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2. Designof alcohol probes
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3.2.Biological assays
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K:I>MBO>ER KE>:LP:L I>KPHKF>BGEK:L>LPBMMA>GSREA>FIVIRI24 IKH
B@B;BMHK OBBG @AAB @ANGBIKBRB>E=L

BMB& :G= ?HK, G= A" A"
E>:BG@H IHM>GM:E , & ff G= A"
& {

? M>KENBG @®IASRHAHEBGVAKEN L >MI#B@NR> BANI
IHKBG&CHR: MBHSGSRE<H\HELEDRE<FHAHEE:KBG@N :EDRE
;0 LBA>:= :EDRIEHAHEER:KBG@N ;>GSRE LBA>:= P>LE><M>=
HGAL:FIE>?KHPE <A @KHN®Sd 11 12a MH.MN=R®>KLILLB
‘E><A>FWIRI>IB ;>GSREGBIK:MA ?KHFd  BBN IKHIREGBIK:M>
15 ?KHF12a BBBA>GHQRIKHIBBIK:M® ?KHF11 4BMABGA>
FHLNHM>GIM:E>GSRE<HAHELAHBG@:.GHFH:K , BAE
MBHBM>G<RHGEBMEHF-B<KAHE:K A" :??BBMIBab 6ab
9ah 9dP:L IK?>KKMNMA>INBIM>GRPMAR.E:G:EH@ B 2:G=
Mhpara LNLMBNMz=H@ >G9 BGHK>KMHKBRNFO>GMHEBBMBL
LN>LFHK>EBD>ERI><M:;EBMERA->MB<HHHNG=8B 9 +BVMK:M>
15 =>KBBG@KHMN IKHIREE<HAHHA2a P:L <AH>GVHKH;><HF
IHNG=PBMAIMAEDRE<FAHEIG=:EDRE LBGBIK®>A2af LBG<>
BMBIE:R>=MA>LM-NIB: @ >MHBE2A> LMN=RxHH:LL>=:ELH
IASGHQR:EOFHK:M8 LAHBG@ BGISKBIGEG BAB;BMIHKPBE>
KE:M>SMH<HAHE1 1A><HK:IHGBG@BIK:VPEKY RGIABS>=<
<HKBG®W<A>F> M>LNVBEOBMKPtBCIMI>MSRF>L:G=MA>BK
LMBBMB=+, KE>:L>L P>EE MAXHAHPHR MBHKFPBER>K>
BO>M®:MBGB?>KGMQP>KB->AV:EHGBIBHGL

4.2.1n vitro assaydor nitrates:NO-releaseandtargetenzymes'
inhibition

1A><HHKB>MBSN:GWAMBHEMASH=R>?HKF>BGIA$KB>LL
‘LL:RP:L >FIEHR>#HF>: LNK*, KE>:L8 9 L BGKK=2KHF
=HGHKG=: MBF=3>G=>GM

&COBMIBHEHRRE>O:R MBHPLK=LANF:G M:@>MSRF>LP:L

1A>MABKXB>REEN=MN_.EDREIBI>KB=RGSLPASKMABMKN< >Q>G=MEGBIK:MH. 16 I:M: KSKHKMBA:E> <HA:K>=MH
MNKEPEHK:MBHE=K>LL>E>MAR®KHNIHGMA>xHNF:KB&BG@ :EHAHEIPAB<AAHP>MA:MASBIK:N@KHNI:L P>EREHEM>=R

IBI>KEBGK:FBB:MBHB/M>KG= EBGDEKG @MA IK>OBNLEGH
MB<>MA> =B>MARELNMBMBHECMAA>MKKR<EBNE>NBL
D>RE:R>RHIMABNEN. @B @VBMR > * G= A" L
<:G;> BG>KK>R <HR:KBG@aOL12b:G=12eOL 12f -BI>KB
=BGENLMBMBH&M>KIGK?HKF>= FHK>?BB>GRBMABG
>SER:MB<E>MWA:G KIFBB:MBH®2a 12e 12b 12f &G
M=K BGC@BRE>G@NMALIL<>K<HG><BG@HNF:KBEHBI>KB
=BGKBGEHO>¥ME> <KNB:RPHK, :??BEMEBG<BMAHFHEH
@MBHE&:MBEERKHII>==HPGMAIM>G<R?12d <HA:K>= MH
12a & {r G=& {* KrI><MBO>HRABEB&K>:L
BG@A" :?7BEMR2d & * 12a & {* LBMB
E:K?><KENEM2KHMA-EDREA:BGEHBMBHRBMABBMABG:E
+ LNLMBMNMBNREKNM:GHEKBMBQA2c LAHP>= =>MKBIM:E
*, ??7BEMR {* EHGEBMA&SBHKHO>=A" B@&H

MBH&% {* <HA:K>=MHKHI:GHEXXBM®™BQ2a
A
404
304 ) ¥
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T © 14 +cysteine

= [ ] 12
204 // ,,—l_—-ﬂ""ri u 14 + phosphate buffer

wf/’-

0 10 20 30
time (h)

% conversion

Fig. 5. HGO>KBH&:M>H™N ;>GSREBIK:M# :G=N IKHIREBIK:N5
{* :G=15 {* KeI>VBO>ER =>MHBG>BGAHIAM=N??>K F* 1%

MABPIESIAHULA:M>N??>KEN>:M A L =>SMHABG>3R /- %-)

E>EBL=MAK>:=>RIK2>KKMNA%>, O>KBHBMABKE>

BG-B?>KGMHGBIBHGBF>=>>G->GVWHR MBHH{Z.E<FAHE®d

I:M: :K>F>:GLa0!

T HMAN* | :G=A A" *HK>BHAHKM:GMBRAG\.G<>=
?2?BEVBCEK: L>I<HA:K>=MIMARHRHEKHN<M4 9d 15 12a
16 11 :G= HKE@M>3HM>CGBEB;BMHKEMAX:GHFE:KK:G@>
+HGAHFH@GS>HNKEN>kHNE> @:MA>=HNMMAHMAN @>ML
PA>K>MAXK>EG<>H? GBIK:MKHFHM>=B?>KGM??BEMR-K?HK
F:G<>L

4.3.RP-HPLC studyof nitrate-alcoholconversiorprofiles

&B0OBOEBIK:M><HAHLBBHGEG H<NKOB ARKHEBIHKK=N<
MBG>®/IWIBHBHP-O>IGH.I><B?B<R:MB&MAP:R BLO:BEE>
BGND:KRM=E<:NL>HMA> L>G<H2LI><B?B¥RKH:L>L<MBGC @G
GBIK:M&HHKWM:GMER-KHERNBKHN<MBSEN==A>H:ELI><B>L
=B?>KGNMKHAMANNMMB OB FAHEVIA:IMB @ ANK BE)M 2KHF>EBB
GMBH@% q% HKGNEHIABEBNLMEMBHG<MBHGL@ :ED>G>

B
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L
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© 15 + cysteine
# 15 + glutathione
= 15 + phosphate buffer

% conversion
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L4l

LS o S0

10 20 30
time (h)

:G=12a  ?KHFGBIK:MML
* (E <HG:EB&m@* <RM>BGHR HK F* @BNMABHG>G=<HR:K>=MH
HMAKBS3>G=>GNIL:RL #HKBGIHKAMMBHGEMAK>2KG<>MKHEHBOIABBIGK>
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© 16 + cysteine
* 16 + glutathione
* 16 + phosphate buffer
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time (h)

Fig. 6. !> <HAHLBIBHGVM7GBIK:NI6 BG-B?>KGMHGBIBHGBF>=>G=>GNBiL

1> K G<>HXHAHNG=16 {* P:LF>LNK>M ~ BGAHUA:M=N??>K F*

1% * (E PBMAF* <RM>BGR @K>>8K F* @BNMABHG>@K>>G

:G=PBMANMIAELS ;EN> 1A>KMB#MP>>&H&>®IHIBHGIO: KHNLMBFHHBGML
:G=MABQEB €H&>®IHIBHEAM P:L =>MHABG>3R /- %-) L :M: IHBGML

K>K:>GRP:GLla0! HMAKBSS>G=>GN>: LNKE>GMI#HKBGIFKAMMBHEGMAK>?

