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b N7V AL EMORETEEMHEBEMIZE 21T o 1o R KFEK 2 — 6 12T,
AFIVANKR =N HT 0660 7 OFFEEZFHE L72#E %, ECso = 5.6 uM
O in vitro GK {EMALREZ MR L7=, L2>L. CS7TBL/6) ~ 7 A% 7= 10 mg/kg
& 0512 & 2 invivo FEZNRRR CITMBERE TEH 2 R34 2 L Ak o7z,
% Z T, Bertram b DO e R 2B BIIAF N ANVKR= VAL 7 n 7 e
AVIRZVHAE LT & 2 A ALEY 9a I in vitro TEVEDK) 10 f5WA L
(ECso = 0.42 uM) . ~ 7 A in vivo MLFERE FaBRIZ I W T H R R S 7z,
fe F7 Y —NVER SO mu kBB AL G 9b 1XS 51T 10 f5H D GK
IEMEAEREAN A B L7z (ECs0=0.04 uM) , LoD~ 7 BE~0D B OB I DO et &
LTILER 9c—9f Zilfi L7z, ZOHFT, F7 V=NV S LU ATFNVEZAT
2AbEW) 9e 13 in vitro GK IEMEALEE A MERF LoD, hERG FHLFREZ MLk T 5 %
A U7z, —MXAIIZ hERG PFHERE DEDEE L5y 2R D REHS M O ARIRC i oD
MEIZ XV ERT D27 7 a—FINA, REELHER Lo FERALZE AT
55T hERG & /37 ~OAH AN 2K S & 5 &AW T 7' 0 —F 05
LTS B, T72bb, b RT Y ALEM 9e IZBIT2F 7 Y —/VE 5 AL~D

AFNVIEBEBRN TN, F7 V=V 507 oo BEHLEY 9b 12~ T ClogP 5 ?
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AL T D = &6 hERG ¥ > /37 ~DLERED AR A AfEIZ 33 5
TEMEELWA, BEAFERIC L AWETITRWNEEZTVND,
[XF£2—-6] t N7 ALEWOREEEABIMIE— 1

@ in vitro GKiEH{EEH D
Ny mLEZEBiEL-EEREHE

I N /N I k)
M. o) sJ) r

do 7

R Solubili
GK activation  Maximum blood buffg hERG inhibition

ECso (M) @ glucose reduction b (ug/mL) & ICsp (LM)

Compound  Heteroaryl ClogP

7 1.60 5.60 N.A.9 5.4 N.D.®)
N < g in vivosElE

9a —~ ] 2.19 0.42 10f8mt -36% N VIvo: 2.4 17.5
S

A =hER
= .
[Q_b *—(Sl 2.95 >o.o4 st -37% 0.1 f 16.7 ]
Cl

N=

9c @ 2.35 2.40 -19% 0.9 N.D.)
N

od : /s?lN 1.42 0.16 -45% 7.7 5.3
N

9e ‘—</]\ 2.69 \ 0.22 EMEHEF  -32% 1.2 \>1oo
57 “Me hERGPA a8
N~

of *—(AN 1.60 1.17 -41% 6.5 >100
S Me

a) ECso was measured at 5 mM glucose.

b) C57BL/6J fasted mice, 10 mg/kg, p.o. vs vehicle control.
¢) N.A. = Not active.

d) Solubility in pH 6.5 phosphate buffer was determined.

e) N.D. = Not determined.

F7 ) —)VER 5 i ~D A F)LFE AIZ D hERG PHEREDREGEICEH L, &
ARSI T 5T, BHIT 5 MATFVEOEITREREZ TR T H AALA— AN

&5 EE L, hERG [ % [RlE U > DRI MEARIRIC L A KkEE o EA R L
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NG UNAFNIEOBANERF LT (KK 2 —7), ZOREE, (LEY 9g,9h
EHITHIfF L2 Y GK TEME(bRE Z MR LoD, KBS KIEICH B2 2 &
ZRE LT, T8 TFAERT N AFAUEERT LAY 9h 12OV T,
in vitro &L & BT~ U A in vivo MBERE TIEAZAER LoD, AKistem k&

hERG PHZE[EEE 2 WS4 5 2 & 23Sk 7=,

[M£2—-7]1 &t FIYVACEWOREIEIEFRBINITE— 2

9e 9g, 9h
Solubility
GK activation Maximum blood in buffer hERG inhibition
Compound  Heteroaryl ClogP ECso (uM) @ glucose reduction ®  (pg/mL) @ ICsp (M)
9e \r/} 2.69 0.22 -32% 1.2 >100
S
Me
'\(’N
9g s{ 2.50 0.70 -41% 345.0 16.9
N i soraly =
i AKBEEDAIEE £
he \
9h s\< 1.52 1.92 -42% 78.0 >100
NMN%O
™ in vitro/in vivoiEEZ #E#F U D DKA MR _E EhERGREEEIEZ Mz Uz

a) ECso was measured at 5 mM glucose.

b) C57BL/6J fasted mice, 10 mg/kg, p.o. vs vehicle control.
¢) N.A. = Not active.

d) Solubility in pH 6.5 phosphate buffer was determined.

e) N.D. = Not determined.
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eI DX LR 5T a7y A LOESE BERE LT, #E F Sprague-
Dawley (SD) 7 v k& MW7z fbgERE TERIZ W T HER AR 2 940E L 72
(MF2—8), ZDOfEHE, 1,3,10,30 mgkg DHEHEREICB N T, 5 1-2 FFH
BICH BRGSO B2 MER SER 2R Lo, FFiC, mAED 10,30 mgkg
BERCRBW TR, Hb5 7 R bR R MBS TIEA 2R Uiz, A Lok
RD . KMEEY Oh 1T+ 72 OIEMEE A L, 5D hERG FAEIC K 5 D ER

EBNERNZ D, AERBEMERMILEM THD LB AT,

[M#2—8]1 IEWT > bibERE /MR

100+
- o PR T I
g [T f‘%
[e)) ‘\'-.\ \ = B -
S 504 -713\:: §* ol
R B
8 ok \\-\E___A—— - .
o = ol vehicle
—*— 9h 1 mg/kg
—a— 9h 3 mg/kg
—»— 9h 10 mg/kg
5 = 9h 30mg/kg
0 2 4 6

Time (hr)

Effect of 9h on blood glucose level in overnight fasted Sprague-Dawley (SD) rats. 9h or vehicle (10%
Gelucire) was orally administered to overnight fasted SD rats at 0 hour. Values are mean + S.E.M. (n=5).

**p<0.01, *P<0.05 vs. control (Dunnett’s method)
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L L2 b, v K7V UALEY 9h OB L2 E 2 ety 2 T, iR
BT OKIEHE T TRF- 2R EHRE A ENLO E/Z BRSBTS 5 I L7z
P(ME2—-9), ZORMUITIETE = U AERKE AV TH NMR ORI
FIZEAEICB W T OB S, 72 BFRITE I 8% D Z R ~D EMAL AR S iz (1K

#£2—10),

[XF2—9] HBE FoOKRETICHIT 569 9h O E/Z Bt

m 10mM 7J</e/1$2 W
\( m \( /©)\I(N\(/N
//\\ { f‘\ o mtkTybﬂnﬁj AL { m . 3§/

// \\

h E-isomer 9h E-isomer h’ Z-isomer

[MF2—10] E7E L=k ULEKTOEY Oh 22 EME DGR 20
A

Nﬁfwriﬁ\ ﬁﬁfo{ﬁ\

9h E-isomer 9h’ Z-isomer
=zt =]
BRSTHSRS -
(hr) HRATEST A: E-isomer B: Z-isomer
tn) AJB [%]
CH (5, 7.53) CH (5, 7.65)
2.00
1 1 2.00
6 7 2.00 0.05 97.6/2.4
17 24 2.00 0.11 94.8/5.2
24 48 2.00 0.15 93.0/7.0
48 96 2.00 0.18 91.7/8.3
72 168 2.00 0.18 91.7/83
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I CIR 7= X912, & R 7V UBERTII R T ORIRINE CHHE R E/1Z
AN S NT-, #F 2 CIRB-2BHFH EFHELD E/Z BB EIT LS W E
HEINTWD O-TAFNAF T AFER (LT, AL E5EH) 2 ROE

i LTERLE 2 (£33 —-1),

[ME3—1) FX A EZBMAGICET 5 0GR 2

AF=> Lref-1adanti / synZHEAEDERDOHNCHEITI D —5.
AFILAF Lref-1bDanti / synEHALIESAI SN D 1T

CF3;SO3H
NI'OR (2 equiv.) RO‘[\I
WMe MeOH = ©/\/LMe
ref-1a/b anti ref-2al/b syn
R Time anti/syn

ref-1a / ref-2a H <20 min 2:1
ref-1b / ref-2b Me 12 h 100:0
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KTHRERICFIATE L2 A Yy b b2 EEZX, (LEWBaxT ¥ A L1z (X

&3 —3)

(F95:3 — 2] Ao bBHEAT 2 EEMLEF 2+

NC " NH,

S oy o
Cefetamet Roche Oxiconazole (Roche) Fluvoxamine (AbbVie)
Launched Launched Launched

[e] o
F

ey E;C” e &
H,N A
Gemifloxacin (LG Chem) Siponimod (Novartis)
Launched Launched

\/OxlN
Brm\b “
N X N‘O‘
[e]

Epertinib (Shionogi) Ancriviroc (Merck)
Phase /1l Phase |
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OO0 (e)

g0 o)

Int-2 46% E-isomer Z-isomer
Int-11
E/Z=1/2 mixture
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22 o) o DME Me.g o}
Int-10 Int-13 Int-14 microwave Int-15
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(cocl,
DMF, THF o
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B THT-0N, Andha UERIZ Ko IS HENE L <IK T L., BRI ALK
=R OB FLRINERLEZET AR VDS FRER Int-15°%2155 2 & 3 H

Sklpnip L BEE R Z LDWERWEREE o7 (KFES —6),

[ 3—6] ErREIMEEHT 2R iEE VT HS-15 DA K

B(OH
Me\s© (OH),
00

Y

Pd(PPh .
O (PPh3)y -~ o) ‘N
Br IL_o_ 1Maq. Nay,CO; o~

o) Toluene Me. o)
S

reflux o
Int-14 00 Int15'
E-isomer trace E-isomer

ZIZ T, AFXVLMRD EZIBEWEEE L LB CEURIC LY EREF L
LTEZD L ITHaTo2 L L Lz,

FT. AT IUHREYE Int-20 B L O Int-26 O E/Z B b Z R Lz (K3 3
—7, 8) 0-7 FZ AT /L Int-18 IZxf L T 7 BN F LA F T I Int-10
EERSED ATV MUE, M2 0T ZHRETAMD E LTH X2, a-4F

AT AT L Int-19 BL N Int-20 (Tt RT YV UHBERICHARTIEFICLETH
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D S TOBMALITHEIT Lo Te, — 05 R U VA aEEE A IR S L

THWD GBI R HEIT L, 260 3 BT E/Z WS 2/1 OFHRIREE
BT DI &AM Lz, ZHUE. IO A F v AMUEOG TR EERR I SR

Z IR EABSERC G 2 BEVMERIR T O E/Z BV IZIB W T FIC L E 7R E R

NEEEHABE LIZH R TH L EEE LTS,

[K#£3—7] FFT b EZEMEOKE - 1

¥ ¥

L) mnt10
A m S ON o
~
PPTS
// \\ MeOH A /©)\n/ m
rt, 12h ” \\ d’ \b
Int-18 Int-19 Int-20
E/Z— 1/2 E-isomer Z-isomer

[ 23% (1S LABEEHIVE) 47% ]

¥ Q Y

N© CF3002

|
O
rt, 3d
A = AMTT A m
// \\ // \\ // \\
Int-20 Int-19 Int-20
Z-isomer E/ Z= 2/ 1 E-isomer Z-isomer

[ 60% (HSLEEIRE) 27% |
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DERMESAFI BMEALIZ, WAL 7 X FALEXTTIVET T
E R 7oAy T I UANEERLTCHLREEZRERENE N TS Z L)
5. —REOE E-A XV MEDOE R FIEEMHNLT D Z LR EE T

5 (MF3—8),

[M#%3—8] Ax1 i EZRBMALOKE - 2
0 0
\ d
2 r\o e < <

A m o o
O Pyridne
s yridine
s MeOH A m m
rt, 5h // \\ // \\
Int-18 E/Z 1/2 Int_ -25 Int-26

E-isomer Z-isomer

[ 34% (NS LABEEEINE) 64% ]

(0] O o]
Q A g A g 2

0 CF3C02 N‘O
m m e
rt, 3days A\ =~
A o) o)
// \\ // \\ // \\
Int-26 — Int-25 Int-26
Z-isomer E/ Z= 2/1 E-isomer Z-isomer

[ 65% (HSLHEINE) 35% |
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SONT- E-F ¥ 2 L AT LK Int-19, Int-25 |C
7 2 FMe . BIONETCH T 2 AL ZIERE Z 7820,

10i ~L FNnFnEn- (ME3—9)

*F LT K2 oK o fig

HHIDLEY) 10a-

[M73—9] FFT LAY 10a-10i DAL
X . ¥
% X :
N 2M aq. NaOH N H,NAHet N H
U O - I OH . @/\ngﬂt N
AN MeOH A\s EDC, DMAP \g @ @ \g.Z \gi
o ok )?2H)10 Int-29 108 ini2e ~"O
(X=CH) Int-19 g6 g0 (X=CHy) INt27 50 oo =CH,) 10a, Int- . ) N
- X=0) 10d, 10e, Int-30 /|
(X=0) Int-25 (X=0) Int-28 (X=0) 10d, n \g{\l/g \gjj’? \g _,{
10d F 10e Me 30 H
X R X
N
% HN~H or Me Q
N H NaBH(OAc); ON K
I NN ————— I NN
A Ty cHen A Ty
S S ~
5o HO 5o (e
(X=CH,) 10b
(X=CH,) Int-29  41-86%
(X=0) Int-30 (X=CH,) 10¢c \_N N-(/
(X=0) 109 —
N
" (R)
N H
AsmNgﬂ/ AcCl X
S, 7\ iProNEt ~\
60 mt31 N NH 2 _» 100 \‘N\__/N-(/O
(R) T\/Ie CHCIj (R) T\/IeMe
. o
me32 N NH 576796 100 \‘N\_‘N-QO
(S) Me (S) Me M®
o o
ON H NaBH, O.N H
NN, —— NN
AT e A TX Y
Int-30 quant 10f
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B3HE ATV MEEMO T T A T

F % ¥ AFHEAR OSSR R 21T o7 (ME3 —10),

AF VAR = NI/ LAY 8a DIENEZ M L 7245 5. ECs0=0.81 uM
? in vitro GK IEMEALREZ fERR L7223, C5TBL/6) ~ U A~DRENEHIZ X D in
vivo FHERER CIXIMMERE TIER 2 AHE720 o7, AAF U ARMICBNTH
E RV ALEY & RAEORETEHEARRBIZEN TR E B2, A TF /LA R =L
Ravru7n e )L AV =V L 2R LT ALE W) 10a Z 57l L 727G A ECso
=0.07 uM DIEF TR invitro GK IEMEILEEZ A L, IEH ~ 7 ZA~0 10 mg/kg #%
NGBV TR A 2R MbERE TMERH AR T Z &2 /M L7z, fit< 77— /LB S
MLZT B FIENRT DN AFNAVIREGT /LG 10b, 10c ZFHEiL7TZ & 25,
IRDEFRMEIL T B U72—J7, hERG LEER OBRBIT R b e h o7, Bk o
£ 212, —MKIZ hERG LFEMERII D T OIREEOREZZ TR0 W LA S
NTEY B XV AFERIZBNTID TREROREENR KT Y U iFE Ak

(CHEARTEWENRR EBR LT,
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[M#£3—-10] AFTMMEEWOREIEIEABNTE— 1

& BOELEEET S Q
Oy GK/E"TE1 bEDAIH
| H
Me. ) s\/g \\/
&o e ommonE | s i
82, b 10a-c
Solubility
Thiazole-5- CloaP GK activation  Maximum blood in buffer — LERG inhibition
Compound g bstituent °9 ECso (MM) @ glucose reduction ®  (pg/mL) 9 ICsp (LM)
8a ~H 3.14 0.81 N.A.9 N.D.®) N.D.®)
8b *\F 3.33 0.72 -27% 0.3 6.5
10a *\F 3.91 0.07 -39% 0.4 6.5
in vitroy&1E 1050 £ Kiatdm hERGFEZ{EMA(iREET
A e E RSV HS
10b NL/N-Me 4.03 0.20 34% 51.0 1.8 ROhICIEAT
. TN ST
o HEREEEER
10c \“NCNN{ 3.05 0.42 -30% 17.0 3.9
Me

a) ECso was measured at 5 mM glucose.

b) C57BL/6J fasted mice, 10 mg/kg, p.o. vs vehicle control.

