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Tsndalowosifulsaiiisrdosiunnnmsaideuvesanss wumnludiifleny 60 Tauly
warduualifufisunuithennniudesy wiodslsfinueluthgtuduissenfivzasoinisves
Tsauwiihy Tunuddedlfdansesiansngu dineteroarylarylmethanes d1au 5 ngu léun 1,1-
di(5-methylfuryl)-arylmethanes (3a-t), 1,1-di(5-ethylthienyl)phenylmethane (4), 1,1-di-(pyr-
rolyDarylmethanes  (5a-c), wag di(3-indolyUmethanes  wuuauuIns (6a-x) AagUsen
bisarylation LLUU%umamﬁm%a\‘imiﬁgﬂﬁuﬁ’e] 2-methylfuran, 2-ethylthiophene, pyrrole, 2-
ethylpyrrole %38 indole AU aldehyde ¥iinsing mﬂﬁam’;zmajqumﬂ Teld BI(OTH; (10
mMol%), I, (10 mol%) %58 FeCly-6H,0 (15 mol %) 1Jusasaujjizen ﬁmﬁﬁ%mﬁqmuqﬁﬁaq el
l¢l dineteroarylarylmethanes 1lunandnaisuau 48 Tassasns lufesasuiunansdiagunn

wananflunuisyladuasiziians 3,3'-diindoly)methanes wuuligunns (7a-d) Wisiudn 4

¥iia FeUfAseunuinsdulnavesans 3,3 -diindolyUmethanes wuvaNams anuldians
dupseilunedeugrssudueulsiuedialrduoamesa fadueuluiiidelhinlsadalewes
WU11a1% di(3-indolyl)-4-hydroxyphenylmethane (6e) di(3-indoyl)(2,4-difluorophenyl)-
methane (6i) kag 4-(di(5-bromo-1H-indol-3-y)methyl)phenol (6p) ﬁqw‘éé’u&%wﬂ%ﬁua%a
Trdueawmaisauinnin 70% fe ansadudweuleduedfaledueaneisalasosay 73.1120.11,
70.07+0.64 uaz 70.71+0.83 muansu fiavu awnsaldans diindolymethanes (6) (u Lead

compound e luiauludussnuilsadalawesaely

A1d1Aey : lsndalaiues, wulgdluedialrduledinelsd, diheteroarylarylmethanes,

di(indolylmethane
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ABSTRACT

Alzheimer’s disease (AD) is cause of demetia, most AD patient are over 60 years
old and tend to have more patients. However, the drug is currently the only drug that
slowed the disease's symptoms and side effects. In this research, five groups of
diheteroarylarylmethanes i.e. 1,1-di(5-methylfurylarylmethanes (3a-t), 1,1-di(5-ethyl-
thienyUphenylmethane (4), 1,1-di(pyrrolyDarylmethanes (5a-c) and symmetrical di(3-
indolylmethanes (6a-x) were synthesized via one-pot, bisarylation of 2-methylfuran, 2-
ethylthiophene, pyrrole, 2-ethylpyrrole or indole with a variety of aldehyde under mild
conditions in the presence of Bi(OTf); (10 mol%), I, (10 mol%) or FeClz+6H,0 (15 mol %) as
catalyst at room temperature to afford the fourty-eisht compounds of
diheteroarylarylmethanes as products in moderate to excellent yields. Moreover, four
compounds of unsymmetrical di(3-indolyl)methanes (7a-d) were also synthesized via
transindolylation of symmetrical di(3-indolyl)methanes with different indole ring. Then, all
synthesized compounds were evaluated acetylcholinesterase inhibitory activity.
Acetylcholinesterase is an enzyme that contributes to Alzheimer's disease. The results
found that the di(3-indolyl)-4-hydroxyphenylmethane (6e) di(3-indoyl)(2,4-difluorophenyl)-
methane  (6i) Wwag 4-(di(5-bromo-1H-indol-3-yUmethylphenol (6p) showed promising
acetylcholinesterase inhibitory activity with value of 73.11+0.11, 70.07+0.64 and
70.71+0.83, respectively. Thus, the di(indolyl)methanes (6) would be a lead compound for

the development of novel drug for the Alzheimer’s disease.

Keywords: Alzheimer’s disease (AD), Acetylcholinesterase, Diheteroarylarylmethanes, 1,1-

Di(indolylDmethane
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U 1

UNUI

1.1 anudiAgyuasnuvasldymimion1side
Falauas (Alzheimer’'s disease %38 AD) WJulsaiigIva9funIIEN15E0UYDIEUDY

=

(dementia) wunlugndeny 60 Yyuld laveinisaganduluegiati Sundeinisvasdy
a a 4 Qll a = v o aa o
neANIIN yAdnuazensualasuly guideniuaiunsalunisiteus wazn1sansadinusedntuy

2 O o aa Y & A v a Y] ¢ a aa a
UNII8819TULSUTTWESTIalA anvauilaineliinlsadalawes AoUSuiuveediialadu
(acetylcholine; ACh) Builuansdeuszamanas losaingninanesieoulesivediialagd ueame
\5@ (acetylcholinesterase; AChE) uagUaisaladuledaineisd (butyrylcholinesterase; BChE) ¢ae
wintwnmduazinIngmansimlandslianuauls vinsdnewuazidenedulsadalawesilu
ag9un Wireslulszinunistesiunionisinu tasendld Shulsadalaweslulagiuiiiies
laifvlle wazilunmsvzasonswiniu llanuisasnwnlvvneuials siuisdailennistnafesvesen
dnene

Tutagdueinguitieitesdunisdudinisvinauvesouledlanfuiedainaisd

(Cholinesterase inhibitors %38 ChE-Is) A1b95UN155U50991N89ANSB UL lan Ao luNISSNEN

'
=

lspdaloiuesil 4 ¥8a laun tacrine galanthamine rivastigmine wag donepezil (5U# 1) d&nsu

Y

= a

nsAnuIn1eadin sasemuin erlunguinndleninsaunds Inadninengudug egred
od1Agyn19ada uneg1elsfinig eadenaiddedanadiafesdedUisagiaunn 1y o1
galanthamine finadnaewilvgiaeiiininanas o1 donepezl flomnsirafssiliigiaeueu
laindu ©1 rivastigmine vililARe NS RBLATYE Huasla (Fnsngual qsu?ja, 2555) Faudsle
aune1gumansialvly fuansqussudueleduedfialadueamaisauasiafisaladuied

walsa Wediludnisnisrunuentunmsinwilsedalaueidely

Tacrine, 1

GHs Galantamine, 2

O~_N<_CHs
T

o
H3CO
-CH3
HaC™ N HsCO \/@
CHj3 N
Rivastigmine, 3 Donepezil, 4

g‘lJ‘ﬁ 1 Acetylcholinesterase inhibitors (AChEI fildlunnsaddn
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USudeulaseasneansngy diheteroarylarylmethanes Tunsldiduansgugaeulasiladueame

'3 o
[

1@ (ChE-ls) gslunsfinwdulasdunuinasnguiiueiiiignsdudueuledueidialaduieamns
158 (acetylcholinesterase inhibitors %5 AChEI) ¢ 3afianulululiinenasgnuansngul 7
[ A o L saa a a & o o a
Jumadenlunmsinuilsadalewesnivssnsainnslunisinwieinis uagyvasnisaniiuly
vodlsasdaluluauinn

[

1.2 IngUssasnvadlasinisiveg

q

o
(% L4 v 6 LY

1) duAs1gieyniusvesans diheteroarylarylmethanes fidgnssudneouluduedfa uaz
Uasalrduieanelsd

2) Anwmanagduisvaayileaidululasiasnevesans diheteroarylarylmethanes it
Svisnasoruansalunstufueulniuedfia wasdiisalnduoameLsd

3) Usuasulaseasneans diheteroarylarylmethanes Mdgnsdudaueulasiiedfa waz

(%
o

Tisaladuteaaisa wielvldansniignslunisdugedngn wazaiunsauiludns

q

AUNUNlUNISSNElsADaLlYLLaTEA

[ v a a

4) WeaNAnkazANuNNauIYesuTulEaware13158luNsasuILIAMIdungausy

[
v @

dnnsdadunisadrsesinnudsiunisinaideliunian

1.3 aULUAUR9lATINNSINY

1) nsdunsIzvieyiusuedans diheteroarylarylmethanes

dunsgvioyiusvesans dineteroarylarylmethanes $1uau 20-25 ans Ingldansiaiu
wnnelseglsinin  fidezseueandion  damesuarlulasauluesdussneu Wy furan 2-
methylfuran 2-ethylfuran 1-furanylmethanol thiophene 2-methylthiophene pyrrole 2-
ethylpyrrole Way indole ﬁwﬂg‘jﬁ‘%aﬁué’aﬁlaﬁ%ﬁmdimWaﬂﬁﬁmgt,muﬁumaLuu%wﬁmmﬂ

iy Wigeetu lusiu aassu lulns wvsend lansend

2) Ansen figadiendnualvesansidunseilalagsmeaninsalnd

a I3 H o a o M Yy a . .

Ansrgnuiminluanavesaisiduasizilaniswmain High  Resolution  Mass
Spectroscopy  (HRMS)  Jiasigvinmyilendusiemaiin Infrared Spectroscopy (IR) #igadl
onanwallazdudulassasnsansniumaiin Nuclear Magnetic Resonance Specgtroscopy (NMR)

1 H-NMR wag “C-NMR
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a aa

3) msnadeugrsnstiudueuluiuedfiauartriisaladueaelsa

WeuiusYesans diheteroarylarylmethanes Vié’ﬂLﬂiwﬁlé’mwmaauqﬁmﬁ%5«@1416?135
weffiauardafisaladueamaisa mssusuouluiuedfialndueaeisa gninzuasinnuna
feAsmeanlastilaesiagld evdfialsleladu lelelas Wuansiedu netsdenarniuisd
U5UU391191n35n15904 Ellman (Ellman et. al., 1961) ymsenanefduinmsiudaeulaies
Fialduoameisa Tgld nuaumily Huasdredamnnsgiu uasyng nisvaaesasyingl 3 s

