1 DESCRIPTION Title of Invention: 4 -1SOPROPYLPHENYL GLUCI TOL COVMPOUNDS AS
SG.TL I NHI Bl TORS Techni cal Field [0001] The present invention relates to

4- i sopr opybphewmk7egl uci t ol conpounds whi ch have i nhi bi t ecy/Jaotioosug7
specific to sodi umdependent glucose transporter 1 (hereinafter abbreviated
as "SGE.T1" for conveni ence) involved in absorption of glucose and gal act ose
in the small intestine. Background Art [0002] Bl ood glucose |evels are used
as a biomarker for netabolic syndronme, and people are di agnosed as havi ng

di abetes if their fasting bl ood gl exceed 126 ng/dL. Moreover,
even if fasting bl ood glucose Ieveﬂgg?%lﬁmgi n a normal range, sone

D ana e 2Tyl BRRHRGR! ) Mot PG AT Uil 08 8 1 AdifoR00
ng/ dL and are dlagnose3 as” having 1 npaired glucose tolerance (or

post pr andi.ghndYiARE@ Ycem a) . Recent epi dem ol ogi cal studies have reported
t hat i npai red glucose tol erance increases the risk of cardiovascul ar

di sor der ?[Od(ﬁ?e’[ﬂ? T derﬁ'}fﬂvé}lﬁbn falates 1/ 4-&8%1!8%1525%% RRABI &ﬁlﬁ&fuhﬁéjwhﬁﬂthave

exerci se thefapy and/ or nedi cati on not esses the devel opnent of
type Il dhmabiedrgactivigepeeipiaits SshicthLiepeRichOlIfERP Ganspdrter B\(Ifeinhfiri ficantly
suppresses the onset of hypertension (see NPL 3). [0003] In view of the

f or egoi ngbbreviprdeas SSGLTOf f@rashpemeride pinvolypé irgdbsepiiva of gluebsd dnd@atadtvsein N
suppressing the onset of diabetes and/or nmetabolic syndrome, and there has
accor di ngteysnitlinteating. ncr easi ng denmand for drugs used to control

post prandi al hyperglycem a. [0004] As agents for inproving postprandi al
hyper gl y#aekgroundgAricosi dase i nhi bitors have been conventional ly used

wi dely, which inhibit sugar hydrol ases and thereby delay sugar absorption

from t he [Q0fR1 | Blopdeglugase levels azeiusediasa biamarkerdfer mgtabpkic syndeome,pad cemen

devel oped ot her agents . w th a new pechani smof action for inprovin
post pr anar%ffla i having %@be[tmgﬂflréﬁﬁtmﬁmm%iﬁvghﬂ@qdr%g%yﬂgi

epi t hel i sodi um dependent gl.ucose t qrpter 1 GLT1) is ex ssed- at
SPhi o 1 MyeRNRyveR RS e e A deicl AT SRS nditaliries) sisthPoBln T anc
plays a rol e i VS n rt, of glucose act pn the 2 snall
it oot | nd hois BB RIOOE BRRGHE 1 %s SMEEETLA 10RO 30 BEEn) s fimote
report ed, L eh 1-nhi i V! t pr | ucose
absorpti (%Wﬁé glnnP A{;{%ﬁe@'{l&g‘%@i éc%%@egg} ﬁ{)s%%m%dg?l %@é@%ﬁeﬁ%ﬂ' o%%t?i t?Igat ment of

post pr andbakmibifaEA sHafdiravé pertEd l-haﬂ-irﬁﬁhir%&%ll@)se folerdde® iRrBREs Mk of

sodi um dependent™ gl ucose transporter 2 (SG.T2) is expressed at a high

f r equenc yaidivvabiildfidibdeders 686 NPLUCASENPNCOY fFdritRf, 8ChdYbebi fepattediiatibterdise
reabsorbed via SA.T2 (see NPL 4). Moreover, it has been reported that upon
i nhi bi ti olfergfy fudiof Znedlddativh nyt oy gappresses the developniant of type 11 diabaed frothat ed t o
i nduce a hypogl ycem c action (see NPL 5). SGT2 inhibitors are

char act enmpactd glucosatol¢rarge, hatvadscasigraficaitlysnpprassps theyonsetiof hypertension gseeower
casual bl ood glucose levels, but their action to control postprandial
hypergl y®3.is low, unlike SGAT1 inhibitors. Further, there is a report
of C-phe% 3I ucitol derivatives which inhibit not only SGT1 activity but
al so SGLT8003¢t Inyyiey ofithe foaegoing, supnressioned ppstprapglial hypsaglycemiaihef ot her ~ hand,
in the case of drugs required to he.adm ni stered continuously, Jinc|]uding
hgent's 1 SRBPTAICHH THPHSSPE ksey oG AY BRmE RbP B ProRBe A e By
wi de nmarqgi

f f b h i d d.t he,. i i.d
ot foct aabdrheReeh ¥n RELASRE defiind BY BRSHstE 1 ShEoEP S PRt oBreoeBlidsc

it is difhhpbl tact r: ' ' . oy t an
excessi viOPg AspRei Rhifiordyi bonaRER BB L O ohbORAE iRl b
drugs rerméd“édhgeﬁtibnfawu?é@%ide#?%iéh@ﬂﬁbﬁguéa‘?h M%&rﬁﬁh&&ﬁy Qbihy s@g;‘a‘i’ si de
effects. For exanple, it is known that catTonic drugs whose nol ecule has a
hydr ophi labsorpticitiiforh @hdsmalRinktkihé.ar  aA0itidR ko BHRsk AxendsdiRRNIE bet diRRIdped J-
an aromatic ring) bind to phospholi pids through hydrophobi c bonding and are
t aken up olher hyaoswitka nawdnéshasiemastaidtivn fuir GidpioRingl Josprgriig hiypergheemiady. As
typi cal exanples, chloroquine is shown to cause retinopathy, while

per hexi | i[0@05¢i Vnsthe mpenmaiaa spratiihiestimal epitheliopasdijurhelepersient glucosduces
changes in the lung and cerebellum (see NPL 6). [0007] Thus, drugs are
desired tansportenpiSGLTEXs expisssetl abarhighdrdqoencyaf itds koewe thap SEd-Tillserves
efficacy. In particular, agents for inproving postprandi al hytpergl cem a

t hat rnustdeprdEEHDN SedivaratdaraysUelEsinachYetraspert efglugossor izalagtoss Bihe he
probl em of accumul ation in the body. G tation List




3 Patent Literature [0008] [PTL 1] International Publication No.

W2002/ 098893 [PTL 2] International Publication No. W2004/014932 [ PTL 3]
| nt er nat iwoabi1o0Rwbisscat i on No. W2004/ 018491 [ PTL 4] | nt ecmarzanei31s7

Publ i cati on No. W2004/019958 [PTL 5] International Publication No.
W2005/ 121161 [PTL 6] International Publication No. W2004/050122 [ PTL 7]
I nternational Publication No. W2007/136116 Non Patent Literature [0009]
[NPL 1] Pan XR, et al. Diabets Care, vol. 20, p. 537, 1997 [NPL 2] M
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Techni cal ect o present invention {s to provide

conpoundgHef hadd, E&hﬁrﬂﬂfeﬁ&fdeﬂl %lhcd%@ tﬂaﬁibo?ﬂeﬁ Qr(S'GE’ﬁ‘QFi@Texﬁrg%'eﬂﬁia FlghT1, which
have a wide margin of safety between the therapeutic dose and the toxic or

si de ef f geludiesen thrkidrRl| andsglidosé arﬁ@eemidr@caby ﬂfee%!l@ﬁ@hhmawd!ﬁa BGUIREe
sane. Solution to Problem [0011] The C-phenyl ucitol derivatives

di scl osedsee NHET4). 7 Mereevelrouhah been hepoeted th&mﬁanﬁﬂniﬁi@oxrﬁ’rmwrz activig, sugdney
wi t hout bei ng excreted. Based on this fact, the inventors of the present
i nvent i orxdretien intolerinexs éavdlitated snthducd £hgpoglycefmioadtiont(seNRIeS)E | HIIET2
compounds free fromthe problemof accumulation in the body. As a result,
the i nvemlnb@rﬁm@har@gtnuzmtthatihes’dwepy eperdiant hypoglyreric aghorptaindsr
represented by the follow ng formula (1), which are obtained, in

nt

parti cul 5@8uab§}09%ghu6@ﬁ9d¢w§8 theip petinsio cgﬂtsalmqsmgldﬂla BypsaglyesrBiars Iy,

di ly 4 h t d.int but
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present
[0006] On the other hand, in the case of drugs required to be administered continuously,

including agents for improving postprandial hyperglycemia, it is important to have a wide
margin of safety between the therapeutic dose and the toxic or side effect dose. Particularly
in the case of drugs prone to remain in the body, it is difficult to control their dosage required
for treatment, so that an excessive drug effect will be developed as a result of summing
residual drugs remaining in the body, thus leading to unexpected toxicity and side effects.
For example, it is known that cationic drugs whose molecule has a hydrophilic group (e.g., a
tertiary amine) and a hydrophobic group (e.g., an aromatic ring) bind to phospholipids
through hydrophobic bonding and are taken up by lysosomes and hence accumulated in all
organs in thé body. As typical examples, chloroquine is shown to cause retinopathy, while
perhexiline gives rise to a problem of neuropathy because it induces changes in the lung and
cerebellum (see NPL 6).

[0007] Thus, drugs are desired to be rapidly excreted from the body after developing their
efficacy. In particular, agents for improving postprandial hyperglycemia that must be
administered continuously are desired to be free from the problem of accumulation in the
body.
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[0012] Enbodinments will be given below for the 4-isopropyl phenyl gl ucitol
conpounds of the present invention (hereinafter referred to as "the
conmpoundswof2otomsweesent i nvention”). (1)A 4-isopropyl piremyP2ob/ozsisol
conpound represented by the followng fornmula (1) or a pharmaceutically
acceptable salt thereof: [Chem 1] wherein Ill represents a hydrogen atom
or a Cl1-4 alkyl group, R2 represents a Bhydrogen atom or a nethyl group,
R3 represents a "Cl_4 al kyl group substituted with an am no group(s) or a

di-Cl-4 | anmd no,_qroup(s)" or a piperidyl group, and R4 represents
a hydrog?ﬂ%‘fmer ﬁ“g‘éll ternatively, R3 and R4 together with their adjacent

Cubst ¢ ui R PEFE RPN R D0 Gt ou( ). (2) A
onar nhceut | cal 1 ok kA oSO S PWORogbabIRe Tollowtng oroup of @
[PTL 3] International Publication No. W02004/018491
[PTL 4] International Publication No. W02004/019958
[PTL 5] International Publication No. W02005/121161
[PTL 6] International Publication No. W02004/050122
[PTL 7] International Publication No. WO2007/136116
Non Patent Literature
[0009] [NPL 1] Pan XR, et al. Diabets Care, vol. 20, p. 537, 1997
[NPL 2] M Tominaga, et al. Diabets Care, vol. 22, p. 920, 1999
[NPL 3] J.-L. Chiasson, et al. Lancent, vol. 359, p. 2072, 2002
[NPL 4] E. M. Wright, Am. J. Physiol. Renal. Physiol., vol. 280, p. F10, 2001
[NPL 5] G. Toggenburger, et al. Biochem. Biophys. Acta., vol. 688, p. 557, 1982
[NPL 6] Folia Pharmacol. Jpn. vol. 113, p. 19, 1999 '
Summary of Invention
Technical Problem
[0010] The object of the present invention is to provide compounds or salts thereof with an
inhibitory effect against SGLT1, which have a wide margin of safety between the therapeutic
dose and the toxic or side effect dose, as well as pharmaceutical preparations comprising the
. same.
Solution to Problem
[0011] The C-phenyl glucitol derivatives disclosed in PTL 7 were found to have a tendency
to remain in the kidney without being excreted. Based on this fact, the inventors of the
present invention have made extensive and intensive efforts to investigate compounds free
from the problem of accumulation in the body. As a result, the inventors have found that
4-isopropylphenyl glucitol compounds represented by the following formula (I), which are

obtained, in particular, by introducing an isopropyl group into the benzene ring directly



(3)A 4-isopropyl phenyl glucitol conpound selected fromthe follow ng group
or a pharmaceutically acceptable salt thereof. [Chem 3] OH(1-2) (4) A
phar macewDcalo/qesmpar at i on, whi ch conpri ses the 4-isopr®@pyluptianysdigi uci t ol
conpound according to any one of (1) to (3) above or a pharmaceutically
acceptabl e salt thereof as an active ingredient. (5) An inhibitor of

sodi um dependent gl ucose transporter 1 4SG.T1l) activity, which 7 or a
pharmaceutically acceptable salt thereof as an active ingredient. (6) An

agent for_inprovin ost pr.andi,al ergl.ycem whi ch conprises the
27 sopr OB BRAR e B RS aai S R e PRy e R R aire EEpeiniS g
above or c i I t her eo an acthve. ..
ot edi eSePBEARETH o ARERRE B il BB APgBRY? St naigg,
conpri segqihehdconm &ggrp(ﬁ%g Bt i elGdd ©! conpound according to any one of
(1) to (% above opr“1 a phar naceut fcgpﬁy acceptabl e salt thereof as an active
i ngredi epd012] Embodiments will be given below for the 4-isopropylphenyl glucitol compounds of

the present invention (hereinafter referred to as “the compounds of the present invention™).

§)) A 4-isopropylphenyl glucitol compound represented by the following formula (I) or

a pharmaceutically acceptable salt thereof:

[Chem. 1]

wherein

R' represents a hydrogen atom or a Cy.4 alkyl group,

R’ represents a hydrogen atom or a methyl group,

R’ represents a “C;4 alkyl group substituted with an amino group(s) or a di-C; 4
alkylamino group(s)” or a piperidyl group, and

R? represents a hydrogen atom, or alternatively, R* and R* together with their
adjacent nitrogen atom form a piperidino group or a piperazinyl group, which may be
substituted with a Cy4 alkyl group(s) or a dimethylamino group(s).
(2) A 4-isopropylphenyl glucitol compound selected from the following group or a

pharmaceutically acceptable salt thereof.



(8) Use of the 4-isopropyl phenyl glucitol conmpound according to any one of
(1) to (3) above or a pharmaceutically acceptable salt thereof in the

manuf act e 20fo/Eswphyl actic or therapeutic agents for dipalvaParoos®) A

met hod for preventing or treating diabetes, which conprises adm nistering
to a mammal a therapeutically effective anmount of the 4-isopropyl phenyl
glucitol conpound according to any one gf (1) to (3) above or a
pharmaceutically acceptable salt thereof. Advantageous Effects of Invention
[ 0013] T%@ rgﬁent invention enables the provision of 4-isopropyl phenyl

gl uci t ol Hﬁb nds which have no tendency to accumulate in the body and

whi ch i nhi bit T1 .actiy scy i pti on,of od{ i
and phrases sgglr x\-}d’gﬁene'h as fgIO01 erm"Cl_4 al kyl
group” is Mtended tolmean a |inear 8F BHranchedjal kyl group contalnlng lto
4 carbon at 8B} E&anp{gs i ncl ude a netfyl, QFoup an ethyl group, a n-propyl
group, an |sopropyl up, a n-butyl group, an ??obutyl group, and a

tert-butyl group. [0016] The term"di-Cl_4 aIkyIanlno grpup” is intended to
nmean an anino gogHp.i 3 Y @ Exanpl es i ncl ude

m%‘i 0014] The terns

§
y

a dlnethylﬁ Ia ition, the
term "phar J accept abl e ' > |nte ded to nean, for exanple, a
salt with an apkali gal an al kal i ne” eg _gl, ammoni um or an

al kyl ammoni um or a saIt mnth a mneral acid or an organic acid. Exanples
include a 8 sodiumsalt, a}pq5a55|untsalt a calciumsalt, an anmoni um
salt, an alumnR Jfkﬁzlannnnlmﬁl alipr,. 3 or , an acetate
salt, a prgg , ad sald o @ oateos IE%n oct anoat e
salt, a tri gacetate salt, a nal salt, d tartrate salt, a citrate
salt, a steara e sal tg succi nat e saFP oaﬁ”etﬁgkpuccrnate saIt a

| act obi onate salt, a gfuconate salt, a glucuronate salt, a glucoheptate
salt, a glutarate salt, c“neiate salt, a suber ate sahto an azel ate salt,

a sebacat e salMed. s 2 bd @ar%oxylam : RedNdat e salt, a

. A ; S : pen@a Eanedloate salt, a
hexadecanedygat o5 a heptadecanedig. Ra a benzoate salt, a
2- hydr oxybenzoeit e sal®-2 a met hanesul f onat@® sal t ,(8-3n et hanesul fonate salt,
an et hanedi sul fonate salt, a 2-hydroxyethanesul fonate salt, a
benzenesul fonate salt, a p-tglyenesulfonate salt, a H 9
1, 5- napht hal ents® e sl tiy~a | aur yfeQ Bte 53 nbactate salt, a
hi ppur at e s}+,0 B te Qal 't "\ AHMRooR&k ex3 atQans%ﬁnaamﬂe sdt a
mal at e sal t ,qjpd-appartate salt, a gl utermgtensalt, an adi pate salt, a saIt
with cysteine, a8 salt@eath N acetyl cysteiOe, a tgerochl ori de salt, a
hydr obrom de salt, a phosphate salt, a sulfate salt, a hydroiodide salt, a
nicotinate salt, an oxalatewat, a picrate salt, a.jhjacyanate salt, a
undecanoat e s&PP iR i D t with a

[ e r irfrovi meost prandi al

5 “hi ch suppresses post prandi al

hyper gl ycem a ¢ theneby suppress the onSet of(pﬁstprandlal

hyper gl ycem a-rel at ed dlseasg (e.g., diabetes, netaboll drone) or
treat such di se® iPy ﬁﬂ%“ Ny, t hemdeer 4 Ei perglycenia"
i's intended, ol at eo wnet | oad : abnornally

r (P
d. state where 2-hour postprandi al
C useful ness of the
@ed bel pw (for details,
s of the present

\..dgggﬁghe sone,

el evated aftgr a.eal ,' nore speC|f|c£
bl ood gl ucose loavel s @ygeed 140 ng/d1. ] @
conpounds of the present |nven6|on wll be desc
see the test awappl as desodithed, later).
i nvention 3 G.T]ol th bi t or
al t hough meg HT2 i nhibitory aCtIVhb , Q@ t he conpounds of the
present inv ﬂtbp have 5a@hypoglycemc ef bR as1§§rong as that of the
conmpounds di scl osed in 2007113116 Furthernpre t he conpounds di scl osed
in v02007/136ﬂw33 S s H'mkf\/ghe ki dney wi t hout being excreted even

°|
HO




1 ng/ kg, whereas the conpounds of the present invention exhibited a
characteristic feature in that even when they were admnistered for 3
consecut iwe 20sy®3®w8 a dose of 3 ny/ kg, they unexpect edl yCuiJd2mabsngnai n in
t he ki dney at subsequent day 2. [0021] Thus, the conpounds of the present

i nvention have no tendency to remain in the body and are less likely to
cause side effects and toxicity due to gonti nuous adm nistration, and hence
appear to have practically excellent properties as pharmaceuti cal
preparatigns. [,0022] Wien the.conmpounds qf the.present. invention are

P v ded (P né P EPhiody N R STT Rurioin splsfiie BoRE Hosal YRS el ooy
dosage f i tions may be selected as appropriate.
In this @ggg?égﬁgﬁgfﬁ%%éﬁ@?@%ﬂﬁ?ﬁgggeptabIe carrier(s) may al so be
incorporz@ﬁgm anpl es of such a carrier include commonly used excipients,
extenders, binders, disintegratin gaents, coating agents, sugar-coating
agents, pH adjugiprs, splubili e*ﬁ, or _agueous or non-aqueous sol vents. The
conmpounds of the p @ vent ifo a?{d/\f €se carriers may be fornul ated
into tabl eng ~pi , Branu es, powders, solutions, enulsions,
suspensi ons o4 f; dosage forns. [0023] For exanple, the conpounds of the
present inventigy can be,provided in the formof oral tablets by being

m xed and tabletted with eXcipients and so on which are comonly used for
manuf acture of solid preparations. [0024] Al so, the compounds of the
present invention may be inclydeggy wWwthin, e.g., a-, 13- or y-cyclodextrin
or nethyl ated cy&padexiPrin 020 R eir solubility. [0025] The dosage

of the conﬂg
y

! esent Qi nvengiap-w |1 vary depending on the
di sease or am to be [treated, body i ght, age, sex, the route of

admi ni strat iH, Yef@d The daily dosage for adults is 0.1 to 1000 ng/ kg body
wei ght , preferaQHy 0.1 te2P00 ng/ kg body weight, and nore preferably 0.1 to
10 ng/ kg body weight, given as a single dose or in divided doses. [0026] As
preferred embodi ments of the preseng invention, the follow ng conpounds can
be presented, wigh ar g,p ep-rrciﬂ nithe R¢anple section. 10 [Chem 4]
OH(13- 2) A

4 A pharmaceutical preparation, which comprises the 4-isopropylphenyl glucitol
compound according to any one of (1) to (3) above or a pharmaceutically acceptable salt
thereof as an active ingredient.

(5) An inhibitor of sodium-dependent glucose transporter 1 (SGLT1) activity, which

comprises the 4-isopropylphenyl glucitol compound according to any one of (1) to (3) above



[0027] How to prepare the conmpound (1) of the present invention will be
explained in nore detail below by way of sonme exanples, but is not limted
to the pawOi2ou@s768ases illustrated bel ow. Preparation Pcogezus/essis] 0028]
The conpound (1) of the present invention can be synthesized in the

foll owi ng manner. [0029] In the schene shown bel ow, X represents an acetyl
group or a G _4 alkyl group, R5 WO 2016/ 095768PCT/JP2010/053187 11
represents R3 or R3 in which the amino group is protected with

Lert - DUt G 3ROSR Sdeep BB S EnJISL oRTRY RgifaES o e above.

(6) An agent for improving postprandial hyperglycemia, which comprises the
4-isopropylphenyl glucitol compound according to any one of (1) to (3) above or a
pharmaceutically acceptable salt thereof as an active ingredient.

@) A prophylactic or therapeutic agent for diabetes, which comprises the 4-
isopropylphenyl glucitol compound according to any one of (1) to (3) above or a
pharmaceutically acceptable salt thereof as an active ingredient.

8) Use of the 4-isopropylphenyl glucitol compound according to any one of (1) to (3)
above or a pharmaceutically acceptable salt thereof in the manufacture of prophylactic or
therapeutic agents for diabetes.

9 A method for preventing or treating diabetes, which comprises administering to a
mammal a therapeutically effective amount of the 4-isopropylphenyl glucitol compound
according to any one of (1) to (3) above or a pharmaceutically acceptable salt thereof.
Advantageous Effects of Invention

[0013] The present invention enables the provision of 4-isopropylphenyl glucitol
compounds which have no tendency to accumulate in the body and which inhibit SGLT1
activity.

Description of Embodiments

[0014] The terms and phrases used herein are defined as follows.

[0015] The term “C;4 alkyl group” is intended to mean a linear or branched alkyl group
containing 1 to 4 carbon atoms. Examples include a methyl group, an ethyl group, a
n-propyl group, an isopropyl group, a n-butyl group, an isobutyl group, and a tert-butyl group.
[0016] The term “di-C,.4 alkylamino group” is intended to mean an amino group substituted
with two Cy4 alkyl groups. Examples include a dimethylamino group and a diethylamino
group.

[0017] In addition, the term “pharmaceutically acceptable salt” is intended to mean, for
example, a salt with an alkali metal, an alkaline earth metal, ammonium or an

alkylammonium, or a salt with a mineral acid or an organic acid. Examples include a



conversion into am do group RSRANH [0030] (1) Step 1 (Heck reaction)
Compound (I'l1) and ol efin carboxylic acid (111) may be subjected to Heck
reacti on wo 20tvopreesence of a pal |l adi um catal yst, a phogphiyrzid/nisasd and an
appropriate base to give conpound (1V). Exanples of a palladium catal yst
used for this purpose include palladium acetate,

tetrakis(triphenyl phosphi ne) pal | adi um i benzyl i deneacet onepal | adi um

bi s(tri phenyl phosphi ne) pal | adi um chl ori de,

bis(tri cgg@ohexglghqsghi ne%ﬁal | adi um chl ori de, an palﬁéﬂadi um on activated
car bon. A S8l aypotassiim, sl A salcium, salty ap gmmppdum spltan almiggo salt g and

tri-Ot Olt1¥<l,t &h%@ﬁg}nih?n S}I{\FE{%{%% ﬁ‘ftﬁ?ﬂée@ﬁe ge];lt 3 bﬁgﬁgnzﬁg "sizil %l?)lu%{rgtg Galt' 2

i nclude tri m ne, di soprorjflpe{ ne,  potassi’um carbonat e,

cal ci um %@&ﬁ%?@;sgll’t, a%%%ia!ﬁﬂ%t%§£1E%r{ﬁhﬁoro§5€i'at9951@,%?}1%&5&6& %BPBQ%&HE:SFE,)(@{EQJFES of

a sol vent ava e for use I1n the reaction i'n acétonitri uene,

and tetr ghy rpdaistd Balt, AREcEiRAE Ezilf?'ﬁnteﬁgk_%ﬁéih% Qalt 3988 biohANSHE atﬂuéo%ﬁie‘éélt,
tenperature, or mcrowave may be used instead. [0031] (2) Step 2

( Conver siaQiudurdmatexaitdpghitsheplate shft, a glutarateGANPOPIREEIAtE YAlt, ABYbIPRAe SANDaNSEd
t hrough dehydration wth an am ne (R5RANH) to give conpound (V). Exanples

of a sol uedlite pilefacvebadtef salt, 418,9-rionaiddicrioxatite ult, a dot¢tdredibitosadd, ar m

di chl oronet hane, and N, N-di net hyl f ormam de. Exanpl es of a dehydration
condensi mdcagmaioatr sitea tetidéaancdibate syt mpestadecankdidate salt, a hexadecanedioate

N, N - di cycl ohexyl car bodi i m de (DCC),

N- et hy| - Kalt,3-he¢ptadecapedinita splt, ahgheeatheadl, p 2ridronybemoatesaltem¢ED@seifanate 1, 1' -
car bonyl di i m dazole (CDI), and EDC-1-1Cl /I|-hydroxybenzotri azol e

nonohydr 826 apatipresubionate salp ap sfhanedisnlicniecsalis 4 2dydroxyethancsylfanatessaie fr om

R R T
g T R A e
solvent (i eSS FEHIACE, §BARSRHETM, o ANSH Rl LRI b

hydr oxi de,: 4 Wi.hi i i CESj or
LY et myh S N R A o BBl AT AL B wal PO ABLHE AR el

met hanol ga1etaBaRliediad sh12 d WRAKAatBBAINAAVxalatd Valt! & PlctdtOBall @'?}H@élﬁh% Qalthy this
case ranges fromOC to 60C. Preparation Procedure 2 [0033] The conpound (1)

of the prad&ahodtdye)hisglbwitbanatsatd Bolgiier, @diazal with Deghoxghdiyhedlymett e
shown below. In the schene shown bel ow, the synbols are as defined above.
WO 2010/ (OEBG 8 AGd pAEARO 1dpe i3l Baproving postprandial hyperglycemia” is intended to mean a
drug which suppresses postprandial hyperglycemia to thereby suppress the onset of
postprandial hyperglycemia-related diseases (e.g., diabetes, metabolic syndrome) or treat
such diseases. As used herein, the term “postprandial hyperglycemia” is intended to mean a
state where blood glucose levels are abnormally elevated after a meal, more specifically a
state where 2-hour postprandial blood glucose levels exceed 140 mg/dl.
[0019] The usefulness of the compdunds of the present invention will be described below
(for details, see the test examples described later).
[0020] The compounds of the present invention have strong SGLT1 inhibitory activity and
also have some, although weak, SGLT? inhibitory activity. Moreover, the compounds of
the present invention have a hypoglycemic effect as strong as that of the compounds

disclosed in W0O2007/136116. Furthermore, the compounds disclosed in W02007/136116

tend to remain in the kidney without being excreted even at day 7 after oral administration at



13 [ Chem 6] R2 R5 Aca''"OAc N, (M11)OAc( V) R4 [0034] (4) Step 4
(Heck reaction) Compound (I'l1) and ol efin carboxylic acid (VI) nmay be
used and wohpaawswst o Heck reaction as shown in Step 1 etTBeapansstigon
Procedure 1 to give compound (VII).

9

1 mg/kg, whereas the compounds of the present invention exhibited a characteristic feature in
that even when they were administered for 3 consecutive days at a dose of 3 mg/kg, they
unexpectedly did not remain in the kidney at subsequent day 2.

[0021] Thus, the compounds of the present invention have no tendency to remain in the
body and are less likely to cause side effects and toxicity due to continuous administration,
and hence appear to have practically excellent properties as pharmaceutical preparations.
[0022] When the compounds of the present invention are provided in the form of
pharmaceutical preparations, various types of dosage forms such as solids and solutions may
be selected as appropriate. In this case, a pharmaceutically acceptable carrier(s) may also be
incorporated. Examples of such a carrier include commonly used excipients, extenders,
binders, disintegrating agents, coating agents, sugar-coating agents, pH adjustors, solubilizers,
or aqueous or non-aqueous solvents. The compounds of the present invention and these
carriers may be formulated into tablets, pills, capsules, granules, powders, solutions,
emulsions, suspensions or other dosage forms.

[0023] For example, the compounds of the present invention can be provided in the form of
oral tablets by being mixed and tabletted with excipients and so on which are commonly used
for manufacture of solid preparations.

[0024] Also, the compounds of the present invention may be included within, e.g., a-, - or
y-cyclodextrin or methylated cyclodextrin to improve their solubility.

[0025] The dosage of the compounds of the present invention will vary depending on the
disease or symptom to be treated, body weight, age, sex, the route of administration, etc.

The daily dosage for adults is 0.1 to 1000 mg/kg body weight, preferably 0.1 to 200 mg/kg
body weight, and more preferably 0.1 to 10 mg/kg body weight, given as a single dose or in
divided doses.

[0026] As preferred embodiments of the present invention, the following corhpounds can be

presented, which are prepared in the Example section.



[0035] (5) Step 5 (Conversion into am do group) Compound (VI1) and
amne (VII1) may be used and condensed t hrough dehydration as shown in Step
2 of Prepaoabioansigsocedure 1 to give conpound (V). [0036LT(8)016vs308D

(Depr ot ection) Compound (V) obtai ned above nmay be converted into
conmpound (1) by deprotection reaction as shown in Step 3 of Preparation
Procedure 1. Preparation Procedure 3 [O@37] Preparation Procedure for

internediate (I1) How to prepare internediate (I1), which is required
for prep atlo of the compound (I) of the present invention, will be
illustra nbél [0038] In the schene shown below, Xl represents a benzyl

pyYesentis a trinmethylsilyl group or a Cl1_4
ané~asS~defined WO
OH PrStep 8X10jPrStep 9 acid

group or a Cl-4
al kyl group, an@
2010/ 095763B!

hydroly5|saﬁﬁ)

[0027] How to prepare the compound (I) of the present invention will be explained in more
detail below by way of some examples, but is not limited to the particular cases illustrated
below.

Preparation Procedure 1

[0028] The compound (I) of the present invention can be synthesized in the following
manner.

[0029] In the scheme shown below, X represents an acetyl group or a C,.4 alkyl group, R’



TMSO HO OHOMe TM SO' ' OTMBHO' OH OTMSCH (XI) (XI 1) R1Oi PrStep 14
silylation HO OBr TMSO HOOHTM SO'* OTMS OHOTMB ( XVI )( XVI1 )
WO 2010/095768 PCT/JP2010/053187
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represents R° or R® in which the amino group is protected with tert-butylcarbonate (Boc), and

the other symbols are as defined above.