¢) N.A. = Not active.
d) Solubility in pH 6.5 phosphate buffer was determined.
e) N.D. = Not determined.
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hERG PEZ BHE L7 S B R DNREMREER L LT, 7 e XU F Lk 10a &
ThIZbeRrT7 7= 10d ~EEE L (KER3—11), izt rFi~v—
Ze LR LTSS . (RYIEDNIEVEZHERF 92 — 07, (SYIRIZTEMEDNKD 1/5 PRSI
5995 Z ENHBA L, £7-. (RIK 10d X CSTBL/6] ~ 7 A in vivo NI B
THIMNDRMBERE FEMZ AL, BEREIZOWTHAETom MAMZ R 5h
7o BlEHEE B KTV VFERICI T D HETEMEMBEORE R (ME2—7) »
SREMESEANTRIND EBEZOLNDLT TV —/VER 5 (CEEOFE LR
. (R-7T hZ7e e 77 =ARICEELTBI o7, SAATI/VHE 10e 1Tt
KT UHERORER & 13572 0 hERG FLE OBREFIL AR e b o 72, 547
E Ry AF A 10f BLOT B F A ERT DA F UM 10g 13RIERKEE
PED M k& hERG PHFERED[ELEA LM L7223, < 7 R in vivo MFERE TIER AR
RIE T TR Lo T2, KT RXT U 2 i~ ATF NI EAN LTS
P 10i \IZ3\\N T, RAF7ZR invitro / in vivo 3%) & hERG BRE [BLEEO W A4 72 371k

EMERIFTHZENTET,
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[®#3—11]

B

72 v MMEE M OREETE AR BIIFIE — 2

ST AR S YT ?
patEaRoRs (1 I —

o}

N R o \'N i BIED 0\|N N
- N e LARET !
JoRav AT Y B g o VT
00 10a F do  1od do 10e-i ﬁ
ClogP 3.91 ClogP 2.04
Solubility
Thiazole-5- -, GKactivation  Maximum blood ~in buffer = hERG inhibition
Compound ¢ petityent <109 ECso (MM) @ glucose reduction ®  (Mg/mL) 9 1c.) (uM)
10a 3.91 0.07 -39% 0.4 6.5
R)-form . k -449 . 4 | ThoERODSIR
1od (R) 2.04 0.25 44% 5.6 L PRt Ny ttrts
10d’ (S)-form 2.04 1.19 -34% N.D.® 4.3 | - (RUKSEMES
: - (S)RIZHISIERSS
10e “Me 2.35 0.37 -45% 4.0 3.8
10f  “_om 0.81 0.75 -26% 233.0 294 PUFILERSSILA
N\ FILEDEA10g
109 WA 1.18 0.79 -36% Nso70 D204’ SUVKARRIE
S e ) - hERGPEZE{FRIDIRES
[¢]
\
1oh N e 170 1.24 -28% N.D.®) N.D.®
(R) Me
[e) oo i
10i L w4 170 a.55 \ -46% 112.0 23.5 | AFILEOEAL0l
(TA-2395) \(§<Me in vivoi&EE - - in VivoiEHED RIF

a) ECso was measured at 5 mM glucose.

b) C57BL/6J fasted mice, 10 mg/kg, p.o. vs vehicle control.
¢) N.A. = Not active.

d) Solubility in pH 6.5 phosphate buffer was determined.

e) N.D. = Not determined.
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RIALED 10i OETEHE 2R 2727 (KFE3 —1 2),

FfmAE IS KO B AR 2 RV N2 in vitro AMBAFSRERTEANRRBR I Z BV Cik, 14 p-#
FlZd T 24 AU oruMEEER (ECso=0.43 uM) 35 X OVHFHMlaic I 5 2
Na—2 U UERALIEEER (ECs0=0.53 uM) & Z N E IR T 5D Z & A H kT,
ZHIC X0 AEEY 100 3T E BERO M7 IAER L 9 % GK &ML TH 2%
BEALTNDZ L% invitro fEF & U CTHERRHSET,

EHIERBRICB O TX, 7y FBEOE MNFI 7 v Y — Ak 5L
EWNRIFCTHDLZ L. U NTHREFR 0% THAENRKE RN & i L
2o HIZ, 7w P PKREBROFER, BOAIE LTHOROMER, 27V T 7
A RRARIUE (NAFTXATEVT 1) 43%E BOHRIETH L Z & i L
72o DI, ALAEY 100 12T - I L O X OEMRERIC I T & & ik
B DR R AT D2 & iR Lz,

2B FERER BB AE 2 A T A T LAY 100 1 ERRRBRER LAY

(BH3& L% 5 TA-2395) & L CiEEH &N T-,
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[X*3—-12] AFRv2fbEM10i 777 A4) 7

©
o <in vitroffiasTMmsER>
°~|N ’ > YO RAMINGHARE (FEEpHAkE1 > XU > oideE/ER)
Q/YNYN ECso 0.43 UM
A J = ; \
S; Q &f = = > Sw NFRE (D)L —X Y DB EIEEER)
ek NN ECs, 0.53 M
(S) C
10i (TA-2395) FHHffRE KURRHIR ENENFN Z MR LT
<EMEHREIKER>

> =00V —LRHEEMAER (uL/min/mg) Sw b: 28, E: 83
> MEEY > INIREEER v b 93%, Eb: 89%
> v hPKEHER

i.v. Cltot: Vdss: AUCo-inf: t1/2:
3 mg/kg 1455 mL/hr/kg 1607 mL/kg 2.08 pg - hr/mL 2.0 hr
p.o. tmax: Cmax: AUCo-inf: BA:
3 mg/kg 0.4 hr 0.74 pmol/L 0.91 ug - hr/mL 43%
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FAH AF T MEAY TA-2395100) DT 07 7 A U v

FX v AMEAW 100 (TA-2395) O GK {EHEALIEE LCoar &7 Magkx B
& LicT > FERhEAERZ FEHi L7z (K& 3 — 1 3), & T Sprague-Dawley 7
> b~ TA-2395 (10 mg/kg) DOk O 5-HEE 721% control #E & LT, xPRESERES L
TA LAY U MEER O SURITHLH 7Y AU K (Imgkg) . BLUA A
UKD 7T A REITHD A FAALI > (300 mgkg) DOffk A5 #
ERE L, MPHEOHER & mfEh A > 2 Y OB EZ Z -t Lz,

MAFEDOHEREIZ DUV T, TA-2395 I BHEB KOV U A8 Y REGHZLEN
B 12 R SR KBRS TR 2R LIRSS O3 & R Uiz, Zhicxt L
T A MR UBGHEO MR TERITBM B IcE o7, —J7, M
A AN LYUE, 7Y AR Y REERET I Y @EVEDFED b, TA-2395 &%
BRETIZA R Y UL O EREM AR bz, Tt GK &Mk
$E TA-2395 DSAFIEUC 31T DHEH D SAAAE LR T DA > 2 Y U fifER o —
SOEATF CIHEEZETSETWE I L 2RRTI/ELELLND, &
D EDND, BYORE LTz GK IEHEALIED = 27 M % in vivo RERIZEWT

bR T 2 Z LR,

-34 -



[X£3—13] E®7vy MIRBT2MHEHES X OMmAEF A 2 v L~UL

DIEH

Blood glucose(mg/d)

Plasma insulin (ng/ml)

(A) MFEEDHEE

—e— Control
—£— Glimepiride (1 mg/kg)
——=— Metformin (300 mg/kqg)

Time (hr)

(B) m#ERA>AV> DR

—e— Control

—¥— TA-2395 (10 mg/kg)
—£— Glimepiride (1 mg/kg)
——=— Metformin (300 mg/kg)

Vehicle: 0.1% NIKKOL
(HCO-40) solution
*P<0.05, **P<0.01
vs. control (Dunnetti%)
Fi5+SEM (N = 5).

Time (hr)
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1\

e\ N THEIR P £ MEARTRE (OGTT) B Z/-o7c (KFE3 -1
4), FENA CTHhiskRE ) b & IbE 2 7R3 Goto-Kakizaki 7 v b (GK 7 > k) #
(2t LT, TA-2395 & % VM vehicle Ok A G217V 1 RFRIRICHRO T RO
Wam &k ol ETIEFEMREL LT Wister 7 kb~ vehicle D 5%
Tolz, ZORER, TA-2395 ITHEKFRID D 1 mgkg DIERAERE) O L 7
JLa— AR B EAEICHHIT A ERH SN E A0 | BERIFIRREREEM & L

TORPRRT oy N Zmt 2L AR,
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[M#£3—14)] WRFEET LT v b~OFFARER & bk ™ 7EH

CGKrat_OGTT

Wister rat; Vehicle

GK rat; Vehicle

GK rat; TA-2395 1mg/kg
GK rat; TA-2395 3mg/kg
GK rat; TA-2395 10mg/kg
GK rat; TA-2395 30mg/kg

Blood glucose (mg/dl)

BERRX

Time (hr)

Administration ~ Glucose loading
of compounds  (1g/10ml/kg)

AUCqon, #P<0.01 vs. “Wistar rat; Vehicle’
(Student’s t-test),
# *P<0.05, **P<0.01 vs. ‘GK rat; Vehicle’
S 5004 (Dunnett’s method)
5 Y15 +SEM (N = 8).
o
E 400
o
<
3
S 300-
-]
[}
2 2007 —
=
©
2
< 100
° ¥ & &
X
F&g TS &
S oS S
q\é .‘\ &Y. &Y' &Y"'
*_@\ ’ *_&"‘ & £
© o v oF
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AT TA-2395 (10) DR —)VT v FH RS

B IRERBR I ) 2 B L ~L T OB A REFIZ AILDD, LR &0
AT R RABR T2 kg LV TOLEW 10i D RESRGIEZ BT LTz, TREE
BEiE D/ NZ A — LBV — B TIE T 3% o7 3 2 Int-24 2R LTV =28,
AEADIITBEREOREN H D T- O KEAKICITMHE A TE 220 &l L7z

(M4 — 1), o, EZ BVEEEZSEES 5 720 O T HIE Int-25 O T LFEHR
T, A KEICHEAT 2 2L ICL a2 FREEAMMAREWFHIETHY,

INEEET AL ENEFLWNWEE X, ZZTREARIZELDL, 7 =X
TV REYA Int-18 7> 6 A3 2 A 2T /L REYA Int-25 215 5 A RIEO W BNV
Lol

[MF4—1] AxLEW 101 FREPEL— R

1 Int-24RRMOBR

Int-24
YR . el
CICOCO,Me O"”ONH
AICI o . H0 o —
3 xone® 2 o. Pyridine, MeOH
A /E) CH,Cl, As MeOH THF then
CF4CO,H
Int-5 69% Int-33 81% Int-18 75%
SERE2 ¢ HS AR
Q C?\ qo\ Total 7 steps,
HzN*sL L 1 O PG AcCl - 13% yield
HCI HN Me(S) N H /PerEt H
_> ) NI l N
EDC, DMAP A [ :] l} NaBH(OAc)3 (3 CHCI3 .
CHCl ‘<-o CHCIy AS ‘<_N’_\ AS ‘<_ =" L
e S e
85% Int-30 73% Int-32 57% 10i
(TA-2395)
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R —=T v THEBREOLR LIZERAF — L2 KK 4 — 21577,

R Int-5 £V W ea-77 R AT /0 Int-18 12X LT, B Ref L7y
IR A Z ) — VBRI TR S E S Z I K0 AR v A AT S
. ROGHRZ R Uiz, 1oz ZIRRRIOMA RS 2 N ) 7 VA o BRI
MESEDLZETHF VLD E/Z BV ARE S, WHRMEER OB ALY
YU EfDo-t Raxv A ) T A7)V Int-34 24572, #HWTES)-3-7 FT &
Rwe 7 Z /7 —)LInt-21 % DIAD, PPhs & 2 WIES LS CER S5 2 &
WZE0., BROR-7T o ke I = VA2 GT Da-T/hvaFxi 4 /TR
TAR Int-25 ~&EEL T EITRREI LT B, E£72. T AT UK Int-25 O AR Y
2AT9 2 &7, RISEFIZEBEIEOKEELT Y U LKEEREZTRINT 5 2 &
(ZRY VR R Int-28 ~ LU Ry b EORTEW, MO RIS IR 2 A
PRSI TR, IRBRK TIEME L L7 BICHERM A~ 2 8 E2 2725 =
WX BT ARERERND Z L e VAR VR Int-28 gk O B CRERIT
X5k E R Uiz, TORE, FE»D B E T2 7 TR, HRINE 15.6%

DA L B EM BN KRE GV — P 2L TE T,
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[XFE4—-2] FXT2MEEW10i 27— T v 7 ERLV— R

CICOCO,Me HONH, + HCI (S)
Ao, 0 & oL MeoH Int-21
A O CH,Cl, Asm m then Asm DIAD F’Ph3
69% CF3;CO,H THF
Int-5 Int-33 Int-18 82% Int-34 E-form
O "
4 Q-Ha BREOBEN S 37T -
e ONH,  Int-24 |57 => sty ol Ue Total 7 steps
4% " Zsicee
°) ’ Int-35 ?L Int-36 15.6% yield
S o 0 & Me o
S’ " %O(R) HzN’“sL %O(R) N Hel iO(R)
N NaOH - Ho HN-"Me (3) *
e A | eoc. owap- ‘/‘\\s "NaBH(OAC) As '
ANy
> S EtsN
' ; CH,CI 5
00 (o] e} 2Cly -O cHel, (S)
Int-25 2steps, 75%  Int-28 63% Int-30 72% 10i
(TA-2395)
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THE WBRE

2 TUBE PRI B TR BT, M 2 E5 L ~VICH ICE T 5 2 L 1h
L0, BUETH L OBFE CTIHEFEB AL ER T DIITE - TR, ZD7
O, BEAF O MR TR &3 R 28R EEY 2 63 D IREEOE N R E N
Tz, ZOX ) R FEoM, JFLEOMGITENT 2 7 2% 7 —BiEM K
DRI, JTHEANT o AORE B LOWEA AV WA REOW 28G5 L,
BipmpE > b e — LB AREICT D LY A T OMmBERE FEE L CER 2 4E
D, KRR BFSEBRFE S H AL TN,

EHIIIATT D7 7 VLT I RafER 2 ZinkE kA9 L 3% E L. hERG BRLE(E

MET 7 VAT I FREEOREELZ R T ~EFRELEZX, 77 VAT 2 Ny

DIRFE-RA HEE O RR-ER HEA LB LI e BT Y U FERE

FOHRA v AFEKRICHE R Lz, RO G TMARELZRT L & bITL
EVEC S ENTALE OB TR 21TV, BAREL S 10i (TA-2395) % Al
THFICHRE Uiz, AW OMEE 2 LU ORRICHED 72,

B2 EICBWTL, Bl R Y RIS 2FERE R &t L7z, 7
DB, GKIEM LR OM L2 BRY & U EE MR 2T, 77—

VB SHHIBHICT EFAERT L AFAUELEET A RT Y LAY 9h % B
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L7z, {b&%) 9h 1L hERG HEMEMAZRREST 5 & & B2, 7 > B invivo iREBRIC
BWTIEKHED Imgkg 2> 6 A B2 MBERE TERZ7R L7z, LaxL, 9h OIS
T OERE EVERER T E R0 Z A ~DORBMALN BRI S iz 2 & B R B %

PR AL i b R s N O

BOEEZEBEITD
gj\f Clig GREMEALIEDRIL Ch,
Y Y IR n
v Ljﬂ'/' v
Me;/s\\ W Me;/s\ W P — > A/s\ o s —
"% i - KEMONE o NN
- hERGREEE O E: Sh e
2 Roche 7 E/ZE1E
GK ECso 0.56uM GK ECso 5.6uM GK ECso 1.92uM
ClogP 2.98 ClogP 1.60 ClogP 1.52
hERG ICso 10.5uM hERG ICso >100uM

E3EICBWTIE., B A SV AFERICER L ERIFIEE RO

Timid LIz, 72056, & K7 Y VB EROREEEMREEZ b &I %2 L5 E

ROV 21TV, in vitro TEd&ETEZREEY 10a 2 G Uiz, KEAEIED W

& hERG BHTEDIEGEE [ 72 AR X D maii bREf OfR, ~ v 2B

KT v b in vivo B T-Hoy 72 Ml FEM 24 L, hERG FHLE/EM 2K L

TALEW10i ZBUiG LTz, X612, {LEW 100 1T NT o 2 DRI L OWEA

YA A BRDOM T R YGET D LW A T OMBER TE L 2 D ATRetE A

in vitro 3 X W in vivo DT IZBWTHERR T 5 Z &0 Hk7z, {BE% 10i X1 -

R LU XOBYRBRICE O TEGR L EERIC TR LZ BN E AT 0F
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HIER S AL, T 5 IERRRFRERAGE 2 e BRI HE 2 T BB AL & 4 (B

R 5 TA-2395) & L CEH L7,

& o]
Q %L,sqmsaaﬁn Q -t Q K
m % m - ———)
" / @D&‘—‘}_Cﬁxﬂf =
" > Nenoms A\ \2 A A\/(:fKr\iJ
-in vivoCOIME d'o
§_—a— 10a B FER DB 10' (TA 2395) (;T(Me Me
GK ECso0 0.81uM GK ECso 0.07uM GK ECso 0.55uM
ClogP 3.14 ClogP 3.91 ClogP 1.70
hERG ICso 6.5uM hERG ICso 23.5uM

Paraxd

B4 mIZR W, BRRERBREME A & L CGEH STz 100 O KESHIED
BAFHMTIEIC DUV Tamadk L7z, 372 b Ltz £ ORiERARR THW 510
AW 10i D kg LULTO T v ZAEML— h~DOLBIFFEEZITV, FE NS H
B E TE7 TR, TREEDO D T L2 R L4 IR 15.6% 0% 2 & #

RN T REE LY — b 2 fESL LT,

)
HONH, - HCI /HON Llo(sﬂ“t'ﬂ \
H

O - e, 0. MeOH N oo
As ™ A O then Ag o} DIAD, PPh;
foie) CF4CO,H fole} THF
Int-5 Int-18 82% Int-34 Total 7 steps,
JRw Ml:kd:?a 15.6% vyield
HS LFBEROLD:E

i 3 ]
oNH, Int-24 NG %(R)
N

NaOH

QO(R)
BRIEOBEN S I:ﬁwo Lj*w Ljﬁg )
FILIFST=> Ao..sb ¢ As {_N,—\N g
fEFomE b
Int-25 2steps, 75%  Int-28 10i
(TA-2395)
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AL

