BICYCLIC PYRIDINE COMPOUND

[Technical Field]
[0001]

The present invention relates to a bi-cyclic pyrédcompound or a salt
thereof which is useful as a pharmaceutical, spadly a pharmaceutical for treating

nocturia, and to a pharmaceutical containing sucbnapound as an active ingredient.

[Background Art]
[0002]

Nocturia is a lower urinary tract symptom defiraed"the complaint that the
individual has to wake at night one or more tinesdid" (Neurourol Urodyn 2002;
21:167-178). Nocturia prevalence increases vgth(d Urol 2010; 184: 440-446),
and major patients with nocturia are older adults.impairs quality of life (QOL) in
that it disrupts sleep (Eur Urol 2010; 57: 488-4884 increases risk of fracture.
Causes of nocturia are global polyuria, nocturmdyyria, reduced bladder capacity,
and sleep disorders, but in many patients nocisicansidered to be multifactorial
(Eur Urol 2012; 62: 877-890). Nocturnal polyursadefined as nocturnal urine
volume greater than 33% of the 24-hour urine volame is present in about 80% of
the patients with nocturia (J Urol 2011; 186: 13363).

[0003]

Arginine-vasopressin (hereinafter, abbreviateA¥R) is an antidiuretic
hormone that is a peptide consisting of nine anaitids, and is biosynthesized and
secreted in the hypothalamic-pituitary gland axi8\VP receptors are classified into
three subtypes: V1a, V1b, and V2. Known major ptaological actions of AVP
in the periphery are vasoconstriction through th@ Yeceptor, and antidiuresis

through the V2 receptor. AVP acts on the renaliiedto promote renal water



reabsorption, decreasing the urine volume. Farrmson, decreased nocturnal
AVP secretion with age is assumed to be a causeased nocturnal urine volume
(J Int Med 1991, 229: 131-134, BJU Int 2004; 941 575).

[0004]

Stimulation of the V2 receptor is expected to ioya nocturia.

Desmopressin (hereinafter, abbreviated as dDAVR)sslective V2 receptor agonist
used for treating patients with nocturia, and oréed to decrease nocturnal urine
volume and the number of nocturnal voids, resulimgn increased duration of
initial undisturbed sleep (J Urol 2013; 190: 9589énd J Urol 2013; 190: 965-972).
Unfortunately, V2 receptor agonists theoreticatiguce fluid retention and increase
risks of hyponatremia. It is reported that V2 pgoe agonists should be
administered with caution and monitoring of serwdism level to older adults who
are the majority of patients with nocturia (Neuudgrodyn 2004; 23: 302-305).
[0005]

Placental leucine aminopeptidase (hereinaftemeaddited as P-LAP) is an
enzyme that degrades L-leucifigraphthylamide, oxytocin and AVP (Arch
Biochem Biophys 1992; 292: 388-392), and was clasedn aminopeptidase by
Rogi et al. in year 1996 (J Biol Chem 1996; 27163%. The insulin-regulated
aminopeptidase (hereinafter, abbreviated as IRARed by Keller et al. from rat
epididymal fat pads has homology of 87% to humdrAP- The IRAP is
subsequently suggested to be an aminopeptidasel¢haes AVP and reported to be
a rat homolog of human P-LAP (J Biol Chem 1995;:28512-23618, Am J Physiol
Endocrinol Metab 2007; 293: E1092-E1102). AngisterlV (AT,) receptor
isolated from bovine adrenal is also suggestecttarblRAP as a result of
biochemical and pharmacological studies (J BioliG2001; 276: 48623-48626).
[0006]



Experiments using P-LAP knockout mice indicatd #dministration of AVP
in wild type mice and P-LAP knockout mice resuttsnuch reduction of 24-h urine
volume in P-LAP knockout mice, although no sigrafit difference is observed in
the 24-h urine volume between the wild type andd®knockout mice. It
suggests the possible involvement of P-LAP in ragoih of the urine volume
through degradation of AVP (NPL 1).

[0007]

Compounds represented by Formula (A) below arerteg to be IRAP
inhibitors useful as a therapeutic agent for deraearid diabetes, and the like (PTLs
1 and 2).

[0008]

[Chemical Formula 1]

(A)
wherein X is O, NR' or S, and other symbols aréngeffas in PTLs 1 and 2.
[0009]

Tripeptide analogs of Ajdwith 13- to 14-membered ring structure exhibits
excellent IRAP inhibitory activity (NPL 2).
[0010]

However, no antidiuretic agent or therapeutic #&gér nocturia based on a
mechanism mediated by P-LAP (or IRAP) has beenrtego
[0011]

Under such circumstances, there exists needdafeaantidiuretic agent that

is suitable for treating nocturia.
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[Summary of Invention]
[Technical Problem]
[0014]
The present invention provides a compound usafaneactive ingredient of a
pharmaceutical composition, specifically a pharméical composition for treating

nocturia.

[Means for Solving Problem]
[0015]

The inventors have assumed that inhibition of moal activity of P-LAP, i.e.
aminopeptidase that cleaves AVP, would maintair@ridcrease an endogenous
AVP level to enhance the antidiuretic effect, whiebuld contribute to a decreased
number of nocturnal voids, and have extensivelgisthcompounds which inhibit P-
LAP (including rat IRAP, a homolog of human P-LAP).

[0016]



As a result, the inventors have found that a camdaepresented by Formula
(I) below has excellent P-LAP inhibitory activity.The inventors have evaluated
antidiuretic effects in water-loaded rats and hiavmd that the compound
represented by Formula (I) increases endogenous|&yéds by inhibiting P-LAP
and consequently reduces urine production. Basesich findings, the inventors
have accomplished the present invention.

[0017]

The present invention relates to a compound repted by Formula (1) or a
salt thereof, and a pharmaceutical composition ctsimg the compound represented
by Formula (1) or a salt thereof and an excipient:

[0018]

[Chemical Formula 2]

(1

[0019]

wherein, X is O or S;

a dotted line is a single bond or a double bond;

R' is lower alkyl which optionally has one to foutbstituents selected from
the Group G, cycloalkyl which optionally has one to five suhstnts selected from
the Group G, or -lower alkylene-(cycloalkyl which optionallyak one to five
substituents selected from the Grouf);G

R? and R are the same or different from each other, andHatewer alkyl or

cycloalkyl;



R®is -lower alkylene-X-lower alkyl, -lower alkylene-%lower alkylene-
(cycloalkyl which optionally has one to five sulséints selected from the Group)G
-lower alkylene-(cycloalkyl which optionally haseto five substituents selected
from the Group &, or -lower alkylene-X-(cycloalkyl which optionally has one to
five substituents selected from the Grouf);G

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

R*is OH, NH, or -O-lower alkyl and Ris H; or R and R are linked to each
other to form, together with -C(=0)-C-O- to whidtey are attached, 2,2-di(lower
alkyl)-4-oxo-1,3-dioxolane-5,5-diyl;

the Group Gconsists of halogen, OH, -O-lower alkyl, -S-lovadityl, and -
O-(lower halogenoalkyl); and

the Group G consists of lower alkyl, halogen, lower halogekghlOH, -O-
lower alkyl, -S-lower alkyl, and -O-lower halogetioA.

[0020]

As used herein, if a symbol used in a chemicahtda is also used in other
chemical formula, identical symbols have the sagfendion, unless otherwise
specified.

[0021]

The present invention also relates to a pharmaawbmposition
comprising the compound represented by Formular (@ salt thereof. The
pharmaceutical composition encompasses an ageme&ting nocturia. The
present invention also relates to a pharmaceuwarabposition for treating nocturia
comprising the compound represented by Formular (#® salt thereof and an
excipient.

[0022]
The present invention also relates to use of timepound represented by

Formula (1) or a salt thereof for production offepmaceutical composition for



treating nocturia, use of the compound represdmydebrmula (1) or a salt thereof
for treating nocturia, the compound representeBdiynula (1) or a salt thereof for
treating nocturia, and a method of treating noatadmprising administering to a
subject an effective amount of the compound repitesieby Formula (1) or a salt

thereof. As used herein, "subject" is a humanaor-lmuman animal in need of a
therapeutic treatment, and in one embodiment, aahumneed of the therapeutic

treatment.

[Effects of Invention]
[0023]

The compound represented by Formula () or atsafeof has inhibitory
activity against P-LAP, i.e. the AVP-degrading emey and maintains and/or
increases an endogenous AVP level to reduce uroduption. Such a compound
thus is expected to be used as an agent for tgeadicturia, and is also expected to
be used as an agent for treating any other voidysgunction or polyuria associated
with a decreased AVP level, such as pollakiuriaary incontinence, and nocturnal

enuresis.

[Description of Embodiments]
[0024]

Hereinafter, the present invention will be desedilin detail.

In the present specification, the "lower alkyl'aistraight or branched alkyl
having one to ten carbon atoms (hereinafter, aldexlas ¢1); specifically,
methyl, ethyl, n-propyl, isopropyl, n-butyl, isolpltsec-butyl, tert-butyl, n-pentyl,
isopentyl, 3-ethylpentyl, 4-ethylhexyl, 4-ethylhgpn-hexyl, isohexyl, isoheptyl,
isooctyl, hexan-2-yl, 4-methylpentan-2-yl, 2,2-dimdpropyl, 3,3-dimethylpentyl or

3,3-dimethylbutyl. In one embodiment, the "lowtydl' is a straight or branched



Ci-6 alkyl, in one embodiment, ayGalkyl; in one embodiment, the "lower alkyl" is
methyl, ethyl, n-propyl or isopropyl; in one embodint, methyl or ethyl.
[0025]

The "lower alkyl" in the definition of Ris, in one embodiment, methyl, ethyl,
propyl, n-butyl, isobutyl, n-pentyl, isopentyl, ®xkyl, isohexyl, 4-methylhexyl, n-
heptyl or isoheptyl; in one embodiment, ethyl, riyhun-pentyl or isopentyl.

[0026]

The "lower alkyl" in the "-lower alkylene-Xlower alkyl" in the definition of
R?is, in one embodiment, methyl, ethyl, n-propybpsopyl, n-butyl, isobutyl, sec-
butyl, tert-butyl, n-pentyl, isopentyl, isohexysoheptyl, isooctyl, 3-ethylpentyl, 4-
ethylhexyl, 4-ethylheptyl, n-hexyl, hexan-2-yl, 4ethylpentan-2-yl, 2,2-
dimethylpropyl, 3,3-dimethylpentyl or 3,3-dimethylyl; in one embodiment, a;&
alkyl. In one embodiment, methyl, ethyl, n-propghpropyl! or isobutyl. In one
embodiment, methyl or ethyl.

[0027]

The "lower alkylene" is a G straight or branched alkylene; specifically,
methylene, ethylene, trimethylene, tetramethyl@eatamethylene, hexamethylene,
heptamethylene, octamethylene, methylmethyleng@yteoe, 2-methyltrimethylene,
ethylethylene, 1,2-dimethylethylene or 1,1,2,2aetethyl ethylene. In one
embodiment, a Cs alkylene; in one embodiment, a.£alkylene; in one
embodiment, methylene, ethylene, trimethyleneateéthylene or 2-
methyltrimethylene; in one embodiment, methylerleylene or trimethylene. The
"lower alkylene" is, in one embodiment, methylemethylene; in one embodiment,
methylene.

[0028]

The "halogen” is F, Cl, Br or I; and in one emboent, Cl.

[0029]



The "lower halogenoalkyl" is a straight or bramtl@.,o alkyl substituted by
one or more halogens. The "lower halogenoalkyllhi®ne embodiment, a;&
alkyl substituted by one to five halogens; in ongediment, trifluoromethyl,
trifluoroethyl, trifluoropropyl, 2-fluoro-2-methyhopyl, difluoromethyl,
fluoromethyl or chloromethyl; and in one embodiméntluoromethyl.

[0030]

The "cycloalkyl" is a G, saturated hydrocarbon ring group which is
optionally cross-linked and optionally forms a spiing. The "G.12 cycloalkyl" is,
specifically, cyclopropyl, cyclobutyl, cyclopentyyclohexyl, cycloheptyl,
cyclooctyl, bicyclo[2,2,1]heptyl, bicyclo[3,1,0]heglx bicyclo[3,1,1]heptyl,
adamantyl, spiro[2,5]octyl, spiro[3,5]nonyl or sij#,5]decyl. In one embodiment,
a "Gg.10 cycloalkyl"; in one embodiment, a 3@ cycloalkyl”; in one embodiment, a
"Cs6 cycloalkyl." The "cycloalkyl" is, in one embodimig cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl or cycloheptyl; in one endliment, cyclopropyl, cyclobutyl
or cyclopentyl; in one embodiment, cyclopropyl. olme embodiment, cyclopropyl
or cyclobutyl.

[0031]

The compound represented by Formula (1) includesompounds having
any one of 4 kinds of ring represented by the folig formulae. Formula (I-1) is a
compound having a furo[3,2-c]pyridine ring wher#is O, a dotted line is a double
bond; Formula (I-2) is a compound having a dihydrof3,2-c]pyridine ring wherein
Xis O, a dotted line is a single bond; Formul&)is a compound having a
thieno[3,2-c]pyridine ring wherein X is S, a dottete is a double bond; and
Formula (I-4) is a compound having a dihydrothiénd{c]pyridine ring wherein X
is S, a dotted line is a single bond. In one enthedt, the compound represented

by Formula (1) or a salt thereof is the compounéafmula (I-1), Formula (I-2) or
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Formula (I-3), or a salt thereof; in one embodiméme compound of Formula (I-1)
or a salt thereof.
[0032]

[Chemical Formula 3]

[0033]

The phrase " Rand R are linked to each other to form, together with -
C(=0)-C-0O- to which they are attached, 2,2-di(lowakyl)-4-oxo0-1,3-dioxolane-5,5-
diyl" means that the compound represented by Fafiuincludes compounds
represented by the following Formula (I-A).

[0034]

[Chemical Formula 4]

(I-A)

wherein, R and R? are the same or different from each other, anagare
lower alkyl, in one embodiment, botf Rand R represent methyl.
[0035]

In the present specification, the "optionally Babstituents" means that the

specified group is unsubstituted or has substiyepiecifically, the "optionally has



one to five substituents” means that the specgredp is unsubstituted or has one to
five substituents. If the specified group haswaallty of substituents, the
substituents may be the same or different from e#uoér.

[0036]

The compound represented by Formula (I) has at tem asymmetric carbon
atoms. One asymmetric carbon atom attached to)fE((position 2) has (R)
configuration, and neighboring carbon atom attadbe®H, (position 3) may have
either (R) or (S) configuration, and the compouepresented by Formula (1)
includes (R) or (S) isomer on position 3, and atorx thereof. In one embodiment,
the compound represented by Formula (1) is a comgoepresented by Formula (I')
or a salt thereof:

[0037]

[Chemical Formula 5]

wherein, (2R) indicates that the carbon atom aitipos2 has (R) configuration.
[0038]

The compound represented by Formula (I) may havieiners and geometric
isomers, depending on the type of substituent grouffhe compound represented
by Formula (1) also includes separate tautomersgaodnetric isomers, and mixtures
thereof.

[0039]



The compound represented by Formula (I) may adse Isterecisomers based
on other asymmetric carbon atom than those destabeve or the sulfoxide moiety,
depending on the type of substituent groups. Timepound represented by
Formula (1) also includes separate stereoisometsraxtures thereof.

[0040]

The present invention also encompasses a phartiduacceptable
prodrug of the compound represented by Formula @ pharmaceutically
acceptable prodrug is a compound having a grouphwtan be converted into an
amino group, a hydroxyl group, or a carboxyl graspa result of solvolysis or under
physiological conditions. Examples of a group forgna prodrug are described in
Prog. Med., 5, 2157-2161 (1985), "lyakuhin no K#shaPharmaceutical Research
and Development)" (Hirokawa-Shoten Ltd.), 1990, .Vil"Bunshi Sekkei (Drug
Molecular Design)", pp. 163-198, or "Prodrugs aadgjéted delivery” (Wiley-VCH
2011) Methods and principles in medicinal chemjstolume 47.

[0041]

The salt of the compound represented by Formjla @ pharmaceutically
acceptable salt of the compound represented byWarft). The compound
represented by Formula (I) may form an acid adadlitialt or a salt with a base,
depending on the type of substituent groups. 3peniamples of the salt include
acid addition salts with inorganic acids such agrbghloric acid, hydrobromic acid,
hydroiodic acid, sulfuric acid, nitric acid, andgdphoric acid; acid addition salts
with organic acids such as formic acid, acetic goidpionic acid, oxalic acid,
malonic acid, succinic acid, fumaric acid, maleaalactic acid, malic acid,
mandelic acid, tartaric acid, dibenzoyltartaricdaditoluoyltartaric acid, citric acid,
methanesulfonic acid, ethanesulfonic acid, benzaéfwesc acid, p-toluenesulfonic
acid, aspartic acid, and glutamic acid; salts witttal cations such as sodium,

potassium, magnesium, calcium, and aluminum; gattsorganic bases such as
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methylamine, ethylamine, and ethanolamine; salts warious amino acids and
amino acid derivatives such as acetylleucine, g;samd ornithine; and ammonium
salts.

