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KX, AT oBgEEZ R L 72,
APCI : atmospheric pressure chemical ionization
AUC : area under the curve
BA : bioavailability
DPP-4 : dipeptidyl peptidase-4
EI : electron ionization
ESI : electrospray ionization
GLP-1 : glucagon-like peptide-1
HbAlc : hemoglobin Alc
HOBt : 1-hydroxybenzotriazole
HPLC : high performance liquid chromatography
HRMS : high resolution mass spectrum
HTS : high-throughput screening
Hz : hertz
ICs : inhibition concentration 50%
IR : infrared spectroscopy

IV : intravenous



J : coupling constant

LBDD : ligand-based drug design

LC/MS : liquid chromatography/mass spectrometry
mp : melting point

MS : mass spectrometry, microsomal stability
NMR : nuclear magnetic resonance

PAMPA : parallel artificial membrane permeability assay
PK : pharmacokinetics

PO : peros

SBDD : structure-based drug design

SD : Sprague-Dawley

SGLT]1 : sodium-glucose cotransporter 1

SGLT?2 : sodium-glucose cotransporter 2

TFA : trifluoroacetic acid

THF : tetrahydrofuran

TMS : tetramethylsilane

TPSA : topological Polar Surface Area

WSCI : 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
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THY, SEMTL6 FAULEBMLTW2 23 HE I N T3, 2 BRI ORIK I,
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Ekb, 4 vR) v ERT, GLP-1 13, MEHKFERIICA v 2 ) v i {fgs o L
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SGLT iZ. SGLT1~6 ® 6 2D % 72 4 7HHILNT W5, £ D TH SGLT1 & SGLT2
Xt LIERE2E T2 KM chb 2 70 ) O v BEYE 7 L CIBHE FEM. 4 v R
VIRPIESCEER 2R L 722 & 225 SGLT1 & SGLT2 75 2 BB ERIE D kI 1y 2281 & L <
EHINT W 6D,

SGLT1 MU SGLT2 13, BlfICHBL Twa 2 e BMbNTEH Y, SGLT2 L TIRE
i D UL FRANE ICBREMICFIL L T B, 703 — 203, BRI CIRIE e 4 I FFRIN &
NWEFIZIZEARICHEN XS 2 L iy, 2OHT, SGLT2 1F27 v 2 — ZDHLY AL

DI 0%WEH->TED, VD1 0%IZSGLT1 234H > T\» 3 8910, (Figure 1)
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HAE. %< o SGLT2 M E#H| (dapagliflozin,!')  canagliflozin,'? empagliflozin,'®
ipragliflozin,'¥ luseogliflozin,'® and tofogliflozin, ') A3_F i & 41, B © D I % FHE L |
HER» DI 2L Clifir 2y bR —LTEZZERMONT WS, T2, Kk
® canagliflozin, empagliflozin, dapagliflozin ® KRG SER D fEH.  BEER I L B IR %
DARICET 2V A7 BT T2 2 EARRINT WS B, —77C BFHRESMET L 72
BEICHEE L7256, SIRPRFET 2 Mo TEY 20, BIfEA L U CRBIRYYE 7%

EDBFHT L hrOLHELFL TS LEE x5, (Figure 2)
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Figure 2. SGLT2 inhibitors
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U BERFIRZEOH L VBRI e L Ciéfitc & 2 2 L AAfFE L5, (Figure 3)
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—Ji T TPSA X 3 RItatE e 32 e e M AEMEZ 5 5 M FiECch b, Al
KEWTRLHWLNRT WS, X 51T, Peter 50Tt LAY TPSA OHERIC XY
NG & DIRINAE T T2 2 & BME SN T VB T bbb 229 FH 13 SGLT1 [HEENE &
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INDZTERBRING, F7z, BRI CRAEEIRICHEEDH 2 L, B & 73
e BREDFMOMG ERNEL 85, SGLT1E, ZAa—X7ZFThli, #7727 F—X
PIRE LT eh0, HolE I Nva—R4fioe Fax o VIO NAREE % K X 472
FUKEZAKT 22 LIC X VAR L T3, 727, VARRIEEASLE L 75 2 -0 A KD
HESEH L T 2 BIIRETH 5, £ D, 20174F 1 13 Lexicontt: D Goodwin & 22 & C- 2
Y ay N x4 7RI EPID2ERE & 7230, [H 27 v —71%, SGLT1/SGLT2 dualff
EITH 2 O3Esotagliflozin® 3V EFFKE L TEL, Tz ) —FMLawe LAKERL C
W3 eho, FEFLFAMRDa YT P CRIBICHIEIN TR Litkhd, 7L, 7
VA= ZFALIC A FAFAEEZFEAL CE Y AR ERE L FFIC BT 5 HE L

Fibid, (Figure4)



A B
= 246 nM = 320nM = 50nM
hSGLT1 ICs0 _ 5010 nM hSGLT1 ICs0 _ 6890 nM hSGLT11Cs0 _ 4730 nm
hSGLT2 ICs hSGLT2 ICs, hSGLT2 ICs
Kissei (2012) Kissei (2013)
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D
=22nM
hSGLT1 ICs0 _ 57
hSGLT21Csq

Lexicon (2017)

Figure 4. Reported SGLT1 inhibitors
Z DX 9 RUUT TEE L, Kl AFATRER 770 2 — 2 % JFURHT Fl v | ARIRINEE <iEAE
EICHIT 2SGLTID A 2 HE T 2 FEAIORIEATE vt E X, ZOFE, HiLTH
fiti L 72-SGLT2[HEH A+ + 7' Y 7 1 2 v (Figure 2) DA CE L - v MLAY

O FHEARERZEM YT 2 2 & ZEHH L 72,

Luseogliflozin
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LA 7Y 7uY vy oRERZESY Tk, SGLT2EINWAEYE ol 2 Hig L Tz
Tt hb, SGLTIHEFRERZ VS DA% o7, 7272, Table LIT/RT X 9 1o, REDEH:
Ex XA F K (4a) 1o, RIOEHEZOHE (4b) 1243 3 2 & ¢, SGLT1MHEF G M A3
EF 22 ERRBRINTREZEh D, TRODSARE B2 0 ICHE 72 2015 % Ei L 7=,
Table 1

5 XT3 C-phenyl 1-thio-D-glucitol derivatives'¥® SGLT1/SGLT2 FHZE &1

Cod - R? R hSGLT2 hSGLTI
ICs0 (nM) ICs0 (nM)
1 H H OEt 73.6 26100
la H OH OEt 283 14600
1b H OMe OEt 13.4 565
1lc H F OEt 9.40 7960
4a H Me OEt 2.29 671
1d H Cl OEt 1.77 1210
4b OH H OEt 17.4 4040
le OMe H OEt 37.9 100000
1f OMe OMe OEt 10.8 4270
Luseogliflozin OMe Me OEt 2.26 3990




ENUIEARE SRS

KB 1E Tk, AEESTH I L2427 ) 70y v ORIEMEORRICH LT
SGLT2[F LAY 1 %2 ) — FMELam e LT, L&Y 2 DR REL RMRAL, fivw<TiLa® 3
O RYEFAL D REEE AR BIFT S B OELE P 1D CH L 5 o BISEIREE & LTt @GRS
IR &P % BIEL L /NG BRI F B L T 3SGLT1 2 & IRAICIHE T2 2 L #HIEL
TWw3, 2% Y, SGLT1ESGLT2% Wi il 2 % &, KIFEY 227 23 kT 2 2 &h b, K
NEFEXZE NS¢ L CEIRICHEIT 2SGLT2~DERA Z I & LK o JI/EFH % ]

T& 5% EE 2T, (Figure 5)

OEt R'__R?__RS3
HO" HO ">~ "OH
oH OH

1 2 3

Figure 5. AllZEHEN

ft&2 oRUCe FrF oA EAT 2 LAY 1 (hSGLT1 ICs = 26100 nM) & Mk
U CSGLT1PHEE A 665 RIS X F M A B A % L 355083 2 & & A LURTOHfF5E
(Table 1) 2> 57REB XN T\ 72D THIAG D AR E FiE L 72, SR ZER: L 72t AP14alt,
FH - D WCSGLTE G (hSGLT11Cs = 162nM) %R L7z, fil T, RERAZDEIC
KBEOMEZEAT Z L 2E AL, REAY v —2ERLZLEATLaF RS
T2E4ak D b TAFAEERF T 2{LEW4dD ARG IHEE S 2 R0 © & % L

L 7. (Figure 6)

OEt OEt HO Me Et
HO HO S O O = HO S O O
HO" “OH HO" OH HO" “OH
OH oH OH

1 14a 14d
= 26100 "M hSGLT1IC =162 nM =32nM
hSGLT1 ICsp n w© " hSGLT11Cg -
Figure 6
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RIS A A RER ZFE L 722, B X A 70TV F v ) v — O FIKIEEMISE % 8
AT 52T, HEDHE T2 Z & K TPSAD A LA AIRE 2 MGET 52 2 & & L7z, 3D
RUC/KEMEDMIEHZ EA L 72 & 2 5 SGLT1HEF G 2 #iF: L o> TPSAD A | L 72LEY
22d3 /o Ntz o, O TORBLIC XY EMERE L & BOEE PRI D iz A5 A]
RETH 2 Ldbrolz, Ric, REMFAFEZIT O L CIERICHEERAK 2 X b O ZH
i At @iz 74 70 a — 28L& LAl Ze 770 2 — RERALIC A& L C b BRE S TE 25 HE
I N2 DR WREL L 72, 22d DR EJE 1 % B R IF 710 & H L C b SGLT T E it 25 HEfr L 72
b, I a—ZERAL & EE L CRIOMISH O Bl 21T - 72, midHICid, SGLTIFH

EEME(hSGLT1 ICs = 28 nM) & W ITPSA % iz L 7-{L&4130b% R L 72, (Figure 7)

H O ~OH
HO Me Et HO M N OH
o~ 5 A s e (o
) = Ho H = Ho
MO g o HO ™~ OH HO"~"OH
OH OH
22d

14d 30b
=32nM =35nM =28 nM
hSGLT1 ICsy _ 32 By hSGLT1 ICo _ g i1 hSGLT1 ICoo _ 11
hSGLT2 ICs hSGLT2 ICs hSGLT2 ICsq
TPSA = 126 TPSA = 216 TPSA = 212
Figure 7

RIT.30b DRI ZIREES 2 729 1CSD 7 v b & w72 PKakli %2 Efi L 72, Z DFEH.
30biFIFF IR AN FT A TV T4 (F=005%) Znl7iz, $7. BEdEE D i
ICHW O L PAMPAGERY 2 EfE L 72 & A, ARINEZRB T 5T — 2B G ohi, &
®ICSDZ v P A mEAER 2 i L. 0.1mg/kg2 5 I RARFRYIC L 7 v 2 — 2
KT 3422 L 2R L7z, 2ho DRSS, 30bI3HT 72 KB D #E FURE RIS G

B L 75 Z L BHFFCTE 5,
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B1ETHROLNZ30bIE, RRWERBROME R L, BINCH DT IcBINE izt &P D
B AR S, BB R L0 ) R 7 2@ 2RSS S Wz, F2ETIR B
NG RE 1 D AR ESGLT I EE o Bl Ic D W Tid~ 5, ZhF <, BlicEkE 3
2B DL V) DEFREFIADHE Y R L OEHIIRD X 5 RRKEEEIL T2,
FUTR2 S PR X L 230b & PR IE O R 2 T a7 7y A LR FFOILEMERAIE T 2
ECEKTERVD L WIRHE L TR LMK L7z, T7abb, iter ot s hats
xR T 2 2 & CRIEEREE S CE 20 Cika v e E 2, £ 2T, 30bDHER
P B MBI (A RE L oo, BRVATEZ 15372 2 & T HRM B oL &) & 75 2 2 2 R
Ak L 720 S RCHEEG & LT, lRIstE YT A — % —TH 5 CogP >3.5, /Mgd b DRINED S
R L 72 2 TPSA>160% BRI & L 7222230, [E§H ) v A — &7, Jewdtem a3 Rl 3 1
ICMizoroki-Heak G2 v 5 & & CEMED R A F AT T v EBEZERML XV ¥ VIR
FoBERE(LEY31OR!, R2, R)OF#E{bEFEMEL 7z, £ Dk, CogP K UTPSA% Fi%

T2 720 AL EW32DORERALICKEMEMEH ZE AT 5 2 & 25l LR 2B L 7.

(Figure 8)
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30b 31 32

Figure 8. ClogP & TPSAD iz % HHg L 7= Bl ZEHk g
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ETHDICR, R?Z2 A FAVECHEE LROBEHEZRR L 2L A, @mVEEZEA
T2 L SGLTIFHEFMAIRIT T 5 2 & h3b - 72, KIC CogPrl % HiE L. RUIKEHT
HDHVIFAFARICHEEL/ZET, R=e Fad i A MF R BIUR=4 Y 7oV
NEERBAT ZMAEDEEERL 2L 25, WTFnofladbe ((LEYS56f, 56g. 56h)

WBWTHIREMES M E USGLTIHE G b #EFF 3% 2 & b2 o 72, (Figure 9)

H H H
RI__R2___ M N MeO_ . _iPr_~ M N HO P~ X N
OH OH OH
HO~O O 5 — Ho~O O O g HO~.O O O 5
HO " OH R HO"""OH A HONOH  Me
OH OH OH
31

56f 569
=36 nM =55nM
hSGLT1 ICs0 _ 34 hSGLT1 ICso _ o
hSGLT2 ICgy hSGLT2 ICsy
ClogP = 3.35 ClogP = 3.41
TPSA =149 TPSA =160
. H
MeO, iPr x NﬁOH
Il
HO~© O O
HO'~oH  Me
OH
56h
= 74nM
hSGLT1 ICs0 _ e 4 ot
hSGLT2 ICg,
ClogP =3.79
TPSA =149
Figure 9

N

B I AR PE D318 & 72 2 ClogP>3.5. TPSA>160% 74 2 7= ic. {ll§o Bt %
WAL 72, BN DB OFFA M LA < L KIBEEOE WHIBAZEAL Th, 2 TOHK

{LEYOSGLTIHEFEEE SR sz, ZohT, HEY v 7 7 4 L %7 L &EM62d.

62j1CK8 D AA TS, (Figure 10)

=29nM =27nM
hSGLT1 ICs0 _ 50 hSGLT1 ICs0 _ g4 a1
hSGLT2 ICs, hSGLT2 ICs,
ClogP = 3.66 ClogP = 3.53
TPSA = 161 TPSA = 195
62d 62j
Figure 10
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R, fb&e2d. 62joSD 7 v + PKathi x 'PAMPAGRER % Fhs LA I D\ T
AEL7-. 7 v F PKRBICEWT, (LEW62d. 62ji3 2N T4 AT 4T )54 (M
TBALBET) £30.17%. 0.09% & JEHIT{E W & ZHEE L, PAMPAREBR O B2 & b 515
WEPEAIEF TR N Z & DS 2 & T o 2 fii v T AEY62d. 62) D PEMEREE 2 T~ 2 72012,
HEICH =2 —L ZFALZT v b (BDCSD7 v b) ICERNZEG %2 Lze 25, HOE
D L&pn62d, 6213 F IR ZE L CHEt S 2 2 & 2MERR & A, 30b & i3 R 7 B PR RS
TdHh 5T LHHERTE 7o, MR 2 4 7D LEY62d, 62)D BRItttz &S 572
W<, SD7 v b ~DOEHIRNIE 5% O BHRIC 351 2 PRI ORFEIROEZ FHIE L 72 & 2 5.,
fL&at62d. 6213, 30b &tk L T, Bl CoEM 2D LT3 2 & BRI Nz,
TN DHERD ORMEAEY 7 7 AT, 3.5 LD AogPEAMHITHEIIC S %230 . Z i X
DB AN CE 3 e BRI N, £, PRI R AT S &L LEW62jiZ v B
BETCb AL e SR E ChH o7z, — i, (LEW62dIXEZ ICT X 7 — N b5 T
2o FAFEES E 2 ZIE L, LAW62d 2 FHFLEYITEIRN L, SDZ v b & M\ 7o i E i sl
RERML-E 5, 03mg/kgh bARICMp 7V a— R BERERT S22 L 2HERL 72,
Aoz &b b, 62dITARMINE: CEIRATE % M1k L 7287 72 = ORI L b 2 &

BHFCE %,
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A 3 T Cld, SGLT212x L T40f5 LA L iR % 70 @R SGLT I E Y E O Al
ICOWTIR~N 3, ERSGLTIHEME OAIHIC X v SGLT12SLREERICE D X 5 7%
WELZRIELTWEDIRIAET B0y —ALEWE 3 Z LR CcE 2, 2hET
LR LT T C-277) a3 FEHEMRIC X 3 SGLTLERWILEME oMt i3 b Vv
FeoHfifa EbMER RN Lr b, FHIICS ARZIB L T SR H - 72, £F
FERED R LEMe3% ) — Flba e L <. baEW64Dn V) v /1 — R % BEFR L 7214,
XYY VR FOBEBER O RECE FEM L 72, mERILEYI640 KR O Z5Hic X v |

IR ZESTE 208 ) 2R BEEL 72, (Figure 11)

63 64

= 138 nM
hSGLT1 ICs0 _ o0 1y

hSGLT2 ICs,
hSGLT2/hSGLT1 = 2.2

Figure 11. LBDDIC X 2 RISk
LEDOADRERAL DL TIE, A AL 2HFTY XA FAEZEAL L AWT5H R b
EWSGLTIHEFERME 2R L7z, Ric, {LAEWTSD 7 = 7 —AfEe FoF o VA28 L
T ERE G L A A P FUEEEAL LAY92aD SGLT 1M EFERMEL A 13

5zt EMLT, (Figure 12)

H H H
HO Pr~ N NH HO Pr~ N NH MeO Pr~ N NH
o I TN o I I TN 0 PRS- o
HO ——> HO ——> HO
HO*~" “OH Me HO*~" “OH Me HO*~" “OH Me
OH OH OH

3 75
hSGLTY ICqy - 10 MM hSGLT! ICay - oot ™™ hSGLT1 ICsp - M
50 = 302 nM 50 = 578 nM 5 = 1170 nM
hSGLT2 ICs " hSGLT2 ICsq " hSGLT2 ICsq "
hSGLT2/hSGLT1 = 2.2 hSGLT2/ hSGLT1 = 6.3 hSGLT2/hSGLT1 = 15.8
Figure 12.
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BRI, BT T I 7 X 0 LAY2an IR 2 M L 72 L A e 4 AR L= & C
2 Bk S % Hr oL A 194§93hSGLT1 ICs) = 26 nM, hSGLT2 ICs = 1101 nM, hSGLT2
/hSGLT1 = 42.4% /R L, @& REEW %S5 2 L icIh L7z, (Figure 13) 514 oD
Y —MEEWE R B2 SRR ERA M OB € 7~ 570 LI X 0 DR

EM 7% L OGES e 25 L &£ 2 b b,

94j

= 74nM = 26nM
hSGLT1ICs0 _ 4170 nm hSGLT1 ICs0 _ 1401 o
hSGLT2 IC5 hSGLT2 IC5
hSGLT2/hSGLT1 =15.8 hSGLT2/hSGLT1 =42.4
Figure 13
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H1E ROKGAREASGLTIHEEME 2 A3 2 HHLCG 2 ) 2 & FRIGEEAO A

FH1HE U — MEAY) OFVE & &Rk

BRI BIEE A 1T 5 Eo, nFEMICH WO NS ik L CIISBDDAE T L5, O
T 0. XA ERRERT 2 A DB O NN &2 v oS 2 O3RTTEE L U 7 v F oM EAE
HEAELLCEY 7y 7 FHFA v 2 FETH 2, LrL, =7 v FTHBSGLTLZH
fmEe ) Ay FeodfifhRfBEahCnihnwl b2 v X7 EolhE L )
v N OMHAFERA%ZEE L CAIEEER T 52SBDDIZWNEECH 5, L7z23-> T, SBDDFiLE%
Fwd 2B TEhugaid, Blx v 7B AT 5 ) 7 v F oliEERz iic
BIEZAT S S LA DN TV %, RWFGED VU 77y F O I S BRI 28 A L, %
NoHDSARZE%F 5LBDDO Tk W CABERER T 2 2 L & L. EEV TGS 2 Kk
B A S OERESTH 147 ) 7 vy v ORIFEMFEOBRICE 5T 72SGLT2/H
ELAWLE Y — F{LAYE LT 2BIA L 72, (LAYIoMEE LT, K& L25E 25
N7z, OSGLTIHFEMHEAFH W Z &, QOfE@EEEXH T 5 2 & SGLTIHEERMIC DWW T
1Z. SGLT2MHEHRKOFFED R TH 72 4 7T ZSGLTIHEEMICOWTHFHEL TH b,
{LEYR2DORY, REFALICEST 2 SARIZEUS L T w72 T Z oM R %2 36H L ol % Fi
T35 2L CRRAIEEL 2 7=, (Figure5) 220 HOHETH 3 EEEECEL Tid, o
TOSGLT2MHEH OWIFED HRIGOLICHKED A~ —253H 2 & FRL, Z ZIOKAEEE
RERLZEAT 2 C & T, EREAERTE 2 L #2772, 2O, Fiom L7z &9 IcfEsE
itk & MBS 2 TPSAR TR L T2 C L Tl DN T v REER T L L L L, i

AL B 3 DR DO RS TE BN FE R CELEBTEIC O WTER U 5. A% e LT,
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riE T BRI DL &) 2 AL L /NG RIS L Twv 2 SGLT1 2 @RI HE § %
ExHIELTCWwS, 2% Y, SGLTIESGLT2%2 W52 % &, KRIIFEY X7 KT 5 C

Eb, MNRBREZET IS 2 & CEBICHIRT 2SGLT2iIcx 3 % [HEZ K S LKL
DEWERH # Ml T & % & # x /-, (Figure 14)

H H OFEt R! R2 R3
PSS S Y ¢ o6 AN
HO ™~ OH HO >"OH HO"
OH OH
1 2

Figure 14
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FH28 G2 3> FRIEEARO G & FEE TEHRY

LED R ILEY20RIC A FAEZE AL 724a(R'=H, R®*=OEt) L R'ICk Fu ¥ oL
HAEA L 7-4b(R2=H, R®=OE) O & GEICB L Tk, reA4 7Y 7 a Y v DAISEIE DR
T TIREINT B, LAY2ORUCE FrF o RACAFAEZEA L 2354
K14da—14dD AR TIE, FD4- FuF L 2-2F -T2 72/ v (5) LR~V
NEFEHL TNy A CR#E L, RICOXONE®DfEE T TNaBrz i L THER{LAY REL
LC6%AM L 72, HAK V61T, Weinreb7 3 FEFRH L 7215, KBV F v LT7AL =
T LBITICE Y T AT e FTICERL 72, TRD8a—8dD v 7 v ) F v R futh, 74 1,2-
fHm&e3 2t T9—9d~tEwn/z, 9a—9dici L PV ZFAL T vEBLUOR=Z7 vkt
FIFAI—F - EREHLZE Fu o EoRckEz2iTv», 720 a2 10a—
10d% 4R L 72, 12a—12dix, BEHIOGRIEDICHE> TAM L 72F AT 27 v 1%, 727
a2 v10a—10de ~ 74> 7 LEP LML 72 277) = % — ViSO THFAR IS A 5 2 &
TEONTz, BbNz12a-12do e FurF o VB E2EITL T E#RWICB-C7rvay Fed
P13a—13d % 157257, ixfeic, KEFEFIS T CRIEIL-S T V7 L= H 7K fifIc X

. 13a—13doR v i ERE L, 14a—14d%157-,
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HO ab BnO c,d

5 6 7 Br/©

BnO R
T

BnO R
Br
OH

9a-9d 10a-10d
11
BnO R
h .
s JUIL_) i
- BnO —_— a:R = OFt
BnO" “OBn b:R=0Me
OBn c: R=Me
13a-13d 14a-14d d:R=Et

Scheme 1. (a) BnBr, K,COs3, TBAI, DMF, rt; (b) NaBr, OXONE®, acetone-H,O, rt, 59% in 2 steps; (c)
(COCl),, DMF (cat.), CHCIs, rt, then N-methoxy-N-methylamine hydrochloride, Et;N, rt; (d) LiAlH4, THF,
0°C, 65% in 2 steps; (e) 8a-8d, n-BuLi, THF, -78°C, then 7; (f) Et;SiH, BF3OEt,, CH;CN/CHCls, 0°C; (g)

Mg, THF; (h) Et;SiH, BF;OEt,, CHsCN/CHCls, -15°C; (i) Pd(OH),/Ha, EtOH, rt

LEYIBDOREIE A EWR L 72 C-7 = = A 1-F F-D- 7 A3 b — L iFER22¢— 22h D &K %
A F — L21ITR T, ALEPI64> 5 Scheme TICEEHEL & AR D GfF A L 72 FRREHART IR U e
ZUHTFCczFLYy ) a— a2 EHLTT 22 —AR#E L, (LEW6D HonepotTT & X —
NMSEE LTz, T X =158 n-BuLi> bl s iz ) 77 2538 L, 5477
v16aF 72 1EHHRD T 7 F v 16bE X 4 3 Z & Tl7a, 17bAE b7z, 17ak X 17bD
Tex—NERZBREL, ZNZENT AT L Fl18ak L N18b% 7z, 1,4-¥ 7oy ¥/ IC
L. n-BuLizllzZ €/ U F ALK, TAT e Fl8ak X 18bIcfHiNL 72, FivT7
J=—fiDe Fu X VR AEITRE L. BEIRINICZ nE 19k X 192 157:57, =
A 7 a RS T co19bs L 19 & v = L FERE & Mizoroki-Heck &G IC X O C-Cif & % g
L., 2hFN20ak L U20b~ &\ 72, 21c—21hix, WSCI - HClZ i L T20a% L Of

20bEXIET AT I vEMETLIZLICX VGO, RIZIC, AF—L1D14a—14dDE
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B E FREDSEMT T, 2lc—21ho~ vy VA EofE L “HEiES 0BT 2 RARKICTV. HIY

@EEE‘ZCI:Q,ZZC ZZh% _J‘fx_o

BnO

BnO a,b,c BnO d
. X (0]
Br%OH BFQ%Oj BnO Yo 5
BnO X O BnO BnOBn
6 15 BnO" “OBn
Bn 17a,17b

16a,16b
BnO
° X H f9
BnO o
BnO- ~“OBn
Bn
18a,18b

20a,20b 21c-21h

16a-20a: X =8
16b-20b: X =0

c:X=8§, R=C(CH,0H),CH,
j d: X=8, R=C(CH,0H);
e:X=S,R=C(CH 3)2CONH,
f: X=0, R=C(CH,OH),CHj
g: X =0, R=C(CH0OH)3
22¢-22h h:X =0, R=C(CH;),CONH,

Scheme 2. (a) (COCl),, DMF(cat.), CHCls, rt, then N-methoxy-N-methylamine hydrochloride, Et;N, rt ;
(b) LiAlH4, THF, 0°C; (c) p-TsOH, ethylene glycol, PhMe, reflux, 78% in 3 steps; (d) n-BuLi, THF, -78°C,
then 16a,16b, 73-87%; (¢) 6M HCI, THF, quant.; (f) 1,4-dibromobenzene, n-BuLi, THF, -78°C; (g) Et;SiH,
BF;0Et;, CH3CN/CHCI3, 0°C, 20-23% in 2 steps; (h) 3-Butenoic acid, PA(OAc),, (o-tolyl);P, EtsN, MeCN,
120°C, 60-87%; (i) amine, WSCI-HCIl, HOBt-H,0O, CHCl;, rt; (j) Pd(OH)./H,, EtOH, 1t, 20-42% in 2 steps.

22X — L3k, YL TG EEoLEY25a—25cD AR T, 19b& T Y — A RETHE
5232 —23cDMizoroki-Heck i £ 0 . 24a—24c~ &8/~ 24a—24cD X v I ALFH DR
K THEBADOEICIZ, AF¥F —L1014a—14dD AR & B D&M T TfTv. HDARY)
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25a—25c %1877,

23a-23¢ 24a-24c
2azsair= N

HO AR
b Ho~.© LT R 23b-25b: R = %HKOH

HO"
OH

OH
23c25¢:R= /[ %OH
N

25a-25¢

Scheme 3. (a) Pd(OAc),, (o-tolyl)sP, EN, MeCN, 120°C; (b) PA(OH)»/Ha, EtOH, 1t, 20-54% in 2 steps.

AF =LA, Vv h—DRFFET 12 Ly LT HiAa%ZE T 2{LAEY30as X U730b
DEMRERT . LAEV2TIX, 26L n-BuLip bl =7 ) —1 Y 57 LIC18b% A 5
CX0EE, 2ToRV AN Oe FarFo ke 7/ ~—{ioe F o f o L% [Ek
WKEIT L, B-CG-7 N ay F28% 57z, ke T, BEMESHE T ¢©28D b U FARDfrE%#1T-
T29%15372,30ak30bit, 29 MG T B 7 I VeV L THEARMEL 7216, A ¥ —241D14a

—14dDER L FRDSEA T TRV IV EZRET S 2 LIt X VAR L 7,

BnO a BnO O NHTr b BnO NHTr
o~ oyt L °© X o O 3
BnO “OBn NHTF BnO OBn OH BnO\
Bn /@N OBn Bn
Br
18b 26 27 28

H
HO N_ R
BnO o) O O HO o O O g 30a:R= /KNKOH
BnO" HO" “OH OH
Bn OH

30b:R= KN%OH
30a,30b H -OH

Scheme 4. (a) 26, n-BuLi, THF, then 18b, -78°C, 64%; (b) Et;SiH, BF;0Et,, CH3CN/CHCIs, 0°C, 59%;
(c) TFA, rt, quant.; (d) p-nitrophenyl chloroformate, pyridine, rt; (¢) Pd(OH)./H,, MeOH, rt, 38-55% in 2

steps.
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LAY, 4a, bR AR L 7-14a—14dDSGLT1, SGLT2BH 1% k58 o #% 5 e 'TPSA
% Table 210783, TPSAIZEZEw & tHB2 B 2 L3 X CTh 030 /NG TOWIL Z T3]3
DI TH 5 &H 27z, EEE. Tianb (X, TPSA < 160 A?and log P> 2.2 TBAD RAf &
7% L DMHBAZIR L T3 2 & h b2 RN Z {53 5 729 ICTPSA>160 A2 % HAFHE &
LTC&ZEL”Z, £72, TPSAIZY 7 b v = 7 ( ACD/ Percepta, version 2015, Advanced
Chemistry Development, Inc.) Zffiff] L icEHcE 3 2 e v flfe LTxFon3, b
AYNORUC e FrFx o V2B AT 5 L{LAY1(hSGLT1 ICs = 26100 nM) & H#g L Tk
P66 (4b), RUC A F AL B AT 5 L #)356% (4a). SGLTIFHEF G2 T 2 2 & A3
ARG DI FE 2> bR T T 7o, L& 14al, JH @ b 58 SGLTIRHE i (hSGLT1 ICs
=162nM) Z/R L7z, RiZ, BERORODTAFAHL 7o afx o ECER S L-LEY14b
—14dDSARZ I L 7z, TAFAFAZEA L 214c, 14did, Trax i HT % 14a,
14bX v 3 SGLTIHEE BN C 3 b Ao 72, DR L, BEROSIALICIZ 2~ 3
REDPOBRDTNAFAEBHFRING ZERRINT, ZZT.RROTAFAY VI —D
AR 2B AT 5 2 & T IHEDREI T 5 2 & 7 K TPSAD[A] E2SATRE 4> & R IC iR

Ak s e L,
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Table 2
It&59Y 1. 4a. 4b, 14a — 14d © SGLT1/SGLT2 [HEEH: & TPSA

R3

hSGLT1? hSGLT2?
Cpd. R! R? R? TPSA®
ICs0 (nM) ICs0 (nM)
1 H H OEt 26100¢ 73.6 115
4a H Me OEt 671¢ 2.29 115
4b OH H OEt 4040° 17.4 136
14a OH Me OEt 162 3 136
14b OH Me OMe 65 NT¢ 136
14c OH Me Me 25 2 126
14d OH Me Et 32¢ 2 126

2 JCsp values for hNSGLT1 and hSGLT?2 activities represent the mean values of at least two
experiments.

b The TPSA value was calculated using software from ACD/ Percepta, version 2015, Advanced
Chemistry Development, Inc.

¢ 0.1 mM methyl-a-D-glucopyranoside containing ['*C] methyl-a-D-glucopyranoside.

4 Not tested.

RUCKAEMERELZGET 2T FAHEEAT 5 2 &, [KIRIELEDBHE LD
& EWRF L CAM L 7222¢—22h, 25a—25¢c, 30a, 30boSGLT1, SGLT2HE 1R o #
B OTPSA% Table 31c/7 3, TPSAZNE 5 2 L #HME L, KiEEOE T I F %
ESHT V¥ ) v —IE AL 72 e 22¢, 22d. 22el3 . SGLTIRHF G M R MERF L 22 235
TPSAZ SN & & 7z, RICHAFE % RME 2 & REES) B 2 (KI5 5 7z o i, Rk 11A3D- 27 v 2
0 -3,6-7 27 F v b UBBEOAEIT5-FA- I a—2ETII R, Zrva— 2
ISR L C D SGLTIHEE MR T 2 02 2 MR L 720 Z ORGSR, o — &L
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7o R22F, 22g, 22hDSGLTIMHEEM: X, F4 27 v a—2%H T 522¢, 22d, 22eL[F
HCH B LDBMERTES, T 51T, TPSADHIRZIH VY L 7 HiA DI /KB ERER %
B L 72358 k25b3% X U25cld. SGLTIFHEIGMEARTS L7z E7. MEMEAF L ERT

Vv EkED25alk, SGLTIHEEME SR ECHI T2 2 tbhr oz, LA L, RV e VR
2 HIKENEE R £ CollE% 22g b 5720, 25bK U25ck b b IADRFER A <

7o o 72 REFHEMA3Oa, 30bE AL 72 25, Zhboftaiz, 7 3 FFHEA L A UHE
EEEZR Lz, 2o, {LEY30bik, 8 7=SGLTIHEEY: (ICs = 28 nM) & &
TPSA2122A) % E 3 2 Z L » b IRFHZMEES 2 7= ®invivo BIREEAER, HPHEARR % FEht 5

52 kel
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Table 3

{t&Y) 22¢—22h, 25a—25¢, 30a. 30b © SGLT1/SGLT2 [HEH M & TPSA

hSGLT1® hSGLT2?
Cpd. X R TPSAY
ICso (NM) ICso (nM)
B oH
2¢ S *Mg”{ o) 5 196.01
OH
(1 oH
22d S o 35 9 216.24
OH
H O
22e S */\/\gN%LNHZ 47 4 198.64
N oH
2f O Iy« { 32 NT® 179.94
OH
. N —oH
2¢ O g \%SH 35 NT® 200.17
H O
22h O *AAgN%LNHZ 51 7 182.57
0
258 O *MH*NON 704 5 145.96
(6]
25 O *MH*HKOH 65 5 171.74
0] OH
25¢ 0 *MH*H OSH 175 7 212.2
H H
30a O */VNENKOH 51 4 171.74
NN oH
30b o) */Vg OH 28 7 212.2
OH

2 ICsp values for hRSGLT1 and hSGLT2 activities represent the mean values of at least two

experiments.

® The ClogP value was calculated using software from Daylight Chemical Information Systems, Inc.

¢ Not tested.
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.

FI3HE FHC Y ay FRERERD Z v EYBIRERER KL O 7 v b in vivoERhEAER

{LEPI30bDHEhE & /N2> & AR A HARF L <. SD 7 v b & fw 7z 3858 (PK)
& EE Y % Bl 3 5 720 ICPAMPARER 2 i L 72, % OfiR % Table4icnd, 2V 7 7
v A (CLiw) « 3 (Vdy) « 3 X CMLAYI30bD B EIFIRA £ 55 O 500 (t2)
IZ. # N F 11080 mL/h/kg, 439 mL/kg. 0.362IHCH > 7=, £ 7=, {LAY30b (1 mg/kg)
DG H DR ARIEE (Cow) 13146 ng/mLT, XA F T4 70754 (F) 130.05%
TH o7z, K, PAMPADFERIZ (0.3X10 6 cm/s) TH W KW FELEEMLSRE X Nz,
7 v } PKElBR L OUPAMPAGBR D 2> & . (LEWI30bME IR Z 5 % & & 2R T

5 ENTET,

Table 4

Pharmacokinetic parameters in SD rats and permeability of 30b

Pharmacokinetic parameters Permeability
IV (2 mg/kg)? PO (1 mg/kg)® PAMPA
Compound
CLtotal Vdss t1/2 Cmax Tmax F at pH74
(mL/h/kg) (mL/kg) (h) (ng/mL) (h) (%) (x 10 cm/s)
30b 1080 439 0.362 1.46 0.25 0.05 0.3

2 Dosing vehicle: saline
b Dosing vehicle: 0.5% CMC Na

The PK parameters were calculated using the mean value of the plasma concentration in

three animals at each point.

Xic, SDZ7 v b0 7 FoiEamslE (0GTT) 3 L. 30boD MK T35

ZEHIG L 72, 7V a2 — A A OERNICEEY30b 2 %S L, XKicliiE s v a — ARE %
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2BfiC b /e o THIE L 7z & & A, HAfRE D 12 70 a — 2 DK M % 72 © & 7z, Vehicle
G e L 72 7 v a— REOKTER (0~2FfE o AAUC) 1%, 0.1, 0.3, 1mg/kgT
ZnZ0n31.5%., 58.5%. 62.2%CTH Y. HEMKFHNCHIHE T ER M 2 2 L 25
212 L 7= (Figure.15) , X 51T, 0.1%72130.3 mg/kgd F&EC1H2[E., 30b% 4 H Mg v iR
LG L7k, SHHIC 7 F Ui R TG Lz 25, R orva—x v b %
MR L7z, 72, 1 mg/kgD HEZ1H2[HE G L7z & & 2 h 3 I JREEHEI A L & 72 28,
0.5%CMC(ANVEF L XA F Lo —Z2)MREHIKL THE T arok, TLDD L,

IS DORERIZ. LAYI30b230.15 X 0.3 mg/kgD A& TG S Nz hAic, WiLETo

ASGLTIDHEA#HBE L CZ DMK MMERHZRE L 22 L 2B LTS, —17,

oI

e

i
BTl mg/kgP AR Z 1H2ER 532 & . b h I BRI SHR S N 2 L 5. 30bAs

WL BRI E NWERAME COSGLT2D 1M BHE S N-EERH 5 L E 2 bz,

—O—Vehicle (0.5%CMC)
—8—30b 0.03 mg/kg
——30b 0.1 mg/kg

200 A —&—30b 0.3 mg/kg
——30b 1 mg/kg

250 4 200 4

150 A

EE]

150 +
100 A
100 A

50 A

PlasmaGlucose (mg/dL)
AGlucose AUCO-2h(mg-h/dL)

0 30 60 90 120 Vehicle 0.03 0.1 0.3 1
Time after glucose load (min.) (0.5%CMC) 30b (mg/kg)

Figure 15. Effects of oral administration of 30b (0.03, 0.1, 0.3, or 1 mg/kg) on plasma glucose during an
oGTT in SD rats. Each point represents the mean + SE. **P < 0.01, ***P < 0.001 vs. Vehicle group,

Dunnett’s test.(n=8)
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4 HT /MR

SGLT2WFFE D BRIciF b Nz b &GV bR v ¥ VB EoEiiZ fuic X v . SGLT1HE
EED W B L 7L aY14d 2 15720 TATHRIRINYE 2 £ 53 % 72 o i fllSHIC KPR BRI 0 5
A L. FRICFARBES OB R 26 F 4 7 a— 28 xk v a— 2L, SWTPSA
ERWSGLTIHEE M 2 H 3 2{LAY30be Bt L 72, {L&#30bid, 7 v FPKEERIC X b
KVBADMERE & 41, PAMPAGRBRDAG IR 2> & b KPIMEALEY TH 5 Z & ZHER L 72, iR
27 v MHEARAERIC X Y. 30b230.1 mg/kgh* & F RIS HETIN 2 0 3~ 2 £ & % B

LhdE L7,
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2% BHWIRETE R L ZSGLTIHEEE 2 A3 2 G2 ) 2 o MRS ORI

H

B 1E ALEYI30bD R & A g

F1ETRAT X 5 1230bld, REMWHBOMEL S, BAE (1 mg/kg. 2M/1H) %
G- L 72 BRI D3 H RN X VB iR B M 3 SR X 4172, 30bix, SGLT21Cxf L T h s fH
FEEEZAET S 2 e o, BICERE L 72856, SGLTIRUSGLT2ZHE S 2 & & ¢ffil
o) 27 %50 2RSS BRE SNz, 20 X9 afiEsr b ARRE Tt BEEEEO
EIRINSGLTIHEME 0Bl Ic oW Tidr 3, chE <, ERELEYIC s LT
i ICHREE 3 2L GO W S EFID T & D HEFIIRD X 5 RIE %L Tz,
30b2SFERE LT\ B KA & IRA~PEt S 2 < & b, BRI & [ 2 I i3 PR
DHRIEZ7TH T 7 ANEHT LAY ZRINT 52 L TERTE R VAL W IRELEZILT
MIERBIE L7z $hbb, FICRPOPEIET N 230bE 13 EA 0, 2 & FRil & 2%
WAL &% Bl 32 £ & CRIBRBEA T E 3 & #H 2 72, —MIvIC, KBEED WL
BYIRPE E 2 0 | BEAMEOE LAY IR & R B A H B 3L T
%, % ZT30b (ClogP=1.57, TPSA =212) D FHEGGEK ORI (ZHERF L o0, JEAENE
RS 23 2 L CHAPEEI DAY & 72 2 2 2 MGEE L 720 ARG & LT, fRiETE <
T X=X —T»H 5 UogP>3.5, DGR & 7 2 TPSA>160% HEEH & L CIFEAR
BICHET L7z, Y v h —E00E, JRAEMER E28 A % EizMizoroki-Heak St % F v
5L TERREGBYAFNT T VvERERHAL, RV ¥ VR EOBEBE(LEYISIOR!,
R?, R Difpiift % £ L 7z, Z Dth. AogP KU TPSA% %9 % 72 0 1AL AYI32 DR

CKBEERISE 2 BT 2 2 & 2 GHE LIFE 2 Blia L 72, (Figure g16)
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30b
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Figure 16
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FH28i C7x=N-D-7 Ny b — AFEERO G ORE A B

{tA&PI31DR=Me, R?=MelZ [HE L RN OLHH T 572 C7 = = L-D-7 V> b — L
(K452 — A5 DK E A F — L5ICR T, THRD5-Y 7B E-24-YV XA F v Ey (33) &
n-Buli 225FB L 720 F 7 L3 EKICT 7 b 34BN L 2%, BBUESETTAF AL L
L LALA35 %1572, 35D FuF otk b ) X F s U A CHE#E L T36% 15
7o 362 n-BuLi» Li#IL 72V 57 v L5 EICHIRO 7 o7 v F37a—37f 2 il 2. M5t
ThYAFAT Y VEEZREL T, HPEAR38a—38f% 1572, 155417238a—38fD Fu F
UOVERT, EEHEESAE T CEOKERR 2 L <7 e F R ofR#E L ML EIA39a -39 % &
L 720 LE39a—3HDAF ANy FEXRRVIAMDT £ + F o EOETICIE,
RO PV ZFAe 7 v BXUPET7 vtk vHRY T F LI —TFT 7 — P 2 v, ZAGE
RGICT V=N B-C7 Nz Fh0a-40f % 1572, Fii\vx T, KEEAH VR Y 4 I VIEREE
(WSCI - HCl) %l L T4l 2% AT 2 2 Lick v iFon{badd3z <4 7 v g
51T -C40a —40f & Mizoroki-Heck G339 X % Z L iC X V) 4da—44f~ L B\ 7=, RIRIC,

44— 44D T & F NI % Zemplénflit 7 & F MLKIGIC X D FRE L. 45a-45f% 1572,
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Scheme 5. (a) n-BuLi, THF, =78 °C, then 34; (b) MsOH, MeOH, rt, 64% in 2 steps; (¢) TMSCI, Et;N,
DMEF, rt, 96% ; (d) n-BuLi, THF, =78 °C, then 37a-37f ; (¢) MsOH, MeOH, rt ; (f) Ac2O, pyridine, rt ; (g)
Et;SiH, BF;-OEt,, CH3CN/CHCls, 37%-85% in 4 steps; (h) WSCI-HCI, HOBt-H,O, CHCl;, 1t, 51%; (i)

Pd(OAc),, (o-tolyl)sP, E:N, 43, DMF or MeCN, 120 °C, 36-87%; (j) NaOMe, MeOH, rt, 59-78%.

