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Abstract

Acetylcholinesterase inhibitors (AChEIs) are important agents currently used in the
treatment of Alzheimer’s disease. In this research, isoindoline-1,3-dione derivatives of
1-benzylpiperazine, structurally related to donepezil, were synthesized and evaluated for
their AChE inhibitory activity. These compounds exhibited 60-90 % inhibition at 100 uM
concentration and showed moderate inhibition against AChE. Compound 11 (IC50 = 9.83 uM)
possessed the best AChE inhibitory activity among the tested compounds. Compounds
with propylene chain (n=3) linking isoindoline-1,3-dione and piperazine moieties showed

selectivity to AChE over butyrylcholinesterase (BuChE).
Keywords: acetylcholinesterase inhibitor, synthesis, isoindoline-1,3-dione

UN

Tsadalowedifiulsn woa “anfinululszmnsi songnarsduauialan §ileazdinig
L sanaduasiiamahaneids wesethvdeiiles  uvnpesmaAnlsadislimuuudn u
foudsiedninen WanaBlsens 1 U Msiia beta amyloid plagues, ANNRALNATBY
tau protein uazmsviaet “ulse wladwesinaely wewiliiansanaszesesisfialafuy
(acetylcholine, ACh) Faiu 13 aul5e ﬁ‘lm'?‘iLﬁmﬁaaﬁ’umwﬁﬁLLa:m‘;L%ﬂuﬁ; (Lleo et al, 2006)
mssnndeenvaslsadalmmesiuilagiiudunsiiinsefuoes 15 oUse moziialeduly ues
Tasmsldendifignidudonisiuseseulsderisfialafuie wals  (acetylcholinesterase

1

inhibitor, AChEl) #afueuladfivhmirfivhawezisialaduidunalissiuvavezisialadulu
TR NTEV NG 16un tacrine way donepezil tudiu (Wi 1)

NH, . D
RSS
~ H,CO \/@
N N
tacrine donepezil

Al 1 U avlase $ezesensnenlsrdaloines (Lieo et al, 2006)
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mafnslase $vzeseulsderisiialaiue wals Aléen Torpedo californica (TCACHE)
WU G‘hLquoaanqwgﬁﬁnHm:LﬂuﬁaaﬁﬁmmzLm'u (gorge) HAMNMUITNIU 20 A vsznay
¢t peripheral anionic site (PAS) Tuu3iia uuy danndusunie mid gorge uay catalytic
anionic site (CAS) %ﬁLﬁﬂﬁum‘iﬁ%mﬁ’uwyj quaternary amino TedpLisRalaay  uluusiin
9 pwavgoadu wildiansdaiusse wedlulase $woeveziziialafiu (Houghton et al, 2006)

Tunseenuunazioun stmififignisudoeulsdezisialaduie mats Tuilagiiuay
wiulufinnseenuuy dual binding site inhibitor 4 NNSOAASUASAZTINY IUTDY PAS LAz
CAS zautauled #57189131 157 wnsaduiy PAS zaaieuled 1wnsasunIuMSAe amyloid
plaques vaniladefivihlviinlsadalawasdniladenils (Munoz-Torrero and Camps, 2006)

donepezil Faifusnfifudanulafosizhialafue Wels wuy dual binding sitetsznay
felase 319Man 3 U Ap IUTBIIUMIU indanone, piperidine WA benzyl HRINNNIANHY
TAse %19 X-ray 28981 donepezil ﬁé’uayjﬁu TCAChE W11 WU¥IU indanone W89 donepezil
\in - interaction fiu Trp279 fiu51I0l PAS uanaNil 4 tertiary amino Tureunu piperidine
\IADUAINIUMUL cation- 1D Phe330 Wazwy benzyl im - interaction iU Tyrg4 fisune
CAS vadpvinfialafiuie a3  (Piazzi et al, 2003)