[0042]

The present invention also encompasses variousiteg] solvates, and
crystalline polymorphs of the compound represebieBormula (I) and a salt
thereof. The present invention also encompassesugacompounds labeled with a
radioactive or nonradioactive isotope.

[0043]

Some embodiments of the compound represented toyufa (1) are shown
below.
[0044]

(1-1) The compound or a salt thereof, in whichsXOior S, and a dotted line
is a single bond or a double bond.

(1-2) The compound or a salt thereof, in whichsXOi, and a dotted line is a
single bond or a double bond; or X is S, and aedidihe is a double bond.

(1-3) The compound or a salt thereof, in whichsXOi, and a dotted line is a
single bond or a double bond.

(1-4) The compound or a salt thereof, in whichsXOi, and a dotted line is a
double bond.

(1-5) The compound or a salt thereof, in whichsXOi, and a dotted line is a
single bond.

(1-6) The compound or a salt thereof, in whichs)Si and a dotted line is a
double bond.

[0045]
(2-1) The compound or a salt thereof, in whi¢isRower alkyl which

optionally has one to four substituents selectethfthe Group & cycloalkyl which
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optionally has one to five substituents selectethfthe Group & or -lower
alkylene-(cycloalkyl which optionally has one tedisubstituents selected from the
Group G).

(2-2) The compound or a salt thereof, in whictisRower alkyl which
optionally has one to four substituents selectethfthe group consisting of halogen,
OH, and -O-lower alkyl; cycloalkyl which is optidhasubstituted by one to two
lower alkyls; or -lower alkylene-(cycloalkyl whighk optionally substituted by one to
two lower alkyls).

(2-3) The compound or a salt thereof, in whictisRower alkyl which
optionally has one to four substituents selectethfthe group consisting of halogen
and OH; cycloalkyl; or -lower alkylene-cycloalkyl.

(2-4) The compound or a salt thereof, in whi¢isRower alkyl, cycloalkyl,
or -lower alkylene-cycloalkyl.

(2-5) The compound or a salt thereof, in whictisRower alkyl or -lower
alkylene-cycloalkyl.

(2-6) The compound or a salt thereof, in whi¢hsn-butyl, isopentyl,
cyclopentyl or 2-cyclopropylethyl.

(2-7) The compound or a salt thereof, in whictis-butyl or 2-
cyclopropylethyl.

(2-8) The compound or a salt thereof, in whictis-butyl.

(2-9) The compound or a salt thereof, in whi¢igR2-cyclopropylethyl.
[0046]

(3-1) The compound or a salt thereof, in whictisRlower alkylene-X-lower
alkyl, -lower alkylene-X-lower alkylene-(cycloalkyl which optionally has @i
five substituents selected from the Grouf), dower alkylene-(cycloalkyl which

optionally has one to five substituents selectethfthe Group &, or -lower
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alkylene-X-(cycloalkyl which optionally has one to five subsénts selected from
the Group &); X3is O or S(O), wherein nis 0, 1 or 2.

(3-2) The compound or a salt thereof accordingnéoembodiment (3-1), in
which R is -lower alkylene-X-lower alkyl, -lower alkylene-%lower alkylene-
(cycloalkyl which is optionally substituted by oteetwo lower alkyls), -lower
alkylene-(cycloalkyl which is optionally substitdt&y one to two lower alkyls), or -
lower alkylene-X-(cycloalkyl which is optionally substituted by otetwo lower
alkyls).

(3-3) The compound or a salt thereof, in whichHsR lower alkylene-S(Q)
lower alkyl, -lower alkylene-O-lower alkylene-cyeldéyl, -lower alkylene-S-lower
alkylene-cycloalkyl, -lower alkylene-cycloalkyl, eower alkylene-S-cycloalkyl.

(3-4) The compound or a salt thereof, in whichisRlower alkylene-S-lower
alkyl, -lower alkylene-O-lower alkylene-cycloalkylpwer alkylene-S-lower
alkylene-cycloalkyl, -lower alkylene-cycloalkyl, eower alkylene-S-cycloalkyl.

(3-5) The compound or a salt thereof, in whiétisR lower alkylene-S-lower
alkyl, or -lower alkylene-cycloalkyl.

(3-6) The compound or a salt thereof, in whiétisR lower alkylene-S-lower
alkyl.

(3-7) The compound or a salt thereof, in whictisRlower alkylene-
cycloalkyl.

(3-8) The compound or a salt thereof, in whicisRmethylthiomethyl,
ethylthiomethyl, n-propylthiomethyl, isopropylthiathnyl, isobutylthiomethyl,
cyclopropylmethylthiomethyl, cyclopropylmethyloxythgl, 2-cyclopropylethyl, 3-
cyclopropylpropyl, 2-cyclobutylethyl or cyclobutiiiomethyl.

(3-9) The compound or a salt thereof, in whictisRmethylthiomethyl,
ethylthiomethyl or 2-cyclopropylethyl.

[0047]



- 16 -

(4-1) The compound or a salt thereof, in whié¢raRd R are the same or
different from each other, and are H, lower alkytgcloalkyl.

(4-2) The compound or a salt thereof, in whié¢raRd R are the same or
different from each other, and are H or lower alkyl

(4-3) The compound or a salt thereof, in whiétisRH or lower alkyl, and R

is H.
(4-4) The compound or a salt thereof, in whié¢reRd R are both H.
(4-5) The compound or a salt thereof, in whiéHisRower alkyl, and Ris H.
(4-6) The compound or a salt thereof, in whié¢isRmethyl, and Ris H.
[0048]

(5-1) The compound or a salt thereof, in whiéisROH, NH, or -O-lower
alkyl and R is H; or R and R are linked to each other to form, together with -
C(=0)-C-0- to which they are attached, 2,2-di(loakayl)-4-0x0-1,3-dioxolane-5,5-
diyl.

(5-2) The compound or a salt thereof, in whi¢isROH, NH, or -O-lower
alkyl and R is H.

(5-3) The compound or a salt thereof, in whiéisROH or -O-lower alkyl
and R is H.

(5-4) The compound or a salt thereof, in whiéH$ROH and Ris H.

[0049]

(6) The compound or a salt thereof, according¢orabination of any one of
the embodiments (1-1) to (1-6), any one of the atithents (2-1) to (2-9), any one
of the embodiments (3-1) to (3-9), any one of thbediments (4-1) to (4-6), and
any one of the embodiments (5-1) to (5-4). Spealify the following combinations
are included, but the compound or a salt therenbidimited thereto.

(6-1) The compound or a salt thereof, according tombination of the

embodiments (1-1), (2-1), (3-1), (4-1), and (5-2).



(6-2) The compound or a salt thereof, according ¢tombination of the
embodiments (1-2), (2-1), (3-1), (4-1), and (5-2).

(6-3) The compound or a salt thereof, according ¢tombination of the
embodiments (1-4), (2-1), (3-1), (4-1), and (5-2).

(6-4) The compound or a salt thereof, according ¢tombination of the
embodiments (1-5), (2-1), (3-1), (4-1), and (5-2).

(6-5) The compound or a salt thereof, according tombination of the
embodiments (1-6), (2-1), (3-1), (4-1), and (5-2).

(6-6) The compound or a salt thereof, according tombination of the
embodiments (1-2), (2-2), (3-2), (4-2), and (5-2).

(6-7) The compound or a salt thereof, according tombination of the
embodiments (1-2), (2-3), (3-3), (4-2), and (5-2).

(6-8) The compound or a salt thereof, according ¢tombination of the
embodiments (1-2), (2-4), (3-4), (4-3), and (5-4).

(6-9) The compound or a salt thereof, according tombination of the
embodiments (1-4), (2-5), (3-5), (4-3), and (5-4).

(6-10) The compound or a salt thereof, according tombination of the
embodiments (1-4), (2-6), (3-6), (4-5), and (5-4).

(6-11) The compound or a salt thereof, according tombination of the
embodiments (1-4), (2-7), (3-6), (4-4), and (5-4).

(6-12) The compound or a salt thereof, according tombination of the
embodiments (1-4), (2-7), (3-7), (4-4), and (5-4).

(6-13) The compound or a salt thereof, according tombination of the
embodiments (1-2), (2-8), (3-8), (4-3), and (5-4).

(6-14) The compound or a salt thereof, according tombination of the
embodiments (1-2), (2-9), (3-9), (4-3), and (5-4).
[0050]
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The compound represented by Formula (1) is, inembodiment, a
compound represented by Formula (I') accordinghtoame of the embodiments (6)
or (6-1) to (6-14).

[0051]

The compound represented by Formula (1) or atlsateof is, in one
embodiment, a compound selected from the groupistong of the following
compounds, or a salt thereof.
(2R,3R)-3-Amino-2-{[2-(2-cyclopropylethyl)furo[3,2}pyridin-4-yllmethyl}-4-
(ethylsulfanyl)-2-hydroxybutanoic acid, (2R,3S)+8Hao-5-cyclopropyl-2-{[2-(2-
cyclopropylethyl)furo[3,2-c]pyridin-4-ylimethyl}-Zaydroxypentanoic acid,
(2R,3R)-3-amino-2-{[2-(2-cyclopropylethyl)furo[3,&pyridin-4-yllmethyl}-2-
hydroxy-4-(methylsulfanyl)butanoic acid, and (2R)&Ramino-2-[(2-butyl-7-
methylfuro[3,2-c]pyridin-4-yl)methyl]-2-hydroxy-4rethylsulfanyl)butanoic acid.
[0052]

(Preparation Methods)

The compound represented by the formula (1) alttlsereof can be prepared
using the characteristics based on the basic ateior the type of substituents and
by applying various known synthesis methods. Dytire preparation, replacement
of the functional group with a suitable protectgreup (a group that can be easily
converted into the functional group) at the stagenfstarting material to an
intermediate may be effective depending on the tfganctional groups in the
production technology in some cases. Such a greéegroup may include, for
example, the protective groups described in "GredPmtective Groups in Organic
Synthesis (4th edition, 2006)", P. G. M. Wuts and\T Greene, and one of these
may be selected and used as necessary depending @action conditions. In this

kind of method, a desired compound can be obtdigaedtroducing the protective
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group, by carrying out the reaction and by elimimgthe protective group as
necessary.
[0053]

Hereinbelow, the representative preparation methadthe compound
represented by the formula (1) will be describe&ach of the production processes
may also be carried out with reference to the Reiees appended in the present
description. Further, the preparation methodfiefdresent invention are not
limited to the examples as shown below.

[0054]
(Production Process 1)

[Chemical Formula 6]

In the formula, P represents a protective group for a hydroxyl greaul P
represents a protective group for an amino group.
[0055]

The compound (I-B) in which‘Rs OH in Formula (I) can be prepared by
ring-opening and deprotection of the compound (11).
[0056]

In this reaction, the compound (Il) and a hydrclyeagent 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 whis inert to the reaction under from

cooling to heating with reflux. Examples of thévemt used herein are not
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particularly limited, but include alcohols suchrasthanol, ethanol and n-propanol;
halogenated hydrocarbons such as dichlorometha2eidhloroethane and
chloroform; 1,4-dioxane; N,N-dimethylformamide;ratydrofuran and the like. In
some cases, a mixed solvent of such solvent(syvartet is preferably used for the
reaction. Examples of the hydrolytic reagent userin are not particularly
limited, but include bases such as aqueous sodyalmokide solution and aqueous
potassium hydroxide solution; and acids such asdggh chloride and
trifluoroacetic acid. In some cases, it is preddrto treat the compound (ll) with a
base and then with an acid, or to treat it wittaeid and then with a base.

[0057]

Examples of P, the protective group for a hydroxyl group, inaud
methoxymethyl, benzyloxymethyl and the like. Exdespf P, the protective
group for an amino group, include methoxymethyhzyéoxymethyl and the like.
[0058]

(Production Process 2)

[Chemical Formula 7]



NHz  (1-A)

[0059]

The compound (I-C) can be prepared by deprotectidhe compound (111).
[0060]

In this reaction, the compound (lll) and a deprbtte 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 whis inert to the reaction or in the
absence of a solvent, under from cooling to heafiitig reflux. Examples of the
solvent used herein are not particularly limitegt, include alcohols such as
methanol, ethanol and n-propanol; halogenated legtlbons such as
dichloromethane, 1,2-dichloroethane and chlorofdr;dioxane; N,N-
dimethylformamide; tetrahydrofuran and the liken sbme cases, a mixed solvent
of such solvent(s) and water is preferably usedHfereaction. Examples of the
deprotecting reagent are not particularly limitedt include bases such as aqueous
sodium hydroxide solution and aqueous potassiumoxyde solution; and acids

such as hydrogen chloride and trifluoroacetic acith some cases, it is preferred to



treat the compound (l1l) with a base and then aithacid, or to treat it with an acid
and then with a base.
[0061]

Examples of P, the protective group for an amino group, incltete-
butoxycarbonyl, benzyloxycarbonyl, methoxymeth@nbyloxymethyl and the like.
[0062]

The compound (I-A) can also be prepared from trepound (11l) under
selected reaction conditions. For example, thepmamd (I-A) can be prepared by
using tert-butoxycarbonyl as the protective groll@Rd treating with hydrogen
chloride, trifluoroacetic acid and the like, in@went such as 1,4-dioxane or toluene.
[0063]

(Other Production Process)

A compound of Formula (I) prepared by the respegiroduction processes
can be used as a starting material and is subjézi@ahemical modification
reaction generally used by those skilled in thesarth as esterification and
amidation, to produce other compounds representéeimula (1).

[0064]
(Synthesis of Starting Material 1)

[Chemical Formula 8]




[0065]

The compound (2) can be prepared through halogenat a hydroxy group
of the compound (1) using thionyl chloride and like, and the compound (3) can
be prepared through iodination of the compound{2rinkelstein reaction.

[0066]

[Reference]

Chirality, 2011, 23(1), 24-33
[0067]

The compound (Il) can be prepared by reactingtimepound (3) with the
compound (5).

In this reaction, the compounds (3) and (5) inhemlant amounts, or either
thereof in an excess amount, are used, the miidwstared for usually 0.1 hour to
five days in a solvent which is inert to the reawtin the presence of a base under
from cooling to room temperature, preferably undssling. Examples of the
solvent used herein are not particularly limitegt, include aromatic hydrocarbons
such as benzene, toluene and xylene; ethers subbthglether, tetrahydrofuran,
1,4-dioxane and dimethoxyethane; hexane and a reigtereof. Examples of the
base include organic bases such as lithium diiggpamide triethylamine,
diisopropylethylamine, lithium hexamethyldisilazjgmtassium
hexamethyldisilazide, 1,8-diazabicyclo[5.4.0]-undeene, n-butyllithium and
potassium tert-butoxide; and inorganic bases sa@odium carbonate, potassium
carbonate, cesium carbonate and sodium hydride.

[0068]

[Reference]

Journal of Organic Chemistry, 1990, 55(20), 55283&5
Tetrahedron Letters, 2000, 41 (33), 6523-6526
[0069]



Alternatively, the compound (II) can be prepargddncting the compound
(4), which is the brominated compound (1) with £Bnd the compound (5). In
this reaction, the compounds (5) is treated withidm diisopropylamide under
argon atmosphere, the mixture is subsequentledtior usually 1 hour to five days,
under from cooling to room temperature, preferalsigler cooling, in a solvent
which is inert to the reaction such as aromaticbgarbons such as benzene, toluene
and xylene; ethers such as diethyl ether, tetrafiycan, 1,4-dioxane and 1,2-
dimethoxyethane; halogenated hydrocarbons suclth®mmethane, 1,2-
dichloroethane and chloroform.
[0070]
[Reference]
Molecules, 2004, 9(5), 365-372
Tetrahedron Asymmetry, 1991, 2(7), 705-720
[0071]
(Synthesis of Starting Material 2)

[Chemical Formula 9]

OH MeO_ OMe
3 P1 P2
R oH R~ "R
(7) R
(6)
[0072]

The compound (8) can be prepared by reactingaghgound (6) with the
compound (7) in the presence of pyridinium p-toksrfonate or p-toluenesulfonic
acid. In this reaction, a mixture of the compou(@sand (7) is stirred for one hour

to five days in a solvent which is inert to theatsan in the presence of pyridinium
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p-toluenesulfonate or p-toluenesulfonic acid urfdan cooling to heating,

preferably at a temperature of from 40 to %20 Examples of the solvent include
aromatic hydrocarbons such as benzene, toluengydernk; ethers such as
diethylether, tetrahydrofuran, 1,4-dioxane andditfiethoxyethane; and halogenated
hydrocarbons such as dichloromethane, 1,2-dichibaoe and chloroform.

