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JAE ZE M B R A & Fi5 0] L 72 Na™F v RV EHLE SR DAl
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JUREFE I A IS BV TR R O =L, E-E VIR ERFKNOE L, B L 7o 72 KK S
DE—HLTH Y, BAER - EREEIMO K Lo TS, L LD, TIMZEF A R4 2 2009)
IZBWTZ L— KA (TH 2D N D) ITA@EM T O ME A ORI, AR
Wik (BRI E) O hos® (GPA) , FUI/IMRIRIEOROT ALY v ORTHDH. MEERIIE L
L CME—AGREZZ 1 T D t-PA L, IMFEIEFRIER 45 R £ CORFICHANRONTE Y, EinfEHE
TR O AER SN TWD 7R Y, ZOBISHFHIZIZRANSH 5.
FRAER R SR X AR VAR & I S IEIAIRIE E LTI SN TR Y, TR E TIC Ca¥ F v FALBLEHEES
NMDA (N-methyl-D-aspartate) Sz ZARFEHFER &, % < OUIRFEFE DRI Tl S LT E 72
L LD 2 b oA, S FER CIZEBTED SN WA ERRBR CIIERSIRD ST,
BRIMEDOBRNHIEOHENNE S TV 5.
G TBR & BB O R OTEEDO —K & LT, t k& T - EEOMORMET R L O L0948
ERFEF LN TS, Ca¥F ¥ /L NMDA Z R IR E D7 V4 I VBRI, F > EEOMOTEE
FCHDIKABEIZEZSAET D0, £ FORICZOAZITIFFEL RV, —F T, Na&'F v R/UTHED
Z v E TR S AR L, MEMREE Na™ 5 v %L OBH 11T &0 Aot ki i 28 S0l el 455 25 P 7 i
HATT 5. Liehdo T, HEEENEREZEZONDE FOMIEIEIZBWT, Na'F v X VBLEIRITA %)
7RI ZE B EINA RIS RV 3D LB b D,
JMFEZEIE IR & LT Na'F v RAVBLEROAIRLUC W TIE, Vo MR LRI R E T 5%
ERDH L. NOTF v 2L 9 DDOfEGY A ERM TS, 205 BRI OB i B 53 %
site 2 & R FAICIENT 92 2 &A%, ZARMENE <, D3 DM 2 0k < Sl 2 i ZE IR SR O Al
ZoRRDEBZ NG, FIEENFRRO LOFIEMERIE ] AMEED 3EREL HbD Z &,
iR @ mE 8% <, DIRICBEREEZ o — AL BHESND Z &0 D, FFICUIRICRT 5% 4
PEOWERIZEE CTH 5. £72 (1) BFERABRZ EM L7z Na'F v 1 VEROFICE, ik QT ERIE
B2 PRI Z T L CO D AN H D 2 &, (2) MICZ<JRBIET D Na'™F v /b (Nayl2) &d
FFRPEEZE < R0 b 00, LI H Na'F v 1L (Nayls) BMFEET D, L) 2 00 FMNG, K
DR T 2 Z M E LTZAIBRI S 2 Eed 52 & & L=
Bx]
Site 2 Z K325 Na'F ¥ FVHEIRO RS Z HAY & L7z HTS (high-throughput screening) 12 & VD 5
=TT 4 7AW L D, Na'F v FAVPEEM L, BRICBW L 2D B2 bN5HL T 250
TER & OFlfEz B & U= AIZERFSE % Fhi L 7-.
1. FEHMEAS—F Y = X LDORBNGEDID R/ 2 Dy RIS KH T 58RO SR
2. HWVE QT MERJEMEREDOEIN TH S hERG (human ether-a-go-go-related gene) 7 v R /LA x4 % B4R
P D HELG
RNV Dy BB ORI A K 572012, 77 7 4 7ALEW LD 3-7 X /-1-(5-14 VX =)L A F V)
2-7 R — VML E Na© Fx RAVBREERD 7 7 —~a 747 LR LT, AbAEWM L OT I LA K
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L7 bEmaE AL, Fi L7z, £72logD M (pH 7.4 (BT 547 &% 7 —NVIKFRO S EARED) &K
BATIE & OB HE S TWDH Z LAvD, ClogD fil (logD FHEAE) & MBATIEDFRIE & L7 B
FHEATVY, ARk & Rl A S L 7.
3T /-1-6-A v H= A F)2-Ta X)) — VRO HTICRE SN e U P UREICONT,
hERG BHETE MO A H #91Z, hERG K*'F ¥ /L & O BRI BAERNCAE B LI Ab & Waket & Fhia L7z,
BOKPEAR EAER Z BB LS D EHIL L LT, Y7 a~F o2 AT o EBmELZ®INLZ. val P
1, 3, BRUANLIZ, 7 u~nF Ve G oEHREZEALTALEmEalkL, FHiz1To 2 LI
£V, hERG K'F v /v & OBKMA AAERIZEE S LT S EHNLE O [RE 2 Fi Uiz, F 7o TR ik
K (VA T URIR, N T U AEROMBHER) OFRKEFM ATV, hERG FLEMERICKTT 2D SIR%)
ROMFEEIT -T2,
Na*F ¥ RABHEIEMEL, T > M T 7~ Y — L& W a0 EE (BERERYFEM) 12 XV FE
fishiz. £727 > b—@MEmENAEET V&2 O REEH OB LV, ERRHERZ i L
Tz Na*t F % R/LELESR (SUN N8075, crobenetine) D FRHIE I & o LLESHRFI A e Sz,
QT #EE DML, R—L By F 7 T FiE%E VW= hERG 7 v & A iRBRICH 1T 5 hERG FHLEEM %
fatR L LTz, £7- hERG ILEFEEH L OTREEA X S /- bamiL, EAF v MALELETG & H
W IEBEALIERERIC Z Y, QT IER & 1 5 e AEIRIE A O Rt 2 32 S vz
EWEEBEMEZ A L, 2200 L TEWEeEa R LIcba L, SofEs LTIy /4 V¥
J VB EAR LTWED, ZIRNRERKRIE iﬁ”’éiéﬂ“@\fi#ot. FEDRH, €I A4V X
VBRSO SRIEIRA R TR SUE OB 21T o 7o, TIRONFHER 7 = =T T = ViR 8K & PR
BhE L, 1,3-F% 7V % £ 9 Pictet-Spengler )& & $E & LI EIEEZBR L, Mtz £ L. %
BTG, BIOETWAIMMEEREEZ G T2 7 2=V T 7 = UFERE T, HIRERERED
S AT REE & ARG L 72