{LEYIBIORID A FAHE A e Fux i v HIcEHmL-C7 2= 1-D-Z Ay b —LEEE
RFBERATOE R A F — L6ITRT 5B 1 ETEHK L 72L& Y19b & 43D Mizoroki-Heck)
IBEAT O, LEY46 21572, T, 46D Ry U NEEE T X v FF—n b =T vk U RY

IFNIT—FTT7— FTHRELATEZAEKL 72,

BnO Br BnO R H HO R "
a I I
BnO 0 O O Bno~© O O O 7@ b HO~© O O © 7@
BnO "y~ OBn Q%H BnO " OBn HO ¢ OH
x 7@OH OBn OH

19b 46 47
43

Scheme 6. (a) Pd(OAc),, (o-tolyl)sP, EtN, MeCN, 120 °C, 72%; (b) EtSH, BFs-OEt,, CHCls, 1t, 4%.
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B{R56e —56hD &K % A ¥ — LTICRT, EIHDIC, BEOSFMAT CHlkD3-4 Y Fry
N7z =N A48) kavikhVvrtaviERieHfuTre /) —rfe FrF ooty
Miza R L, ALEWAIZ ST, WERERET T L7 v 2L <, LE
A9 7 = ) — ke FaF o v 2R v I —TAHEFT A F AL —TAEE L,
50ak L 50b% 1572, 1554 7:50a% 721350b& n-BuLi2» L5 L 720 F v L3 3ic 7 7 +
v34%EMA, b Y XFN Y NE RIS T CREL T ARICT /= — ok Fr ¥
MR A S FORICAAL 7, Ric, BRI N e P e oo B A | AV SR T Tk
WAL CT e FARCHREL, TPV ZFAY TV E=ZT bRy ERYIF L

— 77— rHTAFAI VI Y FEEILL, VRERNICT Y = B-C7rav b
51a% 72 1351b % AL 72%7, 5lan R v Y LEORifR#E S X N HFHRORFENICL Y, 52a
872, F7z. 51bICH L CH HHFROREFZIC X V52b% 57z, Ht\» T, 52aL52bD 7T &
FAFEERALZ ) —AKFD YV AFAT I VvEMHLTCKHREL, HMEELEFETCr) X F
nrynzul) Fzfnce Mo VK2R L, 53a, 53b%k 1572, {L&Y)54e —54hit,
T ATt F37a% 721337c%#53a% 72 1353b e n-BuLiz LBl a7 V) F v 2R ICHM L 7=
. FURXAFAT ) AEEBRESE T CHiRES 2 2 L TRk, b N754e—54hD L
o ¥ OV AR Y CHOKERR 2 L CT e F AR CTREL. RV IO T
PRI, PV ZFACTVEET bRy RV I FAI T T — PR L TEITL,
55e —55h~ L &\ /-, xt41C. 55e —55h7: 556e —56h~ DL, R F — L5T45a—45(%

B L 7 L [ARRD T7iETTT o 72,
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Scheme 7. (a) KI, I, H>O, AcOH, rt, 57%; (b) BnBr or Mel, K>CO3, MeCN, rt, 85%; (c) n-BuLi, THF, —
78 °C, then 34; (d) MsOH, MeOH, rt; (e) Ac2O, pyridine, 4-(dimethylamino)pyridine, rt ; (f) Et;SiH,
BF3-OEt;, CH;CN/CHCI3, 4 °C, 40%-59% in 4 steps; (g) 10%Pd—C, Ha, MeOH, rt; (h) Br,, AcOH, rt, 52%
in 2 steps; (i) Bra, AcOH, rt, 96%; (j) EtsN, MeOH/H,0, 50 °C or NaOMe, MeOH, rt; (k) TMSCI, Et;N,
DMF, 4 °C ; (1) n-BuLi, THF, —78 °C, then 37a or 37¢; (m) MsOH, MeOH, rt ; (n) Ac,O, pyridine, rt ; (0)
Et;SiH, BF30Et;, CH;CN/CHCl3, 4 °C, 34-53% in 4 steps; (p) 43, Pd(OAc),, (o-tolyl)sP, EtsN, CH3CN,

120 °C; (q) NaOMe, MeOH, rt, 38-54% in 2 steps.

{LEYIB2DORIEN DERa# {To 72 C-7 = ZAD-Z N b — L EHEK62d-62nD A K % A
¥ — L8R d, HIROILEYAL 2RI AICFEE L, HIROLEYSTEZIGE 85 2 & T
LEYIB8% Rz, RO NT2 A F N T AT E8ENIKDREL T, K VEEEI~ LTz, K
i~ A4 7 aIag T ¢ h R v g59 & 55f —55h & Mizoroki-Heck G & 4% Z & 12 X D 60a
—60c~ & E\ 72, 60a—60ct LT 57 I v E#WSCI-HClZZid AR =ndf I 58—

A (CDD) 2L CHiadT sz eickv6ld—6lnzkEr, BEIC, FFUYLAFFv
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o H O H O
%OH « MaN.Home %N%OMe %N%OH

41 57 58 59

iPr

e O
ACO “OAc
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55f-55h 61aof|3\}c R - H 61d-61n
60a : R' -
1= OAc, R; = Me

60b: R = OMe, R =Me
60c : R

o :R1 OMe, R3 ~ =H, R =2T(N,N-q|methylam|no)ethylam|no
’ ) —OMe Ry =H, R = piperazin-1-yl

61,62¢ : —OMe R =H, R = 4-methylpiperazin-1-yl

N%R“ 61,62 :R' =OH, R; = Me, R4=2-(N,N-dimethylamino)ethylamino

61,629 : R1 =OH, R3 = Me, R, = piperazin-1-yl
6162h iR _ oM, R, = Me, R, = 4-methylpiperazin-1-yl
61 '62! : R1 = OH, R; = Me, R, = 2-amino-2-methyl-propylamino
62d-62n 6162 iR - oMe, R, = Me, R, =2-(N,N-dimethylamino)ethylamino
2122:( ; = OMe, R; = Me, R, = piperazin-1-yl
! Ty = OMe, R3 = Me, R4 = 4-methylpiperazin-1-yl
21 22;” 21 = OMe, R, = Me, R, = 2-amino-2-methyl-propylamino

Scheme 8. (a) (COCl),, DMF(cat.), CHCls, rt, then Et;N, 57, 93%; (b) aq.NaOH, MeOH, rt, 94%; (c) 59,
Pd(OAc),, (tolyl)sP, EtsN, CH3CN, 120°C, 60-87%; (d) WSCI-HCI, HOBt-H,0, amines, CHCls, rt or CDI,
CHCI3, 1t, 21-99%; (e) NaOMe, MeOH, rt or Et;N, H,O, MeOH, rt, 47-98%.

{t&¥)45a — 45 )2 147, 56e —56h D SGLT1, SGLT2PH 2 i 38k @ 5 5 J O AogP,
TPSA% Table 512783, sxf)ic, SGLTIFHEGM: & B~ &2 lE T 5 72912, R
R, BXURNC X F & n@ k2 R ob&aW 25 L 72, RIER2Z A FARRICHEE L 72 |k

T, RoBHRIELED Z xi#El 3 5 72912, JRE]

L b2 R L 22 I8 %2 H A L 7-45a—45f %
HE L 72, R¥FAZDSARE LT3, EfuEL 5 < 72 5 1T D CSGLT 1 E i 1 23055 5
LD H Y R3S 71 b v D45adsim D IGEA IR Z L Db o7z, 72, RO E W
g ZEA L 7= Z & TogPldla L L7223, TPSAICBIL TX X b2 51 EABARBETH - 72,

R3% 7o b vEICETE L., 5 1 255 N2 E %2 EICRUT 1Z/KE

EERER (e Fe oL
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HEZFAFFOE) ZEAL, RCIBAEERE X FrEEziz4y Tueearkk) %
A L7, RUCe Fr o Lz AT 2 &, TPSAIX45alc E_TRIM L, Eac ki,

L& 14713452 & 7 USGLT1PHE S % £ > T 7z, 470 AogPAEHIED AogP >3.5% b %
(v 7=, BN % S0 2 BHEZ RS X ORICHEA L7 (56e—56h), RUC A4 Y 7L
HAA L 7 258 k56e —56hit, 47 ¢ i LT X b &\ QogPfi% R L. SGLT1FH &

(21 nM-74 nM) bR 2 2 L 3bd o7,

Table 5

& ¥)45a—45F ) 47, 56e—56hDSGLT1/SGLT2FH E i & U CogP & TPSA

oo o - . hSGLTI* hSGLT2® Clogp TPSA®
ICso (M)  ICso (nM) (A?)
45a Me Me H 22 10 3.35 139
45b Me Me F 34 17 3.49 139
45¢ Me Me Me 111 84 3.80 139
45d Me Me cl 176 NT¢ 4.06 139
45¢ Me Me iPr 12531 2126 472 139
45¢ Me Me OMe 1166 798 327 149
47 OH Me H 21 NT¢ 2.18 160
56e OH iPr H 23 19 2.96 160
56f OMe iPr H 36 34 3.35 149
56g OH iPr Me 55 69 3.41 160
56h OMe iPr Me 74 354 3.79 149

2 The ICsp values for the hSGLT1 and hSGLT?2 activities represent the mean values of at least two
experiments.

b The ClogP value was calculated using software from Daylight Chemical Information Systems, Inc.

36



¢ The TPSA value was calculated using software from ACD/Percepta, version 2015, Advanced
Chemistry Development, Inc.

4 Not tested.

. 56f—56hD D %E (RY) ICE A% C T, CogP >3.5, TPSA>160A% 7= ¥
LR 21T o 72, (LA62d— 620D SGLT1, SGLT2FH 5 1% 135k 0 #% 5L Jz Of
ClogP. TPSA%Table61C/R s, RUCT LI EAHE - RE - 3FE M7 I v2EAT B L
TTPSAZMME ¥ 2 L BT E, T8 E 7% AogPlE % R oL AR AR TE b & F 2 72,
FEER, MM 72 134D T I v 2 56e—56hIE A L 72t E62d—62n1E. T\SGLT1FH
EEME AR MR L 22255, HEE & 3 3 TPSAf & AogP % iii7- L7z, % 7=, {LE&62d— 6213,
SGLT1BHE &M i PEfit 3~ 5 SGLT2MH E G M %2 7 37— 77, (L& #1621—62n D SGLT2FH & & 1
12, SGLT1FHEEM: X v b #6f5 K2 272, 2o DOFEHEA S, SGLT1HEEMEIZR D & #a
HICX > THEELZ T D >0, ROAFAEDEAIC XY, SGLT2FHE A 155
3 LEZ b, Table6iT/RTinvitroT —2 70 7 7 A L2 EJET 5 &, TPSAH & ogP
O HEE %72 L. & D SGLTIHF GO LA N HEL L E 272, L LR 5,
LEYI62)1%., Bk % 72 S X ONREESRAE T Ot M T & FEh L 72 28 ffMb U 70 o 72,
Z D7, FEETH 562X OB 2 b FIRISE ST S L S TEE Wi, T
LSRR L FEARA K OB TR L S EE L W 2 & 3b o Tz, % 2T, Table 61C/R
T oGV R TFAER L LA % 99%LL HICHESLL 72 Eoffffb 22 ) —=v 7' %%
ML 7z, % DR, T & 7 —VERT 5 62d 03— L 720 EiG AL A462) & BAF:E

SGEOE A LHEEEO B V62dE SR FHliicED B 2 & & Lz,
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Table 6

{t&4762d — 62n D SGLT1/SGLT 2B 3% ¥ &% U logP & TPSA

o . . y hSGLTI® BSGLTZ . TPSA
ICso (M) 1Cso (nM) (A2)
62d OMe H *ﬁ/\/“\ 29 20 3.66 161
62e OMe H *"\G\IH 38 17 3.55 161
62f OMe H *"L\N 42 26 4.01 152
62g OH Me *ﬁ/\/“\ 35 74 372 172
62h OH Me *"\G\IH 30 28 3.61 172
62i OH Me *"‘L\N\ 35 81 407 163
62 OH Me N7 64 353 195
62k OMe Me *ﬁ/\/“\ 46 NT¢ 4.11 161
621 OMe Me *"\G\IH 34 200 400 161
62m OMe Me *"‘L\N\ 55 281 446 152
62n OMe Me NN s 322 392 184

2 The ICso values for the hSGLT1 and hSGLT?2 activities represent the mean values of at least two

experiments.

® The ClogP value was calculated using software from Daylight Chemical Information Systems, Inc.

¢ The TPSA value was calculated using software from ACD/Percepta, version 2015, Advanced

Chemistry Development, Inc.? Not tested.
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B3H CG7xz=n-D-ZV b —AFHEED T v b IR E e ER

SDZ v Mk 3{LEW62dE X N62joPK7 v 7 7 4 L& PAMPA®D &% % Table 71
T, ALE62dE L 62D N A F T RA LY F 41k, FNEFNF=0.17%. 0.09% & JEH
KD o 72, E 72, LAY62dE X 1962)13. PAMPARERIC 35\ TIEH IR BLE &M % 7R

L7z TNHLDT =256, LEY62dE X 62K WINEEZH T 5 2 & 2 fER L 72,

Table 7

Pharmacokinetic parameters in SD rats and permeability of 62d and 62

Pharmacokinetic parameters

Permeability
ve PO°® PAMPA
Cpd.
DOSG CLtotal Vdss t1/2 DOSG Cmax Tmax F at pH74
(mg/kg)  (mL/h/kg) (mL/kg) (h) (mg/kg) (ng/mL) (h) (%) (x 10 cm/s)
62d 0.4 4020 1640 2.39 30 1.88 2.83  0.17 0.0
62j 0.4 3760 964 0.578 30 5.34 0.250 0.09 0.0

2 Dosing vehicle: saline
® Dosing vehicle: 0.5% CMC Na

Each data point represents the mean value of three animals.
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RIT, 62dF L U620t ftik 2 LT 5 7-0i1c, HEA =2 — LA (BDC) SD7 v
MCEIRNR G U 72, 62d3s & 162D bR UIHI 2> & D FElAS IR % Table 812773, FEWiC
b, 62dB L V62X FICHIF A HHR T 5 & LA ER T, 30be (3587 5 T L AMiERE T
&7, ZOPRIEROE DS, B COLEMOEREI WP T2 L2 MFL T, 267k

iR E T o 72,

Table 8

Accumulative excretion of 1, 62d, and 62j after intravenous administration to BDC SD rats

Dose Urine Bile
Compound
(mg/kg) (% of dose) (% of dose)
30b 2 362 +£11.0 302 £104
62d 0.3 18.1 +£93 65.1 +£17.7
62j 0.3 53 £04 89.8 +5.7

Dosing vehicle: saline
Collection period: 24 hours

Each data represents the mean + SD of three animals.
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FET.30b & 62ds L U62j 0 FEAE 2 HE ST 2 7291C.SD7 v F ~DEIRAE 514,
2IRF[H]. 24MR5H]. 721 0 B IEIC 351 2 SEYDIRIE 2 BVl L 72, % DS % Table 91T/~ 37,
62d3 L U62jlk, 30b& bl L T, Bl T DL AW DR 23 SIS L T 5 2 & D3RR
T&7, Thbb, HEET2MMBZOED O BRI % i3 2 &, 30bix803 ng/g & 1t
BYIDERE L CL 3 0Ickt L, 62d35 X 162513 % 2 h29.2 ng/gk X U125 ng/g & W%
eI TR E RSP L R oTz, TDCT 2= A-D-Z Nk — AFHEE TR, )
e L T2 T35 Eo AogPllEi s Hi-FEftic o 23 ) . Zhic X b B 2 mlEECc ¥ 3
TerRML 7%,

RDAT v 7T %invivoZhakBRic (X, FAFEHES OBl 2 bR L L T 262d %

WHTEELT

Table 9

Concentrations of 1, 62d, and 62j in the kidneys after intravenous administration to SD rats

Dose Kidney concentration (ng/g tissue)
Compound
(mg/kg) 2h 24h 72h
1 0.3 1900 +90.7 1110 +£723 803 +64.8
62d 0.3 1090 +55.7 104 +16.7 29.2 £9.43
62j 0.3 1060 +28.9 83.8 +£12.9 12.5 £10.9
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B4 CG7z=nL-D-Z AT k= iEEER62dD T v + bV 72in vivoSk Rl EAER

SDJ v F &7/ 0y 2 B (0GTT) % %M L. 62d o MUK T 1 % 3l L
oo A7 B —RAFOERNILAEW62d % RIS L, KTl 7y o — ZJRE % 21
flich/zoTHE Lz 2 A, HfFLz@Y iciif 7 v a — R RE IR T AR TE /-, 7
3 — 2O TIER (0~2If o AAUC) 13, 0.3, 1.0, 3.0 mg/kgTZ N Z127.5%,
50.8%. 45.7% TH o7z, 7N a3 — AL TRIHRIZ0.3 mg/kg THEICHMENTH Y mAD
ME X1 mg/kgTHE LNz,  (Figure 16) T o ORI, LAM62d 0 ERE B O iR FE

e LCIBTEMICECH 3 RS 5 5 2 L A RE LT 2,

200 - 150 -
= 150 I
=
éﬂ %400 "
2 = I
€100 : *x
2 £ T
<} —O—Vehicle (D.D.W.) & e
2 §
& -8-62d 0.3mg/ke 5 50
= 50 <
- —A—62d Img/kg g
Q
——62d 3mg/kg 5
<
0 T T T T 0
0 30 60 90 120 Vehicle 03 1 3

Time after sucrose administration (min) 62d (mg/kg)

Figure 16. Effects of the oral administration of 62d (0.3 or 1 or 3 mg/kg) on plasma glucose during an oral
sucrose tolerance test in SD rats. Each point represents the mean + SE. *p <0.05, **p <0.01, ***p < 0.001

vs. Vehicle group, Dunnett’s test (n = 5).
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oM NME

F1ETRELZ230b0HETH 2 BERAEONEA HE LT, G7 = =A-D-Z LY
b= AFHEAROF Ly ) =X G LA L 2. SREOTEARD 72 912, PElHREG 2 H A %
DTEERT 2 & T, BIROEYITHE Z BT E 2 D Tldin v & v ) KGR 7T WGE
L7zo (R C30bo HEfH RS & 13874 2 it 2 bRt S N 2 0T 0 7 7 20AI8 A HIg L,
ClogP{iti & TPSAZSEY] 72 BIFHNIC 72 2 X 5 ICHOEAL L 72, fdifbifseic X v . (baie2ds
LU625% Rt L7z, cnbid, SDT v M & H W2 RYBNREREG i< X . B2 & 3 i R
INDZLDBMRINTZ, 720 7 v b ~DFIRNIE S %0 BB © O SY)IRE % 5l L 72 &
T 5, 62dE X 162)1330b & Hl U TARME I B IR TE SR T T 2 2 L AR T & 72,
Bk, BAFHED OB 5 biEA7762d1E, SDT v F T0.3mg/kg (p.o.) T a— 2K

TER%ZR L7, SO DRIRD O, FERIFOREICH T 2 HMEFRR S Wz,
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38 ERWSGLTIHE M2 H 3 2 HHLC-27 ) 2 > FREEEA DA

B1E ERSGLTIEGE 2G5 2 M C-27Y 2 o FRIFHEIR O RIS

BT DOWHFECld. SGLT1DIEMAL S IMFRET IC X - TEEFE I 1 5 OO BE 2 8GE L,
SGLTLEIZ FRB oM e b O.LEORERME, B, 3 X CBERIFE OFRE cHl% <
NBZEMPRINTEY, FH ORI T ZSCLTIOEE LovREtE e 2D A H =X
LT  BR A $F 5 72, 7272, SGLT1D.0MEIC 31 3 % &1, SGLT1/ v 7 X7 v~ 7 404D
¥ ) v ey - tAME LTHERL TR I N TW3EY, Vv 27Xy V=T R
X, NG ElEZ &3~ C ol CHRBT 5SGLTIOAMER 2 #6720, 712
— A EFE DS BN ORI B 2 5 2 2 A[REEDS H 2 Z L IIRETE vy, 72, JEFF
RIYSGLTIHEHCTH V. EENTa-Ira v X—Fic k> TAGICRMEINE 70y ¥
VIid. AN ZXLGWICERE Y —MEAEP L IZE AR\, ) LEER? O, FHILER
M7 SGLTIHEARZ cnE coMEZFAHL, Bl CE e Ex 7z, 7272, {LFEMIC
RERC-7Y a v FFEEROFERN RSGLTIHER 0TIz a v, F1ETH R LD
IZ, SGLTHZ & v X7 HERWE ST L6, LBDDTOAIE % Efii 3 5 2%
Vb b, 2 TEHEIMEAMEIZ Y — FMLEMLE LT, B 1E, B2 ETOMAL O gk
TEMDE K AR—ZADD 5 L #H 2 b NI (R, R®) o&Hae 2 F TofEs» b
BRI ER D D L EET 27 27 ¥ UEML (R?) Oz (T 5 Ml %217 C7z, (Figure

17) % DR, Hd rh[E{A55g o i i 7x A pkik & WL L AIERIIC AR TZ 2 K9 it L 7,

H
iPr Nw /\gNHz O 'P R20 Pr H Q
(0}
HO~.0 O O ——> | AcO HO o) O O e
HO" " “OH AcO" " "OAc H
OH OAc o H
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=138 M
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Figure 17
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B2ffi G7z=nA-D-Z Ay b —AFEERDOERK

B2 B TR T 3 EEPMIASSgD R L2k E A ¥ — 298 T, FHEMRAGKE
179 Lo, ZRICHh IR Z G T 2 2 LAY =V T v FICH 535, £ 2 CTEHIL B
2 O L 2 PIEHASSg D AL 2 R L. AR R G GE 2 ESL L 72 D Camih 3™ %, T
T BHE R, 7Y Ry FIEOMERICE EURETETOAKIETH Y, IoIch T Lk
BAELELE LAWI EPLREABDBPAES TR o7, ¥ 7 uxff6dit, HiliD3-4 v 7oy
N7z )= (48) ZEMELMFE T B2 v CRFE L., HEEMLMA T cMOMCl % i
LC7z/ —AEe FedFo ks A bR X2 FALT—T AV CREL TS, i 7V
Ry PRIGTEA N F U AFALZ—TAREDOA L MIZ Y FALLY, 727 b3 hy
TV I, ELET /o Fuxo e b ) X F A Y AECREL 72,
Fonhifk% n-Buliz T, b5 —F v 7 veEsiick ) ) sk, 77
b F37ck Nz C65% 57, (LEWOSDT / ~—fide FuF o kls 2 & 7 — v cliglk
LTI D AFNALZ—TFTNIICERL, I ra— AR TRy re FaFx o H K
Mg v ) vzt T7 2 b F U HECREL T66%1F7, FH17266DT 7~ —fiD A
FLUITNAY R ERVINAGDOT X HEEETFAIAFAL T VE Y AF LY
AFY 7L —bEERLTRERITETY, 7Y=L B-C-Z0a s F6TxIARERIICARK L
2o 67107 = 7 — N FrF ol i% 7 F 4 b L CThbgx 57z, MG D55gid, 2- 7' 1
N7 = NERCCHES L OERT 2T MEom R LR LB TER, b

DITRRICBWTIE, 7T LFEER W L2 b, BEMICEELZAGRAL —F ZHELL 72,
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Scheme 9. (a) Brz, AcOH, 4°C, 1 h, 99%; (b) MOMCI, DIPEA, CHCI;, rt, 1 h, 96%; (¢) n-BuLi, THF, —
78°C, 35 min, then 34; (d) TMSCI, -78°C, 2 h; (¢) n-BuLi, THF, —=78°C, 30 min, then 37¢; (f) MsOH, MeOH

>

reflux, 1.5 h; (g) AcO, pyridine, rt, 18 h; (h) tBuMe,SiH, TMSOT{, MeCN, 4°C, 2 h, crude; (i) Ac,0,
pyridine, rt, 18 h, 45%.

LE64AD RN DREELE % (T 72 C7 = = A-D- 7 A ¥ b — A EEK63 5 X 75,
82a-82f, 83gDE K% A ¥ —L10ICR T, TIRDON-HNVERY S F-12-T I TR
G (68) LihilR™D2-7uET 2 b7 I F (69) ZIEEMEMET CRICT 22, 73/
Bre7 b FohnR=rHoREL ALEWTOZ G L 72, KEFHS T kgl 7 &
T LAERFBHLTCIODR Y IAFF AN R VKA BifR#E L, PREETIZ25 72, Xic~=A4
o v BT, 55gL2,2-Y A F A7 R -3-2 Vg (41) % Mizoroki-Heck & ic & b 7
vy 7V v L, ANVEYEET2% 157, U — FMLawe3ix. KEEA VRV 4 I FIERE
(WSCI - HCD) #fE L CT1ET2% A L2tk P Y 7AF ulffi2HnCe7 P o7
NRZNVHEEBREL, T F PV LAY FEHWTT & b F oA BiREST 2
L TAML 7z (LAEWTAZ, 25 X CTHIRD1,2-2 7 27 -2-2F A7 u v (13) %
GLltk, S PV T LA T FPEMOTERE L TS, (LAWT5IE. SEHRMESRMAT C2-
7aETEFTIF (69) LT4ARRIGTEHML 72, MISHD BRI & 2 L 72t &51182a—
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821 L U83gII A T DO FIHTEHKL 7z, HEAT2E 7 I v 76a-T6g L ey L TILEYTTa-
TTg% 572, 155 N7=TT7a-T7gD K 7 L 2 — L % Dess-Martinfig {9 L 7 7 & F78a-78g
~EE Tz, T8a-T8gIcxf L 7 I v 79% 7213 % OIS0 % F WV CEITI T I 2L 21T\,
8la-8lgx Ak L 7z, Wtk ic. 81a-8lgd 7t F VK% Zemplénfit 7 & F AL 5etE £ 72 1%
MeOH / H.OF DEsNTFRE L T, 82a-82g% 157z, +7 P F v ANKZVECTREL TH

%82glx. btV 7 A RS CRIfEE L83gl L7,

Br/\gNH2
69
ab c
’ CbzHN NH H.N NH
CbzHN HCI ~ N 2 N~ ,
e e e ey
68 70 7

s X _OH HoN__~ o~ NH,
Boc §

71
efg

* *
76a-78a,81a-82a' L= ' 760-78¢,81c-82c: L= Z; 76e-78¢,81e-82¢: L= é 769-789,81g-82g° L= 2N§
Boc
* * * * % « ] o

* *
76b-78b,81b-82b: L= " 76d-78d,81d-82d" L= é 76f-781,81f-82f: L= {5 83g: L= <
N
H
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Scheme 10. (a) 69, DIPEA, EtOH, rt, 18 h; (b) Boc,O, DMAP, DMF, reflux, 18 h, 36% in 2 steps; (¢)
Pd(OH),/C, MeOH, rt, 18 h, crude; (d) 41, Pd(OAc),, (o-tolyl);P, EtsN, MeCN, reflux, 3 h, 88%; (e) 71,
WSCI-HCl,, HOBt-H,0, Et;N, DMF, tt, 18 h; (f) TFA, CHCIs, rt, 18 h; (g) NaOMe, MeOH, rt, 3.5 h, 76%
in 3 steps; (h) 73, CDI, CHCIs, tt, 5 h; (i) NaOMe, MeOH, rt, 1 h, 50% in 2 steps; (j) 69, CHCls, 90°C, 25
h, 22%; (k) 76a—76g, WSCI-HCI,, HOBt-H,0, Et;N, DMF, rt, 18 h; (1) Dess-Martin periodinane, CHCI3,
rt, 3 h, 23-98% in 2 steps; (m) 25 or 26, NaBH3CN, MeOH or NaBH(OAc)3;, DMF, AcOH, rt; (n) EtsN,
MeOH/H;0, 50°C or NaOMe, MeOH, rt, 3-55% in 2 steps; (0) TFA, rt, 18 h, 63%.

{LEM64DRERN DREEE 1 % T 72 C-7 = = A-D-Z V¥ b — A 358 K92a-92d D Ak
ZAF— LIRS, TRPHEIKETO 7 =/ —aAtke Fuod oz X Fro—7 Ll
T84~ LB\ 7= REFMI OB X F v — F LIS D92b-92dD &I KD X 51
TAF AL L 7zo MeOH/H O DEGNZ A L C55g0 7 v F L E% frE L. 85%1F7=,
RoN785D7 = /7 — e FuF o VEEIEHMSMA T, 86b-86d% T T ¥l L
<87b-87d% 157, B 5 N7-87b-87dD /' L a—REfid e Fu Fx v L i%r 7+ F b Cff
i L., 88b-88d~tE T, v 4 7 mEHG T, 84, 88b-88dL22-Y AF VT F-3-T Vg

(41) ®Mizoroki-Heck G C & 0 | 89a-89d% 15 7=, /KIEMEA VKT 4 I FEEEE (WSCI-
HCl) % H\»T89a-89d & T6a%k ity L 72t%. Kl 7 v 2 — % Dess-Martinfgfb L, 77
b F90a-90d% & L7z, 77 & F90a—90dxf L 7 2 v 79F 7213 % o H#HE80 % v TiE
JTCHI 7 2 7L Z T, 91a-91gZ &K L 72, &f%IC, 91a-91gD T & F NV Ek % Zemplénfiii 7 &

FALEM % 72 13MeOH / H,OF DEGNTRRE L T, 92a-92g% 157,
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Scheme 11. (a) Mel, K»COs, DMF, 1t, 18 h then 50 °C, 2 h, 46%; (b) EtsN, MeOH/H:0, rt, 3 d; (c) 86b—
86d, K,CO3, DMF, 50-150°C, 3—18 h; (d) Ac:0, pyridine, rt, 18 h, 90% in 3 steps; (¢) 41, Pd(OAc),, (o-
tolyl)sP, EtsN, MeCN, reflux, 3 h, 99%; (f) 76a, WSCI-HCIl,, HOBt-H>O, Et;N, DMF, rt, 18 h; (g) Dess-
Martin periodinane, CHCl3, rt, 1 h, 77% in 2 steps; (h) 79 or 80, NaBH3CN, MeOH, rt, 18 h or NaBH(OAc)3,
DMF, AcOH, rt, 18 h; (i) EtsN, MeOH/H,0, rt, 18 h or NaOMe, MeOH, rt, 18 h, 27-56% in 2 steps.

LEVI64DRIGROL D REA AR 2 AT » 7 FHEARIIb-94 D G % A * — L1210 F, HifElk
9alcnf L A DT I vE 72137 I VIERRIEIC X 2ET T 2 2L 2T .93b-93j % 15 72,
RIT, 93b-93f, 93h-93jD 7 v F VEEFRE L T, 94b-94f, 94h-94j% TN Z NG L 72,

72, BMENAF AL L7218, T FAIEERET 52 L THMgE AL 72,
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Scheme 12. (a) amine or amine hydrochloride, NaBH3CN, MeOH or NaBH(OAc)3, DMF or CHCI3, AcOH,

rt, 18 h; (b) EtsN, MeOH/H;O0, rt, 18 h, 23-61% in 2 steps; (¢) aq.HCHO, NaBH(OAc);, CHCIs, 1t, 6 h; (d)

Et;N, MeOH/H:O, rt, 16 h, 27% in 3 steps.
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FHIHE CG7==n-D-7 0 b — VFEER ORGEE AR e O S A R A

Y — F{L&W63niEIRE (SGLT2/SGLT1) % kX2 3 7-oic, fI#ER % %58 L TSAR
PRFE L7z, (Table 10) VAKEEDHBE LTS 7201c, YA FNIEEFFOT5E X 1182
O L 720 (LEPT5XSGLTIAFIS A WE S N TH Y |, 63 & ik L CGEFRME23365m L
T2 RS HE 072, —F7 T, 82alSGLTIHEIGMEAKIEICIK T 32 2 L 23bh o
Too RITALEWITED Y X FNEELZBRT A F L A X2 v TEF YV VICEHL 72
FHIER82b-82f, 83gx A L. IRMRE & EREH OB LML 2, R, SGLT1&
SGLT20HEE R 7 aTAh v ) v 7O 4 R IHIT 223D 5 2 L %R LT
Wa Bl 7 a Fa s LEY82blL, v 7 a~F 4 v LAE82e & XL T, SGLT1
FHE G A 2655 < . — 77 CSGLT2BHF WG X 26555 L 72, #ER & L <. &R

(hSGLT2/hSGLT1) I3BR%Z KE K T2 KT T2 Z L Bbd oz, £z, BRIRIE ICEH
JRF &AL 7-8261%, 82b& FfkDSGLTIHE R 2R L7-—F, ERFETEEA L 7282g
1. SGLTIFHEIE M ERICIET L 720 5 b B @\ L& 75 D flgE o Feidifl 2 K

FEhe L 7=
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Table 10

L& 63, 75. 82a—82g. 83g @ SGLT1/SGLT2 PR IEM: &k USRI

hSGLTI# hSGLT22
Compound R! hSGLT2/hSGLT1
ICso (nM) ICso (nM)
63 138 302 22
NN
75 K> 91 578 6.3
82a X 553 NT® NT®
82b K\ 49 238 4.9
82¢ 5\ 47 150 32
82d é\ 43 153 3.6
82¢ 6 97 109 11
82f > 38 149 4
&
83¢ 25\ ) 505 NT® NT®
H

2 The ICso values for the hSGLT1 and hSGLT2 activities are the mean values of data obtained in at least
two experiments.

b Not tested.
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Kic, RVEVERORZZEMS 5 2 L CERMEAM LT 2 D02 REEL 7z, (Table 11)
wmOIC, R2% A b o BICEWT 2 LE RS R L5 2 & A5 2 BT T~ 72SARDAI
R HREBEINT W 729 (Table5) | R2a%x A L7zE 2 A, BEXL 28 D ISERERK
MEicE k35 2 o hbhol, PRI LT, = b FHICEHL 7292bi, 3
FRED92al3 &1 E L b o7z, T2, T hF o REDIRICE FrFoAfeT I KAl
AT 2T GERNEPEELEZ T EI BB Lz, ZOfE. e FueFv Tkt
DA N2 2cTBIREPMEL . 7T 37 T FVHEEDE A I N 7292d 1 SGLT1HE S % 5
o7z, B OBIE O A FNVERR VY VERORELARIERIETH L L 2L L
7o wmERIC, a0 OKREGTH ZRZE T 22 it X Y, ERMEom Ex2KA L L

L7,

Table 11. &4 75, 92a—92d @ SGLT1/SGLT2 FHE WM & OFEH M

H
N NH
N 2
KH/\g

hSGLT1? hSGLT22
Compound R? hSGLT2/hSGLT1
ICso (l’lM) ICso (nM)
75 H 91 578 6.3
92a Me 74 1170 15.8
92b Et 174 1898 10.9
92¢ CH,CH,OH 145 848 5.8
92d CH,CH:NMe; >3000 NT® NT®

2 The ICso values for the hSGLT1 and hSGLT?2 activities are the mean values of data obtained in at least
two experiments.

b Not tested.
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LEY92aDR % & F & F g 12 L 7245 % & Table 1210897, £ 97, 92ad K bitifl 5
DRIDPEEINZ L XDSAREZFE L 72, 92ak V b RWHIEEEH T 2{LAY94bE L O
94c D SGLT1FHLE TR K USRIRPEIZZAL L e o 720 RIC, KIS E 7 2 FEED S 2 F
VT 2 FICER L 7256 OWEE~ OB R T, IO R X357 294d. 9de. 94f%
Higd 2 &, b ba?4ds2 17 28SGLTIFHE M % o L. 58232486511 |- L
Too I BIT, YHMDNRX F AL 7294gld, FIRME DT A Icm B L 72 ERE2FS L, Kl
OB X > GEIRMEAWETE 22085 2 RBGEEL 72, 32 DBR{LEFE(RI4h, 94i, 94;
RUEfF L2 2 A, 4-PAFAERY PV EEAL 2941, SGLTIHERE (26 nM) &
SGLT2icxf 3 2 SGLT1D42. 415 D& IR % /R L 7z, SGLT2/SGLTLERMEZFH T2 Y — L
L&Y% BG T E 72729, PAMPAZHIE L T L 20L& D EEEM: % 5 L 72, »
TNOULAY S PAMPADEIZEIIN DO B4 & 7 50.5 X 100 em/s &V K<, @@
K\ 2 & DBERRT & oo NG D S OINAIER IR Z e BTP I NS 720, BIY~Diks
RIS IZE T E X OCHIRNIE G T CeBEE L Ezohd, LWENICKERCG T «
ZAD-ZAY bk —VEHERMEHHT A 2 &I X D, in vitrod X Cin vivo D [fj J5 T
SGLT1DBEREMRMT % K 2 2 L 2SA[REL £ 2 b B, SGLTLZ. REIMIF O Bt M fih i
L 2ME—DATPEEIRCH 2 7 F VDRV A B Z e 5 7= AU E MRS #
ICHIETH 2 AHEMED B 2, Bl 21, 940 B IMFFERFAFIE LIS T 7 v~ 513,
SGLT1A%UBIRFE IC AT R T H % 2>, JI OIRMEILHIY 7' v 2 — Rk % 72 134 (GLUT1

F72034) KXo CHiIEI N2 22 MEET 22N TELZEEZLNS,
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Table 12. L&) 92a, 94b—94j @ SGLT1/SGLT2 FHEEM: K OEIRTE & PAMPA

PAMPA
hSGLT1? hSGLT?2*

Compound R? hSGLT2/hSGLT1 at pH6.2
ICso (M) ICso (nM)

(x 10° cm/s)
N NH,
92a ﬁ/\g 74 1170 15.8 02
a NH; 12 NT®
94b ”/\/\Ef 65 780 0
94c B 60 954 159 NT®
H
0]
N NM
94d " H”\/’ ©2 26 646 248 0.1
94e *‘HA\/\NMez 65 927 143 0
94f *‘H/\/\/NMEQ 62 1016 16.4 NT®
94g N NMe 69 1335 19.3 0

94h FO R 64 1563 244 02
OH

N

94i (/\I\’TNHz 73 1180 16.2 NTP
N

94;j N~ 26 1101 424 0.2

2 The ICso values for the hSGLT1 and hSGLT2 activities are the mean values of data obtained in at least
two experiments.

b Not tested.
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4 HT /MR

C7xz=N-D-ZNY b —NFEEDOHF LV ) —X%HFBIOAHKL, 2hbofbd
Yio#ER Y (hSGLT2 / hSGLT1) & gt % 5l L 72, #IRME %2 S5 2 201, RY
R2, R3ERAL D SARBESR % i L 72, B l L 7= f53L. 94§ 534015 %8 2 2 SGLT2 / SGLT1
ERMEEH L, 1Cs = 26 nMOSGLTIHEEM: 2R L7z, SGLTLERILAY D i 139k
WIS YGIERYIICHER I N/ C- 27 ) 2> FRISGLTIHERTH » . SGLT1D LY
DIFICEAL DTN B 5, X 5 BHFEIC L V. SGLTIA LA R EE OREEN & L

THWTH 20 E ) D 2fET 2 LB RRICRS LEZLNDS,
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F b U Y K S 3 — 2R EER D 10 TH B/ BRI ICFE S 52 SGLT1 % %
fr& L. SGLT1ZHE L/MG2 & ORI Z 9 2 & & ¢, Bl xRpma R o8l 2

Hi & LIFE 21T - 72,

F1E X, SGLT20RIFEIFFE 21T o BRI o C L& SRR £ L,
FROBEHRIL AL L 72 EYdaz R L7z ) v A —2BRT 272017 v A5 E
AL 72t ¥14d 0 SGLT1HEE 231 b L 72 D ©L RITARIRINE: % f1-5-3 3 72 0 i i1
IKEVEEWEEDBAT 2 2 L & L, 7. AL OBE O F A7 v a— 2% 7
Na— 2B L, EWTPSA & WSGLT1HE S 26 4 2L &9130b% B L 72,
SGLT1FHF M 2858 < TPSA S 1 »30b% R L. PKEER, in vivodEahatlfi % i L 72, 30b
i, 7 v FPKIBRIC X 0 {KVBASHERE & 1. PAMPARBRO 52 & dARIINEAL &4 ©
BB L EMERAL o BT T v PEATFRERNIC X D 30b2%0.1 mg/kg> & Fl B AR A1 1 i

WA 233 5 2 L ZBHL D L LTz,

FH2ETIE, BIECTRML7230b0FHETH 2 FREEORELZHIE LT, G7 ==
N-D-7 N b= AFEERDHT Ly ) — X2 EGE LA L 72, BRI L w5 FE DR
D7z, 30b& Z PRI R 50T 2FI T % 2 & T, BREMEZEETE 2D T3
D& E 2 T, AR T30bD PRIRESS & (X5 7: 2 Hit 2 S PRI NS 07D 7 T A DA
Bz HiE L. dogPfiE & TPSAZSEY) R FPHNIC 72 2 & 5 ICHal{b L 72, B LAfFFEic & v |
fE&M62ds X 162 AL 7z, i bix, SDZ v k& w7 Y EhResTliic X v, Hit
o FICHRtEI NS Z L BRI NIz, $720 7 v b~ DERIRNIZ G- 12 D Bl D IR

ZRHiiL 72 & &5, 62d¥ X 1862)1330b & LL# L CRIEICEEIRE SR E Tz 2
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DR T E 72, WIRIC, BRI OBl b#EA62diE, SDZ v + ©0.3mg/kg (p.o.)
TN =2 TEHZR L 72, 200 DRIERD O BERIFDIRFEICH 3 2 AAMEz RR &

N,

FI3FETIE, C7 2= V-D-7 A b —AFEEROF L W ) — X Z it L UAEK L,
0o DLAYDEIRYE (WSGLT2 /hSGLT1) & EEEILE % 3 L 72, W&l L 7244
R, 94534015 % 2 5SGLT2 / SGLTLERME A L. 5\WSGLTIHEE 2R L 72,
SGLTLERML AV O ZIEF TP AL, MRERYICFERINEZCG7Y av PR
SGLT1HEAICTH v . SGLT1D LD FIICZ L OF RN H 2, S O R BRI X D,
SGLTIA LA EEE ORBIEN L LCERTH 2L D ERET L LIRS

Ezbhd,

KHLik, C7 = =A-D-7 v b — i FOSGLTIHES OB Ic 5\ T, LAY
DEFREIEIC ETER L, YRR A ZE 2 5 C b THMA R L 2D TOWETH B, %
7z, ClogP, TPSAD T X — 2 — %+ 2 2 & T, EKBINCREAEDO K 62dZAlH L
720721k, 5% OSGLTIHERMITICHEHTH 5, 7z, LENICKERC-7'Y av Pl
DFBIRL L THID T, BRI & 0945 R L 72, 7 —A{L&¥ e LTSGLTLO A

=X LENTDERICHG T 20D EZ NS,
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KX DVEK B L OFERICH 72 ARIATHRE 2455 7% o CICl#iEZ B 0 £ LW
ARFRFGEE AW TR B EHEITREICERE R 2#E 2R L LT,

Fo, AFSICBIL CHEES L OEHEE LHBIE 2B 0 £ L 2L R EB AT
BHEEE  GRFE I 7 o WAL RFER AR A e R B LA SRR L
ESE

KRR DS B LUK ILORRDF I 25 2 THE % L ZRIERERASELER L
JR%R, REEMAALE v F=—W.X7 4 —7 v 2+ FEEREATRE =HAI
Z @4, [F Discovery WIFERTATR  BFHEMELICE SHILA L L x5,

AR ORMICE 720 HTFE & H#EZ B Y £ L 72 RIESERR S LS5 2 i
REER MBETELICOX D EHEL LT Ed,

AR Z2ZITT 51CHY, HIFEL#FEIZ2HEZ £ L2 KIESERASHE 70 v 7 4
TIVF—=F kv x— JNMEGTEL R 7w 25 E RIFEE K, FREBRRTEER  KH
SR, FEMLES 2 058 JIFRE K, [ 7w e 2WF5RE HEELRR, LY 1t
FE MK, [ 702 2EAEE EHEHE 2 &, FISEE 2 EE WA,
[FEEEES 2 gt IRE R, R et - BiepsemmR A it [ e v
sz — HREBEMARK, FEHEEE AR, ZEG TR KB R b e AL
2 WFFEE DRERICH L 97

BRIRICAGR L DIERIC BTz W HEIcK 2 b o TS BHD L. K BHTHK

B BHIEFICEE#EL T,
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All commercially available starting materials and reagents were used without further purification
unless otherwise noted. Thin layer chromatography was performed to monitor the reactions using
Merck silica gel 60 F254 plates or Fuji Silysia chromatorex NH plates. Silica gel column
chromatography was performed using Wakogel® C-200, or NH-silica gel Fuji Silysia chromatorex®
DM1020, or an appropriately sized pre-packed silica cartridge on a Biotage system. Melting points
were determined using a Yanako micro melting point apparatus and were not corrected. The '"H NMR
spectra were determined with a Varian Instruments INOVA300 spectrometer at 300 MHz or a JEOL
ECA600 NMR spectrometer operating at 600 MHz. The '3C NMR spectra were determined with a
JEOL INM-ECA500 NMR spectrometer operating at 126 MHz. Chemical shifts are reported in parts
per million (ppm) relative to tetramethylsilane (TMS, & 0.00 ppm) as an internal reference. Multiplicity
was defined as s (singlet), d (doublet), t (triplet), q (quartet), dd (double doublet), m (multiplet), br s
(broad singlet). IR spectra were recorded using a Perkin-Elmer Spectrum One. Electron impact (EI)
mass spectra were taken on a Perkin-Elmer Sciex API-300 mass spectrometer. The other mass spectra
(MS) were recorded using a Shimadzu LCMS-2010EV mass spectrometer with an ESI/APCI dual
source. HRMS were recorded using a Shimadzu LCMS-IT-TOF mass spectrometer with an ESI/APCI
dual source. Elemental analyses were performed using a Perkin—Elmer 24001L, and the results were
within +0.4% of the calculated values. Optical rotations were measured on a Rudolph Reseach

Analytical AUTOPOL V.

