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&35 s L CUN 23R
ADME absorption, distribution, metabolism, and excretion
AUC area under the curve
BBB blood brain barrier
bFGF basic fibroblast growth factor
BMP N-benzyl-4-(methylamino)piperidine
Boc tert-butoxycarbonyl
CAD cationic amphiphilic drug
Chz benzyloxycarbonyl
CHO chinese hamster ovary
CL clearance
CYP cytochrome P
EDC 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
EWG electron-withdrawing group
FGF fibroblast growth factor
Ko brair?-t_o—ple}sma partition coefficient at 1 h after intravenous
’ administration
mCPBA m-chloroperoxybenzoic acid
MBI Mechanism-based inhibition
NADPH dihydronicotinamide adenine dinucleotide phosphate
NBD-PC 1-palmitoyl-2-{6-[(7-nitro-2-1,3-benzoxadiazol-4-
yl)amino]hexanoyl}-sn-glycero-3-phosphocholine
NC net charge
NMR nuclear magnetic resonance
NV normalized value
PAMPA parallel artificial membrane permeability assay
P-gp P-glycoprotein
pKaz most basic pKa
pKaz second basic pKa
PK pharmacokinetics
PLIP phohpholipidosis-inducing potential
PSA polar surface area
rt room temperature
T elimination half life
t-PA tissue plasminogen activator
VDW van der Waals
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518 BB RICHT BT U Ay FZ—X EEEMRHESFHEMREATF (bFGF)

AR ZE T fEE (MAsH) O—2>THh Y | IMEIARAPAZES 5 2 &1 X 0 EEIk o i
D33 U CIMAERR AN BB DB T D L, AT AARANDFER D 4L TH Y | BER
100 HAEZBZ T D, IMFEZEIIMNZE R 2RO 4 550 3 % HD TR0 | @&l OHINLe,
BEDRI ., @R IMEZ & OEREIER OB L v, 5% b BEROBIMARIAE NS 23, I
O BRI PR ER TR PR AT D8 T L 0 BMREFE D FE T SR TAR THIANC & 5728 4, 08 P D /it
AT BB LTE & e Dbk x e BIBIE & 7R — AN < BF OATEOE (quality of life; QOL)
MREIETT 22 ERMBERES TN S,

PR FEFEIE L ERE I AN (BME) (SIBIR A B L7285 A . t-PA A1 2 F 7o AR VA e 15
S RO/ NI T —T NE AT ZRET 2 MENRR 712XV AENEZHREIE 5
Z LT MREIRCHIEIE OUGESHIFFC X 5, FIESR T ITIMEEZEICME O ERICR D& £
R ANICIR IR 2 BIA T & 57— A3 < a0, 20U D OIEFRIEI I M ZE O 2MEITRRIC R
WTHERAIC S —EDOAMEN TSR TV 5,

— 77 RNER S E RPN 20T TR S D INIRESRICBI L T 2 ORI ER TH 5,
ATERBINTWDZX TR ATT Y — T U ANHEEROIREEREMHNIC L0 i
EBLAEENOIRET D L EX OGN TR . AARMAR 7S X0 AR I Tz HiEd T
A RKZ A2 2015 (B4 201711 ClE TINEREE AR EIRE S 4L D 3EANC DWW T, M IE SN ER O
BHRE LTHWD Z & 2 B4 T 5128 2 ERABILE, BIED & Z AT X TR T 5
HEOBRT, HRT L — KB LRHINTND 8 Lol KEMAEH S K OCKE OGS
NAFLTWD Tz A OYIE O DDHA RTA ] Tk TRR#ANC &L B 1505%
IXHESE U720y (No benefit) | LREdiEnCk b O HAMICMERER L LRI S h TV 53
FNIAEIE L2,

F 72, EAVERILUE T IS FEIE TG &2 B X U 7Pl MRS e OB ES M Thh TR
0 8 AR IIBIRE, T DM CRDILTSRE & BB UTIRE L O 2 Mt EdGE
FEETAFE LRV,

LLEDZ &G 57 72 IR EVE R B O RELGEE ] 27 3 5 I SRR SE 2 L 29~ 2
EMTEIL I IEDIEMRRICB W C A AR ARt 2 2 itk B2 b D,

FRHELF MR pY R (K1 (fibroblast growth factor, LA T FGF) 1%, #RMELFMIMLZ X Lo & T Dk~
IRARRICPER U, TR, FARRIETE. B4, R OVEROIER M AR 2 72 0 ORI
By < . ZHEREVED 32 X 7 BT H 0128, HITE | S TR STV D FGF 1 23 f
Foo, Zop T, EEMERMEEEMaRER T (FGF-2 XX basic FGF, LLF bFGF) %% Dk
D72 A BTENE R &I FE E R 22 & m ORISR R 2 7R U, AW THRIE - IRRIR
e L TATL—FHHERNTIR SN TN D ¥, bFGF IIMRREERFO—>E LTHH LI



THY ., MHRERERIEIZT S LG oM b/ER (Fhtmia g e, mhfkihsr - 28 iE
A, I B ERSE) 28 L TW5b, FEREIZ, bFGF X7 v MR RIMEIRER T T
JAZ BTN it OEBRERERITE 2R T 2 Z E 3 HE SN TER Y | ZEIREE L LTH
PR E R TR REME DN RIB STV D 15, L LR35 bFGF IZHIfREER 263 272, 4
BT LI BRICRIE OGS O TGS 2 5| S 2 TRE B 5 181, F7-, bFGF Idm
AH R ETH LTI miEAKMEIR  (blood brain barrier: BBB) BB MEIZIRAAH Y . Zh
XA LT T 2 ETERRRATH D, LIEBN->T, ZUHDOXRREEFELE
bFGF #AK0 FALA M & WA TE 9 2 & N TE UL BB R ISR IR L e b & B 2 b,

2 AHEDBHI & A

SUN13837 (1) & ¥ bV —AEMEFANFEF TER I NIRRT FHLEWTHY | FGF %
BIRD 7T NG LT bFGF #ROM M EAEH 2 72 53 (¥ 1-1) 8, —J5T 113 bFGF
BEOMIREHEER % L S, bFEGF o 7 F /UKL K3 2 S8 S-S N S HABH 4 Sk L 72\,
EHIC, LAY 1 IR EZ AT D 2 B EMFGISHE LR O F TORZE A FTRET
B FIRGTALEDTH D Z LN~ OBITRHHFCTE 2, ZRo0HEB XY | 1k
AW 113 bFGF DR S A BE LTz, BARM 72 I SETRIRIEIC 72 0 155 LB 2 biTz,

HoN_/
J%NEOWNG
@) N /[j

X 1-1 SUN13837 (1) D&

bE® 1 IR L L CEE LWEREER 7 0 7 7 A VRO ERE T v 7 7 A L
EHLTWED, L& 1 IZEENDT I REGDERNTIK AT, fiRke LTE
L % N-benzyl-4-(methylamino)piperidine (BMP, 2) 23V VIREEZ#HRTHZ ENHL M E 7
o7 (M 12, RAKRT—4), VUREERY Y Y —oPic) VFERERT 5 2 & 2R
LT LIRIETH O N RE 2 EE T 5 = L CHCEMARRE RATL Z L AMEShTWS

19

o

o U UIREEIIRFICEM DRI R G SN A I b m TR Th 5, M ZE T
SUEBILIE O thHEREUGE 2 B L7 IR IR R & L TR G ES D 2 &, &5
(2 bFGF FROIEEM 2 A3 2L BT ORI RIR IR IR b 2 V55 Z L 2 BB
e VVIRBEIEZHI T D U A7 B WRBISG ATRE7R bFGF ARIE D L ez RV 72T &
FIIREW, THLlEREbEIC, FHT 1 2 —MMeawe L, VVIREEZHET D
RSNV N E U BFGF AL B OERBRITIEICE F LT,



Carboxylesterase H2'\f\N HN
Lo o
~ CQ wro~or + 3 )
@)

SUN13837 (1) BMP (2)

X 1-2 BMP (2) OBEBITERA =X L

FROBEWIEERT D7D, ka1 2 — NMeame L, K 1-3 12787 2 2OFEHINE
WS AT L & Uiz, FE#F1 TIR1OBMP REZ, U UIBEEZ R Z LI W7
IUREIEICEWT D 2 L CUEKRNTINR O Z 2T 256 TH U VIFEEAFE Lwbs
Wz RNET 2 L2 LT, HE2 TE ALEW 1 O7 I FEE & RN TR g 45 0
PRUVEIRICZE L ) VIEEIEEABE LT VWI T S VR E AR LAV EEM E RS 2 b
LT,

KD e RT R MBE(CZE T B,

f 75541 -
» Y REBEREZFE UKW
SPIABE(CE AT D,

SUN13837 (1)
K 1-3 U VEREEY R 7 BMET L7z bFGF LA MBI 7o L& T 1 v

k] AL DO E

AWFFETIE, ETHELITHND VT I bEMOBEFEZ BRI E L, BMP & HEEFEIELO 40
DT I MBI DWW T invitro TU UIFESEFHE R 7 > 2 v /L (phospholipidosis-inducing
potential, PLIP) Z&FAli L7z, JATHFFEIZIRWTYT 2 ALEWIE PLIP Bk & 72 2 A REMEDSIE
WITEWNZ EAIRBE STV, ABFFEICEBWTPLIP B E 725 U7 X ALBE B EET
ETDHZERHLI L, £, ML=V T 2 ALAEW® PLIP & in silico YFLF /1T
A—ZORRMEE ST L, K TEDOYT I ALAWIZEB W TILIAVE TPLIP & O H
H S TUE ClogP 3 most basic pKa Ti7e <. second basic pKa # % Z & TPLIP Of
MAE TR TEDAMREMERSH D Z L2 LM LTz, ANEIZOWTARRDF 2 Tk 5,

W2 TR L, PLIPEIEDO YT 2 AL E T 1 OFEEKEAR L. LW
ATl 2 A 222V 7 A us ruaFu A EEA TS 82 M b iRSI7 invitro PREGHID
RIEEA (1 & Mble LT 189%efficacy) A7~ L, BAFRIEMBEIE T n 7y A LEFLTNDH D
EOVHB L7z, & 5IC 82 XM b T v A R— 4 —Th D PIESY L XV BOREE TR,



Flo BRI E A L CWADZ LR LB TER B2 BIR L OKEEAIESEEZ S
THEE LB Z T o728 2 A, invitro #HEGHIBREERIZ 1 LRIETH Y, HBITHEIKKERIC
M EL7z 93 ZRWETZ i Lz (K 1-4), KNFICOWTAKRDOH 3= Th 5,

HZNILN CH/\/L

B @A g @A

X 1-4 ﬁﬁ 1B RWELEE 82 RN 93 DIEE

Wiz, FHEF212HE 1 O7 X RifigE% 14 E#L 123- N 7 — BB LT L 2 A,
vitro IS HIIALRFEIER 2779 99 Z15%7-, 99 |% CYP3A4 [ZxJ % Mechanism-based inhibition
ERZHELTW 2 e, ZNERBSE57-DICHE/RT X /7 HKabrE L, FICREZE
HEEETLIHNTY 2= Va2 v 7 a7 a EVERICERT % 2 & T, #7772 in vitro A%
JatriEEH (Rl 162% efficacy) BN =W ENRE Y 1 7 7 A VR OB TR TEE B35 107
ZRH L, S56I12, 107 O FY 7Y —/VEBR B NI A FVIEAZEAL7Z 108 T invitro #hit
MRREER SR E <A E L2 & ([ 311% efficacy) . 1,4,5- —f&#: 1,2,3-h U 7 —)1
21 O3IMKT I FEEEFHUOMWEEZAT 5 Al me S (M 1-5), KNEIZONT
KimDHF; 4 FETR~D,

H,N SN Cl Cl
f\ OVNCNQ \(\)\O/\KN{:NJ> \(\)\ONKAN{:NJ>
10 108
X 1-5 Fet2 b RWE L 99, 107, K108 niEE

LI, ZHBFEIC OV TR~ 5,



F2E DTIVIELEYMDOTHA U EERK. ) UIBEESRERT )L (PLIP)
EE i

ARETIT, fIEFHE 2/ TR L LICHWA, U UIEEEAE - LIS WIT I U1 ks
WMaERWETZ 2B E L, EEYUT I ALEMDOT YA > A%, PLIP Sz TV, ¥
T 2 ALEYOEE., MMEE. PLIP & ORRIZOW TG 21T - 72D TE DN SOV Tl
/\\\50

£1E MEOEE

U UHREE A, B, SUIFIRZ X U & T A2 OREICY VIRESBRICERET 55
RETHY, B VIRENRBHIHEERA SR HDHE (=—~v 2 B I HRE) 0 #F
F VEmBUENESEY) (CAD) 2 R G- LG EIZA LD Z LML NATWD, RE 1XYW
FEME Y UNEEDE & MEE, CAD 28V Y Y —ARNICER TS Z L TY VY — AR ORUNREEN
AL L RAR Y N—BIZ X2 U VIRERBEVPHEIND Z R ERIFERO—2 LB X T
W5 20,

U UM TRANCEHIRRE SN D Z L TE LI HmETH Y B2 V- B ER S
TR CHID THOL N E R DT —ANE NI LD ZORIED A7 2 BHICREL 5720
\ZFE 2 @ invitro FHIENSBIR SN TE 72, 2B @ invitro AT Y VIREIEFR AT v
¥ /L (phospholipidosis-inducing potential, LL T PLIP) %453 26 % B3 O A B RS CHERR
T2 EaWRRE LT TR DIEMD PLIP IZHET 27 — 2 R&EBEINDHZ LT,
in silico #EL /T A —& 736 PLIP 2 FIT 2 FEOBBICEBKL T& 7, BUEOAIHE
FHRIE T, ALBW DT VA 21T 5 B in silico WELF /T A — 2 & F\WTC PLIP @
B A THIT 5 FENES AL TS 2

insilico WEL /3T A —2 128 &-3< PLIP FRIEED 5 5. Ploemen H 23208 L7 PHIEK
O Tomizawa & 238 L72 PHNEICOW T FIZIE~ 2%, Ploemen &%, {b&¥DMEEEM % 3R
7 pKa EiRIAEMEAE T ClogP % A= PLIP PHIEZHRE LT\ 5D (X 2-1) 2, AL (most
basicpKa) = 8. 7>> ClogP = 1. 7>>(most basic pKa)?2+ (ClogP)2 = 90 % i/~ 9 342 PLIP
BatE. WP —2THil7Z SR WA PLIP B L T2 O TH Y | ({LEW DOHE M
SATNEEEPEDR R T DIZON T PLIP (5P & 22 D aTREMERN @ < 72 2 2 & AR L TV 5%, 14
X EHND Z & KO ClogP KO pKa 1Tt &M OfEENN D 71 7T A AV CEHR A RE
ThdZ e, ATRNEXEECEMNRFEE LTRSS HNWLATND,



PLIP-positive PLIP-negative

(most basic pKa) > 8, (most basic pKa) <8,
and or
ClogP > 1, ClogP < 1,
and or
(most basic pKa)? + (ClogP)? > 90 (most basic pKa)?+ (ClogP)? < 90

X 2-1 Ploemen 512X % PLIP FHIEF

Tomizawa &% ClogP )2 (8 VYV — L@ pH (pH=4.0) (2381F HIERDIEESRF (netcharge:
NC) ZHWeTHlliEZ@mE L Tnd (M 2-2) B, NCIHLEMDA A Aikig & 5fE(b L7
HLOTHY, BUERERLZ 2V T I UALEMOLE. pH TR T T 0 235 2.0 O Tl
ez & 5 (X 2-3),

PLIP-positive PLIP-positive/negative PLIP-negative
NC=1
NC=>1 As ClogP increases, NC<1

the likelihood of PLIP-positive increases.

X 2-2 Tomizawa HIZ X % PLIP FHIE=F /L

net charge
4 MH22+

+2.0
+1.5

+1.0

pH

B 2-3 Netcharge (NC) [k : KR DFA, pH=401ZBIFT B NCIX15¢E725,

ARTHENEZ, NC 23S 1 2R 5562 PLIP PR, 1IZH 7272V 5512 PLIP 2P, NC=1 D
A% ClogP 235 < 72 512240 PLIP Btk & 72 2R3 EH-4 2 L9 5, NCITLEW
DYEIENEZ R D35 T 55 5, Ploemen 5O FITE L R, ATRIEBICAY DL
FEME SO THRERMEDS KT D124V T PLIP [5E & 72 D ATREMEDS @< 72 D Z L Z2RE L TV 5,

ERTRIEICES S & BMP O XD (T WA L EE R IREE A AT 50T I LAY
I% PLIP (GPEIZ 720 B2 L FRRIS D, FFIZ Tomizawa & O FHREIZ IHIE, 27 X 1k



A8 (NC>1) THDEWD T TPLIP [k & 72 5 ATREMENIEF ISRV & SN TN D Z L
5. PLIP ML 7B U7 I AbEME RNZT 2 3R bz, LL2ans, Zh
5 OFPHIEIFZ T HBCEY . OF OFERO PLIP 2 6 L ICBE SN TR Y, AFZEDRI45 &
THUT I ALEWO PLIP ICBT 2 EMITFAE B SN TV RN Lt U7 I UALEY
D PLIP ZHEEE < TRITE TORWAEEME N 5 L& % PLIP B2V T 2 ALEW OHRFRIC
EF LT,

RN TR R Z Z T 72358 0T L UALEME AR L 9 21EE 1 ICRESNTZHD
TiEe <, OEFEMIZH L AL TS (K 2-4), V7 I ALEHD PLIP IZBET 2 40
RIZTNHEEMO Y VIREIEICRD U R 7 FHEIC A < IS FTEE T & 0 Al LA E 2RI
FRRMAZG 2528127582, U7 I ALEMOEE L PLIP OREBRIZOW TR Z
T-7=,

o) o 0 )
d |
SVUsAS TR E RSN
O\

Bavisant Trimethobenzamide
H3 receptor antagonist D2 receptor antagonist
o | o o
Cl S N/@ N> N \)
\ || H H
Cl
Encenicline Moclobemide
[JE-nAChR agonist monoamine oxidase A inhibitor

X 2-4 7IFBEENLTOTIVILEYWEEETHERS

528 ) VBREEFERT Vv )L (PLIP) QRIEARZELLUICHEREE

U UNREIIKF CHBOIC _EREAERT 5720, U UIEENERE LM TIZY VY — 4N
\ZZEHAEEY) (7 A TIR)RRBOOND, Lo T, VVIREIETHD Z L 2R T 512135
W EABMEEE VT T A TR EEMERET 2 2 E DR bMERGIETH L, L LR D
BB Z W HEIZ AV —T y FME L BIBERFZE O M B Cid & 0 2o dud 72
TFIENRKRD BN D, Ulich i3, #)eiEak U~ EE o 1-palmitoyl-2-{6-[(7-nitro-2-1,3-
benzoxadiazol-4-yl)amino]hexanoyl}-sn-glycero-3-phosphocholine (NBD-PC) % T, U Y YV —
LN DL @Y 2w CBEMEEIC X o TR C & 2 F 4 #ii L7z 2, Kasahara &% Ulrich &
DITEEHR L 6N~ 70T L— e ANt A=y 8T vt A REeaE L1 5,
TRbbLEN Y VRE & PR % 96 well THiZE L7 CHO— KL MIICERIN L, 24 Wk 2
. WHBELAAET D2 L TWMVAENTZY VIFEZERL, SHICHOEE ThEIND



HOCEAR AT 5 Z LI K VRO -AMIaE A H T normalized value (NV)  (=HEREN
HOGIREE AR 2 Lo, NV IREPRIZLOES W EFEBI L. £ OfED 1.5 2
RBDETATROEADFRIND Z EE2HRELTWD,

AWFSEIX Kasahara & O F1EICHE U C PLIP 23 L 72 %8, {AF2M:% ATee/efR 0 HEBR3 25 HI
T Kasahara & 2534 L72ALEIRIECTH 2 30 uM XD 10 %5\ 300 uM {2V T NV 23 1.5
UTFERDUTIALEMERNTZ L2 B Uiz, AUFZETIE, 300 uM 2BV T NV 28 1.5
LIFCThrE5EIC TPLIP 2], 15 # 2 285612 IPLIP ) LERT 5,

% 3 CTIVEEYMOYIEBILEMEER L) VIBEESEART U vIL (PLIP) @
HEESNITIEEYMT A >

L&Y DOREE L PLIPOMEM Z RS 2720, £T2RREICHERILT-Y T 2 ka3 -8
AR, ZOPLIPZRHI L. insilico Bt /3T A —% (ClogP K& UpKa) & NVDREIR % fi A
L7 (B 2-1), U7 I MbEMIT2 oD EMERZ2E T 57202 00pKafiza L TR,
T D IEBRIERE M 23+0.5 & 72 5 pH % most basic pKa (pKay) . +1.5 & 72 % pH % second basic pKa (pKaz)
L7z (¥ 2-5), Z2ds, FRITHID OZRWNRY | KX THWzpKa (7 2 ALEMDOSLE 1
pKay &% U'pKaz) 1ZADMET predictor, Simulation.plus.inc. Version 7.2.0001. % AW CEHE L 72l TH
Do

M = MH* == MH?
(NC=0) e, (NC=1) o (NC=2)

K 2-5 pKafkpKa,DEE

{EEM2ONVIF33TH Y, 1.5% EAl>TNDZ &b, RHERIZE N THEWVPLIPEZ A
LTWDZ EAURENTZ, tert-butylJi 2 A3 23DNVIF2L VIR T L7223, #1580 @ Vil
LTz, Y7 a7u Vi E AT 5415, T ONREMENIER MLV (ClogP=0.3) (2620
BI2LFRHEDONVEZ R L2 Z LD PLIPIZHT T D IREMED TFHIIREM TH H L E 2 bl
F2, ALBW2ONEREMATH DR V6DONV H2L FFEE TH Y . PLIPIZRTT 555 F DR
DEEHRERTHD BN, —F, EXY P UVERONELBE S ETROHRE
ARY D UBIE, TN DOIREENIEFIZENIT S 0 b B TLEL D IRWVNVE R LT, {bEY4-
8DOFER B Ploemen<°Tomizawa b O FHIEZ W TY T L AELEMOPLIPZ THITH Z &
ITREECTH D Z RSN,

ZE T NVIMEE 2R U727 O8DpKap ™MD 7 2 ALEM X IRV Z L ICHER L. pKag
MINBTT I AEEMOPLIPZ THIT 2 5 A CRWRIEIC R 2D TR EXT, £Z T,
pKaME T L7227 X AL ONVERIE L, AL (LLUT, pKafiin) ZMaEd 52 & &L
77



# 2-1 BMP#EZT I ALBWD ClogP, pKai. pKaz NV RO PLIP FHlfkEE.

Cmpd.  Structure ClogP® pKai? pKa;?® NV Prediction by Prediction by
Ploemen’s Tomizawa’s
model model

BMP |

1.3 10.2 6.3 3.3 positive positive
@ A O

3a HN 1.2 103 76 2.3 positive positive
Tk
HN
42 0.3 10.2 7.5 3.2 negative positive
\G\IVA
\
5ab HN 0.7 9.8 6.4 3.0 negative positive
N\
\
6P HN~©© 0.7 9.8 6.4 2.7 negative positive
N\
HN
7 @N@ 2.8 10.2 5.0 1.4 positive positive

HN_~
gap 2.0 9.3 2.8 1.1  positive positive

a2 HCl salt. ® Racemate. ¢ Calculated using ChemBioDraw Ultra 12.0. ¢ Calculated using ADMET predictor, version
7.2.0001.
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pKay KN S5 L EZ DN DOMELEEZX 2-6 (TR T, NV ETHWE RIS
LCHRET 570, (bEW 2 O pKazld, EXY DU DERD pKa & RRTENTED, —
XA, BRIFTF OB RIIEZEAT D2 L TEOHEEMENKR T T2 L0056 27, X
YIUNEE L VRN IREAFRSIETH DI EBE~T 0, X7 v RRFE2ITBER A
THTIFRAHITER L7256 (Option 1) <0, BXU P UERO 3MLICE R EZEA L
B4 (Option2) (128X DUEROEENE, IS pka METT 552005, ATFNLT
S EDATFNHAE R DI L GROE ARG RIS LTS (Option3) . B XY 2 4L
DZEFE less basic amine L7210, D pKa (pKap) 122 LVIKTFT5EE26N5,

&2 DENRY PUEENT T b AbEZIT D pH TiX, A TF AT 2 ROERFI1TIE
FEeIl T e MALEZIT CRAREBE IR ETHLT v E=U LA F L LTHFEL T
Bo TDIH, AN DEFRBIEEZMGET L ALEW 2 D 2 DOERF 1M BALICEE X
N5 k)G L (FlzE, BEN/ N LZEn ) DuiE @) ST EFUUHE (b)), A
FNAT I ) EEERY D UBIGHANTEREERT D UHE (o) RBREERT VU AR
SEETVTHET T a~TZ U gEE (d) 2E) 275 2L Th pkaMETTL5L&Z2615
(Option 4),

Option 2 : Introduction of EWGs
to the piperidine ring

;{; R=F, OorH
. Option 1 : Replacement of
Option 3 : Repl t of
eton Epacemen: o ' the benzene ring with stronger EWGs

the methyl group with EWGs
! x%ex
HN | v ¥ =
Ro Ro = O-containing Q\X.,X X=NorC
HN
Y alkyl group N

Ro &{Rf Rf = F-containing alkyl group
HN?” R = Alkyl group ‘ A,{RO Ro = O-containing alkyl group

Option 4 : Relocation of diamines within three sigma bonds
(1,3-diaminopropane moiety is depicted with thick line)

-------------------------------------------------------------------

pKa, = 9.03 pKa, = 7.56

..................................................

XK 2-6 pKa; ZIETFX8®2{LEHMTI A

11



EAE second basic pKa (pKaz) ZIEB S E#=-CT7 I UibEaMD ) UIBEESRERT
v x)L (PLIP) EE{f

Option1 (X 2-6) (2R L7=ALA# D ClogP, pKai, pKaz, X ONNV &% 2-2 12~ T, (LAY
9-25 3L L7z pKar fEAZ BT 2708, EFROBEHIEIZ LY pKalIRE < B, XUBUR
ZEUTUBR (9,100, BTV UER (1), BUXTVUR (12), KUEU I VU (13, 14)
WCEM LT 7 I MEEW D pKa (X2 DFN L VKL NV IZ 15 & FlEo7z, XUBUVERE
THAXPUEHR LT-TT L ALEY (15, 16) THRERIZ pKax (X 2 DFN L VK<, NV X
15 % Flalo7z, 7o b7 VXN EEHT LT I UALEY (17-21) T, BATL7 vE
JR A DB OEHRF A2 D OMBECIE U T pKay W LT 5, B_YPUEED y ML TIET v
FHRAZ1OEALT 17T TpKalZ 2 DZFN L0 &<, NV X 15 % ko7, FEICT v
FIR % —OEALTSHA (18), pKalZ 2 DZFN I VK TFL, NVIZ15 % Flal-7-, XY
DUBHED PALOEE (19-21), 1O EDT vEFFAZEATS I L TpKald 2 DN L
DIKTF L., 2N L&D NV X 15 % Flal- 72,

BRI L L TBER T2 AV GE BREOBREMEIL Y v EOTNL D /NN,
pKay DX F AT ST 5 7 v BB BRI T/ EW, (BAY 22 K123 D pKap 1X 2 D%
NEVELS, NVIXLE & BT, LLAERDAFEX 263524 k251X 20F0
ERED pKaz ZH LTSI 0b 53 1.5 2 Flalb NV 2R Lz (k& 24 LY 25 (2
DWTIIARER 5 Hi T 5 ITHit, 559,

{bE# 16 KT 21 1%, FEHIT ClogP 23X\ (ClogP=0.3) (bbb b3 2 L[AZED NV %
RUTZ 4 ERIFRED ClogP O pKay 2B L TWD—5 T pKaz & NV 2K FLTEY .,
pKaz 23NV Z FHIF 2 ECHHRNTFA—ZThHHZ L 2RRTHERLTHS T,

# 2-2 Option 1 [IZRTALEHD ClogP, pKai, pKaz. KXUTNV.

Cmpd. Structure ClogP ¢ pKaj pKa; ¢ NV
2 /,\/@ 13 10.2 6.3 3.3
F
92 [ 0.1 9.9 5.1 1.0
N
FF
10 /\/(j/kF 0.9 10.0 5.4 12
v
N\
1 ) 1.1 9.8 5.4 11
N

12



X
12 Y 14 9.7 5.3 1.1
N
N7
13 &/QP 1.1 9.8 5.2 0.9
Cl
NTX
14 | -0.4 9.6 5.1 0.8
150 AV%ZH 0.0 10.1 6.1 08
F
16° F 0.3 10.1 4.9 1.1
= F
17b Avk;F 06 10.2 6.8 17
12
y
18b¢ £v4¥§ -0.3 10.1 5.9 1.0
19 gQﬁ; 0.6 10.2 6.2 1.4
F
20 A 0.0 10.1 4.7 1.0
F
21° AKE 0.2 10.0 32 0.9
22 £k on 0.2 10.2 7.2 27
230 Ako 05 10.2 7.0 25
24 KEB -1.0 9.8 6.4 12
Me
25 0.5 9.9 6.8 1.0

of

23 HCl salt. ® 2 HCl salt. ¢ Racemate. ¢ Calculated using ChemBioDraw Ultra 12.0. ¢ Calculated using ADMET
predictor, version 7.2.0001.

