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W, MU UL/ T3 — 2R R(SGLT) FREAIAS,  HEPRIFTRIE A H 72 354
IR 5§56 EER STV D

SGLT (21X 6 DOV 7 X A TH(FEL, Z/Va—ZADOWRINTEEL 25 DIX
SGLT1 X UNSGLT2 TH D Z LN BN TWD, EEIME T/ L 2 — AEEFED /N S
VN SGLTL 1%, /I & BOEALE R (B L, /NMEIZEBIT 2 703 — X DRI HE
AR E 2 S TG, I RBIRIMED 7L o — REREFES K & VY SGLT2 1, BT
A7l JRADE ICRFFRAOIC T BL L T D, 19 B EH T, 1 HEI 180 g D7 /v a— A A%
KRS A SN DD, EARME S1 &7 A MRS S SGLT2 12XV, £ 90%
NI E 4, SGLT2 I & 0 I S22 hr 2 T2 10% 0D 7V 21— A%, AR A
B S3 B AL MIFEBLT D SGLT1IZ LV RN E L, ZORER, REKETAHB I
kﬁw:—x@,ﬁ&%ﬁhﬁwﬂéh,ﬁ¢7»:~xm@ﬁkﬁ5@@mgo#
77, SGLT2 DA ESNTHE, RERETAB SN 180 g DV a— R 3,
IALRME ST &7 A P THEIR ST, FROFMRME S3 87 A MIED,
SGLT1 2k v N &5, SGLTI O 7 )L = — AMEEAEIL 1 B 120 g 2SPRIE & &
ITWDT28, 2D OK 60 g MIRHFIZHEH S 415 Z & 1272 5 (Figure 4), 'V LaaL,
SGLT1 DOMFII/NMMGTD 7V a—ZADWINZMEHT 2 Z Lh, TH%FOHILEID
x93 D EIWER 7 b ONCARIMAEZ 5 & & 2 3 rRetER S v, i o RIVER 2 [E58E3 5 7=
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L, ARV W ERET D Z L, bR TERZRTZ L0, BEFEOR
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BANTHE L 472 SGLT FHEMEIX, V v IR0F Ui EORB I E £ D RKIRECHE
& phlorizin T >7=, LAH>L, phlorizin I%, FERINAJFLERITH Y SGLT1 & SGLT2
EBLICHETSZ L, BET B rav A —PIllko ThfisnRa&xGNTE A
Mol Z b, BIKRCOFERICEL D o7, P 22T, 0-77) 2 RERI
B-7Nav A —VIRT o \bitEE b-E, EIL, e 7y kT bsZbicky,
ABERI 2\ ESw 25 a7 N CTREMTDIL, OG5 AEE O-glucoside ##1E
ZROEY E LT, MBS (B B0 = 28RS 12380 T T-1095
R, 0 EHOHBET L% v A KR TEKRASHE (B3N 12B8WT, B
D72 D "R OLE W Sergliflozin etabonate (1)2"22 & Remogliflozin etabonate (2)>*
29 8 B SRR B AN BRI AR S du7- (Figure 5), =D, B-ZLvav X —BIiZxiL,
£ 0 %2 7 C-glucoside i & FE LA B S, BIfE, A TIX C-glucoside 1
1% FF 6 O IEAI AT S 41TV % (Figure 6), 230
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STk 7= Y, Sergliflozin etabonate (1) & Remogliflozin etabonate (2)i, 712 K
v 7 ThYBE TRIRESNTZ%, ko277 —8TRE S, EHEED
Sergliflozin (3), Remogliflozin (4)& 720, BIETHO /N a— 2O FRINZLET 5
(Figure 7), 3 72 NT 4 1%, WT b sR)72 SGLT2 BEEMEEZ A L TR Y, KfE)
SEM L7t b SGLT1 (2x9 5 & b SGLT2 BIRMEIL, 3 T296 f%, 4 T365H%TH
D, EWWSGLT2 R MEEZHF L TWD, £, 7R KTy 7 ThHDH 1 KLTU2 D SGLTI
PTG IZIER IR 2D, IE TORERINZLE T2 2 &7 <, BT ORI
Z 4N C & AR ORI/ D T & AHIRE S 4L7-(Table 1), 3132
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Table 1. K values for 1, 2, 3 and 4 toward human SGLT1 and human SGLT2

K; Value (nM)
Compound
Human SGLT1 Human SGLT2
Sergliflozin (3) 708 £ 50 2.39+0.35
Sergliflozin etabonate (1) 7540 + 402 151+ 17
Remogliflozin (4) 4520 + 641 124+0.5
Remogliflozin etabonate (2) 43100 + 5400 1950 £ 151

Z 2T, 1 KU 2 @ in vivo BRI & 252N 320 S 4, € DORERIZOWTLAT IR
N5, 1 ZERT Yy FRONSTZHHEERFK 7 v MORAKEGT 5L, R Z7La—2
Het B3 B A RIS HE N U (Figure 8), £72, STZ FAFEMEIRI 7 » b O nFE& ATk
BICERWNT, 1IEA R Y Wzl 2 2 &<, HERFNCmEE 7 L a—=x

1K TR %A 7~ L 7= (Figure 9), 33
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Figure 8. Sergliflozin etabonate increased urinary glucose excretion (UGE) in normal (A)

and mildly diabetic (B) rats

Sergliflozin etabonate was orally administered to

normal and mildly diabetic rats. Urine was collected for 24 h after administration

of Sergliflozin etabonate, and UGE was determined. Data are presented as means

+ S.E.M. (n=8). ** P<0.01 vs. vehicle group.’®
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Figure 9. Effects of Sergliflozin etabonate on postprandial hyperglycemia (A) and insulin
secretion (B) in oral glucose tolerance test in diabetic rats. Male SD rats (7 weeks
of age) were made mildly diabetic by injection of STZ. Sergliflozin etabonate
plus glucose (2 g/kg) was administered orally to the diabetic rats after 16 h fasting.
Data are presented as means + S.E.M. from 8 animals. * p <0.05, ** p <0.01, ***

p <0.001 vs. vehicle group.®"

Fo, 252~ UR, Ty MIRAKRET D L&, IRT 7V a— gkt & 1T &K
(ZHEIN L 7= (Figure 10), 1E% 7 v MO OPEARGERICIBWNT, 2134 A U 530
ARG D 2 &<, HEERFMICEZ L a— 2K T B %~ L(Figure 11, A and
B), STZ #AFRBERE T v F O MHEAMABRICE VT, 2 X ARKFICHEAR %O
pE B 5724 B8l L, &I AUCoan 2K T &7 (Figure 11, C and D),
B2, 2 &2 do/db v~ U RCRMIE G5 L, EERLE S Va2 —28 LU0 b~
BEVOLUVSUPMMET L, RIEZUGE Lz, 3239

11



30+ 400
£
Ak

£ E
=) % 300
2 4 s
s 20 >
g 3
8 £
p=y > 200+
[=] (=]
™~ N
S B
E 104 E *ok
W w ,
] o 100
= =]

0- 0-

Vehicle 3 10 30 Vehicle 1 3 10
Remogliflozin etabonate Remogliflozin etabonate
(mg/kg) (mg/kg)

Figure 10. Oral administration of Remogliflozin etabonate increased urinary glucose
excretion (UGE) in normal mice (A) and rats (B). Remogliflozin etabonate
was orally administered to mice and rats. Urine was collected for 24 h after
administration of Remogliflozin etabonate, and UGE was determined. Data are
presented as means = S.E.M. (n=4 for mice and n=5 for rats). * P <0.05, ** P <

0.01 vs. vehicle group.’?
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Figure 11.
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Antihyperglycemic effects of Remogliflozin etabonate in oral glucose tolerance
test. A: plasma glucose (normal rats). B: plasma insulin (normal rats). C:
plasma glucose (STZ-induced diabetic rats). D: AUCo-2n for plasma glucose
(STZ-induced diabetic rats). Remogliflozin etabonate and glucose solution
(2 g/kg) were orally administered to normal rats and STZ-induced diabetic rats
after 16 h fasting. Plasma glucose and plasma insulin were determined, and the
AUCo-2n for plasma glucose was calculated after the oral glucose tolerance test.
Data are presented as means = S.E.M. (n=8 for normal rats and n=6 for

STZ-induced diabetic rats). * P < 0.05, ** P < 0.01 vs. vehicle group.’?
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ZIHORERIE, 1 ROV 2 A3, BER, BERIGOGOHEKR DY, @b E T 5 5%
BBOFNIIREIR LR G D ATREMEZ RIE LT D, 3 2 2T, FHEIL, Sergliflozin
etabonate (1)7 5 ONZ Remogliflozin etabonate (2) D A akBR & M ICHEE L, 7>, F
KDEIES & U TCORAEFEFTIEOMSLOT-OIZ, MR ERTIEONEEIT- T,

1 ORI CIX, 726K 572012, NVsZmruar7t b I7— R NEEZH
WTWEDS, FEFICTEMED TR trichloroacetonitrile Z i 92 = &, BB LS CTH-
HMED & % trichloroacetamide 23@IE L, BIET A OIHEYCIEN H 2 L7 L, TR
A=)V TCOFERIIIZSPOMERR S -T2, £ 2T, 5 & 6 OEHLKISSEMT%
Bt L7255, toluene H, 300 mol%® BF3-OEL #4252 Lick v, INRAL 7
PFEOND T EER A LTz, BIZ, BN 2075 2 L2k, B-E#IRMENHRERIC
ML, 7Z2®DERTERT 2SI LT, HFbivie 7 OMANYZ NaOMe T
SLER L, FEEHKEEILONIRFEZ 1TV 2 THE TR 80% T 3 1572, WIZ, 3 D 1 kK
feli~Dx FF 2 VR = ARSI O R bRGET 21T o 1o, £ ORGSR, SRR
& = W IE T d D 2,6-lutidine 2 L, il & @ pyridine #3456 Z &2k, #
O ENERICSOCSET T2 2 L2 /AL, 1 Z2EIIER (82%) THEKT L Z L
IZi%Eh L7=(Scheme 1), #—E=TlE, TN A7 —/L CEMATRE 1 DER A
FRIBIZOUWNT, FEHOIERCR 2B E 2 3R+ 2,
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Scheme 1. Scalable synthesis of 1.

2 DRI G RREEZERT 5 9 2T, 1,2-dihydro-3H-pyrazol-3-one #5E(K 8 Dfid
PSS MEIRTH H Z &2, RERFETH o7z, BEAFD Koenigs-Knorr St &
FH U724, JRIEROR 2RI U724t ds L O, AHBIR Bl i 1 U 72 5ot & 3k 7
ey M= D WTR B EINETH YV EMET A2 RIIGEON o7, MR T,
Koenigs-Knorr SJis TIE, 2 IZERVVRRE 2 U 2 7 ORI K 0 RISEZDTEREIND
Z &, RIERIGTIE, BIZET D triphenylphosphine oxide Z[RET H7-0HI2, BT L7
0~ N7 4 —OFERPLETHL Z L, TEMNRAT —/LCEIET HIITME
KRR o7, 2T, MIERN DTN AR —) )L THEMATHEL 8 DB LSS %
et LR, 8 OB T Y —ERO | IZE RS ETHLTEFALEEZEALRL
Ni-acetyl-1,2-dihydro-3H-pyrazol-3-one #E (K 9a & glycosyl bromide & OENE(LIIES,
ECRCTHEEATT 5 2 L 2 i U, BB SOUS RIS E T Y — VRO T LD T B F VAL
I%, MeOH H1, NaHCO; THLEET 5 Z LI LV, B IZBREFRETH S, LH L, glycosyl

15



bromide D/KEEFEZ T B F AL TIRE L - 1022 T2 &, €TV —NEBROTET
NIERET DERC, FEHKBIEORT & F LR RIFFCET L, IEEMET L,
LT, KBEEZEARANVETCRELTCID ZEHT 522 T, BV —LEROT
TF VL BRANCRET D2 RS R D, IR T 12b 2155 Z L A ARE & 72
o7, T72B 9a L 10b % MeCN H1, KoCO3 f77E F TS S H-%, b e
Z MeOH 1, KHCO; TEEL 2 TFRTILR 82% T 12b 137z, KT 12b % DMI
H1, NaH f77£ FC, 2-iodopropane & it S, U= 86%C 13 #1%7-, 13 % NaOMe
TUHELL, eaA VEEZBRER, 30T b VR = U BRISEE 2RI LT
HAL7z 2 % EtOH & n-heptane DIRATAB G HfEMT A Z LI2L D, EHED 2 O
TH ) — VW) 14 & 2 TFETULER 72% CTF572, IRUNT 14 2 MTBE & n-heptane D
BV DRSS L, IR 96% T 2 % 157-(Scheme 2), 5 _F ClX, 2 OB & Atk
THIODFEEEAIETE D T RN T o ADOHEME L 22 o 2 AR TIEICHOW TR
T %,

a . o_ B
© AcO B
AcO" " 0OAc

OAc
10a
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O «Br

PiVO
0 o
PO OPWv A \(
o \( Ac,0, _)/<O o OPiv N {
!
H K,CO; N \( 10b Ny KHCO,
HN_ ) — ) =,
; 0.0
DMF K,CO, / MeCN PVO MeOH
[¢] O W uy
PivO OPiv
OPiv
8 9a
81% 11c

O\( /( O\(
H o
N . N /< \(
o\ 2-iodopropane, A\ N
Ny NaH Ny NaOMe N
_— —_— N
Pvo” N OO oM Pvo” N Onp© MeOH o0 0
PVO" " OPiv PVO™ “ OPiv NOH

OPiv OPiv

12b 13 4
82% from 9a 86%

CICO,Et /( O\( /( o\(
2,6-lutidine N { N )\
ridine N N
e Y — R o
MeCN ~0" o 0© MTBE- ~0"o 00
" ” EtOH n-heptane .
HO" "OH HO" "OH

OH OH
14 2
72% from 13 96%
Scheme 2. Initial scalable synthesis of 2

B RETHRAZ 2 OERIETIE, 12b DA Y 7v EAALIGIZIBVN T, ZREOKHE
KOTaRCTAPREET D Z &, RIGRT O LK ERPBE L 0D 2 L L,
TERMAT =V TEBTLDITE, BOorOMERLTZ, TDIY,
Ni-isopropyl-1,2-dihydro-3H-pyrazol-3-one #3E (K 9¢ & 10b D EEEHY 72 Bl LI &
ST I3 G206 MEIE 2R LTc, ZOGEMERIYT 20T, 9e BRI E
R L, 9¢ DN LB RS R DML LB T o T2,

Acetoacetic ester w5 & {& & alkyl hydrazine & O KX, B R & L 72 W
Noz-isopropyl-1,2-dihydro-3H-pyrazol-3-one #HEA %2 EAMY & L TH X 52 LA —ik
BIZEI B AL TV S (Scheme 3), 4739 % Z T, acetoacetic ester i 5 AD A1 /LR =)L K
% ethylene glycol T4 % — /LR L7215 %, TCDI % F V> T imidazolide 16a & L 7-1%,
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isopropylhydrazine hydrochloride & )i SH 5 & @ERIC 17T BELNH Z & & AL
Uiz, 17 DEBRINICHE SN ZBRHIE, N-A Y 7 a BV EONRNEE I LD,
IEEH D EFF T ORBHENEROIEZ o727zd B oD, RWT, 17 &
Wl TR L, VR = VEEORBURGE, BT Y — VBROER AR T, 3 TR TIE 76%
T9c &/ DHZEITI LTz, £77, BTV —ABRICETRSIEEZA LAV 9¢ DOFEE
ESOSIE, 49, IR AT LA o728, SR OREE, 7va— L E A
LR L LT CCOs M5 2 & T, RSB S EITT 22 L2 AL L7,
¥FlZ, MeCN & 2-PrOH(1:3)DIEAREEHF TIT 5 &, IR 85% T 13 2455 Z LTk
L7, 13 705 2 ~DFkHE, Scheme 2 127~ L 7= T HEICHE - 72 (Scheme 4), 5 =2 T,
TR A — )V CEMATREZR 2 DENERAYREIEIZ DWW T, EH OMFFEAUR & i &
ZRER T 5,

74%

o
o O
+ HN/N\/\/OH - = H \L\
EtOH OH

Cl
61%

0
|9 0

cl N\/\UJ\O/\ ol r|\1 | N—

T o ot

T

_N
HNT
EtOH

Cl

81%

Scheme 3. Condensations of acetoacetic ester derivatives with alkyl hydrazines 39
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isopropylhydrazine

o/> o O/> ° o
d T/ TCDI T/ hydrochloride )\ H o T/ 6M HCI N \ Y
HO THF Et,N / DMF H/N BN
o] o o]

15 16a 17 9c

76% from 15
{ Oj/ { Oj/
N N
10b, Cs,CO, Ny o Ny
N —
— -
2-PrOH-MeCN PO 0. -° /\o)Lo 0.0
PvO " “ OPiv HO™ “OH

OPiv OH
13 2
85% 72% from 13
Scheme 4. Improved scalable synthesis of 2.
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#—F  Sergliflozin etabonate D ZHERH) 725 Ik DAL

T ST -

Fam Cub 7= X 9|2, Sergliflozin etabonate (1)i%, 587/)7% SGLT2 PHEEM: & B
SGLT2 #IMEZ AT HILEMTH Y, FvvAEKLD, RHNTHERFOIREILEL L
TEMEEMITRE LTALEM TH D, FH X, Sergliflozin etabonate (1) BH¥E % #
ET 5720, KREAMATHE TRIRM R EMIEDIIEICE F LT,

FFERT A BRI 1T % Sergliflozin etabonate (1) & %% % Scheme 5 127579, Phenol
(18) & 4-methoxybenzyl chloride (19)% benzene H'C LiOH-H20 177E F, MNEGEE L 7=
%, WoLrru~x NI 74 —THHLT 7Y a5 # K 30% TR, KIZ,
penta-O-acetyl-B-D-glucopyranose (6) % EtOAc & THF O® & & & IE +
N,N-dimethylethylenediamine {77E F, 20°C TS5 LIk 0, | fiKERIEALT
BF AL L 20 45721%, fHOA72 20 DAY & trichloroacetonitrile 2 EtOAc H7,
KoCOs fF1E T, 40°C TS5 Z &12 LY trichloroacetimidate glycosyl donor 21 %
Bl Ao N T 20 IR 5 2 L7 5 L ORELEOSIZHEH L2, 5 & 21 % EtOAc
1, BF3OEL A7 F, =R TR L, ol 7 OMAMY%Z EtOAc & MeOH
DR DA L T 2R 77% T2, 7 % MeOH & EtOH OIRAHEEEH
NaOMe f#/£ F, 50 °C THHHKEEEDO T £ F L IHEBRE L%, AcOH THRIL,
WHEEAT L U 72 fE ik &2 A EL L Sergliflozin (3) % U3 73% CT437-,3 & ethyl chloroformate
(22)% acetone 1, 2,6-lutidine 1£7E F, 15 °C TG &8, b7 1 OHLAERM % EtOH
& n-heptane DIEAELEED O FfEMm L 1 ZIGE 66% TR, ZOAEMIEICKT S 18
25 1 ORBIERIT 1% Th - 72,
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OH
18 19 5
30%
HNy_CCl
0. _OAc O._OH YU
AcO AcO o. O
(©) ©
- .., — " , —— > A0
AcO OAc AcO OAc
OAc OAc AcO’ "Ohc
OAc
6 20 21

O\
HN_CCl, O ‘
o~ o 73/ d l - I
+ AcO ()

E—— 0._,0
o . AcO
OH AcO ! OAc
OAc AcO’ "OAc
OAc
5 21 7

1 o 1 o
(e) (M) 0

73% 66%

Scheme 5. Initial synthesis of 1. Reagents and conditions: (a) LiOH-H20, benzene,
reflux; (b) N,N-dimethylethylenediamine, THF, 20 °C; (c) trichloroacetonitrile,
K2COs, EtOAc, 40 °C, (d) (i) BF3-OEt2, EtOAc, tt, (ii) recrystallization (EtOAc,
MeOH); (e) NaOMe, MeOH, 50°C; (f) (i) ethyl chloroformate (22),
2,6-lutidine, acetone, 15 °C. , (i1) recrystallization (EtOH, n-heptane).
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ZOERBIEICE, TEMNEEICHMT TRy —AT v 7 %35 ETRO X S 7eE

RN -T2,

o 18 L 19DH Y I INIIEMELS, @MED 5 2155 72OI2IEh 7 A
sa~ NI 74— X ORBHPRNETH D,

o 21 OHFUTITIHIEM: TIER I FMED TR trichloroacetonitrile 7 i | &V &
LI, TEMAT— /)L TERMYT DXL RMEICHEDR D 5,

o 2LIFARLETHDIWD, THEMAT—/LTITHY FEE,

o 5L 21 OEIHH LIS TRIZET % trichloroacetamide (LA-HEMED N & V), Pl T IR AR IRF
2, BE22T 4 DL, BIER T EORIERIR DIHFYIZ SRR D,

INHOEE R L, T¥EMAr— /L CEBARELR AR T v & A DI EF
L7,
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% " fi  2-[(4-methoxyphenyl)methyl]phenol D5 %

