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B iR ZEARE R

FRASH AR ZE, i i, < BN MIZE I, EEIVE 70%, 20%,
10% & MFEZED fix © 20N, 2011 FONNFEIEZ M EE EUT B KR T 158 5 A,
AARIZBWTIZ 23 TATHY, SECRKROE =7, Bl-E VIR HAKNE—
L& 72> T 5. D DS E TR AR 2 0 2 MAEh B OB RiA £ T
FBU, 2020 FIZiX 300 HEHA DL ETHSNTWD. TESLEITR > TR
R E LI R BN EIRD 355% LHE Nz 50 THEY, £-E0#
HNEINTDEENCH D Z 0D, REAREEBBEICR-> TS, P &HI2Z0
TRIRICET D EREIT 1 JK 7000 BEHICEY (BEFERED 5.4%), ABiERE
RO 80% LLEZ E® D, Y —FHT, MEELAMEOIBROEE L SR < 3R
HESINFEIT STV DRSS EHFE NN Z L3, A1k DK & 2R IR,
R E 7o TS Z N PRENS.

BITERMFEZEDIRIE & L C, Figure | (R IIREIEDRHO LN TV D, Mzah
A RTALTHD MEBEFIEETA RZ 42 2009] TZL—FK A (TH X H
O BHIND) ITHLEMIT S IREET D72 <, IEZESMEYIIC BV i
RefiRE (FBIRNES) O 70 wR® (7vT 75—, tPA), Hulfi/WoRE
DFEAT ALY OB THDH. WMHEEREE L L TRREZZ T TV 5 3EANL
t-PA OHToH LD, t-PA O HITINFESERIER 4.5 Kl TOBF IR T
B, EMAEERREOMHMAFERINTWDS. LER-T, BIEE 4.5 K
ML B L= oz Eebinn s CT 4§42 29 2 BF IR LT, RFR
70 EOMEMBIRIEN G L > TWDORBRTH D, —Fhif/ e H H
WHILD D, MAREEEA & el U TRIERITS 5. A TIIMREREE LT
V=T PHNMERDOT VA 8 (2FTHRY) PNAEARSNTEY, HMEES
PEHTERIC KR E R EERE R LTV DR, 2k S AIMED @ WHTER DB %
MEENTND.

TP RESE R “T LA T 2y r” LR, Ao RREE BRI, L
HAREZR IR Y AT EBE A TE T 5 (“Time is Brain”). MR EE
ERETHRFE LT, BMFRHNEE CTH D, ERIICIIRHER & IEF
fRkHAR O P RNCALE L, ik (core) DOJEIIIAIET Sk E T 7
Z (penumbra) EFF9° 5. Z OFEIKTIE ATP BT O R FEEEIIHIZ A U T



WD DS, REIMAEL T 5 BALAKAFEEA A 2 F v RV OFEFERIBE 0234 U T
BOHT, MIEICE>TWRNEZZ 6D, ZOXFT U7 TIXEEMENML
TELT, WURIERICE > THIEL S 28EE L TRMEINEEOEE 2 ¥ —
Ty hEloTnD., L LR bt 7 ZHk T, Mk i X 2 EE
PIRZITHBLL, TR b— 3 2Rk ORI REHIILFE MU MG 8] D B 23 38 4E
THZENRROLNTWD. TRbLHEERR EBAFE RFE, NP7 7
FEIRITAI - BN S 24 I CHEZE(L LT < % (Therapeutic time window) . JX#H 2
SMEWI 80% LA EDSEIMMNIEEIE CTH Y, MR DILR 2 T oOITHk D
TR Mz fHAT2 BT, MREHRIENPRAZLNL TS, ZOMmATH
LA TIRFEIEIRIE DS 5 1 DOFEL 2> TV D ONKRERIETH S, 7
VI VR EOBEBNET I B Ca BT 5 B M5 E
(excitotoxicity) 723HE MMM ALIEIZ K & 7o % E 2 7= LTV D AlHEME B &
e Ttz Z g, MifaEED—#HO N A7 —F (Figure 1) Y 2842 =
AT LD HFEIE DO ETINHI DS WIF C X DM EIK E LT, TIE TIZ NMDA
(N-methyl-D-aspartate) 52 A HEHL3HE, AMPA  (a-amino-5-hydroxy-3-methyl-4-
isoxazole propionic acid) Z A MAAEHIHK, Ca®" F v R/ ER, —ER{LZEHE (NO)
B REER P E IR e E ORI TON TE 2. T b OIRANTEMY) TR TIX
MRDPBD OGN TEIIZ 0D 6T, IR TITIZE L EPRPED LN
TR (Table 1). Y LER-T, tPA, TV0 v M ISk AMEORE
HEOBAENUNZEEN TN D,

FEARRRBR (T S 722 < ORI DS, B EBR O R %2 BB C & RN
MEWE LB O—21%, FolEE b b OMOMRRAER 3 L OVEER
MiETH 5. Y b FOMTIHK AZIIMEEROK 50% THLHOICHL, 7 v k
R~ T AR BN DI TIZE D 85%~90% % LD THEY, O F-AE ok
PEEEMFIIIKAEOZN L ITRE S ER > TS (Figure 1). JKAE O FE 7R
5 RSB 2 AR AR O AR (soma) & BHIKZEHE (dendrites) TH VY, %< D
WARTEME Ca™™ F v R L NMDA ZENRRED IV IVE I B RIKNIEET
L. LIemdo CTRIMAIKAEIZET S &, MIaESCEIRZZEND ATP JHid i
o TR AE L, BAKENE Ca®™ F ¥ R 2N LHINICZ EO Ca®™ @
WA, FlTNZ I VBB MRBEE RN B2 DTV Z I R E
., NMDA A AMPA/kainite 5 KD IEMACIZ ] &< MR Ca™" 2
FEDRE FRENEZ 5.

—HE O T ELAEREFRIIRRMEOEE (axon) TH Y, 7o i
S CILBAARTENE Na" F ¥ RV NS B E CEME L, Na'/K'-ATPase b % < fE(F
T 52, 7 NMDA /KR ED T NVE I VIS RIRPEBME A Ca¥t F v %



JVITFE L7, LTa - T T > B &l Cik, M2 id Na'/K'-ATPase @
PHNC &> THIRRBEO BT AT 223, IRAEOHE L IXRR Y, BAKT
PE Na" v 1% LT Na' DEERNICKEICHA, FRFZKS FRA DD
T OB SRR IR BT 5.

TROLIKAE TIEZZ I e Caom MG EICES 528, AETIX
Na" i AIC X 2 i s N EE Ch 5 L B2 65 (Figure 1). YNa'
F X FUBHERIY, AEEENSEROE MRMFEZEIZEBWT, Na® OFEAIZ L 4
T A SO M AR (S VR IR 2 B9~ D Z L2 Ko TIMBEZE 2 J8) S, fiidiE
RO Z WET L 2 En RSN D. LIz -o T, EHIE Na” Fv L
FIMNEERIZB W THZ 2 SE IR R 0 155 LB 2T, A%
Bi4s L7z,

Table 1. JXf 3 O kAR R B 524

Class Product Result
Na" F ¥ RILHESE Fosphenytoin A7)
Ca®" F v FIVELEZE Nimodipine A7)
Flunarizine HE2)
NMDA =& HEE (A HE) Selfotel HE
NMDA ZFEEAEGEE (KU 7 I U #EENLMATE)  Eliprodil )
NMDA &SI (F v x ikt Aptiganel =
VARVE e S Gavestinel )
AMPA Z R ZK200775 Br & W
GABA, =R VERNZK Clomethiazole Eligoy)
A F 2 F v FVPHE/NO FHESEK Lubeluzole J5gh?
7 V=7 P ANAEEHA] Tirilazad )
Ebselen )
PIRIESR (Bt ICAM Hiik) Enlimomab ==
SR i A GMI-ganglioside 20

“Potential neurotoxic effects.

»Significant increase in heart conductance disorders.



Figure 1. SUEBIMEIERFALO IR L ¥VE, I L OB Mm% OMaEE D 2 7r— K

finiz& o
v ERREERE H=f .

v BENEEGSELRREA £—4

 FEQ BEARLNTLS (BRERRERE)
>V REERIEER (45 M T) (PR TEID T A
v B 20055 BECIFIEATIESL

W) 8E0 SHEREEAREL CHREEOME
: [ 7R 0 ]
MBI || WEEEET [ 0 iRge |«

- LR A F oL @) |

_»t_ ‘ IR I B e H FibOUE B 2R (B) |

A ERIE SRR~ L () |
— v

&
Fit

Minvrtes

A

IR 2 37 R

=
]

N 3;:* L PHEE? ” ‘ Na*/K* ATPase {17 H ATP 138 ‘

HEES TR A=A o i

- | BEE N ?«»?JI/,%.E AL \l | stk 1 Cat 5% L PR !
g '\ mmx,«@z@ﬁm |
{i@ ‘ Na*/Ca®* exchangerﬁ@@; ‘ i w
B ] | T B 5
3 ol = = = = I T
2 Na™ 37t A ‘ CaZ A ‘

v
v JU—STNLEE S SUDLER) SN (8 |
v AU IE SR SRR I
v EROEUTEE

iR FREE

| wiiBRaRsER T |

¥

BEO MEZEOBMRANENRH NN T
—| EMEEE A EEEAN T

W) 8O N FrALEEES—Soh L REGE
BRSSO L —F)

B:iT3L3EME hE
C1:475 Z iR L TH L1 i i 3 SeeniR i

I
DG I
T AEADRIE |

Days

Weeks




WE MEREEEIE L LTO Na" F ¥ RAHER

BALKAENE Na© F ¥ R VIR EN O EARIZ L - TR 2 ABR 22 A 4
??7”T%U PRFECAR A D K 9 72 BRI WL B A, TEEVEN OFRAE LR
HIZBbD o TS, FMRER Y NU—ZIZBWTIE, v 7 A OERIEE
OENRFISEMEIC EE R &ZE 2R L TR Y, EEERE) O REICEDL £ T
DIFEJRWRRIEE 2 X2 5%y T — 27 BRUIZE b > T\ 5. ?-éuﬁkﬁﬁ Na"
T v ROTRFICHRREIER O F o iR I L2 < RfE L, MRRICHIT 51
BB OBKIEREIZRE S LT 5.

Na' F¥ xVE 4 DO RAAL B D o7 2=v h& 2 2O B-H7
2=y RO SN TED, N7 ROENZ R EOT v RVEREIX, a-t 7
2=y MIHDHEVDLILTWA., -7 2=> k)5 Table 2 /89 9 DDiE
BFREIESINTEY, BTl TRIAL TWDHEREOMA, BIORA
BPEICRB T ARID LA I IR R D D IR Z < JRET 5 E i1 1X
SCNIA, 2A, 3A THY, ZHHTHMD 90% LI EEEDHTWD. F 7Ptk

TR IZZ S REN AL SIS Nay. 1.2 IZBWT, 7y it hofEMEX
70% THD. —J, k& E U< IHEENMNOIZEIZ Na”™ F v 1A H-> T
5D Na™ F v rVEMLRTF1E, SCNSA ThD. £727 v MIBITHMME L
TEDFEEIVEIZAR 50% FREE LK<, FMHfkFFRERNm W E bl s.

Table 2. WiZLJAD Na" F ¥ %/ o 7T 2= & FDORELEF

Bi5F F v RVAFR EEREBUGET

SCN14 Na,1.1 AR SR (AR AR O MIRAR) , RS HHRER
SCN24 Na,1.2 AR (FICHhER), 7 U7

SCN34 Na,1.3 i aRRE R (SR, 707

SCN44 Na,1.4 B

SCN54 Na,1.5 9y ]

SCN8A Na,1.6 X, RAEHERR, 7V 7

SCN94 Na,1.7 RAEHRER, 70T

SCN104 Na,1.8 RAGFRHE

SCN114 Na,1.9 REE RS R




MR DIEBEN BN DFAIT Na” BELO KF OHIA~DHAVIZE DD THY,
ZHUE Na” Fv F LB L K F v 2LOBIC m%émé SSHNSC DIk A
WO H BNV IE Na" Fy ek b S Tns. 19wk, fifustic Na© &

Ca™™ %, MM K™ 2% < & ATRRE THBRAIIRIZB LN THRRE (§F 1k
BEEEAL) 2> TEBY, b DA 4 U AFROHERHZIX Na'/K'-ATPase 735 5-
LTV 5 IEEEM SR AT DRI EMN 2ME T LGN K Otz
LV, By = % & BREMNEITIED Na© T v L3 s Gl FE TR & R
L. ZhS Na' F ¥ 2V DiEMAL (openstate) TV, TDhdH 5 BIEOIE
Nz 5 & REIC Na” BN ~EAT 5. #% Na' F v R/UZE0HIZRTS
MALIRFEIZ 72 5> TPA L (closed state), #frldREEIZERE DREIIC 2~3 I UMM Z D
REIZE EFEoTWND. 20%, BEMOEEZLZML Th-< D LR K
FX¥ RNV Lo THSBNEZ Y, ZOETIE Nat F v 32V F R RE
(resting state) 2V, IROIEBENFEN OIFAEITM 2 T 5 (Figure 2a). MEIMIRFE
T, ZOWSMmORENFHRET 5 & FHLN TS (Figure 2b).

Figure 2. Na' ¢ 3 /L site2 #[HETHEFR. () TEEMELE Na” Fv %L 3
DOIRFEDRAFR. (b) IMARAEIZ IS 1T 2 Frfe M 7 k.

FEMEER B O HEGE
normal »

Open
( gg::,, - Depolarized (Activated)

Resting Resting -65mv Resting = -

(Close/ (Close/ (Close/ : . .
Activateable) Activateable) -50mV Activateable) .  ammm ' .. ma
Polarized
' site2 (A EF3E
Fri 9 Rk 4B D

MR EE O]

FHEQ Na* FYRIEFIZLSZHORE

W) B HEMNAECIETS st 2 EHRMCIAET SR
DER

INFETIZ Na" F v FALOBEHEAR MO TCWDHREFEOT ha Kby
R, FITADNAIED 7 == A NZHDOWT, IFHZEDIREIE L L T O RIREM:
DRSS TE7Z., LrLInbizkd Na™ F v xVEWHER Tk, Na” F
FIVDRT DESIEH LT Na™ OBl Z LT 5 Z & 12 X > THFRSCH A D



IR ZFLE L, MRISEIZ O L OZME 325 2 &1 X 0 sikicxtd 2 &k
2T, bOWITMEEOLEN (RISEMEOERS) 12X /FTREED X 9
RERZSIEHT LSRN TS . Na™ F v VTR, & 2 EALICFFRACHE A L,
R & 72 BLERRE R TR A OMREN LN TEY, BEDLE A Table 3 |2
TP 9 ODH A MKERERNIC I ENT WS, P EFEOT b B RF o060
TIPS D WITRPTREEEIE, 2321 site 1 BEO site 9 IZHREE LT,

Na" OFBBE DD ZHIET 5. —J7, site2 IZFEETH3 T 2 ¥ v (BTX)
T MYV, Ta=F> (Figure3) 1F, IEHLIREICH D Na© F v %L
BIRICHRES L OIEMIEREEO LR EILZ 5 2R 2 L, RIEM(LRELZHLET S
Z LK EI R A E T SR TS, D R EIREIK L LT
PENDH Na' F v rEKOERIL, EIMLIC X > Tol & = Sn=iiotio
FHOIRBED A2 R I+ 2 L TH 5. T72bbH, Na” F ¥ R/ OiEHL
WREDRHBEIZEE LT 5 site 2 ZRFRMITERTT 25 Na® F v R/UBAERKIT,
LAV E <, PR A oR < NS D IMEEZRIRIRIE L b E X b D
(Figure 2) .

IHNE TITHIEZEIRIERR L LT, WL O0® Na" F ¥ RABLEEDRRIEN 2
STz (Figured). " LovL, FiCADAKD 7 2= hA 2 TiE Na" Fv
FIOVEEWTERH 089 12 L 0 BRIKERER ClIES TH 722 &, F7= lubeluzole T
1T QT IERAEM ZBRHICBIFE 2 WA LT A, D gL, P/ BRI ZE 78
KD [Z 7 FFi%E |, SHE~THENO IR & 28RO 7 7 10— L{L 735
KD 77 a— AP, EBRICE D DLEMENERE] BLO 2
DT KINZ D73, D 9 BLEMENIERRIE I IMFEZED 27% Z 5D TEY,
ZDEEORMNBEE L 2> TS, W 2D L9 RIERND, )OI
& Na" F ¥ RAPAFEORRICEB W TR TN EHEILL <, o MEERE
VDRI B R 2 R o r — AREIND Z &b, FFICODIRICH T 5 %4
PEORRITEE TH L EEXbND. EFITMEGFD Na' F ¥ R HEENE L
TWER SRR O T2 012, B R & < DI RHT 2 22 BP0 PR S 47, site 2
ZHET S Na' Fy 2 AFEROARLZ AT L L. 20X 7%
Na" F v RV EI AR C X U, BEAFIRIS 22 WO iR el B 5 3 o e H &
BL, ZEEPHLE IR 0155 LB 2T,



Table 3. BN IKTFNE Nat F ¥ I 1T B ki OfE S0

Site Neurotoxin“ Physiological effect

1 tetrodotoxin (TTX) inhibition of transport
saxitoxin, [l-conotoxin

2 batrachotoxin (BTX) persistent activation
veratridine, aconitine

grayanotoxin, N-alkylamides

3 a-scorpion toxins inhibition of activation
sea anemone II toxin (ATXII) enhancement of persistent activation
d-atracotoxins slow sodium current inactivation
4 B-scorpion toxins shifting of voltage dependence
5 brevetoxins repetitive firing
ciguatoxins shifting of voltage dependence
6 d-conotoxins (6-TxVIA) inhibition of activation
7 DDT and analogues inhibition of activation
pyrethroids shifting of voltage dependence
8 goniopora coral toxin inhibition of activation

conus stratius toxin

9 JIFTFRELEE (lidocaine, mexiletine 72 &) inhibition of ion transport
PLTANAZE (phenytoin 72 &)
dihydropyrazoles

“Insecticides are shown in italic type.

Figure 3. Na" F v R/l site 2 [ZFEAT HHENR R,

batrachotoxin (BTX) veratridine aconitine



Figure 4. BEfFD Na' F v R /VPLEINE T 2 8.
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B=E AFEOFHE LB

XL Na' T R VBLERDR, R CH IS ZESMEIEREICR2 0155
& B Z TR 2Bt L7z, AWF22TlX HTS (high-throughput screening) T &
VIS HTS 7277 4 7AW 1 O ARRERZBIBL, 3-7 2 /-1- (5-
AVEZNFFY) 2-TaR ) = LR B IR R Y DR E NS B D 2
DDTELA T EIET, BET VITEBW TR s 2 Rr LA OB
£ 7= (Figure 5). BEFD Na” F ¥ RAFLEERNAG L QW -REZ Bl 5 72
DT, BRI W CHEE 22 OTBiZ B LAt 2 £ L, 3-
TI/-1- (5-A VXN AFY) 2-TaN ) — )LRENLIHEEY 4b O,
2 O UREN DI LAY 29e OBURICE STz, FLAMRICHE TR S
TEiEEIL AT, TOMSEEL LTIV /A VX ) B ER LT
7o, ARFEOBEICE W TAREERD T AT LA BRI L O BIR N L
Elpolole®, FHEEIEEEOBFHIOWTHE[ L=,

Figure 5. RIFFCICI T Db GO E

3-amino-1-(5- |ndanyloxy} matEitEY

2-propanol series
rj% —~

\VA o\)\,N

2HCI ‘ BEPEED
N ) THE AR
v Na* F4# LIEEER: 1C,,=0.56 uM - hERGfE = {FH
v SuMEEEIIHIER(n vivo ): 33%HI%] D ek B4
{30 mg/kg x2, ip) P
v D, binding: Ki= >10 pM pyrrolidine series P ,.\%i COzMe
v hERG: 99% inhibition@1 uM RU - 11oN__0
D,EE KRR o]
DER 2HCI
HN. 3 (6R,11bR)- "
pyrazinoisoquinoline
/‘I TO\/LJ K\j\( Q)ieb
4
ey v Na* FvRJLBEEMER: 1C;=0.51 uM
1(HTS79747) v Sy REEHI AR (n vivo ): S6% T+
Na* Fv 2 JLBEEIEF: 1C5=0.43 uM (8.2 mg/kg, sc, **p<0.01)
D, binding: Ki= 0.61 uM v" D, binding: IC5,= >10 pM

¥" hERG: 8.4% inhbition@1 uM

ARHFZE CTIIIMFESEIRIR IR 24517 L 7= Na* F ¥ RVBLEROAIR 21T 5 72012,
Figure 6 (278 L7-7Hli 7 0 —ZFHE L7=. Na" F ¥ R ABLEEYE (invitro) DRF
icix, 7> MO F 7~ Y — ARENZE L2 R & U - BRe a0 R 23 2R
SNz, FEREEES (nvivo) OFHIIZIE, 7 v F—i@tEmENHAZEET

-10.



ZRT D, MEEEREOMBIEM Z46E & LciHiiE N @RSz, BR T
DEWERORBUIEDNET 5 &E 2 HILDZEERLT v X /VITxd D BIRPEIZD
WL, (1) FAMWE =% 0 Y = X AORBINEDND R332V Dy ZREITRE
T HEIWEIL, R Dy RGBT 268 L, (2) Ik
QT JERJEMREICOWTIX, ZDHEK TH S hERG (human ether-a-go-go-related
gene) F ¥ RV T DL EMEH 2 IS & L72fHiiiEn @R Sz, BEfFO Na'
F ¥ RN EIRICR ST, < OFEAPEDME QT MERAEGREZ B M ITHiE)
ODREZRERS SN TWVWD Z &, FMEERTITIL ORI BEEE 2 £
T ARESND ZEND, EFITRIT LI ﬁ#éﬁé@ﬁ%ﬁbt%ﬁ
WHIEAEATH 2 & & Lz,

Figure 6. {LE ORI~ = —.

& Nat Fr)LIAEE M THE B E/AIVD, ZRARSHER
iy TrY—LEEEE > EFISA—FL U= X LOREOE S
g | /OSSR LR ]
B | /O EEASMSUERBSEINN| |8 heRG 7yt A EHER
=l R ILBILIAYTFHSLTiE
ST | S M QT EEEEEOEE
= %E@ﬁ%’nﬂ’)ﬂﬂﬁﬁ’&ﬂﬂ%ﬂ i B EHEEERE
"""""""""""""""" O ##: ELEYMEOEILES
O $542:ADP,, CEBIE i EHEEESR)
S Et T EEAEEHOEE
= | o murEem
9 Sub—BENESREEETIL
3 O #5142 BiEE AR

FBBLOE _®ETIE, 7y MEIET A THEEZRL, 5D Na' Fx
FOVBHETENE & BIVER & 3l L 72 BREHZ A9 2 L 2 BRI E L TH B
I L. BRI 32T -1- A F =N RY) 2-Tuk ) — LR
LA DA E, H_Ficen U P RmHbEMO SR E2 £ L O
(Figure 7). 72 EFH 13, MFEOEE THONT-EIEH LA OEH SRIETH 5,
IV A YRV ERKRDOEYT AT LA TEIRE AR SRS IE O BRI oW
THHRHNEITY, FBICZOREEZ L DT,

in

%—E:L&é37?/1-64V§:wﬁ%y>27mﬂ/—w%%m%
YOG RMFTETIL, Na©™ F v RVBREENE &, BRRICR T 2 EIER & L CEAIME
AH%//%RA@ﬁﬁﬂ%bﬂéFA:/IbXQWKﬁféﬁﬁﬁk@ﬁ
BEA HIE L C, HTS Ik 0 EON7=T 77 4 TALEWNLHHBO Na" F v 1 v

.11.



PLERZHF LA L. 7277 4 TIbEMmoO 7T I Vi &2 B Lok &M D
Na" F v RVILEIEME & RN 2 Dy SR MBI 2 50l L 72 RE R, R332
Dy MK T DEMENMEI L, 22T v MEIET B W TRIL A
Td % SUN N8075 (Figure 4) & [FISEDAIMEZ R LTcLEY 4b DOEAFITALE)
L.

Figure 7.3-7 2 /-1- (5-A VX =)L AF ) 2-7uX/—LBLlOtr U VAR

m@ @

TEUEMIDIER

H

V\ ’l“m * l/\J/O\/L N =

3-amino-1-(5-indanyloxy)-
2-propanol series

/%ﬁﬁmgaw
' ] ot 725

RHN.
o
RS

pyrrolidine series

o
g~

1(HTS 79 T417F)

Sifs —

BRI R ) VU RFL AW O A AL TIE, Na© T v RVBLETE
L, BRRICBWCHEHEZREER &2 28 QT EREIEBEHOEK TH D
hERG K* F ¥ VKT A EEA L oML B L C, Ftn ) P UEE
KOG L Gk EFEE Lz, SRENALEYOREFEEME LY, Ernl Y
VIBERD 3 NLOEBFE) hERGK T v 1 E OMAEERICEE L TR, 3
MIZEA STy 7 a %L, hERG K F v R A THEEH DK FICKE
K EFEHEYTHZ 2R L. &5 hERGK" F v RV ENER & OTBfEIC A%
L, 7v MEHET VB TEWIMEZENHIEH 278 LT2EEY 29e (2o0
T, DAEENEM I ERBR T OILRE R, LAY 29¢ OQT EE/EHD Y A
TIHERNZ ERRENT.

EHL, BT SAEILAY 29 2D, DEPHCHT S U 27 85D
JEW S L7 Na™ F v FOLHLEROAIR % A 5 U CARRIE 217 - 7. Z Ol
BT, BOMEL LTET Y /A V%) U Bk e T o lLaln, &iE
PETHO DT L CEWESEE AT B LAl E LTRIS A, ZhET
STV A YR RO SRRIR A e HEEE HS STV B,
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&8 CILHMED E OB FLE DA 1372 <, BEAFO A L TIIAE # O SLAREIR
BB RRIEIARARE Ch Tz, BEETRIE TV /A VX U U FROFHE#H
WMENEZRGIL, mY 7T A7 VAR TP HANED m & EE O BIF IZ Ak
HLI=DT, ZORERIZHOWTHRS (Figure 8) .

Figure8. ©'7 2/ A4 VX U U BHOTT AT L A BIRAESLE.

P o COMe CH3SO3H o ~8.CO,Me
R@1 L Rmfo or HaSO4 R_IK/;TGDN o
— MeO H" f
MEOZC NHz MQC)7LN rt H
H single diastereomer
—80°9 i
D-phenylalanines 18-80% yield (6R,11bR)-
(R=H, Me, OMe, CI) pyrazinoisoquinolines

AMFFE O BlARIRE R CTREICHE D Na' F v VPR BRI AR 2 ki L T\
7228 (Figure 4), WEZERKRIZEB W THZ2IEANI A ST, F—EE
FOFE EOMEL Y, Na" ¥ RV EEKITT v NEMWTET MV THRU N
FEFEREIHITER 2R3 Z L0800 o 72, S BLICARRIC LY, ERIEERICE
WTHBEE 725 T, QT IERAEAICARE S5 DI %95 Btk O [allE i w]
HETH D Z ED/REI, Na© T ¥ F/VILEIRO SN ZE IR & L C O ATHE
PR ENTZ, FEEZF|TE, 9V 4% ) UBKROMETEY T A
T LA REEEZ R L, AFRICB W TR S Na© T 1L fRE
HOESEEDERKIEE LTORBROAIE LT, SEEREEIEERN SN T
WHETZY A YF ) VFEEROEGICHICHAIRETH DL Z L AR LTz,

R OWT, BT 5.
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N

F—EF 3-73I/-1- AU F=LFHY) 2-FaX)—LF% Na'

Fx RIVEHEIK

Na" F v RVPHLEKOERZ AR E Lz HTS 12XV, Na" F v %/ Dsite 2
WIZREET D6 b Thsd BTX  (Figure 3) 1ZxF L CTHRWREATHEIEH 27~
k& 1 REHEENT. D LrLAans, k&% 11X R332 D, ZEEIC
K LTH,Na F ¥ RUESEMER & FREOROESLEMER 2 R tEw
ThHHZENHBI L. R Dy ZBEETUERZ AT 28I, BRRIC
BOWTHAMEA—F 0 Y = XA ERBT 52 ENBEEN5. 19 EH1E, Na'
F ¥ RV FEM & RN 2 Dy ARG BAPEDSTEHE L, 23258771 72 )
EERZET 2L OESZ BRY & L TR & Billh LT-.

ARy R—=1R ) 22U R (Figure 9) OREEICREESND, BHRT U —
NBIOANTaT7 UV — LR DO RT U UEEE AT WL, —
XBIIZ RN Dy ZBRICH T 2P UER 2 BT 2 FE R I NNV T T AT
HHEREESN TS, DB 1 13 aXY R—=1LD7 I UL A Uk
EHLTED, EHIIZO7 I UHoMHER, R332 Dy SBFE~OF M
FHL Wb EEBXT., —FTbEw 1 1%, ZoEoi#EEE LT 3-7 3 /-1-
(5-A U H =N AFY) 2-T v — VN ERT 50, ZHUIHFIEEAA Y RFliG
PRERER & i L TV /= SUNNB8075 (Figure4) &4 Tdh -7=. SUNN8O75 I
T V=V ERT DUEEE AT DI BT, 20 R D, ZERICK
THEMMEIIINZ ERMESL TS, BV EH 1T, N2 Dy ZEKR~D
BRMIZHG L TCWD EEbNs T I Ui e BT 52 Lk, R33 v
D, ZREBFMEDIK FIZARETH A D BT, 22T 3-T7I/-1- 544
ZIVAXY) 2-T R ) =i N E Nat Fy RN EKO Y 7 —~a T 3T L
HIp L, T UMD B A G LT (Figure 9). 3 72bb#ii-7e 7 I Uik L
LT, KT V— N EEEALZET V=L ERT VU BIORERT VU
& (2) RKATBREXRYDUME 3), ~T a7 U — e UUiE (4) &
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et L, RV Dy ZBFWETEHZ2E T 2LEMIL B OEBR 7 = =1
R DUBIOERT D UAMEENS, DT S UAEEA~OERL A B LT

FE72 invivo BIET MZEBW THRIREEHR Z 3BT 2121%, (L& RAT
RMBATHEZ AT HZENVETHSH. B STV D RS X OFEHACE
DYEIRT A —F DTG, 731 &, WMEFRmAE (polar surface area), VAN
D 3 DDONTA=EPBATIEICBER L TR Y, £0 o HIREVEICE L TR
7¢ logD (A7 2 7 —IVIKROSEAREL, pH7.4) 1%, 1 7D 4 O#FEHTHD &
WOEN SN TNE. D 22 TEFIE, pHT4 IZE1FD ClogD i (ClogP
i (Daylight version 4.9) & pKa (ChemAxon’s Calculator Plugms version 5.0.0) 7>
ORI SR ZMBATHEORIE E LT, (ke &21To 2 & & LT,

Figure 9.3-7 X /-1- (5-A U X =)V A F3) 2-FmsN ) — L3RG O G Rl BRI,

D, ZE{AHEHE (aryl/heteroaryl-substituted piperazine/piperidines)

- OH N-CQ
J\/\/Nj\@ i @ J\©’
e, :
,L
haloperidol \ risperidone m
Kin 7 )—ILEDBA
L ki . %
K/SSY D, BEGERAMD | AL/
BENEFRT7IVBEDIER N
5 2
OH
o \) O\©\ O\)\/R X CH, C(OH), N
q {:L/I e - O©/ - :r%%hN Ph, 3-pyridyl
LT ) Na* Fr R LIEEED Y
D, binding: Ki=0.61 M Z7—~X3aA7*7 er/ Z@

X: 0, CH»
Y: N, CHp
el
-------- Y F

Me
Lo A A0
j /)/ r 2CH3SOH 3
HNE YW
Me N 4
SUN N8075 X: 0. NH
D, binding: Ki= >10 uM YiN, C
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B 3-T3I/-1- B-A U F=)vFHy) 2-Faxx) —)LFEEEK

DEFK

FEHIT, RV Dy ZFEBAEOIKR T Z2M 25 BT, SRR T S
LTCWD EBESNTT I VEMNLOEMZIT 7=, K7 I 2% Scheme 1-3
IRTHIBIC TR ENTZ., FTET U =LY Pk 8¢, 10a, 10c, 7 =
XU T 2=V ERT VUK 6, BLOET U —LEXRT VUK 14a— 12OV
THMZEIT>7- (Scheme 1).