>k G<>MHHEHGIABRB@KE>EE=MAK>:=>BLK2>KKMHAA>;, O>KBHE?MABL

TKVEE>

80
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5 404 e
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== 204
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Fig. 7. E<HAHE?HR MBHE&HBE>PKHFGBIK:M34 15 BG<>ER:K>®RHB>GM
1BF>=3>G=>GNHR MBH&?:E<HAHERd HKG@>:G=12a K>= ?KHFGBIK:M24

:G=15 KeI>MBO>EHVABBN:M>= {* M " BGRIHBEBZK:MBHBRANF:G

0%06 6 G>NHE:IMHF<>EEL =>MHBG>3R /- %-) I M: K>K£>GMKBBM>L
F>:GLa0! #HKBGIHK-MMBHEMAK>2KG<>MMHEHBGIABBEK E>EE=MAK>:=>K
BIK2>KKMMA%>; O>KBHBMABKMEE >

:E=AR=> PAB<AHNEBGKB&HE>=x<K>:L 3 <HAHKE>:L K:M:G=
RB>E=

1A>/- %-) F>MAH=GE>=MKA><MABK>GBBIK:M\JBE
BMi&=MA>BHG>KBH&: MMHNA<HAHE>M:;HEBMBGAHLA:M>
‘N?2?2>KMI% :G=BAN.G L>KNF#B@ M IARIBEHR2EI%
#B@ HNM  H?Dd P:L KMKB>0OK+H A4 .G=MK:<E<HAHHE2a
?KHRA5:?M>K AB&N: MBHM @ >Bi3 @A:GIHG GH:MBARKHE
LBIMARIBEHB2EI% =H>IGHM:R:GRKHEBGIABHVIK:GHR: MBHG
H?MA>LGBIK: MBGMHAEHAHEKH™N<M>O>EIH?.EHAHA1 =:M:
GHMAHPGNG>KMAEBFBIN=M>MBHGK>?HKF>2KHA6 &GAN
F:G L>KNF.EEMAK>G=B:M>>Q@BBM>==>@K: MBHKGIFHBEAA:M
?HEHP>H >N=H’BKHW®>KDB >BALG==BIE:R>=G HNM/: BG @M:
:BBMRN A A A?HH5 14:G=16 K:I><MBO>ERMMNM
KE>BG@® IK<B;E>:FHNGMi? <HFAHEKK @:<M <HG>KBHRB>E=
MH<HAHEHP>MA:G P.L KMKB>@SEK:L>L?M>K A

I:KM ?KHFGHGGF:MB<>@ K:MBHB> <HGB=K>-BGIK BRG®
MHBGO>MB:MMAK <MBMRP:K=LK=N#BG>®/IHIBH®A:RL
1ABIMRIH?<E>:(@>FB@AM <:NERS>BQROBOHR AFHIKHM>BGL
BKHBHFHM>=:G= :<MBOMAEL<RMHBB<G= FB<KHHF.E @EN
M:MABHEBAK:GEK:L>B01 :G=@BNMABHBY BGHMA:L>LK>
E>BG® :G=:KHAHER IKHN<Ig 9

L : IKEBE:KRQF E5:MBHBAENK>IMBBMRP:K=LK=NBO>
<E>@AKH-HM>:R <MBOHAEP:L LMNB>5R :==BG@ >G>LL
H?<RM>BGHK$0% MHE>@:LL>HAHIA:M>N??>KG=R :| IEBG®@

A<HB&N: MBHRBGHPBGK>KMHEEBFBNMD @ KHNEBLNB=3HK
F: MBHE FH@/IHBG@ASBIK:MBIL I>:K:G<>G=MA2HR: MBH{?
MAEHRAHEKHN<M /- %-) IKHVEHP:L :| IEB>MBEIMBM>MA>
LMBBMR?Z:K>GIBBIK: NBONAK>EG<H??K>MARELG=MHK>=B<M
MALLEE>MK:GHR: MBHEBHFGBIK: NIMHK B KR :E=<EFAHE>M:;H
EBMEHG@BMBB>KGM, KE>:LBGBOH. ?HK ;>GSREKBO
MBQA $0% ;HHLM>MAxHG>KBH@KHH:K>GIBBIK:NMG=LAHP>=
. AB@QAHOG>KBH&:MxHH:K>= MHKRM>BGHB@ G HIIHLBM>
L<:E>G=:G :MMIEVI>HK<MBMR>K>H; L>KO>BAVIAXx:L>H?MA>
N IKHIREA>FIWIRIA5 MA:MA:O>=L : INBMBHK=HGHRBMBHP
‘E=HAHRHR: MBHGBENUK:MR=K>3EHMRGIB@

L : MK>GEHMRGIB@ BER:MHAHMGEBG&?><MMAEEG
EBGE@B@ABKHAHRB>E£E=K:M>2KHA4 :G=15<HA:K>=MKAR
=KHEBBGAHUA:M>N??>K% ' EN>EBG>L

&QAVIAx:L>H?MAYA>GHQRIKHIRE>FWIRIA6 GH:l IK<B;E>
E>OHAHAL P:.L =SM><MNEMH A PBMZAS= PBNM#NMIAREL
%HP-O>KABHRKE>: L <xHNESHM L<KB;>MIMAGSBIK:MK¥MBBMR
BAVA>Q>KE>AV:EHEGB/IBHAL <:G;> BE>KK2KHRMMA®K:IABG
#B@ MA=BIl I>:K.G<>HA:K>GIBBIK: M8 IKH>>=>K:IB=ERHG
LNFBBGEBHK>MA:G ?M>K A BGEEQ>KEF>GMUIA>KPHKNG
P:GM>=>@K: MBHB IKHN<ME>K2HKF>PAB<KNEFNMA=>
LBK>BHVK:GHR MBHE&NIEHAHE1 :G=MARLF IE>P:L >GEN=>=
?KHENLIN>GML:RL

4> ?NMA>KH;>=MA>>A:BHNRG <>ER:K>@RHBE>GM?
MAKMPHA>FIIRI>L14 :G=15 >GEBG®ABRE=BVI>=HAHK>
E>>#B@ 1A>LMBBM&S=<HG>KBHEHMBEHA>K>LL>LL>BG
MAZK>LABRI:K>= <RVHBBK:MBHBPANF.G G>KHE:IMHF<>EE
EBG>HMAGBIK:MSBEEHL>=KM: KK E>: L I KHBES=15 >@QBBM>=
AB@AERKHAHRB>BAA:G4 :G= ?HK5 :G= ?HK
14 :?2M>K A:G= A K:I><MBO>BER>LEHRHG>KBH&G:M#¥:R
IK?B@KEHP-, ?ENQBI®BOHRAB<AHNB-ABRABH:MBMHEE
:G<SMPEK=LG>KIKHVIMBHG

4.4.Cell-basedstudies

1A>:;BBMR?<HAHNG=MHKHVI><G+KHGRKHH@=MBG>F
:@>BL <KBNVE?>MNIRHKGMB  <:G=B:M>1&GVAANF.G G>KH;
E:IMHF0%06 6 <>Ef >=IKHVEHB 9 HGERASBIK:M>GEBG@
EHAHKE>:L>14 :G=15 P>KX<HBGN:M>=M=B2>KGMHG>®IK:
MBHGL :G= {* PBMWPHKHH®:GMMHELELKHM>GHKKBA>

{* G=ARK®>GKHB=>M {* >EEOBBBMRL F>:LNK>=
MAKHN@A :LL:R8 9 2GMK>:Mz==ER>K>NL>=L <HGIKHE=
=HG>I>SBE M:D>E MAK>2KRG<x<xHHHNG=#HKHRA:K: MBO$K
IHL>LMAKEI><MBOB<HAHE>M:;HEBVBd_.G=12a P>K>C@D: @>BG
MA®L:RL

L LAHP@GB@ :EBV>LM&HAHNG=L:K>GIGBIK:M®4L 15
:G=:KH\HERfd 12a LAHP>= =HL=3>G=>GHBO>KL=HKEMBHG
PBMG>KHKHV>MBH@ :BGKMVIMHQBENEMG= MAISK<>GI@>H?
OBE><>EB&K>:L>MH @K>: Mt} >GFBMMUAEHBLMHGE>®IKIBHG

{* &OISKBG@ERA: K;E>?BEK>H?G>NKHKHSMBHEGK>
H;M:BG2HIGBIK:M# :G==HG>|>SBBEMMA>>IMBHEZMAAB@A
>LMHE>GIWIBHG {* :@:BGIKHM>GHRA>GOBBBMB&K>:L>
PBMAHG>I>SBE ;R ?:KLN>KBH&KGEEQ>KE->GMRBMABIK: M
M>K4 MABK<>G@A>H?0BE> <>ER>BBOMEHGIKIPE. AB@ ASK
INBMEHLMHBMINMMB@>M:;HEBMd &Q:KMBE:K: @K>:M3R
:BBM@:BGIA:@d P:L H;L>KO>RA>G14 P:L <HB&N:M>=:M
:G= {* <H&>®HBHBBMKHM>GHG>=:M {* <HE&>GIK:
MBHEBAK>EG<H?ARK®>GKH@=>G HIIHLBM#K>E K>
MNKGR=N IKHIREA>FIRI>L15 :G=12a MANEKHMHHA?2a IKH
M><M% 06 6 G>KNHGEKHEHMMHEGEHK>?BB>GNMEREHL>ER
MH, =HGHK:M.EEHL>L
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Scheme2. ORGIABHXHAHNG=Ba| 11 :G=12af* */>:@>GMG=<HG=BMBHG# =KR% E KHHM>FI>K:MNKO>KGB@AM HI8 <AEHKHF>MMREREIF>MA:GHE
(., (& <M =KR<>MHGBMEHENQ ?Hah HK 8 ;KHFHF>MARE IA>GRE9>MA:GHEKR<>MHGEHHM>FI>K:MNKA 2HIS < <AEHKHF>MARE IASGHE

=KR<>MHGKHHMV>FI>K:MNKA =
K>?ENQ A

&G==BIBHMA®:F> <>EEBG>L NL>-MHLL>LIMARVIMH®)
BMR?<HAHNG=Bd 12a 14 :G=15:M<H&>®IKIBH&IGC &G @KHF
MH {* L BéR:M>:R =M:BA:;E> 9d:G=MAKEI><
MBQOQK>GKBBIK:NIZ IKHN<>= EHR>EHR:K:F :@>& :G=
{* KrI>MBO>BR>K>:IHMA2a:G=15P>K*¥N<AE>LKRVIH
MHQB< I