AFRSLDOVERAE N FERIZ H T2 v | ZRY) T B2 R LR 2 Y £ L7

THERFEREGEANIE A B8 B LD IR A TRGHH L BT £,

o, RSB L CTEBERMEEUR L HMIGEZ B £ L7 THERFEREREK
gebie R AR BRI R AEMLH L B E S,

AT AL =8 BR) ICTEBLIZBDOTH Y . AFFEOKEZ 52T
WIZIZW T RE IRt BRI SUTRBRISEAER MR,
Turr A TR =y PR OIINELE I B 2 A IR
B L ET,

AMFFEDZEITICER L TAR R TS 2 W o2V g IRAA L, gk K
2L L & 2 BRKERF O LUICIE EEHTWZ L E T

SRR 2 S L T W e AR = > PR BB 2
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All reactions were carried out under inert gas or with CaClz 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. 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). Infrared spectra were measured on Perkin-Elmer PARAGON1000. APCI-
and ESI-MS spectra were obtained on Finnigan MAT SSQ7000C or ThermoQuest LCQ
Advantage eluting with 10 mM AcONHs / MeOH. Analytical HPLC spectra were
reported using Agilent 1100 with a UV detector measuring absorbance at 210 nm or 220
nm.  All compounds were found to be >95% pure by HPLC analysis unless otherwise

noted.
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(4-methylsulfonylphenyl)-2-oxo-acetic acid ethyl ester (Int-2)'¢

( 2\
1) CICOCO,Et
AlCl,
CH,CI 0
O i O
Me.g 2) mCPBA Me-g o]
CH,CI, ofe)
Int-1 Int-2
|\ J

To a solution of aluminum chloride (96.0 g, 720 mmol) in CH2Cl2 (280 mL) was added
chloroglyoxylic acid ethyl ester (86.0 g, 630 mmol) dropwise over 1 hour under ice-
cooling bath temperature, and the mixture was stirred for 15 minutes at the same
temperature. Then, a solution of thioanisole (Int-1: 74.5 g, 600 mmol) in CH2Cl2 (70 mL)
was added dropwise to the above mixture over 1 hour. After the ice-cooling bath was
removed, the reaction mixture was stirred at room temperature for 2 hours. Water was
carefully added to the reaction mixture under ice-cooling, then the whole was extracted
with CH2Cl2 three times, and the combined organic layers were dried over anhydrous
MgSOs4, and concentrated in vacuo to give ethyl 2-(4-methylsulfanylphenyl)-2-oxo-
acetate as a yellow oil (128.4 g, 95% yield). 'HNMR (300 MHz, CDCl3) § 1.42 (t,J =
7.1 Hz, 3H), 2.54 (s, 3H), 4.44 (q, /= 7.1 Hz, 2H), 7.29 (d, J = 8.8 Hz, 2H), 7.92 (d, J =
8.8 Hz, 2H). MS (APCI, m/z) 225 [M+H]".

To a solution of ethyl 2-(4-methylsulfanylphenyl)-2-oxo-acetate (127.0 g, 566 mmol)
in CH2Cl2 (2.8 L) was added 70% m-chloroperoxybenzoic acid (mCPBA, 277.0g, 1.13
mol) portionwise over 20 minutes under ice-cooling bath temperature. The reaction
mixture was stirred for 1 hour at the same temperature, and then stirred additional 3 hour
at room temperature. Insoluble materials were removed by filtration and the filtrate was
extracted with CH2Clo. The organic layer was washed with 10% aq Na2SOs, 10% aq
Na>COs3 and brine, dried over anhydrous MgSQOs4, and concentrated in vacuo. The residual
solid was triturated in Et2O and filtered to give Int-2 (36.7 g, 25% yield) as a colorless
powder. The filtrate was concentrated in vacuo and purified by column chromatography
on silica gel (hexane/EtOAc = 3/2) to give additional Int-2 as a colorless powder (21.3 g,
15% yield). 'H NMR (300 MHz, CDCl3) § 1.44 (t, J = 7.1 Hz, 3H), 3.10 (s, 3H), 4.48
(q,J=7.1 Hz, 2H), 8.09 (d, J = 8.8 Hz, 2H), 8.24 (d, /= 8.8 Hz, 2H). MS (APCI, m/z)
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274 [M+NH4]". 1R (nujol, cm™) 1689, 1729.

(4-methylsulfonylphenyl)-oxo-acetic acid (Int-3)

16% aq. HCI )

/©)l\l( «~ — OH
MeS MeS (0]

00
Int-2 Int-3

\.

A mixture of (4-methylsulfonylphenyl)-2-oxo-acetic acid ethyl ester (Int-2: 12.56 g,
49.01 mmol) and 16% aq HCI (125 mL) was refluxed for 24 h. After cooling to room
temperature, the resulting suspension was concentrated in vacuo. The residue solid was
recrystallized from THF — toluene to give Int-3 (9.86 g, 88% yield) as a colorless powder.
"H NMR (300 MHz, CDCls) 6 3.11 (s, 3H), 8.08 (d, J = 8.6 Hz, 2H), 8.28 (d, J = 8.8 Hz,
2H).

(2E)-2-(4-methylsulfonylphenyl)-2-pyrrolidin-1-ylimino-/N-thiazol-2-yl-

acetamide (7)

( A
N
Ow, Q8 Qs
—_— Y
Me Sm AcONa Me.g O  EDCHCI  Me Sm s2
MeOH R DMAP 3o
Int-3 Int-4 CH,Cl 7
\\ J

To a solution of Int-3 (228 mg, 1.0 mmol) in MeOH (5 mL) were added 1-
aminopyrrolidine hydrochloride (345 mg, 4.0 mmol) and sodium acetate (656 mg, 8.0
mmol), and the mixture was stirred at room temperature for 5 hours. 1 M aqueous HCI
was added to the reaction mixture and extracted with CH2Clz three times. The combined
organic layers were washed with water and brine, and then dried over sodium sulfate and
concentrated in vacuo to give (2E)-2-(4-methylsulfonylphenyl)-2-pyrrolidin-1-ylimino-
acetic acid Int-4 as a crude material. To a solution of Int-4 and 2-aminothiazole (400mg,
4.0 mmol) in CH2Cl2 (5 mL) was added 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (EDC-HCI, 395 mg, 2 mmol) and catalytic amount of 4-
dimethylaminopyridine (DMAP) at 0°C. The mixture was stirred for 30 min at 0°C, and
for 5 hours at ambient temperature. After the reaction mixture was concentrated in vacuo,
the resulting residue was diluted with EtOAc, and the organic layer was washed with 10%
aq citric acid, water and brine, dried over anhydrous MgSO4 and concentrated in vacuo.

The resulting residue was purified by column chromatography on NH-silica gel
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(Hexane/AcOEt = 60/40 — 20/80) to give 7 (42 mg, 13% yield) as a colorless powder.
"H NMR (400 MHz, CDCl3) § 1.80 — 1.90 (m, 4H), 3.08 (s, 3H), 3.15 — 3.25 (m, 4H),
6.92 (d, J=3.6 Hz, 1H), 7.45 (d, J = 3.6 Hz, 1H), 7.56 (d, J = 8.5 Hz, 2H), 7.95 (d, J =
8.5 Hz, 2H), 10.20 (s, 1H). MS (ESI, m/z) 379 [M+H]".

(4-cyclopropylsulfonylphenyl)-2-oxo-acetic acid ethyl ester (Int-6)

( 1) CICOCO,Et )
AICI,
CH,CI 0
@ oz o O
AS 2) mCPBA As o]
CH,Cl, 00
L Int-5 Int-6 )

To a solution of aluminum chloride (106.47 g, 798.7 mmol) in CH2Cl2 (560 mL) was
added chloroglyoxylic acid ethyl ester (13.98 g, 102.4 mmol) dropwise over 15 minutes
under ice-cooling bath temperature, and the mixture was stirred for 15 minutes at the same
temperature. Then, a solution of cyclopropyl phenyl sulfide (Int-5: 100.0 g, 665.6 mmol)
in CH2Cl2 (140 mL) was added dropwise to the above mixture over 90 minutes. After the
ice-cooling bath was removed, the reaction mixture was stirred at room temperature for
2 hours. Water was carefully added to the reaction mixture under ice-cooling, then the
whole was extracted with CHCIl3 three times, and the combined organic layers were dried
over anhydrous MgSO4, and concentrated in vacuo to give ethyl 2-(4-
cyclopropylsulfanylphenyl)-2-oxo-acetate as a yellow oil (17.81 g, quantitative yield).
MS (APCI, m/z) 251 [M+H]".

To a solution of ethyl 2-(4-cyclopropylsulfanylphenyl)-2-oxo-acetate (25.0 g, 100.0
mmol) in CH2Cl2 (500 mL) was added 70% mCPBA (59.0g, 240.0 mmol) portionwise
over 15 minutes under ice-cooling bath temperature. The reaction mixture was stirred for
30 minutes at the same temperature, and then stirred additional 12 hours at room
temperature. Insoluble materials were removed by filtration and the filtrate was extracted
with CH2Cla. The extract was washed with 10% aq Na2SOs, 10% aq Na2COs and brine,
dried over anhydrous MgSOs4, and concentrated in vacuo. The residue was purified by
column chromatography on silica gel (hexane/EtOAc = 2/1) to give Int-6 as a colorless
powder (7.44 g, 26% yield). MS (APCI, m/z) 283 [M+H]".

(2E)-(4-cyclopropylsulfonylphenyl)-2-pyrrolidin-1-ylimino-acetic acid ethyl ester

(Int-7) and (2Z)-(4-cyclopropylsulfonylphenyl)-2-pyrrolidin-1-ylimino-acetic acid
ethyl ester (Int-7’)
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A mixture of (4-cyclopropylsulfonylphenyl)-2-oxo-acetic acid ethyl ester (Int-6: 25
g, 88.6 mmol), 1-aminopyrrolidine hydrochloride (25 g, 204 mmol), and triethylamine
(28.4 mL, 204 mmol) in THF (350 mL) was stirred at reflux temperature for 3 days. The
reaction was cooled to room temperature, diluted with water, and the whole was extracted
with EtOAc. The organic layer was washed with water, brine, dried over Na2SOu, filtered,
concentrated under reduced pressure, and purified by silica gel column chromatography
(Hexane/EtOAc = 1/1) to give less polar isomer Int-7’ (16.56 g, 53% yield) and more
polar isomer Int-7 (12.43 g, 40% yield). (Int-7) '"H NMR (300 MHz, CDCls) & 0.98 —
1.12 (m, 2H), 1.32 (t,J=7.1 Hz, 3H), 1.34 — 1.42 (m, 2H), 1.74 — 1.83 (m, 4H), 2.48 (tt,
J =8.0 Hz, 4.8 Hz, 1H), 3.12 — 3.20 (m, 4H), 4.28 (q, J = 7.1 Hz, 2H), 7.47 (d, J = 8.4
Hz, 2H), 7.84 (d, J = 8.6 Hz, 2H). MS (APCIL, m/z) 351 [M+H]*. (Int-7°) '"H NMR
(300 MHz, CDCl3) 8 0.95 — 1.05 (m, 2H), 1.28 — 1.40 (m, 2H), 1.38 (t, /= 7.1 Hz, 3H),
1.90 — 2.00 (m, 4H), 2.44 (tt, /= 8.0 Hz, 4.8 Hz, 1H), 3.44 — 3.53 (m, 4H), 4.37 (q, J =
7.1 Hz, 2H), 7.64 (d, J = 8.8 Hz, 2H), 7.79 (d, J = 9.0 Hz, 2H). MS (APCI, m/z) 351
[M+H]".

(2E)-2-(4-cyclopropylsulfonylphenyl)-2-pyrrolidin-1-ylimino-acetic acid (Int-8)

( )

Cl\\l 2M aq. Crll N
O NaOH " _OH
\/—>
Asm MeOH s o)
00 00
Int-7 Int-8

To an MeOH (200 mL) solution of Int-7 (12.37 g, 35.3 mmol) was added with 2 M
aqueous NaOH (150 mL, 300 mmol). The mixture was stirred at room temperature for 4
hours and then concentrated in vacuo. The residue was diluted with water and washed
with Et20. The aqueous layer was diluted with CHCIs, ice-cooled, and neutralized with 2
M aq HCI (70 mL), then extracted with CHCIl3. The organic layer was dried over Na2SOs4,
filtered, and concentrated in vacuo. The residue solid was triturated in THF — Et2O to give
Int-8 (9.18 g, 81% yield) as a colorless solid. 'HNMR (400 MHz, CDCl3) 6 0.97 - 1.15
(m, 2H), 1.30 — 1.44 (m, 2H), 1.80 — 1.91 (m, 4H), 2.45-2.51 (m, 1H), 3.14 — 3.25 (m,
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4H), 7.50 (d, J = 8.5 Hz, 2H), 7.88 (d, J = 8.5 Hz, 2H), 8.5 - 10.5 (br s, 1H). MS (ESI,
m/z) 321 [M-H].

(2E)-2-(4-Cyclopropylsulfonylphenyl)-2-pyrrolidin-1-ylimino-/V-thiazol-2-yl-
acetamide (9a)

( )
A m EDC, DMAP A m
CH,Cl,
L Int-8 9a )

To an ice-cooling solution of Int-8 (130 mg, 0.40 mmol), 2-aminothiazole (121 mg,
1.2 mmol) and DMAP (73 mg, 0.60 mmol) in CH2Cl2 (5 mL) was added EDC (105 pL,
0.60 mmol) in one portion and the mixture was stirred for 30 min. After being warmed to
room temperature and stirred for 24 hours, the reaction mixture was quenched with
additional water and the whole was extracted with CHCl3. The organic layer was dried
over Na2SOs4, treated with activated charcoal, filtered, and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (CHCI;/MeOH
=100/0 — 95/5) to give 9a (113 mg, 69% yield) as a yellowish powder. 'H NMR (400
MHz, CDCl3) 6 0.99 — 1.13 (m, 2H), 1.31 — 1.44 (m, 2H), 1.79 — 1.90 (m, 4H), 2.44 —
2.51 (m, 1H), 3.14 —-3.25 (m, 4H), 6.92 (d, /= 3.6 Hz, 1H), 7.45 (d, /= 3.6 Hz, 1H), 7.53
(d, J=8.5 Hz, 2H), 7.90 (d, J = 8.5 Hz, 2H), 10.20 (s, 1H). MS (ESI, m/z) 405 [M+H]".

(2E)-N-(5-Chlorothiazol-2-yl)-2-(4-cyclopropylsulfonylphenyl)-2-pyrrolidin-1-
ylimino-acetamide (9b)

( )
NS N’k—>"CI G‘\I.N H x
v
A m EDC-HCI A 0 $4
DMAP oo Cl
e CH,Cl, o
|\ J

To an ice-cooling solution of Int-8 (100 mg, 0.31 mmol), 2-amino-5-chlorothiazole
(125 mg, 0.93 mmol) and DMAP (57 mg, 0.46 mmol) in CH2Cl2 (3 mL) was added
EDC-HCI (71 mg, 0.46 mmol) in one portion and the mixture was stirred for 30 min.
After being warmed to room temperature and stirred for 24 hours, the reaction mixture
was quenched with additional water and the whole was extracted with CHCIs. The organic
layer was dried over Na>SOs, treated with activated charcoal, filtered, and concentrated

under reduced pressure. The residue was purified by silica gel column chromatography
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(CHCI3/MeOH = 100/0 — 90/10) to give 9b (113 mg, 69% yield) as a yellowish powder.
"H-NMR (400 MHz, CDCI3) 6 1.00 — 1.14 (m, 2H), 1.32 — 1.44 (m, 2H), 1.80 — 1.90 (m,
4H), 2.45-2.51 (m, 1H), 3.14 — 3.24 (m, 4H), 7.26 (s, 1H), 7.51 (d, J= 8.5 Hz, 2H), 7.90
(d, J= 8.5 Hz, 2H), 10.06 (s, 1H). MS (ESI, m/z) 439/441 [M+H]".

(2E)-2-(4-Cyclopropylsulfonylphenyl)-N-(2-pyridyl)-2-pyrrolidin-1-ylimino-
acetamide (9¢)

( )

H2N’Q
A m EDC, DMAP A m

CH,Cl,

L Int-8 9c )

To an ice-cooling solution of Int-8 (130 mg, 0.40 mmol), 2-aminopyridine (113 mg,
1.2 mmol) and DMAP (73 mg, 0.60 mmol) in CH2Cl2 (5 mL) was added EDC (105 pL,
0.60 mmol) in one portion and the mixture was stirred for 30 min. After being warmed to
room temperature and stirred for 24 hours, the reaction mixture was quenched with
additional water and the whole was extracted with CHCl3. The organic layer was dried
over Na2SOs4, treated with activated charcoal, filtered, and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (CHCl3/MeOH
= 100/0 — 95/5) to give 9¢ (95 mg, 59% yield) as a yellowish powder. 'H-NMR (400
MHz, CDCls) 8 0.99 — 1.13 (m, 2H), 1.31 — 1.45 (m, 2H), 1.76 — 1.86 (m, 4H), 2.45 —
2.52 (m, 1H), 3.12 — 3.23 (m, 4H), 7.00 (ddd, J = 5.0, 2.5, 1.1 Hz, 1H), 7.54 (d, J=8.5
Hz, 2H), 7.66 (td, J=5.2,2.0 Hz, 1H), 7.89 (d, J = 8.5 Hz, 2H), 8.25 (dt, /= 8.7, 1.0 Hz,
1H), 8.31 (ddd, J=5.0, 2.0, 0.8 Hz, 1H), 9.53 (s, IH). MS (ESI, m/z) 399 [M+H]".

