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EEACRIE T LD & T R0 FABEEMERIH O FEIL, & — XD 5 TIZ 1) KA
ZOHLOOFH, 2) REMOKZ, 3) ERRYO ZFIFIC/HETE, TR TR L ERO L L
RN EM STV D,

DIZRWTIE, Y, ME. EEYMORHYE» S AFEEME S R S, SV TEOWE
DFEMRVERM A T = XL ORI SND, TIENAA Fr U— bH%E & [FRRET T a W O E
RIE, BEMMFEPITOI, REICRKRE Y ERE, M FAmIc i ke atitinds 2 &
T—RIZEDND K HI1272 5, ZO%E. (LEMBEERBIZEHRTHY . EARBEKEMEEY T
DN EHLMNIT D, bEWER (compound-oriented) DN TIH D, RNEFE L UET A E
N R AL SN HUAEWE penicillin 2, 7~ B S U728 3K morphine 7 AT 5D
DITONWTIE, AR ~OMIGE S0, FIEMEO M B, EYBERROSRER 42 BigL L TRAY
ZDHDIZFLMAMEL L ZIT> TVDN, LEWOHE BIRIT DERKRAMTHY . ZH5
# K & L CTld compound-oriented & 5 > TR W RAFKFI & LT, 2720 B 6 HiE S 7z ML-236B
OREGEIEHIT L0 KIENE 2 o S B @R IME S # 3K pravastatin 72 E3E T 55 2 —J7, 3)OHf
ZEIZF\ T compound-oriented & 5 X5 DI, HDLFRFEDILEN T A 7 7V — & W THETEHESH
71 EEME, G-protein coupled receptors (GPCRS)%: D32 24K & ot 2 7023+ 2 A 0 2361
SNDED, NLOAEMITA AT O DOEYTENEZ R L2 BN E LTT VA v Enifbd
MThHDHT0, TNLSOMEZMEEIIRET D &V D OEFZRIRFIELITE A0, K
HNRANTHERET D DT, BEITHEN), 1B A D =X AN H DRERE SN TWDLEZ, {LEWT A
TV —=ZANWTRAZ V== T ), SHICRHEENTALAEWE BGE R~ & EE T 55
BTHDH, ZTHHIEL 1), 2L TR, BRI, fERHA T =X LB AL O35, T 7RbHbEE
) & ) (target-oriented) DL TH H, AFEF L LT, BAZEEKTH 5 peroxisome
proliferator-activated receptor (PPAR) y ZIEMHALT B 72 DIZT WA > Squiz, A A U P dEEE,
pioglitazone 72 E A ZEF 55 5, PPARy DAERN Y B B & L CILilEENENE2=° leukotriene B4 72 &
MEET LD D3, pioglitazone & OREERYIEMEIZEENE T 1 kN  OFFFELISMT & A < | pioglitazone
DERI~OBFER L D72 DI AT T A EN TN D DORG10 5,
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Figure 1. Representatives of the method of bioactive compound discovery.

1990 4EALURE, NA A P —DOFRIC L DMR2 R ABREBY =7 v FORR, KOZOZhHRATFE
M IEORENL & T, 8RR T » 7Y o FRBHEAF G RK, ring-closing-metathesis (RCM) s & Vo 72
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high-throughput-screening (HTS) B STz, TNHDOTHEIC LY, < DIbAW 2 R TH k.
FHMICE 5 X 912720 | target-oriented DO FIEIIRKWICHER L7, L LR LITETKREBEY —7
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RESEICEH K72 & B2 B2 L TV B 5A 3% < | target-oriented, compound-oriented, 9 7L DAFZE L]
ICBWTHIIREDERICZ KR FEEZ oo T LEXOND, FIZAIX, ARREEEREIEAT D
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T2 L TRESCDINE & W e iR B 72592 E I BTV DAY, ciguatoxin O TE
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Figure 2. Interaction between ciguatoxin substructure and its antibody.
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Figure 3. Examples of chelatable compounds. A) crown ethers and B) porphyrin ring.

) & OMBEAEROMIC S | EREREDEANICLY | K~OEMEOBER, EENIZBIT S
KRR o9 DL @ErEm & vo 7z, K5 L &(druggability) Z i) E S5 Z L b afE L 725, fHE
720 & LC, benzene & pyridine, cyclohexane & tetrahydropyran (%2123 —2 D R FEJFF A 2 H 5
T ROBEFEFRF~EEBE DS ZRBRICH D03, ~T v flF~DOEHTK~DEME, K ONEE
PEDSBIANZ 224§ % (Table 1),



Table 1. Comparisons of water solubility and Log P between heterocycles and non-heterocycles.

~
Compound | _
benzene N™ pyridine cyclohexane O tetrahydropyran

Water solubility
1.8 g/L (15°C) Miscible Insoluble 80 g/L (25°C)
(SciFinder)

Log P
2.03 0.7 2.5 0.82
(ChemBioDraw®)

> T AHZHBUR ) T AEBEEYE ORI I WA Fu P—ROERICI W T, #
REME 2 B LTCIE 2D 2 13, AR b 0T E T 268 RED T L E 2
Do

AR LFRSCCIE, Fla AR E ORIEIC T, RHEEOFIF, £7- HTS Z#FH L7z
FEEFET HHC, BREEEEZATHLEMOEH, L OREEEAHERIC BT 5% & itk 5
Do

F—Em T, RARAEHILEMTH D~ 7 1T A REIFAYE polynactin $5~D 87 7= 7o A BRIEME A 5
FEHBELIZHR Y v FT Fa FEEE Lz, 5 T, AT AR X O RINK S i

(soluble epoxide hydrolase: SEH) FHEHID KR OIEIEIZE B LIRS %2 £, €O FIEOHFH
YA U D, F7o X BUfGEEMIT ORI K 2 2B E A i L 08 TR L 5. =3 T,
My/M, BRI A AT U AET 2T v 2 Y KRB ORIZEMIEIZ BV T HTS I X 2R
B Y — REREN O ORI R EHEBIZOW TR L 5,



%1% PrAEY'E polynactin B 7 -~ F#LT F 0 7 OERMSE

1-1 WFROER

1-1-1 Polynactin #%}

RZ O
Me ey
(o) o (o)
Me -+uR3
o
o o
R Me o
o 0 ‘\ol,
O Me
R4

olynactin (1)
poly 4aR!'=R*=Me
Rl R? R R! 4b R! = Me, R? = CH,Me
nonactin (lay Me Me Me Me 4c R' = R?= CH,Me
monactin (Ib) Me Me Me Et
dinactin (I¢) Me Et Me Et

trinactin (1d) Me Et Et Et (o} Me
tetranactin (le) Et Et Et Et [ )
macrotetrolide B(1f) Et i-Pr Et i-Pr HO™ Y 0" Y~ "OH

C (1gg Et Me i-Pr i-Pr Me Me

D (1h) Et Me Et i-Pr . L
G (1) Et Me i-Pr Me (+)-trihomononactic acid [(+)-2d]

macrotetrolide o (1j) i-Pr i-Pr -Pr i-Pr

ROE lfﬁ IOT e
HO” " "o OH
e ° Me—/"" Me—""

nonactic acid (2)

R
nonactic acid (2a) Me
homononactic acid (2b) Et
bishomononactic acid (2¢) i-Pr

Figure 4. polynactin family.

Polynactin(1)/% Streptomyces J& R OE IR D HBE S o~ 7 1 7 4 RERIGUAEWE OB TH
%, nonactic acid ({lJ#57° Me #&) (2a). homononactic acid ({flI5A3 Et &) (2b). bishomononactic acid (1
DY i-Pr ) (20)&2E /v — L LT, BAR5MAFICLY OFEENBIEE CICHBESh TV D,

Nonactin (1a)i%. 1995 4 Corbaz %2 & ¥ Streptomyces griseus ETH A7796 D558k X 0 BB X1 °,
1963 #EIZ Gerlach, Prelog &2 & 0 #:& ke Sz o SPIBLETE X200 & &7z A3 (nonactin =
non-action), Nishimura 51T & > TA EFIRFEKE T 2 ABHEEERH D Z &R RN S
‘. Monactin (1b). dinactin (1c). trinactin (1d)i% 1a & [Fl—DEz3&iEH>© 1962 42 Dominguez & % &
Beck & 812 J 0 Bl & | BEHE, M &V E S HU7-, Tetranactin (1e)iZ 1971 412 Ando 512 X ¥ Streptomyces
aureus S-3466 D EFEE D HAME, HEERE SNz °, & 5T, Keller-Schierlein & (2 X Y



bishomononactic acid (2¢) % %k B4 D —5 & 4% polynactin, macrotetrolide B (1f), C (1g). D (1h), G
QL) BRI TVER O ZOEMIEMZ TN STV, F 7234 nonactic acid (2a).
homononactic acid (2b) Z ki oy & 9~ 5 Btk &R 3, BRIk =& /K 4a-4c 7° Rezanka, Spizek H1Z k-
“C Streptomyces globisporus J 0 B < iu7= M, & 514 513 trihomononactic acid (2d) & &Rk Ek 4y & 3
HER KT, 8 KUBRIRE IR 9 & Rl — DM & 0 B L T\ 5,

Nonactin (1a), monactin (1b). dinactin (1c), trinactin (1d)DEMIEMEIZ >V TIE, BLMI U U ER{b D
BIEEFITIH 5 Z &<, ATPase DK 2. TAB Y HHWVET LD Y HEERA 4 & F L —
RIRICAH 5 Z & T(selectivity : NH, > K" >= Pb* > Ca* > Na") X b = N U 7 ONEER A BHLEd
HEMEINTWD B, EEHO 7 T ABERICT 2 HEEE LSS T LR, Z0IE
PED TR S (I RR 77 0 homononactic acid DEIGAME 2 212, 772D HAHIEE R O Et ROENE 2 51
AT DM ZoRBE LTE, MR OEE S BBKT S I2-o0 polynactin (1) DAY L 0 [l
2R, A A EFL— T30 b E—DNCTRNEL R0 THDLEEZLNTE
0, FxOTELITIRNC, Priestly (ZFHEALFIZ L D macrotetrolide o (1j)2378 N K A A it REE A
THZLLETHRLTND Y,

% 7= nonactin (1a)DFT7= 72 EWTETE &L L C, P170 B5 % /R0 B %41 L= AR 6k L C PR
EINF NG ST, PLT0 4 o 7 EIX LA AR IS B9 % MDR1(multidrug resistance)i# =
FIZa—RSNTWD, ZOF /37 BITMRAEE LICFEL TR Y, MO 2l 2 D3
Al & EEERE S L ATP IR S3 R O = 1L — 2 D TRl ~BEEN L L TV D LB X b LT 5,
Nonactin (1a) %= AW 72354 THEMIC BT 27 KU 7~ A ¥ 2 OBGAR N ZAIME 7 IRA & L Ca
BRTWAHY I aARY v A LREDOHERD Y | T OIERBEOMINCHEA b 72T g S,

Tetranactin (1e) I, KR (<100 ng/ml) THOMIEOFIEIC L D RO T U 2 BkOH5E 2 FHE L |
Y VO EROBARHNC I T HMIMAEED T U 2/ SERRLIEME L Z — Ml O HE5H 2 J1H] 9~ 2
2OV L MRRBERE OMHIZIR, TRD b REMEIRIE, v/ n AR A LRETHD Y,

£70, 2011 4F 3 AUITHAE LA H ARRERK RGOS FIE D b ORI TsR IR O 8, i
fF nonactin IC X2V A AR UFULECHTLF L— FMEAFEL T AME LR SNT
AT T

Vb X9 7ed&Ale LCTof M (ZAIMMEMRIDIZ R 2 e S imiEtE) . 11— Al
&L COMRHE BT ORI &5 Bl S, 4 polynactin SO RT3 2 8 IR\ E R
WHIRFE LD,



1-1-2  Polynactin BH#(LE9) D & RRAFSE

Nonactic acid (2a) D&M FEIZ BV TR EZL < OHEN R SN TEY | Ferraz 5026137 7

ZFEOMMNHEN TS Y, Z ZTIEFRUBOABIEIC OV TWL S0 T 5,

Mets 5% 7 1IZxt9 25 = A7 4k & ZICHRiET 5 %51 Diels-Alder Stz LV, AL b 8 %

VT AT VARIRINAEF LTz, HEWT Me EROEAN, 77 VEROERK, EITHIR AL - Otk
ICX Y 2a DT IKREIFFICH TR TAKT S Z LI LT 5% (Scheme 1) 2*2%,

OH ‘\" q‘s"0
R xS C| || MeLl H 'i 1) 03 NaHCO; o 0
/ <o Szo
(o) Me

2) Py AC20 MeO v "&0 "'Me

1) PhBH, BFs Et,0 W
2) Raney Ni T MeO” Y 0" Me
Me

)11

Scheme 1. Mets’s method.

Lee &3 L [IGSET X BB D%, T VB VBIC X 0 BRI (525 1)1 LEe cis BED 7 5
VEEAMERD Z LIZFh LT D (Scheme 2) %,

Me 20 XTws, Ticl, Moo ~\OH o Me -~ +OH
OBn 6Bn Z - 6Bn OTs
12 13 14
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. o OH
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15 H-11

Scheme 2. Lee’s method

F7- WU DO TFIEITEARN RGO AEHLETHH Z L, cisBLED 7 T Bt Sess O@EIRMEN
EREEICHIEI S TWA Z &R Ens, ERMRFIETHD EE 25 (Scheme 3)%,
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Scheme 3. Wu’s method.

Zhou 1% 1,3- 4 b > % Et,B(OMe)f#(E F. NaBH, Ti#t9 5 Z & TRk L7 trans-1,3-2 4 — /1

BN OB A L L, cis 8RR 7 7 VEBORE L ER L T 5 (Scheme 4) %,
OMe OMe OMe

NBS, Bz,0, 2,4-pentadione, LDA
M M ————  Br A Me » Me - Me
CO,Me Co,Me 0O o CO,Me
2 23 24
OMe o OH
Et,B(OMe), NaBH, o Me  HCI ,U\/C\/\
- - X — > Me0” o Me
OH OH CO,Me Me
25 26
1) Hy, Rh/ALO, o) OH
2) PhCO,H, DIAD PPhs ,U\J_\/\
» HO™ Y O Me
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Scheme 4. Zhou’s method.

Nonactic acid (2a) D Y5243 112> T, Rhodococcus erythropolis % F V72 %32 < )i 2% Nikodinovic &
B EATHE ST 2 513 EPHERMESRMIC T)-11 D(8S)-OH DA ZL TS R 27 & L,
TN TorHE U 72 27 Z BERMESRARIC CYARRIRIIZ R ST~ 5 2 & CL SR HME R O TSFIZ T L7z,
—FEDOREFR % B 5 R F THWSD & ) BIBREWFIETH S (Scheme 5),
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o OH . (+H)-11
[ ) : Rhodococcus erythropolis >08% e
MeO” Y “o" Me (aerobic) > o ee
= aerobic fo) fo)
Me Rhodococcus erythropolis 0 OH
+A)-11 MeO Me >
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27 (-)-11

Scheme 5. Nikodinovic’s optical resolution.

ARHFSE R TILTE 2, BB % 512 X - T homononactic acid (2b) DA RN ER STV 5, cis FLE
D7 7 BRI Bartlett © O cis BRI — R —F /LROE 7 2 AV THEE L TR Y . RIEFRIEE,
BIRMEAZFEH LT 5 (Scheme 6, 7).
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Scheme 6. Abe’s method.
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Scheme 7. Ono’s method.

FA~—fbt, T hTI~v—fb, ZLT~2 77 M AIC K DBRRNEBRO G FEE LTE, 1L
LR L-Corey 2 ENAWONTE -, ZZTIHIEHE DO FIELZRNT 5, 18 ST R
BE L IR b BEV I-Pr 2N A T2 7 ) u 7K, macrotetrolide o (1j) DA % R L TV
LM, Hie. RO~ 1727 hiAbDOSMEIL, Gerlach |12 & 2 i@HEEREER % AV 7= 1A [LI-Corey 5D ZE
ERICEY, AR TN AERD Z LIZEE LT\ (Scheme 8) %,
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o Me Me = Me\/
/ \ + ~ AgC|O4 MS4A
no” Y “o" OH N oTBs ——————————— >
Me

35

Me __Me

BnO /U\KO\/\OTBS 3 Mmacroetrolide o (1j)

Scheme 8. Hanadate’s method.

F£723T4E nonactic acid ()& 7 > 7L — k& LIALEM T A 77 VHEEORA LR ENTEY
Luesse HIZE - TZ U v 7 UG E W T IBE~O BN 7o B Ha 8 A3 FE B S u7- (Scheme 9) %,

(o] N3 . o N3 corresponding alkyne o N

z 1) oxalyl chloride R! X CuS0,, sodium ascorbate - A

HO (o) Me - — N (o) Me » R! N o ; Me
Me 2) poly(vinylpyridine), R2 Me

A A 2
38 corresponding amine 39 R Me 0

Scheme 9. Construction of nonactic acid derivatives library.

1-1-3 7y HFE T Irrs

EHIIEORMEZ mE < T AT TR FERBREOMBHAZEANT S Z & T polynactin (1)1257
a2 525 2 LI TERVWinEEZ, 7 yRIFEFITER L, 7 vRERFEeREFP, KH#
ICRNVT/NE W, 2 L O b MO EREEELZ AL T0D

Table 2. Comparison of atom properties.
BOVREEE  EREMNE 7y T ATV RER(A) EEIEV)

H 1s' 2.1 1.20 0.75
F 25°2p° 4.0 1.35 3.40
Cl 3s°3p° 3.1 1.81 3.62
Br 45%4p° 3.0 1.95 3.36

O LIeEN S L& ~D 7 v FRFOEANZ LY D)AKKF, 2)#ERIIKRF, 3RHE-7 v
FAEAOREMNE, RO HBAEE VoL BLE TORERLE b T 2N TE, ZhafALE
Fr L2 h RS2 W ST D, REMREIE LTE, 7 vy BERTBKERTORLUEE L TR
WEINDII v I ERETOND, BHED o fLO—DDOKER N7 v RFF~LEEHboT-
T 7VA o FERIT AR CEERR L Rk S, TCA A 7 A~EMV AR, 7 vAu s = U
NEEBMINDN, TOHRT A= —RICE ORI R< 0D, IbIITa=2—BZ0b0
ZHET DM Z RS 5700, Wk, &8 FPRIEL, OREE o e EEemit g, Ak
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AR ERE O EIZHEZT Tl < EYBRROUEIC LSRN D0 T, EERLLREEE V-
T ABEVEME ~T v R EZEAT 5 2 SRR 2 7 — iAo R L isoTng 3

32

o

HO.
COzNa (o)
CF
~"SCN HN 3
F1CF,C |
paloxetine 0
KC-515 (selective serotonin reuptake inhibitor) FTC-092

fluvastatin-sodium (K channel activator) (anti-inflammatry agent)

(lipid-lowering drug)

Figure 5. Examples of fluorine containing bioactive compound.

S 1 b=}
TORTH b ZAa AT (CR)EOFATR) Table 3. Es values of several substituents.

REFRLINRIZE D7 v RIFF EOSRRERBOR T I Es value
S P PR EAE A OE T, 73 b bBAMEOR L4 b ! o
B3, ZHIC K o THEERNA~DILEW DB SAHFRIZEAL OH -0.55
P, ARG 2R E b DT D LD S, & e Tt
51T CF HiE Es & FHIEN 5 % & OIS 10T i-Pr ey By
& tBu HOPHOEE S EALTND Z EBRH BT t-Bu —2.78

F Y . polynactin (L) DMRISHIC CR EAE AT 5 Z L 1X, dmE S B9 EHUETEED IR
D &) HEETEMERRE, 2 L CBUKMED M) I X D HREA L & o 7oL & BB TR
WERAE bbb T ETRRIND,
UL EDBLENS #i=72 7 a7k, {14 CF kD E / ~—T& % w-trifluorononactic acid (2e), %
L T macrotetrolide B (LK) D& Ak % B FIICHFIE 21T - 72,

R?
Me vy o
lo\
o]
o)
R Me
(o)

"10\" OH

Me
Y\_; o-trifluorononactic acid (2e)
1 RZ 3 R4

macrotetrolide B (1k) CF; CF; CF; CF;

Figure 6. Polynactin analogs and properties of fluorine atom and CF; group.



1-2 ATt
1-2-1 Wi E Rt

H (¥ D& BT 2 Scheme 10 (2R3, RS OT Fr /AR THE SN TWD T AT E K 417
12k L, CR2EE A, KOE — R—T7 /U EUGNIZ £ 5 cis 3R A THF BRIEZEZ8ERE L L, 42 %
BT D, TDOk 42 1TK LIRS EEITH 2 & TE /) ~—"Th 5 o-trifluorononactic acid (2e) 23 Ak
TELEEZT, EHIT/HLNTE /) v—ZIEKMES S, REMIC~o7e 77 ke T2 L
12 £ U macrotetrolide p (LK) &G TE 5 & B 27,

Me
o Okm:

CFj; introduction Ws
AN
B non\/'\/\éo 7 BnO Ko OH

THF ring construction :

Me
41 42
o CF3
Ho/u\‘/Q\/\OH
Me
Optical resolution (+)-2¢ Condensation
> > macrotetrolide p (1k)
fo) CF, Macrolactonization
AN
Me

(-)-2¢

Scheme 10. Retrosynthetic analysis of new polynactin analogs.

1-3  o-trifluorononactic acid (2e) D&k
1-3-1 EEFEET LT B R 4L DG

THTE R 41 OGRITEHELOT e 7GR THWb Ao v— AR Lz, KERL— M
t-Bu —— 7 /UL DOFEIT isobutene Z i FEIA L, BEIEAE/E T 3 HRREEIRIET 5 & o K2 H
WTWDHD, WENIZEO R THER S . £IA 7 =1L T v FIIARE Th 5 e OREFEL
ATz, Bartoli HDOIFIEIZHEV, 44 & (Boc),0 Z il D MgCIO, fF7E LT 48 R SIS S
T2l 2 A, FREDOIET t-Bu =—T LI L7z ¥, INRICSHBEORMITH 5 H DO, isobutene
Z WD 515 & el U ARF1EIE(Boc),0 D FRIZIE > T CO, HAMFEAET HE W) RS XEET
AT —=NT v T EEGTHY | ZEMOBENOE > Th XV EMNRTIELEZ D, SHITCO,
HADEREIZ L > TRISOETZHORERABEG 2 ZEbAREL VI AV v FbdH D,
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~ Conventional route

O OH oB isobutene, Amberlyst H-15 o 0" Me OB
OH —— A A~ o8n > n
HO " —>» MeO™ hexane MeO™
43 Me r.t., 3 days Me
44 (91%) 45

Me

e

O O° 'Me

—_— (o]
2 5 BnO” Y Z
Me
41
~ New route
Me
(Boc),0 (2.5 eq) kMe
O OH MgCIO, (10 mol%) 0 07 Me
MeoJl\/'\/\/OBn > J\)\/\/OBn
I\EII 40°C, 48 h MeO Y
© (56%) Me
44 45

Scheme 11. Alternative method of t-Bu group introduction.

1-3-2  Wittig SN2 K % CRy ZEE A

Kubota & & V) #4A&D & > 7= Wittig 743K 46 ZHEL L >, 41 (2% LC Wittig SR & kA7 & 2 AL
R ONBIEICREBERN D -7 b oD, Hie 47 2155 Z LN TX7-(Table 4, entry 1), #i<
NaHCO; f77E F 83— R=—7 /U LIGIZ L 0 . Hiecis BlE D THF 882 H T 5 48 370D, =
ZTIE AT O ZIROBDBEUG L TWD Z ENghoTz, ZAUK(E)-47 TiX CRs D NAREE D721
93— R —7 WUbRIGDEIT 2T B 270, 5072 481Z%F L, A Xkt RU K BusSnH 33E(C
KTV EN I EEETLL, B® /) ~—R E2HHZ LIk LT,

B AT Wittig BUSDULR . K ONEAREIRME oW\ Bic kv | 42 oUE R BN RiAD 5 &%z . Wittig
DG %fE Lz, OH &2 A9 % Wittig i34 AW =8E6 ., ZOHBICAERT L7 v ax v T
=FrOT VA MY RIS AEINZ 72 D, DT DA RWIITET ) FH L TE 72 trans (RMESET
LA NEN, £ 2T Wittig KOS O AR HPEDIMZ AN, o v 2 —RF A% N~ EE X T
H: & L C NaHMDS (Table 4, entry 2)Z iV 7= 0 . HMPA (Table 4, entry 3)Z ¥R L 7= 0 L7=28, #EHIC
KFEIZA LN o7z, Lt OH a7V —2T 5720, 0 OH ENBS LIZRIISHAE Uz
TeONPIEFIARNE L oo T LE T, TZTETINEOLELAIEL, OHEE T ry 7T HHB
T TMSCI % BUSRPICEAIN L7228, BOSIT A< EIT Lo 7c, ZAUFAE L D TMSO EE23 iR L <
LEollzliZb&Ex btk (Table 4, entry 4), LLED X 5T, SAAREIE & & ICScE R WEET
bololoth, RRIRIZE D 42 OUHGIEMIE L, BNEIC L D CREBEAZRA L Z &L L,
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CF;CO,
OH
)M<eMe Phapg)\c': )M<eMe
0 07 “Me » 3 0 07 “Me 1,, NaHCO, o CF;
Me Me OH 0°Ctort.,7h Me [
41 (EZ)-47 48

(cis only at THF ring)

o) CF;
Bu3SnH, AIBN W
'o\ OH

_— BnO

toluene I\-Ile
.t
@ steps, 12%) 42+ 8-epi-42
Scheme 12. Wittig reaction.
Table 4. The conditions of Wittig reaction.
entry bases additives results (cis / trans)

1 n-BuLi (2 eq) - 40% (1:1-3:2)
2 NaHMDS (2 eq) - 22% (3:1)

3 nBuLi (2 eq) HMPA trace (2:1)

4 nBuLi (2 eq) TMSCI No Reaction

1-3-3 CF;TMS % i\ /= CRy A8 A

TOT B R ALK L, Wittig SOSMZ E D REfn7 L7 b K49 ~LiE X I — Ro—7 1k
SR AT N E R EIT Leh o Tz, ZHUET AT B ROFIEICEI DALV T 0 VOB TEREE
PMEF LTS ThDEEZ, Luche Bt ¥ 2LV 7Y ALTLa—/L50 & LTnDIA— Rom—
TIERIGEZ R T, YHPKIB CRISZEAT ST ZAT VLD OH HIZ LD =ARF¥ T ROEHMN
MR BT H, —20°C I FIFAHZ & T, HAOREMBT 22 L0 Th o7z, KT BusSnH
2LV | A BRE L, H1%1C Dess-Martin periodinane®® (2 L 0 Bg{b s &21T 9 2 &L T 7 LT B R
53 ~NEE ZENTET,

7 V7 & K53 1Z%f LT Ruppert’s reagent & L CAIH4L5H CFTMS & TBAF 25549 % CRy 7 =
AU EREHIES L LT, Bl 42 & 8epi fhE 1: 1 DAL TH L Z LIk Lz ¥, KEK
J— MITEBEIII DD DD, —D—Dnad BERICEDDLZ LN TE, T/ v—fEEE TOIL
FITR L TENE O TIER, SBRBRETORMITH L & DD 42 OHFGITITALV— F 2T 52 &

L7,

8 NAHK SEAREL & OUREIL Z DR S CTHREECH 57720, %k T 2 X B misEmiric L vir-

72
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Me Me »
Me e
0 07 “Me o 0 07 “Me NaBH,, CeCly7H,0 e
Jl\/'\/\/\/ > Jl\)\/\/\/oH
Bno’u\w/L\/”\¢4° toluene BnO” ™ ANF° MeOH BnO™ Z
Ve 95°C, 18 h Me 0°C, 15 min Me
al 49 (2 steps, 57%) 50
I,, NaHCO, o BuzSnH, AIBN )ol\/—\/\
MeCN BnO™ Y O OH toluene BnO Y ‘0 OH
-20°C, 30 min Me [ rt,6.5h e
(79%) 51 (87%) 52
Dess-Martin periodinane U\/CHO CF,TMS, TBAF W3
- - ()
0°C,2.5h Me 0°C, 15 min Me
53 42

41%)

Scheme 13. CF; group introduction with CF;TMS.

1-3-4  w-trifluorononactic acid (2e) D&k

42 % WEEAYEIT D 123D TR D (S)-(+)-0-acetylmandelic acid Z & & ¥ 54 K V55 Z157-, 54,
553 VBTN ATLruw b7T T 4 —THBERIEETH V. 55 MEdh b L7c, € 2T 55 O
mm A AER L. X MRS SR AR IO L 0 SR L P2 R E L & 9 LA e, BRmAIE A et Lic s =
A, WEHSEREIEO TV 2 V. 70°C TR 21, To%t 77 A TERZ LT3 AKE
THEVWIERMNTHLIBRES VA NROEHE LG T DM EHL LN TE L, TORM%E ]
W X B B ARAT 2 A To & 2 A, FERIITR BN~ U 2B ATWND Z ERgnolz
D3, SEEEIC BRE L RRETd o 72, X MU EARTIC XV 15 572 ORTEP X725, 55 13 2, 3, 6,
LD FENENZEILR, R, S, RThH Y, Ee RO SAKELE Th -7, Z ORECH
EALA W) OFRSLARBLE & IRE LTz,

B IZ 54, 55 & N E VR EMESAE TIOR3 % Z & T, o-trifluorononactic acid (2e) D i
KEdsZ Lo Lz %,
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(S)-(+)-O-acetylmandelic acid 54

W3 WSC, DMAP _ (50%)
Bno” 0" " “OH CH,CI, B 0 CF; O
Me rt,1h H
Ph
2 BnoJ\fQ\/\OJ\;/

Me OAc
55
(50%)
HoP o A on TR
Me ""k N
5 o
1 M KOH aq. ()-2e X é?é
_— (quant.) LA ®
MeOH/THF g@ R 5
o CF; P Vo, 8 SH
i ﬂ > %%,ﬁ <8 ,ry}’ R
HO (o) OH “ﬁ% > o R
Me % B pa
(+)-2e ¢ 4} [ 2
(quant.) g;qf

ORTEP drawing of 55

Scheme 14. Optical resolution and synthesis of (+) and (-)-2e.

