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Ac0
AcOEt
ADDP
AICl;
ATP
BF;-OEt,
BH3- THF
Bn

Boc
Boc.O
‘Bu
cAMP
CHO
CMMP
mCPBA
Cy

dba
DBN
DBU
DIAD
DMAP
DMF
DMSO
DPP-4
dppf
ECso
Epac2A
Et

EtOH
GIP
GLP-1
GPR (GPCR)
iv

LDA
MeOH

: acetyl

: acetic anhydride

. ethyl acetate

: 1,1'-(azodicarbonyl)dipiperidine

> aluminium chloride

: adenosine triphosphate

: boron trifluoride diethyl ether complex
: boron trifluoride tetrahydrofuran complex
: benzyl

: tert-butoxycarbonyl

. di-tert-butyl dicarbonate

: tert-butyl

: cyclic adenosine monophosphate

: chainese hamster ovary

: cyanomethylenetrimethylphosphorane
: m-chloroperbenzoic acid

: cyclohexyl

: dibenzylideneacetone

: 1,5-diazabicyclo[4.3.0]non-5-ene

. 1,8-diazabicyclo[5.4.0]undec-7-ene

: diisopropyl azodicarboxylate

: N,N-4-dimethylaminopyridine

: N,N-dimethylformamide

: dimethylsulfoxide

. dipeptidyl peptidase-4

: 1,1'-bis(diphenylphosphino)ferrocene

: half maximal (50%) effective concentration
. exchange protein activated by cAMP 11
: ethyl

: ethanol

: gastric inhibitor polypeptide or glucose-dependent insulinotropic polypeptide
: glucagon like peptide-1

: G-protein coupled receptor

: intravenous

: lithium diisopropylamide

: methanol
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PDX-1
PhSH
PK
PKA
po

Pr
'PrOH
"Pr

Py
PyBop
Red-Al®
rt
SGLT-2
THF
TLC
XantPhos

: methyl

: iodomethane

: messenger RNA

: molecular sieves 4A

: methansulfonyl chloride

: 2-nitrobenzenesulfonyl

. potassium peroxymonosulfate

. oral glucose tolerance test

. palladium on carbon

: pancreatic and duodenal homeobox 1
: thiophenol

: pharmacokinetics

: protein kinase A

: per 0s

: isopropyl

. 2-propanol

: n-propyl

: pyridyl

. (benzotriazol-1-yloxy)tripyrrolidinophosphonium hexafluorophosphate
: sodium bis(2-methoxyethoxy)alminium hydride
: room temperature

: sodium-glucose linked transporter-2
: tetrahydrofurane

: thin-layer chromatography

. 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene
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F1E H1#HRMEEDOBRRE
% 18 GPRII97I=X hDH1E

GPR119 7 I =R b DBEBRIFIEITEANATONTE Y, L ORI N—T LR ENRH D 1,
T OREEDENTHER S, GPR119 7 G =R FOMEIX, ~v REAL, U W —EL, 7—b
EALD 3 DOBEREN LIRS 4L, ~y REMLITEFREIMERE (A=K7 v RBET) &8
FTHEERE T LEAILEE T LRI LSS VR AT L E T 13 DA SRR AR A A
THERV D UVEBRTHD ZENREBEIN TS (X 1-1)H10 12

EWG
K\ X2 EWG : electron-withdrawing group

O X', X?:N, CHor CH, N
q Y : bulky alkyl carbamate or its bioisostere
ea

tail

1-1. GPR119 7 & =2 h OHfi&E

EFIL. OB - T, FH GPR119 7 2= N OAIFENFFEICEFE LT,

B 28 FHRY U —DBRR

ARBEEMFFRIZ BN T, EERLOAZIMS E L TOARMEE & bio, WERTFE L TOHEFNL
ZEE L LAY OMERELEZIT O VEND D, TDT=DIZiE, I E MEO @O FEARRE S 2 3R
THIENEETHLEEZ, T, {m?i%gfﬁﬁ@%ﬁu'ﬁb‘%ﬁi‘Un"J@’J\f@b\%ﬁﬁ) vl — DR
T o717,

2-1. k& THA v
APD-59718 <> APD-668 DL HiZ, U —L LT 6(EXRY VA4 A NFFINEY I T
%ﬁ%ﬁ?éGWHQTﬁ:Z%@ﬁi@i§V(I1ﬂO:ﬂ%@mA%TM\HUiVV%
D 1 NEFEFEF L 6 (BRROIFILFEF X OFFERNR I . T OREDHIE S
TH Y (anti-conformer, [X| 1-3)15, Z @ anti-conformer 7% GPR119 7 2 =X MEMFRIIZEH G L
TS EHEZ STV D 16,
o)

\// W\ //

?L Qkk Q Q»&k

\

—

APD-597 APD-668
1-2. APD-597 ¥ L% APD-668 Dk
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. 1
An arrow means lone pairs. PO /

|
N&;\l/ N’Rz R1J\7sk0/
Rﬂvébi:; =
! N

R2
anti-conformer syn-conformer
exhibits GPR119 aqonist activity

X 1-3. A EF R OFERI LI & 2 B EHIH

I BT, o OEJEN anti-conformer [Z[EE SN TWD, “BREE Y IV UEKEY U — L&
L7= GPR119 7 =2 =2=* k%, Bristol-Myers Squibb!7 3 & T Roche!® »H#ESTns (K 1-
4),

n
00 0o N7 Pr
\\s// ‘ \\S// |
QLT O o
2 =
MN Hx@
F F =N
antoI-Myers Sqwbb Bristol-Myers Squibb
\\//
NZ >N N _CO,'Pr
. I
N
Roche

X 1-4 “EMHEEYIUIVUoFHKEAET D GPRI9 T A=X |k

F 2T, ZORJEEENEEN GPR119 72 =X FOAIFICBWTEETHD EE X, Il
R Y IV ER Y U —ICHT LG 18 27 A Lz (M 1-5),

linker

Restriction:
conformation of the ligand
(relative position of the head and the tail)

X =0, S, NH, NMe

6,5-fused bicyclic pyrimidine
X 1-5. HHY v A—DTFA
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2-2. TEBRMEY I UILAEMOAERK
THYA L 3 DY v — (7r23-de) IV F= /[23-dE Y IV, Errl2,3d
v IVV) AT HHEERE, LNOHFIETERM L7 (Scheme 1-1) 19,

R1 j/o /u\(b/o )\/6/6
a-c[19 R'=OH, R?= X /
20: R = CN, R2 = Boc - §§ §=§
(Boc = CO,Bu) 24:X;NH 27: X;NH
A B g
. NN XN NE oc h S NN N/Boc
25,26 —>» N M - '
o) ) N
X PR X
28:X=0 1:X=0
29 X = S 30:X=S
B \\//O
NN N oC . /S N&N N/Boc
27 —> | 31,32 —> '
cl ) N
N H //
R F R’N
. 31:R=H 33: R=NH
j ‘Rz .
|——>32.R-Me 34: R = NMe

Scheme 1-1. Synthesis of compound 1, 30, 33 and 34. Reagents and conditions: (a) Boc.0, NaCOs, THF,
H.0, rt; (b) MsCl, EtsN, THF, 0 °C; (c) NaCN, EtOH-H,0, 80 °C, 77% (3 steps); (d) (i) LDA, THF, -78 °C;
(i) ethyl formate, -30 °C to rt, 92%; (e) X = O; (i) diethyl chloromalonate, DMF, rt; (ii) DBU, EtOH, rt, 50%;
X =§; (i) MsCl, EtsN, CH.Cly, 0 °C; (ii) ethyl thioglycolate, DBN, CH2Cl,, 0 °C, 22% (2 steps); X = NH;
(i) diethyl 2-aminomalonate, NaOAc, MeOH-H,0; (ii) NaOEt, EtOH, reflux, rt, 46% (2 steps); (f)
formamidine acetate, EtOH, reflux, 30-70%; (g) PyBop, DBU, THF, rt, 83-85%; (h) NaH, 2-fluoro-4-
(methylsulfonyl)aniline, DMF, 0-80 °C, 24-49%; (i) POCIs, 100 °C then Boc,0, ag. NaOH, rt, 43%; (j) Mel,
NaH, DMF, rt, 92%; (k) 2-fluoro-4-(methylsulfonyl)aniline, Pd(‘BusP)., NaO'Bu, 1,4-dioxane, microwave,
130 °C, 7-32%.

4-B°RY DA ) —) (19) DEFRF 1% tert-7 hF¥ U H/LR =)L (Boc) HTLRH#E L7-1&.
KEEI A A b L, T AT MY O ATHREIL C= MYV 20 #1572, VLT, LDA % Hw
TUFAb Lk, FB=F L, VFUvL=/T—h 2L IZHFEL, VFUL= )T
— b 2L LT b~ m oY =T L & ORBEEOR, i< BRILEORIZ E D 7T 22 %
A b, i FA 7 a— = FL L ORBEBREL, BLOBREKSIC K> TF A7 =
23 &, T/ ~u YT E0T I UBKREOG, BEOBRIKEOSIZE Y B r—b 24 %
FNENER LT, S50, HHEE 22-24 LRV LT IV URIBEOBGESRSIC LY, 8
PV IV 2527 ZER LT, IRWT, ZERIEE Y I 25 8L 26 OKEEREZ 1H-~N>
SRV T =L ANFF RV ER Y Y ) RAR= T AT 7 LA ek A7 7 — K (PyBop)

J
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TIEMAL L, 2-7 VA 0 -4-(AF VAR =)T =1 U ERIGSET 7 a[2,3-d eV ¥ iFEk
1 BT /[23-d]E) I PUFFEMR 30 #E LT, £o, ZRMEE Y I 27 2Rk L
215, NI LI X DT S MBS TE R R [2,3-d]E Y S P UFEEA 33 AR L2, N-A
FreouR3de’) I VK 34 (X, 7 rr{k 31 & N-AF k&, 33 LRKOFGETT Y
—N7 AL L TR LT,

2-3.  TRMEY IV UFHEERO invitro TEMEREMN

FALEM O GPR119 (295 invitro i&MEOFEMIX. & F GPR119 2L EHICEIEHT S
CHO-KL filatkz WALy 7 2T —B UL R—F —BIE 1T v EAIZL T ToTe, T7hbb,
LiR—Z—L LTy 7 = T —PEIGFORFIKIE TGS A OB R %, 50% 25k E
anﬁ;w%kﬁﬁ(&m2ﬂﬁﬁtbfﬁﬁbtlm B, RRBEIL, FHEXSILEHD
BRIV T =7 —PREJIERZ, 100 nM (2317 % AR231453 (ECso = 31 nM) DL 7 =5 —
BRELHERESY 100% &3 HMR08RE & L CERFL LT,

£ 11 TBRMEE D IV VFHEERO invitro G

o.,0

N

e N&N N/COZtBU
|
N & p
F H X

hGPR119 agonist activities
EC50 (n M) a Emax (%)

Compound X

1 ) 129 123
30 S 79 82
33 NH >1000 9
34 NMe >1000 3

2 Assay values were reported as a single determination performed in quadruplets.

7uR3dEY IVUFER 1 BLOY F/23-dE Y I VUFEEK 30 1, GPR119 7=
= A MEMAETR LA (1: ECso = 129 nM, Emax = 123%. 30 : ECso = 79 NM, Emax = 82%), ' 11 1
[23-dE°V IV UFEEK 33 BLO 34 (X7 T=R MNEEE RS o7 (3R 1-1),

7u[23-de Y I VUFEEK 1 LF [23-dE Y I D UEEK 30 Akt 5 L, 50% BhE
B 30 DIF 9 MM, BRIBEIL 1 DIF I DR o7c, 50% ALY T KL H/E
DFFME L AFHBI L R KRIREEITY o FEESH D GPRI19 O MEEZIC S G-Z Xy
BIEMALSREE & OFBIMERE N EB X biLd, —MIT, U TV RiE & & O 5B 0O BIfR
LR LT, U Y FEEDRZRIREFEE LIcRICE O mTREEZE IS 515%@%%WLTW
LT 5 EDIFINVNETH D, £ 2T, FEAMIEZBINT 5 ARBHE T, &KL OBFvE
i@%xﬁw@%ﬁ%mﬁmpﬁzé%@uﬁﬁbki?#\%@%®WLkmioTiDEw
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ILEMCEIET D AREMENE WS E 2, T/ R3dEY IV L0 bEmWRKBEL R LY
m[2,3-deY IV EHHY o —E LTEIR LT,

% 3H ~y FEALOBER

3-1.  REERIE ZRIE LAL & T A
Semple 5 ¥~ FEMLO 2 AL~ v FA AR231453 73, 50% fjj%/;;%f“%;?aﬁfg: L CIERE
Bk 35 L0 HK 8 FEVIEEZ /R L, 3 fi~D 7 v FHENTIEEIIZFREE G2 RN &
EHELTVS (B 16), [HRIC, Park B 22, A~ KO 2 mwﬁﬁz 37 A

3B LV HEEETHL L EWE LTS,

Semple, G. et al. (ref. 1-11) Park, H. et al. (ref. 1-12)
1)
Q V Q g I@N/COZBU
Compound R! R? ECso Compound R ECso
AR231453 F H 0.68 nM 37 F 1.5nM
35 H H 5.8 nM 38 H 11.5nM
36 H F 3.4nM

1-6. ~v FEMLO 2 AL7 v R DRF

é%%éwﬁ%%ﬁ%@ﬁWMW%@ﬁ%@%ﬁ@ﬁﬁ’ﬁﬁﬁéwigﬁﬁiémf

WD ENE Y EFIE, 2D 2 L7 v RIEFOIEMEBRRN, 7o BT =0 R
KRBT & DY FHRKREREAIC iéx%ﬁ@%ﬁutlbfwék%zko

ZZ T, 7u23-dEY I VUBERICONT, 2 fEERIK 39 L 2 17 vHEEK 1 O H
NMR A7 M EIEG L= Z A, T=U 7 hrofby 7 M, £ 7.36 ppm B
EO 742ppm Tho7 (® 1-7), FV . 7a23dEY IVUHEKR 1 o7 =Y e b
X, 7 v RETE O TNABR-AOIBIZL > TERISE Y 7 FL TS Z ENRBENT, L
ML, 7 v HRFETIXFH KB EZRAERTH D720, KFE—7 v RIFETBOKE-S TN &
WHEINTND 14 22, myP%ﬁ@4WMEﬁﬁ%ﬁl_b\ﬁ@%ﬁﬁéﬁéﬁ%
T, 2O FIKERE & RFE— RFILARESITER L7z, MRBEZ ~y FICAE T 2166
%40%7%4/Lt(ll&
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O\ P 0.0

N

S 4 s? ¢
~ \@\ N|/§N N/COZ Bu - N|/§N N/Coz Bu
H (@] 39 F H (@] 1

AN AN

5 =7.36 ppm 8 =7.42 ppm

X 1-7. 7=V o7 ua hrofbFEs 7 k

Restrictinon  ,---------_____ .
of 0. 0

. [N

N,CoztBu Conformation ' __S

Enhancement I

of X

. Potency .
intramolecular hydrogen bond fused ring (n=1or2)

B 18, SEARRLEER ST 5~y FELOF A

32, ~v REMLOER

FEMGR ORMGEIZ L E b W& TReO HFIETHR LT (Scheme 1-2),

ARV @) IZF AT — b EEEA LR, FAVTF—bEEATVANLT ¢ RHE
WL, BRIFEFORE, MEEFORL, BRELR T NY v 4 257, T, 7
=V 45 & 2-= b a B AR/ (Ns) B O L7tk N-2 F b, BifRi#A# T N-
AFNLT =Y 48 A LTZ, £/2, 6-70E-34- Rua¥x /) U r-2-4 49 [T AFLFF
EEBALE, BELTALKRY Bl ~NEX RT72 -T hT7e 7T UEKRTT I REBE
JTTLTCT FT7e RFeXx /Uy 52 #4572, SHIZ, 4-7rE2-7uury =Y 53 OT7 LF /Lt
IZEY N-TAFR 54 L LTcth, TAATFAREREEANL TAFNVANLT 4 RIR 55 2457, &
WT, MR FE2Eb, 7I V2 A N DNAR=NVETIR#EL TALFR R 57 & L7214,
RT VT Nl E O TZEALRS TBIC L0 A KU > 58 &L, BUR#EEITV, 22-V A F LA
Y RU AR 59 B, 2, AX A v K—b (60) OEFRF 1% Boc S THR#ELE, L
RE=VHD o (Y AFALL, BRES LT I FOBETERT 33-VAF LA R~
64) L7, HWT, ARV (41) A U Y 44 OFE L RO HET 3,3-V AF )L
A U UK 68 AR LTZ,
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41 42 43 44
QL QL QL QL
S f S g S h S
_N _N
NH, N s NI NH
F F H ol Fol
45 46 47 48
(NS = 2-N02-CGH4-SOZ)
Br _S O\\/p O\\//O
. . _S S
i j k -
o 0 o
49 50 51 52
0 0
Br. R1 O\\S//O /\\S//
| n e p
B — J< —_— J< —_— R3
NH, H N N~
cl cl Cl R?
53 54: R'=Br 56: R2=H 58: R3= CO,Me
m (o]
‘: 55: R'= SMe l: 57: R?= CO,Me g ‘: 59: R®=H
MeS O\\//O
_S
R4 S RS U vV, W 6 Y
N’ —_— N~ —_— NH ———> N,R —_— R7
N
e} e}
— 60:R*=H — 62: R%=Boc — 65:R6=H — 67: R’ =Boc
r t 64
\—>61:R4=Boc \—>63: RS=H XL’GG: R® = Boc Zl—>68: R”=H

(Boc = CO,Bu)
Scheme 1-2. Synthesis of compound 44, 48, 52, 59 and 68. Reagents and conditions: (a) KSCN, Brz, MeOH,
-10 °C to rt; (b) Na2S-H20, ag. EtOH, 50 °C, then Mel, rt; (c) Boc,O, DMAP, THF, rt; (d) mCPBA, CH.Cl,,
-20 °C, 42% (4 steps); () 4 N HCI in AcOEt, MeOH, rt, 80%; (f) NsCI, pyridine, 60 °C, 82%; (g) Mel,
K2COs, DMF, rt; (h) PhSH, K2CO3, DMF, 59% (2 steps); (i) Pdz(dba)s-CHCIs, XantPhos, NaSMe, toluene,
microwave, 120 °C, 70%; (j) mCPBA, CH.Cly, 0 °C, 51%; (k) BHs- THF, THF, 0 °C, 90%; (1) tert-butyl
2,2,2-trichloroacetimidate, BFs-OEt,, cyclohexane, rt, 44%; (m) Pdz(dba)s-CHCIs, XantPhos, NaSMe,
toluene, microwave, 160 °C, 55%; (n) mCPBA, CH.Cly, 0 °C to rt, 76%; (0) CICO,Me, NaH, CHCl,, rt,
36%; (p) Pd(OAC)2, PCys-HBF4, Cs,COs, pivalic acid, xylene, 140 °C, 17%; (q) 1 M LiOH, MeOH, reflux °C,
>98%; (r) Na;COs3, Boc,0O, THF, rt to 40 °C, 77%; (s) Mel, NaH, THF, rt, 46%; (t) 2,2,2-trifluoroacetic acid,
CH:Cly, 0 °C, 95%); (u) Red-Al®, THF, 80 °C, 86%; (V) KSCN, Brz, MeOH, 0 °C to rt, 8%; (w) Na-S-H-0,
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aqg. EtOH, 50 °C, then Mel, rt; (x) Boc2O, Na,COs, THF, rt, 98%; (y) mCPBA, CHxCly, rt, 79%; (z) 2,2,2-

trifluoroacetic acid, CH.ClIy, rt, >98%.

3-3. 7r[23dEV IV URFEEAKROERF LW in vitro JEVEREAH

2-2. TEMRLE7a[23-dE Y S UFHHL 28 123212 TR LT =V UikikE 2138
FEREWEZBEAL, 7u23-d’) IV UFFEK 2 BLD 69-72 A5 L7 (Scheme 1-3),

§ X _CO,Bu
N=N N|/§N N/COZBU . Nl /N N
N\ 7 —
@ Y @ o/
(0]

28 2, 69-72

O O OO0
OO0 \ 7/ \ 7/
O\\S//O O\\S//O /\\S” S S
T -
@ by \Q\NA N}i N}‘ N}‘
N L |
2 69 70 71 72

Scheme 1-3. Synthesis of furo[2,3-d]pyrimidine derivatives 2 and 69-72. Reagents and conditions: (a)
anilines or heterocyclic compounds, NaH, DMF, 0-100 °C, 13-91%.

WNT, o7z 7u23dEY I VUFHEAR 2 BLW 69-72 @ GPR119 (Z%F9 % in vitro
[EMEZ 2-3. \ZRC# L7 FECRMi L7 (3R 1-2).
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# 12, 7u23-dE’V P UFEKRO invitro 1EPEFHM

c y @ hGPR119 agonistic activities
ompoun
ECSO (nM)a Emax (%)
QL
_S
1 129 123
T
£ H
QPR
_S
2 53 123
;5&
QP
_S
69 >1000 6
Ty
£
QP
_S
70 \%3; 793 1
QP
_S
71 \%3{ not active -

_S
72 \%N% not active -

2 Assay values were reported as a single determination performed in quadruplets.

FHRLIEEIIC, AR UHER 213 22704 a7 =0 UFE A 1 L0 S5 R L
72 (50% ZhREEINMEL 2o 72), —FH, D TWAKREEEORRNHES LD EEZHND N-2
FAK 69 DOIEMIZIHR L7,

~v FELOREE DN OSLARFLEEIZ G- 2 5 B AT+ 2 Z L2 A E LT, 2-7 4T =
UVHER 1, A2 R UFER 2 BEON-2F K 69, T NIZBITH C2—Cl—N—
R(CI") O HE DA E D TEIIFHE Y 7 b7 TR L (X 198, ZofER, &b
B O EFE e TIHE O (B X OEE) (X, 2-7vAe T =Y UEFEK 1Y —60°~+60°
(periplanar conformation (Z clinal conformation 23JRAE), A > KU VEFEAK 2 23 —30°~+30°
(periplanar conformation), N- 2 F/L#5E(K 69 73 —180°~—30° 3 L +30°~ +180° (clinal
conformation) Toh %5 Z LRI Tz, ZORERIL, ~» FELO C2—C1—N—R(Cl’) % Fi
PEDEWELEE (periplanar conformation) (142 Z &8 7 T =2 MEMHERIZTH G T 5 LB X
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2B ORGER AR LT 5,

—F. TR REF U UFEK 70 IZHOWTHRBEC HADOMEEE LEZE A,
periplanar conformation % /RIE T HFERTH-7=Z &0, A > KU UiFEK 2 LRSDOEEE
AT LR LIZN, RIEETH -7, ZHUE, 7 F T e FaXx ) U U pnd BIE A & 2
ZEITED Ny FELOMERIEIE DO FmEN Kbz Z &l kb g snsd, £, AR
Vr® 2 fiEIE 3 MUY AFNIEZEA LA Y UFFEAR 71 BRI 72 bIEMEER
K7pholo, ZUI, AFNVEONEEEIZLLZbDEB LN, LR -> T, AMeEWiED
~y REMZIZOWTIE, EOSRELE ST Tl < BRIRES L0 O OSNER R Em S b
GPR119 7 2=A FMEMICHEBEL 52 DN L LTEHEHETHD LHERIND,

PLEOFERL Y ~y RENLOR#E#EE L LT 5-(AF/VANLF=)A > R AL,

clinal periplanar clinal
40 MeO,S
B
g c2 N
- X ﬂz (€1
2
=)
g
=20 C1
= MeO,S -
= c2
& X

Dihedral angle
[C2—C1+—N—R (C1")]

-180 -120 -60 0 60 120 180
Dihedral angle (degree)

1-9. ~v REMLO 14554 X

B4 T AELOKEL

4-1. BT

fb&W 2 1%, JELEWE Lz AR231453 L[AI% D invitro TEPEZ R L7203, 7 — /LIS
FRICARZET: tert-7 b ¥ VR =)L (Boc) HE=HFLTEY, »oOfI7/rnYy—2A (B hB X
O~ 7 A) Zxb T HAHZEENMEW 2D ROEGICHE S W EB 2 vz, £ 2T, Boc
o, TEDNVAI VR AT AOERFRFEMAE L L TRESNTWVD 5 LEHlE ) IV T
TCEWT D 2 & AR AT,

4-2. 5 frEHE Y I D UFHEIRDERL

Boc 1K 2 ZMifRi#E L CHEEAIE 73 & L=, X925 2-7un bl I Ur bt OEFBREE
PAROSZ L0 | S-HREIR 3, EEEWAK 74, 5-=F LK 76, 5-T B F LK 77 BLO 5-7 v FEIK
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81 #AM LTz, /-, I 73 12 5-7nE-2-7unt’l I DU EHEFEEREBERKL ST
B, AFNEEEEANL, 5-AF KR 75 21572, 6T, WEE 73 12 2-7 nw-5-(4,455-7 k
FTAFN-132-PAXYIRT 2-4A V) BV VU EFEHE RGBS SE-%, @R tkE
TEbT 2 Z LIC kY 5-KEbIR 79 21572, HRA&IT. 5-KIbIR 79 2 A F /AL LT A h%
UK 80 A RK L7 (Scheme 1-3),

z
Loy et % 0y
~ N| SN N~ borcord - N|/§N N \N
=
N ) N
o} /

o
a,: 2: R= CO,Bu 3:Z=Cl; 74:Z=H; 75:Z=Me; 76:Z=FEt; 81:Z=F
73: R= H-HCI eE 77:Z=Ac fE79:Z=OH
78: Z = CH(OH)CH3 80: Z = OMe

Scheme 1-3. Synthesis of furo[2,3-d]pyrimidine derivatives 3 and 74-81. Reagents and conditions: (a) 4N
HCIl in AcOEt, MeOH, CHCI3, rt, 73%; (b) for 3, 74, 76, 77 and 81; 2-chloropyrimidine derivatives, 'ProNEt,
DMF or 'PrOH, rt to 100 °C, 15-98%; (c) for 75; (i) 5-bromo-2-chloropyrimidine, 'Pr.NEt, DMF, 100 °C,
84%; (ii) MeB(OH),, Pd(dppf)Cl.-CH.Cl, Cs,COs, THF, DMF, 100 °C, 26%; (d) for 79; (i) 2-chloro-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidine, 'ProNEt, PrOH, reflux; (ii) H20z, THF, rt, 27% (2
steps); (e) NaBH4, MeOH, CH.ClIy, 0 °C to rt, 80%; (f) Mel, KCOs, DMF, rt, 16%.

4-3. 5 AEHAE Y S D UFEMRD invitro TEMEEEM

Bohi- s fERE ) IV UFEER 3 BIO 74-81 @ GPR119 12xf1 % invitro (&M% 2-
3 IZFEH L HFIETIME L 72 (3% 1-3),
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# 1-3. 5 @Y IO UFHEARD invitro TEVEREAM

hGPR119 agonist activities LMClint°

Compound B
ECso (NM) 2 Emax (%) human mouse
2 -COq- ‘Bu 53 123 550 508
3 Cl 42 117 113 108
74 H 512 196 NT® NT®
75 Me 252 159 349 145
76 Et 41 154 412 187
5z
N/ﬁ/
|
77 }Q\N/ Ac 78 12 74 154
OH

78 ;3\ 586 33 102 66
79 OH 391 145 132 107
80 OMe 310 186 255 189
81 F 201 229 257 154

8 Assay values were reported as a single determination performed in quadruplets.

b Liver microsome clearance (uL/min/mg protein).