(2E)-2-(4-Cyclopropylsulfonylphenyl)-2-pyrrolidin-1-ylimino-N-(1,2,4-
thiadiazol-5-yl)acetamide (9d)

( N\
HCI- N
HZN*s
&,
A m EDC, DMAP A m
CH,Cl,
L Int-8 9d )

To an ice-cooling solution of Int-8 (100 mg, 0.31 mmol), 1,2,4-thiadiazol-5-ylamine
hydrochloride (130 mg, 0.93 mmol) and DMAP (57 mg, 0.46 mmol) in CH2CIL2 (3 mL)
was added EDC (80 puL, 0.46 mmol) in one portion and the mixture was stirred for 30

min. After being warmed to room temperature and stirred for 24 hours, the reaction
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mixture was quenched with additional water and the whole was extracted with CHCls.
The organic layer was dried over Na2SOs, treated with activated charcoal, filtered, and
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (CHCI3/MeOH = 100/0 — 90/10) to give 9d (61 mg, 49% yield) as a
yellowish powder. '"H NMR (400 MHz, CDCl3) § 1.00 — 1.14 (m, 2H), 1.31 — 1.44 (m,
2H), 1.82 — 1.93 (m, 4H), 2.47 — 2.52 (m, 1H), 3.19 — 3.29 (m, 4H), 7.52 (d, J = 8.5 Hz,
2H), 7.92 (d, J = 8.5 Hz, 2H), 8.30 (s, 1H), 10.45 (s, IH). MS (APCI, m/z) 406 [M+H]".

(2E)-2-(4-Cyclopropylsulfonylphenyl)-/V-(5-methylthiazol-2-yl)-2-pyrrolidin-1-
ylimino-acetamide (9e)

( )
N HZN’C>“'\’Ie G‘\',N 0
Y
A m EDC-HCI A 4
DMAP oo Me
- CH,Cl, %
|\ J

To an ice-cooling solution of Int-8 (100 mg, 0.31 mmol), 2-amino-5-methylthiazole
(106 mg, 0.93 mmol) and DMAP (57 mg, 0.46 mmol) in CH2Cl2 (3 mL) was added
EDC-HCI (71 mg, 0.46 mmol) in one portion and the mixture was stirred for 30 min.
After being warmed to room temperature and stirred for 24 hours, the reaction mixture
was quenched with additional water and the whole was extracted with CHCIs. The organic
layer was dried over Na>SOs, treated with activated charcoal, filtered, and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography
(CHCI3/MeOH = 100/0 — 90/10) to give 9e (86 mg, 67% yield) as a yellow powder. 'H
NMR (400 MHz, CDCl3) 6 1.00—1.13 (m, 2H), 1.30 — 1.44 (m, 2H), 1.78 — 1.89 (m, 4H),
238 (d, J=1.4 Hz, 3H), 2.44 — 2.51 (m, 1H), 3.13 — 3.23 (m, 4H), 7.08 (d, J = 1.1 Hz,
1H), 7.53 (d, J= 8.5 Hz, 2H), 7.89 (d, J = 8.5 Hz, 2H), 10.05 (s, 1H). MS (APCI, m/z)
419 [M+H]".

(2E)-2-(4-Cyclopropylsulfonylphenyl)- V-(5-methyl-1,3,4-thiadiazol-2-yl)-2-
pyrrolidin-1-ylimino-acetamide (9f)

( )
<’\"\le HZNA )~Me
OH
Asm EDC-HCI A m
3o DMAP
es CH,Cl, o
|\ J
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To an ice-cooling solution of Int-8 (500 mg, 0.31 mmol), 2-amino-5-methyl-1,3,4-
thiadiazole (268 mg, 2.33 mmol) and DMAP (284 mg, 2.33 mmol) in CH2ClL2 (10 mL)
was added EDC-HCI (446 mg, 2.33 mmol) in one portion and the mixture was stirred for
30 min. After being warmed to room temperature and stirred for 24 hours, the reaction
mixture was quenched with additional water and the whole was extracted with chloroform.
The organic layer was dried over Na2SOs, treated with activated charcoal, filtered, and
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (CHCls/MeOH = 100/0 — 90/10) to give 9f (399 mg, 61% yield) as a
yellow powder. 'H-NMR (300 MHz, CDCl3) § 1.00 — 1.12 (m, 2H), 1.33 — 1.43 (m,
2H), 1.82 — 1.92 (m, 4H), 2.45 —2.50 (m, 1H), 2.69 (s, 3H), 3.16 — 3.26 (m, 4H), 7.51 (d,
8.4 Hz, 2H), 7.90 (d, 8.4 Hz, 2H), 10.25 (s, IH). MS (APCI, m/z) 420 [M+H]". HPLC
99.9% (tr = 9.8 min, L-column ODS (5 uM particle size, 4.6 x 150 mm), CH3CN/20 mM
phosphate buffer (pH 6.5) (35/65)).

(2E)-2-(4-cyclopropylsulfonylphenyl)-NV-(5-formylthiazol-2-yl)-2-pyrrolidin-1-

ylimino-acetamide (Int-9)
4 A

@’* T
A EDC-HCI A 4
CHO

DMAP 5o
CH,Cl,

Int-8 Int-9

- J

To an ice-cooling solution of Int-8 (4.04 g, 12.53 mmol), 2-amino-5-formylthiazole
(1.93 g, 15.04 mmol) and DMAP (1.84 g, 15.04 mmol) in CH2Cls (90 mL) was added
EDC-HCI (3.12 g, 16.29 mmol) in one portion and the mixture was stirred for 30 min.
After being warmed to room temperature and stirred for 24 hours, the reaction mixture
was quenched with additional water and the whole was extracted with CHCls. The organic
layer was dried over Na>SOs, treated with activated charcoal, filtered, and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography
(CHCI3/MeOH = 100/0 — 90/10), then triturated from hexane — EtOAc to give Int-9 (3.28
g, 7.58 mmol, 61% yield) as a yellowish powder. 'H-NMR (400 MHz, CDCl3) § 1.03 —
1.13 (m, 2H), 1.34 — 1.43 (m, 2H), 1.82 — 1.92 (m, 4H), 2.47 — 2.54 (m, 1H), 3.17 — 3.27
(m, 4H), 7.52 (d, J = 8.6 Hz, 2H), 7.91 (d, J = 8.6 Hz, 2H), 8.11 (s, 1H), 9.95 (s, 1H),
10.37 (s, 1H). MS (APCI, m/z) 433 [M+H]".

(2E)-2-(4-Cyclopropylsulfonylphenyl)-/V-[5-[(4-Methylpiperazin-1-
yl)methyl]thiazol-2-yl]-2-pyrrolidin-1-ylimino-acetamide (9g)
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Sodium triacetoxyborohydride (368 mg, 1.74 mmol) was added portionwise to a stirred
ice-cooling solution of Int-9 (250 mg, 0.58 mmol) and 1-methylpiperazine (154 puL, 1.39
mmol) in CH2Cl2 (15 mL) and stirred for 15 min. The reaction mixture was allowed to
warm to room temperature and stirred for 20 hours. The reaction mixture was quenched
with a saturated aqg NaHCOs solution and extracted with chloroform. The organic layer
was dried over Na2SOu, filtered, and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (CHCI3/MeOH = 95/5 — 90/10), then
triturated from hexane — EtOAc to give 9g (191 mg, 64% yield) as a colorless powder. 'H
NMR (400 MHz, CDCIl3) 6 1.00 - 1.12 (m, 2H), 1.32 — 1.42 (m, 2H), 1.80 — 1.90 (m, 4H),
2.29 (s, 3H), 2.36 — 2.65 (m, 8H), 2.45 — 2.51 (m, 1H), 3.14 — 3.25 (m, 4H), 3.67 (s, 2H),
7.22 (s, 1H), 7.52 (d, 8.5 Hz, 2H), 7.89 (d, 8.2 Hz, 2H), 10.08 (s, 1H). MS (APCI, m/z)
517 [M+H]". HPLC 100% (¢r = 8.3 min, L-column ODS (5 uM particle size, 4.6 x 150
mm), CH3CN/20 mM phosphate buffer (pH 6.5) (30/70)).

(2E)-N-[5-[(4-acetylpiperazin-1-yl)methyl]|thiazol-2-yl]-2-(4-cyclopropylsulfonyl-
phenyl)-2-pyrrolidin-1-ylimino-acetamide (9h)
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00 N
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Sodium triacetoxyborohydride (615 mg, 2.90 mmol) was added portionwise to an
ice-cooling solution of Int-9 (500 mg, 1.16 mmol) and 1-acetylpiperazine (296 mg, 2.31
mmol) in CH2Cls (10 mL) and stirred for 15 min. The reaction mixture was allowed to
warm to room temperature and stirred for 4 hours. The reaction mixture was quenched
with saturated aq NaHCO3 solution and extracted with CHCI3. The organic layer was
dried over Na2SOu, filtered, and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (CHCI:s/MeOH = 100/0 — 95/5), then
triturated from EtOAc — i-Pr20 to give 9h (537 mg, 85% yield) as a colorless powder.
'"H NMR (400 MHz, DMSO-d¢) & 1.04 — 1.12 (m, 2H), 1.12 — 1.20 (m, 2H), 1.70 — 1.82
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(m, 4H), 1.96 (s, 3H), 2.31 (t, J = 4.8 Hz, 2H), 2.38 (t,J = 4.7 Hz, 2H), 2.87 — 2.95 (m,
1H), 3.16 — 3.23 (m, 4H), 3.37 — 3.43 (m, 4H), 3.66 (s, 2H), 7.29 (s, 1H), 7.53 (d, J=8.5
Hz, 2H), 7.87 (d, J= 8.5 Hz, 2H), 11.15 (s, 1H). MS (APCI, m/z) 545 [M+H]". HPLC
99.6% (tr = 8.4 min, L-column ODS (5 uM particle size, 4.6 x 150 mm), CH3CN/20 mM
phosphate buffer (pH 6.5) (35/65)).

Pharmacology
A glucokinase activation effect was evaluated as follows:

A glucokinase activity was examined by measuring the amount of NADPH obtained in
generating 6-phosphogluconic acid from glucose-6-phosphate dehydrogenase wherein
glucose-6-phosphoric acid is a coupling enzyme, not by directly measuring the generated
glucose-6-phosphoric acid. The glucokinase enzyme used in the examination was
human-liver type GST-GK expressed by E. Coli. The measurement of the activity was
carried out by the following procedures. Specifically, 30 mM HEPES buffer (pH7.4)
containing 30 mM MgClz, 30 mM KCI, 1 mM DTT, 5 mM NADP (Nacalai), 0.7 mU/mL
G6PDH (Roche 737-232 grade II from yeast) and 0.17 pL/mL GST-GK was prepared as
a reaction solution. An evaluating compound dissolved in DMSO was added to the
reaction solution to give final concentration of 0.01 to 100 pM (5% DMSO). Thereto was
added glucose (final concentration of 5 mM) as a substrate and was added ATP (final
concentration of 5 mM) to proceed the reaction. The reaction temperature was 30°C and
a generation of NADPH was monitored by changes of absorbance of 340 nm. An increase
of absorbance for 10 minutes after starting reaction was measured and the blank-corrected
value was used as a GK activity (mOD/min). ECso level was calculated by a GK activity

level in an addition of the evaluating compound at each concentration.

Effect of GK activators on blood glucose levels in C57BL/6J mice was evaluated as
follows:

Male 8-week-old C57BL/6J mice (JCL Japan, Inc., Tokyo, Japan) were kept in a
temperature (23 £ 2 °C) and humidity (55 + 15 %) controlled room with a 12-h light—dark
cycle and allowed free access to an ordinary rodent chow diet (CRF1; Oriental Yeast Co.,
Ltd., Tokyo, Japan) and tap water. Blood glucose lowering test was carried out at 11
weeks old.

Mice were fasted for 18 hours before starting and during experiment. The animals were
divided into experimental groups matched for body weights. The experiment was started
at 13:00. An evaluating compound dissolved in 10% gelucire, or vehicle were orally

administered. New blood samples were taken from the tail tips just before and 30, 60, 120,
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and 240 minutes after the administration.
Blood samples were deproteinized with 0.1 N ZnSO4 and 0.075 N Ba(OH): following
the complete hemolysis with 9 volumes of pure water. ~After centrifugation with 1,500

x g at 4 °C for 10 minutes, the glucose concentration of the supernatant was determined
using Glucose C-II Test Wako (Wako Pure Chemical Industries, Ltd.).

Effect of GK activators on blood glucose levels in SD rats was evaluated as follows:

Male 5-week-old SD rats (SLC Japan, Inc., Inasa, Shizuoka, Japan) were kept in a
temperature (23 £ 2 °C) and humidity (55 + 15 %) controlled room with a 12-h light—dark
cycle and allowed free access to an ordinary rodent chow diet (CRF1; Oriental Yeast Co.,
Ltd., Tokyo, Japan) and tap water. Blood glucose lowering test was carried out at 6
weeks old. The Animal Ethics Committee of Tanabe Seiyaku Co., Ltd. approved all
the experimental procedures.

Rats were fasted for 18 hours before starting and during experiment. The animals were
divided into the experimental groups matched for body weights. The experiment starts at
13:00. Compound 8h was dissolved in 10% gelucire, or vehicle were orally administered.
New blood samples were taken from tail tips under conscious state just before and 30, 60,
120, 240 and 420 minutes after the administration.

Blood samples were deproteinized with 0.1 N ZnSO4 and 0.075 N Ba(OH): following
the complete hemolysis with 9 volumes of pure water. After centrifugation with 1,500
x g at 4 °C for 10 minutes, the glucose concentration of the supernatant was determined
using Glucose C-II Test Wako (Wako Pure Chemical Industries, Ltd.).
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O-Cyclopentylhydroxylamine (Int-10)**

1) N-hydroxyphthalimide
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To a solution of N-hydroxyphthalimide (60.0 g, 368 mmol) in DMSO were added
K2COs (127.2 g, 920 mmol) and bromocyclopentane (82.2 g, 552 mmol) at room
temperature. The reaction mixture was stirred at 80°C for 3 hours. After the mixture was
cooled to room temperature, ice-cooled water was added and the resulted suspension was
stirred more 1 hour. The precipitates were collected by filtration and washed with water,
and dried in vacuo to give 2-(cyclopentoxy)isoindoline-1,3-dione (70.8 g, 83% yield) as
apowder. 'HNMR (CDCI3) § 1.56 — 1.68 (m, 2H), 1.68 — 1.84 (m, 2H), 1.86 —2.06 (m,
4H), 4.87 — 4.96 (m, 1H), 7.71 — 7.77 (m, 2H), 7.79 — 7.87 (m, 2H). MS (APCI, m/z2)
232 [M+H]".

To a solution of 2-(cyclopentoxy)isoindoline-1,3-dione (10.4 g, 44.9 mmol) in CH2Cls
(56 mL) and MeOH (5.5 mL) was added hydrazine monohydrate (4.36 mL, 89.9 mmol)
at room temperature. The resulted suspension was stirred at room temperature for 4 hours
and insolubles were removed by filtration. The filtrate was washed with 5 M ammonia
solution and the aqueous layer was extracted with CH2Cl2 twice. The combined organic
layers were washed with brine, dried over anhydrous MgSO4, filtered, and concentrated
in vacuo to give Int-10 (3.8 g, 84% yield) as a yellow oil. 'H NMR (300 MHz, CDCl3)
6 1.44 —1.58 (m, 2H), 1.58 — 1.78 (m, 6H), 4.13 — 4.22 (m, 1H), 5.22 (br s, 2H). MS
(APCI, m/z) 102 [M+H]".

Ethyl (2E)-2-(cyclopentoxyimino)-2-(4-methylsulfonylphenyl)acetate and ethyl
(2Z)-2-(cyclopentoxyimino)-2-(4-methylsulfonylphenyl)acetate (Int-11)!

Q Int-10 0. 0
le} N N
o _NH, I_o l_o
w ~" EtoH - m -
Me\S (e} Me\S (e} Me\S (6]
6]

/) Z/\\ ZANY

(OJNe) O
Int-2 E-isomer Z-isomer

Int-11
E/Z=1/2 mixture
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A mixture of Int-2 (1.00 g, 3.90 mmol) and Int-10 (592 mg, 5.85 mmol) in EtOH (20
mL) was heated at 60°C and stirred for 24 hours. The reaction mixture was concentrated
in vacuo. The residue oil was purified by NH-silica gel column chromatography
(Hexane/EtOAc = 4/1 — 1/1) to give Int-11 (603 mg, 46% yield) as E/Z = 1/2 mixture.
"H NMR (300 MHz, CDCls) § 1.36 (t,J= 7.0 Hz, 0.9H), 1.38 (t, /= 7.1 Hz, 2.1 H), 1.55
—2.00 (m, 8H), 3.05 (s, 2.1H), 3.09 (s, 0.9H), 4.36 (q, /= 7.0 Hz, 0.6H), 4.43 (q, J= 7.2
Hz, 1.4H), 4.85 —4.93 (m, 0.7H), 4.93 — 4.98 (m, 0.3H), 7.58 (d, J = 8.6 Hz, 0.6H), 7.77
(d, /J=8.6 Hz, 1.4H), 7.94 (d, J= 8.6 Hz, 1.4H), 7.97 (d, /= 0.6H).