4-(Benzyloxy)-5-bromo-2-methylbenzoic acid (6)
To an N,N-dimethylformamide solution (20 mL) of 4'-hydroxy-2'-methylacetophenone (5) (3.06 g,
20.0 mmol) were added potassium carbonate (3.66 g, 26.4 mmol), benzyl bromide (2.7 mL, 22.4

mmol), and #-BusNI (0.75 g, 2.03 mmol), and the mixture was stirred for 14 hours at room temperature.
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To the reaction solution cooled in ice were added a saturated solution of ammonium chloride,
subsequently water. The resulting mixture was extracted with ethyl acetate. The organic layer was
washed with 20% aqueous solution of sodium thiosulfate and brine, and dried with anhydrous
magnesium sulfate. The drying agent was filtered off, and the solvent was evaporated under reduced
pressure. Thus obtained residue was purified with silica gel column chromatography (hexane:ethyl
acetate = 8:1 to 6:1) to obtain 1-[4-(benzyloxy)-2-methylphenyl]ethanone (5.05 g, quant.) as a
colorless powder. To an acetone solution (300 mL) of 1-[4-(benzyloxy)-2-methylphenyl]ethanone
(20.9 g, 87.1 mmol) were added an aqueous solution (100 mL) of NaBr (9.86 g, 95.9 mmol), water
(200 mL), and Oxone (registered trade mark, oxone-persulfuric acid chloride, from Aldrich) (59.0 g,
95.9 mmol), and the mixture was stirred 2.5 hours at room temperature. To the reaction solution cooled
in ice were added an aqueous solution (50 mL) of sodium sulfite (20 g), subsequently water. The
resulting mixture was extracted with ethyl acetate. The organic layer was washed with 20% aqueous
solution of sodium sulfite and brine, and dried with anhydrous magnesium sulfate. The drying agent
was filtered off, and the solvent was evaporated under reduced pressure to obtain a mixture (27.2 g)
of  1-[4-(benzyloxy)-5-bromo-2-methylphenyl]ethanone  and 1-[4-(benzyloxy)-3-bromo-2-
methylphenyl]ethanone. To the mixture were added a 5% aqueous solution (300 mL, 255 mol) of
sodium hypochlorite and an aqueous solution (10 mL) of potassium hydroxide (4.80 g, 85.3 mmol),
stirred at 120°C for an hour, cooled to room temperature, and precipitated insoluble matter was filtered.
To this insoluble matter was added 2 M hydrochloric acid, and the resulting mixture was extracted
with ethyl acetate. The organic layer was washed with 2 M hydrochloric acid and brine, and dried with
anhydrous magnesium sulfate. The drying agent was filtered off, and the solvent was evaporated under
reduced pressure. Thus obtained residue was washed with methanol to obtain the titled compound
(16.6 g, 59%, 2 steps) as a colorless powder. '"H NMR (300 MHz, DMSO-dc) 6 ppm 2.45-2.57 (m,

3H), 5.28 (s, 2H), 7.18 (s, 1H), 7.31-7.54 (m, 5H), 8.03 (s, 1H), 12.83 (brs, 1H).
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4-(Benzyloxy)-5-bromo-2-methylbenzaldehyde (7)

To a suspension of compound 6 (23.4 g, 72.9 mmol) in chloroform (160 mL) were added oxalyl
chloride (6.56 mL, 76.5 mmol) and N,N-dimethylformamide (6 drops), and the mixture was stirred for
an hour at room temperature. And then the reaction solution was concentrated to obtain 4-(benzyloxy)-
5-bromo-2-methylbenzoyl chloride. Then to a chloroform suspension (80 mL) of N,O-
dimethylhydroxylamine hydrochloride (7.46 g, 76.5 mmol) and triethylamine (21.3 mL, 153 mmol)
cooled in ice was added dropwise a chloroform solution (60 mL) of 4-(benzyloxy)-5-bromo-2-
methylbenzoyl chloride, and the mixture was stirred for an hour at room temperature. To the reaction
solution cooled in ice were added water and chloroform to separate an organic layer. The organic layer
was washed with a saturated sodium bicarbonate aqueous solution and brine, and dried with anhydrous
magnesium sulfate. The drying agent was filtered off, and the solvent was evaporated under reduced
pressure to obtain 4-(benzyloxy)-5-bromo-N-methoxy-N-methylbenzamide. To a tetrahydrofuran
solution (150 mL) of the 4-(benzyloxy)-5-bromo-N-methoxy-N-methylbenzamide was added at -10°C
lithium aluminum hydroxide (1.44g, 38.0 mmol), and the mixture was stirred for an hour at the same
temperature. To the reaction solution were added 1 M hydrochloric acid, and then ethyl acetate to
separate an organic layer. The organic layer was washed with 1 M hydrochloric acid, a saturated
sodium bicarbonate aqueous solution and brine, and dried with anhydrous magnesium sulfate. The
drying agent was filtered off, and the solvent was evaporated under reduced pressure to obtain the

titled compound (4.57g, 65% in 2 steps) as a colorless amorphous.

1-(benzyloxy)-2-bromo-5-methyl-4-(4-methoxybenzyl)benzene (10b)
To a solution of 4-(benzyloxy)-5-bromo-2-methylbenzaldehyden (7) (3.0 g, 9.83 mmol) in
tetrahydrofuran (20 mL) was added to a solution of 0.5 M 4-methoxyphenylmagnesium bromide

prepared from 8b and MgBr; in tetrahydrofuran (29.5 mL, 14.7 mmol) at —18 °C and the mixture was
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stirred at —15 °C for 15 minutes. A saturated aqueous ammonium chloride solution was added to the
reaction solution, and the mixture was extracted with ethyl acetate. The organic layer was washed with
saturated aqueous ammonium chloride solution and saturated saline, and dried over anhydrous
magnesium sulfate. After the desiccant was filtered off, the solvent was distilled off under reduced
pressure, and the obtained residue was purified by silica gel column chromatography (hexane:ethyl
acetate=4:1) to obtain [1-(benzyloxy)-2-Bromo-5-methylphenyl](4-methoxyphenyl)methanol was
obtained as a colorless oil. Next, to a solution of [1-(benzyloxy)-2-bromo-5-methylphenyl](4-
methoxyphenyl)methanol (4.40 g) in acetonitrile (20 mL) and chloroform (20 mL) was added to
Et;SiH (3.10 mL, 19.7 mmol) and BF3-Et,O (1.20 mL, 9.83 mmol) at —4 °C. After stirring at the same
temperature for 30 minutes, 2 M aqueous potassium hydroxide solution (20 mL) was added. The
resulting mixed liquid was extracted with chloroform, the organic layer was washed with 1 M
hydrochloric acid and saturated saline, and dried over anhydrous magnesium sulfate. After the
desiccant was filtered off, the solvent was evaporated under reduced pressure, and the obtained residue
was purified by silica gel column chromatography (hexane:ethyl acetate=10:1) to obtain the titled
compound (3.46 g, 89 % in 2 steps) as a colorless oil. "H NMR (300 MHz, CDCls) d ppm 2.17 (s, 3
H), 3.79 (s, 3 H), 3.82 (s, 2 H), 5.12 (s, 2 H), 6.77 (s, 1 H), 6.82 (d, /= 8.4 Hz, 2 H), 7.02 (d, /= 8.4

Hz, 2 H), 7.19 - 7.45 (m, 4 H), 7.44 - 7.58 (m, 2 H). El m/z 396 [M+H]".

1-(Benzyloxy)-2-bromo-5-methyl-4-(4-ethoxybenzyl)benzene (10a)

Compound 10a (62% in 2 steps) was obtained from 7 and 8a in a manner similar to that described
for 10b.
"H NMR (300 MHz, CDCl3) ¢ ppm 1.40 (t, J = 6.99 Hz, 3H), 2.16 (s, 3H), 3.81 (s, 2H), 3.94 - 4.07
(m, 2H), 5.12 (s, 2H), 6.73 - 6.85 (m, 3H), 7.00 (d, /= 8.70 Hz, 2H), 7.22 - 7.32 (m, 1H), 7.32 - 7.42

(m, 3H), 7.43 - 7.53 (m, 2H). El m/z 410 [M+H]".
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1-(Benzyloxy)-2-bromo-5-methyl-4-(4-methylbenzyl)benzene (10c)
Compound 10c¢ (50% in 2 steps) was obtained from 7 and 8c in a manner similar to that described
for 10b. '"H NMR (300 MHz, CDCI3)  ppm 2.17 (s, 3 H), 2.31 (s, 3 H), 3.84 (s, 2 H), 5.12 (s, 2 H),

6.76 (s, 1 H), 6.95-7.03 (m, 2 H), 7.04 - 7.14 (m, 2 H), 7.22 - 7.58 (m, 6 H). EI m/z 380 [M+H]".

1-(Benzyloxy)-2-bromo-4-(4-ethylbenzyl)-5-methylbenzene (10d)

A solution of 1-bromo-4-ethylbenzene (8d) (5.00 g, 16.4 mmol) in tetrahydrofuran (30 mL) was added
with a hexane solution of 2.66 M rn- butyllithium (6.47 mL, 17.2 mmol) at —60°C. After stirring at the
same temperature for 15 minutes, a solution of 4-(benzyloxy)-5-bromo-2-methylbenzaldehyde (7)
(3.03 g, 16.4 mmol) in tetrahydrofuran (15 mL) was added dropwise to reaction solution at the same
temperature. And stirred for 15 minutes. A saturated aqueous ammonium chloride solution was added
to the reaction solution, the temperature was raised to room temperature, this was extracted with ethyl
acetate, the organic phase was washed with saturated saline, and then dried over anhydrous magnesium
sulfate. After the desiccant was filtered off, the solvent was distilled off under reduced pressure to
obtain the crude intermediate. Et3SiH (3.93 mL, 24.6 mmol) and BF3-Et,O (2.49 mL, 19.7 mmol) were
added to a chloroform solution of the intermediate (80 mL) at 0° C, and the mixture was stirred for 30
minutes. A saturated aqueous sodium hydrogen carbonate solution was added to the reaction solution,
the mixture was extracted with ethyl acetate, the organic phase was washed with saturated saline and
then dried over anhydrous magnesium sulfate. The desiccant was filtered off, the solvent was
evaporated under reduced pressure, and the obtained residue was purified by silica gel column
chromatography (hexane:ethyl acetate=98:2) to obtain the titled compound (5.31 g, 82% in 2 steps) as
a colorless oil. 'H NMR (300 MHz, CDCl;)  ppm 1.22 (t,J=7.62 Hz, 3 H), 2.17 (s, 3 H), 2.61 (q, J
=7.62 Hz, 2 H), 3.85 (s, 2 H), 5.12 (s, 2 H), 6.76 (s, 1 H), 7.01 (d, 2 H), 7.10 (d, 2 H), 7.27 - 7.43 (m,

4 H), 7.48 (d, 2 H); ESI m/z = 414 [M+NH,4]".
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(15)-1,5-Anhydro-1-{2-hydroxy-5-[(4-methoxyphenyl)methyl]-4-methylphenyl}-1-thio-D-
glucitol (14b)

To a THF (17 mL) solution of 10b (3.46 g, 8.71 mmol) was added a 2.6 M n- butyllithium (3.7 mL,
9.58 mmol) in hexane at —50°C. After stirring for 30 minutes at —60° C, 2,3.4,6-tetra-O-benzyl-5n-
thio-D-glucono-1,5-lactone (11) (3.22 g, 5.81 mmol) in THF (10 mL) was added to the reaction
solution, and the mixture was stirred at the same temperature for 15 minutes. A saturated aqueous
ammonium chloride solution was added to the reaction solution, the temperature was raised to room
temperature. The mixture was extracted with ethyl acetate, the organic phase was washed with
saturated saline, and then dried over anhydrous magnesium sulfate. The desiccant was filtered off, the
solvent was evaporated under reduced pressure, and the obtained residue was purified by silica gel
column chromatography (hexane:ethyl acetate=5:1) to obtain the compound (12b) (2.22g) as a pale
yellow gum. To a solution of 12b (2.20 g, 2.52 mmol) in chloroform (6.0 mL) and acetonitrile (12.0
mL) was added Et;SiH (0.800 mL, 5.04 mmol) and BF3-Et,O (0. 380 mL, 3.02 mmol) sequentially,
and stirred for 1 hour. A saturated aqueous sodium hydrogen carbonate solution was added to the
reaction solution, the mixture was extracted with ethyl acetate, and the organic phase was washed with
saturated saline and then dried over anhydrous magnesium sulfate. After the desiccant was filtered off,
the solvent was distilled off under reduced pressure and the obtained residue was purified by silica gel
column chromatography (hexane:ethyl acetate=5:1) to give the compound 13b (2.15 g) as a colorless
powder. To a solution of 13b (2.11 g, 2.46 mmol) in ethyl acetate (20 mL) and ethanol (20 mL) was
added 20% palladium hydroxide activated carbon (2.1 g) under a hydrogen atmosphere, and the
mixture was stirred at room temperature for 24 hours. The insoluble matter in the reaction solution
was filtered through Celite, and the filtrate was concentrated. The obtained residue was purified by
silica gel column chromatography (chloroform:methanol=10:1) to obtain the titled compound (690

mg, 30% in 3 steps) as a colorless powder. 'H NMR (300 MHz, CD30D) ¢ ppm 2.08 (s, 3 H), 2.91 -
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3.06 (m, 1 H), 3.26 (t, 1 H), 3.59 (dd, J=10.3, 8.9 Hz, 1 H), 3.68 - 3.78 (m, 1 H), 3.74 (s, 3 H), 3.81
(s, 2 H), 3.82- 3.88 (m, 1 H), 3.94 (dd, /= 11.3,3.7 Hz, 1 H), 4.29 (d, J= 10.6 Hz, 1 H), 6.60 (s, 1 H),

6.69 - 6.82 (m, 2 H), 6.96 - 7.03 (m, 2 H), 7.04 (s, 1 H); ESI m/z 429 [M+Na]".

(15)-1,5-Anhydro-1-{5-[(4-ethoxyphenyl)methyl]-2-hydroxy-4-methylphenyl}-1-thio-p-glucitol
(14a)

Compound 14a (40% in 3 steps) was obtained as a colorless powder from 10a in a manner similar
to that described for 14b. '"H NMR (300 MHz, CD30D) ¢ ppm 1.35 (t, J = 7.0 Hz, 3H), 2.08 (s, 3 H),
2.92-3.04 (m, 1 H), 3.22-3.27 (m, 1 H), 3.59 (dd, J=10.3, 8.9 Hz, 1 H), 3.69 - 3.88 (m, 4 H), 3.89-
4.03 (m, 3 H), 4.29 (d,J=10.6 Hz, 1 H), 6.60 (s, 1 H), 6.73 - 6.80 (m, 2 H), 6.95 - 7.02 (m, 2 H), 7.04
(s, 1 H); BC NMR (126 MHz, CDs0D) & ppm 15.4, 19.7, 39.1,43.4,50.7, 62.9, 64.6, 76.1, 77.9, 81.3,
115.5, 118.5, 122.8, 130.6, 131.0, 132.1, 134.5, 138.0, 155.2, 158.7; HR-MS ESI/APCI Dual m/z:

443.1486 [M+Na]+ (caled for C22H2306SNa 443.1499).

(15)-1,5-Anhydro-1-{2-hydroxy-4-methyl-5-[(4-methylphenyl)methyl]| phenyl}-1-thio-p-glucitol
(14c¢)

Compound 14¢ (17% in 3 steps) was obtained as a colorless powder from 10¢ in a manner similar to
that described for 14b. '"H NMR (300 MHz, CD3OD) ¢ ppm 2.07 (s, 3 H), 2.27 (s, 3 H), 2.92 - 3.04
(m, 1 H), 3.25-3.28 (m, 1 H), 3.58 (dd, /=10.3,9.0 Hz, 1 H), 3.73 (dd, J=11.5, 6.6 Hz, 1 H), 3.78 -
3.88 (m, 3 H), 3.94 (dd, J=11.5, 3.8 Hz, 1 H), 4.29 (d, /= 10.6 Hz, 1 H), 6.60 (s, 1 H), 6.94 - 6.98
(m, 2 H), 7.01 - 7.04 (m, 2 H), 7.05 (s, 1 H); 3C NMR (126 MHz, CDsOD)  ppm 19.7, 21.2, 39.5,
43.4,50.8, 62.9,76.1,77.8, 81.4, 118.5, 122.8, 129.6, 130.0, 131.1, 131.9, 136.3, 138.0, 139.5, 155.2;

HR-MS ESI/APCI Dual m/z: 413.1389 [M+Na]+ (calcd for C21H2605SNa 413.1393).
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(15)-1,5-Anhydro-1-{5-[(4-ethylphenyl)methyl]-2-hydroxy-4-methylphenyl}-1-thio-D-glucitol
(14d)

Compound 14d (8% in 3 steps) was obtained as a colorless powder from 10d in a manner similar to
that described for 14b. "H NMR (300 MHz, CD3;OD) ¢ ppm 1.19 (t, J = 7.6 Hz, 3H), 2.08 (s, 3 H),
2.58 (q,J=7.5Hz 2 H), 2.95 - 3.02 (m, 1 H), 3.23-3.28 (m, 1 H), 3.58 (dd, /= 10.1, 9.2 Hz, 1 H),
3.73(dd,J=11.5,6.4Hz, 1 H),3.81-3.87 (m, 3 H),3.94 (dd,/J=11.4,3.6 Hz, 1 H),4.30 (d, /=104
Hz, 1 H), 6.61 (s, 1 H), 6.98 - 7.06 (m, 5 H); 3*C NMR (126 MHz, CDs0D) & ppm 16.4, 19.7, 29.6,
39.6,43.4,50.7,62.9,76.1,77.9, 81.3, 118.5, 122.8, 128.8, 129.7, 131.1, 131.8, 138.1, 139.8, 142.9,

155.2; HR-MS ESIVAPCI Dual m/z: 427.1541 [M+Na]+ (caled for C22H230sSNa 427.1550).

2-[4-(Benzyloxy)-5-bromo-2-methylphenyl]-1,3-dioxolane (15)

To a suspension of 4-(benzyloxy)-5-bromo-2-methylbenzoic acid (6) (16.6 g, 51.7 mmol) in
chloroform (80 mL) were added oxalyl chloride (5.00 mL, 56.9 mmol) and N,N-dimethylformamide
(6 drops), and the mixture was stirred for an hour at room temperature. And then the reaction solution
was concentrated to obtain 4-(benzyloxy)-5-bromo-2-methylbenzoyl chloride. Then to a chloroform
suspension (60 mL) of N,O-dimethylhydroxylamine hydrochloride (5.55 g, 56.9 mmol) and
triethylamine (15.0 mL, 103 mmol) cooled in ice was added dropwise a chloroform solution (60 mL)
of 4-(benzyloxy)-5-bromo-2-methylbenzoyl chloride, and the mixture was stirred for an hour at room
temperature. To the reaction solution cooled in ice were added water and the resulting mixture was
extracted with chloroform. The organic layer was washed with a saturated sodium bicarbonate aqueous
solution and brine, and dried with anhydrous magnesium sulfate. The drying agent was filtered off,
and the solvent was evaporated under reduced pressure to obtain 4-(benzyloxy)-5-bromo-N-methoxy-
N-methylbenzamide. To a tetrahydrofuran solution (150 mL) of the 4-(benzyloxy)-5-bromo-N-

methoxy-N-methylbenzamide was added at —10°C lithium aluminum hydroxide (1.96 g, 51.7 mmol),
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and the mixture was stirred for an hour at the same temperature. To the reaction solution were added
1 M hydrochloric acid, and the resulting mixture was extracted with ethyl acetate. The organic layer
was washed with 1 M hydrochloric acid, a saturated sodium bicarbonate aqueous solution and brine,
and dried with anhydrous magnesium sulfate. The drying agent was filtered off, and the solvent was
evaporated under reduced pressure to obtain 4-(benzyloxy)-5-bromo-2-methylbenzaldehyde. To a
toluene solution (120 mL) of the 4-(benzyloxy)-5-bromo-2-methylbenzaldehyde were added ethylene
glycol (30.0 mL, 517 mmol) and p-toluenesulfonic acid monohydrate (0.500 g, 2.58 mmol), and heated
to reflux for 1.5 hours with a Dean-Stark apparatus. After cooling to room temperature, the reaction
mixture was diluted with ethyl acetate. The organic layer was washed with water, a saturated sodium
bicarbonate aqueous solution and brine, and dried with anhydrous magnesium sulfate. The drying
agent was filtered off, and the solvent was evaporated under reduced pressure. Thus obtained residue
was purified with silica gel column chromatography (hexane:ethyl acetate = 5:1). In addition, the
residue was further purified with NH type silica gel column chromatography (chloroform) to obtain
the titled compound (12.8 g, 71% in 3 steps) as a colorless powder. '"H NMR (300 MHz, CDCls) §
ppm 2.34 (s, 3H), 3.92-4.19 (m, 4H), 5.15 (s, 2H), 5.87 (s, 1H), 6.74 (s, 1H), 7.27-7.51 (m, 5H), 7.72

(s, 1H).

2,3,4,6-Tetra-0O-benzyl-1-C-[2-(benzyloxy)-5-(1,3-dioxolan-2-yl)-4-methylphenyl]-5-thio-D-
glucopyranose (17a)

To a solution of 15 (12.9 g, 36.9 mmol) in THF (100 mL), 2.67 M n-butyllithium in hexane (14.5 mL,
36.9 mmol) was added dropwise at —78°C under a nitrogen atmosphere and stirred at the same
temperature for 30 minutes. Then, a solution of 2,3,4,6-tetra-O-benzyl-5-thio-D-glucono-1,5-lactone
(16a) (9.77 g, 17.6 mmol) in tetrahydrofuran (40 mL) was added dropwise and stirred at the same

temperature for 15 minutes. After addition of saturated aqueous ammonium chloride, the reaction
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mixture was extracted with ethyl acetate. The organic layer was washed with saturated aqueous
ammonium chloride and saturated aqueous sodium chloride, and then dried over anhydrous
magnesium sulfate. After filtering off the desiccant, the solvent was distilled off under reduced
pressure and the resulting residue was purified by silica gel column chromatography (hexane:ethyl
acetate = 3:1 — 2:1) to give the titled compound (10.6 g, 73%) as a colorless amorphous. '"H NMR
(300 MHz, CDCl3) 6 ppm 2.39 (s, 3 H) 3.46-3.72 (m, 2 H) 3.86-4.22 (m, 8 H) 4.43-5.00 (m, 8 H) 5.10

(s, 2 H) 5.92 (s, 1 H) 6.66-6.90 (m, 3 H) 7.00-7.38 (m, 23 H) 7.57 (brs, 1 H); ESI m/z = 847 [M+Na]".

2,3,4,6-Tetra-O-benzyl-1-C-[2-(benzyloxy)-5-(1,3-dioxolan-2-yl)-4-methylphenyl]-D-
glucopyranose (17b)

Compound 17b (10.7 g, 87%) was obtained as a yellow oil from 15 and 16b in a manner similar to
that described for 17a. '"H NMR (300 MHz, CDCls3) § ppm 2.40 (s, 3H), 3.65-3.86 (m, 3H), 3.89-4.21
(m, 8H), 4.45-4.69 (m, 4H), 4.78-5.03 (m, 5H), 5.91 (s, 1H), 6.71 (s, 1H), 6.97 (dd, J=7.31, 2.18 Hz,

2H), 7.10-7.37 (m, 23H), 7.81 (s, 1H).

2,3,4,6-Tetra-0-benzyl-1-C-[2-(benzyloxy)-5-formyl-4-methylphenyl]-5-thio-D-glucopyranose
(18a)

To a solution of 17a (11.1 g, 13.5 mmol) in tetrahydrofuran (100 mL), 6 N hydrochloric acid (100 mL)
was added under ice cooling and stirred at room temperature for 12 hours. After addition of water
under ice cooling, the reaction mixture was extracted with ethyl acetate. The organic layer was washed
with saturated aqueous sodium bicarbonate and saturated aqueous sodium chloride, and then dried
over anhydrous magnesium sulfate. After filtering off the desiccant, the solvent was distilled off under
reduced pressure and the resulting residue was purified by silica gel column chromatography

(hexane:ethyl acetate = 2:1) to give the titled compound (10.1 g, quant.) as a light-yellow oil. '"H NMR
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(300 MHz, CDCL3) & ppm 2.64 (s, 3 H) 3.51-3.70 (m, 2 H) 3.84-4.29 (m, 4 H) 4.46-4.97 (m, 8 H) 5.04-
5.24 (m, 2 H) 6.62-6.82 (m, 3 H) 6.99-7.38 (m, 23 H) 7.60 (brs, 1 H) 10.05 (s, 1 H); ESI m/z = 803

[M+Nal".

2,3,4,6-Tetra-O-benzyl-1-C-[2-(benzyloxy)-5-formyl-4-methylphenyl]-D-glucopyranose (18b)
Compound 18b (10.2 g, quant.) was obtained as a yellow oil from 17b in a manner similar to that

described for 18a. "H NMR (300 MHz, CDCls) § ppm 2.66 (s, 3H), 3.60-3.72 (m, 2H), 3.74-3.82 (m,

1H), 4.01 (t, J=9.1 Hz, 1H), 4.07-4.20 (m, 3H), 4.40-4.61 (m, 5H), 4.71-5.05 (m, 5H), 6.70 (s, 1H),

6.87 (d, J = 6.7 Hz, 2H), 7.06-7.40 (m, 23H), 8.07 (s, 1H), 10.06 (s, 1H).

(15)-1,5-Anhydro-2,3,4,6-tetra-O-benzyl-1-[2-(benzyloxy)-5-(4-bromobenzyl)-4-methylphenyl]-
1-thio-p-glucitol (19a)

To a solution of 1,4-dibromobenzene (6.08 g, 25.8 mmol) in tetrahydrofuran (50 mL), 2.67 M n-
butyllithium in hexane (10.0 mL, 25.8 mmol) was added dropwise at —78°C under a nitrogen
atmosphere. Then, a solution of 18a (10.0 g, 13.0 mmol) in tetrahydrofuran (30 mL) was added
dropwise and stirred at the same temperature for 15 minutes. After addition of saturated aqueous
ammonium chloride, the reaction mixture was extracted with ethyl acetate. The organic layer was
washed with saturated aqueous ammonium chloride and saturated aqueous sodium chloride, and then
dried over anhydrous magnesium sulfate. After filtering off the desiccant, the solvent was distilled
off under reduced pressure and the resulting residue was purified by silica gel column chromatography
(hexane:ethyl acetate = 3:1 — 2:1) to give a crude intermediate (8.89 g) as a yellow amorphous. To a
solution of this crude intermediate (8.89 g) in acetonitrile (60 mL), Et;SiH (4.60 mL, 28.4 mmol) and
BF3-Et;,0 (2.88 mL, 22.7 mmol) were added at —10°C under a nitrogen atmosphere and stirred at the

same temperature for 20 minutes. The reaction mixture was warmed to room temperature and
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chloroform (30 mL) was added thereto, followed by stirring for 3.5 hours. After addition of saturated
aqueous sodium bicarbonate under ice cooling, the reaction mixture was extracted with chloroform.
The organic layer was washed with saturated aqueous sodium bicarbonate and saturated aqueous
sodium chloride, and then dried over anhydrous magnesium sulfate. After filtering off the desiccant,
the solvent was distilled off under reduced pressure and the resulting residue was purified by silica gel
column chromatography (hexane:ethyl acetate = 15:1 — 10:1) to give the titled compound (2.34 g,
20% in 2 steps) as a colorless and transparent amorphous substance. 'H NMR (300 MHz, CDCls) &
ppm 2.14 (s, 3 H) 3.05-3.18 (m, 1 H) 3.55 (t, J=8.63 Hz, 1 H) 3.64-4.10 (m, 7 H) 4.48-4.69 (m, 5 H)

4.81-5.13 (m, 5 H) 6.71-6.95 (m, 4 H) 7.03-7.52 (m, 27 H); ESI m/z = 922 [M+NH4]".

(15)-1,5-Anhydro-2,3,4,6-tetra-O-benzyl-1-[2-(benzyloxy)-5-(4-bromobenzyl)-4-methylphenyl] -
D-glucitol (19b)

Compound 19b (2.70 g, 23% in 2 steps) was obtained as a yellow oil from 18b in a manner similar
to that described for 19a. '"H NMR (300 MHz, CDCls) & ppm 2.17 (s, 3H) 3.53-3.63 (m, 1H) 3.68-
3.91 (m, 7H) 4.00 (d, J/=11.04 Hz, 1H) 4.39-4.95 (m, 8H) 5.01 (s, 2H) 6.75 (s, 1H) 6.86-6.97 (m, 4H)

7.10-7.35 (m, 24H) 7.36-7.46 (m, 2H).

(15)-1,5-Anhydro-2,3,4,6-tetra-O-benzyl-1-{2-(benzyloxy)-5-[4-((1 E)-3-carboxyprop-1-en-1-
yDbenzyl]-4-methylphenyl}-1-thio-p-glucitol (20a)

To a solution of 19a (1.0 g, 1.10 mmol) in acetonitrile (11 mL), 3-butenoic acid (227 mg, 2.64 mmol),
palladium(IT) acetate (49 mg, 0.218 mmol), tri-O-tolylphosphine (135 mg, 0.218 mmol) and
triethylamine (558 mg, 5.51 mmol) were added and reacted at 120°C for 20 minutes using a Biotage
microwave system. The reaction mixture was evaporated under reduced pressure and the resulting

residue was purified by silica gel column chromatography (hexane:ethyl acetate = 5:1 —» 1:1 — 1:2)

71



to give the titled compound (598 mg, 60%) as an orange-yellow amorphous. '"H NMR (300 MHz,
CDCls) & ppm 2.15 (s, 3 H) 3.00-3.34 (m, 3 H) 3.35-4.18 (m, 8 H) 4.45-4.68 (m, 5 H) 4.82-4.95 (m, 3
H) 4.97-5.16 (m, 2 H) 6.00-6.26 (m, 1 H) 6.33-6.50 (m, 1 H) 6.68-7.51 (m, 31 H); ESI m/z = 909 [M-

HJ.

(15)-1,5-Anhydro-2,3,4,6-tetra-O-benzyl-1-[2-(benzyloxy)-5-[4-[ (1 E)-3-carboxyprop-1-en-1-
yl]benzyl]-4-methylphenyl]-pD-glucitol (20b)

Compound 20b (681 mg, 87%) was obtained as an orange-yellow amorphous from 19b in a manner
similar to that described for 20a. "H NMR (600 MHz, CDCls) & ppm 2.17 (s, 3H) 3.25 (d, J=5.50 Hz,
2H) 3.53-3.84 (m, 6H) 3.84-3.95 (m, 2H) 4.00 (d, /=10.55 Hz, 1H) 4.43 (d, J/=10.55 Hz, 1H) 4.50 (d,
J=11.92 Hz, 1H) 4.57-4.65 (m, 2H) 4.80-4.93 (m, 4H) 4.99 (s, 2H) 6.12-6.22 (m, 1H) 6.42 (d, J=15.59
Hz, 1H) 6.74 (s, 1H) 6.89-7.03 (m, 4H) 7.11-7.47 (m, 26H);

ESI m/z = 893 [M-HJ-.

(15)-1,5-Anhydro-1-{5-[(4-{4-[(1,3-dihydroxy-2-methylpropan-2-yl)amino]-4-
oxobutyl}phenyl)methyl]-2-hydroxy-4-methylphenyl}-1-thio-p-glucitol (22¢)

To a solution of 21a (410 mg, 0.449 mmol) in chloroform (4.5 mL), 2-amino-2-methyl-1,3-
propanediol (118 mg, 1.12 mmol), HOBt-H,O (114 mg, 0.846 mmol) and WSCI-HCI (162 mg, 0.846
mmol) were added and the mixture was stirred overnight. After addition of water, the reaction mixture
was extracted with chloroform. The organic layer was washed with saturated aqueous sodium chloride
and then dried over anhydrous magnesium sulfate. After filtering off the desiccant, the solvent was
distilled off under reduced pressure and the resulting residue was purified by silica gel column
chromatography (hexane:ethyl acetate = 1:1 — 1:2) to give 21¢ (310 mg) as an orange-yellow oily

compound. To a solution of 21¢ in ethanol (6 mL), palladium hydroxide (200 mg) was added and
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stirred overnight at room temperature under a hydrogen atmosphere. ~ After the reaction mixture was
filtered through celite, the solvent was distilled off under reduced pressure and the resulting residue
was purified by silica gel column chromatography (chloroform:methanol = 5:1) to give the titled
compound (62 mg, 36% in 2 steps) as a colorless powder. 'H NMR (600 MHz, CD;0D) ¢ ppm 1.22
(s, 3 H), 1.83 - 1.90 (m, 2 H), 2.08 (s, 3 H), 2.17 - 2.21 (m, 2 H), 2.58 (t, /= 7.8 Hz, 2 H), 2.96 - 3.01
(m, 1 H), 3.26 (t,/=8.9 Hz, 1 H), 3.56 - 3.67 (m, 5 H), 3.73 (dd, /= 11.5, 6.4 Hz, 1 H), 3.81 - 3.85
(m, 3 H),3.94 (dd, J=11.5,3.7 Hz, 1 H), 4.29 (d, /= 10.6 Hz, 1 H), 6.61 (s, 1 H), 6.99 - 7.03 (m, 2
H), 7.03 - 7.10 (m, 3 H); 3*C NMR (126 MHz, CD30D) & ppm 19.6, 19.7, 28.9, 35.9, 37.1, 39.5, 43 4,
50.7,60.2, 62.9, 66.2, 76.1, 77.9, 81.3, 118.5, 122.8, 129.6, 129.8, 131.1, 131.8, 138.0, 140.1, 140.5,

155.2,176.7; HR-MS ESI/APCI Dual m/z: 550.2458 [M+H]+ (calcd for C2sH39NOsS 550.2469).

(15)-1,5-Anhydro-1-(5-{[4-(4-{[1,3-dihydroxy-2-(hydroxymethyl)propan-2-ylJamino}-4-
oxobutyl)phenyl]methyl}-2-hydroxy-4-methylphenyl)-1-thio-pD-glucitol (22d)

Compound 22d (45 mg, 20% in 2 steps) was obtained as a colorless powder from 21a and
tris(hydroxymethyl)aminomethane in a manner similar to that described for 22¢. 'H NMR (600 MHz,
CDs;0D) J ppm 1.84 - 1.93 (m, 2 H), 2.08 (s, 3 H), 2.21 - 2.27 (m, 2 H), 2.60 (t, /= 7.6 Hz, 2 H), 2.95
-3.01 (m, 1 H), 3.26 (t, J=8.7 Hz, 1 H), 3.55 - 3.61 (m, 2 H), 3.69 - 3.76 (m, 6 H), 3.79 - 3.87 (m, 3
H),3.94 (dd,J=11.5,3.7Hz, 1 H),4.29 (d,J=10.6 Hz, 1 H), 6.60 (s, 1 H), 6.99 - 7.10 (m, 5 H); HR-

MS ESI/APCI Dual m/z: 566.2350 [M+H]+ (calcd for C23H39NO9S 566.2418).

(15)-1-{5-[(4-{4-[(1-Amino-2-methyl-1-oxopropan-2-yl)amino]-4-oxobutyl}phenyl)methyl]-2-
hydroxy-4-methylphenyl}-1,5-anhydro-1-thio-p-glucitol (22e)
Compound 22e (59 mg, 27% in 2 steps) was obtained as a colorless powder from 21a and 2-amino-

2-methylpropionamide in a manner similar to that described for 22¢. "H NMR (600 MHz, CD30D) ¢
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ppm 1.4 (s, 6 H), 1.82 - 1.92 (m, 2 H), 2.08 (s, 3 H), 2.15 - 2.22 (m, 2 H), 2.58 (t, /= 7.8 Hz, 2 H),
2.95-3.02 (m, 1 H),3.26 (t, J= 8.9 Hz, 1 H), 3.56 - 3.60 (m, 1 H), 3.74 (dd, J = 11.5, 6.4 Hz, 1 H),
3.79 - 3.87 (m, 3 H), 3.94 (dd, J = 11.5, 3.7 Hz, 1 H), 4.29 (d, J= 10.6 Hz, 1 H), 6.60 (s, 1 H), 6.9 -
7.09 (m, 5 H); *C NMR (126 MHz, CD;0D) & ppm 19.7, 25.8, 28.6, 36.0, 36.6, 39.5, 43.4, 50.7, 57.7,
62.9, 76.1, 77.9, 81.3, 118.5, 122.8, 129.6, 129.8, 131.1, 131.8, 138.0, 140.1, 140.5, 155.2, 175.6,

180.3; HR-MS ESI/APCI Dual m/z: 547.2457 [M+H]+ (calcd for CasHssN2O-S 547.2472),

(15)-1,5-Anhydro-1-{5-[(4-{4-[(1,3-dihydroxy-2-methylpropan-2-yl)amino]-4-
oxobutyl}phenyl)methyl]-2-hydroxy-4-methylphenyl}-p-glucitol (22f)

Compound 22f (32 mg, 29% in 2 steps) was obtained as a colorless powder from 21b and 2-amino-
2-methyl-1,3-propanediol in a manner similar to that described for 22¢. '"H NMR (600 MHz,
CD30D) J ppm 1.22 (s, 3 H), 1.80 - 1.91 (m, 2 H), 2.09 (s, 3 H), 2.15-2.23 (m, 2 H), 2.58 (t, /= 7.6
Hz, 2 H), 3.37 - 3.50 (m, 3 H), 3.51 - 3.73 (m, 6 H), 3.83 - 3.90 (m, 3 H), 4.51 (d, J=9.6 Hz, 1 H),

6.63 (s, 1 H), 6.99 - 7.09 (m, 4 H), 7.12 (s, 1 H); ESI m/z 556 [M+Na]".

(15)-1,5-Anhydro-1-(5-{[4-(4-{[1,3-dihydroxy-2-(hydroxymethyl)propan-2-ylJamino}-4-
oxobutyl)phenyl]methyl}-2-hydroxy-4-methylphenyl)-p-glucitol (22g)

Compound 22g (60 mg, 42% in 2 steps) was obtained as a colorless powder from 21b and
tris(hydroxymethyl)aminomethane in a manner similar to that described for 22¢. 'H NMR (600 MHz,
CD;0D) J ppm 1.84 - 1.93 (m, 2 H), 2.10 (s, 3 H), 2.21 - 2.27 (m, 2 H), 2.59 (t, /= 7.6 Hz, 2 H), 3.37
-3.44 (m, 2 H), 3.48 (t, /= 8.5 Hz, 1 H), 3.53 - 3.59 (m, 1 H), 3.70 (s, 7 H), 3.83 - 3.90 (m, 3 H), 4.51

(d,J=9.6 Hz, 1 H), 6.63 (s, 1 H), 6.99 - 7.10 (m, 4 H), 7.11 (s, 1 H); ESI m/z 572[M+Na]".

(15)-1-{5-[(4-{4-[(1-Amino-2-methyl-1-oxopropan-2-yl)amino|-4-oxobutyl} phenyl)methyl]-2-
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hydroxy-4-methylphenyl}-1,5-anhydro-p-glucitol (22h)

Compound 22h (32 mg, 33% in 2 steps) was obtained as a colorless powder from 21b and 2-amino-
2-methylpropionamide in a manner similar to that described for 22¢. 'H NMR (600 MHz, CD3;0D) ¢
ppm 1.44 (s, 6 H), 1.82 - 1.90 (m, 2 H), 2.09 (s, 3 H), 2.19 (t, /= 7.6 Hz, 2 H), 2.57 (t, J=7.6 Hz, 2
H), 3.37 - 3.52 (m, 2 H), 3.56 (t, J=9.2 Hz, 2 H), 3.70 (dd, J = 11.9, 5.0 Hz, 1 H), 3.82 - 3.90 (m, 3
H), 4.51 (d,J=9.6 Hz, 1 H), 6.63 (s, 1 H), 6.98 - 7.08 (m, 4 H), 7.11 (s, 1 H); 3C NMR (126 MHz,
CDs;0D) 6 ppm 19.8, 25.8, 28.6, 36.0, 36.6, 39.5,57.6, 63.1, 71.9, 75.8, 78.9, 80.2, 82.5, 119.0, 124.1,
129.5, 129.7, 131.5, 131.7, 138.7, 140.2, 140.5, 155.1, 175.5, 180.2; HR-MS ESI/APCI Dual m/z:

531.2683 [M+H]+ (calcd for C23H3sN20g 531.2701).

(15)-1,5-Anhydro-1-(2-hydroxy-5-{[4-(3-{[(1-hydroxy-2-methylpropan-2-
yl)carbamoyl]amino}propyl)phenyljmethyl}-4-methylphenyl)-p-glucitol (25b)

To an acetonitrile solution (5.4 mL) of 19b (0.48 g, 0.539 mmol) were added N-allyl-N'-(2-hydroxy-
1,1-dimethylethyl) urea (223 mg, 1.29 mmol), palladium(Il) acetate (24.0 mg, 0.108 mmol), tri-O-
tolylphosphine (66.0 mg, 0.216 mmol) and triethylamine (273 mg, 2.69 mmol), and the mixture was
stirred at 120°C for 20 minutes with microwave manufactured by Biotage. The reaction solvent was
evaporated under reduced pressure. Thus obtained residue was purified with silica gel column
chromatography (chloroform and then chloroform:methanol = 50:1) to obtain 24b (210 mg, 40%) as
a pale yellow amorphous. To an ethanol solution (3 mL) of 24b (210 mg, 0.214 mmol) was added 20%
palladium hydroxide (210 mg), and the mixture was stirred overnight under a hydrogen atmosphere at
room temperature. The reaction solution was filtered through celite, and the solvent was evaporated
under reduced pressure to obtain a residue. Thus obtained residue was purified with silica gel column
chromatography (chloroform:methanol = 5:1) to obtain the titled compound (83 mg, 29% in 2 steps)

as a colorless powder. "H NMR (600 MHz, CD3s0D) J ppm 1.23 (s, 6 H), 1.68 - 1.76 (m, 2 H), 2.09
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(s, 3 H), 2.54 - 2.60 (m, 2 H), 3.05 (t, J= 6.9 Hz, 2 H), 3.37 - 3.44 (m, 2 H), 3.45 - 3.58 (m, 4 H), 3.70
(dd, J=11.9, 5.0 Hz, 1 H), 3.83 - 3.90 (m, 3 H), 4.51 (d, /= 9.6 Hz, 1 H), 6.63 (s, 1 H), 6.98 - 7.03
(m, 2 H), 7.03 - 7.08 (m, 2 H), 7.12 (s, 1 H); 3C NMR (126 MHz, CD:OD) & ppm 19.8, 25.1, 33.3,
33.8,39.5,40.4,55.0, 63.1,71.0, 71.9, 75.8, 78.9, 80.2, 82.5, 119.0, 124.0, 129.4, 129.7, 131.5, 131.8,
138.8, 140.1, 140.6, 155.1, 161.1; HR-MS ESIAPCI Dual m/z: 533.2833 [M+H]+ (caled for

C2sH40N20s 533.2857).

(15)-1,5-Anhydro-1-{2-hydroxy-4-methyl-5-[(4-{3-[(4-methylpiperazine-1-
carbonyl)amino]propyl} phenyl)methyl]phenyl}-D-glucitol (25a)

Compound 25a (180 mg, 54% in 2 steps) was obtained as a colorless powder from 19b and N-allyl-
4-methylpiperazine-1-carboxyamide in a manner similar to that described for 25b. "H NMR (600 MHz,
CD;0D) 6 ppm 1.74 - 1.82 (m, 2 H), 2.10 (s, 3 H), 2.29 (s, 3 H), 2.37 - 2.42 (m, 4 H), 2.54 - 2.60 (m,
2H),3.15(t,J=7.1 Hz, 2 H), 3.33 - 3.44 (m, 6H), 3.48 (t, /J=8.9 Hz, 1 H), 3.53 - 3.58 (m, 1 H), 3.70
(dd, J=12.2,5.3 Hz, 1 H), 3.83 - 3.89 (m, 3 H), 4.51 (d, /=9.6 Hz, 1 H), 6.63 (s, 1 H), 6.99 - 7.09
(m, 4 H), 7.12 (s, 1 H); *C NMR (126 MHz, CD30D) & ppm 19.8, 33.1, 34.0, 39.5, 41.8, 44.4, 44.5,
46.2, 55.7, 55.7, 63.1, 71.9, 75.7, 78.9, 80.2, 82.5, 119.0, 124.1, 128.4, 129.4, 129.7, 131.5, 131.8,
138.7, 140.1, 140.8, 155.1, 160.2; HR-MS ESI/APCI Dual m/z: 544.3004 [M+H]+ (calcd for

C20H41N307 544.3017).

(15)-1,5-Anhydro-1-[5-({4-[3-({[1,3-dihydroxy-2-(hydroxymethyl)propan-2-

ylJcarbamoyl}amino)propyl]phenyl} methyl)-2-hydroxy-4-methylphenyl]-p-glucitol (25¢)
Compound 25¢ (60 mg, 20% in 2 steps) was obtained as a colorless powder from 19b and N-allyl-

N'-[2-hydroxy-1,1-bis(hydroxymethyl)ethyl] urea in a manner similar to that described for 25b.

'H NMR (600 MHz, CD;0OD) & ppm 1.70 - 1.77 (m, 2 H), 2.09 (s, 3 H), 2.54 - 2.62 (m, 2 H), 3.07 (t,
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J=6.9 Hz, 2 H), 3.36 - 3.60 (m, 5 H), 3.61 - 3.73 (m, 6 H), 3.82 - 3.91 (m, 3 H), 4.51 (d, J= 9.6 Hz,
1 H), 6.63 (s, 1 H), 6.99 - 7.08 (m, 4 H), 7.08 - 7.15 (m, 1 H); *C NMR (126 MHz, CD;0D) § ppm
19.8, 19.8, 33.1, 33.8,39.5,40.6, 41.3,61.9, 63.1, 63.4, 63.5, 71.9, 75.7, 78.9, 80.2, 82.5, 119.0, 124.0,
128.3, 129.5, 129.7, 129.8, 131.5, 131.8, 138.8, 140.1, 140.6, 155.1, 161.5; HR-MS ESI/APCI Dual

m/z: 565.2743 [M+H]+ (calcd for C2sH40N2019 565.2756).

2,3,4,6-Tetra-0O-benzyl-1-C-[2-(benzyloxy)-5-[hydroxy[4-[2-(tritylamino)ethyl]phenyl]methyl]-
4-methylphenyl]-p-glucopyranose (27)

To a tetrahydrofuran solution (3 mL) of 2-(4-bromophenyl)-N-tritylethaneamine (26) (0.814 g, 1.84
mmol) was added dropwise under nitrogen atmosphere at —78°C a 2.66 M hexane solution of n-
butyllithium (0.690 mL, 1.84 mmol), and the mixture was stirred for 30 minutes at the same
temperature. Then a tetrahydrofuran solution (3 mL) of 18b (0.670 g, 0.876 mmol) was added
dropwise, and the mixture was stirred for 30 minutes at the same temperature. To the reaction solution
was added water, and the resulting mixture was extracted with ethyl acetate. The organic layer was
dried with anhydrous magnesium sulfate. The drying agent was filtered off, and the solvent was
evaporated under reduced pressure. Thus obtained residue was purified with NH type silica gel column
chromatography (chloroform) to obtain the titled compound (0.634 g, 64%) as a yellow oil. "H NMR
(300 MHz, CDCl3) ¢ ppm 2.12-2.22 (m, 3H), 2.30-2.43 (m, 2H), 2.65-2.76 (m, 2H), 3.64-3.84 (m,
3H), 3.99-4.22 (m, 4H), 4.42-4.65 (m, 5H), 4.75-5.04 (m, SH), 5.83-5.91 (m, 1H), 6.67-6.72 (m, 1H),

6.88-7.43 (m, 44H).