5 (L7 L VILD BTG E 50% W RIREDME T L, iEMEA M L L7z (74, 75, 76),
ZOHTH, 5-=F /LK 76 1L Boc & 2 &L FRIZLL LD invitro i&EE4 R L7z, L)L, 5-=F
AR 76 OFI 7 m Y —24 (B hBLO- T R) 1ZxHT AR EMIL, Boc £ 2 kv Ak
L7zbDd, b MNFI 7 v Y — AT 2R EMHITRIR L L TUER LB ETH 72,
FHEREBOT VEXNMUED o MITREEZERENZ ENMONTND Z &b, 5-=F /LK 76
OTFRENHY 18 L LT, = F D 1 a2 BbL7zT7 BT R 77 B LOUKERLIK 78 24
R L7emd, WA RS Ipinodz, £, TF VIR KR E R UKk 79, A b o3k
ICEB L7 5-2 UK 80 HIRWIEMETH 572, LLEDOFERICE ST, REIERZERE WV o
NIRFE A STHONRRMENEVERERL L LT, ~"e P URT4% 5 (ICEALILamE Bk
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Lizb 2 A, 5-7 v EIK 8L IHKIEHETH o724, 5-7 mafk 3 1%, Boc & 2 LRISGOEMEE
AL (50% BRI | RKBEIZRS THo72), SHIC, FIz7uey—2A (B hBIW
<D R) KT BEAEZ )T T ABARBRRO BN > THESH., FESNIEHNTH -
7=

DIEXY . 5-7 ook 3 13&6745 liziED A MEDHHILEM TS L FIWF L, invivo 3F
i Z17-> 72,

4-4,  BRYEHREER
5-7mufk 3 1%, v~ AEHAWROKGEEYEERBRICB O TRAZREREZR LT (F 1-4),

# 1-4. b-7uanfk 38 OIFEYEHEE/RT XA —X a

CLpiv VsS iv tuziv Crnax po AUC po BAD
(mL/min/kg) (L/kg) (h) (ng/mL) (ng h/mL) (%)
6.5 2.3 5.1 2,015 9,386 37

2 3 was administered to mice at 0.5 mg/kg (iv) and 10 mg/kg (po) in vehicle of
PET (80% PEG400, 10% Ethanol, 10% Tween80™).
b Bioavailability.

45, B0V a— 2 AR

5-7 ok 3 (FO#4E 10 mg/kg) 1. C57BL/EN ~ 7 A Z W /=f 1 7L o — X AR
(OGTT) 12\ T, xHRLAE L7z AR231453 (# 1 #65- 20 mglkg) & [AI%F O AR FER 2 A
LTkh., R 20 H52kEmTh s B2 b (K 1-10),

400

120

350 -

300 - 100 r * indicates a p value of <0.01.
g .
Ezsa = g0 .

3 2 |

200 5
H =
=) < 60 |
E 150 £
8 |8}
= > 40 |

100 —O— Vehicle (PET) =

50 O - AR231453 (20 mg/kg) 20 L

—A— 3 (10 mg/kg)
0 + T T T T
-30 ol 30 0 el 120 0

time (min) vehicle AIR231453 (20 mg/k\‘g] 3 (10 mg/kg)

X 1-10. 5-7 v uf{k 3 OO TV a— A AR
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o5 o

FEHIX, GPR119 7 F =R FOWEEN~y REAL, U I —EAL, 7 — VEL D DGR S 4L
% EWVHHRIBIZIN - THIR GPR119 7 2= A N OIRBIFEZITV., RV o h—L L To
[2,3-d]t°V y/ﬁﬂé%ﬁﬁ%{t%@ 1 (ECso = 129 nM, Emax = 123%) ZAIH L7=, &5
GPR119 7 =R NMEMOFRBUZIZY T R OSNARBLERIHNEE CTh 5 & OfUEICH
DE |~y REALOSARELERE 2 FREZ T D720, ~y REMLO 2 (fi7 v BR &7 =1
VKRBT D3 FPIKFEREG % IKHE — RFBILAREITEIRT 52 L T, fLEY 1 OIEMED M
LT% EEHLICZL, A2 FU VBER 2(ECso=53nM, Emax=123%) % AH L7-, &KW

AV RYEREKR 2 o7 —VEN A REEL, FX e Y —AICB T EAZ YT T
x%aﬂzﬁbfdt/*% 3 (ECso =42 nM, Emex = 117%) %% 1 & E L TR L7, b&
¥ 3 1% C57BL/6N ~ ™7 A & VT4 10 7L o — A BRFRERIC B O CRIR A & 72 0 125 1
PR T ER 23R LT,

% 6 # FIATE

1-1. #F% (a) Jones, R. M.; Leonard, J. N.; Buzard, D. J.; Lehmann, J. Expert Opin. Ther. Pat. 2009, 19,
1339; (b) Ritter, K.; Buning, C.; Halland, N.; Poverlein, C.; Schwink, L. J. Med. Chem. 2016, 59,
3579; (c) Yang, J. W.; Kim, H. S.; Choi, Y. W.; Kim, Y. M.; Kang, K. W. Diabetes Obes. Metab. 2017,
1.

1-2. Futatsugi, K.; Mascitti, V.; Guimaraes, C. R. W.; Morishita, N.; Cai, C.; DeNinno, M. P.; Gao, H.;
Hamilton, M. D.; Hank, R.; Harris, A. R.; Kung, D. W.; Lavergne, S.Y.; Lefker, B. A.; Lopaze, M. G.;
McClure, K. F.; Munchhof, M. J.; Preville, C.; Robinson, R. P.; Wright, S. W.; Bonin, P. D.; Cornelius,
P.; Chen, Y.; Kalgutkar, A. S. Bioorg. Med. Chem. Lett. 2013, 23, 194.

1-3.  Semple G.; Lehmann, J.; Wong, A.; Ren, A.; Bruce, M.; Shin, Y. J.; Sage, C. R.; Morgan, M.; Chen,
W. C.; Sebring, K.; Chu, Z. L.; Leonard, J. N.; Al-Shamma, H.; Grottick, A. J.; Du, F.; Liang, Y.;
Demarest, K.; Jones, R. M. Bioorg. Med. Chem. Lett. 2012, 22, 1750.

1-4. Semple, G.; Ren, A.; Fioravanti, B.; Pereira, G.; Calderon, I.; Choi, K.; Xiong, Y.; Shin, Y. J.;
Gharbaoui, T.; Sage, C. R.; Morgan, M.; Xing, C.; Chu, Z. L.; Leonard, J. N.; Grottick, A. J.; Al-
Shamma, H.; Liang, Y.; Demarest, K. T.; Jones, R. M.; Bioorg. Med. Chem. Lett. 2011, 21, 3134.

1-5.  Chein, R. J.; Corey, E. J. Org. Lett. 2009, 12, 132.

1-6. Sato, K.; Sugimoto, H.; Rikimaru, K.; Imoto, H.; Kamaura, M.; Negoro, N.; Tsujihata, Y.; Miyashita,
H.; Odani, T.; Murata, T. Bioorg. Med. Chem. 2014, 22, 1649.

1-7.  Fevig, J. M.; Wacker, D. A. WO 2008137436, 2008.

1-8. Gillespie, P.; Goodnow, R. A. Jr.; Saha, G.; Bose, G.; Moulik, K.; Zwingelstein, C.; Myers, M.; Conde-
Knape, K.; Pietrani-co-Cole, S.; So, S. S. Bioorg. Med. Chem. Lett. 2014, 24, 949.

1-9. (a) Carceller, G. E.; Medina, F. E.; Virgili, B. M.; Marti, V. J. WO 2009115496, 2009; (b) Morimoto,
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1-10.

1-11.

1-12.
1-13.

1-14.
1-15.
1-16.

1-17.

1-18.

T.; Koshizawa, T.; Watanabe, G.; Ohgiya, T.; Yamasaki, N.; Inoue, N. WO 2011162368, 2011.
CRTREE (Emax) 23— DALEMITHRE L TIE, 50% ZNRIREE (ECso) 23 & W IRWMEAEMD S
WEFTHD (FEH), —F. 50% ZhRIRE (ECso) 23FEI—DILEMITHT LTI, FeRsEE
(Emax) B@EVMEEMOT N LY AR THLD (LK), £o T, ABFZETIE, 50% 2 RIRE
(ECs0) ALK VIRL | HKRIBE (Emax) 258V @VMEEW ORI Z HEE L7,

100% 100%
ECer t%%o %Et G
IS & -
i 50% ECsp Jits 50%
0 / 0
0.1 1.0 10 100 0.1 1.0 10 100
IHEWEE (nM) SHECEEYIRRE (nM)

[X|IZ http://tmedweb.tulane.edu/pharmwiki/doku.php/basic_principles_of pharm ZZ MR L 7=,
Semple, G.; Fioravanti, B.; Pereira, G.; Calderon, I.; Uy, J.; Choi, K.; Xiong, Y.; Ren, A.; Morgan, M.;
Dave, V.; Thomsen, W.; Unett, D. J.; Xing, C.; Bossie, S.; Carroll, C.; Chu, Z.-L.; Grottick, A. J.;
Hauser, E. K.; Leonard, J.; Jones, R. M. J. Med. Chem. 2008, 51, 5172.

Yang, Z.; Fang, Y.; Pham, T.-A. N.; Lee, J.; Park, H. Bioorg. Med. Chem. Lett. 2013, 23, 15109.

(a) Kobayashi, T.; Suemasa, A.; lgawa, A.; Ide, S.; Fukuda, H.; Abe, H.; Arisawa, M.; Minami, M.;
Shuto, S. Med. Chem. Lett. 2014, 5, 889; (b) Bakali, J. E.; Muccioli, G. G.; Body-Malapel, M.; Djouina,
M.; Klupsch, F.; Ghinet, A.; Barczyk, A.; Renault, N.; Chavatte, P.; Desreumaux, P.; Lambert, D. M.;
Millet, R. Med. Chem. Lett. 2015, 6, 198; (c) Yan, Q.; Wang, Y.; Zhang, W.; Li, Y. Mar. Drugs 2016,
14, 85.

Howard, J. A. K.; Hoy, V. J.; O’Hagan, D.; Smith, G. T. Tetrahedron 1996, 52, 12613.

Watanabe, T.; Oishi, S.; Fujii, N.; Ohno, H. Org. Lett. 2008, 10, 1759.

Molecular dynamics simulations were performed with the gromacs 5.1.1 package employing General
AMBER Force Field and periodic boundary conditions in saline solution at 310K.

(a) Shah, U.; Kowalski, T. J. Vitam. Horm. 2010, 84, 415; (b) Wacker, D. A.; Wang, Y.; Broekema, M.;
Rossi, K.; O'Connor, S.; Hong, Z.; Wu, G.; Malmstrom, S. E.; Hung, C. P.; LaMarre, L.; Chimalakonda,
A.; Zhang, L.; Xin, L.; Cai, H.; Chu, C.; Boehm, S.; Zalaznick, J.; Ponticiello, R.; Sereda, L.; Han, S.
P.; Zebo, R.; Zinker, B.; Luk, C. E.; Wong, R.; Everlof, G.; Li, Y. X.; Wu, C. K.; Lee, M.; Griffen, S.;
Miller, K. J.; Krupinski, J. Robl, J. A. L. J. Med. Chem. 2014, 57, 7499.

Metabolic stability predictions were performed with StarDrop (Optibrium. StarDrop.
www.optibrium.com/stardrop). The calculation suggested that the ethyl group of compound 76 was
easily metabolized by cytochrome P450.
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B2E B2 #HULEHmOAIR
B 1HE LEwT¥A

EEIT, B 1 BT LA DIRRIC L - TRREM L e 0 5 5kE 3 2R LA, L
23U, BIEERRRER & DI ER AR R O BEFEIZ 33\ T ILRERTFE 0 BERE CIE 11178 PR 5 70 [ RE A5 08 AL
HEh, BIRUIALEMOBRIEZ PRE S 22820 EEbIBESND, £Z T, L 0ikE
\ZHTHL GPR119 7 I=2 hOAIFRMZE 2D D Z L2 A E LT, F 2 HRoBERERLEY
Z T 72D OWFSEIZE T LTz,

AEEMIRF DO BN G, 5 2 RO EMEEHOHIEITEH 1 HALHEE L T
ENMEFELY, UL, 3 1 BEELIHICRELZL 21, ~y FEMLE KO — M o152
FEMEIZIE GPR119 7 H =2 MEEOIBER L L TORIKR D D, TDld, Vo h—ITit, &
1 #RAEEMCB DN TERA Lz 7 23-dE Y I V0 L ORI HELBIR LI\ EE 2T,
BARMICIE, BEGMEREE CTH D 7 u23-dE Y 2 VIt L THEBRMEZ KT S &7/
B EBE X T,

FROBRG GPRIW9 7 H =2 MIFZEMBIONREZ RET &, 7T VHEEL ) v —%
AT 2bEMPEESNTEY, Iz& 23, AbEW 8221 1T~ v AW A 7L 2t — A A fifak R
(2R D MBER FER, (L& 83%21F 200nM LA 50% R EZ~d 2 & NENENHE
INTWD (M 2-1), —FH, Voh—lZkoTIV Ay Ry FOREZEINZHIFETLZ 2I2XD
TEVEDS A B9 2 &8, % 1 WICRE LI/LEPIRREZ2 G INETO GPRIL9 7 H=2A |k
MREICBNTRENT VD, TIT, & 2 IfULEWOIRRICENT, At~ 84 O
FRZBHT 2L Lz, AR ERY Y 84 (X, priviledged structure?® @ 1 > & LCTHIS
NTEY, AT 7 AL CoA REFMEEERE X F T & FALBER 0 E 2R & LTobd
BRI SNTWD, S LIDOEmW (RT7 v 7 T4 77) HIETH D ¥4, ARV T,
ZmENY Yy 84 DEKREGEL L TAY R/ as BN Yy 85 AT A LT, K
HRIE, LAWY 83 DU I —DT VI NEHE G EER LR SE, ZORET = VELO B
UPVBRTAERBENBM SN BERRT I ENTED, 3 BEAYrMELT52LT
~y REL & T — VEML ORI 2B E 2 HIE 92 Z L8 TE .~y FEMLOEH(LE S L 0%
DIEEDRIEGIZ L > T, SIEMEEEWTENE LSS VRN H D LB R T,

7233, priviledged structure &\ 5 HEEIL, JORIFED H5FEDOSZ RISk U CEUFNE % 7~ 3475
IRREIE &\ ) EBR TV B 4L 25, IUPAC 1A 55 % T Substructural feature which confers desirable (often
drug - like) properties on compounds containing that feature. Often consists of a semi - rigid scaffold which is
able to present multiple hydrophobic residues without undergoing hydrophobic collapse | & E# L T\ 5 26,
BHEIE, 2L ZE ALEMT A 7 7 VICET Dm TR N T, B WTREMEDO @ WG DR & L
THWHBRTWD,
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F

N - Oﬁ_
Ho oo, 7 O e

83

| Q( jN}; F@@@N\;

X 2-1. JEWEE G e &t ) v —

EiRokoiz, B 2 tfLEHoAIRICH- ., F 1 HRYLEHORIRICE TH o7 v
=2 XDV B Rt OSAREERIE OB S AR S, U o B —L & T — V2 s L
RS (V) o ——TF—AEAL) & LTAERZn<w BP0 85 215, F 2 R
{LEMO—FiEER 4 271 L (K 2-2),

head linker - tail

head ' linker ! tail

R' : alkyl group
R? : bulky alkyl carbamate or its bioisostere

1st Generation Drug Candidate (3) General Structure of 2nd Generation Compounds (4)
Restriction: conformation of the ligand ( relative position of the head and the tail )

4 2-2. 5 2 HYLEMOT VA

B2 8~y FALOBKE

EPF. T AEMLOT RN IS VBT ATV tert-T XU HLR =L LT, AE
B2 B B DU ARSI LTy RIS OBREAT - 12,

2-1. AvrnZu< bR PUHEROARK

FEELTHER L 6-8E Fafxv-4-4F Y A n 7 o~ i8R 8827, -V nE At n/r/n
VUK 77828 BXY 7-7 A R vnw VFER 9120 (IR HE O FIETARK LT
(Scheme 2-1), 2V, 7 F7x= /2 6, 86 BLW 87 & 1-tert-7 ¥ WL R=)b-4-FF Y
B DU, ERER A4 ¥V AR uw UFER 88, 89 BLN 90 AAM LI, &5
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12, 4-FF VA n 7o~ 3FEAK 89 BN 90 OWNVAR= VEEZKFEATE T NI TLEB
JORRNVZFAUT U TEBILL. FREFML T aEAY R 7 a~w U 38K 7 B0 91 #1577~

4 6
1, -
5 OH N 7 (@) N
“CO,tBu “CO,tBu

86: R =4-OH 88: R = 6-OH 7: R =6-Br
6: R =4-Br 89: R =6-Br 91: R=7-Br
87: R =5-Br 90: R=7-Br

Scheme 2-1. Synthesis of spirochromane derivatives 7, 88, and 91. Reagents and conditions: (a) tert-butyl 4-
oxopiperidine-1-carboxylate, pyrrolidine, MeOH, reflux, 91-92%; (b) (i) NaBH4, EtOH, 50 °C; (ii) EtsSiH,
2,2,2-trifluoroacetic acid, reflux; (iii) Boc.O, K2COs, acetone, rt, 87-94% (3 steps).

T, ERROTGETHEMLIZEENS, ~y FEMLOREICHER AR 7 m~ B
DUHER A AR LT (Scheme 2-2), 4-4 %Y At n s o~ FEA 88 % Chan-Lam-Evans %
TV TR0 Ko T T == —T )b 92 [TEM L%, VR = VHEORE T, BLONE
TCRS TR S 7o B D UVEREFORREICLI Y AR nv B DUFFER 93
T, IRNT, 6-7 REAER I BV U8R 7 12, 227V A0-4-AFNVANKF= LT =Y v
BLY 5-(AF NV ANK=)A > R % Buchwald-Hartwig 7 2 /AL 2R CTEA L, 2
NOERHLE L TAERZ n< BN PUFER 94 BLW 95 257, S HITEMAR—EHlL
o VUG PRICEY, -7 REAY R/ av UEEK 7T hHE T o= VEEK 9, 96, BB
SN 98 # . 7T-T oA R v EFEK 91 HE T 2 = VFEER 100 BN 102 2, Fi
FHAR LIz, IRNT, ERROFETER LN VDA T v a—L 9 OKgEiEE R#E L L%,
ABANT 4 BT R T LEDOREEBRKISICE > TAY R B~ BT D UFFER 5
EO LU, £72, -7 n i@ B E/EHBREHOCCALTY ¢ K 98, 100 3L 102 Z@{b L, Th
FROERYE L TAE R m= BN UUFFEAR 99, 101 B X 103 #4537, &%IZ, 6-7
DEAYR 70 BEK 7 2R VBT ATV 104 ISEE L%, SAR—EHI TV T
FISIZE o TAE R m<w BN U UFFEAR 105 2 AR LT,
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O O

O
" . XWene e
—_— —
~ S O
o //S\\O o O// \b N \COQIBU

No N.
co,Bu © CO,Bu
88 92 93

Br X
cordore
—_—
(0] (0)
N ¢ Ninp
CO,'Bu CO,'Bu
7
96: R' = 4-SO,CH,4

F o H
N}" N\’; . [ 9: R = 4-CH,OH
X - R s 97: R' = 4-CH,Br
A St 3 5: R' = 4-CH,SO,CHs

00 L 98: R" = 3-CH,SCH,
94 95 99: R" = 3-CH,S0O,CHj,

|: 100: R? = 3-CH,SCHj4
101: R? = 3-CH,SO,CHj,4

Br

g
[m

L R2 =
Ne ., Necomy  n[— 102 R?=4-CH,SCH,
CO,Bu 4 2Bu ,:103; R2 = 4-CH,S0O,CHj
91
0.0
\ 7/
® s 0
[ _B j
.70 J,
© N
~CO,'Bu (o) N o )
COzBU \COQtBU
7 104 105

Scheme 2-2. Synthesis of spirochromane derivatives 5, 93, 94, 95, 96, 99, 101, 103 and 105. Reagents and
conditions: (a) 4-(methylsulfonyl)phenylboronic acid, Cu(OAc)2, EtsN, MS4A, CH.CIy, rt, 39%; (b) (i)
NaBHa,, EtOH, 50 °C; (ii) EtsSiH, 2,2,2-trifluoroacetic acid, reflux; (iii) Boc,O, K2COs, acetone, rt, 85% (3
steps); (c) for 94; 2-fluoro-4-(methylsulfonyl)aniline, Pdz(dba)s, P'Bus, NaO'Bu, toluene, 90 °C, 89%; (d) for
95; 5-(methylsulfonyl)indoline, Pd(P'Bus)., NaO'Bu, toluene, 100 °C, 98%; (e) for 9, 96, 98, 100, and 102;
boronic acid, Pd(PPhs)a, Na,COs3, 90-95 °C, 46-72%; (f) CBrs, PPhs, CH,Cl,, rt, 93%; (g) NaSO,CHs, DMSO,
120 °C, >98%; (h) mCPBA, CHxCl,, rt, 30-40%; (i) Bis(pinacolato)diboron, PdCI(PPhs),, KOAc, 1,4-
dioxane, 90 °C, 72%; (j) 1-bromo-4-(2-(methylsulfonyl)ethyl)benzene, Pd(PPhs)a, K2CO3s, DME, H20, 90 °C,
62%.

2-2. Avrmrzu<wl bt XU DUFEEKRD invitro EMEZEN

2-1. TARR LAY R a2 XY DUEE RO GPR119 I2%F3 % invitro JEMEEEE 1 &2
2-3. \ZFRCHE L2 HIECRME L7z (£ 2-1),

_29-



# 2-1. AvrRrZavwrbERY PUFHEEKRD invitro TEMEFEG

Com- o hGPR119 agonistic activities
Substitution pattern X
pound ECso (nM)?2 Emax (%)
il
93 ~ Not active Not active
7/ A\
P
Y
94 Not active Not active
~

95 Not active Not active

0 _S
o8
5 ole) 369 82

0
S
105 g V\©\/ >1,000 69
0, 0 . .
99 /\\s/’\/©\/ Not active Not active

~N
101 /ﬁw Not active Not active
oo
N\coszu
103 Q ,,Ci/©)\ Not active Not active
s
7~

@ Assay values were reported as a single determination performed in quadruplet.
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BEFN GPR119 7 =& | (GSK1292263*1%13 35 L I8 AR231453%%%) F7-13% 1 LAWY
D~y FELEFIH L7z AE R n~< 0 BEXY DUFFER 93, 94 BLOY 95 [ HEMEA R & 720
ST, BE7 == ViFEK 96 [ThT MIEEEZ R LT, 22T, TR LE 2 2O%RIC K
HIEER EZWIRF L, ~y REMLO A VR =V E HFEEROMICT VX LU EREEAL, B
= =)VaBEIK 96 DRIERE AR LT,

(1) ANAR=VIEOBE AU L, GPR119 D U H v RSB ENL & OFEAREN M L9 5,

(2) BCFED HBFENEI L, AR =LA GPR119 & DA ICHKERNEE LD ENE D

X227 5,

FOREFR, ANVF= NI EFEROMICATF LU EEZHEA LA R nv XY U UiFE
K5 B, AFLUEERLRN 6 BLXORF LU EAZEALL 105 LY HEWIEEER L
(ECs0=369NM, Emx=82%), B HFHEY 7 FE2HWT, Atnrsa<v B DUFER 5
BEY 96 ODANVKR= NV EBERF OB RFEMERE N LIE A 25 2z —055 ¥
LW —0536 THYH, TAFLUEOEANI LY ANVFK=VEERRFIF OB HEEREML,
GPR119 DV 7 RFEGEIL & OFEEREN M L3 2 & W ) G233 S 47z,

— AT IWVANVKR= )V ATF VI R~y REAARCB VRO 3 MfICEALZArZ <
ARY D UFHER 99 1 IIE A RS o T, Fh. ATFAVANVKEAAFIVEERT L~y R
Mz Avn o< B0 7T LCEA LAY R 7 o< B D UFER 101 83X 103
HIEEE RS I o Tz,

FROBFHNT L > T, GPR119— VU > REEIRIZIIT 5~y NEAL ANV R = )V EOE LG JE
ELTOMREZM EXED 2 ENTEZ, L, BlFESTIX GPR119— VU v NEAEKROES
U A EBASE SN TN, TAF LB A L TR L- B3 2 DO R%
NENOFEGEIIMT CETELT, S%OFETH 5,

Fro. Vo h——7 = NEL ED~ v REMLOEBAE IS O ORIEDOREHT L - THEFEIZ
EERRELIZZ 8B, 2 2D T 7—~a 747 (~y RGO AVKE=VEER L OT — /L
MLDOTNFR T NNRI BT AT V) ORI ZRELENR T T =2 MEVERBICE > THEETH D
TENREDTRBIND ELHIZ, AR ERXRY DR I ——T— VAL E L
THWAZ LT, ZOHEREZMIETIENTEDHEEZ LN,

UEORERED, Avnrua~vrEXY P UFHEKR 5 2 — M e L TERRLT,
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%3 HE ~y FEALOREL

BT, U—KNbEW 5 O~y REMLE b T 5720, ~v R RN A VR = VD T L
X LEHILICOWTRE LT,

3-1. AR AEOT X VERRIL DL

RAER DV 97 2 TF AT X — b 106 (SHHEE L& BT B F b, A =107 L vk,
Fi ANT 4 ROBBALSIZ K0 AVR = VO T Ve VBB A B LT AR 7 n<w e
U VU RBEAR 107-114 &AL L7= (Scheme 2-3),

b, c
—_—
AN t N
COZ Bu \CoztBu
97: R1 = Br 107'114
l: 106: R" = SAc
CO,H
HO,C O/\/
*/ ©” T 7 e
107 110 111

W@”@”

Scheme 2-3. Synthesis of spirochromane derivatives 107-114. Reagents and conditions: (a) KSAc, DMF, rt,
84%); (b) R?-X, NaOH ag., MeOH-THF, 0-50 °C, 14-100%); (c) mCPBA, CH.Cl>, rt or Na;WO4-2H,0, H20-
ag., 'PrOH, rt to 50 °C, 48-100%.

3-2. ANTKR= VDT L VB OREETE MR B

3-1. TR LAY R a2 XY DUFFEERO GPR119 (ZX%f9 % invitro {EMHZH 1 &=
2-3. [ZREHE L7 HIETRME L 72 (£ 2-2),
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3 22, TIVFXIL A JLIR = VIR DA TETE A BY

N ~
CO,Bu

hGPR119 agonistic activities

Compound R AUCP ClogP®
ECso (NM)? Emax (%) (ng h/mL)

5 CHs- 369 82 17,401 4.13
107 iPr- 142 145 — 4.96
108 PhCH.- 56 169 2,176 5.78
109 2-CO3H-CsH4CH>- 334 45 — 5.23
110 3-CO2H-CeH4CH2- 321 91 — 5.53
111 4-COH-CsH4CH.- 360 87 — 5.53
112 2-PyCH>- 46 150 9,134 4.29
113 3-PyCH;- 68 153 — 4.29
114 4-PyCHo- 98 122 — 4.29

2 Assay values were reported as a single determination performed in quadruplets.
b Oral exposures (0-24 h) in mice at a dose of 3 mg/kg administered in vehicle of 0.5% MC
and 1% Tween80™,

¢ ClogP was calculated using ChemDraw Professional (PerkinElmer, Boston, MA, v. 16.0).

BRI O R X T OHEKITHE 50% ZHFBEMET L, RKRE R 2o/ 84 5, 107
FBEO108), NP VFHER 108 X, §F 1 HRYEAWIRRICEIT D~y FENLRE LG 2
(ECs0 =53 nM, Emax = 123%) % < invitro {EM%EEZ /R L7203, ~ ¥ AR OG- L7 BEo MmfEH~
DRIV — FMEAY 5 L0 BIKTF L7, HEARERERE 1 KB LU0 2 iRickiF oo
A VIR =R 108 DEMEEIL, WG 0.4 pg/mL R TH Y . T REOK FIX, XY
IV 108 OKEMEOIRSITER L, ZOJRRITREMER W Licdh b LI,

Z 2T, NUVIVHER 108 OIEME MR Lo oKEEESET H OO RE LT, NV
NWEDX BRSO ANVRFINVIEDEN, BRORDVENG E Y DL A F VIO 2]
ERE LT, ZORFHZBW TR, IBEMESKEEICR L CRESEET L B2, ZTOREL
L C ClogP?16 2/ L 7=,

WTFHOHIECBWT S, BN -FEARD ClogP 13HMFE W ITIKT L7225, MiFikEz gt
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HERVUNEEE Y DNV AT NI U T-BEOMENKE -T2, S BT, WIVER B E
R 109-111 TiE, XU PILFHER 108 &l L CTHEEDOIR TR B2y, B U DL A F U
WK 112-114 1 TEMEERHER L2, 2 Th, 2-E U DAFHIE 112 1%, XU UL FHEEK 108 &
Pl U ClRORIBEE TR o720 50% IRIEENME T L, 6 1 R o&EbE e 2 &
EEEEZRTEEBIZ, V—FuAEY 5 LR L2 mERRBEOR T /NI holz, 705, 2-
VY DVEHEMR 112 LS OIEMEE R L 3-8 U ULFER 113 121, invitro IEPERHBOEEIC
R R (100 uM) (12351 2 MR AR E I 3580 b, £D 7, 3-8 Y D RITLED
%ﬁm@*ﬁ?ﬂ‘ﬂ%ﬁ%ﬁ?%#é LeLz,

AREHI. ~y RELOREGZ 8 m WEHEEZ B AT 5 2 L EMER RIIRTH D Z LR
L7721 Th 5, GPR119 7 F =2 MIET 5 ZNE TOHRETIZ, ~y REALO R LK =
w%@7w%w%@ﬁ%%%w%ﬂ%%@ﬁﬁwT»%wﬁ TS D Z & TIHEMEME T2 2

EM—ITH D, 7o & xIEL, Semple?™ H1X, ATF N ANVR=NVHE T F VA NKR=VEEETZIX
A TR ENVAVEZNVIEANER LEGEA, IWENME T2 EHEL TS, 51T, Liu 5207
X Han & 28 §[EEkOHEE LT\ D (¥ 2-3),

\\ //

Compoud R ECsq (nM)

N NN
O\r AR231453 Me 0.68

115 Et 7.0
116 ipr 7.9

Semple, G. etal.