(2E)-2-(cyclopentoxyimino)-2-(4-methylsulfonylphenyl)acetic acid and (22)-2-
(cyclopentoxyimino)-2-(4-methylsulfonylphenyl)acetic acid (Int-12)

Y Y Y Q

ONOV

E-isomer

Int-11
E/Z=1/2 mixture

Z-isomer

2M aq NaOH N oH
Q)\( ~ MeoH
Me\S O
(0]

// \\ // \\

E-isomer Z-isomer
Int-12

E/Z=1/2 mixture

To a solution of Int-11 (588 mg, 1.73 mmol) in MeOH (1.8 mL) was added 2 M aq NaOH
(0.95 mL, 1.90 mmol) and the mixture was stirred at room temperature for 16 hour.
Additional 2 M aq NaOH (0.35 mL, 0.70 mmol) and the mixture was stirred at room
temperature for 4 hours. The reaction mixture was added 1 M aq HCI (2.6 mL) and stirred
for 30 minutes, then insolubles were collected by solvent decantation. The resulted
caramel was washed with THF and then concentrated in vacuo to give Int-12 (564mg,
quantitative yield) as a white paste. 'H NMR (300 MHz, DMSO-ds) § 1.44 — 1.83 (m,
8H), 3.22 (s, 2.1H), 3.27 (s, 0.9H), 4.71 — 4.78 (m, 0.7H), 4.78 — 4.84 (m, 0.3H), 7.61 (d,
J=28.6 Hz, 0.6H), 7.76 (d, J = 8.8 Hz, 1.4H), 7.95 (d, J= 8.6 Hz, 2H). MS (ESI, m/z)
643 [2M-2H+Na]".

(2E)-2-(cyclopentoxyimino)-2-(4-methylsulfonylphenyl)-/V-thiazol-2-yl-acetamide

(8a) and (22)-2-(cyclopentoxyimino)-2-(4-methylsulfonylphenyl)-N-thiazol-2-yl-
acetamide (8a’)
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To an ice-cooling solution of Int-12 (278 mg, 0.86 mmol), 2-aminothiazole (347 mg, 3.47
mmol) and DMAP (106 mg, 0.87 mmol) in CH2Cl2 (4.4 mL) was added EDC-HCI (332
mg, 1.73 mmol) in one portion. After being warmed to room temperature and stirred for
4 hours, the reaction mixture was quenched with additional water and the whole was
extracted with EtOAc. The organic layer was dried over Na2SOs, filtered, concentrated
under reduced pressure, and purified by silica gel column chromatography
(Hexane/EtOAc = 70/30 — 40/60) to give less polar isomer 8a’ (43 mg, 13% yield) as a
colorless solid and more polar isomer 8a (34 mg, 10% yield) as a colorless solid. (8a)
"H NMR (400 MHz, CDCl3) § 1.58 — 1.70 (m, 4H), 1.82 — 1.93 (m, 4H), 3.08 (s, 3H),
4.93 (m, 1H), 7.09 (d, J= 3.6 Hz, 1H), 7.51 (d, /= 3.6 Hz, 1H), 7.70 (d, J= 8.5 Hz, 2H),
8.02 (d, J = 8.8 Hz, 2H), 10.13 (br s, 1H). MS (APCI, m/z) 394 [M+H]*. (8a’) 'H
NMR (400 MHz, CDCl3) & 1.55 — 1.75 (m, 4H), 1.80 — 1.96 (m, 4H), 3.06 (s, 3H), 4.93
(m, 1H), 7.05 (d, J=3.6 Hz, 1H), 7.40 (d, J = 3.6 Hz, 1H), 7.89 (d, /= 8.8 Hz, 2H), 7.97
(d, J=8.5Hz, 2H), 11.60 (br s, IH). MS (APCI, m/z) 394 [M+H]".

Ethyl 2-(cyclopentoxyamino)-2-oxo-acetate (Int-13)

s N

O
Y
- > O‘NH

0. EtzN

0
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O
Int-10 Int-13

L J

To an ice-cooling solution of Int-10 (5.00 g, 49.4 mmol) and triethylamine (8.15 mL,
59.0 mmol) in THF (50 mL) was added a solution of chloroglyoxylic acid ethyl ester (5.0
mL, 45.0 mL) dropwise for 30 minutes. After being stirred for 30 minutes, the reaction
mixture was warmed to room temperature and stirred for 1 hour. The insolubles were
removed by filtration and the filtrate was concentrated to dryness. The residue was

purified by silica gel column chromatography (Hexane/EtOAc = 3/1) to give Int-13 (7.97
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g, 88% yield) as a pale yellow oil. 'H NMR (300 MHz, CDCl3) § 1.39 (t, J = 7.1 Hz,
3H), 1.52 - 1.64 (m, 2H), 1.66 — 1.96 (m, 6H), 4.35 (q, /= 7.2 Hz, 2H), 4.56 — 4.65 (m,
MS (APCI, m/z) 202 [M+H]". IR (nujol, cm™) 1693, 1757.

1H), 9.33 (s, 1H).

Ethyl (22)-2-bromo-2-(cyclopentoxyimino)acetate (Int-14)3?

Y

‘NH

Int-13

O
(0]

PPh,

CBr4
4>
MeCN

O\IN
Br)\f(o\/
O

Int-14

To a stirring solution of Int-13 (2.00 g, 10.0 mmol) and PPhs (3.93 g, 15.0 mmol) in
CH3CN (80 mL) was added CBr4 (4.97 g, 15.0 mmol) at room temperature. Then, the

reaction mixture was stirred at reflux temperature for 3 hours. After the mixture was

cooled to room temperature, the solvent was removed in vacuo. The residue caramel was

diluted with hexane (50 mL) — Et2O (50 mL) — CH3CN (10 mL) and insolubles were

removed by filtration. The filtrate was concentrated in vacuo. The residue was purified

by silica gel column chromatography (Hexane/EtOAc = 30/1) to give Int-14 (1.87 g, 87%

yield) as a pale yellow oil.

'H NMR (300 MHz, CDCl3) 5 1.38 (t, /= 7.0 Hz, 3H), 1.58

— 1.66 (m, 2H), 1.66 — 1.82 (m, 2H), 1.82 — 2.02 (m, 4H), 4.38 (q, J = 7.1 Hz, 2H), 5.02

(tt, J=15.4 Hz, 2.9 Hz, 1H).

MS (APCI, m/z) not ionized. IR (neat, cm™) 1566, 1738.

Anal. calcd for CoH14sNOsBr C: 40.93, H: 5.34, N: 5.30, Br: 30.25; found C: 40.79, H:
5.39, N: 5.25, Br: 30.26.

Ethyl (2E)-2-(cyclopentoxyimino)-2-(4-methylsulfanylphenyl)acetate (Int-15)*3

B(OH),

Q MeS©
0. PdCly(PPhj3),

I_0o_ 1Maq. Nay;CO;
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o) DME

microwave

Int-14

\ o
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Int-15

To a solution of Int-14 (5.28 g, 20 mmol) and 4-(methylthio)phenylboronic acid (5.04
g, 30 mmol) in 1,2-dimethoxyethane (120 mL) were added 1 M aq Na>CO3 (60 mL) and
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bis(triphenylphosphine)palladium(Il) dichloride (1.40 g, 2.0 mmol) under argon
atmosphere. The reaction mixture was warmed to 80°C with microwave irradiation and
stirred for 30 minutes. After cooled to room temperature, the reaction mixture was diluted
with EtOAc and the whole was washed with water, saturated aq NaHCO3, brine, dried
over Na2SOu, filtered, and concentrated in vacuo. The residue was purified by silica gel
column chromatography (Hexane/EtOAc = 50/1 — 30/1) to give Int-15 (4.20 g, 68%
yield) as a pale yellow oil. 'H NMR (300 MHz, CDCl3) § 1.35 (t,J= 7.1 Hz, 3H), 1.48
—1.72 (m, 4H), 1.76 — 1.92 (m, 4H), 2.50 (s, 3H), 4.34 (q, J = 7.1 Hz, 2H), 4.86 — 4.93
(m, 1H), 7.23 (d,/=8.8 Hz, 2H), 7.39 (d, /=8.8 Hz, 2H). MS (APCI, m/z) 308 [M+H]".

(2E)-2-(cyclopentoxyimino)-2-(4-methylsulfanylphenyl)acetic acid (Int-16)

s 3
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wov EtOH mOH
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Int-15 Int-16
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To a solution of Int-15 (4.00 g, 13.0 mmol) in EtOH (26 mL) was added 2 M aq NaOH

(13 mL, 26.0 mmol) and the mixture was stirred at room temperature for 2 hours. The
mixture was concentrated in vacuo to remove EtOH, and then the residue was diluted in
CHCIs and water, then acidified with 2 M aq HCI (13 mL) to pH 3. The whole was
extracted with CHCI3 3 times. The combined organic layers were dried over NaxSOx,
filtered, and concentrated in vacuo to give Int-16 (3.58 g, 99% yield) as a yellow powder.
'"H NMR (300 MHz, CDCI3) § 1.56 — 1.76 (m, 4H), 1.83 — 1.93 (m, 4H), 2.50 (s, 3H),
4.85—-4.95 (m, 1H), 7.26 (d, J = 8.8 Hz, 2H), 7.52 (d, J = 8.8 Hz, 2H). MS (ESI, m/z2)
278 [M-H].

(2E)-2-(cyclopentoxyimino)-N-(5-fluorothiazol-2-yl)-2-(4-
methylsulfanylphenyl)acetamide (Int-17)
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A solution of DMF (143 pL, 1.85 mmol) in dry THF (6 mL) was cooled to —25°C under
argon atmosphere and then treated with oxalyl chloride (154 pL, 1.76 mmol). The
reaction mixture was allowed to warm to room temperature, sirred for 15 minutes, and
re-cooled to —25°C. A solution of Int-16 (320 mg, 1.14 mmol) in THF (3 mL) was added
via syringe. The reaction mixture was stirred at 0°C for 1 hour and at room temperature
for 1 hour. After the reaction mixture was cooled to —45°C, a mixture of 2-amino-5-
fluorothiazole hydrochloride (1.13 g, 7.30 mmol) and triethylamine (1.02 mL, 7.30
mmol) in dry THF (3.0 mL) was added via pipet. The reaction mixture was then allowed
to warn to 0°C and stirred for 1 hour. The reaction was quenched with additional water
and saturated aq NaHCOs3. The whole was extracted with EtOAc 3 times. The combined
organic layers were dried over Na2SOs, filtered, and concentrated in vacuo. The residue
was purified by silica gel column chromatography (Hexane/EtOAc = 90/10 — 75/25) to
give Int-17 (59 mg, 14% yield) as colorless caramel. 'H NMR (500 MHz, DMSO-ds)
0 1.53 —1.67 (m, 4H), 1.75 — 1.91 (m, 4H), 2.51 (s, 3H), 4.85 —4.90 (m, 1H), 7.32 (d, J
= 8.6 Hz, 2H), 7.39 (d, J = 2.6 Hz, 1H), 7.49 (d, J = 8.5 Hz, 2H), 12.49 (s, 1H). MS
(APCI, m/z) 380 [M+H]".

(2E)-2-(cyclopentoxyimino)-/N-(5-fluorothiazol-2-yl)-2-(4-
methylsulfonylphenyl)acetamide (8b)

¥ ¥
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To a solution of Int-17 (46 mg, 0.12 mmol) in THF (3 mL) and MeOH (3 mL) was

added Oxone® (335 mg, 0.54 mmol) in water (2 mL) dropwise in ice-cooling temperature.
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The mixture was allowed to warm to room temperature and stirred for 2 hours. The
reaction was quenched with additional 10% aq Na2SO3 (4 mL) and saturated aqg NaHCO3
(3 mL), then the whole was extracted with EtOAc 3 times. The combined organic layers
were dried over Na2SOs, filtered, and concentrated in vacuo. The residue was purified by
silica gel column chromatography (Hexane/EtOAc = 80/20 — 50/50) to give 8b (36 mg,
74% yield) as a colorless powder. 'H NMR (500 MHz, DMSO-ds) § 1.52 — 1.64 (m,
4H), 1.78 = 1.91 (m, 4H), 3.28 (s, 3H), 4.91 —4.96 (m, 1H), 7.40 (d, J=2.4 Hz, 1H), 7.74
(d,J=8.5Hz, 2H), 8.01 (d,/=8.5 Hz, 2H), 12.57 (s, IH). MS (APCI, m/z) 412 [M+H]".

Methyl 2-(4-cyclopropylsulfonylphenyl)-2-oxo-acetate (Int-18)

( 1) CICOCO,Me )
AlCI;
CH,Cl, 0 o
—_ ~
ASO 2) mCPBA Asm
CH,Cl, 00
L Int-5 Int-18 y

To a solution of aluminum chloride (52.70 g, 395.4 mmol) in CH2Cl2 (300 mL) was
added chloroglyoxylic acid methyl ester (26.7 mL, 290 mmol) dropwise over 10 minutes
under ice-cooling bath temperature, and the mixture was stirred for 30 minutes at the same
temperature. Then, a solution of cyclopropyl phenyl sulfide (Int-5: 39.60 g, 263.5 mmol)
in CH2Cl2 (10 ml) was added dropwise to the above mixture over 15 minutes. After the
ice-water bath was removed, the reaction mixture was stirred at room temperature for 2
hours. Water was carefully added to the reaction mixture under ice-cooling bath
temperature, then the whole was extracted with EtOAc 3 times. The combined organic
layers were washed with water, saturated aq NaHCOs, brine, dried over anhydrous
MgSOs4, and concentrated in vacuo. The residue was triturated in EtOAc to give methyl
2-(4-cyclopropylsulfanylphenyl)-2-oxo-acetate as a yellow powder (43.51 g, 70% yield).
"H NMR (300 MHz, CDCl3) 6 0.65-0.83 (m, 2H), 1.07-1.29 (m, 2H), 2.20 (tt, J= 7.4 Hz
and 4.4 Hz, 1H), 3.97 (s, 3H), 7.44 (d, J = 8.8 Hz, 2H), 7.93 (d, /= 9.0 Hz, 2H). MS
(APCI, m/z) 237 [M+H]".

To a solution of methyl 2-(4-cyclopropylsulfanylphenyl)-2-oxo-acetate (5.00 g, 21.16
mmol) in THF (65 mL) and MeOH (65 mL) was added a solution of Oxone® (15.6 g,

25.39 mmol) in water (45 mL) under ice-cooling bath temperature. The mixture was
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allowed to warm to room temperature and stirred for 20 hours. An insoluble material was
removed by filtration and the filtrate was extracted with EtOAc 3 times. The combined
organic layers were washed with saturated aq NaHCO3, brine, dried over NaxSOs4, and
concentrated in vacuo. The residue was recrystallized from hexane — EtOAc to give Int-
18 as a colorless powder (3.86 g, 68% yield). 'HNMR (300 MHz, CDCl3) § 1.05—1.15
(m, 2H), 1.35 — 1.45 (m, 2H), 2.49 (tt, /= 7.9 Hz, 4.8 Hz, 1H), 4.02 (s, 3H), 8.05 (d, J =
8.8 Hz, 2H), 8.23 (d, J=8.8 Hz, 2H). MS (APCI, m/z) 286 [M+NH4]". IR (nujol, cm"
11693, 1735.  Anal. calcd for C12H120sS C: 53.72, H: 4.51, S: 11.95; found C: 53.72,
H: 4.51, S: 11.95.

Methyl (2E)-2-(cyclopentoxyimino)-2-(4-cyclopropylsulfonylphenyl)acetate (Int-
19) and Methyl (2Z2)-2-(cyclopentoxyimino)-2-(4-cyclopropylsulfonylphenyl)acetate
(Int-20)
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Int-18 Int-19 Int-20
E-isomer Z-isomer

To a mixture of Int-18 (10.0 g, 37.2 mmol) and Int-10 (4.86 g, 48.0 mmol) in MeOH
(100 mL) was added pyridinium p-toluenesulfonate (PPTS, 10 mg, 0.04 mmol) and the
mixture was stirred at room temperature for 12 hours. Further addition of Int-10 (3.54 g,
35.0 mmol), the mixture was stirred for 24 hours and concentrated in vacuo. The residual
oil was purified by silica gel column chromatography (Hexane/EtOAc = 65/35) to give
less polar isomer Int-20 (6.17 g, 47% yield) as yellow oil and more polar isomer Int-19
(3.05 g, 23% yield) as a colorless powder. (Int-19) 'H NMR (300 MHz, CDCl3) § 0.98
—1.16 (m, 2H), 1.34 — 1.43 (m, 2H), 1.50 — 1.68 (m, 4H), 1.76 — 1.90 (m, 4H), 2.49 (tt, J
= 5.8 Hz, 4.7 Hz, 1H), 3.90 (s, 3H), 4.94 (tt, /=4.2 Hz, 4.0 Hz, 1H), 7.57 (d, /= 8.6 Hz,
2H), 7.92 (d, J = 8.8 Hz, 2H). MS (APCI, m/z) 352 [M+H]". (Int-20) '"H NMR (300
MHz, CDCl3) 6 0.98 — 1.14 (m, 2H), 1.30 — 1.44 (m, 2H), 1.52 — 1.76 (m, 4H), 1.76 —
2.02 (m, 4H), 2.49 (tt, J=4.9 Hz, 4.7 Hz, 1H), 3.94 (s, 3H), 4.85 - 4.92 (m, 1H), 7.74 (d,
J=8.8 Hz, 2H), 7.90 (d, /= 8.8 Hz, 2H). MS (APCI, m/z) 352 [M+H]".
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A solution of Int-20 (6.17 g, 17.56 mmol) was dissolved in trifluoroacetic acid (60 mL)

and the mixture was stirred at room temperature for 3 days. The solvent was removed in
vacuo and the residual oil was purified by silica gel column chromatography
(Hexane/EtOAc = 3/1) to give Int-19 (3.72 g, 60% yield) and Int-20 (1.69 g, 27% yield).

O-[(3R)-tetrahydrofuran-3-yl|hydroxylamine;hydrochloride (Int-24)
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To a solution of N-hydroxyphthalimide (Int-22: 17.99 g, 110.3 mmol) and
triphenylphosphine (PPhs: 32.15 g, 122.58 mmol) in THF (360 mL) was added (S)-(+)-
3-hydroxytetrahydrofurane (Int-21: 9.0 g, 102.15 mmol), then cooled in ice-water bath
temperature. A solution of diisopropylazodicarboxylate (DIAD, 24.78 g, 122.58 mmol)
was added dropwise over 30 minutes. After being stirred at the same temperature for 1
hour, the reaction mixture was allowed to warm to room temperature and stirred for 15
hours. The reaction mixture was concentrated in vacuo and the residue oil was purified
by silica gel column chlomatography (Hexane/EtOAc = 65/35), then recrystallized from
EtOAc to give Int-23 (14.53 g, 61% yield) as a colorless powder. MS (APCI, m/z) 234
[M+H]". [a]p®®—10.02 (c = 1.00, MeOH).