[0073]

Examples of P, the protective group for an amino group, incltete-
butoxycarbonyl, benzyloxycarbonyl, methoxymeth@nbyloxymethyl and the like.
[0074]

The compound (Ill) can be prepared by reactingctimapound (8) with the
compound (1). The reaction can be carried ouhbysame method as in the
synthesis of the compound (Il) from the compounduging the compound (5)
described in Synthesis of Starting Material 1.

[0075]

A compound (lll) having a desired configuratiomdze prepared from a
starting compound (6) in which the asymmetric caratiached to -NHPhas a
specific configuration. In some cases, it is pmefe to add trimethylchlorosilane at
the time of reaction of the compounds (8) andd&pending on the configuration of
the asymmetric carbon attached to -NHPWhen a mixture in which the
configurations of the asymmetric carbons attache®itHiP" are R and S is used as a
starting compound, it is preferred to combine aegalnoptical resolution technique.
[0076]

(Synthesis of Other Starting Materials)

A desired starting compound can be prepared wsiggther method known
to those skilled in the art. For example, the méghshown in the reaction scheme
below can be used.

[0077]



[Chemical Formula 10]

wherein R and R are each a group forming a part 6f R
[0078]

The compounds represented by Formula (1) aretessbland purified as free
bases, or salts, hydrates, solvates or crystgiligmorphs thereof. Salts of the
compound represented by Formula (I) can also beaped by a conventional salt
forming reaction.

[0079]

Isolation and purification is carried out by a geal chemical procedure such
as extraction, fractional crystallization, and was types of fractional
chromatography.

[0080]

Various isomers can be prepared by selection pifogypiate starting

compounds, or can be separated based on differenpbgsicochemical properties

among the isomers. For example, optical isomardegprepared by a general



optical resolution technique of racemic products éxample, fractional
crystallization that converts the compound intcstkeeomer salts with optically
active bases or acids, or chromatography usingral dolumn), or can also be
prepared from appropriate optically active starttoghpounds.

[0081]

Pharmacological effects of the compounds represdmy Formula (I) were
confirmed by the tests described below. Dosesdifidual test compounds
described herein are indicated as correspondinghtgeof free bases.

[0082]
(1) Inhibition of IRAP activity

Rat epididymal fat pads were homogenized and stdgje¢o
ultracentrifugation at 100,000 x g for 30 minute®btain microsomes containing
IRAP. The microsomes (with a total protein contei®5 pg/well) were mixed
with a solvent (dimethyl sulfoxide; hereinafterpadéviated as DMSO (final
concentration: 0.1%)) or with each test compoumdnfmon ratio: 3; maximum
concentration: 1@M). AVP was then added to the solution to a fic@hcentration
of 25uM, and the resulting solution was allowed to rdacbne hour at 3. An
aqueous trifluoroacetic acid (hereinafter, abbrexdas TFA) solution was then
added to the solution (final concentration: 1%3tmp the enzymatic reaction.
Residual AVP was then determined by mass spectrgrMALDI-MS). Based on
the results, 16 values (nM), i.e. concentrations required for 5@%sbition of
decrease in AVP level in the solvent control granfthe individual test compounds
were calculated by the Sigmoid-Emax model nonlimegression analysis to
evaluate inhibition of IRAP activity.

The results are shown in Table 1, and indicatetttemexample compounds
effectively inhibit AVP degradation by IRAP, i.erat homolog of human P-LAP.
[0083]
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(2) Inhibition of human P-LAP (hP-LAP) activity

HEK293 cells forced to transiently express hP-LABiol Chem 1996; 271
56-61) were prepared by lipofection, homogenized, then subjected to
ultracentrifugation at 100,000 x g for 30 minutesdicrosomes containing hP-LAP
were thereby prepared. The microsomes (with & potéein content of 0.5 to 1.5
ug/well) were mixed with a solvent (DMSO; final camtration: 0.1%) or with each
test compound (common ratio: 3; maximum concemnatlQuM). AVP was then
added to the solution into a final concentratio®fiM, and the resulting solution
was allowed to react for one hour af@7 An aqueous TFA solution was then
added to the solution (final concentration: 1%3tmp the enzymatic reaction.
Residual AVP was then determined by mass spectrgrfMALDI-MS). Based on
the results, 16 values (nM), i.e. concentrations required for 5@%ébition of
decrease in AVP level in the solvent control granfthe individual test compounds
were calculated by the Sigmoid-Emax model nonlimegression analysis to
evaluate inhibition of hP-LAP activity. The resulire shown in Table 1 and
indicate that the example compounds effectivelybn®AVP degradation by hP-
LAP.

In the Tables 1 and 2 below, numerals in the colliBx" indicate Example
numbers related to the respective test compounds.
[0084]
[Table 1]
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IRAP hP-LAP IRAP hP-LAP
EX | 1Cso(nM) ICs0(NM) Ex ICs0(NM) ICs0(NM)
1 2.7 33 14 0.80 3.9
2 1.1 2.4 15 1.9 6.0
3 2.6 21 16 0.56 6.9
4 290 230 17 4.3 14
5 59 89 18 2.6 7.9
6 27 33 19 94 200
7(1) 58 35 20 130 140
7(2) 8.4 7.0 21 6.6 7.0
8 8.8 7.0 22 36 27
9 3.4 4.1 23 4.6 4.9
10 82 75 24 7.4 16
11 9.2 36 25 7.2 4.4
12 5.7 8.0 26 2.1 31
13 1.6 4.3 27 37 4.2
[0085]

(3) Antidiuresis test in water-loaded rats (omhirgnistration)

dimethylformamide, 10% propylene glycol, and 80%titled water), and the
resulting solution was orally administered to thtssr When a test compound is a
free base, one molar equivalent hydrochloric a@d added to dissolve the

compound in the solvent.

with the vehicle.

orally administered to the rats.
was measured (urine volumes less than 0.3 ml wersidered as 0 ml) to calculate
the ratio of the urine volume (urinary excretiotejao the amount of water load.

The inhibition of urination (%) in the compound-adistered group in comparison

with the vehicle control group was calculated in@dance with the following

expression (each group consisted of four to fivg)ra

Individual test compounds were dissolved in a elehjcontaining 10% N,N-

Rats in a vehicle corgroup were administered only
One hour after the administmati®0 ml/kg of distilled water was

One hour aftentlater loading, the urine volume
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Inhibition of urination (%) = {[(urinary excretiorate in the vehicle control
group) - (urinary excretion rate in the compoundiaustered group] / (urinary
excretion rate in the vehicle control group)100

Table 2 shows inhibition of urination (%) obserwegiden some example
compounds included in compounds of Formula (1) wespectively administered in
the amount of 3 mg/kg. The results indicate thateéxample compounds have an

excellent antidiuretic effect.

[0086]
[Table 2]
Ex Inhibition (%) | Ex Inhibition (%)
1 98 16 100
2 98 17 72
8 72 21 68
9 97 23 78
12 82 26 96
14 98 27 87
[0087]

The results shown above suggest that the compaepdssented by Formula
() inhibit P-LAP (IRAP), i.e. an aminopeptidasatltieaves AVP, to inhibit
degradation of endogenous AVP, which results iedaiced urine production.

[0088]

It is known that the plasma AVP level is striatgulated by plasma
osmolality and that an excessive water intake resiéd/P production and secretion
to cause diuresis. The present inventors hadraddahe results, from the
antidiuresis test in continuously hydrated ratdwaidditional water loading using the
compounds having an antidiuretic effect based aA\P-inhibition, revealing that in

a case of an excessive water intake caused bytheomal water loading, reduced
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urine volumes were recovered (PCT/JP2015/065344)s suggested that the
decreased endogenous AVP level caused by the @ulitvater loading reduces the
antidiuretic effect. Therefore, the compound repreed by Formula (I) having the
antidiuretic effect based on P-LAP inhibition ipexted to be an agent for treating
nocturia involving lower risks of hyponatremia evera case of an excessive water
intake, unlike V2 receptor agonists which requatsntion for hyponatremia.
[0089]

A pharmaceutical composition containing one oremmmpounds
represented by Formula (l) or salts thereof ascéimeaingredient can be prepared by
a common method using an excipient generally usdéide art, that is, an excipient or
a carrier for a pharmaceutical.

[0090]

Such a pharmaceutical composition can be admietsie any form, such as
oral administration of tablets, pills, capsulesrgrles, powder, or liquid, and
parental administration by intraarticular, intragas, or intramuscular injection,
suppositories, transdermal liquid, transdermallpedctransmucosal liquid,
transmucosal patches, or inhalations.

[0091]

A solid composition for oral administration mayibea form of, for example,
a tablet, powder, and granules. Such a solid csitippo contains one or more
active ingredients mixed with at least one inacéxeipient. The composition may
contain an inactive additive, for example, a ludni; a disintegrating agent, a
stabilizing agent, and a solubilizing agent, inadance with conventional
techniques. Tablets or pills may be coated withaswr a film of gastric or enteric
soluble material, if necessary.

[0092]
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A liquid composition for oral administration inclas a pharmaceutically
acceptable emulsion, solution, suspension, symgheéxir, and contains a common
inactive diluent, for example, purified water onabol. The liquid composition
may contain an additive such as a solubilizing §gemoisturizer, and a suspending
agent; a sweetening agent; a flavoring agent; amatic agent; and a preservative,
in addition to the inactive diluent.

[0093]

An injection for parenteral administration contaagueous or hon-aqueous
sterile solvent, suspension, or emulsion. Exampiéise aqueous solvent include
distilled water for injection and physiological s&. Examples of the non-aqueous
solvent include alcohols such as ethanol. The ositipn may further contain a
tonicity agent, a preservative, a moisturizer, nisifier, a dispersant, a stabilizer,
or a solubilizing agent. These components ardizest by filtration through a
bacteria retentive filter, blending a bactericideirradiation, for example. These
components may also be formulated into a steriid somposition to be dissolved
or suspended in a sterile solvent for injectiorobetuse.

[0094]

If the compound represented by Formula (1) islgratiministered, an
appropriate daily dose is approximately 0.001 t0 a@/kg, preferably 0.1 to 30
mg/kg, more preferably 0.1 to 10 mg/kg, per bodygWwe and is administered daily
in a single dose or in two to four separate doséisthe compound is intravenously
administered, an appropriate daily dose is apprateiy 0.0001 to 10 mg/kg per
body weight, and is administered daily in a sirdppse or in separate doses. If the
compound is transmucosally administered, an apjatepdaily dose is
approximately 0.001 to 100 mg/kg per body weightl & administered daily in a
single dose or in separate doses. The dose is@ely determined depending

on, for example, the symptom, age, and sex of iddat patient. If the compound
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represented by Formula (1) is used for preventiotreatment of nocturia, it may be
preferably administered once daily after suppédyedore going to bed, for example.
[0095]

The pharmaceutical composition of the presentntiga contains one or
more compounds represented by Formula (I) or Hadtgof in an amount of 0.01 to
100% by weight, in one embodiment 0.01 to 50% bigite as an active ingredient,
while the amount may vary depending on a routedafiaistration, dosage form, site
of administration, and the type of excipient or itidd.

[0096]

The compound represented by Formula (I) may bd inseombination with
various therapeutic agents or preventive agentdisgases to which the compound
of Formula (1) is assumed to be effective. The pound represented by Formula
(I) and the agent to be used in combination thetemiay be administered
simultaneously, sequentially or at desired timervdls. The preparation to be
simultaneously administered may be combined wighciimpound of Formula (1) or
formulated as a separate preparation.

[Examples]
[0097]

Hereinbelow, the production processes for the aamg represented by
Formula (1) will be described in more details widierence to Examples. The
present invention is not limited to the compounesatibed in the Examples.
Production processes for starting compounds witldscribed in Production
Examples. The production process for the compaepcesented by Formula (1)
should not be limited to the processes describéldarspecific Examples and
Production Examples below, but the compound reptedeoy Formula (I) can be
prepared by a combination of such production pseesr by any method obvious to

those skilled in the art.



[0098]

As used herein, the unit "mol/L" for a concentyatis abbreviated as "M" for
expediency. For example, "1M aqueous sodium hydeogolution” refers to 1
mol/L aqueous sodium hydroxide solution.

[0099]

In the Examples, Production Examples and Tableswhe¢he following
abbreviations may be used:

DMF: N,N-dimethylformamide; AcOEt: ethyl acetats;OH: acetic acid;
THF: tetrahydrofuran; MeCN: acetonitrile; EtOH: atiol; MeOH: methanol; DOX:
1,4-dioxane; TFA: trifluoroacetic acid; 4&: triethylamine; DIPEA:
diisopropylethylamine; Pd/C: palladium on carbo@B¥,: sodium borohydride;
LDA: lithium diisopropylamide; ODS: octadecylsily$Ex: Production Example
number; Ex: Example number; PSyn: the Productioantj¥e number in which a
compound is prepared by the same method; Syn: Beamypber in which a
compound is prepared by the same method; Str: da¢structural formula; Boc:
tert-butoxycarbonyl, TIPS: triisopropylsilyl, DATAshysicochemical data, ESI+:
m/z value in mass spectrometry (electrospray iditimgESI); representing [M+H]
unless otherwise specified); ESI-: m/z value in srggectrometry (electrospray
ionization (ESI); representing [M-Hlinless otherwise specified); APCI/ESI+:
APCI/ESI-MS (atmospheric-pressure chemical ionaaf{APCI); APCI/ESI
indicates simultaneous measurement by APCI andrEfiesenting [M+H]unless
otherwise specified); and Cl+: m/z value in masscgpmetry (chemical ionization
(CI); representing [M+H]unless otherwise specified). The "HCI" in a stuual
formula indicates that the compound is a monohydoe, and the "2HCI"
indicates that the compound is a dihydrochlorid&.double bond represented with
two crossed lines in a chemical formula indicated the double bond forms an E

isomer or Z isomer, or a mixture thereof.



[0100]

The compound represented by Formula (I) to berdestin Examples later
has at least two asymmetric carbon atoms, and amheng, the carbon atom
(position 2) to which carboxy group is attached th&s(R) configuration. The
symbol "*" in a chemical structural formula indieatthat the corresponding
compound is a single isomer having the indicatedigaration. The symbol "#1"
indicates that the corresponding compound hasitliedted steric configuration and
is a mixture of isomers which have (R) and (S) murhtions, respectively, in an
asymmetric carbon with the steric configuration indicated. The symbol "#2"
indicates that the corresponding compound hasitiiedted configuration and is a
mixture of isomers which have (R) and (S) configiores, respectively, in the
sulfoxide moiety.

[0101]

In the present specification, a nomenclature sofvsuch as ACD/Name
(registered trademark, Advanced Chemistry Develapgmiec.) may be used for
nomenclature of compounds in some cases.