BN, 77V a5 2-[(4-methoxyphenyl)methyl]phenol (5)D & akiE DT
(ZHEFL, Scheme 6 |\ IR HiEERMTHZ LIk, WT7L7u~xbrT77 40—
(kDN LB LT, BAFRIGET 5 252 2 L3FReE ooz, T7bb,
anisole (23) & 2-methoxybenzoyl chloride (24)% chlorobenzene H', AICL f77E T, 110 °C
C Friedel-Crafts )IGZ1T 9 &, T3 UABIZINZ, EIRIZ 2 ALOPEA F AL EE Z
572, #3547z 2-hydroxy-4'-methoxybenzophenone (25) D14 ¥ % MeOH 7> & Fifk
Ao 2 EIZ XY, 25 2L 78% THF7-, 25 # EtOH 1, 10% Pd/C f#{£F, 0.3—
0.4 MPa DJIE T TEL L2k, PAIC ZHEL, Fbhiz 5 OHAERY%Z toluene &
n-heptane DIEATEEED B 4G LEMIEE O § 2 I3 88% THE 7=,

O O o
©/o\ @E’(\ (a) S ) N
+ Cl —— —_—
o OH O OH

23 24 25 5
78% 88%

Scheme 6. Scalable synthesis of 5. Reagents and conditions: (a) (i) AICl3, chlorobenzene,
110 °C; (i1) recrystallization (MeOH); (b) (i) 10% Pd/C (wet), H2, EtOH, rt., (ii)

recrystallization (toluene, n-heptane).
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Sipe — e

% —H1  2-[(4-methoxyphenyl)methyl]phenol & penta-O-acetyl-B-D-
glucopyranose D ECHE(Y S i

H1 &3 % Sergliflozin etabonate (1)D#i&E 1L ZMEL T 5 E TS5 ORI LISIE
ROEERLTRERO—D2>THDH, N 7aa7 ¥t b I 77— MEIZET % RS % [k
T 5720, HELER L L T penta-O-acetyl-B-D-glucopyranose (6) % i i L 7= Bk (b S
DL AT - T2, T DOFER% Table 2 1I2777,5 & 6 # DCM 1, BF3-OEt 77(E T,
FIR TR T 2 &, HROBRFER 7 2B 2IUE80%) 7D R 4F 72 B-# Rk
(B/a=94/6) T1F L= (entry 1), 35172 7 ZFEHLS 5 Z L 72 < NaOMe 7£7E F CHLA%
EL, SHOIETI%TIEH/L I ENTEZ, TOHETHE, B LIS THEHR L

ERIED 6 1%, KOBMFHEDBR T/ L 2 — R TEH I, HAFEETKIBIZR
ETEDI 00, 7TEHEERT 2 LEN2L, 2IRNRGFIETHD, LHLRR
b, UTOBLENG, TEMNTrERITEBWT DCM OfEHZEET 50BN H T,

o REEAMLE MOEMEDOBEEND, REGHRAS~OFERITEIT LI ENEEL
[

o REMELIGD 7 = 2 FREZITIRVIEEAN B 5 728D, KA DCM % fili i3
L&, 7 FROIRERIENIERNLE L 2D,

o DCM [FKEKYHLEBRE WD, ISORLBIIEE D SRR G LI L 78
D, BAENIEMEC R D,

Z ZTHEFIL, DCM O D IZ toluene Z AL L LT, 5 & 6 DELHE(L 237273,
7 OULRIIE T 2 7R L(74%), T DOFE R 3 OB RIT 62%I21& F L7z (entry 2),
6 @ toluene ~DIFMEMEIX, DCM IZIEE L TR, ZOZ EBIEE FTORK TH 5
LEZbNZ, LvL, Wit E BEF 50 RSREZEL T5 &, RISHEOER
PR 720, 1 OFER TR EINTZ LMD, SRS T TORNE LGSO K
ITRET 72 < T e B 78y, E£72, toluene OFEAEZMINT HZ &1, TEHRFr—
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IVTONFEEOBENHEE LWORIR TlERv, —5 T, FHIL BF-OEL Offi &
AN 5 &, 6 O toluene ~DOWFEMEN W L35 2 L &R L7, % Z T BFsOEL
DA &EZ 300 mol%IZHEINT % &, toluene T THRIENELZKMFIEDLZ L],
BOHEA L EONE, BAF 72 IEE(80%) DD B4 72 B-1IRME(B/a=92/8) CHEAT L, ZALIZFEN
3 OHBENEEIX 71%I210 E L, DCM i HERE & [FS%EORE R G v (entry 3), — 77,
6 Dffi &% 200 mol%7> 5 150 mol%|Zi & 3 &, 7 DIERIL 73%IAK T L 72 (entry 4),
WIZ, B-EUEZ I E&E 57280, Lee HIT L » T SN FIEICHE, EtN
RN U7 Bl LS 23k T2, 39 BtsN % 5 12%F L C 30 mol%is L, 30 °C THUG
ZIT9 L, BRI Bo=97/3 1T, 7D T DULRMN 89%IC K& < m kL, ZHUTHE
VY, 3 OHBEENERIT 79%IZ 17 _E L7z (entry 5), EtsN % 60 mol%#shl L, 30 °C CHEIbE(L
AT 9 & B-mPRMEIT A BT AN R S22 (B/a=98/2), T DULHEIT 85%IZMK T L
7o(entry 6), L72L, RUSIREZ 40°C 12T 252 & T, 7 08mEUIEO0%)H D B-1ER
PEB/o=99/1) THE DI, T ORER, 3 MHEEINR 80% TH b (entry 7). 7233, UG
IREEDS 40 °C DFE S, 1 DEEII R T,

25



Table 2.  Optimization of O-glycosylation of 5 with 6

5 6 7 3
6 BF3-OEt2 Temp ! 3
Entry (mol%) (mol%) Base (mol%)  Solvent (°C) yield Ratio (B/a)) Isolated yield

(%) (%)

1 200 100 none DCM rt 80 94/6 71
2 200 100 none toluene 30 74 92/8 62
3 200 300 none toluene 30 80 92/8 71
4 150 300 none toluene 30 73 90/10 60
5 200 300 EtN (30) toluene 30 89 97/3 79
6 200 300 Et:N (60) toluene 30 85 98/2 74
7 200 300 Et:N (60) toluene 40 90 99/1 80

a) Determined by HPLC. Area % of product 7.
b) Determined by HPLC.

EtN ZiN4 5 Z &2k 0, B-#iRMENM L3 2BEH X Scheme 7 (2779 &L 5 127K
AT DN TED, 7=/ —AFEEKS & 6 OEFHLKNIZBNT, 7=/ — /L
IKEEEEDS, oxonium HIEIE 26 D=2 7 N T AMINOHEST HZ LIk, HER
AR TEH % B-glucoside 7 WEAFM & LTHELND Z & —RIYIZHI B AL TV
%o HWEFRAERY) eq-27 & BI)IFINTLEE ax-27 & ORNIIZ P NFE L, EtN
IFLE L7 WOIEE, eq-27 205 ax-27 ~OEHR, HDH—EDEIRTEZ 5729, B-
BEHIENME T T2, —F, BEBNBFET D EICEY, eq27 1HDOPLT 7 bk AER
D, HMNIT B-glucoside 7 NERKT D728, L0 @ B-EBIRENER TE /25
Ay (S
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AcO H
AcO d
=
Me
26
¥
AcO -H AcO
AcO —_— AcO
AcO H
¥ B-glucoside 7
27
AcO Ox ea
AcO" Y " 0Ac
OA
c 0 o
~
\ OAc Q O
+ AcO
0 -H AcO
AcO H -
AcO AcO O
AcO O
/
H

a-glucoside
ax-27

Scheme 7.  Effect of addition of EtsN in the selective formation of B-glucoside
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FVUET  Sergliflozin @ 1 #fk/KERHEA~D T K F 2 A /LR = VAV

Sergliflozin etabonate (1) & %2 BT, Sergliflozin 3)D 1 F/AKEEFED = FF 7
NR= AT, &9 —DOOEBELRTETHD, £IT, FEIL, 1 HKEBEE~DER
72 b 2 VR = b S A Bl b T D 7o DR 21T o T2, OFE R % Table
3 1Z7”R 7, Yamamoto HIE, 1 #k/KEEFE~DEINA 2T > MABIZIE, SRR E R
TIVOBHANENTHD Z EaHEL T 5, 3 Acetone I TN ARMIIZE FWT
> T % 2,6-lutidine (175 mol%){F1E ¥, 3 & ethyl chloroformate (22) (125 mol%)% 15 °C
TRIGESHE D &, 1 & bis-ethoxycarbonyl £(2,6-, 3,6-, K& T* 4,6-bis-O-ethoxycarbonyl
FHEAR)D AR 78/22 THEITL, UK 66% T 1 3% LA/ (entry 1), LrL, Z
Dk F T HIVIR = ACBOZ BT DIFRNIE, FRFE D 23 RFH O TEE) L2 E
L2pote, ZORKZHRHE LR, BH L7z 2,6-lutidine (A #i L LTEEN
% 3-picoline DE A RN FISHFRNICHBE L TWDH Z ENHA L, T74hbb, AL
7= 2,6-lutidine ' 3-picoline DEH &L 0.06%0>5 0.6%D#HIFH CEE L CTEY,
3-picoline DEAF BNV va » b &M L7205 MBS 2N E < 72 D23 A
b, £ 2T, 2,6-lutidine (2 3 (2% LT 2.4 mol%® 3-picoline Z¥sI¥ 5 &, 0°C
T 4 R CROGS TR LTc, ZHUTMZ, RISHMBESND Z &0 6, 22 OfEH=
Z 115 mol%IZI 592 ERFREE 720, FDFER, 1 L bis-ethoxycarbonyl A Ak,
EFE23 90/10 (12m B, URIE 80%!IZ M B L7z(entry 2), & 512, pyridine DERINIL,
3-picoline DIFMEV HLENTH Y, BUGIT 2 B TR L, 1 B3GR 2% TH LI
7o(entry 3), —J, ikl LT pyridine 32 &, HEORIARDOLERK L, £
FOSD 3 DFRAFIZ L 0 PERPE T L72(52%, entry 4),
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Table 3. Optimization of ethoxycarbonylation of 3

Ul .
Ao Q0
O
(0]

0._O 22
HO > O
A~
sy acetone
Ho O HO™ “ OH
OH
OH
3 1
Base Additive 22 Temp. Time . e a)h) o/
Entry (mol%) (mol%) (mol%) ©C) (h) 1/ Diacyl derivativess 1 (%yield)
1 2,6-1utidine (175) none 125 15 22 781722 66
2 2,6-lutidine (150) 3-picoline (2.4) 115 0 4 90/10 80
3 2,6-1utidine (150) pyridine (2.4) 115 0 2 91/9 82
4 pyridine (150) none 115 0 1 81/19 529
a) Determined by HPLC.

b) Diacyl derivatives contained 2,6-, 3,6- and 4,6-bis-O-ethoxycarbonyl derivatives

c) Isolated by column chromatography.

Pyridine DRI LV = F 2 VR = ARG AMEEE S5 B IE, Scheme 8
IR T XD ICFEHBITE %, 2,6-lutidine 1%, 27L& 6 fLD 2 DDA FIVEEDEEH S Dz
¥ 22 & acyl pyridinium ¥E &2 TR LIZ < WY, —757 T pyridine 1%, &0 SOSHEDE VY acyl
pyridinium & 28 ZAX 5 BT D 7o O OnMEtE S dy, ARk L7 HiRIE 2,6-1utidine
IZE > THE SN D Z LI X v, fiiEE o pyridine ORI THEUSIZIHELMIZTERET D
EEZIBND,
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Scheme 8.

| P 1 + | SNH
%
I
Y o™ S
= B =
Cl
28

Ethoxycarbonylation in the presence of the catalytic amount of pyridine

30
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BHHET FoEOE LD

L, BRRHIIBE DGR TEOREZ D L Scheme 9 [Z7Rd K 95 72, ZhEEHY)
72 Sergliflozin etabonate (1)D& AT IEDBAFITE ) LTz, ARERIEDOF| R Z LLF Iz
/\\‘50

o NTLIMT T TT4IIIORRENEL LW T 7Y a4 5 DA/
FiE#EMESL LT,

o & B-BIRMEDOENEL S &6 DR LIS Z ML L, £ORER, IERIZHME
DRV trichloroacetonitrile, NZERFEMGIRTH 2 21 Oz BhEES 5 Z &
W2 LTz,

e 2.6-Lutidine {Zfitiif & D pyridine ZIRMTH Z L2 LD, 3 D 1 HFKEFE~D,
TR OENRINA 22 b %2 B LR = UL 2 TESE LTz,

o BHFOIMIBPE DAL TIX, phenol (18)725 1 DRIV 11% T - 7= DI
XL, FHENBFRE LA RI7E T, anisol (23)7° 5 1 OFBIRIT 45%I2 K& <
M kL7,

REWITTEDOWESIZ L - T, 1 OLERIGATRE L 720, AR R & TNTERR

ARBROAEEICRE CEBN L7, S6I, ZMREBNOHRA 1B/ GoN5T20,
[F2R 0D T3 72 B PE DT 1R AT RE /R B R T IE Z WESL TE T2,
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80% from 5

82%

Scheme 9. Scalable synthesis of 1. Reagents and conditions: (a) (i) AICls, chlorobenzene,
110 °C, (ii) recrystallization (MeOH); (b) (i) 10% Pd/C (wet), H2, EtOH, rt, (ii)
recrystallization (toluene, n-heptane); (c) penta-O-acetyl-B-D-glucopyranose (6),
BF3-OEtz, EtsN, toluene, 40 °C; (d) (i) NaOMe, MeOH, 25 °C, (ii)
recrystallization (MeOH); (e) (i) ethyl chloroformate (22), 2,6-lutidine, pyridine,
acetone, 0 °C, (ii) recrystallization (EtOH, n-heptane).
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B E  Ni-Acetyl-1,2-dihydro-3H-pyrazol-3-one #5358 (K & #& 1 L 7= k(b
s =R H L 7= Remogliflozin etabonate O %h=RAE pliE DAFE

3
3
AL
A}

Remogliflozin etabonate (2)I%, & v A i TRIE Iz, & 9 —DD SGLT2 &R
FIFLEEKTH Y, BT T BT 1 & L THEAO W MbERE FEfAZRL,
FERIER L L COFMENHIE SN, 0w, 2 OEKRBREZHEET L, FH

1%, REARATREZR 2 DRRN R ERIEDHIZEICE F LTz,

Remogliflozin etabonate (2) & il #kME % Scheme 10 (233, AA RIS IZHB VT,
4-[(4-isopropoxyphenyl)methyl]-5-methyl-3-(2,3 4,6-tetra-O-acyl-p-D-glucopyranosyloxy)-
1H-pyrazole #5388 12 [ ZEHEELREGHRFHAETH D, KREMKEIE A2 B4 57201213
77U A AR 8&, 10 L<1E20 DX D HEM SR & OBRFECRUG N8 E 72 D, BF
T TI, 8 OFRFHLLUSITRINETH D, 229 ghRA 2Bl L R ek %
WL T DN o T,

SGLT2 PHEIEDBHFICEE T 2HEIZHB T, B Y —LREFEFKETHT 7
VarzsoliERP RS AR I, 04k E LT, 1,2-dihydro-3H-
pyrazol-3-one # E AR OFEFAL KRN 2 HE S TVWD, 4= 2D % R,
Koenigs-Knorr SR & FIH L7o 4o, WIERGZFIH U725, 36 K OMHBIR B itk
R L& ThH o7, £ D% Scheme 11 1Z7R7,
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R'": Acyl group

AcO
or

AcO™

Scheme 10. Retrosynthetic approach to 2
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Mitsunobu reaction

N
H O._ _OH A\
N BnO DEAD, PPh, Ny
W, | * BnO > OB > 0,0
n n
toluene
3 OBn BnO
BnO™ “ OBn

62%
Koenigs-Knorr reaction

H
H O Br r\iN )
/N AcO a A92C03 N F
HN | + _— 0.0
F AcO OAc THE AcO
co" !

(0] OAc

Phase-transfer catalyst

H
y i gj
N Ac0™ N OB NaoH, BaN-Bu)Cl NS
AN | + L O._Ph
AcO’ “OAc AcO 0.0 ~
o] O._Ph OAc DCM-HO o ”
AcO "OAc
OAc
23%
Scheme 11.  Reported O-glycosylations of 1,2-dihydro-3H-pyrazol-3-one derivatives 4'—*%

Ih oo FEE, BErbFRBEOINER TH D20, KR
1,2-dihydro-3H-pyrazol-3-one #EARDEN{LIISIZRIH SN TND Z &b, &I
ZHNOOEMNR, 2 OREEHICHEH TR GG L=, & OfEH % Table 4 12777, 8
& 20 EDILIERL B IE, HEIOBHER 12a 13RI Q29%) T LOMF LR T2
(entryl), F7, 8 & 10a & ® Koenigs-Knorr SSIZEBWN TS, 12a DL 44% Th
D, METELREIEON o7 (entry 2), TN D 2 DD EE, BINEKRTHD
Z Xz, RER—/VCHEMT D121E, £ONORMBERD & > 7o, HIER)E T,
ll4E9 % triphenylphosphine oxide %, 7T L7 u~ ~ 75 7 4 — 2 HEFHRET S
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DRHEEETEH -7, F7-, Koenigs-Knorr S TIE, JTLHERHM L LT, 2 1[CHMFEE
THVRAIZRBY, POWRBELINIT LY, KIGERTEEAME L, MEEENGY S
NP IEFICNEEIC /2 D & W) AN H - 72, DL ED & 5 A & BT 5 72
W, entries 3—5 IR T REEZRATZ, WTHOFRFIZEBNTH, KRGO 8 DFEIN
2z, 8 DEZ Y —NEO 1 BT BT /MEENT- 9a &, ZOEBLEER 11a
OFEIAED, REZSIEEIL, METE MBIl 22T, kL
ROKEEIEDIRHELZ e A VIEIZ LT 10b & 8 L OIS E T -T2, 8 DT VAL
T Z Do eh, ROSIEFOICEITES, HINE 35 12b OIERIT 47%I28 %
o7z (entry 6), WTHOFRETIZENTS, BRIERICEEY, REAKICHEHATE S
FEZRE STz,

ZNH OBEFDOENHLSUSIZ BT DIRNE, BT s a~v b7 T 7 4 —DfEH,
TLR M DI Y A 7 e OIELEE DG Ye & o T Fl 2 DR Z ik L, TR R
=V TERATRES, B LIRS ML T~ AFRICE T LT,
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Table 4. Direct O—glycosylation of 8 with 10 or 20

N

o}
8 10 20
o 0O o
H \( 0o o _//< \(
N J(N j/ N )
i\
R'O 0© HN AcO 0 ©
R'0" “OR' ° AcO OAc
OR' OAc
12 9a 11a
Glycosyl ! Temp . o
Entry donor R Reagent Solvent °C) Products Yield (%)
1 20 Ac PPh;, DEAD THF rt 12a 29
2 10a Ac AgCOs3 THF rt 12a 44
3 10a Ac NaOH, BnN(#n-Bu);Cl DCM-H20 rt 12a 25 (9a: 21, 11a: 19)
4 10a Ac K2CO3, BnN(n-Bu);Cl DCM-H:20 rt 12a 32 (9a: 18, 11a: 23)
5 10a Ac K2COs MeCN 60 12a 36 (9a: 10, 11a: 26)
6 10b Piv K2COs3 MeCN 60 12b 47
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% _H#i  1,2-Dihydro-3H-pyrazol-3-one #38 K 8 DZhRA 72 Bk L &

BAZ, 1,2-dihydro-3H-pyrazol-3-one #5EK 8 DA HIEDHFHIETF L, Scheme 12
WZRT HEEZBRHAT 52 L1248V, 4-isopropoxybenzyl chloride (29)7° 6 2 TF2 TH K
THIENTE,T7205,29 & methyl acetoacetate (30)% toluene ', i-PraNEt, LiCl
BELOKIFAET, 70°C TRILT 5 & acetoacetic ester 355K 31 G HiL7e, 3 31
DA & NH2NH2-H20 %, toluene 1T 70 °C TRUGT % &, 29 2B DYLER 71%
T8EMGH LN TE I, O

o o} H o
o O O (a) (b) N
CI\/@/ j/ + Mo/ - = /om j/ _w HNm j/
o} 0

29 30 31 8
71% from 29

Scheme 12. Synthesis of 8. Reagents and conditions: (a) i-Pr2NEt, LiCl, KI, toluene,
75 °C; (b) NH2NH2-H20, toluene, 75 °C.

EF#1L, 1,2-dihydro-3H-pyrazol-3-one #38 A DRFE LGS DL Z D H T, ¥
T —)VERD 5 (RN BREFRETHDL M) TIAA R ATFAEKERT S 35 &
10a & OEFHEAISIE, BRI CHEITT 5 LW MR a 17z, 375, Scheme
13 (2R THIET3IS AL, 10a & MeCN H1, KaCO3 fF1E T, 60 °C DA CHd
BSOS Z TR D &, IR 85% THM L 3% 36 135 5 1L7=(Scheme 14), Z DfE R
MD, B7 Y — VB EOEFRGIEDFED, B RIS OMEIT 2 RIE L T\ D L H#E
2L, 8OET Y —IVERO I MICEFREZEAT L LK, 5o Y 70
A AFNILLFEEOMRESD 2T MR SO TR EIT- 72,
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32 33 34 35
72% from 32

Scheme 13. Synthesis of 35. Reagents and conditions: (a) NaH, Nal, THF, reflux; (b)
NH2>NH>-H20, toluene, 80 °C.

H F B
/N ¢ 3 O\/Ph AcO © S @) l\j\ \
HN | . 2,
AcO ‘OAc 0O

35 10a 36

Scheme 14. O-Glycosylation of 35 with 10a. Reagents and conditions: (a) K2CO3, MeCN,
60 °C.

