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DESCRIPTION
PYRIDINE DERIVATIVE

TECHNICAL FIELD

[0001] The present invention relates to a noveidiye derivative or a salt thereof which is
useful as a pharmaceutical, specifically a pharnnécad for treating nocturia, and to a
pharmaceutical containing such a compound as areaogredient.

BACKGROUND ART

[0002] Nocturia is a lower urinary tract symptonfided as "the complaint that the
individual has to wake at night one or more tineesdid" (Neurourol Urodyn 2002; 21: 167-
178). Nocturia prevalence increases with age @ 2010; 184: 440-446), and major
patients with nocturia are older adults. It impajuality of life (QOL) in that it disrupts
sleep (Eur Urol 2010; 57: 488-498) and increasssaf fracture. Causes of nocturia are
global polyuria, nocturnal polyuria, reduced bladcpacity, and sleep disorders, but in
many patients nocturia is considered to be mutiigal (Eur Urol 2012; 62: 877-890).
Nocturnal polyuria is defined as nocturnal urinéunee greater than 33% of the 24-hour
urine volume and is present in about 80% of theeptd with nocturia (J Urol 2011; 186:
1358-1363).

[0003] Arginine-vasopressin (hereinafter, abbreadeds AVP) is an antidiuretic hormone
that is biosynthesized and secreted in the hypathialpituitary gland axis, and is a peptide
consisting of nine amino acids. AVP receptorsdassified into three subtypes: V1a, V1b,
and V2. Known major pharmacological actions of AviRhe periphery are
vasoconstriction through the V1a receptor, anddangsis through the V2 receptor. AVP
acts on the renal tubules to promote renal watdrs@rption, decreasing the urine volume.
For this reason, decreased nocturnal AVP secretitthage is assumed to be a cause of
increased nocturnal urine volume (J Int Med 192B:231-134, BJU Int 2004; 94: 571-
575).

[0004] Stimulation of the V2 receptor is expectedmprove nocturia. Desmopressin
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(hereinafter, abbreviated as dDAVP) is a seledi@egeceptor agonist used for treating
patients with nocturia, and is reported to decreasturnal urine volume and the number of
nocturnal voids, resulting in an increased duratibmitial undisturbed sleep (J Urol 2013;
190: 958-964, and J Urol 2013; 190: 965-972). dnfmately, V2 receptor agonists
theoretically induce fluid retention and increais&s of hyponatremia. It is reported that
V2 receptor agonists should be administered withica and monitoring of serum sodium
level to older adults who are the majority of patsewith nocturia (Neurourol urodyn 2004;
23: 302-305).

[0005] Placental leucine aminopeptidase (hereinadtabreviated as P-LAP) is an enzyme
that degrades L-leucing@naphthylamide, oxytocin, and AVP (Arch Biochem Bliys 1992;
292: 388-392), and was cloned as an aminopeptmaR®qgi et al. in year 1996 (J Biol
Chem 1996; 271: 56-61). The insulin-regulated apéptidase (hereinafter, abbreviated as
IRAP) cloned by Keller et al. from rat epididymat pads has homology of 87% to human P-
LAP. The IRAP is subsequently suggested to ben@napeptidase that cleaves AVP and
reported to be a rat homolog of human P-LAP (J Bioém 1995; 270: 23612-23618, Am J
Physiol Endocrinol Metab 2007; 293: E1092-E1102)ngiotensin IV (AT,) receptor
isolated from bovine adrenal is also suggesteatarblRAP as a result of biochemical and
pharmacological studies (J Biol Chem 2001; 276283@8626).

[0006] Experiments using P-LAP knockout mice intkcthat administration of AVP in
wild type mice and P-LAP knockout mice results inai reduction of 24-h urine volume in
P-LAP knockout mice, although no significant difface is observed in the 24-h urine
volume between the wild type and P-LAP knockouteamiclt suggests the possible
involvement of P-LAP in regulation of the urine uoie through degradation of AVP (NPL
1).

[0007] Compounds represented by Formula (A) belmweported to be IRAP inhibitors
useful as a therapeutic agent for dementia ancetkapand the like (PTLs 1 and 2).

[0008]



[Formula 1]

(A)
wherein X is O, NR’ or S, and other symbols arergsf as in PTLs 1 and 2.

[0009] Tripeptide analogs of A/with 13- to 14-membered ring structure exhibitsedbent
IRAP inhibitory activity (NPL 2).
[0010] However, no antidiuretic agent or therapeatents for nocturia based on a
mechanism mediated by P-LAP (or IRAP) has beenrtego
[0011] Under such circumstances, there exists faeal safe antidiuretic agent that is
suitable for treating nocturia.
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SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0014] The present invention provides a compouradulss an active ingredient of a
pharmaceutical composition, specifically a pharméical composition for treating nocturia.
SOLUTION TO PROBLEM
[0015] The inventors have assumed that inhibitibnaxturnal activity of P-LAP, i.e.
aminopeptidase that cleaves AVP, would maintairi@ridcrease an endogenous AVP level

to enhance the antidiuretic effect, which wouldtdbuote to a decreased number of nocturnal
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voids, and have extensively studied compounds wihigibit P-LAP (including rat IRAP, a
homolog of human P-LAP).

[0016] As aresult, the inventors have found thebmpound represented by Formula (1)
below has excellent P-LAP inhibitory activity. Theentors have evaluated antidiuretic
effects in water-loaded rats and have found trettmpound represented by Formula (1)
increases endogenous AVP levels by inhibiting P-lahE consequently reduces urine
production. Based on such findings, the invenbangee accomplished the present invention.
[0017] The present invention relates to a compaepdesented by Formula (I) or a salt
thereof, and a pharmaceutical composition compyitgie compound represented by Formula
(I) or a salt thereof and an excipient:

[0018] [Formula 2]

1
P 2 X—R

OR 2

(1
wherein, X is O, S or NR

R*is H, lower alkyl which optionally has one to figabstituents selected from the
Group G, Cs.1» cycloalkyl which optionally has one to five sulbséints selected from the
Group G, -(lower alkylene)-(G.12 cycloalkyl) which optionally has one to five subsents
selected from the Group?G-C(O)-(lower alkyl which optionally has one todi substituents
selected from the Group™z -C(0)-(Gs.12 cycloalkyl which optionally has one to five
substituents selected from the Grouf),®r -C(O)-(lower alkylene)-(€.» cycloalkyl which
optionally has one to five substituents selectethfthe Group &, or R* forms together with
neighboring -NR, as -NRR* a 4- to 8-membered nitrogen-containing saturagdrocyclic
group, wherein the nitrogen-containing saturatderoeyclic group may be condensed with
a benzene ring and optionally has one to five $tulssits selected from the Grouf;G

R is H, G.10alkyl which optionally has one to five substitueselected from the
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Group G, -(lower alkylene)-X*(lower alkyl which optionally has one to five stihsents
selected from the Group'z R™, -(lower alkylene)-&., -(lower alkylene)-X-R',
or -(lower alkylene)-X'-(lower alkylene)-R";

R?s are the same or different from each other, ardHa lower alkyl which
optionally has one to five substituents selectethfthe Group & halogen, OH, SH, -O-
(lower alkyl), -O-(lower alkylene)-aryl, -O-arylS-(lower alkyl), -S-(lower alkylene)-
aryl, -S-aryl, -O-(lower halogenoalkyl), -C(O)-(lewalkyl), -S(O)-(lower alkyl), -S(O)-
(lower alkyl), NG, -NH,, -NH-(lower alkyl), -N(lower alkyl), -NH-aryl, -N(lower alkyl)-
aryl, -C(O)OH, -C(O)O-(lower alkyl), -CHO, -C(O)NH-C(O)NH-(lower
alkyl), -C(O)N(lower alkyl}, CN, -(lower alkylene)-X:-(lower alkyl which optionally has
one to five substituents selected from the Groljp Gs.1- cycloalkyl which optionally has
one to five substituents selected from the Gro@pGa. cycloalkenyl which optionally has
one to five substituents selected from the Gro@ar@l which may be condensed with a
benzene ring optionally having one to four substits selected from the Group, @ryl
which optionally has one to five substituents seleédrom the Group & -(lower alkylene)-
R?! -(lower alkylene)-¥-R?, or -(lower alkylene)-X-(lower alkylene)-R";

R®is R -(lower alkylene)-X-R*, -(lower alkenylene)-¥-R*? R*, -(lower
alkylene)-R?, -(lower alkylene)-X:-R*, -(lower alkylene)-X-(lower alkylene)-R’, -(lower
alkenylene)-R', -(lower alkynylene)-&, or -CH=(saturated monocyclic heterocycle);

X X?*and X" are the same or different from each other, an®ave S(O),
whereinnis 0, 1, or 2;

R" R and R' are the same or different from each other, andCarecycloalkyl
which optionally has one to five substituents selédrom the Group & Cs 1, cycloalkenyl
which optionally has one to five substituents selédrom the Group &and which may be
condensed with a benzene ring optionally havingtorfeur substituents selected from the
Group G, aryl which optionally has one to five substitieselected from the Group’ Gr
mono- or bi-cyclic heterocyclic group which optidigdnas one to five substituents selected

from the Group &
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R*is Cy.10 alkyl which optionally has one to five substituieselected from the
Group G, lower alkenyl which optionally has one to fivébstituents selected from the
Group G, or lower alkynyl which optionally has one to figabstituents selected from the
Group G;

R”is H or an ester group and R H; or K and R are linked to each other to form,
together with -O-C(=0)-C-O- to which they are alted, 2,2-di(lower alkyl)-4-oxo-1,3-
dioxolane-5,5-diyl;

if R is C.10 alkyl which is optionally substituted by one tedihalogens, -X-Ris
optionally linked to any one of % attached to a pyridine ring to which -X-R also
attached, to constitute a group represented byaeyf formulae -%(CHy)m-Y-, -X"-
CH=CH-, -X*-CH=N-, and -¥-N=CH-, and form a heterocycle condensed with yréme
ring, wherein m is an integer of 1 to 3 X O, S or NH, Y is Chl O, S or NH, and the
heterocycle optionally has one to four substitueetected from the group consisting of:
Cs.12 cycloalkyl which optionally has one to five suliséints selected from the Group
G -(lower alkylene)-(G.1- cycloalkyl which optionally has one to five sulbséints selected
from the Group &; and the substituents defined in the GrodpiGreplacement of one or
more H atoms attached to the ring atom(s) of therbeycle;

-X-R' is optionally linked to Rto form a group represented by formula -%(€
carbon chain)-, wherein the; G carbon chain optionally has one to two O or S atom
replacement of C atom(s), optionally has one te timsaturated bonds, and optionally has
one to five substituents selected from the Grofip G

Group G consists of halogen, OH, SH, -O-(lower alkyl), d@wer alkylene)-
aryl, -O-aryl, -S-(lower alkyl), -S-(lower alkyleparyl, -S-aryl, -O-(lower
halogenoalkyl), -C(O)-(lower alkyl), -C(O)-aryl, (8),-(lower alkyl), -S(O)-(lower alkyl),
NO,, -NH,, -NH-(lower alkyl), -N(lower alkyl), -NH-aryl, -N(lower alkyl)-
aryl, -C(O)OH, -C(O)O-(lower alkyl), -CHO, -C(O)NH-C(O)NH-(lower
alkyl), -C(O)N(lower alkyl}, -C(O)NH-aryl, and CN;

Groups G and G consist of the substituents in the Group IBwer alkyl which
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optionally has one to five substituents selectethfthe Group & -O-(G,.5 alkylene)-O-, and
-O-(Cs4 alkylene)-;

Group G consists of the substituents in the Grodpaéd lower alkyl which
optionally has one to five substituents selectethfthe Group & and

Group G consists of: i) the substituents in the Groupii} lower alkyl, lower
alkenyl and lower alkynyl, each of which optiondilgts one to five substituents selected
from the Group & iii) -(lower alkylene)-O-(lower alkyl, lower alkeyl or lower alkynyl,
which optionally has one to five substituents selédrom the Group 8; iv) Cs.1»
cycloalkyl, and G.;2 cycloalkenyl which may be condensed with a benzrgeoptionally
having one to four substituents selected from theu@ G, the G.1, cycloalkyl and the €15
cycloalkenyl optionally have one to five substitteeselected from the Groug: &) aryl
which optionally has one to five substituents seléérom the Group & vi) mono- or bi-
cyclic heterocyclic group which optionally has dodive substituents selected from the
Group G vii) -(lower alkylene)-R; viii) -(lower alkylene)-O-R: ix) -C(O)-RC; x) -C(0)-O-
R®: xi) -C(O)-O-(lower alkylene)-R and xii) -S(0)-R®, wherein K’s are the same or
different from each other, and are fzcycloalkyl which optionally has one to five
substituents selected from the Grouf Gs.1» cycloalkenyl which optionally has one to five
substituents selected from the GroupaBd which may be condensed with a benzene ring
optionally having one to four substituents seledteth the Group & aryl which optionally
has one to five substituents selected from the B@hior a mono- or bi-cyclic heterocyclic
group which optionally has one to five substituesgtected from the Group®G
[0019] As used herein, if a symbol used in a chahfmrmula is also used in other
chemical formula, identical symbols have the sagfaiion, unless otherwise specified.
[0020] The present invention also relates to amlaeutical composition comprising the
compound represented by Formula (I) or a salt tiereThe pharmaceutical composition
encompasses an agent for treating nocturia. Tésept invention also relates to a
pharmaceutical composition comprising the compaepdesented by Formula (1) or a salt

thereof and an excipient.
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[0021] The present invention also relates to usd@tompound represented by Formula
(I) or a salt thereof for production of a pharmawal composition for treating nocturia, use
of the compound represented by Formula (I) or etkateof for treating nocturia, the
compound represented by Formula (I) or a salt tidoe treating nocturia, and a method of
treating nocturia comprising administering to ajsaban effective amount of the compound
represented by Formula () or a salt thereof. #exduherein, "subject” is a human or non-
human animal in need of a preventive or therapdrgatment, and in one embodiment, a
human in need of the preventive or therapeutidrireat.

ADVANTAGEOUS EFFECTS OF INVENTION

[0022] The compound represented by Formula (I) salathereof has inhibitory activity
against P-LAP, i.e. the AVP-metabolizing enzyme] araintains and/or increases an
endogenous AVP level to reduce urine productionuchSa compound thus is expected to be
used as an agent for treating nocturia, and isedpected to be used as an agent for treating
any other voiding dysfunction or polyuria assoadiatgth a decreased AVP level, such as
pollakiuria, urinary incontinence, and nocturnaliessis.

BRIEF DESCRIPTION OF DRAWINGS

[0023] Fig. 1 is a graph showing temporal changagine volumes of individual groups in
the pharmacological test (4): antidiuresis testantinuously hydrated rats with additional
water loading. The vertical axis represents uwinleme (mL/30 min) and the horizontal
axis represents elapsed time (hr) from the admatist of the test compound. Groups
represented by "...+Water" are water-loaded groug$e arrows in the horizontal axis
represent the time points of additional water-logdi

DESCRIPTION OF EMBODIMENTS

[0024] Hereinafter, the present invention will esdribed in detail.

[0025] In the present specification, the "lowengilks a straight or branched alkyl having
one to ten carbon atoms (hereinafter, abbrevieged.@). In one embodiment, the lower
alkyl is a straight or branched galkyl, specifically, methyl, ethyl, n-propyl, isapyl, n-
butyl, isobutyl, sec-butyl, tert-butyl, isopentidphexyl, isoheptyl, isooctyl, 3-ethylpentyl, 4-
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ethylhexyl, 4-ethylheptyl, n-hexyl, hexan-2-yl, 4ethylpentan-2-yl, 2,2-dimethylpropyl, 3,3-
dimethylpentyl or 3,3-dimethylbutyl. The lower glks, in one embodiment, a,G alkyl;

in one embodiment, methyl, ethyl, n-propyl, isopfipp-butyl, isobutyl, sec-butyl or tert-
butyl; and in one embodiment, methyl or ethyl.

[0026] The "G.1palkyl" in the definition of Rand R is a straight or branched . alkyl in
the above defined "lower alkyl". The {@ alkyl" of R is, in one embodiment, methyl, n-
hexyl, hexan-2-yl, 4-methylpentan-2-yl, 3,3-dimdgentyl or 3,3-dimethylbutyl. The
"Cr.10alkyl" of R%is, in one embodiment, a branched:§alkyl; in one embodiment,
isobutyl, isopentyl, isohexyl, 2,2-dimethylpropyl 8-ethylpentyl; and in one embodiment,
isobutyl.

[0027] The "lower alkenyl" is a straight or brandh@.g alkenyl; specifically, vinyl,
propenyl, butenyl, pentenyl, 1-methylvinyl, 1-mdtRypropenyl, 2-methyl-1-propenyl, 1,3-
butadienyl, 3-methyl-1,3-butadienyl or 1,3-pentagiein one embodiment, a,@ alkenyl; in
one embodiment, 2-methyl-1-propenyl or 3-methyHiuBadienyl; and in one embodiment,
2-methyl-1-propenyl.

[0028] The "lower alkynyl" is a straight or branch&;. alkynyl; specifically, ethynyl,
propynyl, butynyl, pentynyl, 1-methyl-2-propynyl,3tbutadiynyl or 1,3-pentadiynyl; in one
embodiment, a £, alkynyl; in one embodiment, ethynyl, 2-propynyl3®butynyl; and in

one embodiment, 3-butynyl.

[0029] The "lower alkylene" is a straight or braadhG_.;o alkylene; specifically, methylene,
ethylene, trimethylene, tetramethylene, pentamettgjl hexamethylene, heptamethylene,
octamethylene, propylene, methylmethylene, ethylette, 1,2-dimethylethylene or 1,1,2,2-
tetramethylethylene; in one embodiment,;a @lkylene; in one embodiment, a-£alkylene;
in one embodiment, methylene, ethylene, trimethgjl@mopylene or methylmethylene; and
in one embodiment, methylene or ethylene.

[0030] The "lower alkenylene" is a straight or lrhed G.¢ alkenylene; specifically,
vinylene, ethylidene, propenylene, butenylene, greylene, hexenylene, 1,3-butadienylene

or 1,3-pentadienylene; in one embodiment,a &kenylene; in one embodiment, vinylene
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or ethylidene; and in one embodiment, vinylene.

[0031] The "lower alkynylene" is a straight or behed G.s alkynylene; specifically,
ethynylene, propynylene, butynylene, pentynylemsyhylene, 1,3-butadiynylene or 1,3-
pentadiynylene; in one embodiment, a,@lkynylene; and in one embodiment, ethynylene
or propynylene.

[0032] The "halogen”is F, CI, Bror .

[0033] The "lower halogenoalkyl” is a straight eabched & alkyl substituted by one or
more halogens. The lower halogenoalkyl is, in emdodiment, a Cs alkyl substituted by
one to five halogens; in one embodiment, trifluoedinyl, trifluoroethyl, trifluoropropyl, 2-
fluoro-2-methylpropyl, difluoromethyl, fluoromethgk chloromethyl; and in one
embodiment, trifluoromethyl.

[0034] The "G.12 cycloalkyl" is a G.12 saturated hydrocarbon ring group which is
optionally cross-linked and optionally forms a spiing. The G.1» cycloalkyl is,
specifically, cyclopropyl, cyclobutyl, cyclopentgyclohexyl, cycloheptyl, cyclooctyl,
bicyclo[2,2,1]heptyl, bicyclo[3,1,0]hexyl, bicycld[1,1]heptyl, adamantyl, spiro[2,5]octyl,
spiro[3,5]nonyl or spiro[4,5]decyl; in one embodimecyclohexyl, cycloheptyl, cyclooctyl,
bicyclo[2,2,1]heptyl, bicyclo[3,1,0]hexyl, bicycld[1,1]heptyl, adamantyl, spiro[2,5]octyl,
spiro[3,5]nonyl or spiro[4,5]decyl; and in one erdboent, cyclopropyl, cyclobutyl,
cyclopentyl or cyclohexyl. The "Gocycloalkyl" and the "gg cycloalkyl" is G_jpand Gg
saturated hydrocarbon ring groups, respectivettuded in the above defined 3¢
cycloalkyl".

[0035] The "G.12 cycloalkenyl" is a @1, hydrocarbon ring group having one or more
unsaturated bonds, which is optionally cross-linkedl optionally forms a spiro-ring. The
Cs.12 cycloalkenyl is, specifically, cyclopentenyl, cgpkentadienyl, cyclohexenyl or
cyclohexadienyl. The "o cycloalkenyl" is included in the above definedig
cycloalkenyl”. In the "G.12 cycloalkenyl which may be condensed with a benzigrge
optionally having one to four substituents seleéteth the Group &, the "G.1»

cycloalkenyl condensed with a benzene ring" is @& Cycloalkenyl having a benzene ring



-11 -

condensed therewith on the position of an unsadrabnd of the €, cycloalkenyl. The
"Cs.12 cycloalkenyl condensed with a benzene ring" iscally, 1-tetrahydronaphthyl, 2-
tetrahydronaphthyl, dihydroinden-1-yl, dihydroing2yl, 1-indenyl, 2-indenyl or 9-
fluorenyl. The "G. cycloalkenyl condensed with a benzene ring"” ituided in the above
defined "G.12 cycloalkenyl condensed with a benzene ring"; ia embodiment, 1-
tetrahydronaphthyl, 2-tetrahydronaphthyl, dihydd&n-1-yl or dihydroinden-2-yl; and in
one embodiment, dihydroinden-2-yl.

[0036] The "aryl"is a €14 mono-, bi- or tri-cyclic aromatic hydrocarbon riggoup;
specifically, phenyl or naphthyl; and in one emimoelint, phenyl.

[0037] The "mono- or bi-cyclic heterocyclic groug"a 3- to 15-membered, in one
embodiment 5- to 10-membered, mono- or bi-cycliereeyclic group having 1 to 4
heteroatoms selected from oxygen, sulfur and retnpgaturated, aromatic or partially
hydrogenated heterocyclic group. A sulfur or rg&o ring atom of the heterocyclic group
is optionally oxidized to form an oxide or dioxideThe mono- or bi-cyclic heterocyclic
group is, specifically, monocyclic heteroaryl sashpyridyl, pyrrolyl, pyrazinyl,
pyrimidinyl, pyridazinyl, imidazolyl, triazolyl, tazinyl, tetrazolyl, thiazolyl, pyrazolyl,
isothiazolyl, oxazolyl, isoxazolyl, thiadiazolylxadiazolyl, thienyl, furyl and the like;
bicyclic heteroaryl such as indolyl, isoindolyl,A@@midazolyl, indazolyl, quinolyl,
isoquinolyl, quinazolinyl, quinoxalinyl, phthalaziy benzothiazolyl, benzisothiazolyl,
benzothiadiazolyl, benzoxazolyl, benzisoxazolyhimfuranyl, benzothienyl and the like;
saturated or partially hydrogenated monocyclic toetgclic group, such as azetidinyl,
pyrrolidinyl, piperidyl, piperazinyl, azepanyl, diepanyl, morpholinyl, thiomorpholinyl,
tetrahydropyridinyl, dihydropyridinyl, oxetanyl,ttahydrofuranyl, dihydrofuranyl,
tetrahydrothienyl, dihydrothienyl, tetrahydropyrgrdihydropyranyl, dioxolanyl, dioxanyl,
tetrahydrothiopyranyl, dihydrothiopyranyl and tltel saturated or partially hydrogenated
bicyclic heterocyclic group, such as indolinyl,iisdolinyl, tetrahydroquinolyl,
tetrahydroisoquinolyl, dihydrobenzimidazolyl, tdiy@robenzimidazolyl,

tetrahydroquinoxalinyl, dihydroquinoxalinyl, dihyalvenzoxazolyl, dihydrobenzoxadinyl,
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dihydrobenzofuryl, chromanyl, chromenyl, methyleioagiphenyl, ethylenedioxyphenyl and
the like; or cross-linked heterocyclic group sustgainuclidinyl and the like. The mono-
or bi-cyclic heterocyclic group is, in one embodithe 5- to 10-membered monocyclic
heterocyclic group; in one embodiment, a 5- to Galered monocyclic heterocyclic group;
in one embodiment, a 5- to 6-membered monocyclierbaryl; and in one embodiment, a 5-
to 6-membered saturated or partially hydrogenatedaunyclic heterocyclic group. The
"mono- or bi-cyclic heterocyclic group” of'fs, in one embodiment, piperidyl,
tetrahydropyranyl, thienyl, thiazolyl or pyrazolgnd in one embodiment, piperidyl,
tetrahydropyranyl, thienyl or pyrazolyl. The "merar bi-cyclic heterocyclic group” of R
is, in one embodiment, piperidyl, morpholinyl, dtydropyranyl, dihydropyranyl, pyridyl,
pyrazinyl, pyrimidinyl or pyrazolyl; and in one ediment, pyridyl, pyrazinyl, pyrimidinyl
or pyrazolyl.

[0038] The "saturated monocyclic heterocyclic groigpa saturated and monocyclic
heterocyclic group in the "mono- or bi-cyclic heteyclic group” defined above; specifically,
azetidinyl, pyrrolidinyl, piperidyl, piperazinyl zepanyl, diazepanyl, morpholinyl,
thiomorpholinyl, tetrahydrofuranyl, tetrahydrothygntetrahydropyranyl, dioxolanyl,
dioxanyl or tetrahydrothiopyranyl; and in one emipoeht, tetrahydropyranyl. The
"-CH=(saturated monocyclic heterocycle)" is a graugrhich CH is bonded to one ring
carbon atom of the saturated monocyclic heterodygle double bond.

[0039] Inthe " R forms together with neighboring -NRas -NRR*, a 4- to 8-membered
nitrogen-containing saturated heterocyclic groupesgin the nitrogen-containing saturated
heterocyclic group may be condensed with a bendegeand optionally has one to five
substituents selected from the Grouy,@he "4- to 8-membered nitrogen-containing
saturated heterocyclic group” is a 4- to 8-membaenedocyclic nitrogen-containing
saturated heterocyclic group or such a heterocgebap condensed with a benzene ring, in
the "mono- or bi-cyclic heterocyclic group” definablove; specifically, 1-azetidinyl, 1-
pyrrolidinyl, piperidino, 1-piperazinyl, 1-azepan{tdiazepanyl, morpholino, indolin-1-yl,

isoindolin-2-yl, tetrahydroquinolin-1-yl, tetrahyalsoquinolin-2-yl or tetrahydroquinoxalin-
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1-yl; in one embodiment, piperidino or 1,2,3,4-aétydroisoquinolin-2-yl; and in one
embodiment, piperidino. Wherein the "4- to 8-mermsdenitrogen-containing saturated
heterocyclic group” optionally has one to five dithents selected from the Grouf§ &d

the substituents are bonded to one or more ring@joof the heterocycle (and/or the
condensed benzene ring).

[0040] The "ester group" in the definition of B an ester group, such as lower alkyl, lower
alkenyl, lower halogenoalkyl, £ cycloalkyl, (lower alkyl)-O-benzyl, nitrobenzylofver
alkyl)-O-benzhydryl, benzhydryl, -(lower alkylen®-C(O)-(lower alkyl), -(lower alkylene)-
C(O)-(lower alkenyl), -(lower alkylene)-O-C(O)-O-4gcycloalkyl), -(lower alkylene)-O-
C(O)-(lower alkenyl), -(lower alkylene)-O-C(O)-(law alkylene)-O-(lower alkyl), -(lower
alkylene)-O-(lower alkyl), -(lower alkylene)-O-(lax alkylene)-O-(lower alkyl), -(lower
alkylene)-O-C(0)-O-(lower alkyl), -(lower alkylen€)-C(O)-O-(lower alkylene)-O-(lower
alkyl), -(lower alkylene)-O-benzoyl, -(lower alkyle)-N(lower alkyl}, 2-
oxotetrahydrofuran-5-yl, 2-oxo-5-alkyl-1,3-dioxoldrylmethyl,
tetrahydrofuranylcarbonyloxymethyl, or 3-phthalidylin one embodiment, the ester group
is a lower alkyl group. A compound in which R an ester group may be a compound
which can be converted into a corresponding cadmagid compound under physiological
conditions. The present invention also encompassesa compound.

[0041] The "R and R are linked to each other to form, together withGEO)-C-O- to
which they are attached, 2,2-di(lower alkyl)-4-dk@-dioxolane-5,5-diyl" means that the
compound represented by Formula (I) includes comgsuepresented by Formula (I-A):

[0042] [Formula 3]
P1 P2

R°U R
,X—R'
o7 R 2

(I-A)

wherein, B' and R?are the same or different from each other, ancaoever alkyl. In



-14 -

one embodiment, both"Rand K represent methyl.

[0043] Inthe "-X-R is optionally linked to any one of’R attached to a pyridine ring to
which -X-R! is also attached, to constitute a group repreddnteny one of formulae X
(CHp)m-Y-, -XP-CH=CH-, -X*-CH=N-, and -¥-N=CH-, and form a heterocycle condensed
with the pyridine ring", the "heterocycle condenseth a pyridine ring" includes condensed
rings represented by Formulae (i) to (iv) below.uclsa condensed ring has a bond toCH
C(OR)(COOR)-CH(NH,)-R? at any one of carbon ring atoms neighboring th@geén ring
atom of the pyridine ring (i.e. on the positionr26dn the pyridine ring). Such a
heterocycle optionally has one to five substituseiscted from the Group*® replacement
of one or more H atoms attached to the ring atoof(#)e heterocycle.

[0044] [Formula 4]

b\ X2 X2 b N
— N AN A
\ '\1 | _ | _ | _
(i)

(i) (iii) (iv)
wherein, X is O, S or NH; m is an integer of 1 to 3; and Cid,, O, S or NH.
[0045] In one embodiment, the "heterocycle condeéngéh a pyridine ring" is a condensed
ring selected from the group consisting of thedwihg rings:

[0046]
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[Formula 5]
O/\ O/W e} O e}
O
@ T iy oy oy o
_ P | P | P P | P
(d) (€) (f)
H
H H
[9 O DD S
7 g7 | _
(h) (k) (m) (n)
N H-"\ o) o) S
S
SRS YT N
| | T o0y 1o
| = | ~ — —
(0) () (s) (t)
H
N/ o»«Q 3_—N
| e | -
_ | _

(u)

[0047] Among the above condensed rings, the hegelecondensed with a pyridine ring is,
in one embodiment, selected from the group comgjsif the condensed rings (a), (b), (d),
@), (9), (h), (k), (m), (0), (p), (q), (), (s)@(t); in one embodiment, selected from the group
consisting of the condensed rings (b), (d), (9), (@), and (r); in one embodiment, selected
from the group consisting of the condensed ringsud (q); and in one embodiment, the
condensed ring (q).

[0048] In one embodiment, the heterocycle condemstda pyridine ring is selected from
the group consisting of the following condensedsin

[0049]
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[Formula 6]
H
O/\ O \ Nf-’\\ o] S
O N / /
| X = | AN N = =
(b-1) (d-1) (0-1) (p-1) (0-1) (r-1)

[0050] The heterocycle condensed with a pyriding is, in one embodiment, the
condensed ring (d-1) or (g-1) among the above aws&bkrings; and in one embodiment, the
condensed ring (g-1).

[0051] The "-X-R is optionally linked to Rto form a group represented by formula -X-
(Cs.15 carbon chain)-, wherein the, G carbon chain optionally has one to two O or S gtom
in replacement of C atom(s), optionally has onfvi® unsaturated bonds" means that the
Cs.15 carbon chain is a straight or branched alkyleneénigeb to 15 carbon atoms, or a
straight or branched alkenylene or alkynylene hguéio 15 carbon atoms and 1 to 5
unsaturated bonds, and that 1 to 2 carbon atoitie afarbon chain may be replaced by O or
S atom(s). The -X-(€;5 carbon chain)- is, specifically, -X-£Gs alkylene)-, -X-(G.1s
alkenylene)-, -X-(G alkylene)-O-(G. alkylene)-, -X-(G1 alkylene)-S-(G, alkylene)-, -X-

(Cq1 alkenylene)-O-(g alkylene)-, -X-(G1 alkenylene)-S-(g alkylene)-, -X-(Gz alkylene)-
O-(Cy2 alkenylene)-, -X-(G: alkylene)-S-(G; alkenylene)-, -X-(&G alkylene)-O-(Gz
alkylene)-O-(Gz alkylene)-, -X-(G; alkylene)-S-(G alkylene)-S-(G alkylene)-, -X-(Gy
alkenylene)-O-(G alkylene)-O-(Gs alkylene)-, -X-(G; alkenylene)-S-(¢ alkylene)-S-(&
alkylene)-, -X-(G; alkylene)-O-(G; alkenylene)-O-(g alkylene)- or -X-(G; alkylene)-S-

(Ci, alkenylene)-S-(¢ alkylene)-. If the carbon chain is an alkyleng, g2, r1, r2, and r3
are each an integer of one or over, and if thearadhain is an alkenylene, g1, g2, r1, r2, and
r3 are each an integer of two or over, with thevmothat q1 + g2 =5to 14 and r1 + r2 + r3
=51t0 13. The -X-(&15carbon chain)- is, in one embodiment, -X{@lkylene)-O-(G.
alkylene)- or -X-(G: alkenylene)-O-(g alkylene)-; and in one embodiment, -Xs(

alkenylene)-O-(G3 alkylene)- or -X-(G.1; alkylene)-O-(G.s alkylene)-. In one
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embodiment, a compound in which -¥-R linked to R to form a group represented by
formula -X-(Gs.15 carbon chain)- is represented by Formula (I-B)l-&2):

[0052] [Formula 7]

X
\ Y \ /
OH OH
0 NH, o NH,

(-B) (-C)

wherein, the double bond represented with two exd$ises indicates that the double bond
forms an E isomer or Z isomer, or a mixture thereof

[0053] The "-O-(G.3 alkylene)-O-" and the "-O-(6 alkylene)-" each represents a bivalent
substituent group having two bonds to the sameaangon atom. Specifically, "-O-(G
alkylene)-O-" is -O-(CH)>-O- or -O-(CH)3-O-, and "-O-(G4 alkylene)-" is -O-(CH)s-

or -O-(CH)s-.

[0054] In the present specification, the "optiopdlas one to five substituents” means that
the specified group is unsubstituted or has orwécsubstituents. If the specified group
has a plurality of substituents, the substituerday bre the same or different from each other.
[0055] The compound represented by Formula (l)atdsast two asymmetric carbon atoms.
One asymmetric carbon atom attached to -C(O)@Bsition 2) has (R) configuration, and
neighboring carbon atom attached to -Nplosition 3) may have either (R) or (S)
configuration, and the compound represented by Elarifh) includes (R) or (S) isomer on
position 3, and a mixture thereof. In one emboditngne compound represented by
Formula (1) is a compound represented by FormUlalla salt thereof:

[0056]
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[Formula 8]

()

wherein, (2R) indicates that the carbon atom aitipos2 has (R) configuration.

[0057] The compound represented by Formula (I) hreaye tautomers and geometric
isomers, depending on the type of substituent groufhe compound represented by
Formula (1) also includes separate tautomers anchg#ic isomers, and mixtures thereof.
[0058] The compound represented by Formula (l) alag have stereocisomers based on
other asymmetric carbon atom than those describedea depending on the type of
substituent groups. The compound represented byHa (1) also includes separate
stereoisomers and mixtures thereof.

[0059] The present invention also encompasses anattautically acceptable prodrug of
the compound represented by Formula (I). A phaeutically acceptable prodrug is a
compound having a group which can be convertedantamino group, a hydroxyl group, or
a carboxyl group as a result of solvolysis or urglersiological conditions. Examples of a
group forming a prodrug are described in Prog. Med2157-2161 (1985), "lyakuhin no
Kaihatsu (Pharmaceutical Research and Developmgtitgkawa-Shoten Ltd.), 1990,

Vol. 7, "Bunshi Sekkei (Drug Molecular Design)”,.@®$3-198, and "Prodrugs and targeted
delivery" (Wiley-VCH 2011) Methods and principlesmedicinal chemistry, volume 47.
[0060] The salt of the compound represented by Ertl) is a pharmaceutically
acceptable salt of the compound represented byutargl). The compound represented by
Formula (I) may form an acid addition salt or & sath a base, depending on the type of
substituent groups. Specific examples of theiseltide acid addition salts with inorganic
acids such as hydrochloric acid, hydrobromic daydiroiodic acid, sulfuric acid, nitric acid,

and phosphoric acid; acid addition salts with orgacids such as formic acid, acetic acid,
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propionic acid, oxalic acid, malonic acid, succia@d, fumaric acid, maleic acid, lactic acid,
malic acid, mandelic acid, tartaric acid, dibentarghric acid, ditoluoyltartaric acid, citric
acid, methanesulfonic acid, ethanesulfonic acidzbeesulfonic acid, p-toluenesulfonic acid,
aspartic acid, and glutamic acid; salts with inoigdases such as sodium, potassium,
magnesium, calcium, and aluminum; salts with org@aises such as methylamine,
ethylamine, ethanolamine, lysine, and ornithinéssaith various amino acids and amino
acid derivatives such as acetylleucine; and amnmosiaits.

[0061] The present invention also encompasseswahgdrates, solvates, and crystalline
polymorphs of the compound represented by Formubn( a salt thereof. The present
invention also encompasses various compounds thielk a radioactive or nonradioactive
isotope.

[0062] Some embodiments of the compound represdmt&armula (I) are shown below.
[0063] (1-1) The compound or a salt thereof, inakhX is O, S or NR R*is H, lower

alkyl which optionally has one to five substituesédected from the Group*@Cs.1»

cycloalkyl which optionally has one to five subséints selected from the Group, §lower
alkylene)-(G.12 cycloalkyl which optionally has one to five sulstints selected from the
Group @), -C(O)-(lower alkyl which optionally has one iod substituents selected from the
Group G), -C(0)-(G.1» cycloalkyl which optionally has one to five substints selected

from the Group &, or -C(O)-(lower alkylene)-(€:» cycloalkyl which optionally has one to
five substituents selected from the Grouf); ®r R forms together with neighboring -NR

as -NRR?, a 4- to 8-membered nitrogen-containing saturhetdrocyclic group, wherein the
nitrogen-containing saturated heterocyclic grouy & condensed with a benzene ring and
optionally has one to five substituents selectethfthe Group &

[0064] (1-2) The compound or a salt thereof, inakhX is O, S or NR R*is H; lower

alkyl which optionally has one to five substituesétected from the group consisting of
halogen, OH and -O-(lower alkyl);3G, cycloalkyl which optionally has one to five
substituents selected from the group consistingwér alkyl, halogen, OH and -O-(lower

alkyl); -(lower alkylene)-{G.12 cycloalkyl which optionally has one to five sulstints
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selected from the group consisting of lower alkglogen, OH and -O-(lower alkyl)}; -C(O)-
{lower alkyl which optionally has one to five sultgénts selected from the group consisting
of halogen, OH and -O-(lower alkyl)}; -C(O)-{G2 cycloalkyl which optionally has one to
five substituents selected from the group congjstinower alkyl, halogen, OH and -O-
(lower alkyl)}; or -C(O)-(lower alkylene)-{€1. cycloalkyl which optionally has one to five
substituents selected from the group consistingwér alkyl, halogen, OH and -O-(lower
alkyl)}; or R* forms together with neighboring -NRas -NRR*, a 4- to 8-membered
nitrogen-containing saturated heterocyclic groupesgin the nitrogen-containing saturated
heterocyclic group may be condensed with a bendegend optionally has one to three
substituents selected from the group consistingwér alkyl, halogen, OH and -O-(lower
alkyl).

[0065] (1-3) The compound or a salt thereof, inakhX is O, S or NR R*is H, lower

alkyl which is optionally substituted by one toditalogens, €, cycloalkyl, or -C(O)-(G-12
cycloalkyl which is optionally substituted by orefive lower alkyls); or Rforms together
with neighboring -NR as -NRR?, a 4- to 8-membered nitrogen-containing saturated
heterocyclic group, wherein the nitrogen-contairsaturated heterocyclic group may be
condensed with a benzene ring and is optionallgtiulbed by one to five lower alkyls.
[0066] (1-4) The compound or a salt thereof, inakhX is O or S.

[0067] (1-5) The compound or a salt thereof, inakhX is NR'; R* is H, lower alkyl which
is optionally substituted by one to five haloge@s; cycloalkyl, or -C(O)-(G.12 cycloalkyl
which is optionally substituted by one to five lavegkyls); or R forms together with
neighboring -NR, as -NRR*, a 4- to 8-membered nitrogen-containing saturagdrocyclic
group, wherein the nitrogen-containing saturatderoeyclic group may be condensed with
a benzene ring and is optionally substituted bytorfere lower alkyls.

[0068] (1-6) The compound or a salt thereof, inakhX is O.

[0069] (1-7) The compound or a salt thereof, inahhX is S.

[0070] (2-1) The compound or a salt thereof, inckhi

(a) R"is H, G.1palkyl which optionally has one to five substitueselected from the Group
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G, -(lower alkylene)-X*(lower alkyl which optionally has one to five stihsents selected
from the Group &, R', -(lower alkylene)-R., -(lower alkylene)-¥:-R", or -(lower
alkylene)-X*-(lower alkylene)-R" R* is Gs.1» cycloalkyl which optionally has one to five
substituents selected from the Grouf Gs.1» cycloalkenyl which optionally has one to five
substituents selected from the GroupaBd which may be condensed with a benzene ring
optionally having one to four substituents seleéteth the Group & aryl which optionally
has one to five substituents selected from the B or mono- or bi-cyclic heterocyclic
group which optionally has one to five substituesgtected from the Group’GX**is O or
S(O),, whereinnis 0, 1, or 2;

(b) R is Ci.10 alkyl which is optionally substituted by one tudihalogens; -X-Ris linked to
any one of Rs attached to a pyridine ring to which -X¥-R also attached, to constitute a
group represented by any one of formula® (&H,)m-Y-, -X"-CH=CH-, -X*-CH=N-,

and -X-N=CH-, and form a heterocycle condensed with §réme ring, wherein m is an
integer of 1 to 3, Xis O, S or NH, Y is Ch O, S or NH, and the heterocycle optionally has
one to four substituents selected from the grousisting of: G.12 cycloalkyl which
optionally has one to five substituents selectethfthe Group & -(lower alkylene)-(G.1
cycloalkyl which optionally has one to five subséints selected from the Group)Gand the
substituents defined in the Group; @ replacement of one or more H atoms attachefeo
ring atom(s) of the heterocycle; or

(c) -X-Rtis linked to R to form a group represented by formula -X:(€carbon chain)-,
wherein the &5 carbon chain optionally has one to two O or S atonreplacement of C
atom(s), optionally has one to five unsaturateddspand optionally has one to five
substituents selected from the Groubh G

[0071] (2-1a) The compound or a salt thereof adogrtb (a) in (2-1).