1H >GHKLMAMHMSGB:E +0 =KN@iIG BGOBMKHHH5K:BG

KKB>KRGMWIBHEH=>E.L >FIEHR>MH.MN=RA>B=R>NMBHG:E

;KHFHIKHI:G HE?HKL1 12ab 12df HK <AEHKH;NM{#@E?HK2c (

(& =KR<>MHGBMKE2af HK=KR<>MHG2HK.1

MK:GIKNKKHLE!  (&& *I/ <>EEG=IK>=B<MO0 [>K>:MBHG
8 9 *HK>HO>KMABKHVIEHEKHDB=>1 KEEE> >O:K MBH&MA>
<A:G<MA:IQ>GBHMB<K> INFI>= HNMNR - @ERIKHV>BG @I
PAB<AK>O>GMEGIK:BH: MBMRHMAKHHELID 12a :G=GB
MK:NI4 FB@ANGMK:BSMH MAKHN@ABO=BNLBHEBBMIAK
F>:;;BBM&HA: K;E>MHBS>I:F :G= PBMINBGI>KMBHBBMA?
?ENCRM>F"/ 2G?HME:M>BR IKHIREHAHNG45 L>>FLMH
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Scheme3. ORGABHGBIK: MM 16* />:@>GMG=<HEBIBHGL p p2=B<AEHKIQE>GH&" =KR<>MHGEHHMI>FPKMNK> A ; @+, =KR<>MHBEBEPENQA <
;KHFHIKHIREBBIK:M> =KR<>MHMBEBEMHM>FE-K MNK> A ?HH5 HKK2ENQA ?HK6
Table 1

*L  :G=A"L BEBVMBHOI:?HKEHHERab 6acr

<HFI= / / / & {* HK BGAB;BMBHG "
* , H * , H A" < A" =

3a % % + % p % ,% a a a a
3b % % + % m % ,% a a a a
6a % % ,% p% + % a a a a
6b % % ,% m% + % a a a a
6C % % m8 % % a a a a

IBI>KB=BG RE9
L:?BG:FB=> a a
<EHK@REBG> a a
=HG>I>SBE a a

2 3:EN>LK>MAB>:GLHMAKBS=>I>G=3GN-KBF>GML
b 96NF:GK><HF;BG:GM

¢ A" ?KHPE><MKEE

4 A" ?2KHPINBG>KNF

LN?>KKHF @I EBBBMRAB<AHNEA:F |>K BMENKA>O>H <:El% :G=BGAN:G L>KNFPBMNME>:BG@AEHRAHEKHAN<M

F>GM EEHMASFKHO>MES IHM>@EBMKH B@B:BMHKUKHG@>K
MA:GIANMMBOBHAHE>M: ; HEBMAGMAIK> G <sH?:BH: 4BO>
MAELMPHB2>KGM, =HGHKL4 15 FB@ARHKDL <H=KN@1?

5. Conclusions EHAHEL>= :BFH=E A" *, B@B;BMHEG:K MBE:K P>
B=>I@B>= :K:BA>KF>:GMG=L>KNEME>GBIK:MB> MAN :>G

&GVARIMN=R> :BF>=:M?B@BG ENIMB QBE @@ :GBSBIK:M>L SRERASFHIRIAS :E> MH>KPHKE LEHP, KE>L»G= MHRB>E=
MA:MGL>KO% IKX<NKHKH?.E<HAHE>KBG@N:E A" *, @HHFEHNGM?MAENBE> IKB:KR :E<HAHE9d BGVIAK>EG<H?
B@B;BMHMI>BHK:GHR: MBHEA:MG ;> GHCGRMBEERKH  $094 | P>EA. BGRMHEBH#>: KMBHER0% 06 6 ANF:G G>N

FHM>:R :<MBOAEL> @ @BNMABHE> BOEB:EBRNL>HNKM  KHE:IMHF<>EELA>K2HK><HAHNG=14 LAHNE=L>KO2NKA>KI
M>GBHGEMA=>0>HIF>GMI?MA><MB@*>M:;HEBM*L: F>EREH MNEBHBG<BNFA:O>=L : FNEMBM>GMBE<NE:R BM-E?

AHE>KBG@N:EA" *,  B@B;BMHK>GR:l IEBG@LMKN< g ¢ A & ¢ :G=L: FNEN@BEE>
MNK=E>KBVHRE>R> ?BLAMAKEF IE>LHNMAPHLNHM>GIMH - <NKHIRHK LMBERIBGN:EBEB;BMIEKF>ERVMAEHAHE>M:;HEBM>
AHEDd 12a 11 MEMN2RA=HKEIHGBG@BIK:MEBIAL  %-) 9d & G=  {* MPLK=L*,  G= A" Kbl>MBOSER
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Table 2

* L

:G= A'L BEEBMBHO?HKE<HHERa | 11

<HFI= / / 5 / &  {* HK BGAB;BMBHG "
* , * , H A" < A" =
9a % % [”'“]"' p % % a a a a
N
9b % % ‘ m % % a a a a
9c % % P p % % a a a a
()
9d % % m % ,% a a a a
9e % % p% % a a a a
of % % m % ,% a a a a
99 % % p % % a a a a
9h % % m % ,% a a a a
9i % % p% % % a a a a
11 % % m, % % a a a a

2 3:EN>LK>MAB>:GLHMAK BS=>I>G=3&N>-KBF>GML
® %NF:GK><HF;BG:GM

¢ A" 2KHPE><MKEE
4 A" ?KHBJINBG>KNF
Table 3
* L :G= A'L BAEBVIBHG:?HKEKHHEL2af
HOT X
<HFI= / 5 G F & {* HK BGAB;BMBHG "
* *’ h A" < A" =
12a % ' a a a a
()
12b % a a a a
12c % a a a a
12d % a a a a
12e % O a a a a
N
12f % a a a a

2 3:EN>LK>MABF>:GLHMAKBS=>I>G=>GNFKBF>GML
® %NF:GK><HF;BG:GM

¢ A" 2KHPE><MKEE

4 A" 2KHBJINBG>KNF

ABBM::B@ER:GNG>KIKHV>MBO:MBDB>@ : BGMAKHH@=MBO> (B>L>@>E #

BGNEMHM>GHG>%, PBMMNMKHNBGCE@RNVMHQBZ><BGAN
F:G G>NHE:IMHF<>BEEBG>L

6. Experimental section
6.1.Chemistry

OM:IRG®: MKEL K>:@>GMi= :G: ERME @K:=+HE>GMAI>K>
INKA:L>=?KHFRB@F:E=KB<AN KHI> 1A>INKBNH?:EBMABGI>K
F>=BVI>L<A><D>R %-) P:L :BP:RL ;>N>KIA:G EEMA>
G>PERKH:K>=:G=M>LM:HAHNG=LAHP>NKBMR @ A¥K:G
>SBEF>AGVEGERBL "BEXF>QGVEG:ER>LP>KA>KPHKF>HGMASN
KH" :G. ERSH{GERGMA2?B . E<HAHNG=IM>LM*=* L
:G= A"L B@B;BMHKA> F>: LNK>O:BR>L?HK % :G=+ :@K>>=

MHPBMABG H?MAMAKSBLEO:BN>L HENFG<AKHMH&IAR
P:L I>KPHKF>NBG@&K<DLE:@>E FF
F>LA EEK><MBHEBEK>KHMBG>ER-<D>R 1) NBG@&K<D

:ENFBGNHE:M>IG=OBNEBBS>;R 23 EB@AIBH
=BG>/> @:KBGEIAK<MBHGINBG ®IANL>H?=KRLHE>GMUA>
@E:BLK>P:L ?E:F>=KB>6=MA>EHHENG>K LMK>:H?=KRK
@HG ?HKMANL>+N<E>:K: @G>MR=HG :G<t I>MKP>KK><HK=>=
HG: 3:KB:G*>K<NKR BGMEKNGM:M *%S HKHG:G @B
E>GM-</GHERIB>L :I I: KMNLM *%S M:F ;B>GMWI>FK
MNBBIARI><®B>=>NMMMc+ HE>GM>F B:ELAB?ML:K>IJNHM>=
BAG:KMU>KFBEBHGF :G=:K>K>2KRG<>MHIAK>LBEELHE>GM
I>D 1A><HNEBG@HGM:GNILK>@BOB@0>KMBS 1A>?HEHP
BG@ ;KXOBMBHBBEK>NL>=L LB@E>M =HNE>M== =HNE>NH?
=HNE>MMMKBIEXMIN:=KNE>MJG JNBRMEE>MF FNEMB>M;K
L ;KH:=LB@E LB@&EI=N>MH% :G=+% IKHMIHGR>K>EHK:M>=
;R =>NMI>KBNEA:G@PBMA , 1A>:MAKBVBHE® % +*/ LB@
G:EIP:.L LNIHKM>R <HA:KRHGBM@%. >@KF>GMK:KB>=
HNMHKE><MBF IE>L 9b 9¢c 11 12e L KIHKM>B@NIIHKBG@
&GHR: MBH®/*0 >@KEF>GMP>KA>K?HKF>PBMA =N:E>E><
MHIK:RBGISK<> "0& :G=: IJN:=KNHE>MBFH??EB@AM. LI><
MKHM>K 1# @E>GM 0KB>I< <NK:M=LL .N:=KNHE>
1BF>H#EB@AM*0  @HE>GW><AGHERB>EM:ER) | >K-
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Table 4
=
A* L :G=AA'L BBEBBVIBHGV:?HKEHFAHERd 12a 11 :G=<HK:IHGBG@BIK:M4 16 o 0o
<HFI= / & {* HK BGAB;BMBHG "
* , * , H A" < A" =
14 2 a a a GM
ONO._ A A
od N a a a GM
HO Ao
15 ONO._~ - a a a
12a HO .- a a a
16 [‘—"‘j a a a a
Qo ‘\.D/"\‘\‘_/"“_ -
11 @ a a a a
HO™ ™ e