BT Y — VRO IIZEFREIFEE L TTEFAREEEALZ9aZEGK L, £77,
ZTOXE LT, BT GETHIATNVEEZGEALIE D 255 L, T DOENE
{BROS Z bhig U7,

8 [ TIFBEE DO HIEBHEIEDSFAE L(Scheme 15), 4 Z DAL B SR ) 70 8 #AFBE A K
A, Scheme 16 IZ AR T LIHICH A RMEINTWVWD, o bbb,
1,2-dihydro-3H-pyrazol-3-one #5E (K 4 fEKFER TR 5 &, BTV —/LEROD 1 i)
TR FMbEEN, HL< T A MEEOE T 3 MLKBRIEIC T VX VIR EANIND, T
T FNHEERE LT, TSRS EITH L ©F Y —LBRO 1 L2 7 L3N
MASHILD, 9a L 9b X, BEROFIEL RO CERTHZ LN TE T,
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H H
N OY N OY Ne OY
(0] HO HO
8
Scheme 15.  Principal tautomeric forms of 8
1)
(o] o
N,H Ac,0 \’L// Mel, K,CO, \,T 10M NaOH N,H
\ /) — N N - )\_7/
HO)J/ pyridine )J/ 2-butanone )J/ THF-MeOH -0
HO —0
98% (2steps) 56%
(2)
u 0 H \
N/;‘J}r Ac,0 \/(N Methylsulfate N«N ‘ Mel, NaH N,N I
\ O —_— { —_— \ O —_—
~ AcOH N%O\/ K,CO, / DMF ~ THE i O~
HO o) HO —0 0o _0
o
95% 93% 68%
B e
N\
H K O 7 H /—CF
' N—N>\ ' hal ’
HO™ N\ Ac,0 o I K,CO, / DMF o 7 e o &
= ‘ pyridine _ then MeOH-HO = = ‘ Cs,CO, / DMF = = i
N \N N N
quant. 27% (2 steps)
(4)
Br
o) o0_0
cl =N 0 9y O Br
’ ST
o _
H Cl \ N el
N’N/ Ac,0 \,L// Ko 10% NaOH o
)\ / N° - = 7 - = 7
Ho pyridine HOM K,CO,/ DMF C \ey  THF-MeOH G =N K,CO,/ DMF
cl
cl
78% 87% 90%
o
Lo
o} J (/)
O\ cl =N
cl
86%
Scheme 16. Reported synthesis of substituted pyrazole derivatives 46—+
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9a |%, 8 & acetic anhydride % DMF 1, KoCO3 fF(E F, 70°C THUG ¥ S Z L1
X0, HE 81%THD Z £ N TE=(Scheme 17), 7233, 7 BT I/NVILDOE AL EIT,
9a % MeCN 22 b B35 Z S IC Lo THfSREZRG L, X Sz 17o> 2 &
12 & 0 P8 L7z (Figure 12),

~ZT
o
/Q
5
Z/LO
©)
/Q

HN ) N, )

81%

Scheme 17. Synthesis of 9a. Reagents and conditions: (a) acetic anhydride, K2CO3, DMF,
70 °C.
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Figure 12. ORTEP drawing of 9a

9b X 9a /5 4 LFETAK L7=(Scheme 18), £7°,9a & benzyl bromide (37)% MeCN
H1, KoCO3 fF(E T, 60 °C TG SH D Z LIZ L VI 69% T 38 #457-, 38 % MeOH
1, KHCO3 f77E T, 50 °C THLEET 52 L2k Y, TEFAEEZHREL 39 & L2,
39 OMAR L Mel %, DMAc H, NaH 17(E F TG S, 38 205 85%DILRT
40 Z457=, IR\NC, 40 % THF H, 10% Pd/C f77E F, KFEHEHE F TiE L 9b 21X
F 99% THE72, 9b O NOESY AT MLIZEBWT, BTV —LED 5L A F)LE
DY T FNEBANLTZAFNVEO L T EDBIZZ e A —7 BREAl SN2 &
MWD, EZY—NVEEO NI AT NVENREANI N Z &R LT,
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'y o~ £ g
N + Br (@) N { (b)
ol - —
(0] Ph\v/o

9a 37 38
69%
o} o} e}
H \( \ \( \ \(
N BCRE o N
Ny Ny HN
Ph._ O Ph._ O 0
39 40 9b
85% from 38 99%

Scheme 18. Synthesis of 9b. Reagents and conditions: (a) K2COs3, MeCN, 60 °C; (b)
KHCO3, MeOH, 50 °C; (c) Mel, NaH, DMAc, 0 °C; (d) 10% Pd/C (wet), Hz,
THE, rt.

9 & 10a % MeCN 1, KoCO3 f77E F, 60 °C THEUE(L L 72FEDE R % Table 5127
T TEREFNEEZEANLTZ 9a OB LRISITRIITHEIT L, BRUE T 5 11a AL
R 90% TIHHNT-(entry 1), —J7, AFNIAEA L= 9b OECHHLESIT 43T
1TH9, 11b DILERIT 26% TH > 7= (entry 2), ZDFERNDL, BTV —/LED 1AL
BPROIELBEAT L2 LI2X0, SFm@E 0 IS, BSOS 2 IR R S EITSED 2
EMFREL o T,
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Table 5.  O-Glycosylation of 9 with 10a

2 O
R\ T/ A0 Ny OB K,CO,
/ \ + - 1y _—
HN AcO OAc MeCN o. ,O
I OAc e AcO
AcO" ™" " 0Ac
OAc
9 10a 1
O-glycosylation
Entry Aglycon R?
Product Yield (%)
1 9a Ac 11a 90
2 9b Me 11b 26

a) Isolated by column chromatography.

b) The formation of a-anomer was not observed.

B RGIEDOZRITRO K HITELIN D ARBIE O RSTEMFEIT 9a @ imidic acid
salt 41 TH VY, BTV — N | fLZEFREIEEZEATLHI LIZLY, 9a DA
RS A 7 DEMEARD 3 (NKFEE DML ST 2, Zivd 2, KoCOs DERZRFEFN
IR MR T 41 OAERMEES N, SIETHOSHEITTSEE2 6015
(Scheme 19), MA T, BoN/=MNa DT /A v 7 7o b EHHO 207 a bk
DAY UFEBER J21X T8 Hz THoZ D, -7/ ~—ThHZ LE2RLTE
b, F7, a-7 /v —F /N N AT RO ERITBIEZ SN T~ 2 D, AL
TE T T, BOBSEAUSIE oxonium 1A 26(Scheme 7)Z R, Sn2 S THEAT L

TN EEZXALND,

9a imidic acid

Scheme 19. Tautomeric forms and the reactive species of 9a

O

< °~
Ne { Q

o‘K

imidic acid salt 41



BT — VB | fLOT B F LT, MeOH 1, KHCO; TULEE4 5 Z & TRHIC
FrET 22 L RRETH 208, BEELOKEEIEDOWL T & F AL N RIRFICH#ITT 5 Z &1
FOIENMET L, HBYE TS 12a DILRIT 45% T & - 72(Scheme 20),

11a 12a
45%

Scheme 20. Deacetylation of 11a. Reagents and conditions: (a) KHCO3, MeOH, 50 °C.

ZIT, BTV —NEED | fLOBT & FIALKIE TONERK T Z[B5EE3 25 720,
IKEEFEDRGEIL L LT, 7 FVIE L D IERMEEN FCRERE A NVEEZEAL
72 10b A U CEE LS 23k 7o, & OfEF % Table 6 12759, MeCN H1, KaCOs3
FETOMGETIZERO e 2% 2% TH Lz (entry 1), —J7, #F L LT NaxCOs
R +-BuOK A L 725 E i, IERME MEmZ R L, EZE1 75% (entry 2) L TR
77% (entry ) Th o> 72, I HIZ, KHCO:; ZEH L7-5M4TlE, NEMARE KT LE
(12%, entry 3), ZAUZE, KISOIEMFETH 5 9a @ imidic acid salt 41 Z%h3 L < ARk
S 5HITIE, KHCO:; (FEREE LTHW O THLEBX LD, £o, WL LT
THF ZfEH U725 TiE, DRI T %7~ L(73%, entry 5), DMF % L 75
T, 10b D53 fEMERE L, IERITRE <K F L72(31%, entry 6), LA EDOFEENG,
MeCN 1, KoCOs ] L7254y, ABLHELEOGSRME L TRiETh - 72,
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Table 6. O-Glycosylation of 9a with 10b
O «Br

PivO
. W 1y . O O
PivO OPiv ’4 \(
o) OPiv N
- © A\
120 mol% 10b N

HN ) ~ 0.0
Base / Solvent PivO
© 60°C PvO" " OPiv
OPiv
9a 11c
Entry Base (mol %) Solvent Yield (%)
1 K>CO3 (140) MeCN 92
2 Na>COs (140) MeCN 75
3 KHCOs (220) MeCN 12
4 -BuOK (120) MeCN 77
5 K>COs3 (140) THF 73
6 K>COs3 (140) DMF 31

FH72 11e & MeOH H1, KHCOs f71E F CUBLS 25 &, BE O KEEH: D i et 1%
HATHET, 7YV — VRO | fOWRT BT LIS EIRMICETL, BETS
12b 73X 98% T15 4172 (Scheme 21),

TR F AL ST GK 10a IR ZETH Y, —20°C LT TORENPMLETH
2%, 10b ITETLETHY, BOBMOBNES TH5, £7-, 10b1%, LI AT
T& % p-glucose & pivaloyl chroride 725, BEFD HIECCHRGICERKT 5 Z & 23 FTHE
Ths, 0D ZnoOHEm D, 10b 1%, KEGHICHERT2EEE LT, X0
L7eBt 548 TH - 72,

b . O -OH 0._OPiv . O._Br
- HO pivaloy! chloride PivO HBr in AcOH PivO )

w " —_——> o » - = L " )

HO OH pyridine PivO' OPiv toluene PivO OPiv

OH OPiv OPiv

D-glucose 10b
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N \
0
PivO
PvO" Y OPiv
OPiv
11c

Scheme 21. Deacetylation of 11c.

N
(a)
PivO
PivO™ " OPiv
OPiv
12b
98%

Reagents and conditions: (a) KHCO3, MeOH, 50 °C.
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Varan

% —=Hi  Remogliflozin etabonate D & fi%ik

9 R I Tl 2R B RS 2RI LT, 2h#AY L < Remogliflozin etabonate
Q)E AT 57 1EEB L OEEE BET Lz,

9a OB LISIZA T — VT v 7352 LIk, KIEHEE L THET LARWEL
SREIER ST, AL L THRD KCOs A L-BEK BROMSTHH Z &
[N Z, 9a O MeCN ~DIEFRIEPMRNTZ DI, KIS OTEMFRE T H % imidic acid salt 41
DM T, HARNHES KaCOs DRI T ROMEE L ZF0F W L3, F7RE
KThdLEZXONT, ZOMEERT 2720, L LT 30% KCOs KAk &
fEA L7, T7ebbh, ZRBIZHHEL 7 MeCN & 30% KaCOs /KIEIK OIRIKIZ, 9a Z N
AT D &, AR L7241 2 MeCN BIZIA T2 Z N TE 5,.9a DB RICHME L,
41 NAER LT Z & Z2ERE L7221, 10b 2N A BB LIS 21T )T LD, Ar—
Ty 7 L THOKIEEREL THEITSEDL Z LITRII Lz, &5IT, 9a & 10b OFHE
EEOGD, @UETHEATT 52 &0, o4 e ZHEERERT L Z &7, BT
TFUALEIT, 554007 12b % 2-PrOH L U FfGdL L, 2 THE T 82%DULET 12b
155 2 &N TX 72 (Scheme 22),
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’4 O\( (@) ’J<N O\( (b)

N N
/ \ > N
HN N\
O O‘K
9a 41
//<O o) o)
N §
!
N \ © N \
—_—
o_ O o_ O
PivO PivO
PivO" ' OPiv PivO " ” OPiv
OPiv OPiv
11c 12b

82% from 9a
Scheme 22. Scalable synthesis of 12b. Reagents and conditions: (a) K2CO3, H20, MeCN,

40 °C; (b) 10b, 50 °C; (c) (i) KHCOs, MeOH, 50 °C, (ii) recrystallization
(2-PrOH).

BoiLe 12b ~A Y 7 a VI A AT D M2 G L2k R % Table 7 1277,
HiH & LT KeCOs 2 L72BEIZIE, 13 & A ERUSIFHEIT L7 72(2%, entry 1),
$72, C2C0s K -BuOK 1792 &, RIGOEHRIIM EL7Zb DD, ZhEh
IR 64% (entry 2) 2 TY 50% (entry 3) ToH U, i D < fERITHB O o T, — 7,
DMAc ', NaH ZfliH L72UiiE, mWAER TS HEIT L72(87%, entry 4), S 6
IZ, DMI H, NaH 5/ FCORINE, LV HEHTH-72(95%, entry5), = OEH &
LT, DMI L, DMAc D L IZHNVHR= VD o-7'1 b Z2F LW, KISk
FTONaH D RNENEZ HeWnWed Th D &2 HiLd, F71Z, NaH % 300 mol%,
2-iodopropane % 400 mol%fE 3% = L 12 L 0, KIS, 1FITEE2ITHEST L(>99%, entry
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6), 13 NHFEIUR 86% CTH V-, £72, 12b (1T IS 2N FLE L (Scheme 23), E
T —IVERD 2T A Y T r EAPREANS T 42 BEIET D, 3 AKERIEIC E AL
EEALILE T Y= VFHERIE, LALPERMICT LR bEn s 2 &L s &
NG, 1795259 BER O, WTNWOFRETTH 1308 EAFDE LTHELR,
entry 6 OFMETI, 13 & 42 OAERKLEIL 919 L BFRERI SO, So5hiz
13 ® NOESY AX7 RMUIBWT, A V7 a KD AF o Ta by 7t
S5AMDAFNEDT v FrDT T FNAORIZ7 v A =7 PERIShIZZ &b, 1
NAZA Y T ENVIENBEASINTZ & 2R LT,

Table 7. Introduction of isopropyl group to 12b

Pvo N O~ C pvo” N O~ 0 PivO/\E‘)’
PvO" N OPiV PVO" N OPiv PivO " OPiv
OPiv

OPiv OPiv

12b 13 42

2-iodopropane

Entry Base (mol%) Solvent Temp. (°C) Ratio (13/42)®  Conversion (%) 2

(mol%)

1 K2COs (300) 400 DMF 60 — 2

2 Cs2C03 (300) 400 DMF 60 82/18 64

3 t-BuOK (200) 300 DMF 20 89/11 50

4 NaH (200) 300 DMAc 18 89/11 87

5 NaH (200) 300 DMI 18 90/10 95

6 NaH (300) 400 DMI 18 91/9 >99 (86) ©
a) Determined by HPLC
b) Conversion=100 X13/(12b + 13)
c) Isolated yield
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H
N N=
N HN_
-
PivO © © PivO o 0
PVO" Y OPiv PVO" " OPiv
OPiv OPiv
12b
Scheme 23. Principal tautomeric forms of 12b

13 725 2 DGR ITIE% Scheme 24 127R”F, 13 Z MeOH ', NaOMe f7#7E T THLEE
THZELIZED, enaAf VEEREL, o4 T HEERT 22 27<, KL
IR L7z, 4 D v H VR =i, B -EHEINH Tl 7= 25 H Lz,
725, 4 & ethyl chloroformate (22)% MeCN H, 2,6-lutidine 77E T, fillit £ D pyridine
ZIZ, 0°C ThULEH7-%%, EtOH & n-heptane DIEATARE L W HfEM L, 13 005
B2 ER(T2%) T2 DX 7 —/VF) 14 2157, 14 1, BEZERE%E L —E8EO T
Z ) — VR L, THINMR O7'a bR NGCIZ L D ERICB W TTZY ) — /L E
BN 1.6%Thol=Z D, = FOxH ) —LL DM ERE LT, =% )
—AFmE LTHBES 2 Z LT, @W AR OBREZNR DG S EMED 14 2155
Z LN TE T, R T 14 &2 MTBE & n-heptane DR SVARE LV FfE 5 L, Remogliflozin
etabonate (2) % I3 96% THE7-,

51



N N
/ /
N (a) Ny (b)
_— _—
PO 0.0 HO 0 °
PVO" N OPiv HO"" ™" OH
OPiv OH

13 4

N N
o\ o\

o N () o N

M 0.0 PIS 0.0

-0 o ~0" o
HO" ™" OH EtOH HO" ™" OH
OH OH
14 2
72% from 13 96%

Scheme 24. Completion of the synthesis of 2 from 13. Reagents and conditions: (a)
NaOMe, MeOH, 55 °C; (b) (i) ethyl chloroformate (22), 2,6-lutidine, pyridine,
MeCN, 0°C, (ii) recrystallization (EtOH, n-heptane); (c) recrystallization
(MTBE, n-heptane).

52



EUET B om0 LD

1,2-dihydro-3H-pyrazol-3-one A8k (8)D T V' —/LED 1 (MICEFRFIIELTH S
TEFNEZBEANTLHZLICLY, @GR TR EROCAEIT TS Z &2 R LT,
o, BEEGROKBEDRELZE SR A VLT H2LT, BTV —LEBR LEOT
T F VLA FEIRAICERE TS Z £ 3 TX, Remogliflozin etabonate (2)0 B2 72 Ak
R TH D 12b Z @R THD ZENTETZ, ZORR, BTV —LERD | fii~DA
Y 7a EVEEO DR IEAMNARE L 72V, ®IEE T Remogliflozin ()% 1525 Z & 2%
T& 7=, F72, Remogliflozin (4)D T b H VR = ALK EE —FEE U E Tk~
7o filfi & D pyridine Z W L 72 SOSSMEZFIA L, mHBIRIC 1 okBREE~ T S
5HZ LN TE, 5572 Remogliflozin etabonate (2)DHL LML, =& / — /L Fuip
ENTHILICL o THET 2 ENTE, DILERALEZLEL L
Remogliflozin etabonate (2) ® & Wk ik Z fESL L7, KA pkik Tlidmik o
4-isopropoxybenzyl chloride (29)7> 5 K21 E 28% T Remogliflozin etabonate (2)% %% =
ENTE, BIERRRERZ: & QN RS & HEE T 5 7 0 O IR A s T % 2 LM~
Ot ADOREEMELTH I ENTE T,
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% =%  Ns-Isopropyl-1,2-dihydro-3H-pyrazol-3-one #% &K DGR & Z D
BoBE(L i 2 K H L 72 Remogliflozin etabonate D Zh3EHI A k1A

DHFFE
B How

% EIZEHB VT, Remogliflozin etabonate (2) DN A IEIZ DWW Tk <7z, L
2L, 12b DA Y 7T /RIS T, ERERS HO 13 3565600, T3
A — )V CEMET H7OIZiE, LTFDO XS ZRESRH -T2,

o Kila¥|&E D NaH & 2-iodopropane Z %% & L, DMI ILEAlZREETH 5729,
a A MZAF]ITH D,

o USTEHFME, KREODKFZELE IO TANKAEL, BEMEOBLESAFHT
ORI

o FRWEELUSTH L7235, DMI DR R R < (8.2°C), 7 7 A DRI O BHAL
THWEIT S &, RISHENEET 570, REay ho—ABRNETH 5,

o UGDHELTN, KO EEITHEZZITOT L, RIGRNOKSERERE 0.03%L4
TCEARATDMEND D, T7205, #ilid DMI DK BT 0.10%TH Y,
KIS T 272010%, FlREHALETH D,

12b OA V7 a B TR Z BIRET 5 72D O A Rl & Scheme 25 (2R3, AA K
BEWE A2 2B 572 0ciE, 77U a2 TH S 1,2-dihydro-4-[(4-isopropoxyphenyl)
methyl]-1-isopropyl-5-methyl-3H-pyrazol-3-one (9¢)DEAR 72 A kL L, 9¢ & glycosyl
bromide 10b @ EHEA7RELHE LG D EBLR R AR Th 5, FHIL, b EEBT
RFFRIZE T LT,
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o B
‘"< \(/ PO OBr

N
+ W
— HN. ) PVO"

" OPiv
OPiv

9c 10b

Scheme 25. Retrosynthetic approach to 2
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Vivawd

% " fi  Ns-Isopropyl-1,2-dihydro-3H-pyrazol-3-one i &K 9¢ D EER )72
B RE

B ESE HIZI T, acetoacetic ester i A 31 & NHaNH2-H0 OfEE S,
1,2-dihydro-3H-pyrazol-3-one #58(K 8 Z 1G5 7DD AN FED—>ThHhbH Z & %2R
Nz, LLRD 5, acetoacetic ester #hiE A & alkyl hydrazine & DFE G IS HIE,
Nz-alkyl-1,2-dihydro-3H-pyrazol-3-one #HEARN FIZHE LN L ENMbLNTEY,
Ni-alkyl-1,2-dihydro-3H-pyrazol-3-one #%EAK % 15 % 72 DX AR 72 TE TRV,
3436 SRR, acetoacetic ester #55 /K 31 & isopropylhydrazine hydrochloride (43) & Difs
AR HI1X, HMO Ni-alkyl-1,2-dihydro-3H-pyrazol-3-one 7% & (& (315 & 17,
Nz-isopropyl-1,2-dihydro-3H-pyrazol-3-one 44a D A28 BYE(R & LT 44b 23X EE 73% THF:
572 (Scheme 26), il 212, FF 1L acetoacetic ester #755{K & isopropylhydrazine
N5, ERIYIZ Ni-isopropyl-1,2-dihydro-3H-pyrazol-3-one #%53E (K %1525 5k Miat L
76

WL s T e T
T N \7/N
O (0]

31 44a 44b
73%

Scheme 26. Condensation of 31 with 43. Reagents and conditions: (a) isopropylhydrazine
hydrochloride (43), EtsN, THF, toluene, reflux.