RINT-TTRII was used in the measurement of powdea) diffraction
described herein. The diffractometry was carriedumder the following
conditions: X-ray tube: Cu; tube current: 300 méhe voltage: 50 kV; sampling
width: 0.020; scanning speed®#nin; wavelength: 1.54056 A; range of diffraction
angle in measurementdqR 2.5 to 40. In powder X-ray diffraction, the crystal
lattice distance and the entire pattern are impofta the identification of crystals in
view of the characteristics of the data. A diffran angle and intensity may
slightly vary depending on the direction of crysiedwth, the particle size, and the
measuring conditions, and should not be interpretectly. As used herein, the

diffraction angle (B) in the powder X-ray diffraction pattern is intezped with a
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margin of error generally acceptable in the measarg, for example, a margin of
error of+0.2°.
[0102]
Example 1

A mixture of (3R,4R)-3-{[2-(2-cyclopropylethyl)fof3,2-c]pyridin-4-
yllmethyl}-4-[(ethylsulfanyl)methyl]-3-(methoxymetixy)-1-
(methoxymethyl)azetidin-2-one (65 mg), DOX (0.79 arhd 6 M hydrochloric acid
(1.5 ml) was stirred at 8C for 1.5 hours. After cooling the resulting reast
mixture with an ice-water bath, 6 M aqueous sodnyairoxide solution (1 ml) and
DOX were added thereto and the mixture was cona@utrunder reduced pressure.
The resulting residue was purified by ODS columrootatography (MeCN/0.1%
aqueous formic acid solution) to give (2R,3R)-3+aonR-{[2-(2-
cyclopropylethyl)furo[3,2-c]pyridin-4-ylimethyl}-4ethylsulfanyl)-2-
hydroxybutanoic acid (39 mg) as a solid.
[0103]
Example 2

TFA (25 ml) was added to a mixture of tert-bujiRR)-1-[(4R)-4-{[2-(2-
cyclopropylethyl)furo[3,2-c]pyridin-4-ylimethyl}-2-dimethyl-5-oxo-1,3-dioxolan-
4-yl]-2-(methylsulfanyl)ethyl]carbamate (6 g) an&i£Cl, (50 ml) under ice-bath
cooling, and the mixture was stirred at room terapge for 1 hour. The resulting
reaction mixture was slowly added to a mixture &d®H (85 ml) and 6 M aqueous
sodium hydroxide solution (77 ml) under ice-batblow, and subsequently the
mixture was stirred at 8C for 1.5 hours. Activated carbon was added to the
obtained reaction mixture, the mixture was stimedoom temperature for 30
minutes and subsequently the insoluble materialrera®ved by filtration.  After
cooling the obtained filtrate with an ice-waterth&d M hydrochloric acid was

slowly added thereto to adjust pH to about 7, arx$squently the mixture was
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stirred at the same temperature for 1 hour. Tbduywred insoluble material was
collected by filtration and dried under reducedsptee. To the obtained solid, a
mixture (45 ml) of EtOH : water (3:1) was added thixture was heated to D
and stirred until the solid was dissolved, and twater (30 ml) was added thereto.
The obtained solution was gradually allowed to ¢doalbbom temperature and stirred
overnight. The precipitated solid was collectedilgation to give (2R,3R)-3-
amino-2-{[2-(2-cyclopropylethyl)furo[3,2-c]pyridid-ylJmethyl}-2-hydroxy-4-
(methylsulfanyl)butanoic acid (2.43 g) as a crystalhe obtained crystal had a
powder X-ray diffraction pattern having peaks @t(? 6.5, 8.6, 12.3, 14.1, 14.7,
17.4,17.9, 18.5, 19.1, 19.6, 20.7, 22.7 and 24.8.
[0104]
Example 3

A 6 M aqueous sodium hydroxide solution (2 ml) \adsled to a mixture of
(3R,4R)-3-{[2-(2-cyclopropylethyl)furo[3,2-c]pyridi4-yllmethyl}-4-
[(isopropylsulfanyl)methyl]-3-(methoxymethoxy)-1-gthoxymethyl)azetidin-2-one
(71 mg), MeOH (2 ml) and THF (2 ml) and the mixtwas stirred at 7€ for 5
hours. 6 M Hydrochloric acid (2 ml) was addedte bbtained reaction mixture
under ice-bath cooling and the mixture was coneg¢sdrunder reduced pressure.
MeCN (1 ml) and 1 M hydrochloride acid (3 ml) wex@dded to the obtained residue
and the mixture was stirred at room temperatur@foours. 6 M Hydrochloric
acid (0.5 ml) was added to the obtained reactiotture, the mixture was stirred at
room temperature for 18 hours and subsequentl9°& fbr 2 hours. The reaction
mixture was allowed to cool to room temperature &@ater was added thereto. The
obtained mixture was concentrated under reducesspre and the residue was
purified by ODS column chromatography (MeCN/0.1%emus formic acid
solution) to give (2R,3R)-3-amino-2-{[2-(2-cyclogrgethyl)furo[3,2-c]pyridin-4-

yllmethyl}-2-hydroxy-4-(isopropylsulfanyl)butanogcid (21 mg) as a solid.



[0105]
Example 4

TFA (5 ml) was added to a mixture of tert-butyi)-1-[(4R)-4-{[2-(2-
cyclopropylethyl)furo[3,2-c]pyridin-4-ylimethyl}-2-dimethyl-5-oxo-1,3-dioxolan-
4-yl]-2-(methylsulfanyl)ethyl]carbamate (1.1 g) ateduene (15 ml) at room
temperature, and the mixture was stirred at theedemperature overnight. The
obtained reaction mixture was concentrated undiroed pressure, a saturated
aqueous sodium hydrogen carbonate solution wagladddee residue, and the
mixture was extracted with AcCOEt. The obtainedamig layer was dried over
anhydrous magnesium sulfate and the solvent waseotrated under reduced
pressure. The resulting residue was purified bgesgel column chromatography
(CHCIls/MeOH) to give (5R)-5-[(1R)-1-amino-2-(methylsulidjethyl]-5-{[2-(2-
cyclopropylethyl)furo[3,2-c]pyridin-4-ylJmethyl}-2-dimethyl-1,3-dioxolan-4-one
(777 mg) as an oily product.

1 M Hydrochloric acid (1 ml) was added to the t8#8g (5R)-5-[(1R)-1-
amino-2-(methylsulfanyl)ethyl]-5-{[2-(2-cyclopropsthyl)furo[3,2-c]pyridin-4-
yllmethyl}-2,2-dimethyl-1,3-dioxolan-4-one (65 mghd subsequently the solvent
was distilled off under reduced pressure to giR){5-[(1R)-1-amino-2-
(methylsulfanyl)ethyl]-5-{[2-(2-cyclopropylethyl)fto[3,2-c]pyridin-4-ylmethyl}-
2,2-dimethyl-1,3-dioxolan-4-one dihydrochloride (@) as a foamy solid.

[0106]
Example 5

A mixture of (5R)-5-[(1R)-1-amino-2-(methylsulfaigthyl]-5-{[2-(2-
cyclopropylethyl)furo[3,2-c]pyridin-4-yllmethyl}-2-dimethyl-1,3-dioxolan-4-one
(95 mg), MeOH (5 ml) and potassium carbonate (2@ was stirred at room
temperature for 12 hours. AcOEt was added toghelting reaction mixture to

remove insoluble materials by filtration. The obéal filtrate was concentrated
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under reduced pressure and the residue was pubgiedica gel column
chromatography (CH@MeOH). 1 M Hydrochloric acid (1 ml) was addedhe
resulting product and the solvent was distilleduféler reduced pressure to give
(2R,3R)-3-amino-2-{[2-(2-cyclopropylethyl)furo[3,&pyridin-4-yllmethyl}-2-
hydroxy-4-(methylsulfanyl)methyl butanoate dihydntaride (55 mg) as a foamy
solid.
[0107]
Example 6

A mixture of (5R)-5-[(1R)-1-amino-2-(methylsulfaigthyl]-5-{[2-(2-
cyclopropylethyl)furo[3,2-c]pyridin-4-ylJmethyl}-2-dimethyl-1,3-dioxolan-4-one
(98 mg), MeOH (2 ml) and 28% ammonia water (2 magwstirred at 12@ for 30
minutes under microwave irradiation. Water wasealdi the resulting reaction
mixture and the mixture was extracted with a 1:ktare of ACOEt and toluene.
The obtained organic layer was dried over anhydnoagnesium sulfate and the
solvent was concentrated under reduced pressutge reBulting residue was
purified by silica gel column chromatography (ChH®leOH). 1 M Hydrochloric
acid (1 ml) was added to the resulting product tlwedsolvent was distilled off under
reduced pressure to give (2R,3R)-3-amino-2-{[2y2lapropylethyl)furo[3,2-
c]pyridin-4-yllmethyl}-2-hydroxy-4-(methylsulfanybutanamide dihydrochloride
(20 mg) as a foamy solid.
[0108]
Example 7

Concentrated hydrochloric acid (5 ml) was addetobutyl [(1R)-1-[(4R)-
4-{[2-(2-cyclopropylethyl)furo[3,2-c]pyridin-4-yl]rethyl}-2,2-dimethyl-5-0x0-1,3-
dioxolan-4-yl]-2-methylsulfanyl)ethyllcarbamate (1hg), and the mixture was
stirred at 80C for 3 days. The resulting reaction mixture wasfged by ODS

column chromatography (MeCN/0.1% aqueous formid aoiution) to give, one of
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the obtained two kinds of the compounds, (1) (2BR-3Rmino-2-hydroxy-2-{[2-(3-
hydroxypentyl)furo[3,2-c]pyridin-4-yl|methyl}-4-(¢étylsulfanyl)butanoic acid (65
mg) as a foamy solid of a high polar compound. H¥drochloric acid (2 ml) was
added to the other product obtained as a low polarpound and subsequently the
solvent was distilled off under reduced pressurgite (2) (2R,3R)-3-amino-2-{[2-
(3-chloropentyl)furo[3,2-c]pyridin-4-yllmethyl}-2ydroxy-4-
(methylsulfanyl)butanoic acid dihydrochloride (1@g) as a foamy solid.
[0109]
Example 8

A 1 M aqueous sodium hydroxide solution (0.83 wds added to a mixture
of tert-butyl [(1R)-1-{(4R)-4-[(2-butylthieno[3,2]pyridin-4-yl)methyl]-2,2-
dimethyl-5-0x0-1,3-dioxolan-4-yl}-2-(methylsulfangthyl]jcarbamate (83 mg),
MeOH (0.83 ml) and DOX (0.83 ml) and the mixturesvairred at 58C for 5 hours.
The reaction mixture was allowed to cool to roomperature and concentrated
under reduced pressure. After adding DOX (0.83tonthe resulting residue,
hydrogen chloride (4M DOX solution, 0.83 ml) waglad thereto under ice-bath
cooling. The resulting mixture was stirred at rommperature for 1.5 hours and
concentrated under reduced pressure. The resuoétandue was purified by ODS
column chromatography (MeCN/0.1% aqueous formid aoiution) to give a solid.
The resulting solid was suspended in MeCN-MeOHX(Land the insoluble
materials were collected by filtration. The cotlt solid was washed with MeCN
to give (2R,3R)-3-amino-2-[(2-butylthieno[3,2-c]jigin-4-yl)methyl]-2-hydroxy-4-
(methylsulfanyl)butanoic acid (27 mg) as a solid.
[0110]
Example 9

TFA (0.635 ml) was added to a mixture of tert-bif¥R)-1-[(4R)-2,2-
dimethyl-4-{[(2-(3-methylbutyl)furo[3,2-c]pyridin-4/lJmethyl}-5-ox0-1,3-dioxolan-



4-yl]-2-(methylsulfanyl)ethyl]Jcarbamate (140 mg)da@H,Cl, (1.4 ml), and the
mixture was stirred at room temperature for 2 houfBhe resulting reaction mixture
was slowly added to a mixture of MeOH (2.1 ml) &l aqueous sodium
hydroxide solution (1.85 ml) under ice-bath cooliagd subsequently the mixture
was stirred at 61 for 3 hours. 6 M Hydrochloric acid (0.46 ml) wedded to the
obtained reaction mixture under ice-bath coolingl #the mixture was stirred at room
temperature for 10 minutes. The resulting solutias purified by ODS column
chromatography (MeCN/0.1% aqueous formic acid smijit An excess amount of
1 M hydrochloric acid was added to the obtainedipob and subsequently the
solvent was distilled off under reduced pressurgite (2R,3R)-3-amino-2-hydroxy-
2-{[2-(3-methylbutyl)furo[3,2-c]pyridin-4-ylimethy4-(methylsulfanyl)butanoic
acid dihydrochloride (100 mg) as a solid.
[0111]
Example 10

A mixture of (3R,4R)-3-[(2,3-diethylfuro[3,2-c]piglin-4-yl)methyl]-4-
[(ethylsulfanyl)methyl]-3-(methoxymethoxy)-1-(methanethyl)azetidin-2-one (95
mg), DOX (0.95 ml) and 6M hydrochloric acid (0.73 nvas stirred at 60C for 3
hours. A 1 M aqueous sodium hydroxide solution a@dded to the obtained
reaction mixture under ice-bath cooling to neurealtihe mixture. The resulting
mixture was purified by ODS column chromatograpkieCN/0.1% aqueous formic
acid solution). An excess amount of 1 M hydrodiklacid was added to the
obtained product and subsequently the solvent wetilet! off under reduced
pressure to give (2R,3R)-3-amino-2-[(2,3-diethydfd;2-c]pyridin-4-yl)methyl]-4-
(ethylsulfanyl)-2-hydroxy butanoic acid dihydrochtie (75 mg) as a solid.
[0112]

Example compounds shown in Tables to be desclatedwere produced in

the same manner as in the method described infahg above Examples. Tables



to be described later show the structure, physiemital data and production
method of the Example compounds.
[0113]
Production Example 1

A mixture of (3R,4R)-4-[(4S)-2,2-dimethyl-1,3-diotan-4-yl]-3-hydroxy-1-
(4-methoxyphenyl)azetidin-2-one (21.94 g), 1,2-thabethane (300 ml),
chloro(methoxy)methane (23.6 ml) and DIPEA (70 wd)s stirred at 11°@ for 12
hours. Water was added to the obtained reactiatunai and the mixture was
extracted with CHGl The obtained organic layer was dried over anbiysir
magnesium sulfate and the organic layer was coratedtunder reduced pressure.
The obtained solid was washed with a mixture cfapropyl ether and MeOH to
give (3R,4S)-4-[(4S)-2,2-dimethyl-1,3-dioxolan-4-@-(methoxymethoxy)-1-(4-
methoxyphenyl)azetidin-2-one (12.30 g) as a soli@he obtained filtrate was
concentrated and the residue was purified by sgelacolumn chromatography
(CHCIs/MeOH) to give the same compound (12.75 g) asid.sol
[0114]
Production Example 2

Ammonium cerium (1V) nitrate (6.3 g) was addedtmixture of (3R,4S)-4-
(2-cyclopropylethyl)-3-(methoxymethoxy)-1-(4-methyphenyl)azetidin-2-one (1.24
g), MeCN (30 ml) and water (15 ml) under ice-batblmng and the mixture was
stirred for 30 minutes. Water and a saturated @eggisodium hydrogen carbonate
solution were added to the resulting reaction nm&xtwith stirring and subsequently
2% aqueous sodium hydrogen sulfite solution wasddhdereto. The resulting
reaction mixture was filtered through Celite pad &me filtrate was extracted with
CHCIl;. The obtained organic layer was washed with @aratgd aqueous sodium
chloride solution, dried over anhydrous magnesiulfate and subsequently

concentrated under reduced pressure. The resvéisndue was purified by silica
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gel column chromatography (hexane/AcOEt) to give,4%)-4-(2-cyclopropylethyl)-
3-(methoxymethoxy)azetidin-2-one (601 mg) as adsoli
[0115]
Production Example 3

Potassium hexamethyldisilazide (1.0 M THF solutib® ml) was added to a
mixture of (3R,4S)-4-[(4S)-2,2-dimethyl-1,3-dioxald-yl]-3-
(methoxymethoxy)azetidin-2-one (302 mg), chloro(meat)methane (0.15 ml),
tetra-n-butylammonium iodide (500 mg) and THF (9 urider ice-bath cooling, the
mixture was stirred for 1 hour and then stirredoatm temperature overnight.
Water was added to the resulting reaction mixtagethe mixture was extracted with
AcOEt. The obtained organic layer was dried ovdrydrous magnesium sulfate
and concentrated under reduced pressure. Theingsusidue was purified by
silica gel column chromatography (hexane/AcOEQite (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.
[0116]
Production Example 4

A mixture of (3R,4S)-4-[(4S)-2,2-dimethyl-1,3-dialan-4-yl]-3-
(methoxymethoxy)-1-(4-methoxyphenyl)azetidin-2-¢8&.7 g), AcOH (50 ml) and
water (13 ml) was stirred at 8D for 4 hours. The resulting reaction mixture was
allowed to cool to room temperature and subsequenticentrated under reduced
pressure. The resulting residue was purified ligasgel column chromatography
(CHCIs/MeOH) to give (3R,4S)-4-[(1S)-1,2-dihydroxyeth@}¥methoxymethoxy)-
1-(4-methoxyphenyl)azetidin-2-one (2.57 g) as dy @ioduct.
[0117]

Production Example 5



Sodium periodate (2.3 g) was added to a mixtul@Rf4S)-4-[(1S)-1,2-
dihydroxyethyl]-3-(methoxymethoxy)-1-(4-methoxyplyazetidin-2-one (2.09 g),
CH.CI; (40 ml) and a saturated aqueous sodium hydrogborate solution (1 ml)
and the mixture was stirred at room temperaturd foour. Anhydrous magnesium
sulfate was added to the resulting reaction mixéune the mixture was stirred for 30
minutes. The resulting reaction mixture was fétethrough Celite pad and
concentrated under reduced pressure to give (2R33Rethoxymethoxy)-1-(4-
methoxyphenyl)-4-oxoazetidin-2-carbaldehyde (1.88ga solid.