2 3:EN>LK>MABF>:GLHMAKBS=>I>G=>GNFKBF>GML
b o6NF:GK><HF;BG:GM

¢ %NF:GK><HF:BG:GM

4 A" ?2KHRNF:GL>KNF

€ G M GHM>LM>=

Table 5

R MMHEBMB=;B=R>NIBHG/K: GIKMKHLY  (&& *!/ <SEHZGBIK:MHL 15
:G=:KH\HEQd 12a

Py - <F Py ) <F

<HFI= RMHMHQB<BURe ¢ ° L>e 9° Ui

14 a { a a

9d a { a a

15 { a a

12a { a a

=B:S>I:F G= a a

#1 G= a a

2 RMHMHQB+BMRIHNG=U>LM¥M<HG<>GMK:\BBAGHK:G@> {* BG
ANF:GG>NKH;E:.LMB% 06 6 <>EEBG2HK A :M: :K>SK>IHKM:= O:EN>L
K>E:MBOMGMK>:MSEEXHGMKHE: K>IK>L>BMGLa0! G

b—:” - BIMA#:K>GM>KF>;BEBMRB<:EMHL:E MK:GLIHNK>LLBGF
L><e

c. 4 ) BIMA#:K>GM>KF>:;BEBMRL:E MHB<:EMK:GLIHQK>LLB&F
L>e ¢

d"22ENQMBH  P:L <:E<NE:MMBO@SHEEHPBMEMBHG -, ) -, -

GNL<HENE:OB@EBM:ERINEE<:GF.LL LI>MKP>K>K><HK=B6
MAF.LL <A K@mz K:G@> I *>EMG@®@BGNMHKHERB
G:E<HAHNG=IP>K>=>M*HABG>3R MAx:| BEKAFF>MAHHG. OMN
‘KN<B@BB< >EMKHMAEBHK I: KMNIG=K>NGHK><M>3A>

= Rotenone 20uM

B3 Rotenone + compound (2.5 uM)
@ Rotenone + compound (0.5 uM)
@R Rotenone + compound (0.1 uM)

sy
o
(=)

% Cell Viability

o
(=]

12a

control 14

Jonepezil

Fig. 8. +>NKHKHVISMBOXMBHEEANF:G G>KHE:IMHF0% 06 6 <>ER{?GBIK:M# 15 :G=:EKHHEQd :G=12a PBMKHM>GHG>{*

=B?2>KGMHE&>®IRIBHGL
:G=LAHPA. F>:Ga0! G
?HEHP>:R MAHG?>KHGBLMHM>LNK:IA-:= -KBLFO>KL | |

HK

?HEHBG @6GIHS=BVI>LA:0>;>>G :EK>:=R=><KB;>BGVIAEBM
MNK> tert ;NMRE T8 =B
F>MAREHQHH <AKHF>GRE HQRI9F>MAREBE>KBKHQR
E:M> Ta 8 9 =B>MARE IBI>KB=B&RE
F>MAHQRH <AKHF>GHG> 8a 8 9 tert;NMRE T8 =B
F>MAREHQHH <AKHF>GRE HQR9F>MAREBEI>KBKHOQR
E:M> 7f 8 9 =B>MARE IBI>KB=B&RE
F>MAHQRH <AKHF>GHG> 8f 8 9 AR
=KHQRF>MAREINF:KB& 9 ARKHQRF>MAR&EINF:KB& 9
ARKHQR =B>MAR&ENF:KBG@b 8 9 tert;NMRET8 F>MARE
LNEHGRE HQRIF>MAREB®BA>KBHQRE:M> 8 9 tert ;NMRE
T8 F>MAREHGRE HQRIF>MAREB@mI>KBHQRE:M& 9

6.1.1.4-(Chloromethyl7-{[4 -(hydroxymethyl)benzyl]oxygH-
chromeRr2-one(2a)

AEHKHF>MARR-KHRXHNF:KB& 9 @ FFHE P:L
LNI>G=>= BG =KR :<>MHMBBE> F) >?HK> ==BG@

8 <AEHKHF>MMRIEGREOF>MA:GHE@ FFHE :G=IHM:LBNF
<:KHGM> @ FFHE 1A>KX<MBHBQINKSEL K2ENQ=2HK
A:G=MA>MAEHEBSLB=IRL ?BESKH??1A>LHENIBHGL <HG
<>HIKMNRE>KKINKRO: IFKMBHG=INKBB>MAKHN@EFG<AKH
FMHEIAR @KBGMENGNF>MA:GIBE-B<AEHKHF>MA:G>

-.E>R>EHRHEBRB>E= @ % +*/ *0%S  <>MHGH
L % L % L % L % =
J %S %
T H.0. 200 oM
B2 H.0:+ compound (2.5 uM)
Bl H.0: + compound (0.5 uM)
W H.0:+ compound (0.1 uM)
Z 100t g
8 =
> 4
= ¥
© ]
2 50F B

14 12a  donepezil

control

HK%, {* ?M>BeN: MBHM

SEHKHEBRKMBHGL :LL>LL>:R *11 :LL:R M: (K>>QK>LL>:L I>SK<>GI>H?0BE> <>EBEK2>KKNN GIK>: V=EEL <HGIKHE
IHG>I>SBEL NL>=L : K32G<>GMB  F:KD>M=KN@MMBIBELBEHR.G<>P:L <:ENE:M>NIBG@MVPHP:R :G:ERBH?O:KB<> +,3
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J %S %

%S % =1J %S % =
=1J %S % ,% GHWM><M>=

6.1.2.4-[(Dimethylamino)methyH7-{[4 -
(hydroxymethyl)benzylloxygH-chromen2-one(3a)
&GIF=BVI>2a @ FFHE P:L =BLHEO>BG=KR1%#
F) :G=<HF>KB:EER:BEE> + LHEMBH&NN =B>MAR
E:FBGBQA%# F) FFHE P:L :==>= ? M>KMBBG@KHHF
M>FBK MNRHKA MABHE>GK=>Q@>LLFBGP>K>0:IHKK:M>NG
=>KK=N<>FK>LNKG=MA=KN=K>LB=R:L INKBB>MAKHN@I&

O>GRMIL KFHO>NG>KKIM:KRO:IFKKMBHG=MAK>LB=IR=L IN
KBB>MAKHNG@IEFG<AKHMH@&@AR @KBGMENGMMAREM:M>

B& A>Q:G> ° 4ABM:HEBRB>E= @ % +*/
*%S 1*0, d L % L % L %
L % == %S % =J %S %

F % L % =1J %S %

6.1.6.Generalprocedurefor the synthesiof 7-({4-
[(dimethylamino)methyl]benzyl}ox-(hydroxymethytRH-
chromen2-one(6a) and 7-({3-[(dimethylamino)methyl]benzyl}oxy)

NFG<AK|HMH@AR @i@EGMEMBI\,F>MA G}'ES—B<AEHKHF>MA @(hydroxymethy}?H chromen2- One(eb)

° -:E> R>EHPLHEBRB>E= @ Fl %
+*/ *%S  <>MHGHk L % + % L %
% + L % H,% L % % ,K L %

YouNE = %S % Yaune =] %S
%  Y%apnr =J %S % % =J %S %
%oy =J %S % Y% % GHMM><M>SE

% +, <E<= % + #HNG=

% + %/*0 1# <E<=?HK % +, 8V %9 m/z
?HNG= M+9 miz ?HNG=

6.1.3.4-[(Dimethylamino)methyH7-{[3-
(hydroxymethyl)benzylloxygH-chromen2-one(3b)

1A> | IKHKBVI> BGIHe=BV> ARKHRF>MARE ;KH
FHF>MARE ;SEEHQR <HNF:K®G8 9HK5b FFHE P:L =BL
LHEOBGKR%# F) G- + LHENIBHHEN N =B>MARFBGBG
1%# F)
M>FBK MNIRHK A MAKXMBI-FCB(D/INK:'%L <H@>(MK.MN@>IO.<
NNF:G= INKBB>MAKHNBIEFG<AKHMH&IAR @QKBEGMENGM
F>MA:.GBE&EB<AEHKHF>MA:G>

6.1.6.1.7-({4-[(Dimethylamino)methyl]benzyl}oxyg-
(hydroxymethyl2H-chromeRr2-one(6a)

-K3:K>=?KHka @ FFHE :G= + LHENIBHHGN N =B
F>MARFBGBGL%# F) FFHE -:E> R>EHPHBERB>E=

8 AEHKHF>MARBEGRE9F>MA:GHE @ FFHE :G= @ %+ %S 150,  d L % + %
IHM:LBNK:KHGM> @  FFHE P>K>»==>=MH LMBKKNE L % 9% + =] %S % H% L %
I>G.BHB? 8 =B>MARFBGH F>MARBBKHQRH <AKHF>GHG> % ,K MJ %S % =BLPBMA , :% L %
2b 8 9 @ FFHE BGKR<>MHBRBBEF) ? M>K2ENQ Ve = J %S % Yaune =] %S
BG@HKA MAK>LB=R: ?BE>K>6=P:LA>=PBMAB<AEHKHF>MA:G;, o, =3 %S % % =J %S %
1A>LHEMBHEL <H@>®IK:MMKB>LLG= INKBB>MAKHNGIE o, =J %S % %N GE %+ <E<=
NFG<AKFHMH@IAR @KBGMENGM>MA:GHEE-B<AEHKHF>MA:G> % + #HNG= % +

