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Ac (acetyl)

AGE (advanced glycation end product)

APCI (atmospheric-pressure chemical ionization)

aq. (aqueous)

Ar (aryl)

AUCo-intr (area under the plasma concentration-time curve from time zero extrapolated
to infinite time)

BA (bioavailability)

BG (blood glucose)

Bn (benzyl)

Boc (tbutoxycarbonyl)

BSA (N, O-bis(trimethylsilyl)acetamide)

Bu (butyl)

caled (calculated)

cat. (catalyst)

CLtot (total plasma clearance)

Cmax (observed maximum plasma concentration)

dba (dibenzylideneacetone)

DDQ (2,3-dichloro-5,6-dicyano-p-benzoquinone)

DMAP (N,N-dimethyl-4-aminopyridine)

DMF (N,N-dimethylformamide)

DMSO (dimethyl sulfoxide)

Et (ethyl)

EWG (electron withdrawing group)

F(%) (bioavailability(%))

Het (heteroaromatic)

HF-KK mice (high-fat diet-fed KK mice)

HPLC (high-performance liquid chromatography)

hSGLT (human sodium glucose co-transporter)

IR (infrared)

i.v. (intravenous)

Me (methyl)

n (normal)

NMR (nuclear magnetic resonance)

o (ortho)

p (para)

Pd/C (palladium on carbon)

PK (pharmacokinetic)

p.o. (per os)



QOL (quality of life)

rt (room temperature)

rUGE (rat urinary glucose excretion)

SD rat (Sprague glucos rat)

S.E.M. (standard error of the mean)

SGLT (sodium glucose co-transporter)

t (tertiary)

ti2 (terminal phase half-life)

TFA (trifluoroacetic acid)

THF (tetrahydrofuran)

tmax (time of the observed maximum plasma concentration)
TMSOTf (trimethylsilyl trifluoromethanesulfonate)
UGE (urinary glucose excretion)

Vdss (volume of distribution at steady-state)
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Glucose Toxicity
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AGE: advanced glycation end product

Me—DIfibiax TIFAFRALELUDA LAV T, FO@EIZEI0iF oS I7LVa—2R
TEE L THAEEHMBIZERYIAEND, TOEH, 4 AT IIRFERBHEFECHNDS
NTIEWBR, KEHENEZA LTV,

PEmME &3, BRI L S TARBEERRERD D THL 7 VT —ANBRIZR -T2
B, WZEMELTEALTLEI>ILVLOMETH S (KK 1 —2) 9, & MHIRED
A VARV EPUE, A VAV HBWARRHEL, 2RI bICmEZED TLE D
EERICWMD, £/, ZVva—20T7 VT RidZ 2807 )£ ERIGL, RiEED
ZEMEH )7 (AGE : advanced glycation end product) #4755, Z ® AGE O LA N
WohmEREL L, BERFEEAGIEDO —R Lo TW5,

2 BUBE RIS R O BARIL, M4 EF L VICHBICERT D ZLIH D, L
L7ann, 2BBERBIT ERo X5 ICEITHEOEE 2 A L, BEAFO MR T3 ClRE B Z
ZERT D2OFHEELC 92010 FEBIETH RAF R M BEE BRIZE D DT 35%FE O BHF IR
bR TWD 8, E7o, BEFOMBERTEIT, A AV VIBEBREEH L WVITA 2T &~
DUWREENZDIFEALETHY, ZNHEFA LAY WK FLEA T =02 HFL., &
Mo BERMIL DFEHE, REIME Wo mREHER BB L > TWnD D, fiE> T, FHRA
H=Ab, FFICA VA VIR ELBRVBREOHENPLEEN TN D,



w2 SGLT2FHZEIKIZHSOWT

o7 =a—2F BAREKETEE S, £OKRES (K 90%) 25 ALK ME L B2l
Ja 2777 % sodium glucose co-transporter 2 (SGLT2) 12X » T, %Y » SGLT1 T &
STl AFICHERR D (MFE1—3) 8, EFMEOCHEG, s hizceaTo s L a—
A DN PRARE WE 7 DA S BN S AL D A5, e OHE RE IS AR A A Fn LR BE SR (UGE -
urinary glucose excretion) 2NIMLHFMEIZ)IG U CHEIMT 2 9, 728, SGLT2 1T B4 B Ay 3
BLTW2LOIZx L, SGLTL i3/MG, D, KE2EICHHFMELTEY 19, & F SGLT1
(hSGLT1) OBz FEREZAT 225G, /I TORERINARRITHE S EE R TR AKAE
Wrnsz L5 W, —F, b b SGLT2 (hSGLT2) O fs +A BRIz oW\ Tk, B R IR O
REZET 2000, MEMTER THYEEBICHEZIRZN EARESINATND 12, o
T, hSGLT2 fiFED = &7 FAKICES S H#HME - BIEAIE., HICHEETERVWTH A S
ETRETE D,
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Nephron Epithelium
Blood lumen vessel
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Proximal tubules

UGE

(urinary glucose excreij;:n]
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B-glucosidase
HO Q OH intestine HO OH OH
‘\\OH
o Phloretin 2
HO
- OH

- +
OH
Phlorizin Glucose

1
deactivation

v B-Glucosidase hydrolyzes phlorizin into its aglycon (phloretin) and glucose
in the intestine.

U aReF v EOBENBE LD RARE (R phlorizin (1) 1% SGLT FAEMEM %A
L. KL EMEZEMICE THLWITHIIRNE S LGS, UGE 28905 2 & h#®ESINT
Wp ), —JF RO LELGAIE, RIGER CHEICFEET HR- 7 rayy—BicLy
C-0 7' v=ay REAMNIMKDIR%Z %) T phloretin (2) &7 v a— R EIND 70D
SGLT PRFEM 2R L, UGE {2425 Z L k2w (MR 1 —4) 19,

TR IE, LA 1 ZimEbamE LEMEZERIZCEVB- I ra vy ¥ —BIiTx4 580
PafME5 L, AP LR THLAEDMELEET 5 hSGLT2 HLEFHKT-1095 (3b) %
HH L (KFE1—-5) 59, bE&EW8bIT7r KT v 7T, BROBESORIT/NG» S RIL,
T =27 7 —BIZ X o TIEWEARK a lC B S B IENRME O SGLT2 #HE T 5,
ZORER, UGE 2B L, FFEERHET L TA R Y VIKAFRIC IR T/EM % 5
T2 ENHER SN 10,

LLbE X 8RR 7 hSGLT2 [LEZIL, 4 AU VIHERFAR R AT = A LIS 2/
BERIFIRRIEE L TN RAIRT 7T r—F LB x 7 17,
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FIE Y oA EH 220 hSGLT2 BHEHK L LTk, 25D 7 I A7 T AR EnT=
(K#%E1—-5) 17,

KOICRHB SN I a7 T 2%, Bk OT-1095 (3b) < sergliflozin (4b) 182X
RENLHT7 =/ —-0-7ay FFEEK (LT, O7vav F) Thh, LEW3b Ok

IR CIIWIFFE Y UGE OREICE b o MR FEMA R I NN, —F TRHEE
EMED RS HB L7,

WIZR B ENT=0R, ke ® 519X, dapagliflozin (6) 20, H 2 WITEHES D T L
— 712 & % canagliflozin (7) 2VIZREND TV —A-C- 7= REFEHEK (LT, C
JnavR) Thd, ZNbIE O-7Nay FEERTEERNICET 5 MRELZEMEICEN,
BARGICENTHMOREY 2R 10, BUETIE, BMRRARZE a6 TEIEIL
W C- TN ay REHAINEETEN, KRBHD2WITABHRHEINDITE-> TWVD,
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Phenol-O-alucosides
OH O

\OH
\):')\ \/@O
R R
© Y OH © : OH

OH OH

3a: R =H (T-1095A) 4a: R = H (Sergliflozin-A)
3b: R = CO,Me (T-1095) 4b: R = CO,Et (Sergliflozin)
Mitsubishi Tanabe Kissei

Aryl-C-glucosides

5 6: Dapagliflozin 7: Canagliflozin
Bristol-Myers Squibb Bristol-Myers Squibb Mitsubishi Tanabe
N-alucosides

Not reported
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Replacement of the phenol aglycon with aniline

WOH

Design
3a (T-1095A)

mb

R

R
XX | | SA

aniline-N-glucoside X =

I

\OH

5

O I OMe
a

OH
4a (Sergliflozin-A)

Ol
T

O|I|
p
[«




[KMF2— 2]

on
Br a b, ¢ q NH Et
\©\ O O O O o ‘\\\OH
Et NO, Et NH, Et HO

9 10 11a OH

Synthesis of aniline-N-glucosides 8a. Reagents and conditions: (a) n-BuLi, THF, —78 °C,
then o-nitrobenzaldehyde, THF, —78 °C to 0 °C (27%); (b) H,, Pd/C (10%), EtOH, rt (100%);
(c) Et3SiH, BF3-Et,0, MeCN, -78 °C to rt (75%); (d) p-(+)-glucose, NH4CI, MeOH, reflux
(56%).

EFTIULEMBaDEREIToTe (KEK2—2), BELERD4-TrEZTFAR B 9%
n7F Y F A (n-Buli) TRHE, 2= XU XT AT REDORIGIZEY oo= |
BY 7 ==V ANE =10 & 2T%DOIETHZ, RWVWT, LEW 10 D= r K Z2KHE
KM T CTPUCEZAVEZEMBETICEY 7 I ) RICFEERMNICERL, SOICKkEEE
M) x=F v Zy (EtsSiH) & =7 vibAh v FE - P F o — 7 Lk (BFs Et:0) D#i
HEDETIMAKBZESMBELTHETT 7Y ar llakx T5%DODNFETHEZ, 7=V » 1la
LD/ a—RALLLICMBEROFBEAEMZ TAY ) — VR TIMBGRETE% . fdbic X
DT HZ L THREOINE (56%) THHODOBR-N-Z Va2 v Kba&W 8a #1537 22, 7¢
B.bAEH8a DT /)~ — (O Nkt IL, 'THNMRICE T ST /) ~—fr C-H LW+ 5
C-HELDHMDOH vy 7Y TEEPOREE & RE L (J=8.4 Hz, DMSO-dsH D20 7 #t
F) o

T=UY-NIZay RCIEopMOFEERFEET H I ERHREINTWVDEN 23 Kibs
MosE, 7/~ — R THMRaEIZX L, T a0 mEm S OB THRFEN
WL VRERBENELEL CHOLNEZLDOLEEZEZTND,

Wiz &Y 8a OEWMIEMEFTMEIT o772 (KF2 —3), hSGLT2 HEEM 202k W T
X, KRB EYW TH D T-1095 (8b) OIEHEAREKTHD O- 72 K 3alZlLtd % i#
N iEME MR Sz (8a: ICs0 = 3.9 nM., 3a: ICs0 = 5.2 nM),

T2, RMEAW D in vivo TORhHE & L T, Sprague—Dawley (SD) 7 v & H W TR O
5 (30 mg/kg) TO UGE (rUGE) OfEHEfEM 25 ffi L7, £ ORER, LB 8a 3
VW in vitro {EMEE R TICH 22D 5T rUGE OREERAEZIZEAE RS- (8a:
rUGE = 93 mg/day. 30 mg/kg. p.o.),
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F=UY2-N-5 LA R8aDEBITOT71( )L

O NH Et

o WOH
OH
hSGLT22 rUGE®
run Compd. ICso (NM) (mg/day)
1 8a 3.9 93 + 27
2 3a (T-1095A) 5.2 i

9These data were obtained by a single determination performed in duplicate.

bEach compound was orally administered at a dose of 30 mg/kg to male Sprague—Dawley (SD) rats.
Rat urinary glucose excretion (rUGE) data over 24 h were normalized per 200 g body weight.
Values are expressed as mean =% S.E.M. (n=3).

v’ Despite its excellent hSGLT2 inhibitory activity, 8a showed poor rUGE effect.

b5 % 8a ® 7 v I pharmacokinetic B (PK @) (10 mg/kg. p.o.) ZFEfi L 7= &
ZA, 8animF EFEITIKL (AUCoint = 0.23 ug-h/mL, BA=17%. 10 mg/kg. p.o.). I
KR ZEZ T CABRLEY 7Y avrllaPi PICBE S (ME 2 —4),.1€E-> T.in vivo
ER OB OTDITIE, C-N v a v NiEGOMAKG O ZEm L-iEEMc X5
MARBELEPLETHD EE X,

MK IEDIRIN Z D X<, fbEaW 8a OWRT COREMZMR LTz, TORK, B

PR T (0.5 N, HCl, 37 °C) THSMITMAKSRE =T, 727U 2 1la BEMT
HLZENHH L, o TILEY 8a WAEKRNIZEWTLHEMEIZLINMEZ T TND
ATREMENEE SN 29, £/, O-7va vy RERBKIC, -7 rva vy —BIZ L5 MBI
LZORKNE L THRSNZ, b, OZray Fop-Za sy X —8IiZ X bk gD
AAN=ZALELTE, FVav =B EOINVRVBENLOT ) ~—BERT~DT 1
R =Y aVIZED2T7 YA MREBEEZLRTVWAHZ EnD (MF2—-5) 20, 7=V D%
FERFICBWTHRKRICANVR O T e b x—a &2z, MKSEPEE S D W]
REMERN B 2 biviz,
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L E¥8ad >y EYENRE

Dose (mg/kg; i.v.) 3

‘ O ty, (h 0.58

o OH AUCq ins (ng-h/mL) 0.41

HO ~~oH Cliot (L/h/ke) 7.4

OH 8a vd,, (L/kg) 45

Dose (mg/kg; p.o.) 10

ti/ (h) 0.43

tmax (D) 0.25
NH» Et

11a Cinax (18/mML) 0.43

AUC ;¢ (ug-h/mL) 0.23

F (%) 17

Values are the mean of two rats.
v Pharmacokinetic results of 8a showed poor profiles such as high clearance and
low bioavailability.
v’ Aglycon 11a was observed in the serum.

(%2 —5]

B-T AL —VIZLBMKDEAD=X L

0
Glu 35—<4
0

NHAc
RO-NAG HJ‘O

‘RO

o

AcHN o™~.0

Y

Asp 52

v’ Protonation on the anomeric oxygen atom is speculated to induce
the hydrolysis of glucosidic linkage in O-glucoside.

10
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fRZMEIT D 2 HEATHEL, TOEoNTFICRYIDEHBREND T /) ~— (M EH
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B2 T=UV N )ray RogiREH

7=V NI Nvay ROBLRLIEgHELICHTEYD T2V VyERRXF~D7a hx— 3
YEMET 5 LAY 8a DR B URICEFRGIEEH I (electron withdrawing
group: EWG) ##E AL, ERFTOEEMELZRBT 27 A v 21T7-o7- (KF2—-6),

[K#%2—6]
T=YU-N-F I AV RBIEDTHF A

Strategy :
Introduction of electron-withdrawing substituent(s) on the
aniline ring to diminish protonation on the nitrogen atom

)
‘\/\‘\ll Design EWG\
NH o Et @ NH Et
> v@OH

O
HO
HO
OH OH
OH

Ol
I

12



BAERBIZIZ. b2 8a DR PFPLUEBERICNI A4 AF LEEALZILEY 8.
ToHERTERICEALFELEY 8. HAHAWITRILE RRICT7 v HEFRTE2 2o0BALTI
A 8d DMHIEIToT (KF2—17),

77U a3 11b-11d 1. wnT 5 2-3— 7 =V > 12b-12d20 ¢ (4-=F X D))
M7 I R T Uy A2 HWERED vy 7Y U RISICE Y FRREOILERTH
52 ENTE (11b: 62%. 1lc: 64%. 11d: 49%),

7 =1 11b-11d ® D-7 /b = — A & O & KIS TIE, EF W5 B o 28 TR IR T+
2500, \bEW 1la OGA ERKICB-N-Z7 v ay REAY 8b-8d 25 2 LR TX =

(8b: 26%. 8c¢: 23%. 8d:23%), 723, {LHEW 8b-84d T / ~ — L OLAAMEE L, TH NMR
B3 527 7 ~— 4. C-HE#ET L2 C-HELEOMDOH v 7V VEHNGBRBLE & RE L
7= (8b: J=8.4 Hz, 8c: J=8.4 Hz, 8d: J= 8.5 Hz, DMSO-ds ™+ D20 ),

(K2 —7]

R2
: R 90

R\CEI a R? b NH Et

— ‘ o, — o

K\

NH, NH 7 “Et o

HO

OH o
12b-12d 11b-11d o \WOH Z

12b R'=H, R®=CF; 11b R'=H, R®=CF,; HO OH 8b-8d

12c R'=H, R?=F 1c R'=H, R?=F Z 1 2

12d R1=F’ R2=F 11d R1=F‘ R2=F OH 8b R —H, R —CF3

D-(+)-Glucose 8c R'=H, R2=F
8d R1 = F’ R2 =F

Synthesis of aniline-N-glucosides 8b—8d. Reagents and conditions: (a) 4-Ethylbenzylzinc
bromide, Pd,(dba)s, tri(2-furyl)phosphine, DMF-THF, rt (11b 62%, 11c 64%, 11d 49%); (b)
D-(+)-glucose, NH4CI, MeOH, reflux (8b 26%, 8c 23%, 8d 23%).

13
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T=)2-N-2JLaK8a-8dNDTAT7A )L

N hSGLT22 rUGED
“NH run Compd. Ar
VOSJ:OH > ICso (NM)  (mg/day)
HO
TOH g 8a CLTL, 39 93 + 27

FsC
8a.8d 2 8b F Et 750 ;
3 8¢ T, 51 .

F
4 8d F 2.9 439 + 94
;ff O Et
5 3a (T-1095A) 5.2 -
6 3b (T-1095) - 422 + 76

7 5 (C-glucoside) Et 5.1 1485 = 201

9These data were obtained by a single determination performed in duplicate.
bEach compound was orally administered at a dose of 30 mg/kg to male Sprague—Dawley (SD) rats.
UGE data over 24 h were normalized per 200 g body weight. Values are expressed as mean = S.E.M. (n=3).

v’ 3,4-Difluoroaniline-N-glucoside 8d was identified as a potent and orally
active hSGLT2 inhibitor comparable to 3b.

E9. L&Y 8b-8d ® hSGLT2 [LEE AT 24T 272 2T A, 4-F U 7 A m A F IR
8b Tl RILAEY 8a LEEANTIEMMAKRE IS L7z (8b:ICs0 =750 nM. 8a:I1Cs0=3.9
nM) (M#£2—-8), —FH. 4714 uak8 BLWY3,4-Y7 /4 aik 8d TiE 8a 2L
%98 )7 hSGLT2 B EFEEMEZ AT 5 2 & % it L 72 (8¢: ICs50 = 5.1 nM,8d: ICs0 = 2.9 nM)

WIS, Fe b IR 7015 &2 R L7284 8d @ in vivo ik & L T rUGE R #E{E ] & M5t L
oo TORR, W@ EA{LAEY 8a LHEE L T 4 5L LICHBI L, = OFEMILER
ABLEGWY 8b I 52 A2 A L7z (84 rUGE = 439 mg/day. 8a: rUGE = 93
mg/day. 38b: rUGE = 422 mg/day. 30 mg/kg. p.o.).

14



EZATZOE, hSGLT2 HEFR Ozl r I Vs T 2L LT C-7ay NEamn
BTN INT 19, TNODIEWOTNERRILEME DT Ty AV EZBFT LIz L Z
A AbE W 8d (L % hSGLT2 BLEAEM % A L 72 (5: ICs0 = 5.1 nM, 8d: IC50 = 2.9 nM)
(M#F2—-8), HITIZ. (k&M BED C-CrZLay FEAIZEKRNIZBWTLRZET,
WA 72 invivo fEA 2832 L 3 L7z (rUGE = 1485 mg/day. 30 mg/kg, p.o.),
EEBWET D N7 ay RIZBWTH KIER in vivo (EH OB E E iz,

—hH. T =V N7 Vvay RCE, €1 F~07n bx—Ta r2u®2CbEds 2

EFFEAICATETH D Z &b MK AEO IS IS < AR L i £ R o 138 L
WeEEBEZ, ZORRTHRMZzTIESLZ L LT,
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BSE ~Tur7V—nN-NITray RicET 5%

EBI1IEH ~TaT7VYU—A-NITrad FOFHFAL v EEk
C-/Nay FICIEET 2817 in vivo (E 263 2 LAWOAINE HIE L. ZERT
ANDTB PRy g v R AT SR F R NIy ROFPA v AT o7,

B, 7 ) ~—(MERZRF2FERNICHAAATEFE A~ DOD~T a7 U —)L-N-7)La Kk
M1 OBRFEEFE L (KE3 —1),

(%3 —1]

ATATY)—)L-N-F LA R13DTH A

Strategy :
Incorporation of the anomeric nitrogen atom into
heteroaromatic systems to avoid protonation

N-glucoside
Design
Het : heteroaromatic

S ORs!
NH Et | > N Et
“OH ~OH
(0) ' . . o '
Hoﬁ Avoidance of protonation Hoﬁ
¥~ "OH on nitrogen atom -~ “OH

OH OH

Aniline-N-glucoside
8

Heteroaromatic-N-glucoside
13

16




gt
=
w

BEHFA~ATT )= VEBEMOLFET 7V o 1da-14de DS EiTo 72 (KFK 3 —
2),

7Y — AT 7Y a 14a it Echevarria 5O FEEZSEIC L TAEKRLE 29, Qb
2/ =hrI K LT 4=2FAR LT rI R 15ICEDT VXL (856%) D%,
RIVUMMZEPBRIEKIETY 72 /78T Y =116 &L (69%), KT 2507 2/
KERBICHT 2 /T2 2 L TET Y — Ik 14a 21572 (37%),

Y RAT 7Y 3 14b B L Mde 1T IS T 27 2 19b B KXW 19¢ L W &Rk L7z,
BEFN D Weinreb 7 2 F 17b29 B L N 1730k L T4 = F LT 2=~ 7 F v 7 A7 1
FERISETT Fr18b(72%) B KT 18¢(78%) & L IRWTT MU U AR VA F &
RERIGESED 2L TRV AFX TR 19b(T7%) B L O 19¢(41%) & 57, 7 > 19b
e RT VU BIOKBIES YV U A% H 7 Wolff-Kishner It &/ IC LW BEROE U K

¥ 14b (T 72 (44%), 7 R 19¢ K FEIFHIFF R U v A (NaBHy) K57 02—
N~DIETHR . KFERRFTPAC 2N #MECICHT 2L THRNOEY F 14 &
572 (27%. two steps).,

A R=ABT 7Y a2y 14d DEHRTIE, £F Zhou 5O FIEWESZ LT, 41 R
=L 20 BEXP 4= FARUXT AT E R T va— 0 21 2157 (16%), &V TKEE
$t % EtsSiH & BFs Et2:O O A G OE TMAKESMETT DL ZETHHO A > F—/1 14d
WZE W (7T7%) .