aiéﬁuﬁ‘ isoindoline-1,3-dione U84 1-benzylpiperazine ( 1IANULAY 7 - 12, A19197 1)
\u 19355ufain Gabriel synthesis duifudunsuniioludtinns wased 15lusudse 19
ifgnstufoaulsiozifaladue wmais Amdsdudunslunguoesgideaglususd ud
ifiavanlase 39289 19vneeD 7 - 12 adeiulass Swiisudusenissengnimen “winen
(pharmacophore) 98y donepezil nanfe Ysznswsn Tase 39lu uweeieuniu isoindoline-1,
3-dione 289 1IMNEAY 7 - 12 U bicyclic ring AiddNBULAZIBTUNUWAI indanone Tu
1A 319289 donepezil Uszn5ABNT  IUBBINLAIU piperazine ﬁﬂi:nauﬁqwg tertiary amino
wuiedfululase 319 IU9uIU piperidine 289 donepezil kazUszn3 Avine T 1TVELED
7 - 12 WAy donepezil mﬁﬁwg aromatic (MWl 2) FeA1adn wﬂunﬁiuﬁm% WTLAA
Snsfsevinouloderisfialadue wows I6ludnsucadeadetuen donepezil wazttazignd
dufaoulsdidondn  anc§idedefiana ulafesimme sugnitudsieulsdesizialadu
D NBDLY mmagﬁuﬁ’ isoindoline-1,3-dione 28y 1-benzylpiperazine
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donepezil

isoindoline-1,3
-dione derivative

bicyclic ring tertiary amino aromatic ring
group

a2 Tase 519789 donepezil ﬁuaqﬁuﬁ"d isoindoline-1,3-dione ¥84 1-benzylpiperazine

"m¥uUaUUS isoindoline-1,3-dione 984 1-benzylpiperazine Tusddell  1snsneaD
8, 9, 11, 12 1fu Indfigeliirefisnseunis “aassiuazne augnanien “winsanneu
W 19N 7 waz 10 wedinnsan niunsiiiu wsﬁaanqm%ﬁameﬁﬂmmuuua (calcium
channel modulator, Choi et al, 2009) wazidufunuareeiisusiin SHT1A (Newington et al,
2011) wenandl  1mEnEa 10 feeeisesuiiduninsugildainnis ezl multivell
plate TaalHlalasiananeseliiten (Maras et al, 2012) atiwlsid Solainefisneaunisdnm
qnatudaeulafosishalafiue WeLs 289 19RNILLAT 7 way 10 Jfou

mnmiﬁnmwamawyjLmu‘ﬁ'ﬁmq yulATe 3289 donepexzil Baiilu 1FULULYBIBUNUS
isoindoline-1,3-dione w8y 1-benzylpiperazine fivmafnenlueddei wudn mIwasuuas
*ngtmuﬁummmu indanone 789 donepezil AWatparan1sindunsfsefuazisialafu
1® MBS NTUWNUALUAUYALY meta UUIUMIU benzyl ﬁawgiﬁﬁﬁnmaﬂﬁqm%ﬁﬁﬁ A
UBNINT FINUIANNEITEY linker MEaNADTEWINIUNIU indanone U piperidine NHNA
ﬁanwiaanqwémaa 13 (Kryger et al, 1999)

Dalngaledue weis Wueulsdlungulaiue wews Snalleanilsivihasozisialadu
Tu wpvpavauUnAnudezishialadiue weis Iianssw (activity) and1 usilu wevzsiiae
Salmupsndunuiluznciiossialadue wmals Jsedumasuddilnialadue wmals fsedy

aviinie sy Bnvivds “ullwgudrdalnialadue weis 909l uiiieadesiunisiie beta
amyloid plaques 8n@2# (Balasubramanian, 2001)
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1590 WIT0fuSRLIERAlARULD WBLT W3 Daln3alpdule et Ldateenag
Wizavanihly anudilaunumzesieulsiie sesialuszuudse mladwesanldfteiu u

] v & & o a v& & o & o ' &l
159 wrsafusaaulsine aerialafutasiiulslemilunswamuidussnusalaiwasng

¥
[

SUIIRAINN

Usz “nBaw viuuasiideveldlunssnmiivainnaisdiu (Giacobini, 2004)