/

\QV A Compoud R ECsg (M)
117 Me 2.1
Y\JV 118 Et 71
Liu, P. etal.

_CO,'Bu
Ji j/ \O /Q Compoud R  ECs(NM)
o 119  Me 59

// \\ .
120 Pr 18.5

Han, S. etal.

B 2-3. ~v NEBALRUREHALE DR

ARRFHZB W Ty RELRSGIC & SO EHR L 28 AT 5 2 & BN EiEE iz 272203 - 7o B 1
~y RO ZANVKR = VI E FHEBROMICATF L EEZBALZZ LITXD, “/F%uiﬁﬁ
OFELE B HERH L, ~y FENRSGHS OB B B EMEWERD Y T R TE+HoIcfl T
DS T2 RIROBOKMER 7 v N, WSy O NVRIEBILNEFIA Lz Th b L HE
RBIND, 7ep, 222 bRl Lk o1z, BRFRTIE GPRI19— U > FEAEOR GRS
B 2RO E O TN, ZOMRERGET 52 L LA ROBRETH S,

ULEDOFRERED .~y F%MMODbeﬁi/vﬁé?/bﬂvlvﬁ?ﬁ%@ﬁL%m2: LT 2-EY VL AF
IVE B LT,
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B4 ToNEMoREL

2nra<w R D UFHER 112 13T — VENLICERIC AL ER tert-T ¥R LR =L
EEFALTRBY, ROBEICHE IR\, tert-—7 FﬂFVﬁ/VﬂTZIV%@EE?ﬁ%%ﬁﬁf:O

4-1. vUIVUFBHKEIOH AN BT AT VEEEDO A

Avr7Zu~ Y DUFFER 112 O tert-T FX VAR VEEDIEEL, B P
R 17 AR L% 25-V7un ) 2 DUCHT D EERREERKGIC IV EY IV
FER 121 257, VT, DN VBT AT AFEEEAR LT, B DU 17 &
saaXMBrF LBl e X Y 7a L EKIEESE, TNENOERY E L T=F L
R 122 BIOA Y7 a EEER 123 2572, £, WLVR= LV A I XY —)L (CDI) & 2-
N Znda AF2-7ax ) — B0 1,11-8) 7t m-2-7asX ) — b Lz v
RN A I Y RREE 202 2N ZN R DUiFER 17 LSS, N 7t 7T
FER 124 BEX O K-23217 A LD, B, RUKRRSF L 222- R 7vdhaxy ) —
ABIN 11,1333 ~F 7 )Lt a-2-Fa,X ) —Lnb, FNENSIST S 7 aa B A7 )L
EPHELL, B DURBEAR 17 LRSS T Y At FOUEER 125 BLXOANF L
o7 u ELVEEER 126 AR L7- (Scheme 2-4),

//\\ //\\
b orcordore
\R

112 R= coszu (Boc) 121-126

’U ww Am w
w m Am o

O CF,
125 (R)-K-23217 (S)-K-23217 126
Scheme 2-4. Synthesis of spirochromane derivatives 121-126 and K-23217. Reagents and conditions: (a) 4N
HCI in AcOEt, 0 °C to rt; (b) for 121; 2,5-dichloropyrimidine, 'ProNEt, 'PrOH, reflux, >98% (2 steps); (c) for
122 and 123; alkyl chloroformate, 'ProNEt, CH.Cl., rt, , 80-96% (2 steps); (d) for 124, (R)-K-23217 and (S)-
K-23217; alkyl 1H-imidazole-1-carboxylate, 'Pr,NEt, DMF, 80 °C, 55-98% (2 steps); (e) for 125 and 126;
triphosgene, alcohol, 'PraNEt, CH,Cly, 0 °C to rt, 47-68% (2 steps).
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4-2. T VERNL OREETE R B

4-1.TAER LAY R w2 B P UFEERO GPR119 1I2xF4 % invitro JEME%2H 1 =

2-3. |ZFLHE L= HiECRMii L7- (3 2-3),

#* 2-3. T VEMLOMEETE EFAEY

Ne g
| 77\
J do l
O

N.
R
hGPR119 agonistic activities Volume of the
Compound R
ECso (NM) 2 Emax (%) alkyl group® (A3)
0
112 /\[( x 46 150 80
0
/\(N\
121 |J\ 716 88 —
N~ cl
o~
122 235 102 48
0
0
123 /\ﬂ/ T 128 116 63
0
0. _CF
124 /\ﬂ/ K 101 167 88
0
0. _CF
125 /\ﬂ/ e 169 191 56
0
(0] CF
(R)-K-23217 /\[( T(R) ’ 54 181 73
0]
(0] CF
(S)-K-23217 /\[( Y o 126 173 73
O pd
O CF
126 /\ﬂ/ Y 17 121 81
O CF;

a Assay values were reported as a single determination performed in quadruplets.

 Volumes were calculated with Molecular Operating Environment (MOE),
2018.01; Chemical Computing Group ULC, 1010 Sherbooke St. West, Suite #910,

Montreal, QC, Canada, H3A 2R7, 2018.
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%1 MRUEA MO RBEILICBWTERTH-72 5-7 ) IVLEREZEALLZE ) IV
PR 121 OFEMEITE T L2, 5-7 nu B 2 DVENA RO ARG KICHE S - 72720 tert-
TFNFEORBET VX NEEEARR LTz, tert-T7 S U D VR = VEERERICARZ E /BB X, tert-7
FNTFF 2 DREMREN O TH D, —T5, IEHERBOBUR T tert-7 F /L RO T L%
NWIITEREINMETH DL EEZOND, T T, ST DT AT NI T A ORENE L &
SICEHLT, tert-7 X U AV R = VDO TV VIO AR T, = FVFER 122 B X
OA Y 7a EVFHER 123 OIEVEI tert-7 FAGFER 112 IV HFE LKL, 2 kD
Hmmm <, MHEEPEICEND EHME SN TS 1,11-8) 7t u-2- A F v 7 a8 -2-1 )L fL 218
EEANL M) 744 7 FLGFEER 124 ORKBENKELTZZ NS, ARFHIBIT S
1,1,1- MU 7 uFda AFNEOGRAMEN RSB Sz, 22T LI NI IAF R AFARERT S
FHEKL LT, MY 7 e FLHFER 125 ~FF T 04 0 o ELEEEK 126, (R)-K-23217
BLO (5)-K-23217 B LTz, ZNHDH b ~F P74 n 7 m EAFFER 126 8L (R)-
K-23217 IIARTTO B A2 T b Th D LB DLz, T72bb, tert-7 F/VEFER 112
EHIER LT, ~AF Y 74 n 7o EGER 126 13, RAEEITMET L2 50% 20 5L A K
T L. (R)-K-23217 1%, 50% ZhEEE LD NI EF LN RRE N m B LT,

ARRFHZBW T, tert-7 F L EORB T A X NVIEDOEHINEETH D EEZONZZD, £
DIEEE L TR RIC R BT VR VEOERFEZ 5 E U Te, BRI RITIZIZE > THZRWNDS,
F— VERL R I VR VR AT LD T VR VO AL 70—80 A3 ThH LS
Tro T BRICEEH LI L 912 1L1,1- N A AFALEOBAICL > TAFH 74 Fa
VIR 126 Z PR TRORFREENHIN L7228, 35 1 3 2-3. [ZRidli L2 K DT, mRmEIR Y
¥ RiEAH# D GPR119 O EkiEEEGIZEE S G-F R 7 BIRMEALSRE & OFMBIMER E &35
2 BV, BURES T2 OBHIIMIT CTE TV u,

LLEDOFERD S, 50% ZhRBEN R BIEN ST~ Y 704 7o EAFElR 126 8L O
50% ZhALIREE & R KIGMED /N T U AR HENL TV (R)-K-23217 13 & 5 72 2 5l & D 5 i
EOHHIEHTHD &L, &0V a— 2 AfRER A FhE L7z,
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4-3. B0 7L a— 2 AR

~NFY TG n T EILEER 126 (OS5 10 mg/kg) (%, C57BL/6N ~ 7 A % W 7=#% 0
73— 24 mEER (OGTT) IZBWTIIHHE FMEH A AT 5 2 L D/RME SALT208, 2 DRt RITHE
AR B EE DR o7 (X 2-4),

—F. (R)-K-23217 (R A #% 5 3,10 mg/kg) 1%, FFBRIZIHWTE 1 #HR(EEY 3(H#LE 10
mg/kg) & FIFEE O MK TIEHAZ R L7 (K 2-5), K VIKWHE Bmgky) TREZEDIERHZ L
7= e, (R)-K-23217 1355 1 LAY 3 L0 LiWIMEHK FERZA 32 Sl L. (R)-
K-23217 ZBARGMLEm E LTI LTz, 72, RARBRICBW TR S L: (R)-K-23217 Oifi
FEAK FER O A EFEBINEL., K0 BERRBR CRIET 20 ERH D,

500 140 ¢
450 e
—&— venhicle
400 120
—_ - -= - 10 mg/kg
3 3O | _. 100 ¢
S ©
£ 300 | 2
] [ 80 r
g 250 - 2
= s}
© 200 | g 60
£ o)
8 150 2
= 40 r
100
50 ¥ 20
0 I I I 1 ]
30 0 30 80 % 120 0 :
time after glucose administration (min) vehicle 10 mg/kg
v I > BN
2-4. 126 OO 7L — AE AR
500 vehicle 140
450 - ----1mglkg
400 | 120
—~ * indicates a p value of <0.05.
i 350 - __ 100
o
E 300 t 9 * N
b T 80
g 250 | z
2 S}
g 200 - & 60
: ;
S 150 2 10
100 37
50 [ 20
0 1 I I 1 | 0 ‘ ‘
-30 0 30 60 20 120

vehicle 1mg/kg 3 mg/kg 10 mg/kg

time after glucose administration (min)

2-5. (R)-K-23217 Of% 07 /v 2 — 2 AfRER
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o5 o

%2 RYEAWORIRICHT=Y . F 1 HULEHORIICE N ChoT Y v —It kB U A
¥ R FONAREERIE O &2 B ST, Vo —Eh e T — Vi a2 Lz v ——T
—ENLE LTAY R mv U ERY DR AT S, —EER 4 2TV A v L, KT
B—F2k0, U—F{kAEW 5 (ECso = 369 nM, Emax = 82%) % FLHI L. EFEO SLARELEE O Hil1H %
GPR119 7 Z=A hOBFHIEMM L2 Z & Z2EFE L7z, V— NMbAEW 5 Ofgiiblc k- THIR
L7255 2 HYLAY (R)-K-23217 (ECso = 54 NM, Emax = 181%) DOAEEH) 228 8%, U o h —EbAr
ET VB A LT A Y n B, o~y R RO B @Ry O A TERL B O
RSO ANV = VI L BHFREAZEETHA T LU ETH D,

C57BL/6N ~ 7 A& W= 0 7V o — 2 ARRBRIZB VT, (R)-K-23217 235 1 fYLEY
3 L0 HIRWCAETRSOMHE FIEHZ /R LI Z D, (R)-K-23217 ZBIREMILAD E L
TER LT,
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H 3 E (R)-K-23217 ORI RESBIEOWESL
B 1HEH HHEAREDRE L RN

1-1. FIERIE

% 2 WICFHE L 7 AL IRRICH T BB A Y (R)-K-23217 Z3EWEhReads L O

VAR, S DICHARRRBRICZERAR T D720, BRIV R EE BIEDHENL 2 H I HRE 21T
-7z,

BISRBE S Z 3 1T B I A RkiE A2 LU FIZRd (Scheme 3-1), 7® h~7 = /> 6 & N-tert-7 k%
VHNKRENAA-FF I ERY U 127 LRSS, S bRV R awr 89 ~EEH LTk, 15
Sz 89 OHNR= LA 2 BETEILLTAYrZu~wy 7 2877, T, 7==/LR
BUE 8 EOWMAK—E#I YTV IR LY T = VB EE L, BEL, F4T
T F LB LT AU EZRTALT 4 R 10 2457, &xkIC, BbKkEL Y 72T VR
TR U AT KRR AR 32 LI RICRE L TS 7 2 17 &, B L= R
=NAIFYY R 18 LS T (R)-K-23217 ER LT,

OH
(0]
Br 127, pyrrolidine NaBH, MeOH Br
EtOH, reflux 0O°Ctort 0O
OH N.
Boc
128

(90%)
6

1) Et3SiH, TFA, 80 °C 8, Pd(PPhg)s Na,CO3
2) Boc,0, K,COg, acetone, rt DME-H,0, 90 °C

HO

(90%, 3 steps) (75%)
CBry PPhs O KSAc O
_ —_—
CH,Cly, 1t ‘ o DMF, rt. (]
(93%) oc (84%)

® R
77\
129, NaOH _ AN HCl in AcOEL o
—_—
THF- MeOH rt ‘ MeOH, rt. O
o o

(75%) NH

10: S
Hzozv cat. N32WO4 X=
° 0,
H,0, IPA, 50 °C  (93%) 112: X =0, o)

18, ’Pr2NEt = O
O N N/ﬁ
DMF, 80 °C N -N.__O.__CF;4
| HBr A T

(64%, 2 steps) Pz e}
(R)-K-23217 129 18

Scheme 3-1. A& RkIE
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1-2.  fRETAE

FT. WHAERHIEIZRNTE 7 = =)VEKOMEE (ke 7— baw 9) IR L TV a8k
—H A 7V TRORIZOWT, ZORMMEEFAT L Z LI 2AMEBZLE LT,

B2 B O2-1 ICFIHEI L= L DT, fReedRn AW CIEOEREEZ AT L7 = =LE
EETDHENTEDHAR—EHD v 7V U T RUSIE, B 2 LA D~y NI L
WCBWCIHERICEATH-7T=, £72. 2010 40 — VL ZEEZEMR Lo X 512, $hik—
A Y 7Y T ROSITIR SR, A EL #PEE BIESERS OGS S TR ¥4 T
EMERAELEV, & 2E, F v VRS T, SO 6 BlZ8ARk—Eb v 7Y v
JEOGTHRIELTEBY, A7 TiE, FHITH 1 ooy (MER TA) 28R — =
H 7Y RO ERA L CEE L TWD (X 3-1),

cl CPhg N‘S\/
N N-N N~ )
\/\/Q \ OH o
N__N

N Pd

3-1. vmH L oflEE

LirL, 88R—HHA v 7V » VRIS ZEFGOFASr (R3E) OGS T 5BRITIE, —
ENZLL T O RICHET D 0ERH D,
O ®&FEME (TV =R a BB I OVST Uy Al
@ AHHOFEE (T =R e VBB LUVST VT L)
@ BUSSEHRRE (b, HEH, Kom, BRIRE) OBMN

EAR G DB TR B RSN AR TNIT RS RN I Enh . AFRICBWTITEIC @ DOfls
MHBEE LT,

JRFEIZIE, 2 ORGSR U7z BB, I, 3 K ORI i 7 Eis R & L
THRAATHHERH Y, Zhoh, KEBEECERFEMEWE L LTORBALI AT 2R T 572
L BEETRT A b5, RIEEPICERE LG A Il mE 2 R bE Y. H D WITEENRES
NAHEEMZONTIE, TORBELXFHEICERTIVNENHDL D, T4 KI7 A4 o ThE
W OMEIS U7 HIEER ED HI T 5 35,

BT OB TIX, BRIFMAZRTT Y —ARa VBRRESINTEBY 3, 7Y —ARa i 8
HERIFIEAMP) & 72 DR S D, o, A E LTOEBLBEFIIH LTI A7 2 H72
59, TmE i RNTVULNE, T, RAELSE DD OIIERRICEN T D 2 & TR
FIRET LR DD Z LD 37, JFEKICB T 2EEREENSED LN TEY, EE TV T A
DOFRMBRENFRERE FORBEE 725 2 L H %0 38,

ERRO LT, FERPICEELET U —LRa VBB IO (HDW0IX) XT7 VT AR &
LTHEEERAT 2V A7 R3H52 L, BIO, 20V X7 ZERET 272D 205 O A O
AT R A HIET 2 2 & A REERGE OISR SRR S D Z ERERE N, LEo T,
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(R)-K-23217 OERIZEBNTIX, AR —EH D v 7V > 7 OGO I X 5 A R3S Eo
AHMEZ BE D AIRetEn & 2 &l U, RIS ORI Z B L7 B 7 = = VB ORESEE 2 PRI
THEEE L (B 1 OE),

WIT, AT 4 F 10 ODEEIRICHONWTELE LT,

FATBF AR 106 ZILEHPHIK L 325G HRRIK T, 2 < OFEERNP TR ST DL D/
a AL T VXL EZANTE 7 = = VBEE, A VERVFERB IO AN VT AT LEE
K EOFTEOILEMERDICERT DI ENTED LW BLENS . H 2 LA DO~ K
A RBEALICB W TAHERATH -2 (K 3-2), LrL, (R)-K-23217 OARRRK & LTlE, 7/a—
V9 EANLT 4 R 10 ICEBT 5720123 TREZEL T ENMEN, 2T, Z0LHE X
VRVEREERT D HEERETHZ L& Le (5 2 OfUE).

N\ s
‘ S
O o 2 00
F J
O
N N
Boc
131

HO AcS //S\\
do
O O O n-Me
o
° hig
o

Boc 106 Boc 132

N N
J ¢ DR
— J 0o
O O —> (R)-K-23217
°© N °© N
10 Boc 12 Boc

X 3-2. FATBFNREREH LR

13, GAGHE

AR D 2 SOARGREE RIS 5 Z &2 B L Lo Wi BT 21X 3-3. 127, (R)-K-23217
DOHIBMATH D AN T 4 K 133 (%, 7/b=—/L 134 L0 1 B CESEMICART A Z LN TE
HEEZ (F 2 OREOIR), F7-. TAa—)L 134 DA R 7 uv omkIiL, JIEARE
RS L7772 135 & 4-FXR VLY D 127 OBRERISIC L VIR TE D L&
ZT7e EBIT, Bl O BT = = L&Y 113° OALERIN 72 T VAl (7 U — ARG
SOH LTV =T - 7 TZT7IYKIEN) ICL->TT 7=/ 135 BT 52 LT, &
K=EHA 7V IROEOMAEERE LY 2 = VEROEANAETH D EEX (B 1

AR D),
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N
N S N
& J
9 9
© N\H/O CF; (6]

T N\R
(0]

(R)-K-23217 133

0]

“Boc

134 135 127

3-3. (R)-K-23217 D& kit

%2 8 @THEk 14 OBk

2-1. 7k h7=/2 135 BLO 138 DAHL
9. BT 2= kAW 11 6 7 ) — RN KSORIBRIEE LT F K 136, 7 U —F
e 7T 7Y RIEOFIERAE L LTA RS IAR 137 22 NEN AR L7Z (Scheme 3-2),
0
Ac,0, pyridine, rt HO O
| (>98%) O
0
136 OAc
HO O

o}
‘ Mel, K,CO3, EtsN, DMF, 0 °C to rt MeO O

(90%) O
OMe

137

Scheme 3-2. S HTERA DA R
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FWT, TEBF K 136 2HE L L7 U — R UGS E e L7Z (3% 3-1),

# 3-1. 7V — RGNS ORG
o o) o

HO O Lewis acid (3 eq) HO O o HO O
l OAc l OH I OH

136 135 i 11 1
N Temp. Time Product ratio (%)?
Entry Lewis acid Solvent
(°C) (h) 135 11 136
1 AlCl3 nitrobenzene 120 14 83 17 0
2 AICl3 1,2-dichlorobenzene 120 14 71 21 7
3 BF3*Et,0O nitrobenzene 100 9 0 33 67
4 BF3*Et,0 1,2-dichlorobenzene 80 9 0 17 83

a) Calculated on the basis of *H NMR analysis.

WA AL LTHRT VI =L HNE ZA, BRIIOT®E 7 = /2 135 T BF /UK
11 OREWME 5 %27 (Entryl, 2), BONTZIRAEYEZBEERICI VBRI LN, Bi7 BT 0K 11
ERETLZEIEIRETH T, Flo, WA ABE =T LRV RICERLIZEZA, TELT
x= /135 IR AELNT, BT BT EK 11 B8 K OSRKRISEE 136 DIREWHRG Hilz, U
FEORERNS, 7V —REBNISIC L DT N7 = /> 135 OERERIE LT,

WNT, 7V =TI 777V L DT v FNEOEAEKREF L (F 3-2),

# 32, TU—F) I T TV RInOKRE
O O

Ve O AcCl (2 eq), AICI3 (4 eq) MeO O o
O solvent O
OMe oH

137 138
Entry Solvent Temp.  Time (h)  Yield (%)?
1 1,2-dichloroethane rt 14 >98
2 CHClI; rt 14 94
3 1,2-dichloroethane 70 °C 1 >98

a) Isolated yield.
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ANFUR 137 27V —F)b « 77 TVRIRA LTl 2A, 3 AT BEFAENEAI L,
N 4 NANFUVERBRAF MM LTZT v b7 2/ 2 138 @R TS Z L3 T& 72 (Entry
1. 2), SHIZ, AT 2 2 & T, RO OEGEA FIE L 7e > 72 (Entry3), 7”& 7=/ 138
X, ZU—F N« 737N KO T B FAERNEASINTZR, BT VI =T AR T BTV
HEONNVKR=NVERFITENL U, BB GIC L DA F L TAER L LHERE I D (K 3-4),

O

MeO AcCl, ACl, | MeO O o MeO 0
— ocl |~
9 &
OMe C:Q (/1]
Me

137 139 138

X 3-4. 7 N7=x /2 138 O

2-2. AV B u~wlEHEORES

T b7 =/ 138 RIS D HIEEMNL LoD T, PG BIEE IR L <, A
SMETFTTR M7=/ 138 L 44XV ENY DY 127 ZRIGEE T hAERZ <k
12 ~EEW LT, KFEILARTEFT N TLATHLVR=VEZETL T~/ —/L{K 140 |
5 7= (Scheme 3-3),

(0]
(@]
0 @
“Boc
MeO O 0 127 , pyrrolidine MeO ‘ «
O MeOH, reflux O j@
(@)
OH N.
Boc
138

(86%)

0
— 12: X=
NaBH, MeOH, THF, 0 °C to rt )J\

(93%)
L—> 140: X = H)<OH

Scheme 3-3. At 17 1< B OHES

RNT T RAERZ UK 12 737 v~/ —)UK 140 # AR 7 m~ K 13 (C4H
T LoETERMERF LT (& 3-3),
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£33 s hALRZOUR 12 ER37 R~ Vi 140 OBTAEAEORR

o} o)
o}
MeOX 12: X = )J\ conditions MeO O
y_H_ OH O
O Oj@ 140: X= "5 o
N.g NH
ocC
13
0
g g
6 ®
© NH © NH
141 142
Time
Entry Substrate Reagent (eq.) Solvent  Temp. (°C) 0 Results
1 140 EtsSiH (10.7), CFsCOzH CH:Cl; 25 12 13 (96%)?
2 H,, Pd/C AcOH 80 8 13 (95%)?
3 Zn (25) AcOH 80 5 13:141 = 64:4°
4 EtsSiH (2.4), InCl3 (0.05) CHClI; 25 12 No reaction
5 L EtsSiH (4), InBrs (0.05) CHCl; 60 12 No reaction
6 NaBH. (5), AICI; (3) THF 65 (reflux) 2 141 (30%)?
7 Me,NHBHj3 (1.4), TiCls(1.4) CH:Cl, 0to 25 3 13:142 = 83:8¢
8 Me,NHBHj3 (1.2), TiCl4 (1.2) CH.Cl,  -20to 25 3.5  13-HCI (79%)2¢

a) Isolated yield.

b) Each yield was calculated on the basis of *H NMR analysis for an inseparable mixture of 13 and 141.

c) Each yield was calculated on the basis of *H NMR analysis for a mixture of 13 and 142 as hydrochloride
salts.

d) A mixture of 13 and 142 (*H NMR analytical ratio of 50:1) hydrochloride salts was crystallized from
MeOH to give the pure hydrochloride salt of 13.

EP. 7 n~w /=K 140 O DONADKERE A Y T A uliiReE N 2 F AT U8 D
Kursanov-Parnes 5:ff: 32 TEIL L= & 2 A, tert-7 XU AR =V ERRESN ARV 0
~ 2 13 MEHRPNETHE O (Entry 1), FEWT, @i @ &EEET 5 MY 74 o Fiig
OERZRET D720, BT, NT V0 MRFRAMEIC LT BEMRE T 21T o0 L 2 A, Z D%
THr/ v AR 13 ZEIERTR S Z & TE T (Entry 2),

I 6T, LREEOHEAZ BRIZT Fr 12 b7 m~ R 13 ~OEEN 2B A et LTz,
Clemmensen 3#5C 38 Tix, Z7u~ Ak 13 BNELNZHOD, SEEREER A L7 ¢ AR 141 2
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B4 L7z (Entry 3), HfbA v P U AFITRALA VP T A BRI LIZY T ViESe 3 Tk, e
DETET (Entry 4,5) KF(LARTHE TS MU UL EHENT VI =0 L& HWIZEICSEM: 15 T,
JFEE 12 DRAF L CTA LV T ¢ K 141 SRS 2 0H Th o7 (Entry 6), KIZ, BILH & LA A
BOMABDLELE LTUAT AT I« R T7 UK L LT # N2 X DRI EM 318 2347
LA BIRINETZ e~ AR 13 2155 2 LN TE LN, BEIRETUSICE Y A F VK 142
WAER LT (Entry 7), & 2T, MRELECSOSZIHIT D720, ExAZA L, KR HHRAIC
BOSTRE Z EIF D EMFICHRBE LT L 2 A AT VIR 142 OARRZEIHIT 2 Z LN TE 72, S HIZ,
BRI DN DM OMAES Z R T2 2 & ¢, BHW 13 2R & U CRARIE
BLOE CHBEET 2 Z &3 T& 72 (Entry 8),

7 v~ R 13-HCl Z RIS FIEEMHNLT D 2 ENTE DT, KEIL, 7r~
VARYERAYE 13-HCI MO RIMR 14 ~OBBSIEE T LT (& 3-4),

3+ 34, T AT LOET
o}

HO
MeO conditions
® >
(@)
O NH

NH
13+HCI HCI 14
Entry Reagent (eq.) Solvent Temp. Time (h) Yield?
1 LiAIH,4 (3) THF 0°C 1 77 %
2 NaBH4 (10) MeOH reflux 14 trace
3 NaBH4 (3) '‘BUOH-MeOH  reflux 5 trace
4 NaBH4(2.5) pyridine 100 °C 14 75%

a) Isolated yield.

