[Name of Document] Description [Title of Invention] QUATERNARY AMMONIUM SALT A
COMPOUNDS [Technical Field] The present invention relates to novel compounds having 132
adrenergic receptor agonist activity and muscarinic receptor antagonist activity. The present invention
also relates to pharmaceutical compositions comprising such compounds, processes and
intermediates for preparing such compounds, and methods of using such compounds to treat
pulmonary diseases. [Background Art] Medical treatment for chronic pulmonary diseases, such as
asthma and chronic obstructive pulmonary disease (COPD), commonly involves the use of
bronchodildrN 8 fSrieReBmsars e swidepread use are 132 adrenergic receptor (adrenoceptor)
agonists, such as albuterol, formoterol and salmeterol, and muscarinic receptor antagonists
(anticholinek B E8mBOAHEY SO IR BMAGHUNHD GO LTHEGB BekHpORts are typically
administered by inhalation. It has been known in the art that, for the purpose of treating chronic
pulmonary H@ﬁ%lﬁﬁﬁléﬂjlarly COPD, administering a 2 adrenergic receptor agonist and a
muscarinic receptor antagonist in combination is more effective as compared to administering each
drug alone. Howeveh&iREES BrbriBHeMiatb S Biesute daxehparape e mbavieades adeentggiecomes
complicated or difficult when two drugs are desired to be administered and they are respectively
dispensed iFE8RR) HiRLRMH HERs R BRIt SRSEPIARIMRRMISHHSATENG drdds &€ Highensed in
one inhalation device, the desired formulation may differ and the chemical or physical action between
the drugs niaySHARE HIHHEltED hakrERPac StRlceaRBRERBR ST ditgsuch compeMEdther hand,
compounds having both 132 adrenergic receptor agonist activity and muscarinic receptor antagonist
activity prodliEEBrEH ARG SRS D RYPPATE BiSHARIGPBREY Mt adishmathediy R tRsy gre single
molecules. Such disadvantages can be overcome by providing a drug of a single molecule having two
actions. FultifehForihds Butirdd emigne rbYedisr i tasier to co-formulate with another therapeutic
agent to create a triple therapy combination, it would be beneficial to a patient being treated.
Pharmacold§Rfigt HLMBnary tissue to which the drug is administered, the two actions are based
on single molecule pharmacokinetics, so that these two actions can be synchronically exhibited.
Moreover, side effetls aﬁbféﬁaé&afé&d%sp S8IO8HH P4 BIARADY o HELTGH i Lordrdhaffacokinetic
properties that cannat be achieved by combined use of two drugs or by a mixture of them. Such
compoundsS WhH SRSEHEI TRISUNBY Kadiig it d Gltfons, RATETSEEH 1BEBRET, FoF éienitle, in
Patent Docgmen%s éﬁo 6 and the Iilee. {owever, the(fe compounds CI% rly differ in structure from the
compounds’B&&GBL_H3H the p]rgéggﬁ fi6h PG AN B difet] [PatdRt DM &R Stent
Document 1%)nternationgl Publication '-\'Op WO/2§)O4/0074§6 lgP‘atentlDocgmae t %Lﬂt rnational
Publication r.%?f@%‘dlog%%@?tﬁ%@ﬁ Dg%uﬁigh&%?int PAESRA P dBficatfoi e 07’?(5!04/106333
[Patent Document 4] International Publication Nq. WO/“2008/096127%3atqr1 Document 5] International
publication N> L5007 1075 28 1E SR DB SAV Fites RS PLDTALNSA R WWel3osioosase

[Summary %]:11{1 %’i%%lj%%ﬁrOblL%g]séocg%pSood\tll%Csi Etl) et V%il(pg/l?}o tall rxﬂinistered by inhalation.

It has been known in the art that, for the purpose of treating chronic
pulmonary diseases, particularly COPD, administering a B2 adrenergic receptor
agonist and a muscarinic receptor antagonist in combination is more effective as
compared to administering each drug alone. However, since bronchodilators are
used as inhalants in many cases, dosing becomes complicated or difficult when
two drugs are desired to be administered and they are respectively dispensed in
two inhalation devices to be administered. In addition, when two drugs are
dispensed in one inhalation device, the desired formulation may differ and the

chemical or physical action between the drugs may make it difficult to maintain a
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An object of the present invention is to provide quaternary ammonium salt compounds having both 2
adrenerg c receptor agonist activity and muscarinic receptor antagonist activity. [Means for Solving the
Problem] As a result of diligent studies for achieving the above object, the present inventors have
found novel quaternary ammonium salt compounds having both 2 adrenergic receptor agonist activity
and muscarinic receptor antagonist activity and arrived at the present invention. That is, the present
invention is as follows. (1) A quaternary ammonium salt compound represented by general
formula (I): [Chemical Formula 1] (1) wherein R1 represents a hydrogen atom or an unsubstituted

C1-8 alkyl aroum: ggn{gﬁ{géggtéfq@qgl@ggpnd, unsubstituted C1.8 alkylene or C1-8 alkylene

substituted on carbon atoms by 1 to 2 oxygen atoms, unsubstituted C24 alkenylene, or unsubstituted

-0-ClA alkylene; o the other hand, compounds having both 32 adrenergic receptor agonist

activity and muscarinic receptor antagonist activity produce bronchodilator effects
through two distinct modes of action, although they are single molecuies. Such
disadvantages can be overcome by providing a drug of a single molecule having
two actions. Furthermore, since such a single molecule is easier to co-formulate
with another therapeutic agent to create a triple therapy combination, it would be
beneficial to a patient being treated. Pharmacologically, in pulmonary tissue to
which the drug is administered, the two actions are based on single molecule
pharmacokinetics, so that these two actions can be synchronically exhibited.
Moreover, side effects can be reduced by selecting a structural design which
confers pharmacokinetic properties that cannot be achieved by combined use of
two drugs or by a mixture of them. Such compounds, which are single molecules
having two actions, have been reported, for example, in Patent Documents 1 to 6

the

1

ike. However, these compounds clearly differ in structure from the
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compounds disclosed in the present invention.
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X represents a single bond, -0-, -00NR3-, -NR3CO0-, or -NR3CO-CH2-0-; where R3 represents a
hydrogen atom or an unsubstituted C14 alkyl group; Al represents a single bond, unsubstituted
C6_10 arylene or C6_10 arylene substituted with 1 to 4 substituents selected from the group
consisting of halogen atom, hydroxyl group, cyano group, nitro group, carboxyl group, trifluoromethyl
group, unsubstituted C46 alkyl group, unstibstituted C3..8 cyclbalkyl group, unsubstituted C1_6 alkoxy
group, unsubstitutcd C3_8 cycloalkyloxy group, mereapto group, unsubstituted C1_6 alkylthio group,
unsubstituted C34 cycloalkylthio group, amino group, unsubstituted mono(Ci _6 alkyl)am no group and
unsubstituted, di{Gh -6 @yhamipagroup, unsubstituted 5- to 10-membered heteroaryiene or 5- to
10-membered heteroarylene substituted with 1 to 4 substituents selected from the group consisting of

halogen atopydBeRXY! 1K Qv &Y M BEQUR e it proup, carboxyl group, trifluorornethyl group,
unsubstituted C14 alkyl grow?, unsubstituted C3_8 Cycloalkyl group, unsubstituted C1-6 alkoxy,

group, unsubstituted, 3% 6y 610K R B AW TTIBFCADIS SrOMRe MBSt alkylthio group,
unsubstituted C3_8 cycloalkylthio group, amino group, unsubstituted mono(C46 alkyl)amino group and
unsubstituted ifcHialkdamams aroyP. dnsHbistiiuied Skt alkylere-subsiiiutat onuasibatituted
C6-10 arylene where the substituents of the C610 arylene are 1 to 3 substituents selected from the
group consigiiRgot hatlagenistastiiygroxyl group, cyano group, nitro group, carboxyl group, tr
fluoromethyl group, unsubstituted C1_6 alkyl group, unsubstituted C3_8 cycloalkyl group,
unsubstitutediednd RIKSKGreURcUnsstiyted C3_8 cycloalkyloxy group, mercapto group,
unsubstituted Ci _6 alkylth o group, unsubstituted C3_8 cycloalkylthio group, amino group, unsubst
tuted mono(Ci_b alkyflanméiaigrougi apehynsustitutecheiiedind alkydrninegserphenstistiiuted Ci
alkylene-substituted or unsubstituted 5- to 10-membered heteroarylene where the substituents of the
5- to 10-membered-heigroasylianadrel 4 ta3radbplienis selesiad- Fapoheignesp consigting of
halogen atom, hydroxyl group, cyano group, nitro group, carboxyl group, trifluoro methyl group,
unsubstituted:eides @Ikcgaup, dgasuirstityiedCand eyctoatiylgreuppisastipsiisiieid &ek6/aloxy group,
unsnbstituted C3_8 cycloalkyloxy group; mercapto group, unsubstituted C16 alkylthio group,
unsubstituted Car8 eycloatsyhificcgranpesioino group, unsubstituted mono(C1,6 alkyl)amino group
and unsubstituted di(C1,6 alkyl)amino group, or unsubstituted C3_8 cycloalkylene or C3_8
cycloalkylene substirtitedsyithe btos3auibstiuanis saelefiadWram the group consisting of halogen and
unsubstituted CI _6 alkyl group; R4 represents unsubstituted C1_10 alkylene; Rs and R9 each
independently represéntia halngenatoamaeyana giolupcampmsudstityiedesatd absy| geagpaia nitro
group, -NR1R11 where R19 and R11 each independently represent a hydrogen atom or an
unsubstitutédr@h 16 @)kyl group, an unsubstituted C16 alkoxy group, a carboxyl group, an
unsubstauted alkoxycarbonyl group, a hydroxyl group, a trifluoromethyl group, a mercapto group, or an
unsubstitut¢leenadikey Ifiongrbup] a and b each independently represent an integer of 0 to 3; Y
represents a group represented by formula (Il): [Chemical Formula 2]; Q represents formula OW:
[Chemical Formula 31

(R®), ¢
9) \/\ A’ /N\/\Y
o LN _Jreex e
07 N
1
R = -'____(RQ\
- S ] /b
(1)
wherein

R' represents a hydrogen atom or an unsubstituted C, 5 alkyl group;

R’ represents a single bond, unsubstituted C,.3 alkylene or C,s alkylene
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(1) wherein R6 and R7 each independently represent an unsubstituted C 1 _6 alkyl group or a
C1_6: alkyl group substituted with | to 4 substituents selected from the group consisting of halogen
atom, hydroxyl group and unsubstituted C1_6 alkoxy group, or an unsubstituted C8 10 phenoxyalkyl
group or a C8_10 phenoxyalkyl group substituted with 1 to 4 substituents selected from the group
consisting of halogen atom, hydroxyl group, unsubstituted C1_6 alkyl group and unsubstituted C _6
alknxy group; R5 represents an unsubstituted C 1 _6 alkyl group or a C1_6 alkyl group substituted
with 1 to 4 substituents selected from the group consisting of halogen atom, hydroxyl group and

unsubstituted <@ @IKSXY AR 26 AR HUO1Bf R 3827 RE May:R& Rewaddo faim A n

represents an integer of 0 to 2; and m represents an integer of O to 3; IAr represents a negative ion; or

a pharmaceyticallyrRceeRi@bissalt theigale;  (2) The quaternary ammonium salt compound Or
pharmaceutically acceptable salt thereof according to (1), wherein R2, X, and Al are any of the

following (i) to (iv): x relﬁ'&)eﬁé%@arﬁﬁ%mso@@pg@.pO@@NiiSa!Km@ip%ﬁit%@@@mt@n, atom by

an oxygen atom, unsubst tuted Clis alkylene, or unsubstituted -0-C) A alkylene; X represents -0-; A1

represents mmglgﬂoaa!;ﬂ&emsm%wg&%ﬁm% unsulifdteFPOIESHMip YasHpstituted C,4
alkylene, unsubstituted C2-4 ain,ny ene, or unsubs utedalkylene; X represents -CONR3-; represents a

single bond, unsubgitutgsl phenylengs prRsHESH ituiedibitthalkylens;unsubstityted phenyrae, or

unsubstituted C6.5 cycloalkylene.
substituted with 1 to 4 substituents selected from the group consisting of halogen
atom, hydroxyl group, cyano group, nitro group, carboxyl group, trifluoromethyl
group, unsubstituted C,;, alkyl group, unsubstituted C;g cycloalkyl group,
unsubstituted Ci.¢ alkoxy group, unsubstituted C;_g cycloalkyloxy group, mercapto
group, unsubstituted C,_¢ alkylthio group, unsubstituted C;.g cycloalkylthio group,
amino group, unsubstituted mono(C, ¢ alkyl)amino group and unsubstituted di(C;
alkyl)amino group, unsubstituted 5- to 10-membered heteroarylene or 5- to
10-membered heteroarylene substituted with 1 to 4 substituents selected from the
group consisting of halogen atom, hydroxyl group, cyano group, nitro group,
carboxyl group, ftriflucromethyl group, unsubstituted C;, alkyl group,
unsubstituted C;3 cycloalkyl group, unsubstituted C;, alkoxy group,
unsubstituted C;3 cycloalkyloxy group, mercapto group, unsubstituted C;.¢

alkylthio group, unsubstituted Cs cycloalkylthio group, amino group,

unsubstituted mono(C,;.¢ alkyl)amino group and unsubstituted di(C;_s alkyl)amino

the substituents of the Ce.1 arylene are 1 to 3 substituents selected from the group
consisting of halogen atom, hydroxyl group, cyano group, nitro group, carboxyl

group, trifluoromethyl group, unsubstituted C,¢ alkyl group, unsubstituted Csg

cycloalkyl group, unsubstituted C;, alkoxy group, unsubstituted Cjzg



(i) R2 represents unsubstituted C,4 alkylene; X represents -NR3CO- or -NR3CO-CH2-0-; Al
represents unsubstituted phenylene. (iv) R2, X, and Al represent a single bond. (3) The
guaternary ammonium salt compound or pharmaceutically acceptable salt thereof according to (1),
wherein R2, X, Al, and R4 are any of the following (v) to (xviii): (v) R2 represents a single bond; X
represents -0-; A' represents a single 7 bond; R4 represents unsubstituted CI-10 alkylene. (vi) R2
represents unsubstituted Cl_g alkylene or Calkylene substituted on a carbon atom by an oxygen atom;
X represents -0-; Al represents a single bond; R4 represents unsubstituted C110 aikylene. (vil) R2

represents upsldaskitutad CA ajkylenacXptepresnis -Anshbrepiesents, ynsaipstitited phagylene-; R4
represents unsubstituted C1.4 alkylene. (viii) R2 represents -0-unsubstituted CIA alkylene; X

represents +thsub stefedeatsuosuhsiikitediphemylpnenRddepresenisvnsiistitdes Cald alkylenc.
(ixX) R2 represents unsubstituted C14 alkylene; X represents -CONR3-; Al represents a single bond; R4

represents unsuipstititie ¢ hp & adkylendstitute(XIR2 replesOAta b splosiuted (bidtatikene; X
represents -0ONR3-; Al represents unsubstituted CA4 alkylene-unsubstituted phenylene; 124
represents uiisribstitutedGidekytangsubstitxd)i B2 tepreseptsorsulisituied ddAcalkilenehy
represents -CONR3-; represents unsubstituted C6_8 cycloalkyiene; R4 represents unsubstituted C14
alkylene. sub&tiuB2sepfesants-unsulbstidatb&ed atkyleneyXiepiasentso- GONRStHtACiepresents
unsubstituted phenylene; R4 represents unsubstituted C14 alkylenc.

selected from the group consisting of halogen atom, hydroxyl group, cyano group

group,
nitro group, carboxyl group, trifluoromethyl group, unsubstituted C,_¢ alkyl group,
unsubstituted Cj;.¢ cycloalkyl group, unsubstituted C;4 alkoxy group,
unsubstituted C; cycloalkyloxy group, mercapto group, unsubstituted Ci.g
alkylthio group, unsubstituted C;.g cycloalkylthio group, amino group,
unsubstituted mono(C,.¢ alkyl)amino group and unsubstituted di(C;.¢ alkyl)amino
group, or unsubstituted C;.g cycloalkylene or Cs3 cycloalkylene substituted with 1
to 3 substituents selected from the group consisting of halogen and unsubstituted
Ci.6 alkyl group;

R* represents unsubstituted C; 5 alkylene;

R® and R’ each independently represent a halogen atom, a cyano group, an
unsubstituted Cy.¢ alkyl group, a nitro group, -NR'°R'" where R'® and R!' each
independently represent a hydrogen atom or an unsubstituted C;.¢ alkyl group, an
unsubstituted C,;¢ alkoxy group, a carboxyl group, an unsubstituted C;,
alkoxycarbonyl group, a hydroxyl group, a trifluoromethyl group, a mercapto
group, or an unsubstituted C; ¢ alkylthio group;

a and b each independently represent an integer of 0 to 3;

Y represents a group represented by formula (II):

[Chemical Formula 2];



(xiii) R2 represents unsubstituted -0-C14 alkylene; X represents -CONR3-; Al represents unsubstituted
phenylene; R4 represents unsubstituted C14 alkylene. (xiv) R2 represents unsubstituted C2.4
alkenylenc; X represents -CONR3-; A' represents unsubstituted phenylene; R4 represents
unsubstituted C14 alkylene. (xv) R2 represents unsubstituted C24 alkenylene; X represents
-CONRS3-; Al represents unsubstituted CIA alkylene-unsubstituted phenylene; R4 represents
unsubstituted CIA alkylene. (xvi) R2 represents unsubstituted CIA alkylene; X represents
-NR3CO-; Al represents unsubstituted phenylene; R4 represents unsubstituted CIA alkylene. (xvii)
R2 represents unsubstituted C1-4 alkylene; X represents -NR3CO-CH2-0-; Al represents
unsubstituted g lanesdR4 represents M%%%Stiwte fe‘g.% alkylene. O (xviii) R2 represents a
single bond; X r sents a single Bong; A’ represen ¥ingle band;\R4 tepresen )u\rgﬁubstioned
Uh&

Cl_s alkylene. (H'The quaternary’ ammmoniurh ocgnpound o armace i acceptable salt
thereof according to (1 ), wherein R2 is unsubsti utecr‘Cl_G alkylene or C1_63atky®tne
substituted on a carbon atom by an,oxygen atom, or.unsubstituted -0-C1A alkylene; X is -COW- or

-NR3CO-CH2* @M is unsubsti ®6_10 aryleng or 5- to 10-memPer d heteroarylene, or C6 0
arylene or 5-to ginbered heter ene substitutéd Veith 1 to 3 substittents selected from the
group consisting of halogen atom, hydsaxyl group, u suBistituted CIA alk oup, unsunst ituted Ci_4

alkoxy group and trifluoromethyl group; and R4 is undubstitutedoC1.6 alkylene. (5) The quaternary
ammonium salt compound or pharmaceutically acceptable salt thereof according to (1), wherein R2 is
unsubstituted C1-6 alkylene;

ety
vvvvv nts formula (III):

MmN
U Iepresenis iorm

[Chemical Formula 3]

O
\ / 7 R?
N ié_\NJr/R N+//
(Rs)m_ u i
)n /\2 /\{j
D6— I or R6 1

(111

wherein

R® and R7 each independently represent an unsubstituted C,_¢alkyl group
or a C;4 alkyl group substituted with 1 to 4 substituents selected from the group
consisting of halogen atom, hydroxyl group and unsubstituted C;_ alkoxy group,
or an unsubstituted Cs.;p phenoxyalkyl group or a Cg. ¢ phenoxyalkyl group
substituted with 1 to 4 substituents selected from the group consisting of halogen
atom, hydroxyl group, unsubstituted C; ¢ alkyl group and unsubstituted C, 4 alkoxy
group;

R’ represents an unsubstituted C,. alkyl group or a C,. alkyl group
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X is -CONR3-; Al is unsubstituted phenylene or naphthylene, or phenylene or naphthylene substituted
with 1 to 4 subst tuents selected from the group consisting of halogen atom, hydroxyl group,
unsubstituted C14 alkyl group, unsubstituted alkoxy group and trihalomethyl group; and le is
unsubstituted C16 alkylene. (6) The quaternary ammonium salt compound or pharmaceutically
acceptable salt thereof according to (1), wherein R2 is unsubstituted C16 alkylene; X is -CONH-; Al
is unsubstituted phenylene or phenylene substituted with 1 to 2 subst tuents selected from the group
consisting of halogen and methoxy group; and 114 is substituted or unsubstituted Ci6 alkylene.

(7) The quaieimay, RAMANUM SalleampeLnd ot RbMAcaY kel ArseRiable;salb igira]apcording to

any one of (1) to (6), wherein R' represents a hydrogen atom and a represents an integer of O.

(8) The quagrRark RIRODIALSLAAMPRLIE QERRarMaRsyLicallpcegptable salt thereof according to

(7), wherein Q is a group represented by [Chemical Formula 4] wherein R6 and R7 each
independently repregenta mgtRy! @oMpat 2R BREIRY 1o form a ring;

n represents an integer of 0 to 2; and

m represents an integer of 0 to 3;

W' represents a negative ion;

or a pharmaceutically acceptable salt thereof.

(2) The guaternary ammonium salt compound or pharmaceutically
acceptable salt thereof according to (1), wherein R?, X, and A' are any of the
following (i) to (iv):

(i) R? represents a single bond, C;.4 alkylene substituted on a carbon atom
by an oxygen atom, unsubstituted C,_g alkylene, or unsubstituted -O-C,_4 alkylene;
X represents -O-; A' represents a single bond or unsubstituted phenylene.

(i1) R? represents unsubstituted C;4 alkylene, unsubstituted C,.4
alkenylene, or unsubstituted -O-C,4 alkylene; X represents -CONR’-; A'
represents a single bond, unsubstituted phenylene, unsubstituted C4
alkylene-unsubstituted phenylene, or unsubstituted C¢.5 cycloalkylene.

(iii) R? represents unsubstituted C;.4 alkylene; X represents -NR*CO- or
-NR*CO-CH,-0O-; A' represents unsubstituted phenylene.

(iv) R%, X, and A' represent a single bond.

(3) The quaternary ammonium salt compound or pharmaceutically
acceptable salt thereof according to (1), wherein R?, X, A', and R* are any of the
following (v) to (xviii):

(v) R? represents a single bond; X represents -O-; A' represents a single

7



group, n represents an integer of 1, and m represents an integer of O (9) The quaternary
ammonium salt compound or pharmaceutically acceptable salt thereof according to (7), wherein Q is a
group represented by [Chemical Formula 5] wherein R6 and R7 represent a methyl group. (10)
The quaternary ammonium salt compound or pharmaceutically acceptable salt thereof according to
any one of (1) to (9), wherein Y is [Chemical Formula 6]. (11) A medicinal composition
comprising a compound or a pharmaceutically acceptable salt thereof according to any one of (1) to
(10) and a pharmaceutically acceptable carrier. (12) A medicinal composition haying 132

oo S e eoring 10 any ane o1 (1 fo (10) a6 ar
active ingredient. (i) R? represents unsubstituted C,.5 alkylene or Cy.g alkylene substituted
on a carbon atom by an oxygen atom; X represents -O-; A' represents a single
bond; R* represents unsubstituted Cy.1o alkylene.

(vii) R’ represents unsubstituted C; alkylene; X represents -O-; A'
represents unsubstituted phenylene-; R represents unsubstituted C; 4 alkylene.

(viii) R? represents -O-unsubstituted C;_4 alkylene; X represents -O-; A'
represents unsubstituted phenylene; R represents unsubstituted C;_4 alkylene.

(ix) R? represents unsubstituted C, 4 alkylene; X represents -CONR*-; A!
represents a single bond; R? represents unsubstituted C;_g alkylene.

(x) R? represents unsubstituted C_4 alkylene; X represents -CONR>-; A'
represents unsubstituted C;4 alkylene-unsubstituted phenylene; R* represents
unsubstituted C,; 4 alkylene.

(xi) R? represents unsubstituted C,4 alkylene; X represents -CONR>-; A
represents unsubstituted Css cycloalkylene; R* represents unsubstituted C,4
alkylene.

(xii) R? represents unsubstituted Ci.4 alkylene; X represents -CONR>-; A
represents unsubstituted phenylene; R* represents unsubstituted C;4 alkylene.

(xiii) R? represents unsubstituted -O-C; 4 alkylene; X represents -CONR®-;
A' represents unsubstituted phenylene; R* represents unsubstituted C; 4 alkylene.

(xiv) R? represents unsubstituted C,.4 alkenylene; X represents -CONR’-;
A' represents unsubstituted phenylene; R* represents unsubstituted C,4 alkylene.

(xv) R? represents unsubstituted C,.4 alkenylene; X represents -CONR?-;

A' represents unsubstituted C,.4 alkylene-unsubstituted phenylene; R* represents

8



(13) A preventive or therapeutic agent for a pulmonary disease comprising a compound or a
pharmaceutically acceptable salt thereof according to any one of (I) to (10) as an active ingredient.
(14) The preventive or therapeutic agent comprising a compound or a pharmaceutically acceptable
salt thereof as an active ingredient according to (13), wherein the pulmonary disease is chronic
obstructive pulmonary disease or asthma. [Effect of the Invention] The compound represented by
formula (1) of the present invention or a pharmaceutically acceptable salt thereof has superior 132
adrenergic receptor agonist activity and muscarinic receptor antagonist activity, and thus is useful as a
preventive or.h@jarauis @genifordnflammatory diseases such as chronic obstructive pulmonary
disease (COPD) or asthma. The compound of the present invention has a quaternary ammonium

structure located at thg;jqgmialaerion fihe mplacule andhareby haslarge biepcheglilator effects.

Furthermore, it is superior in duration of action, produces a feduced level of side effects such as saliva

suppressioneand i3 RASRBIR R ARCYIRYS ISIADIRY ARdSasR %@%@Hﬁ%@éﬂr@-lwﬁﬁéﬁ' ion of

Embodiments] Hereinafter, the present invention will be described in detail. ach group

consisting of the compeyndiepresaried RY agnewfarmyla ¢) of tlafkgkeé@’nt iRvention i3 ggfined as
follows. The writing order in each group 12 indicates the order of the bonds in formula (I).For example,
the 'C1.4 alkylenecsuhgitated orunsupRiiied anens RhATCHRSINE: 01U WigRR R alkylene”
on the left end is linked to X, whose "substituted or unsubstituted arylene" on the right end is linked to
fe, wherein thgu Gk @lkylene aangdhe “substituted or unsubstituted arylene” are linked. The number
situated to the right of carbon atom indicates the number of carbon atoms. For example, "C1.6"
represents having "fxig i) CRIOGRAQEs a sind1e Gohd atkvigrupndh Rl gapsk fineapor
branched carbon chain having 1 to 8 carbon atoms. It represents, for example, a methyl group, an
ethyl group »&PESRYIsH QuRy [BMHISRPrABYLEFesht3 PR berRIRIaN, ISQPYE group, a tert-butyl group, a
pentyl group, a neopentyl group, an isopentyl group, a 1,2-dimethylpropyl group, a hexyl group, an
isohexyl group, a 1,&gimmathyhid-aeup adnddrdimetRyibUBA grim@ brethyhwivberernl
2-ethylbutyl group, an isoheptyl group, an octyl group, an isooctyl group, and the like; among which
preferred isfepehalingalttehdrearRRBAONS t PAIYCW Ay gymethyl group or an ethyl group. Preferably,
Rl is hydrogen. The "CIA alkylene" in R2 means a linear or branched carbon chain haying 1 to 8
carbon atoms. Spedatficallymiutepresents meiiywens: sthylenelipreRyenesigapr@eneabstyiene,
isobutylene, tert-butylene, pentylene, neopentylene, isopentylene, 1,2-dimethylpropylene, hexylene,
isohexylenestdrh-simeatbyiedylenanm 202-dimetbyttddleoeCoctylenfronylene, and the like, among
which preferred is onc having 1 to 6 carbon atoms; more preferred is one having 2 to 5 carbon atoms,
particularly ethylenex psopyteve; -os butytéae-The, €L ; 8 alkylene in R2 may be substituted on carbon
atoms with 1 to 2 oxygen atoms at any chemically feasible position. Being substituted on a carbon
atom with an oxygeA aisrmeaniihat _oxargtonp is Boundl® thentarhon et 4rCisd); Jor

Ces.10 arylene or 5- to 10-membered heteroarylene substituted with 1 to 3
substituents selected from the group consisting of halogen atom, hydroxyl group,

unsubstituted C;.4 alkyl group, unsubstituted Cy;4 alkoxy group and
trifluoromethyl group; and

R* is unsubstituted C;.¢ alkylene.

(5) The quaternary ammonium salt compound or pharmaceutically
acceptable salt thereof according to (1), wherein

R? is unsubstituted C,.¢ alkylene;

X is -CONR’-;

A' is unsubstituted phenylene or naphthylene, or phenylene or

9



-2 The "C24 alkenyiener n It means a carbon chain with an unsaturated double bond.
Specifically, it refers to vinylene, propenylene, butenylene, 2-methyl-1-propenylenc, and the like.
Vinylene or propenylene is preferred. The "CIA alkylene" in "-O-C1 alkylene" of R2 means a linear
or branched carbon chain having I. to 4 carbon atoms. Specifically, it represents methylene, ethylene,
propylene, isopropylene, butylene, and the like Preferred "-O-CIA alkylene" is -0-ethylene,
-0-propylene, or -0-butylene. Preferably, R2 is unsubstituted C1-6 alkylene, particularly ethylene,
propylene, or butylene. The "CO" in the groups of X represents a carbonyl group. The "C1_8 alkyl
group” in R3 pihMeass@bineacanbianched saanehandavies fimaramkonrtomssapgcifically, it

represents a methyl group, an ethyl group, a prop-y-I group, an isopropyl group, a butyl group, an
isobutyl QVOHP’lﬁl@g&?%@[%@9@“%@“%@8%%@@%% i QQS,n%QIE’é’cE’mﬁed
1,2-dimethylpropyl group, a hexyl group, an isohexyl group, a 1,1-dimethylbutyl group, a
2,2-dimeth;@%t)éllg@ggp%]@‘gi%hwlgﬁ;x[&mgypg;@qﬁpy@atyl group, an isoheptyl group, an octyl group,
an isooctyl group, and the like, among which preferred is one having 1 to 4 carbon atoms, particularly
a methyl group or an%mﬁhg[@ggtﬁggf@rla_pmkgﬁgﬁleo- or -CONRS3-, particularly -0-or -CONH-. The
"C6_10 arylene” in A1 means a C6.10 aromatic hydrocarbon ring. Specifically, it represents

hydrocarbon ring argdene geicly @sdienylengasdinaphiylene. Rpsaxiens-onhaphbdenadaipyeferred.
The "5- to 10-membered heteroarylene” in Al means a 5- to 10-membered aromatic heterocyclic ring

haying 1 to 4 bgterpriens seleciesbomispifdr@iomacnitipgen atoms, and oxygen atoms. Specifically,
it represents pyridylene, thienylene, thiazolylene, benzothiazolylene, benzothiophenylene, and the like.
Thienylene or pyrid@éneissiefariesd C, ., alkeieqA alkylene™ in "CIA alkylene-substitutedor
unsubstituted C6_10 arylene" of A’ means a linear or branched carbon chain haying 1 to 4 carbon
atoms. Specifically, it reprasemts: methylene, ethylene, propylene, isopropylene, butylene, and the like,
among which methylene or ethylene is preferred. The "C6_10 arylene” means a C6_10 aromatic
hydrocarbon ring. Specific examgles:siclydeshenylere phaphityienenand: thedikeitRhenylene is
preferred. The "CIA alkylene” in "C14 alkylene-substituted or unsubstituted 5- to 10-membered
heteroaryleggh pftAcimessls Adineand iy anctie d Garikon £bdinalayiigah dat tarboriemsingpecifically,
it represents methylene, ethylene, propylene, isopropylene, butylene, and the like, among which
methylene or ethyleRé is ilgfdtieed ThenibutalOnmae@beraryieteroarylene” means a 5- to
10-membered aromatic heterocyclic ring haying | to 3 heteroatoms selected from sulfur atoms,
nitrogen atoms, andDxygeea ajamsriBpecificatiypiuiapresents pyidyldnerthignylenegibiezilylene,
benzoth azolylene, benzothiophenylene, and the like. Thienylene is preferred; The substituents of
the "aryleneicoephatkroahyt@nsian Atindimetbalogemaiof,| hydraXy whergncdganepgeseptsnitro group,
carboxyl group, trifluoromethyl 15

hydrogen atom and a represents an integer of 0.

(8) The quaternary ammonium salt compound or pharmaceutically
acceptable salt thercof according to (7), wherein Q is a group represented by

[Chemical Formula 4]

wherein
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group, C1,6 alkyl group, C3.8 cycloalkyl group, C1,8 alkoxy group, C3_8 cycloalkyloxy group,
mercapto group, C1_6 alkylthio group, C3_8 cycloalkylthio group, amino group, mono(Ci alkyl)amino
group, di(Ci_8 alkyfiam no group, and the like. Halogen atom, C alkyl group, C1_6 alkoxy group, or
trifluoromethyl group are preferred. The "C3.8 CyClOalkylerle" of Ai includes cyclopropylene,
cyclobutylene, cyclopentylene, cyclohexylene, and the like. Specifically, cyclohexylene is preferred.
The substituents of the "C3,8 cycloalkylene" in A include halogen, C1_6 alkyl group. Methyl group is
preferred. The "halogen atom" mentioned as a substituent of the "arylene,"” "heteroarylene" or
"C3,8 cycloalkyleneRinpling€ans R fidRHBE RN, @ﬁ@%ﬂ%%ﬂ Q@ﬁ@“&‘f- @@ﬁ@n@fﬂ?e@ﬂ}jpdine
atom. A fluorine atom, a chlorine atom, or a bromine atom is preferred. The "Ci_6 alkyl group
mentioned ggsypubstituent of the “grylene,” "heteroarylene” or "C34 cycloalkylene™ in Al means a
linear or branched carbon chain having 1 to 6 carbon atoms. Specifically, it represents a methyl group,
an ethyl group, a prepdpgeQbisah IFABERPYOrOkd @ butyl group, an isobutyl group, a tert-butyl group,
a pentyl group, a neopentyl group, an isopentyl group, a 1,2-dimethylpropyl group, a hexyl group, an
sohexyl group, a 1, krciepethpitytyh afeeksdo2.@-dimethylbutyl group, a 1-ethylbutyl group, a
2-ethylbutyl group, a hexyl group, and the like. A methyl group or an ethyl group is preferred. The
"C3_8 cycloalkyl grqup" mentigned as:d subsiivienhof the "aviepens "betgspasnsitioayspecifically
means a cyclic alkyl group such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and
cyclooctyl. AcxgleRPYIgraR o SYERBEEWOPH R RErdiSYQIehexbaioHpis fiatarmed. The "Cji6
alkoxy group” mentioned as a substi uent of the "arylene" or "heteroarylene" in Al means a linear or
branched C[¢ Rétai DFRRuhEUCH]as a methoxy group, an ethoxy group, an n-propoxy group, an
n-butoxy group, an iSopropoxy group, an isobutoxy group, a sec-butoxy group, a tert-butoxy group, a
1-ethylpropoxy group, ang~a 2-propylbutoxy group. A methoxy group, an ethoxy group or an
isopropoxy group is prefetred. R7  The "C3i8 cycloalkyloxy group" mentioned as a substituent of the
"arylene" or "heteroaryfene’if§ Al means a grog_mn\siﬂﬁg of a C3_8 cycloalkyl group as described

above and an oxy gr tsreferred specific xamyples include a cyclopropyloxy group, a
cyclopentyloxy group, hexyloxy group, anflthe like. The "C1_6 alkylthio group” mentioned
as a substituent of the zarylene" or "heteroaryléy(?lD/A' means a group consisting of a C1_6 alkyl
group as described ve and a thio group. ligéreferred specific examples include a methylthio group,
an ethylthio group, and the like.  0'The "Ciis'cyclo-alkylthio group” mentioned as a substituent of the
"aryiene" or "heteroarylene” in A' means a group consisting of a C3_8 cycloalkyl group as described
above and a thio group. Its preferred specific examples include a cyclopropylthio group and the like.

The "riamm(C1,6 alkyianink ‘grod R’ menticaechasaisyhstitugnt of the "arylene” or "heteroarylene" in
Al means a C1_6 alkyl group-substituted amino group. Its preferred specific examples include a

methylamino group @t tAétikeudernary ammonium salt compound or pharmaceutically

(11) A medicinal composition comprising a compound or a
pharmaceutically acceptable salt thereof according to any one of (1) to (10) and a
pharmaceutically acceptable carrier.

(12) A medicinal composition having (2 adrenergic receptor agonist
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The "di(Ci_6 alkyl)amino group™” mentioned as a substituent of the "arylene" or "heteroarylene" in Al
means an amino group disubst tuted with the same or different CI alkyl groups. Its preferred specific
examples include a dimethylamino group and the like. Preferably, Al is unsubstituted phenylene
or phenytene substituted with 1 to 3 substituents selected from the group consisting of halogen,
hydroxyl group, C14 alkyl group, C1.4 alkoxy group, and trifluoromethyl group. More preferably, Al is
unsubstituted phenylene or phenylene substituted with 1 to 2 substituents selected from the group
consisting of halogen atom and naethoxy group The "C140 alkylene" in R4 means a linear or

branched caepitghaia Rawbgthio ﬂ&@@r&own@égmﬁsﬁmcw@a}l%Meﬁiﬁ%%%mﬁmwar& gthylene,

propylene, butylene, isopropylene, pentylene, isobutylene, hexylene, tert-butylene,
1,1-dimethyleiivpoeuhexyiensedpehiasydanahtrdoipeshy|REoRY lane o R2odimsthy louty lgnen
1-ethylbutylene, 2-ethylbutylene, isoheptylene, octylene, isooctylenc, nonylene, and the like, among
which prefeseed isiapgefayving | to 5 carbon atoms, particularly methylene, ethylene, propylene, or 1,1
-dimethylethylene. The "halogen atom" in R8 and R9 means a fluorine atom, a chlorine atom, a
bromine atom, an iqdBemigevann ther likerdirpirfeiad spesificiexaraplesidvsieds mpriiine atom, a
chlorine atom, a bromine atom, and an iodine atom. The "Cl,6 alkyl group” in R8 and R9 means a
linear or branchegcarbaan chaiahayviegtici016 sasbprtonsSpredicalbsdtdanresents adpethyl group,
an ethyl group, a propyl group, an isopropyl group, a butyl group, an isobutyl group, a tert-butyl group,
a pentyl group,ta NEDReMY graup iagrighpentyl group, a 1,2-dimethylpropyl group, a hexyl group, an
isoltexyl group, a 1,1-dimethylbutyl group, a 2,2-dimethylbutyl group, a 1-exylbutyl group, a
2-ethylbutyl group, ang) thadkeseamangwdricih@rafeted isone dayidsino 4 carhpsualonas, particularly
a methyl group or an ethyl group. The "C1.6 alkyl group” in "Rm, R11" of R8 and R9 means a
linear or brasnclachcartionl Bhaidiaviig 1alo theadom atoms.iFoiexadipie, dtceptagents(@inethyl
group, an ethyl group, a propyl group, an isopropyl group, a butyl group, an isobutyl group, a tert-butyl
group, a pentytgroupha nedpenitgraiseasn Sopandyligrobptacdctiechagtiylpropylgrotp, @ hexyl
group, an isohexyl group, a 1,1-dimethylbutyl group, a 2,2-dimethylbutyl group, a 1-exylbutyl group, a
2-ethylbutylagtbuya, and the like, among which preferred is one haying 1 to 4 carbon atoms, particularly
a methyl group. The "C1.6 alkoxy group" in R8 and R9 means an alkoxy group having 1 to 6
carbon atonBffSpectiidal invtrepresents a methoxy group, an ethoxy group, a propoxy group, an
isopropoxy group, a butoxy group, an isobutoxy group, a sec-butoxy group, a tert-butoxy group, a
pentyloxy group, a Adepcotyfemundroecactertdpbmtytoxyudaolip, af 24megthgdbutoxy graop, arhexyloxy
group, an sohexyloxy group, and the like, among which preferred is one having 1 to 4 carbon atoms;
most preferpddimacmetbaily growgptabdn ethoxhgratphas stifwitC1@? atkbryeagbonygcgroop” in R8
and R9 specifically represents a methoxycarbonyl group, an ethoxycarbonyl group, a propoxycarbonyl
group, an icapropbrytanby aykdgroe aabutosserdoomihgroug, aniisoputosyibahonysgrdups a
sec-butoxycarbonyl group, a tert-butoxycarbonyl group, a pentyloxycarbonyl group, an
isopentyloxyearboiykg@upharapepentydesytarbonyl idgoups @iyl Iikensdoxysabbewylgroupcand the
like.A methoxycarbonyl group, an

obstructive pulmonary disease (COPD) or asthma. The compound of the present

invention has a quaternary ammonium structure located at the terminal portion of
the molecule and thereby has large bronchodilator effects. Furthermore, it is
superior in duration of action, produces a reduced level of side effects such as
saliva suppression, and is possible to also have stability and ease of manufacture.
[Description of Embodiments]

Hereinafter, the present invention will be described in detail.

Each group consisting of the compound represented by general formula (I)

of the present invention is defined as follows. The writing order in each group
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ethoxycarbonyl group, or an isopropoxycarbonyl group is preferred.A methoxycarbonyl group is more
preferred. The "C16 alkylthio group” in R8 and R9 means an alkylthio group having 1 to 6 carbon
atoms. Specifically, it represents a methylthio group, an ethylthio group, a propylthio group, an
isopropylthio group, a butylthio group, an isobutylthio group, a sec-butylthio group, a tert-butylthio
group, a pentylthio group, a neopentylthio group, tert-pentylthio group, a 2-methylbutylthio group, a
hexylthio group, an isohexylthio group, and the like, among which preferred is one having 1 to 4
carbon atoms; most preferred is a methylthio group or an ethylthio group. Preferably, R8 and R9 are

each indepengenily adjalogeraigm ara BYRIRXYLhIRRIa (8. andheach independenty, represent

an integer of 0 to 3. Preferably, a and h are each 0 or 1. When'a or b is 0, it represents the absence of

the substitugnt faresSRAMMINGdOIRE, QLR RIRIEraRlYen¢ s IEhemicalEorRuUR ZhoH ThesCL.6 alkyl

group” in R6 and R7 of Q means a linear or branchéd carbon chain having 1 to 6 carbon atoms.
Specificallyy ¢ reprigseaie Ryl GrouRy aneHwh B S0 AHRIPYL QMR AN JSQRIQREiRLR, @ butyl

group, an isobutyl group, a tert-butyl group, a pentyl group, a neopentyl group, an isopentyl group, a

1,2-dimethylpranyd gmipné figxy! arauR. Adk kditpettyIRutd rouRe 2 2.2; dimstaylbutyl groyup, or the

like, among which preferred is one haying 1 to 4 carbon atoms, particularly a methyl group or an ethyl

group. ThesG8e:d RhepyRkyLereuRyiBRe apd Rykmeansa giaHbePNsIgHRG of A placrioxy
group and a C2_4 alkyl group. Specifically, it represents a phenoxyethyl group, a phenoxypropyl

group, a pheRaXYIUYHITR e BT theilike samOoRaNMich ARbESIXYSHY! JIQURQL Aplenexypropyl
group is particularly preferred. The "halogen atom" mentioned as a substituent of the "C1_6 alkyl

group” or "G&ykQdpine Agvialk esBarioR@@RgkR7 means a fluorine atom, a chlorine atom, a
bromine atom, an iodine atom, and the like. A fluorine atom, a chlorine atom, or a bromine atom is

preferred. The 1@ _tralkydgraupromsntianrd agansubstitieant &f M8nGedo hssRxyriky| group” in
R6 and R7 means a linear or branched carbon chain haying | to 6 carbon atoms. Specifically, it

represents Bavigihyil g @JPa @0 £UNEEOURt 2eRreRYhGI 0P, oA ASOIRI AP GHRURra U haFaiR, an
isobutyl group, a tert-butyl group, a pentyl group, a neopentyl group, an isopentyl group, a

1,2-dimethydpsapy! Qiaepya Bexp 9eauRodfasOnexshgroumuayl, krdipethy|uableyoupodp, a
2,2-dimethylbutyl group, a 1-exylbutyl group, a 2-ethylbutyl group, a hexyl group, or the like. A methyl
group or antethyhgyougrisipreferpeétyl group, a neopentyl group, an isopentyl group, a
1,2-dimethylpropyl group, a hexyl group, an isohexyl group, a 1,1-dimethylbutyl
group, a 2,2-dimethylbutyl group, a 1-ethylbutyl group, a 2-ethylbutyl group, an
isoheptyl group, an octyl group, an isooctyl group, and the like, among which
preferred is one having 1 to 4 carbon atoms, particularly a methyl group or an
ethyl group.
Preferably, R' is hydrogen.
The "C, 5 alkylene" in R* means a linear or branched carbon chain having
1 to 8 carbon atoms. Specifically, it represents methylene, ethylene, propylene,
isopropylene, butylene, isobutylene, tert-butylene, pentylene, neopentylene,
isopentylene, 1,2-dimethylpropylene, hexylene, isohexylene, 1,1-dimethylbutylene,
2,2-dimethylbutylene, octylene, nonylene, and the like, among which preferred is
one having 1 to 6 carbon atoms; more preferred is one having 2 to 5 carbon atoms,

particularly ethylene, propylene, or butylene. The C;g alkylene in R* may be
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The "C1,6 alkoxy group" mentioned as a substituent of the "C1_6 alkyl 21 group” or "C8_10
phenoxyalkyl group™” in R6 and R7 means a linear or branched C1_6 alkoxy group such as a methoxy
group, an ethoxy group, an n-propoxy group, an n-butoxy group, an iSopropoxy group, an isobutoxy
group, a sec-butoxy group, a tert-butoxy group, a 1-ethylpropoxy group, and a 2-propylbutoxy group.
methoxy group is preferred. The suhstituents of the "Cl alkyl group™ in R6 and R7 include a
halogen atom or hydroxyl group. A halogen atom is preferred. The "C1-6 alkyl group” in R5
means a linear or branched carbon chain having 1 to 6 carbon atoms. For example, it represents a

methyl group,rap &yl SROURHSPHRBM]OTRR. 126 1SORRYh A RIAS 3P4y OEeHR. ATiSRRYEY]Hroup, a
tert-butyl group, a pentyl group, a neopentyl group, an‘isopentyl group,‘a 1,2-dimethylpropyl group, a

hexyl group, &t id:dimathy Ui YIoNRd B2 2 IBSHMBLIE BFOMP o QL HaG lkSmAmong yrich preferred is

one haying 1 to 4 carbon atoms, particularly a methyl group or an ethyl group. "Any two of R5, R6

and R7 may,be houpd o feim aring"mesnsdangxe .that R6 and R7 are bound to form butylene,
pentylene, or hexylene. Pentylene or hexylene is pre erred). Or, it means, for example, that R5 is

bound to R6 or R7 tpforig, tpggkgh with the quioinghRetereingn ama#aNeHE I inganaa @gatricyclo
ring. An example of such an azabicyclo ring is a quinuclidine ring. Preferably, R6 and R7 are

each indeperdently RaethykgeuR-ang, C2 pPhapxyaIkyligyouR:, N sensessis-antpieggeak0 to 2, and
1 is preferred. m represents an integer of 0 to 3, and O is preferred. When m is O, it represents the
absence of thg suhstituanieayrerondinentolfke. WhepiQuisdChemiea&rmuladl RER7
The "C |4 alkylene" in "-O-C,.4 alkylene" of R* means a linear or branched
carbon chain having | to 4 carbon atoms. Specifically, it represents methylene,
ethylene, propylene, isopropylene, butylene, and the like. Preferred "-O-C, 4
alkylene" is -O-ethylene, -O-propylene, or -O-butylene.
Preferably, R’ is unsubstituted Cj. alkylene, particularly ethylene,
propylene, or butylene.
The "CO" in the groups of X represents a carbonyl group.
The "C g alkyl group" in R? of X means a linear or branched carbon chain
having 1 to 8 carbon atoms. Specifically, it represents a methyl group, an ethyl
group, a propyl group, an isopropyl group, a buty! group, an isobutyl group, a
tert-butyl group, a pentyl group, a neopentyl group, an isopentyl group, a
1,2-dimethylpropyl group, a hexyl group, an isohexyl group, a 1,1-dimethylbutyl
group, a 2,2-dimethylbutyl group, a 1-ethylbutyl group, a 2-ethylbutyl group, an
isoheptyl group, an octyl group, an isooctyl group, and the like, among which

preferred is one having 1 to 4 carbon atoms, particularly a methyl group or an

Preferably, X is -O- or -CONR’-, particularly -O-or -CONH-.

. 1 . .
The "Cgq.1p arylene" in A° means a Cg.i9 aromatic hydrocarbon ring.
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\/ N+ (R6),- it is particularly preferred that R6 and R7 each independently represent a methyl group, n
represents an integer of 1, and in represents an integer of O. Furthermore, when Q is [Chemical
Formula 9], itis particularly preferred that R6 and R7 each independently represent a methyl group.
Specific examples of the negative ion represented as "W' include a fluorine ion, a chlorine ion, a
bromine ion, an iodine ion, a sulfate ion, a phosphate ion, a nitrate ion, a carbonate ion, an acetate ion,
a lactate ion, a tartrate ion, a benzoate ion, a citrate ion, a trifluoroacetate ion, a methanesulfonate ion,
an ethanesulfonate ion, a methylsulfate ion, a benzenesulfonate ion, a 23
p't0|Uenesugﬁé'@itﬁé%mbﬁniﬁeﬂf%ﬁ?éﬁ;ﬁpsaﬁ§g%@5?wha?ing arylene such as phenylene and
ethane-1,2-disulfonateion,al,5-naphthalenedisulfonateiona naphthalene-z-sull)fonate ion, a malate ion,
a maleate iqppafRIANate i AUMAalR IRPicASHCaiRaeRN, a 1 -hydroxy-2-naphtho ate ion, a
phthalate ion, a sorbate ion, an oleate ion, a glucuronate ion, and the like, among which preferred is a

fluorine ion, a chlorifgdon, aPIENHRSHERAMGLIRRIPR R SHIfale iennd lastats 1R fRkkalg ion, a
benzoate ion, a citrate ion, a methanesulfonate ion, a benzenesulfonate ion, a p-tolueneculfrmate ion,

an adipate igh A RtMANGo dyR1distifgnateian. alis-napithsienadissliepaietifin suifur atoms,
nitrogen atoms, and oxygen atoms. Specifically, it represents pyridylene,
thienylene, thiazolylene, benzothiazolylene, benzothiophenylene, and the like.

Thienylene or pyridylene is preferred.

[N
@)
—

The "C, 4 alkylene" in "C,4 alkylene-substituted or unsubstituted Cg.1g
arylene" of A' means a linear or branched carbon chain having 1 to 4 carbon atoms.
Specifically, it represents methylene, ethylene, propylene, isopropylene, butylene,
and the like, among which methylene or ethylene is preferred. The "Cg.19
arylene" means a Cg.;¢9 aromatic hydrocarbon ring. Specific examples include
phenylene, naphtylene, and the like. Phenylene is preferred.

The "C;.4 alkylene" in "C;4 alkylene-substituted or unsubstituted 5- to

10-membered heteroarylene” of A' means a linear or branched carbon chain

=

having 1 to 4 carbon atoms. Specifically, it represents methylene, ethylene,

propylene, isopropylene, butylene, and the like, among which methylene or
ethylene is preferred. The "5- to 10-membered heteroarylene" means a 5- to
10-membered aromatic heterocyclic ring having 1 to 3 heteroatoms selected from
sulfur atoms, nitrogen atoms, and oxygen atoms. Specifically, it represents
pyridylene, thienylene, thiazolylene, benzothiazolylene, benzothiophenylene, and
the like. Thienylene is preferred.

The substituents of the "arylene" or "heteroarylene” in A' include halogen

atom, hydroxyl group, cyano group, nitro group, carboxyl group, trifluoromethyl
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naphthalene-2-sulfonate ion, a malate ion, a maleate ion, a malonate ion, a fumarate ion, a succ nate
ion, a 1-hydroxy-2-naphthoate ion, or a glucuronate ion. In the quaternary ammonium salt
compounds represented by formula (), those composed of combinations of groups defined to have the
above-mentioned options and the preferred groups and those composed of combinations of preferred
groups are also preferred compounds. Further, the following compounds are also more preferred
guaternary ammonium salt compounds: 4-( H5-(2- {IA4
;142R)-2-hydroxy-2-(8-hydroxy-2-o0xo-1,2-dihydroquinolin-5-yeet hyl] amino }

methyl)phe%ﬂ}ﬁ?rbe&moydEl I)ég-oqlliggnﬁg_?er&x}lqgmg\érpo&%g,)- b%‘sgi yl IBﬁBdi um,

4-(1[5-(2-1[3-ch o’ro-41-_fl(2R -2-hydro,xy-2-(8-hydroxy-2-oxo-12-dihydroquinoli n-5- ye’ethyﬁgmino

methyl)phenyligar vl pbrnylphenvligarbemayiioiklo- droglimelivinieriiftam. 4-

[542- { [2-ehloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo- 1°,2-dihydroquinadli n-5- yl)ethyl]am no

Imethyl)phe [&?f%%wz%g_%%@@gmwgﬂﬁﬁmﬁg}s}%?;%%1'_8’%19%%%‘1@%‘%89' kM,

4-({[5-(2- [3-bromo-4-({[( 8-hydroxy-2-0xo ydroquinoli n-5-"ypethylla no
Imethyl)phepygaibame, ylls &ihybia-rbeny ’%’J&%{%EU&%HLQ%{? drdufimetiiRiReo it m,
4-({15-(2- {[2-bromo-4-({[(2%&)-2-hydroxy-2-(8- ydroxy-2-o0xo0-1,2-dihydroquinoli n- 5-yl)ethyllamino
}methyl)pheé})g]ﬁagp@myéfrggyl)-z-phenylphenylicarbamo yl ox y)- 1 ,1-d imethylpiperid in-1 - ium,

The "Cs.g cycloalkylene" of A' includes cyclopropylene, cyclobutylene,

cyclopentylene, cyclohexylene, and the like. Specifically, cyclohexylene is

The substituents of the "Cj4 cycloalkylene" in A' include halogen, C.
alkyl group. Methyl group is preferred.

The "halogen atom" mentioned as a substituent of the "arylene,"
"heteroarylene" or "Csg cycloalkylene" in A' means a fluorine atom, a chlorine
atom, a bromine atom, and an iodine atom. A fluorine atom, a chlorine atom, or a

bromine atom is preferred.

" n

The "C; alkyl group" mentioned as a substituent of the "arylene,

1 .
means a linear or branched carbon

"heteroarylene" or "C;.g cycloalkylene" in A
chain having 1 to 6 carbon atoms. Specifically, it represents a methyl group, an
ethyl group, a propyl group, an isopropyl group, a butyl group, an isobutyl group,
a tert-butyl group, a pentyl group, a neopentyl group, an isopentyl group, a
1,2-dimethylpropyl group, a hexyl group, an isohexyl group, a 1,1-dimethylbutyl
group, a 2,2-dimethylbutyl group, a 1-ethylbutyl group, a 2-ethylbutyl group, a
hexyl group, and the like. A methyl group or an ethyl group is preferred.

The "C;.g cycloalkyl group" mentioned as a substituent of the "arylene" or

"heteroarylene" in A' specifically means a cyclic alkyl group such as cyclopropyl,
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44Th542-1[44 {[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yDet 113/11 amino
Imethyl)-3-methylphenyilcarbamoyllethyl)-2-phenylphenyllearbamoylioxy )- , -d imethylp iperidin- 1-
ium, 4-({[5-( {[4-({1(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2=dihydroquinolin-5-yflet hyl] amino
Imethyl)-2-niethylphenyllearbamoyll ethyl)-2-phenylphenyllearbamo ylf oxy )-
1,1-dimethylpiperidin-1-ium, 4-(145-(2-
{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dih-ydroquinolin-5-yeet hyl] amino Imethyl)- 3
-methoxyphenyllearbamoyl} ethyl)-2-phenylphenyllearbamo yllo xy)- 1, 1-dimethylp iperidin- 1 -ium,

4-({15-(2- {14 R 2-RYaIoxYPoAB gy ;083%1&1'1%@491}"3?999%?0'{{&155[ V) ﬁg&h&% I

Imethyl)-2-methoxyphenylicarbamoyll ethyl)-2-phenylphenyikarbamoyllo Xy)- 1,1-d methylpiperidin- 1 -

um, 4-( {[5'@63?'59%%6%%1{% )&?y&rgﬁgrﬁ-&mr&)%g-lg@alefpégydro quino lin-5- ypethyllamino

Imethyl)phenyl; earbamoyll e )-2-phenylphenyllearbamoyll oxy) - 1,1-dimethylpiperidin- 1 -iutn,

f[5-(2- {[2-fluoro-4-({ReRIrZ- NN 2:(ErBYAFRXYRRXE v 2r ADYARARHIN)E i YRSHaKlamypo
}methyl)phenyl]carbamoylIet(hyl)-z-phenylphenyl]earbamoylf oxy) - 1,1-dimethylpiperidin-1-ium,

4-(L[5-(2- {[ZlgiRrA R2R)- 2shyeome 2 Bnbydiomyiinipd & dinydioaripelig-Suvhesoyl amino
methyl)-5-met hfix yphen ylii earbamo yl{ et hyl)-2-p henylphenyl] earbamo

ylloxy)-1,1-gim@ipIpRdiNh-IRoxy group, an n-propoxy group, an n-butoxy group, an

1-ethylpropoxy group, and a 2-propylbutoxy group. A methoxy group, an ethoxy
group, or an isopropoxy group is preferred.

The "Cs; cycloalkyloxy group" mentioned as a substituent of the
"arylene” or "heteroarylene” in A' means a group consisting of a Cs5 cycloalkyl
group as described above and an oxy group. Its preferred specific examples
include a cyclopropyloxy group, a cyclopentyloxy group, a cyclohexyloxy group,
and the like.

The "C,;.¢ alkylthio group" mentioned as a substituent of the "arylene" or
"heteroarylene" in A' means a group consisting of a C;. alkyl group as described
above and a thio group. Its preferred specific examples include a methylthio
group, an ethylthio group, and the like.

The "Csjg cycloalkylthio group" mentioned as a substituent of the
"arylene" or "heteroarylene" in A' means a group consisting of a Cs.¢ cycloalkyl
group as described above and a thio group. Its preferred specific examples
include a cyclopropylthio group and the like.

"

The "mono(C, alkyl)amino group" mentioned as a substituent of the
"arylene" or "heteroarylene” in A' means a C;. alkyl group-substituted amino

group. lIts preferred specific examples include a methylamino group and the like.
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4-({[5-(2- {[2-chloro-4-( {[(2R)-2-hydroxy-2-(8-hydroxy-2-o0x0-1,2-dihydroquinoli n-5- yl)ethylil ammo {
methyl)-5-methoxyphenyflearbamo yl ethyl)-2-phenylphenyl] earbamo yll oxy)- 1,1 -dimethylpiperidin- |
- iurn, 4-({[5-(2-{[2-bromo-4-({{(2R)-2-hydroxy-2-(8-hydroxy-2-oxo1,2-dihydroquinoli n-5- ypethyllamino
methyl)-5-methoxyphenyllearbamoyl{ ethyl)-2-phenylphenyll earbame, yl o xy)- 1, 1-dimethylp iperidin-
1-ium, 4-( {[5-(2- 1[2,5-difluoro-44 {[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydro quinol
n-5-ypethyljam no methyl)phenyllearbamo yl) ethyl)-2-phenylphenyl] carbamoyl[oxy)-1,
1-dimethylpiperidin- 1 -ium, 4-({[5-(2- {{6-(

{[(2R)-2-hydroxy- 2 (Frydiguer 2 Oxf i ORI R IEt Y LeMINQubstituent. of the
{methyl)naphthalen-2-yljcarbamoyi{ethyl)-2-phenylphenyl]lcarbamoyll oxy) - 1,1

-dimethylpiperidigslsiug), a8 2r gt (FR R 2-RYairxy 2 48Ry B2 ¥ it EIUI AR ¢H0S-ypet
hyl] a } methyl)-1-benzothiophen-5-y11earbamoyll ethyl)-2-phenylphenyljcarbamo

oxy)-1,1-dimethyIgipQiigiteliun), AaiklA- @olpsl {ER bRty a¥etude a
1,2-dihydroquino lin-5- yflet hyl] amino

{methyl)-2-mgthexyphemdicashameyilgthyle2-phenylphenyijcarbamo yl o xy)- 1,1 -di methylpiperidin-
1-ium, 4-({[5-(2-114-( {[(2R)-2-hydroxy-2-(8-hydroxy-2-o0xo- 1 ,2-dihydrocntino lin-5-yflet hy 11 amino

Yinethyl)pheny1](meghyReaspamoyikly athyb-aiRRepiihecydicarbameyt X ¥hbstituted with 1
1,1-dimethylpiperidin-1-ium,
to 3 substituents selected from the group consisting of halogen, hydroxy! group,
Ci.4 alkyl group, C;.4 alkoxy group, and trifluoromethyl group. More preferably,
A' is unsubstituted phenylene or phenylene substituted with 1 to 2 substituents
selected from the group consisting of halogen atom and methoxy group.
The "Cy.; alkylene" in R* means a linear or branched carbon chain having
1 to 10 carbon atoms. Specifically, it represents methylene, ethylene, propylene,
butylene, isopropylene, pentylene, isobutylene, hexylene, tert-butylene,
1,1-dimethylethylene, hexylene, isohexylene, 1,1-dimethylpropylene,

2,2-dimethylbutylene, 1-ethylbutylene, 2-ethylbutylene, isoheptylene, octylene,

(oK

isooctylene, nonylene, and the like, among which preferred is one having 1 to
carbon atoms, particularly methylene, cthylene, propylene, or
1,1-dimethylethylene.

The "halogen atom" in R® and R’ means a fluorine atom, a chlorine atom,
a bromine atom, an iodine atom, and the like. Its preferred specific examples
include a fluorine atom, a chlorine atom, a bromine atom, and an iodine atom.

The "C,. alkyl group" in R® and R’ means a linear or branched carbon
chain having 1 to 6 carbon atoms. Specifically, it represents a methyl group, an
ethyl group, a propyl group, an isopropyl group, a butyl group, an isobutyl group,

a tert-butyl group, a pentyl group, a neopentyl group, an isopentyl group, a
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4-({[5-(2- { [5-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquino lin-5- ypet by!] amino
fmethyl)thiophen-2-yllearbamoyllethyl)-2-phenylphenyl]carbamoyll 0"y 1,1 -dimethylpiperidin- | -ium,
4-({[5-(2- 1[54 {[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo- 1.2-dihydroquino lin-5- yflet hyl] amino {
methyppyridin-2-y!Jcarbamoyllethyl)-2-phenylphenylicarbamoylloxy)- 1, 1-dimethylpipendin- 1 -ium, 4-(
11543- {[4-( {[(2R)-2- hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroqu nolin-5-yl)et amino
methyl)phenyt]carba oyl} propyl)-2-phenylphenyij carbamoyll oxy)- 1,1 - chmethylpiperidin- 1 -ium, 4-(
1[543- {[3-chloro-4-( {[(2R)-2-hydroxy-2-(8-hydroxy-2-e,x0-1,2-dihydroqumoli n-5- ypethyll amino

Imethyl)phe ; r - -g{@g}gl%lp&wi] Il - 1,1-di inerig in-1 -Mm,
4-({[5-(3- [2-%%&@3{-%% 2R g-%%%%&%-z-(s-hydroxy’-f%i%%i y%lr)gﬁl%ir%éﬁ %{Qﬁlﬁﬁ amino

=g s S o A L o i
methyl)phenyfaarbameyiarippyh) drbary phenyhadthamayloXyboh hrstieeavr ipgrding: | -ium,
methyl group or an ethyl group.
The "Ci alkyl group" in "R'°, R""" of R® and R’ means a linear or
branched carbon chain having 1 to 6 carbon atoms. For example, it represents a
methyl group, an ethyl group, a propyl group, an isopropyl group, a butyl group,
an isobutyl group, a tert-butyl group, a pentyl group, a neopentyl group, an
isopentyl group, a 1,2-dimethylpropyl group, a hexyl group, an isohexyl group, a
1,1-dimethylbutyl group, a 2,2-dimethylbutyl group, a 1-exylbutyl group, a
2-ethylbutyl group, and the like, among which preferred is one having 1 to 4
carbon atoms, particularly a methyl group.
The "C. alkoxy group" in R® and R’ means an alkoxy group having 1 to 6
carbon atoms. Specifically, it represents a methoxy group, an ethoxy group, a
propoxy group, an isopropoxy group, a butoxy group, an isobutoxy group, a
sec-butoxy group, a tert-butoxy group, a pentyloxy group, a neopentyloxy group, a
tert-pentyloxy group, a 2-methylbutoxy group, a hexyloxy group, an isohexyloxy
group, and the like, among which preferred is one having 1 to 4 carbon atoms;
most preferred is a methoxy group or an ethoxy group.
The "C, alkoxycarbonyl group” in R® and R’ specifically represents a

methoxycarbonyl group, an ethoxycarbonyl group, a propoxycarbonyl group, an

a sec-butoxycarbonyl group, a tert-butoxycarbonyl group, a pentyloxycarbonyl

group, an isopentyloxycarbonyl group, a neopentyloxycarbonyl group, a
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4-( {[5-(3- f[2-bromo-44 {[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinoli n-5- ypethyli amino }
methyl)phenyflearbamoyll propyl1)-2-phenylphenyl]carbamoyl }ox y)- | , 1 -dimethylpiperidin- 1-ium,
441[543- [4-( [(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1 ,2-d ihydroquino lin-5- yl)et hyl] amino
methyl)-3-methylphenyl] carbamoyl} propyl)-2-phenylplaenyl] carbamo yllo xy)- 1, 1-dimethylpiperid
in-1 4a m, 4-({[5-(3- 114-(1[(2R)-2-hydroxy-2-(8-hydroxy-2-o0xo0-1,2-dihydroqumolin-5-ypet hyl] amino }
methyl)-2-methylphenyljearbamoyllpropy1)-2-phenylphenyijcarbamoyilo xy)- 1,1-dimethylpiperidin- 1
-ium, 4-({[5-(3- {[4-( {[(2R)-2-hydroxy-2-(8-hydrory-2-oxo- 1,2-dihydrogumoyeet hyl] amino
methy')-3-m&4}?&§n§méiﬁ9rb§gm>ﬂ'pr%ml)ﬁaohfﬁﬁx!phenx'e%@&iw&m 1 L gshylgjperidin- 1
um, 4-(1[5-(3- {|4-( {[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ét hyl] amino Imethy
0-2-methox I o) pyb)-2-ph P(K]ﬁﬂw o] y):-d,1:di Ipipexidin- | -ium,
4-({[5-(3- 1%3%%%?%%?8%%%@d%xﬁ£(§%droxy-%ﬂ%-ﬁ%@oqﬁﬁgﬁgr?gg%eth;f]amino
Imethyppla%gfll]l%%%wgqrg%-%-Hm@)ﬂpg@mglgarbamoyl{ ox y)- 1,1-dimethylpiperidin- 1 -ium,

The "C,.6 alkylthio group" in R* and R’ means an alkyithio group having 1
to 6 carbon atoms. Specifically, it represents a methylthio group, an ethylthio
group, a propylthio group, an isopropylthic group, a butylthio group, an
isobutylthio group, a sec-butylthio group, a tert-butylthio group, a pentylthio
group, a neopentylthio group, tert-pentylthio group, a 2-methylbutylthio group, a
hexylthio group, an isohexylthio group, and the like, among which preferred is one
having 1 to 4 carbon atoms; most preferred is a methylthio group or an ethylthio
group.

Preferably, R® and R’ are each independently a halogen atom or a hydroxyl
group.

a and b each independently represent an integer of 0 to 3. Preferably, a
and b are each 0 or I. When a or b is 0, it represents the absence of the
substituent corresponding to R* or R’.

Preferably, Y is

[Chemical Formula 7].

@)
74
NH
7
=~ OH

The "Ci. alkyl group" in R® and R’ of Q means a linear or branched

an
U



4-( {[5-(3- {[2-fluoro-4-( {R2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinoli n-5- yeethyl] amino {
methyl)phenylicarbamoyllpropyl)-2-phenylphenyllcarbamoyl{ ox y)- 1 ,I-d i methylp iperid in- 1 ium,
4-({[5-(3- {[2-fluoro-4-({[(2R)-9-hydroxy-2-(R-hydroxy-2-oxo-1,2-dihydroquinoli n-5- ypethyllammo
methyl)-5-methoxyphenyl]lcarbamo yl propyl)-2-phenylphenyl] earbamoylloxy)- 1, 1
-dimethylpiperidin- 1 -ium, 4-({[5-(3- {[2-chloro-4-(
{[(2R)-2-hydroxy-2-(8-hydroxy-2-o0xo-1,2-dihydroquinoli 11-5-
yeethylfaminolmethyl)-5-methoxyphenyilcarbamoyllpropy1)-2- phenylphenyli carbamoylloxy) 1,1

:2: EE%EE%%%&#%?%}%& yl%mlrr:ooige%%%-r%%[s (Egyg enyllic a;}l?/baﬁsr C)ff( prréz)py p p roifpgeg)y(/g .
,2- dlhydroq olin-5- yf%ﬁgllégér% dan?ét%@/g‘”gp% élg% éﬁ%l(og% g‘u I%/rcégé %lpﬁ}ényl]
iazrbda';hmy%)llrlo%gl(?lﬁ)g 1-g:ryf g:n%{; m§ ﬂ%ﬁpgrﬁrﬁ%ﬁ )}%giﬁfn{w[g I)‘/?L‘(L rop 1)Eyqé?ﬁ)e(:¥{3ﬁléh c%)?k/)azmoc;(ﬁl-
oxy)-1,1-g4m thé( Ip @%rl'glé }%ﬁ%?oyld' %%ég a hexyl group, a lc}hdngethylbutyl group, a

1[2- chloro- -ethoxy-4-(1[(2R)- hydroxy-2=oxo-1,2
2,2-dimethylbutyl group, or the like, among which preferred is one having 1 to 4
carbon atoms, particularly a methyl group or an ethyl group.

The "Cg.1o phenoxyalkyl group" in R® and R’ means a group consisting of
a phenoxy group and a C;4 alkyl group.  Specifically, it represents a
phenoxyethyl group, a phenoxypropyl group, a phenoxybutyl group, or the like,
among which a phenoxyethyl group or a phenoxypropyl group is particularly
preferred.

The "halogen atom" mentioned as a substituent of the "C; ¢ alkyl group" or
"Cg.10 phenoxyalkyl group" in R® and R’ means a fluorine atom, a chlorine atom, a
bromine atom, an iodine atom, and the like. A fluorine atom, a chlorine atom, or
a bromine atom is preferred.

The "Ci¢ alkyl group" mentioned as a substituent of the "Cg.qg
phenoxyalkyl group” in R® and R’ means a linear or branched carbon chain having
1 to 6 carbon atoms. Specifically, it represents a methyl group, an ethyl group, a
propyl group, an isopropyl group, a butyl group, an isobutyl group, a tert-butyl
group, a pentyl group, a neopentyl group, an isopentyl group, a 1,2-dimethylpropyl
group, a hexyl group, an isohexyl group, a 1,l1-dimethylbutyl group, a
2,2-dimethylbutyl group, a 1-exylbutyl group, a 2-ethylbutyl group, a hexyl group,
or the like. A methyl group or an ethyl group is preferred.

The "C,, alkoxy group" mentioned as a substituent of the "C, alkyl
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quino lin-5-yl)ethyl] amino methyl)phenyl] carbamoyllpropy1)-2-phenylphenyl] carbamoyl} oxy)- 1,1
-dimethylp iperidin- 1 -ium, 4-( [5-(3-
{[3-ethoxy-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinoli 11-5- ypethyl] amino
tmethyl)phenyl]carbamoyl } propy1)-2-phenylphenyl]carbamoyl oxy)- 1, 1-dimethylpiperid in- 1-ium,
4-({[5-(3- [4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroqu nolin-5-yeet hyl] amino
Imethyl)-3-(trifluoromethyl)phenyl]earbamoyl}propy1)-2-phenylphenyl]
carbamoylloxy)-1,1-dimethylpiperidin- 1 -ium, (| R,2R,4S,5S,7S)-7-( [543-

{4-({I(2R)-2 ggoyo\f-zdé;pw&&y”%mgspg}&fg*hamﬁoﬁ}awaaéaxg%tmaammq}rmﬁ%)@'?i%ny']

earbamoyl }propyl)-2_-phenylpheny _ _
carbamoyllom())-%p- tmgﬁ%péal&%g(ty%lﬂ@.&le Q%B:'Hmnfﬁ%ﬁﬁf%éﬁﬂ%” | [543-
R)-2-h amino }

1[3-ehloro-44 [R ydroxy-2-(8-hydroxy-2-oxo01,2- dihydroquinolin-5-yeethyl

methyl)phenyligasRamayliropyddm: YIRBEVALCRRAMAN! oroup, a_sec-butoxy group, a
oxy)-2-phenylpheny%]%arba’rnoylonpy%- ,g(-%li%gtk?)gl-&oxa@-azat%icyg’o [3.3. 1.02'1\(]r1gonaﬁ-9-ium, (1

R,2R,4S,5 whdxh15s3uH2-ghloke; 52 XY, 8- Y x4~ dildydroquinol
n-5-yf|ethy|%rﬁ%oﬁ#g{h%ﬁ%niliéa%%ﬁ@fy%ﬁghéﬁ%pﬁdéﬁ%gym% & didvroau

carbamoyllgxyrg-phenyiphgpiigarRamoylioxy)-9,9-dimethy1-3-oxa-9-azatricycl o [3.3.1.021nonall- 9-
ium, (1R,2R,4S,5S,7S)-7-( [543- {[3-bromo-4-(1[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-
dihydroquinolin-5-yegethy} sunine & ethybpleenyliraraamay!ipiory kid-rhenylphe fhdiogen
atom or hydroxyl group. A halogen atom is preferred.
The "Ci alkyl group" in R’ means a linear or branched carbon chain
having 1 to 6 carbon atoms. For example, it represents a methyl group, an ethyl
group, a propyl group, an isopropyl group, a butyl group, an isobutyl group, a
tert-butyl group, a pentyl group, a neopentyl group, an isopentyl group, a
1,2-dimethylpropyl group, a hexyl group, a 1,1-dimethylbutyl group, a
2,2-dimethylbutyl group, or the like, among which preferred is one having 1 to 4
carbon atoms, particularly a methyl group or an ethyl group.
"Any two of R’, R® and R’ may be bound to form a ring" means, for
example, that R® and R’ are bound to form butylene, pentylene, or hexylene.
Pentylene or hexylene is preferred. Or, it means, for example, that R® is bound to
R® or R” to form, together with the original hetero ring, an azabicyclo ring or an
azatricyclo ring. An example of such an azabicyclo ring is a quinuclidine ring.
Preferably, R® and R’ are each independently a methyl group or a C;
phenoxyalkyl group.
n represents an integer of 0 to 2, and 1 is preferred.

m represents an integer of 0 to 3, and 0 is preferred. When m is 0, it

represents the absence of the substituent corresponding to R°.
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carbamo yl oxy)-2-phenylphenylkarbamoyll oxy)-9,9-dimethy1-3-oxa-9-azatricycl o
[3.3.1.02'4]nonan-9-ium, (1 R,2R,4S,5S,7S)-7-(1[5-(3-1[2-bromo-4-(
{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo- dihydroquino lin-5-ypethyl] amino | methyl)phenyllcarbamo
yllpropy1)-2-phenylphe nyl] carbamoylloxy)-2-phenylphenylicarbamoyll
oxy)-9,9-dimethy1-3-oxa-9-azatrieyel 0 1-13.3.1.024Inonan-9-ium, (1 R,44.',4S,5S,7S)-7-( {[5-(3- {Pr(
{[(2R)-2-hydroxy-2-(8-hydroxy-2-o0xo-1,2-dihyd ro quinolin-5-yeethyl] amino |
methyl)-3-methylphenylicarbamoyllpropyl)-2-phenyl phenyl] carbamoyll
oxy)-2-phenylphenwjggrhasgylloxy)-9,9-dimethy1-3-oxa-9- azatricyclo[3,3. 1 .021nonan-9-mm,
(1R,2R,4S,5 S,7S)-7-({ [543- 1[44 {[(2R)-2-hydroxy-2-(8-hydro xy-2-oxo- 1,2-dihyd ro quino lin-
5-yl)ethyl] ar@ﬁ%igkgtpxpf@ﬁm%tnylphenylIearbarnoyll prop yl)-2-phenyl phenyl] earbamoyll
oxy)-2-phenylphenyllearbamoyll 0xy)-9,9 dimethy1-3-oxa-9- azatric yclo [3 .3.1 .02'4]Jnonan- 9-ium, (1
R,2R,4S,5 S,7S)-7-( [543- %l4-({[§%§)-2-hydroxy-2-(8-hydroxy-2-oxo- 1 ,2-dihyd ro
quinolin-5-yf|ethyl]ammo? ethy)?8-methoxyphenyllcarbamo yl propyl)-2-pheny | phenyl] earbamo
yIony)-2-phenylphenylicartr)g ylloxy)-9,9-dimethyl- 3-oxa-9- azatricyc 10[3.3.1.02A]nonan-9-ium. (I
R,2R,4S,58,7S)-7-E(r%[5-(3- -({{(2R)-2-hydroxy-2-(8-hydroxy-2-oxo- 1.,2-dihyd ro
quinolm-5-yeethy(jRm) ethyl ngethoxyphenyl]carbamoylIpropyl)-2-pheny 1
phenyl]carbamoylloxy)-2-p heryl]carbamoyltoxy)-9,9-dimethy1-3-oxa-9-
azatricyclo[3.3.1.021nonan-94ium,

it is particularly preferred that R® and R’ each independently represent a methyl
group, n represents an integer of 1, and m represents an integer of 0.
Furthermore, when Q is

[Chemical Formula 9],

A_O_\\\/ R? /-[:l—:\é R7
6/[\,+7 @\ A
RG or R6 1’

it is particularly preferred that R® and R’ each independently represent a methyl

group.

Specific examples of the negative ion represented as "W™ include a
fluorine ion, a chlorine ion, a bromine ion, an iodine ion, a sulfate ion, a phosphate
ion, a nitrate ion, a carbonate ion, an acetate ion, a lactate ion, a tartrate ion, a

benzoate ion, a citrate ion, a trifluoroacetate ion, a methanesulfonate ion, an

ethanesulfonate ion, a methylsulfate ion, a benzenesulfonate ion, a
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(1R,2R,4S,5S,7S)-7-(1][5-(3- {13-fluoro-44 {[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-
dihydroquinolm-5-yDethyll amino methyl)phenyllearbamoyllpropyl1)-2-phenylphe flYli
earbamoyitoxy)-2-phe ylphenyllcarbame,y1} oxy)-9,9-dimethy1-3-0x2-9-a7Mrievel o
13.3.1.02A]nonan-9-ium, (1 R,2R,4S,5S,7S)-7-( {15-(3-{[2-fluoro-44
{R2R)-2-hydroxy-2-(8-hydroxy-2-0x01,2- d hydroquinolin-5-yDethyljamino tmethyl)phenyl] earbamoyl
propyl)-2-phenylphe fly 1] earbamoylloxy1-2-phenylphenylicarbamoyl} oxy)-9,9-di
ethyl-3-oxa-9-azatricyel o [3.3.1.02'4]nonan-9-ium, (I R,2R,4S,5S,7S)-7-(1[5-(2- {12-fluoro-44

(11(2R)-2-hydianiredSrowaiexy-2oax0l.2x dinydiaayaRlin-Sypethyliamingipate  ion, an
methyl)-5-methoxypheny||carbamoyf } ethyl)-2-

phenylphenyﬂ%&amoaimya&@henyi%ﬁabenylaearbqrysoarg h Risedismedmled -0%xhd-  a
azatneyelo[3.3.1.021nonan-9-ium, (1R,217,4S,5S,7S)-7-; }15-(2-

[2-ehloro-4-d 4 {2 RdtenBYElanYod=18-yAroxyma 1940 ki, dihydr0ite ion, a malonate ion, a
nolin-5-ypethyllaminotmethyl)-5-methoxyphenyllearbamoyllpropyl)- 2- phenylphenyl] carbamoyl}

oxy)-2-phenylphemdleaibame odhexé- Qe dimethydrex@s arfh aEatieya, [3- 3 Acfiafdnians 9- ium,

(1R,2R,4S,5S,7S)-7-( {15-(2- t[2-bromo-4-0[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo1,2-
sorbate ion, an oleate ion, a glucuronate ion, and the like, among which preferred
is a fluorine ion, a chlorine ion, a bromine ion, an iodine ion, a sulfate ion, a
lactate ion, a tartrate ion, a benzoate ion, a citrate ion, a methanesulfonate ion, a
benzenesulfonate ion, a p-toluenesulfonate ion, an adipate ion, an
ethane-1,2-disulfonate ion, a 1,5-naphthalenedisulfonate ion, a
naphthalene-2-sulfonate ion, a malate ion, a maleate ion, a malonate ion, a
fumarate ion, a succinate ion, a 1-hydroxy-2-naphthoate ion, or a glucuronate ion.

In the quaternary ammonium salt compounds represented by formula (I),

those composed of combinations of groups defined to have the above-mentioned

options and the preferred groups and those composed of combinations of preferred

groups are also preferred compounds.

ammonium salt compounds:
4-({[5-(2-{[4-({](2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)et
hyl]

amino methyl)phenyl]jcarbamoyl}ethyl)-2-phenylphenyl] Varbarﬁo yl}oxy)-1,1-
dimethylpiperidin-1-ium,
4-({[5-(2-{[3-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinoli
n-5-

yl)ethyl]amino } methyl)phenyl]carbamoyl}ethyl)-2-phenylphenyl]carbamoyl} oxy)
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dihydrogumolin-5-y-l)ethyl] amino } methyl)-5-methoxypiienylicarbamoylf ethyl)-2-
phenylphenyl]lcarbamoylloxy)-2-phenylphenylkarbamoyl}oxy-9,9-dimethyl-3-ox a-9-
azatricyclo[3.3.1.02A]nonon-9-Mm, (1R,2R,4S,5S,7S)-7-(
f[5-(3-1[6-01(2R)-2-hyclroxy-2-(8-hydroxy-2-0 o | ,2-dihyd ro quinolin-5-yDethyllammo
methyDnaphthalen-2-yl] carbamoyllpropy1)-2-phenylp henyl] carbamo yl}
oxy)-2-phenylphenylicarbamoyl oxy)-9,9- d imethyl- 3 -oxa-9- azatric ycl o [3.3.1.02A]nonan-9-ium,
(1R,2RAS,5S,7S)-7-( [5-(2- [44 IR2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihyd roquino lin-5-yl)ethyl]

ammo }methxl)pjagmélf’ﬁ@[ E;plqgklﬁ_tmaig-phenylphenyll carbamoyl}
oxy)-9,9-dimethy1-3-oxa-9-azatricyclo[3.3.1 .024] nonan-9- (1R,2R,45,5S,7S)-7-( {[5-(2- {[3-chloro-4-(

{[(2R)-Z-hydmrszcﬁs{Tmrma%:%:@%Ré@.dz'bu%?&k@n@lw%—y&%%ylb%ym ﬁn&ﬂgg&eeﬁ%iﬁarbamoyl

Jethyl)-2-phenyl phenylicarbamoyl}oxy)-9,9-dimethy1-3-oxa-9-azatricyclo[3.3.1.02'4]nonan-9-ium, (1
R,2R,4S,55,75)-7-( [542- f[2-chloro-4-(1[(2R)-2-hydroxy-2-(8-hydro xy-2-oxo1,2-
dihydroquinolin-5-yeethyl] amino }- methyephenyl] carbamo yl} ethyl)-2-phenylp hen yl] carbamoyl }

0xy)-9,9-di ~0x%a-9- ' +Q4H1A 1 : , 7 -
1[3-bromo-??%%l% gﬁ%ﬁ@fﬂ%ﬁ%%%%%%%mg&@%ggé&%éﬁn -@%ﬁ\%ﬁr}gr%m)

methyl)phenmliqaa%mﬁyhh@yayl)r%nhﬁﬂﬁ!phen yll
carbamoylloxy)-9,9-dimethy1-3-oxa-9-azatricyclo[3.3.1.024]nonan-9- tum, (1R,2R,4S,5S,7S)-7-( {

[542- 1[2-bromasio{l(RR b2 hydioxyr28-hysyaxyx-oxpd Ry dibwgragumalin-ainpethyll amino }
methyl)phenylicarbamoy11 ethyl)-2-p}1enylphen yll carbamoyll oxy)-9,9-dirnethy1-3-oxa-9-azatricyclof
3.3.1.02,4 gngn-9- wm, (1R,2R,4S,5S,7S)-7-( f[5-(2- {[4-(1[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-' -dihyd
ro quinolin-5-ypethyljamino methyl)-3-methylphenyl] carbamoyl} ethyl)-2-phenylph enyl] carbamoy11

oxy)-9,9-dnpgtiyk SraxanSiaatiicysHed 31 R d Hzdd MoBay§- A b Reg AR D € Ak d 91 A -(
{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihyd ro quino lin- 5 -yertmeI] amino 1

methyl)-2-me;bbd@hﬁgmg,gﬁg@mglemxj)r@-phenylph enyl]
carbamoyiloxy)-9,9-dimethy1-3-oxa-9-azatricyclo[3.3.1.02'4]Jnonan-9-lum, (1 R,2R,4S,5S,7S)-7-( ([542-
fl44 {[(2R)-Z-hypsopoy-GA &0y 2r @y L 2h6iua ¥y - (8- hydroxy-2-oxo-1,2-dihydroquinoli

n-

5-yl)ethyl]amino } methyl)phenyl]carbamoyl}ethyl)-2-phenylphenyl]carbamoyl}ox

y)- 1,1-dimethylpiperidin-1-ium,

4-({[5-(2- {[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et

hyl]
amino } methyl)-3-methylphenyl]carbamoyl}cthyl)-2-phenylphenyl]carbamoyl} oxy
)- 1,1-dimethylpiperidin-1-ium,
4-({[5-(2-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
hyl]
amino }methyl)-2-methylphenyl]jcarbamoyl}ethyl)-2-phenylphenyl]jcarbamoyl}oxy
)- 1,1-dimethylpiperidin-1-ium,
4-({[5-(2-{I4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
hyl]
amino } methyl)-3-methoxyphenyl]carbamoyl}ethyl)-2-phenylphenyljcarbamoyl}o
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quino lin-5-yflethyl] amino; methyl)-2-methoxyphenyl]carbamoyllethyl)-2-phenyl phenyl]jcarbamoyl}
oxy)-9,9-dimethy1-3-oxa-9-azatricyclop .3.1 .021nonan-9-ium, (1R,2R,4S,5S,7S)-7-( 1[542-1[44
{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo- | ,2-dihyd ro quinolin-5-ypethylil amino
methyl)-3-rnethoxyphenyl]carbamoyll ethyl)-2-phenyl
phenyl]carbamoylloxy)-9,9-dimethy1-3-oxa-9-azatricyclo[3.3. 1 .02'4]nonan-9-ium, (1 R,2R,4S,5
S,7S)-7-({ [542- 1[3-fluoro-4-( {[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo- dihydroqu nolin-5-yeethyl] amino {
methypphenyl] carbamoyll ethyl)-2-phenylphen yl]

carbamoyllQxy)-9,9-di -3-0%3-9-azatrieyclo[3.3.1.02]Jnonan-9-ium, R,2R,4S,5S,7S)-7-(1[542-
{{2-fluoro-4-( [(2%’)?2%%5&%3}3%%%%?OZ@E{Z-OXO- dihydroqu nol n-5-yl)ethyl] amino ) met hyl)phenyl]

earbamoyll z?_t?{)’['k_ ﬁ?ﬁlxﬁfﬁ@)yg_@m@?ﬂ}g&hgdrox -2-0x0-1 2-dihydr0§[uinolin—5— 1

1
oxy)-9,9-dimetly1-3-oxa-9-azatrieyelop.3.1.02'41nonan-9-i _ (1R,2R,4S;5S, S)-7-({[5-(§-)16[2-fluoro-4-(
{[(2R)-2-h-yfrexy-2-(8-hydroxy-2-ox01,2- dihydroqu no lin-5-yl)ethyl] amino
Imethyl)-5-méthoxyphenyl]jcarbamoyll et h y1)-2- phenylphenyllearbamoyll ox

19,0 el S IMGRAZARYG & (i, ARAnam RN, G Rl AR o ShTaHG(2s

1[2-ehloro-44 {[(2R) ydroxy-2-(8-hydroxy-2-ox dihydroquinolin-5- yéethyl] amirio

methyl)-5-n;g};§101< ymwﬁﬂmgyﬂ_g@{&-z- phenylphenyllearbamoyll
oxy)-9,9-diméthy1-3-oxa-9-azatricyclo[3.3.1.02'4] nonan-9 um, (I R,2R,4S,5S,7S)-7-( { [542-

1[2-bromo-4¢4 %?éz%ﬂ@yﬁm%:zr!\mmpéyﬁ%%%;.e@ha{)dd%uit@.lgké.ly,b)?&ny}mino
{methyl)-5-methoxyphenylicarbamoyllethyl)-2-
phenylpheny|lgarhamoyltoxy)-9,9-dimethyl-3-oxa-9-azatrieyelo[3.3.1.02A] nonan-9-ium,
(1R,2R,4S,5S,7S)-7-(1[5-(2- {[3-ethoxy-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo- dihydroquino I in-5-

e o ek etV e AR08 0

{[(2R)-2-hydroxy-ZnRay b ax -tz dihyd
4-({[5-(2-{[2-fluoro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinoli
n-5-
yl)ethyllamino } methyl)phenyl]carbamoyl}ethyl)-2-phenylphenyl]carbamoyl}oxy)
- 1,1-dimethylpiperidin-1-ium,
4-({[5-(2-{[2-fluoro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli
n-5- yl)ethyllamino } methyl)-5-methoxyphenyl]carbamoyl}ethyl)-2-phenylphenyl]
carbamoyl}oxy)-1,1-dimethylpiperidin-1-ium,
4-({[5-(2-{[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli
n-5- yl)ethyl]amino } methyl)-5-methoxyphenyl]carbamoyl}ethyl)-2-phenylphenyl]
carbamoyl}oxy)-1,1-dimethylpiperidin-1-ium,
4-({[5-(2-{[2-bromo-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli
n-5- yl)ethyllamino } methyl)-5-methoxyphenyl]carbamoyl}ethyl)-2-phenylphenyl]
carbamoyl}oxy)-1,1-dimethylpiperidin-1-ium,
4-({[5-(2-{[2,5-difluoro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-o0xo0-1,2-dihydro

quinolin-5-yl)ethyl]amino } methyl)phenyl]carbamoyl}ethyl)-2-phenylphenyl]
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1-0 quinolin-5-ypethyl] amino methyOnaphthalen-2-yljcarbamoyll ethyl)-2-phenylphe nyl] enrhArnoyll
oxy)-9,9-dimethy1-3-oxa-9-azatricyclo[3.3.1_02'4]nonan-9-ium, (1R,2R,4C,5 S,7S)-7-(1[4-(3- [4-(
{[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihyd ro quinolin-5-ypethydamino
methyl)phenylicarbamoyllpropyl)-2-phenylphenyl]
carbamooxy)-9,9-dimethy1-3-oxa-9-azatricyclo[3.3. 1 .02A]nonan-9- ium, ( R,2R,4S,5S,7S)-7-(1[4-(3-
{[3-chloro-4-( { [(2R)-2-hydroxy-2-(8-hydroxy-2-0x01,2- dihydroqumolin-5- ypethyl] amino }
methypphenyl] amino methyl)phenylicarbamo y11 propyl)-2-phenylphenyllcarbamo yl o xy)-,0, .,0

-dimethyl- %Qrggﬁgge— @i@;(}iyyplp_(ﬁi%q%u#g, Algnani@qium, R,2R,4S,5 S,7S)-7-( {[4-(3- {[2-ehloro-4-(
{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo- dihydroquinolin-5- ypethyl] amino } methyl)phenyl] amino

methyl)phenyj [“[!W 8- RpYLhgapbepyintzenylicaxhamoyboxy) A Gimeig 139 - yl)et
xa—9-azatricyc§g S.Qaﬁo Zyﬁfjngnan-%- um?(l ,2%,48, S,7S)-7-({ [4{-%(/3-( 3-bromo- -816[(2R)-2-
hydro xy-Z-(gﬂpydroxy- 2-0x0- 1,2- dihydroqu nol n-5-yl)ethyl] amino } methyl)phenyllam no
methyl)phenyl]carbamo YII propyl)-2-phenylphenyl]learbamoyll o xy)-9,9-dimethyl- 3-0 xa- 9-azatric yc

lo [3 .3 1.0 24linenar@yWiaphthalen-2-yl]carbamoyl} ethyl)-2-phenylphenyljcarbamoyl} oxy)
- 1,1-dimethylpiperidin-1-ium,
4-({[5-(2- {[2-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
hyl]
amino jmethyl)-1-benzothiophen-5-yl]carbamoyl}ethyl)-2-phenylphenyl]jcarbamo
yl} oxy)-1,1-dimethylpiperidin-1-ium,
4-({[5-(2-{[5-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
hyl]
amino } methyl)-2-methoxyphenyljcarbamoyl}ethyl)-2-phenylphenyljcarbamoyl}o
xy)- 1,1-dimethylpiperidin-1-ium,
4-({[5-(2-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et

hyl

[S—

amino } methyl)phenyl](methyl)carbamoyl}ethyl)-2-phenylphenyl]carbamoyl}oxy)
- 1,1-dimethylpiperidin-1-ium,
4-({[5-(2-{[5-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
hyl]

amino } methyl)thiophen-2-yljcarbamoyl}ethyl)-2-phenylphenyl]carbamoyl}oxy)-
1,1-dimethylpiperidin-1-ium,
4-({[5-(2-{[5-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
hyl]

amino } methyl)pyridin-2-yl]carbamoyl}ethyl)-2-phenylphenyl]carbamoyl}oxy)-
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(1R,2R,4S,55,7S)-7-(1[4-(3- 1[2-bromo-4-(1[(2R)-2-hydroxy-2-(8-hydroxy-2-0x01,2- yneolyi] amino 1
menly inuitnyll amino methypphenylicarbamo 11 Yit propyl)-2-phenylphenyl] carbamo yl}
0xy)-9.9-dimethy1-3-oxa-9-azatricyclo [3.3.1 .0 24] nonan- 9- ium, (1R,2R,4S,5 S,7S)-7-( 1[443- 1144
1[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihyd ro qumo lin-5-yl)ethyllJamino methyl)-3-methylphenyl]
amino} methyl)phenyl] earbam propyl)-2-phenylphenyijcarbamo vyl
oxy)-9,9-dimethy1-3-oxa-9-azatricycloP .3. 1.0 24] nonan-9-iurn, (1
R,2R,4S,5S,7S)-7-(1[4-(3-1[4-(1[(2R)-2-hydroxy-2-(8-hydroxy-2-o0xo0-1,2-dihyd ro quino lin- 5-ypethyl]

amino [ methxl)ﬁﬁ%g{pﬂ%wﬂlqmm’l methyl)phenyllcarbam oyll propy-1)-2-phenylphenyllcarhamo
ylloxy)-9,9-dimethy1-3-oxa-9-azatricycloP .3. 1.0 2 LAl j nonan-9-ium, (1 R,2R,4S,5S,7S)-7-(1[4-(3- {

[4-(1[(2R)-24bydraxy-2r48 Y Zr 9 Ry 2N HRAYINb R 1y PRI ASRIAJ ey
methoxyphengﬁg)r)glin%[} r%mtggrﬁ%her%l] ca}rht%gnoyﬁgrop%}phéhylp%}gnf/ﬁ%arbalmoyi Wf

oxy)-9,9-dirn@]qul-B-oxa-Q-azatric yclo [3.3.1.024] no nan-9- ium,
amino } methyl)phenyl]carbamoyl}propyl)-2-phenylphenyljcarbamoyi}oxy)-1,1-

dimethylpiperidin-1-ium,

ylethyllamino } methyl)phenyl]carbamoyl} propyl)-2-phenylphenyl]carbamoyl} ox
y)- 1,1-dimethylpiperidin-1-ium,
4-({[5-(3-{[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli
n-5-

yl)ethyl]amino } methyl)phenyl]carbamoyl} propyl)-2-phenylphenyljcarbamoyl}ox
y)- 1,1-dimethylpiperidin-1-ium,
4-({[5-(3-{[3-bromo-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli
n-5-

yhethyl]amino } methyl)phenyl]carbamoyl} propyl)-2-phenylphenyl]carbamoyl}ox
y)- 1,1-dimethylpiperidin-1-ium,
4-({[5-(3-{[2-bromo-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli
n-5-

ylyethyl]amino } methyl)phenyljcarbamoyl} propyl)-2-phenylphenyl]carbamoyl}ox
y)- 1,1-dimethylpiperidin-1-ium,
4-({[5-(3-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-yl)et
hyl]

amino }methyl)-3-methylphenyl]carbamoyl} propyl)-2-phenylphenyl]jcarbamoyl}o
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(1R,2R,4S,5S,7S)-7-( [4-(3- f[4-( {[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihyd ro quino lin- 5-yDethyl]
amino } meth y1)-2- metho x yphenyllamino methyl)phenyl]
carbamoyilpropy1)-2-phenylphenyl]carbamoylloxy)-9,9-dimethyl-3-oxa-9-azatric yclo [3.3.1.024]
nonan-9- ium, 1 Pc, 2R,4S,5 S,7S)-7-(114-(3- 113-fluoro-4-(1,[(2R)-2-hydr() - 2-( 8-hydroxy-2-0xo,2-
clihnydroquinol 1-5-yOethyllamino methyl)phenyllamino methyl)phenyllcarbamo yll
propyl)-2-phenylphenyljcarbamoyll oxy)-9,9-dimethyl-3-oxa-9-azatricyc !0[3 . 3.1 0 2,4]
nonan-9-ium, (1R, 2R,4S,5 S,7S)- 7-( [4-(3- f [2-fluoro-4-( { R2R)-2-hydroxy-2-(8-hydro xy-2-oxo01,2-

dihydroqu W-@-ygﬁmg{i@ng@&}imﬁmygmenytjamino methyl)phenyl]carbamo yl]
propy1)-2-phenylphenylcarbamoyl oxy)-9, 9-ditnethy1-3-oxa-9-azatricyclo [ 3. 3.1.0 24] nonan-9- ium,

R, 2R’451’§fi{f55é3[4ﬂ@'( %][{%ik'ﬁ@h”y‘éﬂgi??&:%is&?&(}(fz@xBYH@-)&Xﬁs?ﬂ TiteAin-5-yl)et

dihy-droquinE) n-5--ypethyl] amino | methyl)-5- iethox yphenyl] amino triethyl)p hen Y1I carbamoyll
propyl)-z-pll;ﬂ?ylphenylicarbamoyl oxy)-9,9-dimethy1-3-oxa-9-azatric 39 yclo [3.3.1.02'4] no nan-9-
um,
amino } methyl)-2-methylphenyljcarbamoyl}propyl)-2-phenyiphenyljcarbamoyl}o
xy)- 1,1-dimethylpiperidin-1-ium,
4-({[5-(3-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)et
hyl]
amino } methyl)-3-methoxyphenyl]carbamoyl} propyl)-2-phenylphenyljcarbamoyl}
oxy)-1,1-dimethylpiperidin-1-ium,
4-({[5-(3-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)et
hyl]
amino } methyl)-2-methoxyphenyl]carbamoyl}propyl)-2-phenylphenyl]carbamoyl}
oxy)-1,1-dimethylpiperidin-1-ium,
4-({[5-(3- {[3-fluoro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli
n-5-
ylethyllamino } methyl)phenyl]jcarbamoyl}propyl)-2-phenylphenyljcarbamoyl}ox
y)- 1,1-dimethylpiperidin-1-ium,
4-({[5-(3- {[2-fluoro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli
n-5-
ylethyl]amino } methyl)phenyljcarbamoyl} propyl)-2-phenylphenyl]carbamoyl}ox
y)- 1,1-dimethylpiperidin-1-ium,
4-({[5-(3-{[2-fluoro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli
n-5-

ylethyl]amino } methyl)-5-methoxyphenyl]carbamoyl}propyl)-2-phenylphenyl]
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(1R,2R,4S,55,7S)-7-({[4-(3- {[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x01,2-
dihydroquinolin-5-yl)ethyllamino methyl)-5-methoxyphenyllaminolmethyDphen yli
carbamoyllpropy1)-2-phenylphenylicarbamoylloxy)-9,9-dimethy1-3-oxa-9-azatric yclo [3.3.1
.02'4lnonan-9-ium, (1 P ,2R,4S,5S,7S)-7-(1,[4-(3- f[2-bromo-4- {[(2R)-2-hydroxy-2-
8-hydroxy-2-o0xo1,2- dihydrogumolin-5- yflethyllJamino If methyl)-5-methoxyphenyllamino}methyl)phen
yl] carbamoyl propy1l)-2-phenylphenyl]carbamoylloxy)-9,9-dimethyl-3-oxa-9-azar c yclo
[3.3.1.021nonan-9-ium,

(1R,2R,4S,5§,g§)ﬁ]y(§[glxg?):ﬁ[ﬁ-(&{ﬁggﬁ-}aﬂqﬁgfgﬂﬁ-_(iﬁ-rﬁydroxy-2-oxo-1,2-dihyd ro quino lin-5-ypethyl]
a m no methyDnaphthalen-2-yllammo methyl)phenyi]carbam oyl} propy1)-2-phenylphenyt] carbamoyl{

oxy)-9,9-dim V?S]-@: re-Shzauicy ey 311, NAebMydtoxy-2-0x0-1,2-dihydroquinoli
R,310-3-0[5-?§f— [2-ch?oro-4-(1[(2R)fP -hydroxy-2-(8-hydroxy-2-o0xo-1,2-cithyd 1-0 qu
nolin-5-yeethylamino{ methyl)-5-methoxyphenyl]carbamoyl ] propy1)-2-pheny 1 phenyl]
carbamoylloxy)-8,8-dimethyl-8-azabicyclo[3.2.1]octan-8-ium, 4-({[5-(4- 1[44