[Chem. 5]

Step 1
Heck reaction

Step 2 RS Step 3 _
conversion into amido group ’}‘ deprotection
» R4 —_—

R5R*NH

[0030] (1) Step 1 (Heck reaction)

Compound (II) and olefin carboxylic acid (III) may be subjected to Heck reaction in
the présence of a palladium catalyst, a phosphine ligand and an appropriate base to give
compound (IV). Examples of a palladium catalyst used for this purpose include palladium
acetate, tetrakis(triphenylphosphine)palladium, dibenzylideneacetonepalladium,
bis(triphenylphosphine)palladium chloride, bis(tricyclohexylphosphine)palladium chloride,
and palladium on activated carbon. Examples of a phosphine ligand include
triphenylphosphine and tri-O-tolylphosphine. Likewise, examples of a base available for
use include triethylamine, N-ethyl-N,N-diisopropylamine, potassium carbonate, calcium
carbonate, cesium carbonate, and potassium t-butoxide. Examples of a solvent available for
use in the reaction include acetonitrile, toluene, and tetrahydrofuran. The reaction
temperature ranges from 0°C to reflux temperature, or microwave may be used instead.

[0031] (2) Step 2 (Conversion into amido group)



R10 HO OH R2 HO*" OH OH ( XX) XO Step 17iPr 0Step 18 acyl ati onAcOreducti on
Acov OcntA:OH R2 (00 ) [0039] (7) Step 7 (Coupling)
WO 2010/095768 PCT/JP2010/053187

12

Compound (IV) may be condensed through dehydration with an amine (R’R*NH) to
give compound (V). Examples of a solvent preferred for use in this reaction include
chloroform, dichloromethane, and N,N-dimethylformamide. Examples of a dehydration.
condensing agent preferred for this purpose include N,N’-dicyclohexylcarbodiimide (DCC),
N-ethyl-N’-3-dimethylaminopropylcarbodiimide hydrochloride (EDC-HCI), 1,1°-
carbonyldiimidazole (CDI), and EDC-HCI /1-hydroxybenzotriazole monohydrate
(HOBt-H;0). The reaction temperature in this case ranges from 0°C to 60°C.

[0032] (3) Step 3 (Deprotection)

The Boc group in compound (V) may be removed under acidic conditions and the
acetyl (Ac) groups may be removed under basic conditions to give compound (I). The Boc
group is treated with hydrochloric acid or trifluoroacetic acid with or without a solvent (e.g.,
dichloromethane, chloroform, dioxane). For the acetyl groups, it is possible to use a base
such as sodium methoxide, sodium hydroxide, lithium hydroxide, potassium carbonate,
cesium carbonate, or triethylamine. Examples of a solvent preferred for this purpose
include methanol, ethanol, and aqueous methanol. The reaction temperature in this case
ranges from 0°C to 60°C.

Preparation Procedure 2
[0033] The compound (I) of the present invention can also be synthesized through another

route shown below. In the scheme shown below, the symbols are as defined above.



Compound (1 X) may be treated with an organonetal lic reagent (e.g.,
n-butyllithium sec-butyllithium tert-butyllithium to prepare an aryl

l'i t hi um rwagerwes7e thi s reagent, gluconol actone (X) maychapaddessiso gi ve
conmpound (Xl). Exanples of a solvent available for use in this reaction

i nclude tetrahydrofuran, diethyl ether, and toluene. The reaction
tenperature ranges from-80C to roomtepperature, preferably from-78Cto
- 25C. [0040] (8) Step 8 (Acid hydrolysis) Along with renoving the
silyl g&f 65 compound (XI') in methanol under acidic conditions, the
1-positi he sugar noiety may be converted into nethyl ether to give
conpound (XI'l1). Exanples of an ec e Fs]ed for this purpose include
hydrochl oric acigl, suld.uri gacid, thanesul f oni ggacid, ; ey fonic
aci d nonohydr ate id um p-t esul fonate o @ @ de

ridine,a® At hough eacti(Aao
e : éépe of R%aci dgtoig!g_used

depending @ , rom (Bf: to 100C,
Jfq’ro to @0C. [0041] (@) St ep”é?

pref erably k dty% ati on) (V1) The

hydr oxyl groups |n conpound (XII) may be prot ecte Wi th acetyl groups to

gi ve conpound (XI11). Conpound (XIl) may be reactedyw th, for exanple,
acetic asgygride or acetyl chlonige. ',1 thQSpresence of an

appr opr i ainersiba @ atndlo gionpe conpound @ anp of'}l a solvent avail able
for use i n—the reaction i meblGeCc di CR| or orfét hane, di oxane, et hyl
acetate, tetrahgdrofuran, aggs i met hy#?f or mani de. Exanpl es of a base
preferred fUzNjﬁ,@R%urlpose i ncl Q@ tri e(tWyI am ne, collidine, and pyridine.
As a reaction’/catmgl y%\f ) 4- di net hyl am nopyri di ne may be used. The reaction
tenperature preferably ranges fromOC to room tenperature. [0042] (10) Step
10 (Reducti on Conpound N be_r cneaovm h Et3SiH i-Pr3siH
t-BuMe2Si H o?e‘jf@g& HCL in the pr 7 A Cewns to gi ve conpound
(XI'V). Exa npf_és_of_$Levms o G For us%ln Rhi s reaction include
BF3- Et 20, CF3COOH, InCl3, Ti Cl\ oz
met hanesul foni ¢ aci d. Exanpl =) Qhso ve(nl) i ncl ude chl orofor rn

di chl or onet hane, toluene, tetrah RUr of uran, acetonitrile or m xed sol vents
thereof, and preferred are m xed solvents with acetonitrile, such as
acetonitrile/chloroform acetonitrile/dichloronethane,

acet oni t {003¢] t &) Sedpy4i(déakrreactioaret oni tril e/ t et rahydrof uran/ tol uene, etc.

The reaction tenperature in this case ranges from- 60C to 25C, preferably
from-30C to 2Semppuwid]) a@s!p}efst@rbomhe meif (¥Dearay bmysed and subjeqiechtoddenk wher e

Xl in conmpound (XIV) .is a benzyl grou debenzyl ati on may be_acconpli shed

by cat al yftapteorh%ﬁhey@naﬁ#@nl e.ﬂ%rsparathiy oggsiFe hiqpypremeounsi (Yga cat al yst
h d t t ed. d hyd d

ol ati 23ﬁ@gﬁf@%ﬁé@%ﬁ@oﬁé}lﬁaﬁ-,ro”u,abmﬂg' Chem pal | adi um on acti vat ed
b [ d .

ol vent “avar 1 abPopu (T mife YRS e@sﬁm SRR oyt B G Reftion

| SOPr OPagQLn oyl il fswlte BaralG Pldtedifit 410 B3 BhpSthe@nyent s thereof . The

reaction terrper ture r nges romroom errpe ture t’o refl ux t enper at ur e,

withr 00'[@03%@@1)@%@(]?@&8@&&6“ erred.

Compound (V) obtained above may be converted into compound (I) by deprotection
reaction as shown in Step 3 of Preparation Procedure 1.
Preparation Procedure 3
[0037] Preparation Procedure for intermediate (II)

How to prepare intermediate (II), which is required for preparation of the compound
(I) of the present invention, will be illustrated below. |
[0038] In the scheme shown below, X' represents a benzyl group or a C1;4 alkyl group, X2

represents a trimethylsilyl group or a C,4 alkyl group, and the other symbols are as defined



[0044] (12) Step 12 (Brom nation) Compound (XI'V) or the conmpound
obtained in Step 11 above may be reacted with brom ne, N bronosuccini m de,
hydr ogen woenioesws the like in a solvent to give conpowad/edd/os3exanpl es
of a solvent available for use in the reaction include chloroform

di chl oronet hane, acetic acid, nethanol, and N, N-di nethyl formam de. The
reaction tenperature in this case rangeg fromOC to roomtenperature.

[ 0045] (13) Step 13 (Deprotection) The acetyl groups in conpound (XV)
may be reErDved under basic conditions to give conmpound (XVlI). Exanples of a
base avafP®ste for use include sodi um et hoxi de, sodi um hydroxide, lithium
hydr oxi df eoot@ssi um car bonate, cesium carbonate, and triethyl am ne.

Exanpl es %? ™ Yol vent preferred for this purpose include nethanol, ethanol,
and aquegus nefhanalni.,.The reaction Br atiif,gaisn t hi $%aye rdBges from 0C
to 60C. [0046] (14)Step—#4 (¢ P aggon) —Fhendiydrany! greupsin
conmpound (XV1) naysob‘q;’zf’ogxect €S nFA‘gTSﬂ | yl groups (W .H”,OHtri met hyl si |yl
groups) to @hve conpoynd™sxvll). C?ggrpound (XVI') may bexfeacted with
trinethylsilyl chlori 8% triethylsilyl chloride, tert-butyldimethylsilyl
chloride or the like in a solvent in the presence of an appropriate base to
gi ve corrpounq(,o( XV 1 ). Exanples of, a sq| vent avail abl eRJ or use in the
reaction inclug Ehi ofgfar m di chPof pimet B, di oxane, yl Hhdtate,

t et r ahydP®f Ur giope and—1N; ormanmide. EXanpl@s| of "a hase preferred
for this PO 9% include trietRylahine, clifd.di ne, ~AnNg Pyridine. The
reaction tenmpgiature preferably rarges fromOC to roomtenperature. [0047]
(15) Step 15 (Coupling) Compound (XVI1) nmay be treated with an
organonetal lic reagent (e.g., n- butyllitswiug._sec-butyllithium
tert-butyllighi t Qe €pare an & b t Y, eagent . Teothis

gagent ,

al dehyde bl ey “Hegdd I conpounst (XI X) : f a sol vent
avai | abl eH%l[) . eg?n this rggl,% ' ~JTD§E1 ude, L&t rahydngs,? orwéiHeE hyl et her,

and toluene.odhe 17 reaction tenpesature ranges from-89@to room
t enperature, (preferably from-78Covp -25C. [0048] (16) Step™b (Acid

hydr ol ysi s) Conpound ( XI X) obtai ned above may be converted into
conmpound (XX) by acid hydrolysis reaction as shown in Step 8 of Preparation
Procedure 0049] ¢ 817 (Acetyl ati omd P~ Br
as:;? ;Sdmll:ysis HO] g %::;]l)iz»n y AcO o O O rset;‘:cltﬁm
T 7 wory o OHF T Ao oA OHR? —
OH OAc
(XX) ( XX1)

[0039] (7) Step 7 (Coupling)

Compound (IX) may be treated with an organometallic reagent (e.g., n-butyllithium,
sec-butyllithium, tert-butyllithium) to prepare an aryl lithium reagent. To this reagent,
gluconolactone (X) may be added to give compound (XI). Examples of a solvent available
for use in this reaction include tetrahydrofuran, diethyl ether, and toluene. The reaction
temperature ranges from -80°C to room temperature, preferably from -78°C to -25°C.
[0040] (8) Step 8 (Acid hydrolysis)

Along with removing the silyl groups in compound (XI) in methanol under acidic
conditions, the 1-position of the sugar moiety may be converted into methyl ether to give
compound (XII). Examples of an acid used for this purpose include hydrochloric acid,
sulfuric acid, methanesulfonic acid, p-toluenesulfonic acid monohydrate, pyridinium

p-toluenesulfonate, hydrogen fluoride pyridine, and n-BusNF.  Although the reaction



Compound ( XX) obt ai ned above may be converted into conpound (XXl) by

acetylation reaction as shown in Step 9 of Preparation Procedure 3. [0050]

(18) Stepwdo{oReshest i on) Conpound (XXl) obt ai nedpalbavsi1messise

converted into internmediate (I11) by reduction reaction as shown in Step 10

of Preparation Procedure 3. Preparation Procedure 4 [0051] Preparation
Procedure for internediate (I1) 1sntermedi ate (11) can al so be

synt hesi zed t hrough anot her route shown below. In this route, Steps 19 to

21 b f To NN t toth . t h, nb f st o
Fo055] 1 Ferbiven e ihien gk o e SbAnb REbmetnt aher e 2630 60 Gnem
8] Stﬁ%*%%ﬂﬁ%§“$9$§§k8§§?) Step 19 (Coupling) Compound (XXII) may

be treat an orga allic reagent (e.g., nbutyllithium

sec- but ykdqthi .| hthium) to prepare an aryl lithiumreagent.
gdd41i‘ Sbl')Wusééc}?é FA&%XMA()

this reagent, nol'actone (X) may be added to give conpound (XXII1).

e o ur a7 AP R ol Sy S ot g g

ranges f eoiipoHAIGXIN)." COSpAHREKEH) Ui beRELAQT Rith Yol EiMpld SeetiCanhd@fde or
acetyl chloride in a solvent in the presence of an appropriate base to give compound (XIII).
Examples of a solvent available for use in the reaction include chloroform, dichloromethane,
dioxane, ethyl acetate, tetrahydrofuran, and N,N-dimethylformamide. Examples of a base
“preferred for this purpose include triethylamine, collidine, and pyridine. As a reaction
catalyst, 4-dimethylaminopyridine may be used. The reaction temperature preferably ranges
from 0°C to room temperature.
[0042] (10) Step 10 (Reduction)

Compound (XIII) may be reacted with Et3SiH, i-Pr3SiH, t-BuMe,SiH or Ph,SiHCl
in the presence of a Lewis acid to give compound (XIV). Examples of a Lewis acid
available for use in this reaction include BF;-Et,0, CF3;COOH, InCl;, TiCl;, TMSOTT,
p-toluenesulfonic acid, and methanesulfonic acid. Examples of a solvent include
chloroform, dichloromethane, toluene, tetrahydrofuran, acetonitrile or mixed solvents thereof,
and preferred are mixed solvents with acetonitrile, such as acetonitrile/chloroform,
acctonitrile/dichloromethane, acetonitrile/tetrahydrofuran,
acetonitrile/tetrahydrofuran/toluene, etc. The reaction temperature in this case ranges from -
60°C to 25°C, preferably from -30°C to 25°C.

[0043] (11) Step 11 (Deprotection)

In a case where X' in compound (X1V) is a benzyl group, debenzylation may be
accomplished by catalytic hydrogenation under a hydrogen atmosphere using a catalyst such
as palladium on activated carbon, palladium hydroxide, or platinum-palladium on activated
carbon. Among them, palladium on activated carbon or palladium hydroxide is preferred as
a catalyst. Examples of a solvent available for use in this reaction include methanol, ethanol,

isopropanol, ethyl acetate, acetic acid, and mixed solvents thereof. The reaction

To



[0054] (20) Step 20 (Silylation) Subsequently to Step 19 above, the
hydr oxyl group at the 1-position of conmpound (XXIl1) may be protected with
a silyl gwoupiwswms, a trinmethylsilyl group). The reactipomJsslionssasy from
Step 19 may be reacted with trinethylsilyl chloride to give conpound
(XXI'V). A solvent available for use in the reaction and a preferred
reaction tenperature are the sane as thgse in Step 19. [0055] (21) Step 21
( Coupl i ng) Subsequently to Step 20 above, conpound (XXIV) thus
generated may be treated with an organo allic reagen e.d.

e but y1 © S RRER o Mo e BE 00 B e iRy Sl DPEsineciatrs,

l'ithium this reagent, aldehyde (XVII1) may be added to give
conpoundﬁ)gw&elﬁg&s?ol vent available for use in this reaction and a

pref erreggd@acti t%Pegp Bk gfe the sane as those in Step 19. [0056]
(22) st ego%z?(gc%g rﬁyéﬁ%ﬁof Conpound ( XXV) obtai ned above may be

y
converted i ntoCoaipBARNEXIVYEY e &ifnslﬁﬁhé obﬁéﬁfeelnysieg 1nedeld ARy rélefaRvitd Step
8 of Preparation Procedure 3. [0057] (23) Step 23 (Acetyl ag’l on)

Conpou nd_bf&ﬁiﬁﬂé)N%?érﬂbﬂ&dinﬁbﬂEﬂ;ﬂ%geh%r&ﬂﬂE oF iRdikelTh @ SEREROY rgdve(é&ﬂgﬁohhd by
acetylation reaction as shown in Step 9 of Preparation Procedure [ 0058]

(24) StegX¥3¥ (Fedwslts ofiy solvent availablfornid if ¥é\feadtionindudechladoform, may be
converted into conmpound (XXVII1) by reduction reaction as shown in Step 10
of Pr epadathiopomethens dostie id, nicghdnOl) 289 NI Sim&hglfoidtaniide.et Vhateactipnor

al kyl ati on) ~ The hydroxyl group in conpound (XXVIIl) may be protected
with an &usenpepaturgrio tiys caserranges drom QT wireem(temperatunet hyl at ed) to prepare

i nternedi ate (I@I@)). Conpound (XXVII1) nmay be reacted with, for exanple,
acetic ahPli &te%g@ﬂpf@mt&ﬂi)de in a solvent in the presence of an

iate b t i i nt di [1). Ex I f sol t i | abl
For Use | t he 1P ATIGHOMIGR GBPEHIHSOY IR DEHEEHISH SRGEIANE COUTDNIE. et hyl
tate, tetrahyd , d N di net hyl f i de. I b
ot of or r c& FSPPBHAE GV Ao EXhmples e S bR Ut R B Biaek SRS o 9T ol ne.
As a cat Qb nydio,MdBhATHASRN b REabisL ISP RS S The
reaction tenperat ure’ preser y rahges trom o roomtenpetature.

Al LT Nat eidthfamBiRID BABMplKEYL sbibct¥erbficd R HiE fuiphtdindRlil Heth 28], Srangl Y/

i odi de, 2-1odopropane ofr the ein ent e presence 0

appropri ah®afiRdes methdhye T QE4¥BE Blnfpetdtbirk-in EIQERE emgel frAmMSEPIC/BYo°evai | abl e
for use in the reaction include chloroform dichloronethane,

tet rahydg@ﬁ%q a(i4) Sidy T (Sityhirdohpr mami de, and acetone. Exanples of a base

preferred for this purpose include potassium carbonate, and cesium

car bonat e. Exaffpé égdroxyl groups in compound (XVI) may be protected with silyl groups (e.g.,
trimethylsilyl groups) to give compound (XVII). Compound (XVI) may be reacted with
trimethylsilyl chloride, triethylsilyl chloride, tert-butyldimethylsilyl chloride or the like in a
solvent in the presence of an appropriate base to give compound (XVII). Examples of a
solvent available for use in the reaction include chloroform, dichloromethane, dioxane, ethyl
acetate, tetrahydrofuran, and N,N-dimethylformamide. Examples of a base preferred for
this purpose include triethylamine, collidine, and pyridine. The reaction temperature
preferably ranges from 0°C to room temperature.
[0047] (15) Step 15 (Coupling)

Compound (XVII) may be treated with an organométallic reagent (e.g., n-

butyllithium, sec-butyllithium, tert-butyllithium) to prepare an aryl lithium reagent. To this

reagent, aldehyde (XVIII) may be added to give compound (XIX). Examples of a solvent

available for use in this reaction include tetrahydrofuran, diethyl ether, and toluene. The



[ 0060] The present invention will be further described in nore detail by
way of the follow ng reference exanples, exanples and test exanples, but

t he presewbD 20rv@ste8on shoul d not be construed as bei ng PCmIPEAONIBRSEDY .

Ref erence Exanple 1. Preparation of intermediate (A) [Chem 9] AcOi Pr 401
AcO 0 AcCr'' OAc QAc(A) 20 [Chem 10] HG Pr [0061] To a solution of
3-isopropyl phenol (25.0 g, 0.184 nol) ifyacetic acid (200 nL), a suspension
of potassiumiodate (7.88 g, 0.0368 nol) in water (75 nL) and iodine (18.7

?’em?e?;? PP SRS ECafogT QG0 PO Em s ey bEEHRLY FOOT o I
vashed (f@%‘{ga,a#‘i)@‘?%?a [P RslE sssiﬁf’ﬁﬁfhfﬂar bonat e and bri b6, and then
the-solvent -was Berry PRROThHMAOR S BlsSyelct BaBla OO BPRig o™
cotat o DGEPH AR ok AESEP Y m‘f%‘ﬁ“r“?@%?r%? ", cotorless ol
[0049] (17) Step 17 (Acetylation)
Compound (XX) obtained above may be converted into compound (XXI) by
acetylation reaction as shown in Step 9 of Preparation Procedure 3.
[0050] (18) Step 18 (Reduction)
Compound (XXI) obtained above may be converted into intermediate (II) by
reduction reaction as shown in Step 10 of Preparation Procedure 3.
Preparation Procedure 4
[0051] Preparation Procedure for intermediate (II)
Intermediate (II) can also be synthesized through another route shown below. In

this route, Steps 19 to 21 may be performed in one pot to thereby reduce the number of steps.

[0052] In the scheme shown below, the symbols are as defined above.

[Chem. 8]
Step 19 MOMO iPr Momo. iPr
MOMO. iPr coupling fit];[])a%i?m
5 5 _ > TMSO 0 on B | ————» [TMSO 0 otms B
T r
(XX11) ™o N0 (x) TMSO” Y~ OTMS TMSO™ Y~ "OTMS
TMSO” Y~ "OTMS oS oms
OTMS ( XXH1) (XXIV)
Step 21
OHCQ(XV"I) OMO |Pr Step 22 ‘Pr Step 23
OTMS acid hydrolysxs acetylatxon
OMe
2 2
couplmg ™SO OTMSOH R " oH OH R
OTMS
(o) (XXV1)

iPr HO iPr Br
O O Step 24 O O Step 25
0 reductlon AcO ¢/ acetylation or alkylation o
2 —_—
“one OAcR" A" oac N

OAc  (xxvil) OAC  (xxvill)



[0062] 1H NWR (200 MHz, CHLOROFORMd) 8 ppm 1.16-1.25 (m 6 H) 2.64-2.98
(m 1 H 521 (s, 1 H 6.57 (dd, J=8.13, 2.20 Hz, 1 H 6.88 (d, J=2.20 Hz,
1 H 7.54wW0adp100987683 Hz, 1 H). (2) Reference Exanple 1-2CcTGprmaossdsi A2)

[ Chem 11] BnOiPr (A2) [0063] To an acetonitrile suspension of conpound
(Al') (26.5 g, 0.101 nol) and potassium carbonate (20.9 g, 0.152 nol),
benzyl bromde (14.4 m, 0.121 nol) wasjgadded and stirred at room
tenperature for 2 hours, followed by addition of methanol (1.0 niL) and

ot a0 P SR R BRI+ bt edt. | The Tobul fine o8 dus vas puri 1 ed
b il | | h h : | = 95: 5 i

o ound (a9) CpbRind CLRITHAFHE R A WA GO AR kSN TG B RAR (208 Mt
CHLOROF o . =7 . . = . .

S (o BYfsfhlnfinf BE8 fuSilighidm, rliyRsyHinm$ i J breprE g b Binjur) Tl erp dhys"
7.23- 7. 38igbW, Fﬁc&‘ﬁola?ctcﬁt% &9 mah%-a%ged['%)bgg%e]: Edmpdudli (R&1A5.eNEanfpi@gtlae 1- 3

Compound (A3) [Chem 12] Bn 0" Pr To a sol ution of conpound (A2)
(30.2 g, s@9ent avaldble fod uddn thid3€ackiby inchude tdlratydiofhian] dibty) dtRerhMmEPBRchS3 M,

85.7 mml) was added dropwi se at -78C under a nitrogen atnosphere and
stirred Jhetrduetiodteinpeeinperadges €rofm8010 tonidoui Riperdners, préfesablyfromn78%C to
2,3,4,6- tetra-0-trinethylsilyl-Dglucono-1,5-1actone (40.0 g, 85.7 mol)
in THF (289CrL) was added dropwi se over 15 minutes and stirred at the sane
tenperature for 20 mnutes. To the reaction m xture, saturated aqueous
anmoni um[@094dr (D Stepsd) (Hilylatinn) wat er (100 nl) were added. This mixture was
warnmed to roomtenperature and then extracted twice with ethyl acetate. The
conbi ned or ganSubsegyently taSicp 1abeue the hydrpxylgroupad the 1-pasiionef comppypdus
magnesi u |fate, After filter] of f the desic t, the sql vent was

di gti Il ewﬂ) IHHHQ? prag wltlbpéégg&r@;p (e.g., a trimethy gi?yl group). e reaction

solution from Step 19 may be reacted with trimethylsilyl chloride to give compound (XXIV).
A solvent available for use in the reaction and a preferred reaction temperature are the same
as those in Step 19.

[0055] (21) Step 21 (Coupling)

Subsequently to Step 20 above, compound (XXIV) thus generated may be treated
with an organometallic reagent (e.g., n-butyllithium, sec-butyllithium, tert-butyllithium) to
prepare an aryl lithium reagent. To this reagent, aldehyde (XVIII) may be added to give
compound (XXV). A solvent available for use in this reaction and a preferred reaction
temperature are the same as those in Step 19.

[0056] (22) Step 22 (Acid hydrolysis)

Compound (XXV) obtained above may be converted into compound (XX VI) by
acid hydrolysis reaction as shown in Step 8 of Preparation Procedure 3.

[0057] (23) Step 23 (Acetylation)

Compound (XXVI) obtained above may be converted into compound (XX VII) by
acetylation reaction as éhown in Step 9 of Preparation Procedure 3.

[0058] (24) Step 24 (Reduction)
Compound (XXVII) obtained above may be convérted into compound (XXVIII) by

reduction reaction as shown in Step 10 of Preparation Procedure 3.



[ 0066] The resulting residue was dissolved in a solution containing

nmet hanesul fonic acid (2.9 g) in nethanol (840 nlL), and stirred at room

t enper at we 20mw09id#As5 hours. After neutralization wth trpcetuhyiensns (2.5
m.), the reaction m xture was concentrated. [0067] The resulting residue
(46.4 g) was dissolved in pyridine (125 nL) and cooled to 4C. To this
solution, acetic anhydride (75 nL) and ¢ di net hyl am nopyridi ne (102 ng,
0.835 mml) were added and stirred at roomtenperature for 19 hours. After

ddi ti i s d 500 nL th 1 Xt t ted tw ith
Shyl ol C TaEe i IS e R AR SGAN | yer o wer ¢ washod w ih
t t ed i i t { 22 d, t dri
Snhytrous magnadr REETLpLS ALRRR LRR VT ARy pe BB MBI AL FEBYET o
di sti f d i )
[0068] *ror Bfid LR ek ke (e, £ b G Regibse Loty ] HeorbRRARAVIRY O
acet oni t higyeoe(r@RedWvith, 15+ Snkpié, bdetlc AHnydB% dr 250 LiAde BFRsdR@id he- 9 nL,

85.7 mmol ) "were added at 4C under a nitrogen atnosphere, and stirred at the

same t enpedsaidéof ah@pprbpHateBdécSto glintep@ediaRIIN XEXrBpl@St £4d1vtin€ avatiabld
saturated aqueous sodi um bi carbonate and extracted with chloroform The

organi ¢ lfayse inee ressios dnoddelchiurbfoemadidhidrdreethanegdioaindey dthgliscemgnesi um
sulfate. After filtering off the desiccant, the solvent was distilled off
under r etkicbgidrofigas,uand NyNeditriethytfesvarhideg Esamplae ofvabaseypréfbiredifdoyhisi | i ca gel
col um chr omat ogr aphy (hexane: ethyl acetate = 5:1 -> 2:1) to give conpound
(A3) (19purpgse im%deMi@hﬂpmjnﬁasolbid%bgﬁmﬂyeiﬂil@w Asorqatadyst, Subst ance. [ 0069]
1H NWVR (300 MHz, CHLOROFORMd) 8 ppm 1.21 (d, J=6.99 Hz, 6 H 1.78 (s, 3 H)
2.01 (s, dnethylaminppysiding oxthedikggniyslegused.) —Ehopagtion temppragirg prefergbly ranggs o5,

£, 2 Ronio b K il Mool obtub s s Bl
7 26- 7. 5! i, cthybiodides andoryghane g s o SRt i e ofie Exampl &
1-4: CO”BBWgnstéﬂse[ t(ojk?\%' inge%e(ﬁge (ﬁS OE)é%Qp]éC& 'a' SO%?H available for use in the
reaction incl_ude chloroform, dichloromethane, tetrahydrofuran, N,N-dimethylformamide, and
acetone. Examples of a base preferred for this purpose include potassium carbonate, and
cesium carbonate.
Examples
[0060] The present invention will be further described in more detail by way of the
following reference examples, examples and test examples, but the present invention should
not be construed as being limited thereby.
Reference Example 1: Preparation of intermediate (A)

[Chem. 9]

(1) Reference Example 1-1: Compound (A1)



OAc (A4) [0070] To a solution of compound (A3) (19.1 g, 34.3 muol) in

nmet hanol (200 nL), 10% pal | adi um on activated carbon (1.8 g) was added and
stirred uwdenieobiedr ogen at nosphere at room t enper at ur e PCOIPRD1VOIBIET. Aft er
the reaction mxture was filtered through celite, the solvent was distilled
of f under reduced pressure and the resulting residue was purified by 23
silica gel colum chromatography (hexangyethyl acetate = 2:1 -* 1:1) to
gi ve conmpound (A4) (12.3 g, 77% as a col orl ess anorphous substance. [0071]
1H NWR (ﬁgo Nﬂ@ CHLOROFORM d) 8 ppm 1.20 (d, J=6.89 Hz, 6 H 1.83 (s, 3 H
2.01 (s, h?ﬁ' loe (s, 3 H 2.12 (s, 3 H 2.82 (sept, J=6.89 Hz, 1 H) 3.87
(ddd, J=9. 8@ iPr2.25 Hz, 1 H 4.14-4.21 (m 1 H) 4.27-4.36 (m 1 H)
4.59 (d, J:Q;E:;ﬁg, 1 H 52353 (m 3H 6.70 (dd, J=7.93, 1.71 Hz, 1 H
6.77 (d, J=U"7T"Hz, 1 H 6.80 (s, 1 H 6.91 (d, J=7.93 Hz, 1 H. M

ESI/ APCI Dual pasj: 489[ MrNa]t M5 ESI/APCI Dual nega: 501 M+Clf. (5)
Ref erence Exanple 1-5: Conpound (A5) [Chem 14] HG Pr 0 [0072] To a
solution of conpound (A4) (12.3 g, 26.3 mml) in acetic acid (120 nL),

brom ne &4.2 g, 26.3 mmol) was added dropwi se at roomtenperature. The
react i on|[0A6l] ule awalutioniof BaspriropylpheBoh@610sg, Oali¥d melgincasietic egid €200 mEY anl) was
added thereto. This m xture was extracted twice with ethyl acetate, and the
conbi ned sespgesienof pojassymyodate (ASR & 0-QB ehmobrip wates {7 hkd 80d iogking U&7 8,

bi carbonat e, 10% aquequs, sodi.um thi osul fate and brine, and then_dried over
anhydr ou8-07a6 mod) wiste adfiedy el hiswepehfory Ppywe wag Stred §tROYASPRYANE o he sol vent

O Ssol vedOiRus: pAgEaRR oSl FERPHESTHE Rt NERY Lol ) ik Srthf Mgt oo

dropw se, The m. x{ ur. sti{rred at for 1 hour d the resulting
or oot pi ¢ 205 Sl Ehele Rl b0 Bl Tty oyl BRI 0, | o

Do A S0 M PTG o B i B b 9
H 3.87 QIMsicéeﬁl?,- th8 sol¥ent Ivas distilled off under reduced pressure and the resulting residue

was purified by silica gel column chromatography (hexane:ethyl acetate = 95:5) to give

compound (A1) (27.6 g, 57%) as a colorless oil.

[0062] 'H NMR (200 MHz, CHLOROFORM-d) & ppm 1.16-1.25 (m, 6 H) 2.64-2.98 (m,

1H)5.21 (s, 1 H) 6.57 (dd, J=8.13, 2.20 Hz, 1 H) 6.88 (d, J=2.20 Hz, 1 H) 7.54 (d, J=8.13 Hz,

1 H).

(2) Reference Example 1-2: Compound (A2)

[Chem. 11]

BnOD/iPr
|

(A2)

[0063] To an acetonitrile suspension of compound (A1) (26.5 g, 0.101 mol) and potassium
carbonate (20.9 g, 0.152 mol), benzyl bromide (14.4 mL, 0.121 mol) was added and stirred at
room temperature for 2 hours, followed by addition of methanol (1.0 mL) and stirring for an
additional 30 minutes. Insoluble materials were filtered off, and the filtrate was
concentrated. The resulting residue was purified by silica gel column chromatography

(hexane:ethyl acetate = 95:5) to give compound (A2) (30.2 g, 85%) as a colorless oil.



