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PYRI DONE DERI VATI VES TECHNI CAL FI ELD [ow ] The present invention
relates to a pyrone derivative and a pyridone derivative, which are novel

i nternedi ates for synthesizing an anti-influenza dr S '
cap-dependent endonucl ease inhibitory activity, ar

sane, and a nethod of using the sanme. BACKGROUND AF

I nfluenza is an acute respiratory infectious diseas

with an influenza virus. |In JapanDESKRIBTIGNa repor

i nfluenza-1like patients every winter, and influenza 1s acconmpaniea wtn

hi gh nor bi di INEZHDIOR BRODUCING PYRONE AND PERIDAGNEDERIVAPOESANt di sease
in a high risk population such as baby and el dery, a conplication rate with
pneunonia is high in eledery, and death with influenza is occupied with

el dery in many cases. [00031 As anti-influenza drugs, Symetrel
(trade nanme: Amantadi ne) and Fl umadi ne (trade nanme: Ri mant adi ne) which
inhibit the denucleation process of a virus, and GCseltam vir (trade nane:
Tam flu) fREAACAT ¥ Ht rade nane: Relenza) whi ch are neuran ni dase

i nhi bitors suppressing virus buddi ng sand rel ease froma cell are known.
However, gjh probl ens of apperances of resistant strains and side
effects, and wor| dw de epidemi c of a newtype influenza virus having high

L1 LI AR A LER0002 o RRLDR0SRL S g mortal iy

are feared, deve an anti-rn enza ug havi ng novel -mechani sm

has been &]eer?\;artgfe WEIIC?I axlz novel intermediates for synthesizing an anti- 1nﬂuenza drug

exhibiting the cap-dependent endonuclease inhibitory activity, a method of
producing the same, and a method of using the same.
BACKGROUND ART

[0002]

Influenza is an acute respiratory infectious disease cauesd by infection with
an influenza virus. In Japan, there is a report of a few millions of influenza-like
patients every winter, and influenza is accompanied with high morbidity and
mortality. Influenza is a particulalry important disease in a high risk population
such as baby and eldery, a complication rate with pneumonia is high in eledery, and
death with influenza is occupied with eldery in many caseé.

[0003]

As anti-influenza drugs, Symmetrel (trade name: Amantadine) and
Flumadine (trade name: Rimantadine) which inhibit the denucleation process of a
virus, and Oseltamivir (trade name: Tamiflu) and Zanamivir (trade name: Relenza)
which are neuraminidase inhibitors suppressing virus budding -and release from a
cell are known. However, since problems of apperances of resistant strains and

s side effects, and worldwide epidemic of a new-type influenza virus having high
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Si nce a cap-dependent endonucl ease which is an influenza virus-derived
enzyne is essential for virus proliferation, and has the virus-specific
enzymatic activity which is not possessed by a host, it is believed that

t he endonucl ease is suitable for a target of an anti-influenza drug. The
cap-dependent endonucl ease has a host nRNA precursor as a substrate, and
has the endonucl ease activity of producing a fragnment of 9 to 13 bases
including a cap structure (not including the nunber of bases of the cap

st r uct ur epathdgerdcify agheiottalitneted feasedadeeel@imengrofah antivinflenBNAryeo! yer ase,
and is used in synthsizing nRNA encoding a virus protein. That is, it is
bel i eved hdahg a mudlsheneaisshhehbésthdddided. t he cap- dependent endonucl ease
inhibits synthesis of a virus protein by inhibiting synthesis of virus nRNA
and, as aopesgult, inhibits virus proliferation. [0005] : As the
substance which inhibits the cap-dependent endonucl ease, flutim de (Patent

Document 1 and &iogs E%&ﬁf(ﬂk%@%uwﬂa&u%le%gw%)chaieqn‘lnﬁu@ﬂai ik Lerived

2, 4- di oxobut anoi ¢ aci d n- Pat ent Docunents 3 to 5) are reported, but they

have not é’rﬁgrnle%g egé%n@ilai ggrgﬁl s@ﬁl}i%?at‘%ﬁ, iahh@lfag Lﬂﬁ@éﬁ'u?‘@b’&?ﬁc ér{kyﬂpﬂict i on,

Pat ent Docunents 2 to 1 at ent Docunent 6 describe conpounds

having a fiidyAinith iWhsiRedsCed AAL HOLe, & M lvethhe AU dseILHL
exhi biting the cap-depe de

nt endonucl ease It nhibitory activity, and a nethod
of producin he sanme. .ln_addit.ign ron [ iV n r.i.done
der vat | vEnEHO B 3B F o R Bl BSE RS B YR Br P PRUh S
~ DOCUMENT PATENT. VENTS 00 Pat ent cunent 1] GB..Ng. 2280435
Spect 1 cabtuh TDBARBNG TSEUEnEs 3 Turiraienatd BisPerePedEIss Aok 067/ 049675
panmphl et [ Pat ent cunment .31 Internatipnal Publication ..2006/ 088173
DorDhi ot PRAUERE ASTRE o oA faieDHaRe BaBY FEAEI6h G 15008 8eRt 14
panphl et [ Patent_ Docu Eﬁ 5] Internati na* Publ i cati.on No. 2005/ 092099
panphl et TwaPenet hasetpehe cof SiHE R at Thinirapngnt Racion: Rb? POORF 057766
panphl et [ Patent Document 71 |International Publication No.2005/016927
panphl et Yiras BANA pirmaase. g isrtsed hasyehalzimeup RN encoding2 7048 po2anys
panphl et [ Patent Docurment 91 International Publication No.2006/ 116764
panphl et Thaitienit iDbeliaved thatcnsubstanca athiemithimghtheceapr dapeNderX006/ 030807
panphl et [Patent Docunent 11] Japanese Patent Lai d-open Publication
No. 2006- 3¢ RibhTiclenNnBATENT nDRGIMENTS) u§ pOOFih HyNohibPane ayntbesis nbwirud 1
Tetrahedron Lett 1995, 36(12), 2005 [ Non-Patent Docunent 2] Tetrahedron Lett
1995, 36(hRNAX@AH, 4Noresklt aiitibiBociuaeptoliBdrasinhi m cr obi al Agents And
Chenot herapy, Dec. 1994, p.2827-2837 [Non-Patent Docunent 4] Antim crobi al

Agent s AnoCbenot her apy, May 1996, p.1304-1307 [ Non-Patent Docunent 5] J.
Med. Chem 2003, 46, 1153-1164 [ Non-Patent Docunent 61 Bi oorganic & Medi ci nal

Cheni stry Lett eAs thel ub204her WG ARIBItE tiRncaBalepbhddREMABARECIddse ) Dufimade Of
Organic Chem stry 1960, 25, p.1052-1053 [ Non-Patent Docunent 8] Tetrahedron
Lett 1981(pa2ek2Bdoutddf 1 and Non-Patent Documents 1 and 2) and 4-substituted

2,4-dioxobutanoic acid (Non-Patent Documents 3 to 5) are rgported, but they have

not yet led to clinical use as anti-influenza drugs. In addition, Patent Documents 2

to 11 and Non-Patent Document 6 describe compounds having a similar structure to

that of a novel anti-influenza drug exhibiting the cap-dependent endonuclease

inhibitory activity, and a method of producing the same. In addition, a pyrone

derivative and a pyridone derivative are disclosed in Non-Patent Documents 7 to 9.
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[PATENT DOCUMENTS]



[ Non- Pat ent Docunent 911 Journal of Organic Chem stry 1991, 56, p.4963-4967
SUMMARY OF THE | NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON [ 0008]

An object of the present invention is to provide a novel pyrone derivative
and a novel pyridone derivative, which are novel internediates for

synt hesi zing an anti-influenza drug, a nethod of producing the sane, and a
nmet hod of using the sane. Specifically, the object is to efficiently
produce conpounds and the like useful as an anti-influenza drug, which are
exenplifi@aoky formula (1), formula (11) or formula (I11): [Chenica

formul a 1] (wherein 11" is |lower al kyloxy optionally substituted by
subst i t uefftatdnt Dacubeoy ¢l GB No@ego4dskypkafiyatiq@t i onal | y substituted by
substituent E, heterocyclyl |ower alkyloxy optionally substituted by

substi t uefHatént DaulReY 2] WtetQiWhabPKiliHANOROOTDOLIETS paliiéd ut ed by
substituent E,- or heterocyclyl |ower aLkylam no optionally substituted by

substit ueptatdat ﬁoduﬁle%?t%tenparu&mﬁPﬁgﬂl@atﬁmd@ zdoexés@vl% %%m&vgen atom or
N-R', , f 3 and EP

are each lm@&&%&%meny 4121/&59%{5@ p\&@ﬁcaaiolmo 9@66/@6@41‘4>ba§ﬂhﬁéﬂ tuted by

substituent E, lower aLkenyl optionally substituted by substituent E, |ower

al kynyl - opt %&gﬁb&h@%@%&&gt@ﬁ@ Payﬁ%taowg&o&,/owgg&%@m& I ower “al kyl

optionally substitute uent et erocycl ower al kyl

opti onal | EPC?%?IR%I Elllr'lr%ee gPYntSUbst{o P?u%hcatloln ITIO 20?0/%7%{%1 &R rf(?tl be taken

t oget her orm &1 6d ‘car POcy ¢ I onal tuted by
substitue

ﬁubstitueﬁ;t%?tfﬁmuﬁﬁ %gﬁl ﬁ”ﬁh§%%éng§%ﬁ boge%% 3H g;%tﬁéﬁgeaéd
EEEeni e e v A

8-nenberep heterocycl | .optionally substituted by substituent E.
. [Patent Document 9] International Publication No.2006/116764 pamphlet

[Patent Document 10] International Publication No.2006/030807 pamphlet
[Patent Document 11] Japanese Patent Laid-open Publication No.2006-342115
[NON-PATENT DOCUMENTS]
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[Non-Patent Document 1] Tetrahedron Lett 1995, 36(12),2005

[Non-Patent Document 2] Tetrahedron Lett 1995, 36(12),2009

[Non-Patent Document 3] Antimicrobial Agents And Chemotherapy, Dec. 1994,
p-2827-2837

[Non-Patent Document 4] Antimicrobial Agents And Chemotherapy, May 1996,
p.1304-1307 |

[Non-Patent Document 5] J. Med. Chem. 2003,46,1153-1164

[Non-Pétent Document 6] Bioorganic & Medicinall Chemistry Letters -
17(2007)5595-5599

[Non-Patent Document 7] Journal of Organic Chemistry 1960, 25, p.1052-1053

[Non-Patent Document 8] Tetrahedron Lett 1981, 22(23),2207



Substituent E; hal ogen, cyano, hydroxy, carboxy, fornyl, am no. oxo, nitro,
| oner al kyl, hal ogeno | ower al kyl, |ower al kyl oxy, carbocyclyl optionally
substituted by substituent F, heterocyclyl optionally substituted by
substituent F, carbocyclyl |ower al kyloxy optionally substituted by
substituent F, heterocyclyl |ower alkyloxy optionally substituted by
substituent F, carbocyclyl lower alkylthio optionally substituted by
substituent F, heterocyclyl lower alkylthio optionally substituted by

subst i t udNonfRatemr Deginednt!9] lJowaral af Rygarit Chempditrp 91, p6spud8E3-tded by
substituent F, heterocyclyl |ower alkylam no optionally substituted by
substi t USTMMAREIJIOTHH INVENTOON onal | y substituted by substituent F

het er ocycl yl oxy optionally substituted by substituent F,

car bocyc|prOBLEMYTOMRE ISOIA LY BUPHE INVENTIPNsubst i t uent F,

het er ocycl yl carhonyl optionally substituted by substituent F,

car bocyclpghgdn nocar bonyl optionally substituted by substituent F,

het er ocycl yl am nocar bonyl optionally substituted by substituent F, hal ogeno

| ower al kyl OXy’AA 5t|d?|tﬁ@y bp%@éﬁt[ ilngg\ﬁtriox?'lsk%lpro%gg\’%rno@{alk;wlrgﬁé’ dé VR {veal kyl OXy,

| ower al kyl carbonyl”, | ower al kyl oxycar bonyl, | ower al Kyl oxycar bonyl am no,
| ower al ﬁPj ; r | gm - tATLReGaL AW . | ower
alkylsulﬁ%#y ,8§%8&8§§%?&%%%§ﬁ§0Pﬁgﬁy aﬁ?ggfhg uegg#F%éHE&F: %g'ogen,

hyd , b 1 no, . Nt | | kyl ., ;hal l. | kyl ,
R e R O A T T L
PROBLEMS [ 0009], Th t..inventiqn. i d t he foll i it . [00 101
PRS00l T SR B RS S S RS (20 X
It th f, i Si t f.. (St B) . tJ d b
oo LR L R8P0 sl 5 SR AR A TR e

| ower al kyl oxy optionally substituted by substituent E, carbocyclyl |ower
aIkyloxy(Hﬁbﬂbﬁﬁﬁr@)substituted by substituent E, heterocyclyl |ower
al kyl oxy optionally substituted by substituent E, or -0S1(Rle)3,

hemical formula 1]

OH O O R® R®

. R? g3 R4
(n (n) (m)

(wherein R! is lower alkyloxy optionally substituted by substituent E, carbocyclyl
| lower alkyloxy optionally substituted by substituent E, heterocyclyl lower alkyloxy

optionally substituted by substituent E, carbocyclyl lower alkylamino optionally
substituted by substituent E, or heterocyclyl lower alkylamino optionally
substituted by substituent E,

Z is CR2R!3 or a single bond,

Y is CHe, an oxygen atom, or N-R“‘,

R2, R3 R4, R3, RS, R7, R8, R?, R0, R1L, R!2, R13 and R! are each independently
hydrogen, lower alkyl optionally substituted by substituent E, lower alkenyl

optionally substituted by substituent E, lower alkynyl optionally substituted by



Ri es are each independently | ower alkyl optionally substituted by
substituent E, carbocyclyl optionally substituted by substituent E,

het erocycl yl optionally substituted by substituent E, carbocyclyl | ower
al kyl optionally substituted by substituent E or heterocyclyl |ower alkyl
optionally substituted by substituent E, R2d i s hydrogen, | ower
al kyl optionally substituted by substituent E, carbocyclyl |ower alkyl
optionally substituted by substituent E, or heterocyclyl |ower alkyl

opt i onal |gubstitastnit tFlcerbobyclgubser slikghdptignally substituR3tby sulisyidnegdin, orl ower
al kyl optionally substituted by substituent E, -N(R3e)2, or -0R3e,

Rses ar e leaehcidgiepepeelkyl ypticnatly sabkituted by ensdtityestidst i t uted by
substituent E, or may be taken together to forma heterocycle, and wavy

line is E formRngddRs &alYertuRén EJQ@tH@r&blﬂéxﬂlhfﬂ@BQﬂémbe‘ﬂd@%MHoUﬁﬂﬂ E,
hal ogen, cyano, hydroxy, carboxy, fornyl, am no, oxo, nitro, |ower alkyl,

hal ogeno JRwek1gkkbdtitut QB silskyham i, &a;rmcmehmlaréameit%aulyl cpéfRaklly ut ed by
substituent F, heterocyclyl optionally substituted by substituent F,

car bocycl %{Jbs{m{@a b§|slaxét@eﬁ>ém BP6d RNAN %5 RN talE £ Sodl¥hed 4D $4nt YA F,

het er ocyc | ower " al kyl oxy optionally substituted by substituent F,

car bocycl g(h‘ e AL DPosRl A0 b m@@%%&ﬂﬁ , gubsti tuent F,

het er ocyc 10 optionally substituted by 'substituent F

car bocyel yl | owgr gl kgvkha R Y p e T

het er ocycl yl | oWer a am no opti ona uent

opt i onal | %%%g%ﬁ%?@ﬁ%ocgﬁﬁiﬁﬁ%ﬁ&%% HHERY: %Eﬁ%}atgmt terSS?fL%LFT%

by subst | $ PR o c P HOCRT SR oS anv@t'sq%i%% ey
Subst t UGHIvER aﬁéﬁé%rﬁh&ﬁ%%mﬂ FroRBi BT RpYORY SUHELERPY | ower

al kyl oxy | ower al kyl oxy, |ower alkyl carbonyl, |ower al k | oxycar bonyl | ower
al kyl oxyoﬁ%‘@hwarﬁl rls'@terpwleyrl optipRAl rﬁ%tltmtsd@rf sgbsjtuent o?i*}g | ower
al kyl am nocar bonyl, | ower al kylsul fonyl, and | ower al kyl sulfon I am no;
Subst i tuehQWeFaHWéQXog@ﬁlonhl}ﬂﬁ@b@yltutﬁérhngbstlalmnﬁ5 hetegocyaivl kayver| pxyal kyl ,
hal ogeno | ower al kyl, |ower al kyl oxy, and am no protective group) with a
conmpound csnmmllwubmmdachbs( MB)stit figitdryicagbocydyintoivar 8lkylthio @ptRadly-R 5 d 0 (
V2) (wherein R4d is | ower al kyl optionally substituted by substituent E,
car bocycl gubstiowed balsapktiapent Bnhdteyocgeilpblomten aid1thyo sptiatallysabstitfhtedby
het erocycl yl | ower al kyl optionally substituted by substituent E,
R d is hysiitegement/Blcagroyclyldveer akiklanoixy optibhaliadubgtisitbd by subsitubyt F,
substituent E, or -0-S02-R5e,

heterocyclyl lower alkylamino optionally substituted by substltuent F,

carbocyclyloxy optionally substituted by substituent F, heterocyclyloxy optionally
substituted by substituent F, carbocyclylcarbonyl optionally substituted by
substituent F, heterocyclylcarbonyl optionally substituted by substituent F,
carbocyclylaminocarbonyl optionally substituted by substituent F,
heterocyclylaminocarbonyl optionally substituted by substituent F, halogéno lower
alkyloxy, lower alkyloxy lower alkyl, lower alkyloxy. lower alkyloxy, lower
alkylcafbonyl, lower alkylpxycarbonyl, lower alkyloxycarbonylamino, lower
alkylamino, lower alkylcarbonylamino, lower alkylaminocarbonyl, lower

alkylsulfonyl, and lower alkylsulfonylamino;



R5e is lower alkyl optionally substituted by substituent E, carbocyclyl
optionally substituted by substituent E, heterocyclyl optionally
substituted by substituent E, carbocyclyl |ower alkyl optionally
substituted by substituent E, or heterocyclyl |ower alkyl optionally
substituted by substituent E, and substituent E is defined above) to obtain
a conpound shown by fornmula (X3): [Chemcal formula 4] Rd 0004 dD2dao
( X3 ) (wherein each synbol is defined above); and (Step C

reacti ng $tisstitaemokrrichlsleanhy dpx§,anamrbdxg, 4X63)o, wkd, miaroClowpo ulky],dtabvgenby
formula (V3): [Chem cal formula 5] H2NRed ( V3 ) (wherein R6d is |ower
al kyl opt]'oozréabllw,slubsi allkyttord, 4nd smbst prioteebivve Erodpdwer al kenyl
MEANS FOR SOLVINGE THE PROBLEMS
[0009]
The present invention provides the following items.
[0010]
(TItem 1)
A method of producing a compound shown by formula (X4) or a salt thereof,
comprising steps of:
(Step B)

reacting a compound shown by formula (X2):

[Chemical formula 2]

R1d

R2d0
~

@]
R3d

(X2)

(wherein R is hydrogen, halogen, lower alkyloxy optionally substituted by
substituent E, carbocyclyl lower alkyloxy optionally substituted by substituent E,
heterocyclyl lower alkyloxy optionally substi_tuted by substituent E, or —OSi(R!e)s,

Rles are each independently lower alkyl optionally substituted by
substituent E, carbocyclyl optionally substituted by substituent E, heterocyclyl
optionally substituted by substituent E, carbocyclyl lower alkyl optionally
substituted by substituent E or heterocyclyl lower alkyl optionally substituted by

substituent E,



optionally substituted by substituent E, am no optionally substituted by
substituent E, |ower alkylam no optionally substituted by substituent E,
carbocyclyl optionally substituted by substituent E, or heterocyclyl
optionally substituted by substituent E, and substituent E is defined
above) to obtain a conpound shown by fornula (X4): [Chem cal fornula 61 Rid
O OoR4d Red (X4) (wherein each synbol is defined above). [0011] (Item 2)
A nmet hod according to Item 1, wherein Step B and Step C are conti nuously
per formed. [ O001R%F i{ hydoed), lower alkyl optionally substituted by substituent E,

carbocyclyl lower alkyl optionally substituted by substituent E, or heterocyclyl
lower alkyl optionally substituted by substituent E,

R3d is hydrogen, lower alkyl optionally substituted by substituent E,
-N(R3e)e, or. -ORs3e,

R3es are each independently lower alkyl optionally substituted by
substituent E, or may be taken together to form a heterocycle, and

wavy line is E form and/or Z form or the mixture thereof.
Substituent E: halogen, cyano, hydroxy, carboxy, formyl, amino, oxo, nitro, lower
alkyl, halogeno lower alkyl, lower alkyloxy, carbocyclyl optionally substituted by
substituent F, heterocyclyl optionally substituted by substituent F, carbocyclyl
lower alkyloxy optionally substituted by substituent F, heterocyclyl lower alkyloxy
optionally substituted by substituent F, carbocyclyl lower alkylthio optionally
substituted by substituent F, heterocyclyl lower alkylthio optionally sgbstituted by
substituent F, carbocyclyl lower alkylamino optionally substituted by substituent F,
heterocyclyl lower alkylamino optionally substituted by substituent F,
carbocyclyloxy optionally substituted by substituent F, heterocyclyloxy optionally
substituted by substituent F, carbogyclylcarbonyl optionally substituted by
substituent F, heterocyclylcarbonyl optionally substituted by substituent F,
carbocyclylaminocarbonyl optionally substituted by substituent F,
heterocyclylaminocarbonyl optionally substituted by substituent F, halogeno lower
alkyloxy, lower alkyloxy lower alkyl, lower alkyloxy lower alkyloxy, lower
alkylcarﬁonyl, lower alkyloxycarbonyl, lower alkyloxycarbonylamino, lower
alkylamino, lower alkylcarbonylamino, lower alkylaminocarbonyl, lower

‘alkylsulfonyl, and lower alkylsulfonylamino;

7



A nmet hod of producing a conpound shown by fornmula (XA4), or a salt

thereof: [Chemical forrmula 101 Rid O Ra nadr, m0 R6d ( XA4 ) (wherein Ra is
hydr ogen, hydroxy, |ower al kylam no optionally substituted by substituent

E, lower al kenylam no optionally substituted by substituent E, | ower

al kynyl am no optionally substituted by substituent E, carbocyclyl |ower

al kyl am no optionally substituted by substituent E, or heterocyclyl |ower

al kyl am no optionally substituted by substituent E, and each synbol is

defi ned ababsttuetiPraddgdeg, hidrost, epriafky, 48acd, oRE natre OBPeL Alkys Naegelhy f or nul a
(X2): [Chemcal formula 71 Rid

lower alkyl, lower alkyloxy, and amino protective group)

with a compound shown by formula (V2):

[Chemical formula 3]

0]

R4dOJ\H/ R5d

o}
(V2)

(wherein R4 is lower alkyl optionally substituted by substituent E, carbocyclyl
lower alkyl optionally substituted by substituent E, or heterocyclyl lower alkyl
optionally substituted by substituent E,

R3 is hydrogen, halogen, lower alkyloxy optionally substituted by
substituent E, or -O-SO2-R3e,

R3e is lower alkyl optionally substituted by substituent E, carbocyclyl
optionally substituted by substituent E, heterocyclyl optionally substituted by
substituent E, carbocyclyl lower alkyl optionaﬂy substituted by substituent E, or
heterocyclyl lower alkyl optionaliy substituted by substituent E, and

substituent E is defined above)
to obtain a compound shown by formula (X3):

[Chemical formula 4]

(X3)

(wherein each symbol is defined above); and

(Step O



(wherein each synbol is defined above) wth a conmpound shown by formula
(VA2): [Chemcal formula 81 Rde R5d Rde O ( VA2 ) (wherein Rdes are each
i ndependent |y hydrogen, |ower al kyl optionally substituted by substituent
E, carbocyclyl optionally substituted by substituent E, or heterocyclyl
optionally substituted by substituent E, and R5d and substituent E are
defined above); and reacting with a conpound shown by formula (V3);

[Chem cal fornmula 9] H2NR6d ( V3 ) (wherein R6d is defined above). [0013]

(Item 4) reacting the compound shown by formula (X3) with a compound shown by
formula (V3):

[Chemical formula 5]

H2N__—‘R6d
(V3)

(wherein RGd is lower alkyl optionally subsfituted by substituent E, lower alkenyl
optionally substituted by substituent E, amino optionally substituted by substituent
E, lower alkylamino optionally substituted by substituent E, carbocyclyl optionally
substituted by substituent E, or heterocyclyl optionally substituted by substituent
E, and

substituent E is defined above)
to obtain a compound showﬁ by formula (X4):

[Chemical formula 6]

R O

(X4)
(wherein each symbol is defined above).
[0011]
(Item 2)
A method according to Item 1, wherein Step B and Step C are continuously
performed.
[0012]
(Item 3)

A method of producing a compound shown by formula (XA4), or a salt



A nmet hod of producing a conpound shown by formula (X3) or fornula (XA3), or
a salt thereof. [Chemcal fornula 13] Rid O OR4e 111 -'OR4dO D2dr,2d Dr-1
"0 00 ( X3 )( XA3 ) (wherein each synbol is defined in Item 1) conprising
reacting a conmpound shown by forrmula (X2); [Chemical formula 11] Rid o

thereof:

[Chemical formula 10]

(wherein R? is hydrogen, hydroxy, lower alkylamino optionally substituted by
substituent E, lower alkenylamino optionally substituted by substituent E, lower
alkynylémino optionally substituted by substituent E, carbocyclyl lower alkylamino
optionally substituted by substituent E, or heterocyclyl lower alkylamino optionally
substituted By substituent E, and

each symbol is defined above)
comprising the step of:

reacting a compound shown by formula (X2):

[Chemical formula 7]

R1d

2d
RO X

0]
R3d

(X2)

(wherein each symbol is defined above)

with a compound shown by formula (VA2):

10



R2do R3d ( X2 ) (wherein each synbol is defined in Item1l) wth a conpound
shown by fornmula (V2) or fornmula (VA2): [Chem cal fornmula 121 0 Rae Rad()
OR4e ( V2 )( VA2 ) (wherein each synbol is defined in Item1). [0014] (ltem
5) A nmet hod of producing a conmpound shown by fornula (X4) or
formula (XA4), or a salt thereof: [Chem cal fornula 16]

[Chemical formula 8]

R4e de
=

R4e O
(VA2)

(wherein R#es are each independently hydrogen, 1owér alkyl optionally substituted
by substituent E, carbocyclyl optionally substituted by substituent E, or
heterocyclyl optionally substituted by substituent E, and
| R3¢ and substituent E are defined above); and
reacting with a compound shown by formula (V3):

[Chemical formula 9]

H,N—R®?
(V3)

(wherein R is defined above).
[0013]
(Item 4)
A method of producing a compound shown by formula (X3) or formula
(XA3), or a salt thereof:

[Chemical formula 13]

R1d o) R1d
| 4
2d ONr"oRr# O N R™
R<90O NGO) . RZdO =~ .0 R4e
o) o)
(X3) ( XA3)

(wherein each symbol is defined in Item 1)

coiﬁprising reacting a compound shown by formula (X2):

11



R2d0l Réd R6d ( X4 )( XA4 ) (wherein each synbol is defined in Item1l and
Item 3) conprising the step of: reacting a conpound shown by formula (X3)
or formula (XA3): [Chemical fornula 141 Rid OR d

[Chemical formula 11]
. R1d

R2d0
X

@]
R3d

(X2)
" (wherein each symbol is defined in Item 1)
with a compound shown by formula (V2) or formula (VA2):

[Chemical formula 12]

0] .
: R5d R4¢ _~_R¥
R4dOJ§g m
(V2) (VA2)
(wherein each symbol is defined in Item 1).
[0014]
(Item 5)

A method of producing a compound shown by formula (X4) or formula

(XA4), or a salt thereof:

[Chemical formula 16]

(wherein each symbol is defined in Item 1 and Item 3)
comprising the step of

reacting a compound shown by formula (X3) or formula (XA3):

12



00 ( X3 )( (A3) (wherein each synbol is defined in Item1) or the
derivative of formula (XA3) with a conmpound shown by fornula (V3):

[ Chem cal fornula 15] H2NR6d ( V3') (wherei.n each synbol is defined in Item
1). [0015] (Item 6) A met hod of producing a conmpound shown by

formula (X4') or fornmula (XA4'), or a salt thereof: [Chem cal formnula 20]
Rid ORid :

[Chemical formula 14]

R1d o) R1d
o X OR4d. O X \I R4e
R0 <O R0 ~ .0 R
o} o)
(X3) ( XA3)

(wherein each symbol is defined in Item 1)
or the derivative of formula (XA3) with a compound shown by formula (V3):
[Chemical formula 15] |
H,N——R®&?

(V3)
(wherein each symbol is defined in Item 1).
[0015]
(Item 6)

A method of producing a compound shown by formula (X4) or formula ,

(XA4), or a salt thereof:
[Chemical formula 20]

R1d

4
O\\Re

R240 ~ _N_ R%
\H

(X4') ( XA4')
(wherein each symbol is defined in Item 1)

comprising reacting a compound shown by formula (X2):

13



R2dr ?NR2dON R4e 00 ( X4' )( XA4'" ) (wherein each synbol is defined in Item
1) conprising reacting a conpound shown by forrmula (X2): [Chem cal formula
171 ( X2 ) (wherein each synbol is defined in Item 1) with a conpound
shown by forrmula (V2) or formula (VAZ) [Chemical fornula 181 5R dR4e5R d
Rde 0 ( V2 )( VA2)

[Chemical formula 17]
R1d

R0
~

6]
R3d

(X2)
(wherein each symbol is defined in Item 1)
with a compound shown by formula (V2) or formula (VA2):

[Chemical formula 18]
@]

RS0 R4e s R5d
R4dO)K“/ U
O R4e O
(V2) (VA2)

(wherein each symbol is defined in Item 1)
and a compound shown by formula (V2):
[Chemical formula 19]
NH** X (V2')
(wherein X¢ is counter anion of ammonium cation).
(0016l
(Item 7)
A method of producing a compound shown by formula (X4) or formula

(XA4), or a salt thereof:

14



(wherein each synbol is defined in Item1l) and a conpound shown by formula
(V2'): [Chemical forrmula 191 NH4+ Xd-( V2' ) (wherein Xd is counter anion
of amoni um cation). [0016] (ltem 7) - A et hod of producing a
conmpound shown by fornmula (X4) or fornmula (XA4), or a salt thereof:
[Chem cal fornula 231 Rid ORL d O .(wherein each synbol is defined in
Item1 or Item3) conprising the step of reacti ng the conpound
shown by fornula (X4') or formula (XA4'): [Chemi cal forrmula 21]

~ [Chemical formula 23]

R O

(X4) (XA4)
(wherein each symbol is defined in Item 1 or Item 3)
comprising the step of:
reacting the compound shown by formula (X4’) or formula (XA4):

[Chemical formula 21}

(X4") ( XA4')
(wherein each symbol is defined in Item 1)
obtained in the production method as defined in Item 6, or the derivative of formula
(XA4’) with a compound shown by formula (V3):
[Chemical formula 22]

L4 (V3')

R6d
(wherein R is defined in Item 1,
Ld is a leaving group, and Ph is a phenyl group).
[0017]
(Item 8)
A method according to Item 1, 2, 3, 4 or Item 6, wherein the compound

shown by formula (X2) is obtained by reacting a compound shown by formula (X1):



(wherein each synbol is defined in Item 1) obtained in the production
nmet hod as defined in Item6, or the derivative of formula (XA4') with a
conmpound shown by fornmula (V3'): [Chemi cal forrmula 22] RedLd( V3' )
(wherein R6d is defined in Item1, Ldis a |leaving group, and Ph is a
phenyl group). [0017] (Item 8) A nmet hod according to Item 1, 2, 3,
4 or Item6, wherein the conpound shown by fornula (X2) is obtained by
reacting a conpound shown by forrmula (X1): [Chemical fornula 241 Rid o)
[Chemical formula 24] :

R1d
0]

| RZdo
O
(X1)

(wherein each symbol is defined in Item 1)
with a compound shown by f(.)rmula (V1):
[Chemical formula 25]

pio_ OP¢

Y

R3d
(V1)
(wherein P4 is lower alkyl 6ptionally substituted by substituent E, and R3d and
substituent E are defined in Item 1).
[0018]
| (Item 9)
A method according to Item 1, 2, 3, 4 or Item 6, wherein the compound
shown by formula (X2) is obtained by reactiﬁg a compound shown by formula (Z1):
[Chemical formula 26]

RZdOW

o)
(Z1)

R3d

(wherein each symbol is defined in Item 1)

with a compound shown by formula (Z2):

16



R2d ( X1 ) (wherein each synbol is defined in Item1l) with a conpound shown
by formula (V1): [Chem cal formula 251 PdoOPd R3d ( V1 ) (wherein Pd is

| ower al kyl optionally substituted by substituent E, and R3d and
substituent E are defined in Item1). [0018] (lItem9) A et hod
according to Item1, 2, 3, 4 or Item6, wherein the conmpound shown by
formula (X2) is obtained by reacting a conpound shown by forrmula (Z1):

[ Chem cal fornmula 261 R3d O ( Z1 ) (wherein each synbol is defined in Item
1) with dotemeldsknsiiovwt) by formula (Z2): [Chemical formula. 271 0

5d/U\/R1d '
(22)
(wherein each symbol is defined in Item 1).
(0019}
(Item 10)
A compound shown By formula (X3), or a pharmaceutically acceptable salt
thereof or solvate thereof:

[Chemical formula 28]

RY O
O
R240

X OR4d
x O

o
(X3)

(wherein each symbol is defined in Item 1).
[0020]
(Item 11)
A compound shown by formula (X4), or a pharmaceutically acceptable salt

thereof or solvate thereof:

[Chemical formula 29]

RY O

(X4)

(wherein each symbol is defined in Item 1).



R5dR1 d (Z2) (wherein each synbol is defined in Item1). [00191 (Item 10)
A conmpound shown by formula (X3), or a pharmaceutically acceptable salt :
t hereof or solvate thereof: [Chemical fornula 281 Rid 0 oOR4d nRdrN 0 ( X3)
(wherein each synbol is defined in Item1). [0020] (Item 11) A
conpound shown by fornula (X4), or a pharmaceutically acceptable salt
t hereof or solvate thereof:

[0021]

(Item 12)

A compound shown by formula (X4), or a pharmaceuticlally acceptable salt

thereof or solvate thereof:

[Chemical forfnula 30]

(X4")

(wherein each symbol is defined in claim 1)_.
[0022]
(Item 13)
A crystal of a compound shown by formuala (1D) or a solvate thereof:

[Chemical formula 31]

0
MeO,C OBn
| (1D)
07 ~COoMe

(whe_rein Me is a methyl group, and Bn is a benzyl group),

wherein the compound has a peak at a diffraction angle (26): 7.9° + 0.2°, 10.0° £ 0.2°,
11.5° + 0.2°,.20.0° +0.2° 23.4° + 0.2° and 34.0° = 0.2° in a powder X-ray diffraction
spectrum.

[0023]

(Item 14)

A crystal of a compound shown by formula (ZD) or a solvate thereof:
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[Chem cal fornula 291 Rid O OR6d (X4) (wherein each synbol is defined in
ltem1l). [0021] (lItem 12) A conmpound shown by fornula (X4'), or a
pharmacéuticlally acceptable salt thereof or solvate thereof: [Chem cal
formula 301 Rd 0 OOCR4d R2doN

[Chemical formula 32}

: 0
EtOZC\ﬁJIOBn _
. (2D)
0~ >COo,Me

(wherein Me is a methyl group, Et is an ethyl group, and Bn is a benzyl group),
wherein the compound has a peak at a diffraction angle (20): 17.6° + 0.2°, 25.2° +
0.2°, 26.4° + 0.2° and 28.1° + 0.2° in a powder X-ray diffraction spectrum.
[0024]
(Item 15)

A crystal of a compound shown by formula (9C’) or a solvate thereof:

[Chemical formula 33}

O

MeOZijj[OBn
o (sC')

N~ >Cco,Me
o)

-

(wherein Me is a methyl group, and Bn is a benzyl group),
whérein the compound has a peak at a diffraction angle (26): 14.2° + 0.2°, 16.0° £
0.2°, 22.0° £ 0.2°, 22.2° £ 0.2°, 24.4° + 0.2° and 25.9° £ 0.2° in a powder X-ray
diffraction spectrum.
[0025]
(Item 16)

A crystal according to Item 13, which is charactrized by a powder X-ray
diffraction spectrum.which 1s substantially consistent with Fig. 1.
[0026]

(Item 17)
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0 ( X4' ) (wherein each synbol is defined in claim1 [0022] (ltem 13)
A crystal of a conpound shown by formuala (1D) or a solvate thereof:
[Chem cal fornmula 311 0 Me02COBn ( 1 D) 0 CO2Me (wherein Me is a nethyl
group, and Bn is a benzyl group), wherein the conpound has a peak at a
diffraction angle (20): 7.9 0.2, 10.0 0.2, 11.5 0.2, 20.0 0.2, 23.4
0.2 and 34.0 0.2 in a powder X-ray diffraction spectrum [0023] (ltem 14)
A crystal of a conpound shown by formula (2D) or a solvate thereof:
A crystal according to Item 14, which is charactrized by a powder X-ray
diffraction spectrum which is substantially consistent with Fig. 2.
[0027]
(Item 18)
A crystal according to Item 15, which is charactrized by a powder X-ray
diffraction spectrum which is substantially consistent with Fig. 3.
EFFECT OF THE INVENTION
[0028]
The production method according to the present invention is a method that
can produce compounds included in the formula (I), the formula (II) or the formula
(IID etc., which are novel anti-influenza drugs, at a high yield, efficiently, and/or in
a short step. In addition, by performing the production method according to the
present invention, there are a plurality of advantages that usé of a reaction reagent
accompanying with toxicity can be avoided, a reaction accompanying with a risk can
be avoided, use of an expensive reaction reagent can be avoided, and use of an
environmentally harmful reagent and solvent can be avoided, etc. The pyrone
derivative (X3), and the pyridone derivative (X4) and/or (X4’) which are the present
compound have versatility, and are useful as comﬁlon intermediates at production
of the compounds included in the formula (I), the formula (II) or the formula (III).
Furthermore, the pyrone derivative (X3) and/ or the pyridone derivative (X4) can be
also obtained as a crystal. Since these crystals have small hygroscopy, and exhibit
high stability to light and heat, they have advantages that storage and handling in
production are excellent and the like. Therefore, the production method as well as

intermediates and crystals thereof according to the present invention are useful in

industrially producing medicaments (anti-influenza drugs, anti-HIV drugs,

20



[Chemical formula 32] 0 EtQ2C0Bn 11 ( 2D ) CDCO2Me (wherein Me is a nethyl
group, Et is an ethyl group, and Bn is a benzyl group), wherein the
conpound has a peak at a diffraction angle (20): 17.6 0.2, 25.2 0.2, 26.4
0.2 and 28.1 0.2 in a powder X-ray diffraction spectrum [0024] (ltem 15)
A crystal of a conpound shown by formula (9C ) or a solvate thereof:
[Chemcal formula 33] O II( 9C ) (wherein Me is a nethyl group, and Bn is
a benzyl group), wherein the conmpound has a peak at a diffraction angle
(20): 14.ahti-thfPymmhbtddy dougs, t12290iliz0rY an@iXughorQlrlgs )4 0.2 and 25.9 0.2
in a powder X-ray diffraction spectrum [0025] (ltem 16) , A crystal
accor di ngChenli¢fdorhdyladl ch is charactrized by a powder X-ray diffraction
spectrum which is substantially consistent with Fig. 1. [0026] (ltem 17)
R O R O R O

X OR4d
R%90

I
(X3) (X4)

(wherein each symbol is defined above)
BRIEF DESCRIPTION OF THE DRAWINGS
[0029]

Fig. 1 is a powder X-ray pattern of Compound 1D obtained in Example 1.
An ordinate indicates a peak intensity, and an abscissa indicates a diffraction angle
(26).

Fig.2 is a powder X-ray pattern of Compound 2D obtained in Example 2.
An ordinate indicates a peak intensity, and an abscissa indicates a diffraction angle
(20).

Fig. 3 is a powder X-ray pattern of Compounci 9C’ obtained in Example 9.
An ordinate indicates a péak intensity, and an abscissa indicates a diffraction angle
(20).
MODE FOR CARRYING OUT THE INVENTION
[0030]

In the present spe.ci'fication, the “halogen” contains a fluorine atom, a
chlorine atom, a bromine atom and an iodine atom. N

In the; present specification, the “lower alkyl” includes straight or branched

alkyl having a carbon number of 1 to 15, preferably a carbon number of 1 to 10,

more preferably a carbon number of 1 to 6, further preferably a carbon number of 1
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A crystal according to Item 14, which is charactrized by a powder X-ray
diffraction spectrumwhich is substantially consistent wwth Fig. 2. [0027]

(Item 18) A crystal according to Item 15, which is charactrized by
a powder X-ray diffraction spectrumwhich is substantially consistent with
Fig. 3. EFFECT OF THE | NVENTI ON [ 0028] The production net hod

according to the present invention is a nethod that can produce conpounds
included in the fornula (1), the formula (11) or the fornmula (111) etc.,

whi ch ar etonipuell eaminples nhéreefimaluwle ugshy hetlayl hn-ghopyil.ebehroeflf ndueylt | y, and/ or
in a short step. In addition, by perform ng the production method according
to the priesanyl, seviewtyi, aent- ttdnelra heylaisppertsl, ineypaftyla e} agiesyt,hat use of a
reaction reagent acconpanying with toxicity can be avoi ded, a reaction
acconpanyh-Rep il tifbhaptyilsk o6 i8N ai-aesl] digen-@écydn expensi ve reaction
reagent can be avoi ded, and use of an environnental ly harnful reagent and

sol vent can be @ueh d;stegof @bfseferme PPeéUTeh v ahive i d3te ndftHyll BeyRyT i done
derivative (X4) and/or (X4') which are the present conmpound have

versatilify,oRMNds r@pﬁsﬁjbﬁltylaﬁoﬁmgc bﬂgﬁrt@ﬁdb@tﬁfﬁ§n@h -RheductikonpRs the

conpounds included in the formula (1), the for a (Il)y or the formula
(1. F%ftahﬁﬂ‘gﬂ%%re é(ép%'@ irdRldle é’ﬁét‘h% etA) n%?(%yl QEogrBfy Mgl done
derivative (X4) can talne as a crystal. Since ese crystals

have smal | hggg?scopy, and exh|b|t hi gh stab|I|ty to light and heat, they
have advanfageg t hat storage and handling in productlon are excellent and

the |ike. Therq%_ e, ion hod i dlates and
crystals thereo A8 6?SF%§p?” E@“p?%%in m?%veﬁt|%ﬁﬁﬁtasﬁé n%

industrl nmedi canent s -influ nza dr ant IV dr
R R V“tgr%‘}t’q‘lhft‘?nf( Bble s B RER G Bsin %‘mﬁ [ Cheri cal
formul a 341 gmhereln each sy is deflngg above) BRI EF Q§?CRIPTICN OF
THE DRAW h3&P% 8 czésr carbon atomnpge etahg%tor}%a nRPRS, HARIFHHTY Edfound 1D

obtained in Exanple 1. An ordinate indicates a peak intensity, and an
- absci ssa fHEPR A0S, &lratl«rrmratet%lm ZRf @rbon atoms. ™ Specifically, examples

thereof include vinyl, allyl, propenyl, isopropenyl, butenyl, isobutenyl, prenyl,
butadienyl, pentenyl, isopentenyl, pentadienyl, hexenyl, isohexenyl, hexadienyl,
heptenyl, octenyl, nonenyl, decenyl, undecenyl, dodecenyl, tridecenyl, tetradecenyl
and pentadecenyl. Examples of a preferable aspect of the “lower alkenyl” include
vinyl, allyl, propenyl, isopropenyl and butenyl.

In the present specification, the “lower alkynyl” includes straight or
branched alkynyl having a carbon number of 2 to 10, preferably a carbon number of
2 to 8, further preferably a carbon number of 3 to 6, having one or more triple bonds
at arbitrary positions. Specifically, examples thereof include ethynyl, propynyl,
butynyl, pentynyl, hexynyl, heptynyl, octynyl, nonynyl and decynyl. These may
further have a double bond at an arbitrary position. Examples of a preferable
aspect of the “lower alkynyl” include ethynyl, propynyl, butynyl.and pentynyl.
[0031]

In the present specification, lower alkyl parts of the “lower alkyloxy”, the
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(20). Fig.2 is a powder X-ray pattern of Conpound 2D obtained in
Exanple 2. An ordinate indicates a peak intensity, and an abscissa
indicates a diffraction angle (20). Fig. 3 is a powder X-ray
pattern of Conmpound 9C obtained in Exanple 9. An ordinate indicates a peak
intensity, and an abscissa indicates a diffraction angle (20). MODE FOR
CARRYI NG QUT THE | NVENTI ON [ 0030] In the present specification, the

"hal ogen" contains a fluorine atom a chlorine atom a brom ne atom and an
i odi ne at‘dswerl aikylherbpnels ethe “Bpee ialliyéatyicarhonyliethel ‘onbocyad K ybwei dikplides

strai ght or branched al kyl having a carbon nunber of 1 to 15, preferably a
car bon nuwhbe€hetefockclyDloh@r allBile thy ©heliabtlylogy ¢avdraikyitindhe “heterdeytllofy

further preferably a carbon nunber of 1 to 4, and exanpl es thereof include

met hyl, ebR¥t alk§t’PEiPHalogefi® RvRRWIkyIN thbtdrbody89D 1wk aligaexybUh |
tert- butyI n-pentyl, isopentyl, neopentyl, hexyl, isohexyl, n- heptyl

i soheptyl “1hefb19@vrch lovl/e?'qﬂﬁﬁﬁky” fhen@ﬁ'ﬁﬂoc?dl'ﬂ 16w 8L &% 1thio”, the “het@‘&@‘@ﬂy?s Of a
preferable aspect” of ‘I'ower al kyl™ include nmethyl, ethyl, n-propyl,

i sopropyl,yB; QH&BI%’tlhlo”' ?Qb‘UQ%Iocyc%q%Vpé{I Ml{ylatnﬁflg”' Ipd Met@}%gfcmym&%ﬁ/ I Exarrpl €s

of a further preéeferable aspect ‘i nclude nethyl, ethyl, n-propyl, |sopropyl
and tert- « »Specd " rnal kenyl "
i ncl udes %ﬁ%rkngl the t%lraé#gﬁg 2&' ﬁqkag%apﬁ a%néé\g%?%gg%lmé aIu%er tggnds at

arbrtrary‘ osrt nd hav w21 Qy 15 C rably 2 to 10
car bon até era ¥°x% E%Fa £§’?m V%gr%knc%?annq?Ur%ﬁgﬁ preferably 2 to

4 carbon ecrfr al a s, t her,eof - IyI
propenyl , qﬁ‘@(?ﬁ‘i?ﬁsg » ¢ ?Jt%%?/‘i %Vgpgﬁ ertigI IOBFEE@‘P/ Cad?ﬁ"é’;gq% F)ent enyl ,
isopenten tadre [) g en hexadi gnyl m he tenyl
octenyl , K‘b"r‘r@rfﬁpylaﬂ’éﬁ%%ﬁmnyg g}é%é?l‘V ) 8@’&@9?’“’%?‘?&’% eteet r adecenyl
and pentadecen es of a preferable aspec t he "Iome al kenyl "
i ncl ude vl h&/’llsuf/f%?ﬂlyﬁnd Breopesisy alky @Bg‘i’%%ﬁ‘i‘}‘l‘o Ealsl aif’ﬂtté?lﬁzl‘me as the - lowgty { he
present specification, the "Iomer al kynyl ™ i ncludes strai ght or branched
al kynyl ha¥¥hg a carbon nunber of 2 to 10, preferably a carbon nunber of 2
to 8, further preferably a carbon nunmber of 3 to 6, having one or nore
triple bonds atlnahginressny spessficationsa lsyracilkensdphyt oféhaifowes t her eof i ncl ude
et hynyl, propynyl, butynyl, pentynyl, hexynyl, hept3rnyl, octynyl, nonynyl
and decynymenﬂheﬁmfdaykbuhehenehavbaﬂodaub%enﬁﬁnd at an arbitrary position
Exanpl es of a preferable aspect of the "lower al kynyl" include ethynyl,
propynyl, butyni thandegentspenificatiod031dwer alkynyl part of the “lower alkynyl

amino” is also the same as the “lower alkynyl”.

In the present specification, halogen parts of the “halogeno lower alky!” and

the “halogeno lower alkyloxy” are the same as the aforementioned “halogen”.

Herein, arbitrary positions on an alkyl group of the “lower alkyl” and the “lower

alkyloxy” may be substituted by same or different one or a plurality of halogen

atoms, respectively.

[0032]

In the present specification, the “carbocyclyl® means carbocyclyl having a
carbon number of 3 to 20, preferably a carbon number of 3 to 16, more preferably a

carborl number of 4 to 12, and includes cycloalkyl, cycloalkenyl, aryl and a

non-aromatic fused carbocyclyl.
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In the present specification, |lower alkyl parts of the "lower alkyl oxy",

the "lower alkylcarbonyl”, the "lower al kyl oxycarbonyl", the "carbocyclyl
| ower al kyl", the "heterocyclyl lower alkyl", the "carbocyclyl oxy | ower
al kyt", the "heterocyclyloxy |ower alkyl", the "hal ogeno | ower alkyl", the

"carbocyclyl lower alkyloxy", the "heterocyclyl |ower alkyloxy", the
"carbocyclyl |ower alkylthio", the "heterocyclyl 1ower alkylthio", the
"carbocyclyl |ower alkylam no", the "heterocyclyl |ower alkylam no", the
"hal ogeno | owerSgpdcifidatixythe “tyredoalkydiver caabdcytlokhatiopsrtodblopkion athms;' | ower

al kyl oxy | ower al kyl oxy", the "l ower aLkyl carbonyl”, the "I ower

al kyl oxycaebaayly"s tot t2ecarbanetonal k@ praferablyt Heo 8 banben aadrky,| sedrdzamypllasm no" ,
the "l ower al kyl am nocarbonyl"”, the "l ower al kyl oxycarbonyl am no", the
"lover al fglsoflih@add cycipdogyllecyclobusil, dcloykstyl, foaphailnyclohbptydl so the same
as the "l ower al kyl". In the present specification, a |ower alkenyl

part of thelookiQ1eEcldh&B8Muha®Nedecks al so the sane as the "l ower alLkenyl”
In the present specification, a | ower alkynyl part of the "lower alkynyl

am no” is also éﬁ&if&%ﬁﬁ e “E}t}?oa{'llké}%rir@i—d@é@ﬁ;;'c"loalkenyl havirgbret8 Régsent
speci fication, halogen parts of the "hal ogeno | ower al kyl"™ and the

“hal ogen Oddbtﬁ)\ﬂ@f)mﬂiskaycl a?ﬁi?f;aﬁ rp%sirtilaﬁs g?g‘;}x%softtﬁg c%ciléﬁ[lﬁ}g?g*& Qﬁﬁgp]]egsllllé}g@m )

Herein, arbitrary positions on an group ower a and the
"l ower alk Y substi t ut ed r. Qi f n plurality
of “hal ogel e e BRbp T HIRBUH G Bbo SRR oy el B ATy R st
specificati(%bt;hﬁanfg%ﬁg%¥gggéﬁ nmeans car bocyclyl having a carbon nunber
of 3 to 20° prépgrd% & CAT OO humber ‘of 3 to 16, nore preferably a carbon
nunmber of 4 to 12, .and includes. cyc) oal kyl., cycl oal kenyl, aryl a

non- aromat i c fu%%?f‘@‘ﬁﬁ%o%‘ﬁc? ? inelide? plhex%lpﬁﬁgki‘t#‘gglal“@,‘%h ﬁﬁg' ﬁ%ﬁ"{}grﬁw " s
car bocycl yl haanq 3 tqo 16 carbon atons; preferably 3 to 12 carbon atons,
more pr ef @Gmeytiotlagy geheayhisPrs Sﬂg?'and exanpl es thereof include

cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
cycl ononyl and eBRY yihe “non-aromatig, egridenseq ¢arboqyplyl iagludeyp gegHp in

i ncl udes cycl oal kenyl having one or nore double bonds at arbitrar

poSi t i onsw{lh:hatwmi agnek cydlic erpeposlecied framithex ayattadkyll Hae éetclaafiednyde

cycl opropenyl, cycl obutenyl, cycl opentenyl, cycl ohexenyl, cycloheptyny-1,
cycl ooct yayd thenGhrel) erotredadsesinghd examples th@gecintiudalipganylhaderyly| " i ncl udes
phenyl, naphthyl, anthryl and phenanthryl and, particularly, phenyl is

pr ef er abl @trahydronaph8pdcfloreayl ydamhetyl nod-agrommshavec baldensed car bocycl y1”
includes a group in which two or nore cyclic groups selected fromthe

"cycl oal ki¢hemithicformylal 354l kenyl " and the "aryl" are condensed, and exanpl es
t hereof include indanyl, indenyl, tetrahydronaphthyl, fluorenyl, adanmantyl
and a group shgwn bel ow. [Chefff"€al formula 35] Ji.01.11.11-1,

Exanpl es of a preferable of the "carbocyclyl"” include cycl oal kyl,

aryl and gng At i C yclyl and, specifically, exanples
t hereof iR G Opro yl, cycl opentyl, cycl ohexyl,
cycl ohept yl vd—phényl .

Examples of a preferable aspect of the “carbocyclyl” include cycloalkyl, aryl
and a non-aromatic fused carbocyclyl and, specifically, examples thereof include
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and phenyl.

Carbocyclyl parts of the “carbocyclyl lower alkyl”, the “carbocyclyl lower
alkyloxy”, the “carbocyclyl lower alkylthio”, the “carbocyclyl lower alkylamino”, the
“carbocyclyloxy”, the “carbocyclylcarbonyl” and the “carbocyclylaminocarbonyl” are

as the same as the “carbocyclyl”.
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Car bocyclyl parts of the "carbocyclyl |ower alkyl", the "carbocyclyl |ower
al kyl oxy", the "carbocyclyl |ower alkylthio", the "carbocyclyl |ower

al kyl am no", the "carbocyclyl oxy", the "carbocyclyl carbonyl” and the

"car bocycl yl am nocarbonyl " are as the sanme as the "carbocyclyl". [0033]

In the present specification, the "heterocyclyl"” includes heterocyclyl such
as heteroaryl, non-aromatic heterocyclyl, bicyclic condensed heterocyclyl
and tricyclic condensed heterocyclyl having one or nore sane or different
hetero atloA83] arbitrarily selected from0O, S and Nin a ring. :
Specifically, exanples of the "heteroaryl"” include 5 to 6-nenbered aromatic
cyclic groups sluctheaseqeyt spdcyfication) dheZ'bbidrocyplyt ainoludes heteroagylly] such as
pyridazinyl, pyrimdinyl, pyrazinyl, triazolyl, triazinyl, tetrazolyl,
furyl, thasaryli 800%EH0AtY hetox@zalY bicyokachindzntad hetemaydlylosad tyleyclidi azol yl
and t hi adi azol yl . Specifically, exanples of the "non-aromatic

het er ocy cdohended eddl@ el AN g ordehdr th 8RYdameBeydifBdent hee@b athths .
oxat hi ol anyl, azetidinyl, thianyl, thiazolidinyl, pyrrolidinyl, pyrrolinyl,
i m dazol i dinirhrily SABz0kbAYD,-S RYA 820l d #hRy! . pyrazolinyl, piperidyl,

pi perazi nyl, norpholinyl, norpholino, thronorpholinyl, thionorpholino,

di hydr opyri dyl , WiV RPN P 5 AP WY
di hydr ot hi azol y?ﬁ&%f{ec?pgﬁ{/ %thl%sld%ztg? ylf%tgﬁea%l?a%d‘al?%% asg% ﬁrgzol yl,

di hydr ooxazi.nyl. . hex i e r adi.: ' :

et anyar SeUF sl RBLHE RARERE ol b AT, REHAFE L eip

Specific exanpl.es of the,"hicyclic fus het er,o R [e y.ndol yl ,
oot ndol yio RRUETo Py B Pas hy Fa iR dr e by RS L hepl hirod TP LY

i soqui nol yl, cinnol.inyl. .phthalazinyl ui nazolinyl . napht hy-ridinyl,
qui noxal i%&ﬂz?%lj’ﬁ‘?ﬂv@,ﬁybf%ﬂ“&?%‘}ﬁ ,tﬂ%é?ﬂ%gwr §H§?{az%1§hzi m dazol yI
benzotri azol yl, beqﬁgﬁoxazol I,?p%n;oxazolylh enzox%dtazglgl,. 1
benzoi sot hi azol JPecii@Hy o’ &t 9f the pRow Bt atls eteraryelyh dndgeq digranyl,

i sobenzofuryl, benzothienyl, benzotriazolyl, thienopyridyl. Ihienopyrrolyl,
t hi enopyr BEBRYYL oxsHRrEHe pYtasyIng¥athylanydyazetidinyl, thianshdbiazeliginy -
inidazopy-ridgL, Pyraquopyrjdylz_thiazplopyridyl, pyrazol opyri m_di nyl,

pyr azol ot pyraglidipyl, ppyreliaylz Bnidegelidipyl, imidagelsnd ppraagidiny lnpaeezelinlazol v |
pyrazi nopyridazi nyl, quinazolinyl, quinolyl, isoquinolyl, naphthyridinyl,
di hydr ot hpi@zcildmbymenazjhyiymormlmli«whymnpdmhn@ItyiO,mqrehpléWdﬂmrg@mhpﬁmy| ,

di hydrobenzofuryl, di hydrobenzoxazi nyl, di hydrobenzi m dazolyl,

t et r ahy dr dibgdzagyhideh yétrahetropsydirl oteershofiecnfyty), tebrahgdiapyoiyl, benzodi oxonyl ,
chromanyl, chronenyl, octahydrochromenyl, di hydrobenzodi oxynyl,

di hydr obegitgdezthizgblyl,detiyblydrb ez sudylo ke pa lydiroiantdhi aiohyt ddiby tceramdndx y ny| .
Speci fic exanples of the "tricyclic condensed heterocyclyl" include

car bazol yhexaaeshzeyinyl, xetnalixeirydiaz@hefio tdteazidaypyrighzanoxat hi i nyl
phenoxazi nyl, di benzofuryl, im dazoquinolyl, tetrahydrocarbazolyl, and a
group showexgHeyrinkaaiyl aal dickoladyd 361 .. APAPPA

]

Specific examples of the “bicyclic fused heterocyclyl” include indolyl,
isoindolyl, indazolyl, indolizinyl, indolinyl, isoindolinyl, quinolyl, isoquinolyl,
cinnolinyl, phthalazinyl, quinazolinyl, naphthyridinyl, quinoxalinyl, purinyl,
pteridinyl, benzopyranyl, benzimidazolyl, benzotriazolyl, benzisoxazolyl,
benzoxazolyl, benzoxadiazolyl, benzoisothiazoiyl, benzothiazolyl, benzothiadiazolyl,
benzofuryl, isobenzofuryl, benzothienyl, benzotriazolyl, thienopyridyl,
thienopyrrolyl, thienopyrazolyl, thienopyrazinyl, furopyrrolyl, thienothienyl,

imidazopyridyl, pyrazolopyridyl, thiazolopyridyl, pyrazolopyrimidinyl,
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Exanpl es of a preferable aspect of the "heterecyclyl” include 5 to

6- menbered heteroaryl or non-aromatic heterocyclyl, and tricyclic fused

het er ocycl yl . Het erocyclyl parts of the "heterocyclyl |ower alkyl"
the "heterocyclyl |ower alkyloxy", the "heterocyclyl |ower alkylthio", the
"het erocycl yl | ower al kylam no", the "heterocyclyl oxy", the

"het erocycl yl carbonyl” and the "heterocycl yl am nocarbonyl"” are al so the
sanme as the "heterocyclyl". [00341 "Step B and Step C are perforned
cont i nuousiryZolstefaeiny], tpyridapbdlependd; irdareobipyStlg) iGiddzberiazoyd) enent ati on of
Step B without performng isolation operation and columm chronmat ography
puri fi catgyenziabpyaidizaalcduipsadings duinolHl 8pqino]r eqdithpidiaght ai ner for
performng Step B nay be the sane as or different froma reaction container

for perf ofify dAtIShERSFrithRRSA] tetrahydroquiR@yl, koueky Bbisyhuiaplyl,onal |y
substituted by substituent E' means that the "lower alkyl" is

unsubsti t 44}, eehobOizoPRS ], Fih P BbaHRkALiNy O ki HyAMBea2ihMadagept abl e substi tuent S
sel ected from substituent” E are bound théreto. When a plurality of

substi t uf@&%}(@&ﬁ)b@ﬁ’%@ﬂmn&h etﬂ)gﬁy(ﬁbf)érﬁﬁoﬂ{}l‘yfz %Qﬁ%ddﬁ&c%mlsbém}fdllaﬁoﬁ}h e sane or

differen anpl es ereo I ncl ude net fl'uororet hyl, trifluoromethyl,

chl or odi fJ Lﬂgﬂlgﬂﬂ p}won%%g g@gh?&hréﬂé@i' &’ihgﬂobe zodloﬁ_ylnyl, The "car bOCy.Cl yl

optionally su tute tituent s that t carbocyclyl" is

unsubStL it hon o RS OF aPREALLN QLo NG BALLY REAERDARLE, SUDSti tuents

sel ect ed rom subs are poun en a ura |ty of

17 eront. Exariied H:P%swé o bt T o BRREIY gr%%?ﬁlﬂ?%b% eLSF and
Subst | 1 ut $4bE Pvgt%gﬁi?ﬂeﬁ%nféen caPET R thy}lf hele@?'e mf SRAFST the
accept ab é&wi‘{r& Eglﬁéiéé{néiﬁgratq%ﬁmaﬁ{‘éaﬁéa@&gvﬂ'ea‘ﬁsaﬁa%érie%e"s[ae o‘éx%'e'nya

plurality of substituents are bound, the plurality of substltuents may be
t he sane Kﬂmdv¢&é@mﬂﬂfiaékanples t hereof incl ude 4-f| uor obenzyl ,
2,4-difluorobenzyl, 4-methoxy-2-fluorobenzyl..and

4- met hoxyphenylidi f | uor onet hyl|| .