4) USudsulassaisans diheteroarylarylmethanes ﬁﬁqwéﬁu&wu%ﬁua%ﬁa uag

Saisaledunameisa tiolildmsfidovslunsdudsiian

MnuamInageuqrsnssusueuluiuedfiauardaitalafueamelsavateyiusas
diheteroarylarylmethanes IuﬂﬁﬁwLﬁumisialﬂawLﬁ@ﬂimaa%ﬁqﬁﬁqwﬁumié’uégﬁqaqﬂ I ndu
Tnssadrmdnifievsuivadsulnsaiaitelildasifgrslunissudigaiulndifssviodningin

wauvniiy waganansahludgnmsAunuelunssnwlsadalawesla

1.4 nu)) FUYAFIU LATNTOULUIANUANYLIATINTIVY

a

ovTRaladueawalsd  (Acetylcholinesterase, AChE) 1Uuweuluilungu  serine

'
o Y a

hydrolase Muumaane acetylcholine (ACh) i synaptic cleft lanansua Ao choline wag

acetic acid (E‘Uﬁ 2)

it HBC\N/CH3 AChE HSC\N/CHQ)
He” 07 > & CHs > HO ™ ®CHs * H” COH
acetylcholine choline acetic acid

g‘lJ‘ﬁ 2 n1s@any Acetylcholinesterase (ACh) seeulesl AChE

nnMsAnwlassassandfveseuluiosdfalrdueavelsa (AChE) a1n  Torpedo
californica (TCAChE) shawadia x-ray crystallography wua1 active site vosieulaiosdnalaauy
waweLsa (AChE) fidnunsidudesfiuaunazan lasdieudn 20 A wagdruiluauiigaiiunn 4.5
A fufnnelulsznauge aromatic residues wangwia léun Trp84 way Phe 330 Fufu
dulsenaues catalytic anionic site (CAS) TuusnudIuaveswoIuAy @ Tyr70, Tyrl21
war Trp279 Judwusenouves peripheral anionic site  (PAS) %qaguiu%nmﬂfmsziamﬂu
(Sussman et.al., 1991)

pz@falaau (Ach) JuiuleulslesdRaladuledelsa (AChE) Tuusiiu CAS vasioulwsl
lagny quaternary ammonium Ag4in cation-m interaction fiu Trp84 #i anionic subsite |

acetyl 794 ACh 9zduludu “acyl pocket” @il Phe288 uay Phe290 iuasdusznau UfATen



45 AFAFUNIA UaTA 8

hydrolysis ¥8¢ ACh Linlagwy] hydroxyl 489 Ser200 wW1viUfiseniiu ester carbonyl ¥81 ACh

&1 “oxyanion hole” viwth#ilun1s stabilize transition state fawandluguin 3

Teoazg PHE2%0 /
TP Tyr70 /

2 pag
AspT2

/' .'

Phe3
\ 7/ Gu1%
'- anionic site
TipS4'__
Phe2s§

L CAS CHglph 290

acyl pocket
OH‘\\\\V %,mls
L0

PR _t® ox,\':mion hole
Hx.«NOS 200
atalytic triad

g‘d‘ﬁ 3 NIWA1a89 active site gorge U89 TCAChE

msfuds  AChE  awvldansdedszam  ACh luusvms  synapse ﬁizﬁuqﬁu
acetylcholinesterase inhibitor (AChEI) fifiusslewiflunssnunlsa loud ansiduds AChE wuu
Funduldl (reversible inhibitor) Fauusléidu 2 Useinn Ae classic wag nonclassic ACHEI

classic AChEl manefls ansfifu substrate wos AChE @uileairsiuszlanausiiu
wulusiudlinandnsifideuinsasd vild AChE lianmnsavimihiils stusefanananansagn
dovaangldiognedn 9 vilaunsn regenerate toulwsindualuguivinienld sanguiling
Tassasremaniidu arylcarbamate L% rivastigmine Judu (Fifer, E. K., 2008)

6 rivastigmine §uds AChE Tnsnsfuluuiim CAS vonoulesl Taony) amine Tuguiid
U52qUINazindunsnseiu anionic subsite vilviny carbamate Whlnafiusumisves Ser200
w&uAnURRSEN carbamoylation Fu Fauandlusuil 4 wanfasinnUfAserdndn fo (-5-3-(1-
dimethyl-amino)ethyllphenol (NAP) ipsil affinity e active site wasoulesl vinlwAanIs
ffuda ACKE selulBuiatuy uenainid annmsfineilu TcAChE wudmdaann Ser200 QnLALAY

carbamate a2 Hisd40 aztpdousanan Glu327 JvihlAAANISINaIeszuUueY catalytic triad

Duamalinszuiuns reactivate toulwdiinduldtias (Bar-On et.al, 2002)

? i’ﬁ HaC
OO~y CHe Q,  f£H3 N-CH,
: // M- ‘l':vl éHa E J—N H3C‘S_\
Ser200 ; OH CHa — Se200 O ) 4 —
g CHa E HaC Yo
HO
AChE Rivastigmine,3 Carbamoylated AChE NAP

(inactive)

sUN 4 n13e0ngM5Euss AChE 984 rivastigmine

Y
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nonclassic AChEI ynefs eiduifu AChE Taedl affinity gandn ACh usliinufAsen
asnanusylaausiueuleyd  (Fifer, E. K, 2008) msmjmﬁuﬂﬁﬁlﬂuaawizmw Tawn
Nonclassic AChE! if] affinity @ CAS wag Nonclassic AChE 7wy dual binding site inhibitors

@13n&au Nonclassic AChEI 7l affinity sio CAS 8 tacrine uaz ealanthamine @13
wianis U AChE lmnzluudiias CAS Sedmuans Ach Tallidnudauiion active site 1¢ tacrine
Funsusedlilidnudalomesidurdausndudd ae 1993 widlagiugninanlddesas
\flosniifiusedu tacrine Ain stacking interaction U Trp84 way Phe330 #i “anionic”
subsite ¥89 active site U89 TcAChE nitrogen ULIWIU LAR hydrogen bond iU carbonyl
oxygen ¥4 His-440 (3.1 A) @31 amino nitrogen @319 hydrogen bond ﬁ’uimaqamaaﬁﬂ ﬁﬂgﬂﬁ

5 (Harel et.al., 1993)

Glu327

Tt.. ser200

g‘d‘ﬁ 5 3D crystal structure 8¢ Tacrine-AChE complex (PDB code 1AC))

(--galantamine \usamasedain Galanthus nivalis Ssuenaniigns AChEI wér &
mmamﬁzéju nicotinic Ach receptor (nAChR) 1713@‘17{ pre- WAy post-synaptic WUI1BAADUANT
A8 choline-binding site (Trp8d) waz acyl pocket (Phe288, Phe290) @83 TcAChE
(Greenblatt et.al,, 1991)

Nonclassic AChEl #vdu dual binding site inhibitors “dual binding site inhibitors”
yangds ansfianansaduldsluuing CAS uaz PAS ve1 ACHE Tasvialuanslunduiiazinuuss
Tunseenguigendt AChEI figuduanizuiinn CAS fisshumiades (Muroz-Torrero etal,
2006)

mﬂﬁmmﬁgﬂﬁuwud%ﬂu dual binding site inhibitor 1A donepezil (Sugimoto
etal, 1995) donepezil 1indunsAseiu TcAChE 1aail aromatic stacking interaction 52#319
N-benzylpiperidine moiety iU indole ring ¥a3 Trp84 7 anionic subsite waz TSumsAzeN

381314 indanone moiety 484 donepezil AU indole ring ¥aY Trp279 7l PAS wenannil
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piperidine nitrogen ¥94 donepezil §afin cation-m interaction U Phe330 luwanansves
active site gorge 8nfY é’ﬁgﬂﬁ 6 (Kryger et.al., 1998)

donepezil U1 AChEl sllausniinuiannsaduds Apaggregation (Bartolini et.al., 2003)
nsfienduiu peripheral anionic site ¥8¢ AChE ¥ilwenfinnnusuwie(selectivity) sie AChE
1710117 butyrylcholinesterase (BuChE) Wil ansnesungldmsiusning donepezil fiu
AChE @1# m-m interaction fiu Trp279 #iudiaas PAS w89 AChE usl BuChE il aromatic
residue 7 PAS uagsumiseangnsues BuChE fidnuwanludosiidvuinlngnitves AChE vl

laderean139uiu donepezil (Saxena et.al., 2003)

g‘dﬁ 6 3D crystal structure ¥89 TcAChE-donepezil complex (PDB code 1EVE)

nildnanndrssuilutiagtuenguilifisafeostunsiudainisvhaureseulesiiady
\aneLsa (Cholinesterase inhibitors ¥3e ChE-ls) Ails¥unisiusesanesdnisewsielantilily
mMssnwlsnoalawesil 4 ¥a lawn galanthamine tacrine donepezil wag rivastigmine @1115u
nsAnwIn1eadiin sesemuin erlunguivndlaninsaunds Wnafniieingudug egned

QQJd'/LQJ

HedAgynneada wingnelsnnu edanandsdaadnafesiodiieegrann daulunguidedle
fanuneguduasisiaisngululy Nuansgnsdudveuleduediialadueamatsawasinisa
ladueawnelsa waranran1sAnybullossu wuinasnay diheteroarylarylmethanes dgnsdu
L4 a a = v a v 3 a o g"d 2 L U Ql'
wulginedialaduteawelsalaluszaud asiu TusuwidellFsauladunszvnazUsuivasu
1A5983579v0381304% diheteroarylarylmethanes wielvilaansnsifignadueulsiuediialafuiea
wesalusyiulnalAeswsesndngn galanthamine eaziiludnisnishunuenlunissnulsadale

woseall
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1.5 LﬁawmaaL%f'aaﬁl,ﬂ&lmdwmwﬁﬁamﬁau

LINIINNTERNLLLANSTIABITRsTUN s TUfIn s neululadueanelsa
(Acetylcholinesterase inhibitors Wi AChEN) lusl 9 dmsuldznuilsasalswesludie 10 Tund
uenwiieanarumeneuluniseenuuy AChE fifinnuusslunisesnguigeiuuds Sslluuafnly
nseenuuuasddlunidianaivideitmmeduiiierdosiuaivnvesnisiialea uioeins
o 9 MAgesiulse fmé monooxidase inhibitor (MAQI), serotonin transporter (SERT)
inhibitors, calcium channel blockers, NO-donor, NMDA receptor antagonists, BACE1
inhibitor 1 Judu  ansiifiuvuusulunsesngriniandine mansesndluluanaieananil
3un71 multi-target-directed ligands (MTDLs) Taguuavieniseanuuy MTOL leud nsideuse
5eWIe ACHhEl fuansifignddunszuiunsiiferdestivaisinerveanisiinlsn  wien1svh
oyusgna (hybrid molecule) Tnseyiusgnaan nneds ansitldainnnsth pharmacophore
vosan sty drinefunndnafuiusaosiatuluinsuiuduluanals Taegaisl o
mﬂmiﬁLﬁmsﬁuﬁqwémamé’ﬁwmLsu'w,ﬁmﬁumséful,l,w (Muroz-Torrero, D., and Camps, P.,
2006, Cavalli et.al., 2008)

AChEI ﬁaaﬂqwélﬁu dual binding site inhibitors ansadiudsnsiin Ap aggregation
WazUsLIad peripheral anionic site (PAS) ¥4 AChE Hunumlaunssnansiin AB aggregation
(Silman, 1. and Sussman, J. L., 2005) 39@1115090 AChEI iy dual binding site inhibitors 11
u MTDL Taiudy TudaqUuldlinsWamnans AChEl suuwaniewdn 9 3 wwame laua nns
Waiu1 AChEI 913 affinity #i@ catalytic anionic site (CAS) n133iauun dual binding site inhibitors
waz multitarget-directed ligands (MTDLs) 198190090 15WMWY AChEl LaAIfIsIwazLden
soluil

ASWAUT AChEI 970 rivastigmine (3) 1awA n19¥11 conformationally restricted analog
WU tricyclic analog 4 Wag5s %ﬂﬁmmmﬂumaﬂﬁgﬂ human recombinant AChE q&eﬁu
(Bolognesi et.al., 2001 and Bolognesi etal., 2004) uaﬂmﬂﬁiﬁﬂﬁauﬁué 6 Falvualiiy

AENINIatuNTREuSkasiNsEAyU ACh luaues dagui 7 (Chaudhaery et.al., 2010)
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|
CHzy,
= CHa Rivastigmine, 3

M. ACHE 1T =1535 nM?®
Nech, =

HSC 3
HzC jl]\ / \ i Y
g H\I,D =
H
H

= S
H M- -
H3Cz v

8; AChE ICg;= 3310 nM®
%Learning Improvement= 59.6%

4- ¥
b X . S
’ %increased in ACH availability=119.11

0, ACHE ICgg= 30 nM?
S, AChE ICo= 8 nM?