24 2.18 Hz, 1 H 4.14-4.22 (m 1 H 4.28-4.36 (m 1 H 4.53 (d, J=9.33 Hz,
1H 516-5.39 (m 3 H 6.82 (s, 1 H 7.14 (s, 1 H. M ESI/APCI Dual posi:
567[ MrNa]wo208)dvk@s¢Na] . MS ESI/ APCI Dual nega: 579] M-ClecTh8iivstsd y. (6)
Ref erence Exanple 1-6: Conmpound (A6) [Chem 15] TM SO Pr 0
TVBOBr TMSO s' OTMS OTMS (A6) [0074] To a solution of conpound (A5) (12.2 g,
22.3 mmol ) in methanol (120 mL), triethylamne (24 nL) and water (24 nl)
wer e added. The reaction mxture was stirred at roomtenperature for 15

s A A, S ke LR AL
SRR To QI

at 4C “”%8(?116:3:ﬁr‘9$@9%§9§ﬁ}?1?1 The reaction m xture was stirred at 4C

for 1 hour, we addition of ice-cold water (150 nL). This mixture
was extr | W, , and the conbi ned organic | ayers

wer e msﬁ%%ﬁeﬁéﬁgﬁﬁﬁgiaturg}ﬂgghg &uéous sodi um bi carbonate and brine, and
then dri ¢dh@wer2janhydrous nagnesi um sul fate. After filtering off the

desi ccant, the sgl@ent grdi stilled off under reduced pressure to give
conpound (A6) (17. s an oil. This conpound was used for the next
reaction V\n'AtCB ation. ' :

“OAc
OAc

(A3)

AcO"

[0065] To a solution of compound (A2) (30.2 g, 85.7 mmol) in THF (450 mL), 2.6 M n-
butyllithium in hexane (33 mL, 85.7 mmol) was added dropwise at -78°C under a nitrogen
atmosphere and stirred at the same temperature for 15 minutes. Then, a solution of 2,3,4,6-
tetra-O-trimethylsilyl-D-glucono-1,5-lactone (40.0 g, 85.7 mmol) in THF (230 mL) was»
added dropwise over 15 minutes and stirred at the same temperature for 20 minutes. ‘To the
reaction mixture, saturated aqueous ammonium chloride (150 mL) and water (100 mL) were
added. This mixture was warmed to room temperature and then extracted twice with ethyl
acetate. The combined organic layers were washed with brine and dried over anhydrous
magnesium sulfate. After filtering off the desiccant, the solvent was distilled off under
reduced pressure.

[0066] The resulting residue was dissolved in a solution containing methanesulfonic acid
(2.9 g) in methanol (840 mL), and stirred at room temperature for 14.5 hours. After
neutralization with triethylamine (2.5 mL), the reaction mixture was concentrated.

[0067] The resulting residue (46.4 g) was dissolved in pyridine (125 mL) and cooled to 4°C.
To this solution, acetic anhydride (75 mL) and 4-dimethylaminopyridine (102 mg, 0.835
mmol) were added and stirred at room temperature for 19 hours.  After addition of ice-cold
water (500 mL), the mixture was extracted twice with ethyl acetate (500 mL). The

combined organic layers were washed with saturated aqueous sodium bicarbonate and brine,



[0076] 1H NWR (300 MHz, CHLOROFORM d)15 ppm -0.28 (s, 9 H) 0.08 (s, 9 H)
0.19 (s, 9 H 0.20 (s, 9 H 0.29 (s, 9 H 1.16 (d, J=6.84 Hz, 3 H 1.21 (d,
J=6. 84 HzwO20Hy0937687-3.37 (m 1 H) 3.41-3.56 (m 3 H 3pr62AB20i@033137 1 H)
3.76-3.86 (m 1 H 4.46 (d, J=8.24 Hz, 1 H) 6.64 (s, 1 H 7.47 (s, 1 H).

25 (7) Reference Exanple 1-7: Corrpound (A7) [Chem 16] HOLPr 40 OH [0077]
To a solution of conpound (A6) (13.4 0,72715.9 mml) in THF (140 nL), 2.6 M
n-butyl lithi umin hexane (7.7 nL, 20.0 mmol) vvas added dropwi se over 10

m nut es at r antrogﬁn at nos ere tlrreg t the sa

t errper at dpg ﬂfeB "@H "e’?ﬂﬁ“& TOYhpencsIuRy,p Eit%n 16 5‘:”(5‘&19 ﬁgFEH%aBE ﬂ;al dehyde
2 9, églvght was di 3 n%tﬂ{éd o'éFun(d T rem%cdvﬁa%g%qe%fvggo \M 5 ?%Ig[\)/(glrélgiﬁ @nnuj[ es and

stlrred era ure m Xt ur e,

saturat Efri‘ 06881 € 9% s%mmg of S Buat Lol MnQiqn’EEh?or@f'éF’Tﬁ(?ﬁlLﬁ M@%Jéh;)ngt‘ﬁ?er e added.

Thi s mx ure-was war to roomte erature rac wce with

et hyl $ ﬁL EISSiAQIR e %rﬂﬁﬁi()%zhﬂylﬁf;sE \éﬂérﬁ) Yashed. M%ﬁg%ér@ﬁd&!&dﬂd“ ed

over anh ous rragne5| um sul fate ter filfering off the siccant, the

sol vent wee yditd ditrBEenCitmotPMeR, ah@stitecicht PREEHY BmpEARifSTor IMEhdues Ul tHeNg

resi due was dissolved in a sol ution cont ai ni ng nmet hanesul fonic acid (0.9 g)

i n et hanedctibr aixtite wasdithtal with dutedragqoeddseopiRmbidiBondé afll &xtfaowd SvithAf t er
neutralization with triethylamne, the reaction m xture was concentrat ed.

The r esulchlonaforresi Theeongamsic payet vaedrakthedsvith baneggald drizdwver atiydroas egeagsiym
(chlorof orm met hanol = 10:1 8:1) to give conpound (A7) (5.75 g, 73% as a
col or | essulfater pABesfikaringtaihibe deiOGmE [thel sol WRWas BtiNed off MEdRdANDICed plesBirppm
1.01 and 1.04 (each d, J=6.88 Hz, 3 H) 1.18 and 1.19 (each d, J=6.88 Hz, 3
H 2.24 apgthe rzwltnw@ﬁldgq— was pprifieddry glicareel gplumnghrgmatggraplp (heppnozethyl
3.78-3.87 (m 4,50 (m 1 5.59 (s 80 (s, 1 H 6.98-
710 (i asbtale =rschir> 28300 eive comppunt (9101 £ 8% hesteesion AR posi
479[M0_ﬂam0rpqlo[ussgbs(f-)an é. (8) Reference Exanple 1-8: Internediate (A

[0069] 'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.21 (d, J=6.99 Hz, 6 H) 1.78 (s,
3 H) 2.01 (s, 6 H) 2.05 (s, 3 H) 2.86 (sept, J=6.99 Hz, 1 H) 3.80 (ddd, J=9.95, 4.59, 2.25 Hz,
1 H) 4.06-4.13 (m, 1 H) 4.19-4.27 (m, 1 H) 4.96 (d, J=9.95 Hz, 1 H) 5.10 (s, 2 H) 5.16-5.25
(m, 1 H) 5.33 (t, J=9.17 Hz, 1 H) 5.40-5.49 (m, 1 H) 6.79 (d, J=1.40 Hz, 1 H) 6.85 (dd,
J=7.93, 1.40 Hz, 1 H) 7.26-7.52 (m, 6 H).

MS ESI/APCI Dual posi: 579[M+Na]".
(4) Reference Example 1-4: Compound (A4)

[Chem. 13]
HO

o)

iPr

AcO

AcO" “OAc

OAc
(A4)

[0070] To a solution of compound (A3) (19.1 g, 34.3 mmol) in methanol (200 mL), 10%
palladium on activated carbon (1.8 g) was added and stirred under a hydrogen atmosphere at
room temperature for 2 hours.  After the reaction mixture was filtered through celite, the

solvent was distilled off under reduced pressure and the resulting residue was purified by



[ 0080] Conpound (A7) (5.7 g, 11.5 mml) was dissolved in pyridine (34 nL).
To this solution, acetic anhydride (17 nlL) and 4-di nmet hyl am nopyri di ne (10
ng) wer e wodet/@swsstirred at roomtenperature for 0.5 rQUAB2014hH33e87
addition of ice-cold water (500 nlL), the m xture was extracted twice with
ethyl acetate (500 nlL). The conbi ned organic | ayers were washed with
sat urated aqueous sodi um bi carbonate anghy brine, and then dried over
anhydrous magnesium sul fate. After filtering off the desiccant, the solvent
was distilled off under reduced pressure to give a crude compound A9y Q) .
{0081  THSE SelRalyran gpmaieciiey (R SRSHBS Y & Gy 1S ey BromimedaThe)
and acetyiri 0 i 17.0 mmol ) and BF3. Et20 (2.2 ni,
3B PR BrdresEhatdoliéonbstihee.

170 mmol ) Wwe a nitrogén atnosphere. The reaction

m xt ure rﬁggi STREH k4 e

t enper at mlrﬁr .5k339‘?)§m£1*he regggpgr@wgﬁﬁgl'\%gy’di ﬁgt@g{ ’?\nﬁ{t)?\@gsgéshr at ed
aqueous 3qfi M Ri §3)DAAGE3 &) 2. 126 PE) 282 dph JQB.|89rPsz,9rH‘)‘3.§-’h§id8,r pay | ayer
was washed with brine and dried over anhydrous nagnesiumsulfate. Affer
filtering.gsfs.2s e, depiacranrl éinhi? Al YeNS6 (as1 #) 59 (der-9dF Hendg)y 5 nedsed
pressure. The resulting residue was crystallized froma 4:1 hexane: et hyl
acet at e (mx3 HI) 6,70dd, X=47€93; @ JalHZ, n ). EC(dp I+ 7 EHeas H) i6l808%.0H) 6.9¢i(d.e
internediate (A (5.3 g, 68% as a col orless powder. [0082] 1H NWR (300
MHz, CHLORCPFORW: tH)8 ppm 1.12 (d, J=6.68 Hz, 3 H 1.14 (d, J=6.68 Hz, 3 H)
1.76 (s, 3 H 1.99 I(/S’ 3 H 2.03 gs, 3 H 2.06 (s, 3 H 2.27 (s, 3 H 2.37
(s, 3 H 2.93 MSEBSVAREEDygl posi: 489P)+Nal/6 (ddd, J=9.87, 4.51, 2.25 Hz, 1 H)
3.87 (s, 2 H 4.06 (dd, J=12.51, 2.25 Hz, 1 H) 4.27 (dd, J=12.51, 4.51 Hz,
1 H 4.49 (d, YOESUAPETI Dypalpegs: 3PMECGE (m 3 H) 6.59 (d, J=8.39 Hz, 1 H)

6.97 (s, 7.00_ (s, .1 7.20 J=8.39, 2.49 Hz, 1 H 7.34 (d, J=2.49
Hz, 1 ro(;)l@feff%c ymplel - FHPBBé‘?EA%s[ MeNa], 715[ Me2+Na] . [ 0083]

Al t er nat L(\f%l?i 4:]ntermedi ate (A) can also be synthesized as described in

Ref er enc rﬁ) es 1-9, 1-10 and 1-11 below. (9) Reference Exanple 1-9:
Conpound (A8) [ ChiEE

#8]-IAO Pr BrBr (A8) [0084] To a sol ution of
3-isopropyl phe olo(l, 1.18 nol) in acetic acid (1.6 L), a solution of
bromi ne (4680g, Y294 1ol Brin acetic acid (320 nL) was added dropw se over
32 m nutes f 'eogg:ol ing such that the internal tenperature did not
exceed 19C, fo '0= y stirring at roomtenperature for 1 hour. After
addition of toluene (1.6 L), 10% aqueous sodiumsulfite (1.0 L) was added
dr opwi se under i dB3¢ool i ng such that the internal tenperature did not
exceed 20C. The organic |ayer was separated and washed twice with 10%
aqueous sodiumsulfite (1.0 L) and 10% aqueous sodiumchloride (1.0 L), and

then dr i eghay e IBNGRYS SRIAGR! (AT B9 8553 RS in dckbEB A huf, e

desi ccan e sol'ven
bromine (4.2 g, 26.3 mmol) was added dropwise at room temperature. The reaction mixture

was stirred for 1.5 hours, and ice-cold water (150 mL) was added thereto. This mixture was
extracted twice with ethyl acetate, and the combined organic layers were washed with
saturated aqueous sodium bicarbonate, 10% aqueous sodium thiosulfate and brine, and then
dried over anhydrous magnesium sulfate. ~After filtering off the desiccant, the solvent was
distilled off under reduced pressure. The resulting residue was dissolved in 2-propanol

(20 mL), to which hexane (50 mL) was then added dropwise. The mixture was stirred at
4°C for 1 hour, and the resulting precipitate was filtered to give compound (A5) (9.8 g, 68%)
as a colorless powder.

[0073] 'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.12-1.26 (m, 6 H) 1.89 (s, 3 H)
2.01 (s, 3 H)2.07 (s, 3 H) 2.13 (s, 3 H) 3.22 (sept, J=6.74 Hz, 1 H) 3.87 (ddd, J=9.48, 3.73,



distilled off under reduced pressure to give conpound (A8) (342 g, 99% as
alight-yellowoil. [0085] 1H NMR (300 MHz, CHLOROFORMd) 5 ppm 1.21 (d,
J=6. 84 Hawo@otdy0987685 (sept, J=6.84 Hz, 1 H) 5.40 (s, 1 ITAPAGOHSBISTL H)
7.61 (s, 1 H. (10) Reference Exanple 1-10: Compound (A9) [Chem 19] MOM Oi
Pr BrBr (A9) [0086] To a solution of compound (A8) (512 g, 1.74 nol) in
chloroform (1.74 L), diisopropylethylamqne (364 n, 2.09 nol) was added and
cooled on ice. Chloronethyl nethyl ether (159 ni, 2.09 nol) was added

o oPut e 24t A9 B G S5l A0SR SETBTIEL R s o B

(1.5 L) \ﬁﬁ @g]ﬁgd gpﬂ' e ereto. The organic |ayer was separated and
washed wi't a}qg{éoUs @bhl m hydroxide (1.5 L) and water (1.5 L), and

then dried OVeM"ﬂme’@”f’“qgﬁgm%"@ﬁ%"ﬂ*?ﬁﬁ%ﬁj* aLﬂ‘i ltering off the

desi ccant, the solvent was still der re ced pressure. The

resul ting resi YLEYRAPLYDubl RGaby79IMAICH] ) SR 2uoger reduced pressure (0.93
to 1.5 hpa, 122C to 137C) to gl ve conpound !AQ) (548 g, 96% as a

|'i ght - yeliéyRreferehce EL@pid 14 ound , CHLOROFOCRMd) 8 ppm 1.22 (d,
J=6. 84 Hz()qgéH) 3.28 (sept, J=6.84 @Hédwi H 3.52 (s, 3 H 523 (s, 2 H)
7.06 (s, [Chéh. 16]69 (s, 1 H). Ms ESI/APCI Dual posi: 339[ MtH, 341[ M+2+H]t
(11) Reference e 1-1lp Internediate (A) [0088] To a solution of -
conmpound (A9) (2 g, mol) in THF (3.1 L), 2.76 Mnbutyllithiumin
hexane (23 pes added dropwi se over 20 mnutes at -86C to
- 74C under "an” ar gpn tm)sp%ere, and stirred at the sane tenperature for 35
m nutes. TheAVIS®" sy utQMSof

2,3,4,6-tetra-0-trOWd8yl silyl -D gl ucono-1,5-1actone (305 g, 0.652 nol) in
THF (890 nlL) was a@sj@d dropwi se over 38 mnutes and stirred at the sane
tenperature for

[0074] To a solution of compound (AS) (12.2 g, 22.3 mmol) in methanol (120 mL),
triethylamine (24 mL) and water (24 mL) were added. The reaction mixture was stirred at
room temperature for 15 hours and further stirred at 50°C for 10 hours, followed by distilling
off the solvent under reduced pressure.

[0075] The resulting residue was dissolved in N,N-dimethylformamide (106 mL), .to which
triethylamine (18.6 mL, 134 mmol) and chlorotrimethylsilane (14.3 mL, 112 mmol) were
then added at 4°C under a nitrogen atmosphere. The reaction mixture was stirred at 4°C for
1 hour, followed by addition of ice-cold water (150 mL). This mixture was extracted three
times with toluene, and the combined organic layers were washed with water, saturated
aqueous sodium bicarbonate and brine, and then dried over anhydrous magnesium sulfate.
After filtering off the desiccant, the solvent was distilled off under reduced pressure to give
compound (A6) (17.4 g) as an oil. This compound was used for the next reaction without
purification.

[0076] 'H NMR (300 MHz, CHLOROFORM-d) & ppm -0.28 (s, 9 H) 0.08 (s, 9 H) 0.19 (s,
9H)0.20 (s, 9 H) 0.29 (s, 9 H) 1.16 (d, J=6.84 Hz, 3 H) 1.21 (d, J=6.84 Hz, 3 H) 3.17-3.37
(m, 1 H) 3.41-3.56 (m, 3 H) 3.62-3.72 (m, 1 H) 3.76-3.86 (m, 1 H) 4.46 (d, J=8.24 Hz, 1 H)
6.64 (s, 1 H) 7.47 (s, 1 H).



50 mnutes. Further, trinmethylchlorosilane (82.8 nL, 0.652 mml) was added

dropwi se over 4 mnutes and stirred at the sanme tenperature for 3 hours.

Then, 2. ASoNvtwdstegl | ithiumin hexane (326 nl, 0.901 nolprToRs)1adskesy

dropwi se over 23 mnutes and stirred at the sane tenperature for 40

m nutes. Finally, a solution of 4-bronp-2- nethyl benzal dehyde (136 g, 0.683

mmol ) in THF (890 nL) was added dropw sg5over 43 mnutes and stirred at the

sanme tenperature for 35 mnutes. The reaction mxture was diluted with

wat er (3. and rmed.t oom t rature. After addition of toluene

(3.1 L), (Mgf&ﬂa%ﬁganﬁ%?ﬁ@?@éb‘i@ kd and the sol vent was distilled off

under reigﬁgd essure. [0089] The resulting residue (633 g) was dissol ved
ipft)

in netha . L(% and net hanesul fonic acid (4.03 ni, 0.0621 nol) was
added thereto, f&lOqmd REAeadBling under reflux for 1 hour. The reaction
ey

m xture was cQol rrperature, neutralized with 29 triethylam ne
(17.3 m, &Q22 ) andit hen concentrated. The concentrated product (413
g) was di ssolped | f@He' (1.1 L) and washed three tines with water (1.65
L). The organic er was diluted with toluene (0.55 L) and extracted with
1 M aqueous sodi um hyd@@,gi de (0.55 L). The aqueous |ayer was washed with
toluene (1.65 L) and atidified by addition of 2 M aqueous hydrochloric acid
(0.43 L). The resulting aqueous |ayer was extracted with toluene (1.1 L).
The organic | ayer was washed with 10% aqueous sodiumchloride (1.1 L),

fol I owed [by7Ali Thoial dolutidn f EorhPeurdiqlAGs (113 489859 hﬁﬁ(ﬂ?ﬁmﬂF?ﬁﬂﬂhE ,2AONP0] The
resulting residue (273 g) was dissolved rn THF (1701 L). To this solution,
di i sopr opybh@yliHi@diinBexaie 67. 7L, 20 95miol ) wastidded GropAiedvedr) foddhitesdt - 78203
nol ) and 4-di net hyl am nopyridine (615 ng, 5.04 mmvl) were added and stirred
at room tead@eymtrogen dimosphirelmdrstirred hethe ant tempenatiicfors whsute ol B@non | ce,
and water (1.0 L) and toluene (1.0 L) were added thereto. The organic |ayer
was sepasalutidn ahdé-bwamdrddnethylberzatdehpdee@ . 2ag i ummed)din MHH(2danbpwas &lded. 0 L),
followed by distilling off the solvent under reduced gr essure. [0091] The
resul ti ngropygsaener (3 gungfys suskstigicd 9 thesgmieferapesatyrd for #9 mingeys TotheTo this
solution, water (9.07 nL, 0.504 nol) and t-BuMe2Si H g)334 nm., 2.02 nol) were
added andecacHen Buxtyre, patwrated gapeans gmpgorvy shtoside AHH) mlhandoyatenGOPmi3yere
2.17 nol) .over 30 minutes. After stirring at the sane tenperature for 1
hour , - acafRd o Ao b viarmed torrog tsmPrrajure aathen cxirasing Sacoyih il

m nutes and stirred at. the sane tenperatuge,f an additional 15 m nutes.
To the. r dBEEon ThE sviiacd GishfiE e et i Eaih s5ihs LI S pipardad

bi car bon we , ' d washed
w th 0 el sulete SRR AR off e YIRS T G
(1.92 L) redifRBd bRs&urdri ed over anhydrous magnesium sulfate. After filtering
of f the desiccant, the solvent was distilled off under reduced pressure and
the resullod78y MaE rebuRingassidiesdslissorrd ih b QBluioR ESRaRRg rickhArstfonid A&d
resulting précipitate was filtered to give internediate (A) (201 g, 47% 4
steps) ag0.9 g) il meihass (POEE), anBsfifred ar®omx@fipbatide fdrr0ePhaas.i onfiaf

i nternedi ate (B) (1) Reference Exanple 2-1: Conpound (Bl) [Chem 21]

MeOi Pr ( B&ytralization with triethylamine, the reaction mixture was concentrated. The resulting

residue was purified by silica gel column chromatography (chloroform:methanol = 10:1 —
8:1) to give compound (A7) (5.75 g, 73%) as a colorless amorphous substance.
[0079] 'H NMR (600 MHz, METHANOL-d,) & ppm 1.01 and 1.04 (each d, J=6.88 Hz,
3 H) 1.18 and 1.19 (each d, J=6.88 Hz, 3 H) 2.24 and 2.26 (each s, 3 H) 2.95-3.07 (m, 1 H)
3.35-3.69 (m, 5 H) 3.78-3.87 (m, 1 H) 4.37-4.50 (m, 1 H) 5.59 (s, 1 H) 6.80 (s, 1 H) 6.98-
7.10 (m, 2 H) 7.24-7.30 (m, 1 H) 7.33 (s, 1 H).

MS ESI/APCI Dual posi: 479[M-OH]*, 481[M+2-OH]".

(8) Reference Example 1-8: Intermediate (A)



[ 0092] To a suspension of compound (Al) (27.4 g, 0.104 nol) and potassium
carbonate (21.7 g, 0.156 nol) in acetonitrile (200 nL), nethyl iodide (9.8
m_, 0. 156worbjossssadded and stirred at 40C for 2.5 houwpst/ypeidinizosmal

met hyl iodide (3.5 nL, 0.052 nol) was further added and stirred at the sane
tenperature for 1 hour. Insoluble materials were filtered off, and the
filtrate was diluted wth ethyl acetateg The organic |ayer was washed wth
wat er, 10% aqueous sodiumthiosulfate and brine, and then dried over

anhydr oui F%grﬁ?al umsul fate. After filtering off the desiccant, the sol vent
was di st ¥ f under reduced pressure. The resulting residue was

iRugm. dBir omat ogr aphy (hexane --> hexane: et hyl

nd (Bl) (24.5 g, 85% as a light-yellow oil.
ORMd) 8 ppm1.24 (d, J=6.84 Hz, 6 H) 2.87

(sept, J=6.8 -4 5) 3 H 6.58-6.65 (m 1 H 6.70 (d, J=1.87 Hz,
L 7.65 (d°3=skpg A 1 H. MS ESI/APCI Dual posi: 277[MiHt  (2)
Ref erence Exanpl e~2-2: CfWpound (B2) 31 [Chem 22] MeOi Pr AcOOMe

AcO s."OAc OAc (B2) [0094] To a solution of compound (Bl) (24.5 g, 88.6
mmol) in THF (100 nL), 2.6 Mn-butyllithiumin hexane (34 niL, 88.6 mol)

sane t entlPRY LYeRReRha R e s 11 pruoh P bR P (A L) lr i e
S 0-trd : _ 4, Bn. . (37.. i n..THF (60
m) was SOMEE R dnby a1 1380 ek RO A b fridind (1 iRy B Red dhaTEF 12

Tt e St rod) thiiferh@Rhor 05 HEulS: \/ter AR 1R1AY Whtof(RA4EM, RN e

m xture was war ne O room tenperature an en extract

acet at e. miRRrERIPENRLATRRIVEH ANATaEURI(SO0BINCATHE EdnbinbdEreafie 15)eted over
anhydrous magnesium sul fate. After filtering off the desiccant, t'he sol vent

was di st mlekeedlashiell withdturited d@RAuPsciathl bearidndR%nd brige ! Bduhdd diedroRsi due was
di ssolved in a solution containing nmethanesul fonic acid (1.55 g, 16.1 mmol)

i n met haaohydf@B8Gnagnesiamcsudfhier r Adteafilteramoff ehpdasitcantethe solventhvoasrdistilled oéfr
neutralization with triethylamne (11.2 nL, 80 5 mmol ), the reaction

m xt ur e wadergedhwed preasureto £i00 8 6tudgleempeund Bing). r esi due (30.2 g) was

di ssolved in pyridine (100 nL). To this solution, acetic anhydride (100 ni)
was addedO0QAd &piarspbmwatof tiserude aerapaund (8.5rHn ellopaforms (80xpLpandargionitele of

ice-cold wate 400 , . the m xture was extracted twice with ethyl acetate
BT, BB 87 ! o Mt} st BESECS b3 mE 7 S oot} were o at ¢

under a nitrogen atmosphere. The reaction mixture was warmed to room temperature and
then stirred at the same temperature for 0.5 hours. The reaction mixture was diluted with
saturated aqueous sodium bicarbonate and extracted with chloroform. The organic layer
was washed with brine and dried over anhydrous magnesium sulfate. After filtering off the
desiccant, the solvent was distilled off under reduced pressure. The resulting residue was
crystallized from a 4:1 hexane:ethyl acetate mixture, and the resulting precipitate was filtered
to give intermediate (A) (5.3 g, 68%) as a colorless powder.

[0082] 'H NMR (300 MHz, CHLOROFORM-d)  ppm 1.12 (d, J=6.68 Hz, 3 H) 1.14 (d,
J=6.68 Hz, 3 H) 1.76 (s, 3 H) 1.99 (s, 3 H) 2.03 (s, 3 H) 2.06 (s, 3 H) 2.27 (s, 3 H) 2.37 (s,

3 H)2.93 (sept, J=6.68 Hz, 1 H) 3.76 (ddd, J=9.87, 4.51, 2.25 Hz, 1 H) 3.87 (s, 2 H) 4.06
(dd, J=12.51, 2.25 Hz, 1 H) 4.27 (dd, J=12.51, 4.51 Hz, 1 H) 4.49 (d, J=9.64 Hz, 1 H) 5.10-
5.33 (m, 3 H) 6.59 (d, J=8.39 Hz, 1 H) 6.97 (s, 1 H) 7.00 (s, 1 H) 7.20 (dd, J=8.39, 2.49 Hz,
1H) 7.34 (d, J=2.49 Hz, 1 H).



(200 nL). The conbined organic |ayers were washed with 1 M aqueous

hydrochl oric acid, saturated aqueous sodi um bi carbonate and brine, and then
dri ed ovewoantwwswes nmagnesi um sul fate. After filteringpofifrreheosbesi ccant,
the solvent was distilled off under reduced pressure and the resulting
residue was purified by silica gel colum chromat ography (hexane --->
hexane: ethyl acetate = 6:4) to give compound (B2) (32.8 g, 80% 3 steps) as
a light-yellowoil. 32 [0097] 1H NMR (300 MHz, CHLOROFORMd) 8 ppm 1.23

S Coon, opeBbyAPRE Dt it ot ¥l istab RallS (5 4%:')(§aéz TSPTY

Joto 16, Tosih adetueistd infbuBatuld (ag ol o 6 frinSizbllas dedihibey BrRdrbEhce, 4

Hz, 1 H & 6&?19 éf_b%? Hey pdioh) 6-79 (dd, J=8.08, 1.55 Hz, 1 H) 7.26-7.33
Expfhlestio 1570 40 1

(m 1 H posi: 533[ MtNa]t (3) Reference Exanple 2-3:
Corrpound(%)E}@gfe,[ag}'éeEQ llMﬁ’@onﬁfoqug 98] To a solution of conpound (B2)
(32.8 g, 64.0 mmol ) in chloroform (150 nL) and acetonitrile (150 mi),

Et 3Si H ( &hérh.18}28 mmol ) and BF3. Et20 (49 nL, 385 mmol) were added at 4C
under a ni;kygen a#gnsphere and stirred at the sane tenperature for 1 hour.
The reaction re was diluted with saturated aqueous sodi um bi carbonat e
and extract§, chl oroform The organic |ayer was washed with brine and
dri ed over anhydrous magnesium sul fate. After filtering off the desiccant,
the sol vent wd@BHistilled off under reduced pressure and the resulting
residue was purified by silica gel columm chromatography (hexane: et hyl
acetate = 2:1) to give conpound (B3) (22.9 g, 74% as a |light-yellow gum

s e
4. 88- 4. 9%"’1(‘%;‘( ¢t ng';}}ﬁ@pg .gzﬁrgf‘ r?}"lg?%“‘é‘. agyd @an’?(was?qqfd gt OPJYV'iied‘,’"(“'g] ~1. 55
Doat  pos? 2 RSP hcdpig sut e inbdindl éilichauft fillnot dbbea P!/ AP

followed by stirring at room temperature for 1 hour. After addition of toluene (1.6 L), 10%

aqueous sodium sulfite (1.0 L) was added dropwise under ice cooling such that the internal
temperature did not exceed 20°C. The organic layer was separated and washed twice with
10% aqueous sodium sulfite (1.0 L) and 10% aqueous sodium chloride (1.0 L), and then
dried over anhydrous magnesium sulfate. ~After filtering off the desiccant, the solvent was
distilled off under reduced pressure to give compound (A8) (342 g, 99%) as a light-yellow oil.
[0085] 'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.21 (d, J=6.84 Hz, 6 H) 3.25 (sept,
J=6.84 Hz, 1 H) 5.40 (s, 1 H) 6.96 (s, 1 H) 7.61 (s, 1 H).
(10) Reference Example 1-10: Compound (A9)
[Chem. 19]
MOMO iPr
Br:[::[;r
(A9)
[0086] To a solution of compound (A8) (512 g, 1.74 mol) in chloroform (1.74 L),

diisopropylethylamine (364 mL, 2.09 mol) was added and cooled on ice. Chloromethyl

methyl ether (159 mL, 2.09 mol) was added dropwise over 60 minutes and stirred at room



(4) Reference Exanple 2-4: Conpound (B4) [Chem 24] MeOi Pr [0101] The
sane procedure as shown in Reference Exanple 1-5 was repeated to give
conpound WB4p10(@5768 g, 96% as a |ight-yell ow anor phous PsubyB2ENVOTB18EX CEpt
t hat conmpound (A4) was replaced by conpound (B3). [0101] 1H NWR (300 MHz,
CHLORCFORM d) 8 ppm 1.20 (d, J=6.84 Hz, 3 H 1.23 (d, J=6.84 Hz, 3 H 1.80
(s, 3H 2.01 (s, 3 H 2.05 (s, 3 H 2.8 (s, 3 H 3.31 (sept, J=6.84 Hz, "1
H 3.77-3.82 (m 1 H 3.83 (s, 3 H 4.10-4.17 (m 1 H 4.22-4.30 (m 1 H)
00 (0 o0 R lh Sl SR Bl Ped B ol ok
Compound hg@r@m{e%}% rﬂ) &aé]adh@yﬁrgﬁw};mrgt%r mgrgsaiﬁgliil}/)%r was separated and washed

with 1 M aqueous sodium hydroxide (1.5 L) and water (1.5 L), and then dried over

anhydrous magnesium sulfate. After filtering off the desiccant, the solvent was distilled off

under reduced pressure. The resulting residue was purified by distillation under reduced

pressure (0.93 to 1.5 hpa, 122°C to 137°C) to give compound (A9) (548 g, 96%) as a

light-yellow oil.