{[(2R)-2-hy HBAMENaNYRs0X8-kadtRHRYIRRAYINOL R ipg-metndiapeeyiligarbamoyll
butyl)-2-ph§‘r]1?/?g?1;er%§h earl}bangoyayl(oxy)- gL 1 %‘gim esihjylpiperidm-} }i%:gyrrﬁ (1%R,2RES,5%1?78)-7-(

f[5-(4-1[44 {E2Rnte Ry )2 Bt ey drex@nd- 2-dikyd ro quino lin-5-yl)ethyl] amino }
methyl)phenyl]carbamo yl} butyl)-2-phenylphenyl]

carbamoyllaxy){3,93dimetnsind-axafarariaycield 2. 1-02 tiaanan dus 2 (i {drdZ-atdero-4-(
{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinoli n-5- yl)ethyltamino
inethyl)-5-methoxyphenyflearbamo yl }butyl)-2-phenylphenyll earbamo ylt oxy)- 1,
1-dimethylpiperidin-1-ium,
yl)ethyl]amino } methyl)-5-methoxyphenyllcarbamoyl}propyl)-2-phenylphenyl]
carbamoyl}joxy)-1,1-dimethylpiperidin-1-ium,
4-({[5-(3-{[6-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
hyl]
amino } methyl)naphthalen-2-yl]carbamoyl}propyl)-2-phenylphenyljcarbamoyl}ox
y)- 1,1-dimethylpiperidin-1-ium,
4-({[5-3-{[5-(4 [(2R)—2—hydroxy—2—(8—hydr0xy—2—oxo- 1,2-dihydroquinolin-5-yl)et
hyl]
amino jmethyl)pyridin-2-yljcarbamoyl}propyl)-2-phenylphenyl]carbamoyl}oxy)-1
,1- dimethylpiperidin-1-ium,
4-({[5-(3-{[2-chloro-5-ethoxy-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihy
dro
quinolin-5-yl)ethyl]amino } methyl)phenyl]carbamoyl}propyl)-2-phenylphenyl]
carbamoyl}oxy)-1,1-dimethylpiperidin-1-ium,

4-({I5-(3-{[3-ethoxy-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli

n-5-

yl)ethyl]amino } methyl)phenyl]jcarbamoyl}propyl)-2-phenylphenyl]carbamoyl}
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(1R,2R,4S,5S,7S)-7-( t[5-(4- f[2-ehloro-4-UR2R)-2-hydroxy-2-(8-hydroxy-2-oxo1,2- dihydroquino
lin-5-yltethyllamino } methyl)-5-methoxyphenyl] carbamoyl }buty1)-2- phenylphenyl]
earbamoylloxy)-9,9-dimethy1-3-oxa-9-azatricyclo[3.3.1. 021 nonan-9- um, 441[443- [44
{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dilayioquinolin-5-y1)Pt hyl] amino Imethyl)phenylicarbamoylf
propyl)-2-phenylphenylt earbamoylloxy)- 1, 1 - d ethylpiperidin- 1 -ium,
4-015-(2-1[4-(1[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-d aydroqu nolin-5- yl) et hyl] amino
methyl)phenyl]carbamoyll ethyl)-2-phenylphenyl]carbamoyl}oxy)-1-meth - (2-phenoxyethyDpipel -
ium, 44( {5-(8-{[(2R)-2= -2-(8-hydraxy-2-0x0-1,2-dihydroquinolin-5-ypethyl] amino |
octyltoxy]-Zg)é%%ngilbr%%\l?ﬁ%;%éﬁégﬁgg - 1,1 -dimethylpiperidin-1 -ium, 4-[( {5-[(6-
{[(2R)-2-hydroxys2-{8hydr Ry drg:dinydsonuinglin-5-yQethyll am )
2-phenylph%{r?ﬁrseegrébgggy%?@%% %%ﬁ%?gﬁ%%%ﬁ%%e 22[(%%%90}19%99 3%11)&
{[(2R)-2-hyq{%y-z-(&hydroxy-2-oxo-1,2-dihydroquinolin-5-ypethyl] amino }nonyl)oxy]-2-phenylphenyll
earpamo yl)qu]-_l : 1-dimethylpiper idin- 1 -ium, 4- { f (5- {4444 {[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo- |
,2-dihydroqying,linsravRet ¥ A ot methyh phere¥ioyils sraepyR e pyREPAMGY{loxy} 1,1
-dimethyl p peridin- 1 -iam, 4-( [547- { [443-
{1(2R)-2-hygég%-@}Qx?fgm-_%%g??ﬁgggxq%gpjngﬂn-S-yl) ethyl] ammo }prop yl)phenyl] carbarno
y11 ethyl)-2-phenylphenyl] earbamo ylio xy)- 1, 1- dimethylpiperidin- 1 -ium, 4-({[5-(2- {[4-(2-
{[(2R)-2-hydrigyR:4& BydrRyy;2-gpéar L. 34l edsequingliar Sy D eshillaminolethyphenyg arbamo
yllethyl)- Z-SJEenylphenyl]’ ea)}rb/a?gn%)g;l o@y)-b {f@l(}f% imegthryl p}i[per?éin-i;I I um?4-0 [5-({[4-( IJ;:‘
{[(2R)-2-hyqepxyudnlBiRysrom¥eRs2pen ind r MR OAYHINR e 2rU ARG ARG e Ryl agrbamoyil
methoxy)-z-pheqnylr;)htlanyl]gjrtfamoyllcl)xy;, df}nﬁgé?k?ylgggz)epﬁidin- 1%m, 4-?(’ ?ﬁ?{%&hﬁ A
{l(Z2R)-2-hydeaxy3o@rhvdrxye2aexhsA-diydreay,nairseryPes > #1nonan-9-ium,

(1R,2R,48,58,7S)-7-({[5-(3-{[3-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0xo-
1,2-

dihydroquinolin-5-yl)ethyl]amino } methyl)phenyl]carbamoyl} propyl)-2-phenylphe
nyl]
carbamoyl}oxy)-2-phenylphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricycl
0 [3.3.1.02’4]n011an—9-ium,

(IR,2R,4S,58,7S)-7-({{5-(3- {[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-

dihydroquinolin-5-yl)ethyl]amino } methyl)phenyl]carbamoyl} propyl)-2-phenylphe
nyl]
carbamoyl}oxy)-2-phenylphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricycl

2 .
0 [3.3.1.0**Inonan-9-ium,

1

(1R,2R,48S,5S,7S)-7-({[5-(3-{[3-bromo-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-
1,2-
dihydroquinolin-5-yl)ethyl]amino } methyl)phenyl]carbamoyl} propyl)-2-phenylphe
nyl]
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amino 1 methyl)phenyl] methyl} earbamoyDethyl]-2-phenylphenyll earbamoypo xy]- 1,1-
dimethylpiperidin-1- um, 44( 15434 { [4-(
H(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-y)et hyl] amino Imethyephenyl] methyl}
carbamoyppropyl]-2-phenylphenyll carbamo yl)oxy 1-1,1-d methylp iperidin- 1- ium, 44( {5-[(1E)-2-
{[4-( {[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo- 1,2-dihydroquinolin-5- Y1) ethyl] amino
Imethyl)phenyllearbarnoyll eat- 1 -en- 1-y1]-2-phenylphenyl earbamoyl ) o xyl- 1,1- dimethylp iperid in-
1 -ium, 4-( Es1.9- 1,[4-(7- [(2R)-2-hydroxy-2-(8-hydroxy-2-oxo- 1,2-dihydroquino lin- 5-y1) ethyl] amino

o L R
tmethyl)phe ﬂ b I lﬁh )1-2- henylphenylicarbamoylloxy)-1 , 1-dim ethylp iperidin- 1-ham,
(1R,2R,4S,§g,%§-ﬁﬁgf‘a- 4-(3- {[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dih ydro

carbamoy ) SO Gt 113 B Apai ey o CR P G Al

{[(2R)-2-hyd1r% Xy-2-(8-hydroxy- 2-oxo- 1,2-d ihydroquino lin- 5-yl)eth yl] amino} pentyl)earbamoyl]
ethyl] -2-phenylphenyl)earbamoyl]oxy} -1,1-d methyl p erid in- 1- num 4- it [(5- {[(7-

{[(2R)-2-hy%%ﬁ%‘éﬁiﬂ%ﬂ?ﬁ%@ﬁ%%ﬁﬁﬁ%@y%%wQ%%%ﬁﬂ%ﬁr@%h?@i?Brhf}ﬁﬂ%')%é@%ﬁfﬁ%”y' }

-2-phenylphenyl)carbamoyljoxy}-1,I-dirnethylpip
nyl]

carbamoyl}oxy)-2-phenylphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricycl
0 [3.3.1.0**Inonan-9-ium,
(1R,2R,4S,5S,7S5)-7-({[5-(3-{{4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihyd
o

quinolin-5-yl)ethyl]amino } methyl)-3-methylphenyl]carbamoyl} propyl)-2-phenyl
phenyl]carbamoyl}oxy)-2-phenylphenyl]jcarbamoyl}oxy)-9,9-dimethyl-3-oxa-9-
azatricyclo[3.3.1.0*"]nonan-9-ium,
(1R,2R,48S,5S,7S)-7-({{5-(3-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0xo0-1,2-dihyd
1o

quinolin-5-yl)ethyljamino } methyi)-2-methylphenyljcarbamoyl} propyl)-2-phenyl
phenyl]carbamoyl}oxy)-2-phenylphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-
azatricyclo[3.3.1 .02’4]nonan-9-ium,
(1R,2R,48S,5S,7S)-7-({[5-(3-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihyd
ro

quinolin-5-yl)ethyllamino } methyl)-3-methoxyphenyl]carbamoyl}propyl)-2-pheny
I phenyljcarbamoyl}oxy)-2-phenylphenyl]carbamoyl}oxy)-9,9-dimethyl-3-o0xa-9-
azatricyclo[3.3.1.0**]nonan-9-ium,

(1R,2R,4S,5S,7S)-7-({[5-(3-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-d thyd
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441[549- {[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo- 1 ,2-dihydroquinolin-5-yl)ethyl] amino }
nony1)-2-phenylphenyl] carbamoyl } oxy)- 1,1-d imethylpiperidin- | -ium, 4- {[(5- {3-042-
{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo- 1,2-dihydroquinolin-5-y1) ethyl] amino | ethyl)phenoxybropyll
-2-phenylphenylicarbamoylloxyl -1,1 -dimethy | piperidin-l-ium, 4- {[(5- {3-[(5-
{R2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yDeth amino } p entyljo xy]propyi | -2-p
henylphenylicarbamo yl] o xy - 1,1-dimethylp ip eridi n-1- ium, 4- [(5- 2444,2-
{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-i,2dihydroqu'imlin-5-ype thy!] amino ethyllphenoxylelhoxy
-2-phenylphrenyllcarbamo ylloxyl -1, 1-dimethylpipe ridin- 1 Hum, 441[542-
{14-(11(2R)-%-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yflet hyl] amino | methyl)phenyli

f id hyl-2-ph b - -di hylpiperidin-I-i d 244-
IR T TR
hyl)-2- Iphenyllcarb Il -1.1-di Ipip eridin- 1- . Th d (1) of

T R Sl 2 O

depending QD aw% |Crig 9f§ eosuﬁ%it%%_ '-%%(fh salts are not particularly limited as long as they are
pharmaceutically cceE)tab e salts. Specific ekamples of the acid addition salt include mineral acid

salts such yso,Rugde, hydrochloride, Rydrobyomids, hydro iodide, 44 phosphorate, nitrate,
sulfate; orgaéi%g&fé)%gtge’dis% chggﬁghé?hﬁ?eﬁﬁ%ga%e@@ e%dlﬁ?léirﬁg%g, %ﬁlé?%(%é%aénggglfonate,

p-toluenesuif%r_late, benzenesulfonate, ethane-1,2-disulfonate ion, 1,5-naphthalenedisulfonate ion, and
naphthalene-2-sulfonate on; and organic carboxylate such as acetate, trifluoroacetate, propionate,

o2 T R B A FR I T DA i

inorganic b such as sodium salt, potassium salt, magnesium salt, calcium salt, and aluminum salt
and salts with organic bases such as methyilam ne salt, ethylamine salt, lysine salt, and ornithine salt.

carbamoyl}oxy)-2-phenylphenyljcarbamoyl} oxy)-9,9-dimethyl-3-oxa-9-azatricycl
0 [3.3.1.0**Inonan-9-ium,
(1R,2R,48,5S,7S)-7-({[5-(3-{[2-fluoro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-
1,2-

dihydroquinolin-5-yl)ethyl]amino } methyl)phenyl]carbamoyl}propyl)-2-phenylphe
nyl]
carbamoyl}oxy)-2-phenylphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricycl
0 [3.3.1.02’4]n0nan—9—ium,
(1R,2R,48S,5S,7S)-7-({[5-(2-{[2-fluoro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-
1,2-

dihydroquinolin-5-yl)ethyl]amino } methyl)-5-methoxyphenyl|carbamoyl}ethyl)-2-
phenylphenyljcarbamoyl}oxy)-2-phenylphenyljcarbamoyl}oxy-9,9-dimethyl-3-o0x
a-9- azatricyclo[3.3.1.0**]nonan-9-ium,

(1R,2R,4S,5S,7S)-7-({[5-(2-{[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-

<

1,2-
dihydroquinolin-5-yl)ethyl]amino } methyl)-5-methoxyphenyl]carbamoyl} propyl)-
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The compound represented by formula (1) of the present invention may have isomers. Examples
include isomers related to the ring or fused ring (E-, Z-, cis-, trans-form), isomers due to the presence
of asymmetric carbon and the like (R-, S-form, a-, f3-configuration, enantiomer, diastereomer),
optically active substances having optical rotatory power (D-, L-, d-, 1-form), tautomers, polar
substances generated by chromatographic separation (high polar substance and low polar substance),
equilibrium compounds, rotational isomers, mixtures thereof in any ratio racemic mixtures, and the like.
Representative syntheses of the compounds of the present invention represented by general formula
(1) are descrbed below. In the present invention, when raw material compounds or reaction
intermediates have substituents that may affect reactions such as hydroxyl group, amino group and

carboxy! grawp. i isydasiable 1617y 0 D16 easkions by Svikahly aretecting. the fpgtiangl groups and

eliminate the protecting groups after theé reactionS. The protecting groups are not particularly limited as
long as they, ayecomaniy ysed for fherssResliye substituents, and do not have adverse effects on

other parts in protection or deprotection steps. Examples of the protecting groups for hydroxyl group

include trialkyleibi 0rouR, 1A RUEIGHAP. 4 TANELOPHRARYAILOR. AGHL HPLP.cEid &

alkoxycarbonyl group, and the I Examples of the protecting groups for amino group include C14
alkoxycarbanyl group, benzyloxycarbonyl group, acyl group, and the likeExamples of protecting groups
of carboxyl group include C,4group and the like. The deprotection reaction can be carried out

according t%ﬁ%?%%%%%‘@ﬂyyiﬁ%%fﬂ%ﬁﬁ‘ﬁ@}%@iﬁﬂng-ﬁ{é‘%m’phe@ q‘%’%%ﬁ%@}@%ﬂ*@
compounds of the present invention represented by general formula (1) can be producec{ by any of the

general meyiodls piRANCH®RAESErHeH-belun sipreAyeiaroMeiaddx,[Chemisrl iprsida | 0] OH
H2NIN,",-LyUl?1 RI9 1yv],czy(R

a-9- azatricyclo[3.3.1.0**]nonan-9-ium,

(1R,2R,48,5S5,7S)-7-({[5-(3-{[6-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihyd

1o

quinolin-5-yl)ethyl]amino } methyl)naphthalen-2-yl]carbamoyl} propyl)-2-phenylp

henyl]

carbamoyl}oxy)-2-phenylphenyl]carbamoyl} oxy)-9,9-dimethyl-3-oxa-9-azatricycl

0 [3.3.1.0>*Inonan-9-ium,

[

(1R,2R,4S,5S,7S)-7-({[5-(2-{]4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihy
ro  quinolin-5-yl)ethyl]amino } methyl)phenyljcarbamoyl}ethyl)-2-phenylphenyl
carbamoyl} 0xy)-9,9-dimethyl-3-0xa-9-azatricyclo[3.3.1.0**nonan-9-ium,
(1R,2R,48S,58S,7S)-7-({[5-(2-{[3-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0xo0-
1,2-dihydroquinolin-5-yl)ethyl]amino } methyl)phenyl]carbamoyl}ethyl)-2-phenyl
phenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**]nonan-9-ium,
(1R,2R,48,58S,75)-7-({[5-(2-{[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-
1,2-

dihydroquinolin-5-yl)ethyljamino } methyl)phenyl]carbamoyl} ethyl)-2-phenylphen
yl] carbamoyl}oxy)-9,9-dimethyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-9-ium,

34



2 (R8),H OH 0\AINy Q-R2-x/ R4 -0 N 1c4R9lb (a-1) (In the formula, Al, R4, R8, R9, Y, Q, and W are
defined in the same way as those in general formula (1), and n12 indicates alkylene having a number
of carbon atoms less than that of R4 by one (in the case where R4 is methylene, a single bond).)

The reaction indicated by the reaction formula (a-1) above can be carried out by using well-known
reductive aminat on reaction conditions. The reductive amination is carried out by reacting the
compound 1 and compound 2 in the formula in an inert solvent (e.g., dimethyl sulfoxide,
N,N-dimethylformamicie etc.) in the presence of a reducing agent (including borohydride reducing

agents, e. g witﬁ %st%j (I'Lié((:g WW fz ggugte{r rﬁg l?&)H)nd 22 |(§ t(ne same as

W- oris rep acé ert tion ' hthe reaction
formula (a-]i) Q_bove can be prepared by oxrdrzrng the compound of the following formula 3 using an
appropriate dxidizing agent (e.g., manganese dioxide, or sulfur trioxide pyridine complex and &methyl

sulfoxide). [$ﬂ§ﬁpg%ﬁ%ﬁ%g@)ﬁ%thyl] amino } methyl)phenyl]carbamoyl}ethyl)-2-phenylphen
yl] carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**]nonan-9-ium,
(1R,2R,4S,5S,7S)-7-({[5-(2-{[2-bromo-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0xo0-
1,2-
dihydroquinolin-5-yl)ethyl]amino } methyl)phenyl]carbamoyl} ethyl)-2-phenylphen
yl] carbamoyl}oxy)-9,9-dimethyl-3-0xa-9-azatricyclo[3.3.1.0**nonan-9-ium,
(1R,2R,48S,5S,7S)-7-({[5-(2- {[4-({{(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihyd
ro
quinolin-5-yl)ethyl]amino } methyl)-3-methylphenyl]carbamoyl}ethyl)-2-phenylph
enyl] carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**]nonan-9-ium,
(1R,2R,48,5S,7S)-7-({[5-(2-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihyd
1o
quinolin-5-yl)ethyljamino } methyl)-2-methylphenyl]carbamoyl}ethyl)-2-phenylph
enyl] carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**]nonan-9-ium,
(1R,2R,48,58,7S)-7-({[5-(2-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihyd
1o
quinolin-5-yl)ethyllamino } methyl)-2-methoxyphenyl]carbamoyl}ethyl)-2-phenyl
phenyljcarbamoyl} oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**nonan-9-ium,
(1R,2R,48,5S,7S)-7-({[5-(2-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihyd
o
quinolin-5-yl)ethyl]amino } methyl)-3-methoxyphenyl]carbamoyl}ethyl)-2-phenyl
phenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1 .0**Inonan-9-ium,
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(Fts)e CLO;l Li (R)b WI - 3 Compound 3 of the above formula can be prepared in two ways
illustrated in the following reaction formula (a-2). [Chemical Formula 12] (R8),\ (LOAN WI 4 fic,OP1
_R2_x"'R(

(1R,2R,48,58,7S)-7-({[5-(2-{[ 3-fluoro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo0-
1,2-

dihydroquinolin-5-yl)ethyl]amino } methyl)phenyl]carbamoyl} ethyl)-2-phenylphen
yl] carbamoyl} 0xy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**Jnonan-9-ium,
(1R,2R,48,58,7S)-7-({[5-(2- {[ 2-fluoro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-
1,2-

dihydroquinolin-5-yl)ethyl]Jamino } methyl)phenyl]carbamoyl}ethyl)-2-phenylphen

(1R,2R,45,585,75)-7-({[5-(2-{[2-fluoro-4-( {[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-

dihydroquinolin-5-yl)ethyl]amino } methyl)-5-methoxyphenyl]carbamoyl}ethyl)-2-
phenylphenyljcarbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0%]
nonan-9-ium,
(1R,2R,48,585,7S)-7-({[5-(2-{[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-
1,2-

dihydroquinolin-5-yl)ethyl]amino } methyl)-5-methoxyphenyljcarbamoyl} ethyl)-2-
phenylphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0%]
nonan-9-ium,
(1R,2R,48,58,75)-7-({[5-(2-{[2-bromo-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-
1,2-

dihydroquinolin-5-yl)ethyl]amino } methyl)-5-methoxyphenyljcarbamoyl}ethyl)-2-
phenylphenyljcarbamoyl}oxy)-9,9-dimethyl-3-o0xa-9-azatricyclo[3.3.1.0%"]
nonan-9-ium,

(1R,2R,48S,58,7S5)-7-({[5-(2- {[ 3-ethoxy-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0xo0-
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“(RY)( (Rs). 0,A14 A "jci)-R2-x -R4 HR% 5 (R8)s ,OH ON z II-R2- XR4 -W'Q.

1,2-

dihydroquinolin-5-yl)ethyl]amino } methyl)-5-methoxyphenyl]carbamoyl}ethyl)-2-
phenylphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0%]
nonan-9-ium,

(1R,2R,48,58,7S)-7-({[5-(2- {[6-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihyd
1o

quinolin-5-yl)ethyl]amino } methyl)naphthalen-2-yl]jcarbamoyl} ethyl)-2-phenylphe
nyl] carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0*"|nonan-9-ium,
(1R,2R,48,5S8,7S)-7-({[4-(3-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihyd
ro quinolin-5-yl)ethyl]amino } methyl)phenyl]carbamoyl}propyl)-2-phenylphenyl]
carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1 .0**nonan-9-ium,
(1R,2R,48,58,7S)-7-({[4-(3-{] 3-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-

dihydroquinolin-5-yl)ethyl]amino } methyl)phenyl]amino } methyl)phenyl]carbamo
yli
propyl)-2-phenylphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0
241 nonan-9-ium,
(1R,2R,4S,5S,7S)-7-({[4-(3-{[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-

dihydroquinolin-5-yl)ethyl]amino } methyl)phenyl]amino } methyl)phenyl]carbamo
ylj
propyl)-2-phenylphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0
241 nonan-9-ium,

(1R,2R,48S,58,7S)-7-({[4-(3-{[3-bromo-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-
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0 N WI- 3 (a-2) (In the above formula, Pl indicates a general protecting group for hydroxyl group, and
Q1 indicates any of the following formulae.) [Chemical Formula 13] R6 (R56- - In the reaction
formula (a-2) above, the reaction from compound 6 to compound 4 and from compound 5 to
compound 3 is an N-alkylation reaction of tertiary amine to a quaternary ammonium salt. The
N-alkylation reaction can be carried out by reacting a tertiary amine compound with an alkylating agent
(e.g., aikyi halides etc.) in an inert solvent (e.g., acetonitrile, N,N-dimethylformamide, etc.) with ice
cooling or at room temperature or, under some circumstances, with heating. In the reaction
formula (a- )jl_bove, the reaction from compound 6 to compound 5 and from compound 4 to
compound 3’is a common deprotection 48 reaction of a protecting group for hydroxyl group. For

example, WHRR, Fid & A SR SHY L iR R RS RGN AT TR AT SRS R P R T FREme L yith
yl}
propyl)-2-phenylphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0
241 nonan-9-ium,
(1R,2R,48S,5S,7S)-7-({[4-(3-{[2-bromo-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-
dihydroquinolin-5-yljethyl]amino } methyl)phenyljamino } methyl)phenyl]carbamo
yl}
ropyl)-2-phenylphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0
2’4] nonan-9-ium,
(1R,2R,48,5S,7S)-7-({[4-(3-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihyd
1o
quinolin-5-yl)ethyljamino } methyl)-3-methylphenyl]amino } methyl)phenyl]carbam
oyl}
propyl)-2-phenylphenyljcarbamoyi}oxy)-9,9-dimethyl-3-oxa-9-azatricycio{3.3.1.0
241 nonan-9-ium,
L,2R,48,58,7S)-7-({[4-(3-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihyd
i)
quinolin-5-yl)ethyl]jamino } methyl)-2-methylphenyljamino } methyl)phenyljcarbam
oyl}
propyl)-2-phenylphenyljcarbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0
>4 nonan-9-ium,

(1R,2R,4S,5S,7S)-7-({[4-(3- {[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihyd
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trifluoroacet c acid, hydrogen fluoride-triethylamine complex, and the like; when is an acyl group, it
can be carried out by the treatment under common alkaline hydrolysis conditions. Compound 6 in the
reaction formula (a-2) above can be prepared by the step illustrated in the folio [Chemical Formula 14]
(P8)a 0 01.0)LIII-111 Ri ng reaction formula (a-3).

ro  quinolin-5-yl)ethyl]amino } methyl)-3-methoxyphenyl]amino } methyl)phenyl]
carbamoyl}propyl)-2-phenylphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatric
yclo [3.3.1.0**] nonan-9-ium,
(1R,2R,48,5S,7S)-7-({[4-(3-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihyd
ro  quinolin-5-yl)ethyl]amino } methyl)-2-methoxyphenyl]amino } methyl)phenyl]
carbamoyl}propyl)-2-phenylphenyijcarbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatric
yelo [3.3.1.0*"] nonan-9-ium,

(1R,2R,48,58,7S)-7-({[4-(3- {[3-fluoro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-

dihydroquinolin-5-yl)ethyl]amino } methyl)phenyl]amino } methyl)phenyl]carbamo
yl}
propyl)-2-phenylphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0
4] nonan-9-ium,
(1R,2R,4S,58,7S)-7-({[4-(3-{[2-fluoro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-
1,2-

dihydroquinolin-5-yl)ethyl]Jamino } methyl)phenyljamino } methyl)phenyl]carbamo
yl}
propyl)-2-phenylphenyljcarbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0
241 nonan-9-ium,

(1R,2R,48S,5S,7S)-7-({[4-(3-{[2-fluoro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-

dihydroquinolin-5-yljethyljamino } methyl)-5-methoxyphenyl]jamino } methyl)phen

carbamoyl}propyl)-2-phenylphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatric
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6 (a-3) (In the above reaction formula, L,1 indicates a leaving group.) The reaction can be carried
out in the presence of a base (e.g., pyridine, triethylamine, etc.) in an inert solvent (e.g., acetonitrile,
N,N-dimethylformamide, etc.) or without a solvent, with ice cooling or at room temperature or, under
some circumstances, with heating. Examples of the leaving group include halogen,
methanesulfonyloxy, benzenesulfonyloxy, and the like. In addition, when X indicates -CONR3-,
compound 6 can also be prepared by the step illustrated in the following reaction formula (a-4).
[Chemical Formula 15] 9 610 (In the above reaction formula, R12 indicates alkylene having a
number of carf)o toms Jess than that of R2 by one (in the case where le is methylene, a single bond)
and P2 indi¢& 8&%%&6‘)&3&' ctih8group for carboxyl group.) In the reaction formula (a-4)

above, the reactjan fro 0 art%ﬁc ou o und 9 can be carried out under the
same condi{m sﬁéré%ﬁ%hﬁﬁ%fgéﬁ “‘%Tpﬁﬁfé" ?é@%%ﬁ@@&ﬂéﬁ“ ﬁ'%&%ﬁ&'ﬁd(ﬁ(% compound
10isa deprﬁ%ection reaction of a protecting group for carboxyl group. The deprotection reaction can
be carried ouf under common acid hydrolysis conditions, alkaline hydrolysis conditions, catalytic
reduction canditions, or the like . The reaction fro pound 10 to co oun(}fgﬁc n ?g carried out by
sing well LD SRR ed g RS G B S EIATo VRSH B Shried out by
subjecting amines to a condensation reaction with carboxylic acid in the presence of condensing

agents sucH as carbodiimide. In this case, halogenated hydrocarbons such as N,N-dimethylformamide

and chlorofoiy ate spitable, £ SOents, A0 Mol VO ENBBATIe o9 azatric

yelo [3.3.1.0**]nonan-9-ium,

2

T
)]

{(1R,2R,48,55,75)-7-({[4-(3-{[2-bromo-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-
1,2-

dihydroquinolin-5-yl)ethyl]amino } methyl)-5-methoxyphenyl]amino } methyl)phen
yl]
carbamoyl}propyl)-2-phenylphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatric
yelo [3.3.1.0°*]nonan-9-ium,
(1R,2R,48,58,7S)-7-({[4-(3-{[6-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihyd
1o

quinolin-5-yl)ethyl]amino } methyl)naphthalen-2-yijamino } methyl)phenyljcarbam
oyl}
propyl)-2-phenylphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0
>4 nonan-9-ium,
(IR,3R)-3-({[5-(3-{[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihyd
1o

quinolin-5-ylethyljamino } methyl)-5-methoxyphenyljcarbamoyl} propyl)-2-pheny
| phenyl] carbamoyl}oxy)-8,8-dimethyl-8-azabicyclo[3.2.1]octan-8-ium,

4-({[5-(4- {[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)et
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1-ethyl-(3-(N,N-dimethylamino)propyl)carbodiim de,carbonyldiimidazo I, diphenylphosphoryl azide,
diethylphosphoryl cyanide and the like arc used as the condensing agents. The reaction is usually
carried out with cooling or at room temperature, or under some circumstances, with heating.
Compound 7 in the reaction formula (a-3) above can be prepared by the steps illustrated in the
following reaction formula (a-5), when R2 indicates a single bond; X indicates -0-;indicates a single
bond; and R4 indicates C1-10 alkylene, or when R2 indicates -0-C14 alkylene; X indicates -0-;
indicates phenylene; and R4 indicates C1.4 alkylene. [Chemical Formula 16] (R8)a z/oPI /CPI1 | -OR4
-OH1-2-R4'9l/—|[]-2L".2222i k(RNa 1312 17-11R912 jr-11:0)b

amino } methyl)phenyl]carbamoyl}butyl)-2-phenylphenyl]carbamoyl}oxy)-1,1-dim
ethylpiperidin-1-ium,
(1R,2R,4S,5S,7S)-7-({[5-(4-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0xo0-1,2-dihyd
ro  quinolin-5-yl)ethyl]amino } methyl)phenyl]carbamoyl} butyl)-2-phenylphenyl]
carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0*"|nonan-9-ium,
4-({[5-(4-{[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli

n-5- yl)ethyllamino} methyl)-5-methoxyphenyl]carbamoyl} butyl)-2-phenylphenyl]

(1R,2R,48,58,7S)-7-({[5-(4- {[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-
1,2-

dihydroquinolin-5-yl)ethyl]amino } methyl)-5-methoxyphenyl]carbamoyl}butyl)-2-
phenylphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0%]

nonan-9-ium,

hyl]

amino } methyl)phenyl]carbamoyl}propyl)-2-phenylphenyl]carbamoyl}oxy)-1,1-
dimethylpiperidin-1-ium,

4-({[5-(2- {[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-yl)et
hyl]

amino } methyl)phenyl]carbamoyl}ethyl)-2-phenylphenyl]carbamoyl}oxy)-1-meth
yl-1- (2-phenoxyethyl)piperidin-1-ium,
4-[({5-[(8-{[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)ethyl]
amino joctyl)oxy]-2-phenylphenyl}carbamoyl)oxy]-1,1-dimethylpiperidin-1-ium,
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Ib (a-5) (In the above reaction formula above, L2 indicates a leaving group.) In the reaction
formula (a-5) above, the rcaction from compound 13 to compound 12 is an 0-alkylation reaction. The
O-alkylation reaction can be carried out by reacting a phenolic hydroxyl group-containing compound
with an alkylating agent (e.g., alkyl halides etc.) in an inert solvent (e.g., acetonitrile,
N,N-dimethylformamide, etc.) in the presence of a base (e.g., potassium carbonate etc.) at room
temperature or, under some circumstances, with heating. The reaction from compound 12 to
compound 11 is a protection reaction of a hydroxyl group, which can be carried out by a well-known

which can S0 B AAPRAd BSE °¢‘rré§< i EOREInG SR el Zf&'s?igg e O e amen:
usirated i PEIRRRY 93@?;%'.“ I LS A T e o DRI alas 0: A
ncates P ORISR PSS S ARSI 9?5'91'1‘1’%'5”@ LU
amino }nonyl)oxy]-2-phenylphenyl}carbamoyl)oxy]-1,1-dimethylpiperidin-1-ium,
4-{[(5-{4-[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-yl)eth
yl] amino } methyl)phenoxy]butyl}-2-phenylphenyl)carbamoyljoxy}-1,1-dimethyl
piperidin-1-ium,
4-({{5-(2-{14-(3-{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-yl)
ethyl]amino } propyl)phenyljcarbamoyl} ethyl)-2-phenylphenyl]jcarbamoyl}oxy)-1,
1- dimethylpiperidin-1-ium,
4-({[5-(2-{[4-(2-{[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)
ethyl]amino }ethyl)phenyl]carbamoyl}ethyl)-2-phenylphenyl]carbamoyl}oxy)-1,1-
dimethyl piperidin-1-ium,
4-({[5-({[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)ethy
1]
amino } methyl)phenyl]carbamoyl} methoxy)-2-phenylphenyl]jcarbamoyl}oxy)-1,1-
dimethyl piperidin-1-ium,
4-1({5-12-({[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)et
hyl]
amino } methyl)phenyl]methyl}carbamoyl)ethyl]-2-phenylphenyl}carbamoyl)oxy]-
1,1- dimethylpiperidin-1-ium,
4-1({5-13-({[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)et
hyl]
amino } methyl)phenyl]methyl}carbamoyl)propyl]-2-phenylphenyl}carbamoyl)oxy
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1615197c (a-6) (In the above reaction formula, c indicates an integer of 1 or 2.) In the reaction
formula (a-6) above, the reaction from compound 16 to compound 15 is a so-called Heck reaction in
which aryl halides react with alkene. The reaction can be carried out in the presence of palladium, a
phosphine ligand and a base in an inert solvent, with heating and stirring The reaction from compound
15 to compound 14 is a reduction reaction of a double bond, which can be carried out by a well-known
method such as catalytic reduction. The reaction from compound 14 to compound 7c is a protection
reaction of a hydroxyl group, which can be carried out by a well-known method. Compound 7,
compound T4, tahipetindp3p eadipoltiand,3, and compound 15 can be prepared according to

well-known procedures using starting materials and reagents which are well known in the art or which
are commersigl{y 4vailade! [4RrgdeRYon IMdtbas-2> §OGarical Foxmul2 kBhydld (@) Ijin-She formula,
A4, R4, R8, R9, Y, Q, and W] are defined in the same way as those in general formula (1), and L3
indicates a ldaving group.)

ethylJamino } methyl)phenyljcarbamoyl}eth-1-en-1-yl]-2-phenylphenyl} carbamoyl

) oxy]-1,1- dimethylpiperidin-1-ium,

4-({[5-(2-{J4-(2-{[(2 hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)

ethyl]lamino }-2-methylpropyl)phenyl]carbamoyl}ethyl)-2-phenylphenyl]carbamoy

i} oxy)-1,1-dimethylpiperidin-1-ium,

4-({[4-(2- {I4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)et

hyl]

amino } methyl)phenyl]carbamoyl}ethyl)-2-phenylphenyl]carbamoyl}oxy)-1,1-dim

ethylpiperidin-1-ium,

(1R,2R,48,58,7S)-7-({[5-(2-{]4-(3-{[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dih

ydro quinolin-5-yl)ethyl]amino }propyl)phenyl]carbamoyl}ethyl)-2-phenylphenyl]

carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**Jnonan-9-ium,

4-L1(5-{2-[(5-{[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)eth

yl] amino}pentyl)carbamoyl]ethyl}-2-phenylphenyl)carbamoyl]oxy}-1,1-dimethyl

piperidin-1- ium,

4-{[(5-{[(7-{[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)ethyl

]

amino } heptyl)oxy]carbonyl}-2-phenylphenyl)carbamoyl]oxy}-1,1-dimethylpiperi

din-1-ium,

4-({[5-(9-{[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)ethyl]

amino jnonyl)-2-phenylphenyljcarbamoyl}oxy)-1,1-dimethylpiperidin-1-ium,
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The reaction indicated by the reaction formula (a-7) above is an N-alkylation reaction. Preferred
examples of L3 include a halogen atom (e.g., a chlorine atom, a bromine atom, an iodine atom), a
sulfonyloxy group, and a benzenesulfonyloxy group. The reaction can be carried out in an inert solvent
(e.g., acetonitrile, N,N-dimethylformam de, etc.) at room temperature or, under some circumstances,
with heating. W which is a counter ion of compound 3, is the same as W] or is replaced with W1 by a
known method after the reaction. Compound 17 can be prepared from the above-mentioned
compound 3 by a known method. Compound 1 in the reaction formulae (a-1) and (a-7) above can

b b teps i in the follgwi tion formyla (b-1).,[Chemical Formula 19]
0OHOHON Y (1) 1 NG 740G Yo A1) A he LS HOM mipelin 21 to 52

compound 2Q isa halogenatjon reactign, which can be carried by reacting a compound of compound
21 with bro SRS RO B LR SR E L R s TP P HOB S ARt PHE reaction
from compqund 20 to_qgmg}ound 19 is a reduction reaction, which can be carried out by reacting

compound BI\R/?tﬂda{nreduurfg agent (e.g., borane). If desired, such a reduction can be performed in

ne resenc 8 ot 5 AROBUGH i oML R YDA e ot

(R)-()-a,a—diqtll:enyl-z-pyrrolidinemethanol and trimethylboroxine; or from
(S)-9-ct,a—d?b enyl-2-pyrrolidinemethanol and trimethylborox ne). The reaction from compound 19 to

compound 18 is an azjdation reaction, yhich can be carried out by reacting,compopind 19 with sodium
azidde. The FABRtor T o PeuRH 1618 o paind 16 | & TSHUey reacian urhan be carried
out by treatirp_q cc{lrplpound 18 under common catalytic reduction conditions. Compound 21 can be

prepared accofdllng’to well-known procedures using starting materials and reagents which are well

known in the aft O 3reCcomMERARY AV AR IQASIImMENed SlGhenitr igraaLol  (@-8)

thyl]
amino }ethyl)phenoxylethoxy}-2-phenylphenyl)carbamoyl]oxy}-1,1-dimethylpipe
ridin-1-ium,
4-({[5-(2-{{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
hyl]
amino } methyl)phenyl]formamido } ethyl)-2-phenylphenyl]carbamoyl}oxy)-1,1-di
methylpiperidin-1-ium, and
4-({[5-({2-[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-yi)et
hyl]
amino }methyl)phenoxy]acetamido } methyl)-2-phenylphenyl]carbamoyl}oxy)-1,1-
dimethylpiperidin-1-ium.

The compound (I) of the present invention may form an acid addition salt.
In addition, it may form a salt with a base depending on the kind of the substituent.
Such salts are not particularly limited as long as they are pharmaceutically
acceptable salts.  Specific examples of the acid addition salt include mineral acid

salts such as hydrofluoride, hydrochloride, hydrobromide, hydroiodide,
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(In the formula, Al, R4, le, R9, Y, Q, and W1 are defined in the same way as those in general formula
(1), and P3 indicates a common protecting group for hydroxyl group.) The reaction illustrated in
the reaction formula (a-8) above is a deprotect on reaction of a protection group for hydroxyl group.
The deprotection can be carried out by a known method. For example, when P3 is a
tert-butyldimethylsilyi group, the reaction can be carried out by treating with tetrabutylammonium
fluoride, trifluoroacet c acid, and the like. Compound 22 in the reaction formula (a-8) above can
be prepared by using the compound of the following formula la, instead of compound 1, in <Production

Method 1> oy <Production Method 2>.[Chemical Formula 21] OP3.Y la ompound | a in the
above formBFg%%%OB%g%roal{\J{I{:aettg ’bysgzlatfrar[tyfihgOoré;f1 3laer?le1?<£§ 1|1r‘%l%r;odf]‘%: |13)n ar%agtll%t%% eg%i;fg)t%%tt?hg group to

a hydroxy! QU REIHGED. A0 QLS SRR SLING 1SR ION RITYR ik 80RYS,RIefHgiqp Method >
[Chemical Formula fa- )
ethane-1,2-disulfonate ion, 1,5-naphthalenedisulfonate ion, and
naphthalene-2-sulfonate ion; and organic carboxylate such as acetate,
trifluoroacetate, propionate, oxalate, fumarate, phthalate, malonate, succinate,
glutarate, adipate, tartrate, maleate, malate, 1-hydroxy-2-naphthoate and
mandelate. Specific examples of the salt with a base include salts with inorganic
bases such as sodium salt, potassium salt, magnesium salt, calcium salt, and
aluminum salt and salts with organic bases such as methylamine salt, ethylamine
salt, lysine salt, and ornithine salt.
The compound represented by formula (I) of the present invention may
have isomers. Examples include isomers related to the ring or fused ring (E-, Z-,

cis-, trans-form), isomers due to the presence of asymmetric carbon and the like

(R-, S-form, a-, P-configuration, enantiomer, diastereomer), optically active

=

substances having optical rotatory power (D-, L-, d-, 1-form), tautomers, pola
substances generated by chromatographic separation (high polar substance and
low polar substance), equilibrium compounds, rotational isomers, mixtures thereof
in any ratio, racemic mixtures, and the like.

Representative syntheses of the compounds of the present invention
represented by general formula (I) are described below.

In the present invention, when raw material compounds or reaction
intermediates have substitucnts that may affect reactions such as hydroxyl group,
amino group and carboxyl group, it is desirable to carry out the reactions by

suitably protecting the functional groups and eliminate the protecting groups after
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In the reaction formula (a-9) above, the reaction of compound 23 with compound 19b is an
N-alkylation reaction. The N-alkylation reaction can be carried out in the presence of a base (e.g.,
potassium carbonate etc.) in an inert solvent (e.g., acetonitrile, N,N-dimethylformamide, etc.) at room
temperature or, under some circumstances, with heating. It is desirable that the phenolic hydroxyl
group contained in compound 19b is protected during the reaction. Examples of the protecting group
include, for example, a benzyl group, a p-methoxybenzyl group, and the like. The protecting group can
be deprotected under common conditions of &protection reaction (e.g., catalytic reduction etc.),
following thfﬁN-ralg tli%tiosn relaﬁ:éionoélvcltwhicr% is a coun&e{ ionr of clor?ﬁ(fyn(%? islthe same as W or is
replaced wi eilveby A Khown method after #ie rRadienct P2 tIlﬁlé To pcr)nulne o%sfo(r)ﬁ%lgs( i¥isolated
and purified s & bsIanGe sheh.as 8 free.compoynd o & salt hydrate orsolte tergol

Conventional s&lt-formation or salt-exch %e reactions can also be emp yeedatovproducee ?rt{se salt of

the compound of,formula (1). The isolation ar purification can _be carrie th ing common

chermical ol B a8 Biptssh S B R L Tl G SR o

compounds tI% resent invention possess 132 adrenergic receptor agon st activity and muscarinic
B e A P R S o

receptor anélgo Ist activity a ave persistent bronthodilato

Therefore, t&@éﬁ\%g r%_%gp% '

| for treati ical iti iated by, the 132 ad 2 t
muscarinic receptor, I.€., r%}gl(rji%rgacigg %ﬂgﬁ%@g%g%%ﬁr ;02‘6%89’ rle ?r%%%t \;%vrlltr rgir% er{%(r::rﬁ)e?g]ic():r
¢ - - ¢ oty di it . e
receptor URISHOTA WkSFE INIALEARR' 0L ANRARN S R D MEdeR nelionschd g pxambie

pulmonary disorders or dise disease chitis which'is'c involves

wheezing ( e e a , pul ry; fibrosi e li
Other cond\%%i%th?te% &%%Qggxfﬁg%%gg régm %un%v%mr% gléqc])%q&s%sigéi%%éon?egt&?@é T;aesa:% ailure, and
Blanpeiscaleeasapalc aad eroliefeiie s dReareR con RS whers

skin diseases(g,g elegive,
lowering peptic acigl y'is desirable (e.g., p gastric tlcerati ny, and muscle wasting disease).

In addition, a6 BrESEOLIMVEINON PIRvIdes 2 RAunAGEHCRLEOMmPOSHORSP RIS NG Bed for
pharmaceutically available carrier and a compound of formula (I) or a pharmaceutically acceptable
salt, soIvateegaaqg%@eg{iﬁéeéggdgpmer thereof. Such a pharmaceutical composition may be
administered in combination with other therapeutic agents as a concomitant drug if necessary, for the

purposes of enhanc]@w%*yo&p@(\é%tw#ré? A IBBIARRUIE GlICGISEM: invendiDf FORCRMIIRAL drug of

the pharmaceutical compasition of the present invention and other agents may be administered in the
form of a casybingd HiugHANIRAINING RAD $RMAIEREINS SIRY/SRTERArBURR, A MahiRke afform to be
administered in separate preparations. The administration in separate preparations includes
simultaneoys AR stRtieRRnARdpINistration at different times. In the case of administration at
different times, the pharmaceutical composition of the present invention may be administered prior to
or after admipigfaatien ©hethgs agents and the same or different administration methods may be
employed in the administrations. Other agents mentioned above may be low-molecular weight
compounds;@kdRayPeighrmalgcular weight proteins, polypeptides, polynucleotides (DNA, RNA,
genes), antisense, decoys, antibodies, vaccines, or the like. Doses of other agents can be
appropriately selected based on the doses which are clinically used. For example, WithHregpect tol
part by mass of the compound w%aﬂg%zrese/r\yt inygption, from 0.01 to g@ﬁa arts by mass.of-other agents
may be used. In addition, any {o [pr trerecofather agents may beycolnbinea i &pppriate proportions
to be admini¥ y Other ag@nt§1c pable of the enfhancemeant of the pEev ntive and/or therapeutic
effects etc. of the therapeutic ag% ©f the present invention include not &hose which have been
found so far but dlso those which e found in the future, based on the¥iechanism described
above. The diseases on which tie above concomitant drugs exhibit preventivé’ and/or therapeutic
effects are not particularly limited and may include any diseases as long as the therapeutic agents of
the present invention exhibit enhanced preventive gadipr therapeutic effects etc. on them. For
example, other agents for enhancement of the preventive and/or therapeutic effects etc. of the
therapeutic @gehtsfof thelprasert'inkEnNRONYNGUdad fov exardpindd2radrenengicwageptohagonists,
muscarinic receptor antagonists, leukotriene receptor antagonists, antihistamines, antiallergic agents,
steroidal anti-iglamaiaforynagents, agdnts'foindicaioe Hiksapy: Herbalgmedicingsy nah«steroidal
anti-inflammatory agents, 5-lipoxygenase inhibitors, 5-lipoxygenase activating protein antagonists,
leukotriene siytielsissinhibitdist prORGdIanshies(inarinabine idiRredebtor stinhylknks, antituskives,
expectorants, phosphodiesterase inhibitors, extracts of inflamed rabbit skin Induced by inoculation of
vaccinia virbspdind the like.
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Representative 02 adrenergic receptor agonists that can be used in 58 combination with the
compounds of the present invention include, but are not limited to, salmeterol, salbutamol, formoterol,
indacaterol, salmefamole, fenoterol, terbutaline, albuterol, isoetharine, metaproterenol, bitolterol,
pirbuterol, levalbuterol and the like, or a pharmaceutically acceptable salt thereof Representative
muscarinic antagonists that can be used in combination with the compounds of the present invention
include, but are not limited to, atropine, atropine sulfate, atropine oxide, methylatropine sulfate,
homatropine hydrobromide, hyoscyamine hydrobromide (d, 0, scopolamine hydrobromide, ipratropium

hydrobromide, oxitr%@%M{Qqﬁ%g%dt@}rapé%w{fmiMﬂ%ﬂfw?J%%pégg%%tQamg.d

hydrobromide, anisotropine methyl bromide;, clidinium bromide, copyrrolate, isopropamide iodide,

mepenzolatg, bramide, Jrigifiexgtivh igrde, Mexpayaiymaibyisuliaig puclongelate hydrochloride,

tropicamide, trihéxyphenidyl hydrochloride, pirenzepine, telenzep ne, methoctramine and the like, or a

pharmaceutjcally acreRtablasalt snereoT: ot fardhase GRmRoMATS listad 25.psaltd aiternats.

pharmaceutically acceptable salt thereof. epresentative leukotriene receptor antagonists that

can be useqjp,combinaionwith 4 GamRauNds Ak ihg PLeReRtdRYautien inglusa bk g Aot limited to,

pranlukast hydrate, montelukast sodium, zafirlukast and the like, or a' pharmacéutically acceptable salt

thereof; or, E‘B&.5“91581_80;5?&%@950H%&\&ﬁmﬁ%(%&ﬁ%ﬂﬂ%&ﬁ@ﬂﬁﬁ%ﬁ%ﬂ%B’ éﬁ%%@%ﬁéﬁ'&}herem
Representative antihistamines that can be used’in combination with the compounds of the present
invention inglyde aul Are RELIMeE i waiRinoxaminemalgate, CiRmasting madifound 2, ,
diphenylhydramine hydrochloride, dimenhydrinate, pyrilamine maleate, tripelennam ne hydrochloride,

tripelennamme, eitaie, Fhigrobieniiaming @R @civasing. eIk Rydioglousg; dydroxyz ne

pamoate, cyclizine hydrochloride, cyclizine lactate, ineclizine hydrochloride and cetirizine

hydrochloride, aSte@!%ﬁ!?odﬁMOQaQ@%ﬁiﬁeﬁéngQﬁh|9£i‘§x§al@r?éagi%96@%‘38%@%@8&9&’ gnalogue,
terfenadine, fexofenadine hydrochloride, azelastine hydrochloride and the like, or a pharmaceutically

acceptable 53]t 1RereoheQlo A5 SNA3S CoMPRURAS Histed 2% B Sallsialernals Phanacsuiically,acceptable
salt thereof. Representative antiallergic agents that can be used in combination with the

compounds,gtthe Presem{Ryeaions Kidlkdss butraranetlimiipgitansadiwpiskomaalicatantanilast,
amlexanox, repirinast, ibudilast, pemirolast potassium, tazanolast, ozagrel hydrochloride, imitrodast
sodium, seratragdagb)ramatroban, domitroban calcium and the like, or a pharmaceutically acceptable
salt thereof; or, for those compounds listed as a salt, alternate pharmaceutically acceptable salt
thereof [Represantasivaigteroipal anti-inflammatory agents that can be used in combination with
this compounds of the invention include, but are not limited to, methylpred..solone, prednisolone,
dexamethasone, fluticasgne, beclomethasone propionate, budesonide, flunisolide ciclesonide and the
like, or a pharmaceutigally ; ptablesgalt tBéreof; or, for those compounds listed as a salt, alternate
pharmaceutically accefpta Ringreof™ Representative agents for vaccine therapy that can be
used in combinationowittzthe compounds of the present invention include paspat, asthremedin,
Broncasma Berna, and the@f‘k&m%b Representative non-steroidal anti-inflammatory agents that can
be used in combination wit compounds of the present invention include, but are not limited to,
aspirin, loxonin, diclofen&c, celecoxib, alminoprofen, pranoprofen, ibuprofen, droxicam, aceclofenac,
ketoprofen, piroxicam, emorfazone, auranofin, piroxicam, lornoxicam, emorfazone and the like, or a
pharmaceutically accepiabiadaltothéreabove fdiRepraseniditvertguked mneveynthasidlinirbitals that can
be used in combination with the compounds of the present invention include, but are not limited to,
auranofm, progiarfadtasimmateat® arfdrthellike-2y.a pharmaceutically acceptable salt thereof.

[Chemical Formula 12]
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Representative antitussives that can be used in combination with the compounds of the present
invention include, but are not limited to, codeine phosphate, dihydrocodeine phosphate, oxymetebanol,
noscapine and the like, or a pharmaceutically acceptable salt thereof Representative
expectorants that can be used in combination with the compounds of the present invention include, but
are not limited to, foeniculatcd ammonia spirit, bromhexine hydrochloride, cherry bark extract,
earbocisteine, ambroxol hydrochloride, rnethylcysteine hydrochloride, acetylcysteine, L-ethylcysteine
hydrochloride and the like, or a pharmaceutically acceptable salt thereof; or, for those compounds
listed as a salt, alternate pharmaceutically acceptable salt thereof Representative

phosphodiesterase inhib'(tﬁra\s \hat canAbe uged in combination with the compounds of the present

invention include, bt afe ngt lighiteekto, dbxofylline, roflumilgStciamilast and tvé like, or a

. Qs % AN )
pharmaceutically aéd@ept&1 leysalt thereof RWhen usgd 10 trea éventsa pulmonary disease, the
compounds of the preserti l_tiig,n are opﬁonaﬁyﬁdmini%te%d in combination with other therapeutic
agents. In particular, by combj iﬁg)fhe compounds of the presefit invgition with a steroidal

anti-inflammatory agent (8.g. a corticosteroid)" the pharmacehjti compositions of the present
invention can provide triple therapy, i.e. (32 adrenergic receptor agonist muscarinic receptor
antagonist and anti-inflammatory activity, using only two active c}mponents. Since pharmaceutical
compositions containingg¥o active components are typicaﬂ%\ejg er to f/grnggte compared to
compositions containigg th@é\é agiy,@Acqgfpone;ntg such &o- ctisompuaifent compositions provide a
. . . . R™W Q. = L. L.
significant advant 5 gle, three-active-component gonpositions consisting of three drugs.
Accordingly, in a particukir embodiment, The pharmaceuticil positions and methods of the present
invention further include a e'—aﬁ@utically effective amdtint ota stéfdidal anti-inflammatory agent.
Technologies widely usedl as single or combined preparatiédns can be used to formulate the
compounds of the present invention, optionally adding pharmaceutically acceptable additives. To
use the compounds of the invention or conc mﬁant drugs of the compounds of the invention and other
agents for the purpose described above, thee/ are usually administered topically in parenteral forms.

The doses pf e COMIRRUAYR, OLIPUMENTRN A8 SRPEAIN DAL O 0iR T0dnargerdogs for adults

depending on age, body weight, symptom, therapeutic effect, administration method, and the like, and
the dose frw&mxﬂagg@rgﬂy&qﬁg gglquglg%gﬁméggrenterals include, for example, inhalants and
the like.These preparations may be controlled-release preparations such as rapid-release preparations
and sustaingereleaserygRaatans. These preparations can be produced by known methods, such as
those described in the Japanese Pharmacopoeia and the like. Inhalants for parenteral
administration include aerosols, powders for inhalation, liquids for inhalation (e.g., solutions for
;-1-lation, suspensions f(}r[\jnhalation Zgtc.), or c@e-form inhalants. The liquid inhalants may be in

the form that is dizﬁ%lvg  orsuspertdg wate any other suitable medium at the time of use.
These inhalants can Be idd usi uitable

ler container. For example, sprayers (atomiser,
nebulizer) and the like can be useckfoladministBP liquids for inhalation, and inhalation dosing devices
for powder and the like can be used to administer powders for inhalation. These inhalants are

produced according £0 fgaoyea dnethadsmbfr exanpise tee armpravnda atdhe pressstiaventon are
mixed with a powdered or liquefied inhalation propellant and/or carrier and are then powdered

according t gngsventonal methosh fips @x@mAle chaders yasaprakbamaking dhig #mpound
fine powder together with lactose, starch, magnesium stearate and the like to make it a homogeneous
may be dissolved, for example, in a liquid-form carrier such as water, physiologic saline or organic
solvent. As ¢ghe-ppallanisicaermeniionalbrknonindpropeliania, wughas higrefluomeatben substitutes,
liquefied gas propellants (e.g., fluorohydrocarbon,

alkyl halides etc.) in an inert solvent (e.g., acetonitrile, N,N-dimethylformamide,

etc.) with ice cooling or at room temperature or, under some circumstances, with

heating.

In the reaction formula (a-2) above, the reaction from compound 6 to

compound 5 and from compound 4 to compound 3 is a common deprotection
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liquefied petroleum gas, diethyl ether, dimethyl ether, etc.), compressed gas (carbon dioxide gas,
nitrous oxide gas, nitrogen gas, etc.) and the like are used. The inhalants may further contain
additives appropriately if necessary. Anything may be used as the additive as long as it is an additive
commonly used. For example, the following additives are employed a solid excipient (e.g., lactose,
sucrose, glucose, cellulose, etc.); a liquid excipient (e.g., propylene glycol etc.); a binder (e.g., starch,
dextrin, methylcellulose, hydroxypropylcellu lose, polyethylene glycol, etc.); a lubricant (e.g.,
magnesium stearate, light silicic acid anhydride, talc, sodium laurate, etc.); a flavoring agent (e.g.,
citric acid, menthol, ammonium glycyrrhiza lyeine, orange powder, etc.); a preservative (e.qg,
coum berSaatE P ETARE et B B S TR behy b LGS 0o drrc acic,
S ey Pl A yeRen R agenl e SuRier (e, Mty ielose, pain pyrroldone,
lecithin, sorE)ﬁan ro Péat%, e%.), a dispersing agent (e.g., sur actant et .);aso vent (ne.g water etc.); an
isotonic agent(e.q., sodium chloride, concentrated glycerin, etc.); a adjustin ent (e.g.,
hydrochIori?:rzl:lt;:&l(f,gé)ﬁL 8%% %%llé], %Xeﬂo egig,[% e%l.gt;e ggﬁﬁ%iﬁ%ﬁ%ea%berﬁﬁgjfg A% htg%o?%?é.)v;g%%antiseptic
(e.g., benzalkaniym,ehjoride, paraen, etc,) 2 £olorant; ALLTHNG, Aqent (¢ gy sodium pijosphate.
sodium acetate, eflc.%;}é I‘%ICE hing agent (ae.g., car o>?’yv yi potlymer e CS; an absorption promoter;
and the IikehF&)r xam cI)%, in.the case of liquids for nhalation, an antiseptic, a suspending agent or a

. (8] 1 1018S. . .- .
emulsifier, ERY , a solu |ﬂ2|ng agent, a preservative, a stabilizer, a colorant, a buffering agent, a

pH adjusting agent, an isotonic agent, a thickener, and the like are appropri %g_sele d.if necessary,
to be used in the pr%a;())grlgﬂgﬂfiﬁso fglree&%?r%%?en, |Ir(1j the case of %%W(?e%%?o%r%%?a tion ,ctz?sct)ﬂa
excipient, asl?éndﬁfu Sa%rla tér'cl%% eaggﬁaose{l\l/ t}\égcgosg%girlrirzlg[ %Q_ tiseptic, and the like are appropriately
selected, if negessary, 0 be used in the greparation. ﬁ: rthermore, in order to make the
compound %Weeﬂgé%?%%trg%x%ntiigp sustained-release, the inhalant may contain an in vivo degrading
polymer. EXamples of the in vivo degrading polymer include fatty acid ester polymers or copolymers
thereof, polyacrylic acid esters,('ﬁ@\l \ydroxyAbutyg& acids, ponalRiA\eﬁs;;xalages, pelyorthoesters,
polycarbonates, andypolyarnines. Og kinol of tifese or a mixtuﬁ% ofmé 4han oge of these can be

used. Phospholtpigslbuch-as e'gﬁg yalk lecithin, chitosan, angene ke /ay also be employed. The fatty

acid ester polymers or copolym@r repf include potyfact c acic®’ , ngolic acid, polycitric acid,
polymalic acid, and lactic acid-gly & Scid copolymers. One kind teSeor a mixture of more than
one of these can be Used. In addition, microspheres and nanospheres encapsulating drugs may also
be prepared using an in vivo degrading polymer sugg_gjs lactic acid-glycolic acid copolymer. While
the present invention has been described with reference to specific aspects or embodiments thereof, it

will be unde(rﬁ;qgg Qyow%gi%qm%ileqﬂﬂi%&rgtﬁ%{,@igk@ﬂ’@nges can be made or

equivalents can be substituted without departing from the true spirit and scope of the invention.

Additionally, to the gxentpergtiteshhycappicablepatenisiuasantreg4lations, allpudlications,

patents and patent applications cited herein are hereby incorporated by reference in their entirety to

the same exfent,am thaach documanthad ReemindivdualbtdnaerRomted M refgepsa aia.
EXAMPLES Hereinafter, the present invention will be described in detail by way of Examples.

However, theseepeafiihie: Rresertinuention dscoetilimised inesv wWayydhese Exalaples dhbe
Example number and the product number of a compound produced in the Example are the same.

Unless noted,ethaswisesJeagantie starting maigpals, anagnsolvanis yvere upirihased fiem uandors (for
example, Aldrich, Wako Junyaku, Tokyo Kasei, Fluka, Sigma, and the like) and used without further

purification.{RaferepeEdexasmpienrth 2y asis OfBych@xuguirehne-N-oxide 8-Quinolinol (351g,
2.42 mol) was dissolved in dichloromethane (3.5 L) and, under ice-water cooling,

meta-chloroperbenzgig &Gidd® /e 1d8, 32 il iabswapadded dbaipsand porinnss@nd pregaisure was
stirred at room temperature for 2 hours. Insoluble matter was removed by filtration and was washed
with dichloremetbang TihefititateianBethel washingewaieniixesudndaconcentrated under reduced
pressure. To the residue, 2% aqueous ammonia (2.1 L) was added and the mixture was stirred at
room tempegaké¢iaioyERyght 14 he precipitate was collected by filtration, washed with purified water,
and dried under reduced pressure to obtain 8-hydroxyquinoline-N-oxide (318.4 g). 111-NMR(400MHz,
DMSO-d6) 58.51(d, J=8.0Hz, 1H), 8.06(d, J-8.01-1z, 1H), 7.43-7.56 (m, 2H), 7.39(d, J=8.0Hz, 1H),
6.98(d, J=8.0Hz, 1H) [Reference Example 2]
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Synthesis of 8-acetoxy-1H-quino lin-2-one 8-Hydroxyquinoline-N-oxide (640 g, 3.97 mol) was
suspended in acetic anhydride (2.0 L) and the mixture was stirred at 70C for 2.5 hours. Under
ice-water cooling, the reaction mixture was stirred at 10C or lower for 1 hour and, thereafter, the
precipitate was collected by filtration, washed with purified water, and dried under vacuum to obtain
8-acetoxy-1H-quinolin-2-one (570.6 g). 1H-NMR(400MHz, DMSO-d6) 611.6(s, 1H), 7.94(d, J=9.6Hz,
11-1), 7.56(d, J=8.0Hz, 1171), 7.28(d, J=8.0Hz, 111), 7.17(t, J=8.0Hz, 1H), 6.53(d, J=9.6Hz, | H),
2.36(s, 3H) [Reference Example 3] Synthesis of 5-acety1-8-hydroxy-1H-quinolin-2-one
8-Acetoxy-1H-quino|in-2-on@8§570.6 g, 2.81 mol) was suspended in d chloroethane (5.8 L), aluminum
chloride (925 g, 6.94 mol) wa aw\-éﬁlﬂegat reto in portions at 20C (6?)4\ er unger ice-water cooling, and
. . ‘ L O
the mixture \C/)vas(%tlrred at 70C4080C fou3 hours. The rea tiorymixfure concentrated under
reduced presSare:To f‘ﬁe regidue was added 1 M hydroch oI atid [0 L) af8’the mixture was stirred
at room temperature overnigh Rrecipitate was collected byFﬁI ton, washed with purified water,
and dried under reduced pregsufe to obtain 5-acetyl-8-hydroxy-1H ﬁiﬁ-Z-one (584 q).
11-NMR(400MHz, DMSO-d6) 6 11.3(s, HI), 10.6(s, 1H), 8.66(d, 9=10.0Hz, 7.67(d, j=8.4Hz, 111),
6.91(d, J=8.411z, 1H), 6.52(d, J=10.0112, 1H), 2.41(s, 3H) [Reference Example 4] Synthesis of 5-
acety1-8-berizyloxy-IH-quino lin-2-one 5-Acetyl-8-hydroxy-1H-quinolin-2-one (430 g, 2.12 mol)
was suspended in I}‘lael)\la-dimethylformamjde (3.%Wetassium C@gponate (298 a, 2.16 mol) and
subsequently benayl b oigg_%QBRq/,of.ll mel) Were added theretognd the mixture was stirred at
room temperétu 2.pours. The Ihsoluble matter was Hiftratign and washed with
N,N-dimethylformarmidel. The filtrate and the washing were mixged and concentrated under reduced
pressure. To the resid A
temperature overnight. The precipitate was collected by filtration, washed with purified water, and dried
under vacuum to obtain 5-acetyl-8-benzyloxy-1H-quinolin-2-one (541 g). IH-NMR(400MHz, CDC13) 8
9.23(s, 1H), 8.93(d, J=10.0Hz, 114), 7.69(qag— .01-1z, 1H), 7.43(s, 51-1), 7.04(d J=8.0Hz, 1H), 6.77(d,
J=10.0Hz, 1H), 5.26(s, 214), 2.65(s, 3H) [Reference Example 5,]

(In the above reaction formula, R'? indicates alkylene having a number of carbon

atoms less than that of R* by one (in the case where R” is methylene, a single
bond) and P? indicates a common protecting group for carboxyl group.)

In the reaction formula (a-4) above, the reaction from compound 8 and
compound 7a to compound 9 can be carried out under the same conditions as the
reaction in reaction formula (a-3). The reaction from compound 9 to compound
10 1is a deprotection reaction of a protecting group for carboxyl group. The
deprotection reaction can be carried out under common acid hydrolysis conditions,
alkaline hydrolysis conditions, catalytic reduction conditions, or the like. The
reaction from compound 10 to compound 6 can be carried out by wusing
well-known amidation reaction conditions. Such amidation reaction can usually
be carried out by subjecting amines to a condensation reaction with carboxylic
acid in the presence of condensing agents such as carbodiimide. In this case,
halogenated hydrocarbons such as N,N-dimethylformamide and chloroform are

suitable as solvents, and N,N-dicylohexylcarbodiimide,
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Synthesis of 8-benzyloxy-5-(2-bromoacety1)-1H-quinoln-2-one
5-Acetyl-8-benzyloxy-1H-quinolin-2-one (372 g, 1.27 mol) was dissolved in tetrahydrofuran (3.6 L) and
the solution was cooled to OC. Pyridi ium tribromide (453 g, 1.27 mol) was added thereto in portions,
and the mixture was heated under reflux for 3 hours. Thereafter, tetrahydrofuran (3.1 L) was added
and the mixture was heated under reflux overnight. The precipitate was collected by filtration and
washed with tetrahydrofuran. The solid was suspension-washed with tetrahydrofuran (2.3 L) and,
thereafter, washed with purified water (3 L). Separately, the tetrahydrofuran filtrate and the washings

were mixed: SARERRYIeduBARLIFIURRAESHUT. ARG NG (Asidue was syseraeRASed Wit

tetrahydrofuran ( he solids were combined and dried under reduced pres tain

8'be“ZV'OXyd%ﬁ%gi%@z’@%%‘})ﬁﬁ)ajz}d%'%9?89(5%5%1{%%%7@3n%d'e“a'}m"ﬁl(s“ﬂ%ﬂ bz PMPQ-9RL 6 11.16s,

111), 8.49(d, .86(d, J=9.0Hz, 11- , J=8.0Hz, 2H),_ 7.25-7.45(m, 5H), 6.67(d,
J=9.0117, 1), gorfk2k ’%’&tﬁ;91&%@9&%{5@%%@%&%@1§V %S&Ming or at room

8-benzyloxy-54(R)-2-bromo-1-hyroxyethyl)-1H-quinolin-2-one Under an argon flow,

8-benzyloxxéﬁ%}yﬁ%gggq}x&%iggi@gggfgs-%%ég?‘f}igl ﬁe%@iﬁ%(?l) was suspended in dehydrated
tetrahydrofuran (3.8 L), CBS catalyst (27.8 g) was added thereto, and the mixture was stirred at -55 to

-45C for 40 minutesc AiSh aAGIRG AreRWISE A SMRIER Y pian-SEIlieR pibaranesetabydrofuran

complex (1.27 L) at the same temperature the reaction mixture was gradually warmed to OC. After

adding methangl i(ﬂ-u:étl"e)tgﬁc’iﬂv‘fi%f(i'ﬂ%%%er%eﬁgﬁW@ﬁ‘gﬁ’-%q,WH@Hﬁbﬁ%gt@éaé@ ydth

tetrahydrofuran. The filtrate and the washing were mixed and concentrated under reduced pressure.

To the residys, was aglgedipyrified WaighiGie L) @RFINSINKIER WaS /iR SET0QM rature
overnight. The precipitate was collected by filtration and washed with purified water. Further, the
precipitate Was;3sPRASINashed with aiyhacetateifdBdidscatiected by filtration, anddyied under
reduced pressure to obtain 8-benzonxy-54(R)-2-bromo-1-hyroxyetﬁyl)-lH-quinolih-z-one (278 Q).
114-NMR(49aMiz;{GR&E) & 9,26(s,1dde1), 8.08(d, J-10.0Hz, 111), 7.37-7.45(m, 511), 7.28(d,
1=8.0llz, 1H), 7.05(d, J-8.0Hz, 1H), 6.72(d, 1-10.0Hz, HI), 5.33(dd, J-9.0Hz, 4.0Hz, 1), 5.19(s, 2f1),
3.71-3. 74(mcAhieferanselsExample 7] Synthesis of
5-((R)-2-azido-1-hyroxyethyl)-8-benzyloxy-IH-quinolin-2-one  8-Benzyloxy-54(R)-2-bromo-I-hv
oxyethyO-lllr@quinoIin-2-one (20.8(@3\ 5.6 mmol), and sqgium azide (30.91 g, 553 mmol) weye
suspended in ﬂl\@—dknethyifwrmam e f160-mt) and the IXE te wag Stirred at for-3%ours. 69
Sodium azidé'(1[81 g, 27-8-mmolyas added thereto-ait the mixtumwassﬁrg at the same
temperature o @ ight. To the reacti elution was added pjuified water and irre@at room
temperature for 1 hour. The precipiate was collected by iltration and washed with,purified water. By
drying under reduced pressure, 54(R)-2-azido-1-hyroxyethyl)-8-benzyloxy-1H-quinolin-2-one (16.8 g)
was obtained. 1H-NMR(400MHz, DMSO-dgx$)10.7(s, 1H), 8.19(d, J=12.0Hz, 1H), 7.56(d, J=8.014z,
241), 7.34-7.41(m, 411), 7.26-7.33(m, 1H), 7.20(s, 214), 6.54(d, J=8.0Hz, 111), 5.90(d, .1=8.0Hz,
111), 5.30(S12 114 hto18156(m, b1 3. 48¢ed, IZIRdHZ: 8 DREy kgl )r3ud0(dd, J=16.0Hz, 4.011z,
1H)

In the reaction formula (a-5) above, the reaction from compound 13 to
compound 12 is an O-alkylation reaction. The O-alkylation reaction can be
carried out by reacting a phenolic hydroxyl group-containing compound with an
alkylating agent (e.g., alkyl halides etc.) in an inert solvent (e.g., acetonitrile,
N,N-dimethylformamide, etc.) in the presence of a base (e.g., potassium carbonate
etc.) at room temperature or, under some circumstances, with heating. The
reaction from compound 12 to compound 11 is a protection reaction of a hydroxyl

group, which can be carried out by a well-known method. The reaction from

compound 11 to compound 7b is a reduction reaction of a nitro group, which can
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[Reference Example 8] Synthesis of 5-((R)-2-amino-1-hyroxyethyl)-8-hydroxy-1H-quinolin-2-one
acetate 54(R)-2-Azido-I-hyroxyethyl)-8-benzyloxy-1H-quinolin-2-one (16.8 g, 49.9 mol) was
suspended in acetic acid (50 mL), a catalytic amount of palladium hydroxide-carbon was added
thereto, and the solution was stirred under a hydrogen atmosphere overnight. The catalyst was
removed by filtration and the filtrate was concentrated under reduced pressure. To the residue were
added methanol (100 mL) and ethyl acetate (100 mL), and the mixture was stirred The precipitate was
collected by filtration and dried to obtain 54(R)-2-amino-I- hyroxyethyl) -8-hydroxy-IH-quinolin-2-one

o o106 OF 2 Ty A0 Vo8 0 RS Ot e B B S ove,
111), 2. 73(qgea‘%m]e%t, HZ 4 $1@H7 1 14), 1.84(s, 314) [Reference Example 9]
Compound 7 in the reaction formula (a-3) above can be prepared by the
steps illustrated in the following reaction formula (a-6), when R? indicates C;.s
alkylene; X indicates -O-; A' indicates phenylene; and R*- indicates
phenylene-Cs_4 alkylene.

[Chemical Formula 17]

R oL R B o, R R R®), o
= a1 N . a-\4 A AN o~

L/_B N‘: A OH Q/\/\’__/\(v)/c A" 4 OH :’—//\fv)/o\AiRé'OH r/\_{_—//\’) AT 40 1
HoN HoN HoN H2

/I\ Z Z _

@il 5(% _ 3, @rm%
16 18 14 Ic

(a-6)

(In the above reaction formula, ¢ indicates an integer of 1 or 2.)

In the reaction formula (a-6) above, the reaction from compound 16 to
compound 15 is a so-called Heck reaction in which aryl halides react with alkene.
The reaction can be carried out in the presence of palladium, a phosphine ligand
and a base in an inert solvent, with heating and stirring. The reaction from
compound 15 to compound 14 is a reduction reaction of a double bond, which can
be carried out by a well-known method such as catalytic reduction. The reaction
from compound 14 to compound 7c is a protection reaction of a hydroxyl group,
which can be carried out by a well-known method.

Compound 7, compound 7a, compound 8, compound 13, and compound
16 can be prepared according to well-known procedures using starting materials
and reagents which are well known in the art or which are commercially available.

<Production Method 2>
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Synthesis of tert-butyl trans-3-(4-bromo-3-nitrophenyl)acrylate Under a nitrogen flow, sodium
hydride (40% of mineral oil added; 1.70 g, 42.6 mmol) was suspended in tetrahydrofuran (80 mL) and,
underice-water cooling, tert-butyl diethyl phosphonoacetate (8.59 g, 34.1 mmol) was added thereto.
After stirring the mixture for 1 hour under ice-water cooling, a N,N-dimethylformamide (50 mL) solution
of 4-bromo-3-nitro-benzaldehyde (6.53 g, 28.4 mmol) was added and the mixture was stirred for 16
hours while bringing the temperature gradually to room temperature. Under ice-water cooling, a
saturated aqueous solution of ammonium chloride was added to stop the reaction and the reaction
mixture Waiééxltérr%ctgfi Iy%ilt_fr}lgm)ﬁl%cetate. The organic layer was washed with a saturated solution of

: ¢ :
sodium chloride, dried over anhydrous magnesium sulfate, and concentrated under reduced pressure
The residue was purified by flash.golumn chromatography to obtain tert-ieityl ,one
trans-3-(4-bromog3-nitrophenyHacr, _eRQé.gw\g)ﬂLiH-NivlR(4nOMH7, éﬁc Bﬁx&%’(dm’lfﬁ)ﬁz, 1H),
7.750, .1:8..%55@)1;11,47.521(@&,#;,+ 3#7, 2.017, 1f1); 7.51(d;~1=16'T Z2)THY, 6.45(d, J=16.1Hz, 1H),
1.54(s, 9H) [Reference Example 40 . nthesis of tert-butyl trans-3-(3-nitfd-4- __%ggylphenyl)acrylate

tert-Butyl trans-3-(4-bromo-3-mitrophenyfjacrylate (7.07 g, 21 5 mmol)was olvéd in 1,4-dioxane
(200 mL) and thereto were addedphenyl boric acid (5.25 g, 42.1 mmol), cesium carbonate (56.1 g,
172.2 mmol), 1,1-[bis(diphenylpho sphino)ferrocene]dichloropalladium(THdichloromethane complex
(0.88 g, 1.1 mmol), and purified water (50 ne;i_)7 he mixture was stirred under a nitrogen flow at 80C for
4 hours. The reaction solution was 71 filtered through celite, alumina, and Florisil, and, thereafter,

extracted wiih, eff}assiale AThg organielayerwaswashed yilfh asafyiated aduegus sqlytion of

> =2

sodium chloride, dried over anhydrous magnesium sulfate, and concentrated under reduced pressure.

The residue,was Bt iifiae RN EHOMAQYERN0blain tort buty
trans-3-(3-nitro-4-phenylphenyl)acrylate (6.52 g). h-|NMR% OMHz, CDCI3) S 7.96(d, J=1.71-1z, IlI),

7.71(dd, J=7.8112, 33fH7 l{d);of; 6Q4diclrdf - Hi2 chd). LA A M Pmd). (228736, 24-1), 6.48(d,
J=16.1Hz, Ill), 1.55(s, 911) [Reference Example 11] Synthesis of tert-butyl

3-(3-amino-pReny RN PYARIBRIONAIR ferred examples of L’ include a halogen atom (e.g., a

chlorine atom, a bromine atom, an iodine atom), a sulfonyloxy group, and a
benzenesulfonyloxy group. The reaction can be carried out in an inert solvent
(e.g., acetonitrile, N,N-dimethylformamide, etc.) at room temperature or, under

some circumstances, with heating. W', which is a counter ion of compound 3, is

the same as W’ or is replaced with W™ by a known method after the reaction.
Compound 17 can be prepared from the above-mentioned compound 3 by a known
method.

Compound 1 in the reaction formulae (a-1) and (a-7) above can be

prepared by the steps illustrated in the following reaction formula (b-1).

[Chemical Formula 19]

(@] O OH OH OH
Y/U\ —_— Y)J\/Br > Y)\/Br —_— YJ\/Ns y NH,
21 20 19 18 1

(b-1)
In the reaction formula (a-6) above, the reaction from compound 21 to
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tert-Butyl trans-3-(3-nitro-4-phenylphenyl)acrylate (6.52 g, 20.0 mmol) was dissolved in methanol (100
mL) and ethyl acetate (100 mL), 10% palladium-carbon (500 mg) was added thereto, and the mixture
was stirred under a hydrogen atmosphere at room temperature for 16 hours. The reaction solution was
filtered though celite and the filtrate was concentrated under reduced pressure to obtain tert-butyl
3-(3-amino-4-phenylphenyl)propionate (5.94 g). LC/MS: M+1 = 338.2 [Reference Example 12]
Synthesisoftert-butyl 3134 {[(1-rnethylp iperid in-4-yOoxy]carbonyll ammo)-4-phenylphenyl]propionate
Under a nitrogen flow, 4-hydroxy-I-methylpiperidine (2.88 g, 25.0 mmol) was dissolved in acetom le

(80 mL) andnisiige matsr £aplingeASRIHtIAN AshPNRAENR 49-82 G RRAMA) faRestpN e (20 mL)

was added thereto. After stirring at room temperature for 1 hour, the reaction mixture was

concentrateg, rHBQ_ﬁﬁéleQP cBhBrRERY @t%m%m@di-nm{% %‘Q&Q@iﬂﬁi&@fs agded te g solution of
tert-butyl 3-(3-amino-4-phenylphenyl)propionate (2.97 g, 10.0 mmol) in pyridine (50 mL) and the

mixture was,sisiet aloaat grpsiatiie-fe8)16 Moursddndaricer WAt ReRIng (thedsepetien was
stopped by addition of a dilute aqueous solution of sodium hydroxide and the mixture was extracted

with ethyl agetaie, lie iganicatayst Wwas weshedaiihsaaluraipdaguagus agldtian gbsedivm
chloride, dried over anhydrous magnesium sulfate, and concentrated under reduced pressure. The

residue was, peatieh Py fash(ealunse ahegmategrapiy faeiHaindetichetylc3d3d performed in
{[(1-methylpiperidin-4-yDoxylcarbonyll amino)-4-phenylphenylThropionate (5.08 g). '1-1-NMR(400MHz,

CDCI3) 6 7:99(5rddahcé- 45+ AN catd)y ¢t 39 rdadR, Hdp i3ty -8R bbhpodaddi J=F.8Hz, 1H),
6.97(dd, J=7.8Hz, 1.7Hz, 11-1), 6.59(s, Il), 4.69-4.74(m, IH), 2.95(t, J=7.9Hz, 2H), 2.60-2.74(m, 2H),

2.60(t, J=7.5kkample, 11hd. 26€%.cBbh 21612 28(Medlol), :n8fd -PR{fanek b 1 H&HIB2 (Faryt 1.44(Q,
9ll) [Reference Example 12-2] Synthesisoftert-butyl 3-(3- {[(

[1R,2R,4S, 5% 1S 9-methipldcaxa-fmagatri@yeio- [380L fid AngnannIyé exnesmarkami] astino}-4-phen

ylphenyepropionate In accordance with Reference Example 12, from tropenol (310 mg, 2.0 mmol)
and tert-butyligr{ghrpie-drghenydpheoyd) prapignate ¢28ih Regyl-0 pymelldihersetrasebtained tert-butyl

3-(3-1[( f[IR,2R,4S,5S,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.02'4]nonan-9-yllox

y)carbonyl]aninahyitphexydphendijerapanrie dmhm@mpound 19 to compound 18 is an
azidation reaction, which can be carried out by reacting compound 19 with sodium
azide. The reaction from compound 19 to compound 18 is a reducing reaction,
which can be carried out by treating compound 18 under common catalytic
reduction conditions. Compound 21 can be prepared according to well-known
procedures using starting materials and reagents which are well known in the art
or are commercially available.
<Production Method 3>

[Chemical Formula 20]

op? OH
R® H R® H
o( )a\/\‘ AL Ny o( EEN AL Ny
| SRrR2—Xx" "R4 | 4-R2—x" "R?
a. M a. P
0N 0~ N
R R
| 9 ! 9
7 (R%)y 7R
w!- W
22 (1
(a-8)

(In the formula, A', R R R Y, Q, and W are defined in the same way as those
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LC/MS: M+1 = 479.3 [Reference Example 13] Synthesisof 3-[3-( I-methylpiperidin-4-yDoxy] carbonyl}
am no)-4-phenylphenyl]propionate hydrochloride Totert-butyl
343-(1[0-methylpiperidin-4-yfloxy]carbonyllamino)-4-phenylphenyl]propionate (5.08 g, 11.6 mmol) was
added a 4M solution of hydrochloric acid in dioxane (70 mL) and the mixture was stirred at 70C for 2
hours. The reaction solution was concentrated under reduced pressure to obtain 3434
{[(2-methylpiperidin-4-yl)oxy]carbonyll amino)-4-pbenylphenyl]propionate hydrochloride (5.49 g).
[Reference Example 13-2] Synthesisor

3-(3-{[1R,2ReA G h& A ShOnnethyh, Saadard-aeatricysle (3 B:h AR nesandordh pXiy) thgtre oyl amino
1-4-phenylphenyl)prop io nate hydrochloride In accordance with Reference Examplel3, frombenzyl
3-(3- { [l R,2RA$.$S,7S]-9-methy1-3-oxa-9- azatricyclo[3.3.1.02A]nonan-9-y1 1 ox
y)carbonyllaminol-4-phenylphenyppropionate (121 mg, 0.25 mmo I) obtained in Reference Example

12-2, there was obtaihedBAQidH{ {illustrated in the reaction formula (a-8) above is a
R,2R,4S,5S,7S]-9-methyl-3-oxa-9-azatricyclo[3.3.1.021nonan-9-yllox

y)carbonyl]-dephapytihe rydipiopionaterbysdtashigrids (05 miadyCASIpM+ T re 42D tiRdfatence
Example 14]
can be carried out by a known method. For example, when P® is a
tert-butyldimethylsilyl group, the reaction can be carried out by treating with
tetrabutylammonium fluoride, trifluoroacetic acid, and the like.
Compound 22 in the reaction formula (a-8) above can be prepared by
using the compound of the following formula la, instead of compound 1, in

<Production Method 1> or <Production Method 2>.

[Chemical Formula 21]

op?
NH,

1a

Compound la in the above formula can be produced by carrying out a
general introduction reaction of a protecting
any of the steps of the reaction formula (b-1) above.
<Production Method 4>

[Chemical Formula 22]

(R®) (R®) H
o Y AL NH2 o Y AL NUAY
o, J A R R on o, N A R R
07N Br o
R1 + Y R1
'_RQ _'_(RE))
w! 7 (R%)b W I b

(a-9)

In the reaction formula (a-9) above, the reaction of compound 23 with
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Synthesis of 4-Rtert-butyldimethylsilanoyloxy)methyflaniline 4-Am nobenzyl alcohol (5.00 g, 40.6
mmol) and imidazole (5.52 g, 81.2mmol) were dissolved in tetrahydrofuran (30 mL) and a solution of
tert-butyldimethylchlorosilane (9.14 g, 60 9 mmol) in tetrahydrofuran (10 mL) was added thereto. After
stirring the reaction mixture at room temperature for 1 hour, the reaction was stopped by addition of
purified water and the mixture was extracted with ethyl acetate. The organic layer was washed with a
saturated aqueous solution of sodium chloride, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue was purified by flash column chromatography to
obtain 4-[(tert-butyldi Isilano '%(lem thyllaniline Igg.Q gR {erence Example 15
SymhosisorEIEAGNS 1B e ST T e o n A My
arbamo yo%%?%’f}qfa&h%“4%9?”%'%%%@8%“@ Sase eg%i'.[e"% %'s%e&lh L%i?oglré‘%é”é‘%aYO?ﬁ(ﬂﬁa{&&?y'}
amino)-4-phenylp enyljpro pionatehydrochloride mB .Smmol)wasdissolvedin

N,N-dirneth Ifg,rm ide (10.mL) and thereto w ded .

ety e e N CATBIAEs F15) AR RS SBtrazo e
(1.0 mmo D) efdam.ne 2 mme.4). 47Reribudimefhy sianeyaOmeiiar 4, (@ mmnb)
and the mixture was stirred at room terhperature for 6 hours. The reaction mixture fWas extracted with

thyl t i it tL lugj f ' hloride,
i over S e oy
flash col t X in 1-methylpiperigin-4-y1 N- {5-[2-( {4 -b utyld imethyls il

ash column clmaQBrapy {0,001 L MO BIRSURIT YL NG S5 (K4 en b g maihvis o

ylo xy)methy c arbamo yl)ethy nylphenyl 1 ca te’(121.7 mg).

L IR AR RO 2SR T D5 DRy ol f %?%rrg) ﬁ@%n 3 66‘%@%‘,@&“’ 311),

7.13(d, J=7.8Hz, 1HY, 7.02(d,"J=7.8Hz, 1H), 6.62(s, 1H), 4 09(t,

j=7.6Hz, 2H), 27103, J=7 6Hz, 2H), 2 622,71, 2H). 2.29(5, 3H), 219:2 31 2H), & 83:3,00(m, 2H),
1.68-1.78(m, 21-1), 0.93(s, 9H), 0.08(s,614) [Reference Example 16] Synthesis of ’

3-(4-bromo31NikahenzoYORIRRIANG AR, +ion. URFET SAliige COQlNGgy & (41PraneReRzav prROPIONIC
acid (75.0 g, 291.7 mmol) was added to fuming nitric acid (200 mE) in portions at such a rate that the

temperature,qfthe, iracloR selulaa AUl BemaRBined v RE ISk TIRE SUHpg At -12C to -10C

for 1 hour, the reaction solution was poured onto ice. The solid which precipitated was collected by

filtration, washed wily pugfigeb wates r addbereafter dopddnder praused Aresswe: i bwisy
3-(4-bromo-3-nitrobenzoyl)propionic acid (91.0 g). H-NMR(400MHz, DMSO-d6) 8 8.43(d, J=2.01-1z, |

H), 7.96-8.08(m, 4t 3:8QpolTld21otZ22 112 Ty dieS - dHZ AR ERBIEFENEE EXBMRIRTal

salt-formation or salt-exchange reactions can also be employed to produce the salt
of the compound of formula (I).

The isolation or purification can be carried out by applying common
chemical operations such as extraction and/or various types of fractional
chromatography.

The compounds of the present invention possess 32 adrenergic receptor
agonist activity and muscarinic receptor antagonist activity and have persistent
bronchodilator effects through topical administration. Therefore, they are useful
for treating medical conditions mediated by the (2 adrenergic receptor or
muscarinic receptor, i.e., medical conditions that are ameliorated by treatment
with a B2 adrenergic receptor agonist or a muscarinic receptor antagonist). Such

medical conditions include, for example, pulmonary disorders or diseases
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Synthesis of 3-(3-nitro-4-phenylbenzoyl)propion ¢ acid 3-(4-Bromo-3-mtrobenzoyl)propionic acid (45.3
g, 150.0 mmol) was dissolved in 1,4-dioxanc (400 mL), thereto were added phenyl boric acid (27.4 g,
225.0mmol),cesiumcarbonate(146.69,450.0mmol), 1,11bis(diphenylpho sphino)ferrocene] dichloropal
lad ium(Il) dichloromethane complex (3.7 g, 4.5 mmol), and purified water (150 mL), and the reaction
mixture was stirred under a nitrogen flow at 80C for 18 hours. The reaction solution was filtered
through celite, alumina, and Florisil, and, thereafter, the aqueous layer was separated. The organic
layer was extracted with a dilute aqueous solution of sodium hydroxide. After the aqueous layers were

combined a d with ethyl acetate, the layer was acidified, underice-water ling,.with 6 M
hydrochlori(fp Sg%%gr%g e%‘zglctéa};vﬁtsﬁ%%hﬁlé\évgl}éte?[)kag Co%aghics Tacyf}jerav%/asc %532 e Cv%ﬁﬁua? ts“é?urated

aqueous solulgn ol PATLRIde, AL aNdols magesmSHIale A fensgnyrated

under reduced pressure to obtain 3-{3-nitro-4-phenylbenzoyepropionic aci

717300, 1.6 M5 141} TH60) Ba S S R e e,

21-1) [Reference Exgmple. 181 3¥nhasIE %I? ﬁg-ﬁ%gk%ﬁﬁgﬂ%%/ @%zr%gsr%f\f/xeﬁcifraﬁ%ression

3-(3-Nitro-4-phenylbenzoyl)-propionic acid (18.6 g, 69 0 mm Ih acetic acid (200 mL)

and tfuoroRsRIR AR ZR i 0% pRladmINdIOYdg e AALNES AddRd eteigend he

mixture was stifred under a hydrogen atmosphere at 7 er the reaction

solution throygh &PA&ﬁ@emytrmwaﬁgg&g?né@{ﬁﬂiuﬂge(Ng??%caﬁl&%fﬁﬁgu55?8% the rasidug was

added methanol (100 mL) and a 5 M aqueous solution 77 of sodium hydroxide (300 mL) and the

mixture wasjbeategtynder fefit a1 hours-Aller Aaging, e reaction selitien do.lqom temperature,

ethyl acetate and purified water were added and the agueous layer was separated. The organic layer

was extracted with g0t ReRUS,SOLHER.QL SAd M BYRHXifS T e AAHREKS Jayersiesg combined
and, under ice-water cooling, acidified with acetic acid and extracted with ethyl acetate. The organic

layer was washigdwith 2 srivatec.agunous saligien atsedium cblaridsu diied Ruskapisgus

magnesium sulfate, and concentrated under reduced pressure. The residue was purified by flash

column chrgmaiagranhy e Abfaill. f=(33MRing;f-PEsRMRheRyhRILY TG agid (1. %:6r99r UHHNMR(400MHZ,
DMSO-d6) 8 7.35-7.44(m, 4H), 7.27-7.33(m, 1H), 6.90(d, J=7.8Hz, 114), 6.60(d, J=1.01-1z, 1H),

6.48(dd, J=§:@Za L fiiaematbutiedt b IpdShas: ald) H2HEITEdsd Zin? Lobhbindfich84(h 2H)
[Reference Example 19]
other therapeutic agents as a concomitant drug if necessary, for the purposes of
enhancement of preventive and/or therapeutic effects etc.

The concomitant drug of the pharmaceutical composition of the present
invention and other agents may be administered in the form of a combined drug
containing both components in a single preparation, or may take a form to be
administered in separate preparations. The administration in separate
preparations includes simultaneous administration and administration at different
times. In the case of administration at different times, the pharmaceutical
composition of the present invention may be administered prior to or after
administration of other agents and the same or different administration methods
may be employed in the administrations.

Other agents mentioned above may be low-molecular weight compounds,

or may be high-molecular weight proteins, polypeptides, polynucleotides (DNA,
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Synthesis of benzyl 4-(3-amino-4-phenylphenyeb ------ rate tosylate To a suspension of
4-(3-Amino-4-phonylphenyl)butyric acid (21.6 g, 84.6 mmol) in toluene (300 mL), benzyl alcohol (50
mL) and tosylic acid hydrate (17.7 g, 93.0 mmol) were added, and the mixture was heated under reflux
for 5 hours with water removed by a Dean-Stark trap. The reaction solution was concentrated under
reduced pressure and a solid obtained was washed with a mixed solvent of hexane-ethyl acetate (4:1).
The solid was collected by filtration and dried under reduced pressure to obtain benzyl
4-(3-ammo-4-phenylphenyl)butyrate tosylate (41.2 g). 1H-NMR(400MHz, DMSO-d6) 8 7.44-7.53(m,

aasis, 3 e A e G S s e O e b Bl 20y
Synthesisofbenzyl 4-[3-( |_[(1-methylpiperidin-4-y)oxy] carbonyl} amino)-4-phenylphenyllbutyrate
Ondier a nitoaaE i, T o e K R R R vt

(100 mL) a@%}o the so}lutiontwas addg:{ urﬂdegric%-water coqliﬂ% a solutiondof)giﬁtlé)saene g35.6 g,

180 mmol) In acetonit 8’(@8 ml_r)e.SR?tCer stirring at rgom- érsn[c)’era re?%nrpgﬁ%urs, the réaction mixture

was soncenifpleindarIRdysE presis 10 oo a SOl The saldAisinedwasadded o a

solution of benzyl 4-(3-amino-4-phenyiph butyrate tosylate g, meolillsn a mixed solvent

of pyridine (; {{é&é,a%ﬁ;w% irB_‘FtQA/A%%”B%‘”%iﬁx%r(l Oem&)n%r#d Hie Qe wan %g»l{:[%i)

L.room
riate ..
temperature fo ours:. Under ice-water cooling, the reaction was stopped by a ﬂ?olfapurlfled

water and tg?oﬁcﬁﬂfﬂ% nY Ed‘fiﬁn?%%ﬂr@&tedd’é‘g& %géfﬁt‘%%eat 61 08 t%@%ﬁi%alﬁ%%%@%?’ﬁ%‘ed with a

dilute aqueous solution of sodiu roxide and a saturated aqueous solution o sodium chloride,

dried ' T id
red o SRVGEDYS TROOESHI Sl B0 ST I S s s e vas

aphy to obtain (1- methylp iperi yl)oxy]

carbonyl] aming)edsphenylabenyll BHtyrafe (23,8, fatNMRA0AMA-12, ¢RGLD 84985 LH).
7.43-7.50(m, 21-1), 7.39-7.42(m, LE); 7.30-7.38(m, 7T1), 7.12(d, J=7.8Hz, 11-1), 6.93(dd, J=7.711z,

1.61lz, "")’ﬁaﬁﬁ(%ﬁmeﬁokﬁ(&%ﬁmg A €240 In 2,880n AL 0142 e £ A 268 2H), 79

2.42(t, J=7.4f1z, 2H), 2.26(s, 3H), 2.16-2.21(m, 2H), 2.98-1.08(m. 2H). 1.68-1.88(m, oH), 1.64-1.75(m,
2H) [Refereqgesxane ¢Ridl SHEhessabda¥ b mitant drugs exhibit preventive and/or

therapeutic effects are not particularly limited and may include any diseases as
long as the therapeutic agents of the present invention exhibit enhanced preventive
and/or therapeutic effects etc. on them.

For example, other agents for enhancement of the preventive and/or
therapeutic effects etc. of the therapeutic agents of the present invention include,
for example, 2 adrenergic receptor agonists, muscarinic receptor antagonists,
leukotriene receptor antagonists, antihistamines, antiallergic agents, steroidal
anti-inflammatory agents, agents for vaccine therapy, herbal medicines,
non-steroidal anti-inflammatory agents, 5-lipoxygenase inhibitors, 5-lipoxygenase
activating protein antagonists, leukotriene synthesis inhibitors, prostaglandins,
cannabinoid-2 receptor stimulants, antitussives, expectorants, phosphodiesterase
virus, and the like.

Representative 32 adrenergic receptor agonists that can be used in
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4-(3- 1[(1[1R,2R,4S,5S,7S]-9-methyl-3-0xa-9-azatricyclo [3.3 02'4] no nan-7-yllo x y)carbonyl]
aminol-4-phenylphenyl)butyratc In accordance with Reference Example 20, from scopinc
(purchased from Shanghai FWD Chemicals Co, Ltd.; 9.31 g, 60.0 minol) and benzyl
4-(3-amino-4-phenylphenyl)butyrate tosylate (31.1 g, 60.0 mmol), there was obtained benzyl 4-(3-1[( {
[IR,2R,4S,5S,7S]-9-methy1-3-0xa-9- azatr cyclo [3.3.1.02-4]nonan-7-y1} ox
y)carbonyllaminol-4-phenylphenyl)butyrate (9.14 g). LC/MS: M+1 = 527.3 [Reference Example 20-3]
Synthesisofbenzyl 4-(3- {[(1(1R,3R)-8- methy1-8-azabicyclo[3.2.1] octan-3-y11loxy)carbonyllamino 1-4
-phenylpheoyhihityrdte withinlaccordpocadyithfRatefeesenEXanpiecz0 jfcdu&opineai2.8g, 20.0 ml)
and benzyl 4-(3-amino-4-phenylphenyl)butyrate tosylate (5.17 g, 10.0 mmol), there was obtained
benzyl 4-(311{i{(HR 3R 1Brenaiblyls8razemeyicifelthid trottand ey ek dxy)éadfanyl | qriinotedol,
-phenylphem/Dbutyrate (4.37 g). LC/MS: M+1 = 513.3 [Reference Example 21] Synthesisof 4-[3-( {[(1
-methylpipetelibudalinoxy]cablbonyt amino)tda phenylphenpljbtdeio acicbBeizyb 44 34irbuterol,

[(1-methylpiperidin-4-yl)oxy] carbonyl} amino)-4-phenylphenyi]butyrate (218 g, 5.30 mmol) was
dissolved inethilaesiaten (256 hitd, 4O%oppaliadicsntiyedipxidespatondd glaasadded thereto, and the
mixture was stirred under a hydrogen atmosphere at room temperature for 3 days and, thereafter, at
50C for 6 hours.Aft&efltesingattiecreaction sotutiamthroisgh deliteatheéiltuatel wascombination
concentratedunderreducedpressuretoobtain
with the compounds of the present invention include, but are not limited to,
atropine, atropine sulfate, atropine oxide, methylatropine sulfate, homatropine
hydrobromide, hyoscyamine hydrobromide (d, 1), scopolamine hydrobromide,
ipratropium  hydrobromide, oxitropium hydrobromide, tiotropium bromide,
methantheline, propantheline hydrobromide, anisotropine methyl bromide,
clidinium bromide, copyrrolate, isopropamide iodide, mepenzolate bromide,
tridihexethyl chloride, hexocyclium methylsulfate, cyclopentolate hydrochloride,
tropicamide,  trihexyphenidyl  hydrochioride, pirenzepine, telenzepine,
methoctramine and the like, or a pharmaceutically acceptable salt thereof; or, for
those compounds listed as a salt, alternate pharmaceutically acceptable salt
thereof.
Representative leukotriene receptor antagonists that can be used in
combination with the compounds of the present invention include, but are not
limited to, pranlukast hydrate, montelukast sodium, zafirlukast and the like, or a
pharmaceutically acceptable salt thereof; or, for those compounds listed as a salt,
alternate pharmaceutically acceptable salt thereof.
Representative antihistamines that can be used in combination with the

compounds of the present invention include, but are not limited to, carbinoxamine

maleate, clemastine fumarate, diphenylhydramine hydrochloride, dimenhydrinate,
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4-[3-(1[(21-methylpiperidin-4-yboxy]carbonyl} amino)-4-phenylphenyl]butyric acid (21.3 g).
11-1-NMR(400MHz, DMSO-d6) 7.94(s, HI), 7.43-7.48(m, 51-1), 7.27(d, 1=7.81-iz, 1H), 7.26(s, 1H),
7.16(dd, 1-7.8Hz, 1.211z, 1H), 4.46-4.54(m, 11-1), 2.66(t, 1=7.7Hz, 2H), 2.55-2.620m, 2H), 2.30(t,
J=7.31lz, 21-0, 2.20(s, 314), 2.12-2.23(m, 21-1), 1.82-1.92(m, 21-1), 1.72-1.79(m, 214), 1.48-1.58(m,
21-1) [Reference Example 21-2] Synthesisof 4-(3- {[(R,3R)-8-methyl-8-azabicyclo[3.2.1]octan-3-y1}
oxy)carbonyl] amino 1-4 -phenylphenyl)butyric acid In accordance with Reference Example 21,from
benzyl 4-(3- {11(R,3R)-8-methyl-8-azabicyclo[3.2.1]oetan-3-ylloxy)carbonyliamino }-4

-phenylphen;gl)lgut rate (2.09 3.98.mmog obtaine%i, Reference Example 20-3, therewasobtained
ol (R B b e O A T 3 P SR o AR iher S emy bty

acid (706 mcgﬂ}lolTpCAIe\:/ln%r:a%Tr%ez %r?ig '345?\];%%%%? Eﬁ(ﬁcﬂ]{p{?&z%%és] hydrochloride, hydroxyzine

pamoate, cyclizine hydrochloride, cyclizine lactate, meclizine hydrochloride and
cetirizine hydrochloride, astemizole, levocabastine hydrochloride, loratadine or its
descarboethoxy analogue, terfenadine, fexofenadine hydrochloride, azelastine
hydrochloride and the like, or a pharmaceutically acceptable salt thereof; or, for
those compounds listed as a salt, alternate pharmaceutically acceptable salt
thereof.

Representative antiallergic agents that can be used in combination with the
compounds of the present inventions include, but are not limited to, sodium
cromoglicate, tranilast, amlexanox, repirinast, ibudilast, pemirolast potassium,
tazanolast, ozagrel hydrochloride, imitrodast sodium, seratrodast, ramatroban,
domitroban calcium and the like, or a pharmaceutically acceptable salt thereof; or,
for those compounds listed as a salt, alternate pharmaceutically acceptable salt
thereof.

Representative steroidal anti-inflammatory agents that can be used in
combination with this compounds of the invention include, but are not limited to,
methylprednisolone, prednisolone, dexamethasone, fluticasone, beclomethasone
propionate, budesonide, flunisolide, ciclesonide and the like, or a
pharmaceutically acceptable salt thereof; or, for those compounds listed as a salt,
alternate pharmaceutically acceptable salt thereof.