B E LTRFMT A I =T L) FULEZHNND 2 EIZED | REFRIERTT v a—/L{K 14
ZiF7(Entryl), LorL, ZEMEOBLENOKFELT VI =0 L0 FULORKEIEETOMEMNIT
BT DIEDMEE LW EZ X BHRWAES RAKFEAR TR T U T L&D R BET LT,

—MIT, KPR RS MY U LIZATAERTC LN ERHLNTND 3, LirLl, K
WRIOKFEARTVFEFT NI TLEHNDLZ LICED, = AT VET NV a—/L~ig LTl
INTNDT8 18 Z DG ERLTD . SISEDT NHEITT 5D HTH -7 (Entry2), £7-.
RE Hix, BB KBATHRETFT R T ABIO tert-7 F L7 L a— L ORAEWIC, INEGEHE T
TAZ )= NZPo DV TTLHZ LK TEREFMBAFNANREILIND ZLEHWELTVD
$ Lol BRESLOHIEIZBWTE KNI T NCETT 2D TH 72 (Entry3), —FhH., A
TuA REEFOANVR=VIEDRIT B L O I ROIEI 2 COME AN HE ST 5K
FARTHFEST NI ULV D OAGDEERA LTZE 2 A, BARIGECHPHAE 14 215
%2 LIANTE T (Entry 4),
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PLEOBFNZ L > T8 1 OB E LICg R —=H7 v 7' » ZROSOFI A Z Rk L7287 =
ZVEROBAZER L, DRI PREIA 14 250592 k2L Lz,

%3 @b 14 5 (R)-K-23217 DA

31 ARGEHE
K% 1-3. THRELLEHEHNTESWT, 5 2 OREE LI-#PEIE 14 226 1 BETALT ¢
16 AT D HIE SR AR LI (X 35)

HO
Sulfldatlon
O — > (R)K-23217
o
NH NH

14 16X s

17: X=S0,

3-5. #EPEIA 14 5 (R)-K-23217 DA RLEHHE

3-2. BMLBETCHEEISZEFIH LT AV T 4 RIKO AR
TP, MOOWRE B AL LI, BRIV UDOERF A% tert-7 PR U NVR = VIR TREL
TeTrna—n 9 & 1 BECALT ¢ RAZBHT A LRSS RIS Z Mgt L7z (& 3-5),

# 35 MALIRICHEE OGO R

R
S
RSSR (5 eq), PBu3 (5 eq) O
pyridine, rt. O o

N\Boc
9 10: R=2-PyCH, 143: R =PhCH,
144: R = 2-Py 145; R =Ph
Entry R RSSR Time (h) Results (yield?)
/N -
1 W 146 24 No reaction
A
2 ©/\f/ 147 24 No reaction
N
3 - | 148 15 144 (99%)
NS

4 @ 149 15 145 (62%)

a) Isolated yield.
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TAa—L 9 EERQR-EYDAAFNI AT ¢ R 146 ZRISSHE-L A, it 5 AL
74 R 10 iZe<B&onzinodz (entryl) o £ I Ty KOSHHEIT LaWRIN A2 T 5720, il
DI AT 4 R 147-149 DS ZRER LTz, ZORER, XU LT AT 4 K 147 2RV
BATL. 146 OBA LRREICRUSITHEIT LR D o 7228, 22-D U DLV AT 4 R 148 BL
V72V ANT 4 R 149 WG EITHIST D2 AT 4 F 144 BRO 145 3G bz,

ZDFERIZOWNT, MO ARIE L TV D SO 323 2D & | IRENTR T/ T A — /L OFEPEEE
ME, TU— T 2-BV VN TFAREBLOT == v F ) OFEIL. BBLE LT+
RBERE A L TV DI AR=T LA F AL 150 LT va—)b 9 NHHRAR=T AT
F A 151 WAERT DM, TAXNALTFHH 2BV IV AFAFAEBLOR LT AE) ©
e, MBS AN+ 7R72 DI ZORISHEAT Lo 72 LB LT (X 3-6),

Ho/\©\
© (" sRr?
R SR o

R?SSR? SR? o BusP. R A SR?
+ + _— +
PBus © \, R ®
BusPSR2 R2SH R2 = Ar, CH,Ar Busp\o‘/)\©\
150 -SAr: good leaving group R’
-SCHJAr: poor leaving group 151

R1
; R% = Ar R':

BusP=0 N.
’ 144: R? = 2-Py Boc
145: R2=Ph

B 3-6. S kERE

3-3. IS EFIA LI AL T7 4 RIED AR

WIZ, FARLOBALIETTHE & SR T o 2 JAER R O & fit Uiz (3% 3-6), R ofEF & bk
THID, 2-B ) N AZF A=V 15 ST, 7 == A Z o FA—)L 153, 2-t' U PLF A
—L 154 BLORCP U F A —/L 155 [ZOWT HBEt 21T -7,
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& 3-6. SHELIE DR 1

R.
S
RSH, PBu3 (3 eq.), DIAD (2 eq.) O

THF, 0 °C to rt, 14h ‘ o

“Boc N\Boc
9 10: R=2-PyCH, 143: R=PhCH,
144: R = 2-Py 145: R =Ph

'Pro,C..
rOs l}l

; _NH

IPI’OzC

Entry R RSH (pKa) Major Product (yield?, %)

15 (8.93") 152 (52)¢

154 (-1.07°) 144 (99)

155 (6.52°) 145 (87)

/N
7
5 ©/\/ 153 (9.43°) 152 (64)¢
33
<

a) Isolated yield.
b) Predicted value.®?*
c) Measured value.?2°

d) Corresponding disulfide (RSSR) was also obtained.

TIFNLNTH—)L Q-BVIINAZ T A —)L 16 BLORT ==L A% F 4 —/ 153) %= H
WA OERMIZ., BRI TIIRVWE RT DU P HVR U EEHER 152 Thol-, £72. 7V
CHNRUBET AT IV E DIBLERTTEGIC LY DALV T ¢ RIEB AR LZ (K 3-7)3%, —F, 7
V=L FA—)b 2-B) INFA—L 154 BLORB o FA4—1 155) # AW, BIY
WMTohHANT 4 K 144 LD 145 BEPERTH L,

ZORERIE, TAXAT A= IVOBWEERT UV — L TF A — L g L TR, B KTV
AR VEEHERT =4 156 ICX DT AF LT A— Lol a h AR ET Lo T2 2T
BERLTWD EHEZEIND (X 3-8),
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H
N\ /002IP|'
H

. Pro,Cc”
ZPyeRS 2PYCHSH  Pro,C. H
T CO,Pr “E j
N=N Ninnipp —— = (2-PyCH3S),
) / 2-PyCH,S CO,Pr
Pro,c A ¥ 2 146
2-PyCH,S :
H

X 3-7. YRANT 4 FOERKERE (HEE)

HO co.p BU3%\3) /\ ﬁ cO./Pr
+ ipro,c Non-CO2PT + PBUs —— +  ipro,cT N2
R’ R H

9 DIAD
[B]
R2SH R? = CH,Ar

H Pro,C.
. _N_ _CO,P 2
) R% = Ar 6\, H 'Pro,C” R’
R! / ® /‘

(Al

y BugP-. +

144; Ri = 2-Py pro.c N _CO,Pr 1P BusP=0
. - 1

145: R? = Ph 2L N B R' | +

+ R2SH

BusP=0
R':
o
N.
Boc

X 3-8. YEIESSIEBIT A AT 4 R X OEIAE Y O A4 sk

TIZT, TNAFNTFA—=NLOlT o h AL RET H720, 7ba—)L 9 OERY PUERD
HEME (pKa = 11.2)3Y ZRHd 2L &L, Tha—L 9 @ tert-7 hF U VR = VA RS
Liz7a—n 14 ZHWT 2-B U DV A X FA4—)L 15 L OIERISEZRTFT LT (E 3-7),
B DU BBROEEMEZFH L CTHEO A (RAT 4 ALEW. B TV ALEW) & D
STHERERINR G2 D Z & bR LT 3%,
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#* 3-7. JCERUS DR 2
=
15
HO Phosphine (3 eq.) | NS S
O reagent (2 eq.) P>
solvent O
© NH © NH
14 16
Entry  Phosphine Reagent Solvent Temp. Time Yield?
1 THF 0°Ctort 14 h 0%
2 toluene 0°Ctort 1lh trace
PBus
3 DIAD CHsCN 0°Ctort 1lh 18%
4 CH.Cl; 0°C 10 min 34%
5 PPh; CH.CI; 0°Ctort 14 h 0%
6 THF 0°Ctort 11h 11%
PBus ADDP )
7 CH.ClI, 0°C 30 min 75%

a) Isolated yield.

A% THFE B LMo & LEgE, BTG NRho7eh, 7 b= M) LB XD
WALATF L L LTeGE, IRIGERD G B ZS5 Z L A3k (Entry 1-4), R U 7 F AR
T4 EREEORN N T 2= VR AT 4 SIEETH L BHIWIESE O o7 (Entry5),
DWNWT, BRIV T =42 166 OFEMEEZEHOTT AL T A= LD 7 v b AL 2 {RHET 5
T, TYUANEUBEY A Y T r e (DIAD) & 11-(7 VY Y AINVR =)V ERY U
(ADDP3®) [ZEF L& Z A, IENM E L (Entry 7),

L2 L., ADDP [XEAlITH Y 330, 7L EMIHEORELH DL b, FRAKRT Vil s
A LT SO DL et LTe (3R 3-8)s
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# 38 WART LA N RIER SO

~ SH N s
Z 15 , reagent E)/\ O
solvent O o
NH
16

Entry Reagent (eq.) Solvent Temp. Time  Yield (%)?
1 CMMP®) EtCN 90 °C 2h 0
2 CMMP (2) THF 60 °C 14 h 55
3 PPh3(OCH.CF3)2 (2) CHCl, 0°Ctort 1h >08

a) Isolated yield.

b) CMMP was prepared in situ from (cyanomethyl)trimethylphosphonium iodide (6 eq.)
and N,N-diisopropylethylamine (7 eq.) in EtCN.

¢) 0.5 M solution in THF was used.

AHRE 7/ AF L M) AFNUKRRART > 33 (CMMP))IX, p- MV ALKB T IR
(PKa=117) 72 EORMEMEWEEIZ L CHOEHA AR TH D, Lo T, FA4— 156 B0
7'u b AbERE L, FTEONIESE S ETT 5 Z & 28 L7, CMMP IZiEHCIR TES IS
GRETHZ 0D, Jiﬁiﬁﬂﬂf%’%iéﬁéﬁ(f“z%‘:%ﬂ&) et LT, (7 2 AF )Y AF )L
ARAR=I LI —Y RE NN-OA YT L F LT Io0nb CMMP 23l L-%., F4—L
15 &7 va—)u 14 ORUNIAT L7223, B E G Ze o7 (Entry 1), ZAuiE, 6 H A
157 73 CMMP OFHSLITHRA L= 3 A A4 LS LT3 7k 158 234k L. BSOS 283

ITLTEeOThD RSN (¥ 3-9), £ZC, I3 U1 4 OEEBEZRET 572012, Tk
D CMMP ZfE L7z 2 A, FREDOIETHIMMERH Z LN TE T (Entry 2),

D~ .
MesP™ "CN 4+ /pr,NEt
S

Me3P “cN
Meap\
Mesp? “ON + Pra(EONH
I@ \
R

CMMP CH3CN + ’PerEt

Pry(EYNH
o ®
|
R: Me3P=O
(0]

",

158

3-9. LUk
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FENT, RAKR= APFRROERNEETHD LB, A)ILBER LIk AR T o iE,
EAR22-FU A F O X)) T 2= LR AR T 3B ER L, ARIKIT, N 7=
RATZ 407 IRE 222-F )70t hXv R R TLANLRESICHIAGETH D,
UL OERMTTHD 222-F) 7t vx N VOB REFRLIDRICE O ARRED Y VR
THERETEREL, £72 222- N 7t axy ) — LOBBFENENZ L, BRI R
AR= L 159 BAERL, BRI L T2 BHLUSHEIT T2 2 & 2 WFF L7 (X 3-10), PAHE D |
FOGIIA ST L, BAF RN CTHOMZ 57 (Entry 3), X512, MiH#EEIcL>T, MU 7
TR AT 4 A XY R EORVERM E BT BET D Z LN T2,

HO Nar SsH
CF4CH,0 |
14 R | //15 NS S
PhsP(OCH,CF3), PhaP_ |
N "L N
R
R 16
CF3CH,OH 159 CF3CH,0H + Ph;P=0
H
CF3CH20/) S |
R | Z

3-10. AJIRIEAZ - 2 L7 4 LD SRS

3-4. AT 4 K 16 005 (R)-K-23217 OERL

BERRAR 14 200 1 BETALT 4 R 16 2RI AHRT DI LI L2 Lnn 5l &
feE 27 4 RORRE 3% ZREt Lo, WA RIETHER L W ol bk#FEL ¥ o 727 i
K DM OBRALE 2 I3 IEF BN FETIEH 08, B DU v DU OERF T
(LT 2REEMERH D, £ T, BUESHT T, INODOEZRRTE2T VE=U LA L & L TR
EL, AX SISOk Lcl 2 A, MIfFEY BRI FEBET L2 ERTED AR LVEKR S 17
IR TS Z LTI LT (86%), T, #IMIGRIE L RERIC, A&y 17 &0 1,11- b
Vo7t na AFo2-7asR ) —nt 11-hVRY A I XV — (CDI) XViFflL7=hrR=L
A IV Y R 183 2HEA SH. (R)-K-23217 ~#E L7~ (Scheme 3-5),
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N
o
N\ NTOTCF3
N
N _~__ Oxone®,B6NHCI N ~ 18 Z

~ S R ~ S R
‘ e ‘ 7\
OO0

Z MeOH,0°Ctort ~F iPr,NEt, DMF, 80 °C N_ O _CFs
(86%) (>98%) To( T
16 17 (R)-K-23217
&
o)
NH

Scheme 3-5. A/L7 ¢ K 16 75 (R)-K-23217 DAL

BAEH ®

FEFIL, BAREAMEEY (R)-K-23217 % 3Bt L O, S OICHRRERICZE
EMAGT D720, RMRKEGBIEDOMHENLZ BRIV E LIoME 217 - 72,

F7. (R)-K-23217 OFIHIGAE (X 3-11) OFUED 8sR—EHH v 7Y U 7 ONIc L5 e 7
= = VEROREEZFRE LAV — FOFELTH A EHE 2 (BB 1 OE), BSHICAFARER
LZREW 11 27k E 3 2 8P RIA OB 726 L OS2 Mgt L7z,

Suzuki-Miyaura
coupling

10 (R)-K-23217 I T

X 3-11. (R)-K-23217 O AR E

ZORER, BMieREFE 11 75 3 TRTY Atz o~ ifR 12 ~EFHET 5 REL 1%
H L, RIZ, # bR Z o< 4K 12 O VR = VEOBRER IO AT L OBRTEM 2 M
L. WVR=NVEOBREICDAF AT I« BT AL AT Z >, = AT )LDRTITH
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Experimental procedure

General

All reactions sensitive to air or moisture were carried out under argon atmosphere in dry solvents, unless
otherwise noted. Analytical thin-layer chromatography (TLC) was performed using Merck Silica gel 60 Fzss
pre-coated plates (0.25 mm). Preparative thin-layer chromatography was performed using Merck silica gel
60 F2s4 pre-coated plates (0.5, 1.0, 2.0 mm). Automated flash column chromatography system was performed
by Purif-a2 (SHOKO SCIENTIFIC). The *H NMR spectra and **C NMR spectra were recorded on a JEOL
JNM-AL spectrometer and JEOL ECS spectrometer using the solvent CDCls;, CDsOD or DMSO-dg with
tetramethylsilane as an internal standard, unless otherwise noted. Signal patterns are indicated as s, singlet;
d, doublet; t, triplet; g, quartet; m, multiplet; br, broaden peak. Infrared (IR) spectra were recorded on a
Thermo Nicolet 370 FT-IR (KBr or ATR) spectrometer. Mass spectra were obtained on a JMS-T100GCV
mass spectrometer. Elemental analysis (C, H, N) were performed using a Yanaco NT-5 instrument. Melting

points were determined in open glass capillaries on a Buchi B-545 melting point apparatus.

B 1 BB DER

Chemical Experimental Details

Synthesis of tert-butyl 4-(cyanomethyl)piperidine-1-carboxylate (20)

Boc,0 (9.60 g, 44.0 mmol) and NaHCO3 (5.10 g, 48.0 mmol) at room temperature were added to a stirred
solution of 4-piperidinemethanol (19) (4.60 g, 40.0 mmol) in tetrahydrofuran (THF) (40 mL) and H»O (40
mL). The reaction mixture was stirred at room temperature overnight. After completing the reaction, H.O
(60 mL) was added to the reaction mixture. The aqueous layer was extracted with AcOEt (200 mL X 2). The
combined organic layers were concentrated in vacuo to give tert-butyl 4-(hydroxymethyl)piperidine-1-
carboxylate (12.9 g) as a white solid.

MsCI (1.52 g, 40.0 mmol) was added dropwise at 0 °C under an argon atmosphere to a stirred solution of
tert-butyl 4-(hydroxymethyl)piperidine-1-carboxylate (12.9 g) and triethylamine (TEA) (17 mL, 120 mmol)
in dry THF (100 mL). After stirring at this temperature for 30 min, the reaction mixture was quenched with
H>0O (100 mL) at 0 °C. The aqueous layer was extracted with AcOEt (200 mL x 2). The combined organic
layers were dried over Na,SOs4, filtered, and concentrated in vacuo to give tert-butyl 4-
(((methylsulfonyl)oxy)methyl)piperidine-1-carboxylate (15.3 g) as a white solid.

NaCN (4.00 g, 80.0 mmol) and H20 (20 mL) at room temperature were added to a stirred solution of tert-
butyl 4-(((methylsulfonyl)oxy)methyl)piperidine-1-carboxylate (15.3 g) in EtOH (80 mL). The reaction
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mixture was stirred at 80 °C for 24 h. After completing the reaction, the solvents were concentrated in vacuo.
The residue was dissolved in AcOEt (300 mL) and H20 (100 mL). The aqueous layer was extracted with
ACOEt (300 mL). The combined organic layers were washed with brine (100 mL), dried over Na SOy, filtered,
and concentrated in vacuo. The residue was purified by column chromatography on silica gel (hexane-
AcOEt) to give 20 (6.87 g, 76.6% from 19) as a white solid.

'H NMR (400 MHz, CDCls) 6 1.21-1.31 (2H, m), 1.46 (9H, s), 1.78-1.86 (3H, m), 2.31 (2H, d, J = 6.4 Hz),
2.64-2.78 (2H, m), 4.07-4.21 (2H, m).

Synthesis of lithium 2-(1-(tert-butoxycarbonyl)piperidin-4-yl)-2-cyanoethen-1-olate (21)

1.65 M n-BuLi in hexane (21 mL, 33.7 mmol) was added dropwise at -78 °C under an argon atmosphere to
a stirred solution of 'Pr,NH (4.8 mL, 33.7 mmol) in dry THF (100 mL). After stirring at this temperature for
1h, 20 (6.87 g, 30.6 mmol) in dry THF (50 mL) was added dropwise to the resulting mixture at -78 °C. The
reaction mixture was allowed to warm to -30 °C and was stirred for 1 h. Ethyl formate (3.0 mL, 36.7 mmol)
was added dropwise to the resulting mixture at -30 °C. The reaction mixture was allowed to warm to room
temperature and was stirred overnight. The precipitate was filtered off and washed with Et,0 to give 21 (7.14
0, 92%) as white powder.

'H NMR (400 MHz, DMSO-dg)  1.08-1.25 (2H, m), 1.39 (9H, s), 1.44-1.50 (2H, m), 2.57-2.71 (2H, m),
3.86-3.97 (2H, m), 7.93 (1H, s, major), 8.07 (1H, s, minor).

Synthesis of tert-butyl 4-(4-amino-5-(ethoxycarbonyl)furan-3-yl)piperidine-1-carboxylate (22)
1,8-Diazabicyclo[5.4.0]undec-7-ene (4.64 g, 30.5 mmol) was added at room temperature to a stirred solution
of 21 (7.00 g, 27.7 mmol) and diethyl chloromalonate (6.47 g, 33.2 mmol) in N,N-dimethylformamide (70
mL). After stirring at this temperature for 24 h, the reaction mixture was quenched with H,O (200 mL) at
0 °C. The aqueous layer was extracted with AcCOEt (200 mL x 2). The combined organic layers were dried
over NaxSQy, filtered, and concentrated in vacuo. The residue was purified by column chromatography on
silica gel (hexane-AcOEt) to give 22 (4.67 g, 50%) as a yellow solid.

'H NMR (400 MHz, CDCls) 8 1.38 (3H, t, J = 7.1 Hz), 1.47 (9H, s), 1.87-1.95 (2H, m), 2.38-2.49 (1H, m),
2.74-2.87 (2H, m), 4.10-4.28 (2H, m), 4.35 (2H, 9, J = 7.1 Hz), 4.50 (2H, br s), 7.06 (1H, s).

Synthesis of tert-butyl 4-(4-hydroxyfuro[3,2-d]pyrimidin-7-yl)piperidine-1-carboxylate (25)
Formamidine acetate (2.00 g, 19.2 mmol) was added at room temperature to a stirred solution of 22 (1.30 g,
3.84 mmol) in EtOH (20 mL). After stirring at reflux for 2 days, the solvents were concentrated in vacuo.
The residue was diluted with Et,O (30 mL) and H20 (10 mL). The precipitate was filtered off to give 25 (825
mg, 68%) as a brown solid.

'H NMR (400 MHz, CDCls) 6 1.48 (9H, s), 1.61-1.71 (2H, m), 2.03-2.12 (2H, m), 2.80-3.00 (3H, m), 4.08-
4.35 (2H, m), 7.61 (1H, d, J = 1.0 Hz), 8.04 (1H, s).
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Synthesis of tert-butyl 4-(4-((1H-benzo[d][1,2,3]triazol-1-yl)oxy)furo[3,2-d]pyrimidin-7-yl)piperidine-
1-carboxylate (28)

1,8-Diazabicyclo[5.4.0]undec-7-ene (656 mg, 4.31 mmol) in dry THF (7 mL) was added at room temperature
under an argon atmosphere to a stirred solution of 25 (1.06 g, 3.22 mmol) and (benzotriazol-1-
yloxy)tripyrrolidinophosphonium hexafluorophosphate (1.81 g, 3.49 mmol) in dry THF (10 mL). After
stirring at this temperature for 40 min, the reaction mixture was quenched with H,O (50 mL) at room
temperature. The aqueous layer was extracted with AcOEt (150 mL x 2). The combined organic layers were
dried over Na SOy, filtered, and concentrated in vacuo. The residue was purified by column chromatography
on silica gel (hexane-AcOEt to CHCI3-MeOH) to give 28 (1.19 g, 83%) as a white solid.

'H NMR (400 MHz, CDCls) 6 1.48 (9H, s), 1.61-1.71 (2H, m), 2.03-2.12 (2H, m), 2.80-3.00 (3H, m), 4.08-
4.35 (2H, m), 7.61 (1H, d, J = 1.0 Hz), 8.04 (1H, s).

Synthesis of tert-butyl 4-(4-((2-fluoro-4-(methylsulfonyl)phenyl)amino)furo[3,2-d]pyrimidin-7-yl)-
piperidine-1-carboxylate (1)

NaH in oil (29.0 mg, 0.604 mmol) was added at room temperature under an argon atmosphere to a stirred
solution of 28 (870 mg, 2.00 mmol) and 2-fluoro-4-(methylsulfonyl)aniline (51.0 mg, 0.270 mmol) in dry
N,N-dimethylformamide (1.5 mL). After stirring at 70 °C for 2.5 h, the reaction mixture was quenched with
water (40 mL) at room temperature. The aqueous layer was extracted with ACOEt (40 mL x 2). The combined
organic layers were washed with brine (40 mL), dried over Na,SO, filtered, and concentrated in vacuo. The
residue was purified by preparative TLC (hexane : AcOEt = 1: 3) to afford 1 (34.3 mg, 24%) as a white solid.
'H NMR (400 MHz, CDCls) 6 1.48 (9H, s), 1.63-1.75 (2H, m), 2.11-2.19 (2H, m), 2.87-2.97 (2H, m), 3.01-
3.13 (1H, m), 3.08 (3H, s), 4.06-4.36 (2H, m), 7.42 (1H, s), 7.64 (1H, s), 7.76 (1H, d, J = 10.2 Hz), 7.81 (1H,
dd, J=1.0, 8.8 Hz), 8.74 (1H, s), 9.07 (1H, t, J = 8.0 Hz).

Synthesis of tert-butyl 4-(4-amino-5-(ethoxycarbonyl)thiophen-3-yl)piperidine-1-carboxylate (23)

Methanesulfonyl chloride (0.31 mL, 4.05 mmol) in CH2Cl, (2 mL) was added at 0 °C to a stirred solution of
21 (926 mg, 3.59 mmol) and trimethylamine (0.66 mL, 4.78 mmol) in CH2Cl, (8 mL). The reaction mixture
was stirred at 0 °C for 1 h. After completing the reaction, the reaction mixture was diluted with CHCls. The
resulting mixture was washed with brine. The organic layer dried over Na;SQg, filtered, and concentrated in
vacuo. 1,8-Diazabicyclo[5.4.0Jundec-7-ene (2.13 mL, 17.2 mmol) and ethyl thioglycolate (0.31 mL, 4.05
mmol) was added to at 0 °C to a stirred solution of the residue in CH2Cl, (20 mL). The reaction mixture was
stirred at 0 °C for 3 h. After completing the reaction, the reaction mixture was diluted with CHCls. The
resulting mixture was washed with 1N HCI. The organic layer dried over Na;SOg, filtered, and concentrated
in vacuo. NaOEt (2.0 g, 29.4 mmol) was added to at room temperature to a stirred solution of the residue in
EtOH (20 mL). The reaction mixture was stirred at reflux for 3 h. After completing the reaction, the solvent
was removed under reduced pressure. The resulting mixture was diluted with CHCI3 and washed with brine.

The organic layer dried over Na,SOs, filtered, and concentrated in vacuo. The residue purified by column
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chromatography on silica gel (CHCIs : MeOH =50 : 1 to 30 : 1) to afford 23 (287 mg, 22%) as a pale yellow
solid.

'H NMR (400 MHz, CDCls) 5 1.35 (3H, t, J = 7.1 Hz), 1.47 (9H, s), 1.52-1.69 (2H, m), 1.90 (2H, d, J = 13.4
Hz), 2.45 (1H, tt, J = 3.5, 12.0 Hz), 2.74-2.88 (2H, m), 4.25-4.36 (4H, m), 5.45 (2H, br), 6.96 (1H, s).

tert-Butyl 4-(4-hydroxythieno[3,2-d]pyrimidin-7-yl)piperidine-1-carboxylate (26)

Compound 26 was prepared in the same way as compound 25.

IH NMR (400 MHz, CDCls) & 1.49 (9H, s), 1.56-1.70 (2H, m), 2.04 (2H, d, J = 12.4 Hz), 2.81-2.99 (2H, m),
3.15-3.26 (1H, m), 4.25 (2H, br), 7.50 (1H, s), 8.16 (1H, s), 11.9 (1H, br).

tert-Butyl 4-(4-((1H-benzo[d][1,2,3]triazol-1-yl)oxy)thieno[3,2-d]pyrimidin-7-yl)piperidine-1-
carboxylate (29)

Compound 29 was prepared in the same way as compound 28.

'H NMR (400 MHz, CDCl3) 5 1.49 (9H, s), 1.65-1.76 (2H, m), 2.12 (2H, d, J = 12.6 Hz), 2.86-3.02 (2H, m),
3.38 (1H, tt, J = 3.4, 12.2 Hz), 4.29 (2H, br), 7.46-7.52 (2H, m), 7.54-7.59 (1H, m), 7.72 (1H, s), 8.13-8.18
(1H, m), 8.66 (1H, s).

tert-Butyl  4-(4-((2-fluoro-4-(methylsulfonyl)phenyl)amino)thieno[3,2-d]pyrimidin-7-yl)piperidine-1-
carboxylate (30)

Compound 30 was prepared in the same way as compound 1.

'H NMR (400 MHz, CDCl3) 5 1.49 (9H, s), 1.61-1.70 (2H, m), 2.12 (2H, d, J = 12.9 Hz), 2.86-3.02 (2H, m),
3.09 (3H,s), 3.38 (1H, tt, J = 3.4, 12.1 Hz), 4.27 (2H, br), 7.02 (1H, br), 7.51 (1H, s), 7.74-7.84 (2H, m), 8.90
(1H,s),9.01 (1H,t,J=8.2 Hz).

Synthesis of tert-butyl 4-(4-amino-5-(ethoxycarbonyl)thiophen-3-yl)piperidine-1-carboxylate (24)
Diethyl aminomalonate hydrochloride (952 mg, 4.50 mmol) and sodium acetate (492 mg, 6.00 mmol) were
added at room temperature to a stirred solution of 21 (757 mg, 2.93 mmol) in MeOH (6 mL) and H.O (2 mL).
The reaction mixture was stirred at room temperature for 18 h. After completing the reaction, the solvent was
removed under reduced pressure. The resulting mixture was diluted with CHClI3, and washed with brine. The
organic layer dried over Na SO and concentrated in vacuo. NaOEt (510 mg, 7.50 mmol) was added to at
room temperature to a stirred solution of the residue in EtOH (6 mL). The reaction mixture was stirred at
reflux for 3 h. After completing the reaction, the solvent was removed under reduced pressure. The residue
was diluted with AcOEt. The resulting mixture was washed with brine. The organic layer dried over Na;SOs,
filtered, and concentrated in vacuo. The residue purified by column chromatography on silica gel (CHCls :
MeOH =100 : 1 to 50 : 1) to afford 24 (466 mg, 46%) as a pale yellow solid.