BN U UBRICE R IHEZEA L7 LAY (Option2, X 2-6) @ ClogP, pKai, pKaz, &
ONV 3 23 ZRtdli L7c, ALY v EREFOBIIS U T pKa ME T L, 1 2HALL
26, 2 DA LT 27 T NV 1T 15 KV IKETH 7=, BFRE T2 HWIHEEREEEZ 6T 5
28 13, B D UEROMMN DRI L HEFRIIENME < Z & T pKaldRE<ET L,
NV (X 15 % FlE -7z,

13



# 2-3 Option 2 IR TEEHD ClogP, pKai, pKax BTNV
Cmpd. Structure ClogP ¢ pKa; © pKaz® NV

| 1.3 10.2 6.3 3.3
HN
10 S
| F
HN
W
| FF
HN
T O
28° | 0.3 9.7 4.6 0.9
HN
@Q

¢}

2620¢ 1.6 8.6 49 1.2

270b¢ 2.5 7.4 3.8 1.1

a A mixture of cis/trans isomers (cis/trans = 4/1). ® Racemate. ¢ HCI salt. ¢ Calculated using ChemBioDraw Ultra 12.0.
€ Calculated using ADMET predictor, version 7.2.0001.

AFNT XD ATFNILAEEARSIFEIZESL LAY (Option 3, 2-6) @ ClogP.
pKai, pKaz, X O'NV &% 2-4 |ZFEdi L7z, XX 28 AL 29 X1*301X2 LV ClogP
DEMT 2260005 NVIZLE LU FThote, A RFUT I/ EEETH 3LIZEBNT
H NV E 15 % FlElo 72,

# 2-4 Option 31TRTLEHD ClogP. pKai. pKa XNV,

e

Compd. Structure ClogP® pKa: © pKaz ¢ NV
t 1.3 10.2 6.3 3.3
2 Me/NY . . . .
N
29 1.6 8.6 5.8 1.0
577
H
30 %N\; 2.2 8.6 5.9 15
0]
312 N 15 8.1 2.9 0.8
\O/N\;’ . . . .

22 HCl salt. ® Calculated using ChemBioDraw Ultra 12.0. ¢ Calculated using ADMET predictor, version 7.2.0001.

14



INHDOVT I ALAMO T e b AbEERIE 2 & B2 D Z LAV insilico AR TRIR ST
% (X 2-7) 28, 213~ DOEFFAOHIEMDZEN IR Z W2, pH OIR T IC OB
M7 m bk EZ T, 2IEOEER (net charge: NC) 281.0 £ 722 pH IZBWTAF LT
JERT T N ALESNT S REOIFAELEN 99% & Enb, —F, ALEW 29 D —ODEFE
FOHEEMETEEILTHY . pH D& FICEWIRIERC 7 2 F oAb £ 2 T 5hD %, NC 23 1.0
70D pH TIHEANY P UERN T B FALEI N TN 62%, XY U AL OEFR
W7 a kAL ST FFED 38% DR THAET D, (AW 3L IZERENIC T v F bz
HH00, ZTONEFIT 2 ERFTHY, NC 210 725 pH TERY DUEENT 1 Al
SN DFREOFMELRIT 100 TH S, 71 b AERNEHER N L DILAEMIZB T
pKaz & NV B3RIRHZIR T L TR Y . pKax ELOWAMEEZ RIR T 5 R Th o 72,

Net Charge = 1

2N
| C Q ’
HN 99% H2N
. fr— +

D= - N
pKa, =10.2 ‘ pKa, = 6.3 H

HN

e

H

1%

O

N
Y Ha &i
HN HoN
29 — ) — .
N — 62% — N
pKa, = 8.6 <Y> pKa, = 5.8 H

38%

o,
o HoN ~o
HN G\/@ HzN+
—_— — +
31 N ~ 0% -~ N

pKa, =8.1 | ~_ pKa, =2.9 H

HNq 0

100%

X 2-7 1. 29, RO31 D7 u kABEER.
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DFND 2 SDOEFRFFOREEZ TS 72{bE4% (Option4, [ 2-6) @ ClogP, pKai, pKaz,
KONNV 5 25 1Rl L7z XY U UERAZ YR Y DU BRICAE LT 32152 &tk L ClogP
J O pKag IZRE R0 DD, pKag KONNV BILTIK T L7z, Er Y UUVERAy 7 v#R
BTt R b L7z 33 HOV34 1T IZ pKax 2MEF L, 25D NV I 15 % Flal- 7=,
ftat 34 e Fax i iz A F b L7z 35 1% ClogP 28 0.9 ER-T2Icb bbb TZEn
pKaz KONV IZZE(RIZR b e oTe, BREM/NLTE T EF VU FEK 361X ) U 3kE
K32 L0 pKax MEF L, BFREIEEZMFEETEENVIZLIS FTERFLEZ, XUBUERIC
7 v FFFAEA LT 3713 36 & L LT ClogP K& O pKag 12 K& 22 B kT2 b DD, pKaz
K ONNV NI T L7 BRIER L2 AR BT U 78K 38 M idE 29 5 39 L1V 40,
KOAEREEZGTH 41 D pKae b 2 DZN L VK, NVIE 15 KVIKETH -7, KRE
DALEMIZEBNT S NV 13 pKay &EEIT 2 MICH Y, pKax Ral & R T D R Th o7z,

16



# 2-5 Option 4 IR TEEHD ClogP. pKai, pKaz, BTNV

Cmpd. Structure ClogP® pKay ¢ pKa, ¢ NV

2 HNG @ 1.3 10.2 6.3 3.3

32ab HNENb 1.7 10.0 5.2 1.6
H

33" FfQNb 2.2 8.7 3.8 1.0

34.2b TN 14 9.4 4.6 0.9
HO 2 >

35 ‘\:Nw< 2.3 9.4 4.4 0.8
|
36 HN 21 9.5 45 15
T
|
372 HN_ F 2.3 9.3 3.9 1.0
T )
H
38 "@N 1.9 9.9 53 1.3
H
39t HNJ 18 9.6 51 1.3
O
H H
40 16 95 41 1.1
N
RO

N
41% ;jf,{l\/@ 2.2 9.7 4.2 1.4

22 HCl salt. ® Racemate. ¢ Calculated using ChemBioDraw Ultra 12.0. ¢ Calculated using ADMET predictor, version
7.2.0001.
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%58 CTIEEYMD) VIBEESERT U vIL (PLIP) EMEIEFREED
BERMEICET Ao EER

5% 3 HiCIEME L7- pKap IR A MRGET 2728, AR TG L7z 40 O YT 2 ALEHD
NV & ClogP. pKai £ 7213 pKa DBIfRZ o#T L7z, X 2-8132 7 2 U AbEME FEO R TEL
THEH, ZNENOMILPLIP & ClogP (A), pKa: (B), XU pKa, (C) L DOBfREHRT., &
M OFRFIEINV =15 2R LTEY, L0 EMIA PLIP B, FHIAS PLIP 22 £, (A)
Tl ClogP DfEIC L T PLIP 2842527 2 UALEMMNFEEST D Z &6, ClogP & PLIP
OMBIFZRVWEEZ bz, (B) THEAMIZNIZE (pKa k&< 2D1FE) PLIP 24
THUTIVOEIENEZ D DD, pkaa @i Th>TH PLIP ML 25TV T7 I A1LEWY
WIFIET D2 b, pKaa Z HIWTPLIP 2 Pl Z SIdREE L B 2 onfk, —JF, (C) T
1% pKaz=6.2 Z5ElZ PLIP BtEfb-& 4 & PLIP 2 LG Z XAITE 5 Z LR STz, {bEwY
24 J 8 25 N Z DGR DOAMVE T o T2 2y, Wb AR F e 2 U HEEZ AL TN L 2 &
D ARFFETH W insilico 5 Y 7 b TA S Z v O MR TR N8/ NG ST
HOTIERNDINEE 2T,

18



(A) Normalized value - ClogP plot
35

= ° [ ]

g— 3 {

(=) [ ] [ ]

) ® 25

o [ ]

g 2

= [ ]

© [ ]

e i 15 s, o 8 o

-

[ I ) [ ] [ ] [ ]

g . o0 8%; ... ]

(1]

£ 0.5

| -

o 0

=

-2 1 0 1 2 3

ClogP

=
3 35 .
(o]
S 3 °
= ° °
® 25 o
0} [
=2 2
g °
- 15 ° o o o
S L oo s,® 28,38
= ° 8 o%0 0,
€ 05
2 o0
7 75 8 8.5 9 95 10 10.5
calculated pKa,
(C) Normalized value - pKa, plot
=
= 35 o .
3 3 °
2 s ¢ o*
© L)
g 2
£ 15 ° e ey °
ks [ ] e @ ..._a 024 25
5 1 o ® o > *®. ¢
W
g os
S o
2 3 4 5 6 7 8

calculated pKa, 6.2

X 2-8 YT IALEHD NV L ClogP (A). pKas (B). XiXpKa, (C) DBEEH#
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pKa (FEHIMIE) 2N|E S TWAIREKNRIBMET L v %2R 26 IR LY, 7 vHE R K&
w%%%%iﬁﬁ®%$%%®m@%%ﬂ%h&7&@12ﬁ?éﬁ A& =)V a L
EHRIFFD pKa & 27 K FEEL Z ENERITRSNTWD, —J7, AUFFETHWE in
silico V7 b7 =7 ZHWTRDT pKa GHEE) O%E. 7 v REF L OBERF1T B Ao
ERFTOpKa Z#Z LI 13 L0 K TFEH, XX = VIR o ML OEFRF D pKa &
08K TIHDLEINT B, ZNOLDOREND, 7 v R L OEEFR OHEEMAK TR
at "’“Tﬁk%ﬁ' 5T 0.3~04 FEOEWNTH HDITx L, A ¥t ¥ = VOB MK 2R IT
FEEFRMETLY R A X L OETRIDED/MUOE TR FEOZ L E L
T#% IS AL O TND Z &N #IJHH Uiz, X Z = VEOBE ARG IEDOBE TR
S L FARRORE CRBEDL O TV ESEE, 24 BX 25 O pKap I3Z TN 5.0 5L U542
Ekﬁ@\ﬁﬁﬁ®wﬂfi@ﬁokk%zenéo

K 2-6 BEFRIEOEEMETHR (ERERCFHEM .

Cmpd. Structure PKaexy?  ApKaexp  PKacae®® ApKacca AApKa®
42 HaN__~ 10.7 10.4
-1.7 -1.3 0.4

43 HaN o~ 9.0 9.1

|
44 N 10.2 9.8

| -1.2 -0.9 0.3
45 N~ 9.0 8.9

|
46 N__~_Ph 9.9 9.6

| 2.7 -0.8 1.9

N Ph
47 - 7.2 8.8

o

2 experimentally measured pKa values reported in ref. 27. ® calculated using ADMET predictor, version 7.2.0001.
¢ AApKa is defined as ApKacalcd — ApKaexp. It gives the difference in basicity-lowering effects as obtained from the
calculated and the experimental values.

U VIRE SO I IS SN TO RV YR Y VY —ACEETHZ T v
TRERMEZRET D2 ENFRNTHL EENTHD D ALEMNY VY — MIEREEIND £ T
DOEA D= AL%ZK 2-9 (- T, ALEWNRY VY —LNIEMT HDIFETY VY — A
[EZ2 BT 20ERH Y, BEEOEVLEWIIRS I VY — N HE T%é&%z%n
5o UV —ANEIEEYE (pH=4-5) THDH=D, VYV — A;ﬂ%bt%ﬁ@mA%i%
OIS CT—EDRIGTT 1 b AbE 52T 5, B & B O o IR AR Z A E L
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SIETTBZENL.7r b ALENTZDFREOEIE N RKREVEEMITY VY —AIZER- I
GunEEZLND (K 29 (A) ) . ZOME RN =X LINEEM (ClogP) K OMEEM: (pKay)
WY UIREHEWE O EE B LEAONEE L b Z L AR L TEY . EEE, £< O PLIP
THIET LD ClogP & pKag IZHEEADSWTHEF I N TV 5D,

L L, AEFFEICENTYT 2 ALEH D NV & ClogP (ZFHEFIX 72 < | pKay DR E VLAY
T PLIP [ath & R DAL BEMDFAET 5 Z L AURENTZ, £/, ZHETPLIP & OBHNH
HINTHRW pKaz ICE > TNV ZFHAETH D Z L 2R T R AR, 2D &I
AHFFED ENR T BDO VT I ALEMDOHEFHRRE LIz EREEBEL TS 52
HAL%, PLIP THHNEIZBIT 2 SeATHISE Cldsr & 300~500 FEE i il & OV DFFEIR D
PLIP % 34l L TV D23 ARHFIE TIX 0+ 8200 FREE D VT 2 ALEW DO A% d ikt G & Uiz,
RIS L EERIEEME 2 AT DA EWITTE ) W TF A REO SRR Y VY Y —
LA ZEENSEE L, U Y Y — DIMIIEHCT D ATREVEN S STV 5 230, £ ) T A
MUY= MIEBEINRORETIE, L EEEENENC D F A o O FESE

(pKap) (2 X W EREAVBRESN (K 29 (B) ) . TOMREY VIREEEARLRT vy
JL & pKa, DBEMESBfRICENT- b D EBE X BID,

(A) basic drugs (B) fragment-sized diamines
Cytosol Lysosome Cytosol Lysosome
pH=74 pH=4-5 pH=74 pH=4-5

ClogP

ClogP

Base

= Base Base

l] lf pKa, ll
Base-H" 9¥€t---- Base-H" Base-H" ‘
\ 4
Lysosomal pKa,
Trapping

Base-H,? )¢\ Base-H,

\ 4

Lysosomal
Trapping

X 29 TTINEYDY VY —ABEOBEA =X A

21



£ 6 =953

AR TIIARBIE TR L7227 L ALEMOERIEL T 5, 2k, HIE L LTERL
TAL AT E F D HALKSE OB IZFEBRINICE L T WD, B TIFRIZB W T Y T R
VXA YT I ALEMEERE 3 SUTEALKE TS ) — VR 2R AT I L TTRTOE
TN T 1 M ALIND 2 ERTRESIT TR SN TWD Z &M D ARIFSE AR L2
WIZBWTH TR TOEEMEERF N7 e M ALIN TS L0 Ll Lz, 728, (LAWY
2, 7. 32, 36, 38 KO 4L T diibEm A EA L, FAfh L 72,

R UBREANT B RICEW LTALEYOARIERK 2-10 IZFLH L7, ko Chz fRi#Y
TIVA FFEIE L, TAXANTA RERAWTET VX IMERIE, £7E7 0T B RE AN
7B EH 7 X MAERISIZ K o TERY DU ERICEBEL A E A LT Slac &R L7, LAY
5la @ Chz #%& . KEE(L/NT VU L& HWIMKESRIZE > TREL, 9108, 51b &
KO 51c 1ZFEREDNIK R RS T CRIBISAEIT L, Chz DOBREDLREETCH 7272, 6
mol/L Y55 % F - K SRl h3 2 & T 1L B L OV 12 (238 /-, Boc fR#E YT 2 2 50 %
BB LTEGA BRBOFIETERY UUERICEBRILZE AL (52a-c), ML T, Boc
ExRETHZETI0, BEO U EZERLT,

F N
conditions : (a) and (c) Ij 9 (3HCl salt)
N
CF.
| | \ conditions : (b) and (d) ﬁ * 10
pgN aorb PG cordore NN N
NH— N —— N

N
49PG=Cbz PG =Chz:5laR = 3-F-2-pyridyl 9-14 conditions : (b) and (¢) ([ J 1
50 PG = Boc 51b R = 2-pyrazyl N
51c R = 3-pyridazyl N
conditions : (b) and (e) (m 12
PG = Boc : 52a R = 5-CF;- 2-pyridyl N~
52b R = 2-pyrimidyl
52¢ R = 5-Cl-2-pyrimidyl conditions : (a) and (d) N‘ﬁ 13
N

N Cl
conditions : (b) and (d) \2\\@/ 14

Reagents and conditions: (a) Alkyl halide, EtsN or iPr2NEt, dichloromethane or acetonitrile, rt to 60 C; (b) Aldehyde,
NaBH(OAc)s, AcOH, 1,2-dichloroethane or tetrahydrofuran; (c) Pd(OH)2/C, Hz, iPrOH, rt; then 4 mol/L HCI in
EtOAc, rt; (d) Trifluroacetic acid, dichloromethane, rt; (e) 6 mol/L aq. HCI, 60 C; (f) 4 mol/L HCI in EtOAc, rt.

X 2-10 L& 9-14 DEEK.
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bEW 2 DRUBUBRE T VR VBICER LIALEMOERIEA K 2-11 IZF0#E L7z, ik
JEBE 49 22 HIRITHI T X BRI K- T 53a, 53b, K TM53g &, TLFANT A RN 7L
— b, FREFERF T FEHNZT AF AR K- T 53e, 53i. BLT53j #EH LT,
ERITEEET 2 4 MIRFEEZAT D 53h 1T af-REFI ANV = AL ETKET D~ A 7 VAN
B, fe<F MY 7 LT~ T 5E WD AR = ALKSIZ X > THAE LT 34, 53b DX
T AMXTRUUL (PMB) B A ST CBRET 5 2 & TREREMR 53¢ #4572, 53¢ DK
Wiz M) It a XA U ANE= ML T N T T FAT =T AT LAY I\“%ﬁfﬁﬁ S
52 L T7 vFELIR 53d (1T, 53e 225 Deoxofluor & VKR 7 v FALKIGIZ
53f Ak L7z, 53a B L UN53¢-j &, /3T VU ARFARE A T K EBERINSA LH?; & T
3. 17, 19-25 ARk LTz,

a7 uaENEBLOT X2V EIT R T VT A RBEMBE A D KBRS ST
THRB LD T=0, TR0 LV Ak Lz, 7A¥x L7 e ReEfnizT ¥ b
JSIZ XD Bdac AR LTz, Chu O HES ZH W T4 M 7 A m AFbd 52 LT
54d ~& N, BEMESRIET, Boc MABRET D Z L T4, 15, 16 BLTN18 12,

23



a (for 53i, j),

b (for 53a, b, g),
¢ (for 53e)

or

d (for 53h)

| | |
Cbz-N Cbz-N e HN

49 53a £ _M_ 3 & X (@Hclsaly
— 53b L M _OPMB

53c £ M _OH 22 £ X _OH

> 53d L M_F 17 £ M_F (2HCIsal
— 53¢ &)ZOH 23 &)ZOH (2 HCl salt)
= 53t L M 19 £ M

539 0y 2

53h %o 25 %o

]

F F

53 £ A 20 £ L. (@HClsal
A FF

53] MF 21 MF (2 HCl salt)

|
N i .N ; HN
Boc \G\IH ! Boc \G\l j \C
Y Ny
50 54a &A 4 &A (2 HCl salt)
54b &/A—F 18 &/ArFF (2 HCl salt)

H
Bdc g _Z 15 £ _# (2HCIsal
(.

Fe F
F
54d &/F 16 {;\/F (2 HCl salt)

Reagents and conditions: (a) Alkyl iodide or alkyl triflate, EtsN or iPraNEt, dichloromethane or MeCN, rt to 60 C; (b)
Aldehyde, NaBH(OAC)3, AcOH, 1,2-dichloroethane or tetrahydrofuran; (c) 2,2-Dimethyloxiran, iPrOH, 120 °C; (d) 3-
(Benzenesulfonylmethylene)oxetane, MeOH, then Na(Hg), NazHPOs, MeOH, rt; (e) Pd(OH)2/C or Pd/C, Hz, iPrOH or
MeOH, rt, (then 4 mol/L HCI in EtOAC, rt for 3, 17, 20, 21 and 23); (f) Trifluoroacetic acid, dichloromethane, rt; (g)
Tf20, iPr2NEt, dichloromethane, then tetrabutylammonium fluoride, tetrahydrofuran, rt; (h) Deoxofluor,
dichloromethane, rt; (i) 2-Bromomethyl-1,1-difluorocyclopropane, EtsN, MeCN; (j) 4 mol/L HCl in 1,4-dioxane, rt; (k)
Cul, 1,10-Phenanthroline, TMSCF3, KF, N,N-dimethylformamide, 100C.

2-11 &% 3. 4, 15-25 DEHL
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B DU BICEREEZ AT H2ILEMOERRIEEZ K 2-12 12T, TINS5 (F 7 2 ER)
MHAFNT I EHWEETHT X N EIT ) 2L TEBLIN6 A LT, 5D
va%2m®mfﬁ%k4%@K%ﬁ%*NOE@ﬁMénttw 522K, 6% T
VARERE LT, BENY VU RICT v REAFEZ 1OBEAL 26 1%, fiRIEES6 (T
%)#%éﬁbko&m%%%%b&@ﬁm:inyy»%%A%\@m%?:/%ﬁm:
EOAFAT I HEEHA L, HNMR A7 FVENT L 0 26 (X cisftrans = 4/1 DIERAY T
bole, EXY TV UBR BT vHERFE22O8ALZ 27T X a,0-Y 7 /vA 1 58 & H5Y
BHe L, B/ 7VAnRE RO HFIETHERK LT,

vy s atilE AT 5 28 1%, HEE 60 M HIEITTHT I LIS L > TAF LT R/
FEEREANTDHZ L TEM LT, 2RIE NMR A7 MIVIEFTIZBWT, NP DKFEE B
RY DU ANLOKFE, BEOAFNVIELOKSE LB O o fLOKFEIZ NOE DM S -7
O, FEXSLARELE X cis ERE LT,

|
+ HNI"C(Q
N_ H\/ N

5 (2 HCl salt) NOE 6 (2 HCl salt)
axial coupllng
F F
(6) be ©O d HN HN N/ H
— MeHN
[\ N\D \Q \C \/©
Boc
cis trans

26 (a mixture of cis/trans = 4/1, HCl salt) trans

F F I FF
Boc N
58 59 (HCl salt) 27 (HCl salt)

K\NOE

H
OQ@ (j a N Hoj HaCN HO;IH
N : N\/© H NQ
60 28 b Wy
NOE

Reagents and conditions: (a) MeNH2, NaBH4, Acetic acid, MeOH, rt then 4 mol/L HCI in EtOAc, rt. (b) 4 mol/L HCI in
1,4-dioxane, rt; (c) Benzyl bromide or cycloproplymethyl bromide, EtsN, MeCN or N,N-dimethylformamide, (then 6
mol/L ag. HCI for 59); (d) MeNH2, NaBH4, MeOH, rt, then 4 mol/L HCI in 1,4-dioxane, rt.

X 2-12 {L&# 5. 6. 26-28 DERR
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Ib&M 2 DAFNT I ) D AFNIEEE ARG EICET LTAbEmOERIEL K 2-13 1
T, mJREE 6L I L, FRYTARNUTERFUAREE RY REHWZEZHNT I /b
FISIZE»T 29 KN30 #4572, A R T I Z2HAWEETLHT I AEISIET U 7 4
N T7E MR AREE Y RCTETET, FRABTHL A A TRICHEIL L2729, 8
TTHNZ 2-a Y VR T R E WD 2 LT 31 15T,

(0]
a (for 29 and 30) 29 Y
o or HN 0
Xy b (for 31)
N N 30 fMe
61

29-31 Me.

31 i 2 HCl salt

Reagents and conditions: (a) Amine, NaBH(OAc)s, AcOH, 1,2-dichloroethane, rt; (b) MeONH3CI, 2-picoline-borane,
MeOH, rt, then 1 mol/L ag. HCI, rt.

X 2-13 {b&% 29-31 DERK.

Y U UBRD BB/ L OBRIER 2T AL &M O A EE K 2-14 (ZRE# L7, Tk
J5BE 62 12 m-27 v il BRERR B SET R AL 63 257205, AFAT I L DHH
BRIE (64), fe< Boc fRi#lZ LV 65a (T I{K) #1537, 65a D/KEEEA A F/L{k L, 65b
AR LTz, 65a KON 650 225 /3T U Al A AT IKSE S iRIZ KV Chz BEAFRE L. Hi
<EITHT I MERISIZ E o TRUDAILABE AT 5 Z & T 66a L 66b & EALEILER L
7o BPRIT, BAVESRIE T Boc A FRETH 2 E TENEN MBI U3B IZE W, ZARF VR
64 %7 U T 67128 Kalow HDFESEZHNTT v FEK68 (T IK) 2157, 68
D Chz Fea X UNFANE BT H L TIBEA LT,

TET U UFRER 3T 1, TIREEL 69 2 BIEITH T X ABRIRIZ LY 227 v r R UL gE
LTtk BEPESIE T Boc aBRET D Z & TR,

26



B / / Vi
oc—N Boc—N HN
e f
N-cbz R+N_N-cbz RSN r+{_N

62 d l:65aR=OH 66aR=0H 34 R=0H (2 HCl salt)
65bR=0OMe 66bR=OMe 35 R=OMe (2 HCl salt)

la TC
H / /
—N HN HN
OIZ \ b C g _N h C c,e,i C \Q
N-cbz — HO“\_N-Cbz —> N-cbz — F N\ _N-Cbz = F N
63 33

64 67 68

| - |
N ] HN F
2 U \H TNJ@

69 37 (2 HCl satt)

Reagents and conditions: (a) m-Chloroperbenzoic acid, dichloromethane, rt; (b) MeNH2, MeOH, 100 C; (¢) Boc20,
dichloromethane, rt; (d) Mel, NaH, N,N-dimthylformamide, rt; (e) Pd/C Hz, MeOH, rt; then benzaldehyde,
NaBH(OAc)s, AcOH, 1,2-dichloroethane, rt; (f) 4 mol/L HCI in EtOAc, rt; (g) N,N,N',N'-tetramethylazodicarboxamide,
PPhs, tetrahydrofuran, rt; (h) Benzoyl fluoride, 1,8-diazabicyclo[5.4.0Jundec-7-ene, hexafluoro-2-propanol, tert-butyl
methyl ether, 50 'C, rt; (i) Trifluoroacetic acid, dichloromethane, rt; (j) 2-Fluorobenzaldehyde, NaBH(OAc)s, AcOH,
1,2-dichloroethane, rt; then 4 mol/L HCI in EtOAc, rt.

2-14 {b&% 33-35, 37 AR

[320]- V7 v a~Tsy o fEE AT 58 39 BEW 40 O&KEEIK 2-15 (2R
9, HIREE70 (7 AT VAREY) 2R 7 VBT L > TUA— W EH LT, BFEE
DAZ L ANF= T REFANTY AT IURTL ~EE W, RXUULT 2 ‘/%Fﬁb\f:L
e SN2 BT &0 3,6- T e m [320] ~T X ERKEREL, 72 (T® 1K) 2157,
MK FRIZ L - C Chz FiaFrE L, 39 2457, RO FIEE AW CTHBEE 73 205 75 %
HEC LTz, 7512 TFA #/EH S8 T Boc k& BRET 5 2 & T 40 21572,

COH OMs
Cbz- N:[ % Cbe- N:L/\ b bz V®—> HN V@

OMs
71 39 (racemate)
||:1| COH s BO?\I Boc
o, = o = ct CWO
OH OMs \/®
73 74

Reagents and conditions: (a) BHs-tetrahydrofuran, rt; then methanesulfonyl chloride, EtsN, dichloromthane, rt; (b)
Benzylamine, toluene, 60 C; (c) Pd/C, Hz, MeOH, rt; (d) Boc20, NaOH, tetrahydrofuran, water, rt.; (€) Trifluoroacetic
acid, dichloromethane, rt.