[0087] 'H NMR (300 MHz, CHLOROFORM-d)  ppm 1.22 (d, J=6.84 Hz, 6 H) 3.28 (sept, -

J=6.84 Hz, 1 H) 3.52 (s, 3 H) 5.23 (s, 2 H) 7.06 (s, 1 H) 7.69 (s, 1 H).

MS ESVAPCI Dual posi: 339[M+H]", 341[M+2+H]".

(11) Reference Example 1-11: Intermediate (A)

[0088] To a solution of compound (A9) (210 g, 0.621 mol) in THF (3.1 L), 2.76 M n-

butyllithium in hexane (236 mL, 0.652 mol) was added dropwise over 20 minutes at -86°C to

-74°C under an argon atmosphere, and stirred at the same temperature for 35 minutes. Then,

a solution of 2,3,4,6-tetra-O-trimethylsilyl-D-glucono-1,5-lactone (305 g, 0.652 mol) in THF

(890 mL) was added dropwise over 38 minutes and stirred at the same temperature for

50 minutes. Further, trimethylchlorosilane (82.8 mL, 0.652 mmol) was added dropwise

over 4 minutes and stirred at the same temperature for 3 hours. Then, 2.76 M

n-butyllithium in hexane (326 mL, 0.901 mol) was added dropwise over 23 minutes and

stirred at the same temperature for 40 minutes. Finally, a solution of 4-bromo-2-

methylbenzaldehyde (136 g, 0.683 mmol) in THF (890 mL) was added dropwise over

43 minutes and stirred at the same temperature for 35 minutes. The reaction mixture was

diluted with water (3.1 L) and warmed to room temperature. After addition of toluene

(3.1 L), the organic layer was separated and the solvent was distilled off under reduced

pressure.

[0089] The resulting residue (633 g) was dissolved in methanol (3.1 L), and

methanesulfonic acid (4.03 mL, 0.0621 mol) was added thereto, followed by heating under

reflux for 1 hour. The reaction mixture was cooled to room temperature, neutralized with



OTMs (B5) [0102] The sane procedure as shown in Reference Exanple 1-6 was
repeated to give conpound (B5) (30.3 g) as a brown oil, except that
conpound Wwé2)ivmsiesepl aced by conpound (B4). This conpowrod/ragonssagy f or the
next reaction wi thout purification. [0103] 1H NWR (300 WMHz, CHLOROCFORMd) 8
ppm-0.32 (s, 9 H 0.09 (s, 9 H 0.18 (s, 9 H 0.20 (s, 9 H 1.19 (d,
J=6.84 Hz, 3 H 1.23 (d, J=6.84 Hz, 3 Hjg 3.26-3.44 (m 3 H) 3.52- 3.58 (m
2 H 365375(m 3 H 3.76-3.83 (m 1 H) 380(s 3 H 4.60 (d, J=8.55

Cl Dual

N mtﬁylg@wwﬁi?ml‘r%%mﬁagaﬁ it sopseRaled. o 1b¢ comaaeeRiPlEst on (B6)
5?;324100%15@ BRI R0 IF W}é'asd SR ﬁce#ﬁ%ﬁ’? Ryl gL g o
Ot ORer RNt a0y AR AF Y (GSTROUM e libiRlen v DBk phldp MRt 0 MEs

3: g; ?gg gﬁdx%%c{e?é‘?sb B, @hé&%&?ésoragcrﬁﬁas(mShgd kllth%?ﬁgné(la?s ﬁﬂnd%fﬁﬂﬁe% @4 a”d

Hz, 1 H) a8difien éf @5/[ Gdjﬂeoﬁs h?dro&lﬁ)gesidl AUA3 %‘@heﬁ@sﬁiltmfﬁﬁ%ﬁmer wh3S[ Mt2- O"]

(7) Reference Exanple | nt er nedi at e
extracted with toluene (1.1 L). The organic layer was washed with 10% aqueous sodium

chloride (1.1 L), followed by distilling off the solvent under reduced pressure.

[0090] The resulting residue (273 g) was dissolved in THF (1.01 L). To this solution,
diisopropylethylamine (776 mL, 4.53 mol), acetic anhydride (381 mL, 4.03 mol) and
4-dimethylaminopyridine (615 mg, 5.04 mmol) were added and stirred at room temperature
for 21 hours. The reaction mixture was cooled on ice, and water (1.0 L) and toluene (1.0 L)
were added thereto. The organic layer was separated and washed with saturated aqueous
sodium bicarbonate (1.0 L), followed by distilling off the solvent under reduced pressure.
[0091] The resulting residue (390 g) was dissolved in acetonitrile (3.85 L). To this
solution, water (9.07 mL, 0.504 mol) and t-BuMe,SiH (334 mL, 2.02 mol) were added and
cooled on ice, followed by dropwise addition of TMSOTT (392 mL, 2.17 mol) over

30 minutes. After stirring at the same temperature for 1 hour, acetic anhydride (95.2 mL,
1.01 mol) was added dropwise over 10 minutes and stirred at the same temperature for an
additional 15 minutes. To the reaction mixture, toluene (3.85 mL) and 3% aqueous sodium
bicarbonate (1.92 L) were added. The organic layer was separated and washed with 3%
aqueous sodium bicarbonate (1.92 L) and 10% aqueous sodium chloride (1.92 L), and then
dried over anhydrous magnesium sulfate. After filtering off the desiccant, the solvent was
distilled off under reduced pressure and the resulting residue was crystallized from
2-propanol (1.42 L). The resulting precipitate was filtered to give intermediate (A) (201 g,
47%; 4 steps) as a colorless powder.

Reference Example 2: Preparation of intermediate (B)



[Chem 27] MeOiPr O O 40 [0106] The sane procedure as shown in Reference
Exanple 1-8 was repeated to give internediate (B) (14.2 g, 88% as a
col or | essweorgpsws subst ance, except that conpound (A7pcras201epizaged by
conpound (B6). [0107] 1H NMR (300 WMHz, CHLOROFORMd) 8 ppm 1.11 (d, J=6.68
Hz, 3 H 1.14 (d, J=6.68 Hz, 3 H 1.75 (s, 3 H 1.99 (s, 3 H 2.04 (s, 3 H
2.05 (s, 3 H 2.28 (s, 3 H 2.90 (sept,3935 J=6.68 Hz, 1 H 3.71-3.90 (m 3
H 3.86 (s, 3H 3.85-3.87 (m 1 H 4.05-4.15 (m 1 H 4.19- 4.28 (m 1 H)
4 77- 4 8? Em %)H) 5.11-5.23 (m 1 H 5.26-5.37 (m 2 H 6.54 (d, J=8.24
Gham- 7% "1 M) 6.96 (s, 1 H) 7.17 (dd, J=8.24, 2.64 Hz, 1 H) 7.32
(d J 2 64 Hz, 1MeQ s HSIrLARMBr Dual posi: 685[ MkNa], 687[ M+2+Nar .
Ref er ence Exa IeOS g on of internediate (C) [Chem 28] MO001 !Pr
[0108] TheAs&Te a shown in Reference Exanples 1-7 and 1-8 were
repeat ed to'g C (2.26 g) as a light-yell ow anorphous
subst ance, except E corrpound (A6) was replaced by conmpound (B5), and
4- br ono- 2- net hyl benZal de de was repl aced by 4-bronobenzal dehyde. [0109] 1H
NVR (300 MHz, CHLOROFORM d) 8 ppm 1.04 (d, J=6.84 Hz, 3 H 1.09 (d, J=6.84
Hz, 3 H 1.76 (s, 3 H 2.01 (s, 3H) 2.05 (s, 3 H 2.06 (s, 3 H 2.91-3.06

1 4 =5.13 Hz, 2 H) 4.06-4.18 1
Stmzo 4, 3&6%%‘?%85’&?% ﬁg?}’ ﬁgﬁﬁﬁs 15-5. 43 (mH)s H 6.77 (gm 1 H)H) 6.92

(d, J=8.%8ydf 03 W 7.11 (s, 1 H 7.36 (d, J=8.55 Hz, 2 H).

MeOD/iPr
I

(B1)

[0092] To a suspension of compound (A1) (27.4 g, 0.104 mol) and potassium carbonate
(21.7 g, 0.156 mol) in acetonitrile (200 mL), methyl iodide (9.8 mL, 0.156 mol) was added
and stirred at 40°C for 2.5 hours. Additional methyl iodide (3.5 mL, 0.052 mol) was further
added and stirred at the same temperature for 1 hour. Insoluble materials were filtered off,
and the filtrate was diluted with ethyl acetate. The organic layer was washed with water,
10% aqueous sodium thiosulfate and brine, and then dried over anhydrous magnesium sulfate.
After filtering off the desiccant, the solvent was distilled off under reduced pressure. The
resulting residue was pﬁrified by silica gel column chromatography (hexane — hexane:ethyl
acetate = 95:5) to give compound (B1) (24.5 g, 85%) as a light-yellow oil.
‘[0093] 'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.24 (d, J=6.84 Hz, 6 H) 2.87 (sept,
J=6.84 Hz, 1 H) 3.88 (s, 3 H) 6.58-6.65 (m, 1 H) 6.70 (d, J=1.87 Hz, 1 H) 7.65 (d, J=8.08 Hz,
1 H). |

MS ESI/APCI Dual posi: 277[M+H]".
(2) Reference Example 2-2: Compound (B2)



Ref erence Exanple 4: Preparation of intermediate (D) [Chem 29] [ Chem
30] [0110] To a solution of 2,2-dinethyl-3-butenoic acid (J. Og. Chem,
vol . 65, WO 280025768000) (5.42 g, 47.5 mmol) in chl or of orow@RZA0/MI3Ng7 oxal yl
chloride (4.43 L, 49.9 mmol) and N, N-di met hyl f ormam de (3 drops) were
added under a nitrogen atnosphere and stirred at roomtenperature for 1.5
hours. The reaction m xture was then copled on ice, and triethylamne (19.9
m., 143 mmol ) and a-am noi sobutyric acid nmethyl ester hydrochloride (10.9
g, 71.2 E&)In}r re added thereto, followed by stirring at roomtenperature
for 1 holr'® reaction mxture was diluted with water and extracted with
chl orof orm The Mefdnic JHfer was washed with 3 M aqueous hydrochloric
acid, saturate sodi um bi carbonate and brine, and then dried over
anhydr ous grestdip’sulfate. After filtering off the desiccant, the sol vent
was distilled off UndOMe& educed pressure and the resulting residue was
purified by AGQ cA deAccol utm chromat ogr aphy (hexane -> hexane: et hyl
acetate = 4:1) tdfFve conpound (D1) (9.38 g, 93% as a col orl ess powder.
[0111] 11-1 NMR ((B@P MHz, CHLOROFORMd) 8 ppm 1.27 (s, 6 H) 1.51 (s, 6 H)
3.73 (s, 3 H 5.17-5.32 (m 2 H 6.02 (dd, J=17.56, 10.57 Hz, 1 H 6.25
(br. s., 1 H. M ESI/APCI Dual posi: 214[MtH. (2) Reference Exanple 4-2:

Internmediate (D) [ Chem 31]
[0094] To a solution of compound (B1) (24.5 g, 88.6 mmol) in THF (100 mL), 2.6 M

n-butyllithium in hexane (34 mL, 88.6 mmol) was added dropwise at -78°C under a nitrogen
atmosphere and stirred at the same temperature for 5 minutes. Then, a solution of 2,3,4,6-
tetra-O-trimethylsilyl-D-gluéono-1,5-1actone (37.6 g, 80.5 mmol) in THF (60 mL) was added
dropwise over 25 minutes and stirred at the same temperature for 10 minutes. To the
reaction mixture, ice and water were added, and the mixture was warmed to room
temperature and then extracted with ethyl acetate. The combined organic layers were
washed with brine and dried over anhydrous magnesium sulfate. After filtering off the
desiccant, the solvent was distilled off under reduced pressure. |

[0095] The resulting residue was dissolved in a solution containing methanesulfonic acid
(1.55 g, 16.1 mmol) in methanol (380 mL) and stirred at room temperature for 2 hours.

After neutralization with triethylamine (11.2 mL, 80.5 mmol), the reaction mixture was
concentrated.

[0096] The resulting residue (30.2 g) was dissolved in pyridine (100 mL). To this solution,
acetic anhydride (100 mL) was added and stirred at room temperature for 14 hours. After
addition of ice-cold water (400 mL), the mixture was extracted twice with ethyl acetate

(200 mL). The combined organic layers were washed with 1 M aqueous hydrochloric acid,
saturated aqueous sodium bicarbonate and brine, and then dried over anhydrous magnesium
sulfate. After filtering off the desiccant, the solvent was distilled off under reduced pressure
and the resulting residue was purified by silica gel column chromatography (hexane —
hexane:ethyl acetate = 6:4) to give compound (B2) (32.8 g, 80%; 3 steps) as a light-yellow

oil.



37 for 1 hour. Then, the reaction m xture was concentrated. The resulting
resi due was dissolved in water and neutralized wwth 3 M aqueous

hydr ochl owocori9s768 Thi s mi xture was extracted w t h et hylPcagermv/es3igmd t he
conbi ned organic |ayers were washed with brine and dried over anhydrous
magnesi um sul fate. After filtering off the desiccant, the solvent was
distilled off under reduced pressure tozpgive internediate (D) (8.19 g, 94%
as a colorless powder. [0113] 1H NWR (300 MHz, CHLOROFORMd) ppm 1.29 (s,

6 1.5 ) . 16- 6 .0 dd, . J1=17. 49, .

. 14 (s 10097 “nend obnipctoforbrlssp a1 3 M irkepd g ed 46 oua
: 19 Ref I ' i flnt ' Ch
St (e bYLaT SR G M an tr Hl g eeh 2 Bt Rt A ar o
A) (5.0 )| i pt ipt . : ll g |1
cer are. (IBFOSTIAT 0 16 AT TRENE R AR tnd1 A OB B s )

triethyl 3maes (GsPHIL HP5 86 (@T72410.18 THZ?QGHJFH%G gddl $= 10218, Ol4h RS }%@6.74 l at
120C for 20 mnutes under mcrowave Irradiation. The reaction xture was
filtered thsouni¢pld 10 danriameshad mi, it buly Bqgi, atiy. The filtrate vas
concentrated under reduced pressure and the resulting residue was purified
by silica gel oo$ BSYAPDI Dwal p@i:aBBpMENaKane: et hyl acetate = 1: let hyl
acetate) to give internediate (E) (4.59 g, 78% as a |light-yell ow powder.
[0115] 1KBNR&HeleBCOENAmaple CHL: QeoipohM (B3)5 ppm 1. 16, 1.18 (each d, J=6.84 Hz,
each 3 H 1.40 (s, 6 H 1.54-1.58 (m 6 H 1.76 (s, 3 H 1.99 (s, 3 H 2.03
(s, 3 H[€hes.2H, 3 H

MeO

o

iPr

AcO
AcO" “OAc
OAc
(B3)

[0098] To a solution of compound (B2) (32.8 g, 64.0 mmol) in chloroform (150 mL) and
acetonitrile (150 mL), Et;SiH (21 mL, 128 mmol) and BF3-Et;0 (49 mL, 385 mmol) were
added at 4°C under a nitrogen atmosphere and stirred at the same temperature for 1 hour.
The reaction mixture was diluted with saturated aqueous sodium bicarbonate and extracted
with chloroform. The organic layer was Washed with brine and dried over anhydrous
magnesium sulfate. After filtering off the desiccant, the solvent was distilled off under
reduced pressure and the resulting residue was purified by silica gel column chromatography
(hexane:ethyl acetate = 2:1) to give compound (B3) (22.9 g, 74%) as a light-yellow gum.
[0099] 'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.22 (d, J=6.99 Hz, 6 H) 1.77 (s,
3 H) 2.01 (s, 3 H) 2.05 (s, 3 H) 2.07 (s, 3 H) 2.87 (sept, J=6.96 Hz, 1 H) 3.80-3.87 (m, 1 H)
3.84 (s, 3 H) 4.09-4.16 (m, 1 H) 4.22-4.29 (m, 1 H) 4.88-4.95 (m, 1 H) 5.18-5.27 (m, 1 H)
5.32-5.38 (m, 2 H) 6.71 (d, J=1.55 Hz, 1 H) 6.83 (dd, J=7.93, 1.55 Hz, 1 H) 7.23-7.30 (m,
1 H).

MS ESI/APCI Dual posi: S03[M+H]".

MS ESI/APCI Dual nega: 515[M+Cl].



38 2.28 (s, 3 H 2.36 (s, 3 H 2.9

(s, 2 H 4.01-4.08 (m 1 H 4.24 (dd

J=9. 17 HzwOoXot8)0957687-5.32 (m 3 H) 6.31 (d, J=16.32 Hz, pCTHP20608B1§s, 1 H)
6.55 (d, J=16.32 Hz, 1 H) 6.77 (d, J=7.62 Hz, 1 H 6.92 (s, 1 H 6.99 (s, 1
H 7.12-7.18 (m 1 H 7.26 (s, 1 H . M ESI/APCI Dual posi: 810[ MtH],

832[ MtNa] . Ms ESI/APCI Dual nega: 808[494 H . Reference Exanple 6:
Preparation of internediate (F) [Chem 33] [0116] The sane procedure as

shown in grenc Exa was I ted to give internediate (F) (2.03 g,
879 as &‘Bﬁiﬁ ISWCS%MP&&?Q po{‘?\‘ggﬁﬁnt ernedi ate (A was repl aced by
intermedl[gﬁ(gn@ [0117] 1H NMR (300 MHz, CHLOROFORMid) ppm 1.17, 1.14

(each d, 3 H 1.38 (s, 6 H 1.55 (s, 6 H 1.76 (s, 3 H 1.98 (s,
3H)204(56 VMeO2 26 'Er3H)294303(m1H)376383(m1H)

8-3.10 (m 1 H) 3.71-3.79 (m 1 H 3.94
dd, J=12.43, 4.51 Hz, 1 H) 4.47 (d,

384395& r(% 4.15 (m 1 H) 4.16-4.25 (m 1 H) 4.81 (d, J=9.79
Hz, 59@152(m19m)523535(m2H)629(s 1H 6.31 (d,
J:1632Hz 6°b@a¢d, J=16.32 Hz, 1 H 6.67 (d, J=8.08 Hz, 1 H) 6.81

posi: 782[ MtHr, 8 M+Na] . MS ESI/APCI Dual nega: 780[MH . Reference

(s, 1 H 6. S, é 7.06-7.14 (m 1 H 7.24 (s, 1 H. M ESI/APC Dual
Exanple 7: Preparfgf‘ron of internediate (G [Chem 34]

[0101] The same procedure as shown in Reference Example 1-5 was repeated to give
compound (B4) (25.5 g, A96%) as a light-yellow amorphous substance, except that compound
(A4) was replaced by compound (B3).
[0101] "H NMR (300 MHz, CHLOROFORM-d) 6 ppm 1.20 (d, J=6.84 Hz, 3 H) 1.23 (d,
J=6.84 Hz, 3 H) 1.80 (s, 3 H) 2.01 (s, 3 H) 2.05 (s, 3 H) 2.09 (s, 3 H) 3.31 (sept, J=6.84 Hz,
1 H) 3.77-3.82 (m, 1 H) 3.83 (s, 3 H) 4.10-4.17 (m, 1 H) 4.22-4.30 (m, 1 H) 4.83 (d,
J=9.48 Hz, 1 H) 5.17-5.38 (m, 3 H) 6.75 (s, 1 H) 7.49 (s, 1 H).

MS ESI/APCI Dual posi: 581[M+Na]*, 583[M+2+Na]".
(5) Reference Example 2-5: Compound (B5)
[Chem.25]

[0102] The same procedure as shown in Reference Example 1-6 was repeated to give
compound (BS) (30.3 g) as a brown oil, except that compound (AS5) was replaced by
compound (B4). This compound was used for the next reaction without purification.
[0103] 'H NMR (300 MHz, CHLOROFORM-d) & ppm -0.32 (s, 9 H) 0.09 (s, 9 H) 0.18 (s,
9H)0.20 (s, 9 H) 1.19 (d, J=6.84 Hz, 3 H) 1.23 (d, J=6.84 Hz, 3 H) 3.26-3.44 (m, 3 H) 3.52-
3.58 (m, 2 H) 3.65-3.75 (m, 3 H) 3.76-3.83 (m, 1 H) 3.80 (s, 3 H) 4.60 (d, J=8.55 Hz, 1 H)



(G [0118] The sane procedure as shown in Reference Exanple 5 was repeated
to give internediate (G (854 ng, 60% as a |ight-yell ow anorphous

subst ancewoesmapssshat i nternedi ate (A) was repl aced bypcmiyezoredizase (C) .
[0119] 1H NWMR (300 MHz, CHLOROFORMd) 8 ppm 1.08 (d, J=6.84 Hz, 3 H 1.12
(d, J=6.84 Hz, 3 H 1.38 (s, 6 H 1.53 (s, 6 H 1.77 (s, 3 H 2.00 (s, 3 H
2.05 (s, 6H)306(seth684Hz 14) 3.78-3.83 (m 1 H 3.84 (s, 3 H)
397(32 407418(m1H)417427(m1|—|)487(dd J=6.76, 2.88
Hz, 57216%&2 527540(m2H)618633(m2H)654(d
J1648|9z(i 1H)703(d J=8.08 Hz, 7.10 (s, 1 H 7.29

(d, J=8.08 Hz, PCL ﬁ%‘ @E 790[ MtNa] . M5 ESVAPCI
Dual nega: 766 %UAggl E@; I+f§]0§'J 79;5[ MOn of internediate (H)
[ Chem 3 %ST@ 0] Under an argon atnosphere, a
suspensi g@@g er me |lgtzfaas (Oﬂ%?ég) 0.312 nol), 2, 2-dinmethyl- 3-butenoic
acid (53@&115?&%67 nol ), palladium(ll) acetate (3.50 g, 15.6 nmol),

tri-Otolyl phos (?e (9. %8 g, aé 2 mol) and triethylamne (86.9 nm., 0.623
nol) in acetoni S AR s heated under reflux for 3 hours. The

reaction meS

HO"

[0104] The same procedure as shown in Reference Example 1-7 was repeated to give
compound (B6) (14.7 g, 60%) as a brown amorphous substance, except that compound (A6)
was replaced by compound (B5).
[0105] 'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.23 and 1.25 (each d, J=6.84 Hz,
6 H) 1.80 (s, 2 H) 2.27 and 2.29 (each s, 3 H) 2.30-2.58 (m, 2 H) 2.82-3.06 (m, 2 H) 3.34 and
3.35 (each s, 3 H) 3.38-3.86 (m, 6 H) 4.56-4.73 (m, 1 H) 5.53 (d, J=3.11 Hz, 1 H) 6.75-7.35
(m, 5 H).

MS ESI/APCI Dual posi: 493[M-OH]", 495[M+2-OH]*
(7) Reference Example 2-7: Intermediate (B)

[Chem. 27]
Br

[0106] The same procedure as shown in Reference Example 1-8 was repeated to give
intermediate (B) (14.2 g, 88%) as a colorless amorphous substance, except that compound
(A7) was replaced by compound (B6).

[0107] 'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.11 (d, J=6.68 Hz, 3 H) 1.14 (d,
J=6.68 Hz, 3 H) 1.75 (s, 3 H) 1.99 (s, 3 H) 2.04 (s, 3 H) 2.05 (s, 3 H) 2.28 (s, 3 H) 2.90 (sept,



to roomtenperature, diluted with chloroform (300 nL) and net hanol (100
m.), and then filtered through celite. The filtrate was concentrated under
reduced pwesiwvesaBd the resulting residue was di ssol vegcirnpatitisziscet at e
(1.32 L). This solution was washed with 1 M aqueous hydrochloric acid (0.96
L) and 10% aqueous sodiumchloride (1.2 L), and then dried over anhydrous
magnesi um sul fate. After filtering off 4she desiccant, the filtrate was
further diluted with ethyl acetate (1.2 L), followed by addition of

S0P o0y AP0 11 o R AT i T A A O g o
and 17w 400GB0E HEHTREP opr TR0 2800 DS ST 2%5%62%43(@8&%% é‘z " The
. , o . .
(500 ) L et e R e T St A G b LI B L7 g
of f the desi cCyfy ESIAPCE PuX¥si: WBSMIRAS*! éﬁMﬁfthNdpder reduced pressure to

give internediate (H) (207 g, 88‘V§[ as da col orl ess anorphous substance.
[0121] 1RefdMAce Famivtéz: fIoh ORMtebmedide(C)l. 13 (d, J=6.80 Hz, 3 H 1.14
(d, J=6.80 Hz, 3 H 1.43 (s, 6 H 1.76 (s, H 1.99 (s, 3 H 2.03 (s, 3 H
2.05 (s, [Gheh. 28]28 (s, 3 H 2.37 (s, 3 H 2.98 (sept, J=6.80 Hz, 1 H
3.70-3.80 (m 1 fho3- 9L 2 4.05 (dd, J=12.43, 2.18 Hz, 1 H) 4.28 (dd,
J=12. 43, 4.35 Hz, (m 1 H 5.11-5.20 (m 1 H 5.22-5.33 (m
2 H 6.33-@.4 68 (d, J=7.93 Hz, 1 H 6.96 (s, 1 H 6.99 (s, 1
H) 7.06-7.74 (m_1JH (d, J=1.40 Hz, 1 H. M ESI/APCI Dual posi:

747 MkNa] . F&E@r effceOBganpl e 9: Preparation of internediate (1) [Chem 36]
0 41 ice, to whi@Aca sqoigytion of benzyl chloroformate (227 ni, 1.60 nol)
in 1,4-dioxane (0.63 L) was then added dropw se over 45 m nutes such that
the internal tenperature did not exceed 10C. After stirring overnight at
roomtenperature, water (3.5 L) and toluene (1.0 L) were added to the
react i on[0i08] uTke sanwxep@qednnessas lshyven inRefesmmpaEadmples 1 7 andi I8 we e petedatoe d
hydrochl oric acid (700 nL) was then added dropwi se until the pH reached 1.
Et hyl acetvatcempousd (O) (RR6 ghdsietgltrytllowi amerghdusrsubstmagr excpteharegempiound ayer
was separated and dried over anhydrous nagnesium sulfate. After filtering
of f the (A8)¥esasplacedey easmposnd (B\gk agl 4bromed-wethylhaeraldohyds wasreplasedhby e.
[0123] The resulting residue (338 g) was dissolved in chloroform (1.7 L).
To this &3remphgpza ,glN’d-ecar bonyl dii m dazole (CDI) (253 g, 1.56 nol) was

added portianw i | i at t i nt e t rature did
ot - exool o3P R Ste Mif R ARPEOHRF b zbm (s d aPb 88 bt SEDILD e
reacti on,m e I i i a > di aRi\NOs525 th ropane
(135 o 168 Hes MARIRED 200000 $REC IR & TR0 T Y 1D
stirring ef &4 ght I N L Q9 ) i u r o0 e
1 7 L) R B B T O B T TN ous
magnesi ugmstH) atie.5.44 (413 Hi bi791d N9HPé.H2 SJEQ=Q§$'I‘P£QWI) 7.1D&, $¢)vent gwas
distilled off "under reduced pressure. [0124] The resulting reésidue (417 Q)
was di sspig/esiHzm2 FiF (2.0 L). To this solution, Boc20 (355 g, 1.63 nol) was
added and stirred at roomtenperature for 1.5 hours. Then, saturated
aqueous Reftirente Hxamplheoh Prepatatiol of jntevasediteldd) t o t he reacti on m xture, and
the organic | ayer was separated and dried over anhydrous magnesi um sul fate.
After fil[€em.R®P]loff the desiccant, the solvent was distilled off under
reduced pressurey [@125] The resulting residue (549 g) was dissolved in

met hanol ( Ly. Mo this solution, 10% pal | adi um hydroxide (27.5 g) was
added and stir ed?(ﬁ@'r’ a hydrogen atnosphere at roomtenperature for 4.5
hours. After t®e reaction mxture was filtered through celite, the solvent
was distilled off)under reduced pressure and the resulting residue was
crystallized froma 2:1 heptane:ethyl acetate mxture (1.75 L). The
resulting precipitate was filtered to give internediate (1) (193 g, 53% 4
steps) as a col orl ess powder. [01261 1H NVR (300 MHz, CHLOROFORM d) 8 ppm
1.27 (s, (b ReferencgrExample4ly Compguyds(D1)




42 9 H 1.53 (br. s, 2 H 3.39 (d, J=6.53 Hz, 2 H 4.78 (br. s, 1 H 8.04
(br. s, 1 H. M ESI/APCI Dual posi: 274 MtH], 296] M+tNa]. Ms ESI/ APCl Dual
nega: 308ybkGldesstssanpl e 1-1 [ Chem 37] [0127] To a wolruPramossis7
internediate (E) (200 ng, 0.25 nmol), 1-hydroxybenzotriazol e nonohydrate
(HOBt . H20) (57 ng, 0.37 mmol) and N, N-di net hyl et hyl enedi am ne (65 ng, 0.74
mmol ) in N N-dinethylformam de (3.0 nmL)3g N-ethyl-N -3-

di met hyl am nopr opyl car bodi i m de hydrochl ori de (EDC-HC1) (71 ng, 0.37 mmol)
was addeg d irred at roomtenperature for 8 hours. The reaction m xture
was pour Ghg water (50 nmL) and extracted with ethyl acetate (50 nmL). The
organic | aye shed with brine (20 nL) and dried over anhydrous
magnesi um d'ﬂé filtering off the desiccant, the solvent was
distilled off reduced pressure. The resulting residue was purified by
silica gel col unz‘u hr omat ogr aphy (chl or of orm chl or of orm net hanol = 9:1) to
gi ve conpound (1Dl1§ (132 ng, 61% as a col orl ess anorphous substance.
[0128] 1H NWR (300 MHz, CHLCRCFCRMd) 8 ppm 1. 13, 1 15 (each d, J=6.92 Hz,
each3H)1.38(s,6H)153(36 1.77 (s, 3 H 1.99 (s, 3H)203(s

3=5 67 HPTDN gfo3 sgfuid gt o g s Huerbie aid Y O e, 85 Befn "1 1
322 (5 dtods R B et Spdie RorgmiBsogyt ot ol A0 Sy,
6.41 QR4 N,N- dnméthgbfoﬁnaﬁﬂidégii drl)pg?(ivég’ allffed u’hdl?p ﬁmfé)ger( gtmo%gl?erg an'?tlrre%l I%H)

6.77 (br. s., d, J=7.
M5 ESI/ ARfdm %er&@ﬁ:‘ for ﬁg%M'SH] Th@%%rl\ﬁ]iture%s then coolé\ﬁnE@la/ aﬁEiCl DuaI

nega: 914 MtCly. Exanple 1-
triethylamine (19.9 mL, 143 mmol) and a-aminoisobutyric acid methyl ester hydrochloride
(10.9 g, 71.2 mmol) were added thereto, followed by stirring at room temperature for 1 hour.
The reaction mixture was diluted with water and extracted with chloroform. The organic
layer was washed with 3 M aqueous hydrochloric acid, saturated aqueous sodium bicarbonate
and brine, and then dried over anhydrous magnesium sulfate.  After filtering off the
desiccant, the solvent was distilled off under reduced pressure and the resulting residue was
purified by silica gel column chromatography (hexane — hexane:ethyl acetate = 4:1) to give
compound (D1) (9.38 g, 93%) as a colorless powder.
[0111] 'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.27 (s, 6 H) 1.51 (s, 6 H) 3.73 (s,
3 H)5.17-5.32 (m, 2 H) 6.02 (dd, J=17.56, 10.57 Hz, 1 H) 6.25 (br. s., 1 H).

MS ESI/APCI Dual posi: 214[M+H]".