[0118]
Production Example 6

NaBH, (1.2 g) was added to a mixture of (2R,3R)-3-(meyneethoxy)-1-
(methoxymethyl)-4-oxoazetidin-2-carbaldehyde (5g9&nd THF (50 ml) under ice-
bath cooling and the mixture was stirred for 30u@s. After adding water (5 ml)
to the resulting reaction mixture, anhydrous magmesulfate was added thereto
and the mixture was stirred at room temperatur&@ominutes. The resulting
reaction mixture was filtered and subsequentlyfittrate was concentrated under
reduced pressure. The resulting residue was edify silica gel column
chromatography (CHGMeOH) to give (3R,4S)-4-(hydroxymethyl)-3-
(methoxymethoxy)-1-(methoxymethyl)azetidin-2-onel@g) as an oily product.
[0119]

Production Example 7

A mixture of (3R,4S)-4-(hydroxymethyl)-3-(methoxgthoxy)-1-
(methoxymethyl)azetidin-2-one (100 mg), triisoprimbyorosilane (0.21 ml),
imidazole (140 mg) and DMF (2 ml) was stirred ainotemperature overnight.
The resulting reaction mixture was added to waterthe mixture was extracted
with AcOEt. The obtained organic layer was washél a saturated aqueous

sodium chloride solution, dried over anhydrous nesgum sulfate and subsequently



concentrated under reduced pressure. The resvétsndue was purified by silica
gel column chromatography (hexane/AcOEt) to give,4%)-3-(methoxymethoxy)-
1-(methoxymethyl)-4-{[(triisopropylsilyl)oxy]methyazetidin-2-one (137 mg) as an
oily product.
[0120]
Production Example 8

A solution of PBs (0.25 ml) in THF (3 ml) was added to a mixturg2{2-
cyclopropylethyl)furo[3,2-c]pyridin-4-ylimethano860 mg) and THF (24 ml) under
ice-bath cooling, and subsequently the mixture staged at room temperature for 3
hours. The resulting reaction mixture was pourgd & mixture of a saturated
agqueous sodium hydrogen carbonate solution angCGldooled with ice-water bath,
and the obtained mixture was stirred at room teatpes for 5 minutes. The
organic layer was separated and the aqueous lagexiracted with Ci€l,. The
obtained organic layers were combined and dried awkBydrous magnesium sulfate.
The obtained organic layer was diluted with toluand concentrated under reduced
pressure to about 5 ml. The obtained mixture vilased again with toluene and
concentrated under reduced pressure to about Blixtiufe A). Under nitrogen
atmosphere, LDA (1.09 M hexane - THF solution, #lbwas added slowly to a
solution of (3R,4S)-3-(methoxymethoxy)-1-(methoxyh)-4-
{[(triisopropylsilyl)oxy]methyl}azetidin-2-one (1.3) in THF (20 ml) at -78C and
the mixture was stirred for 30 minutes. The migtdrwas added dropwise to the
obtained reaction mixture and subsequently theurexivas stirred at the same
temperature for 1.5 hours. A saturated aqueousaamum chloride solution was
added to the resulting reaction mixture, and sulbseity the mixture was allowed to
warm up to room temperature and extracted twick WdOEt. The obtained
organic layer was dried over anhydrous magnesidfatsiand concentrated under

reduced pressure. The resulting residue was edtify silica gel column
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chromatography (CHGIACOE() to give (3R,4S)-3-{[2-(2-cyclopropylethylfo[3,2-
c]pyridin-4-ylimethyl}-3-(methoxymethoxy)-1-(methgrmethyl)-4-
{[(triisopropylsilyl)oxy]methyl}azetidin-2-one (1.@) as an oily product.
[0121]
Production Example 9

Under argon atmosphere, a mixture of 5-[(cycloghmethyl) sulfonyl]-1-
phenyl-1H-tetrazole (3.32 g) and THF (60 ml) wasled to -78C, lithium
hexamethyldisilazide (1.3 M THF solution, 11 ml)saedded thereto and the mixture
was stirred for 30 minutes. A solution of (2R,3Rjmethoxymethoxy)-1-(4-
methoxyphenyl)-4-oxoazetidine-2-carbaldehyde ($)0@as added to the resulting
reaction mixture and the mixture was stirred atstime temperature for 30 minutes.
The resulting reaction mixture was allowed to wanto room temperature. A
saturated aqueous ammonium chloride solution wdsdatb the mixture and the
mixture was extracted with ACOEt. The obtainedanig layer was washed with a
saturated aqueous sodium chloride solution andl drver anhydrous magnesium
sulfate. The organic layer was concentrated uretkrced pressure and the
resulting residue was purified by silica gel coluatmomatography (hexane/AcOEt)
to give (3R)-4-(2-cyclopropylvinyl)-3-(methoxymetkyg)-1-(4-
methoxyphenyl)azetidin-2-one (1.73 g) as a solid.
[0122]
Production Example 10

PtO, (61 mg) was added to a solution of (3R)-4-(2-cyobpylvinyl)-3-
(methoxymethoxy)-1-(4-methoxyphenyl)azetidin-2-¢881 mgq) in toluene (25 ml)
and the mixture was stirred &®for 6 hours under hydrogen atmosphere.
Insoluble material was removed by filtration frohe tresulting reaction mixture and
subsequently the filtrate was concentrated undkraed pressure. The resulting

residue was purified by silica gel column chromaaphy (hexane/AcOEt) to give



(3R,4S)-4-(2-cyclopropylethyl)-3-(methoxymethoxyf4-methoxyphenyl)azetidin-
2-one (574 mg) as an oily product.
[0123]
Production Example 11

(1,5-Cyclooctadiene)(pyridine)(tricyclohexylphospd) iridium (1)
hexafluorophosphate (270 mg) was added to a mixtufeR)-4-(2-
cyclobutylvinyl)-3-(methoxymethoxy)-1-(4-methoxyphd)azetidin-2-one (1.06 Q)
and CHCI; (24 ml) and the mixture was stirred at room terapge overnight under
hydrogen atmosphere. The resulting reaction maxivas concentrated under
reduced pressure and the resulting residue wasquliy silica gel column
chromatography (hexane/AcOEt) to give (3R,4S)-4y@obutylethyl)-3-
(methoxymethoxy)-1-(4-methoxyphenyl)azetidin-2-¢@60 mg) as an oily product.
[0124]
Production Example 12

A mixture of tert-butyl [(2R)-1-(methylsulfanyl)-Bxopropan-2-yljcarbamate
(20 g), water (13 ml) and MeCN (54 ml) was addezpdrise to a solution of sodium
hydrogen sulfite (19 g) in water (130ml) under =h cooling, and the mixture was
stirred at room temperature for 13 hours. To #aetion mixture was added
Methyl-tert-butyl ether with stirring, the aquedager and the organic layer were
separated. Further, the organic layer was exttagith water and the obtained
water layer was combined with the previously ol#diaqueous layer. To the
combined aqueous layers were added AcOEt (100mdlpatassium cyanide (7.7 g),
and the mixture was stirred at room temperaturd &inours. The organic layer
was separated from the obtained reaction mixtudetla aqueous layer was
extracted twice with AcCOEt. The obtained orgaaigelrs were combined,
subsequently washed with an aqueous sodium hydaybonate solution and a

saturated aqueous sodium chloride solution and drwer anhydrous sodium sulfate.
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The solvent was distilled off under reduced pressamive tert-butyl [(2R)-1-cyano-
1-hydroxy-3-(methylsulfanyl)propan-2-yljcarbamai& 2 g) as an oily product.
[0125]
Production Example 13

Under ice-bath cooling, concentrated hydrochladidl (70 ml) was slowly
added to tert-butyl [(2R)-1-cyano-1-hydroxy-3-(md#ulfanyl)propan-2-
yllcarbamate(17.2 g), and the mixture was stirte@02C for 2 hours. The
procedure, in which the resulting reaction mixtwaes concentrated under reduced
pressure, toluene was added to the residue arsbbbent was distilled off under
reduced pressure, was repeated five times to gigsidue (18 g) containing (3R)-3-
amino-2-hydroxy-4-(methylsulfanyl)butanoic acid Ihgdhloride as an oily product.
[0126]
Production Example 14

2-(Tert-butoxycarbonyloxyimino)-2-phenylacetonér{(42 g) was added to a
mixture of (3R)-3-amino-2-hydroxy-4-(methylsulfajiylitanoic acid hydrochloride
(18 g), THF (90 ml), water (90 ml), 4-dimethylamipygridine (3.6 g) and BN (37
ml) at room temperature, and the mixture was stiateroom temperature for 3 days.
The obtained reaction mixture was concentrated uredieiced pressure to about half
volume, methyl-tert-butyl ether and a saturateceags sodium hydrogen carbonate
solution were added thereto and the aqueous lageiseparated. The obtained
aqueous layer was washed three times with methybteyl ether, 1 M hydrochloric
acid was then added thereto to adjust pH to abouiT®e acidified aqueous layer
was then extracted four times with AcOEt. The ol&d organic layers were
combined, washed with a saturated aqueous sodilonidgsolution, dried over
anhydrous sodium sulfate, and subsequently thesbivas distilled off under
reduced pressure to give (3R)-3-[(tert-butoxycapbh@mino]-2-hydroxy-4-
(methylsulfanyl)butanoic acid (13.4 g) as an oitgguct.



[0127]
Production Example 15

A mixture of (3R)-3-[(tert-butoxycarbonyl)aminoH#&/droxy-4-
(methylsulfanyl)butanoic acid (16.2 g), 1,2-dicldethane (186 ml), 2,2-
dimethoxypropane (82.2 ml) and pyridinium p-tolusuménate (770 mg) was stirred
at 80C for 15 hours. The obtained reaction mixture alésved to cool to room
temperature, subsequently 2.5% aqueous sodium ¢pgdrcarbonate solution (50
ml) was added thereto and stirred, and subsequietlgrganic layer was separated.
The aqueous layer was extracted with CH@le obtained organic layers were
combined, and subsequently washed with a satuaafieelous sodium chloride
solution. The obtained organic layer was driedr @dydrous sodium sulfate and
concentrated under reduced pressure. The obteesetlie was purified by silica
gel column chromatography (hexane/AcOEt) to givehatyl [(1R)-1-(2,2-
dimethyl-5-0x0-1,3-dioxolan-4-yl)-2-(methylsulfangthyllcarbamate (12.2 g) as an
oily product.
[0128]
Production Example 16

Under nitrogen atmosphere, to a mixture of N-{tertioxycarbonyl)-L-serine
(20 g) and DMF (480 ml) was added NaH (60% minetladispersion, 8.6 g) in five
portions while maintaining an internal temperatoeéow 5C under ice-bath cooling
and subsequently the mixture was stirred for 1 hmaler ice-bath cooling. (2-
lodoethyl)cyclopropane (24 g) was added to theltiegureaction mixture and the
mixture was stirred at room temperature for 14 BourAfter cooling the resulting
reaction mixture with an ice-water bath, water and hydrochloric acid were added
to adjust pH to 2to 3. The resulting reaction toni@ was extracted three times with
AcOEt and subsequently the organic layer was waslida saturated agqueous

sodium chloride solution. The obtained organielayas dried over anhydrous
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sodium sulfate and concentrated under reducedyreessMeOH (140 ml) and
CH,CI, (420 ml) were added to the resulting residue aed the residue was cooled
with an ice-water bath, (diazomethyl)(trimethyldsie (2 M hexane solution, 62 ml)
was added dropwise under ice-bath cooling whilenta@iing an internal
temperature below’&€ and subsequently the mixture was stirred for irfutas
under ice-bath cooling and at room temperaturd foour. AcOH was added to the
resulting reaction mixture and subsequently comaged under reduced pressure.
The resulting residue was purified by silica gduoan chromatography
(hexane/AcOEt) to give methyl N-(tert-butoxycarbby@-(2-cyclopropylethyl)-L-
serinate (6.51 g) as an oily product.
[0129]
Production Example 17

Under nitrogen atmosphere, BB0.58 ml) was added dropwise to a solution
of [2-(2-cyclopropylethyl)furo[3,2-c]pyridin-4-yl]rathanol (1.33 g) in THF (42 ml)
at room temperature. The reaction mixture wasestiat room temperature for 1
hour and subsequently added to a mixture of aa@iiaqueous sodium hydrogen
carbonate solution and GEl, under ice-water bath cooling. The obtained mixtur
was stirred for 30 minutes, subsequently the oglayer was separated, and the
aqueous layer was extracted with L. The obtained organic layers were
combined and washed with a saturated aqueous sattilamde solution,
subsequently dried over anhydrous magnesium sutfdtged with toluene and
concentrated to about 2 ml under reduced presMiréufe A).
Under nitrogen atmosphere, a solution of tert-b[{tyR)-1-(2,2-dimethyl-5-0x0-1,3-
dioxolan-4-yl]-2-(methylsulfanyl)ethyl]jcarbamate. 71g) in THF (34 ml) was cooled
with a dry ice-acetone bath and LDA (1.09 M hexamélF solution, 12 ml) was
added dropwise thereto. The resulting reactiortunexwas stirred for 30 minutes

with dry ice-acetone bath cooling. The mixture Asthen added dropwise thereto



and the mixture was further stirred for 2 hours. sadurated agueous ammonium
chloride solution was added to the obtained mixtanel the mixture was allowed to
warm up to room temperature. The obtained mixtwas extracted with CHg|
dried over anhydrous sodium sulfate, and concesttrahder reduced pressure. The
obtained residue was purified by silica gel colusthromatography (hexane/AcOEt)
to give tert-butyl [(1R)-1-[(4R)-4-{[2-(2-cyclopropethyl)furo[3,2-c]pyridin-4-
yllmethyl}-2,2-dimethyl-5-oxo-1,3-dioxolan-4-yl]-2-
(methylsulfanyl)ethyl]carbamate (923 mg) as an pilgduct.
[0130]
Production Example 18

Under nitrogen atmosphere, 2,2,6,6-tetramethytmpe/l-magnesium
chloride-lithium chloride complex (1M THF-toluenelstion, 91 ml) was added
dropwise at -28C over 2 hours to a mixture of methyl N-(tert-butocarbonyl)-O-(2-
cyclopropylethyl)-L-serinate (6.5 g), dibromomethg8.0 g) and THF (22 ml) while
maintaining an internal temperature bellow°@Xnd subsequently stirred at °C5
for 2 hours. The reaction mixture was poured ataixture of 5% aqueous citric
acid solution and AcOEt (cooled with ice-water Bathd subsequently stirred for 10
minutes. The organic layer was separated, andesastih 5% aqueous citric acid
solution three times and subsequently a saturapeelaaus sodium chloride solution.
The obtained organic layer was dried over anhydsoalsum sulfate, and
subsequently concentrated under reduced pressgreetthe residue (10.7 g)
containing tert-butyl [(2S)-4,4-dibromo-1-(2-cyclopylethoxy)-3-oxobutan-2-
yllcarbamate as an oily product.
[0131]
Production Example 19

2 M Agueous sodium hydroxide solution (57 ml) veasled dropwise under

ice-bath cooling to a mixture of tert-butyl [(2S)y4dibromo-1-(2-
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cyclopropylethoxy)-3-oxobutan-2-yljcarbamate (9)Ggd toluene (76 ml) over 15
minutes and the mixture was subsequently stirredaah temperature for 2 hours.
Toluene and water were added to the resultingicantixture and subsequently the
organic layer and the agueous layer were separafduk organic layer was
extracted twice with water, and the obtained wiger was combined with the
previously obtained aqueous layer, and subsequan@Et was added thereto.
After cooling the obtained mixture with an ice-wabath, 2 M hydrochloric acid
was added to adjust pH of the aqueous layer totabbu The organic layer and the
aqueous layer of the resulting reaction mixtureensgparated and the aqueous layer
was extracted three times with ACOEt. The obtaimggnic layers were combined
and dried over anhydrous sodium sulfate. The pbthorganic layer was
concentrated under reduced pressure to give (3@e13-butoxycarbonyl)amino]-4-
(2-cyclopropylethoxy)-2-hydroxybutanoic acid (4.§Bas an oily product.
[0132]
Production Example 20

Sodium methoxide (28% MeOH solution, 0.2 ml) wdded to a mixture of
2-ethylhexyl 3-{[2-cyano-3-(hex-1-yn-1-yl)pyridin-l]sulfanyl}propanoate (271
mg) and MeOH (5.5 ml) at room temperature, anchtheéure was stirred at 4C
for 2 hours, subsequently sodium methoxide (28% Mea&0Glution, 0.14 ml) was
added thereto, and the mixture was further stiateitie same temperature for 1.5
hours. 3 M Hydrochloric acid (0.8 ml) was addedh® obtained reaction mixture
under ice-bath cooling and the mixture was stigetom temperature for 2.5 hours.
The obtained reaction mixture was concentrated rurgdieiced pressure, a saturated
agueous sodium hydrogen carbonate solution wasladdae residue and the
mixture was extracted three times with AcCOEt. ©h&ined organic layer was
dried over anhydrous magnesium sulfate and coretedtunder reduced pressure.