1-4  Macrotetrolide p (1K) D&%
1-4-1 ¥4 ~—1t

BonicE /)~ —OlEBEEEREH T, XA ~— b 2R AT, ()-2e 1T V=27 kI
LV 56 ~LEX (+)-2e [XHNVAREEES 2 B TR, il T OH £ 4 TBS M TR, Kk
Bn KAEMAKESMR L, BVRUEE BT ~L#E -, D%k, UYL CR EOEE S 25E L,
macrotetrolide o (1j) D& DBEIZAEEE D ERH L 7= Gerlach 12 K % $RY %2 7= A1 [L-Corey {ED 2T
B A ~—58 ZAFTWIZA, A ORI GOW)ICE £ > T\, —BINRESHITH D
WSC, DMAP % W= fig & e ikdrndz & 2 A, % 83%IZ[H X W5 2 LR TE T,
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o CF, o CF,
W BnBr, t-BuOK W
HO” " "o" OH —Bpwe——> BnO” Y "o OH

Y DMF Y
e o Me
O2e 60°C, 16 h %
(63%)
1) BnBr, t-BuOK, DMF
2) TBSOTF 2,6-lutidine, CH,Cl,
Ws 3) Hy, 10% Pd/C, EtOH Ws
HO o OH (3 steps, ca.90%) HO o OTBS
Me Me
(+)-2e 57
WSC, DMAP Wa (o] <E:F3
6 + 57 CH,CI, BnO” Y o o o oTBS
r.t. Me Me
(83%)
58

Scheme 15. Dimerization.

142 7+ 7~<—{t

oA ~—58%, BLTBSHLIZ LY 59, F7z Bn = AT /VONMKKEZME, BV ILFA—/
IZE D= AT AT 60 ~E B2, il T AGCIO, Z W CTHEA 2R T- L 2 A, 20% & W H K
KTIEHLMW, BT FI~v—61 21552 LTI LT, RICEOERFRMNE Y ULF 4 —/Lx
ATV 60 DIENGREZ I o T T, XA ~— (LD & RREIZ VR VR Z RS HWD 2 & &k

L7,
BnO” Y 0" O/IH/Q\/\OTBS
Me Me
58
46% HF, MeCN 1) Hy, 10% Pd/C, EtOH
0°C, 20 h 2) (PyS), PPh;, toluene
0,
(76%) (2 steps, 64%)
Y A > S A
BnO” Y o' O/U\A/Q\/\OH N7 87N o O/u\‘/Q\/\OTBS
Me Me Me Me
59 60
AgClO,, MS4A, toluene
0°C, 10 min
(20%)
BnO - .',o\“ 0)1\‘/@\/\0 . ~.,0\,‘ OJH/Q\/\OTBS
Me Me Me Me
61

Scheme 16. Tetramerization.
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FPUDICE A ~—(LDOBREBAF /RN Z 7R L= WSC, DMAP IZ & BHEA M2 et L7223, R
DEHEE L, FEDN RS DRER L 2oz, ZHUL, CREDHFHEIZLY, £/ ~—MO= 27 Lk
BNRLEICIR>TERY, DMAP THEMIZ 72 2 FUSFN TIRRA L7z RO KIZ X 0 Ko iEs
FELT Ao TND I ENFKTRWNEE X T2, 2T DMAP ZBrE WSC D FH % Fv T &
RATz, T LHRENZ L2 VAR 61 S H CHEA i 2 L7ZERIEKY) 63 23 FIXE &I
BFoilc, ZAUE 59 O OH EDREMDBET 5 CR AOBE RO IDIRICE D E L BlbhTn
DO EEZLND, £EAAE LTHBTU Z W kE, 7 F T~ —2VEWESE LD DR
T& - 7=(Table 5),

W3 Q (?:F3 conditions
59 + Hoo o o 0 OTBS ~ chcl, 61

Me Me
62

Table 5. The conditions of tetramerization

entry conditions results
1 WSC, DMAP decomp
2 WSC 63 (quant.)
3 HBTU 61 (trace)

CF; O CF3
o O)H/Q\/\OTBS
Me )
63

Scheme 17. Exproling of condensation conditions using carboxylic acid.

1-4-3 ~rnu7 7 koAb

/o7 b7 ~—611Zxt L TBSO AEDBRHEAIT 64, HiV T Bn = AT L ONAKELSE, &
U ONTF A=V AT L E T, &I Gerlach D FiEE W T~ 27 87 7 R ALEITV, BB
T % macrotetrolide B (1K) D4 k% HRMS I TRERE L7= ¥, AL AW KEAKICL Y, &4
P MR 20 08 U oSS AR O] BRI — FOBER TR TH 5,
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Me Me Me Me

61: R=TBS
\ 46% HF, MeCN, 0°C, 6 h (55%)

64: R=H

1) H,, 10% Pd/C, EtOH, r.t., 3 h

2) (PyS),, PPhj, toluene, r.t., 3 h

3) AgClOy,, MS4A, toluiene, 0°C, 30 min
(3 steps, 17%)

macrotetrolide § (1k)

Scheme 18. Macrolactonization.
1-4 FH1EF LD
D OWE L CWDARTRIIA, 747 b K41 ZHFREENE L, Wittig SOSIZ X 28R, fiv

Ta— F—T LB L 0 cisBidi& D THF BR 2 4L L7-% . TMSCF; & TBAF Z W C3RAESH
72 CRy 7 =F 2k CR A8 AT LT,

Me
e
0O 07 “Me (o] CF;TMS, TBAF o CF3
BnO Y BnO (o) BnO H ‘o OH
Me Me Me
M 53 2

JEEFETE D (S)-(+)-O-acetylmandelic acid (2 & 0 JEE 0 24TV, bl b L7z 55 0 X MG fil i & ik
Bric kv, M iR ilE, KOG OISR E 2R ET H Z N TE T, IR
PEGAE TR IRIZ L > TRV VAT IV E T B F I~ T ABRT AT VN &2 RET 5 Z LT,

o-trifluorononactic acid (2e) D WG AE 1S5 Z LI LT,
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W3 i
[ ) Ph
BnO” Y O OJ\:/
OAc
54
optical resolution (50%)
o) CF; O
A Ph
BnOJH/Q\/\O y
OAc
55
(50%)

HO” Y "o~ OH
Me
. ()-2e
hydrolysis (quant.)
§ o) CF;
Y :
oy HOWOH
%\‘/ Me
48 (+)-2e
| ORTEP drawing of 55 _| (quant.)

SHIZZNOHEBEEZHNTHHENFARE L-FIEICL DA, KO~ 7uZ 7 hofbaiTH 2 &
C. macrotetrolide p (1K) Dk & #EiR L 7=,

condensation
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552 B IR AN % o WK O3 iR SR BRI O A1 HERT 58

2-1  WIEDOER
2-1-1 Epoxyeicosatrienoic acids #%h.

Epoxyeicosatrienoic acids (EETs)IL7T 7 % RN RO —FETHHF F 7 v — L P450 (CYP)
ROV 7 2 A7 2C KON A IZ LDt EZ T TAESNARHTRETHY, =ARXT FOFK
ENDNLEDENT 4 FEOHEE BRI FIET 5 (5,6-, 8,9-, 11,12-, and 14,15-)°, Zi % T EETs 121X
LRI ERIEEN D H Z ENE SN TEY , FRCEERE RIS T A REER N EZ < MbTn
% M2 K5I BK F ¥ /LR PPARa o Yy DiFMEAL % 2 NF-xB O] © & W\ o 72 EH & s &
NTEY ., @SILECHERRA & W o T2 ATE BRI 2 /MR ST\ D, EFEK
I B DN £ 2 A OFREC Y, ARG B OMBI O FTREMEN S K S TR Y, PR DR
EEREZRET L Z L LS TV, Lo TEET I35 %O EELAEE D & 572 D AT I Y
N ofE %2 OFEE (EEEERSME, 7Y A~ —RERHEE, =% Y VR T A2 EE &
RHAREMEEMD TVWD EF R D,

o o
— COOH — COOH ,= — COOH ,— — COOH
5,6-EET 8,9-EET o] o
11,12-EET 14,15-EET

Figure 7. Regioisomers of EET.

Table 6. Biological activities of EETSs.

EETs AEFRTE M
« 3T — N KB MR
- R OWEAE, K OMLE T et >

8,9-EET - R OWEA, K OMLE T Rt >
- BLER D~ o ASHB IR~ O Il
* PPAR o OiEMAL %

14,15-EET - PPAR y DEMEAL, %

5,6-EET

11,12-EET

EETs (3~ DIENIEIZ 31T 2 BRI DBNIIRN T B BRILS o BILEZZ 1T 5, LI LR D,
EETs Of#HICRH W TIE, ZhOMILRISEE Y bRESHFE LTV ORBEPHFET L, T74bb, =
R FiEE AT 5 EETs O 48 % VE DK 3 iF % 517 | dihydroxyeicotrienoic acids (DHETs)~ &
EHEND EVIRETHD ¥, & 5HIC DHETs 1XZ Ofeh TE\ W AKIEIED 72 ICF R < EERND B
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HELTLE D72, EETs OAERNIREITA S ZRFEAFEN 2R T 2ITIAR 0 EL LN TND
B, FONMKSIEAI ) ERMEHEL L THON TS DN, AJIAMET R X 3 RIS fiER% S (soluble
epoxide hydrolase: SEH) CT& %,

— — CO,H — = COOH
(o} (o)

16,17-epoxydocosatrienoic acid 20-OH-14,15-EET

Cham-elongatl(h _ _ COOH A—Oxndatlon
oo
Soluble epoxide hydrolase o B-Oxidation
14,15-EET

— — COOH — CO,H

Me — Me

HO OH o

10,11~ hexadecadienoic acid
14,15-dihydroxyeicosatrienoic acid epoxyhexadecadienole act

Figure 8. Metabolic pathway of EETSs.

2-1-2  Soluble epoxyde hydrolase 7}

SEH (X 625 kDa DY 7= MILDREL A ¥ —n67R DMKIERESRE T, MK R A A
Z CRIUCALTWD, EFITHEIAL TV L5, KT, BliEcZ < BAPRBDOLNL TS, &
FETFoEEBTREENRS L Z ENMLNTNDHT72D(E b 100%, 7 v b: 74%, ~ 7 A: 77%), in
vitro, & Ot in vivo Bk % E M9 5 BRI R OMRICIEEASLETH 5 %,

F72. SEH (TZ DRLEH| & OIS D X MG EMITIC L0 | ISR S AVEMHIETED
JFA & 72 D HEERY R, 7 7 b~ 2 7 + 7 (pharmacophore) 238 78 & e > T 5 ¥ 3725 1) Tyr
383 } N Tyrd66 D/KEEHE L A AAER 9 2 KFBHES T 7 v 7 % —2) Asp 335 O I /LR Uik kE L FAAAE
MT 2KFREG R —., L O 2FHOBEELRKFER/ENMLATHY | EOWELTZTHD L LT,
TR, ULTHEPESHWONTWS, S BIZZEOKFEMEE T OITELIZERDIRR > TEH
V. Trp336 % & OFFAAEH DI WIFFCE L BRIV A X— b BUKMEOEW B 23—~ £ L TS
KZJ LC Serdl2, Phed97 & OMHAIERANHIFFCTE D CX— bBFET D, 2 9 W\ oloflix OIS
&I K 5 %0372 Structure-based drug discovery (SBDD)RIFETH D Z &, K NEETs OF M 72421
TEVED D SEH ZfHE 5 2 & TR EETs IREZHMSEL L WO AR 77 P —I1C% < DiE
ALY . BRI TO TE T,
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Tyr383 Tyr466

Q@

@ )L ~(Rignt parf

4 ‘8'
N Y
@ Asp335

Typ336

Figure 9. Structure of the human sEH dimer and pharmacophore of catalytic domain.

2-1-3 W E D sEH [HEH
DCU® <> ADU¥, AUDA® I[Z#IHIOffF%E TR S iz sEH BLEARITH D, ZhbiET v Mk
TREER, KOMMEREERZ/R L, sEH ZAFET 5 L) a7 FOofFAEO—bEZ R
L7= %, t-AUCB /% Hammock &2 X ¥ Al & AL/ O WRILME O R sSEH BLEAITH 0 . LPS 753 D
~ U ABFEE S T T LT D IR AR BEEE R &R L7z %, AR9281 i3 Arete #hDAfFSE 7 L —
LXoTRIM SN, Ka &7 FTHIO TRIKRER~ LA TS sEH ERITH Y . mill+EET

IVENNZ B B EAER . R ORABIA BRI (DIO)~ v 2B b RmIEM A R L1z %, %
DAt Boehriner Ingelheim #1:, Merck i, K H AR AREALZE OMFIE 7V — T B R~ O sEH BHE A
DWENRINTIHY . IT4 Hammock & ARRFLUTE &L DTV D

—7J7C Merck tEDRFZE 7 Vv — 7 13 7= sEH BLETRE, TEBRAR1ER 28 T DRI+ 5 &0
BPRME, KOSy EE T e 7 s ANV EAET D 65 MG LA, SlLEET AT ATHDE
i B RFEIE T~ M(SHR)DMLEZ +H3Z FiF 5 Z &N TE R o7z % 072, BUETIEhisE M
JEIRRRIELIAMT, sEH FREAIN R bR T v Va2 B TE DHWISKEBORRBRNR RO LN TN D

ADU AR9281
(o)
o (o)
@ A J0OR =
N~ "N CO,H ., HN—@—CI
H H 2 HO,C 'N” N
H H
AUDA +-AUCB COH

65

Figure 10. Previously reported representative sEH inhibitors.
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22 aRITE

K B AAE ALK H 1 5 13 Fragment-based drug discovery (FBDD)DFIEIZ L W R0 X7 3 R
AT HILEm 66, BN UL LTS EAX T UT Y - VREET DA 67 Z R LI %,
ENY DN LTIEARCAT I REY) e tiEz2 L TRy | I ZERIA AN E Shd sEH D U
v RFEGEAL 2D D DI L E XD, L LB D 67 [dRSOEMER+4rTld/<
(0.041 mg/ml at pH 7.4), %7z CYP2C8 ¥ L U 2C19 (249 % mechanism-based inhibition (MBI)Z A L
TUz, CYP2CIZxT 2 MBI 23D &, 7 7% RUEEND EETs ~OEHOMHES, M AIEH
DREN DD, £ ZTSEHHFICBW TR EZZ 6N 8N VLT LT REEZENLRNE S,
Witz Big Lz, 3 72bb A3 U7 Yy — U EBo b, £ L ThtEdEICmiT, KR
¥ RTi2% EETs OREZBKR L. COH AZEAT LI &L L, %Y V7Y — L% Bl
THHMIT, @O EALEOEH L LS L IXSAL~DEBBIBEANIIRONTLE
IMBTH D,

SO =

Me

Selected compound 2nd lead compound

1st lead compound
solubility: 0.041mg/ml at pH 7.4
MBI: CYP2C8 and 2C19

Investigation of left hand with carboxylic acid
based on natural ligand

—— CO,H
o o /A

14, 15-EET NJ\N
. y [ Y O

Figure 11. Strategy to optimize compound 58.

2-3 SAR [&#
2-3-1 EU VUBR 470 SAR 1

BANZA T 27 Y — VRO G R 2 i -,

PhO JLIZZE 3 L 72 6813 67 & Fhi U 35 FRAE sEH FHEVEMEIXIES T 5 2 & 343 o 7, —J5 pyridine,
pyrimidine, pyrazine ZDEER G EHRBERE TIX IV K& JIEHENHT T DR L 72~ 72 (60-64),
LLEORERD S sEH BRFIEMEIT 67 LR L TEHTH L TWD b 00, K v{b&#2ER (chemical
space) DFERDAHIFF CE 2161 68 OB L., 0% OFEM i bz X - TR L. XU
PlEEZ HfEd 2L & L,
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Table 7. In vitro human sEH inhibition of simplified benzene ring compounds derived from lead compound 67.

o} o
o 70 2 0
Me>_<}\l‘o 6 *

h-sEH ICs r-sEH ICs

Compound? Structure (nM)” (M)’
67 3-(5-isopropyl)oxadiazole-1-yl 6.1 8.5
68 phenyloxy 18.0 18.3
69 2-pyridyloxy 27.4 35.4
70 3-pyridyloxy 25.2 20.2
71 4-pyridyloxy 24.4 12.3
72 2,6-pyrimidyloxy 94.2 > 100
73 2,5-pyrazyloxy 26.7 25.6
74 diphenylmethyloxy 27.1 5.2

2 All compounds are racemates. ° Values are an average of two experiments.

2-3-2  PhO & [ SAR 1 #k

eV T PO S Eo@EHIL A Mt L7z, ClJL, Me &, CF L CEMA S L7= PhO KD A 4 (LiE
ThbAWE b, T b sEH BAFEEZ/RL, {EEORIIL 2 > 3 > 4 i LEVWIIETH -7
(75-83), —7Ji. OMe ZEK TN Ph BLCE#E S N 7-5A 1%, 3 M@ i bRV sEH PETEME AR L,
TEVEDRSIL3>4>2 ([EHL L WIHNEHTH o7 (84-89), B 1RoIMER, B GMER, F 7o ERUL
D@ IS EWVoTeNF A= ITHBENES | ZOMREBZRT LI EIIRETH L, —D>DOHEE
L LTiE, OMe OB AIIAKERET 7 87X —DFEIC LV, Ph EOBEAITZOES S L n kA
ERIZL Y, SEH L OFREAHEANEIL LD TRV, EB2x 05, AR L7Z &80 sEH DV
A PRGN LT G 2l & L TENEIVIMANZ EIBIIR < . FHER7R T X BRI DMF
BT DZEMMFEEL THEY | BHEIC L > TENENET DREEREAD L T D AR & 5,
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Table 8. SAR of various substituents at the phenoxy group.

: XA
Q0

h-sEH |C5o r-seH |C50

Compound? R (M)° ("M)°
75 2-Cl 2.0 35
76 3-Cl 12.0 8.0
77 4-Cl 22.4 9.3
78 2-Me 3.1 4.2
79 3-Me 8.9 6.5
80 4-Me 14.2 6.8
81 2-CF3 2.1 3.2
82 3-CF3 15.8 10.5
83 4-CF; 29.8 8.9
84 2-OMe 11.3 12.8
85 3-OMe 7.4 5.1
86 4-OMe 10.2 5.0
87 2-Ph 14.7 20.7
88 3-Ph 10.7 5.9
89 4-Ph 12.0 6.7

2 All compounds are racemates. ® Values are an average of two experiments.

ot CRFREUCE D T2 D D A1 VAR VEEE NI, & ORBALE ORI A Fi Lz, 20, 37T
1% SEH PHETEMEN R E KREI T DR E R o Tehd, 4 fi~DENITH DFEETEMENFED 2 & 035370
572 (92,93), £72 COH DAL EZ BENTWNWDET b T — L ~EEH L= L 2 A, &ML
EL7EbDD, CYP @ 2C8 IZxtT AMHETEMENRS HTLE IFER L 72572 (94) (ICs: 0.8 uM), it
VT 92,93 & Table 8IZBW T b /172 b M sEHPHFIEMEZ /R L7c 2-Cl & LA G DR & 2 A,
95,96 & HIZ U — MG 58 LV &5 /172 sEH [HETE A2 R U, £ -8R OUE, S 51T CYP2C8
Je O 2C19 DRREMEH AR E <JEFI L Tz,

95, 96 Z MW\ T T v MEWEIERBRZ £/ L72& 25, WP h BV ORI & ANEIRE 2R
L7, ZOfERED ., LI 95 L0 b B TEENE B 00, ER-EYEIEE A LT\ 96
ZMRWT, BEtadEd o2 &L L,
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Table 9. (A) Test-compounds in vitro human and rat SEH inhibitory activity and initial pharmacokinetics

evaluation. (B) Compounds 95 and 96 pharmacokinetics study in rats.

Y (o]
; A
CECTY O
H
(o}

A
Compound® X Y z h-sEH ICso ("M)°  1-SEH ICso (NM)° f’n‘zgﬂg’ CYP inhibition
67 - - - 6.1 85 0.041  MBI% 2C8, 2C19
90 COH H H > 100 > 100 N.T.S N.T.
o1 H COH H > 100 > 100 >0.15 N.T.
92 H H CO.H 303 32.2 >0.15 N.T.
93 H H  CH,COH 432 56.6 >0.15 N.T.
2C8(ICs0):
94 H H tetrazole 3.3 6.6 >0.15 0.8 uM
2C8, 2C19(ICs0):
95 cl H CO.H 2.6 4.1 >0.15 "0 WM
2C8, 2C19(ICs0):
96 cl H  CH,COH 4.3 6.6 >0.15 2’50 kM
B
. Bioavailability”  Clearance’
Compound (%) (mL/min/Kg)
95 31 32.7
9 63 35

2 All compounds are racemates. ” Values are an average of two experiments. ¢ Solubility was evaluated at pH
7.4. “ MBI: Mechanism based inhibition. ¢ N.T. = not tested. " Test compounds were dosed intravenously at 1

mg/kg and orally at 10 mg/kg.

2-4 96 O exvivo, invivo R
2-4-1 Ex vivo 3R

ILEWDARN T sEH PHETEME AR L TV D02 2720, exvivo iR A4 FEi L 7=, 21
b EE &G L8 oMk % 14,15-EET & & H 23 L, 14,15-DHET OAEEZHIET H 2
& T, RN O SEH IEMELEREZ R 2 b D TH D,

96 %7 v M2 10 mg/kg, A TF 100 mg/kg #% 1% 5-% . 0 Befi], 1 IRFRE. 6 RERE. 24 KRR T L,
ex vivo AR A i L 7o, B O RITMO TESL &N RE L, FHliRD S 672 5 i b 32
THIEDHH DD, 100 mg/kg &5 FIZFNTIE 6 Rifil#e & 15372 sEH BRETEMEZ A L TV D Z &R
e STz,
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Figure 12. Ex vivo study of sEH Inhibitory Activity of 96 by DHET Production in SD Rats Whole Blood.

2-4-1 DOCA-salt 7 v NEF /L% 7= in vivo 305k
BT 96 DB ER R DER 23+ 5 7=

W, AREMEEMIEOET LV TH Y | salt-sensitive 7 Dosage

NaCl1.0%

A2 CTH 5 DOCA=salt 7 v &AW, ZoE 0 7 14 21 28 (day)

— e - t @

7 v &i H‘ jj 2 % H}EX % [S’% £ L 7L: @J % a“‘ = Left kidney removal Urine Urine
-DOCA implant collection collection

deoxycorticosterone acetate (DOCA)., M OVE /K & 8
Rt G952 LT, Na iFEZ5I S I L, R~
MER ER> TN, RETAERE. 13 HEZ2>  Figure 13. The protocol of DOCA-salt model.
528 HHET9 2 1 H 100100 mg/kg HiERE 0

Bh LTz,

fi k& LT, 96 G & 0 MR BEEAEM IR T& o lz, — 7T, BEEOHEED ST
& % JRH MCP-1 & OF albumin O BRI &85 L Tz, BREER 2779 sEH BLEANIMIZ b5
NTWAHER, ZNOIEXFRRICEEER L L TS, 5 W o e MEEIL 72 BEERNC X 2 g
REEHTHLRRTH 2, 4% L VFFMRBEFNILETH 205, SRIOHE I 96 23 FEMEMIC L
LARVWEREERN AT D, EFIC2=— LA THH L ETRBELTND 7,

F 7T, Khan 51X, EET 71 7773 Dahl salt-sensitive @& IfilJ 17 » MMZEWT 96 & RIERIZHEITE
RICESRVBREERZR L Z 285 LT3 % fik L7z Merck #Eo#r & Kahn & O
HL L TARIOBRHERN G | Bz 010 & T DS RN A 2 2 TH 2 L 2RIy sEH
PLEAI ORISR BIRRIZENR DO TIE RN EE X BD,

Blood pressure was measured twice a week
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Figure 14. Administration of compound 96 to DOCA-salt rats. (A) Measurement of SBP for 28 days. (B)

Urinary MCP-1 on the last day of dosing. (C) Urinary albumin on the last day of dosing. Significantly

different from vehicle unpaired two-tailed t-test: * p < 0.05, ** p < 0.01.

2-5

2-5-

=EL 7 a N ORI
Rk S/ A= b= DA N Ak A 7))
B L7 =T a R Uy AT HIEEY 97 I

1

EI=E=R
H 3

BT, b FsEH & odfEd 255 2 &0

T& 72, £ Z T V%R SBDD % i+ 5 720, XEkE s id it 2 £ L7- & Z 5. Figure 15
TREINDFEEERZE S TWBEZENHALNE ST, Thbb,

RLT-ZE

ﬁaﬂ 75>
H1 98%° J 1N 990 AT LTV B A,

CHEENENT = ) XN UL, KOVPh ETHOD 5TV D03,
T, BT SEH BREIE A H T 51k
s EWITINTIES AL BEKONC/X— M EETIEHAL
TWDZENRBEINLTWD, Thbb, kA1 98
W 2-, 4P EDE

75)/)“(1/\7;0

iz Cl AN,

—J5. Boehriner Ingelheim f:DAfF%E 7 /L—

SEH (ZB1T25 A, B/ X— KT

IZBWTIE, Y7 ==V

C/3— hiZi3ze

. ALE® 99 12k

BMUOC =zl TWn5HLELLND, LEWIT & sEH
ICEHBEAEALTRDZ LT, C

EDOREGHER LY, v 7 a7 a4 O geminal-hydrogen 5 5>

N— R EHHAHZ LINTE,
COLTEASD NJETL trans, 7 a7 a0 Ph £ & cis |

7. ThdETPTHELL

2[R OF A A3 T aE

30

SEH [HEVEMZ M ESB A2 ENTEXHDOTIEERVWNEEZ T, &6
W72 LI ET 52 TR R



I:>=
>
W
v
)
2

97 98 99

His524

Figure 15. X-ray co-crystal structure of compound 97with human sEH hydrolase domain. The electron

density of propionic acid moiety could not be identified (PDB code 4X6Y).

IhETY 7 a7 u/"rONERREZFIE LZAE~DIER & L TEZ oRENR LRI TND,
BIZNERTF PG OBRE, VAR—Z, 7T/ BOREREDIAT 4 7 AL LTOY 7 r 7 ax
YOEANKT HND M EEOMICE . FOMROEEREAZFIE L CAEREE s ESE D L
WOREIZH D HOD B ZEHOT 7 a S a2 ZRGTHI R BB R L=l E o
BIRVIFELZRY, Lo TERIDZ T F P—Es 7 v 7m0 K 5B 2RI L7877
ARTTFO—ELTHHEBRIBENLDOTH D EE XD,
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Peptide mimetics

R’ w © R
j\N)\[rNﬁ)]\f’ |:> E\NJ\NA‘:
H o0 r H
Nucleoside mimetics
o (o}

N NH N NH
¢ ¢
HO N N/)\NHz N N/)\NHZ
T—?O _/v<
HO OH

OH OH

guanosine

Amino acid mimetics

NH, NH,
HOZC/\)\COZH HOzc/D)\002H

glutamate

Figure 16. Utilization of cyclopropane to drug discovery.

2-5-2 —ZfEMAT 7 v msR 0 SAR IEH E SEH & O ILE L D XA db i G AT

Y7 w7 VSO SAR 1§ & Table 10 (2773, geminal Me ££% A9 % 100 (3&EMHEAHAT 5
fER L 7R oTe . U LT ELOEFRIF T & trans, Ph £ & cis ONRELEIZ/ D K 91T Me &8N
L 7= 101 133E A3 ) _E L 7= (h-SEH ICs 12.0 M, 1-SEH IC5, 11.7 M), — 5T, 7 L 7 EBZD N JR1- &
cis, Ph %5 & trans O NRBLE IZ72 5 K 512 Me &G A L7 G I1E, TN K E T A58 L 72
572 (102) (h-SEH ICs 75.7 nM, 1-sEH ICsp > 100 nM), fit > T, FREY | > 7 v 7 /v~ @ik
AT, WURNARBLES TIT O BERH D Z ENH LN E ool S HITHEYIZRNIRIZ Ph K,
A4-F-Ph ZEAEA LT & A, {EENRRKE M ET D558 & 725 72(103, h-sEH ICsy 2.3 nM, 1-sEH 1Cs
3.9 nM) (104, h-sEH ICs 2.1 nM, r-sEH 1Cs 3.2 nM),
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Table 10. SAR study of substituent effects on cyclopropyl ring.

(¢}
HOZC\/\©\ J:\)NJLN}H
H
(o)

Compound® Structure  h-SEH ICs, (nM)°  1-SEH 1Cso (NM)°
97 ’(A 19.1 55.6
Me Me©
100 © > 100 > 100
101 ,(A© 12.0 117

102 A ® 75.7 > 100

103 2.3 3.9

104 2.1 3.2

WA o

2 All compounds are racemates. ° Values are an average of two experiments.

103 & SEH DA B A A v & OIfEER O X MG IS fRdT 2 M L7= & 2 A, FriclZiEb) 7z
SEARRLE & 2R HERIE A L7z Ph A3 Fox DLWl YD C/3— MZRE SN TWD Z R LN E A
ol Flo. ARDB A= MZEBW T, PhEREASH TORWES L RIROFHEHRNEZ - T
WBHZEDPRENTEY, KA NTT V=8 sEH & OBEAIRMENEMN &2 EES 5 = & 7o < PRERE
MaRODHZENTEDL, AARFETHLZLEZRELTND, S HIT, 97 @ sEH [HEEM T E
NeTy NTRISHEOREENH - 7273, /bE# 101, 103 LT 104 (2B W TUIHIEIE R % O RLETE %
N7z, B RETy NTIE, SEH OAIKGE R A A OREEIZBWT, 72/ BEFRH 406 FH (& b
Leu, 7> R: Phe)iCOTORBLEVRHDLZEDMLNATEY, ZN6IE B, KTUNC 73— ML
BELTWD, £oT, B /S—=h2FTR, C— b EFETHZEICLY, FAEEEZTEE
FEANAEEE RS TDTIX, & b5,
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Asp335 His524

Figure 17. Binding of compounds 97 (yellow) and 103 (blue) to human sEH hydrolase catalytic domain.
(PDB code 4X6X).