3Human recombinant AChE; ® Human ernythrocyte AChE

gﬂﬁ 7 Conformationally restricted analogs ¥®9 rivastigmine

(--huperzine A (7) \Jusamanerain Huperzia serrata \Ju AChEI ﬁﬁqwémﬂ i
AU Isgeie  AChE  penguslduulaziigns neuroprotective Sin1sdaAsei
tacrinehuperzine A hybrid Tagltaau d-aminoquinoline Tulassasns vedtacrine AuIwmIU
carbobicyclic 483 huperzine A 138na3NAUAINE1II1 “Huprines” wu31a1s 8 fAn1uusslung
9ONQMBAINIT tacrine uaz huperzine A luvaig?l hybrid 9 finrmusdlunisesngmsgendi
tacrine way huperzine A 10U 2 191 wag 1.1 Wi muaIRu éﬁ'ﬂgﬂ‘ﬁ' 8 (Badia et.al., 1998)

M CL S0 F wie CH, uusuds 1 way/ vie 3 vhilwldansiidondusetu wu
huprine X (10) wag huprine Y (11) %aﬁmmLLiwaaﬂﬁaaﬂqm‘éﬁusﬁy’q human AChE 90
tacrine wag (-)-huperzine A 09 600 Kag 800 LN AMINAIFU (Camps, P. and Munoz-Torrero, D.,
2001)
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N HaN
O;/D / 8 ICsp= 320 nM* \
NHz
Tacrine, 1 Hzr:I

Huprine X, (-}10,

Ry=Et, 1Cg=1.30 nM? ICgq= 0.32 nM®
Huprine ¥, (--11, Ry=Me,

IC55=1.15 nM2, ICs= 0.32 nM®

3 Bovine AChE; ® Human enythrocytes AChE

35U 8 LuIN9N1T0NIUY tacrine-huperzine hybrids

donepezil (4) gnlfifuansfunvudmsuimueyiusivg o eonudnvatseiia laun
auﬁuﬁ‘ N-benzylpiperidines Tnefin1sunudl indanone ring P18 benzisoxazole (12) (Villalobos
etal,, 1994) wag conformational restricted anaglogue (13, icopezil, CP118954) (Villalobos
etal, 1995) nsunufl indanone ring #38 heterocyclic ring BuY ilvilaeyiusidy 1,2,4-
thiadiazolidinone  ring (14) thiazole ring (15)  aroylthiourea moiety (16)
tetrahydrobenzoazepine (17, zanapezil, TAK-147)26 LLasayﬁuémﬁﬁ]’m glutamic acid (18)
uon9 il Safloyusves indanone 1duA @15 19 (Ul 9) eyusinanil druudrusdiauusdy
nseengysluszvululuand Sarudumizinizasde AChE gendh BUChE wagannsndudinis

\im AR aggregation
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0-N
i
joaaeSe
A
0% CH,
12, IC5p = 2.8 N3
HSC""-

Y,

NMT;N\/@ \/@
0= -

N’s N

HaC
14, 1Ce = 14 NP

H H
@\rNTN\/\/’“\]
5 M

O

16, ICgy = 13 nMP

HSCMO
18, ICzp = 0.18 M3

14

Hf} |
—
0
Icopezil (CP 1183854), 13, ICgy = 0.33 nM3

0
5 ==

15, ICsp = 6.8 MR

Seaaeve

Zanapezil (TAK-147), 17, 1Cgp = 51.2 nM?

® fra

19, IC55 = 0.78 nME

3 Human enythrocytes AChE; bRat brain AChE

JUN 9 auiusvas donepezil

ANYIAULUY A physostigmine (20) An1599nwUU dual binding site inhibitor Taans

A | v 19 1% . aa | v
WounelAssasne aryl carbamate U xanthone @2y linker 7AflAMNETWN 9 laans

xanthostigmine (21) Fsfinnuusslun1s§uss human AChE g9nd1 physostigmine 46 1911

molecular modeling wamg AL 'VT%J: carbamate agj“luu’%nm active site U89 TcAChE wagiin

UNINILINU catalytic triad29 MILALAIINGIIUDY linker @INNTOLANNNTLAADUATATIITENIN

heterocyclic moiety fiuusiay PAS aoyius 22 @eiin1ue1ives alkoxy chain n = 7 IRy

wsslun15eengys warAUTNILA1asluN1SEUEs AChE @ndn physostigmine wanaIni N3

1% heterocyclic ring ®U LW coumarin WUNUA xanthone WU1@1S 23 fAuLselunIson

qmégaﬂﬁmé}’uuw éﬁ’ﬂ'gﬂﬁ 10 (Rampa et.al., 2001)
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Haz H
o._-N.
Hac,% T CHs Physostigmine, 20,
N o ICso = 14 M, ICsg= 2 nMP
0

HaC

R
R

¥anthostigmine, 21, n=3,
ICsp =103 nM?, ICgy =20 NME

= = ) .
N 5 2 n=7,
CHa ICsg = 0.32 nVE

| H 23,
07 07 ™ o NN | Oy Nk, Ca=5TnM,
tlea - 0 ICsp=1.5 nMP

3 Human erythrocytes AChE; ® Rat brain AChE
g‘dﬁ 10 LLu’WmﬂﬁaaﬂLLUU’eJqﬁuﬁ physostigmine

310 structure  activities relationship (SAR) w@dayWus donepezil wWui1 v
benzylamino $udusien1sdufi CAS uaz indanone ring ag9a8n53UT PAS Wipsanluusian
drunansves binding site gorge Usznausnensnazilufiiiu aromatic 5aﬁmiaamwuagﬁu§ﬁﬁ
% phenyl Uu spacer \iewfindunsAsenfudiunalsves goree Iouiius Ao AP2238 (24) Fadl
anaussluniseangusluseivululuans 91nn139h docking simulation uulassasteves
human AChE W‘Uﬁ’]%ﬂgj phenyl UU spacer Freufiunsduiu AChE lneifin m-n stacking fiu
Tyr341 wag OH-m interaction iU Tyr124 AP2238 f1A11UT N 12I1839g968 AChE Uag @115
ffudla AChEinduced AB-aggregation l9dnAaY (Piazzi et.al., 2003)

auﬁuﬁ‘ﬁlu 9 ﬁﬁ@mauﬂ’aﬂu dual binding site AChEI fiAndunsA3e1iu mid corge Mun
auNus flavonoids (25) aufus isaindigotone (26) auWuUS benzofuran (27) eywus

rutaecarpine (28) ayius berberine (29) (E‘U‘ﬁ 11)
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H3CO._ O

HyCO-,_~._-0
% oo™ S
H,CO CH\3/© .
L

AP2238, 24, ICy = 44.5 nMP 25,1C5p =4 nM®

-Z

26,1C5; = 0.16 BME 27, ICsp = 10 5 uM?

N L> < O ”+
SsS9 TS a v,\ e

28,1C5 = 21.4 nM® 29, ICsp=48 nM"

3 Recombinant human AChE; ® Rat brain AChE; * Electric eel AChE

Ul 11 AP2238 uazeyius

wanNN3IuT CAS Fadu high affinity site u&3 tacrine (1) §4d affinity agnsdouriu
amino acid nanevfinluudiia PAS 3ndne dimer 104 tacrine Fudousiafudie linker Aiflay
pTNzELaYansaduiy AChE TuuSias binding site Tapmmioniy Feazsiilalaansiidl
ﬂ’m:ﬂLLi\‘iLLﬁ%ﬂ’NNﬁWLW’]Wi@mﬁgUg?ﬁL@ui%ﬁéjﬂ%u uenandl Msideusredunusaendndiefuaz
liaanTsgayide entropy fioraifnluszninmsdvedsdaszuesdunudiddiuiu 2 luanald
Fanaevilianslugy dimer & affinity Tun15du AChE qn%u bis-ligand #ulvig) & potency a3
AAkNUAReI T LUy

bis(7)-tacrine (30) flmmusslunisesngigaiign laogvdussndn tacrine f 149 i
wazdl selectivity fia AChE genin tacrine 250 win lwviueadediu dimer veseuius tacrine

WU a5 31-34 Afgvdseduunluluans Uil 12 (Carlier elal, 1999)

| N, RZ
My =
| = MNH R!
({CHa)3 o
NHz | 30, %= CHyp, Ry=R=R3=Ry=H, ICs=1.5 nM?, K;= 1.3 nM
_ b 3, ¥=CH,, R;=Rz= H, Ry=R,=Cl, IC5;= 0.07 nM?
Tacrr‘me:1 . {CHy ) 32, ¥=CH,, Ry=R.= Cl, Ry=R,=H, K= & nM"
ICgy = 223 "';" ' . 33, X= N-Mse, Ry=Ry=R3=Re=H, K;= 0.06 nM"
Ky =40 nM NH R 34 ¥=MN-Me, Ri=Rs=Cl, Ry=R4=H, K= 37 nM°
= -
- | = 3 Rat brain AChE; P Fatal bovine serum ACHE
N R4

g‘dﬁ 12 Tacrine dimers
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miﬁamiaiwdwﬂmaqmm tacrine AU N-benzylpiperidine moiety 489 donepezil
(a5 35) lefansiflennausaiindn donepezil éntfos usifinmussgenin tacrine 37 wh wag 4
selectivity q\imﬁ tacrine 31 1 39 uaﬂﬁ]’]mﬁ} 15 36 Faldwnn1sivdsu indanone rng U89
donepezil {¥u phthalimide finuitansidu dual binding site inhibitor AifigsusaguFeItu &

U 13 (Alonso et.al., 2005)

Y

=

SR8 O
o L\/lmf“N-’(ﬁ\’H“N \ Q\W N-\/A“v/ I L N HW

H | )
M.l’?’ N K s N
3, 1Cg=24rm® |

35,1C5p=6.0nM* )

3 Rat brain AChE:; ® Bovine erythrocyte ACHE

gﬂﬁ 13 Tacrine-donepezil heterodimers

homo and heterodimers 184 galantamine (2) (@13 37-40) (Guilliou et.al,, 2000) HA273
usdlunseangydgenin galantamine 16-36 w1 (3U7 14) ansfidivg iminium Tulaseadieaedl
arussluniseengvdgainiansiilifivsey madudesnainmy iminium ausaiin cation-n
interactions AUILWIU aromatic Y84 amino acid residues A1el gorge W83 AChE pg19lsAn
msfivsgauinansuulasiainavedansenadnuinanisgeduidigsyuulssamaiunansdsenaidy

Fodrialunmsiaunastunguiluiluedudaluuessely

OH
R OH HO
I z
_[I - P
0 ar o | |'| I& |
' . ) ./ . ,/- Br e .
H300_< \> Z N“‘\ a \] [ / ?
Cl N W *
! ek Y Hico—( bt N ~(cH, N“‘*f_&ows
O e— e
37,n=8, ICsp = 10 N3 39, =B, ICsg = 22 NM?
38,n=10, ICx = 20 NMP 40,n=10, ICsp = 12 nM?