The obtained residue was purified by silica gelomh chromatography
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(hexane/AcOEt) to give 2-butylthieno[3,2-c]pyridiamethyl carboxylate (107 mg)
as an oily product.
[0133]
Production Example 21

A mixture of tert-butyl [(1R)-1-[(4R)-4-{[2-(2-cylopropylethyl)furo[3,2-
c]pyridin-4-yljmethyl}-2,2-dimethyl-5-o0x0-1,3-dioXan-4-yl]-2-
(methylsulfanyl)ethyl]carbamate (105 mg) and/CH (2 ml) was cooled with an
ice-water bath, subsequently m-chloroperbenzoit @antains ca. 25% water, 48
mg) was added thereto and the mixture was stitrftkasame temperature for 1 hour.
10% Aqueous sodium thiosulfate solution was adddte resulting reaction
mixture under ice-bath cooling and the mixture w@sed for 10 minutes. After
separating the aqueous layer and the organic lth@nrganic layer was washed
twice with a saturated aqueous sodium hydrogerooatle solution. The obtained
organic layer was dried over anhydrous magnesidfatsiand subsequently
concentrated under reduced pressure. The resvétsdue was purified by silica
gel column chromatography (CH#MeOH) to give tert-butyl [(1R)-1-[(4R)-4-{[2-
(2-cyclopropylethyl)furo[3,2-c]pyridin-4-ylJmethylR,2-dimethyl-5-oxo0-1,3-
dioxolan-4-yl]-2-(methylsulfinyl)ethyllcarbamate§8ng) as a foamy solid.
[0134]
Production Example 22

A mixture of tert-butyl [(1R)-1-[(4R)-4-{[2-(2-cylopropylethyl)furo[3,2-
c]pyridin-4-yljmethyl}-2,2-dimethyl-5-o0x0-1,3-dioXan-4-yl]-2-
(methylsulfanyl)ethyl]carbamate (121 mg) and/CH (7 ml) was cooled with an
ice-water bath, subsequently m-chloroperbenzoid @cntains ca. 25% water, 111
mg) was added thereto and the mixture was stiftresloan temperature for 1 hour.
The resulting reaction mixture was cooled agaimait ice-water bath, m-

chloroperbenzoic acid (contains ca. 25% water, §jl was added thereto and the



mixture was stirred at room temperature for 30 r@au 10% Aqueous sodium
thiosulfate solution was added to the resultingtiea mixture under ice-bath
cooling and the mixture was stirred for 10 minuteéfter separating the aqueous
layer and the organic layer, the organic layer washed twice with a saturated
aqueous sodium hydrogen carbonate solution. Tteeraal organic layer was dried
over anhydrous magnesium sulfate and subsequeriteatrated under reduced
pressure. The resulting residue was purified hgesgel column chromatography
(CHCI/AcOET) to give tert-butyl [(1R)-1-[(4R)-4-{[2-(2yclopropylethyl)furo[3,2-
c]pyridin-4-yljmethyl}-2,2-dimethyl-5-o0x0-1,3-dioXan-4-yl]-2-
(methylsulfonyl)ethyllcarbamate (83 mg) as a foasulyd.
[0135]
Production Example 23

After cooling a mixture of (3R,4S)-3-{[2-(2-cyclogpylethyl)furo[3,2-
c]pyridin-4-ylimethyl}-3-(methoxymethoxy)-1-(methgrmethyl)-4-
{[(triisopropylsilyl)oxy]methyl}azetidin-2-one (1.6¢) and THF (30 ml) with an ice-
water bath, tetra-n-butylammonium fluoride (1 M Tbi#lution, 3 ml) was added
thereto and the mixture was stirred at the sameeeature for 1 hour. A saturated
agueous ammonium chloride solution was added toethetion mixture and the
mixture was extracted twice with ACOEt. The orgdalyer was washed with a
saturated aqueous sodium chloride solution, dned anhydrous magnesium sulfate
and subsequently concentrated under reduced peesstihe resulting residue was
purified by silica gel column chromatography (CH®leOH) to give (3R,4S)-3-{[2-
(2-cyclopropylethyhfuro[3,2-c]pyridin-4-ylimethytd-(hydroxymethyl)-3-
(methoxymethoxy)-1-(methoxymethyl)azetidin-2-on849ng) as an oily product.
[0136]

Production Example 24



Methanesulfonyl chloride (0.37 ml) was added armdemperature to a
mixture of (3R,4S)-3-{[2-(2-cyclopropylethyl)furo[3-c]pyridin-4-yl|methyl}-4-
(hydroxymethyl)-3-(methoxymethoxy)-1-(methoxymefagetidin-2-one (936 mg),
pyridine (0.75 ml) and C¥Cl, (10 ml) and the mixture was stirred at the same
temperature for 15 hours. CHQ@Vas added to the resulting reaction mixture and
washed sequentially with 0.5 M hydrochloric acidaéurated aqueous sodium
hydrogen carbonate solution and a saturated aqseaism chloride solution. The
obtained organic layer was dried over anhydrousmasigm sulfate and
concentrated under reduced pressure. The resudtsndue was purified by silica
gel column chromatography (hexane/AcOEt) to giZS[BR)-3-{[2-(2-
cyclopropylethyl)furo[3,2-c]pyridin-4-ylimethyl}-3methoxymethoxy)-1-
(methoxymethyl)-4-oxoazetidin-2-yllmethyl methanksoate (1.11 g) as an oily
product.

[0137]
Production Example 25

A mixture of [(2S,3R)-3-{[2-(2-cyclopropylethyl)fo[3,2-c]pyridin-4-
yllmethyl}-3-(methoxymethoxy)-1-(methoxymethyl)-4oazetidin-2-ylimethyl
methanesulfonate (1.11 g), DMF (20 ml) and potasghioacetate (400 mg) was
stirred at 60C for 7 hours. Potassium thioacetate (53 mg) widgea@to the
obtained reaction mixture at room temperature aedixture was further stirred at
60°C for 12 hours. After addition of AcOEt, the olmtadl mixture was washed
sequentially with water, a saturated aqueous sotiyanogen carbonate solution and
a saturated aqueous sodium chloride solution, aed dver anhydrous magnesium
sulfate. The obtained organic layer was concesdrahder reduced pressure to
give S-{[(2R,3R)-3-{[2-(2-cyclopropylethyl)furo[3;2]pyridin-4-ylimethyl}-3-
(methoxymethoxy)-1-(methoxymethyl)-4-oxoazetidirpfnethyl} thioacetate (1.02

g) as an oily product.



[0138]
Production Example 26

Under nitrogen atmosphere, potassium carbonaten@j@vas added to a
mixture of S-{[(2R,3R)-3-{[2-(2-cyclopropylethyl)itw[3,2-c]pyridin-4-ylimethyl}-
3-(methoxymethoxy)-1-(methoxymethyl)-4-oxoazeti@+yl]methyl} thioacetate (80
mg), iodoethane (0.03 ml), DMF (0.8 ml) and MeOEB(thl), and the mixture was
stirred at room temperature for 16 hours. Aftatition of ACOEt, the obtained
mixture was washed sequentially with water, a sétagraqueous sodium hydrogen
carbonate solution and a saturated aqueous sodilamde solution, and dried over
anhydrous magnesium sulfate. The obtained ordayér was concentrated under
reduced pressure to give (3R,4R)-3-{[2-(2-cyclopiethyl)furo[3,2-c]pyridin-4-
yllmethyl}-4-[(ethylsulfanyl)methyl]-3-(methoxymetixy)-1-
(methoxymethyl)azetidin-2-one (67 mg) as an oilydurct.
[0139]
Production Example 27

Under nitrogen atmosphere, a mixture of trimetihycetylene (25 ml) and
THF (170 ml) was cooled to -78 and n-butyl lithium (1.6 M hexane solution, 115
ml) was added dropwise. The resulting reactiontunécwas stirred for 15 minutes
under ice-bath cooling and subsequently cooledhagai78C. N,N,N’,N',N",N"-
Hexamethylphosphoric acid triamide (32 ml) was adiethe resulting reaction
mixture, and the mixture was stirred at the sameptrature for 30 minutes,
subsequently (2-bromoethyl)cyclopropane (27 g) agded dropwise thereto over 5
minutes and the mixture was stirred at the sameaeature for 30 minutes. The
resulting reaction mixture was allowed to warm opdom temperature and stirred
for 16 hours. Water was added to the resultingti@a mixture under ice-bath
cooling and the organic layer was separated. Dhareed organic layer was

washed with a saturated aqueous sodium chlorideico] dried over anhydrous



magnesium sulfate and subsequently concentratest veduced pressure to give (4-
cyclopropylbut-1-yn-1-yl)(trimethyl)silane (31.8 g¥ an oily product.
[0140]
Production Example 28

Under argon atmosphere, tetra-n-butylammoniunritieo(1 M THF solution,
8.8 ml) was added to a mixture of 3-bromopyridiaH)-one (500 mg), (4-
cyclopropylbut-1-yn-1-yl)(trimethyl)silane (1.44,dg}tN (2.8 ml) and DMF (5 ml).
The obtained mixture was subjected to an ultrasioic for 30 seconds,
subsequently bis(triphenylphosphine)palladiumdlbhloride (420 mg) was added
thereto and the mixture was stirred atX1@r 1 hour under microwave irradiation.
AcOEt and silica gel were added to the resultiragtien mixture and the mixture
was concentrated under reduced pressure. Theingssidue was purified by
silica gel column chromatography (hexane/AcOEQit@ 2-(2-
cyclopropylethyl)furo[3,2-c]pyridine (302 mg) as aity product.
[0141]
Production Example 29

Under nitrogen atmosphere, m-chloroperbenzoic @udtains ca. 25% water,
555 mg) was added under ice-bath cooling to a mexd 2-(2-
cyclopropylethyl)furo[3,2-c]pyridine (300 mg) andHCI; (6 ml).  After stirring the
resulting reaction mixture at room temperatureSftwours, the mixture was cooled
with an ice-water bath and m-chloroperbenzoic &omhtains ca. 25% water, 300
mg) was added again thereto. The resulting reaatixture was further stirred at
room temperature for 16 hours. After cooling tesulting reaction mixture with an
ice-water bath, a saturated aqueous sodium hydrcaybionate solution and 5%
aqueous sodium sulfite solution were added thenetbthe mixture was extracted
three times with CHG! The obtained organic layer was dried over anbysir

sodium sulfate and subsequently concentrated uedaced pressure. The
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resulting residue was purified by silica gel coluatmomatography (CHg@MeOH)
to give 2-(2-cyclopropylethyl)furo[3,2-c]pyridine&ide (190 mg) as an oily
product.
[0142]
Production Example 30

Under nitrogen atmosphere, trimethylsilylcyani@el83 ml) was added to a
mixture of 2-(2-cyclopropylethyl)furo[3,2-c]pyriden5-oxide (190 mg), BN (0.33
ml) and MeCN (4 ml) and the mixture was stirre@%C for 16 hours. After
cooling the resulting reaction mixture to room temgture, EN (0.65 ml) and
trimethylsilylcyanide (0.35 ml) were added theretd.he reaction mixture was
stirred again at 8% for 3.5 hours, subsequently AcOEt was addeddadhbulting
reaction mixture, and the mixture was washed sd@ignwith a saturated aqueous
sodium hydrogen carbonate solution and a satueafedous sodium chloride
solution. The obtained organic layer was driedr @rdydrous magnesium sulfate
and concentrated under reduced pressure. Thdingsudsidue was purified by
silica gel column chromatography (hexane/AcOEgit@ 2-(2-
cyclopropylethyl)furo[3,2-c]pyridine-4-carbonitrild48 mg) as an oily product.
[0143]
Production Example 31

Sodium methoxide (a 28% MeOH solution, 0.14 miswedded to a mixture
of 2-(2-cyclopropylethyl)furo[3,2-c]pyridine-4-caohitrile (148 mg) and MeOH (1.5
ml) under ice-bath cooling, and the mixture wageti at room temperature for 1.5
hours. 3 M Hydrochloric acid (0.7 ml) was addedh® obtained reaction mixture
under ice-bath cooling and the mixture was stigetom temperature for 18 hours.
Water and MeOH were added to the obtained reaatizture, and the mixture was
concentrated under reduced pressure. A saturgtezbas sodium hydrogen

carbonate solution was added to the obtained residd the mixture was extracted
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twice with AcOEt. The obtained organic layer waashed with a saturated
aqueous sodium chloride solution, dried over antiyslmagnesium sulfate and the
organic layer was concentrated under reduced peessWnder nitrogen atmosphere,
to a mixture of the resulting residue and MeOH (#was added NaBH80 mg)
under ice-bath cooling, and the mixture was grdgwdlowed to warm up to room
temperature with stirring over 1 hour, and therresti for 5 hours. The resulting
reaction mixture was cooled again with an ice-whtgh, subsequently NaBKBO
mg) was added thereto, and the mixture was gradakdiwed to warm up to room
temperature with stirring over 1 hour, and therresti for 15 hours. Acetone was
added to the obtained reaction mixture at room &atpre and subsequently the
mixture was concentrated under reduced pressureate’Was added to the obtained
residue and the mixture was extracted three timésAcOEt. The obtained
organic layer was dried over anhydrous magnesiufateland concentrated under
reduced pressure. The resulting residue was edify silica gel column
chromatography (eluted with hexane/AcOEt and sulsatty with CHCYMeOH)
to give [2-(2-cyclopropylethyl)furo[3,2-c]pyridin-¢ljmethanol (123 mg) as an oily
product.
[0144]
Production Example 32

Under nitrogen atmosphere, N,N-dimethylcarbambioide (12.5 ml) was
added to a mixture of 4-chloro-3-iodopyridine 1421 g) and 1,2-dichloroethane
(230 ml), and the mixture was stirred at room terapge for 30 minutes.
Trimethylsilylcyanide (20.5 ml) was added to theambed reaction mixture and the
mixture was stirred at 6C for 6 hours. The obtained reaction mixture whmsaeed
to cool to room temperature, subsequently a sa&ti@jueous sodium hydrogen
carbonate solution (260 ml) was added thereto la@dnixture was stirred for 30

minutes. The obtained reaction mixture was extchtvice with AcOEt, the
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organic layer was washed with a saturated aquemmisra chloride solution and
dried over anhydrous magnesium sulfate. The obtbarganic layer was
concentrated under reduced pressure, the residsivashed with a mixture of
hexane and isopropanol to give 4-chloro-3-iodopgaeR-carbonitrile (7.1 g) as a
solid.
[0145]
Production Example 33

Cesium acetate (30 g) was added to a mixtureabildro-3-iodopyridine-2-
carbonitrile (8.4 g) and DMF (170 ml), and the rapet was stirred at 10Q
overnight. 1 M Hydrochloric acid (191 ml) was adde the obtained reaction
mixture under ice-bath cooling, and the mixture weaisacted twice with ACOEt.
The obtained organic layer was washed twice withabfdeous sodium chloride
solution and dried over anhydrous magnesium sulfaide obtained organic layer
was concentrated under reduced pressure followed®yvaporation with toluene
for three times. To the obtained residue was addsdpropyl ether, and the
resulting insoluble materials were collected biydiion. The obtained solid was
washed with a mixture of diisopropyl ether and repanol to give 4-hydroxy-3-
iodopyridine-2-carbonitrile (4.4 g) as a solid.
[0146]
Production Example 34

2-Ethylhexyl 3-sulfanylpropanoate (1.73 ml) wasled to a mixture of 4-
chloro-3-iodopyridine-2-carbonitrile (1.82 g),38t(1.92 ml) and DMF (18 ml)
under ice-bath cooling and subsequently the mixttae stirred at room temperature
for 18 hours. AcOEt and water were added to ttiainbd reaction mixture and the
organic layer was separated. The obtained ordayéc was washed with a
saturated aqueous sodium chloride solution andl drver anhydrous magnesium

sulfate. The obtained organic layer was concesdrahder reduced pressure and
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the residue was purified by silica gel column chatography (hexane/AcOEt) to
give 2-ethylhexyl 3-[(2-cyano-3-iodopyridin-4-yl)éanyl]propanoate (254 mg) as
an oily product.
[0147]
Production Example 35

Under nitrogen atmosphere, bis(triphenylphospipakgdium (1) dichloride
(79 mg) was added to a mixture of 2-ethylhexyl 3-¢{yano-3-iodopyridin-4-
yhsulfanyl]propanoate (252 mg), 1-hexyne (0.128, fat;N (0.394 ml) and MeCN
(5 ml), and the mixture was stirred at@Xor 3.5 hours. The obtained reaction
mixture was allowed to cool to room temperature suagsequently concentrated
under reduced pressure. The resulting residuguiged by silica gel column
chromatography (hexane/AcOEt) to give 2-ethylhéff2-cyano-3-(hexa-1-yn-1-
yhpyridin-4-yl]sulfanyl}propanoate (178 mg) as aity product.
[0148]
Production Example 36

Under nitrogen atmosphere, NaBfd02 mg) was added under ice-bath
cooling to a mixture of 2-butylthieno[3,2-c]pyridimd-methyl carboxylate (112 mg)
and MeOH (3.4 ml), and the mixture was graduallyveéd to warm up to room
temperature with stirring over 1 hour, and therresti for 12 hours. Acetone was
added to the obtained reaction mixture at room &atpre and subsequently the
mixture was concentrated under reduced pressureate’Was added to the obtained
residue and the mixture was extracted three tim#sAcOEt. The obtained
organic layer was dried over anhydrous magnesidfatsiand concentrated under
reduced pressure. The obtained residue was glbfiesilica gel column
chromatography (CHG@MeOH) to give (2-butylthieno[3,2-c]pyridin-4-yl)niganol
(95 mg) as an oily product.
[0149]



Production Example 37

Under nitrogen atmosphere, a solution of thiomybade (0.075 ml) in
CH.CI; (0.6 ml) was added to a mixture of (2-butylthieh@fc]pyridin-4-
yl)methanol (113 mg) and GBI, (1.2 ml) under ice-bath cooling. The obtained
reaction mixture was stirred at room temperaturelfoour. The obtained reaction
mixture was concentrated under reduced pressigeed®-butyl-4-
(chloromethyl)thieno[3,2-c]pyridine hydrochlorid&40 mg) as a solid.