[0072] (2-2) The compound or a salt thereof, inckhi

(a) R"is H; G..10alkyl which optionally has one to five substitueselected from the group
consisting of halogen and OH; -(lower alkylené)=Kower alkyl which optionally has one

to five substituents selected from the group caimgjof halogen, OH, -O-(lower alkyl)
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and -O-(lower halogenoalkyl)}; 52 cycloalkyl which optionally has one to five subséints
selected from the group consisting of lower alkglogen, lower halogenoalkyl, OH, -O-
(lower alkyl), -O-(lower halogenoalkyl), -O-¢G alkylene)-O- and -O-(&4 alkylene)-; G.12
cycloalkenyl which optionally has one to five sutsnts selected from the group consisting
of lower alkyl, halogen, lower halogenoalkyl, OlD-{lower alkyl) and -O-(lower
halogenoalkyl), and which may be condensed witbr&bne ring; aryl which optionally has
one to five substituents selected from the groupsisting of lower alkyl, halogen, lower
halogenoalkyl, OH, -O-(lower alkyl) and -O-(lowealbgenoalkyl); mono- or bi-cyclic
heterocyclic group which optionally has one to feedstituents selected from the group
consisting of lower alkyl, halogen, lower halogeikgh OH, -O-(lower alkyl), -O-(lower
halogenoalkyl), -C(O)-(lower alkyl) and -C(O)-O-@er alkylene)-aryl; -(lower alkylene)-
R -(lower alkylene)-X-R: or -(lower alkylene)-X"-(lower alkylene)-R: R is G;.1»
cycloalkyl which optionally has one to five subséihts selected from the group consisting of
lower alkyl, halogen, lower halogenoalkyl, OH, -ower alkyl), -O-(lower

halogenoalkyl), -O-(€3 alkylene)-O- and -O-(&, alkylene)-; G.12 cycloalkenyl which
optionally has one to five substituents selectethfthe group consisting of lower alkyl,
halogen, lower halogenoalkyl, OH, -O-(lower alkgt)d -O-(lower halogenoalkyl), and
which may be condensed with a benzene ring; aridiwbptionally has one to five
substituents selected from the group consistingwér alkyl, halogen, lower halogenoalkyl,
OH, -O-(lower alkyl) and -O-(lower halogenoalkyby, mono- or bi-cyclic heterocyclic group
which optionally has one to five substituents selédrom the group consisting of lower
alkyl, halogen, lower halogenoalkyl, OH, -O-(lovagkyl) and -O-(lower halogenoalkyl);*X
isOorS;

(b) R is Ci.10 alkyl which is optionally substituted by one tudihalogens; -X-Ris linked to
any one of Rs attached to a pyridine ring to which -X-R also attached, to constitute a
group represented by any one of formula® (&H,)m-Y-, -X*-CH=CH-, -X*-CH=N-,

and -X-N=CH-, and form a heterocycle condensed with §réme ring, wherein m is an

integer of 1 to 2, Xis O, S or NH, Y is Ch O, S or NH, and the heterocycle optionally has
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one to four substituents selected from the grousisting of: G.12 cycloalkyl which
optionally has one to five substituents selectecthfthe group consisting of lower alkyl,
halogen, lower halogenoalkyl, OH, -O-(lower alkyp-(lower halogenoalkyl), -O-(G
alkylene)-O- and -O-(€, alkylene)-; -(lower alkylene)-{€1, cycloalkyl which optionally
has one to five substituents selected from themomunsisting of lower alkyl, halogen, lower
halogenoalkyl, OH, -O-(lower alkyl), -O-(lower hgenoalkyl), -O-(G.; alkylene)-O-

and -O-(G.4 alkylene)-}; lower alkyl; halogen; lower halogetiod; OH; -O-(lower

alkyl); -O-(lower alkylene)-aryl; -O-aryl; -S-(lowelkyl); and -O-lower halogenoalkyl; in
replacement of one or more H atoms attached tarigeatom(s) of the heterocycle; or

(c) -X-Rt is linked to K to form -X-(Gs.11 alkylene)-O-(G.3 alkylene)- or -X-(G.11
alkenylene)-O-(¢3 alkylene)-.

[0073] (2-2a) The compound or a salt thereof adogrtb (a) in (2-2).

[0074] (2-3) The compound or a salt thereof, inckhi

(a) R"is H; G0 alkyl; -(lower alkylene)-O-(lower alkyl); €1, cycloalkyl which optionally
has one to five substituents selected from themommsisting of lower alkyl, halogen

and -O-(G.4 alkylene)-; G.¢ cycloalkenyl condensed with a benzene ring; atyjciv
optionally has one to five substituents selectethfthe group consisting of halogen and -O-
(lower alkyl); 5- to 6-membered monocyclic heterdaygroup which optionally has one to
five substituents selected from the group congistinower alkyl, -C(O)-(lower alkyl)

and -C(0)-O-(lower alkylene)-aryl; -(lower alkylon@™; -(lower alkylene)-O-(G.1»
cycloalkyl); -(lower alkylene)-O-aryl; or -(lowetkylene)-O-(lower alkylene)-aryl;

R is G.12 cycloalkyl which is optionally substituted by otwefive lower alkyls; aryl which
optionally has one to five substituents selectethfthe group consisting of halogen, lower
halogenoalkyl, -O-(lower alkyl) and -O-(lower hatwalkyl); or 5- to 6-membered
monocyclic heterocyclic group which is optionallybstituted by one to five lower alkyls;
(b) R is Ci.10 alkyl which is optionally substituted by one tudihalogens; -X-Ris linked to
any one of Rs attached to a pyridine ring to which -X¥-R also attached, to constitute a

group represented by any one of formulae -O-CHi-O-, -O-CH-CHy-, -NH-
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CH=CH-, -NH-CH=N-, -O-CH=CH- and -S-CH=CH-, andrimia heterocycle condensed
with the pyridine ring, wherein the heterocycle densed with the pyridine ring is selected
from the group consisting of rings represented tyrfulae (b-1), (d-1), (0-1), (p-1), (g-1),
and (r-1):

[0075] [Formula 9]

ORI DE

(b-1) (d-1) (0-1) (p-1) (g-1) (r-1)
[0076] wherein the heterocycle has one to two stwiestts selected from the group
consisting of -(lower alkylene)-(G2 cycloalkyl) and lower alkyl, in replacement of oore
more H atoms attached to the ring atom(s) of therbeycle; and the other’&s H; or
(c) a compound represented by Formula (I-B1) @ X)-or a salt thereof:

[0077] [Formula 10]

0 0
/ -
N4 NI/

OH
0 0

(I-B1) (I-C1)
[0078] in which the double bond represented with trossed lines indicates that the

double bond forms an E isomer, Z isomer or mixtbhereof.

[0079] (2-4) The compound or a salt thereof acewydo (a) or (b) in (2-3).

[0080] (2-5) The compound or a salt thereof acewydo (a) in (2-3).

[0081] (2-6) The compound or a salt thereof acemydo (b) in (2-3).

[0082] (2-7) The compound or a salt thereof, inakhR' is Cy.10 alkyl, Cs.10 cycloalkyl
which is optionally substituted by one to three éowlkyls, -(lower alkylene)-(€1o

cycloalkyl which is optionally substituted by oreethree lower alkyls), or -(lower alkylene)-

aryl.
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[0083] (2-8) The compound or a salt thereof, inakhR' is Cy.10 alkyl, Cs.10 cycloalkyl
which is optionally substituted by lower alkyl, -glower alkylene)-(G.1o cycloalkyl which is
optionally substituted by lower alkyl).

[0084] (2-9) The compound or a salt thereof, inakhR' is hexan-2-yl, 4-methylcyclohexyl,
cyclohexyl, cycloheptyl, spiro[2,5]octyl, 2-(cyclogpyl)ethyl, 2-(1-methylcyclopropyl)ethyl
or 3-(cyclopropyl)propyl.

[0085] (2-10) The compound or a salt thereof, inchtR" is Cy.10 alkyl.

[0086] (2-11) The compound or a salt thereof, inahtR" is G 10 cycloalkyl which is
optionally substituted by one to three lower alkyls

[0087] (2-12) The compound or a salt thereof, inahtR" is cyclohexyl, cycloheptyl, 4-
methylcyclohexyl or spiro[2,5]octyl.

[0088] (2-13) The compound or a salt thereof, inahtR" is -(lower alkylene)-(€10
cycloalkyl which is optionally substituted by oreethree lower alkyls).

[0089] (2-14) The compound or a salt thereof, inahtR" is 2-(cyclopropyl)ethyl, 2-(1-
methylcyclopropyl)ethyl or 3-(cyclopropyl)propyl.

[0090] (2-15) The compound or a salt thereof adogytb (2-6), wherein -X-Ris linked to
any one of Bs attached to a pyridine ring to which -X¥-R also attached, to constitute a
group represented by any one of formulae -O-CH- and -O-CH=CH-, and form a
heterocycle condensed with the pyridine ring asesgnted by Formula (d-1) or (g-1), and
the heterocycle has -(lower alkylene)(Gcycloalkyl) in replacement of one H atom
attached to a ring atom of the heterocycle.

[0091] (2-16) The compound or a salt thereof adogytb (2-15), wherein -X-Ris linked
to any one of Rs attached to a pyridine ring to which -X-R also attached, to constitute a
group represented by formula -O-CH=CH-, and forheterocycle condensed with the
pyridine ring as represented by Formula (g-1), twecheterocycle has -(lower alkylene)-
(Cs.10 cycloalkyl) in replacement of one H atom attacteed ring atom of the heterocycle.
[0092] (3-1) The compound or a salt thereof, inakh®’s are the same or different from

each other, and are H, lower alkyl which optionals one to five substituents selected from
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the Group G, halogen, OH, SH, -O-(lower alkyl), -O-(lower alége)-aryl, -O-aryl, -S-
(lower alkyl), -S-(lower alkylene)-aryl, -S-arylQ-(lower halogenoalkyl), -C(O)-(lower
alkyl), -S(O)-(lower alkyl), -S(O)-(lower alkyl), N@ -NH,, -NH-(lower alkyl), -N(lower
alkyl),, -NH-aryl, -N(lower alkyl)-aryl, -C(O)OH, -C(O)Ogwer

alkyl), -CHO, -C(O)NH, -C(O)NH-(lower alkyl), -C(O)N(lower alky}) CN, -(lower
alkylene)-X*-(lower alkyl which optionally has one to five stibgents selected from the
Group G), Cs.1» cycloalkyl which optionally has one to five sulbstints selected from the
Group G, Cs.1» cycloalkenyl which optionally has one to five stitognts selected from the
Group G and which may be condensed with a benzene ririgraily having one to four
substituents selected from the Grou) &yl which optionally has one to five substitigent
selected from the Group G-(lower alkylene)-R', -(lower alkylene)-¥:-R*, or -(lower
alkylene)-X*-(lower alkylene)-R";

R?!is Gs.12 cycloalkyl which optionally has one to five suliséints selected from the Group
G?, Cs.1» cycloalkenyl which optionally has one to five stifoents selected from the Group
G? and which may be condensed with a benzene ririgraily having one to four
substituents selected from the Grouf) &yl which optionally has one to five substitigent
selected from the GroupGor mono- or bi-cyclic heterocyclic group whichtiopally has
one to five substituents selected from the Grotjpa@d

X?!is O or S(O), whereinnis 0, 1, or 2.

[0093] (3-2) The compound or a salt thereof, inakh®’s are the same or different from
each other, and are H, lower alkyl, lower halogéndahalogen, OH, -O-(lower alkyl), -O-
(lower alkylene)-aryl, -O-aryl, -S-(lower alkyl)O-(lower halogenoalkyl), -(lower alkylene)-
O-(lower alkyl), G.12 cycloalkyl which optionally has one to five subsgints selected from
the group consisting of lower alkyl, lower halogalkyl and halogen, -(lower alkylene)-
(Cs.12 cycloalkyl which optionally has one to five substints selected from the group
consisting of lower alkyl, lower halogenoalkyl amalogen), -(lower alkylene)-O-¢G2
cycloalkyl which optionally has one to five subséihts selected from the group consisting of

lower alkyl, lower halogenoalkyl and halogen), wkr alkylene)-O-(lower alkylene)-(G>
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cycloalkyl which optionally has one to five subséihts selected from the group consisting of
lower alkyl, lower halogenoalkyl and halogen), wkr alkylene)-(aryl which optionally has
one to five substituents selected from the groupsisting of lower alkyl, lower
halogenoalkyl and halogen), -(lower alkylene)-Og(arhich optionally has one to five
substituents selected from the group consistirigwér alkyl, lower halogenoalkyl and
halogen), or -(lower alkylene)-O-(lower alkylen&@yyl which optionally has one to five
substituents selected from the group consistirigwér alkyl, lower halogenoalkyl and
halogen).

[0094] (3-3) The compound or a salt thereof, inakh®’s are the same or different from
each other, and are H, lower alkyl, halogen, -(loalkylene)-aryl or -(lower alkylene)-O-
(lower alkylene)-aryl.

[0095] (3-4) The compound or a salt thereof, inakh®’s are the same or different from
each other, and are H or lower alkyl.

[0096] (3-5) The compound or a salt thereof, inakh®’s are H.

[0097] (4-1) The compound or a salt thereof, inahh® is R, -(lower alkylene)-¥-R*?,
-(lower alkenylene)-%-R*?, R*, -(lower alkylene)-R", -(lower alkylene)-X:-R*!, -(lower
alkylene)-X*-(lower alkylene)-R, -(lower alkenylene)-&, -(lower alkynylene)-&

or -CH=(saturated monocyclic heterocycle}* B G.1» cycloalkyl which optionally has one
to five substituents selected from the Groufp G 1, cycloalkenyl which optionally has one
to five substituents selected from the Groupa@d which may be condensed with a benzene
ring optionally having one to four substituentsesetd from the Group $Garyl which
optionally has one to five substituents selectethfthe Group & or mono- or bi-cyclic
heterocyclic group which optionally has one to fubstituents selected from the Group G
and X' is O or S(0), wherein nis 0, 1, or 2.

[0098] (4-2) The compound or a salt thereof, inakh® is Cy.10 alkyl which optionally has
one to five substituents selected from the groupsisting of halogen and OH, lower alkenyl
which optionally has one to five substituents selédrom the group consisting of halogen

and OH, lower alkynyl which optionally has one itefsubstituents selected from the group
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consisting of halogen and OH, -(lower alkylené)-Kower alkyl which optionally has one
to five substituents selected from the group caimgjof halogen, OH, -O-(lower alkyl)

and -O-(lower halogenoalkyl)}, -(lower alkylene)**qlower alkenyl which optionally has
one to five substituents selected from the groupsisting of halogen, OH, -O-(lower alkyl)
and -O-(lower halogenoalkyl)}, -(lower alkylene){@wer alkynyl which optionally has one
to five substituents selected from the group caimgiof halogen, OH, -O-(lower alkyl)

and -O-(lower halogenoalkyl)}, -(lower alkenylen@}{lower alkenyl which optionally has
one to five substituents selected from the groupsisting of halogen, OH, -O-(lower alkyl)
and -O-(lower halogenoalkyl)}, -(lower alkenylen@}{lower alkyl which optionally has one
to five substituents selected from the group caimgjof halogen, OH, -O-(lower alkyl)

and -O-(lower halogenoalkyl)}, & -(lower alkylene)-&", -(lower alkylene)-X-

R -(lower alkylene)-X*-(lower alkylene)-R, -(lower alkenylene)-&, or -CH=(saturated
monocyclic heterocycle);

R*is G.12 cycloalkyl which optionally has one to five subisints selected from
the Group G, Cs.1» cycloalkenyl which optionally has one to five stifonts selected from
the Group G and which may be condensed with a benzene ririgraily having one to four
substituents selected from the Grou) &yl which optionally has one to five substitigent
selected from the GroupGor mono- or bi-cyclic heterocyclic group whichtiopally has
one to five substituents selected from the Grotp G

X3!is O or S(O), wherein nis 0, 1, or 2;

Group G consists of lower alkyl, halogen, lower halogekgalOH, -O-(lower
alkyl) and -O-(lower halogenoalkyl);

Group G consists of: i) halogen, OH, SH, -O-(lower alky(D-(lower alkylene)-
aryl, -O-aryl, -S-(lower alkyl), -O-(lower halogeal&yl), -C(O)-(lower alkyl), -S(Oy-(lower
alkyl) and CN; ii) lower alkyl, lower halogenoalkybwer alkenyl, and lower alkynyl,

iii) -(lower alkylene)-O-(lower alkyl), -(lower ajtene)-O-(lower halogenoalkyl),
and -(lower alkylene)-O-(lower alkyl substituted daye or more hydroxy groups); ivk&

cycloalkyl which optionally has one to five subséints selected from the Group, @nd
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Cs.12 cycloalkenyl which may be condensed with a benzewg v) aryl which optionally has
one to five substituents selected from the Gro€pviy mono- or bi-cyclic heterocyclic group
which optionally has one to five substituents selédrom the Group & vii) -(lower
alkylene)-F; viii) -(lower alkylene)-O-R: ix) -C(0)-R®; and x) -S(O}R®, wherein F's
are the same or different from each other, ancCase cycloalkyl which optionally has one
to five substituents selected from the Group G 1, cycloalkenyl which optionally has one
to five substituents selected from the Groua@d may be condensed with a benzene ring
optionally having one to four substituents seleéteth the Group & aryl which optionally
has one to five substituents selected from the B@hior a mono- or bi-cyclic heterocyclic
group which optionally has one to five substituesetected from the Group®Gand

Group G consists of lower alkyl, halogen, lower halogekgalOH, -O-(lower
alkyl), -O-(lower halogenoalkyl), -C(O)-(lower alkyand -S(O)-(lower alkyl).
[0099] (4-3) The compound or a salt thereof, inakh® is: Cy.10 alkyl which is optionally
substituted by one to five halogens; -(lower alkgleO-(lower alkyl which optionally has
one to five substituents selected from the groupsisting of halogen and OH); -(lower
alkylene)-O-(lower alkenyl); aryl which optionalhas one to five substituents selected from
the group consisting of halogen, CN, -(lower alkgeO-(lower alkyl), G.g cycloalkyl, aryl
which is optionally substituted by -S(&(Jower alkyl), 5- to 6-membered monocyclic
heterocyclic group, and -S(8{Cs.g cycloalkyl); -(lower alkylene)-(&€s cycloalkyl); -(lower
alkylene)-(5- to 6-membered monocyclic heterocyghoup); -(lower alkylene)-O-(§%
cycloalkyl); -(lower alkylene)-O-{aryl which optiaily has one to five substituents selected
from the group consisting of halogen, -O-(lowery§lkCN, and -(lower alkylene)-O-(lower
alkyl)}; -(lower alkylene)-O-(5- to 6-membered manyalic heterocyclic group which
optionally has one to five substituents selectethfthe group consisting of halogen, lower
alkyl and lower halogenoalkyl); -(lower alkylene{@wer alkylene)-aryl; -(lower alkylene)-
O-(lower alkylene)-(G.s cycloalkyl); -(lower alkylene)-S(Q@)(lower alkyl), wherein n is 0, 1,
or 2; -(lower alkylene)-S-(&s cycloalkyl); -(lower alkylene)-S-(lower alkylenés g

cycloalkyl); -(lower alkenylene)-aryl; or -CH=(saitled monocyclic heterocycle).



-30 -

[0100] (4-4) The compound or a salt thereof, inakh® is: Cy.10 alkyl which is optionally
substituted by one to five halogens; -(lower alkgleO-(lower alkyl which optionally has
one to five substituents selected from the groupsisting of halogen and OH); -(lower
alkylene)-O-(lower alkenyl); -(lower alkylene)-{@cycloalkyl); -(lower alkylene)-O-(&s
cycloalkyl); -(lower alkylene)-O-(lower alkylenefz{ s cycloalkyl); -(lower alkylene)-S-
(lower alkyl); -(lower alkylene)-S-(& cycloalkyl); -(lower alkylene)-S-(lower alkylene)-
(Cs.g cycloalkyl); -(lower alkylene)-O-{aryl which opti@lly has one to five substituents
selected from the group consisting of halogen,le@«r alkyl), CN and -(lower alkylene)-O-
(lower alkyl)}; or -(lower alkylene)-O-(5- to 6-mdmered monocyclic heterocyclic group
which optionally has one to five substituents selédrom the group consisting of halogen,
lower alkyl and lower halogenoalkyl).

(4-5) The compound or a salt thereof, in whichdRC,.10 alkyl, -(lower alkylene)-O-(lower
alkenyl), -(lower alkylene)-(&s cycloalkyl), -(lower alkylene)-O-(lower alkylenéls.s
cycloalkyl), -(lower alkylene)-S-(lower alkyl), giver alkylene)-S-(lower alkylene)-¢G
cycloalkyl), or -(lower alkylene)-O-(pyridyl opti@tly substituted by one to five halogens).
[0101] (4-6) The compound or a salt thereof, inahhR is Cy.10 alkyl, -(lower alkylene)-
(Cs.g cycloalkyl), -(lower alkylene)-S-(lower alkyl), eflower alkylene)-S-(lower alkylene)-
(Cs.g cycloalkyl).

[0102] (4-7) The compound or a salt thereof, inakh® is isobutyl, isopentyl, 2,2-
dimethylpropyl, 2-fluoro-2-methylpropyl, 3,3,3-tiubropropyl, 2-(cyclopropyl)ethyl, 2-
(cyclobutyl)ethyl, 2-(cyclopentyl)ethyl, 3-(cycloppyl)propyl, 2-
(cyclopropyl)ethyloxymethyl, methylthiomethyl, etthjomethyl, n-propylthiomethyl,
isopropylthiomethyl, isobutylthiomethyl, cyclobutiylomethyl,
cyclopropylmethylthiomethyl, cyclobutylmethylthionml, or 2-
(cyclopropyl)ethylthiomethyl.

[0103] (4-8) The compound or a salt thereof, inahhR is Cy.10 alkyl, -(lower alkylene)-
(Cs.g cycloalkyl), or -(lower alkylene)-S-(lower alkylej(Gs.g cycloalkyl).

[0104] (4-9) The compound or a salt thereof, inakh® is isobutyl, 2-(cyclobutyl)ethyl, or
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cyclopropylmethylthiomethyl.

[0105] (4-10) The compound or a salt thereof, inahhR’ is Cy.10 alkyl optionally
substituted by one to five halogens.

[0106] (4-11) The compound or a salt thereof, inchtR’ is Cy.10 alkyl.

[0107] (4-12) The compound or a salt thereof, inchtR® is isobutyl.

[0108] (4-13) The compound or a salt thereof, inchtR’ is -(lower alkylene)-(€s
cycloalkyl).

[0109] (4-14) The compound or a salt thereof, inchtR® is -(lower alkylene)-S-(lower
alkylene)-(G.s cycloalkyl).

[0110] (4-15) The compound or a salt thereof, inchtR’ is cyclopropylmethylthiomethyl.
[0111] (4-16) The compound or a salt thereof, inchtR’ is -(lower alkylene)-S-(lower
alkyl).

[0112] (4-17) The compound or a salt thereof, inchtR’ is methylthiomethyl or
ethylthiomethyl.

[0113] (5-1) The compound or a salt thereof, inakhR is H or an ester group and R

H; or K and R are linked to each other to form, together withGEO)-C-O- to which they
are attached, 2,2-di(lower alkyl)-4-oxo-1,3-dioxuab,5-diyl.

[0114] (5-2) The compound or a salt thereof, inakh¥ is H, or an ester group selected
from the group consisting of: lower alkyl, lowekahyl, lower halogenoalkyl, £

cycloalkyl, (lower alkyl)-O-benzyl, nitrobenzyl diver alkyl)-O-benzhydryl,

benzhydryl, -(lower alkylene)-O-C(O)-(lower alky{Jower alkylene)-C(O)-(lower alkenyl),
-(lower alkylene)-O-C(O)-O-(&s cycloalkyl), -(lower alkylene)-O-C(O)-(lower

alkenyl), -(lower alkylene)-O-C(O)-(lower alkylen®-(lower alkyl), -(lower alkylene)-O-
(lower alkyl), -(lower alkylene)-O-(lower alkylen€)-(lower alkyl), -(lower alkylene)-O-
C(0O)-O-(lower alkyl), -(lower alkylene)-O-C(O)-Oeflver alkylene)-O-(lower alkyl), -(lower
alkylene)-O-benzoyl, -(lower alkylene)-N(lower alky 2-oxotetrahydrofuran-5-yl, 2-0xo-5-
alkyl-1,3-dioxolen-4-ylmethyl, tetrahydrofuranyltanyloxymethyl and 3-phthalidyl, and® R
is H; or R and R are linked to each other to form, together withGE0)-C-O- to which
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they are attached, 2,2-di(lower alkyl)-4-oxo-1,8dlane-5,5-diyl.

[0115] (5-3) The compound or a salt thereof, inakhR is H or lower alkyl, and Ris H;

or R and R are linked to each other to form, together withGEO)-C-O- to which they are
attached, 2,2-dimethyl-4-oxo-1,3-dioxolane-5,5-diyl

[0116] (5-4) The compound or a salt thereof, inakhR is H or an ester group set forth in
(5-2), and Ris H.

[0117] (5-5) The compound or a salt thereof, inakhR is H or lower alkyl, and Ris H.
[0118] (5-6) The compound or a salt thereof, inakh® is H and Ris H.

[0119] (6) The compound or a salt thereof, accaydaa combination of any one of the
embodiments (1-1) to (1-7), any one of the embodimé-1) to (2-16), any one of the
embodiments (3-1) to (3-5), any one of the embodisét-1) to (4-17), and any one of the
embodiments (5-1) to (5-6). Specific examplesdbemclude the following embodiments,
but are not limited to:

[0120] (6-1) The compound or a salt thereof, accgydo a combination of the
embodiments (1-2), (2-2), (3-2), (4-2), and (5-2).

[0121] (6-1a) The compound or a salt thereof, adiogrto a combination of the
embodiments (1-2), (2-2a), (3-2), (4-2), and (5-2).

[0122] (6-2) The compound or a salt thereof, acicgydo a combination of the
embodiments (1-3), (2-3), (3-3), (4-3), and (5-3).

[0123] (6-2a) The compound or a salt thereof, adiogrto a combination of the
embodiments (1-3), (2-5), (3-3), (4-3), and (5-3).

[0124] (6-3) The compound or a salt thereof, accgydo a combination of the
embodiments (1-4), (2-4), (3-4), (4-4), and (5-5).

[0125] (6-4) The compound or a salt thereof, which combination of the embodiments
(1-4), (2-2a), (3-4), (4-2), and (5-6).

[0126] (6-5) The compound or a salt thereof, which combination of the embodiments
(2-6) and (5-6).

[0127] (6-6) The compound or a salt thereof, accgydo a combination of the
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embodiments (1-4), (2-7), (3-5), (4-5), and (5-6).

[0128] (6-7) The compound or a salt thereof, accgydo a combination of the
embodiments (1-6), (2-8), (3-5), (4-6), and (5-6).

[0129] (6-8) The compound or a salt thereof, accgydo a combination of the
embodiments (1-6), (2-9), (3-5), (4-7), and (5-6).

[0130] (6-9) The compound or a salt thereof, accgydo a combination of the
embodiments (1-6), (2-8), (3-5), (4-8), and (5-6).

[0131] (6-10) The compound or a salt thereof, agdicgy to a combination of the
embodiments (1-6), (2-9), (3-5), (4-9), and (5-6).

[0132] (6-11) The compound or a salt thereof, agdicgy to a combination of the
embodiments (2-15), (4-11), and (5-6).

[0133] (6-12) The compound or a salt thereof, agdicgy to a combination of the
embodiments (1-7), (2-7), (3-5), (4-5), and (5-6).

[0134] (6-13) The compound or a salt thereof, agdicgy to a combination of the
embodiments (1-6), (2-5), (3-2), (4-2), and (5-5).

[0135] (6-14) The compound or a salt thereof, agdicgy to a combination of the
embodiments (1-6), (2-11), (3-2), (4-2), and (5-5).

[0136] (6-15) The compound or a salt thereof, agdicgy to a combination of the
embodiments (1-6), (2-13), (3-2), (4-2), and (5-5).

[0137] (6-16) The compound or a salt thereof, agdicgy to a combination of the
embodiments (1-4), (2-5), (3-2), (4-10), and (5-5).

[0138] (6-17) The compound or a salt thereof, agdicgy to a combination of the
embodiments (1-6), (2-10), (3-5), (4-11), and (5-6)

[0139] (6-18) The compound or a salt thereof, agdicgy to a combination of the
embodiments (1-6), (2-11), (3-5), (4-11), and (5-6)

[0140] (6-19) The compound or a salt thereof, agdicgy to a combination of the
embodiments (1-6), (2-11), (3-5), (4-14), and (5-6)

[0141] (6-20) The compound or a salt thereof, agdicgy to a combination of the
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embodiments (1-6), (2-13), (3-5), (4-11), and (5-6)

[0142] (6-21) The compound or a salt thereof, agdicgy to a combination of the
embodiments (1-6), (2-13), (3-5), (4-13), and (5-6)

[0143] (6-22) The compound or a salt thereof, agdicgy to a combination of the
embodiments (2-16), (4-11), and (5-6).

[0144] (6-23) The compound or a salt thereof, agdicgy to a combination of the
embodiments (1-6), (2-11), (3-5), (4-16), and (5-6)

[0145] In one embodiment, the compound represdmydebrmula (1) is a compound
represented by Formula (I') according to any onth@®embodiments (6-1) to (6-23).
[0146] In one embodiment, the compound represdmydebrmula (1) or a salt thereof is a
compound selected from the group consisting ofahewing compounds, or a salt thereof:
(2R,3S)-3-amino-2-{[4-(2-cyclopropylethoxy)pyrid2rylimethyl}-2-hydroxy-5-
methylhexanoic acid;
(2R,3S)-3-amino-2-{[4-(cyclohexyloxy)pyridin-2-yl]athyl}-2-hydroxy-5-methylhexanoic
acid,

(2R,3S)-3-amino-2-hydroxy-5-methyl-2-{[4-(spiro[2d&t-6-yloxy)pyridin-2-
ylmethylthexanoic acid;
(2R,3R)-3-amino-4-[(cyclopropylmethyl)sulfanyl]-3#iroxy-2-({4-[(trans-4-
methylcyclohexyl)oxy]pyridin-2-yl}methyl)butanoiccid;
(2R,3S)-3-amino-2-hydroxy-5-methyl-2-({4-[(transrdethylcyclohexyl)oxy]pyridin-2-
yl}methyl)hexanoic acid;
(2R,3S)-3-amino-5-cyclobutyl-2-{[4-(2-cyclopropyteixy)pyridin-2-ylmethyl}-2-
hydroxypentanoic acid;
(2R,3S)-3-amino-2-hydroxy-5-methyl-2-({4-[2-(1-megthyclopropyl)ethoxy]pyridin-2-
yl}methyl)hexanoic acid;
(2R,3S)-3-amino-2-{[4-(3-cyclopropylpropoxy)pyridi2ryllmethyl}-2-hydroxy-5-
methylhexanoic acid;

(2R,3S)-3-amino-2-{[4-(cycloheptyloxy)pyridin-2-yfjethyl}-2-hydroxy-5-methylhexanoic
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acid; and

(2R,3S)-3-amino-2-({4-[(2R)-hexan-2-yloxy]pyridirs@}methyl)-2-hydroxy-5-
methylhexanoic acid.

[0147] The compound represented by Formula () salathereof is, in one embodiment, a
compound selected from the group consisting ottmpounds described above and the
following compounds, or a salt thereof:
(2R,3R)-3-amino-4-(ethylsulfanyl)-2-hydroxy-2-({4tfans-4-
methylcyclohexyl)oxy]pyridin-2-yl}methyl)butanoicced; and
(2R,3R)-3-amino-2-hydroxy-2-({4-[(trans-4-methyldghexyl)oxy]pyridin-2-yl}methyl)-4-
(methylsulfanyl)butanoic acid.

[0148] In other embodiments, the compound represkby Formula (1) or a salt thereof is
(2R,3S)-3-amino-2-{[2-(2-cyclopropylethyl)furo[3 &pyridin-4-ylimethyl}-2-hydroxy-5-
methylhexanoic acid or a salt thereof.

[0149] (Preparation Methods)

The compound represented by the formula (1) alitsereof can be prepared using
the characteristics based on the basic structutteedype of substituents and by applying
various known synthesis methods. During the pedpmar, replacement of the functional
group with a suitable protective group (a group tam be easily converted into the
functional group) at the stage from starting matdo an intermediate may be effective
depending on the type of functional groups in thadpction technology in some cases.
Such a protective group may include, for examgie,drotective groups described in
“Greene’s Protective Groups in Organic Synthedis édlition, 2006)”, P. G. M. Wuts and T.
W. Greene, and one of these may be selected addaeseecessary depending on the
reaction conditions. In this kind of method, aigEscompound can be obtained by
introducing the protective group, by carrying cug teaction and by eliminating the
protective group as necessary.

[0150] Hereinbelow, the representative preparati@thods for the compound represented

by the formula (I) will be described. Each of fireduction processes may also be carried
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out with reference to the References appendeceiptbsent description.  Further, the
preparation methods of the present invention atéimded to the examples as shown below.

[0151] (Production Process 1)

[Formula 11]

In the formula, P represents a protective group for a hydroxyl greaul P
represents a protective group for an amino group.
[0152] The compound (I-D) can be produced by ripgfung and deprotection of the
compound (II).
[0153] In this reaction, the compound (Il) and aitoyytic reagent in equivalent amounts,
or either thereof in an excess amount, are usedthenmixture is stirred for usually 0.1 hour
to five days in a solvent which is inert to theatsan under from cooling to heating with
reflux. Examples of the solvent used herein atgadicularly limited, but include
alcohols such as methanol, ethanol and propanlgéaated hydrocarbons such as
dichloromethane, 1,2-dichloroethane and chlorofdr:dioxane; N,N-dimethylformamide;
tetrahydrofuran and the like. In some cases, &dsolvent of such a solvent and water is
preferably used for the reaction. Examples oftyarolytic reagent used herein are not
particularly limited, but include bases such aseays sodium hydroxide solution and
agueous potassium hydroxide solution; and acids asdydrochloric acid and
trifluoroacetic acid. In some cases, it is preddrto treat the compound (II) with a base and
then with an acid, or to treat it with an acid &nen with a base.
[0154] Examples of ® the protective group for a hydroxyl group, in@utiethoxymethyl,
benzyloxymethyl and the like. Examples Of Ehe protective group for an amino group,

include methoxymethyl, benzyloxymethyl and the like
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[0155] (Production Process 2)
[Formula 12]

NH, (I-A)

[0156] The compound (I-E) can be prepared by deptmtn of the compound (111).

[0157] In this reaction, the compound (I1l) andeptbtecting reagent in equivalent
amounts, or either thereof in an excess amounysed, and the mixture is stirred for usually
0.1 hour to five days in a solvent which is inerthe reaction or in the absence of a solvent,
under from cooling to heating with reflux. Examgplef the solvent used herein are not
particularly limited, but include alcohols suchrasthanol, ethanol and propanol;
halogenated hydrocarbons such as dichlorometha2eljdhloroethane and chloroform; 1,4-
dioxane; N,N-dimethylformamide; tetrahydrofuran @he like. In some cases, a mixed
solvent of such a solvent and water is preferablduor the reaction. Examples of the
deprotecting reagent are not particularly limitedt include bases such as aqueous sodium
hydroxide solution and agueous potassium hydrogadgtion; and acids such as
hydrochloric acid and trifluoroacetic acid. In seoases, it is preferred to treat the
compound (Ill) with a base and then with an acidpdreat it with an acid and then with a
base.

[0158] Examples of  the protective group for an amino group, incltete-
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butoxycarbonyl, methoxymethyl, benzyloxymethyl dhd like.

[0159] The compound (I-A) can also be prepared ftbencompound (lll) under selected
reaction conditions. For example, the compourd) (¢an be prepared by using tert-
butoxycarbonyl as the protective groudpdnd treating with hydrogen chloride,
trifluoroacetic acid and the like, in a solventisas 1,4-dioxane or toluene.

[0160] (Production Process 3)

[Formula 13]

L
OH R? 2

R

o VUl X1

R ~ + H R
(V)

In the formula, L represents a leaving group.

[0161] The compound (I-D) can be prepared by regdtie compound (IV) with the
compound (V). Examples of the leaving group Ludg halogen, methanesulfonyloxy,
trifluoromethanesulfonyloxy and p-toluenesulfonyayoups.

[0162] In this reaction, the compounds (IV) and {WVequivalent amounts, or either thereof
in an excess amount, are used, the mixture igdtior usually 0.1 hour to five days in a
solvent which is inert to the reaction in the preseof a base under from cooling to heating
with reflux, preferably at a temperature of 0 t®18. The reaction may be carried out
under microwave irradiation. Examples of the sotugsed herein are not particularly
limited, but include aromatic hydrocarbons sucheszene, toluene and xylene; ethers such
as diethylether, tetrahydrofuran, 1,4-dioxane a@ddimethoxyethane; halogenated
hydrocarbons such as dichloromethane, 1,2-dichibame and chloroform; N,N-
dimethylformamide; dimethylsulfoxide; ethyl acetadeetonitrile; and a mixture thereof.
Examples of the base include organic bases suttlettg/lamine, diisopropylethylamine,
potassium hexamethyldisilazide, 1,8-diazabicyck[d-undec-7-ene, n-butyllithium and

potassium tert-butoxide; and inorganic bases ssdodium carbonate, potassium carbonate,
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cesium carbonate and sodium hydride. In some cHeeseaction is advantageously
carried out in the presence of a phase transfatysatsuch as tetra-n-butylammonium
chloride.

[0163] [References]

“Organic Functional Group Preparations” written®yR. Sandler and W. Karo, 2nd
edition, Vol. 1, Academic Press Inc., 1991

“Courses in Experimental Chemistry (5th editioedlited by The Chemical Society
of Japan, Vol. 14 (2005) (Maruzen)

[0164] (Other Production Process)

A compound of Formula (I) prepared by the respegbroduction processes can be
used as a starting material and is subjected bemical modification reaction generally used
by those skilled in the art, such as cyanationybgenation and esterification, to produce
other compounds represented by Formula (I).

[0165] (Synthesis of Starting Material 1)

[Formula 14]
R OH
— R PO
\ / O/ 1
o + HO-R
7 -
2)
(1) R N\PN

[0166] The compound (lI-A) can be prepared by Mitsiou reaction of the compounds (1)
and (2).

[0167] In this reaction, the compounds (1) andifdquivalent amounts, or either thereof

in an excess amount, are used, the mixture ofdhgounds and a Tsunoda reagent is stirred
for useally 0.1 hour to five days in a solvent vhis inert to the reaction under from cooling
to heating with reflux, preferably at a temperatof@ to 180°C. The reaction may be
carried out under microwave irradiation. In sorases, the reaction may be preferably

carried out under argon or nitrogen atmospherecanaider anhydrous conditions.
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Examples of the Tsunoda reagent used herein in¢byd@omethylene)tri-n-
butylphosphorane (CMBP) and (cyanomethylene)triyipttosphorane (CMMP).
Examples of the solvent used herein are not padatigdimited, but include aromatic
hydrocarbons such as benzene, toluene and xylede mixture thereof.

[0168] [References]

Tetsuto Tsunoda and Sho Ito, Journal of Synthetga@ic Chemistry, Japan, 1997, 55(7),
631-641

T. Tsunoda et al, Tetrahedron letters, 1996, 37@459-2462

[0169] (Synthesis of Starting Material 2)

[Formula 15]

The compound (Il) can be prepared by reactingtimepound (3) with the
compound (V).
[0170] This reaction can be carried out by the samathod as in the Production Process 3
described above.

[0171] (Synthesis of Starting Material 3)
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[Formula 16]

R 0/ 00—
T 2 R2 0
\ R \ / _P
% Step 2 0" o
P Step 3 Y
Cl

(6) (8) N
R P
0 Step 4
HO P
X Stepl 9" o
4 R @)
H N \ / A /P
@ A 7’

[0172] (Step 1)

The compound (5) can be prepared through intraaluctf protective groups in the
compound (4). The%and P may be the same, and are specifically methoxynhethy
benzyloxymethyl.

[0173] (Step 2)

The compound (7) can be prepared through iodinatiahe compound (6) by
Finkelstein reaction.

[0174] [Reference]
Chirality, 2011, 23(1), 24-33
[0175] (Step 3)

The compound (8) can be prepared by reactingaghgound (5) with the
compound (7).

[0176] In this reaction, the compounds (5) andif@quivalent amounts, or either thereof
in an excess amount, are used, the mixture igdtfor usually 0.1 hour to five days in a
solvent which is inert to the reaction in the preseof a base under from cooling to heating,

preferably under cooling. Examples of the solwesdgd herein are not particularly limited,
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but include aromatic hydrocarbons such as benzelene and xylene; ethers such as
diethylether, tetrahydrofuran, 1,4-dioxane andditfiethoxyethane; hexane; and a mixture
thereof. Examples of the base include organicdaseh as lithium diisopropylamide,
triethylamine, diisopropylethylamine, potassium &eethyldisilazide, 1,8-
diazabicyclo[5.4.0]-undec-7-ene and n-butyllithiusngd inorganic bases such as sodium
carbonate, potassium carbonate, cesium carbomaliens hydride and potassium tert-
butoxide.
[0177] [References]
Journal of Organic Chemistry, 1990, 55(20), 55283&5
Tetrahedron Letters, 2000, 41(33), 6523-6526
[0178] (Step 4)

The compound (1) can be prepared by catalyticdygeination reaction of the
compound (8).
[0179] In this reaction, the compound (8) is stirfer one hour to five days in a solvent
which is inert to the reaction, such as methartbareol and the like, in the presence of a
metal catalyst under hydrogen atmosphere and dratarcooling to heating, preferably at a
room temperature. Preferred examples of the noatalyst include palladium catalysts
such as palladium on carbon and palladium bla@kjmim catalysts such as platinum plate
and platinum oxide; and nickel catalysts such daged nickel and Raney nickel.
[0180] [References]

“Organic Functional Group Preparations” written®yR. Sandler and W. Karo, 2nd
edition, Vol. 1, Academic Press Inc., 1991

“Courses in Experimental Chemistry (5th editioedlited by The Chemical Society
of Japan, Vol. 14 (2005) (Maruzen)
[0181] (Synthesis of Starting Material 4)
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[Formula 17]
PP X—R'
P1 P2 2 2
on R —R oo R~ R
3 MeO” “OMe .3 |
R R HO N
COOH  (10) o) (12)
H —=  HNN
NN Step 1 NN (11) Step 2
(9)
P1 P2
R sz_R1
o7 R 2
0 0 7 | R +
R3 N
HN N (13) HN\PN ()

[0182] (Step 1)

The compound (11) can be prepared by reactingahgound (9) with the
compound (10) in the presence of pyridinium p-toksulfonate. In this reaction, a mixture
of the compounds (9) and (10) is stirred for onertio five days in a solvent which is inert
to the reaction in the presence of pyridinium prolesulfonate under from cooling to
heating, preferably at a temperature of from 4020°C. Examples of the solvent include
aromatic hydrocarbons such as benzene, toluengydarke; ethers such as diethylether,
tetrahydrofuran, 1,4-dioxane and 1,2-dimethoxyethand halogenated hydrocarbons such
as dichloromethane, 1,2-dichloroethane and chlomafo
[0183] Examples of ' the protective group for an amino group, incltete-
butoxycarbonyl, methoxymethyl, benzyloxymethyl ahd like.