HIRENTWD 4-7 =2/ F> 7= (5) ¢bvR2-7unxF LT I Uik
figth & % 200°C ([ZTHIEAL, L&Y 6 G HNT-. 4L Fax vy P Uik
EK 8a, b 1L, HiRD 4-FFV/ERYDL Ta MH T U =y — ARSI I A
pRENz, 4B Fax e DUFER 8¢ b, 44FERY T Te b
LIEBRIC L TA STz, 4-8E Rex v XU P UFEK 8a, b IX, MU 7L
A fElE (TFA) &K DWKESE tert-7 F VT30 3 A — K (Boe) LD ifri#
MIARHZHEIT L, (LAWY 9a, b BENETNSELNTZ. /LAY 9a O _HEFEG %
KRFBWMBOSIZEVEILL, E7 ==L XY DUFHER 10a BE 6. 1k
A% 10b 1 ZLEY 9b INLLUT 4 TRETHEK SN, T72b6, (DAY 9b
DERY V=)L % Boc ZETHRi#EL, (2) KETEMAEREICIZLY “HES
DIBETLE RN —T )VORREZITY, (3) 7= /X% EE N 741 R
B UANVKRUBEBT AT VN E B, (4) TRIXFAN) T2 VAR AT 4
NI L (0) T T, U3 Ra el >y 7Y 70 %
119 Z LI vibEa® 10b BNEKENTZ. T, (LAY 10b O Boc R
fig—A X ) —VICTHEREL, 7V =LY PUiFER 10 55z,
4-t RrF el UUFHER 8d 1, (LG 8¢ OD=F LTS A— NEAHE
FEMESRME T CHRET 2 Z L ICL VL. BT U UFFEK 12a, b (X 2,5-
vvaesvrl Uy, B 36-vruanb Y XU NCkTH 1-Boec-ENT UV
11 ORBEEBRLOCIC LY GRSz, Boniba® 12a, b BT ROL
A 12¢ 1, TRIFARN) T2=VR AT 40T 074 (0) il FCT7 =
=ARe U, LI Y VU3 Ra el AREH Y S T EITH D
LIk, {LEW 13a—c IZHEINT-. TFA IZTEEY 13a—¢ @ Boc FDi
R#EZITHIZEICLY, ET U —LERT VUK 1da—c DERES T,
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HQO = me ©
- 6 (64%) O

HN

10a (80%)

X X
0 b HO d
) —
RN HN \
7a: R=Boc 8a: R=Boc, X=Ph (33%) 9a: X=Ph (69%) @,Q/O

7¢: R=CO,Et 8b: R=Boc, X=0Bn (55%) 9b: X=0Bn (97%)
. I:Sc: R=CO,Et, X=Ph (36%)
8d: R=H, X=Ph (70%) 10b: R=Boc (54%)
10c: R=H-2HCI (89%)

= Y 4 ]
NH h I, i AN
BocN._ ” N i NSy X
BocN\) BocN\)
11 12a: X=N, X'=CH, Y=Br (49%) 13a: X=N, X'=Z=CH (77%)
12b: X=X'=N, Y=CI (62%) 13b: X=X'=N, Z=CH (64%)
12c: X=X'=CH, Y=Br 13c: X=X'=CH, Z=N (47%)
3
j p | 2
(\N \)()(I
HN__

14a; X=N, X'=Z=CH (90%)
14b: X=X'=N, Z=CH (83%)
14c¢: X=X'=CH, Z=N (81%)

Scheme 1. Reagents and conditions: (a) bis(2-chloroethyl)amine hydrochloride, 200°C; (b)
4-biphenyl magnesium bromide (for 8a and 8c¢) or 4-(benzyloxy)bromobenzene, Mg (for 8b),
THF, 0°C; (c) 5 N aqueous NaOH, EtOH, reflux; (d) TFA, CH,Cl,, 0°C to rt; (e) H,, Pd/C,
MeOH/H,0, 60°C; (f) (i) (Boc),0, THEF, reflux, (ii) H,, Pd/C, EtOH/THF, 50°C, (iii) trifluoro-
methanesulfonic anhydride, pyridine, CH,Cl,, 0°C to rt, (iv) pyridine-3-boronic acid, Pd(PPhs),
(cat.), 2 N aqueous Na,COs;, toluene/EtOH, 100°C; (g) 2 N HCI/MeOH, EtOAc, rt; (h)
2,5-dibromopyridine (for 12a) or 3,6-dichloropyridazine (for 12b), N,N-diisopropylethylamine,
N-methylpyrrolidone, 120°C; (i) phenylboronic acid (for 13a and 13b) or pyridine-3-boronic
acid (for 13c¢), Pd(PPh3),(cat.), 2 N aqueous Na,COs, dioxane, 100°C; (j) TFA, CH,Cl,, 0°C to
rt.

B RATIE 2 HER 2 2 & 2 HEIS, IRICETE R ClogD HA2 A 51LE

WoOREIToTZ. T
FO~NTFuT7 U — XY 2 (20b, and 22b)

SUEMEE L TCAE R E XY 2 (15b, 16b, and 18b), ¥

Zaxal L7z, FFAEREANY
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T UBEIR 15b, 16b, 18b D&k AE1T > 7= (Scheme 2). L& 15b 13 4-4
FYENY T Te 0D Kubota HDOFED /- TAK ST, L&Y 16b
X p- MV 2R B (TsSOH) f#ET, 4-AF VXYV Te EXRUVAT
I RFF VL LEDOMAERKISIZEVILEY 16a ~FFEINTtk, =F /AL
A— RN EEKBEANY ¥ A THE#E? T2 itk viEoni. (LAY 18b
%, HIROALEW 17 (b 7t a T F a8 AL LAY 18a #457-
%, I\t 18a @ Boc HAMEME-HETF /M THiRET 2 Z LITL VAR S
niz.

RINZA~T BT J—/L XY D UFFER 20b, 22b DA ETT 272 (Scheme 3) .
IbEW 19 LU XTI A XL LOHR IS TFICBIT 2BLER? 12XV
L&Y 200 55072 1%, (LAY 20a @ Boc K& HEEA—EERE — F L2 T lifk
HETAHZLICLY, X TUT Y —VEEEK 200 BEKI . RURAIL
Y —)VEBER 22a 1%, AW 21 LT BT UIZTA I R AT IVIZEBRL
1, 0-7 =Ly T IR SELZLIcInBEon. P 2ok, b
A 22a DRI LN A— K (Cbz) K% /kFE T RE/KEETIC CTLIRH#
THZEIIZED, RURAALIF Y —)VFHEER 22b BELNT.

B Hn7=7 2 1K (6, 8d, 10a, 10c, 14a—c, 15b, 16b, 18b, 20b, and 22b) % H\ T,
3-7 2 /-1- (5-A U F = VA FY) 2-T s ) —)LiBiEK 2a-g, 3a—c, 4a, b 2
B E 17z (Scheme 4) . KSR O IEFE & 72 2 AR X UK 24 1%, HilRD 5-
AHF 7 — (23) Lok R UV EDORISICEV AL, =AREFY
k24 47 21K (6, 8d, 10a, 10c, 14a—c, 15b, 16b, 18b, 20b, and 22b) % 2-7
2N — VIR INEGRIE L7, - VI ClERE E L, BT
»H5D 2a-g, 3a—c, 4a, b BELNT.
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A
15a: R=CO,Et (85%)

© o[, 15b: Re H (83%)
EtO,CN
7c \
RS9
N
b TN

16a: R=CO,Et (500/0)
dl, 16b: R= H (68%)

0
%%H »—cF,
/ \gr\s
_© .
N
Boc N

17 18a: R=Boc (92%)
L. 18p: ke H (58%)

Scheme 2. Reagents and conditions: (a) (i) 2-bromobenzyl alcohol, n-BuLi (2.1 eq), THF, —78°C,
(i) TsCl, pyridine, CH,Cl,, tt; (b) 5 N aqueous NaOH, EtOH, reflux; (c) benzamidoxime,
p-TsOH-H,0, toluene, reflux; (d) Ba(OH),-8H,0, EtOH/H,0, reflux; (e) trifluoroacetic anhy-
dride, Et;N, CH,Cl,, 0°C; (f) 4 N HCI/EtOAt, EtOAc, tt.

-N
BOCIO/ O/\N
RN

19 20a: R=Boc (34%)
bl S0b: Rer-HO (99%)

21 22a: R=Cbz (92%)
d|: 22b: R=H (99%)

Scheme 3. Reagents and conditions: (a) benzamidoxime, NaOEt, THF/EtOH, 70°C; (b) 4 N
HCI/EtOAc, EtOAc, 1t; (¢) (i) EtOH, acetyl chloride, CH,Cl,, 0°C to rt, (ii) o-phenylenediamine,
EtOH, reflux; (d) H,, Pd/C, MeOH, rt.
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2a: X=N, Y-Y'=CH-CH, Ar=OPh, n=1 (83%)
2b: X=C(OH), Y-Y'=CH-CH, Ar=Ph, n=1 (76%)
A 261 X=CH, Y-Y'=CH-CH, Ar=Ph, n=1 (79%)

OH 2d: X=CH, Y-Y'=CH-CH, Ar=3-pyridyl, n=2 (21%)
C(j/ OH (\X ,Y 2e: X=N, Y-Y'=N-CH, Ar=Ph, n=2 (46%)

2f: X=N, Y-Y'=N-N, Ar=Ph, n=1 (37%)

O N L b 1
23 <:©’ A \)nHm 2g: X=N, Y-Y'=CH-CH, Ar=3-pyridyl, n=2 (75%)
_R
)

|7
C©/o\/<?4c. OH RD *R*% *\FN@ WLQ

@ e 3a (85%) 3b (87%)  3c (53%)

24 (73%)

R:
R N N’@
OH O O ,
O\)\/O */L\N *)\H
OQ/ nHCI 4a: n=1(35%) 4b:n=2 (54%)

Scheme 4. Reagents and conditions: (a) (i) NaH, DMEF, 0°C to rt, (ii) epichlorohydrin, 0°C to rt;
(b) (1) 6 (for 2a), 8d (for 2b), 10a (for 2¢), 10c (for 2d), 14a (for 2e), 14b (for 2f), or 14¢ (for
2g), 2-propanol, reflux, (ii) 4 N HCI/EtOAc, EtOAc, rt; (c) (i) 15b (for 3a), 16b (for 3b), or 18b
(for 3¢), 2-propanol, reflux, (ii) 4 N HCI/EtOAc, EtOAc, rt; (d) (i) 20b (for 4a) or 22b (for 4b),
2-propanol, reflux, (ii) 4 N HCI/EtOAc, EtOAc, rt.
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W 3-7TI/-1- (5-A XN FHy) 2-Frrk ) — Lk

DABETEMR X OSREESE

BRENT 3-T X /-1- 5-A v F=)FF) 2-F ) —LEFEERICON
T, Na" F ¥ RFAPHEEMEL LR/ v D, SREHES BRI 22540 L 7= 55 5
% Table4, 5 IZF D7,

Na" F ¥ X VBRI O AN, #AEFHMIE TH H T v M7 b Y — A
2 N 7= B EEAL R ETEIC KL W 1740 7=. Rhodamine 6G 137 T4 U ED K
FEVEROEFETH 0, FEEA DOZELITIE U TN B B9 5 (Figure 10) .
Aiuchi 57 OFEITHE, T v ML VIR LIz )7 b Y — A DREEN %
ELUIAER, site 2 ICRATH R THEHT U P (Figure 3) DUESE
EHMSEHITHE > TEIERELLITIEIML, > F 7~ Y — KEEBENL O By i)
BE N7z, Na" Fx RO site2 #HFET 2{LEMEMZ D L, Na" F ¥ 1L
DOIEFICEWBEEM oM L, EAREL SB35, T70bb, XT LY
DU TR A L2 T N Y — AEBENL OSSR E OB LA HIET D
ZLIZEY, {LAMD Na” F v %L site 2 PRETEMHOFG A FRETH D, £z
Ry Dy ZREESHRFMEE, 7 v PMBRSE O BEW 5y 2 v,
[*H]-spiperone % &Y 72 K &4 2 55ARBRIC L 0 il Sz,

Figure 10. BN AL ATRTE

+/+ + + + B —/'—I —5—g— -
FhiEE =)

Fhie "L

O REMRZUER

ET V=AY DU BIOET U — A ENT DU 2a-g 1%, HTS 7
774 7AW 1 LIRRRED Na* F v RABHEEMNZ R LTz (Table4) . —F
bEW 2a-g 13, BEAD RN v D, BT E RO HEETH LT
V=XYoo 7 U=V XTI UMEE AT D0, ZD KX Dy K
ARG SRR IIIE R I2INZ E o 7= (Ki>10 uM) . EF L Z OFE RN D,
TUV—= L EXRVDUBLIOT Y =L EXRT U ORBICEAN LG FERN, K
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NIV Dy FBICKTT DA E T TWDLDOTIT W EBE LT,

ET7) = ENY P UBIORET Y =BT VU FER 2a-g 13, Na”T F ¥
KV FETEM S RNV Dy B GBAMEE BTREEL TWe. L LR 6
ZIH D Clogh fElEX 4 UL EEEmWIREMEZ AT 5 Z LRI, MBATH
MENWZ ENREINT. £ CRUGBRMBITHEZ R I{LAMOTEZ B L
LT, ClogD flins 4 LN & 725 L oAt LAKRS NIz AE r B U U FER
3a¢, BLUNT 7 U — XY PUFFER 4a, b OFHIiA TN, £D
R, (LA 3b, 4a, 4b (TE\V Na' F ¥ RABEIEEARRFL, D K33
v Dy ZREAEASHFERIEFEICTINZ RS> 7= (Table 5) . —F 1,3-A
VRS T T UG R R T A6EY 3a 1%, B Na© F v mVREEEA AT

HHD0D, K822 Dy ZFEWICH L THHREORKAGHRMEEZ R L., 21
v R UHEEEAT DAY 3¢ 1E, R332 D, BB HEMMEIZET Lz
2, Na' F v R/VBHETR M & JREs Lz,

Clogh S 4 LLF 705 X OREFLIZ/LEY 3b, 4a, 4b 1L, TN EhlAIFE
JED Na"™ F ¥ XAHEFEEZAEL W b 3 {bEMDT v FIF 7 1
V= MBI DR EMEE G LT2RER, {EEY 4b D3 &b m W REH2 e

R LNy oTz (Table5) . £ Z TILAW 4b D, Na' F v R/LD site 2
IR AR AE I L. ZORE, LEY 4b OFREEGIHEFIREIT ICs=
0.30 uM &, SUNN8075 DfEAPHFEIRE (ICs5=0.75 uM) L V&<, {LEY 4b
1% site2 ZEWTdT S Na” Fv RAPAEKTH D Z EAREBREINT-.

ZZTRIZ, LAY 4b OEMWITET IV (invivo) (23T DR EIEH O P
WNTOITZ. In vive RHEIE, MENHAEETT L CTHD T~ bl KMEL R
(middle cerebral artery, MCA) PAZEE T /120 Z FWC, B ZERREMBIVER & 45
BRI A T (LAY 4b & MCA PAZEE# E HEREERICENEH 30
mgkg MEIPENE G L, MCA PAZE SO/ 24 KRB ICHH L 72K %E
2,3,5-triphenyltetrazolium chloride (TTC) THT 5 Z L2 LV, MIFEREmEL X
OMAREAFE H Sz (Figure 11). 27 £ 726 #R#E L LT, SUNN8075 (Figure 4)
O FEMENER IO T b RIBRICEHE A T, ZORR, L&Y 4b 1
2 b= VBEHCR LT 33% ORFEZERTEOHD 28 L72[201.1 +£50.2 mm’ (n =
4) vs. 302.3 +26.5 mm’ (n = 6) (mean = SEM)] . —77, xI#R#ED SUNN8075 DFf
FERRERDER T2 o — A BEICK LT 35% THY [166.2 +38.1 mm’ (n =
8) vs. 255.8 +31.0 mm’ (n = 8) (mean + SEM)] , {t&% 4b O F v FNEIET LI
U DM ZEIHIER IS REE L RETH L Z R3S k.

-22-



Table 4. Biological activity of biarylpiperidine and biarylpiperazine derivatives (2a—g)

OH

: o _L_R

Na® & v RV BHETE M

D, S FHE A B FnEe

Compd.” R . ClogD’
ICso (HM) Ki (uM)
OH
1 O\@ 0.43 0.61 321
* cl
O
2a pNQ | 0.74 >10 6.08
*/N\/
OH
2b ,, 0.22 >10 4.34
2¢ 0.24 >10 5.48
*/N
N
2d 0.29 >10 3.9
*,N
2 fj/© 0.85 10 5.04
e < . > .
N °N
*/'\(\/
21 ] 0.64 10 435
<~ N . > .
N °N
*/'\(\)
“3
~_N
2g N 0.75 >10 4.46
N

¢

“ Each assay was carried out using the hydrochloride or dihydrochloride salt of the synthesized com-

pounds.

” Inhibitory effect on veratridine-induced depolarization in rat cerebrocortical synaptosomes. See Exper-

imental.

¢ Determined by a competition assay using [*H]-spiperone.

4 ClogD values at pH 7.4 were calculated from ClogP using Daylight version 4.9 and pKa using Che-

mAxon’s Calculator Plugins version 5.0.0.
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Table 5. Biological activity of spiro-piperidines 3a—¢ and heteroarylpiperidines 4a,b

OH

Na" Fv xLlE D, RARKEG B ., CL
Compd.” R S ClogD )
TEME, 1ICs0 (UM) P, Ki (uM) (male rats)*

3a 0.44 2.68 2.62

3b 0.46 >10 2.26 0.32

4a 0.37 >10 3.39 0.15

4b 0.56 >10 2.83 0.10

O
—()
3¢ *@% 1.20 >10 2.63
SRR
<)
o8

SUN N8075'9 0.42 >10 5.37

@b.¢.d Gee footnotes in Table 4.

¢ Microsomal intrinsic clearance (ml/min/mg protein).

VL EOFERNS, Na' Fx 3D site2 #ETHLAWITT v MiKEET
T IAZ BV TP ZEMRFE 2 B9 5 2 & 3R &4, Na™ T v RVELEIR O Sk
ARG L L CORREMENRIZ I LT, £72 F/32 » D, FIKEEHUER %
BT HEERTIINVT TAD—DTHD, TIU—AERY DT Y —1E
RGO NEE AT DA, T I VEN ARG 5 2 L T, Na” F ¥
FNPREIEME RN Dy ZAREBIIMEE OTEBEIXFIRE CH D Z L RS
7.
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Figure 11. 7 » ~—i#tk i KINEHIRPAZEE T A 351 2 IR ZEBNHIVEF O REA.®

WistarS » | (¢, 260~300g: 938#) HAEFR}

KB EIREAZE - suture & =|H 24hr
1) |
o wam | [ — —
mE ARE v
t t EEARE S
saline or compound* saline or compound* v BAZAR
30mg/kg, ip 30mg/kg, ip  (*0.5%MTH L HETE) v TIC
SUN N8075 compound 4b
tSE
300+ meant SE 30 p=0.086 mean
p=0.090 il

250 "

- = 250 T
E | E 33%
E 200 35%‘1’ T ﬁ 200 ML
ﬁ B0 l ﬁ 150 L
ﬁ 100} # 100
2l 50 e
i 50 -
0 0 L
Control SUN-N8075 Control 4b
(30 mg/kg x 2) (30 mg/kg x 2)
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B AEOELED

FEHIX Na” Ty 3 VEROAIRAZHELT, 3-73I/-1- 5-A > F =4
X V) 2-T R ) —VHERORGE AREIT o7, BRICEB W TERAINE S —
XY RADRIANBEEEIND KXV Dy ZHFEEEBFEOIK T2 B
ELTCHTS IR 0EeneT 774 7bEm 1 OF7 I O Z Fha L,
Na" F ¥ RVHEREME L KX 2 Dy SRBEA BN & TRl L - (baW %
BEEAS L. 20 OFEEMEMBENS, 7V — A EXY DU BIOET
U= EXRT VU DREDHHRERD, RNV Dy ZBERITH T HRE 2 1hT T
W5 ATEEMEDN R STz (Figure 12) . E72ARBETIE, ClogD % B ATIE
DOFREICHW bWk Et 21T > 7. ClogD fEMETFL, 7 v MfIZ7 v —

BT HORMLENEN BRI ThoT/LEY 4b 13, site 2 Tk L TR TH
% SUN N8075 XV MWEABLEEMNEZA L TWe., EMEEET L TH D
7 v h—i#tE MCA FAZEET MIZBWT, L&Y% 4b X SUN N8075 & [RI%ED
I ZEIHIER 2695 2 L RSz,

I EOBFERR LY, AW 4b (TR K - THl & Z S ismofy
FeREA FrRAIZHHI 5 Na” F ¥ RAHEECTH 5 AN R S 72, (bE
¥ ab i3t v MEEWmE LTARRMEEMTH L LE A b, MEZESNERNR
WIRORIEUZT T, {LEW 4b PO I LRDIGHERZITO 2 & & L.

Figure 12.3-7 X /-1- (5-A U X = VA F ) 2-7 /N ) — )L R OREIETEPEAEBE.

OH/B

— R ,O\//*\,.N .
) R

Na* Fr#ILEEEFER:1C,< 1.0 uM

D, ERAFMME D, ZRAHMME
Ki=>10 uM Ki=<10 uM
v
— FHEERORD
O biarylpiperidine/piperazine FEBEROE \
/@ o ClogD <4 p!
= 2 X =
ClogD 24 Ho [ | ] no [
l,/“\/ o r/‘\ X r/j S
Nt N~ N
X=C and/or NH 1(HTS75547)

O spiro-/heteroaryl-lpiperidine

ClogD <4 /\ %@ - j N/\f‘@ J’i’@ [/\O-/\
N N gt
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BTE ErUIU%R Na FyRAHEEEK

B—HE BT

PR D Na® F v RV ERDERR R Z Flr U727k o—212, QT MEREAE
IicfiFE SN D ORI T 2 ZeEoMERET b5, P2 %%@ QT iR
JEBEREIXIEIC Torsades de pointes (TdP) & \W\\ioiu D BAEME LB REERZ 3T
HTENRHY, K F v B ER 2 R R O BUREEARIEDIAN O FEHI 3, Z D
EYIPE QT FERIEMRENRA THiE ) b3 < HuE L T 5 (Figure 13) .Y QT
FIFRAER (L= MIELE) X, LAFcHD HERG EisfCTa—Rahd K
F v x/L (hERGK') OMWHZ L0 5l &z Sh, Y Itk QT FERIEMEREC
X0 WS REE L3R AI DO KHE /28 hERG KW F ¥ RV [E LT QT #F
TERZ RS Z &Moo TS (Figure 14a) .

Figure 13. 3EWM: QT ILRIEMRE. {EEVEEALOIER & TdP.

- Longer
! &— Repolarization
DERHEDELL Time
(APD) [
| EET e
+—
: Normal ~300 ms
i Lengthened~320ms; i ‘ “Torsades de pointes (TdP)”
— QTRIE —) B DT R

1

3 1
DHER |
1

Q Vs | | M J
: Normal QT interval : 1 Y Y‘ .
: LengthenedQTinter\,ial i QTEE E‘H% TdP ’L\Hﬁ%%%
L — E— v
IKr Bt (hERG) ! b i
=B ( ERG)Q !

FERE, ARWFIE B AG Y R R 3R 2 9506 L T/ enecadin, 2 crobenetine, !>
SUN N8075"Y (Figure 4) %, in vitro hERGT v & A #&ER (h—rt i 8y F
Z ) OFER, 1uM TENEIL 60%, 69%, 78% Dl hERG K™ F v %
NMEERZ R L. RERIS, FxDH7IC/AELE 3-72 /-1- -1 U F =1
FX) 2-FaN ) —LEEE 4b b, 1 pM T 99% EEFICE WV IEEAZ R
ZENGMNY, QT MR Z/RT A REMEN/RIR S 7=, AR ZE B3 1300 s BEAE IR
ERO—ANEEIND Z LD, IR IR DRI 2 g
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EPERROOND. £ ZTEEIL, mOMRREFENZR L, 7o QT LERY
A7 HPMEV Na* F v 2V EROFIR A R & LTIt A Bigs L7z,

Figure 14a (23 X 212, WM QT IERIEMAEIC L 0 g HRER L 723K
FDOKRER L, WHMET I 06 LUTXEBM AR ST I L&, FHEEREDIE
WRIEEHEN Y U — 2N LIEEZ B L T0D. F—E TR SN bEw
4b HLIND EREOHEEZA L TEY, Uy hERG K" F ¥ RAVIHEE M 2R
7~ (Figure 14b) . F¥-hERG K" T v /L EIERICE T677~v:77r7’
RMEEMEARBIC DWW T, QT EEAEH 2 -3 3AIOfEE 2 I L2 EH R

ICE BN EL s TW5. P ZRE0MENS, hERGK %»vz\/vﬁﬂﬂé—
1@%%1&%3)@5/\&%%@@%&%& LT (1) \EETI Vo pK, BT, Q)
FREMEAR T, (3) hERGK' F ¥ RAVFEAEAIC I T D &2 57, (3)
FErEEREREDEA, ) Vo I—DT7 LR BT 4 —DIRTENEZOND.
XTI RO 2 I, (LAY 4b OT I U ENLOREEZE WA 1TV, hERG KT
F ¥ VL EEEOIR T 23R A 7228, Na© F v R/UPLEEE S hERG K F ¥ %
JVERETEME & DTl L7 LB O BRI E L 2oz, L Lans, 73
VML OEBOBE TRWEAn-re ) Yo7t e s 25 H,Na Iy xR
EIEW AT LN otz v¥u Py rru s 25 35 FENNEL,
OREIERBIAIREZ: 3 DO EH T 5720, GRERT2ICH-> THMAZ
B THDEWVZ D, AW TIE Na© F v R/VBEEEME S hERG KT F ¢ R /b
PGS OFfiZ HOE LT, Er oo rFu s 25 ofE#HE R R B
LR OZEH, b OSSR RMEAO G ZEE L7z (Figure 15).

Figure 14. QT JERIZ L W fGE L7384 (a) L1EEW 4b  (b) OREEHELE

(a) EYEQTEREREICIYTBN SBERL-ZE (b) Na* FrRJLBEEE
E NH;
S \\ N Cl -’T\‘ )
O 00 O O
Y o "o f HN_N
N P P :
N M/’ L j HN™ O 1/
As N MeO\[/!\J L ] 2HCl
‘ —> N
[\ HO. j /T / L\TOH
e h[I e j B0
_ @) )? 'ff-/'l'-\“”
0 Me @ L
*\\r” Me™ Me %/ L
OMe F
astemizole terfenadine cisapride 4b
1C54° 0.9 nM 56-204 nM 6.5 nM hERG?: 99%@1 uM

9hERG K* channel blocking activity in human embryonic kidney (HEK) cells.32d)
?nhibitionrate determined by a voltage patch clamp technique using HEK293 cells expressing hERG channels.
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Figure15. t'm U 277 w7 25 OFHA & hERG [HFERGI O 72 DA RURBR 7.

3-amino-1-(5-indanyloxy)-2-propanol 1,3,4-trisubstituted-pirrolidine analogue
series

#*-HN,
N 7 /CN*x
H
JN oY @N,' Y
H b \J',VE,MR‘U
P AN N (3 =
1T ~z ]
N 2HCI =N

2. EnEEE
i ! B¥I(—& 25 (trans)
(hERG: 99% inhibition@1 puM )

1. hERGK* Fv R JLEEEHAHEE 3. hERGK* F¥)LEMBEKMEEEERIZ
SHBETIUEBAEEDIER EBL-&REM

@ BfE-BREEDER
@ IHRMEDER

%13 hERG K F v R ABEEME O FIZM) ¢, hERG K™ F v R /VELED
FHIWCBWTHEELRESN TS T 2 JBREED 5 B (Figure 16) , BUKMEF
HAERIZEH A & ST % Phe656 1245 B L7~ B R EBHEIE 2 r 22 LT, 329
72 h, Phe656 LG & OBUKMA AAER % FhEE LS5 X 5 e@EfikoE
AB LI ORE R ERMEORREZITI> 2L & L.

Figure 16. hERG K™ F ¥ /L DA 4 FLEMLDOET VK.

Thr623
Ser624

-~

‘ hF A n AEERIZES
Tyre52

‘ BB E RIS ‘“ . Bk SR

“Phe656

T iBhzm

hERG [AEEE

EALEM D QT EEAEH D FRIOT=OHIZ, 2 BBED in vitro FRERDNEA S
n7- (Figure 6) . +72b 5, £3 hERG 7 v ARz El L, RIZELT Y
~ DA DL 2 W TGV EA R ERABR 2 K 55 h 7 v —Th D, Z
o 2 DORBRIZK VIEEMD QT IERFEMITHT DR T v /L 23 L,
DIRICH L TRWESREEZ AT 25 Na” Fv xAEROAREZITY Z L L Lz,
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B e UUBEEEOER

2-2-1. FI7VRER Y VUBEEKOBBRELTHIRDEER

1T hERG K F v RV & OBUKMEMHAIERICE B LG R 4 FE i
Hl=IZ, erlvryrrues 25 [ZHEATHIEBREE LT, 7= EEBX
W7 a~F U NVEERTHEBLZBRIN L. B 1-_X0 P 4-7 == )b
ol UUBERD 3N, TV EBI OV aa U VR A AT DA
DEHIEZEN LTbEWE AL LT (Scheme 5) . /2% Scheme 5-8 THK S
NIALEMIIT R TCTI B IKRTH S.

TFA filfi: 7, kD F T > R-l-=F+r2-7==LxFL > (26) &, N-A K
FUAFIV-N-[ (RUAFATYN) AFN] XODALT I U0b insitu THE
RENTZT S AF A4 ) B DOSRER R BR2- 8Os ek v, b
TFUR3-=harul PR 27 DHREOIETHE LN, (LAY 27 O=
N EFRRGAET, 2T IV KICETLTH I EICLY, FT U R3-
T VUK 28 NAER ST ALYy A v LY 7 v
XY HNAR= N EHNTHEEY 28 O N-T7 2 b 24T\, 7 2 RIK 29a, 29¢
NENZENSELNTZ. (LAY 292 BEL O 29¢ OT I FHAEKRT v « THF $5(K
LD T I 2 EEA~EETTL, 7T I UK 29b, 29d BENENSE LN, v
ga~xt ) v ERAWEETT ARz kY, bEY 28 LAY 29e
NELNT-. (bW 28 LI b (1) it ol > 7Y v 7RIS
iZ&kv, {LAY 30 BERI L.