[0150]
Production Example 38

Under nitrogen atmosphere, sodium iodide (225 wayg added to a mixture
of 2-butyl-4-(chloromethyl)thieno[3,2-c]pyridine drochloride (139 mg) and
CH.CI; (5.6 ml), and the mixture was stirred at room terafure for 30 minutes.

A saturated aqueous sodium hydrogen carbonaté@olvas added to the obtained
reaction mixture, the mixture was stirred for 5 otes, and subsequently extracted
twice with CHCl,. The obtained organic layer was dried over antyslr
magnesium sulfate and then diluted with toluenehe dbtained mixture was
concentrated under reduced pressure to about 5Thie procedure, in which
toluene was added again to the obtained mixturdlanchixture was concentrated
under reduced pressure to about 3 ml, was repeaiesl (Mixture A).

Under nitrogen atmosphere, LDA (1.13M hexane-THIEtoon, 1 ml) was
added dropwise with stirring at -78 to a mixture of tert-butyl [(1R)-1-(2,2-
dimethyl-5-o0x0-1,3-dioxolan-4-yl)-2-(methylsulfangthyllcarbamate (143 mg) and
THF (2.8 ml).  After stirring the obtained reactionxture at the same temperature
for 30 minutes, the mixture A was added dropwisedto. After stirring the
obtained reaction mixture at the same temperaturg hour, a saturated aqueous
ammonium chloride solution was added, and alloweddrm up to room

temperature. The obtained mixture was extractecktwith ACOEt and the organic
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layer was dried over anhydrous magnesium sulfaiée obtained organic layer was
concentrated under reduced pressure and the regaiipurified by silica gel
column chromatography (hexane/AcOEt) to give teiyb[(1R)-1-{(4R)-4-[(2-
butylthieno[3,2-c]pyridin-4-yljmethyl]-2,2-dimethyé-oxo-1,3-dioxolan-4-yl}-2-
(methylsulfanyl)ethyl]carbamate (170 mg) as an pilgduct.
[0151]
Production Example 39

Under nitrogen atmosphere, Cul (93 mg) and
bis(triphenylphosphine)palladium (1) dichloride3(5hg) were added to a mixture of
4-hydroxy-3-iodopyridine-2-carbonitrile (400 mgjhgnylcyclopentane (0.205 ml),
EtzN (0.91 ml) and MeCN (8 ml), and the mixture wagatl at 70C overnight.
The obtained reaction mixture was allowed to coabbm temperature and
subsequently concentrated under reduced presstibe resulting residue was
purified by silica gel column chromatography (hex@tOEt) to give 2-
cyclopentylfuro[3,2-c]pyridine-4-carbonitrile (27#0g) as an oily product.
[0152]
Production Example 40

10%Pd/C (contains ca. 50% water, 200 mg) was atitdadnixture of tert-
butyl [(1R)-1-[(4R)-4-{[2-(2-cyclopropylethyl)fur,2-c]pyridin-4-yl]methyl}-2,2-
dimethyl-5-o0x0-1,3-dioxolan-4-yl]-2-(methylsulfangthyl]carbamate (200 mg),
AcOH (2 mL) and EtOH (2 mL), and the mixture wasretl at room temperature for
5 days under hydrogen atmosphere of 3.5 atm. e3ghs added to the resulting
reaction mixture, and the insoluble materials weraoved by filtration. The
filtrate was concentrated under reduced pressuterenobtained residue was
purified by silica gel column chromatography (hex@&tOEt) to give tert-butyl
[(AR)-1-[(4R)-4-{[2-(2-cyclopropylethyl)-2,3-dihyarfuro[3,2-c]pyridin-4-
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yllmethyl}-2,2-dimethy-5-0x0-1,3-dioxolane-4-yl]-2-
(methylsulfanyl)ethyllcarbamate (58 mg) as an pilgduct.
[0153]
Production Example 41

Under nitrogen atmosphere, bis(triphenylphospipakgdium (1) dichloride
(230 mg) was added to a mixture of 4-hydroxy-3-jgtadine- 2-carbonitrile (800
mg), 3-hexyne (1.12 ml), g (1.82 ml) and DMF (16 ml), and the mixture was
stirred at 156C for 2 hours under microwave irradiation. Watesvadded to the
obtained reaction mixture and the mixture was exwith ACOEt. The organic
layer was concentrated under reduced pressuréhandgidue was purified by silica
gel column chromatography (hexane/AcOEt) to giddiethylfuro[3,2-c]pyridine-
4-carbonitrile (215 mg) as an oily product.
[0154]
Production Example 42

Sodium methoxide (28% MeOH solution, 0.29 ml) \mdded to a mixture of
2,3-diethylfuro[3,2-c]pyridine-4-carbonitrile (248g) and MeOH (3 ml) and the
mixture was stirred at 4C€ overnight. Sodium methoxide (28% MeOH solution,
0.29 ml) was added again to the obtained reactiatune and the mixture was
stirred at 60C for 3 hours. 6 M aqueous sodium hydroxide sotu{B ml) and
EtOH (3 ml) were added to the obtained reactiontunéand the mixture was stirred
at 80C overnight. 6 M Hydrochloric acid (3.5 ml) wasdad to the obtained
reaction mixture under ice-bath cooling to neurealihe mixture, water was added
thereto, and the mixture was extracted twice wiOG. The obtained organic
layer was dried over anhydrous magnesium sulfaggvin 2,3-diethylfuro[3,2-
c]pyridine-4-carboxylic acid (150 mg) as an oilypguct.
[0155]

Production Example 43
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Under nitrogen atmosphere, isobutyl chloroforn{@t& ml) and N-
methylmorpholine (0.09 ml) were added to a mixtir@,3-diethylfuro[3,2-
c]pyridine-4-carboxylic acid (140 mg) and THF (1) under ice-bath cooling, and
the mixture was stirred at the same temperatur8@oninutes. Insoluble materials
were removed from the resulting reaction mixturdiltsation, the obtained filtrate
was added to a mixture of NaBKLO5 mg) and water (1.5 ml) under ice-bath
cooling, and the mixture was stirred at room terapge for 2 hours. The obtained
reaction mixture was cooled with an ice-water batietone (0.2 ml) was added
thereto, and the mixture was extracted with AcOHthe obtained organic layer was
washed with a saturated aqueous sodium chloridei@oland dried over anhydrous
magnesium sulfate. The obtained organic layeragasentrated under reduced
pressure and the residue was purified by silicacgleimn chromatography
(hexane/AcOEt) to give (2,3-diethylfuro[3,2-c]pyine4-yl)methanol (70 mg) as an
oily product.

[0156]
Production Example 44

Sodium iodide (155 mg) was added to a mixture-@@foromethyl)-2,3-
diethylfuro[3,2-c]pyridine hydrochloride (73 mg)&&HCl, (1.4 ml), and the
mixture was stirred at room temperature for 1 houk.saturated aqueous sodium
hydrogen carbonate solution was added to the aataaction mixture, the mixture
was stirred for 5 minutes, and subsequently exddhaiith toluene. The obtained
organic layer was washed with a saturated aquemmisra chloride solution, dried
over anhydrous magnesium sulfaé@d evaporated under reduced pressure. The
obtained residue was co-evaporated twice with tediend then toluene (1 ml) was
added to give a solution (Mixture A).

Under argon atmosphere, LDA (1.13 M hexane-THHEtgmt, 0.3 ml) was

added dropwise at -78 with stirring to a mixture of (3R,4R)-4-



- 66 -

[(ethylsulfanyl)methyl]-3-(methoxymethoxy)-1-(methanethyl)azetidin-2-one (70
mg) and THF (2.8 ml). After stirring the obtaineshction mixture at the same
temperature for 20 minutes, the mixture A was adtfegwise thereto. After
stirring the obtained reaction mixture at the saeneperature for 2 hours, AcOH
(0.025 ml) was added thereto and the mixture wiasvatl to warm up to room
temperature. Water was added to the obtained reixtod the mixture was
extracted with CHGl The obtained organic layer was washed with aratgd
aqueous sodium chloride solution and dried oveydrdus magnesium sulfate.
The obtained organic layer was concentrated uretkrced pressure and the residue
was purified by silica gel column chromatographgx@ne/AcOEt) to give (3R,4R)-
3-[(2,3-diethylfuro[3,2-c]pyridin-4-yl)methyl]-4-Kthylsulfanyl)methyl]-3-
(methoxymethoxy)-1-(methoxymethyl)azetidin-2-ong (Ag) as an oily product.
[0157]
Production Example 45

Sodium ethanethiolate (505 mg) was added underatie cooling to a
solution of [(2S,3R)-3-(methoxymethoxy)-1-(methoxatimyl)-4-oxoazetidin-2-
yllmethyl methanesulfonate (900 mg) in DMF (9 midahe mixture was stirred at
the same temperature for 1 hour. After additioAcDEt, the obtained mixture
was washed sequentially with water, a saturated@gisodium hydrogen carbonate
solution and a saturated aqueous sodium chloridéi@o, and dried over anhydrous
magnesium sulfate. The obtained organic layeragasentrated under reduced
pressure and the residue was purified by silicacgieilmn chromatography
(hexane/AcOEt) to give (3R,4R)-4-[(ethylsulfanyl)imgd]-3-(methoxymethoxy)-1-
(methoxymethyl)azetidin-2-one (557 mg) as an orlydoict.
[0158]

Production Example 46
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Under nitrogen atmosphere, urea hydrogen perqidé g) and
methyltrioxorhenium (V1) (85.7 mg) were added unibe-bath cooling to a mixture
of 2-butyl-7-methylfuro[3,2-c]pyridine (3.3 g) al@HCI; (40 ml). After stirring
the obtained reaction mixture at room temperator&® minutes, the mixture was
cooled again with an ice-water bath, urea hydrqgaoxide (2.47 g) and
methyltrioxorhenium (V1) (131 mg) were added there After stirring the
obtained reaction mixture at room temperature foodr, manganese dioxide (150
mg) was added thereto, and the mixture was fudtieed for 1.5 hours. Insoluble
materials were removed by filtration and washedh@HCkL-MeOH (98:2). 5%
Aqueous sodium sulfite solution was added to thainbd filtrate and the resulting
mixture was extracted three times with CE®leOH (98:2). The obtained organic
layer was dried over anhydrous magnesium sulfadecancentrated under reduced
pressure to give 2-butyl-7-methylfuro[3,2-c]pyridib-oxide (3.97 g) as a solid.
[0159]

Production Example 47

Under nitrogen atmosphere, potassium carbonaten@@vas added to a
mixture of S-{[(2R,3R)-3-{[2-(2-cyclopropylethyl)iw[3,2-c]pyridin-4-ylimethyl}-
3-(methoxymethoxy)-1-(methoxymethyl)-4-oxoazeti@iyl]methyl}thioacetate (80
mg), (bromomethyl)cyclopropane (0.035 ml), sodiwdide (52 mg), DMF (0.8 ml)
and MeOH (0.8 ml), and the mixture was stirredoaim temperature for 4 hours.
After addition of AcOEt, the obtained mixture waaskied sequentially with water, a
saturated aqueous sodium hydrogen carbonate sohunid a saturated aqueous
sodium chloride solution. The obtained organi@tayas dried over anhydrous
magnesium sulfate and concentrated under reduessyre to give (3R,4R)-3-{[2-
(2-cyclopropylethyl)furo[3,2-c]pyridin-4-ylimethyH4-
{[(cyclopropylmethyl)sulfanyllmethyl}-3-(methoxymbbxy)-1-
(methoxymethyl)azetidin-2-one (73 mg) as an oilydurct.
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Production Example 48

Di-tert-butyl dicarbonate (60 ml) was added toiatare of (3S)-3-amino-2-
hydroxy-4-(methylsulfanyl)butanoate hydrochlori@s (7 g), THF (139 ml), water
(139 ml) and BN (57.4 ml), and the mixture was stirred at roomperature
overnight. N,N-Dimethylethyleneamine (7.5 ml) veatkled to the obtained
reaction mixture and the mixture was stirred anmdemperature for 2 hours. 1 M
aqueous sodium hydrogensulfate solution (371 m$) adaled the obtained reaction
mixture, and the aqueous layer and the organic hagee separated. The obtained
aqueous layer was extracted three times with AcOEhe obtained organic layers
were combined, washed with a saturated aqueousraaztiloride solution and dried
over anhydrous sodium sulfate. The obtained ocgayer was concentrated under
reduced pressure, AcCOEt (416 ml) and dicyclohexytani®7.3 ml) were added to
the residue, and the mixture was stirred at roanptrature overnight. The
obtained mixture was concentrated under reducexspre, diisopropyl ether (416
ml) was added to the residue, and the mixture Wwasd at room temperature for 1
hour, stirred for 2 hours under ice-bath cooling] atirred at room temperature
overnight. Insoluble material was removed bydiiton from the resulting mixture
and subsequently the filtrate was concentratednnedieiced pressure. Diisopropyl
ether (416 ml) was added to the obtained resichailde mixture was stirred at room
temperature for 3 days. The resulting insolubléemas were collected by
filtration and dried under reduced pressure. [iispyl ether (416 ml) was added
again to the obtained solid, and the mixture warestat room temperature for 1
hour. The resulting insoluble materials were atéld by filtration to give (3S)-3-
[(tert-butoxycarbonyl)amino]-2-hydroxy-4-(methylgahyl)butanoic acid -
dicyclohexylamine (1:1) (30.2 g) as a solid.
[0161]



Production Example 49

Under argon atmosphere, 2,2-dimethoxypropane (8amd p-
toluenesulfonic acid monohydrate (14.1 g) were dddea mixture of (3S)-3-[(tert-
butoxycarbonyl)amino]-2-hydroxy-4-(methylsulfanylianoic acid -
dicyclohexylamine (1:1) (30.1 g) and AcOEt (301 ,naidd the mixture was stirred at
70°C for 16 hours. The obtained reaction mixture alésved to cool to room
temperature and insoluble materials were removddtkation. The obtained
filtrate was washed sequentially with 2.5% aquesmdium hydrogen carbonate
solution once, 0.5 M hydrochloric acid three timasd 2.5% aqueous sodium
hydrogen carbonate solution once. The obtainednicdayer was washed with a
saturated aqueous sodium chloride solution and drer anhydrous sodium sulfate.
The obtained organic layer was concentrated uretkrced pressure, AcOEt (90 ml),
hexane (180 ml), silica gel (28 g) and activatearcbal (2.8 g) were added to the
residue, and the mixture was stirred at room teatpez for 1 hour. Insoluble
materials were removed from the obtained mixturdélbwation and the obtained
filtrate was concentrated under reduced pressugeséotert-butyl [(1S)-1-(2,2-
dimethyl-5-o0x0-1,3-dioxolan-4-yl)-2-(methylsulfangthyl]carbamate (12.7 g) as an
oily product.
[0162]
Production Example 50

4-(Chloromethyl)-2-(2-cyclopropylethyhfuro[3,2jridine hydrochloride
(1.76 g) was obtained as a solid from [2-(2-cyobgytethyl)furo[3,2-c]pyridin-4-
yllmethanol (1.41 g) in the same manner as in tethod described in Production
Example 37. Under nitrogen atmosphere, sodiunde(810 g) was added to a
mixture of the obtained 4-(chloromethyl)-2-(2-cymtopylethyl)furo[3,2-c]pyridine
hydrochloride (668 mg) and GaI, (7.5 ml), and the mixture was stirred at room

temperature for 1 hour. A saturated aqueous sodidrogen carbonate solution
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was added to the obtained reaction mixture, théurexwas stirred for 5 minutes,
and subsequently extracted twice with toluene. diftained organic layer was
washed with a saturated aqueous sodium chlorideico] dried over anhydrous
sodium sulfate and subsequently concentrated usdaced pressure. The
procedure, in which toluene was added again tolbh@ned mixture and, the
mixture was concentrated under reduced pressuserapaated three times to give a
final volume of about 5 ml toluene solution. (MiréuA).