BOINZ, BT /LERR L LT acetoacetic acid (45)D 1 /LR F 2L A KV 58D ICIEM:
b L7z, IREFEEEKY 46 & isopropylhydrazine (47) D& Bt & ik dr Tz, Z Dt R %
Table 8 {2/~ VAR F VAL K0 R ITIEMEAL LTz 46b 23V TH, hydrazide
DR KV hydrazone DAEK O F N LV ESLHICE D, BB O
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Ni-isopropyl-1,2-dihydro-3H-pyrazol-3-one 48 DOARLEIIHIFF LT L\ B9, +
E R No-isopropyl-2,4-dihydro-3H-pyrazol-3-one 49 ThH->7z, L7z ->7T, HWLR
XN EM LT 572 TIE, A+ Th o Efmid i,

Table 8. Condensation of 45 with 46

0 0 (a) O o 0 (b) \ﬂ o
M OH > M OJ\R3 > HN/WJ/ * >¢
0

@)
45 46 48 49
Entry Mixed acetoacetic anhydride R? Condition® Ratio (48/49)”
1 46a i-Pr A 7/93
2 46b CF; B 16/84

a) A: (a) isobutyryl chloride, pyridine, THF, toluene, 0 °C; (b) 47, EtsN, THF, toluene, rt. B: (a)
trifluoroacetic anhydride, pyridine, THF, toluene, 0 °C; (b) 47, Et:N, THF, toluene, rt.

b) Determined by 'H NMR spectroscopy.

RIZ, TV =)V % ethylene glycol T & — )VIRGE U121, TR F VK ETE
MAl L 7= acetoacetic acid #3E44K S1a & isopropylhydrazine (47) & DO#fg & B % iR 72,
Isobutyric 2-(2-methyl-1,3-dioxolan-2-yl)acetic anhydride (51a) (X, 2-(2-methyl-1,3-
dioxolan-2-yl)acetic acid (50)°” % THF ', pyridine /#7E T, isobutyryl chloride TLEE
HIEICEVAEKTE D, Sla & 47T OMEEIIGTIE, HID 48 BEARD & L TH
B, 49 IPEMFEO LR BIE I NT-721F & - 7= (Scheme 27), — 7, acetic anhydride
& methylhydrazine & OHEE IGH> 51, FIT N-methylhydrazide 2315% 51152 & 23
HEINTWDR, 3 Z O TliE N-isopropylhydrazide 52 SR HNT-, £ D
BB E LT, NA Y7 e EVEDON RN REmSICL Y, Sla D VR=VERFE~D
47 DIEEMOEF T ORBEHBEPBIRICE Z oTclcd EE2 bLD, ) Ll

¢ o o 0]
P Wo— A,

HN" |

acetic anhydride methylhydrazine N-methylhydrazide
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BB, BMELRWHINVR=VE~DORBEIENET T2 LI128D,
N'-isopropyl-isobutyrohydrazide (53)723&14= L, HHY & 4% 48 DULERIT 53%IZE £ -7,

0 (a) o} (b)
o._ 0O —_— )QJ\ —
+ 48
S o
o 53% from 50
§
N/
50 51a W/U\H Y

53
35% from 50

Scheme 27. Condensation of 51a with 47. Reagents and conditions: (a) isobutyryl chloride,
pyridine, toluene, 0 °C; (b) 47, toluene, rt; (¢) 1 M HCI, THF, 70 °C.

UbD X 57, BHIE LRWTIVR = )VERFE D 47 OKRBEBE LT D720,
VIR F 2V HE % CDI CiEMEA(L L 7= imidazolide #53E (K 51b°7) & 47 OfEH St % kA
oo ZOMEERIGTIE, HEE T2 48 DUIHE 95% TH O, 49 1TEK LD o7z
(Scheme 28),

[\ o
[\ o (@) 0.0 (b) 6.0 H (©) N
SN KA, —— IAMA T W]
OH N H Y
(@]
50 51b 52 48

95% from 50

Scheme 28. Condensation of 51b with 47. Reagents and conditions: (a) CDI, THF; (b) 47,
toluene, 10 °C; (c) 2 M HCI, THF, 70 °C.
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U EOFERNG, IR =13% ethylene glycol T4 &% —/L{%i# L 7= imidazolide
B 51b & 47 OFFE RIS, BRIE T2 48 2RI D 12O DAL T
HHTEERE LI, ZDHEE 9e DERITIGHT 5729, 15 2% OffiE % M
VW CIEME R L 72 acetoacetic acid #5E/K 16 & isopropylhydrazine hydrochloride (43) D
BEOGE G LTz, BB Th 5 43 ZEH LI2BRHIE, 47 KV B ICAFTED
JFEICH D7D ThH D, TOREFR% Table 9 IR, MiHAlE LTCDI ZM L72X
JETIE, BEIET D 9¢ Zmn#E RO mIR TR L 2 & A TET2(90%, entry 1), —
77, DCC ZfEH L7= B TIE, 9¢ ~DEW ORI 278 L7220y, IRIER TH - 72(28%,
entry 2), CAUIK L, DCC <° EDC-HCl Dk VR YA 2 RRMEAHIZ, HOBt %
MADZ IR Y, IWSRTHEE L2, IERIT CDI 241 L7 RFICiE T 720 -
72(86% and 76%, entries 3 and 4 respectively), Z il 5 DfERND, CDI XKk AR
MEEHIO—>Th s BTN, Fli72AETHY, K& WZAERT 52X = A
FMENO AR TH D, D7, CDI DRV IZ, Zfli TAF LTV imidazole &
thionyl chloride 2> 5 R FICHHES 5 Z LN TE S TCDI - D O &2k i= L = 5,
BIRMER L O & 12, CDI 2 L 72HF & [R5 O fE RS 5 172(89%, entry 5),

Z DOFER, KD 4-isopropoxybenzaldehyde (54)7°5 6 THET, miffiZeikdR & 5
ZE7<, 9 BELHZLITHEIILTZ, T2 E, 54 & methyl acetoacetate (30)%
Knoevenagel SRS FCHKMESG S & 55 & L, Z£ORIGHKRIZ 2-PrOH Z /1% 10%
Pd/C fF1E T, KFFEHK T TEILL 31 21572, K\ T 31 DA /VAR =V % ethylene
glycol T H —/UE# L 56 &L L7, 56 DA KX ) — VIRHIZ 25%KER{LT R U o7 A
IKESHE 2 I A NBGEFT L 15 %, 54 72 BILER 85% THF/z, IRWT 15 &, Jellilk -~
TCDI Z#E & Al U THEM L& T T, 43 LA L 17 & L2, KINE%E 6 M
e CRBT 5 Z L&D, DIVR=VEORRE L T Y — VRO EITL, B
&35 9¢ &, 15 2> BIUER 76% TH37=(Scheme 29), AEFLIED 6 Tz, HEET 5
FREARIZ 15 OATHY, TIREECTH D 54 25 OIRIL 65%IZZE L, FERITZFE
72 B RiE TH 2,
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Table 9. Condensation of 16 with 43

o JIOT O e S T O

o}
15 16 9c 44
. . Ratio Yield of 9¢
4 2)
Entry  Coupling Reagent 16 R Conditions (9c/44b)P (%)
/=N
1 CDI a —N A 99/1 90
/

O
IZ>\_
O

2 DCC 97/3 28
—0
N

3 DCC/HOBt c v :@ B 95/5 86
N
—0
N

4 EDC-HCI/HOBt ¢ N :@ C 99/1 76
N

/=N
5 TCDI¢ a —N__ A 99.5/0.5 89

a) A: (a) Coupling reagent, THF, rt; (b) 43, EtsN, DMF, 80 °C; (c) 10 M HCI aq., THF, DMF, 80 °C. B: (a) Coupling
reagent, EtsN, THF, DMF, rt; (b) 43, rt; (¢c) 10 M HCl aq., THF, DMF, 80 °C. C: (a) Coupling reagent, EtsN, THF, DMF, rt;
(b) 43, 80 °C; (c) 10 M HCl aq., THF, DMF, 80 °C.

b) Determined by HPLC
d : (0]
I
N//\N/S\N/\\N
TCDI
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o) 0
0 o o (@) \F(»“@/ Y (b)
OHC/©/ Y * /U\/U\o/ — /OO = 7

54 30 55
0 A0 o N o
o LT e Y e T
° 0 0
31 56 15

85% from 54

P —
R *m T o, mf
O o}

17 9¢c
76% from 15

Scheme 29. Application of the developed method in the synthesis of 9¢ from 54. Reagents
and Conditions: (a) piperidine, acetic acid, rt; (b) Hz2, 10% Pd/C, 2-PrOH, rt; (c)
ethylene glycol, TsOH-H20, toluene, reflux; (d) NaOH, MeOH, reflux; (e) (i)
TCDI, THF, rt, (ii) isopropylhydrazine hydrochloride (43), EtsN, DMF, 80 °C;
(H) (1) 6 M HCI, 80 °C, (ii) recrystallization (MeCN, H20).
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% —=fi  N-Isopropyl-1,2-dihydro-3H-pyrazol-3-one #5384 9¢ DEhFRA 72
A A

Remogliflozin etabonate (2) DA iliE & MESL T 5 72 DI21E, 9¢ DRNRA 72 Bk b1
DI NETH D, LL, H_EE T T —LBRO | LB it A% A
9% Ni-methyl-1,2-dihydro-3H-pyrazol-3-one #%3{K 9b & glucosyl bromide 10a & DFd
PEALROGSIE, ARINRToH D Z & ik~ 7=, £ Z T, Ni-isopropyl-1,2-dihydro-3H-pyrazol-
3-one FHEAR 9¢ DENREA LB LA & iESL T~ MG 21T o 72,

207 AV EGE, BYESRIE T TARLE TH L7280, HRAMESEIMET CERBHEK
JnE RS HMENDH D, Fl2, T TH 10a L0 EY FWOARES 72 10b 2 FEfL G4
ELCRIR LR 21T o 70, £ OF5E % Table 10 12773, MeCN H1, KoCO3 f77E FC
DL, TR0, RNWEHETH - 72(51%, entry 1), KRIZ, X0 IRI17H
BEHT 28T, ROCOTEHFETH D 9¢ DA I RBBEOAERNMEESINLD Z &
ZHIFF LT, NaH 7/E F COMS & il AT N FRE T B A5 RIS 72 0> 72(26%,
entry 2), #¢V T, MeCN & 2-PrOH(1: 1) DIRGIREE R CORS AT & 2 5, KoCOs3
ZHEALIEGAE TH-TYH, 79%DEHETHEIT Liz(entry 3), BT, [R—IEERIC
BWTHIE LT C:CO: AT D &, K0 @EWEERE TSI HESIT L(95%, entry
4), —7J7, KOH #¥HEL L THWIZEAITIE, C2C0s & tilsd 5 & Ah7eiE Bt 5
Z IR T2(70%, entry 5), fEmme LT, 7/ba—/LERE L < IXEAEEZ Huv-
Cs:C03 f71E F CORIEEMD, FEFITEWEBRR TS EHEITSE D5 2 LN L)
& 720 (95—97%, entries 4, 6, 7 and 8), £712, MeCN & 2-PrOH(1:3) DRSS, Cs2C03
FE T TORIGN, b WERR THEIT L TO97%, entry 6), HEEIVE 85%T 13 %
BHZENTET, o, BoNZ13OT /AUy 7 7a hrEfEHEO 27 k
VEDAE UFERER J213 83 Hz ThoTe ZEMh, BT/ ~v—ThdH I L&KL
TBY, £, WThOEMHTFTYH, a7/ v—A /N b= AT RO A RRITEE S
IRl Z &b, 5 T Tl B EEUS & RIERIZ, Sv2 IS THEAT L
TNLEEZBND,
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Table 10.  Optimization of the reaction conditions for the O-glycosylation of 9¢ with 10b

O\(
(6]
/( \( PVO OB
/N \ + LW i1y X —_—
HN PivO OPiv

S OPiv
9c 10b 13
Entry Solvent Base Temp. (°C) Conversion (%)
1 MeCN K2COs 55 51
2 DMAc NaH rt 26
3 MeCN/2-PrOH (1:1) K2CO:s 50 79
4 MeCN/2-PrOH (1:1) Cs2CO3 50 95
5 MeCN/2-PrOH (1:1) KOH rt 70
6 MeCN/2-PrOH (1:3) Cs2CO3 50 97 (85)%
7 2-PrOH Cs2CO3 50 95
8 MeCN/t-BuOH (1:3) Cs2C0s 50 95
a) Determined by HPLC.
b) Conversion =100 x 13/(9¢ + 13).
c) Isolated yield

LEOFEZLVEGNTZ 13000, B FH —Hi Cik X7z FIEIZEV 2 28 L
72(Scheme 30),

H
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N N
1 /
Ny ) (@) NS ) (b)
—_— —_—
PO O ° HO ©
PVO " ' OPiv HO OH
OPiv OH

13 4

N N
N ) N )

o S (c) o S
L 0.0 JL 0.0

~S0" 0 ~0" 0

HO" “ OH EtOH HO" ' OH

OH OH

14 2

74% from 13 97%

Scheme 30. Completion of the synthesis of 2 from 13. Reagents and conditions: (a)
NaOMe, MeOH, 55 °C; (b) (i) ethyl chloroformate (22), 2,6-lutidine, pyridine,
MeCN, 0°C, (i1) recrystallization (EtOH, n-heptane); (c) recrystallization
(MTBE, n-heptane).
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FUET  B=EOFE LD

FHEIX, 12b DA VT a A TR Z D L -G TIE R LT D T2 O OFRE T
& > 7= Ni-isopropyl-1,2-dihydro-3H-pyrazol-3-one &K 9¢ DIBIRAI 72 G RkIE L, 9
DRNRE 2 BORE LS % R L, Remogliflozin etabonate (2)0D%2 4= Ty %0ZR M
RERMIEEFEB LT, T72bb, BV =/LIE% ethylene glycol T & — /L {f# LTz
imidazolide 7% {A 16a & isopropylhydrazine hydrochloride (43) & OHE & Ft /5 17 %
EIERIRAICEDS LN TE, KOWTHAR= VEOBRHEICLY, 2hRMIC
Ni-isopropyl-1,2-dihydro-3H-pyrazol-3-one 538K 9¢ BT 5 Z LR AlRE L 7R o7z,
F72, 9¢ & 10b OEMHEEIGIE, T a— L EHEET, Cs:COsFEFTITH 2 &
Z&Y, ERETTLHIEERH L, FFIZ, MeCN & 2-PrOH(1:3)DiRATABLT
TRIGEFTD Z & T, IR TI3 21525 2 ERAREL o To, & BT, REIEIT,
B R TR ERHIE L i L, BSOSO TR D2, K ar =Y
v M ARkEL 720, TR 4-isopropxybenzaldeyde (54)7> 5 DFILER 39% %
L, BREREEREL M ESELZ LT LT,
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B IRAY 7 SGLT2 FAEVEMEZ A LHERIFIRRIE L L CTHIff S5, Sergliflozin
etabonate (1)3 & U Remogliflozin etabonate (2)% ZNRANZART 5 Z & % B L%
AT TR RZUTICE LD D,

F—E T, 1 OEMRERIEIZONT, A7 —1LT v 7 AEET, M ORhENR
2-[(4-methoxyphenyl)methyl]phenol (5) DECHELEUG &, 3 D 1 #loKFRHe~ D iR 72
T MU VR = ARG OIS RRET LT R DWW GR AR,

5 & penta-O-acetyl-B-D-glucopyranose (6) D ECHE(L S &1L, toluene H Cifd Fo & D
BF3-OEt; (300 mol%) & L, 732 BN Z i35 Z & C, &IEENDOE L B-ER
PCHITT 222 R LIZ, 77, 3D 1 kR ~Dx k%2 H LR = VRS
1%, M UC R & m LV 2,6-1utidine 2 FE A L, il & @ pyridine Z W55 =
Eloky, Rl O OBEBRRWICET T2 2R Lz, ZORE, Serigliflozin
etabonate (1) D& RA 72 B T 1L & fENLT 5 2 L 1ZAkE) L 72 (Scheme 31),
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o}
AcO
AcO"

OAc

24 25 5

OAc

SUSH SUSH
(d)

(c)

Scheme 31.

80% from 5

82%

Scalable synthesis of 1. Reagents and conditions: (a) (i) AICls,
chlorobenzene, 110 °C, (ii) recrystallization (MeOH); (b) (i) 10% Pd/C (wet),
Hz, EtOH, rt, (ii) recrystallization (toluene, n-heptane); (c) BF3-OEt2, EtsN,
toluene, 40 °C; (d) (i) NaOMe, MeOH, 25 °C, (ii) recrystallization (MeOH);
(e) (1) ethyl chloroformate (22), 2,6-lutidine, pyridine, acetone, 0 °C, (ii)
recrystallization (EtOH, n-heptane).

BOETIE, 2 ORI EIEIZOWT, Ni-acetyl-1,2-dihydro-3H-pyrazol-3-one
IR 9a ZREH U 7o BB LEOS &2 OISR L2 R IO W TR~ T,
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8 DTV —/NED | fLICETFRIIETHLTETFNAVEEZEATHZ LITLDY,
glycosyl brmide 10 & OEFE LIS FURTH#ITT 2 Z L A WL L7z, $FlZ, 10 D
KRz v\ A VHETRE L 100 2T 5 2 & T, B bbOsZIc, v 57—
NVERD ILDOT B FNVIEZBRIRIZRET 52 LN TE, MATI12b DA Y 7Bl
ERSZ @R THEIT S 5D Z E N A[RRIC R o 72, £ DfESR, Remogliflozin etabonate
Q)D YR 22 B R 715 % FEHL L 7=(Scheme 32), L2>L, 12b DA Y 7' 11 ¥ AV GIE,
1A% 0> NaH & 2-iodopropane Z 4 FE E L, TOREE, KEOKFE L T AR
HAETLZ LD, TEMNAT—/VTERT HI2IE, oM I 0Na 2 NIRRT
o,
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Scheme 32. Initial scalable synthesis of 2. Reagents and conditions: (a) i-Pr2NEt, LiCl,
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K1, toluene, 75 °C; (b) NH2NH2-H20, toluene, 75 °C; (c) acetic anhydride,
K2COs3, DMF, 70 °C; (d) K2COs, H20, MeCN, 40 °C; (e) 50 °C; () (1)
KHCOs3, MeOH, 50 °C, (ii) recrystallization (2-PrOH); (g) (i) 2-iodopropane,
NaH, DMI, (ii) recrystallization (2-PrOH); (h) NaOMe, MeOH, 55 °C; (i) (1)
ethyl chloroformate (22), 2,6-lutidine, pyridine, MeCN, 0 °C, (ii)
recrystallization (EtOH, n-heptane); (j) recrystallization (MTBE, n-heptane).

BT, b D4 Y T u ik TRAYEBET S DI,
Ni-isopropyl-1,2-dihydro-3H-pyrazol-3-one #5384 9¢ OB LA HIE &, 9¢ DEHEL
B Ze #85 L 72 SRS DD Tk~

JI)VAR =)V} % ethylene glycol T/ % — L{xi L7- imidazolide #%EK 16a &
isopropylhydrazine hydrochloride (43) & OfF A IS ZFMT 2 Z L1k, FFEFIZEWD
BIRPET 9¢ 152 Z EMAMRBIC R o7, E£72, 9¢ & 10b OEHEHLNE, 7= —
IVERVREE, $FIZ MeCN & 2-PrOH(1:3)DIRETREEH T, HiILE LT Cs2C03 Z1{# A
THZET, MIETEITTHZ e R Lz, ZOMRE, & R Tl ERIED
FREEZ AR U, K0 AT I M A & — /L~ il AT HE7R, Remogliflozin etabonate (2)
DA TE % WMeST L 7= (Scheme 33),
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85% from 54
PO O _Br
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o \( OPiv
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) H } Y © N OY 10b
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)\ _N HN |
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17 9c
76% from 15

PO 0 A° HO 0. °
PNVO " “ OPiv HO™ “ OH

OPiv OH
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85%

OH OH
14 2
74% from 13 97%
Scheme 33. Improved scalable synthesis of 2. Reagents and Conditions: (a) piperidine,

acetic acid, rt; (b) Hz, 10% Pd/C, 2-PrOH, rt; (c) ethylene glycol, TsOH-H20,
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toluene, reflux; (d) NaOH, MeOH, reflux; (e) TCDI, THF, rt; (f)
isopropylhydrazine hydrochloride (43), EtsN, DMF, 80 °C; (g) (i) 6 M HCI,
80 °C, (ii) recrystallization (MeCN, H20); (h) (i) Cs2CO3, MeCN, 2-PrOH,
50 °C, (ii) recrystallization (2-PrOH, n-heptane); (1) NaOMe, MeOH, 55 °C;
(G) (1) ethyl chloroformate (22), 2,6-lutidine, pyridine, MeCN, 0 °C, (ii)
recrystallization (EtOH, n-heptane); (k) recrystallization (MTBE, n-heptane).
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EiLqs

ARG OIERUCER L, RAnEEREE 72 THaiE, ZHiREZ Y £ Lo IR R b
FEHPIERE THFET BORICREA TR L BT ET,

AL DOBEICHIY, AERREEZHY £ LRI RFERFFIE AR &
PIAHE 2%, LR Bl <R L B £,

ABFFRICER L, ZRDESHRE L BRORRZ G A T TFSVWE LT vy A 30T
RS Bt PR 2R, AERBR  BEEED (RIS D &
DEZRLET,

7o, ARBFRICERL, ZRARMESHE LB 2 W2 & Lo v o 40 T3
A%k OHERIEE WL, BHiRsEAiE Aok it ([FErERRE
AR @1E RICEATEHH L B ET,

AR EED DD, KRG £ L, % vt 30 TERAS R
BRGER R L, CMCHMZERR Wi it wERAES ML E
FITHEL BN LE T, AR OFATIC W=7 2 F L2 v & o 355 T3
AttomILEE M, FH—mW K, SREIE— K, ARBR K, NETE
&, MHRFE K 5O B8RSR, ORITIERT O R SLICIEHH L B £,

RIS, AR ZED DIZHTZV RN O3 LT IvE L7aA Ha, e
(I L £,
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EER DR

Chemistry

General method. All melting points were measured using a Yanagimoto MP-J3 melting
point apparatus and are uncorrected. Optical rotations were recorded on a JASCO P-2300
polarimeter. Infrared (IR) spectra were recorded on a Nicolet AVATAR 320 FT-IR
spectrometer and are reported in reciprocal centimeters. 'H and '3C nuclear magnetic
resonance (NMR) spectra were recorded on a Bruker AV-400M or DRX-500 spectrometer,
and chemical sifts were reported in parts per million (6) downfield from tetramethylsilane as
the internal standard. Peak patterns are shown as the following abbreviations: br = broad, s
= singlet, d = doublet, t = triplet, ¢ = quartet, m = multiplet. High resolution mass
spectrometry (HRMS) was carried out on an Agilent Technologies QToF 6520 mass
spectrometer.  Silica gel 60F254 precoated plates on glass from Merk KGaA were used for
thin-layer chromatography. Flash liquid chromatography was performed on SNAP cartridge
KP-Sil from Biotage®. All reagents and solvents were commercially available unless

otherwise indicated.