2-6 LEMDERK
2-6-1 EHAT I aTaRr DR

&% 68-96 DA RK % Scheme 19-21 (277,
EFPFUULTERIZY 7 v 7oy as trans ONRELE 2 AT 54 Y VT M EFEHCHWS 2
&TEM LIz, DERIZITHDENH D DIE, ALEMIT L o TR E D T < R T
B LT=7- Tl oir, TR VEERE DD T 25 L OIS IR H O I S T o 72
ST LT, AR UVBOAEDFREMETH LT b7 —~OEHIT, RV = U VELIC
X LA AL LT AREAFAE T, TMSN; ZRUSSEL Z & TEML., AP EHEL 2 LT
72

e XA,
RIOJ:\) DIPEA R /O ©

105 toluene - N
r.t., o.n. =Ph (49%) 78: R' =2-Me-phenyl (100%) 88: R" = 3-biphenyl (33%)
69: R’ = 2-pyridyl (18%) 79: R' = 3-Me-phenyl (70%)  89: R! = 4-biphenyl (84%)
70: R' = 3-pyridyl (57%) 80: R! = 4-Me-phenyl (83%)  106: R = 4-CN-phenyl (66%)
71: R = 4-pyridyl (65%) 81: R! = 2-CF;-phenyl (78%)

72: R! = 2,6-pyrimidyl (55%) 82: R! = 3-CF3-phenyl (88%)
73: R = 2,5-pyrazyl (72%) 83: R! = 4-CF;-phenyl (100%)
74: R! = diphenylmethyl (42%) 84: R! = 2-OMe-phenyl (29%)
75: R' = 2-Cl-phenyl (34%)  85: R! = 3-OMe-phenyl (90%)
76: R' = 3-Cl-phenyl (87%)  86: R! = 4-OMe-phenyl (67%)
77: R! = 4-Cl-phenyl (42%)  87: R! = 2-biphenyl (100%)

Scheme 19. Construction of urea moiety.
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R? JOL R3 0
R4 R2 /A"' 4 2 /A"
N~ N o 2 M NaOH agq. R R NJLN o
H THF / MeOH H
o o

rt,2-3h

107: R> =CO,Me, R* =H,R*=H 90: R? = CO,H, R = H, R* = H (2steps, 77%)
108: R?=H, R? = CO,Me, R* =H 91: R? = H, R = CO,H, R* = H (2steps, 90%)
109: R? =H, R3 = H, R* = CO,Me 92: R?=H, R® = H, R* = CO,H (2steps, 78%%)
110: R2 H, R?=H, R* = CH,CO,Me 93: R2 H, R?=H, R* = CH,CO,H (2steps, 69%)
111: R? =Cl, R® = H, R* = CO,Me 95: R? = Cl, R® = H, R* = CO,H (2steps, 62%)
112: R? =Cl, R? = H, R* = CH,CO,Me 96: R% = Cl, R? = H, R* = CH,CO,H (2steps, 42%)

Scheme 20. Basic hydrolysis of esters.

H'N~N fo)
v ] A
JL ,A _TMSN, Bussno - Ny \ U N
toluene H
120°C, o.n. o
(45%) 94

Scheme 21. Tetrazolilation of benzonitrile.

2-6-2 =@/ u T a N DEK

S/ a7 a ey LT OMEIL, By s n T a0 VR k% Curtivs 558 Ik o
TA YT F MIZEH#L, Scheme 19 L FRIMRDRIETAMRTE D EEXT, T TETIIEMRI 7 1
TR AR OB RIETF L,

T AFIARD T3 VIR U ERITBEA O J7 I K o CTHHSL L 7= (Scheme 22) 7, 472 h ethyl (E)-a
-cyano-B-phenylacrylate (113)(Z%} L. 2-nitropropane # AW\ C 7 v a3 5 2 L T114 ~LiE
W, BLEREET 5 Z L T 115 24572, 14T CN H A FRIEEAFLE T ethylenegrycol AT NEd 5%
L TCOHIEA~EZMWL, 116 2157,

1) K,CO4
NO, Meve H,0/MeOH Me, Me_ Me
X CO2Et A KeCOs CO,Et 80°C,7.5h 4’ KOH /A

EtOH : —> Ho HO,C
©/\CrN r.t. to reflux, 4 h CN el © CN \/\OH

(76%) NaHCOs 170°C, 1 h e

m 1 H,0/DMSO 13 (3 steps, 51%)
180°C, 7 h

Scheme 22. Synthesis of 116.

BENWT =@y 7 v 7 a g, W bENTo= ) et 237 v 7 a U ARRRIC X0 S
TEHEBEX, MALICE o THEINTVWET A Er—L 120° ZFRL, v 7 v 7 r ik
RIna#R ATz, L L s 3 Mliida vk = hefbEwa v 5 FiE0nTnicsnts
a7 a s AURISITHETIT L7275 72 (Scheme 23),
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H o) Ph;P*MeBr

o
N CDI JL PhLi Ph3p§)]\ benzaldehyde
—_— Y N
II/\/) 130°C, 2 h @ D THF Q toluene Q

-78° O,
. (61%) 18 78°C to r.t., 3h 119 100°C, o.n.
(42%) (98%)
s O
1
Me HSO, _
/.
120 p—— > /\ D
DMSO o
r.t., o.n.

121

o EtNO, KiCO; | Me
EtOH 7 @
80°C, o.n. N
0
122

Scheme 23. Cyclopropanation of activating acylpyrrole 120.

Z ZTMerlic 523HE L TWD YT VbW L) VBT AT - 5 ACEIE S R 2 VT v
s naFasr ARG ERA T ", Cis, £ 7213 trans-B-methylstyrene, 2 O cis-stilbene (123a-123d)(Z 5%t
L. P(OiPr); & CuCl 7»5 72 51 A R DIF(ET . ethyl diazoacetate % cyclohexane ¥ALE:FF N 4~ %
& T, HhEHRANEAINE =@ Y 7 n T a N AbE Y 124a-124d ZARINERZL N HEL 2 L

(ZAPI LTz, 124a-124d 13 R TH—ONAAREZ A L TEY . ZOMOAERY L L TR O AT L
V. ROAF AR GHFERO “HEHERTNRELTL SN ORELNTZ, HENVTZF LT AT LD
TNV B DEZ R TS, —MRAV RIS T DMK R TIEBUS T Lo T, Z
MWEZEW Y 7 0 7 a U OMEEEDTZD EEZ Hd, £ 2T TMSOK (2 X 2 REZM 72 RS %
RATE A0 B h VR UBEIRERD Z LN TE - (125a-125d),

(o}

“)l\ OEt R! R!
R N 2 M NaOH aq. -
- CICuP(OiPr); E(O.C THF/MeOH .
_ 4 ",
Rz  Cyclohexane z ©\ HO.C ©\
R? R2

80°C, 5 h TMSOK

123a: cis, R' =Me, R?=H 124a: down, R! = Me, R2=H (13%) THF 125a: down, R! = Me, R =H (65%)
123b: trans, R' = Me, R* = H 124b:up, R' =Me, RZ=H (16%)  80°C, 2.5 h 125b: up. R' = Me, R — H (67%)
123c: cis, R' =Ph, R?=H 124c: down, R = Ph, R? = H (70%) 125¢: down. R! = Ph. R? = H (98%)
123d: cis, R' = 4-F-Ph, R> = F 124d: down, R = 4-F-Ph, R> = F | '

125d: down, R = 4-F-Ph, R? = F (2steps, 35%)

Scheme 24. Synthesis of three-substituted cyclopropane carboxylic acid.

Bon-Efs 7 arXasXU VR CERIZKE L, DPPA. TEA 1F7/E FONEME#:4+ 2% = & T Crutius
WA A LA VT F MR L7, 22UV Ry RCERY DV 126 22 A2 LTV
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nua Ny LT B LT, BV T AT IVENy AR SR M TR iR S Z & T Ei kA
) 100-104 #4556 Z E DX TE 1=,

Me Me 1) DPPA, TEA, toluene, 100°C, 2.5 h Me Me
then
EtO,C HO,C
0 B o OO0
107 o

126 - 100 (2steps, 40%)

R1 _ R1

2) 2 M NaOH
/A aq., O
K THF/MeOH

HO,C " , HO,C
g, ~ao o
R2 RZ

125a: down, R! =Me, R2=H
125b: up, R' =Me, R2=H
125¢: down, R! =Ph, R>=H
125d: down, R! = 4-F-Ph, R>=F

101: down, R! = Me, R? = H (2steps, 28%)
102: up, R! = Me, R? = H (2steps, 58%)

103: down, R! = Ph, R? = H (2steps, 29%)
104: down, R! = 4-F-Ph, R? =F (2steps, 14%)

Scheme 25. Synthesis of 100-104.
-7 H2EE LD

HE O XD HMESN TN ERY) DA LT REEZ BN LB LA XY D7 — LG O fiE
REFRS L XY VT Y —/UEEOHM, & HITRARY T R Th D EETs DFH#E TH
%5 COH EABAT L Z LITLY RV SEH [LFEME L BN EH T2 96 2152 Z LTI L
7oo AMEEMEAREMEEMIEDOET L THSH DOCAsalt 7 v ML L& Z A, BIEERIZED
IRVEEIEH & W O M T =— 7 e E 2R LT,

1. Simplification of oxadiazole

N © 2. Introduction of carboxylic acid based on EET HOLC cl JL /A
S /T:I/KJ (j
N-O

SEH & D3GR O X MG EMAT OFE RS, 7 a T aoNy BICEBRLEZEAT D &0 )
W22 C, ALBEMETHA v, LTz, 7 a7 a0 8 Eo Ph e cis, LT REED N JHF
&otrans (2725 KO ICEHAILAE A L, sEH PHEVEMEAN K& <A 1 L7z 103 2 R L7z, X BRAE s
TERRHT OFE R, AEEWITIHIE D BRANIC SEH D A_— 2 2RI L2 akE & 5 2 L VR
iz,
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>
o o A
Hozc\/\@o O )Lu ,A © HOzC\/\©\O OJ\HA ©
97 103

h-sEHICs, r-sEHICs, h-sEHICs, r-sEHICs,
19.1 nM 55.6 nM 2.3 nM 3.9nM
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3 E MM BRI A A B Y AT F L2 U 2 AR Eh3E 0 IS 5%

31 WIEDOE R
3-1-1 Muscarinic acetylcholine receptors (MAChRs) 7L
Acetylcholine 13&I &tk 2 TEVEAL I 2RI E TH D . T D3 HO

FVEFIL G & BfE &7 K (G-protein coupled receptor; GPCR) Td % A ,OV%M
€3
AH Y MET'EF LY 5K (muscarinic acetylcholine receptors; Me

(0]
MAChRS) E A A > F vy XNV Thidr=aF %7 Fral 2R/ K

(nicotinic acetylcholine receptors; NAChRs) & # /I L TR S N5, KIKRD Figure 18. Muscarine.
MAChRs BRIy U ' K& L THI B 5 muscarine |7 / =2 O—Fi

T& % Amanita muscaria (Fi4: : X=7 > 7 ¥ NI E ENHAEBEEME CTH Y, KROBRTHZ &
TIR-CMERR, FEITHEORDW, B, &R, TREWSTIERESI &R T, —RIETCT D
ST L A LEENIRS R=T U T Z N EWRE TH D (RIRICEHE RS T H D) AT U REe B s
ICHEATVDLZEME, BWLEIDOHEY REIZEIRLTLE S fBRMERH Y, HEEPLELE SN
Tnd %,

MAChRS (213 My 205 Ms ETOY 7 Z A TOIHERH B TEY | XIST 2 G & /37 LB
MR 5 %, Fio ORISR FEAZIRORRIZEN, K7 2 A 7D KO~ 7 ABER S 1L,
Z OFITENEBLZERTIEIC K- T, & x OBEREMNEA T2,

Table 11. Overview of mMAChRs.

WV THEAT GHRUNRITEAT  ERRIFBIEAL KO~ ADT =) ZAT
M Gq Hbd WakEE &R ¥, RO X% Y
M, Gi Do, AL RO K%
M Gy T MR DI
M, Gi b4 FEAEIROER B, hH LT —DEid
Ms Gy Jibd FEER ot ¥

PTH, M RO My ARSI L TR Y, 26 DOiEMIE KO =7 2ADEHRN b
RS REFE E O S PR MR BT T 2 dE RN I S Te, TAY A v —IRIaRE S LTRES
72 My/My 32 F5ARIZ FLBE IR ME DS @ WO EBN M 2 L T D xanomeline (3, 7 /1Y A < — i OFRAVE
REWHET 2 L & bICHERRERDJE IR Z b i Lz, ARERICES W TRE KREDHEE T
JUCREM L7, PURSHIRIER 26832 2 L3 Sivle, & N COPURSHIRTER 2 B9~ < &Rl
F O BRI EHE S U7 R xanomeline 13 G JCHRIE D = KIEIR Td 2 AR, REIERER, KO
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TAEREIE DT R TR EE L, MOMRIIRIERZ RE 20 -7 8, & 51T xanomeline % M; 35 L ' M,
ZRRO KO v~ U AZHE G UTATEEE B ORE R, BBMERSGE L My 2B, RBAEEFIT M 2R
RENT 5L BHLNE o7 B,

BUE, MARKIPEDFEERFIEIL PRIV D, RBERTH D03, HERABIER 22 EORIER, 165
BHERE OIFE, A0 EMEMHERDIR L Vo 2R SV | Bii- e ERBF IS < IRE
HOARMNLEE N TN D P, % Z T Xanomeline DA 722 ¥t A JSFHIEIRRN T 2 FE & L BT MM,
SARERNSE ORI A B L, #FRICEF Lz,

3-1-2 M. MyZAERY TR

LU BRNE L7z LB 0 . mAChRs DIEMEALITEIZZ AR DIHHEARIZ K 0 fix DEIEM 2R
TS DD, EER. xanomeline [Z{HLERORITEMIZ LV ERERBRIZTIESN TS, Tl
M ZEEICK T DFEIMEIC L 2D EEZ BN D, > T MM, 2B 2 BIRAYITTE L9 2 SEA
RO HINDHH, MAChRs [FZEDRER TV —DE I N7 X A TR EEh KO AR IR T
WEETH -7 %

I B OREZ IR~ S BEEMFZEPMT O R, a7 7' n—FI2 L0 @RI REE % n
S S iz, AC-42% 13 Jacobson 512 L - TR & 7= M, allosteric agonist T& %5, NIAMEY v R
T 5 acetylcholine AT AN Y ATV v 7L TIER<, 7rAT U v Z7EMISHETH 2
T, MoV T AT EO@RMEE HT 2 LTI LT\ 5, VU0456940% 13 Lindsley &2 k- T
R ST M 32 51A 0 positive allosteric modulator (PAM) Td %, {LAWHE F 1213 My Z R IEDIEME
{BERIZEN S, WNIRMEY B> R TH D acetylcholine DIERZED L Z ENTE S, ZhbTr A
TV v ZEALICRHE LTV L0 T, mW@ERIEEL A LT\ o, My ZAFRICE L TiE PAM B 2 A
T 5 A & LT, Christopoulos 5 X ¥ LY-2033298% 73, Lindsley & & ¥ VU0152100% 72345 &+
TWD, L Ledd s My ZEROEINEBIROME LT L A LM ®, 2727 U v 7L
RSB T2 2 & CREBIEL R T 5 L\ 0 7 7' r—F TR R DR/ E FRICIEE LT 2
ZEIIREREETH Y . BRI MM, ZEREBROBRE B IZL A LN,

EE DT My KT My DTS2 ZAA Z [FIIRF IS 2> DI RIS 2 (FEE A4 S 3~ < Al e
DYRBEIIFNE T Lz,
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N
Me
Xanomeline AC-42
M,/M, preferring agonist M, allosteric agonist

VU0456940
M, positive allostreic modulator

Me NH,
cl Me NH, mo
Me0” N7 S HN%] b

LY-2033298 OMe
M, positive allosteric modulator VvU0152100
M, positive allosteric modulator

Figure 19. M; and/or M; mAChR ligands.

3-2 WD TEE Y — NMeam oG

EHDOFE 7 V—T 1L HTS ICE > TRUXAFH V) UaBER 127 % R L7223 AMeAWix
My FEEREN 85V E W S RN D o 72, £ 2T, BEAEHN D M (FEIED 7 7 b~ 237 4 7 &4k
ML, 127 EHAGDED Z & TMIMAEENEZ T 5 U — MG E TG L L 5 LRlAT,

FraFtHRECIX M, (EBME 2 AT 2bAMPARE S TR %, ZRLOFEN S THEFR - 73
YV UH— NN A= REARY DU BN D M EEIEIC T E LTV D LB T, 12T D
MEZ R DT, TN A YT INEEL D XU AF XYV E5 D mAChRs TEMEAKIZE 5
LTWDEHEL, A V7T INMEELHIED M AFEIWEY 7 L~a 7 7 TdHD N-I—" A=Y
NY DU NEEEHZ T 128 AR LT /3 DA 128 1TAH VB D MM, Z FAEREEN 3 5] < 72 0
T7EATIEPPEICE L TH . My FEIEIZH 5 6 DD M fEEIWEIZH531295<. UV — NMbame L
THoeMEx2H L T,

Me.__Me — _ LCO,Et

g/ (Aromatlc Rll’lg)—(Amlne Llnker) N—-CO,R N

N Plausible pharmacphore of My mAChR agonists

N
| p
I i

r;l o N ’&o

Me I\Ille
HTS hit compound (127) Lead compound (128)

Figure 20. Hybridization of HTS hit compound and M, mAChR pharmacophre.

41



3-3 s bR
3-3-1 8-T¥ Uk Fux/ o gk

FEV T MMy B RPE D[] I8V T ~T m BBy O3 R B 2 5 L 72,

FIRUBPUBED 8 E N R~ 5 Z LT My (EEMEDRIBIZ R L7=(128 vs 129), &5
(CERAN DRI Z KB F~E AW, 8T Fux /o giks 452 & TRENREDLE
PEIZD72 3% & 315 human ether-a-go-go related gene (NERG) D FHLE 2K~ 2 = & 23 T 72(130 vs
131), HfBIC LR EO@EHL L UL Bt B R ORI 800, 133 BMENTZANT v
2RI G TH T, S HICZOEMITHERIEDGIHIERDET LV E SN AL T
=X I VUHEROT v MEBETLHET T LIV T EDg fEAY 0.21mglkg & W D D TR E DB EIZ
K0 AR LT,

Tablel2. Conversion of hetero ring.

.CO,Et
O

N

o

hERG Ef‘fe(_:ton
Entry Structure o M, . M, . Ms a M, N Ms b inhibition MEPH-induced
(% effect)® (% effect) (% effect) (% effect) (% effect) (ICso: uM) hyperlocomotion in rats
s0- K (EDsp: mg/kg)*
o
128 @(:,go -/91 27/28 /75  72/90 - - -
Me
N (o}
129 lN/ N,&o 80/99 12/18 7/11 74/ 81° 5 1.48 0.87
Me
N o d
130 |N/ N’go 99/106  46/51 8/25 88/91 12 0.92 0.69
H
=
131 \N| o 89/112 66/75 21/36 138/112 13 2.80 0.10
H
=
132 \NI N0 85/94 26/29 4121 82 /89" 8 2.54 0.51
Me
4
133 SNSNYo 91/93 20/27 2/3 134/125 3 2.89 0.21
kM
e
g
134 " ~v o 74/80 49/54 6/3 1187105 12 0.67 —
K/Me

& Maximum efficacy of each receptor subtype was defined as 100%. Concentration of the test compound was
1uM / 10uM. ° Concentration of the test compound was 10uM. © Doses for oral administration. °

Measurement was performed by FDSS.
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8-7 YTk Fu¥k /o Fkd SAR % Figure 21 1279, TAGRY LR A — R 2 H T 5 S
Y UBROEANT M EEMEZ 532 2 LN TE e, 1 MERR LOEBIKT M (FEIPEIZEE S
LTWD Z e ol SAIRFEIF T A RKAICEESH XD Z L ThERG LEZ I S5 Z L3 T
T Z L TRV B UVBOE Y DURAOEHICE D M EEMEZ K S § 5 Z L3 ATREL oo 72,
RT AT 4 v 7 IpEBIEERTZ T T < RS D mAChRs (26T 2 BIFMEZFIHT 5 2 & T,
B/NROEHCRHENCLRLAEME D Z LN TER,

Potentiation of M, agonistic activity

Increase of selectivity over My

133 g Increase of selectivity over M,

Figure 21. SAR information of 8-azadihydroquinolone scaffold.

332 7-7¥A KU~

LML E, BN TAbAEW 133 127 v MIBIT 54 F00F R (BA)D 2.6% & s T < |
F22 VT 7 A% 49.3mLmin/kkg TH Y KN D DIERPBENZ ERB BN E o7, Thidl
MOEtENFRI ML CLE I LD TH D EEX BT RMEEEEDORRIZMIT THTS b v Mk
EMER/ELIZE A UL THIEEZHRT LA Y UEO 135 % L L7c, 135 OffdE 4 FIH 3
52 & TI3 DT I M, 7720 5H-CONRR EAMFFCE D LB R, 2{bEWE ATV v P L
T21-T7YA R B ETYA L, 186 Gk L7cs 24, ERERE MM AFEIPEZ R L
72, —JiT hERG PLEMEHANEMEN T LE-7o 720, BHEF T EBERLEZEARFNTHZ &L
72
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HTS hit compound 135

133 Plausible metabolized moiety

Figure 22. Further hybridization to obtain a new scaffold.

PIF T LT 137 1 MM BRI A AR L7283 5, hERG PEZ%ETH Z LN TE = (ICsy:
2.54 uM), — 7.7 L7 _EOEHILZFRE L7z 138 TiX hERG BLENEE R STV 72 (ICs: 0.19 uM),
FZIT2EBYLTIER L CHEERGREFEMLIZE A, YATF LT LT 139 ITHV T hERG
BRE DSBS S Stz (ICs: > 10 uM), BEIR T X A U 723550 130% & e 03 O 1ML 28 K L2 88
T HAER L 72 o7 (140, M, agonistic activity 29% at 1uM ) (141, M, agonistic activity 10% at 1uM ),

Table 13. SAR information of substituents on nitrogen atom of 7-azaindoline derivative.

//CN—COZEt

mAChR agonistic activity® hERG
Compound R M, M, M; M, Ms inhibition
at 1uM atluM at1uM at 1uM at 10uM  (ICsp: pM)
133 — 91% 20% 2% 134% 3% 2.89
136 -CONHEt 55% 13% 5% 7% 11% 0.23
137 -CONEt, 52% 23% 4% 132% 9% 2.54
138 -CONH, 99%"° 17%" 11%" 103%" 8% 0.19
139 -CONMe, 76%" 10%" 2%" 118%" 11% > 10
140 :}—Ni} NT NT NT 29%"° NT NT
141 :},—N(j NT NT NT 10%" NT NT

 Maximum activity for each receptor subtype was defined as 100% in the calcium mobilization assay. "

Concentration of the test compound was 0.3uM. NT: Not tested.
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139 ZFHWT T v MBI 2 FEERRA ER L7 & 2 A, HiffEY BAR511%, 7 V7T 7
A5 284 L, 133 LHEZ L CRIBICHE L TWH Z N bMNnE o7, 72 139 13K &N D
i AR EE D EL(Kp) 28, N | RAH = 0.7 & BAFRIMNBATIEZ R Lo, & 512 139 134 X KT
PZBNTH RV RRIEZ R LT,

Table 14. PK profiles of compound 133 and 139 in rat.?

CL Brain penetration
0,
BAMO)  (mL/min/kg) Kp
133 2.6 49.3 -
139 51.1 28.4 0.7

# Test compound was dosed intravenously at 0.25 mg/kg and orally at 2.5 mg/kg.

Table 15. PK profiles of compound 139 in Dog and monky.?
CL

BAM)  (mUmin/kg)
Dog 49.3 —
Monkey 39.8 16.5

# Test compound was dosed intravenously at 1 mg/kg and orally at 1 mg/kg.

feW TR RRER THARKIE, KOT VY A ~—IFIZxt L TR R D &H - 72 xanomeline &
MAChRS (2%} 3 28 IRMED L 21T > 72, 139 X mAChRs @ My, Mz, MsZxf L T4y 7R %
AL THY  FFIT xanomeline D AR CRIE & 72 > 72 HLE REEDORRK & B 2 bivd M FEhE
MRE LI SN TV, o, A KMIEDBGMEIER DET VT T xanomeline & ¥ &K &
THIMEZ R LI Z &, 139 IFERRRBRICHEA TH | xanomeline KV & mW 2Rt L EBNLTZA)
PeZ R RTREME B 5 1,

Table 16. Pharmacological data of xanomeline and compound 139.

mAChR agonistic activities ®, ECso/intrinsic activity Antipsychotic-like
activity °
M, M, M; M, Ms ED53/
xanomeline 16nM/100% 379nM/36% 44nM/86% 126 nM/85%  46% at 30 uM 8.1 mg/kg (sc)
139 133nM/76%  5%at 10uM  2%at10uM  47nM/108%  11%at 10 uM 1.44 mg/kg (po)

*mAChR agonistic activity was measured in the calcium mobilization assay. ® Antipsychotic-like effect was

evaluated in the methamphetamine-induced locomotor hyperacitivity test in rats.

34 (LEWDOERK
3-4-1 8T HFRU AAXH T ) L BHOAH

yuny 3/ EY YL 142 O NH, % Boc Cff L 7=, TMEDA {#(E T, n-Buli Ty F
FLEIT, B D) v b RIS SE T, OB CRFICEANR A E2HELEL DD,
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FEIE T V3 — UK 144 TRIGHSIEE > TLE -7, £ 27T 144 T NaH & 3EITn#Ed 2% =
T, B 8T YR AFFY V) B EAT DRIMA 145 2155 Z LN TE T, fil T Chz K
& Cl BZ KFWICTRIFFIZHE L L, BT I ERIE T T A NN — NG BT 5 &
T2 130 12 LT, Mel Z W T T L /L ESICAT4 2 & T 129 ~ &=,

0{3W§2> rij r(j

°y° N°
(Boc),0 N N
/@ NaHMDS m nBuLi, TMEDA NaH
T - - >
z THF
CI” "NTNH,  Ton, OF N7 NHBoc 78°I:H1F t Yy~ “oH reflux, 1 1 DI
142 (67%) 143 i ort | (2steps, 17%) NN ’J%
¢1” >N" NHBoc
H
144 145
_CO,Et
H OHC—CN—COZEt N {
PdIC, H, NaBH(OAc),, AcOH Mel, NaH
— > —
Xy~ "o X o DMF BN
EtOH CH,Cl, o
r.t., o.n. I -~ ,g r.t., o.n. IN/ N,ko rt,4h | > /&
NTNTTo (2steps, 32%) N (60%) N“ NS0
M
146 130 ©

Scheme 26. Synthesis of 8-azabenzoxadinone derivatives.

3-4-2 8-TH Vb Fux/ o BKOER™

v ¥/ 2 147 (kL Horner-Wadsworth-Emmons S fd 2 & T a,p-AREEfnm 2 7 L & TRk
#%.DBU f#(E T 3 AT 2 2 & CEM G2 B U UBNA~EMEL L 148 ~ L8,
FMEAITH 25%FLEEJFRI D o-f REUFIT AT IVENRIE L2, SV WAV Tarua~ NI 57
A —ICTHEET 22 ENTE L, UWBEHNTT I /Y VD N-T v ba470 149, fE T Pd
iz N2 B 21TV 8-7 U RaX ) o B A LT, Boc EOMR#EDZTF LA
NA— N EEAL 131, RBIZTAF LT =Y REAWT N-7 VX b %179 Z & T 132-134
~EENT,
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O=CN—Boc

147

Pd(OAc),

BuyN*Br
DMA

90°C, o.n.
(57%)

R-l, NaH

DMF
r.t., o.n.

Br

A
11 I P
(Et,0)P___CO,Et N “NH,
K,CO; DBU EtO,C, Me,Al @Bro n-Boc
' N-Boc
DMF DMF \_<\: CH,CI, NN X
70°C, o.n. r.t., 3 days 148 reflux, o.n. H
(26%) (23%) 149
_CO,Et
N 2
Boe H OHC—CN—COZEt
N N (
| 4 M HCl/dioxane NaBH(OAc);, AcOH
B rt,1h - X CH,Cl,
| -~ | r.t., o.n. | =
N N0 NT SN o (2steps, 62%) -
H N“ N0
H
.CO,Et
O
N
B
| 132: R = Me (59%)
N™ "N "0 133: R = Et (81%)
R 134: R = nPr (42%)

Scheme 27. Synthesis of 8-azadihydroquinolone derivatives.

3-4-3 7-THA 2 RV U BHOEHK
U AE =)L 152 12kt L, v uaufb, 7 b, BT EANY D UBOREE T 155 ~ Ll

V72, LIAIH(OtBU); % i

NA— NS EEAL, 139 8k L7 12
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Bn Bn

1
N N
I ™"~"cl Hel
X OH socl, _ el KCN I X NeN KOH o
| CH,Cl,-toluene = | EtOH-H,0 P DMSO | Y~ "CN
N” ~cl rt,16h N” "Cl  reflux,15h N"al 50°C, 2.5 h N el
152 153 154 0
(3 steps, 64%) 155
Bn Bn
N N, N-dimethylcarbamoyl chloride N' 10% Pd/C H
LiAIH(OtBu); DIPEA o HCO,NH, N
THF N toluene o MeOH
reflux, 20 h | reflux 6 h | reflux, 4 h B
(84%) PN (99%) Aoy (99%) |
H N P NN Me
156 o N )‘N‘
Me o Me
157 158

0
OHC—CN—4 N-COZEt
0\

Me N
NaBH(OAc);, AcOH
CH,Cl, o I X
r.t.,, o.n. N/ N
(75%) Me
N
Me

139

Scheme 28. Synthesis of 7-azaindoline derivative 139.