Representative agents for vaccine therapy that can be used in combination
with the compounds of the present invention include paspat, asthremedin,

Broncasma Berna, and the like.
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Synthesisof 4-(3- {[( f[IR,2R,4S,5S,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.02'4]nonan-7-yllox y)c
arbonyl] amino I- -4-phenylphenyebuty c acid In accordance with Reference Example 21, from
benzyl 4-(3- RA [I R,2R,4S,5 S,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.02'4] nonan-7-y4 0 x
y)carbonyllamino}-4-phenylphenyl)butyrate (2.09 g, 3.98 mmol)obtained in Reference Example 20-2,
there was 4-(3- { [(J[1R,2R,4S,5S,7S]-9-methy1-3-0xa-9-azatricyclo [3.3.1 .02A]nonan-7-y1 } ox y)c
arbo nyi] amino }-4-phenyipbenyl) b utyrlc acid (1.55 g). LC/MS:1\4+1 = 437.3 [Reference
Example21-6] Synthesis of 4-(4-bromobenzoyDbutyric acid To a mixture of aluminum chloride

(89, 60 mmol) and byemobenzene (30 M), effylaintand.chiorde, (3 9, 26 0 mmob was.agded under
ice-water cooling and th& mixture was stirred at foom emperatu Broholirs Aher s opping the
reaction by g(grtljl{)ilnr%}pe rea}ﬁgiqﬂesolution 01%5'0 igF,tLhee mixture was ?xtractefi \(Q/ith etp)él acetf;(lte. The

. (8} compoungs resent mvention. mc e, bu 1.0
organic layer was wasﬁe\g SUCCGSSIV&?{ with a saturat%c? agueous so tﬁltlon of sédium cﬁﬁonde, a

saturated agepu soluionof sqdium bicarbpnale. and & saliyralad agucgus solution of sedium
chloride, and after drying over’anhydrous magnesium sulfate, the solution was concentrated under

reduced pr To the residue were added a.5 M agueous solution of sodium hydroxide (15
e S ke R e A N

for 18 hours?i f%%%&??&%%@u%%?%'Elln‘é"?t%ﬁ%%%ea%ﬁﬁ}é' 1%§eet%treaagc?§rﬁggg&%‘%’§geratﬁ%%?aé%

%Tgus layer
was separated. er ice-water cooling, the aqueous layef was ified wi oric acid

and extractggéf/\(ilrlgrg | acetate. The organic layer was washed with a saturated aqueous solution of
sodium chloride, dried over anhydrous magnesium sulfate, and concentrated under reduced pressure

78700 16,8, 2 008 ST F1(e Sob Bk, BB o) A1 b1 2y 5 3b( 7 atz,

24), 175-1 36 H) [Refefence &xample6s2] Sunthesisold:

hE %ﬁ?&ﬂ’?&?ﬁ&‘é‘r%ﬁ”é% hRytyric acid
inaccordancewithReferenceExamplel6,from 4-( romobenzoyl)butyric acid (5.95 g, 21.9 mmol)

obtained inl%ﬁfﬁ{@r{(c‘ﬁ? auranofin, proglumetacin maleate and the like, or a pharmaceutically
acceptable salt thereof.

Representative antitussives that can be used in combination with the
compounds of the present invention include, but are not limited to, codeine
phosphate, dihydrocodeine phosphate, oxymetebanol, noscapine and the like, or a
pharmaceutically acceptable salt thereof.

Representative expectorants that can be used in combination with the
compounds of the present invention include, but are not limited to, foeniculated
ammonia spirit, bromhexine hydrochloride, cherry bark extract, carbocisteine,
ambroxol  hydrochloride, methylcysteine  hydrochloride, acetylcysteine,
L-ethylcysteine hydrochloride and the like, or a pharmaceutically acceptable salt
thereof; or, for those compounds listed as a salt, alternate pharmaceutically
acceptable salt thereof.

Representative phosphodiesterase inhibitors that can be wused in
combination with the compounds of the present invention include, but are not

limited to, doxofylline, roflumilast, cilomilast and the like, or a pharmaceutically
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Example 21-6, there was obtained 4-(4-bromo-3-nitrobenzoyl)butyric acid (6.76 g).
11-1-NMR(400MHz, DMSO-d6) S 8.48(4 1=1.7Hz, 1H), 8.03-8.10(m, 2H), 3.10(t, J=7.2Hz, 2H), 2.29(t,
J=7.4Hz, 2H), 1.76-1.86(m, 2H) [Reference Example 17-2] Synthesis of
4-(3-nitro-4-phenylbenzoyl)butyric acid InaccordancewithReferenceExamplel7,from
4-(4-bromo-3-nitrobenzoyl)butyric acid (6.76 g, 19.0 mmol) obtained in Reference Example 16-2, there
was obtained 4-(3-nitro-4-phenylbenzoyl)butyric acid (5.94 ,g) Ifl-FNMR(400MHz, DMSO-d6) 5 12.11(s,
1H), 8.45(d, J=2.0Hz, 11-1), 8.27(dd, J=8.01-Iz, 2.0Hz, 1H), 7.72(d, J=8.0Hz, 1H), 7.44-7.50(m, 3H),
7.36-7.40(m, 2H), 3.1 6(t, J=7.1Hz, 2H), 2.32(1, J=7.3Hz, 211),1 .81-1.90(m, 2F1) [Reference
Example 1%161’"2%6 31/?1%; eeglgsthgp_ gre@qj no-4-phenylphenyllvaleric acid

s ST DA L B SIEDR ARS8100

acid (1.52 ggresent invention are optionally administered in combination with other
therapeutic agents. In particular, by combining the compounds of the present
invention with a steroidal anti-inflammatory agent (e.g. a corticosteroid), the
pharmaceutical compositions of the present invention can provide triple therapy,
i.e., P2 adrenergic receptor agonist, muscarinic receptor antagonist and
anti-inflammatory activity, using only two active components. Since
pharmaceutical compositions containing two active components are typically
easier to formulate compared to compositions containing three active components,
such two-active-component compositions provide a significant advantage over
single, three-active-component compositions consisting of three drugs.
Accordingly, in a particular embodiment, the pharmaceutical compositions and
methods of the present invention further include a therapeutically effective amount
of a steroidal anti-inflammatory agent.

Technologies widely used as single or combined preparations can be used
to formulate the compounds of the present invention, optionally adding
pharmaceutically acceptable additives.

To use the compounds of the invention or concomitant drugs of the
compounds of the invention and other agents for the purpose described above, they
are usually administered topically in parenteral forms.

The doses of the compounds of the invention are generally about 0.1 pg to
10 mg per dose for adults, depending on age, body weight, symptom, therapeutic

effect, administration method, and the like, and the dose frequency is preferably
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[Reference Example 19-2] Synthesis of benzyl 5-(3-amino-4=phenylphenyl)yalerate tosylate
AccorddingtoReferenceExample19,from 5-(3-amino-4-phenylphenyl)yaleric acid (1.37 g, 5.10 mrnol)
obtained in Reference Example 18-2, there was obtained benzyl 5-(3-amino-4-phenylphenyOyalerate
tosylate (3.53 g). 1lI-NMR(400MHz. DMSO-d6) 8 7.43-7.53(m, 5H), 7.29-7.39(m, 91-1), 7.19-7.24(m,
114), 7.11(d, J=7.81-1z, 21-1), 5.08(s, 2H), 4.48(s, 3H), 2.63(1, J-6.8Hz, 2H), 2.41(d, J=8.8Hz, 2H),
1.56-1.61(m, 4H) [Reference Example 20-4] Synthesisofbenzyl 5434]
[(1-methylpiperidin-4-yl)oxy]carbonyll amino)-4-phenylphenyl)yalcrate In accordance with
Reference Exgmg)lel \%P froerrn enzyl 5-(3-amino-4-phenylphenyl)valerate tosylate (L32 g, 2.5 mmol)
obtained in %lef%renceclfﬁmp £19-2 and 4-hydroxy-I-methylpiperidine (0.58 g, 5.0 mmol),

EQE?%”SS.‘?STE‘E&%(%%%%_%é o B e S R A 0 R o S T e,
et (N e i s ) e o B R N R T
211), 1'66'jprse%gpa@(ms[%%fc?r%{lgﬁilﬁéamﬁl%gg ‘Blé?}é%%%?o LG UTATS preparations can be

produced by known methods, such as those described in the Japanese
Pharmacopoeia and the like.

Inhalants for parenteral administration include aerosols, powders for
inhalation, liquids for inhalation (e.g., solutions for inhalation, suspensions for
inhalation, etc.), or capsule-form inhalants. The liquid inhalants may be in the
form that is dissolved or suspended in water or in any other suitable medium at the
time of use. These inhalants can be applied using a suitable inhaler container.
For example, sprayers (atomiser, nebulizer) and the like can be used to administer
liquids for inhalation, and inhalation dosing devices for powder and the like can be
used to administer powders for inhalation.

These inhalants are produced according to known methods. For example,
the compounds of the present invention are mixed with a powdered or liquefied
inhalation propellant and/or carrier and are then powdered according to a
conventional method. For example, powders are prepared by making the
compound fine powder together with lactose, starch, magnesium stearate and the
like to make it a homogeneous mixture or to granulate it. When the compounds
of the present invention are liquefied, the compounds may be dissolved, for
cxample, in a liquid-form carrier such as water, physiologic saline or organic
solvent. As the propellants, conventionally-known propellants, such as

chlorofluorocarbon substitutes, liquefied gas propellants (e.g., fluorohydrocarbon,
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5-(3- ([(1[1R,2R,4S,5S,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.02A]nonan-7-yllox y)carbonyllamino
-4-phenylphenyDvalerate In accordance with Reference Example 20, from benzyl 5-(3-am
no-4-phenylpheny-I) -alerate tosylate (1.32 g, 2.5 mmol) obtained in Reference Example 19-2 and
scopine (0.95 g, 5.0 mmol), there was obtained benzyl 543- [({[ 1 R,2R,4S,5S,7S] -9- methy1-3-0 xa-9-
aza cyclo [3.3 021 nonan-7-y1 ox y)carbonyllamino I-4-phenylphenyl)valeratc (985 mg). LC/MS : M+1
= 541.3 [Reference Example 21-4] Synthesisof 5-[3-( 1[(1-methylp iperidin-4-yl)oxy] carbonyl}
amino)-4-phenylphenyl)valeric acid In accordance with Reference Example 21, from benzyl

54341[0 -m [ ar a ) p lvalerat mmol)
obtained m% e@é%ﬁ:gj%xaﬁ%\{gﬁ %S %W Waigg o%taé:lna%qg% ?% m%]t Ip%ée%}%(%%&%g/% xy]carbonyll
amino)-4- p I | ) i le 21-5]
Synthesiso %%38 I%né{g}% Ell% 5%90%]%%@% 3%?%— -a %thé’g/%c »} 3 J.é:n%orr%ian (Pyll (0)'¢
y)carbonyljaminol- W?Méqm@y&\éyeﬁ?tﬂ%ldcontain additives approprlately if necessary.

Anything may be used as the additive as long as it is an additive commonly used.
For example, the following additives are employed: a solid excipient (e.g., lactose,
sucrose, glucose, cellulose, etc.); a liquid excipient (e.g., propylene glycol etc.); a
binder (e.g., starch, dextrin, methylcellulose, hydroxypropylcellulose,
polyethylene glycol, etc.); a lubricant (e.g., magnesium stearate, light silicic acid
anhydride, talc, sodium laurate, etc.); a flavoring agent (e.g., citric acid, menthol,

ammonium glycyrrhizate, glycine, orange powder, etc.); a preservative (e.g,
sodium benzoate, sodium bisulfite, methylparaben, propylparaben, etc.); a
stabilizer (e.g., citric acid, sodium citrate, etc.); a suspending agent or an
emulsifier (e.g., methylcellulose, polyvinyl pyrrolidone, lecithin, sorbitan trioleate,
etc.); a dispersing agent (e.g., surfactant etc.); a solvent (e.g., water etc.); an
isotonic agent (e.g., sodium chloride, concentrated glycerin, etc.); a pH adjusting
agent (e.g., hydrochloric acid, sulfuric acid, acetic acid, etc.); a solubilizing agent
(e.g., ethanol etc.); an antiseptic (e.g., benzalkonium chloride, paraben, etc.); a
colorant; a buffering agent (e.g., sodium phosphate, sodium acetate, etc.); a
thickening agent (e.g., carboxyvinyl polymer etc.); an absorption promoter; and
the like. For example, in the case of liquids for inhalation, an antiseptic, a
suspending agent or a emulsifier, a solvent, a solubilizing agent, a preservative, a
stabilizer, a colorant, a buffering agent, a pH adjusting agent, an isotonic agent, a

thickener, and the like are appropriately selected, if necessary, to be used in the

preparation. Also for example, in the case of powders for inhalation, a solid
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In accordance with Reference Example 21, from ben7yl .3.1.024]nonart-7-3/110x mmol) obtained in
wasobtained .3.1.024]nonan-7-yllox y)carbonyllaminol-4-phenylphenyl)valeric acid (450 mg). LC/MS
M+1 =451.3 [Reference Example 22] Synthesis of | -(2-phenoxyethyl)piperidin-4-ol
4-Hydroxypiperidine (5.06 g,50 mmol) was dissolvedin N,N-dimethylformamide (200 mL), potassium
carbonate (13.8 g, 100 mmol) and (2-bromoethoxy)benzene (12.9 g, 60 mmol) were added thereto,
and the mixture was stirred at 70C for 18 hours. The reaction solution was extracted with ethyl

excipient, a binder, a lubricant, a preservative, a stabilizer, an antiseptic, and the
like are appropriately selected, if necessary, to be used in the preparation.

Furthermore, in order to make the compound of the present invention
sustained-release, the inhalant may contain an in vivo degrading polymer.
Examples of the in vivo degrading polymer include fatty acid ester polymers or
copolymers thereof, polyacrylic acid esters, polyhydroxy butyric acids,
polyalkylene oxalates, polyorthoesters, polycarbonates, and polyamines. One
kind of these or a mixture of more than one of these can be used. Phospholipids
such as egg yolk lecithin, chitosan, and the like may also be employed. The fatty
acid ester polymers or copolymers thereof include polylactic acid, polyglycolic
acid, polycitric acid, polymalic acid, and lactic acid-glycolic acid copolymers.
One kind of these or a mixture of more than one of these can be used. In addition,
microspheres and nanospheres encapsulating drugs may also be prepared using an
in vivo degrading polymer such as lactic acid-glycolic acid copolymer.

While the present invention has been described with reference to specific
aspects or embodiments thereof, it will be understood by those of ordinary skilled
in the art that various changes can be made or equivalents can be substituted
without departing from the true spirit and scope of the invention. Additionally,
to the extent permitted by applicable patent statutes and regulations, all
publications, patents and patent applications cited herein are hereby incorporated
by reference in their entirety to the same extent as if each document had been

individually incorporated by reference herein.

EXAMPLES
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acetate and the organic layer was washed with a saturated aqueous solution of sodium chloride, dried
over anhydrous magnesium sulfate, and concentrated under reduced pressure. The residue was
purified by flash column chromatography to obtain 1-(2-phenoxyethyl)piperidin-4-ol (8.48 g). LC/MS:
M4-1 = 222.3 [Reference Example 231 Synthesis of 4-amino-5-chloro-2-methoxybenzyl alcohol

To a suspension of lithium aluminum hydride (25.0 g, 116 inmol) in tetralaydrofuran (150 mL),
4-amino-5-chloro-2-methoxybenzoic acid (5 g, 28.0 mmol) was added in portions underice-water
cooling and the mixture was heated under reflux for 5 hours. Under ice-water cooling, a saturated

aqueous solution ofiRochalie.Salhwas Addeda.Siophthe reACte and e J RGHANYPIXIYLE yyas

extracted with ethyl acetate. The organic layer was washed with a saturated aqueous solution of

Rochelle sajt.anghg.satufaies aguenuseollianel Sdim shiglids, disdiqva@anydreysynagnesium

sulfate, and concentrated under reduced pressure. The solid obtained was washed with a mixed

solvent of hgxapesethyl agtate (41 rsallssied bymibilirationnand fied thderregducespisasidre to
obtain 4-amino-5-chloro-2-methoxybenzyl alcohol (11.8 g) 'H-NMR(400MHz, CDC13) 6 7.13(s, 1H),

6.31(s, 11-1), ha3éd.id 7R 2d ) #0244 Q8(broad, 2H), 3.80(s, 314) [Reference Example 14-2]
Synthesis of 4-ktert-butyldimethylsilanoyloxy)rnethyd-2-chloro-5-methoxyaniline

InaccordancewithRefgIeCoENAMMIRIAM Amin0-SishIRD-RMetRyRRN 2 1910k 8 g, 62 9

mmol)obtained in ReferenceExample23,therewasobtained

4-[(tert-butylgirpptylsfanawexspetiylderely Rroazameth R iing, cl8: 119k b e AMR(AQRMHZ,
CDC11) 6 7.25(s, 1H), 6.26(s, 1H), 4.61(s, 2H), 3.92-4.02(broad, 2H), 3.74(s, 3H), 0.94(s, 9i-1),

0.08(s, 6H) §Rafrrencebxameladd@ed without further purification.

)

[Reference Example 1]

-

Synthesis of 8-hydroxyquinoline-N-oxide

8-Quinolinol (351g, 2.42 mol) was dissolved in dichloromethane (3.5 L)
and, under ice-water cooling, meta-chloroperbenzoic acid (675.3 g, 2.74 mol) was
added thereto in portions, and the mixture was stirred at room temperature for 2
hours. Insoluble matter was removed by filtration and was washed with
dichloromethane. The filtrate and the washing were mixed and concentrated
under reduced pressure. To the residue, 2% aqueous ammonia (2.1 L) was added
and the mixture was stirred at room temperature overnight. The precipitate was
collected by filtration, washed with purified water, and dried under reduced
pressure to obtain 8-hydroxyquinoline-N-oxide (318.4 g).
'"H-NMR(400MHz, DMSO-d¢) 88.51(d, J=8.0Hz, 1H), 8.06(d, J=8.0Hz, 1H),
7.43-7.56 (m, 2H), 7.39(d, J=8.0Hz, 1H), 6.98(d, J=8.0Hz, 1H)

[Reference Example 2]

aveviUvA 1

Synthesis of §-acetoxy-1H-quinolin-2-one
8-Hydroxyquinoline-N-oxide (640 g, 3.97 mol) was suspended in acetic
anhydride (2.0 L) and the mixture was stirred at 70°C for 2.5 hours. Under
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Synthesis of 4-[(tert-butyldimethylsilanoyloxy)methy1]-3-chloroaniline In accordance h Reference
Example 23 and Reference Example 14, from 4-amino-2-chlorobenzoic acid (858 mg, 5 mmol) was
obtained 4-[(tert-butyldimethylsilanoyloxy)methy1]-3-chloroaniline (1.3 g). LC/MS : M+1 = 271.2
[Reference Example 14-4] Synthesis of 4-[(tert-butyldimethylsilanoyloxy)methy1]-2-fluoroaniline

In accordance with Reference Example 23 and Reference Example 14, from 4-amino-3-fluorobenzoic
acid (776 mg, 5 mmol), there was obtained 4-[(tert-butyldimethylsilanoyloxy)methyl]-2-fluoroaniline
(0.66 g). LC/MS: M+1 = 256.2 [Reference Example 14-5] Synthesis of

4‘[(te“‘b”tylgé%gt‘ggs&%l%’ °¥Mé@§é@%€%}? IQ@%@WQ&‘&@%&W ﬂBO@%?rﬁ%Pe‘%‘?gﬁgﬂ(‘)gg‘%fF 5

Example 23 and erence Example 14, from 4-ammo uorobenzoic ac mg, 2.0 mmol),

Ay Sl A G S N i LTRSS

M+1 = 274.2 [Reference Example 14-6] Synthesis of 4-[(tert-

'anoy'oxy)”h%tﬁ‘ﬂl@a”ﬁ%t@é})")’é‘éﬂﬂ'%? to obtdﬂx?&ﬁi}%?%gﬂ Wjﬁhﬁ%ﬁ?ﬁ?@-%%]%%gésgf and Reference

Example 14, from 4-amino-2-methoxybenzoic aci 6 mg, 5 mmol), btained

4-[(tert-butyigimatnyisinadoxyinaellad methaniing (3. j=9 .61z, 1H), 7.56(d,
J=8.0Hz, 1H), 7.28(d, J=8.0Hz, 1H), 7.17(t, J=8.0Hz, 1H), 6.53(d, J=9.6Hz, 1H),
2.36(s, 3H)

[Reference Example 3]
Synthesis of 5-acetyl-8-hydroxy-1H-quinolin-2-one
8-Acetoxy-1H-quinolin-2-one (570.6 g, 2.81 mol) was suspended in
dichloroethane (5.8 L), aluminum chloride (925 g, 6.94 mol) was added thereto in
portions at 20°C or lower under ice-water cooling, and the mixture was stirred at
70°C to 80°C for 3 hours. The reaction mixture was concentrated under reduced
pressure. To the residue was added 1 M hydrochloric acid (10 L) and the mixture
was stirred at room temperature overnight. The precipitate was collected by
filtration, washed with purified water, and dried under reduced pressure to obtain
5-acetyl-8-hydroxy-1H-quinolin-2-one (584 g).
"H-NMR(400MHz, DMSO-dg) § 11.3(s, 1H), 10.6(s, 1H), 8.66(d, J=10.0Hz, 1H),
7.67(d, J=8.4Hz, 1H), 6.91(d, J=8.4Hz, 1H), 6.52(d, J=10.0Hz, 1H), 2.41(s, 3H)
[Reference Example 4]
Synthesis of 5-acetyl-8-benzyloxy-1H-quinolin-2-one
5-Acetyl-8-hydroxy-1H-quinolin-2-one (430 g, 2.12 mol) was suspended
in N,N-dimethylformamide (3.3 L), potassium carbonate (298 g, 2.16 mol) and
subsequently benzyl bromide (298 g, 2.11 mol) were added thereto, and the

mixture was stirred at room temperature for 2 hours. The insoluble matter was
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LC/MS: M+1 = 268.2 [Reference Example 14-7] Synthesis of
4-[(tert-butyldimethylsilanoyloxynnethyl]-3-fluoroaniline In accordance with Reference Example 23
and Reference Example 14, from 4-21 no-2-fluorobenzoic acid (776 mg, 5 mmol), there was obtained
4-[(tert-butyldimethylsilanoyloxy)nethyl]-3-fluoroaniline (0.45 g). LC/MS: M+1 = 256.2 [Reference
Example 14-8] Synthesis of 4-[(tert-butyldimethylsilanoyloxy)methy1]-3-methylaniline
2-Methyl-4-nitrobenzoic acid (741 g, 5 mmol) was dissolved in methanol (20 mL), 10%
palladium-carbon (100 mg) was added, and the mixture was stirred under a hydrogen atmosphere at

room temp%%‘é%ﬁ%}@iﬂ?%%ﬁ%% reachon &%‘H@Q%‘é@&@l@ﬁﬂﬁ%&%@% celig and. fpeigafter. the

filtrate was concentrated under reduced pressure to obtain 4-amino-2-methylbenzoic acid as a crude

material. in aecordance Wil REIRIPORE EXAORIE /Y %HQ&%@%@%‘&%’?@%‘{I}%‘.‘E Y, fifMesidue

4-amino-2-methylbenzoic acid obtained, there was obtaine

4-[Gert-buty|dimerylgilanopoxyamethyly -mathvianiine (33 &) LGS MichéRgadRglerence

Example 14-9] Synthesis of 4-[(tert-butyldimethyls lanoyloxy)methy1]-2-chloroaniline In accordance

with Referepce Examplersd igﬁﬁ%ea@g&&mmetet;ly%mﬁbﬁgwg&-@m@wﬂmggi%@ﬁ (858 mg,
5 mmol), there was obtained 4-[(tert-butyldimethylsilarioyloxy)methy1]-2-chloroaniline (0.49 g). LC/MS:

M+1=272.20d dried under vacuum to obtain S-acetyl-8-benzyloxy-1H-quinolin-2-one (541

g).

"H-NMR(400MHz, CDCl3) & 9.23(s, 1H), 8.93(d, J=10.0Hz, 1H), 7.69(d, J=8.0Hz,
1H), 7.43(s, SH), 7.04(d, J=8.0Hz, 1H), 6.77(d, J=10.0Hz, 1H), 5.26(s, 2H), 2.65(s,
3H)
[Reference Example 5]
Synthesis of 8-benzyloxy-5-(2-bromoacetyl)-1H-quinolin-2-one

5-Acetyl-8-benzyloxy-1H-quinolin-2-one (372 g, 1.27 mol) was dissolved

in tetrahydrofuran (3.6 L) and the solution was cooled to 0°C. Pyridinium
tribromide (453 g, 1.27 mol) was added thereto in portions, and the mixture was
heated under reflux for 3 hours. Thereafter, tetrahydrofuran (3.1 L) was added
and the mixture was heated under reflux overnight. The precipitate was collected
by filtration and washed with tetrahydrofuran. The solid was suspension-washed
with tetrahydrofuran (2.3 L) and, thereafter, washed with purified water (3 L).
Separately, the tetrahydrofuran filtrate and the washings were mixed, concentrated
under reduced pressure, and the residue was suspension-washed with
tetrahydrofuran (1 L). The solids were combined and dried under reduced
pressure to obtain 8-benzyloxy-5-(2-bromoacetyl)-1H-quinolin-2-one (387 g).
"H-NMR(400MHz, DMSO-ds) & 11.1(s, 1H), 8.49(d, J=9.0Hz, 1H), 7.86(d,

J=9.0Hz, 1H), 7.58(d, J=8.0Hz, 2H), 7.25-7.45(m, SH), 6.67(d, J=9.0Hz, 1H),
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[Reference Example 14-10] Synthesis of 5-ktert-butyldimethylsilanoyloxy)methyll-2-methoxyaniline

In accordance with Reference Example 23 and Reference Example 14, from
4-amino-3-methoxybenzoic acid (836 mg, 5 mmol), there was obtained
5-[(tert-butyldimethylsilanoyloxy)methy1]-2- methoxyaniline (0.45 g). LC/MS: M+1 = 268.2 [Reference
Example 14-11] Synthesis of 4-Rtert-butyldimethylsilanoyloxy)methyll-2-methylaniline In
accordance with Reference Example 23 and Reference Example 14, from 4-ammo-3-methylbenzoic
acid (756 mg, 5 mmol), there was obtained 4-[(tert-butyldirnethylsilanoyloxy)methyl]-2-methylan 1 ne

(0.17 g). L M%%%)u g@%%[ 1qf)erence Example 14-12] Synthesis of

6-[(tert-butyldim anoyloky)nethyllnaphthalen-2-amine In accordancel- Reference Example

23 and Reference Eﬁ@m%f&, m 2-amino-6-naphtho c acid (936 mg, 5 mmol), there was obtaincd
6-[(tert-but dirneﬁw silanoyloxy)methyllnaphthalen-2-amine (0.97 g). LC/MS: M+1 = 288.2 [Reference

Example 1 thesis - -butddim ilgn yiiyl- hiophen-5-amine In
accordancgS wit %ngzﬁcf%gé%ég%?e ZLQE%%? I%g?gr%r?cg %ggﬁgf‘? ?4H{ qgﬁﬂﬁ?ﬁhfg’ﬁ@
Under an argon flow, 8-benzyloxy-5-(2-bromoacetyl)-1H-quinolin-2-one

(374 g, 1.00 mol) was suspended in dehydrated tetrahydrofuran (3.8 L), CBS

40 minutes. After adding dropwise a 0.9 M tetrahydrofuran solution of
borane-tetrahydrofuran complex (1.27 L) at the same temperature, the reaction
mixture was gradually warmed to 0°C. After adding methanol (1.3 L) dropwise,
insoluble matter was removed by filtration and washed with tetrahydrofuran.
The filtrate and the washing were mixed and concentrated under reduced pressure.
To the residue was added purified water (6.3 L), and the mixture was stirred at
room temperature overnight. The precipitate was collected by filtration and
washed with purified water. Further, the precipitate was suspension-washed with
ethyl acetate (4.8 L), collected by filtration, and dried under reduced pressure to
obtain 8-benzyloxy-5-((R)-2-bromo-1-hyroxyethyl)-1H-quinolin-2-one (278 g).
"H-NMR(400MHz, CDCl3) & 9.26(s, 1H), 8.08(d, J=10.0Hz, 1H), 7.37-7.45(m,
5H), 7.28(d, J=8.0Hz, 1H), 7.05(d, J=8.0Hz, 1H), 6.72(d, J=10.0Hz, 1H), 5.33(dd,
J=9.0Hz, 4.0Hz, 1H), 5.19(s, 2H), 3.71-3.74(m, 2H)
[Reference Example 7]
Synthesis of 5-((R)-2-azido-1-hyroxyethyl)-8-benzyloxy-1H-quinolin-2-one
8-Benzyloxy-5-((R)-2-bromo-1-hyroxyethyl)-1H-quinolin-2-one (20.8 g, 55.6

mmol) and sodium azide (3.61 g, 55.5 mmol) were suspended in

N,N-dimethylformamide (100 mL) and the mixture was stirred at 65°C for 3 hours.
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from methyl 5-am no-I-benzothiophene-2-carboxylate (1.04 mg, 5 mmol), there was obtained
2-[(tert-butyldimethylsilanoyloxy)methy1]-1-benzothiophen-5-amine (0.64 g). LC/MS: M+1 = 294.1
[Reference Example 14-14] Synthesis of 3-[(tert-butyldimethylsilanoyloxy)methy1]-4-methoxyaniline
In accordance with Reference Example 23 and Reference Example 14, from
5-amino-2-methoxybenzoic acid (836 mg, 5 mol), there was obtained
3-[(tert-butyildimethyilsilanoyloxy)methyl]-4-methoxyaniline (1189 g). LC/MS: M+1 = 268.2 [Reference
Example 14-15] Synthesis of 4-Rtert-butyldimethylsilanoyloxy)methyl]-N-methylaniline In

accordancegyith, Refereoee ﬁxgm.es a0y ReeIease rxAmPi d tndraik Arosinylaminghgnzoie acid
(756 mg, 5 mmol), there was obtained 4-Rtert-butyldimethylsilanoyioxy)methy1kN-rnethylaniline (0.84

9). LC/MS: Mg LimeodenlReiRiecS/ExARRIe 1 16LSHINESHS Qflution was added purified
5-[(tert-butyldimethylsilanoyloxy)methyl]thiophen-2-amine 5-Nitro-2-thiophenecarbaldehyde (15.7

9, 10.0 mmql)was cissaived # Isbanvdipiiran dhereto s, adfrd granpiskLaneset@bydrofuran

complex (a 1 M tetrahydrofuran solution, 25.0 mmol) under ice -water cooling, and the reaction mixture
was s pri atypai eReIAt R ed RAMS LATer iperavates QKRG & Saturaiad-agyeels,solution of

Rochelle salt was added to stop the reaction and the reaction mixture was extracted with etﬁyl acetate.
The organic layey-was Washed:Bkyethyl)-8-benzyloxy- 1 H-quinolin-2-one  (16.8 g) was
obtained.
"H-NMR(400MHz, DMSO-d¢) & 10.7(s, 1H), 8.19(d, J=12.0Hz, 1H), 7.56(d,
J=8.0Hz, 2H), 7.34-7.41(m, 1H), 7.26-7.33(m, 1H), 7.20(s, 2H), 6.54(d, J=8.0Hz,
1H), 5.90(d, J=8.0Hz, 1H), 5.30(s, 2H), 5.18-5.26(m, 1H), 3.44(dd, J=12.0Hz,
8.0Hz, 1H), 3.30(dd, J=16.0Hz, 4.0Hz, 1H)
[Reference Example 8]
Synthesis of 5-((R)-2-amino-1-hyroxyethyl)-8-hydroxy-1H-quinolin-2-one acetate
5-((R)-2-Azido-1-hyroxyethyi)-8-benzyloxy-1H-quinolin-2-one (16.8 g,
49.9 mol) was suspended in acetic acid (50 mL), a catalytic amount of palladium
hydroxide-carbon was added thereto, and the solution was stirred under a
hydrogen atmosphere overnight. The catalyst was removed by filtration and the
filtrate was concentrated under reduced pressure. To the residue were added
methanol (100 mL) and ethyl acetate (100 mL), and the mixture was stirred. The
precipitate ~ was  collected by filtration and dried to  obtain
5-((R)-2-amino-1-hyroxyethyl)-8-hydroxy-1H-quinolin-2-one acetate (12.5 g).
'"H-NMR(400MHz, DMSO-ds) & 8.16(d, J=8.0Hz, 1H), 7.05(d, J=8.0Hz, 1H),
6.91(d, J=8.0Hz, 1H), 6.49(d, J=8.0Hz, 1H), 5.06(dd, J=8.0Hz, 4.0Hz, 1H),
2.85(dd, J=12.0Hz, 4.0Hz, 1H), 2.73(dd, J=12.0Hz, 8.0Hz, 1H), 1.84(s, 3H)

[Reference Example 9]
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with a saturated aqueous solution of Rochelle salt and a saturated aqueous solution of sodium
chloride, dried over anhydrous magnesium sulfate, and concentrated under reduced pressure The
solid obtained was dissolved in methanol (20 mL), a catalytic amount of Raney nickel was added
thereto, and the mixture was stirred under a hydrogen atmosphere at room temperature for 2 hours
The reaction solution was Filtered through cetite and, thereafter, the filtrate was concentrated under
reduced pressure to obtain (5-aminothiophen-2-yOmethanol as a crude material. In accordance with
Reference Example 14, from (5-aminothiophen-2-yOmethanolobtained,therewasobtained

5-[(tert-butyiimethvisianeylgxymetylihioniene-aming fhéfynR &fMS: M+1 = 244.3 [Reference
Example 14-17] Synthesis of 5-Rtert-butyldimethylsilanoyloxy)methyl]pyridin-2-amine In

accordance with Refgigace FxapalerianddratesreriExanple Amhifted 6:ARIAOMIQOtDIG acid (691
mg, 5 namol), there was obtained 5-[(tert-butyldimethylsilanoyloxy)methyl]pyridin-2-amine (0.14 g).

LC/MS: M+3 =238moliRelarensaferddnP enl 443h Syrthasisofso mL) and, under ice-water

2-bromo-4-[(tert-butyldimethylsilanoyloxy)methyl]-5-methoxyaniline In accordance with Reference

Example 23 gpgrzefesanse: Exanphs L4 Hseph e Hdi4raninges-bromor 2iietoxyRenzeade {500 mg, 2
mmol), there was obtained 2-bromo-4-[(tert-butyldimethylsilanoyloxy)methy1]-5-methoxyan’line (0.35
0). LC/IMS:iMetdis 34 Ak dRefaremce Exampledd-18k 1 hour under ice-water cooling, a
N,N-dimethylformamide (50 mL) solution of 4-bromo-3-nitro-benzaldehyde (6.53
g, 28.4 mmol) was added and the mixture was stirred for 16 hours while bringing
the temperature gradually to room temperature. Under ice-water cooling, a
saturated aqueous solution of ammonium chloride was added to stop the reaction
and the reaction mixture was extracted with ethyl acetate. The organic layer was
washed with a saturated solution of sodium chloride, dried over anhydrous
magnesium sulfate, and concentrated under reduced pressure. The residue was
purified by  flash  column  chromatography to  obtain  tert-butyl
trans-3-(4-bromo-3-nitrophenyl)acrylate (7.07 g).

'H-NMR(400MHz, CDCls) § 7.95(d, J=2.0Hz, 1H), 7.75(d, J=8.3Hz, 1H), 7.52(dd,

S
I
[
'
-’

=8.3Hz, 2.0Hz, 1H), 7.51(d, J=16.1Hz, 1H), 6.45(d, J=16.1Hz, 1H), 1.54(s, 9H)
[Reference Example 10]
Synthesis of tert-butyl trans-3-(3-nitro-4-phenylphenyl)acrylate

tert-Butyl trans-3-(4-bromo-3-nitrophenyl)acrylate (7.07 g, 21.5 mmol) was
dissolved in 1,4-dioxane (200 mL) and thereto were added phenyl boric acid (5.25
g, 42.1 mmol), cesium  carbonate (56.1 g, 172.2 mmol),
1,1-[bis(diphenylphosphino)ferrocene]dichloropalladium(II) dichloromethane

complex (0.88 g, 1.1 mmol), and purified water (50 mL). The mixture was

stirred under a nitrogen flow at 80°C for 4 hours. The reaction solution was
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Synthesis of 4-[(tert-butyldimethylsilanoyloxy)methy1]-2-chloro-5-ethoxyaniline In accordance
with Reference Example 23 and Reference Example 14, from 4-amino-5-chloro-2-ethoxybenzoic acid
(863 mg, 4 mmol), there was obtained 4-[(tert-butyld
methylsilanoyloxy)methy1]-2-chloro-5-ethoxyaniline (0.87 g). LC/MS: M+1 - 316.1 [Reference Example
14-20] Synthesis of 4- [(tert-butyldimethyls lano ylox y)methyl] -3 -etho xyaniline In accordance
with Reference Example 14-8, from 2-ethoxy-4-nitrobenzo c acid (702 mg, 3.32 mmol), there was
obtained 4-[(tert-butyldimethylsilanoyloxy)methy1]-3-ethoxyaniline (0.65 g). LC/MS: M+1 - 282.3

[Reference ﬁﬁ%@ﬁ' h%g?'uﬁg @géﬁ%ﬁ?@%‘%@‘f@f&?r%Eét%ﬁ%’eF“%%/[',Sf@%{}géfl%éy&mﬁt@ piline

In accordance wit e Xamp efererice Example rom 4-am no-2-bromobenzo c

acid (460 mg, 2 mmolyythere was qhtained - bromeydsrtbundimethy SRRy M yfaniine
i L

(0.59 g). LC/MS M+1 =317.1"|Reterence Example ynthesis o

Inacoordancon Rl e AL B RO i B Lo et YbEPReR e S, 5 mmon,
there was opfgiped pressure. The residue was purified by flash column chromatography to
obtain tert-butyl trans-3-(3-nitro-4-phenylphenyl)acrylate (6.52 g).
"H-NMR(400MHz, CDCl3) § 7.96(d, J=1.7Hz, 1H), 7.71(dd, J=7.8Hz, 1.7Hz, 1H),
7.60(d, J=16.1Hz, 1H), 7.40-7.49(m, 4H), 7.29-7.36(m, 2H), 6.48(d, J=16.1Hz,
1H), 1.55(s, 9H)
[Reference Example 11]
Synthesis of tert-butyl 3-(3-amino-4-phenylphenyl)propionate
tert-Butyl trans-3-(3-nitro-4-phenylphenyl)acrylate (6.52 g, 20.0 mmol)
was dissolved in methanol (100 mL) and ethyl acetate (100 mL), 10%
palladium-carbon (500 mg) was added thereto, and the mixture was stirred under a
hydrogen atmosphere at room temperature for 16 hours. The reaction solution
was filtered through celite and the filtrate was concentrated under reduced
pressure to obtain tert-butyl 3-(3-amino-4-phenylphenyl)propionate (5.94 g).
LC/MS: M+1 = 338.2
[Reference Example 12]
Synthesis of tert-butyl
3-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyl]propionate
Under a nitrogen flow, 4-hydroxy-1-methylpiperidine (2.88 g, 25.0 mmol)
was dissolved in acetonitrile (80 mL) and, under ice-water cooling, a solution of
diphosgene (9.89 g, 50 mmol) in acetonirile (20 mL) was added thereto. After

stirring at room temperature for 1 hour, the reaction mixture was concentrated
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4-[(tert-butyldimethyls lanoyloxy)methyl]-34 fluor methypan dine (0.94 g). LC/MS: M+1 = 306.2
[Reference Example 15-2] Synthesisofl-methylpiperidin-4-y1 N-15-[2-(
[41(tert-butyldimethylsilanoyloxy)methy1]-2-chloro-5-methoxyphenyll carbamo
ypethy1]-2-phenylphenyl carbamate InaccordancewithReferenceExamplel5,from 3-[3-(
{[(2-methylpiperidin-4-yeoxy] carbonyl} am no)-4-phenylphenyl]propionate hydrochloride (191 mg, 0.5
mmol) and 4-Rtert-butyldimethylsilanoyloxy)methy1]-2-chloro-5-methoxyanil. ne (188 mg, 1.0 mmo )
obtained in Reference Example 14-2, there was obtained 1-methylp iperidin-4-y1 N- {5424
fa-fttert-butyldimethylsilanoyloxytmethyl -2.-chloro-5-m%{1§ox t[] nvjl.carbamo yp té;%/ ]-
2-phenylph)e{:lr%§/iig ¢ g?égrcr?gt grz: gur%g){.o L&%ﬁ[gl @Iffhzd% . e[F%e8 égre%{éteaggam%?g f(é CllS%tﬁesisofl
nethylp iperjdin-4- vl N- {5424 - -[Ea_rt- utyldimeth 'anoéjox methyl]-3-chlor @h nyll carbamoyl)e
thy 112 o o A A T e e B e B
{[(2-methylpiperidin-4-y rbopyll amino)-4-phenylphenyl]propionate hydroghloride(382mg,1.0
mmol)and Eﬁggt{%&?w@%ﬁ@éﬂg%&ﬁy {(r%nl)reetﬁ%,/?lsf%ﬁ O(iggl’;]ll i%rg 544 erayuﬁ.eo(f%%édﬁgurs'

e mg,

Under ice-water cooling, the reaction was stopped by addition of a dilute aqueous
solution of sodium hydroxide and the mixture was extracted with ethyl acetate.
The organic layer was washed with a saturated aqueocus solution of sodium
chloride, dried over anhydrous magnesium sulfate, and concentrated under

reduced pressure. The residue was purified by flash column chromatography to

<

obtain tert-butyl
3-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl} amino)-4-phenylphenyl]propionate
(5.08 g).
'H-NMR(400MHz, CDCl3) & 7.99(s, 1H), 7.45-7.50(m, 2H), 7.39-7.43(m, 1H),
7.33-7.37(m, 2H), 7.13(d, J=7.8Hz, 1H), 6.97(dd, J=7.8Hz, 1.7Hz, 1H), 6.59(s,
1H), 4.69-4.74(m, 1H), 2.95(t, J=7.9Hz, 2H), 2.60-2.74(m, 2H), 2.60(t, J=7.5Hz,
2H), 2.26(s, 3H), 2.16-2.25(m, 2H), 1.89-1.99(m, 2H), 1.66-1.82(m, 2H), 1.44(s
9H)
[Reference Example 12-2]
Synthesis of tert-butyl
3-(3-{[({[1R,2R,48,58,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-9-y1} ox
y)carbonyl]amino }-4-phenylphenyl)propionate

In accordance with Reference Example 12, from tropenol (310 mg, 2.0
mmol) and tert-butyl 3-(3-amino-4-phenylphenyl)propionate (297 mg, 1.0 mmol),
there was obtained tert-butyl
3-(3-{[({[1R,2R,48,5S,7S]-9-methyl-3-0oxa-9-azatricyclo[3.3.1.0**Jnonan-9-y1} ox
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obtained in Reference Example 14-3, there was obtained 1-methylpiperidin-4-y1 94 N-
{5-[2-(14-[(tert-butyldimethylsilanoyloxy)methy1]-3-chlorophenyll carbamo yl)e thy1]-2-phenylphenyll
carbamate (340 mg). LC/MS: M+1 = 636.3 [Reference Example 15-4] Synthesisofl-methylpiperidin-4-
yl N- {542-(14-[(tert-butyldimethylsilanoyloxy)methy1]-2-fluorophenyll carbamoyl)e
thy1]-2-phenylphenylicarbamate InaccordancewithReferenceExamplel5,from 3434
{[(2-methylpiperidin-4-yl)oxy] carbonyl{ amino)-4-phenylphenyl]prop onate hydrochloride (382 mg, 1.0
mmol) and 4- [(tert-butyldimethylsilano yloxy)methy1]-2-fluoro aniline (383 mg, 1 5 mmol) obtained in
Reference BXGHRNEN2Mifterd whsbERIRRYDRIARIAYRSfE Y 1 N-
{5-[2-(14-[(tert-butyldimethylsilanoyloxy)methyl]-2-fluorophenyilcarbamoype thyl]-2-phenylphenyll
carbamate %%Wé/ﬁé?%l = 620.3 [Reference Example 15-5] Synthesisofl-methylpipe d
in-4-y] N- {5-[2-(14-[(tert-butyldimethylsilanoyloxy)methyl]-2,5-difluorophenylicarbamo

ypethyl]-2- ShSHERHREMSnale InaccordancewithReferenceExample15,from

Synthesis of
3-[3-({[(I-methylpiperidin-4-yl)oxy]carbonyl}amino)}-4-phenylphenyl]propionate
hydrochloride

To tert-butyl
3-[3-({[(I-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyl]propionate
(5.08 g, 11.6 mmol) was added a 4M solution of hydrochloric acid in dioxane (7
mL) and the mixture was stirred at 70°C for 2 hours. The reaction solution was
concentrated under reduced pressure to obtain
3-[3-({[(l-methylpiperidin-4-yl)oxy|carbonyl}amino)-4-phenylphenyljpropionate
hydrochloride (5.49 g).
[Reference Example 13-2]
Synthesis of
3-(3-{[({[1R,2R,48,58,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.0°*nonan-9-yl} ox
y)carbonyl]amino }-4-phenylphenyl)propionate hydrochloride

In accordance with Reference Example 13, from benzyl
3-(3-{[({[1R,2R,48,58,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.0"*nonan-9-yl} ox
y)carbonyl]amino }-4-phenylphenyl)propionate (121 mg, 0.25 mmol) obtained in
Reference Example 12-2, there was obtained
3-(3-{[({[1R,2R,48,5S,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**nonan-9-y1} ox
y)carbonyl]-4-phenylphenyl)propionate hydrochloride (105 mg).
LC/MS: M+1 =423.3
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3-[3-( {[(1-methylpiperidin-4-yDoxy] carbonyl | am no)-4-phenylphenyl]propionate hydrochloride (126
mg, 0.3 mmo |) and 4-[(tert-butyldimethylsilanoyloxy)methyl]-2,5-difluoroaniline (94.2 mg, 0.35 mmol)
obtained in Reference Example 14-5, there was obtained 95 1-methylpiperid in-4-y1 N {5424
{4-[(tert-butyldimethylsilanoyloxy)methy1]-2,5-difluorophenyl} carbamo yl)ethyl]
-2-phenylphenylicarbamate (44 mg). LC/MS: M+1 = 637.3 [Reference Example 15-6]
Synthesisofl-methylpiperidin-4- yl N- 5124{4-
[(tert-butyldimethylsilanoyloxy)methy1]-3-methoxyphenyll carhamoy

Dethyl]-2-p,:]g Qg@ﬂgﬁ(?ﬁgn InaccordancewithReferenceExamplel5,from 3434
{[(1-methylp pé}%{i&n-#ypoxy cargléiyll amino)-4-phenylphenyl]propionate hydrochloride (181 mg, 0.5

mmol) and g-}[gtﬁ{é-&yyilqi_ mw%ﬂgﬁlg&%mwﬁ?,%?é%‘%ﬂgm‘@m mg, 0.75 mmol) obtained in

Reference Example 14-6, there was obtaineéd 1-me IN-4-y1 N- {5424

{4'[(te”'b“ty'dimethﬂ%l!ﬁﬂ%%%ﬂ‘e&i’&@kér%%8%9“@6‘)@' ?@RRQS” }éd;) ¥kdofsPpsrapgenyll

carbamate (89 mg). LC/MS: M+1 = 632.3 [Reference Example 15-7] Synthesisofl-methylp-iperid in-4-

yI N- {5-[2-(4f-Harisppyidimenyiziiegyigryimeiylz3iivatorRRs MG RAN Y S lution of
thy1]-2-phenylphenyl’l carbamate
tert-butyldimethylchlorosilane (9.14 g, 60.9 mmol) in tetrahydrofuran (10 mL)
was added thereto. After stirring the reaction mixture at room temperature for 1
hour, the reaction was stopped by addition of purified water and the mixture was
extracted with ethyl acetate. The organic layer was washed with a saturated
aqucous solution of sodium chloride, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography to obtain 4-[(tert-butyldimethylsilanoyloxy)methyl]aniline (9.94
g)-
[Reference Example 15]
Synthesis of I-methylpiperidin-4-yl
- {5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]phenyl}carbamoyl)ethyl]-2-p
henylphenyl}carbamate
3-[3-({[(1-Methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyl]pro
pionate  hydrochloride (191 mg, 0.5 mmol) was dissolved in
N,N-dimethylformamide (10 mL) and thereto was added
N-ethyl-N’-(3-dimethylaminopropyl)carbodiimide hydrochloride (1.0 mmol),
N-hydroxybenzotriazole (1.0 mmol), triethylamine (5.0 mmol),
-[(tert-butyldimethylsilanoyloxy)methyl]aniline (1.0 mmol), and the mixture was

stirred at room temperature for 16 hours. The reaction mixture was extracted

with ethyl acetate and the organic layer was washed with a saturated aqueous
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InaccordancewithReferenceExample15,from 3434 {[(I -methylpiperidin-4-yOoxy]carbonyl
amino)-4-phenylphenyl]propionate hydrochloride (419 mg, 1.1 mmol) and
4-[(tert-butylchmethylsilanoyloxy)methyl]-3-fluoroaniline (383 mg, 1.5 mmol) obtained in Reference
Example 14-7, there was obtained 1-methylpiperidin-4- yl N- ;5424 {4-[(tert-butyld
methylsilanoyloxy)methy1]-3-fluorophenyi} carbamoyl)e thy1]-2-phenylphenyl} carbamate (308 mg).
LC/MS: M+1 = 620.3 [Reference Example 15-8] Synthesisofl-methylp me id in-4- yl N- {5-[2-(
{4-[(tert-butyldimethylsilanoyloxy)methyl]-3-methylphenyll carbarno yl) ethyl]-2-phenylphenyl

carbamate acelORpEEIIREIENGEEAAM I AT I el eGSR bory)

amino)-4-phenylphenyl]propionate hydrochlori

4-Rtert-butyldi | loxyyme -3-met line (3 igﬁgi Reference
Example 1314]%&%@?96 %Ia%h %%’tai?%gg f?rﬁééweyl\gapgeﬁ%ﬁ%? ﬁ) %1 ﬁ %?29;?%%@80&&8@ to
{4-Rtert-butyldimethylsilanoyloxy)methy11-3-methylphenylf carbamoyl)_ Iviveridin-4-vl
ethyl]-2-phenylphenyllcarbamate (250 mg). LC/MS: Mil = 616.3 [Referer%%tlg(gmgfédi%-Q]y

Rtort S R oy e T L s hens i cabapo el g

carbamate henylphenyl}carbamate (121.7 mg).
"H-NMR(400MHz, CDCly) & 8.03(s, 1H), 7.39-8.05(m, 5H), 7.32-7.36(m, 2H),
7.22-7.29(m, 3H), 7.13(d, J=7.8Hz, 1H), 7.02(d, J=7.8Hz, 1H), 6.62(s, 1H),
4.68-4.75(m, 1H), 4.69(s, 2H), 3.09(t, J=7.6Hz, 2H), 2.71(t, J=7.6Hz, 2H),
2.62-2.71(m, 2H), 2.29(s, 3H), 2.19-2.31{(m, 2H), 1.92-2.00(m, 2H), 1.68-1.78(m,
2H), 0.93(s, 9H), 0.08(s,6H)
[Reference Example 16]
Synthesis of 3-(4-bromo-3-nitrobenzoyl)propionic acid

Under salt-ice cooling, 3-(4-bromobenzoyl)propionic acid (75.0 g, 291.7

mmol) was added to fuming nitric acid (200 mL) in portions at such a rate that the
temperature of the reaction solution could be maintained at -5°C or lower. After
stirring at -12°C to -10°C for 1 hour, the reaction solution was poured onto ice.
The solid which precipitated was collected by filtration, washed with purified
water, and thereafter dried wunder reduced pressure to obtain
3-(4-bromo-3-nitrobenzoyl)propionic acid (91.0 g).
"H-NMR(400MHz, DMSO-ds) & 8.43(d, J=2.0Hz, 1H), 7.96-8.06(m, 2H), 3.20(t,
J=6.2Hz, 2H), 2.51(t, J=6.2Hz, 2H)
[Reference Example 17]
Synthesis of 3-(3-nitro-4-phenylbenzoyl)propionic acid

3-(4-Bromo-3-nitrobenzoyl)propionic acid (45.3 g, 150.0 mmol) was
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InaccordancewithReferenceExamplel15,from 3-[3-( {[(1-methylpiperidin-4-yl)oxy]carbonyl }
amino)-4-phenylphenyl]propionate hydrochloride (382 mg, 1.0 mmo I) and
4-[(tert-butyldimethylsilanoyloxy)methy1]-2-chloroaniline (360 mg, 1.3 mmo 1) obtained in Reference
Example 14-9, there was obtained 1-methylpiperidin-4-yl N-15124 {4-[(tert-butyldimethyls
lanoyloxy)methy1]-2-chlorophenyll carbamo yl)e thy11-2-phenylphenylicarbamate (195 mg). LC/MS:
M+1 = 636.2 [Reference Example 15-10] Synthesisofl-methylpiperidin-4-y1 N- {5424
{4-[(tert-butyldimethylsilanoyloxy)methy1]-2-methoxyphenylf carbamoy nethy11-2-phenylphenyll
carbamate KhasebiahiicdvAtiRefaretde xampldiB drorm S¢ad dgd piestiil/lpoipe fidid-2Y¥ogy]
carbonyl} am no)-4-phenylphenyl]propionate hydrochloride (382 mg, 1.0 mmo I) and
4-[(tert-butyPditnBthylsitanelloxy)erstiw]-2-meaHmaatailine (464.9ng, 125 mnvbiPdbtainethinReference
Example 14-10, there was obtained 1-methylpiperidin-4-y1 N- {5-[2-(

{4-[(tert-but9|diﬁ@m9mmmmﬁhmhym¢ﬁeﬂidi®ﬁhmll@é:ibarﬂé)y dichloromethane
1)ethy1]-2-phenylphenyticarbamate (340 mg). LC/MS: Tvi+1 = 632.3 [Reference Example 15-11]
Synthesisofdefmetpy|plpé gid-4- piorelb-fod puited briddichéthyibilanoglox yerstgnixtethylphenyll
carbamoyl) ethyl]-2-phenylphenyl[carbamate InaccordanceW|thReferenceExampIelS from
was stirred under a nitrogen flow at 80°C for 18 hours. The reaction solution was
filtered through celite, alumina, and Florisil, and, thereafter, the aqueous layer was
separated. The organic layer was extracted with a dilute aqueous solution of
sodium hydroxide. After the aqueous layers were combined and washed with
ethyl acetate, the layer was acidified, under ice-water cooling, with 6 M
hydrochloric acid and extracted with ethyl acetate. The organic layer was
washed with a saturated aqueous solution of sodium chloride, dried over
anhydrous magnesium sulfate, and concentrated under reduced pressure to obtain
3-(3-nitro-4-phenylbenzoyl)propionic acid (39.4 g).
'"H-NMR(400MHz, DMSO-d¢) & 12.22(s, 1H), 8.48(d, J=0.9Hz, 1H), 8.30(dd,
J=8.2Hz, 0.9Hz, 1H), 7.73(d, J=8.2Hz, 1H), 7.45-7.50(m, 3H), 7.37-7.41(m, 2H),
3.34(t, J=6.2Hz, 2H), 2.63(t, J=6.2Hz, 2H)
[Reference Example 18]
Synthesis of 4-(3-amino-4-phenylphenyl)butyric acid
3-(3-Nitro-4-phenylbenzoyl)-propionic acid (18.6 g, 69.0 mmol) was
dissolved in acetic acid (200 mL) and trifluoroacetic acid (20 mL), 10% palladium
hydroxide-carbon (5 g) was added thereto, and the mixture was stirred under a
hydrogen atmosphere at 70°C for 16 hours. After filtering the reaction solution

through celite, the filtrate was concentrated under reduced pressure.

To the residue was added methanol (100 mL) and a 5 M aqueous solution
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3-[3-( {[(1-methylpiperidin-4-yl)oxy]carbonyi amino)-4-phenylphenyl]propionate hydrochloride (260 0.68
mmol) and 4-[(tert-butyldimethylsilanoyloxy)methyl]-2-methylaniline (170 mg, 0.68 mmol) obtained in
Reference Example 14-11, there was obtained 1-methylpiperidin-4-y1 N-15- [2-( {4-
[(tert-butyldimethyls lanoyloxy)methy1]-2-methylphenyll carbamoyl) ethyl]-2-phenylphenylicarbamate
(82 mg). LC/MS: M+1 =616.3 [Reference Example 15-12] Synthesisofl-methylpiperidin-4-y1 N-(5-
{2-[(6- [Rtert-butyldimethylsilyOoxy]methylinaphthalen-2-yl)carbamoylleth
y11-2-phenylphenyl)carbamate InaccordancewithReferenceExamplel5,from 3-[3-( 1[(1-methylp

iperidin-4-yljgxyd eRtaoRyl-aino ) shphenyRhenylprariQpatehudipchionds {38 2:mgx 1Q-mymol) and
6-Ktert-butyldimethylsilanoyloxy)methyl[naphthalen-2-amine (431 mg, 1 5 mmol) obtained in

Reference fxample Aftl 2408 WasehtainedotumsthydripsidiBs¥taNie-ddil6icetate and
[Rtert-butyldirnethylsilyl) oxylmethyl naphthalen-2-yecarbamoyll eth y11-2-phenylphenyecarbamate

(279 mg). LEAM&NW%&@&%& [Referense ﬁi@"lﬂ@ﬁ%&%]1§1/§YWQ§%'§;9§¥QEQ@IWM@%@Q&@V 1 N-(5-
{2-[(5- [(ter -butyldimethylsi iyi)oxy] methyl] - benzothiophen-5-yecarbam oyl] ethyl}

-2-phenylphgiyh carkagmaieteackondaneemit RgiRIANCRENRMRI8 @S -I3droxide.  The
[[(1-methylpiperidin-4-yl)oxy[carkmyll gmino)-4-phenylphenyl]propionate hydrochloride (419 mg, 1.1

mmol) and e {idstistahdesi et RYmbiadp ala imativl o atbesso hion benrisiamheid4 mg, 1.5
acid and extracted with ethyl acetate. The organic layer was washed with a
saturated aqueous solution of sodium chloride, dried over anhydrous magnesium
sulfate, and concentrated under reduced pressure. The residue was purified by
flash column chromatography to obtain 4-(3-amino-4-phenylphenyl)butyric acid
(12.6 g).

'"H-NMR(400MHz, DMSO-d¢) & 7.35-7.44(m, 4H), 7.27-7.33(m, 1H), 6.90(d,
J=7.8Hz, 1H), 6.60(d, J=1.0Hz, 1H), 6.48(dd, J=7.8Hz, 1.0Hz, 1H), 2.47(d,
J=7.8Hz, 2H), 2.24(d, J=7.4Hz, 2H), 1.74-1.82(m, 2H)

[Reference Example 19]

1

Synthesis of benzyl 4-(3-amino-4-phenylphenyl)butyrate tosylate

mmol) in toluene (300 mL), benzyl alcohol (50 mL) and tosylic acid hydrate (17.7
g, 93.0 mmol) were added, and the mixture was heated under reflux for 5 hours
with water removed by a Dean-Stark trap. The reaction solution was
concentrated under reduced pressure and a solid obtained was washed with a
mixed solvent of hexane-ethyl acetate (4:1). The solid was collected by filtration
and dried under reduced pressure to obtain benzyl
4-(3-amino-4-phenylphenyl)butyrate tosylate (41.2 g).

"H-NMR(400MHz, DMSO-d¢) & 7.44-7.53(m, 5H), 7.30-7.39(m, 7H), 7.28(d,
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mmol) obtained in Reference Example 14-13, there was obtained 1-methylp ip erid in-4-y1 N-(5-124(5-
[Rtert-butyldimethylsilyOoxy]methy1}-1-benzothiophen-5-yl)carbam
oyllethy1}-2-phenylphenyl)carbamate (204 mg). LC/MS: M+1 = 685.3 [Reference Example 15-14]
Synthesisofl-methylpiperidin-4- yl N- [5- [2- ( [5- [(tert-butyld imethylsilanoylo y)methy1]-2-metho
xyphenyl carba rnoy Dethyl] -2-p hen ylp hen yl ] carbamate
InaccordancewithReferenceExamplel15,from 3-[3-( {[(1-methylp iperidin-4-yDo xy]carbonyl
amino)-4-phenylphenyl] propionate hydrochloride (382 mg, 1.0 mmo I) and

5-[(tert-butyjeimethylsitanoylosy) methylli 2imethoxyaniing 602 Mg, sL1% rnal) ohtaned imiReference
Example 14-14, there was obtained 1-methylpiperidin-4-y1 N- {5124

{5-[(tert-butyldimethyisifangyiexymetiy]=2- mEH ONPHERSL 1GNP )
1)ethyl]-2-phenylphenylicarbamate (322 mg). LC/MS: M+1 = 632.3 [Reference Example 15-15]

SynthesisofiRetetbytpipesishintd 200 N- 15-[2-( {4-[(tert-butyldimethylsilanoyloxy)methyl]phenyll {methyl}
carbamo yl)e thy1]-2-phenylphenyl}carbamatc InaccordancewithReferenceExamplel5,from 3-[3-( {[(1-
methylp ipefghithésid)ox y] carbonyl} amino)-4-phenylphenyl]propionate benzy!
hydrochloride(419mg,1.1mmol)and
4-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl} amino)-4-phenylphenyl]butyrate
Under a nitrogen flow, 4-hydroxy-1-methylpiperidine (10.4 g, 90.0 mmol) was
dissolved in acetonitrile (100 mL) and to the solution was added, under ice-water
cooling, a solution of diphosgene (35.6 g, 180 mmol) in acetonirile (50 mL).
After stirring at room temperature for 5 hours, the reaction mixture was
concentrated under reduced pressure to obtain a solid. The solid obtained was
added to a solution of benzyl 4-(3-amino-4-phenylphenyl)butyrate tosylate (31.1 g,
60.0 mmol) in a mixed solvent of pyridine (50 mL) and N,N-dimethylformamide
(150 mL), and the mixture was stirred at room temperature for 2 hours. Under
ice-water cooling, the reaction was stopped by addition of purified water and the
reaction mixture was extracted with ethyl acetate. The organic layer was washed
with a dilute aqueous solution of sodium hydroxide and a saturated aqueous
solution of sodium chloride, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography to obtain benzyl
4-[3-({[(I-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyl]butyrate
(25.8 g).
'H-NMR(400MHz, CDCl;) & 7.96(s, 1H), 7.43-7.50(m, 2H), 7.39-7.42(m, 1H),
7.30-7.38(m, 7H), 7.12(d, J=7.8Hz, 1H), 6.93(dd, J=7.7Hz, 1.6Hz, 1H), 6.58(s,
1H), 5.13(s, 2H), 4.65-4.75(m, 1H), 2.69(t, J=7.6Hz, 2H), 2.60-2.68(m, 2H),
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4-Rtert-butyldimethylsilanoyloxy)methyll-N-methylaniline (377 mg, 1.5 mmo |) obtained in Reference
Example 14-15, there was obtained 1-methylpiperidin-4-y1 N- {5424
{4-Rtert-butyldimethylsilanoyloxy)methyliphenyl } {methyl} carbamoyfle thy1]-2-phenylphenyl}
carbamate (172 mg). LC/MS: M+1 = 616.3 [Reference Example 15-16]
Synthesisofl-methylpiperidin-4-y1 N-(5- {24(5- I[(tert-butyldimethylsilyl)oxy]methyl }
thiophen-2-yecarbamoyflethyl }-2-phenylphenylicarbamate
InaccordancewithReferenceExamplel15,from 3-[3-( {[(1-methylpiperidin-4-yl)oxy]carbony!l

amino)-4-phenylphenyfiaapionats, hysragulorife (293 e, Osf mmai)and S i)

imethylsilanoyloxy)methyl]thiophen-2-amine (170 mg, 0.7 mmol) obtained in Reference Example

14-16, therg )@ggp@@}ﬂ%ﬂ%by]pmggigﬁyyi N-(5-1,24(5- {[(tert-butyldimethylstlyl)oxy]methyIf
thiophen-2-yOcarbamoyi] eghyl 1-2-phenyl1phenypearbamate (105.7 mg). LC/MS: M+1 = 608.3

[Reference Rig L 1AL pindoesisof1-methylpiperidin-4-y1 N-(5- {2-[(5-
{[(tert-butyldimethylsilypoxy]nethyllpyrid in-2-yecarbamoyll ethyl} - 2-phenylphenypearba mate
Inaccordan(gg)p{{ﬁgggferenceExamplefrom 3134 [(1-rgethylpiperidin-4 -yl)oxy] carbonyl@,enzyl
amino)-4-phenylphenyl]propio nate hydrochloride(209mg,0.5mmol)and

4-(3-{[({[1R,2R,4S,5S,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-7-yl} ox
y)carbonyl]amino }-4-phenylphenyl)butyrate

In accordance with Reference Example 20, from scopine (purchased from
Shanghai FWD Chemicals Co, Ltd.; 931 g, 60.0 mmol) and benzyl
4-(3-amino-4-phenylphenyl)butyrate tosylate (31.1 g, 60.0 mmol), there was
obtained benzyl
4-(3-{[({[1R,2R,4S,5S,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**Inonan-7-y1} ox
y)carbonyl] amino}-4-phenylphenyl)butyrate (9.14 g).
LC/MS: M+1 = 527.3
[Reference Example 20-3]
Synthesis of benzyl
4-(3-{[({(1R,3R)-8-methyl-8-azabicyclo[3.2.1]octan-3-yl}oxy)carbonyl]amino }-4
-phenylphenyl)butyrate

In accordance with Reference Example 20, from tropine (2.82 g, 20.0 ml)
and benzyl 4-(3-amino-4-phenylphenyl)butyrate tosylate (5.17 g, 10.0 mmol),
there was obtained benzyl
4-(3-{[({(1R,3R)-8-methyl-8-azabicyclo[3.2.1]octan-3-yl}oxy)carbonyl]amino }-4
-phenylphenyl)butyrate (4.37 g).
LC/MS: M+1 =513.3

[Reference Example 21]
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5-[(tort-butyldimethylsilanoyloxy)methyl]pyridin-2-amine (179 mg, 0.75 mmo I) obtained in Reference
Example 14-17, there was obtained 1-methylpiperidin-4-y1 N-(5- {2-[(5-
{[(tert-butyldimethylsilypoxy]methyll pyridin-2-yl)carbamoyl] ethyl} - 2-phenylphenyl)carbamate (120
mg). LC/MS: M+1 = 603.3 [Reference Example 15-18] Synthesisofl-methylp iperidin-4-y1 N- {5134
{4-1(tert-butyldimethylsi lanoyloxy)methy11-2-chloro-5-methoxypheny11
carbamoyl)propy1]-2-phenylphenyl)carbamate InaccordancewithReferenceExamplel5,from 3-[3-(
{[(1-methylpiperidin-4-yfloxy]carbonyll amino)-4-phenylphenyllbutyric acid(173.2mg,0.4mmol)and
4-[(tert-butytdimetkydsilanoyloxy)methyl]-2-chloro-5-methoxyaniline (181.1 mg, 0.6 mmol) afftained in
Reference Example 14-2, there was obtained 1-methylp iperidin-4-y1 N- {5134

{4-[(tert-hutyldBnelityisitatioyioiy)idethyy Dehydcarbomgeithaxyphieyphenylphenyl]butyric
carbamoyppropyl]-2-phenylphenyl)carbamate (108.5 mg). LC/MS: M+1 = 680.3 [Reference Example
15-19] Synthadisofl-methylpiperidin-4-y1 N- 15434 {4-[(tert-butyld ethyls
lanoyloxy)methy1]-2-chlorophenyl } carbamoyl) propy11-2-phenylphenyll carbamate
InaccordancewiibireferenceExamplel5,from
4-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyl]butyrate
(25.8 g, 5.30 mmol) was dissolved in ethyl acetate (250 mL), 10% palladium
hydroxide-carbon (5 g) was added thereto, and the mixture was stirred under a
hydrogen atmosphere at room temperature for 3 days and, thereafter, at 50°C for 6
hours.  After filtering the reaction solution through celite, the filtrate was
concentrated under reduced pressure to obtain
4—[3-( {[(1-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyl]butyric
acid (21.3 g).
'"H-NMR(400MHz, DMSO-ds) & 7.94(s, 1H), 7.43-7.48(m, 5H), 7.27(d, J=7.8Hz,
1H), 7.26(s, 1H), 7.16(dd, J=7.8Hz, 1.2Hz, 1H), 4.46-4.54(m, 1H), 2.66(t, J=7.7Hz,
2H), 2.55-2.62(m, 2H), 2.30(t, J=7.3Hz, 2H), 2.20(s, 3H), 2.12-2.23(m, 2H),
1.82-1.92(m, 2H), 1.72-1.79(m, 2H), 1.48-1.58(m, 2H)
[Reference Example 21-2]
Synthesis of
4-(3-{[({(1R,3R)-8-methyl-8-azabicyclo[3.2.1]octan-3-yl}oxy)carbonyl]amino }-4
-phenylphenyl)butyric acid
In  accordance with Reference Example 21, from benzyl
4-(3-{[({(1R,3R)-8-methyl-8-azabicyclo[3.2.1]octan-3-yl} oxy)carbonyl]amino }-4
-phenylphenyl)butyrate (2.09 g, 3.98 mmol) obtained in Reference Example 20-3,

there was obtained
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4-[3-( {[(1-methylpiperidin-4-yl)oxy] carbonyl} amino)-4-phenylphenyl] butyric 102
acid(216.5mg,0.5mmol)and 4- [(tert-butyldi methyls ilano ylo xy)methyl] -2-chloro aniline (203.9 mg,
0.75 mmol) obtained in Reference Example 14-9, there was obtained 1-methylp perid in-4- yl N-15-[3-(
t4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chlorophenyll carbamoyl) propyll-2-phenylphenyll
carbamate (192 mg). LC/1\4S: M+1 = 650.3 [Reference Example 15-20]
Synthesisofl-methylpiperidin-4-yi N- [5434 {4-[(tert-butyldimethylsilanoyloxy)methy1]-3-methoxyphenyl
] carbamo y Opro l]ﬁz-ghen Iphenyl %carbamate InaccordancewithReferenceExamplel5,from 4434
{1 1 -methy I REAUIACHS, AR RE SRV SIS 2 Dhery HREAAIBCY e ORI SRS A Thoand
4-[(tert-butyld imethyls arioyloxy)met,hyl -3-methoxyaniline (200.6 mg, 0.75 mmo ) obtained in
Reference ERAFSIE A E N GASIOEIASHE):m et hylp ip erid in-4-y1 N- [5134

14-[(tert-butyldimethylsilanoylgxy)methyl]-3-methoxyphenyll carbamoy Opropyl] -2-phenylphenyl}
carba mate%ﬁ/yﬁr J[b/'l\/fgzgl\/%lﬂ = 646.3

[Reference Example 21-3]
Synthesis of
4-(3-{[({[1R,2R,4S,58S,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-7-yl } ox
y)carbonyl]amino }-4-phenylphenyl)butyric acid

In accordance with Reference Example 21, from benzyl
4-(3-{[({[1R,2R,4S,5S,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.0>*]nonan-7-y1} ox
y)carbonyl]amino }-4-phenylphenyl)butyrate (2.09 g, 3.98 mmol)obtained in
Reference Example 20-2, there was
4-(3-{[({[1R,2R,48,58,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**Inonan-7-y1} ox
y)carbonyl]amino }-4-phenylphenyl)butyric acid (1.55 g).
LC/MS: M+1 =437.3
[Reference Example21-6]
Synthesis of 4-(4-bromobenzoyl)butyric acid

To a mixture of aluminum chloride (8g, 60 mmol) and bromobenzene (30
mL), ethylglutaryl chloride (5 g, 28.0 mmol) was added under ice-water cooling
and the mixture was stirred at room temperature for 2 hours. After stopping the
reaction by pouring the reaction solution onto ice, the mixture was extracted with
ethyl acetate. The organic layer was washed successively with a saturated
aqueous solution of sodium chloride, a saturated aqueous solution of sodium
bicarbonate, and a saturated aqueous solution of sodium chloride, and after drying

over anhydrous magnesium sulfate, the solution was concentrated under reduced
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[Reference Example 15-21] Synthesisofl -methylp ip erid i n-4- yl N- (5434 t 4- [(tert- buty Idimethyls
ilanoyloxylmethy1]-2- methoxyp henyl | ca ba mo y Opropyll-2-phenylphenyll carbamate
InaccordancewithReferenceExamplel5,from 4- [3 -( {[(1-methylpiperidin-4-yl)oxy]carbonyll
amino)-4-phen ylphen yl] butyric acid(216.5mg,0.5mmol)and
5-[(tert-butyldimethylsilanoyloxy)methy1]-2-methoxyaniline (200.6 mg, 0.75 mmol) obtained in
Reference Example 14-10, there was obtained 1-methylpiperidin-4-y1 t\J-. 1543414-[( tert-butyld
imethylsilanoylo xy)methy 1]- 2- meth xyp heny 1 carba mo y 1)propy1]-2-phenylphenyl}carbamate
(212 mg). M%rg/.lﬂ = 646.3 [Reference Example 15-22] Synthesisofl-methylpiperidin-4-y1
N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methy1]-2-methylphenyllcarbamoyl)

PVOPy_l1'2'Phe“y'phﬁi‘}’ﬂgaxr&’i‘&ﬂ%t%vg}écg&qgﬁ%C%V‘gix"@ﬁ%ﬁ@Cs%'?ﬁ%%p!)eﬁ?oﬁ%Aﬁ{%ﬁoﬁ%émethy'p
iperidin-4-yi)oxy] carbonyl} amino)-4-phenylphenyl]butyric

(15 mL), tetrahydrofuran (50 mL), and methanol (20 mL), and the mixture was
stirred at room temperature for 18 hours. To the reaction solution was added
ethyl acetate and purified water, the aqueous layer was separated. Under
ice-water cooling, the aqueous layer was acidified with 6 M hydrochloric acid and
extracted with ethyl acetate. The organic layer was washed with a saturated
aqueous solution of sodium chloride, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure to obtain 4-(4-bromobenzoyl)butyric acid
(5.96 g).
'H-NMR(400MHz, DMSO-d¢) & 12.08(s, 1H), 7.87(dt, J=8.8Hz, 2.0Hz, 2H),
7.71(dt, J=8.8Hz, 2.0Hz, 2H), 3.03(t, J=7.2Hz, 2H), 2.28(t, J=7.4Hz, 2H),
1.75-1.86(m, 2H)
[Reference Example 16-2]
Synthesis of 4-(4-bromo-3-nitrobenzoyl)butyric acid

In accordance with Reference Example 16, from
4-(4-bromobenzoyl)butyric acid (5.95 g, 21.9 mmol) obtained in Reference
Example 21-6, there was obtained 4-(4-bromo-3-nitrobenzoyl)butyric acid (6.76
g)-
"H-NMR(400MHz, DMSO-ds) & 8.48(d, J=1.7Hz, 1H), 8.03-8.10(m, 2H), 3.10(t,

1=7.2Hz, 2H), 2.29(t, J=7.4Hz, 2H), 1.76-1.86(m, 2H)

Synthesis of 4-(3-nitro-4-phenylbenzoyl)butyric acid

In accordance with Reference Example 17, from



acid(216.5mg,0.5mmol)and 5-Rtert-butyldimethylsilanoyloxy)methy11-2-meihylaniline (188.6 mg, 0.75
mmol) obtained in Reference Example 14-11, there was obtained 1-methylpipertdin-4-y1 N- 5- [3 -
(14-[(tert-b utyid imethyl s i lano ylox y)raethyl] -2-methylp henyl carbamoyl) propy1]-2-phenylphenylf
carbamate (212 mg). LC/MS: M+1 = 630.3 [Reference Example 15-23] Synthesis1 -mPthylp ipPrid i
n-4- yl N-(5- {3-[(6- { [(tert- butyldimethyls ilypoxy] methyl naphthalen-2-yl)carbamoyl]pro
py11-2-phenylphenyl)carbamate InaccordancewithReferenceExamplel5,from 4434
{[(1-methylpiperidin -4- yl)oxy]carbonyll amino) -4-phenylphenyl]butyric acid(216.5mg,0.5mmo 1)and

e S A S e
-butyl il | h Iph b
(b e e 2 B gl g

'H-NMR(400MHz, DMSO-dg) & 12.11(s, 1H), 8.45(d, J=2.0Hz, 1H), 8.27(dd,
J=8.0Hz, 2.0Hz, 1H), 7.72(d, J=8.0Hz, 1H), 7.44-7.50(m, 3H), 7.36-7.40(m, 2H),
3.16(t, J=7.1Hz, 2H), 2.32(t, J=7.3Hz, 2H),1 .81-1.90(m, 2H)

[Reference Example 18-2]

Synthesis of 5-(3-amino-4-phenylphenyl)valeric acid

In accordance with Reference Example 18, from
4-(3-nitro-4-phenylbenzoyl)butyric acid (2.93 g, 10.0 mmol) obtained in

Reference Example 17-2, there was obtained 5-(3-amino-4-phenylphenyl)valeric

acid (1.52 g).

[Reference Example 19-2]

Synthesis of benzyl 5-(3-amino-4-phenylphenyl)valerate tosylate

Accordding to Reference Example 19, from
5-(3-amino-4-phenylphenyl)valeric acid (1.37 g, 5.10 mmol) obtained in

Reference Example 18-2, there was obtained benzyl

5-(3-amino-4-phenylphenyl)valerate tosylate (3.53 g).

"H-NMR(400MHz, DMSO-de) & 7.43-7.53(m, 5H), 7.29-7.39(m, 9H), 7.19-7.24(m,

1H), 7.11(d, J=7.8Hz, 2H), 5.08(s, 2H), 4.48(s, 3H), 2.63(t, J=6.8Hz, 2H), 2.41(d,

J=8.8Hz, 2H), 1.56-1.61(m, 4H)

Synthesis of benzyl
5-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyl)valerate
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N-(5- {3-[(5- [(tert-but-yid imerhylsily Joxy]methyllpyridin-2-yecarbamoyl]propyl
1-2-phen-ylphcnyl)carbamate InaccordancewithReferenceExamplel15,from 4-[3-( (10
-methylpiperidin-4-yl)oxy] carbonyl} amino)-4-phenylphenyl] butyric acid(216.5ma,0.5mmol)and
5-[(tert-butyldimethylsilanoyloxy)methyl]pyridin-2-amine (179 mg, 0.75 mmo |) obtained in Reference
Example 14-17, there was obtained 1-methylpiperid in-4-y1 N-(5-
[3-[(5-{Rtert-butyldimethylsilypoxylmethyllpyridin-2-yOcarbamoyl]propyl }-2-phenylphenyl)carbamate
(175 mg). LC/MS: M+1 617.3 [Reference Example 15-25] Synthesisofl-methylpiperid in-4-y'

N1 13- (12-bromo-fL(tey; BUIIRe s [RPOROIAMEINY 1 s MEIROVRNCVAI  benzyl

carbamoyl)propy1]-2-phenylphenylicarbamate InaccordancewithReferenceExamplel5,from 4-[3-(
{[(1-methylpjparighinad-W)eKyh ¢RA) erminok:4:80eRYiPhe Ml Qutysic agid(383mg,2:-{tamp, Hand
Reference Example 19-2 and 4-hydroxy-1-methylpiperidine (0.58 g, 5.0 mmol),

there was obtained benzyl

5-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl} amino)-4-phenylphenyl)valerate
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.SHz, 1H), 6.60(s, 1H), 5.12(s, 2H),
4.67-4.74(m, 1H), 2.66(t, J=7.0Hz, 2H), 2.62-2.70(m, 2H), 2.40(t, J=7.3Hz, 2H),
2.26(s, 3H), 2.18-2.21(m, 2H), 1.90-2.00(m, 2H), 1.66-1.83(m, 6H)
[Reference Example 20-5]
Synthesis of benzyl
5-(3-{[({[1R,2R,4S,58,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**nonan-7-yl} ox
y)carbonyl]amino }-4-phenylphenyl)valerate

In  accordance with Reference Example 20, from benzyl
5-(3-amino-4-phenylphenyl)valerate tosylate (1.32 g, 2.5 mmol) obtained in
Reference Example 19-2 and scopine (0.95 g, 5.0 mmol), there was obtained
benzyl
5-(3-{[({[1R,2R,48,5S,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-7-y1} ox
y)carbonyl]amino }-4-phenylphenyl)valerate (985 mg).

LC/MS : M+1 = 541.3

Synthesis of
5-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyl)valeric
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2-bromo-4-Rtert-butyldimethylsilanoyloxy)methyll-5-methoxyaniline (363 mg, 1.0 mmol) obtained in
Reference Example 14-18, there was obtained 1-methylpiperidin-4-y1 N- {5134
{2-bromo-4-[(tert-butyldimethylsilanoyloxy)methy1]-5-methoxyphenyll
carbamoyl)propy1]-2-phenylphenyll carbamate (124 mg). LC/MS: M+1 = 726.2 [Reference Example
15-26] Synthesisofl -methylp iperidin-4- yl N- {543-(141(tert-butyldiinethylsilanoyloxy)nethyl]-2-ch
loro-5-ethoxyphenyl ca rbamoyi)propylj-2-phenylphenyllcarbamate
InaccordancewithReferenceExamplel15,from 413-( {[(1 -methylpiperidin-4-yeoxy] carbonyl}
amino)-4-pﬁ‘§H§IIphenyl] butyric acid(216.5mg,0.5mmol)and 4- [(tert-butyld

methylsilanoyloxy)methyl]-2-chloro-5-ethoxya 316 m moI) obtaln d in Reference
Example 14-19, theré wdS 6YEGEIES 1-meéthyl r}%)%r#?& Fy1 Xa(ga ffom' " benzy!

P e it e R RS A he%@@%@%@fﬁ&&éﬂ@éﬁgmmple

15-27] Sy”\?88'sr?1fl W%th%gxgﬁndf)tameﬂ in Reference Example 20-4, there was obtained

5-[3-({[(1-methylpiperidin-4-yljoxy]carbonyl}amino)-4-phenylphenyl)valeric
acid (410 mg).
LC/MS : M+1 =411.3
[Reference Example 21-5]
Synthesis of
5-(3-{[({[1R,2R,4S,SS,7S]-9-methyl—3-oxa-9-azatricyclo[3.3.1.02’4]nonan~7—yl}ox
y)carbonyl]amino }-4-phenylphenyl)valeric acid

In accordance with Reference Example 21, from benzyl
5-(3-{[({[1R,2R,48S,58,7S]-9-methyl-3-oxa-9-azatricyclo[3.3.1.0**nonan-7-yl} ox
y)carbonyl]amino }-4-phenylphenyl)valerate (540 mg, 1.0 mmol) obtained in
Reference Example 20-4, there was obtained
5-(3-{[({[1R,2R,48,5S,7S]-9-methyl-3-oxa-9-azatricyclo[3.3.1.0**Inonan-7-y1} ox
y)carbonyl]amino }-4-phenylphenyl)valeric acid (450 mg).
LC/MS : M+1 =451.3
[Reference Example 22]
Synthesis of 1-(2-phenoxyethyl)piperidin-4-ol

4-Hydroxypiperidine (5.06 g, 50 mmol) was dissolved in
N,N-dimethylformamide (200 mL), potassium carbonate (13.8 g, 100 mmol) and
(2-bromoethoxy)benzene (12.9 g, 60 mmol) were added thereto, and the mixture

was stirred at 70°C for 18 hours. The reaction solution was extracted with ethyl
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N- 1513-({4-[(tert-butyld methylsilanoyloxy)methy1]-3-ethoxyphenyll carbamoyl)
propy1]-2-phenylphenylicarbamate InaccordancewithReferenceExamplel5,from 413411(1 -methylp
peridin-4-yeoxy]carbonyll amino)-4-phenylphenyl]butyric acid(217mg,0.50mmol)and
4-[(tert-butyldimethylsilanoyloxy)methy1]-3-ethoxyaniline (106 mg, 0.38 mmol) obtained in Reference
Example 14-20, there was obtained 1-methylpiperidin-4-:,71 N- {5434{4-
[(tert-but-y-Idimethy-Isilano-yloxy)rnethyl]-3-ethoxyphenyll carbamoyl) propy1]-2-phenylphenyl
carbamate (145 mg). LC/MS: M+1 = 660.4 [Reference Example 15-28]

Synhesisoll ey RIPSRIAA NSS4 (IR Ime LAY EOmEL R fugyomheny!

carbamoyllp ropylj-2-phenylpfienylic ancew erencekExample from 4134

[(1- methy'p%g_gglgﬂ%ﬁgmaévhf:%ﬁ%}ox}}a?ggsﬁ%%%%g%%gxuwwmi fdS MR PpgEohand

4-[(tert-butyldi yls anojloxy methy1|-2- uoroar mg, 1.0 mmol) obtained in Reference
1603 (14 A Bty o e s oS R sl smacography t
ropy1]-2-phg gy RNe !l ANARAE (i B8t in-4-01 (8.48 o).
LC/MS: M+1 =222.3
[Reference Example 23]
Synthesis of 4-amino-5-chloro-2-methoxybenzyl alcohol
To a suspension of lithium aluminum hydride (25.0 g, 116 mmel) in
tetrahydrofuran (150 mL), 4-amino-5-chloro-2-methoxybenzoic acid (5 g, 28.0
mmol) was added in portions under ice-water cooling and the mixture was heated
under reflux for 5 hours. Under ice-water cooling, a saturated aqueous solution
of Rochelle salt was added to stop the reaction and the reaction mixture was
extracted with ethyl acetate. The organic layer was washed with a saturated
aqueous solution of Rochelle salt and a saturated aqueous solution of sodium
chloride, dried over anhydrous magnesium sulfate, and concentrated under
reduced pressure. The solid obtained was washed with a mixed solvent of
hexane-ethyl acetate (4:1), collected by filtration, and dried under reduced
pressure to obtain 4-amino-5-chloro-2-methoxybenzyl alcohol (11.8 g)
'"H-NMR(400MHz, CDCl) & 7.13(s, 1H), 6.31(s, 1H), 4.53(d, J=2.4Hz, 2H),
4.02-4.08(broad, 2H), 3.80(s, 3H)
[Reference Example 14-2]
Synthesis of 4-[(tert-butyldimethylsilanoylexy)methyl]-2-chloro-5-methoxyaniline
In accordance with Reference Example 14, from

4-amino-5-chloro-2-methoxybenzyl alcohol (11.8 g, 62.9 mmol)obtained in
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LC/MS: M+1 = 634.3 [Reference Example 15-29] Synthesisofl -methylp eridin-4 - yl N-
{543-(14-[(tert-butyldimethylsilanoyloxy)methyl]-3-chlorophenyll carbamoyl) prop yl] -2-phenylp henyl }
carbamate InaccordancewithReferenceExamplel5,from 4-[3-({[(1-methylpipe din-4-yl)oxy]carbonyl{
amino)-4-phenylphenyl]butyric acid(216.5mg,0.5mmol)and 4-Ktert-butyld
methylsilanoyloxy)methy11-3-chloroaniline (272 mg, 1.0 mmol) obtained in Reference Example 14-3,
there was obtained 1-methylpiperidin-4-y1 N- {5-[3-( 4- Rtert-butyld me ihylsilanoylo

xy)lnethylllg f;glgﬁgghen yl C@{%ﬂgfyl) propy%kz phenylphgnylicarbamate (157 mg, LCIMS: M+1 =
650.3 [Reference Example 15-30 yntheS|sof1 methylp peridin-4-y1 N-

513 (L2 biom e iReHRdh KRR ARMAIYIIGRY'S SREDRIRGHH:RifP £-4) hen viphenyl
c arbamate In ccorda wit Referenc mpl e rom

'"H-NMR(400MHz, CDCly) & 7.25(s, 1H), 6.26(s, 1H), 4.61(s, 2H),
3.92-4.02(broad, 2H), 3.74(s, 3H), 0.94(s, 9H), 0.08(s, 6H)
[Reference Example 14-3]
Synthesis of 4-[(tert-butyldimethylsilanoyloxy)methyij-3-chloroaniline

In accordance with Reference Example 23 and Reference Example 14,
from 4-amino-2-chlorobenzoic acid (858 mg, 5 mmol) was obtained
4-[(tert-butyldimethylsilanoyloxy)methyl]-3-chloroaniline (1.3 g).
LC/MS : M+1 =271.2
[Reference Example 14-4]
Synthesis of 4-[(tert-butyldimethylsilanoyloxy)methyl]-2-fluoroaniline

In accordance with Reference Example 23 and Reference Example 14,
from 4-amino-3-fluorobenzoic acid (776 mg, 5 mmol), there was obtained
4-[(tert-butyldimethylsilanoyloxy)methyl]-2-fluoroaniline (0.66 g).
LC/MS: M+1 =256.2
[Reference Example 14-5]
Synthesis of 4-[(tert-butyldimethylsilanoyloxy)methyl]-2,5-difluoroaniline

In accordance with Reference Example 23 and Reference Example 14,
from 4-amino-2,5-difluorobenzoic acid (406 mg, 2.0 mmol), there was obtained
4-[(tert-butyldimethylsilanoyloxy)methyl]-2,5-difluoroaniline (94.2 mg).
LC/MS: M+1 =274.2
[Reference Example 14-6]

Synthesis of 4-[(tert-butyldimethylsilanoyloxy)methyl]-3-methoxyaniline
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4-[3-( [(2-methylp ip end .11-4-yl)oxy]carbonyll am no)-4-phenylphenyll butyric ac
id(216mg,0.5mmol)and 2-bromo-4-[(tert-butyldimethylsilanoyloxy)methyl]aniline (316 mg, 1.0 mmol)
obtained in Reference Example 14-21, there was obtained 1-methylpiperidin-4-y1 N- { 5134
12-bromo-4-[(tert-butyldimethyl silanoyloxy)methyl]phenyl carbamoyl) propy1]-2-phenylphenyl
carbamate (110 mg). LC/MS: M+l = 696.3 [Reference Example 15-31] Synthesisofl-methylp iperid
in-4-y1 N-15-[3-( {4-[(tert-butyldimethylsilanoyloxy)methyl]-3-(trifluoromethyl)phenyll c
arbamoyppropyl]-2- phenylphenyllcarbamate InaccordancewithReferenceExampIe15 from

:c[lii((le[(Eslgnz[T)ylSprlnpﬁ]{I% 4%8'[%/2 ;ng ?ﬁggﬁg%s ilanoy ol% ]1§?3f¥gt%ﬁlﬁ%r%ﬁénﬁy%anﬂme (305
{rgg[Bl( (;4m[z}§rtl ?J%/%Cf}l ?%;['hy éﬁn{cg)y oxyli’:)!r%n(gle{?h%% iy %r%f?uorg%gt?ﬁ%tj%ggﬁgéem‘%qylg&g{%g A
arbamoy1)prgavH-ZiRDRAMBAS VISR PRYHE LA b W Midd © 8845

LC/MS: M+1 =268.2

[Reference Example 14-7]

Synthesis of 4-[(tert-butyldimethylsilanoyloxy)methyl]-3-fluoroaniline

In accordance with Reference Example 23 and Reference Example 14,

from 4-amino-2-fluorobenzoic acid (776 mg, 5 mmol), re was obtained

4-[(tert-butyldimethylsilanoyloxy)methyl]-3-fluoroaniline (0.45 g).

LC/MS: M+1 =256.2

[Reference Example 14-8]

Synthesis of 4-[(tert-butyldimethylsilanoyloxy)methyl]-3-methylaniline

2-Methyl-4-nitrobenzoic acid (741 g, 5 mmol) was dissolved in methanol

(20 mL), 10% palladium-carbon (100 mg) was added, and the mixture was stirred

under a hydrogen atmosphere at room temperature for 16 hours. The reaction

solution was filtered through celite and, thereafter, the filtrate was concentrated

under reduced pressure to obtain 4-amino-2-methylbenzoic acid as a crude

material. In accordance with Reference Example 23 and Reference Example 14,

from  4-amino-2-methylbenzoic  acid obtained, there was obtained

4-[(tert-butyldimethylsilanoyloxy)methyl}-3-methylaniline (0.33 g).

LC/MS: M+1 =252.2

Synthesis of 4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloroaniline

In accordance with Reference Example 23 and Reference Example 14,
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[Reference Example 15-32] Synthesisofl-methylpipe d n-4-y1
N-1543-(14-[(tert-butyldimethylsilanoyloxy)methyl]phenyllcarbarnoyl)propyl]-2-
phenylphenyllcarbamate InaccordancewithReferenceExamplel5,from 4-[3-( 1[0
-methylpiperidin-4-ypoxylsarbonyllamino)-4-phenylphenyl]butyric acid (161 mg, 0.4 mmo I) and
4-[(tert-butyldimethylsilanoylo xy) methyl] aniline (142 mg, 0.6 mmol) obtained in Reference Example
14, there was obtained I-methylp peridin-4-y1 N- {5434 14-Rtert-butyldimethylsilanoylox
methyl]phenylicnrhAmoyl)propyl]-2- phenylphenyll carbamate (122 mg). LC/MS: M+1 = 616.3

[Reference xample 1533, §l¥f3%%%'§z%1c acx? 858 mg mmol), tgier s obtained
(1R,2R,4S,5S,7S)-9-methy1-3-oxa-9-azatricyclo[3.3.1.02- 4]nonan -7-y1{5 fs EN{a f( tert-

buy dimethyg RoYRsNiRINIENERY R aDA Vipsoal s R REr Y| carbamas

InaccordancewithReferenceExamplel5,from 4-[3-

{R[DR,2R, 45594 S19-ethd-3-oxa-9-azatricyclo[3.3.1.024]nonan-7-yllox y)carbonyllamino
}-4-phenylphenyl)butyric acid (161 mg, 0.4 mmol) and 4-11(tert-butyldimethylsilanoyloxy)methydaniline

(142 mg, 0 @( &b@gﬁg i ﬁeﬁqﬂenceExampleM therewasobtained
(1R,2R,4S,5S,7S)-9-methyl-3-oxa-9-azatricyclo[3.3.1.02'4]nonan-7-y1

Synthesis of 5-[(tert-butyldimethylsilanoyloxy)methyl]-2-methoxyaniline

In accordance with Reference Example 23 and Reference Example 14,
from 4-amino-3-methoxybenzoic acid (836 mg, 5 mmol), there was obtained
5-[(tert-butyldimethylsilanoyloxy)methyl]-2- methoxyaniline (0.45 g).
LC/MS: M+1 =268.2
[Reference Example 14-11]
Synthesis of 4-[(tert-butyldimethylsilanoyloxy)methyl]-2-methylaniline

In accordance with Reference Example 23 and Reference Example 14,
from 4-amino-3-methylbenzoic acid (756 mg, 5 mmol), there was obtained
4-[(tert-butyldimethylsilanoyloxy)methyl]-2-methylaniline (0.17 g).
LC/MS: M+1 =252.2
[Reference Example 14-12]
Synthesis of 6-[(tert-butyldimethylsilanoyloxy)methyl]naphthalen-2-amine

In accordance with Reference Example 23 and Reference Example 14,
from 2-amino-6-naphthoic acid (936 mg, 5 mmol), there was obtained
6-[(tert-butyldimethylsilanoyloxy)methyl]naphthalen-2-amine (0.97 g).
LC/MS: M+1 = 288.2
[Reference Example 14-13]
Synthesis of 2-[(tert-butyldimethylsilanoyloxy)methyl]-1-benzothiophen-5-amine

In accordance with Reference Example 23 and Reference Example 14,
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N- { 5- [3-( 4-[(tert-butyld imethyls ilano ylo xy)methyl] phenyl carbamo yl)propyl] -2- phenylphenylf
carbarnate (122 mg). LC/MS: M1 = 656.3 [Reference Example 15-34] Synthesis of
(1R,2R,4S,5S,7S)-9-methy1-3-oxa-9-(1 :rricyc lo [3.3.1.0 ] onan-7- yl
N-15-[3-(14-[(tert-butyldimethylstlanoyloxy)methy1]-2-chloro-5-methoxyphenyli
carbamoyppropyl1-2-phenylphenylicarbamatc InaccordancewithReferenceExamplel5,from
443-1[({[1R,2R,4S,5S,7S]-9-methyl-3-0xa-9-azatr cyclo[3.3.1.021nonan-7-yllox y)carbonyllamino
}-4-phenylphenyl)butyric acid (173 mg, 0 40 mmol) and

4-[(tert-butyjglipy #fé@ﬁ%%o IpyameiyLh AR MERPUANING @81 Mg RRofMma qbtained in

Reference Example 14-2 t ere was obtaine

(IR,2R,4S, 9979} %ﬁ‘éﬁtﬁy ?’ePB(B‘u?P@gﬁR’é?Hg 9&3@ 18% ?HQH%WIY&TNZO{&%%% 5-amine

-[(tert-butyldimethylsilano y Xy)me 0 ro - eny
carbamoyew % 2 phenylphenylicarbamate (108.5 mg) LC/MS: M+1 = 720.3 [Reference Example
15-35] Synthesis 0f (1R,2R,4S,5S,7S)-9-methy1-3-oxa-9-azat myclo[3.3.1.0 Jnonan-7-yi N-(5- {3 - [(6-

{[(tert-butyld meiRyISHYRCXWHIEThYlINaphthalen-2-yl)carbamoyl]pro py11-2-phenylphenyl)carbamate
InaccordancewithReferenceExampIe15 from 4-[3- IR {[IR,2R,4S,5S,7S]-9-methy1-3-oxa-9-azatricyclo

[3.3.1 024] %?eﬁc)élﬂ)&%‘np& ]amino I-4-phenylphenyl)buty ¢ acid (218 mg, 0.5 mmol) and
6-Rtert-butyldimethylsilanoy oxy)methyllnaphthalen -2-amine (287 mg, 1.0 mmol) obtained in

Reference EaIBls Li-13,1BRIGHE ARCARSI AR 4R Sl sttt Rifrevatiore o (331

.02'4]nonan-

In accordance with Reference Example 23 and Reference Example 14,
from 5-amino-2-methoxybenzoic acid (836 mg, 5 mmol), there was obtained
3-[(tert-butyldimethylsilanoyloxy)methyl]-4-methoxyaniline (0.89 g).