@ Electric eel AChE
E‘Uﬁ 14 Galantamine-based bis ligands

Al . P = Yy Ao v o ¢ . =~ A
1193970 huperzine A (7) 39107uns way Jlassasnandudou Tun1sdansizi dimer 39
N3AANULATIASINUADLNEIAIUVDY 5-amino-5,6,7,8-tetrahydro-2(1H)-quinolinone fragment
38N “hupyridone” Wi hupyridone fAuusaalun158UEY AChE wan15¥i dimer w94

a151l U tacrine lnel@endanumiy decamethylene chain vililaansnianuusslun1sdugs
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s
a 1

AChE ga%u 19U @15 41 dAnuusaluniseangnsegndt (-huperzine A uag tacrine 13 Uay 25

WINRNUAIAU éﬁ’agﬂﬁ 15 (Carlier et.al., 1999b)

H
|N‘- = |N ]
A -

NH

NH \
E(l-:Hg_'I-D {Cl'Hg:In
NH NH
7 H
= o
e L1
e
- | o7 N 07 N
HzN H H
{-) Huperzine A , (-9 #, ICg= B.8 nM? (42 n=10, ICsp= 151 nM?, ICgp= 2 4 nMP
ICsp= 114 M3, (43 n=12, ICsp= 52 nM?, ICs0= 16 nMP
ICp=414 nM® (-}44n=13, ICsp= 52 nM®
/
A
4
H
H o B
Y G \/%Fo
il N —
P ol e f N
N /NH f/l
(CHa)7 ' )
Hao Oy Y
45, ICey 455 nM? /
em s HO

46, 1C5 8.7 nM°®
3 Rat brain AChE; " TcAChE

E‘U‘ﬁ 15 Huperzine A — based bis-ligands

mmmﬂumiaaﬂqw‘émm hupyridone homodimers &uRUsAUAMNEIVOS linker WA
AUE17v0e linker Tanzaulunsduds rat brain AChE fu TCACHE Slrumnsinaifu Tnewuin
dimer ()-42 fimruusslunséiuds rat brain AChE fn1 O-huperzine A wdntios Tuvaisit ()-
43 way ()-a4 Tauusdlunsdiuds rat brain AChE gendn (--huperzine A Usgann 2 1 way
9031 hupyridone ©ia 10000 Wi lunenseiudnu ans ()-42 finnuusslumsiiuds TcAChE GR
N11a13 ()-43 way ()-huperzine A Uszanad 7 Wi kag 170 1 ANa1AU ANULANAINTDIAINY
wsslunseengrdesuneldin iesnananuuandiaves AChE Tuusiazaddd Wy rat AChE aedl
WIATBY gorge TANNINUBY Torpedo californicadd eenabsfis N5 homodimer o4
huperzine A W a1svsneiay 45 Vilildansidiqnisni ()-huperzine A lusy monomer i1

6 Wi ayUSAUIvDY huperzine A l#uA schiff base Y84 huperzine A (46)
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1.5 Uszlewiiianinazldsu

1) Wuesdanuilunsidesely

mié’miwﬁuazﬂ%’uLﬂ?iauimaa%ﬁqmiﬂfju diheteroarylaryl-methanes Tunsléidu
ansduduevlelladueameisa (Che-s) iuasdanuilmiludunmsdunuansnaulndfiannsald
Juensnudaluwes deesdmnuiildvdudeyamainerimansiidfyaansoffiurinounsas

o (3

Tunsansimnmssedunnundls wazdanuduldlaneziesianuiilaluseveniiiouilugnis

wuansngulmi Aidumadenlunissnwilsadalewesniivszdnsamnslunissnwionnis way

yzaansaiuluvadlsanalulusunan

2) UImMsAnusuAUTEI YUY

83dnu3lmilannsAunuaIsnay dineteroarylarylmethanes aduansngulumaing

v O <

Lo I ¢ _aa a aa =~ & ¢ v ° ,
gvsdudueuluivedfiauariniisaladueameaisa uaziduiugiuesdannuinaunsmhlusesen
wazndmdueninwdaluwesvialuild wazaiwisalinnuianudilawndssnvunilulaesiy

NISHELNINIUFDA LU T18NTINGLNBUTEVIVY UagINTaNTHIe

3) USNMIANsLANIAgIna warihlugnisnandandivd

AYIUSYRIANT diheteroarylarylmethanes fidanseildenaaeiiond fudneulviuedfia
wazisaladuweamasalaalussauidediuviogendtenikauniiiy uiinat1afesanamielyl
fuatrafes slfausoldarsnguilifuemadenlmilunssnulsadalomes  ndwinan
dnsUnsudranunsalidoyaunningsialiun esadnsindvnssu vie vitmen evnlundsdu

gosenluBamndivdsaly

4) Wulsslevdrouszmnsnguidmung

o =i

Uszrnsmiluresusemalnelagianzgasegniinnuidesnaviinalsadalywesuin ag
aunsalaldediinunimunnindiy waznadrufesdosas uonanillulasinmsideilidlondnase
aadnazansandainidesulninielinsfinuseiuiadinfnuuazdulassnuidedosunidn

szAuUSIne

! ~ ° Ao v ) ¢ a v & Y a ~ ) ~ |
Mgnunzinan1selUlTlawn @1 TunsAn®Ivy NalUSUTIAT LNATAT LU
AMZINENFERNS ANELNFUAIERT TuN1sUNan1sAnElURNwMesen LAaZDIANISINEUNTTY %150

wiheu UsEmaaavnssuen Tunsiiluimundugnsen
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Ui 2

35N15NAAa4

1. NMSAUATIZHENS diheteroarylarylmethanes ¥iasi4¢|
1.1 AsdaAs1zi difurylarylmethanes ¥8af199

General procedure A

7 o] Bi(OTf); 10 mol%)
! + R—(I‘l—H

(@) toluene, CH3CN
rt.

=
o]
N

%3 2-Methylfuran (1a) (2.0 mmol) waz Aldehyde (1.0 mmol) ldaslunasanaass i
fvhazane Toluene (1.00 mL) (uunensdifiansasdulsiazans aiin Acetronitrile 0.5 mL il
aeluntsavans) aantudiin BOTR, 10 mol% Unnaeanaasifig septum AUANIAABALIANNIE
1389 magnetic stirrer ﬁqmmﬁﬁm asaeuUFATedne TLC TnawFeuifisuiu Aldehyde 7
Tidumsisiu ifleufiefuanmynufitenlnofuasazarsdufives NaHCO; vhnsarinde
fvhavats EtOAC (3x10 mL) mudae 11 (10 mL) wazensazanedushves NaCl (10 mL)
AU 1 EtOAC uwiiliudedng  Na,SOq anhydrous lUsznesvinazanesenios
rotary evaporator k¢ crude product

11 crude product ﬁlﬁlﬂﬁﬂﬁﬁ?j%ﬁﬂﬂﬁﬂﬂﬁﬂ radial chromatography Inglgsiavin
avane Hexane (50 mL) musae 5%, 10%, 20% way 70% EtOAC Tu Hexane snuansiu wiiouen
ansndndaeifisainiseenun 1 fraction vewdndaeifiuenldlussmediinazanesianses

rotary evaporator 9MNUUINALAINELATES vacuum pump

General procedure B

7 Q 15 10 mol%)
* R-C-H

(@) toluene, CH3CN
rt.

=
o]
N

%4 2-Methylfuran (1a) 0.18 g (2.0 mmol) uaz Aldehyde (1.0 mmol) ldaslunasn
VAans iufvinazas Toluene (1.00 mL) (luunansdlfianssaduliazans asi@y Acetronitrile

0.5 mL edglunisazate) ndudulelefu 10 mol% UnuananAasisie septum AUAIT
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PADALIAIWIBLATE magnetic stirrer Tigamgiivies msaaeUUiiFedne TLC TnalFeuifioui
Aldehyde A duansdadiu Lﬁ'aﬂﬁﬁ%m??uqmLaumsazawéu@maﬂ Na,S,0; iardnlelefiu v
nsafadeiYazany EtOAC (3x10 mL) anugheansazanedudives NaHCO, (10 mL) 1h (10
ml) uazansazaedufives NaCl (10 mL) auddu Ui FtOAc wwilvukedae  Na,SO,
anhydrous WlUsemedvhavatedieinies rotary evaporator I crude product

11 crude product ﬁiﬁlﬂﬁﬂiﬁﬂ%qwﬁ@ﬂ%Lwﬂﬁﬂ radial chromatography Ingldsavin
avans Hexane (50 mL) musae 5%, 10%, 20% war 70% EtOAC lu Hexane mnudeu Liie
LenasHARAeTidesnIToanuT 1 fraction veswAnSaiTnenldlUssefara1usieLA3eq

rotary evaporator 91AUUYIIALAIAILATES vacuum pump

1.2 N15891AS129 dithienylarylmethanes wiinfng9

Bi(OTf), (10 mol%)

\/@ Q or I, (10 mol%)
+ CH — =
S toluene

rt
1b 2a

%4 2-Methylthiophene (1b) (2.0 mmol) waz Benzaldehyde (1.0 mmol) ldaslumasn
npaes Wufvhavats Toluene (1.00 ml) andudslelefiu 10 mol% Unvasnvnasidle
septum AUANSAABALIANPNYLATEY magnetic stirrer igaumniives asvaouUFATe e TLC Tae
W3yuLigunu Benzaldehyde M Duansdadi Lﬁaﬂﬁﬁ%ﬂﬂéuqmLaumiazmaﬁmﬁaﬁum Na,S,05
derndalelefiu  vhnnsadasnesvhazats EtOAC (3x10 ml) suseansazatsdusves
NaHCOs; (10 mL) 1 (10 mL) wavansavareduives NaCl (10 mL) augsfu 1 EtOAC 31vi
TWuadne  Na,SO, anhydrous WilUszimesvinazanadewa3as rotary evaporator 1§ crude
product

11 crude product ﬁlﬁlﬂﬁﬂﬁﬁ?j%ﬁﬂﬂﬁ%ﬂﬁﬂ radial chromatography Inglgsiavin
aza1t Hexane (50 mL) audg 5%, 10%, 20% uwaz 70% EtOAC lu Hexane snugdidiu e
LenasHARAueITiFeInIToanun 1 fraction vewAnsSaiTnenldlussmesivinazaiesien3ag

rotary evaporator 91AUUYIIALAIAILATEN vacuum pump
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1.3 A15891AS129 dipyrrolylarylmethanes viinfg9)