& @
o

1 ulafastsuifiugnddudaeulsddilnialadue wews ¢e

Toquse 9A

av a o

Tueniduil r;;hw\lﬁﬁﬂm‘; “aATLYiBYIUS isoindoline-1,3-dione U84 1-benzylpiperazine
UM 6 A ( 1TVRERD 7 - 12, A1TNR 1) TmlLﬂﬁﬂuuﬂawgtmuﬁuuﬁwLmua meta
uu phenyl ring (R) éawng) CH_ 38 NO, WALUABULURIANMNENIT8Y linker IRANENT (n)
2 - 3 m3uauazaen 1 137 “wanedld R aillase 319 Teeld IR, 'H-NMR, “C-NMR
spectroscopy WAL mass spectrometry UarinAnl NUANINBAW (IAVRBNLNRT) iy
i il lune sugnaufaeulafosisialadue was wasdilndalafiue wais lagldas
289 Ellman (Ingkaninan et al, 2003) \emandasifudnsdufoeulasd (% inhibition) A
audnduzes 157 wnsadudeeulsdls 50% (ic,) LAZYINIIANUINUAIAININILLANZAY

(selectivity) siatoulzdipvisfaladuid WL 289 1590 “ATILA LA

[y

il

a19197 1 139 3928983 isoindoline-1,3-dione fiAn®luiw?

compound 7 8 9 10 11 12
R H CH NO H CH NO
3 2 3 2
n 2 2 2 3 3 3
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gunsaluazisnmaany

e 4
1ILAALLRT Lﬂu\l‘ﬁﬂ

benzylchloride, 3-nitrobenzylchloride, 3-methylbenzylchloride, N-(2-bromoethyl)
isoindoline-1,3-dione, piperazine, 5,5"-dithiobis(2-nitrobenzoic acid), acetylthiocholine iodide,
butyrylthiocholine iodide, albumin from bovine serum, trizma® base, 9-amino-1,2,3,
4-tetrahydroacridine hydrochloride LA benzyltriethylammonium chloride (TEBAC) (Sigma
Aldrich, Singapore), N-(3-bromopropyl) isoindoline-1,3-dione (Merck, Germany), sodium
sulfate anhydrous LLa¢ sodium carbonate (Fischer Scientific, ﬂ‘j::mﬂ\lml) acetonitrile (Duksan,
Korea), ethanol Wag hydrochloric acid (RCI Labscan, ﬂi:tﬂﬂlﬂﬂ), potassium iodide (UNVAR,
New Zealand), ethyl acetate, methanol, methylene chloride Lay hexane (P.S. Science
Chemical, ﬂ‘s::mﬁ\lmﬂ) DUIBARLAAULE WNBLS 91N Electricus erythmatosus LR
aln3aledule mals andsuva9sin (Sigma Aldrich, Singapore)

A3efiafild miun1sAnmdnrazneniennuaziiasisilase 519 15 Ldud
Infrared Spectrophotometer (Perkin Elmer, precisely), Nuclear Magnetic Resonance
Spectrometer (Varian Unity Inova, 500 MHz), Mass spectrometer (Thermo Finnigan MAT
95XL), Melting Point Apparatus (Mel-TEMP 1l) wa3asfiafiline sugnanisdudfoeuleadldun
Microplate reader (Biotele PowerWaveX) way lUsunsu GraphPad Prism 2.01 32 Bit

Executable

35013 “aAsn

M3 “WATIEViBYNUS 7 - 12 Usznaudiy 2 Tumeu ful aelunnd 3 13891013
£ 4 (v [ . . v aaa 1 (v [
SLATIEBUNUS 1-benzylpiperazine ( 1SWNNELAT 4 - 6) ‘[ﬂﬂmﬁﬂﬂgnimi:wmdauwuﬁ
benzylchloride ( 19vaNuLaY 1 - 3) NU piperazine A NUU ﬁﬁagﬁuﬁ’mm 1-benzylpiperazine
MMUJAZeAY 2-(3-bromopropyl) isoindoline-1,3-dione %38 2-(2-bromoethyl) isoindoline-1,
3-dione \lﬁaqﬁ’uﬁ“‘ isoindoline-1,3-dione ( 1SMNNBLAT 7 - 12) feneadeasalUil

Isoindoline-1,3-dione Derivatives of 1-benzylpiperazine as SDU Res. J. 6 (1): Jan-Apr 2013
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Cl | H@