LC/MS: M+1 = 268.2
[Reference Example 14-15]
Synthesis of 4-[(tert-butyldimethylsilanoyloxy)methyl]-N-methylaniline

In accordance with Reference Example 23 and Reference Example 14,
from 4-methylaminobenzoic acid (756 mg, 5 mmol), there was obtained
4-[(tert-butyldimethylsilanoyloxy)methyli]-N-methylaniline (0.84 g)

LC/MS: M+1 =252.2

[Reference Example 14-16]

Synthesis of 5-[(tert-butyldimethylsilanoyloxy)methyl]thiophen-2-amine
5-Nitro-2-thiophenecarbaldehyde (15.7 g, 10.0 mmol) was dissolved in

tetrahydrofuran, thereto was added dropwise borane-tetrahydrofuran complex (a 1

M tetrahydrofuran solution, 25.0 mmol) under ice-water cooling, and the reaction

mixture was stirred at room temperature for 2 hours. Under ice-water cooling, a

saturated aqueous solution of Rochelle salt was added to stop the reaction and the

reaction mixture was extracted with ethyl acetate. The organic layer was washed
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N-(5- {3-[(6- { [(tert-butyld imethyls Hypo xy] methyl} naphthalen-2-yl)carbamo yl] pro pyi
-2-phenylphenyl)carbamate (181 mg). LC/MS: M+1 = 706.3 [Reference Example 15-36] Synthesis of
(1R,2R,45,5S,7S)-9-methy1-3-0xa-9-azatricyclo[3.3.1.02' Jnonan-7-y1 N-15-[3-(
{44(tert-butyldimethylsilanoyloxy)methy1]-3-rnethoxyphenyll carbamoy Dpropyl]-2-phenylphenyll
carbamate InaccordancewithReferenceExamplel5,from 443- {[(
flIR,2R,4S,5S,7S]-9-methyl-3-o0xa-9-azat cyclo [3.3.1.02'4]nonan-7-yll ox
y-)carbonyllamino{-4-phenylphenyl)butyric acid (218 mg, 0.5 mrnol) and

4-Rtert- bUtXMW%tFXtJﬁQt@H% k?éé/&@&&@y&éég}*ﬁyaa%@ﬁaw 4786 S MPak P HRH L RIREL I

Reference Example 14-6 th e was obtaine

(1R,2R,4S,58 IS smeffiyt yz%xy@e% HYlOlchd- %%}gé%';?@ St {?“Lsﬁ“}"e LAt idheny11

{4-[(tert-butyldimethysilano methy1]-3- m xyphen amoy 1)propy

carbamate (goil. MY cbiMv: % 480 %&ﬁ&%ﬁ&‘?ﬁﬁ%ﬂ%@ﬁ sgﬂr’V§§4 %%H&?i&ﬁ% ﬁ’&%ﬁﬁf 45,5

S,7S)-9-methy1-3-oxa-9-azatricyclo [3.3.1.02A]nonan-7-y1 N- 5434 silano

yloxy>meth>all%aqg 9&%&%%@&%@@@@@%& 23008 HIRRENYVLIGARAMA® e was stirred

InaccordancewithReferenceExample15,from 413- {[(1[1R,2R 4S’ 5S,7S]-9-methy1-3-oxa-9-azat

cyclo[3.3.L gdlponandextd-oxnsashenyaminah-4:aheny! HP@%D%{H&@C'%& 8.5 mmo)

and 4- Rtert-butyldiméthyls lano yloxy)met hyll- 2-c hloroan iline (270 mg, 1.0 mmol)

obtainedinReferencelxampleld- %mﬁﬁwéé%t%mdthereﬂffer the filtrate was concentrated
(1R,2R,4S,5S,7S)-9-methy1-3-oxa-9-azatricyclo[3.3.1.021nonan-7-yl

under reduced pressure to obtain (5-aminothiophen-2-yl)methanol as a crude

material. In  accordance  with  Reference  Example 14, from
(5-aminothiophen-2-yl)methanol obtained, there was obtained

5-[(tert-butyldimethylsilanoyloxy)methyl|thiophen-2-amine (170 mg).
LC/MS: M+1 =244.3
[Reference Example 14-17]
Synthesis of 5-[(tert-butyldimethylsilanoyloxy)methyl]pyridin-2-amine

In accordance with Reference Example 23 and Reference Example 14,
from 6-aminenicotinic acid (691 mg, S5 mmol), there was obtained
5-{(tert-butyldimethylsilancyloxy)methyl]pyridin-2-amine (0.14 g).
LC/MS: M+1 =239.2
[Reference Example 14-18]
Synthesis of
2-bromo-4-[(tert-butyldimethylsilanoyloxy)methyl]-5-methoxyaniline

In accordance with Reference Example 23 and Reference Example 14,
from methyl 4-amino-5-bromo-2-metoxybenzoate (500 mg, 2 mmol), there was
obtained 2-bromo-4-[(tert-butyldimethylsilanoyloxy)methyl]-5-methoxyaniline

(0.35 g).
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N-15- [3- ({4- [(tert-butyldimethylsilano ylo xy)meth-y-I]- 2-ch lorophen yllcarbamo yi) prop-y-1]-2-p
henylphcnyll carbamate (161 mg). LC/MS: M+1 = 690.3 [Reference Example 15-38] Synthesis of
(1R,2R,4S,5S,7S)-9-methy1-3-oxa-9-azatricyclo[3.3.1.02'4]Jnonan-7-y1
N-15-[3-(14-[(tert-butyldimethylsilanoyloxy)methy1]-2-methoxyphenyllcarbamoy
ppropyl]-2-phenylphenyll carbamate InaccordancewithReferenceExamplel5,from
413-1[(1[1R,2R,4S,5S,7S]-9-methy1-3-0xa-9-azatricyclo[3.3.1.02'4]Jnonan-7-y11 ox y)carbonyl] amino
1-4-phenylphenyl)butyric acid (218 mg, 0.5 mmol) and 112 5- [(tert-butyldimethylsilano ylo
xy)methy1]2 hq xypniling, (267 mg, 1 0 mmol)
obtainedinReferenceExamplel4-10,therewasobtained (1R,2R,4S,5

S,7S)-9-mef§)é]fé§é%g-§ﬁ:7 ficyplob3.3.1.02A]nonan-7-y1 N- [5-[3-( [4- [(tert-butyld

imethylsilanoyloxy)methy1]-2-methoxyphenyll carbamoy 1)propyl] -2-phenylphenyl11 carbamate (311

mg). LC/MSggWﬂﬂesﬁSG@P@[ fess iﬁﬁﬁﬁ%ﬂé?%?ﬁc@yﬁq&%?ﬁ-%f-chloro-S-et oxyaniline

(1R,2R,4S,5 ,'78)-9-m.ethy -3-0xa-9-azatricyclo 4|nonan-7-y1l N- {5-[3-
{4-[(tert-butyldimethylsilangyioxyimety RedenatyIpRemil eapame W ference Example 14,

propy1]-2-phenylphenylicarbamate InaccordancewithReterenceExamplel5,from

from 4-amino-5-chloro-2-ethoxybenzoic acid (863 mg, 4 mmol), there was
obtained 4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-ethoxyaniline
(0.87 g).
LC/MS: M+1 = 316.1
[Reference Example 14-20]
Synthesis of 4-[(tert-butyldimethylsilanoyloxy)methyl]-3-ethoxyaniline
In accordance with Reference Example 14-8, from
2-ethoxy-4-nitrobenzoic acid (702 mg, 3.32 mmol), there was obtained
4-[(tert-butyldimethylsilanoyloxy)methyl]-3-ethoxyaniline (0.65 g).
LC/MS: M+1 =282.3
[Reference Example 14-21]
Synthesis of 2-bromo-4-[(tert-butyldimethylsilanoyloxy)methyl]aniline
In accordance with Reference Example 23 and Reference Example 14,
from 4-amino-2-bromobenzoic acid (460 mg, 2 mmol), there was obtained
2-bromo-4-[(tert-butyldimethylsilanoyloxy)methyl]aniline (0.59 g).
LC/MS: M+1 =317.1
[Reference Example 14-22]
Synthesis of 4-[(tert-butyldimethylsilanoyloxy)methyl]l-3-(trifluoromethyl)aniline
In accordance with Reference Example 14-8, from

4-nitro-2-(trifluoromethyl)benzoic acid (1.18 g, 5 mmol), there was obtained
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443- [[([ [1R,2R,4S,5S1,7S]-9-methy1-3-0xa-9-azatr cyclo[3.3.1.02A]nonan-7-y-1{ ox
y)carbonyllamino}-4-phenylphenyl)butyric acid (218 mg, 0.5 mmol) and
5-[(tert-butyldimethylsilanoyloxy)methy1]-2-methylaniline (250 mg, 1.0 mmol)
obtainedinReferenceExample14-10,therewasobtained
(1R,2R,4S,5S,7S)-9-methyl-3-oxa-9-azatricyclo[3.3.1.021nonan-7-y1 N- {5434 {4-[(tert-butyldimethylsi
lanoylox y)methyl]-2-methylphenyl{ carbamoyl) propy1]-2-phenylphenyl } carbamate (149 mg). LC/MS:

M+1 = 670. eference Example.15-4Q] Synthesis.o . -

(1R oR.a5 B8 e B T Gy o b Ra e Repelips (B4 &
{[(tert-butyltﬂ@ﬁ}t/ﬁ%w%ogy éegwl [nap hthalen-2-yl)carba. y 1] eth y11-2-phenylphenyl)carbamate
InaccordancewitiReterenc E]xamplelafrom 3-(3-{[IR,2R,4S,5S,7S]-9-methyl-3-0xa-9- azatricyclo

[3.3.1.02A] ngg?-xl#og e%(farlbﬁoa llamino {-4-phenylphenyepropionate hydrochloride (382 mg, 1.0
mmol) and%%ﬁ erteigu?y im h§/l$| anoyloxy)methyl]naphthalen-2-amine (250 mg, 0.87 mmol) obtained

in Referenc§ %ﬁ?énslgle 14-12, there was obtained (1R,2R,4S,58,78)-9-[1;11(laet '3;'%¥9d?ﬁ%.atficy0|°
[3.3.1.02‘4]n8/nan- -y1 N-(5- {2-[(6- {[(tert-bu?yldimethylsinOoxy]methy]If nap aP y

o S 0 I e R,
N e R A e g peronphen cabaney
In accordance with Reference Example 15, from
3-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl} amino)-4-phenylphenyl]propionate
hydrochloride (191 mg, 0.5 mmol) and
4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-methoxyaniline (188 mg,
1.0 mmol) obtained in Reference Example 14-2, there was obtained
I-methylpiperidin-4-yi
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-methoxyphenyl}
carbamoyl)ethyl]-2-phenylphenyl}carbamate (20 mg).
LC/MS: M+1 = 666.3
[Reference Example 15-3]
Synthesis of 1-methylpiperidin-4-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-3-chlorophenyl}carbamoyl)e
thyl]-2-phenylphenyl}carbamate
In accordance with Reference Example 15, from
3-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl} amino)-4-phenylphenyl]propionate
hydrochloride (382 mg, 1.0 mmol) and
4-[(tert-butyldimethylsilanoyloxy)methylj-3-chloroaniline (544 mg, 2.0 mmol)

obtained in Reference Example 14-3, there was obtained 1-methylpiperidin-4-yl
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3-(3-1[1R,2R,4S,5S,7S]-9-methyl-3-oxa-9-azatricyclo[3.3.1.0241nonan-7-yil ox
y)carbonyllaminc){-4=pbenylphenyl)propionate hydrochloride (230 MR, 0.5 mmol) and
44(tert-butyldimethylsilanoyloxy)methyli-2-methoxyaniline (200 mg, 0.75
mmol)obtainedinReferenceExamplel14- | Owasobtained
(1R,2R,4S,5S,7S)-9-methy1-3-oxa-9-azatricyclo[3.3.1.02'4]Jnonan-7-yl N- {5-424
{4-[(tert-butyldimethyls ilanoy loxy)methyl]-2-metho xyphenyl carbamoy
1)ethy11-2-phenylphenyl{carbamate (281 mg). LC/MS. M+1 = 672 [Reference Example 15-42]

Synthesis of(1R.2R4$5.58,43):9 3:0%ac i .3. }5}&!}%{' ¥baNidoge4
14-[(tert-blj)t§l ﬁn%?fgéi a%gflrg)&g%%%ﬁ/ﬂll :Ssgﬁﬁet ?)?%%%%1% {ﬁga%b%gngéé l)e 1;?%?’6&%%%%eny”

carbamate (papcordapremitbRAlIERaaRXeMRIE Ingom 3-(3- {[(
{[IR,2R,4S,559,?2'QS]- -me?%l-é%%—g-azatric%o[& .1.024]nonan-7-ylif ox y)carbonyllamino

-4-phenylphenylrropienate;Rydyochloride (230 mg, 0.5 mrnol) and
4-[(tert-butyldimethylsilanoyloxy)methyl] -3- methox yaniline (200 mg, 0.75 mmol) obtained in

Reference Exarpledtde@qthele wagobtained (1R,2R,4S,5S,7S)-9-methyl-3-oxa-9-azat
cyclo[3.3.1.021nonan-7-y1 -{5-[2-814-[(tert-butyldimethylsiIanoyloxy)methyl]-3-methoxyphenyll

carbamoy Bgtiwrtlig-phenylphenylicarbamage (239 mg). LC/MS: M+1lir%gﬁpiperidin—4-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-fluorophenyl}carbamoyl)e
thyl]-2-phenylphenyl}carbamate

In accordance with Reference Example 15, from

3-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl} amino)-4-phenylphenyl]propionate
hydrochloride (382 mg, 1.0 mmol) and
4-[(tert-butyldimethylsilanoyloxy)methyl]-2-fluoroaniline (383 mg, 1.5 mmol)
obtained in Reference Example 14-4, there was obtained 1-methylpiperidin-4-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-fluorophenyl}carbamoyl)e
thyl]-2-phenylphenyl}carbamate (266 mg).

LC/MS: M+1 =620.3

o
o=

[Reference Example 15-5]
Synthesis of l-methylpiperidin-4-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2,5-difluorophenyl} carbamo
yl)ethyl]-2-phenylphenyl} carbamate

In accordance with Reference Example 15, from
3-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyl]propionate
hydrochloride (126 mg, 0.3 mmol) and
4-[(tert-butyldimethylsilanoyloxy)methyl]-2,5-difluoroaniline (94.2 mg, 0.35

mmol) obtained in Reference Example 14-5, there was obtained
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[Reference Example 15-43] Synthesis of
(1R,2R,4S,5S,7S)-9-methy1-3-oxa-9-azatricy-clo[3.3.1.02'4]nonan-7-yl N- {5424
{4-Wert-butyldimethylsilanoyloxy)methyll-2-methylphenyll carbamo yi) ethyl]-2-phenylphenyl {
carbamate InaccordancewithReferenceExamplel5,from 3-(3-
[(1[1R,2R,4S,5S,7S]-9-methy1-3-0xa-9-azatricyclo[3.3.1.021nonan-7-yllox y)carbonylJamino
-4-phenylphenyl)propionate hydrochloride (206 mg, 0.45 mmol) and
4-Rtert-butyldimethylsilanoyloxylmethy11-2-methylaniline (170 mg, 0.68 mmol) obtained in Reference
Example 14-i¢thehsiveas! obthiyled
(1R,2R,4S,5S,7S)-9-methy1-3-oxa-9-azatricyclo[3.3.1.02'4]Jnonan-7-y1 N-

{542-(14-[ (e ibeidirhd tgtsilangidonglindthidh@yoatnyltieyearamosdpbtimgl [ &ieny 1pheny 1|
carbamate (296 mg). LC/MS: M+1 = 656.3 [Reference Example 15-44] Synthesis of
(1R,2R,4S,58¢75)iD-Inehhyly B bxayd-ezdtnioptto(38mg)2-4]nonan-7-y1 N- {5-[2-(
f4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chlorolphenylicarbamoyl) ethy1]-2-phenylphenyl{
carbamate IfaddérdEhndewiti3ReferenceExamplel5s,from 3-(3-{[l R,2R,4S,5S,7S]-9-methyl-3-oxa-9-azat
cyclo [3.3.1.0 Jnonan-7-yil ox y)carbonyll amino { -4-phenylphenyl)propionate hydrochloride (165 mg,
0.36 mmol)[&edezerteit-pundtinhethyls ilano ylo xy)methyl]-2-chloroaniline (294 mg, 1.08 mmol)
obtained in Reference Example 14-9, there was obtained
(1R,2R,4S,83078)s&methyl-3-oxa-9-azatricydio[3.3.1 .02A]nonan-7-y1-Refbyipperidin-4-yl
{4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chlorolphenylf carbamoyl) ethyl]-2-phenylphenyl carbamate
(96 mg). LOMMS: [RPvl it [£tenehatRéfexshpés Homonple WBag8d]yl]-3-methoxyphenyl} carbamoy

l)ethyl]-2-phenylphenyl}carbamate

In accordance with Reference Example 15, from
3-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl} amino)-4-phenylphenyl]propionate
hydrochloride (181 mg, 0.5 mmol) and
4-[(tert-butyldimethylsilanoyloxy)methyl]-3-methoxyaniline (201 mg, 0.75 mmol)
obtained in Reference Example 14-6, there was obtained l-methylpiperidin-4-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-3-methoxyphenyl}carbamoy
Dethyl]-2-phenylphenyl}carbamate (89 mg).
LC/MS: M+1 = 632.3
[Reference Example 15-7]
Synthesis of 1-methylpiperidin-4-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-3-fluorophenyl}carbamoyl)e
thyl]-2-phenylphenyl}carbamate

In accordance with Reference Example 15, from
3-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyl]propionate
hydrochloride (419 mg, 1.1 mmol) and

4-[(tert-butyldimethylsilanoyloxy)methyl]-3-fluoroaniline (383 mg, 1.5 mmol)
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Synthesis of (1R,2R_,4S,5S,7S)-9-methy1-3-o0xa-9-azatricyclo[3.3.1.02'4]nonan-7-y1 N- {5424
{4-[(tert-butyldimethylsilanoyloxytmethyl]-3-chlorolphenylicarbamo yi) ethyl]-2-phenylphenyllearbamate
InaccordancewithReferenceExamplel15,from 3-(3- {[(
{[IR_,2R,4S,5S,7S]-9-methy1-3-oxa-9-azatricyclo[3.3.1.024]nonan-7 yllox
y)carbonyllamino}-4-phenylphcnyl)propionate hydrochloride (156 mg, 0.34 mmol) and
4-Rtert-butyldimethylsilanoyloxy)methy11-3-chloroaniline (137 mg, 0.51 mmol) obtained in Reference
Example 14-3, there was obtained

(1R,2R,4S, 5819854 kiR §re06rLaapathcltdiaticicor trgthialregs Inngshplpiperidin-4-y1

{4-[(tert-butyldimethylsilanoyloxy)methyl]-3-chloro Iphenyl } carbamoyl) cthy1]-2-phenylphenyl
{carbamate Y148 Rg) LIRS O g (RETRIBea eIy 1816 BUNERE BV e

(IR,2R,4S,5S,7S)-9-methy1-3-0xa-9-azatricyclo[3.3.1.02'4]Jnonan-7-y1 N-

1
547-(1,4-[(té Hugymﬁ{@fﬁ%}}éiﬁmgg&}ﬂﬁ@t@ﬂ R#lorol-5-methoxyphenyll carbamoyi)e

tby11-2-phen¥slﬁh§n llcarbamate InaccordancewithReferenceExamplel5,from 3-(3- ({[ |
R,2R,4S,5S, -9- JfﬂyT—é—%Q(é-g-azatricycl0[3.3.1.024]n0nan-7-y1 ox y)carbonyllamino }
-4-phenylphenyl)proplopate hydrochh?ride (138 mg, 0.3 mmol) and
4-[(tert-buty&%é€ﬁ§} SI5K8)18Y ) methy 1]-2-chloro-5-methoxyaniline ( 1 51 mg, 0.5 mmol) obtained in
Reference %&}1}, ple 14-2, there was obtained liveridin.d-vl
(1R,2R,4S,5¢H 895 methyl-3-oxa-9-azatricytlo[3.3.1.02'4Jnonan-7-yl NI@g#yjpiperidin-4-y
{4-[(tert-butyldi g}yl [lanoylox g){ thy1]-2-chlorol-5-methoxy ’&en | .
carbamuyllathy 12 ey TBHC ISR 59 Wity e A e bad s e AR hmple
15-47] Synth%sigg & R,Zﬁ 48,3?,7 -9-nt1ethy1-3-oxa—9-azatricyc|oP .3.1.021nonan-7- yl N- {5424
{4-Ktert-butye/f e e k}?&y (e ?L-%-ethoxyphenyl] carbamoyl) ethy11-2-phenylphenyl
carbamate Inaccord.ancewithReterenceExamBIel&f[om
In accordance wit Rererence Example 15, from

3-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl} amino)-4-phenylphenyl]propionate

hydrochloride (419 mg, 1.1 mmol) and

4-[(tert-butyldimethylsilanoyloxy)methyl]-3-methylaniline (330 mg, 1.3 mmol)

obtained in Reference Example 14-8, there was obtained 1-methylpiperidin-4-yl

N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-3-methylphenyl}carbamoyl)

ethyl]-2-phenylphenyl}carbamate (250 mg).

LC/MS: M+1 =616.3

[Reference Example 15-9]

Synthesis of l-methylpiperidin-4-yl

N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chlorophenyl}carbamoyl)e

thyl]-2-phenylphenyl} carbamate

In accordance with Reference Example 15, from
3-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyl|propionate

hydrochloride (382 mg, 1.0 mmol) and

4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloroaniline (360 mg, 1.3 mmol)
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3-(3- {{M1R,2R,45,5S,751-9-methyl-3-0xa-9-azatricyclo[3.3.1.021nonan-7-y1llox y)carbonyllamino
}-4-phenylphenyepropionate hydrochloride (174 mg, 0.38 mmol) and 4- ktert-butyldimethylsilano
yloxy)methy11-3-ethoxyani line (160 mg, 0.57 mmol) obtained in Reference Example 14-20, there was
obtained (1R,2R,45,5S,7S)-9-methy1-3-oxa-9-azatricyclo[3.3.1.02A]nonan-7-y1 N- {5424
{4-[(tert-butyldimethylsilanoyloxy)methy1]-3-ethoxyphenyll carbamoyl) propy1]-2-phenylphenyl
carbamate (216 mg). LC/MS: M+1 = 687.3 [Reference Example 15-48]
Synthesisof(1R,3R)-8-methyl-8-azabicyclo[3.2.1]octan-3-y1 N- t 5-[3-( {4- [(tert-butyldimet hylsilano

yloxy)m ethé{ﬂfa%%l'Oﬁoﬁé@%l}?exﬁ&%{% rﬂ%’}ﬁ%’%p&?&’sy sheRanyYIRnenyIb ghamaiey

InaccordancewithReference Xxample

t[1R,2R,4S,58,2SkL9-methyl-3 - i Ns7-yh O

y)carbonyl] §m§r§1 31-24-(531 eﬁ@%%%% |{§h‘?‘y%?é’§§%%?¥§0%?§ %é%%?ﬁur?n o"|§(58 g%&%%@llr% ngfe?g é)eeExam ple

21-3 and 4-R t_-i)_ Y % i ij-2-chloro-5-methoxyaniiine (181.1 mg, 0.60 mmol)
re%céa éﬁ(@é?é@ %%%%%‘gt)m%)% %ined

(1R,3R)-8- 8 zapicycla[3.2.1]octan-3-y1 N- (5434

[44(tert-but?[§%%thﬁ§Iano%ky rneihyl]-2-chloro-5-metlioxyphenyil

carbarnoyl)prapy Lt RhgnyRbesYllparbamate (108.5 mg). LC/MS: M+1 = 720.3 [Reference Example

15-49] Synthesisofl-methylp me din-4- yl N- [5- [4-({4- [(tert-butylchmeth yisilano y

Io,xy)methygﬁ-meesqgoxyphenyl } carbamoy ebuty1]-2-phenylphenyll qu-t?f?efﬁ?riﬁiﬂeridin— 4-vl

InaccordancéwithReferenceExamplel 5.from i g

obtained in R re was obta

N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-methoxyphenyl}carbamoy
Jethyl]-2-phenylpheny!}carbamate

In accordance with Reference Example 15, from
3-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl} amino)-4-phenylphenyl]propionate
hydrochloride (382 mg, 1.0 mmol) and
4-[(tert-butyldimethylsilanoyloxy)methyl]-2-methoxyaniline (401 mg, 1.5 mmol)
obtained in Reference Example 14-10, there was obtained 1-methylpiperidin-4-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-methoxyphenyl}carbamoy
Dethyl]-2-phenylphenyl}carbamate (340 mg).
LC/MS: M+1 = 632.3
[Reference Example 15-11]
Synthesis ‘ of I-methylpiperidin-4-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-methylphenyl} carbamoyl)
ethyl]-2-phenylphenyl}carbamate

In accordance with Reference Example 15, from
3-03-({[(1-m nino)-4-phenylphenyl]propionate

hydrochloride (260 mg, 0.68 mmol) and

4-[(tert-butyldimethylsilanoyloxy)methyl]-2-methylaniline (170 mg, 0.68 mmol)
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5-[3-( I[(1-methylpiperidin-4-yl)oxy]carbonyll amino)-4-phenylphenyl] yalerie acid (205 mg, 0.50 mmo )
obtained in Reference Example 21-4 and 118 4-[(tert-butyld methyls lanoyloxy)methyl] aniline (237
mg, 1.00 mmol) obtained in Reference Example 14, there was obtained 1-methylpiperidin-4-y1 N-
{5144 {4-[(tert-butyldimethylsilanoyloxy)methy1]-3-methoxyphenyl } carbamoy
Obuty1]-2-phenylphenylicarbamate (137 mg). LC/MS: M+1 = 630.3 [Reference Example 15-50]
Synthesis of (1R,2R,4S,5S,7S)-9-methy1-3-0xa-9-azatricyclo[3.3.1.021nonan-7-y1

N-f5-[4-({4-[(tert- butyldimethylsiIanoyloxy)methyl]phenyll carbamo yltbutyll -2-p henylphenyl

carbamate | ccor% etheRef ence xa}qﬂp} from5( {L(l met eridined-vl
HIR,2R, 4Sg ang féloxa- -afa?rlcy clo[3. yﬁfnonan yI (0)'¢ y%’a? ny amind

Rior Ui %ﬁ%‘ﬁiﬁﬁ%ﬁ oSS e?ﬂ.né‘*{é&%?é‘f‘f'% e DR AR Exarmple

14, there wa d R 7 1 3-oxa-9-azatricyclo[3.3.1.024]nonan-7-y1 N-
(5-[4-( {4- [(te FLtyIB(APmIé h@/%ilnfl icﬁit(’y e?h@ yI}carbamoyI)butyl] -2-p henylphenyl} carbamate

(64 mgq). L ?ﬂﬁfl JT\Jﬂ [gieference Example 15-51] Synthesisofl-methylpiperidin-4-y1 N- {5144
14-[(tert-butyldimeth anoyloxy)methyl] -2-chloro-5-methoxyphenyll

carbamoyIT[I%tyélg{gg%%IIBB?@wg%?amate

Synthesis of I-methylpiperidin-4-yl
N-(5-{2-[(6-{[(tert-butyldimethylsilyl)oxy]methyl}naphthalen-2-yl)carbamoyl]eth
yl}-2-phenylphenyl)carbamate

In accordance with Reference Example 15, from
3-[3-({[(1-methylpiperidin-4-yl)oxy]|carbonyl} amino)-4-phenylphenyl]propionate
hydrochloride (382 mg, 1.0 mmol) and
6-[(tert-butyldimethylsilanoyloxy)methyl]naphthalen-2-amine (431 mg, 1.5 mmol)
obtained in Reference Example 14-12, there was obtained 1-methylpiperidin-4-yl
N-(5-{2-[(6-{[(tert-butyldimethylsilyl)oxy]methyl} naphthalen-2-yl)carbamoyl]eth
yl}-2-phenylphenyl)carbamate (279 mg).
LC/MS: M+1 = 652.3
[Reference Example 15-13]
Synthesis of I-methylpiperidin-4-yl
N-(5-{2-[(5-{[(tert-butyldimethylsilyl)oxy]methyl}-1-benzothiophen-5-yl)ycarbam

oyl]ethyl}-2-phenylphenylijcarbamate

In accordance with Reference Example 15, from
3-[3-({[{1-methylpiperidin-4-yl)oxylcarbonyl}amino)-4-phenylphenyl]propionate
hydrochloride (419 mg, 1.1 mmol) and

2-[(tert-butyldimethylsilanoyloxy)methyl]-1-benzothiophen-5-amine (440 mg, 1.5
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InaccordancewithReferenceExamplel15,from 5-[3-( { [(1-methylpiperidin-4-ypoxy]carbonyl
amino)-4-phenylphenyl] yalerie 119 acid (205 mg, 0.50 mmol) obtained in Reference Example 21-4
and 4-[(tert-butyldimethylsilanoyloxy)methy1]-2-chloro-5-methoxyaniline (181.1 mg, 0.60 mmol)
obtained in Reference Example 14-2, there was obtained 1-m ethylp p crid N- {5444
14-[(tert-butyldimethylsilanoyloxy)methyl] -2-ch loro-5-methoxyphenyll
carbamoyebuty11-2-phenylphenylicarbamate (60.5 mg). LC/MS: M+1 = 694.3 [Reference Example
15-52] Synthesis of (1R,2R,4S,5S,7S)-9-methy1-3-oxa-9-azatricyclo[3.3.1.021nonan-7-y1 N- { 5 - [4-(

{4- [(tert-butyldimeth |Ian on Xy)me -2-chlo ro-5 -me phe

carbamoyolgn}y -2- %’lenyp enﬂlca ayr;?/ae S Thaccotding ncewq:f?r\fglferer%éﬁxa%aﬁle13%%%@43 10(
[112,2R,4S 58 7%@1 e 1- -o]xa -9-azatricyclo [3.3.1.02A]nonan-7-yll ox

)carbonyl]amln - -%e yl)valerlc aC|d (225 mg, 0.50 mmol) obtained in

(1811 mo, B 00 M %gﬁeﬁt?x é‘ AR %ﬁ T ey VDRt o1 e
(1R,2R/4S, 5 ea] rme trﬂlyn tlc clo?zﬁ _ _Inonan -7-y1 N-
{5-0-(14- [(te )Xd rne ﬁsﬁé’noﬁ&ﬁ) Iorog methoxyphenyll
carbamoyDB&M%;%;pplegyé%g%wyl carbamate (76.5 mg). LC/MS: M+1 =734.3
[Reference Example 15-14]
Synthesis of l-methylpiperidin-4-yl
N-{5-[2-({5-[(tert-butyldimethylsilanoyloxy)methy!]-2-methoxyphenyl}carbamoy
Dethyl]-2-phenylphenyl} carbamate
In accordance with Reference Example 15, from
3-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl} amino)-4-phenylphenyl]propionate
hydrochloride (382 mg, 1.0 mmol) and
5-[(tert-butyldimethylsilanoyloxy)methyl]-2-methoxyaniline (401 mg, 1.5 mmol)
obtained in Reference Example 14-14, there was obtained 1-methylpiperidin-4-yl
N-{5-{2-({5-[(tert-butyldimethylsilanoyloxy)methyl]-2-methoxyphenyl}carbamoy
l)ethyl]-2-phenylphenyl}carbamate (322 mg).
LC/MS: M+1 = 632.3
[Reference Example 15-15]
Synthesis of l-methylpiperidin-4-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]phenyl} {methyl}carbamoyl)e
thyl]-2-phenylphenyl} carbamate
In accordance with Reference Example 15, from
3-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyl]propionate
hydrochloride (419 mg, 1.1 mmol) and
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[Reference Example 24] Synthesis of 2-phenyl-N-acetylaniline 2-Phenylaniline (5 g, 29.55 mmol) was
dissolved in acetic acid (30 mL), acetic anhydride (3.62 g, 35.45 mmol) was added thereto under ice
bath, and the mixture was stirred under ice bath for 2 hours. The solution was concentrated under
reduced pressure. to the residue was added water (15 mL), and the mixture was stirred at room
temperature for 3 hours. The precipitate was collected by filtration, washed with purified water, and
dried under reduced pressure to obtain 2-phenyl-N-acetylaniline (6.21 g). 1H-NMR(400MHz, CDC13)
6 8.27(d, J=8.0l-1z, 1H), 7.12-7.51(m, 8H), 2.02(s, 3H) [Reference Example 25] Synthesis of
2-phenyl-4-irfymeer¥agkiiteniivi ilano y2oR hpnytiNidaetyhaciingn(i2d ¢329.4¢mmel)mias dissolved in
acetic acid (70 mL). Thereto was dropwise added under ice bath a separately prepared solution of
hydrogen bubmithe {6l Rgic38:42 Mxaahptissolved theearhan tdiraabtbrnde ¢iig:Blipeti)l and the mixture
was stirred at room temperature overnight. The solution was concentrated under reduced pressure, to

the residue M-S -dddgd \Mater- (2@yialiparidy slibseguexilynatianiy KShyin L namnd thearbxiuse Iveas stirred
under ice bath for 1 hour. The precipitate was collected by filtration, washed with ethanol/water (=1:1),
dried underthsdulephpradphca 10} obthini2ipl{efigl#gd)ronto N-acetyla line (7.79 g). 1H-NMR(400MHz,
CDCI3) 6 8.22(d, J=8.8Hz, 1H), 7.44-7.52(m, 4H), 7.34-7.38(m, 3H), 2.01(s, 311) [Reference Example
26] Synthedi€aVI3-phiny+-44lrémoaniline 2-Phenyl-4-bromo-N-acetylaniline (7.79 g, 26.85
mmol) was dissolved in ethanol (100 mL), 2 N hydrochloric acid (33.56 mmol, 67.12 rnL) was added
dropwise uhBefdombathxamng théixiure was heated under reflux overnight. The solution was
concentrated under reduced pressure and to the residue were added ethyl acetate (50 mL) and water
(40 mL) for &xttaetion. The organic layer wasfried over sodium sulfate-aredh wlitép ditidatioh,y |
concentrated under reduced pressure. The residue was purified by a silica gel column to obtain

2-phenyl-4-Brofad2tilé[ (6eB8 gty HiNMREACOMIHz y DROH3) thid gled-27(hy 4 bdndyB@thgo(m, 1H),
7.22-7.24(m, 2H), 6.65(dd, J=6.6Hz, 2.4Hz, 111), 3.76(bs, IT-I)
+-2-phenylphenyl)carbamate
In accordance with Reference Example 15, from
3-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl} amino)-4-phenylphenyl]propionate
hydrochloride (293 mg, 0.7 mmol) and
5-[(tert-butyldimethylsilanoyloxy)methyljthiophen-2-amine (170 mg, 0.7 mmol)
obtained in Reference Example 14-16, there was obtained 1-methylpiperidin-4-yl
N-(5-{2-[(5-{[(tert-butyldimethylsilyl)oxy]methyl}thiophen-2-yl)carbamoyljethyl
}-2-phenylphenyl)carbamate (105.7 mg).
LC/MS: M+1 = 608.3
[Reference Example 15-17]
Synthesis of I-methylpiperidin-4-yl
N-(5-{2-[(5-{[(tert-butyldimethylsilyl)oxy]methyl} pyridin-2-yl)carbamoyl]ethyl} -
2-phenylphenyl)carbamate
In accordance with Reference Example 15, from
3-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyl]propionate

hydrochloride (209 mg, 0.5 mmol) and



[Reference Example 27] Synthesis of tert-butyl (3E)-4-(3-amino-4-phenylphenyl)-3-butenoate
2-Phenyl-4-bromoaniline (564.7 mg, 2.28 mmol) was dissolved in N,N-dimethylformamide (25 mE)
and, at room temperature, thereto were added tert-butyl-3-butenoate (582.5 mg, 4.10 mmol),
tri-(o-tolyOphosphine (1.87 g, 6.16 mmol), and diisopropylethylamine (0.78 nit, 4.56 mmol). The
reaction mixture was deaerated, palladium acetate (67.4 mg, 0.30 mmol) was added, and the mixture
was deaerated again. After stirring at 90C overnight, the reaction mixture was filtered through celite
and washed with ethyl acetate (120 mL). The organic layer was washed with a saturated aqueous
solution of sofijturt-thiprided& yidi)a tbeteaitancrligd] pyed sodium sl fatd Silteped) a5d wenchntrated
under reduced pressure. The residue was purified by a silica gel column to obtain tert-butyl
(3E)-4-(3-ambiminkphe Rdthenyt) Bbuigicobde | (R5Hh& g h s16bINME( 406Mih {1 igEX13) 5 w.45(d,
J=4.4Hz, 1H), 7.33-7.38(m, 1H), 7.18(dt, J=12.5-Hz, 4.5Hz, 2I-1), 6.71(d, J=8.314z, 1H), 6.38(d,

J=15.9Hz, H)-G0526 B4 (1) bBty8lbaethiy)s Byl R(ddlrdeth Py didBhi2-§Hgadbdifsy Qethy P2
[Reference Example 11-2] Synthesis of tert-butyl 4-(3-amino-4-phenylphenyl)butanoate In

accordance2witie Rdfdremdedakzmpie 112 6ramng tert-butyl (3E)-4-(3-a mino -4-p henylphenyl)but-3-
enoate(555.8mg,1.80mrnol),therewasobtainedtert-butyl 4-(3-am no-4-phenylphenyl)butanoate (450.1
mg). | H-NMR{(208M¥W# | GDXO33) 5 7.44-7.47(m, 4H), 7.30-7.38(m, 1I-I), 6.94-7.00(m, 2H), 6.71(d,
J=8.01lz, 1H), 256(t, J=7.614z, 21-1), 2.24(t, J=7.611z, 2H), 1.84-1.92(m, 214), 1.44(s, 9H) [Reference
Example 1733¢8yetbedisoftartebliyl 8444 {[(1-methylp ipendin-4-yeoxy]carbonyll amino
)-3-phenylphenyl]butyrate

Synthesis of l-methylpiperidin-4-yl

N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-methoxyphenyl}

carbamoyl)propyl]-2-phenylphenyl)carbamate

In accordance with Reference Example 15, from

3-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyl]butyric

acid (173.2 mg, 0.4 mmol) and

4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-methoxyaniline (181.1 mg,

0.6 mmol) obtained in Reference Example 14-2, there was obtained

I-methylpiperidin-4-yl

N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-methoxyphenyl}

carbamoyl)propyl]-2-phenylphenyl)carbamate (108.5 mg).

LC/MS: M+1 = 680.3

[Reference Example 15-19]

Synthesis of l-methylpiperidin-4-yl

N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chlorophenyl} carbamoyl)

propyl]-2-phenylphenyl}carbamate

In accordance with Reference Example 15, from

4-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl} amino)-4-phenylphenyl]butyric
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In accordance with Reference Example 12, from tert-butyl 4-(4-ammo-3-phenylphenyl)butyrate (158.2
mg, 0.51 mmol), there was obtained tert-butyl 4-[4-( {[(1-methylpiperidin-4-yOoxy]carbonyllammo
-3-phenylphenyl)butyrate (224.7 mg). LC/MS: M1-1 = 453.2 [Reference Example 12-41
Synthesisoftert-hutyl 4-(4-HIR,2R,4S,5S,7S)-9-methyl-3-0xa-9-azatricyc 10[3.3.1.024]nonan-7-yllox
y)carbonyllamino -3-phenylphenyllbutyrate In accordance with Reference Example 12, from scop
ne (118.3 mg, 0.76 mmol) and tert-butyl 4-(4-amino-3-phenylphenyl)butyrate (158.2 mg, 0.51 mmol),
therewasobtainedtert-butyl 4-(4- {[( {[IR,2R,4S,5S,7S)-9-methyl-3-0
xa-9-azatricyei®[3.3.1.021nenaus-7-yllox y)carBonyllaminod-3-phenylphanyiiyityrate (181a3ag, 0.37
mmol). LC/MS: M+1 = 493.2 [Reference Example 13-3] Synthesisof 4-[4-(
{[(1-methylpipetidintayhexyt carkaaythdouinphedpenvigieryikbuiyeatedyydraghlonte mmol)

obtained in Reference Example 14-9, there was obtained 1-methylpiperidin-4-yl

N-{5-[3-({4-[(tert-butyldimethylsilanoyioxy)methyl]-2-chlorophenyl} carbamo yl)

propyl]-2-phenylphenyl}carbamate (192 mg).

LC/MS: M+1 = 650.3

[Reference Example 15-20]

Synthesis of 1-methylpiperidin-4-yl

N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-3-methoxyphenyl}carbamoy

)propyl]-2-phenylphenyl} carbamate

In accordance with Reference Example 15, from

4-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyi]butyric

acid (216.5 mg, 0.5 mmol) and

4-[(tert-butyldimethylsilanoyloxy)methyl]-3-methoxyaniline (200.6 mg, 0.75

mmol) obtained in Reference Example 14-6, there was obtained

I-methylpiperidin-4-yl

N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-3-methoxyphenyl}carbamoy

l)propyl]-2-phenylphenyl}carbamate (172 mg).

LC/MS: M+1 = 646.3

[Reference Example 15-21]

Synthesis of l-methylpiperidin-4-yl

N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-methoxyphenyl}carbamoy

l)propyl]-2-phenylphenyl} carbamate

In accordance with Reference Example 15, from
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in accordance with Reference Example 13, from tert-butyl 4-[4-( {[(1-methylp peridin-4-yl)o x
ylcarbonyl1l ammo)-3-phenylphenyl]butyrate (224.7mg,0.50mmol),therewasobtained 4-[4-(
{[(1-methylpiperidin-4-yl)oxy]carbonyll amino)-3-phenylphenyl]butyrate 1-17/linchint rip LC/MS: Writ 't
397.1 [Reference Example 13-4] Synthesisof 4-(4-1[(1[1R,2R,4S,5S,7S]-9-methyl-3-0xa-9-azatricyclo
[3.3.1.02A]nonan-7-y11ox y)carbonyl] am no}-3-phenylphenyl)butyrate hydrochloride In
accordance with Reference Example 13, from tert- buty | 4-(4-{
[1R,2R,4S,5S,7S]-9-methy1-3-0xa-9-azatricyclo[3.3.1.02A]nonan-7-yllox

A IR L R B RN  oryaminey

-3-phenylphenyl)butyrate 3 rochloride. LC/MS: M+1 =437_.1 [Reference Example 15-53] Synthesis of
(1R,2R,45,5875)-9-meth %?ﬁgxa-g-azatrigly%lo[&&1.02‘ Jhonan-7-y1 ‘K’t%’ﬁm dnd

e o e e IR SRRV Rt iR: PRSTY B copagate

Inaccordance Iteh erence

UIR 2R AS GRS S meiul-S g aatiorciold ad 2alnonan 7. o

y)earbonyllamin enylphenyl)butyrate ydroc)ﬁo e (0.37 mmo Gbtained’in F?le)%?lérewge Example

13-4 and 4-{(tert- lgi thylsilgno ylo xy)methyl]ani line (66.5 mg, 0.28 mmol) obtained in Reference
Example 14[, %%étrgyv% %@zﬁmnzgﬂlR,2R,48,58,75)-9-methy1-3-oxa—9-azatricyc|o[3.3.1.02'4]nonan-7-y1

N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-methoxyphenyl}carbamoy
Dpropyl]-2-phenylphenyl}carbamate (212 mg).
LC/MS: M+1 = 646.3
[Reference Example 15-22]
Synthesis of I-methylpiperidin-4-yl
N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-methylphenyl} carbamoyl)
propyl]-2-phenylphenyl} carbamate

In accordance with Reference Example 15, from
4-[3-({[(1-methylpiperidin-4-yljoxy]carbonyl}amino)-4-phenylphenyl]butyric
acid (216.5 mg, 0.5 mmol) and
5-[(tert-butyldimethylisilanoyloxy)methyli]-2-methylaniline (188.6 mg, 0.75 mmol)
obtained in Reference Example 14-11, there was obtained 1-methylpiperidin-4-yl
N- {5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-methylphenyl}carbamoyl)
propyl]-2-phenylphenyl}carbamate (212 mg).
LC/MS: M+1 = 630.3
[Reference Example 15-23]
Synthesis of I-methylpiperidin-4-yl
N-(5- {3-[(6-{[(tert-butyldimethylsilyl)oxy]methyl} naphthalen-2-yl)carbamoyl]pro
pyl}-2-phenylphenyl)carbamate
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N- | 443-(14-[(tert-butyld imethylsilano ylo xy)methyl]phenyl { carb auto yl)propy1]-2- phenylphenyil
carbamate (70.1 mg). LC/MS: M+1 = 656.3 [Reference Example 15-54]
Synthesisofl-methylpiperidin-4-y1 N- {4134 {44(tert-butyldimethylsilanoyloxy)methyl]phenyll carbamo
yl)propy1]-2- phenylphenyl] carbamate InaccordancewithReferenceExamplel5,from 4-[3-([( 1
-methylpiperidin-4-yl)oxy]carbonyll amino)-3-phenylphenyl)butyric acid (161 mg, 0.4 mmol) obtained in
Reference Example 13-3 and 44(tert-butyldimethylsilanoyloxy)methylianiline (90.2 mg, 0.38 mmol)
obtained in Reference Example 14there was obtained 1-methylpiperid in-4- yl N- {4-[3-(
{4-[(tert-butyldimethisilaneylaxgmethyl]platlyl carlfafroyhpropy|[EXxab@8e phenyp henyfrdmarbamate
(88.2 mg). LC/MS: M+1 = 616.3 [Reference Example 15-55] Synthesis of
(1R,2R,4S,89 78}{0}rmethlylBrmrad rat-athicyslof8 13 b 024 inonaA-pheh Npheagh katyric
[(tert-butyldimethyls ilano ylo xy)methy1]-2-ch lo ro-5-methoxyphen yll
carbamoybprapy11-2-phefylghénylicarbamats 0.5 mmol) and

6-[(tert-butyldimethylsilanoyloxy)methyl]naphthalen-2-amine (215.6 mg, 0.75

mmol) obtained in Reference Example 14-12, there was obtained

1-methylpiperidin-4-yl

N-(5-{3-[(6-{[(tert-butyldimethylsilyl)oxy]methyl} naphthalen-2-yl)carbamoyl]pro

pyl}-2-phenylphenyl)carbamate (214 mg).

LC/MS: M+1 = 666.3

[Reference Example 15-24]

Synthesis of 1-methylpiperidin-4-yl

N-(5-{3-[(5-{[(tert-butyldimethylsilyl)oxy]methyl} pyridin-2-yl)carbamoyl]propyl

}-2-phenylphenyl)carbamate

In accordance with Reference Example 15, from

4-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl} amino)-4-phenylphenyl]butyric

acid (216.5 mg, 0.5 mmol) and

5-[(tert-butyldimethylsilanoyloxy)methyl]pyridin-2-amine (179 mg, 0.75 mmol)

obtained in Reference Example 14-17, there was obtained 1-methylpiperidin-4-yl

N-(5-{3-[(5-{[(tert-butyldimethylsilyl)oxy]methyl} pyridin-2-yl)carbamoyl]propyl

}-2-phenylphenyl)carbamate (175 mg).

LC/MS: M+1 =617.3

[Reference Example 15-25]

Synthesis of l-methylpiperidin-4-yl

N-{5-[3-({2-bromo-4-[(tert-butyldimethylsilanoyloxy)methyl]-5-methoxyphenyl}
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InaccordancewithReferenceExample15,from 4-(4- 1(
111R,2R,4S,5S,7S1-9-methyl-3-o0xa-9-azatricyclo [3.3.1.02' 1nnnan-7-ylJox y)carbonylia
nol-3-phenylphenyl)butyate hydrochloride (0.75 mmol) obtained inReferenceExamplel13-4and
4-Rtert-butyldimethylsilanoyloxy)methy11-2-chloro-5-methoxyaniline (339.6 mg, 1.13 mmol) obtained
in Reference Example 14-2, there was obtained
(1R,2R,4S,5S,7S)-9-methyl-3-oxa-9-azatricyclo[3.3.1.02'4]Jnonan-7-y1 N- {4-
[3-(14-[(tert-butyldimethyls ilano ylo xy)methy1]-2-chloro-5- met ho x yphen y11 carbamo
yl)propy11-gaphenyipherndid hlbahea yle{eowl X arghma@¢MS: WEI = 720.2 [Reference Example 15-56]
Synthesis of (1 R,2R,4S,5S,7S)-9-methy1-3-o0xa-9-azatricyc 10[3.3.1.0 Jnonan-7-y1 N-(4- 13-[( 6-
{[(tert- buty I1d methissilybmedendanygk naphihitlen-2 8 Heeghesmoy!] iprempplel -2-p Hen ylpliermy11
carbamate InaccordancewithReferenceExamplel5,from 444- 1[( ([1R,2R,4S,55,7S]-9-merhy1-3-0
xa-9-a 7atriéyAr( {8(8-meURippreadid-§avl ox y)eatoryl) amim -H-Piphoyiplpiredyibytyat e
hydrochloride (0.23 mmol) obtained in Reference Example 13-4 and

6-[(tert-butyddichethylsilano{d@2y) methylnapisthalen-2-amné (99.2 mg, M8® thmol) obtairsewlin
Reference Example 14-12, there was obtained (1R,2R,4S,5S,7S)-9-methy1-3-oxa-9-azatricyclo

[3.3.1.02A] Aobianmp-yi [ Neta-tiy [{ém fithetsi bagydimermagiyb oxyheidowlianaknsth 4 &9 2- yigear bamo
yl] pro pyl -2-phenylphenyll carbamate. LC/MS: M+1 = 706.2 [Reference Example 12-5]
Synthesisoftdtt-butypl) obtained in Reference Example 14-18, there was obtained

I-methylpiperidin-4-yl
N-{5-[3-({2-bromo-4-[(tert-butyldimethylsilanoyloxy)methyl]-5-methoxyphenyl}
carbamoyl)propyl]-2-phenylphenyl}carbamate (124 mg).
LC/MS: M+1 =726.2
[Reference Example 15-26]
Synthesis of I-methylpiperidin-4-yl
N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-ethoxyphenyl}ca
rbamoyl)propyl]-2-phenylphenyl}carbamate

In accordance with Reference Example 15, from
4-13-({[(1-methylpiperidin-4-yl)oxy]carbonyl} amino)-4-phenylphenyl]butyric
acid (216.5 mg, 0.5 mmol) and
4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-ethoxyaniline (316 mg, 1.0
mmol) obtained in Reference Example 14-19, there was obtained
l-methylpiperidin-4-yl
N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-ethoxyphenyl}ca
rbamoyl)propyl]-2-phenylphenyl}carbamate (53 mg).
LC/MS: M+1 = 694.4

[Reference Example 15-27]
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3-134( 1[1-(2-phenoxyethyl)piperidin-4-yljoxyl carbonypamino]-4-phenylphenyl propionate
InaccordancewithReferenceExample12,from 1( k.l (71:2 mg, 3.22, mmol) obtained in Reference
Example 22 and tert-butyl 3-(3-amino-4-phenyiphenybpropionate (239 mg, 0.80 mmo 1), there was
obtained tert-butyl 3- {3-[( {[ -(2-phenoxyethybpiperidin-4-ylJoxy | carbonypamino]-4-phenylphenyl
propionate (471 mg). LC/MS: M+1 = 545.3 [Reference Example 13-5] Synthesisof 3-
13-[(111-(2-phenoxyethybpiperidin-4-ylloxylcarbonyltaminol1-4-phenylphenyll propionate hydrochloride
In accordance with Reference Example 13, from tert-butyl 3-134( I[I-(2-phenoxyethybpiperidin-4-ylJoxyl
carbonybarréin&]#g{;henylphenyll propionate#?l mg, 0.86 mmol) obtqi_r}rel:d in f\’efere 1](r:1§:4I_E}>]<f9LmpIe

CS1S . ybpaer{]l

12-5, there was obtained 3-134({[1-(2-phenoxyethyppiperidin-4-y|]oxy|ca%l%

ol sreniohens pon e iRebe 122 e LS ViR el ol

N-1512-(14in(g%r}tl-1lj)_LgyII) ierpglggﬁlesrilly %Xlr%é&g%gthyl]phenyl carbamo yl)ethyl] -2-p enylphenyl carbamate

In accordance with Reference Example 15, tfrom
4-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl} amino)-4-phenylphenyl]butyric
acid (217 mg, 0.50 mimol) and
4-[(tert-butyldimethylsilanoyloxy)methyl]-3-ethoxyaniline (106 mg, 0.38 mmol)
obtained in Reference Example 14-20, there was obtained !-methylpiperidin-4-yl
N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-3-ethoxyphenyl} carbamoyl)
propyl]-2-phenylphenyl}carbamate (145 mg).
LC/MS: M+1 = 660.4
[Reference Example 15-28]
Synthesis of 1-methylpiperidin-4-yl
N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-fluorophenyl}carbamoyl)p
ropyl]-2-phenylphenyl} carbamate

In accordance with Reference Example 15, from
4-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyl]butyric
acid (216.5 mg, 0.5 mmol) and
4-[(tert-butyldimethylsilanoyloxy)methyl]-2-fluoroaniline (255 mg, 1.0 mmol)
obtained in Reference Example 14-4, there was obtained 1-methylpiperidin-4-yl

N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-fluorophenyl} carbamoyl)p

W

ropylj-2-phenylphenyl}carbamate (173 mg).
LC/MS: M+1 = 634.3

[Reference Example 15-29]



InaccordancewithReferenceExamplel5,from 3-13-R |
[1-(2-phenoxyethyppiperidin-4-ylJoxylcarbonypamino]-4-phenylphenyll propionate hydrochloride (227.1
mg, 0.43 mmol) obtained in Reference Example 13-5, there was obtained
1-(2-phenoxyethyppiperidin-4-y1 N-15-[2-(14-[(tert-butyldimethylsilanoyloxy)methyl]phenyll
carbamoypethyl] -2-p henylphenyil carbamate (237 mg). LC/MS: M+1 = 708.3 [Reference Example 28]
Synthesis of 4-methoxy-2-nit o-I-phenylbenzene 1-Bromo-4-ntethoxy-2-nitrobenzene (2.32 g, 10
mmol) was dissolved in 1,4-dioxane (30 mL) and, thereto, were added phenyl boric_a,cid1$2.44 g, 20
mmol), cesitfi s Hdnate (26 g, 80 mrnol), 1°1 1bis(d I-methylpiperidin-4-yl

phenylphosphino)ferrocene]dichlorgpalladium(11)dichloromethane complex (0,82 g, | mmol), and
Purified war? @5%@0 TP P SR e SohBH RO Friarioiio, The
reaction solution i}\: s f'Iter% fhr{i)ﬁgh celite, alumina, and Florisil, and, thereafter, extracted with ethyl

acetate. ThB'8Ryati RBPHRA'E saturated aqueous solution of sodium chloride, dried
over anhydrous magnesium sulfate, and congentrated under redu%red ressure. The reséque was

purified by flash coltfinn cHISHHEIBBFSphy 18 BBtain AREHHRSE-2-nitrSAHHENYIbenzene (K28 g).
[Reference mple 29] Synthesis of 3-nifro-4-phenylpheno] 4-Methoxy-2-nitro-1-phenylbenzene
(136 . 6 SOl W TR B e B BT b Rl e e e
ice-water cooling, a solutiq é oron tribromide (2 nal) in dichloromethane ﬁo mME) After stjrring at
room tempeal%ajre for 18 h@(ﬁ - the reactiod fixture was poured onto ic® 't op the readtbh and

O e S R L e s st
to obtain 3_gg{gf§é8hi%n}ilg e(%ggégl %%acrgil) 5 m&%ri‘[%lére was obtained 1-methylpiperidin-4-yl
N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-3-chlorophenyl}carbamoyl)
propyl]-2-phenylphenyl}carbamate (157 mg).
LC/MS: M+1 = 650.3
[Reference Example 15-30]
Synthesis of l-methylpiperidin-4-yl
N-{5-[3-({2-bromo-4-[(tert-butyldimethylsilanoyloxy)methyl]phenyl} carbamo yl)
propyl]-2-phenylphenyl}carbamate
In accordance with Reference Example 15, from
4-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl} amino)-4-phenylphenyl]butyric
acid (216 mg, 0.5 mmol) and
2-bromo-4-[(tert-butyldimethylsilanoyloxy)methyl]aniline (316 mg, 1.0 mmol)
obtained in Reference Example 14-21, there was obtained 1-methylpiperidin-4-yl
N-{5-[3-({2-bromo-4-[(tert-butyldimethylsilanoyloxy)methyl]phenyl}carbamoyl)
propyl]-2-phenylphenyl}carbamate (110 mg).
LC/MS: M+1 = 696.3
[Reference Example 15-31]
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[Reference Example 30] Synthesis of 8-(3-nitro-4-phenylphenoxy)octan-1-ol

3-Nitro-4-phenylphenol (860 mg, 4.0 mmo 0 was dissolved in N,N-dimethylformamide (40 mL),
followed by addition of 8-bromo-Il-octanol (1.86 g, 6.0 mmol). After stirring at 50C for 5 hours, the
reaction solution was extracted with ethyl acetate. The organic layer was washed with a saturated
aqueous solution of sodium chloride, dried over anhydrous magnesium sulfate, and concentrated
under reduced pressure. The residue was purified by flash column chromatography to obtain
8-(3-nitro-4-phenylphenoxy)octan-1-ol (1.23 g). H-NMR(400MHz, CDCI3) 5 7.34-7.44(m, 5H),
7.26-7.33(2%@8&%3@& J=8.5Hz, 2.4Hz, 1H}, 4.03(t, J=6.5Hz, 2H), ._6Igé5ﬁg6iSHrsz|—%,_1178-1.87(m,
2H), 1.44-1.85(m, 4?4) 1.31-1.42(m, 6H) [Re?erence Example 31] Synthesis Ptgr?-but?/l ir¥1ethyl

8-(3- -4-phenyl I il -(3:Nitro-4- h -l-0l.(1.23 g, 3.5
£nrr(1oI;1 ;Lodlen?iij%%Tzlg(%rgg%n%gg ]tg.%i)(ri%{n% %@gggn&@o %@%\ ﬁ%@%ﬁu‘fﬁn%ﬁ%ﬂgﬁol Csolu?ion of

tert-butyldirg%gxlghlmr)gﬁila e 78%0 rgng%l?'%/l mogfaipn tetrahydrofuran (5 mL) was added thereto. After
IX m era

stirring the feaction &%ﬂét? on B Ure for 1 hours, purified water was added to stop the

reaction and the mixfure was, fggg%%%teed yvlt‘gi%hyl acetate. n‘lége orgapic | ?yeer V\_/a§5washetgov¥1|1th a
saturated aqueous solution of sodium bicarbonate, a saturated aqueous solution éf ammonium

chloride, angl &« a lyti | i Irje h agnesium
sulfate, andgcgjnﬁwra%%ﬁtﬁl}@?%zggc%dg Q%Qgﬁ%g%%%gg u0 vA\i/ %ﬁ%@%ﬁ@g&s‘%@&umn
chromatogr Qy to obtain é%%@tyldimethybég-(&n itro-4-8_§1 en ylph quﬁ%)éo etyl] o xy{ gljilgne (1.32
g). 1H-NMR(400MHz, CDC13) 6 7.32-7.44(n1;’51-1), 7.26-7.30(m, 2H), 7.13 dd, J=8.5Hz, 2.7Hz, 1H),
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0.90(s, 9H), nce Examp Siso

[8-(tert-butyldimeihyisiianaulpxy)getyloxylse-Phepylapiine 14 5o there  was.  obtained
{[8-(3-Nitro-4-ﬁhénylpﬁénoxy)octyl]oxylls%dane (1.38 g, 3.02 mmo%) was dissolved in methanol (20 inL),

10% palladiy_%&ﬁsgB{bQSngp_mas added thereto, and the reaction mixture was stirred under a

LI

hydrogen atmosphere at room témperature for 2 hours. The reaction solution was filtered through

celite and the MltratewasGeRCcERNAGHNIALRAHFAIRISRRIRINON @I luoromethyl)phenyl} c

arbamoyl)propyl]-2-phenylphenyl}carbamate (172 mg).
LC/MS: M+1 = 684.3
[Reference Example 15-32]
Synthesis of I-methylpiperidin-4-yl
N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl|phenyl}carbamoyl)propylj-2-
phenyiphenyl}carbamate

In accordance with Reference Example 15, from
4-[3-({{(1-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyl]butyric
acid (161 mg, 0.4 mmol) and 4-[(tert-butyldimethylsilanoyloxy)methyl]aniline
(142 mg, 0.6 mmol) obtained in Reference Example 14, there was obtained
I-methylpiperidin-4-yl
N-{5-13-({4-[(tert-butyldimethylsilanoyloxy)methyl]phenyl}carbamoyl)propyl]-2-
phenylphenyl}carbamate (122 mg).

LC/MS: M+1 =616.3



5-1[8-(tert-butyldimethylsilanoyloxy)octylloxy1-2-phenylaniline as a crude material. 1_,C/MS: M1-1 =
428.3 [Reference Example 32-2] Synthesis of 5-
{[6-(tert-butyldimethylsilanoyloxy)hexylloxy}-2-phenylaniline In accordance with Reference
Examples 30, 31, and 32, from 6-bromo- |-hexariol (543 mg, 3.0 mmol) and 3-nitro-4-phenylphenol
(430 mg, 2.0 m mol), there was obtained 5- 1[6-(tert-butyld
imethylsilanoyloxy)hexylloxy1-2-phenylaniline. LC/MS: M-11 = 316.3 [Reference Example 32-3]
Synthesis of 5- {[9-(tert-butyldimethylsilanoyloxy)nonyl]loxyl-2-phenylaniline In accordance with
Reference Exafaplesc30x@bhp&nd323from 9=bromo-I-nonanol (669 mg, 1.0 mmol) and
3-nitro-4-phenylphenol (430 ma, 2.0 mmol), there was obtained 5-

1[9-(tert-butjulithet by sl GHdYABXY FadBYTFOX) 1R blydryiawi HhezdtGavicSo ML =858 {Referehce
Example 12-6] Synthesisofl-methylpiperidin-4-y1 N-(5- {[8-(tert
butyldimeth¥lsifahoylddoetiitonylddattbmdpdhony boayanthie] phenyh aedoroendpwitty Reference
Example 12, from 1-methylpiperidinol (1.15 g, 10 mmol) and 5-

f[8-(tert-butyltimdtiydsiahaydeayisctyl]oxy1-2-phenylaniline (777 mg, 1.82 mmol) obtained in
Reference Example 32, there was obtained

In accordance with Reference Example 15, from
4-[3-{[({[IR,2R,4S,5S,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**Inonan-7-yl} ox
y)carbonyl]amino }-4-phenylphenyl)butyric acid (161 mg, 0.4 mmol) and
4-[(tert-butyldimethylsilanoyloxy)methyl]aniline (142 mg, 0.6 mmol) obtained in
Reference Example 14, there was obtained
(1R,2R,4S,5S,7S)~9—methyl—3—0xa—9~azatricyclo[3.3.1.02’4]nonan—7-yl
N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]phenyl}carbamoyl)propyl]-2-
phenylphenyl}carbamate {122 mg).
LC/MS: M+1 = 656.3
[Reference Example 15-34]
Synthesis of (1R,2R,48,58S,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**nonan-7-yl
N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-methoxyphenyl}
carbamoyl)propyl]-2-phenylphenyl}carbamate

In accordance with Reference Example 15, from
4-[3-{[({[1R,2R,4S,5S,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.0>*nonan-7-y1} ox
y)carbonyl]amino }-4-phenylphenyl)butyric acid (173 mg, 0.40 mmol) and
4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-methoxyaniline (181.1 mg,
0.6 mmol) obtained in Reference Example 14-2, there was obtained
(1R,2R,48,58,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-7-yl

N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-methoxyphenyl}
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1-methylpiperidin-4-y1 N-(5-1[8-(tert-butyldimethylsilanoyloxy)octyl]oxy}-2-phenylphenyecarbamate
(283 mg). LC/MS: Ivl+1 = 589.3 [Reference Example 12-7] Synthesisofl-methylpiperidin-4-y1
N-(5-1[6-(tert-butyldimethylsilanoyloxy)hexyl]oxyl-2-phenylphenyl)carbamate In accordance with
Reference Example 12, from 1-methylpiperidinol (865 mg,7.5mmol)and 5-
f[6-(tert-butyldimethylsilanoyloxy)hexylloxyl-2-phenylan 1 neobtainedin Reference Example 32-2, there
was obtained 1-methylpiperidin-4-y1 N-(5- {[6-(tert-butyklimet'nylsilanoylox-y)hexyl]oxyl
-2-phenylphenyl)carbamate (626 mg). LC/MS: MI-1 = 540.3 [Reference Example 12-8]

Synthesisofclérgertrfl] iﬁ}éggr&:{f%% négNIég()%;el a%l- Egertt;}%lfj%g i(:P&gh%/Isil noyloxy)nonyl]oxyl

-2-phenylpheﬁyf)cé) W erence B> mple 12, from 1-methylpiperidinol

(865 mg,7. %ga@ qézl[?égejrt-butyld imethylsi lano yloxy)nonyl]loxyl -2-phenylanilineobtainedin
Reference Example 5 , theérée'was obtained 1-methylpiperidin-4-y1 N-(5- 1[9-(tert-butyldimethylsilano

yloxy)nonyl%%&%fgﬁgg%)yggppquﬁlch_§ §5)amate (408 mg).
Synthesis of (1R,2R,4S,58,7S)-9-methyl-3-oxa-9-azatricyclo[3.3.1.0**nonan-7-yl
N-(5-{3-[(6-{[(tert-butyldimethylsilyl)oxy]methyl} naphthalen-2-yl)carbamoyl]pro
pyl}-2-phenylphenyl)carbamate
In accordance with Reference Example 15, from
4-[3-{[({[1R,2R.4S,58,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-7-yl} ox
y)carbonyl]lamino }-4-phenylphenyl)butyric acid (218 mg, 0.5 mmol) and
6-[(tert-butyldimethylsilanoyloxy)methyl]naphthalen-2-amine (287 mg, 1.0 mmol)
obtained in Reference = Example 14-12, there = was  obtained
(1R,2R,48,58,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**nonan-7-yl
N-(5-{3-[(6-{[(tert-butyldimethylsilyl)oxy]methyl} naphthalen-2-yl)carbamoyl]pro
pyl}-2-phenylphenyljcarbamate (181 mg).
LC/MS: M+1 =706.3
[Reference Example 15-36]
Synthesis of (1R,2R,4S,5S,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-7-yl
N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl}-3-methoxyphenyl}carbamoy
Dpropyl]-2-phenylphenyl}carbamate
in accordance with Reference Example 15, from
4-[3-{[({[1R,2R,48S,5S,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1 .02’4]nonan-7-y1} 0X
0.5 mmol) and
4-[(tert-butyldimethylsilanoyloxy)methyl]-3-methoxyaniline  (266.6 mg, 1.0

mmol) obtained in Reference Example 14-6, there was obtained
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LC/MS: M+1 = 583.3 [Reference Example 33] Synthesis of 3-bromo-5-phenylaniline
4-Bromo-2-nitro-1-phenylbenzene (1.15 g, 4.1 mmol) was dissolved in ethyl acetate (10 mL) and
ethanol (10 mL), tin chloride (2.85 g, 15 mmol) was added thereto, and the mixture was stirred at 80C
forl 8 hours. The reaction solution was returned to room temperature, neutralized with a saturated
aqueous solution of sodium bicarbonate, filtered through celite, alumina, and Florisil, and extracted
with ethyl acetate. The organic layer was washed with a saturated aqueous solution of sodium
chloride, dried over anhydrous magnesium sulfate, and concentrated under reduced pressure. The

residue was prrified 9y §asd) el hxomatgga@ﬂmegmkgtaaml?:ob ReraiPhepylaniline (533 mg).
1H- NMR(4OOMHZ CDC13)67.32-7. 4 (m,51-1),6,90-6.97(m,3H), 3.65-3.85(broad, 2H) [Reference

Example 34§;Sysihe g{aqtﬁér(%ﬁf9aﬁﬁ@xig>1ym%g}y&m§m@dﬂm 3-mieidYgpmenpetydarugnol (620

mg, 5.0 mmol) was dissolved in N,N-dimethylformain de (25 ml) and potassium carbonate (.38 g,

10.0 mmol) gﬁ@ﬂﬂm&ymﬁ@ﬂﬂ(&@gﬁlﬁ@ mymalgyere added thereto. After stirring at 70C for 4

hours, the reaction solution was extracted with ethyl acetate. The organic layer was washed with a
saturated agquesys:salutiengfesedium chloride, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue was purified by Bash column chromatography to
obtain [4-(2frepenndayiptaeyibnethanol (267 mg). 1H-NN4R(400M1-1z, CDCI3) 3, 7.26-7.30(m,
2H), 6.86-6.92(m, 211), 5.85-5.95(m, 133 1H), 5.09-5,20(m, 2H), 4.61(s, 2H), 4.02(t, J=6.8Hz, 2H),
2.50-2.58(ms yht#p {ReferemcerE%8mBle SPh MBthesisefxa-9-azatricyclo[3.3.1.0**nonan-7-yl
N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chlorophenyl} carbamoyl)

In accordance with Reference Example 15 from
4-[3—{[({[1R,2R,4S,SS,7S]-9—methy1—3—0xa—9—azatricyclo[3.3.1.02’4]n0nan-7—yl}ox
y)carbonyl]amino }-4-phenylphenyl)butyric acid (218 mg, 0.5 mmol) and
4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloroaniline (270 mg, 1.0 mmol)
obtained in Reference Example 14-9, there was obtained
(1R,2R,48,58,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-7-yl

N-{5-[3-( (tert-butyldimethylsilanoyloxy)methyl}-2-chlorophenyl} carbamoyl)

propyl]-2-phenylphenyl}carbamate (161 mg).
LC/MS: M+1 =690.3
[Reference Example 15-38]
Synthesis of (1R,2R,4S,5S,7S)-9-methyl-3-o0xa-9-azatricyclo[3.3.1.0**]nonan-7-yl
N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-methoxyphenyl}carbamoy
Dpropyl]-2-phenylphenyl}carbamate

In accordance with Reference Example 15, from
4-[3-{[({[1R,2R,48,58,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**Inonan-7-y1} ox
y)carbonyl]amino }-4-phenylphenyl)butyric acid (218 mg, 0.5 mmol) and
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(44 H3E)-4-(3- amino -4-p henylpheny1)-3-buten-1-y4} oxy] pheny fitnethano |
3-Bromo-5-phenylaniline (248 mg, 1.0 mnaol) obtained in Reference Example 33 was dissolved in
N,N-dimethylformamide (10 mL) and thereto were added [4-(2-propenoyloxy)phenyllmethanol (267
mg, 1.5 rnmol) obtained in Reference Example 34, tr (o-tolyl)phosphine (913 mg, 3.0 mmol),
diisopropylethylamine (258 mg, 2.0 mmol), and palladium acetate (45 mg, 0.2 mmol). After stirring at
120C for 18 hours, the reaction solution was diluted with ethyl acetate, filtered through cclite, and the
organic layer was washed with a saturated aqueous solution of sodium chloride, dried over anhydrous
magnesiumﬁwt@;@,@w&mgbn@r@&?l&%r);ﬁamﬂprmgylmiﬁ%st%e RusifiachBy, flash
column chromatography to obtain (4-[ { (3 E)-4- (3- amino-4-phen ylp hen y1)- 3-buten-1-
oxylpheny)mathaa® 1(268 maciReference Examnle 36l1gyrshesisil4-  was  obtained
{4-(3-amino-4-phenylphenyl)butoxy} phenyllmethanol (44 {(3E)-4-(3-Amino-4-phenylpheny1)-3
-buten-I-yll exglpreAY MDA (REBIMB QI NN ARG ReierenceExample 35 was

dissolved in methanol (5 ml,), 10% palladium-carbon (10 mg) was added thereto, and the mixture was

stirred undexiag bydroge!| @MasReI Rk 9T ABMASKSe RN B hawrehokip Keagtienasalkiign was

filtered through celite and the filtrate was concentrated under reduced pressure to obtain 134
[4-14-(3-amifadbphenypbeyRbuodphantmsthanglas a crude material. [Reference Example 37]
Synthesisof 5-(4- {4- [(tert-butyldimethyls i lanoylo xy)methyl]pheno xyl butyO-2-phenylani line [4-
{4-(3-Amince4phsnypherydritoxylphenyllmethanol obtained in Reference Example 35 and imidazole
(170 mg, 2.5 mmol) were dissolved in tetrahydrofuran (15 mL), and a solution of ter
-butyldimethrlehlasasiane g0e my32j0 mmol) in tetrahydrofuran (5 mL) was added thereto. After
stirring the reaction mixture at room temperature for 1 hour, purified water was added to stop the
reaction, anglyiivedpixiore MRaSRXISaELTIS)th @il acetate- ITheaigasis] Byer wegwasher yith a
saturated aqueous solution of sodium chloride, dried over anhydrous sodium sulfate, and concentrated
under reduced presgydel (The-residdanvasy pitified loy fiagbtaolipmehmatagrgrhybonabiain
5-(4-14-[(tert-butyldimethylsilanoyloxy)methyl]phenoxylbuty1)-2-phenylaniline (260 mg).
11-1-NMR(466p4Hz2 GREE)pS h40-dadb(imnté11), 7.30-7.34(m,

2

In accordance with Reference Example 15, from
4-[3-{[({[1R,2R,4S,5S,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**|nonan-7-y1} ox
y)carbonyijamino }-4-phenyiphenyl)butyric acid (218 mg, 0.5 mmol) and
5-[(tert-butyldimethylsilanoyloxy)methyl]-2-methylaniline (250 mg, 1.0 mmol)
obtained in Reference Example 14-10, there was obtained
(1R,2R 48,58,7S)-9-methyl-3-oxa-9-azatricyclo[3.3.1.0**]nonan-7-yl
N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-methylphenyl} carbamoyl)
propyl]-2-phenylphenyl}carbamate (149 mg).

LC/MS: M+1 = 670.3

[Reference Example 15-40]

Synthesis of (1R,2R,4S,5S,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-7-yl
N-(5-{2-[(6-{[(tert-butyldimethylsilyl)oxy]methyl} naphthalen-2-yl)carbamoyl]eth
yl}-2-phenylphenyl)carbamate

In accordance with Reference Example 15, from
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1H), 7.19-7.23(m, 2H),7.85(d, J=7.8Hz,1H),6.83-6.88(m,211), 6.66-6.69(m, 1H), 6.61(s,1H), 4.67(s,
2H), 3.94-4.01(m, 2H), 2.630, J=7.2Hz, 2H),1.75-1.89(m, 4H), 0.92(s, 914), 0.08(s, 6H) [Reference
Example 12-9] Synthesisofl-methylp iperid in-4-y1
N-[5-(4-14-[(tert-hutyldimethylsilanoyloxy)methyl]phenoxylbut-y1)-2-phenylphen yl] carbamate

3-(3-{[({[1R,2R,48S,5S,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.0>*Jnonan-7-yl} ox
y)carbonyl]amino }-4-phenylphenyl)propionate hydrochloride (382 mg, 1.0 mmol)
and 6-[(tert-butyldimethylsilanoyloxy)methyl]naphthalen-2-amine (250 mg, 0.87
mmol) obtained in Reference FExample 14-12, there was obtained
(1R,2R,4S,58,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-7-yl
N-(5-{2-[(6-{[(tert-butyldimethylsilyl)oxy]methyl} naphthalen-2-yl)carbamoyl]eth
yl}-2-phenylphenyl)carbamate (311 mg).
LC/MS: M+1 =692.3
[Reference Example 15-41]
Synthesis of (1R,2R,4S,5S,7S)-9-methyl-3-oxa-9-azatricyclo[3.3.1.02’4]nonan-7-y1
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-methoxyphenyl}carbamoy
Dethyl]-2-phenylphenyl}carbamate
In accordance with Reference Example 15, from

3-(3-{[({[1R,2R,4S,58,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.0"*|nonan-7-y1} ox

y)carbonyl]amino }-4-phenylphenyl)propionate hydrochloride (230 mg, 0.5 mmol)
and 4-[(tert-butyldimethylsilanoyloxy)methyl]-2 xyaniline (200 mg, 0.75
mmol) obtained in  Reference  Example 14-10  was  obtained
(1R,2R,48,58,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-7-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-methoxyphenyl}carbamoy
lyethyl]-2-phenylphenyl}carbamate (281 mg).
LC/MS: M+1 =672
[Reference Example 15-42]
Synthesis of (I1R,2R,4S,5S,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-7-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-3-methoxyphenyl}carbamoy
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In accordance with Reference Example 12, from 1-methylpipe 1-linol (144 mg,1.25mmol)and 5- (4- {4-
[(tert-butyld methyls ilano yloxy)methyl] p henoxy} butyl)-2-phenylaniline (115 mg, 0.25 mmol) obtained
in Reference Example 37, there was obtained I-methylpiperidin-4-y1 N15-(4- {4-[(tert-butyldimethyls
lanoyloxy)methyl]phenoxylbutyl)-2-phenylphen yllcarbamate (129 mg). LC/MS: M+1 = 603.3
[Reference Example 14-23] Synthesis of 4-[3-(tert-butyldimethylsilanoyloxy)propyl]aniline In
accordance with Reference Example 23 and Reference Example 14, from 3-(4-aminophenyl)propion c
acid (991 mg, 6 mmol), there was obtained 4[3-(tert-butyldimethylsilanoyloxy)propyl]aniline (1.31 g).
LC/MS: M+ &1Ad6.23Refdfanres Exarbpliaatd-58] Synthesisofl -methylp ipe id in-4- yl N- {5424
1,443-(tert-butyldimethylsilanoyloxy)propyl]phenyll carbamoylflethyll - 2-phenylphenyl]carbamate
InaccordancewithReferencexammel S, framt B-[3-( {etemeihy|piparigingtyDoxy]lsarbongbaim
no)-4-phenylphenyl]propionate hydrochloride (191 mg, 0.5 mmol) and

4[3-(tert-busddimgthylsaryk s mepyiaeiling-obtanedadm ReferercesBxahiphe A4 28 ythese was
obtained 1-methylpiperidin-4-y1 N- 15124 1413- (tert-butyldimethylsi 1 anoyloxy)propyl]phenyl1
carbamo yl)y)etryipnydipheny lphestydhegrbamyater (padnatg)hydrochloride (230 mg, 0.5 mmol
and 4-[(tert-butyldimethylsilanoyloxy)methyl]-3-methoxyaniline (200 mg, 0.75
mmol) obtained in Reference Example 14-6, there was obtained
(1R,2R,48,58,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-7-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-3-methoxyphenyl}carbamoy
D)ethyl]-2-phenylphenyl}carbamate (239 mg).
LC/MS: M+1 =672.3
[Reference Example 15-43]
Synthesis of (1R,2R,48,5S,7S)-9-methyl-3-o0xa-9-azatricyclo[3.3.1.0>*nonan-7-y!
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methylj-2-methylphenyl} carbamoyl
ethyl]-2-phenylphenyl}carbamate
In accordance with Reference Example 15, from
3-(3—{{({[1R,2R,4S,5S,7S]-9—methy1—3—oxa—9-azatricyclo[3.3.1.02’4]nonan—7-y1}ox
y)carbonyl]amino }-4-phenylphenyl)propionate hydrochloride (206 mg, 0.45
mmol) and 4-[(tert-butyldimethylsilanoyloxy)methyl]-2-methylaniline (170 mg,
0.68 mmol) obtained in Reference Example 14-11, there was obtained
(1R,2R,48,58,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-7-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-methylphenyl} carbamoyl)
ethyl]-2-phenylphenyl}carbamate (296 mg).
LC/MS: M+1 = 656.3

[Reference Example 15-44]
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LC/MS: M+1 = 630.3 [Reference Example 14-24] Synthesis of 4[2-(tert-butyldimethyls ilanoylo
xy)ethyl] aniline  In accordance with Reference Example 23 and Reference Example 14, from
2-(4-aminophenyl)ethyl alcohol (1.37 g, 10 mmo |), there was obtained
4]2-(tert-butyldimethylsilanoyloxy)ethyl]anilim- (2.25 g). LC/MS: M+1 = 252.3 [Reference Example
15-59] Synthesisofl-methylpiperidin-4- yl N- {5-[2-( {412- (tert-butyld ethyls ilano ylo xy)ethyl]phenyl
carbamo yl)] ethyl -2- phenylphenylicarbamate Inaccordancewith ReferenceExamplel5,from 3434
{[(1-methylp iperidin-4- y 1) o xy] carbonyl amino)-4-p henylphenyl] prop o nate hydrochloride (76 mg,

0.2 mmol) anghthEiiterthmyldimstbyisignoviaxy)atbydaniine obtaines nRefErgneadxample 14-24,
there was obtained | -methylp iperid in-4- yl N- 1512-(1442-(tert-butyldimethyls anoyloxy)ethyl]phenyl]

carbamo yI)ietbyi -2 4 phenyiphenyiheersanaie (186, meiy O IS hMrdiphei fl Rlitefaiepte Example
38] Synthesis of tert-butyl 2-(3-nitro-4-phenylphenoxy)acetate 3-Nitro-4-phenylphenol (215 mg,

1.0 mmol) wésytlisselnealyin NN sagihyfasmamide (5 mL) and tert-butyl 2-bromoacetate (292 mg, 1.5
mmol) was added thereto. After stirring at 80C for 18 hours, the reaction

In accordance with Reference Example 15, from
3-(3-{[({[1R,2R,48S,58S,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.0>*|nonan-7-y1} ox
y)carbonyl]lamino }-4-phenylphenyl)propionate hydrochloride (165 mg, 0.36
mmol) and 4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloroaniline (294 mg,
1.08 mmol) obtained in ‘Reference Example 14-9, there was obtained
(1R,2R,48,58,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0>*nonan-7-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chlorolphenyl} carbamoyl)
ethyl]-2-phenylphenyl}carbamate (96 mg).

LC/MS: M+1 =676.2

[Reference Example 15-45]

Synthesis of (1R,2R,4S,5S,7S)-9-methyl-3-o0xa-9-azatricyclo[3.3.1.0**]nonan-7-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-3-chlorolphenyl}carbamoyl)
ethyl]-2-phenylphenyl}carbamate

In accordance with Reference Example 15, from
3-(3-{[({[1R,2R,4S,SSj7S]—9—methyl—3—oxa—9-azatricyclo[3.3.1.02’4]n0nan—7-y1}ox
y)carbonyl]amino }-4-phenylphenyl)propionate hydrochloride (156 mg, 0.34
mmol) and 4-[(tert-butyldimethylsilanoyloxy)methyl]-3-chloroaniline (137 mg,
0.51 mmol) obtained in Reference Example 14-3, there was obtained
(1R,2R.4S,58,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-7-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-3-chlorolphenyl}carbamoyl)
ethyl]-2-phenylphenyl}carbamate (156 mg).
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solution was extracted with ethyl acetate. The organic layer was washed with a saturated aqueous
solution of sodium chloride, dried over anhydrous magnesium sulfate, and concentrated under
reduced pressure. The residue was purified by flash column chromatography to obtain tert-butyl
2-(3-nitro-4-phenylphenoxy)acetate (370 mg). [Reference Example 39] Synthesisoftcrt-butyl 2434
{141-methylpiperidin-4-54)oxy]carbony amino)-4-phenylphenoxylacetate In accordance with
Reference Examples 11 and 12, from tert-butyl 2-(3-nitro-4-phenylphenoxy)acetate (329 mg, 1.0
mmol) obtained in Reference Example38,therewasobtainedtert-butyl 2434 {[(1-methylpiperid
in-4-yfloxy] E&%@I%ﬁ ﬁcﬁMthenylphenoxyjaceta e (531 mg). [Reference Example 13-6]
Synthesisof 2-[3-(1[(1-methylpiperidin-4-yfloxy]carbonyll amino)-4-phenylphenoxy]acetate
hydrochlorid&eferengebzgraalscb it Reference Example 13, from ten-butyl 2-[3-( {
[(1-methylpiperidin-4-yfloxy[carbonyl 1 amino)-4-phenylphenoxy] acetate (531 mg, 1.2 rnmol) obtained
in Referencgmaﬁsmééé} %&%@%ﬁ%ﬁe@%&‘%ﬁ(‘l’imgtﬁ?ﬁl‘b"e)‘?dﬁ{ﬁ%/ﬂ&y] BRABNYRYAm

no)-4-pheny]I\Phenoxy1 acetate hydrochloride -ﬁ509 mg). LC/MS: M+1 = 384.3 [Reference Example
15-60] -{5-[2-({4-[(tert-butyldimethylsilanoyloXy)methyl]-2-chlorol-5-methoxyphenyl}

carbamoyl)ethyl]-2-phenylphenyl}carbamate

In accordance with Reference Example 15, from
3-(3-{[({[1R,2R,48S,58,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**nonan-7-yl} ox
y)carbonyl]amino }-4-phenylphenyl)propionate hydrochloride (138 mg, 0.3 mmol)
and 4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-methoxyaniline (151
mg, 0.5 mmol) obtained in Reference Example 14-2, there was obtained
(1R,2R,48,58,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**Jnonan-7-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chlorol-5-methoxyphenyl}
carbamoyl)ethyl]-2-phenylphenyl}carbamate (52 mg).
LC/MS: M+1 =706.3
[Reference Example 15-47]
Synthesis of (1R,2R,48,58S,7S)-9-methyl-3-oxa-9-azatricyclo[3.3.1.0**|nonan-7-yl
N-{5-]2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-3-ethoxyphenyl} carbamoyl)
ethyl]-2-phenylphenyl}carbamate

In accordance with Reference Example 15, from
3-(3-{[({[LR,2R,4S,5S,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-7-y1} ox
y)carbonyl]amino }-4-phenylphenyl)propionate hydrochloride (174 mg, 0.38
mmol) and 4-[(tert-butyldimethylsilanoyloxy)methyl]-3-ethoxyaniline (160 mg,
0.57 mmol) obtained in Reference Example 14-20, there was obtained
(1R,2R,48,58,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-7-yl
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2-[3-( ,1[(1-methylpiperidin-4-yl)oxy]carbonyl) amino)-4-phenylphenyl] acetate
InaccordancewithReferenceExamplel5,from 2434 1[(I-methylp iperidin-4-yfloxy] carbonyl] amino)-4-p
henylphenoxy] acetate hydrochloride (210 mg, 0.5 mmol) obtained in Reference Example 13-6 and
4-(tert-butyldimethylsilanoyloxy)methyl] aniline (237 mg, 1.0 mmo |) obtained in
ReferenceExamplel4,therewasobtained 4- [(tert-butyldimethyls lano yl oxy)methyl]phenyl 2434
1[(1-methylpiperidin-4-ypoxy]carbonyllarnino)-4-phenylphenyl]acetate (28 mg). LC/MS: MH-1 = 603.3
[Reference Example 15-61] Synthesisofl- methyl]) iperid in-4-y 1 N-(5- {24(
{4-[(tert-buthsq@qqxbﬁmmmauﬁm?mmmmyﬂ?ﬁ?ﬂ “2-RRSRRENY-dIeaRRpBte In

accordance with Reference Example 15, fromsalt of 3-[3-( {[(1-methylpiperidin-4-ypoxy]carbonyll

amino)-4-pl'ﬂ,e3ygnp@nyﬁgﬁg;m%ggMg@gﬁﬁ@éi@ﬁ@&g}g, 0.12 mmol) and

1-(N-Boc-aminomethyl)-4-(ammomethyl)benzene (94 mg, 04 mmol), there was obtained I- methylp ip
erid in-4-y11N=(®t s 24-14-] @grt-putoxycarbonyl)amino]phenyll methyl)carbamo yl] ethyl | -2-ph

enylphenyllcarbamMe (94 mg). LC/MS: M+1 = 601.3 [Reference Example 4-2]
[Reference Example 15-48]
Synthesis of (1R,3R)-8-methyl-8-azabicyclo[3.2.1]octan-3-yl

N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-methoxyphenyl}

carbamoyl)propyl]-2-phenylphenyl} carbamate

.

n accordance with Reference Example 15, from
4-(3-{[({[1R,2R,48,58,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-7-yl} ox
y)carbonyl]amino }-4-phenylphenyl)butyric acid (173 mg, 0.40 mmol) obtained in
Reference Example 21-3 and
4-[(tert-butyldimethylsilanoyloxy)methyli]-2-chioro-5-methoxyaniline (181.1 mg,
0.60 mmol) obtained in Reference Example 14-2, there was obtained
(1R,3R)-8-methyl-8-azabicyclo[3.2.1]octan-3-yl
N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-methoxyphenyl}
carbamoyl)propyl]-2-phenylphenyl}carbamate (108.5 mg).
LC/MS: M+1 = 720.3
[Reference Example 15-49]
Synthesis of I-methylpiperidin-4-yl
N- {5-[4-({4-[(tert-butyldimethylsilanoyloxy)methyl]-3-methoxyphenyl} carbamoy
Dbutyl]-2-phenylphenyl} carbamate

In accordance with Reference Example 15, from
5-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyl]valeric

acid (205 mg, 0.50 mmol) obtained in Reference Example 21-4 and
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Synthesis of 5-acetyl-8-[(4-methoxyphenyemethoxy]-1,2-dihydroquinolin-2-one
5-Acetyl-8-hydroxy-1H-quinolin-2-one (29.5 g, 0.15 mol) was suspended in N,N-dimethylformamide
(145 mL), potassium carbonate (22.2 g, 0.16 mol) and successively 4-methoxybenzyl chloride (22.7 g,
0.15 mol) were added thereto, and the mixture was stirred at 90C overnight. To the reaction mixture
was added purified water (0.5 L) and the mixture was stirred at room temperature overnight. The
precipitate was collected by filtration, washed with purified water, dried under reducedpressuretoobtain
5-acetyl-8-[(4-methoxyphenylimethoxy]-1,2-dihydroquinolin-2-one (26.1 g). 111-NMR(400MHz,
DMSO-d6) 8-1@c90{s3t ¥ HinG: 6v(Hi1an8 ybtzy ikt hg. 1] 84dlide820Aand 1 1)) 7 hi{d]) Jstd Ohkzd 24.1), 7.27(d,
J=8.01-1z, | H), 6.92(d, J=8.0Hz, 211), 6.62(d, J=8.0Hz, 111), 5.32(s, 211), 3.73(s, 311) [Reference
Example 5-ReSyathesisdf ta{@pliromodcetythes[(4-methoxymhard) methaxylstgigeridin-4-yl
ihyclroquinolin-2-one  5-Acety1-8-[(4-methoxyphenyl)metho ]-1,2-dihydroquinolin-2-one (1.25 g, 3.87
mmol) was Nisselved{ih-[eteathlydrpfdinaet{{y0sitds) aioxtipreohtlpr3 was laoolet doydaPyaidimyum

tribromide (1.51 g, 4.25 mmol) was added in portions thereto and the reaction mixture was heated
under refluX)bueyhight Nchy iplecipitaterhasatolldStédngy. filtration and washed with tetrahydrofuran. The
filtrate was concentrated under reduced pressure and, thereafter, the residue was suspension-washed
with purified-Wa$ (20+rhL) G3He Drecipitate was collected by filtration and washed with purified water.
The solid was suspension-washed with ethyl acetate (20 mL), collected by filtration, and dried under
reduced 140R presswretoohtgile 3-§250fomoacetyl)-8-[(4-methoxyphenyl)methoxy]-1,2-d hydroqu
nolin-2-one (515 mg). 11-1-NMR(400MHz, DMSO-d6) 11.00(s, 11-1), 8.49(d, J=8.011z, 1H), 7.85(d,
J-8.0Hz, 1HJyTtBE(th, IEELBERR 249)5 3, B[R-I I0HZ -0k G083 (dic)<&0H3, 26), B&6(d; 158.0Hz, 1H),
5.34(s, 2H), 4.91(s, 2H), 3.73(s, 21-1) [Reference Example 6-2] Synthesisof

N-{5-[4-({4-[(tert-butyldimethylsilanoyloxy)methyl]phenyl}carbamoyl)butyl]-2-p

henylphenyl}carbamate

In accordance with Reference Example 15, from

5-(3-{[({[1R,2R,48,5S,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**nonan-7-yl} ox

y)carbonyl]amino }-4-phenylphenyl)valeric acid (225 mg, 0.50 mmol) obtained in

Reference Example 21-5 and 4-[(tert-butyldimethylsilanoyloxy)methyi]aniline

(237 mg, 1.00 mmol) obtained in Reference Example 14, there was obtained

(1R,2R,48,58,78)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0"*]nonan-7-yl

N-{5-[4-({4-[(tert-butyldimethylsilanoyloxy)methyl]phenyl} carbamoyl)butyl]-2-p

henylphenyl}carbamate (64 mg).

LC/MS: M+1 =670.3

[Reference Example 15-51]

Synthesis of I-methylpiperidin-4-yl

N-{5-[4-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-methoxyphenyl}

carbamoyl)butyl]-2-phenylphenyl} carbamate

In accordance with Reference Example 15, from

5-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyl]valeric
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5-[(1R)-2-brorno- 1 -hydroxyethy1]-8-[(4-methoxyphenyemethoxy]-1,2-dihydroqui nolin-2-one
Underanargonflow, 542- bromoacetyl)-8- [(4-methoxyphenyl)methoxy]-1,2-d ihydroquino lin-2-one
(7.15 g, 17.8 mmol) was suspended in dehydrated tetrahydrofuran (40 mL), the CBS catalyst (493 mg)
was added thereto, and the reaction mixture was stirred at -20C for 40 minutes.After adding dropwise
a 1.0 M solution of borane-tetrah-ydrofuran complex in tetrahydrofuran (21.4 mL) at the same
temperature, the mixture was warmed gradually to OC. After adding methanol (20 mL) dropwise,
insoluble matter was filtered off and washed with tetrahydrofuran. The filtrate and the washing were
mixed and eonterifaledrmgdend re@lucecthpiessineinkd the reBicfeeonas abdeohplarifi2t-dvatend100 mL)
and the mixture was stirred at room temperature overnight. The precipitate was collected by filtration
and washed Withrpimifighl watdryTh & pegdipijatesitad futbielosuspengiomcyashed withlethyhacetate (200
mL), collected by filtration, and dried underreducedpressuretoobtain 141 5- [(1R)-2-bro mo- 1-hydro x
yet hyl] -8 -(.c4-methonyp hetayeedetho xRefe@aihydiagquilaolind220n¢(3.06 whs H-MNMR(EOOMHZ,
DMSO-d5) S 10.60(s, 1H), 8.17(d, J=8.011z, 1H), 7.49(d, J=8.0Hz, 21-1), 7.20(d, J=8.0Hz, 1H),
6.92(d, J=8I0kz} ¥ iBcBulid9=8.0Hz, 1H), 5.93(d, J=8.0Hz, in), 5.18-5.24(m, 31-1), 3.67(dd,
J=12.0Hz, 8.0Hz, 1H), 3.60(dd, J=12.0Hz, 8.0Hz, in) [Reference Example 15-62]
Synthesisofi¥-rifetdy(d 4pl Eudet i bnir §ime(By kK8LHOMGterishatbxlie arboloyBdmiredipremyleny 1}
metlayl)carbamoyl[propyl I-2-p henylphenyllearbamate InaccordancewithReferenceExamplel5,from

carbamoyl)butyl]-2-phenylphenyl}carbamate (60.5 mg).

LC/MS: M+1 = 694.3

[Reference Example 15-52]

Synthesis of (1R,2R,4S,58S,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0>*]nonan-7-yl

N-{5-[4-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-methoxyphenyl}

carbamoyl)butyl]-2-phenylphenyl}carbamate

In accordance with Reference Example 15, from

5-(3-{[({[1R,2R,48,5S,7S]-9-methyl-3-oxa-9-azatricyclo[3.3.1.0"*|nonan-7-yl} ox

y)carbonyl]amino }-4-phenylphenyl)valeric acid (225 mg, 0.50 mmol) obtained in

Reference Example 21-5 and

4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-methoxylaniline (181.1 mg,

0.60 mmol) obtained in Reference Example 14-2, there was obtained

(1R,2R,48,58,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**Inonan-7-yl

N-{5-[4-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-methoxyphenyl}

carbamoyl)butyl]-2-phenylphenyl}carbamate (76.5 mg).

LC/MS: M+1 =734.3

[Reference Example 24]

Synthesis of 2-phenyl-N-acetylaniline

2-Phenylaniline (5 g, 29.55 mmol) was dissolved in acetic acid (30 mL),
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4434 {[(1-methylpipe id in-4-yBoxy]carbonyll amino)-4-phenylphenyl [butyrate
hydrochloride(86mg,0.2mmol)and 1-(N-Boc-aminomethyl)-4-(aminomethyDbenzene (118 mg, OS
mmol), there was obtainedl -methylp ip erid in-4- yl N-(5-131( I4-Rtert-butoxycarbonyBaminolphenyll
meth-yl)carbamoylipropyll -2-p henylphenyl)carbamate (86 mg). IC/MS: M+1 =615.3 [Reference
Example 40] Synthesis of tert-butyl trans-3-(3-amino-4-phen-y-Ipheny-Bacrylate tert-Butyl
trans-3-(3-nitro-4-phenylphenyl)acrylate (325 mg, 1.0 mmol) obtained in Reference Example 10 was
dissolved in tetrahydrofuran (15 ITIT zinc powder (196 mg, 3.0 mmol) and acetic acid (0 2 mL) were

added therefo.adsialercoolng, 59 the ikl ealined akigan emeeriire fu3pours. The

reaction solution was diluted with ethyl acetate, neutralized with a saturated aqueous solution of

sodium bicaghonate ,ardsfifrred,{fyauah ol dic-£Ihe arganic lavgr wagwashed Wil meiyated

agueous solution of sodium chloride, dried over anhydrous magnesium sulfate, and concentrated

under reducih BresgHER 49, PRLaiR.ter IV AN 3vtd- aqu 09 Warhenyirhe )y RAG iRtG AR Ay crude
material. LC/MS: 1\4+1 = 296.3 [Reference Example 12-10] Synthesisoftert-butyl

(2E)-343-([[{Lrnatimvining b hYRMYIcarhenyllamingld: Phe Ry IRheny i 2P 9 REBHR cted by
InaccordancewithReferenceExamplel12,from

filtration, washed with purified water, and dried under reduced pressure to obtain
2-phenyl-N-acetylaniline (6.21 g).
"H-NMR(400MHz, CDCl;) § 8.27(d, J=8.0Hz, 1H), 7.12-7.51(m, 8H), 2.02(s, 3H)
[Reference Example 25]
Synthesis of 2-phenyl-4-bromo-N-acetylaniline

2-Phenyl-N-acetylaniline (6.21 g, 29.40 mmol) was dissolved in acetic
acid (70 mL). Thereto was dropwise added under ice bath a separately prepared
solution of hydrogen bromide (6.14 g, 38.42 mmol) dissolved in carbon
tetrachloride (19.21 mL) and the mixture was stirred at room temperature
overnight. The solution was concentrated under reduced pressure, to the residue
was added water (20 mL) and subsequently ethanol (30 mL), and the mixture was
stirred under ice bath for 1 hour. The precipitate was collected by filtration,
washed with ethanol/water (=1:1), dried under reduced pressure to obtain
2-phenyl-4-bromo-N-acetylaniline (7.79 g).
'H-NMR(400MHz, CDCl) & 8.22(d, J=8.8Hz, 1H), 7.44-7.52(m, 4H),
7.34-7.38(m, 3H), 2.01(s, 3H)
[Reference Example 26]
Synthesis of 2-phenyl-4-bromoaniline

2-Phenyl-4-bromo-N-acetylaniline (7.79 g, 26.85 mmol) was dissolved in

ethanol (100 mL), 2 N hydrochloric acid (33.56 mmol, 67.12 mL) was added
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4- hyd roxy-I-methylp iperid ine (172 mg, 1.5 mmol) and tert-butyl
trans-3-(3-amino-4-phenylphenyl)acrylate (150 mg, 0.5 mmol) obtained in Reference Example 40,
there was obtained tert-butyl (2E)-343-(1[(1-inethylpiperidin-4-yOoxy]carbonyll amino)-4-pherrylphenyl]
-2-pro penate (117 mg). LC/MS: M+1 = 437.3 [Reference Example 13-7] Synthesisof (2E)-343-(
{[(2-inethylpiperidin-4-ypoxy] carbonyl} amino)-4-phenylphenyl] -2-pro penate hydrochloride in
accordance with Reference Example 13, from tert-butyl (2E)-313-( ([(1-methylpiperid
in-4-ypoxylcarbonyl} amino)-4-p henylp henyll- 2-pro penate (117 mg, 0.27 mmol) obtained from
Reference Hxapmpke 39 ditrere Wwath143d oltaimiedu(2Ey 3134 t{lumbthydpiperidiordiyhoxycaebonyl
amino)-4-phenylphenyl]-2-pro penate hydrochloride (112 mg). LC/MS: M+1 = 381.3 [Reference
Example 15@3}Syntresisoftentedhydpipeiid degicd @t¢isure and to the residue were added
E)-2-(14-[(tert-butyldimethylsilanoyloxy)methyl]phenyll carbamoy1)-1-et hen-1- yll -2-phenylp hen vyl
carbamate hbgtamanece($ithRéleradceianiple b frdor extraction. The organic layer was

dried over sodium sulfate and, after filtration, concentrated under reduced pressure.

The residue was purified by a silica gel column to obtain 2-phenyl-4-bromoaniline

(6.58 g).

'H-NMR(400MHz, CDCls) & 7.40-7.47(m, 4H), 7.36-7.39(m, 1H), 7.22-7.24(m,

2H), 6.65(dd, J=6.6Hz, 2.4Hz, 1H), 3.76(bs, 1H)

[Reference Example 27]

Synthesis of tert-butyl (3E)-4-(3-amino-4-phenylphenyl)-3-butenoate

2-Phenyl-4-bromoaniline (564.7 mg, 2.28 mmol) was dissolved in

N,N-dimethylformamide (25 mL) and, at room temperature, thereto were added

tert-butyl-3-butenoate (582.5 mg, 4.10 mmol), tri-(o-tolyl)phosphine (1.87 g, 6.16

mmol), and diisopropylethylamine (0.78 mL, 4.56 mmol). The reaction mixture

was deaerated, palladium acetate (67.4 mg, 0.30 mmol) was added, and the

mixture was deaerated again. After stirring at 90°C overnight, the reaction

mixture was filtered through celite and washed with ethyl acetate (120 mL). The

organic layer was washed with a saturated aqueous solution of sodium chloride (50

mL), thereafter dried over sodium sulfate, filtered, and concentrated under reduced

pressure. The residue was purified by a silica gel column to obtain tert-butyl

(3E)-4-(3-amino-4-phenylphenyl)-3-butenoate (555.8 mg).

'H-NMR(400MHz, CDCl3) & 7.45(d, J=4.4Hz, 1H), 7.33-7.38(m, 1H), 7.18(dt,

J=12.5Hz, 4.5Hz, 2H), 6.71(d, J=8.3Hz, 1H), 6.38(d, J=15.9Hz, 1H), 6.05-6.14(m,

1H), 3.79(bs, 1H), 3.12(dd, J=7.2Hz, 1.3Hz, 1H), 1.46(s, 9H)
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(2E)-313-( {[(1-methylpiperidin-4-yl)oxy]carbonyll amino)-4-phenylphenyl] -2-pro penoate hydrochloride
(112 mg, 0.27 mmol) obtained in Reference Example 13-7 and
4-[(tert-butyldimethylsilanoyloxy)methyl]aniline (1.0 nunol), there was obtained 1-methylpiperidin-4-yi
N- {5-[(1E)-2-( {4-[(tert-butyldimethylsilanoyloxytmethyl]phenylf carbamoyl)-1-et
hen-l-y1]-2-phenylpheny-1] carba mate (57 mg). LC/MS: M+1 = 600.3 [Reference Example 41]
Synthesis of 1-(2-rnethy1-2- itropropy1)-4-nitrobenzene To a solution of sodium ethoxide (3.5 g,
50 mmol) in ethanol (100 mL), 1-(chloromethyl)-4-nitrobenzene (8.6 g, 50 mmol) and 2-nitropropane
(2.2 9, 250 rerhonesesaddgsiat ropm temperature, and the mixture was heated under reflux for 18
hours. The reaction solution was filtered, concentrated under reduced pressure, and diluted with ethyl

acetate. The ¢{aRRIg @y@rrw@&was@qiwmbmsggé@ﬁg] wg&@éion of sodium chloride, dried
over anhydrous magnesium 144 sulfate, and concentrated under reduced pressure. The residue was

purified by flash column gh¢eraairaraphyt ko OR@Brdn2-metRydngrnitranropyiyf-nitakanzsmne (8.52 g).
11-I-NMR(400M1-Iz, CDC13) S 8.17(d, J=8.5fiz, 2H), 7.29(d, .1=8.51-1z, 2H), 3.32(s, 2H), 1.59(s, 611)

[Reference Exgmpie-42]isynthesis hhdymeiay-2-nitropropyl)aniline
1-(2-Methyl-2-nitropropy1)-4-nitrobenzene (673 MR, 3.0 mmol) obtained in Reference Example 41 was

dissolved iremgifeanof 186.s1L) Agatalytgoamaninoof, palla@iem-carhon wasadded thetetand the
solution was stirred under a hydrogen atmosphere for 6 hours. The reaction solution was filtered

through celife(anchihe fltrsiie nyasheantpniraies: to ehtainmg(2-methyl-2-nitropropyflaniline as a crude
material. LC/MS: M+1 = 195.3 [Reference Example 15-64] Synthesisofl-methylpiperid in-4- yl
"H-NMR(400MHz, CDCl3) § 7.44-7.47(m, 4H), 7.30-7.38(m, 1H), 6.94-7.00(m,
2H), 6.71(d, J=8.0Hz, 1H), 2.56(t, J=7.6Hz, 2H), 2.24(t, J=7.6Hz, 2H),
1.84-1.92(m, 2H), 1.44(s, 9H)
[Reference Example 12-3]
Synthesis of tert-butyl
4-[4-({[(I-methylpiperidin-4-yl)oxy]carbonyl}amino)-3-phenylphenyl]butyrate
In accordance with Reference Example 12, from tert-butyl
4-(4-amino-3-phenylphenyl)butyrate (158.2 mg, 0.51 mmol), there was obtained
tert-butyl
4-[4-({{(1-methylpiperidin-4-yl)oxy]carbonyl}amino)-3-phenylphenyl)butyrate
(224.7 mg).
LC/MS: M+1 =453.2
[Reference Example 12-4]
Synthesis of tert-butyl
4-(4-{[({[1R,2R,48S,5S,7S)-9-methyl-3-oxa-9-azatricyclo[3.3.1.0**nonan-7-y1} ox
y)carbonyl]lamino }-3-phenylphenyl)butyrate
In accordance with Reference Example 12, from scopine (118.3 mg, 0.76

mmol) and tert-butyl 4-(4-amino-3-phenylphenyl)butyrate (158.2 mg, 0.51 mmol),
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N-[5-(2- {[4-(2-methyl-2-nitropropyflphenyl]lcarbamoyll ethyl)-2-phenylphenyl]ca rbamate
InaccordancewithReferenceExamplel5,from [(I- methylpiperidin-4-yfloxy]carbonyll
amino)-4-phenylphenyl]propionate hydrochloride (418 mg, 1.0 mmol) and
4-(2-methyl-2-nitropropyl)aniline (582 mg, 1.0 rnmo 1), there was obtained 1-methylpiperid in-4- yl
N45-(2- | [4-(2-methyl-2-nitropropyl)phenyl]carbamoyll ethyl)-2-phenylphenyljca rbamate (193.5 mg).
LC/MS: M+1 = 559.3 [Reference Example 9-2] Synthesis of tert-butyl
trans-3-(3-bromo-4-nitrophenyl)acrxvlate in accordance wijth Reference Example 9, from tert-butyl
diethyl phosBfithoacetate (920 mg™40 mmol) and 3-broffSfiflrobenzaldehyde (165048 mmol),

there was obtajn -butyl =3:(3-bromo-4:-nitrophenylacrylate (777 mg). H-N,V1R(400MHz.
CDC13) 6 821@@?@{'@%1%@/4%%?7% ‘(%r,‘ﬁ%rt%ﬁﬁ’if’fm? 7 ’(t?d%\ff%(%i? 1?‘?‘%9?&135? F8Y(d,
J=15.9Hz, 111), 6.46(d, J=159Hz, 1H), 1.54(s, 9H) [Reference E le 10-2] Synthesis of tert-butyl
trans-3-(4-n¥i)r%%§€8%(ﬁ9f8ﬁ%% yﬁ!fé}%ﬁtlgjflenﬁ?p?lgé)égtr%ﬁ%i'%ﬂ}ﬁ’?gfr@ﬁ%%l =xample 10, from
tert-butyl traﬂ&i\%g -'R/EQTQ%' itEOp enylacrylate (777 mg, 2.37 mrnol) obtained in Reference Example
9-2, there was obtained te_rt-%tyl trans-3-(4-nitro-3-phenylphenypacrylate (802 mg).