° HEHE>LIHBERB>E= @ % +* NS %0 1# <E<=?HK % +, &1 %9 mk ?HNG=
1*Q, d L % + % L % % + = a1 +9 mk 2HNG=
J %S % H,% F % % =BLPBMA ,

% ,K % L % Y%ynre =J %S % 6.1.6.2.7-({3-[(Dimethylamino)methyl]benzyl}oxyd-

Yane = J %S % Yaunr F % (hydroxymethyFRH-chromenr2-one(6b)

% Y% Yo L % % =J %S % -K3:K>=?KHmBb @ FFHE:G= + LHEMIBHHN N =B

Y%une GIE % + <E<= % + F>MARFBG>BG1%# F) FFHE HEHE>LIHBERB>E=
#HNG= % + %/*0 1# <E<=?HK @ % +*/ *0S  1*0, d L %

% +, &M% miz ?HNG= aM+9 miz + % L % % + =J %S % H,%

?HNG= L % % ,K MJ %S % =BLPBMA , %

L % Y% ==1J %S % Y%annr =
6.1.4.7-{[3-(Chloromethyl)benzyl]oxy3-(hydroxymethytRH- J %S % Yune F % % F %
chromen2-one(5b) %y L % % =J %S % Y%y GE

%RKHQR ARRKHRF>MARHEH <AKHF>GHG> 8 9 4a % +, <E<= % + #HNG=
@ FFHE P:L K?ENQB&KR<>MHMRBE>F) BG/JAK>L % + %/*0 1# <E<=?HK % +, &V %9 mk
>G<> H? [HMLBNF <:KHGM> @ FFHE :G= ?2HNG= a1 +9 miz ?2HNG=

p p2=B<AEHKIQE>G> @ FFHE ?HKA ? M>HHES@HKHHF

M>FK MNKMAFBQINK:L ?BE-K=6= MARHEB=L MAHK@AER 6.1.7.7-[(3-{[4 -(Hydroxymethyl)piperidifl-yljmethyl}benzyl)oxy]

P:LA>=PBMAABKRAHKF1A> LHENIBHEL <H&>®IK:MMi+KB>LL
:G= MAXKN=K>LB=N=L P:LA>=L>GK:BVBF>EBMA A>Q:G=B
>MARMA>K OOFBMNKMBEHO:EH>@>LILM:RE@EB=MANL

RB>BS&®@A=>BK>sb ,?? PABM:HEBRB>E= @ % +*/
*%S *0, d L % L % L %

L % =BLPBMA, L % == %S %

=J %S % F % L % =J %S

%

6.1.5.7-{[3-(Chloromethyl)benzyl]oxy3,4-dimethyt2H-chromen2-
one(5¢)
%RKHQR =B>MARH <AKHF>GHG>8 9 4b @
FFHE P:L K2ENQBG-KR<>MHBBBE>F) BGVAK>EG<>
HAHM:LBNK:KHGM> @ FFHE :G= p p2Z=B<AEHKIQE>G>
@ FFHE ?HKA ? M>KHHEG ®HKHHRVI>EK MNKMARHE

3,4-dimethy}2H-chromen2-one(6c¢)

HF IHNG=5¢c @ FFHE P:L =BLHEOBG-KR<>MHG>
F) :G= LMBKK2BMA IBI>KB=BG>F>MA:GHE @ FFHE
BAVAKK>EG<H?I&" F) FFHE :MKHHRV>FE-K MNK>

HO>KGB@AM_HE>GRIL KFHO>=NG>KKIM:KRO:IFKMBHG=
MAxKN=HBE:L INKBB>MAKHN@HEFG<AKHMH&AR @B

>GMENGMF>MA:GHE>=B<AEHKHF>MA:G> I')KD R>EHP

HBERB>E= @ % +*/ *%S |E

F %  %psk %k F % %k

L % % L% % F %  %gex
F % % g =J %S % H,%

L % K% + L % K% ,HNF =J %S

% Yaune == %S % YN F

% % % Yy F % % Y %

GHMMM><M>G.E % + <E<= % +

#HNG= % + %/*0 1# <E<=?7HK
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aM %9 miz aM+9 miz

2HNG=

% +, ?HNG=

6.1.8.Generalprocedurefor the synthesi®f substitutedert-butyl 4-
{[(2-oxo-2H-chromeR7-yl)oxy]alkyl}piperidine 1-carboxylate(7b-e)
andtert-outyl 3-{[(2 -oxo-2H-chromen7-yl)oxy]methyl}piperidinel-
carboxylate(79)

R ?HEHBG®@IK>OBNLERHKM>E>MAHE 9 : FBINKFMA>
I IKHKBVI> ARKHRHNF:KBG FFHE MABNBE>F>LHE:M>L
M>K FFHE MKBIARFBG> F) FFHE :G=<3BNK:KHGM>

@ FFHE P>K>A>:M>BGKR*# F) :M ~ ?HK A
1A>GVAFBQINKEL IHNK>HGMEKNLAB<>1A> ?BECNP:L <HE
E><Mx*5=P:LA>=PBMANG=:GNP: M>RB>B& ®@A=>_BK>H< IKH
M><NVBEIFHe=BM>[[b e 7g MA:RBK=3KH><NVEEBMMNRNKAK
KB2B/BHG

6.1.8.1 tert-Butyl 4-{[(4 -methyt2-ox0-2H-chromeR7-
yl)oxy]methyl}piperidinel-carboxylate(7b)

-KH:K>= ?KHF ARKHQRF>MARENF.KBG @ FFHE
:G=tert ;NMRET8 F>MAREHGRE HQRIF>MAREBGA>KBHOQR
EM> @ FFHE 4ABM>“HEBRB>E= @ % +*/

*%S 'E F % L % F
% L % % F %
F % L % %S % ==
% =J

F
=J
%S %

%S

6.1.8.2 tert-Butyl 4-{[(3 -methy}2-oxo-2H-chromen7-
yl)oxy]methyl}piperidinel-carboxylate(7c)

-K4:K>= ?KHF ARKHQRF>MAREINF.KBG @  FFHE
:G=tert ;NMRET8 F>MAREHGRE HQRI9F>MAREBm®>KIBHQR

EM> @ FFHE 4ABMHEBRB>E= @ % +*/
*%S *0, d F % L %
F % L % F % F %
F % =1J %S % L %

6.1.8.3tert-Butyl 4-{[(2 -ox0-2H-chromen7-
yl)oxy]methyl}piperidinel-carboxylate(7d)
-KJ:K>=?KHKHF->KB:EEQ:BEE> ARKHQRHNF:KBG @

6.1.8.5.tert-Butyl 4-{2-[(3,4-dimethy}2-oxo-2H-chromeR7-
yl)oxylethyl}piperidinel-carboxylate(7e)

-KH:K>=?KHF ARKHQR =B>MAR&EINF:KBG @ FFHE
:G=tert ;NMRET 8 F>MAREHGRE HQRO9>MARBRLEIXKE1QR

EM> @ FFHE ,?? PABMHEBRB>E= @ % +*/
*%S 1*0, d F % L %
F % L % L % F % F
% MJ %S % F % =1J %S
%
6.1.8.6.tert-Butyl 3-{[(2 -ox0-2H-chromeR7-
yl)oxy]lmethyl}piperidinel-carboxylate(7g)
-K4:K>= ?KHF ARKHQ®INF:KBG @ FFHE :G=

tert ;NMRE T8 F>MAREHGRE HQRIF>MAREBGA>KBHQE:M>

@ FFHE 4ABMBHEBRB>E= @ % +*/ %S
<>MHGH F % F %
F % F % F % F %
F % F % =J %S %
=J %S % > 4 %S % =J %S
% =J %S %

6.1.9.Generalprocedurefor the synthesiof substituted’-(piperidin-
4-ylalkoxy}2H-chromen2-ones(8b-e) and 7-(piperidin-3-
ylmethoxyj2H-chromen2-one(8g)

1A>LNBE> <HNF:KBth e 79 FFHE P:L =BLHEOBG-KR
% E F) ?HEHP>:R MA=KHPBL>==B/BHEMRBNKH:<>MB<
<B= F) M " MAKHN@AQIXKEB<>MA 1A>K><MBHBQ
MNK2:L LMBKKAKHHRVI>FE-K MNK3O>KGB@AMAEHE>GNREK>
KFHO>NG>KKIM:KRO:IFKKMBHBGA><KN=FBE>LB=R>L =BENM>=
PBMAB<AEHKHF>MA:Gy :G=P:LA>=PBMA e F)
1A>HI@:GBA:L> P:.L =KB>HO>k: 0, :G=<H&>®IK:MMi+KR
G>LIMANY;M: B8 @LHEBSLB=NIA:RIL INKBB>MAKHNGBIEFG
<AKHMH&IAR F>MA:GIB&B<AEHKHF>M@B8 @A=L BK>=
<HNF:KB%h e 8g:L LHEB=L

6.1.9.1.4-Methy}7-(piperidin-4-ylmethoxyj2H-chromen2-one(8b)
-Kx:K>=?KHFb @ FFHE ,?? PABM:HEBRB>E= @
%+*/ *%S | E F % F