(15)-1,5-Anhydro-2,3,4,6-tetra-O-benzyl-1-[2-(benzyloxy)-4-methyl-5-[4-|2-
(tritylamino)ethyl]benzyl]phenyl]-p-glucitol (28)

To an acetonitrile solution (6 mL) of 27 (0.638 g, 0.565 mmol) were added under a nitrogen
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atmosphere at 0°C Et:SiH (0.270 mL, 1.69 mmol) and BF3-Et;O (1.58 mL, 1.24 mmol), and the
mixture was stirred for 30 minutes at the same temperature. To the reaction solution cooled in ice was
added a saturated sodium bicarbonate aqueous solution and the resulting mixture was extracted with
ethyl acetate. The organic layer was dried with anhydrous magnesium sulfate. The drying agent was
filtered off, and the solvent was evaporated under reduced pressure. Thus obtained residue was purified
with silica gel column chromatography (hexane:ethyl acetate = 9:1) to obtain the titled compound
(0.402 g, 59%) as a pale yellow oil. '"H NMR (300 MHz, CDCls) 6 ppm 2.16 (s, 3H), 2.36 (t, J= 6.8
Hz, 2H), 2.68 (t, J = 6.8 Hz, 2H), 3.52-3.65 (m, 1H), 3.67-3.92 (m, 7H), 4.00 (d, /= 10.9 Hz, 1H),

4.37-4.67 (m, 5H), 4.78-5.06 (m, 5H), 6.73 (s, 1H), 6.83-7.01 (m, SH), 7.05-7.45 (m, 40H).

(15)-1,5-Anhydro-2,3,4,6-tetra-O-benzyl-1-[5-[4-(2-aminoethyl)benzyl]-2-(benzyloxy)-4-
methylphenyl]-p-glucitol (29)

To a chloroform solution of 28 (0.402 g, 0.336 mmol) was added at room temperature trifluoroacetate
(0.5 mL), and the mixture was stirred for 3 hours at the same temperature. To the reaction solution was
added ethanol and then the solvent was evaporated under reduced pressure. Thus obtained residue was
purified with NH type silica gel column chromatography (hexane:ethyl acetate = 4:6,
chloroform:methanol = 20:1) to obtain the titled compound (0.296 g, quant.) as a colorless oil. 'H
NMR (300 MHz, CDCl3) ¢ ppm 2.20 (s, 3H), 2.65 (t, J = 6.8 Hz, 2H), 2.89 (t, /= 6.8 Hz, 2H), 3.52-
3.95 (m, 8H), 4.00 (d, /= 10.7 Hz, 1H), 4.38-4.67 (m, 5H), 4.81-5.04 (m, 5H), 6.74 (s, 1H), 6.88-7.45

(m, 30H).

(15)-1,5-Anhydro-1-[5-({4-[2-({[1,3-dihydroxy-2-(hydroxymethyl)propan-2-
ylJcarbamoyl}amino)ethyl]phenyl} methyl)-2-hydroxy-4-methylphenyl]-p-glucitol (30b)

To a chloroform solution (3 mL) of 4-nitrophenyl chloroformate (0.177 g, 0.879 mmol) and pyridine
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(0.071 mL, 0.88 mmol), which was cooled in ice, was added dropwise a chloroform solution (3 mL)
0f 29 (0.249 g, 0.292 mmol), and the mixture was stirred for 20 minutes at room temperature. After
that, a chloroform solution (3 mL) of tris(hydroxymethyl)aminomethane (0.283 g, 2.34 mmol) and
dimethyl sulfoxide (3 mL) were added thereto, and the mixture was stirred overnight at the same
temperature. To the reaction solution was added water, and the resulting mixture was extracted with
ethyl acetate. The organic layer was washed with water and brine (3 times), and dried with anhydrous
magnesium sulfate. The drying agent was filtered off, and the solvent was evaporated under reduced
pressure to obtain a residue. Thus obtained residue was purified with NH type silica gel column
chromatography (chloroform) to (/S5)-1,5-anhydro-2,3,4,6-tetra-O-benzyl-1-[2-(benzyloxy)-5-({4-[2-
({[1,3-dihydroxy-2-(hydroxymethyl)propan-2-yl]carbamoyl} amino)ethyl]phenyl } methyl)-4-
methylphenyl]-D-glucitol (0.251 g) as a pale yellow oil. To a methanol solution (4 mL) of (15)-1,5-
anhydro-2,3,4,6-tetra-O-benzyl-1-[2-(benzyloxy)-5-({4-[2-({[1,3-dihydroxy-2-
(hydroxymethyl)propan-2-yl]carbamoyl } amino)ethyl|phenyl } methyl)-4-methylphenyl]-D-glucitol
(0.242 g, 0.242 mmol) was added 20% palladium hydroxide (0.180 g), and the mixture was stirred
under a hydrogen atmosphere at room temperature overnight. The reaction solution was filtered
through celite and evaporated under reduced pressure. Thus obtained residue was purified with silica
gel column chromatography (chloroform:methanol = 17:3) to obtain the titled compound (85 mg, 55%
in 2 steps) as a colorless powder. '"H NMR (600 MHz, CD30D) 6 ppm 2.09 (s, 3 H), 2.68 (t, /= 7.3
Hz, 2 H), 3.24 - 3.32 (m, 3 H), 3.36 - 3.66 (m, 9 H), 3.68 - 3.74 (m, 1 H), 3.81 - 3.90 (m, 3 H), 4.52
(d, J=9.6 Hz, 1 H), 6.64 (s, 1 H), 7.00 - 7.14 (m, 5 H); '3C NMR (126 MHz, CD30D) & ppm 19.8,
37.1,39.5,42.7,62.0,63.1,63.5,71.9,75.7,78.9, 80.2, 82.5, 119.0, 124.1, 129.8, 129.9, 131.5, 131.7,
138.2, 138.8, 140.6, 155.1, 161.4; IR (KBr) v-= 3319, 2923, 1639, 1566, 1511, 1442, 1285, 1083,
1029 cm!; HR-MS ESI/APCI Dual m/z: 551.2586 [M+H]" (calcd for C27H3sN2O19 551.2599); [a]§=

+13 (¢ = 0.10, MeOH).
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(15)-1,5-Anhydro-1-(2-hydroxy-5-{[4-(2-{[(1-hydroxy-2-methylpropan-2-
yDcarbamoyl]amino}ethyl)phenyl|methyl}-4-methylphenyl)-p-glucitol (30a)

Compound 30a (57 mg, 38% in 2 steps) was obtained as a colorless powder from 29 and 2-amino-2-
methyl-1-propanol in a manner similar to that described for 25b. "H NMR (300 MHz, CD30D) 6 ppm
1.25 (s, 6 H), 2.13 (s, 3 H), 2.72 (t, /= 7.1 Hz, 2 H), 3.25 - 3.37 (m, 3 H), 3.38 - 3.80 (m, 6 H), 3.86 -
3.96 (m, 3 H), 4.56 (d, /= 9.3 Hz, 1 H), 6.68 (s, 1 H), 7.03 - 7.19 (m, 5 H); 1*C NMR (126 MHz,
CDs0D) é ppm 19.8, 25.1,37.2,39.5,42.5, 55.0,63.1, 71.0, 71.9, 75.8, 78.9, 80.2, 82.5, 119.0, 124.1,
129.8,129.9, 131.6, 131.7, 138.3, 138.8, 140.6, 155.1, 161.0; HR-MS ESI/APCI Dual m/z: 519.2692

[N[-i—H]+ (calcd for C27H38N208 519.2701).

Methyl 1-C-(5-bromo-2,4-dimethylphenyl)-p-glucopyranoside (35)

A 2.8-M n-butyllithium solution in hexane (26.8 mL, 74.2 mmol) was added dropwise to a THF (100
mL) solution of 1,5-dibromo-2,4-dimethylbenzene (33) (17.6 g, 74.2 mmol) at —78°C in a nitrogen
atmosphere, and the mixture was stirred for 15 minutes at the same temperature. Then, a THF (60 mL)
solution of 2,3,4,6-tetra-O-trimethylsilyl-D-glucono-1,5-lactone (34) (38.1 g, 81.7 mmol) was added
dropwise over 25 minutes, and the mixture was stirred for 15 minutes at the same temperature. Ice
water was added to the reaction solution, and the resulting mixture was warmed to room temperature
and then extracted with ethyl acetate. The combined organic layer was washed with a saturated saline
solution and dried over anhydrous magnesium sulfate. The desiccant was filtered out, and the solvent
was distilled off under reduced pressure. The resulting residue was dissolved in a methanol (370 mL)
solution containing methanesulfonic acid (0.480 mL, 7.42 mmol), and the solution was stirred for 16
hours at room temperature. Then, the solution was neutralized with triethylamine (1.40 mL, 10.3
mmol), and the reaction mixture was concentrated. The resulting residue was purified using neutral

silica gel column chromatography (chloroform:methanol ratio = 9:1 to 8:1) to obtain the titled
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compound as a light-yellow gummy substance (17.8 g, 64% in 2 steps). 'H NMR (300 MHz, CDCl3)
0 ppm 2.32 (s, 3H), 2.33 (s, 3H), 2.93 (s, 1H), 3.08 (s, 3H), 3.26-3.38 (m, 1H), 3.55-3.62 (m, 2H),

3.82-3.92 (m, 4H), 4.83-4.91 (m, 1H), 4.97-5.08 (m, 1H), 7.00 (s, 1H), 7.57 (s, 1H).

Methyl 1-C-(5-bromo-2,4-dimethylphenyl)-2,3,4,6-tetrakis-O-(trimethylsilyl)-b-
glucopyranoside (36)

Triethylamine (24.1 mL, 172 mmol) and chlorotrimethylsilane (18.8 mL, 147 mmol) were added to
a N, N-dimethylformamide (102 mL) solution of compound 35 (9.30 g, 24.7mmol) under ice cooling.
The reaction mixture was stirred for 16 hours at room temperature, and ice water was added. The
mixture was extracted twice with toluene, and the combined organic layer was washed with water and
then dried over anhydrous magnesium sulfate. The desiccant was filtered out, and the solvent was
distilled off under reduced pressure to obtain the titled compound (15.8 g, 96%). This compound was
used in the next reaction without purification. 'H NMR (300 MHz, CDCls) § ppm —0.32 (s, 9H), 0.13
(s, 9H), 0.19 (s, 9H), 0.20 (s, 9H), 2.33 (s, 3H), 2.43 (s, 3H), 3.10 (s, 3H), 3.38 (d, /= 9.0 Hz, 1H),

3.49-3.62 (m, 2H), 3.77 (d, J = 2.9 Hz, 2H), 3.97-4.07 (m, 1H), 6.9 (s, 1H), 7.67 (s, 1H).

(15)-2,3,4,6-Tetra-0-acetyl-1,5-anhydro-1-{5-[(4-bromophenyl)methyl]-2,4-dimethylphenyl}-
D-glucitol (40a)

A 2.77 M n-butyllithium hexane solution (2.8 mL, 7.8 mmol) was added dropwise to a THF (40 mL)
solution of compound 7 (5.2 g, 7.8 mmol) at —78°C in an argon atmosphere, and the mixture was
stirred for 30 minutes at the same temperature. Then, a THF (10 mL) solution of 4-bromobenzaldehyde
(37a) (1.4 g, 8.6 mmol) was added dropwise over 15 minutes, and the mixture was stirred for 2 hours
at the same temperature. Water was added to the reaction liquid; after the mixture was warmed to room

temperature, the warmed mixture was extracted twice with ethyl acetate. The combined organic layer
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was washed with a saturated saline solution and dried over anhydrous magnesium sulfate. The
desiccant was filtered out, and the solvent was distilled off under reduced pressure. The resulting
residue was dissolved in a methanol (39 mL) solution containing methanesulfonic acid (0.051 mL),
and the solution was stirred for 2 hours at room temperature. The reaction liquid was neutralized with
triethylamine (1.1 mL), and the reaction mixture was concentrated to obtain compound 38a (4.17 g).
Compound 38a was used in the next reaction without purification. Compound 38a (4.17 g, 7.80 mmol)
was dissolved in pyridine (24 mL). Acetic anhydride (20 mL) was added to the resulting solution, and
the mixture was stirred for 16 hours at room temperature. Ice water was added, and the mixture was
extracted twice with toluene. The combined organic layer was washed with 2 M hydrochloric acid and
a saturated sodium hydrogen carbonate solution and then dried over anhydrous magnesium sulfate.
The desiccant was filtered out, and the solvent was distilled off under reduced pressure to obtain crude
compound 39a (4.43 g). Et3SiH (4.20 mL, 25.4 mmol) was added to a solution of crude compound
39a (4.43 g) in chloroform (22 mL) and acetonitrile (22 mL), and the mixture was cooled with ice in
a nitrogen atmosphere. Under ice cooling, BF3-OEt; (2.40 mL, 19.0 mmol) was added dropwise over
10 minutes, and the mixture was stirred for 2 hours at the same temperature. A saturated aqueous
solution of sodium hydrogen carbonate was added to the reaction liquid, and the mixture was extracted
with ethyl acetate. Then, the organic layer was dried over anhydrous magnesium sulfate. The desiccant
was filtered out, and the solvent was distilled off under reduced pressure. The resulting residue was
purified using acidic silica gel column chromatography (hexane:ethyl acetate ratio = 40:1) to obtain
the titled compound as a colorless powder (1.74 g, 37% in 4 steps). '"H NMR (300 MHz, CDCls) §
ppm 1.76 (s, 3H), 2.01 (s, 3H), 2.06 (s, 3H), 2.07 (s, 3H), 2.11 (s, 3H), 2.35 (s, 3H), 3.79-3.90 (m,
3H),4.10-4.27 (m, 2H), 4.58-4.67 (m, 1H), 5.18-5.36 (m, 3H), 6.92-6.97 (m, 3H), 7.11 (s, 1H), 7.33—
7.36 (m, 1H), 7.37-7.40 (m, 1H).

MS ESI/APCI Dual m/z 627[M+Na]*.
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(15)-2,3,4,6-Tetra-0-acetyl-1,5-anhydro-1-{5-[(4-bromo-2-fluorophenyl)methyl]-2,4-
dimethylphenyl}-p-glucitol (11b)

Compound 40b (69% in 4 steps) was obtained from 36 and 37b in a manner similar to that described
for 40a. "H NMR (300 MHz, CDCl3) 6 ppm 1.77 (s, 3H), 2.01 (s, 3H), 2.05 (s, 4H), 2.07 (s, 3H), 2.13
(s, 3H), 2.36 (s, 3H), 3.78-3.96 (m, 3H), 4.11-4.28 (m, 2H), 4.60 (d, /= 9.5 Hz, 1H), 5.17-5.37 (m,
3H), 6.74 (t, J= 8.1 Hz, 1H), 6.95 (s, 1H), 7.08 (s, 1H), 7.12-7.17 (m, 2H), 7.21 (dd, /=9.3, 1.9 Hz,

1H). MS ESI/APCI Dual m/z 645[M+Na]*.

(15)-2,3,4,6-Tetra-0-acetyl-1,5-anhydro-1-{5-[(4-bromo-2-methylphenyl)methyl]-2,4-
dimethylphenyl}-p-glucitol (40c)

Compound 40¢ (85% in 4 steps) was obtained from 36 and 37¢ in a manner similar to that described
for 40a. "H NMR (300 MHz, CDCl3) 6 ppm 1.76 (s, 3H), 2.00 (s, 3H), 2.05 (s, 3H), 2.06 (s, 3H), 2.12
(s, 3H), 2.27 (s, 3H), 2.37 (s, 3H), 3.76-3.86 (m, 3H), 4.08—4.28 (m, 2H), 4.58 (d, /= 9.6 Hz, 1H),
5.14-5.36 (m, 3H), 6.61 (d, /= 8.2 Hz, 1H), 6.95 (d, /=9.2 Hz, 2H), 7.19 (dd, /= 8.16, 1.79 Hz, 1H),

7.33 (d, J=1.9 Hz, 1H). MS ESI/APCI Dual m/z 641[M+Na]".

(15)-2,3,4,6-Tetra-0-acetyl-1,5-anhydro-1-{5-[(4-bromo-2-chlorophenyl)methyl]-2,4-
dimethylphenyl}-p-glucitol (40d)

Compound 40d (52% in 4 steps) was obtained from 36 and 37d in a manner similar to that described
for 40a. "H NMR (300 MHz, CDCl3) 6 ppm 1.78 (s, 3H), 2.00 (s, 3H), 2.05 (s, 3H), 2.07 (s, 3H), 2.10
(s, 3H), 2.37 (s, 3H), 3.78-3.87 (m,3H), 4.08-4.29 (m, 2H), 4.60 (d, J = 9.3 Hz, 1H), 5.16-5.38 (m,
3H), 6.65 (d, J=8.2 Hz, 1H), 6.97 (s, 1H), 7.03 (s, 1H), 7.23 (d, /= 2.0 Hz, 1H), 7.54 (d, J=2.2 Hz,

1H). MS ESI/APCI Dual m/z 661[M+Na]*.
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(15)-2,3,4,6-Tetra-0O-acetyl-1,5-anhydro-1-(5-{[4-bromo-2-(propan-2-yl)phenyl]methyl}-2,4-
dimethylphenyl)-p-glucitol (40e)

Compound 40e (56% in 4 steps) was obtained from 36 and 37e in a manner similar to that described
for 40a. '"H NMR (300 MHz, CDCls) 6 ppm 1.21 (d, J= 3.6 Hz, 3H), 1.23 (d, J = 3.6 Hz, 3H), 1.76
(s, 3H), 1.99 (s, 3H), 2.04 (s, 3H), 2.06 (s, 3H), 2.13 (s, 3H), 2.36 (s, 3H), 3.06-3.18 (m, 1H), 3.73—
3.84 (m, 1H), 3.87 (s, 2H), 4.07—4.14 (m, 1H), 4.18-4.27 (m, 1H), 4.58 (d, /= 9.8 Hz, 1H), 5.10-5.34
(m, 3H), 6.60 (d, J= 8.2 Hz, 1H), 6.92 (s, 1H), 6.96 (s, 1H), 7.17 (dd, J= 8.2, 2.2 Hz, 1H), 7.40 (d, J

= 2.2 Hz, 1H). MS ESI/APCI Dual m/z 647[M+Na]*.

(15)-2,3,4,6-Tetra-0-acetyl-1,5-anhydro-1-{5-[(4-bromo-2-methoxyphenyl)methyl]-2,4-
dimethylphenyl}-p-glucitol(40f)

Compound 40f (84% in 4 steps) was obtained from 36 and 37f in a manner similar to that described
for 40a. "H NMR (300 MHz, CDCIl3) 6 ppm 1.75 (s, 3H), 2.00 (s, 3H), 2.05 (s, 3H), 2.06 (s, 3H), 2.12
(s, 3H), 2.36 (s, 3H), 3.79-3.86 (m, 6H), 4.11-4.17 (m, 1H), 4.20-4.27 (m, 1H), 4.59 (d, /= 9.5 Hz,

1H), 5.17-5.36 (m, 3H), 6.58 (d, J= 7.9 Hz, 1H), 6.92-6.98 (m, 3H), 7.05 (s, 1H).

N-(1-Hydroxy-2-methylpropan-2-yl)-2,2-dimethylbut-3-enamide (43)
2-Amino-2-methylpropan-1-ol (42) (1.00 g, 11.2 mol), WSCI-HCI (2.15 g, 11.2 mmol) and
HOBt-H>O (1.51 g, 11.2 mmol) were added to a chloroform (37 mL) solution of 2,2-dimethyl-3-
butenoic acid (41) (1.11 g, 7.48 mmol) in a nitrogen atmosphere, and the mixture was stirred for 16
hours at room temperature. Water was added to the reaction liquid, and the mixture was extracted with
chloroform. Then, the organic layer was washed with 2 M hydrochloric acid, a saturated aqueous
solution of sodium hydrogen carbonate, and a saturated saline solution and then dried over anhydrous

magnesium sulfate. The desiccant was filtered out, and the solvent was distilled oft under reduced
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pressure. The resulting residue was purified using silica gel column chromatography (hexane:ethyl
acetate ratio = 9:1 to 1:1) to obtain the titled compound as a colorless powder (0.70 g, 51%). '"H NMR
(300 MHz, CDC13) ¢ ppm 1.24 (s, 6H), 1.28 (s, 6H), 3.55 (s, 2H), 5.19-5.30 (m, 2H), 5.74 (br s, 1H),

5.99 (dd, J = 17.49, 10.65 Hz, 1H).

(15)-2,3,4,6-Tetra-0-acetyl-1,5-anhydro-1-{5-[(4-{(1 E)-4-|(1-hydroxy-2-methylpropan-2-
yl)amino]-3,3-dimethyl-4-oxobut-1-en-1-yl} phenyl)methyl]-2,4-dimethylphenyl}-p-glucitol
(44a)

In an argon atmosphere, an acetonitrile (36 mL) suspension of compound 40a (0.50 g, 0.83 mmol),
compound 43 (0.370 g, 1.98 mmol), palladium (II) acetate (37.0 mg, 0.170 mmol), tri-o-
tolylphosphine (101 mg, 0.330 mmol), and triethylamine (0.580 mL, 4.15 mmol) was stirred for 30
minutes at 120°C under microwave irradiation. The reaction mixture was filtered using Celite
(registered trademark) and washed with ethyl acetate. The filtrate was concentrated under reduced
pressure, and the resulting residue was purified using neutral silica gel column chromatography
(hexane:ethyl acetate ratio = 1:2) to obtain the titled compound as a partially purified product (1.5 g).
The titled compound (1.5 g) was further purified using neutral silica gel column chromatography
(hexane:ethyl acetate ratio = 7:3—2:8) to obtain the titled compound as a light-yellow amorphous
substance (514 mg, 87%). 'H NMR (300 MHz, CDCl3) é ppm 1.22 (s, 6H), 1.36 (s, 6H), 1.78 (s, 3H),
2.01 (s, 3H), 2.05 (s, 3H), 2.07 (s, 3H), 2.14 (s, 3H), 2.36 (s, 3H), 3.79-3.87 (m, 1H), 3.93 (s, 2H),
4.09-4.27 (m, 3H), 4.59-4.67 (m, 1H), 4.83 (br s, 1H), 5.18-5.37 (m, 3H), 6.22-6.29 (m, 1H), 6.47—
6.54 (m, 1H), 6.94 (s, 1H), 7.06 (d, J = 8.1 Hz, 2H), 7.14 (s, 1H), 7.29 (d, J = 8.2 Hz, 2H). MS

ESIAPCI Dual m/z 710[M+H]".

(15)-2,3,4,6-Tetra-0-acetyl-1,5-anhydro-1-{5-[(2-fluoro-4-{(/ E)-4-[(1-hydroxy-2-
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methylpropan-2-yl)amino]-3,3-dimethyl-4-oxobut-1-en-1-yl}phenyl)methyl]-2,4-
dimethylphenyl}-p-glucitol (44b)

Compound 44b (70%) was obtained from 40b and 43 in a manner similar to that described for 44a.
"H NMR (300 MHz, CDCl3) 6 ppm 1.24 (s, 5H), 1.37 (s, 4H), 1.78 (s, 2H), 2.00 (s, 2H), 2.06 (s, 2H),
2.06 (s, 2H), 2.16 (s, 2H), 2.36 (s, 3H), 3.55 (s, 2H), 3.79-4.00 (m, 1H), 3.80—4.00 (m, 2H), 4.12-4.27
(m, 2H), 4.61 (d, J=9.5 Hz, 1H), 5.19-5.37 (m, 3H), 6.24-6.32 (m, 1H), 6.43-6.51 (m, 1H), 6.84 (t,

J=7.9Hz, 1H), 6.95 (s, IH), 7.01-7.12 (m, 3H). MS ESI/APCI Dual m/z 728]M+H]" , 750[M+Na]".

(15)-2,3,4,6-Tetra-0-acetyl-1,5-anhydro-1-{5-[(4-{({ E)-4-[(1-hydroxy-2-methylpropan-2-
yl)amino]-3,3-dimethyl-4-oxobut-1-en-1-yl}-2-methylphenyl)methyl]-2,4-dimethylphenyl}-p-
glucitol (44c)

Compound 44c¢ (36%) was obtained from 40c¢ and 43 in a manner similar to that described for 44a.
"H NMR (300 MHz, CDCls) 6 ppm 1.23 (s, 6H), 1.37 (s, 6H), 1.77 (s, 3H), 1.99 (s, 3H), 2.05 (s, 3H),
2.14 (s, 3H), 2.31 (s, 3H), 2.37 (s, 3H), 3.55 (d, /= 5.28 Hz, 2H), 3.78-3.87 (m, 3H), 4.07-4.25 (m,
2H), 4.58 (d, J=9.6 Hz, 1H), 4.85 (s, 1H), 5.13-5.35 (m, 3H), 6.22-6.32 (m, 1H), 6.46-6.54 (m, 1H),

6.72 (d,J=7.8 Hz, 1H), 6.97 (s, 2H), 7.10 (dd, J = 8.1, 1.7 Hz, 1H), 7.23 (s, 1H).

(15)-2,3,4,6-Tetra-0-acetyl-1,5-anhydro-1-{5-[(2-chloro-4-{(1 E)-4-[(1-hydroxy-2-
methylpropan-2-yl)amino]-3,3-dimethyl-4-oxobut-1-en-1-yl}phenyl)methyl]-2,4-
dimethylphenyl}-p-glucitol (44d)

Compound 44d was obtained as a mixture with 43 from 40d in a manner similar to that described
for 44a. "H NMR (300 MHz, CDCl3) 6 ppm 1.23 (s, 6H), 1.37 (s, 6H), 1.79 (s, 3H), 1.99 (s, 3H), 2.05
(s, 3H), 2.06 (s, 3H), 2.13 (s, 3H), 2.38 (s, 3H), 2.49 (s, 3H), 3.55 (s, 2H), 3.77-3.87 (m, 1H), 3.91-

4.08 (m, 2H), 4.11-4.27 (m, 2H), 4.61 (d, J = 9.48 Hz, 1H), 5.28-5.38 (m, 3H), 6.26-6.33 (m, 1H),
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6.42-6.50 (m, 1H), 6.76 (d, J = 8.08 Hz, 1H), 6.97 (s, 1H), 7.04-7.19 (m, 2H), 7.29-7.36 (m, 1H),

7.40-7.46 (m, 1H).

(15)-2,3,4,6-Tetra-O-acetyl-1,5-anhydro-1-(5-{[4-{(1 E)-4-[(1-hydroxy-2-methylpropan-2-
yDamino]-3,3-dimethyl-4-oxobut-1-en-1-yl}-2-(propan-2-yl)phenyl]methyl}-2,4-
dimethylphenyl)-p-glucitol (44e)

Compound 44e was obtained as a mixture with 43 from 40e in a manner similar to that described for
44a. "H NMR (300 MHz, CDCls) 6 ppm 1.24-1.28 (m, 12H), 1.38 (s, 6H), 1.77 (s, 3H), 1.98 (s, 3H),
2.04 (s, 6H), 2.16 (s, 3H), 2.37 (s, 3H), 3.12-3.22 (m, 1H), 3.55 (d, J = 5.9 Hz, 2H), 3.77-3.83 (m,
1H), 3.93 (s, 2H), 4.07—4.14 (m, 1H), 4.16-4.25 (m, 1H), 4.59 (d, /= 9.9 Hz, 1H), 4.82-4.89 (m, 2H),
5.12-5.35 (m, 3H), 5.96 (d, J=10.7 Hz, 1H), 6.02 (d, J = 10.6 Hz, 1H), 6.27 (d, J = 16.2 Hz, 1H),
6.50-6.58 (m, 1H), 6.73 (d, J = 8.1 Hz, 1H), 6.96 (d, J = 4.4 Hz, 2H), 7.13 (dd, /= 7.9, 1.4 Hz, 1H),

7.29 (s, 1H). MS ESI/APCI Dual m/z 752[M+Na]".

(15)-2,3,4,6-Tetra-0-acetyl-1,5-anhydro-1-{5-[(4-{(1E)-4-[(1-hydroxy-2-methylpropan-2-
yl)amino]-3,3-dimethyl-4-oxobut-1-en-1-yl}-2-methoxyphenyl)methyl]-2,4-dimethylphenyl}-p-
glucitol (44f)

Compound 44f was obtained as a mixture with 43 from 40f in a manner similar to that described for
44a. '"H NMR (300 MHz, CDCI3) 6 ppm 1.22-1.29 (m, 56H), 1.37 (s, 6H), 1.77 (s, 3H), 2.00 (s, 3H),
2.03-2.07 (m, 9H), 2.15 (s, 3H), 2.36 (s, 3H), 2.49 (s, 2H), 3.77-3.87 (m, 3H), 3.89 (s, 3H), 4.12 (q, J
=7.2 Hz, 1H), 4.21 (d, J=4.7 Hz, 1H), 4.60 (d, J = 9.3 Hz, 1H), 5.16-5.37 (m, 3H), 6.22-6.31 (m,
1H), 6.47-6.55 (m, 1H), 6.70 (d, J = 7.6 Hz, 1H), 6.82-6.90 (m, 2H), 6.95 (s, 1H), 7.08 (s, 1H). MS

ESI/APCI Dual m/z 740[M+Na]".
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(15)-1,5-Anhydro-1-{5-[(4-{({ E)-4-[(1-hydroxy-2-methylpropan-2-yl)amino]-3,3-dimethyl-4-
oxobut-1-en-1-yl}phenyl)methyl]-2,4-dimethylphenyl}-p-glucitol (45a)

Sodium methoxide (4.88 M) in methanol solution (0.593 mL, 2.90 mmol) was added to a methanol
(4.8 mL) solution of compound 44a (0.514g, 0.724 mmol), and the mixture was stirred for 2 hours at
room temperature. Dry ice was added to the reaction liquid, and the solvent was distilled off under
reduced pressure. The resulting residue was purified using neutral silica gel column chromatography
(ethyl acetate:ethanol:water ratio = 30:2:1) to obtain the titled compound as colorless amorphous
substance (306 mg, 78%). '"H NMR (300 MHz, CD30D) é ppm 1.26 (s, 6H) 1.33 (s, 6H) 2.13 (s, 3H)
2.36 (s, 3H) 3.34 (s, 1H) 3.31-3.71 (m, 7H) 3.82-3.91 (m, 1H) 3.94 (s, 2H) 4.42 (d /= 9.1 Hz, 1H)
6.29-6.38 (m, 1H) 6.39-6.46 (m, 1H) 6.47-6.59 (m, 1H) 6.95 (s, 1H) 7.07 (d, J= 8.2 Hz, 2H) 7.21—
7.34 (m, 3H); 3C NMR (126 MHz, CD30D) é ppm 19.4, 19.5, 23.8, 25.9, 40.1, 46.5, 55.9, 63.4, 69.8,
72.3,76.1,79.8,80.3, 82.5,127.5, 130.0, 130.4, 130.5, 133.4, 135.0, 136.2, 136.3, 136.8, 137.3, 137.5,

141.9, 179.0; HRMS ESI/APCI Dual m/z: 542.3105 [M+H]* (calcd for C3;H43NO7 542.3112).

(15)-1,5-Anhydro-1-{5-[(2-fluoro-4-{( E)-4-[(1-hydroxy-2-methylpropan-2-yl)amino]-3,3-
dimethyl-4-oxobut-1-en-1-yl} phenyl)methyl]-2,4-dimethylphenyl}-p-glucitol (45b)

Compound 45b (59%) was obtained from 44b in a manner similar to that described for 45a.
"H NMR (300 MHz, CD3;0D) 6 ppm 1.27 (s, 6H) 1.34 (s, 6H) 2.15 (s, 3H) 2.36 (s, 3H) 3.37-3.40 (m,
1H) 3.44-3.54 (m, 4H) 3.60-3.72 (m, 1H) 3.82-3.97 (m, 4H) 4.38-4.42 (m, 1H) 6.36-6.56 (m, 2H)
6.85-7.27 (m, 5H); '*C NMR (126 MHz, CD30D) J ppm 19.3, 19.4, 23.8, 25.8,32.4, 46.6, 56.0, 63.4,
69.8,72.3,76.1,79.8, 80.3, 82.5,113.4, 113.6, 123.5(d, J = 2.5 Hz), 128.2, 128.3, 129.5, 130.3, 131.9
(d, J =5.0 Hz), 133.4, 136.1, 136.5, 136.7, 137.0, 137.2, 138.9 (d, J = 7.5 Hz), 161.6, 163.5, 178.7,

HRMS ESI/APCI Dual m/z: 560.3004 [M+H]" (calcd for C31H42FNO7 560.3018).
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(15)-1,5-Anhydro-1-{5-[(4-{({ E)-4-[(1-hydroxy-2-methylpropan-2-yl)amino]-3,3-dimethyl-4-
oxobut-1-en-1-yl}-2-methylphenyl)methyl]-2,4-dimethylphenyl}-p-glucitol (45¢)

Compound 45¢ (77%) was obtained from 44¢ in a manner similar to that described for 45a.
"H NMR (300 MHz, CD3OD) 6 ppm 1.27 (s, 6H) 1.34 (s, 6H) 2.14 (s, 3H) 2.30 (s, 3H) 2.37 (s, 3H)
3.34-3.49 (m, 6H) 3.61 (dd, J = 11.8, 5.6 Hz, 1H) 3.80-3.91 (m, 3H) 4.34-4.41 (m, 1H) 6.29-6.39
(m, 1H) 6.43 (s, 1H) 6.46-6.57 (m, 1H) 6.76 (d, /= 7.9 Hz, 1H) 6.99 (s, 1H) 7.04-7.13 (m, 2H) 7.24
(s, 1H); 3C NMR (126 MHz, CD30D) J ppm 19.4, 19.4, 19.9, 23.9, 25.9, 37.3, 46.5, 55.9, 63.5, 69.8,
72.3,75.9,79.9,80.3,82.5,125.1,129.2, 130.0, 130.2, 130.7, 133.3, 134.8, 136.3, 136.4, 136.7, 137.0,
137.3, 137.9, 139.8, 179.0; HRMS ESI/APCI Dual m/z: 556.3252 [M+H]" (calcd for C3:HssNO;

556.3269).

(185)-1,5-Anhydro-1-{5-[(2-chloro-4-{( E)-4-[(1-hydroxy-2-methylpropan-2-yl)amino]-3,3-
dimethyl-4-oxobut-1-en-1-yl}phenyl)methyl]-2,4-dimethylphenyl}-D-glucitol (45d)

Compound 45d (5% in 2 steps) was obtained from 44d in a manner similar to that described for 45a.
"H NMR (300 MHz, CD;0D) 6 ppm 1.27 (s, 6H) 1.34 (s, 6H) 2.11 (s, 3H) 2.37 (s, 3H) 3.33-3.69 (m,
7H) 3.81-3.92 (m, 1H) 4.02 (s, 2H) 4.41 (d, J=9.17 Hz, 1H) 6.35-6.56 (m, 3H) 6.83 (d, /="7.9 Hz,
1H) 7.00 (s, 1H) 7.14-7.25 (m, 2H) 7.45-7.47 (m, 1H); MS ESI/APCI Dual m/z 576[M+H]+, 574[M-

HJ.

(18)-1,5-Anhydro-1-(5-{[4-{(/ E)-4-[(1-hydroxy-2-methylpropan-2-yl)amino]-3,3-dimethyl-4-
oxobut-1-en-1-yl}-2-(propan-2-yl)phenyljmethyl}-2,4-dimethylphenyl)-pD-glucitol (45¢)

Compound 45e (51% in 2 steps) was obtained from 44e in a manner similar to that described for 45a.
"H NMR (300 MHz, CD30D) ¢ ppm 1.23 (d, J = 2.3 Hz, 3H) 1.26 (d, J = 2.3 Hz, 3H) 1.28 (s, 6H)

1.36 (s, 6H) 2.17 (s, 3H) 2.37 (s, 3H) 3.14-3.23 (m, 1H) 3.34-3.50 (m, 6H) 3.55-3.64 (m, 2H) 3.84
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(dd, J = 12.0, 2.0 Hz, 1H) 3.96 (s, 2H) 4.33-4.40 (m, 1H) 6.31-6.39 (m, 1H) 6.45 (s, 1H) 6.51-6.60
(m, 1H) 6.79 (d, J= 8.1 Hz, 1H) 7.00 (d, J= 5.9 Hz, 2H) 7.12 (dd, J= 7.9, 1.6 Hz, 1H) 7.34 (d, J=1.6
Hz, 1H); 3C NMR (126 MHz, CD30D) & ppm 19.4, 19.5, 23.9, 24.1, 24.2, 26.0, 30.2, 36.6, 46.5,
55.9, 63.5, 69.8, 72.3, 76.0, 79.9, 80.3, 82.5, 124.6, 124.7, 129.8, 130.9, 131.0, 133.3, 134.7, 136.3,
136.6, 136.8, 137.1, 137.5, 138.1, 148.6, 179.0; HRMS ESVAPCI Dual m/z: 584.3569 [M+H]" (caled

for C34H4oNO7 584.3582).

(185)-1,5-Anhydro-1-{5-[(4-{(1 E)-4-[(1-hydroxy-2-methylpropan-2-yl)amino]-3,3-dimethyl-4-
oxobut-1-en-1-yl}-2-methoxyphenyl)methyl]-2,4-dimethylphenyl}-p-glucitol (45f)

Compound 45f (33% in 2 steps) was obtained from 44f in a manner similar to that described for 45a.
"H NMR (300 MHz, CD3;0D) 6 ppm 1.27 (s, 6H) 1.35 (s, 6H) 2.13 (s, 3H) 2.35 (s, 3H) 3.36-3.67 (m,
7H) 3.83-3.89 (m, 5H) 4.40 (d, /= 9.0 Hz, 1H) 6.29-6.60 (m, 3H) 6.71-6.79 (m, 1H) 6.82-6.91 (m,
1H) 6.92-7.03 (m, 2H) 7.18 (s, 1H); *C NMR (126 MHz, CD30D) J ppm 19.3, 19.4, 23.8,25.9, 33.8,
46.5,55.9,56.0,63.5,69.8,72.3,76.1,79.9, 80.3, 82.5,109.2, 119.9, 130.1, 130.4, 130.8, 130.9, 133.2,
135.1,136.2, 136.5,137.3, 137.3, 137.8, 159.0, 179.0; HRMS ESI/APCI Dual m/z: 572.3198 [M+H]*

(caled for C3,H4sNOg 572.3218).

(185)-1,5-Anhydro-2,3,4,6-tetra-O-benzyl-1-{2-(benzyloxy)-5-[(4-{(1 E)-4-| (1-hydroxy-2-
methylpropan-2-yl)amino]-3,3-dimethyl-4-oxobut-1-en-1-yl} phenyl)methyl]-4-methylphenyl}-
D-glucitol (46)

In an argon atmosphere, an acetonitrile (36 mL) suspension of (/S)-1,5-anhydro-2,3,4,6-tetra-O-
benzyl-1-{2-(benzyloxy)-5-[ (4-bromophenyl)methyl]-4-methylphenyl}-D-glucitol (19b) (518 mg,
0.58 mmol), compound 43 (162 mg, 0.870 mmol), palladium (II) acetate (13.1 mg, 0.0580 mmol), tri-

o-tolylphosphine (35.4 mg, 0.116 mmol), and triethylamine (0.406 mL, 2.91 mmol) was stirred for 20

90



minutes at 120°C under microwave irradiation. The reaction mixture was filtered using Celite
(registered trademark) and washed with ethyl acetate. The filtrate was concentrated under reduced
pressure, and the resulting residue was purified using neutral silica gel column chromatography
(hexane:ethyl acetate ratio = 1:1) to obtain the titled compound as pale-yellow oil (416 mg, 72%). 'H
NMR (300 MHz, CDCI3) 6 ppm 1.21 (s, 6H), 1.36 (s, 6H), 2.20 (s, 3H), 3.55 (s, 3H), 3.72-3.79 (m,
4H), 3.92 (s, 2H), 4.00 (m, 1H), 4.41-4.52 (m, 2H), 4.57-4.65 (m, 2H), 4.83-4.92 (m, 3H), 5.00 (s,
2H), 5.21-5.29 (m, 2H), 5.73 (s, 2H), 6.21 (d, J = 16.3 Hz, 1H), 6.46 (d, J= 16.3 Hz, 1H), 6.75 (s,

1H), 6.93 (m, 2H), 7.05 (d, J = 8.1 Hz, 2H), 7.11-7.46 (m, 26H); MS ESI/APCI Dual m/z 994[M+HT".

(185)-1,5-Anhydro-1-{2-hydroxy-5-[(4-{(1 E)-4-|(1-hydroxy-2-methylpropan-2-yl)amino]-3,3-
dimethyl-4-oxobut-1-en-1-yl} phenyl)methyl]-4-methylphenyl}-p-glucitol (47)

EtSH (4.10 mL, 26.5 mmol) was added to a solution of compound 46 (410 mg, 0.412 mmol) in
chloroform (4.1 mL), and the mixture was cooled with ice in a nitrogen atmosphere. Under ice cooling,
BF3-OEt; (0.82 mL, 6.5 mmol) was added, and the mixture was stirred for 2 hours at room temperature.
Methanol was added to the reaction liquid, and the mixture was distilled off under reduced pressure.
The resulting residue was purified using acidic silica gel column chromatography (ethyl
acetate:ethanol:water ratio = 20:2:1) to obtain the titled compound as a partially purified product (72
mg). The titled compound (72 mg) was further purified using acidic silica gel column chromatography
(chloroform—chloroform:methanol ratio = 4:1) to obtain the titled compound as colorless amorphous
substance (8.7 mg, 4%). 'H NMR (300 MHz, CDCls) J ppm 1.26 (s, 6H) 1.35 (s, 6H) 2.10 (s, 3H)
3.34-3.71 (m, 7H) 3.84-3.91 (m, 2H) 4.07 (s, 1H) 4.52 (d, J=9.5 Hz, 1H) 6.29-6.58 (m, 2H) 6.64 (s,

1H) 7.04-7.14 (m, 3H) 7.30 (d, J = 8.2 Hz, 1H); MS ES/APCI Dual m/z 544[M+HT", 542[M-HT.

2-Iodo-5-(propan-2-yl)phenol (49)
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An aqueous suspended solution (75 mL) of potassium iodide (7.88 g, 0.0368 mol) and iodine (18.7
g, 0.0736 mol) was added to an acetic acid (200 mL) solution of 3-isopropylphenol (25.0 g, 0.184
mol), and the resulting reaction solution was stirred for 20 hours at room temperature. After the
addition of diethyl ether (400 mL) and water (300 mL), the organic layer was separated. The organic
layer was washed with water, a saturated aqueous solution of sodium hydrogen carbonate, and a
saturated saline solution and then dried over anhydrous magnesium sulfate. The desiccant was filtered
out, and the solvent was distilled off under reduced pressure. The resulting residue was purified using
neutral silica gel column chromatography (hexane:ethyl acetate ratio = 95:5) to obtain a colorless oily
titled compound (27.6 g, 57%). '"H NMR (300 MHz, CDCl3) d ppm 1.16 —1.25 (m, 6 H) 2.64-2.98 (m,

1 H)5.21(s,1H)6.57 (dd, J=8.1,2.2 Hz, 1 H) 6.88 (d,/=2.2 Hz, 1 H) 7.54 (d, /= 8.1 Hz, 1 H).

2-(Benzyloxy)-1-iodo-4-(propan-2-yl)benzene (50a)

Benzyl bromide (14.4 mL, 0.121 mol) was added to an acetonitrile suspension of compound 49 (26.5
g, 0.101 mol) and potassium carbonate (20.9 g, 0.152 mol), and the mixture was stirred at room
temperature for 2 hours, followed by the addition of methanol (1.0 mL) and stirring for an additional
30 minutes. The insoluble materials were filtered off, and the filtrate was concentrated. The resulting
residue was purified using silica gel column chromatography (hexane:ethyl acetate ratio = 95:5) to
obtain the titled compound as a colorless oil (30.2 g, 85%). '"H NMR (300 MHz, CDCls) 6 ppm 1.21
(d,/J=7.0Hz, 6 H) 2.84 (m, 1 H) 5.14 (s, 2 H) 6.62 (dd, J=8.4,2.2 Hz, 1 H) 6.74 (d,/=2.2 Hz, |

H) 7.23-7.58 (m, 5 H) 7.68 (d, /= 8.4 Hz, 1 H).

1-Iodo-2-methoxy-4-(propan-2-yl)benzene (50b)
Methyl iodide (9.80 mL, 0.156 mol) was added to an acetonitrile suspension (200 mL) of compound

49 (27.4 g, 0.104 mol) and potassium carbonate (21.7 g, 0.156 mol), and the mixture was stirred for
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2.5 hours at 40°C. Methyl iodide (3.5 mL, 0.052 mol) was further added, and the mixture was stirred
for 1 hour at the same temperature. The insoluble materials were filtered off, and the filtrate was
diluted with ethyl acetate. The organic layer was washed with water, a 10% aqueous solution of sodium
thiosulfate, and a saturated saline solution and then dried over anhydrous magnesium sulfate. The
desiccant was filtered out, and the solvent was distilled off under reduced pressure. The resulting
residue was purified using neutral silica gel column chromatography (hexane—hexane:ethyl acetate
ratio = 95:5) to obtain a light-yellow oily compound (24.5 g, 85%). 'H NMR (300 MHz, CDCls) ¢
ppm 1.24 (d, /= 6.8 Hz, 6 H) 2.87 (m, 1 H) 3.88 (s, 3 H) 6.58-6.65 (m, 1 H) 6.70 (d,/J=1.9 Hz, 1 H)

7.65 (d, J=8.1 Hz, 1 H); MS ESIVAPCI Dual m/z 277[M+H]" .