A HES =BT 7Y 3 14e 13, Collot ® FE 3D L W H 1.7 bF T LR =L
3-I— R A F Y=L 22%FEBE L, 4= F LD )) W7 a I REDNRT DT L
kit 2 W TEARIFE D » 77U o ZROSIC K D EE A 2170 (T0%) . IRWTHL 7 FF >0
VAR = MBS IZ LD SR L72 (61%),
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[ 3 — 2]

H,N Et Et
Br a, b I\ c I\
_— N, NH —>» N,
Et N 2 N
H H

15 16 14a
0
I
RN OR2
17b R'=CI,R2=H 18b R'=CI,R2=H 19b R'=0Bn, R?2=H
17c R'=H,R%2=ClI 18c R'=H,R2=ClI 19¢ R'=H, R2=0Bn
. L1 L
19b 07 °N Et
H
14b
g, h | N
19¢ —>»
N~ 0 Et
H
14c

HO
oy - QoY
H N

20 21 14d

Iz
T

Synthesis of aglycons 14a-14e. Reagents and conditions: (a) malononitrile, K,COs,
nBuysNBr, toluene, rt (35%); (b) NH,NH,-H,0, EtOH, reflux (69%); (c) HzPO; aq., NaNQO,, 5
°C to rt (37%); (d) 4-ethylphenylmagnesium bromide, THF, 0 °C (18b 72%, 18c 78%); (e)
benzylalchol, NaH, DMF, rt (—90 °C for 19b) (19b 77%, 19¢ 41%); (f) NH,NH,-H,0, KOH,
ethylene glycol, 190 °C (44%); (g) NaBH4, EtOH, rt; (h) H,, Pd/C (10%), conc.HCI, MeOH, rt
(27%, two steps); (i) 4-ethylbenzaldehyde, NaOH, MeOH, rt (16%); (j) Et3SiH, BF3-Et,0,
CH,Cl,, =78 °C to 0 °C (77%); (k) 4-ethylbenzylzinc bromide, Pd,(dba)s,
tri(2-furyl)phosphine, DMF-THF, 0 °C to rt (70%); (I) MeONa, MeOH, rt (61%).
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GEFZA~AT T VAR TIEENR N Lay Mo FikE LT, 2hETles
VAARIBEY = NTFF Ly 24 HEEE LERISHBR MO TWE (KMFI3 —3) 33, Kk
X773y 24% NO-EA (MU AFLTY L) T F7IF (BSA) MW TiEMHl
L. BEEy & LT 1,2,34,6-X4-078FNL-B-D-Z/Lat’ s ) —Z25% U AF LY
U hUZtna 2z 2k F—h (TMSOT) #EFCHRIGEEDZET, AL T
D50y TV TR 20 EHFL5bDTHDL, 2L, AFHOXU AL I XY —VvTFF L
HDO~NTaTV—=LVE~D NI Vay FMMEo@EIT R CEFITFHEL ~T 0 &~ ok
KERRT,

(K% 3 — 3]

ATAFT)—IL-N-F LA FD & Rl

y R\\/ NH
1) BSA
SO B I %
| >
Z N ” WOAC
H 2) TMSOTY oYy
24 OAc AcO v YOAc
0 \\\\OAC OAc
AcO OAc 51 - 69%
OAc 25 26

v’ A patent literature reports that benzimidazole-2-thiones 24 are silylated by
N, O-bis(trimethylsilyl)acetamide (BSA) followed by coupling with
pentaacetylglucose 25 in the presence of trimethylsilyl triflate (TMSOTf) to
give N-glucosides 26.
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AREEH N N7 vay FIERFORER . ~7 a7 U — L8771 2 14a-14e B L O

IbEWM 2 HIR~FREOINETIIHDINBXRIET D N-J/vay FIK 27a-27f # s L 7=
(27a: 44%. 27b: 37%. 27c: 4%. 27d: 17%. 27e+27f >47%) (KK 3 —4), KFEMN
R EREFA~AT T ) = VRISHATETHDL L2 RT I ENTE 2,

wWNT, {LEW 27a-27f O 7L a3 — X

RS DT B F AR
B-N-7 )=y F{L& W 13a-13f I

frET 252 THHOD
V7~ (13a: 78%. 13b: 82%. 13c: 48%., 13d: 48%) (13e

42% and 13f 5%, three steps), 2B, L&Y 18a-13f O 7 / ~ — (L O A HE & 13, '"H NMR
BT ) ~—i C-H LT 25 C-H LMD vy 7V v 7 EENLPELE L IREL

72 (13a: J=9.2 Hz, 18b,c: J=9.3 Hz, 13d: J=9.0 Hz, 18e: J=8.8 Hz, 13f: J= 9.0 Hz,
DMSO'd6’EP)o

(%3 —4]

Het

N Et ;

N Et
\\OAC o ‘\\\O H
H
HO
14a-14e \\OAc S OH

OAc
27a-27f 13a-13f
Het : heteroaromatic OAC
25

7 /|
Aglycon = N. \

N Et 07N Et N

! 14a 27a,13a ' 14b, 27b, 13b ’

14c, 27c, 13¢c
Et
W, . W
\ / \
N M\ N
: N

14d, 27d, 13d ‘

| 14e, 27¢, 13¢ | 14e, 27f, 13f

Synthesis of heteroaromatic-N-glucosides 13a-13f. Reagents and conditions: (a)
N,O-bis(trimethylsilyl)acetamide, MeCN, 60 °C; (b

) 25, trimethylsilyl triflate,
1,2-dichloroethane, 80 °C (27a 44%, 27b 37%, 27c 4%, 27d 17%, two steps); (¢) NaOMe,
MeOH, rt (13a 78%, 13b 82%, 13c 48%, 13d 48%) (13e 42% and 13f 5% based on 14e
respectively).
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HEAMICIERBRFTTHLIN, WTHOEAEBIIB N THalfOHEBIZIZE > T wn, 7
NaA—R2MNOTE MFUERICIDBEHEEBEG WX s TamB 7T vy 7 SNTZRER, 7
Y a i L BBEND DKEN/ER L., BHOBERNEERDE LTHAORAELD EE X
T (ME3—-5),

[X#* 3 —5]
AcO

+ Het

(o)

AcO A~~~ N
AcO N - B-attack

o\
,0

Me Het: Heteroaromatic

Neighboring group participation in glucosylation

BB, YV RV-NIZArayR138bBL U 18cicB W T, IR A7 M EFIC L o T
HAR=Z VRIS FNFEI 1667 cm'l, 1650 cm MBI SN2 &b N La sy KT
HDHIT L EMER LT 3,

AES =T 7 ary 14e L 7NV A —AFFEER 26 O v TV 7RIS TIR, EAE
R D 2-7 v ay Rk 2Te & L BTV ED 1-7 Va3 KKE2TER T T A BEAREDRAY
ELTHELN. TEFLVEOPREZICENDO N-Z a2 K 18e B XL N 138f i fmibic &
D oyHfE L 7= (18e: 42%, 18f: 5% based on 14e)., &% 18e ® 'H NMR (8 TX #E 3
—BIRT LI RT /)7 bRV BIOY T 2= ET e oI
NOE Z#8l% L=,

(K% 3—6]

A\ /G/Et
N,
N~ CH;3 \C J

H
l\‘\
(@) ""'"OH NOE

HO
OH

13e

Ol
T
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o ~FurUVU—A-NTras RorazyrAfi

&4 18a-13f ® hSGLT2 LFIEEFMAET-72 (K3 —7), 7Y —/{k 13a T
EHREDOIEMETH >72 (IC50=381nM), 72, U FARIZBWTIE, (L&Y 18b 2
FREEOIEMEZ R L2 DI TS Y 18¢ TITA 40 £5 OIE MR T 287 5 772 (18b: ICso
=163 nM, 13¢:IC50=6671nM), t'U F2 K 13ciTHBIF D 2- B /R = v HEid, 72—
AL E BN PNV EOMNBEEBREZHRD TRAICENZEEZ DD, —FH, AV F—
MR 18d ICHB W T, BEREEMTH L7 =V -N-7 v a s K 8a & EFEOMN)RIEEL
AT 22 EHBA L7 (18d: IC50 = 7.1 nM, 8a: ICs0=3.9nM), 1 ¥ Y — /LKW
TiE, 22703y RIK18e NI WIEMETH o 72 DT R T, 1-7 /b2 RIK 18f TIiXH 16
FoOMEMERM EAA S (18e: ICs50 = 1098 nM, 18f: ICs0 = 69 nM), Z 4L F TIZ LR
ERlpIhTnWg C-7nvay ROBFELFRERIC, 70— Z5AL & MR v 2L H o i E
BBRELTIE 1,344 7OMAEDLEN 11,2208 L0 iR ET 2R LT,

Wiz, #7172 hSGLT2 FREERA N R & iz v F—/-N-Z7 L3+ K 18d IZ 2\ T,
in vivo Bt & L C rUGE O #EEM ZREMi L7z, = O HE. A% O hSGLT2 fiLE &% %
AT 5EEMEY 8a LHi#g L T 20 MBS, TOEMIT C-7vay KMEAY 5 It
Wi+ 52 &N L7 (18d: rUGE = 1830 mg/day. 8a: rUGE = 93 mg/day. 5: rUGE =
1485 mg/day. 30 mg/kg. p.o.),

22



[K#%3— 7]

ATAFY—)L-N-5F )LaAT K13a-13fFDTAT7A )L

hSGLT22 rUGEP

run Compd. Het N- ICso (NM) (mg/day)
ﬂj‘ 1 13a JQX/\[:j\H 381 -
\)OjiOH 2 13b Oma 163 -
HO %H OH 3 13¢ I,; . . 6671 -

13a-13f 4 13d Q) { Ve 7.1 1830 = 75

5 13e 48 1098 -
6 13f N e 69 -

7 8a (aniline-N-glucoside) Et 39 93 * 27
8 5 (C-glucoside) Et 5.1 1485 = 201

9These data were obtained by a single determination performed in duplicate.
bEach compound was orally administered at a dose of 30 mg/kg to male Sprague—Dawley (SD) rats.
UGE data over 24 h were normalized per 200 g body weight. Values are expressed as mean = S.E.M. (n=3).

v Compound 13d possessing an indole core structure was identified to show good
in vitro and in vivo activity comparable to C-glucoside 5.

7y b PKRBICEWNTIE, A R— Kk 18d 17 =V >k 8a & bk L CHAE I M
BENUESN (18d: AUCo-int =17 ug -h/mL, BA=59%. 8a: AUCo-int = 0.23 pg -h/mL, BA
=17%. 10 mg/kg. p.o.). rUGE{EHEEM O KigE 2% X+ o R & o7 (KFE 3
—8), ZOK., {bEW 13d BINADMEEZTEHBAEICELDLA Y F—ALT 7 U ar 14d
T icBE SN hoTo, HIZ, B 2E (F1H) CTTr=0 MEd 8a RNERNZR
oK 53 fif % =% 0 F 7= @ PE S (0.5 N, HC1, 37 °C) ICBWVWTILEH 18d BNEETH D Z &
LR L, ZnboZ &b, 7=V fbEW8a Lk XTA v F—{tEH 13d @ in
vivo IZE 175 PK B X O rUGEREEH O T 7 7 A VO KIERE#EIZ.C-N 7 L2 K
A OMAKDGRICH T 2ENTZREREDFGE LTI b0 LHEINT,

INHOEREEL LI, AV F—A-N-Z )L R 18d 2V — & e LT, EuiE
W ORKBEHTRIZL Y E2EgEms BT 28 & L,
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(%3 —8]

It & ¥8ak13dD Sy FERE LB

Pharmacokinetic parameters of 8a and 13d in SD rats
O ()= no
Et N\ OH )
N\
HO\)O\)D\OH HOVO:)\OH O u 14d

Compound OH 8a OH 13d
Dose (mg/kg; i.v.) 3 3

t. (h) 0.58 3.0
AUCy ;¢ (ug-h/mL) 0.41 8.7
CL,,, (L/h/kg) 7.4 0.35
vd, (L/kg) 4,5 1.3
Dose (mg/kg; p.o.) 10 10

t (h) 0.43 2.9
tae (D) 0.25 0.5
Crrax (/ML) 0.43 2.0
AUCy ;¢ (ug-h/mL) 0.23 17

F (%) 17 59

Values are the mean of two rats.
v’ Large enhancement of in vivo potency of 13d was clearly supported by the good

pharmacokinetic results. We attribute these enhanced in vivo profiles of 13d in
part to the inherent stability of the C—N glucosidic bond against hydrolysis.
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HA4E

EI1IE AV F—NV-NITALaL FOERK

AV R—N-NTray FogBELHE

A = V-NTvarF18d %V — RMbEaW & Lz E L@ o b sEic s v T,
AV R—=VBRAMB IO VNI EONRTOBEBRIEDOEBREIT > T,

FPTA R ABRAMIC Y v HFEFRF (14g) H 5 WITHEFF 1 (14h) O X 5 2 E %5l
REATHT7T 7YV a iz LT, ke 18d Ak L7 v ay FMeEE (BSA, (EL&WY
25 5 L O TMSOTY) #®RatLizt A, AL T 57 vay R{La&W 27g B L 27Th %
BMME LG ENTE R (K4 — 1),

ZZTHERFELLT, PO ra—R a8 AN L@ b A 30 255 L., #
Y T2 T Friedel-Crafts i< Grignard i TA > R—/b 3L ~D X2 VL AIEHE A
AT O A Rk & ST C e,

[K#*4—1]
> » ~ > > =
AVR—IL-N-Z LA KD ERRETE
Previous synthetic method R
R O 1) BSA O { O Et
Et 2) TMSOTf Y
N ) \).:'):\OAC
H QAc AcO
o WOAc S OAc
Aco\)\))y OAc
14d R=H 50 27d R=H 17% yield
14g R=F 25 27g R=F trace
14h R=ClI

27h R =CI trace

New synthetic plan

Friedel-Crafts
Reaction

“OAc —=
< R R acocl OVO(':L R HQ N R N
AICI3 ¢ ~"NoAc ' '
\ BAc \ \
— N . N 31 N - N
H o OAc o “OAc R oo o “OAc o WOA(
AcO oA AcO oA Q—X AcO oA AcO oA
: c ; c ; c : d
OAc OAc N ) ArMgX OAc OAc
—
POCI3 \OAc )
28 29 30 PO Vodj\ Grignard 33 34
AcO ~oac  Reaction

by
= (@]
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F 9. Messaoudi HD H#E30OE2ZEIC L CL AN 7 v EIRTFHDIWVIEFEZRR 2%
Gl AV R—L-N-Z a3 F 30a-80dxE L (MF4—2),

b, KEMEOmWA U > 28a-28d ikt e LT va—X LB T 52 & T
WMIET DA R VBN ay RIK~E\BNz, fitko X unwr & F LRk
29a-29d & L CHRELL LU THHEE L 72 (29a: 62%. 29b: 37%., 29¢: 49%. 29d: 61%.
two steps), MARBRRMEICHOWTIE, F 28 (H1Hi) o7 =V -NILray FogHas
FfkIlC, 7/ ~—B R CHEMBalkicH L, 727V a8 0&EE S ORBE T ENIC
KXOVEERBEPEXE L THELNTLLDLEEZZXZ TS, RWTA Y R V-N-Z7La v R
29a-29d # 2,3-V /7 nnu-56-V 7 /1,42 % (DDQ) A WIEBAL KGN IZ LY.
R TA v R—-N-7 /L2 K 30a-30d ~&&E X MSHHEAZIT O L@mPEEE L
(30a: 89%. 30b: 94%. 30c: 86%. 30d: 93%)., &I, HILEMDT /)~ — (LD LK IE
X, '"H NMRIZB T 257 /~— 4L C-H LB+ 25 C-H L DOBDOA v 7V T EBHNLP
fo @ & R E L7z (29a-29d: J = 9.3 Hz, 80a-30d: J=9.0 Hz, DMSO-dsH),

[KF*4—2]
R‘l R1
. <i \ < :(Z \)
R N N
“OAc
a b o ‘\\OAC c o A\
AcO AcO
N ¥ "OAc 7 "OAc
H OAc OAc
28a:R'=F 29a:R'=F 30a:R'=F
28b: R' = Me 29b: R' = Me 30b: R' = Me
28c:R'=H 29c: R'=H 30c:R'=H
28d: R' = Cl 29d: R' = ClI 30d: R'=Cl

Synthesis of indole-N-glucosides 30a-30d. Reagents and Conditions: (a) b-(+)-glucose,
EtOH-water, reflux; (b) Ac,0, pyridine, cat. DMAP, CHCl3, rt (29a 62%, 29b 37%, 29c 49%,
29d 61%, two steps); (c) DDQ, 1,4-dioxane—water, rt (30a 89%, 30b 94%, 30c 86%, 30d 93%,
two steps).
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AV KR—IVE S ~DRIHE AL L LT, #1HIC Friedel-Crafts It FIH L 72 Fik
et Lz (M%E4—-3), A1V R—=AVE3M~DX2 Y A7 1) KO Friedel-Crafts
RIS — BTl dH B8, BFEA 80 T4 >DT7 B F AR#EIE~D LA A B D EAL AR
EES, 7oA ThoBEs7 v ) FOEMEI~ORERBR SIS, EE. LE5Y 30a
BLO4zFARY A7 m ) F(1.3HE)ICHLT1I~2 8067 VI =7 A0ID

(AICl3) ZNA ALt LTHWESA., 7 Y UL KIG O EITIE A58 2 THE 80a 137 17
TOMB Lo, TZTAICLD 5 4E~DEZRAARLTL L Z A, JEE 30a IX7E2ITH
I, 98%DINETHIND 3NV A VA R— N 38lal %5252 xR L, i
WEERBODA4>DT EFNVR#EEIE~ORANIZED , BREOL A ZABRLEIZ RS DD
EBEZTWD, MERIZA » F—/1 30a-80d Z ikt L LT 3NV A A F— 31 %15
7z (81a-2: 99%. 31a-3:42%. 31b-1: 83%. 31c-6: 100%, 31a-6: 100%. 31d-1: 95%) 37,

WKNT, bEW31oHr ittt ) v AID (CeCls) 447 FC NaBH4IC X »T7T
b3 — VIR T 38, 5l X it & KR A EtsSiH & BFs-Et20 Ofl A4 bt Tk 3 o i 18
TETHIET I N DA v =)L 34 IZmINRTEHENTZ (34a-1: 92%, 34a-2: 83%. 34a-3:
87%. 34b-1: 83%. 34c-6: 82%. 34a-6: 78%. 34d-1: 80%. two steps) . KHZIZT N7 7
TFNK B34 R #ESTH LT, BOA V R—-N-7 L3> RiE#Ek 35 #1572
(85a-1: 99%. 35a-2: 100%. 35a-3: 81%. 35b-1: 98%. 35c-6: 98%. 35a-6: 96%. 35d-1:
100%) .

[XF*&4— 3]
R’ R'" O R' R?
()= ()= ()=
) . U e L0 . U
N N - N - N
o WOAc o WOAc o WOAc o WOH
AcO AcO AcO HO.
T "OAc T "OAc T "OAc T "OH
OAc OAc OAc OH
30a:R'=F 31a-1:R'=F, RZ= Et 34a-1:R'=F, R?=Et 35a-1: R' =F, R? = Et
30b: R' = Me 31a-2: R' = F, R? = OEt 34a-2: R' = F, R? = OEt 35a-2: R' = F, R? = OEt
30c:R'=H 31a-3:R'=F,R?2=ClI 34a-3:R'=F,R?=ClI 35a-3: R'=F,R?=ClI
30d: R'=ClI 31b-1: R' = Me, R2 = Et 34b-1: R' = Me, R? = Et 35b-1: R' = Me, R? = Et

31c-6: R' = H, R? = cyclopentyl 34c-6: R = H, R? = cyclopentyl 35¢-6: R' = H, R? = cyclopentyl
31a-6: R' = F, R? = cyclopentyl 34a-6: R' = F, R? = cyclopentyl 35a-6: R' = F, R? = cyclopentyl
31d-1: R'=CI, R = Et 34d-1: R'=CI,R?2= Et 35d-1: R' = CI, R? = Et

Synthesis of indole-N-glucosides 84. Reagents and conditions: (a) ArCOCI, AICI; (5
eq.), CH,Cly, 0 °C (31a-1 98%, 31a-2 99%, 31a-3 42%, 31b-1 83%, 31c-6 100%, 31a-6
100%, 31d-1 95%); (b) NaBH,4, CeCl;-5H,0, EtOH-THF, 0 °C; (c) Et3SiH, BF3-OEt,,
MeCN-CH,Cl,, =10 °C (34a-1 92%, 34a-2 83%, 34a-3 87%, 34b-1 83%, 34c-6 82%,
34a-6 78%, 34d-1 80%, two steps); (d) cat NaOMe, MeOH-THF, rt (85a-1 99%, 35a-2
100%, 35a-3 81%, 35b-1 98%, 85¢-6 98%, 85a-6 96%, 35d-1 100%)
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BHEADOREE LT, HEPEIK 305K I LK 32 ~LiE X kT Grignard X
IR AW E A E R L (KF4—4), BR3P 80d 2 38 ik &
LCibEY 84d-7T %G T 2 HEEET AT — AL LTIGEREEBE L, ZOHA.
Grignard ¥ & LB 4 DO T B F LV EILGFE T TOA v R—IVE 3 LA/ I Vi~
DOBRRBRPOSH B L EZ BT,

[(M#%4—4]

Grignard & it 58 44 D &% 1E

Cl Cl ClHO
CHO p-TolMgBr O Me O Me
\ DME \ \ \
N POCI, N additive Et,SiH, BF3 Et,0
o N\wOAC ——— > N OAc ———> o \OAc  ———————— ~OAc
AcO DCE  aco THF  AcO CH,CI/MeCN  AcO
Y "OAc o Y "OAc Y "OAc Y "OAc
OAc 91% OAc Temp. OAc OAc
30d 32d 33d 34d-7
run p-TolMgBr (eq.) additive Temp. (°C) 33d? 34d-7 (yield)®
1 1.2 - -78 trace
2 3.0 - -78 major 83%
3 1.2 MgBr,Et,0 (3.0) -78 major 61%
4 1.2 BF,*Et,0 (3.0) -78 trace
5 1.2 ZnCl, (3.0) -78 trace
6 1.2 - 0 major 63%
7 2.0 - 0 major 92%

@ Judged by TLC analysis ?Isolated yields after columun purification are shown.

v" Although 3-formylindole 32d had four acetyl groups, desired coupling product 33d was
obtained in high yield by using 2 eq. of aryl magnesium bromide at 0 °C.

F 3. L& W 30d 1E Vilsmeier SIGIZ £ YD 91%D H UL TH L I LK 32d ~ L Hi /-,
Grignard S ICOWTiX, T FEET (-78°C) I T/hilHE (1.2 &) O(pAF L7 =
ZWVNITFX YT A TuI ROT AT E R32d EDORIGERRTZ, TOME, BB ET D
HE = R 833d 1XE 5N o7 (run 1), Grignard RN T & F L EAL T O
T ) =R F L= a VICERLER, TEOFRLVINVEADKIGIZE > TRWVO TR
Wit Fx 7, £7 Grignard 3% 3 Y BICHBEL TRIGZRFTLEZEZ A, AL E
— 1 88d ® EtsSiH & BF3-Et20 O A/ bEICEDR I 28 T 83% I THMY 34d-7 2 15
HZENHELE (run2), —FH., YT F VT LART B FILE~ORAMIZERLSH TS AT
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REMEZ & % . Grignard FEZ /B (1.2 K &) O F £ T additive DBRFNEZ1T -7, £D
R, Rk~ XU L s V2 F L —F UK (MgBreEt:0) 2 1 2 7284 84d-7 2
61% T 54, additive Z MM Z 22 WA (runl) & H_TIEKROP S nim EABE SR
72 (run 3), 72¥., BFsEt:0 AL H Y TII L BT A LN 2> 72 (run 4, 5), KIT,
TEFVHMA~ODEREID B HRICANVINE~ORIENEITTHZ E2WFL, 0CIZH
BLTKILZRAAT, TOME, /Mg (1.2 ¥&) O Grignard RIEDOLH TH 63%IYL
RBTHOW 34d-T o b Z NP LE (run6), ZOEEICEIEYDOAEKNIRET
Hol-Z L5, Grignard R¥E 2 Y EICHET IMa2iTo72 e 2 A, BHORIGN
EIETERE LT 92%INE T 84d-T 255 Z L A KE (run 7).