CAFNLT LT LSO N R EEEEAZE T HEWIX. 156 2k LiETi) 7 2 JALROSIZ LY
FAZZF NN A — NEr 2B AN LT 160 ~EEN =%, BHILICXIN T 2 S 7 /LT A L
7l REHAWTOU LT LEITH) 2 & THDZ ENTET,

o)
OHC—CN—(
H 0—\
N Me

10% Pd/C
156 HCOzNH4 NaBH(OAC)3, AcOH
é \
MeOH | cHzclz
reflux, 4 h N/ N r.t., o.n.
H (2steps, 55%)

//CN_COZEt
Appropriate carbamoyl chloride

. N
DIPEA, toluene
rt,4-6 h
(18%-56%) N

Z

N

N
R

//C/N—COZEt

N

\Y

160

136: R = -CONHE
137: R = -CONELt,
138: R = -CONH,

140: Rré\[erj
141: R=;é\n/D

Scheme 29. Synthesis of 7-azaindoline derivatives.
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35 HIEE LD

HTS IZ LY A S EREME LA 26w 127 Ik L, BEaER- (o7 7~ a
T AT BB EGDE DT E T, I MM BIREZ S0 5 2 LR TETZ, S HICHEBERISO
Btz kv, 87 ¥ Ve Kr¥ /v U 3F8(K 133 #AIH L7,

Me ,COZEt

R
Plausible pharmacphore of My mAChR agonists
Conersion of heterocycle N

' D1 D
1, sol
Me N

HTS hit compound (127) 133

133 DFYFEBIC BT OMERLUET 720, SORLIBEREOLEMEZFERM LI A T-TH
AU R UBKEREL, BRFR T EOBHRILE AT LT LT ~EEHT 5 Z L TRIRY MM,
TEEMPEZMERF L7228 5 hERG FREHEZBIMICEGE S Uz 139 ZAIH L7z, 139 (ZERRREBR~EATE
xanomeline £ U & @EWE RN & ZaMEE2RT 2 LN I T,
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A RIS

=

FA T BVEREEE ORI, RGO, £72 HTS 2RI L7z FiEa £ 5
T, BRBEWEL AT DLEMOENK, MO EEIEHRREICIS T D9t 2 Fhi L7,

F—RmTIIRARARCED ThH D~ 0T A FRGAEWER Y F 7 F 0O T 72 A FEEAS
Ha B LHR Y v #(b7 a7 Giak Fhi Lz, Cis BliE D THF BRHEEE L CRy JL A 2 gt
& L. HAJE T % macrotetrolide B DE / ~—Td 5H(+) K O(-)-o-trifluorononactic acid O A% % 25K
Lz, EDICINOEBRIEEZAWTHENRE LI FECLME, KO~raT 7 b uAbE1T9
Z & . macrotetrolide B (1K) DAk 2 HEad L7z,

B BT SEH FHEA D RIFEMIE 2 Il Lz, RINAMALEM TH D EETs DA /LR it %
FIR L MR B, S HICCYPENETH SN 7 oo ey L7 8RR 96 4 R L7,
EHI, (LG E sEH & D3RSO XSS RAERT OFRE RN D v 7 v T aRy Bk
B CEMEZRET 2 2 LIk K0 FRN7ZRAER 103 OAIMICKI LTz, AIKIES 7 v
1N % IRGEH IR SARHENC R L TR Y . ORI EEZ RT 2 LN TE T,

BB TR MM, BRI LA ) T B F v a ) e SRRV R O RIFEMFZE 2 326 L 72, HTS
CEVWERREGD e Yy MEAwERHB L, BEMEREMZEDEL LT, V=L LTHOR
WHEEZAT LAY 133 Z R LTz, SHICEDOROEMERICL Y | EH~EBIRE, o3y
G, ZEMEOH TENIALEW 139 DRAIHICHL LT,
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Ac
AIBN
ATPase
ATR
BK

Bn
Boc
CDI
CN
Chz
DBU
DIAD
DIO
DIPEA
DMA
DMAP
DMF
DMSO
DOCA
DPPA
EDso
ELISA
Et
EtOH
FDSS
HMPA
1Cs0
i-Pr

LDA
MBI
MCP-1
Me
MeOH
MEPH

i &

: acetyl

: azobiisobutyronitrile

: adenosine triphosphatase

: attenuated total feflection

: big potassium

- benzyl

. tert-butoxycarbonyl

: carbodiimidazole

: cyano

: benzyloxycarbonyl

: 1,8-diazabicyclo[5.4.0Jundec-7-ene
. diisopropyl azodicarboxylae

. diet-induced obesity

. N, N ’-diisopropylethylamine

: dimethylacetamide

: dimethylaminopyridine

: dimethylformamide

: dimethylsulfoxide

: deoxycorticosterone acetate

: diphenylphosphoryl azide

: effective dose 50

: enzyme-linked immunosorbent assay
: ethyl

: ethanol

: functional drug screening system

: hexamethylphosphorous amide

. half maximal (50%) inhibitory concentration
- isopropyl

. infrared spectroscopy

: lithium diisopropylamide

: mechanism-based inhibition

: monocyte chemoattractant protein-1
: methyl

: methanol

: methamphetamine
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Mp
NaHMDS
NBS
nBuLi
NF-xB
NMR
ORTEP
PDB
PhO
PK

Rf
SAR
SBP
SD
SHR
TBAF
TBS
t-Bu
TCA
TEA
THF
TLC
TMS
WSC

: melting point

: sodium hexamethyldisilazide
: N-bromosuccinimide

: butyllithium

: nuclear factor-kappa B

: nuclear magnetic resonance

: 0ak ridge thermal ellipsoid plot program
. protein data bank

: phenyloxy

: pharmacokinetics

: rate of flow

: structure-activity relationship
: systolic blood pressure

: Sprague Dawley

: spontaneously hypertensive rat
: tetrabutylammonium fluoride
: tert-butyldimethylsilyl

: tert-butyl

: tricarboxylic acid cycle

: triethylamine

: tetrahydrofuran

: thin layer chromatography

: trimethylsilyl

: water soluble carbodiimide
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HTS: High-throughpu-screening
HEfbsn7mue Ry N EZHWC, LG T A 77U —nb X —5y M T AIEMHZ 5
B, AREIIC LY REO AW EMHICFHI T 5 Z L3 TRE & 2o Tz,

ORTEP: Oak Ridge Thermal Ellipsoid Plot Program
X R A E AT 10 45 DI AR ORI M ORE G ROBRENZ K0 JFF23 E D5 mic
EDORERN TV D EMHER L L TRIT S,

7 k2 17— PASO(CYP) %

AERNORBFHZB W TR TG I R T 7 2 U —O—f, {EERLIC~L8kE2 /T 5,
CYPEERDHE, EIXdFE2 5| & 2 keI x ORIERC, EWMMEAERORRE L 725
ZENHDHIH, EENLETHD,

MBI: Mechanism-based inhibition
FEFE 72 BLEVE R, 1 21 CYP 12595 MBI Tl (LA~ L8k L LG HEET 572 8 LT CYP
DA PEEEHERT A0, BEORBISHBA Ny LTLEIBRNNH D,

NF-xB: Nuclear Factor-kappa B
ERGRA & LTEK o7 HED—Fl, AR LVARYA MA 7 ETHEME S, RERIS%E 5
29, WEREMAIZEEE Y U~ FER A O CRERICED S L SN TN D,

BK 7+ &/
VT LF XY X O—FET, NIV T NERENSE 5 X9 2filltk,. 2zl o8 %
HT 5,

PPAR: Peroxisome proliferator-activated receptor
ERNZFERO—FET, a. plo. y OD=FEOH T2 A TRMbTEY . NEEOMIEPNARE-CMIED 5
LIz 5 L Tnd,

FBDD: Fragment-based drug discovery

NI TTYA L DFED—D, INEWT T T AL My FnbHFET 52 LT e OMAEM
Z X DRSO DT ENTE D,
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Metabolic stability
t b, KTy bOFI 78 Y =2 5 ZEMEZFMNT 5 2 & T, AN ORBILEN % RAE
HHZENTED,

BA: Bioavailability
AW RIRI T RE, ARG ST N RS IR IICRBAT L72EIE 2R T,

CL: Clearance
S NHEALRF H 72 0 AEAN S EK bWt S a2 R T,

Ex vivo sEH inhibitory activity

{bEW a5 Li-d8i¥olik % 14,15-EET & & H12A4 % 2X— k L, 14,15-DHET O EA &% HIE
95, ZHUTE D EENICEIT D SEHTIEEIMEEIIC L > TENLS BWEES N EZREL 5 Z
LINTE S,

DOCA-salt model

F 5 DB g A 2 LT-8IC DOCA (5 A%y 2 /LF o 27 u UEEIE). ROEHKZ# 5 2
ET, NaflFE RIS L, BRaiZiEns ER-> T ET L,

TAXVaNTF aRxT e CEHEE . I 327 VRSN ST 5 RV E v O,

PAM: Positive allosteric modulator

BEROTaAT Y v 73 A MIfEAE L, WERMWEY T RICK D RISZ8DH Z LR TE H{LE5W,
ZDOHLOHEFIITIEMLER 2 72, VT RBEET ANV AT U v 7 %A K TIE7eWE
FKEGT D720, RIERR EDBER DRV E IR TWD,

hERG: human ether-a-go-go related gene

OATERNEN OB EH S | B U AL I F vy R VEa— N D8 T,

ZOHY T LF ¥ RADBEESIND L FOMmRNELIL, QT IER ., & HIAERZFRT 28N 1H D,
% < OBEAFOAREMHIENE T 2/EM DT Bl IEO B Tid hERG BLE DGR H 500 L
D MITERICEE R ER L 0D,

MEPH-induced hyperlocomotion model

PR 2 AT oA v 7 =2 2 I 28R G5 2 L T EHRAJLESELET L,
W A D BGPAEIR & BBk 9~ % 3R & L THW LTV D
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EEROED

PR IAT IXIR OBEFE TIT o 72,

% 1%  JASCO FT/IR-4100

IR
% 2-3%  JOEL JIR-SPX60

—— Varian GEMINI 2000 (300 MHz)
1=
NMR Varian UNITY INOVA 500 (500 MHz)

%5 2-3%  VARIAN Mercury-400

%1%  SEPA-300 polarimeter

FehE e — -
% 2-3 3 JASCO Polarimeter P-1020
HErsu~ /o7 — F1-3% MERCK DC-Platten 20x20 cm Kieselgel 60 Fas,
(= % 1-3%  Yanaco MP-J3

FOSTBETAENS CTULT O RBEOR , fiH L7z,

THF
KOH Ty iz, Na-X ' 7 = /7 F /)L C 2-3 BFRETT L7,
MeCN
IRFALT V2 T TPl 2~3 RFRIRE L7,
CH,Cl,
KFET Vo T DTS, 2~3 IREREDE L7z,
DMF
KFAC T V2T BTT RS, B TR LT,
DMSO
KFEAC T V2T BTT RS, 8L TR LT,
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Methyl (2SR,3SR)-6-benzyloxy-3-tert-butoxy-2-methylhexanoate (45)

Methyl (2SR,3SR)-6-benzyloxy-3-hydroxy-2-methylhexanoate (44) (3.62 g, 13.59 mmol), Mg(CIOy,), (450
mg, 2.02 mmol) and (Boc),O (8.0 g, 36.66 mmol) were sttired for 48 h at 40°C. The reaction mixture was
diluted with water and extracted with EtOAc. The organic layer was washed with brine, dried over Na,SO,
and filtrated. The filtrate was concentrated under reduced pressure and the residue was purified by silica gel
column chromatography (hexane-EtOAC) to give the title compound (45) (1.96 g, 56%) as a pale yellow oil
and recover the starting material (44) (1.62 g, 43%).

Benzyl (2SR,3SR,6EZ)-3-tert-butyloxy-9, 9, 9-trifluoro-8-hydroxy-2-methyl-6-nonenoate [(EZ)-47]

A 50 ml two-necked round-bottomed flask equipped with a magnetic stirrer bar, a N, inlet adapter and a

septum was placed under a nitrogen atmosphere. The flask was charged with 46 (806 mg, 1.65 mmol) in dry
THF (12 ml) and cooled to —78°C. To this solution n-BuLi (1.6 M solution in hexane, 2.1 ml, 3.41 mmol) was
added and stirrered for 1h. Reddish-yellow ylid was generated and to this was added a solution of 41 (335 mg,
1.10 mmol) in THF (5 ml). The solution was warmed to room temperature and stirrered for 10 h The reaction
mixture was evaporated and chromatographed on silica gel. Elution with hexane/EtOAc (5:1) gave (EZ)-47
(161 mg, 0.40 mmol, 40%) as a pale yellow oil.
TLC (SiO,): Rf = 0.41 (hexane/EtOAc = 3:1). *H NMR (300 MHz, CDCl;, 8 ppm): 7.26-7.43 (5H, m, Bn),
5.72-5.93 (1H, m), 5.39-5.53 (1H, m), 5.06-5.20 (2H, m, Bn), 4.64-4.78 (0.5H, m, 8-H), 4.30-4.40 (0.5H, m,
8-H), 3.86-3.94 (1H, m), 2.76-2.88 (1H, m, 2-H), 1.11-1.16 (3H, m, 2-Me), 2.17-2.30 (2H, m), 1.25-1.60
(2H, m), 1.17-1.19 (9H, s, t-Bu); IR v max cm™ : 3447 (w, -OH), 2973 (s), 2930 (m), 1733 (s, C=0), 1457 (m),
1364 (m), 1266 (m), 1167 (s), 1126 (s), 1046 (m), 697 (s); HRMS m/z (M*+H) : calcd. for CyHs,04Fs,
403.2096 ; found, 403.2102.

Benxyl (2SR,3SR,6RS,7RS)-3,6-epoxy-9,9,9-trifluoro-8-hydroxy-7-iodo-2-methynonanoate (48)

A 20-mL two-necked round-bottomed flask equipped with a magnetic stirrer bar, a N, inlet adapter, and a
septum was placed under a N, atmosphere. The flask was charged with I, (267 mg, 1.05 mmol) and NaHCO,
(176 mg, 2.10 mmol) in anhyd MeCN (2 ml) and cooled to 0°C. After the addition of (EZ)-47 (84 mg, 0.21
mmol), the solution was warmed to r.t. and stirred for 7.5 h. Then, the mixture was diluted with sat. Na,S,0;
soln and the aqueous layer was extracted with EtOAc. The combined extract was washed with brine, dried

over MgSO,, and concentrated under reduced pressure to give a mixture was 48 and (E)-47 (total 76 mg). The
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mixture was used in the deiodination step without further purification. Part of the mixture was purified to give
48.

'H NMR (300 MHz, CDCls, & ppm): 7.26-7.40 (m, 5H), 5.20 (d, J = 12.6 Hz, 1H), 5.13 (d, J = 12.6 Hz, 1H),
5.09-5.20 (m, 1H), 4.41 (dd, J = 3.3, 1.9 Hz, 1H), 4.06-4.23 (m, 1H), 3.73-3.83 (m, 1H), 3.32 (d, J = 5.2 Hz,
1H), 2.73 (dg, J = 8.2, 6.9 Hz, 1H), 1.77-2.12 (m, 4H), 1.18 (d, J = 6.9 Hz, 3H). IR v max cm™ : 3480 (w,
OH), 1734 (s, C=0), 1264 (m), 1170 (s), 774 (m).

Benzyl (2SR,3SR,6E)-3-tert-butoxy-2-methyl-8-0xo0-6-octenoate (49)

A 100 ml two-necked round-bottomed flask equipped with a magnetic stirrer bar, a reflux condenser with a
N, inlet adapter and a septum was placed under a nitrogen atmosphere. The flask was charged with 36 (615
mg, 2.01 mmol) and formylmethylene triphenylphosphorane (1.04 g, 3.42 mmol) in toluene (25 ml). The
mixture was stirrered for 18 h at 95°C. The reaction mixture was evaporated and chromatographed on silica
gel. Elution with hexane/EtOAc (4:1) gave mixture of 49 and 41 (ca. 5.1:1.7, 539 mg). Part of the mixture was
purified to give 49 as a colorless oil.

'H NMR (300 MHz, CDCl3, & ppm): 9.44 (d, J = 7.7 Hz, 1H), 7.24-7.41 (m, 5H), 6.74 (dt, J = 15.6, 6.6 Hz,
1H), 6.06 (dd, J = 15.6, 7.7 Hz, 1H), 5.17-5.23 (d, J = 12.6 Hz, 1H), 5.07-5.11 (d, J = 12.6 Hz, 1H), 3.90—
3.97 (m, 1H), 2.83 (dg, J = 6.9, 5.5 Hz, 1H), 2.20-2.45 (m, 2H), 1.54-1.66 (m, 1H), 1.35-1.47 (m, 1H), 1.19
(s, 9H), 1.14 (d, J = 6.9 Hz, 3H); HRMS-FAB: m/z calcd for CyHxsNaO (M+Na): 355.1885, found: 355.1894.

Benzyl (2SR,3SR,6E)-3-tert-butoxy-8-hydroxy-2-methyl-6-octenoate (50)

A 200 ml three-necked round-bottomed flask equipped with a magnetic stirrer bar, a N, inlet adapter and a
septum was placed under a nitrogen atmosphere. The flask was charged with the mixture of 49 and 41 (539
mg) in MeOH (50 ml). To this solution CeCl3*7H,0 (905 mg, 2.43 mmol) was added at 0°C and stirrered for 5
min. To this mixture NaBH, (92 mg, 2.43 mmol) was added and stirrered for 15 min. The reaction mixture
was quenched with a sat. aq. NH4CI soln., evaporated and extracted with EtOAc. The combined extract was
washed with brine, dried over MgSO, and concentrated under reduced pressure. The residue was
chromatographed on silica gel. Elution with hexane/EtOAc (5:1) gave 50 (400 mg, 1.20 mmol, 60%) as a pale
yellow oil.

TLC (SiO,): Rf = 0.20 (hexane/EtOAc = 3:1); *H NMR (300 MHz, CDCls, § ppm): 7.27—7.40 (m, 5H), 5.58—
5.63 (M, 2H), 5.06-5.19 (q, 2H), 4.01-4.08 (m, 2H), 3.87-3.94 (m, 1H), 2.74-2.85 (q, J = 7.1 Hz, 1H), 1.92—
2.16 (m, 2H), 1.67-1.82 (s, 1H), 1.43-1.58 (m, 1H), 1.27-1.42 (m, 1H), 1.18 (s, 9H), 1.11-1.14 (d, J=7.14 Hz,
3H); *C NMR (75 MHz, CDCl,, 5 ppm): 174.8, 136.4, 133.1, 129.1, 128.6, 128.2, 73.9, 71.6, 66.0, 63.7, 44.8,
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31.2, 29.6, 28.7, 27.8, 26.6, 10.23; IR v max cm™ : 3448 (w, -OH), 2974 (s), 2930 (s), 2850 (m), 1734 (s,
C=0), 1457 (m), 1364 (m), 1254 (m), 1190 (m), 1050 (m), 748 (w), 698 (w); HRMS-FAB: m/z calcd for
CaoH3NaO, (M+Na): 357.2050, found: 357.2042.

Benzyl (2SR,3SR,6RS,7RS)-2,6-epoxy-8-hydroxy-7-iodo-2-methyloctanoate (51)

A 200 ml three-necked round-bottomed flask equipped with a magnetic stirrer bar, a N, inlet adapter and a
septum was placed under a nitrogen atmosphere. The flask was charged with I, (3.52 g, 13.85 mmol) and
NaHCO; (2.33 g, 27.70 mmol) in dry CH;CN (30 ml). After the suspension had been stirred for 15 min at 0°C
under N,, a solution of 50 (925 mg, 2.77 mmol) in dry CH3;CN (8 ml) was added dropwise at —20°C. After
stirred for 30 min, the reaction mixture was quenched with a sat. ag. Na,S,;03 soln. and brine, and extracted
with EtOAc. The combined extract was washed with brine, dried over MgSQO, and concentrated in vacuo. The
residue was chromatographed on silica gel. Elution with hexane/EtOAc (3:1) gave 51 (890 mg, 2.20 mmol,
80%) as a pale yellow oil.

TLC (SiO,): Rf = 0.34 (toluene/EtOAC = 5:1); *H NMR (300 MHz, CDCl,, § ppm): 7.27-7.43 (m, 5H), 5.10—
5.17 (m, 2H), 4.12-4.21 (dt, J = 6.60 Hz, 2H), 3.92-4.01 (m, 1H), 3.81-3.88 (m, 2H), 2.84-2.94 (m, 1H),
2.53-2.65 (M, 1H), 2.17-2.30 (m, 1H), 1.81-2.05 (m, 2H), 1.60-1.73 (m, 1H), 1.11-1.17 (d, J = 6.87 Hz, 3H).

Benzyl (2SR,3SR,6RS)-2,6-epoxy-8-hydroxy-2-methyloctanoate (52)

A 100 ml three-necked round-bottomed flask equipped with a magnetic stirrer bar, a N, inlet adapter and a

septum was placed under a nitrogen atmosphere. The flask was charged with 58 (792 mg, 1.96 mmol) in dry
CH,CI; (20 ml). To this solution BusSnH (790 ul, 2.94 mmol) and AIBN (33 mg, 0.2 mmol) was added and
stirrered for 6.5 h. To this mixture KF was added and stirrered for 3h. The reaction mixture was filtrated,
evaporated and chromatographed on silica gel. Elution with hexane/EtOAc (3:1) gave 52 (477 mg, 1.71 mmol,
87%) as a pale yellow oil.
TLC (SiOy): Rf = 0.21 (hexane/EtOAc = 1:1); 'H NMR (300 MHz, CDCl;, § ppm): 7.26-7.44 (m, 5H), 5.07—
5.22 (m, 2H), 3.98-4.12 (m, 2H), 3.68-3.80 (M, 2H), 2.54-2.70 (m, 2H), 1.92-2.08 (m, 2H), 1.50-1.85 (m,
4H), 1.12-1.18 (d, J = 7.14 Hz, 3H); *C NMR (75 MHz, CDCl,, 5 ppm): 174.7, 136.1, 128.2, 128.2, 81.1,
79.5, 66.2, 61.3, 45.3, 37.6, 31.0, 28.7, 28.4, 13.3; IR v max cm™ : 3483 (w, -OH), 2955 (m), 2944 (m), 2877
(m), 1734 (s, C=0), 1498 (w), 1457 (m), 1385 (w), 1254 (w), 1185 (m), 1058 (m), 739 (w), 698 (w);
HRMS-FAB: m/z calcd for CygH»30, (M+H): 279.1598, found: 279.1597.
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Benzyl (2SR,3SR,6RS,8SR)-2,6-epoxy-9, 9, 9-trifluoro-8-hydroxy-2-methylnonanoate
[Benzyl (2SR,3SR,6RS,8SR)-a., a, a-trifluorononactate] (42)

and
Benzyl (2SR,3SR,6RS,8RS)-2,6-epoxy-9, 9, 9-trifluoro-8-hydroxy-2-methylnonanoate
[Benzyl (2SR,3SR,6RS,8RS)-a, a, a-trifluorononactate] (8-epi-42)

A 200 ml three-necked round-bottomed flask equipped with a magnetic stirrer bar, a N, inlet adapter and a
septum was placed under a nitrogen atmosphere. The flask was charged with Dess-Martin periodinane (2.80 g,
6.54 mmol) in dry CH,CI,. To this solution 52 (909 mg, 3.27 mmol) in dry CH,Cl, (10 ml) was added at 0°C
and stirrered for 2.5 h. The reaction mixture was quenched with a sat. ag. Na,S,0; soln., a sat. ag. NaHCO,
soln. and extracted with EtOAc. The combined extract was washed with brine, dried over magnesium sulfate
and concentrated in vacuo to gave aldehyde 53 (933 mg, ca. 3.38 mmol) as a pale yellow oil. This aldehyde
was used in the next step without further purification.

A 200 ml three-necked round-bottomed flask equipped with a magnetic stirrer bar, a N, inlet adapter and a
septum was placed under a nitrogen atmosphere. The flask was charged with 53 (933 mg, ca. 3.38 mmol) in
dry THF (65 ml). To this solution TMSCF; (750 pl, 5.07 mmol) and TBAF (1.0 M solution in THF, 0.4 ml,
0.40 mmol) was added at 0°C and stirrered for 10 min. To this mixture 1 N HCI was added at 0°C and
stirrered for 15 min. The reaction mixture was quenched with a sat. ag. NH,Cl soln. and extracted with EtOAC.
The combined extract was washed with brine, dried over magnesium sulfate and concentrated under reduced
pressure. The residue was chromatographed on silica gel. Elution with hexane/EtOAc (20:1) gave 42 (468 mg,
1.35 mmol, 41%) as a pale yellow oil and 8-epi-42 (496 mg, 1.43 mmol, 44%) as a pale yellow oil.

42: TLC (SiO,): Rf = 0.38 (hexane/EtOAc = 1:1); *H NMR (300 MHz, CDCls, § ppm): 7.27-7.44 (m, 5H),
5.20-5.38 (m, 2H), 3.52-3.58 (s, 1H), 4.01-4.24 (m, 3H), 2.51-2.66 (q, J = 7.14, 1H), 1.96-2.10 (m, 2H),
1.84-1.95 (m, 1H), 1.52-1.82 (m, 3H), 1.13-1.18 (d, J = 7.14, 3H); *C NMR (75 MHz, CDCls, § ppm): 174.6,
136.1, 128.6, 128.3, 128.3, 127.2, 81.2, 75.4, 68.1, 67.7, 66.3, 45.4, 34.7, 30.6, 28.5, 13.4; °F NMR (470 MHz,
CDCls, & ppm): —80.60 (d, J = 7.52 Hz); IR v max cm™ : 3434 (w, -OH), 2955 (w), 2939 (w), 2870 (w), 1734
(s, C=0), 1498 (w), 1457 (w), 1385 (W), 1276 (s), 1163 (s), 1127 (s), 1072 (s), 860 (W), 739 (W), 698 (W), 575
(w); HRMS-FAB: m/z calcd for Ci7H,,F30,4 (M+H): 347.1470, found: 347.1470.

8-epi-42: TLC (SiO,): Rf = 0.41 (hexane/EtOAc = 1:1); *H NMR (300 MHz, CDCls, § ppm): 7.26-7.40 (m,
5H), 5.08-5.20 (m, 2H), 4.05-4.17 (m, 3H), 2.54-2.65 (q, J = 7.14 Hz, 1H), 1.90-2.15 (m, 3H), 1.54-1.79 (m,
3H), 1.13-1.17 (d, J = 6.87 Hz, 3H).
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Benzyl (2S,3S,6R,8S)-2,6-epoxy-9,9,9-trifluoro-8-[(S)-acetyl]-phenylacetoxy-2-methylnonanoate (54)
and
Benzyl (2R,3R,6S,8R)-2,6-epoxy-9,9,9-trifluoro-8-[(S)-acetyl]-phenylacetoxy-2-methylnonanoate (55)

A 50 ml three-necked round-bottomed flask equipped with a magnetic stirrer bar, a N, inlet adapter and a
septum was placed under a nitrogen atmosphere. The flask was charged with 42 (300 mg, 0.87 mmol) in
CH,CI, (18 ml). To this solution (S)-acetylmandelic acid (254 mg, 1.31 mmol), WSC (250 mg, 1.31 mmol)
and DMAP (12 mg, 0.1 mmol) was added and stirrered for 1 h. The reaction mixture was quenched with a sat.
ag. NH4CI soln. and extracted with EtOAc. The combined extract was washed with brine, dried over
magnesium sulfate and concentrated under reduced pressure. The residue was chromatographed on sicila gel.
Elution with hexane/EtOAc (20:1) gave 54 (226 mg, 0.43 mmol, 50%) as a pale yellow oil and 55 (223 mg,
0.43 mmol, 50%) as a colorless crystal.

54: TLC (SiO,): Rf = 0.37 (hexane/EtOAc = 3:1); *H NMR (300 MHz, CDCls, & ppm): 7.25-7.46 (m, 10H),
5.94 (s, 1H), 5.55 (sextet, J = 6.5 Hz, 1H), 5.15-5.19 (d, J = 12.6 Hz, 1H), 5.10-5.14 (d, J = 12.6 Hz, 1H),
4.03 (pseudo g, J = 7.0 Hz, 1H), 3.85 (pseudo quintet, J = 6.5 Hz, 1H), 2.57 (quintet, J = 7.2 Hz, 1H), 2.20 (s,
3H), 1.91-2.06 (m, 2H), 1.88 (t, J = 6.6 Hz, 2H), 1.40-1.70 (m, 2H), 1.12 (d, J = 7.2 Hz, 3H); *C NMR (75
MHz, CDClg, & ppm): 172.1, 170.4, 167.4, 129.5, 128.9, 128.6, 128.2, 128.1, 127.6, 124.0 (q, J = 285 Hz),
80.5, 75.9, 74.2, 74.1, 68.6 (q, J = 29 Hz), 66.2, 45.2, 34.2, 31.0, 28.3, 20.5, 12.9; **F NMR (470 MHz, CDCls,
§ ppm): —79.06 (d, J = 6.11 Hz); IR v max cm™ : 2979 (w), 2948 (w), 1776 (m, C=0), 1739 (s, C=0), 1497
(w), 1455 (w), 1375 (w), 1281 (w), 1231 (m), 1182 (m), 1062 (m), 739 (w), 698 (w); HRMS-FAB: m/z calcd
for Cy7H30F50; (M+H): 523.1944, found: 523.1952; [a]p** = +15.7° (¢ = 0.27, CHCly).