S

o)

Examples of a preferable aspect of the “heterecyclyl” include 5 to
6-membered heteroaryl or non-aromatic heterocyclyl, and tricyclic fused
heterocyclyl.

Heterocyclyl parts of the “heterocyclyl lower alkyl”, the “heterocyclyl lower
alkyloxy”, the “heterocyclyl lower alkylthio”, the “heterocycly! lower alkylamino”,
the “heterocyclyloxy”, the “heterocyclylcarbonyl” and the
“heterocyclylaminocarbonyl” are also the same as the “heterocyclyl”.

[0034]
“Step B and Step C are performed continuously” refers to implementation

of Step C after implementation of Step B without performing isolation operation
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The "l ower al kyl oxy optionally substituted by substituent E', the
"carbocyclyl |ower alkyloxy optionally substituted by substituent E', the
"het erocycl yl | ower al kyloxy optionally substituted by substituent E", the
"l ower al kenyl optionally substituted by substituent E', the "am no
optionally substituted by substituent E', the "l ower al kylam no optionally
substituted by substituent E', the "lower al kenylam no optionally
substituted by substituent E', the "l ower al kynylam no optionally

substi t uted deyurbhbEEdmh aeptaphy pulifeaticabba@yedust pralesd al Kyebdd o optional Iy
substituted by substituent E', and the "heterocyclyl |ower alkylam no

opt i onal |a&iisdontathes fdd e sfdha gt S18pB Mayhave the 381068 diftatn igom[036]
The "carbocyclyl optionally substituted by substituent F' means that the G

car bocyclydctidrSconpsinbs tr tpdt iy siepe.or a plurality of chemcally
accept abl e substituents selected fromsubstituent F are bound thereto. Wen
a pIuranbMB f substituents are bound, the plurality of substituents nay be
the sane or different. Exanples thereof include fluorophenyl,

di f duor ophenyl d. f : he "l | '
optionally subs |t&$§%n§§¥g%%§%$? gﬁ%kgmuﬁ%%%guw%%fagﬁgwﬁ%gggg%ggﬁi1" part
is unsubsgit ut »Or 0on plural ity ] 1l.yna e

subst; t uotvictelfu: FLutHRs Rl Rl ok Rk EVTLERMA PAEERIR D
plurality of .substituen are baound, the plurality of,substituents.my be
the same BPsHiYeRL; glecte 8%?‘@?91?%8&@2?“1 ﬁo&n&%‘e’#fior%@%’ﬁ?ﬁl%&aﬁl,ty of

di fl uorobenzyl oxy and net hgxyfl uqr.obenzyl oxy. The "h rocycl yl
opti onal 1§b§ Héetnl}é? 6?82160‘15’391’ glf%@f*f*ﬁﬂéﬁf s S,tgflfyféts"rﬂ@f bs theyamA o fJeIFena'I kyl oxy
optionally substituted by substityent F'. 1the_ "carbocyclyl |ower alkylthio
optional | ”ﬁﬁh@ﬁF@%?@Hn@%d§HB§bﬁtHéWPanby¥ﬁ%ﬂ“W@P§$%@yclyI | ower al kyl thio
optionally substituted by substituent F', the "carbocyclyl |ower alkylam no
opt i onal |ghlengBdtyoremedhybgndubsti tuent F*, the "heterocyclyl |ower

al kyl am no optionally substituted by substituent F', the "carbocyclyl oxy
opt i onal | iChenbealifermeld 35y substituent F', the "heterocyclyl oxy optionalliy
substituted by substituent F', the "carbocyclyl carbonyl optionally
substituted by substituent FE!, the "heterogyclyl carbonyl optionally
substituted b stituggi " the "carbo yel yl am nocar bon optionally
substi tuted oy substitu ' and the "heterlocycl yl ani nocarheRyl optionally

substituted byjsubstituent me4hi ng. 371 "R3es
of - N(R3ep Ay be ta @ het erocycl g \\ ncl udes, for
exanpl e, fol | owi ng formul a -NN \O\/ 1-N9

Definitionof the "heterédycle "N(R3e)é mayHbe t aken toget her
to forma heterocycle" is also the sane as descri bed above. [00381
The “carbocyclyl optionally substituted by subs_tituent E” means that the
“carbocyclyl” is unsubstituted, or one or a plurality of chemically acceptable
substituents selected from substituent E are bound thereto. When a plurality of
substituents are bound, the plurality of substituents may be the same or different.
Examples thereof include fluorophenyl, difluorophenyl and methoxyfluorophenyl.
The “carbocyclyl lower alkyl optionally substituted by substituent E” means
that the “carbocyclyl” and/or the “lower alkyl” are unsubstituted, or one or a
plurality of chemically acceptable substituents selec_ted from substituent E are

bound. When a plurality of substituents are bound, the plurality of substituents

may be the same or different. Examples thereof include 4-fluorobenzyl,
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The "am no protective groups” nmay be general protective groups for an am no
group, and are exenplified as am no protective groups described, for
exanple, in Protective Goups in Organic Synthesis, Theodora W G een (John
Wley & Sons). Preferable are a tert-butyl oxycarbonyl group and a

benzyl oxycar bonyl group. The "carboxyl protective groups" may be
general protective groups for an am no group, and are exenplified as
carboxyl protective groups described, for exanple, in Protective Goups in
O gani ¢ Sy4rdbfbgirsberlik ddoetboyy Crfbemrolierahay { eyetBoSwhs pyldHwirematiiyd
exanpl es thereof include a nethyl group; an ethyl group, a tert-butyl
.group, a net hoXphetlbwyér gkglogy optioradllyydubgtitutpd bg shestitybnigbQuhe and a

p- met hoxybenzyl group. Exanpl es of the "counter anion of anmoni um
cation" i“eav¥dcydiglllowler Akl geoptiof BN bstiHERA by sheituBRYE” RRE' , Ha, Ph-S03',
CH3- Ph- S03', CH3-S03', P43, SMM2. and HSO4'. Preferable are hal ogen',

CH3(0a, N@&&B@c@@f&er\mgﬂoiﬁ@)@dﬁa@@'g@sﬂm@d By bulsstithéntvitl, €hd Slow ke NHA-
cation indicates one not being charged state by binding of two or three

mol ecul esalké@ﬁ%%hml a/ubs%@@&ufuycsu%gﬁf&he@” Ofhet-BRiNRAH RS allh Rabstsi@ted
(NH4) 2SO42' and (NH4) 3 "| eavi ng group” indicates a

substitu » « » t her eof
Subst 1 ﬁdagf%%ﬁgh&@d@ ﬁ{et weraauaﬁghﬁﬁ&Bbdusrpanges%gﬂﬁﬁgﬁ% Bygug%gtrghteﬁ%

~Preferabl %e"‘fov&@l arln%%%%é} ﬂaléyésubstl-mﬁd"b@egdb\éﬁ deh® fthf O‘I(R%Ira (XA3) "

|nd|cates one 1 n roup or "a car oxy group I's fornmed by

2 TR S L AL b S R
]ICQIO::i mél %2%@%#1’%) gggg | ehc}'( %(letBR%QB(? a['fsu{)SWuené M%(%l)d: thL %&g}‘occ%lyf l(c))(vgyl a 391
alkylamino optionally substituted by substituent E” have the same meaning.

[0036]

The “carbocyclyl optionally substituted by substituent F” means that the
“carbocyclyl” is unsub_stituted, or one or a plurality of chemically acceptable
substituents selected from substituent F are bound thereto. When a plurality of
substituents are bound, the plurality of substituents may be the same or different.
Examples thereof include fluorophenyl, difluorophenyl and methoxyﬂuo-rophenyl.

The “lower alkyloxy optionally substituted by substituent F” means that
the “carbocyclyl” part is unsubstituted, or one or a plurality of chemically acceptable
substituents selected from substituent F are bound thereto. When a plurality of
substituents are bound, the plurality of substituents may bé the same or different.
Examples thereof include ﬂuofobenzyloxy, difluorobenzyloxy and
methoxyfluorobenzyloxy. |

The “heterocyclyl optionally substituted by substituent F”, the “heterocyclyll
lower alkyloxy optionaliy substituted by substituent F”, the “carbocyclyl lower

alkylthio optionally substituted by substituent F”, the “heterocyclyl lower alkylthio
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icadn "'0 00 ( XA3a )( XA3b )( XA3c ) (wherein Rb is hydrogen, |ower
.alkyl optionally substituted by substituent E, |ower al kenyl optionally
substituted by substituent E, |lower alkynyl optionally substituted by
substituent E, carbocyclyl |ower alkyl optionally substituted by
substituent E, or heterocyclyl Iower alkyl optionally substituted by
substituent E, and other each synbol is defined in I[tem1 and Item 3). Wen
the formula (XA3a) is reacted with the formula (V3), the formula (XA4) in

which Ra dp 1JFMH§ Q@Bdtithu e dB O MEEHue NN tHelTRafREFaN a0k &P BlRY 1ansinb eact ed wi t h
the formula (V3), the formula (XA4) in which Ra is hydroxy is produced.

When the § {o'f‘i‘alha s(lg%?tmed By £1%91tt§gltVF”t thet DR tdrBsyaHl Fovke¥ ik )&Eﬂﬁné ormul a (XA4)

i n which hy roxy i1 s produced. When t he fornul a 3Cc) is reacted
Wi th the S&N& t te{)h@vé s@i'ﬂllé?ht(Me "chBM@ﬂwﬁ*logao t?oxla‘ﬂ%ﬁb@ﬂl%)fé@m no
opti onaII |tut ed y 'substituent ‘E, |lower” a ken am no optionally

subst i tutgd @sm Bkt R e fer mé%mﬁﬂp%ﬂthwgﬁg Sl st gt ed by

substi tuer‘?”t ocyc am no” opti stituted

substi tuent .E, terocyc no ontd»0 aIIy substltuted by
subst | tueﬁ?rkifcvcgylﬁ?%’ oty Sumﬁtﬁgeé(y het: I?V/ee[RcI{ eghvage" in "an al dehyde

group or ar boxyl p i.s d cl v e of an olefin site
of the fo%racy(cﬁ%ﬁrg :joghf) l%f get}sg%tggﬁg %’ ﬁ‘}ff%ia reaction with a
car boxyl graoup” can be perforned ener known qxi dation reaction
condi ti on%(iﬁbog‘jydblf‘BH%OC@}Z]i"H’é’ PB‘HOII‘%Q' béﬁt“t%%v Rﬁftﬁ‘&n‘bﬁ #{ ¥ reaction
etc.). Wien the reaction product is an al dehyde for X%?, a, subsequent
general oXiebaesysiylremacrginzberfiqnady spbstifuted by ﬁ‘}kﬁt’(ﬁ}l g@(‘fe&k? 8aPfon,

SO03- pyri di ne oxi dation, NaCl02 oxidation etc.) can derivatize the ol ef| n
site int omaaelalgboxyl group. The "am dation by a condensation
reaction” can be performed by a general dehydration condensation reaction
(M t sunob@0B@8hcti on, reactions using carboxylic acid halide, -carboxylic
anhydride, or a condens_i ng agent. (e.g. WSC, carbonyl dii m dazol e,

di cycl ohexyl car B@&isiofit NER3)etray)he tak@D 4@ ther to form Theterdeyclel andludesoforf or nul a
(XA4')" indicates one in which an al dehyde group or a carboxyl group is
formed byeshglatthedolidveay &gendhs.an ol efin site, or amde is fornmed by
condensation reaction with a carboxyl group. Specifically, it is shown in

t he fol | olghgnitalrforth@la(3%M' a), fornmula (XA4'b) or formula (XA4'c):

— N O —N
__/

Definition of the “heterocycle” in “R3es of -N(R3€)2 may be taken together to
form a heterocycle” is also the same as described above.
[0038]

The “amino protective groups” may be general protective groups for an
amino group, and are exemplified as amino protective groups described, for
example, in Protective Groups in Organic Synthesis, Theodora W Green (John
Wiley & Sons). Preferable are a tert-butyloxycarbonyl group and a
benzyloxycarbonyl group.

The “carboxyl protective groups” may be general protective groups for an

amino group, and are exemplified as carboxyl protective groups described, for -
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[ Chem cal fornula 40] RORO OH R2doN 00 ( XAd'a ) ( XA4'b ) (wherein each
synbol is defined in lteml1l, and Item 3). Wen the formula (X. Ad'a) is
reacted with the fornula (V3'), the formula (XA4) in which Ra is hydrogen

i s produced. Wien the fornmula (XA41) is reacted with the formula (V3'), the
formula (XA4) in which Ra is hydroxy is produced. Wen the fornula (X A4'c)
is reacted with the formula (V3'), the formula (XA4) in which Ra is |ower

al kyl am no optionally substituted by substituent E, |ower al kenyl am no

opt i onal | axasiihstihtRubedtiby GeolistintugahicEyithyses, THekyoryl WrGreen Gpthinonal |y
substituted by substituent E, carbocyclyl |ower alkylam no optionally

substit UtWi’leg& SHRST | PHENable ex@mpe! DRty Ghathdd HWREhAldeyh@Ennahept i onal |y
substituted by substituent E is produced. "An al dehyde group or a

carboxyl g6aHP, {eit- Befﬁ%@o aq;sét@a Ly EcHe gﬁ@ggngnypgyogbeé béhzA pRougl formul a
(XA4'), or amde is formed by condensation reaction with a carboxyl group”

is al so tzﬂ?d& rme@lgx%%q&%pémh e case of the (XA3). [0041] The production

nmet hod according to rese invention will be described below. (Step
A) The g, {60 and
Conpound (V1) t]g)Egﬁ@%lgﬁg%go{)i%t?%%&?gﬁ?éﬂrﬁﬁgh n%ﬁ%;gn C, as shown in

5 NN gﬁ;&gb:‘ﬁgrﬁa@zégﬁzéﬁz%?@s .
suspenst oios! . AT, PURRE 23kt B EPT STl iy bt 1o
Frhgsglntlr f@x%gng%rg%t({;é:l@ﬁ}} l&rasrll | ar l}é I)Tl (j;_lcléllggrsl 1r(1) 1gatlego;[1§1elot ueslgg Ql%r%gd state or
state by binding of two or three molecules, respectively. Specific examples of the
NH4*X¢ include (NH4)2S042 and (NH4)3PO43".
The “leaving group” indicates a substituent which is left by a nucleophilic
reaction, and examples thereof include halogen, -O-SOz2-CHs, -O-SO2-CFs,
-0-S0O2-Ph and —O-SO2-Ph-CHs. Preferable is halogen.
[0039]
The “derivative of formula (XA3)” lindicates one in which an aldehyde group
or a carboxyl group is formed by oxidative cleavage of an olefin site, or amide is
formed by condensation reaction with a carboxyl group. Specifically, it is shown in

the following formula (XA3a), formula (XA3b) or formula (XA3c):

[Chemical formula 39]

' 1d
| R O R O | 5 R'™ O /Rb
0 X H o ~ OH 2 ~ ”
R0 0 R0 0 RO 0
I
o) _ o) O
( XA3a) ( XA3b ) ( XA3c)

(wherein R is hydrogen, lower alkyl optionally substituted by substituent E, lower

alkenyl optionally substituted by substituent E, lower alkynyl optionally
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F.do"0 pd p dR3d (vi) p2 do tiStep A(Xi) pid RRdn 3d ( )2 ) (wherein
each synbol is defined above) Compound (X1) is a commercially
avai |l abl e reagent, or can be obtai ned by a known net hod. When R d
i s hal ogen, Conpound (X1) in which Ridis |ower alkyloxy optionally
substituted by substituent E, carbocyclyl |ower alkyloxy. optionally
substituted by substituent E, heterocyclyl |ower alkyloxy optionally
substituted by substituent E, or -0Si (Rle)3 can be al so obtained by addi ng
an al cohajubsaaged by subdtitaenak] ewbscyalyt ddwar abiptlioptiahhlly sulasitutedtbyd by
substituent E, carbocyclyl |ower alkyl alcohol optionally substituted by
subst i t ueiithsEtudh® e b B & ddyclyd Wer alllksy lop b &IOS ubsGipliie@ b SupsiStilest Ef ut ed by

substituent E, or (Rle)3Si-OH, and perform ng a nucl eophilic replacenent

reaction gpf 4t@BAbAch dyinBol® QUIRRERE Btedt 1AnBABEN 3).N WheR tERimulH08L]a)
is reacted with the formula (V3), the formula (XA4) in which R2 is hydrogen is
produced. When the formula (XA3Db) is reacted with the formula (V3), the formula
(XA4) in which Re is hydroxy is produced. When the formula (XA3b) is I;eacted
with the formula (V3), the formula (XA4) in which R? is hydroxy .is produced.
When the formula (XA3c) is reacted with the formula (V3), the formula (XA4) in
which R is lower alkylamino optionally substituted by substituent E, lower
alkenylamino optionally substituted by substituent E, lower alkynylamino
opfionally substituted by substituent E, carbocyclyl lower alkylamino optionally
substituted by substituent E, or heterocyclyl lower alkylamin‘o optionally -
substituted by substituent E is produced.

The “oxidative cleavage” in_“an aldehyde group or a carboxyl group is
formed by oxidative cleavage of an olefin site of the formula (XA3), or amide is
formed by condensation reaction with a carboxyl group” can be performed under
generally known oxidation reaction condition (e.g. ozone oxidation reaction,
RuCls-NalO4 oxidation reaction etc.). When the reaction product is an aldehyde
form (XA3a), a subsequent general oxidation reaction condition (e.g. Crs-pyridine,
PCC oxidation, SOs-pyridine oxidation, NaClO: oxidation etc.) can deri;ratize the
olefin site into a carboxyl group. |

The “amidation by a condensation reaction” can be performed by a general
dehydration condensation reaction (Mitsunobu reaction, reactions using carboxylic
acid halide, carboxylic anhydride, or a condensing agent (e.g. WSC,

carbonyldiimidazole, dicyclohexylcarbodiimide) etc.).
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Exanpl es of the "l ower al kyl oxy optionally substituted by substituent E' in
Ri d include nethoxy, ethoxy, isopropoxy, trichloronethoxy and
trifluoromethoxy. Preferable is nethoxy. Exanpl es of the
"carbocyclyl |ower al kyloxy optionally substituted by substituent E'" in R d
i ncl ude benzyl oxy, phenethyl oxy, 2,4-trifluorobenzyl oxy and
4 nmet hoxybenzyl oxy. Preferable is benzyl oxy. Exanpl e of the

"het erocyclyl | ower al kyloxy optionally substituted by substituent E" in

Ri d incl u8e4lyri dyl met hyl oxy. A preferable aspect of Rid is hydrogen,

chl oro, brono, nethoxy, benzyloxy or the |ike. [00431 Exanpl es of
the "l ower al kyThefderioaald of forrhata Kiat4dtidalicateded inwelnith &h aldebRde grawpl ude
methyl, ethyl, n-propyl, iso-propyl and tert-butyl. Exanpl es of the
"car bocycdryd cdrbwei gaddpyis fephd omabtifasubdbatdgeod ahyldibatd, btiemtidds i n R2d

i ncl ude benzyl and 4-net hoxybenzyl . Exanpl es of the "heterocyclyl

| ower al kgl medby @fdddn¥atsstbedactivh @Aty carbag}li érb@ﬂi\t $pecifitaR2dit iN6Howdein

pyri dyl net hyl . A preferable aspect of R2d is nethyl, ethyl,

n- propyl, theSOHAVARYbrm §18 (X AlWS, xbnm@ﬁr(mwarm&dw a4£)0044] A preferabl e
aspect of Rieis nethyl, ethyl, n-propyl, iso-propyl, tert:butyl or the

like. qgﬁ§hn.ﬂibnnuba@&§ reaction solvent of the nucleophlllc repl acenent
reaction talnlng (X1), an aprotic solvent is preferable. Exanples

t hereof include qg@tBnltrlle tetrahydpof uran, di oxamgd diethyl ether,

di chl or onet hane, roform toluene, Xyl ene, ethyl acet#te, R

N, N- di net hyl f i

R240

(XAd'a )’ ( XA4'D) ( XAd'c)

(wherein each symbol is defined in Item 1, and Item 3). When the formula (XA4’a)
is reacted with the formula (V3), the formula (XA4) in which R2 is hydrogen is
produced. When the formula (XA4'b) is reacted with the formula (V3’), the formula
(XA4) in which R is hydroxy is produced. When the formula (XA4’c) is reacted
with the formula (V3), the formula (XA4) in which R2 is lower alkylamino optionally
substituted by substituent E, lower alkenylamino optionally substituted by |
substituent E, lower alkynylamino optionally substituted by substituent E,
carbocyclyl lower alkylamino optionally substituted by substituent E, or
heterocyclyl lower alkylamiﬁo optionally substituted by substituent E is produced.

“An aldeflyde group or a carboxyl group is formed by oxidative cleavage of
an olefin site of formula (XA4), or amide is formed by condensation reaction with a
carboxyl group” is also the same as that of the case of the (XA3). |
[0041]

The production method according to the -present invention will be described

below.

32



The af orenenti oned base may be a base which can deprotonate an al cohol
reagent, and exanples thereof include n-butyllithium tert-butyllithium
sodi umtert-butoxi de, potassiumtert-butoxide, sodiumtert-pentoxide,

sodi um net hoxi de, sodi um et hoxi de, sodi um hydride, |ithiumdiisopropylam de
and lithium bistrinmethylsilylam de. An amount of the base is about
1.0 to 3.0 nolar equivalents relative to Conpound (X1) in which Ridis

hal ogen. An anount of the al cohol reagent is about 0.5 to 1.5 nol ar
equi val enfsseg &) ative to Conmpound (X1) in which Rid is halogen. A
reaction tenperature is usually OCto a refluxing tenperature, preferably

room tenper at urghd Prealife sté)o [se@%b%nrédcmﬁgl@n&m@lhl(X1)19ndmam 88nd OWHO hours,
preferably 1 to 4 hours. 46] Conmpound (V1) can be obtained as a

Commer Ci all o \eey %omh&l 5&%&%@& COhp&@t B8) Rt HRGHi e FoIKIANE rBRLHA.
Exanpl es of t ower al kyl optlonally substituted by substrtuent E' in Pd
i ncl ude W%HQ%l et hyl and trlfluoronethyl A preferable aspect of Pd is

met hyl . Exanppl es of the Iomer al kyl optionally substituted by
substltuent E"

|nclude,neth n piflp _
Exanpl es of theﬁeﬁecl)r\lﬂgpea umn |ona tfi&esu s%? '%B%Imby <Ub @JS%/J&%en’ E'" in
R3e |nclude met eth and triflu nEth ref r g aspect of R3d
s - N Cret alse;ei%ﬂdﬁsff%?.aoﬁww?nﬁsm Y lch[ R QY BB 06 of a

reaction solven ctl for inin ound ( ea tlng
Conpound foxgle hﬁgﬁﬂﬁb Bt( FPYH ﬁ& oxgéd 8 Py sEatey g ?ﬁﬂ%éﬁ%ﬁ

di oxane, diethyl| ether, dichloroneth . oro m tol uene, Iene ethyl
acetate, Not errgtﬂmr@?mﬁpa@ CNW%? ﬁﬁlﬁ@ﬂkyawl%ﬂf @Be ¥h ¢ suspetsion

di met hyl i m dazol i di none. An anount of Conpound (V1) used is about
1.0 to 3. gappdratheshirystadnt s rel-ative to Conpound (X1), or Conpound (V1)
may be used as a sol vent., A reaction tenperature is usually 0OCto a
r ef | uxi nglGrempealformela ‘lriﬂ eferably room t enperature.

Fdo, op?
\T/
p1d R =kL
"Wfl (W1 0 ,..J
deo . sz 3
: Step A I]:]I/ z
(X1) e T

(wherein each symbol is defined above)

Compound (X1) is a commerciaﬂy available reagent, or can be obtained by a
known method. |

When R is halogen, éompound (X1) in which R is lower alkyloxy
optionally substituted by substituent E, carbocyclyl lower -alkyloxy optionally
substituted by substituent E, heterocyclyl lower alkyloxy optionally substituted by
substituent E, or —OSi(R!¢)s can be also obtained by adding an alcohol reagent such
as a lower alcohol optionally substituted by substituent E, carbocyclyl lower alkyl

alcohol optionally substituted by substituent E, heterocyclyl lower alkyl alcohol
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A reaction tinme is usually 30 mnutes to 50 hours, preferably 2 to 8 hours.
[ 0048] By the present step, a solution containing Conpound (X2)

i s obtained. Conmpound (X2) nay be isolated by a general purification nethod
(extraction, distillation, colum chronmatography, crystallization etc.), or
may be used in a next reaction wthout isolation. [0049] (Step A')

Al ternatively, Conpound (X2) can be al so obtained by the follow ng

reaction. [Chemical fornula 421 (wherein R7d is hal ogen, |ower alkyl oxy
opt i onal lopti®ubBY btihktidtdoybysdutbstitiant i, o (BF):SDOH) 2nRperfoanthgot her each
synbol is defined above) Compound (Z1) is a comrercially avail able

reagent, miclephilkaephicambatiddyticn kdWnrIRERRIAE presence of a 2R £8010dntt he
"l ower al kyl optionally substituted by substituent E' in R2d incl ude

met hyl , gbbyd], n-propyl, iso-propyl and tert-butyl. Exanpl es of the
"carbocyclyl lower alkyl optionally substituted by substituent E' in R2d

i ncl ude benzyl ]?)&ﬁlnﬂéérgit ﬁ%X‘Yd@@?%ﬂyloxy optionally substituted by substituent E” in

R include methoxy, ethoxy, isopropoxy, tfichloromethoxy and trifluoromethoxy.
Preferable is methoxy.

Examples (_)f the “carbocyclyl lower alkyloxy optionally substituted by
substituent E” in R include benzyloxy, phenethyloxy, 2,4-trifluorobenzyloxy and

| 4-methoxybenzyloxy. Preferable is benzyloxy.

Example of the “heterocyclyl lower alkyloxy optionally substituted by
substituent E” in R include pyridylmethyloxy.

A prefei‘able aspect of R4 is hydrogen, chloro, bromo, methoxy, benzyloxy or
the like.
[0043]

Examples of the “lower alkyl optionally substituted by substituent E” in R%d
include methyl, ethyl, n-propyl, iso-propyl and tert-butyl.

Examples of the “carbocyclyl lower alkyl optionally substituted by
substituent E” in R2d include benzyl and 4-methoxybenzyl.

Examples of the “heterocyclyl lower alkyl optionaliy substituted by
substituent E” in R2d include pyridylmethyl.

A preferable aspect of R is methyl, ethyl, n-propyl, iso-propyl, tert-butyl,
benzyllor the like.
[0044]

A preferable aspect bf Rie'is methyl, ethyl, n-propyl, iso-propyl, tert:butyl or

the like.
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Exanpl es of the "heterocyclyl |ower alkyl optronélly substituted by

substituent E' in R2d include pyridylmethyl. A preferabl e aspect of
R2d is nethyl, ethyl, n-propyl, iso-propyl, tert-butyl, benzyl or the I|ike.
[ 0050] Exanples of the "Il ower aIkyI optionally substituted by

substituent E'" in R3d include nethyl, ethyl and trifluoronethyl.

Exanpl es of the "l ower al kyl optionally substituted by substituent E" in
R3e include methyl, ethyl and trifluoronmethyl. A preferable aspect of R3d

i s - N(CH3pa45}- OCH3, pyrrolidinyl or the like. [00511 Exanpl es of
the "l ower al kyl oxy optionally substituted by substituent E' in R d include

met hoxy, et hoxyAs h $edutRRRSWent bf BBIICRIBhNRX ¥pRBEME i febitadsrOfe bbetying
Preferabl e i s nmethoxy. Exanpl es of the "carbocyclyl |ower alkyl oxy

opti onal | o 15 ulshi otk %lepf{t s hstetduie ntEEamﬂ)l@s BidebMablvge 1080ZYHRXY

phenet hyl oxy, 2,4-trifl uorobenzyloxy and 4- nmet hoxybenzyl oxy. Preferable is
benzyl oXyiqy dra%lydmf%rﬁmmbﬁe %etthkl?e *a@tcﬁmey&ﬁathah@\eﬁroraéom Rerkp! i onal |y

substitute y substrtuent E' 1N i nclude pyridyl nethyl oxy. A preferable

aspect of R gghmgt%g&?\%&lmﬁyu&mdeni]@tﬁtaﬁxethpﬁ%@ah%x 2Rl the like.

[ 0052] comerclally aval e reagent, or can be

obt ai ned - Exanples of a preferable aspect of R7d
i ncl ude Ggﬁgﬁg%n§WQwaﬁ£ggﬁ%oxy, et hoxy, acetoxy, met hane sul f onyl oxy,

trifluoromet han’ﬁ?e a orexXer?t)f(}/ne%% sg%a%tb% zy .e'?seeS UhICQan ge}yrotonate an alcohol

reagent, and examples thereof include n-butyllithium, tert-butyllithium,
sodium-tert-butoxide, potassium-tert-butoxide, sodium-tert-pentoxide, sodium
methoxide, sodium ethoxide, sodium hydride, lithium diisopropylamide and lithium
bistrimethylsilylamide.

An amount of the base is about 1.0 to 3.0 molar equivalents relative to
Compound (X1) in which R!¢ is halogen.

An amount of the alcohol feagent is about 0.5 to 1.5 molar equivalents
relative to Compound (X1) in which R is halogen.

A reaction temperature is usually 0°C to a refluxing i:emperature,
preferably room temperature to 50°C.

A reaction time is usually 10 minutes to 50 hours, preferably 1 to 4 hours.
[0046]

Compound (V1) can be obtained as a commercially available reagent, or can
be obtained by a known method.

Examples of the “lower alkyl optionally substituted by substituent E” in Pd
include methyl, ethyl and trifluoromethyl. A preferable aspect of P4 is methyl.

Exampples of the “lower alkyl optionally substituted by substituent E” in

R3d include methyl, ethyl and trifluoromethyl.
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[ 0053] : Exanpl es of a reaction solvent of a reaction for obtaining
Conmpound (X2) by reacting Conpound (Z1) and Conpound (Z2) i ncl ude
acetonitrile, tetrahydrofuran, dioxane, diethyl ether, dichloronethane,

chl oroform toluene, xylene, ethyl acetate, N, N-dinethylformam de,

N, N- di et hyl acet am de and di net hyl i m dazol i di none. An anmount of
Conmpound (Z2) used is about 1.0 to 3.0 nolar equivalents relative to
Compound (Z1). A reaction tenperature is usually -10C to a refl uxing
tenperature, peefreplabbfthedwaredindoationally subséigeteddry subsituest BSuaRfy 10
"mnutes to 10 hours, preferably 1 to 4 hours. | f necessary, a
terti ary ianiude methgiddegl abat arfluemnofthyhe tertiary am ne include pyridine,
triethylam ne, dinethylam nopyridine and N nethyl norpholine. [0054]

By the present Abpeferablsadpati IR GNINGOH Q- (COHR Quyieblid¥R)] ok shobkai ned.
Compound (X2) may be isolated by a general purification nethod (extraction,
di still atligppy] col um chromat ography, crystallization etc.), or may be used
in a next reaction without isolation. [0055] (Step B) The present

step is a step piaPlabih Rhctiof @bNEHOSE £RM AR ERFDbEARRRUOS hatdld (XY
reacting Conpound (X2) and Conpound (V2) optionally in the presence of a

base, as 3L ColtBolRl (W 1% CEABLLANGF DL MLE adeRiftHcal fornula 43] 0
p4dcrity p5d
' tetrahydrofuran, dioxane, diethyl ether, dichloromethane, chloroform, toluene,
xylene, ethyl acetate, N,N-dimethylformamide, N,N-dimethylacetamide and
dimethylimidazolidinone.
An amount of Compbund (V1) used is about 1.0 to 3.0 molar equivalents
relative to Compound (X1), or Compound (V1) may be used as a solvent.
A reaction temperature is usually 0°C to a refluxing temperature,
preferably room temperature.
A reaction time is usually 30 minutes to 50 hours, preferably 2 to 8 hours.
[0048]-
By the present step, a solution containing Compound (X2) is obtained.
Compound (X2) may be isolated by a general purification method (extraction,
distillation, column chromatography, crystallization etc.), or may be used in a next
reaction without isolation.
[0049]
(Step A)
Alternatively, Compound (X2) can be also obtained by the following

reaction.
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p1ldOpi d0OJ( v2) p2dn p2d0-11",-1r -- CIStep BO p 3d ( X?)
(wherein each synbol is defined above) [0056] Exanpl es of the

"l ower al kyl oxy optionally substituted by substituent E'" in Rid include

met hoxy, ethoxy, isopropoxy, trichloronmethoxy and trifl uoronethoxy.
Preferabl e i s nethoxy. - Exanmpl es of the "carbocyclyl |ower alkyl oxy
optionally substituted by substituent E' in R d include benzyl oxy,
phenet hyl oxy, 2,4-trifluorobenzyl oxy and 4-nmet hoxybenzyl oxy. Preferable is
benzyl oxyiChemical fornflargl e of the "heterocyclyl |ower al kyl oxy optionally
substituted by substituent E' in R d include pyridyl nmethyl oxy.

0
1d 1d
F[ 7d ."'/JL"»-’/ F’ T
- I O
290 AL (Z2) 2
L R 2d

.5_[ r T R0 %_\”f L
o £’ R
(Z1) Step - (X2}

(wherein R™ is hal.ogen, lower alkyloxy optipnally substituted by substituent E or
--0-S02-R?%¢, and other each symbol is defined above)
Compound (Z1) is a commercially available reagent, or can be obtained by a
known method.
Examples of the “lower alkyl optionally substituted by substituent E” in R
include methyl, ethyl, n-propyl, iso-propyl and tert-butyl.
Examples of the “carbocyclyl lower alkyl optionally substituted by
substituent E” in R include benzyl and 4-methoxybenzyl.
Examples of the “heterocyclyl lower alkyl optionally substituted by
substituent E” in R include pyridylmethyl.
A preferable aspect of R2¢ is methyl, ethyl, n-propyl, iso-propyl, tert-butyl,
benzyl or the like.
[0050]
Examples of the “lower alkyl optionally substituted by substituent E” in R3¢
include methyl, ethyl and trifluoromethyl.
Examples of the “lower alkyl optionally substituted by substituent E” in
R3e include methyl, ethyl and trifluoromethyl.
A preferable aspect of R3 is -N(CHs)s, -OCHs, pyrrolidinyl or the like.

[0051]
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A preferable aspect of Rid is hydrogen, chloro, brono, nethoxy, benzyl oxy
or the like. [0057] Exanpl es of . the "l ower al kyl optionally
substituted by substituent E' in R2d include nethyl, ethyl, n-propyl,

i so-propyl and tert-butyl. Exanpl es of the "carbocyclyl |ower alkyl
optionally substituted by substituent E' in R2d include benzyl and

4- met hoxybenzyl . Exanpl es of the "heterocyclyl |ower alkyl
optionally substituted by substituent E' in R2d include pyridylnethyl. A
pref er abl e aspelttampleRafithieslavetr fmjkyloet nptiqnatlypubgtytuted Byosyrstityént Eeimt - but yl
or the Ilike. Exanpl es of the "l ower al kyl optionally substituted by
substi t ueRt iftludamieBebxiynethugy isapirbydxy, etidhloroatredhdxyi £rduoifbrmedhythoxy.

Exanpl es of the "l ower al kyl optionally substjtuted by substituent E" in
R3e i ncl uekeferablayik meahéwy. and trifluoromethyl. A preferable aspect of R3d
is -N(CH3)2, -OCH3, pyrrolidinyl or the Iike. [0058] Conpound (V2)
can be obt ai nedg@fmples MR chdbtytlA ek é2alkeloke 3gamiallydubstitute@ bobt ai ned by
a known net hod. Exanples of the "lower alkyl optionally substituted by

tsgll‘)tSt thgﬁbsgzuén@ 46 A ideNfdeU8 2B LN When€tYdxy, 8 4RESRBEobehSAoRy 2RY! and

4-methoxybenzyloxy. Preferable is benzyloxy.

Example of the “heterocyclyl lower alkyloxy optionally substituted by
substituent E” in R!4 include pyridylmethyloxy.

A preferable aspect of R is hydrogen, chloro, bromo, methoxy, benzyloxy or
the like.

[0052]

Compound (Z1) is a commercially available reagent, or can bé obtained by a
known method

Examples of a preferable aspect of R7 include chloro, bromo, methoxy,
ethoxy, acetoxy, methanesulfonyloxy, trifluoromethanesulfonyloxy and
paratoluenesulfonyloxy. |
[0053]

Examples of a reaction solvent of a reaction for obtaining Compound (X2)
by reacting Compound (Z1) and Compound (Z2) include acetonitrile, |
tetrahydrofuran, dioxane, diethyl ether, dichloromethane, chloroform, toluene,
xylene, ethyl ace.tat.e, N,N-dimethylformamide, N,N-dimethylacetamide and
dimethylimidazolidinone.

An amount of Compound (Z2) used is about 1.0 to 3.0 molar equivalents
relative to Compound (Z1):

A reaction temperature is usually -10°C to a refluxing temperature,-
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Exanpl es of the "carbocyclyl |ower alkyl optionally substituted by
substituent E'" in R4d include benzyl and 4-nmet hoxybenzyl . Exanpl es
of the "heterocyclyl |ower alkyl optionally substituted by substituent E"
in R4d include pyridyl nmethyl. Exanpl es of a preferabl e aspect of
Rdd include nethyl, ethyl, n-propyl, iso-propyl, tert-butyl, benzyl and
4- met hoxybenzyl . Exanpl es of a preferable aspect of R5d include
chl oro, brono, methoxy, ethoxy, acetoxy, nethanesul fonyl oxy,

trifl uor oprefdrablesubmhaamperagusnd par at ol uenesul f onyl oxy. Particul arly,
chloro, methoxy and ethoxy are preferable. Exanpl es of a reaction
sol vent i ncl udeA aestionitiné lseysulally nahythueéiioalt, hairexaateralkle| lusrciouty ene,
et hyl acetate, N, N-dinethylformam de, N, N-di nmet hyl acet am de,

di met hyl i m dazolir deqesiy, Ntdreiby hridialddee. anghhbleebhyHepttilyi hinene.
Exanpl es of the base include n-butyllithium tert-butyllithium

sodi umt eirntchmtp%d% tROLFETH AT disldth PUINASR i R AN Bkt PRBEgholide, sodi um

met hoxi de, sodi um et hoxi de, sodi um hydri de, l'i thi um diisopropyl ani de and
l'i t hi um biggt ) met hyl si |yl am de. An amount of the base used is about
1.0 to 5.0 nDIar equi valents rel ative to Conmpound (X2). An anount

of Sompaund (V2)pifcheb SR80 wkoflchdh GnfhifRle o fRHNEKER i ehed | ve to

Conmpound ( X2), or oun e use sol vent

reaction era |s us.uy 80C tq e preferably
-20Cto 5@??1”8%\ T e o lfe 1S€13Le¥i g suﬁ??eragﬁurlhca%%on 19? th%ggg tg%#lsog preferably
Compound {AEfg ot ug.mngaromeo%a@éh oA P B P
purification . nmeth d extraction, distillation, colum chronatography,

cryst al | i BREHAH W LSO ORay be used in a next reaction without isolation.
Preferably ﬁﬂe conpound is isolated as a crystal fromwhich inpurities
have beent%8Pbved by crystallization. [00601 (Step B-11) The
present step is a step of obtaining a solution containing Conpound ( XA3) by
reacting @%W%gﬂnd (X2) and Conpound (VA2) optionally in the presence of a

base, as shown in the follow ng reaction fornula.
The present step is a step of obtalnmg a solution containing Compound

(X3), by reacting Compound (X2) and Compound (V2) optionally in the presence of a
base, as shown in the following reaction formula.

[Chemical formula 43]
o

,LL RS54
R%0Y
p1d 1d 7
R 0 . R0
C]\- ||r \\-"12 :I O\.,,--” T <4d
d oo 7" OR

R290 .. R0 a0

g \[ =

Elj 1 Ly

(wherein each symbol is defined above)
[0056]

Examples of the “lower alkyloxy optionally substituted by substituent E” in
R4 include methoxy, ethoxy, isopropoxy, trichloromethoxy and triﬂudromethoxy.

Preferable is methoxy.
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[Chem cal fornmula 441 pi d 0JO.-,,Rd4e ( VA? ) R2do. p4dc, -Alst,..-11 O
R3d >(..7? ) (wherein each synmbol is defined above) [00611 Exanples
and preferable aspects of Rid, Rd, R3d and R5d in the f or mul as (X2) and
(V. A2) are the sanme as those deflned above, respectively. - Compound
(VA2) can be obtained as a commercially avail able reagent, or by a known
nmet hod. Exanpl es of the "l ower al kyl optionally substituted by
substituent E' of Ri e include nethyl and ethyl. Exanpl es of the
"carbocyclyl opfitamglks yf thelfsdiboested 1bwersaikgloky uptivndly afbsRébeed bgl ude phenyl
and cycl ohexyl . '
substituent E” in R!? include benzyloxy, phenethyloxy, 2,4-trifluorobenzyloxy and
4-methoxybenzyloxy. Preferable is benzyloxy.
Example of the “heterocyclyl lower alkyloxy optionally substituted by
substituent E” in R inélude pyridylmethyloxy.
A preferable aspect of R4 is hydrogen, chloro, bromo, methoxy, benzyloxy or
the like.
[0057]
Examples of the “lower alkyl optionally substituted by substituent E” in R*
include methyl, ethyl, n-propyl, iso-propyl and tert-butyl.
Examples of the “carbocyclyl lower alkyl optionally substituted by
substituent E” in R2d include benzyl and 4-methoxybenzyl.
Examples of the “heterocyclyl lower alkyl optionally substituted by
substituent E” in R? include pyridylmethyl.
A preferable aspect of R2d is methyl, ethyl, n-propyl, iso-propyl, tert-butyl or
the like.
Examples of the “lower alkyl optionally substituted by substituent E” in R3d
include methyl, ethyl and trifluoromethyl.
Examples of the “lower alkyl optionally substituted by substituent E” in
R3¢ include methyl, ethyl and trifluoromethyl.
A preferable aspect of R34 is -N(CHz3)z, -OCHs, pyrrolidinyl or the like.
[0058]
Compound (V2) can be obtained as a commercially available reagent, or can

be obtained by a known method.

Examples of the “lower alkyl optionally substituted by substituent E” in R4d
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Exanpl es of the "heterocyclyl optionally substituted by substituent E' of
Rde include pyridyl and piperazyl. Rd4e is preferably such that one is
hydrogen, and the other is phenyl. Exanpl es of a reaction sol vent
i nclude acetonitrile, tetrahydrofuran, dioxane, toluene, xylene, ethyl
acetate, N, N-dinethylformam de, N, N-di net hyl acet am de,

di met hyl i m dazol i di none, N-nethyl nor pholi ne and N-net hyl pyrrolidi none.
Exanpl es of the base include n-butyllithium tert-butyllithium

sodi um t enthudethoschgle ethybtrapsipyintisepitopplink taaebupddi um t ert - pent oxi de,

sodi um net hoxi de, sodi um et hoxi de, sodi um hydride, |ithium diisopropylam de
and |ithium bi Stxdnibhyf el “vhdatydeyl lower alkyl dptioaatiyBtibsttutdiebbase used is
about 1.0 to 5.0 nol ar equivalents relative to Conpound (XA2). An

amount  of ;. ERANRWAE” () RAZIncHRRGbehsylaR@- mbtRoxyBerzy@ DI ar equi val ents
relative to Conpound (X2). A reaction tenperature is usually -80C to 20C,

preferably - 80G:{Hnps1d06F tHd “F}l@%@&éy@lﬁ% %dgstz? dlRylbptidhhly SutdkRicapyt 0 -6 hours,

preferably 15 mnutes to 2 hours. By the present step, a

sol ution %%%alé}‘it@gi?%gﬁ?# o XAy lrhét}ﬁrpt ai ned. Compound (XA.3) nay be

i sol ated by a genera I cation nethod (extraction, distillation, colum

chr omat ogr aphy el habt) B AR el ot TRV REUARS difyBanaKpr eact | on

wi t hout i sol ation. e compoun as a crystal from
whi ch i npurities have been renoved by crystallization. [0063] (Step C
The preselit PEE tlegt %utgﬁéﬁn%ﬁ % t‘g?lﬁ?}hc’é(y nnz}t‘)%und (X4) by reacting Conpound

(e oozl i A DAL Aot R GbEH00) ol HOH,
ethoxy, acetoxy, methanesulfonyloxy, trifluoromethanesulfonyloxy and
paratoluenesulfonyloxy. Particularly, chloro, methoxy and ethoxy are preferable.

Examples of a reaction solventlinclude acetonitrile, tetrahydrofuran,
dioxane, toluene, xylene, ethyl acetate, N,N-dimethylformamide,
N,N-dimethylacetamide, dimethylimidazolidinone, N-methylmorpholine and
N-methylpyrrolidinone. |

Examples of the base include n-butyllithium, tert-butyllithium,
sodium-tert-butoxide, potassium-tert-butoxide, sodium-tert-pentoxide, sodium
methoxide, sodium ethoxide, sodium hydride, lithium diisopropylamide and lithium
bistrimethylsilylamide.

An amount of the base used is about 1.0 to 5.0 molar equivalents relative to
Compound (X2).

An amount of Compound (V2) used is about 1.5 to 5.0 molar equivalents
relative to Compound (X2), or Compound (V2) may be used as a solvent.

A reaction temperature is usually -80°C to a refluxing temperature,
preferably -20°C to 50°C.

A reaction time is usually 30 minutes to 50 hours, preferably 2 to 12 hours.
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R 4d p2 do O H2NRed ( V3 ) p 1 d O o- -*-01R4d p2 doN .11 O Step C

[0059]

_ By the present step, a solution containing Compound (X83) is obtained.
Compound (X3) may be isolated by a general purification method (extraction,
distillatio.n, column chromatography, crystallization etc.), or may be used in a next
reaction without isolation. Preferably, the compound is isolated as a érystal from
which impurities have been removed by crystallization.

[0060]
(Step B-1I)

The present step is a step of obtaining a solution containing Compound
(XA3) by reacting Compound (X2) and Compound (VA2) bptionally in the presence
of a base, as shown in the following reaction formula.

[Chemical formula 44]

Ja s
R s .{:_-:‘-\H_ - Fx“- d

R pae U ‘ - pe
0. (VA2 ) Os Ja:\]/:.; R
240 T ) ~ R0, ., O T
T ‘:::b:- ™ n' L Q4&
g : Step - 1I o
e s
( %2) [ AAZ]

(wherein each symbol is defined above)
[0061]

Examples and preferable aspects of R4, R2d) R3d and R3 in the formulas
(X2) and (VA2) are the same as those defined above, respectively. _

Compound (VA2) can be obtained as a commercially available reagent, or
by a known method.

Examples of the “lower alkyl optionally substituted by substituent E” of R

include methyl and ethyl.
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( X3 )(

X4 ) .(mherein each synbol is defined above) [0064]

Exanpl es of the "lower alkyloxy optionally substituted by substituent
Rid include methoxy, ethoxy, isopropoxy, trichloronethoxy and
trifluoronmethoxy. Preferable is nethoxy. Exanpl es of the

"car bocycl yl

i ncl ude

benzyl oxy, phenethyl oxy, 2,4-trifluorobenzyl oxy and

4- met hoxybenzyl oxy. Preferable is benzyl oxy. Exanpl e of the

"het er ocycl yl

Rid incl
chl or o,

met hyl ,

t he "carbocyclyl | ower al kyl optional

R2d i ncl

"het erocycly

i ncl ude
n propyl,

ude pyridyl met hyl oxy. A preferable aspect of Rh is hydrogen,

bineRle JRRhHOM, cyeRAEYy10XY or the like. [00651 Exanpl es of
the "I ower aIkyI optionally substituted by substituent E' in R2d incl ude

En

| By@hpRE kFtlexyaptydylaptynslipsibstithed Bysubytiadent @EE RE" | n

et hyl, RxdhPie¥ bf tHesq’ieWrQJ%éiyl %Pgoﬁﬁw suddtiViited by substitueEXBTBE €S of

Uge ; P8P5§E¥§&ﬁ_4ﬁqggggé benzyl . Exanpl es of the
K
pyridyl prt.hyl ref bl e aspect of R%g i hyl ,
i so- pg%py refefrabB ﬁat one ‘ﬁg"ﬁ%. ?g% f% %}te ot HEL ﬂ. ;Jh’en?f
Examples of a reaction solvent include acetonitrile, tetrahydrofuran,
dioxane, toluene, xylene, ethyl acetate, N,N-dimethylformamide,
N,N-dimethylacetamide, dimethylimidazolidinone, N-methylmorpholine and

N-methylpyrrolidinone.

Examples of the base include n-butyllithium, tert-butyllithium,

- sodium-tert-butoxide, potassium-tert-butoxide, sodium-tert-pentoxide, sodium

methoxide, sodium ethoxide, sodium hydride, lithium diisopropylamide and lithium
bistrimethylsilylamide.

An amount of the base used is about 1.0 to 5.0 molar equivalents relative to
Compound (XA2).

An amount of Compound (VA2) used is about 1.0 to 2.0 molar equivalents
relative to Compound (X2).

A reaction temperature is usually -80°C to 20°C, preferably -80°C to -40°C.

A reaction time is usually 5 minutes to 6 hours, preferably 15 minutes to 2
hours.
[0062]

By the present step, a solution containing Compound (XA3) is obtained.
Compound (XA3) may be isolated by a general purification method (extraction,
distillation, column chromatography, crystaliization etc.), or may be used in a next

reaction without isolation. Preferably, the compound is isolated as a crystal from
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Exanpl es of the "l ower al kyl optionally substituted by substituent E" in
R4d include nethyl, ethyl, n-propyl, iso-propyl and tert-butyl.
Exanpl es of the "carbocyclyl |ower alkyl optionally substituted by

substituent E' in R4d include benzyl and 4-nethoxybenzyl . Exanpl es
of the "heterocyclyl Iower alkyl optionally substituted by substituent E'
in R4d include pyridyl nethyl. Exanpl es of a preferable aspect of

R4d include nethyl, ethyl, n-propyl, iso-propyl, tert-butyl, benzyl and

4- met hox whieink yinpufi@i@6Rhve been remckedrppurkt4lii3dtioan be obtai ned as a

commerci ally avail abl e reagent, or can be obtained by a known net hod.
Exanpl es [gbs3]lhe "I ower al kyl optioanlly substiuted by substituent E' in R6d
i ncl ude HC(=0)-CH2-, CH(-0H)2-CH2-, Me0-CH(-O0H)-CH2-, dinethoxyethyl,

di et hoxyelby ¢) C112=CH CH2-, HO CH2- CH(-O0H)-CH2-, [Chemi cal fornula 46]

[ Chem cal fornula 471 :

The present step is a step of obtaining Compound (X4) by reacting
Compound (X3) and Compound (V3), as shown in the following reaction formula.

[Chemical formula 45]

=] 1d 0 HQN F‘Iﬁd R1 d 0
O__.xv,,L\._h_:?]/,U\OR4d (W3] 0. ,k%rJonqu
R0 ]3\ 0 —— R0, ,L\\j M
4 StepC g TREd
(X3 ( X4

(wherein each symbol is defined above)
[0064]

Examples of the .“lowe-:r alkyloxy optionally substituted by substituent E” in
R include methof;y, ethoxy, isopropoxy, trichloromethoxy and trifluoromethoxy.
Preferable is methoxy.

Examples of the “carbocyclyl lower alkyloxy optionally substituted by
substituent E” in Rld include benzyloxy, phenethyloxy, 2,4-trifluorobenzyloxy and
4-methoxybenzyloxy. Preferable is benzyloxy.

Example of the “heterocyclyl lower alkyloxy 6ptionally substituted by
substituent E” in R include pyridylmethyloxy.

A preferable aspect of R!4is hydrogen, chloro, bromo, methoxy, benzyloxy or
the like.

[0065]
Examples of the “lower alkyl optionally substituted by substituent E” in R

include methyl, ethyl, n-propyl, iso-propyl and tert-butyl.
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Exanpl es of the "amino optionally substituted by substituent E' in R6d
I ncl ude net hyl am no, ethyl am no, benzyl oxycarbonyl am no and
tert-butoxycarbonyl am no. Exanples of the "carbocyclyl optionally
substituted by substituent E' in R6d include: [Chem cal fornula 481
Exanpl es of the "heterocyclyl optionally substituted by substituent E' in
R6d include: [Chem cal fornula 49] .AAAVAI Boc NHBoc \ [0068]
Exanpl es of a reaction solvent include acetonitirile, tetrahydrofuran,
di oxane, t ol uerExampibenfthectdrpbeyalye i@t e, alklyNpdionel yilsoitoted lge,
N, N-di met hyl acet ami de, di methylim dazolidinone, N-nethyl norpholine,
N- met hy| pyabe@tdedt @ Re R2gichaleMenz@tdhdnpm ediskybsogyt.opanol .
Examples of the “heterocyclyl lower alkyl optionally substituted by
substituent E” in R2d include pyridyl.methyl.
A preferable aspect of R?d is methyl, ethyl, n-propyl, iso-propyl, tert-butyl or
the like.
[0066]
Examples of the “lower alkyl optionally substituted by substituent E” in R#
include methyl, ethyl, n-propyl, iso-propyl and tert-butyl.
Exémples of the “carbocyclyl lower alkyl optionally substituted by
substituent E” in R# include benzyl and 4-methoxybenzyl.
Examples of the “heterocyclyl lower alkyl optionally substituted by
substituent E” in R4 include pyridylmethyl.
Examples of a preferable aspect of R* include methyl, ethyl, n-propyl,
iso-propyl, tert-butyl, benzyl and 4-methoxybenzyl.
[0067]
Compound (V3) can be obtained as a commercially available reagent, or can
be obtained by a known method.
Examples of the “lower alkyl optioanlly substiuted by substituent E” in R6d

include HC(=0)-CHs-, CH(-OH):-CHz-, MeO-CH(-OH)-CHz", dimethoxyethyl,

diethoxyethyl, CH2=CH-CH:-, HO-CHz'CH('OH)'CHz',
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An amount of Conpound (V3) used is about 1.0 to 2.0 nol ar equival ents

relative to Conpound (X3). A reaction tenperature is usually 0Cto
a refluxing tenperature, preferably 20C to 70C A reaction tine is usually
30 .mnutes to 50 hours, preferably 2 to 12 hours. [0069] When R6d

of Conpound (X4) produced is not a group having an al dehyde group such as
HC(=0) - CH2-, MeO0- CH(-O0H)-CH2- .or CH(-O0H2)-CH2- or the equival ent thereof,
the group can be derivatized into such as HC(=0)-CH2-, MeO-CH(-0H)-CH2- or
CH( - OH) 2- [T micallfoshulastéh gr oup havi ng an al dehyde group or the equival ent
thereof, by a method of deprotecting a protective group for an al dehyde
group desgri.hed in Protectjye.Goups in Organic Synthesis, Theodora W G een
(John Wley| & Sons), or a known nmethod shown in International Publication
hb.2006/116\940panphlet, or Y.nt@rnational Publication No.2006/ 088173

panphl et . A f} For exanpl eg, en R6d of Conpound (X4) is

di met hoxyet hyl~ it caor be deri Ized into HC(=0)-CH2- by adding an acid to
a solution containing Conmpound (X4). The acid is not particularly limted,

and exanp har i ude hydrochloric acid, hydrobrom c acid, sulfuric
aci d, nitkﬁ%ngggégﬂ%ﬁhgggorip acid, p-toluenesulfonic acid, methanesulfonic

acid, form aeid: acetic &Ccid, ~tri f| uor oacepi¢ aciiBocnal ei ¢ aci d and
oxalic ac HAna I’,i}qacid ad is 2.%to 10. 0 nol ar
ret’at~ve Boo Co E i i

equi val ent aciyd or formc acid may be
used as a solvent, or may be he -af or ementi oned aci d.

A reaction tenperature is usu preferably 10C to 40C. A
preferably 2 to 12 hours.

[ 0070] When an amino group is protected with an am no protective
group, a deprotected conpound can be obtained by a nethod of deprotecting a
protectiv oupfor an am r dgscri bedAn R@@tq&%ive G oups in
Organic S esis, gheodora egn (John W Sq@s) or a known

nmet hod. An “or dér \dperforni depf ohectin 0 an be arbitrarily
changed. [0071E0/N By the preseQ;jstep, a sal ut pon jcont ai ni ng Conpound
(X4) is obt ai ned’ Conmpound (X4) may be isol ated a general purification
met hod- (extraction,distillation, colum chronmat ogeéphy, crystallization
etc.), or may be used in a next reaction wi thout isolation. Preferably, the

conmpound is isolated as a crystal fromwhich inpurities have been renoved
by crystal | i zat Esamples of the “amino optionally substituted by substituent E” in R&d

include methylamino, ethylamino, benzyloxycarbonylamino and
tert-butoxycarbonylamino.