IH NMR (400 MHz, CDCls) & 1.35 (3H, t, J = 7.1 Hz), 1.47 (9H, s), 1.88 (2H, d, J = 13.1 Hz), 2.41-2.53
(1H, m), 2.74-2.87 (2H, m), 4.06-4.41 (6H, m), 6.51 (1H, br), 8.08 (1H, br).
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tert-Butyl 4-(4-hydroxy-5H-pyrrolo[3,2-d]pyrimidin-7-yl)piperidine-1-carboxylate (27)

Compound 27 was prepared in the same way as compound 25.

IH NMR (400 MHz, CDCls) & 1.41 (9H, s), 1.50-1.63 (2H, m), 1.89 (2H, d, J = 12.2 Hz), 2.70-2.92 (1H, m),
3.26-3.39 (2H, m), 7.18 (1H, s), 7.75 (1H, s), 11.7 (1H, br).

Synthesis of tert-butyl 4-(4-chloro-5H-pyrrolo[3,2-d]pyrimidin-7-yl)piperidine-1-carboxylate (31)

A solution of 27 (466 mg, 1.38 mmol) in POCl3 (2 mL) was stirred at 100 °C for 5 h. After completing the
reaction, the solvent was removed under reduced pressure. 2N NaOH and Boc,O (602 mg, 2.76 mmol) was
added to the residue. The resulting mixture was stirred at room temperature for 2 h. After completing the
reaction, the reaction mixture was quenched with water. The resulting mixture was extracted with AcOEt and
washed with brine. The organic layer was dried over Na SO, filtered, and concentrated in vacuo. The residue
purified by column chromatography on silica gel (CHCIsz : MeOH = 10 : 1) to afford 31 (201 mg, 43%) as a
pale yellow solid.

'H NMR (400 MHz, CDCl3) 5 1.48 (9H, s), 1.63-1.74 (2H, m), 2.12 (2H, d, J = 13.1 Hz), 2.82-2.99 (2H, m),
3.18 (1H, tt, J = 3.5, 12.1 Hz), 4.23 (2H, br), 7.40 (1H, s), 8.79 (1H, s), 9.32 (1H, br).

Synthesis of tert-butyl 4-(4-((2-fluoro-4-(methylsulfonyl)phenyl)amino)-5H-pyrrolo[3,2-d]pyrimidin-
7-yl)piperidine-1-carboxylate (33)

NaO'Bu (15.9 mg, 0.109 mmol) was added at room temperature to a stirred solution of 31 (54.8 mg, 0.163
mmo), 2-fluoro-4-(methylsulfonyl)aniline (32.0 mg, 0.169 mmol), and Pd(P'Bus). (5.8 mg, 0.0113 mmol) in
1,4-dioxane (0.5 mL). The reaction mixture was irradiated in a microwave (Initiator; Biotage AB) at 130 °C
for 3 h and concentrated in vacuo. The residue purified by column chromatography on silica gel (hexane :
AcOEt =1 : 3) to afford 32 (3.6 mg, 7%) as a white solid.

'H NMR (400 MHz, CDCls)  1.49 (9H, s), 1.68-1.85 (2H, m), 1.96-2.18 (2H, m), 2.78-2.99 (2H, m), 3.09
(3H,s), 3.11-3.21 (1H, m), 4.05-4.27 (2H, m), 7.11 (1H, s), 7.64 (1H, dd, J = 2.0, 10.2 Hz), 7.73 (1H, d, J =
8.8 Hz), 8.13 (1H, br), 8.63 (1H, s), 8.92 (1H, t, J = 8.2 Hz), 10.3 (1H, br).

Synthesis of tert-butyl 4-(4-chloro-5-methyl-5H-pyrrolo[3,2-d]pyrimidin-7-yl)piperidine-1-carboxy-
late (32)

lodomethane (5.8 uL, 0.0932 mmol) was added at room temperature to a stirred solution of 31 (26.0 mg,
0.0772 mmol) and NaH in oil (6.7 mg, 0.154 mmol) in dry N,N-dimethylformamide (1 mL). The reaction
mixture was stirred at room temperature for 2 h. After completing the reaction, the reaction mixture was
guenched with a saturated aqueous solution of NH4ClI at room temperature. The aqueous layer was extracted
with AcOEt. The organic layer was washed with brine, dried over Na,SO, filtered, and concentrated in vacuo.
The residue was purified by preparative TLC (CHCI3 : MeOH = 10 : 1) to afford 32 (28.4 mg, 92%) as a

yellow solid.
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IH NMR (400 MHz, CDCl3) & 1.48 (9H, s), 1.56-1.72 (2H, m), 2.07 (2H, d, J = 13.1 Hz), 2.86-2.99 (2H, m),
3.15 (1H, tt, J = 3.5, 12.0 Hz), 4.11 (3H, ), 4.14-4.30 (2H, br), 7.15 (1H, s), 8.66 (1H, ).

tert-butyl 4-(4-((2-fluoro-4-(methylsulfonyl)phenyl)amino)-5-methyl-5H-pyrrolo[3,2-d]pyrimidin-
7-yl)piperidine-1-carboxylate (34)

Compound 34 was prepared with compound 32 in place of compound 31 in the same way as compound 33.
IH NMR (400 MHz, CDCls) & 1.48 (9H, s), 1.56-1.67 (2H, m), 2.09 (2H, d, J = 13.4 Hz), 2.81-2.98 (2H, m),
3.07 (3H, s), 3.08-3.19 (1H, m), 4.16 (3H, s), 4.21 (2H, br), 6.99 (1H, s), 7.73 (1H, dd, J = 2.1, 10.4 Hz), 7.78
(1H, d, J = 8.8 Hz), 8.60 (1H, br), 8.95-9.01 (1H, m).

tert-Butyl 4-(4-((2-fluoro-4-(methylsulfonyl)phenyl)amino)-5H-pyrrolo[3,2-d]pyrimidin-7-yl)-
piperidine-1-carboxylate (39)

Compound 39 was prepared with 4-(methylsulfonyl)aniline in place of 2-fluoro-4-(methylsulfonyl)aniline in
the same way as compound 1.

IH NMR (400 MHz, CDCl3) & 1.48 (9H, s), 1.56-1.69 (2H, m), 2.13-2.18 (2H, m), 2.88-2.96 (2H, m), 3.01-
3.09 (4H, m), 4.17-4.36 (2H, m), 7.36 (1H, s), 7.61 (1H, s), 7.96 (2H, d, J = 9.2 Hz), 8.01 (2H, d, J = 9.2 Hz),
8.72 (1H, 9).

Synthesis of 5-thiocyanatoindoline (42)

Bromine (11.3 mL, 220 mmol) in MeOH (50 mL) was added at -10 °C under an argon atmosphere to a stirred
solution of indoline (41) (23.8 g, 200 mmol), KSCN (42.8 g, 440 mmol) in MeOH (150 mL). The reaction
mixture was stirred at room temperature for overnight. The solvent was removed under reduced pressure.
The residue was diluted with an aqueous K,COj3 solution and extracted with CHCls. The organic layer was
dried over NazSOg, filtered, and concentrated in vacuo to afford crude 42 (31.4 g) as an orange oil. This crude
was used for the next step without further purification.

'H NMR (400 MHz, CDCls) & 3.06 (2H, t, J = 8.4 Hz), 3.64 (2H, t, J = 8.4 Hz), 6.57 (1H, d, J = 8.4 Hz),
7.22 (1H, dd, J = 2.0, 8.4 Hz), 7.29 (1H, d, J = 2.0 H2).

Synthesis of tert-butyl 5-(methylsulfonyl)indoline-1-carboxylate (43)

NazS-9H20 (38.4 g, 160 mmol) was added at room temperature to a stirred solution of 42 (200 mmol) in
EtOH (180 mL) and H>O (20 mL). The reaction mixture was stirred at 50 °C for 1 h. lodomethane (9 mL,
140 mmol) was added at room temperature to the resulting mixture. The reaction mixture was stirred at room
temperature for 1.5 h. The solvent was removed under reduced pressure. The residue was diluted with brine
(150 mL) and extracted with toluene (1000 mL). The organic layer was washed with water (150 mL x 2) and
concentrated in vacuo to afford crude 5-(methylthio)indoline (30.0 g) as an orange oil. This crude was used

for the next step without further purification.
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Boc20 (27.3 g, 125 mmol) and N,N-dimethyl-4-aminopyridine (488 mg, 4.00 mmol) were added at room
temperature to a stirred solution of 5-(methylthio)indoline (30.0 g) in THF (130 mL). The reaction mixture
was stirred at room temperature for overnight and diluted with toluene (500 mL). The resulting mixture was
washed with 1N HCI (100 mL) and water (50 mL x 2). The organic layer was concentrated in vacuo to afford
crude tert-butyl 5-(methylthio)indoline-1-carboxylate (47.6 g) as an brown solid. This crude was used for the
next step without further purification.

3-Chloroperoxybenzoic acid (contains ca. 30% water) (60 g, 243 mmol) was added at -20 °C to a stirred
solution of tert-butyl 5-(methylthio)indoline-1-carboxylate (47.6 g) in CH.Cl, (200 mL). The reaction
mixture was stirred at -20 °C for 50 min. After completing the reaction, the reaction mixture was quenched
with 10% NazS,03 (150 mL) and 3N NaOH (100 mL). The resulting mixture was extracted with toluene (650
mL). The organic layer was washed with water (50 mL x 2) and concentrated in vacuo. The residue was
diluted with AcOEt (40 mL) and hexane (40 mL). The precipitate was filtered to afford 43 (24.9 g, 42% in 4
steps from 41) as a white pink solid.

'H NMR (400 MHz, CDCls)  1.57 (9H, s), 3.02 (3H, s), 3.16 (2H, t, J = 8.8 Hz), 4.06 (2H, d, J = 8.8 Hz),
7.25-7.27 (1H, m), 7.67 (1H, s), 7.75 (1H, d, J = 8.4 Hz).

Synthesis of 5-(methylsulfonyl)indoline (44)

4 N HCI in AcOEt (25 mL) was added at room temperature to a stirred solution of 43 (24.9 g, 83.7 mmol) in
MeOH (25 mL). The reaction mixture was stirred at room temperature. After completing the reaction, the
reaction mixture was diluted with AcOEt (200 mL). The precipitate was filtered to afford 44-HCI (16.2 g).
A saturated aqueous solution of NaHCO3; was added to suspension of 44-HCI in AcOEt (500 mL) was
adjusted to a pH of 8. The resulting mixture was extracted with AcOEt (500 mL). The combined organic
layer was dried over Na»SOs, filtered, and concentrated in vacuo to afford 44 (13.2 g, 80%) as a white solid.
'H NMR (400 MHz, CDClIs) 6 3.00 (3H, s), 3.09 (2H, t, J = 8.4 Hz), 3.70 (2H, t, J = 8.4 Hz), 4.27 (1H, br),
6.59 (1H, d, J = 8.8 Hz), 7.55-7.67 (3H, m).

Synthesis of N-(2-fluoro-4-(methylsulfonyl)phenyl)-4-nitrobenzenesulfonamide (46)
2-Nitrobenzenesulfonyl chloride (665 mg, 3.00 mmol) was added at room temperature to a stirred solution
of 2-fluoro-4-(methylsulfonyl)aniline (45) (380 mg, 2.01 mmol) in pyridine (4 mL). The reaction mixture
was stirred at 60 °C for 4 h. After completing the reaction, the solvent was removed under reduced pressure.
The residue was purified by column chromatography on silica gel (hexane : AcOEt =1 : 1) to afford 46 (610
mg, 82%) as a yellow solid.

IH NMR (400 MHz, CDCls) & 3.05 (3H, s), 7.60-8.04 (8H, m).

Synthesis of N-(2-fluoro-4-(methylsulfonyl)phenyl)-N-methyl-4-nitrobenzenesulfonamide (47)
lodomethane (140 mg, 0.986 mmol) was added at room temperature to a stirred solution of 46 (37.0 mg,
0.0988 mmol) and K2CO3 (70.0 mg, 0.506 mmol) in N,N-dimethylformamide (0.5 mL). The reaction mixture
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was stirred at room temperature for 2.5 h. After completing the reaction, the reaction mixture was quenched
with water. The resulting mixture was extracted with CHCIz. The organic layer was dried over Na;SOg,
filtered, and concentrated in vacuo to afford crude 47 (29.0 mg) as an orange oil. This crude was used for the
next step without further purification.

'H NMR (400 MHz, CDCls) 6 3.10 (3H, s), 3.41 (3H, d, J = 1.0 Hz), 7.62-7.90 (7H, m).

Synthesis of 2-fluoro-N-methyl-4-(methylsulfonyl)aniline (48)

Thiophenol (13.0 mg, 0.118 mmol) was at room temperature to a stirred solution of 47 (29.0 mg) and
potassium carbonate (31.0 mg, 0.224 mmol) in N,N-dimethylformamide (1.6 mL). The reaction mixture was
stirred at room temperature for 4 h. After completing the reaction, the reaction mixture was quenched with
water. The resulting mixture was extracted with AcOEt. The organic layer was dried over Na;SOg, filtered,
and concentrated in vacuo. The residue was purified by column chromatography on silica gel (hexane :
AcOEt=4:1to1:1)to afford 48 (8.9 mg, 59% in 2 steps from 46) as a yellow solid.

'H NMR (400 MHz, CDCls) 6 2.96 (3H, d, J = 4.9 Hz), 3.01 (3H, s), 6.71 (1H, t, J = 8.3 Hz), 7.50 (1H, dd,
J=20,10.7 Hz), 7.62 (1H, dd, J = 2.0, 8.3 Hz).

Synthesis of 6-(methylthio)-3,4-dihydroquinolin-2(1H)-one (50)

NaSMe (139 mg, 1.49 mmol) was added at room temperature under an argon atmosphere to a stirred solution
of 6-bromo-3,4-dihydroquinolin-2(1H)-one (49) (300 mg, 1.33 mmol), Pd2(dba)s-CHCIs (68.7 mg, 0.0664
mmol), and XantPhos (38.4 mg, 0.0664 mmol) in toluene (2.6 mL). The reaction mixture was irradiated in a
microwave (Initiator; Biotage AB) at 120 °C for 30 min and quenched with water. The aqueous layer was
extracted with AcOEt. The organic layer was dried over NaxSOg, filtered, and concentrated in vacuo. The
residue purified by preparative TLC (hexane : AcOEt =1 : 2) to afford 50 (179 mg, 70%) as a yellow solid.
'H NMR (400 MHz, CDCls)  2.46 (3H, s), 2.63 (2H, d, J = 7.6 Hz), 2.95 (1H, t, J = 7.6 Hz), 6.72 (1H, d, J
= 8.8 Hz), 7.09-7.14 (2H, m), 8.22-8.32 (1H, br).

Synthesis of 6-(methylsulfonyl)-3,4-dihydroquinolin-2(1H)-one (51)

3-Chloroperoxybenzoic acid (contains ca. 30% water) (82.4 mg, 0.334 mmol) was added at 0 °C to a stirred
solution of 50 (30.0 mg, 0.155 mmol) in CH2Cl, (0.8 mL). The reaction mixture was stirred at 0 °C for 30
min. After completing the reaction, the reaction mixture was quenched with 10% Na,S,03. The resulting
mixture was extracted with CHCIs. The organic layer was dried over MgSQy, filtered, and concentrated in
vacuo. The residue was purified by preparative TLC (hexane : AcOEt = 1 : 3) to afford 51 (17.9 mg, 51%)
as a white solid.

IH NMR (400 MHz, CDCl3) 8 2.71 (2H, t, J = 7.6 Hz), 3.03-3.12 (5H, m), 6.93 (1H, d, J = 8.4 Hz), 7.76-
7.80 (2H, m), 8.44-8.48 (1H, br).
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Synthesis of 6-(methylsulfonyl)-1,2,3,4-tetrahydroquinoline (52)

1.06 M Borane — tetrahydrofuran complex in THF (314 uL, 0.333 mmol) was added at 0 °C under an argon
atmosphere to a stirred solution of 51 (30 mg, 0.133 mmol) in dry THF (0.43 mL). The reaction mixture was
stirred 0 °C for 1 h. After completing the reaction, the reaction mixture was quenched with water. The
resulting mixture was concentrated in vacuo. The residue was diluted with brine and extracted with AcOEt.
The organic layer was dried over MgSOsa, filtered, and concentrated in vacuo. The residue was purified by
preparative TLC (hexane : AcOEt = 1 : 3) to afford 52 (25.4 mg, 90%) as a colorless oil.

'H NMR (400 MHz, CDCls) 6 1.89-1.96 (2H, m), 2.77 (2H, t, J = 6.0 Hz), 2.99 (3H, s), 3.37 (2H, t, J = 6.0
Hz), 4.49-4.58 (1H, br), 6.46 (1H, d, J = 9.2 Hz), 7.44-7.48 (2H, m).

Synthesis of 4-bromo-N-(tert-butyl)-2-chloroaniline (54)

tert-Butyl 2,2,2-trichloroacetimidate (2.17 mL, 12.1 mmol) and BF3-OEt; (0.61 mL, 4.84 mmol) was added
at room temperature under an argon atmosphere to a stirred solution of 4-bromo-2-chloroaniline (53) (1.00
g, 4.84 mmol) in cyclohexane (16 mL). The reaction mixture was stirred at room temperature for 3 days. The
reaction mixture was quenched with water and extracted with AcOEt. The organic layer was dried over
MgSQy, filtered, and concentrated in vacuo. The residue was purified by preparative TLC (hexane) to afford
54 (559 mg, 44%) as a brown oil.

'H NMR (400 MHz, CDCls) 6 1.38 (9H, s), 4.26-4.34 (1H, br), 6.82 (1H, d, J = 8.8 Hz), 7.18 (1H, dd, J =
2.4,8.8Hz),7.38 (1H, dd, J = 0.4, 2.0 Hz).

Synthesis of N-(tert-butyl)-2-chloro-4-(methylthio)aniline (55)

NaSMe (200 mg, 2.86 mmol) was added at room temperature under an argon atmosphere to a stirred solution
of 54 (500 mg, 1.90 mmol), Pd»(dba)s-CHClI3 (98.3 mg, 0.0950 mmol), and XantPhos (108 mg, 0.187 mmol)
in dry toluene (3.6 mL). The reaction mixture was irradiated in a microwave (Initiator; Biotage AB) at 160 °C
for 70 min and concentrated in vacuo. The residue purified by preparative TLC (hexane : ACOEt=6: 1) to
afford 55 (242 mg, 55%).

'H NMR (400 MHz, CDCls) 5 1.39 (9H, s), 2.41 (3H, s), 4.22-4.36 (1H, br), 6.90 (1H, d, J = 8.4 Hz), 7.12
(1H, dd, J=2.0, 8.4 Hz), 7.25-7.31 (1H, m).

Synthesis of N-(tert-butyl)-2-chloro-4-(methylsulfonyl)aniline (56)

3-Chloroperoxybenzoic acid (contains ca. 30% water) (446 mg, 1.68 mmol) was added at 0 °C to a stirred
solution of 55 (192 mg, 0.84 mmol) in CH2Cl, (0.8 mL). The reaction mixture was stirred at 0 °C for 1 h and
room temperature for 15 min. After completing the reaction, the reaction mixture was quenched with 10%
NazS203. The resulting mixture was extracted with CHCIs. The organic layer was dried over MgSQy, filtered,
and concentrated in vacuo. The residue was purified by preparative TLC (hexane : AcOEt = 2 : 1) to afford

56 (168 mg, 76%) as a pale yellow oil.
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IH NMR (400 MHz, CDCls) § 1.46 (9H, s), 3.02 (3H, s), 4.83-5.10 (LH, br), 6.97 (1H, d, J = 8.8 Hz), 7.63
(1H, dd, J = 0.4, 2.4 Hz), 7.80 (1H, dd, J = 0.4, 2.4 Hz).

Synthesis of methyl tert-butyl(2-chloro-4-(methylsulfonyl)phenyl)carbamate (57)

Methyl chloroformate (115 mg, 1.22 mmol) was added at 0 °C under an argon atmosphere to a stirred solution
of 56 (160 mg, 0.611 mmol) and NaH in oil (44.0 mg, 0.917 mmol) in CH>Cl,.The reaction mixture was
stirred at room temperature for 20 h. The resulting mixture was quenched with water and extracted with
CHCl3.The organic layer dried over MgSOs, filtered, and concentrated in vacuo. The residue was purified by
preparative TLC (hexane : AcOEt) to afford 57 (70.1 mg, 36%).

'H NMR (400 MHz, CDCls)  1.42 (9H, s), 3.13 (3H, s), 7.36 (1H, d, J = 8.0 Hz), 7.82 (1H, dd, J = 2.0, 8.0
Hz), 8.03 (1H, dd, J = 2.0 Hz).

Synthesis of methyl 2,2-dimethyl-5-(methylsulfonyl)indoline-1-carboxylate (58)

57 (68.0 mg, 0.213 mmol) was added at room temperature under an argon atmosphere to a stirred suspension
of Pd(OAc)2 (2.4 mg, 0.0107 mmol), PCys-HBF4 (7.8 mg, 0.0212 mmol), Cs,CO3 (105 mg, 0.322 mmol)
and pivalic acid (6.5 mg, 0.0636 mmol) in Xylene. The reaction mixture was stirred at 140 °C for 16 h. The
resulting mixture was concentrated in vacuo. The residue was purified by preparative TLC (hexane : ACOEt
=2:1) to afford 58 (10.1 mg, 17%).

'H NMR (400 MHz, CDCls) § 1.59 (6H, s), 3.04 (3H, s), 3.08 (2H, s), 3.89 (3H, s), 7.25-7.27 (1H, m), 7.66
(1H, d, J=0.8 Hz), 7.76 (1H, dd, J = 8.4 Hz).

Synthesis of 2,2-dimethyl-5-(methylsulfonyl)indoline (59)

1M LiOH (110 pL, 0.11 mmol) was added room temperature to a stirred solution of 58 (10.1 mg, 0.04 mmol)
in MeOH (0.7 mL). The reaction mixture was stirred reflux for 16 h. After completing the reaction, the
reaction mixture was concentrated in vacuo. The residue was diluted with water and extracted with CHCls.
The organic layer was dried over MgSOsa, filtered, and concentrated in vacuo. The residue was purified by
preparative TLC (hexane : AcOEt = 2 : 1) to afford 59 (10.2 mg, >98%).

'H NMR (400 MHz, CDCls) 8 1.35 (6H, s), 2.89 (2H, s), 3.01 (3H, s), 4.10-4.18 (1H, br), 6.53 (1H, d, J =
8.4 Hz), 7.53-7.59 (3H, m).

Synthesis of tert-butyl 2-oxoindoline-1-carboxylate (61)

Boc,0 (8.6 mL, 37.5 mmol) was added at room temperature to a stirred solution of indolin-2-one (60) (2.00
g, 15.0 mmol) and Na,COs3 (7.95 g, 75.0 mmol) in THF (68 mL). The reaction mixture was stirred at room
temperature for 3.5 h, at 40 °C for 6 h, and at room temperature for 10 h. The reaction mixture was quenched
with water (34 mL) and extracted with ACOEt (68 mL). The organic layer was washed with brine, dried over
MgSQy, filtered, and concentrated in vacuo. The residue was purified by column chromatography on silica
gel (hexane : AcCOEt=20: 1to 10 : 1) to afford 61 (2.71 g, 77%) as a white solid.
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IH NMR (400 MHz, CDCl3) § 1.65 (9H, s), 3.65 (2H, s), 7.14 (1H, t, J = 7.2 Hz), 7.22-7.32 (2H, m), 7.79
(1H, d, J = 8.0 Hz).

Synthesis of tert-butyl 3,3-dimethyl-2-oxoindoline-1-carboxylate (62)

NaH in oil (1.23 g, 25.6 mmol) was added at 0 °C to a stirred solution of 61 (2.71 g, 11.6 mmol) and
iodomethane (2.17 mL, 34.9 mmol) in THF (29 mL). The reaction mixture was stirred at room temperature
for 2 h. After completing the reaction, the reaction mixture was quenched with water (15 mL). The resulting
mixture was extracted with AcOEt (29 mL). The organic layer was washed brine (15 mL), dried over Na;SOa,
filtered, and concentrated in vacuo. The residue was purified by column chromatography on silica gel
(hexane : AcOEt = 20 : 1) to afford 62 (1.40 g, 46%) as a brown oil.

'H NMR (400 MHz, CDCls) & 1.42 (6H, s), 1.65 (9H, s), 7.13 (3H, m), 7.85 (1H, d, J = 7.6 Hz).

Synthesis of 3,3-dimethylindolin-2-one (63)

2,2,2-Trifluoroacetic acid (5.4 mL) was added at 0 °C to a stirred solution of 62 (1.40 g, 5.36 mmol) in THF
(29 mL). The reaction mixture was stirred at 0 °C for 10 min. After completing the reaction, the reaction
mixture was quenched with a saturated aqueous solution of NaHCO3. The resulting mixture was extracted
with AcOEt. The organic layer was concentrated in vacuo. The residue was purified by column
chromatography on silica gel (hexane : AcOEt = 2 : 1) to afford 63 (0.82 g, 95%) as a white solid.

'H NMR (400 MHz, CDCls) & 1.40 (6H, s), 6.88 (1H, d, J = 8.4 Hz), 7.04 (1H, t, J = 8.4 Hz), 7.16-7.23 (2H,

m).

Synthesis of 3,3-dimethylindoline (64)

Sodium bis(2-methoxyethoxy)aluminium dihydride in toluene (1.10 g, 3.72 mmol) was added at 0 °C under
an argon atmosphere to a stirred solution of 63 (0.300 g, 1.86 mmol) in dry THF (10 mL). After the reaction
mixture was stirred at 80 °C for 1 h, sodium bis(2-methoxyethoxy)aluminium dihydride in toluene (1.10 g,
3.72 mmol) was added at 0 °C to the reaction mixture. The reaction mixture was stirred at 80 °C for 1 h.
After completing the reaction, the reaction mixture was quenched with water at 0 °C. The resulting mixture
was extracted with ACOELt. The organic layer was washed with brine and concentrated in vacuo. The residue
was purified by column chromatography on silica gel (hexane : AcOEt=60: 1to 1: 1) to afford 64 (235 mg,
86%) as an brown oil.

'H NMR (400 MHz, CDCls) 6 1.31 (6H, s), 3.31 (2H, s), 6.65 (1H, d, J = 7.6 Hz), 6.74 (1H, td, J= 0.8, 7.2
Hz), 6.99-7.07 (2H, m).

3,3-Dimethyl-5-(methylthio)indoline (65)

IH NMR (400 MHz, CDCl3) & 1.30 (6H, s), 2.43 (3H, s), 3.32 (2H, s), 6.59 (1H, d, J = 8.4 Hz), 7.04-7.10
(2H, m).
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tert-Butyl 3,3-dimethyl-5-(methylthio)indoline-1-carboxylate (66)
'H NMR (400 MHz, CDCls) 6 1.53 (9H, s), 2.46 (3H, s), 3.70 (2H, s), 7.06 (1H, d, J = 2.0 Hz), 7.13 (1H, dd,
J =20, 8.4 Hz), 7.25-7.28 (1H, m).

tert-Butyl 3,3-dimethyl-5-(methylsulfonyl)indoline-1-carboxylate (67)

Compound 67 was prepared in the same way as compound 43.

IH NMR (400 MHz, CDCl3) & 1.36 (6H, s), 1.58 (9H, s), 3.04 (3H, s), 3.78 (2H, s), 7.25-7.28 (1H, m), 7.64
(1H, d, J= 2.0 Hz), 7.76 (1H, dd, J = 2.0, 8.4 Hz).

3,3-Dimethyl-5-(methylsulfonyl)indoline (68)

Compound 68 was prepared in the same way as 44.

IH NMR (400 MHz, CDCls) & 1.34 (6H, s), 3.01 (3H, s), 3.43 (2H, s), 6.60 (1H, d, J = 8.4 Hz), 7.58 (1H, 9),
7.60 (1H, d, J = 2.0 Hz).