[0184] (Step 2)

In this step, the compounds (lll) and (13) areopred by reacting the compound
(11) with the compound (12). In this reaction, doenpound (11) is treated with lithium
diisopropylamide under argon atmosphere. The comg@l12) is brominated with PBr
and is then added to the treated compound (119useca reaction. In this reaction, a
mixture of the compounds is stirred for one houiite days in a solvent which is inert to a
reaction under from cooling to heating, preferalotger cooling. Examples of the solvent

include aromatic hydrocarbons such as benzenesrteland xylene; ethers such as
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diethylether, tetrahydrofuran, 1,4-dioxane andditfiethoxyethane; and halogenated
hydrocarbons such as dichloromethane, 1,2-dichibaoe and chloroform.

[0185] A compound (lll) having a desired configimatcan be produced from a starting
compound (9) in which the asymmetric carbon attd¢beNHP' has a specific
configuration,. In some cases, it is preferreddd trimethylchlorosilane at the time of
reaction of the compounds (11) and (12), dependimthe configuration of the asymmetric
carbon attached to -NHP

[0186] [References]

Molecules, 2004, 9(5), 365-372

Tetrahedron Asymmetry, 1991, 2(7), 705-720

[0187] (Synthesis of the Starting Material 5)

[Formula 18]
)
o 5 RR L
] 7 —
+
R3 N\ N N/
P
(14) (15)

(3) NH, (V)

The compound (3) can be prepared by reactingdhgound (14) with the

compound (15). The reaction can be carried ouhbysame method as in the step 3 of the
synthesis of the starting material 3. The compa@)ds subjected to ring-opening and
deprotection to produce the compound (IV). Thetiea can be carried out by the same
method as in the production process 1.

[0188] (Synthesis of Other Starting Materials)

A desired starting compound can be produced wsiygther method known to
those skilled in the art. For example, the mettalasvn in the reaction scheme below can
be used to produce the compounds (5-A), (5-B), \1:A), (11-D) and (lI-E):

[0189]
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[Formula 19]
O/F>O
O (o]
Z oP
// o)
Hin—N_ ——— // o
P Hwe H“. H“,, —_— N
0 PN P
H3C)rO O,
CHj4 Si(iPr)3

HO-R®/ R x_R

wherein R®is R R* or -(lower alkylene)-&; and R’ is lower alkyl which optionally has
one to five substituents selected from the Grolp-@wer alkylene)-X*-(lower alkyl which
optionally has one to five substituents selectethfthe Group &, R*, -(lower alkylene)-
R -(lower alkylene)-X-R*, or -(lower alkylene)-X-(lower alkylene)-R".

[0190] The compounds represented by Formula (I)smiated and purified as free
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compounds, or salts, hydrates, solvates or crystgtlolymorphs thereof. Salts of the
compound represented by Formula (I) can also beéusexd by a conventional salt forming
reaction.
[0191] Isolation and purification is carried out &yeneral chemical procedure such as
extraction, fractional crystallization, and varidypes of fractional chromatography.
[0192] Various isomers can be produced by seleafappropriate starting compounds, or
can be separated based on differences in physitcocaleproperties among the isomers.
For example, optical isomers can be prepared lgnargl optical resolution technique of
racemic products (for example, fractional crystalfion that converts the compound into
diastereomer salts with optically active basescaisa or chromatography using a chiral
column), or can also be produced from appropripteally active starting compounds.
[0193] Pharmacological effects of the compoundsesgnted by Formula (1) were
confirmed by the tests described below. Dosendifidual test compounds described
herein are indicated as corresponding weightseaf fGompounds.
[0194] (1) Inhibition of IRAP activity

Rat epididymal fat pads were homogenized and stdgjego ultracentrifugation at
100,000 x g for 30 minutes to obtain microsomedaiomg IRAP. The microsomes (with
a total protein content of 5&g/well) were mixed with a solvent (dimethyl sulfde
hereinafter, abbreviated as DMSO (final concerdratd.1%)) or with each test compound
(common ratio: 3; maximum concentration:(i). AVP was then added to the solution to
a final concentration of 2p6M, and the resulting solution was allowed to rdacobne hour at
37°C. An aqueous trifluoroacetic acid (hereinaftdbreviated as TFA) solution was then
added to the solution (final concentration: 1%3tmp the enzymatic reaction. Residual
AVP was then determined by mass spectrometry (MAMI). Based on the results,siC
values (nM), i.e. concentrations required for 5@#tibition of decrease in AVP level in the
solvent control group, of the individual test corapds were calculated by the logistic
regression to evaluate inhibition of IRAP activityAs comparative examples, similar tests

were performed with the compounds of the Referén@mples 1 and 2 described below:
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(2S,3S)-3-amino-2-hydroxy-5-methyl-2-({4-[(transadethylcyclohexyl)oxy]pyridin-2-
yl}methyl)hexanoic acid dihydrochloride; and (2S)3Ramino-2-hydroxy-5-methyl-2-({4-
[(trans-4-methylcyclohexyl)oxy]pyridin-2-yl}methyexanoic acid hydrochloride,
respectively.
[0195] The results are shown in Tables 1 and 2adidate that the example compounds
effectively inhibit AVP degradation by IRAP, i.erat homolog of human P-LAP. The
compounds of the Reference Examples 1 and 2 h&)ec(ihfiguration, i.e. (S) configuration
in position 2, while the compounds representeddoyriala (I) have (2R) configuration, i.e.
(R) configuration in position 2. The results iratie that the compounds of Reference
Examples 1 and 2 have less effect of inhibiting Adégradation by IRAP in comparison
with the example compounds, and suggest that thigewation in position 2 influences on
the effect of inhibiting AVP degradation.
[0196] (2) Inhibition of human P-LAP (hP-LAP) adtiy

HEK293 cells forced to transiently express hP-L(ABiol Chem 1996; 271: 56-61)
were prepared by lipofection, homogenized, and sudnjected to ultracentrifugation at
100,000 x g for 30 minutes. Microsomes contaiiRgLAP were thereby prepared. The
microsomes (with a total protein content of 0.3 oug/well) were mixed with a solvent
(DMSO; final concentration: 0.1%) or with each tesimpound (common ratio: 3; maximum
concentration: 1@M). AVP was then added to the solution into alfc@ncentration of
25 uM, and the resulting solution was allowed to rdacbne hour at 37°C. An aqueous
TFA solution was then added to the solution (fe@hcentration: 1%) to stop the enzymatic
reaction. Residual AVP was then determined by repsstrometry (MALDI-MS). Based
on the results, I§ values (nM), i.e. concentrations required for 5@%bition of decrease in
AVP level in the solvent control group, of the midiual test compounds were calculated by
logistic regression to evaluate inhibition of huniRsh AP (hP-LAP) activity. The results
are shown in Tables 1 and 2 and indicate thatxhenple compounds effectively inhibit
AVP degradation by hP-LAP.

[0197] Inthe Tables 1 and 2 below, numerals incblemn "Ex" indicate Example
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numbers related to the respective test compounrtsidicates an unadministered test; "S-1"
indicates the compound of Reference Example 1,8l indicates the compound of
Reference Example 2. The value with the symboké&ffresents a value measured using a
dihydrochloride salt of the compound of the Example

[0198]
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[Table 1]
Ex IRAP hP-LAP Ex IRAP hP-LAP Ex IRAP hP-LAP
ICso(NM) | ICsc(NM) ICsc(NM) | ICsc(nM) ICs¢(nM) | ICso(nNM)
1 15 3.2 34 48 33 69 7.3 8.6
2(1) 1.8 4.6 35 10 15 70 13 17
2(2) 6.0 6.8 36 4.9 2.6 71 15 45
3 1.6 2.5 37 2.9 7.8 72 0.77 0.94
4 1.7 24 38 4.1 10 73 1.1 1.6
5 2.3 7.2 39 33 17 74 5.3 9.8
6 1.2 1.3 40 8.0 3.0 75 1.2 2.3
7(2) 8.9 4.5 41 1.8 4.2 76 4.9 17
7(2) 200 - 42 3.8 3.8 77 8.8 2.6
8 170 - 43 1.9 2.8 78 6.7 4.0
9 1.7 8.5 44 1.9 1.8 79 33 30
10 4.9 16 45 0.42 0.89 80 6.4 6.5
11 23 52 46 12 4.0 81 6.5 3.8
12 30 21 47 2.0 15 82 1.9 3.6
13 13 1.0 48 5.2 1.6 83 4.3 24
14 15 3.1 49 4.1 2.9 84 2.7 3.7
15 11 7.2 50 14 13 85 110 -
16 8.6 14 51 13 16 86 6.6 5.9
17(2) 11 8.6 52 8.8 4.0 87 1.4 1.3
18 11 5.6 53 290 - 88 2.4 12
19 20 34 54 10 10 89 12 9.0
20 2.4 10 55 1.9 2.1 90 1.0 0.95
21 4.0 11 56 1.8 2.0 91 15 16
22 250 - 57 130 - 92 1.1 1.2
23 8.2 13 58 1.3 3.0 93 4.1 5.2
24 6.2 4.0 59 1.7 4.4 94 6.8 9.1
25 2.7 1.8 60 2.0 1.6 95 15 15
26 5.2 1.9 61 1.9 1.8 96 8.7 6.9
27 9.5 8.9 62 290 - 97 2.8 3.0
28 1.2 2.9 63 34 63 98 4.9 3.2
29 2.2 4.1 64 7.6 4.6 99 7.4 43
30 11 2.7 65 39 22 104 2.0 3.0
31 27 20 66 1.9 2.3 101 200 -
32 120 200 67 1.9 1.8 10% 6.5 7.2
33 2.5 15 68 54* 22°*

[0199]
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[Table 2]
Ex IRAP hP-LAP Ex IRAP hP-LAP Ex IRAP hP-LAP
ICso(NM) | 1Cs¢(NM) ICsc(nM) | ICs(nM) ICs¢(nM) | ICso(nNM)
103 1.0 14 118 35 120 138 1.0 7.1
104 21 26 119 3.3 13 134 19 27
105 0.62 1.9 120 3.7 9.7 13p 15 31
106 25 8.7 121 1.6 13 13¢ 4.8 55
107 1.7 4.5 122 4.8 26 13y 3.8 13
108 2.1 4.5 123 6.1 35 138 14 18
109 35 74 124 0.92 29 13D 8.5 15
110 9.8 46 125 0.90 5.2 14p 3.0 14
111 3.2 17 126 15 4.2 14} 2.0 21
112 26 49 127 2.0 10 14% 2.6 21
113 12 32 128 6.5 6.0 148 1.9 13
114 13 84 129 55 98 144 2.9 21
115 8.1 38 130 3.3 51 14% 0.77 1.3
116 4.0 21 131 0.91 4.9 14p 19 24
117 15 7.9 132 1.8 5.2
S-1 2,400 - S-2 5,200 -

[0200] (3) Antidiuresis test in water-loaded raisa administration)

Individual test compounds were dissolved in a &lehjcontaining 10% N,N-
dimethylformamide, 10% propylene glycol, and 80%tiled water), and the resulting
solution was orally administered to the rats. Rats vehicle control group were
administered only with the vehicle. One hour after administration, 30 ml/kg of distilled
water was orally administered to the rats. One lafter the water loading, the urine
volume was measured (urine volumes less than 0v@amd considered as 0 ml) to calculate
the ratio of the urine volume (urinary excretiotejao the amount of water load.

[0201] The inhibition of urination (%) in the comyad-administered group in comparison
with the vehicle control group was calculated in@dance with the following expression
(each group consisted of four to five rats):

Inhibition of urination (%) = {[(urinary excretiorate in the vehicle control group) -

(urinary excretion rate in the compound-administegeoup] / (urinary excretion rate in the

vehicle control group)} x 100
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[0202] Table 3 shows inhibition of urination (%)s®rved when some example compounds
included in compounds of Formula (1) were respeatynadministered in the amount of

3 mg/kg. The value with a symbol "*" representsiloition (%) observed when 1 mg/kg of
the corresponding compound was administered.

[0203] [Table 3]

Ex Inhibition (%) Ex Inhibition (%) Ex Inhibition%)
1 88 28 92 103 92*

3 59 29 93 105 98

4 93 41 55 110 57

5 90 55 91 111 57

6 96 83 80 119 97

9 82 84 64 139 90

18 52 88 89 143 100
20 94 92 61

[0204] The results shown above suggest that thgpoands represented by Formula (1)
inhibit P-LAP (IRAP), i.e. an aminopeptidase thigawes AVP, to inhibit degradation of
endogenous AVP, which results in a reduced urineyation.

[0205] (4) Antidiuresis test in continuously hydrdtrats with additional water loading (oral
administration)

Male Wistar rats were used in the test. Initialyater load with 15 mL/kg of
distilled water was forcedly administered to thisra Every 30 minutes after loading water,
urine volume collected during 30 minutes was messand distilled water was forcedly
administered to the rats in an amount equal tatime volume excreted during the last 30
minutes. This water load procedure was repeatéitettermination of the test to maintain
the diuretic state. After the urine volume eved@yn3inutes became stable, individual
example compounds included in compounds of Forrfiu(&X-a: 100 mg/kg of the
compound of Example 17(1); or EX-b: 30 mg/kg of toenpound of Example 105) or
dDAVP (30ug/kg) dissolved in a vehicle (containing 10% N,Madthylformamide, 10%

propylene glycol, and 80% distilled water; 3 mL/kg)in distilled water was orally
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administered. The individual groups were furthigrdecd into two subgroups, and
additional distilled water of 15 mL/kg load wasdedly administered to one of the
subgroups two times, i.e. at two hours and thregsafter the administration. For
comparison, the Vehicle group administered onlylie vehicle was also subjected to the
additional administrations of water load. Bloodsveallected from a half of the rats in each
group subjected to additional administrations ofewvéoad, at three hours after the
administration (immediately before the second aolo#l water load) and from the other half
at four hours after the administration, and plasodium levels were measured with an
automatic electrolyte analyzer to determine themksodium levels at three hours and four
hours after the administration, respectively (egiup consisted of seven to eight rats).
Changes in the urine volume in individual groups sttown in Fig. 1, and the plasma sodium
levels of the group administered with additionatevdoads are shown in Table 4.

[0206] [Table 4]

3 hours after administration 4 hours after adniviaign

Vehicle group 140.6 £ 0.4 mmol/L 139.6 £ 0.2 mmol/L
EX-a group 134.9 £ 0.4 mmol/L 133.2 £ 0.7 mmol/L
EX-b group 140.4 £ 0.4 mmol/L 139.2 £ 0.5 mmol/L
dDAVP group 132.0 £ 0.4 mmol/L 128.0 £ 0.3 mmol/L

[0207] In EX-a, EX-b, and dDAVP groups without atitlofnal water loads, urine production
was rapidly reduced after administration of thé ¢esnpound and was almost stopped after
two hours of the administration, and such an effext maintained until four hours after the
administration. In contrast, in the EX-a and EXfbups with additional water loads, urine
production was reduced as a result of administradicdhe individual test compounds but
was resumed after administration of the additioveter loads. After four hours of the
administration of the test material, urine volumese recovered up to an approximately half
amount of that of the Vehicle group, while urineguction was not resumed in the groups
administered with dDAVP even after administratidrihee additional water loads (see Fig. 1).
[0208] In the Vehicle, EX-a and EX-b groups, thagpha sodium levels slightly decreased
after three hours and four hours of the administnatvhile more significant decreases in the

plasma sodium level were observed in the dDAVP glialcomparison with the Vehicle,
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EX-a and EX-b groups. It is assumed that suclsaltresflects the decreased plasma
sodium level due to the body fluid retention caulsgdhe additional water loads (see Table
4).

[0209] The plasma AVP level is strictly regulatedgdasma osmolality. It is known that
an excessive water intake reduces AVP productionsaretion to cause diuresis. The
results indicate that the example compounds hawntdiuretic effect based on P-LAP
inhibition by endogenous AVP and suggest that sachpounds have a low impact on a
plasma sodium level, even in a case of an excesster intake, because decreased
endogenous AVP level reduces the antidiuretic effe€herefore, the compound
represented by Formula (1) is expected to invobwedr risks of hyponatremia, unlike V2
receptor agonists.

[0210] A pharmaceutical composition containing onenore compounds represented by
Formula (1) or salts thereof as an active ingreidoam be prepared by a common method
using an excipient generally used in the art, iyadn excipient or a carrier for a
pharmaceutical.

[0211] Such a pharmaceutical composition can beradtared in any form, such as oral
administration of tablets, pills, capsules, grasyfowder, or liquid, and parental
administration by intraarticular, intravenous, miramuscular injection, suppositories,
transdermal liquid, transdermal patches, transnaldiogiid, transmucosal patches, or
inhalations.

[0212] A solid composition for oral administratiomay be in a form of, for example, a
tablet, powder, and granules. Such a solid contipasiontains one or more active
ingredients mixed with at least one inactive exampi The composition may contain an
inactive additive, for example, a lubricant, a nfisgrating agent, a stabilizing agent, and a
solubilizing agent, in accordance with conventicieahniques. Tablets or pills may be
coated with sugar or a film of gastric or ententuble material, if necessary.

[0213] A liquid composition for oral administratiancludes a pharmaceutically acceptable

emulsion, solution, suspension, syrup, and elaag contains a common inactive diluent, for
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example, purified water or ethanol. The liquid gasition may contain an additive such as
a solubilizing agent, a moisturizer, and a suspendgent; a sweetening agent; a flavoring
agent; an aromatic agent; and a preservative,ditiad to the inactive diluent.

[0214] An injection for parenteral administratioontains agueous or non-aqueous sterile
solvent, suspension, or emulsion. Examples o&theous solvent include distilled water
for injection and physiological saline. Examplésh® non-aqueous solvent include
alcohols such as ethanol. The composition mapéurtontain a tonicity agent, a
preservative, a moisturizer, an emulsifier, a dispet, a stabilizer, or a solubilizing agent.
These components are sterilized by filtration tigtoa bacteria retentive filter, blending a
bactericide, or irradiation, for example. Thesmponents may also be formulated into a
sterile solid composition to be dissolved or susigeinin a sterile solvent for injection before
use.

[0215] If the compound represented by FormulagQrally administered, an appropriate
daily dose is approximately 0.001 to 100 mg/kgfemably 0.1 to 30 mg/kg, more preferably
0.1 to 10 mg/kg, per body weight, and is adminededaily in a single dose or in two to four
separate doses. If the compound is intravenoustyrastered, an appropriate daily dose is
approximately 0.0001 to 10 mg/kg per body weight] B administered daily in a single
dose or in separate doses. If the compound isrtracosally administered, an appropriate
daily dose is approximately 0.001 to 100 mg/kglpmaty weight, and is administered daily in
a single dose or in separate doses. The dosers@pately determined depending on, for
example, the symptom, age, and sex of individuaépa If the compound represented by
Formula (1) is used for prevention or treatmenhogturia, it may be preferably administered
once daily after supper or before going to bedef@mple.

[0216] The pharmaceutical composition of the presarention contains one or more
compounds represented by Formula (1) or salts ¢fiémean amount of 0.01 to 100% by
weight, in one embodiment 0.01 to 50% by weightaasactive ingredient, while the amount
may vary depending on a route of administratiosage form, site of administration, and the

type of excipient or additive.
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[0217] The compound represented by Formula (l) beaysed in combination with various
therapeutic agents or preventive agents for disgasehich the compound of Formula (1) is
assumed to be effective. The compound represéytédrmula (1) and the agent to be
used in combination therewith may be administeneaisaneously, sequentially or at desired
time intervals. The preparation to be simultangoadministered may be combined with
the compound of Formula (I) or formulated as a sspgpreparation.

EXAMPLES

[0218] Hereinbelow, the production processes ferabmpound represented by Formula (1)
will be described in more details with referenc&t@mmples. The present invention is not
limited to the compounds described in the Examplé&oduction processes for starting
compounds will be described in Production Examples production processes for
comparative compounds will be described in Refexdficamples. The production process
for the compound represented by Formula (I) shaoldbe limited to the processes described
in the specific Examples below, but the compoumiegented by Formula (I) can be
prepared by a combination of such production preeesr by any method obvious to those
skilled in the art.

[0219] As used herein, the unit "mol/L" for a contration is abbreviated as "M" for
expediency. For example, "1 M aqueous sodium hydeosolution” refers to 1 mol/L
aqueous sodium hydroxide solution.

[0220] In the Examples, Production Examples andésbelow, the following
abbreviations may be used:

[0221] DMF: N,N-dimethylformamide; AcOEt: ethyl ae¢e; AcOH: acetic acid; THF:
tetrahydrofuran; MeCN: acetonitrile; EtOH: etharideOH: methanol; DOX: 1,4-dioxane;
DMSO: dimethylsulfoxide; EBN: triethylamine; DIPEA: diisopropylethylamine; Ra\c),:
palladium acetate; Pd/C: palladium on carbon; NaiBddium borohydride; LDA: lithium
diisopropylamide; CMBP: (cyanomethylene)tri-n-bptybsphorane; CMMP:
(cyanomethylene)trimethylphosphorane; ODS: octadégly PEx: Production Example

number; Ex: Example number; REx: Reference Exampieber; PSyn: the Production
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Example number in which a compound is preparedhbysame method; Syn: Example
number in which a compound is prepared by the saethod; Str: chemical structural
formula (Me: methyl, Et: ethyl, cHex: cyclohexylp8: tert-butoxycarbonyl, Ph: phenyl, Bn:
benzyl, tBu: tert-butyl, TIPS: triisopropylsilyl, BDMS: tert-butyl(dimethyl)silyl); DATA:
physicochemical data, ESI+: m/z value in mass spewtry (electrospray ionization (ESI);
representing [M+H] unless otherwise specified); APCI/ESI+: APCI/ESSNatmospheric-
pressure chemical ionization (APCI); APCI/ESI iratEs simultaneous measurement by
APCI and ESI; representing [M+Hijinless otherwise specified); El: m/z value in mass
spectrometry (electron ionization (EI); represem{iM]” unless otherwise specified); and
Cl+: m/z value in mass spectrometry (chemical iatian (Cl); representing [M+H]unless
otherwise specified).

[0222] The symbol "*" in a chemical structural fanka indicates that the corresponding
compound is a single isomer having the indicatedigaration. The symbol "#" indicates
that the corresponding compound has the indicagtt £onfiguration and is a mixture of
isomers which have (R) and (S) configurations, eesipely, in an asymmetric carbon with
the steric configuration not indicated. The sym#@" indicates that the corresponding
compound has the indicated configuration and isxaume of isomers which have (R) and (S)
configurations, respectively, in the sulfoxide nigie The symbol "$" indicates that the
corresponding compound has the indicated configuraind is a mixture of exo-
diastereomers in the bicyclo[2.2.1]hept-2-yl moietyHCI" in a structural formula indicates
that the compound is a monohydrochloride, "2HCHi¢gates that the compound is a
dihydrochloride, and "3HCI" indicates that the campd is a trihydrochloride. A double
bond represented with two crossed lines in a charfoemula indicates that the double bond
forms an E isomer or Z isomer, or a mixture thereof

[0223] In the present specification, a nomenclataftware such as ACD/Name (registered
trademark, Advanced Chemistry Development, Incy beused for nomenclature of
compounds in some cases.

[0224] RINT-TTRII was used in the measurement of/g@er X-ray diffraction described
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herein. The diffractometry was carried out undherfbllowing conditions: X-ray tube: Cu;
tube current: 300 mA,; tube voltage: 50 kV; samplvidth: 0.020°; scanning speed: 4°/min;
wavelength: 1.54056 A; range of diffraction anglerieasurement ¢ 2.5 to 40°. In
powder X-ray diffraction, the crystal lattice dista and the entire pattern are important for
the identification of crystals in view of the chetexistics of the data. A diffraction angle
and intensity may slightly vary depending on threction of crystal growth, the particle size,
and the measuring conditions, and should not eepreted strictly. As used herein, the
diffraction angle (R) in the powder X-ray diffraction pattern is inteeed with a margin of
error generally acceptable in the measuremengXample, a margin of error of £0.2°.
[0225] Example 1

Under argon atmosphere, CMBP (0.353 ml) was atlwadmixture of (3R,4S)-3-
[(4-hydroxypyridin-2-yl)methyl]-4-isobutyl-3-(methxymethoxy)-1-
(methoxymethyl)azetidin-2-one (150 mg), 2-cycloprethanol (116 mg) and toluene
(1.5 ml) and the mixture was stirred at 16Gor 1 hour under microwave irradiation. The
resulting reaction mixture was allowed to cooldom temperature and subsequently purified
by silica gel column chromatography (hexane/AcOEf.M Agueous sodium hydroxide
solution (1.5 ml) was added to a mixture of theaoi#d compound and MeOH (1.5 ml) and
the mixture was stirred at 30 for 2 hours. The resulting reaction mixture \adswed to
cool to room temperature and subsequently condedttander reduced pressure. A mixture
of the resulting residue and DOX (1.5 ml) was cdaléth an ice-water bath, subsequently
9 M hydrochloric acid (1.5 ml) was added theretd #re mixture was stirred at 8D for 1
hour. The resulting reaction mixture was allowedaol to room temperature and
subsequently concentrated under reduced pressiife resulting residue was purified by
ODS column chromatography (MeCN/0.1% aqueous foauid solution). After adding
MeOH and MeCN to the obtained compound, the solweast distilled off from the obtained
mixture to give (2R,3S)-3-amino-2-{[4-(2-cycloprdpthoxy)pyridin-2-ylimethyl}-2-
hydroxy-5-methylhexanoic acid (27 mg) as a solid.

[0226] Example 2
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6 M Hydrochloric acid (1.1 ml) was added to a metof (3R,4S)-3-{[4-(2-
cyclopropylethoxy)pyridin-2-yljmethyl}-4-[(3-cyclompylpropoxy)methyl]-3-
(methoxymethoxy)-1-(methoxymethyl)azetidin-2-on2XIng) and THF (5 ml) and the
mixture was stirred at 8C for 1 hour. The resulting reaction mixture whsveed to cool
to room temperature and subsequently concentratger ueduced pressure. The resulting
residue was purified by ODS column chromatographg@N/0.1% aqueous formic acid
solution) to give (1) (2R,3S)-3-amino-4-[(4-chlomtyl)oxy]-2-{[4-(2-
cyclopropylethoxy)pyridin-2-yllmethyl}-2-hydroxybanoic acid (26.8 mg) and (2) (2R,3S)-
3-amino-2-{[4-(2-cyclopropylethoxy)pyridin-2-ylimeyl}-2-hydroxy-4-[(4-
hydroxyhexyl)oxy]butanoic acid (31.7 mg) each a®kd.

[0227] Example 3

6 M Aqueous sodium hydroxide solution (1.2 ml) vadsled to a mixture of
(3R,4S)-3-{[4-(cyclohexyloxy)pyridin-2-yllmethyl}-4sobutyl-3-(methoxymethoxy)-1-
(methoxymethyl)azetidin-2-one (85 mg) and MeOH (hl2 and the mixture was stirred at
70°C for 4.5 hours. After cooling the resulting reatmixture with an ice-water bath,
concentrated hydrochloric acid (1 ml) was addedetioe The resulting reaction mixture
was stirred at room temperature for 13 hours abdesquently at 5 for 1.5 hours. The
resulting reaction mixture was concentrated undéuced pressure, and the residue was
purified by ODS column chromatography (MeCN/0.1%emus formic acid solution). The
obtained compound was dissolved in a mixture of Meid an excess amount of 1 M
hydrochloric acid, the solvent was distilled offden reduced pressure to give (2R,3S)-3-
amino-2-{[4-(cyclohexyloxy)pyridin-2-ylJmethyl}-2-idroxy-5-methylhexanoic acid
dihydrochloride (54.6 mg) as a solid.

[0228] Example 4

6 M Aqueous sodium hydroxide solution (0.5 ml) vadsled to a mixture of
(3R,4S)-4-isobutyl-3-(methoxymethoxy)-1-(methoxymg}-3-{[4-(spiro[2.5]octa-6-
yloxy)pyridin-2-ylmethyl}azetidin-2-one (40 mg) drivieOH (0.5 ml) and the mixture was

stirred at 70C for 5 hours. After cooling the resulting reantimixture with an ice-water
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bath, 6 M hydrochloric acid (0.5 ml) was added ¢heand concentrated under reduced
pressure. 1 M Hydrochloric acid (1 ml) and MeCNo(thl) were added to the resulting
residue and the mixture was stirred at room tenperdor 16 hours. The obtained mixture
was purified by ODS column chromatography (MeCN¥ dqueous formic acid solution) to
give (2R,3S)-3-amino-2-hydroxy-5-methyl-2-{[4-(spjR.5]octa-6-yloxy)pyridin-2-
yllmethylthexanoic acid (8.2 mg) as a solid.
[0229] Example 5

Trifluoroacetic acid (0.5 ml) was added to a migtof (3R, 4R)-4-
{[(cyclopropylmethyl)sulfanyllmethyl}-3-(methoxymbbxy)-1-(methoxymethyl)-3-({4-
[(trans-4-methylcyclohexyl)oxy]pyridin-2-yl}methydetidin-2-one (39.7 mg) and QEl,
(0.5 ml) and the mixture was stirred at room terapge overnight. The resulting reaction
mixture was concentrated under reduced pressur@H&.5 ml) and 6 M aqueous sodium
hydroxide solution (1.5 ml) were added to the residnd the mixture was stirred at room
temperature overnight. 1 M Hydrochloric acid wdded to the resulting reaction mixture
to adjust pH to about 7 and the mixture was comatsd under reduced pressure. The
resulting residue was purified by ODS column chrmgeaphy (MeCN/0.1% aqueous formic
acid solution) to give (2R,3R)-3-amino-4-[(cyclopydmethyl)sulfanyl]-2-hydroxy-2-({4-
[(trans-4-methylcyclohexyl)oxy]pyridin-2-yl}methybutanoic acid (18.4 mg) as a solid.
[0230] Example 6

6 M Hydrochloric acid (1 ml) was added to (3R,4iSisobutyl-3-
(methoxymethoxy)-1-(methoxymethyl)-3-({4-[trans-4ethylcyclohexyl)oxy]pyridin-2-
yl}methyl)azetidin-2-one (30 mg) and the mixturesasirred at 60C for 3 hours. The
resulting reaction mixture was concentrated undéuced pressure, and the residue was
purified by ODS column chromatography (MeCN/0.1%emus formic acid solution). An
excess amount of 1 M hydrochloric acid was addetieémbtained compound and the solvent
was distilled off under reduced pressure to g, 85)-3-amino-2-hydroxy-5-methyl-2-({4-
[(trans-4-methylcyclohexyl)oxy]pyridin-2-yl}methytexanoic acid dihydrochloride (25 mg)

as a solid.
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[0231] Example 7

6 M Aqueous sodium hydroxide solution (2 ml) wdded to a mixture of (3R,4S)-
4-isobutyl-3-(methoxymethoxy)-1-(methoxymethyl)-BH(1-phenylethoxy)pyridin-2-
yllmethyl}azetidin-2-one (93 mg) and MeOH (4 ml)dathe mixture was stirred at 8D for
6 hours. The resulting reaction mixture was cotre¢ed under reduced pressure. DOX
(4 ml) and 1 M hydrochloric acid (20 ml) were addedhe resulting residue and the mixture
was stirred at room temperature overnight. Theltieg reaction mixture was concentrated
under reduced pressure and the residue was pub§i€@DS column chromatography
(MeCN/0.1% aqueous formic acid solution) to give(@R,3S)-3-amino-2-hydroxy-5-
methyl-2-{[4-(1-phenylethoxy)pyridin-2-ylmethyl}henoic acid (20.4 mg) and (2) (2R,3S)-
3-amino-2-hydroxy-2-[(4-hydroxypyridin-2-yl)methy§-methylhexanoic acid (13.3 mg)
each as a solid.
[0232] Example 8

Hydrogen chloride (4 M DOX solution, 0.6 ml) waddad to a mixture of tert-butyl
{(1S)-1-[(4R)-2,2-dimethyl-4-({4-[(trans-4-methylcjohexyl)oxy]pyridin-2-yl}methyl)-5-
0x0-1,3-dioxolan-4-yl]-3-methylbutyl}carbamate (16@y) and DOX (1 ml) and the mixture
was stirred at room temperature for 4.5 hours. r€balting reaction mixture was
concentrated under reduced pressure and the regaBipurified by ODS column
chromatography (MeCN/0.1% aqueous formic acid smijit CHCI, (1 ml) and hydrogen
chloride (4 M DOX solution, 0.2 ml) were added he bbtained compound. The solvent
was distilled off from the obtained mixture undeduced pressure to give (5R)-5-[(1S)-1-
amino-3-methylbutyl]-2,2-dimethyl-5-({4-[(trans-4ethylcyclohexyl)oxy]pyridin-2-
yl}methyl)-1,3-dioxolan-4-one dihydrochloride (72gnas a solid.
[0233] Example 9

A mixture of (3R,4S)-4-(2-cyclobutylethyl)-3-{[42(cyclopropylethoxy)pyridin-2-
yllmethyl}-3-(methoxymethoxy)-1-(methoxymethyl)ai#h-2-one (212 mg), THF (5 ml)
and 6 M hydrochloric acid (1 ml) was stirred at®@or 1 hour. The resulting reaction

mixture was allowed to cool to room temperature sussequently concentrated under
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reduced pressure. The resulting residue was edHify ODS column chromatography
(MeCN/0.1% aqueous formic acid solution) to givR @S)-3-amino-5-cyclobutyl-2-{[4-(2-
cyclopropylethoxy)pyridin-2-ylimethyl}-2-hydroxypéanoic acid (124 mg) as a solid.
[0234] Example 10

Under argon atmosphere, a mixture of (2R,3S)-3arBt(4-bromophenyl)-2-{[4-
(cyclohexyloxy)pyridin-2-yllmethyl}-2-hydroxypropanic acid (191 mg), zinc cyanide
(250 mgq), bis(tri-tert-butylphosphine)palladium (8y mg), zinc (5 mg) and N,N-
dimethylacetamide (3.8 ml) was stirred at@®vernight. After cooling the resulting
reaction mixture to room temperature, water wasddtereto and the mixture was extracted
twice with CHCl,. The obtained organic layer was combined, waskgdentially with
water and a saturated aqueous sodium chlorideé@olahd dried over anhydrous magnesium
sulfate. The solvent was distilled off under regtlipressure. Water was added to the
resulting residue, and the insoluble materials weneoved by filtration and the filtrate was
purified by ODS column chromatography (MeCN/0.1%emus formic acid solution). An
excess amount of 1 M hydrochloric acid was addeti¢mbtained compound and the solvent
was distilled off under reduced pressure to give,85)-3-amino-3-(4-cyanophenyl)-2-{[4-
(cyclohexyloxy)pyridin-2-yllmethyl}-2-hydroxypropanic acid dihydrochloride (76 mg) as a
solid.
[0235] Example 11

Under argon atmosphere, a mixture of (2R,3S)-3am(2-bromophenoxy)-2-{[4-
(cyclohexyloxy)pyridin-2-yllmethyl}-2-hydroxybutano acid (141 mg), zinc cyanide
(345 mq), bis(tri-tert-butylphosphine)palladium (@p0 mg), zinc (19 mg) and N,N-
dimethylacetamide (2.8 ml) was stirred at@3or 8 hours. Water was added to the
resulting reaction mixture and the mixture wasawted twice with ChCl,. The obtained
organic layers were combined, dried over anhydragnesium sulfate and the solvent was
distilled off under reduced pressure. 1 M Hydrocial acid and AcOEt were added to the
resulting residue. The organic layer and the aasiémyer were separated and the obtained

aqueous layer was purified by ODS column chromaialgy (MeCN/0.1% aqueous formic
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acid solution) to give (2R,3S)-3-amino-4-(2-cyanepbxy)-2-{[4-(cyclohexyloxy)pyridin-2-
yllmethyl}-2-hydroxybutanoic acid (58 mg) as a sbli
[0236] Example 12

A mixture of (15S,16R)-15-amino-16-hydroxy-2,1®xk-19-
azabicyclo[16.3.1]docosa-1(22),7,18,20-tetraenedr®oxylic acid dihydrochloride (30 mg),
EtOH (10 ml) and 10%Pd/C (50% water content, 50 wag stirred at room temperature for
3 hours under hydrogen atmosphere of 3 atm. Geéikeadded to the resulting reaction
mixture, and the insoluble materials were remowedlitration. The obtained filtrate was
concentrated under reduced pressure and the resaiipurified by ODS column
chromatography (MeCN/0.1% aqueous formic acid smijit An excess amount of 1 M
hydrochloric acid was added to the obtained comg@nd the solvent was distilled off
under reduced pressure to give (15S,16R)-15-am@abytiroxy-2,13-dioxa-19-
azabicyclo[16.3.1]docosa-1(22),18,20-toriene-1@oaylic acid dihydrochloride (18 mg) as
a solid.
[0237] Example 13

Piperidine (0.11 ml) was added to a mixture of,@H-3-amino-2-[(4-
chloropyridin-2-yl)methyl]-2-hydroxy-5-methylhexaioacid (30 mg) and water (0.6 ml)
and the mixture was stirred at 280for 1 hour under microwave irradiation. The tasg
reaction mixture was cooled with an ice-water batihsequently 1 M hydrochloric acid
(1.2 ml) was added thereto and purified by ODS mwiwhromatography (MeCN/0.1%
aqueous formic acid solution). An excess amourdt f hydrochloric acid was added to
the obtained compound and the solvent was distifednder reduced pressure to give
(2R,3S)-3-amino-2-hydroxy-5-methyl-2-{[4-(piperidiryl) pyridin-2-yllmethyl}hexanoic
acid dihydrochloride (25.6 ml) as a solid.
[0238] Example 14

CMBP (0.23 ml) was added to a mixture of (3R,4$§43hydroxypyridin-2-
yl)methyl]-4-isobutyl-3-(methoxymethoxy)-1-(methaxgthyl)azetidin-2-one (100 mg), 1-
naphthylmethanol (140 mg) and toluene (2 ml) amdntixture was stirred at 130
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overnight. The resulting reaction mixture was @nrated under reduced pressure. DOX
(2 ml) and 6 M hydrochloric acid (1 ml) were addedhe resulting residue and the mixture
was stirred at 6C overnight. Water was added to the resultingtr@aenixture and the
mixture was washed with ACOEt.The obtained aquémyes was concentrated under
reduced pressure. The resulting residue was edtify ODS column chromatography
(MeCN/0.1% aqueous formic acid solution). Aftede) an excess amount of 1 M
hydrochloric acid to the obtained compound, theea was distilled off under reduced
pressure to give (2R,3S)-3-amino-2-hydroxy-5-me]4-(1-naphthylmethoxy)pyridin-2-
yllmethylthexanoic acid dihydrochloride (55.6 mg a solid.
[0239] Example 15

CMBP (0.35 ml) was added to a mixture of (3R,4$§43hydroxypyridin-2-
yl)methyl]-4-isobutyl-3-(methoxymethoxy)-1-(methaxgthyl)azetidin-2-one (150 mg), 2-
(1-methyl-1H-pyrazol-4-yl)ethanol (170 mg) and e (3 ml) and the mixture was stirred
at 90C overnight. The resulting reaction mixture wdsvaéd to cool to room temperature
and subsequently concentrated under reduced peessOX (1 ml) and 6 M hydrochloric
acid (3 ml) were added to the resulting residuetaednixture was stirred at 80 for 3
hours. After cooling the resulting reaction mix@uo room temperature, water was added
thereto and the mixture was washed with AcCOEt. dibitained aqueous layer was
concentrated under reduced pressure and the regaiipurified by ODS column
chromatography (MeCN/0.1% aqueous formic acid smiyito give (2R,3S)-3-amino-2-
hydroxy-5-methyl-2-({4-[2-(1-methyl-1H-pyrazol-4-)@thoxy]pyridin-2-yl}methyl)hexanoic
acid (65 mg) as a solid.
[0240] Example 16

Under nitrogen atmosphere, CMMP (100 mg) was atlol@dmixture of (3R,4S)-3-
[(4-hydroxypyridin-2-yl)methyl]-4-isobutyl-3-(methxymethoxy)-1-
(methoxymethyl)azetidin-2-one (200 mg), (1S,2S,83,5,6,6-
trimethylbicyclo[3.1.1]heptan-3-ol (135 mg) anduehe (4 ml) and the mixture was stirred at

170C°C for 1 hour under microwave irradiation. The H8g reaction mixture was allowed
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to cool to room temperature and subsequently cdrated under reduced pressure. DOX
(2.33 ml) and 6 M hydrochloric acid (4 ml) were addo the resulting residue and the
mixture was stirred at 6C overnight. After cooling the resulting reactimixture to room
temperature, water was added thereto, and the raimtas washed with ACOEt. The
obtained aqueous layer was concentrated underedguessure and the residue was purified
by ODS column chromatography (MeCN/0.1% aqueousifoacid solution). An excess
amount of 1 M hydrochloric acid was added to theimled compound and the solvent was
distilled off under reduced pressure to give (2R,3&mino-2-hydroxy-5-methyl-2-[(4-
{[(1S,2S,3R,5R)-2,6,6-trimethylbicyclo[3.1.1]hepdayl]oxy}pyridin-2-yl)methyllhexanoic
acid dihydrochloride (15 mg) as a solid.
[0241] Example 17

(1) 0.2 M Phosphate buffer (30 ml) adjusted pH.tbwas added to (2R,3S)-3-
amino-2-hydroxy-5-methyl-2-({4-[(trans-4-methylcptiexyl)oxy]pyridin-2-
yl}methyl)hexanoic acid dihydrochloride (625 mgiibsequently 1 M aqueous sodium
hydroxide solution was added to adjust a pH ofréaetion mixture to about 7.7 and the
mixture was then stirred at room temperature foo@rs. The precipitate was collected by
filtration to give (2R,3S)-3-amino-2-hydroxy-5-mgt2-({4-[(trans-4-
methylcyclohexyl)oxy]pyridin-2-yl}methyl)hexanoiacca (509 mg) as a solid. The
obtained solid (100 mg) was used for the react®nid be described later. The remaining
solid was combined with a solid of a same compaephrately prepared in the same manner
(total 5.27 g). To the solid of the compound wddeal EtOH (28.5 ml) and water (19 ml),
and the mixture was heated to°80and stirred until the solid was dissolved. Th&amed
solution was gradually allowed to cool to room temgture and stirred for 16 hours. The
precipitate was collected by filtration to give (38)-3-amino-2-hydroxy-5-methyl-2-({4-
[(trans-4-methylcyclohexyl)oxy]pyridin-2-yl}methyexanoic acid (4.29 g) as a crystal.
The obtained crystal had a powder X-ray diffractuattern having peaks at abo#ét(2) 5.2,
10.2,10.4, 13.6, 17.0, 17.5, 18.5, 20.4, 20.9 ahd 23.1.
[0242] (2) A mixture of (2R,3S)-3-amino-2-hydroxyrdethyl-2-({4-[(trans-4-
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methylcyclohexyl)oxy]pyridin-2-yl}methyl)hexanoicca (100 mg) and MeOH (2 ml) was
cooled with an ice-water bath and subsequenthyniohloride (0.5 ml) was added thereto
with stirring.  The resulting reaction mixture watgred at room temperature for 3 days and
subsequently concentrated under reduced pressiife resulting residue was purified by
amino-silica gel column chromatography (hexane/AOEAN excess amount of 1 M
hydrochloric acid was added to the obtained comg@nd the solvent was distilled off
under reduced pressure to give methyl (2R,3S)-3asBihydroxy-5-methyl-2-({4-[(trans-4-
methylcyclohexyl)oxy]pyridin-2-yl}methyl) hexanoatéhydrochloride (48 mg) as a solid.
[0243] Example 18

n-Butanthiol (0.11 ml) was added to a mixture2ZR 3S)-3-amino-2-[(4-
chloropyridin-2-yl)methyl]-2-hydroxy-5-methylhexaitoacid (100 mg), DIPEA (0.12 ml),
potassium carbonate (150 mg) and DMF (3 ml) andhrtixéure was stirred at 12G for 3
hours under microwave irradiation. After coolimg tresulting reaction mixture to room
temperature, water was added thereto. The obtamedre was purified by ODS column
chromatography (MeCN/0.1% aqueous formic acid smtyito give (2R,3S)-3-amino-2-{[4-
(butylsulphanyl)pyridin-2-yljmethyl}-2-hydroxy-5-mbylhexanoic acid (15 mg) as a solid.
[0244] Example 19

A mixture of (2R,3S)-3-amino-2-[(4-chloropyridimy®)methyl]-2-hydroxy-5-
methylhexanoic acid (50 mg), 2-naphthol (126 mgsiem carbonate (284 mg) and N,N-
dimethylacetamide (1.5 ml) was stirred at AG0dor 2 hours under microwave irradiation.
The resulting reaction mixture was allowed to doaloom temperature, subsequently diluted
with water and washed twice with diethyl ether. M Hydrochloric acid (1.9 ml) was added
to the obtained aqueous layer and subsequentlifgzlby ODS column chromatography
(MeCN/0.1% aqueous formic acid solution). MeCN andcexcess amount of 1 M
hydrochloric acid were added to the obtained comgdand the solvent was distilled off
under reduced pressure to give (2R,3S)-3-aminoeRexy-5-methyl-2-{[4-(2-
naphthyloxy)pyridin-2-yllmethyl}hexanoic acid dihgatchloride (10.4 mg) as a solid.
[0245] Example 20
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1 M Agueous sodium hydroxide solution (0.25 misvealded to a mixture of tert-
butyl {(1S)-1-[(4R)-4-{[2-(2-cyclopropylethyD)furd},2-c]pyrridin-4-ylimethyl}-2,2-
dimethyl-5-o0x0-1,3-dioxolan-4-yl]-3-methylbutyl}ceamate (10 mg), DOX (0.25 ml) and
MeOH (0.25 ml) and the mixture was stirred atG@or 5 hours. The resulting reaction
mixture was allowed to cool to room temperature sussequently concentrated under
reduced pressure. After adding DOX (0.25 ml) sndsulting residue, hydrogen chloride
(4 M DOX solution, 0.25 ml) was added thereto uriderbath cooling and subsequently the
mixture was stirred at room temperature for 1 houlrhe resulting reaction mixture was
cooled again with an ice-water bath, 1 M aqueodsuso hydroxide solution (0.5 ml) and
DOX were added thereto and the mixture was cona@utrunder reduced pressure. The
resulting residue was purified by ODS column chrtmgeaphy (MeCN/0.1% aqueous formic
acid solution) to give (2R,3S)-3-amino-2-{[2-(2-dgpropylethyl)furo[3,2-c]pyridin-4-
yllmethyl}-2-hydroxy-5-methylhexanoic acid (5 mgs a solid.