Er )Yy 3 NICEAINTZY 7 g UL, hERG K F v R VL ENR
PEDIRTICAZITHD Z ENHBA LT-. £ 2 TIRIS, Y7 a~F I L iko i
REBIENEARIET D ZEEHMNE LT, YT es 25 @O 14
R?) BIW 4 iz (R) Iy 7 u~Fo VB A L-FEkzaml-. £
T 1R VAT aaen ) DVUBERO 3 A0, 7= B X
W7~V EEGT e DEBELZEANLTLEY 35a-d AL
72 (Scheme 6) . MO 7 o ~FH U HILRFT T I/T B K25 Horner—
Emmons NI LY A Sz QE)3-v 7 a~% I 7 7 Y gz F )Lz
T 31) &, N-A XU AFIVN-[ (RUAFLTY L) AF)] XD
TIVED BRIBRILAMENIZEY, TR A4-vTa~Firenrl vy
K 32 5oL, LAY 32 OD=F LT AT VIEE KL THIVRF
WIEANEBW L T-1%, 7 ==Y BT Y K (DPPA) %M 7= Curtius #55
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FZ XY, N-Boc 1K 33 A I, (LAY 33 @ Boc HuMlE— 4%
PATTHRE L, 4-> 7 u~F o ) DUikbRodtadh ik s 22 5{bs
Y 34 BFonT. WAL A NERWOTEAEY) 34 O N-7 2 b EZ T o7
%, 7IFHKEARZ > « THF $HKICTEILTHZEICLD, RUVALT I VK
35a NEHNTE. FAERIC LT by 7 aas Yo LR =1 E AN TEEY) 34
DN-T 2 MLEIT, 7 a %)L T 2 MK 35b (A S NT-%, LAWY
35b 7 I REEEART Y « THF $5RICTEILL, 7 o ~F L7 I 14K 35¢
NELNT-. Flvra~td ) v EHWETHT LRIz LY, LAY
34 o AbAEW 35d BNER I,

H,N, 2HCI
MeO™ ™ N TMS b b
26 27 (62%) 28 (90%)
cord
e
R
. * 0,
R'HN, nHCI 29a: (43%)
N
O =0 e
29a-e b
" (35%) 30 (35%)

(62%)

®

0D 090

(65%)

Scheme 5. Reagents and conditions: (a) TFA, CH,Cly; (b) (i) Fe, acetic acid, 2-PrOH/H,0, 80°C,
(i) 4 N HCIVEtOAc, EtOAc; (c) (i) benzoyl chloride (for 29a) or cyclohexanecarbonyl chloride
(for 29¢), Et;N, CH,Cl,, (i) BH; - THF, THF, reflux, (for 29b and 29d) (iii) 4 N HCI/EtOAc,
EtOAc; (d) (i) cyclohexanone, NaBH(OAc);, acetic acid, Et;N, acetonitrile (for 29e), (ii) 4 N
HCI/EtOAc, EtOAc; (e) (i) iodobenzene, Cul, K;PO,, ethylene glycol, 80°C, (ii)) 4 N
HCI/EtOAc. EtOAc.

VI aAaF UV EOBRINREREET 572010, WICERr U UV 1 LIS
T AT IOVIPNEAINTZHER 38a, b OHRKAEITo7- (Scheme 7) .
Scheme 5 THREINTALEW 29¢ © 2 #H7T 2% BockkTHRH#EL, (LEW
36 ELNTZ. LAY 36 1T LEEMUKERETTIZ K DB~ iz LY
b&W 37 CEMSNTZ. 7 a~F oA RF LT AT e R LTy
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g~ R HAWEETTT VX I LY, BEW 37 D 1-v 7 ma
uen ) P UEER 38a, b NENENERENT-.

EtO,C., BocHN,
OA\/COQEt N
31 (63%) 33 (38%)
R
. 2HCI R'HN, HCI .
— P o L e
o Ra R e
34 (95%) 35a-d 0

c: & (63%)
d: C:L (76%)

Scheme 6. Reagents and conditions: (a) TFA, CH,Cl,; (b) (i) 1 N NaOH, THF/EtOH, (ii) DPPA,
Et;N, toluene, reflux, then fert-BuOH, 100°C; (¢) 4 N HCl/dioxane, CH,Cl,; (d) (i) benzoyl
chloride (for 35a) or cyclohexanecarbonyl chloride (for 35b), Et;N, CH,Cl,, (ii) BH;-THF, THF,
reflux (for 35a and 35c¢), (iii)) 4 N HCI/EtOAc, EtOAc; (e) (i) cyclohexanone, NaBH(OAc)s,
Et;N, acetic acid, acetonitrile (for 35d), (ii) 4 N HCI/EtOAc, EtOAc.

2Hcl BocN 2HCl
36 (71%) (88%) 38a,b

RZ 38a: b (79%)
b: «~ ) (89%)

Scheme 7. Reagents and conditions: (a) (Boc),0, i-Pr,NEt, CHCI;, reflux; (b) H,, Pd(OH),,
EtOH, 50°C; (c) (i) cyclohexanecarboxaldehyde (for 38a) or cyclohexanone (for 38b),
NaBH(OACc);, acetonitrile, (ii) 4 N HCI/EtOAc, EtOAc.
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2222, FIVR-ERYTUUBEER 29¢ DOINIEEREEDARK

%#13X hERG K™ F ¥ RV ERMEICR T80 U UV B8RO IR R %
FRAET 5 7212, hERG K' F v R /VILEIE MO KIE /255 03 H & ic (b &%
29¢ IZHOWT, EDONMERBEMEABROEGHREIToTo. ETUREK 41 OERKEIT-
7= (Scheme 8) . BEHIOD 7Y 1I2hE» TR S NTALEW 39 O 4 (%, p-TsOH
it T Co 7 aA~F AT I AW TT 2 kL, (L&YW 40 NELNT-.
RIZANTZ > - THF $ERZHWTILEY 40 © o, B-RfnT I FZEILLTZ.
ZORER, VAR 41 L NTURIK 29e XV ANV T A avw NI T
T4 —IC XV EEFTRETH Y, T OHBEARILIT 81/19 &, AR 41 BFEAE
L L THRELND Z ERghoT.

5? 2HCI
N

. 8
N a HN b
S 0 9
b O ks
39 40 (94%) 41 (cis, 44%)

Scheme 8. Reagents and conditions: (a) cyclohexylamine, p-TsOH (cat.), toluene, reflux; (b) (i)
BH; - THF, THF, reflux, (ii) 4 N HCI/EtOAc, EtOAc.

VAR 41+ T AR 29e IO hERG K™ F v /VBLEEH 2 ik L
TRER, BT AR 29e X3 AR 41 LV hERG K' F ¥ R /VEHEEMEA T
ZEMghol. EITRIZ, N7 AR 29¢e OIHIEMEERDOERKZIT - T
(Scheme 9) . + T v AKD T F o F BRI R B RIEITRE SN TWH R, 2D A
WFZE TR E AR T DM ER D S Tolz®, VT AT LA~ —E
BRI LT, Thbb, filko §)-F7uxtr2H0Cibédt 28 27 3
M52 L2k, DT AT VA~ —K 42a, b ARSI NTZ. 72 FK 42a,
b VT AT LA~ —THRmMED R > TEBY, &IICH LIV L PG
T A2 LIk, 42a MUK 37%, DT AT LAY —IBREIER (de) 99.8% T
Bonl. 7 L7a~v T I 7 4 —I2 L) FEROARERBRLZE,
BN RREFERER T ZEICLD, 42b NINER 33%, >99.8% de TH S
2. 728, %@ de IX HPLC WML D IESNTZ. 72 KK 42a, b OF
I NEZEET 6N WA HWTIKST 22 L1280, (L&Y 28 Ol
B (H)28 BLW ()28 nENENEONT. v 7a~tt ) 2Tl
BE (H)- BEO (5)-28 22 NEHETLHT VXL L7214, 4 N K-
figtF N T 2 IR & L, {bEW 29e DGR (+)-29¢ B LD (-)-29e 2
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FTNENAEK ST,

Me Me
HaN, 2HCI O 0
a
o T e e e T,
(28 @C ks o7 D

(3S8*4R")
42a: TLC more polar (37%)
b: TLC less polar (33%)

HN, 2HCI Q
b N c HN, 2HCI
O SaRs
(35%4R") (35%4R")
(+)-28 (86% from 42a) (+)-29e (74% from (+)-28)
(-)-28 (87% from 42b) (-)-29e (65% from (-)-28)

Scheme 9. Reagents and conditions: (a) (i) (S)-naproxen, Et;N, 1-ethyl-3-(3’-dimethylami-
nopropyl)-carbodiimide hydrochloride, 1-hydroxybenzotriazole, CH,Cl,, (ii) crystallization;
(b) (i) 6 N HCI, acetic acid, reflux, (i) 4 N HCI/EtOAc, EtOAc; (c) (i) cyclohexanone,
NaBH(OACc);, Et;N, acetonitrile, (ii)) 4 N HCI/EtOAc, EtOAc.
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BEE e ) PUUBEAOAEEMR X OSREEM:

B ENTZE R Y P UFHEERICOWT, Na© F v RV EFEMEB L O
hERG 7 vt A RERTHOI 7z, Na" F ¥ RV HEEE O FEANIE, BERERIFEAM A
THDHT v MHT T 7 b Y —AEE AW =@ EBEMAIEEIC XV iThbh .
hERG 7 v A #bRiL, Bia 7 #/EIC L > T hERGK" v */L'% HEK (human
embryonic kidney) 293 MfLIZHEBLS oMz HY, R—ntL Ny F 7T
TR X o> THIOER ZME L, hERG K F ¥ R /U T H1ER 2 a5
JEToHS. hERG K™ F ¥ XA EMER NS 5 L BIRENRD T D52 0D,
fbEWOF> QT IERAEMORE A HIWT 5. £/ Na' F ¥ r/UVBHEEM &
hERG K" F v RVBREIG M & OTEBENK b b &L, EEy MELER
HERS & W2 IGE BN ANERBRIC LV, QTR &1 5 e RIEARVE A OFEh 2317
b, *YhERGTF v F VLB A E K BROFR O ES (k) 2277 K
Fx¥ NV THY, ATy MAEOLEFLEAGOEEEMN TIL, % 3 HIZ Ik 258
<EELTWD., Lo TAREBRCIY, Ik BITOELE D 72 DI Olgi)s Bl
BLThHORKENMISEL, IR KBAED 90% (XT3 5 £ TOIRBEN R
fti] (action potential duration at 90% repolarization, APDyy) % H|E T 5. FANINZ Iy, &
FRANHEIVER 23X APDy (FIEE S5 (Figure 13) .

F#1X hERG K" F ¥ 3L & OBUKMME EIERIZE B LTALEWREET 21TV,
vtrlyrrrrus 25 Ol, 3, BXW 4 L7 ==k, BXOV 7%
UIVHEFT O OERBREZEANLTIbEMESGKR L. I bibEHmo
Na" F v R VELER MM, B8 X O hERG 7 v & RBRNFE i < iu7- (Table 6
and7) .

-R_RU P N4 T = pn ) DUFFERD 3 (TEBREEZ T L LAY
29a-e B LN 30 OfEF A Table 6 ([T, 3 fLlZv 7 e~ LKA HT 5
b 29¢ BEO 29d 1%, TOFHFEBHEIAR 292 B 29b LV &L Na'
F ¥ FAFLEEEZ R L2, TSR LTy 7 a~d v V24725 29 O
Na" F ¥ RVBHEIEMEIL, TOEEFEKE 30 EERBEThH 2. A6
292 B L 30 ® hERG K™ F v R/BHEMEMIL, BEFED Na' F ¥ 1V HE
HIZD 5 OB b L LT, WP BT LTz (8.4-60% at 1 uM) .
3fLICv T andFUVEEET LA E, TNDOFEEBRILIAD hERG K
F ¥ FOVILETE M A el L7255 5 (29¢ vs 29a, 29d vs 29b, and 29e vs 30) , 3 {if
27 anF VR EA LSS (LAY 29e) 128\ T, F LV hERG K'
F ¥ XVHEOHITNENRD bNTZ. ZORENS, Bal) P U 3 oy
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7 ~F I UHNY hERG K F v RV EEH OBEICEE 2 BERETH Y, £
72 3 fLOE#HILIL, hERGK" v %L DT X/ RiEHE Phe656 & OFHAANEMIC
BIE L TWADOTIHARWNEER L., T7hbb, 3 fOoE#HLE: 7 = =)Lk
MO 7 BT IVIEICERT A 2 LI2X Y, Phe656 & D m—n FHEAEHE
BESH, KiEZ: hERGK™ F v R/HEEEDK FIc ol otz & 2 2. 29

Table 6. Inhibition of Na" and hERG channels of 4-phenylpyrrolidines 29a—e and 30°

H
1’N"
b’E s

Na" F ¥ R/ PLEE M hERG T ¢ R /LRHE RS

Compd. R
ICso (uM) (% inhibition, 1pM)

292 L 1.90 45

(@]
29b Cl. 0.64 57
29¢ OY 0.48 31

(¢]
29d Ol 032 60
29¢ oy 051 8.4
30 L 0.48 43

%

“ All compounds are racemic and were tested using the hydrochloride or dihydrochloride salt of the syn-
thesided compounds except 29a and 29c¢.

? Inhibitory activity on veratridine-induced depolarization in rat cerebrocortical synaptosomes using volt-
age-sensitive dye Rhodamine 6G.*”

¢ Inhibition rates were determined by a voltage patch clamp technique using HEK293 cells expressing

hERG channels.

Z ZTIRIZ, hERG K F ¥ R HEIGEICH T 5 v 7 o~ U VRO E L
NROBGEZ BRE LT, Er YV UVER 4 MBI 1 fLicy 7 a~® gk
A LTALAY 35a-d BL 38a, b OEKEIToT-. AkENT 4-27
mAaF e R ) UUFER (35a-d) & - uaaFiobEn U YV UREER
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(38a,b) DOFHEFER % Table7 2”3, BEr U UER 4 fiOT7 == VHAE T
A VAR U R, £ 0 Na' F v 2 UBLEEE RO T ot Emic
BWTH 470 DUBBERI VTS5 2 007 (29b vs 35a,
29¢ vs 35b, 29d vs 35¢,and 29e vs 35d) . — 7 4-vrma~F ool UUEEE
& 35a, 35b, 35d 1F, THENXIETH 4-7 == vl ¥V UFHER 29b,
29¢, 29¢ & LEEZL T, hERGK' F v 3 /UBLEMEHNER T 2B H -T2, L
7ol oT 4 MLoO@EHILIT, hERG K T ¥ /L & OBKMA BEAERIZB W TS
DEWEEZ DR, -7~ ol DUk 38a 1%, FOHERE
{EfR 29e L [RIFRFEDONa" F v FALEEMEZ R L722%, hERGK'™ F v R /LEHE
TERIIIEBR L=, L7 -> T 1 MLo@E#IL Y, hERG K F % R/ & OB
HAERICBWCTHEEMEWEEZEZ BN, £ 1 My 7 mAaF o L8 A
L7=t&% 38b Tix, Na' F v RAPLEEMO KGRI /L Sz,

PLEOFERE LV, el P FERIZBWT hERG K F v %L & OBk
HAERNZRI G4 2801 3 (i THDLZ EDRREREN, 3 (fi~DT 7 a~F )L
FEDE AN, hERGK" F v A HEERHOBHICKR LA THDL EEZ BT,

41X hERG K™ F ¥ R/VBHEEMEICH T2 80 U O VBB RO K R &
KRAET 57212, hERG K™ F v R APLEE MO KIE 25508 B 5 iz b &%
29¢ (N7 U RK) OSAREMEAKROGREIToTo. ARSIV K 41 &, b
TV AMROMEELIR (+)-29¢ B LD (-)-29¢ DM E i <7~ (Table 8) .
VAR 41 O Na® F v FVBHEEMEIL R T A K 29¢ L IZIERZETH - 7223,
Z® hERG K" F v R AEERIZ N7 AR 29¢ LVHEIFRL, b7 2 KD
FTIENT=7 a7 7 A NVERETDHIENRBREINTZ. TZThT 2 AK 29¢ D
BBIR (+)29¢ BLW (-)-29¢ D Na" F v F/UBLEIEMEZ 51 L 7= FE 58, £ o
ICso [EITZFNZFH 0.54 M B LY 057 uM TH Y, ili8EBIARITIZIZRZ% D Na'
F ¥ TNV EEEEZRTZ 000 o7, 12 b T U AR 29e & BN AREME(A
D, Na" F ¥ RO site 2 (kT DREAHBRN I Sz, ZOREE, STIRE
PR TR A PLETIEMEIC KRE RBEWE R b7, L7=MRN - T, in vivo 3
Shatlh, 38 XY QT IEEAEHFEAM 0 72 b OIF B EAL E R BR T, 7% (K 29e
W TRHME 23T Tz
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Table 7. Inhibition of Na" and hERG channels of 4-cyclohexylpyrrolidines 35a—d and
1-cyclohexylpyrrolidines 38a,b”

Na' F R AVPEEFE  hERG F ¢ F /L&

Structure Compd. R'orR?
1Cso (M) (% inhibition, 1puM)
35a Ol 0.90 79
H *
N 35b OY 0.74 45
Sals o
35¢ Ol 0.56 60
35d Q* 0.74 35
*
38a b 0.38 45
HN,.
N—R?
38b «~ 3.35 nd

“ All compounds are racemic and were tested using the dihydrochloride salt of the synthesized compounds
except 35b.
b¢ See footnotes in Table 6.

? nd: not determined.

Table 8. Inhibition of Na” and hERG channels of the stereoisomers of trans-(+)-29¢

Na" F v FOVBEEE  Na' F v FUEA%E  hERG F ¥ F/LBLE R

Compd.
ICso (UM) 1Cso (M) (% inhibition, 1uM)
cis-(+)-41 0.56 0.14 28
trans-(+)-29¢  0.51 0.17 8.4
trans-(+)-29e 0.54 0.18 nd’
trans-(—)-29e 0.57 0.10 nd’

“ All compounds were tested using the dihydrochloride salt of the synthesized compounds.

b See footnotes band ¢ in Table 6.

“ Determined by a competition assay using [*H]-BTX-b in synaptosomal preparations of rat cerebral cor-
tex. See Experimental Chapter I.

¢ nd: not determined.
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{LEY 29¢ @ invivo ([ZEIT HHRGEEHIL, 7> h—iatk MCA Fﬁgﬁ%
TIVIT I D B ZEINHIE & FEEE 23 < #u72 (Figure 17) . MCA BAZE 30 43
BIILEY 29¢ & 08, 2.5, BL 82mgkg PG LR, Toav b

17— VERIZ )T 2 SRR INHRILE N E I 27%, 37%, BEO 56% &, B
FEARAFHNCFEBIRFE 2 /> S D Z E R ol £7- 82 mgkg BHIEIT
o b a— LR &l U R A RTEINHIE A 28 Lz [166.7£42.9 mm’
(n=5) vs. 379.8+43.8 mm’ (n= 6) (mean+SEM), **p <0.01 (Student’s r-test)] . LA L&
RXo, {LAW 29e X Na" F ¥ 11D site 2 Z#fLEL, 7 v MEfEZEETT L
IBWTHRELG THIB MR AREIMHER 2695 2 LRS-,

Figure 17. 7 b @M RMBIIRPAZEE 7 T 31T 2 IAE ZE4M I F O 314>

WistarZw F (o7, 83 HZAEE

Z2 o K EIAREAE : suture 3% ER 28hr
[ eesm fﬁ}z
FZE 130 2 HhE
saline or 29e*,sc  (*saline &%) v RATAA
v TIC 8
A) Experiment | B) Experiment Il

450 - p=0.006 mETtEiSTSEM 450 - mean + SEM

400 -| T 400 -
3504 J . 350 A T
E E
E 300 A £ 300 - J
£ | £ |
5 20 2 S 2 27%4 |
Z | = i 37%\
% 200 56% g 200 J_
- 150 A = 150 A

100 A 100 -

W N=6 2 N=7 N=7
0 . 0 . .
Vehicle 82 Vehicle 08 25
compd 29e (mg/kg) compd 29e (mg/kg)

L&Y 29¢ @ in vivo 28T DMREEEHDRINTZTZO, RITIEED
29¢ & XHHEIETH D crobenetine (Figure 4) @, QT IEE %&£ 5 fEREENRIEH O
PN S S 7. EVE Y MO EILIAG 2 W IEENEA HIERER I W
T, FALEMEVER SO APDy DAL RAZIFE L LT, QT HEEIMEMAD
KTy VDB Sz, LA 29e (10, 30, and 100 uM) & crobenetine
hydrochloride (3, 10, and 30 uM) @, HIREEIZI1T D APDgy DFHAM#HE R A Table
9 (Y. mifbam L %%ﬂ&%f#if APDyy DIERAERIFRRD bIT, 2 b
O QT ERAEADEEMEIZIRWZ ERIBINT=. LA L7225 crobenetine
%, 30 uM IZBW\ T APD90 Z 271 £ 102% FEHESE7=. —HLEY 29e 1T
100 yM TH APDgy & 9.2 + 2.7% WA S DT ET, (LEW 29e 1TLMEIC
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Table 9. Effects of compound 29e and crobenetine on ADPy,

Compd. Concentration (uM) APDy (%)”

crobenetine hydrochloride 3 96.6 + 0.6
10 89.1+£1.6
30 72.9+10.2

29e 10 95.3+0.7
30 92.3+0.7
100 90.8 2.7

“ APDyy: action potential duration at 90% repolarization; %: percent change from before treatment value.

Each value represents the mean+=SEM of three cell preparations.
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HBUE AKEOE LD

HHIL, BRUVERMREEREZ TR L, v QT MR Y 27 AMEW Na© F v »L
HEKORIRA B E LT, File e U O UFERORG LGl EITo72. QT
EEAEROTHIE LT, hERG 7 vt A kb & IEEVEMRIERER D 2BBED in
vitro FRBRIZE Y, QT IEEAEMICHT 2R T v v VR FHIl S 7. BRI EER
ML COWZBEFO Na' F % RVBHERIL TR TV hERG K' F v RV
EEHAZALTBY, B -ECTRHEINE 3-T73/-1- 6-A v F=FF
V) 2-T s —)VEEEIK 4b b RIERIZERV hERG K™ F ¥ R VBHEEMRZH L
Tz, Z#H1L hERG K T v R VHEEEOIK Ficiely TILAW 4b OT I v
BN DOREYEZS A B L, FOWRIZHB T, Na© F v R EEEEZE L, »
OERERICBWTHRZZEKR CHLIER Y T Fu s 25 # R L.

it anhizve ) orrFu s 25 b, Na F v VL EEN &
hERG K™ T R/VBHEIGME & OFefEis B9 & L CARRER 2 366 L7=. hERG
K" 7 v RVBRETE M ORI [ 728k & L C, ZE%-hERG M AMERIZH W T,
BOKMA AEAERICED D & STV 5 Phe656 (2E A LI-b &R E21T- 7.
%13 Phe656 & DBKMEMAERZFEE LGS L O REHILE LT 7 m
FIVHERINL, Ernl o7 ur 25 © 1, 3 BN 4 L2y 7 maat
VVIEEAT A OEBEZEANLILEMESGR L. TR, Erl
TVUBR 3 MLOEHILN, hERG KT T ¥ F L E O EMERICEE LTS Z &R
RS 7z (Figure 18) . £72 3 ALiZ v 7 v~ U EZEALZALAY 29e T
X, TOFHFFBHE 30 & LT, % LV hERG K" F v 1 /VBLE ORI ) 5
MRD O, LB oTEFIX, 3 MOBEBREEZ 7 2= LEhb 7 ot
VVIEIZEWT D Z LI L Y, Phe656 LD m-m FHAMEAN AR S, KiE7R
hERG K" F ¥ X BLEEMEDIK FIZOR RN =D Tidnw e Ex -, -1k
AW 29e DONRFEMELZ AR L, hERG K" F ¥ R LEFEMEICHT 281 U Y
VRO W ROBGEEAT o2, T OFEE, b T Ak 29e DAY hERG
K" F ¢ FVBHEIGEENIIV T & AR STz,

AAFFEIC L0 RS- LAEY 29e 1L Na™ F v 11D site 2 ZFLEL,
7w h it MCA BAZEET /WIZRBWT, $%BE5 TH AR 2N ZE AR IS /E
a3 252 manic. £70 QT IR Z 1 O BABNRVEH ORRGED T2 D12,
{bEY) 29e L XIPRIE crobenetine DIEENEN I E RN S iz, £ DR5EE,
mibE¥YE B APDgy Z MG S5 2 EHH L7=2Y, FDOFEIX crobenetine
K 0ILEY 29¢ DEFRFHNZ ENRSNTZ. LB T, {LEY 29e 13 QT 4k
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RAEHOU 27 MG, DI 2 28R L B s nfbahThs 2 &
IR ST,

U EOFERNG, Na© F v F A EENE S hERG K™ T v RVBLEEME & Ok
BEXAIRECTH D Z i anT. E(LEY 29¢ OFER LY, hERGK' F v %
JUBRETEMEN S L7e Na© 7 v RVBRESIE, MO GEERZ A L, 7o
PERD Na" F ¥ R AEKCTHE L STV EYME QT TR U A7 M
TENRBE Iz, LR oT Na” F¥ RUBHERIE, BRICBOWTLETEH
IR SETRIRIE L 72 S B2 b D.

Figure 18. "1 U U R&E 1, 3,4 (ZE#ILD hERG K" F v F/VFLEEANC KX

B 98
B

3 {iL: hERGK* F¥ RILIAEF

< Q( < O\/ hERG K* F ¥ JLBEEE M
(0]

trans < cis
A

- Phe656 M ERK 14 14 hERGK* FoRILBEEEM

(L sEEkmstbs ] é *
® el ©< O

3

4 fif: hERG K* FrRILFEEE S

Q* % O,,,

pyrrolidine series
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BmE IV IAVX) IV VUEROE YT AT VA RREEE

DBAFE

F—HE FFRR

XL, LEMEICHT DY A7 NIV IRB Sz Na© T v R VBEEIEO A
ZHis LT BOETRMINE R Y DUFERR 29e 026 B ERR%E
FEh L7z, ZTOWMBRIZBWT, BIEETHODRIC L TEWEetEeH 45
(LA DOEFIZE -7 (Figure 5). AMbAEMIE, ZOEofEE LTIV /A
VXV UBKREA LT\, BTV A X U UERIIERAL (C-11b)
REFLEGT D ZBRBIEOEWK Th 5 (Figure 19) . i B THL Z LD,
_ﬂif TEIKRTOE TV ) A4 V%)V UBEEROARIEITES < @5 S
nfw ZH b b, M TIAMEOE W IEEEER O G RRIE DO 137

Kﬂﬁmﬁ IO NEE Lo T,

Figure 19. Pyrazinoisoquinoline skeleton and praziquantel.

Pyrazinoisoquinoline skeleton Praziquantel

BTV A VX ) UHERIIFIEEEECTUE M BEH e &, DLk
RAEBIEENSIER ZEDO TWAERDO—DTH L. DIV /AL IF ) v
B EAT HRENACEWT T T 271 -7 /v (praziquantel, Figure 19) 23% 5
2, ZAUFHEMR R L L CHAEA WO TWAME—DHEFTH 5. D 75
A1 T AT EEFEMER ((R)-(—)-praziquantel) 2M5VETEARIRTH 51260300 57,
BRRICIBWTIZ L W AEFEa 2 FOIRW T 2 RN STV S, ™ ik h
JEIX neglected tropical disease D—>Toh 0, HEEEZ LT 2 BAIC LD Lt
ENTVWER, ® ZOBBEENTTOH U TLEATHLZ L, RHETNTED
BV GRS, ITHET T V0 T ST D ERAIME N EE S h T g, ) B
EETIZ R)-T 7V TNAOIF o F AR ERRMFZEL 2 7 v—7 &
DHESNTODEN, DV DNPFTRENAT =L TORKTHY, Tt A TOIE
N TATRER A RRIEDBRNEENTVD. £LRRICA VX ) Bk EET
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DZTNHOA RIIBELAFMELTEY, TSR R R oM, HimiE
YL T AV ATEME 7 B ) 72 ABEME 2R T, L LR 6, MOEITEH b
HT 572 DIEEIK (therapeutic window) MW Z EMEE 7> TWWh., 22T
TR, LMo WMbEMEZRRT 01, A VX7V T AiaAf R
DIAT AV AL LTEDTHFIRTHIET V) A VX U UHEEOIEN
T Twb (Figure 20) . °™ LI bR G, @{E CILAMEO BV EAE
PR T2 A4V x ) EEEMEHEDRBIIEE THLLFZD.

Figure 20. Bioactive 2-aza-analogues of alkaloids.*””

MeO. _~ -~ MeO. o -

MeO.. PN \“ 1 R RPN MeO. P W
Y DR ) b
MeO'LV/)H;\/NW MeO H‘E ] MEO/L/H\‘TN\J Meo:L /l]_(/\ ’N‘J
” \]// H T - H 6\,'3 “ajo K \\Nj g
N e fH » N N7
TH LA ([ [w [ TH
N \i NH s S
- \‘l /:-J\ I Yo
7 TOMe A\ = 0OMe / T
OMe HO/"’ OMe N
emetine tubulosine 2-azaemetine 2-azadeoxytubulosine
0.015 pMm* 0.08 uM* 0.1 uM*

*LCsp (T-b. brucei, infective)
CHETIZEBIERE SN TWDLIFERRE TV ) A4 Y X ) U B AESLIE
THE, BRMEEICR T DEEUEE LT, RFEMBIE 7 3 m? 2 A5 H
A& UL THWD Pictet-Spengler BrfbSU (Scheme 10-12) 07 F R 7 & ¥ —
DTV HNVEALE (Scheme 13) , ) REMMEE FIH L 72 R AFLUE
(Scheme 14) 4 Z AT 5.

7 N‘S’p-TOI NH
N * m .p-Tol BF; OFt, o : HCI, EtOH o
3 N O . N
WOMQ : -78°C 0°C, 5 min
O OMe 6] o 5
63% yield 82% yield

o]
cl NH 2 N_O
HoNNH,-H,0 CQ\IH o T

N
EtOH, reflux NH

K2CO3, CH,Cl, K,CO3, DMF
NH2 OA\O O)\O
57% vyield

88% vyield 95% vyield

7steps, 12% overall yield

Scheme 10. The synthetic route of chiral (—)-praziquantel by a chiral auxiliary mediated

Pictet-Spengelr reaction by Ma et al.*®
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(0]

Ugi multi- )

©\ﬂ/l0"' cc?mponent H Ho Pictet-Spengler H H
0 reaction N reaction

H H + o HN
N CH,Cly, rt o TMSOTf
MEOD/\/ " ome CH2Cl, 10°C

MeQ OMe

72% yield OMe
>99: 1 dr

Scheme 11. Asymmetric synthesis of diketopiperazine by a tandem biocatalysis/Ugi/Pictet—

Spengelr-type cyclization by Znabet et al.*"

o}
N~ ", 1 "Me
77% yield

87:13dr

Scheme 12. Diastereoselective synthesis of diketopiperazine from amino acids by 1,4-chrality

transfer by Zawadzka et al.**”

.Me
Sn(OTf), (10 mol %) (\N BusSnH, AIBN
o) Me O\
N N_Ag acetone, 40°C toluene, 110°C
Br H o .
88% yield 80% yield

single diastereomer

Scheme 13. Lewis acid catalyzed and radical cyclization from peptide acetals by Todd et

al®
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Ru? (RR)
O . . _N ¢’ "NTPh
(i) EtzN, CHCl3, 78% yield o) H,
mH ¥ N N
2 COCI (i) POCI3, CH3CN, reflux, HCO,H, Et;N,
o 16% yield CH3CN
(96% based on consumed amide)
52% vyield (62% ee)

NH
: :ENHO (i) HoNNH,H,0, EtOH : ; Cl)k/m CEPT

™ NH

N 0 NaOH, CH;Clj,
o Q)LC, OJ\O TEBAC, 1t

77% yield

CH4CN, Py, 2 N HC

. 6steps, 4% overall yield
2 steps, 73% yield

Scheme 14. Asymmetric transfer hydrogenation of dihydroisoquinoline using a chiral ruthenium

catalyst by Roszkowski ez al.**™

Pictet-Spengler SUSIIE T Y ) A4 YV F ) U U EEOBEEIZBOW TR HNWD
NTWLFIETHD. AEUNIMIEAFR~OKREFBEB]RISTH Y, —iKH
(TR OB TREIIEWIE D BUSITHEIZET T 2728, KRUSIZED
SR AR FF o To G TV ) A V% 7 ) VIBEKROGRIIREECH L L 5
% 5. Koomen HDF T NAEL N LI 7 =X F LT I U DOAF Pictet—
Spengler SUSIZRWTIL, FHEER LOEWHEL LTI Lax s Al Reky
NWEDBVEETHY (Figure 21a) , BFHEHEEEZFIRNT =2 RXF AT I D
BRSO T LW 2 E NHE STV D (Figure 21b) . *Y FEEICEESHR O AR
FR L ONLIRHIHE Pictet-Spengler SUS* 2 HWTAR SN TV HLAWIX
TOFEEANERT N ARV REGTHETIV /A VX ) UFEETHD. P
F I RE S DA RIE TIL=BRMEE R Z B BERICEE T 7201, B92 /714
XU UHEROGRICE TRZES 5.