IFENMR(4{&Q¥I§% Cg%sg%@ é.gg(_cg,gzs_st, 11-4), 7.55-7.66(m, 31-1), 7.42-7.46(m, 3H),
7.30-7.36(n, ,éél.ﬁl‘S d-JB5 91-12! HI), 1.54(s, 9H) [Reference Example 11-3] Synthesis of tert-butyl

3-(4-amino-%ﬁlrtlgggélsphenyl)propionate In accordance with Reference Example 11, fromftert-butyl
trans-3-(4-nitro-3-phenylphenyl)acrylate (802 g, 2.5 mmol), there was obtained tert-butyl

3-(4-amino-g»:f)il??%lp_%%wpr? ei?f?i%tla(-?ﬁgogp}%)dalﬂ%r% :a'\r/ln-gl:ll'of- 9p 'gnylphenyl]butyrate

hydrochloride

In accordance with Reference Example 13, from tert-butyl
4-[4-({[(I-methylpiperidin-4-yl)oxy]carbonyl}amino)-3-phenylphenyl]butyrate
(224.7 mg, 0.50 mmol), there was obtained
4-[4-({[(1-methylpiperidin-4-yl)oxy]carbonyl}amino)-3-phenylphenyl]butyrate
hydrochloride.
LC/MS: M+1 = 397.1
[Reference Example 13-4]
Synthesis of
4-(4-{[({[1R,2R,4S,5S,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-7-yl }ox
y)carbonyl]amino }-3-phenylphenyl)butyrate hydrochloride

In accordance with Reference Example 13, from tert-butyl
4-(4-{[({[1R,2R,48S,58S,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**nonan-7-y1} ox
y)carbonyl]amino }-3-phenylphenyl)butyrate (181.2 mg, 0.37 mmol), there was
obtained
4-(4-{[({[1R,2R,4S,58,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-7-y1} ox
y)carbonyl]amino }-3-phenylphenyl)butyrate hydrochloride.
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[Reference Example 12-11] 34441[0 -methylp iperidin-4-ypoxylcarbonyll am
no)-3-phenylphenyl]propionate inaccordancewithReferenceExamplel12,from
4-hydroxy-1-methylpiperidine (450 mg, 15.0 mmol) and tert-butyl
3-(4-amino-3-phenylphenyl)propionate (742 mg, 2.5 mmol) obtained in Reference Example 11-3, there
was obtained tert-butyl 3-[4-( {[(1-methylpiperidin-4-ypoxy]carbonyll amino)-3-phenylphenyl]prop o
nate (878 mg). 1 H-NMR(400MHz, CDC13) 5 7.97(s, 1H), 7.38-7.49(m, 3H), 7.34-7.38(m, 214),
7.19(dd, J=8.5Hz, 2.0Hz, 1H), 7.06(d, .1=2.0Hz, 1H), 6.54(s, 1H), 4.70-4:74(m, 1H), 2.900, J=7.8Hz,
1H), 2.62-2I/0(MS2M);+2.5481+7.8Hz, 1H), 2.29(s, 31-1), 2.23-2.30(m, 2H), 1.92-2.00(m, 214),
E66-1.75(m, 2H), 1.41(s, 9H) LC/MS: M+1 = 439.3 [Reference Example 15-651 Synthesisofl- methylp
ip erid in-4-BRe Nr{dd2 {1 dapfirtibus@tiniethylsilanoylory)methyl]phenyl] c arbatno yflethyll -2-p
henylphenyl} carbamate In accordance with Reference Examples 13 and 15, from tert-butyl 3-[4-(

-methylpipefiginkésipoxy(tRrDBYE, 4/)iHD)-3-phemyitheryipropionatel ¢2193 mg? O] bommel)- gbtained in
Reference Example 12-11, there was obtained 1-methylp ip erid in-4-y1 N-14- [2- (14-[(tert- butyld

imethyl silaneyldxBrnetiyiiphény) khrberhplgifathylb 2 priehylpitemy}cesbiamatel (AR5t)-2-
'H-NM.R(400M11z, CDCI3) 5 8.01(s, 1H), 7.37-7.48(m, 5H), 7.29-7.32(m, 214), 7.21-7.25(m, 3H),
7.15(s, 1), plodidpi=Ry0idabdinabe54(s, IH), 4.68(5, 2H), 4.70-4.73(m, 1H), 3.04(t, J=7.4Hz, 1H),
2.62-2.66(m, 21-1), 2.64(t, J=7.6Hz, 1H), 2.26(s, 311), 2.16-2.220m, 211), 1.91-1.96(m, 211),
1.64-1.740Th 2H), 0193(s, 8dc0)da10%(s, 6HYLIC/MSRifetenc®02.3 Example 15, from
4-(4—{[({[1R,ZR,4S,SS,7S]—9-methy1—3-oxa-9-azatricyclo[3.3.1.02’4]n0nan—7—yl}ox
y)carbonyl]amino }-3-phenylphenyl)butyrate hydrochloride (0.37 mmol) obtained
in Reference Example 13-4 and 4-[(tert-butyldimethylsilanoyloxy)methyl]aniline
(66.5 mg, 0.28 mmol) obtained in Reference Exarhple 14, there was obtained
(1R,2R,4S,5S,7S)-9-methy1—3-oxa-9-azatricyclo[3.3.1.02’4]n0nan—7—y1
N-{4-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]phenyl} carbamoyl)propyl]-2-
phenylphenyl}carbamate (70.1 mg).
LC/MS: M+1 = 656.3
[Reference Example 15-54]
Synthesis of l-methylpiperidin-4-yl
N-{4-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]phenyl}carbamoyl)propyl]-2-
phenylphenyl}carbamate
In accordance with Reference Example 15, from
4-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl}amino)-3-phenylphenyl)butyric
acid (161 mg, 0.4 mmol) obtained in Reference Example 13-3 and
4-[(tert-butyldimethylsilanoyloxy)methyl]aniline (90.2 mg, 0.38 mmol) obtained
in Reference Example 14, there was obtained 1-methylpiperidin-4-yl

N-{4-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]phenyl}carbamoyl)propyl]-2-
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[Example 1] Synthesisof 4-(f[5-(2-
[[4-(1R2R1-2-hydroxy--2-(8-hydroxy-2-ww-1,2-dihydroquinolin-5-yDet hyl]arnino
methyl)phen-ylicarbamo yll cthyl)-2-phenylphenylicarbamoyl oxy)-1,1- dimethylpiperidin-I-ium
trifluoroacetate 1-Methylpiperidin-4-y1 N- {5424 {4-Rtert-butyldimethylsilanoyloxy)methylipheny!l
carbamo yeethyl] -2-p henylphenylicarbamate (178.1 mg, 0.296 mmol) obtained in Reference Example
15 was dissolved in tetrahydrofuran (10 mL), hydrogen trifluoride-triethylamine complex (0.3 mL) was
added thereto, and the mixture was stirred at 70C for 1.5 hours. The reaction mixture was extracted
with ethyl a te the organic.la as washed with a dilute aqueous solution of sodium
hydroxide a%ﬁ %yslélﬁjraﬁ%%%&&%g g%?u%é%g f sodium chloride, dried over sodium sulfate, and
concentrated unger Qfg ced prgssure. A half amount of the residue was dissolved in acetomirue
(10 mL), methyl iodide (\JZ m ]) was added thereto, the mixture was stirred at room temperature for 1
hour, and,\'ﬁ%?&gﬁr t@g{gg%&golrg%g&mon was concentrated under reduced pressure. The residue
fﬁorome 1

was dissolved in dic ane mL) and methanol (1 148 mL), manganese dioxide (300 mg)

was added {igiein20d (DR IS WS SUTEELAL OOTLIETRSIFAE 0116 horug, Thereaon

solution was Tiltere celite’and, thereafte trate was centrated under reduced

Y EASINL s 2 WG DG SR, 5.

54(R)-2-amind{-l-%ygfox@gethyl)ﬁyhyoﬁ%?( -1§H%WM%@%&%@@%&?&&% }Fﬁ%e&ﬂ/\}}as added

thereto, and the, mi W}Sﬁrﬁ%‘%ﬁﬁ&ﬁg & hour. - To the reaction solution was added sodium
424°0 [

triacetoxyborohydride mg, 2 mimol) and the mixture was stirred at 70C for 1 hour. After addition

of purified water (0 g,mL) t.the feaction sglytion, the.mixture waspurified by IRLC fractignation to
obtain 4-( { [5-(2- 1[44 {[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1 ,2-dihydrosquinolin-5’-yeet hyl] amino ]

methypphepyjicarbangysethyly-2-phenyin. hanyisarbamo 0 sl digrethylpinericiny Jeium
tnfluoroacetate (34.5 mg). 'H-NMR(400MHz, DMSO-d5) S 10.47(s, 1H), 10.14(s, 111).9'07(d,

J=50.5Hz, b H), 84! FI0: 10, s hikB nké sthefiz, 2H),
7277400 BLay 7 Ak D OB T 5 Tba TR T A - B LB Gt 128, Oz,

1H), 6.53(dj;)=10.0Hz, 11R,f,28:5.33(M, 11-1), A 58:466(m, 111), 4.43-4.18(m, 2H), 3,35;3.43(m,
211), 3.25-3.35(m, 2H), 3.07(s, 3H), 3.06(s, 311), 3.05-3.09(m, 211), 2.94(t, J=7.5Hz, 211), 2.68(t,

J=7.5117, 204 hiHWhud QAR R ahd Prolx §7kBs 1ML 2. CAYER0 (M etht ¥ ah [FxamBpie 2 Sypthesisof
1.13 mmol) obtained in Reference Example 14-2, there was obtained
(1R,2R,48,58,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-7-yl
N-{4-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-methoxyphenyl}
carbamoyl)propyl]-2-phenylphenyl}carbamate (201.2 mg).

LC/MS: M+1 = 720.2
[Reference Example 15-56]
Synthesis of (1R,2R,4S,58S,7S)-9-methyl-3-oxa-9-azatricyclo[3.3.1.0**]nonan-7-yl
N-(4- {3-[(6-{[(tert-butyldimethylsilyl)oxy]methyl} naphthalen-2-yl)carbamoyl]pro
pyl}-2-phenylphenyl} carbamate

In accordance with Reference Example 15, from
4-(4-{[({[1R,2R,48,58,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**nonan-7-y1} ox

y)carbonyl]amino }-3-phenylphenyl)butyate hydrochloride (0.23 mmol) obtained

in Reference Example 13-4 and
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441[542- {[2-chloro-4-(1[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinoli n-5-yl)ethyllJam no
(methy0-5-methoxyphenyl]carbamoyl]ethyl)-2-phenylphenyl] carbamoyli
oxy)-1,1-dimethylpiperidin-l-ium trifluoroacetate In accordance with Example 1, from 1-Methylp
peridin-4-y1 N- {542-(14-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-methoxyphenyll
carbamoyflethy1]-2-phenylphenylicarbamate (17 mg, 0.03 mmol) obtained in
ReferenceExamplel5-2,therewasobtained 441[542-
([2-chloro-4-(1[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinoli n-5-yDeth yl] amino Imethyl)-
5-metho xyhEmgt}-tatvihioeheinihrRyhanymsHerynj wkitbaenoytaoxye 1, 1 iR etmydpipérid-l-ium
trifluoro acetate (11.6 mg). 'H-NMR(400MHz, DMSO-d6) 6 10.46(s, 111), 9.61(s, 114), 8.87(d,
J=25.0Hz, 1m0 B.74¢51aHeB.09(d, Retororke HIEx2B8(s, 1M} 7257(shdid), 729-7.abtaineH),
7.16-7.29(m, 2H), 7.13(d, J=8.3Hz, 11I), 6.97(d, .11=8.3Hz, 111), 6 56(d J=10.0Hz,
114),5.32-5(3R#R,4S,58,75)-9- methyl 3-oxa-9- azatrlcyclo[3 3.1.0**|nonan-7-yl

N-(4-{3-[(6- {[(tert-butyldimethylsilyl)oxy]methyl} naphthalen-2-yl)carbamoyl]pro

pyl}-2-phenylphenyl}carbamate.

LC/MS: M+1 =706.2

[Reference Example 12-5]

Synthesis of tert-butyl

3-{3-[({[1-(2-phenoxyethyl)piperidin-4-ylJoxy}carbonyl)amino]-4-phenylphenyl}

propionate

In accordance with Reference Example 12, from

1-(2-phenoxyethyl)piperidin-4-ol (712 mg, 3.22 mmol) obtained in Reference

Example 22 and tert-butyl 3-(3-amino-4-phenylphenyl)propionate (239 mg, 0.80

mmol), there was obtained tert-butyl

3-{3-[({[1-(2-phenoxyethyl)piperidin-4-ylJoxy}carbonyl)amino]-4-phenylphenyl}

propionate (471 mg).

LC/MS: M+1 = 545.3

[Reference Example 13-5]

Synthesis of

3-{3-[({[1-(2-phenoxyethyl)piperidin-4-yl]oxy}carbonyl)amino]-4-phenylphenyl}

propionate hydrochloride

In accordance with Reference Example 13, from tert-butyl
3-{3-[({[1-(2-phenoxyethyl)piperidin-4-yl]Joxy}carbonyl)amino]-4-phenylphenyl}

propionate (471 mg, 0.86 mmol) obtained in Reference Example 12-5, there was
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1H),4.57-4.66(m,1H),4.12-4.18(m,2H), 3.80(s, 3H), 3.35-3.43(m, 2H), 3.25-3.35(m, 2I-1), 3.04-3.09(m,
2H), 3.07(s, 3H), 3.06(s, 3H), 2.95(t, .1=7.711z, 2H), 2.79(t, ]=7.7Hz, 21-1), 1.95-2.04(m, 2H),
1.69-1.81(m, 21-1) LC/MS: [M]-( = 768.3 [Example 3] Synthesisof 4-(1[5-(2- ([3-chloro-4-(
{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinoli n-5-yl)eth yl] amino Imethyl)phenyl]carbamoyl{
cthyl)-2-phenylphenyl]carbamoyll oxy)- 1,1- dimethylpiperidin-1 -iu m trifluoroacetate in accordance
with Examplel,From 1 -methylp iperid in-4-y] N- {5-[2-( {4-[(tert-butyld
methylsilanoyloxy)methyl]-3-chlorophenyl} carbamo yl)e thy1]-2-phenylphenyllearbamate (64.2 mg,
0.12 mmol)ocmae}ﬂéegj in Reference

3-{3-[({[1-(2-phenoxyethyl)piperidin-4-ylJoxy}carbonyl)amino]-4-phenylphenyl}
propionate hydrochloride (422 mg).
LC/MS: M+1 =489.3
[Reference Example 15-57]
Synthesis of 1-(2-phenoxyethyl)piperidin-4-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]phenyl}carbamoyl)ethyl]-2-p
henylphenyl}carbamate
In accordance with Reference Example 15, from
3-{3-[({[1-(2-phenoxyethyl)piperidin-4-ylloxy}carbonyl)amino]-4-phenylphenyl}
propionate hydrochloride (227.1 mg, 0.43 mmol) obtained in Reference Example
13-5, there was obtained 1-(2-phenoxyethyl)piperidin-4-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]phenyl}carbamoyl)ethyl]-2-p
henylphenyl}carbamate (237 mg).
LC/MS: M+1 =708.3
[Reference Example 28]
Synthesis of 4-methoxy-2-nitro-1-phenylbenzene
1-Bromo-4-methoxy-2-nitrobenzene (2.32 g, 10 mmol) was dissolved in
1,4-dioxane (30 mL) and, thereto, were added phenyl boric acid (2.44 g, 20 mmol),
cesium carbonate (26 g, 80 mmol),

1,1-[bis(diphenylphosphino)ferrocene]dichloropalladium(Il) dichloromethane

o~

complex (0.82 g, 1 mmol), and purified water (12 mL). The reaction mixture was

stirred under a nitrogen flow at 80°C for 18 hours. The reaction solution was

filtered through celite, alumina, and Florisil, and, thereafter, extracted with ethyl
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Examplel5-3,therewasobtained 4-( ([5-(2- f[3-chloro-44
{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroqu no li n-5-ypethyllam no
Imethyl)phenyl]carbamoyl), ethyl)-2-phenylphenyl]carbamoyll oxy)-1,1-dimethylpiperidin-I-ium
trifluoroacetate (10.6 mg). 11-1-NMR(400MHz, DMSO-do) 6 10.48(s, 1H), 10.32(s, 1H),
9.12-9.02(broad, 111), 8.72(s, 1H), 8.10(d, J=10.01-1z, 1H), 7.91(d, j=2.014z, 1H), 7.58(d, J=8.5Hz,
1H), 7.51(dd, J=8.5Hz, 2.0Hz, 1H), 7.28-7.44(m, 5H), 7.25(d, J=7.8Hz, 114), 7.19(d, J=7.8Hz, 1H),
7.13(d, J=8.31lz, 1H), 6.97(d, J=8.3Hz, 1H), 6.55(d, J=10.0Hz, 111), 5.32-5.38(m, 1H), 4.57-4.66(m,

1H), 4.22-4 QM. 2H)1R. 303y ) v 283 M WAl 1) 3:08-3c A ueddd @RASn3EH. 3.06(s,

31-1), 2.94(t, J=7.7Hz, 2H), 2.70(t, J=7.714z, 2H), 1.95-2.05(m, 2H), 1.68-1.81(m, 211) LC/MS: [M]+ =

738.2 [Exargple, &) %M[Hhﬁ%i,s@xfiéfd(o]\;e?%hgﬂ?éﬂg%‘Bgnesium_sulfate and concentrated under
-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihy-droguino 1 i n-5-yljethyl] amino Imethyl)phenyl]

carbamo ethyl);2:ahsaxhenyisarhane oy hdeding ;fﬂ&gngggﬂlm-ﬁf s

InaccordancewithExamplel,from1- rnethylp iperid to-4-y1 N-15-[2-

{4-[(tert-butyidimethyisiiapyloxyimetihes plaropheny s ggpamo yle
thy1]-2-phenylphenylicarbamate (104 mg, 0.20 mmol) obtained in Reference

Example15[‘&@@@%@5@959{5@92@](1[5-(2-1[2-f|uoro-44 {[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,
-dihydroquinoli n-5-ypet hyl] ammo 15 methyl)phenyl]carbamoyll ethyl) -2-phenylphenyl] carbamo oxy)-
1,1- dimethglpii,tggggjgr@{»@iﬁng{gm%{&%@%(ZQA mg). 151 H-NMR(400MHz, DMSO-d6) 5 10.47(s,
HI), 9.89(s, 1H), 9.11(d, J=33.411z, 1H), 8.73(s, 111), 8.07(d, J=10.0Hz, 1H), 7.94-8.00(m, 1H),

zﬁ)8-7-46(m, 6H), 7433{esnd38-Ozit N @R hz8:8H7. 6, €:31(Hhdcf- Q2 dlddd 10261, J=8.0Hz,

| dichloromethane (40 mL) and thereto was added, under ice-water cooling, a
solution of boron tribromide (2 mL) in dichloromethane (10 mL). After stirring
at room temperature for 18 hours, the reaction mixture was poured onto ice to stop
the reaction and extracted with ethyl acetate. The organic layer was washed with
a saturated aqueous solution of sodium chloride, dried over anhydrous magnesium
sulfate, and concentrated under reduced pressure to obtain 3-nitro-4-phenylphenol
as a crude material.
[Reference Example 30]
Synthesis of 8-(3-nitro-4-phenylphenoxy)octan-1-ol

3-Nitro-4-phenylphenol (860 mg, 4.0 mmol) was dissolved in

N,N-dimethylformamide (40 mL), followed by addition of 8-bromo-Il-octanol
(1.86 g, 6.0 mmol). After stirring at 50°C for 5 hours, the reaction solution was
extracted with ethyl acetate. The organic layer was washed with a saturated
aqueous solution of sodium chloride, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography to obtain 8-(3-nitro-4-phenylphenoxy)octan-1-ol (1.23 g).

'H-NMR(400MHz, CDCl;) & 7.34-7.44(m, SH), 7.26-7.33(m, 2H), 7.13(dd,
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6.55(d, 1=10.0llz, 111), 5.30-5.35(m, 111), 4.58-4.66(n, 11-1), 4.18-4.25(m, 2H), 3.34-3.42(m, 2H),
3.26-3.34(m, 2H), 3.03-3.08(m, 2H), 3.07(s, 3H), 3.06(s, 3H), 2.930, J=7.7 Hz, 211), 2.750, J=7.7Hz,
2H), 1.95-2.05(m, 2H), 1.68-1.81(m, 2H) LC/MS: [M]+ = 722.3 [Example 5]

J=8.5Hz, 2.4Hz, 1H), 4.03(t, J=6.5Hz, 2H), 3.65(t, J=6.5Hz, 2H), 1.78-1.87(m,
2H), 1.44-1.65(m, 4H), 1.31-1.42(m, 6H)
[Reference Example 31]
Synthesis of tert-butyldimethyl{[8-(3-nitro-4-phenylphenoxy)octyl]oxy}silane
8-(3-Nitro-4-phenylphenoxy)octan-1-ol (1.23 g, 3.5 mmol) and imidazole
(408 mg, 6.0 mmol) were dissolved in tetrahydrofuran (15 mL) and a solution of
tert-butyldimethylchlorosilane (750 mg, 5.0 mmol) in tetrahydrofuran (5 mL) was
added thereto. After stirring the reaction mixture at room temperature for 18
hours, purified water was added to stop the reaction and the mixture was extracted
with ethyl acetate. The organic layer was washed with a saturated aqueous
solution of sodium bicarbonate, a saturated aqueous solution of ammonium
chloride, and a saturated aqueous solution of sodium chloride, dried over
anhydrous magnesium sulfate, and concentrated under reduced pressure. The
residue was purified by flash column chromatography to obtain
tert-butyldimethyl{[8-(3-nitro-4-phenylphenoxy)octyl]oxy}silane (1.38 g).
'"H-NMR(400MHz, CDCl) § 7.32-7.44(m, 5H), 7.26-7.30(m, 2H), 7.13(dd,
J=8.5Hz, 2.7Hz, 1H), 4.03(t, J=6.5Hz, 2H), 3.61(t, J=6.5Hz, 2H), 1.78-1.87(m,
2H), 1.44-1.65(m, 4H), 1.31-1.42(m, 6H), 0.90(s, 9H), 0.05(s, 6H)
[Reference Example 32]
Synthesis of 5-{[8-(tert-butyldimethylsilanoyloxy)octyl]loxy}-2-phenylaniline
{[8-(3-Nitro-4-phenylphenoxy)octyljoxy}silane (1.38 g, 3.02 mmol) was
dissolved in methanol (20 mL), 10% palladium-carbon (50 mg) was added thereto,
and the reaction mixture was stirred under a hydrogen atmosphere at room

temperature for 2 hours. The reaction solution was filtered through celite and the
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Synthesisof 441[542- [12,5-difluoro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroqui
nolin-5-yDethyl] amino methyl)phenyl]lcarbamoyl}ethyl)-2-phenylphenyljcarbamo yll oxy)-1, | -d
imethylp iperidin-1-ium trifluoro acetate In accordance with Example 1, from1-methylpipericlin-4-y1 N-
{5-[2-( {4-Rtert-butyldimethylsilanoyloxy)methy11-2,5-difluorophenyllcarbamo
yl)ethy11-2-phenylphenylicarbamate (AA 7il 117  Examplel5-5,therewasobtained 4-( [542-
[[2,5-difluoro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroqui nolin-5 -yDethyl]
aminolmethyl)phenyl] carb amo y11 ethyl)-2-phenylphenyl]jcarbamo
yloxy)-1,1-timethylpiperidm- Launettitetoacetater(16. 8athg)e d-1-NMRMOOMHEZ) DM8BIads) 5,
10.48(s, 1H), 10.10(s, 111), 9.02-9.18(broad, 1H), 832(s, IH), 8.12(d, J=10.0llz, 111), 8.01(dd, J=11.6Hz,
6.711z, | H)}-7[54(tkdt-butdl Gt ByTHlandi o 7y27cTylildxy | 6Hphzim8anidingn, 28l), 2.13@nde8.01-1z,
111), 6.97(d, J=8.0llz, | H), 6.56(d, J=10.0Hz, 1H), 5.31-536(m, 1H), 4.58-4.65(m, 111), 4.18-4.26(m,
211), 3.35-3048{rm[211), 3.26-3.35(m, 2H), 3.07-3.1 5(m, 211), 3.07(s, 152
LC/MS: M+1 =428.3
[Reference Example 32-2]
Synthesis of 5- {[6-(tert-butyldimethylsilanoyloxy)hexyl]oxy}-2-phenylaniline
In accordance with Reference Examples 30, 31, and 32, from
6-bromo-1-hexanol (543 mg, 3.0 mmol) and 3-nitro-4-phenylphenol (430 mg, 2.0
mmol), there was obtained
5-{[6-(tert-butyldimethylsilanoyloxy)hexyl]Joxy}-2-phenylaniline.
LC/MS: M+1 =316.3
[Reference Example 32-3]
Synthesis of 5-{[9-(tert-butyldimethylsilanoyloxy)nonyljoxy}-2-phenylaniline
In accordance with Reference Examples 30, 31, and 32, from
9-bromo-1-nonanol (669 mg, 3.0 mmol) and 3-nitro-4-phenylphenol (430 mg, 2.0
mmol), there was obtained
5-{[9-(tert-butyldimethylsilanoyloxy)nonyl]oxy}-2-phenylaniline.
LC/MS: M+1 =358.3
[Reference Example 12-6]
Synthesis of 1-methylpiperidin-4-yl
N-(5- {[8-(tert-butyldimethylsilanoyloxy)octyl]oxy}-2-phenylphenyl)carbamate
In accordance with Reference Example 12, from I-methylpiperidinol (1.15
g, 10 mmol) and 5-{[8-(tert-butyldimethylsilanoyloxy)octylJoxy}-2-phenylaniline

(777 mg, 1.82 mmol) obtained in Reference Example 32, there was obtained
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3H), 3.06(s, 3H), 2.93(t, J=7.4Hz, 2H), 2.79(t, 1=7.411z, 2H), 1.93-2.04(m, 2H), 1.70-1.82(m, 2111)
LC/MS: [M]+ = 740.3 [Example 6] Synthesisof 4-( {[5-(2- { [4-(
{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquino 1-5-yDet
hyllaminolmethyl)-3-methoxyphenyl]carbamoylf ethyl)-2-phenylphenyllcarbamo yK
Ory)-1,1-dimethylpiperidir ;um trifluomacetate In accordance with Example 1, from
1-methylpiperid in-4-y1 N- {5-[2-(14-[(tert-butyldimethylsilanoyloxy)methyl]-3-methoxyphenyll
carbamoy 1)ethy1]-2-phenylphenylicarbamate (74.3 mg, 0.14 mmol) obtained in Reference Example
15-6, there wascabjginedidi(0[9-(2- 114-(1[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquino lin-5-
yeet hyllaininol methyl)-3-inethoxyphenyl]carbamoyll ethyl)-2-phenylphenyll carbamo yll oxy)-1,

-dimethylpiperisirfisiyrartrifiusrdacetate (19:b yrg)y bV ME(HOOMitizn PMSRyte): S 0848(s, 1H), 10.1
A(s, 11-1), 8.72(s, in), 8.60-8.80(broad, 1H), 8.04(d, 1=10.0Hz, 1H), 7.14-7.48(m, 11H), 7.11(d, J=8.3

Hz, 111), 6.@8@ ns8.31-12, 111), 6.55(d, J=10.0Hz, 1l1), 5.28-5.34(m, 11-1), 4.58-4.64(m, Hi),
4.12-4.22(m, 2H), 3.34-3.43(m, 2H), 3.26-3.34(m, 211), 3.79(s, 3H), 3.07(s, 31-1), 3.06(s, 31i),
2.97-3.02(n, W) S294(t, I58%B1z, 21-1), 2.68(t, J=7.611z, 2H), 1.92-2.04(m, 21-1), 1.68-1.80(m,
21-1) LC/MS: [M]+ - 734.3 [Example 7] Synthesisof 4-( f[5-(2-
{13-fluoro-4FRE{@i)c2: ipdnayye2t P87 ydroxy-2-oxo-1,2-dihydroquinoli n-5-yl)ethyl] amino }
methyl)phenyl]carbamo yl } ethyl)-2-phenylphenyl]carbamo yl{ oxy)-1,1-dimethylpiperidin-l-ium
trifluoroacetagethesiscordance with Exampledlf, froml -methylp iperidini4mgtMNy¢lpiperidin-4-yl
{5-[2-(14-[(tert-butyldimeth-ylsilanoyloxy)methyl]-3-fluorophenylicarbamoyDe thy1]-2-phenylphenyll

carbamate {556 [i6rgt@t30unyhdoh abidiikehay Refotencd] Exaaplphtbyipthtend wad ebiatiaed 441[542-
{[3-fluoro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinoli n-5-yDethyl] amino }

methyl)phenyl] carbanaoytrdtmyly- 2-phétnfipleny!lcatbartroyl,oky)n 1 ;etdiphethypl peridiRdSum
trifluoroacetate (27.2 mq).
mg, 7.5 mmol) and
5-{[6-(tert-butyldimethylsilanoyloxy)hexyl]oxy}-2-phenylaniline  obtained in
Reference Example 32-2, there was obtained 1-methylpiperidin-4-yl
N-(5-{[6-(tert-butyldimethylsilanoyloxy)hexyl]joxy}-2-phenylphenyl)carbamate
(626 mg).
LC/MS: M+1 = 540.3
[Reference Example 12-8]
Synthesis of 1-methylpiperidin-4-yl
N-(5-{[9-(tert-butyldimethylsilanoyloxy)nonyl]oxy}-2-phenylphenyl)carbamate
In accordance with Reference Example 12, from 1-methylpiperidinol (865
mg, 7.5 mmol) and
5-{[9-(tert-butyldimethylsilanoyloxy)nonylloxy}-2-phenylaniline  obtained in
Reference Example 32-3, there was obtained I-methylpiperidin-4-yl
N-(5-{[9-(tert-butyldimethylsilanoyloxy)nonyl]oxy}-2-phenylphenyl)carbamate
(408 mg).

LC/MS: M+1 =583.3
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1H-NMR(400M1-1z, DMSO-d6) 6 10.47(s, 1H), 10.38(s, 111), 9.13(d, .1=48.8Hz, 1H), 8.75(s, 111),
8.11(d, J=9.8_Hz, 1H), 7.64-7.71(m, HI), 7.52(t, J=8.5Hz, 111), 7.28-7.44(m, 51-1), 7.24(d, J=8.0Hz,
114), 7.19(dd, J=8.0Hz, | .5Hz, 1H), 7.12(d, J=8.311z, HI), 6.98(d, J=8.311z, 1H), 6.54(d, J=9.8Hz,
1H), 5.30-5.37(m, 1E1), 4.58-4.64(m, 111), 4.18-4.29(m, 2H), 3.34-3.43(m, 2H), 3.26-3.34(m, 2H),
3.03-3.08(m, 211), 3.07(s, 3H), 3.06(s, 3H), 2.94(t, J=7.61lz, 211), 2.70(t, J=7.6Hz, 2H), 1.95-2.040m,
2H), 1.68-1.80(m, 211) LC/MS: [M]-1 = 722.3 [Example 8] Synthesisof 4-( {{5-(2-
[4-(1[(2R)-2-hydroxy-2-(8-hydroxy-2-o0xo0-1,2-dihydroqu nolin-5-yDet hyl] amino
Jmethyl)-3-methylphenyllcarb l; ethyl)-2-phenylphenyl]carbamoyl loxy)-1,1-dimethylpiperidin-I-ium
trifluoroace@ﬁg %Qgggoﬁégnmfgﬁvlt Example 1, from 1-methylp ip erid in-4 -yl N- [5-[2-(

{4-[(tert-butyldimethyls Jgnoyloxy)methy1]-3-methylphenyll carbamoyl)
ethyl]-2-phe¥n3§/%l?1%esrll%(/l ga%r%b%rgﬁég(nl%f}éy!ﬁa} 161.150 mmol) obtained in Reference Example 15-8, there

was obtained 4-({[53(2s [4-({[RR)-2-hydroxy-2-(8-hydroxy-2-0xo; 1,2-dihydroqu ng lin-5- yl)et hyl] am
inolmethyl)-3-meth§/%ﬁ[éf1ny ](%%}r r%ft:]plbp ;}/’Ifé}é’ f%ﬁ%‘%%glyllph%hélilc arb %ﬁn(\)vq)alf}%gsﬁ-\fﬁﬂﬁnethylp ip

eridn- 1 40T NGHGRERISS7 2 M ACIS: = 48 SExemals B Syiesisg - fae2-

[2-chloro-4- R oxy-2-(8-hydroxy-2-oxo ydroquinoli n-5-yflethyl] amin

methyl)phepyliearamay!t Sﬁ'gy'?ﬁ%'%%‘g‘%é’h\%éfl']s‘%f&% M) %f}gdimethy'p' (1 9 F;oHm

: f S:
trifluoroacetate In'aédcordance wi xample 1, from 1-methylp |per(? 1|Sn-4-y ei\lge{{'%clé(z[l1

{o-RerebunimeiyslaRRpR meIbY Z grlomAe R AAARANIE, wouyrated

thy1]-2-phenylphenyllcarbamate (107 mg, 0.20 mm tained Iin Reference xamp"fguleé)-1§? there was

obtained 4-(11 gs(g: H?é%'efﬂf&'%%cﬁﬁ%ﬁ%a%éwﬂ{%%ﬁ%hﬁ%‘@%ﬁ f@@%ﬁ%@ﬁ;&ﬁj%ﬁﬁdﬁ%m'iand

n-5-yl)ethyllamino Imethyl)phen-ylicarbamoyl{ ethyl) -2-pheny amo yl

OXV)'L1'0'i@%@M@@e&i%@'e’cﬁw%&@I‘Q{Q.roafﬁéaﬁ)ééltg mad, HNMR(G00MEz,, DMSQ:d0) 5 10.50(s,
111), 9.65(s, Hl), 8.80-9.18(broad, In), 8.74(s, | H}; 8.07(d, J=10.0Hz, 1H), 7.78(d, J=8.51z, 1H),

7.69(d, =20z, 11-Q14ARMA% et difio 21Ot 2 fekitdn £ 2B ARETY B e8! G e 7hRg 7-12(d,
J=8.3Hz, 1H), 6.96(d, J=8.3I-1z, 1H), 6.56(d, J29.8Hz, 1H), 5.28-5.34(m’ 1H), 4.58-4.66(m, HI), 4. |

6-4.23(m, 2fh F33ated Mt TR &P 3. 211%e3 04Fucl W2 purified by flash column
chromatography to obtain 3-bromo-5-phenylaniline (533 mg).
'H-.NMR(400MHz, CDCl;) & 7.32-7.46(m, 5H), 6,90-6.97(m, 3H),
3.65-3.85(broad, 2H)
[Reference Example 34]
Synthesis of [4-(2-propenoyloxy)phenyl]methanol

4-(Hydroxymethyl)phenol (620 mg, 5.0 mmol) was dissolved in

N,N-dimethylformamide (25 ml) and potassium carbonate (1.38 g, 10.0 mmol) and
4-bromo-1-butene (1.08 g, 8.0 mmol) were added thereto. After stirring at 70°C
for 4 hours, the reaction solution was extracted with ethyl acetate. The organic
layer was washed with a saturated aqueous solution of sodium chloride, dried over
anhydrous magnesium sulfate, and concentrated under reduced pressure. The
residue  was purified by flash column chromatography to obtain
[4-(2-propenoyloxy)phenyl]methanol (267 mg).

'H-NMR(400MHz, CDCls) & 7.26-7.30(m, 2H), 6.86-6.92(m, 2H), 5.85-5.95(m,
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31-1), 3.06(s, 31-1), 2.90-2.98(m, 2H), 2.94(t, 1=8.0Hz, 2H), 2.76(t, J=8.0Hz, 2H), 1.92-2.04(m, 2H),
1.68-1.80(m, 211) LC/MS: [M]+ = 738.2 [Example 10] Synthesisof 44 ([542-1[44
(R2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-ypet hyl] a mino } met hyl)-2-metho x yp
hen yl] c arbamo yl } ethyl)-2-phenylphenyllcarbamo ylI | oxY)-1,1-climethylpiperidin- 1-ium
tr.fluoroacetate In accordance with Example 1, from 1-methylpiperidin-4-y1 N- {5-[2-( (4-
[(tert-butyldimethylsilano yloxy)methy1]-2-methoxyphenyl } earbamoy
Dethyl]-2-phenylphenylicarbamate (106.1 mg, 0.20 inmol) obtained in Reference Example 15-10,

there was obtBine @ #411942; JBH(H2R)<2-hordx§22t( 8=ty 8Hx)2PHox0 5D 2-didgdrailinolin-5-ypet hyl]
amino }methyl)-2-methoxyphenyl] carbamoyl } ethyl)-2-phenylphenyl]carbamo vyl
oxy)-1,1-dirhi¢tiytpiperidiraniplaBtifluoroacetate (18.5 mg). 'H-NMR(40011y1Hz, DMSO-d6) S
10.47(s, 1H), 9.27(s, 11-1), 9.00-9.22(broad, 1H), 8.74(s, 111), 8.06(d, J=9.81-1z, 1H), 8.01(d, J=7.8Hz,
1H), 7.28-7%Athe B8), 7.18-7.27(m, 31-1), 7.11(1, J=8.3Hz, | H), 7.01-7.06(m, 1H), 6.97(ch0=8.3Hz,
1H), 6.56(d, J=9.81lz, 111), 5.32-5.36(m, | H), 4.58-4.66(m, 1H), 4.16-4.23(m, 2H), 3.83(s, 31-1),

3.34-3.43(n4- 413 B)24~3 340024 12:071(sh SH)) -3:068(s13H )y 1 20004 B8(5) BEth e8P (t, J=7.6Hz, 2H),
2.76(t, .1=7.6Hz, 2H), 1.94-2.06(m, 2H), 1.67-1.80(m, 21-1) LC/MS: [M]+ = 734.3 [Example 11]

Synthesisof 4-({[5-(2-Bijdhdé-R2R)e 2 sthyuaiioxy - 2288 hyagoxy-2-oxardl -diftgtredjumoRefuddet
hyllaminolmethy0-2-methylphenyllcarbamoyll ethyl)-2-phenylphenyllcarbamoyl
foxy)-1,1-diFrethgfsipetidiad-ilisscatifeb ro s erats tire tiod dvdan os deittl & xabip et ftbendtonetendp
iperidin-4-y1 N- {5-[2-( {4-[(tert-butyldimethylsilanoyloxy)methyl]-2-meth-y-Iphenyl 1 carbamoyl)
ethyl]-2-pheddphenldtcdrbarmate (6659 miegr) il B1athok) olb2dinet @ Referencd), APipihed15a11, there
was obtained 4-( [5-(2-{[4-( f R2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquino lin-5- yl)et hy I]
amino ImetRylier2rpethylixamnig] c afbanforybidtiyPhpkgnngphdAyA ¢ angams.9I mmol),
loxy)-1,1-dimethylpiperidin-I-ium trifluoroacetate (8.1 mg).
diisopropylethylamine (258 mg, 2.0 mmol), and palladium acetate (45 mg, 0.2
mmol). After stirring at 120°C for 18 hours, the reaction solution was diluted
with ethyl acetate, filtered through celite, and the organic layer was washed with a
saturated aqueous solution of sodium chloride, dried over anhydrous magnesium
sulfate, and concentrated under reduced pressure. The residue was purified by
flash column chromatography to obtain
(4-[{(3E)-4-(3-amino-4-phenylphenyl)-3-buten-1-yl}oxy]phenyl)methanol (268
mg).
[Reference Example 36]
Synthesis of [4-{4-(3-amino-4-phenylphenyl)butoxy}phenyl]methanol
(4-[{(3E)-4-(3-Amino-4-phenylphenyl)-3-buten-1-yl}oxy]phenyl)methano
1 (268 mg, 0.78 mmol) obtained in Reference Example 35 was dissolved in
methanol (5 mL), 10% palladium-carbon (10 mg) was added thereto, and the
mixture was stirred under a hydrogen atmosphere at room temperature for 3 hours.

The reaction solution was filtered through celite and the filtrate was concentrated

under reduced pressure to obtain

134



11-1-NMR(400MHz, DMSO-d6) 6 10.48(s, 111), 9.38(s, 114), 8.80-9.20(broad, | H), 8.73(s, 1H),
8.05(d, J=10.0Hz, 1H), 8.47(d, J=8.0Hz, 14l), 7.20-7.44(m, 1014), 7.11(d, J=8.3Hz, 1H), 6.97(d,
J=8.014z, 1lI), 6.56(d, .1=10.0Hz, HI), 5.30-5.33(m, IIl), 4.58-4.64(m, 111), 4.13-4.18(m, 2H),
3.34-3.42(m, 2H), 3.26-3.34(m, 214), 3.07(s, 314), 3.06(s, 3H), 3.00-3.08(r 2H), 2.95(t, J=7.711z, 2H),
2.71(t, J=7.711z, 211), 2.16(s, 3H), 1.94-2.06(m, 2H), 1.68-1.82(m, 2H) LC/MS: [M]+ = 718.3 [Example
| 2] 3ymnesis 4-( { [5-(2 [6-( {[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-d ihydroquinolin-5- yl)et
hyllaminolmethyl)naphthalen-2-yijcarbamoyllethyl)-2-phenylphem,d1carbamoyll

-1, 1-dimgthylpiperidin-1c : : I )
%ﬁthylpipﬁ%iﬁﬁﬁf HIN%%S%{%EISW %ﬁ%ﬁﬁﬁ&%tﬁ@%ﬁ/ Iof?/ érﬁg?h%ﬁ%gﬁig{ég} Z-131/1)carbamoyfleth
y11-2-phenyﬁg}g@gg@gg&% e (317130.1 mg, 0.20 mmol) obtained in Reference

Example15-12,therewasobtained
4-({[5-(2-1[&({lpRr2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-ypet of
hyllaminolméethyl)naphthalen-2-yllearbamoyllethyl)-2-phenylphenyl]carbamo

oxy)-1,1-dimethyipiperdin:l-ium: i ~ - 1z, -c18) 5 10.44(s,
I, 10.26(;,@ i(t%?g?g%r,béi%@ ;ﬁ é‘;ﬁg{%}g g%%ﬁ%’%‘%@é}ﬁ%@%&é # =ng oﬁ.ioiﬁ&z@ﬁ), 7.96(s, |
), 7.88(, 36 Ol 114) 7 85136 00 10N, T BT, 05 AT R8T A L7197 27(m,
2H), 7.10(d, 5=8.3Hz, 114), 6.95(d, 5=8.0Hz. 1H), 6.56(d; J=10.0Hz, 1H), 5.32-5.36(m, 114),

4.57-4.66(Myd b 4433438 %@)'aﬁtﬁ‘ﬁﬁié%me2(';')7(53'3%'3'2’%(%&&9’ WO%(S4 38y G10§(S, 3H),
3.00-3.07(m, 2H), 2.98(t, 5=7.7112, 211), 2.75(t, J=7.7Hz, 2H), 1.94-2.05(m, 211), 1.68-1.80(m, 214)

LCIMS: Mlfws esisof: 2 .
{[(ZR)_Z_hy&gg}ﬁé@?ﬁyﬁﬁﬂfféﬂ%%@g{ﬁéﬁﬁf_s{{%ﬁg1methylch10ros11ane (300 me,

hY"amino'nﬁ@%)fﬁ@@?%@%@%@&%@fir{?rﬁﬁyﬂ sHhylzdaebemdehenylicaradmovhe the

oxy)-1,1-dimethylpiperidin-l-ium trifluoroacetate
reaction mixture at room temperature for 1 hour, purified water was added to stop

the reaction, and the mixture was extracted with ethyl acetate. The organic layer
was washed with a saturated aqueous solution of sodium chloride, dried over
anhydrous sodium sulfate, and concentrated under reduced pressure. The residue
was purified by flash column chromatography to obtain
5-(4- {4-[(tert-butyldimethylsilanoyloxy)methyl]phenoxy} butyl)-2-phenylaniline
(260 mg).

"H-NMR(400MHz, CDCl;) & 7.40-7.46(m, 4H), 7.30-7.34(m, 1H), 7.19-7.23(m,
2H), 7.85(d, J=7.8Hz, 1H), 6.83-6.88(m, 2H), 6.66-6.69(m, 1H), 6.61(s, 1H),
4.67(s, 2H), 3.94-4.01(m, 2H), 2.63(t, J=7.2Hz, 2H), 1.75-1.89(m, 4H), 0.92(s,
9H), 0.08(s, 6H)

[Reference Example 12-9]

Synthesis of I-methylpiperidin-4-yl
N-[5-(4-{4-[(tert-butyldimethylsilanoyloxy)methyl]phenoxy}butyl)-2-phenylphen
yl] carbamate

In accordance with Reference Example 12, from 1-methylpiperidinol (144
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In accordance with Examplel,from1-methylp iperid in-4- yl N-(5- 124(5- {[(tert-butyldimethylsilyfloxy]
methyl} -1-benzothiophen-5-yecarbam oyl]ethylif -2-phenylphenyflearbarnate (105.8 mg, 0.19 mmol)
obtained in Reference Example 15-13, there was obtained 441[542- {[2-({[(2R)-2-
hydroxy-2-(8-hydroxy-2-o0xo-1,2-dihydroquino lin-5- yeet hyl] amino Imethyl)-1-benzothiophen-5-yl]
carbamo yl 1 ethyl)-2-phenylphenyl]carba moylloxy)-1,1-dimethylpiperidin-I-mm trifluoroacetate (13.3
mg). 1H-NMR(400MHz, DMSO-d6) 6 10.46(s, Il), 10.12(s, | f1), 9.22-9.30(broad, 1H), 8.71(s, 1H),
8.27(d, J=1.7Hz, | H), 8,07(d, 1=9.8Hz, 1H), 7.91(d, J=8.511z, 1H), 7.56(s, | H), 7.28-7.44(m, 6H),
7.19-7.27(mm@H), 7.11(d, J=8.3Hz, IIH)3 6.96(d, 1=8.0Hz, 1HnGSN(d, .1-9.814z, 1114), 518R-5.36(m,
111), 4.57-4.62(m, 1H), 4.51-4.56(m, 2H), 3.34-3.43(m, 21-1), 3.27-3.34(m, 21-1), 3.07(s, 3H), 3.06(s,
3H), 3.00-3:074¢r A2He12:D6(1|d ke Plsida Riyily 3 MO hIED RArdxy 2bi)y1) 9242004 (hanli)¢ 1.68-1.81(m,
2H) LC/MS: [M]+ = 760.3 [Example 14] Synthesisof 441[5-42- [5-(
{[(2R)-2-hydidxy-248-hydroxynlpxoblaheihydrdpiivetines §anple 37, there was obtained
hyllaminolmethyl)-2-methoxy-phenyl]carbamoyll et hyl)-2-phenylphenyl] ¢ arb amo yll oxy)-1,1
-dimethylp ipendihyilupstidfinotadcetate In accordance with Examplel, from 1-methylpiperidin-4-y1 N-
{5124 {5-[(tert-butyldimethylsilanoyloxy)methyl]-2-methoxyphenyll earbamoy

Dethy1]-2-pNdiylghéhilitatbahdb s Bydsmhen @ ke mmelh pibrdieeekin: RefiebeAgehExalpiia 15-14,
there was obtained 4-({[5-(2-1[5-(1[(2R)-2-hydroxy-2-(8-hydroxy-2-o0xo-1,2-dihydroquinolin-5-yLet
hyllaminolniéikghramatHdRypmenyllearbamoyll ethyl)-2-phenylphenyl]carbamo ylloxy1-1,1-d
ethylpiperidin- | -ium tr fluoroacetate (28.2 mg). 'H-NMR(400MHz, DMSO-d6) S 10.45(s, 111), 9.26(s,
1H), 8.98(dL8=DES4NEH 1 11§08.34(s, 111), 8.19(s, 111), 8.06(d, J=10.0Hz, 1H), 7.20-7.44(m, 6H),
7.18-7.25(m, 159 31l), 7.06-7.13(m, 2H), 6.96(d. J=8.0Hz, 1H), 6.56(d, J=10.0Hz, III), 4.98-5.36(in,

[Reference Example 14-23]

Synthesis of 4-[3-(tert-butyldimethylsilanoyloxy)propyl]aniline

In accordance with Reference Example 23 and Reference Example 14,

from 3-(4-aminophenyl)propionic acid (991 mg, 6 mmol), there was obtained

4-[3-(tert-butyldimethylsilanoyloxy)propyl]aniline (1.31 g).

LC/MS: M+1 = 266..3

[Reference Example 15-58]

Synthesis of I-methylpiperidin-4-yl

N-{5-[2-({4-[3-(tert-butyldimethylsilanoyloxy)propyl]phenyl}carbamoyl)]ethyl} -

2-phenylphenyl]carbamate

In accordance with Reference Example 15, from

3-[3-({[(I-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyl]propionate

hydrochloride (191 mg, 0.5 mmol) and

4-[3-(tert-butyldimethylsilanoyloxy)propyl]aniline obtained in Reference Example

14-23, there was obtained I-methylpiperidin-4-yl

N-{5-[2-({4-[3-(tert-butyldimethylsilanoyloxy)propyl]phenyl}carbamoyl)]ethyl}-

2-phenylphenyl] carbamate (155 mg).
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1H),4.58-4.66(m, lll), 4.13-4. 18(m, 211),3.84(s,3H),3.34-3.42(m,2H), 3.26-3.34(m, 2H), 3.07(s, 3H),
3.06(s, 3H), 3.00-3.08(m, 211), 2.92(t, J=7.6Hz, 2H), 2.78(t, J=7.61-1z, 2H), 1.94-2.05(m, 211), 1.67-I
.81(m, 2H) LC/MS: [M]+ = 734.3

LC/MS: M+1 = 630.3
[Reference Example 14-24]
Synthesis of 4-[2-(tert-butyldimethylsilanoyloxy)ethyl]aniline
In accordance with Reference Example 23 and Reference Example 14, from

2-(4-aminophenyl)ethyl alcohol (1.37 g, 10 mmol), there was obtained
4-[2-(tert-butyldimethylsilanoyloxy)ethyl]aniline (2.25 g).
LC/MS: M+1 =252.3
[Reference Example15-59]
Synthesis of l-methylpiperidin-4-yl
N-{5-[2-({4-[2-(tert-butyldimethylsilanoyloxy)ethyl]phenyl}carbamoyl)]ethyl}-2-
phenylphenyl]carbamate

In accordance with Reference Exampie 15, from
3-13-({[(I-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyljpropionate
hydrochloride (76 mg, 0.2 mmol) and
4-[2-(tert-butyldimethylsilanoyloxy)ethyl]aniline obtained in Reference Example
14-24, there was obtained I-methylpiperidin-4-yl
N-{5-[2-({4-[2-(tert-butyldimethylsilanoyloxy)ethyl]phenyl}carbamoyl)]ethyl}-2-
phenylphenyl]carbamate (188 mg).
LC/MS: M+1 =616.3
[Reference Example 38]
Synthesis of tert-butyl 2-(3-nitro-4-phenylphenoxy)acetate

3-Nitro-4-phenylphenol (215 mg, 1.0 mmol) was dissolved in
N,N-dimethylformamide (5 mL) and tert-butyl 2-bromoacetate (292 mg, 1.5

mmol) was added thereto. After stirring at 80°C for 18 hours, the reaction
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[Example 15] Synthesis of 441[542-
{[4-(1[(2R)-2-hydroxy-2-(8-hydrox,7-2-0x0-1,2-dihydroquinolin-5-yl)et hyl] am ino rnethyl)p
henyl](methyl)c arba mo et hyl)-2-phenylphenyl] carbamo yll oxy)-1,1-dimethylpiperidin-l-ium triflu oro
acetate In accordance with Example 1, from 1-methylpiperidin-4-y1 N-
1512-(14-[(tert-butyldimethylsilanoyloxy)methyl]phenyll {methyl} carbamoyfle
thy1]-2-phenylphenyl}carbamate (139.0 mg, 0.27 mmol) obtained in Reference Example 15-15, there
was obtained 4-(I[5-(2- [4-( R2R)-2-hydroxy-2- (8 hydroxy 2-0X0-1,2- dihydroquino lin-5- ypet hyl] amino

rioroRcomL 8 3 i I DO A S 3‘2‘3@%5%‘5‘&”%” R TESRE ,
e AR P RO T 1,
10, 4 S A A, BTN
1.65-1. 75(@]3%50 LC/ M§0[1M1lm 718.3 chromatography to obtain tert-butyl
2-(3-nitro-4-phenylphenoxy)acetate (370 mg).
[Reference Example 39]
Synthesis of tert-butyl
2-[3-({[(I-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenoxyJacetate
In accordance with Reference Examples 11 and 12, from tert-butyl
2-(3-nitro-4-phenylphenoxy)acetate (329 mg, 1.0 mmol) obtained in Reference
Example 38, there was obtained tert-butyl
2-[3-({[(I-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenyiphenoxyjacetate
(531 mg).
[Reference Example 13-6]
Synthesis of
2-[3-({[(I-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenoxy]acetate
hydrochloride
In accordance with Reference Example 13, from tert-butyl
2-[3-({[(I-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenoxy]acetate
(531 mg, 1.2 mmol) obtained in Reference Example 39, there was obtained
2-[3-({[(I-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenoxy]acetate

hydrochloride (50

©

mg).
LC/MS: M+1 = 384.3

[Reference Example 15-60]
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[Example 16] Synthesisof 4-( {[5-(2- {[5-( {[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-cl
ihydroquinolin-5-yDet hyl] am inolmethyl)thiophen-2-3/1Tharbamo yl] ethyl)-2-phenylphenyllearbamoyll
ox y)-1,1-dimethylpiperidin-1 um trifluoroacetate In accordance with Examplel,from1
ethylpiperidin-4-y1 N-(5- {2-[(5- [(tert-butyldimethylsily1l) oxy]methyllthiophen-2-yl)carbamoyl] ethyl
1-2-phenylphenyl)carbamate (40.5 mg, 0.08 mmol) obtained in Reference Example 15-16, there was
obtained 441[542-H54 [(2R)-2- hydro xy-2-(8- hydroxy-2-0x0-1,2-dihydroqu nolin-5- yHet hyllamino
fmethypthiophen-2-yllcarbamoyll ethyl)-2-phenylphenyllcarbamoyHox y)-1,1 -dimethylp iperidin- 1-him

risosscets (A7 RO SUSOMR AL BT
e e S R D R, 1

3.20:3:33(m, 20, 3905, AR 31Uk - 0A R 20Ul S5 210, RGRC
=/. Z, )

2-[3-({[(I-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenoxy]acetate
hydrochloride (210 mg, 0.5 mmol) obtained in Reference Example 13-6 and
4-(tert-butyldimethylsilanoyloxy)methyl]aniline (237 mg, 1.0 mmol) obtained in
Reference Example 14, there was obtained
4-[(tert-butyldimethylsilanoyloxy)methyljphenyl
2-[3-({[(I-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyl]acetate (28
mg).
LC/MS: M+1 = 603.3
[Reference Example 15-61]
Synthesis of I-methylpiperidin-4-yl
N-(5-{2-[({4-[(tert-butoxycarbonyl)amino]phenyl} methyl)carbamoyl]ethyl}-2-ph
enylphenyl)carbamate

In accordance with Reference Example 15, from salt of
3-[3-({[(I-methylpiperidin-4-yl)oxy]carbonyl} amino)-4-phenylphenyl]propionate
hydrochloride (50 mg, 0.12 mmol) and
1-(N-Boc-aminomethyl)-4-(aminomethyl)benzene (94 mg, 0.4 mmol), there was
obtained I-methylpiperidin-4-yl
N-(5-{2-[({4-[(tert-butoxycarbonyl)amino]phenyl} methyl)carbamoyl]ethyl}-2-ph
enylphenyl]carbamate (94 mg).
LC/MS: M+1 =601.3

[Reference Example 4-2]
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1.90-2.00(m, 21-1), 1.65-1.75(m, 211) LC/MS: [M]+ =710.2 [Example 17] Synthesis ol 4-( {[5-(2-
{[5-({[(2R)-2-hydroxy-2-(8-hydroxy-2-o0xo-1 ,2-dihydroquino lin-5- yl)et hyl] amino ] methyppyridin-2-
yllcarbamoyll ethyl)-2-phenylphenyl]carbamo yl oxy

Synthesis of 5-acetyl-8-[(4-methoxyphenyl)methoxy]-1,2-dihydroquinolin-2-one
5-Acetyl-8-hydroxy-1H-quinolin-2-one (29.5 g, 0.15 mol) was suspended in
N,N-dimethylformamide (145 mL), potassium carbonate (22.2 g, 0.16 mol) and
successively 4-methoxybenzyl chloride (22.7 g, 0.15 mol) were added thereto, and
the mixture was stirred at 90°C overnight. To the reaction mixture was added
purified water (0.5 L) and the mixture was stirred at room temperature overnight.
The precipitate was collected by filtration, washed with purified water, dried under
reduced pressure to obtain
5-acetyl-8-[(4-methoxyphenyl)methoxy]-1,2-dihydroquinolin-2-one (26.1 g).
"H-NMR(400MHz, DMSO-d¢) & 10.90(s, 1H), 8.67(d, J=8.0Hz, 1H), 7.78(d,
J=8.0Hz, 1H), 7.51(d, J=8.0Hz, 2H), 7.27(d, J=8.0Hz, 1H), 6.92(d, J=8.0Hz, 2H),
6.62(d, J=8.0Hz, 1H), 5.32(s, 2H), 3.73(s, 3H)
[Reference Example 5-2]
Synthesis of
5-(2-bromoacetyl)-8-[(4-methoxyphenylymethoxy]-1,2-dihydroquinolin-2-one
5-Acetyl-8-[(4-methoxyphenyl)ymethoxy]-1,2-dihydroquinolin-2-one (1.25 g,
3.87 mmol) was dissolved in tetrahydrofuran (10 mL) and the solution was cooled
to 0°C. Pyridinium tribromide (1.51 g, 4.25 mmol) was added in portions thereto
and the reaction mixture was heated under reflux overnight. The precipitate was
collected by filtration and washed with tetrahydrofuran. The filtrate was
concentrated under reduced pressure and, thereafter, the residue was
suspension-washed with purified water (20 mL). The precipitate was collected

by filtration and washed with purified water. The solid was suspension-washed

with ethyl acetate (20 mL), collected by filtration, and dried under reduced
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)-1,1-dimethylpiperidin-1- ium trifluoroacetate In accordance with Examplel, from 1-methylpiperid
in-4-y1 N-(5- f2-[(5- t[(tert-butyldimethylsilyOoxy]methyl }pyridine-2-yOcarbamo yl] ethyl
}-2-phenylphenyl)carbamate (90.3 mg, 0.18 mmol) obtained in Reference Example 15-17, there was
obtained 4-(1[5-(2- f[5-( 1[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-y0Oet hyl] amino
Imethyl)pyridin-2-yljcarbamoyO ethyl)-2-phenylphenyllearbamoyHoxy )-1,1-dimethylpipericlin-I-ium
trifluoro acetate (37.0 mg). LC/MS: [M]+ = 705.1 [Example 18] Synthesisof 441[543- t[2-chloro-4-(
tR2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dthydroquinoli n-5-yl)ethyl] amino
Imethyl)-5-methaxyphenyflcarbamoyl]propy0-2-phenpylphenyi obtain
Jcarbamoyl}oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate In accordance with Example 1, from
1-metbylp ‘BerAiAngabedyaf3-( (- abierns v alan e ovmreinyl]asiRre-sHyethoxyphenyi f
carbamoyl)propyl]-2-phenylphenyl}carbamate (10.9 mg, 0.16 mmol) obtained in
Referencebxamplgd5-18,therewasobtained 4-( f[5-(3-
[2-chloro-4-(fR2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli n-5-yeethyl] amino
tmethyl)-5-metRovphenyiearbamagtrpyd)-2rrigaylphenys lsarhamoylaxy)-4idpd 7.85(d
methylpiperidin-I-ium trifluoroacetate (4E§§ng). 1 ml\%R(ﬁ%’OMHZFéIMSO-d@)S | 3.’49(5, fH’), 9.60(s,
11-1), 894(d-4548,8hie) 118087 96, ), 9(6: I Prizo M)  HHNEh 3141 Ghe 2.
7.25-7.48(m, 411), 7.28-7.35(m, 1H), 7.26(s, 1I-1), 7.24(d, J=8.01-1z, 11-1), 7.17(dd, J=8.0Hz, 1.51-1z7,
162 1H),7.336dd-3-QHmtAN1 H), 5.34(s, 2H), 4.91(s, 2H), 3.73(s, 2H)

[Reference Example 6-2]
Synthesis of
5-[(1R)-2-bromo-1-hydroxyethyl]-8-[ (4-methoxyphenyl)methoxy]-1,2-dihydroqui
nolin-2-one

Under an argon flow,
5-(2-bromoacetyl)-8-[(4-methoxyphenyl)methoxy]-1,2-dihydroquinolin-2-one
(7.15 g, 17.8 mmol) was suspended in dehydrated tetrahydrofuran (40 mL), the
CBS catalyst (493 mg) was added thereto, and the reaction mixture was stirred at
-20°C  for 40 minutes. After adding dropwise a 1.0 M solution of

borane-tetrahydrofuran complex in tetrahydrofuran (21.4 mL) at the sam

(¢]

temperature, the mixture was warmed gradually to 0°C. After adding methanol
(20 mL) dropwise, insoluble matter was filtered off and washed with
tetrahydrofuran. The filtrate and the washing were mixed and concentrated under
reduced pressure. To the residue was added purified water (100 mL) and the
mixture was stirred at room temperature overnight. The precipitate was collected
by filtration and washed with purified water. The precipitate was further
suspension-washed with ethyl acetate (200 mL), collected by filtration, and dried

under reduced pressure to obtain
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6.98(4,J=8.0Hz, 111), 6.55(4, J=10.0Hz,111), 5.28-5.33(m, 11-1), 4.60-4.65(m, 1H), 4.24-4.15(m, 21I),
3.79(s, 3H), 3.34-3.42(m, 2H),3.28-3.38(m,211),3.07-3.09(m, 211),3.07(s, 311), 3.06(s,311),

5-[(1R)-2-bromo-1-hydroxyethyl]-8-[ (4-methoxyphenyl)methoxy]-1,2-dihydroqui
nolin-2-one (3.06 g).
"H-NMR(400MHz, DMSO-d¢) & 10.60(s, 1H), 8.17(d, J=8.0Hz, 1H), 7.49(d,
J=8.0Hz, 2H), 7.20(d, J=8.0Hz, 1H), 6.92(d, J=8.0Hz, 2H), 6.54(d, J=8.0Hz, 1H),
5.93(d, J=8.0Hz, 1H), 5.18-5.24(m, 3H), 3.67(dd, J=12.0Hz, 8.0Hz, 1H), 3.60(dd,
J=12.0Hz, 8.0Hz, 1H)
[Reference Example 15-62]
Synthesis of I-methylpiperidin-4-yl
N-(5-{3-[({4-[(tert-butoxycarbonyl)amino]phenyl} methyl)carbamoyl]propyl}-2-p
henylphenyl)carbamate

In accordance with Reference Example 15, from
4-[3-({[(l-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyl|butyrate
hydrochloride (86 mg, 0.2 mmol) | and
1-(N-Boc-aminomethyl)-4-(aminomethyl)benzene (118 mg, 0.5 mmol), there was
obtained 1-methylpiperidin-4-yl
N-(5-{3-[({4-[(tert-butoxycarbonyl)amino Jphenyl} methyl)carbamoyl]propyl}-2-p
henylphenyl)carbamate (86 mg).
LC/MS: M+1 =615.3
[Reference Example 40]
Synthesis of tert-butyl trans-3-(3-amino-4-phenylphenyl)acrylate

tert-Butyl trans-3-(3-nitro-4-phenylphenyl)acrylate (325 mg, 1.0 mmol)
obtained in Reference Example 10 was dissolved in tetrahydrofuran (15 ml), zinc
powder (196 mg, 3.0 mmol) and acetic acid (0.2 mL) were added thereto under

water cooling, and the mixture was stirred at room temperature for 3 hours. The
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2.67(t, J=7.6112,214),2.49-2.50(m,2 1.97-2.06(m, 211), 1.90-1.97(m, 2H), 1.73-1.79(m, 211)

782.3

reaction solution was diluted with ethyl acetate, neutralized with a saturated
aqueous solution of sodium bicarbonate, and filtered through celite. The organic
layer was washed with a saturated aqueous solution of sodium chloride, dried over
anhydrous magnesium sulfate, and concentrated under reduced pressure to obtain
tert-butyl trans-3-(3-amino-4-phenylphenyl)acrylate as a crude material.
LC/MS: M+1 =296.3
[Reference Example 12-10]
Synthesis of tert-butyl
(2E)-3-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyl]-2-pro
penate

In accordance with Reference Example 12, from
4-hydroxy-1-methylpiperidine (172 mg, 1.5 mmol) and tert-butyl
trans-3-(3-amino-4-phenylphenyl)acrylate (150 mg, 0.5 mmol) obtained in
Reference Example 40, there was obtained tert-butyl
(2E)-3-[3-({[(1-methylpiperidin-4-yl)oxylcarbonyl} amino)-4-phenylphenyl]-2-pro
penate (117 mg).
LC/MS: M+1 =437.3
[Reference Example 13-7]
Synthesis of
(2E)-3-[3-({[(1-methylpiperidin-4-yl)oxy]carbony!}amino)-4-phenylphenyl]-2-pro
penate hydrochloride

In accordance with Reference Example 13, from tert-butyl
(2E)-3-[3-({[(1-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyl]-2-pro
penate (117 mg, 0.27 mmol) obtained from Reference Example 39, there was
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[Example 19] Synthesis of 441[543- {[2-chloro-4-(
{R2R)-2-hydroxy-2-(8-hydroxy-2-o0xo-1,2-dihydroquinoli n-5-yl)ethyllam no Imethy Ophenyl] carbamo
yll propy1)-2-phenylphenyl] carbamoyl loxy)-1,1-d imethylp iperid in- 1- ium trifluoroacetate In
accordance with Example I, from 1 -methyip iperidin-4-y1 N- {5-[3-(
{4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chlorophenyllearbamoyi)
propyl1-2-phenylphenylicarbamate (164.7 mg, 0.3 mmol) obtained in Reference Example 15-19, there
was obtained 4411543- {[2-chloro-4-( {R2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinoli
n-5-yHethyll)%rpilnol(rinethyl)phenyl]carbamoyHpropyl)-2-phenylphenyl]carbamoyl oxy)-1,1-dimethylp
iperidin- | -ilm triftoroacetate (79.1 mg). 11-1-NMR(400MHz, DMSO-d5) 5 10.46(s, 11m1), 9.62(s,

L) 9200 405 LM S R AL DA R 100
7.75(4, ‘]ZSp%lﬂleztte]'E'})d;E)]éMggi’d%:ﬁ'&“rﬁé).l'5142’ 11-1), 7.12(d, J=8.3Hz, 1H), 6.98(4,

LC/MS: M+1 = 381.3
[Reference Example 15-63]
Synthesis of I-methylpiperidin-4-yl
N-{5-[(LE)-2-({4-[(tert-butyldimethylsilanoyloxy)methyl]phenyl} carbamoyl)-1-et
hen-1-yl]-2-phenylphenyl}carbamate

In accordance with Reference Example 15, from
(2E)-3-[3-({[( l—ﬁlethylp iperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyl]-2-pro
penoate hydrochloride (112 mg, 0.27 mmol) obtained in Reference Example 13-7
and 4-[(tert-butyldimethylsilanoyloxy)methyl]aniline (1.0 mmol), there was
obtained I-methylpiperidin-4-yi
N-{5-[(1E)-2-({4-[(tert-butyldimethylsilanoyloxy)methyl]phenyl}carbamoyl)-1-et
hen-1-yl}-2-phenylphenyl}carbamate (57 mg).
LC/MS: M+1 = 600.3
[Reference Example 41]
Synthesis of 1-(2-methyl-2-nitropropyl)-4-nitrobenzene

To a solution of sodium ethoxide (3.5 g, 50 mmol) in ethanol (100 mL),
1-(chloromethyl)-4-nitrobenzene (8.6 g, 50 mmol) and 2-nitropropane (2.2 g, 250
mmol) were added at room temperature, and the mixture was heated under reflux
for 18 hours. The reaction solution was filtered, concentrated under reduced
pressure, and diluted with ethyl acetate. The organic layer was washed with a

saturated aqueous solution of sodium chloride, dried over anhydrous magnesium
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J=8.3Hz,1H),6.55(d,.1-=10,0Hz, 1H),5.32-5.37(m, 111),4.59-4.65(m, 111), 4.13-4.18(m, 2H),
3.35-3.42(m, 2H), 3.28-3.35(m, 211), 3.08(s, 314), 3.07(s, 31l), 2.96-3.02(m, 211), 2.67(t, J=7.6Hz,
211), 2.46(t, J=7.41-12, 2H), 1.97-2.06(m, 2H), 1.88-1.97(m, 214), 1.72-1.81(m, 2H) LC/MS: [M]+ =
752.3 [Example 20] Synthesisof 4-(f[5-(3- 1[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinol
n-5-371)et hyl] amino methyl)- 3 -metho xyp hen yl] c arbamo yll propy1)-2-phenylp henyl] c arbam
oylloxy)-1,1-dimethylpiperidin-I-ium trifluoroacetate In accordance with Example 1, from 1-methylp
peridin-4-y1 N- 5 - [3- ( [4- [(tert-butyld imethylsilanoyloxy)methy1]-3-methoxyphenyl}carbamoy

ppropyll-2-pheaylphenylicatiamals; (de maular JARAROPEREd Ridue was purified by

ReferenceExamplel5-20,therewasobtained
flash column chromatography to obtain 1-(2-methyl-2-nitropropyl)-4-nitrobenzene

(8.52 g).
'H-NMR(400MHz, CDCl3) § 8.17(d, J=8.5Hz, 2H), 7.29(d, J=8.5Hz, 2H), 3.32(s,
2H), 1.59(s, 6H)
[Reference Example 42]
Synthesis of 4-(2-methyl-2-nitropropyl)aniline
1-(2-Methyl-2-nitropropyl)-4-nitrobenzene (673 mg, 3.0 mmol) obtained
in Reference Example 41 was dissolved in methanol (20 mL). A catalytic amount
of palladium-carbon was added thereto, and the solution was stirred under a
hydrogen atmosphere for 6 hours. The reaction solution was filtered through
celite and the filtrate was concentrated to obtain 4-(2-methyl-2-nitropropyljaniline
as a crude material.
LC/MS: M+1 =195.3
[Reference Example 15-64]
Synthesis of I-methylpiperidin-4-yl
N-[5-(2-{[4-(2-methyl-2-nitropropyl)phenyl]carbamoyl} ethyl)-2-phenylphenyl]ca
rbamate
In accordance with Reference Example 15, from
3-[3-({[(I-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyl]propionate
hydrochloride (418 mg, 1.0 mmol) and 4-(2-methyl-2-nitropropyl)aniline (582 mg,
3.0 mmol), there was obtained I-methylpiperidin-4-yl
N-[5-(2-{[4-(2-methyl-2-nitropropyl)phenyl]carbamoyl} ethyl)-2—phénylphenyl] ca
rbamate (193.5 mg).
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4-( [[5-(3- [1]4-( { R2R)-2-hydroxy-2-(8-hydroxy-2-o0xo-1 ,2-d ihydrocminolin- 5- yflet hyll amino }
methyl)-3-metboxyphenyl]lcarbamoyl! propyl)-2-phenylphenyljcarbain
oylloxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate (103.2 mg). 11-1-NMR(400MHz, DMSO-d6) 5 |
0.46(s, 11), 10.12(s, 111), 8.80(d, J=51.2Hz, 1H), 8.73(s, 1H), 8.05(d, J=I 0.0Hz, 111), 7.47(d,
J=1.5Hz, 111), 7.35-7.44(m, 411), 7.29-7.34(m, 211), 7.26(s, 111), 7.25(d, J=8.0Hz, 111), 7.17(dd,
J=8.0Hz, I.5Hz, 2H), 7.11(d, J=8.0Hz, 110, 6.97(d, J=8.0Hz, 1H), 6.53(d, J=10,0Hz, 111),
5.30-5.35(m,1H), 4.59-4.65(m, 111), 4.09-4.23(m, 21-I), 3.77(s, 311), 3.35-3.42(m, 21-1),
3.26-3.35(2LE)YNBLNBy BE3593307(s, 311), 2.96-3.02(m, 211), 2.65(t, J=7.611z, 21-1), 2.39(t,
J-7.41-1z, 211), 1.97-2.06(m, 211), 1.88-1.96(m, 211), 1.70-1.82(m, 211) LC/MS: [M]+ = 748.2
[Example 21 Syn¢hesisxhmple 9-2]
4-(1[5-(3-1[4-(1[(2R)-2-hydroxy-2-(8-hydroxy-2-o0x0-1,2-dihydroquinolin-5-yeet hyl] amino }
methyl)-2-nsathigphenydiearbgmaadip repy-hronphemytphieivl cakamteylloxy)-1,1-dimethylpiperidin-

1 -ium trifluoroacetate In accordance with Example 1, from 1-methylpiperidin-4-y1 N- {5434

{4-[(tert-butyldimethyisilaoylixenathii]- Retetbaxy payishy bamoiv RBprapybltziphasyighenyll
carbamate (179.7 mg, 0.33 mmol) obtained in Reference Example 15-21, there was obtained 4-(

{[5-(3- 1[44{l@$phr2rloydevaty-29B5 hiydroxy6 2naxotl 2ndiBydroguinplifitioytietaldehyde (1.0 g,
hyllaminolmethyl)-2-methoxyphenyl]lcarbamoylipropyl)-2-phenylphenylicarbam

oylloxy)-1,13cimetlnyl pipkeidindaiipbttifiuer aaaebates [ 24:5 sgy) 3L bid R(E40GMH2n DINASEHdE) 5 10.47(s,
1H), 9.20(s, IIl), 9.24(d, J=95.211z, 11-1), 8.75(s, LH), 8.09(d, J=10.0Hz, 1H), 7.99(d, J=8.0111z, HI),
7.36-7.44(ni7 #1+hy)7.22-7.34(m,4H),7.16(dd,J=7.81-12,1.3117,1H),7.13 (d)=8.01-1z,114),
7.02(dcl,J=8.0Hz,1.3Hz,1H), 6.99(d,J=8.0Hz,1H), 6.52(d, .1=10,011z, IR), 5.32-5.38(m, 111),
4.60-4.68(MHINMRBR.HEPRAMCTICL)) 8. 84 (5d31%R. 3t87-BH (8 (1] )i=3. 7813, 3T 725B) B108(s, 311),

3.07(s, 311), 2.96-3.04(m, 2H), 2.65(t, J=7.8Hz, 2H), 2.47(t, J=7.6Hz, 2H), 1.96-2.04(m, 211),
1.86-1.95(m=2 1) z1 I70F1z82 ¢, 250) LCAMS: NI+ H1548.86(d, J=15.9Hz, 1H), 1.54(s, 9H)
[Reference Example 10-2]
Synthesis of tert-butyl trans-3-(4-nitro-3-phenylphenyl)acrylate
In accordance with Reference Example 10, from tert-butyl
trans-3-(3-bromo-4-nitrophenyl)acrylate (777 mg, 2.37 mmol) obtained in
Reference Example 9-2, there was obtained tert-butyl
trans-3-(4-nitro-3-phenylphenylacrylate (802 mg).
'H-NMR(400MHz, CDCl;) & 7.88(d, J=8.3Hz, 1H), 7.55-7.66(m, 3H),
7.42-7.46(m, 3H), 7.30-7.36(m, 2H), 6.48(d, J=15.9Hz, 1H), 1.54(s, 9H)
[Reference Example 11-3]
Synthesis of tert-butyl 3-(4-amino-3-phenylphenyl)propionate
In accordance with Reference Example 11, from tert-butyl
trans-3-(4-nitro-3-phenylphenyl)acrylate (802 g, 2.5 mmol), there was obtained
tert-butyl 3-(4-amino-3-phenylphenyl)propionate (742 mg).
LC/MS: M+1 =298.3

[Reference Example 12-11]
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[Example 22] Synthesisof 4-( f[5-(3- { [4-( {[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroqu no lin-5-
yflet hyllaminolmethyl)-2-methylphenyl]carbamoyllpropyp-2-phenylphenyl[carbamoy llo xy)- 1,1-d
imethylp ip eridin- | -him trifluoroacetate In accordance with Example 1from 1-methylpiperid in-4-y1 N-
{5-[3-( {4- [(tert-butyldimethylsilano yloxy)methy1]- 2-methylphenyllcarbamo yl)
propyl]-2-phenylphenylicarbamate (111 mg, 0.21 mmol) obtained in Reference Example 15-22, there
was obtained 4-( {[5-(3- [ [4-( {[(2R)-2-hydroxy-2-(8-hydroxy-2-o0xo-1 ,2-dihydroquino lin-5-y1) et hyl]
amino ;meth y1)-2- methylphenyl]carbamoyl}propyl)-2-phenylphenyl]jcarbamoy 11oxy)-1,1-dimethylp
iperidin- 1 -y driflyoroacetate (72.9 mg). '1-1-NMR400M1-1z, DMSO-d6) 8 10.48(5 Ik} 9-39(S,
111), 9.10(d, J=51.51-17, 11-0, 8.74(s,111),8.06(d,J=10.0Hz,IH),7.29-7.48(m,8H),7.26(s,1H),7. 25(d

L PR P oo o
accordance with Reference Example 12, from
4-hydroxy-1-methylpiperidine (450 mg, 15.0 mmol) and tert-butyl
3-(4-amino-3-phenylphenyl)propionate (742 mg, 2.5 mmol) obtained in Reference
Example 11-3, there was obtained tert-butyl
3-[4-({[(1-methylpiperidin-4-yl)oxy]carbonyl} amino)-3-phenylphenyl]propionate
(878 mg).
'H-NMR(400MHz, CDCl3) & 7.97(s, 1H), 7.38-7.49(m, 3H), 7.34-7.38(m, 2H),
7.19(dd, J=8.5Hz, 2.0Hz, 1H), 7.06(d, J=2.0Hz, 1H), 6.54(s, 1H), 4.70-4.74(m,
1H), 2.90(t, J=7.8Hz, 1H), 2.62-2.70(m, 2H), 2.54(t, J=7.8Hz, 1H), 2.29(s, 3H),
2.23-2.30(m, 2H), 1.92-2.00(m, 2H), 1.66-1.75(m, 2H), 1.41(s, 9H)
LC/MS: M+1 =439.3

[Reference Example 15-65]

Synthesis of 1-methylpiperidin-4-yl
N-{4-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]phenyl}carbamoyl)ethyl]-2-p

henylphenyl}carbamate

In accordance with Reference Examples 13 and 15, from tert-butyl
3-[4-({[(1-methylpiperidin-4-yl)oxy]carbonyl}amino)-3-phenylphenyl]propionate
(219 mg, 0.5 mmol) obtained in Reference Example 12-11, there was obtained
1-methylpiperidin-4-yl
N-{4-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]phenyl}carbamoyl)ethyl]-2-p
henylphenyl}carbamate (235mg).

'H-NMR(400MHz, CDCls) § 8.01(s, LH), 7.37-7.48(m, SI), 7.29-7.32(m, 2H),
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2H), 3.36-3.42(m, 211), 3.28-3.36(m, 211), 3.08(s, 311), 3.07(s, 311), 2.92-3.02(m, 211),
2.67(t,J=7.61-11z, 211),2..34(t,.1=7.4112,21-11,2.21(s, 1.97 -2.04(m, 21-1), 1.90-1.97(m, 211),
1.70-1.82(m, 2E1)

7.21-7.25(m, 3H), 7.15(s, 1H), 7.09(d, J=2.0Hz, 1H), 6.54(s, 1H), 4.68(s, 2H),
4.70-4.73(m, 1H), 3.04(t, J=7.4Hz, 1H), 2.62-2.66(m, 2H), 2.64(t, J=7.6Hz, 1H),
2.26(s, 3H), 2.16-2.22(m, 2H), 1.91-1.96(m, 2H), 1.64-1.74(m, 2H), 0.93(s, 9H),
0.09(s, 6H)
LC/MS: M+1 = 602.3
[Example 1]
Synthesis of
4-({[5-(2-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
hyljamino } methyl)phenyl]carbamoyl}ethyl)-2-phenylphenyljcarbamoyl}oxy)-1,1-
dimethylpiperidin-1-ium trifluoroacetate

1-Methylpiperidin-4-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]phenyl}carbamoyl)ethyl]-2-p
henylphenyl}carbamate (178.1 mg, 0.296 mmol) obtained in Reference Example
15 was dissolved in tetrahydrofuran (10 mL), hydrogen trifluoride-triethylamine
complex (0.3 mL) was added thereto, and the mixture was stirred at 70°C for 1.5
hours. The reaction mixture was extracted with ethyl acetate and the organic
layer was washed with a dilute aqueous solution of sodium hydroxide and a
saturated aqueous solution of sodium chloride, dried over sodium sulfate, and
concentrated under reduced pressure.

A half amount of the residue was dissolved in acetonitrile (10 mL), methyl
iodide (2 mL) was added thereto, the mixture was stirred at room temperature for 1
hour, and, thercafter, the reaction solution was concentrated under reduced
pressure.

The residue was dissolved in dichloromethane (10 mL) and methanol (1
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LC/MS: [M]+ = 732.2 [Example 23] Synthesisof 4-([[5-(3- f[6-(
{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yDet
hyl[amino}methyDnaphthalen-2-yl[carbamoyl}propyl)-2-phenylphenyl]carbamoyl oxy)-1,1-d imethylp
iperid in- | -him trifluomacetate In accordance with Examplel, from1l-methylpipericrn-4-yl 13-[(6- {
[(tert-butyldimethylsilyDoxy]methylinaphthalen-2-yDcarbamoyl]pro pyl1-2-phenylphenyl)carbamate
(180.7 mg, 0.32 mmol) obtained in Reference Example 15-23, there was obtained 441[543- [6-(
{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)et hyl] amino {methyOnaphthalen- 2-yi] ¢
arbamo yi | ple pyER2antrenyipideyi @arb amoyldddsd- therdimethd|phgeriditute wastsflomdacetate
(109 mg). 'H-NIMR(400MHz, DIVISO-d6) 5 10.47(s, IH), 10.26(s, 11-0, 9.27(d, .1=66.8Hz, 114),
8.75(s,1 H)28.88(8! 1¢Mp8res(t: Jap. 86 o, 7.06¢sradd)ion sp(biy 38 Okty fAk)ed. 30:7188(m, 2H),
7.36-7.44(m, 4H), 7.27-7.36(m, 2H), 7.25(d, J=7,8Hz, 7.18(dd, J=7.8Hz, 1,3Hz, IH), 7.11(d, J=8.31-1z,
1H), 6.97(dcok® 3R, theayaf &4 (be fitoagHw as Iy nse3BrHL @D (mder) radsged. 8¢asund), 4.34-4.38(m,
211), 3.35-3.43(m, 2H), 3.27-3.35(m, 2H), 3.08(s, 314), 3.07(s, 3H), 2.96-3.06(m, 211), 2.68(t,
J=7.6Hz, 2H), 2.45(th3=7 wpidpe 2Hy . 21¢8s13aded. 9212 O\medmll), 1SFFORBER(mM (2H) MEMS: [M]+ =
768.3 [Example 24] Synthesisof

5-((R)-2-amino-1-hydroxyethyl)-8-hydroxy-1H-quinolin-2-on¢ acetate (280.3 mg,

1 mmol) was added thereto, and the mixture was stirred at 70°C for 1 hour. To

the reaction solution was added sodium triacetoxyborohydride (424.0 mg, 2 mmol)

and the mixture was stirred at 70°C for 1 hour. After addition of purified water

(0.5 mL) to the reaction solution, the mixture was purified by HPLC fractionation

to obtain

4-({[5-(2- {[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et

hyllamino } methyl)phenyl]carbamoyl}ethyl)-2-phenylphenyl]carbamoyl}oxy)-1,1-

dimethylpiperidin-1-ium trifluoroacetate {(34.5 mg).

"H-NMR(400MHz, DMSO-d¢) & 10.47(s, 1H), 10.14(s, 1H), 9.07(d, J=50.5Hz,

1H), 8.75(s, 1H), 8.05(d, J=10.0Hz, 1H), 7.63(d, J=8.5Hz, 2H), 7.44(d, J=8.5Hz,

2H), 7.27-7.40(m, 6H), 7.24(d, J=8.0Hz, 1H), 7.19(d, J=8.0Hz, 1H), 7.10(d,

J=8.0Hz, 1H), 6.96(d, J=8.0Hz, 1H), 6.53(d, J=10.0Hz, 1H), 5.28-5.33(m, 1H),

4.58-4.66(m, 1H), 4.12-4.18(m, 2H), 3.35-3.43(m, 2H), 3.25-3.35(m, 2H), 3.07(s,

3H), 3.06(s, 3H), 3.05-3.09(m, 2H), 2.94(t, J=7.5Hz, 2H), 2.68(t, J=7.5Hz, 2H),

1.94-2.04(m, 2H), 1.70-1.82(m, 2H)

LC/MS: [M]+=1704.3

[Example 2]

Synthesis of

4-({[5-(2-{[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinoli
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4-({[5-(3- 1[54 {[(2R)-2-hydroxy-2(8-hydroxy-2-ox0-1,2-dihydroquino hyllamino } methyl)pyridin-2-yl]
carbamoyl} propyl)-2-phenylphenyl] carbamo yl}ox y)-1,1-dimethylpiperidin-I-ium trifluoroacetate In
accordance with Example 1, from | -methylpiperidin-4-y1 N-(5- {3-[(5- {
[(tert-butyldimethylsilyl)oxy]methyl pyridin-2-yOcarbamoyl] propy! {-2-phenylphenyernrhamate (139.2
mg, 0.27 mmo |) obtained in Reference Example 15-24, there was obtained 441[543-
{[54{[(2R)-2-hydroxy-248-hydroxy-2-oxo-1,2-dihydroquinolin-5-yHet hyl] amino
methyl)pyridin-2-yljcarbamoyllpropy0-2-phenylphenyl]carbamo yll ox y)-1, I -dimethylpiperidin-I-ium

tfiﬂuoroace%-t?-%}%Hyﬂqhﬁhﬁ&'}\ﬂﬁéﬁ%'i@lﬁ%%gpﬁ@ﬁ]%Qr@%?oﬁ%ﬁ;&?%%@d%@r%e%?(d'

J=77.8Hz, 1H), 8.75($, 1I-I), 8:40(d, J=2.2Hz, 11T}, 8.13(d, J=8.3 OHZ,
”')’7-92(dd’é§x%e71%§1%69 211t RO AS R 144248t el 088D I 0H2, 111), 7.14-7.160,1H),

7.12(d, J=8.3Hz,HI d, J=8.3Hz,[H), 6.54(d, J=10.0Hz,IH), 5.33-5.38(m, 111), 4.59-4.66(m, 111),

4.18-4.24(m, 2H), 3.86-3 420 Atcd): iq3-38MPL) 1,  from  [-Methylpiperidin-4-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-methoxyphenyl}
carbamoyl)ethyl]-2-phenylphenyl}carbamate (17 mg, 0.03 mmol) obtained in
Reference Example 15-2, there was obtained
4-({]5-(2-{|2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinoli
n-5-ylethyl]lamino } methyl)-5-methoxyphenyl]carbamoyl}ethyl)-2-phenylphenyl]
carbamoyl}oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate (11.6 mg).
"H-NMR(400MHz, DMSO-dg) & 10.46(s, 1H), 9.61(s, 1H), 8.87(d, J=25.0Hz, 1H),
8.74(s, 1H), 8.09(d, J=10.0Hz, 1H), 7.58(s, 1H), 7.57(s, 1H), 7.29-7.44(m, 6H),
7.16-7.29(m, 2H), 7.13(d, J=8.3Hz, 1H), 6.97(d, J=8.3Hz, 1H), 6.56(d, J=10.0Hz,
1H), 5.32-5.37(m, 1H), 4.57-4.66(m, 1H), 4.12-4.18(m, 2H), 3.80(s, 3H),

3.35-3.43(m, 2H), 3.25-3.35(m, 2H), 3.04-3.09(m, 2H), 3.07(s, 3H), 3.06(s, 3H),

I

-
N
[an—y

2.95(t, J=7.71

, 21

I

), 2.79(t, J=7.7Hz, 2H), 1.95-2.04(m, 2H), 1.69-1.81(m, 2H)
LC/MS: [M]+=768.3
[Example 3]
Synthesis of
4-({[5-(2-{[3-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli
n-5-yl)ethyl]amino } methyl)phenyl]carbamoyl}ethyl)-2-phenylphenyl]carbamoyl}
oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate

In accordance with Example 1, from I-methylpiperidin-4-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-3-chlorophenyl}carbamoyl)e
thyl]-2-phenylphenyl}carbamate (64.2 mg, 0.12 mmol) obtained in Reference
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3.08(s, 3H), 3.07(s, 3H), 2.92-3.02(m, 214), 2.64(t, J=7.711z, 21-1), 2.47(t, J=7.3Hz, 2H), 1.96-2.04(m,
2H), 1.89-1.96(m, 211), 1.70-1.820m, 211) LC/MS: [M] = 719.3

Example 15-3, there was obtained
4-({[5-(2-{[3-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli
n-5-yl)ethyl]amino } methyl)phenyljcarbamoyl}ethyl)-2-phenylphenyl]carbamoyl}
oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate (10.6 mg).
"H-NMR(400MHz, DMSO-dg) & 10.48(s, LH), 10.32(s, 1H), 9.12-9.02(broad, 1H),
8.72(s, 1H), 8.10(d, J=10.0Hz, 1H), 7.91(d, J=2.0Hz, 1H), 7.58(d, J=8.5Hz, 1H),
7.51(dd, J=8.5Hz, 2.0Hz, 1H), 7.28-7.44(m, 5H), 7.25(d, J=7.8Hz, 1H), 7.19(d,
J=7.8Hz, 1H), 7.13(d, J=8.3Hz, 1H), 6.97(d, J=8.3Hz, 1H), 6.55(d, J=10.0Hz, 1H),
5.32-5.38(m, 1H), 4.57-4.66(m, 1H), 4.22-4.40(m, 2H), 3.34-3.42(m, 2H),
3.26-3.34(m, 2H), 3.06-3.14(m, 2H), 3.07(s, 3H), 3.06(s, 3H), 2.94(t, J=7.7Hz,
2H), 2.70(t, J=7.7Hz, 2H), 1.95-2.05(m, 2H), 1.68-1.81(m, 2H)
LC/MS: [M]+ = 738.2
[Example 4]
Synthesis of
4-({[5-(2-{[2-fluoro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli
n-5-yl)ethyl]amino } methyl)phenyl]carbamoyl}ethyl)-2-phenylphenyl]jcarbamoyl}
oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate

In accordance with Example 1, from 1-methylpiperidin-4-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-5-chlorophenyl}carbamoyl)e
thyl]-2-phenylphenyl}carbamate (104 mg, 0.20 mmol) obtained in Reference

Example 15-4 there was obtained

3

g

-({[5-(2-{[2-fluoro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxec-1,2-dihydroquinoli
n-5-yl)ethyl]amino } methyl)phenyl]carbamoyl}ethyl)-2-phenylphenyl]carbamoyl}
oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate (29.4 mg).
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[Example 25] Synthesis of 4411543- { [2-bromo-44 (2R)-2-hydroxy-2-
(8-hydroxy-2-oxo0-1,2-dihydroqu ino 1 i n-5-yeethyljaminolmeth-y1)-5-methoxyphenylicarbamo :V 1 |
prop y1)-2-plien Jcarbamoylloxy)-1,1-dinethylp peridin-I- urn tr fluoroaceiate

"H-NMR(400MHz, DMSO-dg) & 10.47(s, 1H), 9.89(s, 1H), 9.11(d, J=33.4Hz, 1H),
8.73(s, 1H), 8.07(d, J=10.0Hz, 1H), 7.94-8.00(m, 1H), 7.28-7.46(m, 6H), 7.31(d,
J=8.0Hz, 1H), 7.20(d, J=8.0Hz, 1H), 7.11(d, J=8.0Hz, 1H), 6.96(d, J=8.0Hz, 1H),
6.55(d, J=10.0Hz, 1H), 5.30-5.35(m, 1H), 4.58-4.66(m, 1H), 4.18-4.25(m, 2H),
3.34-3.42(m, 2H), 3.26-3.34(m, 2H), 3.03-3.08(m, 2H), 3.07(s, 3H), 3.06(s, 3H),
2.93(t, J=7.7 Hz, 2H), 2.75(t, J=7.7Hz, 2H), 1.95-2.05(m, 2H), 1.68-1.81(m, 2H)
LC/MS: [M]+=17223
[Example 5]
Synthesis of
4-({[5-(2-{[2,5-difluoro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroqui
nolin-5-yl)ethyl]amino } methyl)phenyljcarbamoyl} ethyl)-2-phenyiphenyljcarbamo
yl}oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate

In accordance with Example 1, from I-methylpiperidin-4-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2,5-difluorophenyl}carbamo
yhethyl]-2-phenylphenyl}carbamate (44.7 mg, 0.07 mmol) obtained in Reference
Example 15-5, there was obtained
4-({[5-(2-{[2,5-difluoro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroqui
nolin-5-yl)ethyl]amino } methyl)phenyl]carbamoyl} ethyl)-2-phenylphenyl]carbamo
yl}oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate (16.8 mg).
"H-NMR(400MHz, DMSO-de) & 10.48(s, 1H), 10.10(s, 1H), 9.02-9.18(broad, 1H),
8.72(s, 1H), 8.12(d, J=10.0Hz, 1H), 8.01(dd, J=11.6Hz, 6.7Hz, 1H), 7.54(dd,
J=11.6Hz, 6.7Hz, 1H), 7.27-7.44(m, 6H), 7.18-7.27(m, 2H), 7.13(d, J=8.0Hz, 1H),
6.97(d, J=8.0Hz, 1H), 6.56(d, J=10.0Hz, 1H), 5.31-5.36(m, 1H), 4.58-4.65(m, 1H),
4.18-4.26(m, 2H), 3.35-3.43(m, 2H), 3.26-3.35(m, 2H), 3.07-3.15(m, 2H), 3.07(s,
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In accordance with Example 1, from1-methylpiperidin-4-y1 N- {543-(1:2-bromo-4-[(tert-
butyldimethylsilanoyloxy)methyl]-5-metho xyphenyl | carbamoyl)propyl]-2-phenylphenyllearbamate
(106.2 mg, 0.17 mmol) obtained in ReferenceExample15-25,therewasobtained 4-( {[5-(3-
112-bromo-4-(1[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinoli n-5-ypethyl] amino ]
methyl)-5-methoxyphenyl]lcarbamoyll propy1)-2-phenylpheiayi Icarbamoylf
oxy)-1,1-dimethylpiperidin-l-ium trifluoroacetate (56.2 mg). H-NMR(400MHz, HMSO-do) S 10.49(s,
114), 9.53(s, 1H), 8.90(d, J=38.3Hz, 11), 8.75(s, IH), 8.08(d, J=10.0Hz, 111), 7.73(s. 1H),

7.29-7.44( ~1)n 7266541 (d._3=8.0Hz, ), 7 A5-7.19(m TH), 7. 13(d, J=8,0HzZ, k), 6.97(d,
S oz e SONH bk S LA A A Bl SRS AT ot
311), 3.28-3.43(m. ALY, HP7(s, 311),3.06(s, 3H), 2.98-3.06(m, 211), 2.67(t, I=7 'Hz, 2H), 2.46(,

J=7.4Hz, 21-1),

LC/MS: [M]+ =740.3
[Example 6]
Synthesis of
4—({[5-(2-{[4-({[(ZR)-2—hydroxy—2-(8-hydroxy-2~0“0-l,2-dihydrociuinolin—5—y1)et
hyl]amino } methyl)-3-methoxyphenyl]carbamoyl} ethyl)-2-phenylphenyl]carbamo
yl}oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate

In accordance with Example 1, from 1-methylpiperidin-4-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-3-methoxyphenyl}carbamoy
l)ethyl]-2-phenylphenyl}carbamate (74.3 mg, 0.14 mmol) obtained in Reference
Example 15-6, there was obtained
4-({[5-(2-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
hyljamino } methyl)-3-methoxyphenyl]carbamoyl} ethyl)-2-phenylphenyl]carbamo
yl}oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate (19.1 mg).
'H-NMR(400MHz, DMSO-d¢) & 10.48(s, 1H), 10.14(s, 1H), 8.72(s, 1H),
8.60-8.80(broad, 1H), 8.04(d, J=10.0Hz, 1H), 7.14-7.48(m, 11H), 7.11(d, J=8.3 Hz,
1H), 6.96(d, J=8.3Hz, 1H), 6.55(d, J=10.0Hz, 1H), 5.28-5.34(m, 1H), 4.58-4.64(m,
1H), 4.12-4.22(m, 2H), 3.34-3.43(m, 2H), 3.26-3.34(m, 2H), 3.79(s, 3H), 3.07(s,
3H), 3.06(s, 3H), 2.97-3.02(m, 2H), 2.94(t, J=7.6Hz, 2H), 2.68(t, J=7.6Hz, 2H),
1.92-2.04(m, 2H), 1.68-1.80(m, 2H)
LC/MS: [M]+=7343
[Example 7]

Synthesis of
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1.96-2.04(m, 211), 1.89-1.96(m, 211), 1.70-1.82(m, 211) LC/MS: [M]+ = 826.3  [Example 26]

4-({[5-(2-{[3-fluoro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinoli
n-5-yl)ethyl]amino } methyl)phenyl]carbamoyl}ethyl)-2-phenylphenyl]carbamoyl}
oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate

In accordance with Example 1, from 1-methylpiperidin-4-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-3-fluorophenyl} carbamoyl)e
thyl]-2-phenylphenyl}carbamate (155.6 mg, 0.30 mmol) obtained in Reference
Example 15-7, there was obtained
4-({[5-(2-{[3-fluoro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli
n-5-yl)ethyl]amino } methyl)phenyl]carbamoyl}ethyl)-2-phenylphenyl]carbamoyi}
oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate (27.2 mg).
'H-NMR(400MHz, DMSO-ds) & 10.47(s, 1H), 10.38(s, 1H), 9.13(d, J=48.8Hz,

1H), 8.75(s, 1H), 8.1

—_
~

d, J=9.8Hz, 1H), 7.64-7.71(m, 1H), 7.52(t, J=8.5Hz, 1H),
7.28-7.44(m, 5H), 7.24(d, J=8.0Hz, 1H), 7.19(dd, J=8.0Hz, 1.5Hz, 1H), 7.12(d,
J=8.3Hz, 1H), 6.98(d, J=8.3Hz, 1H), 6.54(d, J=9.8Hz, 1H), 5.30-5.37(m, 1H),
4.58-4.64(m, 1H), 4.18-4.29(m, 2H), 3.34-3.43(m, 2H), 3.26-3.34(m, 2H),
3.03-3.08(m, 2H), 3.07(s, 3H), 3.06(s, 3H), 2.94(t, J=7.6Hz, 2H), 2.70(t, J=7.6Hz,
2H), 1.95-2.04(m, 2H), 1.68-1.80(m, 2H)
LC/MS: [M]+=722.3
[Example 8]
Synthesis of
4-({[5-(2- {[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
hyl]amino } methyl)-3-methylphenyl]carbamoyl}ethyl)-2-phenylphenyl]carbamoyl
toxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate

In accordance with Example 1, from I-methylpiperidin-4-yl
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Synthesis of 4-( {[5-(3- {[2-chloro-5-ethoxy-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihy droquino
lin- 5-ypethyl] amino} methyl)phenyl] carb amo yll prop y1)-2-p henylphenyl] carbamoyll oxy)-1,1-d
imethylpiperidin- 1-him trifluoro acetate In accordance with Examplelfrom 1-methylpiperidin-4-y1 N-
{5-[3-( {44(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-ethoxyphenyll ca
rbamoyl)propy11-2-phenylphenyi carbamate (45 mg, 0.076 mmol) obtained in
ReferenceExamplel5-26,therewasobtained 441[543- 1[2-chloro-5-ethoxy-4-(1
[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihy droquinolin-5-yl)ethyl] amino 1 methyl)phenyl]jcarbamoyli

proyL)-2-pReryphefl ereRmoM A S I pIRRTHIT YL PHARIT R (R T19)- LOMS:
ethyl]-2-phenylphenyl}carbamate (102.9 mg, 0.20 mmol) obtained in Reference
Example 15-8, there was obtained
4-({[5-(2- {[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
hyl]Jamino } methyl)-3-methylphenyl]carbamoyl}ethyl)-2-phenylphenyl]carbamoyl

yoxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate (7.3 mg).
sOXY) yip1p \ g)

LC/MS: [M]+ = 718.3

Synthesis of
4-({[5-(2-{[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli
n-5-yl)ethyl]amino } methyl)phenyl]carbamoyl}ethyl)-2-phenylphenyl]carbamoyl}
oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate

In accordance with Example 1, from I1-methylpiperidin-4-yl
N- {5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chlorophenyl} carbamoyl)e
thyl]-2-phenylphenyl}carbamate (107 mg, 0.20 mmol) obtained in Reference
Example 15-9, there was obtained
4-({[5-(2-{[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli
n-5-yl)ethyllamino } methyl)phenyl]carbamoyl} ethyl)-2-phenylphenyl]carbamoyl}
oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate (27.2 mg).
'H-NMR(400MHz, DMSO-dg) § 10.50(s, 1H), 9.65(s, 1H), 8.80-9.18(broad, 1H),

8.74(s, 1H), 8.07(d, J=10.0Hz, 1H), 7.78(d, J=8.5Hz, 1H), 7.69(d, J=2.0Hz, 1H),

J=8.3Hz, 1H), 6.96(d, J=8.3Hz, 1H), 6.56(d, J=9.8Hz, 1H), 5.28-5.34(m, 1H),

4.58-4.66(m, 1H), 4.16-4.23(m, 2H), 3.33-3.42(m, 2H), 3.26-3.33(m, 2H), 3.07(s,
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[Example 27] Synthesisof 4411543- {[5-ethoxy-4-({[(2R)-2-hydr
xy-2-(8-hydroxy-2-oxo-1,2-dihydroquinoli n-5-y1) ethyl] amino }methyl) phenyl] carbamo y11
propyl)-2-phenylphenyllcarbamoyl oxy)-1,1-dimethylpiperidin-l-ium trifluoroacetate In accordance
with Example 1, from 1-methylpiperidin-4-y1 N-
{5-[3-(14-[(tert-butyldimethylsilanoyloxy)methy1]-3-ethoxyphenylicarbamoyl)
propyl]-2-phenylphenyPicarbamate (123 mg, 0.22 mmol) obtained in Reference Example 15-27, there
was obtained 4-( [543- {[5-ethoxy-4-( {[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli

n-5-yeethyl ino I methyhp I maQyJ\pr. -2, Ip I amo.y,
oxy)-l,l-dir%gﬂﬁg?gg%i’dlg:ﬁ%’ Eﬁ%ﬁ?%a?ﬁ&?%ﬂ%f%@%;}%% cj)é]%;ié]l_ J>)<IéLIrZﬁp%eH %8]
i;(i!%)@{zz droxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinoli

Synthesisof, 456 [5 2#1 re-
n-5-ypethyliam§|noir%r§[{l1’y pfg’en’)% carbamoyi propy1)-2-phenylphenyl] carbamoyl

oxy)-1,1-dimethylpingsidin- Iﬂg@ trifluoroacetate In accordance with
Examplel,from1-methylpiperldin-4-yl N- {5434
gjrioyloxy)tnethyl]-2-f|uorophenylIearbamoyl)p

{4-[(tert-butk/ﬁjjq}%grﬂé(lﬁ'
ropyl]-2-phenylphenylicarbamate (144 mg, 0.27 mmol) obtained in Reference Example 15-28, there

was obtained 4 [543- {[2-fluoro-4-( {[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolic
n-5-yl)ethyl] amino | methyOphenyl] carhamo yllpropy1)-2-phenylphenyl] carba moyl oxy)-1

’1'0'imethy'QW%%%{%%@#%%%%%&-)(-15%8'1}%)&%%31:}\!M%(‘MM&I%HR RQ1AR5S H.A8(S, IT-)),

9.88(s, | H), 9 ), 8.74(s, 1 14), 8709(d, J=9.8Hz, 1H), 7.92(t, J=8.3Hz, 1H),

7287 47 (W T 25 i) - AR ABIRES Do kT HRUD: 2 TR bR 6.7

yltoxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate

In accordance with Example 1, from l-methylpiperidin-4-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-methoxyphenyl}carbamoy
)ethyl]-2-phenylphenyl}carbamate (106.1 mg, 0.20 mmol) obtained in Reference
Example 15-10, there was obtained
4-({[5-(2-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
hyl}amino } methyl)-2-methoxyphenyl]jcarbamoyl}ethyl)-2-phenylphenyl]carbamo
yltoxy)-1,1-dimethylpiperidin-1-ium triflucroacetate (18.5 mg).
"H-NMR(400MHz, DMSO-ds) & 10.47(s, 1H), 9.27(s, 1H), 9.00-9.22(broad, 1H),
8.74(s, 1H), 8.06(d, J=9.8Hz, 1H), 8.01(d, J=7.8Hz, 1H), 7.28-7.44(m, 6H),
7.18-7.27(m, 3H), 7.11(d, J=8.3Hz, 1H), 7.01-7.06(m, 1H), 6.97(d, J=8.3Hz, 1H),
6.56(d, J=9.8Hz, 1H), 5.32-5.36(m, 1H), 4.58-4.66(m, 1H), 4.16-4.23(m, 2H),
3.83(s, 3H), 3.34-3.43(m, 2H), 3.27-3.34(m, 2H), 3.07(s, 3H), 3.06(s, 3H),
2.90-2.98(m, 2H), 2.92(t, J=7.6Hz, 2H), 2.76(t, J=7.6Hz, 2H), 1.94-2.06(m, 2H),
1.67-1.80(m, 2H)
LC/MS: [M]+=1734.3

[Example 11]
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170 J=8.0,Hz,11-0,6.54(d,J=9.8117,111),5.32-5.37(m,111), 4.58-4.64(m, 1H), 4.16-4.23(m, 211),
3.26-3.43(m, 4H), 3.08(s, 3H), 3.07(s, 3H), 2.94-3.02(m, 211), 2.65(t, J=7.7Hz, 211), 2.46(t, J=7.411z,
211), 1.96-2.04(m, 2H), 1.87-1.95(m, 2H),

Synthesis of
4-({[5-(2-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
hyllamino } methyl)-2-methylphenyl]carbamoyl}ethyl)-2-phenylphenyljcarbamoyl
toxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate

In accordance with Example 1, from I-methylpiperidin-4-yl

ethyl]-2-phenylphenyl}carbamate (66.9 mg, 0.13 mmol) obtained in Reference

W

Example 15-11, there was obtained
4-({[5-(2- {[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)et
hyllamino } methyl)-2-methylphenyl]carbamoyl}ethyl)-2-phenylphenyl]carbamoyl
yoxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate (8.1 mg).