GEES
1.

3-73I/-1- G-A v F=FHY) 2-FuX ) —LRHEDOT I VEMEET ) —LEXY D BT
D, A ERY Yy, BIXOATaT U — AR DB UIERE, RN U D, AR S B
FIENMET LIAbE 2 EUG L7z (Ki=>10 uM). KX 2 Dy BIRICKRH 28263 216 o
5%, ClogDERME T L (<4), 7voF v MFEI 7 v Y —AcB0TEmWREIRErEE = L7t &% 4b
(Na"F ¥ VL EVEH: 1C50=0.56 pM, site 2 |ZxF3 D& A BEE: 1C5=0.30 uM) X, T v MIMFEZEET L
(30mg/kg, ip, 2 [ 5:) 12BN\ T, =2 b a— LRI LT 33% 00 i ZE (AR RS # I E I [201.1 £ 50.2 mm®
(n=4) vs. 302.3 +26.5 mm® (n = 6) (mean + SEM)] % <L, ZOEHIT SUNN8075 & [Fl%5 [35%0 fifa %
(RFEHNHEIE, 166.2 +38.1 mm® (n = 8) vs. 255.8 + 31.0 mm?® (n = 8) (mean + SEM)] T -7=. LLARN
5, LAWY 4b 1ZIEE TR hERG FREMEM (1 pM 231 2BEER, 99%) 2 A L TH Y, Ol
L REMOMRD - OIH IR DB METH D Z &P L T,
ER Y PUBEEARD 1, 3, BEIOANMICY 7 unF oV EEAE T HEMHBRIEZEA LR, 3 ~DE
HILEANIZR VT, hERG HERTIN R i bBAF RN, FRIZ 3T 7 T IV RE 8 AL
b4 29e T, hERG BHEMEH S KIS Liz. —J7, 4fi~D v 7 a~F 2 L8 N2 X % hERG Fi
ERIIDRITNEL, FEUMH LUTANMIT T 7 anF LA BIBEA LT, hERG FHE DR
TR LN T LAY 2% (b T 2 AK) OSHRRMER (2K, b T o2 ROmEHEE) 12, »
T bEW 29 LIZIFR%ED Na'F v *ABREEM A A L T7znd, hERG BREMEMIZE L Tk Ak