NH
R R

1 R=H 4 R=H

2 R=CH, piperazine 5 R=CH

3 R-NO_ 6 R-NO_

i O
Br
O /:j::pq@n
O

vy
nN/ﬁ
(8] I\/N
7 R=H,n=2 10 R=H,n=3

8 R=CH3, n=2 11 R=CH3, n=3
9 R=N02, n=2 12 R=N02, n=3

AW 3 N9 “aATIERBYIUS isoindoline-1,3-dione: (i) ethanol, 65°C, 4 hr; (i)

potassium iodide, acetonitrile, sodium carbonate,

benzyltriethylammonium chloride, 80°C, 48 hr

1. 3Bmenly msums ”almﬂzﬁaqﬁuﬁ"" 1- benzylpiperazine ( 1IMNLAY 4 - 6, ARLLUAY

91N Lim et al, 2008)

UayWus benzylchloride ( 13MNNBLAY 1 - 3) wax piperazine Tudns1 ulua 1:4

wazaely ethanol aulvdniu Tianuseuiigungd 65°C Wunaszanu 4 3lue Wlaifia

Uffi3en wysaludn stivedviazaiueandislaed rotary evaporator 9NN 1ilaly fin

78 2M hydrochloric acid WLag ethyl acetate Avtuihudniluusy pH KK pH = 14 & oM

sodium hydroxide 131 1ABNAYAIE ethyl acetate (2 A3 ar 100 mL) U1%U ethyl acetate

ludwseuas 19azaiedudzes NaCl antdufdmirfidandsegludu ethyl acetate lanld

SDU Res. J. 6 (1): Jan-Apr 2013 Isoindoline-1,3-dione Derivatives of 1-benzylpiperazine as
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anhydrous sodium sulfate wiI3zmMEFNara BBaNFIBLASEY rotary evaporator Wen 159
§B9N1598NIN 15K NFBWATA column chromatography laeld silica gel 1ilu stationary phase
WaY methylene chloride:methanol (95:5) i mobile phase W& 151%US qw%ﬁﬂﬂmsmﬂwﬁﬂu
methanol

v €

2. 38mwily “miums “ATIEVBYNUS isoindoline-1,3-dione ( 1IVNNBLAY 7 - 12,
AnLUaIIN Haydar et al. 2009)
ﬁﬂaqﬁuﬁ 1-benzylpiperazine ( 13%NNHLAY 4 - 6), potassium iodide, benzyltriethyl
ammonium chloride, sodium carbonate Was 2-(3-bromopropyl) isoindoline-1,3-dione ( "5y
N3 “9ATIEH 1THNNBLAT 7 - 9) W38 2-(2-bromoethyl) isoindoline-1,3-dione ( %3U
M3 “9AILY 19vNER 10 - 12) Tudmsn ulnawindy 2.0:0.5:1.0:1.0:1.0 awansu T Tuwne
fiunas 1 acetonitrile Aulvdniu ntiulianuseuiigumgd 80°C Wunawszanw 48 Falas
dainufisen wysal stwediiazaueaniaseies rotary evaporator it 13 AT
finda8 2M hydrochloric acid Way ethyl acetate vt g luysy pH T 16 pH = 14 e
2M sodium hydroxide 1131 fnsnasede ethyl acetate (2 ﬂ%\‘m az 100 mL) vy ethyl
acetate ludafethuas 1sazaeBuiires NaCl aniuideifisomanosTudu ethyl acetate
Tal# anhydrous sodium sulfate W&ITELBFNAZAEBBNEILATEY rotary evaporator WEN
15#a9n1388nan 15K NFEmALlA column chromatography 1agld silica gel 1fu stationary
phase Waz 14 ethyl acetate : hexane (70:30) {1 mobile phase W&Wnl¥u3 qm'ﬁﬁmﬂmmnwﬁﬂ‘lu
methanol
1519 U5 qméﬁlﬁmnms A1 LUt a\‘rﬁy'umaua:gnﬁﬁmﬁﬂﬁuﬁﬂﬂﬂLﬁiﬂué
wmaduna 24 dalas mfuahaindeihminuasAuindosaznanin (% yield)