KEAEA B L 39, Fix A DA v R—A-N-Z b3 RFEK 34 # /G L7 (34b-4:
85%. 834c-4: 97%. 34a-4: 81%. 34c-5: 73%. 34d-7: 92%), L&MW 834137 & F V(R # KL
ZBREIZEIVBBIOA » R—=)L-N-7 /b2 FFHER 35 (2 /- (85b-4: 85%. 35¢-4: 99%.
35a-4: 93%. 35c-5: 95%., 385d-7: 85%) (K& 4 —5),

(KM% 4—5]
R' R! R! R!
&, Oe Oe
\ \ \ \
N 2, N be N 9, N
o WOAC o WOAC o WOAc o WOH
AcO AcO AcO HO
T "OAc T "OAc T "OAc Y "OH
OAc OAc OAc OH
30a:R'=F 32a:R'=F 34b-4: R" = Me, R? = cyclopropyl 35b-4: R' = Me, R? = cyclopropy!
30b: R' = Me 32b: R' = Me 34c-4: R' = H, R? = cyclopropyl 35¢c-4: R' = H, R? = cyclopropyl
30c:R'=H 32c:R'=H 34a-4: R' = F, R? = cyclopropyl 35a-4: R' = F, R? = cyclopropyl
30d: R'=ClI 32d:R'=Cl 34c¢-5: R = H, R? = cyclobutyl 35¢-5: R' = H, R? = cyclobutyl
34d-7:R'=CI,R? = Me 35d-7: R'=CI, R2= Me

Synthesis of indole-N-glucosides 35. Reagents and conditions: (a) DMF, POClIs;,
1,2-dichloroethane, 70 °C (82a 81%, 32b 71%, 32¢ 75%, 32d 91%); (b) ArMgBr, THF,
0 °C; (c) Et3SiH, BF3-OEt;, MeCN-CH,Cl,, =10 °C (34b-4 85%, 34c-4 97%, 34a-4 81%,
34c-5 73%, 34d-7 92%, two steps); (d) cat. NaOMe, MeOH-THF, rt (35b-4 85%, 35c-4
99%, 35a-4 93%, 35¢-5 95%, 35d-7 85%).
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O ALV FR—NA-NTradvrRorazrA

AL R—=NWVN-Z Ny RORBLPREBBLEDEWIEE~DEEZ ML 7= (X3 4
- 6 )o

RIEHE O TIZ, R1=H (13d) &tk# L T, R1=F (3ba-1). Cl (85d-1). R! =
Me (35b-1) T\ & iR /)72 hSGLT2 A FHFE M %2 A L 72 (35a-1: ICs0 = 5.2 nM, 35d-1:
ICs0 = 2.9 nM., 385b-1: IC50 = 1.1 nM, 13d: ICs0 = 7.1 nM)., rUGE {2 #/EH 28 T
R1=F (8ba-1) & R1=C1(85d-1) » R1=H (13d) £ v b M EH%Z ~ L 7= (85a-1: rUGE
= 2937 mg/day. 35d-1: rUGE = 2185 mg/day. 13d: rUGE = 1830 mg/day. 30 mg/kg.
p.o), ZNH 2/EWITONT hSGLT1 HEEMEZME L EZ A R =F (85a-1) O
GoJn R = Cl (85d-1) £V by hSGLT2 ~O@EIRMEZHT L5 ENRRBINT

(85a-1: hSGLT1 ICs50= 210 nM, hSGLT1/hSGLT2 = 40, 35d-1: hSGLT1 ICs0 = 49 nM,
hSGLT1/hSGLT2 = 16.9),

— 7. RRE#HEDOLE T/, R =F 0541 R2 = Et (35a-1) & R2 = EtO (35a-2)
2% D hSGLT2 [HEE MRS X O rUGE R E/EH 2 m L7z izx L, R2=Cl (35a-3) I
hSGLT2 FREEM 23K F L7z (85a-1:I1Cs0 = 5.2 nM, rUGE = 2937 mg/day. 35a-2: I1Cs0 =
4.8 nM, rUGE = 2683 mg/day. 35a-3: ICs0 = 18 nM (rUGE /X 30 mg/kg. p.o.)), F7-
R1=Cl D412 R2=Et (385d-1) TiX R2=Me (35d-7) L lbi# L C hSGLT2 FHEEMH I
M%ETHLHDO rUGEREMFHZ RS MBI ND Z EAHB L7 (835d-1: ICs0 = 2.9
nM, rUGE = 2185 mg/day.35d-7: ICs0 = 2.4 nM, rUGE = 1300 mg/day (rUGE /% 30 mg/kg.
p.0.)), —JF. Rl=Me O HIZ R2=Et (85b-1) % R2 = cyclopropyl (35b-4) [Z& X #i
A% Z L ThSGLT2PEFEMITIRETH 2 b DD rUGEREMFEHANREEBINDL Z &
23VHIBH L 7= (85b-1: ICs0 = 1.1 nM, rUGE = 1664 mg/day. 35b-4:I1Cs0 = 1.6 nM, rUGE =
2830 mg/day (rUGE i 30 mg/kg. p.o.)). In vitro 3 X O in vivo TEH O M T2 BT,
R2@E#2L & L C cyclopropyl 4 3 5{b&% 85b-4a N R EMEZ R LI=Z &b, K
2, LoBRRT7T VX LvEBREICLIREBERKEAET I L L LI,
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[+ 4 — 6]

AR—JL-N-T LA R3sDTa774ILD)

hSGLT2? rUGEP hSGLT12

run Cpd. R?! ICso (M) ke ICso (M) selectivity®

1 35a-1 F Et 5.2 2937 £ 106 210 40

R1
2
"2 3522 F OFt 48 2683 =+ 83
WOH
o ﬁOH 3 353 F C 18 -

4 35d-1 Cl Et 2.9 2185 == 85 49 16.9
5 35d-7 CI Me 2.4 1300 = 188

6 35b-1 Me Et 1.1 1664 *= 63

7 35b-4 Me A 1.6 2830 = 150 22 13.8

8 13d H Et 7.1 1830 £ 75

9These data were obtained by a single determination performed in duplicate.
bEach compound was orally administered at a dose of 30 mg/kg to male Sprague—Dawley (SD) rats.

UGE data over 24 h were normalized per 200 g body weight. Values are expressed as mean * S.E.M. (n=3).
¢ Values are shown by hSGLT1(ICs,)/hSGLT2(ICsy).

RZEHIL L LTERRTAFAEDOIC LD EMEMLOFMAA R EZKEK L — 7TITRT,

R2 = cyclopropyl 22D 545 121X, R1=H (35¢-4) & R1=F (35a-4) OWVTHIZHBWNT
H O NVay R5x2ESHMAZin vitroB X Win vivo/EA & A L 72 (85¢-4: ICs0 = 2.2 nM,
rUGE
rUGE
& % WX R2 =cyclopentyl 2 (R! =H: 35¢-6, R1=F:35a-6) OHEIX. WTiLd hSGLT2
BELSE VR 2398098 9 % b R & 72 o 7= (85¢-5: ICs50 = 11 nM., 85¢-6: IC50 = 93 nM., 35a-6: ICso
=24 nM),

2435 mg/day. 35a-4: ICs0 = 1.4 nM, rUGE = 2502 mg/day. 5: ICs0 = 5.1 nM,

1485 mg/day (rUGE /X 30 mg/kg. p.o.))., R2 = cyclobutyl & (R! = H: 85¢-5)

WIZ . in vitro B3 X OV in vivo TEH O W5 Tk 1 72 EM %# A L 7= R2 = cyclopropyl 2 D1k
A4 35b-4 55 K N 835a-4 [>T hSGLT1 FHEFEMZFM L7z (MF£4 -6, 4—7),
ZOkER R =F(85a-4) ®J7 7 Rl = Me(35b-4) & ¥ &> hSGLT2 #R %% A L 7= (35a-4:
hSGLT1 ICs0 = 230 nM, hSGLT1/hSGLT2 = 160, 35b-4: hSGLT1 ICso = 22 nM,
hSGLT1/hSGLT2 = 13.8),
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FIZ, fbEW 85a-4 2>\ Tix, HOLWIMMICHFET ZRBEILHEM 7 va—2 T v
AR =2 —=GLUTIHO~DERIZ OV T bRt 27272 AT UV AR =2 —Z @< HE L
e, ez Lol T 2EKEE~ORENRBRESINDIN. (LAY 3ba-4 BV TIT
GLUT1 oLFMEMH TR T, KMEMICESSEMERY 27 DERWEEHMTH D Z &
MR & fz (86a-4: GLUT1 ICs0 > 10,000 nM),

UbofR Lo, @RE->M 7 hSGLT2 HLEMEM, BLUORAKETH C-7 =

K b IS (frUGE (REEH) 2687 516 8ba-4 = KRABREMILAED
(TA-1887/JNJ-39933673) & L TiEik L 7-,

(K4 —7]

AR—IL-N-Z )LaAs k35 7a774)L®2

hSGLT22 rUGEP hSGLT12
3 run Cpd. R! R? ICso (nM) G ICso (nM) Selectivity©d
D ()= 1 35c4 H D22 2435+ 150
. j\y);\OH 2 354 F [ 14 2502%75 230 160
on > 3 3¢5 H L] 1 ;
w4 3506 H D 9 ]
5 35a-6 F L) 24 -

6 5 Et 5.1 1485 £ 201

9These data were obtained by a single determination performed in duplicate.
bEach compound was orally administered at a dose of 30 mg/kg to male Sprague—Dawley (SD) rats.
UGE data over 24 h were normalized per 200 g body weight. Values are expressed as mean £ S.E.M. (n=3).
¢Values are shown by hSGLT1(IC5)/hSGLT2(ICyp).
9In case of 35a-4, inhibitory activity against GLUT1 is 1Cs,> 10000 nM.

v" Indole-N-glucoside 35a-4 is a highly potent and selective inhibitor of hSGLT2 and
remarkably increases rUGE, which is comparable to that of aryl-C-glucoside 5.
v' Compound 35a-4 was selected as a clinical candidate (TA-1887/JNJ-39933673).

32



5% TA-1887 (35a-4) a7y AL

A R=N-N-7)vay e 8ba-4 D7 v b PKIABROFMREZKE S — 112587,

ft&w 86a-4 1%, A > F—A VU —FbEaEW 18d (KF3 —8) L L Tl REEDK
ENREE I (e.g. 85a-4: AUCo-inr =28 nug -h/mL, BA=78%. 18d: AUCo-inr =17 ug -h/mlL,
BA = 59%. 10 mg/kg. p.o.). rUGE R #E/Ef O %2 X F T 2R ThH -7, 2k, 1k
A% 8ba~4 BIMAKSMREZ T EHAEICELDLA Y K= T 7Y a v Zhic@igasnd,
FE 2T (FE 1H) T =V AEW 8a N E A2 K 53 iR & % o BRI (0.5 N
HCL. 37 °C) CBWTLZETHD I b, C-N Zba s NiEG MK 5 HE
N REEPER S 4D, UV — K& ® 18d AEIC C-N 7 v 2 v REEE O WAL
BLORBOLZEEOR LA, B/ ERECRORKBRAERICHFE L LHERZL T
D

[KZ&5— 1]

35a-4D >y EYEHRE

Pharmacokinetic parameters of 35a-4 in SD rats

Dose (mg/kg) 3 10

F route iv. p.o.

t., (h) 3.9 3.9
JSNJ:\OH t . (h) 15
HO @ ~"~You Crnax (Hg/ML) 2.7

OH

AUC,.., (ug-h/mL) 11 28
35a-4 CL,, (L/h/ke) 0.28
vd., (L/kg) 1.1

F (%) 8

Values are the mean of two rats.

v We suggest that 35a-4 induces large rUGE through continuous suppression of renal

glucose reuptake, which is supported by excellent pharmacokinetic properties as well as
high potency of SGLT2 inhibition.

v No aglycon was observed in the pharmacokinetic studies of 35a-4 in rats.
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WIZ, BERBETNLVEM TH S HF-KK v 2 (hyperglycemic high-fat diet-fed KK
mice) (ZF I HMbBER TIEMNZFML7Z (KELKS5—2), A1 F—A-NTLas FMLEaY
35a-4 % 3 mg/kg DEHGETRAOKLG LI-EZ A, BHEICEET L L Fmiim
BEBE THER AR LTz, M7 va—2x (BG) RED AUCo-2an (X BEAARE L U 50%AK08 L |
24 FFH R I W T H AR RED b0%IRI A MERF LitT CTW D 2 ERHBI L, R, 2D %
BRI L X R 508, (LAWY 85a-4 (1 mg/kg) %~ 7 AT O EH LB T/ 72 ifn 38
VREREICENT, 5% 24 BMBCBVW LM PEDIREORHRAMR I TND
ZEMDL, ZOXDMmBERTEHOREIIZLYRbDLEEZEZXLTND,

Iz EnG, LAY 3ba-4 ORI BEIRFIGFEIE L L CORREMEEZ RT 2 & B H
P

(%5 —2]

35a-4DHF-KKY DR (ZHITHMMHEE T £

5001 10000
% 400 g 8000 |
= =
E 3001 \é ? 6000
2 E
R o FokR
g 2001 = P ® c':: 4000
g 100 EX T : 3k kkk 5)
: 20004
oLl . . . . . =
0 2 4 6 2 24 0 .
o HF-KK Vehié‘lier:n " O HEKRI Yonidle
® HF-KK 35a-4; 3 mglkg (p.0.) L HP-KK 35acd; 3 mofka (po)
v' Single oral administration of 35a-4 at 3 mg/kg C
continuously reduced blood glucose (BG) levels in =
. . . . il
hyperglycemic high-fat diet-fed KK (HF-KK) mice. S
L
> 50% reduction in AUC,_,, , of BG level =
» 50% reduction in BG level at 24 h N
» no influence on food intake =
v' Compound 35a-4 is as effective as previously reported C- °
HF KK Vehicle

glucoside hSGLT2 inhibitors in controlling hyperglycemia. - HF-KK 35a-4; 3 mg/kg (p.0.)

Data are expressed as the mean = SEM (N = 6): **P < 0.01, ***P < 0.001 vs. vehicle.
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B 6E WA

2 BUPE IR B E OB AR IL, MBS EE EFH L A_AVICHEICERT L CH D, La
LANRLHRAETLEZ OBRF TMHEHLARELZERTLICEE->TEH T, BEAFO MR
THEFBRRDIFR R A=A L, FFIZA VA VIREEBICIEKF L2 WIRREORENE E
nTWwiz, ZOF T, hSGLT2 HEHK X UGE 2#{E# T2 A W =X AL TA AU VIR
B bERE TERZRET 220 bERZED ., BOMWARMIEHEENED LIL TV,

EHIT, HRBICHER TR TWE O-Zvay R, 50 C-7vay REFRE

D, BRI NI TAERD N vay RELEWICHERB Lz, hSGLT2 BRI » o
FOEG THRAOLEDZ R TIAEYWOERKM A LTV, BKRKABKRIIE Y 35a4
(TA-1887/JNJ-39933673) ZAIHT 2 Z gLz (KF6 —1),

F2ETIE, 7=V V-NI7ray ROBRIZEBWT, )7 hSGLT2 MEMEH 26T
216 8a ZHRM L, MHBRBUEOIZDITMAKSME~DOBPIMELES T 5, 1k
AW 8a DERIFAF LoOTr hxr—varzZMilT25#E2LT, 7= 07 ==Lk
ki WRIFEDBANEITo 7o, ZOFER., BMKRBRILLEH TH HT-1095 (3b) ZPLET
%5 rUGE REMEH ZH 4 2/b64 8d 2 R L7,

BBETIX, FICM AL in vivo B EZHEL T, BERF~OF 1 hxr—a &5
ElCEBET S e AT, ~T T U= NI ay ROBRKREIT-T-, TORE, C
JNhay FEAEWIZIE T 55 H 7 rUGE REEMZHETHA4 2 K—-N-Z La v K
18d 2Rt L7z, BICHTZ->TE, GER~T T V- LEREOEENR N-7Lay R
O FiEE LT, BSABELO TMSOTf # HWioikMfbitEz@EAH L, BElc#fES N TnwaH X
VAARIES—NNTFF USRI G EFRA~AT T ) - VRICOEHAARETH DL L&
~LT,

FAFETEH, AV FR—NA-NZ7 a2 18d =2V — NeEW & Uiz 8@ L o Kb
W aAT o 7o, MG EMABEREFT O/ R, RIS N7 hSGLT2 EMFH. B LV
C-7nvay RIZILE T %2 rUGE REFEH AT 2{LE&% 85a-4 Z K AXBREMILED
(TA-1887/JNJ-39933673) & L T&EkL L7, GlICHTZ>TIE, 41V F—=/-N-7 L ay
R 80 DAY R—LEBE 3MA~DXRU UV HEEANIZEL T 42507 £ F VI THRES
NleZnva—2EETT, TALEMEERAL 2R-ELZHAVWL L2 rbET, — K
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BlH . AlCls 2 HH W7z Friedel-Crafts Mol L D 3-~X

REA2ZH W 3-FALI A F—b
HFEER TCEHINE THNY 34

PO WEMEZR FiELE L L7z,
SANA Y R—= 3LICEL FiE,H DH WX Grignard

32 DR I VA~ DRI IT
IS L7,

LW HZrre—1383IZ

EHETIE. AV F—-NZ a3k 85a-4 U — FEEWw 18d L v & BiICEN -3
BT DR 2 B ERE T AUER 2 fERR L 7=,

WEhRE 7 n 7 v A NV EA L FERBET LVEIYIZ
EMEE R L T,

IhbnZ &Enb, (LEY 3ba-4 DR 2 RBEIRFFIRRIE L L ToH|

[(KM#*E6 — 1]

BERROELD
Introduction of EWGEt

OH O
on the aniline ring o7 \wOH
Me (0] (0]

O \OH
L g
c Strategy: "SIz zom
3a (T-1095A) OH . rubk = 495 mgiday
0" N\ avoidance o
hSGLT2 ICsq = 5.2 nM . .
HO ~VoH nitrogen protonation F
5 Q ()<
U \
- Q™
o OMe hSGLT2 ICsp = 3.9 nM N WOH
\)j):OH rUGE = 93 mg/day O O |:> HO
Y Incorporation of the ¥~ YOH 3504
OH OH a-
nitrogen atom into o (TA-1887)

4a (Sergliflozin-A)

heteroaromatictems

hSGLT2 ICs, = 1.4 nM

hSGLT2 IC5y = 7.1 nM
rUGE = 1830 mg/day

hSGLT1/hSGLT2 = 160
rUGE = 2502 mg/day

EWG: electiwithdrawing group

AWFIEIC LV hSGLT2 HEHK - L TR A2 %+ 57 UV —-C-7 vz v RIZE

WS DHBRrI N 7 2L LT, REREDBERBLOCEG T 77 A V2T D4

K—n-N-Zrvady FERHTZentki, RaTiE. o7 v—70m6 7 va— 2oy
X o —R|ICEXH X7 hSGLT1 B XL O hSGLT2 @ dual PEEHX] (1 > F—/L-N-F >
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oY R) [CBT A 290, £ F— LB 3D EHIEZEM L7~ hSGLT1 KA FHLE
K (£ F—N-NTLaTR) OFERLIN 8, £ F—L-N7 VU as K&y Mn
hSGLT HEEKDEREK E L CHEAINL2OH D,

ELICABOMEERIL. AV R— L2 EGL&B~Ta 7Y —L-NZLay KRR, 7Y
—N-C-7 N3y FOAEWFRSEMKE LCHEATE 2 MEEEEZRB LTV, flzE, 7
U—=n-C-7vay ROPIZiFtkx 2EMEEZ2AET 260 RESA TIN5
WoENLE ) - NEAWE LEERABECBNT, ~T a7 U —A-NT Az RRHE
REERMOA 7 a vy E LTHEHMAISND Z R TE S,
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EBROM

Chemistry

All reactions were carried out under inert gas or with CaCl, tube and reaction mixtures were
stirred magnetically. All reagents and solvents were purchased from commercial suppliers and
used without further purification unless otherwise noted. Reaction products were monitored by
TLC using 0.25 mm E. Merck silica gel plates (60 F254) and were visualized using UV light or
5% phosphomolybdic acid in 95% EtOH. Silica gel column chromatography was performed on
Silica gel BW-300 (Fuji Silicia) or NH-silica gel Chromatorex (Fuji Silicia), using the solvent
systems (volume ratios) indicated below. NMR spectra were collected on JEOL JNM-ECX400P
and Varian UNITY INOVAS500 spectrometers. Chemical shifts were given in parts per million
(ppm) downfield from internal reference tetramethylsilane standard; coupling constants (J value)
were given in hertz (Hz). Melting points were measured by BUCHI Melting Point B-545 and
were uncorrected. APCI-MS spectra were obtained on Finnigan MAT SSQ7000C or
ThermoQuest LCQ Advantage eluting with 10 mM AcONH,/MeOH. GC-MS spectra were
measured on Shimadzu GCMS-QP2010. Analytical HPLC spectra were reported using Agilent

1100 with a UV detector measuring absorbance at 210 nm.
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2-(4-Ethylphenylmethyl)-N-(B-p-glucopyranosyl)aniline (8a).

A solution of 1-bromo-4-ethylbenzene 9 (6.43 g, 34.74 mmol) in tetrahydrofuran (50 mL) was
cooled to -78 °C under argon atmosphere, and thereto was added dropwise n-butyl lithium (2.6 M
hexane solution, 14.0 mL, 36.4 mmol). The mixture was stirred at the same temperature for 30
minutes, and the reaction solution was added dropwise to a solution of o-nitrobenzaldehyde (5.0 g,
33.09 mmol) in tetrahydrofuran (50mL) at -78 °C. The mixture was stirred at the same
temperature for 30 minutes, and warmed to 0 °C over a period of 1 hour. To the mixture was
added an aqueous ammonium chloride solution, and the mixture was extracted with ethyl acetate.
The organic layer was dried over sodium sulfate, and the solvent was evaporated under reduced
pressure. The resultant residue was purified by silica gel column chromatography (hexane :
ethyl acetate = 10:1) to give (4-ethylphenyl)(2-nitrophenyl)methanol 10 (2.26g9, 27%) as a
colorless oil. APCI-Mass m/Z 275 (M+NH,). *H NMR (CDCl3) § 1.21 (t, J = 7.6 Hz, 3H), 2.63
(q, J = 7.7 Hz, 2H), 2.71 (d, J = 4.5 Hz, 1H), 6.41 (d, J = 4.4 Hz, 1H), 7.16 (d, J = 8.2 Hz, 2H),
7.24 (d,J=8.1Hz, 2H), 7.44 (t, J = 7.8 Hz, 1H), 7.63 (t, J = 8.1 Hz, 1H), 7.78 (d, J = 7.9 Hz, 1H),
7.92 (d, J = 8.1 Hz, 1H).

To a stirred solution of (4-ethylphenyl)(2-nitrophenyl)methanol 10 (1.85 g, 7.19 mmol) in
ethanol (74 mL) was added wet palladium-carbon (10%) (370 mg). The mixture was stirred at
room temperature under hydrogen atmosphere for 4 hours. The catalyst was removed by
filtration, and the filtrate was concentrated under reduced pressure. The resultant residue was
dissolved in acetonitrile (45 mL), and thereto was added dropwise boron trifluoride diethyl
etherate (1.71 mL, 13.46 mmol) at -30 °C. Triethylsilane (2.15 mL, 13.46 mmol) was added at
-30 °C, and the mixture was stirred at the same temperature for 1 hour. The mixture was warmed
to 0 °C over a period of 30 minutes, and was further stirred at room temperature for 1.5 hour. To
the mixture was added a saturated aqueous sodium hydrogen carbonate solution, and extracted
with ethyl acetate. The organic layer was washed with brine, dried over sodium sulfate, and the
solvent was evaporated under reduced pressure. The resultant residue was purified by silica gel
column chromatography (hexane : ethyl acetate = 24:1) to give 2-(4-ethylphenylmethyl)aniline
11a (1.07 g, 75%) as a colorless oil. APCI-Mass m/z 212 (M+H). *H NMR (CDCl3) § 1.21 (t, J
= 7.7 Hz, 3H), 2.61 (q, J = 7.7 Hz, 2H), 3.51 (s, 2H), 3.87 (s, 2H), 6.66 (d, J = 7.7 Hz, 1H), 6.76 (t,
J = 7.5 Hz, 1H), 7.04-7.13 (m, 6H).