"H-NMR(400MHz, DMSO-ds) & 10.48(s, 1H), 9.38(s, 1H), 8.80-9.20(broad, 1H),
8.73(s, 1H), 8.05(d, J=10.0Hz, 1H), 8.47(d, J=8.0Hz, 1H), 7.20-7.44(m, 10H),
7.11(d, J=8.3Hz, 1H), 6.97(d, J=8.0Hz, 1H), 6.56(d, J=10.0Hz, 1H), 5.30-5.33(m,
1H), 4.58-4.64(m, 1H), 4.13-4.18(m, 2H), 3.34-3.42(m, 2H), 3.26-3.34(m, 2H),
3.07(s, 3H), 3.06(s, 3H), 3.00-3.08(m, 2H), 2.95(t, J=7.7Hz, 2H), 2.71(t, J=7.7Hz,
2H), 2.16(s, 3H), 1.94-2.06(m, 2H), 1.68-1.82(m, 2H)

LC/MS: [M]+=1718.3

[Example 12]

Synthesis of
4-({[5-(2-{[6-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0%x0-1,2-dihydroquinolin-5-yl)et
hyllamino } methyl)naphthalen-2-yl]carbamoyl!} ethyl)-2-phenylphenyl]carbamoyl}
oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate

In accordance with Example 1, from 1-methylpiperidin-4-yl

157



1.70-1.82(m, 211) LC/MS: [M]+ =736.3 [Example 29]

N-(5-{2-[(6-{[ (tert-butyldimethylsilyl)oxy]methyl} naphthalen-2-yl)carbamoyl]eth
yl}-2-phenylphenyl)carbamate (110.1 mg, 0.20 mmol) obtained in Reference
Example 15-12, there was obtained
4-({[5-(2-{[6-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
hyl]lamino } methyl)naphthalen-2-yl]carbamoyl} ethyl)-2-phenylphenyljcarbamoyl}
oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate (8.1 mg).
'H-NMR(400MHz, DMSO-dg) & 10.44(s, 1H), 10.26(s, 1H), 9.16(d, J=23.7Hz,
1H), 8.72(s, 1H), 8.36(s, 1H), 8.04(d, J=10.0Hz, 1H), 7.96(s, 1H), 7.88(d, J=6.0Hz,
1H), 7.85(d, J=6.0Hz, 1H), 7.58-7.65(m, 2H), 7.28-7.44(m, 6H), 7.19-7.27(m, 2H),
7.10(d, J=8.3Hz, 1H), 6.95(d, J=8.0Hz, 1H), 6.56(d, J=10.0Hz, 1H), 5.32-5.36(m,
1H), 4.57-4.66(m, 1H), 4.33-4.38(m, 2H), 3.34-3.43(m, 2H), 3.27-3.34(m, 2H),
3.07(s, 3H), 3.06(s, 3H), 3.00-3.07(m, 2H), 2.98(t, J=7.7Hz, 2H), 2.75(t, J=7.7Hz,
2H), 1.94-2.05(m, 2H), 1.68-1.80(m, 2H)
LC/MS: [M]+=754.3
[Example 13]
Synthesis of
4-({[5-(2-{[2-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
hyl]amino } methyl)-1-benzothiophen-5-yl]carbamoyl}ethyl)-2-phenylphenyljcarba
moyl}oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate

In accordance with Example 1, from 1-methylpiperidin-4-yl
N-(5-{2-[(5-{[(tert-butyldimethylsilyl)oxy]methyl}-1-benzothiophen-5-yl)carbam
oyllethyl}-2-phenylphenyl)carbamate (105.8 mg, 0.19 mmol) obtained in
Reference Example 15-13, there was obtained
4-({[5-(2-{[2-( {[(2R)-2—hydroxy-2—(8-hydroxy—2—dxo— 1,2-dihydroquinolin-5-yl)et
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Synthesis of 4-({[5-(3- {1[3-chloro-44 {[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo- 1 ,2-dihydroquinoli
n-5-yDethyl] ammo; methyl)phenyl]carbamoylf propy1)-2-pbenylphenyl]carbamoyl
toxy)-1,1-dimethylpiperidin-l-ium trifluoroacetate In accordance with Example 1, from 1- methylp
iperidin-4-y1 N- {543-(14-Ktert-butyldimethylsilanoyloxy)methyl]-3-chlorophenyl]carbamoyl)
propyl]-2-phenylphenylicarbamate (131.8 mg, 0.24 mmol) obtained in Reference Example 15-29,
there was obtained 4-( [543- ][3-chloro-4-( {[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydrogurnoll
n-5-ypethyl] amino }methyl)phcnyllcarhamoyl}propyi)-2-phenylphenyl]carbarnoyl loxy)-1 ,1-dimethylp

perir M INGTUERRE (OO TR AT DR A00 s A P
11-1),7.52(qlgh 78 3417 2 Wi Ab i e Rt AP Hin AR Rt [ 24 ().

"H-NMR(400MHz, DMSO-dg) § 10.46(s, 1H), 10.12(s, 1H), 9.22-9.30(broad, 1H),
8.71(s, 1H), 8.27(d, J=1.7Hz, 1H), 8,07(d, J=9.8Hz, 1H), 7.91(d, J=8.5Hz, 1H),
7.56(s, 1H), 7.28-7.44(m, 6H), 7.19-7.27(m, 2H), 7.11(d, J=8.3Hz, 1H), 6.96(d,
J=8.0Hz, 1H), 6.51(d, J=9.8Hz, 1H), 5.32-5.36{(m, 1H), 4.57-4.62(m, 1H),
4.51-4.56(m, 2H), 3.34-3.43(m, 2H), 3.27-3.34(m, 2H), 3.07(s, 3H), 3.06(s, 3H),
3.00-3.07(m, 2H), 2.96(t, J=8.2Hz, 2H), 2.70(t, J=8.2Hz, 2H), 1.92-2.04(m, 2H),
1.68-1.81(m, 2H)
LC/MS: [M]+ = 760.3
[Example 14]
Synthesis of
4-({[5-(2-{[5-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-yl)et
hyl]lamino } methyl)-2-methoxyphenyljcarbamoyl}ethyl)-2-phenylphenyl]carbamo
yl}oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate

In accordance with Example 1, from I-methylpiperidin-4-yl
N-{5-[2-({5-[(tert-butyldimethylsilanoyloxy)methyl]-2-methoxyphenyl}carbamoy
l)ethyl]-2-phenylphenyl}carbamate (138.0 mg, 0.26 mmol) obtained in Reference
Example 15-14, there was obtained
4-({[5-(2-{[5-({I(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinoclin-5-yl)et
hyl]amino } methyl)-2-methoxyphenyl]carbamoyl}ethyl)-2-phenylphenyl]carbamo
yl}oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate (28.2 mg).
"H-NMR(400MHz, DMSO-d¢) & 10.45(s, 1H), 9.26(s, 1H), 8.98(d, J=24.4Hz, 1H),

8.74(s, 1H), 8.19(s, 1H), 8.06(d, J=10.0Hz, 1H), 7.20-7.44(m, 6H), 7.18-7.25(m,
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J=8.0Hz,11l), 7.14-7.18(m,111), 7.13(d,J=8.5Hz,114), 6. 98(d,J=8. 5,Hz, Ill), 6.54(d)=1
0,0Hz,11-1),5.34-5.40(m,IH);4.58-4,68(m; | H);4.24-4.40(m,2H), 3.28-3.44(m,4H), 3.08(s,31-1),
3.07(s,311), 3.04-3.15(m,2H), 2.65(t,J=7.6Hz,2H), 2.40(t,J=7.3Hz,21-1), 1.96-2.04(rn,2H),
1.87-1.95(m,21-1), 1.70-1 .82(m,211) LC/MS: [M]+ =752.3 [Example 30] Synthesisof 4-(1[5-(3-
112-bromo-4-(1[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinoli n-5-yi)ethyl] amino } methyl)p
henyl] carbamo ylf prop y1)- 2-p henylp henyl] carb arno yl loxy)-1,1-dimethylp peridin-I-ium
trifluoroacetate in accordance with Example 1, from 1-methylpiperidin-4-y1 N-15-[3-(

{2-bromo-4 r dimethylsila y)o pheqy 10 7 ,
propyl]-2-p#ei2’y?ptggﬁy&%§r%¥n%i§ (g%?er{ng}mg?ggn 21%?5 g%ﬁ%@?% 8R%%Ier’eln}é%’ éi(%?msp e6£g1-’25, there
was obtain 41}543- 0 (2R ro -( O0X¥1470XQ-1,2~d} oqﬂ'@)oli
n-5-yHethyﬁquﬁinjé}gﬁégéélg%{ﬁemnﬁ? éa:%a?ggryﬁ]%%gﬁ)y%ﬁip%l%%ﬂqﬁ’phgeﬁgd]cg'r %r%éyl%)(g{’ ’

i, N uaigaceln g A moL ATSTHMRAIOMHR DYSPe) 5 10496

loxy)-1,1-dimethylpiperidi
114), 9.58(?}91?;)%"g’.%?a,%@ziunz, 1 8.09(d; J=10.0Hz, 111y, 7.86(d, J=1.7Hz, 1H),

78300, =58iy1 ). 7,500, 32 g b T, 340) T dmoBH). 7 200 1H). 7.25(0

J-8.0Hz, 1H), 7.14-7.18(m, Iff), 7.12(d, J=8.0Hz, 1H), 6.97(d, J=8.01-1z, 1H), 6.56(d, J-10.0Hz, 1I-I),
5.30-5.38(@@)11,)54@@ 4.68(Ry 1H), 4.18-4.25(m, 211), 3.28-3.42(m, 411), 3.07(s, 31-1), 3.06(s, 31-1),
2.98-3.05(m, 2H), 2. 7%t, J=7.61-1z, 2H), 2.44(t, J=7.311z, 211), 1.96-2.04(m, 2H), 1.87-1.95(m, 211),

1-70'1-82(n§E§'§Qﬂ3f§/|}/§5 [M]+ = 796.3 [Example 31]

Synthesis of
4-({15-(2- {[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
hyl]amino } methyl)phenyl]{(methyl)carbamoyl} ethyl)-2-phenylphenyl]carbamoyl}
oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate

In accordance with Example 1, from I-methylpiperidin-4-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]phenyl} {methyl}carbamoyl)e
thyl]-2-phenylphenyl}carbamate (139.0 mg, 0.27 mmol) obtained in Reference
Example 15-15, there was obtained
4-({[5-(2-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-yl)et
hyl]amino } methyl)phenyl](methyl)carbamoyl} ethyl)-2-phenylphenyljcarbamo yl}
oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate (45.7 mg).
'H-NMR(400MHz, DMSO-dg) & 10.47(s, 1H), 9.12(d, J=40.7Hz, 1H), 8.72(s, 1H),
8.04(d, J=10.0Hz, 1H), 7.51(d, J=8.0Hz, 2H), 7.24-7.38(m, 6H), 7.07-7.12(m, 1H),
7.70(d, J=8.0Hz, 2H), 7.06-7.13(m, 2H), 6.92(d, J=8.0Hz, 1H), 6.49(d, J=10.0Hz,
1H), 5.27-5.32(m, 1H), 4.55-4.60(m, 1H), 4.16-4.22(m, 2H), 3.33-3.38(m, 2H),

3.24-3.33(m, 2H), 3.12(s,

jUS]

H), 3.12-3.15(m
3.00-3.04(m, 2H), 2.73-2.80(m, 2H), 1.90-2.00(m, 2H), 1.65-1.75(m, 2H)
LC/MS: [M]+ = 718.3
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Synthesis 441[543-1[44 {[(2R)-2-hydroxy-2-(8-hydroxy-2-o0x0-1,2-dihydroquinolin-5-yHet hyllam
no}methyl)-3-(trifluoromethyflphenyflearbamoylipropy1)-2-phenylphenyl Icarbamo yli
oxy)-1,1-dimethylp iperidin- 1- ium trifluoroacetate In accordance with Example 1, from
1-mcthylpiperidin-4-y1 N- {5-[3-( 14-[(tert-butyld imethylsilano ylo xy)methy1]-3- (triftuoromet hyflp
henyl}c arbamoyflpropyl]-2-phenylphenyflcarbamate (145.2 mg, 0.25 mmol) obtained in Reference
Example 15-31, there was obtained 441[543- [4-(
{[(2R)-2-hydroxy-2-(8-hydroxy-2-o0xo-1,2-dihydroquinolin-5-yflet hyl] amino}
methyl)-3-(tHERAIFBIsetyfiphenyllearbamoylipropyl)-2-phenylphenyi
ilcarbamoyfloxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate (98 mg). 1 H-NMR(400MHz, DMSO-d6) S
10.48(s, 1H}Y9!84%i 4=78.3Hz, 114), 8.76(s, 111), 8.13(s, 114), 8.13(d, 4=10.0Hz, 1H), 7.88-7.93(m,
11"), 7.77(d, 4=8.514z, 114), 7.29-7.44(m, 5H), 7.26(s, 1H), 7.25(d, 4=8.0Hz, 1H), 7.14-7.180m, 1H),
7.14(d, j=8 B14! iR ﬁ@é@ﬁ{%&(%édwirwéﬁﬁ(axﬂf%m xp1113-$ibpdeoqning 1149 4158-4.68(m,
LH), 4.30-4.44(m, 214), 3.26-3.44(m, 4H), 3.08(s, 3H), 3.07(s, 3H), 2.98-3.05(m, 2H), 2.66(t, 4=7.611z,
2H), 2.43(t, JH APRoIM iy bR e oty ice -&%@Mﬁ?mﬁﬂm%gh{mpﬂ TReRes foi-1- = 786.3
[Example 32} Synthesisof 4-(1[5-(3- . )
[[4-(1[(2R)-2- h}/drﬁievl%’eg’lm&ﬁ%}éwz&Bnléﬁf&}fﬁy'?a%a@i‘ﬁo1in-5-ypet hyll amino} methyl)pheny]
carbamoyl 1 propyl)-2-phenylphenyll carbamoyl 1 oxy)-1, | -d imethyl;i)iperidin-l,- iutn trifluoroacetate
In accordance with ExantpfeL6m 1-‘i‘ﬁgthylgi’é%‘ﬁ8ilﬁ-4-)}l N-18ip3.( I-methylpiperidin-4-yl
{4-Rtert-butyldimethylsilanoyloxy)methyflphenyllcarbamoyflpropy1]-2- phenylphenyl}carbamate (122
13, 0.2 T} S FRTEHRLL BB DS 5 R o o Heg o L
{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroqu na | n-5-yl)et hyl] amino }
methyﬂpheayﬁﬁsa%%%fw%ﬁrﬁmsnﬂ% enyfitgarb&iioyFERe)) 1° t@ﬁﬁ@}thyﬁpi&e@famsﬁm
trifluoroace%ex(gl@ mgQ). H-14MR(§(406(3MH2, DMSO0-d6) S 10.45(s, 1H), 10.06(s, 11-) 9.02(3,
J=38.8Hz, TH7BP78(s, 111), 8.09{d; 1210.0Hz, 1H)¥63(d, J=8.5Hz"28), 7.35-7.45&3%?%%,

128 S e M ST A T A A0, Qi . oo
hyl]amino } methyl)thiophen-2-yl]carbamoyl}ethyl)-2-phenylphenyl]carbamoyl}ox
y)-1,1-dimethylpiperidin-1-ium trifluoroacetate (15.1 mg).

H-NMR(400MHz, DMSO-d¢) & 11.35(s, 1H), 10.46(s, 1H), 9.07(broad, 1H),

8.71(s, 1H), 8.02(d, J=10.0Hz, 1H), 7.25-7.39(m, 5H), 7.17-7.25(m, 2H),

7.12-7.16(m, 1H), 7.06(d, J=8.0Hz, 1H), 6.97(d, J=3.9Hz, 1H), 6.92(d, J=8.0Hz,

1H), 6.52(d, J=3.9Hz, 1H), 6.51(d, J=10.0Hz, 1H), 5.23-5.28(m, 1H), 4.55-4.62(m,

1H), 4.25-4.33 (m, 2H), 3.33-3.40(m, 2H), 3.20-3.33(m, 2H), 3.03(s, 3H), 3.02(s,

3H), 2.95-3.02(m, 2H), 2.90(t, J=7.6Hz, 2H), 2.65(t, J=7.6Hz, 2H), 1.90-2.00(m,

2H), 1.65-1.75(m, 2H)

LC/MS: [M]+=710.2

[Example 17]

Synthesis of

4-({[5-(2-{[5-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0xo0-1,2-dihydroquinolin-5-yl)et

hyl]amino } methyl)pyridin-2-yl]carbamoyl}ethyl)-2-phenylphenyl]carbamoyl} oxy
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1H), 4.13-4.18(m, 21-0, 3.34-3.42(m, 2H), 3.28-3.34(m, 2H), 3.07(s, 3H), 3.06(s, 3H), 2.90-3.09(m,
2H), 2.65(t, J=7.6Hz, 2H), 2.38(t, J=7.3Hz, 2II), 1.97-2.06(m, 2H), 1.88-1.97(m, 21-1), 1.73-1.81(m,
2H) LC/MS: [M]J- = 718.3

)-1,1-dimethylpiperidin-1-ium trifluoroacetate

In accordance with Example 1, from Il-methylpiperidin-4-yl
N-(5-{2-[(5-{[(tert-butyldimethylsilyl)oxy]methyl} pyridine-2-yl)carbamoyl]ethyl
}-2-phenylphenyl)carbamate (90.3 mg, 0.18 mmol) obtained in Reference
Example 15-17, there was obtained
4-({[5-(2-{[5-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)et
hyl]amino } methyl)pyridin-2-yl]carbamoyl}ethyl)-2-phenylphenyl]carbamoyl} oxy
)-1,1-dimethylpiperidin-1-ium trifluoroacetate (37.0 mg).
LC/MS: [M]+ =705.3
[Example 18]
Synthesis of
4-({[5-(3-{[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli
n-5-yl)ethyl]amino } methyl)-5-methoxyphenyl|carbamoyl}propyl)-2-phenylphenyl
Jecarbamoyl}oxy)-1,1-dimethylpiperidin--ium trifluoroacetate

In accordance with Example 1, from I[-methylpiperidin-4-yl
N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-methoxyphenyl}
carbamoyl)propyl]-2-phenylphenyl}carbamate (10.9 mg, 0.16 mmol) obtained in
Reference Example 15-18, there was obtained
4-({[5-(3-{[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli
n-5-ylethyl]amino } methyl)-5-methoxyphenyl]carbamoyl} propyl)-2-phenylphenyl
Jcarbamoyl}oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate (45 mg).

'H-NMR(400MHz, DMSO-dg) 8 10.49(s

iy

1H), 8.94(d, J=58.8Hz, 1H),
8.76(s, 1H), 8.09(d, J=10.0Hz, 1H), 7.56(d, J=15.6Hz, 2H), 7.25-7.48(m, 4H),
7.28-7.35(m, 1H), 7.26(s, 1H), 7.24(d, J=8.0Hz, 1H), 7.17(dd, J=8.0Hz, 1.5Hz,
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[Example 33] Synthesisof
(1R,2R,48,5S,7S)-7-(1[5-(3-{[4-(I[(2R)-2-hydroxy-2-(8-hydroxy-2-o0x0-1,2-dihyd roquinolin-5-yflethyl]
ammolmethyl)phenyl] carbamoyl } propy0-2-phenylphenyl] ¢
arbamoylfoxy)-9,9-dirnethy1-3-oxa-9-azatricyclo[3.3.1.02.4]nonan-9-ium trifluoroacetate
InaccordancewithExamplel,from (| R,2R,48,58,7S)-9-methy1-3-o0xa-9-azatricyc lo
[3.3.1.02A]nonan-7-y1 N-1,5434 {4-Rtert-butyldimethylsilanoyloxylmethyl]phenyll carbamoyflpropyll -2-
phenylphenyl carbamate (57.6 mg, 0.088 mmol) obtained in Reference Example
15-33thereyagobiaingdl (LR ARAS BB, 7Blokdd434 2, 1H), 6.55(d, J=10.0Hz, 1H),
{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihyd roqu

nolin-5-ypethyljamingimeiiy)) phenwikes bamoyljpropyl)-Psphenylghemdic atbgmoyl axy)($,9-d
imethyl-3-oxa—9-agg%ricycll%dg3.3.1.02.4]i1bﬁonan?9p- ium trifrl?lgzog%:kgtate (21% mg?. 11-1-NMR((4(30MHZ,

DMSO-c16pfi10.4565.3139)m10:06(S. 1.63)3 H94d. I78.5Hz 4H)3 18)756s0d). B93(ch 4740.0Hz,
111), 7.63(d, J)l8.51lz, zji%, 7.32?%.46(m, ??11)6{?.27@ 111), (7.25(d,)J-7.8§(I|§|’,) I—%‘{:}%.léjﬁp%m, 1H),

7.10(d, J=8BHZ M), 6.85(d,2178.3Hp(AH); HbA(d] I710.067a 11211 H-28-D&4(gm (W), 42491t
J=5.611z7, 114), 4.13-4.19(m, 2H), 4.08-4.12(m, 2H), 3.76-3.95(broad, 21-1), 125(s, 31-1), 3.01(s,
311), 2.92-3.02(M,73nd) 22P4(t, J=7.8Hz, 2H), 2.53(dt, J=16.911z, 5.21-Iz, 211), 2.38(t, J=7.311z,
2H), 1.88-1.96(m, 2H), 1.79(d, J=17.1Hz, 211) LC/MS: [M]+ = 758.3 [Example 34] Synthesisof (1
R,7R,4C,5 $8)x3-($a#3={18chloro-4-( {[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo01,2-dihydroquino lin-5-
yeethyl] amino { methyl)- 5-metho xyphenyl] c arbamo yl | prop y1)-2-phenylphenylicarbamoyl
0xy)-9,9-d inmathwmbi3-osp- 9- azatricyclo [3. 3.1. 02'4]n onan-9-ium trifluoroaeetate
InaccordancewithExamplel,from
(1R,2R,4S,59nf9sIkmethyl1-3-oxa-9-azatricyclo[3.3.1.02'4]nonan-7-y1 of
N-1543-(14-[(tert-butyldimethyls lanoyloxy)methy1]-2-chloro-5-methoxyphenyll
earbamoyllipropisli32{phanitipoenyl{cerranaie dd36,8 8, 18 aroxnal) dlainediRydroquinoli
n-5-yl)ethyl]amino } methyl)phenyl]carbamoyl} propyl)-2-phenylphenyl]carbamoyl
toxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate
In accordance with Example 1, from 1-methylpiperidin-4-yl
N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chlorophenyl}carbamoyl)
propyl]-2-phenylphenyl}carbamate (164.7 mg, 0.3 mmol) obtained in Reference
Example 15-19, there was obtained
4-({[5-(3-{[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli
n-5-yl)ethyl]lamino } methyl)phenyl]carbamoyl} propyl)-2-phenylphenyl]carbamoyl
toxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate (79.1 mg).
1H—N]\/IR(400MHZ, DMSO-dg) 6 10.46(s, 1H), 9.62(s, 1H), 9.20(d, J=62.4Hz, 1H),
8.73(s, 1H), 8.09(d, J=10.0Hz, 1H), 7.75(d, J=8.3Hz, 1H), 7.70(d, J=1.7Hz, 1H),
7.45(dd, J=8.3Hz, 1.7Hz, 1H), 7.35-7.42(m, 4H), 7.29-7.34(m, 1H), 7.26(s, 1H),
7.25(d, J=8.0Hz, 1H), 7.17(dd, J=8.0Hz, 1.5Hz, 1H), 7.12(d, J=8.3Hz, 1H), 6.98(d,
J=8.3Hz, 1H), 6.55(d, J=10,0Hz, 1H), 5.32-5.37(m, 1H), 4.59-4.65(m, 1H),
4.13-4.18(m, 2H), 3.35-3.42(m, 2H), 3.28-3.35(m, 2H), 3.08(s, 3H), 3.07(s, 3H),
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ReferenceExample15-18,therewasobtained (1R,2R,4S,5S,7S)-7-( { [5-(3- [2-chloro-4-( {
R2R)-2-hydroxy-2-(8-hydroxy-2-oxo- 1 ,2-dihydroquino | in-5-yflethyl] amino
methyl)-5-methoxyphenyl]lcarbamoyl } prop y1)-2-phenylphenyl]carbamoylf
oxy)-9,9-dimethy1-3-oxa-9-azatricyclo[3.3.1.02'4]n onan-9-ium trifluoroacetate (87 mg).
tt-NMR(400MHz, DMSO-d6) 6 10.54(s, 1H), 9.60(s, 1H), 8.92(d, J=48.0Hz, IH), 8.78(s, III), 8.08(d,
J=10.0Hz, Ill), 7.58(s, 1H), 7.54(s, IH), 7.31-7.46(m, 514), 7.28(s, 1H), 7.25(d, J=7.81-1z, 114),

7.13-7.18( 2(d,J=8 1H),6.97(d, J=8.3H 1) d, J=10. IH), 5.32-5.37(m,I ID,
4.78(t, J=5. éﬁ%&%ﬁ%‘,—&zgfgfgjﬁﬁ?@.ﬁ%kmﬁﬁé‘j&é’%ﬁ%(%f‘&a&%%)@%(s, H), 3.25(s.
3H), 3.01(s,;3H), 3. ,2HD, t. J=7,6Hz, 2H). 2.53-2.58(m 214), 2.43-2.50(m, 2H),
1.88-1.96(&%)&%5“(3?@%52&?@%”@Ms: [M]+ = 822.3 [Example 35] Synthesisof
(1R,2R,4S,Efﬁ%é\%-}\(égﬁ?;,}z[ﬁﬁzm(]g[(ZR)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dibyd roquinolin-5-yflethyll
amino | methyOn '{ﬂ en-Z-yl[carba moyl} propyl)-2-phenyi phenyllcarbamoyll

oxy)-9,9-dirI|§;[(h 1-%@5 -9-azatricyclo [3.3.1.02A]nonan- 9- turn trifluoroacetate
InaccordantewithExam lel,from (1R,2R,4S,5 S,7S)-9-methyl-3-oxa-9-azatricyclo [3.3. |

.02'4]nonanS ey Q;QS- 13-[(6- {Htert-butyldimethylsi lyfloxylmethyll naphthalen-Z-yOcarbar%c% yll pro
pyll-2-phenytphenyl)carbamate (181 mg, 0.26 mmol) obtained in Reference

4-({[5-(3- {[4-({[(ZR)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
hyljamino } methyl)-3-methoxyphenyljcarbamoyl}propyl)-2-phenylphenyl]carbam
oyl}oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate

In accordance with Example 1, from I-methylpiperidin-4-yl
N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-3-methoxyphenyl}carbamoy
D)propyl]-2-phenylphenyl}carbamate (147.1 mg, 0.27 mmol) obtained in
Reference Example 15-20, there was obtained
4-({[5-(3- {[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)et
hyl]amino } methyl)-3-methoxyphenyljcarbamoyl} propyl)-2-phenylphenyljcarbam
oyl}oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate (163.2 mg).
'H-NMR(400MHz, DMSO-d¢) & 10.46(s, 1H), 10.12(s, 1H), 8.80(d, J=51.2Hz,
1H), 8.73(s, 1H), 8.05(d, J=10.0Hz, 1H), 7.47(d, J=1.5Hz, 1H), 7.35-7.44(m, 4H),
7.29-7.34(m, 2H), 7.26(s, 1H), 7.25(d, J=8.0Hz, 1H), 7.17(dd, J=8.0Hz, 1.5Hz,
2H), 7.11(d, J=8.0Hz, 1H), 6.97(d, J=8.0Hz, 1H), 6.53(d, J=10,0Hz, 1H),
5.30-5.35(m, 1H), 4.59-4.65(m, 1H), 4.09-4.23(m, 2H), 3.77(s, 3H), 3.35-3.42(m,
2H), 3.26-3.35(m, 2H), 3.08(s, 3H), 3.07(s, 3H), 2.96-3.02(m, 2H), 2.65(t,
J=7.6Hz, 2H), 2.39(t, J=7.4Hz, 2H), 1.97-2.06(m, 2H), 1.88-1.96(m, 2H),
1.70-1.82(m, 2H)
LC/MS: [M]+ = 748.2
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Example15-35,therewasobtained
(1R,2R,4S,5S,7S)-7-({[5-(3-1[6-({[(2R)-2-hydroxy-2-(8-hydroxy-2-o0xo-1,2-dihyd roquino hn-5-yl)ethyl]
amino | methyOnaphthalen-2-yl] carbamoyl) propyl)-2-phenyl 176
phenyl]carbamoylloxy)-9,9-dimethy1-3-oxa-9-azatricyclo[3.3.1.02A]nonan-9-ium tr tluoroacetate (26
mg). H-NMR(400MHz, DMSO-d6) S 10.50(s, 1H), 10.23(s, 1H), 9.17(d, J=22.2Hz, 114), 8.78(s, 1H),
8.38(s, 1H), 8.03(d, J=10.014z, 111), 7.95(s, 114), 7.83-7.89(m, 2H), 7.58-7.66(m, 211), 7.31-7.46(m,
511), 7.29(s, 111), 7.26(d, J=7.8Hz, 111), 7.16-7.20(m, IIl), 7.10(d, j=8.0Hz, 111), 6.95(d, J=8.0Hz,
111), 6.48(?&5&%% 1H), 5.31-5.36(m, 1H), 4.79(t, J=6.0Hz, 114), 4.32-4.38(m, 211), 4.07-4.13(m,
2H), 3.78-4.00(broad, Zl-l), 3.25(s, 3H), 3.05-3.13(m, 2H), 3.01(s, 3H), 2.67(t, J=7.61-1z, 214),
2.49-2.58(my2151)2.44H, J=7.3Hz, 2H), 1.92-2.00(m, 214), 1.79(d, J=14,1111z, 214) LC\IS: [M]+ =
808.3 [Example 36] Synthesisof

(IR.2R,4S, é%?[%)(?:@f@((ﬁéﬁ%?éﬁiﬁ f85!§{Y9f98%§d§§' gtg&)ﬁ'—%ﬁ&?ﬂ}yaig)%%ﬁo lin-5-yl)et

roquinolin-5--yeethyilJamino methyl)-3-methoxyphen],711carbamoyllpropyl)-2-phe

nylphenyilepgeamgionory FrAmRi eI IRARBIGHRIE AL AR R T eIV piARCetate

InaccordancéwithExamplel,from

(1R,2R,4S, 35 /379-MelivhedrxpipcAaail evepl k- dohoenan-7-y1 N- [5434

{4-Rtert-butyldimethylsilanoyloxy)methyll-3-methoxyphenylicarbamoy

1)propy1]-2-phenylphenylicarhaaneate (goh Mgz £h36,emo]) obtaingd in REIBIENSEeridin-4-yl
Example15-16,therewasobtained (1R,2R,4S,5S,7S)-7-( { [6431[4- ( [(2R)-2-Hydroxy-2-

(8-hydroxy-Rr0x0r3.2rdiind oskiPRt sy Qeihy s rynaleneinD-hepethopuehg ik aarhapo vl

propyl)-2 -phe
Dpropyl]-2-phenylphenyl}carbamate (179.7 mg, 0.33 mmol) obtained in
Reference Example 15-21, there was obtained
4-({[5-(3-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-yl)et
hylJamino } methyl)-2-methoxyphenyl]carbamoyl} propyl)-2-phenylphenyl]carbam
oyl}oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate (218 mg).
"H-NMR(400MHz, DMSO-de) & 10.47(s, 1H), 9.20(s, 1H), 9.24(d, 1=95.2Hz, 1H),
8.75(s, 1H), 8.09(d, J=10.0Hz, 1H), 7.99(d, J=8.0Hz, 1H), 7.36-7.44(m, 4H),
7.22-7.34(m, 4H), 7.16(dd, J=7.8Hz, 1.3Hz, 1H), 7.13(d,J=8.0Hz,1H),
7.02(dd,j=8.0Hz,1.3Hz,1H), 6.99(d,J=8.0Hz,1H), 6.52(d, J=10,0Hz, 1H),
5.32-5.38(m, 1H), 4.60-4.68(m, 1H), 4.16-4.22(m, 2H), 3.84(s, 3H), 3.37-3.44(m,
2H), 3.28-3.37(m, 2H), 3.08(s, 3H), 3.07(s, 3H), 2.96-3.04(m, 2H), 2.65(t,
J=7.8Hz, 2H), 2.47(t, J=7.6Hz, 2H), 1.96-2.04(m, 2H), 1.86-1.95(m, 2H),
1.70-1.82(m, 2H)
LC/MS: [M]+ = 748.3

[Example 22]

Synthesis of

4-({[5-(3-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-yl)et
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177 nylphenyllcarbamoyl} oxy)-9,9-dimethy1-3-oxa-9-azatricyclo[3.3.1.02'4]Jnonan-9-iu m
trifluoroacetate (81 mg). 1H-NMR(400MHz, DMSO-d6) 5 10.50(s, 1H), 10.14(s, 111), 8.79(d,
J=52.9Hz, 111), 8.78(s, 1H), 8.05(d, J=10.0Hz, 111), 7.31-7.46(m, 7H), 7.28(s, ), 7.25(d, J=7.81lz,
), 7.13-7.19(m, 2H), 7.11(d, J-8.0Hz, 1H), 6.97(d, J=8.0Hz, 111), 6.53(d, J=10.0Hz, 1H),
5.29-5.35(m, 111), 4.790, J=5.4Hz, 11-1), 4.10-4.23(m, 2H), 4.07-4.13(m, 2H), 3.78-4.0(broad, 2H),
3.78(s, 31-1), 3.26(s, 3H), 3.02(s, 3H), 2.94-3.04(m, 211), 2.64(t, J-7.71-1z, 21-I), 2.49-2.57(m, 211),
2.38(t, J=7.3Hz, 2H), 1.88-1.96(m, 211), 1.78(d, J=13.2Hz, 211) LC/MS: [M]+ = 788.3 [Example 37]

SyntheSiSth(yhB@B%@tﬁy?ﬁk-h@ﬁ%ﬁ&%ﬁﬁ]@ﬂ@5%63(11}&@?ﬁ%ﬂw&wp%eﬁ%dﬂwﬂ%n%oxol,2-d
ihydro qu ino | in-5- yllethyl] amino if methyl)phenyl]carbamoyl | prop y1)- 2-pheny

IphenylicarbamgylloxyithR-dimeipytidinxaSazatiayetltde 02'4Jnonan-9 trifluoro acetate
InaccordancewithExamplel,from (1 R,2R,4S,5 S,7S)-9-methy1-3-oxa-9-azatricyclo

[3.3.1.02A]nonan-74xl Nad&diddddel (tett-dputyidimelimdsilanoylegnimethyidtRapiparhanyl {carbamo
yt) propyl]-2-phenylphenylicarbamate (116.1 mg, 0.23 mmol) obtained in Reference

Example15%37;hesepyaseliaingdy (@Rt $1§1a%0 (Rx )BT rebiRtopAddli(2R baRvdngxy-2-(8-
hydroxy- 2-oxo 1,2-dthydroqu ino 1 n-5-yl)ethyll aminolmethyl)phenyl]carbamoylipropyl)-2-pheny

Irige?yllcarl;ﬁaw!}f-QM&mmanatQ-@mri%Iﬂ&3.an%cljn@mmediwm Réflupspacetate

(ermo) Example 15-22, there was obtained
4-({[5-(3-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
hyllamino } methyl)-2-methylphenyl]carbamoyl}propyl)-2-phenylphenyl]carbamoy
l}oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate (72.9 mg).
'H-NMR(400MHz, DMSO-dg) & 10.48(s, 1H), 9.39(s, 1H), 9.10(d, J=51.5Hz, 1H),
8.74(s, 1H), 8.06(d, J=10.0Hz, 1H), 7.29-7.48(m, 8H), 7.26(s, 1H), 7.25(d,
J=8.0Hz, 1H), 7.17(d, J=8.0Hz, 1H), 7.11(d, J=8.3Hz, 1H), 6.97(d, J=8.3Hz, 1H),
6.54(d, J=10.0Hz, 1H), 5.31-5.36(m, 1H), 4.59-4.66(m, 1H), 4.13-4.18(m, 2H),
3.36-3.42(m, 2H), 3.28-3.36(m, 2H), 3.08(s, 3H), 3.07(s, 3H), 2.92-3.02(m, 2H),
2.67(t, J=7.6Hz, 2H), 2.34(t, J=7.4Hz, 2H), 2.21(s, 3H), 1.97-2.04(m, 2H),

1.90-1.97(m, 2H), 1.70-1.82(m, 2H

g

LC/MS: [M]+=732.2

[Example 23]

Synthesis of

4-({[5-(3-{[6-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et

hyl]amino } methyl)naphthalen-2-yl]carbamoyl} propyl)-2-phenylphenyl]jcarbamoyl

toxy)-1,1-dimethylpiperidin-1-ium trifluoroaceta
In accordance with Example 1, from 1-methylpiperidin-4-yl

N-(5-{3-[(6-{[(tert-butyldimethylsilyl)oxy]methyl}naphthalen-2-yl)carbamoyl]pro
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'H-NMR(400MHz, DMS0-(16) S 10.52(s, 11-1), 9.63(s, 1H), 9.02-9.15(broad, 1H), 8.77(s, 111), 8.07(d,
J=10.014z, 1H), 7.75(d, J=8.311z, Ill), 7.69(d, J=2.0Hz, 1H), 7.31-7.47(m, 6H), 7.28(s, 1H), 7.25(d,
J=7.8Hz, 1H), 7.14-7.18(m, 1H), 7.12(d, J=8.3Hz, 11-1), 6.96(d, J-8.311z, IlI), 6.53(d, J=10.0Hz, 1H),
5.29-5.34(m, 111), 4.78(t, J=5.711z, 114), 4.16-4.24(m, 2H), 4.07-4.! 3(m, 21-1), 3.78-4.00(broad, 2H),
3.25(s, 3H), 3.02-3.12(m, 211), 3.01(s, 311), 2.65(t, J=7.4fiz, 21l), 2.49-2.57(m, 211), 246(t, J=7.3Hz,
2H), 1.88-1.96(m, 2H), 1.78(d, J=13.3Hz, 214) [M]+ = 792.3 [Example 38] Synthesisot (1
R,2R,4S,5S,7S)-7-( ([543- { [4-( {[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihyd

roquinolin-%y'??-t@bﬂmm)ggéﬂ%iw&b%m&@%W”Q{{J;C,aﬁ?ﬁﬂwﬂﬁmpb{l)fgﬁpébe in Reference

nylphenyl]carbamoylloxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.021nonan-9-iu m trifluoroacetate

Inaccordanggyithfzxamplel,from €1R,2R,4 S,5 S,7§);Q- methy1-3-q4a-9-azatricyC ifyained
[3.3.1.02A]nonan-7-y1 N- {5434 (4-[(tert-butyldimethylsilanoyloxy)methyl]-2-methoxyphenyl carbamoy

Opropyl]-zngt k@h?fél'ﬂ)W@RW@E;@%&%@J@-@-ﬂtﬁ&&m@bo%@iﬁ@@iﬂyﬁ"x%f@dﬁﬂﬁ%-5-y1)et

Example15-38,therewasobtained

(1R_,2R,45,5}@,1?5?&1-1?1-&}&M@y—ﬂﬂa@&[(gﬁﬁk@ﬁxﬂﬁ@%ﬁszﬁ(%h'yﬁl{@ﬁyr?ﬁmehfrﬂ@s%ﬁ@gkb5918@15-yl)ethyl]
amino | methy1)-2-methoxyphenyll carbamayll propyl)-2-p he nylp henyl] carbamoyl |

oxy)-9,9-dimgthyl1 3roxanrB7 8 TG d th [3-JulnO2AIRORAR e hifl s paeetate (61 mg).
'11-NMR(4B}OI\%IZ: DMSOt-(fg?g?.{g.SO(S, IH), 9.21(s, 1H),ag.:[05(d,lf|]ﬁ;é 7.6Hz, 1H), 8.77(s, IH), 8.07(d,

J=10.01-1z' it 1086k N8 Ohtavibid). 473 8- 1 d 4y, Sild), 7182:6(:28(m;) 3b1)7¢a15ds 9 8315HZ, 1H),
7.11(d, J=8.3Hz, 11-1), 7.01-7.06(m, 11-1), 6.97(d, 1=8.3flz, 1H), 6.53(d, J=10.0Hz, IH), 5.30-5.38(m,
111), 4.78(t1 PyoorisIN. ML AR RAM AN 0@ (¢4 3BHZHM), 7.96(s, 1H), 7.85(d, J=8.0Hz,
2H), 7.59-7.66(m, 2H), 7.36-7.44(m, 4H), 7.27-7.36(m, 2H), 7.25(d, J=7.8Hz, 1H),
7.18(dd, J=7.8Hz, 1.3Hz, 1H), 7.11(d, J=8.3Hz, 1H), 6.97(d, I=8.3Hz, 1H), 6.54(d,
J=9,8Hz, 1H), 5.35-5.39(m, 1H), 4.58-4.68(m, 1H), 4.34-4.38(m, 2H),
3.35-3.43(m, 2H), 3.27-3.35(m, 2H),V 3.08(s, 3H), 3.07(s, 3H), 2.96-3.06(m, 2H),
2.68(t, J=7.6Hz, 2H), 2.45(t, J=7.4Hz, 2H), 2.21(s, 3H), 1.92-2.05(m, 4H),
1.70-1.82(m, 2H)

LC/MS: [M]+ = 768.3

Synthesis of
4-({[5-(3-{[5-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)et
hyllamino } methyl)pyridin-2-yl]carbamoyl} propyl)-2-phenylphenyl]carbamoyl}ox
y)-1,1-dimethylpiperidin-1-ium trifluoroacetate

In accordance with Example 1, from I-methylpiperidin-4-yl
N-(5-{3-[(5- {[(tert-butyldimethylsilyl)oxy|methyl}pyridin-2-yl)carbamoyl|propyl
}-2-phenylphenyl)carbamate (139.2 mg, 0.27 mmol) obtained in Reference
Example 15-24, there was obtained
4-({[5-(3-{[5-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)et
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3.82-4.02(broad,21-1), 3.83(s,3H), 3.25(s,314),3.01(s,3H), 2.90-3.08(m, 21-1), 2.63(t, .I=7.6Hz, 2H),
2.49-2.58(m, 211), 2.46(t, J=7.3Hz, 2H), 1.88-1.96(m, 21-1), 1.78(d, 1=13.21-1z, 2H) LC/MS: [M]+ =
788.3

hyl]amino } methyl)pyridin-2-yl]carbamoyl} propyl)-2-phenylphenyl]carbamoyl} ox
y)-1,1-dimethylpiperidin-1-ium trifluoroacetate (101 mg).
'H-NMR(400MHz, DMSO-dg) & 10.60(s, 1H), 10.49(s, 1H), 9.23(d, J=77.8Hz,
1H), 8.75(s, 1H), 8.40(d, J=2.2Hz, 1H), 8.13(d, J=8.3Hz, 1H), 8.12(d, J=10.0Hz,
1H), 7.92(dd, J=8.7Hz, 2.2Hz, 1H), 7.29-7.48(m, 5H), 7.25(s, 1H), 7.24(d,
=8.0Hz, 1H), 7.14-7.16(m, 1H), 7.12(d, J=8.3Hz, 1H), 6.98(d, J=8.3Hz, 1H),
6.54(d, J=10.0Hz, 1H), 5.33-5.38(m, 1H), 4.59-4.66(m, 1H), 4.18-4.24(m, 2H),
3.36-3.42(m, 2H), 3.28-3.36(m, 2H), 3.08(s, 3H), 3.07(s, 3H), 2.92-3.02(m, 2H),
2.64(t, J=7.7Hz, 2H), 2.47(t, J=7.3Hz, 2H), 1.96-2.04(m, 2H), 1.89-1.96(m, 2H),
1.70-1.82(m, 2H)
LC/MS: [M]+=1719.3
[Example 25]
Synthesis of
4-({[5-(3- {[2-bromo-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli
n-5-yl)ethyl]amino } methyl)-5-methoxyphenyl]carbamoyl} propyl)-2-phenylphenyl
Jcarbamoyl}oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate

In accordance with Example 1, from 1-methylpiperidin-4-yl
N-{5-[3-({2-bromo-4-[(tert-butyldimethylsilanoyloxy)methyl]-5-methoxyphenyl}
carbamoyl)propyl]-2-phenylphenyl}carbamate (106.2 mg, 0.17 mmol) obtained in
Reference Example 15-25, there was obtained
4-({[5-(3- {[2-bromo-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli
n-5-yl)ethyllamino } methyl)-5-methoxyphenyl]carbamoy!} propyl)-2-phenylphenyl
Jecarbamoyl}oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate (56.2 mg).

'H-NMR(400MHz, DMSO-dg) § 10.49(s, 1H), 9.53(s, 1H), 8.90(d, ]=38.3Hz, 1H),
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[Example 39] Synthesis of (1 R,2R,4S,5 S,7S)-7-({[5-(3- {[4-(
{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihyd roquino lin-5-y He Cul] amino Hnethyl)-2-methyl pheny
I] c arbamo propy1)-2-pheny IphenylJcarbamoyll oxy)-9,9-dirnethy1-3-oxa-9- azatricyc
loP.3.1.021nonan- 9- ium trifluoro acetate accordancewithExamplel,from

8.75(s, 1H), 8.08(d, J=10.0Hz, 1H), 7.73(s, 1H), 7.29-7.44(m, 6H), 7.26(s, 1H),
7.25(d, J=8.0Hz, 1H), 7.15-7.19(m, 1H), 7.13(d, J=8.0Hz, 1H), 6.97(d, J=8.0,Hz,
1H), 6.56(d, J=10.0Hz, 1H), 5.32-5.37(m, 1H), 4.58-4.64(m, 1H), 4.14-4.24(m,
2H), 3.79(s, 3H), 3.28-3.43(m, 4H), 3.07(s, 3H), 3.06(s, 3H), 2.98-3.06(m, 2H),
2.67(t, J=7.7Hz, 2H), 2.46(t, J=7.4Hz, 2H), 1.96-2.04(m, 2H), 1.89-1.96(m, 2H),
1.70-1.82(m, 2H)
LC/MS: [M]+ = 826.3
[Example 26]
Synthesis of
4-({[5-(3-{[2-chloro-5-ethoxy-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihy
droquinolin-5-yl)ethyl]amino } methyl)phenyl]carbamoyl} propyl)-2-phenylphenyl]
carbamoyl}oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate

In accordance with Example 1, from l-methylpiperidin-4-y!
N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-ethoxyphenyl}ca
rbamoyl)propyli]-2-phenylphenyl}carbamate (45 mg, 0.076 mmol) obtained in
Reference Example 15-26, there was obtained
4-({[5-(3-{[2-chloro-5-ethoxy-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihy
droquinolin-5-yl)ethyl]lamino } methyl)phenyl]carbamoyl} propyl)-2-phenylphenyl]
carbamoyl}oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate (18 mg).
LC/MS: [M]+ = 796.4
[Example 27]
Synthesis of
4-({[5-(3-{[5-ethoxy-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli
n-5-yl)ethyl]amino } methyl)phenyl]carbamoyl} propyl)-2-phenylphenyl]carbamoyl
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(1R,2R,4S,5 C,7C)-9-methyl1-3-oxa-9-azatricyclo[3.3.1.02'4]nonan-7-y1 N- {5-[3-(
{4-[(tert-butyldimethylsilanoyloxy)methy1]-2-methylpheny | carbamoyl)
propy1]-2-phenylphenyHearbamate (149 ma, 0.22 mmol) obtained in Reference
Examplel15-39,therewasobtained (1R,2R,4S,5S,7S)-7-({ [5-0- {
[4-(1[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihyd roquino lin-5-yl)ethyl] amino}
methyl)-2-methylphenyl]carbamoyHpropyl)-2-pheny
Iphenyl]carbamoylloxy)-9,9-dimethy1-3-oxa-9-azatricyclo[3.3.1.024]nonan-9-ium trifluoroacetate (38
mg). 'H-NMR{ZOOWfl zd INSOHE ) B di0-3 Liismldri)X Qo3@4se thih), 9.07(d, J=41.21-Iz, 111), 180 8.78(s,
1H), 8.05(d, J=10.0Hz, 1H), 7.30-7.48(m, 8H), 7.28(s, 1H), 7.25(d, J=7.8Hz, 1H), 7.16(d, J=7.8Hz,
1H), 7.11(d, J=8.3Ha 114Jc6:a(cle I=8:3hz, H}atnpR(d, 17100617, 114 &BABRE(TInIH)14.79(t,
J=5.5Hz, 1H), 4.12-4.18(m, 2H), 4.07-4.12(m, 2H), 3.82-4.02(broad, 2H), 3.83(s, 31-1), 3.25(s, 3H),

3.01(s, 3H) \2.2043.Q64ni (k) bAt§ R tmlstiybim id 149 x 2 /% th pB( M e Bk B B | JedrBido 2H),
1.87-1.97(m, 2H), 1.78(d, 1=17.1Hz, 214) LC/MS: [M]+ = 772.3 [Example 401 Synthesisof

(1R,2R,4S, & pS)F-A (6 Gl 2R p2nhidro k932 (B hpdrdxni2r@}oobididdtydn Reference
roquinolin-5-ypethyllamino}methyDnaphthalen-2-yljcarbamoyll ethyl)-2-phenylp
henyl]carbabxayhpky)-9,9-diméfg¥;3-oxa-9-adairicyclo[3.3.1.02Alnon&x9-ium trifltiobosiceidte
InaccordancewithExamplel,from

(1R,2R,4S,88, 71SHI-1{]Stleylle 330ka- It iyolofa8y1 2028 ATshinoapn-7-yk bi-( 32-d B j(@edfiidnt biutyld

imethylsilyl Joxy]methyl naphthalen-2-yl)carbamoyl]eth y1}-2-phenylphenyl)carbamate (77 mg, 0.13
mmol) obtaimédyih Rleférante Exaniplb pbedliterbwasgbtpined!)-2-phenylphenyl]carbamoyl
toxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate (48 mg).
LC/MS: [M]+ =762.4
[Example 28]
Synthesis of
4-({[5-(3-{[2-fluoro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli
n-5-yl)ethyijamino } methyl)phenyl]carbamoyl}propyl)-2-phenyiphenyl]carbamoyi
toxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate
In accordance with Example 1, from 1-methylpiperidin-4-yl
N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-fluorophenyl}carbamoyl)p
ropyl]-2-phenylphenyl}carbamate (144 mg, 0.27 mmol) obtained in Reference
Example 15-28, there was obtained
4-({[5-(3-{[2-fluoro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli
n-5-yl)ethyllamino } methyl)phenyl]carbamoyl} propyl)-2-phenylphenyl]carbamoyl
toxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate (102 mg).
'"H-NMR(400MHz, DMSO-d¢) & 10.48(s, 1H), 9.88(s, 1H), 9.21(d, J=82.7Hz, 1H),
8.74(s, 1H), 8.09(d, J=9.8Hz, 1H), 7.92(t, J=8.3Hz, 1H), 7.28-7.47(m, 7H), 7.25(s,
1H), 7.23(d, J=8.0Hz, 1H), 7.15-7.18(m, 1H), 7.11(d, J=8.0Hz, 1H), 6.97(d,

170



(1R,2R,4S,5S,7S)-7-(1[5-(2-1[6-(1[(2R)-2-hydroxy-2-(8-hydroxy-2-o0x0-1,2-dihyd roquinolin-5-ypethyl]
amino fmethypnaphthalen-2-yllearbamoyll ethyl)-2-phenylp henyl] carbamo
ylloxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.024]nonan-9-ium trifluoroacetate (19.5 mg).
IH-NMR(400MHz, DivISO-d6) 6 10.50(s, 1H), 10.27(s, EH), 9.07-9.15(broad, IIl), 8.77(s, Il1), 8.37(s,
1H). 8.02(d, J=10.0llz, 111), 7.95(s, lll), 7.84-7.90(m, 2H), 7.57-7.65(m, 21-0, 7.31-7.46(m, 6H),
7.20-7.28(m, 2H), 7.10(d, J=8.3Hz, 1H), 6.94(d, J=8.31-1z, 1H), 6.49(d, J=10.0Hz, 1H), 5.30-5.36(m,
11-1), 4.79(t, J=5.4Hz, Ill), 4.33-4.380m, 211), 4.07-4.12(m, 2H), 3.78-3.98(broad, 2H), 3.24(s, 3H),

3.05-3.14(my2H),13,00(31314)5 %7 (1-2.4612.5841), 2349 L 7R, IS 81-38. 260 hE/MS M1+ =
794.3 [Example 41] Synthesis I-Q fiITL7 1T _T1 2.75(t J=8.0l-iz, 214.), of
4.16-4.23(m, 2H), 3.26-3.43(m, 4H), 3.08(s, 3H), 3.07(s, 3H), 2.94-3.02(m, 2H),
2.65(t, J=7.7Hz, 2H), 2.46(t, J=7.4Hz, 2H), 1.96-2.04(m, 2H), 1.87-1.95(m, 2H),
1.70-1.82(m, 2H)
LC/MS: [M]+ = 736.3

[Example 29]

Synthesis of

BN

-({[5-(3-{[3-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli
n-5-yl)ethyl]amino } methyl)phenyl]carbamoyl} propyl)-2-phenylphenyl]carbamoyl
toxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate

In accordance with Example 1, from 1-methylpiperidin-4-yl
N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-3-chlorophenyl} carbamoyi)
propyl]-2-phenylphenyl}carbamate (131.8 mg, 0.24 mmol) obtained in Reference
Example 15-29, there was obtained
4-({[5-(3-{[3-chloro-4-( {[{2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli
n-5-yl)ethyl]amino } methyl)phenyl]carbamoyl} propyl)-2-phenylphenyljcarbamoyl
toxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate (108 mg).
'H-NMR(400MHz, DMSO-d¢) & 10.48(s, 1H), 10.31(s, 1H), 9.18(d, J=54.1Hz,
1H), 8.75(s, 1H), 8.12(d, J=10.0Hz, 1H), 7.92(d, J=2.0Hz, 1H), 7.59(d, J=8.5Hz,
1H), 7.52(dd, J=8.5Hz, 2.0Hz, 1H), 7.29-7.44(m, 5H), 7.25(s, 1H), 7.24(d,
J=8.0Hz, 1H), 7.14-7.18(m, 1H), 7.13(d,J=8.5Hz,1H), 6.98(d,J=8.5,Hz,1H),

5.34-5.40(m, 1

5 1 L

1), 4.58-4.68(m,1H), 4.24-4.40(m,2H),
3.28-3.44(m,4H), 3.08(s,3H), 3.07(s,3H), 3.04-3.15(m,2H), 2.65(t,J=7.6Hz,2H),
2.40(t,J=7.3Hz,2H), 1.96-2.04(m,2H), 1.87-1.95(m,2H), 1.70-1.82(m,2H)
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(1R,2R,4S,5S,7S)-7-( [5-(2-1[44 {[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihyd roquino | n-5-yl)ethyl]
amino } methyl)-2-methoxyphenyl]carbamoyllethyl)-2-pheny
Iphenyl]carbamoylloxy)-9,9-dimethy1-3-oxa-9-azatr cyclo[3.3.1.021nonan-9-ium trifluoroacetate
InaccordancewithExamplel,from (1R,2R,4S,5S,7S)-9-methy1-3-oxa-9-azatricyclo
[3.3.1.02'4]nonan-7-yi N- {5-[2-( {44(tert-butyldimethylsilanoyloxy)methy11-2-methoxyphenyllcarbamoy
Dethy1]-2-phenylphenyllearbamate (50 mg, 0.08 mmol) obtained in Reference
Examplel5-41,therewasobtained (1R,2R,4S,5S,7S)-7-( f[5-(2-
fl4-({[(2R)-2L6yMSxy A B8-AY2Reky-2-0x0-1,2-dihyd roquino lin-5-yeethyl] am
nolmethyl)-2-methoxyphenyllcarbamoyl} ethyl)-2-pheny
Iphenylicard&¥tyds)09,9-dimethy1-3-oxa-9-azatricyclor3 3.1.0241nonan-9- um trifluoroacetate (10.5
rag). LC/MS: [M] = 774.3 [Example 42] Synthesisof

(1R,2R,4S,§SW SE(1[5-(2-1[4-(1[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihyd of
roquinoIin-5-yf|ethygaminolmethyl)-3-methox phenyllcarbamoyll ethyl)-2-pheny 'phenyl] carbamo yli
oxy)-9,9-d Midthyt(3-dld-oremanicHolR B 2-beimendnd-hydreuéroseetatedihydroquinoli
InaccordancewithExamplel,from

(1R,2R,4S,5978) 9 biatyirg-unratbyildisybieTdamons  areenih 270 NIpbaqpyl leahemddtyd
ethylsilanoyloxy)methyl]-3-methoxyphenyllcarbamoy 1)ethyl-2-phenylphenyflcarbamate (64.3 mg,
0.11 mmol) $bt¥inkd iAiReteranEe Ekirpfe 15 aglHespaRR8b tained |
(1R,2R,4S,5S,7S)-7-(1[5-(2-1[4-(1[(2R)-2-hydroxy-2-(8-hydrox -2-oxo-1,2-dih}/d. roqu ino in-5-ypethyll
am no} methyl)-3-méthoRyFAERYRSarb By I diFgmplphehy from  1-methylpiperidin-4-yl
Iphenyilcarbamoyllox %—9,9-dimeth I-3-oxa-9-azatricyclo[3.3.1.02A]nonan-9-ium tritluoroacetate (1 | .4
mg). LC/M@.I[W‘-IB:‘(% abgomo-4-[(tert-butyldimethylsilanoyloxy)methyl]phenyl} carbamoyl)

propyl]-2-phenylphenyl}carbamate (95 mg, 0.16 mmol) obtained in Reference
Example 15-25, there was obtained
4-({[5-(3-{[2-bromo-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli
n-5-yDethyllamino } methyl)phenyl]carbamoyl} propyl)-2-phenylphenyl]carbamoyl
toxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate (34 mg).

"H-NMR(400MHz, DMSO-ds) & 10.49(s, 1H), 9.58(s, 1H), 9.16(d, J=42.4Hz, 1H),
8.74(s, 1H), 8.09(d, J=10.0Hz, 1H), 7.86(d, J=1.7Hz, 1H), 7.63(d, }=8.3Hz, 1H),
7.50(dd, J=8.3Hz, 1.7Hz, 1H), 7.29-7.44(m, 5H), 7.26(s, 1H), 7.25(d, J=8.0Hz,
1H), 7.14-7.18(m, 1H), 7.12(d, J=8.0Hz, 1H), 6.97(d, J=8.0Hz, 1H), 6.56(d,
J=10.0Hz, 1H), 5.30-5.38(m, 1H), 4.58-4.68(m, 1H), 4.18-4.25(m, 2H),
3.28-3.42(m, 4H), 3.07(s, 3H), 3.06(s, 3H), 2.98-3.05(m, 2H), 2.67(t, J=7.6Hz,
2H), 2.44(t, J=7.3Hz, 2H), 1.96-2.04(m, 2H), 1.87-1.95(m, 2H), 1.70-1.82(m, 2H)
LC/MS: [M]+ =796.3

[Example 31]

Synthesis of
4-({[5-(3-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
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[Example 43] Synthesisof (1R,2R,4S,5S,7S)-7-(1[5-(2-1[44
{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihyd roquino | in-5- yl)ethyllJamino
Imethyl)-2-methylphenyl]carbamo yll ethyl)-2-phenyl phenyl] carbamoyl}oxy)-9,9-dimethyl-3-0
xa-9-azatricyclo[3.3.1.02A]nonan- 9 um trifluoroacetate InaccordancewithExamplel,from
(1R,2R,4S,5S,7S)-9-methy1-3-o0xa-9-azatricyclo[3.3.1.02'4]Jnonan-7-y1 N- ( 5- [2-({4-
[(tert-butyldimethylsilano ylo xy)methy1]-2-methylphenyll carbamoye ethyl]-2-phenylphenylisc
arbamate (196 mg, 0.3 mmol) obtained in Reference Examplel15-43,therewasobtained

(1R,2R,48,ﬁﬁ,]%%mo(}&%ﬂ%ﬂ;mz@ﬁ[{ﬁEaraxﬁaafmyh%ﬁ?rmdmﬂo%@ﬁ@o%ﬁ)dihyqélswmiyﬁ-yﬂethyI]
aminolmethyl.)-2-methylphenylicarbamoyl ethyl)-2-phenyl phenyl] carbamoyfloxy)-9,9-dimethy1-3-0

xa-9-azatriqyaleHd 108:4manpandh ity tpfhgieacetaien(128unHaé&dS: [M]nl = 758.3 [Example 44]
stinthesi.of (1R,2R,4S,5S,7S)-7-( {[5-(2-1[2-chloro-4-(

{[(2R)-2-hydroxy-2-(8-hystreesiZneyol wdihy drearipalin-5-yflethyliaminatmeiayhiphemyllaaghamoylleth
yl)-2-phenylp henylicarbamoylloxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.021nonan-9-ium

trifluoroacetatesraccprdancewithhxanphelstiond ylox y)methyl]-3-(trifluoromethyl)phenyl} ¢

(1R,2R,4S,5S,7S)-9-methyl-3-oxa-9-azatrieyc10[3.3.1.021nonan-7-y1
arbamoyl)propyl]-2-phenylphenyl}carbamate (145.2 mg, 0.25 mmol) obtained in
Reference Example 15-31, there was obtained
4-({[5-(3- {[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
hyllamino } methyl)-3-(trifluoromethyl)phenyl]carbamoyl} propyl)-2-phenylphenyl
Jcarbamoyl}oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate (98 mg).
"H-NMR(400MHz, DMSO-d¢) & 10.48(s, 1H), 9.34(d, J=78.3Hz, 1H), 8.76(s, 1H),
8.13(s, 1H), 8.13(d, J=10.0Hz, 1H), 7.88-7.93(m, 1H), 7.77(d, J=8.5Hz, 1H),
7.29-7.44(m, 5SH), 7.26(s, 1H), 7.25(d, J=8.0Hz, 1H), 7.14-7.18(m, 1H), 7.14(d,
J=8.0Hz, 1H), 6.99(d, J=8.0Hz, 1H), 6.54(d ,J=10.0Hz, 1H), 5.36-5.43(m, 1H),
4.58-4.68(m, 1H), 4.30-4.44(m, 2H), 3.26-3.44(m, 4H), 3.08(s, 3H), 3.07(s, 3H),

2.

\O

8-3.05(m, 2H), 2.66(t, J=7.6Hz, 2H), 2.43(t, J=7.3Hz, 2H), 1.96-2.04(m, 2H),
1.90-1.96(m, 2H), 1.70-1.82(m, 2H)

LC/MS: [M]+ = 786.3

[Example 32]

Synthesis of
4-({[5-3- {[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
hyllamino } methyl)phenyl]carbamoyl}propyl)-2-phenylphenyl]carbamoyl}oxy)-1,
I-dimethylpiperidin-1-ium trifluoroacetate

In accordance with Example 1, from 1-methylpiperidin-4-yl

N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl|phenyl}carbamoyl)propyl]-2-
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N- {5424 14-[(tert-hutyld imethylstlano yloxy)methyl]-2-ehlorolphenyl 1 carbamoyl)
ethyl]-2-phenylphenyl carbamate (95 mg, 0.14 mmol) obtained in Reference
Examplel5-44,therewasobtained (1R,2R,4S,5S.7S)-7-(1[5-(2- [2-chloro-4-(
{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo1,2-dihydroquinolin-5-yflethyflaminotmethyl)phenyl]carbamoyl}eth
yl)-2-p henylp ii.ny cat Liam yl10 xy)-9,9-dimethy1-3-oxa-9-azatricycic,,[3.3.1.024]nonan-9- um
trifluoroaeetate (25.5 mg). LC/MS: [M]-1 =779 . 4 [Example 45] Synthesis (1R,2R,4S,5S,7S)-7-(1
[542- ][3-chloro-4-( {[(2R)-2-hydroxy-2-(8-hydroxy-2-ox01,2-dihydroquino lin-5-yl)ethyl] amino }
methyl)phepyl cakamel ytdretbre-phenyis, 0.2 mmol) obtained in Reference Example

henyllcarbamoyl}oxy)-9,9-dimethy1-3-oxa-9-azatricyclo[3.3.1.021nonan-9-ium triflumoacetate
InaccordangswsthExamplel,from (1 RéR.4S,5 S,7S)-9-methyh3-0xa-9-azatricyC  obtained
l0[3.3.1.02:4]nonan-7-y1 N- {5124

}4-[(tert-butyldiypetsylglanoyory)methid-S-chigalpaanyioaskamoyl) aiythb duwheny!sbenyt Jcarbamate
(256 mg, 0.23 mmol) obtained in Reference Example15-45,therewasobtained (1R,2R,4S,5S,7S)-7-(

fl5-(2-1[3-chiprariGh (2R} 13- ydeaxyteatBamydoryodAxal Zheifypreayineat barhoyppsiryljamino }
methyl)phenyl]c arbamo yl } et hyl)- 2-phenylp
henyl]earbarméiyfecky)h 92 dithethyil m@xdudragadtiaycia[Bdg).02'4]nonan-9- i um trifluoroacetate (45
mg). LC/MS: [M]+ = 778.3 [Example 46]
'H-NMR(400MHz, DMSO-dg) & 10.45(s, 1H), 10.06(s, 1H), 9.02(d, J=38.8Hz,
1H), 8.70(s, 1H), 8.09(d, J=10.0Hz, 1H), 7.63(d, J=8.5Hz, 2H), 7.35-7.45(m, 6H),
7.28-7.35(m, 1H), 7.25(s, 1H), 7.24(d, J=7.8Hz, 1H), 7.14-7.18(m, 1H), 7.10(d,
J=8.0Hz, 1H), 6.96(d, J=8.0Hz, 1H), 6.54(d, J=10.0Hz, 1H), 5.28-5.33(m, 1H),
4.59-4.66(m, 1H), 4.13-4.18(m, 2H), 3.34-3.42(m, 2H), 3.28-3.34(m, 2H), 3.07(s,
3H), 3.06(s, 3H), 2.90-3.09(m, 2H), 2.65(t, J=7.6Hz, 2H), 2.38(t, J=7.3Hz, 2H),
1.97-2.06(m, 2H), 1.88-1.97(m, 2H), 1.73—1.81(&1, 2H)
LC/MS: [M]+=718.3
[Example 33]
Synthesis of
(1R,2R,48,58,7S)-7-({[5-(3-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihyd
roquinolin-5-yl)ethyllamino } methyl)phenyl]carbamoyl}propyl)-2-phenylphenyl]c
arbamoyl}oxy)-9,9-dimethyl-3-o0xa-9-azatricyclo[3.3.1.0**]nonan-9-ium
trifluoroacetate
In accordance with Example 1, from
(1R,2R,48,58,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-7-yl
N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]phenyl}carbamoyl)propyl]-2-

phenylphenyl}carbamate (57.6 mg, 0.088 mmol) obtained in Reference Example

15-33, there was obtained
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Synthesisof (1R,2R,4S,5S,7S)-7-( ][5-(2- ][2-chloro
4-(1[(2R)-2-hydroxy-2-(8-hydroxy-2-ox01,2-dihydroquinolin-5-ypethyllamino
}methyl11-5-methoxyphenyllearbamoyll ethyl
)-2-phenylphenyllearbamoylloxy)-9,9-dimethy1-3-oxa-9-azatricyc 10[3.3.1.024] no nan-9-ium
trifluoroacetate InaccordancewithExamplel,from (1
R,2R,45,5S,75)-9-methy1-3-0xa-9-azatricyclo[3.3.1.02'4]Jnonan-7-y1 N-15-424
{41(tert-butyldimethylsilanoyloxy)methy1]-2-chloro-5-methoxyphenyl

carbamoypetiry 2R-25sydn hieny|iscarbgmate((GR) moh Qi Bdymmphobtained-xd86,2-dihyd
ReferenceExamplel5-46,therewasobtained (1R,2R,4S,5S,7S)-7-( [542-

1[2-chloro-4ddiaR)iz-swdyeryy B LBhylraegh 2hpteh PHddbysiio GUpo piedyh amiiphenyl]c
methyl)-5-methox yp henyl] carbamo yll ethyl

)-2-phenylphenyijcgtbaxyoyioxy)Rctheinietnd-8-axa:Qegz i fit)y-dldP- FribA2dveinan-9-ium
trifluoroacetate (25.6 mg). 11A-NM_R_(400MHz, DMSO-d6) 6 10.47(s, 114), 9.60(s, 1H), 8,86(d,
1=29.3Hz, 1HjiuBroa(sstddd ) B.08¢9, J=10.0Hz, 11-1), 7.58(s, 11-1), 7.57(s, 1H), 7.30-7.46(m, 5H),
7.18-7.28(m, 2H), 7.13(d, J=8.3Hz, 2H), 6.97(d, J=8.3Hz, 1H), 6.56(d, J=10.0Hz, 1H), 5.34(dd,
J=9.1Hz, 3.51-MNRK)EMOIE, IBBI6B2d HHY, 401474524 ), 20))E(Q7141) 38R ), 3. B00B8(broad,
2H), 3.80(s, 31-1), 3.26(s, 3H), 3.01(s, 3H), 2.98-3.08(m, 2H), 2.94(t, J=7.7Hz, 2H), 2.78(t, J=7.7Hz,
2H), 2.54(di, B 1% 7z, BEDHR, B3, 1A HE1110);1Z, 634) LICBAS 1 HVRjH )= BO8-3 f{amFlE 4 7]
Synthesisof (1R,2R,4S,5S,7S)-7-(1[5-(2- {{4-( {{(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihyd roquino
lin-5-yl)ethyT] 2iMsnd EnettB)-B-&tvokiiah e h)l] datBaimd3ethi)) 27ph@lyl J=8.3Hz, 1H), 6.95(d,
phenyltearbamoyl{oxy)-9,9-dim hy1-3-oxa-9-azatricyclo[3.3.1.02A]nonan-9- um tritl uoroacetate
Inaccordandewiditzxanhple ®,frécd, J=10.0Hz, 1H), 5.28-5.34(m, 1H), 4.79(t, J=5.6Hz, 1H),

4.13-4.19(m, 2H), 4.08-4.12(m, 2H), 3.76-3.95(broad, 2H), 3.25(s, 3H), 3.01(s,

3H), 2.92-3.02(m, 2H), 2.94(t, J=7.8Hz, 2H), 2.53(dt, J=16.9Hz, 5.2Hz, 2H),

2.38(t, J=7.3Hz, 2H), 1.88-1.96(m, 2H), 1.79(d, J=17.1Hz, 2H)

LC/MS: [M]+ = 758.3

[Example 34]

Synthesis of

(1R,2R,48,55,7S)-7-({[5-(3-{[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-

1,2-dihydroquinolin-5-yl)ethyl]amino } methyl)-5-methoxyphenyl]carbamoyl} prop

y1)-2-phenylphenyl]carbamoyl} oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0>*]n

onan-9-ium trifluoroacetate

In accordance with Example 1, from

(1R,2R.,4S,58,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0>*|nonan-7-yl

N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-methoxyphenyl}

carbamoyl)propyl]-2-phenylphenyl}carbamate (136.8 mg, 0.2 mmol) obtained in

Reference Example 15-18, there was obtained

(1R,2R,4S,5S,7S)-7-({[5-(3-{[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-
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(1R,2R,4S,5S,7S)-9-methyl-3-oxa-9-azatricyclo[3.3.1.02A]nonan-7-y1 N-
{5-[2-(14-I(tert-butyldimethylsilanoyloxy)methy11-3-ethoxyphenyll carbarnoyl)
ethyl]-2-phenylphenyl{earbamate (219 mg, 0.32 mmol) obtained in Reference
Examplel5-47,therewasobtained (1R,2R,4S,5S,7S)-7-(11[5-(2- 1[44
{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihyd
roquinolin-5-ypethylJaminolmethyl)-3-ethoxyphenylicarbamoyll ethyl) -2-phenyl
phenyl]carbamoylloxy)-9,9-dimethy1-3-oxa-9-azatricyclo[3.3.1 02'4]Jnonan-9-ium trifluoroacetate (109
mg). LC/MS., M thdf8gu3rEixarnnle 48], BxnthrsisafttlR. 3Rhehh 1643t [ATchiotend(bif2op
R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydr
oquinolin-5yl)ethylemwipaknetiviermernasyphetytieadiamoypeyz3tpbeslo[3.3.1.0*]n
ylphenyljcarbamoylloxy)-8,8-dimethy1-8-azabicyclo[3.2.1]Jnonan-8-ium trifluoroacetate
InaccordaneawittExampteh it iR SR an@ethyl-8-azabicyclo [3.2.1]octan-3-y1 N- {5434
{4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-methoxyphenyll
carbainoy!) propyMR-@enyiphepyi sarhamaten(486; Ma 0-8S mnobi pleainad] -48.0Hz, 1H),
ReferenceExamplel5-48,therewasobtained (1R,3R)-3- { [543- [2-chloro-4-(
{[(2R)-2-hydra8ys2-(BHhy 8ot 2JeX0- DR ihyD qossdelinidyylyeshyilantinp 7.31-7.46(m, 5H),
methyl)-5-methoxyphenyllearbamoylfpropy1)-2-phen ylphenyl] carbamoyll
oxy)-8,8-dirfiexRisl - 8Haz abidcy(alol 37 B Hiznd kBN B4 Bum tRifiuordagetate (R85 stz 1HINSIR(EOOMHZ,
DMSO-D6) Li 10.49(s. 1H), 9.59(s, 111), 8.99(d, J=39.81-1z,

J=8.3Hz, 1H), 6.55(d, J=10.0Hz, 1H), 5.32-5.37(m, 1H), 4.78(t, J=5.2Hz, 1H),

4.14-4.24(m, 2H), 4.08-4.12(m, 2H), 3.82-3.98(broad, 2H), 3.79(s, 3H), 3.25(s,
3H), 3.01(s, 3H), 2.94-3.07(m, 2H), 2.65(t, J=7.6Hz, 2H), 2.53-2.58(m, 2H),
2.43-2.50(m, 2H), 1.88-1.96(m, 2H), 1.79(d, J=12.9Hz, 2H)

LC/MS: [M]+ = 822.3

[Example 35]

Synthesis of

(1R,2R,48,5S,7S)-7-({[5-(3-{[6-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihyd

roquinolin-5-ylethyllamino } methyl)naphthalen-2-yllcarbamoyl} propyl)-2-phenyl
phenyl]carbamoyl} oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0%*]nonan-9-ium
trifluoroacetate

In accordance with Example 1, from

(1R,2R,4S,5S,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0>*]nonan-7-yl

N-(5- {3-[(6-{[(tert-butyldimethylsilyl)oxy]methyl}naphthalen-2-yl)carbamoyl]pro
pyl}-2-phenylphenyl)carbamate (181 mg, 0.26 mmol) obtained in Reference
Example 15-35, there was obtained
(1R,2R,4S,5S,7S)-7-({[5-(3-{[ 6-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihyd
roquinolin-5-yl)ethyl]amino } methyl)naphthalen-2-yl]carbamoyl}propyl)-2-phenyl
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1H), 8.90(s, 11-1), 8.08(d, J=9.81-1z, 1H), 7.58(s, 11-1), 7.54(s, 114), 7.31-7.46(m, 81-1), 7.13(d,
J=8.3Hz, 111), 6.97(d, J=8.31-17, 1H), 6.56(d, J=9.8Hz, 1H), 5.30-5.36(m, 111), 4.72(t, J=5.21-1z2,
1H), 4.12-4.26(m, 2H), 3.80(s, 31-1), 3.77(s, 3H), 3.00-3.12 (m, 411), 2.99(s, 3H), 2.67(t, J=7.0Hz,
211), 2.36-2,56(m, 411), 2.12-2,28(m, 211), 1.86-1.96(m, 211), 1.67(d, J=16.1Hz, 2H) LC/MS: [M]+
=808.3 [Example 49] Synthesisof 401[544- {[4-( {02R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquino
lin-5- yHet hyl] amino methyl)phenyllcarbamo yl butyl)-2-phenylphenyl]carbamoyl oxy)-1,1- d
imethylpiperid in-1- ium trifluoroacetate

phenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**]nonan-9-ium
trifluoroacetate (26 mg).
"H-NMR(400MHz, DMSO-d¢) & 10.50(s, 1H), 10.23(s, 1H), 9.17(d, J=22.2Hz,
1H), 8.78(s, 1H), 8.38(s, 1H), 8.03(d, J=10.0Hz, IH), 7.95(s, 1H), 7.83-7.89(m,
2H), 7.58-7.66(m, 2H), 7.31-7.46(m, 5H), 7.29(s, 1H), 7.26(d, J=7.8Hz, 1H),
7.16-7.20(m, 1H), 7.10(d, J=8.0Hz, 1H), 6.95(d, J=8.0Hz, 1H), 6.48(d, J=10.0Hz,
1H), 5.31-5.36(m, 1H), 4.79(t, J=6.0Hz, 1H), 4.32-4.38(m, 2H), 4.07-4.13(m, 2H),
3.78-4.00(broad, 2H), 3.25(s, 3H), 3.05-3.13(m, 2H), 3.01(s, 3H), 2.67(t, J=7.6Hz,
2H), 2.49-2.58(m, 2H), 2.44(t, J=7.3Hz, 2H), 1.92-2.00(m, 2H), 1.79(d, J=14.1Hz,
2H)
LC/MS: [M]+ = 808.3
[Example 36]
Synthesis of
(1R,2R,4S,5S,7S)-7-({[5-(3- {[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihyd
roquinolin-5-yljethyljamino } methyl)-3-methoxyphenyljcarbamoyl} propyl)-2-phe
nylphenyljcarbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**Inonan-9-iu
m trifluoroacetate

In accordance with Example 1, from

(1R,2R,48S,58,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**Jnonan-7-yl

l)propyl]-2-phenylphenyl}carbamate (251 mg, 0.36 mmol) obtained in Reference
Example 15-36, there was obtained
(1R,2R,48S,58,7S5)-7-({[5-(3-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihyd
roquinolin-5-yl)ethyl]amino } methyl)-3-methoxyphenyl]carbamoyl} propyl)-2-phe
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In accordance with Examplel, from1- methylpip idin-4-y1 N- {5144
{4-[(tert-butyldimethylsilanoyloxy)methy1]-3-methoxyphenyll carbamoy
Obuty1]-2-phenylphenylicarbamate (137 mg, 0.218 mmol) obtained in Reference Example 15-49,
there was obtained 4-( {[5-(4-1[4-(102R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquino lin-5- yl) et
hyl] amino { methyl)phenyl]carba moyl] buty1)-2-phenylphenyllcarbamoyl oxy)- 1,1 - dimethylpiperidin-
1-ium trifluoroacetatn (64 mg). 1 H-NMR(400Mliz, DMSO-d6) 6 10.48(s, 111), 10.08(s, 1H), 9.10(d,
J=68.8 Hz, 111), 8.73(s, 1H), 8.06(d, J=10.011z, 1H), 7.62(d, J=8.811z, 21-1), 7.28-7.45(m, 7H),
7.23(s, 111 hylpdel | Jeat o 111 oky )7 9 4(d thn dehk: Rl xh-3lakatrldyk 13[304d,. 0=8 &tantD)i6.97(d,

J=8.3Hz, 11-1), 6.53(d, J=10.0Hz, 111), 5.30-5.35(m, 11-1), 4.57-4.62(m, 1H), 4.12-4.18(m, 21-1),
3.36-3.42(mn 2dituGeeeSae(81 24hy).3.07(s, 3H), 3.06(s, 3H), 2.88-3.09(m,
'H-NMR(400MHz, DMSO-ds) & 10.50(s, 1H), 10.14(s, 1H), 8.79(d, J=52.9Hz,
‘1H), 8.78(s, 1H), 8.05(d, J=10.0Hz, 1H), 7.31-7.46(m, 7H), 7.28(s, 1H), 7.25(d,
J=7.8Hz, 1H), 7.13-7.19(m, 2H), 7.11(d, J=8.0Hz, 1H), 6.97(d, J=8.0Hz, 1H),
6.53(d, J=10.0Hz, 1H), 5.29-5.35(m, 1H), 4.79(t, J=5.4Hz, 1H), 4.10-4.23(m, 2H),
4.07-4.13(m, 2H), 3.78-4.0(broad, 2H), 3.78(s, 3H), 3.26(s, 3H), 3.02(s, 3H),
2.94-3.04(m, 2H), 2.64(t, J=7.7Hz, 2H), 2.49-2.57(m, 2H), 2.38(t, J=7.3Hz, 2H),
1.88-1.96(m, 2H), 1.78(d, J=13.2Hz, 2H)
LC/MS: [M]+ = 788.3
[Example 37]
Synthesis of
(1R,2R,48,58,7S)-7-({[5-(3- {[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-dihydroquinolin-5-yl)ethyl]lamino } methyl)phenyl]carbamoyl} propyl)-2-pheny
Iphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**Inonan-9-ium
In accordance with Example 1, from
(1R,2R,48,5S,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-7-y1
N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chlorophenyl} carbamoyl)
propyl]-2-phenylphenyl}carbamate (116.1 mg, 0.23 mmol) obtained in Reference
Example 15-37, there was obtained
(1R,2R,4S,58,7S)-7-({[5-(3-{[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-
1,2-dihydroquinolin-5-yl)ethyl]amino } methyl)phenyl]carbamoyl} propyl)-2-pheny

Iphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1 .02’4]nonan—9—ium
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2H), 2.630, J=7.0Hz, 2H), 2.360, J=7.0Hz, 21-1), 1.94-2.06(m, 211), 1.69-1.82(m, 211), 1.60-1.68(m,
411) LC/MS: [M]+ = 732.3 [Example 50] Synthesisof (1R,2R,4S,5S,7S)-7-( {[5-(4-
{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-o0xo0-1,2-dihyd roquinolin-5-yDethyllamino
methyl)phenyl]carbamoylibut y1)-2-phenylphenyllcar bamoylloxy)-9,9-dimethy1-3-oxa-9-azatricyclo
[3.3.1 .02'4]nonan-9-ium trifluoroacetate InaccordancewithExamplel,from
(1R,2R,4S,5S,7S)-9-methyl-3-oxa-9-azatricyclo[3.3.1.021nonan-7-y1
trifluoroacetate (19.7 mg).
'H-NMR(400MHz, DMSO-ds) & 10.52(s, 1H), 9.63(s, 1H), 9.02-9.15(broad, 1H),
8.77(s, 1H), 8.07(d, J=10.0Hz, 1H), 7.75(d, J=8.3Hz, 1H), 7.69(d, J=2.0Hz, 1H),
7.31-7.47(m, 6H), 7.28(s, 1H), 7.25(d, J=7.8Hz, 1H), 7.14-7.18(m, 1H), 7.12(d,
J=8.3Hz, 1H), 6.96(d, J=8.3Hz, 1H), 6.53(d, J=10.0Hz, 1H), 5.29-5.34(m, 1H),
4.78(t, J=5.7Hz, 1H), 4.16-4.24(m, 2H), 4.07-4.13(m, 2H), 3.78-4.00(broad, 2H),
3.25(s, 3H), 3.02-3.12(m, 2H), 3.01(s, 3H), 2.65(t, J=7.4Hz, 2H), 2.49-2.57(m,
2H), 2.46(t, J=7.3Hz, 2H), 1.88-1.96(m, 2H), 1.78(d, J=13.3Hz, 2H)
LC/MS: [M]+=1792.3 |
[Example 38]
Synthesis of
(1R,2R,48,58,7S)-7-({[5-(3- {[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihyd
roquinoiin-5-yl)ethyljamino } methyl)-2-methoxyphenyljcarbamoyl} propyl)-2-phe
nylphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**]nonan-9-iu
m trifluoroacetate
In accordance with Example 1, from
(1R,2R,48,58,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-7-yl
N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-methoxyphenyl}carbamoy
Dpropyl]-2-phenylphenyl}carbamate (311.2 mg, 0.45 mmol) obtained in Reference
Example 15-38, there was obtained
(1R,2R,48,5S,7S)-7-({[5-(3-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihyd
roquinolin-5-yl)ethyl]lamino } methyl)-2-methoxyphenyljcarbamoyl} propyl)-2-phe
nylphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**nonan-9-iu

m trifluoroacetate (61 mg).

179



N- {5- [4-(14-1(tert-butyldimethylsilanoyloxy)methyl] Iphenyl } ¢ arbamoyebutyl] -2- phenylphenyll
carbamate (64 mg, 0.1 mmol) obtained in Reference Example 15-50, therewasobtained
(1R,2R,4S,5S,7S)-7-(1 [544- [4-( {[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihyd
roquinolin-5-ypethyliamino } methyl)phenyl]carbamoyll butyl)-2-phenylphenylj car
bamoylloxy)-9,9-dimethy1-3-oxa-9-azatricyclo[3.3.1.02'4]nonan-9-ium trifluoroacetate (21.4 mg).

1 _17NIS: [M]4- - 772.3 [Example 51] Synthesisof 441[544- {[2-chloro-4-(
{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinoli n-5-yDethyllam no }methyl)-5-methoxyphenyli
carbamo ylI'bLitylyiR-@eny i A dnvR Oadpasnoylfoxy)-LH).dime sy pipe din(duns érifsiaspacesate In
accordance with Examplel,from1-methylp perid in-4-y1 N- {544-(14-[(tert-butyidi

ethylsilanoy$oxy)snetiif)] -2 CHibra-s1imethexyidihg nyIbegdbame yidhyty i1l -Z-phenyiphenyd H carbamate
(60.5 mg, 0.087 mmol) obtained in ReferenceExample15-51,therewasobtained 4-( {[5-(4-

{[2-chloro-47( QZR) KZshy did) Y72l (BehyehRsiH 2 dtdy 1 721d ikl dike®)d R o, lil RER-YflEthylp@iminol H),
methyl)-5-methoxyphenyl] carbamo yllbuty1)-2-phenylphenyl] carbamoylloxy)-1,1-dimethylpiperidin- |
-ium trifluor6Hthtd 8 B Hhg) | HG/M SN 4 =1 0I613 [EXBMPI@052]38ymtheHisof (IR 2R-4HBS, 7S)-7-(
115-(4-1[2-chloro-44 {[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo01,2-dihydroquino lin-5- yflethyl] amino ]
methyl)-5-midihp styphe 2 carl@dino ¢l 0 bdtyB)2;pRehyIBh&wA]02(broad, 2H), 3.83(s, 3H),

carbamoylloxy)-9,9-dimethy1-3-oxa-9-azatricyclo[3.3.1 .02A]no nan-9-ium trifluoroacetate
InaccordandeXditkEXam pled JitanBH), 2.90-3.08(m, 2H), 2.63(t, J=7.6Hz, 2H), 2.49-2.58(m,
2H), 2.46(t, J=7.3Hz, 2H), 1.88-1.96(m, 2H), 1.78(d, J=13.2Hz, 2H)
LC/MS: [M]+ = 788.3
[Example 39]
Synthesis of
(1R,2R,48,58,7S)-7-({[5-(3- {[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihyd

roquinolin-5-yl)ethyljamino } methyl)-2-methylphenyljcarbamoyl} propyl)-2-pheny

Iphenyljcarbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**]nonan-9-ium

trifluoroacetate
In accordance with Example 1, from
(1R,2R,48,5S,7S)-9 hyl-3-oxa-9-azatricyclo[3.3.1.0**Inonan-7-yl

N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-methylphenyl}carbamoyl)
propyl]-2-phenylphenyl}carbamate (149 mg, 0.22 mmol) obtained in Reference
Example 15-39, there was obtained
(1R,2R,4S,5S,7S5)-7-({[5-(3-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihyd
roquinolin-5-yl)ethyl]amino } methyl)-2-methylphenyl]carbamoyl}propyl)-2-pheny
Iphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**|nonan-9-ium
trifluoroacetate (38 mg).

"H-NMR(400MHz, DMSO-d) & 10.51(s, 1H), 9.39(s, 1H), 9.07(d, J=41.2Hz, 1H),
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(1R,2R,4S,5S,7S)-9-methyl-3-oxa-9-azatricyclo[3.3.1.02A]nonan-7-y1 N- {5-[4-(
{4-[(tert-butyldirnethylsilanoyloxy)methyl]-2-chloro-5-methoxyphenyll
carbamoyObutyll-2-phenylphenylicarbamate (76 mg, 0.1 mmol) obtained in
ReferenceExamplel5-52,therewasobtained (1R,2R,4S,5S,7S)-7-( {[5-(4- {[2-chloro-4-(
{[(2R)-2-hydroxy-2-(8- hydroxy-2-oxo- 1,2-dihydroquino lin-5- yl)ethyl] amino | methyl)- 5-metho
xyphenylic arbamobutyl

Nuoroacerats (105 1 L. it e s Bt 23] Syhurdbisof 20 1Y 518
2R 48,5575} 7-Qlf+(3: {4 (11(2R)c2:hydlroxy=2-(8:ydroxy-2-0xq- | 2:6)

roauinoin Sy pet Yiatilo ey A abanicl Ko topy ) 2yt e 158 %L oy

O0)-9,9 QIR SRz RIRFYS 9b3s 5608 TR0 A SR A58 2081 2.4 15, 21),

InaccordancewithExamp .
(N1T424§A(ff4 S?Z r?) bftajzty d ;[r%% ?/Igi?a%n%yﬁg@?r%egt‘lr?y Ip g%?%ﬁ%y Ié:so(syl]gg) P ﬁe?]lyﬁ S|fJ’hé7)rI1{)Alcarbam ate
(10,8 S35y oBared i s SRS A SAMEPBARS e 2
::Elar:r?”lg;?oti}i/{)g-%t,]g%)l?gnge%:%%?%?g@a?gg-gﬂ)tﬁgggg??%ig.q.egg'léll(]:nonan-9-mm trifluoroacetate (30.9 mg).
LC/MS: [M]+=772.3
[Example 40]
Synthesis of
(1R,2R,48,5S,7S)-7-({[5-(2-{[6-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihyd
roquinolin-5-yl)ethyl]amino } methyl)naphthalen-2-yl]jcarbamoyl}ethyl)-2-phenylp
henyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**]nonan-9-ium
trifluoroacetate
In accordance with Example I, from
(1R,2R,48,58,7S)-9-methyl-3-o0xa-9-azatricyclo[3.3.1.0°*]nonan-7-yl
N-(5-{2-[(6-{[(tert-butyldimethylsilyl)oxy]methyl}naphthalen-2-yl)carbamoyl]eth
yl}-2-phenylphenyl)carbamate (77 mg, 0.13 mmol) obtained in Reference
Example 15-40, there was obtained
(1R,2R,4S,5S,7S)-7-({[5-(2- {[6-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihyd
roquinolin-5-yl)ethyl]amino } methyl)naphthalen-2-yl]jcarbamoyl}ethyl)-2-phenylp
henyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**]nonan-9-ium
trifluoroacetate (19.5 mg).
'H-NMR(400MHz, DMSO-dg) & 10.50(s, 1H), 10.27(s, 1H), 9.07-9.15(broad, 1H),

8.77(s, 1H), 8.37(s, 1H), 8.02(d, J=10.0Hz, 1H), 7.95(s, 1H), 7.84-7.90(m, 2H),
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LC/MS: 1M1-1 = 758.3 [Example 54] Synthesisof 441[443-1
[4-(1[(2R)-2-hydroxy-2-(8-hydroxy-2-o0xo-1,2-clihydroquino lin-5- yl)et hyllamino
methyllphenyllcarbamoyll propy1)-2-phenylphenyllcarbamoyllox y)-1, 1-dimethylpiperidin-1-ium
trifluoroacetate In accordance with Examplel, from 1-methylpiperid in-4-y1 N- {4134
{4-[(tert-butyldimethylsilanoyloxy)methyl]phenyllcarbamoyflpropyl]-2- phenylphenyll carbamate (88.7
mg, 0.14 mmo 1) obtained in Reference Example 15-54, there was obtained 441[443-
1[4-(1[(2R)-2-hydrox y-2-(8-hydroxy-2-o0xo0-1,2-dihyclroquinolin-5- yflet
hyllaminolméthiATphed]cibamayitgrdpyin2 GhibnyigAehyiicarbaoylfokydt , =4 fhahylipliperid in-1
um trilluoroacetate (45 mg). H-NMR(400MHz, DMSO-d6) 6 10.49(s, 1H), 10.03(s, 1H),
8.88-8.98(bfodt d1 Hy;88310¢s | 1) 8482¢d 132 bz, 1 )4 )5 3 6:H(4 608 Bk, 1) (17 65744k, 8H),
7.20(d, J=8.5Hz, 1H), 7.15(s, 1H), 7.09(d, J=8.3Hz, 1H), 6.94(d, J=8.3Hz, 1H), 6.54(d, J=10.0Hz Hi),
5.26-5.34(mi 1Y), 4 B8U 6 m, 1H), APl 120w, 2H)) 3.348- 39600 piad, 3136-334(h, 2H)).3.07(s,
3H), 3.06(s, 31-1), 2.90-3.06(m,

3.05-3.14(m, 2H), 3.00(s, 3H), 2.97(t, J=8.0Hz, 2H), 2.75(t, J=8.0Hz, 2H),
2.46-2.58(m, 2H), 1.78(d, J=16.8Hz, 2H)
LC/MS: [M]+ =794.3
[Example 41]
Synthesis , of
(1R,2R,48S,58,7S)-7-({[5-(2- {[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihyd
roquinolin-5-yl)ethyl]amino } methyl)-2-methoxyphenyl]carbamoyl}ethyl)-2-pheny
Iphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**nonan-9-ium
trifluoroacetate

In accordance with Example i, from
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyij-2-methoxyphenyl}carbamoy
Dethyl]-2-phenylphenyl}carbamate (50 mg, 0.08 mmol) obtained in Reference
Example 15-41, there was obtained
(1R,2R,4S,5S,7S)-7-({[5-(2-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-o0x0-1,2-dihyd
roquinolin-5-yl)ethyl]amino } methyl)-2-methoxyphenyl]carbamoyl} ethyl)-2-pheny
Iphenyl]jcarbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1 .0**Inonan-9-ium
trifluoroacetate (10.5 mg).
LC/MS: [M]+ =774.3
[Example 42]

Synthesis of
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2H), 2.65(t, J-7.2 Hz, 2H), 2.38(t, J=7.7flz, 2H), 1.94-2.04(m, 2H), 1.87-1.94(m, 2H), 1.70-1.820m, 2H)
LC/MS: [M]+= 7f8.3 [Example 55] Synthesis

(1R,2R,4S,5S,7S)-7-({[5-(2-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihyd
roquinolin-5-yl)ethyl]amino } methyl)-3-methoxyphenyl]carbamoyl}ethyl)-2-pheny
Iphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**]nonan-9-ium
trifluoroacetate

In accordance with Example 1, from
(1R,2R,48,58,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0>*nonan-7-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-3-methoxyphenyl}carbamoy
Dethyl-2-phenylphenyl}carbamate (64.3 mg, 0.11 mmol) obtained in Reference
Example 15-42, there was obtained
(1R,2R,48,58,7S)-7-({[5-(2-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihyd
roquinolin-5-yl)ethyl]amino } methyl)-3-methoxyphenyl]carbamoyl}ethyl)-2-pheny
Iphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1 .0**Inonan-9-ium
trifluoroacetate (11.4 mg).
LC/MS: [M]+=1774.3
[Example 43]
Synthesis of
(1R,2R,48,5S,7S)-7-({[5-(2-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihyd
roquinolin-5-yl)ethyl]amino } methyl)-2-methylphenyl]carbamoyl} ethyl)-2-phenyl
phenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**]nonan-9-ium
trifluoroacetate

In accordance with Example L, from
(1R,2R.,4S,58,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0>*nonan-7-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-methylphenyl}carbamoyl)
ethyl]-2-phenylphenyl}carbamate (196 mg, 0.3 mmol) obtained in Reference
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ol (1 R,2R,45,5S,7S)-7-( {[4-(3- f[2-chloro-44 {[(2R)-2-hydro xy-2-(8-hydroxy-2-oxol ,2-d ihydroqu inol
n-5- yflethyljamino } methyl)-5-methoxyphenyijcarbamo yl } prop
y1)-2-phenylphenyi]lcarbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.02'4]n onan-9-ium
trifluoroacetate InaccordancewithExamplel,from
(1R,2R,4S,5S,7S)-9-methy1-3-0xa-9-azatricyclo[3.3.1.02A]nonan-7-y1
N-{413-(14-[(tert-butyldimethylsilanoyloxy)methy1]-2-chloro-5-methoxyphenyll
carbamoyflpropyl]-2-phenylphenyllicarbamate (201 mg, 0.28 mmol) obtained in

Reference §15-55 therewpssqtgtamed (IR,2Ry4§:5S,7S)-7-({ [g+3-1[2-chloro, 444 ined
R2R)-2-hydroxy-2-(8-hydroxy- 2-0xo -

1,2-dihydroginelina wietyflami ?9}(@ cfrr?ﬁ/gt (E@@MP@W'E%%?&MPQOBXO 1,2-dihyd

yl)-2-phenylphenylicarbamoylloxy)-9,9 oxa-9-azatricyclo[3.3.1.02'41n onan-9- |um

trifl . o .84(broad,
TH). 152 5 e e B R e o,
J=8.3Hz, 1'ﬂhe¥l;lﬂé§rﬁdiﬁ%}%8@ )48, éHﬁethHh@ 8%%%2%%@%}%@ D GnJird Phlgml 11),
5.28-5.34(m, 112), 4.78(t, J=5.9Hz, 111), 4.14-4.22(m, 2H), 4.07-4.12(m, 2H), 3.79(s, 3H),

3.82-3.98(bfaAdoRdaddtae2B(58 3. 3-01-3.07(m, 2H), 3.01(s, 3H), 2.66(t, .1=7.3Hz, 2H), 2.49-2.58(m,
211), 2.43-2.49(m, 21-1), 1.87-1.9 (m 2H), 1.77(d, J=17.1Hz, 214) LC/MS: [M]+ = 822.3 [Example 56]

Synthesisof_ c/MS: [M]+ = 758
[Example 44]
Synthesis of
(1R,2R,4S,58,78)-7-({[5-(2- {[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-

1,2-dihydroquinolin-5-yl)ethyl]amino } methyl)phenyl]carbamoyl} ethyl)-2-phenylp
henyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1 .02’4]n0nan—9-ium
trifluoroacetate

In accordance with Example I, from
(1R,2R,4S,58,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**|nonan-7-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chlorolphenyl} carbamoyl)
ethyl]-2-phenylphenyl}carbamate (95 mg, 0.14 mmol) obtained in Reference
Example 15-44, there was obtained
(1R,2R,48,5S,7S)-7-({[5-(2-{[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-
1,2-dihydroquinolin-5-yl)ethyl]amino } methyl)phenyl]carbamoyl}ethyl)-2-phenylp
henyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0>*]nonan-9-ium
trifluoroacetate (25.5 mg).