Examples of the “carbocyclyl optionally substituted by substituent E” in Ré&d
include:

[Chemical formula 48]

wnnnannny

NHBoc N
_ ~ NHBoc
Examples of the “heterocyclyl optionally substituted by substituent E” in

Réd include:
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[0072] (Step C-11) The present step is a step of obtaining a solution

cont ai ni ng Conpound
optionally in the presence of a base,

f or nul a.
I Rei d

[Chemical fornmula 50] p Id oYp2 pie Ti H2 N( V3) Rd 0 0J J

[Chemical formula 49]

NHBoc N/
™~ | ~ NHBoc
~
N .

o 0

[0068]

'Examples of a reaction solvent include acetonitirile, tetrahydrofuran,

dioxane, toluene, xylene, ethyl acetate, N,N-dimethylformamide,
N,N-dimethylacetamide, dimethylimidazolidinone, N-methylmorpholine,

N-methylpyrrolidinone, methanol, ethanol and isopropanol.

An amount of Compoﬁnd (V3) used is about 1.0 to 2.0 molar equivalents

relative to Compound (X3).

A reaction temperature is usually 0°C to a refluxing temperature,

preferably 20°C to 70°C

A reaction time is usually 30 minutes to 50 hours, preferably 2 to 12 hours.
[o069]

When Réd of Compound (X4) produced is not a group having an aldehyde

group such as HC(=0)-CHz-, MeO-CH(-OH)-CHa- or CH(-OHz)-CHz- or the
equivalent thereof, the group can be derivatized into such as HC(=0)-CHz,

MeO-CH(-OH)-CHa- or CH(-OH):-CHa-, which is a group having an aldehyde group

or the equivalent thereof, by a method of deprotecting a protective group fqr an

aldehy.de group described in Protective Groups in Organic Synthesis, Theodora W

Green (thn Wiley & Sons), or a known method shown in International Publication

No0.2006/116764 pamphlet, or International Publication No.2006/088173 pamphlet.
For examples, when R8¢ of Compound (X4) is dimethoxyethyl, it can be

derivatized into HC(=0)-CHz- by adding an acid to a solution containing Compound
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(XA4) by reacting Conmpound (XA3) and Conpound (V3)
as shown in the follow ng reaction
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Step C - I ( XIA3 )fl <A4) ) (wherein each synbol is defined above)
Exanpl es and preferabl e aspects of Rd, R2e and Rde in the fornulas (XA3)
and (VA4) are the same as those defined above, respectively.

Exanpl es of the "l ower al kylam no optionally substituted by substituent E"
of Rain the formula (X A4) include nethylam no, ethylam no,

i sopropyl am no, tert-butylam no, nethoxynet hyl am no, nethoxyethyl am no,

et hoxyet hyl am no, net hoxypropyl am no, hydroxyet hyl an no,

pi per azi nxlE artenydi@idwdtpar-teulafplipiiedd, aXt eashongl thefyt airlute,
met hyl am noet hyl am no, nethyl sul f onyl et hyl am no,

tert-but ylyeRbd0MYd 278 NBREMANE BAd, S FRRICRY], AudERE @ BHoaphdeddNy,| am no,
net hyl car bonyl ani noet hyl am no, anlnoethylanlno and

tert - but vl estyoasReomk %mdngl%ttltf'é/rlémf&gc acid, formic {8 "Re68 a8, {iRuorboweic
al kenyl am no optlonal y substltuted by substituent E' of Ra i ncl ude

et hyl enylaacgg QI?al?ﬁ Jb Exanpl es of the "I ower
né optiona y su stl i

al kynyl am ted by substituent E" of Ra include

Opt | onl Ty Q‘Jbs% m eat?% i e‘&é%?@” %%f%*ﬁ% A e o ae
& 11 uor oBoBpTl &Seé‘”a‘%‘iex@r?ﬁ%?ﬁ% | SRR B B AR T i B o
i ﬁéi;@%ﬁ?ﬁ’rﬁ% “§aba aﬁo&?&@%ﬁém@%@ o, i e " ERaml s of the

“heterocyclyl |ower alkylam no optionall it db b t E' of
Ra i ncl ude pyrl‘ﬁﬁ?%‘f’ﬁi?’&ﬁ?%urqgt‘ﬁs% Hﬁgwu(gﬁ @ég(ﬁﬂré%g@%slhg&gﬁg 0

nethyllsqﬁ%éolylnethylenylanlno [ 0073]

A reaction time is usually 30 minutes to 50 hours, preferably 2 to 12 hours.
[0070]

When an amino group is protected with ah amino protgctive group, a
deprotected compound can be obtained by a method of deprotecting a protective
group for an amino group described in Protective Groups in Organic Synthesis,
Theodora W Green (John Wiley and Sons) or a known m'ethod. An order of
performing a deprotecting reaction can be arbitrarily changed.

[0071] |

By the present step, a solution containing Compound (X4) is obtained.
Compound (X4) may be isolated by a general purification method
(extraction,distillation, column chromatography, crystallization etc.), or may be
used in a next réaction without isolation. Preferably, the compound is isolated as a
crystal from which impurities have been removed by crystallization.

[0072]
(Step C-1D

The present step is a step of obtaining a solution containing Compound
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Exanpl es of the "l ower al kyl optionally substituted by substituent E" in
R6d i ncl ude HC(=0)-CH2-, CH(-O0OH)2-CH2-, MeO0-CH(-O0H)-CH2-, dinethoxynethyl,
di et hoxyet hyl , CH2=CH CH2-, HO CH2-CH(-O0H)-CH2-, [Chemical formula 51] [O
00 or or, when Ra is hydroxy, exanples of R6d include: [Chem cal formula
52] or when Ra is the "lower alkylamno optionally substituted by
substituent E', the "lower al kenylam no optionally substituted by
substituent E', the "lower al kynylam no optionally substituted by

subst i t ueA4Eby redeingc@shpayal (KA3J) ane rCoah popindriVabopiriatlgah Itie prassbdet ut ed by
substituent E', or the "heterocyclyl |ower alkylamno optionally

substi t utsd, knseSabsiowBNthe BollovaXa #d®Bnabriel. i ncl ude: [ Chenical fornul a
531 O OHH OH

[Chemical formula 50]

F|1d H2N“‘"F’Hd i1d j:i
T R« " O s
O.;T-l.»\}r, i (V3 - ‘\T ~pa
24 2 X
RO A 0 pae R#0_ ‘-“»:-f-N--\.ﬁ
I Step C-1I . RO
Q o
(AAZ) [ Xad)

(wherein each symbol is defined above)

Examples and preferable aspects of R, R? and R# in the formulas (XA3)
and (VA4) are the same as those Aeﬁned above, respectively.

Examples of the “lower alkylamino optionally substituted by substituent E”
of R2 in the formula (XA4) include methylamino, ethylamino, isopropylamino,
tert-butylamino, methoxymethylamino, methoxyethylamino, ethoxyethylamino,
methoxypropylamino, hydroxyethylamino, piperazinylcarbonylethylamino,
morpholinylcarbonylethylamino, methylaminoethylamino,
methylsulfonylethylamino, tert-butylcarbonylaminoethylamino,
isopropyloxycarbonylaminoethylamino, methylcarbonylaminoefhylamino,
aminoethylamino and tert-butyloxycarbonylaminoethylamino.

Examples of the “iower alkenylamino optionally substituted by substituent
E” of R2 include ethylenylamino and propenylamino.

Examples of the “lower alkynylamino optionally substituted by substituent
E” of R2 include propynylamino. |

- Examples of the “carbocyclyl lower alkylamino optionally substituted by
substituent E” of R2 include benzylamino, diﬂuorobenzylar_nino,

chlorofluorobenzylamino, cyclopropylmethylamino, 4-fluorobenzylamino,
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JW NNAP %VANA, Exanpl es of the "am no optionally substituted by
substituent E'" in R6d include nethylam no, ethylam no,
benzyl oxycar bonyl am no and tert-but oxycarbonyl am no. Exanpl es of the
"carbocyclyl optionally substituted by substituent E' in Rfid include:
[Chemi cal formula 541 Exanpl es of the "heterocyclyl optionally
substituted by substituent E'" in R6d include: [Chem cal fornmula 551
cyclohexylmethylenylamino, cyclopropylamino, ethyloxycarbonylethylamino,
carboxyethylamino, dimethylaminocarbonyl, 4-methoxybenzylamino and
4-methylbenzylamino.
Examples of the “heterocyclyl lower alkylamino optionally substituted by
substituent E” of R2 include pyridylmethylamino,
tetrahydropyranylmethylenylamino and methylisoxazolylmethylenylamino.
[0073]
Examples of the “lower alkyl optionally substituted by substituent E” in R¢d
include HC(=0)-CHz-, CH(-OH)s-CHz-, MeO-CH(-OH)-CHz-, dimethoxymethyl,
diethoxyethyl, CH:=CH-CH>-, HO-CH2-CH(-OH)-CHz-,
[Chemical formula 511

AT PR TN gy T NI T

0. l 0.

T 7

oy, or —

or, when Rz is hydroxy, examples of Réd include:

[Chemical formula 52]

D Ta, QLT
N\Boc: N\BOC HH“ -
9 ]
N

m/ C\/H/ $OC ‘ ?00
O N N
Boc™ \) O\j O OJ

or when Ra2 is the “lower alkylamino optionally substituted by substituent E”, the
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urn / Boc - JNIWAN [0074] Conversion froman olefin form
(-CH=C(R4e)2) to -CO Ra, when Ra is hydroxy, can be perforned on al dehyde
(Ra is hydrogen) obtained under generally known oxidation reaction
condition (e.g. ozone oxidation reaction, RuCl3-Nal04 oxidation reaction
etc.), under subsequent general oxidation reaction condition (e.g.

Cr 3-pyridi ne, PCC oxidation, S03-pyridine oxidation, NaCl02 oxi dation
etc.). Whien Ra is the "l ower al kylam no optionally substituted by
subst i t uehewds" glkenpdarhimmvationlale sybstitiutesd bypsulshidhent Kbkt flowered by
substituent E', the "lower al kynylam no optionally substituted by
substltueﬂkyﬁymnmmfotmﬁmﬂgeybéwhmémbﬁSub#kyémmEhohmhmrmmgﬂyybsmbst|tuted by
substituent E', or the "heterocyclyl |ower al kylam no optionally
substituuﬁdynmnﬁubﬁﬁ@hﬂ@ﬂthﬁhﬂb&ay@QbmﬂmshOEﬂqmnh@éhneﬂkﬁﬂﬂﬂdw@n a
carboxyl group (Ra is hydroxy) by a general dehydration condensation

reaction {iM lasune bptiseaBt dudBtituteddlisQpstituehnB” cxahpras Jf Reamicthdeal i de,
carboxylic anhydride, or a condensing agent (e g. WBC, carbonyldiim dazol e,

di cycl ohepoeeatdashnh i da) ) . [ 0075] Exanpl es of a reaction sol vent
i nclude acetonitrile, tetrahydrofuran di oxane, tol uene, xylene, ethyl
acetate, N, N-dlnethylfornanlde N, N- di net hy-| acet am de,
dlnethyllnld.:ol°%inone Rt hyl mor phol i Féy N—nethylpyrr?WTdinone,

nmet hanol , etda i S panol . An anount| of Conpound Odsed i s about
1.0to 3.0 ar equivalenis relative to nmpeund ( XA3)

Examples of the “amino optionally substituted by substituent E” in R
include méthylamino, ethylamino, benzyloxycarbonylamino and
tert-butoxycarbonylamino.

Examples of the “carbocyclyl optionally substituted by substituent E” in R4
include:

[Chemical formula 54]
Ehhdehdded V.V V.V BOC VT V.V V)

NHBoc N/
~ NHBoc

~ Examples of the “heterocyclyl optionally substituted by substituent E” in

Ré&d include:
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A reaction tenperature is usually OCto a refluxing tenperature, preferably
20C to 70C. Areaction tine is usually 10 m nutes to 50 hours, preferably 1
to 12 hours. [00761 When R6d of Conpound (X4) produced is not a
group havi ng an al dehyde group such as HC(=0)-CH2-, MeO0-CH(-0H)-CH2- or
CH(-OH) 2-CH2-, or the equivalent thereof, the group can be derivatized into
such as HC(=0)-CH2-, MeO-CH(-0OH)-CH2- or CH(-OH)2-CH2-, which is a group
havi ng an al dehyde group or the equival ent thereof, by the aforenentioned
met hod. [[0B@@dcal formula 58hen an amino group is protected with an am no
protective group, a deprotected conpound can be obtained by a nethod of

depr ot ect i a protective greadp for.an amno group described in Protective
Goups in qﬂ_@ Synt hes g, Theod ra WG een (John Wley and Sons) or a
known met o n ord perfor dt ecting reaction can be
arbitrari hanged. || 00781 | y the present step, a solution

cont ai ni ng“Conpound (XA4) is obtai fed. Conpound (XA4) may be isolated by a
general purification nethod (extraction, distillation, colum
chr omat ogoapdly, crystallization etc.), or may be used in a next reaction
wi t hout isolation. Preferably, the conpound is isolated as a crystal from
whi ch i npuriti eGonvavaobéem e niefiedodny (CHSE®)1) 2atCOR2, wbeaBri{ Step B') The
present step is a step of obtaining Conpound (X4') by reacting Conpound
(X2) wi t hhydespnuad bé Yy forned 6oapleunde (R“3s hydpigeonadthined mindbeggeesiynice of a
base, as shown in following fornula. [Chem cal formula 56] O

known oxidation reaction condition (e.g. ozone oxidation reaction, RuCls-NalO4

oxidation reaction etc.), under subsequent general oxidation reaction condition (e.g.

Crs-pyridine, PCC oxidation, SOs-pyridine oxidation, NaClO: oxidation etec.).

When R2 is the “lower alkylamino optionally substituted by substituent E”,

the “lower alkenylamino optionally substituted by subst_ituent E”, the “lower

alkynylamino optionally substituted by substituent E”, the “carbocyclyl lower

alkylamino dptionally substituted by substituent E”, or the “heterocyclyl lower

alkylamino optionally substituted by substituent E”, the conversion can be

performed on a carboxyl group (R is hydroxy) by a general dehydration

condensation reaction (Mitsunobu reaction, reactions using carboxylic acid halide,

carboxylic anhydride, or a condensing agent (e.g. WSC, carbonyldiimidazole,

dicyclohexylcarbodiimide)).

[0075]

Examples of a reaction solvent include acetonitrile, tetrahydrofuran,
dioxane, toluene, xylene, ethyl acetate, N,N-dimethylformamide,
N,N-dimethylacetamide, dimethylimidazolidinone, N-methylmorpholine,

N-methylpyi'rolidinone, methanol, ethanol and isopropanol.

An amount of Compound (V3) used is about 1.0 to 3.0 molar equivalents
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p5 d R440- ORid O ( V2 )OR4Ad p 2d ONHNH 4+ X -0 ( V2' ) Step FEr

(wherein each synbol is defined above) Exanples and preferable aspects of
Rh, R2d, R3d, Rid and R5d in the forrmulas (X2) and (V2) are the sane as

t hose descri bed above, respectively. Exanpl es of a reaction sol vent
i nclude acetonitrile, tetrahydrofuran, dioxane, toluene, xylene, ethyl
acetate, N, N-dinethylformam de, N, N-di nethyl acetam de, :

di met hyl i m dazol i di none, N nethyl norpholine and N-nethyl pyrrolidi none.
Exanpl es efattvkeoltasepdundl (Mda).n- butyl I ithium tert-butyllithium

sodi umtert-butoxide, potassiumtert-butoxide, sodiumtert-pentoxide,

sodi um net hoxi d re£@idhtBmebRAYIAE usaQy 01T Ry kéfiaing tdnbdtatitej sopr opyl ani de
and lithium bistrinethylsilylam de. An anount of the base used is

about 1. Gy lefrably JWRCAL 7648 Val ents rel ative to Conpound (X2). An
~amount of Conpound (V2) used is about 1.0 to 3.0 nolar equivalents relative
to Conpound (XZ2) .o :icHATRO %u(a}{?)lo%%u'?@s SR RSs,brefRk ¥ to 12 hours.

[0076] |

When R84 of Compound (X4) produced is not a group having an aldehyde
éroup such .as HC(=0)-CH:-, MeO-CH(-OH)-CHa2- or CH(-OH)2-CHz-, or the
equivalent thereof, the group can be derivatized into such as HC(=0)-CHz-,
MeO-CH('OH)'CHz' or CH(-OH)s-CHz-, which is a group having an aldehyde group
or the equivalent thereof, by the aforementioned method.

[0077]

When an amino group is protected with an amino protective group, a
deprotected compound can be obtained by a method of deprotecting a protective
group for an amino group described in Protective Groups in Organic Synthesis,
Theodora W Green (John Wiley and Sons) or a known method. An order of |
perfolrming a deprotecting reaction ca.n be arbitrarily changed.

[0078]

By the present step,-a solution containing Compound (XA4) is obtained.
Compound (XA4) may be isolated by a general purification method (extraction,
distillation, column chromatography, crystallization etc.), or may be used in a next
reaction without isolation. Preferably, the compouna is isolated as a crystal from
which impurities have been removed by crystallization.

[0079]
(Step B)

The present step is a step of obtaining Compound (X4') by reacting
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A reaction tenperature is usually -80C to a refluxing tenperature,
preferably -20C to 30C. A reaction tinme is usually 10 mnutes to 10 hours,
preferably 30 mnutes to 4 hours. Subsequently, Compound (V2' ) is added to
the reaction solution to allow to react. ' Exanpl es of Conpound (V2')
i ncl ude anmmoni um acetate, ammoni um chl ori de, anmmoni um brom de, ammoni um

sul fate, ammoni um hydrogen sul fate, ammoni um formate, amoni umnitrate,
anmoni um hydr oxi de, anmmoni um phosphate, N h+BF4-, NH4PF6-, NI -14+Ph- S03-,
NH4+CH3- RhoPsun&(id) Wit Coidp St (VP aal eoaioand (€2 a6pistdliniacRé pfeden@&Mmoni um
chl oride, ammoni um sul fate, anmmoni um hydrogen sul fate and amoni um f or mat e

An amount of0f b LRMROUMI A Y Zollow@dotu@bout 1.0 to 3.0 nol ar equival ents

relative to Conpound (X2). A reactioin tenperatuer is usually 0Cto
a refl uxipgLEerpasatisee) Preferably 20C to 80C. A reaction tine is usually
10 mnutes to 10 hours, preferably 30 mnutes to 4 hours. By the

present step, a solution containing Conpound (X4') is obtained. Conpound
(X4') may be isolated by &'general purification nethod (extraction,
distillation, colum qﬁﬁﬁ Tga?%phy, crystallization etc.), or may be used
in a next reactiop«n thott ilsol ation. Preferably, the compound is isolated
as a crystal fronumhich inp&?ities havg been jiemoved by crystallization.

[0080] (Step &3, (W2 ) :jjuhr- e
RZdl:l - . F_]Zdo T/‘ \-::L__., N '\
.., '\.:Q.\? .
4 2 NH** x& O H
p3d : w
[ K2 (V2 . { #4")
Step B”

(wherein each symbol is defined above)

Examples and preferable aspects of R4, R2d, R3¢, R4d and R34 in the
formulas (X2) and (V2) are the same as those described above, respectively.

Examples of a reaction solvent include acetonitrile, tetrahydrofuran,
dioxane, toluene, xylene, ethyl acetate, N,N-dimethylformamide,
N,N-dimethylacetamide, dimethylimidazolidinone, N-methylmorpholine and
N-methylpyrrolidinone..

Examples of the base include n-butyllithium, tert-butyllithium,
sodium-tert-butoxide, potassium-tert-butoxide, sodium-tert-pentoxide, sodium
methoxide, sodium ethoxide, sodium hydride, lithium diisopropylamide and lithium
bistrimethylsilylamide.

An amount of the base used is about 1.0 to 5.0 molar equivalents relative to
Compound (X2).

An amount of Compound (V2) used is about 1.0 to 3.0 molar equivalents

relative to Compound (X2), or Compound (V2) may be used as a solvent.
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The present step is a step of obtaining Compound (X4) by reacting Conpound
(X4') and Conpound (V3') optionally in the presence of a base, as shown in
followi ng reaction fornula. [Chem cal formula 571 ( X4' ) Step C( X4 )

(wherein each synbol is defined above) Exanpl es and preferable
aspects of Rd, RZd, R4d and Rfid in the fornulas (X4') and (V3') are the
sane as those defined above, respectively. Exanpl es of a "l eaving

group” in Ld include hal ogen, -0-502-CH3, -0-S02-CF3, -0-S02-Ph or

- 0- S02- Ph- CH3. APreftoabdmpératingliogemalf0®8IT to a refluxing terapérodunsf
derivatizing into an al dehyde group or the equival ent thereof when R6d of
Conmpound gr¥#ratly e20iCad 390@s not have an al dehyde group such as
1-1C(=0)-CH2-, Me0-CH(-0H)-CH2- or CH(-01-).2-CH2- or the equival ent
thereof is the samwtias tidesisrisialy abaviautdstd8@]hours, preferdbipBp ntisutds ta
reaction solvent include acetonitrile, ethyl acetate,

N, N- di mrethydfQr mam de, N, N-di net hyl acet am de, di net hyli m dazol i di none,
N- net hyl nor phol i ne and N- et hyl pyrrolidi none. Exanpl es of the base

i ncl ude pot assid|pHEAIRORAEEmpBRRE U293 DDA 18.ths QU Wi RYRRicd&0 allow to
n-buty-Ilithium tert-batyllithium sodiumtert-butndde,

react.

Examples of Compound (V2) include ammoniﬁm acetate, ammonium
chloﬁde, ammonium bromide, ammonium sulféte, ammonium hydrogen-sulfate,

- ammonium formate, ammonium nitrate, ammonium hydroxide, ammonium
‘'phosphate, NH4*BFs, NH4+PFs, NHs*Ph-SO3, NH4*CHs-Ph-SOs and
NH4*CHs-SOs. Preferable are ammonium acetate, ammonium chloride,
ammonium sulfate, ammonium hydrogen sulfate and ammonium formate

An amount of Compound (V2') used is about 1.0 to 3.0 molar equivalents
relative to Compound (X2).

A reactioin temperatuer is usually 0°C to a refluxing temperature,
preferably 20°C to 80°C.

A reaction time is usually 10 minutes to 10 hours, preferably 30 minutes to
4 hours.

By the present step, a solution containing Compound (X4) is obtained.
Compound (X4’) may be isolated by a general purification method (extraction,
distillation, column chromatography, crystallization etc.), or may be used in a next
reaction without isolation. Preferably, the compound is isolated as a crystal from
which impurities have been removed by crystallization.

[0080]

(Step C)



pot assi umtert-butoxide, sodiumtert-pentoxide, sodium nethoxide,
triethylani ne, 4-dinethylam nopyridine, diisopropylethylam ne and DBU
(1, 8-di azabi cycl o[ 5. 4. 0] undec- 7-ene) . An anount of the base used is
about 1.0 to 5.0 nolar equivalents rel ative to Conmpound (X4"). An
anount of Conpound (173') used is about 1.0 to 4.0 nol ar equival ents
relative to Conpound (X4'), or Conpound. (V3') may be used as a sol vent.
A reaction tenperature is usually 0OCto a refl uxi n? tenperature, preferably
20C to 80C. A rBaqireomtistereisisssters ubdbtyindis Compbesd (0124 deacting preferably 1
to 8 hours. [0083] By the present step, a solution containing
Conmpound {odpouns (HY aind&thm CeumpdWBd op Hdnalixein the preehnas efth byseaageheval
Purification nethod (extraction,distillation, colum chronatography,
cryst al | ijzaslicingk6action@brrA®ld. be used in a next reaction without isolation.
Preferably, the conpound is isolated as a crystal fromwhich inpurities
have been[@g&m&gpfo@%u@g yetal lization. [0084] When R6d in Conpound
(X4) is -NH2, Conpound (X4) can be al so obtained by reacting an
0-(2,4-dinitor ophenyphydr oxyI am ne reagent with Conpound (X4') optionally
in the presence f & base. 'd—EéarrpI es ofp'a peaction sol vent include
N, N- di met hyl fogn N- di thgy acet am de, Mi mit hyl i ni dazol i di none,
N- net hyl m) hoI ne and “ rret hyI pyr oI i di non&y” 57 TOR%xanpl es of the base
i ncl ude pot sﬁ»ru:m/ arbonat e, Tesiumcakr at-es. _s$odi um carbonate and |ithium
car bonat e. At amount of the base sed is aout 1.0 to 5.0 nol ar
equi val-ent s reI ative to Conmpound (X4'). An anmounts of the reagent
used is about (A8 fo 4.0 nolar equivalents re @}lve to Compound (X4').
A reaction tenperature is ususkéyCOC to a re | uXxi ng tenperature, preferably
20C to 60C. Areaction tine is usually 30 mnutes to 24 hours preferably 1

to & hour(%vherem each symbol is defined above)

Examples and preferable aspects of R!4, R2d, R4 and R® in the formulas
(X4’) and (V3') are the same as those defined above, réspectively.

Examples of a “leaving group” in L4 inplude halogen, -O-SO2-CHs,
-0-S02-CF3, -0O-SO2-Ph or -O-SO2-Ph-CH3;. Preferable is halogen
[0081]

A method of derivatizing inté an aldehyde group or the équivalent thereof
when R84 of Compound (X4) produced does not have an aldehyde group such as
HC(=0)-CHz, MeO-CH(-OH)-CHz- or CH(-OH)2-CHz- or the equivalent thereof is
the same as described above.

[0082]

Examples of a reaction solvent include acetonitrile, ethyl acetate,
N,N-dimethylformamide, N,N-dimethylacetamide, dimethylimidazolidinone,
N-methylmorpholine and N-methylpyrrolidinone.

Examples of the t.>ase include potassium carbonate, cesium carbonate,

sodium hydride, n-butyllithium, tert-butyllithium, sodium-tert-butoxide,
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[00851'(St ep D1) | The present step is a step of obtaining Conpound
(1), when Conpound (X4A) has the followi ng structure. [Chem cal fornula 58]

p1dUOKItp 15 Np 2d ON\OHO..1--p 6 ( X)/ \p 5 R3 p4

(wherein R is

an am no protective group, hydrogen, |ower alkyl optionally substituted by
substituent E, |ower al kenyl optionally substituted by substituent E, |ower

al kynyl optionally substituted by substituent E, carbocyclyl

| oner al kyl

optionally substituted by substituent E, or heterocyclyl |ower alkyl
opt i onal | potssshehite it wdokiye saod St ttere rite nkyxide) dodiaahmeyimxdde, itsethyldmimd, above)

4-dimethylaminopyridine, diisopropylethylamine and DBU

(1,8-diazabicyclo[5.4.0lundec-7-ene).

An amount of the base used is about 1.0 to 5.0 molar equivalents relative to

Compound (X4).

An amount of Compound (V3’) used is about 1.0 to 4.0 molar equivalents

relative to Compound (X4%), or Compound (V3’) may be used as a solvent.

A reaction temperature is usually 0°C to a refluxing temperature,

preferably 20°C to 80°C.

A reaction time is usually 30 minutes to 24 hours, preferably 1 to 8 hours.

[0083]

By the present step, a solution containing Compound (X4) is obtained.

Compound (X4) may be isolated by a general purification method

(extraction,distillation, column chromatography, crystallization etc.), or may be

used in a next reaction without isolation. Preferably, the compound is isolated as a

crystal from which impurities have been removed by crystallization.

[0084]

When R in Compound (X4) is -NH:, Compound (X4) can be also obtained

by reacting an O-(2,4-dinitorophenyl)hydroxylamine reagent with Compound (X4’

optionally in the presence of a base.

Examples of a reaction solvent include N,N-dimethylformamide,

N,N-diméthylacetamide, dimethylimidazolidinone, N-methylmorpholine and

N-methylpyrrolidinone.

Examples of the base include potassium carbonate, cesium carbonate,

sodium carbonate and lithium carbonate.
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A closed ring formcan be obtained by generating an intranol ecul ar

dehydrati on condensation reaction (e.g. Mtsunobu reaction) on an am do
site (-CONH-R') and hydroxy group of Conpound (XA4). Wen R' is an am no
protective group, the intranol ecul ar dehydrati on condensati on reaction can
be perfornmed after the group is subjected to a known deprotecting reaction.
Wien R7 is not hydrogen, by perform ng a known nucl eophilic replacenent
reaction on an am no group, objective R7 can be obtai ned. When R2d
i s not hydr ogemin amoGeORXdhe diate usahiskbodet.OvabtiOzedlar ehoivalow telatier foor ni ng
a known reaction (ester hydrolysis reaction, deprotective reaction of

car boxyl @smpeaid &&)group, etc.) to convert R2d into hydrogen, and

perform ng the known reaction (dehydrati on condensation reaction etc.) with
carbocyclyl | owesi aglokytsadTithe redenonadd ¥ sbalis tiottoueiimblarsiqhstaldnsent E, | ower
al kyl al cohol optionally substituted by substituent E etc. In addition, when
R2d is a J.pwefe Bldophpdin@UR4suUCh as a net hyl group or an ethyl group, the
site can be also directly derivatized into -COWNby an am nol ysis reaction.
Wien Rid is |OVE@e@Jt%Xth%}SePaQEié)ﬂadsh)ﬂ@@b@%Bgéf?ﬁiﬁgtéﬁg@a!t&ﬂé,ent E,
carbocyclyl | ower alkyloxy optionally substituted by substituent E,

het er ocyc 91\(?92'0 I y optionally substituted by substituent E, or
-0Si (Rle) ,hnir% ar? getgﬁg%vati_zed into a hydroxy group by subjecting to a
known hydr oxy dgrl)'ra(ljc %%ttgveeisrl?sﬁl% i Y minutes to 24 hmgn%&e(;ai)l lht%léjlgoqﬂs it can
be derivatized THto & hydr Oxy group rl‘:}y reacting wth potassium '

trimet hyl @i g olate or lithiumtrinethylsilanolate, and addi ng an aqueous
sol ution OPS3h i norgani ¢ acid. Alternatively, sodium hydride/ water

(Bi oo‘rgan{}sf I\/E)c_i' cinal Chem stry Letters, 17, 1713, 2007), potassium

hydr oxi deff® §(Hi benzyl i deneacet one) di pal | adi um '
(Pd2dba3)/di-tert-butyl ar3, 71phosphi pe (Journal of the American em cal
Soci ety, 128, 1DBORIESSROHFP lsp%ﬁfégﬁ?aﬁﬁ%w&g @Wébaf@etl Bigpand
[-120)/tri s(%i benzyl i deneacet one) di pal | adi um

( Pd2dba3) %44) - heethe Flloyrpmelspefiupe ( Tet rahedoron Letters, 48, 473, 2007) are
al so exenplified as a reaction of converting hal ogen into a hydroxy group.
As descri miphvfermwhaediBl R d of a raw material is hal ogen, since it becones
possi ble to be derivatized as it is, the nunber of reaction steps is

del eted, and thisRap construct a nore advantageous indusjyial production
nmet hod, as corrparéad th a,aethod of carrying out a reactjon ﬂ: pr ot ecting
and/ or depr ot ectiig-am-akcohol . Wien Rid is fydregen, it ein be

al so deriyatd zed. i njo athydroxy group by converting Riy%ni nt 0 haljogen by
reacting wi thyd hal ogenatdthg agent such as N-bronwsucciminmide, +—r®

N- chl or osucci @ m de, sul flgu,ﬁﬁ chtorrde—etc———sim |l arljy ré‘Fict i?ig Wit h

pot assium tri met hyl si I}a;h"ol""@t e or lithiumtrimethylsifanolgmt %éf i Btdi ng an
‘aqueous sol utilei4df ap hnoRJani c acid. Therefore, depending on reactivity
of reaction substrates, ':1% d can be apep épriately sel ected.(!) I n
addition, in the above step, an order of an each reaction can be

appropria n hyd . lowkh@1BF1epEBhalBf €P IS a step
of obt ai nF%&%ogﬁgn€%ﬁ§§g&%éﬁgﬁgﬁ%ﬁ%d (roAfeR) 0has tuﬁ}re ol | %v(/i ng.

S_t ructur eSulqufﬁfgdGrgJ stgfim'éln% Es,%lwer alkenyl optionally substituted by substituent E,

lower alkynyl optionally substituted by substituent E, carbocyclyl lower alkyl
optionally substituted by substituent E, or heterocyclyl lpwer alkyl optionally
substituted by substituent E, and each symbol is defined above)

A closed ring form can be obtained by generating an intramolecular
dehydration condensation reaction (e.g. Mifsunobu r'eaé_tion) on an amido site

(-CONH-R®) and hydroxy group of Compound (XA4). When R is an amino
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(wherein each synbol is defined above) , A closed ring formcan be
obt ai ned by generating an intranol ecul ar dehydrati on condensati on reaction
(e.g. Mtsunobu reaction) on an amdo site (-CONH-Ri 5) and hydroxy group of
Compound (XA4). Wen 11'5 is an ami no protective group, the intranolecul ar
dehydrati on condensati on reaction can be perfornmed after the group is
subjected to a known deprotecting reaction. When RT is not

hydr ogen, by perform ng a known nucl eophilic substitution reaction on an
am no gr ouptecolv gedupy eheRAhtecanolbenlebdahytedtion condensatirerealR2ch ¢z ot -
hydrogen, a -COOR2d site can be derivatized into -CONDby perform ng a known
reacti on ferfdrened @i ohy gtduiprieaabjecad tdafknotvecidpy&tettedcidaotioaf car boxyl
protective group, etc.) to convert R2d into hydrogen, and performng a
known reacti on Wieh W hahotOy TOFEE b§ pletfofmigoL khenn @ucledphilit Fepladebagycl vl

| ower al kyl ami ne optionally substituted by substituent E, | ower

al kyl al cohattiopéh @R aklido gHig! bbjdtied RYcsilssithisRat E etc. In addition, when
R2d is a | ower al kyl group such as a nethyl group or an ethyl group, the

site can be di rggbhRaRMo iz HLEOORMIRY A AMErARLY.SH $nth CGOR! 8Y-
Wen Rid is | ower al kyloxy optionally substituted by substituent E,

car bocycl i i i ,

et or oey ol T e Y L e ey e Bene £ or
-0Si (R1e) 3,... rivatized | v By dr, o] | ing to a
known hyd'”f)a 5%&5%3&8‘?@53& S{ély ’?eetg%?? %Orrll.%& I?O- i }8@&1&&3 %P(Il -gyrﬁ‘giﬁgjé’gﬁflé it can be
derivatized into hydr o roup by reacti Wt tassi um

tr1 et hy Grrahbefet SR R R s Mt T BER LI s aqueous
sol ution n_.i norgani.c aci Al.ternativel odi um hydr.i de/ wat

(Bi oor ganfiiy RBUPE PR fembstbyen bF eaPuitipyt vy e iR o ieiaTly.,

hydr oxi de/ tri s(di benzyl i deneacetone)dj pal | adi um,_ . .

( Pd2dba3) yHhetif et by s %%pr?}cféﬁhi ﬁ@%f(da%% Roro s Loyt el Presercbal

Soci ety, 128, 10694, 2006), potassium phosphate hydrate (K3PO4 .

H20) / t r i &Y |IFISERA\ETP e proa BERyA €T oHMp A Btk ¢aR be also directly derivatized into
(Pd2dba3)/tri-tert-butyl phosphine (Tetrahedoron Letters, 48, 473, 2007) are
al so exen$lQR| stamgminglege reashionf converting hal ogen into a hydroxy group.
As descri bed above, when Rid of a raw material is halogen, since it becones
possi bl e to be Whehit isdedenslkyloxy optivhellnsuhséitutsfl bycabstimenseps i s _
del eted, and this can construct a nore advantageous industrial production
met hod, asarboaypbyt &vewiallkylexynexttivocllpfsupstitusedhbngulstiteadt B, dretabeyptdt ect i ng
and/ or deprotecting an al cohol . Wien Rid is hydrogen, it can be

al so der i loater a8g/10x3tap tianhitg sabetitugrddypsubgtioomt 41, or NQSTR W)sj intcan bal ogen by
reacting a hal ogenati ng agent such as N-bronosuccini m de,

N- chl or osg@evdtizai Gheto sShY droky brdufl 8T dullgeceihg to aJindivinatsidyostyedeptrdtagkivd t h
potassiumtrinmethylsilanolate or Iithiumtrinethylsilanolate, and addi ng an
aqueous s@ladtib@n of an inorganic acid. Therefore, depending on reactivity
of reaction substrates, R d can be appropriately sel ected. In

addi tion, in theygaboye: RURMecaNitRaA%k dRlivalz&Rnlo b $98Edx9Er&@bPe
appropriately changed. [0087g1 '

reacting with potassium trimethylsilanolate or lithium trimethylsilanolate, and
adding an aquéous solution of an inorganic acid. Alternatively, sodium
hydride/water (Bicorganic Medicinal Chemistry Letters, 17, 1713, 2007), potassium
hydroxide/tris(dibenzylideneacetone)dipalladium
(Pdedbas)/di-tert-butylarylphosphine (Journal of the American Chemical Society,
128, 10694, 2006), potassium phosphate hydrate

(KsPO4 H20)/tris(dibenzylideneacetone)dipalladium
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(Step D-3) The present step is a step of obtaining Conmpound (I),.
when Conpound (X4A) has the following structure. [Chemcal fornula 601 p

ld Recto ..,El IR, 1.-. -11C3\...L. ..p 6 ( X, 444).// \\\P 5 p3 R 4 Step
D3 OHOO0 6\ ' :

(Pd2dbas)/tri-tert-butylphosphine (Tetrahedoron Letters, 48, 473, 2007) are also
exemplified as a reaction of converting halogen info a hydroxy group. As described
above, when R4 of a raw material is halogen, since it becomes possible to be
derivatized as it is, the number of reaction steps is deleted, and this can construct a
more advantageous industrial production method, as compared with a method of
carrying out a reaction of protecting and/or deprotecting an alcohol.

: When R is hydrogen, it can be also derivatized into a hydroxy group by
converting R'? into halogen by reacting with a halogenating agent such as
N-bromosuccinimide, N'chlorosuccini@ide, sulfuryl chloride ete., similarly reaéting
with potassium trimethylsilanolate or lithium trimethylsilanolate, and adding an
aqueous solution of an inorganic acid. Therefore, depending on reactivity of
reaction substrates, R!4 can be appropriately selected.

In addition, in the above step, an order of an each reaction can be
appropriately changed.
[0086]
(Step D-2)

The present step is a step of obtaining Compound (II), when Compound
(X4A) has the following structure.

[Chemical formula 59]

R jj j]H 0
i e e p 8 O - - )J - F—’7
«.J~ e '“-H - o IS I -~
zdp -
RPN oy S N T
I \ VRN
- N A T 7 | RS
N Y 8] R2 e
R2 ()

(wherein each symbol is defined above)
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I/ \5 0p2 R3 P4 p (wherein each synbol is defined above) A cl osed
ring formcan be obtained by generating an intranol ecul ar dehydration
condensation reaction (e.g. Mtsunobu reaction, am dation reaction using a
condensi ng agent etc.) on a carboxyl group (-COCOH) and ami no group of
Compound (XA4). Wien RI5 is an am no protective group, the intranol ecul ar
dehydrati on condensation reaction can be preforned after the group is

subj ected to a known deprotecting reaction. When 117 is not
hydr ogen, by peafctused rigig doran eamnbe vislatogebyl gemeraprigae pimokeaathr on on an
am no group, objective R7 can be obtained. When R2d is not

hydr ogen, déhydc&¥ ¥R ebrsleh&rtivanehetidteleigy Mitsigdbl reactioaDBh ahyanpidb kize M ng a
known reaction (ester hydrolysis reaction, deprotective reaction of

car boxyl @ECONIEH!Y@ndHdPoxy@ir6up of Co@BYRl (XADd WHea By S98MinANd
perform ng a known reaction (dehydration condensation reaction etc.) with
car bocycl%

Jotd @MW Tor QK ¥ha R tPen AREI 1P h i raHBS Eddddhestiy reaist Litignt E, | ower
al I vl al cohol optionally substituted by substituent E etc. In addition, when

R2d i | : . t d Ayl , th
is a %%‘ﬁ%&ne@l A?}/é; tgé gﬁ@gﬁgggg@&ea Bty QYR O n @ a8:BY!  9roup e

site can irect Into -COWN by perfornm ng an am nol ysi s
reaction. r oM I - 1 by
substi tuent £ hebacvelof by Bard Ry e RRARRILIHRHL St Bl

substi t uent het erocycl yl | ower al,kyl tignally substituted by :
subst i tue’fﬁacg?n 8P 2hgat ﬁfg(juf? O}?]fec%‘éen b anggé‘%/?k{(}gﬂe%d into a hydroxy group by

subjecting to no hydr - depro i.ye reaction. . o Ridis

hal ogen, it. caﬁ“ﬁ"@n\é%}? f%réotti?’i'éﬁoﬁeﬂt% (;8@ d(}r/%%/caélrct(’)eu‘gerbvftlrzg%é?tioné\{%@ of

pot assium tri nmet hyl sil anol at e {)r | i tgi Lim.t ri met hyl sil anol at e, .and. addi ng an

aqueous sBITRTIRE GrKDON 1 188FIhieater by Arolygis BacHPTARRFOteLBYs TRACHOUPE de/ wat er

(Bi oorganic_Medicinal Chem stry Letters, 17, 1713, 2027), potassium

hydr oxi defarbpsyl drpiepizyA sr@éﬁee&e-if%mvarfp%%d B{@i yidrogen, and performing a

(Pd2dba3)/di-tert-butyl aryl phosphi ne (Journal of the American_ Chem cal

Soci ety, kp@vn remtien (@dydyatiqrotondsnsatiopnsaping etch ydFhaearbocyclyl lower

(K3PO4. H20) /tris(di benzyl i deneacet one) di pal | adi um

( Pd2dba3) Alkylamieetopbiangliypsibsphitad by Fabstatvedd Eolvwestatlsislcolnd optigmally2007) are

al so exenplified as a reaction of converting hal ogen into a hydroxy- group.

Al t er nat i va@lsyituteldéry sRibdtinfena Ereaov st aslditadn, ivehemalR 8 gea loveirrd eyl grobye sathe s

possible to be derivatized as it is, the nunber of reaction step is

del et ed, a®d nidthgl granp epaskethid graupydvhesiselvanbadeeuly deriasized avtopCORICt i on

nmet hod, as conpared with a nmethod of performng a reaction of protecting

and/ or depy aheetinbgsidreadtivahol . Wen Rid is hydrogen, it can be

al so derivatized into a hydroxy group by converting R d into hal ogen by

reacting a hal ogapatrags RILPLIGUED BSiohhlly SaRSHGEINydulSsituent E,

N-chl orosucci ni m de, sulfuryl chloride etc., simlarly reacting with

pot assi um.g bR 1¥bwdd ARALAE 6ptRinallytibidicd BREIM: R LEAR! Rdtnocpdid addi ng an

aqueous solution of an inorganic acid. Therefore, depending on reactivity

of reacti £5: R - i I eg. In
Por;!ve%l%tﬂg 5)%{) ‘3’3103%% 158%111:9?&3 A %@El't@érﬁ , o§ed)§ﬁk 913 1t can béa |

addition, 1n't ela an or an each reaction can b
appropri ahgll'iyat%%ﬁqg%da hydroxy group by subjecting to a known hydroxy deprotective
reaction.

When R is halogen, it can be derivatized into a hydroxy group by reacting
with potassium trimethylsilanolate or lithium trimethylsilanolate, and adding an
aqueous solution of an inorganic acid. Alternatively, sodium hydride/water.
(Bioorganic Medicinal Chemistry Letters, 17, 1713, 2007), potassium

hydroxide/tris(dibenzylideneacetone)dipalladium
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[0088] (Step D-4) The present step is a step of obtaining Conpound
(I'1), when Conpound (X4A) has the follow ng structure. [Chem cal formula
611 (wherein each synbol is defined above) A closed ring form
can be obtai ned by generating an intranol ecul ar dehydrati on condensati on
reaction (e.g. Mtsunobu reaction, an am dation reaction using a condensing
agent etc.) on a carboxyl group (-COOH) and am no group of Conpound (XA4).
When R15 is an amino protective group, the intranol ecul ar- dehydrati on
condensat (Papdb=e¥dit teenbutyiqreiphosplade &fdwenalt dfehgAmygridas GhenjieddtSediety a known

deprotecting reaction. Wien R is not hydrogen, by performng a
known nuci®&)nbed4, 2006 batsesiant pliephhicoiyd@atean ami no group, objective R' can
be obt ai ned. When R2d is not hydrogen, a -COOR2d site can be

deri vat i zgdpOXR,0)HeRl FhARAEARE R RikIRMumheact i on (ester hydrol ysis
reaction, deprotective reaction of carboxyl protective group, etc.) to

convert F%%%za%ptrhmmqgnph&@ﬂlmfe%%@&oa TERQRE 4r8e§¢§, 'ZQGIXQ%GYQJ ation
condensation reaction etc.) wth carbocyclyl |ower alkylam ne optionally

subst it “tggug}hgfegbﬁt 'Je&igcgnlﬁ &cth ﬁ%%ée%l ﬁ?J‘?hg\%%&&%E&id yA%Qi%%HﬂE ted by

substi t uent I'n "addi ti on, yl" "group suc as a

met hyl CO/é)%JQ] O\R’h%gR%tJ})él ra®’ AYPri 1@§h§lo%gn %Mqub@oﬁ%s%logﬁlteltg&ger! vati zed

into - per rmng an am nolysi's Fedction dis |ower

al kyl oxy sub | tut ed bst t uent
al kyl oxy (g %%ﬁiil yltslﬁ’ot R Og¥e% éltslt? elﬁtdeéte g?‘g%yc?(y?nsl s 2

it i iRl f%dnaafrﬁam%@w can be

deprotecti vg reacti on. 5 d,is ha an be derivatized
into a hyBfex 1@%86@%&”%‘3&?&??&%%\?? Obé?paré’gfic | silanol ate or
lithiumtrinethylsil anol ate, and addi nq an aqueous soI utjion of an inorganic

acid. AlternatiVéeyR MW%FG @/ RRatled Ay deg anto MEHPEY BEP®Yeni stry
Letters, 17, 1713, 2007), potassium

hydr oxi defanvesting REnntg haiwdzyelte@ﬁ@)lel ppaliggapting agent such as
(Pd2dba3)/di-tert-butyl aryl phosphi ne (Journal of the Anerican Chenical
Soci ety, N2gombee@inin@de ey chlpoisasenumdphodpival chionide etce similarly reacting
(K3PO4. H20) /tri s(di benzyl i deneacet one) di pal | adi um

with potassium trimethylsilanolate or lithium trimethylsilanolate, and adding an

‘aqueous solution of an inorganic acid. Therefore, depending on reactivity of

reaction substrates, R can be appropriately selected.

In addition, in the above step, an order of an each reaction can be

appropriately changed.

[0087]

(Step D-3)

The present step is a step of obtaining Compound (I), when Compound

(X4A) has the following structure.
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(Pd2dba3)/tri-tert-butyl phosphine (Tetrahedoron Letters, 48, 473, 2007) are
al so exenplified as a reaction of converting halogen into a hydroxy group.
As described above, when Rid of a raw material is hal ogen, since it becones
possible to be derivatized as it is, the nunber of reaction step is

del eted, and this can construct a nore advantageous industrial production
nmet hod, as conpared with a nethod of performng a reaction of protecting
and/ or deprotecting an al cohol. When Rid is hydrogen, it can be

al so deri[cakinzed faritda@dohydr oxy group by converting Rid into hal ogen by
reacting a hal ogenating agent such as N-bronosucci ni m de,

N- chl or osucci ni mgde, sulfuryl chloride etc., simlarly reactimmg with
potassiumtrimeth Isflanolate or I|th|un1tr|nethyIS|IanoJatéJJand di ng an

aqueous sol utPe bgfrganlc acid. Therefore déb din nxﬁeact|V|ty
of reactlgﬂ sub trgr d gan be appropriately sele%f
addi ti on, '%ye sfiep, an order of an each WhacL'ﬂn,ﬁan_b P
approprlately hanged [0089 (Step D-5) Th pre$ént étep |s a step
of obt ai ni ng ébnpound NAT),, Wwhen Conpound (XA4) ~has ¢t he fol }, Wﬁng
structure. [Chem gal ;f r mﬂ:a 62] Didgfep)pR15 HNN NH
R R (h
(wherein each symbol is defined above)
A closed ring form can be obtained by generating an intramolecular
dehydration condensation reaction (e.g. Mitsunobu reaction, amidation reaction
using a condensing agent etc.) on a carboxyl group (-COOH) and amino group of
Compound (XA4). When R is an amino protective group, the intramolecular
~ dehydration condensation reaction can be preformed after the group is subjected to
a known deprotecting reaction.
When R7 is not hydrogen, by performing a known nucleophilic replacement
reaction on an amino group, objective R7 can be obtained.
When R is not hydrogen, a -COOR2 site can be derivatized into -COR! by
performing a known reaction (ester hydrolysis reaction, deprotective reaction of
carboxyl protective group, etc.) to convert R2 into hydrogen, and performing a
known reaction (dehydration condensation reaction etc.) with carbocyclyl lower
alkylamine optionally substituted by substituent E, lower alkylalcohol optionally
substituted by substituent E etc. In addition, when R2d is a lower alkyl group such
as a methyl group or an ethyl group, the site can be directly derivatized into -COR!
by performing an aminolysis reaction.

When R is lower alkyloxy optionally substituted by substituent E,

carbocyclyl lower alkyloxy optionally substituted by substituent E, heterocyclyl
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( XM ) R3Step D5 (wherein each synbol is defined above) - A
closed ring formcan be obtained by generating a condensation reaction of
an amdo site (-CONHR ) and am no group (-NH Re) of Compound (X4) with a
conpound havi ng a carboxyl group (R5-CO R6). Exanples of the R5-CO R6

i ncl ude parafornmal dehyde and, in this case, R5 and R6 are hydrogen. Wen

t he condensation reaction is perforned, an acid is added, if necessary.
Exanpl es of the acid.include acetic acid, formc acid and sul furi.c acid.
When Ri 5 loweanlkginxymppionh By bibssitgtedly, sitthaitwondins aDBdR <heachnda can be
perfornmed after the group is subjected to a known deprotecting reaction.
When R7 i geriialtizBY dit0Gehydrbyy @@ub Wyubgbctink RowWkndwal I8opsiy deproepliacenent
reaction on an am no group, objective R7 can be obtai ned. When R2d
is not hydnegen, a -COOR2d site can be derivatized into -CORl by performng
a known reaction (ester hydrolysis reaction, deprotective reaction of

car boxyl prot ec{yihkg 10 QU Io&IC it cah BeRIMBEZe &80 iy rHY e aE By réfding
perform ng a known reaction (dehydration condensation reaction etc.) with

car bocycl ﬁg#p%\f\fsrsilﬁh F?ﬁh%@ﬂﬁﬁl%ﬂtg g@ll)il;ﬂilﬁﬁ’ DSt GthrYatS URRE AdHBAL E. | over

al kyl al co optionally substitute substituént E etc. In addition, when

Red is a %@Yégpg gélgl/il)n%f?};%dgg&ﬁc%ﬁida ”Rié@%at%&f,‘@g&hn@ &idila@-oup, the

site can I'rec Ivatized into - y performng an

am nol ysi g,.reactiqn. . . Wien Rid is.leuwer,al-kyl oxy.optionally

substi t ut@docbrﬁag]ﬁg\g?qlfwgh?hglség?lb%&%%l ;f’ ]Il\cﬁ)%v\iezroyalr’lgfﬁ%%ilmgpt ionally
substituted, by substituent E,  heterqcycl yl | ower al kyloxy optionally

subst it ut rﬂ%‘dg}é%{%ﬂ?%ﬁ{ldeé’,eaSGretOI}?}%la(/a%fé)‘g? it can be derivatized into a
hydr oxy gr.oup, by  subjectin 0 a kn hydr oxy deprotective action.

When Ri d {P@i[i%ar%ﬁ’é??}’{'g‘t‘ty&aargflpg'@sgé‘fl? qr?@g"flptﬁfd\né rﬁ%%‘"ﬁ?]&%m&’ reacting
with potassiumtrinethylsilanolate or |ithiumtrinethylsilanolate, and

addi ng anl#J06%¢ 2096)priassiym BhosPhatgavi@taci d. Alternativel y, sodium
hydri de/ wat er g‘% Qorgani ¢ Medicinal Chem stry Letters, 17, 1713, 2007),

pot assi umbep@hdki&ristdikqray hidenepritaendiradtadhitn di pal | adi um
(Pd2dba3)/di-tert-butyl aryl phosphi ne (Journal of the American Chenmi cal
Soci ety, (E2Bdbalied4ertaposphoyrdinesSietrahstomprattterhy4f 478 2007) are also
(K3POX4. H20) /tri s(di benzyl i deneacet one) di pal | adi um
( Pd2dba3) étanmpliferdt asdutedctibo sHivinmert{nkeh alapedorton hydtaereoupl8, 473, 2007) are
al so exenplified as a reaction of converting hal ogen into a hydroxy group.
As descr i hdredionety, wittarR Riofla odw anatavvahit lerlogen, simch il legemes possidde id bdbecones
possible to be derivatized as it is, the nunber of reaction step is
del et ed, agdvdthded aGdnisC xshvitdbér ¢f reaction step is deleted, and this can construct a

more advantageous industrial production method, as compared with a method of

performing a reaction of protecting and/or deprotecting an alcohol.

When R is hydrogen, it can be also derivatized into a hydroxy group by

converting R into halogen by reacting a halogenating agent such as

N-bromosuccinimide, N-chlorosuccinimide, sulfuryl chloridé etc., similarly reacting

.with potassium trimethylsilanolate or lithium trimethylsilanolate, and adding an

aqueous solution of an inorganic acid. Therefore, depending on reactivity of

reaction substrates, R4 can be appropriately selected.

In addition, in the above step, an order of an each reaction can be

appropriately changed.
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nore advant ageous industrial production nethod, as conpared with a nethod
of performng a reaction of protecting and/or deprotecting an al cohol.
Wien Rid is hydrogen, it can be also derivatized into a hydroxy group by
converting R d into hal ogen by reacting a hal ogenati ng agent such as

N- br onosucci ni m de, N-chl orosuccinim de, sulfuryl chloride etc., simlarly
reacting . with potassiumtrinethylsilanolate or |ithium :
trimethyl silanol ate, and addi ng an aqueous sol ution of an inorganic acid.
Ther ef or e[podgpendi ng on reactivity of reaction substrates, R d can be
appropriately sel ected. In addition, in the above step, an order of
an each r@agg Doy can be appropriately changed [ 00901 (Step D 6)

The present step is a step of obtaining Conmpound (111), when Conpound (X4)

has the foll ow fige idsbfet &5513 & géﬁrgfgﬁéanflﬂrgrﬂﬂng)o@%@ (ID, WM CeinBogaEh synbol
i s defined above) A tricyclic conpound can be obtained by reacting

an al dehy qﬁgtggf@gmg%i &$d. Wi th an am no group and -Y-H of Conpound
(v4). v%egé%éls a sfbg 3 RH and Rm may be taken together to form4 to

8- nenber e ptlonally substituted with substituent E and, in
this caseﬂj}%gﬁlgl%%ﬁh%lqlﬁ)) becomes a tetracyclic conpound. Exanples of

Compound (V4) i nchude 3-am nobutanol . Wien R2d i g, pot jhydrogen, a
-COOR2d site can‘Te derivatized into -COR by perfornlng a kn wn reaction
(ester hydrolysis Jeakllon deprotective reaction oﬂjqarﬁexprprgL Bctive
group, etc.) to conVertOHZd #to hydrogen, and perfornlng al known reaction
(dehydr at R ﬁg dgﬂ&athﬁ,réactlon etc.) with carpocyclyl Immer 7l am ne
optionally substituted by substituent E, |ower al kyl@l cohol thﬂaIIy
substituted b SubStItﬁeﬂ%_ﬁqeb&—44+iﬁkh++ﬁﬁ——ﬂhen d iis a llowerral kyl

group such as (3408 t hyl grSgp or an S% ¥ group, t he s|teEcan ke al so
directly der|Vat|zed i go -CORl by s oF"ng an am nol ysi|s) reaction.

(wherein each symbol is defined above)

A closed ring form can be obtained by generating an intramolecular
dehydration bondensation reaction (e.g. Mitsunobu reaction, an amidation reaction
using a condensing agent etc.) on a carboxyl group (-COOH) and amino group of
Compound (XA4). When R is an amino protective group, the intramolecular
dehydration condensation reaction is performed after the group is subjected to a
known deprotecting reaction.

When R7 is not hydrogen, by performing a known nucleophilic replabement
reaction on an amino group, objective R7 can be obtained.

When R is not hydrogen, a -COOR? site can be derivatized int_o -COR! by
pérforming'a known reaction (ester hydrolysis reaction, deprotective reaction of
carboxyl protective group, etc.) to convert R into hy(irogen, and performing a
known reaction (dehydration condensation reaction etc.) with carbocyclyl lower
alkylamine optionally substituted by substituent E, lower alkylalcohol optionally

substituted by substituent E etc. In addition, when R2d is a lower alkyl group such
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Wen Rid is | ower al kyloxy optionally substituted by substituent E,
carbocyclyl |ower al kyloxy optionally substituted by substituent E,

het erocycl yl | ower al kyl oxy optionally substituted by substituent E, or

-0Si (R1e)3, it can be derivatized into a hydroxy group by subjecting to a
known hydroxy deprotective reaction. Wien Rid is halogen, it can be
derivatized into a hydroxy group by reacting with potassium
trimethylsilanolate or lithiumtrinethylsilanolate, and addi ng an aqueous
sol uti on xfa arthyl@rganercametihg] grlupe theasitevainghe aloe diracthydarivdeized iee

(Bi oorganic Medicinal Chem stry Letters, 17, 1713, 2007), potassium

hydr oxi del0OR ! 'S{ydhdefonmyhg denadaeysinedatitpal | adi um
(Pd2dba3)/di-tert-butyl aryl phosphi ne (Journal of the American Chem ca
Society, 128, 1W&84 R'2R0A6yer HUVRSS optibRdlBsalbatieutay dyatbstituent E,

(K3PO4. 1-120)/tri s(di benzyl i deneacet one) di pal | adi um

(PdZdba?’)c{atrBécyEl%[ towR¥ by PheSHt A1 TabstaedrrPiubel teits, He8rodyeBsl 2007) are

al so exenplif as a reaction of converting halogen into a hydroxy group.