(2) Reference Example 4-2: Intermediate (D)

[Chem. 31]

H O
%N%J\OH
O

[0112] To a solution of compound (D1) (9.38 g, 43.9 mmol) in methanol (20 mL), 4 M

aqueous sodium hydroxide (16.5 mL, 66.0 mmol) was added and stirred at room temperature



[Chem 38] (1-2) [0129] To a solution of conpound (1-1) (127 ng, 0.14
nmml ) in nethanol (2.0 nL), sodium nethoxide (4.88 M MeOH, 10 [IL) was
added andwetnrwmeareat room tenperature for 1 hour. A snalPcTarmunbse$? dry ice
was added to neutralize the reaction mxture, and the solvent was distilled
of f under reduced pressure. [0130] The resulting residue was purified by
NH-type silica gel colum chromatographyy (chl orof orm nethanol = 9:1 -> 6:4)
to give conpound (1-2) (77 nmg, 80% as a col orl ess anorphous substance.

217 M e SRR S SR (il St %
2.87-2.96. . 3.2 =Q. 8 . 34-3. 41 H) .3.43- 3. 50
(1 ssyedingllah 8 deyrangedifh §4 adhebls Byafopdyltaetd’y fptloislyic
o115 Yt B by s ol Ml gl
posi 6701 RA TS hey s st fotake Alertielif of 4 Jeichiy e sONChy S
Cal cd f oisBAZHEANAAG keldd0 pressurb B Bk imternibdbs (Y (86,905 94%9Bd colerle@d. 13; H
8.39; N, 5.88. Exanple 2-1 [0132] The sane procedure as shown in Exanple
1-1 was pepdated to give conpound (2-1) (103 ng, 47% as a colorless
anor phous substance, except that N, Ndi net hyl et hyl enedi am ne was repl aced by
pi per azi fi@113] 018 MR HBOINKHA THIMPROFORMSDBPRM HR9 &, pith 11546, 6 H)B6164-886h d,
J=6.99 Hz, each 3 H 1.38 (s, 6 H 1.61 (s, 6 H 1.71 (s, 3 H 1.99 (s, 3
H 2.05 (m,23)012dd.I=13.4931045 Blz2V H)$,14xsHH HR. 79-2.87 (m 4 H 2.87-2.99
1 3.56-3. 66 4 3.75-3.94 3 4,12-4.20 1 4.25-4. 34
(M 1 1) 4 24 MSBSYAPCE DUl msh300NoH 2 AMING" 30 (d- 921632 L. 1 F)
6.48 (d, J=16.32 1 6. 53 1 H.6.68 (d, J=7.77 Hz, 1 6. 88 , 1
H 6. §7 (s, 1 S%W?Fb}‘ﬂ(?ﬁgaéf%ﬂ’bﬁiz (s, (1H). MB ESI / APCI H)Dual pogis:
836[ MrHr Re?e?gicwaalntple 5: Preparation of intermediate (E)

[Chem. 32]

(E)

[0114] Under an argon atmosphere, a suspension of intermediate (A) (5.0 g, 7.23 mmol),
intermediate (D) (2.59 g, 13.0 mmol), palladium(II) acetate (328 mg, 1.45 mmol), tri-O-
tolylphosphine (880 mg, 2.89 mmol) and triethylamine (3.0 mL, 9.00 mmol) in acetonitrile
(24 mL) was stirred at 120°C for 20 minutes under microwave irradiation. The reaction
mixture was filtered through celite and washed with ethyl acetate. The filtrate was
concentrated under reduced pressure and the resulting residue was purified by silica gel
column chromatography (hexane:ethyl acetate = 1:1 — ethyl acetate) to give intermediate (E)
(4.59 g, 78%) as a light-yellow powder.

[0115] 'H NMR (300 MHz, CHLOROFORM-d) § ppm 1.16, 1.18 (each d, J=6.84 Hz, each
3 H) 1.40 (s, 6 H) 1.54-1.58 (m, 6 H) 1.76 (s, 3 H) 1.99 (s, 3 H) 2.03 (s, 3 H) 2.05 (s, 3 H)



M5 ESI/APCI Dual nega: 834[MH, 870[M+Cl f. Exanple 2-2 [Chem 40]

[0134] The sane procedure as shown in Exanple 1-2 was repeated to give
conmpound W0-28)0/005®8ny, 66% as a col orl ess anor phous sulpsrTarzag/osigept t hat
conmpound (1-1) was replaced by compound (2-1). [0135] 1H NWR (600 MHz,
METHANOL-d4) 8 ppm 1.10 (d, J=6.42 Hz, 6 H 1.36 (s, 6 H 45 1.44 (s, 6 H)
2.31 (s, 3 H 2.70 (br. s, 4 H 2.90-24p (m 1 H 3.36-3.39 (m 2 H
3.43-3.61 (m 7H) 3.65-3.69 (m 1 H 3.84 (d, J=11.92 Hz, 1 H) 3.88 (s, 2

4. 46 J= d 4 05 Hz,
14 %‘i@d Sapsglh b dt b e s 109 by b et 7o
2 |/ 90
C 1 APG %f?a‘\z'2“n€d’é'ajL "7@)2‘{3[\%15?2 éﬁ%‘i‘&@ ig?gﬁ{?m? ?ﬁﬁ\é‘ﬂ 326808 MR @®
J=16.32 Hz, 1 H) 6.35 (s, 1 H) 6.55 (d, J=16.32 Hz, 1 H) 6.77 (d, J=7.62 Hz, 1 H) 6.92 (s,
1H)6.99 (s, 1 H) 7.12-7.18 (m, 1 H) 7.26 (s, 1 H) .
MS ESI/APCI Dual posi: 810[M+H]", 832[M+Na]" .
MS ESI/APCI Dual nega: 808[M-H].
Reference Example 6: Preparation of intermediate (F)

[Chem. 33]

[0116] The same procedure as shown in Reference Example 5 was repeated to give
intermediate (F) (2.03 g, 87%) as a yellow powder, except that intermediate (A) was replaced
by intermediate (B). .
[0117] 'H NMR (300 MHz, CHLOROFORM-d) 8 ppm 1.17, 1.14 (each d, J=6.99 Hz, 3 H)
1.38 (s, 6 H) 1.55 (s, 6 H) 1.76 (s, 3 H) 1.98 (s, 3 H) 2.04 (s, 6 H) 2.30 (s, 3 H) 2.94-3.03 (i,
1 H) 3.76-3.83 (m, 1 H) 3.84-3.95 (m, 4 H) 4.06-4.15 (m, 1 H) 4.16-4.25 (m, 1 H) 4.81 (d,
J=9.79 Hz, 1 H) 5.12-5.20 (m, 1 H) 5.23-5.35 (m, 2 H) 6.29 (s, 1H) 6.31 (d, J=16.32 Hz, 1 H)
6.52 (d, J=16.32 Hz, 1 H) 6.67 (d, J=8.08 Hz, 1 H) 6.81 (s, 1 H) 6.94 (s, 1 H) 7.06-7.14 (m,
1 H) 7.24 (s, 1 H).

MS ESI/APCI Dual posi: 782[M+H]", 804[M+Na]* .

MS ESVAPCI Dual nega: 780[M-H].

Reference Example 7: Preparation of intermediate (G)



[0136] The sane procedure as shown in Exanple 1-1 was repeated to give
conpound (3-1) (135 ny, 61% as a colorl ess anorphous substance, except

t hat N, NdivoebtwosteRyl enedi ami ne was repl aced by 1-net hylppirpezaaisses7 [ 0137]
1H NWVR (300 MHz, CHLOROFORMd) 8 ppm 1.13, 1.15 (each d, J=6.84 Hz, each 3
H 1.37 (s, 6 H 1.60 (s, 6 11)1.77 (s, 3 H 1.99 (s, 3 H 2.03 (s, 3 H
2.05 (s, 3 H 2.27 (s, 3 H 2.30 (s, 34 2.33-2.41 (m 7 H 2.88-3.04 (m
1 H 3.60-3.70 (m 4 H 3.72-3.80 (m 1 H 3.92 (s, 2 H 4.05 (dd, J=12.59,
2.33 Hz, éh% 4 27 (dd, J=12.59, 4.51 Hz, 1 H) 4.43-4.54 (m 1 H) 5.10-5.20
(m 1 HS98H3o (m 2 H 6.31 (d, J=16.48 Hz, 1 H) 6.49 (d, J=16.48 Hz,

1H 6.68 (d, J=8.08 Hz, 1 H 6.8 AsH 10H) 7.00 (s, 2 H 7.08-7.14 (m 1
H 7.24 (s, 111)Meks IRp2h. Poralpodi. [ MtHr, 914 MkNar. MS ESI / APCI
Dual nega: 926 Mr&11 X any m~42] H 46

AcO

@)

[0118] The same procedure as shown in Reference Example 5 was repeated to give
intermediate (G) (854 mg, 60%) as a light-yellow amorphous substance, except that
intermediate (A) was replaced by intermediate (C).
[0119] 'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.08 (d, J=6.84 Hz, 3 H) 1.12 (d,
J=6.84 Hz, 3 H) 1.38 (s, 6 H) 1.53 (s, 6 H) 1.77 (s, 3 H) 2.00 (s, 3 H) 2.05 (s, 6 H) 3.06 (sept,
J=6.84 Hz, 1 H) 3.78-3.83 (m, 1 H) 3.84 (s, 3 H) 3.97 (s, 2 H) 4.07-4.18 (m, 1 H) 4.17-4.27
(m, 1 H) 4.87 (dd, J=6.76, 2.88 Hz, 1 H) 5.16-5.25 (m, 1 H) 5.27-5.40 (m, 2 H) 6.18-6.33 (m,
2H) 6.54 (d, J=16.48 Hz, 1 H) 6.77 (s, 1 H) 7.03 (d, J=8.08 Hz, 2 H) 7.10 (s, 1 H) 7.29 (d,
J=8.08 Hz, 2 H).

MS ESI/APCI Dual posi: 768[M+H]*, 790[M+Na]*.

MS ESI/APCI Dual nega: 766[M-H].
Reference Example 8: Preparation of intermediate (H)

[Chem. 35]

[0120] Under an argon atmosphere, a suspension of intermediate (A) (216 g, 0.312 mol),
2,2-dimethyl-3-butenoic acid (53.4 g, 0.467 mol), palladium(II) acetate (3.50 g, 15.6 mmol),
tri-O-tolylphosphine (9.48 g, 31.2 mmol) and triethylamine (86.9 mL, 0.623 mol) in

acetonitrile (623 mL) was heated under reflux for 3 hours. The reaction mixture was cooled



NM OH(3-2) [0138] The sanme procedure as shown in Exanple 1-2 was repeated
conpound (3-2) (79 ng, 79% as a col orl ess anorphous substance,
except thao 20ompswsd (1-1) was replaced by conpound (3- prrapfik®®dsigH NVR

to give

(600 MHz, METHANOL-d4) ppm 1.10 (d, J=6.88 Hz, 6 H) 1.37 (s, 6 H 1.44 (s,
6 H 2.16 (s, 3 H 2.22-2.38 (m 7 H 2.87-2.96 (m 1 H 3.35-3.41 (m 2 H)

3.42- 3.51 (m 2H) 3.51-3.56 (m 1 H) 456-3.71 (m 5 H 3.84 (d, J=12.38
Hz,lH)388(s H)447(d J=9.63 Hz, 1 H 6.38 (d, J=16.51 Hz, 1 H)
8 . 97 ,
6,45 (3 o @hskay. G Gt Epestods BP0y ot iy ha i, (51
ng[ le;laﬁ)ti%g]tﬁ‘?k% E cI:ite Dﬂe % w:?s Eénl_{ated un@&rwggllcedfris%% dléhel [ Chem

was repeat ed to

o Y B Gadd i P in S o RSt B ﬁﬁﬁi%’.“‘%ﬁe‘ﬂﬂ% PRBPARAN i e

6.46 (d,
7.09

gi ve co
(42.9

J=16. 5

sane I’OC ure as S
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CHLOROFORM- d) 8 ppm 1

2.30 (s,

3 H 2.34-2.44 (m 9 H) 2.90-3.05 (m 1 H) 3.60-3.72 (m 4 H)

1.12. - 1.37 (s,
6 H 1. 611r1€($0ve§ ahhy&oﬂgmﬁglesﬁnﬂulﬂat@9 Affer fidtetthg SffAfe «(l@swcant"')he%lﬁﬁte(v@s 3 H

'_\

3. 72- 3. 8turftrer dilutell wath®2hyl acet2teld).24.)0fwlloddd by additide of kopbpylamide (I8.24mRy7 (dd,

J=12. 36,

(d, J=8.08 Hz, 1 H) 6.86-6.93 (m 1 H) 7.00 (s, 2 H 7.11 (d, J=8.08 Hz,
H 7.24 (itered twgwemlmwpgmln@adt ofintsrmedigte[()-H] This 3@} wesdissolwesl BSthyAPC
Dual nega: 941{!\/& f.

acetate (1.2 L) and 1 M aqueous hydrochloric acid (500 mL), and stirred for 30 minutes.

4.43 Hz, 1 H) 4.48 (d, J=9.79 Hz, 1 H) 5.15 (t, J4=9.79 Hz, 1 H)
5. 22- 5. 30.32fhmdl). H Ti&:. Biktrel wad stiefortd, holir 69 i06 bath. ( The Jeshltir priecipitatévas. 68

The organic layer was separated and washed with 10% aqueous sodium chloride (500 mL),
and then dried over anhydrous magnesium sulfate. After filtering off the desiccant, the
solvent was distilled off under reduced pressure to give intermediate (H) (207 g, 88%) as a
colorless amorphous substance.

[0121] "H NMR (300 MHz, CHLOROFORM-d) 8 ppm 1.13 (d, J=6.80 Hz, 3 H) 1.14 (d,
J=6.80 Hz, 3 H) 1.43 (s, 6 H) 1.76 (s, 3 H) 1.99 (s, 3 H) 2.03 (s, 3H) 2.05 (s, 3 H) 2.28 (s,
3 H)2.37 (s, 3 H) 2.98 (sept, J=6.80 Hz, 1 H) 3.70-3.80 (m, 1 H) 3.91 (s, 2 H) 4.05 (dd,

J=12.43, 2.18 Hz, 1 H) 4.28 (dd, J=12.43, 4.35 Hz, 1 H) 4.43-4.50 (m, 1 H) 5.11-5.20 (m,

1 H) 5.22-5.33 (m, 2 H) 6.33-6.49 (m, 2 H) 6.68 (d, J=7.93 Hz, 1 H) 6.96 (s, 1 H) 6.99 (s,
1 H) 7.06-7.14 (m, 1 H) 7.23 (d, J=1.40 Hz, 1 H).

MS ESI/APCI Dual posi: 747[M+Na]".
Reference Example 9: Preparation of intermediate (I)

[Chem. 36]

0]
H2N7<1L NHBoc
N“K

()

[0122] 2-Aminoisobutyric acid (150 g, 1.45 mol) was dissolved in water (2.2 L), and

sodium carbonate (465 g, 4.39 mol) was added thereto. The reaction mixture was cooled on



Conpound (4-1B) [0142] 1H NMR (300 MHz, CHLOROFORMid) 8 ppm 1.03-1.19 (m 9
(s, 6 H 1.62 (s, 6 H 1.71 (s, 3 H 1.99 (s, 3 H 2.05 (s, 3 H)
WOMP10A0RWS(S, 3 H) 2.33-2.46 (m 6 H 2.93 (sepCridxBodsisz, 1 H)

H 1.37
2.12 (s,
3.58-3.7
4.48 (d,

(d, J=16.

6. 99 (s

posi :

[ Chem 4
conpound
(1/1/5,

t enper at
resultin

789 as
METHANOL
( S 6 H

1(m 4H 3.73-3.91 (m 3 H 4.12-4.21 (m 1 H 4.24-4.34 (m

1H

J=9.17 Hz, 1 H) 5.21-5.34 (m 3 H 6.30 (d, J=16.1 Hz, 1 H) 6.48

1 H 7.08 (d, J=7.93 Hz, 1 H 7.22 (s, 1 H. M ESI/APC Dual

e o Yol € Aoy nosulRiprolormald Bz pia Ty meh o b i Exa?@ﬁﬁ
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hé reaction m X rni

1 H, 1 H 6.53 (s, 1 H 6.684d, J=7.93 Hz, 1 H 6.88 (s, 1 H

room

Th
ol it o
(chl or of gaaRqd-13 tlfem:&rtﬁfl%lmd?@t MOl queods lg}crtv%sghﬂfrat@@ WBW ((oﬁc&)tra(ezig 2 ny,

a col orl ess anorphous substance.

hldibcBof®aif (A 1) wdsthed Ad#éd dr l_g\bﬂse hnﬁpthé H r@a&e@& HEth atdtatd . 36

1.44 (s, 6 H) 2.23-2.42 (m 9 H) 2.85-2.99 (m 1 H 5-3.41

(m

2 3. 421.0 14 8va6 aaldell all sBrrbd fa3. 13ue.m THe bi)gaﬁc%*eﬁwﬁise(pﬁ"tatéil zhi)i Bic@bvar 90 (m

3H)44

7 (d, J=9.63 Hz, 1 H) 6.39 (d, J=16.1 Hz, 1 H) 6.46 (d, J=16.1

Hz,

1 H 6. 7&nlﬁyd?6hs(magnislh-i)1 sG1f8l. ( Afted fiprife O tesdesicciit, tYle S8alvémt wad distifled biff, 1
(s, 1 H. M ESI/APCI Dual posi: 696[ M+H], 718[ MtNa]. Ms ESI/ APCl

H 7.22
Dual neg
8.34; N,

gndcﬁget[uwd—pressure Anal . Cal cd for C39H57N3081. 2H20: C, 65.3; H,

5.86. Found: C, 65.3; H_ 8.36; N 5.68 Exanple 5-1
[0123] The resulting residue (338 g) was dissolved in chloroform (1.7 L). To this solution,

N,N’-carbonyldiimidazole (CDI) (253 g, 1.56 mol) was added portionwise under ice cooling
such that the internal temperature did not exceed 20°C.  After stirring at room temperature
for 30 minutes, the reaction mixture was cooled again on ice and 1,2-diamino-2-
methylpropane (138 g, 1.56 mol) was added dropwise thereto over 25 minutes. After
stirring overnight at room temperature, 10% aqueous potassium carbonate (1.7 L) was added.
The organic layer was separated and dried over anhydrous magnesium sulfate. After
filtering off the desiccant, the solvent was distilled off under reduced pressure.

[0124] The resulting residue (417 g) was dissolved in THF (2.0 L). To this solution,
Boc,0 (355 g, 1.63 mol) was added and stirred at room temperature for 1.5 hours. Then,
saturated aqueous sodium bicarbonate (1.0 L) was added to the reaction mixture, and the
organic layer was separated and dried over anhydrous magnesium sulfate.  After filtering off
the desiccant, the solvent was distilled off under reduced pressure.

[0125] The resulting residue (549 g) was dissolved in methanol (2.75 L). To this solution,
10% palladium hydroxide (27.5 g) was added and stirred under a hydroigen atmosphere at
room temperature for 4.5 hours. After the reaction mixture was filtered through celite, the
solvent was distilled off under reduced pressure and the resulting residue was crystallized
from a 2:1 heptane:ethyl acetate mixture (1.75 L). The resulting precipitate was filtered to
give intermediate (1) (193 g, 53%; 4 steps) as a colorless powder.

[0126] 'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.27 (s, 6 H) 1.37 (s, 6 H) 1.43 (s,



[ Chem 45] (5-1) [0145] To a solution of internmediate (E) (205 ng, 0.253
nml ), HOBt.H20 (68 ng, 0.506 nmol) and 4-di net hyl am nopi peri di ne (65 ng,

0. 506 mowd 201v/a%5M8 di met hyl f ormam de (2.0 nl), EDC HCl1pC94Pgo/0831806 mol )
was added and stirred at 70C for 2 hours. The reaction m xture was poured
into water (50 nL) and extracted with ethyl acetate (50 niL). The organic

| ayer was washed with brine (20 nL) andgdried over anhydrous nagnesi um

sul fate. After filteri ng off the desiccant, the solvent was distilled off

col um cRIHESShranr D LER 6F dror st 2 et bt ad iy <1500, o' gi ve O
d (5-1 b 0146] 1H
KVR (300 We) )a{tf%&@@f)?@@ b7 ¢ ade ERNBES °5 ﬁéaﬁs R
Hz, 3 1. 30- 1. 61 6 1.77 (s, 3 1. 84
o - b 75 Hz*@%a@f%?f‘%l*%g?ﬁm 192,05 Is. 3 W 297 (50 6
2.30 (Samdtdd-12-37 (s, 3 H 2.81 (t, J 12 28 Hz, 2 H 2.97 (sept, J=6.76
FE, 1 H 3.7 (ddd J=10. 03, 4 66, 2.25 Hz, 1 H) 3.92 (s, 2 rb 4.05 (dd,

J=12. 43, 5@ .y 1 H 4.28 (dd, J=12.43, 4.66 Hz, 1 H) 4.33-4.53 (m 3 H
5.10-5.34 (m . 3 6.31 (d, J=15.00 FE & H 6.50 (d, J=15.00 Hz, 1 H 6.68
(d, J=8.08 Hz, 1 ,H~6.97-%04 (m 11 (d,l J=8.08 Hz, 1 H) 7.25 (s, 1
H . MS ESI/APCI t’)’tkfbé? @l }’ N§<I%ENT}P ~Dual nega: 954[ M+Cl].

Exanpl e 5- g\cO 0]
(1-1)

AcO"

OAc

[0127] To a solution of intermediate (E) (200 mg, 0.25 mmol), 1-hydroxybenzotriazole
monohydrate (HOBt-H,0) (57 mg, 0.37 mmol) and N,N-dimethylethylenediamine (65 mg,
0.74 mmol) in N,N-dimethylformamide (3.0 mL), N-ethyl-N’-3-
dimethylaminopropylcarbodiimide hydrochloride (EDC-HCI) (71 mg, 0.37 mrriol) was added
and stirred at room temperature for 8 hours. The reaction mixture was poured into water
(50 mL) and extracted with ethyl acetate (50 mL). The organic layer was washed with brine
(20 mL) and dried over anhydrous magnesium sulfate.  After filtering off the desiccant, the
solvent was distilled off under reduced pressure. The resulting residue was purified by
silica gel column chromatography (chloroform — chloroform:methanol = 9:1) to give
compound (1-1) (132 mg, 61%) as a colorless amorphous substance.
[0128] 'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.13, 1.15 (each d, J=6.92 Hz, each
3H)1.38(s,6 H)1.53 (s, 6 H) 1.77 (s, 3 H) 1.99 (s, 3 H) 2.03 (s, 3 H) 2.05 (s, 3 H) 2.23 (s,
6 H) 2.31 (s, 3 H) 2.37 (s, 3 H) 2.41 (t, J=5.67 Hz, 2 H) 2.90-3.03 (m, 1 H) 3.25-3.34 (m, 2
H) 3.71-3.80 (m, 1 H) 3.92 (s, 2 H) 4.05 (dd, J=12.59, 2.18 Hz, 1 H) 4.23-4.32 (m, 1 H) 4.44-
4.52 (m, 1 H) 5.11-5.20 (m, 1 H) 5.22-5.33 (m, 2 H) 6.33 (d, J=16.63 Hz, 1 H) 6.41 (br. s.,
1 H) 6.51 (d, J=16.63 Hz, 1 H) 6.68 (d, J=7.77 Hz, 1 H) 6.77 (br. s., 1 H) 7.00 (s, 2 H) 7.12 (d,
J=7.77Hz, 1 H) 7.26 (s, 1 H) .

MS ESVAPCI Dual posi: 880[M+H]*, 902[M+Na]".



[ Chem 4
r epeat ed
subst anc
[0148] 1
1.21-1.3
6 H 2.2
m 2 H
.75 Hz,
H) 6.35-

NA

Dual pos
C40H59N3

5.61. Exanpl e

6] (5-2) [0147] The sane procedure as shown in Exanple 1-2 was
to give conmpound (5-2) (33 ng, 53% as a col orl ess anorphous
ayvoermaps7eshat conpound (1-1) was replaced by cecpoerdo/(B14) .

H NVR (600 MHz, METHANOL-d4) 8 ppm 1.08 (d, J=6.42 Hz, 6 H)

2 (m 2H 1.35 (s, 6 H 1.43 (s, 6 H 1.73 (br. s., 2 H 2.16 (s,
8 (s, 3H 2.28-2.37(m 1H) 2.89 (sept, J=6.42 Hz, 1 H) 3.31-3.33

344(tJ871Hz 3.48-3.56 (m 1 H) 3.66 (dd, J=11.92,

3. 86 4.45 (d, J=9.63 Hz,
6. 41 (ﬁ‘?ﬁgésggl’éﬂ@a%n%??%[&’f% 6. 72(?d JH) 79 Hz,( 1 H 6.78 (s,
%gm} W708(d J=7.79 Hz, 1 H 7.21 (s, 1 H. 50 M5 ESI/APC
X R](S: Ht Ms ESI/APCI Dual nega: 708[ MH. Anal . Cal cd for

géﬂﬁ I%ﬁ) C, 65.19; H 8.50; N, 5.70. Found: C, 64.81; H 8.46; N,
1

[Chem 47]

- (1-2)

[0129] To a solution of compound (1-1) (127 mg, 0.14 mmol) in methanol (2.0 mL),
sodium methoxide (4.88 M/MeOH, 10 pl) was added and stirred at room temperature for
1 hour. A small amount of dry ice was added to neutralize the reaction mixture, and the
solvent was distilled off under reduced pressure.
[0130] The resulting residue was purified by NH-type silica gel column chromatography
(chloroform:methanol = 9:1 — 6:4) to give compound (1-2) (77 mg, 80%) as a colorless
amorphous substance.
[0131] 'H NMR (600 MHz, METHANOL-d4) & ppm 1.10 (d, J=6.92 Hz, 6 H) 1.36 (s, 6 H)
1.45 (s, 6 H) 2.23 (s, 6 H) 2.31 (s, 3 H) 2.40 (t, J=6.88 Hz, 2 H) 2.87-2.96 (m, 1 H) 3.28 (t,
J=6.88 Hz, 2 H) 3.34-3.41 (m, 2 H) 3.43-3.50 (m, 1 H) 3.51-3.57 (m, 1 H) 3.67 (dd, J=12.15,
2.52 Hz, 1 H) 3.84 (d, J=11.46 Hz, 1 H) 3.89 (s, 2 H) 4.47 (d, J=9.63 Hz, 1 H) 6.39 (d,
J=16.05 Hz, 1 H) 6.50 (d, J=16.05 Hz, 1 H) 6.75 (d, J=8.25 Hz, 1 H) 6.80 (s, 1 H) 6.97 (s,
1H)7.11 (d, J=8.25 Hz, 1 H) 7.25 (s, 1 H) .

MS ESI/APCI Dual posi: 670[M+H]".

MS ESI/APCI Dual nega: 668[M-H]’, 704[M+Cl]".

Anal. Calcd for C37HssN3Og-1.4H>0: C, 63.94; H, 8.38; N, 6.05. Found: C, 64.13; H,

8.39; N, 5.88.

Example 2-1

1



[0149] To a solution of internediate (E) (680 ng, 0.746 mmol) in chloroform
(5.0 m), CD (182 ng, 1.12 nmmol) was added and stirred at roomtenperature
for 1 howo 20tvemes76g, 2- di am no- 2- net hyl propane (79 ng, @C89B20mwoisisas
added and stirred at roomtenperature for 18 hours. The reaction m xture
was diluted wth saturated aqueous sodi um bi carbonate and extracted tw ce
with chloroform The conbined organic lqayers were dried over anhydrous
sodiumsul fate. After filtering off the desiccant, the solvent was
distillei fo der reduced pressure. The resulting residue was purified by
silica g F chronatography (chlorof orm -> chl or of or m met hanol =
85:15) to glve conpound (6 1) (14&

% as a col orl ess anor phous
subst ance. [0150] HON RIVR P8

d 8 ppm1.11-1.17 (m 6 H)

1.11 (s, 6 H) (s K{( 3 H 1.99 (s, 3 H 2.03
(s, 3 H 2A697( s,3H) 3( l:’slH)289305(m1H)3.14
(,J591I—%0 @Aa(ddd J=9.71, 4.51, 2.10 Hz, 1 H 3.93 (s, 2 H)
405(de°25é®A§ H)427(d J=12.51, 4.51 Hz, 1 H 4.49 (d,
J=7. 46 520(21)H)523 31 (m 2 H 6.26 (s, 1 H
629638(m1H)648 6.57 (m 1 H) 6.69 (d, J=7.93 Hz, 1 H 6.97-7.03
(m 3 H 7.12 (d, J=7.93 Hz, 1 H) 7.25 (s, 1 H. NS ESI/APC Dual posi:

880[ MtH] . 51 Exanple 6-2 [Chen1 48] OH(6-2) [0151] The sane procedure as
shown i n[@3hpTke dank praseduapasshosntio Examplabipyasnepeaed 29 give@dmpgund@%) as a
col orl ess anorphous substance, except that conpound 1-1) was repl aced by
corrpoundQQ?’-I!!g 470 ps 2|colarless amprphowosubpianceyExuapNGat NAY- 8 ppm 1. 02 (s, 6 H
1.05-1.10 1.44 (s, 6. H 2.29 (s, 3 H 2.85-2.93 (m
1 H 3. oém(l%t ylgth:l;angilmmwreﬂﬁcezi bhypigerazine.3 47 (m 1 3.52 (t, J 9. 40

et AT SRR oo F At e,
H 6.78 Gy 1hdls, 6139615, e 71 % ) 19003 By 305 G, 380 P12 &, Sy 227 s,
3 H) 2.79-2.87 (m, 4 H) 2.87-2.99 (m, 1 H) 3.56-3.66 (m, 4 H) 3.75-3.94 (m, 3 H) 4.12-4.20
(m, 1 H) 4.25-4.34 (m, 1 H) 4.44-4.52 (m, 1 H) 5.23-5.32 (m, 3 H) 6.30 (d, J=16.32 Hz, 1 H)
6.48 (d, J=16.32 Hz, 1 H) 6.53 (s, 1 H) 6.68 (d, J=7.77 Hz, 1 H) 6.8 (s, 1 H) 6.97 (s, 1 H)
7.05-7.12 (m, 1 H) 7.22 (s, 1 H).
MS ESVAPCI Dual posi: 836[M+H]", 858[M+Na]".
MS ESAPCI Dual nega: 834[M-H]’, 870[M+CI].
Example 2-2
[Chem. 40]

[0134] The same procedure as shown in Example 1-2 was repeated to give compound (2-2)
(52 mg, 66%) as a colorless amorphous substance, except that compound (1-1) was replaced
by compound (2-1).

[0135] 'H NMR (600 MHz, METHANOL-d4) & ppm 1.10 (d, J=6.42 Hz, 6 H) 1.36 (s, 6 H)



M5 ESI/ APClI Dual posi: 670 MtH, 692[ MtNa]. Ms ESI/ APClI Dual nega:
668[ M H, 704 MCl f. [0153] Alternatively, conmpound (6-2) can al so be

synt hesi 280 208/08%8r i bed i n Exanpl es 6-3 and 6-4 bel ow. PExgrpi@o$18 [ Chem
49] AcOPr 0 40 40 (6-3) H H Boc 52 dinethylformanmi de (1.98 L), EDC. HCl1
(78.5 g, 0.410 nol) was added and stirred at roomtenperature for 11 hours.
To the reaction mxture, toluene (1.0 Ljs and 10% aqueous sodi um chl ori de
(2.0 L) were added, and the organic | ayer was separated. The aqueous | ayer
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resul ting gar ,c' HB y?(k))%%’ ag 7ot §r Oéé)f\/%i%m' conpound (6-3) (221 g, 83% as a

col orl ess powder: ] 1H NVR (“300 , CHLOROFORMtd) 8 ppm 1.13 (d,
J=6.88 Hz, 3 HMJEEHAPEI DiafockB cBBIMAHTD, cB0RE &, 6 H 1.39 (s, 6 H) 1.44
(s, 9H 1.55 (s, 6 H 1.77 (s, 3 L{) 1. 99 (s,
MS ESI/APCI Dual nega: 666[M-H]', 702[M+Cl]". -
Example 3-1

[Chem. 41]

(3-1)

[0136] The same procedure as shown in Example 1-1 was repeated to give compound (3-1)
(135 mg, 61%) as a colorless amorphous substance, except that N,N-
dimethylethylenediamine was replaced by 1-methylpiperazine.
[0137] 'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.13, 1.15 (each d, J=6.84 Hz, each
3 H) 1.37 (s, 6 H) 1.60 (s, 6 H) 1.77 (s, 3 H) 1.99 (s, 3 H) 2.03 (s, 3 H) 2.05 (s, 3 H) 2.27 (s,
3 H) 2.30 (s, 3 H) 2.33-2.41 (m, 7 H) 2.88-3.04 (m, 1 H) 3.60-3.70 (m, 4 H) 3.72-3.80 (m,
1 H) 3.92 (s, 2 H) 4.05 (dd, J=12.59, 2.33 Hz, 1 H) 4.27 (dd, J=12.59, 4.51 Hz, 1 H)
4.43-4.54 (m, 1 H) 5.10-5.20 (m, 1 H) 5.22-5.32 (m, 2 H) 6.31 (d, J=16.48 Hz, 1 H) 6.49 (d,
J=16.48 Hz, 1 H) 6.68 (d, J=8.08 Hz, 1 H) 6.86 (s, 1 H) 7.00 (s, 2 H) 7.08-7.14 (m, 1 H) 7.24
(s, 1 H).