Figure 21. Reported asymmetric Pictet—Spengler cyclization.*”

Meojcl/\ RCHO Meom
—_—- * N... (a)
MeO AN.A« BF,-0Et, Me© A

_78°C R
RCHO
m\ . 5%a Noas (b)
A BF;OFt, R
-78°C
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N-7 2 A 2 =0 A A F U TEEERRICE O TSHEHDOJAWF AR TH Y,
B RRT A A ROARETREE LTHEHTHS. % Bk N7 oA 2=
U LA AV b - REAI O FNEBALOSE, B EICFET HERET b LI
n-REGAI L ERIF A% o2 SEH EICEET 5 BEHIEYS OSTIRHIEIC X v 2R
IZHEEATL, 13- 8 7V AKRAEE U CTART 2 2 EME SN TS EH/IT (1)
BRI N-T oA 2= A F AR in situ THEKRTDT I RT7EX—1
43 @ Pictet-Spengler IHSIZ XV, ZRMEKZ 1| TRTHETE, Q) 7
JVBRAIE LTT I K7 —/b 43 [ FEEERT XV BalaiiteZ & T,
BALTRICBIT S 13-F T VEBIZEY 611b-b T A- BTV 4%
EHASBRIIICE NS TH S H LABE L2 (Scheme 15) . ARFZED B HIIE
FEER EICE A GHICE WS IR &, SR ERIL A F T 5 s
RETT A YX ) UHEERENENICERTHIETHD. EHTHRO
HWAEMER D-T7 2=V T T = UFFERAE MRS LT, 6R1IbR-ET Y ) A
VXU ERE ENARERIRIICHEE T 5 2 L S ATRE 7 T LB A R SR E A AL
L7=D T, LATMICEEMER RS,

Scheme 15. The Pictet—Spengler reaction of a cyclic N-acyliminium ion intermediate.
.CO,Me COMe | 1,3-Chirality 6 .CO,Me
m o H* m+ o transfer E\:%DN o]
MeO T g g f H f
7 [H

M N
eO N
43 N-acyliminium ion 6R,11bR-
intermediate Pyrazinoisoquinoline

N
H
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BoE 13-FFNEBICLAYFC)IA VRV UEROYUT X

T U AR 7 i 8L

3-2-1. B N-TI VA I=ULAFD Pictet-Spengler T{LILDRRE}

NEARTE Pictet-Spengler SOt D 5l 78 UGS G 2 BRFtT 2 72012, BRIK N-
TINA I =T LA T RRUROFIEEAR L 7257 I K78 X2 —/LK 43 8,
D D-7 ==V T T = AF )T AT )VIERE (44) 725 3 TR TARESN-
(Scheme 16) . 5kl 44 ZH{b7 oo T F IO TR 45 L L%, 7
ST NTATE RUVAFATEZ—VEHNTTI /{bL, T R7T&
B — AR 43 BNEIFRIVETE O, T0%, TI KT X =LK 43 5
BIR N-7 A 2 =0 LA T REROER, BTN N-T 2 bAf I =17 4
A F MR DRV Ofi & U T Brensted f23 LY Lewis 2% W,
Pictet-Spengler NS DRI 21T o T2, ZOFER% Table 10 (2R d. FU 7
A B AR AVRUEEE TFA ZR< & TORTIE, IGEERTETL, H
(9% 46a NHE—ERE LTELNT. ¥ EREBRAE RO E5RE, BRIEASIEH
IZETT L, BRALIR 46a NHREDOIETH OGN (entry 1) . HAKYD D
LC/MS Z3#r kv, E2RIRGNE LT 46a OIKGIRDEEIT Uiz 2 & MR &
Nie, AZANVKUVBERGNDZ EICXY, et L3 TR b &0 IY
RLEVT AT UABRMENE LN (entry2) . —FH XV BEMEEOKV TFA %
=56, BRIBIK (46a and/or 46b) %1525 Z LA TE o7z (entry4) . B
Z 5 ARWERMEE DEETIX, N-7 3 A 2 =0 bhA F o PRKRITAERT S H 0
® Pictet-Spengler BRI EITET, N-T A I =0 LA F U FREEDS
NAECTEZENFRREEZOND. FTEBEELZRIELE, VT AT L
FEIRMEDIL TR 5472 (entry3) . DB WRERZRLIZA X VALK VR
ZRHWTERISIREZ 70°C ([ZHR LIoRER, OSHEEITINET 2085 02T
AT UAIRIRMEDIK TR R oi7e (entry 7) . F72INEGAE T CROSKHE 2 IE K
SHGA, BRILIK 46a OENET L 46a ODIENMETT 5 Z 08 00ho
7= (entry 8) . Bronsted W% & bbife L C, Lewis 2% FV 7c Pictet-Spengler )i
ITWT N HIRIE TH - 72 (entries Sand 6) . AMFHZ LV RS8R E
DVIAYXR )Y EEEEIEICB T D REREME, AF ANV AR W
7B TOBRILSAE (entry2) THDH I LR oT-.

VL EDFERNS, A Z 2 Z)VIR g2 W2 =80 T O Pictet-Spengler i1
KV, BEFHREGMHEEERZR2VWT I RT7 B F =K 43 b, mWYT AT L
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FIBIPETREEICE T A VX ) U EREBETX L EN Dol B

TR ML A S 72 W IE O Pictet-Spengler BR{LOHFITIEF 2DV 72<, KEH
EGUEIIOSOE S, IR, BIXOUT A7 UARRMEICB W TENTZ Tk
ThodEEAD. FEEMTIERFHEZHNT, FRETZY 2 A VXU EE
WENEO RO ERF 2 Fii+ 52 & & Lz,

©1 o ©1 OMe
JJ\/CI Ve

MeO,C” “NH,-HCI MsO.C MeO.C

44 45 (99%) 43 (74%)

Scheme 16. Reagents and conditions: (a) chloroacetyl chloride, Et;N, CH,Cl,, rt; (b) amino-
acetaldehyde dimethyl acetal, Nal, CH,Cl,, rt

Table 10. The Pictet—Spengler cyclization of 43¢

Bransted or ~COzMe .CO,Me
Lers aCId N 0 Q@\l 0
o g -
N
H

H™
N
H

46a (6,11b-trans) 46b (6,11b-cis)

Entry  Acid Solvent Temperature Time (h)  Yield of 46a (%)  de (%)°
1 H,S0, (concd)’ - rt 14 58 96.1

2 CH;SO;H - rt 48 80 99.0

3 CF,SO;H - rt 48 47 74.7

4 TFA - rt 48 £ -

5 TiCl,° CH,Cl, rt 48 5 98.2

6 BF;-OEt,’ CH,Cl, rt 48 26 98.9

7 CH;SO;H - 70°C 0.5 80 97.4

8 CH;SO;H - 70°C 13 64 97.3

“Unless otherwise noted, the reaction was carried out with 43 (0.3 mmol) and acid (3 mmol).
"Isolated yield after column chromatography.

¢ Diastereomeric excess (de) was determined by HPLC analysis of the crude product mixture.
“H,S0, (1.8 mmol).

¢TiCl, (1.5 mmol) or BF3-OEt, (1.5 mmol) in CH,Cl, (2 ml).

/Compound 46b was isolated in 8% yield.

¢ The cyclized products were not detected.
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3-2-2. BRALAK 46a DSLEAEELERRNT & SLERIREDE L

BRALIK 46a 35 KO 46b OFHXECEIL NOESY (2 X Y H#EE X7z (Figure 22) .
~ A F—EPER 46b (2 A) D 2D NOESY (28T, H-11b 7’1 k> (4.62 ppm)
& H6 7u by (498ppm) [, BEXO H-11b 7 r b EAXAF L= RAT LT 1
~ (353 ppm) 1D EH BTG B2 FHBITBLII S /e hr o 72 (Figure 22a) .
BALIA 46a (b7 A) ® 2DNOESY (ZHBWTH, H-11b 71 k> (4.99 ppm)
& H-6 7'& 2 (5.73 ppm) I e 22 AH BV LBLAI S 472 2> 7278 (Figure 22b) ,
IDNOESY (257 % H-11b 71 h U OFRFHIEIZL D, ATF L= ZXT /L7 a
> (3.66 ppm) LD A — 7 BEHIS e (Figure 22¢) . 2B DORER K
D, BRALIK 46a ORKIEEIZ N T VA TH D ERB I NI,

. “HsocH, ester-Me
. RO
| NG \
N_O |
*Hiwp ™=, f H
SN 6  Hyp 1 ’ |
o { | [ Il
46b (6,11b-cis) e I'I I\ ....|.J'.'u..._. - .lJJJl.ll'k. s ppm
| 1.5
- "l ] ] [
-2.0
25

ester-Me

6.0

T ——— T T T T
54 52 50 48 46 44 42 40 38 36 34 32 30 ppm

Figure 22a. 2D NOESY of 46b (6,11b-cis).
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ester-Me

|
N |
He H ‘
46a (6,11b-trans) | N 11 |
S 1
— ”\__ MJ__A_/ \__ Ppm
| c
—— J | 9 ’ LI f - < S 1.5
H— Y 20
| 2.5
e E; ’ '| e
—_.j : 3.5
—=. Iy | ol @
i 4.0
i .
" 4.5
1 W .B -
H11b — ] ’ .A" 5.0
' £l ¥ ~55
H —— .v
° : 6o
. : .
} ' : ¢ 65
] F ~7.0
== ¥ 817 L RET B 4
1 ' ! Lo t75
] T | R T 1 T T [
75 70 65 60 55 50 45 40 35 30 25 20 15 ppm v
<ester-Me
i |
______ \h“ﬂ 'k__.,L...,_,_h_ A I -
_ N
—_
_;.5 35
o " 4.0
—4.5
Hypb — [-- 15 “ o 5.0
’ 55
Hy — w0 € ;
} 6.0

Figure 22b. 2D NOESY of 46a (6,1 1b-trans).
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H,

a

ester-Me

| | Jf ", h....».

| |

Mt

Ul J! |.~.u L“MMJ"

[ T T T T T T 1
55 5.0 4.5 4.0 35 3.0 ppm

A -\ " _.ll‘l

Figure 22¢. 1D NOESY of 46a (6,1 1b-trans).

BRAVIR 46a DONLARL R EFEET D701, KRIZ 46a & 2 LT (R)-(-)-7
TN TN~ L= (Scheme 17) . T 72 b, Mg Z W CTERILIK 46a O
T AT IVEEENKGRRE LT-%, by 7 oo D R= Iz kY N-7 v
b&1TH> 2 L2k, {LEW 47 2% 67% DINRTE L. {bEY 47 (kL
T Barton 0 IC X BIRBEZITV, R)-()-FT7 T (48) B 52% O
INRTELNT. bEY 48 1%, T H T L& - HPLC |2 X AL
SN E D BWEERIKIETEIR (ee) 2T 2 ENTND (299.5% ee) , TDOW)
PEZR B NS WO T — ZIZBEHO b D & —F Uiz, 740D F-(v a5 47 %
AT DB THE LN HIVR U ERIR 49 OHEES X RAEERT 24T - 725
B, ZTOSNAREEIL 6R,11bR T2 Z EAVHIAL7- (Figure 23) . L EDOFER
T, EFIIARBEEEIEIC L0 STEBIRMICE O N D BRI 46a DOS{RL
%%, 6R,11bR-h T L A TH D EHEE LTz,
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N

ae e

46a (6,11b-trans) 47 (67%) 48 (52%)

~COzH
,\\COQMB N o N 0
N. _O a HY T b o f
H T —_ N —_—
N
H

(R)-(—)-Praziquantel

Scheme 17. Reagents and conditions: (a) (i) 6 N HCI, 100°C, (ii) cyclohexanecarbonyl chloride,
Et;N, CH,Cl,, 0°C; (b) (i) N-methylmorpholine, isobutylchloroformate, THF, —15°C, then
N-hydroxy-2-thiopyridone, Et;N, THF, —15°C, (ii) 2-methyl-2-propanethiol, THF, hv, rt.

REBBEEIETEHEONDIE WD T AT UARRMIL, BILRIGOBRIC & 015
5BBIRAEIZ L VT & 5. Pictet-Spengler [ his D KGR EE 2 VR E T 5 LRI,
N-TINA I =0 LA F HRIEORIE S HFER~OKREFISITEY, TLr=
U LA F PR EIRRT S TR THY, P FER~OREBEFHEORICLY
FOEBIREDOZEIZL Y, STEBIRERG LN EELE LT (Figure 24) . 372
bbb, TL=U LA OFBRICBOTEAR— MBI O 28D 2 SOER
WEEEZED Z LN ARETH D, A— MIBEBBREZR ERS T L=
LA F I BHBBENTZD, KO LEREETHH A ARERRIE (AorB) &
BHEEZLIND., TD ) HEBIRE B 1L, = NV T ALVERD 6 AL
ARARFUHLERT Y ) vBHLR= VOO AN strain D79, = F3L
F—RENENEEZDOND. P ZOEDRNT LV LERA AREBLIRIE A
ERRCHEITL, b7 U AR 46a BNERBERMICE LN EER L.

Figure 24. Stereochemical outcome of N-acyliminium cyclization.

©/\‘\COQME Q OY\
+ R NH
\—[,N ]//O - . N*{I—_-\ ——— &%Nd
NH NG/
H H O)‘/

o . R =CO;Me
N-acyliminium ion intermediate

A B
46a (6,11b-trans) 46b (6,11b-cis)
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'c:(
Ic1

49 (6R,11bR-trans)

Figure 23. ORTEP structure of compound 49.
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BEEH OFHEIO A VXV EREREDO RS

WRICHHFRE LICEBREZHTSH N-7 A I =0 5A T R 54a-e %
HWT, FTHTRHELEEY Y A V% U U BEEEED MISTEDRGEE
1To7=. TIRT7TEBZ =K Sd4a—e 1T, TiIRD R)-7 ==/VT 7= iFHEIK
50a—c BLW 51a, b L VFEINDILEY 52a—e 55, Scheme 16 & [FEED S
FEIZTHABENT (Scheme 18) . T 72b b, {LAW S0a—c & AT /LT AT )L E
L7214, Boc % 4N HEfg-Fiig—F /W IZ CHRET 5 Z & T, {LAaW 52b, c,
e WELNT., FlALEW S1a, b &, AKX —HE{LT®EFIZED AT
NTRAT AT 52 LT, (bEW 52a, d 5N, b7 oo T vF
X VILAEW) 52a—-e T VIR 53a— & L7214, T TR RNTATE RUAF
NT B Z—=NEHNCT 2 {b&2475 28128V, 7 K7 ®H =K 54a—e
F BTz,

=
R— |
™™
HO,C~ “NHBoc
a
50a R = 4-OMe T~ 7 RL ]
50b R = 4-C| R c ~ 0
50c R = 2-Cl cl
/b, MeO,C”~ “NH,-HCI MeO,C ﬁ)k/
@ 52a (R = 4-Me) 53a (R = 4-Me)
R 52b (R = 4-OMe) 53b (R = 4-OMe)
52¢ (R = 4-Cl) 53¢ (R = 4-Cl)
HO,C™ ~NH, 52d (R = 3-Cl) 53d (R = 3-Cl)
51a R = 4-Mo 52e (R = 2-Cl) 53e (R = 2-Cl)
51b R = 3-Cl
- 54a (R = 4-Me)
; RE_ | 54b (R = 4-OMe)
a. 0 OMe 54¢ (R = 4-Cl)
H
Me0,~ NNy 54d (R=3-Cl)
H 54e (R = 2-Cl)

Scheme 18. Reagents and conditions: (a) (i) Mel, K,COs;, DMF, 1t, (ii) 4 N HCI/EtOAc, EtOAc,
rt; (b) acetyl chloride, MeOH, reflux; (c¢) chloroacetyl chloride, Et;N, CH,Cl,, rt; (d) amino-
acetaldehyde dimethyl acetal, Nal, CH,Cl,, rt.

7 K7 X =)k 54a—e % U 7= Pictet-Spengler i D e hE FL % Table
11 IR T. BB IS BIT DO R, RESBEIEDRERGRFIIA Z A
NRVEEEZHWTERIBETOBRILRETH 722 20D, T AX U ANVK R
ZHNT, NTEBE Sda-c DBRILEISE T 72 (Table 11, &fF A) . L&
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) 54a (p-Me) OLRACSSIEMEICHEIT L, HRORILIK 55a DEIEETH D
iz (entry 1) . —J, BAHGMHE (p-OMe) ZFiOLEY 54b DERLS
RN ETHY  (entry 2) , LB FESIMEE (p-Cl) ZFF LAY S4c DR
LS TIZEAIDOBRILIRITE S N2> 7= (entry 4) . & Z TSR A 70°C 12
HE ULAY S4c OBRILEUGZRIATZN, (LAWY 43 OFE L EA D, BILIEK
FEON2hoT (entryS) . ZHUET I K7 X —/K 54c BELOY N-7 v
AU AAFTUHFRUKO SN Z o220 L Bbh b, FZTAX AL
RURING, LAY 43 OBALSISIZB W TS OMEFT N K 0 D - 7 AR
ICEF L, BREEOIEY S4c—e 1% L CEBRALKGZTT - 72 (Table 11,
entry 6-8, &&ff B) . ETOMENT NG ST T AL L, BRDOER
& 55¢-e DNHFREEDILE (43-61%) T, H—bEME L THLNAL Z 03 mno
2. ZOHEYL, MIGOERBIZERMIL 55¢-e OMMKDRIZE D ECTZIAR
VERIATH D Z N, HAERMOLCOMS SiTic X viER SN, — T LAWY
54b (ZxF L CIEMiME 2 W T2 BRILEOS A 7223, BRIBIK 55b 135 7o
7o, B E AW RETIE, 7I RT7TE2X =LK 54b BEL N-7 LA 3
ZULAFUHBEAORY) ~— (bR ST EHERI LT, =2 ThEW
54b ITKF L TR VMBS T CORMKISE R L2y, HRIORGIK
55b IFfFE LN oT-. TROBILEY 54b &, P/ nua AKX UHTRAL A
VIR U E W BRSO LTy, REOGDT X K724 —/L{K 54b DA
W&, BRI 55b LRI O BERBEIRIEA NG LN DI o7 (entry
3) . F7z TFA ZRHWTEBILIS R TN, BHERRAY ERKEDT I R
TEH—)L 54b DEOLNDDHRTHY, BILIK 55b OAERITHAERD D 'H
NMR B X LCMS TR SN2 -T2 (L&Y 54b OISHEDIL X1,
A AN VEOFBEDREICHND LD LEBRIND. BAX L ANVEKEUEEER
FONEREE 2 W B ROSIZEB T, WO 7 I K74 —/Lika vz
BAITYH, 55a—e DY AKIIFISIEAYO'H NMR B LY LOMS 128\ THE
BINTELT, VT AT LAY —BmREBEOR NI TE oz, LEN-T,
ARFEICLVHEY OBWEL AT HEENS, BHO T VA EREHNTT A
TUABRETHEOND Z ERnhoTe.

UL EORGER R LY, REBEEIEILIINE TICTEMRBER STV -
FEFREOKEIH LTOBEARETHY, ;Y7 AT VARIRNIZ, %
RIREMEERT L7 /A4 Y% U UFEEREZERTE L LR mhoTe.
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Table 11. Scope and limitations of the Pictet—Spengler cyclization

8
9~ ~8.CO;Me
conditions R+
54a—e —_— 10! ‘I/H1'1-b Nfo
T

N
H

55a—e (6R,11bR-trans)

Entry Amido-acetal 54 Conditions” Product (yield)” [a]ne

1 54a (R = 4-Me) A 55a: R = 10-Me (80%) -149.8
2 54b (R = 4-OMe) A 55b: R = 10-OMe (18%) -188.3
3 54b (R = 4-OMe) A° £ -

4 54¢ (R = 4-Cl) A A -

5 54¢ (R = 4-Cl) A A -

6 54¢ (R = 4-Cl) B 55¢: R = 10-C1 (61%) ~153.3
7 54d (R = 3-Cl) B 55d: R = 9-Cl (61%) ~164.5
8 54e (R = 2-CI) B 55e: R = 8-Cl (43%) ~147.8

“Unless otherwise noted, the reaction was carried out under the following conditions. Condition A: ami-
do-acetal 54 (0.3 mmol) and CH3SO;H (3 mmol) at room temperature for 48 h. Condition B: ami-
do-acetal 54 (0.3 mmol) and concentrated H,SO, (1.8 mmol) at room temperature for 14 h.

"Isolated yield after column chromatography.

“¢=0.5, CHCl;.

‘8 h.

¢ CH;3SO;H (1.5 mmol) in CH,Cl, (0.2 ml).

/70°C, 1 h.

€ Complex mixture.

"The cyclized product was not detected.
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B AEOELED

XL, LEMEICHT SV A7 N X VIR S Na© 7 v R VBEEIERO A5
ZHis LT BOECTRHEINEEY e Y DUFER 29e 006 5 AR %
Fhi L, EOREE, ®IEMHETHOOBICK L TEmWEetEs AT 2bam Dt
PFHZE -T2 (Figure 5). ZO@EIEMHLEWIX, ZOMoEELE L TEI Y /A Y
%/Jyﬂ%%ﬁbf%b BEAF D B FIE TIEAE ¥ O STAR R B Bl AS 7]
RECThH-o7o8, RETIIHBEHERIEORRBE 2T 7.

EHIL () AFESGRAFRZHY, () fif#EIC ZRIEEKEEE T,
o (3) IWEEHMEOH DG TH D Z & EHBBERESEEREORN L LT,
FOGDORFEEITo T, ZORER, KHEER 7 ==V T F = VFS R0 % o7
LBRKICE D, B CESNEBIRORET Y 2 A4V F ) ) o HRROBEEEDRH
ISR LT AFIEICL D, D-7 2= LT T2 U O ESHITHE SN HBR N-
TN A I = A F UKD Bronsted FE% V72 Pictet-Spengler it
i@,MJmRF?VX®j¢ki%%OH§V/KV%/UV%%%,*éﬁ
Ew97x%vf%mﬁf%%¢5*kﬁﬂ%kﬁok SATABOER Tl
gz H\W5 Z &z , PRGN IEF ICINEETH -T2 8 %KT§@7I%/V
77%/m%%ﬁ%%,+AﬁW4,ﬁOWW/7XTVj@m@THm@%
IBIKZG2 ZEMARETH D Z N oot REBEELEEZHWS Z LT,
HamEREEZAETIE T ) A VxR ) B EKROARNTRETH D, -
ARKFEETEHLNDIE T Y ) A VX U UFEER S E 5 E L ACE
BHNFRETH VD, SHERIEINEER MG IR TN E TV /A Y X U U
BEDTA T TV —GRIEL LTHISHAIRETH D LEX LD (Figure 25).
L7 o TARBEBEIEIL, ARICBWTRHE SN Na© F v 3L LEHK
DEIEDEMIELE LTORHEOAHR R LT, ©72 74 Y% U UiFHEERN
B A HIE MR A R 5 BIcBW T, EFICAHTHHEEZD
n5.
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Figure 25. FiHlE 7 7 A V% ) U L EAESEIE OIS H ATREME.

7 \ .CO,Me  CH3SOzH RS 6.CO,Me
IS T ! 11b
R Qjﬁ . R m o or HZSO4 /H“‘ NTO
— MeO T
N
MeOQC NH2 MEC?I\H rt N
single diastereomer
D-phenylalanines (6RA1bR)-

pyrazinoisoquinolines

P

S - R

Y
_ N_ O = N TO
Nf N
X X

X: H, alkyl, acyl, etc.
Y: CO,H, CH,OH, CH,NR'R?, etc.

R
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vt =
i R

EHVL, Na© F v ROVBREIED IR CTH 2 e I IE S EIERRIC 2 0 155 &
B TR ZRMG L. AEEENEEROE MEFIZEIZHBWT, Na© Fv 1L
PRSI Na™ OWEAC X 2 R sE-C i (5 SR i A il 2 2 Sl k-
TN ZE 2D S, MREIRCHMFEAZSGET L 2 L nHIfFCE 5. 08
MR EE TIEFFG R 2 BN 5 & Z S Tnad Z Eb, Na™ T ¥ RV DM
{RIRREDFFFEIZBIE LTV D site 2 ZFFRERAIZIHENT9-25 Na" F ¥ R /UBAEI
I, FRAIREE 20k I DI ZETIRIRIE L e S5 B2 oD, —
T, BEfF O Na' F v p/VHESRIIIEDM QT MERIEMRE 2 BE M I AR BR 2
Wrl7-Z &, FMEZERE CILUIRICBEERZ RS> — AR BESIND Z &
G, EFIIFRC ORI T 2 R EMEICEE LRI R 21T O LERH D &
ERTe. Lo TRMIETHE, #IRERE <, DIRICKT 2 22 ik S
iz site2 ZFHFET 2 Na® Fx R APHEROAIRA HfF L.

HTS Ik W ionieT 77 4« 7ibainb e e 4m L, 3-7 2/ -1- (5-
A FZNAFY) 2-Tas =R (F—E) BLOEr U PRk G
TE) WD 2 ODBRRDB XA TG, RUFFCER IR Y R R A Sk L
TW=xtHE{kA% (SUN N8075, crobenetine) & [FIZELL EOIKEENE, 568 KOV
e EZRIIEEYMORGEEZ B E LT, {baMokitEakEiTo 7=,

F—F T, Na" v RVHEEM &, BRICEBT 2EIEA & L T3 —
X2V = RADIBMNEEDID KXV Dy ZBIRICxET 2 BLAIME & O el %
HEOE LT, 3-7 2 /-1- 5-A v Z=Adxy) 2-Fus ) — ) LiFEkoit
EORE T T, XHRIE SUNN8075 & OfE&EMHEEMEN S, EHIX 3-7 3 /-1-
(5-4 =)V FF) 2-F X)) —)LE( A Nat F ¥ RxAHEDO T 77—~ =
TxT B, RV Dy ZBEEEETUER 2 AT 2t EMITIR< EDO 7T
VIEEN O ORI EX L Z LA BRNS, T UEMNOAERERAEEm L. Z
DFER, Na© F ¥ RAVBHEIEME L R332 Dy SRMHEG BRI & A3 Tl L 721t
B EEEIG L. EAE0NEEEEHEELY, BT -1y v
BLOET V=BT P DOREFEED, RNV Dy BRI T DG
T TN D ATREME SRR S 7=, F 72 ClogD il & A1 THEDFEAZIZ H WL
BT EAT o TR R, ClogD fEDME T L, 7y MFI 7y —AzB8 T 51
W EMEN BIFbEY 4b ZHUS L=, {LEY 4b 13, site2 (2% L CxpIRER
Td % SUN N8075 L VWA EREHZAL TR, £77 v h—ltk
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MCA FAZEET/LICHWT, SUN N8075 & [ MFHZEMENER 2/ 452 &
MARENTZ. LTEEB->T, LAY 4b x>y MeeE LTHERMMEEY TH
HEBZLI, LAY 4b D OAEROIEFNOETH > 72 hERG K F ¥ * /LI
EEAOERTICHIT T, S5AR5A8MBHAEEL7-.

B OETIIERICBWTRERMEE 2o TN QT IEED Y A7 K
WA HPE LT, Sl n ) OUFERORG EAREITo7c. BIKMERE J
i L CWZEETF D Na™ F ¢ RVILEZK T CiEVy hERG K& F ¢ RV ESE
HAEHLTEBY, £7LA8Y 4b LIEEEIZHEV hERGK F ¥ RALEEMA 2 FH
LTCWiz7z®, hERGK" F ¥ X VHEEHAFREICEREMA ML 7-. vn
VU UEERIE, (LAY 4b OT I U ABOBRRIZEB W TR &z Na®
F v FPLEENZETH5EKR THD. B u ) P UFFERD hERG K F v /L
PR ME ORI M 728k & LT, 3-hERG M AMERIZ B\ TEUKMEAH A
TERICBE D D & STV 5D, Phe656 (25 H LI {baWakit 21T o7-. T70b b,
o) DURBERO 1, 3, BIO 4 /LI, Phe656 & DBR/KMEFE A AR % [HlkE
LA L) REHEL LT, Y Zand VB2 AT EHEAZEA LS
MEBRGT LA Lz, ZO/RR, vanl YU 3 (LoE#LEN, hERGK" F¥
T EDOHEERICEEEG L TWDZ ENREIN, £72 3 ffov 7 ~F L
F3 hERG K" F ¥ R/VBAFEEA OIS IEF ICEEREHRIL TH H 2 & 23R
STz, REFFRICE Y RHEINTZEAEY 29e 13 Na™ F v R D site 2 & PHLE
L, 7v h—ifdtE MCA PAZEET VI WT, %EE THA Rl ARE
FHERZAET A Z RSz, ELEW 29e & xtHIE crobenetine DILH)
B ERBROFE RS, (LAY 29 1 QT EEEHD Y 27 BNK L,
crobenetine & FLHE U CORICKT T2 EN LV SN -bEWTH D Z LA
R ENTZ. U EDOFERE XY, hERGK" F v R/ EEMENEE L7 Na" F v
IOV ESR T, SMOAREEERZ A L, 2 o0EkD Na™ F v rVBLERK TR
BEINTWEEYN QT IEE U A7 BNEWZ EXRRB I, L7enoT
Na" F ¥ RV ERD, BRICBW TR TANRIMEREIRFIELE 2055 &5
Ay (R

EFIT, LEMEICHET DY) A RI VRS 7z Na© F v RV HLESR ORI
#HFELT, BETRE S e U P58 29¢ 226 B2 55 HURAZ
Fhi Lo, TOR, MolEL LTIy /4 VYX ) ) B EAT H{LE
Wns, @iEME T RIS L TR et 24 Z &3 niro 7 (Figure 5).
LU G, BEFFOEMIE TIIAE R OZRA, 23O SRS 225 B3 A
HThoTeZ b, FZ=VHTREIV /AVX )V UEROETT AT LA
BEIRA L BIESNE DR 21T o T2, TORE, TIROIEFIEWR T = =17
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ToUBHEREHBEEE L, IR DBHEEINLGERIK N-T A I =T A
F RO 1,3-% 7 VERE A £ S Pictet-Spengler R LY, 6,11b- kT
ADMPALFEE O TV A VX)) R EERY T AT L ARIRIICHER
TEXDHZEEWALMT LT, REBIEIITTIRERORE S FATH 72 7 R F
EEANLRNDL, —ZBICZREOBKEZEETE HMEREHREIEETHD.
FAERDBEBEIETIIERPRECH 72, FHFR LICE I GEEL
XRWEEICRI LT, REREOBEHANAIRETH D Z L 2R L. REKE
FEEHANDZLICK VSR TV AV X ) UHEERO AR ATREIC 72
LHEEZBN, FEARISTHONIET Y ) A4 VX)) UFEKRNL TR D
B ASCEBELBNIETH D Z D, AFEICBVW TR ST
Na" F v X EEOROEEOARIEE L TOHBORR LT, BUEER S
TWAHETY A VX)) UFEEOAEMECEBE M 2+ % ETh,
FHICHERRERIETHD EEZLND.