As descripedy aﬁ@,%,o BRI ch@ftuf d AW IBBLIRIE, bS -OSI(RYE Nt c8h BEE it
becones possiblé to Be derivatized as it is, the number of reaction step is

del eted, and,4hbs 813 1503 g&%hp%yrg%fec%g@@amw%yd@wsaerplr&bcm@duct i on

met hod, as conpared with a method of performng a reaction of protecting
and/ or dep Qggctlng al cohol . When Rid is hydrogen, it can be al so
derivatized into a hydroxy group by converting Rid into hal ogen by reacting

a hal ogenating en Rl‘$ alt‘;i = nNitQ:Ei%rB%sd'éCﬁflaﬂzéﬁ ?Iho a%ﬁ?&x@ lﬁ%?l'l'}? B&r %;ﬂ?tﬂ%

sul furyl chlorl e efc. arl reac

trlnethyISI Iate r . |SI ano an_aqueous
sol uti on it ’fsﬁ% }B'B?l 81045 18?{ t‘é‘thﬁ'ﬁﬂﬁa%%?’eaél%ta}r}gﬁuﬁla
reaction substrates d can be appro |atel selected. = ..

addi t i on, 2q4¢oppecl &HB’@BHf %‘B é‘ﬁ’rg%’fﬁc 6‘F’(%e aétler’é?lm v 5o g?'q)rﬁde(f‘éﬁteﬁe
approprla ely chahz present invention will be
descrlbedfﬁﬁﬁgaﬂ§t Wﬁmﬁékghﬁﬁéﬁﬁhﬁﬁymﬁak‘ VIE%QWB 933 Test Exanpl es of
the present invention, but the present invention is not limted thereto.
Respect i veydprideftsisdikenzy ideneaegipeedipalladivie f ol | owi ng meani ngs. DVF:

N, N-di net hyl f or mam de DMA: N, N-di net hyl acet ami de NVP: N-net hyl pyrrolidone
DM : Di netBugdban/diateot- bdﬂvmm@hﬁﬁﬁnn@'éﬂcrla:hymfdhaIAalrrﬁrMEn Ghenpigalezgietnny |

128, 10694, 2006), potassium phosphate hydrate
(K3PO4 H20)/tris(dibenzylideneacetone)dipalladium
(szdbaa)/tri-tert-butylphosphine (Tetrahedoron Letters, 48, 473, 2007) are also
exemplified as a reaction of converting halogen into a hydroxy group. As described
above, when Ru of a raw material is halogen, since it becomes possible to be
derivatized as it is, the number of reaction step is deleted, a_nd this can construct a
more advantageous industrial production method, as compared with a method of
performing a reaction of profecting and/or deprotecting an alcohol.

When R4 is hydrogen, it can be also derivatized into a hydroxy group by
converting R4 into halogen by reacting a halogenating agent such as
N-bromosuccinimide, N-chlorosuccinimide, sﬁlfuryl chloride etc., similarly reacting

with potassium trimethylsilanolate or lithium trimethylsilanolate, and adding an
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Ts: Paratol uenesul fonyl Boc: Tert-butoxycarbonyl D BALH:

Di i sobutyl al um num hydri de WSC:

N-et hyl - N - ( 3-di net hyl am nopr opyl ) car bodi i m de HOBt: 1-Hydroxybenzotriazol e
HATU: O-(7-azabenzotriazol-1-y1)-N,N,N , N -tetranet hyl uroni um

hexaf | uor ophosphat e NBS; N-bronopsucci ni m de NCS: N chl orosucci ni m de TEMPO
2,2,6, 6-Tetranmet hyl pi peri di ne-1-oxyl radical PDC. Pyridiniumdichloromte
DEAD: Di et hyl azodi carboxyl ate D AD. Dii sopropyl azodi carboxyl ate DI N LAP:
4-Di me t mguanungpution df meinERBAc adidc hThewfer béayeoilngani wadBtty of

1; 8- Di azabi cycl o[ 5, 4, 01- 7- undecene [ 0092] The synthetic nmethod of

t he presearbctiaphibtcatate:) RM ¢dn heaghropriatett esdeasd. Exanpl es. Exanple 1 [ 0093]

[ Chem cal fornula 641

In addition, in the above step, an order of an each reaction can be
appropriately changed.
[0089]
(Step D-5)

The present step is a step of obtaining Compouhd (ID, when Compound
(XA4) has the following structure.

[Chemical formula 62}

e oH O
i 15 U /-J o " /--'F“J
ST /LL ~ R “‘T -~ M
e M-
1 5
=TSN N H L - -&Q:f,l\lh N"/]TR
N i T]’ | .
O I|JH | o R R
s Step 0-5 ' e

(wherein each symbol is defined above)

A closed ring form can be obtained by generating a condensation reaction of
an amido site (- CONH-R!) and amino group (-NH-R3) of Compound (X4) with a
compounci having a carboxyl group (R3-CO-R6). Examples of the R5-CO-RS include
paraformaldehyde and, in this case, R5 and R8 aré hydrogen. When the
condensation reaction is performed, an acid is added, if necessary. Examples of the
aﬁid include acetic acid, formic acid and sulfuric acid.

When R15 is an amino protective group, the condensation reaction can be
performed after the group is subjected to a known deprotecting reaction.

When R’ is not hydrogen, by performing a known nucleophilic replacement

reaction on an amino group, objective R” can be obtained.
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ThirdO0 stepBnOCO2Me HF MeQ2C O ID First step A sol ution of benzyl
al cohol (1.00 g, 9.25 muol) in THF (3 M) was added to a suspensi on of
sodiumtert-pentoxide (2.55 g, 23.2 nmol) in THF (4 mM) at roomtenperature
under a nitrogen atnosphere, and the m xture was stirred at 40C for 2
hours. This reaction solution was cooled. in an ice bath, and a solution of
Compound 1 A (1.53 g, 10.2 mmol) in THF (3 mM) was added dropwise at 0 to
10C. After the reaction solution was stirred at roomtenperature for 2
hours, 2 N hydrWWbhh & & e hgld{okbn,rd JCORAR*addertin Healdrivaeidedintex€OREbyon wi t h
ethyl acetate two tines. The conbi ned extracts were washed sequentially
wi t h wat gferforaifing atkedwaadadtiontestar hodadgsis\edaetion, viepesteetivt: wattisradfed sodi um
chloride water, and then dried w th anhydrous sodi um sul fate. The sol vent
was di stidakBskydblote@ivgd drbép,re@elid donge i ft2d Wats hptfdgeheghyergbriniaa agel col um
chromat ogr aphy (n-hexane-ethyl acetate 4:1, v/v) to obtain 1.89 g (yield
929 of GamatRdc &e&eh@argﬁwn déh&&ké“ahonjx'éhm dtEPFIR) caBbocge§bldwl, S), 3. 71

(3H, s), 4.14 (2H, s), 9 (2H, s), 7.27-7.42 (5H, m. Second step
Corpound §1§f1(almﬁ9 opuloéiam gmgmutw@ﬁv ghﬁs&%\éﬁﬁ-ﬂl 1raw%r ﬂtqu'lél&ﬁfb? obéndll) .
N, N-di met hyl f or mam de di'net hyl acet al .2 Mol ) was added, and

the M XtyfigYiSq BiLbGs Bhe EQRM UM ,ymlemfvd@s@ Wed alﬂﬁ%xwé&&dho“
trate& uce

sol uti on was conce pressure resi due was
5 o) A SRAD R P,
E gtH)Clgg 6'5:(%31%7" é&fﬁ({rgfﬂﬁ% hﬂ;)amzlgc_ﬂ;%ls %ac%ﬂﬂ) 3.69 (311, s), 4.45 (2H, s), 4.59 .
When R is lower alkyloxy optionally substituted by substituent E,
carbocyclyl lower alkyloxy optionally substituted by substituent E, heterocyclyl
lower alkyloxy optionally substituted by substituent E, or -OSi(R!¢)s, it can be
derivatized into a hydroxy group by subjecting to a known hydroxy deprotective
reaction.
When R! is halogen, it can be derivatized into a hydroxy group by reacting
with potassium trimethylsilanolate or lithium trimethylsilanoiate, and adding an
aqueous solution of an inorganic acid. Alternatively, sodium hydride/water
(Bioorganic Medicinal Chemistry Letters, 17, 1713, 2007), potassium
hydroxide/tris(dibenzylideneacetone)dipalladium
(Pd2dbas)/di-tert-butylarylphosphine (Journal of the American Chemical Society,
128, 10694, 2006), potassium phosphate hydrate
(KsPO4 H20)/tris(dibenzylideneacetone)dipalladium
(Pdzdbas)/tri'tert-butylphosphhe (Tetrahedoron Letters, 48, 473, 2007) are also
exemplified as a reaction of converting halogen into a hydroxy group. As described
above, when R1d of a raw material is halogen, since it becomes possible to be

derivatized as it is, the number of reaction step is deleted, and this can construct a
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Third step Sodiumtert-butoxide (2.55 g, 23.2 mol ), dinethyl

oxal ate (639 ng, 5.41 mol) and DM (3 m ) were added to a three-neck fl ask
under a nitrogen atnosphere, and a solution of Conpound 1C (0.50 g, 1.80
mol) in DM (2 m) was added dropwi se thereto at 25 to 30C. After stirring
at roomtenperature for 7 hours, 2N hydrochloric acid (10 m) was added,
and the m xture was stirred at roomtenperature for 15 hours. The reaction
solution was extracted with ethyl acetate two tinmes, and the conbi ned :
extract s mereadvasbegosemdastriAlpryd witioh methed, ass@mpraat & dithodmethddi cfar bonat e
wat er, water and saturated sodiumchloride water, and then dried with
anhydr ouspesatinling & wbdicdiod.of ph@ecdl gy @nd/omdsprdiesting hadlehbl. and the resulting
residue was purified by silica gel colum chronat ography (n-hexane-ethyl
acetate 2:1 to Whin R ¥)hydeogeh! Rican43&1smddritiatized 86%a 18fdrEampoupdylD as a
white crystal. 1H NWMR (CDC13) 6: 3.89 (311, s), 3.93 (3H, s), 5.34 (2H,

7.32- 2 4 i halo a le 2 [0094
[ Chen oal ot oo halod 8 b i hlloue ol Jadhe soih axanp) © 2 10024

--1.- BnOl\T—kJromg’ELlfc%{nlgAgeBhﬁ@rﬁ%@u&ﬁﬂﬁudgmuﬁﬁryl chloride etc., s1m11ar1y reactmg

. with potassium trimethylsilanolate or lithium trimethylsilanolate, and adding an
aqueous solution of an inorganic acid. Therefore, depending on reactivity of
reaction substrates, R!4 can be appropriately selected.

In addition, in the above step, an order of an each reaction can be
appropriately changed.
[0090]
(Steb D-6)

The present step is a step of obtaining Compound (III), when Compound
(X4) has the following structure.

[Chemical formula 63]

RIS Step D-6

(wherein each symbol is defined above)

| A tricyclic compound can be obtained by reacting an aldehyde site of
Compound (X4) with an amino group and -Y-H of Compound (V4). When Zis a
single bond, R4 and R'° may be taken together to form 4 to 8-membered |

heterocyclyl optionally substituted with substituent E and, in this case, Compound
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stepB n 002Et jilT rvie020- 20 First step A sol ution of benzyl

al cohol (0.66 g, 6.1 mvl) in DM (3 nm) was added to a suspensi on of
sodiumtert-pentoxide (1.67 g, 15.2 nmol) in DM (4 m) at roomtenperature
under a nitrogen atnosphere, and the m xture was stirred at 40C for 2
hours. This reaction solution was cooled in an ice bath, and a sol ution of
Compound 2A (1.10 g, 6.68 mol) in DM (3 m) was added dropwi se at 0 to
10C. The reaction solution was stirred at 0 to 5C for 2 hours, and at room
t enper at UlH) baomzs hautracydiadomNotigdlr ochl oric acid (15 m) was added,

foll owed by extraction with ethyl acetate two tines. The conbi ned extracts

were washed SeCEb@ﬁﬁd;blaé bC¥mbbuBt\er) indaddis-akfidolsadhslm bi car bonate wat er,
wat er and saturated sodium chloride water, and then dried w th anhydrous

sodi um sul f at e. whbg R8OlsMRRhyWesge ] StEOORY G canditide e 168 b - OORObY
product was purified by silica gel colum chromatography (n-hexane-ethyl

tat m n i i |
acetat e fleriothihe ARnRhHedlriordRsty (VAR SR gh, SDRRRUAL Rcasn an o |

(2H s), éri’;gxy Fte8iv ézgf%urz ge%%lo co%vél% 2}("2%1?1;0 @hrogla\?@ni Pé&%é&ﬁ M) . Second

step npoun g, mol ) "was di.ssol ved 1 n toluene (45

N, N- I t 6 Jas added,
and t he ﬂ%%céﬁi (ﬁsaet ??aeth %B%%Sm %gﬁglécrtg%zlu%g) h%l ﬁougrgi (\/\at er was
added to tlﬁe reaction

t] th h tat

fuo 1 mos IS RBSEG ABT e PPBRiret B 8 e SRR Lo BHObEr ™ g
t ted hi d th h

S0l fate. HSOLHF SRR arEEia eﬁg@fifi iR b %%Yn%ﬁé?‘& EHRATR was

purified by sili agel colu chro ogra hy ( xan etatellto
3:7, vl v)a%mﬂsle iSHOYR %alge%srcalpﬁ /%SlEﬁ %ﬁ%glr% VgréYyiitbﬁeﬁ%ﬁooduct

1H NMVR (CDC13) 6:1.25 (3H, t, J =7.2 Hz), 2.95 (3H, br), 3.22 (3H, br),
4.15 (2H, GPRpyperforming ap axgnplypis regctior; 59 (2H s), 7.22-7.40 (5H, m),

7.73 (1H, s). Third step Sodi um tert - but oxi deug49_5 rrg 5.15 mmol)
and DM (2 ni) Weee Rititdawenalkyiony eptinpally $uhssikutghdersubsttuenben

at nosphere, and di nethyl oxalate (608 ng, 5.15 mmol) and a sol ution of
Conpound @Eb¢@yclbdlayer Bliydoxnaitjonialy Bibst{tBted by sutstiaderdds dietpwrsdylat 25 to
30C. After stirring at roomtenperature for 4 hours, 2N hydrochloric acid
(10 M) waseadbgthxyamtiohhkdy rubdtitntedigyssubbiituesd Eabor r@SrﬁRt%rmseaaﬂoare for 15
hours. The reaction solution was extracted with toluene two tines, and the
conbi ned éxivaaized inverachywiasiegrosp Gyeubjeatihy tu\hﬂdmOwat}@rdxoyszadapmaﬁeeﬁvsodi um

bi carbonate water, water and saturated sodiumchloride water, and then
dried w tfeaatibydrous sodi um sul fate. The solvent was distilled off, and the
resulting residue was purified by silica gel colum chromat ography

(n-hexane- et hylW%@ﬁtf@a%H?al@ o, Yt)cahQ)eQi&'ﬁ'laﬂzéI(QQltgﬂ }(yﬂk‘&lycbrzﬂﬁﬁ)y(?éa&:{ﬂépound
2D as a white crystal. I\ﬁ\/R (CDC13) 6: 1.39 (3H, t, .

(3H, s), 1§%o@gsHlurﬂ ’trlﬂleﬂlﬂs@rh@ate A %‘/Llhlﬁl%i]-\],mmééhglsz}a%gla& ‘la]tid(a’)dﬂlnﬁm
7.45-7.50 (2H, , s). Exanple 3

aqueous solut1on of an inorganic acid. Alternatively, sodium hydmde/w ater

(Bioorganic Medicinal Chemistry Letters, 17, 1713, 2007), potassium
hydroxide/tris(dibenzylideneaceto‘ne)dipalladium
(Pdzdbas)/di-tert-butylarylphosphine (Journal of the American Chemical Society,
128, 10694, 2006), potassium phosphate hydrate

(KsPO4 ‘H=0)/tris(dibenzylideneacetone)dipalladium
(Pda=dbas)/tri-tert-butylphosphine (Tetrahedoron Letters, 48, 473, 2007) are also

exemplified as a reaction of converting halogen into a hydroxy group. As described

70



[ Chem cal fornmula.66] 00 0OCl ,)L.,,,COREt First stepSecond step .01
.).._CREt C.,,002Et 111 NEt O2CO" - - 3A3B .| 3C 00 C .).,..0Q2Et Cl CO2Et
_ Third™ stepllFourth stepll Et 020NEt Q2CN -/ ,..,,OveLo 3D | 3E

above, when R4 of a raw material is halogen, since it becomes possible to be
derivatized as it is, the number of reaction step is deleted, and this can construct a
more advantageous industrial production method, as compared with a method of
performing a reaction of protecting and/or deprotectipg alcohol.

When R4 ig hydrbgen, it can be also derivatized into a hydroxy groﬁp by
converting R4 into halogen by reacting a halogenating agent such as
N-bromosuccinimide, N-chlorosuccinimide, sulfuryl chloride etc., similarly reacting
with potassium trimethylsilanolate or lithium trimethylsilanolate, and adding an
aqueous solution of an inorganic acid. Therefore, depending on reaétivity of
reaction substrates, R4 can be appropriately selected.

In addition, in the abov_e step, an order of an each reaction can be
appropriately changed.

-[0091]

The present invention will be described more detail hereinbelow by way of
Examples and Test Examples of the present invention, but the present invention is
not limited thereto. Respective symbols used in Examples have the following
meanings.

DMF: N,N-dimethylformamide
DMA: N,N-dimethylacetamide
NMP: N-methylpyrrolidone
DMI: Dimethylimidazolhidinone
THF: Tetrahydrofuran

MS: Methanesulfonyl

Ts: Paratoluenesulfonyl

Boc: Tert-butoxycarbonyl
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Ove First step N, N-di net hyl f or mam de di met hyl acetal (4.9 m,
36.5 Mol ) was added dropwi se to Conpound 3A (5.0 g, 30.4 mmol) at OC under
cooling. After -stirring at OC for 1 hour, 100 ml of ethyl acetate was added
to the reaction solution, followed by washing with 0.5N hydrochloric acid
(50 m). The aqueous |ayer was separated, and extracted with ethyl acetate
(50 mM). The organic |ayers were conbined, washed sequentially.wth

sat urat ed sodi um bi carbonate water and saturated sodi um chloride water, and
t hen dri colBALLHA: Biibyditpabusimdnuhydidd at e. The sol vent was distilled off,
and the resulting residue was purified by silica gel colum chromatography
(n- hexanewgChid-ethgeNat2diliethfMmihoprapehdarboditeidat €) to obtain 4.49 g (yield
679 of Conmpound 3B as an oil product. 1H NWR (CDC13)6:1.32 (3H, t, J=7.1
Hz), 2. 90468k, 1-Pydsdxyb8n%ifBtk br s), 4.23 (2H, q, J=7.1 Hz), 4.54 (2H,

s), 7.81 (1H s). Second step Li t hi um hexamet hyl di sil azi de (1.0 M
tol uene Sght: 9%7-A2b8hzot AL IFFPN RSN il ubRgh Mk dhitigt T ahydr of uran (44
m), a solution of Conpound 3B (4.49 g, 20.4 mmon in tetrahydrofuran (10m)

was added, drapSeoldigkget o at -78C under cooling, and a solution of ethyl

oxal yl c%for?geo 3735 , 24.5 muol) in tetrahydrofuran (10 m ) was added

dropw se. LR ik i nfde - 78C for 2 hours, a tenperature was raised to

0C. AfterN% ﬁy@ogﬁ?(ﬁ}?c acid was added to the reaction sol uti on, and the

- m xture s{jirred for .20, m nutes, the solution was extracted with ethyl
\(,\géé fr%c}]é(}r,os d,

- uccinimiae . ) H
acetate AT TRE or gani c |l ayer was washed with saturated sodi um
bi car bon ) aturated sodiumchlori.de water and then dried with
anhydrouﬁm%%%%f %@?m%ﬁ%é'ﬁ)é%‘?r\lfgﬁf}%gﬁ aﬁ‘ds‘f*ﬁ led off, and the resulting
resi.due purifjed by silica gel columm chromatography (n-hexane-ethyl
acet ate \;\ﬁégﬁ?‘:@@l—nﬁu@:%@ﬁ?ﬂ?%tﬁ to obtain 1.77 g (yield 31% of Conpound 3C
as a white solid. 1H NVR (CDC13)6:1.36-1.46 (6H mn), 4.35-4.52 (8H m,
8. 53 ( 1H DENAD:Pipthyl agqdiparboxylate  apj noacet al dehyde di methyl acetal (0.13
m, 1.20 mmol ) was added to a solution of Conpound 3C (300 ng, .1.09 mmol)
i n et hanoPIA18- Riiyorappd@zodiprrbprdatfi xt ure was stirred at 0C for 1 hour and
30 mnutes, at roomtenperature for 18 hours and, then, at 60C for 4 hours.
After theDNEAR enPimethytimemppyredingff from the reacti on sol vent under reduced
pressure, the resulting residue was purified by silica gel colum
chr omat ogm&FBA: M-chbxraperbeaidoid acitet at e 5: 5-> 0: 10(v/v)) to obtain 252 ngy
(yield 649 of Conpound 3D as an oil product. 1H NVR (CDCL13)6:1.36-1.47
(6H, n), DBBAR 1(%Bjazapicy@olB0t, Q2T tindekend= 5.2 Hz), 4.37 (3H, g, J= 7.2 Hz),
4.50 (2H, q, J= 7.2 Hz), 8.16.(1H, s). Fourth step

[0092]

The synthetic method of the present application will be shown below as
Examples.

Example 1

[0093]
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To a solution of Conpound 3D (1.02 g, 2.82 nmmol) in formc acid (10 m),
62% H2SO4 (892 ng, 5.64 mmol) was added and the m xture was stirred at room
tenperature for 16 hours. Formc acid was distilled off under reduced
pressure, nethylene chloride was added to the residue, and saturated sodi um
chloride water was added to adjust a pHto 6.6. The nethyl ene chloride

| ayer was separated, and the aqueous |ayer was extracted with nethyl ene
chloride. The nmethyl ene chloride |ayers were conbined, and dried with

anhydr ous [€bhélinital fouhifudd €41 The sol vent was distilled off to obtain 531.8 ny
of Conpound. 3E as a yeI | ow oi | product 1H NIVR (CDC13) 6, 1.28-1.49 (6H,

n, 427456(4H , 4.84 (211, : 810( E&i@bu% 72(1H s). Fifth

t Yigst2eteni R s@p LR (179 ny,
;gmml)m# a(t%)““‘ Eﬁm’tnmb%*Me adde |toasf)lut|gg of

Conpound 3E (31 ng, 1.68 rrrml) i nygol uene (5 nl), and the" i’xture was
heated to reflux for 4 hours. The reaction solution was cool'ed to room
tenperature, diluted with chloroform and then washed wi & saturated sodi um
bi car bonatTEUWat er, and t aqueous | ayer was extracted with chloroform The
chl or of or msteyer s werg.-. AdeMe washed with saturated sodi um chloride

wat er, and—theh dried |th|anhydrous sodi um sul fate. The sol vent was
distilled off, anditche resulting residue was purified by silica gel colum
chr omat ography (chl orofo ,Hn met hanol 100: 0-> 90:10) to obtain 309.4 ny of
Compound 3F as a brown o product . 1H- NWR (CDC13) 6: 1.40 (3H, t, J =
7.1 Hz), I;L t§3H d J=7.1Hz), 1.55-1.61 (1H, m, 2.19-2.27 (111, m,
4.00 (112575 =" 15 Hz), 4.03 (1H, d, J = 2.5 Hz), 4.10 (111, dd, J =

13. 2, 63Hz) .26 (1H, dd, .J = 3..8.Hz), .\4. J & h.1 Hz)
5.00-5.05 (1H, Aﬁ?% ‘g“é’ib‘%fﬁﬂl akfahgﬁ(ﬁ’oeg E%Wéloﬂz‘?%%ﬁ%{h’(”qw aqdedds,

step Pot assi ym t.ri nmet hyl si | | at e 3 ) ,was added to
a sol uti ohSBIPeasRpotAISE ?i%@eq?ﬁxﬁé? ﬁ%%glr‘?‘fnn%)?d?&emb%fﬂ%e (2 m),
and the m xture was stirred at roomtenperature for 7

1N hydr octenneratuge wad%rndn@maﬁmaatwsewu@ﬁdcmedwﬂér%ﬁ%?ﬁ%ﬁl at 40Tt o t he
reaction solution, followed by extraction with chloroform The chloroform

| ayers we? bowowbThisckeagtieh shiitden was lsoalpdimiapice bashi and s slpEeR of The sol vent
was distilled off to obtain 34.4 ng (yield 25% of Conpound 3G as an orange
powder . 1€eNpRIECDAI3)5382, 10, 4@ n{@Hn 'EIHFJ3 mI3wss pgied dropgise ) (0139°Cry
2.26-2.30 (1H, m, 4.06-4.10 (211, m,. 4.31 (111, dd, J = .13.8, 56Hz)

4. 48 ( 1H, Aftdy the readt3orbsol Btién Ha)s,stlsre(daat(rmdm temperhtureﬁfotﬂl-hp)lrSQN,G (111, dd,

J =505 4.0 H), 8.44 (114, s), 12.80 (1H s), 14.90 (1H s). Exanple 4
[ 0096] [ E}jlﬁm:l@lahc hedrub mlbwhs ad@ed, Yol it by extractlon with ethyl acetate two

times. The combined extracts were washed sequentially with water, saturated
sodium bicarbonate water, water and saturated sodium chloride water, and then
dried with anhydrous sodium sulfate. The solvent was distilled off, and the
resulting oil was puriﬁedlby silica gel column chromatography (n-hexane-ethyl
acetate 41, .v/v) to obtain 1.89 g (yield 92%) of Compound 1B as an oil product.
TH-NMR (CDCls) 8 3.56 (2H, 9), 3.71 (3H, 5), 4.14 (2H, s), 4.59 (2H, ), 7.27-7.42
(5H, m).
Second step

Compound 1B (1.80 g, 8.1 mmol) was dissolved in 1,4-dioxane (18 mL),

N,N-dimethylformamide dimethyl acetal (1.45 g, 12.2 mmol) was added, and the
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| EtO2C CY- 4C 00 Br)-OREtBrCREt II1Fifth stepll Et02CNEt 2C. N Ove 4Eone4F
Br OOH O First First step _ N, N- di net hyl f or mani de di net hyl aceta
(12.2 m, 92.2 muol) was added dropw se to Conpound 4A (10.0 g, 76.8 nmol)
at 0C under cooling. After stirring at OC for 1 hour and 30 m nutes and,
then, at roomtenperature for 2 hours and 30 m nutes, 100 m of ethyl
acetate was added to the reaction solution, and the solvent was distilled
of f. The resulting residue was purified by silica gel colum chromatography
( n- hexanangtine wacaimt® abirdon® tdinfgddafure\fdn 6 houbt dhe rdsttibb sglutipnetat 88% of

Conpound 4B as an oil product.

concentrated under reduced pressure, and the residue was purified by silica gel

. column chromatography (n-hexane-ethyl acetat¢ 1:4, v/v) to obtain 1.77 g (yield
79%) of Compound iC as an oil product.
'H-NMR (CDlC13) 8: 2.90 (3H, br), 3.25 (3H, br), 3.69 (3H, s), 4.45 (2H, s), 4.59 (2H,
s), 17.24:7.40 GH, m), 7.73 (s, 1H).
Third step

Sodium tert-butoxide (2.55 g, 23.2 mmol), dimethyl oxalate (639 mg, 5.41

mmol) and DMI (3 ml) were added to a three-neck flask under a nitrogen
atmosphere, and a solutioﬁ of Compound 1C (0.50 g, 1.80 mmol) in DMI (2 m]) was
added dropwise theréto at 25 to 30°C. After stirring at room temperature for 7
hours, 2N hydrochloric acid (10 ml) was added, and the mixture .was stirred at room
temperature for 15 hours. The reaction solution was extracted with éthyl acetate .
two times, and the combined extracts were washed sequentially with water,
saturated sodium biéarbonate water, water and saturated sodium chloride water,
and then dried with anhydrous sodium sulfate. The solvent was distilled off, and
the resulting residue was purified by silica gel column cl\lrom.atography
(n-hexane-ethyl acetate 2:1 to 1:1, v/v) to obtain 488 mg (yield 85%) of Compound
1D as a white crystal.
'H-NMR (CDCls) & 3.89 (3H, s), 3.93 (3H, s), 5.34 (2H, s), 7.32-7.40 (3H, m),
7.45-7.49 (2H, m), 8.50 (1H, s).
Example 2
[0094]

[Chemical formula 65]



1H NVR (CDC13)6:1.32 (3H, t, J=7.1 Hz), 2.33 (3H, s), 3.04 (6H, br s), 4.23
(2H, q, J=7.2 Hz), 7.68 (1H, s). Second step Lit hium

hexanet hyl di sil azide (1.0Mtoluene solution, 24 m, 24.0 nmol) was dil uted
with tetrahydrofuran (20 m), a solution of Conpound 4B (1.85 g, 10.0 nmol)
in tetrahydrofuran (5 m) was added dropw se thereto at -78C under cooli ng,
and a solution of ethyl oxalyl chloride (1.34 m, 12.0 mmll in’
tetrahydrofuran (5 nl) was added dropwi se. After stirring at -78C for 2
hours, 2N hydgochl ori ¢ aC| d was adged to th ef%tl on sqlrutl(g and the

m xt ure Qgs sfi 1 ped-pt Figsg siier giper 4t ure for 2gemi nffe Stution was
extract ed” wi-t h™€t hyF acetate, andthe organic Tayer was hed sequential |y
with saturateg sodi um bi carbonate amter and saturated sodi UWi chl ori de
water, and then dried with anhydrous sodium sul fate. The sol vent was

di sti [ ed off, and the resul ting residue was purified by&ilica gel colum
chr omat ogr’répﬁi/ (n- hexane et h acetate 75:25->455:5(v/v)) to obtain 1.03 g
(yield 43%stapf ConpBilffd - é “#&!brown oil product. 1H NVR (CDC13)5: 1. 38
(3H, t, J=7T71T7Fz), 1. 42J|(3ﬂ-| , J= 7.4 Hz), 4.33-4.47 (4H, m, 7.19(1H, s),
8.54 (111, s). Thimed.sfe®” Am noacet al dehyde di net hyl acetal (0.34
m, 3.11 nmol) was adde%eto a solution of Conpound 4C (680 ng, 2.83 mmol |
in ethanol (6.8 nl) at and it was allowed to stand at room tenperature
for 16 h After the solvent was distilled off fromthe reaction

sol ution uﬁgeﬁ ¥ educed pressure, the resulting residue was pur| fied by

silica gel colu 0 xa et hyl 1 to
obtain 875 ngy (%/m%lfl 053% I%fy?%gép&goggﬁDggsm%ﬁ%éPﬁﬁm %tdm(? S?—éd\léﬁ/\@)a
(CDC13) 6: 1. 38 = 6H, s),
4.33 (2H,59gpe %Offofi&‘)m t%té)?“%%ﬁil (36’3&%11512 IF—\?)OVE) 13, dﬂ\éﬁ%ﬂ)sattm 4 7 He),
7.06 (1H, s), 8.17 (1H, s). Fourth step N- br onosuccj ni m ‘(1 46 g,
8. 18 rmol tpriRgEatydeBaderR altweaﬁt@ﬁswrww&@ﬁdn%wresztgre aty §0° in
N, N-di net hyl formam de (10 ml), and the mxture was stirred at room

t enper at u# Boyisr ABissastion wittden was crodekl abige bAth Bindar 1oetieeohvat er was
added to the reaction solution, the solution was extracted wth ethyl
acetate, Gordpeursl 24 §hide, 6. &5 armold &n WAEHEE evnserddpdrapwipe at \é &9°CGand
saturated sodium chloride water, and then dried w th anhydrous sodi um

sul fate. Thereotivestlutias vdisstirtdder (ofof5°Cafiori2 hhers; esdlat romgn terspehatunias
purified by silica gel colum chromatography (n-hexane-ethyl acetate
90: 10( v/ vipy 3thouehad 2N hBBochlpsic etid (B5¢)) whs Shdudofolldw4& basxtmctior wighoduct .
1H-NWR (CDC13) 6:1.41 (3H, t, J =7.1 Hz), 1.48 (3H, t, J =7.1 Hz), 3.42
(6H, s), @&h9Dade?dde téo times. 5 Theldzmbirkd3Xtfadtd weke Washed sdqudmyialld vadh (3H, q, J
= 14.3 Hz), 4.54 (3H, s), 4.57 (3H, t, J =5.4 Hz), 8.19 (11-1, s). Fifth
step water, saturated sodium bicarbonate water, water and saturated sodium chloride

water, and then dried with anhydrous sodium sulfate. The solvent was distilled

off, and the resulting oil product was purified by silica gel column chromatography

(n-hexane-ethyl acetate 4:1, v/v) to obtain 1.29 g (yield 90%) of Compound 2B as an

oﬂ.pr.oduct.v |

1H-NMR (CDCls) &: 1.25 (3H, t, J = 7.2 Hz), 8.54 (2H, s), 4.14 (2H, s), 4.17 (2H, q, J

= 7.2Hz), 4.59 (2H, s), 7.28-7.40 (5H, m).

Second step

Compound 2B (9.73 g, 41.2 mmol) was dissolved in toluene (45 mlb),

N,N-dimethylformamide dimethyl acetal (7.36 g, 61.8 mmol) was added, and the
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To a solution of Conpound 4E (2.23 g, 5.49 mmol) in formc acid (15 m),
62% H2SO4 (1.74 g, 10.98 nmmol) was added and the m xture was stirred at
roomtenperature for 8 hours. A 0.5N aqueous sodi um hydroxi de solution (120
m ) was added, followed by extraction with nmethylene chloride. The

met hyl ene chl oride | ayers were conbined, washed with saturated sodi um
chloride water, and then dried with anhydrous sodi um sul fate. The sol vent
was distilled off to obtain 1.31 g of Conpound 4F as a white powder. 1H NWR
(CDC13) 3niktGdewad&ifréHat rgom tengRratwi8 f¢miHhowrs, WaBer ¢2¢addgd to8he1 (1H, s),
9.71 (1H, s). Sixth step Met hanol (0.44 m, 10.9 mmol), _
(R) - 3- ammaacthait @letidn, ddlldndADynaxtraktidfh witiobbhyhacktaieamioctimes.d THe. 21 nml, 3. 64
nmol ) were added to .a solution of Conpound 4F (1.31 g, 3.64 mol) in

t ol uene (cbhbihdd edarsttd WerdwW x$Hed &ey@sn thaBbt eilh atégfandsafohtad dvdins. The
reaction solution was cooled to roomtenperature, diluted with chloroform

and then asHeOwWd NasPiHeh &R oK a4 Ry Posa hienatiam\aileite. ankk §dMsnt aqueous
| ayer was extracted with chloroform The chloroformlayers were conbined,

washed Wi by &@EM&@Bﬁdameq‘@hﬂﬂhgroﬂqf'roﬁ\@ctt%as Alshiddnsnsided 84 owidnhh anhydr ous

sodi um sul fate. The solvent was distilled off, and the resulting residue

was puri-f c tQGF foor, 1 bany!
100: b- = GUFI) ey %%*2@‘?&?9%‘”‘%0%‘%%’?2[}% R e ot el |

596 (1 orgornpeud e fegodoff ol K SRS S PR E e A
44974 b6 i@lﬁ%@@%@ é‘g—%im’ 72 ) 3.6, ‘%’a Z?r@ﬁeﬁfﬁ?% T 8 o7
Ot %) S50, 38, 0, 1o S BB 3 hgom e (209 e, 1.9

1, 2-di net ox ethane (3 nm), and the m xture was stirred at roomtenperature
for 1 hout™rP§teRssi um tri et hyl silanol ate (249 ng, 1.95 nmol) was
addltlonally added, and the m xture was _ further stir ed at 60 1 hour.
1N- hydr ochl or i cSegifer tﬁﬁcb%&%@??‘l%’dmgo@ﬂﬁmlé apd M D wgee Qﬁ‘ggdat o the
reaction solution, followed by extraction with chl oroform The chl orof orm

| ayers wethaeeoath ek undey adrlrreaew%moswhﬁw rad sinsidivi axalate §PR merRedsol vent
was distilled off to obtain 100.3 rrg yield 43% of Conpound 3G as a yel | ow
powder . LiNVR{dODS1IB}i08 of CompoyBH2C|0.50 g=1323nmHeY in Dl\ggcfilmaave\rsmdeﬁ)
2.26-2.30 (1H M, 4.06-4.10 (211, rr) 4.31 (111, dd, J = 13.8, 5.6 Hz),

4. 48 (111drogdiselat=251t3.397C 3. thHzat;rruEg Q&OQmHentperaIute Bor 4 hiics, N 36 (1H, dd,

J =55 4.0 Hz), 8.44 (1H s), 12.80 (1H, s), 14.90 (1H, s). Exanple 5

[ 0097] [ Brhotidatic heidr(lid en]684s added, an@ thbﬁjiﬂ@ﬂ%aﬁistisltedsite‘pom

temperature for 15 hours. The reaction solution was extracted with toluene two
times, and the combined extracts were washed sequentially with water, saturated
sodium bicarbonate water, water and saturated sodium chloride water, and then
dried with anhydrous sodium sulfate. The solvent was distilled off, and the
resulting residué v;/as purified by silica gel column chromatography (n-hexane-ethyl
acetate 2:1, v/v) to obtain 420 mg (yield 7 4%) of Compound 2D as a white crystal.
1H-NMR (CDCl;) & 1.39 (3H, t, J = 7.2 Ho), 3.88 (3H, s), 4.39 (2H, q, J = 7.2Hz),
5.34 (2H, s), 7.30-7.41 (3H, m), 7.45-7.50 (2H, m), 8.48 (1H, s).

Example 3

[0095]



00 MeQj -LCO2Me Second step MeOCO2Me |1 5A5BlI First step Conmpound
5A (598 ny, 4.09 mmol ) and N, N-di net hyl f or mam de di net hyl acetal (488 ng,
4.09 mmol ) were dissolved in toluene (1 m), and the m xture was stirred at
roomtenperature for 11 hours. The solvent was distilled off fromthe
reaction solution under reduced pressure, and the resulting residue
(cont ai ni ng Conpound 5B) was used in Second step without purification.
Second step Sodi um tert-butoxide (400 ng, 4.16 mol) was suspended
i n di met Hylhemicad &zoduldiéBbne (5 ml ), a solution of the crude product
obtained in First step in dinmethylimdazolidinone (5 m) was added thereto,
a solution of dinethyl oxal ate (9&@ ng 8.32 nnnl) in THF¢10 m) was added

dropwi se, andothe mixture was gtir oogt nperagyre or A5 nut es.
The reactcpg/ﬁngk)gn sﬂﬁbure |nt ydr8° °6tic ac d- CRanol (20
m), and the mXxture was stirred at /tor 20 m nut es, was added, the
solution was ®tracted with et hyl, te, and the EFbgnlé)Iayer was mashed

sequentially with water, saturate so |untb|carbonate wat 8¢, and sat ur at ed
sodi um chl oride water, afRd dried w th anhydrous s@dluntsulfate. After the
sol vent was distil | ediof ¢t@Etesul ting resiciue as qoyet fied by silica gel
colum chromatography tlb obtai n 222mmy (yiel d: 22% frjom 5A) of Conpound 5C.
1H NWVR ( 93 ad.43HN"S), 3. 97—&4}%) ’Eté (3H s), 8.50 (1H, s).
Exanple 6 [00981 [Cﬁent aJ d@Lnula 691

_0
3D 3E
OMe ’
OH O :
Fifth step j\\)?/U\ /j Sixth step O /:j
CEO,CT N NJ\ X va
3F H 3g H

First step

N,N-dimethylformamide dimethyl acetal (4.9 ml, 36.5 mmol) was added
dropwise to Compound 3A (50 g, 30.4 tnmol) at 0°C under cooling. Aftér stirring
at 0°C for 1 hour, 100 ml of ethyl acetate was added to the reaction solution,
followed by washing with 0.5N hydrochloric acid (50 ml). The aqueous layer was
separated, and extracted with ethyl acetate (50 ml). The organit: layers were |
combined, washed sequentially with saturated sodium bicarbonate vtrater and'
saturated sodium chloride water, and then drieti with anhydrous sodium sulfate.
The solvent was distilled off, and the resulting residue was purified by silica gel
colurtm chromatography (n-hexane-ethyl acetate 1:1 (v/v) - ethyl acetate) to obtain
4.49 g (yield 67%) of Compound 3B as an oil product.
1H-NMR (CDCls )8:1.32 (3H, t, J= 7.1 Hz), 2.90 (3H, br s), 3.29 (3H, br s), 4.23 (2H,

q, J=7.1Hz), 4.54 (2H, s), 7.81 (1H, s).



First step Li t hi um hexanet hyl di sil azide (1.0M tol uene solution, 12
m, 12.0 nmmol) was diluted with tetrahydrofuran (11 m ), a solution of
Compound 6A (1.46 g, 5.0 mmol) in tetrahydrofuran (2 nm) was added dropw se
thereto at -78C under cooling, and a solution of ethyl oxalyl chloride
(0.67 m, 6.0 mol) in tetrahydrofuran (2 nm) was added dropw se. ‘After
stirring at -78C for 2 hours, ammonium acetate (500 ng) and acetic acid (10
m) were added to the reaction solution, and the m xture was stirred at 65C
for 1 howecamtst8f m nutes. Water was added to the reaction solution, the
sol vent was extracted wth ethyl acetate, and the organic |ayer was washed
sequenti al | y wiltithiwat lerxansnhlyldadlaride édog\ddoluandascdanbmn@tml W&temmadnd dri ed
wi t h anhydrous sodium sul fate. The solvent was distilled off, and the

resul ti ngyv4LEi Ao wisteptithiytit&drdiay(48inhi) casdlatio of Udi\i’ﬁpdtliktd)iBBI(QQQ aphy.4
(N-hexane-ethyl acetate 55:45 -> 45:55(v/v)) to obtain 505.1 ng of Conpound

6B as a WginohWn s&rhklydrbturdBS10MRH Red Added desipko Pidretdtersdtexade (1:2), and
dri ed under reduced pressure to obtain 416.8 ng (yield 24% of Conpound 6B

| o ridia (836 ob i YRSV
358 Y oL PUL Mslial o b DR GBS (G360 buolzhod ihi) . 1,46 (SH. 1,

- 7.33-7. 4]te€r§|ﬁlyd1r&uraz (‘f‘@ i) %és bdlibd Mo se76 A:(Bf‘éle@stl%)m% 3. @:&C(féil_h hQﬁrs?)i-

Second step SI um car bonate :
br onpacet aI d h a@%{ al N 23 gﬁ?l dggd to a
sol ution oPp&%gguﬁag% A(qs'io Af%;i%%\ ng%ofﬂb R dgrretL or mam de (1
andth ure wa t|rr dat Q Ve sium
car bonat &° %ODSSO ) afg e nfli‘ ure rsglﬁ%géfc:tg)wﬁdlﬁl&llgge g’ JO% ac%fal (38.0
ng, 0.23 urther a d m Xt ur e irred at
100C f or eZ‘(Sraf#eﬁiu‘f”é }Nfltaé?t%&g)ﬁ gf‘ OBg%IWéF %tal gﬁsg (1[Wft|thon t he
solution was e cte h eth cef ate, anl C s washed
sequent i afat W"‘\Rﬁ"i ?Pa‘i)\}é‘f‘g’rlca& natsy %{‘E%‘b‘]E §ebtdﬁﬁ“r$éﬂ‘islb‘m ‘g?il W&‘? &F‘ gﬁkgped with
anhydrous sodi um sul fate. The solvent was distill ed and he resul ting
resi due viEedirhanggdmps spiivgnsyéitec ol horee! E‘Fﬂtdﬁ%%‘d@trl fof(fﬁl ane- et hyl
acetate 50:50 ---> 30:70 (v/v)) to obtain 35.3 yield 54% of Corrpound
6C as a cisseitingsesigne wespauified byisiligoreel coers) d@ graphy o hgxan? ethyl) |
1.40 (3H, t, J= 7.1 Hz), 3.39 (6H, s), 3.91 (2H, d, J= 5.0 Hz), 4.29 (2H,
q, J= 7. ladei@te TB-46-5-21410 /v)hto cbtainHz]T gdyiskt $104) of lCompeund@dega 5 30 (2H,
s), 7.31-7.37 (3H, n), 7.43-7.46 (2H, m, 8.12 (1H s). Exanple 7 [00991
[ Chemi cal whie melida 701 0 Bn0) COREt 1?1
1H-NMR (CDCl3)5:1.36-1.46 (6H, m), 4.85-4.52 (8H, m), 8.53 (1H, s).
Third step
Aminoacetdldehyde dimethyl acetal (0.13 ml, 1.20 mmol) was added to a
solution of Compound 3C (300 mg, 1.09 mmol) in ethanol (6 ml) at 0°C, and the
mixture was stirred at 0°C for 1 hour and 30 minutés; at room temperature for 18
hours and, then, at 60°C for 4 hours. After the solvent was distilled off from the
reaction solvent under reduced pressure, the resulting residue was purified by silica
gel column chromatography (n-hexane-ethyl acetate 5:5— 0:10(v/v)) to obtain 252
mg (yield 64%) of Compound 3D as an oil product.
1H-NMR (CDCl3)8:1.36-1.47 (6H, m), 3.42 (6H, s), 3.90 (2H, d, J= 5.2 Hz), 4.37 (3H,

q, J=17.2 Hz), 4.50 (2H, q, J= 7.2 Hz), 8.16 (1H, s).
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6Al First step 0 Bn0.").1."-0O2Et MeO2CN 6C First step

Compound 6A (291 ng, 1.0 nmol) and di nethyl oxalate (354 ng, 3.0 mMmop were
di ssol ved in.di methylimdazolidinone (1.4 m), sodi um et hoxi de
(28% met hanol solution, 0.30 m, 1.5 nmol) was added thereto, and the
meHevmsstHredatroomtemmrmureforz hour s.

1, 3-Di oxol an- 2-yl -nethylam ne (154 ng, 1.5 mmol) and acetic acid (0.29 m,
5.0 mol) were added thereto, and the m xture was stirred at room

t enper at HoarflosteB8 hours. Saturated sodi um bi carbonate water was added to
the reaction solution, followed by extraction with ethyl acetate. The et hyl
acetate | ayer s Twed solatioibhecmpwashald (306 geatS2ahing) i férmviateid (A0dilsat ur at ed
sodi um chl ori de water, and then dried with anhydrous sodium sulfate. After

t he sol vea,-WaSOd (s hi erle Phdmol)l Was h@ssd Ahdithe @sitditewnastipud iat radn by silica
gel colum chromat ography (hexane-ethyl acetate 33:67 ---> 15:85) to obtain

294.8 ny t@%‘p@fﬂuﬂpf@r 16 h oGPPGt hiBLeid 3t sV AL ofelh@W relllicddrgidsiire, 1H— NVR
(CDC13) 8:1:43 (3H, t, J = 7.1 Hz), 3.73-3.75 (2H, m, 3.81 (3H, s).

3. 82-3. 8§nét"ﬁg‘1e @c o%cf%lwé@ ded to ‘Ehe I‘(?Sld?ue'_%.)ld sétlﬂ‘gteci%lddnﬁm cﬂlondz \&Jatﬁz) 5. 14
(1H, ) 2H, s), 7.  7.44-7.46 (2H, m),
8. 14 ( 1H’w§s) added to ad]ust a pH to 6.6. The methylene chlorlde layer was separated, and
the aqueous layer was extracted with methylene chloride. The methylene chloride
layers were combined, and dried with ahhydrous sodium sulfate. The solvent was
distilled off to obtain 531.8 mg of Compound 3E as a yellow oil product.
1H-NMR (CDCls) &: 1.28-1.49 (6H, m), 4.27-4.56 (4H, m), 4.84 (2H, s), 8.10 (1H, s), |
9.72 (1H, s).
Fifth step
Methanol (0.20 ml, 5.0 mmel), (R)-3-amino-butan-1-ol (179 mg, 2.0 mmol)
and acetic acid (0.096 ml, 1.70 mmol) were added to a solution of Compound.3E (531
mg, 1.68 mmol) in toluene (5 ml), and the mixture was heated to reflux for 4 hours.
The reaction solution was cooled to room temperature, diluted with chloroform, and
then washed with saturatedﬂ eodium bicarbonate water, and the aqueous layer was -
extracted with chloroform. The chloroform layers were combined, washed with
saturated sodium chloride water, and then dried with anhydrous sodium sulfate.
The solvent was distilled off, and the resulting residue was pufiﬁed by silica gel
column chromatography (chloroform-methanol 100:0— 90:10) to obtain 309.4 mg of '
Compound 3F as a brown oil product.
1H-NMR (CDCls) 8: 1.40 (3H, t, J = 7.1 Hz), 1.40 (3H, d, J = 7.1 Hz), 1.55-1.61 (1H,
m), 2.19-2.27 (1H,-m), 4.00 (1H, d, J—l 5 Hz), 4.03 (1H, d, J = 2.5 Hz), 4.10 (1H, dd,

J=13.2, 6.3 Hz), 4.26 (1H, dd, J = 13.2, 3.8 Hz), 4.38 (2H, q, J = 7.1 H2), 5.00-5.05
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Example 8 [0100] [Chemi cal fornula 71] O BnOCO2Et | EEQRCNOS8A O
BnOj - OO2Et | Et Q2CN.- LyOMe 6C Owe -

(1H, m), 5.31 (1H, dd, J = 6.4, 3.9 Hz), 8.10 (1H, s).
Sixth step

Potassium trimethylsilanolate (333 mg, 2.34 mmol) was added to a solution
of Compound 3F (159 mg, 0.47 mmol) in 1,2-dimethoxyethane (2 ml), and the
mixture was stirred at room temperature for 7 hours. 1N-hydrochloric acid and
saturated sodium chloride water were added to the reaction solution, followed by
extraction with chloroform. The chloroform layers were combined, and dried with
anhydrous sodium sulfate. The solvent was distilled off to obtain 34.4 mg.(yield
25%) of Compound 3G as an orange powder. '
1H-NMR (CDCls) 8:1.46 (31, d, J = 3.5 Hz), 1.58-1.65 (1H, m), 2.26-2.30 (1H,m),
4.06-4.10 (2H, m), 4.31 (1H, dd, J = 13.8, 5.6 H2), 4.48 (1H, dd, J = 13.6, 3.9 Hz), 5.03
(1H, t, J = 6.4 Hz2), 5.36 (1H, dd, J = 5.5, 4.0 Hz), 8.44 (1H, s), 12.80 (1H, s), 14.90
(1H, ).
Example 4

[0096]
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0 BnOj-LCO2Et Il EtOR2CN 8C First step Am noacet al dehyde di net hyl
acetal (7.80 mmmol) was added to a solution of Conpound 8A (900 ng, 2.60
mmol) in ethanol (5 m), and the mi xture was stirred at roomtenperature
for 22 hours. Ethyl acetate (5 m) and water (5 ml) were added to the
reaction solution, followed by extraction with ethyl acetate (5 nl). After
the organic | ayer was washed with water (10 nml), the solvent was distilled
off, and the resulting residue was purified by silica gel columm
chronato@@h@hwa(ﬁmhe&aﬁﬂ ethyl acetate 2:1) to obtain 0.37 g (yield 33% of
Compound 6C as a colorless oil product. HNW (CDC13) 6: 7.90 (1H, s),
7.45-7.43 (5H, m, 5. 30 (2H S)p 4.51 (1H t J= 5 1 5&), 4.40(2H, g, J=7.1

Hz) , 4,30 (ZH q, J=7. }E J=5.1 3. 46, 46H s), 1.40
(3H t, HE £t 1“'2‘6ste 3H /%%% g Pocod Peee8gEond st P Y10 a
solutlon o npound 6C (433.5 ng, 0 nnDI) |nE&p g-acid (4 m),

62% H2SO4 (346 ny, 2.0 Mol ) wgs added and the M Xfuré was stirred at room

tenperature for 3 hours. Methylene chloride was added“%o t he reaction

solution, the solutionomas washed with a ® 5N aqueous 'sodi uf hydr oxi de
31

solution (12 m), C eﬁ]eous | ayedr Q@ﬁag;tgsgepw t%ﬁw%ﬁé

chl ori de. ™Heemet hyl ehe lchl or 3&" S er s shéd With
sat ur at ed sodi unF€t orNde water, ancto rled with arit@€fols sodi um
sul fate. The sol vent Meti|led off to btamwa 207.6 ng (yi%g;p51@© of
Conmpound 8C as a yel |l ,gw “Pan1product E CDC13) 6: 1.23(3H t, J =
7.1 Hz), 1.42 (3H, t, 3291 Hz), 4.25 (5HOYG, 0 = 7.2 Hz), 4.42 (2H, q, J
= 7.1 Hz), 4.79 (2H, s), 5.34 (2H, s), 7.31-7.53 (5H, m), 8.05 (1H s),
9.67 (1H, s). ExarrpIeBQ [&10.11 OH O :

Sixth step /j Seventh step /j

EtO,C X N\/]\ X N\/k
3 H
First step

N,N-dime£h_ylformamide dimethyl acetal (12.2 ml, 92.2 mmol) was added
dropwise to Compound 4A (10.0 g, 76.8 mmol) at 0°C under cooling. After stirring
at 0°C for 1 hbur and 30 minutes and, then, at room temperature for 2 hours and 30
minutes, 100 ml of ethyl acetate was added to the reaction solution, and the solvent
v'vas distilled off. The resulting residue was purified by silica gel column
chromatogrz;phy (n'héxane-ethyl acetate 5:5— 0:10 (v/v)) to obtain 12.45 g (yield
88%) of Compound 4B as an oil product.
1H-NMR (CDCl3)58:1.32 (3H, t, J= 7.1 Hz), 2.33 (3H, s), 3.04 (6H, br s), 4.23 (2H, q,

~ J=T.2H2), 768 (1H, s).
Second step

Lithium hexamethyldisilazide (i.OM _toluene solution, 24 ml, 24.0 mmol)

was diluted with tetrahydrofuran (20 ml), a solution of Compound 4B (1.85 g, 10.0

mmol) in tetrahydrofuran (5 ml) was added dropwise thereto at -78°C under cooling,
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[ Chem cal formula 72] First step Conpound 9C (291.3 ng, 10 nmol) was
dissolved in DM (1.4 nL) in a two-neck flask under a nitrogen atnosphere,
di met hyl oxalate (354.3 ng, 3.0 nmol ), and sodi um net hoxi de. (28% met hanol
solution 0.3 nL, 1.5 nmol) were added, and the mi xture was stirred at room
tenperature for 2 hours. 2-(Am nonethyl)-1, 3-di oxane (154.7 ng, 1.5 mmol)
and acetic acid (0.29 nL, 5.0 mpbl) were added thereto, and the m xture was
stirred at roomtenperature for 5 hours. Ethyl acetate (50 nL) was added to
t he reactdndrn sditien ofethaimkalsiehboida (1.8 a2 fahel ixstﬁ,aqtp(e‘wdr@furayn Gmh wat er
(20 nL), a 10% aqueous ammoni um chl oride solution (20 nL), water (20 nl)
and sat urvedseaideddiropwishl oAftdestwatirer at(-26°Crior,2 lamots, AN-Gsldwichlorizrseiddweu s
magnesi um sul fate. The solvent was distilled off, and the resulting residue
was puri fddddd lay tisd telactiogedlutioh,uind whib moixairegr spdtirrddhathexane rgtehytura et at e
1:1 -> 13, v/v) to obtain 99.0 ng (yield 25% of Conpound 9C as a white

crystal . ZoHnMRed. COTk3RolMioBw ad eXtkidite & With/ethdl dcedate (didltherdrgahc 28ef 211, S),
5.12 (1H, s), 4.19 (2H. s), 3.93 (3H, s), 3.83-3.70 (2H m), 3.83 (2H s).