X 2-15 {bE&H 39 H 40 OERL
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T =V U MERFEFEZAT S 8 DARIEEZK 2-16 (Tord, HilUEE 76 Z @& =3 w1k
AFNEHNTRATF LT D Z & TTT #1572 1%., BRMESRMET Boc exfrET 522 T8 25
L7z,

Boc \(\/Q a Boc-N\(\/Q b H N\(j@
— —_—
N N N
H | |
76 77 8 (2HCl salt)

Reagents and conditions: (a) 2.5eq. Mel, NaH, N,N-dimethylformamide, rt; (b) 4 mol/L HCI in 1,4-Dioxane, rt.
B 2-16 L&Y 8 DEER

557 Hi INE

ARECIIAIE 2 B CRRM L A#t LIS, VUIR—EZ R LI WO T 2 U1 LEY
DEHRHE B, ST I ALEMOT A >, AR PLIP FHliZ1TV, U7 2 ALEW
O, WM, PLIP & OBRICOWTHRE 21T o 72, SEATIISED 5 U7 < LA I PLIP
Btk & 72 5 AIREMEDSFER ISR 2 L ARIE S 7203, ARBFFRIZI5U T PLIP [k & 72 2850
T IUMEEWE RNET LTk E Lz, 72, 40 DT T I ALEMIZ OV T PLIP &R
LR OB E ST L, KO FEDO YT L ALEWITB W TIL, 24 E TPLIP & OREf%
DHE STz ClogP, pKay TidZe <, pKaa Z HWTY 7 X ALEW D PLIP O A 4 1l
THHERNABTHLZ L2 LT LT,
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F3E YUBEHEBREARTI YL (PLIP) BHOCT I UEEYMERL:
SUN13837 FFEARD & B &k U A Y EEE

ARETIL, 6 1SS 2 {7 H8F 1 ITheW, RN TIAKS A Z T TH Y VIEEES
i L7V bFGF RSt a & R24 2 & 2 HAYIC, SUN13837 B AR DE . MOV
WiaHii 24T - 72 D T OFEIZ OV TR~ 5,

£1E MENE=

AETIE, B LEFE2HCORLUIEFTEH LIV, LAW 1O BMP #iE%E, RIE CTRWEL
72 PLIP [atE 7 2 Ui (2 28 #A L 72 SUN13837 755K D Ak & OVE I D\ Tk 5
PLIP f&tETT I UBEZ AT HEICL D EERNTIKSHEZ T THLAELL YT I U1k
BN VIEEEAS I SR T2 LE e U UIREIE Y A7 MK T L7z bFGF R IR k&
MaERWETZENTEDHEEZLND,

SUN13837 #H &8RO IEH/EM & LT, M b/EH 0—2Th 2 iR (E M % invitro
BRI L VR L7z, 7% X RIS T A B MR s E T h 5 —J7,
B CIIMRMEEZ G S 23 %, 7 v MIREEEREE I 7V 2 I VAR %
EARIRRER BT B A3, bFGF XX 1 2 7 V4 X UEEIRINANCINZ 5 2 & THIMAE 2 A &I
T2 Z ERMESNTWD 8, KHFFETIE, 1 2R E L, LA RN L 2B oM
FaAAF5 % LIZRT HTR L, £72, AFZE TN L 722 TO/LEMITHONWT, ZO3KHE
YEF Y FGFR-1 OERFLERITH 5 PD16686638 IRINIC L v Efrans Z L 2R L, D
SEHEER Y 1 FIERIC FGF ZRIKS 7N LIZA D= A LCHET D Z 2B L, &
51T, invitro SEELRHM & OSEM B REFFAN 2 355 &8k L 7-ALEMIT OV T, invivo 7 v MR
PEMMAEZE £ 7 VAT L 0 SRR SCE R & 31T L 7,

L& 113597236 b CYP3A4 DREHIHYATE(L (Mechanism-based inhibition, MBI) {EH
ZH LTS, CYP OB ARTEL L 1Z. CYP TORBIISO TRMEN RS EA2E S, CYP
BHOT XV BEEEEAREAERT L. HOWVEIALRICHESFL— 5 LI X
D CYP OREZEZTHRTHY | HWEHBAEIZ LD iRy 7e CYP FAE L I13R 745 3, MBI
TERIZE Y CYP OFEERNEMEICIES 720, R OEFRM: L KW AERRMEE 725
AREMENR B D Z & MUSTERB E OFRERICI W B a R A—2 a VB> T2 CYP EAN
TIEREZ RS IEFICH 2N D EE R (FRICBBEN) AFERE5I ST RtErd 5
ZEDD | FRIE GBI ORWEEL AR T 5 L CHET REIETH D O, AT
I3 SUN13837 #FiE kD MBI /EM & 0 TR 9% 2 & T, MBI EH 2K & & 5 5 3 % Rk
WD Z L& LT,
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28 invitro B R U5 v b EMENREETE

AR CRMH L7 PLIP EZEYT I AbEMIT, BRI EEEATHZ & TpKa 2K F S+
7=Type 1 &, BEM/NTDHZET2O0ERFTNITOX, —HOERFFNE R LE
LTI b X OERE O pKay KT SH72 Type 2 IZKBITE S (K 3-1),

Type 1 :Substitution of the benzene ring with stronger electron withdrawing group
heteroaromatic

N4j
| AN
HN\C alkyl group with fluorine
N F F E
Y AN AKE A AF

F
alky | group with hydroxy| or alkoxy group

‘K)ZOH ;\Co

Type 2 : Ring contraction to arrange two nitrogens within three sigma bonds

H'L HIL Q
W A o O

X 3-1 fRF|EHZR PLIPRRMEST I VLAY

Type 1 IZR L72P 7 2 v AbAE W& B L= SUNL3837 shE kDA M %2 £ 3-1 IR,
GEFATOBREEALZ 79131 & FE%O invitro MRRAIIEEER 248 L Q- 74 n
TNFNELE T 2 EMOREEMEMEBEIIAM TIIR, Yo7 d ez F AR AT 5 80
I in vitro MR REER N KR E KT LR, Y7 dnvrarm e A F_EEE A
L7282 131 &l U CIHERITHENTZ invitro MfSHIIAIRGEIE M 2R L7z, Ziudsz7 7 mx
VERERVEBUVRPIERN S N B EFEUOMAEFERZERL O 2 ZLIERT b D EE
2D M, BERTEZELT VI NVIRICER LT-{LEY (83-85) (X, 1 &k#k L T invitro
PRI REEH IR IS R b7z, P2 A3 2887 L L8401 in vitro AR ORGELE
I E LS WEBE 525 2 LR ENT, £ 3-1 IR LE—HEOLEMITEB N T,
ClogP DX T & MBI EH DK BT Y | FREMEDIK T2 MBI ERUEIICFH G- L2 b
DEEZHND,
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% 3-1 Typel U7 I AbEMEEA LT SUN13B3T7 FHEMKRD A4 Wit

Hsz\
N

EN

N \

! N

o)
gaey

compound structure logP ¢ Neuroprotective Activity® MBI (% remaining) ©

1 e 2.3 100 60
N

79 A 1.0 96 99
F

80 ANE 2.0 76 98
F

81 &*E 2.6 103 75

g2ab /\AFF 2.2 189 86

83 ke 0.7 74 07

84 /TO 1.1 78 95

85 ~ 12 59 97

2 HCl salt. ® racemate. ¢ Determined by reverse phase high-performance liquid chromatography. ¢ At 10 uM, in
reference to 1. ¢ Remaining CYP3A4 activity with human liver microsomes. (30-min preincubation by 100 uM)

Type2 7 2 AbEW A E A L7z SUN13837 #FiE (RO AW
NYVUEBEEY IV UBRICERH LI 86 13 1 L H# LT in vitro MEAIIRREERMET L
2o 1LOERY D UBRETEF VU BRICAR L7 89 1XENT- invitro MRHIIAIREIER 24 L
TUN2AY, 89 DELEEEE % E X L7z 90 (28 T in vitro fi MRt ERME T L2 &y

A R AR 3217”7, 1o

B in vitro MHIRLCREMEF 2 R VEMEEUE A2 L 5 2 ENTERL RoTcied B2 bD,
ClogP 78 L5 L7=Z LIZRK T2 &£ 3& 2 D MBI ER D583 90 TH BT,
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£ 32 Type2 V7 I AtEMEEA LT SUN13B37 FHEMKRD A Wit

Compound Structure logP ¢ Neuroprotective Activityd MBI (% remaining) ¢

\
86 2P \{NE J© 2.6 7% 55
N

|
89 YN\CNVQ 21 127% 58

90° \/NQZQ 28 87% 40
H\:

2 HCl salt. P racemate. ¢ Determined by reverse phase high-performance liquid chromatography. ¢ At 10 pM, in
reference to 1. ® Remaining CYP3A4 activity with human liver microsomes (30-min preincubation by 100 uM).

B bRV invitro HEHIILREIER 2432 82 O T v b EWENRERER 2 FhE L7z, % 3-31C
7w b PK 717 7 AL Winvitro ADME /X7 2 —# ZRd, (L& 82 1% 1 & b LTI
P (Toe) DIERE L, FREE DAY FHIFIH A (Bioavailability, BA) A L T\ o, Fiz,
FRARINA G- 1 REE % ORI PR FE I (Kpan) 131 & RBRICIRE TH - 7=,

BURTENZ &0, LA OSEITEL L TV AICHLEDL BT, (a1 13 PEZ v 3
'E  (P-glycoprotein; P-gp) DRI EETHLH—T7, \bEW 82 13 P-gp DIE TIL/RNZ &N
A LT, B DUEROBEIMENME T L2 2 & T, P-gp (2x 3 28 AMEDME T L 72 aTRENE
DD B, Fi=, fbEW 1 K82 134L12 BCRP DIEE TldlenoT-, T HDFERMNS, 1k
4 82 1% P-gp XU BCRP IZ X 2 WP A2 T2\ 2 & THORMBATHRHIRTE 56D
O, ZEAEEENYE (PAMPA) 2MEWTZOITHIRN R G5-4% 1 Rpfi Tl iE & idta kR o 3K
AR ERRIBIZE L TR LT, Ko MEEZ /R L7z rIREMEDS RIE STz,

F 331KV 8R2DOPK a7 7LV akWinvitro ADME /X5 A —#%

Intravenous ¢ Oral Bioavail P-gP PAMPA
Tz CL Vd Dose AUC ability efflux  (-Log
(h) (L/n/kg)  (L/kg) (mg/kg)  (ng-h/mL) (%) Kpin® ratiof  Papp(cm/s)) 9
1 14 25 2.3 10 3704 70 0.15 6.3 -5.4
gape 2.7 2.3 3.2 5 1102 52 0.12 11 -6.3

a Sprague-Dawley rats (n = 2).  HCI salt. ¢ racemate.? Both compounds were administered at 1 mg/kg. © Brain-to-plasma
concentration ratio at 1 h after intravenous administration. f Caco-2 cell monolayer was used with quinidine as a P-gp
inhibitor. ¢ determined at pH 7.4.

Turz, elimination half life; CL, clearance; AUC, area under the curve.

32



LAY 82 1L FEHRIRAE C RAF AP IRENHIFFCE 550D, MREIRE L THWOEEIX
BeEZELIIICBATT D, T2 bE0E0 K B2 B T2 ENEELY, £ T,
Ko DM EZBHIE LT ALAEW82 D 5-T X /Y I VUNLEE6-7 nu Y X UNILITE
L7293 2R/ LTz, 6-7 8t U ZUNEIT-NH D X O Ak FREA I GEE2 R 2720 2
EDD, ZEMBEEREORENIFTE S 45, F1- LEM LD 5T /v I UL
Z6-runt’ ) XN EBR LUTALEWH invivo 7 v MKEZET T LV CEOMEE I RTZ L
DEESNTND Z E0D %, bFGFEROIREIEAMARI S ND b D EE X T2,

L&Y 93 DAEWFHZ R 3-4 1277, LA 931X 82 LB L TRESIKFLELDOD,
tE&Y 1 LIRFRED in vitro #RRGHIAPREFET 2R L, BIRW) FGF-1 A KEETH 5
PD166866 MDA (3 uM) (2 X 0 AVEM D 96% 2 PHE Sz, £7-. LA 931182 LIl L
THRIRMER A E L= oo, MBIHERZ RS ooz,

# 3-4 93 DAY

Compound Structure logP¢  Neuroprotective activity® MBI (% remaining)®

Cl
932ab QO 3.1 105 99
«WI}VA$

2 HCl salt. P racemate. ¢ Determined by reverse phase high-performance liquid chromatography. ¢ At 10 uM, in reference
to 1. ¢ Remaining CYP3A4 activity with human liver microsomes (30-min preincubation by 100 pM).

& 93 D PK 7' 7 7 A VKN invitro ADME /35 A — 4% %3 35 (TR T, &0 TOHKE
BN L1D2ETHLZLEBETLHE, ALAMIB D AUC T L LR%ETHoTz, £72, &K
L7238 Y 93 oz IIGEEME L 82 & bl L Tk L& 10 f5REE A L Lz, AKE/BEMEGHED
RN Z 72T <, Hafeprﬁi)ﬁmbu L7eZ &b ZEMPESE RO EIcH 5 LB 2 6h
%o ALEY 93 D Kpan1E L0 IZUT< . EARNER G- L RsRI% CTHHIc B T L T d 2 &8
méhtom%%1&93%NNwH#ﬁEFtbﬁ%i&n/~A¢f4V%1N~ﬁbt
LA ALEW QB OT X REEPIMKDSESND Z ETELDZ YT I UOEREN 1 DZEN
WHARREE T L, ZHDHDOfRE DL, LAY 93 1T ER Bl (PLIP 2T T I AbE
MEBALTNDZ L), ROEMNZRBLA OWKSRIZE DT I VARBEN &) b 1
R L CU UREIEY A7 DR E KT Lz LiEsST 7=, (baM 93 B3+ et it &
HLTWDHZ L, KON UREIEY A7 PME T L2 Z L 2R TE 72729, invivo 12T 93 D
RN AT H Z & & L,
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Fz 35 1KVPIBDOPKFa7rA/LakNinvitro ADME /X5 A —#%

Cmpd Intravenous ¢ Oral PAMPA  Hydrolytic
Tz CL vd Dose AUC P-gP (-Log rate
(h) (Lh/k (LK (mg/k  (ng- Bioavaila  Kpin  efflux ~ Papp(cm/  (pmol/min/
0) 9) s)] h/mL) bility (%) © ratiof )¢ mg p) "
1 14 2.5 2.3 10 3704 70 0.15 6.3 -5.4 7.2
93¢ 1.7 23 4.2 5 1589 73 092 11 -5.2 0.0

2 Sprague-Dawley rats (n = 2), ® HCI salt. ¢ racemate.? All compounds were administered at 1 mg/kg. ¢ Brain-to-plasma
concentration ratio at 1 h after intravenous administration, f Caco-2 cell monolayer was used with quinidine as a P-gp
inhibitor. ¢ determined at pH 7.4. " The hydrolytic rate was calculated based on the amount of the diamine compounds
generated by hydrolysis of the amide bond using human liver microsome in the absence of NADPH in vitro.

Tar, elimination half life; CL, clearance; AUC, area under the curve.

% 3 in vivo ZENET

{bE4 93 DIRRIRFEEN 2, 7 v MSMERMEZEE T L2 AV TCin vivo TR L 72, 88
W OREME SD 7 M &V, BREE FICAHBHEBIIRE 0 AR KINEAREERIRIC~ A 7 n A7 =7 %
AT D Z &Ik 0 M EEE T L2 AER LT, PRIMEIRZE: 24 Rt LV 1 (Imglkg) . 93

(1 mg/kg) . Xix@A% 1 B 1\, 10 BMREO&E Lz, fMl3mEER 0 % o v K& Huv,
~A A7 =T EG 2 WEGOHREBGELHE L, b, [Fisd 5 ey K EaSBndg,
B T T 5 E CORM A 5 EIE L., SRR ZEIE L L7z (K 3-2), 1 KO 93 57
TR B & R L Tl EE O F BEREERRO b2 &6 LAY 931X invivo (2
BWTH 1 EEROMSIEIER AR L TVWD Z LR TET,

Rota-rod performance test

400 -
307.0
300 |
E‘zm 189.1
100
0 ! .

Vehicle 1 93
(n=13) (n=10) (n=10)

Compounds 1 and 93 were administrated, respectively, at 1 mg/kg daily for 10 days
starting at one day after microsphere injection. Data are presented as mean + S.E.M.
for 10 rats. **P < 0.01 by Dunnett’s test compared with the vehicle-treated group.

B 3-2 Ty MESMEMERETE TV E AV TR R E A AHE
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EAE =953

Type 1 7 2 U ALA % IV 7= SUNI3837 itk (79-85) DAMA M 3-3 1077, (LAY
79 -81, 84, 85, KUNO6IH/NARUERI LT I L ALAWIXIL Boc RV T I ALEY
% 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDC) # g & &I VN 7=Hi &
JSIZ LD ARk Uiz, BRMESE T, 96 @ Boc & FRE L, (LAY 97 2157, (L&Y 82 K183
IL97 OERY PUERFSE SN2 IS LV T XM THZ E TR LT,

N O/\[rOH N O/\{N
O (@] N\;

95 79-81, 84, 85, 96

E d 96 H’{\Boc
80 r'f\)\F 84 ACO |: 97 ’{\H
N/ﬁ

P A N F o /\6 —e|: 82 A _N\F
8l £ Kk 85 f F

] 7 A

Lo 83

OH

Reagents and conditions: (a) amine, EDC, 1-hydroxy-7-azabenzotriazole, N,N-diisopropylethylamine, acetonitrile, N,N-
dimethylformamide, rt; (b) amine, EDC, 1-hydroxybenzotriazole, N,N-diisopropylethylamine, N,N-dimethylformamide,
rt; (c) amine, EDC, 1-hydroxybenzotriazole, N,N-diisopropylethylamine, acetonitrile, rt; (d) trifluoroacetic acid,
dichloromethane, rt; (e) 2-(bromomethyl)-1,1-difluorocyclopropane, triethylamine, acetonitrile, then 4 mol/L hydrogen
chloride in 1,4-dioxane, rt; (f) 2,2-dimethyloxirane, 2-propanol, 120°C.

3-3 {kE&H 79-85 DAL

Type2 7 I AMAbLEWE R WIZFHERO G R E M 3-4 1277, 2 TOEWIT I VAR g 95
LVT AL ME EDC it 7w BV Y UK A VTG0 2 & TR LT,

O O
95 86, 89, 90
o N
O YD o
ke 0
86 89 90

Reagents and conditions: (a) propylphosphonic acid anhydride, ethyl acetate, dichloromethane, rt, then 4 mol/L
hydrogen chloride in 1,4-dioxane, rt; (b) amine, EDC, 1-hydroxybenzotriazole, N,N-diisopropylethylamine, acetonitrile,
rt.

X 3-4 1A% 86, 89 KX 90 DA,
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AW IBITHNVARUEE IS & T 2 U AbEWM%E EDC Z AW CHieA T2 2 & TER LT (K
3_5) o

cl cl
m OH —2 » Y\/L
‘N oﬂf oﬂ( f
98 \C

Reagents and conditions: (a) amine, EDC, 1-hydroxybenzotriazole, N,N-dusopropylethylamme, acetonitrile, rt.

X 3-5 L& 93 DA

5 Hi INE

ARETIE, 51 8E 2 Hi Tl <7078 1126, (LA 1 0 BMP #i& % PLIP [z 7
AEIEIZ A L 72 SUN13837 38R D & il ORI DV Tk~ 7=, 25—1Z, PLIP [&k
VT IANEMEBALLLT I IV UHEREEM L, £ DO in vitro MR
VERZFM Lz, ZOME. AWM 1 ORI NHEE 22- V7 Funs7a oLk (82)
WCEHT D Z L, IERY D UBREZTEF VU (89) IS Z & T in vitro fESHIR
RAEER SRS 2 Z E A LM L, FRC821F7 2/ B U 2 VUi koh T b i
in vitro AR AR LR W%%TbtoMA%SND&milkH%LﬁﬁT%Ot# P-gp KO}
BCRP OIEE TRWZ &b I & MHEARE 0 FE4 5340 25 HRIRBBIZ S T +-43 7o IR A T
EHTHZERMFR SN, Kk, BEEEREOR EEBX L, ALEW82 DT I /Y I
NEE G-/ Y X UNEKOERRLT-L A, /LAY 1 LRI O in vitro IR
AEA L, Ko BPKRE S L7z 93 2 AW 7E3 2 S ITpkEh LTz, (L&Y 93 1L mlRiaTEC © B
OO MBIERZ RS 2o 72, (LAY 93 OEEMERESGEIEHA 2 7 » ML AMENIEIEE T L
P L& Z A, b 1 EREOREMEE R LTz, LA 93131 &Ik LTV U IRERED
RN L. AT UGS Lo M ZEEREE & L CRZREAIL 20155 B2 bivd,
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FTA4E 123- YTV —ILFEARDOEYTMH

AREETIE, 81 E TR HE 2 12060 RN TR R % 5 1 720 bFGF BRIK S 1B &
Wz RN29 2 & 2 HAIZ, SUN13837 B B8R DAL, Kk ORI 21T - 72D TF OFEAIC
DNTIRR 5B,

%18 MROER

AREE T L ES 2 8iIlCR LTeH#E 2 IZIEW RN T YT I U AREWHER L 72\ bFGF
AR TG E RN 2 2 B E LALAW 1 O7 X R Z | IR R 2 5 720
T T8 LTz SUN1383T7 5EEARD A A M CVEMIRIAMIZ DWW T~ %, 7 X FIE (FRIZ 247
T MG & 123- MU 7Y MTEHBEOER RS KOOI DEVWRRLND E DD, 4
MDORFEDREFEEAT D&, SAOKBNKRBREAMGIELE LTEE, 3MOEROR
ST DKEREAZRILLE LTI LSS 2 LR EE < OBEESEEZA LT D (1K 4-1) 9148,
Fio, TAT T —RBILLDMAKDREZ T RNEBX LN LD ALEWM 1 OT X M
#123- N7 Y — UARIEICERT H 2 LT, MR RETEYE A RFE L oo, U UIREEY
AT AR T SED Z ENAREE B 272, 708, SUNL3837 FFE R D IRERIE X, 5 3 5 & [AIK,
AR EVER O —2>Th DA R EIEH A in vitro 3URIZ X 0 FEM L 72,

S 1,4-" &
2R7SIBE o 5 ry-

JK;%..E%%%?% (HBA) || KF=HEEREE (HBA)

3
RN REGNR,
H H
b i

KEFSMSE (HBD) ||KE=EESH5E (HBD)

K 41 287 I FHEEL 14-"B¥ 123- N 7Y — G ORELIE.

] invitro @R U5 v FEMENRESTEM
1,2,3- F U 7Y —)LiBERO in vitro RN EIERIXEE 3 =L W UGBTI L 7=, RN

H. T v MMREEEEE AR A W L2 2 BRI X A RS EIC T A IEIERIIC X
0 A L 7=, SUN13837 » 7 X K& 1,2,3- 8 U 7 — /LT EH U7~ L& 99 1E. SUN13837
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& Hl U T LT in vitro ARSI OREME I 2/ L Cuve, E70. 3BIRAY FGF-1 S AR E I
T 5 PD166866 | L iz Z &nn, 1.23-F U 7V — LiBEKINE T 5 in vitro #f%
HIMCREER S 1 & [F U bFGF Z /IR VA& LTERTH D Z & 2R Lz,

&9 99 1% CYP3A4 (2t LT /)72 MBIEHIZ A L TWD Z &N LN ERoT 3=
DFERMMD, 1 OT 2 /) IV MEEE AT 2ALEWIINEEMEOHEIIZ Y MBI /EH 238
BINAMEANH D Z ENRBINTEY, 7 FEEND 123- ) 7Y — VAT 5 Z
& CHRIRMEN R LR, MBIERIDBEL LIz &E 2 ond, 22 C, 738 IV
WEIE 2 oD ~7 1 BRHEE IC S L. MBI ER ORI A 3 A 7,

#z 4-1 123-FU 7V — VB LI

Neuropro- Metabolic rate
tective MBI (%  (pmol/min/mg
Cpd.  Structure LogP? activity(%)® remaining)¢ protein)¢
H2N
1 2.3 100 60 <10

OW 7@@
99 Hzlbiﬂoy p 30 134 19 19
N:NNCN

Cl
~Z N
100 \CN% _ p 5.0 43 99 86
RS

e
101 *ov Cp 4.0 66 100 40
N N

Me _
102 Y\/Loﬁ/\N CNQ 3.5 135 100 45

a Determined by reverse phase high-performance liquid chromatography. ® At 10 uM, in reference to 1. ¢ Remaining
CYP3A4 activity with human liver microsomes (30-min preincubation by 100 uM). ¢ in vitro mouse liver microsomes
with NADPH.

FEIETHRAZ@Y, ALEWM 1 DOS5-TI VBV IVNLEE 6-Z7un ) XU VLT ER L
A&7 > I\HM&F%%?“‘/VC“ﬁ’?jJ@%%ﬁ“: ERHEINTEY, 123- N 7Y — L
BIRTHRBROEN R THD EBEZX T, — KT, 67 Y F¥UNEEITI /e IY
JUHE & Eel LT invitro #RESHIIOORFEME I OGS A 6 Z & (5 3 =i 2 fiz M) | (b5
BOGHER EWLEIC 7 m e a2 A L TR 0 RENEM L 221 3 & b ARG & ARG
%ﬁéﬁkﬁ‘éﬂﬁbﬁ#&) L2EME, ZNODBEEIMIT D720, W DO~T n L ~—
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LT3 on~TaiRET ALz (M 42), (@ 1Z6-7unv ) ¥k (B) ov U X
VIHEEEY IVUOBEICERT 52 LT rruofEEE X D 2 L7 ALFRIEOGTE
ZRTEETHD 9, (b) KO (o) 7 eeioFboic, IBAESCKRE IEEILIZATF
NEEERH WD Z L TALRHRISHERZ T S TS, 2RO~ T aiRIIkBKAMEGEE
HLTBLT, MITEom b HETE200 L7,

HaNC
|
N0
5-Aminopyrimidine (A)
MBI risk CKT%\N MeY/AEL MeTfAN
—) | |
Cl_ N)\O/\ N“N O)‘“ N)\O)‘“
m\ by 5-Chloropyrimidine (a) 6-Methylpyridazine (b) 5- Methylpyrimidine (c)
N7 "0

o Avoid aromatic amines or chemically reacive sites
6-Chloropyridazine (B)

Chemically reactive

K 42 FHE~ToRBEEDOT VA

INHDOANT nRZEAN LA ORI R A £ 4-1 1L, ~T ek (@) %
HAL 100, BEIOANTaER () ZEA L7z 101 Tk in vitro HEHIIEARFE(EF OBE5 3 A
bz, —J7, ~7uik (b) ZEA L7z 102 T invitro FEEHIIE R #VEF 23R S, MBI
TERZH L CWehotz,

102 1 in vitro FRESAIIOIREIERICENL., MBI 1ER 2B SRWMEBW Th o128, Bk
ADME HRBRICL WV ~DAI 7y — LB iT 2 REMITIREDN H 5 F 0 L7z (Clin =
45 pmol/min/mg p), {b&4 102 DAEAEMED BV (LogP = 3.5) HNFK & & %2, At % T
52 & TRELZENRDR EE Moo, FREMEZ T 5071k LT, BMEERERL DM AR IR FE
TEA~T R FICERT D HER O THDL, Lo LRBE 2D O IETmIERRE
(polar surface area, PSA) <>y FEDHEANNZENR Y | FIARAKICEENDS T a7 74 L)
OORBENIREIND O, ZZTCHEIREIIBWTY 7 Ay 7 a7 a BV ERR B UERD
REBELRVEDAREMEDN RBRINTZ I ENORVBURE Y7 n T a N URICEBRT D 2
Ll lic, NRUBVRAY 7 n T u N UBRICAER L TH PSA KOV &3S, TRtk
PIETT2EEZLNL720, in vitro #FHIALRFETEM &R EMEOm EA W S ¥ 55
DHRETH D EH 2T,

rura e VEEATS 123- 8T Y —LEEERD in vitro MEHIIAORGEIE 2 & 4-2
ICREH L7z, _RUBUBREAT AW (100-102) L HEARAD 2 TOY 7 7 a0 iFERT 1
& Hlg U CRIELL B in vitro #EIAREE 2 Lz, HIZ, Zab DGO IREME
102 L WK F L7z, ®iTbad 107 13, 1,4-2 [EH-1,23- 8V 7Y — 24T LW O Tk
& 58 Y in vitro MR CREMEF 2R L, IRAETEDIR T (LogP=26) L~TUAI 7y — A
TOREMIZLEENF BTz (CLin = 24 pmol/min/mg p) .
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BRI, 1.23- R U 7Y — VD 5LIC A FOVEAE AT 5 Z & Cinvitro RS LRFEER I
EDO L BREENAECDLME LIz, 123-F) 7Y — D5 AF LT, AbEWLIDED
72 3T X RAEENH T 5D N- A F/LIEO B M A VEH X Van der Waals (VDW) FH A {E A
ERHCX 570, 1 EOBEBUMENR LIV EL RO TRV EE 2T, (K 4-3), (LAY 107
DAL AT AL ZEA LT 10813 1,2,3— ~ U T — Vi8R O o Chg b J Y invitro #&H0
FufREMER 2~ L, B IRA) FGF-1 2 AR HEH TH 5 PD166866 DRI (3 pM) (2 & » AKIE
D 100%3pH5E S iz (£ 4-2), BBV Z L2 108 13 A F VA E A J 510 107 LV fi5
MEDMENZ EQVEIH L7z, Zhic kv, 108 IXHICRIEEMERm ELZEEx b5,

3RTIMES 1,4,5-= &R

(SUN13837) 1,2,3-N7Y-=)L

KEEERBE (HBA) 7J<§%Eé%§% (HBA)
0 3N:N21
R1/|LN’R2 R4 A N‘R2
Me Me
& i
I7FIIT—=ILR/) 7T INI=IVA/]
KR E/ER FRKIEAHEERA

X 4-3 347 I FigEL 145-=E¥-123- v U 7V — L OEEELE.

LA 107 V108 D PK 712 7 7 A L& 4-3 1277, Wb 5L BAf72 i PR &k O
W ITIE A R LTz, N2 T, 108 138 % 5 < F DB/ 22 E M X 0 FEF IRV i 065
W2 Uiz, TR 2 & m LA RN RI U, I T 1 L L TR k2 9%
e B L7,
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#F 42 ruu AR EEETS 1,23 N TV — VBB AWM

Cmpd  Structure LogP?  Neuro- MBI (% Metabolic
protective remaining) ¢ rate (pmol
activity (%) ? /min/mg p) ¢

HNC
99 f Lo p 3.0 134 19 19
OO

Hzl\lf\N
104 o~y Oy P14 116 100 <10
N=N

Me -
105 Y\/LOVN e P14 us 100 34

Me =
106 \qiomN Oy P17 100 100 nt

Cl
107 \(J\OVNCN} 2.6 162 100 24

Cl
108 \(NAOMN CN j> 2.4 311 94 <10

2 Determined by reverse phase high-performance liquid chromatography. ® At 10 uM, in reference to 1. ¢ Remaining
CYP3A4 activity with human liver microsomes (30-min preincubation by 100 uM). ¢ in vitro mouse liver microsomes
with NADPH.