AR ST SE A EIE R 2 HFE L7= Na' F v R VL EKORRIFEIC
WTCh 72, 3, B = ClL, site 2 ZFHET S Na' F v p/LEHEEKN,
7 v MEEZEET T VICB W THRREFERZ BT 22 L M8 Lz, £7-BE
70 Na™ v FUVHERICBWTRE R L 7r o T, DIRICHT T 574
PEOREIZX LTH, FHEEDTRFENFRIEETH H Z LA L VS Tz,
PER D IMFRZE TR 3T, BRRRBRICB W CHHIRBZBO b2, & L<IE QT 4iE
FEERICRE SN D DRI T D2 Z 2O RBEN S Pl 2 272 < ST,
ARFFEDOFER NG, DEFMEICT 2 ) 27NV E - Na© F v rVRHE
FOAIRINFRETHIUE, BIRICBWTAMMEEZ/RL, D OREMEDE IR
FELMENEREII RV EDLI LEZOND. FTAMIETHNL LT /A Y
XU UBROBIHEREERT, BI04 YF ) U ORRICE R HEIEE
LIEHTEDEEZLND.
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KEROET

General Information

Melting point (mp) was determined on a Biichi B-535 melting point apparatus and
uncorrected. 'H and "“C NMR spectra were recorded on a Bruker ARX300,
AVANCE400, or AVANCEG600 spectrometer, and chemical shifts are expressed in o
(ppm) values with tetramethylsilane as an internal standard. Abbreviations for signal
patterns are as follows: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br, broad
peak. IR spectra were obtained with a PerkinElmer Spectrum One FT-IR spectrometer.
Elemental analyses were performed with a PerkinElmer 2400 II (C, H, N) and were
within £0.4% of theoretical values. Analytical HPLC was conducted on a Capcellpak
Cis column (5 um, 4.6x250 mm) eluted with 0.05% (v/v) TFA in water (solvent A) and
0.05% (v/v) TFA in acetonitrile (solvent B), according to the following elution gradient:
5-100% B over 40 min at a flow rate of 1.0 ml/min. LC/MS spectra were recorded on a
Waters LC/MS system using a Acquity UPLC BEH C;s column (2x50 mm) coupled
with micromass ZQ as a MS detector, and a gradient of 5-98% B over 1 min was used.
Mass spectra were obtained on a ThermoFisher FINNIGAN LXQ mass spectrometer.
HRMS spectra were recorded on LTQ Orbitrap Velos Pro mass spectrometer equipped
with an ESI Lockspray source for accurate mass values. Specific optical rotations were
recorded on a Jasco P-2000 polarimeter. X-ray crystallographic intensity data for com-
pound 49 was measured on a Rigaku AFC7R diffractometer using filtered Cu-Ka radia-

tion and a rotating anode generator.

F—EICETHER

1-(4-Phenoxyphenyl)piperazine (6). A mixture of 4-phenoxyaniline (5) (5.0 g, 27.0
mmol) and 2,2’-dichloroethylamine hydrochloride (4.8 g, 27.0 mmol) was heated to
200°C with stirring for 4 h. After cooling, 1 N aqueous NaOH was added, and the whole
was extracted with ethyl acetate (EtOAc). The extract was dried over anhydrous MgSOy,
and the solvent was evaporated under reduced pressure. The residue was purified by
column chromatography on silica gel (CHCl;/MeOH= 20/1) to give 6 as a pale yellow
solid (4.4 g, 64% yield). Mp 114°C; "H NMR (300 MHz, CDCls) &: 3.03-3.06 (m, 4H),
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3.09-3.12 (m, 4H), 6.90-7.05 (m, 7H), 7.27-7.32 (m, 2H); LC/MS (ESI) m/z: 255.3
[M+H]".

tert-Butyl 4-Biphenyl-4-yl-4-hydroxypiperidine-1-carboxylate (8a). A 0.5 N solu-
tion of 4-biphenyl magnesium bromide (11 ml, 5.5 mmol) in tetrahydrofuran (THF) was
added dropwise to a solution of fert-butyl 4-oxopiperidine-1-carboxylate (7a) (1.0 g, 5.0
mmol) in THF (25 ml) at 0°C under nitrogen atmosphere. The mixture was stirred for 2
h at the same temperature. 1 N aqueous HCI was then added, and the whole was ex-
tracted with EtOAc. The extract was washed with saturated NaHCOj; solution and dried
over anhydrous MgSQO,, and the solvent was evaporated under reduced pressure. The
residue was purified by column chromatography on silica gel (hexane/EtOAc= 4/1) to
give 8a as a colorless solid (0.58 g, 33% yield). Mp 159-163°C; 'H NMR (300 MHz,
CDCl3) 8: 1.49 (s, 9H), 1.78 (d, J= 12.3 Hz, 2H), 2.04 (m, 2H), 3.27 (t, J= 12.3 Hz, 2H),
4.04 (m, 2H), 7.35 (t, J= 7.5 Hz, 1H), 7.44 (t, J= 7.5 Hz, 2H), 7.53-7.62 (m, 6H); MS
(APCI) m/z: 352 [M—H] .

tert-Butyl 4-[4-(Benzyloxy)phenyl]-4-hydroxypiperidine-1-carboxylate (8b). This
compound was prepared as a colorless solid (55% yield) by the same procedure as de-
scribed for 8a wusing 4-benzyloxyphenyl magnesium bromide prepared from
(4-benzyloxy)bromobenzene instead of 4-biphenyl magnesium bromide. Mp 123°C; 'H
NMR (400 MHz, CDCls) 6: 1.48 (s, 9H), 1.72—-1.75 (m, 2H), 1.97 (m, 2H), 3.24 (t, J=
12.3 Hz, 2H), 4.00 (br s, 2H), 5.07 (s, 2H), 6.95-6.98 (m, 2H), 7.32-7.35 (m, 1H),
7.36-7.44 (m, 6H); MS (APCI) m/z: 383 [M—H] .

Ethyl 4-Biphenyl-4-yl-4-hydroxypiperidine-1-carboxylate (8c¢). This compound
was prepared as a colorless solid (36% yield) by the same procedure as described for 8a
using ethyl 4-oxopiperidine-1-carboxylate (7¢) instead of 7a. Mp 95-100°C; 'H NMR
(300 MHz, CDCls) &: 1.29 (t, J= 7.2 Hz, 3H), 1.80 (d, J= 12.6 Hz, 2H), 2.05 (m, 2H),
3.32 (t, J= 13.1 Hz, 2H), 4.14 (m, 2H), 4.17 (q, J= 7.2 Hz, 2H), 7.35 (t, J= 7.2 Hz, 1H),
7.45 (t, J= 7.4 Hz, 2H), 7.53-7.62 (m, 6H); MS (APCI) m/z: 324 [M—H] .

4-Biphenyl-4-ylpiperidin-4-ol (8d). A mixture of 8¢ (1.4 g, 4.2 mmol) and 5 N
aqueous NaOH (10 ml) in ethanol (20 ml) was refluxed overnight, and then the solvent
was evaporated under reduced pressure. The residue was diluted with H,O, and the
whole was extracted with CH,Cl,. The extract was dried over anhydrous MgSQO,, and
the solvent was evaporated under reduced pressure. The residue was purified by column
chromatography on NH-silica gel (CH,Cl,/MeOH= 2/1) to give 8d as a colorless solid
(0.74 g, 70% yield). Mp 183-186°C; 'H NMR (300 MHz, CDCl3) &: 1.77-1.81 (m, 2H),
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2.08 (dt, J=12.8, 4.5 Hz, 2H), 2.98-3.02 (m, 2H), 3.15 (dt, J= 12.0, 2.4 Hz, 2H), 7.34 (t,
J= 6.9 Hz, 1H), 7.44 (t, J= 6.9 Hz, 2H), 7.58-7.61 (m, 6H); LC/MS (ESI) m/z: 254.4
[M+H]".

4-Bihenyl-4-yl-1,2,3,6-tetrahydropyridine (9a). To a solution of 8a (0.58 g, 1.6
mmol) in CH,Cl, (5 ml) was added TFA (1.4 ml) at 0°C. After stirring for 6 h at room
temperature, the reaction mixture was poured into 1 N aqueous NaOH, and the whole
was extracted with EtOAc. The extract was dried over anhydrous MgSO,, and the sol-
vent was evaporated under reduced pressure to give compound 9a as a colorless solid
(0.33 g, 69% yield). Mp 261°C; 'H NMR (300 MHz, CDCl3) &: 2.48-2.57 (m, 2H), 3.15
(t, J= 5.7 Hz, 2H), 3.58 (q, J= 2.9 Hz, 2H), 6.19-6.21 (m, 1H), 7.32-7.36 (m, 1H),
7.42-7.48 (m, 4H), 7.56-7.61 (m, 4H); LC/MS (ESI) m/z: 236.4 [M+H]".

4-|4-(Benzyloxy)phenyl]-1,2,3,6-tetrahydropyridine (9b). To a solution of 8d (1.53
g, 4.0 mmol) in CH,Cl, (20 ml) was added TFA (3.1 ml) at 0°C. After stirring for 1 h at
room temperature, the reaction mixture was poured into 1 N aqueous NaOH, and the
precipitate was collected by filtration to give compound 9b as a colorless solid (1.03 g,
97% yield). "H NMR (400 MHz, CDCls) &: 2.40-2.50 (m, 2H), 3.12 (t, J= 5.7 Hz, 2H),
3.53 (dd, J=5.7, 2.6 Hz, 2H), 5.07 (s, 2H), 6.00-6.09 (m, 1H), 6.94 (d, J= 8.7 Hz, 2H),
7.29-7.35 (m, 3H), 7.36-7.46 (m, 4H); LC/MS (ESI) m/z: 266.3 [M+H]".

4-Biphenyl-4-ylpiperidine (10a). To a solution of 9a (0.32 g, 1.2 mmol) in MeOH
(20 ml) and H,O (5 ml) was added 10% palladium on carbon (0.10 g), and the mixture
was stirred at 60°C under hydrogen atmosphere for 4 h. The catalyst was removed by
filtration, and the filtrate was evaporated under reduced pressure. To the residue was
added 1 N aqueous NaOH, and the whole was extracted with EtOAc. The extract was
dried over anhydrous MgSQ,, and the solvent was evaporated under reduced pressure to
give compound 10a as a colorless solid (0.22 g, 80% yield). Mp 109-114°C; '"H NMR
(300 MHz, CDCls) 6: 1.68 (dq, J= 12.5, 3.9 Hz, 2H), 1.88 (d, /= 13.2 Hz, 2H), 2.63—
2.68 (m, 1H), 2.77 (dt, J= 12.2, 2.4 Hz, 2H), 3.21 (d, J= 12.0 Hz, 2H), 7.29-7.35 (m,
3H), 7.43 (t, J= 7.5 Hz, 2H), 7.56 (dd, J= 11.6, 7.7 Hz, 4H); LC/MS (ESI) m/z: 238.4
[M+H]".

tert-Butyl 4-(4-Pyridin-3-ylphenyl)piperidine-1-carboxylate (10b). To a solution
of 9b (0.98 g, 3.7 mmol) in THF (20 ml) was added di-tert-butyl dicarbonate (0.89 g,
4.1 mmol). The mixture was heated to reflux with stirring for 3 h, and then the solution
was evaporated under reduced pressure. The residue was extracted with EtOAc. The

extract was dried over anhydrous MgSQO,, and the solvent was evaporated under re-
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duced pressure. The resulting crystals were dissolved in ethanol (14 ml) and THF (7 ml),
and 10% palladium on carbon (0.34 g) was added. The mixture was then stirred at 50°C
under hydrogen atmosphere for 5 h. The catalyst was removed by filtration, and the fil-
trate was evaporated under reduced pressure. To the resulting crystals and pyridine (0.35
ml) in CH,Cl, (10 ml) was added dropwise a solution of trifluoromethanesulfonic an-
hydride (0.52 ml) in CH,Cl, (3 ml) at 0°C. After stirring for 1 h at room temperature,
the solvent was evaporated under reduced pressure, and the residue was extracted with
EtOAc. The extract was dried over anhydrous MgSQy4, and the solvent was evaporated
under reduced pressure. The residual oil was dissolved in toluene (10 ml) and ethanol
(1.0 ml). To the solution was added pyridine-3-boronic acid (0.35 g, 2.8 mmol),
tetrakis(triphenylphosphine)palladium (0) (0.13 g, 0.12 mmol), and 2 N aqueous
NayCOs (2.3 ml). The mixture was then heated to 100°C with stirring for 15 h. After
cooling, H,O was added, and the whole was extracted with EtOAc. The extract was
washed with brine and dried over anhydrous MgSQO,, and the solvent was evaporated
under reduced pressure. The residue was purified by column chromatography on silica
gel (hexane/EtOAc= 2/1) to give 10b (0.67 g, 4 steps 54% yield) as a colorless solid.
Mp 104°C; "H NMR (400 MHz, CDCl3) &: 1.49 (s, 9H), 1.61-1.71 (m, 2H), 1.85-1.88
(m, 2H), 2.68-2.74 (m, 1H), 2.77-2.93 (m, 2H), 4.27 (m, 2H), 7.31-7.38 (m, 3H), 7.54
(d, J= 8.2 Hz, 2H), 7.85-7.88 (m, 1H), 8.58 (dd, J= 5.1, 1.5 Hz, 1H), 8.84 (m, 1H);
LC/MS (ESI) m/z: 339.1 [M+H]".

3-(4-Piperidin-4-ylphenyl)pyridine Dihydrochloride (10c). To a solution of 10b
(0.59 g, 1.7 mmol) in EtOAc (8 ml) was added 2 N HCI/MeOH solution (8.7 ml). After
stirring for 1 h at room temperature, the precipitate was collected by filtration to give
compound 10¢ as a colorless solid (0.48 g, 89% yield). Mp 276-280°C; '"H NMR (400
MHz, CD;0D) &: 1.92-2.03 (m, 2H), 2.11-2.15 (m, 2H), 3.04 (tt, J= 12.3, 3.6 Hz, 1H),
3.15-3.21 (m, 2H), 3.52-3.55 (m, 2H), 7.53 (d, J= 8.2 Hz, 2H), 7.83 (d, J= 8.2 Hz, 2H),
8.15 (dd, J= 8.2, 5.7 Hz, 1H), 8.82 (d, J= 5.7 Hz, 1H), 8.89-8.92 (m, 1H), 9.17 (d, J=
2.1 Hz, 1H); LC/MS (ESI) m/z: 239.1 [M+H]".

tert-Butyl 4-(5-Bromopyridin-2-yl)piperazine-1-carboxylate (12a). A mixture of
tert-butyl piperazine-1-carboxylate (11) (5.0 g, 26.9 mmol), 2,5-dibromopyridine (6.4 g,
26.9 mmol), and N, N-diisopropylethylamine (6.9 g, 51.7 mmol) in N-methylpyrrolidone
(70 ml) was heated to 120°C with stirring for 5 h. After cooling, H,O was added, and
the whole was extracted with EtOAc. The extract was washed with brine and dried over
anhydrous MgSQy, and the solvent was evaporated under reduced pressure. The residue

was purified by column chromatography on silica gel (hexane/EtOAc= 10/1) to give
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12a as a pale yellow solid (4.5 g, 49% yield). Mp 89°C; 'H NMR (300 MHz, CDCl;) §:
1.48 (s, 9H), 3.47-3.57 (m, 8H), 6.55 (d, J= 9.0 Hz, 1H), 7.55 (dd, J=9.0, 2.4 Hz, 1H),
8.20 (d, J= 2.4 Hz, 1H); MS (APCI) m/z: 342, 344 [M+H]".

tert-Butyl 4-(6-Chloropyridazin-3-yl)piperazine-1-carboxylate (12b). This com-
pound was prepared as a pale yellow solid (62% yield) by the same procedure as de-
scribed for 12a using 3,6-dichloropyridazine instead of 2,5-dibromopyridine. Mp
172°C; '"H NMR (400 MHz, CDCl3) &: 1.49 (s, 9H), 3.56-3.62 (m, 8H), 6.90 (d, J= 9.9
Hz, 1H), 7.24 (d, J=9.9 Hz, 1H); LC/MS (ESI) m/z: 299.0 [M+H]".

tert-Butyl 4-(5-Phenylpyridin-2-yl)piperazine-1-carboxylate (13a). To a solution
of 12a (0.68 g, 2.0 mmol) and 2 N aqueous Na,CO; (5 ml) in dioxane (10 ml) was add-
ed phenylboronic acid (0.36 g, 3.0 mmol) and tetrakis(triphenylphosphine)palladium (0)
(0.11 g, 0.10 mmol). The mixture was heated to 100°C with stirring for 6 h. After cool-
ing, H,O was added, and the whole was extracted with EtOAc. The extract was washed
with brine and dried over anhydrous MgSO,, and the solvent was evaporated under re-
duced pressure. The residue was purified by column chromatography on silica gel
(hexane/EtOAc= 4/1) to give 13a as a pale yellow solid (0.52 g, 77% yield). Mp 133—
137°C; "H NMR (300 MHz, CDCLs) &: 1.46 (s, 9H), 3.58 (m, 8H), 6.73 (d, J= 9.3 Hz,
1H), 7.31-7.34 (m, 1H), 7.43 (t, J= 7.2 Hz, 2H), 7.51-7.54 (m, 2H), 7.74 (d, J= 8.7 Hz,
1H), 8.46 (s, 1H); LC/MS (ESI) m/z: 340.4 [M+H]".

tert-Butyl 4-(6-Phenylpyridazin-3-yl)piperazine-1-carboxylate (13b). This com-
pound was prepared as a pale yellow solid (64% yield) by the same procedure as de-
scribed for 13a using 12b instead of 12a. Mp 177-180°C; 'H NMR (400 MHz, CDCl5)
0:1.50 (s, 9H), 3.59-3.62 (m, 4H), 3.71 (m, 4H), 7.00 (d, J= 9.6 Hz, 1H), 7.41-7.51 (m,
3H), 7.69 (d, J= 9.9 Hz, 1H), 8.02 (dd, J= 8.0, 1.4 Hz, 2H); LC/MS (ESI) m/z: 341.4
[M+H]".

tert-Butyl 4-(4-Pyridin-3-ylphenyl)piperazine-1-carboxylate (13c). This com-
pound was prepared as a pale yellow solid (47% yield) by the same procedure as de-
scribed for 13a using commercially available 12¢ instead of 12a and pyridine-3-boronic
acid instead of phenylboronic acid. Mp 150°C; 'H NMR (300 MHz, CDCl3) &: 1.49 (s,
9H), 3.20-3.23 (m, 4H), 3.59-3.63 (m, 4H), 7.02 (d, J= 8.7 Hz, 2H), 7.32 (dd, J= 7.8,
5.1 Hz, 1H), 7.52 (d, J= 8.7 Hz, 2H), 7.82-7.85 (m, 1H), 8.53 (dd, J= 5.1, 1.5 Hz, 1H),
8.82 (d, J= 2.4 Hz, 1H); LC/MS (ESI) m/z: 340.4 [M+H]".

1-(5-Phenylpyridin-2-yl)piperazine (14a). To a solution of 13a (0.52 g, 1.5 mmol)
in CH,Cl, (2 ml) was added TFA (2 ml) at 0°C. After stirring for 1 h at room tempera-
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ture, the reaction mixture was poured into 1 N aqueous NaOH, and the whole was ex-
tracted with CH,Cl,. The extract was dried over anhydrous MgSQO,, and the solvent was
evaporated under reduced pressure to give compound 14a as a colorless solid (0.33 g,
90% yield). Mp 150-153°C; 'H NMR (300 MHz, CDCls) &: 3.00-3.03 (m, 4H), 3.54—
3.58 (m, 4H), 6.72 (d, J=9.0 Hz, 1H), 7.31-7.45 (m, 1H), 7.40-7.45 (m, 2H), 7.51-7.54
(m, 2H), 7.72 (dd, J=9.0, 2.4 Hz, 1H), 8.45 (d, J=2.4 Hz, 1H); LC/MS (ESI) m/z: 240.4
[M+H]".

3-Phenyl-6-piperazin-1-ylpyridazine (14b). This compound was prepared as a pale
yellow solid (83% yield) by the same procedure as described for 14a using 13b instead
of 13a. Mp 156-158°C; '"H NMR (400 MHz, CDCls) &: 3.02-3.05 (m, 4H), 3.68-3.70
(m, 4H), 6.98 (d, /= 9.8 Hz, 1H), 7.38-7.42 (m, 1H), 7.45-7.49 (m, 2H), 7.66 (d, J=9.8
Hz, 1H), 8.00-8.02 (m, 2H); LC/MS (ESI) m/z: 241.2 [M+H]".

1-(4-Pyridin-3-ylphenyl)piperazine (14c¢). This compound was prepared as a pale
yellow solid (81% yield) by the same procedure as described for 14a using 13¢ instead
of 13a. Mp 156-158°C; '"H NMR (300 MHz, CDCls) &: 3.04-3.08 (m, 4H), 3.21-3.24
(m, 4H), 7.02 (d, J= 8.7 Hz, 2H), 7.32 (dd, J= 8.0, 4.5 Hz, 1H), 7.51 (d, J= 8.4 Hz, 2H),
7.81-7.85 (m, 1H), 8.52 (dd, /= 4.5, 1.5 Hz, 1H), 8.82 (d, J= 2.4 Hz, 1H); LC/MS (ESI)
m/z: 240.4 [M+H]".

Ethyl Spiro[isobenzofuran-1(3H),4’-piperidine]-1’-carboxylate (15a). This com-
pound was synthesized as colorless oil (85% yield) by the procedure of Kubota et al.*)
'H NMR (300 MHz, CDCl5) &: 1.29 (t, J= 7.1 Hz, 3H), 1.71-1.75 (m, 2H), 1.84 (dt, J=
13.0, 4.8 Hz, 2H), 3.23 (t, /= 12.2 Hz, 2H), 4.09-4.14 (m, 2H), 4.17 (q, J= 7.1 Hz, 2H),
5.08 (s, 2H), 7.07-7.10 (m, 1H), 7.20-7.29 (m, 3H); LC/MS (ESI) m/z: 262.3 [M+H]".

Spiro[isobenzofuran-1(3H),4’-piperidine] (15b). This compound was synthesized
as a colorless solid (83% yield) by the procedure of Kubota et al.*" Mp 88-89°C; 'H
NMR (300 MHz, CDCl3) &: 1.73-1.91 (m, 4H), 3.01-3.11 (m, 4H), 5.08 (s, 2H), 7.13—
7.16 (m, 1H), 7.21-7.29 (m, 3H); LC/MS (ESI) m/z: 190.3 [M+H]".

tert-Butyl 3-Phenyl-1-oxa-2,4,8-triazaspiro[4,5]dec-2-ene-8-carboxylate (16a). A
mixture of 7¢ (5.0 g, 29.2 mmol), benzamidoxime (4.0 g, 29.2 mmol), and
p-toluenesulfonic acid monohydrate (1.0 g, 5.8 mmol) in toluene (30 ml) was heated to
reflux with a Dean-Stark apparatus for 7 h. After cooling, the resulting precipitate was
collected by filtration and recrystallized from 2-propanol/EtOAc to give 16a as a color-
less solid (4.2 g, 50% yield). Mp 189°C; "H NMR (300 MHz, CDCls) &: 1.28 (t, J= 7.2
Hz, 3H), 1.73-1.83 (m, 2H), 2.04-2.08 (m, 2H), 3.40 (ddd, J= 13.8, 10.8, 3.0 Hz, 2H),
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3.91-3.95 (m, 2H), 4.16 (g, J= 7.2 Hz, 2H), 4.43 (br s, 1H), 7.39-7.47 (m, 3H), 7.68 (td,
J=6.3, 1.8 Hz, 2H); LC/MS (ESI) m/z: 290.4 [M+H]".

3-Phenyl-1-o0xa-2,4,8-triazaspiro[4,5]dec-2-ene (16b). A mixture of 16a (4.2 g, 14.6
mmol) and Ba(OH);-8H,0 (6.4 g, 20.4 mmol) in ethanol (30 ml) and H,O (20 ml) was
heated to reflux with stirring overnight. The mixture was then evaporated under reduced
pressure, and the residue was diluted with H,O. The resulting precipitate was removed
by filtration, and the filtrate was extracted with CH,Cl,. The extract was dried over an-
hydrous MgSOy, and the solvent was evaporated under reduced pressure. The residue
was washed with hexane/EtOAc (1/1) to give 16b as a colorless solid (2.2 g, 68% yield).
Mp 169°C; '"H NMR (300 MHz, CDCl;) &: 1.79-1.85 (m, 2H), 2.0-2.06 (m, 2H), 2.93—
2.97 (m, 2H), 2.99-3.08 (m, 2H), 4.45 (br s, 1H), 7.27-7.46 (m, 3H), 7.68-7.71 (m,
2H); LC/MS (ESI) m/z: 218.3 [M+H]".

tert-Butyl  1-(Trifluoroacetyl)-1,2-dihydro-1’H-spiro[indole-3,4’-piperidine]-1’-
carboxylate (18a). To a solution of commercially available tert-butyl
1,2-dihydro-1’H-spiro[indole-3,4’-piperidine]-1’-carboxylate (17) (0.8 g, 2.8 mmol) and
triethylamine (0.46 ml, 3.3 mmol) in CH,Cl, (10 ml) was added trifluoroacetic anhy-
dride (0.41 ml, 2.9 mmol) at 0°C. After stirring for 4 h at the same temperature, H,O
was added, and the whole was extracted with CH,Cl,. The extract was dried over anhy-
drous MgSQy, and the solvent was evaporated under reduced pressure. The residue was
purified by column chromatography on silica gel (hexane/EtOAc= 5/1) to give 18a as a
colorless solid (0.99 g, 92% yield). Mp 124-125°C; 'H NMR (300 MHz, CDCl;) :
1.49 (s, 9H), 1.66—1.70 (m, 2H), 1.88 (dt, J= 13.2, 4.2 Hz, 2H), 2.89 (t, J= 12.6 Hz, 2H),
4.13 (s, 2H), 4.19 (m, 2H), 7.21 (d, J= 4.2 Hz, 2H), 7.29-7.35 (m, 1H), 8.20 (d, J= 8.2
Hz, 1H); MS (APCI) m/z: 402 [M+NH,4] .

2,2,2-Trifluoro-1-(spiro[indole-3,4’-piperidin]-1-(2H)-yl)ethanone (18b). To a so-
lution of 18a (0.97 g, 2.5 mmol) in EtOAc (10 ml) was added 4 N HCI/EtOAc solution
(6 ml). After stirring for 6 h at room temperature, saturated NaHCOj3 solution was added,
and the whole was extracted with CH,Cl,. The extract was dried over anhydrous MgSQOy,
and the solvent was evaporated under reduced pressure to give 18b as pale yellow oil
(0.41 g, 58% yield). '"H NMR (300 MHz, CDCls) &: 1.67-1.71 (m, 2H), 1.95 (dt, J=
13.2, 4.5 Hz, 2H), 2.78 (dt, J= 12.6, 2.4 Hz, 2H), 3.16-3.20 (m, 2H), 4.13 (s, 2H), 7.19—
7.34 (m, 3H), 8.19 (d, J= 7.8 Hz, 1H); LC/MS (ESI) m/z: 285.3 [M+H]".

tert-Butyl 4-(3-Phenyl-1,2,4-oxadiazol-5-yl)piperidine-1-carboxylate (20a). To a
solution of tert-butyl 4-(ethoxycarbonyl)-piperidine-1-carboxylate (19) (6.4 g, 25.0
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mmol) in THF (20 ml) and ethanol (20 ml) was added benzamidoxime (3.4 g, 25.0
mmol), then NaOEt (1.7 g, 25 mmol). After stirring for 3 h at 70°C, 1 N aqueous HCI
was added, and the whole was extracted with EtOAc. The extract was dried over anhy-
drous MgSQ,, and the solvent was evaporated under reduced pressure. The residue was
purified by column chromatography on silica gel (hexane/EtOAc= 4/1) to give 20a as a
colorless solid (2.8 g, 34% yield). Mp 101-102°C; "H NMR (400 MHz, CDCl5) &: 1.48
(s, 9H), 1.85-1.95 (m, 2H), 2.12 (dd, J= 13.1, 3.3 Hz, 2H), 3.00 (t, J= 11.6 Hz, 2H),
3.15-3.20 (m, 1H), 4.11-4.14 (m, 2H), 7.44-7.54 (m, 3H), 8.03-8.11 (m, 2H); MS
(APCI) m/z: 330 [M+H]".

4-(3-Phenyl-1,2,4-oxadiazol-5-yl)piperidine Hydrochloride (20b). To a solution of
20a (0.99 g, 3.0 mmol) in EtOAc (3 ml) was added 4 N HCI/EtOAc solution (3 ml). Af-
ter stirring for 4 h at room temperature, the resulting precipitate was collected by filtra-
tion and washed with EtOAc to give 20b as a colorless solid (0.79 g, 99% yield). Mp
250-251°C; '"H NMR (400 MHz, CD;OD) &: 2.15 (dtd, J= 14.8, 12.0, 3.9 Hz, 2H),
2.41-2.46 (m, 2H), 3.21-3.27 (m, 2H), 3.49-3.56 (m, 3H), 7.49-7.57 (m, 3H), 8.04—
8.07 (m, 2H); LC/MS (ESI) m/z: 230.0 [M+H]".

Benzyl 4-(1H-Benzimidazol-2-yl)piperidine-1-carboxylate (22a). To a solution
of anhydrous ethanol (16 ml) in CH,Cl, (18 ml) was added dropwise acetyl chloride (18
ml) at 0°C. To the reaction mixture was added dropwise benzyl
4-cyanopiperidine-1-carboxylate (21) (2.1 g, 8.4 mmol) in CH,Cl, (10 ml) at the same
temperature. After stirring for 2 h at room temperature, the resulting precipitate was col-
lected by filtration and then dissolved in anhydrous ethanol (50 ml). To the solution was
added o-phenylenediamine (1.2 g, 11.0 mmol), and the mixture was heated to reflux
with stirring for 4 h. After cooling, 1 N aqueous NaOH was added, and the whole was
extracted with CHCIl;. The extract was washed with 1 N aqueous HCI, then brine, and
dried over anhydrous MgSO,. The solvent was evaporated under reduced pressure. The
residue was purified by column chromatography on silica gel (CHCl3;/MeOH= 10/1) to
give 22a as a colorless solid (2.6 g, 92% yield). Mp 185-186°C; 'H NMR (400 MHz,
CDCl) 6: 1.64-1.77 (dq, J= 12.2, 4.1 Hz, 2H), 1.92-1.95 (m, 2H), 2.58-2.69 (m, 2H),
2.92 (tt, J= 11.6, 3.9 Hz, 1H), 3.00-3.09 (m, 2H), 7.06-7.15 (m, 2H), 7.47 (m, 2H),
12.11 (br s, 1H); LC/MS (ESI) m/z: 336.0 [M+H]".

2-Piperidin-4-yl-1H-benzimidazole (22b). To a solution of 22a (2.5 g, 7.5 mmol) in
MeOH (50 ml) was added 10% palladium on carbon (0.50 g), and the mixture was
stirred at room temperature under hydrogen atmosphere for 4 h. The catalyst was re-

moved by filtration, and the filtrate was evaporated under reduced pressure to give 22b
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as a pale yellow solid (1.5 g 99% yield). Mp 259-265°C; '"H NMR (300 MHz,
DMSO-dg) 8: 1.70 (dq, J= 12.2, 4.1 Hz, 2H), 1.92-1.95 (m, 2H), 2.60-2.66 (m, 2H),
2.92 (tt, J=11.6, 3.9 Hz, 1H), 3.03-3.06 (m, 2H), 7.09-7.12 (m, 2H), 7.47 (br s, 2H),
12.11 (br s, 1H); LC/MS (ESI) m/z: 202.3 [M+H]".