Under argon atmosphere, LDA (1.13 M hexane-THhtgmt, 1.45 ml) was
added dropwise at -78 with stirring to a mixture of tert-butyl [(1S){P-2-
dimethyl-5-o0x0-1,3-dioxolan-4-yl)-2-methylsulfangthyl]carbamate (500 mg) and
THF (5 ml).  After stirring the obtained reactiomxture at the same temperature
for 10 minutes, chlorotrimethylsilane (0.207 ml)sasdded thereto and the mixture
was stirred at the same temperature for 30 minutébe obtained reaction mixture
was stirred for 30 minutes under ice-bath coolsulpsequently LDA (1.13 M
hexane-THF solution, 1.74 ml) was added dropwisesetio with stirring at -7&C.
After stirring the obtained reaction mixture at #ame temperature for 30 minutes,
the mixture A was added dropwise thereto. Afterisg the obtained reaction
mixture at the same temperature for 2 hours, Ac@B94 ml) was added thereto
and the mixture was stirred at the same temper&udd minutes. 9.5 M Agueous
dimethylamine solution (0.34 ml) was added to th&amed reaction mixture and the
mixture was stirred for 30 minutes under ice-batbling. 1 M Hydrochloric acid
was added to the obtained reaction mixture to a8zérthe mixture, and the mixture
was extracted twice with AcOEt.

The obtained organic layer was washed with a s@i@ueous sodium chloride
solution and dried over anhydrous sodium sulfatEhe obtained organic layer was
concentrated under reduced pressure and the regalipurified by silica gel

column chromatography (hexane/AcOEt) to give teutyb[(1S)-1-[(4R)-4-{[2-(2-



cyclopropylethyl)furo[3,2-c]pyridin-4-ylimethyl}-2-dimethyl-5-oxo-1,3-dioxolan-
4-yl]-2-(methylsulfanyl)ethyl]carbamate (230 mg)asoily product.
[0163]

Production Example compounds shown in Tables telseribed later were
produced in the same manner as in the method tedan any of the above
Production Examples. Tables to be described tew the structure,
physicochemical data and production method of tieeliction Example compounds.

[0164]
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[Table 7]
Ex Syn DATA
1 - ESI+: 379.3
'H NMR (400 MHz, MeOHéd,) 6 ppm : 0.06 - 0.10 (2 H, m) 0.43 ;
0.48 (2H, m)0.74-0.85 (1 H, m) 1.20 (3 HJ#7.4 Hz) 1.66 (2 H,
td,J=7.4, 7.4 Hz) 2.44 - 2,55 (3 H, m) 2.92 (2 H}#7.4 Hz) 3.11
(1 H,dd,J=11.3, 2.3 Hz) 3.22 (1 H, dd=14.7, 2.5 Hz) 3.45 (2 H,
s) 6.74 (1 H, dJ=1.2 Hz) 7.38 (1 H, ddI=5.9, 0.8 Hz) 8.29 (1 H, 4,
J=5.9 Hz)
2 - ESI+ : 365.2
'H NMR (500 MHz, MeOHeél,) 6 ppm : 0.06 - 0.11 (2 H, m), 0.43|-
0.48 (2H, m), 0.75-0.84 (1 H, m), 1.66 (2 H,Xd7.2, 7.2 Hz),
2.03(3H,s),254 (1H, dds14.4, 11.0 Hz), 2.89 - 2.94 (2 H, m),
3.09-3.19(2H,m), 3.45(2H,s), 6.74 (1 HJ=0.8 Hz), 7.38 (1
H, dd,J=5.7, 0.8 Hz), 8.29 (1 H, d=5.7 Hz)
3 - ESI+ : 393.2
4 - ESI+: 405.2
5 - ESI+: 379.2
6 - ESI+: 364.2
7(1) - ESI+: 383.1
7(2) - ESI+: 401.1, 403.1
8 - ESI+: 369.1
9 - ESI+ : 367.2
10 - ESI+ : 367.2
11 1 ESI+: 419.1
12 1 ESI+: 405.1
13 1 ESI+ : 393.2
14 1 ESI+: 387.3
15 1 ESI+ : 387.3




[Table 8]

Ex | Syn DATA

16 ESI+: 373.2
'H NMR (400 MHz, MeOHd,) : 5 ppm -0.02 - 0.03 (2 H, m), 0.0
-0.11 (2 H, m), 0.35 - 0.41 (2 H, m), 0.43 - 0(29H, m), 0.55 -
0.66 (1 H, m), 0.74-0.85 (1 H, m), 1.15 - 1.2841m), 1.39 (1 H

1 | dddd,J=13.5, 11.2, 6.7, 4.7 Hz), 1.54 - 1.63 (1 H, m§61(2 H, td,

J=7.1, 7.1 Hz), 2.01 (1 H, dddds14.4, 11.1, 6.3, 3.2 Hz), 2.88
2.94 (2 H, m), 2.96 (1 H, ddz=9.3, 3.1 Hz), 3.40, 3.43 (2 H, AB
J=14.1 Hz) 6.73 (1 H, d}=1.1 Hz), 7.37 (1 H, dd}=5.7, 1.0 Hz),
8.28 (1 H, dJ=5.7 Hz)

17 2 APCI/ESI+ : 389.2

18 2 ESI+: 403.4

19 2 ESI+:397.1

20 2 ESI+: 381.2

21 2 ESI+ : 367.2

22 2 ESI+: 365.1

23 3 ESI+:419.3

24 3 ESI+ : 407.2

25 3 ESI+ : 405.3

26 ESI+: 367.2
'H NMR (400 MHz, MeOHéd,) & ppm : 0.98 (3 H, t)=7.3 Hz) 1.40

8 -151(2H,m)1.72-1.81 (2 H, m)2.02 (3H2)6 (3 H, s) 2.53

(1 H, dd,J=14.9, 11.6 Hz) 2.80 - 2.86 (2 H, m) 3.09 - 3.1&1(2m)
3.40(2H,s)6.69-6.71 (1 H, m) 8.11 (1 HJdD.7 Hz)

27 9 ESI+: 365.2

6
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[Table 18]
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[Table 19]
PEx | PSyn
1 - ESI+: 338.2
2 - ESI+: 200.1
3 - ESI+: 298.2 [M+Na]+
4 - ESI+: 298.2
5 - Cl+: 266.1
6 - ESI+: 206.1
7 - ESI+: 384.3 [M+Na]+
8 - ESI+: 561.3
9 - ESI+: 304.1
10 - ESI+: 306.2
11 - ESI+: 320.3
12 - ESI+: 269.0 [M+Na]+
13 - ESI+: 165.9
14 - ESI+: 288.1 [M+Na]+
15 - ESI+: 328.1 [M+Na]+
16 - ESI+: 288.1
17 - ESI+: 505.4
18 - ESI+: 450.0, 451.9, 454.0 [M+Na]+
19 - ESI-: 302.1
20 - ESI+: 250.2
21 - ESI+: 521.2
22 - ESI+: 537.3
23 - ESI+: 405.1
24 - ESI+: 483.1
25 - ESI+: 463.2
26 - ESI+: 449.3
27 - Cl+: 167.2
28 - ESI+: 188.1
29 - ESI+: 204.0
30 - ESI+: 213.1




[Table 20]
PEX PSyn DATA
31 - ESI+: 218.1
32 - ESI+: 265.0, 267.0
33 - ESI+: 247.0
34 - ESI+: 447.3
35 - ESI+: 401.4
36 - ESI+: 2221
37 - ESI+: 240.1,242.1
38 - ESI+: 509.2
39 - ESI+: 213.1
40 - ESI+: 507.3
41 - ESI+: 201.0
42 - ESI+: 220.1
43 - ESI+: 206.1
44 - ESI+: 437.4
45 - ESI+: 272.1 [M+Na]+
46 - ESI+: 206.1
47 - ESI+: 475.2
48 - ESI+: 288.1 [M+Na]+
49 - ESI+: 328.1 [M+Na]+
50 - ESI+: 505.3
51 1 ESI+: 258.1
52 1 ESI+: 258.2
53 1 ESI+: 244.2
54 2 ESI+: 232.2
55 2 ESI+:. 2141
56 2 ESI+: 214.1
57 4 ESI+: 236.0
58 5 ESI+: 204.1
59 8 ESI+: 4574
60 8 ESI+: 457.4




[Table 21]
PEX PSyn DATA
61 8 ESI+: 443.3
62 9 ESI+: 318.2
63 9 ESI+: 318.2
64 10 ESI+: 320.2
65 12 ESI+: 269.1 [M+Na]+
66 13 ESI+: 166.0
67 15 ESI+: 330.1
68 15 ESI+: 366.2 [M+Na]+
69 16 ESI+: 296.2 [M+Na]+
70 17 ESI+: 529.5
71 17 ESI+: 543.3
72 18 ESI+: 436.0, 438.0, 440.0 [M+Na]+
73 19 ESI+: 290.1
74 24 ESI+: 306.0 [M+Na]+
75 26 ESI+: 489.2
76 26 ESI+: 477.2
77 26 ESI+: 463.2
78 26 ESI+: 463.2
79 29 ESI+: 255.9, 257.9
80 30 ESI+: 215.0
81 31 ESI+: 218.1
82 31 ESI+: 220.2
83 31 ESI+: 220.2
84 37 APCI/ESI+ : 238.1
85 37 ESI+: 236.1, 238.1
86 37 ESI+: 238.1, 240.1
87 37 ESI+: 224.1, 226.1
88 38 ESI+: 505.4
89 38 ESI+: 507.5
90 38 ESI+: 507.4
91 39 ESI+: 215.1
92 39 ESI+: 190.1
93 47 ESI+: 489.2
94 47 ESI+: 475.2




[Industrial Applicability]
[0165]

The compound represented by Formula (I) or atlsateof has inhibitory
activity against P-LAP, i.e. the AVP-degrading emzy and maintains and/or
increases an endogenous AVP level to reduce uroduption. Such a compound
thus is expected to be used as an agent for tgeadicturia, and is also expected to
be used as an agent for treating any other voidyséunction or polyuria associated
with a decreased AVP level, such as pollakiuriaary incontinence, and nocturnal

enuresis.
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CLAIMS

1. A compound represented by Formula (T) or a salt
thereof:

i1

NH;

wherein:

XisOorh

a dofied line is a single bond or a double bond;

R' is lower alkvl which optionally has one to four sub-
stituents selected from the Group G', eveloalkyl which
optionally has one to five substituents selected from the
Group G°, or -lower alkylene-(cvcloalkyl which
optionally has one to five substituents selected from the
Group G°);

R* and R are the same or different from each other, and
are H, lower alkyl or cycloalkyl;

R is -lower alkylene-X -lower alkyl, -lower alkylene-X*-
lower alkylene-(eyeloalky] which optionally has one o
five substituents selected from the Group G%), -lower
alkylene-(cveloalkyl which optionally has one to five
substituents selected from the Group G*), or -lower
alkylene-X"{cycloalkyl which optionally has one to
five substituents selected from the Group G*);

¥ is O aor S(0)),,. wherein n is 0, 1, or 2;

R*is OH. NH,, or —O-lower alkyl and R” is H; or R* and
R are linked o each other to form, together with
—[—)—C—0— to which they are attached, 2,2-
diflower alkyl)-4-ox0-1 3-dioxolane-3, 5-diyl;

the Group G* consists of halogen, OH, —O-lower alkyl,
—&-lower alkyl, and —O-{lower halogenoalkyl), and

the Group G° consists of lower alkyl. halogen, lower
halogenoalkyl, OH., —O-lower alkyl, —S-lower alkyl,
and —O-lower halogenoalkyl.

2. The compound or a salt thereof according to claim 1,
wherein R* is OH, NH,, or —O-lower alkyl and R® is H.

3. The compound or a salt thereof according o claim 2,
wherein X is O, and a dotted line is a single bond or a double
bond; or X 15 8, and a doted line 15 a double bond.
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4. The compound or a salt thereof according to claim 3,
wherein:

R' is lower alkyl which optionally has one to four sub-
stituents selected from the group consisting of halogen,
OH, and —O-lower alkyl: eyeloalky]l which 15 option-
ally substituted by one to two lower alkyls: or -lower
alkylene-(eveloalky] which is optionally substituted by
one to two lower alkyls);

R* is -lower alkylene-X"-lower alky], -lower alkylene-X"-
lower alkylene-{cvcloalkyl which is optionally substi-

tuted by one to two lower alkyls)., -lower alkylene-
icycloalkyl which 1s optionally substituted by one to
two lower alkyls), or -lower alkylene-X*-{cycloalkyl
which is optionally substituted by one to two lower
alkyls); and

R? and R are the same or different from each other, and
are H or lower alkyl.

5. The compound or a salt thereol according 1o claim 4,

wherein:

R' is lower alkyl which optionally has one to four sub-
stituents selected from the group consisting of halogen
and OH: eveloalkyl; or -lower alkylene-cyeloalkyl: and

R* is -lower alkylene-S(0), -lower alkyl, -lower alkylene-
O-lower alkylene-cyveloalkyl, -lower alkylene-S-lower
alkyvlene-cveloalkyl, -lower alkyvlene-cyveloalkyl, or
-lower alkylene-S-cycloalkyl.

6. The compound or a salt thereol according to claim 5,
wherein R' is lower alkyl, cycloalkyl, or -lower alkylene-
eveloalkyl; R is -lower alkylene-S-lower alkyl, -lower alky-
lene-O-lower alkylene-cyeloalkyl, -lower alkylene-S-lower
alkvlene-cycloalkyl, -lower alkylene-cyeloalkyl, or -lower
alkylene-S-cycloalkyl; R is H or lower alkyl; R* is H: and
R* is OH.

7. The compound or a salt thereol according to claim 6,
wherein X is O, and a dotted line is a double bond; R' is
lower alky], or -lower alkylene-cycloalkyl; and R” is -lower
alkylene-S-lower allyl, or -lower alkylene-cyeloalkyl.

8. The compound or a salt thereol according to claim 2,
wherein X 1s 0. and a dotted line is a double bond.

9. The compound or a salt thereof according to claim 1,
which is a compound selected from the group consisting of
the following compounds, or a salt thereof:

(2R,3R]-3-ami1m-2={[2-{2-cyclnpmpyleth}rl]lfum[f!n,z-c]

pyridin-4-ylmethy1}-4-(ethylsulfanyl)-2-hydroxyhbu-
tanoic acid.

(2R,35)-3-amino-5-cyelopropyl-2- [ 2-(2-cyclapropyl-
ethylyfuro[3,2-c]pyridin-4-vl)methyl}-2-hydroxypen-
tanoic acid,

(2R.3R)-3-aminn-2-[[2-(2-cyclopropylethyDfuro[ 3.2-¢)
pyridin-4-yl]methyl}-2-hydroxy-4-(methylsultanyl)
butanoic acid, and

(2R 3R )-3-amino-2-[{ 2-butyl-7-methyfuro[3,2-c]pyvri-
din-d-ylymethyl - 2-hvdroxy-4-( methy lsultany]jbu-
tanoic acid.

10. A pharmaceutical composition comprising the com-

pound or a salt thereof according to claim 1.
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11. The pharmaceutical composition according to claim 10, which
is an agent for use in the treatment of nocturia.

12. A pharmacentical composition comprising the com-
pound or a salt thereof according to claim 1 and an excipient.

13. Use of the compound or a salt thereof according to claim 1 in the
manufacture of a medicament for the treatment of nocturia, wherein
an effective amount of the medicament is to be administered to the

subject in need thereof.

14. The compound or a salt thereof according to claim 9,
which is (2R,3R)-3-amino-2-{[2-(2-evclopropylethy]furo
[3.2-c]pyridin-4-y] |melh3‘|}-4-f ethylsulfanyl)-2-hydroxybu-
tanoic acid or a salt thereof.

15. The compound or a salt thereof according to claim 9.
which is  (2R.35)-3-amino-S-cvelopropyl-2-{[2-(2-cvelo-
propylethyljfuro] 3, 2-¢ [pyridin-4-y1 jmethyl }-2-hydroxypen-
tanoic acid or a salt thereof.

16. The compound or a salt thereof according to claim 9,
which is (2R,3R)-3-amino-2-1[2-(2-evelopropylethy fure
[3.2-c]pyridin-4-y1Jmethyl} -2-hydroxy-4-(methylsulfanyl)
hutanoic acid or a salt thereof.

17. The compound or a salt thereof according to claim 9,
which is (2R.3R)-3-amino-2-[(2-butyl-7-methyforo| 3.2-¢)
pyridin=d=ylimethyl]-2-hydroxy-d-{ methylsulfany] jbu-
tanoic acid or a salt thereot.