(15)-2,3,4,6-Tetra-0-acetyl-1,5-anhydro-1-[2-(benzyloxy)-4-(propan-2-yl)phenyl]-D-glucitol
(51a)

n-Butyllithium (2.6 M) in hexane (33.0 mL, 85.7 mmol) was added dropwise to a solution of
compound 50a (30.2 g, 85.7 mmol) in THF (450 mL) at —78°C under a nitrogen atmosphere, and the
mixture was stirred at the same temperature for 15 minutes. Next, a solution of 2,3,4,6-tetra-O-
trimethylsilyl-D-glucono-1,5-lactone (34) (40.0 g, 85.7 mmol) in THF (230 mL) was added dropwise
over 15 minutes, and the mixture was stirred at the same temperature for 20 minutes. Saturated aqueous
ammonium chloride (150 mL) and water (100 mL) were added to the reaction mixture, and the mixture
was warmed to room temperature and then extracted twice with ethyl acetate. The combined organic
layers were washed with brine and dried over anhydrous magnesium sulfate. After filtering off the
desiccant, the solvent was distilled off under reduced pressure. The resulting residue was dissolved in
a solution containing methanesulfonic acid (2.9 g) in methanol (840 mL), and the mixture was stirred
at room temperature for 14.5 hours. After neutralization with triethylamine (2.5 mL), the reaction

mixture was concentrated. The resulting residue (46.4 g) was dissolved in pyridine (125 mL) and
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cooled to 4°C. Acetic anhydride (75 mL) and 4-dimethylaminopyridine (102 mg, 0.835 mmol) were
added to the solution, and the mixture was stirred at room temperature for 19 hours. After the addition
of ice water (500 mL), the mixture was extracted twice with ethyl acetate (500 mL). The combined
organic layers were washed with saturated aqueous sodium bicarbonate and brine and then dried over
anhydrous magnesium sulfate. After filtering off the desiccant, the solvent was distilled off under
reduced pressure to yield a crude compound (53 g). Et3SiH (13.7 mL, 85.7 mmol) and BF3-Et,O (10.9
mL, 85.7 mmol) were added to a solution of the crude compound in chloroform (250 mL) and
acetonitrile (250 mL) at 4°C under a nitrogen atmosphere, and the mixture was stirred at the same
temperature for 1.5 hours. The reaction mixture was diluted with saturated aqueous sodium
bicarbonate and extracted with chloroform. The organic layer was washed with brine and dried over
anhydrous magnesium sulfate. After filtering off the desiccant, the solvent was distilled off under
reduced pressure and the resulting residue was purified using silica gel column chromatography
(hexane:ethyl acetate ratio = 5:1 — 2:1) to obtain the titled compound as a light-yellow amorphous
substance (19.1 g, 40% in 4 steps). "H NMR (300 MHz, CDCls) 6 ppm 1.21 (d, /= 6.99 Hz, 6 H) 1.78
(s, 3 H) 2.01 (s, 6 H) 2.05 (s, 3 H) 2.86 (m, 1 H) 3.80 (m, 1 H) 4.06-4.13 (m, 1 H) 4.19-4.27 (m, 1 H)
496 (d,J=99Hz,1H)5.10 (s,2 H) 5.16-5.25 (m, 1 H) 5.33 (t, /=9.2 Hz, 1 H) 5.40-5.49 (m, 1 H)
6.79 (d,/J=14Hz, 1 H) 6.85(dd, /=79, 1.4 Hz, 1 H) 7.26-7.52 (m, 6 H); MS ESI/APCI Dual m/z

579[M+Na]".

(15)-2,3,4,6-Tetra-O-acetyl-1,5-anhydro-1-[2-methoxy-4-(propan-2-yl)phenyl]-p-glucitol (51b)
A 2.6 M n-butyllithium solution in hexane (34.0 mL, 88.6 mmol) was added dropwise to a THF (100
mL) solution of compound 50b (24.5 g, 88.6 mmol) at —78°C in a nitrogen atmosphere, and the
mixture was stirred for 5 minutes at the same temperature. Then, a THF (60 mL) solution of 2,3,4,6-

tetra-O-trimethylsilyl-D-glucono-1,5-lactone (34) (37.6 g, 80.5 mmol) was added dropwise over 25
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minutes, and the mixture was stirred for 10 minutes at the same temperature. Ice water was added to
the reaction solution, and the resulting mixture was warmed to room temperature and then extracted
twice with ethyl acetate. The combined organic layer was washed with a saturated saline solution and
dried over anhydrous magnesium sulfate. The desiccant was filtered out, and the solvent was distilled
off under reduced pressure. The resulting residue was dissolved in a methanol (380 mL) solution
containing methanesulfonic acid (1.55 g, 16.1 mmol), and the solution was stirred for 2 hours at room
temperature. Then, the solution was neutralized with triethylamine (11.2 mL, 80.5 mmol), and the
reaction mixture was concentrated. The resulting residue (30.2 g) was dissolved in pyridine (100 mL),
and acetic anhydride (100 mL) was then added; the mixture was then stirred for 14 hours at room
temperature. Ice water (400 mL) was added, and the mixture was extracted twice with ethyl acetate
(200 mL). The combined organic layer was washed with 1 M hydrochloric acid, a saturated aqueous
solution of sodium hydrogen carbonate, and a saturated saline solution and then dried over anhydrous
magnesium sulfate. The desiccant was filtered out, and the solvent was distilled off under reduced
pressure. The resulting residue was purified using neutral silica gel column chromatography
(hexane—hexane:ethyl acetate ratio = 6:4) . The obtained organic layer was distilled off under reduced
pressure. EtsSiH (21 mL, 128 mmol) and BF3-OEt; (49 mL, 385 mmol) were added to a solution of
the resulting residue (32.8 g) in chloroform (150 mL) and acetonitrile (150 mL) at 4°C in a nitrogen
atmosphere, and the mixture was stirred for 1 hour at the same temperature. A saturated aqueous
solution of sodium hydrogen carbonate was added to the reaction solution, and the mixture was
extracted with chloroform. Then, the organic layer was washed with a saturated saline solution and
dried over anhydrous magnesium sulfate. The desiccant was filtered out, and the solvent was distilled
off under reduced pressure. The resulting residue was purified using neutral silica gel column
chromatography (hexane:ethyl acetate ratio = 2:1) to obtain the titled compound as light-yellow

gummy substance (22.9 g, 59% in 4 steps). '"H NMR (300 MHz, CDCl3) 6 ppm 1.22 (d, J = 7.0 Hz, 6
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H) 1.77 (s, 3 H) 2.01 (s, 3 H) 2.05 (s, 3 H) 2.07 (s, 3 H) 2.87 (dt, ] = 13.8, 7.0 Hz, 1 H) 3.80-3.87 (m,
1 H) 3.84 (s, 3 H) 4.09-4.16 (m, 1 H) 4.22-4.29 (m, 1 H) 4.88-4.95 (m, 1 H) 5.18-5.27 (m, 1 H) 5.32—
5.38(m,2H)6.71 (d,J=1.6 Hz, 1 H) 6.83 (dd, J= 7.9, 1.6 Hz, 1 H) 7.23-7.30 (m, 1 H); MS ESVAPCI

Dual m/z 503[M+Na]".

(15)-2,3,4,6-Tetra-0-acetyl-1,5-anhydro-1-[5-bromo-2-hydroxy-4-(propan-2-yl)phenyl]-p-
glucitol (52a)

Ten-percent palladium on activated carbon (1.8 g) was added to a solution of compound 51a (19.1
g, 34.3 mmol) in methanol (200 mL), and the mixture was stirred under a hydrogen atmosphere at
room temperature for 2 hours. After the reaction mixture was filtered through celite, the solvent was
distilled off under reduced pressure and the resulting residue was purified using silica gel column
chromatography (hexane:ethyl acetate ratio = 2:1 — 1:1) to yield (/5)-2,3,4,6-tetra-O-acetyl-1,5-
anhydro-1-[2-hydroxy-4-(propan-2-yl)phenyl]-D-glucitol as a colorless amorphous substance (12.3 g).
Bromine (4.2 g, 26.3 mmol) was then added dropwise to a solution of (15)-2,3,4,6-tetra-O-acetyl-1,5-
anhydro-1-[2-hydroxy-4-(propan-2-yl)phenyl]-D-glucitol (12.3 g, 26.3 mmol) in acetic acid (120 mL)
at room temperature. The reaction mixture was stirred for 1.5 hours, and ice water (150 mL) was added.
This mixture was extracted twice with ethyl acetate, and the combined organic layers were washed
with saturated aqueous sodium bicarbonate and 10% aqueous sodium thiosulfate and brine and then
dried over anhydrous magnesium sulfate. After filtering off the desiccant, the solvent was distilled off
under reduced pressure. The resulting residue was dissolved in 2-propanol (20 mL), to which hexane
(50 mL) was then added dropwise. The mixture was stirred at 4°C for 1 hour, and the resulting
precipitate was filtered to obtain the titled compound (9.8 g, 52% in 2 steps) as a colorless powder.
"H NMR (300 MHz, CDCl3) 6 ppm 1.12-1.26 (m, 6 H) 1.89 (s, 3 H) 2.01 (s, 3 H) 2.07 (s, 3 H) 2.13

(s, 3 H) 3.22 (sept, J= 6.74 Hz, 1 H) 3.87 (ddd, J= 9.5, 3.7, 2.2 Hz, 1 H) 4.14-4.22 (m, 1 H) 4.28—
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4.36 (m, 1 H)4.53 (d, J=9.3 Hz, 1 H) 5.16-5.39 (m, 3 H) 6.82 (s, 1 H) 7.14 (s, 1 H); MS ESI/APCI

Dual m/z 567[M+Na]*.

(15)-2,3,4,6-Tetra-0-acetyl-1,5-anhydro-1-[S-bromo-2-methoxy-4-(propan-2-yl)phenyl]-p-
glucitol (52b)

Bromine (2.40 mL, 47.6 mmol) was added dropwise to an acetic acid (90 mL) solution of compound
51b (22.9 g, 47.7 mmol) at room temperature. The reaction mixture was stirred for 1 hour, and the
resulting reaction liquid was added to a saturated aqueous solution of sodium hydrogen carbonate (400
mL). The mixture was extracted twice with ethyl acetate, and the combined organic layer was washed
with a 10% saline solution; the system was then dried over anhydrous magnesium sulfate. The
desiccant was filtered out, and the solvent was distilled off under reduced pressure. The resulting
residue was purified using neutral silica gel column chromatography (hexane:ethyl acetate ratio = 3:2)
to obtain the titled compound as a light-yellow amorphous substance (25.5 g, 96%).

"H NMR (300 MHz, CDCl3) 6 ppm 1.20 (d, /= 6.8 Hz, 3 H) 1.23 (d, /= 6.8 Hz, 3 H) 1.80 (s, 3 H)
2.01 (s, 3 H) 2.05 (s, 3 H) 2.09 (s, 3 H) 3.31 (quin, J= 6.8 Hz, 1 H) 3.77-3.82 (m, 1 H) 3.83 (s, 3 H)
4.10-4.17 (m, 1 H) 4.22-4.30 (m, 1 H) 4.83 (d,/=9.5Hz, 1 H) 5.17-5.38 (m, 3 H) 6.75 (s, 1 H) 7.49

(s, 1 H); MS ESIVAPCI Dual m/z 581[M+Na]".

(15)-1,5-Anhydro-1-{5-bromo-4-(propan-2-yl)-2-[ (trimethylsilyl)oxy]|phenyl}-2,3,4,6-tetrakis-
O-(trimethylsilyl)-p-glucitol (53a)

Triethylamine (24 mL) and water (24 mL) were added to a solution of compound 52a (12.2 g, 22.3
mmol) in methanol (120 mL). The reaction mixture was stirred at room temperature for 15 hours and
then further stirred at 50°C for 10 hours; the solvent was distilled off under reduced pressure. The

resulting residue was dissolved in N,N-dimethylformamide (106 mL), to which triethylamine (18.6
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mL, 134 mmol) and chlorotrimethylsilane (14.3 mL, 112 mmol) were added at 4°C under a nitrogen
atmosphere. The reaction mixture was stirred at 4°C for 1 hour, followed by the addition of ice water
(150 mL). The mixture was extracted three times with toluene, and the combined organic layers were
washed with water and saturated aqueous sodium bicarbonate and brine and then dried over anhydrous
magnesium sulfate. After filtering off the desiccant, the solvent was distilled off under reduced
pressure to obtain the titled compound (17.4 g) as an oil. This compound was used in the next reaction
without purification. "H NMR (300 MHz, CDCl3) 6 ppm -0.28 (s, 9 H) 0.08 (s, 9 H) 0.19 (s, 9 H) 0.20
(s,9H)0.29(s,9H) 1.16 (d,J=6.8 Hz, 3 H) 1.21 (d, /= 6.8 Hz, 3 H) 3.17-3.37 (m, 1 H) 3.41-3.56

(m, 3 H) 3.62 - 3.72 (m, 1 H) 3.76-3.86 (m, 1 H) 4.46 (d, J= 8.2 Hz, 1 H) 6.64 (s, 1 H) 7.47 (s, 1 H).

(15)-1,5-Anhydro-1-[5-bromo-2-methoxy-4-(propan-2-yl)phenyl]-2,3,4,6-tetrakis-O-
(trimethylsilyl)-p-glucitol (53b)

A 25 wt.% sodium methoxide-methanol solution (1.0 mL, 4.9 mmol) was added to a methanol (250
mL) suspension of compound 52b (25.5 g, 45.6 mmol), and the mixture was stirred for 2 hours at
room temperature. Dry ice was placed in the reaction solution, and the solvent was distilled off under
reduced pressure. The resulting residue was dissolved in N,N-dimethylformamide (135 mL);
triethylamine (45 mL) and chlorotrimethylsilane (35 mL) were then added under ice cooling. The
reaction mixture was stirred for 2 hours at room temperature, and ice water was added. The mixture
was extracted twice with toluene, and the combined organic layer was washed with a saturated saline
solution; the system was then dried over anhydrous magnesium sulfate. The desiccant was filtered out,
and the solvent was distilled off under reduced pressure to obtain the titled compound as a brown oily
substance (30.3 g). This compound was used in the next reaction without purification. "H NMR (300
MHz, CDCl;3) 6 ppm -0.32 (s, 9 H) 0.09 (s, 9 H) 0.18 (s, 9 H) 0.20 (s, 9 H) 1.19 (d, /= 6.8 Hz, 3 H)

1.23 (d, J = 6.8 Hz, 3 H) 3.26-3.44 (m, 3 H) 3.52-3.58 (m, 2 H) 3.65-3.75 (m, 3 H) 3.76-3.83 (m, 1
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H) 3.80 (s, 3 H) 4.60 (d, J = 8.6 Hz, 1 H) 6.72 (s, 1 H) 7.51 (s, 1 H); MS ESVAPCI Dual m/z

701[M+Na]*.

(15)-2,3,4,6-Tetra-0-acetyl-1,5-anhydro-1-{5-[(4-bromophenyl)methyl]-2-methoxy-4-(propan-
2-yl)phenyl}-p-glucitol (55f)

A 2.7 M n-BU hexane solution (4.70 mL, 12.9 mmol) was added dropwise to a THF (40 mL) solution
of compound 53b (8.70 g, 12.9 mmol) at -78°C in an argon atmosphere, and the mixture was stirred
for 10 minutes at the same temperature. Then, a THF (25 mL) solution of 4-bromobenzaldehyde (37a)
(2.60 g, 14.2 mmol) was added dropwise over 15 minutes, and the mixture was stirred for 30 minutes
at the same temperature. A saturated aqueous solution of ammonium chloride was added to the reaction
liquid; after the mixture was warmed to room temperature, the warmed mixture was extracted twice
with ethyl acetate. The combined organic layer was washed with a saturated saline solution and dried
over anhydrous magnesium sulfate. The desiccant was filtered out, and the solvent was distilled off
under reduced pressure. The resulting residue was dissolved in a methanol (65 mL) solution containing
methanesulfonic acid (0.2 g), and the solution was stirred for 14 hours at room temperature. The
reaction liquid was neutralized with triethylamine (1.8 mL), and the reaction mixture was concentrated.
The resulting residue was purified using acidic silica gel column chromatography
(chloroform—chloroform:methanol ratio = 9:1) to obtain an intermediate compound (54f) as a
colorless amorphous substance (2.9 g). Compound 54f (2.9 g, 5.8 mmol) was dissolved in pyridine
(18 mL). Acetic anhydride (9 mL) was added to the resulting solution, and the mixture was stirred for
5 hours at room temperature. Ice water was added, and the mixture was extracted twice with ethyl
acetate. The combined organic layer was washed with 3 M hydrochloric acid and a saturated saline
solution and then dried over anhydrous magnesium sulfate. The desiccant was filtered out, and the

solvent was distilled off under reduced pressure to obtain a crude product (3.3 g). EtsSiH (1.1 mL, 7.1
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mmol) was added to a solution of the crude product (3.3 g) in chloroform (25 mL) and acetonitrile (25
mL), and the mixture was cooled with ice in a nitrogen atmosphere. Under ice cooling, BF3-OEt; (0.9
mL, 7.1 mmol) was added dropwise over 10 minutes, and the mixture was stirred for 30 minutes at
the same temperature. A saturated aqueous solution of sodium hydrogen carbonate was added to the
reaction liquid, and the mixture was extracted with chloroform. Then, the organic layer was washed
with a saturated saline solution and dried over anhydrous magnesium sulfate. The desiccant was
filtered out, and the solvent was distilled off under reduced pressure. The resulting residue was purified
using acidic silica gel column chromatography (hexane:ethyl acetate ratio = 9:1—6:4) to obtain the
titled compound as a colorless oil (2.9 g, 34% in 4 steps). 'H NMR (300 MHz, CDCl3) 6 ppm 1.04 (d,
J=6.8Hz,3H)1.09(d,/J=6.8 Hz, 3 H) 1.76 (s, 3 H) 2.01 (s, 3 H) 2.05 (s, 3 H) 2.06 (s, 3 H) 2.91—
3.06 (m, 1 H) 3.80-3.88 (m, 4 H) 3.91 (d, /= 5.1 Hz, 2 H) 4.064.18 (m, 1 H) 4.20-4.31 (m, 1 H)
4.82-4.93 (m, 1 H) 5.15-5.43 (m,3 H) 6.77 (s, 1 H) 6.92 (d, /J=8.6 Hz,2 H) 7.11 (s, 1 H) 7.36 (d, J

= 8.6 Hz, 2 H); MS ESI/APCI Dual m/z 671[M+Na]*.

(15)-2,3,4,6-Tetra-0-acetyl-1-[2-(acetyloxy)-5-[(4-bromophenyl)methyl]-4-(propan-2-
yD)phenyl]-1,5-anhydro-p-glucitol (55¢)

Compound 55e (56% in 4 steps) was obtained from 53a and 37a in a manner similar to that described
for 55f.
"H NMR (300 MHz, CDCI3) J ppm 1.06 (d, J = 6.8 Hz, 3H), 1.09 (d, J = 6.7 Hz, 3H), 1.77 (s, 3H),
2.01 (s, 3H), 2.04 (s, 3H), 2.07 (s, 3H), 2.36 (s, 3H), 2.95-3.05 (m, 1H), 3.75-3.83 (m, 1H), 3.96 (s,
2H), 4.08 (dd, J = 12.5, 2.2 Hz, 1H), 4.29 (dd, J = 12.5, 4.7 Hz, 1H), 4.51-4.58 (m, 1H), 5.15-5.24
(m, 1H), 5.28-5.34 (m, 2H), 6.91-6.98 (m, 3H), 7.15 (s, 1H), 7.38 (d, J = 8.2 Hz, 2H); MS ESI/APCI

Dual m/z 699[M+Na]".
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(15)-2,3,4,6-Tetra-0-acetyl-1-[2-(acetyloxy)-5-[(4-bromo-2-methylphenyl)methyl]-4-(propan-
2-yl)phenyl]-1,5-anhydro-p-glucitol (55g)

Compound 55¢g (50% in 4 steps) was obtained from 53a and 37¢ in a manner similar to that described
for 55f.
"H NMR (300 MHz, CDCl3) 6 ppm 1.12 (d, J= 6.7 Hz, 3 H) 1.14 (d, J = 6.7 Hz, 3 H) 1.76 (s, 3 H)
1.99 (s, 3 H) 2.03 (s, 3 H) 2.06 (s, 3 H) 2.27 (s, 3 H) 2.37 (s, 3 H) 2.93 (sept, ] = 6.7 Hz, 1 H) 3.76
(ddd, J=9.9,4.5,2.2 Hz, 1 H) 3.87 (s, 2 H) 4.06 (dd, J=12.5, 2.2 Hz, 1 H) 4.27 (dd, J=12.5, 4.5
Hz, 1 H)4.49 (d,/=9.6 Hz, 1 H) 5.10-5.33 (m, 3 H) 6.59 (d,/=8.4 Hz, 1 H) 6.97 (s, 1 H) 7.00 (s,

1 H) 7.20 (dd, J=8.4,2.5Hz, 1 H) 7.34 (d, J=2.5 Hz, 1 H); MS ESI/APCI Dual m/z 713[M+Na]".

(15)-2,3,4,6-Tetra-0O-acetyl-1,5-anhydro-1-{5-[(4-bromo-2-methylphenyl)methyl]-2-methoxy-
4-(propan-2-yl)phenyl}-p-glucitol (55h)

Compound 55h (53% in 4 steps) was obtained from 53b and 37¢ in a manner similar to that described
for 55f.
"H NMR (300 MHz, CDCl3)  ppm 1.11 (d, J= 6.7 Hz, 3 H) 1.14 (d, J = 6.7 Hz, 3 H) 1.75 (s, 3 H)
1.99 (s, 3 H) 2.04 (s, 3 H) 2.05 (s, 3 H) 2.28 (s, 3 H) 2.90 (sept, J = 6.7 Hz, 1 H) 3.71-3.90 (m, 3 H)
3.86 (s, 3H) 3.85-3.87 (m, 1 H) 4.054.15 (m, 1 H) 4.19-4.28 (m, 1 H) 4.77-4.85 (m, 1 H) 5.11-5.23
(m, 1 H) 5.26-5.37 (m, 2 H) 6.54 (d, /J=8.2Hz, 1 H) 6.81 (s, 1 H) 6.96 (s, 1 H) 7.17 (dd, /= 8.2, 2.6

Hz, 1 H) 7.32 (d, J= 2.6 Hz, 1 H); MS ESI/APCI Dual m/z 685[M+Na]".

(15)-1,5-Anhydro-1-{2-hydroxy-5-|(4-{(1 E)-4-[(1-hydroxy-2-methylpropan-2-yl)amino]-3,3-
dimethyl-4-oxobut-1-en-1-yl}phenyl)methyl]-4-(propan-2-yl)phenyl}-p-glucitol (56¢)
Compound 56e (49% in 2 steps) was obtained from 55e and 43 in a manner similar to that described

for 45a.
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'H NMR (600 MHz, CD;OD) J ppm 1.03 (d, J = 6.9 Hz, 6H) 1.26 (s, 6H) 1.33 (s, 6H) 3.02 (dt, J =
13.6, 6.7 Hz, 1H) 3.34 (s, 2H) 3.39-3.45 (m, 2H) 3.46-3.51 (m, 3H) 3.58 (t, /= 9.2 Hz, 1H) 3.71 (dd,
J=12.2,5.3 Hz, 1H) 3.87 (dd, /= 11.9, 1.8 Hz, 1H) 3.95 (s, 2H) 4.52 (d, J= 9.6 Hz, 1H) 6.34 (d, J =
16.5 Hz, 1H) 6.42 (s, 1H) 6.51 (d, J = 16.5 Hz, 1H) 6.76 (s, 1H) 7.06 (d, J = 8.3 Hz, 2H) 7.14 (s, 1H)
7.29 (d,J = 8.3 Hz, 2H); 1*C NMR (126 MHz, CD;0OD) 6 ppm 23.9, 24.1, 24.2,25.9, 30.3, 39.2, 46.5,
55.9, 63.1, 69.8, 71.9, 75.7, 78.9, 80.2, 82.5, 114.4, 124.0, 127.5, 129.8, 129.9, 130.5, 132.1, 135.0,
136.1, 143.1, 149.6, 155.8, 179.0; HRMS ESUAPCI Dual m/z: 572.3206 [M+H]* (caled for

C32H4sNOg 572.3218).

(185)-1,5-Anhydro-1-{5-[(4-{({ E)-4-[(1-hydroxy-2-methylpropan-2-yl)amino]-3,3-dimethyl-4-
oxobut-1-en-1-yl} phenyl)methyl]-2-methoxy-4-(propan-2-yl)phenyl}-p-glucitol (56f)

Compound 56f (54% in 2 steps) was obtained from 55f and 43 in a manner similar to that described
for 45a.
"H NMR (600 MHz, CD30D) ¢ ppm 1.08 (t, J = 6.0 Hz, 6H) 1.26 (s, 6H) 1.34 (s, 7H) 3.06-3.15 (m,
1H) 3.38 (d, J=4.6 Hz, 1H) 3.47 (s, 2H) 3.56 (t, /= 9.2 Hz, 1H) 3.65 (d, J=10.6 Hz, 1H) 3.81-3.88
(m, 3H) 3.98 (s, 2H) 4.65 (d, J=9.6 Hz, 1H) 6.34 (d, /= 16.1 Hz, 1H) 6.42 (s, 1H) 6.52 (d, J=15.6
Hz, 1H) 6.88 (s, 1H) 7.07 (d, J = 7.8 Hz, 2H) 7.23 (s, 1H) 7.30 (d, J = 6.4 Hz, 2H); '3C NMR (126
MHz, CD30D) ¢ ppm 23.9, 24.1, 24.2, 25.9, 30.7, 39.2, 46.5, 55.9, 56.5, 63.4, 69.8, 72.3, 75.9, 76.8,
80.3, 82.5, 109.8, 126.2, 127.5, 129.9, 130.5, 130.8, 132.1, 135.0, 136.2, 142.9, 149.8, 158.7, 179.0;

HRMS ESI/APCI Dual m/z: 586.3347 [M+H]" ( caled for C33H47NOs 586.3374).

(18)-1,5-Anhydro-1-{2-hydroxy-5-[(4-{(1 E)-4-|(1-hydroxy-2-methylpropan-2-yl)amino]-3,3-
dimethyl-4-oxobut-1-en-1-yl}-2-methylphenyl)methyl]-4-(propan-2-yl)phenyl}-p-glucitol (56g)

Compound 56g (48% in 2 steps) was obtained from 55g and 43 in a manner similar to that described
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for 45a.

"H NMR (600 MHz, CD3;0D) ¢ ppm 1.10 (d, J = 6.9 Hz, 6H) 1.27 (s, 7H) 1.34 (s, 6H) 2.31 (s, 3H)
2.89-2.96 (m, 1H) 3.34 (s, 1H) 3.37-3.39 (m, 2H) 3.43-3.49 (m, 2H) 3.52-3.56 (m, 1H) 3.66-3.70
(m, 1H) 3.81-3.90 (m, 3H) 4.46 (d, J=9.6 Hz, 1H) 6.32-6.36 (m, 1H) 6.42 (s, 1H) 6.50 (d, J = 16.1
Hz, 1H) 6.75 (d, J = 7.8 Hz, 1H) 6.80 (s, 1H) 6.96 (s, 1H) 7.07-7.12 (m, 1H) 7.23 (s, 1H); *C NMR
(126 MHz, CD30D) ¢ ppm 20.0, 23.9, 24.1, 24.2, 26.0, 30.3, 36.3, 46.5, 55.9, 63.1, 69.8, 71.9, 75.5,
79.2, 80.2, 82.4, 114.3, 124.0, 125.0, 129.1, 129.2, 130.2, 130.7, 131.8, 134.7, 136.2, 137.6, 140.8,

149.6, 155.7,179.0; HRMS ESI/APCI Dual m/z: 586.3354 [M+H]* ( calcd for C33H47NOg 586.3374).

(18)-1,5-Anhydro-1-{5-[(4-{(1 E)-4-[(1-hydroxy-2-methylpropan-2-yl)amino]-3,3-dimethyl-4-
oxobut-1-en-1-yl}-2-methylphenyl)methyl]-2-methoxy-4-(propan-2-yl)phenyl}-p-glucitol (56h)

Compound 56h (38% in 2 steps) was obtained from 55h and 43 in a manner similar to that described
for 45a.
"H NMR (600 MHz, CD30D) é ppm 1.12-1.17 (m, 6H) 1.27 (s, 5H) 1.34 (s, 5H) 2.32 (s, 3H) 2.96—
3.02 (m, 1H) 3.34-3.37 (m, 2H) 3.43-3.53 (m, 3H) 3.59-3.65 (m, 1H) 3.80-3.85 (m, 3H) 3.92 (s, 1H)
4.61 (d,J=9.6 Hz, 1H) 6.34 (d, J=16.5 Hz, 1H) 6.42 (s, 1H) 6.50 (d, J=16.5 Hz, 1H) 6.74 (d, J =
7.8 Hz, 1H) 6.92 (s, 1H) 7.04-7.11 (m, 2H) 7.23 (s, 1H); MS ESI/APCI Dual m/z 600[M+H]", 598[M-

HJ.

Methyl N-(2,2-dimethylbut-3-enoyl)-2-methylalaninate (58)

Oxalyl chloride (4.43 mL, 49.9 mmol) and N,N-dimethylformamide (3 drops) were added to a
chloroform (250 mL) solution of 2,2-dimethyl-3-butenoic acid (41) (5.42 g, 47.5 mmol) in a nitrogen
atmosphere, and the mixture was stirred for 1.5 hours at room temperature. The reaction mixture was

cooled with ice, and triethylamine (19.9 mL, 143 mmol) and a-aminoisobutyric acid methyl ester
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hydrochloride (57) (10.9 g, 71.2 mmol) were added; the mixture was then stirred for 1 hour at room
temperature. Water was added to the reaction liquid, and the mixture was extracted with chloroform.
Then, the organic layer was washed with 3 M hydrochloric acid, a saturated aqueous solution of
sodium hydrogen carbonate, and a saturated saline solution and dried over anhydrous magnesium
sulfate. The desiccant was filtered out, and the solvent was distilled off under reduced pressure. The
resulting residue was purified using silica gel column chromatography (hexane—hexane:ethyl acetate
ratio = 4:1) to obtain the titled compound as a colorless powder (9.38 g, 93%). 'H NMR (300 MHz,
CDCl3) 6 ppm 1.27 (s, 6 H) 1.51 (s, 6 H) 3.73 (s, 3 H) 5.17-5.32 (m, 2 H) 6.02 (dd, /= 17.6, 10.6 Hz,

1 H) 6.25 (s, 1 H); MS ESI/APCI Dual m/z 214[M+H]".

N-(2,2-Dimethylbut-3-enoyl)-2-methylalanine (59)

A 4 M aqueous solution of sodium hydroxide (16.5 mL, 66.0 mmol) was added to a methanol (20
mL) solution of compound 58 (9.38 g. 43.9 mmol), and the mixture was stirred for 1 hour at room
temperature. Then, the reaction mixture was concentrated. The resulting residue was dissolved in water,
and the solution was neutralized by the addition of 3 M hydrochloric acid. The mixture was extracted
twice with ethyl acetate, and the combined organic layer was washed with a saturated saline solution
and dried over anhydrous magnesium sulfate. The desiccant was filtered out, and the solvent was
distilled off under reduced pressure to obtain the titled compound as a colorless powder (8.19 g, 94%).
"H NMR (300 MHz, CDCI3) 6 ppm 1.29 (s, 6 H) 1.54 (s, 6 H) 5.16-5.36 (m, 2 H) 6.01 (dd, J=17.5,

10.7 Hz, 1 H) 6.14 (s, 1 H); MS ESUAPCI Dual m/z 200[M+H]", 222[M+Na]".

2-{[(3E)-4-(4-{|4-Methoxy-2-(propan-2-yl)-5-{(2S,3S,4R,5R,6R)-3,4,5-tris(acetyloxy)-6-
[(acetyloxy)methyl]oxan-2-yl} phenylJmethyl}phenyl)-2,2-dimethylbut-3-enoyl]amino}-2-

methylpropanoic acid (60a)
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In an argon atmosphere, an acetonitrile (36 mL) suspension of compound 59 (1.20 g, 1.85 mmol),
compound 55f (2.59 g, 13.0 mmol), palladium (II) acetate (44 mg, 0.19 mmol), tri-o-tolylphosphine
(112 mg, 0.370 mmol), and triethylamine (1.30 mL, 9.25 mmol) was stirred for 30 minutes at 120°C
under microwave irradiation. The reaction mixture was filtered using Celite (registered trademark)
and washed with ethyl acetate. The filtrate was concentrated under reduced pressure, and the resulting
residue  was  purified  using  neutral silica  gel  column  chromatography
(chloroform—chloroform:methanol ratio = 9:1) to obtain the titled compound as a partially purified
product (1.5 g). The titled compound (1.5 g) was further purified using neutral silica gel column
chromatography (hexane:ethyl acetate ratio = 7:3—2:8) to obtain the titled compound as a light-yellow
amorphous substance (854 mg, 60%). '"H NMR (300 MHz, CDCls) 6 ppm 1.08 (d, J = 6.8 Hz, 3 H)
1.12(d,J=6.8 Hz,3H) 1.38 (s, 6 H) 1.53 (s, 6 H) 1.77 (s, 3 H) 2.00 (s, 3 H) 2.05 (s, 6 H) 3.06 (quin,
J=6.6Hz, 1 H)3.78-3.83 (m, 1 H) 3.84 (s, 3 H) 3.97 (s, 2 H) 4.074.18 (m, 1 H) 4.17-4.27 (m, 1 H)
4.87(dd,J=6.8,2.9 Hz, 1 H) 5.16-5.25 (m, 1 H) 5.27-5.40 (m, 2 H) 6.18-6.33 (m, 2 H) 6.54 (d, /=
16.5 Hz, 1 H) 6.77 (s, 1 H) 7.03 (d, J = 8.1 Hz, 2 H) 7.10 (s, 1 H) 7.29 (d, J = 8.1 Hz, 2 H); MS

ESI/APCI Dual m/z 768[M+H]", 790[M+Na]".

2-{[{(3E)-4-(4-{[4-(Acetyloxy)-2-(propan-2-yl)-5-{(2S,3S,4R,5R,6 R)-3,4,5-tris(acetyloxy)-6-
[(acetyloxy)methyl]oxan-2-yl}phenyl|methyl}phenyl)-2,2-dimethylbut-3-enoyl]amino}-2-
methylpropanoic acid (60b)

Compound 60b (78%) was obtained from 55g and 59 in a manner similar to that described for 60a.
"H NMR (300 MHz, CDCI3) é ppm 1.16, 1.18 (each d, J= 6.84 Hz, 3 H) 1.40 (s, 6 H) 1.54-1.58 (m,
6 H) 1.76 (s,3H) 1.99 (s, 3 H) 2.03 (s, 3 H) 2.05 (s, 3 H) 2.28 (s, 3 H) 2.36 (s, 3 H) 2.98-3.10 (m, 1
H) 3.71-3.79 (m, 1 H) 3.94 (s, 2 H) 4.01-4.08 (m, 1 H) 4.24 (dd, J=124,45Hz, 1 H) 447 (d, J=

9.2Hz, 1 H)5.07-5.32 (m, 3 H) 6.31 (d, /=163 Hz, 1 H) 6.35 (s, 1 H) 6.55(d,J=16.3 Hz, 1 H) 6.77
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(d,J=7.6 Hz, 1 H) 6.92 (s, 1 H) 6.99 (s, 1 H) 7.12-7.18 (m, 1 H) 7.26 (s, 1 H); MS ESIAPCI Dual

m/z 810[M+H]*, 832[M+Na]*.

2-{[(3E)-4-(4-{|4-Methoxy-2-(propan-2-yl)-5-{(2S,3S,4R,5R,6R)-3,4,5-tris(acetyloxy)-6-
[(acetyloxy)methyl]oxan-2-yl}phenyl]methyl}-3-methylphenyl)-2,2-dimethylbut-3-
enoyl]amino}-2-methylpropanoic acid (60c)

Compound 60c¢ (87%) was obtained from 55h and 59 in a manner similar to that described for 60a.
"H NMR (300 MHz, CDCl3) § ppm 1.17, 1.14 (each d, J=7.0 Hz, 3 H) 1.38 (s, 6 H) 1.55 (s, 6 H) 1.76
(s,3H) 1.98 (s, 3 H) 2.04 (s, 6 H) 2.30 (s, 3 H) 2.94-3.03 (m, 1 H) 3.76-3.83 (m, 1 H) 3.84-3.95 (m,
4 H) 4.064.15 (m, 1 H) 4.16-4.25 (m, 1 H) 4.81 (d, /=9.8 Hz, 1 H) 5.12-5.20 (m, 1 H) 5.23-5.35
(m, 2 H) 6.29 (s, 1H) 6.31 (d, /=163 Hz, 1 H) 6.52 (d,J=16.3 Hz, 1 H) 6.67 (d, /J=8.1 Hz, 1 H)
6.81 (s, 1 H) 6.94 (s, | H) 7.06-7.14 (m, 1 H) 7.24 (s, 1| H); MS ESI/APCI Dual m/z 782[M+H]",

804[M+Na]".

(15)-2,3,4,6-Tetra-0-acetyl-1,5-anhydro-1-{5-[(4-{(1 E)-4-[(1-{| 2-
(dimethylamino)ethyl]amino}-2-methyl-1-oxopropan-2-yl)amino]-3,3-dimethyl-4-oxobut-1-en-
1-yl}phenyl)methyl]-2-methoxy-4-(propan-2-yl)phenyl}-p-glucitol (61d)

WSCI-HCI (37.0 mg, 0.20 mmol) was added to a chloroform (1.5 mL)/N,N-dimethylformamide (1.5
mL) solution of compound 60a (100 mg, 0.130 mmol), 1-hydroxybenzotriazole monohydrate
(HOBt-H20) (30 mg, 0.20 mmol), and N,N-dimethylethylenediamine (42 pL, 0.39 mmol), and the
mixture was stirred overnight at room temperature. The reaction mixture was poured into water, and
the mixture was extracted twice with ethyl acetate. The combined organic layer was washed with a
saturated saline solution and dried over anhydrous magnesium sulfate. The desiccant was filtered out,

and the solvent was distilled off under reduced pressure. The resulting residue was purified using
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neutral silica gel column chromatography (hexane:ethyl acetate = 7:3—2:8) to obtain the titled
compound as a colorless amorphous substance (103 mg, 94%). '"H NMR (300 MHz, CDCls)  ppm
1.05(d,J=6.8 Hz,3 H) 1.10 (d, /= 6.8 Hz, 3 H) 1.38 (s, 6 H) 1.49 (s, 6 H) 1.77 (s, 3 H) 2.00 (s, 3
H) 2.05 (s, 3 H) 2.06 (s, 3 H) 2.46 (s, 6 H) 2.64-2.78 (m, 2 H) 3.04 (sept, J = 6.8 Hz, 1 H) 3.38-3.49
(m, 2 H) 3.78-3.83 (m, 1 H) 3.85 (s, 3 H) 3.87—4.04 (m, 2 H) 4.08-4.18 (m, 1 H) 4.18-4.30 (m, 1 H)
4.87(d,J=9.5Hz,1H)5.16-5.27 (m, 1 H) 5.28-5.44 (m, 2 H) 6.35 (s, 1 H) 6.40-6.57 (m, 2 H) 6.77
(s, 1 H)7.01 (d,J=8.2Hz 2 H) 7.13 (s, | H) 7.32 (d, J= 8.2 Hz, 2 H) 7.40 (s, 1 H); MS ESI/APCI

Dual m/z 839[M+H]".

(15)-2,3,4,6-Tetra-0-acetyl-1,5-anhydro-1-[5-({4-[({ E)-3,3-dimethyl-4-{[2-methyl-1-0x0-1-
(piperazin-1-yl)propan-2-ylJamino}-4-oxobut-1-en-1-yl]phenyl} methyl)-2-methoxy-4-(propan-
2-yl)phenyl]-p-glucitol (61e)

Compound 61e (55%) was obtained from 60a and piperazine in a manner similar to that described
for 61d. '"H NMR (300 MHz, CDCI3) ¢ ppm 1.06 (d, /= 6.6 Hz, 3 H) 1.11 (d, /= 6.6 Hz, 3 H) 1.35
(s, 6 H) 1.77 (s, 6 H) 2.00 (s, 3 H) 2.04 (s, 3 H) 2.06 (s, 3 H) 2.25 (s, 2 H) 2.78-2.88 (m, 4 H) 2.96—
3.12 (m, 1 H) 3.55-3.65 (m, 4 H) 3.78-3.88 (m, 1 H) 3.85 (s, 3 H) 3.88-4.04 (m, 2 H) 4.09-4.18 (m,
1 H) 4.204.30 (m, 1 H) 4.88 (d, J=9.5 Hz, 1 H) 5.15-5.27 (m, 1 H) 5.28-5.44 (m, 2 H) 6.22-6.33
(m, 1 H) 6.41-6.55 (m, 1 H) 6.72—6.85 (m, 2 H) 6.96-7.06 (m, 2 H) 7.14 (s, 1 H) 7.23-7.32 (m, 2 H);

MS ESI/APCI Dual m/z 836[M+H]".

(15)-2,3,4,6-Tetra-0-acetyl-1,5-anhydro-1-[5-({4-[({ E)-3,3-dimethyl-4-{[2-methyl-1-(4-
methylpiperazin-1-yl)-1-oxopropan-2-yljamino}-4-oxobut-1-en-1-yl|phenyl} methyl)-2-
methoxy-4-(propan-2-yl)phenyl]-p-glucitol (61f)

Compound 61f (95%) was obtained from 60a and 1-methylpiperazine in a manner similar to that
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described for 61d. "H NMR (300 MHz, CDCls) 5 ppm 1.05 (d, J = 6.8 Hz, 3 H) 1.10 (d, /= 6.8 Hz, 3
H) 1.36 (s, 6 H) 1.59 (s, 6 H) 1.77 (s, 3 H) 2.00 (s, 3 H) 2.05 (s, 3 H) 2.06 (s, 3 H) 2.26 (s, 3 H) 2.32—
2.40 (m, 4 H) 2.96-3.12 (m, 1 H) 3.59-3.71 (m, 4 H) 3.79-3.84 (m, 1 H) 3.85 (s, 3 H) 3.90-4.05 (m,
2 H)4.10-4.16 (m, 1 H) 4.21-4.28 (m, 1 H) 4.87 (d, J= 9.6 Hz, | H) 5.16-5.27 (m, 1 H) 5.29-5.44
(m, 2 H) 6.28 (d, J= 16.4 Hz, 1 H) 6.49 (d, J=16.4 Hz, 1 H) 6.77 (s, 1 H) 6.83 (s, 1 H) 7.01 (d, J =

8.1 Hz, 2 H) 7.13 (s, 1 H) 7.25-7.32 (m, 2 H); MS ES/APCI Dual m/z 850[M+H]".

(15)-2,3,4,6-Tetra-0-acetyl-1-|2-(acetyloxy)-5-[(4-{(I E)-3,3-dimethyl-4-[ (2-methyl-1-{[2-
(methylamino)ethyl]amino}-1-oxopropan-2-yl)amino|-4-oxobut-1-en-1-yl}-2-
methylphenyl)methyl]-4-(propan-2-yl)phenyl]-1,5-anhydro-p-glucitol (61g)

Compound 61g (61%) was obtained from 60b and N,N-dimethylethylenediamine in a manner similar
to that described for 61d. '"H NMR (300 MHz, CDCl3)  ppm 1.13, 1.15 (each d, J = 6.9 Hz, each 3
H) 1.38 (s, 6 H) 1.53 (s, 6 H) 1.77 (s, 3 H) 1.99 (s, 3 H) 2.03 (s, 3 H) 2.05 (s, 3 H) 2.23 (s, 6 H) 2.31
(s,3H)2.37(s,3H)2.41 (t,J=5.7Hz,2 H) 2.90-3.03 (m, 1 H) 3.25-3.34 (m, 2 H) 3.71-3.80 (m, 1
H)3.92 (s,2 H)4.05(dd, J=12.6,2.2 Hz, 1 H) 4.23-4.32 (m, 1 H) 4.44-4.52 (m, 1 H) 5.11-5.20 (m,
1 H) 5.22-5.33 (m, 2 H) 6.33 (d, /J=16.6 Hz, 1 H) 6.41 (s, 1 H) 6.51 (d, J=16.6 Hz, 1 H) 6.68 (d, J
=7.8Hz, 1 H)6.77 (s, 1 H) 7.00 (s, 2 H) 7.12 (d, J= 7.8 Hz, 1 H) 7.26 (s, 1 H); MS ESI/APCI Dual

m/z 880[M+H]", 902[M+Na]".

(15)-2,3,4,6-Tetra-0-acetyl-1-[2-(acetyloxy)-5-({4-[ (1 E)-3,3-dimethyl-4-{[2-methyl-1-0x0-1-
(piperazin-1-yl)propan-2-yl|]amino}-4-oxobut-1-en-1-yl]-2-methylphenyl} methyl)-4-(propan-2-
yDphenyl]-1,5-anhydro-p-glucitol (61h)

Compound 61h (47%) was obtained from 60b and piperazine in a manner similar to that described

for 61d. '"H NMR (300 MHz, CDCl3) é ppm 1.14, 1.16 (each d, J = 7.0 Hz, each 3 H) 1.38 (s, 6 H)
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1.61 (s, 6 H) 1.71 (s, 3 H) 1.99 (s, 3 H) 2.05 (s, 3 H) 2.12 (s, 3 H) 2.27 (s, 3 H) 2.79-2.87 (m, 4 H)
2.87-2.99 (m, 1 H) 3.56-3.66 (m, 4 H) 3.75-3.94 (m, 3 H) 4.12-4.20 (m, 1 H) 4.25-4.34 (m, 1 H)
4.44-4.52 (m, 1 H) 5.23-5.32 (m, 3 H) 6.30 (d, /= 16.3 Hz, 1 H) 6.48 (d, /= 16.3 Hz, 1 H) 6.53 (s, |
H) 6.68 (d,J="7.8 Hz, 1 H) 6.88 (s, 1 H) 6.97 (s, 1 H) 7.05-7.12 (m, 1 H) 7.22 (s, 1 H); MS ESVAPCI

Dual m/z 836[M+H]", 858[M+Na]*.

(15)-2,3,4,6-Tetra-0-acetyl-1-[2-(acetyloxy)-5-({4-[ (1 E)-3,3-dimethyl-4-{|2-methyl-1-(4-
methylpiperazin-1-yl)-1-oxopropan-2-yl]amino}-4-oxobut-1-en-1-yl]-2-methylphenyl} methyl)-
4-(propan-2-yl)phenyl]-1,5-anhydro-p-glucitol (61i)

Compound 61i (61%) was obtained from 60b and 1-methylpiperazine in a manner similar to that
described for 61d. '"H NMR (300 MHz, CDCI3) § ppm 1.13, 1.15 (each d, J = 6.8 Hz, each 3 H) 1.37
(s, 6 H)1.60 (s, 6 H) 1.77 (s, 3 H) 1.99 (s, 3 H) 2.03 (s, 3 H) 2.05 (s, 3 H) 2.27 (s, 3 H) 2.30 (s, 3 H)
2.33-2.41 (m, 7 H) 2.88-3.04 (m, 1 H) 3.60-3.70 (m, 4 H) 3.72-3.80 (m, 1 H) 3.92 (s, 2 H) 4.05 (dd,
J=12.6,2.3 Hz, 1 H) 427 (dd, J=12.6, 4.5 Hz, 1 H) 4.43-4.54 (m, 1 H) 5.10-5.20 (m, 1 H) 5.22—
532 (m,2H)6.31(d,/J=16.5Hz, 1H)6.49(d,J=16.5Hz, 1H) 6.68 (d,/J=8.1 Hz, 1 H) 6.86 (s, 1

H) 7.00 (s, 2 H) 7.08-7.14 (m, 1 H) 7.24 (s, 1 H); MS ES/APCI Dual m/z 892[M+H]*, 914[M+Na]".