Exanpl e 10;d Q48020 seh ik ithQaiithged/@lidi bidakBdna$é #Bter and satufe@spound 1D
(318.3 ng, 1.0 mmol ) and acetic acid (0.023 n., 0.4 mmol) were dissolved in

t ol uene (Raflm chidride wtbORnAfhdLaticdWith £yRsARA B dukB2ulBatdl, The Sblvaml ) in
toluene (2 nmL) was added dropwi se at 65C, and the m xture was stirred at

65C for S, Mowtanedaiuial 88 sodkumbliaar RAOAENRLETINAYPAdeR L0 the

reaction sol utron, y exXtraction wt yl acetate. The organic

et T
o GG R AL ST R ol STt gt epny (rexane
10B. 'H-NMR (CDCls)5:1.38 (8H, t, J= 7.1 H2), 1.42 (8H, t, J= 7.4 Hz), 4.33-4.47 (4H,
m), 7.19 (1H, s), 8.54 (1H, s).
Third step
Aminoacetaldehyde dimethyl acetal (0.34 ml, 3.11 mmol) was added to a
-solution of Compound 4C (680 mg, 2.83 mmol) in ethanol (6.8 mD at 0°C, and it was
allowed to stand at room temperature for 16 hours. After the solvent was distilled .
off from the reaction solution under reduced pressure, the resulting residue was
purified by silica gel column chromatography (n-hexane-ethyl acetate 90:10(v/v)) to
obtain 875 mg (yield 94%) of Compound 4D as an oil product.
H-NMR (CDCl2)8:1.38 (3H, t, J= 7.1 H2), 1.39 (3H, t, J= 7.1 Hz), 8.40 (6H, s), 4.33
(2H, d, J=4.7 Hz), 4.37 (4H, q, J:' 7.1Hz), 4.49 (1H, t, J= 4.7 Hz), 7.06 (1H, s), 8.17
(1H, s).
Fourth step
N-bromosuccinimide (1.46 g, 8.18 mmol) was added to a solution of
Compound 4D (2.68 g, 8.18 mmol) in N,N-dimethylformamide (10 mb), and the

mixture was stirred at room temperature for 48 hours. After saturated sodium
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1H- NWR (DVMSO-d6) 8: 1.36 (9H, s), 3.84 (6H, s), 5.11 (2H, s), 7.34-7.38
(5H, m, 8.33 (1H, s), 11.11 (1H, br s). Second step Conmpound 10B
(310.3nmg, 0.72 mmol ) was added to tetrahydrofuran-nmethanol (2 ni-1 ), a
IN-aqueous |ithium hydroxide solution (1.44 ni, 1.44 mvol) was added, and
the m xture was stirred at roomtenperature for 2 hours. This was. cooled in
an ice water bath, 2N hydrochloric acid was added, and ethyl acetate and
wat er were added. The ethyl acetate |ayer was separated, and the aqueous

| ayer wasbiexbbagteadatat vias atitied toathetras@ionldoduttdd)yhe sddetion eak ayaasteder e

conbi ned, washed with saturated sodiumchloride water, and dried with

anhydr ouswBh@thyhasetat@taed theergalivRger was widkbéd sd@dnblly wothobatikand84. 1 ny
(yield 94.3% of Conpound 10C. 1H NMR (CDC13) 8: 1.43 (9H, s), 3.98 (3H

S), 5.34 datlhatéd sodiusbehlordie &er, 40d tH3ndiddith ahhyddud3odibid silifats) -
Exanmpl e 11 [0103] [Chemi cal formula 741 00 First step Et0O OBn Second
step0., -The solvdht-wd Béeilldd ofh bl the resulting residue was purified by silica gel
column chromatography (n-hexane-ethyl acetate 90:10(v/v)) to obtain 2.83 g (yield
85%) of Compound 4E as an oil product.
1H-NMR (CDCl3) &: 1.41 (8H, t, J = 7.1 Hz), 1.48 (3H, t, J = 7.1 H2), .3.42 (6H,s),
3.90 (2H, d, J = 5.0 Hz), 4.39 (2H, q, J = 7.1 Hz), 4.53 (3H, q, J = 14.3 Hz), 4.54 (3H,
s), 4.57 (3H, t, J = 5.4 Hz), 8.19 (1H, s).
Fifth step
To a solution of Compound 4E (2.23 g, 5.49 mmol) in formic acid (15 ml),
62%-H2S04 (1.74 g, 10.98 mmol) was added and the mixture was stirred at room
temperéture for 8 hours. A 0.5N-aqueous sodium hydroxide solution (120 ml) was
added, followed by extraction with methylene chloride. The methylene chloride
layers were combined, washed with saturated sodium chloride water, and then
dried with anhydrous sodium sulfate. The solvent was distilled off to obtain 1.31 g
~of Compound 4F as a white powder.
1H-NMR (CDCls) ' 1.31-1.46 (6H, m), 4.33-4.48 (4H, m), 4.82 (2H, s), 8.11 (1H, s),
9.71 (1H, s).
Sixth step
Methanol (0.44 ml, 10.9 mmol), (R)-3-amino-butane-1-ol (389 mg, 4.36
mmol) and acetic acid (0.21 ml, 3.64 mmol) were added to a solution of Compoﬁnd
4F (1.31 g, 3.64 mmol) in toluene (13 ml), and the mixture was heated to reflux for 3

hours. The reaction solution was cooled to room temperature, diluted with

chloroform, and then washed with saturated sodium bicarbonate water, and the.
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NI 11A118 OBn Third step, Et00 11D OHO0 NN, 1&H 11G

aqueous layer was extracted with chloroform. The chloroform layers were
combined, washed with saturated sodium chloride water, and then dried with

" anhydrous sodium sulfate. The solvent was distilled off, and the resulting residue
was purified by silica gel column chromatography (chloroform-methanol 100:0—
90:10) to obtain 1.58 g of Compound 4G as an oil product.
I H-NMR (CDCls) 3: 1.40 (8H, d, J = 5.7 Hz), 1.56-1.60 (1H, m), 2.19-2.24 (1H, m),
3.99 (1H, d, J = 2.0 Hz), 4.02 (1H, d, J = 2.4 Hz), 4.11 (1H, dd, J = 13.3, 6.7 Hz), 4.28
(1H, dd, J = 13.3, 3.9 Hz), 4.36 (3H, q, J = 7.1 Hz2), 4.49-4.56 (1H, m), 4.98-5.03 (1H,
m), 5.34 (1H, dd, J = 6.6, 3.8 Hz), 8.07 (1H, s).
Seventh step |

Potassium trimethylsilanolate (249 mg, 1.95 mmol) was added to a solution

of Compound 4G (300 mg, 0.78 mmol) in 1,2-dimethoxyethane (3 ml), and the
mixture was stirred at room temperature for 1 hour. Potassium
trimethylsilanolate (249 mg, 1.95 mmol) was additionally added, and the mixture
was further stirred at 60°C for 1 hour. 1N-hydrochloric acid and saturated sodium
chloride water were added to the reaction solution, followed by extr.action with
chlorofo?m. The chloroform layers were combined, and dried with anhydrous
sodium sulfate. The solvent was distilled off to obtain 100.3 mg (yield 43%) of
Compound 3G as a yellow powder.
IH-NMR (CDCl:) 8: 1.46 (3H, d, J = 3.5 Hz); 1.58-1.65 (1H, m), 2.26-2.30 (1H,m),
4.06-4.10 (2H, m), 4.31 (1H, dd, J = 13.8, 5.6 Hz), 4.48 (1H, dd, J = 13.6, 3.9 H2), 5.03
(1H,t, J = 6.4 Hz), 5.36 (1H,dd, J = 5.5, 4.0 Hz), 8.44 (1H, s), 12.80 (1H, s), 14.90

(1H, 9).
Example 5

[0097]
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First step . A sol ution of Compound 11A (12.8 g, 89.4 nmmol) and
pyridine (8.50 g, 107 nmol) in dichloronmethane (90 nL) was cooled to 1 to
3C, and a solution of benzyl oxyacetyl chloride (19.8 g, 107 nmmol) in

di chl oronet hane (90 nL) was added dropw se over 50 minutes while the sanme
tenperature was retained. After the reaction solution was stirred at the
sane tenperature for 30 mnutes, a tenperature was gradually raised to 15C
over 60 mnutes, and ice water was added. The dichl oronet hane | ayer was
separ at edChamital Fremadaié8lus | ayer was extracted with di chl oronet hane once.
The conbined extracts were washed with water three times, washed with
"saturated sodi um chl oride water, then dried. The sol véft was distilled

of f, and the rﬁsultin @irdr stPy GopMef | edodaistes UlMeSst i CO-Me silica
gel col unve phy—>pt rst, thel|loil produet=was el utled|first with

n- hexane and, then, with n-hexane-ethytyacetate (1: Ivedyfc?) >0 The obj ective
fraction was cthcentrated to obtai§B22.12 g of Conpound 11Bgas an oil
product. 1H NWR (CDC13) 8: 1.25(311, t, J=7.211z), 2.90(3H,brs), 3.24(3H,
brs), 4. &¢kbisp q, J=7.2Hz), 4.45(2H, s), 4.58(2H, s), 7.25-7.38(5H, m,
7.72(111, s). Second step A 1IN lithium hexanet hyl di sil azane THF

sol ution (4.29 CdmpcdhndBMHIB mast. eDoined) tod N/S@imatiylfarsaimidée dmashylConpound
11B (500 ng, 1.72 mol) and ci nnanoyl chloride (343.2 ng, 2.06 muol) in THF
(4 m) wageaddesd GE0DBH SO derddibslué @ wididre (1 hel),saniethe enpen@twase Was
retained. After the reaction solution was stirred at the same tenperature

for 25 midit&Bat Rdmlteieestilo fdra 18fuds. ( IBElgol Vs vaddrstillanelf from thext ure was
further stirred at roomtenperature for 10 m nutes. To the reaction

sol uti on was;addeckist Byderdefhdicoreldie riPiNeCGreb QYiIRE réBidus @RBALALRY, and the
aqueous | ayer was extracted with ethyl acetate three tinmes. The conbi ned

extracts 4ehfold £ WAL R RILEA Aol BupilyGi. as distilled off, and
the resulting ol product was purified by subjecting it to silica gel

col um c%e%ggégt%r aphy. Froma fraction eluting with n-hexane-ethyl acetate
(1:1, v/vy, 8 ng (yiled 56% of Conpound 11C was obtained as a solid.

1H NVR (CDC13) 8:,.1.40 (311, = 7.2 Hz),n4. 39 (21 1 =72 H),
5. 27 (2(11, s)? %dé‘é‘“z%iﬁ,(b"gi?mﬁ‘te §40JJ?6‘.“§' ?é? ,‘“’)?f.’%'a(sfﬁ’?e“éd?d?“gl’ﬁ%t.h%, )
ni.trogen

7.26-7.48 (1011,. m, 8. 1H, .s)...Third, st : nd

at ormsphe’rné‘, a@}@&%i(Bﬁlﬁgfa(%oi{%ﬁI%fﬁgF:C%%ef%r%ﬁﬁwbéal%g%.ﬁggsntﬁgI"jl and 96%
| furi cid (287.4 ng, 2.93 1) | t 8 .ad d i t

ol ut on Gt ot Pl oA ReSr. dooonst e P o ) |

MeCN (5 m) at roomtenperature over 10 m nutes, After the reaction

sol ution (883 =g SriZeamel indE SHmbeperddadrdropyicesand Hig U K9F acet at e
was added, the organic |ayer was separated, and the aqueous |ayer was

ext r act edstivredhaerdey! temmeratuae forctot mipages. TN esA el eien Was BOWEAdnt i ed

wi th sodium sul fate. The solvent was distilled off, and the resulting oil
product wal hydrdchloet doiyd-swebhaw (3Hgmit and thd mixtargeis ebrnedmt ORE deradgr aphy.
Froma fraction eluting n-hexane-ethyl acetate (1:1, v/v), 303.2 ng (yield
75% of Coipoend WiRrwes alded thedohsioanwai éxtpravetliwith ethFINWRatER@MIXhe8: 1. 39
(3H, t, J =6.9 Hz), 4.40 (2H, q, J =6.9 Hz), 5.54 (2H, s), 7.37 (5H, s),
8. 48 (1H, oghnicQaydr wasvashed sequértiniBtweith water, saturated sodium bicarbonate

water, and saturated sodium chloride water, and dried with anhydrous sodium
sulfate. After the solvent was distilled off, the resulting residue was purified by
silica gel column chromatography to obtain 222mg (yield:22% from 5A) of
Compound 5C.

1 H-NMR (CDCl3)3:3.91 (3H, s), 3.97 (3H, ), 4.05 (3H, ), 8.50 (1H, s).

Example 6
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A solution of 96% sul furic acid (421.7 nmg, 4.30 mmol) and am dosululic acid
(642.7 ng, 6.62 nmmol) in water (10 mM) was added to a solution of Conpound
11D (1.00 g, 3.31 nmmol) in MeCN (15 m) at roomtenperature, the mxture
was stirred, and a solution of sodiumchlorite (388.9 ng, 4.30 mol) in
water (10 m) was added dropwi se over 5 mnutes while the sane tenperature
was retained. The reaction solution was stirred at sane tenperature for 5

m nut es, and satureated sodium chloride water was added, followed by
extracti qoosglt h ethyl acetate three tinmes. The conbi ned extracts were dried
wi th sodium sul fate. The solvent was distilled off, and the resulting oi
product wJegefital fdrafilBopubj ecting it to silica gel columm chromat ography.
The columm was eluted initially with chloroformand, then, chloroform MeOH
(7:3, v/iv). Wien the objective fraction was concentrated, 748.8 ng (yield
71% of Cbnpo d 11E was obtained as n oi | product. 1HMWR CD@%B% . 1.40

(3H, t gt3- 93 (1H, s), 2H, q, J = 7.2 75261 (2H,
s), 7. 38JE'7nD é«“ SRS ( ho é@ th5§°t°§“gte" o HC1 (1.20 g,
6. 28 mmol ) and 1 (551 6 ng, %8 |) were added tdO% solfut i on of
Conmpound 11Egl. 00 g, 3.14 mmoF (10 m) at roomtenpe e, and’

the mixture was stirred at the sane teBmperature for 90 ni 86t esgudhe
reaction solution was cooled to OC, and a sol ution of 2-methoxyethanam ne
(236.0 mgF %%4 mmol) in DM (2 mM) was added dropw se over 3 minutes. The
reaction S0l utfon was stirred at the same tenperature for 1 hour, and water

was added, foll owed extr ace e e.tinmes. .The
extract was vvaslﬁgﬁ U R Sﬂf"‘@\g Pﬁg}%%&% s(ﬁ’i‘f & \t)vletxﬁ %%SIIBW] oyl fate.
The sol vent istille resulting oil pr ubjected
to 5|I|ca”ﬁkfgﬁﬁgﬁﬂﬁfﬁﬁ?gﬁﬁy)PB“b Fﬁ? 1R uUP?°gP@BB€Tmf$§Z§ég%uﬁ§ '
eluted initially with n- hexane ethyl acetate (1;1, v/ and, th

n- hexane-BERY|in fetaphydrofuran (2 il yas aidad dfrﬁéwtﬁﬁjtb%ltef‘?/%t fﬁ%@f‘f‘é‘?\r ‘ioghng’
concentrated, 928.5 i el d 79% of Conpound 11F was obt ai ned as an oi
product . mdra\m@xmm&@}lyéoxaiylablqrgiﬂ@ 7 m}j 6:0 mnpol}yn tetrzhydrafargn @ml 3. 41
(2H, t, J 5.4 Hz), 3.47-3.53 (2H, m, 4.39 (2H, q, J = 7.2 Hz), 5.44 (2H,
s), 7.36 wathddel drgpuise7. Aftex titringat §507 for2-houss, atmogiusd agatate @5))0 Si xt h
step A sol ution of Compound 11F (500 ngy, 1.33 nmol) and

(S) - 2- animg) Shdpdveniy lapiddpamlilwete {dsied t2 tigreadtion sototidn,iamdxthle emiatr2 wds) was
heated to 120C, and the solution was stirred for 30 mnutes. The reaction
sol uti on ssasecaods @ fop 1hoarmhéBpeiiatityse, Wdter eak uéddéd wahedesdtidnl ed of f, and
the resulting oil product was subjected to silica gel chromatography to
purify theh@idn, phosilednt W xtctiinwithStieyluicethté, ninldi thk loygaMi¢ yehivaef or m and,
then, chloroform MeOH (9:1, v/v). Wen the objective fraction was

concent r af £shed 48dudMtilIEhitH whddd a8l sgaﬁa%ar%dmblmxabé ¥iabadang an oil
product. 1H NVR (CDC13) 6: 1.41 (3H, t, J = 6.9 Hz), 2.24-2.34 (1H, M),

2.24-3. Oodx‘gejd'kltmamh§d%s%o&1@n( g-hfat@ Tﬁe Qévér?twvammmﬁed?éf‘f:aarﬁzth@m" n,
4.13-4.19 (1H , 4.54 (1H,

4.55 (1H, , o

RS 35re?aﬁ*g re$99§ﬂ3§%fﬁ%eg%> %ﬁ“%@tez ?izs“ %19%*5@% F?p ‘ﬁ%%%é*%féﬁhéli”ep

A DEAD 40wt % t.ol 6 t

sol ut on el tjifﬁ”‘%‘fé%é%éﬁg ghebyh %%9’1:% i d”ﬁ%ﬁ??ﬁ?&%?ﬁ@‘ ?ti 21 g,
. mo I N era h m put e he reaction

sol ution ‘ass‘??sr}ﬂegdvng% lsf’ﬁr(’p%’ ef CHT (tiu 21 drl%undeﬁuﬁeelslcedt%ressu Fvent

distilled off d th It | duct ted t |

S?E rhfohtfto?al%ﬁgg%a%gswfdféﬁﬁ 1d§$‘?"m ﬁ%%’sggigﬁr% Leion ol Et?'ng' Wi th

e acet at e- Vi il 0 oun

obt ai ned 24 WRo(ﬂD ?Méﬁ@ﬁmfwml % tﬂaﬂ&%gp‘%‘mgzi

3.07 (2H d, J = Hz), 3.33 3.57-3. 8 51H de
3. O(Hz @Hs&%&&O (Zﬂm)Jf 14 Péa?H) 29)("812148)1%3& 341 8321(—4m)n)7r?951 2&? ( =

99Hz)551(1HdJ:99Hz),701703(2Hn)721737(5Hn)

7.41-7.588.06 HHny, 176B411,16%)(2H, m). Eighth step

Second step
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A 2N aqueous sodi um hydroxi de solution (6 m) was added to a sol ution of
Compound 11H (1.0 g, 2.04 mml) in EtOH (6 nm), and the m xture was stirred
at roomtenperature for 30 m nutes. The reaction solution was neutralized
wi th 2N hydrochloric acid, and the precipitated solid was filtered off, and
dried to obtain 754 nmg (yield 80% of Conpound 111. 1H NVR (CDC13) 6: 3.10
(2H, d, J =7.8 Hz), 3.33 (3H s), 3.57-3.69 (4H m, 3.82-3.90 (1H m,
3.95 (1H, dd, J = 3.3 Hz, 13.8 Hz), 4:36 (1H, dd, J = 6.3 Hz, 7.5 Hz), 5.36
(1H, d, J = 10.Qeslizp cathohbted @HL3 g, 0.28 o2 akid brobo&dtald ey dedtineti)y]
7.28-7.39 (6H, m, 7.59 (2H, dd, J = 1.8 Hz, 8.1 Hz), 7.87 (1H s). N nth

step acetal (AP oA 0. 2B ndb])Gvede adddd ta@Bsdiytiva st ormpehveeB (5.8 kg, 016 ),
10% Pd- C (200 ng) was added, and the m xture was subjected to a catalytic

reduct i onphRAGHINN- ahmt%y@orm@dﬁlqg@ nflf, la@@the TRt At sytirrdtBst vosaDVEd by
filtration, and the filtrate was concentrated. The resulti ng residue was

- washed Wt%ﬁl %H’c%e B&brﬁ%‘h@.‘ %éslgmr&rlé&ia% @735§r@g, Bfo3GRRBoURG 11. 1H NMWR
(CDCL3) 5: 6. 24 s), 3.60-3.86 (5H, n), 4.14

d, "W e1 u a a
(7138 (1H‘Jbr§ %ace%aié%)l de4d1417 tﬁﬁ?lfeg% (%%&QK%S)B ﬁ%xngﬁ)g’ &) f Zth%p Zdéﬁ?g&xgm Cg.'l)

formula it n’}lkﬁﬁe%aﬁ%h'gp stiffea h8A0b4E By S0Ufifutes.  After water was added to

the reaction solution, the solution w.as extracted with ethyl acetate, and the organic
layer was washed sequentially with water and saturated sodium chloride water,
and dried with anhydrous sodium sulfate. The solvent was distilled off, énd the
resulting residue was purified by silica gel column chromatography (n-hexane-ethyl
acetate 50:50 — 30:70 (v/v)) to obtain 35.3 mg (yield 54%) of Compound 6C as a
colorless oil product. R
1H-NMR (CDCl5)8:1.26 (3H, t, J= 7.1 Hz), 1.40 (3H, t, /= 7.1 Hz), 3.39 (6H, s), 3.91
(2H, d, J= 5.0 Hz), 4.29 2H, q, J= 7.1 Hz), 4.40 (2H, q, J= 7.2 Hz), 4.50 (1H, t, /=
5.0 Hz), 5.30 (2H, s), 7.31-7.37 (3H, m), 7.43-7.46 (2H, m), 8.12 (1H, s).

Example 7

[0099]

[Chemical formula 70]

o

o BnO CO,Et
BnO COEt First step | |

| ——>  MeO,C~ "N
~
N K,/o
6A | 6C' \)
o}

First step

Compound 6A (291 mg, 1.0 mmol) and dimethyl oxalate (354 mg, 3.0 mmol)

were dissolved in dimethylimidazolidinone (1.4 ml), sodium methoxide
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CbzOLE );,), Ph ,,OH Second step ph _NThird step - PhPh 121312C Chz
"NH PhNH2 Ph 12D _ Cbz 'NH Fourth step Ph

(28%-methanol solution, 0.30 ml, 1.5 mmol) was added thereto, and the mixture was
stirred at room temperature for 2 hours. 1,3-Dioxolan-2-yl-methylamine (154 mg,
1.5 mmol) and acetic acid (0.29 ml, 5.0 mmol) were added thereto, and the mixture
was stirred at room temperature for 38 hours. Saturated sodium bicarbonate
water was added to the reaction solution, followed by extraction with ethyl acetate.
The ethyl acetate layers were combined, washed sequentially with water and
saturated sodium chloride water, and then dried with anhydrous sodium sulfate.
After the solvent was distilled off, the resulting residue was purified by silica gel
column chromatography (hexane-ethyl acetate 33:67 — 15:85) to obtain 294.8 mg
(yield 70%) of Compound 6C’ as a pale yellow oil product.

I'H-NMR (CDCls) &: 1.43 (3H, t, J = 7.1 Hz), 3.73-3.75 (2H, m), 3.81 (3H, s),
3.82-3.85 (2H, m), 4.21 (2H, d, J = 2.2 Hz), 4.42 (2H, q, J = 7.1 Hz), 5.14 (1H, t, J =
2.3 Hz), 5.32 (2H, s), 7.34-7.37 (3H, m), 7.44-7.46 (2H, m), 8.14 (1H, s).

Example 8

[0100]

[Chemical formula 71]

0 0

- 0
BnO COLE Bno\)ﬁ/coza B”ij/coﬁ
2
. | | First step )I\ | Second step E10,C N

—>  Et0,.C” N

Et0.C° O : 0
~
8A OMe
6C OMe 8c
First step

Aminoacetaldehyde dimethyl acetal (7.80 mmol) was added to a solution of
Compound 8A (900 mg, 2.60 mmol) in ethanol (5 ml), and the mixture was stirred at

room temperature for 22 hours. Ethyl acetate (5 ml) and water (5 ml) were added
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yBo Ph 12E Fifth step .H PhSixth step -Boc F5h 12f 0 O It." OBn N ea"
11 0 Ph, () Me

t.o the reaction solution, followed by extraction with ethyl acetate (5 ml). After the
organic layer was washed with water (10 m)), the solvent was distilled off, and the
resulting residue was purified by silica gel column chromatography (n-hexane-ethyl
acetate 2:1) to obtain 0.37 g (yield 33%) of Compound 6C as a colorless oil product.
1H-NMR (CDCls) &: 7.90 (1H, s), 7.45-7.43 (5H, m), 5.30 (2H, s), 4.51 (1H, t, J=5.1
Hz), 4.40 2H, q, J= 7.1 Hz), 4.30 2H, q, J= 7.1 Hz), 3.91 (2H, d, J= 5.1 H2), 3.46
(6H, s), 1.40 (3HL, t, J= 7.1 Hz), 1.26 (3H, t, J= 7.1 Hz). |
Second step
To a solution of Compound 6C (433.5 mg, 1.0 mmol) in formic acid (4 ml),

62%-H2S04 (316 mg, 2.0 mmol) was added and the mixture was stirred at room

- temperature for 3 hours. Methylene chloride was added to the reaction solution,
the solution was washed with a 0.5N-aqueous sodium hydroxide solution (12 ml),
and the aqueous layer was extracted with methylene chloride. The methylene
chloride layers were combined, washed with saturated sodium chloride water, and

. then dried with anhydrous sodium sulfate. The solvent was distilled off to ébtain
207.6 mg (yield 51%) of Compound 8C as a yellow foam produét.
V&NMR@meangs@HQJ:11H@J42®HQJ=T1HA425@&qJ=
7.2 Hz), 4.42 (2H, q, J = 7.1 H2), 4.79 (2H, s), 5.34 (2H, s), 7.31-7.53 (5H, m), 8.05
(1H, s), 9.67 (1H, s).
Example 9

[o101]
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Ph' HN oc 12G Seventh step 0 O ItIt.0 Eln Me O IlI[ Ph Ph P h Eighth

[Chemical formula 72]

0 @)
BnO CO,Me BnO CO,Me
i First step | I
~ T  MeO,C” N

! e
9C oC’ 0_7'

First step

Compound 9C (291.3 mg, 10 mmol) was dissolved in DMI (1.4 mL) in a two-neck
flask under a nitrogen atmosphere, dimethyl oxalate (354.3 mg, 3.0 mmol), and
sodium methoxide (28%-methanol solution 0.3 mL, 1.5 mmol) wére added, énd the
mixture was stirred at room temperature for 2 hours.
2-(Aminomethyl)-1,3-dioxane (154.7 mg, 1.5 mmol) and acetic acid (0.29 mL, 5.0
mmol) were added thereto, and the mixture was stirred at room temperature for 5
hours. thyl acetate (50 mL) was added to the reaction solution, and the solution
was washed séquentially with water (20 mL), a 10%-aqueous ammonium chloride
solution (20 mL), water (20 mL) and saturated sodium chloride water (20 mL), and
dried with anhydrous magnesium sulfate. The solvent was distilled off, and the

resulting residue was purified by silica gel column chromatography (n-hexane-ethyl

acetate 1:1 — 1:3, v/v) to obtain 99.0 mg (yield 25%) of Compound 9C’ as a white

crystal.

1H-NMR (CDCls) 8: 8.14 (1H, s), 7.44-7.42 (5H, m), 5.29 (2H, s), 5.12 (1H, s), 4.19
(2H, s), 3.93 (3H, s), 3.83-3.70 (2H, m), 3.83 (2H, s).

Example 10 o

[0102]
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[Chemical formula 73]

0 0

0
mMeoqc. M Ho,e. M _oen

meo,C. L oBn First step OB1 Second step ° \ﬁ il
] ToroorEEmEEEE LN
07 TCOMe N7 “COaMe f?l COzMe
1D 108 PlJHEloc 10C  WHBo:

- First step

Compound 1D (318.3 mg, 1.0 mmol) and acetic acid (0.023 mL, 0.4 mmol)
Qere dissolved in toluene (2 mL), a solution of tert-butylcarbazate (132.3 mg, 1.0
mmol) in toluene (2 mL) was added dropwise at 65°C, an(i the mixture was stirred
at 65°C for 5 hours. Saturated sodium bicarbonate water was added to the
reaction solution, followed by extraction with ethyl acetate. The organic layer was
washed with saturated sodium chloride water, and dried with anhydrous
_maghesium sulfate. The solvent was distilied off, and the resulting residue was
purified by silica gel column chromatography (hexane: ethyl acetate = 50:50—>33:67)
to obtain 315.3 mg (yield 72.9%) of Compound 10B.
IH-NMR (DMSO0-d6) 5: 1.36 (9H, s), 3.84 (6H, s), 5.11 (2H, s), 7.34-7.38 (5H, m),.8.337
(1H, s), 11.11 (1H, br s). | |
Second step

Compound 10B (3 10.3mg, 0.72 mmol) was added to
tetrahydrofuran-methanol (2 mL-1 mL), a 1N-aqueous lithium hydroxide solution
(1.44 mL, 1.44 mmol) was added, and the mixture was stirred at room temperature
for 2 hours. This was cooled in an ice water bath, 2N-hydrochloric acid was added,
and ethyi acetate and water were added. The ethyl acetate layer was separated,
and the aqueous layer was extracted with ethyl acetate. The ethyl acetate layers
were combined, washed with saturated sodium chloride water, and dried with

anhydrous sodium sulfate. The solvent was distilled off to obtain 284.1 mg (yield
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12H 121 Ninth étep Tenth step nCG OH H O- Til

94.3%) of Compound. 10C.

1H-NMR (CDCls) 8: 1.43 (9H, s), 3.98 (3H, s), 5.34 (2H, s), 7.36-7.37 (5H, m), 8.44
- (1H, s), 14.53 (1H, br 5).

Example 11

[0103]

[Chemical formula 74]

OBn
' o} ~_-CHO
o | Third step Y\f

Etoj]/'\/o

o} o
First step Second step G
f0” NN EtO \(U\/OB -
!

- / EtO .
' : °
C11A 118 11C 11D
o oBn 0 08n
Fourth step OV/E/COZH Fifth step OWAQ/\/O\ Sixth step O N/\/o\

H
Eto?/\\/o Elom/\/o EI0_ e Ny
| I
o) o 0
11E 11F @)/
116

OBn O

0oBn O 0 o
Seventh 500 O A A0 Eighth st ON ~_o._Ninth siep an <
e

(f S

A solution of Compound 11A (12.8 g, 89.4 mmol) and pyridine (8.50 g, 107

First step

mmol) in dichloromethane (90 mL) was cooled to 1 to 3°C, and a solution of
benzyloxyacetyl chloride (19.8 g, 107 mmol) in dichloromethane (90 mL) was added
dropwise o.ver 50 minutes while the same temperature was retained. After the
reaction solution was stirred at tile same temperature for 30 minutes, a
temperature was gradually raised to 15°C over 60 minutes, and ice water wés
added. The dichloromethane layer was separated, and the aqueous layer was
extracted with dichloromethane once. The combined extracts were washed with

water three times, washed with saturated sodium chloride water, and then dried.
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N PhtN. e Ph 12 First step Compound 12A (1.53 g, 5.80 nmol)
was dissolved in THF (6 mM) and water (6 m ), potassium carbonate (2.41 g,
17.4 mmol ) was added, the m xture was stirred, and benzyl chl oroformate
(1.09 g, 6.38 nmol) was added dropwi se at OC. After stirring at 0OC for 10
m nutes, the mxtrure was stirred at roomtenperature for 2 hours. The
reacti on solution was poured into an aqueous sodi um bi carbonate sol uti on,
foll owed by extraction with ethyl acetate. The extract was washed with 1N
hydr ochl oFPhecsobwind wansdli st adr &f, @dd sheliresnldhg oil ipded wavess puaifidddyi ed wit h
sodium sul fate. The solvent was distilled off to obtain 2.32 g of Conpound
12B as a didjdetihg siStogtiliany/ged dhlatmndeomhbbgihbhy. COGESE) the oillprOBudt s dingd, 3. 55

(111, m, 3.75 (1H m, 4.20 (1H, d, J = 10.5 :

first with n-hexane and, then, with n-hexane-ethyl acetate (1:1, v/v). The objective
fraction was concentrated to obtain 22.2 g of Compound 11B as an oil product.

' 'H-NMR (CDCls) 8: 1.25(3H, t, J=7.2Hz), 2.90(3H,brs), 3.24(3H, brs), 4.15(2H, q,
J=7.2Hz), 4.45(2H, 9), 4.58(2H, s), 7.25-7.38(3H, m), 7.72(1H, s).
Second step

A 1IN lithium hexamethyldisilazane THF solution (4.29 ml, 4.29mmol) was
cooled to -78°C, and a solution of Compound 11B (500 mg, 1.72 mmol) and
cinnamoyl chloride (343.2 mg, 2.06 mmol) in THF (4 ml) was added dropwise over 3
minutes while the same temperature was retained. After the reaction solution was
sﬁrred at the same temperature for 25 minutes, 2N hydrochloric acid (10ml) was
added, and the mixture was further stirred at room temperature for 10 minutes.
To the reaction solution was added ethyl acetate, the organic layer was separeted,
and the aqueous layer was extracted with ethyl acetate three times. The combined
extracts.-were dried with sodium sulfate. The solvent was distilled off, and the
resulting oil product was purified by subjecting it to silica gel column
chromatography. From a fraction eluting with n-hexane-ethyl acetate (1:1, v/v),
364.3 mg (yiled 56%) of Compound 11C was obtained as a solid.
1H-NMR (CDCls) 8: 1.40 (3H, t, J = 7.2 Hz), 4.39 (2H, q, J = 7.2 Hz), 5.27 (2H, 9),
6.99 (1H, d, J = 16.2 Hz), 7.23 (1H, d, J = 16.2), 7.26-7.48 (10H, m), 8.45 (1H, s).
Third step
Under a nitrogen atomosphere, a solution of sodium periodate (625.8 mg,

2.93 mmol) and 96% sulfuric acid (287.4 mg, 2.93 mmol) in water (8 ml) was added

dropwise to a solution of Compound 11C and ruthenium chloride (2.76 mg, 0.0133
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Hz), 4.58 (1H, m, 4.83 (1H, brs), 5.07 (2H, s), 7.16-7.39 (15H, m). Second
step Conmpound 12B (1.94 g, 5.37 mmol), triphenyl phosphine (2.11 g,
8.05 mmol ) and phthalimde (948 ny, 6.44 mmol) were added to THF (20 m),
and dii sopropyl azodicarboxylate (2.2Min toluene, 3.66 m, 8.05 mmol) was
added dropwi se at roomtenperature. After stirring at roomtenperature for
4 -hours, the solvent was distilled off under reduced pressure. The

resul tirng crude product was purified by silica gel columm chromatography

( n- hexananmbhyih Me@N&5 enl) 4t toomview)petratuarbbaeml @mButgs.of AffantheundctiddC as a
colorless solid. 1H NWR (CDC13) o: 3.73 (2H m, 4.05 (1H d, J = 10.1Hz),
~4.70 (1H,sothtich wadsthiréd at thelsanfetdmpbrathure for. Zmldzyteb, ARyl(ddetatewas?. 03- 7. 42
(15H, m, 7.68 (2H, dd, J =5.7, 2.1 Hz), 7.78 (2H, dd, J = 5.7, 2.1Hz).
Third st eRided, the orgfAPREEAW ad 26pdrdcail afd the 8qudbiBlldydasasaddedtddowithiF ( 20

m ) and nethanol (20 m), hydrazine hydrate (4.88 g, 97.4 mmol) was added,
and the i IuRtaMBSws bikds€dTat c&fbide@lexfraldRUlsre dHRA with k6diRKE&IIRItE At € Was
renoved by filtration, followed by washing with nethanol. The filtrate was

distille }%fiolmwasroﬁdﬂ FRTRATHE ?e%\ﬁﬁggbﬁ%r&ﬁﬁ%'%'srﬁgrﬁeuqﬁ product was

purified by amno col um chrdmat ogr ap | or of or m net hanol ; 991, v/v) to

obtai n 1. 46k CRImRUNEL 130 }giﬁ@t rhﬁﬁys Pphey AENRADICS) S 2,03
Fourth StERC BsmBuhieTab T - g0s33 %%%%%ﬁ 50‘*‘%@3&?3“ (Fl?Ts m).

and Boc20 ) was added at roomtenperature. After
stlrrlng‘#6&nfggn%8d?gmmgﬁgnsolvent was concentrat ed under reduced

pressure. clu duc u b ol umm
chr onat ogr%&ﬁvh(ﬁ}é%ﬁ%el (ﬁ%;‘ —té5§gf'\?fzg0 (Zt#\?) toélgﬁ ig‘igz%’g
Compound 12E as col rIe s SO|Id 1H NWVR (CDC13) 6: 1.41 (9H, s), 3 23
(2H, brn)f3§(5sﬁ S(’1$448§ . 4.58-4.80 (3H, m), 5.00 (2H, d, J =
9.8 Hz), 15-7.29 (10H, n) Flfth step Conpound 12E (1.73 g, 3.76
mol ) andﬂpaﬂ@aUWun1act|ve carbon (10% wet, 200 ng) were added to methanol
(20m), and the m xture was stirred at roon1tenperature for 1 hour under a

hydr ogen at nospheplationiof 86%fsulfuriaridr 41 fmo- 3¢ mmalhandsamidosululigacid
concentrat ed udner reduced pressure to obtian 1.01 g of a colorless 0|Iy
subst ance(612F. mg 6. 6A/R i EDOI8 R tes {10 mdUw a9 htldesl) to psadtiqrl ¢f Corppogid3tilY 1H, ,
3.73 (2H, d, J =6.9 Hz), 4.98 (1H, s), 7.18-7.39 (10H m.

(1.00 g, 3.31 mmol) in MeCN (15 m]) at room temperature, the mixture was stirred,

and a solution of sodium chlorite (388.9 mg, 4.30 mmol) in water (10 ml) was added

dropwise over 5 minutes while the same temperature was retained. The reaction

solution was stirred at same temperature for 5 minutes, and satureated sodium

chloride water was added, followed by extraction with ethyl acetate three times.

The combined extracts were dried with sodium sulfate. The solvent was distilled

off, and the resulting oil product was purified by subjecting it to silica gel column

chromatography. The column was eluted initially with chloroform and, then,

chloroform-MeOH (7:3, v/v). When the objective fraction was concentrated, 748.8

mg (yield 71%) of Compound 11E was obtained as an oil product.

IH-NMR (CDCls) &: 1.40 (3H, t, J = 7.2 Hz), 3.93 (1H, br s), 4.40 (2H, q, J = 7.2 H2),

5.61 (2H, s), 7.38-7.44 (10 H, m), 8.52 (1H, s).
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Sixth step D net hyl 3-(benzyl oxy) - 4- oxo- 4H pyr an- 2, 5- di car boxyl at e
(974 ng, 3.06 mmol) and 12F (999 ng, 3.06 mmvl) were added to tol uene (10
m), and the m xture Was stirred at 110C for 5 hours. After the solvent was
distilled off under reduced pressure, the resulting crude product was
purified by silica gel colum chromatography (chl oroform nmethanol, 98:2,
v/iv) to obtain 1.51 g of Conpound 12G as a pal e yel l ow solid. 1H NWVR
(CcbC13) 3:1.36 (9H, s), 3.40 (1H, m, 3.53 (1H m, 3.82 (3H, s), 3.91 (3H,
s), 4.29 It step J = 11.3 Hz), 4.78 (1H, n), 4.82 (1H, n), 5.11 (1.9H d, J
= 7.5 Hz), 7.10-7.38 (10H, m, 8.27 (1H, s). Seventh step . To
Conpound 12G ( 1w4% HC1 &. Bilg, o128 Ini6ls a Ad BRIB A5 HEIm £ 1.0y nrdsipivateaddeldut i on,
20 M), and the m xture was stirred at roomtenperature for 1.5 hours.

After theosolorefidn ¥eSodhddrd 116811064 ¢ UNUL kAP UCBVIP(®SHD R ro@h aqueous
saturated sodi um bi.carbonate sol uti on was added, and the m xture was .

stirred Flond RPALE RR RE %iﬁtxfx%_rwé]s- RirROUEBthe KA ﬁé@fﬁ)e?é‘ﬁu&@?&r% ﬁ’ifirﬁﬁes_. ]
chloroform and dried wth sodiumsulfate. After the solvent was cliltilled

of f underT}qegg#gggln Bﬂﬁﬁ%x‘ﬂ s cBélﬁgl/ ';c(? gﬁ#,t&d&ga Shtds, Ef 8 %o%oﬁgl}aq{éjﬁi% ed by

silica ge mm chr omat ograp or of or m net hanol , 9 v) to obtain

1.01 g of : i.d. : ; 40 (11-1,
dd, J = 1%5@-@2?”2%?{?‘“%f%%@ff‘E‘?f‘%ﬁ?@%@‘@ﬂﬁ%{y%&ﬁ9"?’%?{{6%,f’H? = 11.6
Hz), 4.59 (1H d = 11. ) .43 H d,.J =10.2 Hz 5.93 (1H, d, J =
5.8 Hz), * .(‘36%‘?“7.3“2&91?%&{,33 ﬁf i 4R éﬂ?gﬁ?‘?‘p?aégre(fﬁﬁ? By %‘.dg%%ﬁ%rgvﬁasp
Compound 12H ( 0.10 mol ) . i ssol ved in. DVF i nd cesium
car bonat ea%JEgSg’ﬁﬁ{‘r’g% bE 6XHapT9n @i\{aeihg]e?f? 9%? ?g’reegﬂl?ﬁ’ i ﬁ[]ghea‘a‘tx)dra(‘}gﬁ]af enper at ur e
for 30 m nutes, iodonethane (0.032 m_,  0.50 | ) s agded,. and the

mi xt ure wiashed withgater %%ﬁl@@%@%ﬂi?%ﬂ%ﬁ% suline: ﬁ\s SPYERE V8%
solution was_poured into water, and_ this was extracted with ethyl acetate,
and dri eadiffitled ebcanhiheursultiag oprmradugtitassuibirstd tResdlicfi&dli | | ed of f under
reduced pressure, the resulting crude product was purified by silica gel

col um chehormasegrapiy to RHifgtbe o mredudianbhe cdsmn wasgluted ighiallnwidh ng of
Conmpound 121 as a colorless solid. Ninth step Compound 121 (49 ny,
0. 096 mmohhewane-ethybadesatd (1'4, TMFatd tBemi ) hexpherashivcarvetate 01:8, i) | Véhea
aqueous sodi um hydroxi de solution (0.24 m, 0.48 nmmol) was added at room
t enper at uthe, objeethve fitagtinm s Shicenteateds928.5 was(yiadd 79%5 ohGompoudNL Hydmschl ori ¢
acid was added, and this was extracted with ethyl acetate, and dried with

sodi um sudbtaired aAfanaril prledustol vent was distilled off under reduced pressure,
54 ng of Conpound 12J was obtained as a colorless solid. Ms: mz = 481

[ M 1-1- 115 :NVM@RWADEH B 1.39 (8H, t, J = 7.2 Ha2), 3.29 (8H, s), 3.41 (2H, t, J = 5.4 Ha),
3.47-3.53 (2H, m), 4.39 (2H, q, J = 7.2 H2), 5.44 (2H, s), 7.36 (3H, m), 7.44-7.47 (2H,
m), 8.07 (1H, br s), 8.54 (1H, s).
Sixth step

A solution of Compound 11F (500 mg, 1.33 mmol) and

(S)'2-amino-3-pheny1propan-1-01 (604.2 mg, 4.0 mmol) in xylene (2 ml) was heated
to 120°C, and the solution was stirred for 30 minutes. The reaction solution was
cooled to room temperature, the solvent was distilled off, and the resulting oil
product was subjected to silica gel chromatography to purify the oil product. The
column was eluted initially with chlroform and, then, chloroform-MeOH (9:1, v/v).

When the objective fraction was concentrated, 487 mg (yeild 72%) of Compound 11G
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Trifluoroacetic acid (1 m) was added to Conpound 12J obtained in N nth
step, and m xture was stirred at roomtenperature for 1 hour. After
concentration under reduced pressure, an aqueous sodium bi carbonate
solution and 2N hydrochloric acid were used to adjust a pHto 3, and this
was extracted with chloroform and dried with sodiumsulfate. After the
sol vent was distilled off under reduced pressure, chl oroform nethanol -ethyl
et her were added, and the precipitated solid was filtered off to obtain 26
mg of Conpaydidaihddas aa clopredhess solid. 1H NVR (DVBO-d6) 5: 3.01 (3H, s),
3.26 (1H, t, J = 14.4 Hz), 4.23 (1H, dd, J = 13.5, 3.8 Hz), 4.57 (1H, d, J
= 11. 6 Hz)H-NMERCOUS) #.1.41 BHL1, B=162) Hz) 216+ 2. 34Q1 K 10}, 2.29-3.08.(0H, fu}H, s),

13.00 (1H, s), 15.10 (1H, s). Ms: mz = 405 [ M+1l-1] . Exanple 13 [0105]
[ Chen calg §pMel@H7RY, 3.65 (3H, & P56 82NaHS P4, 93-N. 1D RHD nbNe1BaAC30 (1H,

m), 4.36-4.47 (1H, m), 4.51-4.54 (1H, m), 4.55 (1H, d, J = 10.5 Hz), 5.78 (1H, t, J =
6.9 Hz), 7.17-7.26 (4H, m), 7.28-7.35 (5H, m), 7.49 (1H, t, = 5.4 Hz), 6.32 (1H, s).
Seventh step

A DEAD 40 wt% toluene solution (3.68 g, 8.45 mmol) was added dropwise

to a‘solution of Compond 11G (2.86 g, 5.63 mmol) and triphenylphosphine (2.2.1 g,
8.45 mmol) in THF (6ml) at room temperature over 3 minutes. The reaction
solution was stirred at the same tempearture for 30 minutes, the solvent was
distilled off, and the resulting oil product was subjected to silica gél
chromatography to purify the oil product. From a fraction eluting with ethyl
acetate-MeOH (9:1, v/v), 1.37 g (yiled 50%) of Compound 11H was obtained as an oii
product.

.1H-NMR (CDCl3) 8: 1.31 (8H, t, J = 7.2 Hz), 3.07 (2H, d, J = 6.9 Hz), 3.33 (3H, s),
3.57-3.80 (4H, m), 3.95 (1H, dd, J = 3.0 Hz, 6.6 Hz), 4.01-4.14 (1H, m), 4.16-4.34 (2H,
m), 5.24 (1H, d, J = 9.9 Hz), 5.51 (1H, d, J = 9.9 Hz), 7.01-7.03 (2H, m), 7.21-7.37
(5H, m), 7.41-7.58 (1H, m), 7.64-7.69 (2H, m).

Eighth step

A 2N aqueous sodium hydroxide solution (6 ml) was added to a solution of
Compound 11H (1.0 g, 2.04 mmol) in EtOH (6 ml), and the mixture was stirred at
room temperature for 30 minutes. The reaction solution was neutralized with 2N

hydrochloric acid, and the precipitated solid was filtered off, and dried to obtain 754
mg (yield 80%) of Compound 111.

1H-NMR (CDCls) &: 3.10 (2H, d, J = 7.8 Hz), 3.33 (3H, s), 3.57-3.69 (4H, m),
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28BHN Bac 28C Fourth step 0 O It-OBn M 150 P hO Iyl e 28E HNI "Boo Cl Cl 00
Fifth step)-.. _AOBn Sixth step)1l..,. |I. OBn tyleO--r--- .--Y-- MeO -f
-1--- 11Ji0 ---N .-l---"211 ------ e) PhNHPh-i N, -- 28F28G

3.82-3.90 (1H, m), 3.95 (1H, dd, J = 3.3 Hz, 13.8 Hz), 4.36 (1H, dd, J = 6.3 Hz, 7.5
Hz), 5.36 (1H, d, J = 10.2 Hz), 5.45 (1H, d, J = 10.2 Hz), 6.98-7.01 (2H, m), 7.28-7.39
(6H, m), 7.59 (2H, dd, J = 1.8 Hz, 8.1 Ho), 7.87 (1H, 9).
Ninth step

Compound 111 (1.0 g, 2.16 mmol) was dissolved in THF (10 ml), 10% Pd-C
(200 mg) was added, and the mixture was subjected to a catalytic reduction reaction
under a hydrogen stream. The catalyst was removed by filtration, and the filtrate
was concentrated. The resulting residue w;as washed with ether to obtain 512 mg
(yield 64%) of Compound 11.
1H-NMR (CDCls) 8: 6.24 (2H, d, J = 6.3 Hz), 3.36 (3H, s), 3.60-3.86 (5H, m), 4.14
(1H, d, J = 12.9 Hz), 4.47 (1H, s), 7.03-7.05 (2H, m), 7.30-7.35 (3H, m), 7.88 (1H, s),
12.68 (1H, s), 14.83 (1H, s).
Example 12
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Seventh step 00 ,OBn ' if0O 11y Ph .NO O Eighth stepA A. 1-1H HO n,

[Chemical formula 75]

Chz Y] ol
HH, “NH } «\ \)
Ph. ,A\_{_,OH First step  Ph \‘[";\""fOH Second step  pp T/\‘ ,1 Third step
Ph  HCI Fh Ph b
12 128 . 12C
Chz Chz
- HH M
hH Fourth step H Fifth step  pp, '-'Hz H Sixth step
F'hy \.T.-“A\.L_/NHE R, FPh . 1/. e “Boc —_—— E__,—aﬁ\.\__.,. " “Boe —_— -
Ph Ph ' h
140 126 12F
EL 0 o
o e OBN lL ﬂ _0Obn
MeO: \[ ““ " Seventh sep M20” <O Bighth step  Me0 “j\u“
Nr ‘\I' . ~. N/ I/_C
Ph. «.--'Lm Ohde prhwl_L#_rqH ~.\, ‘M
Ph HI‘\IJ ' ) - °
“Boc Ph Pt
12G 12H 121
G 0 0 0
.OBn
. HiZ ! H O.Jl ,J'L CH
Ninth step [ _ Tenth step . | I
— e ! L0
T Y
Pho_ b N Ph N
' b We N T
Fh Ph
12J 12
First step

Compound 12A (1.53 g, 5.80 mmol) was dissolved in THF (6 ml) and water
(6 m)), potassium carbonate (2.41 g, 17.4 mmol) was added, the mixture was stirred,
and benzyl chloroformate (1.09 g, 6.38 mmol) was added dropwise at 0°C. After
stirring at 0°C for 10 minutes, the mixtrure was stirred at room temperature for 2
hours. The reaction solution was poured into an aqueous sodium bicarbonate
solution, followed by extraction with ethyl acetate. The extract was washed with
IN hydrochloric acid and saturated sodium chloride water, and dried with sodium
sulfate. The solvent was distilled off to obtain 2.32 g of Compound 12B as a
colorless gummy substance.

1H-NMR (CDCls) &: 1.98 (1H, brs), 3.55 (1H, m), 3.75 (1H, m), 4.20 (1H, d, J = 10.5
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Ph 28H28 First step Conmpound 28A (3.20 g, 17.1 mmol) was added to THF
(20 M), triethylamne (2.60 m, 18.8 mmol) was added, and the m xture was
stirred at roomtenperature for 10 m nutes. Boc20 (4.09 g, 18.8 mmol) was
added at roomtenperature, and the m xture was stirred as it was for 2
hours. The solvent was distilled off under reduced pressure, and water was
added, followed by extraction with ethyl acetate. The organic |ayer was
washed with saturated sodiumchloride water, and dried with sodium sul fate.
The sol vent), wss (dHsn)| 4.8 (101 fbrander7 &L wk §d16pT.88 $1418 mb obtain 5.17 g of
Conpound 28b as a colorless solid. 1H NWVR (CDC13) 6:1.52 (9H, s), 2.77 (2H,
m, 3.03-Secdbadeteld, m, 3.38 (1H, m, 3.90-3.98 (1H, m, 4.93 (1H brs),
7.20-7.35 (5H, m. Second step Conpound 28B (4.29 g, 17.1 mmol),

tri phenyl phosphiaigpdind3iRR1.90g 5. 8TRInkol), aRghphy Pabdphikte (221176 805 18. 8 rimon
were added to THF (60 m),, and diethyl azodi carboxylate (2.2Min tol uene,

11.6 M, 2D MAPpHthuBHiRIDE sl G Seh A wERBALE TP TEt Woan]) Alder stirring
at roomtenperature for 1 hour, the solvent was distilled off under reduced

pressure. diﬂggﬁrcrp $UbJdi P Sy HAE (RRRAHCHINAS, PUB ]Il 8DsY¥md]) W £adaell col um
chr omat ogr aphy (n- hexane-éthyl acetate, 2:1, v/v) to obtain 6.13 g of

Conpound &%Sw?s% & rS%Qéllflﬁéxsatﬁl%l | Qifter stirring at room temperature for 4 hours, the

solvent was distilled off under reduced pressure. The resulting crude product was
purified by silica gel column chromatography (n-hexane-ethyl a;:etate, 1:1, v/v) to
obtain 2.39¢g of Compound 12C as a colorless solid.
1H-NMR (CDCl;) 6: 3.73 (2H, m), 4.05 (1H, d, J = 10.1Hz), 4.70 (1H, d, J = 9.6Hz),
4.77 (2H, d, J = 7.2 Hz) 5.02 (1H, m), 7.03-7.42 (15H, m), 7.68 (2H, dd, J = 5.7, 2.1
Hz), 7.78 (2H, dd, J = 5.7, 2.1Hz).
Third step

Compound 12C (2.39 g, 4.87 mmol) was added to THF (20 ml) and methanol
(20 mD), hydrazine hydrate (4.88 g, 97.4 mmol) was added, and the mixture was
stirred at 50°C for 4 hours. The white precipitate was removed by filtration,
followed by washing with methanol. The filtrate was distilled off under reduced
pressure, and the resulting crude product was purified by amino column
chromatography (chloroform-rﬁethanol, 99:1, v/v) to obtain 1.41 g of Compound 12D
as a colorless solid.
1H-NMR (CDCls) &: 2.63 (1H, dd, J = 13.2, 5.8 Hz), 2.86 (1H, d, J = 9.9 Hz), 4.07
(1H, d, J = 10.4 Hz), 4.53 (1H, m), 4.81 (1H, m), 5.00 (2H, d, 8.4H2), 7.20-7.36 (10H,
m).
Fourth step

Compound 12D (1.41 g, 3.91 mmol) was dissovlid in THF (15 ml), and Boc=0
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1H NWR (CDC13) 8: 1.30 (911, s), 3.14 (1H, dd, J = 13.8, 6.2 Hz), 3.39 (2H,
m, 3.87 (1H, m, 4.67 (1H, m, 4.81 (1H  brs), 7.16-7.19 (511, m, 7.66
(2H, dd, J =5.3, 3.1 Hz), 7.75 (2H, dd, J = 5.7, 3.0 Hz). Third step
Compound 28C (1.00 g, 2.63 nmol) was added to THF (7 m) and nethanol (7

m ), hydrazine hydrate (2.63 g, 52.6 mml) was added, and the m xture was
stirred at 50C for 2 hours: The white precipitate was renoved by
filtration, followed by washing with nethanol. After the filtrate was

di stil | ed89s meusdémmeb weschdded st cen terhpenabangl t Migr evivres for defubeurias
purified by am no col um chromat ography (chl orof orm nethanol, 99:1, v/v) to
obt ai n 248e¢ nyjveit Conpouadr2@D wslearaiviced pessusol The r&&&lﬁh@cx(lﬂ@@raducﬁ: 1.44
(911, s), 1.95 (2H, brs), 2.55-3.31 (5H, m, 5.06 (1H, brs), 7.18-7.33 (5H,
m . Four tWwassiajfied by silica £élreeluiyh chromatography (n-hexane-ethyl acetate, 1.1, v/v)

3- (benzyl oxy) - 4- oxo- 4H pyr an- 2, 5-di car boxyl ate (313 ng, 0.983 nmol) and 28D
(246 ny, t0.0883n M7l g ofvEsep AMEETLR & 4 6blugBss odidm ), and the mixture was-
stirred at 100C for 2.5 hours. After the solvent was distilled off under

reduced prresWRECDONS & esl BHNG), erasderpbadyciomast, RUDi=f 9 8 dHAys 58-Liswa gel
col um chr omat ogr aphy (chl or of orm net hanol, 98.2, v/v) to obtain 320 ng of

Conmpound (3ﬁ8§1)a§0@(m|&JY£b|8%t&)QWIW sybetange. H NVR (CDC13) 5: 1.42 (9H
s), 3.07 (2H 6 (2H m, 3.68 (3H ), 3.95 (3H, s), 4.26 (1H, s),
4.86 (1H, ﬁ)z\,st%)lB (1H d J =10.8 Hz), 5.22 (1H d, J = 10.8 Hz), 7.01
(2H, ), PBEP 35 (8H ), 8.22 (1H, s). Ms mz = 551 [M1-1]+ . Fifth

step SR ﬁ@ﬁ%ﬁfg%é%@é&%& ?Jdﬁ)é‘ii‘é‘?il&m"@c&vé‘%%gnt(?o%’\lvwl

(et hyl acetate Solut i o € mxture was stirre room

t enper at r 30 The s distilled off.under reduced
pressur eLgog)rtn ques uagjdsat%tnaett}ea Olgégjlnﬁl nld\(l:\@lreb%lr}fa '€ %50 Stfrf%dngwca%g "added, and
this was extracted vmth chl gr of and dri i um sul f After
the sol veRMPRELUE ©Ofit I}}Oéla%‘%te aﬁlag%ogpgagggﬁp f%ss‘{;ﬁt Oflev%lttﬁ it cr ude
pr oduct purified by sili ca | u chr omat rap

(chl or of i AN corgatrated ydtes gt Rrespytatp 1 aeoln%baﬁaa%‘ﬁﬂﬁﬁs a
colorless solid. 1HNWR (CDC13) 5: 3.07-3.15 (2H, m, 3.34 (1H, dd, J =
13.2, 6. cpltélz%ubst@n?ﬂl%% M, 3. 86 (3H s) 4. 12 (1H n) 5 27 (1H, d, J =

10. 1 Hz), 47 (1H, J =10.1 Hz 6 (1 7.04 (2H
m, 7.32 1(I$1NMR)(CD181@25 (124111(9Hda> 2 241171, m> 51311(Hi)m>73 1730<2H1|d|, 569K mz =
419 [M41]+ . Sixth step Compound 28F (50 ng, 0.12 mmol) was

di ssol vedt 9&(1DM3‘»)(&1$717)39 (@PH, msi um car bonat e (195 ng, 0.597 mml) was
added After stirring at roomtenperature for 30 m nutes, iodoethane (0.048
m, 0.60 $mid jytepas added, and the mixture was stirred at roomtenperature
for 3.5 hours. The reaction solution was poured into water, and this was
extracted wi t h Rinsthylat eatgloxpntoxtr il cbyniit 12, 55 didathoxylate (974 mg, 3.06

mmol) and 12F (999 mg, 3.06 mmel) were added to toluene (10 ml), and the mixture

was stirred at 110°C for 5 hours. After the solvent was distilled off under reduced

pressure, the resulting crude product was purified by silica gel column

chromatography (chloroforim-methanol, 98:2, v/v) to obtain 1.51 g of Compound 12G

as a pale yellow solid.

'H-NMR (CDCls ) 8: 1.36 (9H, s), 3.40 (1H, m), 3.53 (1H, m), 3.82 (3H, s), 3.91 (3H,

s), 4.29 (1H, d, J = 11.3 Hz), 4.78 (1H, m), 4.82 (1H, m), 5.11 (1.9H, d, J = 7.5 Hz),

7.10-7.38 (10H, m), 8.27 (1H, s).

Seventh step
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sulfate. After the solvent was distilled off -under reduced perssure, the
resulting crude product was purified by silica gel colum chromatography
(chl or of or m net hanol, 955, v/v) to obtain 47 ng of Conpound 28G as a
colorless solid. 1HNWR (CDC13) 8: 1.22 (311, t, J = 7.2 Hz), 3.00-3.15
(2H, m, 3.28 (1H, dd, J = 13.6, 1.6 Hz), 3.48 (1H m, 3.75 (111, m, 3.85
(3H, s), 3.88 (1H, dd, J = 13.3, 3.2 Hz), 4.15 (1H m, 5.25 (1H d, J =
9.9 Hz), 5.50 (1H, d, J = 9.9 Hz), 7.04 (2H, m, 7.29-7.38 (6H m, 7.60
(1H, s), 7.68 (BH ompouB12G k45 gA231 [nhhbl) was a8dvdANNHEL Gphy! acetate
Compound 28G (47 ng, 0.11 mmol) was dissolved in THF (0.5 m) and net hanol
(0.5 M) ,sobutN, 2Queld U dsthd inbliset ke ¥ xdttieed at ronDten{fer2uraifor 05 hdursrol ) was
added at roomtenperature, and the m xture was stirred as it was for 1

hour. 1IN Awelh @eRbRiehe wasiddtines ofdeadr ralided BrsssuRs af alghasisamtidated et hyl
acetate, and dried with sodium sulfate. The solvent was distilled off under

reduced PLARRHDbRakEoRMRE 810tiHH Wil aBfie CUHAAKE GniBirdt S Riree A tRES sol i d. Ms:

mz = 433 [MH -1]- Eighth step Trifluoroacetic acid (1 m) was
added to Qﬂipapéme £ 415 AHLA] n@ﬁls'voas%ae%@a SHBRN1 AR N EndaxlHRE S
stirred at roomtenperature for hour. After concentration under reduced

pressure, adj v ROME at
sol ution éﬁdﬂgkﬁﬁgﬁroéﬁ%%?ﬁ%&gdﬁgwé ngﬂﬁhls mg§§g§?§3%¥g§% Eq@hlgroform

and drled sod um sul f ate. t e so en d of f under
reduced preé ‘él'tstlﬁl Crlmk‘)hf’orsdcl)1 ot Pre’flﬁ?’iﬁé ¥ cﬁfle Ot %P%?’gaa and t he

t f d ff. .t d 28
A O 0 B BP0
n), 3.51-3,83 (3H m, 4.08 (1H dd, J = 13.6, 3.9 Hr), 503(1H brs)

7.21 (5H,5 ; 8.07 (1H, s), 12.98 (lH s), 15.07 (111, brs). M5B mz 343
[ MF11] + - n%!e 14 ;01061 Chenlcal fornul§ é
HNM (CDCls ) 6:3.40 (1 d, J =13.6, 6.6 Hz), 3.7 (3H, s), 3.80 (1H, m), 4.37

(1H,d, J=11.6 Hz), 459 (1H, d, J = 11.0 H2), 5.43 (2H, d, = 10.2 Hz), 5.93 (1H, 4, J
= 5.8 Hz), 7.03-7.21 (5H, m), 7.37 (9H, m), 7.63 (2H, m).
Eighth step

Compound 12H (50 mg, 0.10 mmol) was dissolved in DMF (1 ml), and
cesium carbonate (165 mg, 0.50 mmol) was added. After stirring at room
temperature for 30 mindtes, iodomethane (0.032 ml, 0.50 mmol) was added, and the
mixture was stirred at room temperature for 3.5 hours. The reaction solution was
poured into water, and this was extracted with ethyl acetate, and dried with sodium
sulfate. After the solvent was distilled off under reduced pressure, the resulting
cru_de product was purified by silica gel column chromatography
(chloroform;methanol, 95:5, v/v) to obtain 49 mg of Compound 12I as a colorless

~solid.