55: TLC (SiO,): Rf = 0.42 (hexane/EtOAc = 3:1); "H NMR (300 MHz, CDCls, & ppm): 7.27-7.48 (m, 10H),
5.98 (s, 1H), 5.49 (sextet, J = 6.8 Hz, 1H), 5.16-5.20 (d, J = 12.3 Hz, 1H), 5.11-5.15 (d, J = 12.3 Hz, 1H),
3.74 (g, J = 7.2 Hz, 1H), 3.01 (quintet, J = 6.6 Hz, 1H), 2.48 (quintet, J = 7.4 Hz, 1H), 2.19 (s, 3H), 1.67-1.76
(m, 2H), 1.42-1.64 (m, 2H), 1.14-1.28 (m, 2H), 1.07 (d, J = 6.6 Hz, 3H); **C NMR (75 MHz, CDCls, 5 ppm):
174.5, 170.2, 167.1, 136.2, 133.5, 129.5, 128.6, 128.3, 128.2, 80.3, 74.1, 73.3, 68.1, 66.3, 45.1, 33.7, 30.6,
28.2, 20.5, 13.0; **F NMR (470 MHz, CDCl,, & ppm): —78.81 (d, J = 6.11 Hz); IR v max cm™ : 2951 (s), 2825
(s), 1781 (m, C=0), 1743 (s, C=0), 1382 (w), 1256 (m), 1188 (m), 1059 (s), 1033 (s), 800 (m); HRMS-FAB:
m/z calcd for CpH3oF50, (M+H): 523.1944, found: 523.1941; [o]p? = +46.9° (¢ = 0.51, CHCI,).
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(-)-(2S,3S,6R,8S)-3.6-Epoxy-9,9,9-trifluoro-8-hydroxy-2-methylnonactic acid [e-trifluorononactic acid,
(-)-2e]

A 100 ml one-necked round-bottomed flask equipped with a magnetic stirrer bar was charged with 54 (167

mg, 0.32 mmol) in MeOH (3 ml) and THF (4 ml). To this solution was added 1 M KOH aq (6 ml) at 0°C and
the mixture was stirred for 24 h. Then, the solvent was evaporated and the residue was washed with CHCI3.
The aqueous layer was acidified with 1M HCI aq and extracted with EtOAc. The combined extract was
washed with brine, dried over MgSO,, and concentrated under reduced pressure to give crude (-)-2e (135 mg)
as a pale yellow oil. An analytical sample was further purified.
'H NMR (300 MHz, CDCls, & ppm): 5.90-7.20 (br, 1H), 4.14-4.40 (m 2H), 4.00-4.13 (m, 1H), 2.46 (quintet,
J = 6.8 Hz, 1H), 2.00-2.20 (m, 2H), 1.88 (ddd, J = 13.5, 10.1, 3.0 Hz, 1H), 1.60-1.80 (m, 3H), 1.16 (d, J = 6.8
Hz); **C NMR (75 MHz, CDCls, 8): 179.5, 125.3 (q, J = 282 Hz), 81.6, 75.2, 67.2 (q, J = 31.4 Hz), 46.3, 35.2,
30.7, 29.0, 13.8; “°F NMR (470 MHz, CDCl3, § ppm): —80.90 (d, J = 10.8 Hz); IR v max cm™ : 3415 (s), 2962
(s), 1713 (s), 1277 (s), 1165 (s), 1128 (s), 1070 (s); HRMS-FAB: m/z calcd for CyoHisF504 (M+H): 257.1000,
found: 257.1004; [o]p?* = —3.5° (¢ = 0.71, CHCL,).

(+)-2e
The title compound was synthesized as a pale yellow oil according to the procedure described for (-)-2e.

HRMS-FAB: m/z calcd for CyoH:6F;0, (M+H): 257.1000, found: 257.0999; [a]p** = +3.3° (¢ = 0.50, CHCI,).

Benzyl (2S, 3S, 6R, 8S)-2, 6-epoxy-9, 9, 9-trifuloro-8-hydroxy-2-methylnonanoate (56)

A 50 ml two-necked round-bottomed flask equipped with a magnetic stirrer bar, a N, inlet adapter and a
septum was placed under a nitrogen atmosphere. The flask was charged with tBuOk (119 mg, 1.06 mmol) in
dry DMF (10 ml). To this solution (-)-2e (135 mg, ca. 0.53 mmol) in dry DMF (2 ml) was added, warmed to
60°C and stirrered for 5 min. To this mixture BnBr (126 ul, 10.6 mmol) was added and stirrered for 16 h. The
reaction mixture was diluted with EtOAc and washed with water and brine. The organic layer was dried over
MgSO, and concentrated in vacuo. The residue was chromatographed on silica gel. Elution with
hexane/EtOAc (10:1) gave 56 (77 mg, 0.22 mmol, 70%) as a pale yellow oil.

TLC (SiO,): Rf = 0.62 (hexane/EtOAC =1:1). [a]p** = —0.81° (¢ = 0.55, CHCI;).

Benzyl (2R, 3R, 6S, 8R)-2, 6-epoxy-9, 9, 9-trifuloro-8-hydroxy-2-methylnonanoate
A 30 ml one-necked round-bottomed flask equipped with a magnetic stirrer bar. The flask was charged with

61 (90 mg, 0.17 mmol) in MeOH (1 ml) and THF (3 ml). To this solution 1IN KOH (4 ml) was added at 0°C
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and stirrered for 24 h. The reaction mixture was evaporated and washed with CHCI;. The water layer was
acidified with 1N HCI and extracted with EtOAc. The combined extract was washed with brine, dried over
magnesium sulfate and concentrated in vacuo to give carboxylic acid (71 mg, ca. 0.28 mmol) as a pale yellow
oil. This carboxylic acid was used in the next step without further purification.

A 50 ml two-necked round-bottomed flask equipped with a magnetic stirrer bar, a N, inlet adapter and a
septum was placed under a nitrogen atmosphere. The flask was charged with tBuOk (63 mg, 0.56 mmol) in
dry DMF (6 ml). To this solution carboxylic acid (71 mg, ca. 0.28 mmol) in dry DMF (2 ml) was added,
warmed to 60°C and stirrered for 5 min. To this mixture BnBr (70 ul, 0.59 mmol) was added and stirrered for
20 h. The reaction mixture was diluted with EtOAc and washed with water and brine. The organic layer was
dried over MgSO, and concentrated in vacuo. The residue was chromatographed on silica gel. Elution with
hexane/EtOAc (10:1) gave title compound (55 mg, 0.16 mmol, 92%) as a pale yellow oil.

TLC (SiO,): Rf = 0.62 (hexane/EtOAc =1:1). [a]o* = +5.56° (¢ = 0.90, CHCIy).

Benzyl (2R, 3R, 6S, 8R)-2, 6-epoxy-9, 9, 9-trifluoro-8-tert-butyldimethylsilyloxy-2-methylnonanoate

A 50 ml two-necked round-bottomed flask equipped with a magnetic stirrer bar, a N, inlet adapter and a
septum was placed under a nitrogen atmosphere. The flask was charged with benzyl ester (77 mg, 0.22 mmol)
in dry CH,ClI, (7 ml). To this solution 2, 6-lutidine (77 pl, 0.66 mmol) was added at 0°C and stirrered for 5
min. To this mixture TBSOTT (70 pl, 0.33 mmol) was added, warmed to room temperature and stirrered for 9
h. The rection mixture was diluted with EtOAc, washed with a sat. ag. CuSO, soln. and brine, dried over
MgSO, and concentrated in vacuo. The residue was chromatographed on silica gel. Elution with
hexane/EtOAc (7:1) gave title compound (100 mg, 0.22 mmol, 98%) as a pale yellow oil.
TLC (SiO,): Rf = 0.66 (hexane/EtOAc =3:1); 'H NMR (300 MHz, CDCls, & ppm): 7.20-7.40 (m, 5H, Bn),
5.07-5.19 (g, 2H, Bn), 4.07-4.22 (m, 1H), 3.90-4.04 (m, 1H), 2.51-2.64 (m, 1H, 2-H), 1.92-2.10 (m, 2H),
1.44-1.80 (m, 4H), 1.11-1.14 (d, J = 7.14 Hz, 3H, 2-Me), 0.85 (s, 9H, TBS), 0.04 (s, 3H, TBS); *C NMR (75
MHz, CDCls, 6 ppm): 132.37, 128.59, 128.19, 128.00, 89.38, 80.60, 73.69, 68.71, 66.05, 53.58, 45.55, 42.23,
37.65, 36.87, 35.29, 31.01, 28.58, 25.57, 13.43; °F NMR (470 MHz, CDCls, & ppm) —80.208, —80.221; IR v
max cm™ : 2958 (s), 2926 (s), 2887 (m), 2860 (m), 1739 (s, C=0), 1464 (w), 1387 (w), 1282 (m), 1255 (m),
1170 (s), 1136 (s), 1079 (s), 840 (m), 782 (w), 751 (w), 697 (w); HRMS m/z (M*+H) : calcd. for Cy3H3sF30,Si,
461.2335 ; found, 461.2340. [a]p**= +16.43° (c = 0.35, CHCI,).
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(2R,3R,6S,8R)-2,6-epoxy-9,9 ,9-trifluoro-8-tert-butyldimethylsilyloxy-2-methylnonactic acid (57)

A 30 ml two-necked round-bottomed flask equipped with a magnetic stirrer bar, a N, inlet adapter and a
septum was placed under a nitrogen atmosphere. The flask was charged with benzyl ester (100 mg, 0.22
mmol) in EtOH (6 ml). To this solution 10% Pd/C (80 mg) was added and the mixture was stirred for 10 h at 1
atm H,. The reaction mixture was filtrated ant concentrated in vacuo to give the title compound (75 mg, ca.

0.20 mmol) as a pale yellow oil. The carboxylic acid was used in the next step without further purification.

Benzyl (2°R,3°R,6°S,8’R)-2°,6’-epoxy-9°,9°,9’-trfl
uroro-8’-tert-butyldimethylsililoxy-2’-methyl-8-nonanoyl-(2S,3S,6R,8S)-2,6-epoxy-9,9,9-trifluoro-2-met
hylnonanoate (58)

A 30 ml two-necked round-bottomed flask equipped with a magnetic stirrer bar, a N, inlet adapter and a

septum was placed under a nitrogen atmosphere. The flask was charged with 56 (53 mg, 0.15 mmol) and 57
(19 mg, 0.05 mmol) in dry CH,CI; (2 ml). To this solution WSC (38 mg, 0.20 mmol) and DMAP (12 mg, 0.10
mmol) were added and stirrered for 4 h. The reaction mixture was quenched with a sat. ag. NH,ClI soln. and
extracted with EtOAc. The combined extract was washed with brine, dried over magnesium sulfate and
concentrated in vacuo. The residue was chromatographed on silica gel. Elution with hexane/EtOAc (20/1)
gave 58 (30 mg, 0.04 mmol, 84%) as a pale yellow oil.
TLC (SiO,): Rf = 0.58 (hexane/EtOAc =3:1); 'H NMR (300 MHz, CDCls, & ppm): 7.26-7.40 (m, 5H, Bn),
5.47-560 (m, 1H, 8-H), 5.12 (s, 2H, Bn), 3.82-4.24 (m, 5H), 2.52-2.63 (quant, 2H), 1.83-2.08 (m, 6H), 1.44—
1.78 (m, 6H), 1.06-1.16 (t, 6H), 0.89 (s, 9H, TBS), 0.09 (s, 3H, TBS); *C NMR (75 MHz, CDCls, § ppm):
174.54, 172.64, 136.23, 128.54, 128.24, 128.13, 80.67, 79.79, 74.32, 74.00, 66.20, 45.26, 36.92, 34.44, 31.06,
31.01, 28.27, 28.18, 25.54, 17.95, 13.22, 12.96, —5.42; **F NMR (470 MHz, CDCl;, 5 ppm): —78.774, -78.791,
-80.286, —80.299; IR v max cm™ : 2958 (m), 2924 (m), 2886 (w), 2859 (w), 1748 (m, C=0), 1740 (m, C=0),
1463 (w), 1379 (w), 1281 (m), 1136 (s), 1076 (m), 841 (w), 809 (w), 782 (w), 751 (w), 697 (w); HRMS m/z
(M*+H) : calcd. for Cs3HasFs0;Si, 699.3152 : found, 699.3154; [a]p>* = +14.17° (c = 0.30, CHCI5).

Benzyl
(2’R,3’R,6°S,8°R)-2°,6”-epoxy-9°,9°,9°-trfluroro-8’-hydroxy-2’-methyl-8-nonanoyl-(2S,3S,6R,85)-2,6-epo
xy-9,9,9-trifluoro-2-methylnonanoate (59)

A 10 ml one-necked round-bottomed flask equipped with a magnetic stirrer bar. The flask was charged with
58 (12 mg, 0.017 mmol) in CH;CN (1.0 ml). To this solution 46%HF/CH3CN (1:4) (0.50 ml) was added at

0°C and stirrered for 20 h. The reaction mixture was quenched with NaHCO; and a sat. aq. NaHCOjs soln. and
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extracted with EtOAc. The combined extract was washed with brine, dried over magnesium sulfate and
concentrated in vacuo. The residue was chromatographed on silica gel. Elution with hexane/EtOAc (5:1) gave
59 (10 mg, 0.017 mmol, quant.) as a pale yellow oil.

TLC (SiO,): Rf = 0.21 (hexane/EtOAc =3:1); 'H NMR (300 MHz, CDCls, & ppm): 7.27-7.44 (m, 5H, Bn),
5.49-5.63 (M, 1H, 8-H), 5.11-5.22 (q, 2H, Bn), 4.12-4.27 (m, 3H), 3.86-4.06 (m, 3H), 2.45-2.62 (m, 2H),
1.76-2.14 (m, 6H), 1.49-1.73 (m, 6H), 1.09-1.18 (dd, 6H); *F NMR (470 MHz, CDCl,, § ppm):—78.804, —
78.820, —80.601, —80.617; IR v max cm™ : 3485 (m, -OH), 2979 (m), 2948 (m), 1760 (s, C=0), 1736 (s, C=0),
1458 (m), 1281 (s), 1176 (s), 1145 (s), 1073 (s), 699 (w); HRMS m/z (M*+H) : calcd. for CyHssFeO-,
585.2287 ; found, 585.2292; [a]p?* = +2.22° (¢ = 0.09, CHCI5).

2’-Thiopyridyl (2’R,3’R,6°S,8°R)-2°,6°-epoxy
-9°,9°,9’-trfluroro-8’-tert-butyldimethylsilyloxy-2’-methyl-8-nonanoyl-(2S,3S,6R,8S)-2,6-epoxy-9,9,9-trif
luoro-2-methylnonanoate (60)

A 30 ml two-necked round-bottomed flask equipped with a magnetic stirrer bar, a N, inlet adapter and a
septum was placed under a nitrogen atmosphere. The flask was charged with 58 (31.0 mg, 0.044 mmol) in
EtOH (2 ml). To this solution 10% Pd/C was added and the mixture was stirred for 30 min at 1 atm H,. The
reaction mixture was filtrated and concentrated in vacuo to give carboxylic acid (24.0 mg, ca. 0.039 mmol) as
a pale yellow oil. The carboxylic acid was used in the next step without further purification.

A 10 ml two-necked round-bottomed flask equipped with a magnetic stirrer bar, a N, inlet adapter and a

septum was placed under a nitrogen atmosphere. The flask was charged with carboxylic acid (24.0 mg, ca.
0.039 mmol) in dry toluene (2.0 ml). To this solution 2, 2’-dipyridyl disulfide (17.0 mg, 0.078 mmol) and
PPh; (20.0 mg, 0.078 mmol) were added and stirrered for 22 h at room temperature. The reaction mixture was
evaporated and choromatographed on silica gel. Elution with hexane/EtOAc (5:1) gave 60 (20.0 mg, 0.028
mmol, 64%) as a pale yellow oil.
TLC (SiO,): Rf = 0.29 (hexane/EtOAc =3:1); 'H NMR (300 MHz, CDCl;, & ppm): 8.59-8.65 (m, 1H, Py),
7.68-7.78 (m, 2H, Py), 7.26-7.32 (m, 1H, Py), 5.60-5.68 (m, 1H, 8-H), 3.87-4.19 (m, 5H), 2.79-2.91 (qunat,
1H), 2.54-2.66 (quant, 1H), 1.83-2.20 (m, 6H), 1.48-1.81 (m, 6H), 1.14-1.23 (dd, 6H), 0.89 (s, 9H, TBS),
0.08 (s, 3H, TBS); *®F NMR (470 MHz, CDCls, & ppm) —78.722, —78.706, —80.264, —80.248; IR v max cm™ :
2959 (s), 2934 (s), 2875 (m), 2855 (m), 1761 (s, C=0), 1715 (m, C=0), 1574 (w), 1456 (m), 1420 (m), 1283
(s), 1177 (s), 1139 (s), 1078 (s), 841 (w); HRMS m/z (M*+H) : calcd. for Ca1HaFsNOg SSi, 702.2719 ; found,
702.2722; [a]p™* = +26.25° (¢ = 0.09, CHCI5).
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Benzyl

(2°’R,3"”’R,6°S,8°°R)-2",6”’-epoxy-9°"*,9>* ,9*-trifuloro-8>"-tert-butyldimethylsilyloxy-2°’-methyl-8>-
nonanolyl-(2”S,3”S,6”R,8”S)-2”,6-epoxy-9”,9”,9”-trifuloro-2*’-methyl-8’-nonanoyl-(2°R,3’R,6’S,8’R)
-2°,6’-epoxy-9°,9’,9°-trifluoro-2’-methyl-8-nonanoyl-(2S,3S,6R,8S)-2,6-epoxy-9,9,9-trifluoro-2-methylno
nanoate (61)

A 10 ml two-necked round-bottomed flask equipped with a magnetic stirrer bar, a N, inlet adapter and a
septum was placed under a nitrogen atmosphere. The flask was charged with 59 (21.0 mg, 0.036 mmol) and
60 (20.0 mg, 0.028 mmol) in dry toluene (3.0 ml). To this solution MA4A (5.0 mg) and dry AgCIO, (7.50 mg,
0.036 mmol) were added at 0°C and stirrered for 10 min. The reaction mixture was quenched with a sat. aq.
NaHCO; soln. and extracted with EtOAc. The combined extract was washed with brine, died over MgSO, and
concentrated in vacuo. The residue was chromatographed on silica gel. Elution with hexane/EtOAc (5:1) gave
61 (5.0mg, 0.004 mmol, 15%) as a pale yellow oil.

TLC (SiO,): Rf = 0.53 (hexane/EtOAc =3:1).

Benzyl (2R, 3R, 6°”’S, 8’”R)-2”, 6°’-epoxy-9°”, 9>, 9*”-trifuloro
8-hydroxy-2°”-methyl-8>’-nonanolyl-(2”’S, 3”S, 6”R, 87S)-2”, 6”-epoxy-9”, 9”7,
9”-trifuloro-2”’-methyl-8’-nonanoyl-(2°R, 3R, 6°S, 8’R)-2°, 6’-epoxy-9°, 9,
9’-trifluoro-2’-methyl-8-nonanoyl-(2S, 3S, 6R, 8S)-2, 6-epoxy-9, 9, 9-trifluoro-2-methylnonanoate (64)

A 10 ml one-necked round-bottomed flask equipped with a magnetic stirrer bar was charged with 61 (5.0
mg, 0.0042 mmol) in dry CH;CN (0.30 ml). To this solution 46%HF/CH;CN (1:4) (0.10 ml) was added at 0°C
and stirred for 6 h. The reaction mixture was quenched with NaHCO; and a sat. ag. NaHCO; soln. and
extracted with EtOAc. The combined extract was washed with brine, dried over magnesium sulfate and
concentrated in vacuo. The residue was chromatographed on silica gel. Elution with hexane/EtOAc (3:1) gave

64 (1.0 mg, 0.0009 mmol,22%.) as a pale yellow oil.

2’-Thiopyridyl (2°’R,3"”’R,6°S,8°°R)-2"",6”’-epoxy-9°"*,9>”,9*-trifuloro-
8”’-hydroxy-2>”-methyl-8°’-nonanolyl-(2°S,3”S,6”R,8”S)-2",6”-epoxy-9,9”,9”-trifuloro-2”-methyl-8’
-nonanoyl-(2°R,3’R,6°S,8’R)-2°,6°-epoxy-9°,9°,9°-trifluoro-2’-methyl-8-nonanoyl-(2S,3S,6R,8S)-2,6-epox
y-9,9,9-trifluoro-2-methylnonanoate

A sample tube equipped with a magnetic stirrer bar, a N, inlet adapter and a septum was placed under a
nitrogen atmosphere. The tube was charged with 64 (1.0 mg, 0.0009 mmol) in EtOH (0.1 ml). To this solution

10% Pd/C was added and the mixture was stirred for 3 h at 1 atm H,. The reaction mixture was filtrated and
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concentrated in vacuo to give carboxylic acid (1.20 mg, ca. 0.0012 mmol) as a pale yellow oil. The carboxylic
acid was used in the next step without further purification.

A sample tube equipped with a magnetic stirrer bar, a N, inlet adapter and a septum was placed under a
nitrogen atmosphere. The tube was charged with the carboxylic acid (1.20 mg, ca. 0.0012 mmol) in dry
toluene. To this solution 2,2’-dipyridyl disulfide (1.0 mg, 0.0045 mmol) and PPh; (1.0 mg, 0.0038 mmol)
were added and stirred for 3 h at room temperature. The reaction mixture was evaporated to give the title

compound. The thiol ester was used in the next step without further purfication.

Macrotetrolide p (1k)

A sample tube equipped with a magnetic stirrer bar, a N, inlet adapter and a septum was placed under a
nitrogen atmosphere. The tube was charged with the thiol ester in dry toluene. To this solution AgCIO, (2mg,
0.0096 mmol) was added and stirred for 30 min at 0°C. The reaction mixture was quenched with a sat. ag.
NaHCO; soln. and extracted with EtOAc. The combined extract was washed with brine, dried over MgSQO,
and concentrated in vacuo. The residue was chromatographed on silica gel. Elution with hexane/EtOAc (3:1)
to give 1k (200 pg, 0.0002 mmol, 17%).

HRMS m/z (M*+Na) : calcd. for C4Hs,F1, Na O,,, 975.3165 ; found, 975.3169.
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Biological assay

Recombinant human or rat SEH was prepared in E.Coli expression system in our Genomic Science
Laboratories. Test compounds were pre-incubated with human or rat sEH (0.3 pg/mL) in a buffer (25 mM
Bis-Tris buffer, pH 7.0, 0.1 mg/mL BSA) for 10 minutes at room temperature in a 96-well black plate. The
reaction was started by addition of Epoxy Fluor 7 (25 puM, Cayman Chemical) and the increase in
fluorescence intensity was then determined on a fluorescence plate reader set at an excitation of 330 nm and
emission of 465 nm. The I1Cs, values were calculated as the concentrations of test compounds that inhibited

the increase in fluorescence intensity by 50% as compared with DMSO-treated samples.

Pharmacokinetics (PK) study

Test compounds were given intravenously (1 mg/kg, dissolved in 5% glucose/0.1 N HCI = 9:1) or orally (10
mg/kg, suspended in 0.5% methyl cellulose solution) to fasted male rats (n = 3). After dosing, blood samples
(250 pl) were collected from the jugular vein using a heparinized syringe at selected time points (intravenous
administration: pre-dosing, 5, 15, 30 min, 1, 2, 4, 6 and 24 h; oral administration : 15, 30 min, 1, 2, 4, 6 and 24
h, respectively). The collected samples were iced-chilled and then centrifuged at 12,000 rpm for 2 min at room
temperature to obtain plasma samples, which were preserved at —70°C in a freezer. The AUC was obtained by
measuring the time course of test compounds plasma concentration.
Clearance (CL) was calculated according to the following equation.
CL(mL/min/kg) = D;/AUC;,
Bioavailability (BA) was calculated according to the following equation.

BA(%) = (AUC,s/Dpo)/(AUC;,/Dy,) X 100

Ex vivo study

Compound 96 (10 mg/kg or 100 mg/kg) was orally administered to SD rats (7—8 week old) (Japan SLC,
Inc.) and blood samples were collected at 0, 1, 6 and 24 h after drug administration. Using these whole blood
samples, 14, 15-DHET production rate as an index of ex vivo SEH activity was evaluated by 14, 15-DHET
ELISA kit (DETROIT R&D INC.).
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DOCA-salt rat study

Male SD rats weighing 180-220 g (5 week old) were obtained from Japan SLC, Inc. All rats were
uninephrectomized under anesthesia with pentobarbital given intraperitoneally at 50 mg/kg. The kidneys were
then exposed through a left lateral abdominal incision. The left kidney was removed after ligation of the
adjoining renal vasculature and ureter with sutures, and DOCA pellets (25 mg/pellet, 60-day release,
Innovative Research of America, Sarasota, FL) were implanted subcutaneously. After the operation, drinking
water was replaced with 1% NaCl. Ten days later, the animals were randomly divided and compound 87 (100
mg/kg) was orally administrated for 28 days. SBP was measured in the morning by the tail-cuff method
(BP-98A, Softron Co., Ltd, Japan), and urine samples were collected for 18 h during the last day of dosage

using metabolic cages.

4-Phenoxy-N-[(1SR,2RS)-2-phenylcyclopropyl]piperidine-1-carboxamide (68)

To a solution of 4-Phenoxypiperidine (333 mg, 1.88 mmol), N, N’-diisopropylethylamine (320 pl, 1.88

mmol) in toluene (3 ml) was added trans-2-phenylcyclopropyl isocyanate (racemic) (300 mg, 1.88 mmol), and
the mixture was stirred for 12 h at room temperature. The reaction mixture was then poured into water and
extracted with EtOAc. The organic layer was washed with water and brine, dried over Na,SO,4 and filtrated.
The filtrate was concentrated under reduced pressure and the residue was purified by silica gel column
chromatography (EtOAc/hexane) to give the title compound (68) (309 mg, 49%) as a white solid.
Mp: 135°C; *H NMR (400 MHz, CDCls, § ppm): 7.21-7.29 (m, 5H), 7.13-7.17 (m, 2H), 6.87-6.96 (m, 3H),
4.91 (br's, 1H), 4.48-4.51 (m, 1H), 3.57-3.65 (m, 2H), 3.27-3.35 (m, 2H), 2.80-2.86 (m, 2H), 1.98-2.05 (m,
1H), 1.89-1.98 (m, 2H), 1.75-1.84 (m, 2H), 1.16-1.22 (m, 1H), 1.09-1.15 (m, 1H); *C NMR (100 MHz,
CDCls, 6 ppm): 158.1, 157.1, 140.9, 129.6, 128.3, 126.6, 125.9, 121.1, 116.1, 71.6, 40.8, 33.2, 30.3, 25.0,
16.5; IR (ATR) v: 3321, 3022, 1614, 1525, 1493, 1234, 1047, 815, 750, 694 cm™; MS (ESI) m/z: 337 (M+1);
HRMS (ESI) calcd for C,1H2sN,0, (M+H): 337.1916, found: 337.1910.

N-[(1SR,2RS)-2-Phenylcyclopropyl]-4-(pyridin-2-yloxy)piperidine-1-carboxamide (69)

The title compound was synthesized as a colorless oil (18% yield) according to the procedure described for
compound 68.
'H NMR (400 MHz, CDCl,, & ppm): 8.12 (dg, J = 6.6, 1.0 Hz, 1H), 7.52-7.60 (m, 1H), 7.13-7.29 (m, 5H),
6.82-6.87 (m, 1H), 6.71 (dt, J = 10.3, 1.0 Hz), 5.20-5.29 (m, 1H), 4.92 (br s, 1H), 3.64-3.73 (m, 2H), 3.23—
3.33 (m, 2H), 2.82-2.88 (m, 1H), 1.96-2.06 (m, 3H), 1.71-1.82 (m, 2H) 1.10-1.27 (m, 2H); **C NMR (100
MHz, CDCl3, 6 ppm): 162.9, 158.1, 146.7, 140.9, 138.7, 128.2, 126.6, 125.9, 116.7, 111.6, 69.6, 41.3, 33.2,
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30.6, 25.0, 16.5; IR (ATR) v: 3298, 3024, 2931, 2852, 1736, 1614, 1593, 1522, 1468, 1429, 1309, 1265, 1250,
1043, 1030, 773, 750, 694 cm™; MS (ESI) m/z: 338 (M+1); HRMS (ESI) calcd for CyHN3O, (M+H):
338.1869, found: 338.1862.

N-[(1SR,2RS)-2-Phenylcyclopropyl]-4-(pyridin-3-yloxy)piperidine-1-carboxamide (70)

The title compound was synthesized as a yellow oil (57% vyield) according to the procedure described for
compound 68.
'H NMR (400 MHz, CDCls, & ppm): 8.31 (dd, J = 2.7, 1.0 Hz, 1H), 8.23 (dd, J = 4.2, 2.0 Hz, 1H), 7.12-7.28
(m, 7H), 4.97 (br s, 1H), 4.49-4.58 (m, 1H), 3.60-3.68 (m, 2H), 3.30-3.38 (m, 2H), 2.81-2.88 (m, 1H), 1.92—
2.08 (M, 3H), 1.77-1.84 (m, 2H), 1.18-1.27 (m, 1H), 1.11-1.17 (m, 1H); *C NMR (100 MHz, CDCl;, &
ppm): 158.1, 153.3, 142.5, 140.8, 139.3, 128.2, 126.6, 125.9, 123.9, 122.7, 72.4, 40.7, 33.2, 30.1, 25.0, 16.4;
IR (ATR) v: 3264, 3024, 2949, 2845, 1614, 1558, 1541, 1471, 1423, 1269, 1225, 1049, 1034, 744, 694 cm™;
MS (ESI) m/z: 338 (M+1); HRMS (ESI) calcd for CyoH,4N3s0, (M+H): 338.1869, found: 338.1860.