MS ESI/APCI Dual posi: 892[M+H]*, 914[M+Na]*,

MS ESI/APCI Dual nega: 926[M+Cl].

Example 3-2



3 H 2.03 (s, 3H 2.05 (s, 3 H 2.30 (s, 3 H 2.37 (s, 3 H 2.97 (sept,
J=6.88 Hz, 1 H 3.41 (d, J=5.60 Hz, 2 H 3.72-3.80 (m 1 H 3.92 (s, 2 H
4.05 (dd,wo=08iv¥37682. 02 Hz, 1 H) 4.28 (dd, J=12.43, 4.5%ciHgp20kobh3187 45-4. 52
(m 1 H 4.65 (s, 1 H 511-5.19 (m 1 H 5.22-5.33 (m 2 H 6.29-6.39 (m

1 H 6.46-6.57 (m 2 H 6.69 (d, J=8.00 Hz, 1 H 6.96-7.03 (m 2 H 7.11
(dd, J=8.00, 1.63 Hz, 1 H) 7.24-7.26 (mg1 H 7.59 (br. s, 1 H. Exanple
6-4 [0156] To a solution of conmpound (6-3) (220 g, 0.225 nol) in chloroform

(3.0 L), &élf[@ﬁroacetic acid (297 nL, 3.88 nol) was added dropw se at room
tenperat& 10 mnutes and stirred at the sane tenperature for 20

hours. The reaction m xture was dy uppdCMAth toluene (3.0 L) and
concentrated. Thé&Qqp gred-prod Nt ssolved in ethyl acetate (3.0
L) and washed wi ‘ te (1.2 L) and brine (1.0 L),
fol |l owed bYQ@i SYTTYT ng o e solvent un Feduced pressure. [0157] The

resulting r bg-- gﬁ? as di ssolved in nmethanol (1.5 L) and cool ed on
ice, followe Oig ion o{gérlethylamne(OSL) and water (0.3 L). After
stirring at room-tenperatur 13 hours, additional nethanol (1.5 L),
triethylamne (0.3 L) and water (0.3 L) were further added and stirred at
roomtenperature for 20 hours. The reaction m xture was concentrated and

co- evapoy@iR| Wt Qalﬁ@PHﬁE'@drc ad Bwnqﬁtﬁxtam% | Qwitf@pea@ea tB wefdoﬁfé,om/d gf'%:

NH-type silica gel um chr omat ogr aphy (et hyl acet at e: €t hanol : wat

15:2: 1 - ¥79@ig279%) ia E310ResS AREIHOHs élﬁ;st%hce( Jez&p@ tha® ﬁgﬁlp&mﬂt@ﬂ?)wﬁsqﬂaced
col orl ess anor phous substance. Exanple 7-1 [ Chem 50] (7-1)
by compound (3-1).
[0139] 'H NMR (600 MHz, METHANOL-d4) & ppm 1.10 (d, J=6.88 Hz, 6 H) 1.37 (s, 6 H)
1.44 (s, 6 H) 2.16 (s, 3 H) 2.22-2.38 (m, 7 H) 2.87-2.96 (m, 1 H) 3.35-3.41 (m, 2 H) 3.42-
3.51 (m, 2 H) 3.51-3.56 (m, 1 H) 3.56-3.71 (m, 5 H) 3.84 (d, J=12.38 Hz, 1 H) 3.88 (s, 2 H)
4.47 (d, J=9.63 Hz, 1 H) 6.38 (d, J=16.51 Hz, 1 H) 6.46 (d, J=16.51 Hz, 1 H) 6.75 (d,
J=8.25 Hz, 1 H) 6.80 (s, 1 H) 6.97 (s, 1 H) 7.09 (d, J=8.25 Hz, 1 H) 7.22 (s, 1 H).
MS ESI/APCI Dual posi: 682[M+H]*, 704[M+Na]".
MS ESI/APCI Dual nega: 680[M-H], 716[M+Cl]".
Example 4-1
[Chem. 43]




[ 0158] The sane procedure as shown in Exanple 1-1 was repeated to give
conpound (7-1) (112 ny, 74% as a col orl ess anorphous substance, except
t hat i nt ewoedicams’6E) was repl aced by internedi ate (F). pLooBsjonsdisivR (300
WVHz, CHLOROFORMd) 8 ppm 1.12, 1.14 (each d, J=6.84 Hz, each 3 H 1.37 (s,
6 H 1.51 (s, 6 H 1.76 (s, 3 11)1.99 (s, 3 H 2.04 (s, 3 H 2.04 (s, 3 H
2.23 (s, 6 H 2.32 (s, 3 H 2.41 (t, J=722 Hz, 2 H 2.86-2.99 (m 1 H)
325333(m2|—l)376390(m6H)407415(m1H)418426(m1H)

¥ ,76 %y 1oy %&H%%gﬁ%ég%*%g et hoyin Ed‘é“ﬂi" 1] R TR0 B e RTPLU] g g1
(5,3 1 50381 o T 0l bt 1l I8 S Do
MeO! Pr 0 4RméQ éﬂgx,léﬁ pjr%t g:N-cﬁI?legl&lethylenediamine was replaced by 1-ethylpiperazine.
Compound (4-1A)
[0141] 'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.07 (t, J=7.23 Hz, 3 H) 1.12— 1.16
(m, 6 H) 1.37 (s, 6 H) 1.61 (s, 6 H) 1.77 (s, 3 H) 1.99 (s, 3 H) 2.03 (s, 3 H) 2.05 (s, 3 H) 2.30
(s, 3 H) 2.34-2.44 (m, 9 H) 2.90-3.05 (m, 1 H) 3.60-3.72 (m, 4 H) 3.72-3.80 (m, 1 H) 3.92 (s,
2 H) 4.05 (dd, J=12.36, 1.94 Hz, 1 H) 4.27 (dd, J=12.36, 4.43 Hz, 1 H) 4.48 (d, J=9.79 Hz,
1 H) 5.15 (t, J=9.79 Hz, 1 H) 5.22-5.31 (m, 2 H) 6.31 (d, J=16.2 Hz, 1 H) 6.49 (d, J=16.2 Hz,
1 H) 6.68 (d, J=8.08 Hz, 1 H) 6.86-6.93 (m, 1 H) 7.00 (s, 2 H) 7.11 (d, J=8.08 Hz, 1 H) 7.24
(s, 1 H).
MS ESI/APCI Dual posi: 907[M+H]*, 929[M+Na]".
MS ESI/APCI Dual nega: 941[M+Cl]".
Compound (4-1B)
[0142] 'H NMR (300 MHz, CHLOROFORM-d) 8 ppm 1.03-1.19 (m, 9 H) 1.37 (s, 6 H)
1.62 (s, 6 H) 1.71 (s, 3 H) 1.99 (s, 3 H) 2.05 (s, 3 H) 2.12 (s, 3 H) 2.27 (s, 3 H) 2.33-2.46 (m,
6 H) 2.93 (sept, J=6.76 Hz, 1 H) 3.58-3.71 (m, 4 H) 3.73-3.91 (m, 3 H) 4.12-4.21 (m, 1 H)
4.24-4.34 (m, 1 H) 4.48 (d, J=9.17 Hz, 1 H) 5.21-5.34 (m, 3 H) 6.30 (d, J=16.1 Hz, 1 H) 6.48
(d, J=16.1 Hz, 1 H) 6.53 (s, 1 H) 6.68 (d, J=7.93 Hz, 1 H) 6.88 (s, 1 H) 6.99 (s, 1 H) 7.08 (d,
J=7.93 Hz, 1 H) 7.22 (s, 1 H).
MS ESI/APCI Dual posi: 865[M+H]*, 887[M+Na]".
MS ESI/APCI Dual nega: 899[M+Cl]".
Example 4-2
[Chem. 44]




54 (69 ng, 78% as a col orl ess anorphous substance, except that conpound
(1-1) was replaced by conmpound (7-1). [0161] 1H NWR (600 MHz, METHANOL-d4)
8 ppm 1. 80 20101657(68ach d, J=6.84 Hz, each 3 H) 1.36 (s, PETHP20k0/dB1§s, 6 H)
2.21 (s, 6 H) 2.32 (s, 3 H 2.39 (t, J=6.88 Hz, 2 H 2.93-3.02 (m 1 H
3.24-3.39 (m 4 H 3.42-3.48 (m 1 H 3.49-3.54 (m 1 H 3.58-3.65 (m 1 H)
3.80-3.87 (m 4 H 3.91 (s, 2 H 4.61 (48 J=9.63 Hz, 1 H 6.39 (d, J=16.51
Hz, 1 H 6.50 (d, J=16.51 Hz, 1 H) 6.73 (d, J=7.80 Hz, 1 6.92 (s, 1 H
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col orl ess anorp S substanhce, exce that’ 1 nternedl ate was repl aced by

ekt ke s bl s 00483 96 oo
946[ M+Na]chloroform — chloroform:methanol = 8:2) to give compound (4-2) (79.2 mg, 78%) as a
colorless amorphous substance. |
[0144] 'H NMR (600 MHz, METHANOL-d,) & ppm 0.98 (t, J=7.23 Hz, 3 H) 1.10 (d,
J=6.88 Hz, 6 H) 1.36 (s, 6 H) 1.44 (s, 6 H) 2.23-2.42 (m, 9 H) 2.85-2.99 (m, 1 H) 3.35-3.41
(m, 2 H) 3.42-3.48 (m, 1 H) 3.50-3.56 (m, 1 H) 3.55-3.71 (m, 5 H) 3.81-3.90 (m, 3 H) 4.47 (d,
J=9.63 Hz, 1 H) 6.39 (d, J=16.1 Hz, 1 H) 6.46 (d, J=16.1 Hz, 1 H) 6.71-6.77 (m, 1 H) 6.80 (s,
1H) 6.98 (s, 1 H) 7.09 (d, J=7.79 Hz, 1 H) 7.22 (s, 1 H).
MS ESI/APCI Dual posi: 696[M+H]*, 718[M+Na]*.
MS ESI/APCI Dual nega: 694[M-H].
Anal. Calcd for C30Hs7N304-1.2H,0: C, 65.3; H, 8.34; N, 5.86. Found: C, 65.3; H,
8.36; N, 5.68.
Example 5-1

[Chem. 45]

(5-1)

[0145] To a solution of intermediate (E) (205 mg, 0.253 mmol), HOBt-H»O (68 mg,

0.506 mmol) and 4-dimethylaminopiperidine (65 mg, 0.506 mmol) in N,N-
dimethylformamide (2.0 mL), EDC-HCI (97 mg, 0.506 mmol) was added and stirred at 70°C
for 2 hours. The reaction mixture was poured into water (50 mL) and extracted with ethyl
acetate (50 mL). The organic layer was washed with brine (20 mL) and dried over

a_rihydrous magnesium sulfate. After filtering off the desiccant, the solvent was distilled off



M5 ESI/ APCI Dual nega: 958 MCl1l. Exanple 8-2 55 [Chem 53] (8-2) [0163]
To a solution of conmpound (8-1) in chloroform (3.0 m), trifluoroacetic
aci d (600wBlp1vmsisadded and stirred at roomtenperat ur eptepdivossis. The
reaction m xture was concentrated under reduced pressure and then purified
by silica gel columm chromatography (chloroformmethanol = 95:5 -> 60: 40)
to give conpound (8-2) (68 ng, 55% as 4 col orl ess anorphous substance.
[0164] 1H NWR (300 MHz, CHLOROFOCRMd) b ppm 1.14, 1.16 (each d, J=6.37 Hz,

h 3 32 6 ll 1 3 2.03 ,
3y 2. ownfer ealcRy prsdist, SThGrepging iblayt sl plyiigd pyiics gl oy’ 10 %%
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gsdszj(g%%)ug% élé’lf%”%?‘;r?&&sséﬂ% 5 (m i 2 5 5. (7d31J(?n5? E)Z 6104 (br.

i LB RN OROA Dy i 45K 5 A 1t
J=6.76 Hz, 3 H) 1.30-1.49 (m, 2 H) 1.38 (s, 6 H) 1.61 (s, 6 H) 1.77 (s, 3 H) 1.84 (d, J=12.75
Hz, 2 H) 1.99 (s, 3 H) 2.03 (s, 3 H) 2.05 (s, 3 H) 2.27 (s, 6 H) 2.30 (s, 3 H) 2.37 (s, 3 H) 2.81
(t, J=12.28 Hz, 2 H) 2.97 (sept, J=6.76 Hz, 1 H) 3.76 (ddd, J=10.03, 4.66, 2.25 Hz, 1 H) 3.92
(s, 2 H) 4.05 (dd, J=12.43, 2.25 Hz, 1 H) 4.28 (dd, J=12.43, 4.66 Hz, 1 H) 4.33-4.53 (m, 3 H)
5.10-5.34 (m, 3 H) 6.31 (d, J=15.00 Hz, 1 H) 6.50 (d, J=15.00 Hz, 1 H) 6.68 (d, J=8.08 Hz,
1 H) 6.97-7.04 (m, 2 H) 7.11 (d, J=8.08 Hz, 1 H) 7.25 (s, 1 H).

MS ESI/APCI Dual posi: 920[M+H]".

MS ESI/APCI Dual nega: 954[M+Cl]".
Example 5-2

[Chem. 46]

(5-2)

[0147] The same procedure as shown in Example 1-2 was repeated to give compound (5-2)
(33 mg, 53%) as a colorless amorphous substance, except that compound (1-1) was replaced
by compound (5-1).

[0148] "H NMR (600 MHz, METHANOL-d,)  ppm 1.08 (d, J=6.42 Hz, 6 H) 1.21-1.32 (m,
2H) 1.35(s, 6 H) 1.43 (s, 6 H) 1.73 (br. s., 2 H) 2.16 (s, 6 H) 2.28 (s, 3H) 2.28-2.37 (m, 1 H)
2.89 (sept, J=6.42 Hz, 1 H) 3.31-3.33 (m, 2 H) 3.44 (t, J=8.71 Hz, 1 H) 3.48-3.56 (m, 1 H)
3.66 (dd, J=11.92, 2.75 Hz, 1 H) 3.83 (d, J=11.92 Hz, 1 H) 3.86 (s, 2 H) 4.45 (d, J=9.63 Hz,

1 H) 6.35-6.41 (m, 1 H) 6.43-6.47 (m, 1 H) 6.72 (d, J=7.79-Hz, 1 H) 6.78 (s, 1 H) 6.96 (s,

1 H) 7.08 (d, J=7.79 Hz, 1 H) 7.21 (s, 1 H).



(8-3) 56 by compound (8-2). [0166] 1H NWVR (600 MHz, METHANOL-d4) 8 ppm
1.13, 1.15 (each d, J=6.84 Hz, each 3 H) 1.36 (s, 6 H) 1.45 (s, 6 H 2.32
(s, 3 H Wwo@8ted93ks(m 2 H) 2.94-3.03 (m 1 H) 3.23 (t, rédrhraGobsIs2 H)
3.28-3.39 (m 4 H 3.43-3.48 (m 1 H 3.48-3.54 (m 1 H 3.62 (dd, J=12. 15,
5.73 Hz, 1 H 3.79-3.88 (m 2 H 3.92 (s, 2 H 4.61 (d, J=9.63 Hz, 1 H)
6.40 (d, J=16.51 Hz, 1 H) 6.50 (d, J=165p1 Hz, 1 H) 6.74 (d, J=7.79 Hz, 1
H 6.92 (s, 1 H 7.07 (s, 1 H 7.11 (d, J=7.79 Hz, 1 H) 7.26 (s, 1 H).

E)?;/rrérg gPtiaI[ cﬁ@iFSgg?@I Wu?y(is}wsllﬁﬁ\diﬁﬁm Dual nega: 654 M H, 690[ MtCl ]
MS ESI/APCI Dual nega: 708 M-H]J.
Anal. Caled for C4Hs9N305-1.5H,0: C, 65.19; H, 8.50; N, 5.70. Found: C, 64.81; H,
8.46; N, 5.61.
Example 6-1
[Chem. 47]

AcO

[0149] To a solution of intermediate (E) (680 mg, 0.746 mmol) in chloroform (5.0 mL),
CDI (182 mg, 1.12 mmol) was added and stirred at room temperature for 1 hour. Then, 1,2-
diamino-2-methylpropane (79 mg, 0.895 mmol) was added and stirred at room temperature
for 18 hours. The reaction mixture was diluted with saturated aqueous sodium bicarbonate
and extracted twice with chloroform. The combined organic layers were dried over
anhydrous sodium sulfate. After filtering off the desiccant, the solvent was distilled off
under reduced pressure. The resulting residue was purified by silica gel column
chromatography (chloroform — chloroform:methanol = 85:15) to give compound (6-1)
(140 mg, 21%) as a colorless amorphous substance.
[0150] 'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.11-1.17 (m, 6 H) 1.11 (s, 6 H)
1.39 (s, 6 H) 1.53 (s, 6 H) 1.77 (s, 3 H) 1.99 (s, 3 H) 2.03 (s, 3 H) 2.05 (s, 3 H) 2.31 (s, 3 H)
2.37 (s, 3 H) 2.89-3.05 (m, 1 H) 3.14 (d, J=5.91 Hz, 2 H) 3.76 (ddd, J=9.71, 4.51, 2.10 Hz,
1 H) 3.93 (s, 2 H) 4.05 (dd, J=12.51, 2.10 Hz, 1 H) 4.27 (dd, J=12.51, 4.51 Hz, 1 H) 4.49 (d,
J=7.46 Hz, 1 H) 5.11-5.20 (m, 1 H) 5.23-5.31 (m, 2 H) 6.26 (s, 1 H) 6.29-6.38 (m, 1 H) 6.48-
6.57 (m, 1 H) 6.69 (d, J=7.93 Hz, 1 H) 6.97-7.03 (m, 3 H) 7.12 (d, J=7.93 Hz, 1 H) 7.25 (s,
1 H).

MS ESI/APCI Dual posi: 880[M+H]".



[0167] The sanme procedure as shown in Exanple 1-1 was repeated

conpound (9-1) (42 ng, 38% as a col orl ess anorphous substance,

i nt er mediwodeo(opswas repl aced by internediate (F), and pCT/JP201
N, N- di et hyl et hyl enedi am ne was repl aced by piperazine. [0168]
MHz, CHLOROFORMd) 8 ppm 1.12, 1.14 (each d, J=6.99 Hz, each 3

6 H 1.58 (s, 6 H 1.76 (s, 3 H 1.99 (s, 3 H 2.04 (s, 3 H 2.

2.32 (s, 3 H 2.79-2.86 (m 4 H) 2.88-2.99 (m 1 H) 3.57-3.64
3.76-3.95 (m 6 5) 4.07-4.14 (m 1 H 4.18-4.26 (m 1 H 4.77-
5.13-5. 2 ﬁrﬂ’

7.05-7. 11 (- H 7.22 (br. s., 1 H. NS ESI/APCl Dual posi:
872[ M+Na] t |vs ESI/APCI Dual ; ﬁ} 11. Exanple 9-2 [Ch
[0169] The sanme p 2 i 2 was repeated

conpound (9-2 ) B As a cqhor/lesHd r phous subst ance,

conpound (tﬂl) as replaced by conpound (9-1).

OH 6-2)

to give
except that
0/053187
1H NWVR (300
H 1.37 (s,
04 (s, 3 H
(m 4 H
4.84 (m 1 H)

5.26-5.37 (m 2 H) 6.29 (d, J=16.16 Hz, 1 H) 6.49 (d,
J=16. 16 r% an 6.64 (d, J=7.93 Hz, 1 H) 6.77-6.83 (m 2 H) 6.

99 (s, 1 H)

850[ M+H] ,

em 56] 57 H

to give
except that

[0151] The same procedure as shown in Example 1-2 was repeated to give compound (6-2)

(104 mg, 98%) as a colorless amorphous substance, except that compound (1-1) was replaced

by compound (6-1).

[0152] 'H NMR (600 MHz, METHANOL-d,) § ppm 1.02 (s, 6 H) 1.05-1.10 (m, 6 H) 1.35

(s, 6 H) 1.44 (s, 6 H) 2.29 (s, 3 H) 2.85-2.93 (m, 1 H) 3.09 (s, 2 H) 3.34-3.39 (m,

2 H) 3.42-

3.47 (m, 1 H) 3.52 (t, J=9.40 Hz, 1 H) 3.63-3.69 (m, 1 H) 3.80-3.85 (m, 1 H) 3.86 (s, 2 H)

4.46 (d,1=9.63 Hz, 1 H) 6.35-6.41 (m, 1 H) 6.44-6.51 (m, 1 H) 6.73 (d, J=7.79 Hz, 1 H) 6.78

(s, 1 H) 6.96 (s, 1 H) 7.06-7.10 (m, 1 H) 7.23 (s, 1 H).
MS ESI/APCI Dual posi: 670[M+H]", 692[M+Na]".
MS ESI/APCI Dual nega: 668[M-H]', 704[M+Cl]".

[0153] Alternatively, compound (6-2) can also be synthesized as described in Examples 6-3

and 6-4 below.
Example 6-3
[Chem. 49]

[0154] To a solution of intermediate (H) (205 g, 0.273 mol), intermediate (I) (97.0 g,

0.355 mol), HOBt-H»0 (62.7 g, 0.410 mol) and triethylamine (114 mL, 0.819 mol) in N,N-



[0170] 1H NWR (600 MHz, METHANOL-d4) 8 ppm 1.14, 1.16 (each d, J=6.42 Hz,

each 3 H 1.36 (s, 6 H 1.44 (s, 6 H 2.32 (s, 3 H 2.69 (br. s., 4 H

2. 95- 3. 03wbOrEp10l09kh683. 28-3.38 (m 2 H) 3.42-3.52 (m 2 Hpc3ubdoss 1 m 5 H)

3.80-3.84 (m 1 H 3.84 (s, 3 H 3.92 (s, 2 H 4.61 (d, J=9.17 Hz, 1 H)

6.39 (d, J=16.05 Hz, 1 H) 6.47 (d, J=16.05 Hz, 1 H) 6.74 (d, J=7.79 Hz, 1
6.92 (s, 1 H 7.06 (s, 1 H 7.10 (d,520=7.79 Hz, 1 H 7.22 (s, 1 H. M

ESI/ APCI Dual posi: 682 MtH . Ms ESI/ APClI Dual nega: 680[M11]'—, 716] MtCI £ .

s o BB I SR
colorl esg, E{é%g %gﬂﬁﬁkfnﬁ?the% Bh nﬁlgﬂltre tgﬁlgﬁ }%éi(ll X‘@ﬁegﬁ@%dﬂﬁﬁd by

i nt er medi a met h enedi am ne was

N- et hyl Xt ut
Furt hor Bherir Ca EAN SRy 8"1‘%‘%‘]‘6 *‘%ﬁm‘é%ﬁ%%%g R O e G %%9 1,12

(d, J=8. extrfotedwlith tolu&r'é 9 L)Jaxﬁl tﬁe Egmbﬁeh%réanfcﬁla &rs w@ré‘&zaslae@@utﬁ%’% H 1.77
s, 3H 1.99 (s, 3 H 2.04 (s, 6 H S, 2 (s, 3 H 2.38-2.50
m 4 H) aquédas Sodigm(chlorille k). 01)6ﬁd arl&ﬂo(dﬂanﬂ dﬂbu@mﬁ@w@m&ﬂsﬂfﬁle 1 Afjer3. 81- 3. 96
m 1H 3.86 (s, 3 H 4.07-4.15 (m 1 H 4.18-4.27 (m 1 H 4.75-4.88 (m

H) 5. 1fitoried offithe desidrarl, th6sblvem waw distilldd off @iddebred8cddpresbutd) @hd3-6. 54 (m
H 6.59-6.70 (m 2 H 6.81 (s, 1 H 6.96-7.02 (m 1 H 7.04-7.12 (m 1 H)
20- 7. 2@esgittingresifiye Wasadigiotved@n 2-propanol (300 mL) at 50°C, and heptane (2.7 L) was

(
(
(
1
1
7.
added dropwise thereto. The mixture was stirred for 1 hour under ice cooling, and the
resulting precipitate was filtered to give compound (6-3) (221 g, 83%) as a colorless powder.
[0155] 'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.13 (d, J=6.88 Hz, 3 H) 1.14 (d,
J=6.88 Hz, 3 H) 1.26 (s, 6 H) 1.39 (s, 6 H) 1.44 (s, 9 H) 1.55 (s, 6 H) 1.77 (s, 3 H) 1.99 (s,

3 H)2.03(s,3H)2.05(s, 3 H)2.30(s, 3 H)2.37 (s, 3 H) 2.97 (sept, J=6.88 Hz, 1 H) 3.41 (d,
J=5.60 Hz, 2 H) 3.72-3.80 (m, 1 H) 3.92 (s, 2 H) 4.05 (dd, J=12.43, 2.02 Hz, 1 H) 4.28 (dd,
J=12.43, 4.51 Hz, 1 H) 4.45-4.52 (m, 1 H) 4.65 (s, 1 H) 5.11-5.19 (m, 1 H) 5.22-5.33 (m,

2 H) 6.29-6.39 (m, 1 H) 6.46-6.57 (m, 2 H) 6.69 (d, J=8.00 Hz, 1 H) 6.96-7.03 (m, 2 H) 7.11
(dd, J=8.00, 1.63 Hz, 1 H) 7.24-7.26 (m, 1 H) 7.59 (br. s, 1 H).

Example 6-4 |

[0156] To a solution of compound (6-3) (220 g, 0.225 mol) in chloroform (3.0 L),
trifluoroacetic acid (297 mL, 3.88 mol) was added dropwise at room temperature over

10 minutes and stirred at the same temperature for 20 hours. The reaction mixture was
diluted with toluene (3.0 L) and concentrated. The concentrated product was dissolved in
ethyl acetate (3.0 L) and washed with 10% aqueous sodium carbonate (1.2 L) and brine

(1.0 L), followed by distilling off the solvent under reduced pressure.

[0157] The resulting residue (240 g) was dissolved in methanol (1.5 L) and cooled on ice,
followed by addition of triethylamine (0.3 L) and water (0.3 L).  After stirring at room
temperature for 13 hours, additional methanol (1.5 L), triethylamine (0.3 L) and water (0.3 L)
were further added and stirred at room temperature for 20 hours. The reaction mixture was

concentrated and co-evaporated with methanol. The resulting residue was purified by



[Chem 58] OH(10-2) [0173] The sane procedure as shown in Exanple 1-2 was
repeated to give conpound (10-2) (8.0 ng, 9% 2 steps) as a colorless

anor phousweuzbsvmsme, except that conmpound (1-1) was replratad2dyozsespound
(10-1). [0174] 1H NWR (600 MHz, METHANOL-d4) 8 ppm 1.09-1.16 (m 6 H) 1.35
(s, 6 H 1.42 (s, 6 H 2.12-2.16 (m 3 H 2.23-2.33 (br. s., 4 H 2.30 (s,
3 H 2.92-3.01 (m 1 H 3.28 (s, 2 H 3330-3.383(m 1 H 3.41-3.51 (m 2 H)
3.55-3.66 (m 5 H 3.78-3.86 (m 4 H 3.90 (s, 2 H 4.59 (d, J=9.17 Ft 1

1 1y 7 okt Wigs gt sqfu f%owa@ﬁ%w hyicthe il oo b >

??6[1“”*5"% %lﬁﬁl%éﬂfwﬁd AR 3 e SR SR bBros IR e

gi ve co Pl( Ai-1) (200 ng, 89% as a Ilght yeIIOM/anDrphous subst ance,
except t nternmedi ate (E) was replaced by internediate (F), and
N, N-d|nehﬁmhgg%gsenedlanlne was replaced by 1-ethyl pi perazine. [0176] 1H

-6.86 (m 2 H 6.99 (s, 1 H 7.08 (d,

NI\/R(SOO MHz LOROFORM d) 8 ppm 1.07 (t, J=7.23 Hz, 3 H 1.11 (d, J=6.84
Hz, H)114(% 6. 84 3 H\ (g, 6 H} 1.59 (s, 6 H 1.76 (s, 3 H
1.99 (s, 3 H 2 &6(' NT32Ns, 3 H 2.36-2.44 (m 6 H)
2.93 (sept é 3L ) . Hi H) 3.77-3.84 (m 1 H) 3.83-3.94
(m 5 H 4"69 4. 1 H B.18-4.27 (m 1 H 4.76-4.86 (m 1 H 5.14-5.23
(m 1 H 5 %0 3 2 H 29 (d, J=16.1 Hz, 1 H 6.48 (d, J=16.1 Hz, 1

1H

1

H 6.64 (d, J=7.6¢
J=7.62 Hz, 1 H) 7.22 (s,

[0158] The same procedure as shown in Example 1-1 was repeated to give compound (7-1)
(112 mg, 74%) as a colorless amorphous substance, except that intermediate (E) was replaced
by intermediate (F).
[0159] 'H NMR (300 MHz, CHLOROFORM-d)  ppm 1.12, 1.14 (each d, J=6.84 Hz, each
3 H)1.37 (s, 6 H) 1.51 (s, 6 H) 1.76 (s, 3 H) 1.99 (s, 3 H) 2.04 (s, 3 H) 2.04 (s, 3 H) 2.23 (s,
6 H) 2.32 (s, 3 H) 2.41 (t, J=6.22 Hz, 2 H) 2.86-2.99 (m, 1 H) 3.25-3.33 (m, 2 H) 3.76-3.90
(m, 6 H) 4.07-4.15 (m, 1 H) 4.18-4.26 (m, 1 H) 4.76-4.85 (m, 1 H) 5.13-5.22 (m, 1 H) 5.26-
5.36 (m, 2 H) 6.31 (d, J=16.48 Hz, 1 H) 6.37 (s, 1 H) 6.50 (d, J=16.48 Hz, 1 H) 6.61-6.67 (m,
1 H) 6.81 (s, 1 H) 6.99 (s, 1 H) 7.06-7.12 (m, 1 H) 7.24 (s, 1 H).

MS ESVAPCI Dual posi: 852[M+H]".

MS ESVAPCI Dual nega: 886[M+Cl].
Example 7-2
[Chem. 51]

(7-2)

[0160] The same procedure as shown in Example 1-2 was repeated to give compound (7-2)



M5 ESI/ APClI Dual posi: 879 MtH, 901[ M+tNa]. Ms ESI/ APCI Dual nega:
913[ M+l f. Exanple 11-2 [Chem 60] OH(11-2) 60 and (4-1B) were repl aced
by compouwd 20I093%8 [0178] 1H NVR (600 MHz, METHANCL- d4PC8/Jppm/033987 (t,
J=7.11 Hz, 3 H 1.10-1.19 (m 6 H 1.37 (s, 6 H 1.45 (s, 6 H 2.26-2.42

(m 9 H 2.97 (sept, J=6.76 Hz, 1 11) 3.32-3.40 (m 2 H) 3.43-3.48 (m 1 H
3.48-3.55 (m H)355372(m5H)35479389(m4H)391(s 2H)461
6.39 (d, J=16.5 Hz, 6.46 (d, J=16.5 Hz, 6.73

(d, J=9.17 Hz,

(e Zﬁ?ﬁs Seifrigs ﬁfm%?%mﬁ?ajapc %%}ﬂs&b@msmﬁ (s %’AT%MECI]

(d, J=7
ESI / APC
Anal .