q

"i%'msﬁnchu NUANINNIBANULAEMTIATIZHLATY 39 15

AnBurmeMENIWIe 13 WU oue ~ 1deInns “wnedenwa n1singavaenvad
lagl#ia3osingavansmalapussy 15fidiosnann suadlunasariiaad Hawiouuas
“ginamanaenmaidisnlal hnsAnsmgiteidululase 319 1slewld IR spectroscopy
Tapinsandngnluguzes KBr pellet 1aeas 4 - 6 vnsdnslase $elasld 1H-NMR
spectroscopy U 15MNELAT 7 - 12 Anwilasd $elawld 'H-NMR uaz "*C-NMR
spectroscopy lagld CDCI ifudwiaza Lta:ﬁﬁmiﬁuﬁuﬁéﬁwﬁﬂuLaqamao 13678 mass

spectrometry MUY low- LAY high resolution

Isoindoline-1,3-dione Derivatives of 1-benzylpiperazine as SDU Res. J. 6 (1): Jan-Apr 2013
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35n1me augnsiudaeulsdasisialadue als

11591 % inhibition Tun1ssudaeulsdesshaladue wews #wifoes Ellman
(Ingkaninan et al. 2003) laaiAndptiwiiazately ethanol AmdNgL 100 UM USHAT 25 L,
tris HCI buffer 50 mM 138199 50 UL, acetylthiocholine iodide (ACTI) 15 mM 1301a35 25 uL,
dithiobisnitrobenzoate (DTNB) U331%15 125 uL way electric eel AChE 13u1ms 25 uL Aoty
96-well plate 1nluian1sganiuu WfiANBIARY 405 nm g 11 Awdiduian 2 wiidie
LA38Y microplate reader WAaFIBEINATYIINIMA B 3 addlanld donepezil uaz tacrine 1fu

981989 Nty 39ns il avAa ”uﬁuﬁ""izmwmnﬁ@mnﬁuu siwasuudaslyiuna lay
1#1lUsunsn Prism wazyininnseuumen velocity aadiauled @1 % inhibition l@#a1nnns
funulesld uns

% inhibition = (mean velocity 989 blank - mean velocity 289A18813) x 100

mean velocity 784 blank

vad a

N19M1 %inhibition 289 BuChE 14#38n15fafy 289 AChE wsiAsusiiaoesdy 1nsn
U butyrylthiocholine iodide (BuCTI) uazlfiaulyd BuChE e ndsuveeiin
"wiumIme IC_ Tumsiudsieulasi AChE war BuChE vms@nuilagie3ow
NTAraEfMBE NI 8 ANENdY (Faus 1500 UM - 0.06 uM) 91y ¥1lUSA % inhibition
ANIEALEnEINEY twafildan 31903k A9AIN “NIFUSTENIN % inhibition FU -log
(PudRduzes 19fiteme au) wazmaudnduzes 15l unstufoeulsdls 50% (ic,)
Toel4lUsunsy Prism

fn selectivity 789 13satoulsdozisialaduie wals  muduldan unsssludl

IC,,, (BUChE)
IC,_ (AChE)

Selectivity for AChE =
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Acetylcholinesterase Inhibitors

149



150

WHALAZITUNANIINANDY

n3 "amsﬂ::ﬁagﬁ’u% isoindoline-1,3-dione 1483 1-benzylpiperazine

BUWUS isoindoline-1,3-dione 784 1-benzylpiperazine 311 6 il On ALY
NUAATEN 2 Fumeu N3 AT 1IVINBLaT 4 - 6 18 %yield LN 95% iuLhsiueuY
35081989 (Lim et al, 2008) N3 “9LATITH 1TVNBLAT 7 - 12 1§ %yield VDINRAS T 50 - 96%
ULAEIAUIUITEBY (Haydar et al, 2009) NN ”mﬂm\a Funatia IR, 'H-NMR ag
®C-NMR spectroscopy LLa:ﬂﬁiﬁuﬁuﬁﬂwﬁﬂINLaqaﬁm mass spectrometry Wu31 159
“enedladu 1sfidesns TesdswaziBundnyuzass 1390 “wazidld gavaenmad uas

(% a

ﬂagamiwya‘ﬂma i ausasialil

1-Benzylpiperazine ( 13v38L1a% 4)

209ude " MADY 9AVIABNIMAY 148-150 C; %yield 9554; IR (cm™, KBr); 3445 (N-H
stretching, amine), 2948 (C-H stretching, aliphatic), 1449 (C=C stretching, aromatic), 1198
(C-N stretching, aliphatic amine), 731, 701 (C-H bending, aromatic); '"H NMR (500 MHz,
CDCIS): 07.29 (5H, m, H-aromatic), 3.50 (2H, s, CH-1'). 2.59-2.38 (8H. m. H -2, 3, 5, 6). 2.12
(1H, s, broad, NH).