To a stirred solution of 2-(4-Ethylphenylmethyl)aniline 11a (500 mg, 2.37 mmol) in methanol
(5 mL) were added p-(+)-glucose (516 mg, 2.84 mmol) and ammonium chloride (25 mg, 0,474
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mmol), and the mixture was heated under reflux for 2 hours. Methanol was evaporated under
reduced pressure, and thereto was added water. The mixture was extracted with ethyl acetate.
The organic layer was washed with brine, dried over sodium sulfate, and the solvent was
evaporated.  The resultant residue was purified by silica gel column chromatography
(chloroform : methanol = 40:1 — 20:1) to give 2-(4-phenylmethyl)-N-(B-p-glucopyranosyl)aniline
8a (495 mg, 56%) as colorless crystals. APCI-Mass m/z 374 (M+H). H NMR (DMSO-dg) &
1.16 (t, | = 7.7 Hz, 3H), 2.56 (q, J = 7.6 Hz, 2H), 3.07-3.34 (m, 4H), 3.37-3.48 (m, 1H), 3.62—
3.70 (m, 1H), 3.81 (s, 2H), 4.27 (t, J = 7.3 Hz, 1H)(changed to & 4.31 (d, J = 8.4 Hz, 1H) when
treated with D,0.), 4.45 (t, J = 5.8 Hz, 1H), 4.91 (d, J = 5.1 Hz, 1H), 4.99 (d, J = 4.4 Hz, 1H),
5.01 (d, J = 5.1 Hz, 1H), 5.22 (d, J = 6.4 Hz, 1H), 6.62 (t, J = 7.3 Hz, 1H), 6.75 (d, J = 7.7 Hz,
1H), 6.86 (d, J = 7.5 Hz, 1H), 7.03 (t, J = 7.7 Hz, 1H), 7.12 (s, 4 H).

2-(4-Ethylphenylmethyl)-4-trifluoromethyl-N-(p-p-glucopyranosyl)aniline (8b).

A mixture of zinc powder (817 mg, 12.5 mmol) and 1,2-dibromoethane (0.044 mL, 0.511 mmol)
in dimethylformamide (3 mL) was stirred with heating at 70 °C for 10 minutes. The reaction
solution was cooled to room temperature, and thereto was added chlorotrimethylsilane (0.050 mL,
0.394 mmol), and further stirred for 30 minutes. To the mixture was added dropwise a solution
of 4-ethylbenzyl bromide (1.99 g, 10 mmol) in dimethylformamide (10 mL) at 0 °C over a period
of 2 hours. The mixture was stirred at the same temperature for 2 hours. The resultant mixture
was poured to the mixture of tris(dibenzylideneacetone)palladium(0) (140 mg, 0.25 mmol),
tri(2-furyl)phosphine (120 mg, 0.5 mmol) and 4-amino-3-iodobenzo trifluoride 12b (1.44 g, 5
mmol) in tetrahydrofuran (30 mL), and the mixture was stirred overnight at room temperature
under argon atmosphere. The reaction mixture was poured into water, and was extracted with
ethyl acetate. The organic layer was washed with brine, dried over sodium sulfate, and the
solvent was evaporated under reduced pressure. The resultant residue was purified by silica gel
column chromatography (hexane : ethyl acetate = 9:1) to give
2-(4-ethylphenylmethyl)-4-trifluoromethylaniline 11b (866 mg, 62%) as a colorless oil.
APCI-Mass m/z 280 (M+H). 'H NMR (CDCl;) & 1.22 (t, J = 7.5 Hz, 3H), 2.62 (q, J = 7.5 Hz,
2H), 3.79 (s, 2H), 3.89 (s, 2H), 6.67 (d, J = 8.8 Hz, 1H), 7.07 (d, J = 8.4 Hz, 2H), 7.13 (d, J = 8.4
Hz, 2H), 7.3-7.35 (br, 2H).

8b was prepared in a manner similar to 8a from the corresponding aniline 11b (26.3%):
APCI-Mass m/z 442 (M+H). *H NMR (DMSO0-d6) & 1.16 (t, J = 7.5 Hz, 3H), 2.57 (q, J = 7.5 Hz,
2H), 3.09-3.18 (m, 1H), 3.22-3.32 (m, 3H), 3.38-3.48 (m, 1H), 3.63-3.71 (m, 1H), 3.85 (d, J =

40



15.9 Hz, 1H), 3.93 (d, J = 15.9 Hz, 1H), 4.38 (t, J = 7.3 Hz, 1H) (changed to & 4.41 (d, J = 8.4 Hz,
1H) when treated with D,0.), 4.46 (t, J = 5.9 Hz, 1H), 4.94 (d, J = 5.1 Hz, 1 H), 5.03 (d, J = 4.4
Hz, 1H), 5.04 (d, J = 5.5 Hz, 1H), 5.87 (d, J = 6.6 Hz, 1H), 6.86 (d, J = 8.6 Hz, 1H), 7.12 (s, 1H),
7.15 (s, 4H), 7.35 (d, J = 8.6 Hz, 1H),

2-(4-Ethylphenylmethyl)-4-fluoro-N-(p-p-glucopyranosyl)aniline (8c)
3,4-Difluoro-2-(4-ethylphenylmethyl)-N-(B-p-glucopyranosyl)aniline (8d)

11c, 8c, 11d and 8d were prepared in a manner similar to 8b from the corresponding

2-iodoaniline 1227,

11c (64.1%): APCI-Mass m/z 230 (M+H). 'H NMR (CDCl;) 81.22 (t, J = 7.5 Hz, 3H), 2.62 (q, J
= 7.5 Hz, 2H), 3.39 (s, 2H), 3.83 (s, 2H), 6.56-6.62 (m, 1H), 6.77 (d, J = 8.6 Hz, 1H), 6.8 (dd, J =
8.2 and 4.0 Hz, 1H), 7.08 (d, J = 8.2 Hz, 2H), 7.14 (d, J = 8.2 Hz, 2H).

8¢ (23.3%): APCI-Mass m/z 392 (M+H). 'H NMR (DMSO-d6) & 1.16 (t, J = 7.5 Hz, 3H), 2.57 (q,
J =7.5 Hz, 2H), 3.08-3.14 (m, 1H), 3.17-3.28 (m, 3H), 3.39-3.45 (m, 1H), 3.64-3.69 (m, 1H),
3.79 (d, J = 15.7 Hz, 1H), 3.85 (d, J = 15.6 Hz, 1H), 4.23 (t, J = 7.6 Hz, 1H) (changed to & 4.24 (d,
J = 8.4 Hz, 1H) when treated with D,0), 4.45 (t, J = 5.8 Hz, 1H), 4.91 (d, J = 5.3 Hz, 1H), 4.98 (d,
J =3.5 Hz, 1H), 5.04 (d, J =5 Hz, 1H), 5.2 (d, J = 6.6 Hz, 1H), 6.66 (dd, J = 9.8 and 3.0 Hz, 1H),
6.74 (dd, J = 9.0 and 5.1 Hz, 1H), 6.86 (td, J = 8.6 and 2.9 Hz, 1H), 7.15 (s, 4H).

11d (48.9%): APCI-Mass m/z 247 (M+H). 'H NMR (CDCls) §1.21 (t, J = 7.5 Hz, 3H), 2.61 (q, J
= 7.5 Hz, 2H), 3.45 (s, 2H), 3.94 (s, 2H), 6.34 (ddd, J = 8.9, 4.0 and 2.0 Hz, 1H), 6.87 (dt, J =
10.1 and 8.8 Hz, 1H), 7.11 (s, 4H),

8d (23%): APCI-Mass m/z 410 (M+H). 'H NMR (DMSO-d6) §1.14 (t, J = 7.6 Hz, 3H), 2.54 (q, J
= 7.7 Hz, 2H), 3.08-3.12 (m, 1H), 3.17-3.27 (m, 3H), 3.39-3.44 (m, 1H), 3.65 (d, J = 11.9 Hz,
1H), 3.86 (d, J = 15.9 Hz, 1H), 4.03 (d, J = 16 Hz, 1H), 4.23 (t, J = 7.7 Hz, 1H) (changed to & 4.23
(d, J = 8.5 Hz, 1H) when treated with D,0), 4.43-4.50 (br, 1H), 4.89-5.02 (br, 3H), 5.46 (d, J =
6.4 Hz, 1H), 6.56 (dd, J = 9.2 and 2.9 Hz, 1H), 7.07-7.16 (m, 5H).
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4-(4-Ethylphenylmethyl)-1-(p-p-glucopyranosyl)pyrazole (13a).

A suspension of 4-ethylbenzyl bromide 15 (10.0 g, 50.2 mmol), malononitrile (6.64 g, 101
mmol), potassium carbonate (6.94 g, 50.2 mmol) and tetra-n-butylammonium bromide (648 mg,
2.01 mmol) in toluene (100 mL) was vigorously stirred at room temperature for 17 hours. The
reaction mixture was poured into water, and was extracted with ethyl acetate twice. The organic
lauer was washed successively with water and brine, and dried over sodium sulfate.  The
solvent was evaporated under reduced pressure and the resultant residue was purified by silica gel
column chromatography (hexane : ethyl acetate = 6:1) to give
2-(4-ethylphenylmethyl)malononitrile (3.28 g, 35.4%) as a colorless solid. A solution of
2-(4-ethylphenylmethyl)malononitrile (3.27 g, 17.7 mmol) and hydrazine hydrate (0.86 mL, 17.7
mmoll) in ethanol (35 mL) was heated under reflux for 4 hours. Hydrazine hydrate (0.43 mL,
8.86 mmol) was further added thereto and the mixture was further heated under reflux for 4 hours.
The reaction mixture was cooled to room temperature and the solvent was evaporated under
reduced pressure. The resultant residue was crystallized from ethyl acetate—diethyl ether to give
3,5-diamino-4-(4-ethylphenylmethyl)pyrazole 16 (2.63 g, 68.6%) as pale pink powder.
APCI-Mass m/z 217 (M+H). 'H NMR (DMSO-dg) & 1.13 (t, | = 7.7 Hz, 3H), 2.53 (q, J = 7.6 Hz,
2H), 3.44 (s, 2H), 4.21 (br, 4H), 7.04 (d, J = 8.1 Hz, 2 H), 7.11 (d, J = 8.1 Hz, 2 H), 9.95 (br, 1H).

3,5-Diamino-4-(4-ethylphenylmethyl)pyrazole 16 (1.30 g, 6.01 mmol) was added to a 50%
aqueous phosphoric acid solution (19 mL, 183 mmol), and thereto was further added water (10
mL). The stirred mixture was cooled to 0 °C, and thereto was added dropwise an aqueous
solution (4 mL) of sodium nitrite (912 mg, 13.2 mmol) over 3 minutes. The mixture was stirred
at the same temperature for 30 minutes, and further stirred at room temperature for 4 hours. The
reaction mixture was cooled again to 0 °C, and 10% aqueous sodium hydroxide solution was
added thereto to adjust pH to 7. The mixture was extracted with ethyl acetate, washed
successively with water and brine, and dried over magnesium sulfate. The solvent was
evaporated under reduced pressure, and the resultant residue was purified by silica gel column
chromatography (chloroform : methanol = 100:0 - 90:10) to give
4-(4-ethylphenylmethyl)pyrazole 14a (414 mg, 37%) as a pale brown solid. APCI-Mass m/z 187
(M+H). 'H NMR (DMSO-dg) & 1.14 (t, J = 7.7 Hz, 3H), 2.55 (q, J = 7.6 Hz, 2H), 3.72 (s, 2H),
7.1 (s, 4H), 7.3 (br, 1H), 7.46 (br, 1H), 12.54 (br, 1H).

To a solution of 4-(4-ethylphenylmethyl)pyrazole 14a (495 mg, 2.66 mmol) in acetonitrile (2.0
mL) was added N,O-bis(trimethylsilyl)acetamide(>75%) (1.05 mL, ca. 3.19 mmol), and the
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mixture was stirred under heating at 60 °C for 2.5 hours under argon atmosphere. The reaction
mixture was cooled to room temperature, and the solvent was evaporated under reduced pressure.
The resultant residue was dissolved in dichloroethane (7.0 mL), and added thereto were molecular
sieve 4A powder (500 mg), 1,2,3,4,6-penta-O-acetyl-B-p-glucopyranose 25 (1.04 g, 2.66 mmol)
and trimethylsilyl trifluoromethanesulfonate (0.51 mL, 2.82 mmol). The mixture was stirred
under heating at 80 °C for 3 hours under argon atmosphere. The reaction mixture was cooled to
room temperature, and insoluble materials were filtered off. Subsequently, the filtrate was
poured into a saturated aqueous sodium hydrogen carbonate solution. The mixture was extracted
twice with dichloromethane, and the organic layer was dried over sodium sulfate. The solvent
was evaporated under reduced pressure, and the resultant residue was purified by silica gel
column chromatography (hexane : ethyl acetate = 80:20 - 50:50) to give
4-(4-ethylphenylmethyl)-1-(2,3,4,6-tetra-O-acetyl-B-p-glucopyranosyl)pyrazole 27a (610 mg,
44%) as a colorless solid. APCI-Mass m/z 517 (M+H). 'H NMR (DMSO-dg) 8 1.15 (t, J = 7.7
Hz, 3H), 1.75 (s, 3H), 1.94 (s, 3H), 1.99 (s, 3H), 2.01 (s, 3H), 2.55 (q, J = 7.7 Hz, 2H), 3.71 (s,
2H), 4.02 (dd, J = 12.2 and 2.1 Hz, 1H), 4.12 (dd, J = 12.5 and 5.5 Hz, 1H), 4.21-4.24 (m, 1H),
5.06 (t, J = 9.8 Hz, 1H), 5.44 (t, J = 9.6 Hz, 1H), 5.53 (t, J = 9.5 Hz, 1H), 5.86 (d, J = 9.3 Hz, 1H),
7.01 (d, J = 8.4 Hz, 2H), 7.11 (d, J = 8.2 Hz, 2H), 7.36 (s, 1H), 7.68 (s, 1H).

To a stirred solution of
4-(4-ethylphenylmethyl)-1-(2,3,4,6-tetra-O-acetyl-B-p-glucopyranosyl)pyrazole 27a (604 mg,
1.17 mmol) in methanol (6 mL) was added sodium methoxide (28% methanol solution, 1 drop).
After being stirred at room temperature for 30 minutes, the solvent was evaporated under reduced
pressure. The resultant residue was purified by silica gel column chromatography (chloroform :
methanol = 100:0 — 80:20) to give 4-(4-ethylphenylmethyl)-1-(B-p-glucopyranosyl)pyrazole 13a
(319 mg, 78.3%) as colorless viscous oil. APCI-Mass m/z 433 (M+NH,). *H NMR (DMSO-d6)
§1.15 (t, J = 7.7 Hz, 3H), 2.55 (g, J = 7.7 Hz, 2H), 3.11-3.16 (m, 1H), 3.27-3.34 (m, 2H), 3.37-
3.42 (m, 1H), 3.63-3.73 (m, 2H), 3.71 (s, 2H), 4.45 (t, J = 5.8 Hz, 1H), 5.01 (d, J = 5.5 Hz, 1H),
5.07 (d, J = 9.2 Hz, 1H), 5.08 (d, J = 4.8 Hz, 1H), 5.1 (d, J = 4.8 Hz, 1H), 7.11 (d, J = 8 Hz, 2H),
7.14 (d, J = 8 Hz, 2H), 7.32 (s, 1H), 7.6 (s, 1H).

5-(4- Ethylphenylmethyl)-1-(B-p-glucopyranosyl)pyridin-2(1H)-one (13b).

A solution of the N-methoxy-N-methyl-6-chloronicotineamide 17b*® (4.2 g, 20.93 mmol) in
tetrahydrofuran (40 mL) was cooled to 0 °C, and thereto was added dropwise

4-ethylphenylmagnesium bromide (0.5 M tetrahydrofuran solution, 55 mL, 27.5 mmol). The
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mixture was stirred at 0 °C for 4 hours, and then at the room temperature for 10 minutes. The
reaction mixture was cooled again to 0 °C, and added thereto was 10% aqueous hydrochloric acid.
The mixture was extracted with ethyl acetate, and the organic layer was washed with brine and
dried over sodium sulfate. The solvent was evaporated under reduced pressure, and the resultant
residue was purified by silica gel column chromatography (hexane : ethyl acetate = 20:1) to give
6-chloro-3-pyridyl 4-ethylphenyl ketone 18b (3.68 g, 72.2%) as colorless crystals. APCI-Mass
m/z 246/248 (M+H). H NMR (DMSO-d6) § 1.23 (t, J = 7.5 Hz, 3H), 2.72 (q, J = 7.7 Hz, 2H),
7.44 (d, J = 8.2 Hz, 2H), 7.71 (d, J = 8.4 Hz, 1H), 7.74 (d, J = 8.2 Hz, 2H), 8.15 (dd, J = 8.4 and
2.6 Hz, 1H), 8.7 (d, J = 2.3 Hz, 1H).

To a stirred solution of 6-chloro-3-pyridyl 4-ethylphenyl ketone 18b (1.68 g, 6.84 mmol) in
N,N-dimethylformamide (20 mL) were added benzylalcohol (815 mg, 7.54 mmol) and 60%
sodium hydride (275 mg, 6.88 mmol). The mixture was stirred at room temperature for 6 hours,
and then at 90 °C for 1 hour. The reaction mixture was cooled to room temperature, and the
mixture was quenched with water. The mixture was extracted with ethyl acetate. The organic
layer was washed with water and subsequently with brine, and dried over sodium sulfate. The
solvent was evaporated under reduced pressure, and the resultant residue was purified by silica
gel column chromatography (hexane : ethyl acetate = 100:0 — 95:5) to give 6-benzyloxy-3-pyridyl
4-ethylphenyl ketone 19b (1.68 g, 77.3%) as colorless oil. APCI-Mass m/z 318 (M+H). 'H
NMR (DMSO-d6) & 1.23 (t, J = 7.7 Hz, 3H), 2.72 (q, J = 7.6 Hz, 2H), 5.47 (s, 2H), 7.04 (d, J
8.7 Hz, 1H), 7.35 (t, J = 7.4 Hz, 1H), 7.4 (t, J = 6.9 Hz, 2H), 7.42 (d, J = 8.2 Hz, 2H), 7.48 (d, J
7.1 Hz, 2H), 7.7 (d, J = 8.2 Hz, 2H), 8.09 (dd, J = 8.7 and 2.4 Hz, 1H), 8.55 (d, J = 2.2 Hz, 1H).

To a stirred solution of 6-benzyloxy-3-pyridyl 4-ethylphenyl ketone (865 mg, 2.73 mmol) in
ethylene glycol (8.5 mL) were added hydrazine hydrate (0.44 mL, 8.99 mmol) and potassium
hydroxide (550 mg, 9.8 mmol). The mixture was stirred under heating at 190 °C for 8 hours.
The reaction mixture was cooled to room temperature, and water was added thereto. The
mixture was extracted with ethyl acetate. The organic layer was washed with water three times
and subsequently with brine, and dried over sodium sulfate. The solvent was evaporated under
reduced pressure, and the resultant residue was purified by silica gel column chromatography
(hexane : ethyl acetate = 100:0 — 0:100) to give 3-(4-ethylphenylmethyl)-6-hydoroxypyridine 14b
(256 mg, 44.2%) as colorless powder. APCI-Mass m/z 214 (M+H). 'H NMR (DMSO-d6) &
1.15 (t, J = 7.7 Hz, 3H), 2.55 (q, J = 7.5 Hz, 2H), 3.6 (s, 2H), 6.25 (d, J = 9.3 Hz, 1H), 7.12 (d, J =
9.3 Hz, 4H), 7.18 (d, J = 2.1 Hz, 1H), 7.25 (dd, J = 9.5 and 2.6 Hz, 1H), 11.38 (br, 1H).
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27b and 13b were prepared in a manner similar to 13a from 14b.

27b (37.1%): APCI-Mass m/z 544 (M+H). 'H NMR (DMSO0-d6) & 1.15 (t, J = 7.6 Hz, 3H), 1.82
(s, 3H), 1.97 (s, 3H), 2.02 (s, 3H), 2.03 (s, 3H), 2.55 (q, J = 7.4 Hz, 2H), 3.6 (d, J = 14.9 Hz, 1H),
3.64 (d, J = 14.9 Hz, 1H), 4.07 (dd, J = 12.2 and 5.6 Hz, 1H), 4.12 (dd, J = 12.5 and 2.6 Hz, 1H),
4.3-4.33 (m, 1H), 5.24 (t, J = 9.8 Hz, 1H), 5.47 (t, J = 9.3 Hz, 1H), 5.55 (t, J = 9.5 Hz, 1H), 6.3 (d,
J=9.5Hz, 1H), 6.39 (d, J = 9.2 Hz, 1H), 7.12 (s, 4H), 7.16 (dd, J = 9.5 and 2.4 Hz, 1H), 7.87 (s,
1H).

13b (81.9%): APCI-Mass m/z 376 (M+H). H NMR (DMSO-d6) & 1.15 (t, J = 7.5 Hz, 3H), 2.55
(9, J = 7.6 Hz, 2H), 3.16-3.21 (m, 1H), 3.31-3.38 (m, 2H), 3.41-3.52 (m, 2H), 3.66 (s, 2H), 3.66—
3.72 (m, 1H), 4.57 (t, J = 5.9 Hz, 1H), 5.07 (d, J = 5.6 Hz, 1H), 5.18 (d, J = 5.9 Hz, 1H), 5.2 (d, J
= 4.5 Hz, 1H), 5.74 (d, J = 9.3 Hz, 1H), 6.33 (d, J = 9.5 Hz, 1H), 7.12 (d, J = 8.3 Hz, 2H), 7.15 (d,
J=8.2 Hz, 2H), 7.2 (dd, J = 9.5 and 2.5 Hz, 1H), 7.56 (d, J = 1.9 Hz, 1H).

3-(4-Ethylphenylmethyl)-1-(p-p-glucopyranosyl)pyridin-2(1H)-one (13c).

18c and 19c were prepared in a manner similar to 19b from 17¢3%.

18c (78%): APCI-Mass m/z 246/248 (M+H). *H NMR (DMSO-d6) & 1.21 (t, J = 7.5 Hz, 3H),
2.71 (q, J = 7.7 Hz, 2H), 7.42 (d, J = 8.2 Hz, 2H), 7.61 (dd, J = 7.5 and 4.8 Hz, 1H), 7.68 (d, J =
8.3 Hz, 2H), 8.03 (dd, J = 7.5 and 1.9 Hz, 1H), 8.61 (dd, J = 5.0 and 1.9 Hz, 1H).

19¢ (41%): APCI-Mass m/z 318 (M+H). *H NMR (DMSO-d6) § 1.21 (t, J = 7.6 Hz, 3H), 2.69 (q,
J = 7.6 Hz, 2H), 5.34 (s, 2H), 7.02-7.05 (m, 2H), 7.17-7.21 (m, 4H), 7.35 (d, J = 8 Hz, 2H), 7.63
(d, J = 8 Hz, 2H), 7.86 (dd, J = 7.2 and 1.8 Hz, 1H), 8.37 (dd, J = 5.0 and 1.8 Hz, 1H).

To a stirred solution of 2-benzyloxy-3-pyridyl 4-ethylphenyl ketone 19c¢ (1.69 g, 5.32 mmol) in
ethanol (15 mL) was added sodium borohydride (403 mg, 10.65 mmol), and the mixture was
stirred at room temperature for 3 hours. The solvent was evaporated under reduced pressure,
and to the resultant residue was added ethyl acetate. The mixture was washed with water and
successively with brine, and dried over sodium sulfate. The solvent was evaporated under
reduced pressure to give crude 2-benzyloxy-3-pyridyl-4-ethylphenylmethanol as a colorless oil.
The resultant residue was dissolved in methanol (10 mL), and thereto were added concentrated

hydrochloric acid (1.0 mL) and 10% palladium-carbon (500 mg).  The mixture was stirred at
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room temperature for 15 hours under hydrogen atmosphere. Insoluble materials were filtered off,
and the filtrate was concentrated under reduced pressure. The resultant residue was dissolved in
ethyl acetate, washed with water and successively with brine, and dried over sodium sulfate.
The solvent was evaporated under reduced pressure, and the resultant residue was purified by
silica gel column chromatography (chloroform : methanol = 100:0 - 97:3) to give
3-(4-ethylphenylmethyl)-2-hydoroxypyridine 14c (307 mg, 27%) as a pale brown solid.
APCI-Mass m/z 214 (M+H). 'H NMR (DMSO-d6) & 1.15 (t, J = 7.7 Hz, 3H), 2.55 (q, J = 7.5 Hz,
2H), 3.64 (s, 2H), 6.09 (t, J = 7.3 Hz, 1H), 7.1 (d, J = 8.2 Hz, 2H), 7.14 (d, J = 8 Hz, 2H), 7.16 (dd,
J=6.7and 1.9 Hz, 1H), 7.22 (dd, J = 6.4 and 1.8 Hz, 1H), 11.5 (s, 1H),

27c¢ and 13c were prepared in a manner similar to 13a from 14c.