# 43 1, 107 K108 D PK Fr 77 A2

Intravenous P Oral

Tz (h) CL (L/h/kg) Dose (mg/kg)  AUC (ng-h/mL) Bioavailability (%) Kp,1h
1 14 25 10 3704 70 0.15
107 16 1.3 5 2118 58 11
108 4.0 0.6 5 4517 57 1.3

2 Sprague-Dawley rats (n = 2). ® Compounds 1 and 107 were administered at 1 mg/kg respectively. Compound 108 was
administered at 3 mg/kg. ¢ Brain-to-plasma concentration ratio at 1 h after intravenous administration.
T, elimination half life; CL, clearance; AUC, area under the curve.
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% 35 123-F) 7Y=L NBEBRENRICEHT HEE

FTATHIFEICIBNT, Tel2—D2DAFNVEAHEAT H Z & T p38a MAP3 F F-—EHEIGMR
I L% U R EIG S OFEBEMEA R E 0 LT 2 BR8N TS S, Ziub o —
ATEH, FHLSEASINIEATFAENY T RO R A=y a vy #2838, o 1roRk%E
FOIE R A =2 a ATEDSTREGAICEZ S E SN TWD, 22T, AFZEICENTY
NUTY—A® 5 NUZEANLT AT ALY IR A= a U PNEL LT REMERH D &
Ex, NI TY =L R VAV EOEREZREETZEORT Vv Y LRV F—%
quantum mechanics software # W\ T I = b—va s L7z (X 4-4)% K7y /L= R/LXx
—INRRERDEE L /N RDBED TR F—FEL 5-AF NV NI TV — L DH 35
kcal/mol, 5-H KU 7> —/LCiZ 0.94kcal/mol TH-7-, ZDZ L6, 5-Me U T YV —Lix
Y T T F—FE (o =180 K DX ODIFEMERN5H R TY =L X 0@EnEEXLND, 1§
PEa R A=y a VIR ZORAEAERICE TN TV AGE AT AVRERITERAERN Y 0 E
T AREERIET TR  SFEEOa Ly hA— g VIS LSS 2 L CIEME A KX
<M ESELEAREENRE X b,

Energy (kcal/mol)

-2

dihedral angle ¢ (degree)

—8—R=H —8—R =Me

X 4-4 RUTY—N—ERYDIVFELZARBRSEIZEORT V¥ vy LT RVF—
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EAE =953

1,4-2 E#-123- 8 U 7 — VEHEEOGREE K 45 IZFEE LTz, TV 1lad DD B,
MalF=rrb kXY IT 109 225 7 X ILRIGIZ L > TAR L, 111b-d ($fE~
DT B HFBRD SNAr SN L > TEKR LTz, 7Y K lldacid4-7 v XY U0 112 F
721 113 MO AR LT, S 2 72 8RB AOG B2 k0 1,4-2 [E#i-1,23- 8V 7
V—VER AR L. MEFHEAT D Z & T 99-102, 104-107 & Ak L7z,

Alkyne preparation Azide preparation
ON_ AN a_ N AN \C \O
<L N NH R
N OH N0 114aR=Ph
109 11la 114b R = cyclopropyl
111b Ar = m
TG T
b “Boc “Boc
Ar 113 114c

AN
arcl ——= "o 1lchr:\(\)\/
111d Ar= \(\)\/

Huisgen reaction

0N, HaN Ay
111a+ 1142 b ——» sl R ; NS R
s e e
N:N' N=n/

115a R =Ph 99 R=Ph
115b R = cyclopropyl 104 R = cyclopropyl

!
e
111b + 114a, b ——» Ney O/\%\NCNJR

102 R=Ph
105 R = cyclopropyl

0 gh Me\f\\N
—_— ~
° NCN% N)\O/\%\NCNJR
o N=N
16

1 101 R=Ph
106 R = cyclopropyl

Me\(\
111c + 114c )\

Cl

. X o on TN .

111d + 114c N O/\(\NC j< — N OMNCNJ
N:N'
117 100 R=Ph

107 R = cyclopropyl
Reagents and conditions: (a) 3-Bromopropyne, Ag2COs, N,N-dimethylformamide, 100°C, 15%; (b) Propargyl alcohol,
NaH, 18-crown-6 (for 111b), tetrahydrofuran or N,N-dimethylformamide, 0°C to 70°C, 80-88%; (c) Benzyl bromide or
cyclopropylmethyl bromide, EtsN, CHClIs, rt, then NaNs, dichloromethane, 70°C, 2 steps, 42-50%; (d) NaNs, N,N-
dimethylformamide, 70°C, 93%; (¢) CuSO4 5H20, L-Ascorbic acid sodium salt, MeOH, 60°C, 35-81%; (f) PtO2, Ha,
MeOH, 68-79%; (g) Trifluoroacetic acid, dichloromethane, rt; (h) Benzyl bromide or cyclopropylmethyl bromide,
K2CQz, N,N-dimethylformamide, rt, 2 steps, 27-75%.

X 4-5 {b&% 99-107 DERK
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1,45-3 [E@#i-1,23- NV 7Y =L DOAEKER 4-6 IZFEHEH L7z, 25-7 B E Y I VLT SNAr
FOGTC 2-7F »-1-A— v a8 A L foe < B INERALBOSIZ K& 0 (i MR 123 36 LU 124
572, 2IIENMR AT MVIRHTIZ LD . ATF o7 e b bexXY v afio7m k
12 NOE 2@l STz 123 ZTEORMKTH 2 LIRIE Lz, BEVMESRM: T T Boc 4 bR
L. fe 7FAEISIZ LY 108 A5k LT,

N CI\(\N
Lo, O Wl
\(\)\ \(\/k /\(1 «CN Boc " O{\(('N

)\
/\ NOE \ N-N
121 122 N
123 Boc”
124
SR R
108

Reagents and conditions: (a) 2-Butyn-1-ol, NaH, tetrahydrofuran, 60°C, 71%; (b) 114c, toluene, 110°C, 15%; (c)
Trifluoroacetic acid, dichloromethane, rt.; (d) Cyclopropylmethyl bromide, EtsN, N,N-dimethylformamide, 50°C, 2
steps, 60%.

X 4-6 {LE% 108 DEREL

55 Hi INE

RETIE, HLETORLETE 2106V, 1O7 I NS &2 A RN TR #2325 720
WL, ) VIEEIEZ B LT WY T S R Z A L7V SUN13837 #5E R D &k e Y
VT DN TR T2, MK A 2 T e g & LC, MEEPIEOBLE NS 1,23- 1Y
TY = NVEBER LUz, FIC, 107 I MEEZE 1,23- 8 7Y —/LIZEH# L 72 99 Tl bFGF
ZRRENT 5 in vitro MRRSGEERIIRRF T2 Z LML NI R o7, B AT I /Y R
DUBAEMOANT O BRICEHTHZ LT O MBIEANTER L, FICIEAMAKFSE5 2
&I EMENSGE LT 107 2 RWIE Lz, HwiRlZ, 107 @ 123-F U 7Y —/L D 5 (LT A
FFAEA L7 108 Tl invitro PRSI RGEER AR E <\ L L7, 26 OfER1E.1,2,3-
NU T Y — A, FRIC 1,4,5-—(EH#: 1,2,3- N U 7Y — LD 1 0 387 I REE & Lo
WEEATHERBRTHHLDOTHoTZ,

44



ARAFFETIXY VREIE A FHR T DB/ NSV bFGF ML A A PR T 5 2 L HBIC
NMEE® 1 o581 ROHS# 2 10 & DO MEL AT o7, F#t 1 TIXAERNTIIKS:
% Z T 7236 CH ) VIRBEIEAZFE L 22WEEMmE RV ET 720, LAWY 1 O BMP fik %
PLIP 2D YT I AT AR LTz, S OICEEMgEZ B LA A7) 2 & T
1 & [FRI% O invitro M RFEER 2R L, B TSR B L7 93 2 RW/E L, FH#t2 T
XAEERNTYT I ML EMEER LR MEEME RN 720, {bEW 1 ©7 I MEE%E
1,23- 8 U 7 — G AW U Te, & I MBIHEFA O KOG et o2 EX L
TSR ZITV, 1,23- 8 Y 7Y — b D 5L A F VA E AT 5 Z L Cinvitro ##EHlla fr
FEERARECH EL, MBITHICEN T 108 Z RWEd Z Licpsh Lz (X 5-1), AHF%E
T B AT AR ETEMEFABIC B T 2 AR OV 2 D ORI A% D bFGF SR D AW 5H)
IRAFFE R O bFGF 2K % 13 2 A e it R LS L5 < I FE ZETE R I D BRI FE 12 &
THLDEEZD,

{EEYIDERER

(262%)

Satevs

SUN13837 (1)

PLIPRRMES7S L f

7'3'51‘1 ’ 73Et2
(%3;) (384%F)
L le)\
N. N /\(( J>
N0y o NCN
0 N__\F
F
93 108

B neuroprotective activity (105%, compared to 1) B neuroprotective activity (311%, compared to 1)
B reduced phospholipidosis risk B reduced phospholipidosis risk
B high brain exposure (Kp = 0.92) B high brain exposure (Kp =1.3)

B effective in im vivo rat acute stroke model

X 5-1 ABFZETRWE LI-HH bFGF #RIESFLEH

AAFFEDOWMFRIZINT, PLIP 2L 2207 I ALEMBERFEET 22 &, Ky FEY
7 I AEEWD PLIP OFHEN ZvE THEB DRV pKag 12XV FRITE S a[gEtEn & 5 2
EEWLMNI U, ITE, BUEEECEBEX L=V T R U BT 4 771y 7 OG0
ICHREINTEY S, 202 H—HITHRIN S, BHIZAFARETHL Z LIRS TREY
T I ALEmERBE E L TAE USIEEMPHEBEICAR SN TS EHEll s, 20 L)
R AEBEST DL AR FEY T I ALEWOEET v 7 7 A VAR L T < 2 LITIER
WCHETHY ., AFEORRITENUICET LD TH D,
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F£72, 123- 1 U 7Y —/LEEA L7z SUN13837 #FE (R D A MRTAT 24T 5 @A T, 1,4- &
-123- 8 U TV ®D 5 AL AFNIEAEANT H 2 LT in vitro FEEEEN R E <M B35 2
LaRRWE LTz, 7 X FHEIEITABRLFHIE CHBICAR SO BRETH 508, £ ORGEHL
EMEDIRE LD E ENS PK a7 7 A VIHEEE L B2 AR L7252 ERHLNT
W5, ZOMBERRT 2720, 7 I MEEEZMOEIEICE 2 5610352 s ST
WD, FEEDAHMRY 2N FETIC3MHT I s = E#-1,23- 8 7Y — LI EE X 7
WAEBNIZRV R CTHR LN TZARITT I MEEO R EERR L O 2RPULZ LT 55D
THY ., AIFCEFEICIELIGSHATE DRETH D,
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General procedures

Infrared (IR) spectra were recorded on FT-IR 4200 spectrometer (JASCO) with substance as a neat film
on KBr plate or a pellet in a mixture with KBr and described as wavenumbers (cm™).

Proton nuclear magnetic resonance spectra (*H NMR) and carbon nuclear magnetic resonance spectra
(**C NMR) were recorded on Brucker Avance |11 (400MHz) spectrometer or JEOL JNM ECX-400 in the
indicated solvent. Chemical shifts (3) are reported in parts per million (ppm) relative to the internal
standard tetramethylsilane.

High-resolution mass spectra (HRMS) by fast atom bombardment (FAB) method were recorded on
JEOL JMS-700 mass spectrometer. HRMS by atmospheric pressure chemical ionization (APCI) were
recorded on Bruker timsTOF mass spectrometer. HRMS by Electro-spray ionization (ESI) mass spectra
were recorded on Waters XEVO QTof mass spectrometer. ESI mass spectra were recorded on Agilent
G1956A MSD spectrometer system.

Chemical reagents and solvents were purchased from Aldrich, Tokyo Kasei Kogyo, Wako Pure

Chemical Industries, Kanto Kagaku or Nacalai Tesque and used without purification. Flash column
chromatography was performed using Purif-Pack® SI 30um supplied by Shoko Scientific.
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1. Chemistry

1-(2,2-Dimethylpropyl)-N-methyl-piperidin-4-amine dihydrochloride (3)

To a solution of benzyl N-methyl-N-(4-piperidyl)carbamate (49, 202 mg, 0.81 mmol), pivalaldehyde
(107 pL, 1.0 mmol) and acetic acid (115 pL, 2.0 mmol) in tetrahydrofuran (3 mL) was added sodium
triacetoxyborohydride (306 mg, 1.4 mmol). The mixture was stirred for 2 h at 60°C. After sat. aq.
NaHCO3 was added, the mixture was extracted with ethyl acetate 3 times. The combined organic layer
was dried over sodium sulfate, then concentrated. The residue was purified by silica gel column
chromatography (hexane/ethyl acetate; 90:10 to 50:50) to give 53a as colorless solid (127 mg, 49%). *H-
NMR (400 MHz, CDCls) 6: 7.35-7.31 (5H, m), 5.14 (2H, s), 4.00-3.84 (1H, br m), 2.82 (5H,t,J=5.5
Hz), 2.29 (2H, br s), 2.03 (2H, s), 1.75-1.72 (2H, m), 1.54-1.51 (2H, m), 0.85 (9H, s). MS (ESI): 319 (M
+ H)*.

A solution of 53a (126 mg, 0.40 mmol) and palladium hydroxide on carbon (20 wt%, 14 mg) in 2-
propanol (4.5 mL) was stirred for 1 h at room temperature under hydrogen atmosphere. The mixture was
filtered and the filtrate was concentrated. The residue was diluted with chloroform, followed by the
addition of 4 mol/L hydrogen chloride in ethyl acetate (250 uL, 1.0 mmol). The mixture was concentrated
to give 3 as colorless solid (74 mg, 72%). 'H-NMR (400 MHz, DMSO-d6) &: 9.27 (3H, br s), 3.59 (2H,
d,J=12.5Hz), 3.27-3.07 (4H, m), 3.02 (1H, d, J = 3.8 Hz), 2.96 (2H, d, J = 4.0 Hz), 2.55-2.51 (3H, m),
2.21-2.14 (4H, br m). MS (ESI): 185 (M + H)*. HRMS (ESI) m/z calculated for C11H2sN,* 185.2012,
observed 185.2031.

1-(Cyclopropylmethyl)-N-methyl-piperidin-4-amine dihydrochloride (4)

To a solution of tert-butyl N-methyl-N-(4-piperidyl)carbamate (50, 100 mg, 0.47 mmol) and
triethylamine (78 uL, 0.56 mmol) in acetonitrile (1 mL) was added (bromomethyl)cyclopropane (69 mg,
0.51 mmol). The mixture was stirred for 2 h at room temperature. After the mixture was concentrated,
the residue was purified by silica gel column chromatography (hexane/ethyl acetate; 95:5 to 85:15) to
give 54a as colorless oil (92 mg, 73%). 'H-NMR (400 MHz, CDCls3) 8: 3.99 (1H, brs), 3.13 (2H, dd, J =
9.5,21Hz),2.74 (3H,s),2.24 (2H,d,J=6.7Hz) , 2.01 (2H, t,J =11.3 Hz) , 1.71-1.77 (2H, m) , 1.61-
1.65 (2H, m), 1.46 (9H, s) , 0.84-0.88 (1H, m) , 0.49-0.53 (2H, m), 0.07-0.11 (2H, m). MS (ESI): 269
(M + H)*.

To a solution of 54a (150 mg, 0.56 mmol) in tetrahydrofuran (3 mL) was added 4 mol/L hydrogen
chloride in 1,4-dioxane (3 mL) at 0°C. The mixture was stirred for 3 h at room temperature. After the
mixture was concentrated, diethyl ether was added and the appeared precipitate was collected by filtration
to give 4 as colorless solid (110 mg, 82%). *H-NMR (400 MHz, CD;0D) &: 3.80 (2H, d, J = 11.8 Hz),
3.47-3.41 (1H, m), 3.14 (2H, br s), 3.08 (2H, d, J = 7.5 Hz), 2.76 (3H, s), 2.39 (2H, d, J = 13.3 Hz), 2.12-
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2.02 (2H, m), 1.20-1.13 (1H, m), 0.81-0.76 (2H, m), 0.48-0.46 (2H, m). MS (ESI): 169 (M + H)*. HRMS
(ESI) m/z calculated for C1oH21N2* 169.1699, observed 169.1719.

cis-N,1-Dimethyl-2-phenyl-piperidin-4-amine  dihydrochloride (5), trans-N,1-Dimethyl-2-phenyl-
piperidin-4-amine dihydrochloride (6)

A solution of 1-methyl-2-phenylpiperidin-4-one (55, 630 mg, 3.3 mmol), acetic acid (0.95 mL, 16.6
mmol) and 9.8 mol/L methylamine solution in methanol (20 mL) was stirred for 30 min at room
temperature. To the mixture was added sodium borohydride (504 mg, 13.3 mmol), then stirred for 1 h at
the same temperature. After addition of sat. ag. NaHCO3, the mixture was extracted with ethyl acetate 3
times. The combined organic layer was dried over sodium sulfate then concentrated. The residue was
purified by amino silica gel column chromatography (hexane/ethyl acetate/methanol; 47.5:47.5:5 to
42.5:42.5:15) to 5 (free base, 440 mg) and 6 (free base, 90 mg) as yellow oil. Each product was diluted
with chloroform, followed by the addition of 4 mol/L hydrogen chloride in 1,4-dioxane (2 mL). After the
mixture was concentrated, the appeared precipitate was collected by filtration and washed with a mixture
of diethyl ether and methanol to give 5 (66 mg, 11%) and 6 (20 mg, 16%) as colorless solid, respectively.
Analytical data for 5: *H-NMR (400 MHz, DMSO-d6) &: 11.61 (1H, br s), 9.41 (2H, br s), 7.69 (2H, br
s), 7.51-7.44 (3H, m), 4.35 (1H, t, J = 10.0 Hz), 3.64 (1H, d, J = 12.5 Hz), 3.38 (1H, br s), 3.24-3.16 (1H,
m), 2.54-2.53 (3H, m), 2.35-2.26 (7H, m). MS (ESI): 205 (M + H)*. HRMS (ESI) m/z calculated for
Ci3H20N2" 205.1699, observed 205.1711. Analytical data for 6: *H-NMR (400 MHz, CDs0D) §: 7.65-
7.64 (2H, m), 7.53-7.52 (3H, m), 5.01 (1H, dd, J = 13.2, 2.1 Hz), 3.90-3.84 (1H, m), 3.75 (1H, br s), 3.68
(1H, dqg, J = 13.3, 2.1 Hz), 3.31-3.30 (1H, m), 2.83 (3H, s), 2.73-2.59 (5H, m), 2.43 (2H, d, J = 14.7 Hz).
MS (ESI): 205 (M + H)*. HRMS (ESI) m/z calculated for C13H20N* 205.1699, observed 205.1717.

N,1-Dimethyl-3,4-dihydro-2H-quinolin-3-amine dihydrochloride (8)

To a solution of tert-butyl N-(1,2,3,4-tetrahydroquinolin-3-yl)carbamate (76, 100 mg, 0.40 mmol),
iodomethane (126 uL, 2.0 mmol) in N,N-dimethylformamide (2 mL) was added 60% dispersion of
sodium hydride (81 mg, 2.0 mmol). The mixture was stirred for 3 h at room temperature. After water was
added, the mixture was extracted with ethyl acetate 3 times. The combined organic layer was dried over
sodium sulfate, then concentrated. The residue was purified by silica gel column chromatography
(hexane/ethyl acetate; 70:30 to 30:70) to give dimethylated product as colorless oil. The dimethylated
product was diluted with chloroform (2 mL) followed by the addition of 4 mol/L hydrogen chloride in
1,4-dioxane (0.5 mL). After the mixture was stirred overnight at room temperature, the appeared
precipitate was collected by filtration and washed with diethyl ether to give 8 as colorless solid (79 mg,
74%). 'H-NMR (400 MHz, DMSO-d6) &: 8.93 (2H, br s), 7.08 (1H, t, ] = 7.7 Hz), 7.00 (1H, d, ] = 6.8
Hz), 6.69-6.65 (2H, m), 3.61 (1H, br s), 3.43-3.31 (2H, m), 3.16 (1H, dd, J = 16.8, 5.3 Hz), 2.91 (1H, dd,
J = 16.6, 5.5 Hz), 2.86 (3H, s), 2.61 (3H, t, J = 5.5 Hz). MS (ESI): 177 (M + H)*. HRMS (ESI) m/z
calculated for C11H17N2* 177.1386, observed 177.1401.
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1-[(3-Fluoro-2-pyridyl)methyl]-N-methyl-piperidin-4-amine trihydrochloride (9)

To a solution of benzyl N-methyl-N-(4-piperidyl)carbamate (49, 202 mg, 0.81 mmol) and N,N-

diisopropylethylamine (424 uL, 2.4 mmol) in dichloromethane (5 mL) was added 2-(chloromethyl)-3-
fluoropyridine hydrochloride (153 mg, 0.81 mmol). The mixture was refluxed overnight, then
concentrated. After sat. ag. NaHCO3; was added, the mixture was extracted with ethyl acetate 3 times.
The combined organic layer was dried over sodium sulfate, then concentrated. The residue was purified
by silica gel column chromatography (hexane/ethyl acetate/methanol; 97.5:97.5:5 to 40.5:40.5:9) to give
51a as colorless oil (245 mg, 84%). *H-NMR (400 MHz, CDCls) 6: 8.43 (1H, d, J = 4.5 Hz), 7.40-7.23
(7H, m), 5.13 (2H, s), 4.14-3.87 (1H, m), 3.75 (1H, s), 3.03 (2H, br s), 2.80 (3H, br s), 2.20 (1H, br s),
1.80 (1H, br's), 1.63-1.56 (2H, m). MS (ESI): 358 (M + H)*.
A mixture of 51a (245 mg, 0.69 mmol) and palladium hydroxide on carbon (20 wt%, 60 mg) in 2-
propanol (5 mL) was stirred for 1 h at room temperature under hydrogen atmosphere. After the mixture
was filtered and the filtrate was concentrated, the residue was diluted with a mixture of chloroform (3
mL) and methanol (3 mL) followed by the addition of 4 mol/L hydrogen chloride in ethyl acetate (0.50
mL, 2.0 mmol). The volatiles were removed to give 9 as colorless solid (220 mg, 96 % over 2 steps). 1H-
NMR (400 MHz, CD30D) é: 8.56 (1H, d, J = 4.9 Hz), 7.79 (1H, t, J = 9.5 Hz), 7.62-7.57 (1H, m), 4.68
(2H, d,J=1.2 Hz), 3.84 (2H, d, J = 12.9 Hz), 3.53 (1H, t, J = 12.3 Hz), 3.42 (2H, t, J = 12.0 Hz), 2.76
(3H, s), 2.43 (2H, d, J = 13.5 Hz), 2.20-2.11 (2H, m). MS (ESI): 224 (M + H)*. HRMS (ESI) m/z
calculated for C1oH19FN3* 224.1558, observed 224.1565.

N-Methyl-1-[[5-(trifluoromethyl)-2-pyridyl]methyl]piperidin-4-amine (10)

To a solution of tert-butyl N-methyl-N-(4-piperidyl)carbamate (50, 1.10 g, 5.1 mmol), 5-
(trifluoromethyl)pyridine-2-carbaldehyde (1.00 g, 5.7 mmol), acetic acid (0.33 mL, 5.7 mmol) in 1,2-
dichloroethane (10 mL) was added sodium triacetoxyborohydride (1.82 g, 8.6 mmol). The mixture was
stirred for 1 h at room temperature. After sat. aqg. NaHCO3 was added, the mixture was extracted with
chloroform 3 times. The combined organic layer was dried over sodium sulfate, then concentrated. The
residue was purified by amino silica gel column chromatography (hexane/ethyl acetate; 70:30 to 30:70)
to give the corresponding reductive amination product 52a as colorless oil. A solution of the product in
4 mol/L hydrogen chloride in ethyl acetate (5 mL) was stirred overnight at room temperature. After the
mixture was concentrated, the residue was purified by amino silica gel column chromatography
(hexane/ethyl acetate/methanol; 42.5:42.5:15) to give 10 as yellow oil (700 mg, 45% over 2 steps). 1H-
NMR (400 MHz, CDCl3) 3: 8.80 (1H, t, J = 1.0 Hz), 7.89 (1H, dd, ] = 8.2, 2.1 Hz), 7.60 (1H, d, J = 8.0
Hz), 3.71 (2H, s), 2.88-2.83 (2H, m), 2.43 (3H, s), 2.42-2.36 (1H, m), 2.17 (2H, td, J = 11.6, 2.4 Hz),
1.90-1.87 (2H, m), 1.47-1.37 (2H, m). MS (ESI): 274 (M + H)*. HRMS (ESI) m/z calculated for
C13H19F3N3* 274.1526, observed 274.1535.

51



N-methyl-1-(pyrazin-2-ylmethyl)piperidin-4-amine (11)

To a solution of benzyl N-methyl-N-(4-piperidyl)carbamate (49, 1.91 g, 7.7 mmol), pyrazine-2-
carbaldehyde (1.00 g, 9.3 mmol), acetic acid (0.44 mL, 7.7 mmol) in 1,2-dichloroethane (10 mL) was
added sodium triacetoxyborohydride (1.82 g, 8.6 mmol). The mixture was stirred for 1 h at room
temperature. After sat. ag. NaHCO3 was added, the mixture was extracted with chloroform 3 times. The
combined organic layer was dried over sodium sulfate, then concentrated. The residue was purified by
amino silica gel column chromatography (hexane/ethyl acetate; 70:30 to 30:70) to give the corresponding
reductive amination product 51b as colorless oil. To a solution of the product in methanol (3 mL) was
added 6 mol/L hydrochloric acid (3 mL). The mixture was stirred for 3 h at 80 C. After the mixture was
concentrated, the residue was purified by amino silica gel column chromatography (ethyl
acetate/methanol; 95:5 to 85:15) to give 11 as yellow oil (58 mg, 4% over 2 steps). *H-NMR (400 MHz,
CDCls) 6: 8.69 (1H, d, J = 1.3 Hz), 8.52 (1H, dd, J = 2.4, 1.6 Hz), 8.45 (1H, d, J = 2.5 Hz), 2.87 (2H, dt,
J=11.6, 2.9 Hz), 2.43-2.35 (4H, m), 2.17 (2H, td, J = 11.5, 2.4 Hz), 1.89-1.88 (2H, m), 1.47-1.37 (2H,
m). MS (ESI): 207 (M + H)*. HRMS (ESI) m/z calculated for C11H19N4* 207.1604, observed 207.1617.

N-methyl-1-(pyridazin-3-ylmethyl)piperidin-4-amine (12)

A mixture of benzyl N-methyl-N-(4-piperidyl)carbamate (49, 850 mg, 3.4 mmol), 3-
(bromomethyl)pyridazine hydrobromide (1.00 g, 3.9 mmol), N,N-diisopropylethylamine (1.0 mL, 5.7
mmol), potassium carbonate (1.27 g, 9.2 mmol) in acetonitrile (5 mL) was stirred for 2 hr at room
temperature. After water was added, the mixture was extracted with ethyl acetate 3 times. The combined
organic layer was dried over sodium sulfate, then concentrated. The residue was purified by amino silica
gel column chromatography (hexane/ethyl acetate; 70:30 to 30:70) to give the corresponding reductive
amination product 51c as colorless oil. The product was diluted with methanol (3 mL) followed by the
addition of 6 mol/L hydrochloric acid (3 mL). The mixture was stirred for 3 h at 80 C. After the mixture
was concentrated, the residue was purified by amino silica gel column chromatography (ethyl
acetate/methanol; 95:5 to 85:15) to give 12 as yellow oil (103 mg, 15% over 2 steps). *H-NMR (400
MHz, CDCls) : 9.08 (1H, dd, J =4.9, 1.6 Hz), 7.69 (1H, dd, ] = 8.5, 1.8 Hz), 7.45 (1H, dd, ] = 8.5, 4.8
Hz), 3.87 (2H, s), 2.85-2.81 (2H, m), 2.43-2.36 (4H, m), 2.24-2.18 (2H, m), 1.91-1.86 (2H, m), 1.43-1.34
(3H, m). MS (ESI): 207 (M + H)*. HRMS (ESI) m/z calculated for Ci1H19N4* 207.1604, observed
207.1618.

N-Methyl-1-(pyrimidin-2-ylmethyl)piperidin-4-amine trihydrochloride (13)

A mixture of tert-butyl N-methyl-N-(4-piperidyl)carbamate (50, 371 mg, 1.73 mmol), 2-
(chloromethyl)pyrimidine hydrochloride (300 mg, 1.81 mmol), sodium iodide (26 mg, 0.17 mmol) and
triethylamine (0.60 mL, 4.33 mmol) in tetrahydrofuran (10 mL) was stirred at reflux for 12 h. After water
was added to the mixture at room temperature, the mixture was extracted with ethyl acetate 3 times. The

combined organic layer was dried over sodium sulfate, then concentrated. The residue was purified by
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silica gel column chromatography (hexane/ethyl acetate; 100:0 to 100:0) to give 52b as colorless oil (298
mg, 56%). H-NMR (400 MHz, CDCls) &: 8.74 (2H, d, J = 4.8 Hz), 7.19 (1H, t, J = 4.9 Hz), 4.13-3.91
(1H, m), 3.81 (2H, s), 3.03 (2H, d, J = 11.0 Hz), 2.73 (3H, 5), 2.23-2.21 (2H, m), 1.89-1.84 (2H, m), 1.62-
1.58 (2H, m), 1.46 (8H, d, J = 5.3 Hz). MS (ESI): 307 (M + H)*.

To a solution of 52b (296 mg, 0.97 mmol) in chloroform (4 mL) was added trifluoroacetic acid (1 mL).
The mixture was stirred overnight at room temperature. After the mixture was concentrated, the residue
was purified by amino silica gel column chromatography (chloroform/methanol; 99:1 to 95:5) to give the
corresponding reductive amination product. The product was diluted with methanol (1 mL) followed by
the addition of 4 mol/L hydrogen chloride in ethyl acetate (1.0 mL). The volatiles were removed to give
13 as colorless solid (229 mg, 75% over 2 steps). *H-NMR (400 MHz, D,0) &: 8.87 2H, d, ] = 5.0 Hz),
7.58 (1H,t,J = 5.1 Hz), 4.65 (2H, s), 3.87 (2H, d, J = 13.3 Hz), 3.55-3.51 (1H, m), 3.37 (3H, t, J = 11.2
Hz), 2.78 (3H, s), 2.46 (2H, d, J = 14.3 Hz), 2.13-2.02 (2H, m). MS (ESI): 207 (M + H)*. HRMS (ESI)
m/z calculated for C11H19N4* 207.1604, observed 207.1615.