1-(3-Methylbenzyl)piperazine ( 13vu18LaY 5)

Poude " infavdau yaviaaNIal 122-124 °C; %yield 99.23; IR (cm”, KBr); 3429
(N-H stretching, amine), 2935 (C-H stretching, aliphatic), 1452 (C=C stretching, aromatic),
1137 (C-N stretching, aliphatic amine), 744, 701 (C-H bending, aromatic); '"H NMR (500 MHz,
CDCl): 07.10 (4H, m, H-2', 4', 5', 6'), 3.41 (2H, s, CH-1'). 284 (4H. t, J=5.1, H -2, 6), 2.37
(4H, m, H -3, 5), 2.30 (3H, s, CH_-3'), 213 (1H, s, NH)

1-(3-Nitrobenzyl)piperazine ( 131418LaY 6)

2o9ude "I By8U AMRBNIMAT 148-150 C; %yield 98.25; IR (cm”, KBr); 3417
(N-H stretching, amine), 2918 (C-H stretching, aliphatic), 1412 (C=C stretching, aromatic),
1145 (C-N stretching, aliphatic amine), 733, 676 (C-H bending, aromatic); '"H NMR (500 MHz,
CDCIS): 08.15 (1H, s, H-2'), 8.10 (1H, d, J=8.1, H-4'), 7.76 (1H, d, J=7.6, H-6'), 7.62 (1H, dd,
J=7.9, 7.8, H-5), 362 (2H, s, CH -1'), 291 (4H. m, H -2, 6). 2.50 (4H, m, H -3, 7), 2.36 (1H., s,
broad, NH)

Isoindoline-1,3-dione Derivatives of 1-benzylpiperazine as SDU Res. J. 6 (1): Jan-Apr 2013
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2-(2-(4-Benzylpiperazin-1-yl)ethyl)isoindoline-1,3-dione ( 13viNaLaY 7)

209uTe "\vided AVIaBNIAD 81-83°C; %yield 50.33; IR (cm™, KBr); 1771 (C=0 stretching,
amide), 1711 (C=0 stretching, imide), 1438 (C=C stretching, aromatic), 1159 (C-N stretching,
aliphatic amine), 719, 698 (C-H bending, aromatic); '"H NMR (500 MHz, CDCIB): 67.80 (2H, dd,
J=54, 3.0, H-4™, 7", 7.69 (2H, dd, J=55, 3.0, H-5", 6"), 7.33-7.17 (5H, m, H-aromatic), 3.78
(2H, t, J=6.7, H-1"), 349, 344 (2H, 2s, CH-1'), 260 (2H, t, J=6.7, H -2"), 258-2.27 (8H, m,
H,-2. 3. 5. 6); ®C NMR (125 MHz, CDCl): 6168.31 (C-2", 9"), 138.10 (C-1'), 133.80 (C-4",
7" 13217 (C-3™, 8"), 129.19 (C-3', 5'), 128.13 (C-2', 6'), 126.95 (C-4'), 123.14 (C-5", 6"),
63.00 (CH,C-1"), 55.68 (C-1"). 53.04, 53.02 (C-piperazine). 35.28 (C-2"): EI-MS m/z: 349[M]+,
189, 173, 146, 91, 77; HR-MS m/z 349.1784 (calcd for CQ1H2302N3, 349.1785).