27¢ (4.1%): APCI-Mass m/z 544 (M+H). *H NMR (DMSO-d6) & 1.12 (t, J = 7.6 Hz, 3H), 1.62 (s,
3H), 1.94 (s, 3H), 2 (s, 3H), 2.01 (s, 3H), 2.5 (q, J = 7.7 Hz, 2H), 3.63 (d, J = 14.5 Hz, 1H), 3.69
(d, J = 14.3 Hz, 1H), 4.06 (br, 2H), 4.28-4.31 (m, 1H), 5.2 (t, J = 9.8 Hz, 1H), 5.32 (t, J = 9.5 Hz,
1H), 5.51 (t, J = 9.6 Hz, 1H), 6.21 (t, J = 6.9 Hz, 1H), 6.42 (d, J = 8.8 Hz, 1H), 7.08 (d, J = 8 Hz,
2H), 7.12 (d, J = 8 Hz, 2H), 7.23 (d, J = 5.5 Hz, 1H), 7.7 (d, J = 5.5 Hz, 1H).

13c (48.2%): APCI-Mass m/z 376 (M+H). 'H NMR (DMSO-d6) & 1.15 (t, J = 7.7 Hz, 3H), 2.55
(q, J = 7.6 Hz, 2H), 3.14-3.19 (m, 1H), 3.29 (s, 2H), 3.38-3.46 (m, 2H), 3.65 (d, J = 14.9 Hz, 1H),
3.65-3.70 (m, 1H), 3.69 (d, J = 14.8 Hz, 1H), 4.54 (t, J = 5.9 Hz, 1H), 5.05 (d, J = 5.6 Hz, 1H),
5.18 (d, J = 5.8 Hz, 1H), 5.18 (d, J = 4.7 Hz, 1H), 5.8 (d, J = 9.3 Hz, 1H), 6.18 (t, J = 6.9 Hz, 1H),
7.1 (d, J = 8 Hz, 2H), 7.15 (d, J = 7.9 Hz, 2H), 7.14-7.16 (d, J = 6.9 Hz, 1H), 7.49 (dd, J = 6.9
and 1.6 Hz, 1H).

3-(4-Ethylphenylmethyl)-1-(p-p-glucopyranosyl)indole (13d)

To a solution of indole 20 (6.00 g, 51.21 mmol) in methanol (60 mL) were added sodium
hydroxide (2.25 g, 56.34 mmol) and 4-ethylbenzaldehyde (7.56 g, 56.34 mmol), and the mixture
was stirred at room temperature for 3 days under argon atmosphere. Water was added, and
methanol was evaporated under reduced pressure. The resultant mixture was extracted with
diethyl ether. The organic layer was washed with water and dried over magnesium sulfate. The
solvent was evaporated under reduced pressure, and the resultant residue was purified by silica
gel column chromatography (hexane : ethyl acetate = 98:2 - 70:30) to give
4-ethylphenyl-(1H-indol-3-yl)methanol 21 (2.10 g, 16.3%) as a colorless solid. APCI-Mass m/z
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234 (M+H-H,0). 'H NMR (CDCl3) 8 1.23 (t, J = 7.7 Hz, 3H), 2.64 (q, J = 7.5 Hz, 2H), 5.56 (s,
7 Hz, 1H), 7.16 (t, J = 8 Hz, 1H), 7.17 (d, J = 8.1 Hz,
8.1 Hz, 2H), 7.62 (d, J = 8.2 Hz, 1H), 8.01 (s, 1H).

1H), 6.91 (d, J
2H), 7.32 (d, J

2.6 Hz, 1H), 7.07 (t, J
8.1 Hz, 1H), 7.37 (d, J

To a stirred solution of 4-ethylphenyl-(1H-indol-3-yl)methanol 21 (2.1 g, 8.36 mmol) in
dichloromethane (60 mL) were added triethylsilane (3.99 mL, 25 mmol) and boron trifluoride
diethyl etherate (3.17 mL, 25 mmol) at —78 °C under argon atmosphere. The reaction mixture
was gradually allowed to warm to 0 °C. To the mixture was added a saturated aqueous sodium
hydrogen carbonate solution, and the mixture was extracted with dichloromethane. The organic
layer was dried over magnesium sulfate, concentrated under reduced pressure and purified by
silica gel column chromatography (hexane : ethyl acetate = 98:2 - 85:15) to give
3-(4-ethylphenylmethyl)-1H-indole 14d (1.52g, 77.3%) as colorless crystals. APCI-Mass m/z
236 (M+H). 'H NMR (CDCl3) & 1.21 (t, J = 7.5 Hz, 3H), 2.61 (q, J = 7.7 Hz, 2H), 4.08 (s, 2H),
6.9 (d, J = 2.4 Hz, 1H), 7.07 (t, J = 7.5 Hz, 1H), 7.1 (d, J = 8.2 Hz, 2H), 7.17 (t, J = 8.1 Hz, 1H),
7.2 (d, J = 8.1 Hz, 2H), 7.34 (d, J = 8.2 Hz, 1H), 7.53 (d, J = 7.9 Hz, 1H), 7.9 (s, 1H).

27d and 13d were prepared in a manner similar to 13a from 14d.

27d (17.1%): APCI-Mass m/z 583 (M+NH,). 'H NMR (DMSO-d6) & 1.13 (t, J = 7.5 Hz, 3H),
1.62 (s, 3H), 1.96 (s, 3H), 1.98 (s, 3H), 2.04 (s, 3H), 2.53 (q, J = 7.5 Hz, 2H), 3.95 (s, 2H), 4.08
(dd, J = 12.2 and 1.9 Hz, 1H), 4.13 (dd, J = 12.5 and 5.5 Hz, 1H), 4.29 (m, 1H), 5.21 (t, J = 9.6 Hz,
1H), 5.52 (t, J = 9.3 Hz, 1H), 5.56 (t, J = 9.5 Hz, 1H), 6.15 (d, J = 8.7 Hz, 1H), 7.02 (t, J = 7.4 Hz,
1H), 7.08 (d, J = 7.9 Hz, 2H), 7.14 (d, J = 8.0 Hz, 2H), 7.17 (t, J = 7.7 Hz, 1H), 7.25 (s, 1H), 7.41
(d, J = 7.7 Hz, 1H), 7.60 (d, J = 8.3 Hz, 1H).

13d (48%): APCI-Mass m/z 415 (M+NH,). *H NMR (DMSO0-d6) & 1.14 (t, J = 7.5 Hz, 3H), 2.54
(q, J = 7.5 Hz, 2H), 3.20-3.48 (m, 4H), 3.63-3.73 (m, 2H), 3.97 (s, 2H), 4.51 (t, J = 5.5 Hz, 1H),
5.07 (d, J = 5.1 Hz, 1H), 5.15 (d, J = 5.0 Hz, 1H), 5.16 (d, J = 5.9 Hz, 1H), 5.36 (d, J = 9.0 Hz,
1H), 6.99 (t, J = 7.3 Hz, 1H), 7.08-7.12 (m, 3H), 7.21 (d, J = 7.9 Hz, 2H), 7.24 (s, 1H), 7.43 (d, J
= 7.9 Hz, 1H), 7.50 (d, J = 8.3 Hz, 1H).

3-(4-Ethylphenylmethyl)-2-(g-p-glucopyranosyl)-2H-indazole (13e)
3-(4-Ethylphenylmethyl)-1-(B-p-glucopyranosyl)-1H-indazole (13f)
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A mixture of zinc powder (712 mg, 10.89 mmol) and dibromoethane (0.04 mL, 0.045 mmol) in
N,N-dimethylformamide (2.5 mL) were stirred under heating at 70 °C for 10 minutes under argon
atmosphere. The reaction mixture was cooled to room temperature, and chlorotrimethylsilane
(0.04 mL, 0.343 mmol) was added thereto, and the mixture was stirred at room temperature for 30
minutes. To the activated zinc was added dropwise a solution of 4-ethylbenzyl bromide 15 (1.74
g, 8.72 mmol) in N,N-dimethylformamide (10 mL) at 0 °C over a period of 2 hours.
Subsequently, the mixture was stirred at 0 °C for 2 hours(: mixture A).

A mixture of tris(dibenzylideneacetone)dipalladium (0) (167 mg, 0.29 mmol) and
tri(2-furyl)phosphine (135 mg, 0.581 mmol) in tetrahydrofuran (20 mL) was stirred at room
temperature  for 5 minutes under argon atmosphere. Thereto were added
1-t-butoxycarbonyl-3-iodo-1H-indazole®*?. (2.0 g, 5.81 mmol) and the above mixture A at 0 °C,
and the mixture was stirred at room temperature for 5 hours. The reaction mixture was poured
into water and extracted with diethyl ether. The organic layer was washed with water and dried
over magnesium sulfate. The solvent was evaporated under reduced pressure, and the resultant
residue was purified by silica gel column chromatography (hexane : ethyl acetate = 100:0 — 92:8)
to give 1-t-butoxycarbonyl-3-(4-ethylphenylmethyl)-1H-indazole 23 (1.37 g, 70.2%) as a
colorless syrup. APCI-Mass m/z 337 (M+H). 'H NMR (CDCls) 8 1.2 (t, J = 7.5 Hz, 3H), 1.74
(s, 9H), 2.6 (q, J = 7.5 Hz, 2H), 4.33 (s, 2H), 7.1 (d, J = 8.2 Hz, 2H), 7.16 (t, J = 7.9 Hz, 1H), 7.23
(d, J = 8.1 Hz, 2H), 7.41 (d, J = 8 Hz, 1H), 7.44 (t, J = 8.4 Hz, 1H), 8.06 (d, J = 8.4 Hz, 1H).

To a stirred solution of 1-t-butoxycarbonyl-3-(4-ethylphenylmethyl)-1H-indazole 23 (1.35 g, 4
mmol) in methanol (15 mL) was added 28% sodium methoxide solution (methanol solution, 1.0
mL), and the mixture was stirred at room temperature for 1 hour. Aqueous citric acid solution
was added, and the mixture was extracted with ethyl acetate. The organic layer was washed
successively with water and brine, and dried over magnesium sulfate. The solvent was
evaporated under reduced pressure, and the resultant residue was crystallized from hexane to give
the desired 3-(4-ethylphenylmethyl)-1H-indazole 14e (800 mg, 61.2%) as colorless crystals.
APCI-Mass m/z 237 (M+H). 'H NMR (CDCls) 6 1.21 (t, J = 7.7 Hz, 3H), 2.6 (q, J = 7.5 Hz, 2H),
4.32 (s, 2H), 7.07 (t, J = 8.1 Hz, 1H), 7.11 (d, J = 8.2 Hz, 2H), 7.23 (d, J = 8.1 Hz, 2H), 7.33 (t, J
= 8.4 Hz, 1H), 7.41 (d, J = 8.4 Hz, 1H), 7.55 (d, J = 8.2 Hz, 1H), 9.92 (br, 1H).

To a solution of 3-(4-ethylphenylmethyl)-1H-indazole 14e (150 mg, 0.637 mmol) in
acetonitrile (5.0 mL) was added N,O-bis(trimethylsilyl)acetamide(>75%) (225mg, ca. 0.828
mmol), and the mixture was stirred under heating at 60 °C for 3 hours under argon atmosphere.

The reaction mixture was cooled to room temperature, and the solvent was evaporated under

48



reduced pressure. The resultant residue was dissolved in dichloroethane (5.0 mL), and added
thereto were 1,2,3,4,6-penta-O-acetyl-B-p-glucopyranose 25 (373 mg, 0.955 mmol) and
trimethylsilyl trifluoromethanesulfonate (0.16 mL, 0.89 mmol). The mixture was stirred under
heating at heating at 80 °C for 3 hours under argon atmosphere. The reaction mixture was
cooled to room temperature. Methanol (5 mL) and sodium methoxide (28% methanol solution, 3
mL) were added to the reaction mixture. After being stirred at room temperature for 30 minutes,
aqueous ammonium chloride solution was added, and the mixture was extracted with ethyl acetate.
The organic layer was washed with brine, dried over magnesium sulfate and concentrated under
reduced pressure. The resultant residue was purified by silica gel column chromatography
(chloroform : methanol = 100:0 - 88:12) to give a mixture of
3-(4-Ethylphenylmethyl)-2-(B-p-glucopyranosyl)indazole 13e and
3-(4-Ethylphenylmethyl)-1-(B-p-glucopyranosyl)indazole 13f. The mixture was crystallized
from chloroform-diethyl ether to give 3-(4-Ethylphenylmethyl)-2-(B-p-glucopyranosyl)indazole
13e (106 mg, 42%, 2 steps). The mother liquid was concentrated under reduced pressure, and
the resultant residue was crystallized from diethyl ether to give
3-(4-Ethylphenylmethyl)-1-(B-p-glucopyranosyl)indazole 13f (12 mg, 4.7%, 2 steps).

13e: APCI-Mass m/z 399 (M+H). H NMR (DMSO-d6) § 1.13 (t, J = 7.5 Hz, 3H), 2.54 (q, J =
7.5 Hz, 2H), 3.25-3.29 (m, 1H), 3.36-3.45 (m, 3H), 3.54-3.57 (m, 1H), 4.15-4.20 (m, 1H), 4.17
(d, J = 14.6 Hz, 1H), 4.19 (d, J = 14.4 Hz, 1H), 4.19 (t, J = 6.1 Hz, 1H), 5.05 (d, J = 5.1 Hz, 1H),
5.11 (d, J = 5.3 Hz, 1H), 5.13 (d, J = 5.8 Hz, 1H), 5.61 (d, J = 8.8 Hz, 1H), 6.94 (t, J = 8.2 Hz,
1H), 7.09 (d, J = 7.9 Hz, 2H), 7.21 (t, J = 8.7 Hz, 1H), 7.23 (d, J = 7.7 Hz, 2H), 7.54 (d, J = 9.5
Hz, 2H)

13f: APCI-Mass m/z 399 (M+H). *H NMR (DMSO-d6) § 1.13 (t, J = 7.5 Hz, 3H), 2.54 (g, J =
7.5 Hz, 2H), 3.23-3.27 (m, 1H), 3.40-3.48 (m, 3H), 3.66-3.69 (m, 1H), 4.05-4.10 (m, 1H), 4.21
(d, J = 15.3 Hz, 1H), 4.24 (d, J = 15.1 Hz, 1H), 4.52 (t, J = 5.8 Hz, 1H), 5.06 (d, J = 5.6 Hz, 1H),
5.06 (d, J = 4.3 Hz, 1H), 5.08 (d, J = 5.1 Hz, 1H), 5.56 (d, J = 9 Hz, 1H), 7.08 (t, J = 7.6 Hz, 1H),
7.11 (d, J = 8 Hz, 2H), 7.24 (d, J = 7.9 Hz, 2H), 7.36 (t, J = 7.4 Hz, 1H), 7.59 (d, J = 8 Hz, 1H),
7.66 (d, J = 8.5 Hz, 1H).
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3-(4-Ethylphenylmethyl)-4-fluoro-1-(B-p-glucopyranosyl)indole (35a-1).

A mixture of 4-fluoroindoline 28a (27.4 g, 200 mmol) and p-glucose (28.8 g, 160 mmol) in
ethanol (550 mL)-water (55 mL) was refluxed for 20 hours under argon atmosphere, and to the
mixture was added p-glucose (18.0 g, 99.9 mmol) followed by being refluxed for 18 hours. The
solvent was evaporated under reduced pressure, and the resultant residue was dissolved in brine
(300 mL). The mixture was extracted with ethyl acetate—tetrahydrofuran (2:1, 900 mL) twice
and the with ethyl acetate (600 mL). After being dried over magnesium sulfate, the organic
layer was treated with activated carbon. The insoluble materials were filtered off, and the
filtrate was evaporated under reduced pressure. The resultant residue was dissolved in
chloroform (600 mL), and thereto were added acetic anhydride (94.4 mL, 999 mmol), pyridine
(80.8 mL, 999 mmol) and 4-(dimethylamino)pyridine (1.22 g, 9.99 mmol). After the mixture
was stirred at room temperature for 4 days, the solvent was evaporated under reduced pressure.
The resultant residue was dissolved in ethyl acetate (2000 mL), and the solution was washed with
successively 10% aqueous copper(ll) sulfate solution (150 mL) 3 times, 10% aqueous citric acid
solution (100 mL), water (150 mL) and saturated aqueous sodium hydrogen carbonate solution
(150 mL). After being dried over magnesium sulfate with activated carbon, the insoluble
materials were filtered off, and the filtrate was evaporated under reduced pressure. The residual
solid was recrystallized from ethanol (340 mL) to give
1-(2,3,4,6-tetra-O-acetyl-B-p-glucopyranosyl)-4-fluoroindoline 29a (57.8 g, 61.8%) as pale
yellow crystals: mp 129-131 °C. HPLC 98.8% (tg = 3.05 min, L-column ODS (3 um particle
size, 4.6 x 50 mm), MeCN/20 mM phosphate buffer (pH 6.5) (55/45)). APCI-Mass m/z 468
(M+H). H NMR (DMSO-dg) & 1.93 (s, 3H), 1.96 (s, 3H), 1.97 (s, 3H), 2.00 (s, 3H), 2.83 (ddd, J
= 15.5, 10.5 and 10.3 Hz, 1H), 2.99-3.05 (m, 1H), 3.49-3.57 (m, 2H), 3.95-3.99 (m, 1H), 4.07—
4.11 (m, 2H), 4.95 (t, J = 9.5 Hz, 1H), 5.15 (t, J = 9.4 Hz, 1H), 5.42 (t, J = 9.6 Hz, 1H), 5.49 (d, J
= 9.3 Hz, 1H), 6.48 (t, J = 8.6 Hz, 1H), 6.60 (d, J = 8.0 Hz, 1H), 7.05-7.10 (m, 1H).

A mixture of 1-(2,3,4,6-tetra-O-acetyl-B-p-glucopyranosyl)-4-fluoroindoline 29a (56.0 g, 120
mmol) and 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (29.9 g, 132 mmol) in 1,4-dioxane (560
mL)-water (28 mL) was stirred at room temperature for 3 days, and then the solvent was
evaporated under reduced pressure. The resultant residue was basified with aqueous sodium
hydrogen carbonate solution, and the mixture was extracted with ethyl acetate (400 mL) 4 times.
The combined organic layer was washed with water (100 mL) and brine (100 mL). After being
dried over magnesium sulfate, the mixture was treated with activated carbon. The insoluble

materials were filtered off, and the filtrate was evaporated under reduced pressure. The residual
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solid was recrystallized from ethanol (600 mL) to give
1-(2,3,4,6-tetra-O-acetyl-B-p-glucopyranosyl)-4-fluoroindole 30a (49.9 g, 89.3%) as a colorless
crystals: mp 137-139 °C. HPLC 98.8% (tg = 2.83 min, L-column ODS (3 um particle size, 4.6 x
50 mm), MeCN / 20 mM phosphate buffer (pH 6.5) (55/45)). APCI-Mass m/z 483 (M+NH,). 'H
NMR (DMSO-dg) & 1.64 (s, 3H), 1.97 (s, 3H), 1.99 (s, 3H), 2.04 (s, 3H), 4.10 (dd, J = 12.4 and
2.7 Hz, 1H), 4.14 (dd, J = 12.4 and 5.2 Hz, 1H), 4.31 (ddd, J = 10.0, 5.2 and 2.7 Hz, 1H), 5.25 (t,
J=9.7 Hz, 1H), 5.53 (t, J = 9.5 Hz, 1H), 5.61 (t, J = 9.3 Hz, 1H), 6.22 (d, J = 9.0 Hz, 1H), 6.58 (d,
J = 3.4 Hz, 1H), 6.88 (dd, J = 10.8 and 7.9 Hz, 1H), 7.19 (td, J = 8.1 and 5.3 Hz, 1H), 7.51 (d, J =
8.5 Hz, 1H), 7.53 (d, J = 3.4 Hz, 1H).

To a stirred solution of 1-(2,3,4,6-tetra-O-acetyl-p-p-glucopyranosyl)-4-fluoroindole 30a (301
mg, 0.647 mmol) and 4-ethylbenzoyl chloride (0.124 mL, 0.841 mmol) in dichloromethane (12
mL) was added aluminum chloride (431 mg, 3.23 mmol) at 0 °C.  After being stirred at the same
temperature for 1 hour, the resulting mixture was poured into ice—water (15 mL), and extracted
with chloroform (40 mL) twice. The combined organic layer was washed with water (10 mL)
and saturated aqueous sodium hydrogen carbonate solution (15 mL), and dried over magnesium
sulfate. The insoluble materials were filtered off, and the filtrate was evaporated under reduced
pressure. The resultant residue was purified by silica gel column chromatography (hexane :
ethyl acetate = 90:10 - 55:45) to give
1-(2,3,4,6-tetra-O-acetyl-B-p-glucopyranosyl)-4-fluoroindol-3-yl 4-ethylphenyl ketone 31la-1
(378 mg, 97.8%) as colorless foam: APCI-Mass m/z 598 (M+H). *H NMR (DMSO-d6) & 1.25 (t, J
= 7.5 Hz, 3H), 1.69 (s, 3H), 1.97 (s, 3H), 1.98 (s, 3H), 2.04 (s, 3H), 2.73 (q, J = 7.5 Hz, 2H),
4.07-4.12 (m, 2H), 4.27-4.30 (m, 1H), 5.31 (t, J = 9.8 Hz, 1H), 5.53 (t, J = 9.6 Hz, 1H), 5.77 (t, J
= 9.3 Hz, 1H), 6.34 (d, J = 9.0 Hz, 1H), 7.03 (dd, J = 10.8 and 8.0 Hz, 1H), 7.38 (td, J = 8.2 and
5.1 Hz, 1H), 7.41 (d, J = 7.9 Hz, 2H), 7.63 (d, J = 8.3 Hz, 1H), 7.77 (d, J = 8.2 Hz, 2H), 8.16 (s,
1H).

To a stirred solution of the above obtained
1-(2,3,4,6-tetra-O-acetyl-B-p-glucopyranosyl)-4-fluoroindol-3-yl 4-ethylphenyl ketone 3la-1
(375 mg, 0.627 mmol) in ethyl alcohol (4 mL)-tetrahydrofuran (8 mL) were added cerium(lII)
chloride heptahydrate (701 mg, 1.88 mmol) and sodium borohydride (71.2 mg, 1.88 mmol) at 0 °C.
After being stirred at the same temperature for 1 hour, to the mixture was added a 0.5 N aqueous
hydrochloric acid solution, and the mixture was extracted with ethyl acetate (40 mL) twice. The
combined organic layer was washed with a saturated aqueous sodium hydrogen carbonate solution

(12 mL) and dried over magnesium sulfate. The insoluble materials were filtered off, and the
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filtrate was evaporated under reduced pressure to give crude
[1-(2,3,4,6-tetra-O-acetyl-B-p-glucopyranosyl)-4-fluoroindol-3-yl]-4-ethylphenylmethanol,
which was used in the subsequent step without further purification. To a stirred solution of the
above compound in acetonitrile (8 mL)-dichloromethane (4 mL) were added triethylsilane (0.501
mL, 3.14 mmol) and boron trifluoride diethyl etherate (0.398 mL, 3.14 mmol) at —10 °C under
argon atmosphere. After being stirred at the same temperature for 10 minutes, to the mixture
was added a saturated aqueous sodium hydrogen carbonate solution (15 mL), and the organic
solvent was evaporated under reduced pressure. The resultant residue was extracted with ethyl
acetate (40 mL) twice, and the combined organic layer was dried over magnesium sulfate. The
insoluble materials were filtered off, and the filtrate was evaporated under reduced pressure to
give crude 1-(2,3,4,6-tetra-O-acetyl-B-p-glucopyranosyl)-3-(4-ethylphenylmethyl)-4-fluoroindole
34a-1, which was partially deacetylated. This crude compound was dissolved in chloroform (11
mL), and to the mixture were added successively pyridine (0.152mL, 1.88 mmol), acetic
anhydride (0.178 mL, 1.88 mmol) and 4-(dimethylamino)pyridine (7.7 mg, 0.627 mmol). After
being stirred at room temperature for 1 hour, the solvent was evaporated under reduced pressure.
The resultant residue was dissolved in ethyl acetate (40 mL), and the mixture was washed with a
10% aqueous copper(ll) sulfate solution (5 mL) twice and a saturated aqueous sodium hydrogen
carbonate solution (15 mL), and dried over magnesium sulfate. The insoluble materials were
filtered off, and the filtrate was evaporated under reduced pressure. The residual solid was
triturated with ethyl alcohol (9 mL) under heating to give
1-(2,3,4,6-tetra-O-acetyl-B-p-glucopyranosyl)-3-(4-ethylphenylmethyl)-4-fluoroindole 34a-1
(335 mg, 91.6%) as colorless crystals: mp 188-189 °C. HPLC 98.2% (tg = 8.32 min, L-column
ODS (5 um particle size, 4.6 x 150 mm), MeCN / 20 mM phosphate buffer (pH 6.5) (70/30)).
APCI-Mass m/z 601 (M+NH,). *H NMR (DMSO-d6) & 1.14 (t, J = 7.6 Hz, 3H), 1.63 (s, 3H), 1.96
(s, 3H), 1.99 (s, 3H), 2.04 (s, 3H), 2.54 (q, J = 7.5 Hz, 2H), 4.02 (s, 2H), 4.09 (dd, J = 12.4 and
2.4 Hz, 1H), 4.13 (dd, J = 12.4 and 5.4 Hz, 1H), 4.29 (ddd, J = 9.9, 5.2 and 2.7 Hz, 1H), 5.23 (t, J
= 9.6 Hz, 1H), 5.49-5.56 (m, 2H), 6.15 (d, J = 8.5 Hz, 1H), 6.77 (dd, J = 10.9 and 7.9 Hz, 1H),
7.09 (s, 4H), 7.14 (td, J = 8.0 and 5.3 Hz, 1H), 7.24 (s, 1H), 7.46 (d, J = 8.2 Hz, 1H).