[0246] Examples 21 to 101

Example compounds shown in Tables to be descldtedwere produced in the
same manner as in the method described in the dbamples.
[0247] Example 102

Under argon atmosphere, a mixture of (3R,4S)-&[bropyridin-2-yl)methyl]-4-
[(4-fluorophenoxy)methyl]-3-(methoxymethoxy)-1-(rhekymethyl)azetidin-2-one (300 mg),
N-(2,2,2-trifluoroethyl)cyclohexaneamine hydrochdar (270 mg),
tris(dibenzylideneacetone)dipalladium (129 mg)dyclohexylphosphino)-2',4',6'-
triisopropyl-1,1'-biphenyl (135 mg), sodium terttbxide (390 mg) and toluene (12 ml) was
stirred at 120C for 1 hour under microwave irradiation. The f#8g reaction mixture was
allowed to cool to room temperature and subsequentified by silica gel column
chromatography (hexane/AcOEt) to give (3R,4S)-3{E¥clohexyl(2,2,2-
trifluoroethyl)amino]pyridin-2-yl}methyl)-4-[(4-fl@rophenoxy)methyl]-3-
(methoxymethoxy)-1-(methoxymethyl)azetidin-2-on8{Ing) as an oily product.
(2R,3S)-3-Amino-2-({4-[cyclohexyl(2,2,2-trifluorolyl)amino]pyridin-2-yl}methyl)-4-(4-
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fluorophenoxy)-2-hydroxy butanoic acid dihydroclidier (15 mg) was prepared as a solid
from the above oily product (80 mg) in the same mearas in the method described in
Example 6.
[0248] Example 103

A mixture of S-{[(2R,3R)-3-(methoxymethoxy)-1-(nihetxymethyl)-3-({4-[(trans-4-
methylcyclohexyl)oxy]pyridin-2-yl}methyl)-4-oxoazielin-2-ylJmethyl} thioacetate
(200 mg), MeOH (2 ml), DMF (2 ml), methyl iodide.08 ml) and potassium carbonate
(180 mg) was stirred at room temperature for 2 fiouVater was added to the resulting
reaction mixture. The mixture was extracted wittOkt and subsequently concentrated
under reduced pressure. MeOH (2 ml) and 6 M agusodium hydroxide solution (1 ml)
were added to the resulting residue and the mixtaiestirred at 6@ overnight.  After
cooling the resulting reaction mixture to room temgture, the mixture was concentrated
under reduced pressure. DOX (2 ml) and 6 M hydoshacid (3 ml) were added to the
resulting residue under ice-bath cooling. Theltegpreaction mixture was stirred at room
temperature for 5 hours and subsequently concedtratder reduced pressure. The
resulting residue was purified by ODS column chrtmgeaphy (MeCN/0.1% aqueous formic
acid solution) to give (2R,3R)-3-amino-2-hydroxy{2-[(trans-4-
methylcyclohexyl)oxy]pyridin-2-yl}methyl)-4-(methgulfanyl)butanoic acid (100 mg) as a
solid.
[0249] Example 104

A mixture of S-{[(2R,3R)-3-({4-[(2R)-hexan-2-ylojgyridin-2-yl}methyl)-3-
(methoxymethoxy)-1-(methoxymethyl)-4-oxoazetidirpnethyl} thioacetate (100 mg),
MeOH (1 ml), DMF (1 ml), 1-iodo-2-methylpropane@8.ml) and potassium carbonate
(100 mg) was stirred at room temperature overnighiVater was added to the resulting
reaction mixture. The mixture was extracted wittOkt and subsequently concentrated
under reduced pressure. MeOH (1 ml) and 6 M agusodium hydroxide solution (1 ml)
were added to the resulting residue and the raguléaction mixture was stirred at°@0for

3 hours. The resulting reaction mixture was alldwecool to room temperature and
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subsequently concentrated under reduced pressix@X (1 ml) and 6 M hydrochloric acid
(3 ml) were added to the resulting residue andékalting reaction mixture was stirred at
room temperature overnight and subsequently coratedtunder reduced pressure. The
resulting residue was purified by ODS column chrtmgeaphy (MeCN/0.1% aqueous formic
acid solution). An excess amount of 1 M hydrodklacid was added to the obtained
compound and the solvent was distilled off undduoed pressure to give (2R,3R)-3-amino-
2-({4-[(2R)-hexan-2-yloxy]pyridin-2-yl}methyl)-2-hgiroxy-4-(isobutylsulfanyl)butanoic
acid dihydrochloride (48 mg) as a solid.
[0250] Example 105

3 M Hydrochloric acid (6 ml) was added to a migtof (3R,4R)-4-
[(ethylsulfanyl)methyl]-3-(methoxymethoxy)-1-(methanethyl)-3-({4-[(trans-4-
methylcyclohexyl)oxy]pyridin-2-yl}methyl)azetidin-Bne (598 mg) and DOX (1.5 ml) and
the mixture was stirred at 80 for 2 hours. After adding 6 M aqueous sodiumrbyitie
solution (1.5 ml) to the resulting reaction mixtureder ice-bath cooling, the mixture was
concentrated under reduced pressure. The resvéiaidue was dissolved in water (10 ml)
and a pH of the solution was adjusted to aboutv2l® 6 M aqueous sodium hydroxide
solution. After adding EtOH (3 ml), a pH of thdwgmn was adjusted to about 7.0 with
6 M aqueous sodium hydroxide solution and 1 M hghlaric acid. The obtained mixture
was stirred at room temperature for 15 hours. pAreeipitate was collected by filtration and
washed with water to give (2R,3R)-3-amino-4-(ethifnyl)-2-hydroxy-2-({4-[(trans-4-
methylcyclohexyl)oxy]pyridin-2-yl}methyl)butanoiccéd (417 mg) as a crystal. The
obtained crystal had a powder X-ray diffractiontgat having peaks at abol ¢) 5.1, 13.8,
17.6,18.2, 18.5, 18.7, 19.1, 20.3, 20.7, 23.43 aad 25.2.
[0251] Examples 106-146

Example compounds shown in Tables to be descldtedwere produced in the
same manner as in the method described in the dbamples.
[0252] Tables to be described later show the sirecphysicochemical data and production

method of the Example compounds.
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[0253] Production Example 1

A mixture of (3R,4S)-3-[(4-hydroxypyridin-2-yl)mayl]-4-isobutyl-3-
(methoxymethoxy)-1-(methoxymethyl)azetidin-2-on8@2ng), cis-4-methyl cyclohexanol
(0.224 ml), CMBP (0.467 ml) and toluene (4 ml) wgtisred at 90C overnight. The
resulting reaction mixture was allowed to cooldom temperature and subsequently
concentrated under reduced pressure. The resvétadue was purified by silica gel
column chromatography (hexane/AcOEt) to give (3R4k&0butyl-3-(methoxymethoxy)-1-
(methoxymethyl)-3-({4-[(trans-4-methylcyclohexyl)ghoyridin-2-yl}methyl)azetidin-2-one
(35 mg) as an oily product.
[0254] Production Example 2

Under nitrogen atmosphere, CMMP (65 mg) was adol@dmixture of (3R,4S)-3-
[(4-hydroxypyridin-2-yl)methyl]-4-isobutyl-3-(methxymethoxy)-1-
(methoxymethyl)azetidin-2-one (160 mg), (5r,8s)xkaspiro[4.5]decan-8-ol (78 mg) and
toluene (2 ml) and the mixture was stirred at°Cl€r 1.5 hours under microwave
irradiation. The resulting reaction mixture wa®waked to cool to room temperature and
subsequently concentrated under reduced pressiife resulting residue was purified by
silica gel column chromatography (hexane/AcOEt/Mé@iHgive (3R,4S)-4-isobutyl-3-
(methoxymethoxy)-1-(methoxymethyl)-3-({4-[(5s,8rekaspiro[4.5]deca-8-yloxy]pyridin-
2-yl}methyl)azetidin-2-one (63 mg) as an oily pratiu
[0255] Production Example 3

Under argon atmosphere, to a mixture of (3R,48yd-0xy-4-isobutylazetidin-2-
one (38.9 g), chloro(methoxy)methane (90 ml) andFTH/8 ml) was added NaH (60%
mineral oil dispersion, total 26 g) portionwise.g&g x 5 times) over a period of 1 hour under
ice-bath cooling. After stirring the resulting cian mixture for 1 hour under ice-bath
cooling, 5% aqueous ammonium chloride solution added thereto.  After separating the
organic layer, the aqueous layer was extractech&stiwith ACOEt. The organic layers
were combined and washed sequentially with a dattiiequeous sodium hydrogen

carbonate solution and a saturated aqueous sodilomde solution. The organic layer was
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dried over anhydrous magnesium sulfate and coratedtunder reduced pressure. The
resulting residue was purified by silica gel coluaimmomatography (hexane/AcOEt) to give
(3R,4S)-4-isobutyl-3-(methoxymethoxy)-1-(methoxymg}azetidin-2-one (57.89 g) as an
oily product.
[0256] Production Example 4

Potassium hexamethyldisilazide (1.0 M THF solutib® ml) was added to a
mixture of (3R,4S)-4-[(4S)-2,2-dimethyl-1,3-dioxakd-yl]-3-(methoxymethoxy)azetidin-2-
one (302 mg), chloro(methoxy)methane (0.15 mljatetbutylammonium iodide (500 mg)
and THF (9 ml) under ice-bath cooling, the mixtwas stirred for 1 hour and then stirred at
room temperature overnight. Water was added toeb@ting reaction mixture and the
mixture was extracted with ACOEt. The obtainedamig layer was dried over anhydrous
magnesium sulfate and concentrated under reduessdyre. The resulting residue was
purified by silica gel column chromatography (hex@&ctOEt) to give (3R,4S)-4-[(4S)-2,2-
dimethyl-1,3-dioxolan-4-yl]-3-(methoxymethoxy)-1-éthoxymethyl)azetidin-2-one
(247 mg) as an oily product.
[0257] Production Example 5

A saturated aqueous sodium hydrogen carbonatémoluas added to a mixture of
4-(benzyloxy)-2-(chloromethyl)pyridine hydrochloeid17.5 g) and CHGI After
separating the organic layer from the obtained uné&tthe aqueous layer was extracted with
CHCIl;. The obtained organic layers were combined, drext anhydrous magnesium
sulfate and concentrated under reduced pressuriurs iodide (20 g) was added to a
mixture of the obtained oily product, THF (100 rat)d acetone (100 ml) at room
temperature. After stirring at room temperaturelftiour, the mixture was diluted with
toluene. The resulting mixture was concentrateabimut 50 ml under reduced pressure and
toluene and anhydrous magnesium sulfate were addee obtained mixture. The
insoluble material was removed by filtration and tbtained filtrate was concentrated again
to about 50 ml under reduced pressure (mixture A).

[0258] Under argon atmosphere, LDA (1.12 M hexahd-TFolution, 60 ml) was added
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dropwise with stirring to a mixture of (3R,4S)-&lmityl-3-(methoxymethoxy)-1-
(methoxymethyl)azetidin-2-one (10 g) and THF (20Dah-78C. The resulting reaction
mixture was stirred at the same temperature fanBuites and subsequently the mixture A
was added dropwise at the same temperature. Thitarmiwas stirred at the same
temperature for 3 hours and subsequently allowedaron up to room temperature. After
cooling the resulting reaction mixture t&@) water was added thereto and the mixture was
extracted with ACOEt. The obtained organic layeswlried over anhydrous magnesium
sulfate. The obtained organic layer was concesdrahder reduced pressure and the
residue was purified by silica gel column chromaaplpy (hexane/AcOEt) to give (3R,4S)-
3-{[4-(benzyloxy)pyridin-2-ylimethyl}-4-isobutyl-3imethoxymethoxy)-1-
(methoxymethyl)azetidin-2-one (14.5 g) as an oilyduict.
[0259] Production Example 6

Under ice-bath cooling, thionyl chloride (17 mixsvadded to a mixture of [4-
(benzyloxy)pyridin-2-yllmethanol (23.6 g) and gEl, (500 ml). The resulting reaction
mixture was allowed to warm up to room temperatune stirred overnight. The resulting
reaction mixture was concentrated under reduceskpre and toluene was added to the
residue. The obtained mixture was concentrateeémurediuced pressure and the resulting
residue was washed with diisopropyl ether to gifbeehzyloxy)-2-(chloromethyl)pyridine
hydrochloride (24.9 g) as a solid.
[0260] Production Example 7

Under argon atmosphere, 10% Pd/C (50% water chritetb g) was added to a
mixture of (3R,4S)-3-{[4-(benzyloxy)pyridin-2-yl]nieyl}-4-isobutyl-3-(methoxymethoxy)-
1-(methoxymethyl)azetidin-2-one (14.5 g) and Me@HQ ml) and subsequently the mixture
was stirred overnight under hydrogen atmospherdae résulting reaction mixture was
filtered through Celite and the filtrate was cortcated under reduced pressure. The
resulting residue was purified by silica gel coluatmomatography (CH@MeOH) to give
(3R,4S)-3-[(4-hydroxypyridin-2-yl)methyl]-4-isobut@-(methoxymethoxy)-1-
(methoxymethyl)azetidin-2-one (9.8 g) as an oilgdurct.
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[0261] Production Example 8

Under argon atmosphere, a mixture of (3R,4S)-3({yclohexyloxy)pyridin-2-
yllmethyl}-4-(hydroxymethyl)-3-(methoxymethoxy)-Inethoxymethyl)azetidin-2-one
(250 mg), CMBP (280 mg), 2-bromophenol (220 mg) tohdene (6 ml) was stirred at 90
for 8 hours. The resulting reaction mixture wasaamtrated under reduced pressure and
the residue was purified by silica gel column chabmgraphy (hexane/AcOEt) to give
(3R,4S)-4-[(2-bromophenoxy)methyl]-3-{[4-(cyclohdryy)pyridin-2-ylmethyl}-3-
(methoxymethoxy)-1-(methoxymethyl)azetidin-2-on883ng) as a solid.
[0262] Production Example 9

NaH (60% mineral oil dispersion, 3.0 g) was adtted mixture of 2-
cyclopropylethanol (5.04 g) and DMF (90 ml) undss-bath cooling and the mixture was
stirred for 30 minutes. A solution of 4-chloropdirie-2-carbonitrile (8.6 g) in DMF (10 ml)
was added to the resulting reaction mixture andribxure was stirred at room temperature
for 2 hours. Water was added to the resultingti@aenixture under ice-bath cooling and
the mixture was extracted with AcCOEt. The obtaineghnic layer was washed with a
saturated aqueous sodium chloride solution andesuigstly dried over anhydrous
magnesium sulfate. The organic layer was condeutiander reduced pressure and the
resulting residue was purified by silica gel coluaimmomatography (hexane/AcOEt) to give
4-(2-cyclopropylethoxy)pyridine-2-carbonitrile (&.9) as a solid.
[0263] Production Example 10

Sodium methoxide (28% MeOH solution, 7.2 ml) wdded to a mixture of 4-(2-
cyclopropylethoxy)pyridine-2-carbonitrile (6.76 and MeOH (140 ml) under ice-bath
cooling and the mixture was stirred at room temioeesfor 3 hours. 1 M Hydrochloric acid
(120 ml) was added to the resulting reaction mexamd the mixture was stirred for 1 hour.
The resulting reaction mixture was concentrateceunelduced pressure and AcOEt and a
saturated aqueous sodium hydrogen carbonate soluéce added to the resulting residue.
The organic layer was separated from the obtaingture and the aqueous layer was

extracted with ACOEt. The obtained organic layaswashed with a saturated aqueous
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sodium chloride solution and subsequently dried amdaydrous sodium sulfate. The
organic layer was concentrated under reduced peed¥aBH, (4.0 g) was added to a
mixture of the resulting residue and MeOH (150 wamljier ice-bath cooling and the mixture
was stirred at room temperature overnight. Theltieg reaction mixture was concentrated
under reduced pressure and a saturated aqueousnaimmuahloride solution was added to
the residue and the mixture was extracted with AcOEhe organic layer was washed with
a saturated aqueous sodium chloride solution abseswently dried over anhydrous
magnesium sulfate. The obtained organic layercsasentrated under reduced pressure
and the resulting residue was purified by silichopdumn chromatography (CHZMeOH)
to give [4-(2-cyclopropylethoxy)pyridin-2-yllmethah(5.89 g) as an oily product.
[0264] Production Example 11

Under argon atmosphere, cyclopropylmethylbrom@@3 ml) was added to a
mixture of (3R,4R)-3-(methoxymethoxy)-1-(methoxyimgj-3-({4-[(trans-4-
methylcyclohexyl)oxy]pyridin-2-yl}methyl)-4-(sulfayimethyl)azetidin-2-one (120 mg),
potassium carbonate (50 mg), sodium iodide (100and)DMF (5 ml) and the mixture was
stirred at room temperature overnight. A saturaigaeous sodium chloride solution was
added to the resulting reaction mixture and thetunéxwas extracted with ACOEt. The
obtained organic layer was washed with a saturgeeous sodium chloride solution, dried
over anhydrous magnesium sulfate and concentraiger ueduced pressure. The resulting
residue was purified by silica gel column chromaaphy (hexane/AcOEt) to give (3R,4R)-
4-{[(cyclopropylmethyl)sulphanyllmethyl}-3-(methoxyethoxy)-1-(methoxymethyl)-3-({4-
[(trans-4-methylcyclohexyl)oxy]pyridin-2-yl}methydetidin-2-one (39.7 mg) as an oily
product.
[0265] Production Example 12

AcOH (0.0176 ml) and N-[(dimethylamino)(3H-[1,28&zolo[4,5-b]pyridin-3-
yloxy)methylene]-N-methylmethaneaminium hexafludropphate (71 mg) were added
under ice-bath cooling to a mixture of (3R,4S)-dbistyl-3-(methoxymethoxy)-1-

(methoxymethyl)-3-{[4-(piperidin-4-yloxy)pyridin-24Jmethyl}azetidin-2-one (65 mg) and
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DMF (1 ml). After stirring the resulting reactionixture at room temperature for 1 hour,
water was added thereto and the mixture was egttastice with CHG. The obtained
organic layer was dried over anhydrous sodium suHad concentrated under reduced
pressure. The resulting residue was purified ligasgel column chromatography
(CHCIs/MeOH) to give (3R,4S)-3-({4-[(1-acetylpiperidiny}oxy]pyridin-2-yl}methyl)-4-
isobutyl-3-(methoxymethoxy)-1-(methoxymethyl)az&ti@-one (49 mg) as an oily product.
[0266] Production Example 13

Under nitrogen atmosphere, a mixture of (3R,4§@3:hloropyridin-2-yl)methyl]-
4-isobutyl-3-(methoxymethoxy)-1-(methoxymethyl)adet-2-one (200 mg), trans-4-
methylcyclohexanecarboxamide (90 mg), (9,9-dimefityixanthene-4,5-
diyl)bis(diphenylphosphine) (65 mg), tris(dibenzigheacetone)dipalladium (50 mg), cesium
carbonate (200 mg) and DOX (4 ml) was stirred & CIfor 20 hours. The resulting
reaction mixture was concentrated under reduceskpre and the residue was purified by
silica gel column chromatography (hexane/AcOEQit@ trans-N-(2-{[(2S,3R)-2-isobutyl-
3-(methoxymethoxy)-1-(methoxymethyl)-4-oxoazeti@iyl|methyl}pyridin-4-yl)-4-
methylcyclohexanecarboxamide (137 mg) as an odgct.
[0267] Production Example 14

A mixture of 2,5-dimethyl-4-nitropyridine 1-oxid@ g), benzyl alcohol (6.7 ml),
potassium carbonate (3.3 g), benzyltri-n-butylamimenchloride (700 mg) and water
(10.5 ml) was stirred at 168G for 1 hour under microwave irradiation. Afterotiog the
resulting reaction mixture to room temperature,evatas added thereto and the mixture was
extracted three times with CHLI The obtained organic layer was dried over anbysir
magnesium sulfate and subsequently concentratest veduced pressure. The resulting
residue was purified by silica gel column chromaaphy (CHCY/MeOH) to give 4-
(benzyloxy)-2,5-dimethylpyridin 1-oxide (1.9 g) asolid.
[0268] Production Example 15

A mixture of 4-(benzyloxy)-2,5-dimethylpyridin xmle (4.3 g) and acetic

anhydride (80 ml) was stirred at®for 1 hour. The resulting reaction mixture was
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allowed to cool to room temperature and subsequenticentrated under reduced pressure.
MeOH (70 ml) and potassium carbonate (6 g) wereddd the resulting residue and the
mixture was stirred at room temperature for 1 hoWVater was added to the resulting
reaction mixture and the mixture was extracted WHCL. The organic layer was dried
over anhydrous magnesium sulfate and subsequartteatrated under reduced pressure.
The resulting residue was purified by amino-siljeh column chromatography
(hexane/AcOEt) to give [4-(benzyloxy)-5-methylpynie2-yllmethanol (1.94 g) as a solid.
The obtained compound was combined with a same contpseparately prepared in the
same manner. Thionyl chloride (2.4 ml) was addgd stirring under ice-bath cooling to a
mixture of the obtained [4-(benzyloxy)-5-methylmin-2-ylJmethanol (3.56 g) and GBI,
(70 ml) and the mixture was stirred at room temjueeafor 2 hours. The resulting reaction
mixture was concentrated under reduced pressurtohrahe was added to the residue.
The solvent was distilled off from the obtained tare under reduced pressure to give 4-
(benzyloxy)-2-(chloromethyl)-5-methylpyridine hyatdoride (4.41 g) as a solid.
[0269] Production Example 16

After cooling a mixture of 5-[(benzyloxy)methylH#hethoxy-2-methylpyridine
(500 mg) and CBCI, (10 ml) with an ice-water bath, m-chloroperbenzma (about 25%
water content, 532 mg) was added thereto and thkiuraiwas stirred at room temperature
for 2 hours. Aqueous sodium thiosulfate solutiaswadded to the resulting reaction
mixture and the mixture was stirred at room temjpeeafor 15 minutes. After separating
the aqueous layer from the organic layer, the acgager was washed sequentially with
water and a saturated aqueous sodium chlorideé@olut The obtained organic layer was
dried over anhydrous magnesium sulfate and subadguencentrated under reduced
pressure. AcOH (1 ml) and acetic anhydride (1wea)e added to the resulting residue and
the mixture was stirred at 190 for 3 hours. The resulting reaction mixture \aiswed to
cool to room temperature and subsequently condedttander reduced pressure. MeOH
(5.0 ml) and 6 M aqueous sodium hydroxide solu(iboml) were added to the resulting

residue and the mixture was stirred at room tenperavernight. Water was added to the
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resulting reaction mixture and the mixture wasaoted with CHGJ. The obtained organic
layer was dried over anhydrous magnesium sulfadlesahsequently concentrated under
reduced pressure. The resulting residue was edify silica gel column chromatography
(CHCIs/MeOH) to give {5-[(benzyloxy)methyl]-4-methoxypwin-2-yl}methanol (380 mg)
as an oily product.
[0270] Production Example 17

A mixture of 4-[(2-{[(2S,3R)-2-isobutyl-3-(methoryethoxy)-1-(methoxymethyl)-
4-oxoazetidin-3-ylmethyl}pyridin-4-yl)oxy]piperigie-1-benzyl carboxylate (216 mg), 10%
Pd/C (50% water content, 22 mg) and EtOH (5 ml) stased at room temperature for 4
hours under hydrogen atmosphere. Insoluble mateais:removed by filtration from the
resulting reaction mixture and subsequently theafié was concentrated under reduced
pressure. MeOH (5 ml) and 10% Pd/C (50% watereztnd9 mg) were added to the
resulting residue and the mixture was stirred atréemperature for 3 hours under hydrogen
atmosphere. Insoluble material was removed afitin from the resulting reaction
mixture and subsequently the filtrate was concésdrander reduced pressure to give
(3R,4S)-4-isobutyl-3-(methoxymethoxy)-1-(methoxymg}-3-{[4-(piperidin-4-
yloxy)pyridin-2-ylmethyl}azetidin-2-one (157 mgyan oily product.
[0271] Production Example 18

A mixture of 2,3,5-trimethyl-4-(2-phenylethoxy)pgin 1-oxide (510 mg), 4-
methylbenzenesulfonyl chloride (570 mg) and MeCMh(Bwas stirred at £C for 1 hour.
EtsN (0.43 ml) was added to the reaction mixture wtilring and the mixture was stirred at
40°C for 3 hours. After cooling the resulting reantimixture to room temperature, a
saturated aqueous sodium hydrogen carbonate soluéie added thereto and the mixture
was extracted with CHgI The obtained organic layer was washed with aratgd
aqueous sodium chloride solution, dried over antiysimagnesium sulfate and subsequently
concentrated under reduced pressure. The resoétandue was purified by silica gel
column chromatography (hexane/AcOEt) to give 2dunininethyl)-3,5-dimethyl-4-(2-

phenylethoxy)pyridine (370 mg) as an oily product.
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[0272] Production Example 19

A mixture of (4-methoxy-6-methylpyridin-3-yl)methal (2.4 g) and DMF (20 ml)
was cooled with an ice-water bath, subsequently (&% mineral oil dispersion, 750 mg)
was added thereto and the mixture was stirredeasdme temperature for 1 hour. A
mixture of benzyl bromide (4 ml) and DMF (4 ml) wadded to the reaction mixture and the
mixture was stirred at room temperature overnighM/ater was added to the resulting
reaction mixture and the mixture was extracted WWHCl;. The obtained organic layer
was dried over anhydrous magnesium sulfate andegulesitly concentrated under reduced
pressure. The resulting residue was purified ligasgel column chromatography
(CHCIs/MeOH) to give 5-[(benzyloxy)methyl]-4-methoxy-2-thglpyridine (1 g) as an oily
product.
[0273] Production Example 20

Under nitrogen atmosphere, NaB{70 mg) was added under ice-bath cooling to a
mixture of 1-(2-cyclohexylethyl)-1H-imidazo[4,5-gjpdine-6-methyl carboxylate (640 mg)
and MeOH (9 ml) and the mixture was stirred atdhme temperature for 30 minutes. The
resulting reaction mixture was allowed to warm apdom temperature and stirred overnight.
The resulting reaction mixture was cooled with @water bath. A saturated aqueous
ammonium chloride solution was added thereto aadrtixture was extracted three times
with CH,Cl,. The obtained organic layer was washed with @araegd aqueous sodium
chloride solution and dried over anhydrous sodiuifate. The solvent was distilled off
under reduced pressure to give [1-(2-cyclohexylgthi-imidazo[4,5-c]pyridin-6-
yllmethanol (560 mg) as an oily product.
[0274] Production Example 21

A mixture of (2S,3R)-3-[(tert-butoxycarbonyl)amir®-hydroxy-5-methylhexanoic
acid (4 g), 1,2-dichloroethane (20 ml), 2,2-dimetyropane (20 ml) and pyridinium p-
toluenesulfonate (385 mg) was stirred at@@vernight. After cooling the resulting
reaction mixture to room temperature, a saturate@aus sodium hydrogen carbonate

solution was added thereto and the mixture wasiebad with AcCOEt. The obtained
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organic layer was dried over anhydrous magnesiufateland subsequently concentrated
under reduced pressure. EtOH and water were addéd resulting residue and the
mixture was heated to 80. The obtained mixture was allowed to cool tommoo
temperature and subsequently the precipitate wectad by filtration and washed with
water to give tert-butyl {(1R)-1-[(4S)-2,2-dimeth§toxo-1,3-dioxolan-4-yl]-3-
methylbutyl}carbamate (3.4 g) as a solid.
[0275] Production Example 22

After cooling a mixture of {4-[(trans-4-methylcyatiexyl)oxy]pyridin-2-
yl}methanol (9.3 g) and THF (70 ml) with an ice-wabath, a mixture of PB(4.2 ml) and
THF (20 ml) was added dropwise and the mixture stiaged at room temperature for 3
hours. The resulting reaction mixture was cooldti an ice-water bath. MeOH (46.5 ml)
was added dropwise and the mixture was stirredahrtemperature for 30 minutes.
Activated carbon (1 g) was added to the reactioxture and the mixture was stirred at room
temperature for 30 minutes. Celite was addeddadhction mixture and the insoluble
material was removed by filtration through Celitelhe obtained filtrate was concentrated
under reduced pressure. AcOEt was added to th#ingsresidue and the mixture was
stirred at room temperature for 1 hour. Diisoptafier was added dropwise to the
obtained mixture and the mixture was stirred atmdemperature for 5 hours. The
precipitate was collected by filtration and rinseith a mixture of ACOEt-diisopropyl ether
(2:1) and diisopropyl ether to give 2-(bromomethd(trans-4-
methylcyclohexyl)oxy]pyridine hydrobromate (13.8ayp a solid.
[0276] Production Example 23

A mixture of 2-(bromomethyl)-4-[(trans-4-methyldghexyl)oxy]pyridine
hydrobromate (7.5 g) and THF (35 ml) was cooled/&C, lithium hexamethyldisilazide
(1.3 M hexane solution, 16 ml) was added dropwhseeto under argon atmosphere and the
mixture was stirred at the same temperature fanBuites. The resulting reaction mixture
was warmed up to°C and stirred for 30 minutes (mixture A).

[0277] Under argon atmosphere, a mixture of (3R3{nethoxymethoxy)-1-
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(methoxymethyl)-4-{[(triisopropylsilyl)oxy]methyl}aetidin-2-one (7 g) and THF (28 ml)
was cooled to -7&, LDA (1.09 M hexane-THF solution, 37 ml) was addieopwise thereto
and the mixture was stirred for 30 minutes. Thetane A was added to the resulting
reaction mixture and the mixture was stirred féroRirs. A mixture of AcOH (2.1 ml) and
THF (7 ml) was added to the resulting reaction migtat -78C and the mixture was stirred
for 15 minutes. The resulting reaction mixture wesmed up to @C. Dimethylamine
(2 M THF solution, 19.4 ml) was added thereto drerixture was stirred for 30 minutes.
The resulting reaction mixture was poured into atame of water and AcOEt and the
oraganic layer was separated. The obtained ordmyec was washed sequentially with
1 M hydrochloric acid, a saturated aqueous sodiydndgen carbonate solution and a
saturated aqueous sodium chloride solution, dned anhydrous magnesium sulfate and
subsequently concentrated under reduced pressiife resulting residue was purified by
silica gel column chromatography (hexane/AcOEQit@ (3R,4S)-3-(methoxymethoxy)-1-
(methoxymethyl)-3-({4-[(trans-4-methylcyclohexyl)ghoyridin-2-yl}methyl)-4-
{[(triisopropylsilyl)oxy]methyl}azetidin-2-one (7.3) as an oily product.
[0278] Production Example 24

A solution of PBsg (1.17 ml) in CHCI, (10 ml) was added dropwise under ice-bath
cooling to a solution of {4-[(trans-4-methylcyclohg)oxy]pyridin-2-yl}methanol (3.44 g) in
CH.Cl; (42 ml). The reaction mixture was stirred at ra@mperature for 1.5 hours and
subsequently added to an ice-cooled mixture of@&@d aqueous sodium hydrogen
carbonate solution and GEl,. The obtained mixture was stirred at room temipegafor
20 minutes and subsequently extracted with@}k The obtained organic layer was
washed with a saturated aqueous sodium chlorideico] subsequently dried over
anhydrous magnesium sulfate, diluted with toluemet @ncentrated under reduced pressure
to about 20 ml. The obtained mixture was dilutgdia with toluene and concentrated
again under reduced pressure to about 25 ml (neajr
[0279] Under nitrogen atmosphere, a solution dftbetyl {(1S)-1-[(4S)-2,2-dimethyl-5-

0xo0-1,3-dioxolan-4-yl]-3-methylbutyl}carbamate (2.4) in THF (62 ml) was cooled with a
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dry ice-acetone bath and LDA (1.09 M hexane - THIkt®n, 22 ml) was added dropwise
thereto. The resulting reaction mixture was difice 40 minutes while cooled with the dry
ice-acetone bath. The mixture A was added dropanskthe mixture was further stirred for
2 hours. AcOH was added to the resulting reactiotiure. The mixture was allowed to
warm up to room temperature and ACOEt was addedtthe The obtained mixture was
washed with a saturated aqueous sodium carbonatescand a saturated aqueous sodium
chloride solution, subsequently dried over anhydnmagnesium sulfate and concentrated
under reduced pressure. The resulting residuguised by silica gel column
chromatography (hexane/AcOEt) to give tert-butyllS§-1-[(4R)-2,2-dimethyl-4-({4-[(trans-
4-methylcyclohexyl)oxy]pyridin-2-yl}methyl)-5-oxo-B-dioxolan-4-yl]-3-
methylbutyl}carbamate (3.63 g) as a foamy solid.
[0280] Production Example 25

1H-Benzotriazole-1-methanol (35 mg) was addednoxaure of (3R,4S)-4-
isobutyl-3-(methoxymethoxy)-1-(methoxymethyl)-3-{[piperidin-4-yloxy)pyridin-2-
yllmethyl}azetidin-2-one (65 mg) and MeCN (1 ml)dathe mixture was stirred at room
temperature for 10 minutes. Triacetoxysodium bgpdoide (50 mg) was added to the
resulting reaction mixture and the mixture wasHartstirred at room temperature for 50
minutes. A saturated aqueous ammonium chloridgiealwas added to the resulting
reaction mixture under ice-bath cooling and thetorxwas extracted three times with
CHCI3-MeOH (5:1). The organic layer was dried over artbys sodium sulfate and
concentrated under reduced pressure. The resvétandue was purified by silica gel
column chromatography (CHZMeOH) to give (3R,4S)-4-isobutyl-3-(methoxymethdxy
(methoxymethyl)-3-({4-[(1-methylpiperidin-4-yl)oxplridin-2-yl}methyl) azetidin-2-one
(56 mg) as an oily product.
[0281] Production Example 26

(2R,3S)-3-amino-2-[(4-chloropyridin-2-yl)methylH2ydroxy-5-methylhexanoic
acid (198 mg) was prepared as a solid from (3R3#R4-chloropyridin-2-yl)methyl]-4-

isobutyl-3-(methoxymethoxy)-1-(methoxymethyl)az&ti@-one (382 mg) in the same
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manner as in the method described in Example 9.
[0282] Production Example 27

A mixture of (3R,4S)-4-(2-cyclobutylethyl)-3-(metkymethoxy)azetidin-2-one
(517 mgq), 1,2-dichloroethane (13 ml), chloro(metj)oxethane (0.8 ml) and DIPEA (2 ml)
was stirred at S for 12 hours. The resulting reaction mixture atswed to cool to
room temperature. Chloro(methoxy)methane (0.35amd) DIPEA (0.83 ml) were added
thereto and the mixture was stirred at@@or 5 hours. The resulting reaction mixture was
allowed to cool to room temperature. A saturagakaus sodium hydrogen carbonate
solution was added thereto and the mixture wasebed with ACOEt. The obtained
organic layer was washed with a saturated aquemmisra chloride solution and dried over
anhydrous magnesium sulfate. The organic layeromasentrated under reduced pressure
and the resulting residue was purified by silichapdumn chromatography (hexane/AcOEt)
to give (3R,4S)-4-(2-cyclobutylethyl)-3-(methoxyrheky)-1-(methoxymethyl)azetidin-2-
one (512 mg) as an oily product.
[0283] Production Example 28

Ammonium cerium (IV) nitrate (4.7 g) was addedatmixture of (3R,4S)-4-(2-
cyclobutylethyl)-3-(methoxymethoxy)-1-(4-methoxymlydazetidin-2-one (960 mg), MeCN
(24 ml) and water (12 ml) under ice-bath cooling #me mixture was stirred for 30 minutes.
Water and a saturated aqueous sodium hydrogenrzesolution were added to the
resulting reaction mixture with stirring and subsewtly a 2% aqueous sodium hydrogen
sulfite solution was added thereto. The resulteagtion mixture was filtered through
Celite and the filtrate was extracted with CECI The obtained organic layer was washed
with a saturated aqueous sodium chloride solutided over anhydrous magnesium sulfate
and subsequently concentrated under reduced peessiine resulting residue was purified
by silica gel column chromatography (hexane/AcQ&give (3R,4S)-4-(2-cyclobutylethyl)-
3-(methoxymethoxy)azetidin-2-one (459 mg) as adsoli
[0284] Production Example 29

A mixture of (3R,4S)-4-[(4S)-2,2-dimethyl-1,3-dialan-4-yl]-3-
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(methoxymethoxy)-1-(4-methoxyphenyl)azetidin-2-¢8& g), AcOH (50 ml) and water
(13 ml) was stirred at 3C for 4 hours. The resulting reaction mixture \&dswed to cool
to room temperature and subsequently concentratger ueduced pressure. The resulting
residue was purified by silica gel column chromaaphy (CHCYMeOH) to give (3R,4S)-4-
[(1S)-1,2-dihydroxyethyl]-3-(methoxymethoxy)-1-(4ethoxyphenyl)azetidin-2-one (2.6 g)
as an oily product.
[0285] Production Example 30