C/MS: [M]+=779.4

Vi ‘L E

p=

[Example 45]

Synthesis of
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(1R,2R,4S,5S,7S)-7-({[4-(3-([6-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihyd roqu no lin-5-yl)ethyl]
amino } methyl)naphthalen-2-yllearbamoyllpropy1)-2-phenyl phenyijcarbamoylf
oxy)-9,9-dimethy1-3-oxa-9-azatricyclo[3.3.1.02'4]Jnonan-9-ium trifluoroaceta e
accordancewithExamplel,from (1R2R,4s,5S,7S)-9-methyl-3-oxa-9-azatrieyclo[3.3 u-y( N-(4- {3-[(6-
([(tert-butyldimethylsilypoxy]methyll naphtha len-2-yecarbamo yllpro pyll-2-phenylphenyHearbamate
obtained in Reference Example 15-56, there was obtained (1R,2R,4S,5S,7S)-7-( [4-(3- {
[6-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihyd

roquinolin-5-yReIRydsynf) o8 nathy phaphifalena-ylicap@Royi-1proryd)-2-ghandkphenyh earbamoylf
oxy)-9,9-dimethy1-3-oxa-9-azatricyclo[3.3.1.024]nonan-9-ium trifluoroacetate (59.9 mg).

1H-NMR(400MHihyRNGOQrd)5SL QIR Hbhi0 YEA¢sh 113N 03009 B thrpadi iH), BptkisyHL1), 8.37(s,
1), 8.02(d, J=10.0Hz, 1H), 7.94(s, 1H), 7.83-7.90(m, 21-1), 7.57-7.62(m, 2H), 7.31 -7.47(m, 6f1),

7.22(d, J=81@iz] |tk atitB (8, olxiy), ¥, ALA(ehela Bl 3Hax 449) 2 GaB46ec 158.3H 20T 0 6 49(diwin10.0HzZ, 1H),
5.28-5.35(m, 1H), 4.78(t, .1=5.514z,lI-1), 4.32-4.37(m, 2H), 4.07-4.12(m, 2H), 3.82-3.98(broad, 2H),
3.25(s,3H), 3 06:3rdd{otaH), 3.00(s,

In accordance with Example I, from
(1R,2R,48,58,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-7-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-3-chlorolphenyl} carbamoyl)
ethyl]-2-phenylphenyl}carbamate (256 mg, 0.23 mmol) obtained in Reference
Example 15-45, there was obtained
(1R,2R,48S,5S,7S)-7-({[5-(2-{[3-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-o0xo-
1,2-dihydroquinolin-5-yl)ethyl]amino } methyl)phenyl]carbamoyl}ethyl)-2-phenylp
henyljcarbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**]nonan-9-ium
trifluoroacetate (45 mg).

LC/MS: [M]+ = 778.3

Synthesis of
(1R,2R,48S,58S,7S)-7-({[5-(2-{[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0xo0-
1,2-dihydroquinolin-5-yl)ethyl]amino } methyl)-5-methoxyphenyl]carbamoyl} ethyl
)-2-phenylphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**]no
nan-9-ium trifluoroacetate

In accordance with Example L, from
(1R,2R,48S,58,78)-9-methyl-3-oxa-9-azatricyclo[3.3.1.0**]nonan-7-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-methoxyphenyl}
carbamoyl)ethyl]-2-phenylphenyl}carbamate (52 mg, 0.074 mmol) obtained in
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3H), 2.68(t, .1=7.8Hz, 2H), 2.49-2.58(m, 2H), 2.42(t, J=7.2Hz, 211), 1.92- .99(m, 2H), 1.77(d,
J=18.0Hz, 21-1) LC/MS: [M]+ = 808.3

Reference Example 15-46, there was obtained
(1R,2R,4S,5S,78)-7-({[5-(2-{[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-
1,2-dihydroquinolin-5-yl)ethyl]amino } methyl)-5-methoxyphenyl]carbamoyl} ethyl
)-2-phenylphenyljcarbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0%*]no
nan-9-ium trifluoroacetate (25.6 mg).
"H-NMR(400MHz, DMSO-d¢) 6 10.47(s, 1H), 9.60(s, 1H), 8.86(d, J=29.3Hz, 1H),
8.77(s, 1H), 8.08(d, J=10.0Hz, 1H), 7.58(s, 1H), 7.57(s, 1H), 7.30-7.46(m, SH),
7.18-7.28(m, 2H), 7.13(d, J=8.3Hz, 2H), 6.97(d, J=8.3Hz, 1H), 6.56(d, J=10.0Hz,
1H), 5.34(dd, J=9.1Hz, 3.5Hz, 1H), 4.79(t, J=5.6Hz, 1H), 4.14-4.24 (m, 2H),
4.07-4.13(m, 2H), 3.80-3.98(broad, 2H), 3.80(s, 3H), 3.26(s, 3H), 3.01(s, 3H),
2.98-3.08(m, 2H), 2.94(t, J=7.7Hz, 2H), 2.78(t, J=7.7Hz, 2H), 2.54(dt, J=17.7Hz,
5.2Hz, 2H), 1.77(d, J=11.0Hz, 2H)
LC/MS: [M]+ = 808.3
[Example 47]
Synthesis of
(1R,2R,48,58,7S)-7-({[5-(2-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihyd
roquinolin-5-yl)ethyl]amino } methyl)-3-ethoxyphenyl]carbamoyl}ethyl)-2-phenyl
phenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**]nonan-9-ium
trifluoroacetate

In accordance with Example 1, from
(1R,2R,4S,58,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0>*]nonan-7-yl
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]-3-ethoxyphenyl}carbamoyl)
ethyl]-2-phenylphenyl}carbamate (219 mg, 0.32 mmol) obtained in Reference

Example 15-47, there was obtained
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[Example 57]  Synthesis of 4-(1[5-(2- 1[44
f[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)et hyl] amino } methyl)phenyl]carbamoyll
ethyl)-2-phenylphenyll ¢ arbamo yll oxy)- 1-m ethyl-1-(2-phenoxyethyl)piperidin-l-ium trifluoroacetate
in accordance with Example 1, from 1-(2-phenoxyethyl)piperidin-4-y1
N-15-12-(14-[(tert-butyldimethylsilanoyloxy)methyl]phenylicarbamoypethyl]-2-p henylphenylicarbamate
(227 mg, 0.43 mmo I) obtained in Reference Example 15-57,thereWasobtained

(1R,2R,48S,5S,75)-7-({[5-(2- {[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihyd

roquinolin-5-yl)ethyl]amino } methyl)-3-ethoxyphenyl]carbamoyl}ethyl)-2-phenyl

phenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**]nonan-9-ium

trifluoroacetate (109 mg).

LC/MS: [M]+ = 788.3

[Example 48]

Synthesis of

(1R,3R)-3-{[5-(3-{[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydr

oquinolin-5-yl)ethyl]amino } methyl)-5-methoxyphenyl]carbamoyl}propyl)-2-phen

ylphenyl]carbamoyl}oxy)-8,8-dimethyl-8-azabicyclo[3.2.1]nonan-8-ium

trifluoroacetate

In accordance with Example 1, from

(1R,3R)-8-methyl-8-azabicyclo[3.2.1]octan-3-yl

N-{5-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-methoxyphenyl}

carbamoyl)propyl]-2-phenylphenyl}carbamate (488 mg, 0.69 mmol) obtained in

Reference Example 15-48, there was obtained

(1R,3R)-3-{[5-(3-{[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydr

oquinolin-5-yl)ethyl]amino } methyl)-5-methoxyphenyl]carbamoyl}propyl)-2-phen

ylphenyl]carbamoyl}oxy)-8,8-dimethyl-8-azabicyclo[3.2.1]nonan-8-ium

trifluoroacetate (285 mg).

'H-NMR(400MHZ, DMSO-Dg) 1 10.49(s, 1H), 9.59(s, 1H), 8.99(d, J=39.8Hz,

1H), 8.90(s, 1H), 8.08(d, J=9.8Hz, 1H), 7.58(s, 1H), 7.54(s, 1H), 7.31-7.46(m, 8H),

7.13(d, J=8.3Hz, 1H), 6.97(d, J=8.3Hz, 1H), 6.56(d, J=9.8Hz, 1H), 5.30-5.36(m,

1H), 4.72(t, J=5.2Hz, 1H), 4.12-4.26(m, 2H), 3.80(s, 3H), 3.77(s, 3H), 3.00-3.12
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4-( [5-(2- 1[44 1[(2R)-2-hydroxy-2-(8-hydroxy-2-o0x0-1,2-d ihydroqu ino | in-5- yl) et hyll amino
Imethyl)phenyllcarbamoyl ethyl)-2-phenylphenyl]lcarbamoyll oxy)- 1-m ethyl-!
-(2-phenoxyethyl)piperidin-1-ium trifluoroacetate (82.5 mg). '11.-NMR(400MHz, DMSO-d6) 6 | 0.48(s,
1H), 10.14(s, 1H), 9.07(d, J=51 .714z, 1 H), 8.75(d, 1=6.1 Hz, 1H), 8.06(d, J=10.0Hz, 1144, 7.63(d,
J=8.5Hz, 2H), 7.44(d, J=8.5Hz,2H),7.27-7.42(m,8H),7.18-7.27(m,214),7.10(d,1=8.3Hz,1H),
6.95-7.04(m, 314), 6.97(d, 1-8.314z, 1H), 6.53(d, J=10.0Hz, 1H), 5.29-5.34(m, 1H), 4.62-4.71(m,
1H),4.46-4.50(m, 2H), 4.12-4.20(m, 2H),3.80-3.86(m, 2I1),

(m, 4H), 2.99(s, 3H), 2.67(t, J=7.0Hz, 2H), 2.36-2,56(m, 4H), 2.12-2,28(m, 2H),

1.86-1.96(m, 2H), 1.67(d, J=16.1Hz, 2H)

LC/MS: [M]+ =808.3

[Exampie 49]

Synthesis of
4-({[5-(4-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)et

hyl]lamino } methyl)phenyl]carbamoyl}butyl)-2-phenylphenyl]carbamoyl}oxy)-1,1-

In accordance with Example 1, from 1-methylpiperidin-4-yl
N-{5-[4-({4-[(tert-butyldimethylsilanoyloxy)methyl]-3-methoxyphenyl}carbamoy
l)butyl]-2-phenylphenyl}carbamate (137 mg, 0.218 mmol) obtained in Reference
Example 15-49, there was obtained
4-({[5-(4-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yi)et
hyllamino } methyl)phenyl]carbamoyl}butyl)-2-phenylphenyl]carbamoyl}oxy)-1,1-
dimethylpiperidin-1-ium trifluoroacetate (64 mg).

"H-NMR(400MHz, DMSO-ds) & 10.48(s, 1H), 10.08(s, 1H), 9.10(d, J=68.8 Hz,
1H), 8.73(s, 1H), 8.06(d, J=10.0Hz, 1H), 7.62(d, J=8.8Hz, 2H), 7.28-7.45(m, 7H),
7.23(s, 1H), 7.23(d, J=7.6Hz, 1H), 7.14(dd, J=7.9Hz, 1.3Hz, 1H), 7.10(d, J=8.3Hz,
1H), 6.97(d, J=8.3Hz, 1H), 6.53(d, J=10.0Hz, 1H), 5.30-5.35(m, 1H), 4.57-4.62(m,
1H), 4.12-4.18(m, 2H), 3.36-3.42(m, 2H), 3.26-3.36(m, 2H), 3.07(s, 3H), 3.06(s,
3H), 2.88-3.09(m, 2H), 2.63(t, J=7.0Hz, 2H), 2.36(t, J=7.0Hz, 2H), 1.94-2.06(m,
2H), 1.69-1.82(m, 2H), 1.60-1.68(m, 4H)

LC/MS: [M]+=1732.3

[Example 50]
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3.47-3.60(m, 2H),3.40-3.52(m, 211), 3.15(s,311), 2.96-3.05(m,2H), 2.940, J=7.5Hz, 2H), 2.68(t,
J=7.51lz, 211), 2.02-2.12(m, 211), 1.73-1.86(m, 21-1) LC/MS: [M]-1 = 810.3 [Example 58] Synthesisof
4-[({5-[(8-{[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-d hydroquinolin-5-yl)ethyl] amino;
octyl)oxy]-2-phenylphenyllcarbamoyl)oxy]-1,1-dimethylpiperid in-1 - ium trifluoroacetate
1-Methylpiperidin-4-y1 N-(5-1 [8-(tert-butyldimethylsilanoyloxy)octyl]oxy1-2-phenylphenyl)carbamate
(283 mg, 0.50 minol) obtained in Reference Example 12-6 was dissolved in tetrahydrofuran (10 mL),
hydrogen trifluoride-triethylam ne complex (0 4 mL) was added thereto, and the mixture was stirred at
room tempeJaiyhed3r 18 hours. The reaction mixture was extracted with ethyl acetate and dfie organic
layer was washed with a dilute aqueous solution of sodium hydroxide and a saturated aqueous

solution of SORiIPR,dSIGIEIES dricd pied-aMhydeoR FagRdsiuy- Sulsats dandyconoeantt glediipder reduced

pressure. A half of the residue was dissolved in acetonitrile (5 mL), methyl iodide (1 mL) was

added theretayandlafter wijeting pinioamtenye)plicrs fiyatthouwy theusdstiophsaluior vakar

concentrated under reduced pressure. Triphenylphosphin polymer bound (3.00 mmol/g) 200 mg
and iodine ({8600 o0& pANSbherkkd-Stioved dradichioyora gittane Tdi o hewy thexaforementioned
methylated residue dissolved in dichloromethane (10 mL) was added thereto, and the mixture was
stirred for furilfleio2ohoerseSubsequently, the reaction solution was filtered through eel te and the
filtrate was concentrated under reduced
In accordance with Example 1, from
(1R,2R,48,5S,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-7-yl
N-{5-[4-({4-[(tert-butyldimethylsilanoyloxy)methyl]lphenyl} carbamoyl)butyl]-2-
phenylphenyl}carbamate (64 mg, 0.1 mmol) obtained in Reference Example 15-50,
there was obtained
(1R,2R,48,5S,7S)-7-({[5-(4-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihyd
roquinolin-5-yl)ethyljamino } methyl)phenyljcarbamoyl} butyl)-2-phenyiphenyljcar
bamoyl}0xy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.02’4]nonan-9—ium
trifluoroacetate (21.4 mg).
LC/MS: [M]+=1772.3
[Example 51]
Synthesis of
4-({[5-(4-{[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinoli
n-5-yl)ethyl]amino } methyl)-5-methoxyphenyl]carbamoyl}butyl)-2-phenylphenyl]

carbamoyl}oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate

In accordance with Example 1, from I-methylpiperidin-4-yl

carbamoyl)butyl]-2-phenylphenyl}carbamate (60.5 mg, 0.087 mmol) obtained in

Reference Example 15-51, there was obtained
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pressure. The residue was suspended in N,N-dimethylformamide (2 mL), thereto was added
54(R)-2-amino-1-hydroxyethyl)-8-hydroxy-111Equinolin-2-one acetate (84 mg, 0.3 mmol), and the
mixture was stirred at 70C for 18 hours. The reaction solution was concentrated and, thereafter,the
residue was purified by HPLC fractionation to obtain 4-[( {5-[(8-
{[(2R)-2-hydroxy-2-(8-hydroxy-2-o0xo0-1,2-dihydroquinolin-5-yeethyl] amino loctyfloxy]-2-phenylphenylf
carbamoyfloxy]-1,1-dimethylpiperidin-I-ium trifluoroacetate (17.5 mg). 1H-NMR(400MHz, DMSO-d6) 6
10.54(s, 1H), 8.67(s, 1H), 8.54-8.72(broad, IIl), 8.15(d, J=10.0Hz, 1H), 7.27-7.43(m, 5H), 7.21(d,
J=8.5Hz, 1K) {{.34{d  [=8lopre; 414 ZBo(3; x5 94 ft hydeg 02 0xp-1) 26d86ydh 88z, 2.4fiz,
1H), 6.56(d, J=10.0Hz, 111), 5.27-5.32(m, , 4.58-4.66(m, 1I-1), 3.970, j=7.1Hz, 211), 3.25-3.43(m,
4F1), 3.07(8-31Y))3log(ens 00} metiovB 12 et Ny honyl Boghrmey! boal-84thenyinhenydy-1.82(m,
414), 1.54- 67(m, 211), 1.34-1.46(mi 21-1), 1.20-1.34(m, 6H) LC/MS: [M]+ = 671.3 [Example 59]
SynthesisofAtpaBoys: PR2R) I 2diggidxpr@idtioxyn Wit erpaskkiidroquinelin-5- yflethyl] amino]
hexyfloxy]-2-phenylphenyll carbamoyfloxy]-1,1-dimethylpiperidin- | -ium trifluoroacetate In accordance
with Exampt a8 SidM i=meth§ipiperid in-4-y1 196 N-(5- {[6-(tert-butyldimethylsilano ylo xy)hexyl] oxy
-2-phenylphenyl)carbamate (163 mg, 0.30 minol), obtained in Reference Example 12-7, there was
obtained 41E5M@Ia {2R)-2-hydro xy-2-(8-hydroxy-2-oxo-1,2-dihydroqu no lin-5- yflethyl] amino |
hexyl)o xy] -2-phenylphenyllc arbamo yl) oxy] 1,1 -d methylp ip er id in-1 - iu m trifluoroacetate (30.1
mg). 'H-NMR(@OBEMHZz, DMSO-d6) S 10.50(s, 11-1), 8.68(s, Il1), 8.65(d, J=24.6Hz, 1H), 8.26(d,
J=10.0Hz, IH), 7.27-7.43(m, 5H), 7.21(d, J=8.5Hz, 1H2, 7.14(d, J=8.5Hz, 1H), 7.00(s, 1H), 6.98(d,
J=8.0Hz, 14 Re286{du? S8 A 2k (1345 hdosed, (1[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-

1,2-dihydroquinolin-5-yl)ethyl]amino } methyl)-5-methoxyphenyl]carbamoyl} butyl
)-2-phenylphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**]no
nan-9-ium trifluoroacetate

In accordance with Example 1, from
(1R,2R,4S,5S,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**|nonan-7-yl
N-{5-[4-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-methoxyphenyl}
carbamoyl)butyl]-2-phenylphenyl}carbamate (76 mg, 0.1 mmol) obtained in
Reference Example 15-52, there was obtained
(1R,2R,48,5S,7S)-7-({[5-(4-{[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0oxo-
1,2-dihydroquinolin-5-yl)ethyllamino } methyl)-5-methoxyphenyl]carbamoyl} butyl
)-2-phenylphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**]no
nan-9-ium trifluoroacetate (11.9 mg).
LC/MS: [M]+ = 836.3
[Example 53]
Synthesis of
(1R,2R,48S,58,7S)-7-({[4-(3-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihyd
roquinolin-5-yl)ethyl]amino } methyl)phenyl]carbamoyl} propyl)-2-phenylphenyl]c
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J=10.01-17,1H), 5.28-5.33(m 1H), 4.58-4.66(m,H), 3.98(t,J=6.2Hz, 214), 3.26-3.44(m, 4H),
3.07-3.14(m, 2H), 3.07(s, 3H), 3.06(s, 3H), 2.94-3.02(m, 21-1), 1.94-2.04(m, 2H), 1.60-1.82(m, 6H),

arbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**]nonan-9-ium
trifluoroacetate

In accordance with Example I, from
(1R,2R,4S,5S,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0>*]nonan-7-yl
N-{4-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]phenyl}carbamoyl)propyl]-2-
phenylphenyl}carbamate (70.1 mg, 0.11 mmol) obtained in Reference Example
15-53, there was obtained
(1R,2R,48S,5S,7S)-7-({[4-(3-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-o0xo0-1,2-dihyd
roquinolin-5-yl)ethylJamino } methyl)phenyl]carbamoyl}propyl)-2-phenylphenyl]c
arbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**]nonan-9-ium
trifluoroacetate (30.9 mg).
LC/MS: [M]+=758.3
[Example 54]
Synthesis of
4-({[4-(3-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
hyljamino } methyl)phenyl]carbamoyl} propyl)-2-phenylphenyl]carbamoyl}oxy)-1,
I-dimethylpiperidin-1-ium trifluoroacetate

In accordance with Example 1, from 1-methylpiperidin-4-yl
N-{4-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]phenyl}carbamoyl)propyl]-2-
phenylphenyl}carbamate (88.2 mg, 0.14 mmol) obtained in Reference Example
15-54, there was obtained
4-({[4-(3- {{4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
hyl]amino } methyl)phenyl]carbamoyl} propyl)-2-phenylphenyl]carbamoyl}oxy)-1,

1-dimethylpiperidin- 1-ium trifluoroacetate (45 mg).
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1.30-1.48(m, 4H) LC/MS: [M]+ = 643.3 [Example 60] Synthesisof 4-[( {54(9-
{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroqu 4101in-5-y1)e-thy]] amino |
non-yfloxyl-2-phenylphenyl{ carbamo-ypoxyj-1,1-dimethylpipe din- | -ium trifluoroacetate
iflaccordancewithExample58,from1- methylp ip erid in-4-y1 N-(5-
{[9-(tert-butyldimethylsilanoyloxy)nonylJoxy{-2-phenylphenyl)carbamate 1,7 1 1G mg, 0.30 mmol)
obtained in Reference Example 12-8, there was obtained 4-[( {5- [(9-
{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinol n-5- yeethyl] arninn} nnnyl)oxy]
-2-phenylpheny{arbamony boxybMsio-dimethyla dpesrickin- 16.bapstriffuproasetats (b 8amok),

'H-NMR(400MHz, DMSO-d6) S 10.47(s, 1H), 8.65(s, 11-1), 8.54-8.72(broad, | H), 197 8.15(d,
J=10.0Hz, ¥H0 @2 1114 X028H) JZ12L0012=819127 B1d, 24@HI=BBHZ7.26-7.44(m, 8H),
7.20(d, J=8.5Hz, 1H), 7.15(s, 1H), 7.09(d, J=8.3Hz, 1H), 6.94(d, J=8.3Hz, 1H),
6.54(d, J=10.0Hz, 1H), 5.26-5.34(m, 1H), 4.58-4.66(m, 1H), 4.12-4.17(m, 2H),
3.34-3.42(m, 2H), 3.26-3.34(m, 2H), 3.07(s, 3H), 3.06(s, 3H), 2.90-3.06(m, 2H),
2.65(t, J=7.2 Hz, 2H), 2.38(t, J=7.7Hz, 2H), 1.94-2.04(m, 2H), 1.87-1.94(m, 2H),
1.70-1.82(m, 2H)
LC/MS: [M]+=718.3
[Example 55]
Synthesis of
(1R,2R,48S,5S,7S)-7-({[4-(3-{[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-
1,2-dihydroquinolin-5-yl)ethyl]amino } methyl)-5-methoxyphenyljcarbamoyi} prop
y1)-2-phenylphenyl]carbamoyl} oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0>*]n
onan-9-ium trifluoroacetate

ccordance with Example i, from

Jpm|
o
o

(1R,2R,48,58,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-7-yl
N-{4-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chloro-5-methoxyphenyl}
carbamoyl)propyl]-2-phenylphenyl}carbamate (201 mg, 0.28 mmol) obtained in
Reference Example 15-55, there was obtained
(1R,2R,4S,58,7S)-7-({[4-(3-{[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0oxo0-
1,2-dihydroquinolin-5-yl)ethyl]amino } methyl)-5-methoxyphenyl]carbamoyl} prop
y1)-2-phenylphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0%*n
onan-9-ium trifluoroacetate (59 mg).

'H-NMR(400MHz, DMSO-ds) § 10.49(s, 1H), 9.55(s, 1H), 8.75-8.84(broad, 1H),
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1H), 7.00(s, 1H), 6.98(d, J=8.0Hz, 1H), 6.86(dd, J=8.4Hz, 2.61-1z, HI), 6.56(d,
J=10.0Hz,11-0,5.28-5.33(m,1H),4.58-4.66(m,1H),3.97(t,J=6.7Hz, 2H), 3.25-3.43(m, 4H), 3.07(s, 3H),
3.06(s, 3H), 3.00-3.12(m, 2H), 2.92-3.00(m, 214), 1.94-2.04(m,
211),1.60-1.82(m,41-1),1.55-1.66(m,2H), 1.34-1.46(m, 214), 1.20-1.34(m, 81-I)

8.73(s, 1H), 8.07(d, J=10.0Hz, 1H), 7.57(s, 1H), 7.53(s, 1H), 7.31-7.46(m, 6H),
7.21(d, J=8.3Hz, 1H), 7.17(s, 1H), 7.12(d, J=8.3Hz, 1H), 6.96(d, J=8.3Hz, 1H),
6.57(d, J=10.0Hz, 1H), 5.28-5.34(m, 1H), 4.78(t, J=5.9Hz, 1H), 4.14-4.22(m, 21),
4.07-4.12(m, 2H), 3.79(s, 3H), 3.82-3.98(broad, 2H), 3.25(s, 3H), 3.01-3.07(m,
2H), 3.01(s, 3H), 2.66(t, J=7.3Hz, 2H), 2.49-2.58(m, 2H), 2.43-2.49(m, 2H),
1.87-1.96(m, 2H), 1.77(d, J=17.1Hz, 2H)

LC/MS: [M]+ = 822.3

Synthesis of
(1R,2R,4S,58,7S)-7-({[4-(3-{[6-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihyd
roquinolin-5-yl)ethyl]amino } methyl)naphthalen-2-yl]carbamoyl} propyl)-2-phenyl
phenyl]carbamoyl} oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0%*Jnonan-9-ium
trifluoroacetate

In accordance with Example 1, from
(1R,2R.,48,58,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0%*Jnonan-7-yl
N-(4- {3-[(6-{[(tert-butyldimethylsilyl)oxy]methyl}naphthalen-2-yl)carbamoyl]pro
pyl}-2-phenylphenyl)carbamate obtained in Reference Example 15-56, there was
obtained
(1R,2R,48S,5S,7S)-7-({[4-(3-{[6-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihyd
roquinolin-5-yl)ethyl]amino } methyl)naphthalen-2-yl]carbamoyl} propyl)-2-phenyl
phenyl]carbamoyl} oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**]nonan-9-ium
trifluoroacetate (59.9 mg).
"H-NMR(400MHz, DMSO-ds) & 10.48(s, 1H), 10.19(s, 1H), 9.02-9.14(broad, 1H),
8.74(s, 1H), 8.37(s, 1H), 8.02(d, J=10.0Hz, 1H), 7.94(s, 1H), 7.83-7.90(m, 2H),
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LC/MS: [M]+ = 685.3 [Example 61] Synthesisof 4- { [(5- {4-[4-(
{[(2R)-2-hydroxy-2-(8-hydroxy-2-o0xo-1,2-dihydroqu no lin-5- yl)eth
yllamino{methypphenoxy]buty1}-2-phenylphenyl)carbamoylloxy{-1,1-dimethylpi peridin-lI- um
tritluoroacetate In accordance with Example 1, from 1-methylpiper d n-4-y1 N-[5-(4-
{4-Htert-butyldimethylsilanoyloxy)methylipherioxylbuty1)-2-phenylphen yijcarbamate (115 mg, 0.25
mmol) obtained in Reference Example 12-9, there was obtained 4- {[(5- {4444
{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)eth yl] amino {

methyl)pheroxyiaua i, 22phe iy bhem/fearbdi oyl] o, - 1:38 difietH Hpi paiddin-IFNI Trifliatoacetate
(102 mg). II-NMR(400MHz, DMSO-d5) 5 10.45(s, 1H), 9.02(d, J=59.3Hz, 1H), 8.95(s, 111), 8.06(4,

J=9.8Hz, 1H%R.312Z; 71.B9(n6, BHIL, 7128(3HEH ), ) 24(d 904 7J8H@, @), THH-B.208(h 310, 711H)(d, (-8.1Hz,
71-1), 6.95-6.99(m, 711), 6.53(d, .1=9.8147, LEH, 5.29-5.34(m, 111), 4.58-4.66(m,111),

4.78(t, J=5.5Hz, 1H), 4.32-4.37(m, 2H), 4.07-4.12(m, 2H), 3.82-3.98(broad, 2H),
3.25(s, 3H), 3.06-3.14(m, 2H), 3.00(s, 3H), 2.68(t, J=7.8Hz, 2H), 2.49-2.58(m,
2H), 2.42(t, J=7.2Hz, 2H), 1.92-1.99(m, 2H), 1.77(d, J=18.0Hz, 2H)
LC/MS: [M]+ = 808.3
[Example 57]
Synthesis of
4-({[5-(2- {[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0xo0-1,2-dihydroquinolin-5-yl)et
hyl]amino } methyl)phenyl]carbamoyl}ethyl)-2-phenylphenyl]carbamoyl}oxy)-1-m
ethyl-1-(2-phenoxyethyl)piperidin-1-ium trifluoroacetate

In accordance with Example 1, from 1-(2-phenoxyethyl)piperidin-4-yi
N-{5-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]phenyl}carbamoyl)ethyl]-2-p
henylphenyl}carbamate (227 mg, 0.43 mmol) obtained in Reference Example
15-57, there was obtained
4-({[5-(2-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0ox0-1,2-dihydroquinclin-5-yl)et
hyl]lamino } methyl)phenyl]carbamoyl}ethyl)-2-phenylphenyl]carbamoyl}oxy)-1-m
ethyl-1-(2-phenoxyethyl)piperidin-1-ium trifluoroacetate (82.5 mg).
"H-NMR(400MHz, DMSO-ds) & 10.48(s, 1H), 10.14(s, 1H), 9.07(d, J=51.7Hz,
1H), 8.75(d, J=6.1Hz, 1H), 8.06(d, J=10.0Hz, 1H), 7.63(d, J=8.5Hz, 2H), 7.44(d,
J=8.5Hz, 2H), 7.27-7.42(m, 8H), 7.18-7.27(m, 2H), 7.10(d, J=8.3Hz, 1H),
6.95-7.04(m, 3H), 6.97(d, J=8.3Hz, 1H), 6.53(d, J=10.0Hz, 1H), 5.29-5.34(m, 1H),
4.62-4.71(m, 1H), 4.46-4.50(m, 2H), 4.12-4.20(m, 2H), 3.80-3.86(m, 2H),

3.47-3.60(m, 2H), 3.40-3.52(m, 2H), 3.15(s, 3H), 2.96-3.05(m, 2H), 2.94(t,
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4.12-4.17(m,2H), 4.01(t,J-5.5Hz,21l), 3.25-3.43(m, 414), 3.07(s,314),3.06(s, 3H), 2.88-3.05(m, 2H),
2.67(t, J=6.611z, 2H), 1.96-2.08(m, 211), 1.70-1.82(m, 6H) LC/MS: [M]+ = 705.3 [Example 62]
Synthesisof 4-({ [5-(2- 1[443- {[(2R)-2-hydroxy-2-(8-hydroxy-2-o0xo-1,2-dihydroquino | in-5- yl) ethyl]
amino lprop yflphenyl] carbamo yl] ethyl)-2-phenylphenyl]carbamoyll oxy)-1, 1-dimethylpiperidin-1-
um tr fluoroacetate In accordance with Example 58, from | -methylpiperidin-4-y1
N-1547-(14-[3-(tert-butyldimethylsilanoyloxy)propyflphenyll carbamo yl)] ethyl} -
2-phenylphenyl]carbamate (63 mg, 0.1 mmol) obtained in Reference Example 15-58, there was
obtained 4-(1{54R~{[AHS-2[6RR)-2-Nysiox 228 iy mxg (Z:020H, 2-wihydyeauindin-5-y1) ethyl] amino

}prop yl)p henyl] carb amo yllethyl)- 2-phenylp henyl] ¢ arbamo yll o x y)- 1, 1-dimethylpiperidin-I-ium
trifluoroacetaie {18: My)--LHNMR(400MH,, DMSO-d6) 6 10.45(s, 11-1), 9.91(s, 111), 8.70(s, 1H),
8.56-8.66(broad, 11-1), 8.05(d, J-10.0Hz, 111), 7.49-7.55(m, 211), 7.27-7.43(m, 611), 7.11-7.26(m,
511), 6.97(d Exa&pHz58l)), 6.56(d, J=10.0Hz, 1H), 5.25-5.31(m, 111), 4.58-4.66(m, 111), 3.35-3.43(m,
2H), 3.25-3.35(m, 2H), 3.07(s, 311), 3.06(s, 311), 3.00-3.06(m, 2H), 2.93(t, J=7.7Hz, 211), 2.64(t,
1=7.7Hz, 218ymié(d, J=7.4Hz, 2H), 94-2.04(m, 2H), 1.84-1.94(m, 211), L68-1.80(m, 211)of
4-[({5-[(8-{[(2R)-2-hydroxy-2-(8-hydroxy-2-0xo0-1,2-dihydroquinolin-5-yl)ethyl]
amino joctyl)oxy]-2-phenylphenyl}carbamoyl)oxy]-1,1-dimethylpiperidin-1-ium
trifluoroacetate
1-Methylpiperidin-4-yl
N-(5- {[8-(tert-butyldimethylsilanoyloxy)octylloxy}-2-phenylphenyl)carbamate
(283 mg, 0.50 mmol) obtained in Reference Example 12-6 was dissolved in
tetrahydrofuran (10 mL), hydrogen trifluoride-triethylamine complex (0.4 mL)
was added thereto, and the mixture was stirred at room temperature for 18 hours.
The reaction mixture was extracted with ethyl acetate and the organic layer was
washed with a dilute aqueous solution of sodium hydroxide and a saturated
aqueous solution of sodium chloride, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure.
A half of the residue was dissolved in acetonitrile (5 mL), methyl iodide
(1 mL) was added thereto, and after stirring at room temperature for 1 hour, the
reaction solution was concentrated under reduced pressure.
Triphenylphosphin polymer bound (3.00 mmol/g) 200 mg and iodine (136
mg, 0.54 mmol) were stirred in dichloromethane for 1 hour, the aforementioned
methylated residue dissolved in dichloromethane (10 mL) was added thereto, and

the mixture was stirred for further 2 hours. Subsequently, the reaction solution

was filtered through celite and the filtrate was concentrated under reduced
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LC/MS: [M]+ = 732.3 [Example 63] Synthesisof
4-(1[5-(2-1[4-(2-1[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroqu nolin-5-34) ethyl] amino ethyl)p
henyllcarbamo yl} ethyl)-2-phenylphenyllcarbamoylloxy)-1,1- d methylp peridin- 1 -ium trifluoroacetate
In accordance with Example 58, from 1-methylpiperidin-4-y1 N- 5 -[2-(1442-(tert-butyldimethylsi
lanoyloxy)ethyl] phenyl{ carbamo yl)] ethyl} -2- phenylp henyl] carbamate (61 mg, 0.1 mmol) obtained
in Reference Example 15-59, Off,- was obtained 4-({[5-(2- [4-(2-
{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-y1) ethyl] amino { ethyl)phenyl]lcarbamo yl
ethyl)-2-phesglpheayl]lcarbamoyl{ oxy)- 1,1 - dimethylpmeridin-I-ium trifluoroacetate (4.4 mg). LC/MS:
[M]+ = 718.3 [Example 64] Synthesisof 4-( [5-(2- { [4- (
{[(2R)-2-hydroxy-2-(Babytary<? 0x0-dudpdingett ogu NN ndDmd) ety gl ramindel e thyl)p heieydearbamo yl }

methoxy)-2-phenylphenyl]carbamoyll oxy)- , | -climethylpiperidi- 1-ium trifluoroacetate In
accordancewtithabddadinpl€(R3; Tramiteriethyd poipgritl yir8hly iNof5A A -quinolin-2-one acetate
{4[3-(tert-butyldimethylsilanoyloxy)ethyl]phenyllcarbamoylflethylif -2- phenylphenyl]carbamate (61 mg,
0.1 mmol) alsthinegl i0.Refererige dxanplenlisiads there wasedbtai@dC for 18 hours. The
4-({[5-(2-1[4-(1[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquino lin-5- yflet hyl] amino}
methyl)phemnydccanb asmio tyim ethox)r2 gphenytpbhedy jleadediag yhoxydsidyb-drmethyipipdribyin- 1 - 11.1
m trifluoroacetate (15 m2). LC/MS: [M]+ = 706.3 [Example 65]

HPLC fractionation to obtain

4-[({5-[(8-{[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)ethyl]

amino }octyl)oxy]-2-phenylphenyl}carbamoyl)oxy]-1,1-dimethylpiperidin-1-ium

trifluoroacetate (17.5 mg).

"H-NMR(400MHz, DMSO-ds) & 10.54(s, 1H), 8.67(s, 1H), 8.54-8.72(broad, 1H),

8.15(d, J=10.0Hz, 1H), 7.27-7.43(m, 5SH), 7.21(d, J=8.5Hz, 1H), 7.14(d, J=8.0Hz,

1H), 7.00(s, 1H), 6.98(d, j=8.0Hz, 1H), 6.86(dd, J=8.5Hz, 2.4Hz, 1H), 6.56(d,

J=10.0Hz, 1H), 5.27-5.32(m, 1H), 4.58-4.66(m, 1H), 3.97(t, J=7.1Hz, 2H),

3.25-3.43(m, 4H), 3.07(s, 3H), 3.06(s, 3H), 3.00-3.12(m, 2H), 2.92-3.00(m, 2H),

1.94-2.04(m, 2H), 1.67-1.82(m, 4H), 1.54-1.67(m, 2H), 1.34-1.46(m, 2H),

1.20-1.34(m, 6H)

LC/MS: [M]+ = 671.3

[Example 59]

Synthesis of
4-[({5-[(6-{[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)ethyl]
amino }hexyl)oxy]-2-phenylphenyl}carbamoyl)oxy]-1,1-dimethylpiperidin- 1 -ium
trifluoroacetate

In accordance with Example 58, from 1-methylpiperidin-4-yl
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Synthesisof 4-[( {5- [2- ({[4-({[(2 R)- 2-hydro x y-2- (8- hydro xy-2-0 x0-1,2-dihydroquino lin-5 -yl)et
hyl] amino fmethyl)phenylimethylicarbamoyflethyl]-2-phenylphenyll ¢ arbamo yl)o
xy]-1,1-dimethylpiperidin-1- um trifluoroacetate 1-Methylpiperidin-4-y1 N-(5-1,21(
{4-Rtert-butoxycarbonylfaminolphenyll methyl)carbamoyl] ethyl} -2-ph enylphenyl)carbamate (94 mg,
0.16 mmol) obtained in Reference Example 15-61 was dissolved in acetonitrile (5 ml.,), methyl iodide
(2 mL) was added thereto, and after stirring at room temperature for 1 hour, the reaction solution was
concentrated undcr reduced pressure. To the residue was added a 5% methanol solution of

hydmbfomi(Na@d{([%O(EEH)L&ﬂ@dﬁﬁ%tﬁ?[ﬁ@%@&ﬁg@méﬁrn@H&%y—@%ﬁ@éﬁf(}?&ﬁ iPpasconcentrated
re I

under reduced pressure. The residue was suspended in acetomt and propionitrile (5
mL), theretq wereadded Gogilen bispibRraten( G4 gnkbOGRaRP I PAtASSIURLIRNER; (50tHIH: -3
mrnol),and 5-[(1R)-2-bromo-1-hydroxyethy1]-8-[(4-methoxyphenyemethoxy]-1,2-dihydroqui
nolin-2-one 44(Q 1vg,(6-1A rrnolBiIRe ISREfaFEROE BXAMPIE Siidy Bod the MixBIKe)wids/Flirred at
120C for 18 hours. The reaction solution was filtered and concentrated under reduced pressure. To
the residue yvamadiHed 1iblkorongatis Akl IMtaraashositRyxsyring iedritepepraturadar 1 hour, the
reaction solution was concentrated under reduced pressure. The residue was purified by HPLC
fractionatiornﬁ@]@@iaﬁ@&é(éﬁgaﬂ {Mg§_{[(2R)-2-hydroxy-2-(8- hydroxy-2-oxo-1,2-dihydroquino in-5- ypet
hyllaminolmethyl)phenyllmethyll carbamoypethy1]-2-phenylphenyticarbamoypo
xy]-1,1-dimethyimipriigioMiium Mlapmacetats (19). 61moy. 6B M6 5(d 18-3 {iamnler 56]
Synthesisof 4-[( {5134 {[4-(1[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-d hydroquinolin-5-yflet hyl] amino
} methyl)phany§raethyiboarbamaylipropyik2¢phesyiphenyiicadsasioy!) H), 7.14(d, J=8.5Hz,
oxy]-1,1-dimethylpiperidin-I-ium trifluoroacetate In accordance with Example 65, from 1-methylp

iperidin-4- yi Ny(57 {8361 4-[{tertlostaxycagbmmnyflaminojpbeuayf messi)zarhamayiprapylised,
henylphenyl)carbamate (86 mg, 0.14 mmol) obtained in Reference Example 15-62, there was obtained

4-[( {5434 {[#=( ({(@R); 2-hysroxy-2-4& RyeroXYH2-0% 58, 2-6dtyerogt )N 03.08%¢ yljeb.2Hz, 2H),
hyllaminolmethyl)phenyllmethyl] carbamoyl)propyl]-2-phenylphenyl] carbamo yl) eyxyl- | -dirnethylp
iper idin-1 -iBctrlddoncielnts (3733mg)m, 2H), 3.07(s, 3H), 3.06(s, 3H), 2.94-3.02(m, 2H),
1.94-2.04(m, 2H), 1.60-1.82(m, 6H), 1.30-1.48(m, 4H)
LC/MS: [M]+ = 643.3
[Example 60]
Synthesis of
4-1({5-[(9-{[(2R)-2-hydroxy-2-{8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)ethyl]
amino jnonyl)oxy]-2-phenylphenyl}carbamoyljoxy]-1,1-dimethylp iperid in-1-ium
trifluoroacetate
In  accordance  with  Example 58, from 1-methylpiperidin-4-yl
N-(5-{[9-(tert-butyldimethylsilanoyloxy)nonyl]oxy}-2-phenylphenyl)carbamate

(175 mg, 0.30 mmol) obtained in Reference Example 12-8, there was obtained

o]

4-[({5-[(9-{[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)ethyl]
amino }nonyl)oxy]-2-phenylphenyl}carbamoyljoxyl-1,1-dimethylpiperidin-1-ium

trifluoroacetate (31.8 mg).

"H-NMR(400MHz, DMSO-dg) § 10.47(s, 1H), 8.65(s, 1H), 8.54-8.72(broad, 1H),

197



LC/MS: [M]+ = 732.3 [Example 67] Synthesisof 4-[( {51(1E)-2-
{[4-(1[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroqu nolin-5-
ypethyllaminolmethyl)phenyl]carbamoy11-1-ethen-I-y1]-2-phenylphenylicarbam
oyl)oxy]-1,1-dimethylpiperid in-]. -iu m trifluoroacetate In accordance with Examplel,
from1-methylpiperidin-4-y1 N-15-[(1E)-2-( { 4-[(tert-butyldimethylsilanoyloxy)methyl]phenyll
carbamoyl)-1 -et hen- 1 - y1]-2-phenylphenyl]carbamate (57 mg, 0.095 mmo 1) obtained in Reference
202 Examplel5-63,therewasobtained 4-[( {5-[(1E)-2- {[4-( [(2R)-2-hydroxy-2-(8- hydroxy-2-oxo-1,2-

dihydroquinglins&t yhathyihiaming Imethyl)pheny dearbamauif sLsethen-lryllz2-phenyighanayl } carb am
oyDoxy]-1,1-dimeihylpiperidin-i-ium trifluoroacetate (29.9 mg). 1 H-NMR(400MHz, DMSO-d6) 5

10.45(s, 1111)) 9D 6(5ts) 348, 7 6128141) 78 $8($7, 1 11), SO e I =1-080H2z 10151827 () J 6858k te, 2H),
7.70(s, 114), 7.61(d, 4=15.614z, 110, 7.57(d, J=8.3Hz, 11-1), 7.49(d, J=8.8Hz, 2H), 7.27-7.46(m, 611),

7.11(d, I=8 34420 h%4).16197 (6.23=583317, 1H))6.90(8. A585:6HIHIA T, 05.84(0=81710.0b7) 114),
5.30-5.35(m, 1H), 4.62-4.68(m, 1H), 4.15-4.21(m, 214), 3.25-3.43(m, 414), 3.07(s, 3H), 3.06(s, 3H),

2.88-3.05(1m3, 24.8) 45.96;2:08(m,0214) 3HY 031082{ms 12}1)3L 64/ M S 2l + 7117 02. 8 A Bxanpile H8),
Synthesisof
1.94-2.04(m, 2H), 1.60-1.82(m, 4H), 1.55-1.66(m, 2H), 1.34-1.46(m, 2H),
1.20-1.34(m, 8H)
LC/MS: [M]+ = 685.3
[Example 61]
Synthesis of
4-{[(5-{4-[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)eth
yl]Jamino } methyl)phenoxy]butyl}-2-phenylphenyl)carbamoyl]oxy}-1,1-dimethylpi
peridin-1-ium trifluoroacetate
In accordance with Example 1, {rom I1-methylpiperidin-4-yl
N-[5-(4-{4-[(tert-butyldimethylsilanoyloxy)methyl]phenoxy}butyl)-2-phenylphen
yl]carbamate (115 mg, 0.25 mmol) obtained in Reference Example 12-9, there was
obtained
4-{[(5-{4-[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)eth
yl]lamino } methyl)phenoxy]butyl}-2-phenylphenyl)carbamoyl]oxy}-1,1-dimethylpi
peridin-1-ium trifluoroacetate (102 mg).
'H-NMR(400MHz, DMSO-dg) & 10.45(s

8.06(d, J=9.8Hz, 1H), 7.27-7.44(m, 6H), 7.25(s, 1H), 7.24(d, J=7.8Hz, 2H),

53\

7.14-7.20(m, 1H), 7.10(d, J=8.3Hz, 2H), 6.95-

99(m

5.29-5.34(m, 1H), 4.58-4.66(m, 1H), 4.12-4.17(m, 2H), 4.01(t, J=5.5Hz, 2H),
3.25-3.43(m, 4H), 3.07(s, 3H), 3.06(s, 3H), 2.88-3.05(m, 2H), 2.67(t, J=6.6Hz,
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4-( [5-(2- { [4-(2- {[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-y0 ethyl] amino}
-2-rnethylpropyl)phenyl] ca_rbamoyl} ethyO-2-phenylphenyllcarbamoy 1} ox y)-1,1-d imethylp ip
eridin-1 um trifluoroacetate 1-Methylpiperidin-4-y1
N-[5-(2-1[4-(2-methy1-2-nitropropyl)phenyl]carbamoyD ethyl)-2-phenylphenyl]jca rbamate (193 mg,
0.35 mmol) obtained in Reference Example 15-64 was dissolved in acetonitrile (10 mL), methyl iodide
(2 mL) was added thereto, and, after stirring at room temperature for 1 hour, the reaction solution was
concentrated under reduced pressure. The residue was dissolved in methanol (10 mL), a catalytic
amount of pattadiuos 7y drexideiearban wasagidediand the solution was stirred under a 203 hydrogen
atmosphere for 4 days. The reaction solution was filtered through celite and concentrated under
reduced prassumes: [V the r@sidue, a 5% methanol solution of hydrobromic acid (10 mL) was added
and, after stirring at 80C for 2 hours, the reaction solution was concentrated under reduced pressure.
The residug Bas@issel¥ed in aceton trile (5 mL), propionitrile (5 mL), and N,N-dimethylformamide (10
mL), thereto were added sodium bicarbonate (84 mg, 1 mmol), potassium iodide (83 mg, 0.5 minol),
and 8-benzyoxy&AR)-2-bromo-1-hydroxyethyl)-1H-qu ino 1 in-2-one (74 mg, 0.2 mmol) alftained in
Reference Example 6, and the mixture was stirred at 120C for 4 hours. The reaction solution was
filtered and £qifennaipt GndgRred pdedi pressvE-hihérossidlie was, putifiedrby didlik- Sradjionation to
obtain 4-( [542- f[4-(2- {[(2R)-2-hydroxy-2-(8-benzyloxy-2-oxo-1 ,2- dihydroquino lin-5-y
1)ethyllamirol-2{methylpram)phenylljcathaney)lethyl)-2-phenyipheylidfrbdmmoylfoxy)-1,
oyl}oxy)-1,i-dimethylpiperidin-l-ium trifluoro acetate. Theobtained 4-( [542-
114-(2-1[(2R)d2namdirdsyp2(8ihenzytoxyiuoxoat 2adthydroquino 1 in-5-y Dethyll aminol-
2-methylpropyl)phenyl]lcarbamo yl ethyl)-2- phenylphenyll carbam oylloxy)-1,1-dimethylpiperidin-I-ium
tr fluoroacetate wasldissateeddimntethantl (18 xahpla caidlyticcamount -ofiqraidelipenidirdrbxitle-carbon
was added, and thc mixture was stirred under a hydrogen atmosphere for 3 hours. The reaction
solution wadfiltered theuig t aelive taihti ooticdritated lorgesmaadgelce pre ssariea mo yl) Ja ltlé} residue was
added a 5% methanol solution of hydrobromic acid (10 mL) and, after stirring at 80C for 2 hours, the
reaction sol2tjgremdsloondérarhtedatanter neguded pressiiren tthmedsidu® wfascpueifiEddmfIPLC
fractionation to obtain 4-( {[5-(2- i[4-(2-1[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-y1)
ethyl] am nd 525tethylprop yflp henylfheimrb amo et hyl)-2-p heaylphenyl] carbamo yobtained
floxy)-1,1-dimethylpiperidin-I-ium trifluoroacetate (3.3 mg). LC/MS: [M]-t- = 746.3
4-({[5-(2-{[4-(3-{[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)

ethylJamino }propyl)phenyljcarbamoyl}ethyl)-2-phenylphenyl]carbamoyl}oxy)-1,
1-dimethylpiperidin-1-ium trifluoroacetate {16 mg).

"H-NMR(400MHz, DMSO-ds) & 10.45(s, 1H), 9.91(s, 1H), 8.70(s, 1H),
8.56-8.66(broad, 1H), 8.05(d, J=10.0Hz, 1H), 7.49-7.55(m, 2H), 7.27-7.43(m, 6H),
7.11-7.26(m, SH), 6.97(d, J=8.0Hz, 1H), 6.56(d, J=10.0Hz, 1H), 5.25-5.31(m, 1H),
4.58-4.66(m, 1H), 3.35-3.43(m, 2H), 3.25-3.35(m, 2H), 3.07(s, 3H), 3.06(s, 3H),
3.00-3.06(m, 2H), 2.93(t, J=7.7Hz, 2H), 2.64(t, J=7.7Hz, 2H), 2.57(t, J=7.4Hz,
2H), 1.94-2.04(m, 2H), 1.84-1.94(m, 2H), 1.68-1.80(m, 2H)

LC/MS: [M]+=732.3

[Example 63]

Synthesis of

4-({[5-(2-{[4-(2-{[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yI)
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[Example 69] Synthesisof 4-(1[4-(2- {[4-(
{[(2R)-2-hydroxy-2-(8-hydroxy-2-o0xo-1,2-dihydroquinolin-5-ypet hyl] amino } methyflphenyl] carbamo yl
ethyl)-2-phen ylp he nyl] ¢ arb amo o xy)- 1,1 - dimethylpiperidin-1- um tr fluoroacetate In accordance
with Examplel,from1 -methylpiperid in-4-y1 N- {4-[2-( {4-[(tert-butyldimethylsilano yloxy)methyl] Iphenyl
} ¢ arbamo yflethyl] -2- phenylphenylicarbamat (227 mg, 0 177 mmol) nbtained in Reference Example
15-65, tine was obtained 4-( {[4-(2- [4-( {[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquino lin-5-
yl)ct hyl] amino } methyflphenyl] carbamo yll ethyl)-2-phenylpftenyllcarbamoyl ox y)- 1,1-

dimethylpipetigitidriia Yiihonpaesiate 487 may! BNV REAIMHZL EMSQ 86 10 #6¢3 11H), 10.10(s,
114), 9.06(d, 1=52.011z, 1H), 8.70(s, 114), 8.06(d, .1=10.0Hz, IN), 7.61(d, J=8.5Hz, 214), 7.43(d,

J=8.5Hz , 2P #R(Hd,i6H )ik 0Tlas(actd)e 7.10(d, J=8.0Hz, Ifl), 6.97(d,
J=8.0Hz,1H),6.53(d,J=10.011z, HI),5.28-5.34(m, 111),4.58-4.66(m, 114), 4.12-4.18(m, 2H),
3.34-3.43(m, 21-1),In  accordance with Example 58, from I-methylpiperidin-4-yl
N-{5-[2-({4-[2-(tert-butyldimethylsilanoyloxy)ethyl]phenyl}carbamoyl)]ethyl}-2-
phenylphenyl]carbamate (61 mg, 0.1 mmol) obtained in Reference Example 15-59,
there was obtained
4-({[5-(2-{[4-(2-{[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)
ethyl]amino }ethyl)phenyl]carbamoyl}ethyl)-2-phenylphenyl]carbamoyl}oxy)-1,1-
dimethylpiperidin-1-ium trifluoroacetate (4.4 mg).
LC/MS: [M]+=718.3
[Example 64]
Synthesis of
4-({[5-(2-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)et
hyl]amino } methyl)phenyl]carbamoyl} methoxy)-2-phenylphenyl]carbamoyl}oxy)-
1,1-dimethylpiperidin-1-ium trifluoroacetate
In accordance with Example 58, from 1-methylpiperidin-4-y!
N-{5-[2-({4-[3-(tert-butyldimethylsilanoyloxy)ethyl]phenyl}carbamoyl)]ethyl}-2-
phenylphenyl]carbamate (61 mg, 0.1 mmol) obtained in Reference Example 15-60,
there was obtained
4-({I5-(2-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
hyl]amino } methyl)phenyl|carbamoyl} methoxy)-2-phenylphenyl]carbamoyl}oxy)-
1,1-dimethylpiperidin-1-ium trifluoroacetate (15 mg).

LC/MS: [M+ = 706.3

[Example 65]
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3.25-3.35(m, 2H), 3.07(s, 3H), 3.06(s, 311), 3.00-3.05(m, 214), 2.940, J=7.4 Hz, 2H), 2.670, J=7.4Hz,
211), 1.94-2.04(m, 21[1), 1.68-1.80(m, 2H) LC/MS: [M]+ = 704.3 [Reference Example 15-66]
Synthesis of (1R,2R,4S,5S,7S)-9-methy1-3-0xa-9-azatricyclo[3.3.1.02'4]nonan-7-yl N-
1413-(14-ktert-butyldimethyl silanoyloxy)methy11-2-bro mo-5-methoxyphenyl
carbamoyDpropyl]-2-phenylphenylicarbamate InaccordancewithReferenceExamplel5,from
Synthesis of
4-[({5-[2-({[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
hyl]amino } methyl)phenyl]methyl} carbamoyl)ethyl]-2-phenylphenyl}carbamoyl)o
xy]-1,1-dimethyipiperidin-1-ium trifluoroacetate
I-Methylpiperidin-4-yl
N-(5-{2-[({4-[(tert-butoxycarbonyl)amino]phenyl} methyl)carbamoyl]ethyl}-2-ph
enylphenyl)carbamate (94 mg, 0.16 mmol) obtained in Reference Example 15-61
was dissolved in acetonitrile (5 mL), methyl iodide (1 mL) was added thereto, and
after stirring at room temperature for 1 hour, the reaction solution was
concentrated under reduced pressure.
To the residue was added a 5% methanol solution of hydrobromic acid (10
mL) and, after stirring at 80°C for 2 hours, the reaction solution was concentrated
under reduced pressure.
The residue was suspended in acetonitrile (5 mL) and propionitrile (5 mL),
thereto were added sodium bicarbonate (84 mg, 1.00 mmol), potassium iodide (50
mg, 0.3 mmol), and
5-[(1R)-2-bromo-1-hydroxyethyl]-8-[ (4-methoxyphenyl)methoxy]-1,2-dihydroqui
nolin-2-one (40 mg, 0.10 mmol) obtained in Reference Example 6-2, and the
mixture was stirred at 120°C for 18 hours. The reaction solution was filtered and
concentrated under reduced pressure. To the residue was added trifluoroacetic
acid (1 mL) and, after stirring at room temperature for | hour, the reaction solution
was concentrated under reduced pressure. The residue was purified by HPLC
fractionation to obtain
4-[({5-[2-({[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
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4-(4-1[(1[1R,2R,4S,5S,7S]-9-methy1-3-0xa-9-azatricyclo[3.3.1.02'4]Jnonan-7-yllox
y)carbonyllaminol-3-phenylphenyl)butyrate hydrochloride (0.50 mmol) obtained
inReferenceExamplel3-4and 4-[(tert-butyldimethylsilanoyloxy)methyl]-2-bromo-5-methoxyaniline
(346.35 mg, 1.0 mmol) obtained in Reference Example 14-18, there was obtained
(1R,2R,4S,5S,7S)-9-methy1-3-o0xa-9-azatricyclo[3.3.1.02'4]Jnonan-7-y1
N-14-1-3-(14-[(tert-butyldimethylsilanoyloxy)methyl]-2-bromo-5-methoxyphenyll
carbamoyl)propyl]-2-phenylphenylicarbamate (196.3 mg). LC/MS: M+1 = 765.3 [Reference Example
15-67] SyntheslisroindRu2iR14SmisT ) Bethg/ihy i rBaoay Dahatiicyplb¢a AgheR¢ N oaediy - {4-[3-(
14-[(tert-butyld imethylsi lano yloxy)methy1]-2-chlorophenyl}carbamo yl)
propyl]-2-pheinlphdinykdayhapaidilndcnordaintevrith Retecsiice xagnple 15,from 4-(4-11(1]
1R,2R,4S,5S,7S]-9-methy1-3-oxa-9-azatricyc1o[3.3.1.02'4]Jnonan-7-yllox y)c arbonyl] amino 1 -3-p
henylphenyll¢ (iMsatvhirdrozhiofide (0.50 mmol) obtained in Reference Example 13-4 and
4-[(tert-butyld imethyls ilanoyloxy)methy1]-2-chloroaniline (163.1 mg, 1.0 mmo 1)
obtainedinRdfraendeEB@mple14-9,therewasobtained
(IR,2R,4S,5S,7S)-9-methy1-3-o0xa-9-azatricyclo[3.3.1.02-4]nonan-7-y1 N- 14134
14-Rtert-butyldithesiylsila no yloxy)methyll-2-chlorophenylic ar bamo yl) propy1]-2-phenylpbenyl 1
carbamate (137.2 mg). LC/MS: M+1 = 692.3 [Reference Example 15-68] Synthesis of (1 R,2R,4S,5
S,7S)-9-methy({3- D {94acHii 2R e [3:8:d 32 2% i8S higdeTxy 12Noxb4 1 [3-dilvid f§tprindiny fipigthyisilano

ylo xy)methy1]-2- bromophenyll ¢ arbamo yl) propyl]-2-phenylphenylicarbamate

hyl]amino } methyl)phenyl]methyl} carbamoyl)propyl]-2-phenylphenyl}carbamoyl)
oxy]-1,1-dimethylpiperidin-1-ium trifluoroacetate

In accordance with Example 65, from I1-methylpiperidin-4-yl
N-(5-{3-[({4-[(tert-butoxycarbonyl)amino ]phenyl} methyl)carbamoyl]propyl}-2-p
henylphenyl)carbamate (86 mg, 0.14 mmol) obtained in Reference Example 15-62,
there was obtained
4-[({5-[3-({[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
hyl]lamino } methyl)phenyl]methyl} carbamoyl)propyl]-2-phenylphenyl} carbamoyl)
oxy]-1,1-dimethylpiperidin-1-ium trifluoroacetate (3.3 mg).
LC/MS: [M]+=732.3
[Example 67]
Synthesis of
4-[({5-[(1E)-2-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-
ylethyllamino } methyl)phenyl]carbamoyl}-1-ethen-1-yl]-2-phenylphenyl}carbam
oylhoxy]-1,1-dimethylpiperidin-1-ium trifluoroacetate

In accordance with Example 1, from I-methylpiperidin-4-yl
N-{5-[(1E)-2-({4-[(tert-butyldimethylsilanoyloxy)methyl]phenyl}carbamoyl)-1-et

hen-1-yl]-2-phenylphenyl}carbamate (57 mg, 0.095 mmol) obtained in Reference
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InaccordancewithReferenceExamplel5,from
4-(4-1[(1[1R,2R,4S,5S,7S]-9-methy1-3-oxa-9-azatricyclo[3.3.1.02'4]Jnonan-7-yllox
y)carbonyllaminol-3-phenylphenyl)butyrate hydrochloride (0.50 mmol) obtained
inReferenceExamplel3-4and 4-[(tert-butyldimethylsi lan yloxy)rnetlay1]-2-bromoaniline (237.2 mg, 1.0
mmol) obtainedinReferenceExamplel4-2 ,therewasobtained (1R,2R,4S,5
S,7S)-9-methyl-3-oxa-9-azatricyclo [3.3.1.024] nonan-7-y1
N-14-[3-(14-[(tert-butyldimethylsilanoyloxy)methyl]-2-bromopheny11 carbamoyl)
propy1]-2-pheayiphenylicarbamdt®- (368.8 mg). LCikSe M+1 = 736.3vfExample 701 opititedl SOf
(1R,2R,4S,5S,7S)-7-(1[4-(3-1[2-bromo-4-( 1[(2R)-2-hydroxy-2-(8-hydro xy-2-oxo- 1,2-dihydro vino
lin-5-yl)ethyd-arin oty 8- BtPR )Y ginehylk ¢- 2 ammpdyé xprédp @07 1, 2-dihydroquinolin-5-
y1)-2-phenylphenyflcarbamoy11oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.02/4]n onan-9- um
trifluoroacetglie tmgld e orvhar cestithBExbenplét froam(d R 2R, 4B 55| 7H)-2-mlathy liraxa- S-adstm
cyclo[3.3.1.02'4]Jnonan-7-y1
N-1-4-{3-(14fQert3iutyldiinethiyiditamayitry) mrethyijiuoronsBten@h Sxynenyll
carbamoyl)Qropyl]-z-phenylphenylIcarbamate (196.3 mg, 0.257 mmol) obtained
inReference Exait¢ 46006 e feisdttainet).45(s, 1H), 9.07(d, J=43.7Hz, 1H), 8.89(s, 1H),
8.06(d, J=10.0Hz, 1H), 8.75(d, J=8.8Hz, 2H), 7.70(s, 1H), 7.61(d, J=15.6Hz, 1H),
7.57(d, J=8.3Hz, 1H), 7.49(d, J=8.8Hz, 2H), 7.27-7.46(m, 6H), 7.11(d, J=8.3Hz,
1H), 6.97(d, J=8.3Hz, 1H), 6.90(d, J=15.6Hz, 1H), 6.54(d, J=10.0Hz, 1H),
5.30-5.35(m, 1H), 4.62-4.68(m, 1H), 4.15-4.21(m, 2H), 3.25-3.43(m, 4H), 3.07(s,
3H), 3.06(s, 3H), 2.88-3.05(m, 2H), 1.96-2.08(m, 2H), 1.70-1.82(m, 2H)
LC/MS: [M]+ =702.3
[Example 68]
Synthesis of
4-({I5-(2-{[4-(2-{[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)
ethyllamino }-2-methylpropyl)phenyljcarbamoyl}ethyl)-2-phenylphenyl]carbamoy
1-Methylpiperidin-4-yl
N-[5-(2-{[4-(2-methyl-2-nitropropyl)phenyl]carbamoyl} ethyl)-2-phenylphenyl]ca
rbamate (193 mg, 0.35 mmol) obtained in Reference Example 15-64 was dissolved

in acetonitrile (10 mL), methyl iodide (2 mL) was added thereto, and, after stirring

at room temperature for 1 hour, the reaction solution was concentrated under

The residue was dissolved in methanol (10 mlL), a catalytic amount of

palladium hydroxide-carbon was added, and the solution was stirred under a
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(1R,2R,4S,5S,7S)-7-(f[4-(3- {[2-bromo-4-01(2R)-2-hydroxy-2-(8-hydroxy-2-oxo1,2-d
ihydroquinolin-5-yflethyllam i Imethyl)-5-metho xyphenyll c arbamo y prop y1)-2-phenylphenyl] c
arbamo yll o xy)-9,9-dimethy1-3-0 xa- 9- azatric yc lo [3.3.1. 02'4]n onan-9- um trifluoroacetate (24.6
mg). LC/MS: [M]+ = 866.3 [Example 71] Synthesisof (1R,2R,4S,5S,7S)-7-({[4-(3-
{[2-chloro-4-(1[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yeethyllaminottmethyflphicnyli
carbamoyllpropy1)-2-pheny-lphenyl]lcarbamoylloxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.02'4]nonan-
9-ium trifluoro acetate InaccordancewithExamplel,from

(1R,2R,4S,53d5)r mettydpdaxaBradattionc|o[ 313 Loz ioonariuliiyl Was filtered through
{443-(14-[(tert-butyldimethylsilanoyloxy)methyl]-2-bromo-5-methoxyphenyll
carbamoyltprdpyHrd-pbecyipheny loakhamaied3y;2smge.0,199 mnin 0 obtained
inReferenceExample15-67,therewasobtained (1R,2R,4S,5S,7S)-7-({[4-(3- [[2-chloro-4-(

{[(2R)-2-hydroxije2t{8-hysiidue;-2- - 2QBhdndidsihlydiegw fichdidbybhetioylddifd melhypizenyl] c
arbamo yl{ prop y1)-2-pheny
Iphenyl]carldiai/llaxg)-% Satimethyh-3-axa-BaZatfiay clo[ BRuls 0 2 Ain aracHdnusoiiifliveroacetate (34.19
mg). LC/MS: [M]+ = 792.3 [Example 72] Synthesisof

concentrated under reduced pressure.

The residue was dissolved in acetonitrile (5 mL), propionitrile (5 mL), and
N,N-dimethylformamide (10 mL), thereto were added sodium bicarbonate (84 mg,
1 mmol), potassium iodide (83 mg, 0.5 mmol), and
8-benzyloxy-5-((R)-2-bromo-1-hydroxyethyl)-1H-quinolin-2-one (74 mg, 0.2
mmol) obtained in Reference Example 6, and the mixture was stirred at 120°C for
4 hours. The reaction solution was filtered and concentrated under reduced
pressure. The residue was purified by HPLC fractionation to obtain
4-({[5-(2-{[4-(2-{[(2R)-2-hydroxy-2-(8-benzyloxy-2-0x0-1,2-dihydroquinolin-5-y
Dethyllamino }-2-methylpropyl)phenyl]carbamoyl}ethyl)-2-phenylphenyl]carbam
oyl}oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate.

The obtained
4-({[5-(2-{[4-(2-{[(2R)-2-hydroxy-2-(8-benzyloxy-2-0x0-1,2-dihydroquinolin-5-y
l)ethyllamino }-2-methylpropyl)phenyl]carbamoyl} ethyl)-2-phenylphenyl]carbam
oyl}oxy)-1,1-dimethylpiperidin-1-ium trifluoroacetate was dissolved in methanol
(10 mL), a catalytic amount of palladium hydroxide-carbon was added, and the
mixture was stirred under a hydrogen atmosphere for 3 hours. The reaction
solution was filtered through celite and concentrated under reduced pressure.

To the residue was added a 5% methanol solution of hydrobromic acid (10

mL) and, after stirring at 80°C for 2 hours, the reaction solution was concentrated
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(1R,2R,4S,5S,7S)-7-( f[4-(3- f[2-bromo-44 {[(2R)-2-hydroxy-2-(8-hydroxy-2-o0x01,2-dihydroqu no
lin-5-yflethyl] amino { methyflphenyll carbamo yllpropy1)-2-p h eny Iphenyl] carbamo yl{
0xy)-9,9-dimethy1-3-oxa-9-azatricyclo[3.3.1.02-4]nonan-9-ium trifluoroacetate
InaccordancewithExamplel,from
(112,2R,4S,5S,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.02'4Jnonan-7-y1 N- {4-[3-(
{4-[(tert-butyldimethylstlanoyloxy)methyl]-2-brornophenylicarbamoyl) propy1]-2-phenylphenyl
carbamate (168.8 mg, 0.230 mmol) obtained in Reference Example15-66,therewasobtained
(1R,2R,4S,58%3) réculldd(Pid2stromorsd tR2R)+2-hydr gxyridié8-yd rRI-2-oxedsidibyaraguinol n-5-
yflethyl] amino Imethyflp Itenyl] carbamoyl}propyl)-2-pheny Iphenyfl carbamo yll o
xy)-9,9-dimethtaji-3-oxa-9- azatricyclo[3.3.1.02'4]Jnonan- 9- ium trifluoroacetate (9.16 mg). LC/MS:
[M]-1- = 836.3 [Reference Example 15-69] Synthesis of

(1R,2R,4S,38, TBH2-{eti1{ B-DR}-D-agditoicycIo(8-Bsld 024 rronan-V 3 Ny ddel@a(nolin-5-y1)
{4-[3-(tert-butyldimethylsilanoyloxy)propyflphenylicarbamoyflethyl]-2- phenylphenyllcarbamate
Inaccordaneehyithizefier¢ricefethyiptepsisinaB-A(d diddna R ASiHD - 2SHmbhyh $tpxatR-azatricyclo

[3.3.1.02'4]nonan-9-yll ox ylcarbonyl] amino 1-4-phenylphenyl)propionate hydrochloride (137.3 mg, 0.3
mmol)obtaihpaiyiRéierdnoetxdpipte id2and b B-(fridlouatyddiraéthylsilgnoyloxy)propyl]aniline (132.7
mg, 0.5 mmol) obtained inReferenceExample14-23,therewasobtained
LC/MS: [M]+ = 746.3
[Example 69]
Synthesis of
4-({[4-(2-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
hyl]lamino } methyl)phenyl]carbamoyl}ethyl)-2-phenylphenyl]carbamoyl}oxy)-1,1-
dimethylpiperidin-1-ium trifluoroacetate
In accordance with Example 1, from I-methylpiperidin-4-yl
N-{4-[2-({4-[(tert-butyldimethylsilanoyloxy)methyl]lphenyl}carbamoyl)ethyl]-2-
phenylphenyl}carbamate (227 mg, 0.377 mmol) obtained in Reference Example
15-65, there was obtained
4-({[4-(2-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)et
hyl]amino } methyl)phenyl]carbamoyl}ethyl)-2-phenylphenyl]carbamoyl}oxy)-1,1-
dimethylpiperidin-1-ium trifluoroacetate (87 mg).
"H-NMR(400MHz, DMSO-ds) & 10.46(s, 1H), 10.10(s, 1H), 9.06(d, J=52.0Hz,
1H), 8.70(s, 1H), 8.06(d, J=10.0Hz, 1H), 7.61(d, J=8.5Hz, 2H), 7.43(d,
J=8.5Hz ,2H), 7.27-7.40(m, 6H), 7.20-7.25(m, 2H), 7.10(d, J=8.0Hz, 1H), 6.97(d,
J=8.0Hz, 1H), 6.53(d, J=10.0Hz, 1H), 5.28-5.34(m, 1H), 4.58-4.66(m, 1H),
4.12-4.18(m, 2H), 3.34-3.43(m, 2H), 3.25-3.35(m, 2H), 3.07(s, 3H), 3.06(s, 3H),
3.00-3.05(m, 2H), 2.94(t, J=7.4 Hz, 2H), 2.67(t, J=7.4Hz, 2H), 1.94-2.04(m, 2H),
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(IR,2R,4S,5S,7S)-9-methyl-3-oxa-9-azatricyclo[3.3.1.021nonan-7-y1 N- {5-[2-( {4[3-(tert-butyld
imethylsilanoyloxy)propyl]phenyl} carbamoypethy11-2- phenylphenyllcarbamate (165.3 mg). LC/MS:
M+1 = 670.3 [Example 73] Synthesisof (1R,2R,4S,5 S,7S)-7-(1[5-(2- 1[443-
1[(2R)-2-hydroxy-2(8-hydroxy-2-oxo-i,2-dih
ydroquinolm-5-ypethyl[aminolpropyflphenyl[carbamoyllethyl)-2-phenylphenyfle
arbamoyiloxy)-9,9-dimethy1-3-oxa-9-azatricyclo [3.3.1.02'4]Jnonan-9 um trifl uoro acetate
InaccordancewithExample58,from (| R,2R,4S,5
S,7S)-9-meﬂ19§=é-§9§fg%§étricyclo[3.3.1.02-4]nonan-7-y1 N- 5- [2- ( {4- [3-(tert-butyldimethyls lano
ylo xy)propyl]phenyllearbamo yl)ethyl] -2- phenylphenyl carbamate (100.5 mg, 0.15 mmo 1) obtained
in Referencéé% &5 detewasobtained (1R,2R,45,5S,7S)-7-(

[5-(2-1[4-(3-1[(2R)-2-h droxy-2-(18-h droxy-2-oxo-1,2-dih ydroqu no lin-5-ypethyl] ammo
.{propyl)phéf‘{ﬂf@éﬁ’ﬂﬁﬁﬁéﬁ@’fﬁ%ﬂ)-é—}%&nylphenyi]c arbamoyl
{oxy)-9,9-dimethyl-'3-oxa—9-azatricycloi3.3.1.02'4]nonan-9-ium trifluoroacetate (7.9 mg). LC/MS: [M]+
- 7723 [ReM@élEﬁéﬁp%sz%fsﬂ /S)-9-methyl-3-oxa-9-azatricyclo[3.3.1.0"" |nonan-7-yl

N-{4-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-bromo-5-methoxyphenyl}
carbamoyl)propyl]-2-phenylphenyl}carbamate

In accordance with Reference Example 15, from
4—(4-{[({[1R,2R,4S,5S,7S]-9-methyl—3—oxa—9—azatricyclo[3.3.1.02’4]n0nan—7—yl}ox
y)carbonyl]amino }-3-phenylphenyl)butyrate hydrochloride (0.50 mmol) obtained
in Reference Example 13-4 and
4-[(tert-butyldimethylsilanoyloxy)methyl]-2-bromo-5-methoxyaniline (346.35 mg,
1.0 mmol) obtained in Reference Example 14-18, there was obtained
(1R,2R,4S,58,7S)-9-methyl-3-oxa-9-azatricyclo[3.3.1.0"*]nonan-7-yl
N-{4-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-bromo-5-methoxyphenyl}
carbamoyl)propyl]-2-phenylphenyl}carbamate (196.3 mg).
LC/MS: M+1 = 765.3
[Reference Example 15-67]
Synthesis of (1R,2R,4S,5S,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0%*]nonan-7-yl
N-{4-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-chlorophenyl}carbamoyl)
propyl]-2-phenylphenyl} carbamate

In accordance with Reference Example 15, from
4-(4-{[({[1R,2R,48,5S,7S]-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-7-y1} ox
y)carbonyl]amino }-3-phenylphenyl)butyrate hydrochloride (0.50 mmol) obtained

in Reference Example 13-4 and
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Synthesisofl-meth-ylp ip cridin-4- yl N-
{512454(tert-butyldimethylsilanoyloxy)pentyl]carbamoyflethyl]-2-phenylphe nyl} carbamate
InaccordancewithReferenceExamplel5,from 3434 { Rhmerhylpiperidin-4-yfloxylearbonyl
amino)-4-phenylphenyl]pro_ onate hydrochloride (242 mg, 0.59 mmo I) obtained in Reference
Example 13 and [(5-aminopentyfloxy](tert-butyfldimethylsilane (217.4 mg, 1 0 mmol), there was
obtained 1-methylp ip eridin-4-y1 N- {542454(tert-but:yldimethylsilano yloxy)penty-ljcarba mo
yflethy1]-2-phenylp he nyll carbamate (163.1 mg). LC/MS: M+1 = 582.3 [Example 74] Synthesisof 4-(

{[5-(2- { [5- HRRIr2hygiakyR BRYdivylckonactiRAginydingumolind-yesth yilamino pantylicarbamoyll

ethyl)-2-phenylphenylicarbamoyl oxy)-1,1-climethyl piperidin-l-ium trifluoroacetate In accordance

with Examplebbné®m 1limethytpifesiais-4- yExample 14-9, there was obtained
N-1512-(54(tert-butyldimethylsilanoyloxy)pentylicarbamoyflethyl]-2-phenylphe nyl carbamate (163.1
mg, 0.28 rifiR[PBHSIsEGTiH)Refasehes Examplazbbr i cbEsess was Ohtained74¢1{[542- { [5-
{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo- | ,2-dihydroqu ino lin-5- yfleth yl] am no } pentyl] carbamo yl
ethyl)-2-pheNylghhyl]catharaylydaimdt dyidimediyb piperidindjian ilidopioacdtaiertddd yhg). LC/MS:

[M]+ = 684.3 [Reference Example 41] Synthesis of 7-hydroxyheptyl 4-bromo-3-nitrobenzoate
4-Bromo-3-mitsplyen2eph acithb ey} chhmmaot) Wa3. disgglved in 1,4-dioxane (30 mL), and, thereto
were added phenyl boric acid (610 mg, 5.0 mmo 1), cesium carbonate (6.5 g, 20.0 mmo 1),
LC/MS: M+1 =692.3
[Reference Example 15-68]
Synthesis of (1R,2R,4S,5S,7S)-9-methyl-3-oxa-9-azatricyclo[3.3.1.0"*]nonan-7-yl
N-{4-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-bromopheny!} carbamoyl)
propyl]-2-phenylphenyl}carbamate
In accordance with Reference Example 15, from
4-(4-{[({[1R,2R,48,58,7S]-9-methyl-3-oxa-9-azatricyclo[3.3.1.0**|nonan-7-yl } ox
y)carbonyl]amino }-3-phenylphenyl)butyrate hydrochloride (0.50 mmol) obtained
in Reference Example 13-4 and
4-T(tert-butyldimethylsilanoyloxy)methyl}-2-bromoaniline (237.2 mg, 1.0 mmol)
obtained in Reference Example 14-21, there was obtained
(1R,2R,4S,58,7S)-9-methyl-3-oxa-9-azatricyclo[3.3.1.0>*nonan-7-yl
N-{4-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-bromophenyl}carbamoyl)
propyl]-2-phenylphenyl}carbamate (168.8 mg).
LC/MS: M+1 =736.3
[Example 70]
Synthesis of
(1R,2R,48S,5S,7S)-7-({[4-(3-{[2-bromo-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-

1,2-dihydroquinolin-5-yl)ethyl]amino } methyl)-5-methoxyphenyl]carbamoyl} prop
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1,1-[bis(diphenylphosphino)ferrocene]dichloropallad ium(ll) dic hloro methane complex (204 mg, 0.10
mmol), and purified water (10 mL). The reaction mixture was stirred under a nitrogen flow at 80C
overnight. The reaction solution was filtered through celite, alumina, and Florisil, and, thereafter, was
extracted with ethyl acetate. The organic layer was washed with a saturated aqueous solution of
sodium chloride, dried over anhydrous magnesium sulfate, and concentrated under reduced pressure
to obtain 1-nitro-4-phenyllien7oie arid as a etude material. Theobtained3.--ohro-4-ph,mylkenvo
icaridwasdissolver]in N,N-dimethylformamide (20 mL), thereto were added 047- azabenzotriazo 1-1
-yl)-N,N,N', Ntetpheatiplwonijvabexafiupsagho sphaie (Byhpaoka tethyiemior (13 morol)nand
heptane-1,7-diol (10 mmol), and the mixture was stirred at room temperature for 4 hours. The reaction
mixture wasoaxtractedwitflethybacetate and the organic layer was washed with a saturated aqueous
solution of sodium chloride, dried over anhydrous magnesium sulfate, and concentrated under
reduced pressure. The residuecsesipuctfied by flasihcolumn Examsitography 19 obtain Aroyaroxyheptyl
4-bromo-3-n trobenzoate (824.9 mg). [Reference Example 42] Synthesis of
7-(tert-butyldIReIRy4SIASOVE)X9) hephyll 3B nitte-4-phenigibeinfdbtd . 04 Bronno-3-vitrobenzoate (824.9 mg,
2.3 mmol) obtained in Reference Example 41 and imidazole (1.3 g, 40 mmol) were dissolved in
tetrahydrofuraf410-r{K) dnd tabsoidtionahidsilbubyttimetihy iyl 0 shiened 46 thetbo 8y inemdl) in
tetrahydrofuran (5 mL) was added thereto. After stirring the mixture at room temperature overnight, the
reaction wasastopped prquditidrpat pubiffed ywater sndatiee (hiixtdrengad Sbtracted yithbeslyt dcetate.
The organic layer was washed with a saturated aqueous solution of sodium bicarbonate, a saturated
aqueous solution of Refienamiam chidfidenpled a satUfatéd aquetessolutiowes sodiumbthioeidie. The
organic layer was dried over anhydrous magnesium sulfate and concentrated under reduced pressure.
The residue(Wa2 Rigsohed Sn-méthér(H (2D-bnbind-004 {aNBdidrhschroon 156 1hgd wag-addobed, and the
mixture was stirred under a hydrogen atmosphere at room temperature for 4 days. The reaction
solution wad fltdibgdhrguglo ketliteydyuhihe Hfittrace mahgbntentthtedyphdey liedtredoprigssere to obtain
7-(te., butyldimethylsilanoyloxy)heptyl 3-nitro-4-phenylbenzoate as a crude material. LC/MS: M+1 =
442.3 [[Referdre Bxarpleny2laabsyntiesispi7o(fertimetyisirethgiSitanatyie yghHaptyl 37 n
[(1-methylpiperidin-4-yeoxy]carbamoyl 1 amino)-4-phenylben zo ate
InaccordancewitiRefarériCeBeanplatA Zbmmghydro xy-l-inethylp iperid ine(576mg,5.0mmol)and

7-(tert-butyldimethylsilanoyloxy)heptyl 3-nitro-4-phenylbenzoate obtained in 21r3
LC/MS: [M]+ = 866.3

[Example 71]

Synthesis of
(1R,2R,48,58,7S)-7-({[4-(3-{]2-chloro-4-({{(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-dihydroquinolin-5-yl)ethyl]amino } methyl)phenyl]carbamoyl} propyl)-2-pheny

Iphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**nonan-9-ium

trifluoroacetate
In accordance with Example 1, from
(1R,2R,48,58,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0%*]nonan-7-yl

N-{4-[3-({4-[(tert-butyldimethylsilanoyloxy)methyl]-2-bromo-5-methoxyphenyl}
carbamoyl)propyl]-2-phenylphenyl
in Reference Example 15-67, there was obtained
(1R,2R,485,58S,7S)-7-({[4-(3-{[2-chloro-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-
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ReferenceExample42,therewasobtained 7-(tert-butyldimethylsilanoyloxy)heptyl 3-(
{[(1-methylpiperidin-4-yl)oxy]carbamoyl) amino)-4-phenylbenzoate(491.3 mg). LC/MS: M+1 = 583.3
[Example 75] Synthesisof 4- {[5-({[(7-
{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)ethyl Jamino ] heptypoxy]carbonyll -2-p
henylp henyl)carbamo ylloxy } -1,1-dimethylpiperi din-1- iu m trifluoroacetate
InaccordancewithExampIe58 from 7-(tert- butyldimethylsilano onxy)heptyI

_3-({[(1-methg/ g %elgl ﬁf& gagt@?% }yl agi]%c))(} i eﬂ’uyep ca rtgagn I?pro%y%gd' mmo obtained

in Referenc

R2R)-2-h 8 d 2 dih li th bonyll
f2 ph)enylpyrg1 ny)%ga]r(%amoro?{}y? O;é]? mel 3/% |Sgrlln OI ]u%%?t%rcf%oraggcea E’%%Oéécaﬁe(l)pﬂys [M]+

= 685.3 [Re erence Ex %@%l] S&/1 nthesis of tert-butyl

N-(8- bromooc 1:Brﬁa toxy carbonyl]carbamate Under a nitrogen flow, sodium hydride (40%
of mineral o mmol) was suspended in IV,N-dimethylformamide (160 mL) and,
under ice- Water cool d| tert utyl iminodicarboxylate (3.26 g, 15 mmol) was added. After stirring
underice- wa[l;ne)r(ézlgghlggd?r | hour, a solution of 1,8-dibromooctane

Synthesis of
(1R,2R,48S,58S,7S)-7-({[4-(3-{[ 2-bromo-4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-dihydroquinolin-5-yl)ethyl]amino } methyl)phenyl]carbamoyl} propyl)-2-pheny

Iphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**]nonan-9-ium

trifluoroacetate
In accordance with Example 1, from
(1R,2R,48,58,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-7-y1

N-{4-[3-({4-[{tert-butyldimethylsilanoyloxy)methy!}-2-bromophenyl} carbamoyl)
propyl]-2-phenylphenyl carbamate (168.8 mg, 0.230 mmol) obtained in Reference
Example 15-66, there was obtained
(1R,2R,48,58,7S)-7-({[4-(3-{|2-bromo-4-({[ (2R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-dihydroquinolin-5-yl)ethyl]amino } methyl)phenyl]carbamoyl} propyl)-2-pheny
Iphenyl]carbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1 .0**Jnonan-9-ium
trifluoroacetate (9.16 mg).

LC/MS: [M]+ = 836.3

[Reference Example 15-69]

Synthesis of (1R,2R,4S,58,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0**]nonan-7-yl
N-{5-[2-({4-[3-(tert-butyldimethylsilanoyloxy)propyl]phenyl}carbamoyl)ethyl]-2-
phenylphenyl}carbamate
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(8.16 g, 30 mmol) in N,N-dimethylformamide (10 mL) was added and the mixture was stirred for 16
hours while allowing the mixture to return to room temperature. Under ice-water cooling, a saturated
agueous solution of ammonium chloride was added to stop the reaction and the mixture was extracted
with ethyl acetate. The organic layer was washed with a saturated aqueous solution of sodium
chloride, dried over anhydrous magnesium sulfate, and concentrated under reduced pressure. The
residue was purified by flash column chromatography to obtain tert-butyl
N-(8-bromooctyl)-N-Rtert- X rbonylicaybam 4 .[R Example 45

( y1) N{ a&fgﬁr&‘ﬁ% y'{ﬁ@fl f‘gfe:fef%?cg) [ ﬁgﬁﬁb gl ]

Synthesisoftert-butyl N-[9- romo-g-nitrop enyl)-8-nonen-1-y1]-N- utoxy éarbor]%/?]lgarbamate

Referonce ExamEIo I aa AR oL (L TR e e S e AR e (50
, the mi I verni ' fl [ lution w
L), he i A erHGOHST NSANR.ALTET i AR reggion sguton was

concentrate educe was dissolved in tetrahydrofuran (50 mL), cooled

to -78C undglrn@o@jtrogenofi)qx\{n@@d n-buitlyllitlium]ggfgrgr%%hexan%; ian; 1.08 mb, 2.7 mmgl) was
ob . % .

added dropwise. After stirring under ice-water ing for 1 hour, the mixture was cooled to -78C. A

soluton of 4sbremErIAEAZAIORINS (178 e A B IMAD (1 atlaluran A il nereto

and the mixture was stirréd for 169hours while ;%om the same to return slowly to room temperature.

Water was aglded to@p&gﬁgereacti%%gge mithtlﬁe_j@!’aS extragted with ethyl acetatg,,[hgjorganic

layer was washed with a saturated aqueous solution of sodium chloride, dried over anhydrous

magnesium slfate, and cancenialed under ieastpLTSELTe: TheRsighe Was purfied by flash

column chromatography fo obtain tert-buty

N-[9-(4-broro it ppe sy BNV N TRIR RAORNGRUOIMIGATRAAIR 75 ). {Reference

Example 46] Synthesis of tert-butyl N-[9-(3 nit 0-4-phenylpheny0-8-nonen-l-ylJcarbama
tert-Butyl N-&%&4ylagggb%§&gt5%gfp(§9(gxlk§_@g@n-1-y1]-N-[(tert-butoxy)carbonyl]carbamate (375 mg,

0.7 mmO01) obtained in Refrnce Example 45 was dissolved in 1,4-dioxane (30 mL), thereto were added

phenyl boriq a6ig 4¢-Mg= 4hmmol), cesiumcarbonate(2.6g9,8.0mmo 1),
1,1-[bis(diphenylphosphino)ferrocene]dichloropalladium( I) dichloromethane complex (82 mg, 0.10

mmol), and Wg{gglwngr (10 mL), and the reaction mixture was stirred under a nitrogen flow at 80C
for 3 days. The reaction solution was filtered through celite, alumina, and Florisil, and, thereafter, was
extracted wity@thydiacetate. The organic la.y-er -was -washed \Atli' a saturated aqueous sglpition of
sodium chloride, dried over anhydrous magnesium sulfate, and concentrated under reduced pressure.

The residue/was R by flashiesluron shromatagranhy deobfain te sl y-2-0xo-1,2-dih
N49-(3-nitro-4-phenylpheriy1)-8-nonen-I-yljcarbamate (305 mg). [Reference Example 47] Synthesis of

tert-butyl N3Rifdophesiyd-3-{ningynaanyd h§-nengphény K eufsiiasye) @HyBUbhenylphenyl]c

N-[9-(3-nitro-4-phenylphenyl)-8-nonen-1-ylJcarbamate (305 mg, 0.7 mmol) obtained in Reference

Example 46 nas@dissaivgy-n ethivh@ssiaeoxa-9-azatricyclo[3.3.1.0°*nonan-9-ium
trifluoroacetate

In accordance with Example 58, from

(1R,2R,48,58,7S)-9-methyl-3-0xa-9-azatricyclo[3.3.1.0°*|nonan-7-yl
N-{5-[2-({4-[3-(tert-butyldimethylsilanoyloxy)propyl]phenyl}carbamoyl)ethyl]-2-
phenylphenyl}carbamate (100.5 mg, 0.15 mmol) obtained in Reference Example
15-69, there was obtained
(1R,2R,4S,SS,7S)—7—({[5—(2—{[4—(3~{[(2R)—2-hydroxy—2-(8-hydroxy—2—oxo—1,2—dih
ydroquinolin-5-yl)ethyl]amino }propyl)phenyl]carbamoyl}ethyl)-2-phenylphenyl]c

arbamoyl}oxy)-9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.0**nonan-9-ium
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(15 mL) and methanol (5 mL), 10% palladium-carbon (50 mg) was added, and the mixture was stirred
under a hydrogen atmosphere at room temperature overnight. The reaction solution was filtered
through celite and, thereafter, the filtrate was concentratedunderreducedpressuretoobtaintert-butyl
N49-(4-phenyl1-3-amino-phenyl)-8-nonen-1-ylcarbamate as a crude material. LC/MS: M+1 = 411.2
[Reference Example 12-13] Synthesisofl-methylpiperidin-4-y1 N-[5-(9- [(tert-butoxy)carbonyl] ammo }
nony1)-2-phenylphenyl]carbamate InaccordancewithReferenceExamplel2,from 4-hydro xy- 1-methylp
iperidine (460 mg, 4.0 mmol) and tert-butyl N-[9-(4-pheny1-3-aminopheny1)-8-nonen-1-yljcarbamate
obtained in Réf@rsreecarmple @g)there was obtained 1-methylpiperid in-4-y' N- [5- (9-
{[(tert-butoxy)carbonyl] amino nonyl)-2-phenylphenyl] carbamate (351.7 mg). LC/N4S: M+1 = 552.3
[Example 781G MtddE0f 2-( T 9-
{[(2R)-2-hydroxy-2-(8-hydroxy-2-o0xo0-1,2-dihydroquinolin-5-ypethyl] a mino 1 nony1)-2-phenylphenyl]
carbamo yll [Bgferencaiffretnpls iberiflin- 1 -ium trifluoroacetate 1-M ethylp ip er id in-4-y1 N15-(9-1
[(tert-butoxy)carbonyl] amino nony1)-2-phenylphenyll carbannate (110.4 mg, 0.2 mmol) obtained in
Reference Exahisigisi2-13 was dissolved in &éeton rile I-methylpiperidin-4-yl

N-{5-[2-(5-[(tert-butyldimethylsilanoyloxy)pentyl]carbamoyl)ethyl]-2-phenylphe

nyl}carbamate

In accordance with Reference Example 15, from

3-[3-({[(l-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyl]propionate

hydrochloride (242 mg, 0.59 mmol) obtained in Reference Example 13 and

[(5-aminopentyl)oxy](tert-butyl)dimethylsilane (217.4 mg, 1.0 mmol), there was

obtained l-methylpiperidin-4-yl

N-{5-[2-(5-[(tert-butyldimethylsilanoyloxy)pentyl]carbamoyl)ethyl]-2-phenylphe

nyl}carbamate (163.1 mg).

LC/MS: M+1 = 582.3

[Example 74]

Synthesis of

4-({[5-(2-{[5- {[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-yl)eth

yl]amino } pentyl]carbamoyl}ethyl)-2-phenylphenyl]carbamoyl}oxy)-1,1-dimethyl

piperidin-1-ium trifluoroacetate

In accordance with Example 58, from 1-methylpiperidin-4-yl

N-{5-[2-(5-[(tert-butyldimethylsilanoyloxy)pentyl]carbamoyl)ethyl]-2-phenylphe

nyl}carbamate (163.1 mg, 0.28 mmol) obtained in Reference Example 15-70, there

was obtained

4-({[5-(2-{[5-{[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)eth
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(5 mL), methyl iodide (1 mL) was added thereto, and, after stirring at room temperature for 1 hour, the
reaction solution was concentrated under reduced pressure. To the residue was a 5% solution of
hydrobromic acid in methanol (5 mL) and, after stirring at 80C for 3 hours, the reaction solution was
concentrated under reduced pressure. The residue was dissolved in propionitfle (3 mL) and
acetonitrile(5mL),theretowereadded 8-benzyloxy-54(R)-2-bromo-1-hydroxyethyl)-11-1-quinolin-2-one
(56.1 mg, 0.15 mmol), potassium iodide (50 mg, 0.3 mmol), and sodium bicarbonate (168 mg, 2.0
mmol), and the mixture was stirred at 100C overnight. The reaction solution was filtered, concentrated

under reducgdapiassirenanit piiiesybyethy D fractionphiomidehibind ( ([ox(P4 1, 1 -dimethyl
{(2R)48-(benzyloxy)-2-o0x0-1,2-dihydroquino lin-5-y11-2-hydroxyethyl ) am
inoinony1)-2ripleeidyiphemylicaiiastoyde@itg) L A7dirgethylpiperidintrifiuoroacetate. Theobtained 4-(
[5491 1(2R)- [8-(benzylo x y)-2-0 x0-1,2-dihydro qu inolin-5- y1]-2- hydroxyethyl
amino]nonyLE2MvpRefiviphenygldcarbamoyl oxy)-1,1-d methylpiperidin-1- ium trifluoroacetate was
dissolved in methanol (5 ralL), 10% palladium-carbon (50 mg) was added thereto, and the mixture was
stirred undefize fiydragaixatndsphigre at room temperature for 2 hours. The reaction solution was
filtered through celite and the filtrate was concentrated under reduced pressure. The residue was
purifiedby| TPpEhexat arfatihiytbolatginpdy( ¢5b(8mo-3-nitrobenzoate
{[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-ypethylja mino } nony1)-2-phenylphenyl]
carbamo yl } oxy)-1A-Bimetilpigeoiokindaium 248 tfifldorgacdtater(tzo’P myy. LAAMSVdd]+in 669.4
[Reference Example 48] Synthesis of tert-butyl N42-(4-'nydroxyphenypethyl]carbamate
1,4-dioxane (30 mL), and, thereto were added phenyl boric acid (610 mg, 5.0
mmol), cesium carbonate (6.5 g, 20.0 mmol),
1,1-[bis(diphenylphosphino)ferrocene]dichloropalladium(II) dichloromethane
complex (204 mg, 0.10 mmol), and purified water (10 mL). The reaction mixture
was stirred under a nitrogen flow at 80°C overnight. The reaction solution was
filtered through celite, alumina, and Florisil, and, thereafter, was extracted with
ethyl acetate. The organic layer was washed with a saturated aqueous solution of
sodium chloride, dried over anhydrous magnesium sulfate, and concentrated under
reduced pressure to obtain 3-nitro-4-phenylbenzoic acid as a ctude material.

The  obtained  3-nitro-4-phenylbenzoic  acid  was  dissolved in
N,N-dimethylformamide (20 mL), thereto were added
O-(7-azabenzotriazol-1-yl)-N,N,N’ N’-tetramethyluronium hexafluorophosphate
(3 mmol), triethylamine (10 mmol), and heptane-1,7-diol (10 mmol), and the
mixture was stirred at room temperature for 4 hours. The reaction mixture was
extracted with ethyl acetate and the organic layer was washed with a saturated
aqueous solution of sodium chloride, dried over anhydrous magnesium sulfate, and

concentrated under reduced pressure. The residue was purified by flash column

chromatography to obtain 7-hydroxyheptyl 4-bromo-3-nitrobenzoate (824.9 mg).
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4-(2-Aminoethyl)phenol (2.74 g, 20.0 mmol) was dissolved in tetrahydrofuran (30 mL) and water (30
mL), di-tert-butyl dicarbonate (6.50 g, 30.0 mmol) and sodium bicarbonate (4.20 g, 50 0 mmol) were
added thereto, and the mixture was stirred at room temperature for 3 hours. The reaction solution was
extracted with ethyl acetate, and the organic layer was washed with a saturated aqueous solution of
ammonium chloride and a saturated aqueous solution of sodium chloride, dried over anhydrous
magnesium sulfate, and concentrated under reduced pressure. The residue was purified by flash
column chromatography to obtain tert-butyl N-1/2-(4-hydroxyphenyfleihyflcarbamate (4.97 g). |
Reference ERafepte @4EXabyrithé3is of tert-butyl N- {244-(2-propen- | -yloxy)phenyl] ethyl] carbamate
In accordance with Reference Example 34, from tert-Ibutyl N-[2-(4-hydroxyphenyl)ethyllearbamate

(2.37 g, 10.8ynthesly eiftaHiedt Hh Reléiaedeykxampieo4s ardt $tiramos Hbplene ([BeBZagtd 5.0 mmol),
there was obtained tert-butyl N-12-[4-(2-propen-1-yloxy)phenyllethyllcarbamate (2.49 g). [Reference

Example 35-2} Smthesioftectbloutyd {(2 E) 23-Bap) 2G-4apldnylptaemyd) i2-Brapemct yfloxy)le
phenyflethyl] carb amate In accordance with Reference Example 35,from tert-butyl N- {2-[4-(2-propen-
| -yloxy)phehylhedhiyt}idarbbmiaté (33201nmgp 3.0 ¢erenbBsobtadadtinrRefdreficei-kbinple)3h@, there
was obtained tert-butyl N-[2-(4- {[(2E)-3-(3-amino-4-phenylphenyl)-2-propen-I-ylJoxy}
phenyl)ethyl]catbtamaté 2880 yhdimfRieférkioce sdrampté UL &g 43 Bynthebisoftetmdtydpipeadin-4- yl N-
{5-[(1E)-314-(2- {Rtert-butoxy)carbonyllaminolethyl)phenoxy]-1-propen-1-yl] 2-phenylphen
ylicarbamaté mL) was added thereto. After stirring the mixture at room temperature

overnight, the reaction was stopped by addition of purified water and the mixture

was extracted with ethyl acetate. The organic layer was washed with a saturated

aqueous solution of sodium bicarbonate, a saturated aqueous solution of

ammonium chloride, and a saturated aqueous solution of sodium chloride. The

organic layer was dried over anhydrous magnesium sulfate and concentrated under

reduced pressure. The residue was dissolved in methanol (20 mL), 10%

palladium-carbon (50 mg) was added, and the mixture was stirred under a

hydrogen atmosphere at room temperature for 4 days. The reaction solution was

filtered through celite and the filirate was concentrated under reduced pressure to

obtain 7-(tert-butyldimethylsilanoyloxy)hepty! 3-nitro-4-phenylbenzoate as a

crude material.

LC/MS: M+1 =442.3

[[Reference Example 12-12]

Synthesis of 7-(tert-butyldimethylsilanoyloxy)hepty!