BRI 5 ER

Initial synthetic procedures of Serglifrozin etabonate

2-[(4-Methoxyphenyl)methyl]phenol (5)

The mixture of LiOH-H20 (0.210 g, 5.0 mmol) and phenol (18) (0.471 g, 5.0 mmol) in
benzene (3 mL) was refluxed for 1 h. 4-Methoxybenzyl chloride (19) (0.882 g, 5.25 mmol)
was then added to the reaction mixture. The mixture was refluxed with stirring for an
additional 3 h and then cooled to room temperature. H20 (3 mL) and EtOAc (10 mL) were
added to the reaction mixture, and the biphasic solution was transferred to a separating funnel
for phase separation. The organic layer was dried over Na2SO4 and the filtrate concentrated

under reduced pressure. The residue was purified by silica gel column chromatography
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(eluent EtOAc:n-hexane, 1:7) to provide 5 (323 mg, 30% yield), which was identified using
"H-NMR spectra compared with reference data.®”? 'H-NMR (CDCl3) §: 3.78 (3H, s), 3.93
(2H, s), 4.66 (1H, s), 6.77—6.91 (4H, m), 7.10—7.15 (4H, m).

2,3,4,6-Tetra-0O-acetyl-D-glucopyranosyl trichloroacetimidate (21)
N,N-Dimethylethylenediamine (63.4 g, 719 mmol) was added to a solution of
penta-O-acetyl-B-D-glucopyranose (6) (200 g, 512 mmol) in a mixture of EtOAc (400 g) and
THF (400 g). The reaction mixture was stirred at 20 °C overnight. EtOAc (200 g) and a
15% aqueous solution of phosphoric acid (607 g) were added to the reaction mixture, and the
biphasic solution was transferred to a separating funnel for phase separation. The organic
layer was washed successively with a 10% aqueous solution of NaCl (400 g), a 5% aqueous
solution of NaHCO3 (400 g), and an 18% aqueous solution of NaCl (196 g). The organic
layer was dried over Na2SO4 and the filtrate was concentrated under reduced pressure. The
residue was then dissolved in EtOAc (400 g). The solution was concentrated under reduced
pressure to provide 20 as an oil. The residue was dissolved in EtOAc (500 g).
Trichloroacetonitrile (298 g, 2.06 mol) and K2COs (10.9 g, 78.9 mmol) were added to the
EtOAc solution of 20. The reaction mixture was stirred at 40 °C for 7 h and then aged at
20 °C overnight. Inorganic salt was removed by filtration through Celite®, and the filter cake
was washed with EtOAc (400 g). The filtrate was concentrated under reduced pressure, and
the residue was dissolved in EtOAc (400 g). The solution was concentrated under reduced
pressure. The obtained residue was dissolved in EtOAc (200 g) to provide 21 as an EtOAc
solution. The solution was used in the next step without further purification. 21 was
identified using 'H-NMR spectra compared with reference data.®® (a-amoner) 6: 2.02 (3H,
s), 2.04 (3H, s), 2.05 (3H, s), 2.08 (3H, s), 4.10—4.25 (2H, m), 4.25—4.35 (1H, m),
5.10—5.25 (2H, m), 5.50—5.65 (1H, m), 6.56 (1H, d, J=3.5 Hz), 8.70 (1H, s); 'H-NMR
(CDCl3) (B-amoner) o: 2.02 (3H, s), 2.03 (3H, s), 2.04 (3H, s), 2.09 (3H, s), 3.85—3.95 (1H,
m), 4.10—4.20 (1H, m), 4.25—4.35 (1H, m), 5.15—5.35 (3H, m), 5.85—5.95 (1H, m), 8.72
(1H, s).
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2-[(4-Methoxyphenyl)methyl|phenyl-2,3,4,6-tetra-0O-acetyl-B-D-glucopyranoside (7)
EtOAc was added to the EtOAc solution of the crude product of 21, and the weight was
adjusted to 630g. 5 (67.0g, 313 mmol) was added to the solution, and a solution of
BF3-OEt2 (13.4 g, 94.4 mmol) in EtOAc (130 g) was then added at 20 °C. The reaction
mixture was stirred at 40 °C for 2 h and then cooled to 20 °C. An 18% aqueous solution of
NaCl (268 g) was added to the reaction mixture and the biphasic solution transferred to a
separating funnel for phase separation. The organic layer was washed successively with an
18% aqueous solution of NaCl (268 g x 3), a solution of NaHCOs3 (3.4 g) and NaCl (24 g) in
H20 (170 g), and an 18% aqueous solution of NaCl (268 g). The organic layer was dried
over Na2SOs and the filtrate concentrated under reduced pressure. EtOAc was added to the
residue, and the weight was adjusted to 402 g. MeOH (469 g) was added, and the resulting
slurry was heated to 40 °C to dissolve solids. The solution was cooled to 28 °C and seeded
with 7. The solution was aged for 1.5 h at 28 °C, during which time the product began to
crystallize. The slurry was cooled to 20 °C and then stirred for 1 h at 20 °C. The slurry
was cooled to 0 °C and then stirred for 1 h at 2 °C. The slurry was filtered, and the wet cake
was washed with MeOH (80 g x 2). The precipitate was dried in vacuo at 70 °C to provide
7 (131 g, 77% yield) as a white solid. mp 116—117°C. [a]y —29.7 (¢ 1.0, DMSO). IR
(KBr) cm™': 1744, 1512, 1493, 1368, 1239. 'H-NMR (CDCl3) 6: 1.91 (3H, s), 2.03 (3H, s),
2.05 (3H, s), 2.07 (3H, s), 3.77 (3H, s), 3.85—3.89 (3H, m), 4.17 (1H, dd, J=2.5, 12.4 Hz),
4.28 (1H, dd, J=5.5, 12.3 Hz), 5.11 (1H, d, J=7.6 Hz), 5.18 (1H, t, J/=9.5 Hz), 5.27—5.37 (2H,
m), 6.78—6.82 (2H, m), 6.97—7.08 (5H, m), 7.14—7.19 (1H, m). *C-NMR (CDCl) 6:
20.5 (q), 20.6 (qx2), 20.7 (q), 34.3 (t), 55.2 (q), 62.0 (1), 68.4 (d), 71.1 (d), 72.0 (d), 72.9 (d),
99.1 (d), 113.82 (dx2), 115.1 (d), 123.4 (d), 127.3 (d), 129.9 (dx2), 130.7 (d), 131.4 (s), 132.4
(s), 154.5 (s), 157.9 (s), 169.2 (s), 169.4 (s), 170.3 (s), 170.6 (s). HRMS (ESI) m/z:
562.2288 [M+NH4]" (Calcd for C2sH36sNO11: 562.2283).

2-[(4-Methoxyphenyl)methyl|phenyl-B-D-glucopyranoside (3)

A methanolic solution of 1% NaOMe (13.5 g, 2.5 mmol) was added to a suspension of 7
(27.2 g, 50 mmol) in a mixed solvent of EtOH (68 g) and MeOH (27 g) at room temperature.
The reaction mixture was stirred at 50 °C for 1 h and then quenched by the addition of AcOH
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(150 mg, 2.5 mmol). EtOH (95 g) was added to the reaction mixture at 50 °C. The
solution was cooled to 35 °C and seeded with 3. The solution was aged for 1 h at 35 °C,
during which time the product began to crystallize. The solution was allowed to cool slowly
over 1 h to 3 °C and was stirred for 1.5 h at 3 °C. The slurry was filtered, and the wet cake
was washed successively with a mixture of EtOH (27 g) and MeOH (5 g) followed by i-Pr20
(27 g). The precipitate was dried in vacuo at 80 °C to provide 3 (13.8 g, 73% yield) as a
white solid. mp 112—113°C. [o]; —42.4 (¢ 1.0, DMSO). IR (KBr) cm™': 3363, 1513,
1491, 1453, 1301, 1238. 'H-NMR (DMSO-ds) J: 3.16—3.20 (1H, m), 3.25—3.35 (3H, m),
3.44—3.51 (1H, m), 3.70—3.73 (4H, m), 3.81 (1H, d, J=14.5 Hz), 3.99 (1H, d, J=14.6 Hz),
4.56 (1H, t, J=5.8 Hz), 4.80 (1H, d, J=7.3 Hz), 5.01 (1H, d, J=5.3 Hz), 5.08 (1H, d, /=4.8 Hz),
5.29 (1H, d, J=5.3 Hz), 6.79 (2H, m), 6.90 (1H, dt, J=1.3, 7.4 Hz), 7.06—7.15 (3H, m),
7.18—7.22 (2H, m). "*C-NMR (DMSO-ds) J: 34.0 (t), 54.9 (q), 60.7 (1), 69.8 (d), 73.4 (d),
76.7 (d), 77.0 (d), 101.4 (d), 113.6 (dx2), 115.0 (d), 121.7 (d), 127.1 (d), 129.7 (d), 129.9
(dx2), 130.9 (s), 133.0 (s), 155.2 (s), 157.3 (s). HRMS (ESI) m/z: 394.1853 [M+NH4]"
(Calcd for C20H28NO7: 394.1860).

6-O-Ethoxycarbonyl-2-[(4-methoxyphenyl)methyl|phenyl--D-glucopyranoside (1)

Ethyl chloroformate (22) (407 mg, 3.75 mmol) was added dropwise to the mixture of 3
(1.13 g, 3.0 mmol) and 2,6-lutidine (563 mg, 5.25 mmol) in acetone (4 mL) while
maintaining the temperature between 12 and 18 °C. The reaction mixture was stirred at 15 °C
for 22 h. H20 (5 mL) was added dropwise while maintaining the temperature below 30 °C,
and EtOAc (10 mL) was then added to the mixture. The biphasic solution was transferred
to a separating funnel for phase separation. The aqueous layer was extracted with EtOAc
(5 mL). The EtOAc layers were combined, washed successively with a 10% aqueous
solution of citric acid (5 mL x 2), a 10% aqueous solution of NaCl (5 mL), a 5% aqueous
solution of NaHCOs3 (5 mL x 2), and a 10% aqueous solution of NaCl (5 mL). They were
then dried over NaxSO4 and the filtrate was concentrated under reduced pressure. EtOH
was added to the residue, and the weight was adjusted to 7.2 g. The mixture was heated to
65 °C to dissolve solids. The solution was cooled to 55 °C and seeded with 1. The

solution was aged for 1 h at 50 °C, during which time the product began to crystallize.
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After the slurry was cooled to 25 °C, n-heptane (11 mL) was added dropwise to the slurry at
25 °C followed by stirring for 1 h at 25 °C. The slurry was cooled to 3 °C and then stirred
for 2h at 3 °C. The slurry was filtered, and the wet cake was washed with a mixed solvent
of EtOH (1.5 mL) and n-heptane (3 mL). The precipitate was dried in vacuo at 70 °C to
provide 1 (888 mg, 66% yield) as a white solid. [a]y —43.5 (¢ 1.0, DMSO). IR (KBr)
cm': 3495, 1744, 1514, 1488, 1454, 1467, 1411, 1372, 1340, 1266. 'H-NMR (CDCI3) 6:
1.27 (3H, t, J=7.0 Hz), 2.00 (1H, d, J=1.6 Hz), 3.46—3.54 (3H, m), 3.56—3.61 (2H, m), 3.72
(1H, d, J/=2.1 Hz), 3.75 (3H, s), 3.82 (1H, d, J=15.5 Hz), 4.03 (1H, d, J=15.5 Hz), 4.11—4.22
(2H, m), 4.42 (2H, d, J=3.8 Hz), 4.69 (1H, d, /=7.4 Hz), 6.79—6.83 (2H, m), 6.97—7.02 (2H,
m), 7.04—7.07 (2H, m), 7.15—7.22 (2H, m). '3C-NMR (CDCls) §: 14.2 (q), 36.1 (t), 55.4
(q), 64.4 (t), 66.4 (1), 69.6 (d), 73.4 (d), 73.8 (d), 75.7 (d), 100.8 (d), 114.1 (dx2), 114.4 (d),
122.7 (d), 128.0 (d), 129.2 (dx2), 130.0 (s), 131.1 (d), 133.4 (s), 155.2 (s), 155.4 (s), 157.8 (s).
HRMS (ESI) m/z: 466.2070 [M+NH4]" (Calcd for C23H32NOo: 466.2072).

Scalable synthetic procedures of Serglifrozin etabonate

2-Hydroxy-4’-methoxybenzophenone (25)

2-Methoxybenzoyl chloride (24) (78.9 g, 462 mmol) was added dropwise to a mixture of
AICIl3 (anhydrous) (67.8 g, 506 mmol) and anisole (23) (50.0 g, 462 mmol) in chlorobenzene
(250 mL) maintaining the temperature between 0 and 10 °C. The reaction mixture was
stirred at 110 °C for 1.5 h and then cooled to room temperature. After the reaction mixture
was added dropwise to the mixture of toluene (600 mL) and 4 M HCI (1500 mL),
maintaining the temperature between 0 and 20 °C, the mixture was stirred at room
temperature for 1.5 h. The resulting insoluble material was removed by filtration through
Celite®, and the filter cake was washed with toluene (300 mL x 2). The biphasic filtrate was
transferred to a separating funnel for phase separation. The toluene layer was washed
successively with H2O (750 mL), a 10% aqueous solution of K2COs; (750 mL), H20
(750 mL), and a 20% aqueous solution of NaCl (750 mL). The resulting organic layer was
dried over Na>SOs4, and the filtrate was concentrated under reduced pressure. The residue

was dissolved in MeOH (315 mL) at 60 °C. The solution was seeded with 25 and stirred at
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20 °C overnight. The resulting slurry was further stirred at 0 °C for 2 h. The slurry was
filtered, and the wet cake was washed with n-heptane (100 mL x 2). The precipitate was
dried in vacuo at 35 °C to provide 25 (82.2 g, 78% yield) as a yellow solid. mp 53 °C. IR
(KBr) cm™!: 1625, 1590, 1507, 1484, 1458, 1336, 1301, 1255, 1224. 'H-NMR (CDCI3) 4:
3.90 (3H, s), 6.86—6.90 (1H, m), 6.98—7.02 (2H, m), 7.06 (1H, dd, J=0.9, 8.4 Hz),
7.47—7.51 (1H, m), 7.63 (1H, dd, J=1.5, 7.9 Hz), 7.70—7.74 (2H, m), 11.98 (1H, s).
BC-NMR (CDCl3) d: 55.5 (q), 113.7 (dx2), 118.3 (d), 118.5 (d), 119.4 (s), 130.3 (s), 131.9
(dx2), 133.3 (d), 135.8 (d), 162.9 (sx2), 200.1 (s). HRMS (ESI) m/z: 229.0873 [M+H]"
(Caled for Ci14H1303: 229.0859).

2-[(4-Methoxyphenyl)methyl|phenol (5)

A solution of 25 (10 g, 43.8 mmol) in EtOH (50 mL) was hydrogenated over 10% Pd/C (50%
wet with water for safety, 2.2 g) for 5 h at room temperature under 0.35 MPa of Ho. The
Pd/C was removed by filtration through Celite®, and the filter cake was washed with EtOH
(10 mL x 2). The filtrate was concentrated under reduced pressure. The residue was
dissolved in toluene (100 mL) at 50 °C. Activated carbon was added to the solution and
stirred for 0.5 h. The activated carbon was removed by filtration through Celite®, and the
filter cake was washed with toluene (10 mL x 2). The filtrate was concentrated under
reduced pressure. The residue was dissolved in toluene (40 mL) at 25°C. After the
solution was seeded with 5, n-heptane (80 mL) was added dropwise to the solution over a
0.2 h period at 25 °C, during which time the product began to crystallize. The resulting
slurry was stirred at 25 °C overnight and further stirred at 0 °C for 1 h. The slurry was
filtered, and the wet cake was washed with n-heptane (20 mL x 2). The precipitate was
dried in vacuo at 40 °C to provide 5 (8.21 g, 88% yield) as a yellow solid.

2-[(4-Methoxyphenyl)methyl|phenyl-2,3,4,6-tetra-0O-acetyl-B-D-glucopyranoside (7)
BF3-OEt2 (100 g, 705 mmol) was added dropwise to the mixture of 5 (50.0 g, 233 mmol),
penta-O-acetyl-B-D-glucopyranose (6) (182 g, 466 mmol), and EtsN (14.0 g, 138 mmol) in

toluene (460 mL), maintaining the temperature between 15 and 40 °C. The reaction mixture
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was stirred at 40 °C for 6 h and then cooled to 20 °C. The mixture was aged for 12 h at
10—30 °C. H20 (200 mL) was added dropwise, maintaining the temperature below 40 °C,
and the mixture was stirred at 40 °C until the resulting inorganic salts were dissolved. After
cooling to 25 °C, the biphasic solution was transferred to a separating funnel for phase
separation. The toluene layer was washed successively with H2O (200 mL x 3), a 5%
aqueous solution of NaHCO3 (100 g), and H20 (50 g). The toluene layer was concentrated
under reduced pressure. The obtained crude product of 7 was dissolved in MeOH (1 L) at
50 °C and then cooled to room temperature. HPLC analysis indicated the yield of 7 was
90% (117 g). The solution was used in the next step without further purification. HPLC
Conditions: column, Inertsil® ODS-3 (5 um) 4.6 mm x 250 mm (GL Science Inc.); mobile
phase, isocratic elution with acetonitrile / 0.02 M KH2PO4, pH3 = 60 / 40; flow rate,

1.0 mL/min; column oven temperature, 40 °C; wave length, 225 nm.

2-[(4-Methoxyphenyl)methyl]phenyl-B-D-glucopyranoside (3).

A methanol solution of 10% NaOMe (19.7 g, 34.8 mmol) was added dropwise to the
methanol solution of 7 from the preceding step, maintaining the temperature between 23 and
27 °C. The reaction mixture was stirred for 1 h at 12—18 °C, and then the reaction was
quenched by the addition of acetic acid (2.10 g, 35.0 mmol) in MeOH (16 mL). The
mixture was concentrated under reduced pressure. The residue was dissolved in H20
(190 g) and EtOAc (490 mL) at 55 °C and then cooled to 35 °C. The biphasic solution was
transferred to a separating funnel for phase separation. The aqueous layer was extracted
with EtOAc (70 mL). The EtOAc layers were combined and washed successively with H2O
(130 g), a 10% aqueous solution of NaCl (130 g), and H20 (130 g). The EtOAc layer was
concentrated under reduced pressure, and the residue was dissolved in EtOH (810 mL) at
70 °C. The solution was concentrated under reduced pressure until more than 350 mL
distillate was collected. EtOH was added to the residue, and the weight was adjusted to 587 g.
H20 (17 g) was added, and the resulting slurry was heated to 70 °C to dissolve solids. The
solution was cooled to 50 °C and seeded with 3. The solution was aged for 1 h at 45 °C,
during which time the product began to crystallize. The slurry was allowed to cool slowly

over 1 h to 3 °C and was stirred for 1.5 h at 3 °C. The slurry was filtered, and the wet cake
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was washed successively with EtOH (160 mL) and i-Pr2O (180 mL). The precipitate was
dried in vacuo at 80 °C to provide 3 (70.4 g, 80% yield from 5) as a white solid.