To a solution of Int-23 in EtOH (31 mL) was added hydrazine monohydrate (1.54 mL,
31.87 mmol) and the mixture was stirred at reflux temperature for 30 minutes. To the
mixture was added concentrated HCI (3.4 mL), then the mixture was stirred more 5
minutes, diluted with water (10.8 mL) and cooled to room temperature. Insolubles were

removed by filtration and washed with EtOH (15 mL). The filtrate was concentrated in
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vacuo. The resulted solid was recrystallized from THF — Et20 to give Int-24 (2.28 g, 53%
'HNMR (500MHz, DMSO-ds) §2.00 —2.15 (m, 2H), 3.63
—3.70 (m, 2H), 3.76 (q, J= 7.7 Hz, 1H), 3.92 (d, /= 10.9 Hz, 1H), 4.75 — 4.90 (m, 1H),
10.77 (br s, 3H). MS (APCI, m/z) 104 [M+H]". mp 144 —145°C. [a]p*-0.99 (c =
1.01, MeOH). Anal caled for C4HoNO2-HCI C: 34.42, H: 7.22, N: 10.03, Cl: 25.40;
found C: 34.28, H: 7.35, N: 10.11, Cl: 25.35.

yield) as a colorless powder.

0-[(35)-tetrahydrofuran-3-yl|hydroxylamine;hydrochloride (Int-24")

0
o 0 Q 0]
DIAD, PPh H,NNH- - H.O
N , PPh; 2NNH;-H; .
§ S ¥ HON;;Q ThE (S) ON;j© CoH HCI
(R) (S)\n.
OH o o then HCI O-NH,
Int-21" Int-22 Int-23" Int-24"

The intermediate Int-23” was prepared in the same manner as described for Int-23
using Int-21° in 94% vyield as a colorless powder. MS (APCI, m/z) 234 [M+H]".
[a]p® +13.82 (c = 1.00, MeOH).

The title compound was prepared in the same manner as described for Int-24 using
'"H NMR (500MHz, DMSO-ds) & 2.00 —
2.15 (m, 2H), 3.63 — 3.70 (m, 2H), 3.76 (q, J = 7.7 Hz, 1H), 3.92 (d, J = 10.9 Hz, 1H),
4.77 — 4.88 (m, 1H), 10.77 (br s, 3H). MS (APCI, m/z) 104 [M+H]". [a]p®+1.19 (¢
=1.01, MeOH). mp 145—-146°C. Anal calcd for C4HoNO2-HCI C: 34.42, H: 7.22, N:
10.03, CI: 25.40; found C: 34.14, H: 7.30, N: 10.26, CI: 25.23.

Int-23’ in 92% yield as a colorless powder.

Methyl (2E)-2-(4-cyclopropylsulfonylphenyl)-2-[(3R)-tetrahydrofuran-3-
ylJoxyimino-acetate (Int-25) and Methyl (2Z)-2-(4-cyclopropylsulfonylphenyl)-2-

[(3R)-tetrahydrofuran-3-yljoxyimino-acetate (Int-26)

2 2
O Int-24 g g
o} l;
HCI
o N,O
~g 0 Pyrldlne O~
%) MeOH A 0 0
rt, 5h // \\ O// N
Int-18 Int-25 Int-26
E-isomer Z-isomer

To a mixture of Int-18 (5.0 g, 18.64 mmol) and Int-24 (3.12 g, 22.36 mmol) in MeOH
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(50 mL) was added pyridine (2.36 mL, 27.96 mmol) and the mixture was stirred at room
temperature for 5 hours. The mixture was concentrated in vacuo. The residual oil was
acidified with 1 M aq HCI and extracted with EtOAc. The organic layer was washed with
brine, dried over anhydrous MgSOs4, filtered, and concentrated in vacuo. The redidue oil
was purified by silica gel column chromatography (Hexane/EtOAc = 75/25 — 0/100) to
give less polar isomer Int-26 (4.68 g, 64% yield) as a colorless powder and more polar
isomer Int-25 (2.21 g, 34% yield) as colorless oil.  (Int-25) '"H NMR (300 MHz, CDCl3)
6 1.04 -1.13 (m, 2H), 1.35 — 1.44 (m, 2H), 2.05 — 2.26 (m, 2H), 2.49 (tt, /= 8.0 Hz, 4.8
Hz, 1H), 3.78 —=3.92 (m, 3H), 3.91 (s, 3H), 3.98 —4.03 (m, 1H), 5.08 — 5.14 (m, 1H), 7.59
(d, J = 8.8 Hz, 2H), 7.94 (d, J = 8.8 Hz, 2H). MS (APCI, m/z) 354 [M+H]". [a]p®
+13.97 (¢ = 1.00, MeOH).  (Int-26) '"H NMR (300 MHz, CDCl3) § 0.95 — 1.15 (m, 2H),
1.32 — 1.41 (m, 2H), 2.13 — 2.55 (m, 2H), 2.45 (tt, J = 7.9 Hz, 4.8 Hz, 1H), 3.82 — 3.97
(m, 3H), 3.96 (s, 3H), 3.99 — 4.06 (m, 1H), 5.03 — 5.09 (m, 1H), 7.74 (d, J = 8.8 Hz, 2H),
791 (d,J=8.8 Hz, 2H). MS (APCI, m/z) 354 [M+H]".

Oxime E/Z isomerization of Methyl (22)-2-(4-cyclopropylsulfonylphenyl)-2-[(3R)-
tetrahydrofuran-3-ylJoxyimino-acetate (Int-26)

(o} (e} (o}
Q‘\ g N g\
N‘-O CF3CO,H 0\‘N N-O
o +
O~ rt, 3days O O
A o] A o] A o]
//S\\ //s\\ //s\\
O O O O [ONe]
Int-26 Int-25 Int-26
Z-isomer E-isomer Z-isomer

In the same manner as described for Int-20 using Int-26, Int-25 was obtained in 64%
yield and Int-26 was obtained in 32% yield.

Methyl (2E)-2-(4-cyclopropylsulfonylphenyl)-2-[(35)-tetrahydrofuran-3-
ylJoxyimino-acetate (Int-25) and Methyl (2Z)-2-(4-cyclopropylsulfonylphenyl)-2-

[(3S)-tetrahydrofuran-3-yljoxyimino-acetate (Int-26")
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To a mixture of Int-18 (5.0 g, 18.64 mmol) and Int-24’ (3.12 g, 22.36 mmol) in MeOH
(50 mL) was added pyridine (2.36 mL, 27.96 mmol) and the mixture was stirred at room
temperature for 17 hours. The mixture was concentrated in vacuo. The residual oil was
acidified with 1 M aq HCI and extracted with EtOAc. The organic layer was washed with
brine, dried over anhydrous MgSOa4, filtered, and concentrated in vacuo. The redidue oil
was purified by silica gel column chromatography (Hexane/EtOAc = 75/25 — 0/100) to
give less polar isomer Int-26" (4.31 g, 65% yield) as a colorless powder and more polar
isomer Int-25" (2.54 g, 39% yield) as colorless oil. (Int-25’) 'H NMR (300 MHz,
CDCI3) 6 1.04 — 1.13 (m, 2H), 1.35 — 1.44 (m, 2H), 2.05 — 2.26 (m, 2H), 2.49 (tt, /= 8.0
Hz, 4.8 Hz, 1H), 3.78 — 3.92 (m, 3H), 3.91 (s, 3H), 3.98 — 4.03 (m, 1H), 5.08 — 5.14 (m,
1H), 7.59 (d, J = 8.8 Hz, 2H), 7.94 (d, J = 8.8 Hz, 2H). MS (APCI, m/z) 354 [M+H]".
[a]p?® —13.37 (¢ = 1.00, MeOH). (Int-26’) '"H NMR (300 MHz, CDCl3) § 0.95 — 1.15
(m, 2H), 1.32 — 1.41 (m, 2H), 2.13 — 2.55 (m, 2H), 2.45 (tt, /= 7.9 Hz, 4.8 Hz, 1H), 3.82
—3.97 (m, 3H), 3.96 (s, 3H), 3.99 — 4.06 (m, 1H), 5.03 — 5.09 (m, 1H), 7.74 (d, J = 8.8
Hz, 2H), 7.91 (d, J = 8.8 Hz, 2H). MS (APCI, m/z) 354 [M+H]".

(2E)-2-(cyclopentoxyimino)-2-(4-cyclopropylsulfonylphenyl)acetic acid (Int-27)

O Q-
OIN 2M aq NaOH
Asm “MeOH m
(o] o)
Int-19 Int-27

J

To a solution of Int-19 (6.7 g, 19.1 mmol) in MeOH (70 mL) was added 2 M aq NaOH

(14.3 mL, 28.6 mmol) and the mixture was stirred at ice-cooling temperature for 2 hours.
The mixture was diluted with CH2Cl2 and acidified with 2 M aq HCl to pH 3. The whole
was extracted with CH2Cl» three times. The combined organic layers were washed with
water, brine, dried over anhydrous MgSOs, filtered, and concentrated in vacuo. The

residue solid was triturated in Et20 to give Int-27 (5.8 g, 90% yield) as a colorless powder.
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'H NMR (500 MHz, DMSO-ds) & 1.02 — 1.11 (m, 2H), 1.11 — 1.22 (m, 2H), 1.49 — 1.58
(m, 4H), 1.66 — 1.86 (m, 4H), 2.89 — 2.97 (m, 1H), 4.80 — 4.86 (m, 1H), 7.62 (d, J= 8.2
Hz, 2H), 7.93 (d, J = 8.4 Hz, 2H), 13.54 (br s, 1H). MS (APCI, m/z) 673 [2M-HT-.

(2E)-2-(4-cyclopropylsulfonylphenyl)-2-[(3R)-tetrahydrofuran-3-ylJoxyimino-
acetic acid (Int-28)
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Int-25 Int-28

J

The title compound was prepared in the same manner as described for Int-27 using
Int-25 in 90% vyield as a colorless powder. 'H NMR (500 MHz, DMSO-ds) & 1.01 —
1.12 (m, 2H), 1.12 - 1.21 (m, 2H), 1.93 — 2.03 (m, 1H), 2.07 — 2.18 (m, 1H), 2.86 — 2.99
(m, 1H), 3.63 — 3.73 (m, 2H), 3.73 — 3.87 (m, 2H), 5.02 — 5.08 (m, 1H), 7.66 (d, J = 8.5
Hz, 2H), 7.95 (d, J = 8.3 Hz, 2H), 13.62 (br s, 1H). MS (APCI, m/z) 354 [M+H]".
[a]p?®+14.71 (¢ = 1.01, MeOH).

(2E)-2-(4-cyclopropylsulfonylphenyl)-2-[(3S5)-tetrahydrofuran-3-yljoxyimino-
acetic acid (Int-28”)
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The title compound was prepared in the same manner as described for Int-27 using
Int-25’ in 87% yield as a colorless powder. 'H NMR (500 MHz, DMSO-d¢) § 1.01 —
1.12 (m, 2H), 1.12 - 1.21 (m, 2H), 1.93 - 2.03 (m, 1H), 2.07 — 2.18 (m, 1H), 2.86 — 2.99
(m, 1H), 3.63 — 3.73 (m, 2H), 3.73 — 3.87 (m, 2H), 5.02 — 5.08 (m, 1H), 7.66 (d, J = 8.5
Hz, 2H), 7.95 (d, J = 8.3 Hz, 2H), 13.62 (br s, IH). MS (APCI, m/z) 354 [M+H]".
[a]p® —14.14 (¢ = 1.00, MeOH).

(2E)-2-(cyclopentoxyimino)-2-(4-cyclopropylsulfonylphenyl)-/NV-(5-fluorothiazol-
2-ylacetamide (10a)
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To an ice-cooling solution of Int-27 (100 mg, 0.296 mmol), 2-amino-5-
fluorothiazole (137 mg, 0.888 mmol) and DMAP (54 mg, 0.444 mmol) in CH2Cl2 (3 mL)
was added EDC (80 pL, 0.444 mmol) in one portion. Then the mixture was stirred at
room temperature for 24 hours and concentrated to dryness. The residue was purified by
silica gel column chromatography (CHCI3/MeOH = 100/0 — 95/5) to give 10a (51 mg,
39% vyield) as a colorless powder. 'H NMR (300 MHz, CDCl3) § 1.02 — 1.12 (m, 2H),
1.34 - 1.42 (m, 2H), 1.56 — 1.70 (m, 4H), 1.78 — 1.93 (m, 4H), 2.44 — 2.55 (m, 1H), 4.87
—4.97 (m, 1H), 7.09 (d, J = 2.7 Hz, 1H), 7.65 (d, J = 8.8 Hz, 2H), 7.97 (d, J = 8.8 Hz,
2H), 9.86 (s, 1H). MS (APCI, m/z) 438 [M+H]".

(2E)-2-(cyclopentoxyimino)-2-(4-cyclopropylsulfonylphenyl)-/NV-(5-formylthiazol-
2-yl)acetamide (Int-29)
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To an ice-cooling solution of Int-27 (2.40 g, 7.11 mmol), 2-amino-5-formylthiazole
(1.18 g, 9.25 mmol) and DMAP (1.04 g, 8.53 mmol) in CH2Cl> (60 mL) was added
EDC-HCI (1.68 g, 8.53 mmol) in one portion. Then the mixture was stirred at room
temperature for 18 hours and concentrated to dryness. The residue was purified by silica
gel column chromatography (CHCI3/MeOH = 100/0 — 98/2) and then triturated in Et20
to give Int-29 (1.66 g, 52% yield) as a yellowish powder. 'H NMR (500 MHz, DMSO-
de) 6 1.05 —1.12 (m, 2H), 1.13 — 1.22 (m, 2H), 1.50 — 1.65 (m, 4H), 1.75 — 1.95 (m, 4H),
2.92 —-2.98 (m, 1H), 4.90 — 5.00 (m, 1H), 7.76 (d, J = 8.5 Hz, 2H), 7.99 (d, J = 8.4 Hz,
2H), 8.52 (s, 1H), 10.00 (s, 1H), 13.13 (br s, IH). MS (APCI, m/z) 448 [M+H]".

(2E)-2-(4-cyclopropylsulfonylphenyl)-/V-(5-fluorothiazol-2-yl)-2-[(3R)-
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tetrahydrofuran-3-yl]oxyimino-acetamide (10d)
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The title compound was prepared in the same manner as described for 10a using Int-
'"H NMR (300 MHz, CDCI3) §
1.00-1.18 (m, 2H), 1.32-1.43 (m, 2H), 2.08-2.32 (m, 2H), 2.49 (tt, J = 8.0 Hz, 4.9 Hz,
1H), 3.80-3.95 (m, 3H), 4.04 (d, /= 10.8 Hz, 1H), 5.07-5.13 (m, 1H), 7.10 (d, /J=2.9 Hz,
1H), 7.67 (d, J = 8.6 Hz, 2H), 7.98 (d, J = 8.6 Hz, 2H), 9.84 (s, 1H). MS (APCI, m/z)
440 [M+H]". HPLC 99.34% (fr = 11.6 min, L-column ODS (5 uM particle size,
4.6 x 150 mm), CH3CN/20 mM phosphate buffer (pH 6.5) (40/60)).

28 instead of Int-27 in 32% yield as a colorless powder.

(2E)-2-(4-cyclopropylsulfonylphenyl)-/V-(5-fluorothiazol-2-yl)-2-[(35)-
tetrahydrofuran-3-yljoxyimino-acetamide (10d’)
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The title compound was prepared in the same manner as described for 10a using Int-
'H NMR (300 MHz, CDCl3) § 1.00-1.18 (m,
2H), 1.32-1.43 (m, 2H), 2.08-2.32 (m, 2H), 2.49 (tt, J = 8.0 Hz, 4.9 Hz, 1H), 3.80-3.95
(m, 3H), 4.04 (d, J=10.8 Hz, 1H), 5.07-5.13 (m, 1H), 7.10 (d, /= 2.9 Hz, 1H), 7.67 (d,
J=8.6 Hz, 2H), 7.98 (d, /= 8.6 Hz, 2H), 9.84 (s, 1H). MS (APCI, m/z) 440 [M+H]".

28’ in 32% yield as a colorless powder.

(2E)-2-(4-cyclopropylsulfonylphenyl)-/NV-(5-methylthiazol-2-yl)-2-[ (3R)-

tetrahydrofuran-3-yljoxyimino-acetamide (10e)
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The title compound was prepared in the same manner as described for 10a using Int-
28 and 2-amino-5-methylthiazole in 70% yield as a colorless solid. 'H NMR (300 MHz,
CDCI3) 6 1.03 — 1.13 (m, 2H), 1.35 - 1.45 (m, 2H), 2.07 - 2.31 (m, 2H), 2.43 (d, J= 1.1
Hz, 3H), 2.44-2.55 (m, 1H), 3.80 — 3.95 (m, 3H), 4.04 (d, /= 10.8 Hz, 1H), 5.04 — 5.20
(m, 1H), 7.15 (q,J= 1.3 Hz, 1H), 7.69 (d, J = 8.8 Hz, 2H), 7.97 (d, J = 8.6 Hz, 2H), 9.98
(brs, 1H). MS (APCI, m/z) 436 [M+H]".