65.1; H,

ON3081. 5H20: C, 65.2; H, 8.48; N, 5.70. Found: C,
bg%gﬁs&ﬁﬁﬁgﬁg4 Exanpl e 12-1

[0161] 'H NMR (600 MHz, METHANOL-d,) & ppm 1.13, 1.15 (each d, J=6.84 Hz, each
3H)1.36(s, 6 H) 1.45 (s, 6 H) 2.21 (s, 6 H) 2.32 (s, 3 H) 2.39 (t, J=6.88 Hz, 2 H) 2.93-3.02
(m, 1 H) 3.24-3.39 (m, 4 H) 3.42-3.48 (m, 1 H) 3.49-3.54 (m, 1 H) 3.58-3.65 (m, 1 H)
3.80-3.87 (m, 4 H) 3.91 (s, 2 H) 4.61 (d, J=9.63 Hz, 1 H) 6.39 (d, J=16.51 Hz, 1 H) 6.50 (d,
J=16.51 Hz, 1 H) 6.73 (d, J=7.80 Hz, 1 H) 6.92 (s, 1 H) 7.08 (s, 1 H) 7.10 (d, J=7.80 Hz, 1 H)
7.25 (s, 1 H).

MS ESI/APCI Dual posi: 684[M+H]".

MS ESI/APCI Dual nega: 682[M-H]’, 718[M+Cl]".

Anal. Calcd for C3gHs7N305-1.7H,0: C, 63.88; H, 8.52; N, 5.88. Found: C, 63.84; H,
8.41; N, 5.75.
Example 8-1
[Chem. 52]

(8-1)

[0162] The same procedure as shown in Example 1-1 was repeated to give compound (8-1)
(145 mg, 89%) as a colorless amorphous substance, except that intermediate (E) was replaced
by intermediate (F), and N,N-dimethylethylenediamine was replaced by N-t-
butoxycarbonylethylenediamine.

MS ESI/APCI Dual posi: 924[M+H]*, 946[M+Na]".

MS ESI/APCI Dual nega: 958 M+Cl]".

Example 8-2



[ Chem 61] (12-1) [0179] The sane procedure as shown in Exanple 5-1 was
repeated to give conpound (12-1) (55 ng, 40% as a col orl ess anorphous
subst ancewoesmapssshat i nternedi ate (E) was repl aced bypcmietoredizase (F).
[0180] 1H NWMR (300 MHz, CHLOROFORMd) 8 ppm 1.12, 1.14 (each d, J=6.92 Hz,
each 3 H 1.28-1.47 (m 8 H 1.60 (s, 6 H 1.73-1.89 (m 5 H) 1.99 (s, 3 H
2.04 (s, 3 H 2.04 (s, 3 H 2.22-2.35 (s 10 H 2.73-2.99 (m 3 H
3.76-3.84 (m 1 H 3.84-3.90 (m 5 H 4.07-4.15 (m 1 H 4.18-4.26 (m 1 H)
4.34-4.5? ﬂqﬁ¢%%FD 4.75-4.86 (m 1 H 5.13-5.23 (m 1 H 5.26- 5.39 (m 2
H 6.30 8,6 =16.48 Hz, 1 H 6.48 (d, J=16.48 Hz, 1 H 6.63 (d, J=8.39 Hz,
1H 6.81 (s, 1 6.94-7.01 (m D04-7.11 (m 1 H 7.23 (s, 1 H. M
ESI / APCI Dual bbgg: 89 4 , .NExaﬁﬂHQ 12-2 61 [Chem 62] [0181]
The sanegggo Egﬂ APl /& 142 was repeated to give conpound
(12-2) (F=0y as a cpl orl ess anor phous substance, except that
conpound ( b&}

METHANCL- d4)" 8

fﬁplaceo by conmpound (12-1). [0182] 1H NWR (600 MHz,
.13, 1.15 (each d, J=6.84 Hz, each
(8-2)

[0163] To a solution of compound (8-1) in chloroform (3.0 ml), trifluoroacetic acid
(600 uL) was added and stirred at room temperature for 3 hours. The reaction mixture was
concentrated under reduced pressure and then purified by silica gel column chromatography
(chloroform:methanol = 95:5 — 60:40) to give compound (8-2) (68 mg, 55%) as a colorless
amorphous substance.
[0164] 'H NMR (300 MHz, CHLOROFORM-d)  ppm 1.14, 1.16 (each d, J=6.37 Hz, each
3 H)1.32(s, 6 H) 1.42 (s, 6 H) 1.77 (s, 3 H) 1.98 (s, 3 H) 2.03 (s, 3 H) 2.04 (s, 3 H) 2.32 (s,
3 H) 2.90-3.02 (m, 1 H) 3.22-3.34 (m, 2 H) 3.48-3.57 (m, 2 H) 3.76-3.96 (m, 6 H) 4.07-4.14
(m, 1 H) 4.17-4.25 (m, 1 H) 4.79-4.87 (m, 1 H) 5.12-5.22 (m, 1 H) 5.24-5.36 (m, 2 H) 6.32 (s,
1 H) 6.40 (d, J=16.63 Hz, 1 H) 6.51 (d, J=16.63 Hz, 1 H) 6.65 (d, J=8.55 Hz, 1 H) 6.82 (s,
1 H) 6.96 (s, 1 H) 7.07-7.13 (m, 1 H) 7.28-7.31 (m, 1 H) 8.04 (br. s., 2 H).

MS ESV/APCI Dual posi: 824[M+H]*, 846[M+Na]".

MS ESI/APCI Dual nega: 858[M+Cl]".
Example 8-3
[Chem. 54}

[0165] The same procedure as shown in Example 1-2 was repeated to give compound (8-3)

(22 mg, 44%) as a colorless amorphous substance, except that compound (1-1) was replaced



H 1.24-1.33 (m 2 H) 1.37 (s, 6 H 1.44 (s,

(o]

H)
s, 6 H 2.30-2.39 (m 4 H 2.93-3.01 (m 1 H 3.28-
1 3

3

(

(m 1 H) 80461@9588(m 1 H) 3.62 (dd, J=12.15, 5.7

3H 3.91(s, 2 H 4.48 (br. s., 2 H 4.61 (d, J=9.63 Hz, 1 H) 6.40 (d,
J=16.05 Hz, 1 H) 6.47 (d, J=16.05 Hz, 1 H) 6.73 (d, J=7.79 Hz, 1 H) 6.92
(s, 1 H 7.06-7.11 (m 2 H) 7.23 (s, 14d. MS ESI/APCI Dual posi: 724[ MrH,
746 MNa] . MBS ESI/APCI Dual nega: 722[ M 111-, 758 M-Cl]-. Anal .

Cal cd forb C41H61I\é3 8-2.5H20: C, 64.04; H 8.65; N, 5.46. Found: C, 64.01;
H, 8. 38; PKCOBPId @&dpi e 13-1 [Chem 63] AcO AcON ' OAc OAc(13-1) [0183]

Th i - ted to. gi d

(13- 19 10181 o MR B0 B e FHARRIE ) ot T 3 e e

| nt er medisgi®) 865, ¥95) 1.8 61 3CBYs oY H) B68IIPANAPHY 5)04-3.03 (m, 1 H) 3.23 (¢,
J=5.96 Hz, 2 H) 3.28-3.39 (m, 4 H) 3.43-3.48 (m, 1 H) 3.48-3.54 (m, 1 H) 3.62 (dd, J=12.15,

1.75 (br. s, 2 H 2.17
3.38 (m 5 H 3.43-3.47
Hz, PCTHP2@ 08318 86 (m

5.73 Hz, 1 H) 3.79-3.88 (m, 2 H) 3.92 (s, 2 H) 4.61 (d, J=9.63 Hz, 1 H) 6.40 (d, J=16.51 Hz,
1H) 6.50 (d, J=16.51 Hz, 1 H) 6.74 (d, J=7.79 Hz, 1 H) 6.92 (s, 1 H) 7.07 (s, 1 H) 7.11 (d,
J=7.79 Hz, 1 H) 7.26 (s, 1 H).

MS ESI/APCI Dual posi: 656[M+H]".

MS ESI/APCI Dual nega: 654[M-H]’, 690[M+Cl]".
Example 9-1
[Chem. 55]

ZT

MeO

O
KN

(©-1)

[0167] "The same procedure as shown in Example 1-1 was repeated to give compound (9-1)
(42 mg, 38%) as a colorless amorphous substance, except that intermediate (E) was replaced
by intermediate (F), and N,N-dimethylethylenediamine was replaced by piperazine.
[0168] 'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.12, 1.14 (each d, J=6.99 Hz, each
3H) 1.37 (s, 6 H) 1.58 (5, 6 H) 1.76 (s, 3 H) 1.99 (s, 3 H) 2.04 (s, 3 H) 2.04 (s, 3 H) 2.32 (s,
3 H) 2.79-2.86 (m, 4 H) 2.88-2.99 (m, 1 H) 3.57-3.64 (m, 4 H) 3.76-3.95 (m, 6 H) 4.07-4.14
(m, 1 H) 4.18-4.26 (m, 1 H) 4.77-4.84 (m, 1 H) 5.13-5.22 (m, 1 H) 5.26-5.37 (m, 2 H) 6.29 (d,
J=16.16 Hz, 1 H) 6.49 (d, J=16.16 Hz, 1 H) 6.64 (d, J=7.93 Hz, 1 H) 6.77-6.83 (m,- 2 H) 6.99
(s, 1 H) 7.05-7.11 (m, 1 H) 7.22 (b;. s., 1 H).

MS ESI/APCI Dual posi: 850[M+H]*, 872[M+Na]".

MS ESI/APCI Dual nega: 884[M+Cl]".

Example 9-2



[0184] 1H NWR (300 MHz, CHLOROFORMd) 8 ppm 1.10 (s, 6 H 1.12 (d, J=6.84
3 H 1.14 (d, J=6.84 Hz, 3 H 1.36 (s, 6 H 1.56 (s, 6 H 1.77 (s, 3 H)

s, 8OoMp10A9eAS(s, 6 H) 2.30 (s, 3 H 2.85-3.02 (m pLTHP280/031§1,

Hz, 2 H 3.76-3.84 (m 1 H 3.81-3.96 (m 1 H 3.86 (s, 3 H)

5(m 1H 4.18-4.27 (m 1 H 4.75-4.88 (m 1 H 5.11-5.24 (m 1 H)

: . 37 (m 2 H 6.22-6.38 (m 1 H 65#43-6.54 (m 1 H 6.59-6.70 (m 1 H

6.81 (s, 6.96-7.02 (m 2 H 7.04-7.12 (m 1 H 7.20-7.26 (m 1 H).

Exanpl e i{% [g]em 64] [0185] The sane procedure as shown in Exanple 1-2

was repe Bemy gi ve compound (13-2) (1.0 g, 65% as a col orl ess anorphous

subst ance, except that corrpound ( H repl aced by conmpound (13-1).
[0186] 1H NVR ( 60D\ EELHANGK Ol(s 6 H 1.09-1.15 (m 6 H)
-3.00 (m 1 H 3.08 (s, 2 H

1.35 (s, 6 H 1.4 .

3.27-3.36 HO 76 (m 1 2 (m 1 H 3.60 (dd,
J=11.92, 5.9 3.84 (m H) 3 90 (s, 2 H 4.59 (d, J=9.63 Hz,
1 H) 6.36-6. (B 6. 45 .50 (m 1 H 6.71 (d, J=7.79 Hz, 1 H 6.90
(s, 1 H 7.06 (s, "& 7.079210 (m 1 H 7.20-7.25 (m 1 H. NS ESI/APCI
Dual posi: 684[ M+H] . IVB ESI/ APCI Dual nega: 682[ M 141, 718[wMC]. Exanple

14-1 [ Chem 65]
[0169] The same procedure as shown in Example 1-2 was repeated to give compound (9-2)

(27 mg, 94%) as a colorless amorphous substance, except that compound (1-1) was replaced
by compound (9-1).
[0170] 'H NMR (600 MHz, METHANOL-d,) & ppm 1.14, 1.16 (each d, J=6.42 Hz, each
3 H)1.36 (s, 6 H) 1.44 (s, 6 H) 2.32 (s, 3 H) 2.69 (br. 5., 4 H) 2.95-3.03 (m, 1 H) 3.28-3.38
(m, 2 H) 3.42-3.52 (m, 2 H) 3.53-3.65 (m, 5 H) 3.80-3.84 (m, 1 H) 3.84 (s, 3 H) 3.92 (s, 2 H)
4.61 (d, J=9.17 Hz, 1 H) 6.39 (d, J=16.05 Hz, 1 H) 6.47 (d, J=16.05 Hz, 1 H) 6.74 (d,
J=7.79 Hz, 1 H) 6.92 (s, 1 H) 7.06 (s, 1 H) 7.10 (d, J=7.79 Hz, 1 H) 7.22 (s, 1 H).

MS ESIVAPCI Dual posi: 682[M+H]".

‘MS ESI/APCI Dual nega: 680[M-H], 716[M+Cl]".
Example 10-1
[Chem. 57]

(10-1)

[0171] The same procedure as shown in Example 1-1 was repeated to give a crude product
of compound (10-1) (100 mg) as a colorless amorphous substance, except that intermediate
(E) was replaced by intermediate (F), and N,N-dimethylethylenediamine was replaced by
N-methylpiperazine. = This product was used for the next reaction without further

purification.



(14-1) [0187] The sane procedure as shown in Exanple 1-1 was repeated to
gi ve conpound (14-1) (200 ng, quant.) as a light-yellow oil, except that

i nt er mediwoeo(0@pswas replaced by internediate (F), and PCT/JP2010/053187

N, N- di et hyl et hyl enedi am ne was repl aced by

4- am no- 1- t but oxycar bonyl pi peridine. [0188] 1H NWVR (300 MHz, CHLOROFCORM d)
8ppm111(d J=6.99 Hz, 3H) 114(d58]699|—|z 3H) 1.25-1.33 (m 2H)
1.36 (s, 6 H 1.45 (s, 9 H 1.48 (s, 6 H) 177(33 179193(m2

2 b St bR o A
e, 1 H)° 68§8{%’§ }ﬁzl i%(slz%kﬁlzl%%é@ ﬁ%ﬁ?g (% ?ﬁQQZ% 3@ 219‘%7 956%4&@@83 (m 2
v £5i/ ancd Bl %5@?%-5%%%&4 B2 5 A P R el 1,5
Exanpl e 1493 B{RH (ub@1H) 3.84 &43 &) 4.944.15 (m, 1 H) 4.18-4.27 (n, 1 H) 4.75-4.88 (m, 1

H) 5.11-5.24 (m, 1 H) 5.26-5.37 (m, 2 H) 6.22-6.38 (m, 1 H) 6.43-6.54 (m, 1 H) 6.59-6.70 (m,

2 H) 6.81 (s, 1 H) 6.96-7.02 (m, 1 H) 7.04-7.12 (m, 1 H) 7.20-7.26 (m, 1 H).

Example 10-2

[Chem. 58]

[0173] The same procedure as shown in Example 1-2 was repeated to give compound
(10-2) (8.0 mg, 9%:; 2 steps) as a colorless amorphous substance, except that compound (1-1)
was replaced by compound (10-1).
[0174] 'H NMR (600 MHz, METHANOL-d,) & ppm 1.09-1.16 (m, 6 H) 1.35 (s, 6 H) 1.42
(s, 6 H) 2.12-2.16 (m, 3 H) 2.23-2.33 (br. s., 4 H) 2.30 (s, 3 H) 2.92-3.01 (m, 1 H) 3.28 (s,
2 H) 3.30-3.38 (m, 1 H) 3.41-3.51 (m, 2 H) 3.55-3.66 (m, 5 H) 3.78-3.86 (m, 4 H) 3.90 (s,
2 H) 4.59 (d, J=9.17 Hz, 1 H) 6.33-6.39 (m, 1 H) 6.42-6.47 (m, 1 H) 6.72 (d, J=7.79 Hz, 1 H)
6.90 (s, 1 H) 7.04-7.11 (m, 2 H) 7.19-7.24 (m, 1 H).

MS ESI/APCI Dual posi: 696[M+H]*, 718[M+Na]".

MS ESI/APCI Dual nega: 694[M-H], 730[M+Cl]".

Example 11-1



trifluoroacetic acid (450 [AL) was added. The reaction m xture was stirred
at roomtenperature for 2 hours, and the solvent was distilled off under
reduced pwesiLwm®s7680 the resulting residue, triethylam perortabsseshanol
(1/1/5, 4 m.) was added, and the reaction m xture was stirred overni ght at
roomtenperature. The solvent was distilled off under reduced pressure and
the resulting residue was purified by sjg i ca gel colum chronmat ography
(chl orof orm ---> chl or of or m et hanol 8:2) to give conpound (14-2) (103
ng, 77% Gﬁ, a8sr9 | orl ess anor phous substance [0190] 1H NWR (600 MHz,
VETHANOL gpm114(d J=5.50 Hz, 3H)115(d J=5.50 Hz, 3 H)
127135(m2 1.37 ( 6H).5|-| 6H)178(d J1146Hz 2 H
2.33 (s, 3 H 2. EeQr g8 «if A2 3\} 33337(m2|—|)
3.43-3.48 (m 66(m 1H) 3.68-3.75 (m 1
H 3.81-3.8¢0 3 H 92(s M) 4.61 (d, J=9.17 Hz, 1 H).
6.34-6.43(?\(# 656(m 1H)674(d J=7.79 Hz, 1H)692(s,1
H 7.04-7.1 ‘f AEP .26 (s, 1 H. M ESI/APCI Dual posi: 696] MtH],
718[ MrNa] . Exanpl & I5-1 [Che y] (15-1) [0191] The sane procedure as
shown in Exanple 1-1 was repeat ed to gi ve conmpound (15-1) (103 ng, 94% as
a col orl ess anorphous substance, except that internediate (E) was repl aced
by internediate (G . [0192] 11-1 NWR (300 WMHz, CHLOROFORMtd) 8 ppm 1.05 (d,
J=6. 84 H0173] HI'hd sdrfie pobcedird a8ghokim, in Exiinple. BE was, refficatdd td gih@ compotndd) 1. 77
(s, 3H 2.00 (s, 3 H 2.05 (s, 3 H 2.06 (s, 3H 2.46 (s, 6 H 2.64-2.78
(m 2 H (Bl-0x(208erg, 89%3@s smghtyellpwm@wssuhgam excep) that in@rgediate(F) 1 H)
3.85 (s, 3 H 3.87-4.04 (m 2 H 4.08-4.18 (m 1 H 4.18-4.30 (m 1 H 65
4.87 (d, vm&gempemby ulteﬂ}e@atq_GEEa@?N(Nwﬂlmcthyle@y@eceamme(ms replageddy3s (s, 1
H)640657 2. H 6.77 (s, 1 H 7.01 (d, J=8.24 Hz, 2 H 7.13 (s, 1 H
.32 (d, 1:]6118‘/1212614%1“2 H 7.40 (s, 1 H).

[0176] H NMR (300 MHz, CHLOROFORM-d) & ppm 1.07 (t, J=7.23 Hz, 3 H) 1.11 (d,

J=6.84 Hz, 3 H) 1.14 (d, J=6.84 Hz, 3 H) 1.36 (s, 6 H) 1.59 (s, 6 H) 1.76 (s, 3 H) 1.99 (s, 3 H)
2.04 (s, 3 H) 2.04 (s, 3 H) 2.32 (s, 3 H) 2.36-2.44 (m, 6 H) 2.93 (sept, 1=6.84 Hz, 1 H)
3.61-3.71 (m, 4 H) 3.77-3.84 (m, 1 H) 3.83-3.94 (m, 5 H) 4.05-4.16 (m, 1 H) 4.18-4.27 (m,
1 H) 4.76-4.86 (m, 1 H) 5.14-5.23 (m, 1 H) 5.25-5.37 (m, 2 H) 6.29 (d, J=16.1 Hz, 1 H) 6.48
(d, J=16.1 Hz, 1 H) 6.64 (d, J=7.62 Hz, 1 H) 6.77-6.86 (m, 2 H) 6.99 (s, 1 H) 7.08 (d,
J=7.62 Hz, 1 H) 7.22 (s, 1 H).

MS ESI/APCI Dual posi: 879[M+H]*, 901[M+Na]".

MS ESVAPCI Dual nega: 913[M+Cl].
Example 11-2
[Chem. 60]

[0177] The same procedure as shown in Example 4-2 was repeated to give compound

(11-2) (118 mg, 73%) as a colorless amorphous substance, except that compounds (4-1A)



M5 ESI/ APClI Dual posi: 839[MrHt MsS ESI/APCI Dual nega: 873[ MtCl]. Exanple
15-2 [Chem 68] [0193] The sane procedure as shown in Exanple 4-2 was
repeat ed wo 2givv@swenpound (15-2) (62.1 ng, 75% as a colporlJexdo/essesphous
substance, except that conpounds (4-1A) and (4-1B) were replaced by
conmpound (15-1). [0194] 1H NMR (600 MHz, METHANCL-d4) 8 ppm 1.07 (d, 1=6.76
Hz, 3 H 1.09 (d, J=6.76 Hz, 3 H 1.36 ¢, 6 H 1.44 (s, 6 H 2.23 (s, 6 H)
2.41 (t, J=6.88 Hz, 2 H 3.10 (sept, J=6.76 Hz, 1 H 3.26-3.30 (m 2 H

2353 Band B B oo Ry 2 0 1L 1) %025 80 (6t
et 0 UariRita R il 0 e 70 2By
£ LS oS o0 o FeR Lap G IS AR ©
[ Chem  69]H) 3.43-3.48 (m, 1 H) 3.48-3.55 (m, 1 H) 3.55-3.72 (m, 5 H) 3.79-3.89 (m, 4 H) 3.91 (s,
2 H) 4.61 (d, J=9.17 Hz, 1 H) 6.39 (d, J=16.5 Hz, 1 H) 6.46 (d, J=16.5 Hz, 1 H) 6.73 (d,
J=7.79 Hz, 1 H) 6.92 (s, 1 H) 7.04-7.14 (m, 2 H) 7.23 (s, 1 H).
MS ESI/APCI Dual posi: 710[M+H]*, 732[M+Na]*.
MS ESI/APCI Dual nega: 744[M+CI]".
Anal. Calcd for C4HsoN30g:1.5H,0: C, 65.2; H, 8.48; N, 5.70. Found: C, 65.1; H,
8.38; N, 5.64.
Example 12-1
[Chem. 61]

(12-1)

[0179] The same procedure as shown in Example 5-1 was repeated to give compound
(12-1) (55 mg, 40%) as a colorless amorphous substance, except that intermediate (E) was
replaced by intermediate (F).
[0180] 'H NMR (300 MHz, CHLOROFORM-d) d ppm 1.12, 1.14 (each d, J=6.92 Hz, each
3 H) 1.28-1.47 (m, 8 H) 1.60 (s, 6 H) 1.73-1.89 (m, 5 H) 1.99 (s, 3 H) 2.04 (s, 3 H) 2.04 (s,
3 H) 2.22-2.35 (m, 10 H) 2.73-2.99 (m, 3 H) 3.76-3.84 (m, 1 H) 3.84-3.90 (m, 5 H) 4.07-4.15
(m, 1 H) 4.18-4.26 (m, 1 H) 4.34-4.50 (m, 2 H) 4.75-4.86 (m, 1 H) 5.13-5.23 (m, 1 H) 5.26-
5.39 (m, 2 H) 6.30 (d, J=16.48 Hz, 1 H) 6.48 (d, J=16.48 Hz, 1 H) 6.63 (d, J=8.39 Hz, 1 H)
6.81 (s, 1 H) 6.94-7.01 (m, 2 H) 7.04-7.11 (m, 1 H) 7.23 (s, 1 H).

MS ESI/APCI Dual posi: 892[M+H]*, 914[M+Na]".
Example 12-2



(16-1) [0195] The sane procedure as shown in Exanple 1-1 was repeated to
gi ve conpound (16-1) (90 ng, 55% as a col orl ess anor phous substance,
except thao 220mwmsTeBdi ate (E) was replaced by internedi areT(®010/653d87

N, N- di met hyl et hyl enedi am ne was repl aced by piperazine. [0196] 1H NWVR (300
MHz, CHLOROFORMd) 8 ppm 1.06 (d, J=6.6 Hz, 3 H 1.11 (d, J=6.6 Hz, 3 H)
1.35 (s, 6 H) 1.77 (s, 6 H 2.00 (s, 34) 2.04 (s, 3 H 2.06 (s, 3 H 225
(hr. s., 2 H 2.78-2.88 (m 4 H 2.96-3.12 (m 1 H) 3.55-3.65 (m 4 H)

3. 78'3'8$Cé‘?r%1 612 H 3.85 (s, 3 H 3.88-4.04 (m 2 H 4.09-4.18 (m 1 H
4.20-4.3 ‘ ]H) 4.88 (d, J=9.48 Hz, 1 H 5.15-5.27 (m 1 H) 5.28-5.44

(m 2 H 6.22-6.33 (m 1 H) 6.41-6/5H ( 1 H 6.72-6.85 (m 2 H 6.96-7.06
¥ ESI / APCI Dual posi: 836[ M+H| t

(m 2 H 7.14 (MeQ P F#iFx3 R A
Exanpl e 16-2 [ Chgm @ _6- 2) [§19A 'ﬁlhe sane procedure as shown in

Exanpl e 1- PIQlaSy répeated~t oygi ve conpound TI6N) (52 nmy, 70% as a

col orl ess agﬁ pRQu ,(i%gbstan e, except that conlpound (1-1) was replaced by
conmpound (1 ?)Ou_p ] 1H NWVR (600 MHz, METHANOL-d4) ppm 1.06 (d, J=6.80
Hz, 3 H 1.07 (d, J=6.80 Hz$1§_221) 1.34 (s, 6 H 1.42 (s, 6 H 2.67 (br. s.,
4 H 3.04-3.12 (m 1 H 3.27-3.30 (m 67 2 H 3.33-3.38 (m 2 H) 3.43-3.49
(m 1 H 3.50-3.61 (m 3 H 3.61-3.66 (m 1 H) 3.80 (s,

[0181] The same procedure as shown in Example 1-2 was repeated to give compound
(12-2) (55 mg, 82%) as a colorless amorphous substance, except that compound (1-1) was
replaced by compound (12-1).
[0182] 'H NMR (600 MHz, METHANOL-d,) & ppm 1.13, 1.15 (each d, J=6.84 Hz, each
3 H) 1.24-1.33 (m, 2 H) 1.37 (s, 6 H) 1.44 (s, 6 H) 1.75 (br. s, 2 H) 2.17 (s, 6 H) 2.30-2.39 (m,
4 H) 2.93-3.01 (m, 1 H) 3.28-3.38 (m, 5 H) 3.43-3.47 (m, 1 H) 3.47-3.53 (m, 1 H) 3.62 (dd,
J=12.15, 5.73 Hz, 1 H) 3.80-3.86 (m, 3 H) 3.91 (s, 2 H) 4.48 (br. 5., 2 H) 4.61 (d, J=9.63 Hz,
1 H) 6.40 (d, J=16.05 Hz, 1 H) 6.47 (d, J=16.05 Hz, 1 H) 6.73 (d, J=7.79 Hz, 1 H) 6.92 (s,
1 H) 7.06-7.11 (m, 2 H) 7.23 (s, 1 H).

MS ESI/APCI Dual posi: 724[M+H]*, 746[M+Na]" .

MS ESI/APCI Dual nega: 722[M-H]’, 758[M+Cl].

Anal. Calcd for C41Hg1N305-2.5H,0: C, 64.04; H, 8.65; N, 5.46. Found: C, 64.01; H,
8.38; N, 5.49.
Example 13-1
[Chem. 63]

[0183] The same procedure as shown in Example 6-1 was repeated to give compound

(13-1) (1.98 g, 99%) as a colorless amorphous substance, except that intermediate (E) was



3 H 3.83 (d, J=11.92 Hz, 1 H) 3.92-4.00 (m 2 H) 4.63 (d, J=9.63 Hz, 1 H)
6.33-6.39 (m 1 H) 6.44-6.49 (m 1 H) 6.86 (s, 1 H 7.06 (d, J=8.25 Hz, 2
H 7.21 (w0 20101p576827 (d, J=8.25 Hz, 2 H). M5 ESI/APCI Poalippaen331€68[ MiH] ,
690[ MtNa]t Ms ESI/ APCI Dual nega: 666[ MK, 702 MClf. Exanple 17-1 [ Chem
71] [0199] The same procedure as shown in Exanple 1-1 was repeated to give
conmpound (17-1) (187 ngy, 95% as a col o4d ess anor phous substance, except

t hat i nternedi ate (E) was replaced by internediate (G, and

N, N- di rreth Ieth l.enedi was replaced by 1-nethyl pi perazine. [0200] 1H
NVR (300F WE&W 8 ppm 1.05 (d, J=6.84 Hz, 3 H 1.10 (d, J=6.84

) i inighed . i Sughotadly ing LB efyf
R R m e R S e

(m 1 H) (651{)293% 441y %523Ui(ﬂ5 ?%1)3‘1113(@ 15.6 12,2 ) '3")763 é‘@(lﬁdu({gs*k@ 3?3(#2 1

6.77 J=8. 08 Tz,
7 25-7.3 [ 0 | | |
834] N&Cl%r_n gng%p%@e(sﬂ EE%gBA[P%mQJﬁ!}mw 27 8R! {Mjlzihs A8 B! 1 AYSI11BIAd (hega

1 H) 5.26-5.37 (m, 2 H) 6.22-6.38 (m, 1 H) 6.43-6.54 (m, 1 H) 6.59-6.70 (m, 1 H) 6.81 (s,
1 H) 6.96-7.02 (m, 2 H) 7.04-7.12 (m, 1 H) 7.20-7.26 (m, 1 H).

Example 13-2

[Chem. 64]

[0185] The same procedure as shown in Example 1-2 was repeated to give compound
(13-2) (1.0 g, 65%) as a colorless amorphous substance, except that compound (1-1) was
replaced by compound (13-1).
[0186] '‘H NMR (600 MHz, METHANOL-d,) & ppm 1.01 (s, 6 H) 1.09-1.15 (m, 6 H) 1.35
(s, 6 H) 1.43 (s, 6 H) 2.31 (s, 3 H) 2.91-3.00 (m, 1 H) 3.08 (s, 2 H) 3.27-3.36 (m, 5 H) 3.41-
3.46 (m, 1 H) 3.47-3.52 (m, 1 H) 3.60 (dd, J=11.92, 5.96 Hz, 1 H) 3.80-3.84 (m, 4 H) 3.90 (s,
2 H) 4.59 (d, J=9.63 Hz, 1 H) 6.36-6.41 (m, 1 H) 6.45-6.50 (m, 1 H) 6.71 (d, J=7.79 Hz, 1 H)
6.90 (s, 1 H) 7.06 (s, 1 H) 7.07-7.10 (m, 1 H) 7.20-7.25 (m, 1 H).

MS ESI/APCI Dual posi: 684[M+H]".