Bi(OTf)3 (10 mol%)

ﬂ Q toluene, rt
R * R-C—H

N or |, (10 mol%)

H Ho0, rt
R

R

I
N

¥4 Pyrrole (1c) (2.0 mmol) #38 2-Ethylpyrrole (2.0 mmol) uag Aldehyde (1.0
mmol) ldadlumaonnaass Wudvhazany toluene (1.00 mL) aIntiufia BIOTA; 10 mol%
(VisauinFThazans H,0 (1.00 ml) arntudisleledy 10 mol%) Javiasamaaassae septum Ay
asmABAARILIATEY magnetic stirrer gamgiivios nsaaaeuUfiensne TLC TasiSouiiioy
fiu  Aldehyde A Fuansiadu Lﬁ@ﬂﬁﬁ%ﬂﬂéuqmLﬁmmiazmaéuéfﬁmm Na,S,0, Litertan
Tolofu vhnsadaseivhazats EtOAC (3x10 mlL) sudneaIsazatedusives NaHCO; (10
mL) 1 (10 mL) wavansazanedusives NaCl (10 mL) audsiu i EtOAC snvhliuiase
Na,SO, anhydrous 1ilUsswesvhazatedewn3es rotary evaporator I crude product

11 crude product ﬁiﬁlﬂﬁﬂﬁﬁqwﬁmﬂﬁwﬂﬁﬂ radial chromatography Ingldsavi
avans Hexane (50 mL) musae 5%, 10%, 20% uwaz 70% EtOAC lu Hexane anudeu Lile
wenaskanfasifidesniseanun 1 fraction veswdndnsinuenidlussmesvhasaiediewedes

rotary evaporator 9MNUUVINIHLIAELATEY vacuum pump

1.4 AM5d9LAs127 diindolylarylmethanes viinfg9)

H
A
Q\\) Q FeCls* 6H,0 (15 mol%) |
* R-C-H HN.
N MeOH or CHZCN Q
H rt R
6

le 2

1 Indole (1e) (2.0 mmol) way Aldehyde (1.0 mmol) Tdasluvaennaaes Wiudavh

v Y

avany CHsCN (10.00 mL) Auunsnsdifiansssduldazanslu CHON azdsululd MeOH s

ara1y) AN FeCly6H,0 15 mol% Unviaenanaasinig septum AUANTARBALIANIY
\AT09 magnetic stirrer Nigaumgivies nsraaeuUfiseie TLC laewIeuliiguiu Aldehyde 7
Tluansnwiu Weufisenduganenujiselaafivasazaredudives NaHCO, vinnnsadnsie

fvhazats EtOAC (3x10 ml) audie 11 (10 ml) wazarsavaneduswes NaCl (10 ml)
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AU 1 EtOAC uwiiliudedng  Na,SOq anhydrous lUszmesvinazanesiewnsos
rotary evaporator k¢ crude product

11 crude product ﬁiﬁlﬂﬁﬁiﬁﬂ%qwﬁ@ﬂ%Lwﬂﬁﬂ radial chromatography Ingldsavin
avans Hexane (50 mL) 91Ul 5%, 10%, 20% uay 70% EtOAC lu Hexane muansiu Liiowen
asWAnSaTdInIsennIn Y1 fraction  veswdAnsmaiuenlalussmesivhasaneseiades

rotary evaporator 91AUUYIIALAIAILATES vacuum pump

1.5 A1589A5129 diindolylarylmethanes wuuldauuinsytinnngs

FeCl3 6H20 (5 mol%)

Toluene 10 mL, air, rt

General procedure

43 diindolylmethanes (6) (0.5 mmol), sfjbﬁméﬁua{ indole (0.5 mmol) Td@vInnunauvue
50 mL Winfvhazans toluene 10.00 mL Unwanfunausie septum aududlaweatugaias
magnetic stirrer flgaumgiivios nEuiy FeClye6H,0 5 mol% Tdvantunaslinuafunaudie
septum AUl duiilaideatufeindos magnetic stirer figaumgiivios navasuUfAzendae TLC
Lﬁaﬂﬁﬁ%awguqﬂLammiazmaﬁuﬁmaa NaHCO, vinnsanneiedvinazany Ethyl acetate (2x20
mL) Audae 1 (10 mL) wavasazanedudiives NaCl (10 mL) auddu thi Ethyl acetate
WV luRedae Na,SO, anhydrous thlUszwesvinazaiedaewndes rotary evaporator b

crude product

2. nMsngatniendnualvasasinduaszild

[

nsiigaiendnualvesansnanduginduaseilaivelins vidassasiaiunasadagly
a v 11 13 . .
Tonmsaruninsalad laun H- wag "C-NMR spectroscopy IR spectroscopy High Resolution

Mass spectroscopy Wag due

3 nMsnadaugnsn1sdugseuludlndulednaLse

¢ a

% Q’Jl 6 aa a a ¥ aa
nsfugaeululesdiialadueanesa gninszriuasinniunanisiavnsanlasinlow

ad v 1

n3loeld axdiialsloladu lololas (uansaadu lnedddanarnduisnuiuusaunainisnisves

Ellman (Ellman et. al., 1961) Manaassazldniavauvin 96 wau TnsEuusnldreamndines
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AMULNTY 10 Jadluans pH 8.0 Usuins 140 Jaddns nusme 20 ledansvesansavarsioulusl
lAauLeaLmaLsa (0.2 U/mL) wag 20 Jaddnsvesarsdiedsiiazansluy 80% Luviusa 9ntuuUy
ansnaudnaduian 15 wiil aaviheiiiu 20 faddnsvesansazaienay 5 dadluals arsazany

5,5-lalslatu[2-lulasiuuleda wodn] ﬁﬁiﬂiﬁummgm bovine serum albumin (BSA) 8¢ 0.1%

=

way 5 Tadluais asazanvesanalsleledy lolalan Tudnsidru 5 as 1 ihlUweniaunnivies

9 Y

Wunan 2 udl LLﬁz’?ﬂﬁ’]ﬂ’]i@ﬂﬂauLLﬂﬂﬁ?llﬂ’J’liJEJ’l’Jﬂgu 405 Wiluwas faewses Microtiter plate
reader (Sunrise, Tecan) ¥nseunaesiduinssudaeuluierdnaladuieamelsa Ingld 1
wauvniiy {Wua59198905g 10 waznne MsNAaDIIzYg 3 as

4 Y3uasulaseadneans dineteroarylarylmethanes fignssudaeulusiuediia uazdaiisa
Taduleawaisd elilfansiitguslunsdudsiiign

(% s

nNan1InaaeugnsnIsdudueulediediauasiinizaladuioamaisavesoyiusans

9

NDay

98971

diheteroarylarylmethanes filsianAanssudiui 3 Tunisandunisseliazidenlassasnsnian
Tunsdudsgean undulassamdniiiedsuasulassairanelildasifignslunisdudag

v N A ~ M oA Ly o
IﬂaLﬂEN‘WiEmﬂ’NEJWﬂWLLﬁUVHiJULLG]hJZJi]VIﬁ‘UNLﬂEJfl



A3 FAFUMIA UazAnse 25

uni 3

NAN1INAADILAZBAUTIINANIINAADY

Weanlasanisidesanadulasinisisesaiias 2 ¥ Inelutauuseunu w.a. 2559 (1

=

ga1AL WA, 2558 6930 Aueteu wa. 2559) 10ulaseinisideln 2 Ssnsdiiunsifeuus
sondu 4 du

fanssuaIuUdl 1 N15FUATI¥YENS diheteroarylarylmethanes wiinsnge)

Aanssudaui 2 MsgaunenanualveanIndnuaszila

fanssudauil 3 nMadeugMsnIsdusueuluiladueaveLsa

(%
YY)

nanssududl 4 Usuiasulassasneans diheteroarylarylmethanes niflgnsugsioulas

wodita waztiisaledueawmelsa wislulaansidgnslunisdudaiian

Toglulil 1 @evvszana we.  2558)  ddelduszaumiudualunisansngs
diheteroarylarylmethanes 371U 4 mju Taun 1,1-di(5-methylfuryl)-arylmethanes 3a-t, 1,1-
di(5-ethylthienylphenylmethane 4, 1,1-di-(pyr-rolylarylmethanes  5a-c wag 1,1-di(3-
indolylarylmethanes (6a-e) AgU A58 bisarylation LUuTuRsufEIvesasRduRe 2-
methylfuran, 2-ethylthiophene, pyrrole, 2-ethylpyrrole %38 indole AU aldehyde wiin#4 9
ﬂﬂﬂiﬁﬁﬂﬂ%ﬁlﬁ?umﬂ 1aeld Bi(OTf; (10 mol%), I, (10 mol%) 158 FeCly6H,0 (15 mol %)
Huiissuisen viuiasefigumaiivies vinluile dineteroarylarylmethanes  18undnsnei
$1uru 29 Taseads Tufevarurunansiisgann figalassairsansidauaszilssemaiama
awnlnsdln? anduldihansduaseilunaaeugnidudvouled wodfialaduieamesa sudu
oulmdiivinliusnamesedfialadu (acetylcholine; ACh) daduansdeuszamanas vilmdu

anvemilsineliiinlsadalawes nan1sAnwAwandlunisen 1 wag 2
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it 1 msdaengiuarguslunssudaeulwivedfalrdueaneisavesansdaunsei 1,1-
di(5-methylfuryl-arylmethanes 3a-t, 1,1-di(5-ethylthieny)phenylmethane 4 uag 1,1-
di(pyrrolyDaryl-methanes 5a-c

Bi(OTf)3 (10 mol%)

(0]
Rlﬂ + R)J\H or |2 (10 mol%) R2 \ x X /

X |
1 2 toluene, rt Rl Rl
diheteroarylarylmethanes
la:X=0,R'=Me  R=alkyl, aryl, CO,Et 3a-t (X = 0, Rl = Me,17 to >99% yields)
1b:X=S,R1=Et 4 (X =S, R' = Et, 95 to 99% yields)
lc:X =NH, R* = H, Et 5a-c: X = NH, Rl = H, Et, 60-89% vyields)
Entry Structure Compounds % Inhibition of anti-actylcholinesterase
1 3a 11.03+0.10
2 3b 6.23+0.09
3 3c 4.29+0.13
4 3d 3.91+0.05
5 3e 3.20+0.15
6 3f 5.30+0.13
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M3NA 1 nsduangiuazgnslunisiudueuluiledfalrdueaolsauedasdunasizi 1,1-
di(5-methylfuryl)-arylmethanes
di(pyrrolylaryl-methanes 5a-c (519)