1-[(5-Chloropyrimidin-2-yl)methyl]-N-methyl-piperidin-4-amine (14)

To a solution of tert-butyl N-methyl-N-(4-piperidyl)carbamate (50, 1.35 g, 6.3 mmol), 5-
chloropyrimidine-2-carbaldehyde (1.00 g, 7.0 mmol), acetic acid (0.40 mL, 7.0 mmol) in 1,2-
dichloroethane (10 mL) was added sodium triacetoxyborohydride (2.23 g, 10.5 mmol). The mixture was
stirred for 1 h at room temperature. After sat. ag. NaHCO3 was added, the mixture was extracted with
chloroform 3 times. The combined organic layer was dried over sodium sulfate, then concentrated. The
residue was purified by amino silica gel column chromatography (hexane/ethyl acetate; 70:30 to 30:70)
to give the corresponding reductive amination product 52c as colorless oil. A solution of the product in 4
mol/L hydrogen chloride in ethyl acetate (5 mL) was stirred overnight at room temperature. After the
mixture was concentrated, the residue was purified by amino silica gel column chromatography
(hexane/ethyl acetate/methanol; 42.5:42.5:15) to give 14 as yellow oil (1.69 g, 36% over 2 steps). 1H-
NMR (400 MHz, CDCls) 8: 8.68 (2H, s), 3.79 (2H, s), 2.92 (2H, dt, J = 11.5, 3.0 Hz), 2.43 (3H, ), 2.41-
2.35 (1H, m), 2.19 (2H, td, J = 11.5, 2.5 Hz), 1.90-1.87 (2H, m), 1.52-1.42 (4H, m). MS (ESI): 241 (M +
H)*. HRMS (ESI) m/z calculated for C11H1sCIN4* 241.1214, observed 241.1238.

N-Methyl-1-prop-2-ynyl-piperidin-4-amine dihydrochloride (15)

To a solution of tert-butyl N-methyl-N-(4-piperidyl)carbamate (50, 2.00 g, 9.3 mmol), N,N-
diisopropylethylamine (1.79 mL, 10.3 mmol) in N,N-dimethylformamide (5 mL) was added propargyl
bromide (0.74 mL, 9.8 mmol) at 0 °C. The mixture was stirred for 1 h at room temperature. After water
was added, the mixture was extracted with ethyl acetate 3 times. The combined organic layer was dried
over sodium sulfate, then concentrated. The residue was purified by amino silica gel column
chromatography (hexane/ethyl acetate; 85:15 to 50:50) to give the corresponding alkylated product 54c

as colorless oil. A solution of the product in ethyl acetate (5 mL) was added 4 mol/L hydrogen chloride
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in ethyl acetate (10 mL). The mixture was stirred for 2 h at room temperature. The appeared precipitate
was collected by filtration and washed with diethyl ether to give 15 as colorless solid (1.60 g, 76% over
2 steps). tH-NMR (400 MHz, DMSO-d6) &: 11.48 (1H, s), 9.37 (2H, s), 4.02 (2H, br s), 3.84 (1H, s),
3.54 (2H, d, J = 10.3 Hz), 3.00 (2H, br s), 2.33-2.25 (3H, m), 2.02-1.94 (2H, m). MS (ESI): 153 (M +
H)*. HRMS (ESI) m/z calculated for CoH17N2* 153.1386, observed 153.1411.

N-Methyl-1-(4,4,4-trifluorobut-2-ynyl)piperidin-4-amine dihydrochloride (16)

To a solution of cupper(l) iodide (679 mg, 3.57 mmol), 1,10-phenanthroline (643 mg, 3.57 mmol) and
potassium fluoride (1.04 g, 17.8 mmol) in N,N-dimethylformamide (1 mL) was added trifluoromethyl
trimethylsilane (3.35 mL, 17.8 mmol). The mixture was stirred for 20 min at 100 ‘C. To the mixture was
added the previously prepared solution of 54¢ (900 mg, 3.57 mmol) in N,N-dimethylformamide (1 mL)
dropwise. The mixture was stirred for 2 h at 100°C. After water was added at room temperature, the
mixture was extracted with ethyl acetate 3 times. The combined organic layer was dried over sodium
sulfate, then concentrated. The residue was purified by amino silica gel column chromatography
(hexane/ethyl acetate; 70:30 to 30:70) to give the corresponding trifluoromethylated product 54d as
colorless oil. A mixture of the product in 4 mol/L hydrogen chloride in ethyl acetate (5 mL) was stirred
for 2 h at room temperature. After the mixture was concentrated, the resulting solid was washed with
diethyl ether to give 16 as colorless solid (110 mg, 11% over 2 steps). *H-NMR (400 MHz, DMSO-d6)
8:9.19 (2H, brs), 4.26 (2H, br s), 3.43 (1H, brs), 3.17 (2H, br s), 2.87 (2H, brs), 2.21 2H, d, J = 11.3
Hz), 1.91 (2H, br s). MS (ESI): 221 (M + H)*. HRMS (ESI) m/z calculated for C1oH1s5FsN2* 221.1260,
observed 221.1259.

1-(3-Fluoro-2,2-dimethyl-propyl)-N-methyl-piperidin-4-amine dihydrochloride (17)

To a solution of 3-[(4-methoxyphenyl)methoxy]-2,2-dimethyl-propan-1-ol (672 mg, 3.0 mmol) in
dichloromethane (10 mL) was added Dess-Martin Periodinane (2.0 g, 4.8 mmol). The mixture was stirred
for 3 h at room temperature. The mixture was diluted with diethyl ether (30 mL), then sat. ag. NaHCOs3
(25 mL) and sodium thiosulfate (2.2 g, 9.1 mmol) was added. The mixture was extracted with ethyl
acetate 3 times 3 times. The combined organic layer was dried over sodium sulfate, then concentrated.
The residue was diluted with tetrahydrofuran (10 mL), then benzyl N-methyl-N-(4-piperidyl)carbamate
(49, 504 mg, 2.0 mmol), acetic acid (115 pL) and sodium triacetoxyborohydride was added to the mixture
in this order. After the mixture was stirred for 3 h at 60 C, sat. aq. NaHCOs was added. The mixture was
extracted with ethyl acetate 3 times. The combined organic layer was dried over sodium sulfate, then
concentrated. The residue was purified by amino silica gel column chromatography (hexane/ethyl
acetate; 90:10 to 80:20) to give 53b as colorless oil (411 mg, 45%). *H-NMR (400 MHz, CDCls) 3: 7.36-
7.30 (5H, m), 7.24 (3H, dt, J = 8.9, 2.2 Hz), 6.87 (2H, dt, J = 9.2, 2.4 Hz), 5.13 (2H, s), 4.40 (2H, s), 3.96
(1H, br s), 3.80 (3H, s), 3.14 (2H, s), 2.79-2.77 (5H, m), 2.29 (2H, s), 1.68-1.65 (2H, m), 1.53-1.48 (2H,
m), 0.84 (6H, s). MS (ESI): 455 (M + H)*.
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To a solution of 53b (226 mg, 0.50 mmol) in dichloromethane (5 mL) was added trifluoroacetic acid
(3 mL). The mixture was stirred for 2 hr at room temperature, then concentrated. After sat. ag. NaHCO3
was added, the mixture was extracted with ethyl acetate 3 times. The combined organic layer was dried
over sodium sulfate, then concentrated. The residue was purified by amino silica gel column
chromatography (hexane/ethyl acetate; 100:0 to 0:100) to give 53c as colorless solid (155 mg, 93%). *H-
NMR (400 MHz, CDCls) é: 7.38-7.27 (5H, m), 5.13 (2H, s), 4.13-3.83 (1H, m), 3.50 (2H, s), 3.03 (2H,
d, J = 11.3 Hz), 2.80 (3H, br s), 2.38 (2H, br s), 2.27 (2H, br s), 1.72-1.62 (4H, m), 0.92 (6H, s). MS
(ESI): 335 (M + H)*.

To an ice-cooled solution of 53¢ (155 mg, 0.46 mmol) and N,N-diisopropylethylamine (224 pL, 1.4
mmol) in dichloromethane (3 mL) was added trifluoromethanesulfonic anhydride (95 pL, 0.56 mmol).
The mixture was stirred for 30 min at the same temperature. After water was added, the mixture was
extracted with ethyl acetate 3 times. The combined organic layer was dried over sodium sulfate, then
concentrated. The residue was diluted with acetonitrile (3 mL), then 1.0 M tetrabutylammonium fluoride
solution in tetrahydrofuran (1.4 mL, 1.4 mmol) was added. The mixture was heated to 60 C, then stirred
for 6 h. After sat. ag. NaHCO3 was added at room temperature, the mixture was extracted with ethyl
acetate 3 times. The combined organic layer was dried over sodium sulfate, then concentrated. The
residue was purified by amino silica gel column chromatography (hexane/ethyl acetate; 95:5 to 80:20) to
give 53d as colorless oil (29 mg, 18%). *H-NMR (400 MHz, CDCls) é: 7.34-7.31 (5H, m), 5.14 (2H, s),
4.14 (2H, d, J = 47.9 Hz), 4.00-3.87 (1H, m), 2.81-2.80 (5H, m), 2.35 (2H, s), 2.18 (2H, d, J = 1.3 Hz),
1.75-1.68 (2H, m), 1.56-1.53 (4H, m), 0.86 (6H, d, J = 1.8 Hz). MS (ESI): 337 (M + H)".

A mixture of 53d (28.7 mg, 0.085 mmol), palladium hydroxide on carbon (20 wt%, 12 mg) in 2-
propanol (3 mL) was stirred for 3 h at room temperature under hydrogen atmosphere. The mixture was
filtered and the filtrate was concentrated. The residue was diluted with dichloromethane (1 mL), followed
by the addition of 4 mol/L hydrogen chloride in ethyl acetate (0.50 mL). The volatiles were removed
under reduced pressure to give 17 as yellow solid (11.1 mg, 47%). *H-NMR 400 MHz, DMSO-d6) &:
9.88 (1H, brs), 9.35 (2H, br s), 4.39 (2H, dd, J = 47.3, 8.7 Hz), 3.59 (1H, d, J = 12.5 Hz), 3.37-3.35 (5H,
m), 3.17-3.07 (4H, m), 2.33-2.14 (4H, m), 1.11 (6H, br s). MS (ESI): 203 (M + H)*. HRMS (ESI) m/z
calculated for C11H24FN2* 203.1918, observed 203.1934.

1-[(2,2-Difluorocyclopropyl)methyl]-N-methyl-piperidin-4-amine dihydrochloride (18)

To a solution of tert-butyl N-methyl-N-(4-piperidyl)carbamate (50, 170 mg, 0.79 mmol) and
triethylamine (221 pL, 1.6 mmol) in acetonitrile (2 mL) was added 1,1-difluoro-2-
(bromomethyl)cyclopropane (203 mg, 1.2 mmol). The mixture was stirred overnight at 50 °C. After the
mixture was concentrated, the residue was purified by silica gel column chromatography
(chloroform/methanol; 99:1 to 98:2) to give 54b as colorless oil (214 mg, 89%). *H-NMR (400 MHz,
CDCls) 3: 4.06-3.65 (1H, m), 3.05-3.04 (1H, m), 2.99-2.94 (1H, m), 2.74 (3H, s), 2.66-2.64 (1H, m), 2.37
(1H, dd, J = 13.1, 8.0 Hz), 2.17-2.04 (2H, m), 1.79-1.61 (5H, m), 1.51-1.41 (10H, m), 1.01-0.97 (1H, m).
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MS (ESI): 305 (M + H)*.

To a solution 54b (210 mg, 0.69 mmol) in 1,4-dioxane (2 mL) was added 4 mol/L hydrogen chloride
in ethyl acetate (2 mL). The mixture was stirred overnight at room temperature. The volatiles were
removed under reduced pressure to give 18 as colorless solid (165 mg, 86%). *H-NMR (400 MHz,
DMSO0-d6) é: 11.03 (1H, s), 9.24 (2H, s), 3.60-3.57 (2H, m), 3.18-3.06 (4H, m), 2.53-2.51 (3H, m), 2.30-
2.17 (3H, m), 1.98 (2H, br s), 1.87-1.81 (1H, m), 1.64 (1H, br s). MS (ESI): 205 (M + H)*. HRMS (ESI)
m/z calculated for C1oH19F2N2* 205.1511, observed 205.1524.

1-(2-Fluoro-2-methyl-propyl)-N-methyl-piperidin-4-amine (19)

To a solution of 53e (231 mg, 0.72 mmol) in dichloromethane (6 mL) was added N,N-
diethylaminosulfur trifluoride (166 mg, 0.93 mmol). The mixture was stirred overnight at room
temperature. After the mixture was concentrated, the residue was purified by amino silica gel column
chromatography (hexane/ethyl acetate; 90:10 to 80:20) to give 53f as colorless oil (134 mg, 58%). *H-
NMR (400 MHz, CDCls) &: 7.35-7.31 (5H, m), 5.14 (2H, s), 4.01-3.93 (1H, m), 2.98 (2H, d, J =115
Hz), 2.82 (3H, s), 2.42 (2H, d, J = 22.3 Hz), 2.22 (2H, s), 1.76 (2H, d, J = 10.0 Hz), 1.60-1.55 (2H, m),
1.35 (6H, d, J = 21.3 Hz). MS (ESI): 323 (M + H)*.

A mixture of 53f (134 mg, 0.41 mmol) and palladium hydroxide on carbon (20 wt%, 25 mg) in 2-
propanol (6 mL) was stirred for 1 h at room temperature under hydrogen atmosphere. The mixture was
filtered and the filtrate was concentrated to give 19 as yellow oil (35 mg, 46%). *H-NMR (400 MHz,
CDCls) &: 2.91 (2H, dt, J = 12.0, 2.9 Hz), 2.45-2.33 (6H, m), 2.17 (2H, td, J = 11.7, 2.5 Hz), 1.83-1.80
(8H, m), 1.46-1.32 (8H, m). MS (ESI): 189 (M + H)*. HRMS (ESI) m/z calculated for CioH22FN2*
189.1762, observed 189.1770.

1-(2,2-Difluoroethyl)-N-methyl-piperidin-4-amine dihydrochloride (20)

A mixture of N-methyl-N-(4-piperidyl)carbamate (49, 171 mg, 0.69 mmol), 2,2-difluoro-1-iodoethane
(120 pL, 1.4 mmol) and potassium carbonate (191 mg, 1.4 mmol) in N,N-dimethylformamide (2 mL) for
5 h at 80 C. After water was added, the mixture was extracted with ethyl acetate 3 times. The combined
organic layer was dried over sodium sulfate, then concentrated. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate; 95:15 to 50:50) to give 53i as yellow oil (170 mg, 79%).
'H-NMR (400 MHz, CDCls) 8: 7.36-7.26 (5H, m), 5.85 (1H, tt, J = 56.0, 4.4 Hz), 5.14 (2H, s), 4.05 (1H,
brs), 2.98 (2H, dd, J = 9.4, 2.1 Hz), 2.81 (3H, s), 2.72 (2H, td, J = 15.0, 4.4 Hz), 2.30 (2H, t, J = 10.4
Hz), 1.81-1.73 (2H, m), 1.65-1.59 (3H, m). MS (ESI): 313 (M + H)*.

A mixture of 53i (170 mg, 0.54 mmol) and palladium on carbon (10 wt%, 20 mg) in methanol (1.5
mL) was stirred for 3 h at room temperature under hydrogen atmosphere. The mixture was filtered and
the filtrate was concentrated. The residue was diluted with diethyl ether (2 mL), followed by the addition
of 4 mol/L hydrogen chloride in ethyl acetate (2 mL). The appeared precipitate was collected by filtration
and washed with diethyl ether to give 20 as colorless solid (137 mg, 78%). *H-NMR (400 MHz, CD3;0OD)

56



8: 6.50 (1H, tt, J = 53.4, 3.7 Hz), 3.83-3.72 (4H, m), 3.49-3.34 (3H, m), 2.75 (3H, s), 2.41 (2H, d, J =
13.5 Hz), 2.14-2.08 (2H, m). MS (ESI): 179 (M + H)*. HRMS (ESI) m/z calculated for CgH17FN2*
179.1354, observed 179.1361.

N-Mmethyl-1-(2,2,2-trifluoroethyl)piperidin-4-amine dihydrochloride (21)

To a solution of benzyl N-methyl-N-(4-piperidyl)carbamate (49, 2.07 g, 8.3 mmol) and N,N-
diisopropylethylamine (1.89 mL, 10.8 mmol) in dichloromethane (10 mL) was added trifluoromethyl
trifluoromethanesulfonate (2.13 g, 9.2 mmol). The mixture was stirred for 3 h at room temperature. After
water was added, the mixture was extracted with chloroform 3 times. The combined organic layer was
dried over sodium sulfate, then concentrated. The residue was purified by silica gel column
chromatography (hexane/ethyl acetate; 70:30 to 50:50) to give the corresponding alkylated product 53j
as colorless oil. A mixture of the product and palladium hydroxide on carbon (20 wt% , 50 mg) in
methanol (10 mL) was stirred for 2 h at room temperature under hydrogen atmosphere. The mixture was
filtered and the filtrate was concentrated. The residue was diluted with ethyl acetate (10 mL), followed
by the addition of 4 mol/L hydrogen chloride in ethyl acetate (10 mL). The appeared precipitate was
collected by filtration and washed with diethyl ether to give 21 as colorless solid (1.80 g, 80%). *H-NMR
(400 MHz, CD30D) 6: 4.25 (2H, q,J = 9.0 Hz), 3.80 (2H, d, J = 12.9 Hz), 3.50-3.35 (3H, m), 2.75 (3H,
s), 242 (2H, d, J = 14.1 Hz), 2.18-2.11 (2H, m). MS (ESI): 197 (M + H)*. HRMS (ESI) m/z calculated
for CgHi1sF3N2* 197.1260, observed 197.1285.

2,2-Dimethyl-3-[4-(methylamino)-1-piperidyl]propan-1-ol (22)

A mixture of 53c (16 mg, 0.049 mmol) and palladium hydroxide on carbon (20 wt%, 6.8 mg) in 2-
propanol (1.5 mL) and dichloromethae (1.5 mL) was stirred for 1 h at room temperature under hydrogen
atmosphere. The mixture was filtered and the filtrate was concentrated to give 22 as colorless solid (11
mg, 46%). *H-NMR (400 MHz, CDCls) 3: 3.48 (2H, s), 3.10 (2H, d, J = 12.8 Hz), 3.00-2.91 (1H, m),
2.63 (3H, s), 2.42 (2H, s), 2.36 (2H, t, J = 11.3 Hz), 2.16 (2H, d, J = 12.3 Hz), 1.93-1.87 (2H, m), 0.92
(6H, s). MS (ESI): 201 (M + H)*. HRMS (ESI) m/z calculated for C11H2sN.O* 201.1961, observed
201.1967.

2-Methyl-1-[4-(methylamino)-1-piperidyl]propan-2-ol dihydrochloride (23)

A solution of benzyl N-methyl-N-(4-piperidyl)carbamate (49, 205 mg, 0.83 mmol) and 2,2-
dimethyloxirane (97 mg, 1.3 mmol) in 2-propanol (5 mL) was stirred for 9 h at 120 C under microwave
radiation. After the mixture was concentrated, the residue was purified by silica gel column
chromatography (hexane/ethyl acetate/methanol; 42.5:42.5:5 to 45:45:10) to give 53e as colorless oil
(244 mg, 92%). 'H-NMR (400 MHz, CDCls) 8: 7.37-7.25 (5H, m), 5.14 (2H, s), 4.11-3.85 (1H, m), 2.95
(2H, d, J =11.8 Hz), 2.83 (3H, s), 2.43 (2H, br s), 2.31 (2H, s), 1.78-1.76 (2H, m), 1.62-1.58 (2H, m),
1.15 (6H, s). MS (ESI): 321 (M + H)*.
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A mixture of 53e (244 mg, 0.76 mmol) and palladium hydroxide on carbon (20 wt%, 52 mg) in 2-
propanol (5 mL) was stirred for 5 h at room temperature under hydrogen atmosphere. After the mixture
was filtered, 4 mol/L hydrogen chloride in ethyl acetate (1 mL) was added to the filtrate. The volatiles
were removed under reduced pressure to give 23 as colorless solid (194 mg, 99% over 2 steps). *H-NMR
(400 MHz, CD30D) é: 3.93-3.92 (1H, m), 3.66-3.41 (2H, m), 3.32-3.21 (4H, m), 2.77 (0.8H, s), 2.74
(2.2H, s), 2.36-2.15 (4H, m), 1.37 (4.4H, s), 1.36 (1.6H, s). MS (ESI): 187 (M + H)*. HRMS (ESI) m/z
calculated for C1oH23N2O* 187.1805, observed 187.1835.

N-Methyl-1-(oxetan-3-yl)piperidin-4-amine (24)

To a solution of benzyl N-methyl-N-(4-piperidyl)carbamate (49, 5.69 g, 22.9 mmol), oxetan-3-one
(1.65 g, 22.9 mmol) and acetic acid (1.31 mL, 22.9 mmol) in 1,2-dichloroethane (20 mL) was added
sodium triacetoxyborohydride (4.85 g, 22.9 mmol). The mixture was stirred for 3 h at room temperature.
After water was added, potassium carbonate was added until the foaming stopped. The mixture was
extracted with chloroform 3 times. The combined organic layer was dried over sodium sulfate, then
concentrated. The residue was purified by silica gel column chromatography (hexane/ethyl acetate; 70:30
to 50:50) to give the corresponding reductive amination product 53g as colorless oil. A mixture of the
product and palladium on carbon (10 wt%, 100 mg) in methanol (10 mL) was stirred for 2 days at room
temperature under hydrogen atmosphere. The mixture was filtered and the filtrate was concentrated to
give 24 as colorless oil (2.50 mg, 64%). 'H-NMR (400 MHz, CDCls) &: 4.64 2H, t, J = 6.5 Hz), 4.56
(2H, t, J = 6.3 Hz), 3.49 (1H, t, J = 6.5 Hz), 2.99-2.97 (1H, m), 2.85-2.82 (2H, m), 2.67 (3H, s), 2.19-
2.18 (2H, m), 1.95-1.90 (4H, m). MS (ESI): 171 (M + H)*. HRMS (ESI) m/z calculated for CoH19N2O*
171.1492, observed 171.1496.

N-methyl-1-(3-methyloxetan-3-yl)piperidin-4-amine (25)

A solution of benzyl N-methyl-N-(4-piperidyl)carbamate (49, 6.21 g, 25.0 mmol) and
(benzenesulfonylmethylene)oxetane (5.26 g, 25.0 mmol) in methanol (20 mL) was stirred for 2 days at
60 C. After the mixture was concentrated, the residue was purified by silica gel column chromatography
(hexane/ethyl acetate; 50:50 to 0:100) to give the corresponding Michael adduct as colorless solid (8.00
g, 70%). To a solution of the Michael adduct (2.10 g, 4.6 mmol) and disodium hydrogen phosphate (2.6
g, 18.3 mmol) in a mixture of methanol (10 mL) and tetrahydrofuran (10 mL) was added 5% sodium
amalgam (8.00 g, 4.6 mmol). The mixture was stirred for 3 h at room temperature. The mixture was
cooled to -78°C, then filtered. After water was added, the mixture was extracted with ethyl acetate 3 times.
The combined organic layer was dried over sodium sulfate, then concentrated. The residue was purified
by amino silica gel column chromatography (hexane/ethyl acetate; 70:30 to 30:70) to give the
desulfonylation product 53h as colorless oil. A mixture of the product and palladium hydroxide on carbon
(20 wt%, 100 mg) in methanol (10 mL) was stirred for 18 h at room temperature under hydrogen

atmosphere. The mixture was filtered and the mixture was concentrated to give 25 as colorless solid (792
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mg, 94% over 3 steps). *H-NMR (400 MHz, CDCls) 8: 4.53 (2H, d, J = 5.5 Hz), 4.19 (2H, d, ] = 5.8 Hz),
2.89-2.84 (1H, m), 2.62-2.61 (5H, m), 2.14-2.10 (4H, m), 1.90-1.80 (2H, m), 1.34 (3H, s). MS (ESI): 185
(M + H)*. HRMS (ESI) m/z calculated for C1oH21N2O* 185.1648, observed 185.1648.

1-Benzyl-3-fluoro-N-methyl-piperidin-4-amine hydrochloride (26)

To a solution of tert-butyl 3-fluoro-4-oxo-piperidine-1-carboxylate (56, 0.50 g, 2.3 mmol) in 1,4-

dioxane (2.5 mL) was added 4 mol/L hydrogen chloride in 1,4-dioxane (2.5 mL). The mixture was stirred
overnight at room temperature, then concentrated. To a solution of the residue in N,N-dimethylformamide
(3.5 mL) was added benzyl bromide (0.41 mL, 3.5 mmol) and potassium carbonate (0.79 g, 5.8 mmol).
The mixture was stirred overnight at room temperature. After the mixture was concentrated, the residue
was purified by silica gel column chromatography (hexane/ethyl acetate; 83:17 to 67:33) to give 57 as
colorless oil (15 mg, 3% in 2 steps). H-NMR (400 MHz, CDCls) §: 7.38-7.26 (7H, m), 5.07-4.90 (1H,
m), 3.71-3.67 (2H, m), 3.46-3.43 (1H, m), 3.12-3.07 (1H, m), 2.67-2.59 (1H, m), 2.52-2.40 (3H, m). MS
(ESI): 208 (M + H)*.
A solution of 57 (220 mg, 1.1 mmol) and 40% methylamine solution in methanol (242 pL, 2.4 mmol) in
methanol (2 mL) was stirred overnight at room temperature. To the solution was added sodium
borohydride (20 mg, 0.50 mmol). The mixture was stirred for 4 h at room temperature. After water was
added, the mixture was extracted with chloroform 3 times. The combined organic layer was dried over
sodium sulfate, then concentrated. The residue was purified by amino silica gel column chromatography
(hexane/ethyl acetate; 83:17 to 67:33) to give the corresponding reductive amination product as colorless
oil. To a solution of the product in 1,4-dioxane (1 mL) was added 4 mol/L hydrogen chloride in 1,4-
dioxane (51 pL). The mixture was stirred overnight at room temperature, then concentrated to give 26 as
colorless solid (51 mg, 18% over 2 steps). *H-NMR (400 MHz, DMSO-d6) (a mixture of cis/trans isomers
at the ratio of 4/1) &: 8.52 (1H, s), 7.36-7.24 (5H, m), 5.00 (0.8H, d, J = 50.2 Hz), 4.67 (0.2H, dtd, J =
50.2, 9.4, 5.2 Hz), 3.56 (0.4H, s), 3.53-3.52 (1.6H, m), 3.12 (2H, m), 2.86 (0.8H, d, J = 12.3 Hz), 2.78
(0.2H, d, J = 11.0 Hz), 2.54 (3H, s), 2.20 (0.8H, dd, J = 38.4, 13.6 Hz), 2.03 (1.2H, m), 1.88 (0.8H, d, J
= 9.3 Hz), 1.74 (0.8H, ddd, J = 24.5, 12.2, 4.0 Hz), 1.49 (0.2H, ddd, J = 24.5, 12.4, 3.9 Hz). MS (ESI):
223 (M + H)*. HRMS (ESI) m/z calculated for C13H20FN2* 223.1605, observed 223.1600.

1-Benzyl-3,3-difluoro-N-methyl-piperidin-4-amine dihydrochloride (27)

To a solution of tert-butyl 3,3-difluoro-4-oxo-piperidine-1-carboxylate (58, 530 mg, 2.3 mmol) in 1,4-
dioxane (5 mL) was added 4 mol/L hydrogen chloride in 1,4-dioxane (5 mL). The mixture was stirred
overnight at room temperature, then concentrated. To a suspension of the residue in acetonitrile (5 mL)
was added benzyl bromide (415 pL, 3.5 mmol) and triethylamine (975 pL, 7.0 mmol). The mixture was
stirred overnight at room temperature. After the mixture was concentrated, the residue was purified by
silica gel column chromatography (ethyl acetate/methanol; 98:2 to 91:9) to give colorless oil. A solution

of the oil in 6 mol/L hydrochloric acid (3 mL) was stirred overnight at room temperature. The mixture
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was concentrated to give 59 as colorless solid (300 mg, 50% in 3 steps). *H-NMR (400 MHz, DMSO-
d6) 6: 11.17 (1H, br s), 7.60-7.46 (5H, m), 4.37 (2H,br s), 3.46 (2H, br s), 3.08 (2H, br s), 2.01 (2H, br
s). MS (ESI): 226 (M + H)".

A solution of 59 (50 mg, 0.19 mmol), 40% methylamine solution in methanol (275 pL, 2.7 mmol) and
acetic acid (11 pL, 0.19 mmol) in methanol (1 mL) was stirred overnight at room temperature. To the
solution was added sodium borohydride (7.2 mg, 0.19 mmol). The mixture was stirred for 4 h at room
temperature. After water was added, the mixture was extracted with chloroform 3 times. The combined
organic layer was dried over sodium sulfate, then concentrated. The residue was purified by amino silica
gel column chromatography (hexane/ethyl acetate; 83:17 to 50:50) to give the corresponding reductive
amination product as colorless oil. To a solution of the product in 1,4-dioxane (1 mL) was added 4 mol/L
hydrogen chloride in 1,4-dioxane (14 pL). The mixture was stirred overnight at room temperature, then
concentrated to give 27 as colorless solid (13 mg, 25% over 2 steps). *H-NMR (400 MHz, DMSO-d6) §:
9.30 (2H, s), 7.35-7.29 (5H, m), 3.74-3.62 (3H, m), 3.17 (1H, td, J = 11.8, 4.7 Hz), 2.91 (1H, d, J = 11.8
Hz), 2.63 (3H, s), 2.49-2.37 (1H, m), 2.18-2.15 (2H, m), 1.67-1.64 (1H, m). MS (ESI): 241 (M + H)* .
HRMS (ESI) m/z calculated for C13H19F2N2* 241.1511, observed 241.1522.