Ninth step

Compound 121 (49 mg, 0.096 mmol) was dissolved in THF (0.5 ml) and

methanol (0.5 ml), a 2N aqueous sodium hydroxide solution (0.24 ml, 0.48 mmol)
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BocNHBoc, NH First step PhOHPh Ph 43A 00 HOHO OH | | Seventh stepl HQO( OH
N. Nr(31 Me. M -

was added at room temperature, and this was stirred as it was for 1.5 hours. 1N
hydrochloric acid was added, and this was extracted with ethyl acetate, and dried
with sodium .sulfate. After the solvent was distilled off under reduced pressure, 54
mg of Compound 12J was obtained as a colorless solid.
MS: m/z = 481 [M+H]*. |
Tenth Step

,.Triﬂuoroacetic acid (1 ml) was added to-Compound 12J obtained in Ninth
step, and mixture was stirred at room temperature for 1 hour. After concentration
under reduced pressure, an aqueous sodium bicarbonate solution and 2N
hydrochléric acid were used to adjust a pH to 3, and this was extracted with
chloroform, and dried with sodium sulfate. After the solvent was distilled off
under reduced pressure, chloerorm-methanol'ethyl ether were added, and the
precipitafed solid was filtered off to obtain 26 mg of Compound 12 as a colorless
solid.
IH-NMR (DMSO0-d6é) &: 3.01 (3H, s), 3.26 (1H, t, J = 14.4 Hz), 4.23 (1H, dd, J = 13.5,
3.8 Hz), 4.57 (1H,d, J=11.6 Hz), 5.78 (1H, d, J = 11.3 Hz), 7.16-7.70 (10H, m), 8.00
(1H, s), 13.00 (1H, s), 15.10 (1H, s).
MS: m/z = 405 [M+H]+.
Example 13

[0105]
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Ph' Ph43G First step Compound 43A (2.00 g, 6.11 nmol),

tri phenyl phosphine (2.40 g, 9.16 mmol) and phthalimde (1.08 g, 7.33 mmol)
-were added to THF (20 nml), diethyl azodicarboxylate (2.2Min toluene, 4.16
m, 9.16 mmol ) was added dropwi se at roomtenperture. After stirring at
roomtenperature for 3 hours, the solvent was distilled off under reduced
pressure. The resulting crude product was purified by silica gel colum
chromat ogr aphy (n-hexane-ethyl acetate, 1:1, v/v) to obtain 2.39 g of
Conpound [¢BBmial &ranllerrbess solid. 11-1-NVR (DVMSO-d6) 6: 1.00 (9H, s), 3.30
(1H, m, 3.61 (1H, dd, J = 13.4, 10.2 Hz), 4. 15,_@1H d, J =12.2 Hz), 4.75
(1H, m, 6.79 (1H, d, J = 9.5 Hz), 7.25 (15H, nﬁ 7 76-7.89 (4H, rr) Second

step O8onpound 43B (2. 06°hy, 51 rrm)l) add o THF (20" ) and
met hanol A20- ) j-hydFAsFherhyd é_ic_ﬁﬂiipg fird, e aade ~and the

m xture was stygred at 60C for 5|Nhours The |tJe pr eC| pitate was Hmermved
by filtration, followed by washi ngf%ith methan\tjf “|After the filtrate™Ras
distilled off 28Ader reduced pre28Bire, the resul t fgyerddfe product 28Rs
purified by am no Colunmg chronatography (chloroform nethanol, 991, v/v),
n- hexane was added, and|t hg precipitat ed S?ol |Ld was f| I tered of@ t® obtain

1.25 g ofF@Uhp@mnHF‘QBcgaq]ga colFott etss SeoeR3),, 6182 - QEH,
s), 2.55 (IH dd, J = 13 0Hz)280 Hddo J = 13.3, 3.4 ,U399
(1H, d, J = 10.1 Hz)pn 4;\370@3H m, 7.13-7.337 m. Third st

Di met hyl 3- (benzyl oxy)~4-bxo- 4H pyr an- 2, 5P'szJaLB‘6kyl ate (488 Fr@k,,é}ij&mml)
and 43C (500 ng, 1. SZ’SHmW JBodrer e added to tologgme (8 m ), and the2g@xture
was stirred at 110C for 1 hour. After the solvent was distilled off, the
resulting crude product was purified by sildca gel colum chronat ography
(chl or of orsavemat hanol 73\ >964- D6y swepv), th_ Hh 667 nmg of Conpound 43D
asapaleyllowgum"ry %Iubgta ce. 1H-NI\/R( 3) o 6 1.28 (9H, s), 3.63
(3H, s), 3.80 (1H, m, 3IMB7F3H s), 4.02 (1HNda&F J = 14.5, 10.1 Hz), 4.21
(1H d, J = 10.4 Hz),PHM_4%7_(PH- n), 5.20 ('?LH—L,)GIVNJ\,Z 10.8 Hz), 5.26 (1H d,
J = 10.7 Hz), 7.30 (15H, 8.05 (1H, s). M, ,mMz = 627 [ M+1-11+ . Fourth
step To Conpound (664 ng, 1.06 mm?? was added AN HC1 (et hyl
acet ate sgl ut i tg}g 10 M), and the m xture was stirred at roomtenperature
for 1 hour. r the solvent was distilled off under reduced pressure, THF

and an aqueous ‘Compound 28A (3.20 g, 17.1 mmol) was added to THF (20 m)),
triethylamine (2.60 ml, 18.8 mmol) was added, and the mixture was stirred at room
temperature for 10 minutes. Bocz0 (4.09 g, 18.8 mmol) was added at room
temperature, and the mixture was stirred as it was for 2 hours. The solvent was
distilled off under reduced pressure, and water was added, followed by extraction
with ethyl acetate. The organic layer was washed with saturated sodium chloride
water, and dried with sodium sulfate. The solvent was distilled off under reduced
pressure to obtain 5.17 g of Compound 28b as a dolorless solid.
1H-NMR (CDCls) 8: 1.52 (9H, s), 0.7 (2H, m), 3.03-3:12 (1H, m), 3.38 (1H, m),
3.90-3.98 (1H, m), 4.93 (1H, brs), 7.20-7.35 (5H, m).

Second step

Compound 28B (4.29 g, 17.1 mmol), triphenylphosphine (5.37 g, 20.5 mmol)
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sat urat ed sodi um bi carbonate sol ution were added, and the m xture was
stirred for 2.5 hours. This was extracted with chloroform "and dried with
sodium sul fate. After the solvent was distilled off under reduced pressure,
met hyl ene chl ori de-ethyl ether were added, and the precipitated solid was
filtered off to obtain 458 ng of Conpound 43E as a colorless solid. I H NW
(CDC13) 8: 3.86 (3H, m, 3.92 (3H, s), 4.41-4.48 (1H, m, 5.32 (1H, d, J =
10.8 Hz), 5.42 (1H, d, J = 10.1 Hz), 5.92 (1H, s), 7.21-7.39 (13H m, 7.59
(2H, n), ahd8ththikinid) (2. M, 18 FmmdDGefe\dded]to THF (49 mbemnd diethyl Conpound
43E (50 ng, 0.10 nmml) was dissolved in DM (1 m), and cesium carbonate
(165 ng, do8itarboallatevs2Mddeciuedd, t1are sl 25.6 Agnel) wasadidéddpemataatarobmr 30

m nut es, iodonethane (0.025 m, 0.40 nmol) was added, and the m xture was
stirred abmpefifult® MetatdilreinkQit rdoh @thperHiGrd £aQtHAR, thelstlveANwras pour ed
into water, and this was extracted with ethyl acetate, and dried with

sodi um su;f & offlih8Er fRBCcSD) N8R Ire WarPhEl ksulllih @ Ak fp rid\ e kv 2 @FRd LT essur e,

the resulting crude product was purified by silica gel colum

chromat o ﬂgg}hé/ Thebhedsthi ' Lh alg mg of
Corrpoundg{l F ;%leﬁl%gf %ﬁ@g{%&% ?}SQ{ }iﬁgaﬁﬁ%t?g%%%.e’82:/4’2‘?/%);&(0%3%1{;}56?1, g 75

0 0 ), Lo 4 Sy Phat S0t 0 SR ) 2 ea (1H ),
s i sl CRGE (650 B ) 3 e RE I T (O s P AP b B
the m xt aE atls 187 (1R800 (s Brer ST SR R R E ST s ™
e Nl S SR T o
Compound 43G was obtained as a col orl ess gunmy substance. Seventh step

Trifluor o8 ptePacid (2 m) was added to Conpound 43G obtained in Sixth
step, ‘and the m xture was gltirred at roomtenperature for 1 hour, After

concentration UpRBPOYEHRRGHL-OF 8s%6% mmel) mas pddedit) THE'LE ml)and meathang)

aqueous sodi um bi carbonate sol ution and 2N hydrochloric acid, and this was
ext r act ed(TwhDhhxsdrhoinefhodrate 4263 gr 26 nuinph wasdiddatlsand theanixpnesyas he sol vent
was distilled off under reduced pressure, chloroformethyl ether were
added, anstinrékapb@@€l for Ratomds.s Gltiedv hids pfdcipitate ¢ asfremovedby &ltnatdm, gy of
Compound 43 as a colorless solid. 1HNWR (DVSO-d6) 8: 2.53 (3H, s), 4.26
(1H, d, JfoHoded By Mzshing. wih (nddthachl. JAfted Bhe3filtlzdte whshist{lidd, offlandey = 13. 8,
3.5 Hz), 5.06 (1H, d, J =10.9 Hz), 7.36 (10H m, 8.36 (1H, s), 12.58 (1H,
S), 15. 62redlitkd sressivl; the resatd@eriddiirblivct wix papfied bpamino column

chromatography (chloroform-methanol, 99:1, v/v) to obtain 249 mg of Compound

28D as a colorless solid.

'H-NMR (CDCls) &: 1.44 (9H, s), 1.95 (2H, brs), 2.55-3.31 (5H, m), 5.06 (1H, brs),

7.18-7.33 (5H, m).

Fourth step

Dimethyl 3-(benzyloxy)-4-oxo-4H-pyran-2,5-dicarboxylate (313 mg, 0.983
mmol) and 28D (246 mg, 0.983 mmol) were added to toluene (3 mD), and the mixture
was stirred at 100°C for 2.5 hours. After the solvent was distilled off under

" reduced pressure, the resulting crude product was purified by silica gel column

chromatography (chloroform-methanol, 98.2, v/v) to obtain 320 mg of Compound

104



01071 [Chemical fornmula 781 Cbz, NHFi rst step Cbz, NH Second step Cbz ,

NHThi rd st epNH2 PhPh Ph PhO 49B 0 49ABoc' 49CBac/49D 0 0 O MeOBn 110
PhOVe 0 Boc- NJx_ 49E '

28E as a pale yellow gummy substance.

IH-NMR (CDCls) &: 1.42 (9H, s), 3.07 (2H, m), 3.56 (2H, m), 3.68 (3H, s), 3.95 (3H,
s), 4.26 (1H, s), 4.86 (1H, s), 5.18 (1H, d, J = 10.8 Hz), 5.22 (1H, d, J = 10.8 Hz), 7.01
(2H, m), 7.24-7.38 (8H, m), 8.22 (1H, s).

MS: m/z = 551 [M+H]*. |

Fifth step .

To Compound 28E (315 mg, 0.57é mmol) was added to 4N HCI (ethyl

acetate solution, 5 ml), and the mixture was stirred at room temperature for 30
fninutes. The solvent was distilled off under reduced pressure, an aqueous
saturated sodium _bicarbonate solution was added, and this was éxtracted with
chloroform, and dried with sodium sulfate. After the solvent was distiiled off
under reduced pressure, the resulting crude product was purified by silica gel
column chromatography (chloroform-methanol, 95:5, v/v) to obtain 210 mg of
Compound 28F as a colorless solid.
1H-NMR (CDCl;) &: 3.07-3.15 (2H, m), 3.34 (1H, dd, J = 13.2, 6.0 H2), 3.74 (2H, m),
3.86 (3H, s), 4.12 (1H, m), 5.27 (1H, d, J = 10.1 Hz), 5.47 (1H, d, J = 10.1 Hz), 6.76
(1H, d, J = 6.4 Hz), 7.04 (2H, m), 7.32 (6H, m), 7.62 2H, dd, J = 7.7, 1.4 Hz), 7.70
(1H, s).

MS: m/z = 419 [M+H]+.

Sixth step

Compound 28F (50 mg, 0.12 mmol) was dissblved in DMF (1 ml), and

cesium carbonate (195 mg, 0.597 mmol) was added After stirring at room
temperature for 30 minuteé, iodoethane (0.048 ml, 0.60 mmol) was added, and the
mixture was stirred at room temperature for 3.5 hours. The reaction solution was

poured into water, and this was extracted with ethyl acetate, and dried with sodium
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0000 EtOOB1EtOIOBn Il I N Ph Ph ", N 49F49G Sixth stepHO 00 GBn Il Ph 0 O

sulfate. After the solvent was distilled off under reduced perssure, the resulting
crude product was purified by silica gel colﬁmn chromatography
(chloroform-methanol, 95:5, v/v) to obtain 47 mg of Compound 28G as a colorless
solid.

1H-NMR (CDCl3) 8: 1.22 (3H, t, J = 7.2 Hz), 3.00-3.15 (2H, m), 3.28 (1H, dd, J =
13.6, 1.6 Hz), 3.48 (1H, m), 3.75 (1H, m), 3.85 (3H, s), 3.88 (1H, dd, J = 13.3, 3.2 Ha),
4.15 (1H, m), 5.25 (1H, d, J = 9.9 Hz), 5.50 (1H, d, J = 9.9 Hz), 7.04 (2H, m), |
7.29-7.38 (6H, m), 7.60 (1H, s), 7.68 (2H, m).

MS: m/z = 447 [M+H]*.

Seventh step .

Compound 28G (47 mg, 0.11 mmol) was dissolved in THF (0.5 ml) and
methanol (0.5 ml), a 2N aqueous sodium hydroxide solution (0.26 ml, 0.53 mmol)
was added at room temperature, and the mixture was stirred as it was for 1 hour.
1N hydrochloric acid was added, and this was extracted with ethyl acetate, and
dried with sodium sulfate. The solvent was distilled off under reduced pressure to
obtain 40 mg of Compound 28H as a colorless solid.

MS: m/z = 433 [M+H]-.
Eighth step

Trifluoroacetic acid (1 ml) was added to Compound 28H obtained in
Seventh step, and the mixture was stirred at room temperature for 1 hour. After
concentration under reduced pressure, a pH was adjusted to 3 with an aqueous
sodium bicarbonate solution and 2N hydrochloric acid, and this was extracted with
chioroform, and dried with sodium sulfate. After the solvent was distilled off
under reduced pressure, chloroform-methanol-ethyl ether were added, and the

precipitated solid was filtered off to obtain 17 mg of Compound 28 as a colorless
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Seventh step HOOH | .r() PhN 49HA9CH First step
A sol ution of Conpound 49A (2.97 g, 10.4 nmol) in nethylene chloride (20
m) was added dropw se to Dess-Martin Periodinane (0.3M nethylene chloride
solution, 52.0 m, 15.6 mvl) at OC. After stirring at roomtenperature for
3 hours, this was poured into a 1N aqueous sodi um hydroxi de sol uti on,

foll owed by extraction with ethyl ether. The organic |ayer was washed with
a 1N aqueous sodi um hydroxi de sol ution and saturated sodi um chl ori de water,
and dri edsolitit h magnesi um sul fate. After the solvent was distilled off under
reduced pressure, 2.08 g of Conpound 49B was obtained as a white solid.

H NVR ( COEERMB(DBISTBA6)2,1. 1, (3H, £, H=G.HAY), 34086RH hb), 3.G,1-3163~(361, n)Ha)08 5. 12
(2H, s), 5.28 (1H, brs), 7.26 (10H m, 9.64 (1H, s). Second step Conpound
49B (700 (18, dd; #Z 1978)13)9 H2), 8103NQEL banot.2f 1838, my.8.¢ (121, Bl2)98 (1H, s),

15.07 (1H, brs).

MS: m/z = 343 [M+H]".
Example 14

[0106]

[Chemical formula 77}

Boc\ Boc\ Boc\NH
W/'\/ First st.ep Ph Second step Ph NHZ Third step

Ph 43c

o O o O . 0

O
OBn - OBn OBn
MeO | o Fourth step MeO [ o Fifth step MeO I Sixth step
HoN N N
N OMe L NH .
Boc” r ; K;/N Me
Ph 43D o

Ph Ph” “Ph  43E Ph” Ph  43F
0o 0 0 O
OBn OH
HO
| Seventh step HO I
e O
N.
K/ Me N e
P pn  43G Ph” PR 43
First step

Compound 43A (2.00 g, 6.11 mmol), triphenylphosphine (2.40 g, 9.16 mmol)
and phthalimide (1.08 g, 7.33 mmol) were added to THF (20 ml), diethyl
azodicarboxylate (2.2M in toluene, 4.16 ml, 9.16 mmol) was added dropwise at room
temperture. After stirring at room temperature for 3 hours, the solvent was
distilled off under reduced pressure. The resulting crude product was purified by

silica gel column chromatography (n-hexane-ethyl acetate, 1:1, v/v) to obtain 2.39 g



and sodiumsulfate (1.76 g, 12.4 mmol) were added to toluene (20 m),

the m xture was stirred at roomtenperature for 1 hour. Boc20 (0.631 m",
2.72 mmol ) was added at roomtenperature, and the m xture was stirred as it
was for 18 hours. The reaction solution was filtered, and the filtrate was
concentrated under reduced pressure. The resulting crude product was
purified by silica gel colum chromat ography (n-hexane-ethyl acetate, 1:1,
v/v) to obtain 893 ng of 49C as a col orl ess gumy substance. Third step
Conmpound AYGn([BADIMPB &5 Heolomeds)sohdd pal | adi um acti ve carbon (10% wet, 200
ng) were addted to ethanol (20ml), and the m xture was stirred at room

t enper at WHEENMR (BMS8DHd6) §:Af (9H, is), 13r3t (16T nvi, BIS1CeH té,J +h8.45 a0 2dit), was
concentrat ed under reduced pressure to obtain 656 ng of 49D as a col orl ess
oi |y subsiamce, cILI&i\Imz(I@,GL% (81, 1m%®. TOHH ), J 29,6312, BO5 (B, m),, 3. 32 (2H,
m, 3.80 (2H, nm), 4.03-4.12 (1H, n), 4.86 (1H, brs), 7.22 (5H, nm. Fourth
step 7.76-7d9n@HENW). 3- (benzyloxy) 4- 0x0- 4H pyr an- 2, 5- di car boxyl ate (610
my, 2.09 mmol) and 49D (664 ng, 2.09 mml) were added to tol uene (6 ml),
and the ngxtuggpas stirred at 100C for 4 hours. After the solvent was
distilled off under reduced pressure, the resulting crude product was

purified by SI| r PN e ehhw 1:1,
v/iv) to obtain %wd%%o%%dﬁzgﬁéﬂgg%%&ég 1:;B/e | ow gu%dgrﬁ%gl?gﬁlce VE:

mz = 59 A5 I
wag added(zhl{fﬂi!é?] d( %%lﬁethy%%aé?g% §’o? |on01%gg%ﬁ?gd ﬁltﬁetglgs ggfier%a at mn?
t t f l.ve t d d d
emoer st g oy AR %hoameﬁ% At L oo

|1 dd th ti t 80 3 t Af t
T o e BN B OB b SeBt ALt R0l T, o o
pr oduct mas purified bé§§I|lca gel coI m chromaj o

(chl or of ofekHAt PEgARire. Ui resulgimpe srudepprpguct s PR I‘Efg{’%?ﬁmi%efﬂﬁﬁmof Conpound
49F as a colorless gu substance and 217 of Conpound 49G yel | ow
sol i d. 49@1‘%&%%@9@01’6@@ ‘megthanp), 984, V,ﬁ% “hoxage wap addagy ancgs}?z (1H, dd,
J =14.1, 3.3 Hz), 3.69 (1H m, 3.77 (3H, s), 3.83-3.95 (1H, n), 4.08 (1H,
n, 4.29 prpmpm@red spligw gsifiltenejl offgo Dhtaip i, 25§ of Gompoynd#3Qyas 3 celonlgss) Hz) |
6.86 (2H m, 7.20-7.39 (7H, m, 7.64 (2H m 49G 11-1-NWR (DVBO d6) 6:
3.70 (2Hs¢miJ = b. 3 Hz), 3.73 (3H, s), 3.86 (2H, t, J =5.3 Hz), 4.14 (2H
s), 4.98 (1H, t, J 5.0 Hz), - 5.06 (2H, s), 6.98 (1H, s) 7.35 (8H m,
7.62 (2H, 1H; NNIR;(CDGla)-B)], 33(9}21, s],2:H5 6LH, Hd-J6: B, 8.0 ) 4. 80 StFepld, J =
Compound 49G (214 ny, 0.465 mol) was dissolved in THF (4 m), ethanol (2
m ) and me3.Bys.enk) chbolilal, 02 nd. ) HA, 247 &ZH,emMS?.BDmBBmmﬁm&xxi de sol ution
(1.16 M, 2.32 mol) was added at roomtenperature, and the m xture was
stirred aghirl stps for 2.5 hours. 1N hydrochloric acid was added, and this
was extracted with chloroform and dried with sodium sul fate. The sol vent

was distilled Obfmb'u’h?FB (FEOYTRH)- PORSTHI Sy rhf- znbaﬁ:bﬂ)ok@&t@mssfmgomgund 49H
as a yellom/solld 1- NWR ( O-d6) 6: 3.70 (211, q, J = 5.2 Hz), 3.89

(2H t, Jpy I-? §nr$"iéc ($o0%4 (?gh rr§r)101) alegga&&]ehlbo thluede 8 §11)6 ahl khe Rridtdré 2H S),
7.23-7.41 f@ 5 s). Seventh step

12 D) werdr 5&%?’!%89‘#?9%‘? E%#ﬁ‘r““?-‘i %}f‘ d@&?%q'“%rﬁf“?“ﬂeanf HhRITE e s
crude product was purified by silica gel column chromatography
(chloroform-methanol, 97:3—596:4—594:6, v/v) to obtain 667 mg of Compound 43D as
a pale yellow gummy substance.
1H-NMR (CDCls) &: 1.28 (9H, s), 3.63 (3H, s), 3.80 (1H, m), 3.87 (3H, s), 4.02 (1H,

dd, J = 14.5, 10.1 Hz), 4.21 (1H, d, J = 10.4 Hz), 4.47 (2H, m), 5.20 (1H, d, J = 10.8

Hz), 5.26 (1H, d, J = 10.7 Hz), 7.30 (15H, m), 8.05 (1H, s).
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stirred at roomtenperature for 5 hours under a hydrogen atnosphere. After
filtration with Celite, the solvent was concentrated under reduced
pressure. Chl orof orm et hanol -et hyl ether were added, and the precipitated
solid was filtered off to obtain 9.0 ng of Conpound 49 as a colorless
solid. "1-1-NWR (DVSO-d6) 8: 3.10 (2H, n), 3.51-3.69 (4H, m, 4.10 (1H, d,
J =10.7 Hz), 4.94 (2H, m, 7.11-7.26 (5H, m, 8.03 (1H, s), 12.94 (1H,
brs), 15.30 (1H, brs). M5 mz = 359 [Mtl-1]+ . Exanple 16 [0108] [ Chemi cal
formul a M9$: m/z Fiers(MsHED Conpound 50A (1.00 g, 3.98 mmol),

tri phenyl phosphine (1.15 g, 4.48 mol) and

N- met hy 1-EsupiH slepenzenesul f onam de (860 ng, 3.98 nnnl) were added to THF
(10 m), and diethyl azodicarboxylate (2.2Min toluene, 1.99 m, 4.38 mol)

was added dr opWSE€ombodPABI) €SHASHAL HDE mAbl) Qias Stltléd UNGH el (etRAMcERIPET at ur e
for 3 hours, the solvent was distilled off under reduced pressure. The :

resul ti n%oﬁ{tﬁoqle 100 UG tW@%lsewﬂefwa%dstﬁye&ad oot @8ipceH BB orChhaaL Ogr aphy
(n- hexane- et acetate, 1:1, v/v) to obtain 710 ng of Conpound 50B as a

col orl €SSy, %{g@g%ls%g%ﬁ{ @ggglstﬂlgﬁ%?qﬁuﬁp%pduced pressu@ﬁmﬁuggdéq él(légﬁ?s gg1 1.02

mol ) was v I'n acetonit pot assi um carbonate (

ol ) andsa R: %&P §<§<Ph bléagpéfaur e t&)hé&ﬁmhéd ‘%ﬁd%h@%%ﬂxre% sttn?edqo%(t ure

was stirre e reaction solution was

poured 1 nf g QgggNhﬁgﬁ,ﬁeggs‘e,gtgggtgﬂ;mé%]dgﬁﬁg&ms%natdmea o odiliS. RS, xt ract ed

w th net sodirum sul'f he resu?tlng crude

d d, by h I
055, v/ vitteh sl ﬁ%“@fi Bt TR raetRR Sl BE SR IRRRO
1H NMR (CDC13) 6: 1, 2. 40 H, .51-2. 4 90 (1H,
s), 4. 6(9 e(tm:.r 3v§§e ad;de 7an,dg gy F(I‘Sﬂpltﬁie ( rv&a%@lécﬁeg offzto ogta(lnIZBB 'Qg ot3 (

Compound 43E as a colorless solid.
1H-NMR (CDCl3) &: 3.86 (3H, m), 3.92 (3H, s), 4.41-4.48 (1H, m), 5.32 (1H, d, J =
10.8 Hz), 5.42 (1H, d; J = 10.1 Hz2), 5.92 (1H, s), 7.21-7.39 (13H, m), 7.59 (2H, m),
7.89 (1H, s).
MS: m/z = 495 [M+H]-.
Fifth step

Compound 43E (50 mg, 0.10 mmol) was dissolved in'DMF.(l ml), and
cesium carbonate (165 mg, 0.51 mmol) was added. After stirring at room
temperature for 30 minutes,'iodomet}_lane (0.025 ml, 0.40 mmol) was adde.d, and the
mixture was stirred at room temperature for 1 hour. The reaction solution was
poured into water, and this was extracted with ethyl acetate, and dried with sodium
sulfate. After the solvent was distilled off under reduced pressure, the resulting

. crude product was purified by silica gel column chromatography

(chloroform-methanol, 97:3—95:5, v/v) to obtain 60 mg of Compound 43F as a
colorless solid.

1H-NMR (CDCls) &: 2.57 (3H, s), 3.75 (2H, d, J = 11.3 Hz), 3.93 (3H, s), 4.20-4.29

109



Conmpound 50C (140 ng, 0.530 mmol) and .

3- (benzyl oxy) - 4- oxo- 4H- pyr an- 2- car boxylic acid (WO 2006/ 116764, 119ny,
0.482 mmol) were -added to THF (3 m),

1- (3-di net hyl am nopr opyl) - 3- et hyl car bodi i m de hydrochl oride (111 ng, 0.578
mol ) and 1- hydroxybenzotriazole (65.1 ng, 0.482 mml) were added, and the
m xture was stirred at roomtenperature for 18 hours. The reaction sol ution
was poured into an aqueous sodi um bi carbonate solution, and this was

ext r act ed2Hi toh, @2h{1H at dt=9.8, Hand 5aK i Bddw £19.3Ha), TndsTi 4138, hé-G3esul ti ng
crude product was purified by silica gel colum chromatography

(chl or of dtHy gethariote (297, v/v) to botain 219 ng of Conpound 50D as a
colorless solid. M5: mz = 493 [ MW11]-- Fourth step To Conpound 50D (216
ng, 0.43%ixidtpp was added 4N HC1 (ehtyl acetate solution, 3 nl). After the
m xture was stirred at roomtenperature for 1 hour, the solvent was

distilled of f unggfounddiseashiines suFefth StpSea@Bidlvad RITERGH 54D ahy and an
‘aqueous saturated sodi um carbonate solution (3 m) were added, and m xture

was stirngekhahol8G hH0! a NS us Yieh WRBoAdd8sutidAd0.bhinsl, Was mexbhact ed
with ethyl acetate, and dried with sodiumsulfate. The resulting crude

product wag ek fah 6 YedPeAGuCOLHIBLE R SRt Gk 3Rked(sht ¥a9ksy Mhewt hanol ,
95:5, v/v) to obtain 108 of Conpound 50E as a pal e yel | ow gunmy

g
e sy T Pt el e O, 180
5.46 (1H, J. = v 0. , = e 9 , J =7.5
5% (bl et Byt i o 0 2
Tri ' [ E :
T AR b T RSP T, 07 ™

concentrg%i on under reduced pressure, a pH was adjusted to 6 with an ,
aqueous POtH PR ar bonat e sol ution and 2N hydrochl oric acid, and this was

extracted with chl oroform an@ dried with sodiumsuylfate. After_the sol vent
was distilled Jffilupareeticag@danimasagded t?r@Pﬂ’yPBﬂ 4é§|°§F?188- HePRRol - et hyl
ether were added, and the precipitated solid was filtered off to obtain 29
my of Corfserirfdsbe auxtnre syagrstigsad afgiopen temperpiRre AVEAIB) &ted 99 (3H, s),
3.26-3.47 (3H, m), 4.07 (1H, d, J = 11.1 Hz), 4.80 (1H, n), 6.43 (1H, d, J
= 6.9 Hz)congenttatporpgndes medyded presure, BpH dvasjpdiuged to-§ withvg: agyepus 285
[ MMH + . Exanple 17 [01091 [Chem cal fornmula 801 OBn pOBn 90Bn 90Bn 0

sodium bicarbonate solution and 2N hydrochloric acid, and this was extracted with

chloroform, and dried with sodium sulfate. After the solvent was distilled off

. under reduced pressure, chloroform-ethyl ether were added, and the precipitated

solid was filtered off to obtain 27 mg of Compound 43 as a colorless solid.

IH-NMR (DMSO-deé) &: 2.53 (3H, s), 4.26 (1H, d, J = 10.9 Hz), 4.35 (1H, d, J = 13.3

Hz), 4.58 (1H, dd, J = 13.8, 3.5 Hz), 5.06 (1H, d, J = 10.9 Hz), 7.36 (10H,m), 8.36 (1H,

s), 12.58 (1H, ), 15.62 (1H, s).

MS: m/z = 405 [M+H]*.

Example 15
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0O HFirst stepQO .
" ONHONHO- NH HH "ON. N112 11 0000 65A65B65C OBn 0 OBn N.N.)

[0107]

[Chemical formula 78]

Cbz.
: CbZ‘NH First step CbZ\NH Second step ‘ NH Third step NH,
Ph._~_-OH ~ Ph_A~_ —_~ Ph_~_O Ph._~_20
R Y, “@
49A 498 Boc”  49C Boc” 49D
(6]
OBn
Fourth step Fifth step
O +
Ph_ M
Boc— N
\) 49E OH 49G
0O O o O
H
Sixth step  HO ) OBN  Seventh step HO ] ©
N o N ©

Ph._ A _N Ph._A_N
49H ZOH 49 ZOH
First step |
A solution of Compound 49A (2.97 g, 10.4 mmol) in methylene chloride (20

ml) was added dropwise to Dess-Martin Periodinane (0.3M, methylene chloride
solution, 52.0 ml, 15.6 mmol) at 0°C. After stirring at room temperature for 3
hours, this was poured into a 1N aqueous sodium hydroxide solution, followed by
extraction with ethyl ether. The organic layer was washed with a 1N aqueous
sodium hydroxide solution and saturated sodium chloride water, and dried with
magnesium sulfate. After the solvent was distilled off under reduced pressure,
2.08 g of Compound 49B was obtained as a white solid.
IH-NMR (CDCls) &: 3.13 (2H, d, J = 6.6 Hz), 4.53 (1H, q, J = 6.7 Hz), 5.12 (2H, s),
5.28 (1H, brs), 7.26 (10H, m), 9.64 (1H, s).

Second step

Compound 49B (700 mg, 2.47 mmol), 2-aminoethanol (166 mg, 2.72 mmol)

111

..., 1, 710ii Second step (:),,,,),> ,NThird step 0,y1.N,



0 65F OH9 HO 0 65 Fourth step c:1,.). AN - Fifth step Sixth step

and sodium sulfate (1.76 g, 12.4 mmol) were added to toluene (20 ml), and the
mixture was stirred at room temperature for 1 hour. BoczO (0.631 ml, 2.72 mmol)
was added at room temperature, and the mixture was stirred as it was for 18 hours.
The reaction solution was filtered, and the filtrate was concentrated under reduced
pressure. The resulting crude product was purified by silica gel column
chromatography (n-hexane-ethyl acetate, 1:1, v/v) to obfain 893 mg of 49C as a
colorless gummy substance.
Third step

Compound 49C (890 mg, 2.09 mmol) and palladium-active carbon (10%,
wet, 200 mg) were addted to ethanol (20ml), and the mixture was stirred at room
température for 2 hours. After filtration with Celite, the solvent was concentrated
under reduced pressure to obtain 656 mg of 49D as a colorless oily substance.
1H-NMR (CDCls) & 1.40 (9H, s), 2.65-2.86 (2H, m), 3.32 (2H, m), 3.80 (2H, m),
4.03-4.12 (1H, m), 4.86 (1H, brs), 7.22 (5H, m).
F ou;th step

Dimethyl 3-(benzyloxy)-4-oxo-4H-pyran-2,5-dicarboxylate (610 mg, 2.09
mmol) and 49D (664 mg, 2.09 mmol) were added to toluene (6 ml), and the mixture
was stirred at 100°C for 4 hours. After the solvent was distilled off under reduced -
pressure, the resulting crude product was purified by silica gel column
c.hromato.graphy (n-hexane-ethyl acetate, 1:1, v/v) to obtain 884 mg of Compound
49E as a pale yellow gummy substance.

MS: m/z = 593 [M+H]".

Fifth step

To Compound 49E (860 mg, 1.45 mmol) was added 4N HCI (ethyl acetate

solution, 10 ml). After stirring at room temperature for 30 minutes, the solvent
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N, N2 0 65E ‘First step A sol ution of Conmpound 65A (WO
2006/ 088173, 20.0 g, 69.6 mml) in THF (1.1 L) was retained at 25C on a
wat er bath, and a solution of sodiumchlorite (25.2 g, 278 nmol) and
am dosul furic acid (27.0 g, 278 mmol) in water (378 nlL) was added dropw se
over 30 mnutes. The reaction solution was stirred at the sane tenperature
for 1 hour, and concentrated under reduced pressure. To the residue were
added ice water (100 nlL) and diethyl ether (100 nL), and the precipitated
sol i d wasvdd diseliedloff Tinder eglubéd pgpssunede Sphsdghiedy,grbene {10vwad) avwlshed with
wat er and diethyl ether to obtain 20.3 g of Conmpound 65B as a white solid.
1H NVR ( DVERiteth&iol 80.776 (n3H.96 mmd&) wkrd 2ddeds hnd 7he3ﬂ1-u?cu3é3wé§bt1r’ﬁsd af. 48 (2H,
d J=7.2 Hz), 8.11 (1H, s), 12.07(1H, brs). Second step

80°C for 30 minutes. After the solvent was distilled off under reduced pressure,

the resulting crude product was purified by silica gel column chromatography

(chloroform-methanol, 99:1-595:5—90:10, v/v) to obtain 157 mg of Compound 49F as

a colorless gummy substance and 217 mg of Compound 49G as a yellow solid.

49F :1H-NMR (CDCls) 8: 2.48 (1H, dd, J = 14.0, 11.4 Hz), 3.22 (1H, dd, J = 14.1, 3.3

Hz), 3.69 (1H, m), 3.77 (3H, s), 3.83-3.95 (1H, m), 4.08 (1H, m), 4.29 (1H, m), 4.41

(1H, m), 5.34 (2H, m), 5.48 (1H, d, J = 10.1 Hz), 6.86 (2H, m), 7.20-7.39 (7TH, m), 7.64

(2H, m)

49G: 'H-NMR (DMSO0-d6) &: 3.70 (2H, t, J = 5.3 Hz), 3.73 (8H, s), 3.86 (2H, t, J = 5.3

Hz), 4.14 (2H, s), 4.98 (1H, t, = 5.0 Hz), 5.06 (2H, s), 6.98 (1H, s), 7.35 (8H, m), 7.62

(2H, d, J =17.1 Hz), 8.34 (1H, d, J = 0.8 Hz).

Sixth step

Compound 49G (214 mg, 0.465 mmol) was dissolved in THF (4 ml), ethanol

(2 ml) and methylene chloride (2 ml), a 2N aqueous sodium hydroxide solution (1.16

ml, 2.32 mmol) was added at room temperature, and the mixture was stirred as it

was for 2.5 hours. 1N hydrochloric acid was added, and this was extracted with

chloroform, and dried with sodium sulfate. The solvent was distilled off under

reduced pressure to obtain 158 mg of Compound 49H as a yellow solid.

IH-NMR (DMSO0-d6) &: 3.70 (2H, q, J = 5.2 Hz), 3.89 (2H, t, J = 5.3 Hz), 4.22 (2H, s),

497 (1H, t, J = 5.6 Hz), 5.12 (2H, s), 7.23-7.41 (9H, m), 7.60 (2H, m), 8.54 (1H, s).

~ Seventh step

Compound 49H (50.0 mg, 0.112 mmol) and palladium-active carbon (10%,

wet, 12 mg) were added to methanol (1 ml) and DMF (3 m]), and the mixture was
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Compound 65B (2.0 g, 6.59 mmol) was dissolved in DVF (340 nlL), and HATU
(2.76 g, 7.25 mml), methylamne (2 non THF solution, 3.63 ni, 7.25mmmol),
and triethylamne (9.89 muvl) were added, and the m xture was stirred at
roomtenperature for 5 hours. The reaction solution was di spensed, to et hyl
acetate and water. The ethyl acetate |ayer was separated, and the aqueous -
| ayer was extracted with ethyl acetate once. The conbi ned extracts were
washed with water and saturated sodiumchloride water, and dried. The

sol vent wtisredi Strobhadmpgfattice Hbtdionrd ugéenp bydreecen atpospherd | &dtesr oduct of
Conpound 65C as a white solid. 1H NVR (DMSO-d6) 8: 3.38 (3H, brs), 3.75
(3H, s), fBtr3fof Ath Elite/tiddsolvetd wasldomjentBitdd updds redigedgprB88syreéH, s),
11.84(1H, brs). Third step Pot assi um carbonate (1.04 g, 7.59 mmol)
and 0- ( 2,Chleiofdrind-aRbiemol-:thid eeber vaare Redé 8 Ahdthe Hrdcipitaet sokik wasadded to a
sol ution of Compound 65C (1.2g, 3.79 mol) in DM (20 nL), and the m xture
was stirrrggbrad off @9 Bbfa@POrmE Bf €omPburdd NPHE & .colhless sobals added to the
reaction solution, and the precipitated solid was filtered off and washed

with wat ey ke b RIsD-deS: 8. 10/ (28, &)US81PUY (ERdPEAdUSt, ofJ Sanpound 65D.
H NVR (DVBO-d6) 8: 3.74 (3H $), 3.83 (3H, brs), 5.05 (2H s), 6.46 (2H,

brs), 7. 3{loq( 119,96 }iom B3 @k, §31§234((1H bR S15. 360U WSt ep

Par af orrn ?de%ﬁdﬁ)‘sy‘lw ng,% ) I ﬁq A acetic acid (0.017 n, 0.302
mol ) wer d utlon of Corrpound 65D (1.0 g, 3.02 mml) in DMF
(10 m_) I?S?%gzren tgérrplgrgl?ure and the m xture was stirred at 105C for 2
hour s. algtlgon solution was cooled to 0C, cesiumcarbonate (3.44 g,

10.6 mml ded, and the m xture was stirred at roomtenperature for 1
-~ hour. s added to the reaction solution, and this was dispensed to
et hyl e[ﬁé@@aand wat er. The organic |ayer was washed with saturated sodium
chlorlde ter 1ﬂ F The solvent was distilled off to obtain 120 ny

of Conpo 68’5‘@1 344 [MtH] - Fifth step Cesi um car bonat e

(81.4 ng, 0.25 mml) and met hyl am ogy nmol /L THF soI ution, 0.125 m, 0.25
mol ) were fﬁ?ﬁam L0 iSOl i o, of Qanp obeﬁﬁﬁs(ew 0t 0. OBiammb) i n DVF

(1 m), andpt he Mot ure—was st t roomtenper ahur e for, S—hours:. The
reaction sol ution was fllterezdn,\/&ngNthne filtrate was taken and purified by
LCMS to obt ai n5@npound 65F. MS: 23508 [MrH + . Si x8 step A 2N

aqueous sodi um hydr oxi de sol ution (0 2 mL) was added to a sol ution of

Conpound 65FOP’hODIVF (0.5 mL), and @R ni xture was stPFrB@d at room
t enper at uf N’ ‘c’)ursFOIuUh—%@R SNen P P nWas added to the

reaction solutad onk}]aqd this was il Ner d, and washe DMF. After the
filtrate was conce trﬁ'?ed trlfluoroacetlc acid (0.5 m_ was added, and the
m xture was sti BbceH at 80C for 4 hayts. After the reagi-f on sol uti on was
concentrated, wajgr and chloroformwgge added, and theggrganic |ayer was
separ at ed. The organi c layer was concentrated, and taken and purified by

LCMS to obtain 6.47 ng of Conpound 65. MS: mz = 254 [ Mr11]"
First step

Compound 50A (1.00 g, 3.98 mmol), triphenylphosphine (1.15 g, 4.48 mmol)
and N-methyl-2-nitrobenzenesulfoﬁamide (860 mg, 3.98 mmol) were added to THF
(10 ml), and diethyl azodicarboxylate (2.2M in toluene, 1.99 ml, 4.38 mmol) lwas
added dropwise at room temperature. After stirring at room temperature for 3
hours, the solvent was distilled off under reduced pressure. The resulting crude
product was purified by siiica gel column chromatography (n-hexane-ethyl acetate,

1:1, v/v) to obtain 710 mg of Compound 50B as a colorless gummy substance.
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Exanple 18 [01101 [Chem cal forrmula 811 013n O Third step NH2 95D

First step Conmpound 95A (W2006/ 116764, |g, 4.06 mmol) was

di ssolved in 28% aqueous ammoni a, and the solution was stirred at room
tenperature for 12 hours. After the reaction solution was concentreated,
the resulitng resiude was neutralized with 2N hydrochloric acid, and the
precipitated solid was_ suspended in ethyl acetate, filtered off, and dried
to obtain 1.14 g (yield 1009 of Conpound 95B. 111-NWVR (DVBO-d6) 8: 5.14
(2H, s), Sec3dd6tkd, d, J = 6.6 Hz), 7.34-7.41 (3H, m, 7.45-7.51 (2H, m,

8.17 (1H, d, J = 6.6 Hz). Second step W5C HC1 (3.06 g, 15.98 mmol)
and HOBt (1.58 @omgdund 5UB(458uR¢E €. crlgeshbll ®asdieblutd dhaetoaipound 95B (3. 00
g, 10.65 mmol!l in DMF (10 m) at roomtenperature, the m xture was stirred

for 10 m gyih&Sumdnsbohab@laday ndgisngs 3wl Eb&ERAEHSAI(0ROmM]( 1.226hgol) 15. 98
mmol ) was added dropw se. After the reaction solution was stirred at the

same tenmpeLatiiied fald GheNRiktSre WAtHRLLht MRS adgieatdreliboyRsLARY eXEraction
with chloroformfive tinmes. The extract was dried with sodium sul fate, the

sol V.ent . V‘@ﬁcﬁi&rﬁédlul&gwgg &)oul%'aanJlf IN%%I(E&&QQ)d%I{l }QH%@J sdl\@ﬁorplé'hidfth%d by
subejcting to silica gel chromatography. Froma fraction eluting with
was extracted with methylene chloride, and dried with sodium sulfate. The
resulting crude product was purified by amino column chromatography
(chloroform-methanol, 95:5, v/v) to obtain 147 mg of Compound 50C as a colorless
oily substance.
IH-NMR (CDCls) &: 1.36 (9H, s), 2.40 (3H, s), 2.51-2.89 (4H, m), 3.90 (1H, s), 4.69
(1H, s), 7.17-7.31 (6H, m).
Third step
Compound 50C (140 mg, 0.530 mmol) and
3-(benzyloxy)-4-oxo-4H-pyran-2'carboxylic acid (WO 2006/116764, 119mg, 0.482
mmol) were added to THF (3 ml), 1'(3'dimethylaminopropyl)'3'ethylcarbodiiﬁlide
hydrochloride (111 mg, 0.578 mmol) and 1-hydroxybenzotriazole (65.1 ﬁg, 0.482
mmol) were added, and the mixture was stirred ét room temperature for 18 hours.
The reaction solution was poured into an aqueous sodium bicarbonate solution, and
this was extracted with ethyl acetate, and dried with sodium sulfate. The
resulting crude product was purified by silica gel column chromatography
(chloroform-methanol, 97:3, v/v) to botain 219 mg of Compound 50D as a colorless
solid.
MS: m/z = 493 [M+H]-.
Fourth step

To Compound 50D (216 mg, 0.439 mmol) was added 4N HCI (ehtyl acetate
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ethyl acetate-MeOH (6:4, v/v), 2.62 g (yield 95% of Conmpound 95C was
obtained as a solid. 1H NVR (CDC13) 8: 2.77 (3H, d, J = 4.8 Hz), 5.49 (2H
s), 6.57 (1H, d, J = 6.9 Hz), 7.25-7.43 (bH m ,7.48 (1H t, J = 6.0 Hz),
8.23 (1H, brs), 9.77 (1H, brs). Third step Pot assi um car bonat e
(4.20 g, 30.42 mmol) was suspended in a solution of Conpound 95C (2.62 g,
10.14 nmol) in DVF (10 m) at roomtenperature, the suspension was stirred
for 5 mnutes, 0-(2,4-dinitrophenyl)hydroxylamne (3.03 g, 15.21 nmol) was
added, arslutiom, Bimb ur Afteatheshixtwedvag stitred sanent tarpearatunedorf bhoar, libeir s.
Water was added to the reaction solution, this was extracted with

chl or of orgsivieny o akidigtil]edarfitluridee redided qiresvmse.dr$wbde quenitlys ethiamol GuhDaingd. Af t er
the solvent was distilled off, the resulting oil product was purified by
subj ect i ngh dquedub ksrrgrRd sammfradmgﬁ@tpmyslutﬁrno(mrﬁl) fx@eé hadedelantlinngtwiet h et hyl
acetate-MeOH (6:4, v/v), 1.41 g (yield 519% of Conpound 95D was obt ai ned as

a solid. wadtchivRa ﬁgm@f)ora ho&r@z Watdr vhs allded Sanl #H29 wab eRBaétdtlwith , 5. 22

(2H, s), 6.18 (1H, d, J =7 8Hz)725736(5Hn)589(1HdJ:78
Hz), 7. 57et(1}llé]oet£e a]ndzdéecﬂ-wﬂ%)sodﬁ&yéﬁﬁat%t epI‘he resultind @b prémlcdeyde (109.9
nmy, 3.66 mmbl) and acetic acid (22 ng, 0.37 nmol) were added to a sol ution

of Compoung i ( dmbhdolidn R EnfBRAthelapH tR/QEMGfb@o&iLﬁle@hanola%if) the tgi xtrue was

heated and stirred at 100C for 40 m nu After cooling, the solvent was

distilled b?!ufn 1(}8% o?é‘bﬁl 8u1¥@§0]?§1§§?a\{g9%% @ﬁnﬁﬁbma)ncw t hout

purifi cati on, cesl G carbonat was added under ice

cooLing. RAGHRRCHL LS MFRAE Y 138 O B B o BECERIA: By e
ot racti ot AT é?’%ﬁf Rl <f#eo§‘f{.= ro& Wl SR, FLaB RSN
o and e e FYy G4 Cih Shilct TaLd ph BT G OBy o B PP v 1§ ca gol

chromat ogr a roma fraction eluting with ethyl acetate-MOH (9:1, v/v),
1.26 g (yI- @gd 671 ) Conpound 95E was obtained as a solid. 1H NVR ( CDCL3)
6: 2.91 (3H, s), 4.26 (1H, d, J = 13.2 Hz), 4.77 (1H, d, J =13.2 Hz), 5.12
(1H, s), Biftppstep1H J = 13.2 Hz), 5.45 (1H, d, J = 13.2 Hz), 5.82 (1H, J =
7.5 Hz), 6.71 (1H, d, J=75Hz%, 7.10-7.23 (5H, rr), 7.27-7.46 (6H, m;
7.52 (2H, d, J Eriflugroppdtic arids@ ml Jevas(Rideditp Copipouihd $0E 105 mg, 0.288onpound
95E (100 ng, 0.221 mmol) was dissolved in trifluoroacetic acid (2 m) and
the sol utiomwasd$hé migirawas sgmetd extpesmttempefapurelfoh§0minTtes. sdiftgent was
distilled off, and the residue was dissolved in dichloronethane (2 m), and
neut r al i zechcamtirfitianuadgreedscedgirassatrech pHdvamadyistad bofiatith sokgtews. The
resul ting solution was made acidic with an aqueous citric acid solution,
and the os@aith bidaah&iatvwasiusiepanadt2dihy dioehlagiu @cids ahdyias waasxevgktedotiegh W th
di chl or onet hane once, and the conbined organic |ayers were washed with

vat er, anghleiofdich, Wndhirfedi e sdibifod Bfatéf t Bfter {he sSMeMERas dasilddSE | | ed of
t he resul ting solid was washed with diisopropyl ether to obtain 50 ng

(yield 63{%&&&9&8@%@&&5 meth}ﬁn@lm&%g\)ha%ol @th@ﬁetfh%ﬁwe?é added3énd 1H, d,
J = 13.2 Hz) .95 (1 2 (1H, "s), (,d,J—78

(HEL: g, 7?‘5}1%1%?%191_'%%@ SI%Y(larrp lterz(ﬂ 3& t& gt{zal}P b9 §r)g of7Cc§§pc7un4175d A chhrless 5O
solid.
TH-NMR (DMSO-d6) 5: 2.99 (3H, s), 3.26-3.47 (3H, m), 4.07 (1H, d, J = 11.1 Hz), 4.80
(1H, m), 6.43 (1H, d, J = 6.9 Hz), 7.11-7.29 (5H, m), 7.50 (1H, d, J = 6.9 Hz).
MS: m/z = 285 [M+H]* |
Example 17

[0109] |
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[ Chem cal formula 82] 107A107B107 First step Par af or mal dehyde
(299 ng, 9.96 mmol) and acetic acid (1 m) were added to a sol ution of
Compound 107A(3.0-g, 9.96 mmol ) syntehsized according to the synthetic

met hod of Conpound 95D in DMF (30 m ), and the m xture was heated and
stirred at 120C for 4 hours. After the solvent was distilled off, ethyl
acetate-cliisopropyl ether were added to the residue, and the precipitated’
solid was filtered off to obtain 2.85g (yield 91% of Conpound 107B. 1H NWR
(CDC13) HChémi&l fthuld 88] 6. 6 Hz), 4.34 (2H, J = 7.5 Hz), 4.72-4.86 (1H m),
5.30 (2H, s), 5.149 (1H, t, J = 7.05 Hz), 6.36 (la,od, J =17.8 H%z 7.26-7.35
(4H, m, 7.37 1, J. = 7.8 F2), 7.55-7.58 (2ZH " M. .Seco e
o i g %ﬁﬂdﬁ? 1878 %ﬁfﬂﬁ?@%’ | /Eﬁﬁé%ggf G (2 m)

"~ were addeeP ¥ulfuric aef Ng m ) and -Bi Nehl or ophefly})wethanol
(242.3 ng, 0.957 mmol) at room tenperature, cand the mxture® was stirred at
80C for 2 houf®s. After the reftion solution s cooled to ro®m
tﬁnperature, Mﬁter %cpdded, fol |l owe Bp extraction wt hyl acetate
three tines. The @rganijc | ayer was yashed w th water g@nce, jand dried with
sodi um suq‘_’ﬂ’éﬂ‘_éfepA?Jt rYt e safalP wﬁla SBN:N: E&é@%ﬁ gi sﬁ)prjb%yl et her was
added to‘the resPgaér"ard the pred %Rg solid was gmed off to obtain
42 nmg (yield 29% %f Conpound 107. ©1H NVR (CDC13) 8: 9.953 (3H, d, J = 3.9

Hz), 1.12 (3H, d, J ¥%4.2 Hz), 4.51 (P8 13.5 Hz), 4.83 (&ll1l, d, J = 13.5
Hz), 4.83-4.92 (1H, n), 5.18 (1H, s), 5.74 (1H, d, J = 7.8 Hz), 6.73 (1H
d,"J = 7.8 Hz), 6.90 (111, d, J = 7.5 Hz), 7.12 (2H, dd, J = 7.2 Hz, 8.1

‘Hz), 7.19ifst?Reff111, m, 7.37-7.41 (311, m, 7.55 (1H, s). Exanple 20
[0112] [Chemical formula 83] OBn 00Bn O _
' A solution of Compound 65A (WO 2006/088173, 20.0 g, 69.6 mmol) in THF
(1.1 L) was retained at 25°C on a water bath, and a solution of sodium chlorite (25.2
g, 278 mmol) and amidosulfuric acid (27.0 g, 278 mmol) in water (378 mL) was
added dropwise over 30 minutes. The reaction solution was stirred at the same
temperature for 1 hour, and concentrated under reduced pressure. To the residue
were added ice water (100 mL) and diethyl ether (100 mL), and the precipitated
solid was filtered. The resulting crude purified product was washed with water
and diethyi ether to obtain 20.3 g of Compound 65B as a white solid.
'H-NMR (DMSO0-d6) &: 3.74 (3H, s), 5.11 (2H, s), 7.31-7.38 (3H,m), 7.48 (2H, d, J =
7.2 H2), 8.11 (1H, ), 12.071H, bre). |
Second step
Compﬁund 65B (2.0 g, 6.59 mmol) was dissolved in DMF (340 mL), and
HATU (2.76 g, 7.25 mmol), methylamine (2 mol/L. THF solution, 3.63 mL,
7.25mmol), and triethylamine (9.89 mmol) were added, and the mixture was stirred

at room temperature for 5 hours. The reaction solution was dispensed to ethyl

acetate and water. The ethyl acetate layer was separated, and the aqueous layer
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First step 0 OBn O Fourth step OA Fifth step Ph'--Ph 126C126D First step
Conmpound 95B (1.00 g, 3.55 mmol) -and cycl opropananm ne (0.492 m, 7.10 nmol)
were added to pyridine (20nl), 1-hydroxybenzotriazole (544 ng, 3.55 nmol)
and 1-(3-di nmet hyl am nopropyl | - 3- et hyl carbodi i m de hydrochl oride (1.36 g,
7.10 mmol ) were sequentially added, and the m xture was stirred at room
tenperatuer for 18 hours. The solvent was distilled off under reduced
pressure, and the resulting crude product was purified by silica gel columm
chr omat ograpdntrdcedd withfethiyh avetdtanode, Ihespmbined extchctsubeegarded|with ani no
col utm chr omat ogr aphy (chl or of or m net hanol, 991, v/v) to obtain 1.19 g of
Conmpound wW26Aaa8 s@uealedrsbetsn shloride whiteM\Rd ([d€18d1 3Th8 sol®e@2wid dibtillegl, 0. 70
(2H, m, 2.76-2.83 (111, m, 5.50 (2H, s), 6.59 (1H, dd, J = 7.0, 1.9 Hz),
7. 44 (5H,offko obtain0..66 £18) a crudeddritdd ldduet of uthouBdB5K29s, a Whade sodd, brs),
9.71 (1H, brs). Second step Compound 126A (1.19 g, 4.19 mmol) was

di ssol vedgi-tﬂrﬁﬁb/ﬁym%—m)sz 309 @3BILYN §ashonades 6288, 9, 72Q- 4450 ) nas

added, an e mxture was stirred at roomtenperature for 30 m nutes.

0- (2, 4- dig b (QPhe Y pOYEE Q¥ Y1 PEAAR, bde)67 9, 8.38 mmol ) was added, and the

m xture was stirred at roomtenperature for 18 hours. Chlorof ormwas added
to the reﬂ%}&g& solution, the precipitated yellow precipitate was filtered
to renove, an Phe filtrate was concentrated under reduced pressure. The

resulting crud r oduct S purd fied ] ol um chr omat ogr aphy
(chIoroforn}neﬁﬁﬁﬁ%??méﬁF }¥@%gyé%gw7€§n?%hg%?gin 851ny of Conmpound 126B as
a yellow golid. 1 H: NVF 13) 5: 1-0,46(2H 0,46 : 3-2.81
. Sty Rpsindie Bty dalbiion Pore Jadi 1k sl *
7.44 (1H, d, J = 7. e S 70 (1LH, hird s . Conmpound 126B
(847 by GoBPUARASC ndd e RS20 b 2 TR mis i aios SREVE Hded o
ethanol (12 m), and the mixture _was stirred at 140C for 30_nin%%§§?under

M cr owav ety wHpsratyse farmehquwrsy| Yoty ot addedito e reastior selueaqa

reduced pressure, the resulting crude product was purified by silica gel

col umm ¢ hpuseiritatadagabig WasHilsersa Gtfmandey aehied With vatertgmbtainddl gof 2 ¢ryfde and,
subsequently, am no col um chronmat ography (chl orof orm et hanol, 97:3, v/v)
met hyl enepwiifiet prpduett dfyforendvend 6dt-e¢ added, and the precipitated solid was

filtered off to obtain 665 ng of Conpound 126C as a col orl ess solid.
tH-NMR (DMSO-ds) 8: 3.74 (3H,s), 3.83 (3H, brs), 5.05 (2H, s), 6.46 (2H, brs),

7.31-7.38 (5H, m), 8.20 (1H, s), 8.52 (1H, brs).
Fourth step

Paraformaldehyde (109 mg, 3.62 mmol) and a'cetic acid (0.017 ml, 0.302
mmol) were added to a solution of Compound 65D (1.0 g, 3.02 mmol) in DMF (10
mL) at room temperature, and the mixture was stirred at 105°C for 2 hours. The
reaction solution was cooled to 0°C, cesium carbonate (3.44 g, 10.6 mmol) was
added, and the mixture was stirred at room temperature for 1 hour. Water was
added to the reaction solution, and this was dispensed to ethyl acetate and water.
The organic layer was washed with saturated sodium chloride water, and dried.
The solvent was distiiled off to obtain 120 mg of Compound 65E.
MS: m/z = 344 [M+H]*.