2-(2-(4-(3-Methylbenzyl)piperazin-1-yl)ethyl)isoindoline-1,3-dione ( 13v318Lad 8)

209uda " MBI AviaBNLYAT 82-83°C; %yield 85.75; IR (cm™, KBr); 1771 (C=0 stretching,
amide), 1711 (C=0 stretching, imide), 1439 (C=C stretching, aromatic), 1161 (C-N stretching,
aliphatic amine), 719, 696 (C-H bending, aromatic); '"H NMR (500 MHz, CDCIs): 67.81 (2H, dd,
J=54, 31, H-4"™ 7"), 7.69 (2H, dd, J=54, 3.1, H-5", 6"), 7.16 (1H, dd, J=7.5, 7.5, H-5'), 7.09
(1H.'s, H-2'), 7.06 (1H. d. J=7.6, H-4"), 7.03 (1H, d. J=7.5, H-6"), 3.79 (2H. t, J=6.7, H -1"), 3.41
(2H.'s, CH-1"), 261 (2H. t, J=6.7, H -2"), 2.58-2.35 (8H. s, H -2, 3, 5, 6). 2.30 (3H. s, CH -3):;
®C NMR (125 MHz, CDCl): 0168.32 (C-2, 9"), 137.97 (C-1'), 137.74 (C-3'), 133.80 (C-4",
7", 132.19 (C-3", 8"), 129. 94 (C-2'), 128.01 (C-4'), 127.71 (C-5'), 126.32 (C-6'), 123.15
(C-5", 6"). 63.05 (CHC-1'). 5569 (C-1"), 53.10, 53.00 (C-piperazine), 35.30 (C-2"), 21.35
(CH,C-3"): EI-MS m/z: 363[M]", 203, 174, 160, 105, 78; HR-MS m/z 363.1943 (calcd for
C_H,.ON . 363.1941)

2-(2-(4-(3-Nitrobenzyl)piperazin-1-yl)ethyl)isoindoline-1,3-dione ( 13vu18LaY 9)

2ouude I Iudgau yaviaaNIian 87-89 °C; %yield 73.75; IR (cm”, KBr); 1769 (C=0
stretching, amide), 1710 (C=0 stretching, imide), 1436 (C=C stretching, aromatic), 1159 (C-N
stretching, aliphatic amine), 718, 686 (C-H bending, aromatic); 'H NMR (500 MHz, CDCIS):
08.11 (1H, s, H-2"), 8.04 (1H, d, J=9, H-4'), 7.76 (2H, dd, J=5.5, 3.0, H-4", 7"), 7.65 (2H, dd,
J=5.4,3.0, H-5", 6"), 7.59 (1H, d, J=7.5, H-6"), 7.40 (1H, dd, J=7.9, 7.8, H-5'), 3.74 (2H, t, J=6.6,
H,-1"), 3.48 (2H, s, CH-1'), 2.58 (2H. t, J=6.6, H -2"), 2.53-2.30 (8H, m, H -2, 3, 5, 6); *C NMR
(125 MHz, CDCl): §168.33 (C-2", 9"),148.30 (C-3'), 140.77 (C-1'), 135.00 (C-5'), 133.80
(C-4™ 7"), 132.16 (C-3", 8"), 129.07 (C-6'), 123.72 (C-4'), 123.16 (C-5", 6"), 122.13 (C-2'),
61.95 (CH C-1'). 55.63 (C-1"), 53.06, 52.92 (C-piperazine), 35.26 (C-2"); EI-MS m/z: 394[MJ’,
235, 191, 136: HR-MS m/z 394.1634 (calcd for C, H O N . 394.1636)
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2-(3-(4-Benzylpiperazin-1-yl)propyl)isoindoline-1,3-dione ( 13vi318aY 10)

209uTe "\vided AVIABNIAD 80-81°C; %yield 73.98; IR (cm”, KBr); 1767 (C=0 stretching,
amide), 1709 (C=0 stretching, imide), 1455 (C=C stretching, aromatic), 1160 (C-N stretching,
aliphatic amine), 725, 693 (C-H bending, aromatic); '"H NMR (500 MHz, CDCIB): 67.79 (2H, dd,
J=5.4, 3.0, H-4", 7"), 7.68 (2H, dd, J=5.4, 3.0, H-5", 6"), 7.30-7.15 (5H, m, H-aromatic), 3.71
(2H, t, J=7.0, H-1"), 336 (2H, s, CH_-1'), 250-2.15 (8H, m, H -2, 3, 5, 6), 2.38 (2H, t, J=7.0,
H,-3"), 1.82 (2H. quin, J=6.9, H -2"); C NMR (125 MHz, CDCl): 6168.46 (C-2", 9"), 137.99
(C-1"), 133.76 (C-4", 7™), 132.29 (C-3", 8"), 129.18 (C-3', 5'), 128.13 (C-2', 6'), 126.97 (C-4'),
12312 (C-5", 6"), 63.02 (CHC-1'). 55.99 (C-1"). 563.05, 52.92 (C-piperazine). 36.63 (C-3"),
25.27 (C-2"); EI-MS m/z: 363[M]", 272, 217, 190, 160, 105, 91; HR-MS m/z 363.1941 (calcd for
C_H,.ON . 363.1941).