(1R*,55*)-9-Benzyl-N-methyl-3-oxa-9-azabicyclo[3.3.1]nonan-7-amine dihydrochloride (28)

To a solution of 9-benzyl-3-oxa-9-azabicyclo[3.3.1]Jnonan-7-one (60, 100 mg, 0.43 mmol), acetic acid
(0.30 mL) in tetrahydrofuran (2 mL) and 9.8 M methylamine solution in methanol (2 mL) was added
sodium borohydride (33 mg, 0.87 mmol). The mixture was stirred for 10 min at room temperature. After
water was added, the mixture was extracted with ethyl acetate 3 times. The combined organic layer was
dried over sodium sulfate, then concentrated. The residue was purified by amino silica gel column
chromatography (hexane/ethyl acetate/methanol; 47.5/47.5/5 to 42.5/42.5/15) to give the corresponding
reductive amination product as colorless oil. To a solution of the product in chloroform (2 mL) was added
4 mol/L hydrogen chloride in 1,4-dioxane (1.0 mL). The mixture was stirred overnight at room
temperature. The appeared precipitate was collected by filtration and washed with hexane to give 28 as
colorless solid (55 mg, 40%). 'H-NMR (400 MHz, DMSO-d6) &: 7.36-7.29 (4H, m), 7.24-7.22 (1H, m),
3.81(2H, s), 3.75 (2H, d, J = 10.0 Hz), 3.51 (2H, d, J = 11.0 Hz), 2.71-2.67 (1H, m), 2.57-2.55 (2H, m),
2.28 (3H, s), 2.22-2.15 (2H, m), 1.48 (2H, d, J = 14.8 Hz). MS (ESI): 247 (M + H)*. HRMS (ESI) m/z
calculated for C1sH23N2O* 247.1805, observed 247.1819.

1-Benzyl-N-(oxetan-3-yl)piperidin-4-amine (29)

To a solution of 1-benzylpiperidin-4-one (61, 0.30 g, 1.6 mmol), 3-aminooxetane (0.12 g, 1.6 mmol)
and acetic acid (91 puL, 1.6 mmol) in 1,2-dichloroethane (2 mL) was added sodium triacetoxyborohydride
(336 mg, 1.6 mmol), then stirred for 30 minutes at room temperature. After sat. ag. NaHCO3 was added,
the mixture was extracted with chloroform 3 times. The combined organic layer was washed with brine,

dried over sodium sulfate, then concentrated. The residue was purified by amino silica gel column
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chromatography (hexane/ethyl acetate/methanol; 47.5/47.5/5 to 42.5/42.5/15) to give 29 as colorless oil
(341 mg, 87%). H-NMR (400 MHz, CDCl3) &: 7.33-7.22 (5H, m), 4.81 (2H, t, J = 7.0 Hz), 4.41 (2H, t,
J=6.7 Hz), 4.08-4.02 (1H, m), 3.48 (2H, s), 2.84-2.82 (2H, m), 2.47-2.42 (1H, m), 1.99 (2H, td, J = 11.7,
2.3 Hz),1.72-1.70 (2H, m), 1.42-1.33 (2H, m). MS (ESI): 247 (M + H)*. HRMS (ESI) m/z calculated for
Ci1sH23N20* 247.1805, observed 247.1803.

1-Benzyl-N-(3-methyloxetan-3-yl)piperidin-4-amine (30)

To a solution of 1-benzylpiperidin-4-one (61, 0.30 g, 1.6 mmol), 3-amino-3-methyloxetane (0.14 g,
1.6 mmol) and acetic acid (91 pL, 1.6 mmol) in 1,2-dichloroethane (2 mL) was added sodium
triacetoxyborohydride (336 mg, 1.6 mmol), then stirred for 30 minutes at room temperature. After sat.
ag. NaHCO3 was added, the mixture was extracted with chloroform 3 times. The combined organic layer
was washed with brine, dried over sodium sulfate, then concentrated. The residue was purified by amino
silica gel column chromatography (hexane/ethyl acetate/methanol; 47.5/47.5/5 to 42.5/42.5/15) to give
30 as yellow oil (326 mg, 79%). *H-NMR (400 MHz, CDCls) &: 7.33-7.22 (5H, m), 4.81 (2H, t,J = 7.0
Hz), 4.41 (2H, t,J = 6.7 Hz), 4.08-4.02 (1H, m), 3.48 (2H, s), 2.84-2.82 (2H, m), 2.47-2.42 (1H, m), 1.99
(2H, td, J=11.7, 2.3 Hz), 1.72-1.70 (2H, m), 1.42-1.33 (2H, m). MS (ESI): 261 (M + H)*. HRMS (ESI)
m/z calculated for C16H2sN2O* 261.1961, observed 261.1979.

1-Benzyl-N-methoxy-piperidin-4-amine (31)

To a solution of 1-benzylpiperidin-4-one (61, 0.35 g, 1.8 mmol), methoxyamine hydrochloride (0.20
g, 2.2 mmol) and acetic acid (0.10 mL, 1.8 mmol) in methanol (3 mL) was added 2-picoline-borane (0.40
g, 2.8 mmol). The mixture was stirred for 2 h at room temperature. After water was added, the mixture
was extracted with dichloromethane. The combined organic layer was dried over sodium sulfate, then
concentrated. The residue was purified by silica gel column chromatography (hexane/ethyl
acetate/methanol; 47.5/47.5/5 to 42.5/42.5/15)) to give the corresponding reductive amination product as
colorless oil. The product was diluted with 1 mol/L hydrochloric acid (2 mL), and the mixture was
concentrated to give 31 as colorless solid (500 mg, 92%). *H-NMR (400 MHz, CD3;0OD) &: 7.60-7.58
(2H, m), 7.50-7.48 (3H, m), 4.37 (2H, s), 3.98 (3H, s), 3.92-3.86 (1H, m), 3.63 (2H, d, J = 12.9 Hz), 3.22
(2H, dd, J = 13.2, 10.7 Hz), 2.35 (2H, d, J = 13.5 Hz), 2.16-2.10 (2H, m). MS (ESI): 221 (M + H)".
HRMS (ESI) m/z calculated for C13H2:N2O* 221.1648, observed 221.1664.

trans-1-Benzyl-4-fluoro-N-methyl-pyrrolidin-3-amine (33)

To an ice-cooled solution of 64 (3.15 g, 12.6 mmol) and triphenylphosphine (3.97 g, 15.1 mmol) in
tetrahydrofuran (25 mL) was added N,N,N’,N -tetramethylazodicarboxamide (2.74 g, 15.1 mmol). The
mixture was stirred for 48 h at room temperature, then concentrated. After water was added, the mixture
was extracted with ethyl acetate 3 times. The combined organic layer was dried over sodium sulfate then

concentrated. The residue was purified by silica gel column chromatography (hexane/ethyl acetate; 80:20
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to 50:50) to give 67 as colorless oil (2.92 g, quant.). *H-NMR (400 MHz, CDCls) 8: 7.34-7.26 (5H, m),
5.10 (1H, d, J = 12.3 Hz), 5.05 (1H, d, J = 12.3 Hz), 3.71 (2H, t, J = 11.9 Hz), 3.35-3.29 (2H, m), 2.34
(3H,s),2.16 (2H, t, J = 2.0 Hz). MS (ESI): 233 (M + H)*.

To a solution of 67 (930 mg, 4.0 mmol) and 1,5-diazabicyclo[4.3.0]Jnon-5-ene (0.10 mL, 0.80 mmol)
in 1,1,1,3,3,3-hexafluoro-2-propanol (1.7 mL) and tert-butyl methyl ether (4.0 mL) was added benzoyl
fluoride (1.7 mL, 16 mmol). The mixture was stirred for 14 days at 60 C. After sat. aq. NaHCO3 was
added, the mixture was extracted with ethyl acetate 3 times. The combined organic layer was dried over
sodium sulfate, then concentrated. The residue was purified by silica gel column chromatography
(hexane/ethyl acetate/methanol; 47.5/47.5/5 to 42.5/42.5/15)) to give the corresponding fluorinated
product 68 as colorless oil. To a bilayer solution of the product in chloroform (10 mL) and water (10 mL)
was added potassium carbonate (550 mg, 4.0 mmol) and di-tert-butyl dicarbonate (870 mg, 4.0 mmol).
The mixture was stirred for 2 h at room temperature, then extracted with chloroform 3 times. The
combined organic layer was dried over sodium sulfate, then concentrated. The residue was partially
purified by silica gel column chromatography (hexane/ethyl acetate; 90/10 to 70/30). A mixture of the
resulting material and palladium hydroxide on carbon (20 wt%, 50 mg) in methanol (5 mL) was stirred
for 2 h at room temperature under hydrogen atmosphere. After the mixture was filtrated and the filtrate
was concentrated, the residue was diluted with 1,2-dichloromethane (3 mL). Benzaldehyde (96 uL, 0.94
mmol), acetic acid (54 pL, 0.94 mmol) and sodium triacetoxyborohydride (300 mg, 1.4 mmol) were
added to the mixture. The mixture was stirred for 2 h at room temperature. After water was added, the
mixture was extracted with chloroform 3 times. The combined organic layer was dried over sodium
sulfate, then concentrated. The residue was purified by amino silica gel column chromatography
(hexane/ethyl acetate; 100/0 to 0/100) to give the corresponding reductive amination product as colorless
oil. A solution of the product in a mixture of dichloromethane (1.5 mL) and trifluoroacetic acid (1.5 mL)
was stirred for 2 h. After the solution was concentrated, the residue was purified by amino silica gel
column chromatography (hexane/ethyl acetate/methanol; 47.5/47.5/5 to 42.5/42.5/15)) to give 33 as
colorless oil. (160 mg, 19% in 5 steps). *H-NMR (400 MHz, CDCls) &: 7.33-7.22 (5H, m), 4.82 (1H, dtd,
J=54.0,3.7,1.8 Hz), 3.65 (1H, d, J = 12.8 Hz), 3.58 (1H, d, J = 13.1 Hz), 3.28 (1H, dt, J = 25.3, 6.2 HZ),
3.10 (1H, dd, J=9.3, 6.8 Hz), 2.89 (1H, ddd, J = 24.6, 11.4, 1.1 Hz), 2.75 (1H, dq, J = 28.5, 5.6 Hz), 2.44
(3H, s), 2.18 (1H, dd, J = 9.4, 5.9 Hz). MS (ESI): 209 (M + H)*. HRMS (ESI) m/z calculated for
C12H18FN2* 209.1448, observed 209.1463.

trans-1-Benzyl-4-(methylamino)pyrrolidin-3-ol dihydrochloride (34)

To a solution of benzyl 2,5-dihydropyrrole-1-carboxylate (62, 5.00 g, 24.6 mmol) in dichloromethane
(30 mL) was added m-CPBA (8.59 g, 49.2 mmol). The mixture was stirred overnight at room temperature.
The mixture was neutralized by using potassium carbonate, then extracted with chloroform 3 times. The
combined organic layer was dried over sodium sulfate then concentrated. The residue was purified by

amino silica gel column chromatography (hexane/ethyl acetate; 70:30 to 50:50) to give 63 as colorless
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oil (4.30 g, 80%). *H-NMR (400 MHz, CDCls) &: 7.37-7.29 (5H, m), 5.11 (2H, dd, J = 16.2, 12.4 Hz),
3.86 (2H, dd, J=19.4, 12.7 Hz), 3.67 (2H, d, J = 2.5 Hz), 3.40-3.36 (2H, m). MS (ESI): 220 (M + H)".

A solution of 63 (0.50 g, 2.3 mmol) in 9.0 mol/L methylamine solution in methanol (5 mL) was stirred
for 30 min at 100 C under microwave radiation. The mixture was concentrated to give 64 as colorless oil
(0.62 g, quant.). *H-NMR (400 MHz, CDCls) : 7.36-7.30 (5H, m), 5.13 (2H, s), 4.11 (1H, s), 3.77-3.70
(2H, m), 3.40-3.21 (2H, m), 3.06-3.05 (1H, m), 2.44 (3H, d, J = 4.3 Hz). MS (ESI): 251 (M + H)".

To a solution of 64 (0.98 g, 3.9 mmol) in dichloromethane (20 mL) was added di-tert-butyl dicarbonate
(2.30 g, 5.9 mol). The mixture was stirred for 12 h at room temperature. After the mixture was
concentrated, the residue was purified by silica gel column chromatography (hexane/ethyl acetate; 95:5
to 50:50) to give 65a as colorless oil (1.30 g, 95%). H-NMR (400 MHz, CDCls3) &: 1.47 (9H, s), 2.79
(3H, s), 3.30-3.42 (2H, m), 3.70-3.81 (2H, m), 4.30-4.39 (2H, m), 5.14 (2H, s), 7.32-7.36 (5H, m). MS
(ESI): 351 (M + H)*.

A mixture of 65a (0.20 g, 0.57 mmol) and palladium on carbon (10wt%, 20 mg) in methanol (10 mL)
was stirred for 12 h at room temperature under hydrogen atmosphere. The mixture was filtered and the
filtrate was concentrated. To a solution of the residue in 1,2-dichloroethane (10 mL) was added acetic
acid (33 uL, 0.57 mmol), benzaldehyde (87 pL, 0.86 mmol) and sodium triacetoxyborohydride (0.24 g,
1.1 mmol). The mixture was stirred for 12 h at room temperature. After sat. ag. NaHCO3 was added, the
mixture was extracted with chloroform 3 times. The combined organic layer was dried over sodium
sulfate, then concentrated. The residue was purified by silica gel column chromatography (hexane/ethyl
acetate/methanol; 95:5 to 85:15) to give 66a as colorless oil (0.14 g, 80%). *H-NMR (400 MHz, CDCls)
d:1.45 (9H, s), 2.45-2.48 (1H, m), 2.57-2.58 (1H, m), 2.76-2.78 (1H, m), 2.83 (3H, s), 2.98 (1H, s), 3.52-
3.66 (2H, m), 4.26 (2H, td, J = 6.9, 4.7 Hz), 7.26-7.31 (5H, m). MS (ESI): 307 (M + H)*.

To a solution of 66a (759 mg, 2.5 mmol) in ethyl acetate (2 mL) was added 4 mol/L hydrogen chloride
in ethyl acetate (10 mL). The mixture was stirred for 2 h at room temperature, then concentrated. The
resulting solid was washed with diethyl ether to give 34 as yellow solid (680 mg, 98%). *H-NMR (400
MHz, DMSO-d6) &: 11.51-11.49 (1H, br m), 10.04-9.57 (2H, br m), 7.56-7.49 (5H, m), 4.66-4.49 (3H,
m), 3.82-3.16 (6H, m), 2.63 (3H, s). MS (ESI): 207 (M + H)*. HRMS (ESI) m/z calculated for
C12H19N20* 207.1492, observed 207.1500.

trans-1-Benzyl-4-methoxy-N-methyl-pyrrolidin-3-amine dihydrochloride (35)

To an ice-cooled solution of 65a (1.40 g, 4.0 mmol) in N,N-dimethylformamide (6 mL) was added
60% dispersion of sodium hydride. After the mixture was stirred for 10 min at room temperature,
iodomethane (0.50 mL, 8.0 mmol) was added. The mixture was stirred for 18 h at room temperature.
After water was added, the mixture was extracted with ethyl acetate 3 times. The combined organic layer
was dried over sodium sulfate, then concentrated. The residue was purified by silica gel column
chromatography (hexane/ethyl acetate; 70:30 to 50:50) to give 65b as colorless oil (1.50 g, quant.). *H-
NMR (400 MHz, CDCls) &: 7.36-7.30 (5H, m), 5.14 (2H, s), 4.49 (1H, s), 3.86 (1H, t, J = 4.8 Hz), 3.74-
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3.65 (2H, m), 3.49-3.36 (5H, m), 2.78 (3H, s), 1.47 (9H, s). MS (ESI): 365 (M + H)*.

A mixture of 65b (1.57 g, 4.3 mmol) and palladium hydroxide wetted with ca. 50% water (30 mg) in
methanol (10 mL) was stirred for 3 h at room temperature under hydrogen atmosphere. After filtered and
concentrated in vacuo, the residue was diluted with 1,2-dichloroethane (5 mL), then acetic acid (247 uL,
4.3 mmol), benzaldehyde (568 pL, 5.6 mmol) and sodium triacetoxyborohydride (1.34 g, 6.5 mmol) was
added. After stirred for 12 h at room temperature, sat. ag. NaHCO; was added and the mixture was
extracted with chloroform 3 times. The combined organic layer was dried over sodium sulfate, then
concentrated. The residue was purified by amino silica gel column chromatography (hexane/ethyl
acetate; 75:25) to give 66b as colorless oil (1.13 g, 82%). *H-NMR (400 MHz, CDCls) &: 7.33-7.22 (5H,
m), 4.47 (1H, s), 3.89-3.87 (1H, m), 3.64 (1H, d, J = 12.8 Hz), 3.50 (1H, d, J = 13.1 Hz), 3.34 (3H, s),
2.88 (3H, s), 2.75 (1H, t, J = 9.2 Hz), 2.55 (1H, dd, J = 9.9, 4.6 Hz), 2.44 (1H, dd, J = 9.5, 5.0 Hz), 1.45
(9H, s). MS (ESI): 321 (M + H)*.

A solution of 66b (1.14 g, 3.6 mmol) in 4 mol/L hydrogen chloride in ethyl acetate (10 mL) was stirred
for 2 h at room temperature. After the mixture was concentrated, the resulting solid was washed with
diethyl ether to give 35 as colorless solid (915 mg, 88%). *H-NMR (400 MHz, DMSO-dé6) &: 11.66 (1H,
s), 10.35-10.02 (2H, m), 7.64-7.43 (5H, m), 4.50-4.41 (3H, m), 4.00-3.33 (8H, m), 2.63 (3H, s). MS
(ESI): 221 (M + H)*. HRMS (ESI) m/z calculated for C13H21N2O* 221.1648, observed 221.1671.

1-[(2-Fluorophenyl)methyl]-N-methyl-azetidin-3-amine dihydrochloride (37)

To a solution of tert-butyl N-(azetidin-3-yl)-N-methyl-carbamate (69, 209 mg, 1.1 mmol), 2-
fluorobenzaldehyde (117 pL, 1.1 mmol) and acetic acid (64 uL, 1.1 mmol) in 1,2-dichloroethane (3 mL)
was added sodium triacetoxyborohydride (238 mg, 1.1 mmol). The mixture was stirred for 2 h at room
temperature, then neutralized by potassium carbonate. The mixture was extracted with chloroform 3
times. The combined organic layer was dried over sodium sulfate, then concentrated. The residue was
purified by amino silica gel column chromatography (hexane/ethyl acetate; 70/30 to 30/70) to give the
corresponding reductive amination product as a colorless solid. A solution of the product in 4 mol/L
hydrogen chloride in ethyl acetate (5 mL) was stirred for 2 h at room temperature. After the mixture was
concentrated, the residue was washed with diethyl ether to give 37 as colorless solid (163 mg, 54% over
2 steps). tH-NMR (400 MHz, DMSO-d6) 6: 11.74 (1H, s), 10.19 (2H, s), 7.65 (1H, t, ] = 7.5 Hz), 7.53-
7.50 (1H, m), 7.34-7.28 (2H, m), 4.65 (2H, br s), 4.48 (2H, brs), 4.31 (2H, br s), 4.13-4.12 (1H, m), 2.53
(3H, s). MS (ESI): 195 (M + H)*. HRMS (ESI) m/z calculated for Ci1HisFN2* 195.1292, observed
195.1301.

cis-6-Benzyl-3,6-diazabicyclo[3.2.0]heptane (39)
To an ice-cooled solution of 1-benzyloxycarbonyl-4-hydroxy-pyrrolidine-3-carboxylic acid (70, 1.00
g, 3.77 mmol) in tetrahydrofuran (15 mL) was added borane-tetrahydrofuran complex (11.9 mL, 11.3

mmol). The mixture was stirred for 18 h at room temperature under argon atmosphere. The mixture was
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cooled in ice bath, then 2 mol/L sodium hydroxide solution (16 mL) was added. The mixture was stirred
for 10 min at room temperature, then neutralized by 1 mol/L hydrochloric acid. The mixture was extracted
with ethyl acetate 3 times. The combined organic layer was dried over sodium sulfate then concentrated.
The residue was purified by silica gel column chromatography (ethyl acetate/methanol; 97:3 to 95:5) to
give the corresponding diol as colorless oil (878 mg). To a solution of the diol (878 mg) and triethylamine
(2.44 mL, 17.5 mmol) in dichloromethane (10 mL) was added methanesulfonyl chlorodie (1.37 mL, 17.5
mmol). The mixture was stirred for 2 h at room temperature. After water was added, the mixture was
extracted with chloroform 3 times. The combined organic layer was dried over sodium sulfate then
concentrated in vacuo. The residue was purified by silica gel column chromatography (hexane/ethyl
acetate; 20:80 to 0:100) to give 71 as colorless oil (0.78 g, 51%). *H-NMR (400 MHz, CDClIs) (a mixture
of cis/trans isomers (1/1.9)) &: 7.40-7.34 (7.7H, m), 5.17-5.14 (4.6H, m), 4.43-4.17 (3.1H, m), 3.99-3.41
(6.2H, m), 3.11 (1.6H, s), 3.10 (3H, s), 3.09 (1.6H, s), 3.08 (3H, s), 2.92-2.90 (1.6H, br m). MS (ESI):
408 (M + H)*.

A solution of 71 (960 mg, 2.4 mmol) and benzylamine (0.77 mL, 7.1 mmol) in toluene (15 mL) was
stirred for 18 h at 100 C. After water was added, the mixture was extracted with ethyl acetate 3 times.
The combined organic layer was dried over sodium sulfate then concentrated. The residue was purified
by silica gel column chromatography (hexane/ethyl acetate; 50:50 to 0:100) to give 72 as colorless oil
(0.33 g, 43%). *H-NMR (400 MHz, CDCls) &: 7.40-7.24 (10H, m), 5.19 (2H, dd, J = 16.3, 12.5 Hz),
3.91-3.81 (2H, m), 3.74-3.57 (3H, m), 3.50 (1H, dd, J = 11.8, 8.3 Hz), 3.26-3.22 (2H, m), 3.09-2.99 (2H,
m). MS (ESI): 323 (M + H)".

A mixture of 72 (300 mg, 0.93 mmol) and Palladium on carbon (10 wt%, 50 mg) in methanol (3 mL)
was stirred for 2 h at room temperature under hydrogen atmosphere. After the mixture was filtrated and
the filtrate was concentrated, the residue was purified by amino silica gel column chromatography
(hexane/ethyl acetate/methanol; 47.5/47.5/5 to 42.5/42.5/15)) to give 39 as colorless oil. (162 mg, 92%).
'H-NMR (400 MHz, CDCls) &: 7.28-7.17 (5H, m), 3.76 (1H, dd, J = 6.3, 3.0 Hz), 3.63 (2H, dd, J = 16.6,
13.1 Hz), 3.17 (1H, t, J = 8.0 Hz), 3.04-2.97 (2H, m), 2.81-2.72 (3H, m), 2.60 (1H, dd, J = 12.5, 6.8 Hz),
2.20 (1H, dd, J = 12.5, 3.0 Hz). MS (ESI): 189 (M + H)*. HRMS (ESI) m/z calculated for C12H17N2*
189.1386, observed 189.1390.

(1R,5R)-7-Benzyl-4,7-diazabicyclo[3.2.0]heptane (40)

Asolution of (2S,3S)-3-hydroxypyrrolidine-2-carboxylic acid (73, 4.90 g, 37.4 mmol), 4 mol/L sodium
hydroxide solution (10.5 mL, 37.4 mmol) and di-tert-butyl dicarbonate (13.01 g, 56.1 mol) in a mixed
solution of tetrahydrofuran (40 mL) and water (20 mL) was stirred for 8 h at room temperature. After
almost half of the solvent was removed under reduced pressure, the pH value of the aqueous layer was
adjusted to 2.0 by using 10% potassium hydrogen sulfate solution. The mixture was extracted with ethyl
acetate 3 times. The combined organic layer was dried over sodium sulfate then concentrated. The residue

was washed with a mixed solution of hexane and diethyl ethyl (3/1) to give a colorless solid (7.85 g). To
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an ice-cooled solution of this solid in tetrahydrofuran (120 mL) was added borane-tetrahydrofuran
complex (102 mL, 97.0 mmol). The mixture was stirred for 18 h at room temperature under argon
atmosphere. 4 mol/L sodium hydroxide solution (80 mL) was added, and the mixture was stirred for 30
min at room temperature. After the pH value of the solution was adjusted using 2 mol/L hydrochloric
acid, the mixture was extracted with ethyl acetate 3 times. The combined organic layer was dried over
sodium sulfate then concentrated to give the corresponding diol as colorless oil (7.50 g). To an ice-cooled
solution of the diol and triethylamine (24.1 mL, 173 mmol) in dichloromethane (100 mL) was added
methanesulfonyl chloride (13.5 mL, 173 mmol). The mixture was stirred for 18 h at room temperature.
After water was added, the mixture was extracted with ethyl acetate 3 times. The combined organic layer
was dried over sodium sulfate then concentrated. The residue was purified by silica gel column
chromatography (hexane/ethyl acetate; 80:20 to 60:40) to give 74 as colorless oil (11.0 g, 79% over 3
steps). tH-NMR (400 MHz, CDCls) 8: 5.22 (1H, s), 4.46-4.43 (1H, m), 4.39-4.34 (1H, m), 4.24-4.19 (1H,
m), 3.57-3.56 (2H, br m), 3.09 (3H, s), 3.06 (3H, s), 2.27 (2H, br s), 1.50 (9H, s). MS (ESI): 374 (M +
H)*.

A solution of 74 (11.00 g, 29.5 mmol) and benzylamine (12.87 mL, 118 mmol) in toluene (147 mL)
was stirred for 18 h at 100 C. After water was added, the mixture was extracted with ethyl acetate 3 times.
The combined organic layer was dried over sodium sulfate then concentrated. The residue was purified
by silica gel column chromatography (hexane/ethyl acetate; 80:20 to 60:40) to give 75 as colorless solid
(4.70 g, 55%). *H-NMR (400 MHz, CDCls) &: 7.34-7.23 (6H, m), 4.35-4.17 (1H, m), 3.92-3.89 (1H, m),
3.82-3.63 (4H, m), 3.36-3.23 (1H, m), 3.18-3.06 (1H, m), 1.66-1.53 (2H, m), 1.49-1.45 (9H, m). MS
(ESI): 289 (M + H)*.

To a solution of 75 (2.00 mg, 6.9 mmol) in dichloromethane (10 mL) was added trifluoroacetic acid
(10 mL). The mixture was stirred for 2 h at room temperature, then concentrated. The residue was purified
by amino silica gel column chromatography (hexane/ethyl acetate/methanol; 47.5/47.5/5 to
42.5/42.5/15)) to give 40 as colorless oil (1.18 mg, 90%). 'H-NMR (400 MHz, CDCls) &: 7.30-7.19 (5H,
m), 3.92 (1H, t, J=5.4 Hz), 3.69 (2H, dd, J = 17.4, 13.2 Hz), 3.38-3.28 (2H, m), 3.24-3.15 (2H, m), 1.72
(2H, dt, J = 16.3, 3.8 Hz), 1.30-1.21 (1H, m). MS (ESI): 189 (M + H)*. HRMS (ESI) m/z calculated for
C12H17N2* 189.1386, observed 189.1390.

2. in vitro evaluation

phospholipidosis-inducing potential assay

in vitro phospholipidosis-inducing potential assay: At 24 h after plating the cells, medium in each well
of the 96-microplate was removed, 50 uL of medium containing HCS LipidTox Green Phospholipidosis
Detection Regent (In vitrogen, Carsbad, CA, USA) was added quickly, and then 50 puL of medium

containing various test compounds at two-fold serial concentration was transferred to the cell culture
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plate from the chemical preparation plate. At 24 h after addition of HCS Lipid green and test compounds,
the plated cells were washed twice with phosphate-buffered saline (PBS), and 50 pL of PBS was added
to each well. Fluorescence of HCS Lipid green taken up by cells was measured with a fluoro-microplate
reader (Molecular Devices, San Jose, CA, USA) with an excitation wavelength of 495 nm and emission
wavelength of 525 nm. After measuring the fluorescence of HCS Lipid green, and 50 pL of medium
containing 20 pg/ml Hoechst33342 (Sigma—Aldrich, St. Louis, MO, USA) was added. After incubation
was continued for 20 min at 37 °C, the cellular fluorescence of Hoechst33342 was measured using a
fluoro-microplate reader with an excitation wavelength of 355 nm and emission wavelength of 460 nm.
To remove the influence of cytotoxicity, the uptake of HCS Lipid green per cell was calculated using the
following formula. Normalized value = {(signal of sample’s HCS Lipid green—signal of blank) / (signal
of control’s HCS Lipid green—signal of blank)} / {(signal of sample’s Hoechst33342-signal of blank) /
(signal of control’s Hoechst33342-signal of blank)}
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1. Chemistry

2-(5-Amino-4,6-dimethyl-pyrimidin-2-yl)oxy-N-methyl-N-[1-(pyrimidin-5-yImethyl)-4-
piperidyl]acetamide (79)

To a solution of 95 (42 mg, 0.21 mmol), N-methyl-1-(pyrimidin-5-ylmethyl)piperidin-4-amine
trihydrochloride (68 mg, 0.21 mmol), 1-hydroxybenzotriazole (29 mg, 0.21 mmol), and triethylamine
(179 uL, 1.3 mmol) in N,N-dimethylformamide (1 ml) was added EDC (41 mg, 0.21 mmol). The mixture
was stirred overnight at room temperature and then concentrated. The residue was purified by silica gel
column chromatography (chloroform/methanol: 100:0 to 88:22) to give 79 as a colorless solid (58 mg,
71%). *H-NMR (400 MHz, CDCls) (mixture of rotamers) 6: 8.74-8.73 (2H, m), 7.28-7.25 (1H, m), 7.19—
7.18 (1H, m), 4.98 (0.67H, s), 4.91 (1.33H, s), 4.49 (0.67H, t, J = 11.9 Hz), 3.82 (2H, s), 3.60 (0.33H, br
s), 3.21 (2H, s), 3.11-3.01 (2H, m), 2.93 (2H, s), 2.85 (1H, s), 2.33 (6H, 5), 2.24-2.21 (2H, m), 2.08-2.05
(0.67H, m), 1.90-1.88 (1.33H, m), 1.75-1.62 (2H, m). *C-NMR (100 MHz, CDCls) &: 167.98 and
167.87 (rotamer), 167.78 and 167.56 (rotamer), 157.30, 157.24, 152.74, 131.82, 119.39 and 119.29
(rotamer), 65.20, 64.74 and 64.49 (rotamer), 54.35 and 50.73 (rotamer), 53.37 and 53.31 (romater), 29.68
and 28.43 (rotamer), 28.73 and 27.38 (rotamer), 19.98. IR (neat) 3351, 2942, 1643, 1567, 1406, 1342,
1088, 1032, 640, 431. MS (ESI): 386 (M + H)*. HRMS (APCI) m/z calculated for C19H2sN-O>* 386.2299,
observed 386.2298.