Synthesis of tert-butyl 4-(4-(5-(methylsulfonyl)indolin-1-yl)furo[3,2-d]pyrimidin-7-yl)piperidine-
1-carboxylate (2)

NaH in oil (140 mg, 2.92 mmol) was added at room temperature under an argon atmosphere to a stirred
solution of 28 (870 mg, 2.00 mmol) and 5-(methylsulfonyl)indoline 44 (355 mg, 1.80 mmol) in dry N,N-
dimethylformamide (10 mL). After stirring at 70 °C for 3 h, the reaction mixture was quenched with brine
(100 mL) at room temperature. The aqueous layer was extracted with CHCIs (200 mL X 2). The combined
organic layers were dried over Na SO, filtered, and concentrated in vacuo. The residue was purified by
column chromatography on silica gel (hexane-CHCls-acetone) to give 2 (598 mg, 69%) as a white solid.

'H NMR (400 MHz, CDCl3)  1.48 (9H, s), 1.70 (1H, dd, J = 3.6, 12.8 Hz), 1.75 (1H, dd, J = 3.6, 12.8 Hz),
2.12-2.18 (2H, m), 2.84-2.98 (2H, m), 3.08 (1H, tt, J = 3.6, 12.0 Hz), 4.16-4.34 (2H, m), 7.45-7.52 (2H, m),
7.55-7.59 (1H, m), 7.80 (1H, d, J = 1.0 Hz), 8.15 (1H, d, J = 8.3 Hz), 8.53 (1H, s).

tert-Butyl 4-(4-((2-fluoro-4-(methylsulfonyl)phenyl)(methyl)amino)furo[3,2-d]pyrimidin-7-yl)-
piperidine-1-carboxylate (69)

Compound 69 was prepared with compound 48 in place of compound 44 in the same way as compound 2.
'H NMR (400 MHz, CDCls) 4 1.47 (9H, s), 1.57-1.65 (2H, m), 2.04-2.14 (2H, m), 2.82-3.05 (3H, m), 3.14
(3H, s), 3.71 (3H, s), 4.12-4.27 (2H, m), 7.36 (1H, s), 7.54 (1H, t, I = 7.8 Hz), 7.76-7.82 (2H, m), 8.59 (1H,
s).

tert-Butyl 4-(4-(6-(methylsulfonyl)-3,4-dihydroquinolin-1(2H)-yl)furo[3,2-d]pyrimidin-7-yl)piperidine
-1-carboxylate (70)
Compound 69 was prepared with compound 52 in place of compound 44 using an experimental procedure

similar to that used for compound 2.
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IH NMR (400 MHz, CDCls) § 1.48 (9H, s), 1.63 (1H, dd, J = 4.4, 12.8 Hz), 1.69 (1H, dd, J = 4.4, 12.8 Hz),
2.08-2.18 (4H, m), 2.85-2.98 (4H, m), 3.00-3.11 (4H, m), 4.15-4.35 (4H, m), 7.26-7.30 (1H, m), 7.51 (1H,
s), 7.67 (1H, dd, J = 2.0, 8.8 Hz), 7.75 (1H, d, J = 2.0 Hz), 8.72 (1H, s).

tert-Butyl 4-(4-(2,2-dimethyl-5-(methylsulfonyl)indolin-1-yl)furo[3,2-d]pyrimidin-7-yl)piperidine-
1-carboxylate (71)

Compound 71 was prepared with compound 59 in place of compound 44 in the same way as compound 2.
IH NMR (400 MHz, CDCls) & 1.48 (9H, s) 1.64-1.77 (8H, m), 2.14-2.20 (2H, m), 2.86-2.99 (2H, m), 3.02-
3.10 (4H, m), 3.15 (2H, s), 4.18-4.32 (2H, m), 7.58 (1H, s), 7.69-7.73 (2H, m), 7.74 (1H, s), 8.79 (1H, 9).

tert-Butyl 4-(4-(3,3-dimethyl-5-(methylsulfonyl)indolin-1-yl)furo[3,2-d]pyrimidin-7-yl)piperidine-
1-carboxylate (72)

Compound 72 was prepared with compound 68 in place of compound 44 using an experimental procedure
similar to that used for compound 2.

IH NMR (400 MHz, CDCls) & 1.47 (6H, s), 1.48 (9H,s) 1.59-1.74 (2H, m), 2.11-2.19 (2H, m), 2.85-2.99 (2H,
m), 3.01-3.10 (4H, m), 4.20-4.29 (2H, m), 4.44 (2H, s), 7.61 (1H, s), 7.73 (1H, d, J = 2.0 Hz), 7.84 (1H, dd,
J=2.0, 8.4 Hz), 8.69-8.73 (2H, m).

Synthesis of 4-(5-(methylsulfonyl)indolin-1-yl)-7-(piperidin-4-yl)furo[3,2-d]pyrimidine hydrochloride
salt (73)

4 N HCI in AcOEt (6 mL) was added at room temperature to a stirred solution of 2 (598 mg, 1.20 mmol) in
MeOH (6 mL) and CHCIs (6 mL). After stirring at room temperature for 2.5 h, the reaction mixture was
diluted with AcOEt (15 mL). The precipitate was filtered off to give 73 (382 mg, 73%) as a yellow solid.

IH NMR (400 MHz, CDsOD) § 1.95-2.08 (2H, m), 2.31-2.40 (2H, m), 3.13 (3H, s), 3.22-3.34 (3H, m), 3.51-
3.59 (4H, m), 4.93 (2H, t, J = 8.3 Hz), 7.90 (1H, d, J = 8.3 Hz), 7.94 (1H, s), 8.48 (1H, s), 8.88 (1H, d, J =
8.8 Hz), 8.96 (1H, s).

Synthesis of 7-(1-(5-chloropyrimidin-2-yl)piperidin-4-yl)-4-(5-(methylsulfonyl)indolin-1-yl)furo-
[3,2-d]pyrimidine (3)

2,5-Dichloropyrimidine (263 mg, 1.76 mmol) was added at room temperature to a suspension of 73 (511 mg,
1.17 mmol) and N,N-diisopropylethylamine (0.61 mL, 456 mmol) in N,N-dimethylformamide (10 mL). After
stirring at 100 °C overnight, the solvents were concentrated in vacuo. The residue was diluted with AcOEt
and Et,0. The precipitate was filtered off to give 3 (381 mg, 59%) as a pale brown solid. The mother liquid
was concentrated in vacuo. The residue was purified by column chromatography on silica gel (CHCls :
MeOH) to give 3 (92 mg, 14%).

'H NMR (400 MHz, CDCl3) 6 1.70 (1H, dd, J = 4.0, 12.4 Hz), 1.76 (1H, dd, J = 4.0, 12.4Hz), 2.22-2.30 (2H,

m), 3.04-3.14 (2H, m), 3.06 (3H, s), 3.21 (1H, tt, J = 3.2, 12.0 Hz), 3.38 (2H, t, J = 8.8 Hz), 4.72 (2H, 1, J =
8.8 Hz), 4.81-4.89 (2H, m), 7.61 (1H, s), 7.77 (1H, s), 7.83 (1H, dd, J = 2.2, 9.0 Hz), 8.23 (2H, s), 8.69-8.74

_75-



(2H, m); 3C NMR (CDCls, 100 MHz) § 27.9, 31.3, 31.8, 44.4, 45.0, 50.6, 116.5, 117.9, 123.8, 125.8, 128.1,
132.8,133.8, 134.7, 144.7, 145.5, 148.4, 151.9, 152.5, 155.9, 159.8; mp 224-225 °C; IR (ATR): 1566, 1512,
1480, 1300, 1137, 1112 cmt; HRMS (FD): Calcd for C24H23CINO3S [M]*:510.1241, Found 510.1242.

4-(5-(Methylsulfonyl)indolin-1-yI)-7-(1-(pyrimidin-2-yl)piperidin-4-yl)furo[3,2-d]pyrimidine (74)
Compound 74 was prepared with 2-chloropyrimidine in place of 2,5-dichloropyrimidine in the same way as
compound 3.

IH NMR (400 MHz, CDCl3) 8 1.70 (1H, dd, J = 4.4, 12.4 Hz), 1.76 (1H, dd, J = 4.4, 12.4 Hz), 2.22-2.31 (2H,
m), 3.03-3.13 (5H, m), 3.16-3.25 (1H, m), 3.38 (2H, t, J = 8.8 MHz), 4.72 (2H, t, J = 8.8 Hz), 4.87-4.95 (2H,
m), 6.47 (2H, t, J = 4.8 MHz),7.62 (1H, s), 7.77 (1H, s), 7.83 (1H, d, J = 8.8 Hz), 8.32 (2H, d, J = 4.8 Hz),
8.69-8.75 (2H, m).

Synthesis of 7-(1-(5-methylpyrimidin-2-yl)piperidin-4-yl)-4-(5-(methylsulfonyl)indolin-1-yl)-furo-
[3,2-d]pyrimidine (75)
7-(1-(5-bromopyrimidin-2-yl)piperidin-4-yl)-4-(5-(methylsulfonyl)indolin-1-yl)furo[3,2-d]pyrimidine was
prepared with 2-chloropyrimidine in place of 5-bromo-2-chloropyrimidine using an experimental procedure
similar to that used for compound 3.

Cs2CO03 (23.0 mg, 0.0706 mmol) was added at room temperature to a suspension of 7-(1-(5-bromopyrimidin-
2-yl)piperidin-4-yl)-4-(5-(methylsulfonyl)indolin-1-yl)furo[3,2-d]pyrimidine (20.0 mg, 0.0360 mmol),
MeB(OH), (6.0 mg, 0.108 mmol), and Pd(dppf)Cl,-CH.Cl, (23.0 mg, 0.0282 mmol) in N,N-
dimethylformamide (1 mL) and THF (1 mL). After stirring at 100 °C for 13.5 h, the reaction mixture was
filtered off. The filtrate was diluted with AcOEt and washed water. The organic layer was concentrated in
vacuo. The residue was purified by preparative TLC (hexane : AcOEt = 1 : 2) to afford 59 (4.6 mg, 26% in 2
steps from 73) as a white solid.

IH NMR (400 MHz, CDCl3) & 1.69 (1H, dd, J = 4.4, 12.4 Hz), 1.75 (1H, dd, J = 4.4, 12.4 Hz), 2.13 (3H, s),
2.22-2.30 (2H, m), 2.48 (3H, s), 3.03-3.12 (5H, m), 3.14-3.23 (2H, m), 3.38 (3H, t, J = 8.8 Hz), 4.72 (3H, t,
J = 8.8 Hz), 4.81-4.89 (2H, m), 7.61 (1H, s), 7.77 (1H, s), 7.83 (1H, d, J = 8.8 Hz), 8.17 (2H, s), 8.70-8.73
(2H, m).

7-(1-(5-Ethylpyrimidin-2-yl)piperidin-4-yl)-4-(5-(methylsulfonyl)indolin-1-yl)furo[3,2-d]pyrimidine
(76)

Compound 76 was prepared with 2-chloro-5-ethylpyrimidine in place of 2,5-dichloropyrimidine using an
experimental procedure similar to that used for compound 3.

'H NMR (400 MHz, CDCl3) 6 1.20 (3H, t, J = 7.6 Hz), 1.69 (1H, dd, J = 4.0, 12.0 Hz), 1.76 (1H, dd, J = 4.0,
12.0 Hz), 2.23-2.30 (2H, m), 2.47 (2H, q, J = 7.5 Hz), 3.01-3.12 (2H, m), 3.06 (3H, s), 3.15-3.25 (1H, m),
3.38 (2H,t,J=8.8 Hz), 4.72 (2H, t, J = 8.5 Hz), 4.83-4.91 (2H, m), 7.61 (1H, d, J = 1.0 Hz), 7.76-7.79 (1H,
m), 7.83 (1H, dd, J = 2.0, 8.8 Hz), 8.19 (2H, s), 8.70-8.73 (2H, m).
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1-(2-(4-(4-(5-(Methylsulfonyl)indolin-1-yl)furo[3,2-d]pyrimidin-7-yl)piperidin-1-yl)pyrimidin-5-
yl)ethan-1-one (77)

Compound 77 was prepared with 1-(2-chloropyrimidin-5-yl)ethan-1-one in place of 2,5-dichloropyrimidine
in the same way as compound 3.

IH NMR (400 MHz, CDCls)  1.76 (1H, dd, J = 3.6, 12.4 Hz), 1.80 (1H, dd, J = 3.6, 12.4 Hz), 2.26-2.35 (2H,
m), 2.48 (3H, s), 3.06 (3H, s), 3.13-3.30 (3H, m), 3.38 (3H, t, J = 8.8 Hz), 4.73 (3H, t, J = 8.8 Hz), 5.02-5.20
(2H, m), 7.62 (1H, s), 7.77 (1H, s), 7.83 (1H, d, J = 8.8 Hz), 8.72 (2H, t, J = 4.4), 8.45 (2H, s).

Synthesis of 1-(2-(4-(4-(5-(methylsulfonyl)indolin-1-yl)furo[3,2-d]pyrimidin-7-yl)piperidin-1-yl)-
pyrimidin-5-yl)ethan-1-ol (78)

NaBH3 (1.0 mg, 0.0264 mmol) was added at 0 °C to a stirred solution of 77 (8.0 mg, 0.0154 mmol) in MeOH
(0.5 mL) and CHxCl, (1 mL). The reaction mixture was stirred at room temperature for 30 min. After
completing the reaction, the reaction mixture was quenched with 1IN HCI and extracted with CHCIls. The
combine organic layers were washed with a saturated aqueous solution of NaHCO3z and concentrated in vacuo.
The residue was purified by preparative TLC (CHClIs : MeOH = 20 : 1) to afford 78 (6.4 mg, 80%) as a white
solid.

'H NMR (400 MHz, CDCl3) 6 1.52 (3H, d, J = 6.4 Hz), 1.69 (1H, dd, J = 3.6, 12.4 Hz), 1.75 (1H, dd, J =
3.6, 12.4), 2.23-2.30 (2H, m), 3.03-3.15 (5H, m), 3.16-3.26 (1H, m), 3.38 (2H, t, J = 8.8 Hz), 4.81 (1H, q, J
= 6.4 Hz), 4.88-4.96 (2H, m), 7.61 (1H, s), 7.77 (1H, s), 7.83 (1H, d, J = 8.8 Hz), 8.35 (2H, s), 8.70-8.78 (2H,

m).

Synthesis of 2-(4-(4-(5-(methylsulfonyl)indolin-1-yl)furo[3,2-d]pyrimidin-7-yl)piperidin-1-yl)-
pyrimidin-5-ol (79)

N,N-diisopropylethylamine (122 uL, 0.700 mmol) was added at room temperature to a stirred solution of 73
(100 mg, 0.230 mmol) and 2-chloro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidine (84 mg,
0.350 mmol) in 2-propanol (4.6 mL). The reaction mixture was stirred at reflux for overnight. After
completing the reaction, the reaction mixture was quenched with water and extracted with CHCls;. The
organic layer was dried over Na;SO., filtered, and concentrated in vacuo to afford crude 4-(5-
(methylsulfonyl)indo-
linl-yl)-7-(1-(5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidin-2-yl)piperidin-4-yl)furo[3,2-d]pyri-
midine (181 mg). This crude was used for the next step without further purification.

H20; (26 uL, 0.257 mmol) was added at room temperature to a stirred solution of 4-(5-(methylsulfonyl)in-
dolin-1-yl)-7-(1-(5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidin-2-yl)piperidin-4-yl)furo[3,2-d]-
pyrimidine (180 mg). The reaction mixture was stirred at room temperature for overnight. After completing
the reaction, the reaction mixture was quenched with aqueous NayS;0s and extracted with CHCIlz. The
organic layer was dried over Na,SOs, filtered, and concentrated in vacuo. The residue was purified by
preparative TLC (CHCIs : MeOH =9 : 1) to afford 79 (30.6 mg, 27% in 2 steps from 73) as a brown solid.
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H NMR (400 MHz, CDCl3) § 1.70-1.80 (2H, m), 2.21-2.28 (2H, m), 3.01-3.15 (5H, m), 3.38 (2H, t, J = 10.0
Hz), 3.64 (1H, s), 7.62 (1H, s), 7.78 (1H, s), 7.83 (1H, d, J = 8.8 Hz), 8.10 (2H, s), 8.70-8.73 (2H, m).

Synthesis of 7-(1-(5-methoxypyrimidin-2-yl)piperidin-4-yl)-4-(5-(methylsulfonyl)indolin-1-yl)furo-
[3,2-d]pyrimidine (80)

lodomethane (10 mg, 0.070 mmol) was added at room temperature to a stirred solution of 79 (15 mg, 0.030
mmol) and KoCO3z (10 mg, 0.072 mmol) in N,N-dimethylformamide (1 mL). The reaction mixture was stirred
at room temperature for 1 h. After completing the reaction, the reaction mixture was quenched with water
and extracted with CHCls. The organic layer was dried over Na>SO, filtered, and concentrated in vacuo. The
residue was purified by preparative TLC (CHClIs : MeOH =50 : 1) to afford 80 (2.5 mg, 16%) as a brown
solid.

'H NMR (400 MHz, CDCl3) 6 1.70 (1H, dd, J = 4.0, 12.4 Hz), 1.77 (1H, dd, J = 4.0, 12.4 Hz), 2.20-2.30 (2H,
m), 3.00-3.21 (6H, m), 3.38 (2H, t, J = 8.8 Hz), 3.81 (3H, s), 4.69-4.81 (4H, m), 7.72 (1H, s), 7.77 (1H, 9),
7.83 (1H, dd, J=2.0, 8.8 Hz), 8.11 (2H, s), 8.70-8.74 (2H, m).

7-(1-(5-Fluoropyrimidin-2-yl)piperidin-4-yl)-4-(5-(methylsulfonyl)indolin-1-y)furo[3,2-d]pyrimidine
(81)

Compound 81 was prepared with 2-chloro-5-fluoropyrimidine in place of 2,5-dichloropyrimidine in the same
way as compound 3.

'H NMR (400 MHz, CDCl3) 6 1.73 (1H, dd, J = 3.6, 12.4 Hz), 1.77 (2H, dd, J = 3.6, 12.4 Hz), 2.23-2.30 (2H,
m), 3.06 (3H, s), 3.06-3.14 (2H, m), 3.15-3.22 (2H, m), 3.38 (2H, t, J = 8.8 Hz), 4.72 (2H, t, J = 8.8 Hz),
4.77-4.85 (2H, m), 7.61 (1H, s), 7.77 (1H, s), 7.83 (1H, dd, J = 2.0, 8.8 Hz), 8.20 (2H, s), 8.69-8.73 (2H, m).

Molecular dynamics simulations

The General AMBER Force Field of ligand was calculated by using AMBER TOOLS 14. Molecular
dynamics (MD) simulations were performed with the gromacs 5.1.1 as described below. The dodecahedron
box type was selected as periodic boundary condition. And the box was filled by saline solution. The energy
was minimized by using steepest descent minimization algorithm. NVT (constant Number of particles,
Volume, and Temperature) equilibration was calculated 100pS at 310K. NPT (constant Number of particles,
Pressure, and Temperature) equilibration was calculated 100pS at 310K. MD simulation was calculated 10nS

at 310K. The dihedral angle of trajectory was calculated by using Visual Molecular Dynamics (VMD) 1.9.3.
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Pharmacological Experimental Details

Luciferase reporter assays

T The assay consists of CHO-K1 CRE-luciferase cells that stably express human GPR119 receptor plated at
20,000 cells/well in 80 puL of Ham’s F12 Nutrient Mixture and 0.1% fetal bovine serum in white 96-well
assay plates. On the following day, 20 ul of the test compound solutions were pipetted into the assay plates.
The plates were then incubated for 4 h at 37 °C. According to the instruction of Bright-Glo™ Luciferase
Assay System (Promega), the amount of luciferase generated was quantified in a Centro LB960 luminometer.
The efficacy (Emax) was defined as the relative ratio of the maximal response of the test compound to the
response of AR231453 at 100 nM.

Oral glucose tolerance test (OGTT)

C57BL/6N mice were purchased 11-12 week-old. PET (80% PEG400, 10% EtOH, 10% Tween80™) was
used as a vehicle for administration. Mice were fasted overnight and then received orally administrated
vehicle or test compound 30 min before the oral glucose tolerance test. Glucose was given orally at 3 g/kg
and blood samples were collected from the tail vein at -5, 15, 30, 60, and 120 min. the blood glucose level
was measured using ANTSENSE 11l (HORIBA) and Medisafe (TERUMO), and the area under the curve

(AUC) from -5 to 120 min was calculated as the indication.

Pharmacokinetic Experimental Details

Metabolic stability

Metabolic stability was assessed by substrate disappearance rate in incubation with human liver microsomes
or mouse liver microsomes, and the clearance (uL/min/mg protein) was calculated as the indication. The
assay was performed by incubation of 0.1, 1 or 10 uM test compound with the microsomes, NADPH and
buffer at 37 °C for 0.5 h, and the sample was analyzed by LC-MS/MS with quantitation for a standard curve.

Pharmacokinetic studies

Compound 3 was administered to mice orally at a dose of 10 mg/kg in PET (80% PEG400, 10% EtOH, 10%
Tween80™) or intravenously via the tail vein at a dose 0.5 mg/kg in 75% DMSO. Blood samples were
collected from the jugular vein periodically after dosage and immediately centrifuged to obtain the
corresponding plasma fractions. The plasma was analyzed by LC-MS/MS with quantitation for a standard

curve.
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Chemical Experimental Details

Synthesis of tert-butyl 6-(4-(methylsulfonyl)phenyl)spiro[chromane-2,4'-piperidine]-1'-carboxylate
(96)

Pd(PPhs)s (19.4 mg, 0.0168 mmol) was at room temperature under an argon atmosphere to a stirred
suspension of 7 (107 mg, 0.279 mmol), 4-(methylsulfonyl)phenylboronic acid (67.0 mg, 0.335 mmol) and
Na,COs (522 mg, 4.92 mmol) in 1,2-dimethoxyethane (2 mL) and H2O (2 mL). The reaction mixture was
stirred at 90 °C for 18 h. After completing the reaction, the reaction mixture was extracted with ACOEt. The
organic layer was washed brine, dried over Na;SOg, filtered, and concentrated in vacuo. The residue was
purified by preparative TLC (hexane : AcOEt =1 : 1) to afford 96 (59.0 mg, 46%) as a white solid.

'H NMR (400 MHz, CDCls) 6 1.48 (9H, s), 1.52-1.64 (2H, m), 1.78-1.90 (4H, m), 2.87 (2H, t, J = 6.7 Hz),
3.09 (3H, s), 3.16-3.34 (2H, m), 3.77-4.00 (2H, m), 6.95 (1H, d, J = 8.3 Hz), 7.34 (1H, s), 7.38 (1H, dd, J =
2.3,8.4Hz),7.71 (2H, d, J = 8.5 Hz), 7.96 (2H, d, J = 8.5 Hz).

Synthesis of tert-butyl 6-(4-(hydroxymethyl)phenyl)spiro[chroman-2,4'-piperidine]-1'-carboxylate (9)

Na;COs (55.0 g, 520 mmol) and Pd(PPh3)s (2.40 g, 2.10 mmol) were added at room temperature under an
argon atmosphere to a stirred solution of 4-(hydroxymethyl)phenylboronic acid (21.0 g, 140 mmol) and 7
(40.0 g, 100 mmol) in a mixture of 1,2-dimethoxyethane (500 mL) and water (500 mL). The reaction mixture
was stirred at 90 °C for 18 h and then allowed to cool to room temperature. The reaction mixture was extracted
with AcOEt (300 mL x 3). The combined organic layers were washed with brine (200 mL), dried over Na2SOs,
filtered, and concentrated in vacuo. The crude product was crystallized from AcOEt to give 9 (31.0 g, 72%)
as a colorless, crystalline powder.

mp 173 °C; IR (KBr): 3462, 2942, 1679, 1488, 1432, 1366, 1234, 1165, 1149, 819;

'H NMR (400 MHz, CDCls) 3: 1.47 (9H, s), 1.54-1.67 (2H, m), 1.79-1.87 (4H, m), 2.84 (2H, t, J = 6.8 Hz),
3.14-3.36 (2H, m), 3.75-4.02 (2H, m), 4.69-4.75 (2H, br), 6.90 (1H, d, J = 8.5 Hz), 7.29 (1H, d, J = 2.2 Hz),
7.34 (1H, dd, J=8.3,2.2 Hz), 7.40 (2H, d, J = 8.0 Hz), 7.53 (2H, d, J = 8.0 Hz); *3C-NMR(100 MHz, CDCls)
8:26.7,52.2,119.2,119.9, 126.9, 128.9, 129.2, 130.3, 131.1, 135.3, 144.3, 162.5, 166.8, 204.5; MS (EI) m/z
409 [M*]; Anal. Calcd. for C2sH31NO4: C, 73.32; H, 7.63; N, 3.42. Found: C, 73.46; H, 7.69; N, 3.48.

Synthesis of tert-butyl 6-(4-(bromomethyl)phenyl)spiro [chromane-2,4'-piperidine]-1'-carboxylate (97)
To a stirred solution of 9 (8.50 g, 20.8 mmol) in CH.Cl> (250 mL), CBr4 (10.3 g, 31.1 mmol) and PPhs (7.09
g, 27.0 mmol) were added at room temperature. The reaction mixture was stirred at room temperature for 30
min. After completing the reaction, the reaction mixture was quenched with a saturated aqueous solution of
NaHCO3; (100 mL). The organic layer was separated, and the aqueous layer was extracted with CHCI; (100
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mL). The combined organic layers were washed with brine (50 mL), dried over NaxSOs, filtered, and
concentrated in vacuo. The residue was purified by column chromatography on silica gel (hexane : AcCOEt =
5:1t03:1) toafford 97 (9.16 g, 93%) as a white solid.

The sample was recrystallized from hexane and AcOEt to yield colorless prisms for analysis.

mp 152-154 °C; IR (KBr): 2977, 1698, 1491, 1413, 1233, 1167, 1141, 1066 cm; 'H NMR (400 MHz,
CDCl3) 6 1.47 (9H, s), 1.49-1.61 (2H, m), 1.77-1.87 (4H, m), 2.80-2.88 (2H, m), 3.16-3.32 (2H, m), 3.82-
3.97 (2H, m), 4.53 (2H, s), 6.90 (1H, d, J = 8.8 Hz), 7.24-7.35 (2H, m), 7.41 (2H, d, J = 8.0 Hz), 7.49 (2H,
d, J = 8.0 Hz); 3C NMR (100 MHz, CDCls) & 21.5, 28.4, 32.0, 33.5, 34.4, 39.5, 72.9, 79.4, 117.7, 121.5,
126.1, 126.9, 128.1, 129.4, 132.4, 135.9, 141.1, 153.1, 154.9; MS (El) m/z 471 [M*]; Anal. Calcd. for
C2sH30NO3Br: C, 63.56; H, 6.40; N, 2.96. Found: C, 69.77; H, 6.39; N, 3.02.

Synthesis of tert-butyl 6-(4-((methylsulfonyl)methyl)phenyl)spiro[chromane-2,4'-piperidine]-1'-car-
boxylate (5)

NaSO:Me (301 mg, 2.95 mmol) was added at room temperature under an argon atmosphere to a stirred
solution of 93 (398 mg, 0.842 mmol) in dry DMSO (8 mL). The reaction mixture was stirred at 120 °C for
20 min. After completing the reaction, the reaction mixture was quenched with water and extracted with
AcOEt-hexane. The organic layer was washed with water and brine, dried over NaxSOs, filtered, and
concentrated in vacuo. The residue was purified by preparative TLC (hexane : AcOEt = 1 : 1) to afford 5
(404 mg, >98%) as a white solid.

'H NMR (400 MHz, CDCls) 6 1.47 (9H, s), 1.51-1.64 (2H, m), 1.80-1.86 (4H, m), 2.79 (2H, s), 2.85 (2H, t,
J = 6.8 Hz), 3.16-3.34 (2H, m), 3.78-4.01 (2H, m), 4.27 (2H, s), 6.92 (1H, d, J = 8.5 Hz), 7.30 (1H, s), 7.34
(1H,dd, J=2.3,8.4 Hz), 7.44 (2H, d, J = 8.0 Hz), 7.57 (2H, d, J = 8.0 Hz).

tert-Butyl 6-(3-((methylsulfonyl)methyl)phenyl)spiro[chromane-2,4'-piperidine]-1'-carboxylate (99)
Compound 99 was prepared with 4,4,5,5-tetramethyl-2-(3-((methylthio)methyl)phenyl)-1,3,2-dioxa-borol-
ane in place of 4,4,5,5-tetramethyl-2-(3-((methylthio)methyl)phenyl)-1,3,2-dioxaborolane in the same way
as compound 101.