(15)-2,3,4,6-Tetra-0-acetyl-1-[2-(acetyloxy)-5-({4-[ (1 E)-4-({1-[(2-amino-2-
methylpropyl)amino]-2-methyl-1-oxopropan-2-yl}amino)-3,3-dimethyl-4-oxobut-1-en-1-yl]-2-
methylphenyl}methyl)-4-(propan-2-yl)phenyl]-1,5-anhydro-p-glucitol (61}))

Compound 61j (21%) was obtained from 60b and 1,2-diamino-2-methylpropane in a manner similar
to that described for 61d. "H NMR (300 MHz, CDCl3) d ppm 1.11-1.17 (m, 6 H) 1.11 (s, 6 H) 1.39 (s,
6H)1.53(s,6 H) 1.77(s,3H) 1.99 (s,3H) 2.03 (s,3 H) 2.05 (s, 3H) 2.31 (s, 3 H) 2.37 (s, 3 H) 2.89-

3.05 (m, 1 H)3.14 (d,J= 5.9 Hz, 2 H) 3.76 (ddd, /= 9.7, 4.5, 2.1 Hz, 1 H) 3.93 (s, 2 H) 4.05 (dd, J =
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12.5,2.1 Hz, 1 H) 4.27 (dd, J=12.5,4.5Hz, 1 H)4.49 (d,J=7.5Hz, 1 H) 5.11-5.20 (m, 1 H) 5.23—
531 (m,2 H) 6.26 (s, 1 H) 6.29-6.38 (m, 1 H) 6.48-6.57 (m, 1 H) 6.69 (d, /J=7.9 Hz, 1 H) 6.97-7.03

(m, 3 H) 7.12 (d, J="7.9 Hz, 1 H) 7.25 (s, 1 H); MS ES/APCI Dual m/z 880[M+H]".

(15)-2,3,4,6-Tetra-0-acetyl-1,5-anhydro-1-{5-[(4-{(1E)-4-[(1-{]2-
(dimethylamino)ethyl]amino}-2-methyl-1-oxopropan-2-yl)amino]-3,3-dimethyl-4-oxobut-1-en-
1-yl}-2-methylphenyl)methyl]-2-methoxy-4-(propan-2-yl)phenyl}-p-glucitol (61Kk)

Compound 61k (74%) was obtained from 60c and N,N-dimethylethylenediamine in a manner similar
to that described for 61d. '"H NMR (300 MHz, CDCls) d ppm 1.12, 1.14 (each d, J = 6.8 Hz, each 3
H) 1.37 (s, 6 H) 1.51 (s, 6 H) 1.76 (s, 3 H) 1.99 (s, 3 H) 2.04 (s, 3 H) 2.04 (s, 3 H) 2.23 (s, 6 H) 2.32
(s,3H)2.41 (t,J=6.2Hz, 2 H) 2.86-2.99 (m, 1 H) 3.25-3.33 (m, 2 H) 3.76-3.90 (m, 6 H) 4.074.15
(m, 1 H) 4.18-4.26 (m, 1 H) 4.76-4.85 (m, 1 H) 5.13-5.22 (m, 1 H) 5.26-5.36 (m, 2 H) 6.31 (d, /=
16.5Hz, 1 H) 6.37 (s, 1 H) 6.50 (d, J=16.5 Hz, 1 H) 6.61-6.67 (m, 1 H) 6.81 (s, 1 H) 6.99 (s, 1 H)

7.06-7.12 (m, 1 H) 7.24 (s, 1 H); MS ES/APCI Dual m/z 852[M+H]".

(15)-2,3,4,6-Tetra-0-acetyl-1,5-anhydro-1-[5-({4-[({ E)-3,3-dimethyl-4-{[2-methyl-1-0x0-1-
(piperazin-1-yl)propan-2-yl|]amino}-4-oxobut-1-en-1-yl]-2-methylphenyl} methyl)-2-methoxy-4-
(propan-2-yl)phenyl]-p-glucitol (611)

Compound 611 (38%) was obtained from 60c¢ and piperazine in a manner similar to that described
for 61d. '"H NMR (300 MHz, CDCl3) 6 ppm 1.12, 1.14 (each d, J = 7.0 Hz, each 3 H) 1.37 (s, 6 H)
1.58 (s, 6 H) 1.76 (s, 3 H) 1.99 (s, 3 H) 2.04 (s, 3 H) 2.04 (s, 3 H) 2.32 (s, 3 H) 2.79-2.86 (m, 4 H)
2.88-2.99 (m, 1 H) 3.57-3.64 (m, 4 H) 3.76-3.95 (m, 6 H) 4.07-4.14 (m, 1 H) 4.184.26 (m, 1 H)
4.77-4.84 (m, 1 H) 5.13-5.22 (m, 1 H) 5.26-5.37 (m, 2 H) 6.29 (d,J=16.2 Hz, 1 H) 6.49 (d, J=16.2

Hz, 1 H) 6.64 (d,J=7.9 Hz, 1 H) 6.77-6.83 (m, 2 H) 6.99 (s, 1 H) 7.05-7.11 (m, 1 H) 7.22 (s, 1 H);
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MS ESI/APCI Dual m/z 850[M+H]", 872[M+Na]".

(15)-2,3,4,6-Tetra-0-acetyl-1,5-anhydro-1-[5-({4-[({ E)-3,3-dimethyl-4-{[2-methyl-1-(4-
methylpiperazin-1-yl)-1-oxopropan-2-yl]amino}-4-oxobut-1-en-1-yl]-2-methylphenyl} methyl)-
2-methoxy-4-(propan-2-yl)phenyl]-p-glucitol (61m)

Compound 61m was obtained as a crude product from 60c¢ and 1-methylpiperazine in a manner
similar to that described for 61d. "H NMR (300 MHz, CDCls) 6 ppm 1.12 (d, J= 8.5 Hz, 3 H) 1.15 (d,
J=8.5Hz,3H) 136 (s,6 H) 1.56 (s, 6 H) 1.77 (s, 3 H) 1.99 (s, 3 H) 2.04 (s, 6 H) 2.30 (s, 3 H) 2.32
(s, 3 H) 2.38-2.50 (m, 4 H) 2.85-3.02 (m, 1 H) 3.61-3.74 (m, 4 H) 3.76-3.84 (m, 1 H) 3.81-3.96 (m,
1H)3.86(s,3H)4.07-4.15 (m, 1 H)4.18-4.27 (m, 1 H) 4.75-4.88 (m, 1 H) 5.11-5.24 (m, 1 H) 5.26—
5.37 (m, 2 H) 6.22-6.38 (m, 1 H) 6.43-6.54 (m, 1 H) 6.59—-6.70 (m, 2 H) 6.81 (s, 1 H) 6.96-7.02 (m,

1 H) 7.04-7.12 (m, 1 H) 7.20-7.26 (m, 1 H).

(15)-2,4,6-Tri-O-acetyl-1-[5-({4-[(1 E)-4-({1-[(2-amino-2-methylpropyl)amino]-2-methyl-1-
oxopropan-2-yl}amino)-3,3-dimethyl-4-oxobut-1-en-1-yl]-2-methylphenyl} methyl)-2-methoxy-
4-(propan-2-yl)phenyl]-1,5-anhydro-3-O-formyl-p-glucitol (61n)

Compound 61n (99%) was obtained from 60c and 1,2-diamino-2-methylpropane in a manner similar
to that described for 61d. '"H NMR (300 MHz, CDCl3) 6 ppm 1.10 (s, 6 H) 1.12 (d, J = 6.8 Hz, 3 H)
1.14(d,J=6.8 Hz,3H) 1.36 (s, 6 H) 1.56 (s, 6 H) 1.77 (s, 3 H) 1.99 (s, 3 H) 2.04 (s, 6 H) 2.30 (s, 3
H) 2.85-3.02 (m, 1 H) 3.13 (d, J=5.91 Hz, 2 H) 3.76-3.84 (m, 1 H) 3.81-3.96 (m, 1 H) 3.86 (s, 3 H)
4.07-4.15 (m, 1 H) 4.18-4.27 (m, 1 H) 4.75-4.88 (m, 1 H) 5.11-5.24 (m, 1 H) 5.26-5.37 (m, 2 H)
6.22-6.38 (m, 1 H) 6.43-6.54 (m, 1 H) 6.59-6.70 (m, 1 H) 6.81 (s, 1 H) 6.96-7.02 (m, 2 H) 7.04-7.12

(m, 1 H) 7.20-7.26 (m, 1 H).
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(15)-1,5-Anhydro-1-{5-[(4-{({ E)-4-|(1-{[2-(dimethylamino)ethyl]amino}-2-methyl-1-
oxopropan-2-yl)amino]-3,3-dimethyl-4-oxobut-1-en-1-yl} phenyl)methyl]-2-methoxy-4-(propan-
2-y)phenyl}-p-glucitol (62d)

A triethylamine/water/methanol mixture (1/1/5, 2.5 mL) was added to compound 61d (103 mg, 0.12
mmol). The reaction mixture was stirred for 17 hours at room temperature, and the solvent was distilled
off under reduced pressure. The resulting residue was purified using neutral silica gel column
chromatography (chloroform—-chloroform:methanol ratio = 8:2) to obtain the titled compound as a
colorless amorphous substance (62.1 mg, 75%). mp = 111°C, 'H NMR (600 MHz, CD30OD) ¢ ppm
1.07(d,J=5.0Hz,3H) 1.09 (d,/=5.0Hz,3H) 1.36 (s, 6 H) 1.44 (s, 6 H) 2.23 (s, 6 H) 2.41 (t, J =
6.9 Hz, 2 H) 3.10 (quin, J= 6.8 Hz, 1 H) 3.26 — 3.30 (m, 2 H) 3.38 (d, /= 6.0 Hz, 2 H) 3.45 — 3.52
(m, 1 H) 3.54 - 3.60 (m, 1 H) 3.62 —3.69 (m, 1 H) 3.79 — 3.89 (m, 4 H) 3.99 (s, 2 H) 4.65 (d, /=9.6
Hz, 1 H)6.39 (d,/J=16.5Hz, 1 H) 6.52 (d,J=16.5Hz, 1 H) 6.88 (s, 1 H) 7.07 (d, /= 8.3 Hz, 2 H)
7.23 (s, 1 H) 7.31 (d, J = 8.3 Hz, 2 H); 3C NMR (126 MHz, CD30OD) ¢ ppm 24.1, 25.3, 25.7, 30.7,
38.4,39.3,45.6,46.1, 56.5, 58.1, 59.2, 63.4, 72.3, 75.9, 76.9, 80.3, 82.6, 109.8, 126.3, 127.5, 129.9,
130.4, 130.8, 132.1, 134.8, 136.3, 142.8, 149.8, 158.7, 177.2, 178.4; IR (KBr) v~ = 3370, 2962, 2868,
1660, 1506, 1463, 1364, 1278, 1207, 1087, 1040 cm™'; HRMS ESI/APCI Dual m/z: 670.4057 [M+H]"

(caled for C37HssN3Os 670.4062); [a] 5= +5 (c = 0.10, MeOH).

(15)-1,5-Anhydro-1-[5-({4-[(1 E)-3,3-dimethyl-4-{|2-methyl-1-0x0-1-(piperazin-1-yl)propan-2-
yllamino}-4-oxobut-1-en-1-yl|phenyl} methyl)-2-methoxy-4-(propan-2-yl)phenyl]-p-glucitol
(62e)

Sodium methoxide (4.88 M/MeOH, 10 uL) was added to a solution of compound 61e (90 mg, 0.11
mmol) in methanol (2.0 mL), and the mixture was stirred at room temperature for 1 hour. A small

amount of dry ice was added to neutralize the reaction mixture, and the solvent was distilled off under
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reduced pressure. The resulting residue was purified using NH-type silica gel column chromatography
(chloroform:methanol ratio = 9:1 — 6:4) to obtain the titled compound as a colorless amorphous
substance (52 mg, 70%). 'H NMR (600 MHz, CD;0D) é ppm 1.06 (d, /= 6.8 Hz, 3 H) 1.07 (d, J=
6.8 Hz,3 H) 1.34 (s, 6 H) 1.42 (s, 6 H) 2.67 (s, 4 H) 3.04-3.12 (m, 1 H) 3.27-3.30 (m, 2 H) 3.33-3.38
(m, 2 H) 3.43-3.49 (m, 1 H) 3.50-3.61 (m, 3 H) 3.61-3.66 (m, 1 H) 3.80 (s, 3 H) 3.83 (d, /= 11.9 Hz,
1 H) 3.92-4.00 (m, 2 H) 4.63 (d, /J=9.6 Hz, 1 H) 6.33-6.39 (m, 1 H) 6.44-6.49 (m, 1 H) 6.86 (s, 1 H)
7.06 (d,J=8.3 Hz,2 H) 7.21 (s, 1 H) 7.27 (d, J= 8.3 Hz, 2 H); '*C NMR (126 MHz, CDsOD) ¢ ppm
24.1,24.2,25.7,26.3,30.7,39.2,45.7,46.6, 56.5, 58.1, 63.4,72.3,75.9,76.8, 80.3, 82.6, 109.7, 126.3,
127.4, 130.0, 130.2, 130.8, 132.0, 134.7, 136.2, 142.9, 149.7, 158.7, 173.8, 177.8; HRMS ESI/APCI

Dual m/z: 668.3880 [M+H]" (calcd for C37Hs3N30s 668.3905).

(185)-1,5-Anhydro-1-[5-({4-[({ E)-3,3-dimethyl-4-{[2-methyl-1-(4-methylpiperazin-1-yl)-1-
oxopropan-2-yljJamino}-4-oxobut-1-en-1-yl]phenyl} methyl)-2-methoxy-4-(propan-2-yl)phenyl]-
D-glucitol (62f)

Compound 62f (84%) was obtained from 61f in a manner similar to that described for 62d.

"H NMR (600 MHz, CD3;0D) é ppm 1.07 (d, J= 6.7 Hz, 3 H) 1.05 (d, /= 6.7 Hz, 3 H) 1.36 (s, 6 H)
1.45 (s, 6 H) 2.14 (s, 3 H) 2.29 (s, 4 H) 3.06-3.16 (m, 1 H) 3.34-3.42 (m, 2 H) 3.46-3.52 (m, 1 H)
3.51-3.73 (m, 6 H) 3.79-3.91 (m, 4 H) 3.98 (s,2 H) 4.65 (d, /=9.6 Hz, 1 H) 6.38 (d, J=16.1 Hz, 1
H) 6.48 (d,/=16.1 Hz, 1 H) 6.88 (s, 1 H) 7.08 (d, /= 8.3 Hz, 2 H) 7.23 (s, 1 H) 7.29 (d, /= 8.3 Hz,
2 H); *C NMR (126 MHz, CDs0OD) 6 ppm 24.1, 24.2, 25.7, 26.3, 30.7, 39.2, 45.7, 46.1, 55.9, 56.5,
58.1, 63.4,72.3,75.9, 76.8, 80.3, 82.6, 109.8, 126.3, 127.5, 130.0, 130.1, 130.8, 132.0, 134.8, 136.2,
143.0, 149.7, 158.7, 173.8, 177.8; HRMS ESI/APCI Dual m/z: 682.4047 [M+H]" (calcd for

C3sHs55N30s 682.4062).
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(15)-1,5-Anhydro-1-{5-[(4-{(E)4-[(1-{|2-(dimethylamino)ethyl|]amino}-2-methyl-1-
oxopropan-2-yl)amino]-3,3-dimethyl-4-oxobut-1-en-1-yl}-2-methylphenyl)methyl]-2-hydroxy-
4-(propan-2-yl)phenyl}-p-glucitol (62g)

Compound 62g (80%) was obtained from 61¢g in a manner similar to that described for 62e.

"H NMR (600 MHz, CD30OD) 6 ppm 1.10 (d, J = 6.92 Hz, 6 H) 1.36 (s, 6 H) 1.45 (s, 6 H) 2.23 (s, 6
H)2.31(s,3H)2.40(t,J=6.9 Hz, 2 H) 2.87-2.96 (m, 1 H) 3.28 (t, /J=6.7 Hz, 2 H) 3.34-3.41 (m, 2
H) 3.43-3.50 (m, 1 H) 3.51-3.57 (m, 1 H) 3.67 (dd, J=12.2,2.5Hz, 1 H) 3.84 (d,/=11.5 Hz, 1 H)
3.89(s,2H)4.47(d,J=9.6 Hz, 1 H) 6.39 (d, /J=16.1 Hz, 1 H) 6.50 (d, /= 16.1 Hz, 1 H) 6.75 (d, J
=83 Hz, 1H)6.80 (s, 1 H)6.97 (s, 1 H) 7.11 (d, J= 7.8 Hz, 1 H) 7.25 (s, 1 H); 3C NMR (126 MHz,
CDs0D) d ppm 20.0, 24.1, 24.2, 25.2, 25.7, 30.3, 36.3, 38.2, 45.5, 46.0, 58.1, 59.2, 63.1, 71.9, 75.6,
79.1, 80.2, 82.4, 114.3, 124.0, 125.1, 129.1, 129.2, 130.2, 130.6, 131.8, 134.5, 136.3, 137.6, 149.6,

155.7,177.4,178.6; HRMS ESI/APCI Dual m/z: 670.4039 [M+H]" ( calcd for C37HssN30s 670.4062).

(18)-1,5-Anhydro-1-[5-({4-[({ E)-3,3-dimethyl-4-{[2-methyl-1-0x0-1-(piperazin-1-yl)propan-2-
yl]amino}-4-oxobut-1-en-1-yl]-2-methylphenyl} methyl)-2-hydroxy-4-(propan-2-yl)phenyl]-b-
glucitol (62h)

Compound 62h (47%) was obtained from 61h in a manner similar to that described for 62e.

"H NMR (600 MHz, CD30D) ¢ ppm 1.10 (d, J= 6.4 Hz, 6 H) 1.36 (s, 6 H) 1.44 (s, 6 H) 2.31 (s, 3 H)
2.70 (s, 4 H) 2.90-2.95 (m, 1 H) 3.36-3.39 (m, 2 H) 3.43-3.61 (m, 7 H) 3.65-3.69 (m, 1 H) 3.84 (d, J
=119Hz,1H)3.88 (s,2 H)4.46 (d,/=9.6 Hz, 1 H) 6.38 (d, /= 16.1 Hz, 1 H) 6.47 (d, J=16.1 Hz,
1 H)6.76 (d, J=7.8 Hz, 1 H) 6.80 (s, 1 H) 6.95 (s, 1 H) 7.10 (d, /= 7.3 Hz, 1 H) 7.22 (s, 1 H); 13C
NMR (126 MHz, CD3;0D) ¢ ppm 20.0, 24.1, 24.2, 25.8, 26.3, 30.3, 36.3, 45.7, 46.6, 58.1, 63.1, 71.9,
75.6, 79.1, 80.2, 82.5, 114.3, 124.0, 124.9, 129.1, 129.2, 130.3, 130.3, 131.7, 134.5, 136.3, 137.6,

140.9, 149.6, 155.7, 173.9, 177.8; HRMS ESI/APCI Dual m/z: 668.3900 [M+H]" (caled for
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C37H53N305 668.3905).

(15)-1,5-Anhydro-1-[5-({4-[(1 E)-3,3-dimethyl-4-{|2-methyl-1-(4-methylpiperazin-1-yl)-1-
oxopropan-2-yljJamino}-4-oxobut-1-en-1-yl]-2-methylphenyl} methyl)-2-hydroxy-4-(propan-2-
yl)phenyl]-p-glucitol (62i)

Compound 62i (79%) was obtained from 61i in a manner similar to that described for 62e.

"H NMR (600 MHz, CD30D) J ppm 1.10 (d, /= 6.9 Hz, 6 H) 1.37 (s, 6 H) 1.44 (s, 6 H) 2.16 (s, 3 H)
2.22-2.38 (m, 7 H) 2.87-2.96 (m, 1 H) 3.35-3.41 (m, 2 H) 3.42-3.51 (m, 2 H) 3.51-3.56 (m, 1 H)
3.56-3.71 (m, 5H) 3.84 (d,J=12.4 Hz, 1 H) 3.88 (s,2 H) 4.47 (d,J=9.6 Hz, 1 H) 6.38 (d, /= 16.5
Hz,1H)6.46 (d,/J=16.5Hz, 1 H)6.75(d,/J=83Hz, 1 H) 6.80 (s, 1 H) 6.97 (s, 1 H) 7.09 (d, /J=8.3
Hz, 1 H) 7.22 (s, 1 H); *C NMR (126 MHz, CD3;0D) 6 ppm 20.0, 24.1, 24.2, 25.7, 26.3, 30.3, 36.3,
45.7,46.1,55.9,58.1,63.1,71.9,75.6,79.1,80.2,82.5,114.3, 124.1, 125.0, 129.1, 129.2, 130.2, 130.3,
131.8, 134.6, 136.2, 137.6, 140.9, 149.6, 155.7, 173.8, 177.8; HRMS ESI/APCI Dual m/z: 682.4065

[M+H]* (calcd for C3gHssN3Og 682.4062).

(18)-1-[5-({4-[({E)-4-({1-[(2-Amino-2-methylpropyl)amino]-2-methyl-1-oxopropan-2-
yl}amino)-3,3-dimethyl-4-oxobut-1-en-1-yl]-2-methylphenyl} methyl)-2-hydroxy-4-(propan-2-
yD)phenyl]-1,5-anhydro-p-glucitol (62j)

Compound 62j (98%) was obtained from 61j in a manner similar to that described for 62e.

"H NMR (600 MHz, CD30D) ¢ ppm 1.02 (s, 6 H) 1.05-1.10 (m, 6 H) 1.35 (s, 6 H) 1.44 (s, 6 H) 2.29
(s, 3 H) 2.85-2.93 (m, 1 H) 3.09 (s, 1 H) 3.27-3.30 (m, 1 H) 3.34-3.39 (m, 2 H) 3.42-3.47 (m, 1 H)
3.52(t,J=9.4Hz, 1 H) 3.55-3.61 (m, 1 H) 3.63-3.69 (m, 1 H) 3.80-3.85 (m, 1 H) 3.86 (s, 2 H) 4.46
(d,J=9.6 Hz, 2 H) 6.35-6.41 (m, 1 H) 6.44-6.51 (m, 1 H) 6.73 (d,J=7.8 Hz, 1 H) 6.78 (s, 1 H) 6.96

(s, 1 H) 7.06-7.10 (m, 1 H) 7.23 (s, 1 H); '3C NMR (126 MHz, CD;OD)  ppm 20.0, 24.1, 24.2, 25.3,
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25.8, 26.5, 30.3, 36.3, 46.0, 50.7, 53.9, 58.2, 63.1, 71.9, 75.6, 79.1, 80.2, 82.4, 114.3, 124.0, 125.1,
129.1, 130.2, 130.6, 131.8, 134.3, 136.2, 137.5, 140.9, 149.6, 155.7, 177.8, 178.9; HRMS ESI/APCI

Dual m/z: 670.4052 [M+H]* (calcd for C37HssN3Osg 670.4062).

(15)-1,5-Anhydro-1-{5-[(4-{({ E)-4-|(1-{[2-(dimethylamino)ethyl]amino}-2-methyl-1-
oxopropan-2-yl)amino]-3,3-dimethyl-4-oxobut-1-en-1-yl}-2-methylphenyl)methyl]-2-methoxy-
4-(propan-2-yl)phenyl}-p-glucitol (62Kk)

Compound 62k (78%) was obtained from 61k in a manner similar to that described for 62e.

"H NMR (600 MHz, CD3OD) ¢ ppm 1.13, 1.15 (each d, J= 6.8 Hz, each 3 H) 1.36 (s, 6 H) 1.45 (s, 6
H)2.21 (s, 6 H) 2.32 (s, 3 H) 2.39 (t, /= 6.9 Hz, 2 H) 2.93-3.02 (m, 1 H) 3.24-3.39 (m, 4 H) 3.42—
3.48 (m, 1 H) 3.49-3.54 (m, 1 H) 3.58-3.65 (m, 1 H) 3.80-3.87 (m, 4 H) 3.91 (5,2 H) 4.61 (d,J=9.6
Hz, 1 H)6.39 (d,J=16.5Hz, 1 H) 6.50 (d, /J=16.1 Hz, 1 H) 6.73 (d, /J=7.3 Hz, 1 H) 6.92 (s, 1 H)
7.08 (s, 1 H) 7.10 (d, J= 7.8 Hz, 1 H) 7.25 (s, 1 H); *C NMR (126 MHz, CDsOD) J ppm 20.0, 24.1,
24.2,25.3,25.7,30.7,36.4, 38.4, 45.6,46.1, 56.5, 58.1, 59.2, 63.5, 72.3,75.8, 77.0, 80.3, 82.5, 109.7,
125.1,126.3,129.2, 130.1, 130.2, 130.6, 131.8, 134.6, 136.4, 137.6, 140.6, 149.8, 158.6, 177.3, 178.4;

HRMS ESI/APCI Dual m/z: 684.4213 [M+H]" ( calcd for C3gHs7N3O0g 684.4218).

(18)-1,5-anhydro-1-[5-({4-[(1 E)-3,3-dimethyl-4-{|2-methyl-1-0x0-1-(piperazin-1-yl)propan-2-
yl]amino}-4-oxobut-1-en-1-yl]-2-methylphenyl} methyl)-2-methoxy-4-(propan-2-yl)phenyl]-p-
glucitol (621)

Compound 621 (94%) was obtained from 611 in a manner similar to that described for 62e.

"H NMR (600 MHz, CD30D) & ppm 1.14, 1.16 (each d, J = 6.4Hz, each 3 H) 1.36 (s, 6 H) 1.44 (s, 6
H) 2.32 (s, 3 H) 2.69 (s, 4 H) 2.95-3.03 (m, 1 H) 3.28-3.38 (m, 2 H) 3.42-3.52 (m, 2 H) 3.53 -3.65

(m, 5H) 3.80-3.84 (m, 1 H)3.84 (s,3H)3.92(s,2H)4.61 (d,/J=9.2Hz,1H) 6.39(d, /J=16.1 Hz,
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1 H)6.47 (d,J=16.1 Hz, 1 H) 6.74 (d, J= 7.8 Hz, 1 H) 6.92 (s, 1 H) 7.06 (s, 1 H) 7.10 (d, J= 7.8 Hz,
1 H) 7.22 (s, 1 H); 3C NMR (126 MHz, CD30D) 6 ppm 20.0, 24.1, 24.2, 25.7, 25.8, 26.3, 30.7, 36.3,
45.7,46.6,56.5,58.1,63.4,72.3,75.8,76.9, 80.3, 82.5, 109.7, 124.9, 126.3, 129.2, 130.2, 130.3, 130.3,
131.7, 134.5, 136.3, 137.7, 140.7, 149.7, 158.6, 173.9, 177.8; HRMS ESI/APCI Dual m/z: 682.4041

[N[-‘rH]+ (calcd for C38H55N30g 682.4062).

(15)-1,5-Anhydro-1-[5-({4-[(1 E)-3,3-dimethyl-4-{|2-methyl-1-(4-methylpiperazin-1-yl)-1-
oxopropan-2-yllJamino}-4-oxobut-1-en-1-yl]-2-methylphenyl}methyl)-2-methoxy-4-(propan-2-
yl)phenyl]-p-glucitol (62m)

Compound 62m (9% in 2 steps) was obtained from 61m in a manner similar to that described for
62e.

"H NMR (600 MHz, CD30OD) 6 ppm 1.09-1.16 (m, 6 H) 1.35 (s, 6 H) 1.42 (s, 6 H) 2.12-2.16 (m, 3
H)2.23-2.33 (s,4 H) 2.30 (s, 3 H) 2.92-3.01 (m, 1 H) 3.28 (s, 2 H) 3.30-3.38 (m, 1 H) 3.41-3.51 (m,
2 H) 3.55-3.66 (m, 5 H) 3.78-3.86 (m, 4 H) 3.90 (s, 2 H) 4.59 (d, /J=9.2 Hz, 1 H) 6.33-6.39 (m, 1 H)
6.42-6.47 (m, 1 H) 6.72 (d, J= 7.8 Hz, 1 H) 6.90 (s, 1 H) 7.04-7.11 (m, 2 H) 7.19-7.24 (m, 1 H); *C
NMR (126 MHz, CD3;0D) ¢ ppm 20.0, 24.1, 24.2, 25.7, 26.3, 30.7, 36.3, 45.7, 46.1, 55.9, 56.5, 58.1,
63.4,72.3,75.8,76.9, 80.3, 82.5, 109.7, 125.0, 126.3, 129.1, 130.2, 130.2, 130.3, 131.7, 134.6, 136.3,
137.6, 140.7, 149.7, 158.6, 173.8, 177.8; HRMS ESI/APCI Dual m/z: 696.4203 [M+H]* (calcd for

C39Hs57N305 696.4218).

(15)-1-[5-({4-[(1E)-4-({1-[(2-Amino-2-methylpropyl)amino]-2-methyl-1-oxopropan-2-
yl}amino)-3,3-dimethyl-4-oxobut-1-en-1-yl]-2-methylphenyl} methyl)-2-methoxy-4-(propan-2-
ylphenyl]-1,5-anhydro-p-glucitol (62n)

Compound 62n (65%) was obtained from 61n in a manner similar to that described for 62e.
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'H NMR (600 MHz, CD;0D)  ppm 1.01 (s, 6 H) 1.09 - 1.15 (m, 6 H) 1.35 (s, 6 H) 1.43 (s, 6 H) 2.31
(s, 3 H) 2.91-3.00 (m, 1 H) 3.08 (s, 2 H) 3.27-3.36 (m, 5 H) 3.41-3.46 (m, 1 H) 3.47-3.52 (m, 1 H)
3.60 (dd, J=11.9, 6.0 Hz, 1 H) 3.80- 3.84 (m, 4 H) 3.90 (s, 2 H) 4.59 (d, J= 9.6 Hz, 1 H) 6.36 - 6.41
(m, 1 H) 6.45 - 6.50 (m, 1 H) 6.71 (d, /= 7.8 Hz, 1 H) 6.90 (s, 1 H) 7.06 (s, 1 H) 7.07 - 7.10 (m, 1 H)
7.20 - 7.25 (m, 1 H); ®*C NMR (126 MHz, CD;0D) ¢ ppm 20.0, 24.0, 24.2, 25.3, 25.8, 27.3, 30.7,
36.4,46.0,51.7, 52.5, 56.5, 58.2, 63.4, 72.3, 75.8, 77.0, 80.3, 82.5, 109.7, 125.1, 126.3, 129.2, 130.1,
130.2, 130.6, 131.8, 134.5, 136.3, 137.5, 140.6, 149.8, 158.6, 177.7, 178.6; HRMS ESVAPCI Dual

m/z: 684.4198 [M+H]" (calcd for C3sHs7N30s5 684.4218).

1,5-Dibromo-2-(methoxymethoxy)-4-(propan-2-yl)benzene (64)

A solution of bromine (469 g, 2.94 mol) in acetic acid (320 mL) was added dropwise over 1 minute
at room temperature to a solution of 3-isopropylphenol (48) (160 g, 1.18 mol) in acetic acid (1.6 L)
and stirred for 1 hour so that the internal temperature did not exceed 19°C. After addition of toluene
(1.6 L), the mixture was ice-cooled, and a 10% aqueous sodium sulfite solution (1.0 L) was added
dropwise so as not to exceed an internal temperature of 20°C. The organic layer was separated, washed
twice with 10% aqueous sodium sulfite solution (1.0 L) and 10% brine (1.0 L), and then dried over
anhydrous magnesium sulfate. After filtration, the filtrate was concentrated under reduced pressure to
give 2,4-dibromo-5-isopropylphenol (342 g, 99%) in the form of a pale yellow oil. N,N-
diisopropylethylamine (364 mL, 2.09 mol) was added to a solution of 2,4-dibromo-5-isopropylphenol
(512 g, 1.74 mol) in chloroform (1.74 L), and the mixture was ice-cooled. Chloromethyl methyl ether
(159 mL, 2.09 mol) was added dropwise over a 1-hour period, and the solution was stirred at room
temperature for 1 hour. The reaction solution was then ice-cooled, and after addition of 1 M aqueous
sodium hydroxide solution (1.5 L) dropwise, the organic layer was separated, washed with 1 M

aqueous sodium hydroxide solution (1.5 L) and water (1.5 L), and dried over anhydrous magnesium
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sulfate. After filtration, the filtrate was concentrated under reduced pressure. The residue obtained was
purified by distillation under reduced pressure (0.93 to 1.5 hPa, 122°C. to 137°C.) to obtain the titled
compound (548 g, 96%) in the form of a pale yellow oil.

'H NMR (300 MHz, CDCI3) 6 ppm 1.22 (d, J= 6.8 Hz, 6 H), 3.28 (sept, J = 6.8 Hz, 1 H), 3.52 (s, 3

H), 5.23 (s, 2 H), 7.06 (s, 1 H), 7.69 (s, 1 H); MS (ESVAPCI Dual) m/z: 339[M+H]" .

(15)-2,3,4,6-Tetra-0O-acetyl-1,5-anhydro-1-{5-[(4-bromo-2-methylphenyl)methyl]-2-hydroxy-4-
(propan-2-yl)phenyl}-p-glucitol (67)

A 2.69 M n-butyllithium hexane solution (231 mL, 0.621 mol) was added dropwise over 20 minutes
to a tetrahydrofuran solution (2.84 L) of compound 64 (200 g, 0.592 mol) at —80°C to —76°C under
an argon atmosphere, and stirred at the same temperature for 35 minutes. A solution of 2,3,4,6-tetra-
O-trimethylsilyl-D-glucono-1,5-lactone (34) (290 g, 0.621 mol) in tetrahydrofuran (800 mL) was then
added dropwise over 55 minutes and stirred at the same temperature for 50 minutes. Next,
trimethylchlorosilane (75.7 mL, 0.621 mol) was added dropwise over 15 minutes, and the mixture was
stirred at the same temperature for 2 hours. Then, a 2.69 M n-butyllithium hexane solution (319 mL,
0.858 mol) was added dropwise over 29 minutes, and the mixture was stirred at the same temperature
for 40 minutes. Finally, a solution of 4-bromo-2-methylbenzaldehyde (37¢) (130 g, 0.651 mol) in
tetrahydrofuran (800 mL) was added dropwise over 54 minutes, and the mixture was stirred at the
same temperature for 30 minutes. Water (2.85 L) was added to the reaction solution and warmed to
room temperature. Toluene (2.0 L) was added, the organic layer was separated, and the solvent was
evaporated under reduced pressure to yield crude compound 65 (546 g). Compound 65 (546 g) was
dissolved in methanol (3.0 L), and after adding methanesulfonic acid (3.84 mL, 0.0592 mol), the
mixture was refluxed for 1.5 hours. The reaction solution was then cooled to room temperature and

neutralized with triethylamine (25 mL, 0.179 mol), and the reaction mixture was concentrated. The
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concentrate was dissolved in toluene (1.0 L) and washed with water (0.5 L, 1.0 L), and after addition
of a 1 M aqueous sodium hydroxide solution (0.6 L) and toluene (1.0 L) to the organic layer, the
aqueous layer was separated and washed with toluene (1.0 L, 0.5 L). The aqueous layer was acidified
by addition with 10% hydrochloric acid (0.7 L) and extracted with toluene (1.0 L), and the organic
layer was separated. The organic layer was then washed with 10% brine (1.0 L) and water (0.5 L), and
the solvent was evaporated under reduced pressure to yield a crude intermediate (314 g). The crude
intermediate (314 g) was dissolved in pyridine (1.0 L), and after addition of acetic anhydride (0.8 L,
8.51 mol) to the solution, the mixture was stirred at room temperature for 18 hours. The reaction
solution was ice-cooled, and after addition of ice (1.5 L) and toluene (1.0 L), and the mixture was
stirred for 3 hours. The aqueous layer was separated and extracted with toluene (1.0 L). The combined
organic layer was then washed twice with 2 M hydrochloric acid (1.5 L), 5% aqueous sodium hydrogen
carbonate solution (1.0 L), and 10% saline (1.0 L), and the solvent was distilled off under reduced
pressure to yield compound 66 (350 g). Compound 66 (350 g) was dissolved in acetonitrile (3.4 L)
and H>O (9.1 mL, 0.506 mol), and Et3;SiH (328 mL, 2.05 mol) was added. The solution was cooled in
an ice-bath, and TMSOTT (403 mL, 2.23 mol) was added dropwise over 85 minutes under ice-cooling.
After stirring for 2 hours at the same temperature, a 3% aqueous sodium hydrogen carbonate solution
(1.92 L) was added dropwise over 40 minutes, and after diluting the mixture with toluene (1.0 L) and
stirring for 15 minutes, the organic layer was separated. The aqueous layer was extracted with toluene
(1.5 L), and after washing the combined organic layer with saturated aqueous sodium hydrogen
carbonate solution (1.5 L), the solvent was evaporated under reduced pressure to give the titled
compound (392 g) in the form of a colorless liquid. '"H NMR (300 MHz, CDCl3) 6 ppm 1.09 - 1.19
(m, 6 H), 1.69 (s, 3 H), 1.99 (s, 3 H), 2.05 (s, 3 H), 2.12 (s, 3 H), 2.25 (s, 3 H), 2.80 - 2.97 (m, 1 H),
3.66 - 3.96 (m, 3 H), 4.08 - 4.35 (m, 2 H), 442 - 4.57 (m, 1 H), 5.19 - 5.37 (m, 3 H), 6.52 (s, | H),

6.57 (d,J=8.1 Hz, 1 H), 6.87 (s, 1H), 7.12 -7.20 (m, 1 H), 7.30- 7.33 (m, 1 H).

120



Tert-butyl (2-amino-2-oxoethyl)(2-{[(benzyloxy)carbonyl]amino}ethyl)carbamate (70)
Compound 68 (2.51 g, 10.9 mmol) was added to a solution of compound 69 (500 mg, 3.62 mmol)
and N,N-diisopropylethylamine (1.84 mL) in ethanol solution (18 mL). The reaction solution was
stirred at the room temperature for 18 hours. The reaction solution was evaporated under reduced
pressure. The resulting residue was purified by performing silica gel column chromatography
(chloroform: methanol ratio = 8:2) to obtain the colorless amorphous (1.6 g). Di-tert-butyl dicarbonate
(4.04 g) and N,N-dimethyl-4-aminopyridine (440 mg) were added to a solution of obtained amorphous
(1.55 g) in N,N-dimethylformamide solution (18 mL). The reaction solution was refluxed for 18 hours.
The reaction solution was diluted with ethyl acetate. The organic layer was separated and washed with
10% brine, and water. The solvent was evaporated under reduced pressure. The resulting residue was
purified by performing silica gel column chromatography (hexane: ethyl acetate = 8: 2 to 5: 5) to
obtain the titled compound (463 mg, 36% in 2 steps) as a colorless amorphous. 'H NMR (600 MHz,
CDCl3) 6 ppm 1.44 (s, 9H), 3.31 - 3.48 (m, 4H), 3.81 (s, 2H), 5.09 (br s, 2H), 7.28 - 7.44 (m, 5H); MS

(ES/APCI Dual) m/z: 374[M+Na]*.

Tert-butyl (2-aminoethyl)(2-amino-2-oxoethyl)carbamate (71)

7.5% Pd(OH),/C (139 mg) was added to a solution of compound 70 (463 mg, 1.32 mmol) in methanol
solution (13 mL) under hydrogen atomsphere. The reaction solution was stirred at the room
temperature for 18 hours. The mixture was filtered through Celite®. The filtrate was evaporated under
reduced pressure to give the titled compound (297 mg). '"H NMR (600 MHz, DMSO-d¢) 6 ppm 1.34 -
1.43 (m, 9H), 2.85 - 2.94 (m, 2H), 3.17 (s, 1H), 3.37 - 3.47 (m, 2H), 3.78 (s, 2H), 7.08 - 7.88 (m, SH);

MS (ESI/APCI Dual) m/z: 218[M+HJ".
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(15)-2,3,4,6-Tetra-O-acetyl-1-[2-(acetyloxy)-5-({4-[( E)-3-carboxy-3-methylbut-1-en-1-yl]-2-
methylphenyl}methyl)-4-(propan-2-yl)phenyl]-1,5-anhydro-p-glucitol (72)

Under an argon atmosphere, a suspension of compound 55g (216 g, 0.312 mol), 2,2-dimethyl-3-
butenoic acid (41) (53.4 g, 0.467 mol), palladium (II) acetate (3.50 g, 15.6 mmol), tri-o-tolylphosphine
(9.48 g, 31.2 mmol) and triethylamine (86.9 mL, 0.623 mol) in acetonitrile (623 mL) was heated to
reflux for 3 hours. The reaction mixture was cooled to room temperature, diluted with chloroform (300
mL) and methanol (100 mL), and filtered through Celite ®. The filtrate was concentrated under reduced
pressure, and the resulting residue was dissolved in ethyl acetate (1.32 L). It was washed with 1M
hydrochloric acid (0.96 L), 10% brine (1.2 L), and dried over anhydrous magnesium sulfate. After the
desiccant was filtered off, ethyl acetate (1.2 L) was further added to the filtrate, isopropylamine (28.2
mL, 0.327 mol) was added, and the mixture was stirred from room temperature to 0 © C for 1 hour.
The deposited precipitate was filtered to obtain an isopropylamine salt of intermediate. This salt was
dissolved in ethyl acetate (1.2 L) and 1 M hydrochloric acid (500 mL) and stirred for 30 minutes, and
the organic layer was separated. The organic layer was washed with 10% brine (500 mL) and dried
over anhydrous magnesium sulfate. After the desiccant was filtered off, the solvent was distilled off
under reduced pressure to obtain the titled compound (207 g, 88%) as a colorless amorphous. 'H NMR
(300 MHz, CDCl3) 6 ppm 1.13 (d, J= 6.8 Hz, 3 H), 1.14 (d, /= 6.8 Hz, 3 H), 1.43 (s, 6 H), 1.76 (s, 3
H), 1.99 (s, 3 H), 2.03 (s, 3 H), 2.05 (s, 3 H), 2.28 (s, 3 H), 2.37 (s, 3 H), 2.98 (spt, J = 6.8 Hz, 1 H),
3.70 - 3.80 (m, 1 H), 3.91 (s, 2 H), 4.05 (dd, J=12.4,2.2 Hz, 1 H), 4.28 (dd, /= 12.4, 4.4 Hz, 1 H),
4.43 -4.50 (m, 1 H), 5.11 - 5.20 (m, 1 H), 5.22 - 5.33 (m, 2 H), 6.33 - 6.49 (m, 2 H), 6.68 (d,/=7.9
Hz, 1 H), 6.96 (s, 1 H), 6.99 (s, 1 H), 7.06 - 7.14 (m, 1 H), 7.23 (d, /= 1.4 Hz, 1 H); MS (ESI/APCI

Dual) m/z: 747[M+Na]".

(15)-1-[5-({4-[(1E)-4-({2-[(2-Amino-2-oxoethyl)amino]ethyl} amino)-3,3-dimethyl-4-oxobut-1-
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en-1-yl]-2-methylphenyl} methyl)-2-hydroxy-4-(propan-2-yl)phenyl]-1,5-anhydro-p-glucitol (63)

Compound 71 (285 mg, 1.52 mmol), 1-hydroxy-1H-benzotriazole hydrate (205 mg), tricthylamine
(420 uL), water soluble carbodiimide hydrochloride (290 mg) were added to a solution of compound
72 (731 mg, 1.01 mmol) in N,N-dimethylformamide solution (5§ mL). The reaction solution was stirred
at the room temperature for 18 hours. The reaction solution was diluted with ethyl acetate. The organic
layer was separated and washed with 10% brine, and water. The solvent was evaporated under reduced
pressure. The resulting residue was purified by performing silica gel column chromatography (hexane:
ethyl acetate = 2: 1 to 1: 2) to obtain the crude compound (830 mg) as a colorless amorphous.
Trifluoroacetic acid (1.2 mL) was added to a solution of obtained crude compound (830 mg) in
chloroform solution (9 mL). The reaction solution was stirred at the room temperature for 18 hours.
The solvent was evaporated under reduced pressure to give the crude compound (1.5 g). 4.88 M
sodium methoxide (1.1 mL) was add to a solution of the crude compound (1.5g) in methanol solution
(9 mL). The reaction solution was stirred at the room temperature for 3.5 hours. The solvent was
evaporated under reduced pressure. The resulting residue was purified by performing NH silica gel
column chromatography (ethanol: HoO = 9: 1 to 2: 1) to obtain the titled compound (652 mg, 76% in
3 steps) as a colorless amorphous. 'H NMR (600 MHz, CD;0D)  ppm 1.08 - 1.12 (m, 6 H), 1.37 (s,
6 H), 2.30 (s, 3 H), 2.66 - 2.70 (m, 2 H), 2.90 - 2.96 (m, 1 H), 3.21 - 3.23 (m, 2 H), 3.27 - 3.30 (m, 2
H), 3.37 - 3.40 (m, 2 H), 3.44 - 3.48 (m, 1 H), 3.52 -3.56 (m, 1 H), 3.66 - 3.70 (m, 1 H), 3.82 - 3.86
(m, 1 H),3.88 (s,2 H),4.44 -4.48 (m, 1 H), 6.33 - 6.39 (m, 1 H), 6.44 - 6.50 (m, 1 H), 6.73 - 6.78 (m,
1 H), 6.80 (s, 1 H), 6.95 (s, 1 H), 7.08 - 7.12 (m, 1 H), 7.23 (s, 1 H); 3C NMR (126 MHz, CD30D) ¢
ppm 19.97, 24.09, 24.20, 25.95, 30.30, 36.31, 40.59, 45.92, 49.84, 52.34, 63.09, 71.89, 75.51, 79.17,
80.17,82.41, 114.28, 123.95, 125.04, 129.14, 129.24, 130.23, 130.26, 131.77, 134.72, 136.33, 137.54,
140.70, 149.64, 155.64, 177.00, 179.71,; HR-MS ESI/APCI dual m/z: 614.3454 [M+H]* (calcd for

C33H47N30s: 614.3436).
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(15)-1-{5-[(4-{(1E)-4-[(2-Amino-2-methylpropyl)amino]-3,3-dimethyl-4-oxobut-1-en-1-yl}-2-
methylphenyl)methyl]-2-hydroxy-4-(propan-2-yl)phenyl}-1,5-anhydro-p-glucitol (74)
Compound 73 (128 mg, 1.45 mmol) was added to a solution of componud 72 (1.00 g, 1.38 mmol)
and 1,1'-carbonylbis-1H-imidazole (235 mg) in chloroform solution (5 mL). The reaction solution was
stirred at the room temperature for 5 hours. The reaction mixture was twice with 10% K>COs, and the
organic layer was dried over MgSOs. The solvent was evaporated under reduced pressure. The
resulting residue was purified by performing NH silica gel column chromatography (chloroform) to
obtain the crude compound (0.7 g). To a solution of the crude compound (0.7g) in methanol solution
(5 mL), 4.88M sodium methoxide (1.1 mL) was added. The reaction solution was stirred at the room
temperature for 1 hours. After acetic acid (605 uL) was added, the solvent was evaporated under
reduced pressure. The resulting residue was purified by performing NH silica gel column
chromatography (ethyl acetate: ethanol: HoO =30: 2: 1 to 10: 2: 1) to obtain the titled compound (399
mg, 50% in 2 steps). '"H NMR (600 MHz, CD30D) § ppm 1.05 (s, 6H), 1.09 (d, J = 6.88 Hz, 6H), 1.39
(s, 6H), 2.31 (s, 3H), 2.87 - 2.94 (m, 1H), 3.13 (s, 2H), 3.35 - 3.40 (m, 2H), 3.43 - 3.49 (m, 1H), 3.51
-3.56 (m, 1H), 3.65 - 3.71 (m, 1H), 3.82 - 3.89 (m, 3H), 4.47 (d, J=9.63 Hz, 1H), 6.38 (d, J=16.05
Hz, 1H), 6.46 - 6.52 (m, 1H), 6.75 (d, /= 7.79 Hz, 1H), 6.80 (s, 1H), 6.96 (s, 1H), 7.10 (d, J=7.79

Hz, 1H), 7.23 (s, 1H); MS (ESVAPCI Dual) m/z: 585[M+H]*, 583[M-HT-.