N-[(1SR,2RS)-2-Phenylcyclopropyl]-4-(pyridin-4-yloxy)piperidine-1-carboxamide (71)

The title compound was synthesized as a yellow oil (65% yield) according to the procedure described for
compound 68.
'H NMR (400 MHz, CDCl;, 8): 8.43 (dd, J = 4.9, 1,5 Hz, 2H), 7.14-7.19 (m, 3H), 7.24-7.28 (m, 2H), 6.80
(dd, J = 4.9, 1.5 Hz, 2H), 5.00 (br s, 1H), 4.57-4.64 (m, 1H), 3.57-3.66 (m, 2H), 3.32-3.39 (m, 2H), 2.82—
2.87 (m, 1H), 1.90-2.07 (m, 3H), 1.77-1.88 (m, 2H), 1.18-1.23 (m, 1H), 1.11-1.17 (m, 1H); **C NMR (100
MHz, CDCls, 8): 163.3, 158.1, 151.2, 140.8, 128.3, 126.5, 125.9, 111.0, 71.5, 40.6, 33.2, 30.0, 25.0, 16.4; IR
(ATR) v: 3298, 3028, 2953, 2852, 2362, 1616, 1587, 1522, 1487, 1267, 1213, 1030, 835, 816, 760, 696 cm™;
MS (ESI) m/z: 338 (M+1); HRMS (ESI) calcd for C,oH24N30, (M+H): 338.1869, found: 338.1863.

N-[(1SR,2RS)-2-Phenylcyclopropyl]-4-(pyrimidin-2-yloxy)piperidine-1-carboxamide (72)

The title compound was synthesized as a yellow oil (55% yield) according to the procedure described for
compound 68.
'H NMR (400 MHz, CDCls, 8): 8.19-8.21 (m, 1H), 8.12 (d, J = 2.7 Hz, 1H), 8.04-8.06 (m, 1H), 7.14-7.29 (m,
5H), 5.18-5.25 (m, 1H), 5.02 (br s, 1H), 3.65-3.73 (m, 2H), 3.25-3.33 (M, 2H), 2.82-2.87 (m, 1H), 1.97-2.06
(m, 3H), 1.74-1.83 (m, 2H), 1.11-1.25 (m, 2H); *C NMR (100 MHz, CDCls, 8): 164.4, 159.3, 158.1, 140.9,
128.2, 126.6, 125.9, 115.0, 71.8. 41.1, 33.2, 30.3, 25.0, 16.4; IR (ATR) v: 3309, 2953, 2860, 2360, 1624, 1578,
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1562, 1419, 1317, 1267, 1248, 1028, 806. 746, 696 cm™; MS (ESI) m/z: 339 (M+1); HRMS (ESI) calcd for
C19H23N4OZ (M+H) 3391821, found: 339.1817.

N-[(1SR,2RS)-2-Phenylcyclopropyl]-4-(pyrazin-2-yloxy)piperidine-1-carboxamide (73)

The title compound was synthesized as a yellow oil (72% yield) according to the procedure described for
compound 68.
'H NMR (400 MHz, CDCls, 8): 8.51 (d, J = 4.9 Hz, 2H), 7.13-7.28 (m, 5H), 6.94 (t, J = 4.9 Hz, 1H), 5.19—
5.25 (m, 1H), 4.93 (br s, 1H), 3.67-3.76 (m, 2H), 3.28-3.36 (m, 2H), 2.82-2.87 (m, 1H), 2.00-2.07 (m, 3H),
1.82-1.91 (m, 2H), 1.18-1.25 (m, 1H), 1.11-1.17 (m, 1H); **C NMR (100 MHz, CDCls, §): 159.2, 158.1,
140.9, 140.4, 136.5, 136.3, 128.3, 126.6, 125.9, 70.7, 41.2, 33.2, 30.3, 25.0, 16.4; IR (ATR) v: 3307, 2951,
2360, 1622, 1525, 1408, 1308, 1269, 1250, 1024, 1005, 837, 748, 696 cm™; MS (ESI) m/z: 339 (M+1); HRMS
(ESI) calcd for CygH,3N,O, (M+H): 339.1821, found: 339.1816.

4-(Diphenylmethoxy)-N-[(1SR,2RS)-2-phenylcyclopropyl]piperidine-1-carboxamide (74)

The title compound was synthesized as a colorless oil (42% yield) according to the procedure described for
compound 68.
'H NMR (400 MHz, CDCls, 8): 7.11-7.38 (m, 15H), 5.52 (s, 1H), 4.81 (br s, 1H), 3.58-3.69 (m, 3H), 3.08—
3.17 (m, 2H), 2.88-2.93 (m, 1H), 1.96-2.05 (m, 1H), 1.78-1.87 (m, 2H), 1.63-1.74 (m, 2H), 1.09-1.22 (m,
2H); *C NMR (100 MHz, CDCls, 8): 158.1, 142.5, 140.9, 128.4, 128.3, 127.4, 127.0, 126.6, 125.9, 80.3, 71.6,
41.3, 33.2, 30.9, 25.0, 16.5; IR (ATR) v: 3305, 3026, 2943, 2858, 1620, 1521, 1492, 1267, 1246, 1059, 1028,
741, 694 cm™; MS (ESI) m/z: 448 (M+1); HRMS (ESI) calcd for CysH3N,O, (M+H): 427.2386, found:
427.2380.

4-(2-Chlorophenoxy)-N-[(1SR,2RS)-2-phenylcyclopropyl]piperidine-1-carboxamide (75)

The title compound was synthesized as a colorless oil (34% yield) according to the procedure described for
compound 68.
'H NMR (400 MHz, CDCls, 8): 7.38 (dd, J = 8.0, 1.7 Hz, 1H), 7.15-7.28 (m, 6H), 6.90-6.97 (m, 2H), 4.87 (br
s, 1H), 4.55-4.60 (m, 1H), 3.57-3.64 (m, 2H), 3.38-3.45 (m, 2H), 2.82-2.87 (m, 1H), 2.01-2.06 (m, 1H),
1.86-1.92 (m, 4H), 1.18-1.24 (m, 1H), 1.11-1.17 (m, 1H); **C NMR (100 MHz, CDCls, 8): 158.1, 152.7,
140.9, 130.6, 128.3, 127.6, 126.6, 125.9, 124.6, 122.2, 116.4, 73.2, 40.8, 33.2, 30.1, 25.0, 16.5; IR (ATR) v:
3309, 3005, 2951, 2360, 1624, 1522, 1479, 1267, 1238, 1059, 1026, 744, 696 cm™; MS (ESI) m/z: 371 (M+1);
HRMS (ESI) calcd for Co1H24CIN,O, (M+H): 371.1526, found: 371.1521.
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4-(3-Chlorophenoxy)-N-[(1SR,2RS)-2-phenylcyclopropyl]piperidine-1-carboxamide (76)

The title compound was synthesized as a white solid (87% yield) according to the procedure described for
compound 68.
Mp: 125°C; *H NMR (400 MHz, CDCls, 8): 7.16-7.29 (m, 6H), 6.89-6.95 (m, 2H), 6.77-6.81 (m, 1H), 4.95
(br's, 1H), 4.44-4.50 (m, 1H), 3.56-3.64 (m, 2H), 3.28-3.35 (m, 2H), 2.82-2.86 (m, 1H), 2.00-2.06 (m, 1H),
1.89-1.97 (m, 2H), 1.72-1.82 (m, 2H), 1.17-1.23 (m, 1H), 1.11-1.16 (m, 1H); *C NMR (100 MHz, CDCl,,
3): 158.1, 157.9, 140.9, 134.9, 130.3, 128.3, 126.6, 125.9, 121.2, 116.3, 114.4, 72.1, 40.7, 33.2, 30.2, 25.0,
16.4; IR (ATR) v: 3363, 2845, 2360, 1618, 1522, 1475, 1242, 1041, 881, 839, 785, 746, 692, 685 cm™; MS
(ESI) m/z: 371 (M+1); HRMS (ESI) calcd for C,3H,4CIN,0, (M+H): 371.1526, found: 371.1521.

4-(4-Chlorophenoxy)-N-[(1SR,2RS)-2-phenylcyclopropyl]piperidine-1-carboxamide (77)

The title compound was synthesized as a yellow oil (42% yield) according to the procedure described for
compound 68.
'H NMR (400 MHz, CDCls, 8): 7.14-7.28 (m, 7H), 6.83 (d, J = 8.8 Hz, 2H), 4.90 (br s, 1H), 4.41-4.47 (m,
1H), 3.56-3.64 (m, 2H), 3.28-3.35 (M, 2H), 2.81-2.86 (m, 1H), 2.01-2.06 (m, 1H), 1.89-1.97 (m, 2H), 1.73—
1.82 (m, 2H), 1.18-1.24 (m, 1H), 1.11-1.16 (m, 1H); **C NMR (100 MHz, CDCl,, §): 158.1, 155.7, 140.9,
129.5, 128.3, 126.6, 125.9, 117.4, 72.2, 40.7, 33.2, 30.2, 25.0, 16.4; IR (ATR) v: 3259, 3024, 2953, 2862,
2360, 1614, 1541, 1487, 1419, 1279, 1236, 1028, 818, 746, 696 cm™; MS (ESI) m/z: 371 (M+1). HRMS (ESI)
calcd for CyH,4CIN,O, (M+H): 371.1526, found: 371.1521.

4-(2-Methylphenoxy)-N-[(1SR,2RS)-2-phenylcyclopropyl]piperidine-1-carboxamide (78)

The title compound was synthesized as a yellow oil (100% yield) according to the procedure described for
compound 68.
'H NMR (400 MHz, CDCls, §8): 7.10-7.28 (m, 7H), 6.81-6.89 (m, 2H), 4.92 (br s, 1H), 4.50-4.56 (m, 1H),
3.53-3.3.60 (M, 2H), 3.35-3.42 (m, 2H), 2.82-2.87 (m, 1H), 2.29 (s, 3H), 2.00-2.06 (m, 1H), 1.80-1.96 (m,
4H), 1.11-1.26 (m, 2H); *C NMR (100 MHz, CDCl;, 5): 158.1, 155.1, 140.9, 131.0, 128.3, 127.8, 126.7,
126.6, 125.9, 120.7, 112.8, 71.2, 40.7, 33.2, 30.3, 25.0, 16.5, 16.3; IR (ATR) v: 3263, 3024, 2953, 2931, 1610,
1535, 1489, 1421, 1275, 1240, 1028, 742, 696 cm™; MS (ESI) m/z: 351 (M+1); HRMS (ESI) calcd for
CH27N,0, (M+1): 351.2073, found: 351.2068.
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4-(3-Methylphenoxy)-N-[(1SR,2RS)-2-phenylcyclopropyl]piperidine-1-carboxamide (79)

The title compound was synthesized as a white solid (70% yield) according to the procedure described for
compound 68.
Mp: 115°C; *H NMR (400 MHz, CDCls, 8) 7.13-7.28 (m, 6H), 6.68-6.79 (m, 3H), 4.87 (br s, 1H), 4.45-4.51
(m, 1H), 3.58-3.65 (m, 2H), 3.29-3.37 (m, 2H), 2.82-2.87 (m, 1H), 2.33 (s, 3H), 2.01-2.06 (m, 1H), 1.89—
1.98 (m, 2H), 1.75-1.84 (m, 2H), 1.18-.24 (m, 1H), 1.11-1.16 (m, 1H); *C NMR (100 MHz, CDCls, ):
158.1, 157.1, 140.9, 140.0, 129.3, 128.3, 126.6, 125.9, 121.9, 117.0, 112.9, 71.5, 40.8, 33.2, 30.3, 25.0, 21.5,
16.5; IR (ATR) v: 3261, 3028, 2954, 2848, 2360, 1614, 1527, 1489, 1421, 1267, 1250, 1169, 1049, 740, 692
cm™; MS (ESI) m/z: 351 (M+1); HRMS (ESI) calcd for CpHyyN,0, (M+H): 351.2073, found: 351.2066.

4-(4-Methylphenoxy)-N-[(1SR,2RS)-2-phenylcyclopropyl]piperidine-1-carboxamide (80)

The title compound was synthesized as a white solid (83% yield) according to the procedure described for
compound 68.
Mp: 1114°C; *H NMR (400 MHz, CDCls, 8): 7.23-7.28 (m, 2H), 7.14-7.19 (m, 3H), 7.09 (d, J = 8.2 Hz, 2H),
6.82 (d, J = 8.2 Hz), 4.87 (br s, 1H), 4.41-4.46 (m, 1H), 3.58-3.65 (M, 2H), 3.27-3.34 (m, 2H), 2.29 (s, 3H),
2.00-2.06 (m, 1H), 1.88-1.95 (m, 2H), 1.73-1.82 (m, 2H), 1.18-1.24 (m, 1H), 1.11-1.16 (m, 1H); *C NMR
(100 MHz, CDCls, 9): 158.1, 154.9, 140.9, 130.5, 130.0, 128.2, 126.6, 125.9, 116.2, 71.9, 40.8, 33.2, 30.3,
25.0, 20.5, 16.4; IR (ATR) v: 3348, 2937, 2360, 1618, 1541, 1506, 1221, 1038, 752, 698 cm™; MS (ESI) m/z:
351 (M+1); HRMS (ESI) calcd for CpH,;N,0, (M+H): 351.2073, found: 351.2067.

4-(2-Trifluoromethylphenoxy)-N-[(1SR,2RS)-2-phenylcyclopropyl]piperidine-1-carboxamide (81)

The title compound was synthesized as a colorless oil (78% yield) according to the procedure described for
compound 68.
'H NMR (400 MHz, CDCls, 5): 7.58 (d, J = 7.6 Hz, 1H), 7.46 (t, J = 8.6 Hz, 1H), 7.23-7.28 (m, 2H), 7.14—
7.18 (m, 3H), 6.96-7.02 (m, 2H), 4.92 (br s, 1H), 4.67-4.72 (m, 1H), 3.47-3.52 (m, 4H), 2.82-2.87 (m, 1H),
2.00-2.06 (m, 1H), 1.88-1.93 (m, 4H), 1.17-1.23 (m, 1H), 1.11-1.16 (m, 1H); *C NMR (100 MHz, CDCl,,
8): 158.1, 155.0, 140.9, 133.1, 128.3, 127.5 (q, J = 4.9 Hz), 127.4, 126.6, 125.9, 125.0, 122.3, 120.1, 113.5,
71.5, 40.1, 33.2, 29.8, 25.0, 16.5; IR (ATR) v: 3244, 2954, 2864, 2360, 2343, 1618, 1462, 1321, 1271, 1255,
1242, 1124, 1111, 1034, 746, 694 cm™; MS (ESI) m/z: 405 (M+1); HRMS (ESI) calcd for CyH,4FsN,O;
(M+H): 405.1790, found: 405.1784.
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4-(3-Trifluoromethylphenoxy)-N-[(1SR,2RS)-2-phenylcyclopropyl]piperidine-1-carboxamide (82)

The title compound was synthesized as a colorless oil (88% yield) according to the procedure described for
compound 68.
'H NMR (400 MHz, CDCls, 8): 7.39 (t, J = 8.0 Hz, 1H), 7.12-7.28 (m, 7H), 7.06-7.09 (m, 1H), 4.90 (br s,
1H), 4.52-4.57 (m, 1H), 3.58-3.65 (M, 2H), 3.32-3.38 (M, 2H), 2.82-2.87 (m, 1H), 2.01-2.06 (m, 1H), 1.92—
2.00 (m, 2H), 1.76-1.85 (m, 2H), 1.18-1.24 (m, 1H), 1.11-1.17 (m, 1H); *C NMR (100 MHz, CDCls, 5):
158.1, 157.3, 140.9, 131.5-132.5 (q, J = 32.1 Hz), 130.1, 128.3, 126.6, 125.9, 125.2, 119.2, 117.7, 112,7, 72.1,
40.7, 33.2, 30.1, 25.0, 16.4; IR (ATR) v: 3267, 3032, 2954, 1612, 1448, 1336, 1252, 1234, 1169, 1119, 1039,
863, 795, 744, 694 cm™; MS (ESI) m/z: 405 (M+1); HRMS (ESI) calcd for CpHauF3N,0, (M+1): 405.1790,
found: 405.1784.

4-(4-Trifluoromethylphenoxy)-N-[(1SR,2RS)-2-phenylcyclopropyl]piperidine-1-carboxamide (83)

The title compound was synthesized as a colorless oil (100% yield) according to the procedure described
for compound 68.
'H NMR (400 MHz, CDCls, 8): 7.54 (d, J = 9.0 Hz, 2H), 7.23-7.27 (m, 2H), 7.15-7.19 (m, 3H), 6.96 (d, J =
9.0 Hz, 2H), 4.93 (br s, 1H), 4.54-4.59 (m, 1H), 3.57-3.64 (m, 2H), 3.31-3.38 (m, 2H), 2.82-2.86 (m, 1H),
2.01-2.05 (m, 1H), 1.92-2.00 (m, 2H), 1.76-1.85 (m, 2H), 1.18-1.24 (m, 1H), 1.11-1.16 (m, 1H); *C NMR
(100 MHz, CDCls, 6): 159.6, 158.1, 140.8, 128.3, 127.0, 126.6, 126.0, 125.7, 123.2, 122.9, 71.9, 40.7, 33.2,
30.1, 25.0, 16.4; IR (ATR) v: 3265, 3026, 2937, 2875, 2360, 2343, 1612, 1541, 1327, 1242, 1151, 1103, 1066,
1026, 831, 746, 696 cm*; MS (ESI) m/z: 405 (M+1); HRMS (ESI) calcd for CpHa4F3N,0, (M+H): 405.1790,
found: 405.1784.

4-(2-Methoxyphenoxy)-N-[(1SR,2RS)-2-phenylcyclopropyl]piperidine-1-carboxamide (84)

The title compound was synthesized as a colorless oil (29% yield) according to the procedure described for
compound 68.
'H NMR (400 MHz, CDCls, §): 7.24-7.28 (m, 2H), 7.14-7.19 (m, 3H), 6.86-7.00 (m, 4H), 489 (br s, 1H),
4.39-4.45 (m, 1H), 3.85 (s, 3H), 3.67-3.74 (m, 2H), 3.21-3.28 (m, 2H), 2.82-2.86 (m, 1H), 2.01-2.06 (m,
1H), 1.91-1.98 (m, 2H), 1.78-1.87 (m, 2H), 1.18-1.24 (m, 1H), 1.11-1.16 (m, 1H); *C NMR (100 MHz,
CDCls, 6): 158.1, 151.1, 146.4, 140.9, 128.2, 126.6, 125.9, 122.5, 120.8, 118.0, 122.5, 74.1, 55.9, 41.0, 33.2,
30.6, 25.0, 16.4; IR (ATR) v: 3311, 2947, 1624, 1525, 1496, 1250, 1221, 1028, 746, 698 cm™; MS (ESI) m/z:
367 (M+1); HRMS (ESI) calcd for CpHy7N,05 (M+H): 367.2022, found: 367.2016.

73



4-(3-Methoxyphenoxy)-N-[(1SR,2RS)-2-phenylcyclopropyl]piperidine-1-carboxamide (85)

The title compound was synthesized as a white solid (90% yield) according to the procedure described for
compound 68.
Mp: 100°C; *H NMR (400 MHz, CDCls, 8): 7.15-7.29 (m, 6H), 6.46-6.54 (m, 3H), 4.90 (br s, 1H), 4.44-4.51
(m, 1H), 3.79 (s, 3H), 3.58-3.65 (m, 2H), 3.28-3.35 (m, 2H), 2.82-2.87 (m, 1H), 2.00-2.06 (m, 1H), 1.90—
1.98 (m, 2H), 1.75-1.83 (m, 2H), 1.18-1.24 (m, 1H), 1.11-1.17 (m, 1H); *C NMR (100 MHz, CDCls, §):
160.9, 158.3, 158.1, 140.9, 130.0, 128.3, 126.6, 125.9, 108.1, 106.5, 102.6, 71.7, 55.3, 40.8, 33.2, 30.3, 25.0,
16.5; IR (ATR) v: 3290, 3024, 2929, 2360, 2345, 1614, 1587, 1541, 1489, 1267, 1201, 1173, 1148, 1053,
1030, 906, 841, 754, 744, 696, 680 cm™; MS (ESI) m/z: 367 (M+1); HRMS (ESI) calcd for CyHyN,O4
(M+H): 367.2022, found: 367.2016.

4-(4-Methoxyphenoxy)-N-[(1SR,2RS)-2-phenylcyclopropyl]piperidine-1-carboxamide (86)

The title compound was synthesized as a white solid (67% yield) according to the procedure described for
compound 68.
Mp: 120°C; *H NMR (400 MHz, CDCls, 8): 7.24-7.28 (m, 2H), 7.14-7.19(m, 3H), 6.80-6.88 (m, 4H), 4.87
(br's, 1H), 4.32-4.38 (m, 1H), 3.77 (s, 3H), 3.59-3.66 (m, 2H), 3.24-3.32 (m, 2H), 2.82-2.87 (m, 1H), 2.00—
2.05 (m, 1H), 1.87-1.95 (m, 2H), 1.73-1.82 (m, 2H), 1.18-1.23 (m, 1H), 1.11-1.16 (m, 1H); *C NMR (100
MHz, CDCl;, 6): 158.1, 154.2, 151.0, 140.9, 128.2, 126.6, 125.9, 117.8, 114.7, 73.0, 55.7, 40.8, 33.2, 30.4,
25.0, 16.4; IR (ATR) v: 3350, 2953, 2856, 2360, 2343, 1618, 1541, 1504, 1213, 1037, 822, 750, 698 cm™; MS
(ESI) m/z: 367 (M+1); HRMS (ESI) calcd for C,,H,7N,O3 (M+H): 367.2022, found: 367.2016.

4-(Biphenyl-2-yloxy)-N-[(1SR,2RS)-2-phenylcyclopropyl]piperidine-1-carboxamide (87)

The title compound was synthesized as a pale yellow oil (100% yield) according to the procedure described
for compound 68.
'H NMR (400 MHz, CDCls, 8): 7.50-7.53 (m, 2H), 7.21-7.41 (m, 7H), 7.13-7.18 (m, 3H), 7.03-7.08 (m, 1H),
6.99 (d, J = 8.1 Hz, 1H), 4.78 (br s, 1H), 4.42-4.47 (m, 1H), 3.22-3.33 (m, 4H), 2.77-2.83 (m, 1H), 1.96-2.02
(m, 1H), 1.69-1.81 (m, 4H), 1.15-1.21 (m, 1H), 1.07-1.13 (m, 1H); **C NMR (100 MHz, CDCl;, 5): 158.0,
154.0, 140.9, 138.5, 132.6, 131.2, 129.5, 128.5, 128.3, 127.9, 126.9, 126.6, 125.9, 121.7, 115.3, 72.5, 40.4,
33.1, 30.1, 25.0, 16.4; IR (ATR) v: 3269, 3059, 3022, 2941, 2360, 2343, 1624, 1541, 1518, 1477, 1423, 1259,
1225, 1205, 1028, 748, 737, 696 cm*; MS (ESI) m/z: 413 (M+1); HRMS (ESI) calcd for Cy;H»N,0, (M+H):
413.2229, found: 413.2224.
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4-(Biphenyl-3-yloxy)-N-[(1SR,2RS)-2-phenylcyclopropyl]piperidine-1-carboxamide (88)

The title compound was synthesized as a colorless oil (33% yield) according to the procedure described for
compound 68.
'H NMR (400 MHz, CDCls, 8): 7.58 (d, J = 7.2 Hz, 2H), 7.50 (t, J = 8.0 Hz, 2H), 7.35 (t, J = 7.2 Hz, 2H),
7.12-7.29 (m, 7H), 6.88-6.91 (m, 1H), 4.88 (br s, 1H), 4.54-4.60 (m, 1H), 3.60-3.67 (m, 2H), 3.31-3.38 (m,
2H), 2.82-2.87 (m, 1H), 1.93-2.06 (m, 3H), 1.80-1.88 (m, 2H), 1.18-1.24 (m, 1H), 1.11-1.17 (m, 1H); *C
NMR (100 MHz, CDCl;, 8): 158.1, 157.5, 143.0, 140.9, 129.9, 128.7, 128.3, 127.5, 127.1, 126.6, 125.9, 120.1,
115.2,114.7, 71.8, 40.8, 33.2, 30.3, 25.1, 16.5; IR (ATR) v: 3302, 3028, 2947, 1622, 1522, 1475, 1267, 1242,
1198, 1026, 754, 694 cm'’; MS (ESI) m/z: 413 (M+1); HRMS (ESI) calcd for CpH2N,0, (M+H): 413.2229,
found: 413.2224.

4-(Biphenyl-4-yloxy)-N-[(1SR,2RS)-2-phenylcyclopropyl]piperidine-1-carboxamide (89)

The title compound was synthesized as a colorless oil (84% yield) according to the procedure described for
compound 68.
'H NMR (400 MHz, CDCls, 8): 7.50-7.56 (m, 4H), 7.42 (t, J = 7.6 Hz, 2H), 7.15-7.33 (m, 6H), 6.98 (d, J =
8.8 Hz, 2H), 4.88 (br s, 1H), 4.52-4.58 (m, 1H), 3.61-3.68 (m, 2H), 3.32-3.38 (M, 2H), 2.83-2.88 (m, 1H),
1.94-2.07 (m, 3H), 1.81-1.89 (m, 2H), 1.19-1.25 (m, 1H), 1.12-1.17 (m, 1H); *C NMR (100 MHz, CDCls,
6): 158.1, 156.6, 140.9, 140.6, 134.2, 128.7, 128.3, 128.2, 126.8, 126.7, 126.6, 125.9, 116.3, 71.8, 40.8, 33.2,
30.3, 25.0, 16.5; IR (ATR) v: 3340, 3032, 2939, 2862, 2362, 1618, 1541, 1483, 1227, 1038, 760, 750, 694
cm™: MS (ESI) m/z: 413 (M+1); HRMS (ESI) calcd for Co7H»oN,0, (M+H): 413.2229, found: 413.2224.

Methyl 2-[(1-{[(1SR,2RS)-2-phenylcyclopropyl]carbamoyl}piperidin-4-yl)oxy]benzoate

To a solution of methyl 2-[(piperidin-4-yl)oxy]benzoate hydrochloride (342 mg, 1.26 mmol),
diisopropylethylamine (430 ul, 2.52 mmol) in toluene (3 ml) was added trans-2-phenylcyclopropyl isocyanate
(racemic) (200 mg, 1.26 mmol), and the mixture was stirred for 12 h at room temperature. The reaction
mixture was then poured into water and extracted with EtOAc. The organic layer was washed with water and
brine, dried over Na,SO, and filtrated. The filtrate was concentrated under reduced pressure and used in the

next step without further purification.

2-[(1-{[(1SR,2RS)-2-Phenylcyclopropyl]carbamoyl}piperidin-4-yl)oxy]benzoic acid (90)
To a solution of methyl 2-[(1-{[(1SR,2RS)-2-phenylcyclopropyl]carbamoyl}piperidin-4-yl)oxy]benzoate
(prepared as described above), THF (4 ml) and MeOH (4 ml) was added 2 M NaOH aq. (4 ml), and the
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mixture was stirred for 2.5 h. The reaction mixture was then quenched by 5% KHSO, aq. and extracted with
EtOAc. The organic layer was washed with water and brine, dried over Na,SO, and filtrated. The filtrate was
concentrated under reduced pressure, and the residue was purified by silica gel column chromatography
(MeOH/CHCIs,) to give the title compound (90) (224 mg, 2 steps 77%) as a colorless oil.

'H NMR (400 MHz, CDCls, §): 8.16 (d, J = 7.8 Hz, 1H), 7.51-7.57 (m, 1H), 7.22-7.28 (m, 2H), 7.11-7.18 (m,
4H), 7.06 (d, J = 8.3 Hz, 1H), 5.00 (br s, 1H), 4.74-4.81 (m, 1H), 3.68-3.75 (m, 2H), 3.27-3.76 (M, 2H),
2.82-2.87 (m, 1H), 2.01-2.14 (m, 3H), 1.84-1.93 (m, 2H), 1.12-1.25 (m, 2H); *C NMR (100 MHz, CDCl,,
8): 166.4, 158.1, 156.0, 140.9, 134.6, 133.7, 128.2, 126.5, 125.9, 122.2, 119.3, 114.2, 75.1, 40.8, 33.2, 30.3,
24.9, 16.4; IR (ATR) v: 2931, 2362, 1701, 1599, 1522, 1485, 1456, 1271, 1234, 1024, 750, 696 cm™; MS
(ESI) m/z: 381 (M+1); HRMS (ESI) calcd for CyHysN,0, (M+H): 381.1814, found: 381.1809.

3-[(1-{[(1SR,2RS)-2-Phenylcyclopropyl]carbamoyl}piperidin-4-yl)oxy]benzoic acid (91)

The title compound was synthesized as a colorless oil (90% yield) according to the procedure described for
compound 90.
'H NMR (400 MHz, CDCls, 8): 7.68 (d, J = 7.1 Hz, 1H), 7.60 (br s, 1H), 7.32-7.40 (m, 1H), 7.22-7.28 (m,
2H), 7.12-7.18 (m, 4H), 4.94 (br s, 1H), 4.52-4.60 (m, 1H), 3.56-3.65 (m, 2H), 3.31-3.38 (m, 2H), 2.83-2.88
(m, 1H), 2.01-2.06 (m, 1H), 1.91-2.00 (m, 2H), 1.76-1.84 (m, 2H), 1.11-1.25 (m, 2H); *C NMR (100 MHz,
CDCls, 6): 170.6, 158.4, 157.1, 140.8, 129.6, 128.3, 126.5, 125.9, 122.9, 121.8, 116.5, 80.5, 71.9, 40.7, 33.2,
30.1, 25.0, 16.6; IR (ATR) v: 2929, 2362, 2343, 1697, 1581, 1522, 1236, 1028, 752, 696, 682 cm™; MS (ESI)
m/z: 381 (M+1); HRMS (ESI) calcd for C,,H»sN,0, (M+H): 381.1814, found: 381.1809.