1,1-di(5-ethylthienyDphenylmethane 4 uay

Entry Structure Compounds % Inhibition of anti-actylcholinesterase
H
MeO
7 3g 6.23+0.10
8 3h 4.94+0.12
9 3i 17.40+0.16
= =
\o o
HaC CHs
COOH
10 3j 4.04+0.05
= =
\ o o0
HaC CH,
CO,CH;
11 3k 6.65+0.05
= =
\ o o0
HaC CH,
Q
NHCCH;
12 3l 0.99+0.03
B =
\o o0
HaC CH,
N(CH3),
13 3m 8.52+0.10
= =
\o o
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Msdl 1 msduerzikazgrslunmsiudueuluiuedfalrduedmoisavesansduamgi 1,1
di(5-methylfuryl)-arylmethanes 3a-t, 1,1-di(5-ethylthienyl)phenylmethane 4 uag 1,1-
di(pyrrolylaryl-methanes 5a-c (519)

Entry Structure Compounds % Inhibition of anti-actylcholinesterase
¢Hs
N(CH,),0H
14 3n 10.21+0.11
B =
\ o o
HaC CH,
(0] OEt
15 = d 30 10.57+0.05
\o o
HsC CH,
16 — _ 3p 0.28+0.12
\ o 0
HsC CH3
Ph
17 ~ = 3q 3.04+0.13
\o o0
HaC CHs
18 ~ Z 3r 12.84+0.74
\ o 0
HaC CH,
19 3s 4.53+0.14

20 3t insoluble
21 — _ q 10.84+0.17
N\-s s /[
NO,
22 5a 13.48+0.10
= =
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Msdl 1 msduerzikazgrslunmsiudueuluiuedfalrduedmoisavesansduamgi 1,1
di(5-methylfuryl)-arylmethanes 3a-t, 1,1-di(5-ethylthienyl)phenylmethane 4 uag 1,1-
di(pyrrolylaryl-methanes 5a-c (519)

Entry Structure Compounds % Inhibition of anti-actylcholinesterase
23 _ y 5b 47.58+0.06
\NH HN—]
NO,
24 5c 10.74+0.19

25 Galantamine 100.98

MsNN 2 nsduanziuazgnslunisiudeuleiledRalrduleaolsauaasduasien 1,1-

di(3-indolylaryl-methanes 6a-e

il HN \ NH
Qj . N~ FeCh6H:0 5 moi%) O /
N RU_ MeOH or CHsCN

rt = ‘
1d X
R
6a-x
Entry Structure Compounds % Inhibition of anti-actylcholinesterase

PN NH
1 O O 6a 0.65+0.14

N N
2 ! Q 6b 51.60+0.08

3 O 6¢ 0.20+0.08
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MsNA 2 nsduaTziuazgnslunisiudveuluiledRalrduieaelsaroasdunaTizn 1,1-

di(3-indolylaryl-methanes 6a-e (519)

Entry Structure Compounds % Inhibition of anti-actylcholinesterase

q 6d 15.98+0.16
5 6e 73.11+0.11
25 Galantamine 100.98

[%
3 o

31nHan1snageugnsduduaulyiiedialaduleainelsauasaisngy deheteroaryl-
methanes 113 4 nga floonuuuduasizituan Thun nauil 1 ansouius 1,1-dis-methylfuryl-
arylmethanes 3a-t, ﬂfjuﬁ 2 ansayius 1,1-di(5-ethylthienylphenylmethane 4, ﬂﬁjuﬁ 3 @19
aﬂéﬁuﬁ 1,1-di-(pyr-rolyDarylmethanes ~ 5a-c LLasmjmﬁ 4 msauﬁué 1,1-di(3-indolyl)-
arylmethanes (6a-e) Wudwmsmjuﬁ 4 laun bis(3-indolyl-4-hydroxyphenylmethane (6e) &
qussudueuleiuedfialaduieainoisads 73.11:0.11 % fetiu a15 bisG-indolyl-4-

hydroxyphenylmethane  (6e) 12zl

o
Y]

'z N
<R o

nea iy Lead  compound  Liteunluiaiuvuie
gugnaulaiLadnaladuedmatsananduls tuuiIseln 2

Usuildeulassadraivelilaansnian
Jalausuugelaseasneans diheteroarylarylmethanes nguil 4 a15aufus 1,1-di(3-indolyl)-
arylmethanes vfinnnee Fedadunanssud 4 Tuwauauive

p24
o

fanssudauil 4 Ysulasulaseaseans diheteroarylarylmethanes Niignsdues

1 aa a aa a o 1'% Ao c{ [ 3 ad
wulviluadiia wazlnisaladuadawmaisd inalildansnlignslunisduesingn
NHANTANYIILTN 1 wudnansngudt 4 Lawn bis(3-indolyl)-4-hydroxyphenylmethane

(6e) Hgnsdudvouleduedialaduedvaisada 73.11+0.11 %  (6e) Tuawidedn 2 kg

s
a2

USudulassasieansngui 4 iegayanisnasnuansndgnsduduouluiiedialadueane.sa
Ng9vu Ingdunsenand)isenseninseyius indole (2 Tadlua) U aldehyde  wliasag
neldanieill FeCly-6H,0 (15 moloe) Wudusaufisen vinujisenludavinazale MeOH,

CH5CN %38 CH3NO, Nfloauniivied wunlanan1snnasdlaninilun1siei 3

9 Y
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AN5197 3 MsUSulAsulasIassans dinteteroarylmethanes ﬂfj;ﬁll 4 lown 3,3"-bis(indoyl)-

methanes ¥linrn99 MeUizeseninaseunus indole U aldehydde aeldaniignd

FeCls*6H,0 tdudissufiizen

HN

\

—

I\ . FeClz*6H20 (15 mol%) O
2
N R H MeOH or CH3CN R2
re
1 6
Entry Aldehydes 2 Solvent Time (min) Products 6 %Yield
HN \ / NH
1 0 2a MeOH 10 O Q 6a a7
2 ©AH 2a CHCN 30 < 62 >99
N N
3 2 2b MeOH 10 O O 6b 8
H
a FQ)L 2b  CHCN 10 O 6b 599
F
N N
g O Y )
5 Q)LH 2c CH,CN 30 6c >99
J
NO,
N NH
6 2 2e MeOH 30 O O 6e >99
H
7 HOQA 2 CHCN 24h O 6e 72
(o)
8 “3COD)LH 2d MeOH 10 6d >99
HO
o
9 ”OD)LH 2f MeOH 30 6f >99
HO
(0]
10 ”SCODAH 2g MeOH 60 6g >99
H,CO
11 9 2h MeOH 30 6h 82
H
12 @A 2h CH,CN 10 6h 84

H,CO,C

CO,CHs
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AN5197 3 MsUSuAsulasIassans dinteteroarylmethanes ﬂfj;ﬁll 4 lown 3,3"-bis(indoyl)-

methanes ¥linrn99 MeUizeseninaseunus indole U aldehydde aeldaniignd

FeCly*6H,0 Wudissufiizen (ve)

Entry Aldehydes 2 Solvent Time Products 6 %Yield
(min)
(o)
13 @5& 2 CH,CN 10 6i 599
F F
14 T 2 CH,CN 60 6j 88
Ph/\)LH J 3 )
Me a
15 Hoﬁ/iwe 2k CH,CN 3h 6k 52
OH
(e}
16 ©)H4 2a  CHCN 30 6l 9%
17 it 2e MeOH 60 6m 98
H
18 HOQA 2e CH,CN 40 6m 98
19 it 2e MeOH 240 6n 99
H
20 HOQA 2e CH,CN 48h 6n 60
21 it 2e MeOH 90 60 89
H
22 HOQA 2e CH,CN 48h 60 25
23 it 2e MeOH 6.5h 6p 9%
H
24 HOQA 2e CH,CN 48h 6p 75
25 it 2e MeOH 10 69 >99
H
26 HOQA 2e CH.CN 18h 69 12
(o]
27 /@AH 2e MeOH 24h 6r 60

I
O
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AN5197 3 MsUSuAsulasIassans dinteteroarylmethanes ﬂfjiﬁll 4 lown 3,3"-bis(indoyl)-

methanes ¥linrn99 MeUizeseninaseunus indole U aldehydde aeldaniignd

FeCly*6H,0 Wudissufiizen (ve)

Entry Aldehydes 2 Solvent Time Products 6 %Yield
(min)
28 1 2e MeOH 48h 6s 35
H
29 HOQA 2e CH,CN 48h 6s 45
(0]
30 Q)LH 2e MeOH 60 6t 74
HO
(@]
31 QAH 2e MeOH 60 6u 74
HO
(@]
32 QAH 2b MeOH 60 6v 35
F
Me b
33 MezNﬂOMe 2l DCE 12h 6w 52
34 D 2l DCE 12h 6x 59 °

* duas1esilaeiiu D,L-glyceraldehyde diethyl acetal (0.5 mmol), CH,CN (10 mL) wag FeClye6H,0 10
mol% Tigamgiivies mudiu mntuduarsazarveyiuddulaa (1 mmol) uazvinufAsenfigumgiivies 18y
nan 3 Halus

* Fumszilaeiiy (Dimethylamine)acetaldehyde dimethyl acetal (1 mmol), CICH,CH,Cl %38 DCE (5 mL)

o

wag CF,SO-H (1.1 mmol) fiaaumall 0 °C anudiu ntuinasazagoyiusdulaa (2 mmol) Tudavih

(¢]

avae CLCH,CH,CL (5 mL) figaumadl 0 °C wavpoee Nebigamafiufisevingamaiivies iuan 12 4alus

[y

91nHan1sVeaadluasei 3 ziuIUjAse1ves indole A aromatic aldehyde ¥iln

! O da 2 a 9 Ya < ' [y a Ao 1 v Al L3
#1399 NendngRedianasoukaznylvididnnseuseayiulnuuguNdILMUe para V8495 Len
v o V] aaa A a v ] aa
elaannenisnaaeaiil FeCly 6H,0 10 mol% Wusiselfisenlgamgivies wudn lunsald
aromatic aldehyde lsifivylensan® (OH) UfASevzifalanluiviazaty CHCN  vaueiion

aromatic aldehyde fivisilansen® (OH) inzeglulaana Ujisenazialaniluiiviazale MeOH



A3 FAFUMIA UazAnse 34

[

mtlanusaesurelamenuauisalunisazais drarsnsduniunviuiisenazatslannes
Anufisenlan Taslunisveassaiunsalandndueidu 1,1-di(3-indolylarylmethanes 6a-x Tu

Wesigusduunanstiags (35 83 >99%)

M15°99 4 NMsUFuaeulaseadneens dinteteroarylmethanes ngud 5 laun 3,3"-bis(indoyl)-
methanes wuuliiauunsyiinmee Mmeujisenseninvanseyiius 3,3'-bisindoylmethanes

WUUaNNASAY aldehydde neldan11znil FeCly 6H,0 Wudusaufisen

FeClz 6H20 (5 mol%)

Toluene 10 mL, air, rt

Entry R R Time (min) %Yield
1 H OH 60 Ta 69
2 OH OH 60 b 67
3 F OH 60 Tc 82
4 H COCH 120 7d 62

nuan1saaetlun1sei 4 azuiulnufiAsenves indole A diindolylmethanes 6 wiin

[ =3 [ LY IS

#i199) Mendivgflvisianaseu (OH) wavnyfBianaseu (F) sieegiuvisuuduiisunis para aeld