6-O-Ethoxycarbonyl-2-[(4-methoxyphenyl)methyl|phenyl-f-D-glucopyranoside (1)

Ethyl chloroformate (22) (21.6 g, 199 mmol) was added dropwise to the mixture of 3 (65.0 g,
173 mmol), 2,6-lutidine (27.8 g, 259 mmol) and pyridine (0.33 g, 4.2 mmol) in acetone
(210 mL), maintaining the temperature between —1 and 5 °C. The reaction mixture was
stirred at 0 °C for 2 h. The reaction was monitored by HPLC. H20 (200 mL) was added
dropwise, maintaining the temperature below 30 °C, and then EtOAc (220 mL) was added to
the mixture. The biphasic solution was transferred to a separating funnel for phase
separation. The aqueous layer was extracted with EtOAc (140 mL). The EtOAc layers
were combined, washed successively with a 10% aqueous solution of citric acid (180 mL x
2), a 10% aqueous solution of NaCl (66 g), a 5% aqueous solution of NaHCOs3 (65 g x 2),
and a 10% aqueous solution of NaCl (100 g), and then dried over Na:SOs (65 g). After
acetic acid (10 g, 0.167 mol) was added to the filtrate, the mixture was concentrated under
reduced pressure. The residue was dissolved in EtOH (660 mL) at 65 °C. The solution
was concentrated under reduced pressure until more than 330 mL distillate had been collected.
EtOH was added to the residue, and the weight was adjusted to 370 g. n-Heptane (120 mL)
was added, and the resulting slurry was heated to 65 °C to dissolve solids. The solution was
cooled to 55 °C and seeded with 1. The solution was aged for 1 h at 50 °C, during which
time the product began to crystallize. n-Heptane (480 mL) was added dropwise to the slurry,
maintaining the temperature between 50 and 60 °C, and the slurry was stirred for 0.5 h at
55 °C. The slurry was allowed to cool slowly over 2.5 h to 30 °C, then cooled to 3 °C, and
then stirred for 1.5 h at 3 °C. The slurry was filtered, and the wet cake was washed with a
mixture of EtOH (80 mL) and n-heptane (180 mL). The precipitate was dried in vacuo at
70 °C to provide 1 (63.6 g, 82% yield) as a white solid. HPLC conditions: column, Inertsil®
ODS-3 (5 pm) 4.6 mm % 250 mm (GL Science Inc.); mobile phase, gradient elution with
5 min 40/60 — 15 min 60/40 — 30 min 60/40 of acetonitrile / 0.02 M KH2POs4, pH 3; flow

rate, 1.0 mL/min; column oven temperature, 40 °C; wavelength, 225 nm.
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1,2-Dihydro-4-[(4-isopropoxyphenyl)methyl]-5-methyl-3 H-pyrazol-3-one (8)

i-ProNEt (14.0 g, 108 mmol) was added dropwise to a mixture of 4-isopropoxybenzyl
chloride (29) (9.23 g, 50 mmol), methyl acetoacetate (30) (6.27 g, 54 mmol), LiCl (2.29 g,
54 mmol), and KI (0.896 g, 5.4 mmol) in a THF (10 mL) at 50 °C with stirring. The
reaction mixture was stirred at 70 °C for 3 h and then cooled to room temperature. After the
addition of toluene (20 mL), the resulting mixture was washed successively with 1.5 M HCI
(40 mL) and a saturated aqueous solution of NaCl (10 mL). The organic layer was dried
over MgSOu4. and the filtrate concentrated under reduced pressure. NH2NH2-H20 (3.20 g,
64 mmol) was added dropwise to the obtained filtrate and then the reaction mixture was
stirred at room temperature for 1 h. The reaction mixture was stirred for 2 h at 70 °C and
then cooled to 48 °C. n-Heptane (40 mL) was added dropwise to the mixture, maintaining
the temperature between 45 and 48 °C. The resulting slurry was stirred for 1 h at 25 °C and
for an additional 1 h at 2 °C. The slurry was filtered, and the wet cake was washed with
successively with H2O (20 mL x 2) and n-heptane (20 mL). The precipitate was dried in
vacuo at 50 °C to provide 8 (8.70 g, 71% yield from 29) as a white solid. mp 227—234 °C
(decomp.). IR (KBr) cm™': 2977, 1609, 1543, 1507, 1477, 1420, 1383, 1372. 'H-NMR
(DMSO-ds) o: 1.22 (6H, d, J=6.0 Hz), 2.00 (3H, s), 3.46 (3H, s), 4.46—4.55 (1H, m), 6.77
(2H, d, J=8.8 Hz), 7.04 (2H, d, J=8.8 Hz), 10.02—10.46 (2H, bs). '3C-NMR (DMSO-ds) J:
9.86 (q), 21.77 (qx2), 26.28 (t), 68.87 (d), 100.30 (s), 115.26 (dx2), 128.83 (dx2), 133.60 (s),
136.65 (s), 155.22 (s), 159.55 (s). HRMS (ESI) m/z: 247.1448 [M+H]" (Calcd for
Ci14H19N202: 247.1441).

1,2-Dihydro-4-[(4-benzyloxyphenyl)methyl]-5-trifluoromethyl-3 H-pyrazol-3-one (35)

Ethyl 4,4,4-trifluoroacetoacetate (33) (3.68 g, 20 mmol) was added dropwise to a suspension
of NaH (0.800 g, 20 mmol, 60% oil dispersion) in THF (5mL) at 0°C under a N2
atmosphere and the mixture was stirred for 15 min at 0 °C. The mixture was warmed to
reflux temperature and a mixture of (4-benzyloxyphenyl)methyl chloride (32) (2.33 g,
10 mmol) and Nal (0.200 g, 1.3 mmol) in THF (10 ml) was added and the reaction mixture
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was refluxed for 20 h. The mixture was diluted with Et2O (60 mL) and washed with H2O
(20 mL x 2). The resulting organic layer was dried over MgSO4 and the filtrate was
concentrated under reduced pressure. NH2NH2-H20 (1.00 g, 20 mmol) was added dropwise
to the solution of the resulting residue in toluene (10 mL) at room temperature. The
reaction mixture was stirred for 24 h at 80 °C. The reaction mixture was concentrated under
reduced pressure. The resulting residue was dissolved in EtOAc (50 mL) and washed with
H20 (25 mL). The organic layer was dried over MgSOa and the filtrate was concentrated
under reduced pressure. The resulting residue was purified by silica gel column
chromatography (eluent, EtOAc:n-hexane, 30:70— 100:0) to provide 35 (2.50 g, 72% yield
from 32). An analytical sample was prepared by recrystallization from DCM-n-hexane as a
white solid. mp 160—162 °C. IR (KBr) cm': 3280, 1610, 1587, 1546, 1523, 1510, 1454,
1383. 'H-NMR (DMSO-ds) 6: 3.67 (2H, s), 5.04 (2H, s), 6.90 (2H, d, J=8.6 Hz), 7.02 (2H,
d, J=8.1 Hz), 7.29—7.43 (5H, m), 10.74 (1H, bs), 12.82 (1H, bs). '3C-NMR (DMSO-ds) &:
25.7 (1), 69.2 (1), 98.0 (s), 114.5 (dx2), 122.2 (q, Jcr=270.2 Hz), 127.6 (dx2), 127.7 (d), 128.4
(dx2), 128.7 (dx2), 133.0 (s), 137.3 (s), 138.5 (q, Jcr=35.6 Hz), 152.2 (s), 156.6 (s). HRMS
(ESI) m/z: 349.1144 [M+H]" (Calcd for C1sH16F3N202: 349.1158).

4-[(4-Benzyloxyphenyl)methyl]-5-trifluoromethyl-3-(2,3,4,6-tetra-O-acetyl-f-D-
glucopyranosyloxy)-1H-pyrazole (36)

2,3,4,6-Tetra-O-acetyl-a-D-glucopyranosyl bromide (10a) (0.987 g, 2.4 mmol) was added to
a mixture of 35 (0.697 g, 2.0 mmol) and K2COs3 (0.359 g, 2.8 mmol) in MeCN (5 mL) and
the reaction mixture was stirred for 18 h at 60 °C. The mixture was diluted with EtOAc
(50 mL) and washed with H2O (20 mL x 2). The organic layer was concentrated under
reduced pressure. The resulting residue was purified by silica gel chromatography (eluent,
EtOAc:n-hexane, 1:2) to provide 36 (1.15g, 85% yield). An analytical sample was
prepared by recrystallization from EtOH-n-hexane as a white solid. mp 138—141 °C.
[a]y —13.2 (c=1.0, DMSO). IR (KBr) cm™': 3304, 1756, 1612, 1511, 1494, 1455, 1437,
1369. 'H-NMR (CDCIs) §: 1.89 (3H, s), 2.02 (3H, s), 2.03 (3H, s), 2.06 (3H, s), 3.71 (2H,
s), 3.81—3.85 (1H, m), 4.17 (1H, d, J=11.1 Hz), 4.27 (1H, dd, J=4.2, 12.2 Hz), 5.02 (2H, s),
5.17—5.22 (1H, m), 5.24—5.29 (2H, m), 5.43 (1H, bs), 6.77 (2H, d, J/=8.6 Hz), 7.07 (2H, d,
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J=8.2 Hz), 7.29—7.42 (5H, m), 10.37 (1H, bs). '3C-NMR (CDCls) é: 20.44 (q), 20.55 (q),
20.58 (q), 20.67 (q), 26.14 (1), 61.54 (t), 67.99 (d), 69.99 (t), 70.80 (d), 72.26 (d), 72.74 (d),
98.22 (d), 106.57 (s), 114.82 (dx2), 120.29 (q, Jcr=269.6 Hz), 127.43 (dx2), 127.91 (d),
128.56 (dx2), 129.26 (dx2), 131.61 (s), 137.13 (s), 157.31 (s), 169.31 (s), 169.48 (s), 170.36
(s), 170.92 (s) C3 and C5 peaks of pyrazole were broadening. HRMS (ESI) m/z: 679.2105
[M+H]" (Calcd for C32H34F3N2011: 679.2109).

1-Acetyl-1,2-dihydro-4-[(4-isopropoxyphenyl)methyl]-5-methyl-3 H-pyrazol-3-one (92)
Acetic anhydride (3.27 g, 32 mmol) was added dropwise to a mixture of 8 (7.39 g, 30 mmol)
and K2COs3 (4.56 g, 33 mmol) in DMF (27 mL) at 40 °C. The reaction mixture was stirred
for 30 min at 40 °C and for 1 h at 70 °C. The reaction mixture was cooled to 50 °C and the
inorganic salt was filtered off and washed with DMF (12 mL). Acetic acid (0.180 g,
3.0 mmol) in H20 (1.8 mL) was added to the combined filtrates and stirred for 30 min at
20 °C. H20 (30 mL) was added to the resulting slurry and the mixture was stirred for 1 h at
20 °C. The precipitate was filtered off and dried in vacuo at 60 °C to provide 9a (7.01 g,
81% yield) as a white solid. mp 166—173 °C(decomp.). IR (KBr) cm™': 2978, 2924,
1725, 1626, 1609, 1539, 1507, 1396, 1377, 1318, 1307. 'H-NMR (DMSO-ds) 6: 1.22 (6H,
d, J=6.0 Hz), 2.41 (3H, s), 2.45 (3H, s), 3.52 (2H, s), 4.47—4.56 (1H, m), 6.79 (2H, d,
J=8.7Hz), 7.05 (2H, d, J=8.7 Hz), 10.97 (1H, bs). '*C-NMR (DMSO-ds) J: 12.84 (q),
21.77 (9%2), 23.16 (q), 25.75 (t), 68.93 (d), 111.25 (s), 115.46 (dx2), 128.93 (dx2), 131.70 (s),
139.97 (s), 155.62 (s), 161.62 (s), 169.88 (s). HRMS (ESI) m/z: 289.1541 [M+H]" (Caled
for Ci16H21N203: 289.1547).

1-Acetyl-3-benzyloxy-4-[(4-isopropoxyphenyl)methyl]-5-methyl-1H-pyrazole (38)

A mixture of 9a (4.32 g, 15 mmol), benzyl bromide (37) (3.08 g, 18 mmol), and K2CO3
(3.11 g, 22.5 mmol) in MeCN (20 mL) was stirred at 60 °C for 2 h and the resulting inorganic
salt was filtered off. The filtrate was concentrated under reduced pressure and the residue
was purified by silica gel column chromatography (eluent, EtOAc:n-hexane, 1:3) to provide

38 (3.89 g, 69% yield) as a colorless oil. IR (KBr) cm': 2975, 2934, 1718, 1612, 1507,
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1467, 1453, 1375, 1337. 'H-NMR (CDCls) J: 1.31 (6H, d, J=6.0 Hz), 2.84 (3H, s), 2.56
(3H, s), 3.56 (2H, s), 4.44—4.53 (1H, m), 5.26 (2H, s), 6.77 (2H, d, J=8.5 Hz), 7.06 (2H, d,
J=8.5 Hz), 7.30—7.35 (5H, m). '3C-NMR (CDCL) &: 13.14 (q), 22.07 (qx2), 23.37 (q),
26.50 (t), 69.86 (d), 70.07 (t), 111.38 (s), 115.85 (dx2), 127.84 (dx2), 127.93 (d), 128.34
(dx2), 129.17 (dx2), 131.69 (s), 136.83 (), 141.24 (s), 156.24 (s), 162.54 (s), 170.98 (s).
HRMS (ESI) m/z: 379.2018 [M+H]" (Calcd for C23H27N203: 379.2016).

3-Benzyloxy-4-[(4-isopropoxyphenyl)methyl]-1,5-dimethyl-1H-pyrazole (40)

A mixture of 38 (3.60 g, 9.51 mmol) and KHCO3 (0.286 g, 2.85 mmol) in MeOH (20 mL)
was stirred at 50 °C for 2 h and the reaction mixture was concentrated under reduced pressure.
EtOAc (40 mL) was added to the residue and the mixture was washed with H2O (20 mL).
The organic layer was dried over MgSOs4 and the filtrate was concentrated under reduced
pressure to provide 39 as an oil. The crude product of 39 was dissolved in DMAc (10 mL)
and added dropwise to a suspension of NaH (0.571 g, 14.3 mmol, 60% oil dispersion) in
DMACc (5 mL) at 0 °C under a N2 atmosphere and the mixture was stirred for 15 min at 0 °C.
Mel (2.70 g, 19.0 mmol) was added and the mixture was stirred for 2 h. The reaction
mixture was diluted with EtOAc (70 mL) and washed with H2O (30 mL x 2). The resulting
organic layer was dried over MgSO4 and the filtrate was concentrated under reduced pressure.
The residue was purified by silica gel column chromatography (eluent, EtOAc:n-hexane, 1:2)
to provide 40 (2.84 g, 85% yield from 38) as a colorless oil. IR (KBr) cm™': 2974, 2934,
1738, 1611, 1580, 1506, 1464, 1453, 1383, 1365, 1333. 'H-NMR (CDCl3) J: 1.30 (2H, d,
J=6.0 Hz), 2.07 (3H, s), 3.60 (2H, s), 3.62 (3H, s), 4.43—4.52 (1H, m), 5.21 (2H, s), 6.74
(2H, d, J=8.6 Hz), 7.08 (2H, d, J=8.6 Hz), 7.26—7.39 (5H, m). '*C-NMR (CDCl3) &: 9.88
(q), 22.10 (gx2), 27.21 (t), 35.56 (q), 69.86 (d), 69.97 (t), 102.40 (s), 115.76 (dx2), 127.45
(dx2), 127.55 (d), 128.28 (dx2), 129.10 (dx2), 133.52 (s), 137.45 (s), 137.77 (s), 155.93 (s),
160.17 (s). HRMS (ESI) m/z: 351.2071 [M+H]" (Calcd for C22H27N202: 351.2067).
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1,2-Dihydro-4-[(4-isopropoxyphenyl)methyl]-1,5-dimethyl-3H-pyrazol-3-one (9b)

A solution of 40 (2.70 g, 7.70 mmol) in THF (30 mL) was hydrogenated over 10% Pd/C
(50% wet with water for safety, 0.30 g) for 10 h at room temperature under atmospheric
pressure. The Pd/C was filtered off and the filtrate was concentrated under reduced pressure
to provide 9b (1.98 g, 99% yield) as a white solid. mp 160—162 °C. IR (KBr) cm': 1613,
1540, 1511, 1372, 1300. 'H-NMR (DMSO-ds) 6: 1.22 (6H, d, J=6.0 Hz), 2.03 (3H, s), 3.45
(2H, s), 3.47 (3H, s), 4.46—4.55 (1H, m), 6.76 (2H, d, J=8.5 Hz), 7.03 (2H, d, J=8.5 Hz),
9.37 (1H, bs). '3C-NMR (DMSO-ds) J: 9.31(q), 21.76 (qx2), 26.56 (t), 34.97 (q), 68.87 (d),
100.95 (s), 115.27 (dx2), 128.76 (dx2), 133.59 (s), 136.22 (s), 155.24 (s), 157.91 (s).
HRMS (ESI) m/z: 261.1609 [M+H]" (Calcd for C1sH21N202: 261.1598).

1-Acetyl-4-[(4-isopropoxyphenyl)methyl]-5-methyl-3-(2,3,4,6-tetra-O-acetyl-f-D-
glucopyranosyloxy)-1H-pyrazole (11a)

10a (0.987 g, 2.4 mmol) was added to a mixture of 9a (0.577 g, 2.0 mmol) and K2>COs3
(0.387 g, 2.8 mmol) in MeCN (5 mL), and the reaction mixture was stirred for 16 h at 60 °C.
The mixture was diluted with EtOAc (20 mL) and washed with H2O (5 mL). The resulting
organic layer was concentrated under reduced pressure. The residue was purified by silica
gel column chromatography (eluent, EtOAc:n-hexane, 1:3) to provide 11a (1.11 g, 90%
yield). An analytical sample of 11a was obtained as a white solid by recrystallization from
EtO. mp 68—72°C. [a]y —19.3 (c=1.0, DMSO). IR (KBr) cm': 3436, 2977, 2934,
1759, 1611, 1509, 1472, 1431, 1373, 1336. 'H-NMR (CDCl3) J: 1.29 (3H, dd, J=3.8,
6.2 Hz), 1.86 (3H,s), 2.02 (3H, s), 2.04 (3H, s), 2.06 (3H, s), 2.50 (3H, s), 2.55 (3H, s), 3.54
(2H, dd, J=15.6, 19.9 Hz), 3.86—3.91 (1H, m), 4.16 (1H, dd, J=2.3, 12.5 Hz), 4.27 (1H, dd,
J=4.8,12.2 Hz), 4.43—4.52 (1H, m), 5.18 (1H, t, J/=9.6 Hz), 5.24—5.33 (2H, m), 5.71 (1H, d,
J=7.8 Hz), 6.75 (2H, d, J=8.5 Hz), 7.01 (2H, d, J=8.5 Hz). '3C-NMR (CDCl3) J: 13.12 (q),
20.41 (q), 20.60 (gx2), 20.71 (q), 22.03 (q), 22.09 (q), 23.19 (q), 26.25 (t), 61.82 (t), 68.17
(d), 69.87 (d), 70.62 (d), 72.48 (d), 72.83 (d), 96.67 (d), 111.39 (s), 115.93 (dx2), 129.13
(dx2), 131.30 (s), 141.76 (s), 156.31 (s), 160.45 (s), 169.15 (s), 169.42 (s), 170.23 (s), 170.61
(s), 170.85 (s). HRMS (ESI) m/z: 619.2473 [M+H]" (Caled for C30H39N2012: 619.2498).
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4-|(4-Isopropoxyphenyl)methyl]-1,5-dimethyl-3-(2,3,4,6-tetra-0O-acetyl-p-D-
glucopyranosyloxy)-1H-pyrazole (11b)

10a (0.987 g, 2.4 mmol) was added to a mixture of 9b (0.521 g, 2.0 mmol) and K2CO3
(0.387 g, 2.8 mmol) in MeCN (5 mL) and the reaction mixture was stirred for 16 h at 60 °C.
The reaction mixture was diluted with EtOAc (20 mL) and washed with H2O (5 mL). The
resulting organic layer was concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (eluent, EtOAc:n-hexane, 1:1) to provide 11b (0.311 g,
26% yield). An analytical sample of 11b was obtained as a white solid by recrystallization
from Et2O-n-hexane. mp 65—69 °C. [a]h —11.2 (c=1.0, DMSO). IR (KBr) cm™': 2977,
1759, 1751, 1508, 1496, 1371.  'H-NMR (CDCls) d: 1.29 (6H, dd, J=1.9, 6.3 Hz), 1.90 (3H,
s), 2.01 (3H, s), 2.03 (3H, s), 2.06 (3H, s), 2.07 (3H, s), 3.54 (2H, dd, J=16.0, 14.7 Hz), 3.60
(3H, s), 3.82—3.86 (1H, m), 4.09—4.16 (1H, m), 4.30 (1H, dd, J=4.3, 12.5 Hz), 4.42—4.51
(1H, m), 5.17—5.29 (3H, m), 5.53—5.55 (1H, m), 6.74 (2H, d, J=8.7 Hz), 7.02 (2H, d,
J=8.7Hz). BC-NMR (CDCl3) é: 9.92 (q), 20.53 (q), 20.62 (q), 20.65 (q), 20.75 (q), 22.07
(q), 22.10 (q), 26.88 (t), 35.77 (q), 61.71 (t), 68.18 (d), 69.85 (d), 70.98 (d), 71.94 (d), 72.96
(d), 97.76 (d), 103.62 (s), 115.78 (dx2), 129.06 (dx2), 133.09 (s), 137.63 (s), 155.97 (s),
157.67 (s), 169.34 (s), 169.45 (s), 170.27 (s), 170.77 (s). HRMS (ESI) m/z: 591.2554
[M+H]" (Calcd for C20H30N2011: 591.2548).