Fifth step
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H NVR (CDC13) 5: '0.61-0.66 (2H, m, 0.87 (2H, m, 2.68-2.76 (1H m, 4.32
(2H, d, J =7.9 Hz), 5.28 (2H, s), 6.33 (1H, d, J = 7.7 Hz), 6.45 (1H, t,
J=7.7 H), 7.33 (3H, m), 7.38 (1H, d, J = 7.7 Hz), 7.52 (2H, m. Fourth
step Compound 126C (100 ng, 0.321 nmoll was dissolved in DVF (0.5
m ), cesium carbonate (314 ng, 0.964 mol| and (brononet hyl ene) di benzene
(119 ng, 0.482 mmol) were added at 0C, and the m xture was stirred at room
tenperature for 2 hours. The reaction solution was poured into water, this
was extracted vidshutchybonacetsatsemgahds tneod mgd mathymyene WasolWhsSHER wit h
water, and dried with sodiumsulfate. The solvent was distilled off under
reduced RIOARSIH €.126110NL5 (esel) Weitaddedds apohdiet of Gasnjount A58 1By mgl i ca
gel colum chromat ography (chl orof orm net hanol, 97:3-495:5, v/v) to obtain

124 g ofyp, émmémd DHRE eS 1R Ll tBE INSSEuGUARY stSwis harea tentbehMiRiré €XGL3) 6:
037047(2H m, 0.74 (2H, nm, 2.63-2.68 (1H, n), 4.35 (1H, d, J = 13.4

cgﬂ'g-l T}ge re!acforq-g‘olﬁmbg )wvas Ehl&:ze(i Ja'ﬂd ﬁ]lz ﬁléaf’é)w fdtdked,and puriftbd/ Hz) ,
547(1H Hz), 6.67 (1H, d, J = 7.8

5 Trlfluoroacetlc acid (2 m) was
added toﬁﬁ%nggﬁi%”%%%€?c taJne |n Fourth step, and the m xture was stirred

at roonfﬁﬁgp natuee Qg 1 5 hours. After concentrated under reduced
pressure, was “a usted to 6 with an aqueous sodi um bi car bonat e

sol uti oi ’%ﬂ? 2N hydrochlorlc acid, and this was extracted with chl orof orm
and drie B*Rodi um sul f at e. After the solvent was distilled off under

or cci pi t 2t ed Soi P SEEOHT FepBSeePoE sl %%%W i R s
ﬁfl . 82 ¢ i‘fafln'lr?ﬁun C; 6@W%%i?@nd P %g&&?&ﬁ Wi Sty i*g?‘? " 44 5. 11 E i
§ 0.2 P i Tk e Aol b S b L
= 388 [M+1-1]+ . Exanple 21 [0113] [Chemi cal fornula 841 OBn 0(Bn 00 OFi rst

St epsecon@agtp@xpsolutlon and this was filtered, and washed with DMF. After the filtrate

was concentrated, trifluoroacetic acid (0.5 mL) was added, and the mixture was

stirred at 80°C for 4 hours. After the reaction solution was concentrated, water

and chloroform were added, and the organic layer was separated. The organic

layer was concentrated, and taken and purified by LCMS to obtain-6.47 mg of

Condpound 65.

MS: m/z = 254 [M+H]~.

Example 18

[0110]
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OH IHNH HCI 95B128A OBn 000Bn 00 Third stepFourth step O,,0Fifth step
128CPhL-Ph 128D OH 00 00 Ph"-1Ph128 First step Conpound 95B (2. 40
g, 8.52 mmol) and ethyl 3-am nopropanoate hydrochloride (2.62 g, 17.0 mmuol)
were added to pyridine (30 m), 1-hydroxybenzotriazole (1.31 g, 8.52 mml)
and 1-(3-di met hyl am nopropyl) - 3- et hyl carbodi i m de hydrochl oride (3.27 g,
17.0 mmol ) were sequentially added, and the m xture was stirred at room
tenperature for 2 hours. The solvent was distilled off under reduced
pressur e,[CaBshidd€ori@gHlst] ng crude product was purified by ami no col um

chr omat ogr aph (chloroforn}nethanol 95: 5, v/v to obtain 1.90 f
Conpound %28 8s a colorless I, Gefepni| 3) 8 1 29 (39? 8 =7.1
Hz), 2.48 s C02Y Eirsgstap a (2Hp J =
7.1 Hz), 5.59 ¢2H, s), 6.57 B .gd, J = 7.4 nd. é Hz) 7. 37- ﬁsH n,
8.73 (1H, br@);A 9.72 (1H, brs). §econd step 95C : 952

0Bn O

T OH O

© ~ N/ O N N'/
Fourth step Fifth step

f@m

First step
Compound 95A (W02006/116764, 1g, 4..06 mmol) was dissolved in 28%

aqueous ammonia, and the solution was stirred at room temperature for 12 hours.
After the reaction solution was concentreated, the resulitng resiude was neutralized
with 2N hydrochloric acid, and the precipitated solid was suspended in ethyl
acetate, filtered off, and dried to obtain 1.14. g (yield 100%)lof Compound 95B.
IH-NMR (DMSO-d6) &: 5.14 (2H, s), 7.31 (1H, d, J = 6.6 Hz), 7.34-7.41 (3H, m),
7.45-7.51 (2H, m), 8.17 (1H, d, J = 6.6 Hz).
Second step

| WSC HCI (3.06 g, 15.98 mmol) and HOBt (1.58 g, 11.7 mmol) were added to
a solution of Compound 95B (3.00 g, 10.65 mmol) in DMF (1'0 ml) at room
temperature, the mixture was stirred for 10 minutes, and a methylamine 33wt.%
ethanol solution (1.50 g, 15.98 mmol) was added dropwise. After the reaction
solution was stirred at the same temperature for 2 hours, and water was added,
followed by extraction with chloroform five times. The extract was dried with
sodium sulfate, the solvent was distilled off, and the resulting oil product was

purified by subejcting to silica gel chromatography. From a fraction eluting with

120



Compound 128A (2.58 g, 7.49 mmol) was dissolved in DM (30 nml), potassium
carbonate (5.18 g, 37.5 mml) was addd, and the mixture was stirred at room
tenperature for 30 mnutes. 0-(2,4-di nitrophenyphydroxyl amne (2.98 g, 15.0
mmol ) was added, and the m xture was stirred at roomtenperature for 20
hours. Chl orof orm was added to the reaction solution, the precipitated
yellow precipitate was filtered to renbve, and the filtrate was
concentrated under reduced pressure. The resulting crude product was
purified dybatetie OMQIT6Ahv/EONER 6 bl 564 of Cotrponm d¥b Ganl gbt&in8d 2855,

v/v) and, subsequently, silica gel colum chromatography

(chl or of of ggiyeet hanol , 95:5-->92:8;, v/v) to obtain 1.67 g of Conpound 128B
as a yellow solid. 1HNWR (CDC13) 8: 1.26 (3H, t, J =7.2 Hz), 2.42 (2H, t,

J = 6.6 Hzp-NMRASTDAD 5:@.77(3H, @&, 4 Hz.8.HA, 129 (&H,5)06.59 (F,71d, T +8p,HD, 13 (2H,
s), 5.53(2H s) 6.21 (1H, d. J = 7.6 Hz), 7.33 (5H, s), 7.39 (1H d, J =

7.'6 Hz) , ), hs(fﬁﬁt bz) 6.0THLY 828k ER, bre), 9.77 (1€emRound 1288 (1. 66
g, 4.62 mm ) par af or mal déhyde (416 ng, 13.9 nmol) were added to
et hanol (g0 g1 and the m xture was stirred at 14OC for 30 m nutes under

m cr owave |rra ration. The reaction solution was concentrated under reduced

pressure, and t}(hgtﬁ s‘?ﬁ%ﬂlcta'rﬂ&a?% Eggo ?rﬂdgﬁ%%ggggg?%&ge@ gg&gaoﬁgful m

chr omat ggrgphy orof or mne ano tarn 1.57 g of
DO T AR PRIy it
7.1 Hz 8 Hz
go 32 ()15 S‘g”gecﬁém ¥ag SHPSed f?"%f“(‘%lﬁ’s 9)2(3 %‘%lgjifr‘(fgﬁ“ylr)ﬁydr %ﬁaf‘hf‘efgmg )

1 1
ca?ﬁgﬁgte ( Qséég?ﬁ?dpmﬁd“%%rs‘%wl Ssoﬁvﬁdg?fe 8|SBEW%§WQGI(%B§ @3‘3u21 04

nmol ) vvere added at 0C, and the m xture was stirred at m.tenperature for
18 hour s. hoe. r Basey was %‘%ﬂeﬁttpdhe\ﬁ%aé’tlﬁfidf’]éﬂminn%sW&Fé?‘tra‘ftﬁﬁé‘l%s extract ed
with ethyl acetate, and the organic |ayer was washed with water, and dried
with sodi eipeoftrimfise times, ansl theraxtuass was siried | veigh srchumngdfate e difesdber essur e,
and the resulting crude product was purified by silica gel colum

chr omat ogsdpimt Washlienldddortinthe rémutong ol @raducy way purified brsubiseiingip Blica
Compound 128D as a col orl ess gunmy substance. 1H NVR (CDC13) 6:1.25 (311,
t, J = 7.8lkhyom2todfapbiH, From aXazGerRel®@ingMith ryhyl acBate?MoOH (BH, vy, 4. 11
(2H, 9, J =7.3 Hz), 4.12 (1H, m, 4.48 (111, d, J = 13.7 Hz), 4.85 (1H, d,
J = 13.7 Ha),g Gield5(AHhf GYmpoudl/IF2 Masoptaibedss § &ddid.d, J = 8.0 Hz), 6.73
(1H, d, J =8.0 Hz), 7.37 (15H, m. Fifth step Trifl oukoacetic acid
(1 ) wasHadNERI(CRCEPEPDENBH 280 £ 4Q Wy, 506AZH, ®ndl2R (2HNe, 618 (hilxd,rdue was
stirred at roomtenperature for 1 hour. After concentrated under reduced
pressure, = pHya2RABE$4RIn), .89 WH [, 3 ague) us.5% Ok ugnJok sdrignat e

sol ution and 2 N hydrochloric acid, and this was extracted with chl orof orm
and dri edpyjith ssqfi um sul fate. After the solvent was distilied off under
reduced pressure, nethylene chlroide-ethyl ether were added, and the

i pitated ffit 7128
col or | ess_sol ?Sk’%%ﬁ%ﬂﬁaﬁ%c@g%? s Lt

(533’9 ?)1i_| it ‘)ng e’lgadsgd 0.8 sogithcgl ((to(f_?xfg%ounji él5]j"@1)0 Eé% é@g‘xédl‘) I{jtolulene de- 4 Hz),
19 448 (IK/}E{‘dr%Q. mikbroe (Nas’heated"]and NS 10(7 06f3r 46 |r_t|11n9tes AftZt 2 Hz) . MB:

m z
cooling, the solvent was distilled off, the residue was dissolved in DMF (10 mD)

without purification, cesium carbonate (3.58 g, 10.98 mmol) was added under ice
cooling, and the mixture was stirred for 10 minutes. Benzhydryl bromide (1.36 ¢,
5.49 mmol) was added to the reaction solution, the mixture was stirred at room

temperatdré for 3 hours, and water was added, followed by extraction with ethyl
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Exanpl e 22 [0114] [Chemi cal fornula 851 First step Conpound 95B
(1.50 g, 5.32 mmol) and tert-butyl 2-am noethyl (nethyl)carbamate (1.86 g,
10.7 mmol) were added to pyridine (20 m ), 1-hydroxybenzotriazole (815 ny,
5.32 mml ) and 1-(3-di nethylam nopropyl)-3-ethyl carbodiimde hydrochl oride
(2.04 g, 10.7 mol) were sequentially added, and the m xture was stirred at
roomtenperature for 2 hours. The reaction solution was poured into 1N
hydrochloric acid, this was extracted with ethyl acetate, and dried with
sodi um sulctaite thrébeinsal. vahe ewaactdsad whbkled with watdethree duesdapd dsedir e, and
the resulting crude product was purified by am no colum chromat ography
(chl or of oxith EBdiianallfat®5S5The/éolyend ihs distilsRINBfE Rinldythe $édultdng g lpradictim

chr omat ogpr ahy (chl or of orm net hanol, 95:5, v/v) to obtain 1.63 g of
Conpound &M@ﬁe@bﬁmﬂdtﬂ@&owmeﬁmm 6&raphit NMBn{ £BGEEHn 61utﬂng44 (9H,
s), 2.82 (3H, s), 3.28 (4H, m, 5.59 (2H, s), 6.57 (1H, d, J 6.0 Hz),

7.46 (6H with et%l%@et@@é’@[e@H (1,88 iUG;&Sfﬂd 7@%53@']@01%6)@\9‘@ 95E was Compound
135A (1.05 g, 2. was .di ssol ve m ), potassium carbonate
(1.81 g, &Qa%wggpggoﬂgs added, and the m xture was stirred at room
tenperature for 30 mnutes. 0-(2,4-dinitrophenyl)hydroxylamne (1.04 g,
2,23 MOl ARIRAEIR,) 81 AF 1) 4 QHIRS S1d 5 B alr7 e@iﬂdhg@ﬁg aguge for

18 hours. ormwas added to t e reaction sol'ution e precipitated

Lo P L e AU I N
575'>“tEdo@&f’i?w@%°né“2$z>c2r}§”ﬁ%3°@%§s%yé(z‘?“*&’éﬁ’ée TRl 7955

(CDClB) 44 (9 84 (3H, s), 3.38 (4H, m), 5.33 (2H, s), 5._68 (1H,
brs), ! ])(iiflo ‘b?‘% 2%’6‘.%5 (1H, d, J = 7.6 Hz), 6.74 (1H brs), 7.39 (5H,
brm, 7 52 (1H, t, J = 9.5 Hz). Third step Conmpound 135B (880 ny,

2.11 nmol ¥ifdndemar af or mal dehyde (190 ngy, 6.34 mol) were added to et hanol
(18 M), and the mxture was stirred at 140C for 30 m nutes under nicrowave
i rradiation. ThHeompend HF §80uRE dh22dam madhv andisagled naEhuoreasgbedcisr essur e,
and the resulting erude product was purified by silica gel colum
chr omat got2aphyandéhe selufion wasetiteadolt, roomIesssatuoolg 1 houy) Bheisolvent
subsequent |y, ami no col um chronmat ogr aphy (chloroforn}nethanol 973, v/v)
to obt ai wa¥aiktiltigd off, GohPeurdidis5@sasssalved|iodiddsrogethahe (2 mb), and

neutralized with an aqueous saturated sodium bicarbonate solution. The resulting

solution was made acidic with an aqueous citric acid solution, and the organic layer

was separated. The aqueous layer was extracted with dichloromethane once, and

the cdmbined organic layers were washed with water, and dried with sodium

sulfate. After the solvent was distilled off, the resulting solid was washed with

diisopropyl ether to obtain 50 mg (yield 63%) of Compound 95.

IH-NMR (CDCls) &: 2.95 (3H, s), 4.36 (1H, d, J = 13.2 Hz), 4.95 (1H, d, J = 13.2 Haz),

5.22 (1H, s), 5.71 (1H, d, J = 7.8 H2), 6.75 (1H, d, J = 7.8 Hz), 7.21 (3H, br s),

33-7.47 (4H, m), 7.55 (2H, d, J = 6.6 Hz).
Example 19

fo111]
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1H NVR (CDC13) 6: 1.29 (9H, s), 2.95 (311, s), 4.38 (2H, brs), 5.33 (2H,
brs), 6.36 (111, d, J = 7.6 Hz), 6.85 (1H, t, J =7.4 Hz), 7.33 (4H m,
7.55 (211, m. M5 mz = 429 [ Mt1-11- . Fourth step Conmpound 135C
(720 nmg, 1.68 mmol) was dissolved in DM (3.5 m), cesium carbonate (1.64
g, 5.04 mmol) and (brononet hyl ene) di benzene (623 ng, 2.52 nmmol) were added
at 0C, and the m xture was stirred at roomtenperature for 18 hours. The
reaction solution was poured into water, this was extracted with ethyl

acet at e, Mhdniitrd famganise] | ayer was washed with water, and dried with sodium
sul fate. The solvent was distilled off under reduced pres € and the
Eeﬁijl ti Pg cruggnhgr o?uct was purifi %/%n?d Si | ibca gel col Hm ichroma ogr aphy

chl orof or thanol, 97;3->95:5 v/v)jto|obtain, 732 ngy npodu 13511.
Fifth stepdrr N Nodﬁfﬁbﬂfﬁi? ™ Eﬁfﬂiﬁfﬁmroll §_added 4N HC1

(et-hyl acetadte ol dtion, 10 nl). t@&r stirring at roomte
hour, the solvent"aas distilled off unHer reduced pre
saturat ed sodi um bi carbonate sol uti on was added, and thi g
wi t h chl orof or and dried with sodiumsul fate. The sol ve s distilled
of f under redult®@ pressure, methyl ene'¥ oride-ethyl ether \Aé\,\%e added to
the resulting crude product, and the precipitated solid was filtered off to
obtain 575 ng of Conpound 135E as a colorless solid. Sixth step

Trifluor 0¢8P acid (2 m) was added to Compound 135E (50 ng, O0.10. nmol)

and the m xture was stirred at room erature for 1 haurs. After
concentr at ed un%?@iqr%_ﬁwﬁﬁi%%%ﬂge?'gg%%gd éﬁ‘itthatCé‘ijat‘B ev Wtaﬂd%‘ﬁtoaqueous
- sodi um bi car bonate _sol ution and an agqueous amroni um chl oride sol ution, and
This was &RelpHER EECAMPRURH] AL O Unm i) SR FPIsesER iR Mt 0. Aff er
the solvent was distilled off under reduced pressure, nethylene
chl or i de- smithe¢tiemptodas Commpaad 95Bra DME BP ael) sindabe anigtirevagakeated tered to
obtain 15 ng of Conpound 135 as a colorless solid. '"11-NVR (DVBO d6) 6:
2.40 (3H, agd stized@at 1209C foy 4 IPut (Ader thp sol3estywad fistiflpd off, Fhy{ 1H, d, J =
13.6 Hz), 5.10 (1H d, J = 13.4 Hz), 5.52 (1H, s), 5.53 (1H d, J =5.5
Hz), 7. 15ackta@-diibbbtopy) ethMBSwerd zdded46F$hé¢ Misidiet and Exapyscipi23ed oditbyas
[ Chem cal fornula 86] :

filtered off to obtain 2.85g (yield 91%) of Compound 107B.

npef at ure 'flor -1
. S

AS

I H-NMR (CDClz) &: 1.19 (6H, J = 6.6 Hz), 4.34 (2H, J = 7.5 Hz), 4.72-4.86 (1H, m),
5.30 (2H, s), 5.49 (1H, t, J = 7.5 Hz), 6.36 (1H, d, J = 7.8 Hz), 7.26-7.35 (4H, m), 7.37
(1H, d, J = 7.8 Hz), 7.55-7.58 (2H, m).
Second step

To a solution of Compound 107B (100 mg, 0.319 mmol) in acetic acid (2 ml)
were added 96% sulfuric acid (0.5 ml) and bis(3-chlorobhenyl)methanol (242.3 mg,
0.957 mmol) at room temperature, and the mixture was stirred at 80°C for 2 hours.
After the reaction solution was cooled to room temperature, water was added,
followed by extraction with ethyl acetate three times. The organic layer was
washed with water once, and dried with‘ sodium sulfate. After the solvent was
distilled off, diisopropyl ether was added to the re'sidue, and the precipitated solid

was filtered off to obtain 42 mg (yield 29%) of Compound 107.
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165F165 First step Pot assi um carbonate (17.9 g, 129 nmmol) and

met hyl 1odide (8.03 nL, 129 mmol) were sequentially added to a sol ution of
Conmpound 165A (WD 2006/ 088173, 37.0 g, 108 mml) in DVF (370 nL) at room
tenperature, and the m xture was stirred for 1.5 hours. The reaction
solution was added to a solution of amonium chloride (20.8 g, 390 nmol) in
wat er (1110 nlL) under ice-cooling, and the precipitated solid was filtered
of f, and washed with water to obtain a crude product (33 g). The aqueous

| ayer was: BalMadomals vé:totessddHud) £hI30 Hde,1. ex@Hadt &¢ 4@ Hh), et F1yl1 Hadetsat e,

and dried with sodiumsul fate. The solvent was distilled off under reduced
pressure,Hand.s3 (CHUAE] BrIGdUHY), ¢ B3e). 9N o}, &. 1A H, sy p. 1h@ H, eis ul=t 7.89

resi due. The crude products were conbined, and prufired by silica gel

col um chygmataanaphys cetdiml) a0Rt @Eed, D=resang, =120 -&d, JCO%R H 4 sobt ai n
Compound 165B (36.5 g, 95 %9 as a white solid. Second step
Potassiunhgpqgﬁﬁ7géb%@ngygjﬁiil§(ga §)0ﬁ5§QWQ)%'sodiunlperiodate (87.3 g,
408 mmol ) ahd water 365’nnDIS wer e sequentially added to a sol ution of
Compound é@gﬁb&§§}5 g, 102 mmol) in 1, 4-dioxane (548 nL) at room
tenperature, and the m xture was stirred for 6 hours. The reaction solution
was extraghe wi th nmethylene chloride, and dried with sodium sulfate. The
solvent was distilled off under reduced pressure, and the resulting residue

was purifjed b ] iliqﬁégﬁl col um chr omat ogr aphy (et hyl acetate/ n-hexane =
50% - > 1009y H'EM BtAY npound 165C (33.0 g, 90 % as a brown foam Third
step Et hyl enedi am ne (0.247 nL, 3.66 mmpl) and acetic acid (0.0210
m., 0.366 B) Ower e sequenti aldBy tadd to a suspen$P

of AnConpound 165C

(1.38 g, @ b, First seb u eA d m xt ur e
was stirredf 1 hour, and eH stirred at 50 fipr 17 hours. The
precipitate sétkg was filtered”off, and washed wi th efier to obtain
Conpound 165D (g 11 g, 100 % as ggpal e yell ow solid. (JggNVR (DMSO- d6) 6:
3.05 (2H, m, 3.26 (1H m, 3.63 (2H m, 3.75 (3H, s), 3.87 (1H m, 4.52
(1H, dd, J = 3B3,0 12..6 4,69 (akhom, \4.99,(1H d, gH=010.4 Hz), 5.15
(1H, d, J s 10 4N )4lf§g£i§&Lo AN ¢4§F3%%§§2. : — Fourth step
Br oi nodi phenyl t;%ne (2.26 g, 9.1 ) was added t uspensi on of
“Conpound 165D% "N g, 7.50 nmmol) >ponadssi um car bonat-e 83 g, 16.1 mol)
and sodi um i odi d& (102 ng, 0.680,nn?L¥\gn acetonitrile (gpkq%) at room
tenperature, and the m xture was st red at 90C for 7 hodrs, The reaction
sol ution was polf®d into hydrochlori d®Rid (2 N, 10 nL) an#®ice (20 g), and
this was extracted with chloroform (100 nL x 2), and dried with sodi um
sul fate. FhetstePvent was distilled off under reduced pressure, and the
resulting residue was purified by silica gel columm chromatography
(chl or of or 1 met Gempbund95B £1.804, 3.65 obnel) andorgernedanesine(®.492 g, 748 %) as a
pal e yel l ow sol i d. :

mmol) were added to pyridine (20ml), 1-hydroxybenzotriazole (544 mg, 3.55 mmol)

Secopdaiep t

and 1-(8-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.36 g, 7.10
mmol) were sequentially added, and the mixture -was stirred at room temperatuer
for 18 hours. The solvent was distilled off under reduced pressure, and the
resulting crude product was purified by silica gel column chromatography
(chloroform methanol, 95:5, v/v) and, subsequently, amino column chromatography
(chloroform-methanol, 99:1, v/v) to obtain 1.19 g of Compound 126A as a colorless
solid.

1H-NMR (CDCls) &: 0.22 (1H, m), 0.70 (2H, m), 2.76'2.83 (1H, m), 5.50 (2H, s), 6.59
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Fifth step An aqueous sodi um hydroxide solution (2 N, 10 nlL) was
added to a solution of Conpound 165E (2.72 g, 5.08 mmol) in ethanol (30 nlL)
at roomtenperature, and the m xture was stirred for 3 days. Hydrochloric
acid (1 N, 20 nL) was added to the reaction solution at roomtenperature
(pH = 1), and this was extracted with chloroform (100 nL x 2), and dried
with sodiumsulfate. The solvent was distilled off under reduced pressure,
and the resulting residue was purified by silica gel colum chromat ography
(chl or of anHy, detharial, 1=9 A%, 7x4416GH), dt & =ob &L, THIPdLN, 16569(6.27F72)g8.367 % as
a pale yellow solid. HNVR (DVBO-d6) 6: 2.63 (1H, m, 3.16 (1H m, 3.49
(1IH m, @QH/Br) o1 MH, W12 (2H, m, 4.56 (1H m, 5.04 (1H s), 5.09 (1H
d J=10.7 Hz), 5.19 (1H, d, J = 10.7 Hz), 7.28 - 7.53 (15H m, 8.32 (1H
s), 8.39 dctbhd sep Sixth step - A solution of Conpound 165F (1.77 g,
3.39 mol ) and lithiumchloride (0.515 g, 12.2 mmol) in

N, N - di met hyl i I hour. Water
(10 m), hydro?ﬁ or| é{dgim d (21@% 421(-)9?711_@2‘72%& \F/lv{st?(gy@% llrgﬁgg gv?/en}le) sequentially

added to fxﬁ%&fb%%a?e (o (f? &ﬂmsﬁg{gg@wa@he The:RL gﬁa&ehhaegeﬂ solid

was filt washe wat er wer e

e et a%%gegatﬁﬁf&freB@%%g%fftptg4g@@fgps@gmg@@%g@ﬁg59% g
( li'l S)OO %%gigxfnn%liﬁas 8 % K}g%mxpurﬁg\?l_l %édlzit ropm. atﬁf)r}per:tti}rigjf 1]?1 8.16

I
|[:Che[nocal h fuor (!%}?lopformagfa,s a/d:clied to theoreactlon olution, 'thé ‘pi*ec1p1tate I;f'elrl) Ky rst step

precipitate was filtered to remove, and the filtrate was concentrated under reduced
pressure. The resulting crude product was purified by amino column
chromatography (chloroform-methanol, 9713—>95i5, v/v) to obtain 851mg of
Compound 126B as a yellow solid. |
IH-NMR (CDCls) &: 0.41-0.46 (2H, m), 0.76 (2H, m), 2.73-2.81 (1H, m), 5.19 (2H, s),
5.61 (2H, s), 6.26 (1H, d, J = 7.2 Hz), 7.38 (5H, s), 7.44 (1H, d, J = 7.8 Hz), 7.70 (1H,
s).
Third step

Compound 126B (847 mg, 2.83 mmol) and paraformaldehyde (255 mg, 8.49
mmol) were addéd to ethanol (12 m]), and the mixture was stirred at 140°C for 30
minutes under microwave irradiation, the resulting solution was concentrated
under reduced pressure, the resulting crude product was purified by silica gel
column chromatography (chloroform-methanol, 97:3-595:5—90:10, v/v) and,
subsequently, amino column chromatography (chloroform-methanol, 97:3, v/v)
methylene chloride-ethyl ether were added, and the precipitated solid was filtered
off to obtain 665 mg of Compound 126C as a colorless solid.

LH-NMR (CDCls) &: 0.61-0.66 (2H, m), 0.87 (2H, m), 2.68-2.76 (1H, m), 4.32 (2H, d,
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HN,----, N,,,,t-NFOI't Fu'__ j 167A167B \ \s I> HONN O 167C OH 0/
71?2 111 HONNL 1. H

J=17.9Hz2), 5.28 (2H, s), 6.33 (1H, d, J = 7.7 Hz), 6.45 (1H, t, J = 7.7 Hz), 7.33 (3H,
m), 7.38 (1H, d, J = 7.7 Hz), 7.52 (2H, m).
Fourth step

Compound 126C (100 mg, 0.321 mmol) was dissolved in DMF (0.5 ml),
cesium carbonate (314 mg, 0.964 mmol) and (bromomethylene)dibenzene (119 meg,
0.482 mmol) were added at 0°C, and the mixture was stirred at room temperature
for 2 hours. The reaction solution was poured into water, this was extracted with
ethyl acetate, and the orggnic layer was washed with water, and dried with sodium
sulfate. The solvent was distilled off undér reduced pressure, and the resulting
crude product was purified by silica gel column chromatography
(chloroform-methanol, 97:3—95:5, v/v) to obtain 124 mg of Compound 126D as a
colorless gummy substance.
' H-NMR (CDCls) &: 0.37-0.47 (2H, m), 0.74 (2H, m), 2.63-2.68 (1H, m), 4.35 (1H, d, |
J =13.4Hz), 4.65 (1H, d, J = 13.4 Hz), 5.07 (1H, s), 5.40 (1H, d, J = 10.7 Ha), .5.4-7
(1H, 4, J = 10.5 Hz), 5.79 (1H, d, J = 7.6 Hz), 6.67 (1H, d, J = 7.8 Hz), 7.04-7.62 (15H,
m).
Fifth step

Trifluoroacetic acid (2 ml) was added to Compound 126D obtained in
Fourth step, and the mixture was stirred at room temperature for 1.5 hours. After
concentrated under reduced pressure, a pH was adjusted to 6 with an aqueous
sodium bicarbonate solutioin and 2N hydrochloric acid, and this was extracted with
chloroform and dried with sodium sulfate. Afterlthe solvent was distilled éff under
reduced pressure, methylene chloride_-ethyl ether were added, and the precipitated
soIid was filtered off to obtain 52 mg of Compound 126 as a coiorless solid.

1IH-NMR (DMSO-d6) §: -0.19--0.06 (1H, m), 0.44-0.54 (1H, m), 0.82 (2H, m),
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0 167 First step (S) - N1L- benzyl- 3- phenyl propan-1, 2-di am ne
(Journal of the Anmerican Chem cal Society; English; 127; 30; 2005; 10504,
1.83 g, 7.61 nmol) and acetic acid (0.5 m) were added to a sol ution of
Conpound 167A (WD 2006/ 11674, 3.58 g, 7.61 mmol) in xylene (30 m), and the
m xture was refluxed for 2 hours. After cooling to roomtenperature, the
solvent was distilled off, and the resulting oil product was purified by
subjecting to silica gel chromatography. The columm was eluted initially
wi t h n- hexeme-6ot(hiil mceal(H (0 :J5 188 z)ahd] (1Hed,J n-1AaxXAne582HYH, scet at e
(1:1, v/v). The objective fraction was concentrated to obtain 349 ng (yield
7% of Compp(rHl t167#B11.1 HVR. (00E1 3) J 6 7.8.154, ’(23‘|,(3H,,m)1 7207 47KN, m2. 77 (1H,
dd, J = 9.0 Hz, 13.2 Hz), 3.31 (1H, dd, J = 6.9 Hz, 9.6 Hz), 3.43-3.78 (5H,
n), 4. 04rﬂ6§@H{313 a HA. 42-4.48 (1H, m, 4 62 (2H, d, J =6.0 H), 5.29
(1H, d, J = 5 Hz), 5.43 (1H, d, J = 10.5 Hz), 6.77-6.85 (2H, m, :
7.19-7. 3qw51§¢$_@§ V+80+ (2H,-d, J = 6.3 Hz), 8.05 (1H s). Second step
Boc20 (3 nl) and D1VIAP (180 ngy, 1.47 mop were added to a sol ution of
Conpound:é§§%§ 968 ng, 1.47 mol) in MeCN (10 ml), and the mixture was
heated to reffux for 5 hours. A 2N aqueous sodi um hydroxi de sol uti on was
added to 2 reaction solution to stop the reaction, and this was
neutralized using 2N hydrochloric acid, followed by extraction with ethyl
acetate tqgge %aggr 1ﬂ %g{ t he extract was washed with an aqueous sat urated
sodi um chl'GPPREASEI DR, the solvent was distilled off, and the resulting

oi | product wag,purified by sibkgrg gel ghromatography. th@ col ym was

el uted |n|tdal ywtﬁlrﬁﬂvﬁexwﬁe et iyl _.acket at et 4ep w v d/\t/HE nonly

et hyl acetat Yobjective ractﬁbn wa8 concentratefd tlo $bta|n 349 ny

(yield 45% %gas a soli &Y' HNVR (CDC13) 6: 2. 58Nk, t = 9.0 Hz),

2.76 (1H, dd J oi 16.5 Hg%BA331 (1H, dd, J —6 HZ, 9.6 Hz),
= 3.

3.45 (1H, dd 3° 3 Ft 12 6 Hz 3.51-3. 78 (4H m 4-4.13 (111, m,
4.42-4.52 n% d J = 6.0 Ft .79 ( H d et k9. 2 Hz),
5.29 (1H, Therd Sser) "3~ ( {pprtbgsteny Os C1H, ™).
7.60 (2H, d, J = BN : '8.05 (1H, s), 10. : 5 7 Hz). Third
step Conmpound 7C (150 ng, 0.280 nnol)/m@s dlssolved in
trifluoroacetic acid (2%ff), and the sol uti on"vas’st?% ed at room
tenperature foonlohour.o The solvent was distilled off, the residue was

di ssol ved i nydi LenBt. e (2 mM), and the solution was neutralized with
an aqueous s Lyr at gd sodi um bi carbonate sol ution. The resulting solution
was nade aci di th an aqueous citric acid solution, and the organic |ayer

was separ at ed. dhepaqueeus | ayer was extracted with . dichl oronet hane once,
and the conbi ned organic |ayers were washed with water, and dried with
sodlun1suFﬁgL§epThe solvent was distilled off, and the resulting solid was

~_ washed with diisopropyl ether to obtain 71 ng (yield 57% of Conpound 167.

HNVR (CDC13) 8:cédmPourd 3B (#4o g,JB 5‘2 &ﬂolﬁﬁnd%ﬂ@l%mu@p%ah@é& dd, J =9
Hz, 13.5 Hz), 3.43 (1J, dd, 3 2 7.2 Hz, 9.6 H7), 3.55 (111, dd, J = 3.0 Hz,

%?1]2_ HZ) )%ir?%}}lgrlgg(i é‘aHg, Iﬁ)@ m‘}ndll;sw@el&ddéa% p].'rlﬁlﬁje (%0'7'51) 9.9 HZ) 4. 51 4. 60

1- hydroxybenzotrlazole (1.31 g, 8.52 mmol) and
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (3.27 g, 17.0 mmol)
were sequentially added, and the mixture was stirred at room temperature for 2
hours. The solvent was distilled off under reduced pressure, and the resulting
crude product was purified by amino column chromatography
(chloroform-methanol, 95:5, v/v) to obtain 1.90 g of Compound 128A as a colorless

solid.



7.28-7.38 (811, m, 8.02 (111, s), 12.04 (1H, s). Exanple 25 [0117]

[Chem cal forrmula 88] OBn O O OHFirst step 95A COHO First step

2, 2- Di nret hoxyet hanam ne (0.49 m, 4.47 mmol) was added to a sol ution of
Conpound 95A (WD 2006/ 116764, 500 ng, 2.03 mol) in ethanol (5 nL), and the
m xture was stirred at 80C for 3 hours. After the reaction solution was
all owed to cool, acetic acid (0.27 m, 4.69 mol) was added at room
tenperature, followed by concentration under reduced pressure. The

resul ti ng HeMBUEDEs) &lilszool3vked, J & TIVHZ|, 2.4 §2H, and =BBUHED .368 (2H, 94J 4 ol )
and, subsequently, nethyl iodide (1.02 nL, 16.2 nmmol) were added under a
ni trogen @i pher &H,and =t he Hy) x3.69 €Res, 667 (YI&ddt =+ Don.cepPer.at-urne for 3
hours. An aqueous saturated sodi um bi carbonate sol ution, and ethyl acetate

wer e adde@gmt en)t Ba3ERChisR®. BOUIH, ibeg. the ethyl acetate |ayer was separat ed,
and the aqueous | ayer was extracted with ethyl acetate. Sodium sul fate was
added to ¢hgngetdpi ned extracts, this was filtered, and concentrated, and
the resulting residue was purified by subjecting to silica gel

tcﬂgomat ography. cdiifo &Rl A ¥ess &l UMbl B a6 bles10éPIDIEE ana), (9: 1), -and

potassium carbonate (5.18 g, 37.5 mmol) was addd, and the mixture was stirred at
room temperature for 30 minutes. 0-(2,4-dinitrophenyl)hydroxylamine (2.98 é,
15.0 mmol) was added, and the mixture was stirred at room tempgrature for 20
hours. Chloroform was added to the reaction solution, the precipitated yellow
precipitate was filtered to remove, and the filtrate was concentrated under reduced
pressure. The resulting crude product was purified by amino column
chromatography (chloroform-rﬁethanol, 97:3->95:5, v/v) and, subsequently, silica gel
column chromatography (chloroform-methanol, 95:5-92:8, v/v) to obtain 1.67 g of
Compound 128B as a yellow solid.
1H-NMR (CDCls) 8: 1.26 (3H, t, J = 7.2 Hz), 2.42 (2H, t, J = 6.6 Hz), 3.43 (2H, q, J =
6.4 Hz), 4.12 (2H, q, J = 7.1 H2), 5.13 (2H,- s), 5.53 (2H, s), 6.21 (1H, d, J = 7.6 Ha),
7.33 (5H, s), 7.39 (1H, d, J = 7.6 Hz), 7.85 (1H, t, J = 5.6 Hz).
Third step

Compound 128B (1.66 g, 4.62 mmol) and paraformaldehyde (416 mg, 13.9
mmol) were added to ethanol (20 ml), and the mixture was stirred at 140°C for 30
minutes under microwave irradiation. The reaction solution was concentrated
under reduced pressure, and the resulting crude product was purified by amino
colulmn chromatography (chloroform-methanol, 99:1595:5, v/v) to obtain 1.57 g of

Compound 128C as a colorless solid.

1H-NMR (CDCls) &: 1.27 (3H, t, J = 7.2 Hz), 2.70 (2H, t, J = 5.7 Hz), 3.57 H, t, J =
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objective fraction was concentrated to obtain 258 ng of Conpound 169A as a

brown oil. I HNW (CDC13) S: 3.37 (6H, s), 3.80 (3H, s), 3.87 (2H, d, J
4.8 Hz), 4.46 (1H, t, J = 4.8 Hz), 5.30 (2H, s), 6.75 (1H, d, J = 6.0 Hz),
7.30-7.41 (6H, m. Second step Formc acid (31 nL) and,

subsegently, water (5 nL) were added to Conmpound 169A (1.00 g, 2.88 mol)
and the m xture was stirred at 70C for 6.5 hours. Water and ethyl acetate
were added to the reaction mxture, the ethyl acetate |ayer was separat ed,
and the amaébst. 1, gds X Tact 86 (M tdh Jet hpIHACR LA, sTHe8Tofbitnéd
extracts were washed with an aqueous saturated sodi um bi carbonate sol ution,
sodi um sut 8al£, 6\83 (Flded,= VBiB2was1fiHf a),ed54 @Hl mbncentrated, and the
resulting residue was purified by subjecting to silica gel chromatography.
The col unmo K efpt ogr aphy was eluted with ethyl acetate-nethanol, and the
objective fraction was concentrated to obtain a m xture of al dehyde hydrate

and met hyl acet afogodh C LI (1855 12 GNSRIIERhs QiskolPEDHUDMF {ilvem!) el Ng 0i |
product was dissolved in dichloronethane (5 nlL), 1, 3-diam nopropane

di hydr ochlQpdflge (3684 «NBlos farfidl) AHR Brofdthet BHREOAURRALE N (988 @i, Q. (RIChehof)0- 069
m, 1.2 mmol) were agded, and the m xture was stirred at room tenperature

for 6 ho%%ﬁ*e Ad¥8d B BEE | Y R O WSl ML EHhoW SO G RE ARE, and

the insol ubles were filtered, and concentrated under reduced pressure to

obtain a gyude [ty r.od f u ' 7 = MH1-1] +
PP T s e LB RGN ine TR Bl SR Berbied i SR acclald
subsequent | br ononet hyl enedi benzene 90 3,61 | ad to a
sol ution %?&/E}i?n%gﬁ?fg? ?Ly()%ga(s@@?tstﬂﬁg,m .‘2’8%‘?17%? dflreldévétehtrggﬁll%r?;gﬁ{efg%eﬂf ﬁ%@ Aft er
the reaction sol uii stirred at 90C for hours,. water, ethyl acetate
and brine® ‘?&d’éﬁ%@m‘%ﬁgnﬁae&a@g}‘ RIGPUF Wdzfthr‘?ere?qalfﬁwg R\ etrgtogu%/tayer was.
separated, and t aqueous. | ayer s extracted with eth acet at e once. The
conmbi ned ¥R Péﬁ%l g%?ﬁmarg%‘é??\i\ﬁnflﬁ ﬁ‘ﬁ’@;"f\‘é’ﬂ‘?flpﬁ;‘rys(gliﬂf”éﬁf%‘fm'ﬂ%{‘%?‘gdég%n‘ﬁ‘%
concentrated. The resulting residue was purified by subjecting to silica
gel col unte hrieRf0dae aphgmPrwed &3 an a\ﬁa@r@ﬁﬁs@aw TYRSEANgS _

acet at e- net hanol, and the objective fraction was concentrated to obtain 106
my of ConpBINMRIEHIakd:ah2fBhded 018 dlz).Ms46 (WH: m), 299-2.80 (NLAR) Fourth step
Lithiumchloride (27.2 ng, 0.641 nmol) was added to a solution of Conpound
169C ( 1052:86;2.96 Q1 nopblllt RH, oM =.7(PHml. 14, 12438 nhe4#BxX1Hdr & dmd3Stiek ed at
90C for 3 hours. Lithiumchloride (27.2 ng, 0.641 nmon was further added,
and the nit86tl, dak=48iTH=ad5.40 (HG)f 7 CHour 5.8ThEH rddct 8.0HB06.G8 (b, was
concentrated under reduced pressure, and the resulting residue was purified
usi ng a LEMB=@0) Hegt7iaan(1aHparnat us. The el uted sol vent was distilled off,

di ethyl ether was added to the residue, and the precipitated solid was

filtered pfffh stdgshing and drying with diethyl ether afforded 27 ng of
Conpound 169. 1H NMR (CD30D) 6: 1.63 (1H, dd, J = 13.4, 2.8 Hz), 1.84 (111,

br s), 2.55-2. 64rifldtkoabdtic Zi@0t i)lPad dddiedth.CompRindUidsDAd nde, .04 5, 4.0 .
Hz), 4.52 (4H, dd, J = 14.5, 3.8 Hz), 4.63-4.75 (4H, n), 5.16 (1H, s), 6.16

(14, d, J :m(ﬁ),%]nldzt)le nﬁxt'7r§e(w]:ﬂ’s'tﬁlredJat,:rogmzteH%))erat?lrelﬁT71-}%r.( 1RHer M. MS: nmz
= 402.10 [ M+ -1]+ . Exanple 26 [0118]

concentrated under reduced pressure, a pH was adjusted to 6 with an aqueous
sodium bicarbonate solution and 2 N hydrochloric acid, and this was extracted with
chloroform, and dried with sodium sulfate. After the solvént was distilled off
under reduced pressure, methylene chiroide-ethyl ether were added, and the
precipitated solid was filtered off to obtain 20 mg of Compound 128 as a colorless
solid.

IH-NMR (DMSO-d6) &: 1.16 (3H, t, J = 7.1 Hz), 2.45-2.58 (3H, m), 3.70 (1H,m), 4.02
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Cbz , NHNH2 PhSecond step PhOThird step BocBoo 'N, N 171A171B 0 000
HO ,,,,OBn HO- I1Sixth stepll OH N(31N

(2H, q,.J =7.1Hz), 439 (1H, d, J = 13.4 Hz), 5.09 (1H, d, J = 13.3'Hz), 5.48 (1H,d,J
= 3.2 Ha), 5.5.1 (1H, s), 7.19-7.38 (7TH, m), 7.45 (2H, t, = 7.3 Hz), 7.69 (2H, d, J = 7.2
Hz).

MS: m/z = 448 [M+H]*.

Example 22

[0114]

_ [Chemical formula 85]

OBn O 0Bn O Me OBn O Me
|
O oH First step Ox N/\/N\Boc Second step O x N/\/N\Boc
X NH . NH N
HCI "NH,
95B 135A 135B
. OBn O M .
Third step o OBn O Z‘e Fourth step o n Ne Fifth step
AN N~ >""Boc = )N/\/ “Boc
x> N\m) x N‘N
135C Ph/kPh 135D
OBn O Me . OH O Me
. : |
0] N N/\/NH Sixth step 0 N N/\/NH
NS N\N) . N\N)
Ph)\Ph Ph)\Ph
135E - 135
First step -

Compound 95B (1.50 g, 5.32 mmol) and tert-butyl
2-aminoethyl(methyl)carbamate (1.86 g, 10.7 mmol) were added to pyridine (20 ml),l
1-hydroxybenzotriazole (815 mg, 5.32 .mmol) and
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (2.04 g, 10.7 mmol)
were sequentially added, and the mixture was stirred at room temperature for 2
hours. The reaction solution was poured into 1N hydrochloric acid, this was
extracted with ethyl acetate, and dried with sodium sulfate. The solvent was

dsitilled off under reduced pressure, and the resulting crude product was purified
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Ph , NPhN 00_- 171Gl71 First step Conmpound 49B (950 ng, 3.35 nmoO,
3-am nopropan-1-ol (277 ng, 3.69 moD and sodiumsulfate (1.91 g, 13.4
mol ) were added to toluene (25 m), and the m xture was stirred at room
tenperature for 1 hour. Boc20 (0.856 m, 3.69 mmobD was added at room
tenperature, and-the m xture was stirred as it was for 18 hours. Boc20
(0.400 M, 1.72 nmmol | was further added at roomtenperature, and the

m xture was stirred as it was for 60 hours. The reaction solution was
filtered,byadirohelhh thbeto@aphp (ddatofaire chethdel, 956 woechndr essure. The
resulting crude product was purified by silica gel columm chronmat ography

( n- hexanesuwbégtlendlgetitit£ gel Lolumy Eontarogiriadi fchlodbren-ofetHatibh 9565, a/a b or | ess
gumy substance. Second step Compound 171A (1.01 g, 2.29 moD and

pal | adi urgragini V63 gaF BERPLHILAYA 35A%8% a c3RPIcFDFuMBTyasuddtiadet 0 et hanol (20 i),
and the m xture was stirred at roomtenperature for 1.5 hours under a

hydrogen lqixgmﬁm@mh%:tle@ (o1 ), atdoomrivis) 13 S84kt &), 5.rsgf<§1q! Yepls7\EsE, d,

concentrated under reduced préssure to obtain 755 ng of 171B as a col orless

oi | bst a 1 A 1.49 (4H, , 1.56-1.92
(IZH?/ %J,sjzfzég?%%%%é#%gﬁﬁéi H’%’%Gﬁzﬁ)ﬁ,i’ b%)éz (0. 6I(-|, dd,s)J = 13.6, 8.5

Hz), 2.82)%%%%@6 dd, J = 13.5, 3.6 Hz), 3.16 (1.6H, n), 3.60-4.14 (4H m,
5.13 (0.611, @, J = 8.8 Hz), 5.19 (0.4H, d, J = 8.5 Hz), 7.22-7.37 (511,

m. Third step ' A : . :
3- (benzyl oxy) - 4(-3%%(189%& g'yf’r%g 1%,%-2' |2clélrr%oc%)xvyF%fhess?lﬁ%%mnBMFlggdnlr)mDI ) and 171B

(5090 fo oL oA b L0 MRS
oo Bt PSSR, Y o R RIS o2 0
Compound 515% %n?{gl) %vagaéld?leal,%lnldot\}llve %llji%esvslrjabsssttg?gde at rli)(c))rlillr gerr}lpseg'gtelre for 18

hours. Chloroform was added to the reaction solution, the precipitated yellow

precipitate was filtered to remove, and the filtrate was concentrated under reduced

pressure. The resulting crude product was purified by amino column

chromatography (chloroform methanol, 97:3—595:5, v/v) to obatin 887 mg of

Compound 135B as a pale yellow solid.

1H-NMR (CDCls) & 1.44 (9H, s), 2.84 (3H, s), 3.38 (4H, m), 5.33 (2H, s), 5.68 (1H,

brs), 5.80 (1H, brs), 6.35 (1H, d, J = 7.6 Ha), 6.74 (1H, brs), 7.39 (5H, brm), 7.52 (1H,

t,d =9.5 Hz).

Third step

Compound 135B (880 mg, 2.11 mmol) and paraformaldehyde (190 mg, 6.34

mmol) were added to ethanol (18 ml), and the mixture was stirred at 140°C for 30

minutes under microwave irradiation. The reaction solution was concentrated

under reduced pressure, and fche resulting crude product was purified by silica gel

column chromatgoraphy (chloroform-methanol, 97:3—595:5—90:10, v/v) and,

subsequently, amino column chromatography (chloroform-methanol, 97:3, v/v)-to
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To Compound 171C (991 ng, 1.60 mmol) was added 4N HCl (et hyl acetate
solution, 12 m). After the m xture was stirred at roomtenperature for 1
hour, the solvent was distilled off under reduced pressure. Subsequently,
toluene (12 mM) and 3-am nopropan-l-ol (0.244 m, 3.19 mmol) were added,
and the m xture Was stirred at 80C for 10 mnutes. After the solvent was
distilled off under reduced pressure, the resulting crude product was
purified by silica gel colum chromatorgaphy (chl oroform net hanol

991- 4955-0b94ih(072 1why pf Compbirad b3:B244s agobfleGompidund 171D as a yel | ow gummy
substance and 338 ng of Conpound 171E as a colorless solid. 171D:

1H N1\' | RH{-CDERITDR s )15: AR((3H, s),,2.95 GH s), 448 (2HL bdd), §.3B1,(2H, bi}),6.368. 7 Hz) ,
1.97 (1H, m, 2.91 (1H, dd, J = 13.8, 9.8 Hz), 2.99-3.10 (2H, m, 3.90 (1H,
td, J = 13mld, 2=57.688)), eesl@H 2Hy =m).4 Fh), 2635 @HL, i) 7.56. BB, 62H, m), 5.33 (1H,
d J=10.1 Hz), 5.51 (1H, d, J = 10.1 Hz), 6.88 (2H, m, 7.23-7.40 (7H,
m, 7. 68]ﬁgkhﬂgl42§ﬁ@E;ﬂJH-NNR (CDC13) 8: 1.19 (3H, t, J =7.2 Hz),

1.82-1.99 (2H m) 273 (1H, dd, J = 14.0, 11.3 H), 3.13 (1H ), 3.35
(1H, dd, (nwg;geg 4 ), 3,63 (14 m,'3.90-4.25 (4H ). 4.43 (1K d, I
= 13.6 H 1H t, J = 3.5 k), 531 (2H s 78 (2H, J

3.6 VAl ="3.5 Hz). 5.31 (2H, s), 6.78 (2H dd. 6.3,

3.2 Hz), 7.01 T , wssolvs 8-7.39 (3H
0. 7e7 (G O ﬁ?%c('%“@ 1 ket byt BAMED o 2 T 39 (S

ol uti on (G e yed %%P) Sﬁéﬁﬁ&&%&mﬁmﬁe@’ TR e T oom

t enper at for hour h |on sol uti adde N.h hl oric
aci d, ang“‘; g% ge’é%(?c?de?gtaég) §A Xtur(:eevf’%l ¢ lrr 8t o ecF n\lfgetr %% gocr
sulfate The solv was co entrated u uc press t.0 tain 215
10 of  ContbURISL71RE HECHOR O G PBLE G nwgw ?hl 26E tef] ?ﬁ’s. xth
step Trifluoropacetic acid (2 n1) ded to %ﬁ 8 71F (50 nmg,
0. 11 nmol 9thyharstataeand Q’felﬂréa%éa@trlw}se‘ﬁa taé"rfp%’t‘ fee Vi sofliyrg
After concentration under reduced pressure, a pH was adjusted to 6 with an
aqueous svfaien bT%%‘(ﬁ?étV@SS’éﬁdﬂqdo?ffBﬂ@PWdHSRﬂIrH@Pﬁ‘Bh ft‘:nda@ied‘es‘éﬁ&gt his was

extracted with chloroform and dried with sodiumsulfate. After the sol vent
was di st i ¢rude podductwde puriddd b dilinaczet aelumnciiremetagr ap et hanol - et hyl et her
wer e added, and the precipitated solid was filtered off to obtain 24 ng of

Conpound (thlbraform-methanple 8% 3—s151:3, 0//v) EptohpdRn (BRBG efdyorspaurgiBlypDH, d, J =
12.6 Hz), 1.83 (1H m, 2.96-3.29 (3H, rr) 4.05 (2H m, 4.55 (1H, dd J =
13.2, 4.4Fi¥hystep. 08 (1H, dd, J = 9.2, 5.4 Hz), 5.30 (1H, s), 7.19 (5H, n,
8.09 (1H, s), 12.84 (1H, brs) IVE: rrlz = 371 [MFHP- . Exanple 27 [0119]
[ Chemi cal for mul@C8RJpound 135D (727 mg, 1.22 mmol) was added 4N HCI (ethyl acetate

solution, 10 ml). After stirring at room temperature for 1 hour, the solvent was

distilled off under reduced pressure. An aqueous saturated sodium bicarbonate

solution was added, and this was extracted with chloroform, and dried with sodium

sulfate. The solvent was distilled off under reduced pressure, methylene

chloride-ethyl ether were added to the resulting crude product, and the precipitated

solid was filtered off to obtain 575 mg of Compound 135E as a colorless solid.

Sixth step

Trifluoroacetic acid (2 ml) was added to Compound 135E (50 mg, 0.10

mmol) and the mixture was stirred at room temperature for 1.5 hours. After

concentrated under reduced pressure., a pH was adjusted to 6 with an aqueous
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Cbz, NH PhOH Ph 2b 175A 0 O step neo).(,)H, OBn Fifth step Ph L> , OW pi
hBac 175D 0 O MeO || NyO PhLN

sodium bicarbonate solution and an aqueous ammonium chloride solution, and this
was extracted with chlorofrom, and dried with s_odium sulfate. After the solvent
was distilled off under reduced pressure, methylene chloride-ethyl ether were
added, and the precipitated solid was filtered to obtain 15 mg of Compound 135 as a
colorless solid.

'H-NMR (DMSO-d6) &: 2.40 (3H, s), 2.80 (1H, s), 3.12 (38H, m), 3.87 (1H, m), 4.37
(1H, d, J = 13.6 Hz), 5.10 (1H, d, J = 13.4 H2), 5.52 (1H, s), 5.53 (1H, d, J = 5.5 Ha),
7.15-7.70 (11H, m).

MS: m/z = 405 [M+H]*.

Example 23

[0115]

[Chemical formula 86]

~ OBn OBn OBn |
Oji/\fcozH First step oj\i\(cone Second step QO § CO,Me
MeO,C” SN MeO,c~ SN Me0,c~ N N~-CHO
: 165A 1658 165C
OBn O
OBn O O N/>

Third step Oj\i/\HLN”Fourth st.epMeOZC ™ N\/‘\N Fifth step

Me0,C~ X NJ\” - : .

- 165D ' O
165E
0Bn O OH O

165F 165
First step
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Ph 175E 0 O HQOBn IIn N Ph(:)- 175G First step A sol ution of
Compound 2b (1.98 g, 5.48 mml) in nethylene chloride (10 mM) was added
dropwi se to Dess-Martin Periodi nane(0.3M nethylene chloride solution, 25.0
m, 7.50 nmol) at O0C. After stirring at roomtenperature for 3 hours, the
m xture was poured into a i N agueous sodi um hydroxi de solution, and this
was extracted with ethyl ether. The organic | ayer was washed with 1N
aqueous sodi um hydr oxi de sol ution and saturated sodi umchl oride water, and
dried with magiesassinmhflanate Aft%s, 129enmol\verdtmeths] widsde (8108dm bf 12nder
reduced pressure, this was purified by silica gel colum chromat ography

( n- hexanangbhyeraceqwdreiallz:alded tovd sdlotobhtofiCombod8d g 66A (GEIROVAIABSITBA. |

H NWVR (CDC13) 8: 4.55 (1H, d, J = 7.3 Hz), 5.09 (2H, s), 5.14 (2H, m,
7.22-7. 387(d5H08Mhmod. I8 DNIFH376 InL) 9€ €668 tehpPrature, and thompotunel whg5A (1. 30
g, 4.59 mmol), 3-am nopropan-1-ol (379 ng, 5.05 mml) and sodium sul fate

(3.26 0, <@réd Pl) howse BRERGCHON bELbBHSvdsARidel ko a bR tIoRAT AinthéHi@mWaS
stirred at roomtenperature for 1 hour. Boc20 (1.17 m, 5.05 mmll was

added at #9050 @RS, astgurnemoﬁnﬁwtab@r (T X6 WIS RSy RbichbIsk Ahdithe WAS foOr- 18
hours. Boc20 (1 17 ™, 5.05 mol) and sodiumsulfate (3.26 g, 22.4 mmol)

wer e add ec(:jlﬁﬁ giré%}]mv%}sutﬁ@er@@&fséﬁd #88hd O itB Qv fReHESobtdidea ERAGHrOduEO! Ut i on

was filt e filtrate was concentrated under reduced pressure. The

L e V5 AL PP el B o
sol i d. ethyl acetate, and dried with sodium sulfate. The solvent was distilled off under
reduced pressure, and a crude product (9 g) was obtained from the resulting
residue. The crude products were combined, and prufired by silica gel column
chromatography (ethyl acetate/ n-hexane = 50% — 100%) to obtain Compound 165B
(36.5 ¢, 95l%) as a white solid.
Second step
Potassium osmate dihydrate (1.13 g, 3.06 mmol), sodium periodate (87.3 g,
408 mmol) and water (365 mmol) were sequentially added to a solution of
Compound 165B (36.5 g, 102 mmol) in 1,4-dioxane (-548 mL) at room temperature,
and the mi);ture was stirred for 6 hours. The reaction solution was extracted with
methylene chloride, and dried with sodium sulfate. The solvent was distilled off
under reduced pressure, and the resulting residue was purified by silica gel column
chromatography (ethyl acetate/n-hexane = 50% — 100%) to obtain Compound 165C
(33.0 g, 90 %) as a brown foam.
Third step
Ethylenediamine (0.247 mL, 3.66 mmol) and acetic acid (0.0210 mL, 0.366
mmol) were sequentially added to a suspension of Compound 165C (1.38 g, 3.66

mmol) in toluene (25 mL) at room temperature, and the mixture was stirred for 1
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Third step Conpound 175B (632 ng, 1.22 mmol) and pal | adi um acti ve
carbon (10% wet, 100 ng) were added to ethanol (10nl) and THF (5 m ), and
the m xture was stirred at roomtenperature for 3 hours. After filtration
with Celite, the solvent was concentrated under reduced pressure to obtain
502 ng of 175C as a colorless oily substance. 1H NWVR (CDC13) 8: 1.45 (9H,
s), 1.77 (2H, m, 3.18-3.27 (1H, m, 3.43-3.51 (1H m, 4.04 (4H m, 4.92
(1H, d, J =4.7 Hz), 7.28 (10H, m. Fourth step Di net hyl

3- ( benzylaxy) add fucchettdtipyadaat-50°6-fot tahbavsy | The p¢Qaditatgd sdli®¥amfitteyedand 175C
(468 ng, 1.22 mmol) were added to toluene (5 m), and the m xture was
stirred aiff h00G dshed Jittoethsr toflitein Chrapsod/e6iD (lasl gi K0 %) eda phfe under
reduced pressure, the resulting crude product was purified by silica gel

col um chrpa®wtPudaphy (n-hexane-ethyl acetate, 1:1, v/v) to obatin 391 ng
of Conpound 175D as a pale yellw gumy substance. Fifth step To
Conpound ﬂffﬁm{ aﬁﬁsUdG)Qs 803 (arPk), ses (pdded 308 HEL ey (ace), 8tgr

solution, 4 . After stirring at roomtenperature for 1 hour, the sol vent

was di St'('lhe%O& 2leﬂﬁead rﬁdg%e%@rﬁﬁsl@%@(1§U9§Qﬂ9‘§(‘1tHYd goloans,)(#1s1) and
3- am nopropan-1-ol (0.0870 , 1.14 mol) were added, and the m xture was

stirred aBQCyLofy {:HQW:%@H w51 7H1R0ROkYERs 1A g 5t111ed of . under

reduced pressure e resul t1ng ¢rude pfoduct was purified by silica gel
colum c to raphy (chl or of or m net hanol , 982, v/v) to obtain 57 ng of
Conmpound as Pa yel | eow gummy subst ance and 44nmg of Conpound 175F as a

r o g?”%é“( {AGonerh BBtk IYE L GTorhho @r%fﬁﬁe 188 shdlpelPhior2- 87
(2R 5 Comgotnies 2 7e Tas G ooy porepiges kg i 3 T, 9.%1F97

2H, 3.12-3.22 (1H, 50 (111, , ,

51 34- ? 4050d1m 1?f=}lde£1 4“? 1%8%““310(1)—“‘8308%51”3‘ ig’%él‘iy aé@‘go("mmﬂ‘ir(ag‘sreog) (111,
d, J = 3.3 Hz), 1H d, J =9 5.26 (1H, d, J = 6 Hz
7.08-7. 50a1(d_|_tj}q mmtureﬂ(vggstyrrqck at @@.TCfﬂ(‘ 7 h‘@ﬁrit hT}ge( @ﬁctmn SOIM”W@@B%’\W%?SE

(57 ng, 0.10 nmmol | was dlssolved |n THF %8 5 m) and ethanol (0.5 m), a 2N
aqueous siodd bydteghlovigiagid €aV. U0 B eod 35 @ 2),@ngdGhimpy exieactediWEd at r oom
tenperature, and the mixture was stirred as it was for 1 hour. To the
m xt ur e wedomdriet(10R thiydrDodriddiied withcsodam sulfits. wAbe sxlvenicyagdistitlpd
chloroform and dried with sodium-sulfate. The solvent was distilled off
under r edef edd@r edsurdpreandet drel thesiebtliting residde was pduiftedassilmargel i ed by
silica gel colum chromat ography (chloroform nethanol, 982, v/v) to obtain
Conpound &I&en chemantdgradiechloroform/methanol= 0% — 5%) to obtain Compound

165E (2.72 g, 68 %) as a pale yellow solid.

