to 8, wherei mdhgibkfi@alddduidhied With 1944 RORRAS iH@ép@nd&it@l?ﬁsliefﬂﬂ&!a[ al gia or
chronic pelvic visceral pain. 10. A nethod for relreving or allaying pain,

conpri sing adglfroSb@dNbddNnigthf @ethiyV ethyR mp?t, bRhzZyANE dRxy TRER0RY, iy,

nor phi nan derivatives having a nitrogen-confaining "hetérocyclic group and

the phar maceugifRdldnyetRACeiRfudRInt Ry A6l gheRy], Bidrbxyinheky Hydroxyethyl,
isothiocyanato, mercapto, methylthio, methylsulfinyl, methylsulfonyl,

15 methoxymethyl, ethoxymethyl, methoxyethyl, acetoxy, phenoxy, methoxycarbonyl,
ethoxycarbonyl, methoxycarbonylmethyl, ethoxycarbonylmethyl, sulfamoyl,
dimethylsulfamoyl, dimethylcarbamoyl, dimethylamino, dimethylaminomethyl,
dimethylaminoethyl, amino, acetamino, acetaminomethyl or methanesulfonamide;
R is hydrogen; and both R" and R are hydrogen.

20 9. The analgesic according to claim 1 to 8, wherein the treating pain is
neuropathic pain, diabetic neuralgia or chronic pelvic visceral pain.

10. A method for relieving or allaying pain, comprising administering an effective
amount of one or more of the morphinan derivatives having a nitrogen-containing
heterocyclic group and the pharmaceutically acceptable acid addition salt thereof,

25 represented by in said Formula (I) recited in any one of claims 1 to 8.

11.  Use of the morphinan derivative having a cyclic amide or cyclic imide group,

or the pharmaceutically acceptable acid addition salt thereof, represented by said



25 represented by in said Fornula (1) recited in any one of clains 1 to 8.
11. Use of the norphinan derivative having a cyclic amde or cyclic imde
group, or the pharmaceutically acceptable acid addition salt thereof,
represented by said 59 Formula (1) recitgd in any one of clainms 1 to 8, for
t he production of an anal gesic.

Formula (I) recited in any one of claims 1 to 8, for the production of an analgesic.