4-[(4-Isopropoxyphenyl)methyl]-5-methyl-3-(2,3,4,6-tetra-O-acetyl-p-D-
glucopyranosyloxy)-1H-pyrazole (12a)

A mixture of 11a (0.618 g, 1.0 mmol) and KHCOs3 (0.030 g, 0.30 mmol) in MeOH (3 mL)
was stirred at 50 °C for 1 h; AcOH (0.018 g, 0.30 mmol) was then added at room temperature.
After the reaction mixture was concentrated under reduced pressure, the residue was purified
by silica gel column chromatography (eluent, EtOAc:n-hexane, 1:2) to provide 12a (0.259 g,
45% yield). An analytical sample of 12a was obtained as a white solid by recrystallization
from EO. mp 155—156°C. [o]y —7.9 (c=1.0, DMSO). IR (KBr) cm': 3393, 3222,
2978, 2943, 1751, 1735, 1612, 1509, 1474, 1434, 1374. 'H-NMR (CDCl3) : 1.30 (6H, dd,
J=2.3, 5.9 Hz), 1.89 (3H, s), 2.01 (3H, s), 2.03 (3H, s), 2.05 (3H, s), 2.10 (3H, s), 3.55 (2H,
dd, J=15.7, 11.7 Hz), 3.83—3.87 (1H, m), 4.11 (1H, dd, J=2.3, 12.5 Hz), 4.31 (1H, dd, J=4.1,
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12.3 Hz), 4.43—4.52 (1H, m), 5.18—5.30 (3H, m), 5.58 (1H, d, J=6.8 Hz), 6.75 (2H, d,
J=8.8 Hz), 7.02 (2H, d, J=8.8 Hz), 9.09 (1H, bs). '3C-NMR (CDCls) &: 10.36 (q), 20.48 (q),
20.61 (q), 20.63 (q), 20.72 (q), 22.07 (q), 22.10 (q), 26.50 (t), 61.64 (t), 68.07 (d), 69.89 (d),
70.93 (d), 72.06 (d), 72.92 (d), 97.67 (d), 103.54 (s), 115.84 (dx2), 129.12 (dx2), 132.69 (s),
138.21 (s), 156.05 (s), 159.89 (s), 169.31 (s), 169.44 (s), 170.30 (s), 170.76 (s). HRMS
(ESI) m/z: 577.2380 [M+H]" (Calcd for CasH37N2O11: 577.2392).

1-Acetyl-4-[(4-isopropoxyphenyl)methyl]-5-methyl-3-(2,3,4,6-tetra-O-pivaloyl-f-D-
glucopyranosyloxy)-1H-pyrazole (11c¢)

10b (1.39 g, 2.4 mmol) was added to a mixture of 9a (0.577 g, 2.0 mmol) and K2COs
(0.387 g, 2.8 mmol) in MeCN (5 mL), and the mixture was stirred for 16 h at 60 °C. The
reaction mixture was diluted with EtOAc (20 mL) and washed with H2O (5 mL). The
resulting organic layer was concentrated under reduced pressure. The obtained residue was
purified by silica gel column chromatography (eluent, EtOAc:n-hexane, 1:3) to provide 11c
(1.44 g, 92% yield). An analytical sample of 11c¢ was obtained as a white solid by
recrystallization from n-hexane. mp 137—140 °C. [a]} —2.0 (c=1.0, DMSO). IR (KBr)
cm !: 3469, 2975, 2936, 2875, 1747, 1612, 1509, 1480, 1470, 1398, 1370, 1333. 'H-NMR
(CDCl3) 0: 1.01 (9H, s), 1.13 (9H, s), 1.16 (9H, s), 1.18 (9H, s), 1.29 (6H, dd, J=2.4, 6.1 Hz),
2.47 (3H, s), 2.54 (3H, s), 3.53 (2H, s), 3.88—3.92 (1H, m), 4.12—4.20 (2H, m), 4.42—4.51
(1H, m), 5.23 (1H, t, J/=9.7 Hz), 5.28—5.33 (1H, m), 5.43 (1H, t, J/=9.4 Hz), 5.84 (1H, d,
J=8.2 Hz), 6.74—6.78 (2H, m), 7.01—7.04 (2H, m). '3C-NMR (CDCI3) 6: 13.19 (q), 22.05
(q), 22.10 (q), 23.22 (q), 26.23 (t), 26.88 (q*x3), 27.03 (qx6), 27.15 (q*3), 38.66 (s), 38.74 (s),
38.77 (s), 38.83 (s), 61.61 (t), 67.64 (d), 69.83 (d), 70.71 (d), 72.21 (d), 72.89 (d), 97.00 (d),
111.52 (s), 115.96 (dx2), 129.17 (dx2), 131.23 (s), 141.82 (s), 156.30 (s), 160.57 (s), 170.88
(s), 176.38 (s), 176.40 (s), 177.20 (s), 178.03 (s). HRMS (ESI) m/z: 787.4373 [M+H]"
(Calcd for C42He3N2012: 787.4376).
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4-[(4-Isopropoxyphenyl)methyl|-5-methyl-3-(2,3,4,6-tetra-O-pivaloyl-f-D-
glucopyranosyloxy)-1H-pyrazole (12b)

A mixture of 11¢ (0.787 g, 1.0 mmol) and KHCOs3 (0.030 g, 0.30 mmol) in MeOH (3 mL)
was stirred at 50 °C for 1 h, AcOH (0.018 g, 0.30 mmol) was then added at room temperature.
After the reaction mixture had been concentrated under reduced pressure, the residue was
purified by silica gel column chromatography (eluent, EtOAc:n-hexane, 1:2) to provide 12b
(0.731 g, 98% yield). An analytical sample of 12b was obtained as a white solid by
recrystallization from 2-PrOH. mp 159—163 °C. [a]y —10.8 (c=1.0, DMSO). IR (KBr)
cm ': 3383, 2975, 2936, 2874, 1746, 1729, 1507, 1482. 'H-NMR (CDCls) 6: 1.05 (9H, s),
1.12 (9H, s), 1.15 (9H, s), 1.18 (9H, s), 1.30 (6H, dd, J=1.2, 6.0 Hz), 2.06 (3H, s), 3.54 (2H,
s), 3.84—3.88 (1H, m), 4.11—4.20 (2H, m), 4.41—4.53 (2H, m), 5.23—5.32 (2H, m), 5.38
(1H, t, J/=9.2 Hz), 5.68 (2H, d, J=8.0 Hz), 6.75 (2H, d, J=8.8 Hz), 7.04 (2H, d, J=8.8 Hz),
8.82 (1H, bs). '*C-NMR (CDCIl3) 6: 10.42 (q), 22.07 (q), 22.11 (q), 22.6 (t), 26.95 (qx3),
27.04 (q*3), 27.06 (qx3), 27.14 (qx3), 38.68 (s), 38.72 (s), 38.74 (s), 38.83 (s), 61.53 (1),
67.57 (d), 69.84 (d), 70.94 (d), 72.41 (d), 72.45 (d), 97.72 (d), 103.62 (s), 115.80 (dx2),
129.23 (dx2), 132.68 (s), 138.00 (s), 156.00 (s), 159.83 (s), 176.36 (s), 176.55 (s), 177.24 (s),
178.12 (s). HRMS (ESI) m/z: 745.4262 [M+H]" (Caled for C40Hs1N2011: 745.4270).

Initial scalable synthetic procedures of Remoglifrozin etabonate

1-Acetyl-4-[(4-isopropoxyphenyl)methyl]-5-methyl-3-(2,3,4,6-tetra-O-pivaloyl-p-D-
glucopyranosyloxy)-1H-pyrazole (11c)

9a (50.0 g, 173 mmol) was added to the mixture of MeCN (300 g) and a 30% aqueous
solution of K2COs (121 g) and the mixture was stirred at 40 °C until 9a was completely
dissolved. After 10b (131 g, 226 mmol) was added and the reaction mixture was stirred at
50 °C for4 h. H20 (90 g) was added to the reaction mixture and the mixture was stirred at
50 °C until the resulting inorganic salts were dissolved. After cooling to 25 °C, the biphasic
solution was transferred to a separating funnel for phase separation. The organic layer was
concentrated under reduced pressure. The obtained crude product of 11¢ was dissolved in

MeOH (400 g). The solution was used in the next step without further purification.
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4-[(4-Isopropoxyphenyl)methyl|-5-methyl-3-(2,3,4,6-tetra-O-pivaloyl-f-D-
glucopyranosyloxy)-1H-pyrazole (12b)

KHCO:3 (3.5 g, 35 mmol) was added to the methanol solution of 11¢ from preceding step and
then the reaction mixture was refluxed for 3 h. After AcOH (2.1 g, 35 mmol) was added,
the reaction mixture was concentrated under reduced pressure and then the residue was
dissolved in EtOAc (250 g) at 60 °C. Toluene (50 g) and H20 (100 g) was added to the
mixture and the biphasic solution was transferred to a separating funnel for phase separation.
The organic layer was washed with a 10 % aqueous solution of NaCl (100 g) and dried over
anhydrous NaxSOs4 (50 g). Subsequently, the filtrate was concentrated under reduced
pressure, the obtained residue was dissolved in 2-PrOH (500 g) at 60 °C and the solution was
concentrated under reduced pressure. 2-PrOH was then added to the residue to adjust the
weight to 670 g. The mixture was then heated to 60 °C to dissolve all solids, and the
resulting solution was cooled to 40 °C prior to seeding with 12b and stirred for 3 h at this
temperature. After cooling to 25 °C and stirring for 0.5 h at this temperature, stirring was
continued for an additional 2 h at 3 °C. The resulting slurry was filtered, and the wet cake
washed successively with a mixture of 2-PrOH (15 g) and n-heptane (85 g) followed by a
mixture of 2-PrOH (5.0 g) and n-heptane (95 g). The precipitate was dried under reduced
pressure at 60 °C to provide 12b (106 g, 82% yield from 9a) as a white solid.

4-[(4-Isopropoxyphenyl)methyl]-1-isopropyl-5-methyl-3-(2,3,4,6-tetra-O-pivaloyl-p-D-
glucopyranosyloxy)-1H-pyrazole (13)

A solution of 12b (50 g, 67.1 mmol) and 2-iodopropane (45.7 g, 269 mmol) in DMI (105 g)
was added dropwise to a suspension of NaH (8.05 g, 201 mmol, 60% oil dispersion) in DMI
(150 g) while maintaining the internal temperature between 10 and 20 °C. The reaction
mixture was stirred for 0.5 h at this temperature. The reaction was monitored by HPLC.
The reaction mixture was added dropwise to a mixture of H20 (200 g), AcOH (8.05 g,
134 mmol) and toluene (200 g) while maintaining the internal temperature between 0 and
30 °C, and the biphasic solution was transferred to a separating funnel for phase separation.
The organic layer was washed with a 1% aqueous solution of NaCl (300 g x 2) and

concentrated under reduced pressure. The residue was dissolved in 2-PrOH (250 g) at 65 °C
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and the solution was concentrated under reduced pressure. 2-PrOH was then added to the
residue to adjust the weight to 250 g. The mixture was then heated to 65 °C to dissolve all
solids, and the resulting solution was cooled to 20 °C prior to seeding with 13 and stirred for
2 h at this temperature. The resulting slurry was stirred at —5 °C for an additional 2 h. The
slurry was filtered and the wet cake washed with 2-PrOH (50 g) cooled to 0 °C. The
precipitate was dried under reduced pressure at 60 °C to provide 13 (45.4 g, 86% yield) as a
white solid. HPLC Conditions: column, Inertsil® CN-3 (5 um) 4.6 mm x 150 mm (GL
Science Inc.); mobile phase, isocratic elution with acetonitrile / 0.02 M KH2POa4, pH 3 = 50/
50; flow rate, 2.0 mL/min; column oven temperature, 40 °C; wave length, 225 nm. mp
137—138 °C. [a]y —2.2 (c=1.0, DMSO). IR (KBr) cm': 2979, 2940, 1747, 1508, 1483,
1398, 1384, 1370. 'H-NMR (CDCl3) &: 1.04 (9H, s), 1.13 (9H, s), 1.15 (9H, s), 1.19 (9H, s),
1.29 (6H, d, J=6.3 Hz), 1.33 (6H, dd, J=6.8, 9.3 Hz), 2.04 (3H, s), 3.52 (2H, dd, J=15.8,
19.6 Hz), 3.81—3.85 (1H, m), 4.10—4.19 (2H, m), 4.18—4.28 (1H, m), 4.41—4.51 (1H, m),
5.21—5.30 (2H, m), 5.41 (1H, t, J/=9.6 Hz), 5.74 (1H, d, J/=8.3 Hz), 6.74 (2H, d, J=8.7 Hz),
7.04 (2H, d, J=8.7 Hz). '3C-NMR (CDCls) J: 9.67 (q), 22.10 (q), 22.12 (q), 22.23 (q), 22.24
(q), 26.90 (1), 26.94 (g*3), 27.05 (g*3), 27.09 (g*3), 27.16 (q*3), 38.68 (s), 38.72 (s), 38.74
(s), 38.84 (s), 49.16 (d), 61.72 (t), 67.72 (d), 69.81 (d), 71.13 (d), 72.49(d), 72.51 (d), 98.02
(d), 102.89 (s), 115.71 (dx2), 129.18 (dx2), 133.43 (s), 135.72 (s), 155.88 (s), 157.69 (s),
176.38 (s), 176.58 (s), 177.27 (s), 178.18 (s). HRMS (ESI) m/z: 787.4740 [M+H]" (Caled
for C43He7N2011: 787.4739).

3-(B-p-glucopyranosyloxy)-4-[(4-isopropoxyphenyl)methyl]-1-isopropyl-5-methyl-1H-
pyrazole (4)

A 28% methanolic solution of NaOMe (1.93 g, 10 mmol) was added to a suspension of 13
(7.87 g, 10 mmol) in MeOH (75 mL) at room temperature and the resulting mixture was
stirred for 3 h at 55°C. After this time, the reaction mixture was cooled to room
temperature, and a methanolic solution of 40% phosphoric acid (1.47 g, 6.0 mmol) was added
dropwise. The reaction mixture was then concentrated under reduced pressure to evaporate
any methyl pivalate present in the mixture. Subsequently, MeCN (50 mL) was added to the

residue, the resulting inorganic salts were removed by filtration through Celite®, and the
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filtrate was concentrated under reduced pressure to provide 4 as a pale brown oil, which was
used in the next step without purification. An analytical sample of 4 was obtained as a pale
yellowish oil by purification using silica gel column chromatography (eluent, DCM:MeOH,
10:1). [o]; —8.1 (c=1.0, DMSO). IR (KBr) cm™': 3407, 2975, 2931, 1506, 1466, 1384.
'H-NMR (CD3;0D) 6: 1.26 (6H, d, J=6.0 Hz), 1.36 (6H, dd, J=3.8, 6.8 Hz), 2.09 (3H, s),
3.21—3.26 (1H, m), 3.33—3.43 (3H, m), 3.62—3.72 (3H, m), 3.77 (1H, dd, J=2.5, 12.1 Hz),
4.36—4.46 (1H, m), 4.46—4.55 (1H, m), 5.00—5.05 (1H, m), 6.76 (2H, d, J=8.7 Hz), 7.07
(2H, d, J=8.7 Hz). '*C-NMR (CDsOD) d: 8.93 (q), 21.61 (qx2), 21.62 (q), 21.65 (q), 26.79
(t), 49.77 (d), 61.85 (t), 70.25 (d), 70.48 (d), 74.32 (d), 77.24 (d), 77.49 (d), 102.41 (d),
104.50 (s), 116.18 (dx2), 129.39 (dx2), 134.00 (s), 137.53 (s), 156.55 (s), 159.47 (s).
HRMS (ESI) m/z: 451.2444 [M+H]" (Calcd for C23H3sN207: 451.2439).

5-methyl-4-[4-(1-methylethoxy)benzyl]-1-(1-methylethyl)-1H-pyrazol-3-yl-6-O-
(ethoxycarbonyl)-pB-p-glucopyranoside ethanolate (14)

A solution of ethyl chloroformate (22) (1.25 g, 11.5 mmol) in MeCN (1.5 mL) was added
dropwise to a mixture of 4 (4.51 g, 10 mmol), 2,6-Iutidine (1.61 g, 15 mmol) and pyridine
(32 mg, 0.4 mmol) in MeCN (17 mL) while maintaining the temperature between —3 and
3 °C. Following complete addition of this solution, the reaction mixture was stirred at 0 °C
for 2 h, after which time AcOH (270 mg, 4.5 mmol) was added and the mixture allowed to
warm to room temperature. The reaction mixture was then diluted with MTBE (20 mL) and
a 10% aqueous solution of NaCl (10 mL), and then the layers were separated. The organic
layer was washed with a 10% aqueous solution of NaCl (10 mL x 2), dried over anhydrous
MgSO4 and concentrated under reduced pressure. The residue was dissolved in EtOH
(17mL) and concentrated again under reduced pressure. The obtained residue was
dissolved in EtOH (40 mL) at 60 °C and concentrated under reduced pressure. EtOH was
then added to the residue to adjust the weigh to 27 g. To the resulting EtOH solution,
n-heptane (14 mL) was added and this mixture was heated to 60 °C to dissolve all solids.
After cooling to 45 °C and stirring for 1 h at this temperature, stirring was continued for an
additional 1 h at 3 °C. The resulting slurry was filtered, and the wet cake washed with a
mixture of EtOH (5.7 mL) and n-heptane (3.4 mL) cooled to 0 °C, then washed with
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n-heptane (6.6 mL). The precipitate was dried under reduced pressure at room temperature
to provide 14 (4.12 g, 72% yield from 13) as a white solid. mp 70—74 °C. [a], —17.7
(c=1.0, DMSO). IR (KBr) cm™': 3353, 2980, 2926, 1753, 1731, 1508, 1477, 1467, 1449,
1386, 1371. 'H-NMR (CDCl) 6: 1.23 (3H, t, J=7.0 Hz), 1.28 (3H, t, J/=7.0 Hz), 1.30 (6H, d,
J=6.0 Hz), 1.38 (6H, dd, J=2.3, 6.6 Hz), 2.06 (3H, s), 3.47—3.63 (6H, m), 3.71 (2H, q,
J=7.0 Hz), 4.17 (2H, q, J=7.0 Hz), 4.24—4.31 (1H, m), 4.32—4.39 (2H, m), 4.43—4.52 (1H,
m), 4.98 (1H, d, J=7.6 Hz), 6.77 (2H, d, J=8.6 Hz), 7.05 (2H, d, J=8.6 Hz). '*C-NMR
(CDCl3) d: 9.72 (q), 14.21 (q), 18.35 (q), 22.09 (gx2), 22.21 (q), 22.25 (q), 26.87 (t), 49.44
(d), 58.35 (1), 64.23 (1), 66.48 (t), 69.49 (d), 69.86 (d), 73.65 (d), 74.24 (d), 76.44 (d), 102.32
(d), 104.67 (s), 115.78 (dx2), 129.10 (dx2), 133.15 (s), 136.55 (s), 155.46 (s), 155.96 (s),
158.07 (s). HRMS (ESI) m/z: 523.2648 [M+H]" (Caled for C26H39N209: 523.2650).