DFIMN BT AR 29 L0 -~7- (28% vs. 8.4% at 1 uM). hERG FHEVEN 23Tl L7- b 7 o A1k 29
(Na"F ¥ /L BHEEH: 1C50=0.51 pM, site 2 |25t 3 5 5 A PR 1C50=0.17 uM, hERG PH.E: 8.4% at 1 uM)
X, 7 v MMFEZEET L (0.8, 2.5, and 8.2 mg/kg, s¢) (T I3V TR LR AT AR FE (AR & b X, 8.2
mg/kg £ 5-TIE 56% DA A B SERRHMI fEH 2 7~ L 7= (p<0.01, Student’s t-test) . & 72{LA4 29 1
HRMENRPAZE D% G ICB W T H AR 2R3 2 L3 oz,
&4 29e L crobenetine DIEBENEN A EREROFE R, WLEWE b APDy (DIE2NHE L T b KE
PLIZZE L, IRENED 90%IE T4 5 £ TOMEEEMFFHRH) OLEREMITIRONT, QT ERIEH
ATREMEIZIR N Z EAURIBE 72, Ly L7223 5 crobenetine (£, 30 uM (235 T APDg % 27.1 +10.2%
i Sz, )i bAW 29e 1%, 100 uM T APDgy % 9.2 £ 2.7%iHD S H BT & o 72, F7DME
XL CE DICEWEREEZ T HILAWIRRBREITo 1o/ R, HoliEs LTI /4 YX ) UF
EAT D EiEHE LS ORFICE -7,

/\" o -
HTS Z74T47 37Y-L(SAVI AR = T e uES
27208 /& N~ <\ / S~
OH T\ Tf‘ﬁ - gl 2HCI
R ’o\/l \/ ~ K//L r J/ H
(j T cl /\¢/\ O\/ N
N 2HCI j/ 2
1 4b 29 < /
Na* F+ 7 JLBEEEM: 1C,=0.43 pM v Na* T3 JLBEEEM: 1C,,=0.56 pM v Na* T3 JLBEETEM: 1C,,=0.51 pm
D, binding: Ki= 0.61 pM v Site2 FE S FEE: 10,=0.30 pM v Site2 FE S EEE: 1C,=0.17 pM
v S EEEISIER (invivo ) v S HIEEEIMSIER (invivo )
33%30H (30 mg/kg x2, ip) 56%1Ml]**(8.2 mg/kg, sc, **p<0.01)
¥v" D, binding: Ki=>10 pM ¥" D, binding: 1C¢,=>10 uM
¥ hERG: 99% inhibition@1 pM v hERG: 8.4% inhbition@1 uM

Brensted 1% % FH V7= Pictet-Spengler St 2 B DORRIG E THZ LICK Y, D-7 == VT 7=
RN ENOE YT AT VARIRWIZ, 6R11bR- b TV ADNE{bFE O TV /A V¥ ) U v
B AMEZE L7-. Bronsted 8 & LT A X 2 AR R L ONRHEE 2 W2 RIS, @ICENOE YT A
TUARFWETHIMDEOND Z R0 o7, FICRIREE WD Z LT XD, 1EROB L
TIXEWANETH > 2B FWGIMEEZ AT LEEICH LTS, AGHIEOHEMANATRETHY, o7k
I, MO@mYT AT VARIRETE Y /4 V%7 ) UFEEREOND Z LR anoTle

COzMe CH3SO3H ~6.CO,Me
H h
HN o] or—2804-_ R L 11DN o] single diastereomer
&0 f i T 18-80% yield
MeO,C Me o N