Y

4n12n13nAaend FeCl;6H,0 5 mol% Judssufiseigumgivies wuin landnduaidu

Y

=

diindolylmethanes wuulyiauuns 7a-d Tuwesidusduunansdiegs (62 fa 82%)
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nanssudauil 2 AsiganenanualvasasiduaTelalagddnie spectroscopy

1A59a519v09a15UsENoU 3,3-(phenylmethylene)bis(1H-indole) (6a)

NG
s

a15Us2N0U 6a: VoIUTEEN; R = 0.27 (1:4 EtOAC/hexane); 'H-NMR (400 MHz, CDCLy) -

O 7.80 (brs, 2H, 2xNH), 7.44 (d, J = 7.7 Hz, 2H, 2xCH 984 aromatic), 7.41-7.29 (m, 5H, 5xCH
U9 aromatic), 7.27 (d, J = 7.7 Hz, 2H, 2xCH 994 aromatic), 7.22 (t, J = 7.7 Hz, 2H, 2xCH 994
aromatic), 7.06 (t, J = 7.7 Hz, 2H, 2xCH 89 aromatic), 6.62 (s, 2H, 2xCH 9849 aromatic)5.93

(s, 1H, CH); PC-NMR (100 MHz, CDCL,) : O 144.3 (C w84 aromatic), 136.9 (2xC ¥84 aromatic),
129.0 (2xCH w89 aromatic), 128.5 (CH 989 aromatic), 127.3 (2xC U89 aromatic), 126.4 (2xC
P9 aromatic), 123.9 (2xCH w84 aromatic), 122.2 (2xCH w89 aromatic), 120.2 (2xCH 89
aromatic), 119.8 (2xCH <849 aromatic), 119.5 (2xCH w84 aromatic), 111.4 (2xCH 89

aromatic), 40.5 (CH); IR (Film): V. 3414 (NH), 1601, 1493 wag 1456 (aromatic ring), 743 (CN

indole) cm

1As9as19vesa1TUsENaY 3,3-(d-fluoropheny)methylene)bis(1H-indole) (6b)

N
e

F

a15Us2noU 6b: Taudedu; R = 0.23 (1:4 FtOAc/hexane); ‘H-NMR (400 MHz, CDCLy) : &
7.82 (brs, 2H, 2XNH), 7.42 (d, J = 7.7 Hz, 2H, 2XCH w89 aromatic), 7.39-7.29 (m, 4H, 4XCH
UB9 aromatic), 7.23 (t, J = 7.7 Hz, 2H, 2XCH 994 aromatic), 7.07 (t, J = 7.7 Hz, 2H, 2XCH
U84 aromatic), 7.00 (t, J = 8.4 Hz, 2H, 2XCH %84 aromatic), 6.61 (sd, J = 1.5 Hz, 2H, 2XCH
984 aromatic), 5.91 (s, 1H, CH); "C-NMR (100 MHz, CDCLl) : O 161.4 (d, J = 242 Hz, CF v8q
aromatic), 139.7 (2XC 489 aromatic), 136.7 (C w84 aromatic), 130.1 (2XCH <84 aromatic),

126.9 (2XC w89 aromatic), 123.5 (2XCH 849 aromatic), 122.0 (2XCH %84 aromatic), 119.8
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(2XCH 994 aromatic), 119.5 (2XC w84 aromatic), 119.3 (2XCH 84 aromatic), 1149 (d, J =

21 Hz, 2XCH-CF w84 aromatic), 111.1 (2XCH 984 aromatic), 39.4 (CH)

1A598319U99a15U2NU 4,4'-((d-nitrophenylmethylene)bis(N,N-dimethylaniline) (6c)

NG
.

a15UsEnoU 6c: Tanvasduveamamiladdy; R = 0.15 (1:4 FtOAc/hexane), 'H-NMR (400

MHz, CDCL3) : 0 8.17 (d, 2H, J = 8.7 Hz, 2xCH 284 aromatic), 8.06 (br s, 2H, 2xNH), 7.53 (d,
2H, J = 8.7 Hz, 2xCH w89 aromatic), 7.42 (d, 2H, J = 8.2 Hz, 2xCH 84 aromatic), 7.34 (d,
2H, J = 7.4 Hz, 2xCH 989 aromatic), 7.23 (t, 2H, J = 7.3 Hz, 2xCH 489 aromatic), 7.05 (t, 2H,
J = 7.4 Hz, 2xCH 994 aromatic), 6.72 (d, 2H, J = 1.5 Hz, 2xCH w84 indole), 6.02 (s, 1H, CH);

IR (Film): Vpmax 3414 (NH), 1594, 1515, wag 1456 (aromatic ring) 1417, 1344, 1216, 1096, 742
(CN indole) cm”’

1A59a519009a15U5¥N0Y 4-(di(1H-indol-3-yUmethyl)-2-methoxyphenol (6d)

OH

O OMe
oS
HN NH

g@13Usenau 6d: ﬁuaﬂl,l,%qﬁﬁwﬁu; Re = 0.05 (1:4 EtOAc/hexane); "H-NMR (400 MHz, CDCls) :
0 7.30 (t, J = 7.5 Hz, 2H, 2xCH 84 aromatic), 7.22-7.15 (m, 7H, 7xCH ¥84 aromatic), 6.72 (t,
4xCH 89 aromatic), 3.80 (t, J = 7.6 Hz, 1H, CH), 2.94 (sd, J = 2.0 Hz, 12H, 2xN(CH3),), 2.62
(t, J = 7.7 Hz, 2H, CH,), 2.38-2.32 (m, 2H, CH,); "C-NMR (100 MHz, CDCL,) : & 146.6 (C w4
aromatic), 144.2 (C 989 aromatic), 137.0 (C ¥84 aromatic), 136.4 (C 981 aromatic), 127.4 (C
U89 aromatic), 123.6 (2xC 89 aromatic), 122.1 (2xCH %84 aromatic), 121.7 (CH 84
aromatic), 120.3 (2xCH %984 aromatic), 120.1 (2xCH %84 aromatic), 119.4 (2xCH 84

aromatic), 114.3 (CH 284 aromatic), 111.9 (CH 984 aromatic), 111.1 (dxCH ¥99 aromatic),
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56.1 (OCH,), 40.1 (CH); IR (Film): V. 3312 (NH), 1610, 1509 waz 1456 (aromatic ring), 1269
(C-O-CH,), 743 (CN indole) cm "

1A598519U99a15U52N9U bis(3-indolyl)-4-hydroxyphenylmethane (6e)

OH

®
P
HN NH

a15UseNaU 6e: 1oIT9AEN; m.p. 103-107 °C; Ry = 0.31 (4:6 EtOAc/hexane); H
NMR (400 MHz, CDCLy): & 7.92 (br s, 2H, 2xNH), 7.39 (dd, J = 13.4 Hz, J = 8.1 Hz, 4H, ArH),
7.23-7.17 (m, 4H, ArH), 7.03 (t, J = 7.5 Hz, 2H, ArH), 6.76 (d, J = 8.3 Hz, 2H, ArH), 6.67 (s, 2H,
ArH), 5.85 (s, 1H, CHPh), 4.73 (br s, 1H, OH); 13C NMR (100 MHz, CDCly): 0 153.7 (C), 136.6
(0), 136.3 (0), 129.7 (CH), 127.0 (O), 123.6 (CH), 121.8 (CH), 119.9 (CH), 119.8 (O), 119.1 (CH),
115.0 (CH), 111.1 (CH), 39.3 (CHPh); IR (Nujol-mull): V.. 3410 (N-H), 1698, 1611, 15009,
1456, 1416, 1337, 1217, 1169, 1093, 1010, 786, 745 cm_l; Compound is literature known,
see: [Oclarit, J. M.; Ohta, S.; Kamimura, K.; Yamaoka, Y.; Shimizu, T.; lkegami, S. (1994). Nat.
Prod. Lett., 4, 309.]

1A59a519U99a15U52N0U 4-(di(1H-indol-3-y)methyl)benzene-1,2-diol (6f)

OH
OH

9o¥y
HN NH

1H—N!\/\R (400 MHz, CDCls) : 0 7.94 (brs, 2H, 2xNH), 7.39 (d, J = 7.9 Hz, 2H, 2xCH U84
aromatic), 7.35 (d, J = 8.1 Hz, 2H, 2xCH 839 aromatic), 7.16 (t, J = 7.2 Hz, 2H, 2xCH 84
aromatic), 7.01 (t, J = 7.3 Hz, 2H, 2xCH 89 aromatic), 6.81-6.79 (m, 3H, 3xCH 489 aromatic),
6.66 (s, 2H, 2xCH w89 aromatic), 5.78 (s, 1H, CH); IR (Film): V. 3411, 1698, 1608, 1513,
1456, 1418, 1338, 1279, 1218, 1189, 1094, 745 Cmi1
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1AT9as19v09a1TUsENaU 3,3-[(3,4-dimethoxyphenyl)methylene]bis(1H-indole) (6g)

OMe

OMe
P
HN NH

1H—NMR (400 MHz, DMSO) : 6 10.80 (s, 2H, 2xNH), 7.36 (d, J = 8.1 Hz, 2H, 2xCH ¥84
aromatic), 7.32 (d, J = 7.9 Hz, 2H, 2xCH 89 aromatic), 7.04 (t, J = 8.0 Hz, 3H, 3xCH 84
aromatic), 6.90-6.84 (m, 6H, 6xCH 484 aromatic), 5.79 (s, 1H, CH), 3.71 (s, 3H, OCH,), 3.66
(s, 3H, OCHs); IR (Film): Vmax 3410, 1592, 1509, 1456, 1417, 1338, 1265, 1248, 1137, 1093,
1025, 743 cm’’

1A598519909815U5¥N0U methyl 4-(di(1H-indol-3-y)methylbenzoate (6h)

IR (Film): V. 3350 (NH), 1719 (C=0), 1609, 1519 way 1457 (aromatic ring), 1281 (C-
O-CH5), 747 (CN indole) cm

IAssasuesaITUsenau 3,3-[(2,4-difluorophenyl)methylene]bis(1H-indole) (6i)

1H—NMR (400 MHz, CDCls) : & 7.80 (brs, 0.82H, 2xNH), 7.42 (d, J = 7.9 Hz, 2H, 2xCH
U®9 aromatic), 7.37 (d, J = 8.2 Hz, 2H, 2xCH 89 aromatic), 7.23-7.14 (m, 3H, 3xCH 894
aromatic), 7.06 (t, J = 7.5 Hz, 2H, 2xCH U89 aromatic), 6.88 (t, J = 9.0 Hz, 1H, CH 89
aromatic), 6.75 (t, J = 9.0 Hz, 1H, CH 9839 aromatic), 6.68 (s, 2H, 2xCH v89 aromatic) 6.20 (s,
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1H, CH); IR (Film): V. 3414, 1618, 1605, 1499, 1456, 1420, 1338, 1278, 1137, 1092, 743

1
am

1A598519U99a15UT2NU 3,3'-(3-phenylpropane-1,1-diyl)bis(1H-indole) (6j)

Ph
L0
HN NH

yasudedinma; m.p. 159-163 °C; Rr = 0.38 (3:7 EtOAC/ hexane); 'H NMR (400 MHz,
CDCLy): & 7.96 (br s, 2H, 2xNH), 7.57 (d, J = 7.9 Hz, 2H, ArH), 7.37 (d, J = 8.1 Hz, 2H, ArH),
7.32-7.28 (m, 2H, ArH), 7.22-7.16 (m, 5H, ArH), 7.07-7.04 (m, 4H, ArH), 4.54 (t, J = 7.3 Hz, 1H,
CHCH,CH,Ph), 2.76 (t, J = 7.8 Hz, 2H, CH,CH,Ph), 2.58 (g, J = 7.5 Hz, 2H, CH,CH,Ph); °C
NMR (100 MHz, CDCLy): & 142.9, 136.9, 128.9, 128.6, 127.4, 126.0, 122.1, 121.8, 120.4, 120.0,
119.4, 111.4 , 37.7, 34.8, 33.8; IR (Nujol-mull): V,nae 3416 (N-H), 1495, 1456, 1419, 1337,
1221, 1094, 1011, 742, 701 cm; HRMS (ESI) caled for CosHpN, [M+Na]” 373.1681, found
373.1681.