22 25

2-(3-(4-(3-Methylbenzyl)piperazin-1-yl)propyl)isoindoline-1,3-dione ( 19vi¥8LQY 11)

2a9ude " inlavgeu yaviaaNRY 79-80 'C; %yield 96.22; IR (cm™, KBr); 1770 (C=0
stretching, amide), 1710 (C=0 stretching, imide), 1445 (C=C stretching, aromatic), 1153 (C-N
stretching, aliphatic amine), 717, 697 (C-H bending, aromatic); '"H NMR (500 MHz, CDCIs):
07.83 (2H, dd, J=5.4, 3.0, H-4", 7", 7.70, (2H, dd, J=5.4, 3.0, H-5", 6"), 7.17 (1H, dd, J=7.5, 7.5,
H-5', 7.07 (1H, s, H-2"), 7.05 (1H, d, J=2.0, H-4'), 7.03 (1H, d, J=2.0, H-6'), 3.75 (2H, t, J=7.0
. H-1"),335 (2H, s, CH-1'), 241 (2H, t, J=7.0, H -8"), 2.32 (11H, s, H -2, 3, 5,6, 3'), 1.85 (2H,
quin, J=69, H-2") ; “C NMR (125 MHz, CDCl): §168.44 (C-2", 9"), 137.79 (C-1), 137.71
(C-3", 133.75 (C-4"™, 7"), 132.28 (C-3", 8"), 129. 98 (C-2'), 128.05 (C-4'), 127.92 (C-5'),
126.37 (C-6'). 123.10 (C-5", 6"), 63.03 (CH,C-1), 55.97 (C-1"), 5310, 52.93 (C-piperazine),
36.61 (C-3"), 2524 (C-2"), 21.37 (CH C-3') ); EI-MS m/z: 377[M[', 231, 217, 203, 160, 105;
HR-MS m/z 377.2098 (calcd for 023H2702N3, 377.2098).

2-(3-(4-(3-Nitrobenzyl)piperazin-1-yl)propyl)isoindoline-1,3-dione ( 13%N8LaY 12)

2ouude 1 IuIgau 9aviaaNIan 78-79 'C; %yield 82.59; IR (cm”, KBr); 1769 (C=0
stretching, amide), 1708 (C=0 stretching, imide), 1527 (C=C stretching, aromatic), 1154 (C-N
stretching, aliphatic amine), 719, 675 (C-H bending, aromatic); 'H NMR (500 MHz, CDCI3):
08.14 (1H, s, H-2"), 8.10 (1H, d, J=9.6, H-4'), 7.83 (2H, dd, J=5.4, 3.0, H-4", 7"), 7.72 (2H, dd,
J=54, 3.0, H-5", 6"), 7.61 (1H, d, J=7.6, H-6'), 7.46 (1H, dd, J=7.8, H-5"), 3.75 (2H, t, J=7.0,
H,-1"), 347 (2H, s, CH-1), 2.60-2.20 (8H, m, H -2, 3, 5, 6), 242 (2H. t, J=7.0, H -3"), 1.85
(2H, quin, J=6.9, H2—2"); ®C NMR (125 MHz, CDCIs): 0168.47 (C-2", 9"),148.29 (C-3'), 140.67
(C-1"), 134.99 (C-5'), 133.79 (C-4", 7"), 132.31 (C-3", 8"), 129.07 (C-6'), 123.70 (C-4'), 123.14
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(C-5", 6"), 12213 (C-2'), 61.98 (CH C-1'), 55.95 (C-1"), 52.97, 52.94 (C-piperazine), 35. 36
(C-3"), 2523 (C-2"); EI-MS m/z: 408[M]’, 363, 234, 217, 188, 160, 136, 123; HR-MS m/z
408.1796 (calcd for C_H O N, 408.1792).
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