Sodium periodate (2.3 g) was added to a mixtul@Rf4S)-4-[(1S)-1,2-
dihydroxyethyl]-3-(methoxymethoxy)-1-(4-methoxyplyBazetidin-2-one (2.1 g), Ci€l,
(40 ml) and a saturated aqueous sodium hydrogéorate solution (1 ml) and the mixture
was stirred at room temperature for 1 hour. Anbydrmagnesium sulfate was added to the
resulting reaction mixture and the mixture wagetirfor 30 minutes. The resulting
reaction mixture was filtered through Celite and slolvent was distilled off from the filtrate
under reduced pressure to give (2R,3R)-3-(methokyoxg)-1-(4-methoxyphenyl)-4-
oxoazetidin-2-carbaldehyde (1.8 g) as a solid.
[0286] Production Example 31

NaBH; (1.2 g) was added to a mixture of (2R,3R)-3-(meynoethoxy)-1-
(methoxymethyl)-4-oxoazetidin-2-carbaldehyde (5.amnd THF (50 ml) under ice-bath
cooling and the mixture was stirred for 30 minuteéAfter adding water (5 ml) to the
resulting reaction mixture, anhydrous magnesiurfasulvas added thereto and the mixture
was stirred at room temperature for 30 minutes. e fEsulting reaction mixture was filtered
and subsequently the filtrate was concentratedrunedieiced pressure. The resulting
residue was purified by silica gel column chromaaphyy (CHCYMeOH) to give (3R,4S)-4-
(hydroxymethyl)-3-(methoxymethoxy)-1-(methoxymedaygetidin-2-one (4.4 g) as an oily
product.
[0287] Production Example 32

A mixture of (3R,4S)-4-(hydroxymethyl)-3-(methoxgthoxy)-1-
(methoxymethyl)azetidin-2-one (100 mg), triisoprimpyorosilane (0.21 ml), imidazole
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(140 mg) and DMF (2 ml) was stirred at room temperovernight. The resulting
reaction mixture was added to water and the mixtuae extracted with AcCOEt. The
obtained organic layer was washed with a saturgeeous sodium chloride solution, dried
over anhydrous magnesium sulfate and subsequeartteatrated under reduced pressure.
The resulting residue was purified by silica gduoan chromatography (hexane/AcOEt) to
give (3R,4S)-3-(methoxymethoxy)-1-(methoxymethy)-4
{[(triisopropylsilyl)oxy]methyl}azetidin-2-one (13m™g) as an oily product.
[0288] Production Example 33

After cooling a mixture of (3R,4S)-3-(methoxymextlyp 1-(methoxymethyl)-3-({4-
[(trans-4-methylcyclohexyl)oxy]pyridin-2-yl}methyl-
{[(triisopropylsilyl)oxy]methyl}azetidin-2-one (7.3) and THF (100 ml) with an ice-water
bath, tetra-n-butylammonium fluoride (1 M THF sadmt, 19 ml) was added thereto and the
mixture was stirred for 30 minutes. The reactiartore was added to a saturated aqueous
ammonium chloride solution and the mixture wasaoted with AcCOEt. The obtained
organic layer was washed with a saturated aquemmisra chloride solution, dried over
anhydrous magnesium sulfate and subsequently coateshunder reduced pressure. The
resulting residue was purified by silica gel coluatmomatography (CH@MeOH) to give
(3R,4S)-4-(hydroxymethyl)-3-(methoxymethoxy)-1-(imetymethyl)-3-({4-[(trans-4-
methylcyclohexyl)oxy]pyridin-2-yl}methyl)azetidin-Bne (4.7 g) as an oily product.
[0289] Production Example 34

A mixture of (3R,4S)-4-(2-hydroxyethyl)-3-(methargthoxy)-1-(methoxymethyl)-
3-({4-[(trans-4-methylcyclohexyl)oxy]pyridin-2-yl}rathyl)azetidin-2-one (200 mg), 1-iodo-
2-methylpropane (2 ml) and A@Q (1 g) was stirred at 9Q overnight. The resulting
reaction mixture was allowed to cool to room terap@re. Insoluble material was removed
by filtration and the filtrate was concentrated enceduced pressure. The resulting residue
was purified by silica gel column chromatographgx@ne/AcOEt) to give (3R,4S)-4-(2-
isobutoxyethyl)-3-(methoxymethoxy)-1-(methoxymedr$4({4-[(trans-4-
methylcyclohexyl)oxy]pyridin-2-yl}methyl)azetidin-Bne (80 mg) as an oily product.
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[0290] Production Example 35

Methanesulfonyl chloride (0.085 ml) was added toixture of (3R,4S)-4-
(hydroxymethyl)-3-(methoxymethoxy)-1-(methoxymeth$t({4-[(trans-4-
methylcyclohexyl)oxy]pyridin-2-yl}methyl)azetidin-Bne (222 mg), pyridine (0.175 ml) and
CH.ClI; (4 ml) and the mixture was stirred at room tempgeaovernight. CbLCl, was
added to the resulting reaction mixture, and theumeé was washed sequentially with 0.5 M
hydrochloric acid, a saturated aqueous sodium lggir@arbonate solution and a saturated
aqueous sodium chloride solution. The obtainedmiglayer was dried over anhydrous
magnesium sulfate and the solvent was distilledinéfer reduced pressure to give
methanesulfonic acid [(2S,3R)-3-(methoxymethoxyj¥iethoxymethyl)-3-({4-[(trans-4-
methylcyclohexyl)oxy]pyridin-2-yl}methyl)-4-oxoazelin-2-yllmethyl (247 mg) as an oily
product.
[0291] Production Example 36

A mixture of [(2S,3R)-3-(methoxymethoxy)-1-(metlyoxethyl)-3-({4-[(trans-4-
methylcyclohexyl)oxy]pyridin-2-yl}methyl)-4-oxoazielin-2-ylimethyl methanesulfonate
(247 mg), sodium iodide (457 mg) and acetone (I)Onak refluxed overnight. Sodium
iodide (2 g) was added to the resulting reactioxtumé and the mixture was refluxed for 13
hours. After cooling the resulting reaction mix@uo room temperature, water was added
thereto and the mixture was extracted twice withClld  The obtained organic layers were
combined, washed with a saturated aqueous sodilorid#solution, dried over anhydrous
magnesium sulfate and subsequently the solventligtifed off under reduced pressure to
give (3R,4R)-4-(iodomethyl)-3-(methoxymethoxy)-1dthoxymethyl)-3-({4-[(trans-4-
methylcyclohexyl)oxy]pyridin-2-yl}methyl)azetidin-Bne (250 mg) as an oily product.
[0292] Production Example 37

Under argon atmosphere, a sodium hydrosulfidedtgd@8 mg) was added to a
mixture of (3R,4R)-4-(iodomethyl)-3-(methoxymeth®xly(methoxymethyl)-3-({4-[(trans-
4-methylcyclohexyl)oxy]pyridin-2-yl}methyl)azetidi@-one (147 mg) and DMF (2 ml)

under ice-bath cooling and the mixture was stifeed80 minutes. AcOH was added to the
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resulting reaction mixture to acidify. Water waklad thereto and the mixture was
extracted with ACOEt. The obtained organic layeswlried over anhydrous magnesium
sulfate and the solvent was distilled off undemuct pressure to give (3R,4R)-3-
(methoxymethoxy)-1-(methoxymethyl)-3-({4-[(transrdethylcyclohexyl)oxy]pyridin-2-
yl}methyl)-4-(sulfanylmethyl)azetidin-2-one (120 pngs an oily product.
[0293] Production Example 38

A mixture of (2R,3R)-3-(methoxymethoxy)-1-(methoxgthyl)-4-oxoazetidine-2-
carbaldehyde (3.3 g), (triphenylphosphoranylideel@dehyde (5.5 g) and GEll, (88 ml)
was stirred at room temperature overnight. Theti@amixture was concentrated under
reduced pressure and the resulting residue wasqulibly silica gel column chromatography
(hexane/AcOEt) to give a mixture of 3-[(3R)-3-(m&tlkmethoxy)-1-(methoxymethyl)-4-
oxoazetidin-2-yllacrylaldehyde and triphenylphosuxide in a ratio of about 1:1 (3.7 g).
[0294] Production Example 39

A mixture of 5-[(cyclobutylmethyl) sulfonyl]-1-pmgl-1H-tetrazole (2.04 g) and
THF (40 ml) was cooled to -78, potassium hexamethyldisilazide (1.0 M THF soloii
8.4 ml) was added thereto and the mixture wasestiiwr 30 minutes. A solution of
(2R,3R)-3-(methoxymethoxy)-1-(4-methoxyphenyl)-deaxetidine-2-carbaldehyde (1.85 g)
in THF (30 ml) was added to the resulting reactiurture and the mixture was stirred at the
same temperature for 30 minutes. The resultingticgamixture was allowed to warm up
to room temperature. A saturated aqueous ammodilonide solution was added to the
mixture and the mixture was extracted with AcOEThe obtained organic layer was washed
with a saturated aqueous sodium chloride solutimhdaied over anhydrous magnesium
sulfate. The organic layer was concentrated uretirced pressure and the resulting
residue was purified by silica gel column chromaaphy (hexane/AcOEt) to give (3R)-4-(2-
cyclobutylvinyl)-3-(methoxymethoxy)-1-(4-methoxyphd)azetidin-2-one (1.25 g) as an
oily product.
[0295] Production Example 40

(1,5-Cyclooctadiene)(pyridine)(tricyclohexylphospd) iridium (1)
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hexafluorophosphate (270 mg) was added to a mixtiuf8R)-4-(2-cyclobutylvinyl)-3-
(methoxymethoxy)-1-(4-methoxyphenyl)azetidin-2-¢h&6 g) and CkCl, (24 ml) and the
mixture was stirred at room temperature overnigitten hydrogen atmosphere. The
resulting reaction mixture was concentrated undéuced pressure and the resulting residue
was purified by silica gel column chromatographgx@ne/AcOEt) to give (3R,4S)-4-(2-
cyclobutylethyl)-3-(methoxymethoxy)-1-(4-methoxyplyazetidin-2-one (960 mg) as an
oily product.
[0296] Production Example 41

A mixture of 4-methylpentanal (1.1 g), (2R,5R)-&imethylpyrrolidine-1-amine
(1.29 g), CHCI, (21.9 ml) and anhydrous magnesium sulfate (3.9¥a3) stirred at room
temperature for 2 hours. Insoluble material wasaeed by filtration from the resulting
reaction mixture and the filtrate was concentrateder reduced pressure. The resulting
residue was purified by silica gel column chromaaphy (hexane/AcOEt) to give (2R,5R)-
2,5-dimethyl-N-[(1E)-4-methylpentylidene]pyrrolidib-amine (1.63 g) as an oily product.
[0297] Production Example 42

1-Chloro-N,N,2-trimethylpropenylamine (5.7 g) wadded at room temperature to a
mixture of (methoxymethoxy)acetic acid (5.13 g) amidene (105 ml) and the mixture was
stirred at room temperature for 1 hour under ngrogtmosphere (mixture A). A mixture of
(2R,5R)-N-[(E)-(4-bromophenyl) methylene]-2,5-ditngpyrrolidin-1-amine (3.0 g), BN
(11.9 ml) and toluene (51 ml) was stirred at XDWhile the mixture A was added dropwise
thereto over a period of 30 minutes. The resulteagtion mixture was stirred at P@for
5 hours. Water was added to the resulting reactioture and the mixture was extracted
with AcCOEt. The obtained organic layer was washél a saturated aqueous sodium
chloride solution and dried over anhydrous magmesulfate. The solvent was distilled
off under reduced pressure and the resulting resichs purified by silica gel column
chromatography (hexane/AcOEt) to give (3R,4S)-b1@mnophenyl)-1-[(2R,5R)-2,5-
dimethylpyrrolidin-1-yl]-3-(methoxymethoxy)azetidi2rone (3.1 g) as a solid.
[0298] Production Example 43
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A mixture of (3R,4S)-3-(benzyloxy)-1-[(2R,5R)-2¢bmethylpyrrolidin-1-yl]-4-(3-
methylbutyl)azetidin-2-one (470 mg), MeOH (15.5 auid magnesium
monoperoxyphthalate hexahydrate (about 80% puti8/g) was stirred at room temperature
for 2 hours. Water was added to the resultingtr@aenixture and the mixture was
extracted with CHGl The obtained organic layer was dried over antyslmagnesium
sulfate and subsequently concentrated under reduesdure. The resulting residue was
purified by silica gel column chromatography (hex@ctOEt) to give (3R,4S)-3-
(benzyloxy)-4-(3-methylbutyl)azetidin-2-one (188 &g a solid.

[0299] Production Example 44

m-Chloroperbenzoic acid (about 25% water contefts, mg) was added under ice-
bath cooling to a mixture of 2-(2-cyclopropylettiyio[3,2-c]pyridine (300 mg) and CHEI
(6 ml). After stirring the resulting reaction mixe at room temperature for 8 hours, the
mixture was cooled with an ice-water bath and nowperbenzoic acid (about 25% water
content, 300 mg) was added again thereto. Thédtiregteaction mixture was further
stirred at room temperature for 16 hours. Afteslicw the resulting reaction mixture with
an ice-water bath, a saturated aqueous sodium ggdroarbonate solution and a 5% aqueous
sodium sulfite solution were added thereto andhiheure was extracted three times with
CHCI;. The obtained organic layer was dried over anhyslisodium sulfate and
subsequently concentrated under reduced pressiife resulting residue was purified by
silica gel column chromatography (CH@lIeOH) to give 2-(2-cyclopropylethyl)furo[3,2-
c]pyridine 5-oxide (190 mg) as an oily product.

[0300] Production Example 45

Under nitrogen atmosphere, CMBP (0.9 ml) was addedmixture of (3R,4S)-4-
(hydroxymethyl)-3-(methoxymethoxy)-1-(methoxymeflagetidin-2-one (500 mg), 4-
fluorophenol (350 mg) and toluene (10 ml) and thetune was stirred at 13C for 1 hour
under microwave irradiation. The resulting reactvixture was allowed to cool to room
temperature, and subsequently purified by silidecgeimn chromatography (hexane/AcOEt)

to give (3R,4S)-4-[(4-fluorophenoxy)methyl]-3-(mettymethoxy)-1-(methoxymethyl)
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azetidin-2-one (620 mg) as an oily product.
[0301] Production Example 46

Under nitrogen atmosphere, CMMP (120 mg) was atlol@dmixture of (3R,4S)-4-
(hydroxymethyl)-3-(methoxymethoxy)-1-(methoxymeth$t({4-[(trans-4-
methylcyclohexyl)oxy]pyridin-2-yl}methyl)azetidin-Bne (200 mg), pyrimidin-2-ol
(100 mg) and toluene (2 ml) and the mixture wasestiat 130C for 1 hour under
microwave irradiation. The resulting reaction ranet was allowed to cool to room
temperature and subsequently concentrated undecadgressure. The resulting residue
was purified by silica gel column chromatographgx@ne/AcOEt) to give (3R,4S)-3-
(methoxymethoxy)-1-(methoxymethyl)-3-({4-[(transrdethylcyclohexyl)oxy]pyridin-2-
yltmethyl)-4-[(pyrimidin-2-yloxy)methyl]lazetidin-2ne (120 mg) as an oily product.
[0302] Production Example 47

A mixture of (3R,4S)-4-(4-bromophenyl)-3-{[4-(cydiexyloxy)pyridin-2-
yllmethyl}-3-(methoxymethoxy)-1-(methoxymethyl)ai#h-2-one (250 mg), sodium
cyclopropanesulfinate (185 mg), Cul (138 mg), Ndinhethylethylenediamine (0.155 ml)
and DMF (5 ml) was stirred at 130 for 1 hour under microwave irradiation. Waterswa
added to the resulting reaction mixture and thetuméwas extracted twice with ACOEt.
The obtained organic layer was washed with a s&ti@jueous sodium chloride solution,
dried over anhydrous magnesium sulfate and theesbivas distilled off under reduced
pressure. The resulting residue was purified ligasgel column chromatography
(hexane/AcOEt) to give (3R,4S)-3-{[4-(cyclohexylgryridin-2-ylimethyl}-4-[4-
(cyclopropylsulphonyl)phenyl]-3-(methoxymethoxy)dtethoxymethyl)azetidin-2-one
(246 mg) as an oily product.
[0303] Production Example 48

Under argon atmosphere, a mixture of (3R,4S)-BrGnophenyl)-3-{[4-
(cyclohexyloxy)pyridin-2-ylJmethyl}-3-(methoxymethxy)-1-(methoxymethyl)azetidin-2-
one (300 mg), Pd(OAg)13 mg), cesium carbonate (565 mg), dicyclohex@d(2

diisopropoxybiphenyl-2-yl)phosphine (54 mg), potasstrifluoro(methoxymethyl)borate
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(263 mgQ), toluene (6 ml) and water (1.3 ml) wageti at 100C overnight. Pd(OAg)
(13 mgq), dicyclohexyl(2',6'-diisopropoxybiphenylyBphosphine (54 mg) and potassium
trifluoro(methoxymethyl)borate (263 mg) were addedhe resulting reaction mixture and
the mixture was stirred at 100 overnight under argon atmosphere. Water wasdaide
the resulting reaction mixture and the mixture weisacted twice with ACOEt. The
obtained organic layer was washed with a saturageeous sodium chloride solution, and
dried over anhydrous magnesium sulfate. The sblvas distilled off under reduced
pressure. The resulting residue was purified biyarsilica gel column chromatography
(hexane/AcOEt) to give (3R,4S)-3-{[4-(cyclohexylggyridin-2-ylimethyl}-3-
(methoxymethoxy)-1-(methoxymethyl)-4-[4-(methoxym@)phenyl]azetidin-2-one
(101 mg) as an oily product.
[0304] Production Example 49

A mixture of (3R,4S)-3-{[4-(cyclohexyloxy)pyridi@-ylmethyl}-4-
(hydroxymethyl)-3-(methoxymethoxy)-1-(methoxymeagetidin-2-one (200 mg), AQ
(360 mg), benzyl bromide (0.19 ml), tetra-n-butylaomium iodide (18 mg) and GBI,
(2 ml) was stirred at room temperature overnightg,O (600 mg) and benzyl bromide
(0.3 ml) were added to the resulting reaction mix@nd the mixture was stirred at room
temperature for 2 days. The resulting reactiontuméxwas filtered and the filtrate was
concentrated under reduced pressure. The resuo#tandue is purified by silica gel column
chromatography (hexane/AcOEt) to give (3R,4S)-£&ifyloxy)methyl]-3-{[4-
(cyclohexyloxy)pyridin-2-ylJmethyl}-3-(methoxymethxy)-1-(methoxymethyl)azetidin-2-
one (94 mg) as an oily product.
[0305] Production Example 50

Under argon atmosphere, a mixture of (3R,4S)-éx{B-en-1-yloxy)methyl]-3-{[4-
(hex-5-en-1-yloxy)pyridin-2-ylimethyl}-3-(methoxyntigoxy)-1-(methoxymethyl)azetidin-2-
one (340 mg), dichloro[1,3-bis(mesityl)imidazolieza
ylidene](benzylidene)(tricyclohexylphosphoranyliéggmthenium (VIII) (60 mg) and CiEl,

(170 ml) was stirred at room temperature overnigfithe resulting reaction mixture was
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concentrated under reduced pressure and the restésidue was purified by silica gel
column chromatography (hexane/AcOEt) to give (3RBEethoxymethoxy)-5-
(methoxymethyl)-8,19-dioxa-5,23-diazatricyclo[18.8. 3,6 Jtetracosa-1(24),13,20,22-
tetraen-4-one (148 mg) as an oily product.
[0306] Production Example 51

A mixture of (3R,4S)-4-[(1S)-2-{[tert-butyl(dimeyh)silyl]oxy}-1-hydroxyethyl]-3-
(methoxymethoxy)-1-(methoxymethyl)azetidin-2-onegj4 THF (50 ml) and 1,1'-
thiocarbonyldiimidazole (6.2 g) was stirred at@Mmvernight. The resulting reaction
mixture was allowed to cool to room temperature sussequently concentrated under
reduced pressure. The resulting residue was edify silica gel column chromatography
(hexane/AcOEt) to give O-{(1S)-2-{[tert-butyl(dintetl)silyljoxy}-1-[(2S,3R)-3-
(methoxymethoxy)-1-(methoxymethyl)-4-oxoazetidirRethyl} 1H-imidazol-1-
carbothioate (5.2 g) as an oily product.
[0307] Production Example 52

Under argon atmosphere, a mixture of O-{(1S)-24ftoutyl(dimethyl)silylJoxy}-1-
[(2S,3R)-3-(methoxymethoxy)-1-(methoxymethyl)-4-azetidin-2-yl]ethyl} 1H-imidazol-1-
carbothioate (5.2 g), benzene (26 ml) and tri-nAtiathydride (6.2 ml) was stirred at 100
for 5 minutes. 2,2'-Azobis (isobutyronitrile) (5@ty) was added to the resulting reaction
mixture and the mixture was stirred at 10Gor 2 hours. The resulting reaction mixture
was allowed to cool to room temperature and comatat under reduced pressure. The
resulting residue was purified by silica gel coluaimomatography (hexane/AcOEt) to give
(3R,4S)-4-(2-{[tert-butyl(dimethyl)silylloxy}ethyP3-(methoxymethoxy)-1-
(methoxymethyl)azetidin-2-one (3 g) as an oily prod
[0308] Production Example 53

Under nitrogen atmosphere, a mixture of 1H-imiddZec]pyridine-6-methyl
carboxylate (1 g), 2-cyclohexylethanol (2 ml), CMBPmI) and toluene (10 ml) was stirred
at 90C overnight. The resulting reaction mixture wasamtrated under reduced pressure

and purified by silica gel column chromatographgx@ne/AcOEt) to give (1) 1-(2-
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cyclohexylethyl)-1H-imidazo[4,5-c]pyridine-6-methghrboxylate (640 mg) and (2) 3-(2-
cyclohexylethyl)-3H-imidazo[4,5-c]pyridine-6-methgarboxylate (450 mg) each as an oily
product.
[0309] Production Example 54

1-Hexyl-1H-pyrrolo[3,2-c]pyridin-6-carbonitrile 6 mg) was prepared as a foamy
solid from 6-chloro-1-hexyl-1H-pyrrolo[3,2-c]pyridé (700 mg) in the same manner as in
the method described in Example 11.
[0310] Production Example 55

A mixture of sodium hydrogen carbonate (218 mg) water (13 ml) was added to
a mixture of 6-(chloromethyl)-1-(2-cyclohexyletyiH-imidazo[4,5-c]pyridine
hydrochloride (320 mg) and GBI, (13 ml) and the mixture was stirred at room terapge
for 5 minutes. The organic layer and the aqueaysrlof the resulting reaction mixture
were separated and the aqueous layer was extmaitte@H,Cl,. The obtained organic
layers were combined and washed with a saturateeloag sodium chloride solution. The
obtained organic layer was dried over anhydrousnesigm sulfate and concentrated under
reduced pressure. Acetone (13 ml) and sodium éo(@80 mg) were added to the resulting
residue and the mixture was stirred at room tenpezdor 3 hours under nitrogen
atmosphere. After adding THF (13 ml) and tolue3t@rtl) to the resulting reaction mixture,
the mixture was concentrated under reduced pressatsout 2 ml. Insoluble material was
removed by filtration from the obtained mixture antliene (30 ml) was added again to the
filtrate The reaction mixture was concentratedarnméduced pressure to about 1 ml
(mixture A).
[0311] Under argon atmosphere, a mixture of tetidd(1S)-1-[(4S)-2,2-dimethyl-5-0xo-
1,3-dioxolan-4-yl]-3-methylbutyl}carbamate (261 may)d THF (5 ml) was cooled to 138
with stirring, LDA (1.12 M hexane-THF solution, 2n8l) was added dropwise and the
mixture was stirred at the same temperature fanBites. The mixture A was added
dropwise at -7&C to the resulting reaction mixture under argoncsphere and the mixture

was stirred at the same temperature for 1 hour.e rébulting reaction mixture was allowed
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to warm up to room temperature, a saturated aqueenasonium chloride solution and
AcOEt were added thereto. The organic layer aagtjueous layer were separated and the
aqueous layer was extracted with ACOEt. The obthorganic layers were combined and
washed with a saturated aqueous sodium chlorideieol The obtained mixture was dried
over anhydrous magnesium sulfate and the solvesithegdilled off under reduced pressure.
The resulting residue was purified by silica gduoan chromatography (hexane/AcOEt) to
give tert-butyl {(1S)-1-[(4R)-4-{[1-(2-cyclohexyl&yl)-1H-imidazo[4,5-c]piridin-6-
yllmethyl}-2,2-dimethyl-5-oxo-1,3-dioxolan-4-yl]-8aethylbutyl}carbamate (150 mg) as an
oily product.
[0312] Production Example 56

Under nitrogen atmosphere, a mixture of 1-oxa$pisd decan-8-one (500 mg) and
CH.ClI; (5 ml) was cooled with a dry ice-acetone bath @irsbbutylaluminium hydride
(1.04 M hexane solution, 3.5 ml) was slowly addeetéto. The reaction mixture was
stirred for 10 minutes while cooled in the dry eestone bath and subsequently MeOH and
sodium sulfate decahydrate were added thereto. obtaened mixture was allowed to warm
up to room temperature and stirred for 6 hours. hyinous sodium sulfate was added
thereto and the mixture was further stirred fohddrs. The obtained mixture was filtered
through Celite and the filtrate was concentratedenmeduced pressure. The resulting
residue was purified by silica gel column chromaaphy (hexane/AcOEt) to give an oily
product (258 mg). The obtained oily product (14¢) nvas dissolved in toluene (4 ml) and
4-methoxybenzoic acid (210 mg), tri-n-butylphosgh{f.34 ml) and (E)-N,N,N’,N'-
tetramethyldiazene-1,2-dicarboxamide (238 mq) vaeided thereto under ice-bath cooling.
The mixture was stirred for 10 minutes under ictrlz@oling and subsequently stirred at
60°C for 24 hours. The obtained mixture was alloweddol to room temperature.
Insoluble material was removed by filtration and fiftrate was concentrated under reduced
pressure. The resulting residue was purified ligasgel column chromatography
(hexane/AcOEt) to give (1) (5s,8r)-1-oxaspiro[4dgd-8-yl 4-methoxybenzoate (20.7 mg)
and (2) (5r,8s)-1-oxaspiro[4.5]deca-8-yl 4-methoxyboate (182 mg) each as an oily
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product.
[0313] Production Example 57

A solution of tert-butyl {(1S)-1-[(4R)-4-{[2-(2-cslopropylethyl)furo[3,2-c]pyridin-
4-yllmethyl}-2,2-dimethyl-5-o0x0-1,3-dioxolan-4-yB-methylbutyl}carbamate (75 mg) in
EtOH (3 ml) was subjected to a reaction with a rwdus-flow hydrogenation reactor (H-
Cube Pro (registered tradename); manufactured ble$Nano) and CatCart (registered
tradename) 10% Pd/C (manufactured by ThalesNan®476m) as a cartridge catalyst
under the conditions of a flow rate of 1.0 ml/marpressure of 1 bar and a temperature of
25°C. The resulting reaction mixture was concentrateder reduced pressure, and a
solution of the residue in EtOH (3 ml) was subjddi®a reaction again with a continuous-
flow hydrogenation reactor (H-Cube Pro (registdradename); manufactured by
ThalesNano) and CatCart (registered tradename)Ad¥ (manufactured by ThalesNano,
70 x 4 mm) as a cartridge catalyst under the camditof a flow rate of 1.0 ml/min, a
pressure of 50 bar and a temperature 6€60 The resulting reaction mixture was
concentrated under reduced pressure, and a sobftibe residue in EtOH (3 ml) was
subjected to a reaction again with a continuous-thgdrogenation reactor (H-Cube Pro
(registered tradename); manufactured by ThalesNamib)CatCart (registered tradename)
10% Pd/C (manufactured by ThalesNano, 70 x 4 mma)@stridge catalyst under the
conditions of a flow rate of 1.0 ml/min, a pressafé&0 bar and a temperature of60 The
resulting reaction mixture was concentrated undeéuced pressure to give tert-butyl {(1S)-
1-[(4R)-4-{[2-(2-cyclopropylethyl)-2,3-dihydrofur@],2-c]pyridin-4-yljmethyl}-2,2-
dimethyl-5-o0x0-1,3-dioxolan-4-yl]-3-methylbutyl}ceamate (65.7 mg) as an oily product.
[0314] Production Example 58

1 M Aqgueous sodium hydroxide solution (2 ml) wdded to a mixture of (5r,8s)-1-
oxaspiro[4.5]deca-8-yl 4-methoxybenzoate (175 mOH (1 ml) and THF (2 ml) and the
mixture was stirred at 8C for 16 hours. The resulting reaction mixture \@bswed to
cool to room temperature and concentrated undeiceztpressure. The resulting residue

was extracted with diethyl ether. The organic tayas washed with a saturated aqueous
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sodium hydrogen carbonate solution and a satueafedous sodium chloride solution,
subsequently dried over anhydrous magnesium swdfateconcentrated under reduced
pressure (residue A). The aqueous layer was detrdleree times with AcOEt, the organic
layer was dried over anhydrous magnesium sulfadlecancentrated under reduced pressure
(residue B). The residue B was purified by amiicasgel column chromatography
(hexane/AcOEt). The obtained compound was mixel thie residue A to give (5r,8s)-1-
oxaspiro[4.5]decan-8-ol (79.6 mg) as an oily praduc
[0315] Production Example 59

A mixture of {4-[(trans-4-methylcyclohexyl)oxy] piin-2-yl}methanol (5 g) and
CH.ClI; (18 ml) was cooled with an ice-water bath. P®r43 ml) was added and the
mixture was stirred at room temperature for 2 houwsfter cooling the resulting reaction
mixture with an ice-water bath, a saturated aqusods&um hydrogen carbonate solution was
added thereto and the mixture was stirred at rampéerature for 30 minutes. CH@Ind a
saturated aqueous sodium chloride solution weredtlthe reaction mixture. The organic
layer was separated, dried over anhydrous magnesilfate and subsequently concentrated
under reduced pressure. Toluene (5 ml) was add#xtresulting residue (mixture A).
[0316] A mixture of tert-butyl {(1R)-1-[(4S)-2,2-tiethyl-5-0x0-1,3-dioxolan-4-yl]-3-
methylbutyl}carbamate (1.13 g) and THF (18 ml) wasled to -78C, LDA (1.09 M
hexane-THF solution, 3.5 ml) was added under aegorosphere and the mixture was stirred
for 30 minutes. Trimethylchlorosilane (0.5 ml) waded to the reaction mixture, and the
reaction mixture was allowed to warm up f€Gand subsequently stirred for 30 minutes.
The resulting reaction mixture was cooled to°@8 LDA (1.09 M hexane-THF solution,
7 ml) was added thereto and the mixture was stibe@80 minutes. The mixture A was
added to the resulting reaction mixture at’@&nd the mixture was stirred for 2 hours.
Water was added to the resulting reaction mixturehe reaction mixture was allowed to
warm up to room temperature and extracted with GHCThe obtained organic layer was
dried over anhydrous magnesium sulfate and subadguencentrated under reduced

pressure. The resulting residue was purified ligasgel column chromatography
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(hexane/AcOEt) to give (1) tert-butyl {(1R)-1-[(43)2-dimethyl-4-({4-[(trans-4-
methylcyclohexyl)oxy]pyridin-2-yl}methyl)-5-oxo-1;8ioxolan-4-yl]-3-
methylbutyl}carbamate (0.97 g) and (2) tert-butfd R)-1-[(4R)-2,2-dimethyl-4-({4-[(trans-
4-methylcyclohexyl)oxy]pyridin-2-yl}methyl)-5-oxo-B-dioxolan-4-yl]-3-
methylbutyl}carbamate (0.45 g) each as an oily pobd
[0317] Production Example 60

Hydrogen peroxide (30% aqueous solution, 7 ml)amdionium molybdate
tetrahydrate (2.4 g) were added to a mixture dRsnfiethoxyethyl)sulfanyl]-1-phenyl-1H-
tetrazole (2.33 g) and EtOH (46 ml) and the mixtues stirred at 6% for 3 hours. The
resulting reaction mixture was allowed to cooldom temperature and subsequently filtered
through Celite. After adding water to the filtratee mixture was concentrated under
reduced pressure until most of the EtOH was removédter adding AcOEt to the residue
and the mixture was extracted. The organic layes washed with a saturated aqueous
sodium thiosulfate solution. The obtained orgdayer was dried over anhydrous
magnesium sulfate and subsequently concentratest veduced pressure. The produced
solid was washed using a mixed solvent of diisogrrether-MeOH to give 5-[(2-
methoxyethyl)sulfonyl]-1-phenyl-1H-tetrazole (2.¢@%as a solid.
[0318] Production Example 61

A mixture of (2R,5R)-2,5-dimethyl-N-[(1E)-4-metipgntylidene]pyrrolidin-1-
amine (1.62 g), BN (9.2 ml) and toluene (48 ml) was heated t&@Band benzyloxy acetyl
chloride (0.4 M toluene solution, 83 ml) was adtlesteto with stirring over a period of 4
hours. The reaction mixture was allowed to coabmm temperature, subsequently a
saturated aqueous sodium hydrogen carbonate soluéie added thereto and the mixture
was extracted with AcCOEt. The obtained organietayas dried over anhydrous
magnesium sulfate and subsequently concentratest vediuced pressure. The resulting
residue was purified by silica gel column chromaaphy (hexane/AcOEt) to give (3R,4S)-
3-(benzyloxy)-1-[(2R,5R)-2,5-dimethylpyrrolidin- 1}4-(3-methylbutyl)azetidin-2-one
(2.02 g) as an oily product.
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[0319] Production Example 62

Under nitrogen atmosphere, a mixture of (3R,4&-romophenyl)-3-{[4-
(cyclohexyloxy)pyridin-2-ylJmethyl}-3-(methoxymethxy)-1-(methoxymethyl)azetidin-2-
one (200 mg), cyclopropylboronic acid (99 mg), PA( (17 mg), dicyclohexyl(2',6'-
dimethoxybiphenyl-2-yl)phosphine (63 mg), tripoiass phosphate (327 mg), toluene (4 ml)
and water (0.1 ml) was stirred at°@for 15 hours. Water was added to the resulting
reaction mixture and the mixture was extracted WitDEt. The obtained organic layer
was washed with a saturated aqueous sodium chilssidéon, dried over anhydrous
magnesium sulfate and the solvent was distilledinéfer reduced pressure. The resulting
residue was purified by silica gel column chromaaphy (hexane/AcOEt) to give (3R,4S)-
3-{[4-(cyclohexyloxy)pyridin-2-yllmethyl}-4-(4-cyabpropylphenyl)-3-(methoxymethoxy)-
1-(methoxymethyl)azetidin-2-one (126 mg) as an pilyduct.
[0320] Production Example 63

Under nitrogen atmosphere, a mixture of tert-bdigiethylchlorosilane (2.4 g),
imidazole (2.2 g), 4-(dimethylamino)pyridine (14@)and CHCI, (18 ml) was added under
ice-bath cooling to a mixture of (3R,4S)-4-[(1S2-tihydroxyethyl]-3-(methoxymethoxy)-
1-(methoxymethyl)azetidin-2-one (3.7 g) andLH (74 ml) and the mixture was stirred at
room temperature overnight. Water was added toes@ting reaction mixture and the
mixture was extracted twice with GEl,. The obtained organic layers were combined,
washed with a saturated aqueous sodium chloridei@oland dried over anhydrous
magnesium sulfate. The obtained organic layercsasentrated under reduced pressure to
give (3R,4S)-4-[(1S)-2-{[tert-butyl(dimethyl)silybixy}-1-hydroxyethyl]-3-
(methoxymethoxy)-1-(methoxymethyl)azetidin-2-one3(d) as an oily product.
[0321] Production Example 64

NaH (60% mineral oil dispersion, 327 mg) was adaleder ice-bath cooling to a
mixture of indan-2-ol (1 g) and DMF (5.04 ml) are tmixture was stirred for 1 hour. A
mixture of 4-chloropyridine-2-carbonitrile (600 mampd DMF (0.96 ml) was added to the

resulting reaction mixture and the mixture wagetirfor 1.5 hours. The resulting reaction
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mixture was poured into ice cooled water and thetumé was extracted twice with AcOEt.
The obtained organic layers were combined, wash#darxsaturated aqueous sodium
chloride solution and dried over anhydrous sodiuifate. The obtained organic layer was
concentrated under reduced pressure, MeOH (20 ad)added to the residue and cooled
with an ice-water bath, subsequently sodium mett®28% MeOH solution, 0.9 ml) was
added thereto and the mixture was stirred at ramperature for 3 hours. 1M
Hydrochloric acid (14 ml) was added to the resgltieaction mixture and the mixture was
stirred at room temperature for 1 hour. The rasglteaction mixture was concentrated
under reduced pressure, a saturated aqueous shygdrogen carbonate solution was added
to the residue and the mixture was extracted wit®@Bt. The obtained organic layer was
washed with a saturated aqueous sodium chlorideieo] dried over anhydrous sodium
sulfate and subsequently concentrated under redquesdure. MeOH (20 ml) was added to
the resulting residue and cooled with an ice-waéth, subsequently NaBH720 mg) was
added thereto and the mixture was stirred at rampéerature for 15 hours. After cooling
the resulting reaction mixture with an ice-watethba saturated aqueous sodium chloride
solution was added thereto and the mixture waseasdrated under reduced pressure.
Water was added to the resulting residue and tleureiwas extracted with CHEl The
obtained organic layer was dried over anhydroususogulfate and subsequently
concentrated under reduced pressure. The resvétandue was purified by silica gel
column chromatography (CHZMeOH) to give [4-(2,3-dihydro-1H-inden-2-yloxy)pgin-
2-yllmethanol (300 mg) as an oily product.
[0322] Production Example 65

CMBP (0.31 ml) was added to a mixture of (3R,4$§43hydroxypyridin-2-
yl)methyl]-4-isobutyl-3-(methoxymethoxy)-1-(methaxgthyl)azetidin-2-one (200 mg), 3,3-
dimethyl-1-pentanol (141 mg) and toluene (2 ml) #remixture was stirred at 180 for 30
minutes under microwave irradiation. The resultiégction mixture was allowed to cool to
room temperature and subsequently concentrated vedigced pressure. The resulting

residue was purified by silica gel column chromaaphy (hexane/AcOEt) to give (3R,4S)-
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3-({4-[(3,3-dimethylpentyl)oxy]pyridin-2-yl}methyB4-isobutyl-3-(methoxymethoxy)-1-
(methoxymethyl)azetidin-2-one (123 mg) as an ortydoict.
[0323] Production Example 66

Under nitrogen atmosphere, CMMP (100 mg) was atlol@dmixture of (3R,4S)-3-
[(4-hydroxypyridin-2-yl)methyl]-4-isobutyl-3-(methxymethoxy)-1-
(methoxymethyl)azetidin-2-one (200 mg), (S)-4-mérypentanol (0.11 ml) and toluene
(2 ml) and the mixture was stirred at 200for 1 hour under microwave irradiation. The
resulting reaction mixture was allowed to cooldom temperature and subsequently
concentrated under reduced pressure. The resvétandue was purified by silica gel
column chromatography (hexane/AcOEt) to give (3R4k&0butyl-3-(methoxymethoxy)-1-
(methoxymethyl)-3-[(4-{[(2R)-4-methylpentan-2-yl|gkoyridin-2-yl}methyl)azetidin-2-one
(131 mg) as an oily product.
[0324] Production Example 67

Under nitrogen atmosphere, trimethylsilylcyani@el83 ml) was added to a mixture
of 2-(2-cyclopropylethyl)furo[3,2-c]pyridine 5-o0x&d(190 mg), BN (0.33 ml) and MeCN
(4 ml) and the mixture was stirred at’85for 16 hours. After cooling the resulting reaanti
mixture to room temperature, &t (0.65 ml) and trimethylsilylcyanide (0.35 ml) veeadded
thereto. The reaction mixture was stirred aga®Ba€C for 3.5 hours and subsequently
allowed to cool to room temperature. AcOEt wasealdid the resulting reaction mixture
and washed sequentially with a saturated aquealisrsdiydrogen carbonate solution and a
saturated aqueous sodium chloride solution. Tha&imdd organic layer was dried over
anhydrous magnesium sulfate and concentrated wedeced pressure. The resulting
residue was purified by silica gel column chromaaphy (hexane/AcOEt) to give 2-(2-
cyclopropylethyl)furo[3,2-c]pyridine-4-carbonitrild48 mg) as an oily product.
[0325] Production Example 68

Under nitrogen atmosphere, sodium iodide (6.8vg)ch was dried in advance at
30°C for 7 hours and at room temperature for 5 dayleureduced pressure, was added to a

mixture of 4-chloro-2-(chloromethyl)pyridine (7 gihd THF (100 ml) and the mixture was
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stirred at room temperature for 4 hours. Anhydmeadium sulfate (dried at %0 for 4
hours under reduced pressure, 3 g) was added tedhton mixture and the mixture was
further stirred for 30 minutes (mixture A).
[0326] Under nitrogen atmosphere, to a solutio(B3&f,4S)-4-isobutyl-3-
(methoxymethoxy)-1-(methoxymethyl)azetidin-2-oneg§sn THF (50 ml), LDA (1.12 M
hexane-THF solution, 25 ml) was slowly added af€78 The reaction mixture was stirred
at -78C for 30 minutes, subsequently the mixture A waseaddropwise thereto and the
mixture was further stirred for 30 minutes. A satad aqueous ammonium chloride
solution was added to the resulting reaction mestsubsequently the mixture was allowed to
warm up to room temperature and extracted twich WdOEt. The obtained organic layer
was dried over anhydrous sodium sulfate and coratent under reduced pressure. The
resulting residue was purified by silica gel coluaimmomatography (hexane/AcOEt) to give
(3R,4S)-3-[(4-chloropyridin-2-yl)methyl]-4-isobutd-(methoxymethoxy)-1-
(methoxymethyl)azetidin-2-one (5.32 g) as an oilyduict.
[0327] Production Example 69