% F % L % F %

F % L % F % =1J %S % +%

FFHE :G= tert;NMRE T8 F>MAREHGRE HQRIF>MAREUIBGKEAV><M>=

=BG> <KHQE:M> @ FFHE -E>R>EHPLHEBRB>E= @

% +*/ *%S  <>MHGER F %
L % F % F % =1J %S
% F % =1J %S % =1J %S
% == %S % =1J %S % =
J %S %

6.1.8.4 tert-Butyl 4-{2-[(methylsulfonyl)oxylethyl}piperidind-
carboxylate
HF F>I<B:EER:O:BEE> N-H<
FFHE P:L =BLHEOBG% E F)
>SMARFBG> F) FFHE 1A>FBMNKX:L <HHE>MHA
G >UMZKBEB<xMA :G=F>MA:GNEHGRABKB=> F) FFHE
P:L :==>==KHPBL> ? M>R:KFBG@IKHHRAV>FK MNKMAK><

IBI>KBEB>MA:GHE @

MBHRAL D>INNG>K-: @G>MBMBBGEIK A 1A>FBQINK:L =BENM>=

PBMA E F)

1ASHI@:GBA:L> P:L =KB>HO>K: 0,

LHE>GNG>KK=N<>3K>LNKRB>E=MA=1 BKHKHAN<WA:RL

NL>PBMMINKAIKKBZBIBHE> R>EHR HEBRB>E= @

% +%/ *%S 10,  d F % L %
F % F % L % F

% MJ %S %

:G=P:LA>=PBMEM=J + , e F)

;> ?HKMA==BIBHGEMKB
PBMA

:G=MA>0O: IFKKMBH{EGEMA>

6.1.9.2.3-Methy}7-(piperidin-4-ylmethoxy)2H-chromenr2-one(8c)
-KX:K>= ?KHF7c @ FFHE 4ABM*HEBRB>E= @

%+*/ *%S *0, d F %
F % F % L % F %
F % =1J %S % == %S
% =J %S % =J %S % L % +%
GHMM><M>=

6.1.9.3.7-(Piperidin-4-ylmethoxy)2H-chromenr2-one(8d)
-K4:K>=?KHFd @ FFHE KHPGLHEBRB>E= @

% +*/ *%S *0, d F % F

% F % F % F %

=1J %S % =1J %S % == %S
% =J %S % =J %S % =
J %S % +% GHMM><M>=

6.1.9.4.3,4-Dimethy}7-(2-piperidin-4-ylethoxy)2H-chromenr2-one
(8e)

-K+4:K>=?KHFe @ FFHE 4ABMBHEBRB>E= @
% +*/ *%S *0, d F % F
% F % L % L % F
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% F %
=J %S %

MJ %S % F %
+% GHMM><M>=

6.1.9.5.7-(Piperidin-3-ylmethoxyj2H-chromen2-one(89)
-K4:K>=?KHFg @ FFHE -:E>R>EHR.HEBRB>E= @

Y%+*/ *%S 1*0, d F %
F % F % F % F %
F % F % F %
F % =J %S % == %S % =
J %S % =1J %S % =1J %S % +%
GHMM><M>=

6.1.10.Generalprocedurefor the synthesiof substitutedr-({1-
[benzyl]piperidin3-yl}methoxy)2H-chromen2-ones(9a-b) and 7-
({1-[benzyl]piperidin4-yl}methoxy)2H-chromen2-ones(9¢c-h)

1A>:1 IKHKBVI><HHHNG=8a ¢ HK8f FFHE P:L LNI>G=>=

BGKR<>MH®EBEF) ?HEHP>3R MA==BIBHGIHM:LBNK:K
JHGM> @ FFHE
8 9 @ FFHE :G=: <:NERMBHNGM?AHM:LBNBHB=>

? M>K2ENEB@HK A MAEHE>GRIL KFHO>NG>KKIM:KRO:IH
KMBHA>KENBIG@KN=P.L LNI>G=>-BGB<AEHKHF>M&:#A>
BEIQ:GBSLB=R=L ?BE>KH??1A> LHENIBHEL <HG>®IK:MMH
=KB>LIG=INKBB>+ BEB:M>;> EHRMMH;M:BeB:E<KHNF:KBG& h
‘L PABMHEB=L

6.1.10.1.7-({1-[4-(Hydroxymethyl)benzyl]piperidi-yl}methoxy)
3,4-dimethyt2H-chromen2-one(9a)

8 9 -KA:K>= ?KHF 8f @ FFHE G=
8 <AEHKHF>MAREBREIF>MA:GHE @ FFHE -NKBB>=
MAKHN@AEFG <AKHMH&IAR @KBGM-ENGMF>MA:GHBG

=B<AEHKHF>MZXE&F MH AABM:HEBRB>E= @

Fl N O+ *%S <>MHGHk F %
% B>k F % % F %
% g1k F % % B>k F %
% g5k % g5k Y15k L% % L %
% F %  %pgsx F % %psk

=J %S % K% .+ =J %S % K% .+
=J %S % % ,K L % H,% =

J %S % Yy == ] %S %  Yayne

L % % =J %S % Y% Y% GHM>

M><M>G.E % +, <E<= % + #HNG=

% + %/*0 1# <E<=?HK % +,
aM %9 mfz ?HNG= M+9 miz ?HNG=

6.1.10.2.7-({1-[3-(Hydroxymethyl)benzyl]piperidiB-yl}methoxy)
3,4-dimethyt2H-chromen2-one(9b)

8 9 -KAK>= 7?KHF 8f @ FFHE :G=
8 <AEHKHF>MAREREIF>MAGHE @  FFHE -NKBB>=
MAKHN@RUEBSIBHIKHFAHMMA:GHE ~ 4ABM*HEBRB>E=
@ FI 7 %S 140, d
F % % 1Bisk F % % 1BisK
Fo% % Fo% %
F % % % 1gisk Y15k L %
% L% % F % % g
F % %ok = J %S % K% .+ =
J %S % K% .+ =J %S % % ,K
=J %S % H% MJ %S % =BLPBMA ,
% F %  Y%ue Yo =J %S %
%oy =J %S % % F % % =
J %S % Y%yn GE %+, <E<= %
+ #HNG= % + %0 . 1#
<E<=?HK % +, & %9 mk ?HNG=

M+9 miz ?HNG=

6.1.10.3.7-({1-[4-(Hydroxymethyl)benzyl]piperidid-yl}methoxy)
3,4-dimethyt2H-chromen2-one(9c)
-KH:K>= ?KHF  8a @
8 <AEHKHF>MAREBREIF>MA:GHE @
MAKHN@KRUEBSBHEKHFAHMMA:GHE ~ 4ABM*HEBRB>E=
@ FI n % +*/ *%S  1*0, d
Foo% % F %
% B>k %ig1>k F % % B>k L %
% L% % F % % pgpsk L
% K% + = %S % % ,K =J %S
% H.,% MJ %S % =BLPBMA , ,%
F % %mune Yanne =1J %S % %y =
J %S % %y = J %S % % e GE
% +, <E<= % + #HNG=
% + %/*0 1# <E<=?HK % +, & %9 miz
?HNG= M +9 mei ?HNG=

FFHE  :G=
FFHE -NKBB>=

6.1.10.47-({1-[3-(Hydroxymethyl)benzyl]piperidid-yl}methoxy)

HK8 <AEHKHF>MBMRIEREIF>MA:GHB,4-dimethyt2H-chromen2-one(9d)

-KH:K>= ?KHF  8a @ FFHE :G=
8 <AEHKHF>MAREBREIF>MA:GHE @ FFHE -NKBB>=
MAKHN@ARFG <AKHMH&AR @KBGM>ENGMF>MA:GHBG

=B<AEHKHF>MZKEF MH AABM:HEBRB>E= @

Fl N O+ *06S 1*0, d F %
% B>k F % % RTINS F
% % gk L % % L % %

F % %5k L % K% + =] %S %
% ,K =J %S % H, % MJ %S % =BL

PBMA, % F % Y%une  Yaune F
% Y%y F % % =] %S % Yaune
GE % +, <E<= % + #HNG=

% + %/*0 1# <E<=?HK % +,
a %9 mfiz ?HNG= aM+9 mkz ?HNG=

6.1.10.5.7-({1-[4-(Hydroxymethyl)benzyl]piperidid-yl}methoxy)4-
methyt2H-chromen2-one(9e)

-K3:K>= ?KHF  8b @ FFHE :G=
8 <AEHKHF>MAREBREIF>MA:GHE @ FFHE -NKBB>=
MAKHN@ARFG <AKHMH&AR @KBGM-ENGMF>MA:GHBG

=B<AEHKHF>MXE&F MH 4ABM:HEBRB>E= @
Fl N %+ *%S 1*0, d F %
% 1Bi>k F % %k Yoipi>k F
% %iek L % % F % %k
L % K% + =1J %S % % ,K =
J %S % H,% MJ %S % =BLPBMA, %
L % YcrnF F % %Nk YannF
F % % =J %S % % GE
% +, <E<= % + #HNG=
% + %/*0 1# <E<=?HK % +, &V %9 mfk
?HNG= M+9 miz ?HNG=

6.1.10.6.7-({1-[3-(Hydroxymethyl)benzyl]piperidid-yl}methoxy)4-
methyt2H-chromen2-one(9f)