4-[(1-{[(1SR,2RS)-2-Phenylcyclopropyl]carbamoyl}piperidin-4-yl)oxy]benzoic acid (92)

The title compound was synthesized as a white solid (78% yield) according to the procedure described for
compound 90.
Mp: 173°C; 'H NMR (400 MHz, CD,0D, &): 7.94-7.97 (m, 2H), 7.20-7.25 (m, 2H), 7.09-7.14 (m, 3H),
6.99-7.02 (m, 2H), 4.85-4.88 (m, 1H), 4.67-4.82 (m, 1H), 3.66-3.73 (M, 2H), 3.28-3.36 (M, 2H), 2.72-2.76
(m, 1H), 1.95-2.03 (m, 3H), 1.65-1.74 (m, 2H), 1.12-1.17 (m, 2H); *C NMR (100 MHz, DMSO-ds, 5): 166.9,
160.7, 157.7, 141.9, 131.4, 128.0, 125.8, 125.3, 122.9, 115.2, 72.4, 40.7, 34.0, 30.3, 24.2, 15.5; IR (ATR) v:
3311, 2945, 2480, 2362, 1678, 1601, 1537, 1236, 1176, 1030, 849, 777, 741, 694 cm™; MS (ESI) m/z: 381
(M+1); HRMS (ESI) calcd for CpHasN,0, (M+H): 381.1814, found: 381.1809.
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{4-[(1-{[(1SR,2RS)-2-Phenylcyclopropyl]carbamoyl}piperidin-4-yl)oxy]phenyl}acetic acid (93)

The title compound was synthesized as a colorless oil (69% yield) according to the procedure described for
compound 90.
'H NMR (400 MHz, CDCls, 8): 7.14-7.28 (m, 7H), 6.86 (d, J = 8.5 Hz, 2H), 4.91 (br s, 1H), 4.43-4.48 (m,
1H), 3.55-3.63 (m, 4H), 3.28-3.35 (m, 2H), 2.82-2.86 (m, 1H), 2.00-2.05 (m, 1H), 1.87-1.95 (m, 2H), 1.74—
1.82 (m, 2H), 1.17-1.23 (m, 1H), 1.10-1.16 (m, 1H); *C NMR (100 MHz, CDCl;, 5): 176.2, 158.5, 156.2,
140.1, 130.5, 128.2, 126.5, 126.4, 125.9, 116.1, 71.6, 40.7, 40.2, 33.2, 30.2, 25.0, 16.6; IR (ATR) v: 2929,
2362, 2343, 1707, 1603, 1508, 1268, 1230, 1173, 1028, 748, 696 cm™; MS (ESI) m/z: 395 (M+1); HRMS
(ESI) calcd for Cy3H,7N,04 (M+H): 395.1971, found: 395.1966.

4-(4-Cyanophenoxy)-N-[(1SR,2RS)-2-phenylcyclopropyl]piperidine-1-carboxamide (106)

The title compound was synthesized as a white solid (66% yield) according to the procedure described for
compound 68.
Mp: 182°C; *H NMR (400 MHz, CDCl;, 8): 7.58 (d, J = 9.0 Hz, 2H), 7.16-7.28 (m, 5H), 6.95 (d, J = 9.0 Hz,
2H), 4.89 (br s, 1H), 4.54-4.61 (m, 1H), 3.57-3.64 (m, 2H), 3.32-3.39 (m, 2H), 2.82-2.87 (m, 1H), 1.93-2.06
(m, 3H), 1.77-1.85 (m, 2H), 1.19-1.25 (m, 1H), 1.11-1.16 (m, 1H); **C NMR (100 MHz, CDCls, 5): 160.6,
157.7, 141.9, 134.2, 128.0, 125.8, 125.3, 119.0, 116.4, 102.6, 72.8, 40.7, 34.0, 30.2, 24.2, 15.5; IR (ATR) v:
3267, 3026, 2951, 2862, 2360, 2345, 2216, 1616, 1603, 1541, 1504, 1419, 1257, 1240, 1169, 1025, 843, 750,
700 cm™; MS (ESI) m/z: 362 (M+1); HRMS (ESI) calcd for CpH,4N3O, (M+H): 362.1869, found: 362.1863.

N-[(1SR,2RS)-2-Phenylcyclopropyl]-4-[4-(2H-tetrazol-5-yl)phenoxy]piperidine-1-carboxamide (94)

A mixture of 106 (110 mg, 0.30 mmol), TMSNj3 (105 mg, 0.91 mmol), and dibutyltin oxide (22 mg, 0.09
mmol) in toluene was stirred overnight at 120°C. MeOH was then added, and the reaction mixture was
filtrated. Water was next added to the filtrate, and the whole was extracted with EtOAc. The organic layer was
washed with brine, dried over Na,SO, and filtrated. The filtrate was concentrated under reduced pressure, and
the residue was purified by silica gel column chromatography (MeOH/CHCIs) to give the title compound (94)
(55 mg, 45%) as an orange oil.

'H NMR (400 MHz, CD;0D, 8): 7.93 (d, J = 8.8 Hz,2H), 7.20-7.24 (m, 2H), 7.11-7.115 (m, 5H), 4.67-4.74
(m, 1H), 3.67-3.75 (m, 2H), 3.29-3.36 (M, 2H), 2.72-2.77 (m, 1H), 1.96-2.03 (M, 4H), 1.67-1.76 (m, 2H),
1.12-1.17 (m, 2H); *C NMR (100 MHz, DMSO-ds, 5): 159.0, 157.7, 155.1, 141.9, 128.5, 128.1, 125.8, 125.3,
117.0, 116.3, 72.5, 40.8, 34.0, 30.3, 24.2, 15.5; IR (ATR) v: 3419, 2922, 2835, 2752, 2719, 2360, 1605, 1524,
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1497, 1242, 1178, 1070, 1022, 928, 839, 752, 700 cm™; MS (ESI) m/z: 405 (M+1); HRMS (ESI) calcd for
C22H25N602 (M+H) 4052039, found: 405.2033.

3-Chloro-4-[(1-{[(1SR,2RS)-2-phenylcyclopropyl]carbamoyl}piperidin-4-yl)oxy]benzoic acid (95)

The title compound was synthesized as a white solid (62% yield) according to the procedure described for
compound 90.
Mp: 172°C; *H NMR (400 MHz, CD;0D, §): 7.99 (d, J = 1.9 Hz, 1H), 7.92 (dd, J = 8.8, 2.2 Hz, 1H), 7.18—
7.25 (m, 3H), 7.10-7.15 (m, 3H), 4.79-4.84 (m, 1H), 3.59-3.66 (m, 2H), 3.40-3.47 (m, 2H), 3.28-3.31 (m,
1H), 2.72-2.76 (m, 1H), 1.92-2.02 (m, 3H), 1.74-1.83 (m, 2H), 1.13-1.17 (m, 2H); *C NMR (100 MHz,
DMSO-ds, 6): 165.9, 157.7, 155.9, 141.9, 131.0, 129.8, 128.0, 125.8, 125.3, 124.0, 122.2, 114.8, 73.6, 40.4,
34.0, 30.0, 24.2, 15.5; IR (ATR) v: 3329, 2943, 2467, 2360, 1684, 1593, 1533, 1421, 1263, 1238, 1053, 1026,
741, 706, 694 cm™; MS (ESI) m/z: 415 (M+1); HRMS (ESI) calcd for CxHCIN,O, (M+H): 415.1425,
found: 415.1419. HPLC; 96.4% (rt; 3.62 min).

{3-Cloro-4-[(1-{[(1SR,2RS)-2-phenylcyclopropyl]carbamoyl}piperidin-4-yl)oxy]phenyl}acetic acid (96)
The title compound was synthesized as a colorless oil (42% yield) according to the procedure described for
compound 90.
'H NMR (400 MHz, CDCls, 8): 7.22-7.31 (m, 3H), 7.13-7.18 (m, 3H), 7.07-7.11 (m, 1H), 6.87 (d, J = 8.3 Hz,
1H), 4.97 (br s, 1H), 4.48-4.55 (m, 1H), 3.51-3.60 (m, 4H), 3.34-3.43 (M, 2H), 2.82-2.87 (m, 1H), 2.00-2.05
(m, 1H), 1.82-1.91 (m, 4H), 1.11-1.23 (m, 2H); *C NMR (100 MHz, CDCl,, §); 175.4, 158.5, 151.8, 140.8,
131.4, 128.6, 128.3, 128.0, 126.5, 125.9, 124.4, 116.2, 73.1, 40.5, 40.0, 33.2, 30.0, 25.0, 16.6; IR (ATR) v:
3340, 2931, 2536, 2362, 1716, 1603, 1522, 1495, 1242, 1059, 1026, 748, 696 cm™; MS (ESI) m/z: 429 (M+1);
HRMS (ESI) calcd for Co3HCIN,O4 (M+H): 429.1581, found: 429.1576. HPLC; 95.2% (rt; 3.76 min).

Ethyl 1-cyano-2,2-dimethyl-3-phenylcyclopropane-1-carboxylate (114)

Ethyl (E)-2-cyano-3-phenylacrylate (113) (8.0 g, 3976 mmol), 2-nitropropane (3.54 g, 39.76 mmol) and
K,COs (5.50 g, 39.76 mmol) in EtOH were stirred for 4 h at reflux. The reaction mixture was quenched with
sat. NaHCO; ag. and extracted with CHCls. The organic layer was dried over MgSQ,, filtrated and
concentratd under reduced pressure. The residue was purified by silica gel column chromatography (hexane /
EtOAc = 9:1) to afford the title compound (114) (7.34 g, 76%) as a pale yellow oil.

'H NMR (400 MHz, CDCls, 8): 7.28-7.41 (m, 5H), 4.35 (q, J = 7.2 Hz, 2H), 3.32 (s, 1H), 1.49 (s, 3H), 1.41 (t,
J=17.2 Hz, 3H), 1.35 (s, 3H); MS (ESI) m/z: 244 (M+1).1
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(1SR,2RS)-2,2-Dimethyl-3-phenylcyclopropane-1-carbonitrile (115)

114 (7.34 g, 30.17 mmol), K,CO; (4.60 g, 33.28 mmol) in MeOH / H,O (55 ml / 15 ml) was stirred for 7.5
h at 80°C. The reaction mixture was evaporated, quenched by 2 M HCI aqg. and extracted with EtOAc. The
organic layer was washed with water and brine, dried over MgSQO,, filtrated and concentrated under reduced
pressure. The residue was triturated with hexane-EtOAc to give the carboxilic acid (3.45 g) as a white solid.

To the solution of carboxylic acid (3.45 g) in DMSO (30 ml), LiCl (2.72 g, 64.11 mmol) and NaHCO3
(2.02 g, 24.05 mmol) in H,O (1.15 g, 64.11 mmol) were added and stirred for 7 h at 180°C. The raction
mixture was diluted with water and extracted with EtOAc. The organic layer was washed with water and brine,
dried over MgSQ,, filtrated and concentrated under reduced pressure. The residue (2.16 g) was used to the
next reactioon without further purification.

MS (ESI) m/z: 172 (M+1).

(1SR,3RS)-2,2-Dimethyl-3-phenylcyclopropane-1-carboxylic acid (116)

To the solutioon of crude 115 (2.16 g) in ethylene glycol (40 ml), KOH (2.83 g, 50.46 mmol) was added
and stirred for 13 h. The reaction mixture was quenched with 2 M HCI ag. and extracted with EtOAc. The
organic layer was washed with water and brine, dried over MgSQO,, filtrated and concentrated under reduced
pressure. The residue was triturated with hexane-EtAQOc to afford the title compound (116) (1.56 g, 51 % from
114) as a pale red solid.

'H NMR (400 MHz, CDCls, 8): 7.29-7.33 (m, 2H), 7.17-7.26 (m, 3H), 2.77 (d, J = 5.8 Hz, 1H), 1.99 (d, J =
5.8 Hz, 1H), 1.46 (s, 3H), 0.97 (s, 3H); MS (ESI) m/z: 191 (M+1).

Di(1H-pyrrol-1-yl)methanone (118)

The mixture of Pyrrole (117) (7.45 g, 111 mmol) and CDI (6.0 g, 37 mmol) was stirred for 2 h at 130°C. To
the reaction mixture, EtOAc and activated carbon and stirred for 10 min at reflux. The mixture was filtrated,
washed with 2 M HCI aq. and brine, dried over MgSQO,, filtrated and concentrated under reduced pressure.
The residue was purified by silica gel column chromatography (hexane / EtOAc = 9:1) to afford the title
compound (118) (3.63 g, 61%) as a pale yellow solid.

'H NMR (400 MHz, CDCls, 8): 7.31-7.33 (m, 4H), 6.37-6.39 (m, 4H).

1-(1H-Pyrrol-1-yl)-2-(triphenyl-15-phosphanylidene)ethan-1-one (119)
To the solution of methyltriphenylphosphonium bromide (6.69 g, 18.73 mmol) in THF (5 ml), PhLi (1.1 M,

17 ml, 18.73 mmol) was added at 0°C. The mixture was warmed to room temperature and stirred for 1 h. The
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reaction mixture was cooled to —78°C and 118 (1.0 g, 6.24 mmol) in THF (8 ml) was added. The reaction
mixture was warmed to room temperature and stirred for 3 h. Then, the mixture was diluted with water and
extracted with EtOAc-CH,CIl, (5:1). The organic layer was washed with brine, dried over Na,SO,, filtrated
and concentrated under reduced pressure. The residue was purified by silica gel column chromatography
(hexane / EtOACc = 4:1 to 1:3) to afford the title compound (119) (960 mg, 42%) as a pale yellow solid.

MS (ESI) m/z: 370 (M+1).

(E)-3-Phenyl-1-(1H-pyrrol-1-yl)prop-2-en-1-one (120)

The solution of benzaldehyde (200 mg, 1.88 mmol) and 119 (905 mg, 2.45 mmol) in toluene (5 ml) was
sittred for overnight at 100°C. The reaction mixture was evaporated and purified by silica gel column
chromatography (hexane / EtOAc = 9:1) to give the title compound (111) (365 mg, 98%) as a white solid.

'H NMR (400 MHz, CDCl,, 8): 8.00 (d, J = 15.2 Hz, 1H), 7.61-7.68 (m, 2H), 7.42-7.48 (m, 5H), 7.15 (d, J =
15.2 Hz, 1H), 6.35-6.37 (m, 2H); MS (ESI) m/z: 198 (M+1).

Ethyl (1rs, 2RS, 3SR)-2,3-diphenylcyclopropanecarboxylate (124c)

To a solution of cis-stilbene (1.0 g, 5.55 mmol) and CuCIP(QiPr); (172 mg, 0.56 mmol) in cyclohexane (2
ml), ethyl diazoacetate (2.53 g, 22.20 mmol) was added at 80°C. The mixture was stirred for 5 h at reflux and
additional etyl diazoacetate (253 g, 22.20 mmol) was added. Subsequently, the reaction mixture was stirred for
6 h and filtrated through alumina powder. The filtrate was concentrated under reduced pressure and the residue
was purified by silica gel column chromatography (hexane / EtOAC) to give the title compound (124c) (1.04 g,
70%) as a pale yellow oil.

'H NMR (400 MHz, CDCl3, §): 7.08-7.16 (m, 6H), 6.92-6.97 (m, 4H), 4.24 (q, J = 7.2 Hz, 2H), 3.06 (d, J =
5.2 Hz, 2H), 2.54 (t, J = 5.2 Hz, 1H), 1.33 (t, J = 7.2 Hz, 3H); MS (ESI) m/z: 267 (M+1).

(1rs, 2RS, 3SR)-2, 4-Diphenylcyclopropanecarboxylic acid (125c)

To a solution of 124c (1.34 g, 5.03 mmol) in THF (14 ml), TMSOK (1.29 g, 10.06 mmol) was added and
stirred for 2.5 h at 80°C. The reaction mixture was quenched by 1 M HCI aqg. and extracted with EtOAc. The
organic layer was washed with brine, dried over Na,SO,4 and filtrated. The filtrate was concentrated under
reduced pressure and the residue was purified by silica gel column chromatography (hexane / EtOAC) to give
the title compound (125c¢) (1.17 g, 98%) as a white solid.

Mp: 150°C; *H NMR (400 MHz, CDCl3, §): 12.5 (s, 1H), 6.95-7.17 (m, 10H), 2.93 (d, J = 5.5 Hz, 2H), 2.68
(d, J = 5.5 Hz, 1H); *C NMR (100 MHz, CDCls, 8): 173.9, 135.4, 128.7, 127.8, 126.3, 25.6, 25.4; IR (ATR)
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v: 2924, 1676, 1443, 1280, 1205, 947, 760, 696 cm™ MS (ESI) m/z: 239 (M+1). HRMS (ESI) calcd for
CisH14NaO, (M+Na): 261.0891, found: 261.0888.

(1SR,2RS,3SR)-2-Methyl-3-phenylcyclopropane-1-carboxylic acid (125a)

The title compound was synthesized as a white solid (8% yield from 123a) according to the procedure
described for compound 125c.
'H NMR (400 MHz, CDCly, 8): 7.19-7.34 (m, 5 H), 2.84 (dd, J = 9.4, 5.1 Hz, 1H), 1.82-1.90 (m, 2H), 0.94
(d, J =6.0 Hz, 3H); MS (ESI) m/z: 177 (M+1).

(1SR,2SR,3SR)-2-methyl-3-phenylcyclopropane-1-carboxylic acid (125b)

The title compound was synthesized as a white solid (11% yield from 123b) according to the procedure
described for compound 125c.
'H NMR (400 MHz, CDCl3, 8): 7.23-7.28 (m, 2H), 7.16-7.20 (m, 1H), 7.07 (t, J = 4.4 Hz, 2H), 2.43 (dd, J =
6.6, 4.9 Hz, 1H), 2.00 (dd, J = 9.2, 4.9 Hz, 1H), 1.71-1.77 (m, 1H), 1.37 (d, J = 6.0 Hz, 3H); MS (ESI) m/z:
177 (M+1).

(1rs,2RS,3SR)-2,3-Bis(4-fluorophenyl)cyclopropane-1-carboxylic acid (125d)

The title compound was synthesized as a white solid (35% yield from 123d) according to the procedure
described for compound 125c.
'H NMR (400 MHz, CDCl,, 3): 6.81-6.91 (m, 8H), 3.08 (d, J = 5.2 Hz, 2H), 2.47 (t, J = 5.2 Hz, 1H); MS
(ESI) m/z: 275 (M+1).

3-{4-[(1-{[(1sr, 2RS, 3SR)-2, 3-Diphenylcyclopropyl]carbamoyl}piperidin-4-yl)oxy]phenyl}propanoic
acid (103)

To a solution of 125c¢ (64 mg, 0.27 mmol) and triethylamine (75 pl, 054 mmol) in toluene (2 ml), DPPA (64
ul, 0.30 mmol) was added and stirred for 2.5 h at 100°C. The reaction mixture was cooled to ambient
temperature, ethyl 3-[4-(piperidin-4-lyloxy)phenyl]propanoate hydrochloride (126) (80 mg, 0.27 mmol) was
added and stirred for 3 h. The reaction mixture was quenched by water and extracted with EtAOAc. The
organic layer was washed with brine, dried over Na,SO,4 and filtrated. The filtrate was concentrated under
reduced pressure and the residue was purified by silica gel column chromatography (hexane / EtOAc) to give
ethyl 3-{4-[(1-{[(1sr, 2RS, 3SR)-2, 3-diphenylcyclopropyl]carbamoyl}piperidin-4-yl)oxy]phenyl}propanoate
(75 mg, 54%). The ester (60 mg, 0.12 mmol) was dissolved with THF (2 ml) and MeOH (2 ml). 2 M NaOH ag.
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(2 ml) was added to the solution and stirred for overnight at ambient temperature. The reaction mixture was
guenched by 5% KHSO, ag. and extracted with EtOAc. The organic layer was washed with brine, dried over
Na,SO, and filtrated. The filtrate was concentrated under reduced pressure and the residue was purified by
recrystallization with hexane - EtOACc to give the title compound (103) (38 mg, 67%) as a white solid.

Mp: 175°C; *H NMR (400 MHz, CDCls, 8): 12.07 (s, 1H), 6.98-7.13 (m, 12H), 6.87 (d, J = 8.5 Hz, 2H), 4.49
(s, 1H), 3.67-3.75 (m, 2H), 3.45 (s, 1H), 3.08-3.16 (m, 2H), 2.71-2.76 (m, 2H), 2.54 (d, J = 4.9 Hz, 2H), 2.52
(s, 2H), 2.45-2.51 (m, 2H), 1.84-1.92 (m, 2H), 1.43-1.53 (m, 2H); *C NMR (100 MHz, CDCls, §): 173.8,
157.8, 155.2, 137.1, 133.0, 129.2, 128.8, 127.7, 125.7, 115.8, 72.2, 40.8, 36.4, 35.5, 32.1, 30.5, 29.5; IR
(ATR) v: 3325, 2927, 1699, 1618, 1508, 1234, 1024, 754, 694 cm™; MS (ESI) m/z: 485 (M+1). HRMS (ESI)
calcd for C3oH33N,O4 (M+H): 485.2440 , found: 485.2434.

3-{4-[(1-{[(1RS,3SR)-2,2-Dimethyl-3-phenylcyclopropyl]carbamoyl}piperidin-4-yl)oxy]phenyl}propanoi
c acid (100)

The title compound was synthesized as a white solid (40% vyield from 116) according to the procedure
described for compound 103.
'H NMR (400 MHz, DMSO-ds, 8): 7.09-7.28 (m, 7H), 6.87 (d, J = 8.6 Hz, 2H), 6.72 (s, 1H), 4.44-4.51 (m,
1H), 3.65-3.76 (m, 2H), 3.33 (br s, 1H), 3.04-3.15 (m, 2H), 2.71-2.80 (m, 3H), 1.82-1.92 (m, 3H), 1.40-1.50
(M, 2H), 1.12 (s, 3H), 0.77 (s, 3H); MS (ESI) m/z: 437 (M+1).

3-{4-[(1-{[(Lsr, 2RS,
3SR)-2-Methyl-3-phenylcyclopropyl]carbamoyl}piperidin-4-yl)oxy]phenyl}propanoic acid (101)

The title compound was synthesized as a white solid (28% yield from 125a) according to the procedure
described for compound 103.
'H NMR (400 MHz, DMSO-dg, §): 7.28-7.31 (m, 4H), 7.17-7.24 (m, 1H), 7.13 (d, J = 8.6 Hz, 2H), 6.84 (d, J
= 8.6 Hz, 2H), 4.88 (s, 1H), 4.44-4.49 (m, 1H), 3.59-3.67 (m, 2H), 3.30-3.36 (M, 2H), 2.91 (t, J = 7.6 Hz,
2H), 2.82 (t, J = 3.5 Hz, 1H), 2.65 (t, J = 7.6 Hz, 2H), 2.18 (dd, J = 10.0, 4.0 Hz, 1H), 1.89-1.97 (m, 2H),
1.75-1.83 (m, 2H), 1.31 (ddt, J = 10.0, 6.3, 4.0 Hz, 1H), 0.9 (d, J = 6.3 Hz, 3H); MS (ESI) m/z: 423 (M+1).

3-{4-[(1-{[(Lsr, 2SR,
3RS)-2-Methyl-3-phenylcyclopropyl]carbamoyl}piperidin-4-yl)oxy]phenyl}propanoic acid (102)
The title compound was synthesized as a white solid (58% yield from 125b) according to the procedure

described for compound 103.
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'H NMR (400 MHz, CDCls, 8): 7.13-7.20 (m, 3H), 6.98-7.08 (m, 5H), 6.74-6.76 (m, 2H), 4.75 (s, 1H), 4.35—
4.39 (m, 1H), 3.48-3.60 (m, 2H), 3.21-3.29 (M, 2H), 2.90 (ddd, J = 7.6, 4.0, 1.8 Hz, 1H), 2.82 (t, J= 7.7 Hz,
2H), 2.55 (t, J = 7.7 Hz, 2H), 1.83 (s, 2H), 1.71 (s, 2H), 1.53 (dd, J = 5.5, 4.0 Hz, 1H), 1.32 (ddt, J = 7.6, 6.0,
5.5 Hz, 1H), 1.15 (d, J = 6.0 Hz, 3H); MS (ESI) m/z: 423 (M+1).

3-{4-[(1-{[(1sr, 2RS,

3SR)-2,3-Bis(4-fluorophenyl)cyclopropyl]carbamoyl}piperidin-4-yl)oxy]phenyl}propanoic acid (104)
The title compound was synthesized as a white solid (14% yield from 125d) according to the procedure

described for compound 103.

'H NMR (400 MHz, CDCl,, 8): 7.04 (t, J = 7.6 Hz, 2H), 6.86-6.97 (m, 4H), 6.72-6.77 (m, 6H), 5.01 (s, 1H),

4.40 (s, 1H), 3.54-3.60 (m, 2H), 3.34-3.27 (m, 3H), 2.82 (t, J = 7.8 Hz, 2H), 2.56 (t, J = 7.8 Hz, 2H), 2.45 (d,

J = 4.6 Hz, 2H), 1.84-1.89 (m, 2H), 1.69-1.79 (m, 2H); MS (ESI) m/z: 521 (M+1).
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Biological assay

Calcium mobilization assays were performed with CHO cells stably expressing human muscarinic M;, M,,
M, M, or Ms receptors using a FLIPR™®™* (Fluorometric Imaging Plate Reader: Molecular Devices Co.,
Sunnyvale, CA) or FDSS FDSS7000EX System (Functional Drug Screening System: Hamamatsu Photonics

K.K., Shizuoka, Japan). Unless otherwise noted, FLIPR™E™™

was used. In the case of Gi-coupled receptors
(M, and M,), G, proteins were also co-expressed to increase the sensitivity of calcium signaling.
Concentration-response curve of M;.s receptors activation was analyzed for each compound. The results were
imported into Stat Preclinica (Takumi Information Technology Inc., Tokyo, Japan) and analyzed by non-linear

curve fitting to give ECs, values.

hERG inhibition

The experiments were performed using an automated planar patch-clamp system QPatch HT (Sophion
Bioscience A/S). Pressure was applied to form gigaseals, and whole-cell patch clamp configuration was
obtained using the QPatch assay software. Patch-clamp experiments were performed in the voltage-clamp
mode, and whole-cell currents were recorded from individual cells. The following stimulation protocol was
used to investigate the effects of each test-compound on hERG channel: The membrane potential was held at
—80 mV and repetitively (every 15 s) depolarized to +20 mV for 5 s after the pulse and to —50 mV for 20 ms
to define baseline followed by repolarization to —50 mV for 5 s to evaluate tail current amplitude. Experiments
were conducted at room temperature (22 + 2°C). To evaluate the effects of test-compounds, the fraction of tail
current amplitude was calculated by averaging 3 data points of initial control current and 3 data points of
current remaining 5 min after application of each compound. The effects of test-compounds were calculated
as percentages of blocked current (inhibition [%]). Data points were fitted with Hill equation to calculate

half-maximal inhibition concentrations (ICs [UM]) using the QPatch Assay software.

Plasma-Brain Exposure Profile PK Study

Test compound was suspended with sterilized 0.5% (w/v) methyl cellulose solution and orally administered
to male Sprague—Dawley rats (Charles River Japan, Inc., Kanagawa, Japan) at a dose of 2.5 mg/kg (base
form). After 1 hour administration, rats were anesthetized with isoflurane and whole blood was collected via

inferior vena cava in sodium heparin. The blood was centrifuged for 15 min at 2500 g at 4 °C and the resulting
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plasma was frozen until analyzed. Following the blood collection, the brains were removed and stored at
freezer until analysis.

Plasma was deproteinized with 4-fold methanol containing internal standard (100 nmol/L of propranorol),
kept in the freezer (ca. —26°C) for more than 30 min and centrifuged at ca 3000g for 5 min at 4 °C. The
supernatant was filtrated (pore size: 0.45 um) and diluted 2 fold by water. The brains were homogenized in a
volume of methanol containing internal standard (in mL) equal to 4-fold weight (in g) of the tissue. The same
procedure used as for the plasma.

The supernatants of plasma and brain homogenate extracts were analyzed by means of LC/MS/MS, using
an API 2000 (Applied Biosystems, Foster City, CA) mass spectrometer with electrospray ionization interface
in positive ion mode. Shimadzu LC-10AD VP pumps (Shimadzu, Kyoto, Japan) were used. The
chromatographic separation was achieved on Imtakt Unison UK-C18 column (2.0 x 20 mm, 3 pm, Imtakt
Corporation, Kyoto) at a flow rate of 0.4 mL/min. The gradient program was used with the mobile phase,
combining solvent A (Ammonium acetate buffer (10 mM, pH 4.0)) and solvent B (acetonitrile) as follows:
10—90% B for 0—2 min, 90% B for 2—3.5 min, and 10% B for 3.51-5 min. The column temperature was set at

40 °C. The software Analyst version 1.4.2 was used to control the instrument and collect data.

Methamphetamine-induced hyperactivity in rats

Male Sprague-Dawley (SD) rats (Japan SLC Inc., Shizuoka, Japan) were injected with methamphetamine (1
mg/kg i.p.), and individually moved to clear plastic cages. Locomotor activity was measured for 80 min from
10 min after the methamphetamine injection (Supermex ; Muromachi Kikai Co., LTD., Tokyo, Japan).

Compound (1, 3, or 10 mg/kg p.0.) or vehicle was injected 30 min before the methamphetamine injection.

tert-Butyl (6-chloropyridin-2-yl)carbamate (143)

6-Chloropyridin-2-amine (142) (2.0 g, 15.6 mmol), NaHMDS (1.0 M in THF, 32.7 ml, 32.7 mmol) were
dissolved in THF (16 ml). To the mixture, (Boc),O (3.73 g, 17.1 mmol) in THF (16 ml) was added and stirred
for overnight at room temperature. The reaction mixture was diluted with EtOAc and 1 M HCI and extracted
with EtOAc. The organic layer was washed with brine, dried over Na,SO,, filtrated and concentrated under
reduced pressure. The residue was purified by silica gel column chromatography (hexane / EtOAc) to afford
the title compound (143) (2.83 g, 67%) as a white solid.
'H NMR (400 MHz, CDCly, 8): 7.74 (d, J = 8.3 Hz, 1H), 7.49 (t, J = 8.0 Hz, 1H), 7.14 (br s, 1H), 6.86 (d, J =
8.3 Hz), 1.40 (s, 9H); MS (ESI) m/z: 229 (M+1).