PBr; (0.1 ml) was added to a mixture of (1-hexyl-1H+pyo[3,2-c]pyridin-6-
yl)methanol (220 mg) and GBI, (5 ml) under ice-bath cooling, subsequently alldwe
warm up to room temperature and the mixture waestfor 2 hours. The resulting
reaction mixture was poured into a saturated agueodium hydrogen carbonate solution
and the mixture was stirred for 1 hour. The ol@dimixture was filtered through Celite
and the Celite pad was washed with toluene. Tgaric layer was separated from the
obtained filtrate and washed with a saturated agsisodium chloride solution. The
obtained organic layer was dried over anhydroususogulfate and concentrated under
reduced pressure to about 2 ml (mixture A).
[0328] Under nitrogen atmosphere, a mixture of §83;4-isobutyl-3-(methoxymethoxy)-
1-(methoxymethyl)azetidin-2-one (200 mg) and THF(2 was cooled with a dry ice-
acetone bath, LDA (1.09 M hexane-THF solution, 1 wds added and the mixture was

stirred for 30 minutes. The mixture A was slowtidad to the reaction mixture,
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subsequently the mixture was stirred for 30 minuteder dry ice-acetone bath cooling. A
saturated aqueous ammonium chloride solution wdsdatb the resulting reaction mixture,
and the mixture was allowed to warm up to room terafure and extracted with AcOEt.
The obtained organic layer was dried over anhydnoagnesium sulfate and concentrated
under reduced pressure. The resulting residuguised by silica gel column
chromatography (CH@MeOH) to give (3R,4S)-3-[(1-hexyl-1H-pyrrolo[3,2pyridin-6-
yl)methyl]-4-isobutyl-3-(methoxymethoxy)-1-(methaxgthyl)azetidin-2-one (324 mg) as an
oily product.
[0329] Production Example 70

10% Pd/C (50% water content, 1.5 g) was addedtoaure of (3R,4S)-3-{[4-
(benzyloxy)-5-methylpyridin-2-ylmethyl}-4-isobuty8-(methoxymethoxy)-1-
(methoxymethyl)azetidin-2-one (3.46 g) and MeOHQ(b4) and the mixture was stirred at
room temperature for 2 hours under hydrogen atrmeyepdf 4 atm. The reaction mixture
was filtered through Celite and the filtrate was@entrated under reduced pressure. The
resulting residue was purified by silica gel coluatmomatography (CH@MeOH) to give
(3R,4S)-3-[(4-hydroxy-5-methylpyridin-2-yl)methyf]-isobutyl-3-(methoxymethoxy)-1-
(methoxymethyl)azetidin-2-one (1.82 g) as a foaolids
[0330] Production Example 71

Under nitrogen atmosphere, a mixture of (3R,4&-romophenyl)-3-{[4-
(cyclohexyloxy)pyridin-2-ylJmethyl}-3-(methoxymethxy)-1-(methoxymethyl)azetidin-2-
one (200 mg), morpholine (0.066 ml), 2-(dicyclohigkypsphino)-2',4',6'-triisopropyl-1,1'-
biphenyl (37 mg), tripotassium phosphate (163 roig)dibenzylideneacetone)palladium
(11 mg) and toluene (2 ml) was stirred at AD@vernight. Water was added to the
resulting reaction mixture and the mixture wasawoted with ACOEt. The obtained organic
layer was washed with a saturated aqueous sodiloriddnsolution, dried over anhydrous
magnesium sulfate and the solvent was distilledinéfer reduced pressure. The resulting
residue was purified by silica gel column chromaaphy (hexane/AcOEt) to give (3R,4S)-
3-{[4-(cyclohexyloxy)pyridin-2-yllmethyl}-3-(methoymethoxy)-1-(methoxymethyl)-4-[4-
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(morpholin-4-yl)phenyllazetidin-2-one (138 mg) asaly product.
[0331] Production Example 72

Under argon atmosphere, a mixture of (3R,4S)-3Bfno-4-methoxypyridin-2-
yl)methyl]-4-isobutyl-3-(methoxymethoxy)-1-(methaxgthyl)azetidin-2-one (125 mg), 2-
benzyl-4,4,5,5-tetramethyl-1,3,2-dioxaborolane 301l),
bis(tricyclohexylphosphine)palladium (1) dichloed44 mg), tripotassium phosphate
(125 mg), DOX (2.5 ml) and water (0.35 ml) wasrstirat 90C overnight. The resulting
reaction mixture was allowed to cool to room tenap@re and subsequently a saturated
aqueous sodium hydrogen carbonate solution wagldtideeto. The obtained mixture was
extracted with AcCOEt and the organic layer wasdlaeer anhydrous magnesium sulfate and
concentrated under reduced pressure. The resvétandue was purified by silica gel
column chromatography (hexane/AcOEt) to give (3R3Z}{5-benzyl-4-methoxypyridin-2-
yl)methyl]-4-isobutyl-3-(methoxymethoxy)-1-(methaxgthyl)azetidin-2-one (27 mg) as an
oily product.
[0332] Production Example 73

A mixture of (3R,4S)-4-(hydroxymethyl)-3-(methoxgthoxy)-1-(methoxymethyl)-
3-({4-[(trans-4-methylcyclohexyl)oxy]pyridin-2-yl}rathyl)azetidin-2-one (530 mg),
cyclopropylmethyliodide (8.39 g) and 4@ (3 g) was stirred at 9C overnight. AgO (3 g)
was added to the resulting reaction mixture andribeure was further stirred at 90
overnight. Insoluble material was removed bydiiton from the resulting reaction mixture
and the obtained filtrate was concentrated undkraed pressure. The resulting residue
was purified by silica gel column chromatographgx@ne/AcOEt) to give (3R,4S)-4-[(but-
3-en-1-yloxy)methyl]-3-(methoxymethoxy)-1-(methoxgthyl)-3-({4-[(trans-4-
methylcyclohexyl)oxy]pyridin-2-yl}methyl)azetidin-Bne (84.6 mg) as an oily product.
[0333] Production Example 74

Under nitrogen atmosphere, a mixture of trimetihycetylene (320 mg) and THF
(1.6 ml) was cooled at -78 and n-butyl lithium (1.58 M hexane solution, tnf§ was added

dropwise. The resulting reaction mixture was stirfor 10 minutes under ice-bath cooling
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and subsequently cooled again to°@8 N,N,N',N',N",N"-Hexamethylphosphoric acid
triamide (0.86 ml) was added to the resulting lieaatnixture, and the mixture was stirred at
the same temperature for 30 minutes and subsegriromoethyl)cyclopropane (500 mg)
was added thereto. The resulting reaction mixtwas allowed to warm up to room
temperature and stirred overnight. Water was atlléte resulting reaction mixture and
the organic layer was separated. The obtainechard¢myer was washed three times with
water and twice with a saturated aqueous sodiuoridel solution. The obtained organic
layer was dried over anhydrous sodium sulfate abdexquently concentrated under reduced
pressure to give (4-cyclopropylbut-1-yn-1-yl)(trithgl)silane (506 mg) as an oily product.
[0334] Production Example 75

Under argon atmosphere, tetra-n-butylammoniunritiieo(1 M THF solution,
8.8 ml) was added to a mixture of 3-bromopyrididH)-one (500 mg), (4-cyclopropylbut-1-
yn-1-yl)(trimethyl)silane (1.44 g), BN (2.8 ml) and DMF (5 ml). The obtained mixture
was irradiated with supersonic wave for 30 secosdissequently
bis(triphenylphosphine)palladium (1) dichloride2@ mg) was added thereto and the mixture
was stirred at 119C for 1 hour under microwave irradiation. AcOEtailica gel were
added to the resulting reaction mixture and thetuméwas concentrated under reduced
pressure. The resulting residue was purified ligasgel column chromatography
(hexane/AcOEt) to give 2-(2-cyclopropylethyh)furg?ac]pyridine (302 mg) as an oily
product.
[0335] Production Examples 76 to 194

Production Example compounds shown in Tables tdseribed later were
produced in the same manner as in the method tdedan the above Production Examples.
[0336] Production Example 195

A mixture of (3R,4S)-3-(methoxymethoxy) -4-(3,3rBluoropropyl)azetidin-2-one
(628 mq), 1,2-dichloroethane (20 ml), chloro(mety)oxethane (1.5 ml) and DIPEA (3.5 ml)
was stirred at S for 12 hours. The resulting reaction mixture atswed to cool to

room temperature. A saturated aqueous sodium ggdroarbonate solution was added



- 103 -

thereto and the mixture was extracted with AcOHihe obtained organic layer was washed
with a saturated aqueous sodium chloride solutimhdaied over anhydrous magnesium
sulfate. The organic layer was concentrated uretirced pressure and the resulting
residue was purified by silica gel column chromaaphy (hexane/AcOEt) to give (1)
(3R,4S)-3-(methoxymethoxy)-1-(methoxymethyl)-4-(3;&ifluoropropyl)azetidin-2-one
(129 mg) as a solid, and (2) (3R,4S)-3-(methoxymegh 1-[(methoxymethoxy)methyl]-4-
(3,3,3-trifluoropropyl)azetidin-2-one (474 mg) asaily product.
[0337] Production Example 196

Under argon atmosphere, a mixture of tert-butyB)¢1-{(4R)-4-[(4-chloropyridin-
2-yl)methyl]-2,2-dimethyl-5-ox0-1,3-dioxolan-4-yl3-methylbutyl]carbamate (1.03 g), 2-
(trimethylsilyl)ethanethiol (0.4 ml), (9,9-dimeth9H-xanthene-4,5-
diyl)bis(diphenylphosphine) (700 mg), tris(diberdgneacetone)dipalladium (550 mg),
DIPEA (0.85 ml) and DOX (16 ml) was stirred at 1€Cfor 2 hours under microwave
irradiation.  After cooling the resulting reactiomxture to room temperature, AcOEt was
added thereto, and the insoluble materials wer@vethby filtration. The filtrate was
concentrated under reduced pressure and the regaBipurified by silica gel column
chromatography (hexane/AcOEt) to give tert-buty§)-1-{(4R)-2,2-dimethyl-5-0x0-4-[(4-
{[2-(trimethylsilyl)ethyl]sulfanyl}pyridin-2-yl)metyl]-1,3-dioxolan-4-yl}-3-
methylbutyl]carbamate (1.1 g) as a foamy solid.
[0338] Production Example 197

Under nitrogen atmosphere, 2,2,6,6-tetramethytmpe/l-magnesium chloride-
lithium chloride complex (1 M THF-toluene solutid®l ml) was added dropwise at 220
over a period of 2 hours to a mixture of methyltBiHtbutoxycarbonyl)-O-(2-
cyclopropylethyl)-L-serinate (6.5 g), dibromometbgB8.0 g) and THF (22 ml) while
maintaining an internal temperature below*@kand subsequently stirred at 2C5for 2
hours. The resulting reaction mixture was pourgd & cold mixture of 5% aqueous citric
acid solution and AcOEt (cooled with ice-water hathd subsequently stirred for 10 minutes.

The organic layer was separated ,and washed withdi$éous citric acid solution 3 times
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and a saturated aqueous sodium chloride solutidhe obtained organic layer was dried
over anhydrous sodium sulfate, and subsequentlgectrated under reduced pressure to
give the residue (10.7 g) containing tert-buty§j2,4-dibromo-1-(2-cyclopropylethoxy)-3-
oxobutan-2-yljcarbamate as an oily product.
[0339] Production Example 198

2 M Aqueous sodium hydroxide solution (57 ml) vaasled dropwise under ice-bath
cooling to a mixture of tert-butyl [(2S)-4,4-dibraxi-(2-cyclopropylethoxy)-3-oxobutan-2-
yllcarbamate (9.6 g) and toluene (76 ml) over agoeof 15 minutes and the mixture was
subsequently stirred at room temperature for 2$1oufoluene and water were added to the
resulting reaction mixture and subsequently thamiglayer and the agueous layer were
separated. The organic layer was extracted twittewater, combined with the aqueous
layer obtained first and subsequently AcOEt wasddtereto. After cooling the obtained
mixture with an ice-water bath, 2 M hydrochloriéchwas added to adjust a pH of the
aqueous layer to about 1.5. The organic layertl@@queous layer of the resulting reaction
mixture were separated and the aqueous layer weected 3 times with AcCOEt. The
obtained organic layers were combined and dried avkydrous sodium sulfate. The
obtained organic layer was concentrated under eztipessure to give (3S)-3-[(tert-
butoxycarbonyl)amino]-4-(2-cyclopropylethoxy)-2-hgaybutanoic acid (4.53 g) as an oily
product.
[0340] Production Example 199

Trifluoroacetic acid (12 ml) was added to a santof ethyl (2S)-2-[(tert-
butoxycarbonyl)amino]-4-methylpenta-4-enoate (5.idCH,Cl, (40 ml) and the mixture
was stirred at room temperature for 1 hour. Tiselteng reaction mixture was concentrated
under reduced pressure, THF (60 ml), benzyl chtsroéte (3.2 ml), sodium hydrogen
carbonate (4.3 g) and water (60 ml) were addeddadsidue and the mixture was stirred at
room temperature for 1 hour. The resulting reactioxture was extracted with AcOEt, the
organic layer was washed with a saturated aquemmisra chloride solution and

subsequently dried over anhydrous magnesium sulfatbe resulting residue was purified
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by silica gel column chromatography (hexane/AcQ&give ethyl (2S)-2-
{[(benzyloxy)carbonyllamino}-4-methylpenta-4-enodte2 g) as an oily product.
[0341] Production Example 200

Under nitrogen atmosphere, a mixture of trifluaetéc acid (4.5 ml) and Gi&l,
(35 ml) was added dropwise under ice-bath cooling mixture of diethyl zinc (1.09 M
hexane solution, 55 ml) and GEl, (75 ml). The resulting reaction mixture was stirfor
30 minutes under ice-bath cooling and subsequeiitdgomethane (4.8 ml) was added
thereto at the same temperature. After stirrimgréaction mixture for 30 minutes under
ice-bath cooling, a mixture of ethyl (2S)-2-{[(befaxy) carbonyllJamino}-4-methylpenta-4-
enoate (4.2 g) and GBI, (35 ml) was added dropwise at the same temperatustter
stirring the resulting reaction mixture at room parature overnight, 1 M hydrochloric acid
(50 ml) was added under ice-bath cooling. Theinbthmixture was extracted with CHCI
the organic layer was washed with a saturated agusadium hydrogen carbonate solution,
subsequently dried over anhydrous magnesium swdfateconcentrated under reduced
pressure. The resulting residue was purified ligasgel column chromatography
(hexane/AcOEt) to give ethyl N-[(benzyloxy)carbdr$4(1-methylcyclopropyl)-L-alaninate
(3.8 g) as an oily product.
[0342] Production Example 201

10% Pd/C (50% water content, 0.95 g) was addedsmution of ethyl N-
[(benzyloxy)carbonyl]-3-(1-methylcyclopropyl)-L-alanate (3.8 g) in EtOH (76 ml) and the
mixture was stirred at room temperature for 1.5reaunder hydrogen atmosphere.
Insoluble material was removed by filtration frohe tresulting reaction mixture and
subsequently the filtrate was concentrated undkroed pressure. Di-tert-butyl dicarbonate
(2.85 g) and DIPEA (2.3 ml) were added under iciitlsaoling to a solution of the resulting
residue in THF (76 ml) and the mixture was stirakdoom temperature for 2 hours. The
resulting reaction mixture was poured into a satataqueous ammonium chloride solution
and the mixture was extracted with AcCOEt. The igidh organic layer was dried over

anhydrous sodium sulfate and subsequently con¢edtumder reduced pressure. The
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resulting residue was purified by silica gel coluaimomatography (hexane/AcOEt) to give
ethyl N-(tert-butoxycarbonyl)-3-(1-methylcycloprdpy.-alaninate (3.2 g) as an oily product.
[0343] Production Example 202

Under nitrogen atmosphere, to a mixture of N-{terioxycarbonyl)-L-serine (20 g)
and DMF (480 ml) was added NaH (60% mineral oipdrsion, 8.6 g) in five portions while
maintaining an internal temperature beloCaunder ice-bath cooling and subsequently the
mixture was stirred for 1 hour under ice-bath aogli (2-lodoethyl)cyclopropane (24 g)
was added to the resulting reaction mixture andribx¢ure was stirred at room temperature
for 14 hours. After cooling the resulting reactioixture with an ice-water bath, water and
1 M hydrochloric acid were added to adjust a pl2 to 3. The resulting reaction mixture
was extracted three times with ACOEt and subsetutrd organic layer was washed with a
saturated aqueous sodium chloride solution. Tha&mdd organic layer was dried over
anhydrous sodium sulfate and concentrated undeceedpressure. MeOH (140 ml) and
CH.ClI; (420 ml) were added to the resulting residue zhaethyl)(trimethyl)silane (2 M
hexane solution, 62 ml) was added dropwise un@ebath cooling while maintaining an
internal temperature below® and subsequently the mixture was stirred for frfutes
under ice-bath cooling and at room temperaturd foour. AcOH was added to the
resulting reaction mixture to decompose an excessiat of (diazomethyl)(trimethyl)silane
and subsequently the reaction mixture was condedttander reduced pressure. The
resulting residue was purified by silica gel coluaimomatography (hexane/AcOEt) to give
methyl N-(tert-butoxycarbonyl)-O-(2-cyclopropylethy.-serinate (6.51 g) as an oily product.
[0344] Production Example 203

A mixture of tert-butyl [(1R)-1-[(4R)-2,2-dimethl-({4-[(trans-4-
methylcyclohexyl)oxy]pyridin-2-yl}methyl)-5-oxo-1;8ioxolan-4-yl]-2-
(ethylsulfanyl)ethyl]carbamate (203 mg) and £CH (4 ml) was cooled with an ice-water
bath, subsequently m-chloroperbenzoic acid (abb% @ater content, 89.5 mg) was added
thereto and the mixture was stirred at the sameeeature for 1 hour. 10% Aqueous

sodium thiosulfate solution was added to the rasuleaction mixture and the mixture was
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stirred for 10 minutes. After separating the agisdayer and the organic layer, the organic
layer was washed twice with a saturated aqueousarsdaydrogen carbonate solution. The
obtained organic layer was dried over anhydrousmasigm sulfate and subsequently
concentrated under reduced pressure. The resvétandue was purified by silica gel
column chromatography (CHZMeOH) to give tert-butyl [(1R)-1-[(4R)-2,2-dimeth¥-({4-
[(trans-4-methylcyclohexyl)oxy]pyridin-2-yl}methy$-oxo-1,3-dioxolan-4-yl]-2-
ethylsulfinyl)ethyl]carbamate (172 mg) as a solid.
[0345] Production Example 204

A mixture of tert-butyl [(1R)-1-[(4R)-2,2-dimethy-({4-[(trans-4-
methylcyclohexyl)oxy]pyridin-2-yl}methyl)-5-oxo-1;8ioxolan-4-yl]-2-
ethylsulfanyl)ethylJcarbamate (103 mg) and £ (6 ml) was cooled with an ice-water bath,
subsequently m-chloroperbenzoic acid (about 25%maintent, 91 mg) was added thereto
and the mixture was stirred at the same temperé&uehour and then at room temperature
for 1 hour. The resulting reaction mixture wasledagain with an ice-water bath, m-
chloroperbenzoic acid (about 25% water contentgpwas added thereto and the mixture
was stirred at room temperature for 30 minutes.% BE@ueous sodium thiosulfate solution
was added to the resulting reaction mixture andrtbx¢ure was stirred for 10 minutes.
After separating the aqueous layer and the ordapér, the organic layer was washed twice
with a saturated aqueous sodium hydrogen carbeoaigon. The obtained organic layer
was dried over anhydrous magnesium sulfate andegulesitly concentrated under reduced
pressure. The resulting residue was purified ligasgel column chromatography
(CHCI/AcOE) to give tert-butyl [(1R)-1-[(4R)-2,2-dimeth4-({4-[(trans-4-
methylcyclohexyl)oxy]pyridin-2-yl}methyl)-5-oxo-1;8ioxolan-4-yl]-2-
(ethylsulfonyl)ethyl]carbamate (81 mg) as a solid.
[0346] Production Example 205

A mixture of [(2S,3R)-3-(methoxymethoxy)-1-(metlyoxethyl)-3-({4-[(trans-4-
methylcyclohexyl)oxy]pyridin-2-yl}methyl)-4-oxoazielin-2-ylJmethyl methanesulfonate
(1.19 g), DMF (25 ml) and potassium thioacetaté(Bf)) was stirred at 8Q overnight.
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Water was added to the resulting reaction mixtaethe mixture was extracted with AcOEt.
The obtained organic layer was washed sequentidilya saturated aqueous sodium
hydrogen carbonate solution and a saturated aqealiism chloride solution and dried over
anhydrous magnesium sulfate. The obtained ordayér was concentrated under reduced
pressure and the residue was purified by silicacgieimn chromatography (hexane/AcOEt)
to give S-{[(2R,3R)-3-(methoxymethoxy)-1-(methoxytimg)-3-({4-[(trans-4-
methylcyclohexyl)oxy]pyridin-2-yl}methyl)-4-oxoazielin-2-ylJmethyl} thioacetate
(700 mg) as an oily product.
[0347] Production Example 206

A saturated aqueous sodium hydrogen carbonatémoluas added to a mixture of
2-(bromomethyl)-4-[(trans-4-methylcyclohexyl)oxyjgine hydrobromate (766 mg) and
CH.ClI; (25 ml) and the mixture was stirred at room terapee for 10 minutes. After
separating the organic layer from the obtained unétthe aqueous layer was extracted with
CH.Cl,. The obtained organic layers were combined, driest anhydrous magnesium
sulfate and diluted with toluene. The obtainedtom& was concentrated under reduced
pressure to about 20 ml.  Toluene was added agairetobtained mixture and the mixture
was concentrated to about 10 ml (mixture A).
[0348] Under nitrogen atmosphere, LDA (1.09 M hexddiHF solution, 2.2 ml) was slowly
added at -78 with stirring to a mixture of (3R,4R)-4-[(ethyls&anyl)methyl]-3-
(methoxymethoxy)-1-(methoxymethyl)azetidin-2-on84{4ng) and THF (6 ml). The
resulting reaction mixture was stirred at the sénaperature for 30 minutes and
subsequently the mixture A was added dropwise thereAfter stirring at the same
temperature for 1.5 hours, a saturated agueous ammahloride solution was added
thereto and the mixture was allowed to warm upptoT temperature. The obtained
mixture was extracted with ACOEt. The obtainedamig layer was dried over anhydrous
magnesium sulfate and concentrated under reduessdyre. The resulting residue was
purified by silica gel column chromatography (CH&8EOEt) and subsequently purified
again with silica gel column chromatography (hexAn®Et) to give (3R,4R)-4-
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[(ethylsulfanyl)methyl]-3-(methoxymethoxy)-1-(methanethyl)-3-({4-[(trans-4-
methylcyclohexyl)oxy]pyridin-2-yl}methyl)azetidin-Bne (599 mg) as an oily product.
[0349] Production Example 207

Under argon atmosphere, tetra-n-butylammoniunritiieo(1 M THF solution,
1.2 ml) was added to a mixture of 2-ethylhexyl 34fomo-2-cyanopyridin-4-
yhsulfanyl}propanoate (200 mg), (4-cyclopropylkliyn-1-yl)(trimethyl)silane (170 mg),
EtzN (0.49 ml) and DMF (1.5 ml). The obtained mixtwas irradiated with supersonic
wave for 30 seconds, subsequently bis(triphenylphiog)palladium (1) dichloride (70 mg)
was added thereto and the mixture was stirred@CLior 30 minutes under microwave
irradiation. AcOEt was added to the resulting tieacmixture and the mixture was washed
with a saturated aqueous sodium chloride solutidrhe obtained organic layer was dried
over anhydrous magnesium sulfate and subsequartteatrated under reduced pressure.
The resulting residue was purified by silica gduoen chromatography (hexane/AcOEt) to
give 2-(2-cyclopropylethyl)thieno[3,2-c]pyridin-Zatbonitrile (12 mg) as an oily product.
[0350] Production Example 208

2-Ethylhexyl 3-sulfanylpropanoate (2.4 ml) was edidinder ice-bath cooling to a
mixture of 3-bromo-4-chloropyridin-2-carbonitril2 ¢), EsN (2.6 ml) and DMF (20 ml) and
the mixture was stirred at the same temperatur@@aninutes and then at room temperature
for 11 hours. Water and AcOEt were added to theltieg reaction mixture and the
organic layer was separated. The obtained ordayéc was washed with a saturated
aqueous sodium chloride solution and dried oveydrdus magnesium sulfate. The
obtained organic layer was concentrated under eztipessure and the residue was purified
by silica gel column chromatography (hexane/AcQ&give 2-ethylhexyl 3-[(3-bromo-2-
cyanopyridin-4-yl)sulfanyl]propanoate (2.7 g) ascély product.
[0351] Production Example 209

Hydrogen fluoride-pyridine (25 g) was cooled t0>@ (MeOH-ice bath) and ethyl
(2S)-2-amino-4-methylpenta-4-enoate mono{[(1R,43)dimethyl-2-

oxobicyclo[2.2.1]hepta-1-yllmethanesulfonic acid}4d.5 g) was slowly added so that an
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internal temperature was kept beloWwG5 The resulting reaction mixture was stirred at
room temperature for 3 hours, subsequently coajathan the MeOH-ice bath and a
saturated aqueous ammonium acetate solution wasldddreto. Subsequently, 28%
agueous ammonia solution was added to adjust & e oeaction mixture to about 9.5.
The obtained mixture was extracted three times migthyl-tert-butyl ether. The obtained
organic layer was dried over anhydrous magnesiufateiand concentrated under reduced
pressure. THF (50 ml) was added to the resultasglue, DIPEA (3.3 ml) and di-tert-butyl
dicarbonate (3.86 ml) were added thereto at roonpégature and the mixture was stirred for
4 hours. The resulting reaction mixture was cotreéed under reduced pressure and water
was added to the residue and the mixture was eattadgth ACOEt. The organic layer was
dried over anhydrous magnesium sulfate and subadguencentrated under reduced
pressure. The resulting residue was purified ligasgel column chromatography
(hexane/AcOEt) to give ethyl N-(tert-butoxycarbgrgifluoro-L-leucinate (2.65 g) as an
oily product.
[0352] Production Example 210

PtG, (61 mg) was added to a solution of (3R)-4-(2-cyobpylvinyl)-3-
(methoxymethoxy)-1-(4-methoxyphenyl)azetidin-2-¢881 mg) in toluene (25 ml) and the
mixture was stirred at’C for 6 hours under hydrogen atmosphere. Insolalerial was
removed by filtration from the resulting reactiomxtare and subsequently the filtrate was
concentrated under reduced pressure. The resvétandue was purified by silica gel
column chromatography (hexane/AcOEt) to give (3RR4:82-cyclopropylethyl)-3-
(methoxymethoxy)-1-(4-methoxyphenyl)azetidin-2-¢6é4 mg) as an oily product.
[0353] Production Example 211

Under nitrogen atmosphere, diisopropyl azodicaytaig (1.2 ml) was added
dropwise under ice-bath cooling to a mixture of @BR)-4-(hydroxymethyl)-3-
(methoxymethoxy)-1-(methoxymethyl)azetidin-2-on8@3ng), THF (12 ml), thioacetic acid
(0.32 ml) and triphenyl phosphine (1.6 g) and thetune was stirred at room temperature

overnight. Water was added to the resulting reaatiixture and the mixture was extracted
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with CHCl;. The obtained organic layer was dried over antiyslimagnesium sulfate and
subsequently concentrated under reduced pressiesopropyl ether was added to the
resulting residue, and the insoluble materials weneoved by filtration. The obtained
filtrate was concentrated under reduced pressutéharesidue was purified by silica gel
column chromatography (hexane/AcOEt) to give SH@R)-3-(methoxymethoxy)-1-
(methoxymethyl)-4-oxoazetidin-2-yllmethyl} thioaeé¢ (300 mg) as an oily product.
[0354] Production Example 212

1-Bromo-2-methylpropane (0.3 ml) and sodium iodiifg5 mg) were added to a
mixture of S-{[(2R,3R)-3-(methoxymethoxy)-1-(metharethyl)-4-oxoazetidin-2-
ylmethyl} thioacetate (150 mg), DMF (1.5 ml), MeQH.5 ml), and potassium carbonate
(420 mg) and the mixture was stirred at@®vernight. Water was added to the resulting
reaction mixture and the mixture was extracted WitDEt. The obtained organic layer
was washed with a saturated aqueous sodium chlesidéon and dried over anhydrous
magnesium sulfate. The obtained organic layercsasentrated under reduced pressure
and the residue was purified by silica gel colurhromatography (hexane/AcOEt) to give
(3R,4R)-4-[(isobutylsulfanyl)methyl]-3-(methoxymeiky)-1-(methoxymethyl)azetidin-2-
one (125 mg) as an oily product.
[0355] Production Example 213

Methanesulfonyl chloride (2.1 ml) was added unde+bath cooling to a mixture of
(3R,4S)-4-(hydroxymethyl)-3-(methoxymethoxy)-1-(im&tymethyl)azetidin-2-one (2.7 g),
pyridine (4.3 ml) and CkCl, (30 ml) and the mixture was stirred at room terapge for 18
hours. CHGCJ was added to the resulting reaction mixture anshwd sequentially with
0.5 M hydrochloric acid, a saturated aqueous sodiydnogen carbonate solution and a
saturated aqueous sodium chloride solution. Tha&mdd organic layer was dried over
anhydrous magnesium sulfate and concentrated wedeced pressure. The resulting
residue was purified by silica gel column chromaaphy (hexane/AcOEt) to give a solid
(3.4 g). Sodium ethanethiolate (575 mg) was aduohelkr ice-bath cooling to a mixture of

the obtained solid (1 g) and DMF (10 ml) and thetome was stirred at the same temperature
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for 1 hour. AcOEt was added to the resulting ieaamnixture and the mixture was washed
sequentially with water, a saturated aqueous sodigsmogen carbonate solution and a
saturated aqueous sodium chloride solution andl drrer anhydrous magnesium sulfate.
The obtained organic layer was concentrated uretkroed pressure and the residue was
purified by silica gel column chromatography (hex@ctOEt) to give (3R,4R)-4-
[(ethylsulfanyl)methyl]-3-(methoxymethoxy)-1-(methonethyl)azetidin-2-one (300 mg) as
an oily product.
[0356] Production Examples 214 to 294

Production Example compounds shown in Tables tdseribed later were
produced in the same manner as in the method tdedan the above Production Examples.
[0357] Tables to be described later show the sirecphysicochemical data and production
method of the Production Example compounds.
[0358] Reference Example 1

6 M Hydrochloric acid (1 ml) was added to tertyd4{1S)-1-[(4S)-2,2-dimethyl-4-
({4-[(trans-4-methylcyclohexyl)oxy]pyridin-2-yl}mdiyl)-5-ox0-1,3-dioxolan-4-yl]-3-
methylbutyl}carbamate (75.2 mg) and the mixture wtased at 80C overnight. The
resulting reaction mixture was allowed to cooldom temperature and subsequently
concentrated under reduced pressure. The reso#tandue was purified by ODS column
chromatography (MeCN/0.1% aqueous formic acid smijit MeCN and an excess amount
of 1 M hydrochloric acid were added to the obtainethpound and the solvent was distilled
off to give (2S,3S)-3-amino-2-hydroxy-5-methyl-24{{(trans-4-
methylcyclohexyl)oxy]pyridin-2-yl}methyl)hexanoiccad dihydrochloride (50 mg) as a solid.
[0359] Reference Example 2

6 M Hydrochloric acid (30 ml) was added to tertyh§(1R)-1-[(4S)-2,2-dimethyl-
4-({4-[(trans-4-methylcyclohexyl)oxy]pyridin-2-yl}rathyl)-5-oxo-1,3-dioxolan-4-yl]-3-
methylbutyl}carbamate (3.7 g) and the mixture wiirsesd at 80C overnight.  After cooling
the resulting reaction mixture with an ice-watethh® M aqueous sodium hydroxide

solution was added thereto to adjust a pH of thetren mixture to about 1.5. The
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produced insoluble material was collected by filtia to give (2S,3R)-3-amino-2-hydroxy-5-
methyl-2-({4-[(trans-4-methylcyclohexyl)oxy]pyridi@-yl}methyl)hexanoic acid
hydrochloride (1.2 g) as a solid.

[0360] Tables to be described later show the sirecind physicochemical data of
Reference Example compounds.

[0361]



- 114 -

[Table 5-1]
Ex Str Ex Str
1 6 CH,
: J
b3 O/\/A O\
O )
z
e HOK oH[ | oKX OH[” ]
CH, NH, CH, NH,
2HCI
2(1) 7(1) i CH,
# O/\A o OJ\Ph
OH
_ = OHF
. Oo OH[™ | |_|3CHO \N|
e NH, CH,NH,
2(2 7(2
OH Z
_ = HO-{ OH |
H,C 0 ¢S " N
’ W NH, CH; NH,
3 8 CH
-.cHex 3
* o o * Hsc><CH%\\‘O
7
H.c MO 0 2 or
° N H,C Sy
CH, NH 3 N
3 2 2HCI CH,NH, 2HCI
4 9
O D OH =
O= OH |
Ho- K OH[™ | N
H,C N N
CH, NH, NP,
CH
S " O’ 3 10 o CHex
O\“ k O
OH N HO-{ oH[” |
OO NC N
S N
v/\ NH NH, 2HCI

[0362]




- 115 -

[Table 5-2]
EX Str EX Str
11 17 CH,
. o-cHex ) N O’
o)
@ Ho{ O[] g OH[”
T 9] N H,C HO \N|
NH
2 CH, NH,
12 17 CH,
* 5 0 ) * Oi::f
HO-K OH[” | HiC-O0f oy 2 |
o N H,C N
NH, e CH, NH, 2HCI
13 18
/\/\
" [;j S CH,
7
C ot HO-{ OH[™ |
HO | H, s
H,C N L N
CH;NH,  2Hcl 3 NH,
14 19
' C *
T 7
OH =z
o=\ COH = | H.C HO-{ OH N |
H,C \N 3 N
CH,NH, oHE CH; NH, 2HCI
15 N 20
* O/\/Q/N§CH3
O
HO& OH[” ]
H,C SN
CH, NH,
16 CH
"¢ Cfeh
* 3
o @)
HOK OH[™ ]
H,C N
CH, NH, 2HCI

[0363]




- 116 -

[Table 5-3]

Ex

21

22

23

24

25

26

[0364]




-117 -

[Table 5-4]
EX Str EX Str
33 38 o
cHex % M
OH N
O OHF | @) ?
H,C N HO— OH ]
CH, NH, H,C N
CH, NH, 2HCI
34 0 39
* 3, O/Bn
HN™ * OH
OH
O | 3 H.C X
H,C N7 3 N
CH, NH, CH, NH, 2HCI
35 40 ~CHex
OH OH
o) OH | X O OH |
v o N " N,
NH, 2 2HCI
36 41
* O/cHex *
O OH ¢
HO—< OH” |
Ph N H3C N
NH
2 2HCI
CH, NH, SHC|
37 CH, | 42 F
N
* C . [f
o :? oH T
H3C \N H3C \N
CH; NH, 3HCI CH, NH, 2HCI

[0365]




- 118 -

49

50

[Table 5-5]
Ex Str Ex
43
44
NH, 2HCI
45 _CHex | 51
* O ?
HO— OH#F |
\ 7 ~
\S/ O N
|
CH, NH, 2HCI
46 J/Ph 52
t 3
o (@)
H3C _ CH3
HO _oH | |
H3C N
CH, NH, 2HCI
47 53
: I
o O
HO-X OH[ ]
3 SN
CHs NH, 2HCI
48 54
CcHex
* o @
HO— OH#F |
/— A\ ~
O\_/N N
NH, 3HCI

[0366]




-119 -

[Table 5-6]
Ex Str Ex Str
55 oh 60 H,C CH,
73 * o)
* . O/\/\/CH3 O/i</kcH3
HO-& OH [ ) OH CH,§
H,C N O OH[" ]
CH, NH, 2HCI H,C
CH, NH, 2HCI
56 61
. O,CH3 * @)
0 J::j
(@) y O o)
e R HO-{ PH[™ ]
Tlian | 2ncl "LC N
3 N CH,; NH, 2HCI
57 62
* _CH, o™
Ho-LOHP Y 0 " 0= 1]
He g H,C \
CH., NH
CH, NH, JHCI 3 2 2HCl
58 63
* CH,
CH,CH, * o“[::r
O/-\)\CH3 7 OH
O HO Z |
7 ~
o HO OH\ | H,C g N
3 N CH, NH, 2HCI
CH, NH, 2HCI
59 64
* H.C CH
3 3 @)
e} HO |
HO OHF | (@) N
H,C N NH,  opcl
CH; NH, 2HCI

[0367]




- 120 -

[Table 5-7]
Ex Str Ex Str
65 Br 71
* /©/ O/cHex
O 0 ¥ O =
HO—{ OH ) @ HO= OH[C |
H,C SN O N
Br NH
CH, NH, 2HCI 2
66 C)/cHex 12 o~1Bu
* OH O CH
CH, 0= OH[” HO— PH™ 7™ 2
S H,C N
H,C N
NH, CH, NH,
67 73 CH,
- @l
o}
O CH
HOX OH” T @
H,C N
CH, NH,
68 74 CHex
* OH
O=\ OH |
Fgc\/\o N
NH2
69 75 CHex
* O
OH _
o= OH |
H,C. N
O N
NH,
70 76

[0368]




-121 -

[Table 5-8]
Ex Str Ex Str
7 _cHex 82 /(—:\Hs/A
* * o
H.C OH = OH
RORSWE o={ OH[" )
N O N H,C N
NH, CH, NH,
78 83
#
OH
F3Cm\ o OH* | (@) O
S X HO OHY”
N~ O N HC o
NH, 3 N
CH, NH,
79 84 CH
3
*k
*k ()/\/A OWO’
OH OH
OH | Fos O=< OHF
cHex~ N | |
O N N0 N
NH
2 NH2
80 CH, | 85 CH,
. Cr . [y
o o O
=z =z z
>0 N <;JN N
NH, = NH,
81 CH 86 CH,
* O’ ’ * O
O\\‘ O\\
5 HO CoH | CH, Ho Con |
___N ~ >
T N H,c O N
NH, NH,

[0369]




-122 -

[Table 5-9]
EX Str EX Str
87 o) 92
k NJL /Bn ?HS
ii; * 0 Bn
O ? OOH z
HO
HO OH\/ | H,C \Nl
" N CH, NH
CH, NH, 372 2HCI
88 93
. *
O\
O OH | @) OH = |
H,c”>"0 YN H,C N
2 CH; NH, 2HCI
89 94
* Cl
* o)
N OH
g O OH[” |
HO- PH[" | H,C N
o N CH; NH, 2HCI
NH, 2HCI
90 H,C_CH, 95 S
o N OOH/’
HO
HO& OH[ ) HC .
H,C N 3 T N
NH 2HCI
CH;NH,  2HCl M
91 96 N
* |_IN/cHex *
F oOH// o ©
HO p
\[::L . HO— OH(”
0 N H,C N
NH
2 2HCI CH,NH,

[0370]




-123 -

[Table 5-10]
Ex Str Ex Str
97 o\CHe 100
X AN
X S J . 5 © CH,
? z HO— OH[” |
HO— OH ] H,C N
H,C SN
SH, NH, CH, NH,
98 O. 101
* J o en * Ji:l _CH
o @) o o) o 3
HO OH ¥ | HO OH#Z |
H3C \N HSC \N
CH, NH, CH, NH, 2HCI
99 102
*
] 9
/r %F3 H
~.CHeX
o) N
o) o)
HOPH ™ ] - Ho-{ OH P
H,C N o N
CH, NH NH
3 2 2HCI

[0371]




- 124 -

[Table 5-11]
Ex Str Ex Str
103 CH, 108 CH,
* * O’
ov o
/O =z /O 3
OH HO OH |
HsC\SHO | A/\S S
104 CH, 109
* O/:\/\/CH3 * O/\/A
/O z pH
Ho-A OH o= CH|l
s Y o
?:/H: NH, 2HCI CH, NH,
105 CH, 110
*
O\“Of *k ()/\/A
/ 7 o= OH| N
OH
H C/\SHO <) AAO
3 NH
NH, 2
106 CH, 111
: , A
O\\‘O’ S
CH OH 2 PH OH =
3 O/ OH - | H3C O ~ |
H,C S
NH, CH, NH,
107 * CH,4 112
OO’ \ A
o OH
I on® o=\ OHI~ |
g\ HO N | V/\S N
S NH,
NH,

[0372]