-KH:K>= ?KHF  8b @ FFHE G=
8 <AEHKHF>MAREBREIF>MA:GHE @ FFHE -NKBB>=
MAKHN@AEFG <AKHMH&IAR @KBGM-ENGMF>MA:GHBG

=B<AEHKHF>MZXEF MH AABM*HEBRB>E= @

Fl N %+ *%S 1*0, d F %
% iB1>k F % %psx  Yesk F
% %k L% % F %  %psk
L % K% + =J %S % % ,K =

J %S % H ,% MJ %S % =BLPBMA , ,%
L % % F % %unve %

F % %, F
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% %K =J %S % O/QHNF GE % +, <E<=
% + #HNG= % +
%/*0 1# <E<=?HK % +, 8V %9 mfz ?HNG=
M+9 miz ?HNG=

6.1.10.7.7-({1-[4-(Hydroxymethyl)benzyl]piperidid-yl}methoxy)3-
methyt2H-chromen2-onehydrochloride(9g)

-KH:K>= ?KHF  8c @ FFHE G=
8 <AEHKHF>MMREBREIF>MA.GHE @ FFHE -NKBB>=
MAKHN@ARFG <AKFHMH&IAR @KBGM-ENGMF>MA:GHBG
=B<AEHKHF>MKBEF MH :G=MK:GHKF>BGMHHARKH<AEH
KB==EMBMA + LHENIBH{z%6 EBG-BHG> ,?? PABM:HEBRB>E=

@ Fl n % +*/ ?2K>>; > *06S

*0, d F %  %;gs F %

% B>k YoiBisk F % % iB1>k L %
% F %  %gsx L % K% +
=J %S % % ,K =] %S % H,%

MJ %S % =BLPBMA, ,% == %S %

Yocine =J %S % Yapnr F % %

= J %S % Yo L % Y%n GE

% +, ME <E<= % + #HNG=

% + %/*0 1# <E<=?HK % +,

al %9 m/z ?HNG= aM+9 miz ?HNG=

6.1.10.8.7-({1-[3-(Hydroxymethyl)benzyl]piperidid-yl}methoxy)3-
methyt2H-chromen2-onehydrochloride(9h)

-K3:K>= ?KHF 8¢ @ FFHE G=
8 <AEHKHF>MAREGREIF>MA:.GHE @ FFHE -NKBB>=
MAKHN@AEFG <AKFHMH&IAR @KBGM-ENGMF>MA:GHBG
=B<AEHKHF>MXBBE MH :G=MK:GHKF>BGMHARKH<AEH

KB=k:EMWBMA + LHENBH&% E BG-BHG> 4ABMtHEBRB>E=
@ FI N> %+ *0%S  1*0, d
F % % 1>k F %
%k Yk L % % F %
% B>k F % % =1J %S
% % ,K K= % K H+% K= %
H ,% KL % =BLPBMA , % F %
%pine Yarne F % %¢  Y%unre L %
Yo L % =BLPBMA, +% GE % +, &E
<E<= % + #HNG= % +
%/*0 1# <E<=?HK % +, 81 %9 miz
?HNG= aM+9 miz ?HNG=

6.1.11.7-({1-[4-(2-Hydroxyethyl)benzyl]piperidid-yl}methoxy)3,4-
dimethyt2H-chromen2-one(9i)

&GIFH=BVI>8a @ FFHE P:L LNI>G=>=BG=KR<>
MHG>F) :G=MA>&" F) FFHE P:L :==>=?HEHP>=
;R 8 ;KHFHF>MARE IA>GRE9>MAGHE @ FFHE 2
M>KMBBGID>K GB@KMHRM>FEK MNKMAFBQINK:L <H&>G
MK: MK >LLG= INKBB>MAKHNGIBFG<AKHMH@&AR @K:

=BGMENGM->MA.GHEE>=-B<AEHKHF>MAX8F MH KHPG
LHEBRB>E= @ Fl NoE>< O+ *%S
0, d Fo%  %puc F %
%k Yk F % Yk L %
% L % % F % K H % ,%
F % %pg KL % K% +
F % H,% KL % % ,K ;KL % =BLPBMA
b, % F % %unve Ynnr F %
%y =3 %S % Y4, GE % +  <E<=
% + #HNG= % +
%/*0 1# <E<=?HK % +, 8V %9 miz ?HNG=
M+9 miz ?HNG=

6.1.12.7-{[1-(3-Hydroxybenzyl)piperidid-yllmethoxy}3,4-
dimethyt2H-chromen2-one(10)
HNF:KB&Ba @ FFHE P:L LN>G=>=BG=KR<>MHG>
F) ?HEHP>:R MA:==B/IBH!&" F) FFHE :G=
<AEHKHF>MARBHB>9 @ FFHE ? M>KVMBBG&KHHF
M>FE-K MNKRHK A MAFBMINK2:L <HG>®IK:MNEG>KKIM:KRO:I
HKMBHG= INKBB>MAKHNGIEFG <AKHMH@IAR @KBGMEN
>GH>MA:GHEES-B<AEHKHF>MXKBF MH  ?NGBIBGE®A=>
LBK>BGSIHS=BVI>L :GH?PABMHEBSB>E= @ % +*/
*%S 1*0, d F % F %
F % L % L % F %
L % =1J %S % F % F
% MJ %S % =J %S % L % =BL
PBMA ,

6.1.13.7-({1-[3-(3-Hydroxypropoxy)benzyl]piperidid-yl}methoxy)
3,4-dimethyl2H-chromenr2-one(11)
-A>GHEO @ FFHE P:L K2ENQRBMKIM:LBNF:K
;HGM> @ FFHE ;KHFHIKHE:G  HE F)
FFHE :G=: <NERMBRHNGM?(& BG-KR<>MHG> F)
?HK A 1A> LHE>GRIL KFHO>=NG>KO:NNF :G= MAX:NBG@
<KN=HBE:L INKBB>MAKHN®BBEFG<AKHMH&IAR >ENGM

F>MA:GHE-B<AEHKHF>MRBBS @R>EHFLHEB6B>E= @
Fl N %+ *%S 1*0, d F
% Y%ipisk F % % Yipi>k JG
J %S % K, % H % % F % %k
L % % L % % %
% |B1>Kk L % K% + J J %S %
K% % H,% =J %S % % , HNF M
J %S % K, H% % % MJ %S % =BLPBMA
'y % F % %k F %
%k %k F % %Nk YannF M
J %S % % =J %S % %une GE
% +, <E<= % + #HNG=
% + %/*0 1# <E<=?HK % +, 81 %9 mf
?HNG= M+9 mi ?HNG=

6.1.14.Generalprocedurefor the synthesi®f substituted’-{[1-( -
hydroxyalkyl)piperidird-yllmethoxy}2H-chromen2-ones(12ad)
and 7-{[1-(3-hydroxypropyl)piperidir3-yllmethoxy}2H-chromen2-
ones(12ef)

1A>LNBE> NEKHVI><MBH>KEBG8a 8d g
I>G=>=BG=KR:<>MHBEBE>F)

FFHE P:L LNL
-HM:LBNF<:KHGM> @

FFHE ;KHFH IKHI:GHE F) FFHE ?HH2ab :G=
12df HK <AEHKHNG HE F) FFHE ?HH2c :G=: <M
'ERMBRHNGMI?(& P>K>==>=:G= MAFBQINKL K2ENQ>2HK

A 1A>LHE>GRIL >O:IKK:M>NG>KK=N<>3K>LNK>G= MA>
LHEB>LB=R* ?BE-KH??7?M>RLABG@BMA60 E 1A>LHENMBHG
P:L <H&>®IK:MMEKB>LLG=MAKENBG@KN=FKHN<R:L IN
KBB># =>M:BE=EHP

6.1.14.1.7-{[1-(3-Hydroxypropyl)piperidird-ylJmethoxy} 3,4
dimethyt2H-chromen2-one(12a)