'H NMR (400 MHz, CDCls) & 1.48 (9H, s), 1.52-1.62 (2H, m), 1.78-1.88 (4H, m), 2.03 (3H, m), 2.85 (2H, t,
J =6.8 Hz), 3.16-3.34 (2H, m), 3.72 (2H, s), 3.76-4.00 (2H, m), 6.90 (1H, d, J = 8.8 Hz), 7.32-7.37 (2H, m),
7.42 (1H, d, J=7.2 Hz), 7.47 (1H, s).

Synthesis of tert-butyl 7-(3-((methylsulfonyl)methyl)phenyl)spiro[chromane-2,4'-piperidine]-1'-car-
boxylate (101)

Pd(PPhs)s (23.2 mg, 0.0200 mmol) was added at room temperature under an argon atmosphere to a stirred
suspension of 91 (76.0 mg, 0.199 mmol), 4,4,5,5-tetramethyl-2-(3-((methylthio)methyl)phenyl)-1,3,2-di-
oxaborolane (58 mg, 0.220 mmol), and Na;COs (316 mg, 3.00 mmol) in 1,4-dioxane (2 mL) and H,O (2 mL).

The reaction mixture was stirred at 95 °C for 9 h. After completing the reaction, the reaction mixture was
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guenched with water and extracted with ACOEt. The organic layer was washed with brine, dried over Na,SOs4,
filtered, and concentrated in vacuo. The residue was purified by preparative TLC (hexane : AcCOEt=3: 1) to
afford tert-butyl 7-(3-((methylthio)methyl)phenyl)spiro[chromane-2,4"-piperidine]-1'-carboxylate (100)
(56.1 mg, 64%) as a pale yellow oil.

3-Chloroperoxybenzoic acid (contains ca. 30% water) (44.2 mg, 0.256 mmol) was added at room temperature
to a stirred solution of tert-butyl 7-(3-((methylthio)methyl)phenyl)spiro[chromane-2,4'-piperidine]-1'-
carboxylate (56.1 mg, 0.128 mmol) in CH2Cl, (1.3 mL). The reaction mixture was stirred at room temperature
for 4 h. After completing the reaction, the reaction mixture was quenched with a saturated aqueous solution
of NazS,0zand extracted with ACOEL. The organic layer was washed with brine, dried over Na SOy, filtered,
and concentrated in vacuo. The residue was purified by preparative TLC (hexane : AcOEt = 3 : 1) to afford
101 (20.6 mg, 34%) as a white solid.

'H NMR (400 MHz, CDCl3) & 1.47 (9H, s), 1.53-1.60 (2H, m), 1.77-1.87 (4H, m), 2.02 (3H, m), 2.82 (2H, t,
J =6.4Hz), 3.16-3.34 (2H, m), 3.73 (2H, s), 3.80-3.96 (2H, m), 7.06-7.15 (3H, m), 7.36 (1H, dd, J = 7.2-8.0
Hz), 7.46 (1H, d, J = 8.0 Hz), 7.51 (1H, s).

tert-Butyl 7-(4-((methylsulfonyl)methyl)phenyl)spiro[chromane-2,4'-piperidine]-1'-carboxylate (103)

Compound 103 was prepared with 4,4,5,5-tetramethyl-2-(4-((methylthio)methyl)phenyl)-1,3,2-di-oxaboro-
lane in place of 4,4,5,5-tetramethyl-2-(3-((methylthio)methyl)phenyl)-1,3,2-dioxaborolane in the same way
as compound 101.

'H NMR (400 MHz, CDCl3) & 1.47 (9H, s), 1.54-1.60 (2H, m), 1.80-1.89 (4H, m), 2.03 (3H, s), 2.82 (2H, t,
J = 6.8 Hz), 3.18-3.32 (2H, m), 3.71 (2H, s), 3.80-3.94 (2H, m), 7.08 (1H, d, J = 2.8 Hz), 7.09 (1H, d, J =
2.8Hz), 7.11 (1H, s), 7.34 (2H, d, J = 8.0 Hz), 7.53 (2H, d, J = 8.0 Hz).

Synthesis of tert-butyl 6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)spiro[chromane-2,4'-piperidi-
ne]-1'-carboxylate (104)

PdClIz(PPhs), (0.23 g, 0.327 mmol) was added at room temperature under an argon atmosphere to a stirred
suspension of 7 (2.50 g, 6.54 mmol), bis(pinacolato)diboron (2.00 g, 7.85 mmol), and potassium acetate (1.93
g, 19.6 mmol) in 1,4-dioxane (33 mL). The reaction mixture was stirred at 90 °C for 12.5 h. After completing
the reaction, the reaction mixture was filtered off. The filtrate was diluted with water and extracted with
AcOEt. The organic layer was washed with brine, dried over Na,SOs, filtered, and concentrated in vacuo.
The residue was purified by column chromatography on silica gel (hexane : AcCOEt=10:1to5: 1) to afford
104 (2.02 g, 72%) as a white solid.

IH NMR (400 MHz, CDCl3) & 1.33 (12H, s), 1.46 (9H, s), 1.52-1.60 (2H, m), 1.75-1.84 (4H, m), 2.79 (2H,
t, J = 6.8 Hz), 3.10-3.30 (2H, m), 3.74-3.98 (2H, m), 6.84 (1H, d, J = 8.0 Hz), 7.54-7.58 (2H, m).
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Synthesis of tert-butyl 6-(4-(2-(methylsulfonyl)ethyl)phenyl)spiro[chromane-2,4'-piperidine]-1'-car-
boxylate (105)

Pd(PPhs)s (6.7 mg, 0.00580 mmol) was added at room temperature under an argon atmosphere to a stirred
suspension of 104 (50.0 mg, 0.116 mmol), 1-bromo-4-(2-(methylsulfonyl)ethyl)benzene (36.8 mg, 0.139
mmol), and Na;COs (184 mg, 1.74 mmol) in 1,2-dimethoxyethane (2 mL) and H2O (2 mL). The reaction
mixture was stirred at 90 °C for 18 h. After completing the reaction, the reaction mixture was quenched with
water and extracted with AcOELt. The organic layer was washed with brine, dried over Na;SQg, filtered, and
concentrated in vacuo. The residue was purified by preparative TLC (hexane : AcOEt =1 : 1) and then
purified by preparative TLC (CHClIs : MeOH =10 : 1) to afford 105 (34.9 mg, 62%) as a white solid.

'H NMR (400 MHz, CDCls) 6 1.44-1.60 (11H, m), 1.77-1.92 (4H, m), 2.80-2.90 (5H, m), 3.12-3.40 (6H, m),
3.75-4.05 (2H, m), 6.90 (1H, d, J = 8.4 Hz), 7.23-7.36 (4H, m), 7.50 (2H, d, J = 8.4 Hz).

Synthesis of tert-butyl 6-(4-((acetylthio)methyl)phenyl) spiro[chromane-2,4'-piperidine]-1'-car-
boxylate (106)

To a stirred solution of 97 (1.00 g, 2.12 mmol) in N,N-dimethylformamide (5 mL), potassium thioacetate
(484 mg, 4.23 mmol) was added at room temperature. The reaction mixture was stirred at room temperature
for 2 h. After completing the reaction, the reaction mixture was diluted with water (100 mL) and extracted
with AcOEt (30 mL x 3). The combined organic layers were dried over Na SOy, filtered, and concentrated in
vacuo. The residue was purified by column chromatography on silica gel (hexane : AcOEt=5:1t03:1)to
afford 106 (827 mg, 84%) as a pale yellow solid.

The sample was recrystallized from hexane and AcOEt to yield pale yellow prisms for analysis.

mp 118-119 °C; IR (KBr): 2940, 1694, 1679, 1491, 1423, 1236, 1152, 954 cm™*; 'H NMR (400 MHz, CDCls)
5 1.47 (9H, s), 1.50-1.58 (2H, m), 1.78-1.87 (4H, m), 2.36 (3H, s), 2.80-2.86 (2H, m), 3.17-3.32 (2H, m),
3.79-3.98 (2H, m), 4.14 (2H, s), 6.89 (1H, d, J = 8.2 Hz), 7.24-7.34 (4H, m), 7.45 (2H, d, J = 8.2 Hz); 3C
NMR (100 MHz, CDCls) & 21.5, 28.4, 30.3, 32.0, 33.2, 34.5, 39.4, 72.8, 79.4, 117.7, 121.4, 126.1, 126.8,
128.0, 129.1, 132.7, 135.8, 140.0, 152.9, 154.9, 195.1; MS (EI) m/z 467 [M*]; Anal. Calcd. for C27H33sNO.S:
C, 69.35; H, 7.11; N, 3.00. Found: C, 69.42; H, 7.17; N, 3.04.

tert-Butyl 6-(4-((isopropylsulfonyl)methyl)phenyl)spiro[chromane-2,4'-piperidine]-1'-carboxylate
(107)

To a stirred solution of 106 (30.0 mg, 0.0641 mmol) and 2-iodopropane (16.0 mg, 0.0941 mmol) in a mixed
solvent containing THF (0.5 mL) and MeOH (0.5 mL), 6 N NaOH (0.5 mL, 3.0 mmol) was added at room
temperature. The reaction mixture was stirred at room temperature for 16.5 h. After completing the reaction,
the reaction mixture diluted with water and extracted with ACOEt. The combined organic layers were dried
over NaySOs, filtered, and concentrated in vacuo. The residue was purified by preparative TLC (hexane :
AcOEt = 3 : 1) to afford tert-butyl 6-(4-((isopropylthio)methyl)phenyl)spiro[chromane-2,4'-piperidine]-1'-
carboxylate (17.0 mg, 57%) as a white solid.
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3-Chloroperoxybenzoic acid (contains ca. 30% water) (19.7 mg, 0.0800 mmol) was added at room
temperature to a stirred solution of tert-butyl 6-(4-((isopropylthio)methyl)phenyl)spiro[chromane-2,4'-
piperidine]-

1'-carboxylate (17.0 mg, 0.0364 mmol) in CHCI, (2 mL). The reaction mixture was stirred at room
temperature for 3 h. After completing the reaction, the reaction mixture was quenched with a saturated
aqueous solution of NaHCOs and extracted with CHCIs. The combined organic layers were dried over
NaySOq, filtered, and concentrated in vacuo. The residue was purified by preparative TLC (CHCI3 : MeOH
=100 : 1) to afford 107 (13.5 mg, 75%) as a white solid.

'H NMR (400 MHz, CDCls) 6 1.39 (6H, d, J = 6.8 Hz), 1.47 (9H, s), 1.50-1.61 (2H, m), 1.78-1.88 (4H, m),
2.85 (2H, t, J = 6.8 Hz), 3.16-3.32 (3H, m), 3.79-4.01 (2H, m), 4.24 (2H, s), 6.91 (1H, d, J = 8.5 Hz), 7.27-
7.35 (2H, m), 7.45 (1H, d, J = 8.2 Hz), 7.55 (2H, d, J = 8.3 Hz).

tert-Butyl 6-(4-((benzylsulfonyl)methyl)phenyl)spiro[chromane-2,4'-piperidine]-1'-carboxylate (108)
Compound 108 was prepared with benzyl bromide in place of 2-iodopropane using an experimental
procedure similar to that used for compound 107.

IH NMR (400 MHz, CDCl3) § 1.43-1.62 (11H, m), 1.78-1.88 (4H, m), 2.85 (2H, t, J = 6.6 Hz), 3.16-3.34
(2H, m), 3.80-4.00 (2H, m), 4.11-4.18 (4H, m), 6.92 (1H, d, J = 8.5 Hz), 7.30 (1H, d, J = 2.0 Hz), 7.35 (1H,
dd, J = 2.2, 8.3 Hz), 7.37-7.44 (7H, m), 7.56 (2H, d, J = 8.0 Hz).

2-(((4-(1'-(tert-Butoxycarbonyl)spiro[chromane-2,4'-piperidin]-6-yl)benzyl)sulfonyl)methyl)benzoic
acid (109)

Compound 109 was prepared with ethyl 2-(bromomethyl)benzoate in place of 2-(bromomethyl)pyridine
hydrobromide in the same way as compound 107.

'H NMR (400 MHz, CDCls) 6 1.48 (9H, s), 1.51-1.60 (2H, m), 1.76-1.85 (4H, m), 2.80 (2H, t, J = 6.3 Hz),
3.14-3.34 (2H, m), 3.79-4.03 (2H, m), 4.26 (2H, s), 4.93 (2H, s), 6.87 (1H, d, J = 8.3 Hz), 7.31 (1H, J=8.3
Hz), 7.40-7.60 (8H, m), 8.09 (1H, J = 7.8 Hz).

3-(((4-(1'-(tert-Butoxycarbonyl)spiro[chromane-2,4'-piperidin]-6-yl)benzyl)sulfonyl)methyl)benzoic
acid (106)

Compound 110 was prepared with methyl 3-(bromomethyl)benzoate in place of 2-(bromomethyl)pyridine
hydrobromide in the same way as compound 107.

'H NMR (400 MHz, CDCls) 6 1.48 (9H, s), 1.54-1.61 (2H, m), 1.79-1.89 (4H, m), 2.85 (2H, t, J = 6.3 Hz),
3.19-3.32 (2H, m), 3.81-4.00 (2H, m), 4.21 (2H, s), 4.21 (2H, s), 6.92 (1H, d, J = 8.8 Hz), 7.31 (1H, 5), 7.35
(1H, d, J = 8.3 Hz), 7.51-7.59 (3H, m), 7.69 (1H, d, J = 7.3 Hz), 8.09 (1H, s), 8.14 (1H, d, J = 7.8 Hz).
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4-(((4-(1'-(tert-Butoxycarbonyl)spiro[chromane-2,4'-piperidin]-6-yl)benzyl)sulfonyl)methyl)benzoic
acid (107)

Compound 111 was prepared with methyl 4-(bromomethyl)benzoate in place of 2-(bromomethyl)pyridine
hydrobromide in the same way as compound 107.

'H NMR (400 MHz, CDCls) 6 1.48 (9H, s), 1.54-1.58 (2H, m), 1.80-1.87 (4H, m), 2.86 (2H, t, J = 6.6 Hz),
3.19-3.32 (2H, m), 3.82-3.96 (2H, m), 4.21 (2H, s), 4.21 (2H, s), 6.92 (1H, d, J = 8.3 Hz), 7.29-7.32 (1H, m),
7.35 (1H, dd, J = 2.2, 8.5 Hz), 7.42 (2H, d, J = 8.3 Hz), 7.50 (2H, d, J = 8.3 Hz), 7.58 (2H, d, J = 8.3 Hz),
8.14 (2H, d, J = 8.3 Hz).

Synthesis of tert-butyl 6-(4-(((pyridin-2-ylmethyl)sulfonyl)methyl)phenyl)spiro[chromane-2,4'-pipe-
ridine]-1'-carboxylate (112)

To a stirred solution of 97 (3.00 g, 6.41 mmol) and 2-(bromomethyl)pyridine hydrobromide (3.24 g, 12.8
mmol) in a mixed solvent containing THF (6.4 mL) and MeOH (6.4 mL), 6 N NaOH (4.27 mL, 25.6 mmol)
was added at room temperature under an argon atmosphere. The reaction mixture was stirred at room
temperature for 2 h. After completing the reaction, the solvent was removed under reduced pressure. The
residue was dissolved in water (50 mL) and extracted with CHCIs (75 mL x 2). The combined organic layers
were dried over Na,SOa, filtered, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (hexane : AcOEt = 3 : 1to 1: 1) to afford tert-butyl 6-(4-(((pyridin-2-
ylmethyl)thio) methyl)phenyl)spiro[chromane-2,4'-piperidine]-1'- carboxylate (2.47 g, 75%) as a white solid.
IR (KBr): 2929, 1681, 1488, 1413, 1365, 1234, 1168, 1151 cm; *H NMR (400 MHz, CDCls) § 1.47 (9H, s),
1.50-1.58 (2H, m), 1.82-1.84 (4H, m), 2.80-2.87 (2H, m), 3.20-3.28 (2H, m), 3.72 (2H, s), 3.78 (2H, s), 3.84-
3.95 (2H, m), 6.89 (1H, d, J = 8.3 Hz), 7.13-7.16 (1H, m), 7.26-7.28 (1H, m), 7.30-7.33 (2H, m), 7.33 (2H,
d,J=7.8Hz), 7.46 (2H, d, J = 7.8 Hz), 7.62 (1H, td, J = 2.0, 7.8 Hz), 8.55 (1H, d, J = 4.9 Hz); °C NMR
(100 MHz, CDCls3) & 21.5, 28.4, 32.0, 34.4, 35.6, 37.5, 39.2, 72.8, 79.3, 117.6, 121.3, 121.8, 123.0, 126.0,
126.6, 128.0, 129.3, 132.8, 136.3, 136.5, 139.6, 149.2, 152.8, 154.8, 158.6; MS (EI) m/z 516 [M*]; Anal.
Calcd. for Ca1H3sN203S: C, 72.06; H, 7.02; N, 5.42. Found: C, 72.10; H, 7.05; N, 5.41.

To a stirred solution of tert-butyl 6-(4-(((pyridin-2-yImethyl)thio) methyl)phenyl)spiro[chromane-2,4'-pipe-
ridine]-1'- carboxylate (2.10 g, 4.06 mmol) and Na,WQO4-2H,0 (135 mg, 0.410 mmol) in 2-propanol (8 mL),
30% H,0; (1.00 mL, 10.2 mmol) was added at 50 °C. The reaction mixture was stirred at 50 °C for 1.5 h.
After completing the reaction, the reaction mixture was quenched with a saturated aqueous solution of
NazS203 (50 mL) and extracted with CHCI; (50 mL x 2). The combined organic layers were dried over
NazSOq, filtered, and concentrated in vacuo. The residue was purified by column chromatography on silica
gel (CHCls : MeOH =1:0to 20 : 1) to afford 112 (2.05 g, 93%) as a white solid.

The sample was recrystallized from hexane and AcOEt to yield colorless prisms for analysis.

mp 150-151 °C; IR (KBr): 2922, 1699, 1489, 1319, 1233, 1170, 1139, 1117 cm; 'H NMR (400 MHz, CDCls)
8 1.47 (9H, s), 1.50-1.60 (2H, m), 1.79-1.87 (4H, m), 2.81-2.87 (2H, m), 3.19-3.31 (2H, m), 3.83-3.95 (2H,
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m), 4.34 (4H, s), 6.90 (1H, d, J = 8.3 Hz), 7.25-7.36 (3H, m), 7.47 (1H, d, J = 7.8 Hz), 7.55 (2H, d, J = 8.3
Hz), 7.59 (2H, d, J = 8.3 Hz), 7.72-7.78 (1H, m), 8.68 (1H, d, J = 4.9 Hz); 3C NMR (100 MHz, CDCls) &
21.8, 28.7, 32.2, 34.7, 39.6, 58.2, 59.5, 73.2, 79.7, 118.0, 121.8, 123.8, 126.2, 126.4, 126.4, 127.3, 128.4,
131.8,132.6, 137.5, 141.9, 150.0, 150.1, 153.4, 155.2; MS (EI) m/z 548 [M*]; Anal. Calcd. for Cs;HssN;0sS:
C, 67.86; H, 6.61; N, 5.11. Found: C, 67.79; H, 6.52; N, 5.12.

tert-Butyl 6-(4-(((pyridin-3-ylmethyl)sulfonyl)methyl)phenyl)spiro[chromane-2,4'-piperidine]-1'-car-

boxylate (113)

Compound 113 was prepared with 3-(bromomethyl)pyridine hydrobromide in place of 2-(bromomethyl)py-
ridine hydrobromide in the same way as compound 112.

IH NMR (400 MHz, CDCI) § 1.42-1.68 (11H, m), 1.78-1.90 (4H, m), 2.86 (2H, t, J = 6.4 Hz), 3.15-3.35 (2H,
m), 3.78-4.01 (2H, m), 4.13 (2H, s), 4.22 (2H, s), 6.92 (1H, d, J = 8.6 Hz), 7.29-7.48 (5H, m), 7.58 (2H, d, J
= 8.3 Hz), 7.81 (1H, d, J = 7.8 Hz), 8.55 (1H, J = 2.0 Hz), 8.65 (1H, d, J = 1.4, 4.9 Hz).

tert-Butyl 6-(4-(((pyridin-4-ylmethyl)sulfonyl)methyl)phenyl)spiro[chromane-2,4'-piperidine]-1'-car-

boxylate (114)

Compound 114 was prepared with 4-(chloromethyl)pyridine hydrochloride in place of 2-(bromomethyl)py-
ridine hydrobromide in the same way as compound 112.

'H NMR (400 MHz, CDCls3) 6 1.42-1.68 (11H, m), 1.78-1.89 (4H, m), 2.86 (2H, t, J = 6.6 Hz), 3.16-3.34
(2H, m), 3.80-4.00 (2H, m), 4.11 (2H, s), 4.22 (2H, s), 6.93 (1H, d, J = 8.6 Hz), 7.28-7.43 (6H, m), 7.58 (1H,
d, J =8.3 Hz), 8.60-8.70 (2H, m).

Synthesis of 6-(4-(((pyridin-2-ylmethyl)sulfonyl)methyl)phenyl)spiro[chromane-2,4'-piperidine] (17)
4 N HClI in AcOEt (10.0 mL, 40.0 mmol) was added at room temperature to a stirred solution of 112 (1.17 g,
2.24 mmol) in MeOH (5 mL). The reaction mixture was stirred at room temperature for 3 h. After completing
the reaction, the precipitate was filtered to afford the hydrochloride of 17 as a white solid. 6 N HCI (20 mL)
was added to a stirred suspension containing the hydrochloride of 17 in CHCI3 (100 mL). The organic layer
was extracted with 6 N HCI (10 mL). The combined aqueous layers were adjusted to a pH of 8 with 6 N
NaOH (30 mL). The aqueous layers were extracted with CHCIz (50 mL x 2). The combined organic layers
were dried over Na SO, filtered, and concentrated in vacuo to afford 17 (795 mg) as an orange solid. The
crude product was used for the next reaction without further purification.

'H NMR (400 MHz, CDCls) & 1.53-1.61 (2H, m), 1.78-1.89 (4H, m), 2.81-2.88 (4H, m), 3.02-3.13 (2H, m),
3.72 (2H, s), 3.78 (2H, s), 6.90 (1H, d, J = 8.3 Hz), 7.14-7.18 (1H, m), 7.24-7.37 (5H, m), 7.46 (2H, d, J =
7.8 Hz), 7.63 (1H, td, J = 1.8, 7.7 Hz), 8.55 (1H, d, J = 4.9 Hz)
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1'-(5-Chloropyrimidin-2-y1)-6-(4-(((pyridin-2-ylmethyl)sulfonyl)methyl)phenyl)spiro[chromane-2,4'-

piperidine] (121)

Compound 121 was prepared with compound 17 in place of compound 73 in the same way as compound 3.
'H NMR (400 MHz, CDCls) 6 1.51-1.65 (2H, m), 1.82-1.98 (6H, m), 2.87 (2H, t, J = 6.9 Hz), 3.41-3.51 (2H,
m), 4.35 (2H, s), 4.35 (2H, s), 4.40-4.50 (2H, m), 6.94 (1H, d, J = 8.7 Hz), 7.30-7.36 (3H, m), 7.48 (1H, d, J
= 7.8 Hz), 7.54-7.64 (4H, m), 7.76 (1H, dt, J = 1.8, 7.8 Hz), 8.22 (2H, s), 8.66-8.71 (1H, m).

Ethyl 6-(4-(((pyridin-2-ylmethyl)sulfonyl)methyl)phenyl)spiro[chromane-2,4'-piperidine]-1'-car-
boxylate (122)

Compound 122 was prepared with compound 17 in place of compound 73 and ethyl chloroformate in place
of 2,5-dichloropyrimidine using an experimental procedure similar to that used for compound 3.

IH NMR (400 MHz, CDCl3) § 1.27 (3H, t, J = 7.3 Hz), 1.51-1.63 (2H, m), 1.82-1.92 (4H, m), 2.85 (2H, t, J
= 6.6 Hz), 3.22-3.38 (2H, m), 3.85-4.06 (2H, m), 4.15 (2H, q, J = 7.3 Hz), 4.35 (2H, s), 4.35 (2H, s), 6.91
(1H, d, J = 8.3 Hz), 7.28-7.40 (3H, m), 7.49 (1H, d, J = 7.8 Hz), 7.56 (2H, d, J = 8.3 Hz), 7.60 (2H, d, J =
8.8 Hz), 7.76 (1H, td, J = 1.6, 7.8 Hz), 8.69 (1H, d, J = 4.4 Hz).

Isopropyl 6-(4-(((pyridin-2-ylmethyl)sulfonyl)methyl)phenyl)spiro[chromane-2,4'-piperidine]-1'-car-
boxylate (123)

Compound 123 was prepared with compound 17 in place of compound 73 and isopropyl chloroformate in
place of 2,5-dichloropyrimidine in the same way as compound 3.

'H NMR (400 MHz, CDCls3) 6 1.25 (3H, t, J = 7.3 Hz), 1.53-1.56 (2H, m), 1.79-1.90 (4H, m), 2.85 (2H, t, J
= 6.8 Hz), 3.21-3.36 (2H, m), 3.86-4.00 (2H, m), 4.34 (2H, s), 4.34 (2H, s), 4.86-4.97 (1H, m), 6.91 (1H, d,
J =8.8 Hz), 7.29-7.40 (3H, m), 7.48 (1H, d, J = 7.8 Hz), 7.56 (2H, d, J = 8.3 Hz), 7.59 (2H, d, J = 8.3 Hz),
7.76 (1H, td, J=1.8, 7.8 Hz), 8.68 (1H, d, J = 3.9 Hz).

1,1,1-Trifluoro-2-methylpropan-2-yl 6-(4-(((pyridin-2-ylmethyl)sulfonyl)methyl)phenyl)spiro[chro-
mane-2,4’-piperidine]-1'-carboxylate (124)

Compound 124 was prepared with 1,1,1-trifluoro-2-methylpropan-2-yl 1H-imidazole-1-carboxylate in place
of (R)-1,1,1-trifluoropropan-2-yl 1H-imidazole-1-carboxylate in the same way as (R)-K-23217.

'H NMR (400 MHz, CDCls) 6 1.53-1.56 (2H, m), 1.70 (6H, s), 1.83-1.94 (4H, m), 2.86 (2H, t, J = 6.8 Hz),
3.19-3.41 (2H, m), 3.79-3.99 (2H, m), 4.35 (2H, s), 4.35 (2H, s), 6.91 (1H, d, J = 8.3 Hz), 7.28-7.31 (1H, m),
7.31-7.38 (2H, m), 7.49 (1H, d, J = 7.8 Hz), 7.56 (2H, d, J = 8.8 Hz), 7.60 (2H, d, J = 8.3 Hz), 7.77 (1H, td,
J=1.8,7.7Hz), 8.69 (1H, d, J = 4.4 Hz).
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2,2,2-Trifluoroethyl 6-(4-(((pyridin-2-ylmethyl)sulfonyl)methyl)phenyl)spiro[chromane-2,4'-pipe-
ridine]-1'-carboxylate (125)

Compound 125 was prepared with 2,2,2-trifluoroethanol in place of 1,1,1,3,3,3-hexafluoro-2-propanol in the
same way as compound 126.

'H NMR (400 MHz, CDCls) 6 1.55-1.58 (2H, m), 1.82-1.95 (4H, m), 2.86 (2H, t, J = 6.3 Hz), 3.26-3.43 (2H,
m), 3.91-4.06 (2H, m), 4.35 (2H, s), 4.35 (2H, s), 4.44-4.56 (2H, m), 6.92 (1H, d, J = 8.8 Hz), 7.28-7.38 (3H,
m), 7.49 (1H, d, J =7.8 Hz), 7.56 (2H, d, J = 8.3 Hz), 7.60 (2H, d, J = 8.3 Hz), 7.77 (1H, td, J = 2.0, 7.8 Hz),
8.69 (1H, d, J = 3.9 Hz).