- 125 -

[Table 5-12]
Ex Str Ex Str
113 117
5 A * QA
OH o
_ OH/ OH
D/\S N
S
114 118 CH,
X
OH
O~ YCH
2 3
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2 vﬁ 0
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*
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OH
— OH/ OH _
Q O | o=l OH[ ]
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116 . 120
[ jA CH,
*
O O\"O’
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T oA\ OHL A o2
HaC™ ™S NH,
NH,
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[Table 5-13]
Ex Str Ex Str
121 126
* @ : o
S @)
OH OH
_[ OHF _[ ou”
H.C o N | 0O NS |
3 HaC” S
CH3NH, NH,
122 127
* * /OA
0
OH
O/ OH/ |
A/\ HaC~s N
NH,
%
Ol 2HCI O/O
/O -z
HO\_CH[ |
CH,4 NH, CH, NH,
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T A
OH H.C OH
OH/ 3 o={ OH [ |
H,;C N
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H, NH,
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%
* \
OH i§ Q
OH =~ OH
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FsC N
"CHy NH, ’ r
2
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[Table 5-14]
Ex Ex Str
131 136
* @
o)
Q
HO-N OH |
v
NH,
132 137
* @
o)
/O z
QL el
S
NH,
133 138
o)
* /O /W
H.C HO\ O |
3 S
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* o)
/O /W
A H
S
NH,
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" U 3 * ?Hs CH
o O
O P -
Ho-A OH” ] HO-X OH[ |
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NH2 2
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[Table 5-15]
Ex Str Ex Str
141 /\/A 144
%
O * O/\/A
/O /O
=
HON CPH ™ | s HO\ OH[ |
NH, NH,
142 145 CH,
*
e . Q1
/O OH[” /O
H,.C HO ~ | HO OH[F |
NH NH,
143 146 2HCI CH,
* o) OW * O/:\/\/CH3
/ 2 0
HO OH | L on”
H,C7 S SHO <
NH, 7 L,
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[Table 6-1]
Ex Syn DATA
1 - ESI+: 337.3
'H NMR (400 MHz, DMSOdg) 5 ppm :
0.09 - 0.16 (2 H, m), 0.40 - 0.48 (2 H, m), 0.70Hd, J=6.6 Hz), 0.75 -
0.87 (4 H, m), 1.22 (1 H, ddd=14.2, 9.9, 4.0 Hz), 1.37 - 1.47 (1 H, m),
1.63 (2 H, dtJ=6.6, 6.6 Hz), 1.68 - 1.82 (1 H, m), 2.83 - 2.9H(2n),
3.11 (1 H, d,J=13.7 Hz), 4.08 (2 H, 1}=6.6 Hz), 6.82 - 6.86 (2 H, m),
8.24 - 8.28 (1 H, m)
2(1) - ESI+: 429.2, 431.2
2(2) - ESI+: 411.3
3 - ESI+: 351.2
'H NMR (400 MHz, MeOHd,) 5 ppm :
1.00 (3 H, d,J=6.4 Hz), 1.06 (3 H, d]=6.4 Hz), 1.34 - 1.46 (1 H, m), 1.4
-1.58 (2 H, m), 1.58 - 1.72 (5 H, m), 1.75 - 1(8H, m), 1.99 - 2.13 (2
H, m), 3.27 (1 H, dJ=13.7 Hz), 3.52 (1 H, dI=13.7 Hz), 3.62 (1 H, dd,
J=9.2,3.9 Hz), 4.74 - 4.82 (1 H, m), 7.38 (1 HJ=2.7 Hz), 7.42 (1 H,
dd,J=7.0, 2.7 Hz), 8.50 (1 H, d=7.0 Hz)
4 - ESI+: 377.3
'H NMR (400 MHz, MeOHd,) 5 ppm :
0.26 - 0.36 (4 H, m), 0.85 (3 H, 36.2 Hz), 0.95 (3 H, d]=6.2 Hz), 1.31
-1.42 (2 H, m), 1.43 - 1.58 (3 H, m), 1.59 - 1(8H, m), 1.94 - 2.05 (2
H, m), 3.04 - 3.13 (2 H, m), 3.20 (1 H,&15.0 Hz), 4.57 - 4.66 (1 H, m
6.89 (1 H, ddJ=6.1, 2.5 Hz), 6.96 (1 H, d=2.5 Hz), 8.26 (1 H, d=6.1
Hz)
5 - ESI+: 409.3
'H NMR (400 MHz, MeOHd,) & ppm:
0.14 - 0.27 (2 H, m), 0.45 - 0.60 (2 H, m), 0.9061 (4 H, m), 1.09 - 1.3
(2 H, m), 1.36 - 1.56 (3 H, m), 1.81 (2 H,J13.3 Hz), 2.13 (2 H, brs.),
2.39-2.61(3H, m), 3.14 - 3.29 (4 H, m), 4.4051 (1 H, m), 6.95 (1 H,
dd,J=6.2, 2.3 Hz), 7.00 (1 H, d, J=2.2), 8.28 (1 HJ=5.3 Hz)
6 - ESI+: 365.3
'H NMR (400 MHz, DMSO#dg) 5 ppm :
0.85 (3 H, dJ=6.4 Hz), 0.88 - 0.97 (6 H, m), 1.01 - 1.21 (2 H, 31 -
1.53 (4 H, m), 1.62 (1 H, dddz14.2, 10.6, 3.2 Hz), 1.70 - 1.87 (3 H, m
2.03 - 2.13(2 H, m), 3.29 - 3.56 (3 H, m), 4.58754(1 H, m), 7.33 (1 H,
d, J=2.4 Hz), 7.44 (1 H, ddl=6.8, 2.4 Hz), 8.33 (2 H, brs), 8.62 (1 H, d,
J=6.8 Hz)
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[Table 6-2]
Ex | Syn DATA
7(1) - ESI+: 373.3
7(2) - ESI+: 269.2
8 - ESI+: 405.3
9 = ESI+: 363.3
'H NMR (400 MHz, MeOHéd,) 5 ppm:
0.08 - 0.21 (2 H, m), 0.41 - 0.58 (2 H, m), 0.7®95 (1 H, m), 1.32 - 1.51
(2H, m),1.57-1.73(5H, m), 1.79- 1.94 (3H, 97 - 2.11 (2 H, m),
2.18-2.34 (1 H, m), 2.98 - 3.07 (1 H, m), 3.1341d, J=13.7 Hz), 3.20 (1
H, d,J=13.7 Hz), 4.10 - 4.29 (2 H, m), 6.92 - 6.99 (1nk), 6.99 - 7.06 (1
H, m), 8.30 (1 H, dJ=5.9 Hz)
10 - ESI+: 396.3
11 - ESI+: 426.3
12 - ESI+: 381.3
13 - ESI+: 336.1
14 - ESI+: 409.1
15 - ESI+: 377.3
16 - ESI+: 405.4
17(1) - ESI+: 365.2
'H NMR (400 MHz, DMSO¢g) 5 ppm :
0.69 (3 H, d,)=6.4 Hz), 0.83 (3 H, d]=6.6 Hz), 0.89 (3 H, d]=6.6 Hz),
1.03-1.17 (2 H, m), 1.22 (1 H, ddt514.2, 9.9, 3.9 Hz), 1.30 - 1.47 (4 H
m), 1.67 - 1.79 (3 H, m), 2.00 - 2.09 (2 H, m),2-82.91 (2 H, m), 3.09 (1
H, d,J=13.7 Hz), 4.35 (1 H, dddd=10.6, 10.6, 4.2, 4.2 Hz), 6.80 - 6.83
H, m), 8.23 (1 H, dd})=4.6, 1.5 Hz)
17(2) - ESI+: 379.4
18 - ESI+: 341.3
'H NMR (400 MHz, DMSO¢g) 5 ppm :
0.71 (3 H, d,)=6.5 Hz), 0.84 (3 H, d]=6.5 Hz), 0.91 (3 H, t}=7.4 Hz),
1.21 (1 H, dddJ=14.1, 9.9, 3.7 Hz), 1.35 - 1.50 (3 H, m), 1.56661(2 H,
m), 1.68 - 1.81 (1 H, m), 2.85 - 2.97 (2 H, m),®-%8.11 (3 H, m), 7.10 (1
H, dd,J=5.4, 1.7 Hz), 7.13 (1 H, d=1.7 Hz), 8.25 (1 H, dJ=5.4 Hz)
19 - ESI+: 395.3
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[Table 6-3]

Ex | Syn DATA

20 - | ESI+: 361.1
'H NMR (400 MHz, MeOHd,) 5 ppm :
0.05-0.11 (2 H, m), 0.41 - 0.49 (2 H, m), 0.7B86 (4 H, m), 0.92 (3 H, d,
J=6.4 Hz), 1.47 (1 H, ddd=14.1, 9.8, 3.7 Hz), 1.58 - 1.80 (4 H, m), 2.89 {
2.95 (2 H, m), 3.03 (1 H, dd=9.8, 2.6 Hz), 3.42 (2 H, s), 6.73 (1 H,)&0.9
Hz), 7.38 (1 H, ddJ=5.7, 0.9 Hz), 8.29 (1 H, d=5.7 Hz)

21 1 | ESI+:391.3

22 3 | ESI+:297.3

23 3 | ESI+: 4113

24 3 | ESI+: 475.3

25 3 | ESI+: 376.3

26 4 | ESI+: 349.3

27 4 | ESI+: 389.3

28 4 | ESI+: 351.3
'H NMR (400 MHz, MeOHd,) 5 ppm :
0.25-0.35 (2 H, m), 0.35 - 0.41 (2 H, m), 0.844,J=6.3 Hz), 0.95 (3 H,
d,J=6.3 Hz), 1.12 (3 H, s), 1.46 (1 H, dd&13.9, 9.8, 3.4 Hz), 1.63 - 1.81
(4 H, m), 3.06 (1 H, dd]=9.8, 2.5 Hz), 3.08 (1 H, d=14.4 Hz), 3.22 (1 H,
d,J=14.4 Hz), 4.14 - 4.26 (2 H, m), 6.86 (1 H, dd6.0, 2.4 Hz), 6.95 (1 H,
d, J=2.4 Hz), 8.27 (1 H, d]=6.0 Hz)

29 4 | ESI+: 351.3
'H NMR (400 MHz, MeOHd,) 5 ppm :
0.01-0.07 (2 H, m), 0.41 - 0.48 (2 H, m), 0.6580 (1 H, m), 0.84 (3 H, d,
J=6.4 Hz), 0.95 (3 H, d}=6.4 Hz), 1.34-1.51 (3H, m), 1.61-1.81 (2 B, 1
1.86 - 1.95 (2 H, m), 3.05 (1 H, d#9.8, 2.8 Hz), 3.07 (1 H, d=13.9 Hz),
3.22 (1 H, dJ=13.9 Hz), 4.07 - 4.17 (2 H, m), 6.84 (1 H, dd6.0, 2.4 Hz),
6.93 (1 H, d,)=2.4 Hz), 8.26 (1 H, d]=6.0 Hz)

30 4 | ESI+: 445.1

31 4 | ESI+: 449.3

32 4 | ESI+: 417.3

33 4 | ESI+: 403.3

34 5 | ESI+:392.2

35 5 | ESI+: 393.2

36 6 | ESI+: 447.4

37 6 | ESI+: 366.3

=
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[Table 6-4]

Ex | Syn DATA

38 6 | ESI+: 394.3

39 6 | ESI+: 359.1

40 6 | ESI+: 397.3

41 6 | ESI+: 365.4
'H NMR (400 MHz, MeOHd,) & ppm :
1.00 (3 H, d,J=6.5 Hz), 1.06 (3 H, d}=6.5 Hz), 1.51 - 1.96 (13 H, m), 2.07
2.17 (2 H, m), 3.26 (1 H, d=13.8 Hz), 3.51 (1 H, dI=13.8 Hz), 3.56 - 3.64
(1 H, m), 4.89 -4.97 (1 H, m), 7.34 (1 H,)2.6 Hz), 7.38 (1 H, ddI=7.1,
2.6 Hz), 8.50 (1 H, d}=7.1 Hz)

42 6 | ESI+: 387.3

43 6 | ESI+: 403.2

44 6 | ESI+: 448.4

45 6 | ESI+: 525.3

46 6 | ESI+: 401.3

47 6 | ESI+: 363.4

48 6 | ESI+: 456.3

49 6 | ESI+: 385.3

50 6 | ESI+: 415.4

51 6 | ESI+: 415.1

52 6 | ESI+: 373.3

53 6 | ESI+: 361.2

54 6 | ESI+:427.3

55 6 | ESI+: 353.1
'H NMR (400 MHz, MeOHd,) & ppm :
0.89 - 0.97 (3 H, m), 1.00 (3 H, 36.4 Hz), 1.06 (3 H, d]=6.4 Hz), 1.31 -
1.52 (7 H, m), 1.63 - 1.90 (5 H, m), 3.25 (1 HJd13.7 Hz), 3.50 (1 H, d,
J=13.7 Hz), 3.61 (1 H, ddi=7.5, 5.5 Hz), 4.80 - 4.90 (1 H, m), 7.36 (1 H,
J=2.8 Hz), 7.41 (1 H, ddI=7.0, 2.8 Hz), 8.50 (1 H, d=7.0 Hz)

56 6 | ESI+: 365.3

57 6 | ESI+: 403.1

58 6 | ESI+: 353.3

59 6 | ESI+: 367.3

60 6 | ESI+: 409.4

61 6 | ESI+: 407.3

62 6 | ESI+: 311.2

[®N
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[Table 6-5]

Ex | Syn DATA

63 6 | ESI+: 365.2

64 6 | ESI+: 379.2

65 19 | ESlI+: 423.0, 425.0

66 9 | ESI+: 365.3

67 9 | ESI+: 391.3

68 9 | ESI+:451.2

69 9 | ESI+:341.3

70 9 | ESI+: 481.0

71 9 | ESI+: 479.0, 481.0

72 9 | ESI+: 367.3

73 9 | ESI+: 379.4

74 9 | ESI+:421.3

75 9 | ESI+: 395.3

76 9 | ESI+: 379.4

77 9 | ESI+: 416.3

78 9 | ESI+: 456.2

79 9 | ESI+: 393.3

80 9 | ESI+: 417.4

81 9 | ESI+:419.4

82 1 | ESI+:351.1

83 20 | ESI+: 363.2
'H NMR (400 MHz, MeOHd,) & ppm :
0.02-0.12 (2 H, m), 0.39 - 0.51 (2 H, m), 0.67¥.80 (1 H, m), 0.83 (3 H, d,
J=6.4 Hz), 0.94 (3 H, dJ=6.4 Hz), 1.27 - 1.53 (3 H, m), 1.57 - 1.67 (1 H,
m), 1.68 - 1.80 (1 H, m), 1.80 - 2.03 (2 H, m),B-®8.23 (4 H, m), 3.33 -
3.43 (1 H, m), 4.95 - 5.08 (1 H, m), 6.74 (1 HJ€5.9 Hz), 8.18 (1 H, d,
J=5.9 Hz)

84 9 | ESI+:434.2
'H NMR (400 MHz, MeOHdl,) & ppm:
0.95 (3 H, dJ=6.7 Hz), 1.09 - 1.24 (2 H, m), 1.38 - 1.55 (3 B, 77 -
1.85 (2 H, m), 2.08 - 2.19 (2 H, m), 3.20 - 3.2842m), 3.64 (1 H, dd,
J=8.4,3.3 Hz), 4.40 - 451 (2 H, m), 4.76 (1 H, &11.7, 3.1 Hz), 6.87 -
6.93 (1 H, m), 6.97 (1 H, dd=6.3, 2.7 Hz), 7.04 (1 H, d=2.3 Hz), 7.54 (1
H, ddd,J=9.0, 7.8, 3.1 Hz), 8.00 (1 H, 8:3.1 Hz), 8.29 (1 H, d]=6.3 Hz)
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[Table 6-6]
Ex | Syn DATA
85 9 | ESI+:389.3
86 9 | ESI+: 409.4
87 9 | ESI+: 486.4
88 9 | ESI+: 393.3
'H NMR (400 MHz, MeOHdl,) & ppm:
0.94 (3 H, dJ=6.6 Hz), 1.04 - 1.21 (2 H, m), 1.39 - 1.53 (3 B, 74 -
1.87 (2 H, m), 2.08 - 2.19 (2 H, m), 2.35 (2 H,4%.8, 1.3 Hz), 3.09 - 3.19
(2 H, m), 3.32-3.41 (1 H, m), 3.46 - 3.64 (3H, 73 -3.92 (1 H, m),
4.42 (1 H, dddd}=10.7, 10.7, 4.2, 4.2 Hz), 4.94 - 5.11 (2 H, mJ%- 5.89
(1 H, m), 6.89 - 6.97 (2 H, m), 8.26 (1 H,J6.2 Hz)
89 13 | ESI+: 452.4
90 13 | ESI+: 364.2
91 13 | ESI+: 418.3
92 14 | ESI+: 387.3
'H NMR (400 MHz, DMSO#dg) 5 ppm :
0.85 (3 H, d,J=6.6 Hz), 0.92 (3 H, d]=6.6 Hz), 1.29 - 1.40 (4 H, m), 1.56 |
1.69 (1 H, m), 1.74 - 1.90 (1 H, m), 2.96 - 3.11H?2m), 3.17 - 3.59 (3 H,
m), 5.07 - 5.16 (1 H, m), 7.19 - 7.27 (L H, m),7-2Z.35 (5 H, m), 7.41 (1
H, dd,J=7.0, 2.4 Hz), 8.34 (2 H, brs), 8.61 (1 HJd7.0 Hz)
93 14 | ESI+: 443.1
94 14 | ESI+: 393.1, 395.1
95 14 | ESI+: 379.3
96 15 | ESI+: 389.3
97 15 | ESI+: 395.2
98 15 | ESI+: 403.1
99 15 | APCI/ESI+: 380.3
100 | 15 | ESI+: 353.3
101 | 19 | ESI+:375.3
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[Table 6-7]

Ex Syn DATA

102 - ESI+: 500.3
ESI+: 369.2
'H NMR (500 MHz, DMSO¢k) & ppm : 0.89 (3 H, d)J=6.4 Hz), 1.04 - 1.16
(2H, m),1.31-1.44(3H,m),1.69-1.75 (2 H, t97 (3H, s), 2.01 - 2.0]

103 - (2H, m), 2.32 (1 H, dd]=14.2, 10.5 Hz), 2.89 (1 H, :13.8 Hz), 2.93 (1
H, dd,J=14.2, 2.4 Hz), 3.03 (1 H, dds10.5, 2.4 Hz), 3.12 (1 H, d=13.8
Hz), 4.35 (1 H, dddd]=10.8, 10.8, 4.0, 4.0 Hz), 6.81 (1 H, dd5.8, 2.5
Hz), 6.83 (1 H, dJ=2.5 Hz), 8.23 (1 H, d]=5.8 Hz)

104 - ESI+: 399.4
ESI+: 383.2
'H NMR (500 MHz, DMSO¢k) & ppm : 0.89 (3 H, dJ=6.6 Hz), 1.04 - 1.15

105 i (5H,m),1.30-1.44(3H,m),1.68-1.75(2 H, &01 - 2.08 (2 H, m),
2.30 (1 H, ddJ=14.5, 10.8 Hz), 2.42 (2 H, qd:7.4, 2.8 Hz), 2.88 (1 H, d,
J=13.8 Hz), 2.96 - 3.06 (2 H, m), 3.12 (1 HJd13.8 Hz), 4.35 (1 H, dddd,
J=10.6, 10.6, 4.0, 4.0 Hz), 6.79 - 6.86 (2 H, m233(1 H, d J=5.7 Hz)

106 103 | ESI+: 397.2

107 103 | ESI+: 409.2

108 103 | ESI+: 423.3

109 5 ESI+: 367.3
ESI+: 379.2
'H NMR (400 MHz, MeOHdy) & ppm : 0.02 - 0.08 (2 H, m), 0.12 - 0.18 (2
H, m), 0.40 - 0.46 (2 H, m), 0.46 - 0.53 (2 H, M){0 - 0.82 (1 H, m), 0.82 -

110 5 ]0.93(1H,m), 150 (2H,td=6.8, 6.8 Hz), 1.71 (2 H, td=6.6, 6.6 Hz),
3.17,3.19 (2 H, ABgJ=13.8 Hz), 3.42 (1 H, dd=9.0, 3.7 Hz), 3.55 - 3.62
(3H, m), 3.88 (1 H, dd]=10.3, 3.6 Hz), 4.18 - 4.28 (2H, m), 7.04 (1 H, d
J=6.2, 2.6 Hz), 7.07 (1 H, d=2.4 Hz), 8.33 (1 H, d]=6.4 Hz)
ESI+: 353.2
'H NMR (400 MHz, MeOHd) & ppm : 0.12 - 0.16 (2 H, m), 0.47 - 0.52 (2

111 5 |H, m),0.82-0.91 (4 H, m), 0.96 (3 H,H6.4 Hz), 1.48 (1 H, dddi=13.9,
10.0, 3.4 Hz), 1.59 - 1.81 (4 H, m), 3.07 - 3.22(5m), 7.22 (1 H, dd}=5.7,
1.9 Hz), 7.28 (1 H, d]J=1.8 Hz), 8.24 (1 H, d]=5.5 Hz)

112 5 ESI+: 381.1

113 5 ESI+: 395.1

114 5 ESI+: 369.1

[®X
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[Table 6-8]

Ex | Syn DATA

115 5 | ESI+: 381.1

116 5 | ESI+: 409.4

117 5 | ESI+: 435.2

118 5 | ESI+: 381.3
ESI+: 381.2
'H NMR (400 MHz, MeOHé,) & ppm : 0.86 (3 H, dJ=6.2 Hz), 0.93 (3 H,

119 5 | d,J=6.6 Hz), 0.96 (3 H, d}=6.4 Hz), 1.10 - 1.24 (2 H, m), 1.35 - 1.51 (4
m), 1.63 - 1.84 (4 H, m), 2.07 - 2.17 (2 H, m),B(Q H, d,J=14.1 Hz), 3.11
(1 H, dd,J=9.8, 2.5 Hz), 3.19 (1 H, d=13.7 Hz), 3.34 - 3.43 (1 H, m), 7.1]
(1 H, dd,J=5.6, 1.9 Hz), 7.25 (1 H, d=1.5 Hz), 8.23 (1 H, d]=5.5 Hz)

120 5 | ESI+: 407.2

121 5 | ESI+: 381.1

122 5 | ESI+: 419.3

123 5 | APCI/ESI+: 377.2

124 5 | ESI+: 379.3

125 5 | ESI+: 383.3

126 5 | ESI+: 395.2

127 5 | ESI+: 409.3

128 6 | ESI+:411.2

129 9 | ESI+: 353.3

130 9 | ESI+:377.1

131 9 | ESI+: 375.3

132 9 | ESI+:377.2

133 9 | ESI+: 401.2

134 9 | ESI+:415.2

135 9 | ESI+:399.1

136 | 103 | ESI+: 409.2

137 | 103 | ESI+: 409.2

138 | 103 | ESI+: 397.3

1

~
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[Table 6-9]

Ex | Syn DATA
ESI+: 409.3
'H NMR (400 MHz, DMSO#dg) 5 ppm : -0.03 - 0.08 (4 H, m), 0.33 - 0.45

139 | 103 |H M), 0.67-0.81(2H, m), 1.30 - 1.41 (4 H, M)(9 - 1.88 (2 H, m), 2.29 ;
2.37 (1 H, m), 2.46 - 2.51 (2 H, m), 2.91 (1 HJ€13.7 Hz), 2.98 - 3.08 (2
H, m), 3.16 (1 H, d)=13.7 Hz), 4.08 (2 H, t}=6.5 Hz), 6.82 - 6.89 (2 H, m
8.26 - 8.30 (1 H, m)

140 | 103 | ESI+: 371.3

141 | 103 | ESI+: 355.3

142 | 103 | ESI+: 369.3
ESI+: 369.3
'H NMR (400 MHz, DMSO#ds) 3 ppm : 0.00 - 0.05 (2 H, m), 0.37 - 0.44 (2
H, m), 0.66 - 0.78 (1 H, m), 1.13 (3 HJ£7.4 Hz), 1.28 - 1.36 (2 H, m),

143 | 103 [1.77-1.86 (2 H, m), 2.35 (1 H, dit14.1, 10.1 Hz), 2.44 (2 H, qd7.4,
1.8 Hz), 2.94 (1 H, d}=13.9 Hz), 3.04 (1 H, dd=14.3, 2.4 Hz), 3.08 (1 H,
dd,J=10.4, 2.4 Hz), 3.14 (1 H, d=13.9 Hz), 4.06 (2 H, t]=6.5 Hz), 6.83 -
6.87 (2 H, m), 8.24 - 8.30 (1 H, m)

144 | 103 | ESI+: 383.2

145 | 103 | ESI+: 397.2

146 | 104 | ESI+: 411.4
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[Table 7-1]
PEXx Str PEXx Str
1 7
CH
* HG O N/\O/CHs * HC O N/\O/ 3
0o\ o\
o CH, o CH,
Q\\\O S CH, HO CH,
H,C N N
2 8
* H3C\O O, /~0-CH,
S CH,
N CH,
o | N
3 _0 9
* HC™-0 O NC._~ O
|
H3C N N~
0,
H,C CH,
4 ,CH, 10
* O
HC o ) HO PO
O_\ N O Na
OL—<‘:
5 0~ CH
CH,
5 11 _CH
*k H.C /CHS *k — (@) 8
s« O o N
N O\ J
O\ N o o
o CH,
Bn—O CH N
X 3
H,C S N0,
| ~.N 8 b\/ CH3
6 12
* HC o, ~o s
o~ TN oy
NI (0] 3
c A A -Bn Hal o ~ CH,
Hsc\n/N N
o)

[0386]
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[Table 7-2]
PEXx Str PEXx Str
13 CH 19
" H,C, ~ 3
0o\ N
4y O CH, CH,
OYN | XN CH, H,C._~_0O
s N N\| O.
) .
CH,
14 - 20 | cHex
Bn—-0O \/\N
- B\
H3C \ 7 CH3 \N
N\ | N
Oi HO N/
15 21 Boc
BN-0 *k NH
— Cl HCI 0
H3C \ 7
16 | Bn—-O =N 22
\ 7 OH
H,C-O
17 23
CH
*k H3C\ O /\O/ 3
o\ N
e} CH3
o | N CH,
HN N
18 24
O/\/Ph
H,C_CH,
»
N Cl

[0387]
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[Table 7-3]
PEX Str PEX Str
25 HC. 0. o CH | 31
* o~ YN HC CH
(0) CH3 * 3\ O /\O/ 3
0 o—~ TN
| N CH3 O B
H,C
20 0 cl 32 * H3C/O7
*  Ho<4 oH[” ] o, 0
NS
- N o}'ﬁ\/o
CH, NH, TIPS “CH,
T, oo s 3 . o
M O
< O O
@)
N N
(__CH H,C HO—" "0,
o”°? : CH,
28 34 CH
CH * e o ~o

29

30
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[Table 7-4]
PEXx Str PEXx Str
37 42
N _ o s « HC O o o
:O \ /N )
2 O O N\ :CH3
N—
G HS—/ N0 Q
3 "CH Br H,C
38 | # 43 N
HSC/O7 B0, O
(@) @) N
-0
o cH, CH,
39 | # 44
ch/07
0 0 .
74 | ~N—O
N _—
0 ’
O/CHS
40 45
* H30’07 . )O/CHS
o) o) o o
N
0 pelnS
o-CH, 0 CH,
41 46 | M
H,C o N
* 3 < \ / O) o
H3CY\/\\N/Q
CH CH, HC  Ne(© N\/O\CH
\ N
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[Table 7-5]

PEXx

47

48

49

50

[0390]
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[Table 7-6]
PEXx Str PEXx Str
54 59 CH,
@ | * Y
H.C
o CH3O
o) O
H,C : N
CH3 N—Boc
H
55 59 CH,
@ | O’
H,G CH3O\
74
0
0 |
H,C : Sy
CH3 N—Boc
56 60 o Ph
(2) W I{l
HSC\O/\/S\\\« N
O N-N
56 61 Bn-O o)
(2) *
N, \\CH3
CH; H,C
57 62 GHex
* 7 N\—0
N —
0 9-cH,
0
H,C. o)
58 63 _CH,
* (@)
HSC\ e} )
O~ TN ~5-TBDMS
4 OH
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[Table 7-7]
PEXx Str PEXx Str
64 70 H.C _CH,
/_\ * _\O CH,
H3C N
65 71 * T N\,—0O—cHex
* H3C\ 9] N/\O/CH3 N___
o\ -
o CH, 0 O~CH,
(@) CH (@]
e L R :
3 3 = H3C\O)
66 _CH 72 _CH
0\ N 0\ N
Hsc\LC/Hs CHS (o) CH,
-0 S CH, H,c B CH,
CH, N Bn” >N
67 73
= (@)
N | J
CN
68 CH 74
* H3C\ O /\O/ 3
o N CH,
CH —
© 3 — SI—CH,
Cl
| X CH, CH,
~-N
69 75
77 N
O N\F
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[Table 7-8]
PEXx PEXx Str
76 81
CH
3
0\ N
@] CH,
x O | AN CH3
CH3 ~.N
77| # CH 82 CH
2008 * H.C 0 =3
H3C O /\O 37\ /\O
\O N 00—\ N CH
—
o CH, @] 3
(0]
H3C\|/O | x CH, | N CH,
Ph N N
78 CH, 83
%k H3C\ (@) /\O CH
00—\ N * H.C -3
CH 3 \ O /\O
@) 3 o—\ N
9] CH
CI:H3 | AN CH, (0] 3
H.C (@) CH
O ~-N 3 A 3
7{) A
79 ,CH, 84
* H3C\O O N/\O * H3C\ O /\O/CH3
\ N
o) CH, o, CH,
0 ~ CH, Ao N cH,
/O\)/ ~-N | N
H3C —
80 CH 85
* H3C\ @) /\O/ 3
o—\ N
O CH,
o | A CH,
CF;~ E ~N
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[Table 7-9]
PEXx Str PEXx Str
86
87
88
89
CH
Hsc\o/\o R H3C\ o] ~o 3
F O_\ N
C X o CH,
Br O
N o | N CH,
Lo CHs PN
90 96
* hc ACHs * HC o o
3TN O /\O O—\ N
o~ TN ch o)
H.c O 8
3 cHex”
HSC'O | N CH, | N
_N Z Br
91 97
_CH
* H.e o) /\O/CHS * HC O - —~0o 3
N N o— TN
0o\
o CH, 0 CH,
@]
cHex” | N CH,§ | = CH,
_N ~-N
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[Table 7-10]
PEXx Str PEXx Str
98 103 CH,
* HC o. 0o
oL en
H,C. O 3
o | CH,
~-N
Br
99 104
% H,C_ 0] /\O/CH3
o\ N
9] CH3
(@]
N\/O | o CHs
H3C \CH3 N
CH,
100 _CH, 105 _CH
106
101 ch, « _CH,
* H3C\ =0 H3C\ O N/\O
0o\ O_\
y o CH, o CH,
JOR® cH, B O CH,
= N | _N
H H,C
102 CH 107
$ H3C\ O /\O/
O
_\O CH3
© S CH,
N
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[Table 7-11]
PEXx Str PEXx Str
108 113
*<k_/ _ o-CHs
O \ /N )
QO o
N
0
CH,
109 114
* HBC\O O. /~0-CH,
N
H.C @) CHs = N
H,C © | CH, cHexs A\ L_cl Hal
(@) ~.N
H,C CH,
110 115
X HSC\O o N/\()/CH3 o
\
o) CH, Bn\OJ\N A N |
0 CH, o Aa e
I
111 cHex 116
CH
| /= o~ 3 cl
o— N o)
* O N
Co | O
% HCI
N_ o, O
o CHj
H,C”
112 117

_CH,
* N
o) N
< My
N\/O\
H,C CH,
H,C
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[Table 7-12]
PEXx Str PEXx Str
118 N 124 H,C_CH,
) L8
| CH,
7
o HCl HCl
119 N I 125
H /;_\ HCl O/\»/Zl
X
:\/ © HCI cl | _
H N
120 126
y N cl cHex\/\
— N
X
:E;: © HCI Cl »
N HCI
121 127
7N e % HC OH
— H.C 0
[::I:j>‘o HCI ’ N
H
122 128 . cH,
O-CH,
N2
N="  O-Bn
HCI
123 129 _CH,
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[Table 7-13]
PEXx Str PEXx Str
130 136
N
/_\ CN
o
131 137
NC | AN O/,’Q
Pz
N CH,
132 138 | H.C
3
.G O~ | CN
O N
H,C CH,
133 139 )OJ\
Bh~o >N Y
0 N | OH
134 / N 140 OH
»—CN F
&9 L
O
"0
135 N 141 HO
H /_\ CN
7 N
<[ )~o @L B
: P
H O

[0398]




- 151 -

[Table 7-14]
PEXx Str PEXx Str
142 N OH 148 CH,
|—| o H.C ~Nto™
<j[:>>-c> Phe g~
H CH,
143 N OH 149 Boc_
* NH
7 N\ S
H.C
H,C CH,
144 10 HCc. o ,~o M
o, * o— TN
T :
Nx CH,
145 151
H,C CH,
YL (?
HO o CH,
CH,
146 152
147 HO 153
AN
/71 N
7 =
O Ph

[0399]
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[Table 7-15]
PEXx Str PEXx Str
154 159
* o-CHs
HBC\ 0 )
N
O_“b | OH
H OH
155 160 _CH,
* @)
HC. o. )
0\ N
O T
H O
156 161 _ o
* O \ /N )
cHex 9 o
N
HO -0
ko/cH3 CH,
157 oo CHs 162 . Hsc\o 0 N/\O/CHa
Phw S
@] H,Cs O
N 2NN | AN HO
H N
158 163 CH,
* G * HC  o. ~o
3 o H o\ N
H.C -
3 O\)—;:EO 0]
\_ (@)
N o} HO
H o cH ‘7//\\/ N

[0400]
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[Table 7-16]
PEXx Str PEXx Str
164 168
_CH,
* H3C\ @) 7~0
0\ N
0
~Ox
O e
H,C
165 _CH, 169
166
167 _CH 171
H,C-O -
\_\_\_O&/\O/ 3
(@]
_CH,

[0401]
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[Table 7-17]
PEXx Str PEXx Str
172 177
* *
_CH _CH
N\
KO,C:H3 ch\@.\\ CH,
173 178
* x H.C
CH, *0 0
No _<
NS D Br‘@’(&zo
9) N
H
H.C
174 179
* H,C * ow &
BrAQ_\\ / HC/O\/
N-N 3 NH
5 _
H,C
175 180
H.C,
5k S * N /CH3
o < &i;> H,C o
H3C N/ M
CH, H,C R
H.C
3 H
176 181 O/(:Hg
* o.__0O O
H,C 7 CH,
N\N 2
= YD)
H3C
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[Table 7-18]
PEXx PEXx Str
182 187
183 188
% HC o} /\O/CH3
N
o
O
cHex” |\
~-N Ph
184 _CH 189 cHex
* — )o 3 !
O N
S\ 0" o
N
HSC N\ (0] \/O\CH
O
185 _CH, 190 | . cHex
T N\—O
N —
C)\/O\C:H3
00
)OO0
H,C N
H,C.
186 _CH, 191
* HC o  ,~p-CH,
H,C 0\ N
0 CH,
© B CH,
N
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[Table 7-19]
PEXx Str PEXx
192 194

* H,C_ o /\O/CH3

0o N
0] CH3
tBu/\/o | N CH,
H3C _N

193 H.C 0 /\O/CH3




- 157 -

[Table 7-20]
PEXx Str PEXx Str
195 199 * e}
@ |* HC oo o H,C
V4 2 o> ¢C Hy
N 0. H,C HN__O
F3C CHj OBn
%2)5 * o 200 N 0
H,.C— 'e) o)
A N 0"CH,
F.C C)\/O
3 C H3 OBn
196 CH, 201
* (@]
0" >CH,
H3C HN\Boc
197 0O 202
* A/\ B H Q
r *
O Boc/N\_/U\O/C Hs
NH Br ;\O/A\v/zﬁx
Boc
198 203 CH,
" Y s
O
Aﬂo
/N H OH
Boc
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[Table 7-21]
PEXx Str PEXx Str
204 208 0

205 209
* 0
H,C
H
3C HN\Boc
206 210 5
x H3C~ Ngo) o)
V2
0-CHs
207 211
* H,C_
3 O/\O O
74

T cn,
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[Table 7-22]
PEXx Str PEXx Str
212 _CH, 217
0]
" J
O
O
v NC._ OV\/A
|
AN o =
H,C S CHj4
CH,
213 )O,CH3 218
Jj//o li \OV
S N\/Q
HSC—/ CHj4
214 * 219
<k_\ — O/CH3 * OH
@)
O\/No)o N CH;
v ) CHs
N_o
FsC \/0~CH3
215 * 220
N S N °
FaC b P
H,C
216 221 | OH
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[Table 7-23]
PEXx Str PEXx Str
222 226 HoC
# 03 CH,
P \ t-Bu ©
AN /NH O
| _ OH Boc
223 227 H.C
H3G # 33 _CH
# O)<CH3 O)Y 3
@]
v ° °
NH O CH3;NH O
Boc Boc/
224 228 CH,
# g%cm
NH
Boc
225 229 CH
H.C * 3
3% _CH, [::]'
O)( C O\\\
H,;C @)
F
CH3/NH (@)
Boc

[0408]




- 161 -

[Table 7-24]
PEXx PEXx Str
230 235
* Hsc’o\/O o)
g
/\)jl\L SHs
FaC b
H;C
231 236
*
H3C/O\/o )
V74
N o
CHjy
232 CH, 237
* 3
\\‘O’ H C/O
C @) 3 O //O
N
H
233 CH 238
s o
C ov
234 239 ?
*
_O O,CH3
\
! o s
4
HO—y/ T\_oO,
CH,
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[Table 7-25]
PEXx Str PEXx Str
240 243
*
*
<k_\ _ o-CHs
o) 0 N
—( oM N4 0) 0
7
\ o) 5
. "o
HO CH,
HO— T\_O
241 244
*
* _CH, <%?
o\ o) o _O oCHs
O 7 \ ) o
o)
HO N o, %
CH, H33\/O '\\/O
H,C CHs
242 245
*
*
H,C
CH
\__\__< P oCHs ___O o-CHs
AN o) N/ J
0 o7 o
7 g
HO N\/QCH3 o N\/O‘CH
3
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[Table 7-26]
PEX Str PEX Str
246 249
*
E * _CH,
0 o— N
__ O/CH3 N\ / O)
7
\ O) o 4
g ) ’\/O
H C\ 7
358, CH,
0. 0 N7 O
H,C "0 O‘CH3
247 250
* *
% 2 H,C
O CHg
O oCHs \_\_(O =, )O/CHs
N\ /
\ 0)//0 o
o, O % H3C-s N\/O‘CH
N O// \O 3
H,C "0 O\CH3
248 251
* *
§3> <k—\ = oM
_ _CH, o— N 0) .
WAR v
o
0 4 N0
H,C" 0 QCH3 O
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[Table 7-27]
PEXx Str PEXx
252 256
H3C/O\/O 0
o
#
O/CHs
253 257
* H3CI|.Q
/_/:N/ C H3
F3C
254 258
*
H3C/O\/o o]
4
H
F3C
255 259
* Bn/O //O
=
FC 'Et:>
H,C
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[Table 7-28]
PEX PEX Str
260 263
\—\_<CH3 oH
— o3
o—\ N o)
O
4
TIP O FH
S O
CHg
261 264
*
%
O U om
P o-CHs o=/ o) o
T Z
\
N 7 O) 0 FS
7
TBDMS—-O 0.
O] N\/O\ CH,
TIPS’ CHj,
262 265
* >
O
_ O/CH?’
\ O/J
O
74
o o
TIPS’ CH,
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[Table 7-29]
PEXx PEXx Str
266 272
* O
AN
CH NH Br
Boc
267 273
CH
268 274 #
ﬁ)\(o
NFi OH
269 275
Boc
*
Br
CH3NH Br NH OH
Boc Boc
271 * 0 277
t-Bu Br
NH Br CH3NH OH
Boc Boc
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[Table 7-30]
PEX Str PEX Str
278 282 [,
# ¢ P CcH
SO — o3
Boc N/Q)L N4 O) o
> OH z
H  OH
S
HSC\« I\S
0
O 'CH,
279 283,
0
O CH
* H _ Ao g
Boc/N\:/U\O/CH3 N\, 7 O) o
= 4
@)
/w S
WAl
0 ‘CH,
280 N 284
H,e F
o) \_\_<CH3 ~CHj
_CH, o _N
N7 o o g
%
S o)
S V\S HaC—( A ‘CH,
Hsc\« d 0
0 ‘CH,
281 , CH, 285 .
O o j) <k_\ O/CHS
W O 0 0] \_N )
v {0 0
H,C I\S o
¥ 0. O>_S CH,
© CHy H,C
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[Table 7-31]
PEXx Str PEXx Str
286 * cH 291

3 CH * _CH

HSC_<0 N 7 o— N ] 3
\ /) O) \ / O
N\/OCH ch\(s '\/OCH
H,C 3 SH 3
H,C :

287 CH3 292 CH3

288
289 . _ _CH, 294 . _CH,
P 0) o\ N O)
Z P
s/ \_o éj /N o
CH, H,C
290 N _CH,
o—\ N 0)
v
s o
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[Table 8-1]
PEX | PSyn DATA
1 - ESI+: 435.2
2 - ESI+: 477.2
3 - ESI+: 254.2 [M+Na]
4 - ESI+: 298.2 [M+Na]
5 - ESI+: 429.1
6 - ESI+: 234.0, 236.0
7 - ESI+: 339.3
8 - ESI+: 551.1
9 - ESI+: 189.1
10 - ESI+: 194.1
11 - ESI+: 479.3
12 - ESI+: 464.4
13 - ESI+: 462.3
14 - ESI+: 230.1
15 - ESI+: 248.1, 250.1
16 - | 'H NMR (400 MHz, CDC}) & ppm :3.89 (3 H, s), 4.56 (2 H, s), 4.60
(2H,s),4.73(2H,s),6.75 (1L H,s), 7.27 - 7(BMH, m), 8.41 (1L H, s)
17 - ESI+: 422.3
18 - ESI+: 276.2, 278.2
19 - ESI+: 244.0
20 - ESI+: 260.2
21 - ESl+: 324.3 [M+N4]
22 - ESI+: 284.1, 286.1
23 - ESI+: 565.5
24 - ESI+: 505.4
25 - ESI+: 436.4
26 - ESI+: 287.1, 289.1
27 - ESI+: 258.1
28 - ESI+: 214.1
29 - ESI+: 298.2
30 - Cl+: 266.1
31 - ESI+: 206.1
32 - ESI+: 384.3 [M+N4d]
33 - ESI+: 409.2

[0417]



- 170 -

[Table 8-2]
PEx | PSyn DATA PEx | PSyn DATA
34 - ESI+: 479.3 65 - ESI+: 437.4
35 - ESI+: 487.3 66 - ESI+: 423.4
36 - ESI+: 519.2 67 - ESI+: 213.1
37 - ESI+: 425.3 68 - ESI+: 357.2, 359.2
38 - Cl+: 230.1 69 - ESI+: 446.4
39 - ESI+: 318.2 70 - ESI+: 353.3
40 - ESI+: 320.3 71 - ESI+: 526.2
41 - ESI+: 197.1 72 - ESI+: 443.4
42 - ESI+: 383.2, 385.2 73 - ESI+: 463.2
43 - ESI+: 248.1 74 - Cl+: 167.1
44 - ESI+: 204.0 75 - ESI+: 188.1
45 - ESI+: 300.2 76 5 ESI+: 481.3
46 - ESI+: 487.4 77 1 ESI+: 443.3
47 - ESI+: 545.1 78 1 ESI+: 459.3
48 - ESI+: 485.4 79 1 ESI+: 411.2
49 - ESI+: 485.2 80 1 ESI+: 497.1
50 - ESI+: 449.3 81 1 ESI+: 423.2
51 - ESI+: 460.2 82 1 ESI+: 447.2
52 - ESI+: 356.1 [M+N4d] 83 1 ESI+: 421.3
53(1) - ESI+: 288.2 84 1 ESI+: 421.4
53(2) - ESI+: 288.2 85 2 ESI+: 449.4
54 - ESI+: 228.2 86 2 ESI+: 551.4
55 - ESI+: 543.5 87 3 ESI+: 246.1
56(1) - ESI+: 313.2 [M+N4d] 88 4 ESI+: 278.1
56(2) - ESI+: 313.2 [M+Nd] 89 4 ESI+: 330.0, 332.0
57 - ESI+: 503.3 90 5 ESI+: 367.2
58 - ESI+: 157.0 91 5 ESI+: 421.3
59(1) - ESI+: 505.4 92 5 ESI+: 556.3
59(2) - ESI+: 505.4 93 5 ESI+: 467.3
60 - ESI+: 269.1 94 5 ESI+: 435.3
61 - ESI+: 345.2 95 5 ESI+: 457.4
62 - ESI+: 481.4 96 5 ESI+: 519.1, 521.1
63 - ESI+: 372.2 [M+N4] 97 5 ESI+: 473.4
64 - ESI+: 242.1 98 5 ESI+: 471.2