MS ESI/APCI Dual nega: 682[M-H], 718[M+Cl].
Example 14-1



[ 0201] The sane procedure as shown in Exanple 4-2 was repeated to give
conpound (17-2) (127 ng, 84% as a col orl ess anorphous substance, except

t hat conpwondr/@drtA) and (4-1B) were replaced by conpomaa/Jpdnie/njsis] 0202]
1H NVR (600 MHz, METHANOL-d4) 8 ppm 1.05 (d, J=6.65 Hz, 3 H) 1.07 (d,
J=6.65 Hz, 3 H 1.36 (s, 6 H 1.45 (s, 6 H 2.14 (s, 3 H 2.23-2.40 (m 4
H 3.06-3.16 (m 1 H) 3.34-3.42 (m 2 K3 3.46-3.52 (m 1 H 3.51-3.73 (m 6
H)379391(m4 3.98 (s, 2 H 4.65 (d, J=9.63 Hz, 1 H 6.38 (d,
J=16.1 The I—&f648(d J=16.1 Hz, 1H)688(s 1 H 7.08 (d, J=8.25 Hz,
> H 7.0 %l 7 59" (d, J=8.25 Hz, 2 H. MB ESI/APCI Dual posi:

682[ MtH] , 704[ MtNa] . M5 ESI/ APCI Dual nega 716[%&%! Anal . Cal cd

for C38H55N3081. 6H20: C, 64.2; H, 8.25; d: C 64.3; H 8.08;
N, 5.89. Test Exglgé 02 eat on of cells stably
expressi ng human ’ _ expressi ng human SG.T1

protein wa%‘ ) s KlO:e IsHJsmg | i pof ectam ne 2000
(I'nvitrogeny. ells were| cultured in the presence of 500 Rg/nL
geneticin t Ac®l ept "OAsi stant strains, followed by screening in the system
shown bel ow usi n@DAggar uptake capacity as an indicator to obtain
SGLT1-expressing cells. [0204-1R) Creation of CHO Kl cells stably
expressi ng human SG.T2 Met hod A (described in W2007/136116): A
pl asm d vector expressing human SG.T2 protein nodified to have

added to .t he .carbox final . residue

{r anof ool O n b EHFs RpeE fre SHoP R EpPlec-L s dotsalst ' EivsiomagEm  The
Cesi st anfEDRB e it e b TEyPLTREANE saonn i, BRGNS Bt eé.elnSCt
Podal ¢ o IEARRAEh, dnd R Nallioh REIERY Bhodifin Wik ReptedB iR finel B0 BO1 LD The
Sors pr SNty fhipeRS 2? ; gl—IOAKIOl coll s using |5 pof ectanne LTx

(I'nvitrogemsg] TeyMRI(B60 MHE GHL(DRIOFQRIMLd? bpphI E$E(E =609 1208 H)t1o1a(d,
geneticin to select resistant strains, followed by screening in the system

shown beles0Blizng HY s 1.8 (iak2 Hy 4 36q(s,t6yHp $.481(s, o) 1.48 (5, 6tH) 0P @ 8 H)
SA.T2-expressing cells. The results cal cul ated by using these stably
expr essi hg9ele93 enal H) $199us, 3 H) .88 s 3H)EB0406t B D) 22 (s, 3 H) 2.90-2.98 (m, 3 H)

3.75-4.00 (m, 9 H) 4.07-4.15 (m, 1 H) 4.18-4.27 (m, 1 H) 4.79-4.86 (m, 1 H) 5.19 (d,

J=10.10 Hz, 1 H) 5.26-5.35 (m, 2 H) 6.09 (s, 1 H) 6.26 (d, J=16.48 Hz, 1 H) 6.50 (d,
J=16.48 Hz, 1 H) 6.65 (d, J=8.32 Hz, 1 H) 6.74-6.83 (m, 2 H) 6.99 (s, 1 H) 7.08 (dd, J=8.32,
2.72 Hz, 1 H) 7.22 (d, J=2.72 Hz, 1 H).

MS ESI/APCI Dual posi: 965[M+H]", 987[M+Na]".

MS ESI/APCI Dual nega: 999[M+Cl] .
Example 14-2
[Chem. 66]

MeO

(14-2)

[0189] To a solution of compound (14-1) (185 mg, 0.192 mmol) in chloroform (2 mL),



[0206] (3) Inhibition test for sodi um dependent sugar uptake in stably
expressing cells The stably expressing cells prepared above were
used in twe boldeswng test. [0207] Pretreatnent buffer @etd40privh/ossasi ne
chloride, 2 MM KC1, 1 mM CaCl2, 1 nMMwd 2, 10 M HEPES/5 mM Tri s, pH 7.4)
was added in a volune of 200 [AL to the cells stably expressing SGLT1 or 2
mL for Method A and 200 RL for Method Bg4o the cells stably expressing

SA' T2, followed by incubation for 20 m nutes. The pretreatnent buffer was
renoved angd repl aced ake buffer _containing a test .cogmpound (1 nM

et hyl a-%ﬁ'l“ﬁ‘&%ﬁ?? 3?*82‘%/5&}]«3”%%‘8?& ‘Hﬁﬁfl'ngT & HEF R ATurg WIS §iHIRb PN osi de), 140
mM NaCl, . 2010 HEPES/ 5 mM Tri s H7.4)
" & vol (RPHORTor 2Bt e syl il idgied Selbabrein o £ 1B s 7
in Method : j ' T1) or
L et hOedh i, |RARIAARAPCARERRRTR 1, 440 (Al TR hERL R T
washi ng ikfues wﬁslsQirfEMd]?%%ﬁ%l{'\t/éigdzgng{fﬂﬁﬁpa\{ﬁﬁﬂOﬁg%lvéﬁ%aQMsﬁhE’& bi})%nﬁ&l oride,

2 MM KC1, 1 nmM Cad 2, , 10 MM HEPES/5 mM Tris, pH 7. in a

vol une ofrediebd filessufd andhd tesalithgPedidwe Wik PpRiflkabyRilRa gél éﬂluﬁlﬂrchr%ﬁa-f@griéﬂ-y
Met hod A, and then dissolved in a 0.25 NaOH solution (75 tAt for SG.T1

and SG.TZclilorobldtinhedchforofordtfietRandlcs 8: 3o lgivé coniiund @14AR) (183Inhgdi7eb) as a
scintillator (Perkin Elner) was added and m xed well wth each sanple,
f ol | owed cblprlresammorpinaistsulbdtancadi oactivity using a 3-ray anal yzer. For the

control %rou , ,uptake buffer containing no test conpound was prepared. 70
Mor eover |0 tHérNMBt(éQ(éM:Iﬂﬁ,fl\éETHaNQL-idh)@thdll%r(é, g Hnsidsédl of NaCl
was al so pre8ared for_ basal uptake. 02081$ For determ nation of 1C50

val ues, 0360 EmpSlreT-pps s &) de3 TsctpHh oS (aceH bit8 éhtlral Aoklz, AN Fsed
ipt ako ( (ER0DAPUBLP (o PdDCAY A 34D 2437 (. ERD oS @ 1 Lhde-upt aice
| 0 SOl 0oy $100% 1 el s e L £ PRNB GRSt B e ©

2 H) 4.61 (d, J=9.17 Hz, 1 H) 6.34-6.43 (m, 1 H) 6.45-6.56 (m, 1 H) 6.74 (d, J=7.79 Hz, 1 H)

6.92 (s, 1 H) 7.04-7.16 (m, 2 H) 7.26 (s, 1 H).

MS ESI/APCI Dual posi: 696[M+H]", 718[M+Na]*.
Example 15-1
[Chem. 67]

(15-1)

[0191] The same procedure as shown in Example 1-1 was repeated to give compound
(15-1) (103 mg, 94%) as a colorless amorphous substance, except that intermediate (E) was
replaced by intermediate (G).

[0192] 'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.05 (d, J=6.84 Hz, 3 H) 1.10 (d,
J=6.84 Hz, 3 H) 1.38 (s, 6 H) 1.49 (s, 6 H) 1.77 (s, 3 H) 2.00 (s, 3 H) 2.05 (s, 3 H) 2.06 (s,
3 H) 2.46 (s, 6 H) 2.64-2.78 (m, 2 H) 3.04 (sept, J=6.84 Hz, 1 H) 3.38-3.49 (m, 2 H)
3.78-3.83 (m, 1 H) 3.85 (s, 3 H) 3.87-4.04 (m, 2 H) 4.08-4.18 (m, 1 H) 4.18-4.30 (m, 1 H)



Met hod A I C50 for hSGT2 (nM Method B 1-2 35 2688 74 2-2 30 971 28 3-2 35
1723
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4.87 (d, J=9.48 Hz, 1 H) 5.16-5.27 (m, 1 H) 5.28-5.44 (m, 2 H) 6.35 (s, 1 H) 6.40-6.57 (m,
2H)6.77 (s, 1 H) 7.01 (d, J=8.24 Hz, 2 H) 7.13 (s, 1 H) 7.32 (d, J=8.24 Hz, 2 H) 7.40 (s,
1 H).

MS ESI/APCI Dual posi: 839[M+H]".

MS ESV/APCI Dual nega: 873[M+Cl].
Example 15-2
[Chem. 68]

(15-2)

[0193] The same procedure as shown in Example 4-2 was repeated to give compound
(15-2) (62.1 mg, 75%) as a colorless amorphous substance, except that compounds (4-1A)
and (4-lB) were replaced by compound (15-1).
[0194j 'H NMR (600 MHz, METHANOL-d) 8 ppm 1.07 (d, J=6.76 Hz, 3 H) 1.09 (d,
J=6.76 Hz, 3 H) 1.36 (s, 6 H) 1.44 (s, 6 H) 2.23 (s, 6 H) 2.41 (t, J=6.88 Hz, 2 H) 3.10 (sept,
J=6.76 Hz, 1 H) 3.26-3.30 (m, 2 H) 3.35-3.45 (m, 2 H) 3.45-3.52 (m, 1 H) 3.54-3.60 (m, 1 H)
3.62-3.69 (m, 1 H) 3.79-3.89 (m, 4 H) 3.99 (s,A2 H) 4.65 (d, J=9.63 Hz, 1 H) 6.39 (d,
J=16.51 Hz, 1 H) 6.52 (d, J=16.51 Hz, 1 H) 6.88 (s, 1 H) 7.07 (d, J=8.25 Hz, 2 H) 7.23 (s,
1 H) 7.31 (d, J=8.25 Hz, 2 H). |

MS ESI/APCI Dual posi: 670[M+H]".

MS ESI/APCI Dual nega: 704[M+Cl]".

Anal. Calcd for C37HssN;305-1.0H,0: C, 64.6; H, 8.36; N, 6.11. Found: C, 64.5; H,
8.31; N, 6.02.
Example 16-1
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[Chem. 69]

(16-1)

[0195] The same procedure as shown in Example 1-1 was repeated to give compound
(16-1) (90 mg, 55%) as a colorless amorphous substance, except that intermediate (E) was
replaced by intermediate (G), and N,N-dimethylethylenediamine was replaced by piperazine.
[0196] 'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.06 (d, J=6.6 Hz, 3 H) 1.11 (d,
J=6.6 Hz, 3 H) 1.35 (s, 6 H) 1.77 (s, 6 H) 2.00 (s, 3 H) 2.04 (s, 3 H) 2.06 (s, 3 H) 2.25 (br. 5.,
2 H) 2.78-2.88 (m, 4 H) 2.96-3.12 (m, 1 H) 3.55-3.65 (m, 4 H) 3.78-3.88 (m, 1 H) 3.85 (s,
3 H) 3.88-4.04 (m, 2 H) 4.09-4.18 (m, 1 H) 4.20-4.30 (m, 1 H) 4.88 (d, J=9.48 Hz, 1 H)
5.15-5.27 (m, 1 H) 5.28-5.44 (m, 2 H) 6.22-6.33 (m, 1 H) 6.41-6.55 (m, 1 H) 6.72-6.85 (m,
2 H) 6.96-7.06 (m, 2 H) 7.14 (s, 1 H) 7.23-7.32 (m, 2 H).

MS ESI/APCI Dual posi: 836[M+H]".
Example 16-2
[Chem. 70]

[0197] The same procedure as shown in Example 1-2 was repeated to give compound
(16-2) (52 mg, 70%) as a colorless amorphous substance, except that compound (1-1) was
replaced by compound (16-1).

[0198] 'H NMR (600 MHz, METHANOL-d4) & ppm 1.06 (d, J=6.80 Hz, 3 H) 1.07 (d,
J=6.80 Hz, 3 H) 1.34 (s, 6 H) 1.42 (s, 6 H) 2.67 (br. s., 4 H) 3.04-3.12 (m, 1 H) 3.27-3.30 (m,
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2 H) 3.33-3.38 (m, 2 H) 3.43-3.49 (m, 1 H) 3.50-3.61 (m, 3 H) 3.61-3.66 (m, 1 H) 3.80 (s,
3 H)3.83 (d, J=11.92 Hz, 1 H) 3.92-4.00 (m, 2 H) 4.63 (d, J=9.63 Hz, 1 H) 6.33-6.39 (m,
1 H) 6.44-6.49 (m, 1 H) 6.86 (s, 1 H) 7.06 (d, J=8.25 Hz, 2 H) 7.21 (s, 1 H) 7.27 (d, J=8.25
Hz, 2 H).

MS ESI/APCI Dual posi: 668[M+H]*, 690[M+Na]".

MS ESI/APCI Dual nega: 666[M-H], 702[M+Cl]".
Example 17-1
[Chem. 71]

(17-1)

[0199] The same procedure as shown in Example 1-1 was repeated to give compound
(17-1) (187 mg, 95%) as a colorless amorphous substance, except that intermediate (E) was
replaced by intermediate (G), and N,N-dimethylethylenediamine was replaced by
1-methylpiperazine. .
[0200] 'H NMR (300 MHz, CHLOROFORM-d)  ppm 1.05 (d, J=6.84 Hz, 3 H) 1.10 (d,
J=6.84 Hz, 3 H) 1.36 (s, 6 H) 1.59 (s, 6 H) 1.77 (s, 3 H) 2.00 (s, 3 H) 2.05 (s, 3 H) 2.06 (s,
3 H) 2.26 (s, 3 H) 2.32-2.40 (m, 4 H) 2.96-3.12 (m, 1 H) 3.59-3.71 (m, 4 H) 3.79-3.84 (m,
1 H) 3.85 (s, 3 H) 3.90-4.05 (m, 2 H) 4.10-4.16 (m, 1 H) 4.21-4.28 (m, 1 H) 4.87 (d,
J=9.64 Hz, 1 H) 5.16-5.27 (m, 1 H) 5.29-5.44 (m, 2 H) 6.28 (d, J=16.4 Hz, 1 H) 6.49 (d,
J=16.4 Hz, 1 H) 6.77 (s, 1 H) 6.83 (s, 1 H) 7.01 (d, J=8.08 Hz, 2 H) 7.13 (s, 1 H) 7.25-7.32
(m, 2 H).

MS ESI/APCI Dual posi: 850[M+H]".

MS ESI/APCI Dual nega: 884[M+Cl]".
Example 17-2
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[Chem. 72]

MeO

OH (17-2)

[0201] The same procedure as shown in Example 4-2 was repeated to give compound
(17-2) (127 mg, 84%) as a colorless amorphous substance, except that compounds (4-1A)
and (4-1B) were replaced by compound (17-1). }
[0202] 'H NMR (600 MHz, METHANOL-d,) & ppm 1.05 (d, J=6.65 Hz, 3 H) 1.07 (d,
J=6.65 Hz, 3 H) 1.36 (s, 6 H) 1.45 (s, 6 H) 2.14 (s, 3 H) 2.23-2.40 (m, 4 H) 3.06-3.16 (m,
1 H) 3.34-3.42 (m, 2 H) 3.46-3.52 (m, 1 H) 3.51-3.73 (m, 6 H) 3.79-3.91 (m, 4 H) 3.98 (s,
2 H) 4.65 (d, J=9.63 Hz, 1 H) 6.38 (d, J=16.1 Hz, 1 H) 6.48 (d, J=16.1 Hz, 1 H) 6.88 (s, 1 H)
7.08 (d, J=8.25 Hz, 2 H) 7.23 (s, 1 H) 7.29 (d, J=8.25 Hz, 2 H). |

MS ESI/APCI Dual posi: 682[M+H]*, 704[M+Na]".

MS ESI/APCI Dual nega: 716|[M+Cl]".

Anal. Calcd for C3gHssN30g-1.6H,0: C, 64.2; H, 8.25; N, 5.91. Found: C, 64.3;.H,
8.08; N, 5.89.
Test Example 1
[0203] (1) Creation of CHO-K1 cells stably expressing human SGLT1

A plasmid vector expressing human SGLT1 protein was transfected into CHO-K1
cells using lipofectamine 2000 (Invitrogen). The cells were cultured in the presence of
500 pg/mL geneticin to select resistant strains, followed by screening in the system shown
below using sugar uptake capacity as an indicator to obtain SGLT1-expressing cells.
[0204] (2) Creation of CHO-K1 cells stably expressing human SGLT2

Method A (described in W02007/136116): A plasmid vector expressing human
SGLT?2 protein modified to have LeuGluSerArgGlyProVal added to the carboxy-terminal

final residue was transfected into CHO-K1 cells using lipofectamine 2000 (Invitrogen). The
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cells were cultured in the presence of 500 ug/mL hygromycin B to select resistant strains,
followed by screening in the system shown below using sugar uptake capacity as an indicator
to obtain SGLT2-expressing cells. The results calculated by using these stably expressing
cells are shown in Table 1 as Method A.
[0205] Method B: A plasmid vector expressing human SGLT?2 protein was transfected into
CHO-K1 cells using lipofectamine LTX (Invitrogen). The cells were cultured in the
presence of 1000 pg/mL geneticin to select resistant strains, followed by screening in the
system shown below using sugar uptake capacity as an indicator to obtain SGLT2-expressing
cells. The results calculated by using these stably expressing cells are shown in Table 1 as
Method B.
[0206] (3) Inhibition test for sodium-dependent sugar uptake in stably expressing cells

The stably expressing cells prepared above were used in the following test.
[0207] Pretreatment buffer (140 mM choline chloride, 2 mM KCIl, 1 mM CaCl,, 1 mM
MgCl,, 10 mM HEPES/5 mM Tris, pH 7.4) was added in a volume of 200 uL to the cells
stably expressing SGLT1 or 2 mL for Method A and 200 uL for Method B to the cells stably
expressing SGLT?2, followed by incubation for 20 minutes. The pretreatment buffer was
removed and replaced by uptake buffer containing a test compound (1 mM methyl a-D-
glucopyranoside (containing [14C]methyl a-D-glucopyranoside), 140 mM NaCl, 2 mM KClI,
1 mM CaCl,, 1 mM MgCl,, 10 mM HEPES/5 mM Tris, p H 7.4) in a volume of 75 pL for
SGLT1 and SGLT?2 in Method B or 200 uL for SGLT2 in Method A. Uptake reaction was
performed at 37°C for 30 minutes (SGLT1) or 60 minutes (SGLT2). After the reaction, the
cells were washed twice with washing buffer (10 mM methyl a-D-glucopyranoside, 140 mM
choline chloride, 2 mM KCl, 1 mM CaCl,, 1 mM MgCl,, 10 mM HEPES/5 mM Tris, pH 7.4)
in a volume of 200 uL for SGLT1 and SGLT2 in Method B or 2 mL for SGLT2 in Method A,
and then dissolved in a 0.25 M NaOH solution (75 pL for SGLT1 and SGLT2 in Method B
or 400 uL for SGLT2 in Method A). A liquid scintillator (Perkin Elmer) was added and
mixed well with each sample, followed by measurement of radioactivity using a B-ray

analyzer. For the control group, uptake buffer containing no test compound was prepared.



71 [0210] (1) Preparation of diabetic nodel rats SD/IGS rats at 7
weeks of age (male, Charles River Laboratories Japan Inc.) were fasted for
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Test Example 2: Confirmation test for hypoglycemic effect in streptozotocin-induced diabetic

model rats



SD/IGS rats at 7 weeks of age (male, non-fasting, Charles River
Laboratories Japan Inc.) were orally adm nistered once a day for 3
consecut iwe 20sy®s5w8t h conpound 1-2, 5-2, 6-2, 13-2 or 1PcZ/Irmaensbisy to the
present invention (3 ng/kg) prepared in a 0.5% aqueous CMC solution. At 48
hours after the final drug adm nistration, the rats were exsangui nated via
t he postcaval vein under isoflurane anegthesia, and their kidneys were
excised after they were confirned to be euthanized. After the tissue
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saline (1 mL/kg) via the tail vein under ether anesthesia to prepare normal control rats. At
one week after injection of STZ or 1.25 mmol/L citric acid in physiological saline, the rats
were provided for an oral glucose tolerance test.

[0211] (2) Oral glucose tolerance test (OGTT)

After the diabetic model rats were fasted for about 16 hours, drug groups were each
orally administered with a drug (1 mg/kg) dissolved in a 0.5% aqueous
carboxymethylcellulose sodium (CMC) solution, while the control group was orally
administered with a 0.5% aqueous CMC solution alone. The drugs used were compounds
10, 11 and 33 disclosed in WO07/136116, as well as compounds 1;2, 5-2, 6-2, 13-2 and 15-2
according to the present invention. Immediately after drug administration, a glucose
solution (2 g/kg) was orally administered and blood was collected at 6 points in total: before
drug administration (0 hour) and 0.25, 0.5, 1, 1.5 and 2 hours after oral administration.
[0212] Blood was collected from the tail vein of each rat without anesthesia using a
heparin-coated blood collection tube, and centrifuged to separate plasma. Plasma glucose
concentrations were quantified by measurement with a Glucose CII-Test Wako (Wako Pure
Chemical Industries, Ltd., Japan). To determine the intensity of hypoglycemic effect, the
blood glucose level before drug administration was subtracted from each blood glucose level
measured until one hour after oral administration in each drug group, and the resulting values
were analyzed by the trapezoidal method to calculate an increment in the area under the
curve for glucose (AAUC), which was expressed as a decrease relative to AAUC of the
control group.

[0213] The results obtained are shown in Tables 2 and 3.

Test Example 3



After 1 day (ng/g) After 3 days (ng/g) After 7 days (ng/g) conmpound 10 69
167 36.3 124 21.2 53.8 7.61 conpound 11 68
WO 2010/095768 PCT/JP2010/053187
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[0214] (1) Changes in kidney concentrations of compounds disclosed in WO07/136116
until one week after oral administration

SD/IGS rats at 7 weeks of age (male, non-fasting, Charles River Laboratories Japan
Inc.) were orally administered with compound 10 or 33 (1 mg/kg)lor compound 11
(0.3 mg/kg) prepared in a 0.5% aqueous CMC solution. At 24, 72 and 168 hours after drug
administration, the rats were exsanguinated via the postcaval vein under ether anesthesia, and
their kidneys were excised after they were confirmed to be cuthanized. After the tissue
surface was washed with physiological saline, each tissue was measured for its weight and
homogenized in 4 volumes of purified water under ice cooling. To each homogenate, an
acetonitrile/methanol solution containing an internal standard substance was added to remove
proteins, and the supernatant was then subjected to LC-MS/MS (Applied Biosystems
API3000). Drug-derived ions generated by electrospray ionization in positive ion mode
were detected by selective reaction monitoring. The peak area of the resulting extracted ion
chromatogram was analyzed by the internal standard method to calculate the drug
concentration in the homogenate.
[0215] The internal standard substance used for compounds 10 and 33 was (1S)-1,5-
anhydro-1-[5-(4-ethoxybenzyl)-2-methoxy-4-methylphenyl]-1-thio-D-glucitol,ethyl-Ds,
while the internal standard substance used for compound 11 was compound 11
(trishydroxymethyl-Dg; -C(CD,OH)s).
[0216] The experimental results obtained are shown in Table 2.
[0217] (2) Kidney concentrations of inventive compounds after repeated oral administration
for 3 days

SD/IGS rats at 7 weeks of age (male, non-fasting, Charles River Laboratories Japan
Inc.) were orally administered once a day for 3 consecutive days with compound 1-2, 5-2, 6-2,
13-2 or 15-2 according to the present invention (3 mg/kg) prepared in a 0.5% aqueous CMC
solution. At 48 hours after the final drug administration, the rats were exsanguinated via the
postcaval vein under isoflurane anesthesia, and their kidneys were excised after they were

confirmed to be euthanized. After the tissue surface was washed with physiological saline,
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16.2 3.11 *The val ue represents nean S.D. when conpound 11 was orally
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streptozotocin (STZ)-induced diabetic rats versus vehicle control,

followi ng an oral dose at 1 ng/kg. #OGIT using Sprague-Dawl ey rats. [0219]
Conmpounds 10, 11 and 33 di sclosed in W2007/ 136116 are as shown below. 74

each tissue was measured for its weight and homogenized in 4 volumes of purified water
under ice cooling. The drug concentration in each homogenate was determined in the same
manner as shown in Test Example 3(1) by LC-MS/MS using compound 11 as an internal
standard substance.

[0218] The experimental results obtained are shown in Table 3.

[Table 2]
Sugar tolerance test results and kidney concentrations of prior art compounds
STZ rats OGTT® _ L
. Concentration of compounds in kidney after
Compound No. % inhibition . . )
) single oral administration at a dose of 1 mg/kg
in WO07/136116 | AAUCq.15 (mg/dl)
to male Sprague-Dawley rats
@1 mg/kg/po
After 1 day | After 3days | After 7 days
(ng/g) (ng/g) (ng/g)
compound 10 69 167 + 36.3 124 +21.2 53.8 +7.61
compound 11 68 63.5 £20.1* | 67.3+3.15% | 48.7 +18.3*
compound 33 81" 29.8 +6.79 25.5 = 8.68 16.2 +3.11

*The value represents mean + S.D. when compound 11 was orally administered at

0.3 mg/kg.
$Suppression of glucose AUCy.1p in streptozotocin (STZ)-induced diabetic rats versus
vehicle control, following an oral dose at 1 mg/kg.

*OGTT using Sprague-Dawley rats.

[0219] Compounds 10, 11 and 33 disclosed in W02007/136116 are as shown below.



[Chem 73] [Table 3] Sugar tolerance test results and ki dney concentrations
of inventive conpounds Exanple No. STZ rats OGIT* % i nhibition AAUCo ih
(mg/ di) @ormglokyse Concentration of conpounds in ki dnepCafipzno/Bs3den s
continuous oral administration at a dose of 3 ng/kg to nmal e Sprague-Daw ey
rats After 2 days (ng/g) 1-2 74 BLQ# 5-2 66 BLQ

74

[Chem. 73]

[Table 3]
Sugar tolerance test results and kidney concentrations of inventive compounds
STZ rats OGTT* | Concentration of compounds in kidney after 3
Example % inhibition days continuous oral administration at a dose
No. AAUC,.1, (mg/dl) of 3 mg/kg to male Sprague-Dawley rats
1m 0
@1 me/kg/p After 2 days (ng/g)
1-2 74 BLQ
5-2 66 BLQ
6-2 64 BLQ
13-2 54 BLQ
15-2 62 BLQ

* Suppression of glucose AUCy.;; in STZ-induced diabetic rats versus vehicle control,
following an oral dose at 1 mg/kg.

# BLQ means below lower limit of quantification(Sng/g).

[0220] The compounds disclosed in W02007/136116 showed a strong hypoglycemic effect

in the sugar tolerance test after oral administration at 1 mg/kg. However, at 1, 3 and 7 days



6-2 64 BLQ 13-2 54 BLQ 15-2 62 BLQ * Suppression of glucose AUCo_ih in
STZ-induced di abetic rats versus vehicle control, followng an oral dose at
1 ng/ kg. BoQuruamswsbel ow | ower limit of quantification(Ppog/igletonBrsafter 1
ng/ kg oral admnistration, their concentrations in the kidney were not
substantially reduced, and the conpounds tended to remain in the kidney

wi t hout being excreted even after 7 dayg (Table 2).

after 1 mg/kg oral administration, their concentrations in the kidney were not substantially
reduced, and the compounds tended to remain in the kidney without being excreted even after
7 days (Table 2).

[0221] On the other hand, the compounds of the present invention were found to have a
strong hypoglycemic effect, as in the case of the above prior art compounds. Moreover, the
compounds of the present invention exhibited a characteristic feature in that even when they
were administered for 3 consecutive days at a dose of 3 mg/kg, they unexpectedly did not
remain in the kidney at subsequent day 2 (Table 3).

[0222] A possible cause of this difference is that the compounds of the present invention are
less likely to be absorbed in the small intestine, and the absorbed compounds will also be
excreted without remaining in the kidney.

[0223] Thus, the compounds of the present invention have no tendency to remain in the
body and are less likely to cause side effects and toxicity due to continuous administration,
and hence appear to have practically excellent properties as pharmaceutical preparations.
Industrial Applicability

[0224] The present invention enables the provision of agents for improving postprandial
hyperglycemia, which have strong SGLT1 inhibitory activity and have no tendency to
accumulate in the body. The present invention also contributes to an improvement in
human health and facilitates the wholesome development of the pharmaceutical industry
through contribution to the treatment and prevention of postprandial hyperglycemia-induced

diseases against which inhibition of SGLT1 activity is effective.



[0221] On the other hand, the conpounds of the present invention were found
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t he kidney at subsequent day 2 (Table 3j)g [0222] A possible cause of this
difference is that the conpounds of the present invention are less |ikely
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be excreted without remaining in the KiM8y. [0223] Thus, the conpounds of
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SA.T1 activity ks effective. R76 Cains [Caim 1] A 4-isopropyl phenyl
gl ucit ol codﬂéund refidsented by the following formula (1) or a
phar maceutical | y Qidceptabl e salt thereof: [Chem 1] wherein Rl represents a
hydrogen atomor a Cl 4 aIkyK'broup, R2 represents a hydrogen atomor a
met hyl grou R3 represents a "Cl_4 al kyl group substituted with an
am no gr&@ﬁ%@) or a di-Cl-4 al kylam no group(s)" or a piperidyl group, and
R4 represents gi nag R3 and R4 together with

I e S

t heir adj acent nitrogen a oup or a piperazinyl

group, which ”Ryéﬁg%sgy{g%tﬂthg%ﬂavéérﬁbr@mgﬁwﬂg&hby' group(s) or a

di met hyl am no gr
R represents a “C;_4 alkyl group substituted with an amino group(s) or a di-C; 4

alkylamino group(s)” or a piperidyl group, and

R* represents a hydrogen atom, or alternatively, R? and R* together with their
adjacent nitrogen atom form a piperidino group or a piperazinyl group, which may be
substituted with a C;4 alkyl group(s) or a dimethylamino group(s).
[Claim 2] A 4-isopropylphenyl glucitol compound selected from the following group

or a pharmaceutically acceptable salt thereof.



[Claim2] A 4-isopropyl phenyl glucitol conpound selected fromthe foll ow ng
group or a pharmaceutically acceptable salt thereof. 77 [Chem 2] @)
NJt NThHG Wo 2biM/dsr6®@ 40 HO OH OH 78 PCT/JP2010/053187
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[Claim3]A 4-isopropyl phenyl glucitol conpound selected fromthe foll ow ng
group or a pharmaceutically acceptable salt thereof. [Chem 3] CH CH
[ O ai m 4]wophsaveyemseut | cal preparati on, which conprises Po&/JP2010/053187

4-i sopropyl phenyl glucitol conpound according to any one of clains 1 to 3
or a pharmaceutically acceptable salt thereof as an active ingredient.
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[Claim 3] A 4-isopropylphenyl glucitol compound selected from the following group
or a pharmaceutically acceptable salt thereof.

[Chem. 3]

H O 1
NN
H

[Claim 4] A pharmaceutical preparation, which comprises the 4-isopropylphenyl
glucitol compouﬁd according to any one of claims 1 to 3 or a pharmaceutically acceptable
salt thereof as an active ingredient.

[Claim 5] An inhibitor of sodium-dependent glucose transporter 1 (SGLT1) activity,
which comprises the 4-isopropylphenyl glucitol compound according to any one of claims 1

to 3 or a pharmaceutically acceptable salt thereof as an active ingredient.



[ Cl ai m 5] An i nhibitor of sodi um dependent gl ucose transporter 1 (SA.T1)
activity, which conprises the 4-isopropyl phenyl glucitol conpound according
to any orwoabioxsieas 1 to 3 or a pharmaceutical |y acceptwrabliezaebizigher eof
as an active ingredient. 79 [Caim6]An agent for inproving postprandial
hyper gl ycem a, which conprises the 4-isopropyl phenyl glucitol conpound
according to any one of clains 1 to 3 ofga pharnmaceutically acceptable salt
thereof as an active ingredient. [Claim7]A prophylactic or therapeutic
agent for diabetes, ich conprises the 4-isopropyl phenyl g]ucitql conpound
accor di ngCtamHly pne%&fagemaf?%mﬂag Qospraadﬁﬁgmfaé@?ﬁmleaw'?f‘ semepicasie salt
ther eof qéisg;prog)ﬁbf\e\{gll Iglrﬂgilioq%logﬁgﬁnd according to any one of claims 1 to 3 or a

pharmaceutically acceptable salt thereof as an active ingredient.
[Claim 7] A prophylactic or therapeutic agent for diabetes, which comprises the
4-isopropylphenyl glucitol compound according to any one of claims 1 to 3 or a

pharmaceutically acceptable salt thereof as an active ingredient.