Fifth step

An aqueous sodium hydroxide solution (2 N, 10 mL) was added to a solution

of Compound 165E (2.72 g, 5.08 mmol) in ethanol (30 mL) at room temperature, and

the mixture was stirred for 3 days. Hydrochloric acid (1 N, 20 mL) was added to

the reaction solution at room temperature (pH = 1), and this was extracted with

chloroform (100 mL x 2), and dried with sodium sulfate. The solvent was distilled

off under reduced pressure, and the resulting residue was purified by silica gel

column chromatography (chloroform/methanol = 0% — 10%) to obtain Compound

165F (1.77 g, 67 %) as a pale yellow solid.
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Trifluoroacetic acid (1 m) was added to Conpound 175G obtained in Sixth
step, and the m xture was stirred at roomtenperature for 1 hour. After
concentration under reduced pressure, a pH was adjusted to 3 with an
aqueous sodi um bi carbonate solution and 2N hydrochloric acid, and this was
extracted with chloroform and dried with sodiumsulfate. After the sol vent
was distilled off under reduced pressure, chloroformnethanol -ethyl ether
wer e added, and the precipitated solid was, filtered off to obtain 11 ny of
Corrpound TS MR (RMS6-d)|5e 8 $35aH, dv), 116 (LHMR), (DAMBOHIGY, 8:7311B0m)1H12d, J =
13.1 Hz), 1.79 (1H m, 3.17 (1H m, 3.86 (1H t, J = 11.0 Hz), 4.03 (1H,
dd, J = 1@H8m)44.36KEH, m4.54@4(111-,l,s),05.091(H{,-1c2J0= Y HZ), 539 (1M, d, dds 10.7= 12. 7,
4.2 Hz), 4.84 (1H, s), 5.85 (1H, d, J = 11.7 Hz), 7.22 (7H, m, 7.44 (2H,
t, J = 7.8p)Hz)8 - 7885168 m)d8.33 (FH/s)38180)(1H8:)14 (1H, s), 12.75 (1H s),
15.33 (1H, brs). Ms: nmlz = 447 [ Ml -11+ . Exanple 28 [0120] Measurenent of
powder X-d;awh geffracti on pattern The powder. X-ray diffraction
measur ment of the crystal obtained in each Exanple was perfornmed under the

fol | owi ng neasureiRitios 8PChhbHhAFEHF Ci. mgt:pg@nfm&mm AfhiBAVGRSride T ay

diffraction neasurenent described in a general test nethod of Japanese

Phar ”acc’p@edl% 8PRARAHYRIN Rr- g%@@gﬁﬁﬁ%%pq Ok UG HhID Xy M Rla dtrerat | on

meat hod) I'eé"was neasure ow ng condi tions. Measurenent

et hOd: ﬁf ! %Ct | 0 & erk@g m@ngy(?I'OCllﬂOthaCl%%rﬁ elO Is?ﬂ) LH&)Q a%\/@b ?rﬁgtvbergsed

CuKa-r ay ube °Cur r en

sequentially added to the reaction solution at room temperature. The precipitated
solid was filtered off, and washed with ether, DMF-water were added, and the
precipitated solid was filtered off to obtain Compound 165 (599 mg, 41 %) as a white
_solid.

IHNMR (DMSO-ds) &: 2.60 (1H, m), 3.20 (1H, m), 3.64 (2H, m), 4.00 (2H, m), 4.55
(1H, m), 5.01 (1H, s), 7.28 - 7.47 (10H, m), 8.16 (1H, s), 11.97 (1H, brs).

MS: m/z = 432 [M+H}-.

Example 24

[0116]

[Chemical formula 87]

OBn 0

e o OBn O /!__/ //\
\i \\I " \/\/\O First step F\/\ \> N
AN N AN |
| T E \/\J \r/\/N\/\\N
167A 167B
Vo H /N
g d OBn O j‘\\ /5,\/‘ O\/O\/O\ \;//
econd step ’\/\
—— N S Third step HO N I
HO \/N\/FN — \/\/ \/V N —
0 \/\ O \< ;"'-\
N e
167C : 167

First step
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Tube voltage: 40Kv Sanple plate: glass X-ray incident angle: 3 and 12
[0121] Test Exanple 1: Measurenent of cap-dependant endonucl ease (CEN)
inhibitory activity 1) Preparation of substrate

30nmer RNA(S5' - pplnR21- 01GAA UAU(- Cy3) GCA UCA CUA GUA AGC UuU Gccu

CUA- BHQ2- 3' : manuf actured by Japan Bioservice) in which Gat a 5 end is

di phosphat e-nodi fi ed, a hydroxy group at 2' position is

met hoxyl ati on-nmodified, U sixth froma 5 end is labelled with Cy3, and a
3' end is | abel(BeN 1vhenky BHORemAsrqpanchadedninaidowrnehgf the ugdriva@ was added
using ScriptCap system manufactured by EPICENTRE (a product was nvG

[ 51- ppp- [CHerhit®l SdAGAE AL TPB)30ZR03ITA5CLA . §3UA A michdl) Sl kacetic acid
CUA(-BH@2)-3'). This was separated and purified by denatured pol yacryl am de
gel el ectoephprest addedeb #s6atias ofCompshndle7A (WD Ryospa6aL] N6S @f 7.60zyne
RNP was preparaed froma virus particle using standard net hod (Reference -
Docunent : m, MoBGh £93B 1Y AndRBR hriZRBe AaGhe MixRFHOUONSKY IfteBREslidd ®wal | y,
A WBN/ 33 virus (1x103 PFU/ nlL, 200p.L) was innoculated in a 10 days old

enbr yonat &g, et ued Ghe AbIEAt W ASERANLOBErin Prlfe eOtiAsdAYodbdiGva | ant oi C
fluid of the chicken egg was recovered. A virus particle was purified by

ul tracentt.i 'ﬁ'da-Qiaﬁi 1Sq 0 =T ey BN X-100 and
| ysol eci t%lllrfrll, _ aﬁda{;)ﬁé%ﬁ%%r%gga?ggg Sgl-a%%%%hgil?%’/cer ol O%E?Via-ogn%lﬁ%gs col | ected

by U1t r AR WAL NS00 Phcdflsd B0 QL YCRIO L Do B A SO and v

f
used as an éehlzyyrre sol ution (contai i ng appr oxi mat PB1PB2- PA

conpl ex). zypati.c reaction Al I td hugion (2.5
3 Ccompodi b von BB R Brom opeu iy SRE SRR TR AR PP UL

dithiothregitol ‘518 NaCl, 12.5% gl ycerol, enzyme solution 0.15 1.1.1,) was
di spensed-?HP! >wel | plate made of pol ypropyl ene. Then, 0.5 ill, of a

test substance sol utian whi cﬁ had be ser| L{_Iy (gi(llty d%vm t h ?II t.hyl
sul f oxi de' @%ﬁc%@%aéé {5, {,g’e— B‘Iﬁ@@: 2,42? pd&i T%Z’ Bt o Z{’% or a
negative control (NCH%EO. 5 pL of DVBSO was added t he plate r ectively.
Each pl at Grueld. ol HePie Honads-2519 REL b & bt Fb-ans 0t 6h TR 3
substrate RNA, 0.05%ween20) was added to initiate a reaction. After room
t enper at ut-62 (R ubatF 60 Hor 588 (Milnditles 10-5 H)1 5.48 (Hhed. Jead®-p ot SHI 6i%n was
coll ected and added to 10 pL of a H -D formam de sol ution (containing
GeneScan @20 nb)i 7.18i 7239 Qudhdak d.6842H, di 2163 Hah 1815 (IMaslf act ured by Appl i ed
Bi osystem (ABl)) in order to stop the reaction. For NC, the reaction was
st opped i Becaddatepe by addi ng EDTA (4.5 m\V) before . initiation of the
reaction (all concentrations described above are final concentrations).
Boc20 (3 ml) and DMAP (180 mg, 1.47 mmol) were added to a solution of

Compound 167B (968 mg, 1.47 mmol) in MeCN (10 ml), and the mixture was heated

to reflux for 5 hours. A 2N aqueous sodium hydroxide solution was added to the

reaction solution to stop the reaction, and this was neutralized using 2N

hydrochloric acid, followed by extraction with ethyl acetate three times. After the

extract was washed with an aqueous saturated sodium chloride solution, the

solvent was distilled off, and the resulting oil product was purified by silica gel

chromatography. The column was eluted initially with n-hexane-ethyl acetate

(6:4, v/v) and, then only ethyl acetate. The objective fraction was concentrated to

obtain 349 mg (yield 45%) of 167C as a solid.

ITHNMR (CDCls) &: 2.54 (1H, t = 9.0 Hz), 2.76 (1H, dd, J = 9.3 Hz, 16.5 Hz), 3.31
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3) Measurenent of inhibition ratio (IC50 val ue) The solution for
whi ch the reaction was stopped was heated at 85C for 5 mnutes, rapidly
cooled on ice for 2 mnutes, and anal yzed with an ABI PRI ZM 3730 genetic
anal yzer. A peak of the cap-dependent endonucl ease product was quantitated
by anal ysis software ABl Genemapper, a CEN reaction inhibition ratio (% of
a test conpound was obtained by setting fluorescent intensities of PC and
NC to be 0% inhibition and 100% i nhi bition, respectively, an |1C50 val ue was
obt ai ned (@B Ad, £u6eHEzi 9.6iHm), 3465 ( Mardd, @t 8idtiRz, 02¢bHe), 32053.78bdlifabt ur ed

I DBS etc.)). The 1 C50 val ues of test substances are shown in Table 1.
[0122] Tes04-Exar(hHem), CRE4ia2Hi1Hi, 1oy ¥.6ef(2Hcd, La6id Hal, AF9d3Eayl, &Mbt02 i al > 2%
FCS E- MEM (prepared by addi ng kananmycin and FCS to MEM (M ni num Essenti al
Medi unm) (HBY5.200gENd,)J D16 20HR3A5. B3 MY d, pr e paR éik) b 7éd dior(@ 1 Kama /60 (2Fand BSA
to MEM (M ni mum Essential Medium (lInvitrogen)) HBSS (Hanks' Bal anced Salt

Sol ut i on)d, DB 6aeh)| 8.05 (11, 5), (B4b $1Mer @ -aslusied to the appropriate cel
nunber (3x105/nm) with 2% FCS E-MEM MDCK cel |l After washing with HBSS two

times, ceplisqwepe adjusted to the appropriate cell number (5x105/nm) with
0. 5% BSA E-MEM Trypsin sol ution Trypsin from porci ne pancreas

(SIGV) was di ss@hysithd T67CRI60 kng, BBO o)Ak £V dBinQrifRiokddRbfié hi@r -
(2 mD), and the solution was stirred at room temperature for 1 hour. The solvent
was distilled off, the residue was dissolved in dichloromethane (2 ml), and the
solution was neutralized with an aqueous saturated sodium bicarbonate solution.
The resulting solution was made acidic with an aqueous citric acid solution, and the
organic layer was separated. The aqueous layer was extracted with

_dichloromethane once, and the combined organic layers were washed with water,
and dried with sodium sulfate. The solvent was distilled off, and the resulting
solid was washed with diisopropyl ether to obtain 71 mg (yield 57%) of Compound
167.

IHNMR (CDCls) &: 2.65 (1H, dd, J = 8.4 Hz, 9.6 Hz), 2.97 (1H, dd, J = 9 Hz, 13.5
Hz), 3.43 (1J, dd, J = 7.2 Hz, 9.6 Hz), 3.55 (1H, dd, J = 3.0 Hz, 13.2 Hz), 3.61-3.80
(4H, m), 4.15 (1H, dd, J = 4.2 Hz, 9.9 Hz), 4.51-4.60 (1H, m), 7.15-7.18 (2H, m),
7.28-7.38 (8H, m), 8.02 (1H, s), 12.04 (1H, s).

Example 25

f0117]
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EnVision (Perkin Elmer) WST-8 Kit (Kishida Chem cal Co., Ltd.) 10% SDS
solution [01231 <Cperation procedure> Dilution and di spensation of test
sanpl e As a culture nmedium 2% FCS E- MEM was used at the use of
MDBK cell's, and 0.5% BSA E- MEM was used at the use of MDCK cells.
Hereinafter, for diluting virus, cells and a -test sanple, the sane culture
medi um was used. A test sanple was diluted with a culture nediumto
a appropriate concentration in advance, and then 2 to 5-fold serial

di | uti on [Chemi®d foweddlaB8ht e (50 pL/well) was prepared. Two plate, one for
measuring anti-Flu activity and the aother for neasuring cytotoxity, were

prepared. Each assay was perforned t(]Brp[bl cate for each drug. At the
use of MDCK ©8hPDs, trypsin was a bhe cells to be a fPﬁaP

concent r abi &_ijgl kst QRpY foOr Baguring arsedondkidp act ion and
di spensati o

JnAn |nif—|—uen~z-a—\+|rus\wa$vdj\l ed with
a culture nediumto a appropriate con br/al on in advance, and eagh 50
pL/wel | was di spensed on a 96-wel | te containing a test substance. Each
50 al/well of a culture nedi um was dlﬁ%%sed on.a plate cont ggggng a test
subst ance for®¥easuri ng cytotoxity. sion and di spensation of cell

Each 100 pt/well of cells which had been adjusted to the appropriate cell
nunber was di spensed on a 96 well plate containing a test substance. This
was nmixed with a plate mxer, and incubated in a CO2 IQ-S.‘AJ tor for 3 days
for measuring anti-Flu actj (t)y and neasuring cyt ot i spensation of

WET 8 The ceII in we pl ate which had benlnc aed for ‘3
days was obsermedsw sua TJ;;ﬁHd\ )E m cr o§eopesteand ap N of the
cells, the presence or a a crystal—of—test substapncel were checked.
The supernatant was renoved si tlgat the cells were not aomthe

pl at e. O O

169

169C

First step

2,2-Dimethoxyethanamine (0.49 ml, 4.47 mmol) was added to a solution of
Compound 95A (WO 2006/116764, 500 mg, 2.03 mmol) in ethanol (5 mL), and the
mixture was stirred at 80°C for 3 hours. After the reaction solution wés allowed to
cool, acetic acid (0.27 ml, 4.69 mmol) was added at room temperature, followed by
concentration under reduced pressure. The resulting residue was dissolved in
DMF (5 mL), and DBU (0.66 mL, 4.4 mmol) and, subsequently, methyl iodide (1.02
mL, 16.2 mmol) were added under a nitrogen atmosphere, and the mixture was
stirred at room temperature for 3 hours. An aqueous saturated sodium
bicarbonate solution, and ethyl acetate were added to the reaction solution, the .
ethyl acetate layer was separated, and the aqueous layer was extracted with ethyl
acetate. Sodium sulfate was added to the combined extracts, this was filtered, and
concentrated, and the resulting residue was purified by subjecting to silica gel

chromatography. The coluﬁn was eluted with chloroform-methanol (9:1), and the
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~WBT-8 Kit was diluted 10-fold with a culture nmedium and each 100 p.L was
di spensed into each well. After mxing wwth a plate mxer, cells were

i ncubated in a CQ2 incubator for 1 to 3 hours. After incubation,
regarding the plate for measuring anti-Flu activity, each 10 pL/well of a
10% SDS sol uti on was di spensed in order to inactivate a virus. Measurenent
of absorbance After the 96-well plate was m xed, absorbance was
measured with EnVision at two wavel engt hes of 450 nm 620 nm [0124]

<Cal cul atdbjaetiot firmatibn wmeasone@mtrited teeshtanl 2/>mg of Compottheé 18694 ae atswn
cal cul ated using M-crosoft Excel or a program having the equival ent

cal cul atiggh and processing ability, based on the follow ng cal cul ation
equation. Cal culation of effective concentration to achi eve 50% CPE

i nhi bi ti or-NMERATDETHG: 3.310GH, ), .80 (G30%, 3.81 @1, U) J/= { Bitph, La6 LAy ) X
Il og(H gh conc.) - log(Low conc.)} + log(H gh conc.) 1C50 val ues of test

subst ances 4 8¢, S5z Ns) Tekb €1f; d[ 02 3 HET atbee7.11 (@Iaxme No. -2onpound Nc
CEN | C50 CPE | C50

Second step

Formic acid (31 mL) and, subseqently, water (5 mL) were added to
Compound 169A (1.00 g, 2.88 mmol) aﬁd the mixture was stirred at 70°C for 6.5
hours. Water and ethyl acetate were added to the reaction mixture, the ethyl
acetate layer was separated, and the aqueous layer was extracted V\‘Iith ethyl
acetate. The combined extracts were washed with an aqueous saturated sodium
bicarbonate solution, sodium sulfate was added, this was filtered, and concentrated,
and the resulting residue was purified by subjecting to silica gel chromatography.
The éolumn chromatography was eluted with ethyl acetate-methanbi, and the
objective fraction was concentrated to obtain a mixture 6f aldehyde hydrate and
methylacetal as a colorless transparent oil product. The resulting oil prodt.xct was
dissolved in dichloromethane (5 mL), 1,3-diaminopropane dihydrochloride (354 mg,
2.41 mmol) and, subsequently, acétic acid (0.069 ml, 1.2 mmol) were added, and the
mixture was stirred at room temperature for 6 hours. The reaction solution was
diluted with dichloromethane, and the insolubles were filtered, and concentrated
under reduced pressure to obtain a crude purified product of Compound 169B. |
MS: m/z =326.20 [M+H]*.
Third step

Potassium carbonate (498 mg, 3.61 mmol) and, subsequently,
bromomethylenedibenzene (890 mg, 3.61 mmol) were added to a solution of

Compound 169B (391 mg, 1.20 mmol) in acetonitrile (4 mL). After the reaction
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(1.1M (11M 14 43 0.078 1.41 21 128 0.063 0.416 27 175 0.132 0. 102

solution was stirred at 90°C for 2 hours, water, ethyl acetate and brine were added
to the reaction solution, the ethyl acetate layer. was separated, and the aqueous
layer was extracted with ethyl acetate once. The combined extracts were dried
with magnesium sulfate, filtered, and concentrated. The resulting residue was
purified by subjecting to silica gel column chromatography. The column was
eluted with ethyl acetate-methanol, and the objective fraction was coﬁcentrated to
obtain 106 mg of Compound 169C as an orange solid.
MS: m/z = 492.15 [M+H] +.
Fourth step

Lithium chloride (27.2 mg, 0.641 mmol) was added to a solution of
Compound 169C (105 mg, 0.214 mmol) in DMI (2 mL), and the mixture was stirred
at 90°C for 3 hours. Lithium chloride (27.2 mg, 0.641 mmol) was further added,
and the mixture was stirred at 90°C for 1 hour. The reaction solution was
concentrated under reduced pressure, and the resulting residue was purified using
a LCMS collection apparatus. The eluted solvent was distilled off, diethyl ether
was added to the reéidue, and the precipitated solid was filtered off. Washing and
drying with diethyl ether afforded 27 mg of Compound 169. -
1H-NMR (CD; OD) &: 1.63 (1H, dd, J = 13.4, 2.8 Hz), 1.84 (1H, br ¢), 2.55-2.64 (1H,
m), 2.90-3.10 (2H, m), 4.30 (1H, dd, J = 14.5, 4.0 Hz), 4.52 (4H, dd, J = 14.5, 3.8 Hz),
4.63-4.75 (4H, m), 5.16 (1H, s), 6.16 (1H, d, J = 7.2 Hz), 6.78 (1H, d, J = 7.2 Ha),
7.16-7.32 (10H, m).
MS: m/z = 402.10 [M+H]*.
Example 26

[0118]
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The test substances exhibited the high cap-dependent endonucl ease (CEN)
inhibitory activity, and exhibited the high CPE inhibitory effect. These
substances can be nedi canents useful as a therapeutic agent and/or

prophyl actic agent of a synptom and/or a disease induced by infection with
i nfluenza virus. Therefore, it can be said that the substance and
production nethod of the present invention are an internedi ate substance
and a production nethod useful for efficiently produci ng substances which
can be usl€theascaA fomaila®ent. CLAIMS 1. A net hod of produci ng a conpound
shown by fqgnula (X4) or a It t her eof conprising t he steps of (Step B)

reacting a & nmﬂun sho TWHnuIa %XZ ChenlcaHzfor Rd ( X2
gﬁﬂi&ﬂenph

) (wherei nPRi al: , kyh [ ubstituted
by substituent E, carbocyclyl |ower|al kyl oxy option yj/si]substltuted by
substituent 4sB eterocyclyl'lameV &yl oxy opti ongdct ubstituted by

substituent E, or -0Si (Rle)3,

(o] O
OBn
Bn Fourth step )Kiuji? E'(OJK(&f
@]
N
Ph._ NN

. o o
Boc
\\\/) 171C 171D 171E
OBn ' 0Bn OH
EtO || Fifth step HO | | Sixth step HO
0
N
Ph\kaj/N Ph\&ukT/N . Ph\wukj/N
5 5 e
171F 171G 171
First step

Compound 49B (950 mg, 3.35 mmol), 3-aminopropan-1-ol (277 mg, 3.69
mmol) and sodium sulfate (1.91 g, 13.4 mmol) were added to toluene (25 ml), and
the mixture was stirred at room temperature fbr 1 hour. Boc:0 (0.856 ml, 3.69
mmol) was added at room temperature, and the mixture was stirred as it was for 18
hours. Boc20 (0.400 ml, 1.72 mmol) was further added at room temperature, and
the mixture was stirred as it was for 60 hours. The reaction solution was filtered,
and the filtrate was concentrated under reduced pressure. The resulting crude
product was purified by silica gel column chrorﬁatography (n-hexane-ehtyl acetate,
1:1, v/v) to obtain 1.02 g of 171A as a colorless gummy substance.

Second step

Compound 171A (1.01 g, 2.29 mmol) and palladium-active carbon (10%,
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Ri es are each independently | ower alkyl optionally substituted by
substituent E, carbocyclyl optionally substituted by substituent E,

het erocycl yl optionally substituted by substituent E. carbocyclyl | ower
al kyl optionally substituted by substituent E or heterocyclyl |ower alkyl
optionally substituted by substituent E, R2d i s hydrogen, | ower
al kyl optionally substituted by substituent E, carbocyclyl |ower alkyl
optionally substituted by substituent E, or heterocyclyl |ower alkyl
opt i onal lwetsBbS kg titeed alddedstolkshaiialé2d nff), and the mixfRlrel wias shiychdogenom| ower
al kyl optionally substituted by substituent E, N(R3e)2, or -0R3e,

R3es are @afRratideReNuEhé Y Undveh Bidkydenapiospiadrby Aftbsfilttatiedwity
substituent E, or may be taken together to forma heterocycle, and wavy

line is Eofigemmpndlveht #af esiBeRiratdteuliiiert b Beddbaire tSoliraid T3k JF;
hal ogen, cyano, hydroxy, carboxy, fornyl, am no, oxo, nitro, |ower alkyl,

hal ogeno {Q4ex, ﬁké‘l%hess'&%ﬁlbéﬂa‘ﬁ%.oxy’ carbocyclyl optionally substituted by
substituent F, heterocyclyl optionally substituted by substituent F,

car bocycl ﬁ@h-ﬂrlﬁwcmhkgézwz GRf isP n@h} ?/4&%'9,%.56@?9%&&%@,@% (6.48N4a, 55 =

het erocyclyl Tower alkyl'oxy opti'onal 'y 'substituted by substituent F,

carbocycl ?’%ifs,]?.g‘ﬁ’z"?,rzaﬁéﬁfeﬁh&a‘? JO:PEB.%([:“?.%' 17)SHR3(p Ll gﬁ DY 13UPsld frient 6k,

het er ocyc ower io’optional Ty substitutéd by substituent F,

et or oty ey B ki PRy 2ot RORL o PRty BISCE LA Y ERR "

carbocycl yl oxy optionally substituted by substituent F, heterocyclyl oxy
optional | 2gub%(t(?){[_]:dlx@d by substituent F, carbocyclyl carbonyl optionally
substituted by substituent F, heterocyclyl carbonyl optionally substituted
by substit¥EAStP car bocycl yl ami nocarbonyl optional |y substituted by
substituent F, heterocyclyl am nocar bogﬁK/I optionally sg%tgst(i-tut ed

<K §

bysubstituent FDimeihghaeenzsipey)- ArkyrHekpyrancwe vty $ehme LP%yl , 1 ower
al kyl oxy | ower al kyl oxg/, | ower al kyl car bonfélﬂé | ower @éﬁél oxycar bonyl , | ower
al kyl oxycamidhgndihi Hb(600aerl-29 mpralhivaes addsdep telupys o the MEEUTOwer
al kyl am nocar bonyl, |ower al kylsul fonyl, and | ower alkyl sul fonyl am no;
Subst i t uewhs Btirtedlad de6°C foy driohgursc aABex yhe sokvans wasxdistilidd efbundeswer al kyl |
hal ogeno | ower al kyl, |ower alkyloxy, and ami no protective group) with a
conpound sduomed pyesbarentheareWMing cri@hemnidsat whe porifiad By sfiica gel aghymn

chromatography (chloroform-methanol, 99:1, v/v) to obtain 1.02 g of Compound

171C as a pale yellow gummy substance.

Fourth step

To Compound 171C (991 mg, 1.60 mmol) was added 4N HCI (ethyl acetate

solution, 12 ml). After the mixture was stirred at room temperature for 1 hour, the

solvent was distilled off under reduced pressure. Subsequently, toluene (12 ml)

and 3-aminopropan-1-ol (0.244 ml, 3.19 mmol) were added, and the mixture was

stirred at 80°C for 10 minutes. After the solvent was distilled off under reduced

pressure, the resulting crude product was purified by silica gel column

chromatorgaphy (chloroform-methanol, 99:1-595:5—90°10, v/v) to obtain 341 mg of

Compound 171D as a yellow gummy substance and 338 mg of Compound 171E as a

colorless solid.
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(wherein RAd is lower alkyl optionally substituted by substituent E,
carbocyclyl lower alkyl optionally substituted by substituent E, or
het erocycl yl | ower al kyl optionally substituted by substituent E,

R5d is hydrogen, hal ogen, |ower al kyloxy optionally substituted by
substituent E, or -0-S02-R5e, R5e is |ower alkyl optionally
substituted by substituent E, carbocyclyl optionally substituted by
substituent E, heterocyclyl optionally substituted by substituent E,
car bocycl yi1D: oWeENMR kgD Copts: 0r28l(BH, s UbstviltMi)ed.shy1HUBST +t18emBz)E]L 9ar
het erocycl yl | ower al kyl optionally substituted by substituent E, and

substi t uent, k)i 8.90€{Hned BbIY8) 918EHHDL 3018, B0 CINROYBDOIEWY, By= iDn2ba (X3);
[Chemi cal fornmula 31 Rid O (X3) (wherein each synbol is defined above);

and (Stepgs) 4.12 (2H, m) f@@&(zmqni aesmpmgnsl:ag oy, y= @A) 2.6 K8IH W, Uh &
conmpound shown by fornula (V3): [Chemcal fornul'a 4]
=10.1 Hz), 6.88 (2H, m), 7.23-7.40 (7TH, m), 7.68 (2H, m)
171E: ' H-NMR (CDCls) &: 1.19 (3H, t, J = 7.2 Hz), 1.82-1.99 (2H, fn), 2.73 (1H, dd, J
=14.0,11.3 Hz)., 3.13 (1H, m), 3.35 (1H, dd, J = 14.0, 8.4 Hz), 3.63 (1H, m), 3.90-4.26
| (4H, m), 4.43(1H, d, J = 13.6 Hz), 5.27 (1H, t, J = 3.5 Hz), 5.31 (2H, s), 6.78 (2H,l dd,

J=6.3,3.2Hz), 7.01 (1H, d, J = 7.0 Hz), 7.18 (8H, t, J = 3.1 Hz), 7.28-7.39 (3H, m),
7.67 (2H, m).
Fifth step

Compound 171D (329 mg, 0.673 mmol) was dissolved in ethanol (2 ml) and
THF (4 ml), a 2N aqueous sodium hydroxide.solution (1.69 ml, 3.38 mmol) was
added, the mixture was stirred at room temperature for 1 hour. To the reaction
solution was added 2N hydrochloric acid, and this was extracted with ethyl acetate,
and dried with sodium sulfate. The solvent was concentrated under reduced
pressure to obtain 215 mg of Compound 171F as a colorless solid.
MS: m/z = 461 [M+H]".
Sixth step

Trifluoroacetic acid (2 ml) was added to Compound 171F (50 mg, 0.11
mmol), and the mixture was stirred at room temperature for 1 hour. After
concentration under reduced pressure, a pH was adjusted to 6 with an aqueous
sodium bicarbonate solution and 2N hydrochloric acid, and this was extracted with
chloroform, and dried with sodium sulfate. After the soivent was distilled off
under reduced pressure, chloroform-methanol-ethyl ether were added, and the

precipitated solid was filtered off to obtain 24 mg of Compound 171 as a colorless

144



H2N R6d . ( V3 ) (wherein R6d is lower alkyl optionally substituted by
substituent E, |ower alkenyl optionally substituted by substituent E, am no
optionally substituted by substituent E, |ower alkylamno optionally
substituted by substituent E, carbocyclyl optionally substituted by
substituent E, or heterocyclyl optionally substituted by substituent E, and
substituent E is defined above) to obtain a conpound shown by fornula (X4):
[Chemi cal fornmula 5] Rid O

solid.

IH-NMR (DMSO0-d6) &: 1.63 (1H, d, J = 12.6 Hz), 1.83 (1H, m), 2.96-3.29 (3H, m),
4.05 (2H,m), 4.55 (1H, dd, J = 13.2, 4.4 Hz), 5.08 (1H, dd, J = 9.2, 5.4 Hz), 5.30 (1H,
s), 7.19 (5H, m), 8.09 (1H, s), 12.84 (1H, brs).

MS: m/z = 371 [M+HI*.

Example 27

[0119]

[Chemical formula 90]

Cbz. ' “ Cbz. . Cbz.

Ph NH First step NH  Second step Bh @H o Third step NH,
- OH —M— Phj/-\l _— ———— " Ph - (o)
hilg i YOy
Ph Ph O Ph N\J mJ
2b : Boc Boc
175C
' i 0B
Fourth step MeO o OBn  Fifth step MeO B n MeO | | OBn
N © N °
Phﬁ\\.-S\OMe K‘/ Phj\\‘-K/N
N. :
ph® ) Boc Ph O\J Ph O\j
175D 175E 175F
O O
OBn OBn OH
MeO Sixth stepr HO Seventh step HO |
8 8 o
N
Phﬁ\ :
Ph O\J Ph O\j Ph OJ
175E 175G 175
First step

A solution of Compound 2b (1.98 g, 5.48 mmol) in methylene chloride (10

ml) was added dropwise to Dess-Martin Periodinane(0.3M, methylene chloride

solution, 25.0 ml, 7.50 mmol) at 0°C. After stirring at room temperature for 3



R2d0l Red ( X4 ) (wherein each synbol is defined above). 2. A nethod
according to claiml1l, wherein Step B and Step C are continuously perforned.
3. A nethod of producing a conpound shown by forrmula (XA4), or a salt
thereof: [Chemcal formula 9] Rd O Ra R2dol R6d 0" ( (A4) (wherein Rais
hydr ogen, hydroxy, |ower alkylam no optionally substituted by substituent
E, | ower al kenylam no optionally substituted by substituent E, |ower
al kynyl am no optionally substituted by substituent E, carbocyclyl |ower
al kyl am rigow@pt the ikt yrestasidutred 2o BYI NS d§Sddub YediunEhy droxidetseruaynchyd | ower
al kyl am no optionally substituted by substituent E, and

this was extracted with ethyl ether. The organic layer was washed with 1N

aqueous sodium hydroxide solution and saturated sodium chloride water, and dried

with magnesium sulfate. After the solvent was distilled off under reduced -

pressure, this was purified by silica gel column chromatography (n-hexane-ethyl

acetate, 2:1, v/v) to obtain 1.73 g of Compound 175A.

1H-NMR (CDCls) 8: 4.55 (1H, d, J = 7.3 H2), 5.09 (2H, s), 5.14 (2H, m), 7.22-7.35

(15H, m), 9.62 (1H, s). . .

Second step

Compound 175A (1.30 g, 4.59 mmol), 3-aminopropan-1-ol (379 mg, 5.05
mmol) and sodium sulfate (3.26 g, 22.4 mmol) were added to toluene (40 ml), and
. the mixture was stirred at room temperature for 1 hour. Boc20 (1.17 ml, 5.05

mmol) was added at room temperature, and the mixture was stirred as it was for 18

hours. Boc20 (1.17 ml, 5.05 mmol) and sodium sulfate (3.26 g, 22.4 mmol) were

added, and the mixture was stirred for 60 hours. The reaction solution was

filtered, and the filtrate was concentrated under reduced pressure. The resulting

crude product was purified by silica gel column chromatography (n-hexane-ethyl

acetate, 1:1, v/v) to obtain 635 mg of 175B as a colorless solid.

Third step

Compound 175B (632 mg, 1.22 mmol) and palladium-active carbon (10%,

wet, 100 mg) were added to ethanol (10ml) and THF (5 ml), and the mixture was

stirred at room temperature for 3 hours. After filtration with Celite, the solvent

was concentrated under reduced pressure to obtain 502 mg of 175C as a colorless

oily substance.

1H-NMR (CDCls) &: 1.45 (9H, s), 1.77 (2H, m), 3.18-3.27 (1H, m), 3.43-3.51 (1H, m),
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each synbol is defined above) conprising the step of; reacting a conpound
shown by fornmula (X2); [Chem cal fornula 6] R3d ( X2 ) (wherein each
synbol is defined above) with a conpound shown by formula (VA2); [ Chem cal
formula 7] R5d Rde 0 ( VA2 ) (wherein Rdes are each independentl|ly hydrogen,
| ower al kyl optionally substituted by substituent E, carbocyclyl optionally
substituted by substituent E, or heterocyclyl optionally substituted by

substituent E, and R d and substituent E are defined above);
Wi th a comped, shover @¥, dodrmd.a H2/3).28 (10H, m).

Fourth step

and reacting

Dimethyl 3-(benzyloxy)-4-oxo-4H-pyran-2,5-dicarboxylate (390 mg, 1.22

mmol) and 175C (468 mg, 1.22 mmol) were added to toluene (5 ml), and the mixture

was stirred at 100°C for 2 hours. After the solvent was distilled off under reduced

pressure, the resulting crude product was purified by silica gel column

chromatography (n-hexane-ethyl acetate, 1:1, v/v) to obatin 391 mg of Compound

175D as a pale yellw gummy substance.

Fifth step

To Compound 175D (388 mg, 0.568 mmol) was added 4N HCI (ethyl acetate

solution, 4 ml). After stirring at room temperature for 1 hour, the solvent was

distilled off under reduced pressure. Subsequently, toluene (4 ml) and

3-aminopropan-1-ol (0.0870 ml, 1.14 mmol) were added, and the mixture was

stirred at 80°C for 5 hours. After the solvent was distilled off under reduced

pressure, the resulting crude product was purified by silica gel column

chromatography (chloroform-methanol, 98:2, v/v) to obtain 57 mg of Compound

175E as a yellow gummy substance and 44mg of Compound 175F as a brown

gummy substance.

175E: 1 H-NMR (CDCls) 8: 1.91-2.00 (2H, m), 2.87 (1H, m), 3.78 (3H, s), 3.87 -4.15

(3H, m), 4.61 (1H, d, J = 12.1 Hz), 4.78 (2H, m), 5.33 (1H, d, J = 10.2 Hz), 5.63 (1H,

d, J =10.2 Hz), 6.95 (2H, m), 7.13-7.53 (12H, m), 7.76 (2H, m)

175F: 1H-NMR (CDCls) &: 1.83-1.97 (2H, m), 3.12-3.22 (1H, m), 3.50 (1H, m), 3.85

(3H, s), 3.90 (1H, m), 4.34-4.40 (1H, m), 4.74 (1H, d, J = 8.6 Hz), 4.84-4.89 (1H, m),

5.09 (1H, d, J = 3.3 Hz), 5.15 (1H, d, J = 9.9 Hz), 5.26 (1H, d, J = 9.6 Hz), 7.08-7.50

(13H, m), 7.65-7.77 (3H, m). =



[Chem cal fornula 8 H2NR6d ( V3 ) (wherein R6d is defined above). 4. A
nmet hod of producing a conpound shown by forrmula (X3) or formula (XA3), or
salt thereof: [Chemi cal fornmula 121 ROR d (wherein each synbol is

defined in claim11) conprising reacting a conpound shown by formula (X2):
[ Chem cal formula 101 R d R2dol

Sixth step

Compound 175E (57 mg, 0.10 mmol) was dissolved in THF (0.5 nﬂ) an-d
ethanol (0.5 ml), a 2N aqueous sodium hydroxide solution (0.25 ml, 0.50 mmol) was
added at room temperature, and the mixture was stirred as it was for 1 hour. To
the mixture was added 1N hydrochloric acid, and this was extracted with
chloroform, and dried with sodium sulfate. The solvent was distilled off under
reduced pressure, and the resulting crude product was purified by silica gel column
chromatography (chloroform-methanol, 98:2, v/v) to obtain Compound 175G.
Seventh step

Trifluoroacetic acid (1 ml) was added to Compound 175G obtained in Sixth
step, and the mixture was stirred at room temperature for 1 hour. After
concentration under reducedl pressure, a pH was adjusted to 3 with an aqueous
sodium bicarbonate solution and 2N hydrochloric acid, and this was extracted with
chlorofo;'m, and dried with sodium sulfate. After the solvent was distilled off
under reduced pressure, chloroform-methanol-ethyl ether were added, and the
precipitated solid was filtered off to obtain 11 mg of Compound 175 as a colorless
soiid.
IH-NMR (DMS0-d6) &: 1.50 (1H, d, J = 13.1 Hz), 1.79 (1H, m), 3.17 (1H, m), 3.86
(1H, t, J = 11.0 Hz), 4.03 (1H, dd, J = 10.8, 4.1 Hz), 4.46 (1H, d, J = 12.0 Hz), 4.53
(1H, dd, J = 12.7, 4.2 Hz), 4.84 (1H, s), 5.85 (1H, d, J = 11.7 Ha2), 7.22 (TH, m), 7.44
(2H, t, J = 7.6 Hz), 7.65 (2H, d, J = 7.3 Hz), 8.14 (1H, s), 12.75 (1H, s), 15.33 (1H,
brs).
MS: m/z = 447 [M+H]*.
Example 28

[0 120]
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R3d ( X2 ) (wherein each synbol is defined in claiml) with a conpound
shown by fornmula (V2) or formula (VA2): [Chem cal fornmula 111

R4d0O, 1-L",,R5d ( V2 ) R4ebd \/R Rae 0 ( VA2 ) (wherein each synbol is
defined in ¢claim1). 5 A nethod of producing a conpound shown by formula
(X4) or formula (XA4), or a salt thereof:

Measurement of powder X-réy diffraction pattern
The powder X-ray diffraction measurment of the crystal obtained in each
Example was performed under the following measurement condition according to a
method of powder X-ray diffraction measurement described in a general test
method of Japanese Pharmacopoeia.
(Apparatus)
D-8Discover manufactured by Bruker
(Operation meathod)
A sample was measured under the following conditions.
Measurement method: reflection method
Kind of light source: Cu tube
Wavelength used: CuKa-ray
~Tube current: 40 mA
Tube voltage: 40Kv
Sample plate: glass
X-ray incident angle: 3° and 12°
[0121]
Test Example 1: Measurement of cap-dependant endonuclease (CEN) inhibitory
activity
1) Preparation of substrate
30merRNA(5'-pp-lm2'-0]GAA UAU(-Cy3) GCA UCA CUA GUA AGC UUU
GCU CUA-BHQ2-3manufactured by Japan Bioservice) in which G at a 5’ end is
diphosphate-modified, a hydroxy group at 2’ position is methoxylation-modified, U
sixth from a 5’ end is labelled with Cy3, and a 3’ end is labelled with BHQZ2 was

purchased, and a cap structure was added using ScriptCap system manufactured by
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[Chem cal fornula 15] R d O pp2dr-,N- -Réd Rid O *RaO R2dON OR6d (
XA4 ) (wherein each synbol is defined in claim1 or claim3) conprising

the step of ~ reacting a conmpound shown by forrmula (X3) or fornula
(XA3): [Chem cal fornula 131

EPICENTRE (a product \'Jvas m7G [5]-ppp-[5] [m2-OJGAA UAU(-Cy3) GCA UCA
CUA GUA AGC UUU GCU CUA(-BHQ2)-3). This was separated and purified by
denatured polyacrylamide gel electrophoresis, and used as a substréte_.
2) Preparation of enzyme
RNP was preparaed from a virus particle using standard method
(Reference Document: VIROLOGY(1976) 73, p327-338 OLGA M.
ROCHOVANSKY). Specifically, A/WSN/33 virus (1x103 PFU/mL, 200uL) was
“innoculated in a 10 dayé old embryonated chicken egg. After incubation at 37°C for
2 days, the allantoic fluid of the chicken egg was recovered. A virus particle was
purified by ultracentrifugation using 20% sucrose, solubilized using TritonX-100
and lysolecithin, and an RNP fraction (50-70% glycerol fraction) was collected by
ultracentrifugation using a 30-70% glycerol density gradient, and was used as an
enzyme solution (containing approximately 1nM PB1-PB2<PA complex).
3) Enzymatic reaction
An enzymatic reaction solution (2.5 uL) (composition: 53 mM
Tris-hydrochloride (pH 7.8), iImM MgCl:, 1.25 mM dithiothreitol, 80mM NaCl,
12.5% glycerol, enzyme solution 0.15 uL) was dispensed into é 384-well plate made
| of polyprobylene. Then, 0.5 uL of a test substance solution which had been serially
diluted with dimethyl sulfoxide (DMSO) was added to the plate. As a positive
control (PC) or a negative control (NC), 0.5 uL, of DMSO was added to the plate
respectively. Each plate was mixed well. Then, 2 uL of a substrate solution (1.4
nM substrate RNA, 0.05%Tween20) was added to initiate a reaction. After room
temperature incubation for 60 minutes, 1 puL of the reaction solution was collected
and added to 10 pL of a Hi-Di formamide solution (containing GeneScan 120 Liz

Size Standard as a sizing marker: manufactured by Applied Biosystem (ABI)) in
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Rid O ooR4d O ( X3 ) Rid 0O Rdo O ( XA3 ) (wherein each synbol is defined
in claiml) or the derivative of fornmula (XA3) with a conpound shown by
formula (V3): [Chemical formula 141 H2NFed ( V3 ) (wherein each synbol is

defined in claim1l1). 6.A nethod of producing a conpound shown by fornula
(X4') or formula '

order to stop the reaction. For NC, the reaction was sfopped in advance by adding
EDTA (4.5 mM) before initiation of the reaction (all concentratiéns described above
are final concentrati;ms).

3) Measurement of inhibition ratio (ICso value)

The solution for which the reaction was stopped was heated at 85°C for 5
minutes, rapidly cooled on ice for 2 minutes, and analyzed with an ABI PRIZM 3730
genetic analyzer. A peak of the cap-dependent endonuclease product was
quantitated by analysis software ABI Genemapper, a CEN reaction inhibition ratio
(%) of a test compound was obtained by setting ﬂuor‘escent intensities of PC and NC
to be 0% inhibition and 100% inhibition, resbectively, an ICso value was obtained
using curve fitting software (XLfit2.0:Model 205 (manufactured IDBS etc.)). The
iCso values of test substances are shown in Table 1.

[0122]

Test Examble 2 CPE inhibitofy effect confirming assay

<Material>

2% FCS E-MEM (prepared by adding kanamycin and FCS to MEM (Minimum
Essential Medium) (Invitrogen))

0.5% BSA E-MEM (prepared by adding kanamycin and BSA to MEM (Minimum
Essential Medium) (Invitrogen))

HBSS (Hanks' Ba.lanced Salt Solution)

MDBK cell

Cells were adjusted to the appropriate cell number (3x105/mL) with 2%.
FCS E-MEM.

MDCK cell

After washing with HBSS two times, cells were adjusted to the appropriate
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(XA4"),

or a salt thereof [Chemical fornula 191 Rd 0 0 OR4d 0 ( X4

Rie 0 ( XAd' )

cell number (5x10%/mL) with 0.5% BSA E-MEM.
Trypsin solution
Trypsin from porcine pancreas (SIGMA) was dissolved-in PBS(-), and
filtrated with a 0.45 um filter.
EnVision (Perkin Elmer)
WST-8 Kit (Kishida Chemical Co., Ltd.)
10% SDS solution
[0123]
<Operation procedure>
Dilution and dispensation of test sample
As a culture medium, 2% FCS E-MEM was used at the use of MDBK cells,

and 0.5% BSA E-MEM was used at the use of MDCK cells. Hereinafter, for

_diluting virus, cells and a test sample, the same culture medium was used.

A test sample was diluted with é culture medium to a appropriate
concentration in advance, and then 2 to 5-fold serial dilution on a 96 well plate (50
ul/well) was prepared. Two plate, one for measuring anti-Flu activity and the
aother for measuring cytotoxity, were prepared. Each assay was performed
triplicate for each drug.

At the use of MDCK cells, trypsin was added to the cells to be a final
concentration of 3 ug/mL only for measuriﬂg anti-Flu activity.

Dilution and dispensation of influenza virus

An influenza virus was diluted with a culture medium to a appropriate
concentraion in advance, and éach 50 uL/well was dispensed on a 96-well plate
containing a test substance. Each 50 pL/well of a culture medium was dispensed

on a plate containing a test substance for measuring cytotoxity.
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(wherein each synbol is defined in claim1) conprising reacting a conpound
shown by fornmula (X2): [Chemcal fornmula 16] Rd o 0 R3d ( X2)
(wherein each synbol is defined in claim1) with a conpound shown by
formula (V2) or formula (VA2): [Chemical formula 171 0 R4e RAAORS5dR5d

Dilusion and dispensation of cell

Each 100 pL/well of cells which had been adjusted to the appropriate cell
number was dispensed on a 96 well plate containing a test substance. This was
mixed with a plate mixer, and incubated in a CO:z incubator for 3 days for
measuring anti-Flu activity and measuring cytotoxity.

Dispensation of WST 8

The cells in 96-well plate which had been incubated for 3 days was observed
visually under a microscope, and appearancce of the cells, the presence or absence of
a crystal of test substance were checked. The supernatant was removed so that
the cells were not ébsorbed from the plate.

WST-8 Kit was diluted 10-f01d with a culture medium, and each 100 pL was
dispensed into each well. Aﬁer .mixing with a plate mixer, cells were incubated in
a COz incubator for 1 to 3 hours.

After incubation, regarding the plate for measuring anti-Flu activity, each
10 pL/well of a.10% SDS solution was dispensed in order to inactivate a virus.
Measurement of absorbance

After the 96-well plate was mi>;:ed, absorbance was measured with
EnVision at two wavelengthes of 450 nm/620 nm.

[0124]
<Calculation of each measurement item value>

The value was calculated using Microsoft Excel or a program having the
equivalent calculation and processing ability, based on the following calculation
equation.

Calculation of effective concentration to achieve 50% CPE inhibition (EC50)

EC50=10"Z
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OR4e O ( V2 )( VA2 ) (wherein each synbol is defined in claim1l) and a
conpound shown by fornmula (V2'): [Chem cal fornmula 11 N H4+ Xd-( V2' )
(wherein Xd is counter anion of ammonium cation). 7.A nethod of producing a
compound shown by formula (X4) or formula (XA4), or a salt thereof:

[Chem cal fornula 221 Rid ORid O ( X4 Y( XA4 ) (wherein each synbol is
defined in claim1 or claim23) S

7. = (50% - High %) / (High % -Low %) x {log(High conc.) - log(Low conc.)} + log(High

conc.)
ICs0 values of test substances are shown in Table 1.
[0125]
[Table 1}
CEN IC; CPE IC;
Examle No. Compound Nd 50 50
P (uM) (uM)
14 43 0.078 1.41
21 128 0.063 0.416
27 175 0.132 0.102

The test substances exhibited the high cap-dependent endonuclease (CEN)
inhibitory activity, and exhibited the high CPE inhibitory effect. These substances
can be medicaments useful as a therapeutic agent and/or prophylactic .agent of a
symptom and/or a disease induced by infection with influenza virus.

Therefore, it can be said that the substance and production method of the
present invention are an interrﬁediate substancé and a production method useful

for efficiently producing substances which can be used as a medicament.
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CLAIMS

1. A method of producing a compound shown by formula (X4) or a salt thereof,
comprising the steps of:
(Step B)

reacting a compound shown by formula (X2):

[Chemical formula 1]

(@)

(X2)

(wherein R is hydrogen, halogen, lower alkyloxy optionally substituted by
substituent E, carbocyclyl lower alkyloxy optionally substituted by substituent E,
heterocyclyl lower alkyloxy optionally substituted by substituent E, or -OSi(R1¢)s,

Rles are each independently lower alkyl optionally substituted by
substituent E, carbocyclyl optionally substituted by substituent E, heterocyclyl
optionally substituted by substituent E, carbocyclyl lower alkyl optionally
substituted by substituent E or heterocyclyl lower alkyl optionally substituted by
substituent E,

R2d 1s hydrogen, lower alkyl optionally substituted by substituent E,
carbocyclyl lower alkyl optionally substituted by substituent E, or heterocyclyl
lower alkyl optionally substituted by substituent E,

R3dis hydrogen, lower alkyl optionally substituted by substituent E,

N(R3e)2, or -OR?e,

155



MCSLLP

R3es are each independently lower alkyl optionally substituted by
substituent E, or may be taken together to form a heterocycle, and

wavy line is E form and/or Z form or the mixture thereof.
Substituent E: halogen, cyano, hydroxy, carboxy, formyl, amino, oxo, nitro, lower
alkyl, halogeno lower alkyl, lower alkyloxy, carbocyclyl optionally substituted by
substituent F, heterocyclyl optionally substituted by substituent F, carbocyclyl
lower alkyloxy optionally substituted by substituent F, heterocyclyl lower alkyloxy
optionally substituted by substituent F, carbocyclyl lower alkylthio optionally
substituted by substituent F, heterocyclyl lower alkylthio optionally substituted by
substituent F, carbocyclyl lower alkylamino optionally substituted by substituent F,
heterocyclyl lower alkylamino optionally substituted by substituent F,
carbocyclyloxy optionally substituted by substituent F, heterocyclyloxy optionally
substituted by substituent F, carbocyclylcarbonyl optionally substituted by
substituent F, heterocyclylcarbonyl optionally substituted by substituent F,
carbocyclylaminocarbonyl optionally substituted by substituent F,
heterocyclylaminocarbonyl optionally substituted bysubstituent F, halogeno lower
alkyloxy, lower alkyloxy lower alkyl, lower alkyloxy lower alkyloxy, lower
alkylcarbonyl, lower alkyloxycarbonyl, lower alkyloxycarbonylamino, lower
alkylamino, lower alkylcarbonylamino, lower alkylaminocarbonyl, lower
alkylsulfonyl, and lower alkylsulfonylamino;
Substituent F: halogen, hydroxy, carboxy, amino, oxo, nitro, lower alkyl, halogeno
lower alkyl, lower alkyloxy, and amino protective group)

with a compound shown by formula (V2):
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[Chemical formula 2]

(@)

RMOH R5d

o)
(V2)

(wherein R# is lower alkyl optionally substituted by substituent E, carbocyclyl
lower alkyl optionally substituted by substituent E, or heterocyclyl lower alkyl
optionally substituted by substituent E,

R54 1s hydrogen, halogen, lower alkyloxy optionally substituted by
substituent E, or -O-SO2-R?e,

R5e 15 lower alkyl optionally substituted by substituent E, carbocyclyl
optionally substituted by substituent E, heterocyclyl optionally substituted by
substituent E, carbocyclyl lower alkyl optionally substituted by substituent E, or
heterocyclyl lower alkyl optionally substituted by substituent E, and

substituent E is defined above)
to obtain a compound shown by formula (X3):
[Chemical formula 3]

R O

© AN OR4d
2d
R<¢O e

o
(X3)

(wherein each symbol is defined above); and
(Step ©)
reacting the compound shown by formula (X3) with a compound shown by

formula (V3):
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[Chemical formula 4]

Ho,N—R®
(V3)

(wherein R is lower alkyl optionally substituted by substituent E, lower alkenyl
optionally substituted by substituent E, amino optionally substituted by substituent
E, lower alkylamino optionally substituted by substituent E, carbocyclyl optionally
substituted by substituent E, or heterocyclyl optionally substituted by substituent
E, and

substituent E is defined above)
to obtain a compound shown by formula (X4):

[Chemical formula 5]

(X4)

(wherein each symbol is defined above).

2. A method according to claim 1, wherein Step B and Step C are continuously
performed.

3. A method of producing a compound shown by formula (XA4), or a salt
thereof:

[Chemical formula 9]
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(wherein R is hydrogen, hydroxy, lower alkylamino optionally substituted by
substituent E, lower alkenylamino optionally substituted by substituent E, lower
alkynylamino optionally substituted by substituent E, carbocyclyl lower alkylamino
optionally substituted by substituent E, or heterocyclyl lower alkylamino optionally
substituted by substituent E, and

each symbol is as defined in claim 1)
comprising the step of:

reacting a compound shown by formula (X2):

[Chemical formula 6]

(0]

(X2)

(wherein each symbol is defined above)
with a compound shown by formula (VA2):

[Chemical formula 7]

(VA2)
(wherein R#es are each independently hydrogen, lower alkyl optionally substituted
by substituent E, carbocyclyl optionally substituted by substituent E, or
heterocyclyl optionally substituted by substituent E, and
R and substituent E are defined above); and

reacting with a compound shown by formula (V3):
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[Chemical formula 8]

Ho,N—R®
(V3)

(wherein R¢d is defined above).

4, A method of producing a compound shown by formula (X4) or formula
(XA4), or a salt thereof:

[Chemical formula 15]

( XA4)

(wherein each symbol is defined in claim 1 or claim 3)
comprising the step of:
reacting a compound shown by formula (X3) or formula (XA3):

[Chemical formula 13]

R1d O R'Id
EAEN OR*d O N R
2d
R<%0O . (o) R2dO - 0] R4e
(o] (@]
(X3) ( XA3)

(wherein each symbol apart from R#¢ is defined in claim 1 and R4 is defined in claim
3)

or the derivative of formula (XA3) with a compound shown by formula (V3):
[Chemical formula 14]

Ho,N—R®
(V3)
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(wherein each symbol is defined in claim 1).
5. A method of producing a compound shown by formula (X4) or formula
(XA4), or a salt thereof:

[Chemical formula 22]

R O

(X4) ( XA4 )
(wherein each symbol is defined in claim 1 or claim 3)
comprising the step of:

reacting the compound shown by formula (X4') or formula (XA4):
[Chemical formula 20]

R1d

de
O\\R

R2d0 ~ _N_ R?*
\H

o
(X4") ( XA4')

(wherein each symbol apart from R4 is defined in claim 1 and R is defined in claim
3)

obtained in the production method as defined in claim 6, or the derivative of formula
(XA4) with a compound shown by formula (V3):

[Chemical formula 21]

Ld (V3')

RGd

(wherein R is defined in claim 1,
Ldis a leaving group, and Ph is a phenyl group).

6. A method according to claim 1, 2, or 3, wherein the compound shown by
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formula (X2) is obtained by reacting a compound shown by formula (Z1):

[Chemical formula 25]

deOW

o)
(Z1)

R3d

(wherein each symbol is defined in claim 1)
with a compound shown by formula (Z2):

[Chemical formula 26]

(0]

Sd)J\/Rm

(Z2)

(wherein each symbol is defined in claim 1).

R

7. A compound shown by formula (X3), or a pharmaceutically acceptable salt
thereof or solvate thereof:

[Chemical formula 27]

R O
O AN OR4d
R¥0 A0
(e
(X3)

(wherein each symbol is defined in claim 1).
8. A compound shown by formula (X4), or a pharmaceutically acceptable salt

thereof or solvate thereof:
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[Chemical formula 28]

(X4)

(wherein each symbol is defined in claim 1).
9. A compound shown by formula (X4), or a pharmaceutically acceptable salt
thereof or solvate thereof:

[Chemical formula 29]

(X4")

(wherein each symbol is defined in claim 1).
10. A crystal of a compound shown by formuala (1D) or a solovate thereof:

[Chemical formula 30]

o)
MeO,C OBn
| (1D)
0~ >Co,Me

(wherein Me is a methyl group, and Bn is a benzyl group),

wherein the compound has a peak at a diffraction angle (20): 7.9° + 0.2°, 10.0° + 0.2°,
11.5° +0.2°, 20.0° £ 0.2°, 23.4° + 0.2° and 34.0° £ 0.2° in a powder X-ray diffraction
spectrum.

11. A crystal of a compound reprsented by formula (2D) or a solvate thereof:
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[Chemical formula 31]

0
EtOZC\EinOBn
| (2D)
0~ >co,Me

(wherein Me is a methyl group, Et is an ethyl group, and Bn is a benzyl group),
wherein the compound has a peak at a diffraction angle (20): 17.6° + 0.2°, 25.2° +
0.2°, 26.4° + 0.2° and 28.1° £ 0.2° in a powder X-ray diffraction spectrum.

12. A crystal of a compound shown by formula (9C’) or a solvate thereof:

[Chemical formula 32]

0
MeOszJIOBn
|
N~ >coMe (9C)

O

b
(wherein Me is a methyl group, and Bn is a benzyl group),
wherein the compound has a peak at a diffraction angle (20): 14.2° + 0.2°, 16.0° +
0.2°, 22.0° + 0.2°, 22.2° £ 0.2°, 24.4° + 0.2° and 25.9° + 0.2° in a powder X-ray
diffraction spectrum.
13. A crystal according to claim 10, which is charactrized by a powder X-ray
diffraction spectrum which is substantially consistent with Fig. 1.
14. A crystal according to claim 11, which is charactrized by a powder X-ray
diffraction spectrum which is substantially consistent with Fig. 2.
15. A crystal according to claim 12, which is charactrized by a powder X-ray

diffraction spectrum which is substantially consistent with Fig. 3.
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