2-[(2,3-Dihydro-1H-inden-5-yloxy)methyl]oxirane (24). To a solution of 5-indanol
(23) (10.0 g, 74.5 mmol) in N,N-dimethylformamide (DMF) (100 ml) was added 60%
sodium hydride in mineral oil (3.3 g, 82.0 mmol) at 0°C. The mixture was stirred at 0°C
for 30 min, then at room temperature for 1 h. To the resulting mixture was added
epichlorohydrin (6.5 ml, 82.0 mmol) at 0°C. After stirring overnight at room tempera-
ture, 1 N aqueous HCIl was added, and the whole was extracted with diethyl ether. The
extract was washed with brine and dried over anhydrous MgSQO,, and the solvent was
evaporated under reduced pressure. The residue was purified by column chromatog-
raphy on silica gel (hexane/EtOAc= 20/1) to give 24 as colorless oil (10.3 g, 73% yield).
'H NMR (300 MHz, CDCls) &: 2.08 (q, J= 7.5 Hz, 2H), 2.74 (dd, J= 5.0, 2.7 Hz, 1H),
2.81-2.91 (m, 5H), 3.33-3.35 (m, 1H), 3.95 (dd, J=11.1, 5.4 Hz, 1H), 4.17 (dd, J= 11.1,
3.3 Hz, 1H), 6.70 (dd, J= 8.1, 2.7 Hz, 1H), 6.80 (s, 1H), 7.11 (d, J= 8.1 Hz, 1H); LC/MS
(ESI) m/z: 191.3 [M+H]".

General procedure for the synthesis of 3-amino-1-(5-indanyloxy)-2-propanol de-
rivatives (2a—g, 3a—c, and 4a—b). A mixture of 24 and a corresponding piperidine (8c,
10a, 10c, 15b, 16b, 18b, 20b, and 22b) or piperazine (6 and 14a—c) in 2-propanol was
heated to reflux with stirring for 3 h. After cooling, H,O was added, and the whole was
extracted with CH,Cl,. The extract was dried over anhydrous MgSQO,, and the solvent
was evaporated under reduced pressure. The residual oil product was purified by col-
umn chromatography on silica gel (CH,Cl,/MeOH= 30/1), or the crystalline product
was collected by filtration. The obtained compounds were dissolved in EtOAc, and ex-
cess 4 N HCI/EtOAc solution was added. After stirring for 1 h at room temperature, the
resulting precipitate was collected by filtration and washed with EtOAc to give the pi-
peridine derivatives (2b—d, 3a—c, or 4a,b) or piperazine derivatives (2a or 2e-g), re-

spectively.

1-(2,3-Dihydro-1H-inden-5-yloxy)-3-[4-(4-phenoxyphenyl)piperazin-1-yl]|propan
-2-o0l Hydrochloride (2a). This compound was obtained in 83% yield from 6 as a col-
orless solid. Mp 163°C; 'H NMR (400 MHz, DMSO-de) &: 1.96-2.06 (m, 2H), 2.78 (t,
J=1.5 Hz, 2H), 2.83 (t, J= 7.2 Hz, 2H), 3.02-3.20 (m, 2H), 3.22-3.32 (m, 4H), 3.58-
3.82 (m, 4H), 3.88-3.99 (m, 2H), 4.39 (br s, 1H), 6.00 (br s, 1H), 6.72 (dd, J= 8.2, 2.6
Hz, 1H), 6.85 (s, 1H), 6.92 (dd, J= 8.7, 1.0 Hz, 2H), 6.97-7.01 (m, 2H), 7.02-7.16 (m,
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4H), 7.31-7,39 (m, 2H), 10.03 (br s, 1H); LC/MS (ESI) m/z: 445.1 [M+H]"; IR (ATR) v
3235, 2944, 1585, 1509, 1485, 1451, 1240, 869, 765, 519 cm'; Anal. Caled for
CasH3,N,05-HC1-0.5H,0: C, 68.63; H, 6.99; N, 5.72; Found: C, 68.48; H, 6.86; N, 5.66.

4-Biphenyl-4-yl-1-[3-(2,3-dihydro-1H-inden-5-yloxy)-2-hydroxypropyl]piperidin
-4-0l Hydrochloride (2b). This compound was obtained in 76% yield from 8d as a
colorless solid. Mp 228°C; 'H NMR (400 MHz, DMSO-ds) 6: 1.85 (t, J= 15.4 Hz, 2H),
1.96-2.07 (m, 2H), 2.30-2.42 (m, 2H), 2.74-2.88 (m, 4H), 3.27-3.45 (m, 4H), 3.48—
3.61 (m, 2H), 3.89-4.02 (m, 2H), 4.31-4.45 (m, 1H), 5.54 (s, 1H), 5.96 (d, J= 5.1 Hz,
1H), 6.69-6.77 (m, 1H), 6.86 (s, 1H), 7.13 (d, J= 8.2 Hz, 1H), 7.37 (t, J= 8.2 Hz, 1H),
7.47 (t, J= 7.7 Hz, 2H), 7.56 (d, J= 8.2 Hz, 2H), 7.68 (m, 4H), 9.63 (br s, 1H); LC/MS
(ESI) m/z: 444.0 [M+H]"; IR (ATR) v 3312, 3179, 2924, 1604, 1488, 1473, 1049, 763,
635 cm '; Anal. Caled for CooH33NO5-HCI: C, 72.56; H, 7.14; N, 2.92: Found: C, 72.36;
H, 7.12; N, 2.89.

1-(4-Biphenyl-4-ylpiperidin-1-yl)-3-(2,3-dihydro-1H-inden-5-yloxy)propan-2-ol

Hydrochloride (2¢). This compound was obtained in 79% yield from 10a as a colorless
solid. Mp 243°C; 'H NMR (400 MHz, DMSO-dq) &: 1.94-2.20 (m, 6H), 2.74-2.94 (m,
5H), 3.05-3.24 (m, 4H), 3.62-3.73 (m, 2H), 3.89-3.99 (m, 2H), 4.31-4.42 (m, 1H),
5.95 (d, J=5.1 Hz, 1H), 6.73 (dd, J= 8.0, 2.3 Hz, 1H), 6.86 (d, J= 2.1 Hz, 1H), 7.13 (d,
J=28.2 Hz, 1H), 7.31-7.39 (m, 3H), 7.46 (t, J= 8.2 Hz, 2H), 7.61-7.69 (m, 4H), 9.60 (br
s, 1H); LC/MS (ESI) m/z: 428.1 [M+H]"; IR (ATR) v 3278, 2939, 1604, 1483, 1251,
1045, 832, 760, 693 cmfl; Anal. Caled for Cy9oH33NO,-HCI-0.1H,0: C, 74.77; H, 7.40;
N, 3.01; Found: C, 74.62; H, 7.24; N, 2.98.

1-(2,3-Dihydro-1H-inden-5-yloxy)-3-[4-(4-pyridin-3-ylphenyl)piperidin-1-yl]pro-
pan-2-ol Dihydrochloride (2d). This compound was obtained in 21% yield from 10c as
a colorless solid. Mp 216°C; '"H NMR (400 MHz, DMSO-d;) &: 1.95-2.22 (m, 6H), 2.78
(t, J= 7.2 Hz, 2H), 2.83 (t, J= 7.5 Hz, 2H), 2.88-2.98 (m, 1H), 3.25 (m, 4H), 3.63-3.74
(m, 2H), 3.90-4.01 (m, 2H), 4.34-4.44 (m, 1H), 6.69-6.77 (m, 1H), 6.86 (s, 1H), 7.13
(d, J=8.2 Hz, 1H), 7.42 (d, J= 8.2 Hz, 2H), 7.70-7.83 (m, 3H), 8.33-8.43 (m, 1H), 8.69
(d, J= 4.6 Hz, 1H), 9.03 (s, 1H), 9.66 (br s, 1H); LC/MS (ESI) m/z: 429.0 [M+H]"; IR
(ATR) v 3281, 2918, 2662, 1473, 1044, 808 cm'; Anal Caled for
CH3,N>0,-2HCI1-1.5H,0: C, 63.63; H, 7.06; N, 5.30; Found: C, 63.28; H, 7.01; N,
5.24.

1-(2,3-Dihydro-1H-inden-5-yloxy)-3-[4-(5-phenylpyridin-2-yl)piperazin-1-yl]pro-
pan-2-ol Dihydrochloride (2¢). This compound was obtained in 46% yield from 14a as
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a colorless solid. Mp 237°C; '"H NMR (400 MHz, DMSO-d;) &: 1.95-2.06 (m, 2H),
2.78 (t, J= 7.2 Hz, 2H), 2.83 (t, J= 7.5 Hz, 2H), 3.10-3.43 (m, 6H), 3.60-3.71 (m, 2H),
3.89-3.99 (m, 2H), 4.32-4.52 (m, 3H), 6.72 (dd, J= 8.2, 2.6 Hz, 1H), 6.84 (s, 1H), 7.08
(d, /=8.7 Hz, 1H), 7.12 (d, J= 8.2 Hz, 1H), 7.31-7.38 (m, 1H), 7.45 (t, J/= 7.7 Hz, 2H),
7.65 (d, J= 7.2 Hz, 2H), 7.95-8.02 (m, 1H), 8.50 (d, J= 2.1 Hz, 1H), 10.03 (br s, 1H);
LC/MS (ESI) m/z: 430.1 [M+H]"; IR (ATR) v 3682, 3325, 2952, 2844, 2722, 1649,
1616, 1492, 1440, 1277, 1244, 1055, 1033, 990, 797, 757, 693 cm '; Anal. Calcd for
Cy7H31N30,-2HCI1-0.5H,0: C, 63.40; H, 6.70; N, 8.22; Found: C, 63.66; H, 6.47; N,
8.20.

1-(2,3-Dihydro-1H-inden-5-yloxy)-3-[4-(6-phenylpyridazin-3-yl)piperazin-1-yl]

propan-2-ol Hydrochloride (2f). This compound was obtained in 37% yield from 14b
as a colorless solid. Mp 229°C; '"H NMR (400 MHz, DMSO-dq) &: 1.95-2.05 (m, 2H),
2.80 (dt, J= 19.4, 7.3 Hz, 4H), 3.19-3.30 (m, 4H), 3.42-3.57 (m, 2H), 3.63-3.74 (m,
2H), 3.89-4.00 (m, 2H), 4.33—4.43 (m, 1H), 4.47-4.63 (m, 2H), 6.72 (dd, J= 8.5, 2.3 Hz,
1H), 6.84 (s, 1H), 7.12 (d, J= 8.2 Hz, 1H), 7.41-7.56 (m, 4H), 8.01-8.12 (m, 3H), 10.06
(brs, 1H); LC/MS (ESI) m/z: 431.1 [M+H]"; IR (ATR) v 3306, 2937, 2578, 1642, 1592,
1548, 1481, 1462, 1442, 1419, 1239, 1055, 1033, 779, 690 cm '; Anal. Calcd for
Cy6H30N40,-HCI1-0.5H,0: C, 65.60; H, 6.78; N, 11.77; Found: C, 65.36; H, 6.47; N,
11.67.

1-(2,3-Dihydro-1H-inden-5-yloxy)-3-[4-(4-pyridin-3-ylphenyl)piperazin-1-yl|pro-
pan-2-ol Dihydrochloride (2g). This compound was obtained in 75% yield from 14c¢ as
a yellow solid. Mp 199°C; 'H NMR (400 MHz, DMSO-dq) &: 1.95-2.06 (m, 2H), 2.80
(dt, /= 19.8, 7.3 Hz, 4H), 3.22 (m, 4H), 3.61-3.74 (m, 4H), 3.88-4.05 (m, 4H), 4.34—
4.44 (m, 1H), 6.72 (dd, J= 8.2, 2.6 Hz, 1H), 6.85 (s, 1H), 7.13 (d, J= 8.2 Hz, 1H), 7.17
(d, J/=8.7 Hz, 2H), 7.71-7.83 (m, 3H), 8.42-8.51 (m, 1H), 8.65 (d, J/=5.1 Hz, 1H), 9.05
(s, 1H), 10.10 (br s, 1H); LC/MS (ESI) m/z: 430.0 [M+H]"; IR (ATR) v 3269, 2968,
2596, 1607, 1522, 1471, 1258, 1241, 1044, 1034, 799, 678, 618 cm™'; Anal. Calcd for
C»7H31N50,-:2HCI-2H,0: C, 60.22; H, 6.93; N, 7.80; Found: C, 60.34; H, 6.70; N, 7.73.

1-(2,3-Dihydro-1H-inden-5-yloxy)-3-(1’ H,3H-spiro[2-benzofuran-1,4’-piperidin]
-1’-yl)propan-2-ol Hydrochloride (3a). This compound was obtained in 85% yield
from 15b as a colorless solid. Mp 207°C; 'H NMR (400 MHz, DMSO-dj) 8: 1.85 (t, J=
15.7 Hz, 2H), 2.01 (m, 2H), 2.22-2.46 (m, 2H), 2.81 (dt, J= 19.8, 7.6 Hz, 4H), 3.19—
3.38 (m, 4H), 3.55-3.65 (m, 2H), 3.88-4.02 (m, 2H), 4.32-4.42 (m, 1H), 5.06 (s, 2H),
5.96 (d, J= 8.2 Hz, 1H), 6.73 (d, J= 8.2 Hz, 1H), 6.85 (s, 1H), 7.09-7.20 (m, 2H), 7.30-
7.39 (m, 3H), 9.73 (br s, 1H); LC/MS (ESI) m/z: 380.0 [M+H]"; IR (ATR) v 3681, 3215,
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2937, 2844, 1606, 1494, 1475, 1252, 1046, 1038, 1017, 833, 749 cm™'; Anal. Caled for
C24H2oNO3-HCI: C, 69.30; H, 7.27; N, 3.37; Found: C, 68.97; H, 7.16; N, 3.32.

1-(2,3-Dihydro-1H-inden-5-yloxy)-3-(3-phenyl-1-oxa-2,4,8-triazaspiro[4,5]dec-2-
en-8-yl)propan-2-ol Hydrochloride (3b). This compound was obtained in 87% yield
from 16b as a colorless solid. Mp 241°C; "H NMR (400 MHz, DMSO-d;) &: 1.99-2.15
(m, 6H), 2.80 (dt, J= 19.5, 7.5 Hz, 4H), 3.17-3.40 (m, 4H), 3.62 (m, 2H), 3.87-3.99 (m,
2H), 4.31 (m, 1H), 6.00 (m, 1H), 6.72 (d, J= 8.7 Hz, 1H), 6.85 (s, 1H), 7.13 (d, J= 8.2
Hz, 1H), 7.48-7.52 (m, 3H), 7.68 (d, J= 7.7 Hz, 2H), 7.84 (m, 1H), 9.53 (br s, 1H);
LC/MS (ESI) m/z: 408.1 [M+H]"; IR (ATR) v 3682, 3234, 2938, 2667, 1607, 1513,
1461, 1433, 1051, 1033, 839, 770, 692 cm '; Anal. Calcd for CaHaoN3O3-HCI: C,
64.93; H, 6.81; N, 9.46; Found: C, 64.71; H, 6.44; N, 9.36.

1-(2,3-Dihydro-1H-inden-5-yloxy)-3-(1,2-dihydro-1’H-spiro[indole-3,4’-piperi-

din]-1’-yl)propan-2-ol Hydrochloride (3¢). This compound was obtained in 53% yield
from 18b as a colorless solid. Mp 250°C; "H NMR (400 MHz, DMSO-d;) &: 1.74-1.83
(m, 2H), 1.97-2.12 (m, 3H), 2.18-2.24 (m, 1H), 2.80 (dt, J= 19.8, 7.3 Hz, 4H), 3.06—
3.38 (m, 6H), 3.55 (m, 2H), 3.88-4.00 (m, 2H), 4.33 (m, 1H), 5.66 (br s, 1H), 5.97 (d,
J=4.6 Hz, 1H), 6.51 (d, J= 7.7 Hz, 1H), 6.60 (t, J= 7.2 Hz, 1H), 6.71-6.73 (m, 1H),
6.85 (s, 1H), 6.91-6.98 (m, 2H), 7.13 (d, J= 8.2 Hz, 1H), 9.42 (br s, 1H); LC/MS (ESI)
m/z: 379.1 [M+H]"; IR (ATR) v 3244, 2961, 2837, 2693, 1606, 1486, 1463, 1251, 1048,
1033, 830, 734 cmfl; Anal. Calcd for Cy4H30N,O,-HCI1-0.2H,0: C, 68.87; H, 7.56; N,
6.69; Found: C, 68.55; H, 7.17; N, 6.65.

1-(2,3-Dihydro-1H-inden-5-yloxy)-3-[4-(3-phenyl-1,2,4-oxadiazol-5-yl)piperidin-
1-yl]propan-2-ol Hydrochloride (4a). This compound was obtained in 35% yield from
20b as a colorless solid. Mp 202°C; 'H NMR (400 MHz, DMSO-d) &: 1.97-2.29 (m,
4H), 2.35-2.43 (m, 2H), 2.80 (dt, J= 20.0, 7.1 Hz, 4H), 3.15-3.30 (m, 4H), 3.63-3.77
(m, 2H), 3.91-3.99 (m, 2H), 4.33 (m, 1H), 5.98 (d, J= 4.6 Hz, 1H), 6.71-6.73 (m, 1H),
6.82-6.85 (m, 1H), 7.10-7.14 (m, 1H), 7.57-7.63 (m, 3H), 8.00-8.08 (m, 2H), 9.58 (br
s, 1H); LC/MS (ESI) m/z: 420.1 [M+H]"; IR (ATR) v 3682, 3257, 2967, 2845, 2519,
1570, 1493, 1474, 1447, 1047, 1033, 1015, 695 cm™'; Anal. Caled for CosHyoN305-HCI:
C, 65.85; H, 6.63; N, 9.22; Found: C, 65.95; H, 6.48; N, 9.18.

1-[4-(1H-Benzimidazol-2-yl)piperidin-1-yl]-3-(2,3-dihydro-1H-inden-5-yloxy)-
propan-2-ol Dihydrochloride (4b). This compound was obtained in 54% yield from
22b as a colorless solid. Mp 264°C; '"H NMR (400 MHz, DMSO-d) &: 1.97-2.03 (m,
2H), 2.41 (m, 4H), 2.81 (dt, J= 19.8, 7.2 Hz, 4H), 3.15-3.30 (m, 4H), 3.68-3.80 (m, 2H),

-74-



3.87-4.01 (m, 2H), 4.39 (m, 1H), 5.99 (br s, 1H), 6.73 (d, J= 8.7, 1H), 6.83-6.86 (m,
1H), 7.08-7.14 (m, 1H), 7.43 (m, 2H), 7.72 (m, 2H), 9.58 (br s, 1H); LC/MS (ESI) m/z:
392.1 [M+H]"; IR (ATR) v 3681, 2939, 2844, 2725, 1608, 1491, 1461, 1054, 1033,
1017, 819, 742 cm™'; Anal. Caled for C24HaoN30,-2HCI-0.5H,0: C, 60.89; H, 6.81; N,
8.88; Found: C, 60.74; H, 6.67; N, 8.79.

Inhibitory effect on veratridine-induced Na' channel depolarization. The mem-
brane potential of synaptosomes was measured according to the procedure of Aiuchi et
al®® The standard medium consisted of 132 mM NaCl, 5 mM KCI, 20 mM Tris-HCl
(pH 7.4), and 10 mM glucose. Synaptosomes were prepared from rat brain membranes
(male Wister rats, 7—15 weeks old). Fluorescence was measured with a spectrofluorom-
eter (an excitation wavelength of 520 nm and an emission wavelength of 550 nm).
Rhodamine 6G, each test compound, and veratridine were added to 1 ml of the standard
medium in a fluorometer cuvette, and the initial fluorescence, f;, was measured. Then,
50 ul of synaptosome suspension was added to the cuvette, and the fluorescence in the
steady state, f;, was measured. The fluorescence, f, was defined as /= (f/ fi).

Binding affinity for dopamine D, receptors. A membrane fraction prepared from
the striatum of female Lewis rats (450 pul) was incubated with each test compound and
0.2 nM [*H]-spiperone in a buffer solution (50 mM Tris-HCI, 120 mM NaCl, 5 mM KCI,
2 mM CaCl,, and 1 mM MgCl,, pH 7.4) at 37°C for 20 min. Bound radioactivity was
counted after rapid vacuum filtration through a GF/B glass filter. Nonspecific binding

was determined using 100 pM (—)-sulpiride.

Effect of compound 4b on ischemic brain damage in a rat transient middle cer-
ebral artery (MCA) occlusion model. Wister rats (male, 8 weeks old) were anesthe-
tized with halothane. They were then subjected to transient MCA occlusion for 90 min
according to the modified method of Koizumi et al.,*® followed by reperfusion. Com-
pound 4b was administered intraperitoneally immediately after both occlusion and
reperfusion at a dose of 30 mg/kg (salt form) each time. Control rats that also underwent
transient MCA occlusion received an equal volume of saline at the corresponding time
points. The brains were dissected into 7 slices 24 h after the occlusion, and the slices
were stained with TTC.? The area of infarct tissue for each slice was determined with a

computerized image analysis system, and the infarct volume was calculated.

Binding affinity for [’H]-BTX. [*H]-Batrachotoxin-A-20-a-benzoate (BTX-b) was
purchased from PerkinElmer. [*’H]-BTX-b binding was measured in synaptosomal

preparations of rat cerebral cortex using a modified procedure previously described. The
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standard binding medium consisted of 130 mM chlorine chloride, 50 mM
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (adjusted to pH 7.4 at 36°C with
Tris base), 5.5 mM glucose, 0.8 mM MgSO4, 5.4 mM KCI, 1 mg/ml of bovine serum
albumin. Binding reactions were initiated by addition of synaptosomes suspended in
100 uM of the standard binding medium to a reaction mixture containing 10 nM
[*H]-BTX, 300 uM veratridine, and 30 pg/ml of scorpion toxin in 150 uM of the stand-
ard binding medium. Compound 4b was mixed, and the reaction mixture was incubated
for 1 h at 37°C. The reactions were stopped by addition of 3 ml of ice-cold wash me-
dium consisting of 163 mM chlorine chloride, 5 mM 4-(2-hydroxyethyl)-1-piperazine-
ethanesulfonic acid (adjusted to pH 7.4 at 36°C with Tris base), 1.8 mM CaCl,, 0.8 mM
MgS0Os, 1 mg/ml of bovine serum albumin. The synaptosomes were immediately col-
lected on GF/C glass filters under vacuum and washed 3 times with 3 ml of the wash
medium. The filters were suspended in liquid scintillation fluid, and bound radioactivity
was counted in a liquid scintillation spectrometer. For reference: Catterall, W. A.; Mor-
row, C. S.; Daly, J. W.; Brown, G. B. J. Biol. Chem. 1981, 256, 8§922.

In vitro metabolic stability in rat liver microsomes. To a 0.1 N potassium phos-
phate buffer (pH 7.4) containing a test compound (1 uM), 0.25 mg/ml of male rat liver
microsomes, and 5 mM MgCl, was added 1 mM NADPH to start a reaction. After in-
cubation for 0, 5, or 10 min at 37°C, acetonitrile was added to stop the reaction. The
concentration of the test compound at each time point was measured by LC/MS. Hepat-
ic intrinsic clearance (CL) was determined by the temporal changes in the concentration

of the test compound.
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(¥)-trans-1-Benzyl-3-nitro-4-phenylpyrrolidine  (27). To a solution of
trans-1-nitro-2-phenylethylene (26) (5.0 g, 33.5 mmol) and N-(methoxymethyl)-N-(tri-
methylsilylmethyl)benzylamine (8.8 g, 36.9 mmol) in CH,Cl, (100 ml) was added TFA
(0.26 ml, 3.4 mmol) at 0°C, and the solution was stirred at room temperature for 1 h.
The reaction mixture was poured into saturated NaHCOj; solution, and the whole was
extracted with CH,Cl,. The extract was dried over anhydrous MgSQO,, and the solvent
was evaporated under reduced pressure. The resulting precipitate was collected by fil-
tration and washed with hexane to give 27 as a pale yellow solid (5.9 g, 62% yield). 'H
NMR (300 MHz, CDCl5) 6: 2.70 (t, J= 8.5 Hz, 1H), 3.08-3.18 (m, 1H), 3.30 (t, /= 8.7
Hz, 1H), 3.41 (dd, J= 11.1, 3.9 Hz, 1H), 3.67-3.80 (m, 2H), 4.00-4.08 (m, 1H), 4.91—
4.99 (m, 1H), 7.27-7.39 (m, 10H); LC/MS (ESI) m/z: 283.3 [M+H]".

(£)-trans-1-Benzyl-4-phenylpyrrolidin-3-ylamine Dihydrochloride (28). To a solu-
tion of 27 (17.4 g, 61.6 mmol) in 2-propanol (120 ml), MeOH (30 ml), and H,O (30 ml)
was added iron (17.2 g, 308 mmol) and acetic acid (8.5 g, 141 mmol). The mixture was
heated to 80°C with stirring for 2 h. After cooling to room temperature, K,CO; (21.5 g,
156 mmol) was added to the reaction mixture. The catalyst was removed by filtration,
and the filtrate was evaporated under reduced pressure. The residue was dissolved in
EtOAc, and 4N HCI/EtOAc solution (35 ml) was added. The resulting precipitate was
collected by filtration and washed with EtOAc to give 28 as a pale yellow solid (18.1 g,
90% yield). '"H NMR (300 MHz, CD;0D) &: 3.56-4.10 (m, 5H), 4.36 (m, 1H), 4.60 (s,
2H), 7.36-7.50 (m, 8H), 7.65 (m, 2H); LC/MS (ESI) m/z: 253.3 [M+H]".

(¥)-trans-N-(1-Benzyl-4-phenylpyrrolidin-3-yl)benzamide (29a). To a solution of
28 (0.15 g, 0.46 mmol) in CH,Cl, (3 ml) was added benzoyl chloride (0.07 g, 0.51
mmol) and triethylamine (0.2 ml, 1.4 mmol) at 0°C. After stirring at 0°C for 30 min,
H,O was added, and the whole was extracted with CH,Cl,. The extract was dried over
anhydrous MgSQy, and the solvent was evaporated under reduced pressure. The residue
was purified by silica gel column chromatography (10-50% hexane/EtOAc) to give 29a
as a colorless solid (0.07 g, 43% yield). Mp 177-178°C; "H NMR (400 MHz, CDCl5) &:
2.52-2.60 (m, 1H), 2.98-3.08 (m, 2H), 3.36-3.46 (m, 2H), 3.77 (s, 2H), 4.78-4.82 (m,
1H), 6.91 (br s, 1H), 7.21-7.51 (m, 13H), 7.79 (d, J= 7.8 Hz, 2H); LC/MS (ESI) m/z:
357.3 [M+H]".

Benzyl-(()-trans-1-benzyl-4-phenylpyrrolidin-3-yl)amine Dihydrochloride (29b).

-77-



To a solution of 29a (0.07 g, 0.20 mmol) in THF (0.5 ml) was added 1 N boran tetrahy-
drofuran complex solution (0.8 ml), and the mixture was heated to 60°C with stirring
for 8 h. To the reaction mixture was added dropwise MeOH (4 ml) and 6 N aqueous
HCI (4 ml), and the mixture was heated to reflux with stirring for 3 h. After cooling,
10% aqueous NaOH was added, and the whole was extracted with CH,Cl,. The extract
was dried over anhydrous MgSQ,, and the solvent was evaporated under reduced pres-
sure. The residue was purified by silica gel column chromatography (40-100% hex-
ane/EtOAc) to give the target compound as colorless oil (0.35 g, 52% yield), which was
subsequently converted to the dihydrochloride salt, 29b, as a colorless solid. Mp 239—
241°C; "H NMR (400 MHz, CD;0D) &: 3.47-3.53 (m, 1H), 3.98-4.23 (m, 6H), 4.47—
4.51 (m, 1H), 4.61 (s, 2H), 7.39-7.57 (m, 12H), 7.64—7.65 (m, 2H); LC/MS (ESI) m/z:
343.1 [M+H]".

(¥)-trans-N-(1-Benzyl-4-phenylpyrrolidin-3-yl)cyclohexanecarboxamide (29c¢). To
a solution of 28 (0.31 g, 0.95 mmol) in CH,ClI, (5 ml) was added cyclohexanecarbonyl
chloride (0.15 g, 1.0 mmol) and triethylamine (0.5 ml, 3.3 mmol) at 0°C. After stirring
at 0°C for 2 h, H,O was added, and the whole was extracted with CH,Cl,. The extract
was dried over anhydrous MgSQ,, and the solvent was evaporated under reduced pres-
sure. The residue was purified by silica gel column chromatography (10-50% hex-
ane/EtOAc) to give 29¢ as a colorless solid (0.12 g, 35% yield). Mp 148-149°C; 'H
NMR (400 MHz, CDCls) &: 1.17-1.29 (m, 2H), 1.34-1.43 (m, 2H);, 1.66—1.82 (m, 6H),
1.98-2.05 (m, 1H), 2.45 (t, J= 9.4 Hz, 1H), 2.77-2.78 (m, 1H), 2.90 (dd, J=10.2, 8.6 Hz,
1H), 3.14-3.18 (m, 1H), 3.30 (t, J= 8.6 Hz, 1H), 3.67 (s, 2H), 4.50-4.52 (m, 1H), 5.88
(brs, 1H), 7.19-7.34 (m, 10H); LC/MS (ESI) m/z: 363.1 [M+H]".

(()-trans-1-Benzyl-4-phenylpyrrolidin-3-yl)cyclohexylmethylamine Dihydro-
chloride (29d). To a solution of 29¢ (0.10 g, 0.28 mmol) in THF (1 ml) was added 1 N
boran tetrahydrofuran complex solution (4 ml), and the mixture was heated to 60°C
with stirring for 2 h. To the reaction mixture was added dropwise MeOH (4 ml) and 6 N
aqueous HCI (4 ml), and the mixture was heated to reflux with stirring for 1 h. After
cooling, 10% aqueous NaOH was added, and the whole was extracted with CH,Cl,. The
extract was dried over anhydrous MgSQO,, and the solvent was evaporated under re-
duced pressure. The residue was purified by silica gel column chromatography (30—
100% hexane/EtOAc) to give the target compound as colorless oil (0.06 g, 62% yield),
which was subsequently converted to the dihydrochloride salt, 29d, as a colorless solid.
Mp 262-266°C; 'H NMR (400 MHz, DMSO-d) &: 0.86-0.91 (m, 2H), 1.09—1.13 (m,
3H), 1.59-1.73 (m, 6H), 2.67-2.73 (m, 2H), 3.35-3.65 (m, 2H), 3.89-3.95 (m, 3H),
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4.23 (m, 1H), 4.47-4.58 (m, 2H), 7.35-7.73 (m, 10H), 9.42 (br s, 1H), 9.61 (br s, 1H),
11.49 (br s, 1H); LC/MS (ESI) m/z: 349.1 [M+H]".