(2E)-2-(4-cyclopropylsulfonylphenyl)-V-(5-formylthiazol-2-yl)-2-[(3R)-

tetrahydrofuran-3-yljoxyimino-acetamide (Int-30)
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The title compound was prepared in the same manner as described for Int-29 using
Int-28 instead of Int-27 in 32% yield as a yellowish powder. 'H NMR (500 MHz,
DMSO-d¢) 6 1.06 — 1.13 (m, 2H), 1.13 — 1.20 (m, 2H), 2.09 — 2.23 (m, 2H), 2.91 — 2.99
(m, 1H), 3.67 —3.81 (m, 3H), 4.03 (d, /= 10.8 Hz, 1H), 5.12 - 5.17 (m, 1H), 7.79 (d, J =
8.3 Hz, 2H), 7.99 (d, J = 8.5 Hz, 2H), 8.51 (s, 1H), 9.99 (s, 1H), 13.22 (br s, 1H). MS
(APCI, m/z) 450 [M+H]".

(2E)-2-(cyclopentoxyimino)-2-(4-cyclopropylsulfonylphenyl)-NV-[5-](4-
methylpiperazin-1-yl)methyl]thiazol-2-yl]acetamide (10b)
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To a stirred solution of Int-29 (100 mg, 0.22 mmol), 1-methylpiperazine (33.6 mg, 0.34
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mmol) in CH2CL2 (3 mL) was added sodium triacetoxyborohydride (72 mg, 0.34 mmol)
in one portion. Then the mixture was stirred at room temperature for 24 hours. The
reaction was diluted with water and extracted with CHCls. The organic extract was dried
over NaxSOu, filtered, and concentrated in vacuo. The residue was purified by NH-silica
gel column chromatography (CHCl3/MeOH = 100/0 — 95/5) to give 10b (94.7 mg, 80%
yield) as a colorless powder. 'HNMR (300 MHz, CDCl3) § 1.03 — 1.11 (m, 2H), 1.35 —
1.43 (m, 2H), 1.57 - 1.71 (m, 4H), 1.82 — 1.92 (m, 4H), 2.27 (s, 3H), 2.20 — 2.70 (m, 8H),
2.43 —2.55 (m, 1H), 3.69 (d, J = 0.9 Hz, 2H), 4.88 — 4.96 (m, 1H), 7.29 (s, 1H), 7.68 (d,
J=8.6 Hz, 2H), 7.95 (d, J= 8.8 Hz, 2H), 10.00 (brs, IH). MS (APCI, m/z) 532 [M+H]".

(2E)-N-|5-|(4-acetylpiperazin-1-yl)methyl|thiazol-2-yl]-2-(cyclopentoxyimino)-2-
(4-cyclopropylsulfonylphenyl)acetamide (10c)
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The title compound was prepared in the same manner as described for 10b using 1-
acetylpiperadine in 86% yield as a colorless powder. 'H NMR (300 MHz, CDCl3) &
1.02 - 1.12 (m, 2H), 1.34 — 1.43 (m, 2H), 1.56 — 1.72 (m, 4H), 1.78 — 1.94 (m, 4H), 2.08
(s, 3H), 2.41 — 2.53 (m, 5H), 3.45 (t, /= 5.4 Hz, 1H), 3.61 (t, /= 5.4 Hz, 1H), 3.71 (s,
2H), 4.88 —4.96 (m, 1H), 7.29 (s, 1H), 7.67 (d, J= 8.6 Hz, 2H), 7.96 (d, J = 8.6 Hz, 2H),
10.10 (s, 1H). MS (APCI, m/z) 560 [M+H]".

(2E)-N-|5-|(4-acetylpiperazin-1-yl)methyl|thiazol-2-yl]-2-(4-
cyclopropylsulfonylphenyl)-2-[(3R)-tetrahydrofuran-3-yljoxyimino-acetamide
(10g)
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To a stirred solution of Int-30 (500 mg, 1.11 mmol), 1-acetylpiperazine (428 mg, 3.34
mmol) in CHCI3 (20 mL) was added sodium triacetoxyborohydride (707 mg, 3.34 mmol)
in one portion. Then the mixture was stirred at room temperature for 20 hours. The
reaction was diluted with saturated aqg NaHCOs3 and extracted with EtOAc 3 times. The
combined organic layers were dried over NaxSOs, filtered, and concentrated in vacuo.
The residue was purified by silica gel column chromatography (CHCl3/MeOH = 100/0 —
95/5) and then recrystallization from EtOAc — hexane to give 10g (551 mg, 89% yield)
'H NMR (300 MHz, CDCl3) § 1.03 — 1.13 (m, 2H), 1.34 — 1.44
(m, 2H), 2.07 (s, 3H), 2.10 — 2.32 (m, 2H), 2.42 — 2.55 (m, 5H), 3.45 (t, /= 5.0 Hz, 2H),
3.61 (t,J=5.0 Hz, 1H), 3.71 (d, J= 0.7 Hz, 2H), 3.80 — 3.96 (m, 2H), 4.05 (d, /= 11.0
Hz, 1H), 5.06 — 5.12 (m, 1H), 7.29 (s, 1H), 7.69 (d, J = 8.8 Hz, 2H), 7.97 (d, J = 8.8 Hz,
2H), 10.00 (s, 1H). MS (APCI, m/z) 562 [M+H]". Anal caled for C25H31N506S2 C:
53.39, H: 5.56, N: 12.47, S: 11.42; found C: 53.39, H: 5.44, N: 12.44,S: 11.35. mp 159
—161°C.

as a colorless powder.

(2E)-2-(4-cyclopropylsulfonylphenyl)-V-[5-[[(3R)-3-methylpiperazin-1-
yllmethyl]thiazol-2-yl]-2-[(3R)-tetrahydrofuran-3-yljoxyimino-acetamide (Int-31)
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The title compound was prepared in the same manner as described for 10g using (R)-
"H NMR (300 MHz, CDCI3) §
1.02 (d, J=6.4 Hz, 3H), 1.03 — 1.13 (m, 2H), 1.35 — 1.45 (m, 2H), 1.74 (t, /= 10.4 Hz,
1H), 2.00 — 2.30 (m, 3H), 2.49 (tt, ] = 7.9 Hz, 4.8 Hz, 1H), 2.75 — 3.02 (m, 5H), 3.68 (s,
2H), 3.80 — 3.95 (m, 3H), 4.05 (d, /= 10.8 Hz, 1H), 5.05 — 5.15 (m, 1H), 7.28 (s, 1H),

2-methylpiperazine in 49% yield as a yellowish powder.
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7.68 (d, J = 8.8 Hz, 2H), 7.97 (d, J = 8.8 Hz, 2H), 9.20 — 9.50 (br s, 1H).

m/z) 534 [M+H]".

MS (APCI,

(2E)-2-(4-cyclopropylsulfonylphenyl)-N-[5-[[(3S5)-3-methylpiperazin-1-

yllmethyl]thiazol-2-yl]-2-[(3R)-tetrahydrofuran-3-ylJoxyimino-acetamide (Int-32)

Vs

.

Q *NH go
N N
q\\\ HNJvMe (S) ‘\(R)
ON NaBH(OAc)s ON H
NN NN
A T Cp  cHCL A TT J{
(o)e} CHO o0 N NH
;(
Int-30 Int32 (S Me

N

J

The title compound was prepared in the same manner as described for 10g using (5)-
2-methylpiperazine in 73% yield as a yellowish powder. 'H NMR (300 MHz, CDCl3)
61.01(d,J=6.2 Hz, 3H), 1.03 — 1.13 (m, 2H), 1.35 - 1.45 (m, 2H), 1.72 (t,J = 10.4 Hz,
1H), 2.00 — 2.32 (m, 3H), 2.49 (tt, ] = 7.9 Hz, 4.8 Hz, 1H), 2.74 — 3.00 (m, 5H), 3.68 (s,
2H), 3.80 — 3.95 (m, 3H), 4.04 (d, J = 10.8 Hz, 1H), 5.05 — 5.12 (m, 1H), 7.29 (s, 1H),
7.69 (d, J= 8.8 Hz, 2H), 7.97 (d, /= 8.6 Hz, 2H).  MS (APCI, m/z) 534 [M+H]".

(2E)-2-(4-cyclopropylsulfonylphenyl)-/V-[5-(hydroxymethyl)thiazol-2-yl]-2-[(3R)-

tetrahydrofuran-3-yljoxyimino-acetamide (10f)

( O o N\
(3 g\
On NaBH, ON
NN —_— N
A L9 wmeon A Ty
oh CHO ore OH
Int-30 10f

To an ice-cooling suspension of Int-30 (20.0 g, 44.5 mmol) in MeOH (400 mL) was
added sodium borohydride (3.37 g, 89.1 mmol) in one portion. The reaction mixture was
stirred at the same temperature for 3 hours and quenched with additional 1 M aq HCI to
pH 5. The mixture was extracted with CHCls 3 times. The combined organic layers were
dried over Na>SOs, filtered, and concentrated in vacuo. The residue oil was purified by
silica gel column chromatography (CHCl3/MeOH = 95/5 — 85/15) to give 10f (21.03 g,
"H-NMR (300 MHz, CDCl3) § 1.02 — 1.14
(m, 2H), 1.35 —1.42 (m, 2H), 1.98 (t,J = 5.1 Hz, 1H), 2.08 — 2.32 (m, 2H), 2.49 (tt, J =
7.9 Hz, 4.8 Hz, 1H), 3.81 —3.95 (m, 3H), 4.04 (dt, /= 10.8 Hz, 1.1 Hz, 1H), 4.84 (d, J =

quantitative yield) as a yellowish powder.

=75 -



5.1 Hz, 2H), 5.06 — 5.12 (m, 1H), 7.39 (t, J = 0.8 Hz, 1H), 7.69 (d, J = 8.8 Hz, 2H), 7.98
(d, J = 8.3 Hz, 2H), 10.18 (br s, IH). MS (APCI, m/z) 452 [M+H]". HPLC 99.40%
(g = 7.4 min, L-column ODS (5 uM particle size, 4.6 x 150 mm), CH3;CN/20
mM phosphate buffer (pH 6.5) (30/70)).

(2E)-N-[5-11(3R)-4-acetyl-3-methyl-piperazin-1-yljmethyl]| thiazol-2-yl]-2-(4-
cyclopropylsulfonylphenyl)-2-[(3R)-tetrahydrofuran-3-ylJoxyimino-acetamide

(10h)
( )
Q o}
& &
AcClI
o} o}
NoH iProNEt N
NN > NN
AL Y AL Ty
S o s CHCl; s o} { ~ 0
00 N_NH 00 NN
Int31 (R e 10h (R) g M€
(. J/

To an ice-cooling mixture of Int-31 (30.0 mg, 0.037 mmol) and diisopropyl ethyl
amine (20 pL, 0.112 mmol) in CHCI3 (1.5 mL) was added acetyl chloride (4 pL, 0.055
mmol). The reaction mixture was stirred at room temperature for 12 hours and quenched
with additional saturated aqg NaHCOs3. The mixture was extracted with CHCI3 three times.
The combined organic layers were dried over Na2SOs, filtered, and concentrated in vacuo.
The residue oil was purified by silica gel column chromatography (CHCI3/MeOH = 97/3)
to give 10h (20.0 mg, 67% yield) as a colorless powder. 'H NMR (300 MHz, CDCl3) §
1.03 — 1.13 (m, 2H), 1.22 (d, J = 7.0 Hz, 1.5H), 1.32 (d, J = 6.4 Hz, 1.5H), 1.35 - 1.45
(m, 2H), 2.00 — 2.30 (m, 4H), 2.06 (s, 1.5H), 2.08 (s, 1.5H), 2.49 (tt, ] = 7.9 Hz, 4.8 Hz,
1H), 2.72 (t,J = 9.7 Hz, 1H), 2.82 — 3.02 (m, 1.5H), 3.30 — 3.60 (m, 1H), 3.60 — 3.80 (m,
2H), 3.80 —4.00 (m, 3.5H), 4.04 (d, /= 10.8 Hz, 1H), 4.32-4.45 (m, 0.5H), 4.65-4.82 (m,
0.5H), 5.09 (ddt, J=5.9 Hz, 4.3 Hz, 1.7 Hz, 1H), 7.29 (s, 1H), 7.69 (d, J = 8.8 Hz, 2H),
7.97 (d, J = 8.6 Hz, 2H), 10.02 (br s, 1H). MS (APCI, m/z) 576 [M+H]".

(2E)-N-[5-[(3S)-4-acetyl-3-methyl-piperazin-1-yljmethyl]thiazol-2-yl]-2-(4-
cyclopropylsulfonylphenyl)-2-[(3R)-tetrahydrofuran-3-ylJoxyimino-acetamide (10i)
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The title compound was prepared in the same manner as described for 10h using Int-
32 in 57% yield as a colorless powder. 'H NMR (300 MHz, CDCI3) § 1.03 — 1.13 (m,
2H), 1.22 (d, J= 7.0 Hz, 1.5H), 1.32 (d, J = 6.4 Hz, 1.5H), 1.35 — 1.44 (m, 2H), 2.00 —
2.32 (m, 4H), 2.05 (s, 1.5H), 2.08 (s, 1.5H), 2.48 (tt, /= 7.9 Hz, 4.8 Hz, 1H), 2.71 (t, J =
9.7 Hz, 1H), 2.82 —3.00 (m, 1.5H), 3.30 — 3.58 (m, 1H), 3.60 — 3.80 (m, 2H), 3.80 — 4.00
(m, 3.5H), 4.04 (d, /= 10.8 Hz, 1H), 4.33 — 4.43 (m, 0.5H), 4.65 — 4.85 (m, 0.5H), 5.05
—5.13 (m, 1H), 7.29 (s, 1H), 7.69 (d, J = 8.6 Hz, 2H), 7.97 (d, J = 8.6 Hz, 2H), 10.00 (br
s, IH). MS (APCIL, m/z) 576 [M+H]". HPLC 99.95% (#& = 9.2 min, L-column
ODS (5 uM particle size, 4.6 x 150 mm), CHsCN/20 mM phosphate buffer (pH
6.5) (35/65)). Anal. caled for CasH33NsOeS2 C: 54.24, H: 5.78, N:12.17, S: 11.14;
found C: 54.13, H: 5.78, N: 12.10, S: 11.07. [alp22 +71.45 (¢=1.01, MeOH). mp
163.5 — 164.5°C.

Pharmacology

Effects of 10i (TA-2395) on insulin secretion in MING6 cells.
Materials and methods
Cell culture

MING cells were cultured for 2 days in 24-well plates at the density of 2x10°
cells/mL/well with Dulbecco’s Modified Eagle’s Medium (DMEM containing 25 mM
glucose, Invitrogen, UK) supplemented with 15% fetal bovine serum, 50 U/mL penicillin
and 50 pg/mL streptomycin under a humidified condition of 5% C02-95% air at 37 °C.
Assay for insulin secretion

MING6 cells were preincubated for 0.5 hours in HEPES-balanced Krebs-Ringer
bicarbonate (HEPES-KRB) buffer (119 mM NaCl, 4.74 mM KCl, 2.54 mM CaCl, 1.19
mM MgClz, 1.19 mM KH2POs4, 25 mM NaHCO3s, 10 mM HEPES, pH 7.4) containing

0.5% BSA and 5 mM glucose at 37 °C. For determination of insulin secretion, cells were

incubated for 1 hour in HEPES-KRB bufter containing 0.5% BSA, various concentrations
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(0 to 25 mM) of glucose and test compounds at 37 °C.  Test compounds were dissolved
in dimethyl sulfoxide (DMSO) and added to the buffer with the volume of 0.5% (v/v).
The supernatant was collected after the incubation to measure the amount of secreted
insulin.  Insulin concentration was determined by a radioimmunoassay using Rat Insulin
['2°]] Biotrak Assay System (Amersham Biosciences). Results were expressed as ng of
insulin per hour and mg protein.

Determination of cellular protein

After the release experiment, cells were washed three times with saline and solubilized
by 1% SDS solution. The cellular protein content was determined using a BCA protein
assay kit (PIERCE).

Analysis of ECso values

For construction of concentration-response curves, effects of 10i (TA-2395) was
determined at a glucose concentration of 5 mM. The response was expressed as percent
of the maximum increase induced by the compounds. The ECso value in each experiment
was analyzed by GraphPad Prism3.02. Mean ECso values and 95% confidence intervals
(95% CI) were estimated from the results of 3 experiments.

Statistical analysis

Statistical analysis for the effects of 10i (TA-2395) was performed using Student’s z-
test with EXSAS 7.5.3.1. P values less than 0.05 were considered statistically
significant. ~ The concentration-dependency of the effects of TA-2395 on insulin
secretion were assessed by the nonlinear regression analysis method using SAS 8.2. P
values less than 0.05 were considered concentration-dependent. The concentration-
dependency of the effects of glucose on insulin secretion were assessed by the linear
regression analysis method using EXSAS 7.5.3.1. P values of test for slope less than

0.05 were considered concentration-dependent.

Effects of 10i (TA-2395) on glucose phosphorylation in rat primary hepatocytes
Materials and methods

Hepatocyte isolation and culture

Hepatocytes were isolated by perfusion of rat liver with collagenase in the Department
of Exploratory Toxicology, Exploratory Toxicology and DMPK Research Laboratories
of TANABE Seiyaku Co., Ltd.. They were suspended in William’s E medium
containing 5% FBS, 1 uM insulin, 1 uM dexamethasone, 6.25 pg/mL transferrin, 6.25
ng/mL selenium, 100 U/mL penicillin and 100 pg/mL streptomycin, and seeded in
collagen-coated 24-well plates at the density of 2x10° cells/mL/well. After 2-hour

incubation in a 5% CO2/air incubator, the medium was replaced by serum-free a-MEM
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containing 10 nM dexamethasone, 6.25 pg/mL transferrin, 6.25 ng/mL selenium, 100
U/mL penicillin and 100 pg/mL streptomycin, and the cells were cultured for 16 ~ 20
hours before the experiments.