(18)-1-[5-({4-[(1E)-4-({1-[(2-Amino-2-oxoethyl)amino]-2-methylpropan-2-yl} amino)-3,3-
dimethyl-4-oxobut-1-en-1-yl]-2-methylphenyl} methyl)-2-hydroxy-4-(propan-2-yl)phenyl]-1,5-
anhydro-p-glucitol (75)

Compound 74 (0.20 g, 0.34 mmol) was addded to a solution of compound 69 (213 mg, 1.55 mmol)
in N,N-dimethylformamide solution (1 mL). The reaction solution was stirred at 90 °C for 25 hours.

The solvent was evaporated under reduced pressure. The resulting residue was purified by performing
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HPLC column chromatography (Waters sunfine C-18, MeOH: 0.1%Et:N = 3: 7, 20 mL/min) to obtain
the titled compound (49 mg, 22%). 'H NMR (600 MHz, CD;0D) ¢ ppm 1.07 - 1.14 (m, 6 H), 1.33 (s,
6 H), 1.36 (s, 6 H), 2.31 (s, 3 H), 2.77 - 2.84 (m, 2 H), 2.90 - 2.96 (m, 1 H), 3.31 - 3.35 (m, 2 H), 3.37
-3.40 (m, 2 H), 3.44 - 3.48 (m, 1 H), 3.52 - 3.57 (m, 1 H), 3.66 - 3.70 (m, 1 H), 3.82 - 3.87 (m, 1 H),
3.89 (s,2 H), 4.44 - 4.48 (m, 1 H), 6.37 (d, J=16.0 Hz, 1 H), 6.50 (d, J=16.0 Hz, 1 H), 6.74 - 6.78
(m, 1 H), 6.80 (s, 1 H), 6.96 (s, 1 H), 7.11 (d, J= 7.8 Hz, 1 H), 7.23 (s, 1 H); 3*C NMR (126 MHz,
CDs;0D) ¢ ppm 19.97, 24.09, 24.21, 25.35, 25.91, 30.32, 36.31, 46.51, 52.35, 54.50, 59.25, 63.09,
71.91, 75.48, 79.21, 80.17, 82.42, 114.29, 117.25, 119.58, 123.95, 125.02, 129.14, 129.21, 130.26,
130.64, 131.82, 134.78, 136.24, 137.63, 140.84, 149.67, 155.66, 163.09, 163.36,; HR-MS ESI/APCI

Dual m/z: 642.3730 [M+H]" (caled for C3sHsiN3Os: 642.3749).

(15)-2,3,4,6-Tetra-0-acetyl-1-[2-(acetyloxy)-5-[(4-{(1 E)-3,3-dimethyl-4-[(2-methyl-1-
oxopropan-2-yl)amino]-4-oxobut-1-en-1-yl}-2-methylphenyl)methyl]-4-(propan-2-yl)phenyl]-
1,5-anhydro-p-glucitol (78a)

Compound 76a (184 mg, 2.07 mmol), 1-hydroxy-/H-benzotriazole hydrate (242 mg), water soluble
carbodiimide hydrochloride (342 mg) were added to a solution of compound 72 (1.0 g, 1.38 mmol) in
N,N-dimethylformamide solution (30 mL). The reaction solution was stirred at the room temperature
for 18 hours. Water was added and the mixture was extracted with ethyl acetate. The organic layer was
washed with saturated aqueous sodium hydrogen carbonate solution and saturated brine, and dried
over anhydrous magnesium sulfate. After the desiccant was filtered off, the solvent was distilled off
under reduced pressure to obtain the crude intermediate (77a) (1.05 g). A chloroform suspension (20
mL) of obtained intermediate (77a) (660 mg, 0.830 mmol) and Dess-Martin periodinane (422 mg,
1.25 mmol) was stirred at room temperature for 3 hours. After the solvent was distilled off under

reduced pressure, the residue was purified by silica gel column chromatography (hexane: ethyl acetate
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=4: 1 to 1: 4) to obtain the titled compound (602 mg, 85% over 2 steps) as a yellow amorphous. 'H
NMR (600 MHz, CDCl3) é ppm 1.09 - 1.18 (m, 6 H), 1.33 (s, 6 H), 1.39 (s, 6 H), 1.78 (s, 3 H), 1.99
(s, 3H),2.03 (s, 3 H), 2.04 (s, 3 H), 2.31 (s, 3 H), 2.37 (s, 3 H), 2.98 (spt,J= 6.9 Hz, 1 H), 3.73 - 3.80
(m, 1 H), 3.89 - 3.98 (m, 2 H), 4.06 (dd, J=12.4, 2.3 Hz, 1 H), 4.26 (dd, /= 12.4, 4.6 Hz, 1 H), 4.46
-4.53 (m, 1 H), 5.11 - 5.18 (m, 1 H), 5.23 - 5.30 (m, 2 H), 6.13 (br. s, 1 H), 6.33 (d, /= 16.5 Hz, 1 H),
6.53(d,J=16.5Hz, 1 H), 6.71 (d,/J="7.8 Hz, 1 H), 6.99 — 7.01 (m, 2 H), 7,13 (d, J = 7.8 Hz, 1 H),

7.26 (s, 1 H), 9.34 (s, 1 H).

(15)-2,3,4,6-Tetra-0-acetyl-1-[2-(acetyloxy)-5-[(4-{(1 E)-4-[(1-formylcyclopropyl)amino]-3,3-
dimethyl-4-oxobut-1-en-1-yl}-2-methylphenyl)methyl]-4-(propan-2-yl)phenyl]-1,5-anhydro-p-
glucitol (78b)

Compound 72 (500 mg, 0.69 mmol) and compound 76b (72 mg, 0.83 mmol) were used as starting
materials and synthesized in the same manner as compound 78a to give the titled compound (305 mg,
98% for 2 steps) as a colorless amorphous. 'H NMR (300 MHz, CDCl3) § ppm 1.10 - 1.16 (m, 6 H),
1.42 (s, 6 H), 1.46 - 1.55 (m, 4 H), 1.78 (s, 3 H), 1.99 (s, 3 H), 2.03 (s, 3 H), 2.05 (s, 3 H), 2.31 (s, 3
H),2.37 (s, 3 H), 2.91 - 3.06 (m, 1 H), 3.72 - 3.80 (m, 1 H), 3.91 - 3.95 (m, 2 H), 4.01 - 4.08 (m, 1 H),
4.20-4.28 (m, 1 H),4.46 -4.52 (m, 1 H), 5.09 - 5.18 (m, 1 H), 5.22 - 5.29 (m, 2 H), 6.26 - 6.30 (m, 1
H), 6.35 (d, J=16.2 Hz, 1 H), 6.55 (d, /= 16.2 Hz, 1 H), 6.68 - 6.74 (m, 1 H), 7.00 (s, 2 H), 7.10 -

7.16 (m, 1 H), 7.26(s, 1H), 9.06 (s, 1 H); MS (ESUAPCI Dual) m/z: 792[M+H]*, 814[M+Na]".

(15)-2,3,4,6-Tetra-0O-acetyl-1-[2-(acetyloxy)-5-[(4-{(1 E)-4-[(1-formylcyclobutyl)amino]-3,3-
dimethyl-4-oxobut-1-en-1-yl}-2-methylphenyl)methyl]-4-(propan-2-yl)phenyl]-1,5-anhydro-b-
glucitol (78¢)

Compound 72 (1.0 g, 1.38 mmol) and compound 76¢ (210 mg, 2.07 mmol) were used as starting
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materials and synthesized in the same manner as compound 78a to give the titled compound (355 mg,
32% for 2 steps) as a colorless amorphous. '"H NMR (300 MHz, CDCl3) § ppm 1.10 - 1.19 (m, 6 H),
1.40 (s, 6 H), 1.78 (s, 3 H), 1.91 - 2.08 (m, 11 H), 2.22 - 2.40 (m, 8 H), 2.42 - 2.56 (m, 2 H), 2.91 -
3.05 (m, 1 H), 3.70 - 3.81 (m, 1 H), 3.94 (s, 2 H), 4.05 (dd, J=12.4, 1.9 Hz, 1 H), 4.26 (dd, J=12.4,
4.5 Hz, 1 H), 4.44 - 4.55 (m, 1 H), 5.10 - 5.20 (m, 1 H), 5.21 - 5.33 (m, 2 H), 6.28 - 6.41 (m, 2 H),
6.49 - 6.61 (m, 1 H), 6.71 (d, /= 7.9 Hz, 1 H), 7.00 (s, 2 H), 7.14 (d, /= 7.9 Hz, 1 H), 7.27 (s, 1 H),

9.55 (s, 1 H); MS (ESI/APCI Dual) m/z: 806[M+H]*, 828[M+Na]*.

(15)-2,3,4,6-Tetra-0-acetyl-1-[2-(acetyloxy)-5-[(4-{(1 E)-4-[(1-formylcyclopentyl)amino]-3,3-
dimethyl-4-oxobut-1-en-1-yl}-2-methylphenyl)methyl]-4-(propan-2-yl)phenyl]-1,5-anhydro-p-
glucitol (78d)

Compound 72 (1.0 g, 1.38 mmol) and compound 76d (207 mg, 1.79 mmol) were used as starting
materials and synthesized in the same manner as compound 78a to give the titled compound (850 mg,
71% for 2 steps) as a colorless amorphous. '"H NMR (300 MHz, CDCl3) § ppm 1.10 - 1.18 (m, 6 H),
1.39 (s, 6 H), 1.64 -2.18 (m, 8 H), 1.77 (s, 3 H), 1.99 (s, 3 H), 2.03 (s, 3 H), 2.05 (s, 3 H), 2.32 (s, 3
H),2.37 (s, 3 H),2.89 -3.04 (m, 1 H), 3.71 - 3.81 (m, 1 H), 3.93 (s, 2 H), 4.01 - 4.10 (m, 1 H), 4.25 -
4.30 (m, 1 H), 4.45 - 4.53 (m, 1 H), 5.10 - 5.20 (m, 1 H), 5.23 - 5.30 (m, 2 H), 6.18 (s, 1 H), 6.26 -
6.39 (m, 1 H), 6.47 - 6.60 (m, 1 H), 6.70 (d, /= 7.6 Hz, 1 H), 6.96 - 7.05 (m, 2 H), 7.10 - 7.16 (m, 1

H), 7.23 - 7.26 (m, 1 H), 9.43 (s, 1 H); MS (ESV/APCI Dual) m/z: 820[M+H]", 842[M+Na]".

(15)-2,3,4,6-Tetra-0O-acetyl-1-[2-(acetyloxy)-5-[(4-{(1 E)-4-[(1-formylcyclohexyl)amino]-3,3-
dimethyl-4-oxobut-1-en-1-yl}-2-methylphenyl)methyl]-4-(propan-2-yl)phenyl]-1,5-anhydro-p-
glucitol (78e)

Compound 72 (1.00 g, 1.38 mmol) and compound 76e (267 mg, 2.07 mmol) were used as starting
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materials and synthesized in the same manner as compound 78a to give the titled compound (265 mg,

23% for 2 steps) as a light brown amorphous.MS (ESI/APCI Dual) m/z: 834[M+H]", 856[M+Na]*.

(15)-2,3.,4,6-Tetra-0-acetyl-1-[2-(acetyloxy)-5-[(4-{(1 E)-4-| (3-formyloxetan-3-yl)amino]-3,3-
dimethyl-4-oxobut-1-en-1-yl}-2-methylphenyl)methyl]-4-(propan-2-yl)phenyl]-1,5-anhydro-b-
glucitol (78f)

Compound 72 (815 mg, 1.12 mmol) and compound 76f (174 mg, 1.69 mmol) were used as starting
materials and synthesized in the same manner as compound 78a to give the titled compound (483 mg,
69% for 2 steps) as a colorless amorphous. 'H NMR (300 MHz, CDCls) § ppm 1.06 - 1.10 (m, 6 H),
1.43 (s, 6 H), 1.79 (s, 3 H), 1.98 (s, 3 H), 2.03 (s, 3 H), 2.05 (s, 3 H), 2.31 (s, 3 H), 2.36 (s, 3 H), 2.93
-3.06 (m, 1 H),3.71 - 3.80 (m, 1 H), 3.93 (s, 2 H), 4.04 (dd, J=12.3,2.2 Hz, 1 H), 4.23 (dd, /=124,
4.6 Hz, 1 H), 4.48-4.52 (m, 1 H), 4.76 (d, /= 6.7 Hz, 2 H), 4.87 (d, /= 6.7 Hz, 2 H), 5.08 - 5.18 (m,
1 H), 5.18-5.33 (m, 2 H), 6.36 (d, /J=16.0 Hz, 1 H), 6.59 (d, /= 16.0 Hz, 1 H), 6.60 (br. s, 1 H), 6.73
(d,J=79Hz,1H), 6.98 (s, 1 H),7.00 (s, 1 H), 7.15(d, J=7.9 Hz, 1 H), 7.27 (s, 1 H), 9.74 (s, 1 H);

MS (ESI/APCI Dual) m/z: 808[M+H]".

(15)-2,3,4,6-Tetra-0-acetyl-1-[2-(acetyloxy)-5-({4-[(1E)-4-{[1-(tert-butoxycarbonyl)-3-
formylazetidin-3-ylJamino}-3,3-dimethyl-4-oxobut-1-en-1-yl]-2-methylphenyl} methyl)-4-
(propan-2-yl)phenyl]-1,5-anhydro-p-glucitol (78g)

Compound 72 (629 mg, 0.867 mmol) and compound 76g (228 mg, 1.13 mmol) were used as starting
materials and synthesized in the same manner as compound 78a to give the titled compound (556 mg,
71% for 2 steps) as a colorless amorphous. 'HNMR (300 MHz, CDCl3) 6 ppm 1.15 (dd, J = 6.84, 4.20
Hz, 6H), 1.44 (s, 6H), 1.78 (s, 3H), 1.99 (s, 3H), 2.02 - 2.05 (m, 6H), 2.31 (s, 3H), 2.37 (s, 3H), 2.88

(s, 1H), 2.93 - 3.04 (m, 2H), 3.72 - 3.81 (m, 1H), 3.94 (s, 2H), 4.04 (d, /= 9.17 Hz, 2H), 4.18 - 4.29
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(m, 3H), 4.47 - 4.52 (m, 1H), 5.10 - 5.30 (m, 3H), 6.30 - 6.39 (m, 1H), 6.53 - 6.62 (m, 2H), 6.72 (d,
J=1.93 Hz, 1H), 6.99 (d, J = 1.71 Hz, 2H), 7.14 (dd, J = 8.16, 1.63 Hz, 1H), 9.58 (s, 1H); MS

(ESVAPCI Dual) m/z: 807[M+H-Boc]*.

(18)-1-[5-({4-[(1E)-4-({2-[(2-Amino-2-oxoethyl)amino]-2-methylpropyl} amino)-3,3-dimethyl-4-
oxobut-1-en-1-yl]-2-methylphenyl} methyl)-2-hydroxy-4-(propan-2-yl)phenyl]-1,5-anhydro-p-
glucitol (82a)

Sodium cyanoborohydride (32 mg) was added to a solution of compound 78a (300 mg, 0.392 mmol)
and compound 79 (44.0 mg, 0.588 mmol) in methanol solution (4 mL). The reaction solution was
stirred at the room temperature for 18 hours. After the solvent was distilled off under reduced pressure,
water was added and the mixture was extracted with ethyl acetate. The organic layer was washed with
saturated aqueous sodium hydrogen carbonate solution and saturated brine, and dried over anhydrous
magnesium sulfate. After the desiccant was filtered off, the solvent was distilled off under reduced
pressure. The residue (81a) was purified by silica gel column chromatography (chloroform: methanol
=99:1to 9: 1) to obtain the crude intermediate (43 mg). The crude intermediate (43 mg) and 4.88 M
sodium methoxide (64 xL) in methanol solution (0.5 mL) was stirred at the room temperature for 18
hours. After the solvent was distilled off under reduced pressure, the residue was purified by NH silica
gel column chromatography (ethyl acetate: ethanol: water = 15: 2: 1 to 7: 2: 1) to obtain the titled
compound (8 mg, 3% in 2 steps) as a colorless amorphous. '"H NMR (500 MHz, CD30D) J ppm 1.01
(s, 6H), 1.09 (s, 3H), 1.10 (s, 3H), 1.39 (s, 6H), 2.30 (s, 3H), 2.88 - 2.98 (m, 1H), 3.13 (s, 2H), 3.20 (s,
2H), 3.36 - 3.42 (m, 2H), 3.43 - 3.49 (m, 1H), 3.51 - 3.57 (m, 1H), 3.65 - 3.71 (m, 1H), 3.81 - 3.86 (m,
1H), 3.88 (s, 2H), 4.46 (d, J=9.56 Hz, 1H), 6.36 - 6.42 (m, 1H), 6.48 - 6.55 (m, 1H), 6.75 (d, /= 8.03
Hz, 1H), 6.80 (s, 1H), 6.96 (s, 1H), 7.12 (dd, J=8.03, 1.53 Hz, 1H), 7.23 (s, 1H); 3C NMR (126 MHz,

CD30D) ¢ ppm 19.98, 24.10, 24.21, 25.14, 25.96, 30.31, 36.32, 45.81, 46.09, 48.42, 54.99, 63.12,
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71.91, 75.53, 79.14, 80.18, 82.43, 114.28, 123.98, 124.99, 129.16, 129.19, 130.24, 130.49, 131.78,
134.84, 136.28, 137.58, 140.79, 149.62, 155.68, 178.02, 179.46,; HR-MS ESI/APCI Dual m/z:

642.3759 [M+H]" (calcd for C3sHsN3Og: 642.3749).

(18)-1-{5-[(4-{(1E)-4-|(1-{[(2-Amino-2-oxoethyl)amino]methyl}cyclopropyl)amino]-3,3-
dimethyl-4-oxobut-1-en-1-yl}-2-methylphenyl)methyl]-2-hydroxy-4-(propan-2-yl)phenyl}-1,5-
anhydro-p-glucitol (82b)

Sodium triacetoxyborohydride (30 mg) was added to a solution of compound 78b (100 mg, 0.126
mmol) and compound 80 (21.0 mg, 0.192 mmol) in N,N-dimethylformamide solution (4 mL). The
reaction solution was stirred at the room temperature for 18 hours. Water was added and the mixture
was extracted with chloroform. The organic layer was washed with saturated aqueous sodium
hydrogen carbonate solution and dried over anhydrous magnesium sulfate. After the desiccant was
filtered off, the solvent was distilled off under reduced pressure. The residue was purified by silica gel
column chromatography (chloroform: methanol = 99: 1 to 50: 50) to obtain the crude intermediate (62
mg). The crude intermediate (62 mg) in methanol: triethylamine: water (5: 1: 1) solution (2 mL) was
stirred at the room temperature for 18 hours. After the solvent was distilled off under reduced pressure,
the residue was purified by OH silica gel column chromatography (chloroform: methanol = 100: 0 to
50: 50) to obtain the titled compound (30 mg, 28% in 2 steps) as a pale brown amorphous. 'H NMR
(600 MHz, CD30D) ¢ ppm 0.71 - 0.80 (m, 4 H), 1.10 (d, J= 6.9 Hz, 6 H), 1.34 (s, 6 H), 2.30 (s, 3 H),
2.72 - 2.77 (m, 2 H), 2.89 - 2.96 (m, 1 H), 3.30 (s, 1 H), 3.35 - 3.40 (m, 2 H), 3.43 - 3.48 (m, 1 H),
3.51-3.56 (m, 1 H), 3.65 - 3.70 (m, 1 H), 3.82 - 3.86 (m, 1 H), 3.86 - 3.91 (s, 2 H), 4.46 (d, /J=9.2
Hz, 1 H), 6.35(d,J=16.0 Hz, 1 H), 6.45 (d,J=16.0 Hz, 1 H), 6.72 - 6.78 (m, 1 H), 6.78 - 6.82 (s, 1
H), 6.91 - 6.97 (s, 1 H), 7.07 - 7.14 (m, 1 H), 7.20 - 7.26 (s, 1 H); '3C NMR (126 MHz, CD;0D) §

ppm 13.36, 19.97, 24.09, 24.21, 25.85, 30.30, 33.61, 36.31, 45.84, 51.94, 56.33, 63.11, 71.90, 75.53,
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79.14, 80.18, 82.42, 114.26, 123.98, 125.04, 129.14, 129.21, 130.16, 130.23, 131.75, 134.69, 136.32,
137.55, 140.72, 149.61, 155.65, 175.78, 180.63,; HR-MS ESI/APCI Dual m/z: 640.3598 [M+H]"

(calcd for C35H49N30gi 640.3592).

(18)-1-{5-[(4-{(1E)-4-[(1-{[(2-Amino-2-oxoethyl)amino]methyl}cyclobutyl)amino]-3,3-dimethyl-
4-oxobut-1-en-1-yl}-2-methylphenyl)methyl]-2-hydroxy-4-(propan-2-yl)phenyl}-1,5-anhydro-p-
glucitol (82¢)

Compound 78¢ (135 mg, 0.167 mmol) and compound 80 (25 mg, 0.226 mmol) were used as starting
materials and synthesized in the same manner as compound 82b to give the titled compound (80 mg,
55% for 2 steps) as a colorless amorphous. 'H NMR (600 MHz, CD30D) ¢ ppm 1.10 (d, J = 6.9 Hz,
6 H), 1.36 (s, 6 H), 1.75 - 1.91 (m, 2 H), 2.07 - 2.12 (m, 2 H), 2.21 - 2.28 (m, 2 H), 2.30 (s, 3 H), 2.89
-2.94 (m,3 H),3.24 (s,2 H),3.29-3.31 (m, 1 H), 3.36 - 3.42 (m, 2 H), 3.46 (t, /= 8.7 Hz, 1 H), 3.55
(t, J=8.7Hz, 1 H), 3.68 (dd, /=119, 5.0 Hz, 1 H), 3.84 (dd, /= 11.9, 1.8 Hz, 1 H), 3.88 (s, 2 H),
446 (d,J=9.6 Hz, 1 H), 6.36 - 6.41 (m, 1 H), 6.46 - 6.51 (m, 1 H), 6.75 (d, /= 7.8 Hz, 1 H), 6.80 (s,
1 H), 6.96 (s, 1 H), 7.11 (dd, J = 7.8, 0.9 Hz, 1 H), 7.24 (d, J = 0.9 Hz, 1 H); *C NMR (126 MHz,
CDs;0D) ¢ ppm 15.85, 19.98, 24.10, 24.21, 25.89, 30.31, 32.22, 36.31, 46.06, 53.06, 55.86, 58.39,
60.30, 63.11, 71.90, 75.52, 79.15, 80.18, 82.43, 114.27, 123.97, 125.03, 129.13, 129.20, 130.24,
130.32, 131.78, 134.91, 136.32, 137.57, 140.74, 149.62, 155.66, 176.88, 178.56,; HR-MS ESI/APCI

Dual m/z: 654.3757 [M+H]" (calcd for C3sHs1N30s: 654.3749).

(18)-1-{5-[(4-{(1E)-4-[(1-{[(2-Amino-2-oxoethyl)amino]methyl}cyclopentyl)amino]-3,3-
dimethyl-4-oxobut-1-en-1-yl}-2-methylphenyl)methyl]-2-hydroxy-4-(propan-2-yl)phenyl}-1,5-
anhydro-p-glucitol (82d)

Compound 78d (220 mg, 0.268 mmol) and compound 79 (30.0 mg, 0.402 mmol) were used as
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starting materials and synthesized in the same manner as compound 82a to give the titled compound
(16 mg, 9% for 2 steps) as a colorless amorphous. 'H NMR (600 MHz, CD;0D) ¢ ppm 1.07 - 1.13
(m, 6 H), 1.32 - 1.38 (m, 6 H), 1.57 - 1.76 (m, 6 H), 1.93 - 2.02 (m, 2 H), 2.31 (s, 3 H), 2.82 (s, 2 H),
2.92(s,1H),3.19(s,2 H),3.35-3.41 (m,2 H), 3.43 -3.49 (m, 1 H), 3.52-3.57 (m, 1 H), 3.65 - 3.71
(m, 1 H), 3.81-3.87 (m, 1 H), 3.88 (s, 2 H), 4.44 - 4.49 (m, 1 H), 6.36 - 6.42 (m, 1 H), 6.48 - 6.53 (m,
1 H), 6.75 (d, J= 7.8 Hz, 1 H), 6.80 (s, 1 H), 6.96 (s, 1 H), 7.08 - 7.13 (m, 1 H), 7.23 (s, 1 H); 1*C
NMR (126 MHz, CD30D) ¢ ppm 19.98, 24.10, 24.21, 25.07, 25.90, 30.32, 36.33, 37.14, 46.44, 53.20,
56.82,63.12,65.93,71.92,75.53,79.15, 80.19, 82.45, 114.27, 123.99, 124.98, 129.13, 129.19, 130.26,
130.61, 131.80, 134.97, 136.25, 137.62, 140.85, 149.64, 155.68, 177.11, 178.93,; HR-MS ESI/APCI

Dual m/z: 668.3916 [M+H]" (caled for C37Hs:N3Os: 668.3905).

(18)-1-{5-[(4-{(1E)-4-[(1-{[(2-Amino-2-oxoethyl)amino]methyl} cyclohexyl)amino]-3,3-
dimethyl-4-oxobut-1-en-1-yl}-2-methylphenyl)methyl]-2-hydroxy-4-(propan-2-yl)phenyl}-1,5-
anhydro-p-glucitol (82e)

Compound 78e (265 mg, 0.318 mmol) and compound 80 (46.0 mg, 0.413 mmol) were used as starting
materials and synthesized in the same manner as compound 82b to give the titled compound (13 mg,
5.6% for 2 steps) as a colorless amorphous. '"H NMR (600 MHz, CD30D) é ppm 1.09 (d, J = 6.4 Hz,
6 H), 1.26 - 1.40 (m, 14 H), 1.48 - 1.61 (m, 3 H), 2.11 - 2.16 (m, 2 H), 2.32 (s, 3 H), 2.85 (s, 2 H), 2.88
-2.95(m,1H),3.25(s,2H),3.37-3.41 (m, 2 H), 3.46 (t, /J=8.9 Hz, 1 H), 3.52 - 3.57 (m, 1 H), 3.65
-3.70 (m, 1 H), 3.84 (d, /= 12.4 Hz, 1 H), 3.89 (s, 2 H), 4.47 (d,J=9.6 Hz, 1 H), 6.43 (d,J=16.5
Hz, 1 H), 6.58 (d,J=16.5Hz, 1 H), 6.76 (d,/J=7.8 Hz, 1 H), 6.80 (s, l H), 6.97 (s, 1 H), 7.12 (d, J=
7.8 Hz, 1 H), 7.25 (s, 1 H); 3C NMR (126 MHz, CDsOD) ¢ ppm 8.61, 20.00, 22.73, 24.10, 24.22,
25.94,26.86, 30.33,33.83, 36.36, 46.86, 53.21, 57.56, 60.30, 63.13, 71.93, 75.55, 79.14, 80.19, 82.46,

114.30, 124.02, 124.96, 129.15, 129.18, 130.29, 131.08, 131.84, 134.88, 136.10, 137.67, 141.02,
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149.65, 155.70, 176.77, 178.89,; HR-MS ESI/APCI Dual m/z: 682.4083[M+H]" (calcd for

C3sHssN30s: 682.4062).

(15)-1-{5-[(4-{(1E)-4-[(3-{[(2-Amino-2-oxoethyl)amino]methyl}oxetan-3-yl)amino]-3,3-
dimethyl-4-oxobut-1-en-1-yl}-2-methylphenyl)methyl]-2-hydroxy-4-(propan-2-yl)phenyl}-1,5-
anhydro-p-glucitol (82f)

Sodium cyanoborohydride (27 mg) was added to a solution of compound 78f (117 mg, 0.145 mmol)
and compound 80 (48.0 mg, 0.434 mmol) in methanol solution (4 mL). The reaction solution was
stirred at the room temperature for 18 hours. After the solvent was distilled off under reduced pressure,
water was added and the mixture was extracted with ethyl acetate. The organic layer was washed with
saturated aqueous sodium hydrogen carbonate solution and saturated brine, and dried over anhydrous
magnesium sulfate. After the desiccant was filtered off, the solvent was distilled off under reduced
pressure. The residue was purified by silica gel column chromatography (chloroform: methanol = 100:
0 to 50: 50) to obtain the crude intermediate (68 mg). The crude intermediate (68 mg) in methanol:
triethylamine: water (5: 1: 1) solution (2 mL) was stirred at the room temperature for 18 hours. After
the solvent was distilled off under reduced pressure, the residue was purified by NH silica gel column
chromatography (ethyl acetate: ethanol: water = 10: 2: 1) to obtain the titled compound (16 mg, 17%
in 2 steps) as a colorless amorphous. 'H NMR (300 MHz, CD30D) 6 ppm 1.10 (d, J = 6.7 Hz, 6 H),
1.38 (s, 6 H), 2.30 (s, 3 H), 2.86 - 2.98 (m, 1 H), 3.08 (s, 2 H), 3.25 (s, 2 H), 3.36 - 3.40 (m, 2 H), 3.41
-3.49 (m, 1 H), 3.50 - 3.58 (m, 1 H), 3.63 -3.72 (m, 1 H), 3.80 - 3.91 (m, 3 H), 4.46 (d,/=9.5Hz, 1
H), 4.50 (d, J=7.0 Hz, 2 H), 4.67 (d, J= 7.0 Hz, 2 H), 6.38 (d, /= 16.3 Hz, 1 H), 6.50 (d, J=16.3
Hz,1H),6.76 (d, /=79 Hz, 1 H), 6.80 (s, 1 H), 6.95 (s, 1 H), 7.11 (d,J="7.9 Hz, 1 H), 7.24 (s, 1 H);
13C NMR (126 MHz, CD;0D) 6 ppm 19.97, 24.10, 24.21, 25.86, 25.98, 30.31, 36.32, 45.85, 46.66,

51.91,53.29, 53.36, 54.68, 58.09, 61.85, 63.12, 63.78, 71.91, 75.53,79.14, 80.16, 80.19, 82.44, 114.26,
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123.98, 125.08, 125.11, 129.17, 129.21, 130.25, 130.43, 131.10, 131.76, 134.46, 134.53, 136.28,
137.58,137.62,140.79, 140.89, 149.62, 155.67, 177.26, 178.90, 179.89,; HR-MS ESI/APCI Dual m/z:

656.3561[M+H]" (calcd for C3sH4oN309: 656.3542).

(18)-1-[5-({4-[(1E)-4-{|3-{[(2-Amino-2-oxoethyl)amino]methyl}-1-(tert-
butoxycarbonyl)azetidin-3-yl|amino}-3,3-dimethyl-4-oxobut-1-en-1-yl]-2-
methylphenyl} methyl)-2-hydroxy-4-(propan-2-yl)phenyl]-1,5-anhydro-p-glucitol (82g)

Sodium triacetoxyborohydride (30 mg) was added to a solution of compound 78¢g (550 mg, 0.606
mmol) and compound 80 (87.0 mg, 0.788 mmol) and acetic acid (45 uL) in N,N-dimethylformamide
solution (6 mL). The reaction solution was stirred at the room temperature for 18 hours. Water was
added and the mixture was extracted with chloroform. The organic layer was washed with saturated
aqueous sodium hydrogen carbonate solution and dried over anhydrous magnesium sulfate. After the
desiccant was filtered off, the solvent was distilled off under reduced pressure. The residue was
purified by silica gel column chromatography (chloroform: methanol = 99: 1 to 50: 50) to obtain the
crude intermediate (313 mg). The crude intermediate (163 mg) and 4.88 sodium methoxide (415 uL)
in methanol solution (1.7 mL) was stirred at the room temperature for 18 hours. After the solvent was
distilled off under reduced pressure, the residue was purified by NH silica gel column chromatography
(ethyl acetate: ethanol: water = 20: 2: 1 to 7: 2: 1) to obtain the titled compound (80 mg, 34% in 2
steps) as a colorless amorphous. '"H NMR (300 MHz, CD30D) J ppm 1.10 (d, J = 6.84 Hz, 6H), 1.38
(s, 6H), 1.42 (s, 9H), 2.30 (s, 3H), 2.86-3.01 (m, 3H), 3.22 (s, 2H), 3.37 - 3.72 (m, 6H), 3.81 - 4.00 (m,
6H), 4.46 (d, J=9.33 Hz, 1H), 6.28 - 6.42 (m, 1H), 6.44 - 6.55 (m, 1H), 6.75 (d, J= 7.93 Hz, 1H),
6.80 (s, 1H), 6.95 (s, 1H), 7.11 (dd, J = 7.93, 1.55 Hz, 1H), 7.23 (s, 1H); MS (ESI/APCI Dual) m/z:

755[M+H]".
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(18)-1-{5-[(4-{(1E)-4-[(3-{[(2-amino-2-oxoethyl)amino] methyl} azetidin-3-yl)amino]-3,3-
dimethyl-4-oxobut-1-en-1-yl}-2-methylphenyl)methyl]-2-hydroxy-4-(propan-2-yl)phenyl}-1,5-
anhydro-p-glucitol (83g)

The compound 82¢g (80.0 mg, 0.106 mmol) in trifluoroacetic acid solution (1.0 mL) was stirred at the
room temperature for 18 hours. After the solvent was distilled off under reduced pressure, the residue
was purified by NH silica gel column chromatography (ethyl acetate: ethanol: water = 20: 2: 1 to 7: 2:
1) to obtain the titled compound (44 mg, 63%) as a colorless amorphous. 'H NMR (500 MHz, CD3;OD)
o ppm 1.04 - 1.11 (m, 6H), 1.35 - 1.39 (m, 3H), 1.46 (s, 3H), 2.31 (s, 3H), 2.88 - 2.95 (m, 1H), 3.20 -
3.94 (m, 12H), 4.46 (d, J=9.56 Hz, 1H), 6.27 - 6.41 (m, 1H), 6.51 (br dd, J = 18.73, 16.44 Hz, 1H),
6.76 (br d, J= 8.03 Hz, 1H), 6.80 (s, 1H), 6.95 (s, 1H), 7.11 (br d, J = 7.64 Hz, 1H), 7.24 (s, 1H); 1*C
NMR (126 MHz, CD3;0D) 6 ppm 19.96, 24.09, 24.21, 25.84, 26.42, 26.48, 30.31, 36.31, 40.19,
53.36,54.95, 55.01, 55.61, 56.80, 57.80, 63.13, 66.34, 71.92, 71.96, 75.55, 75.73,79.11, 80.19, 82.44,
114.28, 124.02, 125.06, 125.17, 129.13, 129.16, 129.25, 130.19, 130.24, 130.38, 131.76, 133.48,
137.61, 141.09, 149.61, 155.70, 155.74,; HR-MS ESI/APCI Dual m/z: 655.3718[M+H]" (calcd for

C35H50N40g: 655.3701).

15)-2,3,4,6-Tetra-0-acetyl-1,5-anhydro-1-{5-[(4-bromo-2-methylphenyl)methyl]-2-methoxy-4-
(propan-2-yl)phenyl}-p-glucitol (84)

Methyl iodide (33.0 mL, 0.530 mol) in N,N-dimethylformamide (50 mL) was added to a suspension
of compound 67 (392 g, 0.506 mol) and potassium carbonate (73.4 g, 0.531 mol) in N,N-
dimethylformamide (0.95 L). The reaction solution was stirred for 1 hour, and after addition of
potassium carbonate (70.0 g, 0.506 mol) and methyl iodide (31.5 mL, 0.506 mol), the mixture was
stirred for 1 hour. Potassium carbonate (70.0 g, 0.506 mol) and methyl iodide (31.5 mL, 0.506 mol)

were added again, and the mixture was stirred for 1 hour. Methyl iodide (15.8 mL, 0.254 mol) was
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added, and the mixture was stirred overnight at room temperature. After stirring at 50°C for 2 hours,
the mixture was diluted with toluene (1.25 L), and water (1.0 L) was added. The two layers were
separated, and the organic layer was washed twice with water (1.0 L) and 10% brine (1.0 L), and then
concentrated under reduced pressure. The residue was dissolved with isopropyl alcohol (350 mL) at
40°C, and the solution was cooled to room temperature and stirred overnight. The resulting precipitate
was filtered off and dried to give the titled compound (155 g, 46%) in the form of a white powder. ' H
NMR (300 MHz, CDCl3) ¢ ppm 1.12 (d, J= 6.8 Hz, 3 H), 1.13 (d, /= 6.8 Hz, 3 H), 1.55 (s, 3 H), 1.75
(s, 3 H), 1.99 (s, 3 H), 2.04 (s, 3 H), 2.05 (s, 3 H), 2.29 (s, 3 H), 2.83 - 2.96 (m, 1 H), 3.86 (s, 3 H),
4.08 -4.17 (m, 1 H),4.18 -4.28 (m, 1 H), 4.78 - 4.89 (m, 1 H), 5.13 - 5.23 (m, 1 H), 5.27 - 5.35 (m, 2

H), 6.51 - 6.57 (m, 1 H), 6.80 (s, 1 H), 6.96 (s, 1 H), 7.12 - 7.20 (m, 1 H), 7.30 (s, 1 H).

(15)-2,3,4,6-Tetra-0-acetyl-1,5-anhydro-1-{5-[(4-bromo-2-methylphenyl)methyl]|-2-ethoxy-4-
(propan-2-yl)phenyl}-p-glucitol (88b)

The compound 55¢g (100 g) in methanol: triethylamine: water (5: 1: 1) solution (12 L) was stirred at
the room temperature for 3 days. The reaction solution was concentrated, and dissolved in 2 M
hydrochloric acid and extracted twice with chloroform. The organic layers were combined, washed
with saturated brine, and dried over anhydrous magnesium sulfate. After the desiccant was filtered off,
the solvent was distilled off under reduced pressure to obtain the intermediate 85 (80.4 g) as a light
brown amorphous. To a suspension of the intermediate 85 (1.00 g, 2.08 mmol) and potassium
carbonate (862 mg, 6.24 mmol) in N,N-dimethylformamide (6.0 mL) was added to ethyl iodide (86b)
(500 pL, 6.24 mmol). The reaction mixture was stirred at 50°C for 8 hours. Water was added to the
reaction solution and extracted with chloroform. The organic layer was washed with saturated brine,
dried over anhydrous magnesium sulfate, filtered, and concentrated under reduced pressure. The

residue was purified by silica gel column chromatography (methanol: chloroform = 0: 100 to 10: 90)
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to obtain the intermediate (87b) (950 mg, 90%) as a colorless liquid. A solution of the intermediate
(87b) (867 mg, 1.70 mmol) and acetic anhydride (4.3 mL) in pyridine (5.2 mL) was stirred at room
temperature for 3 days. The reaction solution was added to ice water and extracted with toluene. The
organic layer was washed with 2 M hydrochloric acid and saturated brine, and dried over sodium
sulfate. After the desiccant was filtered off, the solvent was evaporated under reduced pressure, and
the residue was purified by silica gel column chromatography (hexane: ethyl acetate = 85: 15 — 65:
35) to give the titled compound (1.00 g, 90% in 3 steps). 'H NMR (300 MHz, CDCl3) d ppm 1.07 -
1.15 (m, 6 H), 1.46 (t, /= 6.9 Hz, 3 H), 1.75 (s, 3 H), 2.00 (s, 3 H), 2.04 (s, 3 H), 2.05 (s, 3 H), 2.28
(s, 3H),2.83-2.94 (m, 1 H), 3.72 - 3.90 (m, 3 H), 4.02 - 4.15 (m, 3 H), 4.19 - 4.28 (m, 1 H), 4.76 -
4.89 (m, 1 H), 5.15-5.22 (m, 1 H), 5.27 - 5.38 (m, 2 H), 6.54 (d, /= 8.2 Hz, 1 H), 6.79 (s, 1 H), 6.94
(s, 1 H), 7.16 (dd, J = 8.2, 1.7 Hz, 1 H), 7.31 (d, J = 1.7 Hz, 1 H); MS (ESI/APCI Dual) m/z:

699[M-+Na]".

(15)-2,3,4,6 Tetra-0O-acetyl-1-{2-[2-(acetyloxy)ethoxy]-5-[(4-bromo-2-methylphenyl)methyl]-4-
(propan-2-yl)phenyl}-1,5-anhydro-p-glucitol (88c)

To a suspension of Intermediate 85 (1.00 g, 2.08 mmol) and potassium carbonate (861 mg, 6.23
mmol) in N, N-dimethylformamide (5 mL) was added to 2-iodoethanol (86¢) (485 uL, 6.23 mmol).
The reaction mixture stirred at 150°C. for 3 hours. Water was added to the reaction mixture and
extracted twice with ethyl acetate. The organic layers were combined, washed with 10% brine and
water, and dried over anhydrous magnesium sulfate. The desiccant was filtered off and concentrated
under reduced pressure. The residue was purified by silica gel chromatography (ethyl acetate only —
ethyl acetate: ethanol: water = 15: 2: 1) to give the intermediate (87¢) (370 mg) as a colorless
amorphous. Acetic anhydride (900 uL) was added to a solution of the intermediate (87¢) (360 mg,

0.685 mmol) in pyridine (1.08 mL), and the mixture was stirred overnight at room temperature. The
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reaction solution was added to ice water and extracted with ethyl acetate. The organic layer was
washed with 2 M hydrochloric acid twice and saturated brine, and then dried over anhydrous
magnesium sulfate. After the desiccant was filtered off, the solvent was evaporated under reduced
pressure to give the titled compound (480 mg, 37% in 3 steps) as a colorless amorphous. 'H NMR
(300 MHz, CDCl3) 0 ppm 1.07 - 1.15 (m, 6 H), 1.74 (s, 3 H), 1.99 (s, 3 H), 2.04 (s, 3 H), 2.06 (s, 3 H),
2.17 (s,3 H),2.28 (5,3 H), 2.88 - 2.94 (m, 1 H), 3.72 - 3.92 (m, 3 H), 4.04 - 4.33 (m, 4 H), 4.36 - 4.49
(m, 1 H), 4.52 - 4.64 (m, 1 H), 4.75 (br. s., 1 H), 5.19 (t, /=9.2 Hz, 1 H), 5.30 (t, /= 9.2 Hz, 1 H),
5.41 (br.s., 1 H), 6.53 (d,/J=8.2Hz, 1 H), 6.79 (s, 1 H), 6.93 (s, 1 H), 7.18 (d, J=8.2 Hz, 1 H), 7.32

(s, 1 H); MS (ESI/APCI Dual) m/z: 757[M+Na]".

(15)-2,3,4,6-Tetra-0O-acetyl-1,5-anhydro-1-{5-[(4-bromo-2-methylphenyl)methyl]-2-|2-
(dimethylamino)ethoxy]-4-(propan-2-yl)phenyl}-p-glucitol (88d)

Intermediate 85 (2.00 g, 4.15 mmol) and 2-iodo-N,N-dimethylethan-1-amine (86d) (2.07 g, 10.4
mmol) were used as starting materials and synthesized in the same manner as compound 88c to give
the titled compound (520 mg, 17% for 2 steps) as a brown amorphous. 'H NMR (300 MHz, CDCls) §
ppm 1.12 (m, 6H), 1.75 (s, 3H), 1.99 (s, 3H), 2.04 (s, 3H), 2.05 (s, 3H), 2.08 (s, 3H), 2.28 (s, 3H), 2.49
(s, 6H), 2.84-3.00 (m, 3H), 3.76 - 3.91 (m, 3H), 4.02 - 4.26 (m, 4H), 4.78 - 4.94 (m, 1H), 5.13 - 5.37
(m, 3H), 6.53 (d, J=8.08 Hz, 1H), 6.81 (s, 1H), 6.94 (s, 1H), 7.17 (dd, J = 8.00, 1.94 Hz, 1H), 7.32

(d, J=2.18 Hz, 1H); MS (ES/APCI Dual) m/z: 720[M+H]".