((%)-trans-1-Benzyl-4-phenylpyrrolidin-3-yl)cyclohexylamine = Dihydrochloride
(29¢). To a solution of 28 (2.0 g, 6.1 mmol) and triethylamine (1.7 ml, 12.3 mmol) in
acetonitrile (100 ml) was added cyclohexanone (0.66 g, 0.69 mmol), sodium
triacetoxyborohydride (2.6 g, 6.8 mmol), and acetic acid (0.74 g, 12.3 mmol). After stir-
ring at room temperature overnight, 1N aqueous NaOH was added, and the whole was
extracted with EtOAc. The extract was dried over anhydrous MgSQy, and the solvent
was evaporated under reduced pressure. The residue was purified by silica gel column
chromatography (20-100% hexane/EtOAc) to give the target compound, which was
subsequently converted to the dihydrochloride salt, 29e, as a colorless solid (1.6 g, 65%
yield). Mp 288-289°C; 'H NMR (300 MHz, CD;0D) &: 0.87-1.03 (m, 1H), 1.08-1.30
(m, 4H), 1.56-1.74 (m, 3H), 1.74-1.89 (m, 1H), 2.04-2.18 (m, 1H), 2.99-3.11 (m, 1H),
3.39-3.53 (m, 1H), 3.85-4.10 (m, 4H), 4.44-4.68 (m, 3H), 7.36-7.57 (m, 8H), 7.62 (m,
2H); *C NMR (75 MHz, CD;0D) &: 25.2, 25.4, 25.8, 29.6, 30.7, 48.2, 56.5, 57.2, 58.6,
59.3, 60.7, 129.2, 130.1, 130.6, 130.8, 131.2, 131.4, 131.7, 136.6; LC/MS (ESI) m/z:
335.2 [M+H]"; Anal. Caled for Ca3H3oN,-2HCL: C, 67.80; H, 7.92; N, 6.88; Found: C,
67.57; H, 7.75; N, 6.86.

((*)-trans-1-Benzyl-4-phenylpyrrolidin-3-yl)phenylamine Hydrochloride (30).
Compound 28 (3.0 g, 9.2 mmol) was treated with saturated NaHCO; solution to
disacidify, and the residual oil was dissolved in 2-propanol (10 ml). To the solution was
added copper (I) iodide (0.09 g, 0.46 mmol), ethylene glycol (1.0 ml, 18.4 mmol),
iodobenzene (2.1 g, 10.1 mmol) and tripotassium phosphate (3.9 g, 18.4 mmol), and the
mixture was heated to 80°C with stirring overnight. After cooling, 1 N aqueoud NaOH
was added, and the whole was extracted with EtOAc. The extract was dried over anhy-
drous MgSQy, and the solvent was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (10-50% hexane/EtOAc) to give the tar-
get compound, which was subsequently converted to the hydrochloride salt, 30, as a
pale yellow solid (1.2 g, 35% yield). Mp 158-163°C; 'H NMR (300 MHz, CD;0D) &:
3.37-3.54 (m, 3H), 3.87-3.98 (m, 2H), 4.45-4.51 (m, 3H), 6.59-6.68 (m, 3H), 7.06—
7.11 (m, 2H), 7.29-7.41 (m, 5H), 7.48-7.58 (m, SH); LC/MS (ESI) m/z: 329.1 [M+H]".

Ethyl (£)-trans-1-Benzyl-4-cyclohexylpyrrolidine-3-carboxlylate (32). To a solu-
tion of diethyl [(ethoxycarbonyl)methyl]phosphonate (14.1 g, 66.9 mmol) in THF (200
ml) was added 60% sodium hydride in mineral oil (2.3 g, 58.0 mmol) at 0°C, and the

mixture was stirred at room temperature for 1 h. Then, the reaction mixture was cooled
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to 0°C, and cyclohexanecarboxaldehyde (5.0 g, 44.6 mmol) was added. After stirring at
room temperature overnight, H,O was added, and the whole was extracted with EtOAc.
The extract was dried over anhydrous MgSO,, and the solvent was evaporated under
reduced pressure. The residue was purified by silica gel column chromatography (5—
20% hexane/EtOAc) to give ethyl (2E)-3-cyclohexylacrylate (31) as pale yellow oil (6.5
g, 80% yield). "H NMR (300 MHz, CDCls) &: 1.12-1.43 (m, 7H), 1.66-1.78 (m, 6H),
2.12 (m, 1H), 4.18 (q, J= 7.2 Hz, 2H), 5.76 (d, J= 15.6 Hz, 1H), 6.91 (d, J= 15.6 Hz,
1H).

The title compound, 32, was prepared as pale yellow oil (63% yield) by the same
procedure as described for 27 using 31 instead of 26. 'H NMR (300 MHz, CDCl;) &:
0.92-0.95 (m, 2H), 1.14-1.26 (m, 7H), 1.64-1.73 (m, 5H), 2.29-2.31 (m, 2H), 2.65—
2.82 (m, 4H), 3.59 (dd, J= 38.1, 13.2 Hz, 2H), 4.13 (q, J= 6.9 Hz, 2H), 7.20-7.34 (m,
5H); LC/MS (ESI) m/z: 316.0 [M+H]".

(¥)-trans-(1-Benzyl-4-cyclohexylpyrrolidin-3-yl)carbamic acid rer-butyl ester
(33). To a solution of 32 (6.0 g, 19.0 mmol) in THF (80 ml) and ethanol (80 ml) was
added 1 N aqueous NaOH (40 ml). After stirring at room temperature overnight, the re-
action mixture was evaporated under reduced pressure. To the residue was added IN
aqueous HCI (40 ml), and the whole was extracted with CHCl;. The extract was dried
over anhydrous MgSQOj, and the solvent was evaporated under reduced pressure. To the
solution of the crude product (5.6 g) in toluene (50 ml) was added DPPA (5.9 g, 21.5
mmol) and triethylamine (3.3 ml, 23.4 mmol). The mixture was heated to 90°C with
stirring for 3 h. To the reaction mixture was then added 2-methyl-2-propanol (50 ml),
and the resulting mixture was heated to 100°C with stirring for 6 h. After cooling, H,O
was added, and the whole was extracted with EtOAc. The extract was dried over anhy-
drous MgSQy, and the solvent was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (10-30% hexane/EtOAc) to give 33 as a
colorless solid (2.7 g, 38% yield). "H NMR (400 MHz, CDCl;) &: 0.84-0.97 (m, 2H),
1.11-1.29 (m, 3H), 1.58 (s, 9H), 1.59-1.69 (m, 6H), 1.83—1.96 (m, 2H), 2.43 (dd, /=9.8,
6.6 Hz, 1H), 2.68-2.70 (m, 1H), 2.93-2.97 (m, 1H), 3.49 (d, J= 12.5 Hz, 1H), 3.55 (d,
J=12.5 Hz, 1H), 4.88 (m, 1H), 4.874.89 (m, 1H), 7.21-7.33 (m, 5H); LC/MS (ESI)
m/z: 359.2 [M+H]".

(¥)-trans-1-Benzyl-4-cyclohexylpyrrolidin-3-ylamine Dihydrochloride (34). To a
solution of 33 (1.2 g, 3.4 mmol) in CH,Cl, (2 ml) was added 4 N HCl/dioxane solution
(8 ml). The mixture was stirred at room temperature overnight. To the reaction mixture

was added diethyl ether, and the supernatant liquid was removed. The residue was dried
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to give 34 as a colorless solid (1.1 g, 95% yield). '"H NMR (400 MHz, DMSO-d;) :
0.94-0.99 (m, 2H), 1.15-1.20 (m, 3H), 1.56-1.70 (m, 6H), 2.28 (m, 1H), 3.04 (m, 1H),
3.43-3.52 (m, 3H), 3.88 (m, 1H), 4.44 (s, 2H), 7.45-7.47 (m, 3H), 7.58-7.67 (m, 2H),
8.50 (br's, 2H), 8.68 (br's, 1H), 11.37 (br s, 1H); LC/MS (ESI) m/z: 259.2 [M+H]".

Benzyl-(()-trans-1-benzyl-4-cyclohexylpyrrolidin-3-yl)amine  Dihydrochloride
(35a). This compound was prepared as a colorless solid (42% yield) by the same proce-
dure as described for 29a and 29b using 34 instead of 28. Mp 238-241°C; 'H NMR
(400 MHz, DMSO-ds) 6: 0.97-1.23 (m, 5H), 1.57-1.72 (m, 6H), 2.60 (m, 1H), 3.58 (m,
3H), 3.92-4.02 (m, 2H), 4.26 (s, 2H), 4.48 (s, 2H), 7.43-7.46 (m, 6H), 7.55-7.64 (m,
4H), 9.65 (br s, 1H), 9.76 (br s, 1H), 11.12 (br s, 1H); LC/MS (ESI) m/z: 349.1 [M+H]".

(¥)-trans-N-(1-Benzyl-4-cyclohexylpyrrolidin-3-yl)cyclohexanecarboxamide
(35b). This compound was prepared as a colorless solid (60% yield) by the same pro-
cedure as described for 29¢ using 34 instead of 28. Mp 142-143°C; '"H NMR (400 MHz,
CDCls) 6: 0.86-0.92 (m, 2H), 1.10-1.29 (m, 5H), 1.38-1.41 (m, 2H), 1.55-1.83 (m,
12H), 1.96-2.04 (m, 3H), 2.52-2.56 (m, 1H), 2.78-2.80 (m, 1H), 3.15 (m, 1H), 3.65 (s,
2H), 4.29 (m, 1H), 6.23 (br s, 1H), 7.28-7.35 (m, 5H); LC/MS (ESI) m/z: 369.4
[M+H]".

((x)-trans-1-Benzyl-4-cyclohexylpyrrolidin-3-yl)cyclohexylmethylamine Dihydro-
chloride (35¢). This compound was prepared as a colorless solid (63% yield) by the
same procedure as described for 29d using 35b instead of 29¢c. Mp 244-246°C; 'H
NMR (400 MHz, DMSO-ds) 6: 0.93-0.99 (m, 4H), 1.15-1.24 (m, 6H), 1.63—1.78 (m,
12H), 2.84 (m, 2H), 2.34-2.52 (m, 4H), 3.85-3.88 (m, 2H), 4.50 (m, 2H), 7.46 (m, 3H),
7.57 (m, 2H), 9.14 (br s, 1H), 9.38 (br s, 1H), 11.30 (br s, 1H); LC/MS (ESI) m/z: 355.2
[M+H]".

((2)-trans-1-Benzyl-4-cyclohexylpyrrolidin-3-yl)cyclohexylamine = Dihydrochlo-
ride (35d). This compound was prepared as a colorless solid (76% yield) by the same
procedure as described for 29e using 34 instead of 28. Mp 306-309°C; 'H-NMR (400
MHz, DMSO-ds) 6: 0.93-1.40 (m, 11H), 1.49-1.75 (m, 10H), 2.05-2.13 (m, 2H), 2.40
(m, 1H), 3.07-3.10 (m, 1H), 3.57 (m, 1H), 3.91-3.94 (m, 1H), 4.05 (m, 1H), 4.44-4.54
(m, 2H), 7.47 (m, 3H), 7.57-7.67 (m, 2H), 9.09 (br s, 1H), 9.47 (br s, 1H), 11.18 (br s,
1H); LC/MS (ESI) m/z: 341.2 [M+H]".

((*)-trans-1-Benzyl-4-phenylpyrrolidin-3-yl)cyclohexylcarbamic acid zert-butyl
ester (36). To a solution of 29e (0.6 g, 1.5 mmol) in CHCIl; (8 ml) was added
di-tert-butyl dicarbonate (0.96 g, 4.4 mmol) and N,N-diisopropylethylamine (0.38 ml,
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2.2 mmol). The mixture was heated to reflux with stirring for 15 h. After cooling, H,O
was added, and the whole was extracted with CH,Cl,. The extract was dried over anhy-
drous MgSQ,, and the solvent was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (0—30% hexane/EtOAc) to give 36 as
pale yellow oil (0.45 g, 71% yield). '"H NMR (400 MHz, CDCls) &: 0.91-1.28 (m, 6H),
1.42 (s, 9H), 1.42—1.50 (m, 3H), 1.68-1.71 (m, 1H), 2.78-2.85 (m, 3H), 3.08 (m, 1H),
3.53-3.79 (m, 4H), 4.00 (m, 1H), 7.17-7.19 (m, 1H), 7.28-7.38 (m, 9H); LC/MS (ESI)
m/z: 435.4 [M+H]".

Cyclohexyl-((z)-frans-4-phenylpyrrolidin-3-yl)carbamic acid zerz-butyl ester (37).
To a solution of 36 (0.45 g, 1.0 mmol) in ethanol (8 ml) was added 20% palladium hy-
droxide on carbon (90 mg), and the mixture was stirried at 50°C under hydrogen at-
mosphere for 5 h. The catalyst was removed by filtration, and the filtrate was evapo-
rated under reduced pressure. The residue was purified by silica gel column chromatog-
raphy (0-22% CHCI3/MeOH) to give 37 as pale yellow oil (0.31 g, 88% yield). 'H
NMR (400 MHz, CDCls) 6: 0.64-0.67 (m, 1H), 0.86—0.89 (m, 1H), 1.07-1.26 (m, SH),
1.49 (s, 9H), 1.49-1.55 (m, 3H), 3.01 (t, J= 9.5 Hz, 1H), 3.20 (m, 2H), 3.57-3.75 (m,
4H), 7.19-7.22 (m, 3H), 7.28-7.32 (m, 2H); LC/MS (ESI) m/z: 345.3 [M+H]".

Cyclohexyl-((x)-trans-1-cyclohexylmethyl-4-phenylpyrrolidin-3-yl)amine Dihy-
drochloride (38a). To a solution of 37 (0.12 g, 0.35 mmol) in acetonitrile (5 ml) was
added cyclohexanecarboxaldehyde (0.04 g, 037 mmol) and sodium
triacetoxyborohydride (0.16 g, 0.70 mmol). After stirring at room temperature overnight,
IN aqueous NaOH was added, and the whole was extracted with EtOAc. The extract
was dried over anhydrous MgSOy, and the solvent was evaporated under reduced pres-
sure. The residue was dissolved in EtOAc (1.5 ml) and ethanol (1.5 ml). To the solution
was added 4N HCI/EtOAc solution (0.9 ml), and the mixture was stirred at room tem-
perature for 1 h. The solvent was evaporated under reduced pressure. The resulting pre-
cipitate was collected by filtration and washed with diethyl ether/EtOAc (2/1) to give
38a as a colorless solid (0.11 g, 79% yield). Mp 284-286°C; 'H NMR (400 MHz,
DMSO-dp) 8: 0.95-1.04 (m, 4H), 1.13—1.23 (m, 6H), 1.52-1.99 (m, 12H), 3.11-3.26 (m,
3H), 3.86-3.94 (m, 2H), 4.09-4.12 (m, 1H), 4.28 (m, 2H), 7.34-7.44 (m, 3H), 7.54—
7.58 (m, 2H); LC/MS (ESI) m/z: 341.2 [M+H]".

Cyclohexyl-((z)-frans-1-cyclohexyl-4-phenylpyrrolidin-3-yl)amine Dihydrochlo-
ride (38b). This compound was prepared as a colorless solid (89% yield) by the same
procedure as described for 38a using cyclohexanone instead of cyclohexanecarboxalde-
hyde. Mp 259-261°C; '"H NMR (400 MHz, DMSO-dj) &: 0.94-1.29 (m, 9H), 1.39-1.82
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(m, 10H), 1.99 (m, 1H), 2.11 (m, 2H), 3.12 (m, 1H), 3.87-4.04 (m, 3H), 4.16 (m, 1H),
4.28 (m, 1H), 7.34-7.44 (m, 3H), 7.52-7.60 (m, 2H); LC/MS (ESI) m/z: 327.2 [M+H]".

1-Benzyl-4-cyclohexylamino-3-phenyl-1,5-dihydropyrrol-2-one (40). To a solution
of 1-benzyl-3-phenylpyrrolidine-2,4-dione (39)** (2.0 g, 7.5 mmol) in toluene (35 ml)
was added cyclohexylamine (1.0 ml, 9.0 mmol) and p-toluenesulfonic acid monohy-
drate (0.14 g, 0.75 mmol). The mixture was heated to 120°C with stirring for 6 h. After
cooling, saturated NaHCO; solution was added, and the whole was extracted with
EtOAc. The extract was washed with brine and dried over anhydrous MgSQO,, and the
solvent was evaporated under reduced pressure. The resulting precipitate was collected
by filtration and washed with hexane/EtOAc (3/1) to give 40 as a colorless solid (2.4 g,
94% vield). '"H NMR (400 MHz, CDCls) &: 1.10-1.31 (m, 5H), 1.59-1.62 (m, 1H),
1.71-1.74 (m, 2H), 1.87-1.90 (m, 2H), 2.94-3.02 (m, 1H), 3.86 (s, 2H), 4.66 (s, 2H),
4.95 (d, J/=9.2 Hz, 1H), 7.21 (t, J= 7.4 Hz, 1H), 7.28-7.42 (m, 7TH), 7.53 (d, J= 7.2 Hz,
2H); LC/MS (ESI) m/z: 347.4 [M+H]".

((%*)-cis-1-Benzyl-4-phenylpyrrolidin-3-yl)cyclohexylamine Dihydrochloride (41).
To a solution of 40 (0.10 g, 0.29 mmol) in THF (0.5 ml) was added 0.95 N boran tetra-
hydrofuran complex solution (3 ml), and the mixture was heated to 60°C with stirring
for 5 h. To the reaction mixture was added dropwise MeOH (2 ml) and 10% aqueous
NaOH (3 ml), and the mixture was heated to 100°C with stirring for 3 h. After cooling,
H,O was added, and the whole was extracted with EtOAc. The extract was washed with
brine and dried over anhydrous MgSQO,, and the solvent was evaporated under reduced
pressure. The residue was purified by silica gel column chromatography (0-15%
EtOAc/MeOH) to give the target compound (cis) as colorless oil (0.04 g, 44% yield)
and the isomer (trans) as colorless oil (0.01 g, 10% yield). The target compound (cis)
was subsequently converted to the dihydrochloride salt, 41, as pale yellow viscous oil
(0.04 g, 90% yield). '"H NMR (400 MHz, CD;0D) &: 0.93—1.13 (m, 5H), 1.37 (m, 1H),
1.54-1.60 (m, 2H), 1.71-1.74 (m, 1H), 1.95 (m, 1H), 2.30 (m, 1H), 2.96 (dd, J= 11.0,
4.4 Hz, 1H), 3.17-3.22 (m, 2H), 3.82, (q, /= 7.7 Hz, 1H), 3.91-4.00 (m, 2H), 4.06-4.07
(m, 1H), 4.60 (br s, 1H), 7.31-7.49 (m, 10H); LC/MS (ESI) m/z: 335.3 [M+H]".

(S)-N-((35*,4R *)-1-Benzyl-4-phenylpyrrolidin-3-yl)-2-(6-methoxynaphthalen-2-
y)propionamide (42a and 42b). To a solution of 28 (1.0 g, 3.1 mmol) and
(8)-naproxen (0.71 g, 3.1 mmol) in CH,Cl, (15 ml) was added 1-hydroxybenzotriazole
(0.46 g, 3.4 mmol), 1-ethyl-3-(3’-dimethylami-nopropyl)-carbodiimide hydrochloride
(0.65 g, 3.4 mmol), and triethylamine (1.3 ml, 9.2 mmol). After stirring overnight at

room temperature, H,O was added, and the whole was extracted with CH,Cl,. The ex-
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tract was dried over anhydrous MgSO,, and the solvent was evaporated under reduced
pressure. The residue was crystallized with EtOAc (10 ml), and the resulting precipitate
was then recrystallized from hexane/EtOAc (1/2) to give 42a as a colorless crystal (0.53
g, 37% yield). The filtrate was evaporated under reduced pressure. The residual solid
was purified by silica gel column chromatography (0—75% hexane/EtOAc), and the re-
sulting solid was recrystallized from hexane/EtOAc (1/1) to give 42b as a colorless
crystal (0.48 g, 33% yield). Compound 42a: R= 0.15 (50% hexnane/EtOAc); 'H NMR
(400 MHz, CDCl3) &: 1.53 (d, J= 7.2 Hz, 3H), 2.42 (t, /= 9.2 Hz, 1H), 2.65 (dd, J= 10.0,
3.9 Hz, 1H), 2.82-2.89 (m, 2H), 3.11 (t, J= 8.5 Hz, 1H), 3.58 (dd, J=17.8, 13.1 Hz, 2H),
3.63 (q, /= 7.2 Hz, 1H), 3.94 (s, 3H), 4.49 (m, 1H), 5.70 (d, J= 9.8 Hz, 1H), 7.09-7.25
(m, 12H), 7.27-7.31 (m, 1H), 7.60 (s, 1H), 7.67-7.71 (m, 2H); LC/MS (ESI) m/z: 465.2
[M+H]". Compound 42b: R= 0.27 (50% hexnane/EtOAc); 'H NMR (400 MHz, CDCls)
o: 1.54 (d, J= 7.2 Hz, 3H), 2.39 (t, J/= 9.0 Hz, 1H), 2.55 (dd, J=10.3, 3.6 Hz, 1H), 2.81
(dd, J=9.8, 7.2 Hz, 1H), 2.98 (dd, J= 13.9, 8.3 Hz, 1H), 3.14 (t, J= 8.5 Hz, 1H), 3.55
(dd, J= 18.8, 13.1 Hz, 2H), 3.64 (q, J= 7.2 Hz, 1H), 3.94 (s, 3H), 4.45-4.51 (m, 1H),
5.71 (d, J= 8.7 Hz, 1H), 7.14-7.22 (m, 10H), 7.27-7.33 (m, 3H), 7.63 (s, 1H), 7.71 (dd,
J=9.0, 2.8 Hz, 2H); LC/MS (ESI) m/z: 465.2 [M+H]".

(+)-(3S*,4R *)-1-Benzyl-4-phenylpyrrolidin-3-ylamine Dihydrochloride ((+)-28).
To a solution of 42a (0.15 g, 0.32 mmol) in acetic acid (2 ml) was added 6 N aqueous
HCI (4 ml), and the mixture was heated to reflux with stirring for 14 h. After cooling at
room temperature, the resulting solution was poured into ice-water, and the whole was
washed with EtOAc. The aqueous layer was basified with 12 N aqueous NaOH, and the
whole was extracted with CHCI;. The extract was dried over anhydrous MgSOy, and the
solvent was evaporated under reduced pressure. The residue was purified by silica gel
column chromatography (0-20% CHCI3/MeOH) to give the target compound as color-
less oil, which was subsequently converted to the dihydrochloride salt, (+)-28, as a col-
orless solid (0.09g, 86% yield). [a]p>= +10.8 (c 0.5, MeOH), and its spectroscopic data
were identical with those of the racemate.

(-)-(3S*,4R*)-1-Benzyl-4-phenylpyrrolidin-3-ylamine Dihydrochloride ((—)-28).
This compound was prepared as a colorless solid (87% yield) by the same procedure as
described for (+)-28 using 42b instead of 42a. [a]p>= —13.6 (c 0.5, MeOH), and its
spectroscopic data were identical with thoese of the racemate.

((H)-(3S*,4R *)-1-Benzyl-4-phenylpyrrolidin-3-yl)cyclohexylamine Dihydrochlo-
ride ((+)-29e). This compound was prepared as a colorless solid (74% yield) by the
same procedure as described for (£)-29e using (+)-28 instead of (+)-28. [a]p?®=+25.7 (¢
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1.2, CHCIl,) for its free amine, and its spectroscopic data were identical with those of the

racemate.

((5)-(3S*,4R *)-1-Benzyl-4-phenylpyrrolidin-3-yl)cyclohexylamine Dihydrochlo-
ride ((—)-29e). This compound was prepared as a colorless solid (65% yield) by the
same procedure as described for (£)-29e using (—)-28 instead of (+)-28. [OL]D27: =25.1 (¢
1.2, CHCIs) for its free amine, and its spectroscopic data were identical with those of the

racemate.

In vitro biological evaluation. Inhibitory effect on veratridine-induced Na" channel
depolarization was measured by the same procedure as described in Experimental sec-
tion for Chapter I. The hERG inhibitory activity was assessed by a conventional voltage

patch-clamp technique.

Effect of compound 29e¢ on ischemic brain damage in a rat transient MCA oc-
clusion model. The method employed was performed as described in Experimental sec-
tion for Chapter I. Namely, Wister rats (female, 8 weeks old) were subjected to transient
MCA occlusion for 90 min, followed by reperfusion. Compound 29e was subcutane-
ously administered 30 min after the occlusion at doses of 1, 3, and 10 mg/kg (salt form).
Control rats underwent MCA occulution and received an equal volume of saline dosed
at the corresponding time point. The brains were dissected into 7 slices 24 h after the
occlusion, and the slices were stained with TTC. The area of infarct tissue for each slice
was determined with a computerized image analysis system, and the infarct volume was

calculated.

Influence of compound 29e on cardiac action potential. The electrophysiological
evaluation was performed by the conventional microelectrode technique using guinea
pig papillary muscles. Cells were prepared from tissue taken from the ventricle muscle
of guinea pig hearts. In brief, the heart of guinea pigs was excised, and the papillary
muscles were dissected in the Tyrode solution. The cell preparation was fixed on the
paraffin base of the bath and was usually driven at constant frequencies (1 Hz) of field
stimulation. Action potentials through microelectrode amplifier were recorded using a
conventional glass microelectrode technique (resistance: 10—50 MQ). The duration of
stimulation was 1 ms, and 1.5-3 times the voltage threshold in strength was used. The
temperature of all solutions was maintained at 36°C. APDy, was measured before treat-

ment and 30 min after treatment of the test compounds.
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3-1. Synthesis of D-phenylalanine methyl ester hydrochlorides 52a—e

3-1-1.  Synthesis of 52a,d. Acetyl chloride (1.0 ml, 14.1 mmol) was added dropwise to
MeOH (15 ml) at 0°C. After stirring for 15 min at 0°C, 4-methyl-D-phenylalanine (51a)
(1.0 g, 5.6 mmol) was added, and the reaction mixture was heated to reflux with stirring
for 38 h. After cooling, the solvent was evaporated under reduced pressure to give 52a

as a colorless solid, which was used in the next step without further purification.

(R)-4-Methylphenylalanine methyl ester Hydrochloride (52a). 'H NMR (400
MHz, DMSO-dp) 6: 2.28 (s, 3H), 3.05 (dd, J=13.9, 6.1 Hz, 1H), 3.13 (dd, J=13.9, 6.7
Hz, 1H), 3.67 (s, 3H), 4.23 (t, J= 6.4 Hz, 1H), 7.10-7.16 (m, 4H), 8.58 (br s, 3H);
LC/MS (ESI) m/z: 194.3 [M+H]".

(R)-3-Chlorophenylalanine methyl ester Hydrochloride (52d). Yield 94%, amor-
phous solid. '"H NMR (400 MHz, DMSO-d) &: 3.10 (d, J= 6.2 Hz, 2H), 3.71 (s, 3H),
4.38 (t, J= 6.0 Hz, 1H), 7.19-7.20 (m, 1H), 7.35-7.40 (m, 3H), 8.38 (br s, 3H); LC/MS
(ESI) m/z: 214.3 [M+H]".

3-1-2.  Synthesis of 52b,c,e. To a solution of (R)-N-(tert-butoxycarbonyl)-4-methoxy-
phenylalanine (50a) (1.0 g, 3.4 mmol) in DMF (10 ml) was added K,CO; (0.51 g, 3.7
mmol) and iodomethane (0.22 ml, 3.6 mmol). After stirring at room temperature for 3 h,
H,O was added, and the whole was extracted with diethyl ether. The extract was dried
over anhydrous MgSQO,, and the solvent was evaporated under reduced pressure to give
N-Boc-phenylalanine methyl ester. To a solution of the obtained compound in EtOAc (5
ml) was added 4 N HCI/EtOAc solution (15 ml). After stirring for 3 h at room tempera-
ture, the solution was evaporated under reduced pressure. The resulting precipitate was
collected by filtration and washed with diethyl ether to give 52b as a colorless solid
(0.72 g, 92% yield).

(R)-4-Methoxyphenylalanine methyl ester Hydrochloride (52b). Yield 92%,
colorless solid. Mp 181-182°C; 'H NMR (400 MHz, DMSO-dy) &: 3.03 (dd, J= 13.8,
6.7 Hz, 1H), 3.10 (dd, J= 13.9, 5.9 Hz, 1H), 3.68 (s, 3H), 3.74 (s, 3H), 4.22 (t, J= 6.6
Hz, 1H), 6.89 (d, J= 8.7 Hz, 2H), 7.15 (d, J= 8.7 Hz, 2H), 8.56 (br s, 3H); LC/MS (ESI)
m/z: 210.3 [M+H]".

(R)-4-Chlorophenylalanine methyl ester Hydrochloride (52¢). Yield 95%,
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colorless solid. Mp 202-203°C; '"H NMR (400 MHz, DMSO-ds) &: 3.15 (ddd, J= 22.9,
14.2, 6.7 Hz, 2H), 3.69 (s, 3H), 4.29 (t, J= 6.7 Hz, 1H), 7.28 (d, J= 8.7 Hz, 2H), 7.39—
7.42 (m, 2H), 8.64 (br s, 3H); LC/MS (ESI) m/z: 214.2 [M+H]".

(R)-2-Chlorophenylalanine methyl ester Hydrochloride (52e). Yield 98%, color-
less solid. Mp 155°C; "H NMR (400 MHz, DMSO-d) &: 3.26 (ddd, J= 24.1, 13.9, 7.7
Hz, 2H), 3.61 (s, 3H), 4.17 (dd, J= 8.7, 6.6 Hz, 1H), 7.32-7.36 (m, 2H), 7.38-7.42 (m,
1H), 7.45-7.50 (m, 1H), 8.73 (br s, 3H); LC/MS (ESI) m/z: 214.2 [M+H]".

3-2. Synthesis of (R)-N-(2-chloroacetyl)phenylalanine methyl esters 45 and 53a—e

To a solution of D-phenylalanine methyl ester hydrochloride (44) (10.0 g, 46.4 mmol)
and triethylamine (14 ml, 102 mmol) in CH,Cl, (100 ml) was added chloroacetyl chlo-
ride (4.4 ml, 55.6 mmol) at 0°C. After stirring at room temperature for 1 h, H,O was
added, and the whole was extracted with CHCls. The extract was dried over anhydrous
MgSO,, and the solvent was evaporated under reduced pressure. The residue was puri-
fied by silica gel column chromatography (0-50% hexane/EtOAc) to give 45 as color-
less oil (11.8 g, 99% yield).

(R)-N-(2-Chloroacetyl)phenylalanine methyl ester (45). Colorless oil. [o]p®=
—54.4 (¢ 0.5, CHCl3); 'H NMR (400 MHz, CDCl5) &: 3.15 (ddd, J=20.1, 13.9, 6.2 Hz,
2H), 3.74 (s, 3H), 4.03 (dd, J=17.0, 15.4 Hz, 2H), 4.87 (dt, /= 8.2, 6.2 Hz, 1H), 6.95 (br
s, 1H), 7.11-7.13 (m, 2H), 7.24-7.33 (m, 3H); *C NMR (100 MHz, CDCls) &: 37.79,
42.37, 52.49, 53.38, 127.35, 128.70, 129.20, 135.30, 165.55, 171.23; IR (ATR) v 3326,
3031, 2944, 1728, 1645, 1536, 1496, 1446, 1368, 1350, 1225, 1205, 1154, 1117 cm™;
HRMS (ESI) calcd for C1,H;5sCINO; ([M+H]"): 256.0735, found: 256.0732.

(R)-N-(2-Chloroacetyl)-4-methylphenylalanine methyl ester (53a). Yield 73%
from 51a, colorless oil. [a]p®= —57.0 (¢ 0.5, CHCls); "H NMR (400 MHz, CDCl5) &:
2.32 (s, 3H), 3.11 (ddd, J= 18.0, 13.9, 5.6 Hz, 2H), 3.74 (s, 3H), 4.03 (dd, J=15.9, 15.4
Hz, 2H), 4.84 (dt, J= 7.8, 5.6 Hz, 1H), 6.94 (br s, 1H), 6.99 (d, J= 7.7 Hz, 2H), 7.11 (d,
J= 7.7 Hz, 2H); °C NMR (100 MHz, CDCls) &: 21.09, 37.36, 42.42, 52.48, 53.44,
129.08, 129.43, 132.13, 136.99, 165.56, 171.33; IR (ATR) v 3342, 3023, 2942, 1730,
1655, 1533, 1445, 1368, 1353, 1261, 1229, 1150, 1119 cm™'; HPLC (220 nm) 99.6%
(tr=23.4 min); LC/MS (ESI) m/z: 270.3 [M+H]".