Assay for glucose phosphorylation

For determination of glucose phosphorylation, cells were incubated for 3 hours in
Hanks’ balanced salt solution containing 1.5 uCi/mL of [2-’H] glucose and test
compounds. Test compounds were dissolved in dimethyl sulfoxide (DMSO) and added
to the buffer with the volume of 0.5% (v/v). The supernatant was collected after the
incubation for determination of *H20 converted from [2-*H] glucose. *H20 was separated
with AG1x8 resin (borate form). Radioactivity was measured by a liquid scintillation
counter (2200CA TRI-CARB®, Packard). Glucose phosphorylation was expressed by
nmol of *H20 formation per hour and mg protein.

Determination of cellular protein

Cells were washed twice with saline and solubilized by 1% SDS solution. Cellular
protein was determined by using a BCA protein assay kit (PIERCE).

Analysis of ECso values

For construction of concentration-response curves, increased phosphorylation by 10i
(TA-2395) was determined at glucose concentrations of 5 and 15 mM. The response
was expressed as the percent of the maximum increase induced by 10i (TA-2395). The
ECso value in each experiment was analyzed by GraphPad Prism3.02. Mean ECso
values and 95% confidence intervals (95% CI) were estimated from the results of 3
experiments.

Statistical analysis

Statistical analysis for the effects of 10i (TA-2395) was performed using Student’s #-
test with EXSAS 7.5.3.1. P values less than 0.05 were considered statistically
significant. Nonlinear regression analysis method was used to assess the concentration-
dependency of the effects of TA-2395 on increase of phosphorylation with SAS 8.2. P
values less than 0.05 were considered concentration-dependent. Linear regression
analysis method was used to assess the concentration-dependency of the effect of glucose
on glucose phosphorylation with EXSAS 7.5.3.1. P values of test for slope less than

0.05 were considered concentration-dependent.

Hypoglycemic and insulinotropic effects of 10i (TA-2395), glimepiride and
metformin in Sprague-Dawley (SD) rats.
Materials and methods

Animals
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Male 5-week-old SD rats (Charles River Japan Inc., Tokyo, Japan) were kept in an air-
conditioned room with controlled temperature (23 + 2°C), humidity (55 + 15%) and 12
hour light—dark cycle to acclimatize for one week. They were allowed free access to an
ordinary rodent chow diet (CRF1; Oriental Yeast Co., Ltd., Tokyo, Japan) and water.
The Animal Ethics Committee of TANABE Seiyaku Co., Ltd. approved all the
experimental procedures.

Grouping

Rats were weighed at 9:00. Blood samples of 10 uL were taken from tail tips under
conscious state to measure the blood glucose levels. Then, rats were divided into
experimental groups matched for blood glucose levels and body weights (CV < 10%).

Compound administration and blood sampling

Compounds were dissolved or suspended in 0.1% Nikkol HCO-40 (polyoxyethylene
hydrogenated castor oil 40) solution (vehicle) and administered by oral gavage with the
volume of 10 mL/kg at 13:00. Blood samples (210 puL) were taken from tail tips under
conscious state just before and 0.5, 1, 2, 4 and 7 hours after the administration. Blood
sample of 10 pL was used for measuring the blood glucose level, and the plasma was
separated from the rest of the blood in 1.5 mL test tubes containing 4 pL heparin. All rats
were euthanized by excess CO2 gas at the end of experiment.

Analytical methods
[Blood glucose] Blood samples were deproteinized with 0.1 N ZnSOs and 0.075 N

Ba(OH): following the complete hemolysis with 9 volumes of pure water. After

centrifugation with 1,500xg at 4°C for 10 minutes, the glucose concentration of the
supernatant was determined using commercially available colorimetric enzymatic assay
kits (Glucose CII-test Wako, Wako Pure Chemical Industries, Ltd.).

[Plasma insulin] Plasma samples were obtained by centrifugation with 1,500xg at 4 °C
for 10 minutes of heparin-treated blood. Plasma insulin levels were measured by
radioimmunoassay using Rat Insulin ['*’I] Biotrak Assay System (GE Healthcare
Biosciences).

Statistical analysis

Significant differences between groups were evaluated by repeated measurement
ANOVA followed by Dunnett’s method (EXSAS Version 7.5.0, Arm). P values less

than 0.05 were considered statistically significant.

Oral Glucose Tolelance Test (OGTT) of 10i (TA-2395) in GK rats
Male 8-week-old GK and Wistar rats (GK/slc, Wistar/slc) (SLC Japan, Inc., Inasa,
Shizuoka, Japan) were kept in a temperature (23 + 2°C) and humidity (55 + 15%)
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controlled room with a 12-h light-dark cycle and allowed free access to an ordinary
rodent chow diet (CRF1; Oriental Yeast Co., Ltd., Tokyo, Japan) and tap water. Oral
glucose tolerance test was carried out at 12 weeks old. The Animal Ethics Committee
of Tanabe Seiyaku Co., Ltd. approved all the experimental procedures.

Rats were divided into the experimental groups matched for blood glucose levels and
body weights.

Rats were fasted from 16:00 on the day before the experiment. TA-2395 was dissolved
or suspended in 0.1% NIKKOL (HCO-40) (vehicle) and administered by oral gavage with
the volume of 10 mL/kg at 13:00 (-1 hour). Wistar and control GK rats received the
same volume of vehicle. D-(+)-glucose was orally given by a stomach tube (1 g/10
mL/kg) 1 hour after the TA-2395 administration. Blood samples were taken from tail
tips under conscious state just before and 0.25, 0.5, 1 and 2 hours after the glucose
challenge.

Blood samples were deproteinized with 0.1 N ZnSO4 and 0.075 N Ba(OH): following
the complete hemolysis with 9 volumes of pure water. After centrifugation with 1,500
x g at 4°C for 10 minutes, the glucose concentration of the supernatant was determined
using Glucose C-II Test Wako (Wako Pure Chemical Industries, Ltd.).

Significant differences between groups were evaluated by repeated- measurement
ANOVA followed by Dunnett’s method (EXSAS Ver 7.5.0 and 7.5.2). P values less

than 0.05 were considered statistically significant.
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Stepl. Preparation of methyl 2-(4-cyclopropylsulfanylphenyl)-2-oxo-acetate (Int-

33).
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A solution of aluminum chloride (2.7 kg, 20.0 mol) in CH2Cl> (18 L) was cooled to
5°C and chloroglyoxylic acid methyl ester (2.0 kg, 16.0 mol) was added dropwise under
the same temperature. The mixture was stirred for 30 minutes at the same temperature.
Then, a solution of cyclopropyl phenyl sulfide (Int-5, 2.0 kg, 13.3 mol) in CH2Cl2 (2.8
L) was added dropwise to the above mixture. The reaction mixture was allowed to warm
to room temperature and stirred for 1.5 hours, then poured onto ice-water carefully. The
whole was extracted with CH2Clz2. The organic layer was concentrated in vacuo. The
residue was diluted with EtOAc and then washed with brine, saturated aqg NaHCO3, brine,
dried over Na2SOs, and concentrated in vacuo. The residue was triturated in hexane to
give Int-33 as a yellow powder (2.17 kg, 69% yield). 'H NMR (300 MHz, CDCl3) §
0.65-0.83 (m, 2H), 1.07-1.29 (m, 2H), 2.20 (tt, /= 7.4 Hz and 4.4 Hz, 1H), 3.97 (s, 3H),
7.44 (d, J= 8.8 Hz, 2H), 7.93 (d, J = 9.0 Hz, 2H).

Step2. Preparation of methyl 2-(4-cyclopropylsulfonylphenyl)-2-oxo-acetate (Int-
18).

e 2
Oxone®

0 0
O\ HZO /@)'\'rO\
As O  THF/MeOH As 0
00

Int-33 Int-18

. J/

A solution of Int-33 (2.17 kg, 9.18 mol) in THF (60 L) and MeOH (60 mL) was cooled
to 0°C and then a solution of Oxone® (6.78 kg, 11.0 mol) in water (20 L) was added

dropwise over 2 hours under the same temperature. The mixture was allowed to warm to
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room temperature and stirred overnight. An insoluble material was removed by filtration
and washed with MeOH. The filtrate was treated with 20% aqueous HCIO (1.4 L) and
NaHCOs (2.78 kg) to pH 4, then the insolubles were removed by filtration. The filtrate
was partially concentrated in vacuo. The resulted aqueous residue was saturated with
NaCl and then extracted with EtOAc. The organic layer was washed with saturated aq
NaHCOs3, brine, dried over Na2SOs4, and concentrated in vacuo. The residue solid was
triturated in Et2O to give Int-18 as a yellow powder (2.00 kg, 81% yield). 'H NMR
(300 MHz, CDCI3) 6 1.05 — 1.15 (m, 2H), 1.35 — 1.45 (m, 2H), 2.49 (tt, /= 7.9 Hz, 4.8
Hz, 1H), 4.02 (s, 3H), 8.05 (d, J = 8.8 Hz, 2H), 8.23 (d, J = 8.8 Hz, 2H). MS (APCI,
m/z) 286 [M+NH4]".

Step3. Preparation of methyl (2E)-2-(4-cyclopropylsulfonylphenyl)-2-
hydroxyimino-acetate (Int-34).

e N
o HONH, - HCI HO
O- MeOH IO
Asm then A\Sm
00 CF3COzH 00
Int-18 Int-34

A mixture of Int-18 (1.49 kg, 5.5 mol) and hydroxylamine hydrochloride (539 g, 7.76
mol) in MeOH (10.3 L) was stirred at refluxed temperature for 3 hours, then the reaction
mixture was concentrated in vacuo. The residue was diluted with water and extracted with
EtOAc twice. The combined organic layers were washed with brine, dried over Na2SOs,
filtered, and concentrated in vacuo. The crude material was dissolved in trifluoroacetic
acid (6.70 kg), then the mixture was stirred at room temperature overnight and
concentrated in vacuo. The residue was azeotroped with toluene 3 times. The crude
material was recrystallized from hexane — EtOAc to give Int-34 (1.30 kg, 82% yield) as
a colorless powder. 'H NMR (300 MHz, DMSO-ds) § 1.03 — 1.12 (m, 2H), 1.12 - 1.20
(m, 2H), 2.88 — 2.99 (m, 1H), 3.78 (s, 3H), 7.65 (d, J = 8.3 Hz, 2H), 7.94 (d, J = 8.5 Hz,
2H), 12.81 (s, 1H). MS (APCI, m/z) 301 [M+H]".

Step4 and Step5. One pot preparation of (2E)-2-(4-cyclopropylsulfonylphenyl)-2-
[(3R)-tetrahydrofuran-3-ylJoxyimino-acetic acid (Int-28) from Int-34.
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Step4. A mixture of Int-34 (1.30 kg, 4.6 mol), Int-21 (484 g, 5.5 mol), PPhs (1.68 kg,
6.4 mol), and neopentyl alcohol (202 g, 2.3 mol) in dry THF (19.4 L) was cooled to 0°C
under nitrogen atmosphere, then DIAD (1.30 kg, 6.4 mol) was added dropwise over 30
minutes. After being stirred at the same temperature for 3 hours, the reaction mixture was
allowed to warm to room temperature and stirred overnight. Int-25 was not isolated and
directly used to the next step.

Step5. The above mixture was cooled to 0°C, then MeOH (6.5 L), water (2.0 L), and
48% aq NaOH (1.0 L) was added succesively. The reaction mixture was stirred for 1 hour
at the same temperature. The organic solvent was removed in vacuo. The aqueous layer
was extracted with EtOAc (9 L) 4 times to remove the impurities. The resulted aqueous
layer was cooled to 6°C and acidified with 10% aq HCI (2.1 L) to pH 3. The whole was
extracted with CHCl3 (12 L) twice. The combined organic layers were washed with brine,
dried over Na>SOQgs, filtered, and concentrated in vacuo. The residue solid was dissolved
in hot EtOAc (17 L) and treated with activated charcoal (170 g). After being cooled to
room temperature, the insolubles were removed by filtration and washed with EtOAc.
After the filtrate was partially concentrated in vacuo to remain the solvent (5.5 L), the
residue was diluted with hexane (4.2 L) at 40°C and then cooled to room temperature to
give Int-28 (1.17 kg, 75% yield) as a colorless powder. 'H NMR (300 MHz, DMSO-
de) 8 1.01 — 1.12 (m, 2H), 1.12 — 1.21 (m, 2H), 1.93 — 2.03 (m, 1H), 2.07 — 2.18 (m, 1H),
2.86 —2.99 (m, 1H), 3.63 — 3.73 (m, 2H), 3.73 — 3.87 (m, 2H), 5.02 — 5.08 (m, 1H), 7.66
(d, J=8.5 Hz, 2H), 7.95 (d, J = 8.3 Hz, 2H), 13.62 (br s, 1H). MS (ESI, m/z) 338 [M-
H]. HPLC96.51% (tr =3.9 min, L-column ODS (5 uM particle size, 4.6 x 150 mm),
CH3CN/20 mM phosphate buffer (pH 6.5) (35/65)).

Step6. Preparation of (2E)-2-(4-cyclopropylsulfonylphenyl)-/V-(5-formylthiazol-
2-yD)-2-[(3R)-tetrahydrofuran-3-yljoxyimino-acetamide (Int-30).
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To a stirred suspension of Int-28 (967 g, 2.85 mol) and 2-amino-5-formylthiazole
hydrochloride (Int-35, 704 g, 4.28 mol) was added DMAP (820 g, 4.28 mol) in dry
CH2Cl2 (30 L). After being stirred at room temperature for 1 hour, EDC was added, then
the reaction mixture was stirred at room temperature overnight. The reaction mixture was
extracted with 10% citric acid (8 L) 3 times. The organic layer was washed with brine,
dried over NaxSOs, filtered, and concentrated in vacuo. The residue was dissolved in
EtOAc (12 L) — CH3CN (12 L), and the solution was treated with activated charcoal (300
g). After being stirred at room temperature for 1 hour, the insolubles were removed by
filtration and the filtrate was concentrated in vacuo. The residue was recrystallized from
EtOAc (7 L) to give Int-30 (813 g, 63% yield) as a yellowish powder. 'H NMR (500
MHz, DMSO-de) 6 1.06 — 1.13 (m, 2H), 1.13 — 1.20 (m, 2H), 2.09 — 2.23 (m, 2H), 2.91 —
2.99 (m, 1H), 3.67 — 3.81 (m, 3H), 4.03 (d, /= 10.8 Hz, 1H), 5.12 - 5.17 (m, 1H), 7.79
(d, J=8.3 Hz, 2H), 7.99 (d, J = 8.5 Hz, 2H), 8.51 (s, 1H), 9.99 (s, 1H), 13.22 (br s, 1H).
MS (APCIL, m/z) 450 [M+H]". HPLC 97.03% (#& = 8.8 min, L-column ODS (5
uM particle size, 4.6 x 150 mm), CH3CN/20 mM phosphate buffer (pH 6.5)
(35/65)).

Step 7. Preparation of (2E)-N-[5-[[(38)-4-acetyl-3-methyl-piperazin-1-
yl]methyl]thiazol-2-yl]-2-(4-cyclopropylsulfonylphenyl)-2-[(3R)-tetrahydrofuran-3-
ylJoxyimino-acetamide (TA-2395, 10i).

( N
Q .
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ol s{_ aBH(OAC) - A 0 s8¢ ~ o
=0 EtN g0 N\_‘N—<’IVI
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Under argon atmosphere, Int-30 (412 g, 0.92 mol) and 1-[(2S5)-2-methylpiperazin-1-
yl]ethan-1-one hydrochloride (Int-36: 282 g, 1.38 mol) were dissolved in CHCl3 (8.7 L),
then triethylamine (204 g, 2.02 mol) and sodium triacetoxyborohydride (584 g, 2.76 mol)

were added successively. After being stirred at room temperature overnight, the reaction
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was cooled to 5°C and quenched with additional saturated aqg NaHCO3 (3.5 L). An
insoluble material was removed by filtration. The two layers were separated, and the
aqueous layer was extracted with CHCIl3 twice. The combined organic layers were washed
with brine, dried over NaxSQOs, filtered, and concentrated in vacuo. The residue was
dissolved in CHCI3 (3 L) — MeOH (0.17 L) and the solution was passed through a short
silica gel pad (700 g) with the assist of CHCI3/MeOH = 20/1 solution (4.5 L). The filtrate
was concentrated in vacuo. The resulted solid was recrystallized from EtOAc (1.9 L) to
give 10i (TA-2395, 380 g, 72% yield) as a colorless powder. 'H NMR (300 MHz,
CDCI3) 6 1.03-1.13 (m, 2H), 1.22 (d, /= 7.0 Hz, 1.5H), 1.32 (d, /= 6.4 Hz, 1.5H), 1.35
— 1.44 (m, 2H), 2.00 — 2.32 (m, 4H), 2.05 (s, 1.5H), 2.08 (s, 1.5H), 2.48 (tt, /= 7.9 Hz,
4.8 Hz, 1H), 2.71 (t, J=9.7 Hz, 1H), 2.82 — 3.00 (m, 1.5H), 3.30 — 3.58 (m, 1H), 3.60 —
3.80 (m, 2H), 3.80 — 4.00 (m, 3.5H), 4.04 (d, J = 10.8 Hz, 1H), 4.33 — 4.43 (m, 0.5H),
4.65 — 4.85 (m, 0.5H), 5.05 — 5.13 (m, 1H), 7.29 (s, 1H), 7.69 (d, J = 8.6 Hz, 2H), 7.97
(d, J = 8.6 Hz, 2H), 10.00 (br s, 1H). MS (APCI, m/z) 576 [M+H]". HPLC 98.20%
(&g = 10.5 min, L-column ODS (5 uM particle size, 4.6 x 150 mm), CH3;CN/20
mM phosphate buffer (pH 6.5) (35/65)).
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