85



Benzyl 7'-chloro-2'-oxo-1',2"-dihydrospiro(piperidine-4,4'-pyrido[2,3-d][1,3]oxazine)-1-carboxylate
(145)

To the solution of TMEDA (4.40 ml, 28.8 mmol) in THF (10 ml), nBuLi (2.0 M in hexane, 14.4 ml, 28.8
mmol) was added at —20°C and stirred for 30 min. The mixture was cooled to —78°C, then 143 (3.0 g, 13
mmol) in THF (8 ml) was added. After 1h stirring at —50°C, benzyl 4-oxopiperidine-1-carboxylate (4.59 g,
19.7 mmol) in THF (10 ml) was added to the reaction mixture and stirred for overnight at room temperature.
The reaction mixture was quenched with sat. NaHCO; ag. and extractd with EtOAc. The organic layer was
washed with brine, dried over Na,SO,, filtrated and concentrated under reduced pressure to give benzyl
4-{2-[(tert-butoxycarbonyl)amino]-6-chloropyridin-3-yl}-4-hydroxypiperidine-1-carboxylate (144) as a pale
yellow oil. To the solution of 144 in THF (30 ml), NaH (325 mg, 13 mmol) was added and stirred for 1h at
reflux. The reaction mixture was quenched with sat. NaHCO; aqg. and extracted with EtOAc. The organic layer
was washed with brine, dried over Na,SO,, filtrated and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (hexane / EtOAc = 1:7) to afford the title compound (145) (890
mg, 17%).

'H NMR (400 MHz, CDCl,, 8): 7.29-7.38 (m, 6H), 7.04 (d, J = 8.3 Hz, 1H), 5.14 (s, 2H), 4.05-4.28 (m, 2H),
3.37 (brs, 2H), 2.02-2.13 (m, 2H), 1.80-1.92 (m, 2H); MS (ESI) m/z; 387 (M+1).

Spiro[piperidine-4,4'-pyrido[2,3-d][1,3]oxazin]-2'(1'"H)-one (146)

To the solution of 145 (300 mg, 0.77 mmol) in EtOAc — MeOH (25 ml — 25 ml), 10% Pd/C (100 mg) was
added and stirred for 3 days under H, atmosphere. The reaction mixture was filtrated and concentrated under
reduced pressure to give the title compound (146) (100 mg). 146 was used in the next tep without further
purification.

MS (ESI) m/z: 220 (M+1).

Ethyl 4-{[2"-0x0-1',2'-dihydrospiro(piperidine-4,4'-pyrido[2,3-d][1,3]oxazin)-1-ylJmethyl}
piperidine-1-carboxylate (130)

To the solution of 146 (100 mg, 0.46 mmol) in CH,CI, (5 ml), ethyl 4-formylpiperidine-1-carboxylate (90
mg, 0.49 mmol) and NaBH(OAc); (120 mg, 0.57 mmol) were added and stirred for 1h at room temperature.
The reaction mixture was quenched with sat. NaHCO; ag. and extracted with CH,Cl,. The organic layer was
washed with brine, dried over Na,SQO,, filtrated and concentrated under reduced pressure. The residue was
purified by amino silica gel column chromatography (CHCIl; / MeOH = 50:1) to afford the title compound
(130) (97 mg, 54%) as a pale yellow oil.
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'H NMR (400 MHz, CDCls, 8): 8.25 (d, J = 5.1 Hz, 1H), 8.20 (s, 1H), 7.49 (d, J = 7.6 Hz, 1H), 7.05 (dd, J =
7.6, 5.1 Hz, 1H), 4.10-4.21 (m, 4H), 2.75 (s, 4H), 2.53-2.64 (m, 2H), 2.28 (d, J = 7.1 Hz, 2H), 1.98-2.16 (m,
4H), 1.72-1.81 (m, 1H), 1.26 (t, = 7.1 Hz, 3H), 1.01-1.12 (m, 2H); MS (ESI) m/z: 389 (M+1).

Ethyl
4-{[1'-methyl-2'-0x0-1",2"'-dihydrospiro(piperidine-4,4'-pyrido[2,3-d][1,3]oxazin)-1-ylIJmethyl}piperidine
-1-carboxylate (129)

To the solution of 130 (70 mg, 0.18 mmol) in DMF (1 ml), NaH (11 mg, 0.25 mmol) was added and stirred
for 20 min at room temperature. Mel (17 ul, 0.28 mmol) was added to the reaction mixture and stirred for
overnight at reflux. The reaction was diluted with water and extracted with EtOAc. The organic layer was
washed with brine, dried over Na,SQO,, filtrated and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (CHCI3; / MeOH = 50 : 1) to afford the title compound (129) (43
mg, 60%) as a pale yellow oil.

'H NMR (400 MHz, CDCls, 8): 8.29 (d, J = 5.1 Hz, 1H), 7.50 (d, J = 7.5 Hz, 1H), 7.03 (dd, J = 7.5, 5.1 Hz),
4.08-4.13 (m, 4H), 3.48 (s, 3H), 2.74 (s, 4H), 2.51-2.64 (m, 2H), 1.96-2.30 (m, 6H), 1.70-1.80 (m, 1H),
1.12-1.25 (m, 5H); MS (ESI) m/z: 403 (M+1).

tert-Butyl 4-(2-ethoxy-2-oxoethyl)-3,6-dihydropyridine-1(2H)-carboxylate (148)

To the solution of tert-butyl 4-oxopiperidine-1-carboxylate (147) (15.0 g, 75 mmol) in DMF (150 ml),
triethyl phosphonoacetate (19.59 ml, 98 mmol) and K,CO5(31.2 g, 226 mmol) were added and stirred for 2
days at 70°C. The reaction mixture was diluted with water and stirred for 10 min to give yellow solid. The
solid was filtrated, washed with water and dried under reduced pressure to afford the o,B-unsaturated ester
(17.77 g). To the solution of the ester (17.77 g) in DMF (150 ml), DBU (11.46 g, 75 mmol) was added and
stirred for 3 days at room temperature. The reaction mixture was diluted with water and extracted with EtOAC.
The organic layer was washed with water, dried over Na,SO,, filtrated and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (hexane / EtOAC) to afford the title
compound (148) (7.16 g, 35%) as a white solid.

'H NMR (400 MHz, CDCls, 8): 5.50 (s, 1H), 4.09 (q, J = 7.1 Hz, 2H), 3.87 (s, 2H), 3.48 (s, 2H), 2.99 (s, 2H),
2.11 (s, 2H), 1.44 (s, 9H), 1.23 (t, J = 7.1 Hz, 3H); MS (ESI) m/z: 270 (M+1).
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tert-Butyl 4-(2-((3-bromopyridin-2-yl)amino)-2-oxoethyl)-3,6-dihydropyridine-1(2H)-carboxylate (149)
To the solution of 148 (6.0 g, 22.28 mmol) in CH,CI, (110 ml), 2-amino-3-bromopyridine (3.85 g, 22.28
mmol) and Me3Al (16.71 ml, 33.4 mmol) were added at 0°C. The mixture was warmed to reflux and stirred
for overnight. The reaction mixture was quenched with sat. NaHCO; ag. and extracted with EtOAc. The
organic layer was washed with brine, dried over Na,SO,, filtrated and concentrated under reduced pressure.
The residue was purified by silica gel column chromatography (hexane / EtOAc) to afford the title compound
(149) (2.42 g, 27%) as pale yellow solid.
'H NMR (400 MHz, CDCls, 8): 8.34 (dd, J = 4.8, 1.6 Hz, 1H), 8.12 (s, 1H), 7.80 (dd, J = 8.0, 1.6 Hz, 1H),
6.88-6.93 (m, 1H), 5.67 (s, 1H), 3.90 (s, 2H), 3.49 (s, 2H), 3.26 (s, 2H), 2.16 (s, 2H), 1.40 (s, 9H); MS (ESI)
m/z: 397 (M+1).

tert-Butyl 2'-0x0-2,2",3,3'-tetrahydro-1H,1'H-spiro(pyridine-4,4'-[1,8]naphthyridine)-1-carboxylate
(150)

To the solution of 140 (1.0 g, 2.52 mmol) in DMA (20 ml), tetrabutylammonium bromide (812 mg, 2.52
mmol) and Pd(OAc), (85 mg, 15 mol%) were added and stirred for overnight at 90°C. The reaction was
diluted with water and extracted with EtOAc. The organic layer was washed with sat. NaHCO3 ag. and brine,
dried over Na,SQ,, filtrated and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (hexane / EtOAc = 1:1 to 1:5) to afford the title compound (150) (450 mg, 57%) as a
pale yellow oil.

'H NMR (400 MHz, CDCls, 5): 8.91-9.01 (m, 1H), 8.20-8.23 (m, 1H), 7.50-7.55 (m, 1H), 6.95-7.00 (m, 1H),
4.53-4.70 (m, 1H), 3.62-3.80 (m, 1H), 3.06-3.16 (m, 1H), 2.71 (d, J = 16.2 Hz, 1H), 2.54 (d, J = 16.2 Hz,
1H), 1.77-1.88 (m, 2H), 1.50 (s, 9H); MS (ESI) m/z: 316 (M+1).

1'H-Spiro(piperidine-4,4'-[1,8]naphthyridin)-2'(3'H)-one (151)

To the solution of 150 (535 mg, 1.70 mmol) in CHCI; (3 ml), 4 M HCI in dioxane (3 ml) was added and
stirred for 1 h at room temperature. The reacion mixture was concentrated under reduced pressure. The residue
was diluted with sat. NaHCO; ag. and extracted with CHCI;. The organic layer was dried over Na;SQ,,
filtrated and concentrated under reduced pressure to afford the title compound (151) (335 mg). 151 was used
in the next tep without further purification.

MS (ESI) m/z: 218 (M+1).
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Ethyl
4-{[2'-0ox0-2",3'-dihydro-1"H-spiro(piperidine-4,4'-[1,8]naphthyridin)-1-yl]methyl}piperidine-1-carboxyl
ate (131)

To the solution of 151 (335 mg) in CH,CI, (4 ml), ethyl 4-formylpiperidine-1-carboxylate (332 mg, 1.79
mmol) and NaBH(OAc); (824 mg, 3.89 mmol) were added and stirred for 1 h at room temperature. The
reaction mixture was diluted with sat. NaHCO; ag. and extracted with CH,Cl,. The organic layer was dried
over Na,SQ;,, filtrated and concentrated under reduced pressure. The residue was purified with amino silica
gel column chromatography (CHCI; / MeOH = 50:1) to give the title compound (131) (410 mg, 62% from
150) as a pale yellow oil.

'H NMR (400 MHz, CDCls, & ppm): 9.11 (s, 1H), 8.23 (dd, J = 5.0, 1.8 Hz, 1H), 7.67 (dd, J = 7.6, 1.8 Hz,
1H), 7.01 (dd, J = 7.6, 5.0 Hz, 1H), 4.02-4.20 (m, 4H), 2.64-2.75 (m, 6H), 2.20-2.32 (m, 4H), 1.95-2.06 (m,
2H), 1.64-1.74 (m, 5H), 1.20-1.27 (m, 3H), 1.01-1.16 (m, 2H); MS (ESI) m/z: 387 (M+1).

Ethyl
4-{[1'-methyl-2'-0x0-2',3"'-dihydro-1"H-spiro(piperidine-4,4'-[1,8]naphthyridin)-1-ylJmethyl}piperidine-
1-carboxylate (132)

The title compound was synthesized from 131 as a white solid (59% vyield) according to the procedure
described for compound 129.
'H NMR (400 MHz, CDCls, & ppm): 7.98-8.01 (m, 1H), 7.44 (dd, J = 7.5, 1.6 Hz, 1H), 6.50-6.55 (m, 1H),
4.13-4.19 (m, 4H), 3.31 (s, 2H), 3.13 (s, 3H), 2.70-2.81 (M, 4H), 2.19-2.31 (m, 4H), 2.00-2.11 (m, 2H), 2.00
(s, 2H), 1.97 (s, 2H), 1.59-1.78 (m, 7H), 1.23-1.30 (m, 3H), 1.01-1.17 (m, 2H); MS (ESI) m/z; 387 (M+1).

4-{[1'-Ethyl-2'-0x0-2",3'-dihydro-1'H-spiro(piperidine-4,4'-[1,8]naphthyridin)-1-ylJmethyl}piperidine-1-
carboxylate (133)

The title compound was synthesized from 131 as a white solid (81% yield) according to the procedure
described for compound 129.
'H NMR (400 MHz, CDCls, & ppm): 8.26 (dd, J = 4.9, 1.7 Hz, 1H), 7.63 (dd, J = 7.6, 1.7 Hz, 1H), 6.99 (dd, J
= 7.6, 4.9 Hz, 1H), 4.07—4.25 (m, 6H), 2.68-2.79 (m, 6H), 2.27-2.35 (m, 2H), 2.23 (d, J = 7.1 Hz, 2H), 1.90—
2.01 (m, 2H), 1.57-1.79 (m, 5H), 1.20-1.27 (m, 6H), 1.02-1.17 (m, 2H); **C NMR (CDCls, & ppm): 168.9,
155.6, 151.0, 146.1, 132.0, 129.2, 118.6, 64.7, 61.1, 49.4, 43.9, 38.8, 35.7, 33.8, 33.7, 33.6, 30.7, 14.7, 13.2;
MS (ESI) m/z: 415 (M+H); HRMS (ESI) m/z calcd for CpsHasN4O3 (M+H): 415.2709, found: 415.2704; Anal.
calcd for C»3H34N4O3: C, 66.64; H, 8.27; N, 13.52. Found: C, 66.60; H, 8.26; N, 13.51.
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4-{[1'-Propyl-2'-ox0-2',3'-dihydro-1'H-spiro(piperidine-4,4'-[1,8]naphthyridin)-1-ylJmethyl}piperidine-
1-carboxylate (134)

The title compound was synthesized from 131 as a white solid (42% vyield) according to the procedure
described for compound 129.

MS (ESI) m/z: 431 (M+1).

2-Chloro-3-(chloromethyl)pyridine (153)

To the solution (2-chloropyridin-3-yl)methanol (152) (25.0 g, 174.0 mmol) in CH,CI, (100 ml) and toluene
(80 ml), thionyl chloride (22.8 g, 191 mmol) was added at 0°C. The mixture was warmed to room temperature
and stirred for 16 h. The reaction mixture was quenched by sat. NaHCO; ag. and extracted with CHCl;. The
organic layer was washed with sat. NaHCO; aq., dried over Na,SO,, filtrated and concentrated under reduced
pressure to afford the title compound (153) (27.4 g) as a pale yellow oil. 153 was used in the next step without

further purification.

2-(2-Chloropyridin-3-yl)acetonitrile (154)

To the solution of NaCN (5.3 g, 81 mmol) in EtOH (11 ml) and water (22 ml), 144 (13.0 g) in EtOH (22 ml)
was added and stirred at reflux. After 1.5 h, the reaction mixture was cooled to 0°C. To the reaction mixture,
ice water was added and extracted with EtOAc. The organic layer was washed with sat. NaHCO; aqg., dried
over Na,SQ,, filtrated and concentrated under reduced pressure to afford the title compound (154) (12.2 g) as
a pale yellow oil. 154 was used in the next step without further purification.

MS (ESI) m/z: 153 (M+1).

1-Benzyl-4-(2-chloropyridin-3-yl)piperidine-4-carbonitrile (144)

To the solution of 154 (100 g) in DMSO (200 ml), KOH (11.1 g, 197 mmol) and
N-benzyl-2-chloro-N-(2-chloroethyl)ethan-1-amine (15.3 g, 65.8 mmol) were added and stirred for 2.5 h at
50°C. The reaction mixture was dilute with sat. NaHCOs aqg. and extracted with EtOAc. The organic layer was
washed with brine, dried over Ns,SO,, filtrated and concentrated under reduced pressure. The residue was
triturated with hexae-1PA, filtrated and dried over reduced pressure to afford the title compound (155, 64%
from 152) as a pale yellow solid.

'H NMR (400 MHz, CDCl3, 8): 8.40 (dd, J = 4.6, 1.7 Hz, 1H), 7.75 (dd, J = 7.8, 1.7 Hz, 1H), 7.43-7.27 (m,
6H), 3.62 (s, 2H), 3.00-3.09 (m, 2H), 2.56-2.65 (M, 2H), 2.47-2.54 (m, 2H), 2.04-2.15 (m, 2H); MS (ESI)
m/z: 312 (M+1).
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1-Benzyl-1',2'-dihydrospiro(piperidine-4,3'-pyrrolo[2,3-b]pyridine) (156)

155 (4.8 g, 15.0 mmol) and LiAIH(OtBu); in THF (1.0 M) (76 ml 76.0 mmol) were stirred at reflux. After

20 h, the reaction mixture was cooled to 0°C. To the reaction mixture, sat potassium sodium tartrate
tetrahydrate agq. was added and stirred for 30 min at room temperature. The mixture was filtrated through
celite pat and extracted with CHCI;. The organic layer was washed with water and brine, dried over Na,SO,,
filtrated and concentrated under reduced pressure. The residue was purified by recrystallization from
hexane-EtOAc to afford the title compound (156) (3.3 g, 84%) as a white solid.
Mp 124-126 °C; ‘*H NMR (400 MHz, CDCls, 8): 7.84 (dd, J = 5.1, 1.5 Hz, 1H), 7.21-7.34 (m, 6H), 6.53 (dd,
J =71, 51 Hz, 1H), 4.42 (br s, 1H), 3.55 (s, 2H), 3.45 (s, 2H), 2.82-2.85 (m, 2H), 2.10-2.15 (m, 2H),
1.85-1.94 (m, 2H), 1.72-1.75 (m, 2H); *C NMR (100 MHz, CDCls, 8): 163.5, 146.4, 138.2, 129.9, 129.7,
129.2,128.2, 127.1, 113.4, 163.5, 54.0, 50.2, 42.7, 36.4; IR (ATR) v: 1612, 771, 744, 694 cm™; MS (ESI) m/z:
280 (M+1); HRMS (ESI) calcd for CigH,,N3 (M+H): 280.1808, found: 280.1813.

1-Benzyl-N,N-dimethylspiro(piperidine-4,3'-pyrrolo[2,3-b]pyridine)-1'(2'H)-carboxamide (157)

To a solution of N,N-Diisopropylethylamine (105 mL, 752 mmol) and 156 (105 g, 376 mmol) in toluene

(250 mL) was added N,N-Dimethylcarbamoyl chloride (52 mL, 564 mmol) at room temperature and stirred
under reflux for 3 h. After addition of N,N-diisopropylethylamine (32 mL, 226 mmol) and
N,N-dimethylcarbamoy! chloride (10 mL, 113 mmol), the reaction mixture was stirred for 3 h at reflux. The
reaction mixture was cooled to room temperature, quenched with water and extracted with EtOAc. The
organic layer was washed with sat NaHCO; aqg. and brine, dried over Na,SO, and filtered. The filtrate was
concentrated under reduced pressure to give the pale yellow solid. The solid was triturated with hexane to
afford 157 (119 g, 99%) as pale yellow solid.
Mp 128-129 °C; *H NMR (400 MHz, CDCls, 5): 8.05 (dd, J = 5.4, 1.7 Hz,1H), 7.36 (dd, J = 7.3, 1.7 Hz, 1H),
7.26-7.35 (m, 5H), 6.75 (dd, J = 7.3, 5.4 Hz, 1H), 3.78 (s, 2H), 3.56 (s, 2H), 3.03 (s, 6H), 2.84-2.87 (m, 2H),
2.15-2.21 (m, 2H), 1.89-1.96 (m, 2H), 1.70-1.73 (m, 2H); **C NMR (100 MHz, CDCls, 8): 157.6, 157.3,
146.4, 137.8, 132.1, 130.3, 129.2, 128.2, 127.1, 116.2, 63.3, 57.5, 50.1, 39.7, 38.1, 35.5; IR (ATR) v: 1655,
1416, 1366, 771, 744, 702 cm™; MS (ESI) m/z: 351 (M+1); HRMS (ESI) calcd for CpHysN,O (M+H):
351.2179, found: 351.2183.

N,N-Dimethylspiro(piperidine-4,3'-pyrrolo[2,3-b]pyridine)-1'(2'"H)-carboxamide (158)
To a solution of 157 (27.5 g, 78.5 mmol) in MeOH (80 mL) were added HCOONH, (24.7g, 392 mmol) and

10% palladium on carbon (5.5 g). The mixture was stirred for 7 h at reflux, cooled to room temperature and
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filtered. The filtrate was concentrated under reduced pressure. The residue was diluted with CHCI; and
washed with water, sat. NaHCO; aq. and brine. The organic layer was dried over Na,SO,, filtered, and
concentrated under reduced pressure to afford the title compound (158) (20.4 g) as a pale yellow amorphous.

149 was used in the next step without further purification.

Ethyl
4-{[1'-(dimethylcarbamoyl)-1',2'-dihydrospiro(piperidine-4,3'-pyrrolo[2,3-b]pyridin)-1-yl]methyl}piperi
dine-1-carboxylate (139)

To a solution of 158 (20.4 g), acetic acid (6.7 mL, 117 mmol) and ethyl 4-formylpiperidine-1-carboxylate

(14.5 g, 78.2 mmol) in dichloromethane (390 mL) was added NaBH(OACc); (24.8 g, 117 mmol) at room
temperature and the mixture was stirred for 2 h. The reaction mixture was cooled to 0°C and quenched with
sat. NaHCO; ag.. The organic layer was washed with water and brine, dried over Na,SO,, filtered, and
concentrated under reduced pressure. The residue was purified by silica gel column chromatography (hexane /
AcOEt) to afford the title compound (139) (25.3 g, 75% from 158) as a white solid.
Mp 120-122°C; *H NMR (400 MHz, CDCls, §): 8.06 (dd, J = 5.4, 1.5 Hz, 1H), 7.37 (dd, J = 7.3, 1.5 Hz, 1H),
6.76 (dd, J = 7.3, 5.4 Hz, 1H), 4.13-4.17 (m, 1H), 4.13 (q, J = 7.3 Hz, 2H), 3.78 (5, 2H), 3.56 (s, 2H), 3.78 (s,
2H), 2.71-2.83 (m, 4H), 2.21 (d, J = 7.3 Hz, 2H), 2.11 (t, J = 10.7 Hz, 2H), 1.84-1.95 (m, 2H), 1.65-1.82 (m,
8H), 1.26 (t, J = 7.3 Hz, 3H), 1.04-1.18 (m, 2H); **C NMR (100 MHz, CDCls, 8): 157.7, 157.3, 155.6, 146.5,
132.2, 130.4, 116.2, 64.9, 61.1, 57.5, 50.8, 43.9, 39.9, 38.2, 35.7, 33.7, 30.7, 14.7; IR (ATR) v: 1420, 1361,
1111, 1080, 768 cm; MS (ESI) m/z: 430 (M+1); HRMS (ESI) calcd for Cy3HasNsO; (M+H): 430.2813,
found: 430.2824.

1',2'-Dihydrospiro(piperidine-4,3'-pyrrolo[2,3-b]pyridine) (159)

To the solution of 156 (3.0 g, 10.7 mmol) in MeOH (90 ml), HCOONH,; (3.4 g, 53.7 mmol) and 10%
palladium on carbon (0.6 g) were added. The mixture was stirred for 3 h at reflux, cooled to room temperature
and filtered. The filtrate was concentrated under reduced pressure. The residue was diluted with CHCI; and
washed with water, sat NaHCO; ag. and brine. The organic layer was dried over Na,SQO,, filtered, and
concentrated under reduced pressure to afford the title compound (159) (2.0 g) as a pale yellow amorphous.

159 was used in the next step without further purification.

Ethyl
4-{[1",2'-dihydrospiro(piperidine-4,3'-pyrrolo[2,3-b]pyridin)-1-ylJmethyl}piperidine-1-carboxylate (160)
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To a solution of 159 (2.0 g), acetic acid (0.9 mL, 16 mmol) and ethyl 4-formylpiperidine-1-carboxylate (1.9
g, 10.2 mmol) in dichloromethane (40 mL) was added NaBH(OAC); (3.4 g, 16 mmol) at room temperature
and the mixture was stirred for 15 h. The reaction mixture was quenched with sat NaHCO;aq. and extracted
with CHCI;. The organic layer was washed with water and brine, dried over Na,SO,, filtered, and
concentrated under reduced pressure. The residue was purified by amino silica gel column chromatography
(hexane / AcOEt) to afford the title compound (160) (2.0 g, 55% from 156) as a white solid.

'H NMR (400 MHz, CDCls, § ppm): 7.84-7.88 (m, 1H), 7.23-7.25 (m, 1H), 6.55-6.57 (m, 1H), 4.44 (s, 1H),
4.10-4.16 (m, 4H), 3.44 (s, 2H), 2.72-2.81 (m, 4H), 2.20 (d, J = 7.1 Hz, 2H), 2.03-2.06 (m, 2H), 1.88-1.92
(m, 2H), 1.72-1.78 (m, 5H), 1.26 (t, J = 7.2 Hz, 3H), 1.10-1.12 (m, 2H); MS (ESI) m/z: 359 (M+1).

Ethyl
4-{[1'-(ethylcarbamoyl)-1',2'-dihydrospiro(piperidine-4,3'-pyrrolo[2,3-b]pyridin)-1-ylJmethyl}piperidin
e-1-carboxylate (136)

The title compound was synthesized as a white solid (56% from 160) according to the procedure described
for compound 157.
'H NMR (400 MHz, CDCls, § ppm): 9.05 (s, 1H), 7.99-8.02 (m, 1H), 7.39-7.42 (d, J = 7.3 Hz, 1H), 6.80—
6.83 (M, 1H), 4.08-4.21 (m, 4H), 3.92 (s, 2H), 3.45 (q, J = 7.2 Hz, 2H), 2.75-2.83 (m, 4H), 2.22 (d, J = 7.1
Hz, 2H), 2.07-2.14 (m, 3H), 1.67-1.74 (m, 6H), 1.14-1.28 (m, 9H); MS (ESI) m/z: 430 (M+1).

Ethyl
4-{[1'-(diethylcarbamoyl)-1',2'-dihydrospiro(piperidine-4,3'-pyrrolo[2,3-b]pyridin)-1-ylmethyl}piperidi
ne-1-carboxylate (137)

The title compound was synthesized from 160 as a white solid according to the procedure described for
compound 157.
'H NMR (400 MHz, CDCl;, 5 ppm): 8.01-8.03 (m, 1H), 7.32-7.36 (m, 1H), 6.71-6.75 (m, 1H), 4.09-4.22 (m,
4H), 3.77 (s, 2H), 3.46 (g, J = 7.2 Hz, 4H), 2.69-2.84 (m, 4H). 2.20 (d, J = 7.1 Hz, 2H), 2.07-2.15 (m, 2H),
1.84-1.94 (m, 2H), 1.67-1.81 (m, 4H), 1.20-1.29 (m, 10H), 1.05-1.16 (m, 2H); MS (ESI) m/z: 458 (M+1).

Ethyl

4-{[1'-(carbamoyl)-1',2'-dihydrospiro(piperidine-4,3'-pyrrolo[2,3-b]pyridin)-1-ylJmethyl}piperidine-1-c
arboxylate (138)
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The title compound was synthesized from 160 as a white solid according to the procedure described for
compound 157.
'H NMR (400 MHz, CDCl3, § ppm): 8.00-8.02 (m, 1H), 7.44-7.47 (m, 1H), 6.85-6.88 (M, 1H), 4.10-4.16 (m,
4H), 3.93 (s, 2H), 2.75-2.84 (m, 4H), 2.21 (d, J = 7.1 Hz, 2H), 2.07-2.10 (m, 2H), 1.88-1.92 (m, 2H), 1.55—
1.78 (m, 5H), 1.28 (t, J = 7.2 Hz, 3H), 1.09-1.12 (m, 2H); MS (ESI) m/z: 402 (M+1).

Ethyl
4-{[1'-(azetidine-1-carbamoyl)-1',2'-dihydrospiro(piperidine-4,3'-pyrrolo[2,3-b]pyridin)-1-ylJmethyl}pip
eridine-1-carboxylate (140)

The title compound was synthesized from 160 as a white solid according to the procedure described for
compound 157.
'H NMR (400 MHz, CDCls, 5 ppm): 8.12 (dd, J = 5.1, 1.7 Hz, 1H), 7.35-7.39 (m, 1H), 6.79 (dd, J = 7.3, 5.1
Hz, 1H), 4.07-4.25 (m, 7H), 3.84 (s, 2H), 2.68-2.87 (m, 4H), 2.25-2.36 (m, 2H), 2.16-2.22 (m, 2H), 2.05—
2.15 (m, 2H), 1.81-1.93 (m, 2H), 1.63-1.80 (m, 4H), 1.26 (t, J = 7.2 Hz, 3H), 1.02-1.19 (m, 2H); MS (ESI)
m/z: 442 (M+1).

Ethyl
4-{[1'-(pyrrolidine-1-carbamoyl)-1',2'-dihydrospiro(piperidine-4,3'-pyrrolo[2,3-b]pyridin)-1-ylJmethyl}
piperidine-1-carboxylate (141)

The title compound was synthesized from 160 as a white solid according to the procedure described for
compound 157.
'H NMR (400 MHz, CDCls, & ppm): 8.05 (dd, J = 5.0, 1.8 Hz, 1H), 7.36-7.39 (m, 1H), 6.78 (dd, J = 7.2, 5.0
Hz, 1H), 4.08-4.23 (m, 4H), 3.82 (s, 2H), 3.53-3.68 (M, 4H), 2.68-2.85 (m, 3H), 1.61-1.91 (m, 14H), 1.28 (t,
J=7.2 Hz, 3H), 1.04-1.20 (m, 2H); MS (ESI) m/z: 456 (M+1).
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