(15)-2,3,4,6-Tetra-0O-acetyl-1,5-anhydro-1-[S-({4-[ (1 E)-3-carboxy-3-methylbut-1-en-1-yl]-2-
methylphenyl}methyl)-2-methoxy-4-(propan-2-yl)phenyl]-p-glucitol (89a)
In an argon atmosphere, an acetonitrile (200 mL) suspension of compound 84 (10.0 g, 15.1 mmol),

compound 41 (4.12 g, 36.1 mmol), palladium (II) acetate (337 mg, 1.51 mmol), tri-o-tolylphosphine
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(917 mg, 3.02 mmol), and triethylamine (10.5 mL, 75.5 mmol) was refluxed for 3 hours. After cooling
to room temperature, the reaction mixture was concentrated, the residue was dissolved in ethyl acetate
(800 mL), and the solution was washed with 10% hydrochloric acid (200 mL), then dried over
anhydrous magnesium sulfate. The filtrate was concentrated under reduced pressure, and the resulting
residue was purified by performing neutral silica gel column chromatography (hexane: ethyl acetate
= 8: 2 tol: 9) to obtain the titled compound (10.4 g, 99%) in the form of a colorless amorphous. ' H
NMR (600 MHz, CDCl3) ¢ ppm 1.12 (d, J=6.9 Hz, 3 H), 1.13 (d, /= 6.9 Hz, 3 H), 1.43 (s, 6 H), 1.75
(s, 3 H), 1.99 (s, 3 H), 2.01 - 2.06 (m, 6 H), 2.29 (s, 3 H), 2.90 - 2.98 (m, 1 H), 3.77 - 3.81 (m, 1 H),
3.81-3.91 (m, 5 H), 4.08 -4.13 (m, 1 H), 4.21 (dd, J=12.2, 44 Hz, 1 H), 4.79 (br. d, J=8.3 Hz, |
H), 5.17 (t, J=9.6 Hz, 1 H), 5.27 - 5.36 (m, 2 H), 6.35 (d, /= 16.0 Hz, 1 H), 6.43 (d, /= 16.0 Hz, 1
H), 6.64 (d, J= 8.3 Hz, 1 H), 6.80 (s, 1 H), 6.95 (s, 1 H), 7.06 (d, /= 8.3 Hz, 1 H), 7.21 (s, 1 H); MS

(ESI/APCI Dual) m/z: 719[M+Na]* .

(15)-2,3,4,6-Tetra-0-acetyl-1,5-anhydro-1-{5-[(4-{({ E)-3,3-dimethyl-4-[(2-methyl-1-oxopropan-
2-yl)amino]-4-oxobut-1-en-1-yl}-2-methylphenyl)methyl]-2-methoxy-4-(propan-2-yl)phenyl}-D-
glucitol (90a)

Compound 76a (1.72 g, 19.4 mmol), water soluble carbodiimide hydrochloride (3.21 g, 16.8 mmol)
and 1-hydroxy-1H-benzotriazole hydrate (2.27 g, 16.8 mmol) were added to a N,N-
dimethylformamide (100 mL) solution of compound 89a (9.00 g, 12.9 mmol) in a nitrogen atmosphere,
and the mixture was stirred for 16 hours at room temperature. Water was added to the reaction liquid,
and after extracting the mixture with ethyl acetate, the organic layer was washed with 10% brine, then
dried over anhydrous magnesium sulfate. The desiccant was filtered out, and the solvent was distilled
off under reduced pressure. The resulting residue was purified by performing silica gel column

chromatography (hexane: ethyl acetate = 2: 8 to 8: 2) to obtain the colorless powder (8.07 g). Dess-
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Martin periodinane (6.69 g, 15.8 mmol) was added to the colorless powder (8.07 g, 10.5 mmol) in a
nitrogen atmosphere, and the mixture was stirred for 1 hour at room temperature. The resection
mixture was distilled off under reduced pressure, and the resulting residue was purified by silica gel
column chromatography (hexane: ethyl acetate ratio = 2: § to 8: 2) to obtain the titled compound (7.6
g, 77% in 2 steps) in the form of a yellow amorphous. ' H NMR (600 MHz, CDCl3) d ppm 1.09 - 1.18
(m, 6 H), 1.32 (s, 6 H), 1.38 (s, 6 H), 1.77 (s, 3 H), 1.98 (s, 3 H), 2.00 - 2.07 (m, 6 H), 2.33 (s, 3 H),
2.95 (spt, J=6.8 Hz, 1 H), 3.77 - 3.94 (m, 6 H), 4.08 - 4.15 (m, 1 H), 4.22 (dd, J=11.9,4.6 Hz, 1 H),
4.82 (br.s., 1 H), 5.14 - 5.20 (m, 1 H), 5.27 - 535 (m, 2 H), 6.11 (br. s, 1 H), 6.31 (d, /= 16.5 Hz, 1
H), 6.52 (d, J=16.5 Hz, 1 H), 6.67 (d, J= 7.8 Hz, 1 H), 6.81 (s, 1 H), 6.99 (s, 1 H), 7.10 (d, /= 7.8

Hz, 1 H), 7.24 (s, 1 H), 9.33 (s, 1 H); MS (ES/APCI Dual) m/z: 766[M+H]", 788[M+Na]" .

(15)-2,3,4,6-Tetra-0-acetyl-1,5-anhydro-1-{5-[(4-{(1E)-3,3-dimethyl-4-[(2-methyl-1-0xopropan-
2-yl)amino]-4-oxobut-1-en-1-yl}-2-methylphenyl)methyl]-2-ethoxy-4-(propan-2-yl)phenyl}-p-
glucitol (90b)

Compound 88b (1.00 g, 1.48 mmol) was used as starting materials and synthesized in the same
manner as compound 89a and 90a to give the titled compound (175 mg, 15% for 3 steps) as a colorless
amorphous. 'H NMR (300 MHz, CDCls) § ppm 1.06 - 1.18 (m, 6 H), 1.32 (s, 6 H), 1.38 (s, 6 H), 1.47
(t,J=69Hz 3H), 1.77 (s, 3 H), 1.99 (s, 3 H), 2.04 (s, 3 H), 2.04 (s, 3 H), 2.33 (s, 3 H), 2.85 - 3.03
(m, 1 H), 3.72-3.97 (m, 3 H), 4.01 - 4.16 (m, 3 H), 4.17 - 4.28 (m, 1 H), 4.72 - 491 (m, 1 H), 5.11 -
521 (m, 1 H),5.27-5.37 (m, 2 H), 6.11 (s, 1 H), 6.26 - 6.35 (m, 1 H), 6.48 - 6.57 (m, 1 H), 6.67 (d, J
=7.9Hz, 1 H), 6.80 (s, 1 H), 6.97 (s, 1 H), 7.10 (d, J=7.9 Hz, 1 H), 7.25 (s, 1 H), 9.33 (s, 1 H); MS

ESI/APCI Dual m/z: 780[M+H]*, 802[M+Na]*, 778[M-H].

(15)-2,3,4,6-Tetra-0-acetyl-1-{2-[2-(acetyloxy)ethoxy]-5-[(4-{(I E)-3,3-dimethyl-4-[(2-methyl-1-
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oxopropan-2-yl)amino]-4-oxobut-1-en-1-yl}-2-methylphenyl)methyl]-4-(propan-2-yl)phenyl}-
1,5-anhydro-p-glucitol (90c)

Compound 88c (480 mg, 0.653 mmol) was used as starting materials and synthesized in the same
manner as compound 89a and 90a to give the titled compound (250 mg, 46% for 3 steps) as a colorless
amorphous. '"H NMR (300 MHz, CDCl3) 6 ppm 1.13 (d, J = 6.8 Hz, 3 H), 1.14 (d, /= 6.8 Hz, 3 H),
1.33 (s, 6 H), 1.39 (s, 6 H), 1.76 (s, 3 H), 1.98 (s, 3 H), 2.04 (s, 3 H), 2.05 (s, 3 H), 2.18 (s, 3 H), 2.32
(s,3H),2.88-3.01 (m, 1 H), 3.76 - 3.91 (m, 3 H), 4.05 - 4.13 (m, 1 H), 4.15 - 4.30 (m, 3 H), 4.37 -
4.48 (m, 1 H), 4.53 - 4.63 (m, 1 H), 4.73 (br.s., 1 H), 5.18 (t, /=9.2 Hz, 1 H), 5.30 (t, /=9.2 Hz, 1
H), 5.41 (br. s., 1 H), 6.11 (s, 1 H), 6.34 (d, J=16.0 Hz, 1 H), 6.55 (d,J=16.0 Hz, 1 H), 6.67 (d, J=
7.8 Hz, 1 H), 6.80 (s, 1 H), 6.96 (s, 1 H), 7.11 (d, J=7.8 Hz, 1 H), 7.25 (s, 1 H), 9.33 (s, 1 H); MS

(ESIAPCI Dual) m/z: 838[M+H]*, 860[M+Na]*.

(15)-2,3,4,6-Tetra-0O-acetyl-1,5-anhydro-1-{2-[2-(dimethylamino)ethoxy]-5-[(4-{(1E)-3,3-
dimethyl-4-[(2-methyl-1-oxopropan-2-yl)amino]-4-oxobut-1-en-1-yl}-2-methylphenyl)methyl]-
4-(propan-2-yl)phenyl}-p-glucitol (90d)

Compound 88d (510 mg, 0.708 mmol) was used as starting materials and synthesized in the same
manner as compound 89a and 90a to give the titled compound (215 mg, 38% for 3 steps) as a pale
orange amorphous. '"H NMR (300 MHz, CDCls) 6 ppm 1.13 (m, 6H), 1.32 (s, 6H), 1.39 (s, 6H), 1.77
(s, 3H), 1.99 (s, 3H), 2.04 (m, 6H), 2.33 (s, 3H), 2.42 (s, 6H), 2.79 - 2.99 (m, 3H), 3.76 - 3.90 (m, 3H),
4.06 - 4.26 (m, 4H),4.75 - 4.88 (m, 1H), 5.11 - 5.42 (m, 3H), 6.13 (s, 1H), 6.26 - 6.36 (m, 1H), 6.48 -
6.56 (m, 1H), 6.66 (d, J=7.93 Hz, 1H), 6.83 (s, 1H), 6.98 (s, 1H), 7.10 (dd, J = 7.85, 1.63 Hz, 1H),

7.25 (s, 1H), 9.34 (s, 1H); MS (ESUAPCI Dual) m/z: 823[M+H]".

(15)-1-|5-({4-[(1E)-4-({1-[(2-Amino-2-oxoethyl)amino]-2-methylpropan-2-yl}amino)-3,3-
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dimethyl-4-oxobut-1-en-1-yl]-2-methylphenyl} methyl)-2-methoxy-4-(propan-2-yl)phenyl]-1,5-
anhydro-p-glucitol (92a)

Compound 90a (300 mg, 0.39 mmol) was used as starting materials and synthesized in the same
manner as compound 82a to give the titled compound (41 mg, 16% for 2 steps) as a colorless
amorphous. '"H NMR (600 MHz, CD;0D) J ppm 1.12 - 1.17 (m, 6 H), 1.30 (s, 6 H), 1.35 (s, 6 H),
2.32(s,3 H),2.66 (s,2 H),2.99 (s, 1 H), 3.18 (s, 2 H), 3.34 (d, /= 2.3 Hz, 2 H), 3.43 - 3.48 (m, 1 H),
3.49-3.53 (m, 1 H),3.59-3.64 (m, 1 H), 3.80 - 3.84 (m, 1 H), 3.84 (s, 3 H), 3.92 (s, 2 H), 4.59 - 4.63
(m, 1 H), 6.35 - 6.39 (m, 1 H), 6.48 - 6.52 (m, 1 H), 6.74 (d, J="7.8 Hz, 1 H), 6.92 (s, 1 H), 7.07 (s, 1
H), 7.09 - 7.12 (m, 1 H), 7.24 (s, 1 H); *C NMR (126 MHz, CDsOD) J ppm 20.00, 24.05, 24.19,
25.30,25.92,30.73, 36.36, 46.57, 53.24, 54.69, 56.52, 59.61, 63.43,72.31, 75.75, 76.96, 80.29, 82.54,
109.64, 125.00, 126.26, 129.16, 130.18, 130.20, 130.58, 131.75, 134.99, 136.31, 137.61, 140.64,
149.79, 158.61, 177.21, 178.81,; HR-MS ESI/APCI Dual m/z: 656.3951 [M+H]" (calcd for

C36Hs53N30s: 656.3905).

(15)-1-[5-({4-[(1E)-4-({1-[(2-Amino-2-oxoethyl)amino]-2-methylpropan-2-yl} amino)-3,3-
dimethyl-4-oxobut-1-en-1-yl]-2-methylphenyl} methyl)-2-ethoxy-4-(propan-2-yl)phenyl]-1,5-
anhydro-p-glucitol (92b)

Compound 90b (175 mg, 0.224 mmol) was used as starting materials and synthesized in the same
manner as compound 82g to give the titled compound (80 mg, 56% for 2 steps) as a colorless
amorphous. "H NMR (600 MHz, CDs0D) ¢ ppm 1.10 - 1.16 (m, 6 H), 1.30 (s, 6 H), 1.35 (s, 6 H),
1.41 (t, J=6.9 Hz, 3 H), 2.32 (s, 3 H), 2.66 (s, 2 H), 2.95 - 3.02 (m, 1 H), 3.18 (s, 2 H), 3.33 - 3.38
(m,2 H),3.45(t,J=8.7Hz, 1 H), 3.55-3.64 (m, 2 H), 3.83 (dd, /=119, 1.8 Hz, 1 H), 3.92 (s, 2 H),
4.05-4.13 (m, 2 H), 4.59 (d, J=9.6 Hz, 1 H), 6.37 (d, J=16.5 Hz, 1 H), 6.50 (d, /= 16.5 Hz, 1 H),

6.75(d,J=7.8 Hz, 1 H), 6.91 (s, 1 H), 7.05 (s, 1 H), 7.11 (d,J= 7.8 Hz, 1 H), 7.24 (s, 1 H); >*C NMR
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(126 MHz, CDs0D) ¢ ppm 15.49, 19.99, 24.06, 24.18, 25.30, 25.92, 30.66, 36.36, 46.57, 53.24,
54.69, 59.60, 63.46, 65.80, 72.30, 75.36, 77.36, 80.33, 82.51, 111.13, 125.00, 126.42, 129.16, 130.21,
130.24, 130.57, 131.88, 134.99, 136.31, 137.62, 140.61, 149.76, 158.05, 177.22, 178.79,; HR-MS

ESI/APCI Dual m/z: 670.4090 [M+H]" (calcd for C37HssN30s: 670.4062).

(15)-1-|5-({4-[(1E)-4-({1-[(2-Amino-2-oxoethyl)amino]-2-methylpropan-2-yl}amino)-3,3-
dimethyl-4-oxobut-1-en-1-yl]-2-methylphenyl} methyl)-2-(2-hydroxyethoxy)-4-(propan-2-
yDphenyl]-1,5-anhydro-p-glucitol (92¢)

Compound 90¢ (120 mg, 0.143 mmol) was used as starting materials and synthesized in the same
manner as compound 82g to give the titled compound (30 mg, 30% for 2 steps) as a colorless
amorphous. '"H NMR (600 MHz, CD3;0D) ¢ ppm 1.13 (d, J= 6.9 Hz, 3 H), 1.14 (d, /= 6.9 Hz, 3 H),
1.30 (s, 6 H), 1.34 (s, 6 H), 2.32 (s, 3 H), 2.66 (s, 2 H), 2.98 (m, 1 H), 3.17 (s, 2 H), 3.34 (s, 2 H), 3.37
-3.40 (m, 1 H), 3.45 - 3.51 (m, 2 H), 3.60 - 3.65 (m, 1 H), 3.81 - 3.90 (m, 3 H), 3.91 (s, 2 H), 4.08 -
4.15 (m, 2 H),4.68 (d,J=9.2Hz, 1 H), 6.37 (d, J=16.5 Hz, 1 H), 6.50 (d, /= 16.5 Hz, 1 H), 6.73 (d,
J=7.8Hz, 1 H), 693 (s, 1 H), 7.07 - 7.12 (m, 2 H), 7.24 (s, 1 H); 3C NMR (126 MHz, CD30D) ¢
ppm 20.00, 24.04, 24.20, 25.30, 25.92, 30.68, 36.38, 46.57, 53.24, 54.69, 59.60, 62.07, 63.39, 72.00,
72.27, 76.17, 77.04, 80.28, 82.47, 111.41, 125.00, 127.04, 129.15, 130.18, 130.56, 130.70, 131.75,
135.00, 136.32, 137.61, 140.58, 149.75, 157.77, 177.23, 178.78,; HR-MS ESI/APCI Dual m/z:

686.3997 [M+H]" (calcd for C37HssN3O9: 686.4011).

(18)-1-[5-({4-[(1E)-4-({1-[(2-Amino-2-oxoethyl)amino]-2-methylpropan-2-yl} amino)-3,3-
dimethyl-4-oxobut-1-en-1-yl]-2-methylphenyl} methyl)-2-[2-(dimethylamino)ethoxy]-4-
(propan-2-yl)phenyl]-1,5-anhydro-p-glucitol (92d)

Compound 90c¢ (120 mg, 0.146 mmol) was used as starting materials and synthesized in the same
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manner as compound 82b to give the titled compound (35 mg, 27% for 2 steps) as a colorless
amorphous. 'H NMR (500 MHz, CD3OD) 6 ppm 1.14 (dd, J = 6.50, 5.35 Hz, 6H), 1.30 (s, 6H), 1.35
(s, 6H), 2.32 (s, 3H), 2.40 (s, 6H), 2.66 (s, 2H), 2.74 - 2.82 (m, 1H), 2.85-2.92 (m, 1H), 2.95 - 3.06 (m,
1H), 3.17 (s, 2H), 3.32 - 3.39 (m, 2H), 3.42 - 3.49 (m, 2H), 3.58 - 3.65 (m, 1H), 3.82 (dd, J = 11.85,
1.91 Hz, 1H), 3.92 (s, 2H), 4.08 - 4.23 (m, 2H), 4.60 - 4.67 (m, 1H), 6.33 - 6.41 (m, 1H), 6.47 - 6.55
(m, 1H), 6.73 (d, J = 8.03 Hz, 1H), 6.93 (s, 1H), 7.05 - 7.13 (m, 2H), 7.24 (d, J = 1.15 Hz, 1H); 1*C
NMR (126 MHz, CD30D) ¢ ppm 20.00, 24.04, 24.18, 25.30, 25.92, 30.70, 36.37, 46.07, 46.57, 53.24,
54.69, 59.59, 63.44, 67.75,72.37,76.03, 77.09, 80.41, 82.59, 111.02, 125.00, 126.80, 129.16, 130.18,
130.56, 130.70, 131.77, 135.00, 136.32, 137.60, 140.57, 149.78, 157.67, 177.22, 178.78,; HR-MS

ESI/APCI Dual m/z: 713.4498 [M+H]" (calcd for C30HgoN4Og: 713.4484).

(18)-1-|5-({4-[(1E)-4-({1-[(4-Amino-4-oxobutyl)amino]-2-methylpropan-2-yl} amino)-3,3-
dimethyl-4-oxobut-1-en-1-yl]-2-methylphenyl} methyl)-2-methoxy-4-(propan-2-yl)phenyl]-1,5-
anhydro-p-glucitol (94b)

Compound 90a (360 mg, 0.470 mmol) and 4-aminobutanamide (57 mg, 0.558 mmol) was used as
starting materials and synthesized in the same manner as compound 82a to give the titled compound
(151 mg, 47% for 2 steps) as a colorless amorphous. 'H NMR (600 MHz, CD3;0D) 6 ppm 1.14 (d, J =
6.7Hz,3H),1.15(d,J=6.7Hz,3 H),1.29 - 1.32 (m, 6 H), 1.33 - 1.36 (m, 6 H), 1.61 - 1.70 (m, 2 H),
2.11 (t,J=7.3 Hz,2 H), 2.31 -2.35 (m, 3 H), 2.61 (t, J = 6.9 Hz, 2 H), 2.72 (br. s., 2 H), 2.93 - 3.02
(m, 1 H), 3.37 - 3.42 (m, 2 H), 3.44 - 3.49 (m, 1 H), 3.50 - 3.55 (m, 1 H), 3.60 - 3.65 (m, 1 H), 3.79 -
3.86 (m, 4 H),3.92 (s,2 H),4.62 (d,/=9.6 Hz, 1 H), 6.36 (d, /J=16.0 Hz, 1 H), 6.50 (d, J=16.0 Hz,
1 H), 6.73 (d,J=7.8 Hz, 1 H), 6.92 (s, 1 H), 7.08 - 7.12 (m, 2 H), 7.24 (s, 1 H); 3C NMR (126 MHz,
CDs0D) ¢ ppm 20.03, 24.05, 24.21, 25.37, 25.87, 30.74, 34.27, 36.37, 46.54, 50.72, 54.31, 56.52,

59.44, 63.40, 72.29, 75.72, 76.99, 80.28, 82.54, 109.65, 125.02, 126.24, 129.18, 130.13, 130.16,
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130.68, 131.83, 134.69, 136.23, 137.59, 140.69, 149.82, 158.62, 178.68, 179.14,; HR-MS ESI/APCI

Dual m/z: 684.4246 [M+H]" (calcd for C3sHs7N3Og: 684.4218).

(185)-1-[5-({4-[(1E)-4-({1-[(6-Amino-6-oxohexyl)amino]-2-methylpropan-2-yl}amino)-3,3-
dimethyl-4-oxobut-1-en-1-yl]-2-methylphenyl}methyl)-2-methoxy-4-(propan-2-yl)phenyl]-1,5-
anhydro-p-glucitol (94c)

Compound 90a (300 mg, 0.392 mmol) and 5-aminopentanamide (76.5 mg, 0.588 mmol) was used as
starting materials and synthesized in the same manner as compound 82b to give the titled compound
(141 mg, 52% for 2 steps) as a colorless amorphous. 'H NMR (600 MHz, CD3OD) ¢ ppm 1.14 (t, J=
6.9 Hz, 6 H), 1.17 - 1.24 (m, 2 H), 1.26 - 1.37 (m, 14 H), 1.45 - 1.53 (m, 2 H), 2.12 (t, /= 7.6 Hz, 2
H), 2.33 (s, 3 H), 2.49 (t, /= 7.3 Hz, 2 H), 2.61 (s, 2 H), 2.92 - 3.00 (m, 1 H), 3.33 - 3.38 (m, 2 H),
3.46 (t,J=8.5Hz, 1 H), 3.51 - 3.56 (m, 1 H), 3.62 (dd, J=11.9, 5.0 Hz, 1 H), 3.79 - 3.87 (m, 4 H),
3.92(s,2H),4.62 (d,J=9.6 Hz, 1 H), 6.34 (d,/J=16.0 Hz, 1 H), 6.49 (d, /= 16.0 Hz, 1 H), 6.73 (d,
J=183Hz, 1 H), 692 (s, 1 H), 7.06 - 7.12 (m, 2 H), 7.24 (s, 1 H); 3C NMR (126 MHz, CD30OD) ¢
ppm 20.08, 24.08, 24.22, 25.42, 25.90, 26.80, 28.06, 30.51, 30.74, 36.44, 36.56, 46.55, 51.37, 54.39,
56.52,59.90,63.42,72.29,75.73,76.99, 80.30, 82.54, 109.66, 125.05, 126.25, 129.15, 130.07, 130.15,
130.64, 131.90, 134.76, 136.25, 137.53, 140.70, 149.83, 158.63, 178.79, 179.18,; HR-MS ESI/APCI

Dual m/z: 712.4554 [M+H]" (calcd for C40Hg1N3Os: 712.4531).

(15)-1,5-Anhydro-1-{5-[(4-{(1 E)-4-[(1-{[2-(dimethylamino)ethyl|]amino}-2-methylpropan-2-
yl)amino]-3,3-dimethyl-4-oxobut-1-en-1-yl}-2-methylphenyl)methyl]-2-methoxy-4-(propan-2-
yD)phenyl}-p-glucitol (94d)

Compound 90a (150 mg, 0.196 mmol) and N',N'-dimethylethane-1,2-diamine (26.0 mg, 0.294

mmol) was used as starting materials and synthesized in the same manner as compound 82b to give
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the titled compound (77.1 mg, 61% for 2 steps) as a colorless amorphous. 'H NMR (600 MHz, ¢ 1.15
(d,J=6.4Hz 6 H), 1.30 (s, 6 H), 1.33 (s, 6 H), 2.10 (s, 6 H), 2.20 (t, J= 6.4 Hz, 2 H), 2.34 (s, 3 H),
2.58-2.63 (m,4 H),2.94-3.02 (m, 1 H), 3.34-3.39 (m, 2 H), 3.43 -3.49 (m, 1 H), 3.48 - 3.54 (m, 1
H), 3.59 - 3.66 (m, 1 H), 3.80 - 3.88 (m, 4 H), 3.92 (s, 2 H), 4.61 (d,/=9.6 Hz, 1 H), 6.35 (d, /J=16.0
Hz, 1 H), 6.50 (d,/J=16.0 Hz, 1 H), 6.73 (d, /= 7.8 Hz, 1 H), 6.93 (s, 1 H), 7.08 (s, 1 H), 7.11 (d, J =
7.8 Hz, 1 H), 7.26 (s, 1 H); 3C NMR (126 MHz, v 20.07, 24.08, 24.24, 25.28, 25.87, 30.75, 36.39,
45.74, 46.60, 54.29, 56.52, 60.01, 60.26, 63.45, 72.33, 75.83, 76.93, 80.28, 82.55, 109.62, 125.08,
126.37, 129.18, 130.01, 130.08, 130.70, 131.84, 134.71, 136.28, 137.55, 140.70, 149.76, 158.63,

178.65,; HR-MS ESI/APCI Dual m/z: 670.4437 [M+H]" (calcd for C3sHsoN307: 670.4426).

(15)-1,5-Anhydro-1-{5-[(4-{({ E)-4-|(1-{|3-(dimethylamino)propyl]amino}-2-methylpropan-2-
yl)amino]-3,3-dimethyl-4-oxobut-1-en-1-yl}-2-methylphenyl)methyl]-2-methoxy-4-(propan-2-
yD)phenyl}-p-glucitol (94¢)

Compound 90a (350 mg, 0.457 mmol) and N',N'-dimethylpropane-1,3-diamine (56 mg, 0.548
mmol) was used as starting materials and synthesized in the same manner as compound 82a to give
the titled compound (100 mg, 32% for 2 steps) as a colorless amorphous. 'H NMR (600 MHz, CD;0D)
oppm 1.14 (d, /J=6.4 Hz,3 H), 1.15 (d, J= 6.4 Hz, 3 H), 1.30 (s, 6 H), 1.33 (s, 6 H), 1.46 - 1.56 (m,
2 H),2.12 (s, 6 H), 2.17 - 2.24 (m, 2 H), 2.33 (s, 3 H), 2.51 (t, /= 7.1 Hz, 2 H), 2.60 (s, 2 H), 2.93 -
3.03 (m, 1 H), 3.37 - 3.42 (m, 2 H), 3.43 - 3.48 (m, 1 H), 3.48 - 3.55 (m, 1 H), 3.57 - 3.65 (m, 1 H),
3.80-3.87 (m,4 H),3.92 (s,2 H),4.61 (d,/=9.2Hz, 1 H), 6.31-6.37 (m, 1 H), 6.49 (d,J=16.5 Hz,
1 H), 6.72 (d,J=7.8 Hz, 1 H), 6.92 (s, 1 H), 7.07 - 7.12 (m, 2 H), 7.24 (s, 1 H); 3C NMR (126 MHz,
CDs0D) ¢ ppm 20.06, 24.08, 24.24, 25.34, 25.92, 28.49, 30.75, 36.41, 45.57, 46.58, 48.64, 49.76,
54.40, 56.52, 58.72, 60.06, 63.46, 72.34, 75.82, 76.95, 80.30, 82.57, 109.64, 125.03, 126.36, 129.21,

130.07, 130.11, 130.54, 131.83, 134.92, 136.32, 137.55, 140.65, 149.77, 158.64, 178.67,; HR-MS
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ESI/APCI Dual m/z: 684.4611[M+H]" (calcd for C39H¢1N3O7: 684.4582).

(15)-1,5-Anhydro-1-{5-[(4-{({ E)-4-[(1-{|[4-(dimethylamino)butyl|]amino}-2-methylpropan-2-
yl)amino]-3,3-dimethyl-4-oxobut-1-en-1-yl}-2-methylphenyl)methyl]-2-methoxy-4-(propan-2-
yDphenyl}-p-glucitol (94f)

Compound 90a (500 mg, 0.653 mmol) and N',N'-dimethylbutane-1,4-diamine dihydrochloride (184
mg, 0.979 mmol) was used as starting materials and synthesized in the same manner as compound 82b
to give the titled compound (66.6 mg, 38% for 2 steps) as a colorless amorphous. '"H NMR (600 MHz,
CD3;OD) 6 ppm 1.11 - 1.17 (m, 6 H), 1.29 - 1.41 (m, 16 H), 2.16 - 2.23 (m, 8 H), 2.33 (s, 3 H), 2.51 (t,
J=73Hz, 2 H),2.62 (s,2 H),2.94 -3.02 (m, 1 H), 3.33 -3.38 (m, 2 H), 3.43 - 3.48 (m, 1 H), 3.48 -
3.54 (m, 1 H), 3.61 (dd, J=12.2,5.7 Hz, 1 H), 3.79 - 3.87 (m, 4 H), 3.92 (s, 2 H), 4.61 (d, /= 9.6 Hz,
1 H), 6.34 (d, J=16.0 Hz, 1 H), 6.49 (d, /= 16.0 Hz, 1 H), 6.74 (d, /= 7.8 Hz, 1 H), 6.92 (s, 1 H),
7.08 (s, 1 H), 7.10 (d, J = 7.8 Hz, 1 H), 7.24 (s, 1 H); 3C NMR (126 MHz, CD;0D)  ppm 20.09,
24.07,24.22,25.40, 25.90, 26.08, 28.81, 30.74, 36.45, 45.53, 46.56, 51.36, 54.40, 56.52, 59.91, 60.64,
63.47, 72.34, 75.79, 76.97, 80.28, 82.56, 109.65, 125.05, 126.33, 129.20, 130.07, 130.15, 130.58,
131.76, 134.87, 136.32, 137.51, 140.59, 149.75, 158.63, 178.71,; HR-MS ESI/APCI Dual m/z:

698.4783 [M+H]" (calcd for C40Hs3N307: 698.4739).

(15)-1,5-Anhydro-1-{5-[(4-{({ E)-4-[(1-{|[4-(dimethylamino)butyl] (methyl)amino}-2-
methylpropan-2-yl)amino]-3,3-dimethyl-4-oxobut-1-en-1-yl}-2-methylphenyl)methyl]-2-
methoxy-4-(propan-2-yl)phenyl}-p-glucitol (94g)

Sodium triacetoxyborohydride (554 mg, 2.61 mmol) and N',N'-dimethylbutane-1,4-diamine
dihydrochloride (184 mg, 0.979 mmol) were added to a N,N-dimethylformamide (6 mL) solution of

compound 90a (500 mg, 0.653 mmol) in a nitrogen atmosphere, and the mixture was stirred for 16
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hours at room temperature. An aqueous sodium hydrogen carbonate solution was added to the reaction
liquid, and after extracting the mixture with chloroform, the organic layer was washed with 10% brine
and then dried over anhydrous magnesium sulfate. The desiccant was filtered out, and the solvent was
distilled off under reduced pressure. The resulting residue was purified by performing silica gel
column chromatography (chloroform: methanol = 10: 0 to 9: 1) to obtain the intermediate (262 mg).
To a solution of the intermediate (156 mg), 37% formaldehyde solution (73 mg, 0.90 mmol) and
sodium triacetoxyborohydride (153 mg, 0.720 mmol) were added, and stirred for 6 hours at room
temperature. An aqueous sodium hydrogen carbonate solution was added to the reaction liquid, and
after extracting the mixture with chloroform, the organic layer was washed with 10% brine and then
dried over anhydrous magnesium sulfate. The desiccant was filtered out, and the solvent was distilled
off under reduced pressure. The resulting residue was purified by performing silica gel column
chromatography (chloroform: methanol = 10: 0 to 9: 1) to obtain the intermediate (141 mg). The crude
intermediate (141 mg) in methanol: triethylamine: water (5: 1: 1) solution (2.5 mL) was stirred at the
room temperature for 16 hours, the solvent was distilled off under reduced pressure. The resulting
residue was purified by performing neutral silica gel column chromatography (ethyl acetate: ethanol:
water = 30: 2: 1) to give the titled compound (76mg, 27% in 3 steps) as a colorless amorphous. 'H
NMR (600 MHz, CD;0D) 6 ppm 1.14 (d, J = 6.4 Hz, 6 H), 1.25 - 1.37 (m, 16 H), 2.14 - 2.21 (m, 11
H),2.30-2.36 (m, 5 H), 2.41 (s, 2 H), 2.93 - 3.00 (m, 1 H), 3.34 - 3.38 (m, 2 H), 3.46 (t, /=8.7 Hz, 1
H), 3.49 - 3.55 (m, 1 H), 3.62 (dd, J=11.9, 6.0 Hz, 1 H), 3.81 - 3.86 (m, 4 H), 3.93 (s, 2 H), 4.61 (d,
J=9.6Hz, 1 H), 6.34(d, /J=16.5Hz, 1 H), 6.51 (d,J=16.5Hz, 1 H), 6.74 (d,J="7.8 Hz, 1 H), 6.92
(s, 1 H), 7.08 - 7.13 (m, 2 H), 7.25 (s, 1 H); 3C NMR (126 MHz, CD30D) ¢ ppm 20.12, 24.09, 24.25,
25.91,26.13,26.37,26.79, 30.75,36.47,45.19, 45.57, 46.68, 54.50, 56.52, 60.73, 61.17, 63.47, 68.43,
72.34, 75.79, 77.00, 80.29, 82.57, 109.66, 125.05, 126.35, 129.23, 130.06, 130.12, 130.79, 131.86,

134.70, 136.20, 137.52, 140.74, 149.75, 158.65, 178.40,; HR-MS ESI/APCI Dual m/z: 712.4916
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[N[-i—H]+ (calcd for C41H65N3O7Z 712.4895).

(15)-1,5-Anhydro-1-[5-({4-[(1 E)-4-({1-[4-(2-hydroxyethyl)piperazin-1-yl]-2-methylpropan-2-
yl}amino)-3,3-dimethyl-4-oxobut-1-en-1-yl]-2-methylphenyl} methyl)-2-methoxy-4-(propan-2-
yl)phenyl]-p-glucitol (94h)

Compound 90a (300 mg, 0.392 mmol) and 1-piperazine ethanol (76 mg, 0.588 mmol) was used as
starting materials and synthesized in the same manner as compound 82b to give the titled compound
(68.6 mg, 25% for 2 steps) as a colorless amorphous. "H NMR (600 MHz, CD3sOD) ¢ ppm 1.16 (d, J
=6.9 Hz, 6 H), 1.30 (s, 6 H), 1.33 (s, 6 H), 2.05 - 2.22 (m, 6 H), 2.33 (s, 2 H), 2.35 - 2.38 (m, 3 H),
2.47 (br. s., 4 H), 2.97 - 3.05 (m, 1 H), 3.34 - 3.39 (m, 2 H), 3.43 - 3.54 (m, 4 H), 3.63 (dd, /= 12.2,
5.3 Hz, 1 H), 3.80 - 3.87 (m, 4 H), 3.93 (s, 2 H), 4.62 (d,/=9.2 Hz, 1 H), 6.38 (d,J=16.0 Hz, 1 H),
6.53 (d,J=16.0Hz, 1 H), 6.75 (d,/J=7.8 Hz, 1 H), 6.93 (s, 1 H), 7.11 (s, 1 H), 7.15 (d, J=7.8 Hz, 1
H), 7.28 (s, 1 H); 3C NMR (126 MHz, CD;0D) 6 ppm 20.12, 24.08, 24.32, 26.02, 30.77, 36.28, 46.72,
54.58, 54.71, 55.93, 56.50, 59.75, 61.21, 63.34, 68.64, 72.23, 75.75, 76.95, 80.30, 82.62, 109.60,
125.15, 126.32, 129.49, 130.01, 130.24, 130.87, 131.83, 134.41, 136.07, 137.72, 141.03, 149.79,

158.64, 178.47,; HR-MS ESI/APCI Dual m/z: 712.4561 [M+H]" (caled for CaoHgN3Os: 712.4531).

(15)-1,5-Anhydro-1-[5-({4-[({ E)-4-{[1-(4-carbamoylpiperidin-1-yl)-2-methylpropan-2-
yl]amino}-3,3-dimethyl-4-oxobut-1-en-1-yl]-2-methylphenyl} methyl)-2-methoxy-4-(propan-2-
yD)phenyl]-p-glucitol (94i)

Compound 90a (150 mg, 0.196 mmol) and piperidine-4-carboxamide (38.0 mg, 0.294 mmol) was
used as starting materials and synthesized in the same manner as compound 82b to give the titled
compound (32 mg, 23% for 2 steps) as a colorless amorphous. 'H NMR (300 MHz, CD30D) J ppm

1.09 - 1.21 (m, 6 H), 1.29 (s, 6 H), 1.34 (s, 6 H), 1.43 - 1.59 (m, 4 H), 1.98 - 2.13 (m, 1 H), 2.15 - 2.28
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(m, 2 H), 2.33 (s, 3 H), 2.41 (s, 2 H), 2.73 - 2.86 (m, 2 H), 2.89 - 3.02 (m, 1 H), 3.33 - 3.67 (m, 5 H),
3.78 - 3.86 (m, 4 H), 3.91 (s, 2 H), 4.62 (d, /= 9.5 Hz, 1 H), 6.35 (d, J= 16.2 Hz, 1 H), 6.50 (d, J =
16.2 Hz, 1 H), 6.67 - 6.76 (m, 1 H), 6.92 (s, 1 H), 7.08 - 7.16 (m, 2 H), 7.25 (s, 1 H); 3C NMR (126
MHz, CD;OD) 6 ppm 20.01, 24.09, 24.21, 25.81, 25.84, 25.87, 30.28, 30.73, 36.40, 43.09, 46.63,
55.04, 56.52, 56.70, 56.72, 63.39, 68.25, 72.30, 75.65, 76.96, 80.29, 82.57, 109.66, 125.03, 126.21,
129.22, 130.13, 130.16, 130.77, 131.87, 134.52, 136.01, 137.65, 140.79, 149.84, 158.63, 178.66,

180.83,; HR-MS ESI/APCI Dual m/z: 710.4399 [M+H]" (calcd for C40HsoN3Os: 710.4375).

(15)-1,5-Anhydro-1-[5-({4-[(1 E)-4-({1-[4-(dimethylamino)piperidin-1-yl]-2-methylpropan-2-
yl}amino)-3,3-dimethyl-4-oxobut-1-en-1-yl]-2-methylphenyl} methyl)-2-methoxy-4-(propan-2-
yl)phenyl]-p-glucitol (94j)

Sodium triacetoxyborohydride (166 mg, 0.784 mmol) and N,N-dimethylpiperidin-4-amine (37.7 mg,
0.294 mmol) were added to a chloroform (2 mL) solution of compound 90a (150 mg, 0.196 mmol) in
a nitrogen atmosphere, and the mixture was stirred for 16 hours at room temperature. An aqueous
sodium hydrogen carbonate solution was added to the reaction liquid, and after extracting the mixture
with chloroform, the organic layer was washed with 10% brine and then dried over anhydrous
magnesium sulfate. The desiccant was filtered out, and the solvent was distilled off under reduced
pressure. The resulting residue was purified by performing silica gel column chromatography
(chloroform: methanol = 10: 0 to 9: 1) to obtain the intermediate (97.6 mg). The crude intermediate
(97 mg) in methanol: triethylamine: water (5: 1: 1) solution (2.5 mL) was stirred at the room
temperature for 16 hours, and after stirring the reaction mixture for 16 hours at room temperature, the
solvent was distilled off under reduced pressure. The resulting residue was purified by performing
neutral silica gel column chromatography (ethyl acetate: ethanol: water = 30: 2: 1) to give the titled

compound (56 mg, 41% for 2 steps) as a colorless amorphous. 'H NMR (600 MHz, CD30D) J ppm
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1.13 (d, J = 6.4 Hz, 3 H), 1.14 (d,J = 6.4 Hz, 3 H), 1.19 - 1.27 (m, 2 H), 1.29 (s, 6 H), 1.33 (s, 6 H),
1.47 - 1.54 (m, 2 H), 1.98 - 2.05 (m, 1 H), 2.14 (s, 6 H), 2.34 (m, SH), 2.76 - 2.82 (m, 2 H), 2.96 (1, J
= 6.7 Hz, 1 H), 3.35 - 3.38 (m, 2 H), 3.44 - 3.48 (m, 1 H), 3.48 - 3.54 (m, 1 H), 3.62 (dd, J=11.9, 6.0
Hz, 1 H), 3.80 - 3.87 (m, 4 H), 3.91 (s, 2 H), 4.62 (d,/=9.6 Hz, 1 H), 6.37 (d, J=16.5Hz, 1 H), 6.53
(d,J=16.5Hz,1H),6.72 (d,J=7.8 Hz, 1 H), 6.93 (s, 1 H), 7.09 (s, 1 H), 7.14 (d, /= 7.8 Hz, 1 H),
7.26 (s, 1 H); 3C NMR (126 MHz, CD;0D) ¢ ppm 20.08, 24.10, 24.24, 25.79, 25.85, 29.55, 29.65,
30.77,36.41,41.68, 46.68, 55.06, 56.52, 56.65, 63.25, 63.47, 68.00, 72.35, 75.83, 76.93, 80.29, 82.57,
109.64, 124.90, 126.39, 130.02, 131.88, 134.64, 136.13, 137.61, 140.82, 149.76, 158.65, 178.40; IR
(KBr) v-= 3388, 2963, 2928, 1669, 1505, 1451, 1379, 1364, 1278, 1207, 1090, 1055, 1040 cm™'; HR-
MS ESI/APCI Dual m/z: 710.4767 [M+H]* (calcd for C41Hg3N3O7: 710.4739); [a]§= +3 (¢ = 0.10,

MeOH).

151



EIBS R CHASRICET 2 2R

Glucose uptake inhibition assay

Chinese hamster ovary-K1 cells stably expressing human SGLT2 (NM_003041) or human SGLT1
(NM_000343) were used for the sodium-dependent glucose transport inhibition test. Cells were
incubated in 200 pL of pretreatment buffer solution (140 mM choline chloride, 2 mM KCI, 1 mM
CaClp, 1 mM MgCl, 10 mM HEPES/5 mM Tris, pH7.4) for 20 min. The pretreatment buffer was
removed, and 75 pL of uptake buffer containing the test compound (methyl- o -D-glucopyranoside
containing ['*C] methyl- a -D-glucopyranoside [0.1 mM for SGLT1 inhibition, 1 mM for SGLT2
inhibition], 140 mM NacCl, 2 mM KCI, 1 mM CacCl,, 1 mM MgCl,, 10 mM HEPES/5mM Tris, pH7.4)
were added. The uptake reaction was performed at 37°C for 30 min (SGLT1) or 1 h (SGLT2). After
the reaction, the cells were washed twice with 200 puL of washing buffer (10 mM methyl-« -D-
glucopyranoside, 140 mM choline chloride, 2 mM KCI, 1 mM CaCl,, 1 mM MgCl,, 10 mM HEPES/5
mM Tris, pH7.4) and dissolved in 75 pL of 0.25 M NaOH. Opti phase Super Mix (Perkin-Elmer
Corporation) was added and mixed well with the sample; the radioactivity was then measured using a
Micro Beta Trilux counter (Perkin-Elmer Corporation). An uptake buffer that did not contain the test
compound was used as a control. Another uptake buffer containing choline chloride instead of NaCl
was also prepared as a background control. To determine the ICso values, each test compound was
tested at six suitable concentrations. The concentration at which glucose uptake was inhibited by 50%

(ICso value) compared with the glucose uptake in the control (100%) was then calculated.

Pharmacokinetic evaluation

The permeability measurement and the data analysis of the test compound were performed using

PAMPA Evolution™ (pION Inc.). A 96-well PAMPA sandwich plate (pION Inc.) was used for the
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permeability measurement. The “sandwich” filters were coated with 4 uL. of GIT-0 Lipid (pION Inc.).
The donor plate was filled with 200 puL of the test compound dissolved in the PRISMA HT Universal
Buffer (pION Inc.).

The plasma and kidney concentration-time profiles of the test compounds were investigated in fasted
male SD rats. After a single intravenous administration of the test compounds, blood was obtained
from the tail vein at each sampling time point and then centrifuged to prepare the plasma samples.
After a single intravenous administration of the test compounds, the animal were euthanized at each
sampling time point and the kidneys were harvested and homogenized in purified water. The
cumulative excretion of unaltered drug in the urine and bile was investigated in bile duct-cannulated
SD rats. After a single intravenous administration of the test compounds, urine and bile samples were
collected for a 24-hour time period. The quantitative analysis of the target analyte in each sample was
performed using liquid chromatography-tandem mass spectrometry. The pharmacokinetic parameters

were calculated using a non-compartmental analysis with Phoenix WinNonlin (version 6.2, Certara).

Plasma glucose level after glucose administration in normal rats

After overnight fasting, SD rats were orally administered the vehicle (0.5 w/v% Carboxymethyl
Cellulose) or the compound 30b solution and a glucose (2 g/kg) solution. Blood was collected from
the orbital venous sinus of the rats under ether anesthesia. The plasma glucose concentration was
measured using a Glucose CII test Wako kit (Wako Pure Chemical Industries Ltd., Osaka Japan). The
difference from the baseline plasma glucose levels over the study period was calculated to determine

the delta area under the curve (AGlucose AUC).

Plasma glucose level after sucrose administration in normal rats

After overnight fasting, SD rats were orally administered the vehicle (water for injection) or a 62d

153



solution and a sucrose (2.5 g/kg) solution. Blood was collected from the tail vein. The plasma glucose
concentration was measured using the Glucose CII test Wako kit (Wako Pure Chemical Industries Ltd.,
Osaka Japan). The difference from the baseline plasma glucose level throughout the study period was

calculated as the delta area under the curve (AGlucose AUC).
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