[0418]
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[Table 8-3]
PEXx PSyn | DATA PEX Syn | DATA
99 5 ESI+: 435.2 134 9 ESI+: 255.1
100 5 ESI+: 461.2 135 9 ESI+: 201.1
101 5 ESI+: 419.2 136 9 ESI+: 215.1
102 5 ESI+: 433.3 137 9 ESI+: 217.2
103 5 ESI+: 431.2, 433.2 138 9 ESI+: 261.1
104 5 ESI+: 455.2 139 10 ESI+: 343.2
105 5 ESI+: 473.4 140 10 ESI+: 244.0
106 5 ESI+: 443.3 141 10 ESI+: 260.1
107 5 ESI+: 559.2 142 10 ESI+: 206.0
108 5 ESI+: 551.4 143 10 ESI+: 220.1
109 5 ESI+: 479.4 144 10 ESI+: 222.1
110 5 ESI+: 381.3 145 10 ESI+: 266.1
111 5 ESI+: 465.3 146 10 ESI+: 233.2
112 5 ESI+: 449.3 147 10 ESI+: 218.1
113 5 ESI+: 433.3 148 14 ESI+: 258.1
114 6 ESI+: 226.1, 228.1 149 21 ESl+: 324.2 [M+Na]
115 6 ESI+: 361.2, 363.2 150 23 ESI+: 537.3
116 6 ESI+: 240.2, 242.2 151 24 ESI+: 501.4
117 6 ESI+: 262.2, 264.1 152 26 APCI/ESI|+: 35557.3
118 6 ESI+: 278.2, 280.2 153 27 ESI+: 340.2
119 6 ESI+: 224.1, 226.1 154 27 ESI+: 338.2
120 6 ESI+: 238.0, 240.0 155 27 ESI+: 272.1
121 6 ESI+: 260.0, 262.0 156 27 ESI+: 272.3
122 6 ESI+: 278.1, 280.1 157 28 ESI+: 234.1
123 6 ESI+: 240.0, 242.0 158 28 ESI+: 232.2
124 6 ESI+: 284.2, 286.2 159 29 ESI+: 258.1 [M+Na]
125 6 ESI+: 212.0, 214.0 160 30 ESI+: 204.1
126 6 ESI+: 278.2, 280.2 161 33 ESI+: 395.1
127 7 ESI+: 158.0 162 33 ESI+: 395.1
128 7 ESI+: 469.2 163 33 ESI+: 381.2
129 8 ESI+: 549.3, 551.3 164 33 ESI+: 423.3
130 8 ESI+: 515.4 165 34 ESI+: 491.3
131 8 ESI+: 519.2 166 34 ESI+: 477.4
132 9 ESI+: 338.2 167 34 ESI+: 463.2
133 9 ESI+: 239.1 168 34 ESI+: 463.4

[0419]
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[Table 8-4]

PEX PSyn DATA

169 36 | El:209.8

170 39 | ESI+: 272.2

171 40 | ESI+: 276.3

172 40 | ESI+: 274.3

173 41 | ESI+: 2232

174 41 | ESI+: 281.1,283.1

175 41 | ESI+: 223.1

176 42 | ESI+: 325.3

177 42 | ESI+: 325.2

178 43 | ESI+: 286.0, 288.0

179 43 | ESI+:228.1

180 43 | ESI+: 228.1

181 45 | ESI+: 486.3

182 45 | ESI+: 526.3

183 45 | ESI+: 504.2

184 46 | ESI+: 487.2

185 46 | ESI+: 489.3

186 46 | 'H NMR (400 MHz, CDC}) & ppm :
0.93 (3H, dJ)=6.3 Hz), 1.01-1.17 (2H, m), 1.38-1.49 (3H, m
1.73-1.87 (2 H, m), 2.06 - 2.14 (2 H, m), 3.1H3s), 3.28 - 3.32
(2 H, m), 3.38 (3 H, s), 4.15 - 4.26 (2 H, m), 4:3660 (4 H, m),
5.00 (1 H, d,)=6.7 Hz), 5.14 (1 H, d]=6.7 Hz), 6.19 (1 H, t}=2.1
Hz), 6.62 (1 H, ddJ)=5.9, 2.2 Hz), 6.70 (1 H, d=2.2 Hz), 7.40 (1
H, d,J=2.1 Hz), 7.47 - 7.50 (1 H, m), 8.25 (1 H,J&5.9 Hz)

187 53 | ESI+:237.1,239.1

188 62 | ESI+:517.3

189 62 | ESI+: 518.4

190 62 | ESI+: 595.4

191 65 | ESI+: 435.4

192 65 | ESI+: 437.4

193 65 | ESI+: 537.4

194 68 | APCI/ESI+: 425.1, 427.1

[0420]
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[Table 8-5]

PEX PSyn DATA PEXx PSyn DATA
195(1) | - ESI+: 272.1 228 24 ESI+: 521.3
195(2) | - ESI+: 302.1 229 24 ESI+: 547.3
196 - ESI+: 525.3 230 24 ESI+: 559.3
197 - ESI+: 450.0, 451.9, 231 24 ESI+: 517.4

454.0 [M+Na]
198 - ESI-: 302.1 [M-H] 232 24 ESI+: 519.4
199 - ESI+: 314.0 [M+Nd] 233 24 ESI+: 523.3
200 - ESI+: 328.2 [M+Na] 234 24 ESI+: 523.4
201 - ESl+: 294.1 [M+Na] 235 27 ESI+: 325.2
202 - ESI+: 288.1 236 27 ESI+: 244.2
203 - ESI+: 539.4 237 28 ESI+: 200.1
204 - ESI+: 555.3 238 33 ESI+: 425.3
205 - ESI+: 467.1 239 33 ESI+: 421.3
206 - ESI+: 453.3 240 33 ESI+: 395.3
207 - ESI+: 229.1 241 33 ESI+: 409.3
208 - ESI+: 399.0, 401.0 242 33 ESI+: 397.4
209 - ESI+: 278.1 243 33 ESI+: 395.2
210 - ESI+: 306.2 244 34 ESI+: 437.3
211 - ESI+: 264.0 245 34 ESI+: 449.3
212 - ESI+: 300.1 [M+Na] 246 35 ESI+: 459.2
213 - ESl+: 272.0 [M+Na] 247 35 ESI+: 499.2
214 5 ESI+: 477.2 248 35 ESI+: 473.2
215 7 ESI+: 281.1 249 35 ESI+: 487.4
216 9 ESI+: 205.1 250 35 ESI+: 475.1
217 9 ESI+: 203.1 251 35 ESI+: 473.1
218 9 ESI+: 229.2 252 39 ESI+: 304.1
219 10 ESI+: 210.1 253 41 ESI+: 223.1
220 10 ESI+: 208.1 254 43 ESI+: 228.1
221 10 ESI+: 234.1 255 61 ESI+: 371.2
222 10 ESI+: 234.0 256 65 ESI+: 493.3
223 21 ESI+: 330.1 257 66 ESI+: 521.3
224 21 ESI+: 366.2 [M+Nd] 258 66 ESI+: 521.3
225 21 ESI+: 342.1 [M+N4d] 259 68 ESI+: 427.2
226 21 ESI+: 338.1 [M+N4d] 260 5 ESI+: 565.5
227 21 ESI+: 336.1 [M+N4d] 261 69 ESI+: 577.4

[0421]
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[Table 8-6]
PEX PSyn DATA
262 69 ESI+: 551.4
263 69 ESI+: 553.4
264 69 ESI+: 509.3
265 69 ESI+: 445.4
266 69 ESI+: 471.3
267 69 ESI+: 447.3
268 21 | ESI+: 342.1 [M+Nd]
269 197 ESI+: 436.0, 438.0, 440.0 [M+Na]
270 197 ESl+: 426.0, 428.0, 430.0 [M+Na]
271 197 ESI-: 397.9, 399.9, 401.9 [M-H]
272 197 | ESI+: 419.9, 421.9, 423.9 [M+Na]
273 197 ESI+: 425.9, 427.9, 429.9 [M+Na]
274 198 ESI+: 290.1
275 198 ESI+: 302.1 [M+N4]
276 198 ESI+: 298.2 [M+Nd]
277 198 ESl+: 296.2 [M+N4]
278 198 ESI-: 278.0 [M-H]
279 202 ESl+: 296.2 [M+N4]
280 205 ESI+: 439.2
281 205 ESI+: 467.3
282 205 ESI+: 479.3
283 205 ESI+: 453.3
284 205 ESI+: 455.3
285 205 ESI+: 453.1
286 5 ESI+: 423.2
287 212 ESI+: 451.2
288 212 ESI+: 465.3
289 212 ESI+: 439.3
290 212 ESI+: 451.2
291 212 ESI+: 479.3
292 212 ESI+: 505.4
293 212 ESI+: 465.3
294 212 ESI+: 479.3

[0422]
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[Table 9]
REX Str DATA
1 CH, ESI+: 365.2
* r
o
OH
o= OH” |
H,C N
CH;NH, 2HCI
ESI+: 365.2

HCI

INDUSTRIAL APPLICABILITY

[0423] The compound represented by Formula (I) salathereof has inhibitory activity
against P-LAP, i.e. the AVP-metabolizing enzyme] araintains and/or increases an
endogenous AVP level to reduce urine productionuchSa compound thus is expected to be
used as an agent for treating nocturia, and isedpected to be used as an agent for treating
any other voiding dysfunction or polyuria assodiatgth a decreased AVP level, such as

pollakiuria, urinary incontinence, and nocturnaliessis.
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CLAIM
1. A compound represented by Formula () or atbalteof:
[Formula 19]
1
ORP R2 X—R )

(1
wherein, X is O, S or NR

R*is H, lower alkyl which optionally has one to figabstituents selected from the
Group G, Cs.1» cycloalkyl which optionally has one to five sulbséints selected from the
Group G, -(lower alkylene)-(G.12 cycloalkyl which optionally has one to five sulstints
selected from the Group? -C(O)-(lower alkyl which optionally has one fod substituents
selected from the Group™z -C(0)-(Gs.12 cycloalkyl which optionally has one to five
substituents selected from the Grouf),®r -C(O)-(lower alkylene)-(€.» cycloalkyl which
optionally has one to five substituents selectethfthe Group &, or R forms together with
neighboring -NR, as -NRR* a 4- to 8-membered nitrogen-containing saturh&drocyclic
group, wherein the nitrogen-containing saturatderoeyclic group may be condensed with
a benzene ring and optionally has one to five $tulssits selected from the Grouf;G

R is H, G.10alkyl which optionally has one to five substitueselected from the
Group G, -(lower alkylene)-X*(lower alkyl which optionally has one to five stihsents
selected from the Group'z R™, -(lower alkylene)-&", -(lower alkylene)-*-R',
or -(lower alkylene)-X'(lower alkylene)-R";

R?s are the same or different from each other, ardHa lower alkyl which
optionally has one to five substituents selectethfthe Group & halogen, OH, SH, -O-
(lower alkyl), -O-(lower alkylene)-aryl, -O-arylS-(lower alkyl), -S-(lower alkylene)-
aryl, -S-aryl, -O-(lower halogenoalkyl), -C(O)-(lewalkyl), -S(O)-(lower alkyl), -S(O)-
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(lower alkyl), NG, -NH,, -NH-(lower alkyl), -N(lower alkyl), -NH-aryl, -N(lower alkyl)-
aryl, -C(O)OH, -C(O)O-(lower alkyl), -CHO, -C(O)NH-C(O)NH-(lower

alkyl), -C(O)N(lower alkyl}, CN, -(lower alkylene)-X:-(lower alkyl which optionally has
one to five substituents selected from the Groljp Gs.1- cycloalkyl which optionally has
one to five substituents selected from the Gro@pGa1. cycloalkenyl which optionally has
one to five substituents selected from the Gro@ar@l which may be condensed with a
benzene ring optionally having one to four substits selected from the Group, @ryl
which optionally has one to five substituents seleédrom the Group & -(lower alkylene)-
R?! -(lower alkylene)-¥-R?, or -(lower alkylene)-X-(lower alkylene)-R";

R®is R -(lower alkylene)-X-R*, -(lower alkenylene)-¥-R*? R*, -(lower
alkylene)-R?, -(lower alkylene)-X:-R*, -(lower alkylene)-X-(lower alkylene)-R’, -(lower
alkenylene)-R", -(lower alkynylene)-& or -CH=(saturated monocyclic heterocycle):

X X?*and X" are the same or different from each other, andave S(O),
whereinnis 0, 1, or 2;

R" R and R' are the same or different from each other, ancCarecycloalkyl
which optionally has one to five substituents selédrom the Group & Cs 1, cycloalkenyl
which optionally has one to five substituents selédrom the Group &and which may be
condensed with a benzene ring optionally havingtorfeur substituents selected from the
Group G, aryl which optionally has one to five substitieselected from the Group’ Gr
mono- or bi-cyclic heterocyclic group which optidigdnas one to five substituents selected
from the Group &

R*is Cy.10alkyl which optionally has one to five substitueselected from the
Group G, lower alkenyl which optionally has one to fivébstituents selected from the
Group G, or lower alkynyl which optionally has one to figabstituents selected from the
Group G;

R”is H or an ester group and R H; or K and R are linked to each other to form,
together with -O-C(=0)-C-O- to which they are alted, 2,2-di(lower alkyl)-4-oxo-1,3-

dioxolane-5,5-diyl;
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if R® is C.10 alkyl which is optionally substituted by one tedihalogens, -X-Ris
optionally linked to any one of % attached to a pyridine ring to which -X-R also
attached, to constitute a group represented byaeyf formulae -%(CHy)m-Y-, -X"-
CH=CH-, -X*-CH=N-, and -¥-N=CH-, and form a heterocycle condensed with yré&me
ring, wherein m is an integer of 1 to 3 X O, S or NH, Y is Chl O, S or NH, and the
heterocycle optionally has one to four substitueetected from the group consisting of:
Cs.12 cycloalkyl which optionally has one to five suliséints selected from the Group
G -(lower alkylene)-(G.1- cycloalkyl which optionally has one to five sulbséints selected
from the Group &; and the substituents defined in the GrodpiGreplacement of one or
more H atoms attached to the ring atom(s) of therbeycle;

-X-R' is optionally linked to Rto form a group represented by formula -%(€
carbon chain)-, wherein the; G carbon chain optionally has one to two O or S atom
replacement of C atom(s), optionally has one te timsaturated bonds, and optionally has
one to five substituents selected from the Grofip G

Group G consists of halogen, OH, SH, -O-(lower alkyl), d@wer alkylene)-
aryl, -O-aryl, -S-(lower alkyl), -S-(lower alkyleparyl, -S-aryl, -O-(lower
halogenoalkyl), -C(O)-(lower alkyl), -C(O)-aryl, (8),-(lower alkyl), -S(O)-(lower alkyl),
NO,, -NH,, -NH-(lower alkyl), -N(lower alkyl), -NH-aryl, -N(lower alkyl)-
aryl, -C(O)OH, -C(O)O-(lower alkyl), -CHO, -C(O)NH-C(O)NH-(lower
alkyl), -C(O)N(lower alkyl}, -C(O)NH-aryl, and CN;

Groups G and G consist of the substituents in the Group IBwer alkyl which
optionally has one to five substituents selectethfthe Group & -O-(G,.3 alkylene)-O-, and
-O-(Cs4 alkylene)-;

Group G consists of the substituents in the Grodpa@d lower alkyl which
optionally has one to five substituents selectethfthe Group & and

Group G consists of: i) the substituents in the Groupii} lower alkyl, lower
alkenyl and lower alkynyl, each of which optiondilsts one to five substituents selected

from the Group & iii) -(lower alkylene)-O-(lower alkyl, lower alkeyl or lower alkynyl,
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which optionally has one to five substituents selédrom the Group 8; iv) Cs.1»

cycloalkyl, and G.;2 cycloalkenyl which may be condensed with a benzirgeoptionally
having one to four substituents selected from theu@ G, the G.1, cycloalkyl and the €15
cycloalkenyl optionally have one to five substitteeselected from the Groug: @) aryl
which optionally has one to five substituents seléérom the Group & vi) mono- or bi-
cyclic heterocyclic group which optionally has dodive substituents selected from the
Group G vii) -(lower alkylene)-R; viii) -(lower alkylene)-O-R: ix) -C(O)-RC; x) -C(0)-O-
R®: xi) -C(O)-O-(lower alkylene)-R and xii) -S(0)-R®, wherein K’s are the same or
different from each other, and are fzcycloalkyl which optionally has one to five
substituents selected from the Grouf Gs.1» cycloalkenyl which optionally has one to five
substituents selected from the GroupaBd which may be condensed with a benzene ring
optionally having one to four substituents seledteth the Group & aryl which optionally
has one to five substituents selected from the B@hior a mono- or bi-cyclic heterocyclic
group which optionally has one to five substituesgtected from the Group®G

2. The compound or a salt thereof according tarcthi wherein:

Xis O, Sor NR;

R*is H; lower alkyl which optionally has one to fisabstituents selected from the
group consisting of halogen, OH and -O-(lower gik§k.1» cycloalkyl which optionally has
one to five substituents selected from the groupsisting of lower alkyl, halogen, OH
and -O-(lower alkyl); -(lower alkylene)-{£5» cycloalkyl which optionally has one to five
substituents selected from the group consistingwér alkyl, halogen, OH and -O-(lower
alkyl)}; -C(O)-{lower alkyl which optionally has amto five substituents selected from the
group consisting of halogen, OH and -O-(lower gkWC(O)-{C 3.1 cycloalkyl which
optionally has one to five substituents selectethfthe group consisting of lower alkyl,
halogen, OH and -O-(lower alkyl)}; or -C(O)-(lowalkylene)-{Gs.12 cycloalkyl which
optionally has one to five substituents selectethfthe group consisting of lower alkyl,
halogen, OH and -O-(lower alkyl)}; or‘Rorms together with neighboring -NRas -NRR?,

a 4- to 8-membered nitrogen-containing saturatéerbeyclic group, wherein the nitrogen-
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containing saturated heterocyclic group may be enséd with a benzene ring and optionally
has one to three substituents selected from thegronsisting of lower alkyl, halogen, OH
and -O-(lower alkyl);

R' is H; G.10alkyl which optionally has one to five substitueselected from the
group consisting of halogen and OH:; -(lower alkglex*'-{lower alkyl which optionally
has one to five substituents selected from themommsisting of halogen, OH, -O-(lower
alkyl) and -O-(lower halogenoalkyl)}; 55> cycloalkyl which optionally has one to five
substituents selected from the group consistingwér alkyl, halogen, lower halogenoalkyl,
OH, -O-(lower alkyl), -O-(lower halogenoalkyl), -(@,.3 alkylene)-O- and -O-(&4
alkylene)-; G.12 cycloalkenyl which optionally has one to five sttoents selected from the
group consisting of lower alkyl, halogen, lowerdggnoalkyl, OH, -O-(lower alkyl) and -O-
(lower halogenoalkyl), and which may be condensil avbenzene ring; aryl which
optionally has one to five substituents selectethfthe group consisting of lower alkyl,
halogen, lower halogenoalkyl, OH, -O-(lower alkghd -O-(lower halogenoalkyl); mono- or
bi-cyclic heterocyclic group which optionally haseoto five substituents selected from the
group consisting of lower alkyl, halogen, lowerdggnoalkyl, OH, -O-(lower alkyl), -O-
(lower halogenoalkyl), -C(O)-(lower alkyl) and -CQ-(lower alkylene)-aryl; -(lower
alkylene)-R"; -(lower alkylene)-X*-R'%: or -(lower alkylene)-X*-(lower alkylene)-R";

R is G.1 cycloalkyl which optionally has one to five subiséints selected from
the group consisting of lower alkyl, halogen, lowatogenoalkyl, OH, -O-(lower alkyl), -O-
(lower halogenoalkyl), -O-(&; alkylene)-O- and -O-(§&, alkylene)-; G.12 cycloalkenyl
which optionally has one to five substituents selédrom the group consisting of lower
alkyl, halogen, lower halogenoalkyl, OH, -O-(lovakyl) and -O-(lower halogenoalkyl), and
which may be condensed with a benzene ring; aridiwbptionally has one to five
substituents selected from the group consistingwér alkyl, halogen, lower halogenoalkyl,
OH, -O-(lower alkyl) and -O-(lower halogenoalkyby, mono- or bi-cyclic heterocyclic group
which optionally has one to five substituents selédrom the group consisting of lower

alkyl, halogen, lower halogenoalkyl, OH, -O-(lovakyl) and -O-(lower halogenoalkyl); and
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x"isOors;

R?s are the same or different from each other, ardHa lower alkyl, lower
halogenoalkyl, halogen, OH, -O-(lower alkyl), -@\ler alkylene)-aryl, -O-aryl, -S-(lower
alkyl), -O-(lower halogenoalkyl), -(lower alkylen€)-(lower alkyl), G.1» cycloalkyl which
optionally has one to five substituents selectethfthe group consisting of lower alkyl,
lower halogenoalkyl and halogen, -(lower alkyle(€)-, cycloalkyl which optionally has
one to five substituents selected from the groupsisting of lower alkyl, lower
halogenoalkyl, and halogen), -(lower alkylene)-Q-{§xycloalkyl which optionally has one
to five substituents selected from the group caimgjof lower alkyl, lower halogenoalkyl
and halogen), -(lower alkylene)-O-(lower alkyleri€}-1, cycloalkyl which optionally has
one to five substituents selected from the groupsisting of lower alkyl, lower
halogenoalkyl and halogen), -(lower alkylene)-(awjlich optionally has one to five
substituents selected from the group consistirigwér alkyl, lower halogenoalkyl and
halogen), -(lower alkylene)-O-(aryl which optionalias one to five substituents selected
from the group consisting of lower alkyl, lower bgénoalkyl and halogen), or -(lower
alkylene)-O-(lower alkylene)-(aryl which optionalyas one to five substituents selected
from the group consisting of lower alkyl, lower bgénoalkyl and halogen);

R®is C.10alkyl which optionally has one to five substitueselected from the
group consisting of halogen and OH, lower alkenlglol optionally has one to five
substituents selected from the group consistingatdgen and OH, lower alkynyl which
optionally has one to five substituents selectecthfthe group consisting of halogen and OH,
-(lower alkylene)-X'-{lower alkyl which optionally has one to five sulisents selected
from the group consisting of halogen, OH, -O-(lowkyl) and -O-(lower
halogenoalkyl)}, -(lower alkylene)-¥-{lower alkenyl which optionally has one to five
substituents selected from the group consistingatdgen, OH, -O-(lower alkyl) and -O-
(lower halogenoalkyl)}, -(lower alkylene)-O-{lowedkynyl which optionally has one to five
substituents selected from the group consistingatigen, OH, -O-(lower alkyl) and -O-

(lower halogenoalkyl)}, -(lower alkenylene)-O-{lowalkenyl which optionally has one to
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five substituents selected from the group congjstinhalogen, OH, -O-(lower alkyl) and -O-
(lower halogenoalkyl)}, -(lower alkenylene)-O-{lowalkyl which optionally has one to five
substituents selected from the group consistingatigen, OH, -O-(lower alkyl) and -O-
(lower halogenoalkyl)}, &, -(lower alkylene)-R, -(lower alkylene)-X:-R*, -(lower
alkylene)-X*-(lower alkylene)-R, -(lower alkenylene)-&, or -CH=(saturated monocyclic
heterocycle);

R*!is G.12 cycloalkyl which optionally has one to five subiséints selected from
the Group G, Cs.1» cycloalkenyl which optionally has one to five stifonts selected from
the Group G and which may be condensed with a benzene ririgraily having one to four
substituents selected from the Grou) &yl which optionally has one to five substitigent
selected from the GroupGor mono- or bi-cyclic heterocyclic group whichtiopally has
one to five substituents selected from the Grotp G

X*'is O or S(O) nis 0, 1, or 2;

Group G consists of lower alkyl, halogen, lower halogekgalOH, -O-(lower
alkyl) and -O-(lower halogenoalkyl);

Group G consists of i) halogen, OH, SH, -O-(lower alkyt)-(lower alkylene)-aryl,
-O-aryl, -S-(lower alkyl), -O-(lower halogenoalkyHC(O)-(lower alkyl), -S(Oy)(lower
alkyl) and CN; ii) lower alkyl, lower halogenoalkybwer alkenyl, and lower alkynyl,
iii) -(lower alkylene)-O-(lower alkyl), -(lower ajtene)-O-(lower halogenoalkyl),
and -(lower alkylene)-O-(lower alkyl substituted daye or more hydroxy groups); ivk&
cycloalkyl which optionally have one to five sulbséints selected from the Group, @nd
Cs.12 cycloalkenyl which may be condensed with a benzewg v) aryl which optionally
have one to five substituents selected from thei@; vi) mono- or bi-cyclic heterocyclic
groups which optionally have one to five substitseselected from the Group'G
vii) -(lower alkylene)-R; viii) -(lower alkylene)-O-F: ix) -C(0)-R®; and x) -S(O}RS,
wherein R's are the same or different from each other, aadza; cycloalkyl which
optionally has one to five substituents selectethfthe Group & Cs.1» cycloalkenyl which

optionally has one to five substituents selectethfthe Group Gand may be condensed
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with a benzene ring optionally having one to foubstituents selected from the Group G
aryl which optionally has one to five substituestected from the Group®Gor a mono- or
bi-cyclic heterocyclic group which optionally haseoto five substituents selected from the
Group G;

Group G consists of lower alkyl, halogen, lower halogekgalOH, -O-(lower
alkyl), -O-(lower halogenoalkyl), -C(O)-(lower alRyand -S(O)-(lower alkyl); and

R is H, or an ester group selected from the grouysisting of lower alkyl, lower
alkenyl, lower halogenoalkyl, £g cycloalkyl, (lower alkyl)-O-benzyl, nitrobenzylofver
alkyl)-O-benzhydryl, benzhydryl, -(lower alkylen®-C(O)-(lower alkyl), -(lower alkylene)-
C(O)-(lower alkenyl), -(lower alkylene)-O-C(O)-O-4gcycloalkyl), -(lower alkylene)-O-
C(O)-(lower alkenyl), -(lower alkylene)-O-C(O)-(lawalkylene)-O-(lower alkyl), -(lower
alkylene)-O-(lower alkyl), -(lower alkylene)-O-(lax alkylene)-O-(lower alkyl), -(lower
alkylene)-O-C(0)-O-(lower alkyl), -(lower alkylen€)-C(O)-O-(lower alkylene)-O-(lower
alkyl), -(lower alkylene)-O-benzoyl, -(lower alkyle)-N(lower alkyl}, 2-
oxotetrahydrofuran-5-yl, 2-oxo-5-alkyl-1,3-dioxoldrylmethyl,
tetrahydrofuranylcarbonyloxymethyl and 3-phthalidgd R is H; or K and R are linked to
each other to form, together with -O-C(=0)-C-Owtoich they are attached, 2,2-di(lower
alkyl)-4-oxo-1,3-dioxolane-5,5-diyl;

if R is C.10 alkyl which is optionally substituted by one tedihalogens, -X-Ris
optionally linked to any one of % attached to a pyridine ring to which -X-R also
attached, to constitute a group represented byaeyf formulae -%(CHy)m-Y-, -X"-
CH=CH-, -X*-CH=N- and -¥-N=CH-, and form a heterocycle condensed with frine
ring, wherein m is an integer of 1 to 22 % O, S or NH; Y is Ch} O, S or NH; and the
heterocycle optionally has one to four substitueetected from the group consisting of:
Cs.12 cycloalkyl which optionally has one to five suliséints selected from the group
consisting of lower alkyl, halogen, lower halogeikgh OH, -O-(lower alkyl), -O-(lower
halogenoalkyl), -O-(&3 alkylene)-O- and -O-(&, alkylene)-; -(lower alkylene)-{€1>

cycloalkyl which optionally has one to five subséihts selected from the group consisting of
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lower alkyl, halogen, lower halogenoalkyl, OH, -ower alkyl), -O-(lower

halogenoalkyl), -O-(&3 alkylene)-O- and -O-(&, alkylene)-}; lower alkyl; halogen; lower
halogenoalkyl; OH; -O-(lower alkyl); -O-(lower allgne)-aryl; -O-aryl; -S-(lower alkyl); and
-O-(lower halogenoalkyl); in replacement of onexmre H atoms attached to the ring
atom(s) of the heterocycle; and

-X-R! is optionally linked to Rto form -X-(Gs.1; alkylene)-O-(G.3 alkylene)- or -X-
(Cs.11 alkenylene)-O-(€3 alkylene)-.

3. The compound or a salt thereof according tarctai wherein:

Xis O, Sor NR;

R*is H, lower alkyl which is optionally substitutég one to five halogens,sG»
cycloalkyl, or -C(O)-(G-12 cycloalkyl which is optionally substituted by otefive lower
alkyls); or R forms together with neighboring -NRas -NRR*, a 4- to 8-membered
nitrogen-containing saturated heterocyclic groupemgin the nitrogen-containing saturated
heterocyclic group may be condensed with a bendegend is optionally substituted by
one to five lower alkyls;

R is H; G.10alkyl; -(lower alkylene)-O-(lower alkyl); €1, cycloalkyl which
optionally has one to five substituents selectethfthe group consisting of lower alkyl,
halogen and -O-(§&4 alkylene)-; G.¢ cycloalkenyl condensed with a benzene ring, atjtiv
optionally has one to five substituents selectethfthe group consisting of halogen and -O-
(lower alkyl); 5- to 6-membered monocyclic heterdaygroup which optionally has one to
five substituents selected from the group congistinower alkyl, -C(O)-(lower alkyl)
and -C(0)-O-(lower alkylene)-aryl; -(lower alkylon@™; -(lower alkylene)-O-(G.1»
cycloalkyl); -(lower alkylene)-O-aryl or -(lowerlatlene)-O-(lower alkylene)-aryl;

R is G.12 cycloalkyl which is optionally substituted by otwefive lower alkyls,
aryl which optionally has one to five substituesg¢ected from the group consisting of
halogen, lower halogenoalkyl, -O-(lower alkyl) ai@}(lower halogenoalkyl), or 5- to 6-
membered monocyclic heterocyclic group which isaally substituted by one to five

lower alkyls;
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R?s are the same or different from each other, ardHa lower alkyl,
halogen, -(lower alkylene)-aryl, or -(lower alkylrO-(lower alkylene)-aryl;

R®is C.10alkyl which is optionally substituted by one tedihalogens; -(lower
alkylene)-O-(lower alkyl which optionally has orefive substituents selected from the
group consisting of halogen and OH); -(lower alkgeO-(lower alkenyl); aryl which
optionally has one to five substituents selectethfthe group consisting of halogen,

CN, -(lower alkylene)-O-(lower alkyl), £& cycloalkyl, aryl which is optionally substituted
by -S(O)-(lower alkyl), 5- to 6-membered monocyclic hetgrdi group, and -S(Q)(Cs.s
cycloalkyl); -(lower alkylene)-(gs cycloalkyl); -(lower alkylene)-(5- to 6-membered
monocyclic heterocyclic group); -(lower alkylene){Os.g cycloalkyl); -(lower alkylene)-O-
{aryl which optionally has one to five substituestdected from the group consisting of
halogen, -O-(lower alkyl), CN and -(lower alkyler@)(lower alkyl)}; -(lower alkylene)-O-
(5- to 6-membered monocyclic heterocyclic groupahitbptionally has one to five
substituents selected from the group consistintgatdgen, lower alkyl and lower
halogenoalkyl); -(lower alkylene)-O-(lower alkyleraryl; -(lower alkylene)-O-(lower
alkylene)-(G.s cycloalkyl); -(lower alkylene)-S(Q@)(lower alkyl), wherein nis 0, 1, or

2; -(lower alkylene)-S-(&s cycloalkyl); -(lower alkylene)-S-(lower alkylenéQs.s
cycloalkyl); -(lower alkenylene)-aryl; or -CH=(sa#tted monocyclic heterocycle); and

R”is H or a lower alkyl, and s H; or K and R are linked to each other to form,
together with -O-C(=0)-C-O- to which they are altted, 2,2-dimethyl-4-oxo-1,3-dioxolane-
5,5-diyl.

4. The compound or a salt thereof according tarci&j wherein X is O or S;'Rs
Ci-10alkyl, Gs.10 cycloalkyl which is optionally substituted by otwethree lower

alkyls, -(lower alkylene)-(€1o cycloalkyl which is optionally substituted by ottethree
lower alkyls), or -(lower alkylene)-aryl;®® represent H; Ris C..1o alkyl, -(lower alkylene)-
O-(lower alkenyl), -(lower alkylene)- cycloalkyl), -(lower alkylene)-O-(lower alkylene)-
(Cs.g cycloalkyl), -(lower alkylene)-S-(lower alkyl),lefwver alkylene)-S-(lower alkylene)-
(Cs.g cycloalkyl), or -(lower alkylene)-O-(pyridyl opti@lly substituted by one to five
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halogens); Ris H; and Ris H.

5. The compound or a salt thereof according tarckj wherein X is O; Ris Cy.10
alkyl, Cs.10 cycloalkyl which is optionally substituted by lonakyl, or -(lower alkylene)-
(Cs.10 cycloalkyl which is optionally substituted by lonalkyl); and R is Cy.10 alkyl, -(lower
alkylene)-(G.g cycloalkyl), -(lower alkylene)-S-(lower alkyl), eflower alkylene)-S-(lower
alkylene)-(G.s cycloalkyl).

6. The compound or a salt thereof according tarctai wherein:

XisOorsS;

R is H; G.10alkyl; -(lower alkylene)-O-(lower alkyl); €1, cycloalkyl which
optionally has one to five substituents selectethfthe group consisting of lower alkyl,
halogen and -O-(§&4 alkylene)-; G.¢ cycloalkenyl condensed with a benzene ring; ahjitctv
optionally has one to five substituents selectethfthe group consisting of halogen and -O-
(lower alkyl); 5- to 6-membered monocyclic heterdaygroup which optionally has one to
five substituents selected from the group congistinower alkyl, -C(O)-(lower alkyl)
and -C(0)-O-(lower alkylene)-aryl; -(lower alkylon@™; -(lower alkylene)-O-(G.1»
cycloalkyl); -(lower alkylene)-O-aryl or -(lowerlatlene)-O-(lower alkylene)-aryl;

wherein R is Gs.1» cycloalkyl which is optionally substituted by otwefive lower
alkyls; aryl which optionally has one to five substnts selected from the group consisting
of halogen, lower halogenoalkyl, -O-(lower alkytyda-O-(lower halogenoalkyl); or 5- to 6-
membered monocyclic heterocyclic group which isamlly substituted by to five lower
alkyls;

R?s are the same or different from each other, ardHeor lower alkyl;

R®is Cr.10alkyl which is optionally substituted by one tedihalogens; -(lower
alkylene)-O-(lower alkyl which optionally has orefive substituents selected from the
group consisting of halogen and OH); -(lower alkgeO-(lower alkenyl); -(lower
alkylene)-(G.s cycloalkyl); -(lower alkylene)-O-(&s cycloalkyl); -(lower alkylene)-O-
(lower alkylene)-(G.g cycloalkyl); -(lower alkylene)-S-(lower alkyl); lgwer alkylene)-S-
(Cs.g cycloalkyl); -(lower alkylene)-S-(lower alkylené(s.g cycloalkyl); -(lower alkylene)-
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O-{aryl which optionally has one to five substiti®selected from the group consisting of
halogen, -O-(lower alkyl), CN and -(lower alkyler@)(lower alkyl)}; or -(lower alkylene)-
O-(5- to 6-membered monocyclic heterocyclic groupoh optionally has one to five
substituents selected from the group consistintgatdgen, lower alkyl and lower
halogenoalkyl);

R is H or lower alkyl and Ris H;

if R® is C.10 alkyl which is optionally substituted by one tedihalogens, -X-Ris
linked to any one of & attached to a pyridine ring to which -X-R also attached, to
constitute a group represented by any one of famtD-CH-CH,-O-, -O-CH-CH,-, -NH-
CH=CH-, -NH-CH=N-, -O-CH=CH- and -S-CH=CH-, andrioia heterocycle condensed
with the pyridine ring, wherein the heterocycle densed with the pyridine ring is selected

from the group consisting of rings represented tmyfulae (b-1), (d-1), (0-1), (p-1), (9-1)

and (r-1):
[Formula 20]
0 H ¢
ﬁ 0 \ N—\ 70 S
0 N /
| X = | AN X = 2
(b-1) (d-1) (0-1) (p-1) (0-1) (r-1)

wherein the heterocycle has one to two substitussiested from the group consisting
of -(lower alkylene)-(G.12 cycloalkyl) and lower alkyl, in replacement of omemore H
atoms attached to the ring atom(s) of the hetetepgnd the other Rs H.

7. The compound or a salt thereof according torctai wherein:

R®is Cr.10alkyl which is optionally substituted by one tedihalogens; -X-Ris
linked to any one of & attached to a pyridine ring to which -X-R also attached, to
constitute a group represented by any one of famuD-CH-CH,-O-, -O-CH-CH,-, -NH-
CH=CH-, -NH-CH=N-, -O-CH=CH- and -S-CH=CH-, andfola heterocycle condensed

with the pyridine ring, wherein the heterocycle densed with the pyridine ring is selected
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from the group consisting of rings represented tmyrfulae (b-1), (d-1), (0-1), (p-1), (9-1)
and (r-1):

[Formula 21]
H H
O/\(L ) N\ 0 S
§ P \\ N /
| | = =
PN Y
(b-1) (d-1) (0-1) (p-1) (@-1) (r-1)

wherein the heterocycle has one to two substitusaiested from the group consisting

of -(lower alkylene)-(G.12 cycloalkyl) and lower alkyl, in replacement of ooremore H
atoms attached to the ring atom(s) of the heteteryiwe other Ris H; R is H; and R is H.

8. The compound or a salt thereof according tarclaj wherein Ris Cy.1oalkyl; -X-

R' is linked to any one of % attached to a pyridine ring to which -X-R also attached, to
constitute a group represented by any one of famu«D-CH-CH,- and -O-CH=CH-, and
form a heterocycle condensed with the pyridine esgepresented by Formula (d-1) or (g-1),
and the heterocycle has -(lower alkylenej-{§xycloalkyl) in replacement of H atom
attached to the ring atom of the heterocycle.

9. The compound or a salt thereof according tarcthi which is a compound selected
from the group consisting of the following compoandr a salt thereof:
(2R,3S)-3-amino-2-{[4-(2-cyclopropylethoxy)pyrid2ryllmethyl}-2-hydroxy-5-
methylhexanoic acid;
(2R,3S)-3-amino-2-{[4-(cyclohexyloxy)pyridin-2-yl]athyl}-2-hydroxy-5-methylhexanoic
acid,

(2R,3S)-3-amino-2-hydroxy-5-methyl-2-{[4-(spiro[2d&t-6-yloxy)pyridin-2-
ylmethylthexanoic acid;
(2R,3R)-3-amino-4-[(cyclopropylmethyl)sulfanyl]-3#iroxy-2-({4-[(trans-4-
methylcyclohexyl)oxy]pyridin-2-yl}methyl)butanoiccid;
(2R,3S)-3-amino-2-hydroxy-5-methyl-2-({4-[(transrdethylcyclohexyl)oxy]pyridin-2-

yl}methyl)hexanoic acid;
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(2R,3S)-3-amino-5-cyclobutyl-2-{[4-(2-cyclopropyteixy)pyridin-2-ylmethyl}-2-
hydroxypentanoic acid;
(2R,3S)-3-amino-2-hydroxy-5-methyl-2-({4-[2-(1-megthyclopropyl)ethoxy]pyridin-2-
yl}methyl)hexanoic acid;
(2R,3S)-3-amino-2-{[4-(3-cyclopropylpropoxy)pyridi2ryllmethyl}-2-hydroxy-5-
methylhexanoic acid;
(2R,3S)-3-amino-2-{[4-(cycloheptyloxy)pyridin-2-yfjethyl}-2-hydroxy-5-methylhexanoic
acid,

(2R,3S)-3-amino-2-({4-[(2R)-hexan-2-yloxy]pyridiry@}methyl)-2-hydroxy-5-
methylhexanoic acid;

(2R,3R)-3-amino-4-(ethylsulfanyl)-2-hydroxy-2-({4tfans-4-
methylcyclohexyl)oxy]pyridin-2-yl}methyl)butanoiccad; and
(2R,3R)-3-amino-2-hydroxy-2-({4-[(trans-4-methyldghexyl)oxy]pyridin-2-yl}methyl)-4-
(methylsulfanyl)butanoic acid.

10. The compound or a salt thereof according tonclig which is (2R,3S)-3-amino-2-
{[2-(2-cyclopropylethyl)furo [3,2-c]pyridin-4-yllm#hyl}-2-hydroxy-5-methylhexanoic acid

or a salt thereof.

11. A pharmaceutical composition comprising the pound or a salt thereof according
to claim 1.
12. The pharmaceutical composition according torclel, which is an agent for

treating nocturia.

13. A pharmaceutical composition comprising the pound or a salt thereof according
to claim 1 and an excipient.

14. Use of the compound or a salt thereof accorttirggaim 1 for production of a
pharmaceutical composition for treating nocturia.

15. Use of the compound or a salt thereof accorttirggaim 1 for treating nocturia.

16. The compound or a salt thereof according toncliafor treating nocturia.

17. A method of treating nocturia comprising adsti@iing an effective amount of the
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compound or a salt thereof according to claim 4 subject.