Synthesis of (R)-1,1,1-trifluoropropan-2-yl 6-(4-(((pyridin-2-ylmethyl)sulfonyl)methyl)phenyl)spiro-
[chromane-2,4'-piperidine]-1'-carboxylate ((R)-K-23217)

(R)-1,1,1-trifluoropropan-2-yl 1H-imidazole-1-carboxylate (553 mg, 2.66 mmol) was added at room
temperature under an argon atmosphere to a stirred solution of 17 (795 mg) and N,N-diisopropylethylamine
(457 mg, 3.54 mmol) in dry N,N-dimethylformamide (3.5 mL). The reaction mixture was stirred at 80 °C for
30 min. After completing the reaction, the reaction mixture was quenched with water (100 mL). The mixture
was extracted with AcOEt : toluene =2 : 1 (50 mL). The organic layer was washed with water (100 mL) and
concentrated in vacuo. The residue was purified by column chromatography on silica gel (CHClI3 : AcOEt =
1:0to4:1)toyield (R)-K-23217 (840 mg, 64% in 2 steps from 112) as a white solid.

mp 127-129 °C; IR (KBr): 2923, 1710, 1588, 1489, 1435, 1319, 1232, 1117 cm; 'H NMR (400 MHz,
CDCls) 8 1.41 (3H, d, J = 6.3 Hz), 1.50-1.69 (2H, m), 1.77-1.90 (4H, m), 2.77-2.85 (2H, m), 3.22-3.41 (2H,
m), 3.85-4.03 (2H, m), 4.33 (4H, s), 5.25-5.31 (1H, m), 6.90 (1H, d, J = 8.8 Hz), 7.25-7.30 (2H, m), 7.32
(1H,d, J=8.8 Hz), 7.44 (1H, d, J = 7.8 Hz), 7.53 (2H, d, J = 8.3 Hz), 7.57 (2H, d, J = 8.3 Hz), 7.66-7.73
(1H, m), 8.65 (1H, d, J = 4.9 Hz); *C NMR (100 MHz, CDCls) § 13.6, 21.2, 31.7, 33.7, 34.2, 39.5, 39.7,
57.7,59.0,67.6,72.4,76.7,117.5,121.2, 123.3, 125.9, 126.0, 126.7, 128.0, 131.4, 132.2, 136.9, 141.2, 149.5,
149.6, 152.7, 153.1; MS (El) m/z 588 [M*]; Anal. Calcd. for C3Hz1N2F30sS: C, 61.21; H, 5.31; N, 4.76.
Found: C, 69.21; H, 5.30; N, 4.91; [a]o?® +0.3 (c 1.0, CHCI3).

1,1,1,3,3,3-Hexafluoropropan-2-yl 6-(4-(((pyridin-2-ylmethyl)sulfonyl)methyl)phenyl)spiro[chro-
mane-2,4'-piperi-dine]-1'-carboxylate (126)

N,N-diisopropylethylamine (240 uL, 0.340 mmol) was added at 0°C under an argon atmosphere to a stirred
solution of 1,1,1,3,3,3-hexafluoro-2-propanol (70 mg, 0.401 mmol) and triphosgene (40 mg, 0.134 mmol) in
dry CHCl,. The reaction mixture was stirred at 0°C. 17 (120 mg, 0.268 mmol) was added at 0°C under an
argon atmosphere to the resulting mixture. After completing the reaction, the reaction mixture was quenched
with water and extracted with CHCIs. The organic layer was dried over Na,SOs, filtered, and concentrated in
vacuo. The residue was purified by column chromatography on silica gel to afford 123 (81 mg, 47% in 2
steps from 112) as a white solid.

IH NMR (400 MHz, CDCls) & 1.64-1.66 (2H, m), 1.87 (2H, t, J = 6.8 Hz), 1.90-1.98 (2H, m), 2.87 (2H, t, J
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= 6.8 Hz), 3.35-3.49 (2H, m), 3.94-4.07 (2H, m), 4.35 (2H, s), 4.35 (2H, s), 5.75-5.81 (1H, m), 6.92 (1H, d,
J=8.3Hz), 7.29-7.39 (3H, m), 7.49 (1H, d, J = 7.8 Hz), 7.56 (2H, d, J = 8.3 Hz), 7.60 (2H, d, J = 8.3 Hz),
7.77 (1H, td, J = 1.8, 7.7 Hz), 8.69 (1H, d, J = 4.4 Hz).

Quantum mechanics

The ligand conformation was minimized by using MacroModel 11.7 with OPLS3 (Optimized Potentials for
Liquid Simulations) molecular force field. The quantum mechanics calculation was conducted by Jaguar 9.7
based on the density functional theory (B3LYP/6-31G™). The electro-static potential (ESP) fitting method is
used for determining an effective charge of each atom. Both Jaguar and MacroModel were applied under

license from Schrodinger, Inc.

Pharmacokinetic Experimental Details

Pharmacokinetic studies

Test compounds (5, 108, and 112) were administered to mice orally at a dose of 10 mg/kg in vehicle (0.5%
MC and 1% Tween80™). Blood samples were collected the jugular vein at periodically after dosage and
immediately centrifuged to obtain the corresponding plasma fractions. The plasma was analyzed by LC-

MS/MS with quantitation for a standard curve.

Pharmacological Experimental Details

Oral glucose tolerance test (OGTT)

C57BL/6N mice were purchased 11-12 week-old. 0.5% MC and 1% Tween80™ was used as a vehicle for
administration. Mice were fasted overnight and then received orally administrated vehicle or test compound
30 min before the oral glucose tolerance test. Glucose was given orally at 3 g/kg and blood samples were
collected from the tail vein at -5, 15, 30, 60, and 120 min. the blood glucose level was measured using
ANTSENSE Il (HORIBA) and Medisafe (TERUMO), and the area under the curve (AUC) from -5 to 120

min was calculated as the indication.
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Chemical Experimental Details

Synthesis of methyl 3'-acetyl-4'-hydroxy-[1,1'-biphenyl]-4-carboxylate (138)

Acetyl chloride (1.1 mL, 14.8 mmol) was added at 0 °C under an argon atmosphere to a stirred suspension
of AICl; (3.94 g, 29.6 mmol) in anhydrous 1,2-dichloroethane (15 mL). After stirring for 30 min, 137 (1.79
g, 7.39 mmol) was added to this mixture dropwise. The resulting mixture was stirred at 70 °C for 1 h. After
completing the reaction, the reaction mixture was added water and then diluted with AcOEt. The organic
layer was dried over NaxSOg, filtered, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (hexane : AcOEt) to give 138 (1.99 g, >98%) as a white solid.

A sample was crystallized from CHCI; and hexane to give colorless prisms for analysis.

mp 150-152 °C; IR (KBr): 3017, 1709, 1641, 1606, 1520, 1433, 1304, 1288, 1216, 1109;

'H NMR (400 MHz, CDCls) &: 2.74 (3H, s), 3.97 (3H, s), 7.11 (1H, d, J = 8.8 Hz), 7.63 (2H, d, J = 8.3 Hz),
7.77 (1H, dd, J=8.8,2.0 Hz), 7.98 (1H, d, J = 2.0 Hz), 8.14 (2H, d, J = 7.8 Hz), 12.36 (1H, s); *C-NMR(100
MHz,CDCls) 8: 26.7,52.2,119.2,119.9, 126.9, 128.9, 129.2, 130.3, 131.1, 135.3, 144.3, 162.5, 166.8, 204.5;
MS (EI) m/z 270 [M*]; Anal. Calcd. for C16H1404: C, 71.10; H, 5.22. Found: C, 71.12; H, 5.29.

Synthesis of tert-butyl 6-(4-(methoxycarbonyl)phenyl)-4-oxospiro[chromane-2,4'-piperidine]-1'-car-
boxylate (12)

At room temperature, 138 (74.8 g, 277 mmol) was added to a stirred solution of tert-butyl 4-oxopiperidine-
1-carboxylate (127) (55.2 g, 277 mmol) and pyrrolidine (11.4 mL, 138 mmol) in MeOH (277 mL). The
reaction mixture was stirred at reflux temperature for 12 h. After completing the reaction, the reaction mixture
was cooled to 0 °C. The precipitate was filtered off and washed with cold MeOH to give 12 (107.8 g, 86%)
as a yellow solid. A sample was crystallized from AcOEt and hexane to give yellow prisms for analysis.

mp 159-160 °C; IR (KBr): 1722, 1688, 1607, 1433, 1397, 1303, 1249, 1147, 1115, 770;

'H NMR (400 MHz, CDCls) 6: 1.49 (9H, s), 1.63-1.71 (2H, m), 2.04-2.12 (2H, br m), 2.79 (2H, s), 3.22-3.34
(2H, br m), 3.96 (5H, s), 7.12 (1H, d, J = 8.8 Hz), 7.67 (2H, d, J = 7.8 Hz), 7.81 (1H, dd, J = 8.5, 2.2 Hz),
8.14 (3H, dd, J = 18.3, 5.1 Hz); *C-NMR(100 MHz, CDCls) : 28.3, 33.9, 39.1, 47.9, 52.0, 78.2,79.8, 119.0,
120.1, 125.0, 126.4, 128.9, 130.1, 133.9, 134.9, 143.8, 154.6, 158.9, 166.7, 191.2; MS (EIl) m/z 451 [M"];
Anal. Calcd. for Co6H29NOs: C, 69.16; H, 6.47; N, 3.10. Found: C, 69.24; H, 6.53; N, 3.06.

Synthesis of tert-butyl 4-hydroxy-6-(4-(methoxycarbonyl)phenyl)spiro[chromane-2,4'-piperidine]-
1'-carboxylate (140)

NaBH, (4.40 g, 116 mmol) was added dropwise at 0 °C to a stirred solution of 12 (52.6 g, 116 mmol) in a
mixture of MeOH (50 mL) and THF (200 mL). The reaction mixture was stirred at room temperature for 1
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h. After completing the reaction, the solvent was removed under reduced pressure. The residue was dissolved
in ACOEt (300 mL) and quenched with a saturated aqueous solution of NH4ClI (100 mL). The aqueous layer
was extracted with AcOEt (100 mL). The combined organic layers were washed with brine (40 mL), dried
over NaxSQy, filtered, and concentrated in vacuo. The crude product was dissolved in AcOEt (50 mL) and
diluted with hexane (150 mL). The precipitate was filtered off and washed with hexane to give 140 (48.9 g,
93%) as a white solid. A sample was crystallized from AcOEt and hexane to give colorless prisms for analysis.
mp 168-170 °C; IR (KBr): 3476, 2957, 1713, 1674, 1607, 1488, 1427, 1284, 1236, 1170;

'H NMR (400 MHz, CDCls) 8: 1.47 (9H, s), 1.63-2.00 (5H, m), 2.20 (1H, dd, J = 13.4, 6.1 Hz), 3.12-3.34
(2H, m), 3.86-3.94 (2H, m), 3.94 (3H, s), 4.99-4.92 (1H, m), 6.96 (1H, d, J = 8.8 Hz), 7.50 (1H, dd, J = 8.3,
2.4 Hz), 7.63 (2H, d, J = 8.3 Hz), 7.74 (1H, d, J = 2.0 Hz), 8.08 (2H, d, J = 8.3 Hz); *C-NMR(100 MHz,
CDCl3) 3:28.4,33.7,35.9,41.8,52.1,62.8,74.2,79.6,117.9, 125.1, 126.4, 126.9, 128.2, 128.3, 130.1, 132.5,
145.1, 152.8, 154.8, 167.1; MS (El) m/z 453 [M*]; Anal. Calcd. for C2H3:NOs: C, 68.86; H, 6.89; N, 3.09.
Found: C, 68.91; H, 6.94; N, 3.07.

Synthesis of methyl 4-(spiro[chromane-2,4'-piperidin]-6-yl)benzoate (13) (& 3-3, Entry 1)
2,2,2-Trifluoroacetic acid (441 mL) and subsequently EtsSiH (75.0 mL, 470 mmol) were added at 0 °C to a
stirred solution of 140 (20.0 g, 44.1 mmol) in CHCl, (66 mL). The reaction mixture was stirred at room
temperature for 12 h. After completing the reaction, the reaction mixture was concentrated in vacuo. The
residue was dissolved in AcOEt (50 mL) and diluted with hexane (50 mL). The precipitate was filtered off
to give the 2,2,2-trifluoroacetic acid salt of 13 (19.3 g) as a white solid. A saturated aqueous solution of
NaHCOs (300 mL) was added to a stirred suspension of the 2,2,2-trifluoroacetic acid salt in MeOH (200 mL).
The reaction mixture was stirred at room temperature for 30 min. MeOH was evaporated from the reaction
solvent under reduced pressure. The precipitate was filtered off and washed with THF (60 mL) and hexane
(60 mL) to give 13 (14.4 g, 96%) as a white solid.

A sample was recrystallized from CHCI3 and hexane to give a colorless, crystalline powder for analysis.

mp 148-149 °C; IR (KBr): 3340, 2934, 1711, 1605, 1486, 1436, 1284, 1245, 1184, 1110;

'H NMR (400 MHz, CDCls) §: 1.52-1.62 (2H, m), 1.78-1.87 (4H, m), 2.93-2.78 (4H, m), 3.06 (2H, t, J =
10.5 Hz), 3.92 (3H, s), 6.92 (1H, d, J = 8.3 Hz), 7.33 (1H, s), 7.37 (1H, d, J = 8.3 Hz), 7.59 (2H, d, J = 8.3
Hz), 8.05 (2H, d, J = 8.3 Hz); 13C-NMR(100 MHz, CDCls) 5: 21.1, 31.7, 35.3, 41.6, 51.6, 73.1, 117.5, 121 4,
125.8, 125.9, 127.6, 127.9, 129.6, 131.1, 145.0, 153.5, 166.7; MS (El) m/z 337 [M*]; Anal. Calcd. for
CxH23NOs: C, 74.75; H, 6.87; N, 4.15. Found: C, 74.77; H, 6.92; N, 4.19.

Hydrogenolysis of 140 (& 3-3, Entry 2)
Under an argon atmosphere, 5% Pd-C (60 mg) was added to a solution of 140 (200 mg, 0.442 mmol) in
AcOH (3 mL). The reaction mixture was stirred at room temperature for 4 h and heated at 60 °C for 15 h and

at 80 °C for 9 h under a hydrogen atmosphere. After completing the reaction, 4 N HCI in AcOEt (9 mL) was

_91_



added to the reaction mixture. The resulting mixture was stirred overnight at room temperature. MeOH (10
mL) was added to this mixture to dissolve the precipitate that appeared. The insoluble material (Pd-C) from
the reaction mixture was filtered off. The filtrate was concentrated in vacuo and diluted with AcOEt (30 mL).
The organic solution was washed with a saturated aqueous solution of NaHCO3 (30 mL) and brine, dried
over Na;SO4 and concentrated in vacuo. The residue was purified by column chromatography on silica gel
(20% sat. NH3/MeOH in CHCI5) to give 13 (141 mg, 95%) as a white solid.

Clemmensen reduction (8 3-3, Entry 3)

Zinc powder (3.60 g, 552 mmol) was added at room temperature to a stirred solution of 140 (1.00 g, 22.1
mmol) in AcOH (10 mL). The reaction mixture was stirred at 100 °C for 5 h. After completing the reaction,
the insoluble material was filtered off and washed with a mixed solvent of THF and MeOH (40 mL/10 mL).
To cleave the N-Boc group, 4 N HCI in AcOEt (20 mL) was added at room temperature to the filtrate. The
resulting mixture was stirred overnight at room temperature and concentrated in vacuo. The residue was
dissolved in CHCI3 (100 mL). The organic layer was washed with a saturated aqueous solution of NaHCO3
(30 mL) and brine, dried over Na,SO4 and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (20% sat. NHs/MeOH-CHCIs) to give an inseparable mixture of 13 and 141
(517 mg) as a white solid. The yield of 13 and 141 were calculated on the basis of *H NMR analysis to show
64% and 4%, respectively.

Synthesis of methyl 4-(spiro[chromene-2,4'-piperidin]-6-yl)benzoate (141)

The authentic sample 141 was synthesized after mesylation of 140 and elimination under basic conditions.
mp 144-145 °C; IR (KBr): 3351, 2940, 2809, 1705, 1604, 1488, 1429, 1292, 1180, 1106;

'H NMR (400 MHz, CDCls) 3: 1.55-1.68 (2H, m), 1.90-2.03 (2H, m), 2.78-2.87 (2H, m), 3.04-3.14 (2H, m),
3.90 (3H, s), 5.65 (1H, d, J = 9.6 Hz), 6.39 (1H, d, J = 9.6 Hz), 6.90 (1H, d, J = 8.0 Hz), 7.22 (1H, d, J = 2.0
Hz), 7.36 (1H, dd, J = 2.0, 8.0 Hz), 7.56 (2H, d, J = 8.0 Hz), 8.04 (2H, d, J = 8.0 Hz); **C-NMR(100 MHz,
CDCls) 6: 36.3,41.5,51.8, 75.5, 116.7, 122.0, 122.7, 124.9, 126.1, 127.7, 128.0, 129.8, 130.2, 132.4, 144.8,
152.7, 166.7; MS (EI) m/z 309 [M*]; Anal. Calcd. for C»1H21NOs: C, 75.20; H, 6.31; N, 4.18. Found: C,
75.16; H, 6.38; N, 4.05.

Reduction of 12 by Me;NH-BH3 and TiCls (8 3-3, Entry 7)

A solution of 12 (10.0 g, 22.1 mmol) in dry CH2Cl, (70 mL) was added dropwise at 0 °C under an argon
atmosphere to a stirred solution of TiCl, in dry CH2Cl, (1.0 M solution, 26.5 mL) and Me;NH-BH3; (1.60 g,
26.5 mmol) in dry CH2Cl, (30 mL). After stirring at this temperature for 30 min, the reaction mixture was
allowed to warm to room temperature and was stirred for 3 h. After completing the reaction, the reaction

mixture was quenched with H,O (100 mL) at 0 °C. The resulting mixture was stirred overnight at room

_92-



temperature. The precipitate was filtered off to give a mixture of 13 and 142 as hydrochloride salts (7.54 g).
The yield of 13 and 142 were calculated on the basis of *H NMR analysis to show 83% and 8%, respectively.

Reduction of 12 by Me;NH-BH3 and TiCls (3 3-3, Entry 8)

This procedure was the same as that in Entry 6 except for the reaction temperature at -20 °C. The ratio of
each compound of hydrochloride salts (13:142 = 50:1) was determined by *H NMR analysis. A mixture of
products was crystallized from MeOH to give the hydrochloride salt of 13 (6.54 g, 79%)

Synthesis of (4-(spiro[chromene-2,4'-piperidin]-6-yl)phenyl)methanol (14)

NaBHa (1.52 g, 40.0 mmol) at 0 °C under an argon atmosphere was added to a stirred solution of 13-HCI
(6.00 g, 16.0 mmol) in dry pyridine (100 mL). The stirring reaction mixture was allowed to warm to room
temperature and heated at 100 °C for 14 h. After completing the reaction, the reaction mixture was quenched
with MeOH (50 mL) at 0 °C and concentrated in vacuo. The residue was dissolved in CHCI; (200 mL) and
H20 (200 mL). The aqueous layer was extracted with CHCIz (200 mL x 2). The combined organic layers
were dried over NaxSOyg, filtered, and concentrated in vacuo. The residue was dissolved in MeOH (20 mL)
and AcOEt (80 mL). At 0 °C, 4 N HCI in AcOEt (20 mL) was added to this solution. The resulting mixture
was stirred at 0 °C for 30 min and concentrated in vacuo. The residue was dissolved in CHCI3z (200 mL). The
organic layer was washed with 1N NaOH (30 mL), and the aqueous layer was extracted with CHCIs (200 mL
X 2). The combined organic layers were dried over Na SO, filtered, and concentrated in vacuo. The solid
product was crystallized from THF (100 mL) and hexane (50 mL) to give 14 (2.88 g, 58%) as a colorless,
crystalline powder. The mother liquid was concentrated in vacuo and crystallized from THF (40 mL) and
hexane (15 mL) to give 2 (0.83 g, 17%) as a colorless, crystalline powder.

A sample was recrystallized from THF to give a colorless needle for analysis.

mp 190-191 °C; IR (KBr): 3260, 3066, 2924, 1490, 1250, 1160, 1142, 1036, 972, 841,

'H NMR (400 MHz, CDCls) 8: 1.61-1.72 (2H, m), 1.81-1.90 (4H, m), 2.71-2.96 (4H, m), 3.08 (2H, t, J =
11.7 Hz), 4.62 (2H, s), 6.82-6.88 (1H, m), 7.32-7.39 (4H, m), 7.53 (2H, d, J = 8.3 Hz); 1*C-NMR(100 MHz,
CDCl3) 6: 20.9, 31.8, 34.4, 40.9, 63.6, 72.8, 117.2, 121.6, 125.4, 126.0, 127.1, 127.5, 132.7, 139.4, 139.9,
152.8; MS (EI) m/z 309 [M*]; Anal. Calcd. for CooH23NO2: C, 77.64; H, 7.49; N, 4.53. Found: C, 77.46; H,
7.55; N, 4.54.
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Synthesis of 6-(4-(((pyridin-2-ylmethyl)thio)methyl)phenyl)spiro[chromane-2,4'-piperidine] (16) (&
3-7, Entry 7)

ADDP (163 mg, 0.646 mmol) was added at 0 °C under an argon atmosphere to a stirred solution of 14 (100
mg, 0.323 mmol), pyridin-2-ylmethanethiol (15) (61.0 mg, 0.487 mmol) and PBus (195 mg, 0.962 mmol) in
dry CH2Cl; (3.2 mL). The reaction mixture was stirred at 0 °C for 30 min. After completing the reaction, the
hexane-THF solution (1 : 4) was added to the mixture. The insoluble material in the reaction mixture was
removed by filtration. The filtrate was concentrated in vacuo and diluted with CHCI3 (30 mL). The organic
layer was extracted with 6 N HCI (20 mL). 6 N NaOH (20 mL) was added to the aqueous layer to adjust the
pH to 8. The aqueous layer was extracted with AcOEt (20 mL x 2). The combined organic layers were washed
with brine (20 mL), dried over Na,SO4 and concentrated in vacuo. The residue was purified by preparative
TLC (CHCI3: 8 M NH3 in MeOH = 20 : 1) to afford 16 (100 mg, 75%) as an orange solid.

Synthesis of 6-(4-(((pyridin-2-ylmethyl)thio)methyl)phenyl)spiro [chromane-2,4'-piperidine] (16) (&
3-8, Entry 3)

Bromine (1.06 g, 6.46 mmol) was added at -20 °C under an argon atmosphere to a stirred solution of PPh3
(1.69 g, 6.46 mmol) in dry CH.CI, (10 mL). The reaction mixture was stirred at -20 °C for 20 min. NaH (619
mg, 12.9 mmol) and CFsCH,OH (1.29 g, 12.9 mmol) were added at 0 °C under an argon atmosphere to the
reaction mixture. The reaction mixture was stirred at 0 °C for 30 min. The solution was used for the next
reaction without further purification. The prepared PPh3(OCH2CFs), in CH2Cl, was added at 0 °C under an
argon atmosphere to a stirred solution of 14 (1.00 g, 3.23 mmol) and pyridin-2-ylmethanethiol (15) (606 mg,
4.84 mmol) in CH2Cl; (10 mL). The reaction mixture was stirred at room temperature for 1 h. After
completing the reaction, the reaction mixture was quenched with water (10 mL). The mixture was extracted
with 3 N HCI (50 mL). The aqueous layer was washed with CHCIz (50 mL x 2). The aqueous layer was
adjusted to a pH of 8 with 6 N NaOH (20 mL). The aqueous layer was extracted with AcOEt (100 mL x 2).
The combined organic layers were washed with brine (20 mL), dried over Na,SO4 and concentrated in vacuo.
The residue was purified by column chromatography on silica gel (CHCIz : 8 M NH3 in MeOH =99 : 1 to
9: 1) to afford 16 (1.35 g, >98%) as an orange solid.

The sample was recrystallized from hexane and AcOEt to yield colorless needles for analysis.

mp 91-92 °C; IR (KBr): 3452, 3294, 2964, 1484, 1244, 1138, 966, 827 cm™*; *H NMR (400 MHz, CDCls) &
1.53-1.61 (2H, m), 1.78-1.89 (4H, m), 2.81-2.88 (4H, m), 3.02-3.13 (2H, m), 3.72 (2H, s), 3.78 (2H, s), 6.90
(1H, d, J =8.3 Hz), 7.14-7.18 (1H, m), 7.24-7.37 (5H, m), 7.46 (2H, d, J=7.8 Hz), 7.63 (1H, td, J= 1.8, 7.7
Hz), 8.55 (1H, d, J = 4.9 Hz); **C NMR (100 MHz, CDCls) § 21.5, 32.2, 35.6, 35.7,37.5, 42.1, 73.3, 117.7,
121.6,121.8,123.1, 126.0, 126.7, 128.0, 129.3, 132.6, 136.2, 136.6, 139.8, 149.3, 153.1, 158.7; MS (El) m/z
416 [M*]; Anal. Calcd. for Co6H2sN20OS: C, 74.96; H, 6.77; N, 6.72. Found: C, 74.87; H, 6.87; N, 6.74.
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Synthesis of 6-(4-(((pyridin-2-ylmethyl)sulfonyl)methyl)phenyl)spiro[chromane-2,4'-piperidine] (17)
Oxone® (1.81 g, 58.0 mmol) was added at 0 °C to a stirred solution of 16 (1.15 g, 27.6 mmol) in MeOH (24
mL) and 6 N HCI (4 mL). The reaction mixture was stirred at room temperature for 24 h. After completing
the reaction, the reaction mixture was quenched with water (80 mL), 6 N NaOH (5 mL) and 1 M NazS;03
(20 mL). The solvent was removed under reduced pressure and extracted with CHCI3 (100 mL x 2). The
combined organic layers were dried over Na;SOa, filtered, and concentrated in vacuo. The residue was
purified by column chromatography on silica gel (CHCIs : 8 M NH3z in MeOH =1 :0to 9 : 1) to afford 17
(1.06 g, 86%) as a colorless solid.

'H NMR (400 MHz, CDCls) & 1.54-1.61 (2H, m), 1.79-1.89 (4H, m), 2.80-2.92 (4H, m), 3.03-3.12 (2H, m),
4.34 (4H, s), 6.92 (1H, d, J = 8.3 Hz), 7.25-7.36 (3H, m), 7.48 (1H, d, J = 7.8 Hz), 7.56 (2H, d, J = 8.8 Hz),
7.59 (2H, d, J = 8.3 Hz), 7.79-7.72 (1H, m), 8.68 (1H, d, J = 4.9 Hz); *C NMR (100 MHz, CDCls) § 21.5,
32.2,35.7,42.0,58.0,59.2, 73.4,117.7, 121.7, 123.5, 125.8, 126.0, 126.2, 127.0, 128.1, 131.5, 132.1, 137.2,
141.7, 149.7, 149.8, 153.4.

The hydrogen carbonate salt of 17 was easily formed during manipulation. The sample was recrystallized
from MeOH to yield a colorless prism for analysis.

mp 260-261 °C; IR (KBr): 3311, 2933, 2716, 1588, 1489, 1307, 1454, 1118 cm*; *H NMR (400 MHz, CDCls)
5 1.91-1.97 (2H, m), 2.03-2.17 (4H, m), 2.84-2.89 (2H, m), 3.35-3.44 (4H, m), 4.36 (4H, s), 6.91 (1H, d, J =
8.6 Hz), 7.29-7.38 (3H, m), 7.49 (1H, d, J = 7.7 Hz), 7.55 (2H, d, J = 8.6 Hz), 7.60 (2H, d, J = 8.6 Hz), 7.77
(1H,td, J=1.8, 7.7 Hz), 8.69 (1H, d, J = 3.6 Hz), 9.65 (2H, br); 1*C NMR (100 MHz, CDCls) 5 21.0, 31.0,
31.5,39.6,57.8,59.1,70.7,117.6,121.0, 123.4, 126.0, 126.1, 126.3, 126.9, 128.2, 131.5, 133.0, 137.1, 141.1,
149.5, 149.7, 152.0; MS (FD) m/z 448 [M*]; Anal. Calcd. for C26H2sN203S-H.COs: C, 63.51; H, 5.92; N,
5.49. Found: C, 63.77; H, 6.09; N, 5.72.

Synthesis of (R)-1,1,1-trifluoropropan-2-yl-6-(4-(((pyridine-2-ylmethyl)sulfonyl)methyl)phenyl)spiro
[chromane-2,4'-piperidine]-1'-carboxylate ((R)-K-23217)

(R)-1,1,1-trifluoropropan-2-yl 1H-imidazole-1-carboxylate (974 mg, 4.68 mmol) was added at room
temperature under an argon atmosphere to a stirred solution of 17-H,COs (1.05 g, 2.06 mmol) and N,N-
diisopropylethylamine (907 mg, 7.02 mmol) in dry N,N-dimethylformamide (10 mL). The reaction mixture
was stirred at 80 °C for 1 h. After completing the reaction, the reaction mixture was quenched with brine (20
mL). The mixture was extracted with AcOEt (50 mL x 2). The combined organic layers were washed with
brine (50 mL x 2), dried over Na;SO4 and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (hexane : AcOEt =7 : 3 to 3 : 7) to afford (R)-K-23217 (1.20 g, >98%) as a
white solid.
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