2-(5-Amino-4,6-dimethyl-pyrimidin-2-yl)oxy-N-[1-(2,2-difluoroethyl)-4-piperidyl]-N-methyl-
acetamide (80)

To a solution of 95 (188 mg, 0.95 mmol), 1-(2,2-difluoroethyl)-N-methyl-piperidin-4-amine (170 mg,
0.95 mmol), 1-hydroxybenzotriazole (155 mg, 1.0 mmol), and N,N-diisopropylethylamine (300 pL, 1.7
mmol) in acetonitrile (3 ml) was added EDC (296 mg, 1.5 mmol). The mixture was stirred overnight at
room temperature. After the mixture had been concentrated, the residue was purified by amino silica gel
column chromatography (hexane/ethyl acetate/methanol: 47.5:47.5:5 to 42.5:42.5:15) to give 80 as a
colorless solid (160 mg, 47%). *H-NMR (400 MHz, CDCl3) (mixture of rotamers) &: 6.00-5.70 (1H, m),
4.95 (0.67H, s), 4.90 (1.33H, s), 4.47-4.41 (0.67H, m), 3.57 (0.33H, br s), 3.36 (2H, brs), 3.02-2.98 (2H,
m), 2.93 (2H, s), 2.85 (1H, s), 2.81-2.68 (2H, m), 2.32-2.30 (8H, m), 1.97-1.92 (0.67H, m), 1.82-1.73
(2H, m), 1.61-1.58 (1.33H, m). 3C-NMR (100 MHz, DMSO-d6) &: 167.49 and 167.34 (rotamer), 155.61,
151.12, 133.22, 118.27, 115.90, 113.54, 63.33, 59.23 and 59.17 (rotamer), 58.99 and 58.92 (rotamer),
58.75 and 58.65 (rotamer), 53.19 and 52.98 (rotamer), 52.83 and 50.11 (rotamer), 29.18 and 28.09
(rotamer), 28.21 and 26.65 (rotamer), 20.15. IR (KBr) 3424, 3318, 2950, 2810, 1638, 1583, 1438, 1405,
1315, 1291, 1122, 1090, 1052, 704. MS (ESI): 358 (M + H)*. HRMS (APCI) m/z calculated for
C16H26F2NsO* 358.2049, observed 358.2046.
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2-(5-Amino-4,6-dimethyl-pyrimidin-2-yl)oxy-N-methyl-N-[1-(2,2,2-trifluoroethyl)-4-
piperidyl]acetamide (81)

To a solution of 95 (100 mg, 0.51 mmol), N-methyl-1-(2,2,2-trifluoroethyl)piperidin-4-amine
dihydrochloride (150 mg, 0.56 mmol), 1-hydroxybenzotriazole (78 mg, 0.51 mmol), and N,N-
diisopropylethylamine (354 uL, 2.0 mmol) in acetonitrile (2 ml) was added EDC (126 mg, 0.66 mmol).
The mixture was stirred overnight at room temperature and then concentrated. The residue was purified
by silica gel column chromatography (ethyl acetate/methanol: 95:5 to 85:15) to give 81 as a colorless
solid (109 mg, 57%). *H-NMR (400 MHz, CDCls) &: 4.95 (0.33, s), 4.90 (0.67H, s), 4.47-4.41 (0.67H,
m), 3.60-3.54 (0.33H, m), 3.40 (2H, br s), 3.07-2.85 (7H, m), 2.46 (2H, t, J = 11.4 Hz), 2.28 (6H, s),
1.99-1.91 (0.67H, m), 1.83-1.74 (2H, m), 1.59 (1.33H, d, J = 11.3 Hz). *3C-NMR (100 MHz, DMSO-
d6) 6: 167.50 and 167.35 (rotamer), 155.61, 151.13, 133.22, 63.34, 56.72 and 56.44 (rotamer), 53.11and
52.76 (rotamer), 52.65 and 50.00 (rotamer), 29.19 and 28.10 (rotamer), 28.23 and 26.66 (rotamer), 20.15.
IR (KBr) 3428, 3327, 2938, 2828, 1644, 1582, 1444, 1406, 1347, 1325, 1292, 1135, 1089, 662. MS (ESI):
376 (M + H)*. HRMS (APCI) m/z calculated for C16H25F3NsO2* 376.1955, observed 376.1951.

2-(5-Amino-4,6-dimethyl-pyrimidin-2-yl)oxy-N-[1-[(2,2-difluorocyclopropyl)methyl]-4-piperidyl]-N-
methyl-acetamide hydrochloride (82)

To a solution of 95 (56.3 g, 286 mmol), tert-butyl 4-(methylamino)piperidine-1-carboxylate (61.2 mg,
303 mmol), 1-hydroxybenzotriazole (3.86 g, 28.6 mmol), and triethylamine (23.9 mL, 172 mmol) in
acetonitrile (400 ml) was added EDC (60.2 g, 31.5 mmol). The mixture was stirred overnight at 50°C.
After water (700 ml) had been added, the appeared precipitate was collected by filtration to give a Boc-
protected intermediate 96 (101 g). To a solution of the intermediate 96 in dichloromethane (300 mL) was
added trifluoroacetic acid (300 mL) portionwise. The mixture was stirred overnight at room temperature.
After 20% sodium ethoxide solution in ethanol (300 mL) had been added dropwise, the mixture was
neutralized using 4 mol/L sodium hydroxide solution (ca. 40 mL). The mixture was concentrated and
azeotroped with ethanol (500 mL x 2). The resulting solid was extracted with a mixed solution of
methanol and chloroform (1/9, 500 mL x 8). The organic layer was dried over sodium sulfate and then
concentrated. The resulting solid was washed with ethyl acetate and dried to give 97 as a yellow solid
(47.2 g, 56%, over two steps). *H-NMR (400 MHz, CDCls) (mixture of rotamers) &: 4.98 (0.67H, s), 4.91
(1.33H, s), 4.56-4.48 (0.67H, m), 3.63 (0.33H, t,J = 7.7 Hz), 3.23-3.10 (4H, m), 2.94 (2H, s), 2.85 (1H,
s), 2.73-2.62 (2H, m), 2.32 (6H, s), 1.76 (1.67H, br s), 1.63-1.58 (2.33H, m). MS (ESI): 294 (M + H)*.

A mixture of 97 (100 mg, 0.34 mmol), 2-(bromomethyl)-1,1-difluoro-cyclopropane (87 mg, 0.51
mmol), and triethylamine (95 pL, 0.68 mmol) in acetonitrile (2 ml) was stirred overnight at 50°C. After
the mixture had been concentrated, the residue was purified by silica gel column chromatography
(chloroform/methanol: 98:2 to 90:10) to give 82 (free base) as a yellow oil (91 mg). To a solution of 82
(free base, 91 mg, 0.24 mmol) in 1,4-dioxane (1 ml) was added 4 mol/L hydrogen chloride in 1,4-dioxane
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(59 pL, 0.24 mmol). The mixture was stirred for 30 min at room temperature and then concentrated to
give 82 as a yellow solid (97 mg, 98%, over two steps). *H-NMR (400 MHz, DMSO-d6) (mixture of
rotamers) 8: 10.71-10.57 (1H, br m), 4.98 (0.67H, s), 4.86 (1.33H, s), 4.51-4.43 (0.67H, m), 4.04-3.94
(0.33H, m), 3.86-3.04 (8H, m), 2.88 (2H, s), 2.70 (1H, s), 2.30-2.14 (9H, m), 1.99-1.82 (1.67H, m),
1.72-1.61 (2.33H, m). *C-NMR (100 MHz, DMSO-d6) &: 167.95 and 167.55 (rotamer), 155.56, 151.19,
133.26, 63.38 and 63.29 (rotamer), 52.22 and 51.15 (rotamer), 49.86 and 49.72 (rotamer), 47.52 and
45.44 (rotamer), 28.30 and 26.63 (rotamer), 26.16 and 25.01 (rotamer), 26.09 and 24.97 (rotamer), 20.19,
16.70, 16.61, 16.50, 15.37, 15.27, 15.16. IR (KBr) 3555, 3433, 3354, 2940, 2644, 1630, 1584, 1447,
1405, 1352, 1304, 1218, 1099, 1000, 653. MS (ESI): 384 (M + H)*. HRMS (FAB) m/z calculated for
Ci1sH2sF2NsO»* 384.2206, observed 384.2211.

2-(5-Amino-4,6-dimethyl-pyrimidin-2-yl)oxy-N-[1-(2-hydroxy-2-methyl-propyl)-4-piperidyl]-N-
methyl-acetamide (83)

A solution of 97 (201 mg, 0.68 mmol) and 2,2-dimethyloxirane (76 pL, 0.85 mmol) in 2-propanol (3
ml) was heated to 120 °C for 6 h. After the mixture had been concentrated, the residue was purified by
silica gel column chromatography (ethyl acetate/methanol: 75:25 to 67:33) to give 83 as a colorless solid
(232 mg, 93%). *H-NMR (400 MHz, CDCl3) (mixture of rotamers) &: 4.97 (0.67H, s), 4.91 (1.33H, s),
4.49-4.37 (0.67H, m), 3.63-3.53 (0.33H, m), 3.21 (2H, s), 3.08-2.78 (5H, m), 2.50-2.39 (2H, m), 2.32
(8H, m), 1.97-1.86 (0.67H, m), 1.76-1.56 (3.33H, m) 1.15 (6H, s). 3C-NMR (100 MHz, DMSO-d6) &:
167.61 and 167.49 (rotamer), 155.83, 151.32, 133.41, 70.43, 68.42 and 68.33 (rotamer), 63.56 and 63.51
(rotamer), 55.06 and 54.80 (rotamer), 53.51 and 50.64 (rotamer), 29.82 and 28.75 (rotamer), 28.41 and
26.86 (rotamer), 28.19, 20.35. IR (KBr) 3437, 3326, 2927, 2783, 1644, 1588, 1452, 1413, 1303, 1113,
1091, 1035, 650. MS (ESI): 366 (M + H)*. HRMS (APCI) m/z calculated for C1sH32Ns03* 366.2500,
observed 366.2497.

2-(5-Amino-4,6-dimethyl-pyrimidin-2-yl)oxy-N-methyl-N-[1-(oxetan-3-yl)-4-piperidyl]acetamide (84)
To a solution of 95 (148 mg, 0.75 mmol), N-methyl-1-(oxetan-3-yl)piperidin-4-amine (128 mg, 0.75
mmol), 1-hydroxybenzotriazole (115 mg, 0.75 mmol), and N,N-diisopropylethylamine (131 uL, 0.75
mmol) in acetonitrile (3 ml) was added EDC (144 mg, 0.75 mmol). The mixture was stirred for 1 h at
room temperature. After the mixture had been concentrated, the residue was purified by silica gel column
chromatography (hexane/ethyl acetate/methanol: 47.5:47.5:5 to 42.5:42.5:15) to give 84 as a colorless
solid (100 mg, 38%). *H-NMR (400 MHz, CDCls) (mixture of rotamers) 8: 4.96 (0.54H, s), 4.91 (1.46H,
s), 4.65 (2H, t, J = 6.7 Hz), 4.58 (2H, t, J = 6.1 Hz), 4.49-4.46 (0.73H, m), 3.60 (0.27H, br s), 3.49-3.42
(1H, m), 3.27 (2H, br s), 2.90-2.82 (5H, m), 2.30 (6H, s), 1.94-1.63 (6H, m). *C-NMR (100 MHz,
DMSO-d6) 6: 167.70 and 167.54 (rotamer), 155.81, 151.32, 133.42, 74.97, 63.53, 58.56, 53.28 and
50.56 (rotamer), 49.10 and 48.86 (rotamer), 29.07 and 27.96 (rotamer), 28.42 and 26.91 (rotamer), 20.35.
IR (KBr) 3536, 3328, 2946, 2875, 2807, 1656, 1581, 1452, 1408, 1369, 1347, 1307, 1155, 966, 692. MS
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(ESI): 350 (M + H)*. HRMS (APCI) m/z calculated for C17H2sNs03* 350.2187, observed 350.2186.

2-(5-Amino-4,6-dimethyl-pyrimidin-2-yl)oxy-N-methyl-N-[1-(3-methyloxetan-3-yl)-4-
piperidyl]acetamide (85)

To a solution of 95 (321 mg, 1.6 mmol), N-methyl-1-(3-methyloxetan-3-yl)piperidin-4-amine (300 mg,
1.6 mmol), 1-hydroxybenzotriazole (249 mg, 1.6 mmol), and N,N-diisopropylethylamine (569 pL, 3.3
mmol) in acetonitrile (3 ml) was added EDC (248 mg, 2.4 mmol). The mixture was stirred for 3 h at
room temperature. After water had been added, the mixture was extracted with ethyl acetate. The organic
layer was washed with brine, dried over sodium sulfate, and then concentrated. The residue was purified
by amino silica gel column chromatography (hexane/ethyl acetate/methanol: 47.5:47.5:5 to 42.5:42.5:15)
to give 85 as a colorless solid (100 mg, 38%). H-NMR (400 MHz, CDCls) 6: 4.95 (0.67H, s), 4.90
(1.33H, s), 4.54 (2H, d, J = 5.3 Hz), 4.46-4.40 (0.67H, m), 4.21 (2H, d, J = 5.3 Hz), 3.55-3.44 (2.33H,
m), 2.95 (2H, s), 2.87 (1H, s), 2.64-2.55 (2H, m), 2.27 (6H, s), 2.23-2.17 (2H, m), 1.97-1.89 (0.67H, m),
1.80-1.71 (2H, m), 1.65-1.61 (1.33H, m), 1.34 (3H, s). *C-NMR (100 MHz, DMSO-d6) &: 167.31 and
167.21 (rotamer), 155.50, 151.00, 133.10, 80.66, 63.23 and 63.18 (rotamer), 59.53, 53.21 and 50.51
(rotamer), 44.43 and 44.20 (rotamer), 29.43 and 28.14 (rotamer), 28.31 and 26.61 (rotamer), 20.03, 14.12
and 14.08 (rotamer). IR (KBr) 3427, 3343, 3246, 2938, 2862, 1660, 1579, 1445, 1405, 1342, 1296, 1112,
1086, 965, 824. MS (ESI): 364 (M + H)*. HRMS (APCI) m/z calculated for C1gH30NsO3" 364.2343,
observed 364.2340.

2-(5-Amino-4,6-dimethyl-pyrimidin-2-yl)oxy-N-(1-benzylpyrrolidin-3-yl)-N-methyl-acetamide
hydrochloride (86)

To a solution of 95 (50 mg, 0.25 mmol) and 1-benzyl-N-methyl-pyrrolidin-3-amine (48 mg, 0.25
mmol) in dichloromethane (1 mL) was added propylphosphoric anhydride solution in ethyl acetate
(>50%, 0.5 ml). The mixture was stirred for 1 h at room temperature. After the mixture had been
concentrated, the residue was purified by amino silica gel column chromatography (hexane/ethyl
acetate/methanol: 47.5:47.5:5 to 42.5:42.5:15) to give 86 (free base) as a colorless solid (43 mg). To a
solution of 86 (free base, 43 mg, 0.12 mmol) in 1,4-dioxane (1 ml) was added 4 mol/L hydrogen chloride
in 1,4-dioxane (31 pL, 0.12 mmol). The mixture was stirred for 30 min at room temperature. The
appeared precipitate was collected by filtration and dried to give 86 as a yellow solid (35 mg, 34%, over
two steps). *H-NMR (400 MHz, DMSO0-d6) (mixture of rotamers) &: 11.31 (0.5H, s), 11.05 (0.5H, s),
7.60-7.59 (2H, m), 7.43 (3H, br s), 4.97-4.78 (3H, m), 4.44-4.21 (2H, m), 3.66-3.47 (2H, m), 3.39-3.28
(1H, m), 3.17-2.79 (4H, m), 2.24-2.06 (8H, m). 3C-NMR (100 MHz, DMSO-d6) &: 130.70, 129.52,
129.02, 66.55, 20.36. Other signals were not observed presumably because the intensity was too weak
due to signal broadening based on attached nitrogen atom and/or the presence of rotamers derived from
amide bond which also observed in *H-NMR spectrum. IR (KBr) 3421, 2698, 1652, 1577, 1450, 1404,
1324, 1099, 1028, 756, 703. MS (ESI): 370 (M + H)*. HRMS (APCI) m/z calculated for CaoH2sNsO5*
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370.2238, observed 370.2236.

2-(5-Amino-4,6-dimethyl-pyrimidin-2-yl)oxy-N-(1-benzylazetidin-3-yl)-N-methyl-acetamide (89)

To a solution of 95 (980 mg, 5.0 mmol), 1-benzyl-N-methyl-azetidin-3-amine (910 mg, 5.2 mmol), 1-
hydroxybenzotriazole (760 mg, 5.0 mmol), and N,N-diisopropylethylamine (1.77 mL, 10.3 mmol) in
acetonitrile (15 ml) was added EDC (1.55 g, 8.1 mmol). The mixture was stirred for 3 h at room
temperature. After sat. ag. sodium bicarbonate had been added, the mixture was extracted with ethyl
acetate. The combined organic layer was washed with brine, dried over sodium sulfate, and then
concentrated. The mixture was concentrated and the residue was purified by amino silica gel column
chromatography (hexane/ethyl acetate/methanol: 47.5:47.5:5 to 42.5:42.5:15) to give 89 as a colorless
solid (680 mg, 39%). *H-NMR (400 MHz, CDCls) (mixture of rotamers) &: 7.33—7.28 (5H, m) 4.88-4.84
(2.62H, m), 4.61 (0.38H, brs), 3.64-3.57 (4H, m), 3.26-3.04 (7H, m), 2.31 (6H, s). 1*C-NMR (100 MHz,
DMSO-d6) &: 168.10 and 167.97 (rotamer), 163.20, 155.52, 151.13, 138.33, 133.29, 128.22 and 128.19
(rotamer), 126.85, 63.26, 62.36 and 62.15 (rotamer), 58.07, 57.95, 46.39 and 45.36 (rotamer), 29.73 and
28.50 (rotamer), 20.16. IR (KBr) 3412, 2949, 2798, 1647, 1574, 1451, 1399, 1325, 1133, 1107, 752, 717.
MS (ESI): 356 (M + H)*. HRMS (APCI) m/z calculated for C19H26Ns02* 356.2081, observed 356.2080.

2-(5-Amino-4,6-dimethyl-pyrimidin-2-yl)oxy-1-[(1R,5R)-7-benzyl-4,7-diazabicyclo[3.2.0]heptan-4-
yl]ethanone (90)

To a solution of 95 (58 mg, 0.29 mmol), (1R,5R)-7-benzyl-4,7-diazabicyclo[3.2.0]heptane (55 mg,
0.29 mmol), 1-hydroxybenzotriazole (45 mg, 0.29 mmol), and N,N-diisopropylethylamine (102 uL, 0.58
mmol) in acetonitrile (2 ml) was added EDC (84 mg, 0.44 mmol). The mixture was stirred for 6 h at
room temperature. After the mixture had been concentrated, the residue was purified by silica gel column
chromatography (ethyl acetate/methanol: 95:5 to 80:20) to give 90 as a colorless solid (48 mg, 48%). *H-
NMR (400 MHz, CDCIs3) (mixture of rotamers) 8: 7.29-7.24 (5H, m), 4.94-4.83 (1H, m), 4.74 (1H, s),
4.54 (0.5H, t, J = 5.3 Hz), 4.42 (0.5H, t, J = 5.3 Hz), 4.13-3.96 (1.5H, m), 3.90-3.62 (3.5H, m), 3.42—
3.40 (0.5H, m), 3.29-3.27 (2.5H, m), 3.21-3.14 (1H, m), 2.28 (3H, s), 2.26 (3H, s), 1.73-1.65 (1.5H, m),
1.56-1.48 (0.5H, m). *3C-NMR (100 MHz, DMSO-d6) &: 166.66 and 166.45 (rotamer), 155.42 and
155.34 (rotamer), 151.04 and 151.01 (rotamer), 138.38 and 138.34 (rotamer), 133.20 and 133.18
(rotamer), 128.30 and 128.23 (rotamer), 128.04 and 128.02 (rotamer), 126.77 and 126.75 (rotamer),
70.17 and 67.75 (rotamer), 63.37 and 63.33 (rotamer), 60.59 and 60.40 (rotamer), 58.08 and 57.75
(rotamer), 52.12 and 50.98 (rotamer), 45.85 and 45.42 (rotamer), 30.83 and 28.85 (rotamer), 19.98. IR
(KBr) 3447, 3350, 3246, 2937, 2783, 1660, 1579, 1447, 1404, 1330, 1128, 1025, 728. MS:368 (M + H)".
HRMS (APCI) m/z calculated for C2oH26NsO2* 368.2081, observed 368.2076.

2-(6-Chloropyridazin-3-yl)oxy-N-[1-[(2,2-difluorocyclopropyl)methyl]-4-piperidyl]-N-methyl-
acetamide (93)
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To a solution of 98 (102 mg, 0.54 mmol), 1-[(2,2-difluorocyclopropyl)methyl]-N-methyl-piperidin-4-
amine dihydrochloride (150 mg, 0.54 mmol), and triethylamine (528 pL, 3.8 mmol) in N,N-
dimethylformamide (5 mL) was added BOP reagent (287 mg, 0.65 mmol). The mixture was stirred
overnight at 50°C. After sat. ag. sodium bicarbonate had been added, the mixture was extracted with
ethyl acetate. The organic layer was washed with brine, dried over sodium sulfate, and then concentrated.
The residue was purified by silica gel column chromatography (chloroform/methanol; 99:1 to 95:5) to
give 93 (free base) as a yellow oil (15 mg). To a solution of 93 (free base, 15 mg, 0.039 mmol) in 1,4-
dioxane (1 ml) was added 4 mol/L hydrogen chloride in 1,4-dioxane (9.7 pL, 0.39 mmol), which was
then stirred for 30 min at room temperature and subsequently concentrated to give 93 as a colorless solid
(14 mg, 6%, over two steps). *H-NMR (400 MHz, DMSO-d6) (mixture of rotamers) &: 9.92 (1H, br s),
7.83 (1H, d, J=9.3 Hz), 7.45 (1H, d, J = 9.3 Hz), 5.34 (0.67H, s), 5.24 (1.33H, s), 4.42 (0.67H, 5), 3.96
(0.33H, s), 3.63-3.51 (2H, m), 3.20-3.11 (4H, m), 2.88 (2H, s), 2.72 (1H, s), 2.20-1.59 (7H, m). *C-
NMR (100 MHz, DMSO-d6) &: 165.88 and 165.78 (rotamer), 163.82, 150.68, 131.71, 120.89, 117.72,
114.90, 112.11, 64.35, 54.46 and 54.42 (romater), 53.01 and 50.72 (rotamer), 52.37 and 52.21 (rotamer),
51.51 and 51.56 (rotamer), 29.14 and 28.09 (rotamer), 29.11 and 28.06 (rotamer), 27.95 and 26.75
(rotamer), 19.85 and 19.80 (rotamer), 19.75 and 19.71 (rotamer), 19.65 and 19.60 (rotamer), 14.52, 14.42,
14.33. IR (KBr) 3014, 2938, 2647, 1677, 1584, 1480, 1421, 1295, 1210, 1153, 1052, 1002, 863, 717, 614.
MS (ESI): 375 (M + H)* . HRMS (FAB) m/z calculated for CisH22CIF.N4O2* 375.1394, observed
375.1384.

2. in vitro evaluation

Neuroprotective activity

Cerebrocortical and hippocampal neurons were prepared from embryonic brains [gestation/embryonic
day 18 (E18)] of Wistar rats (Japan SLC, Inc., Shizuoka, Japan). The cerebral cortices and hippocampus
were dissociated with papain for 30 min at 37°C, suspended in neurobasal medium (Life Technologies
Corporation, Grand Island, NY, USA) containing 2% Gem-21, 1% TCX (Japan BD, Tokyo, Japan), 1%
penicillin—streptomycin, and 1% Glutamax (Life Technologies Corporation), and then seeded onto 0.1%
poly-ethyleneimine-coated 96-well microplates (BD Falcon, Tokyo, Japan). The neuronal cultures were
maintained in an atmosphere of 5% CO; at 37°C in a humidified incubator. Four days after seeding, half
of the medium was exchanged, and seven days after, the proliferation of non-neuronal cells was inhibited
by the addition of 6 UM AraC (arabinofuranosyl cytidine) as the final concentration in the culture medium.
A test compound (10 uM) was applied in 9-day cultures for 24 h prior to the onset of glutamate (30-60
uM, for 24 h) toxicity. The selective FGF receptor inhibitor PD166866 (3 uM) was performed 30 min
before exposure of the test compound.

The neuroprotective effects of the chemical compounds were assessed with a survival indicator of live
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cells using CCK8 (Wako Pure Chemical, Tokyo, Japan). Absorption was measured at 450 nm using a
microplate spectrophotometer (SPECTRA Max Plus; Molecular Devices, CA, USA). Cell viability was
expressed as the percentage survival, with 100% survival observed in control cultures. All animal
experiments were approved by the Ethics Committee for Animal Experiments of Asubio Pharma Co.,

Ltd., and performed in accordance with the Guidelines for Animal Experiments of the laboratories.

logP value

Partition coefficients (logP) were determined by reverse-phase high performance liquid
chromatography (HPLC) applying our own procedure as follows. A solution of a test compound (5
pg/mL) in 50% aqueous acetonitrile was prepared and 5 pL of the sample solution was injected into the
HPLC system. Analysis was performed on an Inertsil ODS-3 column (2.1 x 50 mm, particle size 5 pm;
GL Sciences Inc., Tokyo, Japan). The temperature of the column oven was maintained at 40°C. The flow
rate was 0.4 mL/min and the effluents were monitored at 220—350 nm. Mobile phase A was 10 mM
ammonium acetate in ultrapure water. Mobile phase B was acetonitrile, which was increased linearly
from 2% to 98% over 1.5 min, retained at 98% over the next 0.5 min, after which the column was
equilibrated to 2% for 2 min. The retention time of the sample compound (ts) was recorded and the
retention time (x) relative to the retention time of propranolol (t,) was calculated using the following
equation: X = ts/tp. The logP value (y) of the sample compound was finally determined applying the x
value to the formula: y = 12.653x — 10.384, which was derived from the regression analysis, based on
the correlation data between each retention time relative to that of propranolol and the logP value for 27
reference compounds. With this method, for dexamethasone and ibuprofen, logP values of 2.82 and 2.97,

respectively, were obtained.

PAMPA assay

The donor wells were filled with 0.20 mL of 10% DMSO in system solution (pH = 7.4) containing 10
uM test compound. The filter on the bottom of each acceptor well was coated with Lipid Solution (Pion
Inc., MA, USA) and filled with 0.20 mL of Acceptor Sink Buffer (Pion Inc.). The acceptor filter plate
was put on the donor plate and incubated for 2 h at rt. After incubation, the amount of test compound in
both donor and acceptor wells was measured by liquid chromatograph-tandem mass spectrometry (LC-
MS/MS). The membrane permeation rate [Pe (cm/s)] was calculated using PAMPA EVOLUTION

software (Pion Inc.).

P-gp efflux ratio using Caco-2 cells

Caco-2 cells were provided by RIKEN BRC (Ibaraki, Japan) through the National Bio-Resource
Project of MEXT, Japan. They were maintained in DMEM supplemented with 10% FBS, 100 units/ml
penicillin, and 100 mg/ml streptomycin at 37°C in an atmosphere of 5% CO.. For the transcellular

transport assay, Caco-2 cells were seeded on an HTS Transwell 24-well plate (polycarbonate membrane,
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0.4 mm pore size, 0.33 cm? culture surface area; Corning, Inc., Corning, NY, USA) at 2x108 cells/well
for more than 21 days. The culture medium was changed every 3 to 4 days. On the day of the experiment,
the transepithelial electrical resistance was measured to check the integrity of the monolayer using an
EVOM voltohmmeter (World Precision Instruments Ltd., FL, USA) and the cell monolayers with
transepithelial electrical resistance above 600 Qcm? were used for the assay.

For the bidirectional transport assay, the culture medium on both donor and receiver sides was replaced
with HBSS buffer and preincubated for 60 min at 37°C. The HBSS buffer on the receiver side was then
replaced with fresh HBSS buffer, while the HBSS buffer on the donor side was replaced with HBSS
buffer containing 10 uM test compounds. A typical P-gp inhibitor, quinidine (30 M), was also added to
both donor and receiver sides to confirm the effect on P-gp in the bidirectional transport assay. After
incubation for 120 min at 37°C, aliquots of the solution from the receiver side were collected and the
amounts of compounds on both sides were measured by LC-MS/MS to determine the steady-state
appearance rate (dQ/dt) of the test compounds on the receiver side. The Pqpp, ratio of test compounds was
calculated as follows: (dQ/dt atwg) / (dQ/dt et a). The P-gp efflux ratio was calculated using the Papp

ratio in the absence of quinidine relative to that in its presence.