The above obtained
1-(2,3,4,6-tetra-O-acetyl-B-p-glucopyranosyl)-3-(4-ethylphenylmethyl)-4-fluoroindole 34a-1
(321 mg, 0.549 mmol) was dissolved in methanol (3 mL)-tetrahydrofuran (6 mL), and thereto was
added sodium methoxide (28% methanol solution, 1 drop). After being stirred at room
temperature for 3 hours, the reaction solvent was evaporated under reduced pressure. The

resultant residue was purified by silica gel column chromatography (chloroform : methanol =
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100:0 — 90:10) to give 3-(4-ethylphenylmethyl)-4-fluoro-1-(B-p-glucopyranosyl)indole 35a-1
(226 mg, 99.2%) as colorless foam: HPLC 99.3% (tg = 11.06 min, L-column ODS (5 um particle
size, 4.6 x 150 mm), MeCN / 20 mM phosphate buffer (pH 6.5) (40/60)). APCI-Mass m/z 433
(M+NH,). 'H NMR (DMSO-d6) & 1.14 (t, J = 7.6 Hz, 3H), 2.54 (q, J = 7.6 Hz, 2H), 3.21-3.27
(m, 1H), 3.35-3.48 (m, 3H), 3.62-3.70 (m, 2H), 4.04 (s, 2H), 4.54 (t, J = 5.6 Hz, 1H), 5.10 (d, J =
5.3 Hz, 1H), 5.18 (d, J = 4.9 Hz, 1H), 5.21 (d, J = 5.9 Hz, 1H), 5.37 (d, J = 9.2 Hz, 1H), 6.74 (dd,
J=11.3 and 7.6 Hz, 1H), 7.03-7.08 (m, 1H), 7.09 (d, J = 8.2 Hz, 2H), 7.17 (d, J = 8.1 Hz, 2H),
7.22 (s, 1H), 7.35 (d, J = 8.4 Hz, 1H).

3-(4-Ethoxyphenylmethyl)-4-fluoro-1-(p-p-glucopyranosyl)indole (35a-2)
3-(4-Chlorophenylmethyl)-4-fluoro-1-(B-p-glucopyranosyl)indole (35a-3)
3-(4-Ethylphenylmethyl)-1-(g-p-glucopyranosyl)-4-methylindole (35b-1)
3-(4-Cyclopentylphenylmethyl)-1-(g-p-glucopyranosyl)indole (35c-6)
3-(4-Cyclopentylphenylmethyl)-4-fluoro-1-(B-p-glucopyranosyl)indole (35a-6)
4-Chloro-3-(4-ethylphenylmethyl)-1-(p-p-glucopyranosyl)indole (35d-1)

29b, 30b, 29c, 30c, 29d and 30d were prepared in a manner similar to 30a from the
corresponding indoline 28. 31a-2, 34a-2, 35a-2, 31a-3, 34a-3, 35a-3, 31b-1, 34b-1, 35b-1, 31c-6,
34c-6, 35c-6, 3la-6, 34a-6, 35a-6, 31d-1, 34d-1 and 35d-1 were prepared in a manner similar to

35a-1 from the corresponding benzoyl chloride®” and indole 30.

31a-2 (99.1%): APCI-Mass m/z 614 (M+H). 'H NMR (DMSO-d6) & 1.38 (t, J = 6.9 Hz, 3H),
1.68 (s, 3H), 1.97 (s, 3H), 1.98 (s, 3H), 2.04 (s, 3H), 4.11 (d, J = 4.0 Hz, 2H), 4.16 (¢, J = 7.0 Hz,
2H), 4.28-4.31 (m, 1H), 5.30 (t, J = 9.8 Hz, 1H), 5.54 (t, J = 9.6 Hz, 1H), 5.76 (t, J = 9.3 Hz, 1H),
6.34 (d, J = 9.0 Hz, 1H), 7.01 (dd, J = 10.6 and 8.0 Hz, 1H), 7.07 (d, J = 8.7 Hz, 2H), 7.36 (td, J =
8.1 and 4.9 Hz, 1H), 7.62 (d, J = 8.3 Hz, 1H), 7.83 (d, J = 8.8 Hz, 2H), 8.14 (s, 1H).

34a-2 (82.8%): mp 146-148 °C. HPLC 96.4% (tg = 8.59 min, L-column ODS (5 pum particle size,
4.6 x 150 mm), MeCN / 20 mM phosphate buffer (pH 6.5) (65/35)). APCI-Mass m/z 617
(M+NH,). 'H NMR (DMSO-d6) & 1.29 (t, J = 7.0 Hz, 3H), 1.64 (s, 3H), 1.96 (s, 3H), 1.99 (s,
3H), 2.04 (s, 3H), 3.96 (q, J = 7.1 Hz, 2H), 3.98 (s, 2H), 4.09 (dd, J = 12.4 and 2.6 Hz, 1H), 4.13
(dd, J = 12.4 and 5.4 Hz, 1H), 4.28 (ddd, J = 9.9, 5.2 and 2.7 Hz, 1H), 5.22 (t, J = 9.5 Hz, 1H),
5.48-5.56 (m, 2H), 6.14 (d, J = 8.5 Hz, 1H), 6.77 (dd, J = 10.8 and 7.7 Hz, 1H), 6.80 (d, J = 8.5
Hz, 2H), 7.08 (d, J = 8.5 Hz, 2H), 7.14 (td, J = 8.0 and 5.3 Hz, 1H), 7.21 (s, 1H), 7.46 (d, J = 8.2
Hz, 1H).
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35a-2 (100%): HPLC 99.2% (tg = 6.84 min, L-column ODS (5 um particle size, 4.6 x 150 mm),
MeCN / 20 mM phosphate buffer (pH 6.5) (40/60)). APCI-Mass m/z 449 (M+NH,). *H NMR
(DMSO-d6) & 1.29 (t, J = 7.0 Hz, 3H), 3.21-3.27 (m, 1H), 3.35-3.48 (m, 3H), 3.65 (td, J = 9.2
and 5.5 Hz, 2H), 3.96 (q, J = 7.0 Hz, 2H), 4.01 (s, 2H), 4.53 (t, J = 5.6 Hz, 1H), 5.10 (d, J = 5.3
Hz, 1H), 5.17 (d, J = 5.1 Hz, 1H), 5.21 (d, J = 5.7 Hz, 1H), 5.36 (d, J = 9.0 Hz, 1H), 6.74 (dd, J =
11.2 and 7.7 Hz, 1H), 6.81 (d, J = 8.8 Hz, 2H), 7.06 (td, J = 8.1 and 5.2 Hz, 1H), 7.15 (d, J = 8.6
Hz, 2H), 7.19 (s, 1H), 7.35 (d, J = 8.4 Hz, 1H).

31a-3 (41.8%): APCI-Mass m/z 604/606 (M+H). *H NMR (DMSO-d6) & 1.68 (s, 3H), 1.97 (s,
3H), 1.98 (s, 3H), 2.04 (s, 3H), 4.10 (d, J = 4.0 Hz, 2H), 4.29 (dt, J = 10.0 and 4.2 Hz, 1H), 5.29 (t,
J=9.8 Hz, 1H), 5.53 (t, J = 9.6 Hz, 1H), 5.76 (t, J = 9.3 Hz, 1H), 6.34 (d, J = 9.0 Hz, 1H), 7.05
(dd, J = 10.8 and 8.1 Hz, 1H), 7.39 (td, J = 8.1 and 4.9 Hz, 1H), 7.63 (d, J = 8.5 Hz, 2H), 7.82 (d,
J = 8.5 Hz, 2H), 8.21 (s, 1H).

34a-3 (87.2%): mp 177-178 °C. HPLC 97.2% (tg = 10.74 min, L-column ODS (5 pm particle
size, 4.6 x 150 mm), MeCN / 20 mM phosphate buffer (pH 6.5) (65/35)). APCI-Mass m/z
607/609 (M+NH,). *H NMR (DMSO-d6) & 1.63 (s, 3H), 1.96 (s, 3H), 1.99 (s, 3H), 2.04 (s, 3H),
4.06 (s, 2H), 4.09 (dd, J = 12.5 and 2.6 Hz, 1H), 4.13 (dd, J = 12.5 and 5.3 Hz, 1H), 4.29 (ddd, J =
9.6, 5.4 and 2.7 Hz, 1H), 5.23 (t, J = 9.5 Hz, 1H), 5.49-5.56 (m, 2H), 6.16 (d, J = 8.5 Hz, 1H),
8.5 Hz, 2H),

6.78 (dd, J = 11.0 and 7.9 Hz, 1H), 7.15 (td, J = 8.0 and 5.1 Hz, 1H), 7.20 (d, J
7.29 (s, 1H), 7.31 (d, J = 8.3 Hz, 2H), 7.47 (d, J = 8.3 Hz, 1H).

35a-3 (81.3%): mp 112-116 °C. HPLC 99.9% (tg = 8.56 min, L-column ODS (5 um particle size,
4.6 x 150 mm), MeCN / 20 mM phosphate buffer (pH 6.5) (40/60)). APCI-Mass m/z 422/424
(M+H). H NMR (DMSO-d6) & 3.24 (td, J = 8.9 and 5.2 Hz, 1H), 3.39 (td, J = 8.9 and 5.3 Hz,
1H), 3.43-3.47 (m, 2H), 3.65-3.69 (m, 2H), 4.08 (s, 2H), 4.54 (t, J = 5.5 Hz, 1H), 5.10 (d, J = 5.3
Hz, 1H), 5.18 (d, J = 5.9 Hz, 1H), 5.22 (d, J = 5.8 Hz, 1H), 5.38 (d, J = 9.2 Hz, 1H), 6.74 (dd, J =
11.1 and 7.9 Hz, 1H), 7.08 (td, J = 8.1 and 5.3 Hz, 1H), 7.25-7.33 (m, 5H), 7.37 (d, J = 8.3 Hz,
1H). Anal. Calcd for C,;H,;CIFNOs: C, 59.79; H, 5.02; ClI, 8.40; F, 4.50; N, 3.32. Found: C,
59.44; H, 4.99; ClI, 8.29; F, 4.81; N, 3.30.

29b (36.8%): mp 163-172 °C. APCI-Mass m/z 464 (M+H). 'H NMR (DMSO-d6) & 1.93 (s,
3H), 1.96 (s, 3H), 1.97 (s, 3H), 2.00 (s, 3H), 2.11 (s, 3H), 2.68-2.75 (m, 1H), 2.87-2.93 (m, 1H),
3.41-3.51 (m, 2H), 3.93-3.97 (m, 1H), 4.08 (d, J = 10.0 Hz, 2H), 4.93 (t, J = 9.3 Hz, 1H), 5.14 (t,
J=9.4 Hz, 1H), 5.42 (t, J = 9.5 Hz), 5.44 (d, J = 9.3 Hz, 1H), 6.50 (d, J = 7.4 Hz, 1H), 6.56 (d, J
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= 8.0 Hz, 1H), 6.93 (t, J = 7.7 Hz, 1H).

30b (93.8%): mp 156-157 °C. APCI-Mass m/z 479 (M+NH,). *H NMR (DMSO-d6) & 1.64 (s,
3H), 1.97 (s, 3H), 1.98 (s, 3H), 2.04 (s, 3H), 2.45 (s, 3H), 4.07 (dd, J = 12.4 and 2.4 Hz, 1H), 4.12
(dd, J = 12.4 and 5.4 Hz, 1H), 4.30 (ddd, J = 10.0, 5.4 and 2.4 Hz, 1H), 5.21 (t, J = 9.7 Hz, 1H),
5.54 (t, J = 9.5 Hz, 1H), 5.61 (t, J = 9.3 Hz, 1H), 6.19 (d, J = 9.0 Hz, 1H), 6.53 (d, J = 3.4 Hz, 1H),
6.88 (d, J = 7.2 Hz, 1H), 7.09 (t, J = 7.7 Hz, 1H), 7.43 (d, J = 3.4 Hz, 1H), 7.45 (d, J = 8.3 Hz,
1H).

31b-1 (83.3%): APCI-Mass m/z 594 (M+H). ‘H NMR (DMSO-d6) § 1.25 (t, J = 7.6 Hz, 3H),
1.70 (s, 3H), 1.95 (s, 3H), 1.97 (s, 3H), 2.08 (s, 3H), 2.51 (s, 3H), 2.73 (q, J = 7.5 Hz, 2H), 4.07
(d, J = 4.2 Hz, 2H), 4.28 (dt, J = 10.0 and 4.3 Hz, 1H), 5.27 (t, J = 9.8 Hz, 1H), 5.53 (t, J = 9.6 Hz,
1H), 5.75 (t, J = 9.3 Hz, 1H), 6.31 (d, J = 9.0 Hz, 1H), 7.04 (d, J = 7.4 Hz, 1H), 7.27 (t, J = 7.7 Hz,
1H), 7.40 (d, J = 8.2 Hz, 2H), 7.59 (d, J = 8.3 Hz, 1H), 7.79 (d, J = 8.8 Hz, 2H), 7.99 (s, 1H).

34b-1 (82.5%): mp 182-184 °C. HPLC 94.8% (tr = 9.55 min, L-column ODS (5 um particle size,
4.6 x 150 mm), MeCN / 20 mM phosphate buffer (pH 6.5) (70/30)). APCI-Mass m/z 580 (M+H).
'H NMR (DMSO0-d6) & 1.15 (t, J = 7.5 Hz, 3H), 1.67 (s, 3H), 1.96 (s, 3H), 1.98 (s, 3H), 2.04 (s,
3H), 2.38 (s, 3H), 2.55 (q, J = 7.7 Hz, 2H), 4.08 (dd, J = 12.3 and 2.3 Hz, 1H), 4.13 (dd, J = 12.1
and 5.6 Hz, 1H), 4.13 (s, 2H), 4.29 (ddd, J = 9.9, 5.4 and 2.4 Hz, 1H), 5.20 (t, J = 9.6 Hz, 1H),
5.50-5.57 (m, 2H), 6.15 (d, J = 8.5 Hz, 1H), 6.73 (d, J = 7.2 Hz, 1H), 7.01 (d, J = 8.0 Hz, 2H),
7.04 (t,J = 7.5 Hz, 1H), 7.09 (d, J = 8.0 Hz, 2H), 7.13 (s, 1H), 7.44 (d, J = 8.3 Hz, 1H).

35b-1 (98.1%): HPLC 99.6% (tg = 7.51 min, L-column ODS (5 pm particle size, 4.6 x 150 mm),
MeCN / 20 mM phosphate buffer (pH 6.5) (45/55)). APCI-Mass m/z 412 (M+H). 'H NMR
(DMSO-d6) 6 1.15 (t, J = 7.6 Hz, 3H), 2.41 (s, 3H), 2.56 (q, J = 7.5 Hz, 2H), 3.23 (td, J = 8.9 and
5.2 Hz, 1H), 3.37-3.47 (m, 3H), 3.64-3.69 (m, 2H), 4.16 (s, 2H), 4.51 (t, J = 5.3 Hz, 1H), 5.06 (d,
J=5.1Hz, 1H), 5.13-5.15 (m, 2H), 5.34 (d, J = 9.0 Hz, 1H), 6.70 (d, J = 7.0 Hz, 1H), 6.97 (t, J =
7.7 Hz, 1H), 7.07-7.12 (m, 5H), 7.34 (d, J = 8.3 Hz, 1H).

29¢ (49.2%): mp 106-108 °C. APCI-Mass m/z 450 (M+H). *H NMR (DMSO-d6) & 1.92 (s, 3H),
1.96 (s, 3H), 1.97 (s, 3H), 2.00 (s, 3H), 2.78-2.86 (m, 1H), 2.91-2.96 (m, 1H), 3.40-3.49 (m, 2H),
3.93-3.97 (m, 1H), 4.07-4.11 (m, 2H), 4.93 (t, J = 9.5 Hz, 1H), 5.15 (t, J = 9.4 Hz, 1H), 5.42 (t, J
= 9.5 Hz, 1H), 5.48 (d, J = 9.3 Hz, 1H), 6.67 (t, J = 7.2 Hz, 1H), 6.74 (d, J = 7.9 Hz, 1H), 7.03 (t,
J=7.7 Hz, 1H), 7.05 (d, J = 7.1 Hz, 1H).
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30c (85.6%): mp 136-138 °C. APCI-Mass m/z 465 (M+NH,), 448 (M+H). 'H NMR
(DMSO-d6) & 1.63 (s, 3H), 1.97 (s, 3H), 1.99 (s, 3H), 2.04 (s, 3H), 4.09 (dd, J = 12.4 and 2.1 Hz,
1H), 4.13 (dd, J = 12.3 and 5.5 Hz, 1H), 4.31 (ddd, J = 9.7, 5.4 and 2.4 Hz, 1H), 5.23 (t, J = 9.7
Hz, 1H), 5.54 (t, J = 9.5 Hz, 1H), 5.61 (t, J = 9.2 Hz, 1H), 6.22 (d, J = 9.0 Hz, 1H), 6.51 (d, J =
3.2 Hz, 1H), 7.08 (t, J = 7.5 Hz, 1H), 7.20 (t, J = 7.6 Hz, 1H), 7.46 (d, J = 3.2 Hz, 1H), 7.54 (d, J
= 7.9 Hz, 1H), 7.64 (d, J = 8.6 Hz, 1H).

31c-6 (100%): APCI-Mass m/z 620 (M+H). ‘H NMR (DMSO-d6) & 1.57-1.72 (m, 4H), 1.67 (s,
3H), 1.79-1.87 (m, 2H), 1.96 (s, 3H), 1.98 (s, 3H), 2.04 (s, 3H), 2.05-2.13 (m, 2H), 3.10 (m, 1H),
4.08-4.14 (m, 2H), 4.29 (m, 1H), 5.33 (t, J = 9.8 Hz, 1H), 5.54 (t, J = 9.6Hz, 1H), 5.85 (t, J = 9.3
Hz, 1H), 6.35 (d, J = 9.2 Hz, 1H), 7.31 (t, J = 7.5 Hz, 1H), 7.38 (t, J = 7.5 Hz, 1H), 7.45 (d, J =
8.0 Hz, 2H), 7.75 (d, J = 8.2 Hz, 2H), 7.77 (d, J = 8.5 Hz, 1H), 8.25 (d, J = 7.9 Hz, 1H), 8.28 (s,
1H).

34c-6 (82.3%): mp 163-165 °C. HPLC 99.1% (tg = 3.35 min, L-column ODS (3 um particle size,
4.6 x 50 mm), MeCN / 20 mM phosphate buffer (pH 6.5) (75/25)). APCI-Mass m/z 623
(M+NH,). 'H NMR (DMSO-d6) & 1.42-1.52 (m, 2H), 1.58-1.66 (m, 2H), 1.62 (s, 3H), 1.69—
1.78 (m, 2H), 1.92-2.00 (m, 2H), 1.96 (s, 3H), 1.98 (s, 3H), 2.04 (s, 3H), 2.89 (m, 1H), 3.95 (s,
2H), 4.06-4.17 (m, 2H), 4.29 (m, 1H), 5.21 (t, J = 9.6 Hz, 1H), 5.52 (t, J = 9.4 Hz, 1H), 5.56 (t, J
= 9.2 Hz, 1H), 6.15 (d, J = 8.7 Hz, 1H), 7.02 (t, J = 7.5 Hz, 1H), 7.10-7.19 (m, 5H), 7.25 (s, 1H),
7.42 (d, J = 7.9 Hz, 1H), 7.60 (d, J = 8.3 Hz, 1H).

35c-6 (98.0%): HPLC 100% (tg = 3.10 min, L-column ODS (3 um particle size, 4.6 x 50 mm),
MeCN / 20 mM phosphate buffer (pH 6.5) (50/50)). APCI-Mass m/z 438 (M+H). 'H NMR
(DMSO-d6) § 1.45-1.53 (m, 2H), 1.57-1.66 (m, 2H), 1.70-1.76 (m, 2H), 1.92-2.00 (m, 2H), 2.90
(m, 1H), 3.20-3.47 (m, 4H), 3.64-3.74 (m, 2H), 3.97 (s, 2H), 4.51 (t, J = 5.5 Hz, 1H), 5.07 (d, J =
5.1 Hz, 1H), 5.15 (d, J = 5.0 Hz, 1H), 5.16 (d, J = 5.9 Hz, 1H), 5.36 (d, J = 9.2 Hz, 1H), 6.99 (t, J
=7.4 Hz, 1H), 7.11 (t, J = 7.4 Hz, 1H), 7.13 (d, J = 7.9 Hz, 2H), 7.21 (d, J = 8.0 Hz, 2H), 7.25 (s,
1H), 7.45 (d, J = 7.9 Hz, 1H), 7.50 (d, J = 8.4 Hz, 1H).

31a-6 (100%): APCI-Mass m/z 638 (M+H). *H NMR (DMSO-d6) & 1.69 (s, 3H), 1.55-1.72 (m,
4H), 1.77-1.85 (m, 2H), 1.97 (s, 3H), 1.98 (s, 3H), 2.03 (s, 3H), 2.04-2.12 (m, 2H), 3.09 (quintet,
J = 8.8 Hz, 1H), 4.10 (m, 2H), 4.28 (m, 1H), 5.31 (t, J = 9.8 Hz, 1H), 5.53 (t, J = 9.5 Hz, 1H),
5.78 (t, J = 9.4 Hz, 1H), 6.34 (d, J = 9.2 Hz, 1H), 7.03 (dd, J = 10.7 and 8.3 Hz, 1H), 7.38 (td, J =
8.0 and 4.7 Hz, 1H), 7.44 (d, J = 8.0 Hz, 2H), 7.62 (d, J = 8.3 Hz, 1H), 7.77 (d, J = 8.2 Hz, 2H),
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8.18 (s, 1H).