-K34:K>= ?KHF8a @ FFHE :G= ;KHFH IKHI:GHE
F) FFHE -NKBB>=MAKHN@®REBS&BH@KHFAHM
>MA:GHEABM:XHEBRB>E= @ Fl N %
%S 1*0, d F %  %psx JG
J %S % +% H % % F %
% 1>k %>k F% %k L %
% M J %S % + H% % % L %
% F % % 1>k M J %S %
H % =] %S % % ,K F %
%pne Yannr =J %S % Y%une Y0 GHMEM><M>=
GE % +,
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<E<= % + #HNG= % + % % mek G J %S % +% H % %
%H+0 . 1# <E<=?HK % +, &M %9 mi F %  %psx F %  %pgsx
?HNG= M+9 miz ?HNG= F % % g5k F %
%k Yk L% % L% %
6.1.14.2.7-{[1-(3-Hydroxypropyl)piperidird-yllmethoxy}2H- KL % + H% % % F % % 131k
chromen2-one(12b) F % %@k M J %S % H,%
-K3:K>= ?KHF8d @ FFHE :G= ;KHFH IKHI:GHE F % % ,K F % Y%gune  Y%gnr
F)  FFHE -NKBB>MAKHN@HEFG<AKFMH@AR @K: =0 %S %  Yape % GHMMS<MSGE % +,
=BGMENGMF>MA .GHESB<AEHKHF>MAKBF  MH  4ABM> _.po— % i #HNG= % +
LHEBRE>E= @  FI noE< % %S %H+0 . 1# <E<=?HK % +, %9 mk
*0, d F % %pgsk JGJ %S % oHNG= M+9 mk 2HNG=
+% H % % F % %k Yisisk
FF OZ) (;fl-;i':‘ M? L Ogjos+%H Z;J(;j) % 6#.14.6.;—{[1-((?L-é-g/droxypropyl)piperidin3-y|]methoxy}2H-
: ' chromen2-one
=J %NS % %.K =3 NS U - e KH:K>= ?KHF8g @  FFHE :G= ;KHFH IKHI:GHE
R (yAJSS(yA) 0/0<HNF = OAJS 0/o O/QHNF F) FFHE -NKBB>=MAKHN@#®RM:EBSIBHEKHFAHM
= 6S % Yanr =J %S % Y% >MAGHE? PABMHEBRB>E= @ FI A Gh4¥
% GHMSM><M>GE % +, <E<= % + X045 140 d E % %
#HNG= % + %0 . L# <E<= 7 g oo +% H % %
HK % +, M %9 mk ?HNG= M+9 mz S . oo
2HNG= F %  %psk F % %k F %
% IBI>K % IBI>K %IBI>K F %
6.1.14.3.7-((1-(4-Hydroxybutyl)piperidird-yl)methoxy)3,4- +H% %% F % %gsx F %
dimethyt2H-chromen2-one(12c) % 181>k MJ %S % H.% F %
-K3:K>= ?KHF8a @  FFHE :G= <AEHKHNM:GHE % ,K =J %NS % Y == %S
F) FFHE -NKBB>MAKHNGBIEFG<AKFHMH@AR @K: % %nre =J %S % Y%aune =J %S %
=BGMENGM>MA:GHEG=-B<AEHKHF>MKBF  MH 4ABM>  Yanr =J %S % Yagne % GHMM><M>GE
LHEBRB>E= @ El A 0% +%/ *06S % +, <E<= % + #HNG=
*0, d F % %k F % % + %0 . 1# <E<=?HK % +, 81 %9 miz
+% H H % % E % % B>k Yorgisk ?HNG= aMm+9 miz ?HNG=
F %  %pgsx L % % F
% + H% % % ,% L% % F % 6.1.15.7-({1-[3-(Chloromethyl)benzyl]piperidid-yl}methoxy)3,4-
% 1Bk F % H,% F % % ,K dimethyt2H-chromen2-one(13)
Fo%  %upne  Yur = J %S % HNF:KBGBa @ FFHE PL LNI>G=>=BG=KR<>MHG>
Yo %6 GHMM><MSGE % +, <E<= % F) ;>?HKMA>==BIBHE? I&" F) FFHE :G=
+ #HNG= % + W0 . 1# pP=B<AEHKIQE>G> @ FFHE 1A>FBQINK:L LMBKKW=
<E<=?2HK % +, &M%9 mk 2HNG= KHHRVI>EK MNKS$O>KGB @AMA>BIALHE>GRIL KFHO>=NG
al+9 mkz ?2HNG= =>KO:NNF 1A>KENBG@KN=P:L INKBB>MAKHNBIEFG<AKH
FMH@AR >ENGM-MARE-M:MBG-B<AEHKHF>MA:G> 6>EHP
6.1.14.4 7-{2-[1-(3-Hydroxypropyl)piperidird-yl]ethoxy}3,4- LHEBRB>E= @ % +*/ %S 'E
dimethyt2H-chromen2-one(12d) F % F % F % L %
-K4:K>= ?KHF8e @ FFHE :G= ;KHFH IKHIGHE L % F % L % F % L
F) FFHE -NKBB>MAKHN@HEFG<AKHMH&AR @K: % F % F % L % =
=BGMENGM->MA:GHEE>=B<AEHKHF>MZAKBF MH 4ABM> ] %S %
LHEBRB>E= @ FI N Op+/ *%S 1*0, d
F % %gek  %eek JGJ %S % 6.1.16.3[(4-{[(3,4-Dimethyt2-oxo-2H-chromen7-
+% H % % F % H%,K % 181>k yl)oxy]methyl}piperidinl-yl)methyl]benzyhitrate (14)
F % %k L% % L % &BIFE=BVI>13 @  FFHE P:L KZENQBGKR<>MHGB
% F % + H% % ,% KL % MKBEF®) BGVAK>EG<H? @+, @ FFHE ?HKA ?
% 1B1>k MJ %S % H,% MJ %S %  M>KHHEC@IABEIR:GBGLB=R:L ?BE-K3$42?1A> LHENIBHGL
% H,K F %  %ue Y%ane = <HE>®IK:MNE>KKIM:KRO:IFKK MBHG= INKBB>MAKHNGHEFG
J %S % Yune Y0 GHMEM><M>GE % +, <E<= <AKHMH&AR @KBGMENGM->MA:GHE>-B<AEHKHF>MAKBF
% + #HNG= % + MH RB>B&®A=3BKGBIK:M>: ;KHPA.HEBEB>E= @
%F0 . 1# <E<=?HK % +, &M %9 miz 2HNG= % +*/ %S I E F % %
M+9 miz ?HNG= Foo%  %gsk %k F %
% 151K L % % L % % F
6.1.14.5.7-{[1-(3-Hydroxypropyl)piperidir3-yllmethoxy}3,4- % % gk KL % K% + =] %S %
dimethyt2H-chromen2-one(12e) % ,K ’ L % % +, E %
8 9-KAK>=?KHBf @ FFHE:G= ;KHFH IKHIGHE  oq. = o4, F % % % %
F)  FFHE -NKBB>MAKHN@EFG<AKFAMH@AR @K: | o o5, =J  %S% Y%y GE %+,
=BGM-ENGMF>MA:GHBEG=B<AEHKHF>MAKFH- MH <E<= % + H#HNG= % +
72 PABMEHEB-RB>E= @ Fl % %M+0 . 1# <E<=?HK % +, &M %9 mk

*%S 1*0, d F % %k F ?HNG=
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6.1.17.Generalprocedurefor the synthesi®f 3-(4-{[(3,4-dimethy}2-
oxo-2H-chromen7-yl)oxy]methyl}piperidinl-yl)propyl nitrate (15)
and 3-{3-[(4-{[(3,4-dimethy}2-ox0o-2H-chromen7-
yl)oxy]methyl}piperidinl-yl)methyl]phenoxy}propyhitrate (16)

1A>:I IKHKBV>BI>KEBG8a HK10 FFHE P:L LNI>G=>=
BGKR<>MHBEBE#) ;>?HK==BG@ , @ FFHE
:G= ;KHFHIKHIRESBIK:N> 9 @ FFHE 1A>FBQINHK:L
LMBKKMKHHRV>FEK MNK> A ?HK5 HKK2ENQ>=A ?HKL6
:G=MA>GHG>BIK:MMEKB>LLLA>KENBG @KN=F:L MK>:VPBMA
<ABKRHKEG=?BE>-K>EA> LHENIBHGL MA>BIKBB>#AKH NI

NFG<AKHMH&AR @KBGMENGM->MA:GHES-B<AEHKHF>MA:@FBGH F>MARBBR-KHQRH <AKHF>GHG>6a

?KHF  MH

6.1.17.13-(4-{[(3,4-Dimethy}t2-oxo-2H-chromen7-
yl)oxy]methyl}piperidinl-yl)propyl nitrate (15)

-KAK>=?KHBa @ FFHE :G= ;KHHIKHIRESBIK:M>
@  FFHE KHPGLHEBRB>E= @ % +*/
%S 1E F %  %gsk F %

Yok % gk JGJ %S % +% H % .+

F % % L % % L %

% MJ %S % + H % % .+, F

% % gk =J %S % % K MJ %S
% %+, =J %S % Y ==

%S %  Yaynr =J %S % Y%y GE

% +, <E<= % + #HNG=
% + %0 . 1# <E<=?HK % +, @M%9 miz
?HNG= M+9 mk ?HNG=

6.1.17.23-{3-[(4-{[(3,4-Dimethy}t2-oxo-2H-chromen7-
yl)oxy]methyl}piperidinl-yl)methyl]phenoxy}propyhitrate (16)

-K4:K>=?KHFL0 @ FFHE :G= ;KHFHIKHIRESBIK:M>
@ FFHE KHPG LHEBRB>E= @ % +*/
%S 'E F % %k F

% %k Yigi>K F % %k L %
% F % ,% H % ,+ L %
% F % %k L % K% +

F % % ,HNF F % % ,K

M J %S % % ,+, F %
%Nk Yane Y%k F % % F %

%k =J %S % %y GE % +, <E<=

% + #HNG= % +
%/*0 1# <E<=?HK % +, &M %9 mf ?HNG=

6.2.1In vitro inhibition assays

&@B;BMHKRIB?DB >>K>=>MHAB G>-MAKHNI@MRHK HVIEHE E>
L<KB;># ?HEHPLR F>:GL H?GHEBGK K@ KEBHGH?K:IHGL>
EH@ <s@®RIBHENKCH;M:BGRBMEK:IA-.= -KBLF LHRAK>
G=K>QK>LL>3 & ¢ HKL I>K>G@>HBBERVIBHG {*
?HE>SLIKMBGHHAHNG=L> LNEM>MAPR>:G HMAKBE>G=>GM
>QKEF>GML

6.2.1.FluoroscencébasedMAOsinhibition assays

L B> =RKHKM>E 9 AN.G KxHFEBG:GHM, G=*,

FB<KHHF>?KHF:< NEHOBR®:<MBE><M>EEIB@F:E=KB<A
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6.2.3.ChEsinhibition assay
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6.3.Griessassay
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6.4.ReversegphaseHPLC analysis
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6.5. Cytotoxicityassaysand neuroprotectioragainstoxidativestress
insults
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Appendix A. Supplementarydata
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