5-methyl-4-[4-(1-methylethoxy)benzyl]-1-(1-methylethyl)-1H-pyrazol-3-yl-6-O-
(ethoxycarbonyl)-B-D-glucopyranoside (2)

14 (60 g, 106 mmol) and AcOH (66 mg, 1.1 mmol) was dissolved in MTBE (300 g) at 45 °C
and the resulting solution concentrated under reduced pressure. The residue was dissolved
in EtOH (300 g) at 45 °C and concentrated again under reduced pressure to remove the EtOH
from the ethanolate. MTBE was then added to the residue to adjust the weight to 360 g.
Subsequently, H20O (0.66 mL) and n-heptane (144 g) were added to the solution at 40 °C and
the solution cooled to 25 °C.  After seeding this solution with 2 and stirring at 25 °C for 3 h,
the resulting slurry was warmed to 40 °C, and a mixture of MTBE (17.4 g) and n-heptane
(96 g) was added dropwise while maintaining the temperature between 37 and 43 °C. The
slurry then was stirred at 40 °C for 1 h and for an additional 3 h at 10 °C. The resulting
slurry was filtered, and the wet cake washed with a mixture of MTBE (60 g) and n-heptane
(60 g), then washed with n-heptane (120 g). The precipitate was dried under reduced
pressure at 50 °C to provide 2 (52.9 g, 96% yield) as a white solid. mp 80—83 °C. [a]}
—-19.3 (c=1.0, DMSO). IR (KBr) cm': 3414, 2979, 1747, 1506, 1477, 1474, 1466, 1458,
1449, 1382, 1370, 1317. 'H-NMR (CDs;0D) &: 1.23 (3H, t, J=7.2 Hz), 1.26 (6H, d,
J=6.1 Hz), 1.37 (6H, dd, J=2.3, 6.7 Hz), 2.07 (3H, s), 3.34—3.42 (4H, m), 3.61—3.69 (2H,
m), 4.12 (2H, q, J/=7.2 Hz), 4.21 (1H, dd, J=5.4, 11.5 Hz), 4.35 (1H, dd, J=1.7, 11.6 Hz),
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4.35—4.45 (1H, m), 4.45—4.54 (1H, m), 5.04—5.06 (1H, m), 6.75 (2H, d, J=8.6 Hz), 7.06
(2H, d, J=8.6 Hz). '3C-NMR (CD30D) 6: 9.70 (q), 14.60 (q), 22.43 (q*2), 22.49 (q), 22.54
(q), 27.63 (t), 50.53 (d), 65.07 (t), 67.67 (t), 71.07 (d), 71.21 (d), 75.02 (d), 75.56 (d), 77.84
(d), 103.25 (d), 105.62 (s), 116.98 (dx2), 130.21 (dx2), 134.81 (s), 138.21 (s), 156.65 (s),
157.33 (s), 159.99 (s). HRMS (ESI) m/z: 523.2651 [M+H]" (Calcd for C26H39N200:
523.2650).

o TR 5 EER

2,4-Dihydro-4-[(4-isopropoxyphenyl)methyl]-2-isopropyl-5-methyl-3H-pyrazol-3-one
(44b)

A mixture of 31 (0.264 g, 1.0 mmol), isopropylhydrazine hydrochloride (43) (0.166 g,
1.5 mmol), and EtsN (0.202 g, 2.0 mmol) in a mixture of THF (3 mL) and toluene (3 mL)
was refluxed for 12 h. After the reaction mixture was cooled to room temperature, the
resulting triethylamine hydrochloride was removed by filtration.  The filtrate was
concentrated under reduced pressure. The obtained residue was purified by silica gel
column chromatography (eluent EtOAc:MeOH, 100:0 — 85:15) to provide 44b (0.210 g,
73% yield). An analytical sample of 44b was obtained as a white solid by recrystallization
from a mixture of EtOAc (2 mL) and n-hexane (4 mL). mp 120-121 °C. IR (KBr) cm™:
2974, 2930, 1599, 1560, 1508, 1464, 1424, 1375, 1368, 1290, 1244, 1182, 1121. 'H-NMR
(CDCl3) 0: 0.97 (3H, d, J/=6.8 Hz), 1.22 (3H, d, J=6.8 Hz), 1.28 (3H, d, J=3.3 Hz), 1.30 (3H,
d, /=3.3 Hz), 2.01 (3H, d, J=0.5 Hz), 3.07-3.16 (2H, m), 3.25 (1H, t, J=5.3 Hz), 4.26-4.36
(1H, m), 4.44-4.53 (1H, m), 6.76 (2H, d, J=8.8 Hz), 7.05 (2H, d, J=8.5 Hz). '3C-NMR
(CDCl) 0: 16.2 (q), 20.4 (q), 20.6 (q), 21.9 (q), 22.0 (q), 32.5 (t), 44.6 (d), 53.1 (d), 69.9 (d),
115.9 (dx2), 128.1 (s), 129.9 (dx2), 156.9 (s), 158.4 (s), 173.4 (s). HRMS (ESI) m/z:
289.1910 [M+H]" (Calcd for C17H25N202: 289.1911).
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General procedure for the reaction of 46 with isopropylhydrazine (47) (Table 8)

A solution of isobutyryl chloride (210 mg, 1.96 mmol) in toluene (0.5 mL) was added
dropwise to a mixture of acetoacetic acid (45) (200 mg, 1.96 mmol) and pyridine (158 mg,
2.00 mmol) in a mixture of toluene (1.9 mL) and THF (1.2 mL) while maintaining the
temperature < 5 °C, and the resulting mixture was stirred for 1 h at 0 °C.  After this time, the
reaction mixture was added dropwise to a solution of 47 (294 mg, 3.97 mmol) and Et;N
(200 mg, 1.98 mmol) in toluene (1.5 mL) and stirring continued for 15 h at room temperature.
After this time, the reaction mixture was diluted with toluene (20 mL) and washed with H2O
(2 x 15mL). The resulting organic layer was dried over anhydrous MgSO4 and the filtrate
was concentrated under reduced pressure. The ratios of 48/49 was determined by 'H NMR
spectroscopy. 48 and 49 were identified using 'H-NMR spectra compared with data of
commercial available samples. 48: 'H-NMR (CDCl3) é: 1.42 (6H, d, J=6.9 Hz), 2.19 (3H, d,
J=0.7 Hz), 427 (1H, m), 5.36 (1H, d, J=0.6 Hz). 49: 'H-NMR (CDCl3) &: 1.28 (6H, d,
J=6.6 Hz), 2.10 (3H, s), 3.21 (2H, s), 4.42 (1H, m).

Procedure for the reaction of 51a with isopropylhydrazine (47)

A solution of isobutyryl chloride (0.875 g, 8.21 mmol) in toluene (15 mL) was added
dropwise to a mixture of 50 (1.04 g, 7.14 mmol) and pyridine (0.650 g, 8.21 mmol) in
toluene (5 mL) while maintaining the temperature < 5 °C, and the resulting mixture was
stirred for 2 h at 0 °C. After this time, the reaction mixture was added dropwise to a
solution of 47 (1.06 g, 14.3 mmol) in toluene (10 mL) and stirring continued for 2 h at room
temperature. The reaction mixture was concentrated under reduced pressure.
Subsequently, a mixture of the obtained residue and 1 M HCI1 (20 mL) in THF (15 mL) was
stirred for 2 h at 70 °C. After cooling to room temperature, sodium hydrogencarbonate
(NaHCOs3) (1.8 g) was added to the reaction mixture, and ethyl acetate (EtOAc) (20 mL) was
then added to the reaction mixture. Following separation of the aqueous and organic layers,
the aqueous layer was then extracted with EtOAc (3 x 20 mL) and the organic layers were
combined. After this time, the obtained organic layer was dried over anhydrous MgSO4 and
the filtrate was concentrated under reduced pressure. The obtained residue was purified by

silica gel column chromatography (eluent, EtOAc:MeOH, 100:0 — 95:5) to provide 48
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(0.528 g, 53% yield from 50).

Procedure for reaction of 51b with isopropylhydrazine (47)

A mixture of 50 (2.00 g, 13.7 mmol) and CDI (2.44 g, 15.0 mmol) in THF (16 mL) was
stirred for 0.5 h at room temperature, and the reaction mixture was concentrated under
reduced pressure. A solution of the obtained residue in toluene (10 mL) was added to
dropwise to a solution of 47 (2.03 g, 27.4 mmol) in toluene (10 mL), and stirring continued
for 1h at 10°C. The reaction mixture was concentrated under reduced pressure.
Subsequently, a mixture of the obtained residue and 2 M HCI (29 mL) in THF (28 mL) was
stirred for 2 h at 70 °C.  After cooling to room temperature, NaHCOs3 (2.32 g) was added to
the reaction mixture, and EtOAc (20 mL) was then added to the reaction mixture.
Following separation of the aqueous and organic layers, the aqueous layer was then extracted
with EtOAc (3 x 20mL) and the organic layers were combined. After this time, the
obtained organic layer was dried over anhydrous MgSOs4 and the filtrate was concentrated

under reduced pressure to provide 48 (1.82 g, 95% yield from 50).

Methyl 2-[(4-isopropoxyphenyl)methyl]-3-oxobutanoate (31)

A mixture of 54 (10.0 g, 60.9 mmol), methyl acetoacetate (30) (14.0 g, 121 mmol), piperidine
(1.60 g, 18.8 mmol), and acetic acid (5.0 g, 83.3 mmol) was stirred for 115h at room
temperature prior to the addition of 2-PrOH (80 g) to the reaction mixture. Subsequently,
the obtained solution was hydrogenated over 10% Pd/C (50% wet with water for safety,
3.2 g) for 6 h at room temperature under atmospheric pressure. After this time, the Pd/C
was removed by filtration, and the filtrate was concentrated under reduced pressure. EtOAc
(60 g) was then added to the residue and the mixture was washed successively with H.O
(60 g), a 5% aqueous solution of NaHCOs3 (60 g), and a 10% aqueous solution of NaCl (60 g).
The resulting organic layer was dried over anhydrous MgSOs and the filtrate was
concentrated under reduced pressure. The obtained crude residue weighed 19.1 g and was
used in the next step without further purification. An analytical sample of 31 was obtained

as a colorless oil by purification using silica gel column chromatography (eluent,
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EtOAc:n-hexane, 2:98 — 35:65). IR (NaCl) cm™': 2981, 1747, 1718, 1612, 1511, 1436,
1384, 1373, 1360. 'H-NMR (CDCls) 6: 1.31 (6H, d, J=6.0 Hz), 2.17 (3H, s), 3.09 (2H, d,
J=7.8 Hz), 3.69 (3H, s), 3.75 (1H, t, J/=7.8 Hz), 4.45-4.54 (1H, m), 6.79 (2H, d, J=8.7 Hz),
7.06 (2H, d, J=8.7 Hz). '*C-NMR (CDCI3) &: 22.0 (q%2), 29.8 (q), 33.3 (t), 52.4 (q), 61.4
(d), 69.8 (d), 116.0 (dx2), 129.77 (dx2), 129.80 (s), 156.7 (s), 169.7 (s), 202.7 (s). HRMS
(ESI) m/z: 287.1255 [M+Na]" (Calcd for Ci1sH20NaO4: 287.1254).

Methyl 3-[(4-isopropoxyphenyl)methyl]-2-(2-methyl-1,3-dioxolan-2-yl)propionate (56)

A mixture of crude product 31 from the preceding step, ethylene glycol (18.0 g, 290 mmol),
and TsOH-H20 (0.232 g, 1.22 mmol) in toluene (160 g) was refluxed for 8 h with azeotropic
drying. After this time, the reaction mixture was cooled to room temperature and washed
successively with a 5% aqueous solution of NaHCO3 (80 g) and with H2O (40 g). The
organic layer was concentrated under reduced pressure. The obtained crude residue weighed
23.0 g and was used in the next step without further purification. An analytical sample of
56 was obtained as a colorless oil by purification using silica gel chromatography (eluent,
EtOAc:n-hexane, 2:98 — 40:60). IR (NaCl) cm™': 2975, 1739, 1612, 1510, 1436, 1383,
1356. 'H-NMR (CDCls) d: 1.31 (6H, d, J=6.0 Hz), 1.46 (3H, s), 2.87-3.00 (3H, m), 3.56
(3H, s), 3.964.06 (4H, m), 4.454.54 (1H, m), 6.78 (2H, d, J=8.8 Hz), 7.05 (2H, d,
J=8.5Hz). BC-NMR (CDCl) 6: 21.7 (q), 22.1 (gqx2), 33.3 (1), 51.6 (q), 56.7 (d), 64.86 (1),
64.92 (t), 69.8 (d), 109.4 (s), 115.9 (dx2), 129.6 (dx2), 131.1 (s), 156.4 (s), 172.6 (s).
HRMS (ESI) m/z: 309.1705 [M+H]" (Calcd for C17H2505: 309.1697).

3-[(4-Isopropoxyphenyl)methyl]-2-(2-methyl-1,3-dioxolan-2-yl)propionic acid (15)

A mixture of crude product 56 from the preceding step and a 25 w/v% aqueous solution of
NaOH (14 mL, 89.7 mmol) in MeOH (19 g) was refluxed for 7h. After this time, the
reaction mixture was concentrated under reduced pressure, and the resulting residue was
dissolved in H2O (57 g) and MTBE (95 g). Following separation of the aqueous and
organic layers, the aqueous layer was washed with MTBE (95 g), while MTBE (95 g) and

2 M HCI (37 mL) were added to the aqueous layer, and the layers were separated once again.
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The organic layer was then washed with a 10% aqueous solution of NaCl (57 g) and dried
over anhydrous MgSO4. The filtrate was concentrated under reduced pressure to provide 15
as a colorless oil (15.2 g, 85% yield from 54). IR (NaCl) cm™': 2977, 2936, 2893, 1737,
1711, 1611, 1508, 1448, 1383, 1334. 'H-NMR (CDCls) 6: 1.31 (6H, d, J=6.0 Hz), 1.47 (3H,
s), 2.88-3.00 (3H, m), 3.97-4.07 (4H, m), 4.45-4.54 (1H, m), 6.78 (2H, d, J/=8.5 Hz), 7.08
(2H, d, J=8.5 Hz). '*C-NMR (CDCI) J: 21.8 (q), 22.1 (qx2), 33.0 (1), 56.6 (d), 64.89 (1),
64.94 (t), 69.8 (d), 109.3 (s), 115.9 (dx2), 129.7 (dx2), 130.8 (s), 156.5 (s), 177.3 (s).
HRMS (ESI) m/z: 295.1546 [M+H]" (Calcd for Ci16H230s: 295.1540).

"-Isopropyl-3-[(4isopropoxyphenyl)methyl]-2-(2-methyl-1,3-dioxolan-2-yl)

propanohydrazide (17)

Thionyl chloride (6.79 g, 57.1 mmol) was added dropwise to a mixture of imidazole (7.76 g,
114 mmol) and pyridine (9.02 g, 114 mmol) in THF (150 g) while maintaining the
temperature between 0 and 10 °C and the reaction mixture stirred for 1 h at 5°C.
Subsequently, a solution of 15 (15.2 g, 51.6 mmol) in THF (60 g) was added dropwise to the
reaction mixture, and stirring continued for 1 h at room temperature. After this time, DMF
(31 g), EtsN (10.5g, 104 mmol), and isopropylhydrazine hydrochloride (43) (8.61 g,
77.9 mmol) were added successively to the reaction mixture, and stirring continued for 6 h at
80 °C. The reaction mixture was then cooled to room temperature and used directly in the
next step without further purification. An analytical sample of 17 was obtained as a
colorless solid by purification using silica gel column chromatography (eluent,
EtOAc:n-hexane, 40:60 — 100:0). mp 104-106 °C. IR(KBr) cm™': 3298, 2977, 1635,
1613, 1512, 1381, 1251, 1209, 1121, 1050. 'H-NMR (CDCls) &: 0.85 (3H, d, J=6.2 Hz),
0.95(3H, d, J=6.2 Hz), 1.30 (6H, d, J=6.1 Hz), 1.42 (3H, s), 2.54 (1H, dd, J=3.2, 11.6 Hz),
2.87-3.05 (3H, m), 3.94-4.05 (4H, m), 4.43-4.52 (1H, m), 6.76 (2H, d, J/=8.7 Hz), 7.08 (2H,
d, /=8.7Hz). "C-NMR (CDCI3) é: 20.5 (q), 20.6 (q), 21.6 (q), 22.1 (q*x2), 32.7 (1), 50.9 (d),
56.9 (d), 64.8 (t), 64.9 (t), 69.9 (d), 109.5 (s), 115.9 (dx2), 129.8 (dx2), 131.5 (s), 156.4 (s),
170.8 (s). HRMS (ESI) m/z: 351.2279 [M+H]" (Calcd for C19H31N204: 351.2278).
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1,2-Dihydro-4-[(4-isopropoxyphenyl)methyl]-1-isopropyl-5-methyl-3H-pyrazol-3-one
(9¢)

To the above reaction mixture was added 6 M HCI (65 mL) and the resulting mixture allowed
to stir for 17 h at 80 °C. The reaction was monitored by HPLC. After cooling to room
temperature, NaHCOs3 (35 g) was added to the reaction mixture and the layers were separated.
The aqueous layer was then extracted with toluene (72 g) and the organic layers were
combined. The obtained organic layer was concentrated under reduced pressure, and the
resulting residue was dissolved in MeCN (36 g) at 80 °C. Subsequently, H2O (36 g) was
added dropwise at 60 °C, and the obtained slurry was cooled to room temperature.
Similarly, H2O (18 g) was added dropwise, and the slurry was stirred for 3 h at room
temperature.  After this time, the slurry was filtered and the cake was washed twice with a
mixture of MeCN (9.0 g) and H20 (9.0 g). The precipitate was dried under reduced
pressure to provide 9¢ as a white solid (11.3 g, 76% yield from 15). HPLC conditions:
column, Inertsil® ODS-3 (5um) 4.6 mm x 250 mm (GL Science Inc.); mobile phase,
gradient elution with 5 min 30/70 — 30 min 70/30 — 50 min 70/30 of acetonitrile / 0.02 M
KH2POs4, pH 3; flow rate, 1.0 mL/min; column oven temperature, 40 °C; wavelength, 225 nm.
mp 141-142°C. 1R (KBr) cm': 2978, 2933, 1613, 1532, 1508,1285, 1273, 1242, 1203,
1184, 1125. 'H-NMR (CDCIs) d: 1.30 (6H, d, J=6.3 Hz), 1.39 (6H, d, J=6.8 Hz), 2.05 (3H,
s), 3.62 (2H, s), 4.19-4.29 (1H, m), 4.43-4.52 (1H, m), 6.77 (2H, d, J=8.9 Hz), 7.14 (2H, d,
J=8.9 Hz), 11.96 (1H, bs). '*C-NMR (CDCls) J: 9.7 (q), 22.1 (gx4), 27.1 (t), 48.9 (d), 69.9
(d), 101.3 (s), 115.7 (d%x2), 129.2 (dx2), 133.9 (s), 136.2 (s), 155.9 (s), 160.0 (s). HRMS
(ESI) m/z: 289.1909 [M+H]" (Caled for C17H25N202: 289.1911).

4-[(4-Isopropoxyphenyl)methyl]-1-isopropyl-5-methyl-3-(2,3.,4,6-tetra-O-pivaloyl-p-p-
glucopyrano-syloxy)-1H-pyrazole (13)

A mixture of 9¢ (5.00g, 17.3 mmol), 10b (13.1 g, 22.6 mmol), and Cs2COs (11.3 g,
34.5 mmol) in a mixture of MeCN (13 g) and 2-PrOH (39 g) was stirred for 3 h at 50 °C.
The reaction was monitored by HPLC. After this time, the reaction mixture was
concentrated under reduced pressure and toluene (50 g) was added to the residue prior to

washing with H2O (2 x 30 g). Subsequently, the organic layer was concentrated under
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reduced pressure, the obtained residue was dissolved in 2-PrOH (50 g) and concentrated
under reduced pressure. 2-PrOH was then added to the residue to adjust the weight to 50 g.
The mixture was then heated to 50 °C to dissolve all solids, and the resulting solution was
cooled to room temperature prior to seeding with 13 and stirring for 2 h at room temperature.
The resulting slurry was cooled to 3 °C, a mixture of 2-PrOH (10 g) and n-heptane (10 g) was
added dropwise, and the slurry was cooled to —5 °C and stirred for 2 h.  After this time, the
slurry was filtered, and the wet cake was washed with 2-PrOH (2 x 5.0 g). The precipitate
was dried under reduced pressure to provide 13 as a white solid (11.6 g, 85% yield). HPLC
conditions: column, Inertsil® ODS-3 (5 pm) 4.6 mm x 250 mm (GL Science Inc.); mobile
phase, gradient elution with 10 min 50/50 — 25 min 70/30 — 30 min 70/30 of acetonitrile /
0.02 M KH2POs, pH 3; flow rate, 1.0 mL/min; column oven temperature, 40 °C; wavelength,
225 nm.

3-(B-p-Glucopyranosyloxy)-4-[(4-isopropoxyphenyl)methyl]-1-isopropyl-5-methyl-1H-
pyrazole (4)

A 28% methanolic solution of NaOMe (2.69 g, 14.0 mmol) was added to a suspension of 13
(11.0 g, 14.0 mmol) in MeOH (85 g) at room temperature and the resulting mixture was
stirred for 3h at 55°C. After this time, the reaction mixture was cooled to room
temperature, and a methanolic solution of 40% phosphoric acid (20.5 g, 8.39 mmol) was
added dropwise. The reaction mixture was then concentrated under reduced pressure to
evaporate any methyl pivalate present in the mixture. Subsequently, MeCN (55 g) was
added to the residue, the resulting inorganic salts were removed by filtration through Celite®,
and the filtrate was concentrated under reduced pressure to provide 4 as a pale brown oil,

which was used in the next step without purification.

5-Methyl-4-[4-(1-methylethoxy)benzyl]-1-(1-methylethyl)-1H-pyrazol-3-yl-6-O-
(ethoxycarbonyl)-B-p-glucopyranoside ethanolate (14)

A solution of ethyl chloroformate (22) (1.74 g, 16.1 mmol) in MeCN (3 g) was added
dropwise to a mixture of 4 (6.30g, 14.0 mmol), 2,6-lutidine (2.25 g, 21.0 mmol), and
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pyridine (44 mg, 0.56 mmol) in MeCN (18 g) while maintaining the temperature between —3
and 3 °C. Following complete addition of this solution, the reaction mixture was stirred at
0 °C for 2 h, after which time AcOH (378 mg, 6.29 mmol) was added and the mixture
allowed to warm to room temperature. The reaction mixture was then diluted with MTBE
(20 g) and a 10% aqueous solution of NaCl (13 g), and the layers separated. The organic
layer was washed twice with a 10% aqueous solution of NaCl (13 g), dried over anhydrous
MgSOs, and concentrated under reduced pressure. The obtained residue was dissolved in
EtOH (40 g) and concentrated under reduced pressure. EtOH was then added to the residue
to adjust the weight to 37.8 g. To the resulting EtOH solution, n-heptane (13 g) was added
and this mixture heated to 60 °C to dissolve all solids. After cooling to 45 °C and stirring
for 1h at this temperature, stirring was continued for an additional 1 h at 0-5°C. The
resulting slurry was filtered, and the wet cake washed with a mixture of EtOH (3.2 g) and
n-heptane (6.3 g) cooled to 0 °C, then washed with n-heptane (6.3 g). The precipitate was
dried under reduced pressure at room temperature to give 14 as a white solid (5.88 g, 74%

yield from 13).

5-Methyl-4-[4-(1-methylethoxy)benzyl]-1-(1-methylethyl)-1H-pyrazol-3-yl-6-O-
(ethoxycarbonyl)-pB-p-glucopyranoside (2)

14 (5.50 g, 9.67 mmol) was dissolved in MTBE (28 g) at 45 °C and the resulting solution
concentrated under reduced pressure to remove the EtOH from the ethanolate. MTBE was
then added to the residue to adjust the weight to 33 g.  Subsequently, H2O (0.061 mL) and
n-heptane (13 g) were added to the solution at 40 °C and the solution cooled to 25 °C.  After
seeding this solution with 2 and stirring at 25 °C for 3 h, the resulting slurry was warmed to
40 °C, and a mixture of MTBE (1.6 g) and n-heptane (9.0 g) was added dropwise while
maintaining the temperature between 37 and 43 °C. The slurry then was stirred at 40 °C for
1 h and for an additional 3 h at 10 °C. The slurry was filtered and the wet cake washed
successively with a mixture of MTBE (5.5 g) and n-heptane (5.5 g) followed by n-heptane
(11 g). The precipitate was dried under reduced pressure at room temperature to give 2 as a

white solid (4.91 g, 97% yield).
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