34a-6 (78.1%): HPLC 99.8% (tg = 3.41 min, L-column ODS (3 um particle size, 4.6 x 50 mm),
MeCN / 20 mM phosphate buffer (pH 6.5) (75/25)). APCI-Mass m/z 641 (M+NH,). ‘H NMR
(DMSO-d6) & 1.40-1.50 (m, 2H), 1.55-1.65 (m, 2H), 1.63 (s, 3H), 1.70-1.80 (m, 2H), 1.80-1.95
(m, 2H), 1.96 (s, 3H), 1.99 (s, 3H), 2.04 (s, 3H), 2.90 (quintet, J = 7.5 Hz, 1H), 4.01 (s, 2H), 4.11
(m, 2H), 4.28 (m, 1H), 5.23 (t, J = 9.6 Hz, 1H), 5.51 (t, J = 9.3 Hz, 1H), 5.55 (t, J = 9.2 Hz, 1H),
6.15 (d, J = 8.7 Hz, 1H), 6.78 (dd, J = 11.0 and 7.9 Hz, 1H), 7.09 (d, J = 8.1 Hz, 2H), 7.12 (d, J =
8.3 Hz, 2H), 7.15 (dd, J = 8.2 and 5.3 Hz, 1H), 7.26 (s, 1H), 7.46 (d, J = 8.3 Hz, 1H).

35a-6 (96.1%): HPLC 99.6% (tg = 3.99 min, L-column ODS (3 pm particle size, 4.6 x 50 mm),
MeCN / 20 mM phosphate buffer (pH 6.5) (50/50)). APCI-Mass m/z 473 (M+NH,), 456 (M+H).
'H NMR (DMSO-d6) & 1.47 (m, 2H), 1.62 (m, 2H), 1.73 (m, 2H), 1.95 (m, 2H), 2.91 (m, 1H),
3.20-3.50 (m, 4H), 3.66 (m, 2H), 4.04 (s, 2H), 4.53 (t, J = 5.5 Hz, 1H), 5.09 (d, J = 5.3 Hz, 1H),
5.16 (d, J = 5.0 Hz, 1H), 5.21 (d, J = 5.8 Hz, 1H), 5.37 (d, J = 9.0 Hz, 1H), 6.75 (dd, J = 11.0 and
7.9 Hz, 1H), 7.07 (td, J = 7.9 and 5.5 Hz, 1H), 7.13 (d, J = 8.1 Hz, 2H), 7.17 (d, J = 8.0 Hz, 2H),
7.24 (s, 1H), 7.36 (d, J = 8.3 Hz, 1H).

29d (60.7%): mp 141-143 °C. APCI-Mass m/z 484/486 (M+H). *H NMR (DMSO-dg) & 1.93 (s,
3H), 1.96 (s, 3H), 1.97 (s, 3H), 2.00 (s, 3H), 2.81-2.89 (m, 1H), 2.97-3.04 (m, 1H), 3.50-3.57 (m,
2H), 3.95-3.99 (m, 1H), 4.07-4.12 (m, 2H), 4.96 (t, J = 9.6 Hz, 1H), 5.16 (t, J = 9.3 Hz, 1H), 5.42
(t, 3 = 9.5 Hz, 1H), 5.49 (d, J = 9.3 Hz, 1H), 6.71 (d, J = 8.0 Hz, 1H), 6.72 (d, J = 8.0 Hz, 1H),
7.08 (t, J = 7.9 Hz, 1H).

30d (92.9%): mp 126-127 °C. APCI-Mass m/z 499/501 (M+NH,). *H NMR (DMSO-dg) 5 1.65
(s, 3H), 1.97 (s, 3H), 1.99 (s, 3H), 2.04 (s, 3H), 4.08-4.16 (m, 2H), 4.28-4.32 (m, 1H), 5.26 (t, J
= 9.8 Hz, 1H), 5.53 (t, J = 9.5 Hz, 1H), 5.62 (t, J = 9.3 Hz, 1H), 6.23 (d, J = 9.2 Hz, 1H), 6.56 (d,
J=3.4 Hz, 1H), 7.16 (d, J = 8.2 Hz, 1H), 7.21 (t, J = 7.9 Hz, 1H), 7.61 (d, J = 3.5 Hz, 1H), 7.67
(d, J = 8.2 Hz, 1H).

31d-1 (95.2%): APCI-Mass m/z 614/616 (M+H). *H NMR (DMSO-d6) & 1.24 (t, J = 7.5 Hz, 3H),
1.70 (s, 3H), 1.97 (s, 3H), 1.98 (s, 3H), 2.04 (s, 3H), 2.72 (q, J = 7.7 Hz, 2H), 4.10 (d, J = 4.2 Hz,
2H), 4.27-4.31 (m, 1H), 5.29 (t, J = 9.8 Hz, 1H), 5.53 (t, J = 9.6 Hz, 1H), 5.73 (t, J = 9.3 Hz, 1H),
6.33 (d, J = 9.0 Hz, 1H), 7.27 (d, J = 7.5 Hz, 1H), 7.36 (d, J = 8.5 Hz, 1H), 7.39 (d, J = 8.2 Hz,
2H), 7.76 (d, J = 8.1 Hz, 2H), 7.79 (d, J = 8.5 Hz, 1H), 8.11 (s, 1H).
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34d-1 (80.2%): APCI-Mass m/z 617/619 (M+NH,). 'H NMR (DMSO-d6) 81.15 (t, J = 7.6 Hz,
3H), 1.65 (s, 3H), 1.96 (s, 3H), 1.99 (s, 3H), 2.04 (s, 3H), 2.55 (q, J = 7.7 Hz, 2H), 4.08-4.15 (m,
2H), 4.19 (d, J = 3.1 Hz, 2H), 4.26-4.30 (m, 1H), 5.24 (t, J = 9.6 Hz, 1H), 5.50 (t, J = 9.4 Hz, 1H),
5.55 (t, J = 9.2 Hz, 1H), 6.17 (d, J = 8.8 Hz, 1H), 7.04-7.10 (m, 5H), 7.16 (t, J = 7.9 Hz, 1H),
7.27 (s, 1H), 7.64 (d, J = 8.3 Hz, 1H).

35d-1 (99.5%): APCI-Mass m/z 432/434 (M+H). ‘H NMR (DMSO-d6) 51.15 (t, J = 7.5 Hz, 3H),
2.55 (q, J = 7.7 Hz, 2H), 3.21-3.47 (m, 4H), 3.62-3.70 (m, 2H), 4.23 (s, 2H), 4.53 (t, J = 5.5 Hz,
1H), 5.09 (d, J = 5.3 Hz, 1H), 5.16 (d, J = 5.0 Hz, 1H), 5.20 (d, J = 5.9 Hz, 1H), 5.40 (d, J = 9.0
Hz, 1H), 7.02 (d, J = 7.5 Hz, 1H), 7.08-7.15 (m, 5H), 7.24 (s, 1H), 7.53 (d, J = 8.2 Hz, 1H).

3-(4-Cyclopropylphenylmethyl)-4-fluoro-1-(g-p-glucopyranosyl)indole (35a-4).

1-(2,3,4,6-tetra-O-Acetyl-B-p-glucopyranosyl)-4-fluoroindole 30a (54.6 g, 117 mmol) and
N,N-dimethylformamide (54.5 mL, 704 mmol) were dissolved in 1,2-dichloroethane (550 mL),
and to the mixture was added dropwise phosphorus(l11) oxychloride (32.8 mL, 352 mmol) at room
temperature. The mixture was stirred at 70 °C for 1 hour, and to the mixture was added water
(600 mL) under ice—water cooling. The resultant mixture was extracted with ethyl acetate (1000
and 700 mL), and the combined organic layer was washed with saturated aqueous sodium
hydrogen carbonate solution (200 mL) twice and brine (200 mL), and dried over magnesium
sulfate with activated carbon. The insoluble materials were filtered off, and the filtrate was
evaporated under reduced pressure. The residual solid was recrystallized from ethanol (300 mL)
to give 1-(2,3,4,6-tetra-O-acetyl-pB-p-glucopyranosyl)-4-fluoroindole-3-carboxyaldehyde 32a
(47.0 g, 81.4%) as almost colorless crystals: mp 187-189 °C. HPLC 94.7% (tr = 3.26 min,
L-column ODS (3 um particle size, 4.6 x 50 mm), MeCN / 20 mM phosphate buffer (pH 6.5)
(45/55)). APCI-Mass m/z 494 (M+H). *H NMR (DMSO-d6) & 1.64 (s, 3H), 1.98 (s, 3H), 2.00 (s,
3H), 2.05 (s, 3H), 4.12 (dd, J = 12.4 and 2.5 Hz, 1H), 4.17 (dd, J = 12.4 and 5.5 Hz, 1H), 4.33
(ddd, J = 10.0, 5.5 and 2.5 Hz, 1H), 5.32 (t, J = 9.8 Hz, 1H), 5.56 (t, J = 9.6 Hz, 1H), 5.66 (t, J =
9.3 Hz, 1H), 6.36 (d, J = 9.0 Hz, 1H), 7.11 (dd, J = 10.6 and 8.0 Hz, 1H), 7.38 (td, J = 8.1 and 5.1
Hz, 1H), 7.65 (d, J = 8.3 Hz, 1H), 8.53 (s, 1H), 10.0 (d, J = 2.9 Hz, 1H).

To a vigorously stirred suspension of magnesium turnings (4.26 g, 175 mmol, dried by heating
under reduced pressure) in tetrahydrofuran (80 mL) was added dropwise a solution of
1,2-dibromoethane (0.02 mL, 0.232 mmol) and 1-bromo-4-cyclopropylbenzene*® (34.5 g, 175

mmol) in tetrahydrofuran (20 mL) over 45 minutes at room temperature under argon atmosphere.
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The mixture was stirred at room temperature for 30 minutes to give a corresponding Grignard
reagent. To a solution of
1-(2,3,4,6-tetra-O-acetyl-B-p-glucopyranosyl)-4-fluoroindole-3-carboxyaldehyde 32a (43.2 g,
87.5 mmol) in tetrahydrofuran (860 mL) was added dropwise the previous Grignard reagent over
30 minutes under ice—water cooling (internal temperature; 6-8 °C) under argon atmosphere.
After stirred at the same temperature for 20 minutes, the mixture was quenched with saturated
aqueous ammonium chloride solution (1000 mL), and extracted with ethyl acetate (1000 and 800
mL). The combined organic layer was washed with brine (400 mL) and dried over magnesium
sulfate. The insoluble materials were filtered off, and the filtrate was concentrated under
reduced pressure. The resultant residue and triethylsilane (21 mL, 131 mmol) were dissolved in
dichloromethane (220 mL)-acetonitrile (440 mL), and to the mixture was added dropwise boron
trifluoride diethyl etherate (13 mL, 105 mmol) over 10 minutes under ice—water cooling under
argon atmosphere. The resultant mixture was stirred at the same temperature for 30 minutes,
and to the mixture was added saturated aqueous sodium hydrogen carbonate solution (800 mL).
The organic solvent was evaporated under reduced pressure, and the resultant residue was
extracted with ethyl acetate (1000 and 800 mL). After being dried over magnesium sulfate, the
solution was treated with activated carbon. The insoluble materials were filtered off, and the
filtrate was concentrated under reduced pressure. The residual solid was triturated with ethanol
(600 mL) under heating to give 1-(2,3,4,6-tetra-O-acetyl-pB-p-glucopyranosyl)-
3-(4-cyclopropylphenylmethyl)-4-fluoroindole 34a-4 (42.1 g, 80.8%) as colorless crystals: mp
186-189 °C. IR (Nujol) 1741, 1627, 1579, 1546, 1516, 1497, 1459, 1376 cm™. HPLC 98.6%
(tr = 3.18 min, L-column ODS (3 um particle size, 4.6 x 50 mm), MeCN / 20 mM phosphate
buffer (pH 6.5) (70/30)). APCI-Mass m/z 613 (M+NH,), 596 (M+H). *H NMR (DMSO-d6) &
0.60 (ddd, J = 6.3, 4.6 and 4.3 Hz, 2H), 0.88 (ddd, J = 8.2, 6.3 and 4.2 Hz, 2H), 1.63 (s, 3H),
1.81-1.87 (m, 1H), 1.96 (s, 3H), 1.99 (s, 3H), 2.04 (s, 3H), 4.00 (s, 2H), 4.09 (dd, J = 12.3 and
2.7 Hz, 1H), 4.13 (dd, J = 12.6 and 5.2 Hz, 1H), 4.28 (ddd, J = 10.0, 5.1 and 2.9 Hz, 1H), 5.22 (t,
J = 9.6 Hz, 1H), 5.49-5.56 (m, 2H), 6.15 (d, J = 8.7 Hz, 1H), 6.77 (dd, J = 10.9 and 7.9 Hz, 1H),
6.95 (d, J = 8.0 Hz, 2H), 7.05 (d, J = 8.0 Hz, 2H), 7.14 (td, J = 7.9 and 5.3 Hz, 1H), 7.23 (s, 1H),
7.46 (d, J = 8.3 Hz, 1H). Anal. Calcd for C,,H34FNQOg: C, 64.53; H, 5.75; F, 3.19; N, 2.35.
Found: C, 64.57; H, 5.63; F, 3.08; N, 2.36.

1-(2,3,4,6-tetra-O-Acetyl-B-p-glucopyranosyl)-3-(4-cyclopropylphenylmethyl)-4-fluoroindole
34a-4 (40.5 g, 68.0 mmol) was dissolved in methanol (200 mL)-tetrahydrofuran (400 mL), and to
the mixture was added sodium methoxide (28% methanol solution, 0.394 mL, 2.04 mmol). After

being stirred at room temperature for 3 hours under argon atmosphere, the solvent was evaporated
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under reduced pressure. The resultant residue was dissolved in ethyl acetate (2000 mL), and the
solution was washed with brine (200 mL) twice. After being dried over magnesium sulfate, the
solution was treated with activated carbon. The insoluble materials were filtered off, and the
filtrate was concentrated under reduced pressure. The resultant residue was dissolved in ethanol
(150 mL) under heating, and to the mixture were added water (300 mL) and a seed crystals at
room temperature. The mixture was stirred at room temperature for 19 hours, and the
precipitates were collected by filtration and washed with ethanol-water (1:4) to give
3-(4-cyclopropylphenylmethyl)-4-fluoro-1-(B-p-glucopyranosyl)indole 35a-4 (26.9 g, 92.5%) as
colorless crystals: mp 107-110 °C. IR (Nujol) 3525, 3313, 1625, 1582, 1555, 1517, 1495, 1457
cm™. HPLC 99.1% (tg = 2.67 min, L-column ODS (3 pm particle size, 4.6 x 50 mm), MeCN / 20
mM phosphate buffer (pH 6.5) (45/55)). APCI-Mass m/z 445 (M+NH,). *H NMR (DMSO-d6)
§ 0.60 (ddd, J = 6.3, 4.7 and 4.3 Hz, 2H), 0.87-0.90 (m, 2H), 1.82-1.87 (m, 1H), 3.24 (td, J = 8.9
and 5.6 Hz, 1H), 3.36-3.41 (m, 1H), 3.43-3.46 (m, 2H), 3.63-3.69 (m, 2H), 4.02 (s, 2H), 4.53 (t,
J = 5.5 Hz, 1H), 5.09 (d, J = 5.3 Hz, 1H), 5.15 (d, J = 5.0 Hz, 1H), 5.20 (d, J = 5.8 Hz, 1H), 5.37
(d, J=9.0 Hz, 1H), 6.74 (dd, J = 11.2 and 7.9 Hz, 1H), 6.96 (d, J = 8.0 Hz, 2H), 7.07 (td, J = 8.0
and 5.4 Hz, 1H), 7.13 (d, J = 7.9 Hz, 2H), 7.21 (s, 1H), 7.35 (d, J = 8.3 Hz, 1H). Anal. Calcd for
Cy4H26FNO5-0.7 H,0: C, 65.50; H, 6.28; F, 4.32; N, 3.18. Found: C, 65.53; H, 6.16; F, 4.12; N,
3.13.

3-(4-Cyclopropylphenylmethyl)-1-(p-p-glucopyranosyl)-4-methylindole (35b-4)
3-(4-Cyclopropylphenylmethyl)-1-(p-p-glucopyranosyl)indole (35c-4)
3-(4-Cyclobutylphenylmethyl)-1-(B-p-glucopyranosyl)indole (35c-5)
4-Chloro-3-(4-methylphenylmethyl)-1-(B-p-glucopyranosyl)indole (35d-7)

32b, 32c and 32d were prepared in a manner similar to 32a from the corresponding indole 30.
34b-4, 35b-4, 34c-4, 35¢c-4, 34c-5, 35¢c-5, 34d-7 and 35d-7 were prepared in a manner similar to

35a-4 from the corresponding aryl Grignard reagents*® and indole-3-carboxyaldehyde 32.

32b (71.2%): mp 170-172 °C. APCI-Mass m/z 490 (M+H). ‘H NMR (CDCl;) § 1.69 (s, 3H),
2.03 (s, 3H), 2.09 (s, 3H), 2.09 (s, 3H), 2.83 (s, 3H), 4.00-4.07 (m, 1H), 4.17 (dd, J = 12.7 and
2.1 Hz, 1H), 4.32 (dd, J = 12.5 and 5.0 Hz, 1H), 5.30 (t, J = 9.7 Hz, 1H), 5.40-5.55 (m, 2H), 5.65
(d, J = 8.8 Hz, 1H), 7.10 (d, J = 7.3Hz, 1H), 7.25 (t, J = 8.2 Hz, 1H), 7.30 (d, J = 8.5 Hz, 1H),
7.97 (s, 1H), 10.1 (s, 1H).

34b-4 (85.1%): mp 191-193 °C. HPLC 98.7% (tr = 3.83 min, Sumipax ODS D-210SLP (3 um
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particle size, 4.6 x 50 mm), 0.05% TFA in MeCN / 0.05% TFA in water (70/30)). APCI-Mass
m/z 592 (M+H). 'H NMR (DMS0-d6) & 0.55-0.65 (m, 2H), 0.85-0.95 (m, 2H), 1.67 (s, 3H),
1.80-1.90 (m, 1H), 1.95 (s, 3H), 1.98 (s, 3H), 2.04 (s, 3H), 2.37 (s, 3H), 4.05-4.17 (m, 4H), 4.25-
4.35 (m, 1H), 5.19 (t, J = 9.7 Hz, 1H), 5.50-5.60 (m, 2H), 6.15 (d, J = 8.5 Hz, 1H), 6.73 (d, J =
7.3 Hz, 1H), 6.95 (s, 4H), 7.03 (t, J = 8.2 Hz, 1H), 7.11 (s, 1H), 7.44 (d, J = 8.2 Hz, 1H).

35b-4 (84.8%): mp 116-119 °C. HPLC 99.9% (tg = 2.04 min, Sumipax ODS D-210SLP (3 pum
particle size, 4.6 x 50 mm), 0.05% TFA in MeCN / 0.05% TFA in water (50/50)). APCI-Mass
m/z 424 (M+H). *H NMR (DMSO0-d6) & 0.60 (dt, J = 6.0 and 5.1 Hz, 2H), 0.90 (ddd, J = 8.5, 6.4
and 4.2 Hz, 2H), 1.85 (ddd, J = 13.3, 8.5 and 5.1 Hz, 1H), 2.40 (s, 3H), 3.24 (td, J = 8.8 and 5.4
Hz, 1H), 3.37-3.40 (m, 3H), 3.65-3.71 (m, 2H), 4.14 (s, 2H), 4.57 (t, J = 5.1 Hz, 1H), 5.08 (d, J =
5.5 Hz, 1H), 5.13 (d, J = 6.2 Hz, 1H), 5.15 (d, J = 5.8 Hz, 1H), 5.34 (d, J = 9.1 Hz, 1H), 6.71 (d, J
= 7.3 Hz, 1H), 6.98 (d, J = 8.2 Hz, 2H), 6.99 (t, J = 6.0 Hz, 1H), 7.05 (d, J = 8.2 Hz, 2H), 7.09 (s,
1H), 7.33 (d, J = 8.2 Hz, 1H).

32c (74.9%): APCI-Mass m/z 476 (M+H). 'H NMR (DMSO-d6) & 1.63 (s, 3H), 1.98 (s, 3H),
2.00 (s, 3H), 2.05 (s, 3H), 4.10-4.20 (m, 2H), 4.40 (m, 1H), 5.30 (t, J = 9.8 Hz, 1H), 5.57 (t, J =
9.5 Hz, 1H), 5.66 (t, J = 9.3 Hz, 1H), 6.34 (d, J = 9.0 Hz, 1H), 7.30 (t, J = 7.5 Hz, 1H), 7.38 (t, J =
7.7 Hz, 1H), 7.79 (d, J = 8.3 Hz, 1H), 8.10 (d, J = 7.9 Hz, 1H), 8.51 (s, 1H), 9.96 (s, 1H).

34c-4 (96.8%): mp 184-186 °C. APCI-Mass m/z 595 (M+NH,), 578 (M+H). ‘H NMR
(DMSO0-d6) & 0.57-0.61 (m, 2H), 0.86-0.90 (m, 2H), 1.62 (s, 3H), 1.81-1.87 (m, 1H), 1.96 (s,
3H), 1.98 (s, 3H), 2.04 (s, 3H), 3.94 (s, 2H), 4.08 (dd, J = 12.7 and 1.9 Hz, 1H), 4.13 (dd, J =
12.4 and 5.6 Hz, 1H), 4.29 (ddd, J = 10.0, 5.8 and 2.2 Hz, 1H), 5.21 (t, J = 9.6 Hz, 1H), 5.51 (t, J
= 9.3 Hz, 1H), 5.56 (t, J = 9.1 Hz, 1H), 6.15 (d, J = 9.0 Hz, 1H), 6.95 (d, J = 8.0 Hz, 2H), 7.01 (t,
J=9.5Hz, 1H), 7.10 (d, J = 8.0 Hz, 2H), 7.16 (t, J = 7.5 Hz, 1H), 7.23 (s, 1H), 7.39 (d, J = 8.0
Hz, 1H), 7.60 (d, J = 8.3 Hz, 1H).

35¢-4 (99.0%): HPLC 97.8% (tr = 3.28 min, L-column ODS (3 pum particle size, 4.6 x 50 mm),
MeCN / 20 mM phosphate buffer (pH 6.5) (40/60)). APCI-Mass m/z 427 (M+NH,), 410 (M+H).
'H NMR (DMSO0-d6) & 0.60 (dt, J = 6.2 and 4.7 Hz, 2H), 0.88 (ddd, J = 8.3, 6.3 and 4.2 Hz, 2H),
1.84 (ddd, J = 13.2, 8.4 and 5.1 Hz, 1H), 3.24 (td, J = 8.9 and 5.2 Hz, 1H), 3.37-3.44 (m, 3H),
3.65-3.71 (m, 2H), 3.95 (s, 2H), 4.51 (t, J = 5.5 Hz, 1H), 5.07 (d, J = 5.3 Hz, 1H), 5.14 (d, J = 5.0
Hz, 1H), 5.16 (d, J = 5.9 Hz, 1H), 5.36 (d, J = 9.2 Hz, 1H), 6.96 (d, J = 8.0 Hz, 2H), 6.98 (t, J =
7.7 Hz, 1H), 7.10 (t, J = 7.5 Hz, 1H), 7.17 (d, J = 7.9 Hz, 2H), 7.23 (s, 1H), 7.42 (d, J = 8.0 Hz,
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1H), 7.49 (d, J = 8.2 Hz, 1H).

34c¢-5 (72.5%): mp 174-177 °C. HPLC 99.7% (tg = 4.09 min, L-column ODS (3 um particle
size, 4.6 x 50 mm), MeCN / 20 mM phosphate buffer (pH 6.5) (70/30)). APCI-Mass m/z 609
(M+NH,). 'H NMR (DMSO-d6) & 1.62 (s, 3H), 1.73-1.82 (m, 1H), 1.96 (s, 3H), 1.98 (s, 3H),
2.04 (s, 3H), 1.88-2.06 (m, 3H), 2.18-2.27 (m, 2H), 3.44 (quintet, J = 8.7 Hz, 1H), 3.96 (s, 2H),
4.07-4.17 (m, 2H), 4.29 (m, 1H), 5.21 (t, J = 9.5 Hz, 1H), 5.52 (t, J = 9.3 Hz, 1H), 5.56 (t, J = 9.2
Hz, 1H), 6.15 (d, J = 8.7 Hz, 1H), 7.01 (t, J = 7.5 Hz, 1H), 7.10 (d, J = 7.9 Hz, 2H), 7.16 (d, J =
7.9 Hz, 2H), 7.17 (t, J = 7.9 Hz, 1H), 7.25 (s, 1H), 7.41 (d, J = 7.9 Hz, 1H), 7.60 (d, J = 8.2 Hz,
1H).