(R)-N-(2-Chloroacetyl)-4-methoxyphenylalanine methyl ester (53b). Yield 94%,
colorless oil. [a]p™= —56.4 (¢ 0.5, CHCL3); '"H NMR (400 MHz, CDCls) &: 3.10 (ddd,
J=16.5, 13.9, 5.7 Hz, 2H), 3.74 (s, 3H), 3.79 (s, 3H), 4.03 (dd, J= 16.2, 15.2 Hz, 2H),
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4.83 (dt, J= 8.2, 5.7 Hz, 1H), 6.83-6.86 (m, 2H), 6.95 (br s, 1H), 7.03 (d, J= 8.7 Hz,
2H); *C NMR (100 MHz, CDCls) &: 36.96, 42.42, 52.48, 53.52, 55.23, 114.14, 127.22,
130.25, 158.88, 165.55, 171.34; IR (ATR) v 3300, 3006, 2954, 2838, 1741, 1662, 1612,
1511, 1439, 1364, 1245, 1215, 1177, 1118, 1031 cm™'; HPLC (220 nm) 98.6% (tz=21.0
min); LC/MS (ESI) m/z: 286.3 [M+H]".

(R)-N-(2-Chloroacetyl)-4-chlorophenylalanine methyl ester (53c). Yield 99%,
colorless oil. [a]p>= —53.8 (¢ 0.5, CHCl;); "H NMR (400 MHz, CDCl5) &: 3.10 (dd, J=
13.9, 5.6 Hz, 1H), 3.16 (dd, J= 13.9, 5.6 Hz, 1H), 3.75 (s, 3H), 4.03 (dd, J= 16.4, 15.4
Hz, 2H), 4.86 (dt, J= 7.9, 5.6 Hz, 1H), 6.96 (br s, 1H), 7.03-7.06 (m, 2H), 7.26-7.30 (m,
2H); *C NMR (100 MHz, CDCl5) &: 37.23, 42.38, 52.62, 53.29, 128.88, 130.57, 133.34,
133.89, 165.61, 171.04; IR (ATR) v 3296, 3048, 2943, 1740, 1729, 1661, 1537, 1491,
1445, 1366, 1265, 1203, 1120, 1087 cm'; HPLC (220 nm) 98.0% (fz= 23.9 min);
LC/MS (ESI) m/z: 290.3 [M+H]".

(R)-N-(2-Chloroacetyl)-3-chlorophenylalanine methyl ester (53d). Yield 92%,
colorless oil. [a]p> = —47.8 (¢ 0.5, CHCl;); "H NMR (400 MHz, CDCl5) &: 3.10 (dd, J=
13.9, 6.2 Hz, 1H), 3.16 (dd, J=13.9, 5.7 Hz, 1H), 3.76 (s, 3H), 4.04 (s, 2H), 4.86 (dt, J=
7.7, 5.9 Hz, 1H), 6.99-7.02 (m, 2H), 7.12 (s, 1H), 7.24-7.26 (m, 2H); *C NMR (100
MHz, CDCl3) &: 37.50, 42.38, 52.64, 53.27, 127.39, 127.60, 129.45, 129.94, 134.51,
137.43, 165.66, 170.98; IR (ATR) v 3299, 3063, 2954, 1740, 1661, 1527, 1477, 1435,
1361, 1214, 1179, 1080 cm™'; HPLC (220 nm) 92.9% (fz= 23.8 min); LC/MS (ESI) m/z:
290.3 [M+H]".

(R)-N-(2-Chloroacetyl)-2-chlorophenylalanine methyl ester (53e). Yield 95%,
colorless oil. [a]p>>= —21.6 (¢ 0.5, CHCls); "H NMR (400 MHz, CDCl5) &: 3.21 (dd, J=
13.9, 7.7 Hz, 1H), 3.37 (dd, J= 13.9, 6.1 Hz, 1H), 3.75 (s, 3H), 3.99 (dd, J=22.4, 15.2
Hz, 2H), 4.90 (dt, J= 8.0, 5.6 Hz, 1H), 7.05 (br s, 1H), 7.18-7.23 (m, 3H), 7.36-7.39 (m,
1H); *C NMR (100 MHz, CDCl3) &: 35.37, 42.33, 52.68, 52.74, 127.04, 128.84, 129.78,
131.30, 133.66, 134.50, 165.73, 171.30; IR (ATR) v 3300, 3063, 2954, 1741, 1661,
1527, 1476, 1436, 1363, 1265, 1214, 1178, 1053 cm™'; HPLC (220 nm) 94.3% (tz=23.0
min); LC/MS (ESI) m/z: 290.3 [M+H]".

3-3. Synthesis of amido-acetals 43 and 54a—e

To a solution of 45 (5.0 g, 19.6 mmol) in CH,Cl, (50 ml) was added Nal (2.9 g, 19.6
mmol) and aminoacetaldehyde dimethyl acetal (4.3 ml, 40.1 mmol). After stirring at
room temperature for 24 h, additional aminoacetaldehyde dimethyl acetal (2.1 ml, 19.6

mmol) was added, and the reaction mixture was stirred at room temperature for 24 h.
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The whole was washed with H,O, and the aqueous layer was extracted with CH,Cl,.
The extract was dried over anhydrous MgSQ., and the solvent was evaporated under
reduced pressure. The residue was purified by silica gel column chromatography (0-5%
CHCIl3/MeOH) to give 43 as colorless oil (4.7 g, 74% yield).

(R)-N-|N-(2,2-Dimethoxyethyl)glycinyl|phenylalanine methyl ester (43). Color-
less oil. [a]p®=—43.2 (¢ 0.5, CHCl;); '"H NMR (400 MHz, CDCl;) 8: 2.60 (dd, J= 12.3,
5.7 Hz, 1H), 2.66 (dd, J=12.3, 5.1 Hz, 1H), 3.10 (dd, J=13.8, 6.7 Hz, 1H), 3.18 (dd, J=
13.8, 6.1 Hz, 1H), 3.26 (dd, J= 22.2, 17.2 Hz, 2H), 3.34 (s, 3H), 3.35 (s, 3H), 3.73 (s,
3H), 4.31 (t, J= 5.4 Hz, 1H), 4.88 (dt, J= 8.2, 6.2 Hz, 1H), 7.13 (d, J= 6.7 Hz, 2H),
7.23-7.32 (m, 3H), 7.64 (d, J= 8.2 Hz, 1H); *C NMR (100 MHz, CDCls) &: 37.91,
50.92, 52.12, 52.27, 52.60, 54.02, 54.04, 103.45, 127.08, 128.55, 129.18, 136.01,
171.39, 172.00; IR (ATR) v 3335, 2951, 2833, 1741, 1668, 1512, 1455, 1439, 1361,
1197, 1126, 1056 cm_l; HRMS (ESI) caled for C;6H,5N,05 ([M+H]+): 325.1758, found:
325.1754.

(R)-N-|N-(2,2-Dimethoxyethyl)glycinyl]-4-methylphenylalanine = methyl ester
(54a). Yield 79%, colorless oil. [a]p™= —43.2 (¢ 0.5, CHCl;); 'H NMR (400 MHz,
CDCl;) &: 2.31 (s, 3H), 2.60 (dd, J= 12.3, 5.7 Hz, 1H), 2.66 (dd, J= 12.3, 5.1 Hz, 1H),
3.06 (dd, J=13.8, 6.7 Hz, 1H), 3.13 (dd, J= 13.8, 6.2 Hz, 1H), 3.26 (dd, J=21.5, 16.9
Hz, 2H), 3.34 (s, 3H), 3.35 (s, 3H), 3.73 (s, 3H), 4.31 (t, J= 5.4 Hz, 1H), 4.85 (dt, J= 8.2,
6.2 Hz, 1H), 7.01 (d, J= 7.7 Hz, 2H), 7.09 (d, J= 7.7 Hz, 2H), 7.61 (d, J= 8.2 Hz, 1H);
BC NMR (100 MHz, CDCls) &: 21.06, 37.50, 50.94, 52.17, 52.26, 52.68, 54.02, 103.48,
129.07, 129.29, 132.86, 136.66, 171.38, 172.09; IR (ATR) v 3334, 2950, 2833, 1742,
1668, 1513, 1441, 1362, 1197, 1126, 1056 cm™'; HPLC (220 nm) 99.1% (tg= 18.6 min);
LC/MS (ESI) m/z: 339.5 [M+H]".

(R)-N-[N-(2,2-Dimethoxyethyl)glycinyl]-4-methoxyphenylalanine methyl ester
(54b). Yield 75%, colorless oil. [a]p= —37.7 (¢ 0.5, CHCls); '"H NMR (400 MHz,
CDCls) &: 2.61 (dd, J= 12.3, 5.7 Hz, 1H), 2.67 (dd, J= 12.3, 5.1 Hz, 1H), 3.04 (dd, J=
14.2, 6.2 Hz, 1H), 3.11 (dd, J= 14.2, 5.9 Hz, 1H), 3.27 (dd, J=20.6, 17.0 Hz, 2H), 3.35
(s, 3H), 3.36 (s, 3H), 3.72 (s, 3H), 3.78 (s, 3H), 4.32 (t, J= 5.4 Hz, 1H), 4.84 (dt, J= 8.2,
6.0 Hz, 1H), 6.81-6.84 (m, 2H), 7.02-7.06 (m, 2H), 7.61 (d, J= 8.2 Hz, 1H); °*C NMR
(100 MHz, CDCl3) &: 37.11, 50.99, 52.19, 52.25, 52.78, 54.01, 54.05, 55.21, 103.50,
114.01, 127.98, 130.21, 158.71, 171.36, 172.11; IR (ATR) v 3335, 2951, 2835, 1742,
1669, 1612, 1511, 1442, 1362, 1246, 1178, 1126, 1057, 1032 cm'; HPLC (220 nm)
96.7% (tg=16.9 min); LC/MS (ESI) m/z: 355.5 [M+H]".
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(R)-N-|N-(2,2-Dimethoxyethyl)glycinyl]-4-chlorophenylalanine = methyl ester
(54c¢). Yield 74%, colorless oil. [a]p>= —37.7 (¢ 0.5, CHCl;); '"H NMR (400 MHz,
CDCl3) 6: 2.61 (dd, J=12.4, 5.4 Hz, 1H), 2.68 (dd, J= 12.4, 5.2 Hz, 1H), 3.07 (dd, J=
13.9, 6.2 Hz, 1H), 3.16 (dd, J= 14.1, 5.9 Hz, 1H), 3.27 (dd, J=20.0, 17.0 Hz, 2H), 3.35
(s, 3H), 3.36 (s, 3H), 3.73 (s, 3H), 4.32 (t, /= 5.2 Hz, 1H), 4.87 (dt, J= 8.2, 6.2 Hz, 1H),
7.06-7.08 (m, 2H), 7.24-7.28 (m, 2H), 7.66 (d, J= 8.2 Hz, 1H); °C NMR (100 MHz,
CDCl3) o: 37.34, 51.04, 52.18, 52.38, 52.50, 54.09, 54.15, 103.50, 128.73, 130.57,
133.03, 134.60, 171.41, 171.79; IR (ATR) v 3331, 2951, 2833, 1742, 1668, 1511, 1492,
1438, 1361, 1197, 1126, 1091, 1057, 1015 cm™'; HPLC (220 nm) 98.2% (fz= 19.2 min);
LC/MS (ESI) m/z: 359.4 [M+H]".

(R)-N-[N-(2,2-Dimethoxyethyl)glycinyl]-3-chlorophenylalanine = methyl ester
(54d). Yield 66%, colorless oil. [a]p™= —39.7 (¢ 0.5, CHCls); '"H NMR (400 MHz,
CDCl3) &: 2.63 (dd, J= 12.4, 5.6 Hz, 1H), 2.69 (dd, J= 12.4, 5.1 Hz, 1H), 3.07 (dd, J=
13.9, 6.7 Hz, 1H), 3.16 (dd, J=13.9, 5.7 Hz, 1H), 3.28 (dd, J=20.6, 17.0 Hz, 2H), 3.35
(s, 3H), 3.37 (s, 3H), 3.74 (s, 3H), 4.35 (t, J= 5.4 Hz, 1H), 4.87 (dt, J= 8.5, 6.2 Hz, 1H),
7.01-7.04 (m, 1H), 7.13 (s, 1H), 7.20-7.23 (m, 2H), 7.70 (d, J= 8.2 Hz, 1H); °C NMR
(100 MHz, CDCl3) &: 37.61, 51.07, 52.18, 52.39, 52.51, 54.08, 54.16, 103.50, 127.32,
127.37, 129.45, 129.83, 134.31, 138.19, 171.49, 171.70; IR (ATR) v 3331, 2951, 2833,
1742, 1669, 1510, 1477, 1434, 1360, 1201, 1126, 1056 cm™'; HPLC (220 nm) 93.7%
(tr=19.1 min); LC/MS (ESI) m/z: 359.4 [M+H]".

(R)-N-[N-(2,2-Dimethoxyethyl)glycinyl]-2-chlorophenylalanine  methyl ester
(54e). Yield 66%, colorless oil. [a]p™= —17.9 (¢ 0.5, CHCl;); '"H NMR (400 MHz,
CDCls) &: 2.63 (dd, J=12.3, 5.6 Hz, 1H), 2.68 (dd, J= 12.3, 5.1 Hz, 1H), 3.19 (dd, J=
14.2, 8.4 Hz, 1H), 3.24 (dd, J= 25.6, 17.5 Hz, 2H), 3.32-3.37 (m, 1H), 3.36 (s, 3H),
3.37 (s, 3H), 3.73 (s, 3H), 4.38 (t, J= 5.4 Hz, 1H), 4.92 (td, J= 8.4, 6.1 Hz, 1H), 7.18—
7.22 (m, 3H), 7.34-7.37 (m, 1H), 7.72 (d, J= 8.2 Hz, 1H); °C NMR (100 MHz, CDCl5)
8: 35.41, 50.99, 51.87, 52.14, 52.44, 54.04, 54.10, 103.50, 126.92, 128.55, 129.65,
131.20, 134.27, 134.49, 171.54, 172.01; IR (ATR) v 3301, 2948, 2838, 1738, 1650,
1519, 1475, 1439, 1230, 1181, 1126, 1048 cm™'; HPLC (220 nm) 99.1% (fz= 18.5 min);
LC/MS (ESI) m/z: 359.2 [M+H]".

3-4. Synthesis of pyrazinoisoquinoline derivatives 46a,b and 55a—e

To amido acetal 43 or S4a—e (0.3 mmol) was added CH3SOsH (3.0 mmol) or concen-
trated H,SO4 (1.8 mmol), and the reaction mixture was stirred at room temperature for

the time indicated on Table 9 or Table 10. The resulting reaction mixture was neutral-
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ized with 1 N aqueous NaOH, and the whole was extracted with CHCIl;. The extract was
dried over anhydrous MgSQO,, and the solvent was evaporated under reduced pressure.
The residue was purified by silica gel column chromatography (0-9% CHCl3/MeOH) to

give 46a or 55a—e as an oily product.

(6R,11bR)-4-Ox0-1,3,4,6,7,11b-hexahydro-2H-pyrazino|2,1-a]isoquinoline-6-car-
boxylic acid methyl ester (46a). Yield 80%, colorless oil. [a]p™= —130.2 (¢ 0.5,
CHCls); '"H NMR (600 MHz, CDCl;) &: 2.95 (dd, J= 13.3, 10.2 Hz, 1H), 3.16 (dd, J=
16.1, 6.2 Hz, 1H), 3.26 (dd, J=16.1, 3.6 Hz, 1H), 3.60 (d, /= 17.7 Hz, 1H), 3.66 (s, 3H),
3.71 (ddd, J=13.3, 4.2, 1.3 Hz, 1H), 3.76 (dd, J= 17.8, 1.3 Hz, 1H), 4.99 (dd, J= 10.2,
4.0 Hz, 1H), 5.73 (dd, J= 6.2, 3.6 Hz, 1H), 7.12-7.14 (m, 1H), 7.17-7.25 (m, 3H); "*C
NMR (150 MHz, CDCls) &: 29.93, 49.15, 49.16, 49.20, 51.93, 54.55, 124.22, 126.52,
126.79, 128.63, 131.38, 132.45, 167.46, 170.46; IR (ATR) v 3315, 2953, 1736, 1636,
1455, 1434, 1406, 1316, 1200, 1177, 1120, 1030 cm '; HRMS (ESI) calcd for
C14H7N,05 ([M+H]"): 261.1234, found: 261.1228.

(6R,11bR)-10-Methyl-4-0x0-1,3,4,6,7,11b-hexahydro-2 H-pyrazino[2,1-a]isoqui-
noline-6-carboxylic acid methyl ester (55a). Yield 80%, colorless oil. [a]p> = —149.8
(¢ 0.5, CHCl;); "H NMR (400 MHz, CDCl;) &: 2.32 (s, 3H), 2.93 (dd, J= 13.3, 10.2 Hz,
1H), 3.11 (dd, /= 16.1, 6.1 Hz, 1H), 3.21 (dd, J=16.1, 3.6 Hz, 1H), 3.60 (d, J=17.9 Hz,
1H), 3.65 (s, 3H), 3.68 (dd, /= 13.8, 4.1 Hz, 1H), 3.76 (d, /= 17.9 Hz, 1H), 4.95 (dd, J=
10.2, 4.1 Hz, 1H), 5.73 (dd, J= 6.1, 3.6 Hz, 1H), 6.93 (s, 1H), 7.03 (d, J= 8.2 Hz, 1H),
7.07 (d, J= 8.2 Hz, 1H); *C NMR (100 MHz, CDCl3) &: 21.21, 30.13, 49.70, 49.75,
49.84, 52.43, 55.16, 125.33, 128.19, 128.80, 129.03, 132.76, 136.67, 168.02, 171.07; IR
(ATR) v 3316, 2953, 1737, 1639, 1433, 1404, 1315, 1199, 1177, 1151, 1029 cm ;
HRMS (ESI) calcd for C;sH;9N,O3 ([M+H]"): 275.1390, found: 275.1385.

(6R,11bR)-10-Methoxy-4-0x0-1,3,4,6,7,11b-hexahydro-2 H-pyrazino[2,1-a]isoqui-
noline-6-carboxylic acid methyl ester (55b). Yield 18%, colorless oil. [o]p>= —188.3
(¢ 0.5, CHCl3); '"H NMR (400 MHz, CDCl5) &: 2.94 (dd, J= 13.4, 10.3 Hz, 1H), 3.08 (dd,
J=15.7, 6.2 Hz, 1H), 3.19 (dd, J= 15.7, 3.6 Hz, 1H), 3.60 (d, J= 18.0 Hz, 1H), 3.65 (s,
3H), 3.66 (dd, J= 13.4, 4.1 Hz, 1H), 3.75 (dd, J= 18.0, 1.1 Hz, 1H), 3.79 (s, 3H), 4.95
(dd, J=10.3, 4.1 Hz, 1H), 5.73 (dd, J= 6.2, 3.6 Hz, 1H), 6.64 (d, J= 2.1 Hz, 1H), 6.78
(dd, J=8.7, 2.6 Hz, 1H), 7.10 (d, J= 8.2 Hz, 1H); *C NMR (100 MHz, CDCl;) &: 29.74,
49.68, 49.83, 49.84, 52.44, 55.22, 55.30, 110.49, 112.92, 123.91, 130.13, 134.02, 158.54,
167.97, 171.06; IR (ATR) v 3316, 2953, 2838, 1736, 1638, 1505, 1432, 1405, 1314,
1263, 1199, 1175, 1031 cm™'; HRMS (ESI) caled for CsH;oN,O4 ([M+H]): 291.1339,
found: 291.1336.

-91-



(6R,11bR)-10-Chloro-4-oxo0-1,3,4,6,7,11b-hexahydro-2 H-pyrazino[2,1-a]isoqui-
noline-6-carboxylic acid methyl ester (55¢). Yield 61%, colorless oil. [a]p”= —153.3
(¢ 0.5, CHCls); '"H NMR (400 MHz, CDCl5) 8: 2.93 (dd, J= 13.4, 10.3 Hz, 1H), 3.10 (dd,
J=164, 6.2 Hz, 1H), 3.23 (dd, /= 16.4, 3.1 Hz, 1H), 3.60 (d, J= 17.4 Hz, 1H), 3.66 (s,
3H), 3.67 (ddd, J=13.4, 4.1, 1.0 Hz, 1H), 3.76 (dd, J= 18.0, 1.0 Hz, 1H), 4.95 (dd, J=
10.3, 4.1 Hz, 1H), 5.77 (dd, J= 6.2, 3.1 Hz, 1H), 7.11 (s, 1H), 7.13 (d, J= 5.1 Hz, 1H),
7.20 (dd, J= 8.2, 1.5 Hz, 1H); °C NMR (100 MHz, CDCl;) &: 29.99, 49.36, 49.63,
49.68, 52.58, 54.87, 125.08, 127.60, 130.42, 130.60, 132.82, 134.69, 167.87, 170.71; IR
(ATR) v 3314, 2953, 1736, 1639, 1487, 1430, 1401, 1313, 1201, 1178, 1029 cm ';
HRMS (ESI) calcd for C14H;4CIN,O3 ([M+H]"): 295.0844, found: 295.0841.

(6R,11bR)-9-Chloro-4-0x0-1,3,4,6,7,11b-hexahydro-2 H-pyrazino|2,1-a]isoquino-
line-6-carboxylic acid methyl ester (55d). Yield 61%, colorless oil. [a]p”=—164.5 (c
0.5, CHCls); '"H NMR (400 MHz, CDCls) &: 2.90 (dd, J= 13.3, 10.2 Hz, 1H), 3.12 (dd,
J=16.4, 6.1 Hz, 1H), 3.24 (dd, J= 16.4, 3.1 Hz, 1H), 3.60 (d, J= 17.9 Hz, 1H), 3.67 (s,
3H), 3.67 (dd, J=13.3, 4.1 Hz, 1H), 3.76 (d, /= 17.9 Hz, 1H), 4.96 (dd, J=10.2, 4.1 Hz,
1H), 5.79 (dd, J= 6.1, 3.1 Hz, 1H), 7.06 (d, J= 8.7 Hz, 1H), 7.19 (s, 1H), 7.22 (dd, J=
8.2, 2.0 Hz, 1H); °C NMR (100 MHz, CDCl3) &: 30.29, 49.17, 49.63, 49.82, 52.60,
54.87, 126.37, 127.36, 129.10, 131.41, 133.10, 133.87, 167.86, 170.64; IR (ATR) v
3315, 2953, 1737, 1640, 1434, 1403, 1314, 1296, 1199, 1031 cm™'; HRMS (ESI) calcd
for C14H,4CIN,03 ([M+H]"): 295.0844, found: 295.0841.

(6R,11bR)-8-Chloro-4-0x0-1,3,4,6,7,11b-hexahydro-2 H-pyrazino|[2,1-a]isoquino-
line-6-carboxylic acid methyl ester (55e). Yield 43%, colorless oil. [a]p?=—147.8 (c
0.5, CHClL;); '"H NMR (400 MHz, CDCl5) &: 2.89 (dd, J=13.1, 10.0 Hz, 1H), 3.05 (dd,
J=17.2, 6.6 Hz, 1H), 3.52 (dd, J= 17.2, 2.6 Hz, 1H), 3.59 (d, J= 17.9 Hz, 1H), 3.67 (s,
3H), 3.68 (m, 1H), 3.76 (dd, J=17.9, 1.0 Hz, 1H), 5.01 (dd, J= 10.0, 4.1 Hz, 1H), 5.87
(dd, J= 6.6, 2.6 Hz, 1H), 7.05 (d, J= 7.7 Hz, 1H), 7.20 (t, J= 7.7 Hz, 1H), 7.31 (d, J= 8.2
Hz, 1H); C NMR (100 MHz, CDCl;) &: 27.89, 48.77, 49.56, 50.01, 52.63, 54.80,
123.37, 127.77, 128.06, 130.19, 134.68, 135.17, 167.81, 170.67; IR (ATR) v 3314, 2953,
1737, 1640, 1447, 1405, 1314, 1230, 1201, 1177, 1033 cm '; HRMS (ESI) calced for
C14H6CIN,O3 ([M+H]"): 295.0844, found: 295.0841.

(6R,11bS)-4-Ox0-1,3,4,6,7,11b-hexahydro-2H-pyrazino|2,1-a]isoquinoline-6-car-
boxylic acid methyl ester (46b). This compound was obtained as the minor isomer by
CF3SOsH-catalyzed cyclization (Table 9, entry 3). Yield 8%, colorless oil. 'H NMR
(600 MHz, CDCls) &: 3.17 (dd, J=15.2, 6.1 Hz, 1H), 3.25 (dd, J= 15.2, 2.5 Hz, 1H),
3.31 (dd, J=12.4,10.3 Hz, 1H), 3.53 (s, 3H), 3.65 (d, /= 17.4 Hz, 1H), 3.72 (d, J=17.4
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Hz, 1H), 3.91 (dd, J= 12.4, 3.8 Hz, 1H), 4.62 (dd, J= 10.3, 4.0 Hz, 1H), 4.98 (dd, J=6.1,
2.5 Hz, 1H), 7.13-7.19 (m, 2H), 7.25-7.29 (m, 2H); '>*C NMR (150 MHz, CDCl;) &:
31.15, 46.72, 50.02, 52.20, 54.03, 54.47, 122.81, 127.42, 127.56, 127.97, 133.65,
135.05, 168.19, 170.94; LC/MS (ESI) m/z: 261.3 [M+H]".

3-5. Synthesis of (R)-(—)-praziquantel 48

3-5-1.  (6R,11bR)-2-Cyclohexanecarbonyl-4-oxo-1,3,4,6,7,11b-hexahydro-2H-pyrazi-
no/2, 1-ajisoquinoline-6-carboxylic acid (47). A solution of 46a (0.50 g, 1.9 mmol) in 6
N aqueous HCI (5 ml) was heated to reflux with stirring for 39 h. After cooling, the
reaction mixture was concentrated under reduced pressure. The residue was triturated
with EtOAc/ethanol (10/1), and the solid was collected by filtration to give
(6R,11bR)-4-0x0-1,3,4,6,7,11b-hexahydro-2 H-pyrazino[2,1-a]isoquinoline-6-carboxylic
acid hydrochloride (49) as a crude solid (0.50 g). To a suspension of crude 49 (0.30 g) in
CH,Cl, (6 ml) was added triethylamine (0.3 ml, 2.2 mmol) and cyclohexanecarbonyl
chloride (0.16 g, 1.1 mmol) at 0°C. After stirring at 0°C for 1 h, 1 N HCI was added,
and the whole was extracted with CHCls. The extract was dried over anhydrous MgSOy,
and the solvent was evaporated under reduced pressure. The residue was purified by
silica gel column chromatography (0—45% CHCl;/MeOH) to give 47 as an amorphous
solid (0.28 g, 67% yield). [o]p> = —42.0 (¢ 0.5, CHCl;); '"H NMR (400 MHz, CDCl3) &:
1.26-1.88 (m, 10H), 2.43-2.48 (m, 1H), 3.11-3.26 (m, 3H), 4.05-5.04 (m, 4H), 5.49—
5.56 (m, 1H), 7.20 (m, 4H); IR (ATR) v 3285, 2926, 2853, 1617, 1410, 1300, 1217, 748
cm '; HRMS (ESI) caled for Co0HasN>04 ([M+H]): 357.1809, found: 357.1803.

3-5-2.  (R)-2-Cyclohexanecarbonyl-1,2,3,6,7,11b-hexahydro-pyrazino[2, 1-a] isoquino-

lin-4-one, (R)-(—)-praziquantel (48). To a solution of 47 (0.15 g, 0.42 mmol) in THF (2
ml) was added N-methylmorpholine (51 pl, 0.46 mmol) and isobutyl chloroformate (63
mg, 0.46 mmol) at —15°C. After stirring at the same temperature for 30 min, a solution
of N-hydroxy-2-thiopyridone (64 mg, 0.51 mmol) and triethylamine (70 pl, 0.51 mmol)
in THF (0.5 ml) was added. The mixture was stirred at —15°C for 1 h under nitrogen
atmosphere, sheltered from the light (aluminum foil). The precipitate of
N-methylmorpholine hydrochloride was filtered and washed with THF. The yellow fil-
trate was irradiated in the presence of 2-methyl-2-propanethiol (0.47 ml, 4.2 mmol) with
a lamp (200 W) at room temperature in a water bath until the color has disappeared.
Then, H,O was added, and the whole was extracted with EtOAc. The solvent was evap-
orated under reduced pressure. The residue was purified by silica gel column chroma-
tography (0-90% hexane/EtOAc) to give 48 as a colorless solid (68 mg, 52% yield),
which was recrystallized from heptane/EtOAc (1/1). Mp 106-107°C, 1it.*®® mp 113-

-93.



115°C, 1it.”"” mp 107-108°C. [a]p>>= —153.6 (¢ 1.0, CHCL;), 1it.*" [a]p**= —135.0 (¢ 1,
CHCL), 1it."™ [a]p® = —149.4; "TH NMR (400 MHz, CDCl3) &: 1.26-1.31 (m, 3H),
1.50-1.82 (m, 7H), 2.44-2.56 (m, 1H), 2.77-3.03 (m, 3.8H), 3.25 (m, 0.2H), 3.87 (d, J=
17.5 Hz, 0.2H), 4.08 (d, J= 17.5 Hz, 0.8H), 4.36 (m, 0.2H), 4.47 (d, J= 17.5 Hz, 0.8H),
4.79-4.88 (m, 2.2H), 5.16 (m, 0.8H), 7.17-7.28 (m, 4H); "*C NMR (100 MHz, CDCls)
8:25.7,28.7,29.0, 29.2, 39.1, 40.8, 45.2, 49.0, 55.0, 125.5, 127.0, 127.5, 129.3, 132.8,
134.8, 164.4, 174.8; IR (ATR) v 2924, 2854, 1642, 1440, 757 cm”'; HRMS (ESI) calcd

for C19HasN,0, ([M+H]"): 313.1911, found: 313.1906.
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Summary of X-ray data for (6R,11bR)-4-0x0-1,3,4,6,7,11b-hexahydro-2H-pyra-

zino[2,1-a]isoquinoline-6-carboxylic acid Hydrochloride (49).

Formula: C;3H;5CI;N;,Os; crystal color, habit: colorless, needle.

**%% Unit Cell Parameters ****

=T PR o g-.

Volume:

9.1752(15)
24.055(5)
5.9499(10)
90.000
90.000
90.000
1313.2(4)

Cell determination (26 range):

25 (50.24— 57.36°)

*#%% Space Group Information ****

Symbol:
Number:
Centricity:
Z value:

Formula weight:

Calculated density:

w(em;
Crystal system:
Laue group:

Lattice type:

P212121

19

acentric

4

282.73

1.430

26.444
orthorhombic
mmm

P

*#kx Reflection Processing **#*

Total # processed:

Total # unique:
R merge (%):
Wilson B:

2769
2332
1.58
3.58

**%*% Model Refinement ****

R1 factor[[>2.0c(])]:
R factor[I>2.0c(I)]:
wR factor[[>2.06(1)]:

Goodness of fit:

# of observations:

# of variables:

0.0523
0.0523
0.1631
1.004
1982
189

Reflection/parameter ratio: 10.5

Maximum shift/error:
Refinement program:

Refinement mode:

Flack Parameter:

0.00
CRYSTALS
Single
0.01(4)

*#%k* Reflection Corrections ****

Absorption applied:

Absorption type:

Absorption range:

Decay applied:
Decay (%):

Redundants averaged:

Yes

PSI
0.968-0.998
Yes

-1.13

Yes

*#%x Experimental Information ****

Radiation:
Wavelength:
20max:
sin(@)/\:

Temperature (°C):
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135.8
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