Pictet-Spengler

R = H, Me, OMe, CI reaction (6R,1 1bR)-
' Pyrazinoisoquinolines
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373 /-1 5 A F=NFFY) 2-T 1) —NVRHEDT I ENL A B LTS b AL ST AR RS
MH, ET7 V=L ERY D BRT D UDRSFERN RNV Dy B RICH T HEEEZ YT T D
AIREME S RIB S LT, ARUBB ORGSO NIbA W 4b 1L, RNV D,ZAREORFEEZFL, 2
D7 v MEFEZEE T AW TRRIE & R OB IEEBEMEER 2 R~ L7272), By MG E LT
FRHTOHDEBEZ LN, LM LAaND, ZOiuV hERG LEER N L EYME QT IR /EH 2/~ flfE
PED R ST272%, hERG FLENEM & DTN LETH D & B LT,

v UKD 3T T m Ak VR AT HEHSE A HA LT2YE1C, hERG MLEEH OGS
RN R BRLS ADNT-Z EnD, Er U Py 3ALA hERG F v /L & OB KMEF BEA/ERICE G 5 &



BALETH D T LAURMEENTZ. 72 hERG EFMFHI AR E <858 L7 ALad 29 X, THREVEAHIER
BRIZIUN T APDg DIERAEH 2 /R &3, & HIT1% APDyy & FifiE Xt % EHI 23 crobenetine & W /% T -
7o, ZORERIX, &Y 29 IX crobenetine & iR LT, DlEICRTT BN LV B SN LEMTH
HZEERLTND. E72 hERG HEMFEH E OTMEAZK D Z LIZL - T, QTEREHO Y 27 MR,
DA T 2 BN L I S 72 Na*F v ROV ERORIRIN FRETH H 2 L AR S iz,
3. FHBHBEEICIVBEONIENYT AT LARREE, BRLRIEDOBRIZ & V15 5EBIRED IC
WHATE D EBLEL. $74bb (1) N-7 v A 2 =0 LA A RS FEBR A~ O SKE - B
WXV T V=T A AU ZEKRT HIBRRIZENT, EAREWA— MEEBRIELY &, K0 ZERA
ZREBIREA D Z &, ()ﬁ@ﬁé%xm EBRIREBIL2 D (AorB) B2 o150, BEIREBIX6
REANRA R HLERT D) VBIAR= DD A strain D= T L F—RENE <, K
0 RZEIRBEBINE A 2R CRUSPEITL, NI U ARBEEBROICE LN E B L. EAREKE
FURIIZR R ERE A G T2 EBEICHEIGTE 2 L, BoNlcE TV /A4 Y% U Vi EN bR D
EHSLEARLEMRILPRETH D Z 00, HAEFRSNTHDOIETI Y /A VX ) ViBERO4
HIEMESCHEBEN AT 2 £ T, EEICAARGRIETHDL LEZXLND.
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4. VUEOBEHERLD, site2 ZET 2 Na™F v 2 ERKIT (1) 7 v MEEZEET VIO TRIZ
PR E 2R B L 722 &, (2) QT IERICRE SN2 OB+ 2 Bk & OTEBEDS FTRE TH -7 Z &
B, BRRICBWTHE DN OR R M ZESHEINRREICR VG5 L E 26N 5.

[F&Fm ]

1. Maki Seki, Osamu Tsuruta, Yukio Aoyama, Aki Soejima, Hiroshi Shimada, and Hikaru Nonaka, Synthesis and
Pharmacological Evaluation of 3-Amino-1-(5-indanyloxy)-2-propanol Derivatives as Potent Sodium Channel
Blockers for the Treatment of Stroke, Chemical and Pharmaceutical Bulletin 60(4), 488-498 (2012).

2. Maki Seki, Osamu Tsuruta, Ryo Tatsumi, and Aki Soejima, Synthesis and biological evaluation of pyrrolidine
derivatives as novel and potent sodium channel blockers for the treatment of ischemic stroke, Bioorganic &
Medicinal Chemistry Letters 23(14), 42304234 (2013).

3. Maki Seki and Tsuyoshi Ogiku, A diastereoselective construction of pyrazinoisoquinoline skeletons via tandem
cyclization of phenylalanine derivatives: a facile synthesis of optically active pyrazinoisoquinolines, Tetrahedron
70(25), 38643870 (2014).