35¢-5 (95.0%): HPLC 100% (tg = 3.64 min, L-column ODS (3 um particle size, 4.6 x 50 mm),
MeCN / 20 mM phosphate buffer (pH 6.5) (45/55)).  APCI-Mass m/z 441 (M+NH,), 424 (M+H).
'H NMR (DMSO-d6) § 1.75-1.83 (m, 1H), 1.90-2.00 (m, 1H), 2.00-2.10 (m, 2H), 2.20-2.30 (m,
2H), 3.20-3.50 (m, 6H), 3.68 (m, 2H), 3.97 (s, 2H), 4.51 (t, J = 5.6 Hz, 1H), 5.07 (d, J = 5.1 Hz,
1H), 5.15 (d, J = 5.0 Hz, 1H), 5.16 (d, J = 5.9 Hz, 1H), 5.36 (d, J = 9.0 Hz, 1H), 6.99 (t, J = 7.5
Hz, 1H), 7.11 (m, 1H), 7.12 (d, J = 8.2 Hz, 2H), 7.22 (d, J = 8.2Hz, 2H), 7.24 (s, 1H), 7.43 (d, J =
7.9 Hz, 1H), 7.49 (d, J = 8.3 Hz, 1H).

32d (90.8%): APCI-Mass m/z 527/529 (M+NH,). ‘H NMR (DMSO-d6) §1.64 (s, 3H), 1.98 (s,
3H), 1.99 (s, 3H), 2.05 (s, 3H), 4.09-4.19 (m, 2H), 4.30 (m, 1H), 5.34 (t, J = 9.8 Hz, 1H), 5.54 (t,
J=9.5Hz, 1H), 5.70 (t, J = 9.3 Hz, 1H), 6.37 (d, J = 9.0 Hz, 1H), 7.35-7.42 (m, 2H), 7.82 (d, J =
7.5 Hz, 1H), 8.54 (s, 1H), 10.51 (s, 1H).

34d-7 (91.8%): APCI-Mass m/z 586/588 (M+H). 'H NMR (DMSO-d6) 51.65 (s, 3H), 1.96 (s,
3H), 1.99 (s, 3H), 2.04 (s, 3H), 2.25 (s, 3H), 4.10-4.12 (m, 2H), 4.18 (d, J = 4.17 Hz, 2H), 4.27-
4.28 (m, 1H), 5.23 (t, J = 9.6 Hz, 1H), 5.50 (t, J = 9.3 Hz, 1H), 5.54 (t, J = 9.1 Hz, 1H), 6.16 (d, J
= 8.7 Hz, 1H), 7.02-7.07 (m, 5H), 7.16 (t, J = 7.9 Hz, 1H), 7.24 (s, 1H), 7.64 (d, J = 8.3 Hz, 1H).

35d-7 (85.4%): APCI-Mass m/z 418/420 (M+H). 'H NMR (DMSO-d6) §2.25 (s, 3H), 3.21-3.25
(m, 1H), 3.32-3.39 (m, 1H), 3.43-3.47 (m, 2H), 3.61-3.69 (m, 2H), 4.22 (s, 2H), 4.53 (t, J = 5.5
Hz, 1H), 5.01 (d, J = 5.3 Hz, 1H), 5.15 (d, J = 5.0 Hz, 1H), 5.20 (d, J = 5.8 Hz, 1H), 5.39 (d, J =
9.2 Hz, 1H), 7.06-7.12 (m, 5H), 7.21 (s, 1H), 7.53 (d, J = 8.2 Hz, 1H).
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In Vitro hSGLT1 and hSGLT2 Assays (Sodium-Dependent Glucose Uptake in CHO Cells
Expressing hSGLT1 and hSGLT2.2%)

Parental Chinese hamster ovary-K (CHOK) cells expressing hSGLT1 and hSGLT2 were used in
these experiments. For the uptake assay, cells were seeded into 24-well plates, and were
post-confluent on the day of assay.

Cells were rinsed one time with 400 pL Assay Buffer (137 mM NaCl, 5 mM KCI, 1 mM CacCl,,
1 mM MgCl,, 50 mM HEPES, 20 mM Tris Base, pH 7.4), and were pre-incubated with the
solutions of compounds (250 uL) for 10 min at 37°C. The transport reaction was initiated by
addition of 50 pL alpha methyl-p-glucopyranoside (AMG) / **C-AMG solution (16.7 uCi; final
concentration, 0.3 mM for CHOK-SGLT1 and 0.5 mM for CHOK-SGLT2, respectively) and
incubated for 120 min at 37°C. After the incubation, the AMG uptake was halted by aspiration
of the incubation mixture followed by immediate washing three times with PBS. The cells were
solubilized in 0.3 N NaOH of 300 pL and the radioactivity associated with the cells was
monitored by a liquid scintillation counter (Quantasmart™ (Packard, Boston, MA, USA)).
Inhibitory concentration of 50% (ICsy) was calculated by nonlinear least squares analysis using a

four-parameter logistic model (Prism version 4; GraphPad Software, San Diego, CA, USA).

In Vitro GLUT1 Assay (2-Deoxy-Glucose (2-DG) Uptake in L6 Myoblast Cells. *?)

The rat skeletal muscle cell line, L6 (JCRB9081), was obtained from Health Science Research
Resources Bank (HSRRB, Osaka, Japan). L6 myoblast cells were maintained in Dulbecco’s
modified Eagle’s medium containing 5.6 mM glucose supplemented with 10% FBS. Cells were
seeded in 24-well plates at a density of 3.0 x 10° cells / well and cultured for 24 hours in an
atmosphere of 5% CO, at 37°C before the experiment. Prior to the transport experiment, cells
were rinsed twice with KRPH buffer (pH 7.4, 150 mM NaCl, 5 mM KCI, 1.25 mM MgSQO,, 1.25
mM CaCl,, 10 mM HEPES, 2.9 mM Na,HPO,), and were pre-incubated with compounds (250 pul)
for 5 min at room temperature. The transport reaction was initiated by addition of 50 pl
%H-2-deoxy-glucose solution (0.625 uCi; final concentration, 750 pM) and incubated for 15 min
at room temperature. After the incubation, the 2-DG uptake was halted by aspiration of the
incubation mixture. Cells were immediately washed three times with ice-cold PBS and were
solubilized in 300 pL of 0.3 N NaOH. The radioactivity associated with the cells was determined

by a liquid scintillation counter (Quantasmart™ (Packard, Boston, MA, USA)).
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Rat Urinary Glucose Excretion (rUGE) Study.

Male Sprague-Dawley (SD) rats aged 4-5 weeks were obtained from Japan SLC (Shizuoka,
Japan) and were used for experiments at 6 weeks of age after acclimation period. The animals
were divided into experimental groups matched for body weight (n = 2-3). The compounds were
prepared in vehicles as suspension or solution. UGE studies were performed after two-day
acclimation period in metabolic cages. The compounds or vehicle were orally administered at a
dose of 30 mg/kg in 0.2% CMC/0.2% Tween 80. Urine samples were collected for 24 hours using
metabolic cages to measure urinary glucose excretion. Urine glucose contents were determined
by an enzymatic assay kit (UGLU-L, Serotec, Hokkaido, Japan) and normalized per 200 g body
weight. All animals were allowed free access to a standard pellet diet (CRF1; Oriental Yeast Co.,

Ltd., Tokyo, Japan) and tap water.

Blood Glucose-Lowering Study in Hyperglycemic High-Fat Diet-Fed KK (HF-KK) mice
(Single Oral Dosing Study).

Male KK/Ta Jcl mice aged 9 weeks were obtained from CLEA Japan Inc. (Tokyo, Japan) and
kept on a standard diet (CRF-1; 5.7% (w/w) fat, 3.59 kcal/g, Oriental Yeast Co., Ltd., Tokyo,
Japan), 20-week-old mice were fed with a high-fat diet (60 kcal%, Research Diets, Inc., New
Brunswick, NJ) for 4 weeks. The experiment was carried out at the age of 24 weeks. Male
C57BL/6N mice aged 11 weeks were obtained from Charles River Laboratories Japan, INC.
(Yokohama, Japan) and were also used in this study. The animals were divided into
experimental groups matched for body weight and blood glucose levels, which were measured in
the fed state on the day of the experiment.

The compounds (3 mg/kg) or vehicle (0.2% CMC/0.2% Tween 80) were orally administered at
a volume of 10 mL/kg. The blood samples were collected from the tail vein before and at 1, 2, 4,
6 and 24 hr after the administration.

The blood glucose level was determined using commercially available kits based on the glucose
oxidase method (Glucose CllI-Test Wako; Wako Pure Chemical Industries, Osaka, Japan). Data
are expressed as means £+ SEM. Area under the curve for blood glucose levels (AUCg.24n/BG)
was calculated by the trapezoidal rule. Differences between groups were analyzed by repeated
measurement ANOVA followed by Student's t-test (EXSAS, Arm Systex Co. Ltd.). Probabilities

less than 1% (P<0.01) were considered to be statistically significant.

64



e E PN

10.
11.

12.

13.

14.

15.

16.

17.

HABE IR Fm 0 BEIRSIR I A N 2012-2013, 29 H, OtE, 2012.

Nomura, S. Farumashia, 2014, 50, 538.

Rk 25 A IE R AR - SREFEWME (20154 3 H . BEAETHE)

Rossetti L.; Giaccari A.; Defronzo R. A. Diabetes Care, 1990, 13, 610.

Turner, R. C.; Cull, C. A.; Frighi, V.; Holman, R. R. J. Am. Med. Assoc. 1999, 281, 2005.
EEEEHOEREBHETHRAETH BT (2010 4£ 9 A MHIEAN B AGHRM )
Kahn, S. E.; Haffner, S. M.; Heise, M. A.; Herman, W. H.; Holman, R. R.; Jones, N. P;
Kravitz, B. G.; Lachin, J. M.; O'Neill, M. C.; Zinman, B.; Viberti, G. N. Engl. J. Med. 2006,
355, 2427.

(a) Wright, E. M. Am. J. Physiol. Renal Physiol. 2001, 280, F10-F18; (b) Mackenzie, B.; Loo,
D. D. F.; Panayotova-Heiermann, M.; Wright, E. M. J. Biol. Chem. 1996, 271, 32678; (c)
Kanai, Y.; Lee, W.-S.; You, G.; Brown, D.; Hediger, M. A. J. Clin. Invest. 1994, 93, 397.
Deetjen, P.; Baeyer, H. V.; Drexel, H. Renal Handling of p-Glucose and Other Sugars;
Williams & Wilkins Press: Baltimore, MD, 1995; 90.

Nishimura, M.; Naito, S. Drug Metab. Pharmacokinet. 2005, 20, 452.

Wright E. M. “The Metabolic & Molecular Bases Inherited Disease 8th ed. Vol. 4.” New York,
McGraw-Hill, 2001, 4891.

Scholl-Burgi S.; Santer R.; Ehrich J. H. H. Nephrol. Dial. Transplant., 2004, 19, 2394.
McKee F. W., Hawkins W. B., Physiol. Rev., 1945, 25, 255.

(a) Booth A. N.; Jones F. T.; DeEds F. J. Bio. Chem. 1958, 233, 280; (b) Malathi P.; Crane R.
K. Biochim. Biophys. Acta. 1969, 173, 245.

T-1095 (3b) is the prodrug of its active form 3a (T-1095A); see Tsujihara, K.; Hongu, M.;
Saito, K.; Kawanishi, H.; Kuriyama, K.; Matsumoto, M.; Oku, A.; Ueta, K.; Tsuda, M.; Saito,
A. J. Med. Chem. 1999, 42, 5311.

(a) Oku, A.; Ueta, K.; Arakawa, K.; Ishihara, T.; Nawano, M.; Kuronuma, Y.; Matsumoto, M.;
Saito, A.; Tsujihara, K.; Anai, M.; Asano, T.; Kanai, Y.; Endou, H. Diabetes 1999, 48, 1794;
(b) Rossetti, L.; Smith, D.; Shulman, G. I.; Papachristou, D.; DeFronzo, R. A. J. Clin. Invest.
1987, 79, 1510; (c) Asano, T.; Ogihara, T.; Katagiri, H.; Sakoda, H.; Ono, H.; Fujishiro, M.;
Anai, M.; Kurihara, H.; Uchijima, Y. Curr. Med. Chem. 2004, 11, 2717; (d) Idris I.; Donnelly
R. Diabetes Obes. Metab. 2009, 11, 79.

(a) Nomura, S. Current Topics in Medicinal Chemistry, 2010, 10, 411; (b) Handlon, A. L.
Expert Opin. Ther. Patents 2005, 15, 1531; (c) Isaji, M. Curr. Opin. Investig. Drugs 2007, 8,

65



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

285; (d) Washburn, W. N. J. Med. Chem. 2009, 52, 1785; (e) Washburn, W. N. Expert Opin.
Ther. Patents 2009, 19, 1485; (f) Washburn, W. N. Expert Opin. Ther. Patents 2012, 22, 483.
Sergliflozin (4b) is the prodrug of its active form 4a (sergliflozin-A); see Katsuno, K.;
Fujimori, Y.; Takemura, Y.; Hiratochi, M.; Itoh, F.; Komatsu, Y.; Fujikura, H.; Isaji, M. J.
Pharmacol. Exp. Ther. 2007, 320, 323.

Ellsworth, B.; Washburn, W. N.; Sher, P. M.; Wu, G.; Meng, W. PCT Int. Appl.
W02001/27128, 2001; Chem. Abstr. 2001, 134, 281069.

Meng, W.; Ellsworth, B. A.; Nirschl, A. A.; McCann, P. J.; Patel, M.; Girotra, R. N. Wu, G.;
Sher, P. M.; Morrison, E. P.; Biller, A. A.; Zahler, R.; Deshpande, P. P.; Pullockaran, A.;
Hagan, D. L.; Morgan, N.; Taylor, J. R.; Obermeier, M. T.; Humphreys, W. G.; Khanna, A.;
Discenza, L.; Robertson, J. G.; Wang, A.; Han, S.; Wetterau, J. R.; Janovitz, E. B.; Flint, O.
P.; Whaley, J. M.; Washburn, W. N. J. Med. Chem. 2008, 51, 1145.

Nomura, S.; Sakamaki, S.; Hongu, M.; Kawanshi, E.; Koga, Y.; Sakamoto, T.; Yamamoto, Y.;
Ueta, K.; Kimata, H.; Nakayama, K.; Tsuda-Tsukimoto, M. J. Med. Chem. 2010, 53, 6355.
Condensation of aglycone 1la with p-(+)-glucose with no additive in refluxing MeOH was
sluggish and finally led to a complex mixture. There is a patent literature, in which
ammonium sulfate is used as an additive. see: Tam, T. F.; Karimian, K.; Leung-Toung, R. C.
S. H.; Zhao, Y.; Wodzinska, J. M.; Li, W.; Lowrie, J. N. Eur. Pat. Appl. EP1348710, 2003;
Chem. Abstr. 2003, 139, 276904.

Perrin C. L.; Kuperman J. J. Am. Chem. Soc. 2003, 125, 8846.

Dudash, J., Jr.; Zhang, X.; Zeck, R. E., Johnson, S. G.; Cox, G. G.; Conway, B. R,;
Rybczynski, P. J.; Demarest, K. T. Bioorg. Med. Chem. Lett. 2004, 14, 5121; see experimental
section.

Pigman W. et al. reported that aniline-N-glucoside underwent hydrolysis or isomerization in
aqueous solutions; see Pigman W.; Cleveland E. A.; Couch D. H.; Cleveland J. H. J. Am.
Chem. Soc. 1951, 73, 1976. Although compound 8a was hydrolyzed rapidly under acidic
aqueous condition (0.5 N HCI, 37 °C), it remained stable under the assay condition of hSGLT
inhibitory activities (pH 7.4; see experimental section.).

Vocadlo, D. J.; Davies, G. J.; Laine, R.; Withers, S. G. Nature 2001, 412, 835.

Compound 12b: commercially available; Preparation of compound 12c: Sy, W. W. Synthetic
Communications 1992, 22, 3215; Preparation of compound 12d: Morita, S.; Otsubo, K.;
Matsubara, J.; Ohtani, T.; Uchida, M. Tetrahedron Asymmetry 1995, 6, 245.

Echevarria, A.; Elguero, J. Synthetic Commun. 1993, 23, 925.

Dehmlow, H.; Aebi, J.D.; Jolidon, S.; Ji, Y. H.; Mark, E. M.; Himber, J.; Morand, O. H. J.
Med. Chem. 2003, 46, 3354.

66



30.

31.

32.
33.

34.

35.

36.

37.

38.
39.

40.

41.

Hart, T.; Macias, A. T.; Benwell, K.; Brooks, T.; D’Alessandro, J.; Dokurno, P.; Francis, G.;
Gibbons, B.; Haymes, T.; Kennett, G.; Lightowler, S.; Mansell, H.; Matassova, N.; Misra, A.;
Padfield, A.; Parsons, R.; Pratt, R.; Robertson, A.; Walls, S.; Wonga, M.; Roughley, S. Bioorg.
Med. Chem. Lett. 2009, 19, 4241.

Zhou, P.; Li, Y.; Meagher, K. L.; Mewshaw, R. G.; Harrison, B. L. Tetrahedron Lett. 2001, 42,
7333.

Collot, V.; Varlet, D.; Rault, S. Tetrahedron Lett. 2000, 41, 4363.

Neyts, J.; Das, A. R.; Hung, S. C.; Hwu, J. R.; Singha, R. PCT Int. Appl. W02007/128086,
2007; Chem. Abstr. 2007, 147, 522523. In another patent literature, benzimidazole aglycones
were similarly coupled with pyranose derivatives. see: Drach, J. C.; Townsend, L. B.; Boyd,
F. L. Jr.; Chamberlain, S. D.; Daluge, S. M.; Deaton, D. N.; Andersen, M. W.; Freeman, G. A.
PCT Int. Appl. W0O1998/56761, 1998.

Padsen, H. Angew. Chem. Int. Ed. Engl. 1982, 21, 155, and references therein.

In contrast, Mitsunobu reaction of pyridone 14b or 14c with
2,3,4,6-tetra-O-acetyl-B-p-glucopyranose using di-t-butyl azodicarboxylate and PPhs in THF
gave mainly corresponding O-glucosides respectively.

Synthesis of 30c: Messaoudi, S.; Sancelme, M.; Polard-Housset, V.; Aboab, B.; Moreau, P.;
Prudhomme, M. Eur. J. Med. Chem. 2004, 39, 453.

For preparation of 4-cyclopentylbenzoyl chloride, see Houlihan, W. J.; Munder, P. G.;
Handley, D. A.; Cheon, S. H.; Parrino, V. A. J. Med. Chem. 1995, 38, 234.

Wenkert, E.; Moeller, P. D.; Piettre, S. R.; McPhail, A. T. J. Org. Chem. 1988, 53, 3170.

Aryl magnesium bromide was prepared by treating 1-bromo-4-cyclopropylbenzene or
1-bromo-4-cyclobutylbenzene with magnesium turnings and 1,2-dibromoethane in
tetrahydrofuran. For preparation of 1-bromo-4-cyclopropylbenzene, see the following:
Himmelsbach, F.; Riden Von, T.; Dahmann, G.; Metz, T. Pyrimido[5,4-D]pyrimidines, Drugs
Containing These Compounds, Their Use, and Process for Preparing Them. PCT Int. Appl.
WO 96/07657, 1996; Chem. Abstr. 1996, 125, 33669. For preparation of
1-bromo-4-cyclobutylbenzene, see the following: Conte-Mayweg, A.; Kuehne, H.; Luebbers,
T.; Maugeais, C.; Mueller, W.; Pflieger, P. Indole, Indazole or Indoline Derivatives. PCT Int.
Appl. WO 2006/013048, 2006; Chem. Abstr. 2006, 144, 192244,

Mitsumoto, Y.; Burdett, E.; Grant, A.; Klip, A. Biochem. Biophys. Res. Commun. 1991, 175,
652; see experimental section.

The N-glucoside part of 35a-4 was not hydrolyzed to its aglycon in human and animal
intestinal microsomes in vitro. When 35a-4 was incubated with intestinal microsomes of

human, rat, dog, and monkey (0.25 mg protein/mL) for 30 min, intrinsic clearances of 35a-4

67



42.

43.
44,

45,

46.

metabolism were very low (less than 1 pM/min/mg protein), and no aglycon of 35a-4 was
detected by HPLC.

Yao, C. H.; Song, J. S.; Chen, C. T.; Yeh, T. K.; Hung, M. S.; Chang, C. C.; Liu, Y. W.; Yuan,
M. C.; Hsieh, C. J.; Huang, C. Y.; Wang, M. H.; Chiu, C. H.; Hsieh, T. C.; Wu, S. H.; Hsiao,
W. C.; Chu, K. F.; Tsai, C. H.; Chao, Y. S.; Lee, J. C. J. Med. Chem. 2011, 54, 166.

Fields, T. PCT Int. Appl. WO 2015/065956, 2015.

Mangiferin (Al-Khalil S.; Tosa H.; linuma M. Iris. Nigricans. Phytochemistry 1995, 38, 729.),
and Bergenin (Arfan M.; Amin H.; Karamac M.; Kosinska A.; Wiczkowski W.; Amarowicz R.
Czech J. Food Sci. 2009, 27, 109; Piacente S. Pizza C.; Tommasi N. D.; Mahmood N. J. Nat.
Prod. 1996, 59, 565.).

Himmelsbach, F.; Ruden Von, T.; Dahmann, G.; Metz, T. PCT Int. Appl. WO 1996/07657,
1996; Chem. Abstr. 1996, 125, 33669.

Aryl magnesium bromide was prepared by treating 1-bromo-4-cyclopropylbenzene or
1-bromo-4-cyclobutylbenzene with magnesium turnings and 1,2-dibromoethane in
tetrahydrofuran. For preparation of 1-bromo-4-cyclopropylbenzene, see ref. 45.  For
preparation of 1-bromo-4-cyclobutylbenzene, see Conte-Mayweg, A.; Kuehne, H.; Luebbers,
T.; Maugeais, C.; Mueller, W.; Pflieger, P. Indole, Indazole or Indoline Derivatives. PCT Int.

Appl. WO 2006/013048, 2006; Chem. Abstr. 2006, 144, 192244,

68



= O H &%

RN LN EIE, TREOFEEam LI L D,

k=100

1. Yamamoto, Y., Kawanishi, E., Koga, Y., Sakamaki, S., Sakamoto, T., Ueta, K.,
Matsushita, Y., Kuriyama, C., Tsuda-Tsukimoto, M. and Nomura, S.
N-glucosides as human sodium-dependent glucose cotransporter 2 (hSGLT2)
inhibitors.

Bioorganic & Medicinal Chemistry Letters 2013, 23, 5641-5645.

2. Nomura, S., Yamamoto, Y., Matsumura, Y., Ohba, K., Sakamaki, S., Kimata, H.,
Nakayama, K., Kuriyama, C., Matsushita, Y., Ueta, K, and Tsuda-Tsukimoto, M.
Novel Indole- N-glucoside, TA-1887 As a Sodium Glucose Cotransporter 2 Inhibitor
for Treatment of Type 2 Diabetes.

ACS Medicinal Chemistry Letters 2014, 5, 51-55.

69



o B

AROFTEIT AL =R (BR) CTHEMBMLEBDOTHY, AEOEEZzEXTWVWEREZWY
TRERM AR ZEEEZELE ARBGERESRE LEMAILE L BEERIFEATE
FARE L AR AL SRR TR KA AL e BAME
HHEICERSEHTZLET,

Flo, AR OZITICER L CHEVAOSAERITHMEZ VI W T ARE IR E £ )78 5%
Bl WG E 23T 0 e T 2AIEAFE B LOE HEFEREM O IR
LR L ETET, BRSO E2To T EEWEAIELEE — B X 0% 22T 54 &5 o
BIFRICBILPLLETES,

1|

IO, AYFRIGEMZ FEE L T\ W TSt X O Y B BB 58 T
SUIZREGH W2 L9,

g

AW HET 2I2H), THETWHRELES £ LR RERERELRIERA

MO RICEHE SRR LY E BT L LT ET,

() &M% 2015 4 6 H RBI/EIC TREHM L 72,

70