MBI assay

A mixture of human liver microsomes (0.5 mg/mL) and 10 uM test compound was preincubated in
phosphate buffer (pH 7.4) for 30 min at 37°C with or without NADPH (1 mM). The mixture was next
added to the assay buffer containing testosterone, a probe substrate of CYP3A4, and incubated for an
additional 10 min at 37°C. The reaction was quenched with acetonitrile and then the amount of
testosterone metabolite was measured by LC-MS/MS to determine the remaining CYP3A4 activity. The

remaining activity with/without NADPH was depicted as a percentage.

Measurement of in vitro hydrolytic rate

A mixture of human liver microsomes (0.5 mg/mL) and 100 pM of test compound was incubated in
phosphate buffer (pH 7.4) for 60 min at 37°C. The reaction was quenched with acetonitrile, and then the
amount of hydrolysate (i.e, BMP or 1-[(2,2-difluorocyclopropyl)methyl]-N-methyl-piperidin-4-amine)
was measured by LC-tandem mass spectrometry (LC-MS/MS) to determine the hydrolytic rate.

3. Pharmacokinetics

All animal studies were conducted in facilities approved by the Institutional Animal Care and Use
Committees. Compounds were administered to non-fasted Crl:CD(SD) rats (h = 2 per treatment group).
Compounds were dissolved in a vehicle of 0.5% HPC in water for p.o. administration or 5% DMSO/1%
castor 0il/10% HP-B-CyD in saline for i.v. administration. Blood samples were collected sequentially

with heparin lithium or sodium as an anticoagulant. The samples were centrifuged at 4°C, and the plasma
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was collected and stored at —80°C before analysis. Brains were excised under anesthesia with isoflurane
inhalation and homogenized with saline at 4°C. These samples were analyzed by LC-MS/MS to measure
the compound concentration. The pharmacokinetic parameters were calculated by non-compartmental
analysis. Oral bioavailabilities were calculated from the ratio of dose-corrected area under the
concentration—time curve (AUC) after oral administration to that after intravenous administration. Brain-
plasma concentration ratios (Kpin) of the compounds were calculated from the ratio of brain

concentration to plasma concentration at 1 h after intravenous administration.

4. In vivo evaluation

Male Crl:CD(SD) rats were purchased at 7 weeks old from Charles River Laboratories Japan and used
at 8 weeks old. Microspheres (2,300/0.1 mL) were injected into the right middle cerebral artery perfusion
area from the right common carotid artery under halothane anesthesia. One day after microsphere
injection, only animals showing neurological deficits were selected and divided into treatment groups by
randomization; then, test compound or vehicle was orally administered daily for 10 days. Motor
coordination was evaluated by measuring the time until the animals fell from the rotating rod in
accelerating mode (Ugo Basile; 4 to 40 rpm for 5 min) at 2 weeks after microsphere injection.

Measurement of rota-rod performance was performed five times at intervals of at least 30 min.
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1. Chemistry

2-{[1-(1-Benzylpiperidin-4-yl)-1H-1,2,3-triazol-4-ylJmethoxy}-4,6-dimethylpyrimidin-5-amine (99)

To a solution of 4,6-dimethyl-5-nitro-pyrimidin-2-ol (1.18 g, 7.0 mmol) and silver (1) carbonate (2.32
g, 8.4 mmol) in N,N-dimethylformamide was added 3-bromopropyne (577 pL, 7.7 mmol). The mixture
was stirred for 2 h at 100 'C. Water was added to the mixture, and the resulting mixture was filtered. The
filtrate was extracted with ethyl acetate 3 times. The combined organic layer was washed with brine,
dried over sodium sulfate then concentrated. The residue was purified by silica gel column
chromatography (hexane/ethyl acetate; 95:5 to 80:20) to give 111a as colorless solid (210 mg, 15%). *H-
NMR (400 MHz, CDCls) 4: 5.06 (2H, d, J = 2.3 Hz), 2.56 (6H, s), 2.49 (1H, t, J = 2.4 Hz). MS (ESI):
208 (M + H)*.

To an ice-cooled solution of 4-bromopiperidine hydrobromide (771 mg, 3.2 mmol) and benzylbromide
(410 pL, 3.5 mmol) in chloroform (10 mL) was added triethylamine (1.1 mL, 7.9 mmol). The mixture
was stirred overnight at room temperature. After the mixture was concentrated, the residue was diluted
with N,N-dimthylformamide (10 mL), followed by the addition of sodium azide (240 mg, 3.7 mmol).
The mixture was stirred overnight at 70°C. Brine was added to the mixture, and the resulting mixture was
extracted with ethyl acetate 3 times. The combined organic layer was dried over sodium sulfate, then
concentrated. The residue was purified by amino silica gel column chromatography (hexane/ethyl
acetate; 100:0 to 80:20) to give 114a as colorless oil (338 mg, 50% over 2 steps). *H-NMR (400 MHz,
CDCl3) &: 7.33-7.23 (5H, m), 3.49 (2H, s), 3.42-3.35 (1H, m), 2.78-2.74 (2H, m), 2.18-2.14 (2H, m),
1.92-1.86 (2H, m), 1.71-1.63 (2H, m). MS (ESI): 217 (M + H)*

To a solution of 111a (70 mg, 0.34 mmol), 114a (77 mg, 0.36 mmol) and sodium L-ascorbate (13mg,
0.068 mmol) in methanol (4 mL) was added copper (1) sulfate pentahydrate (13 mg, 0.051 mmol). The
mixture was stirred overnight at room temperature. After sat. aq. NaHCO3 was added to the mixture, the
resulting mixture was extracted with ethyl acetate 3 times. The organic layer was dried over sodium
sulfate, then concentrated. The residue was purified by silica gel column chromatography (hexane/ethyl
acetate; 70:30 to 20:80) to give 115a as colorless oil (122 mg, 85%). *H-NMR (400 MHz, CDCl3) : 7.69
(1H,s), 7.34-7.25 (5H, m), 5.61 (2H, s), 4.53-4.47 (1H, m), 4.13-4.11 (1H, m), 3.57 (2H, s), 3.03 (2H, d,
J=12.0 Hz), 2.56 (6H, s), 2.23-2.04 (6H, m). MS (ESI): 424 (M + H)*

A mixture of 115a (125 mg, 0.30 mmol) and platinum (IV) oxide (>85 wt%, 13 mg) in methanol (12
mL) was stirred for 40 min under hydrogen atmosphere. After the mixture was filtrated, the filtrate was
concentrated. Tthe residue was purified by amino silica gel column chromatography with ethyl acetate
as an eluent to give 99 as colorless solid (92 mg, 79%). *H-NMR (400 MHz, CDCls) &: 7.68 (1H, s),
7.34-7.25 (5H, m), 5.47 (2H, s), 4.47 (1H, dd, J = 13.7, 9.2 Hz), 3.56 (2H, s), 3.24 (2H, s), 3.02 (2H, d, J
= 12.0 Hz), 2.37 (6H, s), 2.17-2.09 (6H, m). 3C-NMR (100 MHz, CDCls) &: 157.38, 142.87, 144.34,
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138.07, 131.76, 129.04, 128.36, 127.20, 120.44, 62.77, 60.83, 58.31, 52.21, 32.73, 19.99. IR (KBr) 3466,
3370, 2935, 2810, 2768, 1629, 1573, 1418, 1332, 1085, 1053, 1017, 736, 698. MS (ESI): 394 (M + H)*.
HRMS (APCI) m/z calculated for C21H2sN;0* 394.2350, observed 394.2348.

2-{[1-(1-Benzylpiperidin-4-yl)-1H-1,2,3-triazol-4-ylJmethoxy}-5-chloropyrimidine (100)

To an ice-cooled solution of propargyl alcohol (0.51g, 9.1 mmol) in tetrahydrofuran (18 mL) was
added 60% dispersion of sodium hydride (435 mg, 10.9 mmol). The mixture was stirred for 25 min at
room temperature. The mixture was cooled to 0°C, then 2,5-dichloropyrimidine (1.35 g, 9.1 mmol) was
added to the mixture portionwise. After the mixture was stirred overnight at room temperature, water
was added to the mixture. The resulting mixture was extracted with chloroform 3 times. The organic
layer was dried over sodium sulfate then concentrated to give 111d as colorless solid (1.35 g, 88%). *H-
NMR (400 MHz, CDCls) é: 8.49 (1H, s), 5.01 (1H, d, J = 2.3 Hz), 2.48 (1H, t, J = 2.4 Hz). MS (ESI):
169 (M + H)*. This product was used in the next reaction without further purification.

To a solution of 111d (205 mg, 1.2 mmol), 114c (276 mg, 1.2 mmol) and sodium L-ascorbate (36 mg,
0.18 mmol) in methanol (5 mL) was added copper (II) sulfate pentahydrate (61 mg, 0.24 mmol), and the
mixture was stirred for 3 h at room temperature, After sat. ag.. NaHCO3 was added to the mixture, the
resulting mixture was extracted with chloroform 3 times. The combined organic layer was dried over
sodium sulfate, then concentrated. The residue was purified by silica gel column chromatography
(hexane/ethyl acetate; 100:0 to 0:100) to give 117 as colorless oil (309 mg, 78%). *H-NMR (400 MHz,
CDCly) &: 8.49 (2H, s), 7.68 (1H, s), 5.55 (2H, s), 4.61 (1H, tt, J = 11.7, 4.1 Hz), 4.25 (2H, br s), 2.93
(2H, t,J =12.0 Hz), 2.20-2.17 (2H, m), 1.99-1.94 (2H, m), 1.48 (9H, s). MS (ESI): 395 (M + H)*

A solution of 117 (154 mg, 0.39 mmol) in chloroform (3 mL) and trifluoroacetic acid (1 mL) was
stirred for 90 min at room temperature. After the mixture was concentrated, the residue was diluted with
N,N-dimethylformamide (3 mL) followed by the addition of benzyl bromide (67 mg, 0.39 mmol) and
potassium carbonate (270 mg, 2.0 mmol). The resulting mixture was stirred overnight at room
temperature. After the mixture was concentrated, the residue was purified by silica gel column
chromatography (chloroform/methanol; 100:0 to 88:12) to give 100 as colorless solid (108 mg, 72% over
2 steps). *H-NMR (400 MHz, CDCls) &: 8.48 (2H, s), 7.69 (1H, s), 7.34-7.27 (5H, m), 5.55 (2H, s), 4.51-
4.48 (1H, m), 3.56 (2H, s), 3.03 (2H, d, J = 11.8 Hz), 2.19-2.08 (6H, m). *C-NMR (100 MHz, CDCls)
d: 163.98, 157.56, 142.85, 138.01, 129.04, 128.34 127.24, 124.48, 120.91, 62.74, 61.76, 58.45, 52.16,
32.71. IR (KBr) 3127, 2938, 2810, 2767, 1577, 1549, 1429, 1398, 1329, 1110, 1012, 792, 740, 530. MS
(ESI): 385 (M + H)*. HRMS (APCI) m/z calculated for C19H22CINO* 385.1538, observed 385.1534.

2-{[1-(1-Benzylpiperidin-4-yl)-1H-1,2,3-triazol-4-ylJmethoxy}-5-methylpyrimidine (101)
To an ice-cooled solution of propargyl alcohol (92 pL, 1.6 mmol) in N,N-dimethylformamide (3 mL)
was added 60% dispersion of sodium hydride (75 mg, 1.9 mmol). After the mixture was stirred for 30

min at 0°C, 2-chloro-5-methylpyrimidien (200 mg, 1.6 mmol) was added at room temperature. The

78



resulting mixture was stirred overnight at 70 C. After the mixture was cooled to room temperature, water
was added to the mixture. The resulting mixture was extracted with chloroform 3 times. The organic
layer was washed with brine, dried over sodium sulfate then concentrated to give 111c as colorless solid
(182 mg, 80%). 'H-NMR (400 MHz, CDCls) &: 8.37 (2H, s), 5.00 (2H, d, J = 2.5 Hz), 2.45 (1H, s), 2.25
(3H, s). MS (ESI): 149 (M + H)*. This product was used in the next reaction without further purification.

A mixture of N-Boc-4-bromopiperidine (1.2 g, 0.86 mmol) and sodium azide (0.34 g, 5.2 mmol) in
N,N-dimethylformamide (11 mL) was stirred overnight at 70 ‘C. After brine was added to the mixture,
the resulting mixture was extracted with ethyl acetate 3 times. The combined organic layer was dried
over sodium sulfate, then concentrated to give 114c (0.92 g, 93%) as colorless oil. tH-NMR (400 MHz,
CDCls) &: 3.84-3.80 (2H, m), 3.59-3.55 (1H, m), 3.12-3.06 (2H, m), 1.89-1.84 (2H, m), 1.58-1.53 (2H,
m), 1.46 (9H, s). MS (ESI): 127 (M + H - Boc)*. This product was used in the next reaction without
further purification.

To a solution of 111c (185 mg, 1.3 mmol), 114¢ (283 mg, 1.3 mmol) and sodium L-ascorbate (37 mg,
0.19 mmol) in methanol (5 mL) was added copper (II) sulfate pentahydrate (62 mg, 0.25 mmol), and the
mixture was stirred for 3 h at room temperature. After sat. ag. NaHCO3 was added to the mixture, the
resulting mixture was extracted with chloroform 3 times. The combined organic layer was dried over
sodium sulfate, then concentrated. The residue was purified by silica gel column chromatography
(chloroform/methanol; 100:0 to 92:8) to give 116 as colorless solid (316 mg, 68%). *H-NMR (400 MHz,
CDCls) 6: 8.36 (2H, s), 7.68 (1H, s), 5.54 (2H, s), 4.66-4.57 (1H, m), 4.25 (2H, brs), 2.93 (2H, t,J = 12.4
Hz), 2.25 (3H, s), 2.20-2.16 (2H, m), 2.00-1.88 (2H, m), 1.48 (9H, s). MS (ESI): 375 (M + H)*

A solution of 116 (225 mg, 0.60 mmol) in chloroform (3 mL) and trifluoroacetic acid (1 mL) was
stirred for 80 min at room temperature. After the mixture was concentrated, the residue was diluted with
N,N-dimethylformamide (4 mL), followed by the addition of benzyl bromide (102 mg, 0.60 mmol) and
sodium carbonate (316 mg, 3.0 mmol). The mixture was stirred overnight at room temperature. After the
mixture was concentrated, the residue was purified by amino silica gel column chromatography
(hexane/ethyl acetate; 100:0 to 25:75) to give 101 as colorless solid (141 mg, 66%). *H-NMR (400 MHz,
CDCls) 8: 8.36 (2H, s), 7.69 (1H, s), 7.36-7.25 (5H, m), 5.54 (2H, s), 4.49 (1H, tt, J = 11.4, 4.3 Hz), 3.56
(2H, s), 3.02 (2H, d, J = 11.8 Hz), 2.25 (3H, s), 2.22-2.00 (6H, m). **C-NMR (100 MHz, CDCls) &:
163.32, 159.22, 143.59, 138.05, 129.05, 128.33, 127.22, 124.14, 120.74, 62.76, 61.10, 58.38, 52.20,
32.71, 14.63. IR (KBr) 3061, 2956, 2808, 2764, 1599, 1567, 1450, 1425, 1309, 1112, 1042, 1009, 735.
MS (ESI): 365 (M + H)*. HRMS (APCI) m/z calculated for C2oH2sNsO* 365.2084, observed 365.2083.

3-{[1-(1-Benzylpiperidin-4-yl)-1H-1,2,3-triazol-4-ylJmethoxy}-6-methylpyridazine (102)

To an ice-cooled solution of propargyl alcohol (491 pL, 8.3 mmol) in tetrahydrofuran (15 mL) was
added 60% dispersion of sodium hydride (332 mg, 8.3 mmol). After stirring for 10 min at 0 C, 3-chloro-
6-methylpyridazine (712 mg, 5.5 mmol) and 18-crown-6 (146 mg, 0.55 mmol) was added to the mixture

at room temperature. The resulting mixture was stirred for 1.5 h at 70 'C. After the mixture was cooled to
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room temperature, water was added to the mixture. The resulting mixture was extracted with chloroform.
The combined organic layer was dried over sodium sulfate then concentrated. The residue was purified
by silica gel column chromatography (hexane/chloroform; 70:30 to 40:60) to give 111b as yellow solid
(657 mg, 80%). 'H-NMR (400 MHz, CDCls) &: 7.26 (2H, d, J = 8.8 Hz), 6.95 (1H, d, J = 8.8 Hz), 5.15
(2H, d, J = 2.3 Hz), 2.62 (3H, s), 2.53 (1H, t, J = 2.4 Hz). MS (ESI): 149 (M + H)*.

To a solution of 111b (115 mg, 0.78 mmol), 114a (168 mg, 0.78 mmol) and sodium L-ascorbate (23
mg, 0.12 mmol) in methanol (4 mL) was added copper (1) sulfate pentahydrate (39 mg, 0.16 mmol). The
mixture was stirred overnight at room temperature. After sat. ag. NaHCO3 was added, the mixture was
extracted with ethyl acetate 3 times. The combined organic layer was dried over sodium sulfate, then
concentrated. The residue was purified by amino silica gel column chromatography (hexane/ethyl
acetate; 100:0 to 0:100) to give 102 as colorless solid (87 mg, 31%). *H-NMR (400 MHz, CDCls) : 7.77
(1H, s), 7.33 (4H, d, J = 4.3 Hz), 7.28-7.27 (1H, m), 7.23 (1H, d, J = 9.0 Hz), 6.91 (1H, d, J = 9.0 Hz),
5.66 (2H, s), 4.51-4.43 (1H, m), 3.55 (2H, s), 3.01 (2H, d, J = 12.0 Hz), 2.62 (3H, s), 2.21-2.02 (6H, m).
13C-NMR (100 MHz, CDCls) : 162.98, 155.55, 143.04, 138.11, 130.15, 129.00, 128.33, 127.20, 121.86,
117.78, 62.72, 60.02, 58.43, 52.18, 32.68, 21.49. IR (KBr) 3063, 2945, 2813, 2767, 1602, 1455, 1341,
1294,1114,1042, 806, 741, 700. MS (ESI): 365 (M + H)*. HRMS (APCI) m/z calculated for CooH2sNO*
365.2084, observed 365.2082.

2-({1-[1-(Cyclopropylmethyl)piperidin-4-yl]-1H-1,2,3-triazol-4-yl}methoxy)-4,6-dimethylpyrimidin-
5-amine (104)

A solution of 4-bromopiperidine hydrobromide (5.0 g, 20.4 mmol), (bromomethyl)cyclopropane (2.76
0, 20.4 mmol) and triethylamine (7.1 mmol, 51 mmol) in dichloromethane (50 mL) was stirred for 3 days
at 50°C. Water was added to the mixture, and the resulting mixture was extracted with chloroform 3 times.
The combined organic layer was dried over sodium sulfate, then concentrated. The residue was diluted
with N,N-dimethylformamide (30 mL), followed by the addition of sodium azide (2.0 g, 31 mmol). The
mixture was stirred overnight at 70 ‘C. After the mixture was concentrated, water was added and the
mixture. The resulting mixture was extracted with ethyl acetate 3 times. The combined organic layer was
dried over sodium sulfate, then concentrated. The residue was purified by silica gel column
chromatography (hexane/ethyl acetate/methanol; 45:45:10 to 40:40:20 to give 114b as yellow oil (1.54
g, 42% over 2 steps). *H-NMR (400 MHz, CDCls) 6: 3.39 (1H, br s), 2.88 (2H, br s), 2.25-2.18 (4H, m),
1.95-1.90 (2H, m), 1.75-1.67 (3H, m), 0.88-0.82 (1H, m), 0.54-0.50 (2H, m), 0.11-0.08 (2H, m). MS
(ESI): 181 (M + H)*

To a solution of 111a (40 mg, 0.19 mmol), 114b (104 mg, 0.58 mmol) and sodium L-ascorbate (7.7mg,
0.039 mmol) in methanol (3 mL) was added copper (II) sulfate pentahydrate (7.2 mg, 0.023 mmol). The
mixture was stirred overnight at room temperature. After addition of sat. ag. NaHCO3, the mixture was
extracted with chloroform 3 times. The combined organic layer was dried over sodium sulfate, then

concentrated. The residue was purified by silica gel column chromatography (hexane/ethyl acetate; 55:45
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to 0:100) to give 115b as colorless solid (64 mg). A mixture of 115b (64 mg, 0.17 mmol) and platinum
(V) oxide (>85 wt%, 6.4 mg) in methanol (7 mL) was stirred for 40 min under hydrogen atmosphere.
After the mixture was filtrated, the filtrate was concentrated, and the residue was purified by amino silica
gel column chromatography (chloroform/methanol; 95.5:0.5 to 98.5:1.5) to give 104 as colorless solid
(41 mg, 60% over 2 steps). *H-NMR (400 MHz, CDCls) 6: 7.68 (1H, s), 5.48 (2H, s), 4.50-4.46 (1H, m),
3.24-3.19 (4H, m), 2.37 (6H, s), 2.32-2.30 (2H, m), 2.21-2.15 (4H, m), 2.11-2.01 (2H, m), 0.93-0.84 (1H,
m), 0.56-0.54 (2H, m), 0.13 (2H, dd, J = 10.4, 4.6 Hz). 3C-NMR (100 MHz, CDCls) &: 157.38, 152.87,
144.36, 131.78, 120.39, 63.47, 60.79, 58.29, 52.35, 32.67, 20.00, 8.51, 3.99. IR (KBr) 3464, 3359, 3079,
2947, 2771, 1631, 1569, 1417, 1328, 1093, 1057, 1019, 775. MS (ESI): 358 (M + H)*. HRMS (APCI)
m/z calculated for C1gH2sN7O* 358.2350, observed 358.2348.

3-({1-[1-(Cyclopropylmethyl)piperidin-4-yl]-1H-1,2,3-triazol-4-yl }methoxy)-6-methylpyridazine (105)

To a solution of 111b (25 mg, 0.17 mmol), 114b (40 mg, 0.22 mmol) and sodium L-ascorbate (6.7 mg,
0.034 mmol) in methanol (4 mL) was added copper (II) sulfate pentahydrate (6.3 mg, 0.025 mmol). The
mixture was stirred for 1 h at 60°C. After the mixture was concentrated, the residue was purified by amino
silica gel column chromatography (hexane/ethyl acetate; 40:60 to 0:100) to give 105 as colorless solid
(28 mg, 51%). *H-NMR (400 MHz, CDCls) 6: 7.77 (1H, s), 7.23 (1H, d,J = 9.0 Hz), 6.91 (1H, d, ] = 9.0
Hz), 5.66 (2H, s), 4.48 (1H, br s), 3.20 (2H, d, J = 11.8 Hz), 2.62 (3H, s), 2.32-2.05 (8H, m), 0.88 (1H,
br s), 0.56-0.54 (2H, m), 0.13-0.12 (2H, m). **C-NMR (100 MHz, CDCls) &: 162.98, 155.55, 143.09,
130.14, 121.72, 117.75, 63.42, 60.05, 58.38, 52.30, 32.62, 21.49, 8.52, 3.98. IR (KBr) 3094, 2954, 2902,
2802, 1600, 1442, 1308, 1124, 1038, 850. MS (ESI): 329 (M + H)*. HRMS (APCI) m/z calculated for
C17H25NsO* 329.2084, observed 329.2082.

2-({1-[1-(Cyclopropylmethyl)piperidin-4-yl]-1H-1,2,3-triazol-4-y1}methoxy)-5-methylpyrimidine
(106)

A solution of 116 (77 mg, 0.20 mmol) in chloroform (3 mL) and trifluoroacetic acid (1 mL) was stirred
for 80 min at room temperature. After the mixture was concentrated, the residue was diluted with N,N-
dimethylformamide (4 mL), followed by the addition of (bromomethyl)cyclopropane (38 mg, 0.28
mmol) and potassium carbonate (193 mg,1.4 mmol). The resulting mixture was stirred overnight at room
temperature. After the mixture was concentrated, the residue was purified by amino silica gel column
chromatography (hexane/ethyl acetate; 100:0 to 25:75) to give 106 as colorless solid (31 mg, 47% over
2 steps). 'H-NMR (400 MHz, CDCls) &: 8.36 (2H, s), 7.70 (1H, s), 5.54 (2H, s), 4.51 (1H, br s), 4.51
(1H,s), 3.21 (2H, d, J = 8.0 Hz), 2.33-2.06 (11H, m), 0.89 (1H, s), 0.56-0.54 (2H, m), 0.14-0.13 (2H, m).
13C-NMR (100 MHz, CDCls) &: 163.32, 159.22, 143.61, 124.15, 120.69, 63.45, 61.07, 58.33, 52.33,
32.68, 14.63, 8.51, 3.99. IR (KBr) 3132, 3089, 2993, 2952, 2778, 1601, 1564, 1441, 1340, 1297, 1123,
1051, 1023, 996, 795. MS (ESI): 329 (M + H)*. HRMS (APCI) m/z calculated for C17H2sNsO* 329.2084,
observed 329.2083.
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5-Chloro-2-({1-[1-(cyclopropylmethyl)piperidin-4-yl]-1H-1,2,3-triazol-4-yl }methoxy)pyrimidine (107)

A solution of 117 (154 mg, 0.39 mmol) in chloroform (3 mL) and trifluoroacetic acid (1 mL) was
stirred for 90 min at room temperature. After the mixture was concentrated, the residue was diluted with
N,N-dimethylformamide (3 mL), followed by the addition of (boromomethyl)cyclopropane (53 mg, 0.39
mmol) and potassium carbonate (270 mg, 2.0 mmol). The mixture was stirred overnight at room
temperature. After the mixture was concentrated, the residue was purified by silica gel column
chromatography (chloroform/methanol; 100:0 to 88:12) to give 107 as colorless solid (102 mg, 75% over
2 steps). *H-NMR (400 MHz, CDCls) 8: 8.48 (2H, s), 7.70 (1H, s), 5.55 (2H, s), 4.54-4.47 (1H, m), 3.23-
3.19 (2H, m), 2.32 (2H, d, J = 6.5 Hz), 2.22-2.02 (5H, m), 0.90-0.84 (1H, m), 0.55 (2H, ddd, J = 9.2, 4.6,
3.4 Hz),0.13 (2H, dd, J = 10.4, 4.6 Hz). 1*C-NMR (100 MHz, CDCls) 3: 162.98, 157.56, 142.88, 124.49,
120.86, 63.44, 61.74, 58.42, 52.31, 32.69, 8.51, 3.99. IR (KBr) 3128, 3001, 2935, 2815, 1580, 1551,
1430, 1400, 1330, 1271, 1116, 1033, 1008, 834. MS (ESI): 349 (M + H)*. HRMS (APCI) m/z calculated
for C16H22CINsO* 349.1538, observed 349.1537.

5-Chloro-2-({1-[1-(cyclopropylmethyl)piperidin-4-yl]-5-methyl-1H-1,2,3-triazol-4-
yl}methoxy)pyrimidine (108)

To asolution of 2-butyn-1-ol (1.1 mL, 14 mmol) in tetrahydrofuran (29 mL) was added 60% dispersion
of sodium hydride (860 mg, 21 mmol). The mixture was stirred for 10 min at room temperature under
nitrogen atmosphere. To the mixture was added 121 (2.1 g, 14 mmol). The mixture was stirred for 5 h at
60 C. After sat. NH4Cl was added, the mixture was extracted with ethyl acetate 3 times. The combined
organic layer was dried over sodium sulfate, then concentrated. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate; 95:5 to 85:15) to give 122 as colorless solid (1.85 g, 71%).
IH-NMR (400 MHz, CDCI3) &: 8.48 (2H, s), 4.96 (2H, d, J = 2.5 Hz), 1.85 (3H, t, ] = 2.3 Hz). MS (ESI):
183 (M + H)*

A solution of 122 (90 mg, 0.49 mmol) and 114¢ (112 mg, 0.49 mmol) in toluene (3 mL) was stirred
for 3 days at 110 C. After the mixture was concentrated, the residue was purified by amino silica gel
column chromatography (hexane/ethyl acetate; 100:0 to 50:50) to give 123 as colorless solid (30 mg,
15%). *H-NMR (400 MHz, CDCls) : 8.47 (2H, s), 5.50 (2H, s), 4.27-4.24 (3H, m), 2.92 (2H, br s), 2.25-
2.22 (2H, m), 1.99-1.96 (2H, m), 1.48 (9H, s). MS (ESI): 409 (M + H)*

A solution of 123 (29 mg, 0.071 mmol) in chloroform (1 mL) and trifluoroacetic acid (0.33 mL) was
stirred for 3.5 h at room temperature. After the mixture was concentrated, the residue was diluted with
N,N-dimethylformamide (1.2 mL), followed by the addition of (bromomethyl)cyclopropane (10 mg, 0.71
mmol) and potassium carbonate (49 mg, 0.36 mmol). The mixture was stirred overnight at 50 C. After
the mixture was concentrated, the residue was purified by amino silica gel column chromatography
(hexane/ethyl acetate; 100:0 to 0:100) to give 108 as colorless solid (15 mg, 60% over 2 steps). *H-NMR
(CDCly) &: 8.47 (2H, s), 5.50 (2H, ), 4.15 (1H, br s), 3.25 (2H, d, J = 12.0 Hz), 2.40-2.38 (5H, m), 2.34-
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2.32 (2H, m), 2.22-2.15 (2H, m), 2.05-1.98 (2H, m), 0.90 (1H, s), 0.56-0.53 (2H, m), 0.14-0.12 (2H, m).
13C-NMR (CDCls) : 163.06, 157.46, 139.66, 131.65, 124.27, 63.42, 61.16, 56.90, 52.62, 31.66, 8.52,
8.26, 3.96. IR (KBr) 3028, 2970, 2813, 2771, 1574, 1547, 1428, 1372, 1319, 1269, 1116, 993, 791. MS
(ESI): 363 (M + H)*. HRMS (FAB) m/z calculated for C17H24CINsO™* 363.1695, observed 363.1695.

2. in vitro evaluation
(55 3FEICRE 32 3R ICtdk L7z FiETHEmE LT,

3. Pharmacokinetics
(55 3FEICRE 32 3R ICtdk L7z FiETHEmE LT,
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