3-({[(1-methylpiperidin-4-yl)oxy]carbamoyl}amino)-4-phenylbenzoate

In accordance with Reference Example 12, from
4-hydroxy-1-methylpiperidine (576 mg, 5.0 mmol) and

7-(tert-butyldimethylsilanoyloxy)heptyl 3-nitro-4-phenylbenzoate obtained in
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InaccordancewithReferenceExamplel12,from 4-hydro xy-lI-methylpiperidine (345.5 mg, 3.0 mmol) and
tert- butyl N-[2-(4- {[(2E)-3-(3-amino-4-phenylpheny1)-2-propen-1 -ylJoxyl phenypethyljcarb amate
(288.0 mg, 0.7 mmol) obtained in Reference Example 44, there was obtained 1-methylpiperidin-4-y1
N- {5-[(1E)-3-[4-(2- {[(tert-butoxy)carbonyl]arninolethyl)phenoxy]-1-propen-I-yl] 2-ph en
ylphenyllcarbamate (321.9 mg). LC/MS : M4-1 = 586.2 [Reference Example 49] Synthesisofl-methylp
iperid in-4-y1 N-(5- {34442- Rtert-butoxy)carbonyl] aminolethyl)phenoxy]propyl11-2-phenylphe

nvllrafilamatp 1-Methylpiperid jn-4-y1 N- {5-[(1E);3-[4-(2- :
{Rtert-butox%%eéigfggﬁ%aminolgﬁ?/ﬂyﬁjflu%noxyl-l-g'r)(z)ben-l-yl] ¢ -eﬁﬁenylphemsl carbam%?&atgﬂg mg,
0.49 mmol) obtained in Reference, Example 12-14 was dissolved in methanol (10 mL), 10%

e %ert(eﬁld{ﬁﬁme{ £Si g](%?/)iie |

. ano . .
palladium-carbon mg)y was a nd the mixture was stirred under a hydrogen atmosphere

at room te rature overnight.. The reaction solution was filtered through celite and, t after, the

filtrate Wasmé})i@éni%%dy &%SF‘%%H&{' ?i?(p)))r( giajrréa{go&vg éﬁwﬂ%é%@ﬁﬁg%ﬁ%%ﬁyl NQE%E’EI{ -[4-(2-

[(tert-butoxy)carbonyl] amino } ethyl)phenoxylpropyll -2-phenylp he nyi)carbamate (265.7 mg) as a
g

crude materiar,

LC/MS: M+1 = 583.3
[Example 75]
Synthesis of
4-{[5-({[(7-{[(2R)-2-hydroxy-2-(8-hydroxy-2-0xo0-1,2-dihydroquinolin-5-yl)ethyl
Jamino } heptyl)oxy]carbonyl}-2-phenylphenyl)carbamoyl]oxy}-1,1-dimethylpiperi
din-1-ium trifluoroacetate

In accordance with Example 58, from
7-(tert-butyldimethylsilanoyloxy)heptyl

-({[(1-methylpiperidin-4-yDoxy]carbamoyl}amino)-4-phenylbenzoate (491.3 m
Jd < ) i’ g’

(W8]

0.84 mmel) obtained in Reference Example 12-12, there was obtained

4-{[5-({[(7-{[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)ethyl

Jamino } heptyljoxy]carbonyl}-2-phenylphenyl)carbamoyl]oxy}-1,1-dimethylpiperi

din-1-ium trifluoroacetate (27.6 mg).

LC/MS: [M]+ = 685.3

[Reference Example 44]

Synthesis of tert-butyl N-(8-bromooctyl)-N-[(tert-butoxy)carbonyl]carbamate
Under a nitrogen flow, sodium hydride (40% of mineral oil added; 935 mg,

17 mmol) was suspended in N,N-dimethylformamide (160 mL) and, under

ice-water cooling, di-tert-butyl iminodicarboxylate (3.26 g, 15 mmol) was added.

After stirring under ice-water cooling for 1 hour, a solution of 1,8-dibromooctane
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[Example 77] Synthesisof 4- {[(5-
{344-(2-1[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yfle thy!] amino
ethyflphenoxy]propyl1-2-phenylphenyl)carbamoyl]oxyl -1,1-dimethyl piperid in-1- ium trifluoroacetate
In accordance with Example 76, from 1-methylp ip erid in-4- yl N-(5- {34442- [(tert-butoxy)carbonyl]
amino { ethyflphenoxylpropyll -2-phenylphe nyflcarbamate (117.6 mg, 0.20 mmol) obtained from
Reference Example 49 and 8-benzyloxy-54(R)-2-brorno-I-hydroxyethyl)-11-1-quinolin-2-one (29.9 mg,
0.08 mmol), there was obtained 4- {[(5- {34442-
{[(2R)-2-hydrokg-2-(32ndrekyi2-bxy- d imethyHsaanois-6Ll0faL) was added and the mixture
thyllaminolethyflphenoxylpropy11-2-phenylphenyl)carbamoylloxy}-1,1-dimethyl p iperid in-1 um t ifluo
ro acetate (VB3 Srﬁi@)e.ctémviﬁ) gm]fs M@s.aﬁ%fégeﬂ@e@%ém@ 38tBIsintResistenperature.
([[5-(2-propen-I-yloxy)pentyl]Joxylmethyl)benzene InaccordancewithReferenceExample34,from
5-(benzyloxYtehést- VatiT (£ wlige:1 8. erFAE A9 R BFcINBLIBLRE HeN@UB YN A MBI Sthere was
obtained (115-(2-propen-1-yloxy)pentyl]Joxy}methyl)benzene (1.67 g). [Reference Example 35-3]
SynthesisofgqetEiR3steB-Bersyisian rartyifexipXiusropan-axirretodpNahy Rikihacetateinidgcordance
with Reference Example 35, from 3-bromo-5-phenylaniline (496.3 mg, 2.0 mmol) obtained in
Reference EX&HHel BE NP DG IPERA-2 - FAEKASENMITSRAMEI IR wletrd s dhagds.0 mmol)
obtained in Reference Example 34-3, there was obtained
5-[(1E)-3-45158ryi5-anpetione yaenssiv peiniiafe)- ondrampeniiaied A09Y fsgy qrERERSARE Example

12-15
| The residue was purified by flash column chromatography to obtain tert-butyl

N-(8-bromooctyl)-N-[(tert-butoxy)carbonyl]carbamate (4.26 g).
[Reference Example 45]
Synthesis of tert-butyl
N-[9-(4-bromo-3-nitrophenyl)-8-nonen-1-yl]-N-[(tert-butoxy)carbonyl]carbamate
tert-Butyl N-(8-bromooctyl)-N-[(tert-butoxy)carbonyl]carbamate (1.02 g,
2.5 mmol) obtained in Reference Example 44 and triphenylphosphine (1.18 g, 4.5
mmol) were dissolved in acetonitrile (50 mL), the mixture was stirred overnight
under heating at reflux, and, thereafter, the reaction solution was concentrated
under reduced pressure. The residue was dissolved in tetrahydrofuran (50 mL),
cooled to -78°C under a nitrogen flow, and n-butyllithium (a 2.5 M hexane
solution; 1.08 mL, 2.7 mmol) was added dropwise. After stirring under ice-water
cooling for 1 hour, the mixture was cooled to -78°C. A solution of
4-bromo-3-nitrobenzaldehyde (575 mg, 2.5 mmol) in tetrahydrofuran was added
thereto and the mixture was stirred for 16 hours while allowing the same to return
slowly to room temperature. Water was added to stop the reaction and the

mixture was extracted with ethyl acetate. The organic layer was washed with a

saturated aqueous solution of sodium chloride, dried over anhydrous magnesium
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Synthesisofl-methylpiperidin-4-y1 N-{5-[(1E)-3- [5-(benzyloxy)pentyl]oxyj 1-propen-1-
phertylphenylicarham ate InaccordancewithReferenceExamplel12,from 4- hyd ro xy- 1- met hylp iperid
me (230.4 mg, 2.0 mmol) and 5-[( 1 E)-3- {[5-(benzyloxy)pentyl]oxy] -1-propen- 1 -y1]-2-phenylaniline
(240.9 mg, 0.6 mmol) obtained in Reference Example 35-3, there was obtained | -methylpiperidin-4-y1
N-15-[(1E)-3-1[5-(benzyloxy)pentyl]oxyl -1-propen- 1 -y1]-2-phenylphenyl} carbam ate (403.4 mg).
LC/MS: M+1 = 543.3 [Reference Example 50] Synthesisofl -methylp ip erid in-4- yl N-(5-
13-[(5-(hydroxypentyl)oxy))propyl)-2-phenylphenyl)carbamate 1-Methylpiperidin-4-y1  {5-[(1E)-3-
f[5-(benzylogy)pentuiex¥brcaianent kiiddr IRhreMIphenvikearbpm ai8iHR3wWangudifiddneyol)

obtained in Reference Example 12-15 was dissolved in methanol (20 L), 20% palladium

hydroxide-cgean (50 mg)iuag added @hﬁfﬁ{@b@@g@h@ mixturgywas stiggdignder a Mrgggn
atmosphere at room temperature for 4 days. The reaction temperature was raised to 90C and the

mixture was\sfiged-brsher-Bnareptayy e reastion snlwiguwes iltsred sseHgh Gebiemand the filtrate

was concentrated under reduced pressure to obtain 1-methylpiperidin-4-y1 N-(5-
{3-[(5-(hydrosypengypoxylpropy1}-2-phenylphenyecarbamate as a crude material. [Example 78]
Synthesisof 4- {[(5- {3-[(5- (2R)-2-hydroxy-2-(8- hydroxy-2-oxo-1,2-dihydroquinoyl)eth
[Reference Example 46]
Synthesis of tert-butyl N-[9-(3-nitro-4-phenylphenyl)-8-nonen-1-yl]carbamate
tert-Butyl
N-[9-(4-bromo-3-nitrophenyl)-8-nonen-1-yl]-N-[(tert-butoxy)carbonyl]carbamate
(375 mg, 0.7 mmol) obtained in Reference Example 45 was disselved in
1,4-dioxane (30 mL), thereto were added phenyl boric acid (244 mg, 2.0 mmol),
cesium carbonate (2.6 g, 8.0 mmol),
I,1-[bis(diphenylphosphino)ferrocene]dichloropalladium(II) dichloromethane
complex (82 mg, 0.10 mmol), and purified water (10 mL), and the reaction
mixture was stirred under a nitrogen flow at 80°C for 3 days. The reaction
solution was filtered through celite, alumina, and Florisil, and
ed with ethyl acetate. The organic layer was washed with a saturated
aqueous solution of sodium chloride, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography to obtain tert-butyl
N-[9-(3-nitro-4-phenylphenyl)-8-nonen-1-yljcarbamate (305 mg).
[Reference Example 47]
Synthesis of tert-butyl N-[9-(4-phenyl-3-amino-phenyl)-8-nonen-1-yl]carbamate
tert-Butyl N-[9-(3-nitro-4-phenylphenyl)-8-nonen-1-yl]carbamate (305

mg, 0.7 mmol) obtained in Reference Example 46 was dissolved in ethyl acetate
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yll amino }pentypoxylpropyll -2-phenylphenyl)carbamoylloxyl -1,1-dimethylp iperi din- 1- iu m tr'fluo ro
acetate 1-Methylpiperidin-4-y1 N-(5- {3-[(5-(hydroxypentypoxylpropyll-2-phenylphenyl)carbamate
(113.6 0.25 mmol) obtained in Reference Example 50 was dissolved in acetonitrile (10 mL), methyl
iodide (2 mL) was added thereto, and, after stirring at room temperature for 1 hour, the reaction
solution was concentrated under reduced pressure. Triphenylphosphin polymer bound (3.00
mml/g) (300 mg) and iodine (208.0mg, 0.81 mmol) was stirred in dichloromethane for 1 hour, thereto
was added the foregoing residue dissolved in dichloromethane (10 mL), and the mixture was stirred

for further 2heuss. \rhetaabiendbe (eaatinn soluion.wasditerseithsough calite antkihe difrale was

concentrated under reduced pressure. The residue was suspended in N,N-dimethylformana de (2

mL), 54(2R)n2-a0H6 e ab- Byerex Yl a8hesexy- dimbh BRIAt 38 asaiRia (84 @ FRmol) was

added thereto, and the mixture was stirred at 70C for 3 hours. The reaction solution was concentrated

under reducerepressiisa anthtibareafterilpudiietiy fiPLEifeastianatioriaabtaip 4tk 1dk(5-
f[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquino lin-5- ylleth yl] amino }pentyl)oxy]propyll

-2-phenylphesyd)sarbaanoylloxylict, 1-dimethydaiperi dirskiwen trifluproaceistad(17.1 1@)bh&MMS: [M]+
= 671.3 [Reference Example 51] Synthesis of 244-(2-bromoethoxy)pheny1]-1-ethanol

4-(Hydroxyethypphastal(2l-3 s he-pHao)) wes sitsoived] ta N Mdinnghybaraasmide {50 mL) and
thereto were added potassium carbonate (6.90 g, 50.0 mmol) and 1,2-dib omoethane (15.03 g, 80.0
mmol). Aftestitvisg ®E-80€ 4an @ hours, the reaction solution was extracted with ethyl. acetate. The
organic layer was washed with a saturated aqueous solution of sodium chloride, dried over anhydrous
magnesium[Rdfatenan @ comnpantratedjunder reduced preccure The residue was purified by flash
column chromatography to obtain 214-(2-bromoethoxy)phenyl1-1-ethanol (750.0 mg). [Reference
Example 52§ Gythtisesis of 2- [4-[2-(3-nitro-4-piienylphenoxy)ethoxy]phenylty-gtipaniain-4-y1

N-[5-(9- {[(tert-butoxy)carbonyl]amino } nonyl)-2-phenylphenyl]carbamate

In accordance with Reference Example 12, from

4-hydroxy-1-methylpiperidine (460 mg, 4.0 mmol) and tert-butyl

N-[9-(4-phenyl-3-aminophenyl)-8-nonen-1-yl]carbamate obtained in Reference

Example 47, there was obtained l-methylpiperidin-4-yl

N-[5-(9-{[(tert-butoxy)carbonyl]amino } nonyl)-2-phenylphenyl]carbamate (351.7

mg).

LC/MS: M+1 =552.3

[Example 76]

Synthesis of

4-({[5-(9-{[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)ethyl]a

mino }nonyl)-2-phenylphenyl]carbamoyl}oxy)-1,1-dimethylpiperidin-1-ium

trifluoroacetate

1-Methylpiperidin-4-yl
N-[5-(9-{[(tert-butoxy)carbonyl]amino } nonyl)-2-phenylphenyl}carbamate (110.4

mg, 0.2 mmol) obtained in Reference Example 12-13 was dissolved in acetonitrile
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In accordance with Reference Example 38, from 3-nitro-4-phenylphenol (215 mg, 1.0 mmol) and
2-[4-(2-bromoethoxy)pheny]-1-ethanol obtained in ReferenceExample50,therewasobtained
2-14-[2-(3-nitro-4-phenylphcnoxy)ethoxy]pheityl1-1-ethano 1 (2611 mg). [Reference Example 53]
Synthesisof tert-butyldimethyl(2-1412-(3-nitro-4-phenylphenoxy)ethoxy]phenyll ethoxy)silan 2-14-
[2-(3-Nitro-4-phenylphenoxy)etho xy] pheny11- 1-ethanol (263.1 mg, 0.69 mmol) obtained in
Reference Example 52 and imidazole (115.6 mg, 17.3 mmol) was dissolved in tetrahydrofuran (10 mL)
and thereto was added a tetrahydrofuran (5 mL) solution of tert-butyldimethylchlorosilane (207.9 mg,
1.39 minol) Kfterlstirringbiyé teditior mixiureveasoulieéipaciturefdr bét ety mgifiedracer was
added to stop the reaction, and the mixture was extracted with ethyl acetate. The organic layer was
washed withieanpatgtatedfaguedisisoligoncet Sodinmlehiorideadried aneragedhyddnus edagaeésium
sulfate, and concentrated under reduced pressure The residue was purified by flash column

chromatograptfptecobtain thetussigidimethyl (Po{44 i@m of hphehyiphenasid éthoxsiphiendy(§
ethoxy)silan e (336.2 mg). [Reference Example 54] Synthesisofl-methylpiperidin-4-y1 N- {54244-
12-[(tert-butyaliriiedh Bty sosyinaziay | F pie Hoxy) dibier sey]hz-ptrsiid prietuyikearbasratecentratiyd
accordance with Reference Examples 11 and 12, from tert-butyldimethyl(2-

{412-(3-nitrauzd phaedise iRy yetisoxy[iserssidustvoss yhisanlecB 36 Prarjo 0ig8mm o lebeiided in
Reference Example 53, there was obtained 1-methylpiperidin-4-y1 N- { 5-[2-(4- {2-[(tert-butyldimethylsi
lyfloxy]ethylsBEHEEHHethoxy]-2Shenylphemie arb amatbqEéa.3 mg). [Bifple 79] Sythdsisof

8-benzyloxy-5-((R)-2-bromo-1-hydroxyethyl)-1H-quinolin-2-one (56.1 mg, 0.15
mmol), potassium iodide (50 mg, 0.3 mmol), and sodium bicarbonate (168 mg, 2.0
mmol), and the mixture was stirred at 100°C overnight. The reaction solution
was filtered, concentrated under reduced pressure, and purified by HPLC
fractionation to obtain
4-({[5-(9-[{(2R)-[8-(benzyloxy)-2-0%x0-1,2-dihydroquinolin-5-yl]-2-hydroxyethyl
tamine|nonyl)-2-phenylphenyl]carbamoyl}oxy)-1,1-dimethylpiperidin-1-tum
trifluoroacetate.

The obtained
4-({[5-(9-[ {(ZR)-[8-(benzyloxy)-2-0x0-1,2-dihydroquinolin-5-yl]-2-hydroxyethyl
tamino|nonyl)-2-phenylphenyl]carbamoyl}oxy)-1,1-dimethylpiperidin-1-ium
trifluoroacetate was dissolved in methanol (5 mL), 10% palladium-carbon (50 mg)
was added thereto, and the mixture was stirred under a hydrogen atmosphere at
room temperature for 2 hours. The reaction solution was filtered through celite
and the filtrate was concentrated under reduced pressure. The residue was
purified by HPLC fractionation to obtain
4-({[5-(9- {[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)ethyl]a

mino }nonyl)-2-phenylphenyl]carbamoyl}oxy)-1,1-dimethylpiperidin-1-ium
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4- {[(5- { 2- [4-(2- { [(2R)-2-hydro xy-2-(8-hydroxy- 2-0 x0 -1,2-dihydroquino lin- 5-yl)e thyl] amino 1
ethyflphenoxy]ethoxyl-2-phenylphenyl)carbamoyl]oxyl -1,1-dimethyl piperid in-1- ium trifluoroacetate
In accordance with Example 58, from 1-methylpip din-4-y1 N- {54244- {2-Ktert-butyld
ethylsilyi)oxylethyl 1phenoxy)ethoxy]-2-phenylp hen yllcarbamate (81.7 mg, 0.135 tranol) obtained in
Reference Example 54, there was obtained 4- {[(5- {24442-
{[(2R)-2-hydroxy-2-(8-hydroxy-2-o0xo0-1,2-dihydroquinolin-5-yDe thyl] amino} ethy)pheno xy] etho xy}
-2-phenylphenyflcarbamoyl]oxyl -1,1-d imeth yl piperidin-l-ium trifluoroacetate (11.7 mg). LC/MS: [M]+
= 707.3 [Referidnee Eocmpld B5PSygihesis of
N-[2-(4-bromo-3-nitrophenyflethy1]-2,2,2-trifluoroacetamide To a solution of
2-(4-bromogHet§efidh--atm9et(5.0 2, 25.0 mmol) in dichloroethane (100 ml), triethyiamine (7.0 mL)
and trifluoroacetic acid anhydride (7.88 g, 37.5 mmo |) were added under ice cooling, and the mixture
was stirred fd¥e feteoge. Fhergdfteh§ he mixture was stirred at room temperature for further 3 hours.
Under ice cooling, water was added to the reaction solution and, after stirring for 20 minutes, the
mixture wasSextiaetsdolithtebiyy hdetate4Tthal oryapic toysthwd sowdshedavith a saturated aqueous
solution of sodium bicarbonate, a saturated aqueous solution of ammonium chloride, and a saturated
aqueous solution ofstdidm stleride)mhead ové? ddhydroustflagnusivln swiate dassd lvedcemtrated
under reduced pressure. The residue was dissolved in acetic acid (15 mL), fuming nitric acid (30 mL)
was slowly &efdeleydrofisenifenice assbivigennt! theleditéertihardaditonboietgredwassstifed under ice
cooling for 1 hour and at room temperature for 16 hours. The reaction solution was poured onto ice
and extractedmyith atdybedraxd iTHbOrgn(¢ 12§, WwasOvaskdd witteaaddagdrdteteaouendissolution of
sodium bicarbonate and a saturated aqueous solution of sodium chloride, dried over anhydrous
magnesiumBiifate, Wad soreentaieenuieab saiveedPrésbarss The hesigrm ipasputified wysflash
column chromatography to obtain N42-(4-bromo-3, ophenyflethyl1]-2,2,2-trifluoroacetainide (5.17 g).
[Reference EX&EfsHIE 56T IS wHie it tR, 2andrifhiso A3 2R (B¥sitroLas piapitgheiifletkgacéedmide
InaccordancewithReferenceExample10,from
N-[2-(4-brorgusonitroihieiRetHy 2o piyi udHiideaatided S5atmtas. 2gnpeyy solution of
obtainedinReferenceExample55,therewasobtained

2,2, 2-trifluore: N @rleitides PheshoFieiAiRgNasataRaeie B sfghe, and concentrated under

reduced pressure. The residue was purified by flash column chromatography to
obtain tert-butyl N-[2-(4-hydroxyphenyl)ethyljcarbamate (4.97 g).
[Reference Example 34-2]
Synthesis of tert-butyl N-{2-[4-(2-propen-1-yloxy)phenyl]ethyl}carbamate

In accordance with Reference Example 34, from tert-butyl
N-[2-(4-hydroxyphenyl)ethyl]carbamate (2.37 g, 10.0 mmol) obtained in
Reference Example 48 and 3-bromo-1-butene (1.81 g, 15.0 mmol), there was
obtained tert-butyl N-{2-[4-(2-propen-1-yloxy)phenyl]ethyl}carbamate (2.49 g).
[Reference Example 35-2]
Synthesis of tert-butyl
N-[2-(4-{[(2E)-3-(3-amino-4-phenylphenyl)-2-propen-1-ylJoxy} phenyl)ethyl]carb
amate

In accordance with Reference Example 35, from tert-butyl
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LC/MS: M+1 = 339.2 [Reference Example 57] Synthesisof (4- [[2-(3-n
ro-4-phenylphenyflethyllcarbamoyl phenyOmethyl acetate 2,2,2-Trifluoro-N-[2-(3-n
tro-4-phenylphenyflethyl]-acetamide (338.3 mg, 1.0 mmol) obtained in Reference Example 56 was
dissolved in methanol (1mL) and tetrahydrofuran (10 mL), an aqueous solution of sodium hydroxide (5
M, 0.5 mL) was added, and the mixture was stirred at room temperature for 5 hours. The reaction
solution was extracted with ethyl acetate and the organic layer was washed with a saturated aqueous
solution of sodium chloride, dried over anhydrous sodium sulfate, and concentrated under reduced
pressure. N-{THd1@sislop mas-gdisseeaiy NsNreifoethyfanmaniide (L0 mig) artitherataoiere added
N-ethyl-N'-(3-dimethylaminopropyl)carbodiimide hydrochloride (1.5 mmol), N-hydroxybenzotr azole
(1.5 mmol), dbetimgdmrine (Reforomek), aficd dxgacetldxy) metbid; benzoicoacidn@ddl nurmehuiiie mixture
was stirred at room temperature for 16 hours. The reaction solution was extracted with ethyl acetate

and the orgah|@{ey€l] (R&9-RaSheah it apbaivyhteehatiu2qus salution ok sodhemydjddridés aitied over

anhydrous magnesium sulfate, and concentrated under reduced pressure. The residue was purified by
flash columamshro@at§rag)y to obtain (4- [[2-(3-n tro-4-phenylphenyl)ethyl]lcarbamoyliphenyl)methyl
acetate (379.7 mg). [Reference Example 58] Synthesisof [4-(
[243(11(1-nmetheigiperitixedyyoky]tdtbonyll amino)-4-phenylphenyl] ethyl} ¢ arbamoyl)phenyllmethyl
acetate In accordance with Reference Examples 11 and 12, from (4-
[[2-(3-nitro-4piteaylphenypethyl]carbamoylipifenyOmethyl acetate (379 Matigy,pip@tidamébybbtained in
Reference Example 57, there was obtained [4-( {2-[3( {[(1 - methylp per ilin-4-yl)oxy] carbonyl}
amino)-4-pRenyd &Ry P ein(l ¢ Hitbetrboydpopeaytionstiyhacetatd (2phéhmg)]- [Ererppte BGjlBynthesisof

-2-phenylphenyl}carbamate

In accordance with Reference Example 12, from
4-hydroxy-1-methylpiperidine  (345.5 mg, 3.0 mmol) and tert-butyl
N-[2-(4-{[(2E)-3-(3-amino-4-phenylphenyl)-2-propen-1-yl]Joxy} phenyl)ethyl]carb
amate (288.0 mg, 0.7 mmol) obtained in Reference Example 44, there was
obtained I-methylpiperidin-4-yl
N-{5-[(1E)-3-[4-(2-{[(tert-butoxy)carbonyl]amino }ethyl)phenoxy]-1-propen-1-yl]
nylphenyl}carbamate (321.9 mg).
LC/MS: M+1 = 586.2
[Reference Example 49]
Synthesis of 1-methylpiperidin-4-yl
N-(5-{3-[4-(2- {[(tert-butoxy)carbonyl]amino } ethyl)phenoxy]propyl}-2-phenylphe
nyl)carbamate

1-Methylpiperidin-4-yl
N-{5-[(1E)-3-[4-(2- {[(tert-butoxy)carbonyl]amino }ethyl)phenoxy]-1-propen-1-yl]
-2-phenylphenyl}carbamate (321.9 mg, 0.49 mmol) obtained in Reference

Example 12-14 was dissolved in methanol (10 mL), 10% palladium-carbon (20
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4-({[5- (2- {[4-([(2R)- 2-hydro xy-2- (8-hydro xy-2-0x0-1,2-d hydro qu ino lin-5- yl)et hyl] amino
Imethyl)phenyl] formamidelethyl)-2-phenylp henyl] carb amo yllo xy)- 1,1 -dimethylpiperidin-I-ium
trifluoroacetate [4-({2-[3( [(1- methylp iperidin-4-yeoxy] carbonyl), amino)-4-phenylphenyl
Jethyllcarbamoyl)phenylimethyl acetate (53.0 mg, 0.10 mmol) obtained in Reference Example 58 was
dissolved in methanol (1 mL) and tetrahydrofuran (10 mL), an aqueous solut on of sodium hydroxide
(5 1\, 0.1 mL) 'was added, and the mixture was stirred at room temperature for i hour. The reaction
solution wasmeptrastedinsth) edyllacatbtenend hegrgahimidyes Wadkwasheghnwiifharsatuiaies aqueous
solution of sodium chloride dried over anhydrous sodium sulfate, and concentrated under reduced
pressure. tempberesidoecwdgldissaledrivaadetonitilei¢hOwak) fietbyl ibehdgl Llozlijewasdadded
thereto, and, after stirring at room temperature for 1 hour, the reaction solution was concentrated
under reducdmpedaurehe filirhe residuecwas disselVednd dichtdioraethanes(l0 mbé) abchinethanol (1
mL), manganese dioxide (200 mg) was added thereto, and the mixture was stirred at room
temperaturel fonct byipipaidinedrgdction solution was filtered through cel te and the filtrate was
concentrated under reduced pressure. The residue was suspended in dimethylsulfoxide (5 mL),
thereto wasNadt€d-54(CR | {2tcarrhnoxlyjopdboxyethyl jod-futtind yyhbdequinoip2-odepheataieh€l40.1 mg,
0.5 mmol) and the mixture was stirred at 70C for 1 hour. To the reaction solution, sodium
triacetoxybarghydrigen@24 g, Rgnasa)omateadeediadnd the mixture was stirred at 70C for 1 hour.
The reaction solution was, after addition of purified water (0.5 mL), purified by HPLC fractionation to
obtain 4-({[5¥2afie{{(ZR)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-d hydroquino lin-5- yeet hyl] amino
1methyl)phenyl] formamidelethyl)-2-phenylphenyl] carbamoyl oxy)-1,1 -dimethylpiperidin-l-ium
trifluoroacetasm(Be2® mg). LC/MS: [M]+ = 704.3 [Reference Example 59] Synthesis of of
(3-nitro-4-phenylphenyOmethanamme 4-(Bromoethyl)-2-nitre-lI-phenylbenzene (584.3 mg, 2.0
namol) and potHSsiti plithaliARIE 356 0mg 23 8- el x were dissdlvéit yd iNgVidirhetiylfbremamide (8
mL) and the mixture was stirred at 110C for 3 hours. The reaction mixture was extracted with ethyl
acetate andtthe]enymeibcidydiphasonadree witk2apdatuy itbdnaticethmsallivony bilsbalumethybride, dried
over anhydrous magnesium sulfate, and concentrated under reduced pressure. The residue was
purified by flaigkrédiorhriwhrombtoyragtigtto obtain
24(3-nitro-4-phenylphenyemethyl]-2,3-dihydro-1H-iso indole-1,3-dione (600.8 mg). Theobtained
2-[(3-nitro-4-phenylphenyderedapt 3:diHydréi#mgls indtie-1,Badibnelvars diskviveddimethzhol (30
mL), an agueous solution of hydrazine monohydrate (2 mL) was added thereto, and the mixture was
stirred at 708-f8r BHAut2 THEert-butoxy)carbonyllamino } ethyl)phenoxylpropyl}-2-phenylphe

nyl)carbamate (117.6 mg, 0.20 mmol) obtained from Reference Example 49 and
8-benzyloxy-5-((R)-2-bromo-1-hydroxyethyl)-1H-quinolin-2-one (29.9 mg, 0.08
mmol), there was obtained
4-{[(5-{3-[4-(2-{[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)e
thyl]amino } ethyl)phenoxy]propyl}-2-phenylphenyl)carbamoyl]oxy}-1,1-dimethyl
piperidin-1-ium trifluoroacetate (11.1 mg).
LC/MS: [M]+ = 1705.3
[Reference Example 34-3]
Synthesis of ({[5-(2-propen-1-yloxy)pentyl]oxy}methyl)benzene

In accordance with Reference Example 34, from

5-(benzyloxy)propen-1-0l (1.91 g, 10.0 mmol) and 3-bromo-1-butene (1.45 g, 12.0
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reaction solution was filtered, to the filtrate was added 0.6 M hydrochloric acid and ethyl acetate, and
the mixture was stirred vigorously. The agueous layer was separated and, after being neutralized with
a bM aqueous solution of sodium hydroxide, extracted with ethyl acetate. The organic layer was
washed with a saturated aqueous solution of sodium chloride, dried over anhydrous sodium
sulfate,andconcentratedunderreducedpressuretoobtain (3-nitro-4-phenylphenyl)methanamine as a
crude material (305.5 mg) [Reference Example 60] Synthesisof2-[4-(hydroxymethyl)phenoxy]-N-
[(3-nitro-4-p h methyllacetamid 3-N tro-4-phenylphenyhmethanamine (152.9 mg, 0.67
o) obta R et s e g TR N M Re e
bromoaceti(‘(aﬁ%igl .hydride (346.5 mg, 1.5 mmol) was added thereto, and the mixture was stirred at
oom temperature Tor 1 hour. To the reaction solution was added water to stop the reaction and the
solution wa i cetate. The organic layer was washed with a saturated aqueous
solution of sﬁ%ﬁﬁ%%?c%%%@gy ;r?dgafsaturated agueous solution of sodium chloride, dried over
anhydrous rgagpgsidm sulfate, and concentrated under reduced pressure. The residue Wagfdissolved
in N,N-dimethylformamide (5 mL) and thereto were added potassium carbonate (207.0 mg, 1.5 mmol)

and 4-(hydrgw%@g@gigghﬁ&%%[g%.#i% r?oi) A gns_tf'[r};@gﬁ;i%%f%ﬁl@ur, the reaction

solution was extracted with ethyl ac ganic layer wa with a saturated aqueous

solution of sodium chjofids, fried QUK FRYAYS MAGNREIYA) %iﬁt%lﬂ%%SQ%ﬁ{&E?ﬁ%ﬂiﬁ% er

reduced pressure. The residue was purified by flash column 231 chromatographytoobtain2- [4-

<hydr0xyme§tmapﬁen&gyl Dol trore-Phgpwiphenyimetayilag elamide, (gl % 8 m). [Rgference
Example 61] Synthesisofl-m ethyl]) e din-4-y] N-(5- {[(2-(4-

tertbury dmestyisiliondmeilahenondacsiamidsilssoyl-2 pberyioieny! cebamate))  In

accordance with Reference Exaniples 53; 11, and 12, from 214-(hydroxymethyl)phenoxyLN-[(3-n

tro-4-phenylphemydimethyjlacefampide,(12.8 manhd mma k) obtained in Rgfarence xaople 60,
there was obtained 1 - methylp iperid in-4-y1 ’

5-[(LE)-3-{[5-(benzyloxy)pentylJoxy}-1-propen-1-yl]-2-phenylaniline (483.4 mg).

[Reference Example 12-15]
Synthesis of 1-methylpiperidin-4-yl
N-{5-[(1E}-3-{[5-(benzyloxy)pentyljoxy}-1-propen-1-yl]-2-phenylphenyl} carbam

ate

In accordance with Reference Example 12, from
4-hydroxy-1-methylpiperidine (230.4 mg, 2.0 mmol) and
5-[(1E)-3-{[5-(benzyloxy)pentyl]loxy}-1-propen-1-yl]-2-phenylaniline (240.9 mg,
0.6 mmol) obtained in Reference Example 35-3, there was obtained
1-methylpiperidin-4-yl
N-{5-[(1E)-3-{[5-(benzyloxy)pentyl]oxy}-1-propen-1-yl]-2-phenylphenyl}carbam
ate (403.4 mg).

LC/MS: M+1 = 543.3

[Reference Example 50]

Synthesis of I-methylpiperidin-4-yl
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N-(5- 1[(2-(4- 1[(tert-butyldimethyls lyfloxy] methyl} phenoxy)acetamide)methyl]-2 -phenylphenyl ]
carbamate (254.4 mg). [Example 81] Synthesisof 4- ( f[5-( f 2-[4-(f
[(2R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-d ihydroquino lin-5-yeet hyl] amino f

- methyl)phenoxy]acetamidelmethyl)-2-phenylphenyllcarbamo ylIf o x y-)- 1,1 -d imethylp ip erid in-l-ium
trifluo ro acetate In accordance with Example 1, from 1-methylpiperidin-4-y1 N-(5- f [(2-(4- {
[(tert-butyldimethylsilyeoxy] methyl} phenoxy)acetamide)methyl1]-2 -phenylphenyllcarbamate (123.6
mg, 0.20 mmo 1) obtained in Reference Example 61, there was obtained 4-( f[5-(

{2144{[(2R)2-{yd Bokip-A 1By sl spxyriZipxoy]) Redpihi)ePophing lishch yy)pet bythatm no } methyl)pheno xy]
acetamidelmethyl)-2-phenylp henyl] carbamo yl o x y)- 1,1 -d imethylpiperidin-l-ium trifluoro acetate
(13.5 mg). LC/MS: [Mleti2p.pefikardpid 82] Competition Binding Assays to Human M3 Muscarinic
Receptor Membrane fractions of human M3 muscarinic receptor were purchased from
PerkinEImel4H&-[ahid)sBe¢bl ateBOdoxntipust | Rhgsphagiecpuaffdred |s2timee (FBSE) ylnvidrbgen, Co.) was
used as assay buffer. The membrane fractions of human M3 muscarinic receptor (10-15 lig of
membrane ptoteit} dnad,n7E[NumeEbhybt@i¢ ¢ copgtddenime aicthylpdhldAdks (84s HiNM S {NET6 36,
2.59 TBg/mmol, PerkinElmer, Inc.) were added to a final volume of 100 fiL and incubated for 2 hours
at room tempetbaurd (ahbindiiy) Piffierentcobndertrdtiors witdSticompoursdsdde dhdearige of 10 pM
- 1 nM) were added to test the competitive inhibition of the test compounds. The amount of nonspecific
binding wasadéttrenineduirethe prtsertenis R bydtogpingmafiehdhe dhcobatitmpeas comieted, the
reaction was terminated by rapid filtration of the reaction liquid over GE/B glass fiber filter plates
(PerkinElmér danes) prEkinmerartsen inmlp294 tpotyetisytemeidnine) 0T beafildetholatestwere ssasheddhree times
with a washing solution (50 mM Tris hydrochloric acid pH 7.4, 0.9% sodium chloride) to remove
unbound radliotistivityr Pihe plaves Wheendreniomietd ki A0WHs Nilteostinh2 fiuid I Top@aouthenicroplate
scintillation cocktail (Perk nElmer Inc.) was added and plates were counted in a Packard TopCount
liquid scintilfalioricomter (PerkininerdcydThedperetstitzge ofttienbindiathidhibiiofibyithe test
compound was calculated according to the following formula. (%) Percentage of binding inhibition =
[(Radioactivity(8f tésk(éorhpdinrareitsb ariplepyAmbihesy idespdlsificobindiag s (Ameund of total
binding - Amount of nonspecific binding)] x 100 The 50% inhibitory concentrations (IC50 values)
of test compbiisaig were analyzed by a nonlinear regression analysis for one-site competitive binding
using the GraphPad Prism Software package (GraphPad Software, Inc.) for the percentage of the
binding inhibltisiadeliflent concentrations of the test compounds. Exemplified compounds of
the present invention tested in this assay were found to have IC50 values of less than about 10 nM for
the human Mg#hastarinic receptor. For example, the compounds of Examples 1, 48 and EXample 51

were found to have IC50 values of less than 10 nM.
4-{[(5-{3-[(5-{[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)eth

yllamino } pentyl)oxy]propyl}-2-phenylphenyl)carbamoyl]oxy}-1,1-dimethylipiperi
din-1-ium trifluoroacetate

1-Methylpiperidin-4-yl
N-(5-{3-[(5-(hydroxypentyl)oxy]propyl}-2-phenylphenyl)carbamate (113.6 mg,
0.25 mmol) obtained in Reference Example 50 was dissolved in acetonitrile (10
mL), methyl iodide (2 mlL) was added thereto, and, after stirring at room
temperature for 1 hour, the reaction solution was concentrated under reduced
pressure.

Triphenylphosphin polymer bound (3.00 mml/g) (300 mg) and iodine

(208.0mg, 0.81 mmol) was stirred in dichloromethane for 1 hour, thereto was
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[Example 83] Evaluation of Inhibitory Effect on Methacholme- Iduced Calcium Influx Using I' LA U 1\
Musearinic receptor subtypes (MI, M3 and M5 receptors), which couple to Gq proteins, activate the
phospholipase C (PLC) pathway upon agonist binding to the receptor. As a result, the activated PLC
hydrolyzes phosphatidyi inositol diphosphate (P1P2) to diacyl glycerol (DAG) and
phosphatidy1-1,4,5-triphosphate (IP3), which in turn generates calcium release from intracellular
stores, i.e., endoplasmic and sarcoplasm c reticula. By utilizing FLIPR (Molecular Devices, Inc.) assay
in which a calcium sensitive dye (Component A) is used that fluoresces when free calcium binds, the
increase in mtdadeltbtarfoatgomgsnemdserdisonthd basidiohle cletnges in the floresodnctkeintensity.
Methacholine was added to CHO-KI cells stably expressing the human M3 muscarinic receptor to
induce calciomxinfriwandseveddaferterithisibifohoeffect dhtest fompbeandscimthedrpenmens, a FLIPR
Calcium assay kit (Molecular Devices, Inc.) was used. CHO-KI cells stably expressing the human
M3 muscarifiltesdeihorgispdiiden ihthiafile #e1® anediz ¢invittoend oy boedipiags 109 fetal bovine
serum (FBS) were seeded into 96-well FLIPR plates at a volume of 100 nLiwell. Next day, 60 ni./well
of Non-wash-dye soliigonrg@idanic's bufferstssaindaiution, NBSS wethainng20idM HEPES And 6.5 mM
probenecid) was added to the cells, which were then incubated for an hour at 37C in the presence of
5% carbon didide- 26 misf-16hcornesrietations-bidrstcoMpaimdodvitdions (HBSSccdfithinieg 1%
DMSO, 20mM HEPES, 2.5 mM probenecid and 0.05% bovine serum albumin, BSA) prepared at
concentratidhd imaeange vR0BL 1ot oM anitht hefolt darial wiatiohysdere ddtedofofolved by
incubation for 180 seconds. Then, 20 1.iL of 30 nM methacholine solution (HBSS containing 20mM
HEPES, 2.5Ii\Vrgasbienesiddinn OvOBY6 bassnt: aiemndiunsidy @S Ararsyisdaed, sheffrideascence
intensity was traced by the intracellular calcium influx measuring device FLIPP_ 96 (Molecular
Devices, In®@yidict70 seconlls. The diffEiBhEe betweefi#iE8MER and the Mighest valQ8&dt the
fluorescence intensity (F1) over the period of the measurement was used as a measured value. The
percentaged ol (fhibitidA-B I &) téhedimpounds ek txiéupaed dcddiiiig asifvd ifofowitgformula
from the measured value of the methachol n-added and test compound non-added sample
(FIpositive), tHamieasoeatvhiaelBrapsl méthAenslirhabrlisaaerihid st icd m pdlivet Mo RgHed sample
(FInegative), and the measured value of the methacho lin-added and test compound-added sample
(Flies. (%) Prcénigedfimmresiis ekl Bfpound = [(1 - (Fltest - Finegative)/(Flpositive -
FInegative)] x 100 236 The 50% inhibitory concentrations (IC50 values) of test compounds were
analyzed b f@ﬁip@@ﬁ@éﬁ I}oéistic model using XLfit4 (IDBS, Ltd.) for the percentage of the
inhibition by different concentrations of test compounds. A part of the 1F50 values of the
exemplified EEFSHRBE SR IRIDrISent invention tested in this assay are shown in Activity Table A.

[Table 1] Activity Table A
Synthesis of 2-[4-(2-bromoethoxy)phenyl]-1-ethanol

4-(Hydroxyethyl)phenol (2.7 g, 20.0 mmol) was dissolved in
N,N-dimethylformamide (50 mL) and thereto were added potassium carbonate
(6.90 g, 50.0 mmol) and 1,2-dibromoethane (15.03 g, 80.0 mmol). After stirring
at 80°C for 6 hours, the reaction solution was extracted with ethyl acetate. The
organic layer was washed with a saturated aqueous solution of sodium chloride,
dried over anhydrous magnesium sulfate, and concentrated under reduced pressure.
The residue was purified by flash column chromatography to obtain
2-[4-(2-bromoethoxy)phenyl]-1-ethanel (750.0 mg).
[Reference Example 52]

Synthesis of 2- {4-[2-(3-nitro-4-phenylphenoxy)ethoxy]|phenyl}-1-ethanol
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Example IC50(nM) 1 6.4219.3316.244.9519.26 9.0 7

In accordance with Reference Example 38, from 3-nitro-4-phenylphenol
(215 mg, 1.0 mmol) and 2-[4-(2-bromoethoxy)pheny]-1-ethanol obtained in
Reference Example 50, there was obtained
2-{4-[2-(3-nitro-4-phenylphenoxy)ethoxy]phenyl}-1-ethanol (263.1 mg).
[Reference Example 53]
Synthesis of
tert-butyldimethyl(2- {4-[2-(3-nitro-4-phenylphenoxy)ethoxy]phenyl}ethoxy)silan
e

2-{4-[2-(3-Nitro-4-phenylphenoxy)ethoxy]phenyl}-1-ethanol (263.1 mg,
0.69 mmol) obtained in Reference Example 52 and imidazole (115.6 mg, 17.3
mmol) was dissolved in tetrahydrofuran (10 mL) and thereto was added a
tetrahydrofuran (5 mL) solution of tert-butyldimethylchlorosilane (207.9 mg, 1.39
mmol). After stirring the reaction mixture at room temperature for 16 hours,
purified water was added to stop the reaction, and the mixture was extracted with
ethyl acetate. The organic layer was washed with a saturated aqueous solution of
sodium chloride, dried over anhydrous magnesium sulfate, and concentrated under
reduced pressure. The residue was purified by flash column chromatography to
obtain
tert-butyldimethyl(2- {4-[2-(3-nitro-4-phenylphenoxy)ethoxy]phenyl}ethoxy)silan
e (336.2 mg).
[Reference Example 54]
Synthesis of I-methylpiperidin-4-yl
N-{5-[2-(4-{2-[(tert-butyldimethylsilyl)oxy]ethyl} phenoxy)ethoxy]-2-phenylphen
yl}carbamate

225



1458 13.5910.11010.5119.71226.417 11.418 8.9

In accordance with Reference Examples 11 and 12, from
tert-butyldimethyl(2- {4-[2-(3-nitro-4-phenylphenoxy)ethoxy]phenyl} ethoxy)silan
e (336.2 mg, 0.68 mmol) obtained in Reference Example 53, there was obtained
1-methylpiperidin-4-yl
N-{5-[2-(4-{2-[(tert-butyldimethylsilyl)oxy]ethyl]phenoxy}ethoxy]-2-phenylphen
yl}carbamate (164.3 mg).

[Example 79]

Synthesis of
4-{[(5-{2-[4-(2-{[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)e
thyllamino } ethyl)phenoxylethoxy}-2-phenylphenyl)carbamoyl]oxy}-1,1-dimethyl
piperidin-1-ium trifluoroacetate

In accordance with Example 58, from I-methylpiperidin-4-yl
N-{5-[2-(4-{2-[{tert-butyldimethylsilyl)oxy]ethyl} phenoxy)ethoxy]-2-phenylphen
yl}carbamate (81.7 mg, 0.135 mmol) obtained in Reference Example 54, there was
obtained
4-{[(5-{2-[4-(2-{[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)e
thyllamino } ethy)phenoxyJethoxy}-2-phenylphenyl)carbamoyl]oxy}-1,1-dimethyl
piperidin-1-ium trifluoroacetate (11.7 mg).

LC/MS: [M]+ =707.3
[Reference Example 55]
Synthesis of N-[2-(4-bromo-3-nitrophenyl)ethyl]-2,2,2-trifluoroacetamide

To a solution of 2-(4-bromophenyl)ethan-1-amine (5.0 g, 25.0 mmol) in
dichioroethane (100 ml), triethylamine (7.0 mL) and trifluoroacetic acid anhydride

(7.88 g, 37.5 mmol) were added under ice cooling, and the mixture was stirred for
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1 hour. Thereafter, the mixture was stirred at room temperature for further 3
hours. Under ice cooling, water was added to the reaction solution and, after
stirring for 20 minutes, the mixture was extracted with ethyl acetate. The organic
layer was washed with a saturated aqueous solution of sodium bicarbonate, a
saturated aqueous solution of ammonium chloride, and a saturated aqueous
solution of sodium chloride, dried over anhydrous magnesium sulfate, and
concentrated under reduced pressure. The residue was dissolved in acetic acid
(15 mL), fuming nitric acid (30 mL) was slowly added dropwise under ice cooling,
and, thereafter, the reaction mixture was stirred under ice cooling for 1 hour and at
room temperature for 16 hours. The reaction solution was poured onto ice and
extracted with ethyl acetate. The organic layer was washed with a saturated
aqueous solution of sodium bicarbonate and a saturated aqueous solution of
sodium chloride, dried over anhydrous magnesium suifate, and concentrated under
reduced pressure. The residue was purified by flash column chromatography to
obtain N-[2-(4-bromo-3-nitrophenyl)ethyl]-2,2,2-trifluoroacetamide (5.17 g).
[Reference Example 56]
Synthesis of 2,2,2-trifluoro-N-[2-(3-nitro-4-phenylphenyl)ethyl]acetamide

In accordance with Reference Example 10, from
N-[2-(4-bromo-3-nitrophenyl)ethyl]-2,2,2-trifluoroacetamide (5.17 g, 15.1 mmol)
obtained in Reference Example 55, there was obtained
2,2,2-trifluoro-N-[2-(3-nitro-4-phenylphenyl)ethyl]acetamide (3.34 g).
LC/MS: M+1 =339.2
[Reference Example 57]

Synthesis  of  (4-{[2-(3-nitro-4-phenylphenyl)ethyl]carbamoyl}phenyl)methyl
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acetate

2,2,2-Trifluoro-N-[2-(3-nitro-4-phenylphenyl)ethyl]-acetamide (338.3 mg,
1.0 mmol) obtained in Reference Example 56 was dissolved in methanol (1mL)
and tetrahydrofuran (10 mL), an aqueous solution of sodium hydroxide (5 M, 0.5
mL) was added, and the mixture was stirred at room temperature for 5 hours.
The reaction solution was extracted with ethyl acetate and the organic layer was
washed with a saturated aqueous solution of sodium chloride, dried over
anhydrous sodium sulfate, and concentrated under reduced pressure.

The residue was dissolved in N,N-dimethylformamide (10 mL) and thereto
were added N-ethyl-N’-(3-dimethylaminopropyl)carbodiimide hydrochloride (1.5
mmol), N-hydroxybenzotriazole (1.5 mmol), triethylamine (3.0 mmol), and
4-[(acetyloxy)methyl] benzoic acid (1.1 mmol). The mixture was stirred at room
temperature for 16 hours. The reaction solution was extracted with ethyl acetate
and the organic layer was washed with a saturated aqueous solution of sodium
chloride, dried over anhydrous magnesium sulfate, and concentrated under
reduced pressure. The residue was purified by flash column chromatography to
obtain  (4-{[2-(3-nitro-4-phenylphenyl)ethyl]carbamoyl}phenyl)methyl acetate
(379.7 mg).
[Reference Example 58]
Synthesis of
[4-({2-[3({[(1-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyl]ethyl}c
arbamoyl)phenyl]methyl acetate

In accordance with Reference Examples 11 and 12, from
(4-{[2-(3-nitro-4-phenylphenyl)ethyl]carbamoyl}phenyl)methyl acetate (379.7 mg,
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0.91 mmol) obtained in Reference Example 57, there was obtained
[4-({2-[3({[(1-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyljethyl]c

arbamoyl)phenyl]methyl acetate (209.0 mg).

[Example 80]

Synthesis of
4-({[5-(2-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et

hyl]amino } methyl)phenyl]formamide } ethyl)-2-phenylphenyl]carbamoyl}oxy)-1,1

-dimethylpiperidin-1-ium trifluoroacetate

[4-({2-[3({[(1-methylpiperidin-4-yl)oxy]carbonyl}amino)-4-phenylphenyl
Jethyl}carbamoyl)phenyl]methyl acetate (53.0 mg, 0.10 mmol) obtained in
Reference Example 58 was dissolved in methanol (1 mL) and tetrahydrofuran (10
mL), an aqueous solution of sodium hydroxide (5 M, 0.1 mL) was added, and the
mixture was stirred at room temperature for 1 hour. The reaction solution was
extracted with ethyl acetate and the organic layer was washed with a saturated
aqueous solution of sodium chloride, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure.

The residue was dissolved in acetonitrile (10 mL), methyl iodide (1 mL)
was added thereto, and, after stirring at room temperature for 1 hour, the reaction
solution was concentrated under reduced pressure.

The residue was dissolved in dichloromethane (10 mL) and methanol (1
mL), manganese dioxide (200 mg) was added thereto, and the mixture was stirred
at room temperature for 16 hours. The reaction solution was filtered through
celite and the filtrate was concentrated under reduced pressure.

The residue was suspended in dimethylsulfoxide (5 mL), thereto was
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added 5-((2R)-2-amino-1-hydroxyethyl)-8-hydroxy-1H-quinolin-2-one acetate
(140.1 mg, 0.5 mmol) and the mixture was stirred at 70°C for 1 hour. To the
reaction solution, sodium triacetoxyborohydride (424.0 mg, 2 mmol) was added,
and the mixture was stirred at 70°C for 1 hour. The reaction solution was, after
addition of purified water (0.5 mL), purified by HPLC fractionation to obtain
4-({[5-(2-{[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-0xo0-1,2-dihydroquinolin-5-yl)et
hyllamino } methyl)phenyl]formamide}ethyl)-2-phenylphenyl|carbamoyl}oxy)-1,1
-dimethylpiperidin-1-ium trifluoroacetate (6.22 mg).
LC/MS: [M]+ = 704.3
[Reference Example 59]
Synthesis of (3-nitro-4-phenylphenyl)methanamine

4-(Bromoethyl)-2-nitro-1-phenylbenzene (584.3 mg, 2.0 mmol) and
potassium  phthalimide (555.0 mg, 3.0 mmol) were dissolved in
N,N-dimethylformamide (8 mL) and the mixture was stirred at 110°C for 3 hours.
The reaction mixture was extracted with ethyl acetate and the organic layer was
washed with a saturated aqueous solution of sodium chloride, dried over
anhydrous magnesium sulfate, and concentrated under reduced pressure. The
residue was purified by flash column chromatography to obtain
2-[(3-nitro-4-phenylphenyl)methyl]-2,3-dihydro-1H-isoindole-1,3-dione ~ (600.8
mg).

The obtained
2-[(3-nitro-4-phenylphenyl)methyl]-2,3-dihydro-1H-isoindole-1,3-dione was
dissolved in ethanol (30 mL), an aqueous solution of hydrazine monohydrate (2

mL) was added thereto, and the mixture was stirred at 70°C for 1 hour. The
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reaction solution was filtered, to the filtrate was added 0.6 M hydrochloric acid
and ethyl acetate, and the mixture was stirred vigorously. The aqueous layer was

separated and, after being neutralized with a 5M aqueous solution of sodium

o

hydroxide, extracted with ethyl acetate. The organic layer was washed with a
saturated aqueous solution of sodium chioride, dried over anhydrous sodium
sulfate, and concentrated  under  reduced  pressure  to obtain
(3-nitro-4-phenylphenyl)methanamine as a crude material (305.5 mg)
[Reference Example 60]
Synthesis of 2-[4-(hydroxymethyl)phenoxy]-N-
[(3-nitro-4-phenylphenyl)methyl]acetamide
(3-Nitro-4-phenylphenyl)ymethanamine (152.9 mg, 0.67 mmol) obtained in
Reference Example 59 was dissolved in N,N-dimethylformamide (5 mL),
bromoacetic acid anhydride (346.5 mg, 1.5 mmol) was added thereto, and the
mixture was stirred at room temperature for 1 hour. To the reaction solution was
added water to stop the reaction and the solution was extracted with ethyl acetate.
The organic layer was washed with a saturated aqueous solution of sodium
bicarbonate and a saturated aqueous solution of sodium chloride, dried over
anhydrous magnesium sulfate, and concentrated under reduced pressure. The
residue was dissolved in N,N-dimethylformamide (5 mL) and thereto were added
potassium carbonate (207.0 mg, 1.5 mmol) and 4-(hydroxymethyl)phenol (161.2
mg, 1.3 mmol). After stirring at 80°C for 1 hour, the reaction solution was
extracted with ethyl acetate. The organic layer was washed with a saturated
aqueous solution of sodium chloride, dried over anhydrous magnesium sulfate, and

concentrated under reduced pressure. The residue was purified by flash column

231



46.4 61 37.862 51.36341.7 6944.7 70 60.3 71 38.9 72 49.0

chromatography to obtain 2-[4-(hydroxymethyl)phenoxy]-N-
[(3-nitro-4-phenylphenyl)methyl]acetamide (212. 8§ mg).
[Reference Example 61]
Synthesis of 1-methylpiperidin-4-yl
N-(5-{[(2-(4-{[ (tert-butyldimethylsilyl)oxy]methyl} phenoxy)acetamide)methyl]-2
-phenylphenyl}carbamate

In accordance with Reference Examples 53, 11, and 12, from
2-[4-( hydrox?methyl)phenoxy]—N— [(3-nitro-4-phenylphenyl)methyl]acetamide
(212.8 mg, 0.54 mmol) obtained in Reference Example 60, there was obtained
I-methylpiperidin-4-yl
N-(5-{[(2-(4-{[ (tert-butyldimethylsilylJoxy]methyl} phenoxy)acetamide)methyl]-2
-phenylphenyi}carbamate (254.4 mg).
[Example 81]
Synthesis of
4-(415-({2-[4-({[(2ZR)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)et
hyl]amino } methyl)phenoxylacetamide } methyl)-2-phenylphenyljcarbamoyl}oxy)-
1,1-dimethylpiperidin-1-ium trifluoroacetate

In accordance with Example 1, from 1-methylpiperidin-4-yl
N-(5-{[(2-(4- {[(tert-butyldimethylsilyl)oxy]methyl} phenoxy)acetamide)methyl]-2
-phenylphenyl}carbamate (123.6 mg, 0.20 mmol) obtained in Reference Example
61, there was obtained
4-({[5-({2-[4-({[(2R)-2-hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-yl)et
hylJamino } methyl)phenoxylacetamide } methyl)-2-phenylphenyl]jcarbamoyl}oxy)-

1,1-dimethylpiperidin-1-ium trifluoroacetate (13.5 mg).
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LC/MS: [M]+ = 720.3
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[Example 84] Evaluation by Whole-cell cAMP Flashplate Assay using CHO-KI Cells Stably Expressing
Human 132 Adrenergic Receptor The 132 adrenergic receptor, which couples to Gs proteins,
activates adenylate cyclase upon agon st binding to the receptor. As a result, CAMP is produced in
cells. The activation ability of the [32 adrenergic receptor can be measured by measuring the amount
of the cAMP with cAMP-Screen System (Applied B systems). CHO-K1 cells expressing the
human 132 adrenergic receptor suspended in Ham's F-12 media containing 10% F13S were seeded
into 96-well plates at a volume of 100 pi/well. Next day, they were washed with 200 pl PBS(-), to which
80 'IL of 0.5[wan®ieX83blution (Ham's F-12 media containing 0.05% BSA) was then added, followed
by incubation for 20 minutes at 37C in the presence of 5% carbon dioxide. 20 ktL of 9 concentrations
of test compoumg sidfliotioBsdrE trivs ABNIX ISototio Mo MartagioRobdS ) prepared at concentrations
in a range of 0.01-1000 nM with 2-fold serial dilution) were added, followed by incubation for 20
minutes at 37C in th¥ grégeneeftiositnsarhoudionidd 3 Thersca00iialrasepissayeysisBaliersd reagent
that comes with cAMP Screen System) was added. The cells were lysed by pipetting, further
incubated fdr@0 Wénkites a7 Bicanddndnirdzen 3“0t After sevtrasnlzps, waffepeels saawed at
room temperature, were treated according to the protocol of cCAMP Screen System, and then
chemiluminéBB&tick Wastmeasufed by EnVisidra§Rskin Bimi&r. Ind heThe mhienatiod sAMP afas
calculated from the standard curve for the standard attached to cCAMP Screen System. 241 The
concentratidnsrsha M3t conmpauint at whitk 5094 of Ststraaximatetibetis resetven) (ROS0 Maldes) were
analyzed by a four-parameter logistic model using XLfit4 (IDBS, Ltd.) for the amounts of cCAMP
production dt-tifferehtodddntretipole oitke tmstledmpblonite  ([3HA-pBkSOf tRIE50.valuél of the
exemplified compounds of the present invention tested in this assay are shown in Activity fable B.
[Table 2] Acliieyrramsie BE&kiniprecECBoAMyere added to a final volume of 100 pL and

incubated for 2 hours at room temperature (total binding). Different
concentrations of test compounds (in the range of 10 pM - 1 uM) were added to
test the competitive inhibition of the test compounds. The amount of nonspecific
binding was determined in the presence of 5 uM atoropine. After the incubation
was completed, the reaction was terminated by rapid filtration of the reaction
liquid over GF/B glass fiber filter plates (PerkinElmer, Inc.) pre-immersed in 0.2%
polyethyleneimine. The filter plates were washed three times with a washing
solution (50 mM Tris hydrochloric acid pH 7.4, 0.9% sodium chloride) to remove
unbound radioactivity. The plates were then dried and 40 pL Microscint-20
liquid TopCount microplate scintillation cocktail (PerkinElmer Inc.) was added
and plates were counted in a Packard TopCount liquid scintillation counter
(PerkinElmer, Inc.). The percentage of the binding inhibition by the test
compound was calculated according to the following formula.

(%) Percentage of binding inhibition = [(Radioactivity of test compound-added
sample - Amount of nonspecific binding) / (Amount of total binding - Amount of

nonspecific binding)] x 100
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The 50% inhibitory concentrations (ICsy values) of test compounds were
analyzed by a nonlinear regression analysis for one-site competitive binding using
the GraphPad Prism Software package (GraphPad Software, Inc.) for the
percentage of the binding inhibition at different concentrations of the test
compounds.

Exemplified compounds of the present invention tested in this assay were
found to have ICsq values of less than about 10 nM for the human M3 muscarinic
receptor. For example, the compounds of Examples 1, 48 and Example 51 were
found to have ICs values of less than 10 nM.

[Example 83]
Evaluation of Inhibitory Effect on Methacholine-induced Calcium Influx Using
FLIPR Assay

Muscarinic receptor subtypes (M1, M3 and M5 receptors), which couple
to Gq proteins, activate the phospholipase C (PLC) pathway upon agonist binding
to the receptor. As a result, the activated PLC hydrolyzes phosphatidyl inositol
diphosphate (PIP2) to diacyl glycerol (DAG) and phosphatidyl-1,4,5-triphosphate
(IP3), which in turn generates calcium release from intracellular stores, i.e.,
endoplasmic and sarcoplasmic reticula. By utilizing FLIPR (Molecular Devices,
Inc.) assay in which a calcium sensitive dye (Component A) is used that fluoresces
when free calcium binds, the increase in intracellular calcium is measured on the
basis of the change in the fluorescence intensity.

Methacholine was added to CHO-K1 cells stably expressing the human
M3 muscarinic receptor to induce calcium influx and evaluate the inhibitory effect

of test compounds. In the experiment, a FLIPR Calcium assay kit (Molecular
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Devices, Inc.) was used.

CHO-K1 cells stably expressing the human M3 muscarinic receptor
suspended in Ham's F-12 media (Invitrogen, Co.) containing 10% fetal bovine
serum (FBS) were seeded into 96-well FLIPR plates at a volume of 100 pL/well.
Next day, 60 ul/well of Non-wash-dye solution (Hank's buffered salt solution,
HBSS, containing 20 mM HEPES and 6.5 mM probenecid) was added to the cells,
which were then incubated for an hour at 37°C in the presence of 5% carbon
dioxide. 20 upL of 10 concentrations of test compound solutions (HBSS
containing 1% DMSO, 20mM HEPES, 2.5 mM probenecid and 0.05% bovine
serum albumin, BSA) prepared at concentrations in a range of 0.01-1000 nM with
2-fold serial dilution) were added, followed by incubation for 180 seconds. Then,
20 uL of 30 nM methacholine solution (HBSS containing 20mM HEPES, 2.5 mM
probenecid and 0.05% bovine serum albumin, BSA) was added, and fluorescence
intensity was traced by the intracellular calcium influx measuring device FLIPR
96 (Molecular Devices, Inc.) for 170 seconds. The difference between the lowest
and the highest values of the fluorescence intensity (FI) over the period of the
measurement was used as a measured value. The percentages of inhibition by the
test compounds were calculated according to the following formula from the
measured value of the methacholin-added and test compound non-added sample
(Flpositive), the measured value of the methacholin non-added and test compound
non-added sample (FInegative), and the measured value of the methacholin-added
and test compound-added sample (Fltest).

(%) Percentage of inhibition by test compound = [(1 - (Fltest -
Flnegative)/(Flpositive - FInegative)] x 100
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The 50% inhibitory concentrations (ICsy values) of test compounds were
analyzed by a four-parameter logistic model using XLfit4 (IDBS, Ltd.) for the
percentage of the inhibition by different concentrations of test compounds.

A part of the ICsy values of the exemplified compounds of the present

invention tested in this assay are shown in Activity Table A.

[Table 1]
Activity Table A
Example | IC;,(nM)

1 6.4
2 19.3
3 16.2
4 4.9
5 19.2
6 9.0
7 14.5
8 13.5
9 10.1
10 10.5
11 9.7
12 26.4
17 11.4
18 8.9
19 8.7
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20 16.8
21 16.8
22 15.8
23 34.3
24 11.7
25 19.0
26 23.2
27 16.1
28 10.0
29 13.6
30 12.9
31 15.7
32 16.1
33 22.1
34 22.0
36 271
37 18.2
38 15.6
39 16.0
41 12.9
42 12.3
43 8.5
44 13.9
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45 26.5
46 6.4
47 16.5
48 21.7
49 13.9
50 27.6
51 13.2
52 32.8
53 53.7
54 20.9
55 51.8
56 64.1
58 46.4
61 37.8
82 51.3
63 41.7
69 447
70 60.3
71 38.9
72 49.0
73 27.5
76 38.0
77 36.3
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78 74.1
80 29.9
81 25.1
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[Example 84]

Evaluation by Whole-cell cAMP Flashplate Assay using CHO-K1 Cells Stably
Expressing Human 32 Adrenergic Receptor

The B2 adrenergic receptor, which couples to Gs proteins, activates
adenylate cyclase upon agonist binding to the receptor. As a result, cCAMP is
produced in cells. The activation ability of the B2 adrenergic receptor can be
measured by measuring the amount of the cAMP with ¢cAMP-Screen System
(Applied Biosystems).

CHO-K1 cells expressing the human 32 adrenergic receptor suspended in
Ham's F-12 media containing 10% FBS were seeded into 96-well plates at a
volume of 100 pl/well. Next day, they were washed with 200 pL PBS(-), to
which 80 pL of 0.5 mM IBMX solution (Ham's F-12 media containing 0.05%
BSA) was then added, followed by incubation for 20 minutes at 37°C in the
presence of 5% carbon dioxide. 20 pL of 9 concentrations of test compound
solutions (0.5 mM IBMX solution containing 1% DMSO) prepared at
concentrations in a range of 0.01-1000 nM with 2-fold serial dilution) were added,
followed by incubation for 20 minutes at 37°C in the presence of 5% carbon
dioxide. Then, 100 uL of Assay/Lysis Buffer (a reagent that comes with cAMP
Screen System) was added. The cells were lysed by pipetting, further incubated
for 30 minutes at 37°C, and then frozen at -80°C. After several days, samples,
thawed at room temperature, were treated according to the protocol of cAMP
Screen System, and then chemiluminescence was measured by EnVision
(PerkinElmer, Inc.). The amount of cAMP was calculated from the standard

curve for the standard attached to cAMP Screen System.
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The concentrations of a test compound at which 50% of its maximal effect
is reached (ECs, values) were analyzed by a four-parameter logistic model using
XLfit4 (IDBS, Ltd.) for the amounts of cAMP production at different
concentrations of the test compounds.

A part of the ECsy values of the exemplified compounds of the present

invention tested in this assay are shown in Activity Table B.

[Table 2]
Activity Table B
Example |EC;,(nM)

1 1.3
2 1.1
3 9.7
4 41
5 8.2
6 1.7
7 5.1
8 5.1
9 1.9
10 3.9
11 3.7
12 46
17 59
18 0.6
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19 1.2
20 2.6
21 3.8
22 2.2
23 2.6
24 6.6
25 04
26 0.9
27 1.5
28 0.7
29 4.8
30 0.5
31 251
32 8.4
33 4.6
34 1.2
35 2.7
36 4.3
37 4.0
38 10.6
39 4.0
40 3.4
41 6.2
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42 0.8
43 3
44 1.7
45 4.1
46 1.4
47 1.9
48 0.4
49 2.3
50 1.7
51 0.3
52 0.4
53 0.6
54 0.9
58 0.2
56 0.9
57 2.7
58 0.6
59 0.2
60 1.2
61 8.7
62 1.5
63 5.6
64 38
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80 2.4 81 8.7 [Example 85] Evaluation of Duration of Action in Isolated Trachea of Guinea Pigs

In this test, isolated guinea pig trachea, cut into rings, is fixed by application of constant tension in a
water bath and a contractile response is induced by acetylcholine, histamine, electrical stimulation, or
the like. Changes in tension are output to a portable recorder for recording, via a multi-purpose
preamplifier (Nihon Kohden Corporation) and a carrier amplifier (Nihon Kohden Corporation). The
intensity of the dilating action of test compounds on trachea can be evaluated by examining the
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[Example 8

z1
2]

Evaluation of Duration of Action in Isolated Trachea of Guinea Pigs

In this test, isolated guinea pig trachea, cut into rings, is fixed by

application of constant tension in a water bath and a contractile response is

induced by acetylcholine, histamine, electrical stimulation, or the like.

Changes

in tension are output to a portable recorder for recording, via a multi-purpose
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histamine stimulation. For example, the compounds of Examples 2, 6, 12, 18, 19, 23, 25, 32, 33, 34,
48, 51, 77, and 78 were found to have an IC50 value after 5 hours which is one-fiftieth or less of the
IC50 value after 0 hours. [Example 86] Effects on Acetylcholine- or Histamine-induced
Bronchoconstriction in Guinea Pigs These in vivo assays are used to evaluate the bronchoprotect
ve effects based on the M3 muscarinic receptor antagonist activity and the 32 adrenergic receptor
agonist activity of test compounds. Hartley male guinea pigs (Nippon SLC, Inc.) weighing about
400-500 g were used. The animals were anesthetized by inhalation of Fluothane (Takeda
Pharmaceupical iisinfanWihsitad) id e plastic hexn) he desteomnpoungs iareNiibsal¥ashien
physiological saline containing DMSO, and administered through the nasal cavity into the trachea at a
dose of 0.0¢:2p&glkg@nd aha velema phe.hetikgifoseast o farisnalsmpolyadd withewd letest
compound was administered, In general, animals awake several minutes after completion of the
administratican bhewanimels wees anastetizedupircasivetiaperitoneat admiristt i o 3%
urethane/0.8A a-chloralose at a dose of 3mL/kg. In order to intravenously administer acetylcholine or
histamine, a cathetéfamasyinaeitegunteatpégsadligpaiesy.n didgrieipeasusd astifigal sespigation and
airway ventilation pressure, a cannula was inserted into the trachea. Artificial respiration was applied
to the animalsratwedlunitohhthinlykgandmisehnegiie ndyhod 16 Qdmapdieousincad nianbtaioiofHarvard
Apparatus). The airway ventilation pressure was measured by the Konzett-Roessler method using a
general respifatyyy fuadtior /Arelysis Gyistano (Mak B. 3psPridrmbtpinishiasiomef iradelylchaline or
histamine, the airway ventilation pressure was measured and baseline values were recorded. Then,
physiologicalsidine thag acknisieletdhrouvgh khidedanatid anesydadiieter BloadolumeoftBat mL/kg,
and the airway ventilation pressure was measured. Bronchoconstrictor response was induced by
administerincpaloatyicioisoda(40 mghkeh @tdom bikey) rorckistantiswa ¢ anid/Ma, Dké.ml Tkg) thrcugh the
carotid artery catheter one hour after the administration of the test compounds, and the airway
ventilation pressure @t the niaximaceontagetleorgsponte rvasaecondegd. danaoldition, Magndesr to
evaluate duration of action of the test compounds, the above-mentioned dose of acetylcholine or
histamine wascagmihigteded, ¢ hdUisHbdenss el volusiob8(hddrs)dnsbddunowis @fide/fe advhinistration
of test compounds, and the airway ventilation pressure was measured in the same way The
percentage sofisuppréssichama tévd Gestddmgburds ith resdecp toasreuairwalloontzalctlle redponse was
calculated according to the following formula. (%) Percentage of the airway constriction suppression =
(Airway vertilatiopopressmre phtesthedeihounaidosed andhacetyichbiinec arthisiaming-dlosed animals -
Baseline value) / (Airway ventilation pressure of acetylcholine- or histamine-dosed animals - Baseline
value) x 100ndomeThec80ogdnsrbitonyid8sts (HACVAUespdfthealiesidompdundsmmes anetlyzed by a
sigmoidal logistic model using XLfit4 (IDBS, Ltd.) for the percentage of the bronchoconstriction
suppressiofiaeditigrepp deyeésrop fhe testicompdusdis a MaExesipifie 8ot dunds bithlepresent
invention tested in this assay were found to have ID50 values of less than about 5mg/kg with respect
to bronchotashirtorrsépmese ddedisdcdndanoner stirfitlidiorighd\Mvgnvesperttiotbroaehdconstrictor
response due to histamine stimulation. For example, the compounds of Examples |, 48 and Example
51 were folfdtrhtve ArCLREY vaksebieds Hdh loynaswitteregpeee tdibrdAehoddmstrigtereresponse
due to acetylcholine and histamine stimulation one hour after administration of the compounds.
Further, for & bk itsigien bronenh&odtristisriss ppressisrewitisrespsketb thhaddsgsnsline
stimulation 24 hours after 25 kg/kg of the compounds were administered, it was 50% or greater, for
example, foicfséieBlipbishty &F oxivbieses. 2, ftep filgngghodMagnaybad wehast ) 5057 70, 71,
and 77. Furthermore, for the percentage of bronchoconstriction suppression with respect to the
histamine sifagtioreackisirdiarist 29 pekalof Torbsarrwalechintidsteltion wis 30wedr greater,

for example, for the compounds of Examples 1, 18, 19, 20, 23, 25, 33, 34, 35, 36, 37, 40, 41, 42, 46,
48, 51, 55, 5’6‘"}&*%8 gqntractile response was recorded for 15 minutes. After completion of

the response, they were washed with Magnus reaction liquid twice. They were
used in the experiment after the return of the contractile response to baseline was
confirmed.

A Magnus bath was filled with 4410 pL of Magnus reaction liquid, to
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[Name of Document] CLAIMS [Claim I] A quaternary ammonium salt compound represented by
general formula kl) [Chemical Formula 1] (1) wherein RI represents a hydrogen atom or an
unsubstituted C1_8 alkyl group; R2 represents a single bond, unsubstituted C1_8 alkylene or CI
_8 alkylene substituted on carbon atoms by 1 to 2 oxygen atoms, unsubstituted C24 alkenylene, or
unsubstituted -0-CIA alkylene; X represents a single bond, -0-, -CONR3-, -NR3CO-, or
-NR3CO0-0-12-0-; where R3 represents a hydrogen atom or an unsubstituted C,8 alkyl group; A
represents a single bond, unsubstituted C6_10 arylene or C6_10 arylene substituted with 1 to 4

substituentsxsgtectyl o fthe @romp £epsistiodf balegen atosT, hywlnoxXyIGEeLRinky BRERUP, Nitro
group, carboxyl group, trifluoromethyl group, unsubstituted C1,6 alkyl group, unsubst tuted C3.8

(2:ycloalky| graup s s ulktiidietd Cw Bdalkpxiye gsedingu o sUbstiitied sy ayiclaalkyloxy @ous mercapto

1

° minutes. After completion of the response, they were washed with Magnus
reaction liquid twice, and then replaced in Magnus reaction liquid again, left until
return to baseline. The Magnus bath was replaced with 4.5 mL of test compound
solution prepared at 0.01-1000 nM, followed by incubation for 3 hours. In the
presence of test compounds, 90 uL of 150 uM acetylcholine solution or of 150 uM
histamine solution was added to 4410 uL of Magnus reaction liquid, and
bronchoconstrictor response was recorded for 15 minutes (0 hours). After the
completion of the response, they were washed with Magnus reaction liquid twice,
and the Magnus bath was filled with Magnus reaction liquid again. The
contractile response due to stimulation and the washing operation were repeated
every hour for 5 hours after removal of the test compounds. The percentages of
the bronchoconstriction inhibition by the test compounds at each concentration
and at each time were calculated as mentioned above. The 50% inhibitory
concentrations (ICsq values) of the test compounds at each time were analyzed by
a sigmoidal logistic model using XLfit4 (IDBS, Ltd.) for the percentages of the
inhibition at different concentrations of the test compounds. Furthermore, the
duration of action of the test compounds was evaluated by comparing the
difference between the 1Csy values immediately after (0 hours) and 5 hours after
the removal of the test compounds. Exemplified compounds of the present
invention tested in this assay were found to retain strong suppressive action even 5

hours after the removal of the compounds, on the bronchoconstrictor response due

to acetylcholine stimulation and on the bronchoconstrictor response due to
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group, unsubstituted C1_6 alkylthio group, unsubstituted C3_8 cycloalkylthio group, amino group,
unsubst tuted mono(C _6 alkyl)amino group and unsubstituted di(C, _6 alkyl)amino group,
unsubstituted 5- to 10-membered heteroarylene or 5- to 10-membered heteroarylenc substituted with 1
to 4 substituents selected from the group consisting of halogen atom, hydroxyl group, cyano group,
nitro group, carboxyl group, trifluoromethyl group, unsubstituted C1_6 alkyl group, u n subst it uted
C3_8 cycloalkyl group, unsubstituted C1-6 alkoxy group, unsubstituted C3_8 cycloalkyloxy group,
mercapto group, unsubstituted C1_6 alkylthio group, unsubstituted C3 8 cycloalkylthio group, amino
group, unsubSHRRERF HSTRIENIB ik IRInTHEBYu NS Re BRBSEitdaame 18 %m@]fia%miri bPoup,
unsubstituted C14 alkylene-substituted or unsubstituted C6_10 arylene where the subst tue-nts of
C6_10 aryleht are Pto 3subbtittfertd-sélectdtl fiEnVHE 40P 6‘6r¥§¥ﬁn@“olf%l(§@5ﬁ A, Rydroxyl
group, cyang group, hifrg group, carboxyl group, trifluoromethyl group, unsubstituted Cji6 alkyl group,
unsubsmute*bo&fé_%%&@&%ﬁﬁ}%ﬁ?ﬁ%&{éﬁﬁ%ﬁﬁ%ﬂ K6 vakes rb 0 HSubstituted C3 8

cycloalkyloxy group, mercapto group, unsubstituted C1_6 alkylthio group, unsubstituted C3_8
cycloalkylth 6?6?}&ea8rﬁ§no group, unsubstituted mono(Clio alkyl)amino group and unsubstituted di(C,
_6 alkyl)aming.group, unsubstifuted C1-1 alkylene-substituted or unsubstituted 5- to 10-membered
heteroaryle W@n&héﬁfﬁi‘fi&ﬁf’ﬂ%’ of 5 lf){f&mgﬂ{ﬁ?é’r%ecf?h SRR ORE HR 1 10 thents
selected from the group consisting of halogen atom, hydroxyl group, cyano group, nitro group,
carboxyl gro[ﬁﬁ,str fluoromethyl group, unsubstituted C1_6 alkyl group, unsubstituted C3_8 cycloalkyl

: bstitut 1 6.alk \ bstituted C3 8 cycloalkyl ,. t ,
Cnaubsiuned C1. 6 HRGTHD Lot ChEUBE NG Lo 8 APRIGal e r U A ghogmre -

bstituted Ci 6 Hami d bstituted di(Ci _6 glk | . bst
utod C3. 5 EJETSaIRYITS 3 ) OBORSAL L BUAREAT A T 13 L0 b b CEARR rom the

group consisting of halogen and upsubstityted C16 alkyl group: R4 represents unsug ituted C1_10
b i ¥ i Ripasn

alkylene; TeRB'Qhd Y SAAT TN eyp(e)n&g%ttlflor%lgroeusne zﬁlc?é@ﬁ aom,gglgflzgr%l%sr up

unsubstitut %1 6§kl rou nitro gr -NR19R11 where R19.and R11 each independently
represent a hy l’o{gneC ! a{){'ce)?ﬁ%r gn%%%%% |f§f6e0d%2\.xfféealfﬁ)e/ gro@ﬁ? an %@ﬁ&ﬁ{&%%eﬁfe%&eﬁ OXy group,

a carboxy! qrouf SUISUBSUNIE .1 B alabonv oy 8 INKhowtgroup.a eramethy

astic
group, a mergap 0 group, or an unsu 10 group,; a and b eac endently

represent an tegeghto ie Y represents a group e resented forr?ulaﬂ(,u): OH. . Qt Jepresents
formula (Il1): [%hemlcgl Srmula 3] (I wherein = R6 érrlld% “eact Independently represent an

nsubstitutadyeded AllyLaTHRILACLAKYLA AP stbslulsA wilh | {0 sbsitugnisaeledied from the
group consisting of h:ilogen atom, hydroxy ggroup and unsubggt tuted 1_6aa OXy group, or an

Unsubstutegl (80 PhEnosyRleyl SroUR AL Goga phenErvaliorap ibaisd Wil A 4

substituents s e group consisting of halogen atom, hydroxyl group, unsu

alkyl group gngypsubstipted. (1,821 é‘yagh‘?HHé.tered._Rﬁﬁegﬁ‘rﬁé?ﬂtsa%ﬁﬂ%U%Qﬁge&x%é@ alkyl

group or a Cl 6 alkyl group substituted with 1 to 4 substithent ‘selected from the group consisting of

halogen atomidm%%(kg%mlﬁé‘ﬁo%é%Qﬁ@%‘&ﬁﬁi%{é@&‘f?xyﬂ@%iﬂ{ais were anesthetized

with an intraperitoneal administration of 33% urethane/0.8% a-chloralose at a
dose of 3mL/kg. In order to intravenously administer acetylcholine or histamine,
a catheter was inserted into the carotid artery. In order to measure artificial
respiration and airway ventilation pressure, a cannula was inserted into the trachea.
Artificial respiration was applied to the animals at a volume of 10 mL/kg and at a
frequency of 60/minute, using a ventilator (Harvard Apparatus). The airway
ventilation pressure was measured by the Konzett-Roessler method using a general

respiratory function analysis system (M.L.P.S). Prior to administration of
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any two of R5, R6 and R7 may be bound to form aring; n represents an integer of 0 to 2; and m
represents an integer of O to 3; |Ar represents a negative ion; or a pharmaceutically acceptable salt
thereof [Claim 2] The quaternary ammonium salt compound or pharmaceutically acceptable 254 salt
thereof according to Claim 1, wherein R2, X, and Al arc any of the following (i) to (iv): () R2
represents a single bond, C1.4 alkylene substituted on a carbon atom by an oxygen atom,
unsubstituted C1A alkylene, or unsubstituted -0-C1.4 alkylene; X represents -0-; Al represents a single
bond or unsubstituted phenylene, (i) R2 represents unsubstituted CIA alkylene, unsubstituted
C24 alkenylaneythohsgbstititetatkylenehX aapregentatiGCANR Predduapresentscassirggledmind,
unsubstituted phenylene, unsubstituted C1_4 alkylene-unsubstituted phenylene, or unsubstituted
C6_8 cyclodlkytéme, valuefiimwREcrepreséads unsubstipiigdiddiallykeraeX wapresenitsisRICO- or
-NR3CO-C112-0-; Al represents unsubstituted phenylene, and (iv) R2, X, and Al represent a
single bondthrough the carotid artery catheter at a volume of 0.4 mL/kg, and the airway

ventilation pressure was measured. Bronchoconstrictor response was induced by
administering acetylcholine (40 pg/kg, 0.4 mL/kg) or histamine (15 pg/kg, 0.4
mL/kg) through the carotid artery catheter one hour after the administration of the
test compounds, and the airway ventilation pressure at the maximum contractile
response was recorded. In addition, in order to evaluate duration of action of the
test compounds, the above-mentioned dose of acetylcholine or histamine was
administered, 1 hour, 6 hours, 12 hours, 18 hours, and 24 hours after the
administration of test compounds, and the airway ventilation pressure was

measured in the same way. The percentage of suppression by the test compounds

i1

with respect to the airway contractile response was calculated according to t

(@]

following formula.
(%) Percentage of the airway constriction suppression = (Airway ventilation
pressure of test compound-dosed and acetylcholine- or histamine-dosed animals -
Baseline value) / (Airway ventilation pressure of acetylcholine- or
histamine-dosed animals - Baseline value) x 100

The 50% inhibitory doses (IDsy values) of the test compounds were
analyzed by a sigmoidal logistic model using XLfit4 (IDBS, Ltd.) for the
percentage of the bronchoconstriction suppression at different doses of the test
compounds.

Exemplified compounds of the present invention tested in this assay were

found to have IDsy values of less than about 5Sug/kg with respect to
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[Claim 3] The quaternary ammonium salt compound or pharmaceutically acceptable salt thereof
according to Claim 1, wherein R2, X, Al, and R4 are any of the following (v) to (xviii): (v) R2
represents a single bond; X represents -0-; Al represents a single bond; R4 represents unsubst tuted
C1.10 alkylene, (vi) R2 represents unsubstituted C14 alkylene or C1_8 alkylene substituted on a
carbon atom by an oxygen atom; X represents -0-; Al represents a single bond; R4 represents
unsubstituted C1_10 alkylene, (vii) R2 represents unsubstituted Cl_g alkylene; X represents -0-;
represents unsubstituted phenylene-; R'4 represents unsubstituted C14 alkylene, (viii) R2
represents tanehoigstitited @ideatkytenatux toprestrichodn\b166! agiore sedtsvithstiypritcitad
phenylene; R4 represents unsubstituted CIA alkylene, (iX) R2 represents unsubstituted C14
alkylene; X beprebeams sCONR3sspd neprelents alsitigteibong iiRdlatiprese st upsubgtieutédeC1-8
alkylene, (x) R2 represents unsubstituted C14 alkylene; x represents -CONR3-: Al represents
unsubstituted @pduakkyieh&msplestitutéd phéfpens R repeesdatndrisurstiiuted Xxnavalingene,

(xi) R2 represents unsubstituted CIA alkylene; X represents -CONR--; A represents unsubstituted C68
eyeloalkylené; Ravepheseris gikgubsiiuten ©edt alkylerrenchocoggifiRorremasents uhsubstituted CIA
alkylene; X represents -CONRS3- Al represents unsubstituted phenylene; R4 represents unsubstituted
C14 alkylerfsetylehpliiifeR2nd drissemis ensiibstiatied -0nc 1paikése; o reipistetien CONRS-; A’
represents unsubstituted pnenylene; R4 represents unsubstituted CIA alkylene, (xiv) R2
represents GpBUSStdsed C24 alkenylene; X represents -CONR3-; Al represents unsubstituted

phenytene; R4 represents unsubstituted C14 alkylene,
Further, for the percentage of bronchoconstriction suppression with

respect to the acetylcholine stimulation 24 hours after 25 pg/kg of the compounds
were administered, it was 50% or greater, for example, for the compounds of
Examples 1, 2, 6, 12, 18, 19, 20, 25, 34, 36, 46, 48, 51, 55, 57, 70, 71, and 77.
Furthermore, for the percentage of bronchoconstriction suppression with
respect to the histamine stimulation 6 hours after 25 pg/kg of compounds were
administered, it was 30% or greater, for example, for the compounds of Examples

1, 18, 19, 20, 23, 25, 33, 34, 35, 36, 37, 40, 41, 42, 46, 48, 51, 55, 56, and 71.
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(xv) R2 represents unsubstituted C24 aikenylene; X represents -CONR3-; Al represents unsubstituted
CIA alkylene-unsubstituted phenylene; R4 represents unsubstituted C,4 alkylene, (xvi) R2
represents unsubstituted CIA alkylene; X represents -NR3CO-; Al represents unsubstituted phenylene;
R4 represents unsubstituted Q alkylene, (xvii) R2 represents unsubstituted C14 alkylene; X
represents -NR3CO-CH2-0-; Al represents unsubstituted phenylene; R4 represents unsubstituted Cl
_4 alkylene, and (xvii) R2 represents a single bond; X represents a single bond; Al represents
a single bond; R4 represents unsubstituted C1_8 alkylene. [Claim 4] The quaternary ammonium
salt compouhd e piddoraceetidally. A¢déptable salt thereof according to Claim 1, wherein R2is
unsubstituted CI alkylene or C1.6 alkylene substituted on a carbon atom by an oxygen atom, or
unsubstitut¢@l0aC 14 alkylene; X is -CONRS3- or -NR3CO-CH2-0-; Al is unsubstituted C6_10
arylene or 5- to 10-membered heteroarylene, or C6-10 arylene or 5- to 10-membered heteroarylene
substituted with 1 toA3g@uistituentssslecied fseth thengroud cepsisting: of halggendtdorphyidroxyl
group, unsubstituted CI A alkyl group, unsubstituted C1.4 a Ikoxy group and trifluoromethyl group; and
R4 is unsuldjituted C1.6 alky-lene. [Claim 5] The quaternary ammonium salt compound or
pharmaceutically acceptable salt thereof according to Claim 1, wherein R2 is unsubstituted C1_6
alkylene; [Chemical Formula 1]

(R, DY
o) \/\\ A /N\/\Y
et
Q\O N 7
1
R = '__(RQ)
- \ U b
W (1)
wherein

R' represents a hydrogen atom or an unsubstituted C,_g alkyl group;

R’ represents a single bond, unsubstituted C, . alkylene or C;3 alkylene
substituted on carbon atoms by 1 to 2 oxygen atoms, unsubstituted C, 4 alkenylene,
or unsubstituted -O-C;_4 alkylene;

X represents a single bond, -O-, -CONR?-, -NR*CO-, or -NR*CO-CH,-0O-;
where R? represents a hydrogen atom or an unsubstituted C,.s alkyl group;

Al represents a single bond, unsubstituted Cg.1¢ arylene or Ce.jp arylene
substituted with 1 to 4 substituents selected from the group consisting of halogen
atom, hydroxyl group, cyano group, nitro group, carboxyl group, trifluoromethyl
group, unsubstituted C; alkyl group, unsubstituted Csg cycloalkyl group,

unsubstituted C;.¢ alkoxy group, unsubstituted C;_g cycloalkyloxy group, mercapto
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Xis -CONR3-; Al is unsubstituted phenylene or naphthylene, or phenylene or naphthylene
substituted with 1 to 4 substituents selected from the group consisting of halogen atom, hydroxyl
group, unsubstituted C1.4 alkyl group, unsubstituted C14 alkoxy group and trihalomethyl group; and
R4 is unsubstituted C1.6 alkylene. [Claim 6] The quaternary ammonium salt compound or
pharmaceutically acceptable salt thereof according to Claim 1, wherein R2 is unsubstituted Ci_6
alkylene; X is -CONH-; Al is unsubstituted phenylene or phenylene substituted with 1 to 2
substituents selected from the group consisting of halogen and methoxy group; and R4 is
unsubstitutegddup, GatkptenatdC@im alkylthiol Beogpatarnssyt anesdoOium salbd SIPReNgrotp,
pharmaceutically acceptable salt thereof according to any one of Claims 1 to 6, wherein R1 represents
a hydrogenatono amnop repsesetitatad ntegeCof, QI AaimMiB) groud baduadieblary@maioium salt
compound or pharmaceutically acceptable salt thereof according to Claim 7, wherein Q is a group
representech iy [fainemicairtbopmmulasdpstituted 5- to 10-membered heteroarylene or 5- to
10-membered heteroarylene substituted with 1 to 4 substituents selected from the
group consisting of halogen atom, hydroxyl group, cyano group, nitro group,
carboxyl group, trifluoromethyl group, unsubstituted C;¢ alkyl group,
unsubstituted Cj.3 cycloalkyl group, wunsubstituted C; alkoxy group,
unsubstituted Cs cycloalkyloxy group, mercapto group, unsubstituted C;.¢
alkylthio group, unsubstituted C;gs cycloalkylthio group, amino group,
unsubstituted mono(C;.¢ alkyl)amino group and unsubstituted di(C;.¢ alkyl)amino
group, unsubstituted C,.4 alkylene-substituted or unsubstituted Cq.1( arylene where
the substituents of Cq.19 arylene are 1 to 3 substituents selected from the group
consisting of halogen atom, hydroxyl group, cyanc group, nitro group, carboxyl
group, trifluoromethyl group, unsubstituted C;.s alkyl group, unsubstituted Cj;g
cycloalkyl group, unsubstituted C;, alkoxy group, unsubstituted Csg
cycloalkyloxy group, mercapto group, unsubstituted C; alkylthio group,
unsubstituted Cs.g cycloalkylthio group, amino group, unsubstituted mono(Cj.¢
alkyl)amino group and unsubstituted di(C;.¢ alkyl)amino group, unsubstituted C; 4
alkylene-substituted or unsubstituted 5- to 10-membered heteroarylene where the
substituents of 5- to 10-membered heteroarylene are 1 to 3 substituents selected
from the group consisting of halogen atom, hydroxyl group, cyano group, nitro
group, carboxyl group, trifluoromethyl group, unsubstituted C; alkyl group,

unsubstituted Cs.3 cycloalkyl group, unsubstituted C;, alkoxy group,

unsubstituted Cs3 cycloalkyloxy group, mercapto group, unsubstituted Ci.
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wherein R6 and R7 each independently represent a methyl group or a phenoxyethyl group, n
represents an integer of 1, and m represents an integer of 0. [Claim 9] The quaternary
ammonium salt compound or pharmaceutically acceptable salt thereof according to Claim 7, wherein
Q is a group represented by [Chemical Formula 5] wherein le and R7 represent a methyl group.
[Claim 10] The quaternary ammonium salt compound or pharmaceutically acceptable salt thereof
according to any one of Claims 1 to 9, wherein Y is

alkylthio group, unsubstituted Csgs cycloalkylthio group, amino group,

unsubstituted mono(C,.¢ alkyl)amino group and unsubstituted di(C;.¢ alkyl)amino

group, or unsubstituted C;_g cycloalkylene or Cs.5 cycloalkylene substituted with 1

to 3 substituents selected from the group consisting of halogen and unsubstituted

Ci.6 alkyl group;

R* represents unsubstituted C;.jo alkylene;

R* and R’ each independently represent a halogen atom, a cyano group, an
unsubstituted C;.s alkyl group, a nitro group, -NR'R'" where R'® and R'' each
independently represent a hydrogen atom or an unsubstituted C;.¢ alkyl group, an
unsubstituted C,;. alkoxy group, a carboxyl group, an unsubstituted C;
alkoxycarbonyl group, a hydroxyl group, a trifluoromethyl group, a mercapto
group, or an unsubstituted C,_¢ alkylthio group;

a and b each independently represent an integer of 0 to 3;

Y represents a group represented by formula (II):

[Chemical Formula 2];

; , e 0
S~ NHCHO £ __~_NHSOMe 7zt A~

OH OH
/ /! T O
™ el "’\";| o s o (
‘C@ , NH

OH Q N>=O S~
H

OH or

OH

Q represents formula (I1I):

[Chemical Formula 3]
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[Chemical Formula 6]. [Claim 11] A medicinal composition comprising acceptable salt thereof
according to any pharmaceutically acceptable carrier [Claim 12] a compound or a pharmaceutically
One of Claims 1to 10 and a A medicinal composition having 132 adrenergic receptor agonist
activity and muscarinic receptor antagonist activity, comprising a compound or a pharmaceutically
acceptable salt thereof according to any one of Claims 1 to 10 as an active ingredient. [Claim 13]

A preventive or therapeutic agent for a pulmonary disease comprising a compound or a
pharmaceutically acceptable salt thereof according to any one of Claims 1 to 10 as an active
ingredient. [Claim 14] The preventive or therapeutic agent comprising a compound or a
pharmaceutically accepta %saltt eof as an active ingredient accordlng to Claim 13, wherein the
pulmonary disease is chr c\ob§t ctive pulmofary dlgease or asthma

or

(111)

wherein

R® and R” each independently represent an unsubstituted Cy.¢ alkyl group
or a Ci alkyl group substituted with 1 to 4 substituents selected from the group
consisting of halogen atom, hydroxyl group and unsubstituted C,¢ alkoxy group,
or an unsubstituted Cs.jp phenoxyalkyl group or a Cg.p phenoxyalkyl group
substituted with 1 to 4 substituents selected from the group consisting of halogen
atom, hydroxyl group, unsubstituted Ci_¢ alkyl group and unsubstituted C,_4 alkoxy
group;

R’ represents an unsubstituted C,. alkyl group or a Ci, alkyl group
substituted with 1 to 4 substituents selected from the group consisting of halogen
atom, hydroxyl group and unsubstituted C, ¢ alkoxy group; or

any two of R°, R® and R” may be bound to form a ring;

n represents an integer of 0 to 2; and

m represents an integer of 0 to 3;

W’ represents a negative ion;

or a pharmaceutically acceptable salt thereof.

[Claim 2]
The quaternary ammonium salt compound or pharmaceutically acceptable
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salt thereof according to Claim 1, wherein R?, X, and A! are any of the following
(1) to (iv):

(i) R? represents a single bond, C;4 alkylene substituted on a carbon atom
by an oxygen atom, unsubstituted C, s alkylene, or unsubstituted -O-C; 4 alkylene;
X represents -O-; A' represents a single bond or unsubstituted phenylene,

(i1) R? represents unsubstituted C;.4 alkylene, unsubstituted Cj.4
alkenylene, or unsubstituted -O-C;4 alkylene; X represents -CONR?-; A
represents a single bond, unsubstituted phenylene, unsubstituted C.4
alkylene-unsubstituted phenylene, or unsubstituted Cq.3 cycloalkylene,

(iii) R* represents unsubstituted C,.4 alkylene; X represents -NR*CO- or
-NR’CO-CH,-0O-; A' represents unsubstituted phenylene, and

(iv) R%, X, and A' represent a single bond.

[Claim 3]

The quaternary ammonium salt compound or pharmaceutically acceptable
salt thereof according to Claim 1, wherein R?, X, A', and R* are any of the
following (v) to (xviii):

(v) R? represents a single bond; X represents -O-; A' represents a single
bond; R* represents unsubstituted C;.jo alkylene,

(vi) R? represents unsubstituted C; g alkylene or C;.g alkylene substituted
on a carbon atom by an oxygen atom; X represents -O-; A' represents a single
bond; R* represents unsubstituted C;_jo alkylene,

(vii) R* represents unsubstituted C,s alkylene; X represents -O-; A'
represents unsubstituted phenylene-; R* represents unsubstituted C;_4 alkylene,

(viii) R? represents -O-unsubstituted C;4 alkylene; X represents -O-; A'
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represents unsubstituted phenylene; R* represents unsubstituted C;.4 alkylene,

(ix) R represents unsubstituted C;4 alkylene; X represents -CONR’-; A'
represents a single bond; R* represents unsubstituted C,.g alkylene,

(x) R? represents unsubstituted C;4 alkylene; X represents -CONR’-; A'
represents unsubstituted Ci4 alkylene-unsubstituted phenylene; R* represents
unsubstituted C; .4 alkylene,

(xi) R? represents unsubstituted C;4 alkylene; X represents -CONR*-; A!
represents unsubstituted Cgs cycloalkylene; R' represents unsubstituted Ci.4
alkylene,

(xii) R* represents unsubstituted C4 alkylene; X represents -CONR®-; A!
represents unsubstituted phenylene; R* represents unsubstituted C;.4 alkylene,

(xiii) R? represents unsubstituted -O-C; 4 alkylene; X represents -CONR’-;
represents unsubstituted phenylene; R represents unsubstituted C; 4 alkylene,

(xiv) R represents unsubstituted C,.4 alkenylene; X represents -CONR?-;
A' represents unsubstituted phenylene; R represents unsubstituted C,4 alkylene,

(xv) R? represents unsubstituted C,.4 alkenylene; X represents -CONR?-;
A' represents unsubstituted C;.4 alkylene-unsubstituted phenylene; R* represents
unsubstituted C; 4 alkylene,

(xvi) R? represents unsubstituted C,.4 alkylene; X represents -NR*CO-; A'
represents unsubstituted phenylene; R* represents unsubstituted C 4 alkylene,

(xvii) R’ represents unsubstituted C;.4 alkylene; X represents
-NR’CO-CH,-0-; A' represents unsubstituted phenylene; R* represents
unsubstituted C; 4 alkylene, and

(xviii) R? represents a single bond; X represents a single bond; Al
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represents a single bond; R* represents unsubstituted C;.s alkylene.
[Claim 4]

The quaternary ammonium salt compound or pharmaceutically acceptable
salt thereof according to Claim 1, wherein

R? is unsubstituted Ci1. alkylene or Cy alkylene substituted on a carbon
atom by an oxygen atom, or unsubstituted -O-C; 4 alkylene;

X is -CONR’- or -NR’CO-CH,-0-;

Al is unsubstituted Ce-10 arylene or 5- to 10-membered heteroarylene, or
Cs.10 arylene or 5- to 10-membered heteroarylene substituted with 1 to 3
substituents selected from the group consisting of halogen atom, hydroxyl group,
unsubstituted C;4 alkyl group, unsubstituted C;4 alkoxy group and
trifluoromethyl group; and

R* is unsubstituted C 4 alkylene.

[Claim 5]

The quaternary ammonium salt compound or pharmaceutically acceptable
salt thereof according to Claim 1, wherein

R’ is unsubstituted C;.¢ alkylene;

X is -CONR’-;

A' is unsubstituted phenylene or naphthylene, or phenylene or
naphthylene substituted with 1 to 4 substituents selected from the group consisting
of halogen atom, hydroxyl group, unsubstituted C;4 alkyl group, unsubstituted
C;.4 alkoxy group and trihalomethyl group; and

R* is unsubstituted C;.¢ alkylene.

[Claim 6]
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The quaternary ammonium salt compound or pharmaceutically acceptable
salt thereof according to Claim 1, wherein

R’ is unsubstituted C, alkylene;

X is -CONH-;

A' is unsubstituted phenylene or phenylene substituted with 1 to 2
substituents selected from the group consisting of halogen and methoxy group; and

R* is unsubstituted Ci.¢ alkylene.
[Claim 7]

The quaternary ammonium salt compound or pharmaceutically acceptable
salt thereof according to any one of Claims 1 to 6, wherein R' represents a
hydrogen atom and a represents an integer of 0.

[Claim 8]
The quaternary ammonium salt compound or pharmaceutically acceptable

salt thereof according to Claim 7, wherein Q is a group represented by

[Chemical Formula 4]

wherein
R® and R’ each independently represent a methyl group or a phenoxyethyl
group,
n represents an integer of 1, and

m represents an integer of 0.
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[Claim 9]

The quaternary ammonium salt compound or pharmaceutically acceptable
salt thereof according to Claim 7, wherein Q is a group represented by
[Chemical Formula 5]

OR7

X
N
T

wherein R and R’ represent a methyl group.

7
/R
§ 1N+
/
R6

r

[Claim 10]

The quaternary ammonium salt compound or pharmaceutically acceptable

7

salt thereof according to any one of Claims 1 to 9, wherein Y is

[Chemical Formula 6].

O
74
P NH
OH
[Claim 11]

A medicinal composition comprising a compound or a pharmaceutically
acceptable salt thereof according to any one of Claims 1 to 10 and a
pharmaceutically acceptable carrier.

[Claim 12]
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A medicinal composition having B2 adrenergic receptor agonist activity
and muscarinic receptor antagonist activity, comprising a compound or a
pharmaceutically acceptable salt thereof according to any one of Claims 1 to 10 as
an active ingredient.

[Claim 13]

A preventive or therapeutic agent for a pulmonary disease comprising a
compound or a pharmaceutically acceptable salt thereof according to any one of
Claims 1 to 10 as an active ingredient.

[Claim 14]

The preventive or therapeutic agent comprising a compound or a
pharmaceutically acceptable salt thereof as an active ingredient according to
Claim 13, wherein the pulmonary disease is chronic obstructive pulmonary disease

or asthma.
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