1A59E519UR9a15UENU 3,3-(phenylmethylene)bis(1-methyl-1H-indole) (61)

(J
S

H.C CHs

Youd @y R = 0.59 (1:4 EtOAc/hexane); H-NMR (400 MHz, CDCLly) : O 7.44-7.35 (m,
4H, 4XCH 989 aromatic), 7.35-7.27 (m, 4H, 4XCH %89 aromatic), 7.23 (t, J = 7.6 Hz, 3H,
3XCH %89 aromatic), 7.03 (t, J = 7.6 Hz, 2H, 2XCH w84 aromatic), 6.56 (s, 2H, 2XCH, ¥83
aromatic), 5.91 (s, 1H, CH), 3.71 (s, 6H, 2XNCH5); PC-NMR (100 MHz, CDCl,) : O 144.4 (C w94
aromatic), 137.4 (2XC 89 aromatic), 128.7 (2XCH %84 aromatic), 128.2 (2XCH %84
aromatic), 127.4 (2XC 984 aromatic), 126.0 (CH 989 aromatic), 121.4 (2XCH 989 aromatic),
120.0 (2XCH %849 aromatic), 118.6 (2XCH 289 aromatic), 118.2 (2XC w8y aromatic), 109.0

(2XCH, 2XCH 989 aromatic), 40.1 (CH), 32.6 (2XNCH,)
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1A59a519009a15Us2N0U 4-(bis(1-methyl-1H-indol-3-yUmethyl)phenol (6m)

N
e CH,

mawﬁq?wmq; Re = 0.23 (1:4 EtOAc/hexane); "H-NMR (400 MHz, CDCls) : 07.42-7.33 (m,
4H, 4XCH 84 aromatic), 7.32-7.25 (m, 4H, 4XCH %89 aromatic), 7.23 (t, J = 7.7 Hz, 3H,
3XCH @94 aromatic), 7.02 (t, J = 7.4 Hz, 2H, 2XCH 284 aromatic), 6.56 (s, 2H, 2XCH, w84
aromatic), 5.91 (s, 1H, CH), 3.71 (s, 6H, 2XNCH,): "C-NMR (100 MHz, DMSO) : & 155.8 (C
Y99 aromatic), 137.5 (2XC ¥89¢ aromatic), 135.5 (C ¥®3¢ aromatic), 129.6 (2XCH w83
aromatic), 128.2 (2XC %8949 aromatic), 127.5 (2XCH w849 aromatic), 121.4 (2XCH %89
aromatic), 119.8 (2XCH %89 aromatic), 118.7 (2XCH %89 aromatic), 118.5 (2XCH 89
aromatic), 115.3 (2XC 84 aromatic), 110.0 (2XCH, 989 aromatic), 39.1 (CH), 32.7 (2XNCH>);
IR (Film): V.. 3400, 2929, 1612, 1509, 1471, 1370, 1328, 1227, 1155, 1118, 740 Cm_1

1A59as19U99a15U52nU_4-(bis(6-fluoro-1H-indol-3-yDmethylphenol (6n)

OH

(J
F F
ey

YOWTEFUWAI Re = 0.10 (1:4 EtOA/hexane); H-NMR (400 MHz, CD,OD) : & 7.87 (brs,
0.19H (H U19duLAnn1s exchange iU CD;0D) 2xNH), 7.19 (dd , J = 8.6, 5.4 Hz, 2H, 2xCH 94
aromatic), 7.12 (d, J = 8.4 Hz, 2H, 2xCH ¥®9 aromatic), 7.03 (d, J = 10.0 Hz, 2H, 2xCH ¥®84
aromatic), 6.72 (t, J = 8.5 Hz, 2H, 2xCH w84 aromatic), 6.66 (t, J = 9.2 Hz, 2H, 2xCH 84
aromatic), 6.61 (s, 2H, 2xCH 9849 aromatic), 5.70 (s, 1H, CH); IR (Film): V,., 3422, 1626, 1509,
1455, 1342, 1138, 805 cm
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1A59as19v09a15UsENoU 4-(bis(5-fluoro-1H-indol-3-ylmethyl)phenol (60)

yosuiEmauns R = 008 (1:4 FtOA/hexane), 'H-NMR (400 MHz, CD,OD) : & 7.89
(brs, 0.05H (H U13auLANNTT exchange fiu CD50D) 2xNH), 7.29 (dd, J = 8.7, 4.4 Hz, 2H, 2xCH
U9 aromatic), 7.14 (d, J = 8.4 Hz, 2H, 2xCH %84 aromatic), 6.89-6.80 (m, 4H, 4xCH 89
aromatic), 6.74 (d, J = 8.5 Hz, 2H, 2xCH 984 aromatic), 6.72 (s, 2H, 2xCH w84 aromatic), 5.65
(s, 1H, CH); IR (Film): V.. 3425, 1628, 1612, 1582, 1509, 1484, 1452, 1239, 1214, 1168,
1092, 801 cm’’

1A598519U89d15U52N9U 4-(bis(5-bromo-1H-indol-3-ylmethyl)phenol (6p)

OH

Br O Br

| |

HN NH

vouddunuionny R = 0.08 (1:4 EtOAc/hexane); "H-NMR (400 MHz, CD50D) : & 7.37 (s,
2H, 2xCH @849 aromatic), 7.27 (brd, J = 8.4 Hz, 2H, 2xCH 984 aromatic), 7.16-7.10 (m, 4H,
4xCH 294 aromatic), 6.75 (brd, J = 6.3 Hz, 2H, 2xCH 84 aromatic), 6.67 (s, 2H, 2xCH 94
aromatic), 5.65 (s, 1H, CH); IR (Film): V.« 3426, 1698, 1611, 1509, 1456, 1319, 1214, 1169,
1095, 798 cm’’

1A598519U89d15U52NU 4-(bis(5-methoxy-1H-indol-3-yl)methyl)phenol (6q)
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maﬂLL%q?ﬁﬁﬂmaLLm; Re = 0.17 (3:7 EtOAc/hexane); "H-NMR (400 MHz, CD,OD) : & 7.84
(brs, 0.19H (H U9@IULAANNS exchange AU CD;0D), NH), 7.73 (brs, 0.18H (H U1sduLAnNIS
exchange iU CD;0D), NH) 7.21 (d, J = 8.7 Hz, 2H, 2xCH %84 aromatic), 7.15 (d, J = 8.4 Hz,
2H, 2xCH w84 aromatic), 6.76-6.71 (m, 6H, 6xCH w849 aromatic), 6.64 (s, 2H, 2xCH 89
aromatic), 5.67 (s, 1H, CH), 3.61 (s, 6H, 2xOCHs) IR (Film): Vi, 3410, 1582, 1509, 1483,
1209, 1170, 1092 cm’*

1AS9E519UR9d15UZNBU 3,3'-((d-hydroxyphenylmethylene)bis(1H-indol-5-ol) (6r)

OH

HO O OH
i | | i
HN NH
mauﬁa?ﬁ%maum; Re = 0.15 (3:7 EtOAc/hexane); "H-NMR (400 MHz, DMSO-d,) : 6 10.42

(s, 2H, 2xNH), 9.12 (s, 1H, OH), 8.46 (s, 2H, 2xOH), 7.19-7.05 (m, 4H, 4xCH 84 aromatic),
6.71-6.53 (m, 8H, 8xCH w84 aromatic), 5.44 (s, 1H, CH)

1A59a5 190098150520 4-(bis(5-nitro-1H-indol-3-yUmethyl)phenol (6s)

YOWTEEL R = 0.30 (5% MeOH Tu CH,CL); 'H-NMR (800 MHz, DMSO) : & 9.29 (brs,
1H, OH)*, 8.30 (s, 2H, 2xCH w84 aromatic), 7.98 (d, J = 9.0 Hz, 2H, 2xCH w84 aromatic), 7.54
(d, J = 9.0 Hz, 2H, 2xCH w984 aromatic), 7.18 (d, J = 8.4 Hz, 2H, 2xCH 484 aromatic), 7.10 (s,
2H, 2xCH 284 aromatic), 6.72 (d, J = 8.4 Hz, 2H, 2xCH w984 aromatic), 6.06 (s, 1H, CH); IR

(Film): V., 3370, 1735, 1509, 1471, 1327, 1093 cm
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1A59a519009a15Us2N0U 4-(bis(5-bromo-1-methyl-1H-indol-3-y)methyl)phenol (6t)

YOITEUAY Re = 0.12 (5% EtOAC Tu Hexane 6 58U) mp 134-150 °C; 'H-NMR (400
MHz, CDCls) : & 7.46-6.48 (m, 12H, 12xCH ¥89 aromatic), 5.67 (s, 1H, CH), 3.66 (s, 6H, 2xCHs

Y89 aromatic)

1A59a319U99a15U52NU 4-(bis(5-bromo-1-(3-chloropropyl)-1H-indol-3-ylmethyl)phenol (6u)

YRITIALAY R = 0.09 (10% EtOAc Tu Hexane 4 58u) mp 94- 102 °c. "H-NMR (400
MHz, CDCls) : & 7.42-6.55 (m, 12H, 12xCH 284 aromatic), 5.66 (s, J 1H, CH), 4.2 (t, J = 1.5
4H, N-CH,-CH,), 3.40 (t, J = 5.8, 4H, CH,-Cl), 2.19 (m, J = 5.9, 4H, 2x (CH,-CH,-CH.))

1Asas9veansusznau 3,3-((d-fluorophenylmethylene)bis(1-(3-chloropropyl)-1H-indole-5-
carboxylic acid) (6v)

F

HOOG COOH
(]
o\
N

Youmaminddutiinia R: = 0.69 (50 % EtOAC lu Hexane); 'H-NMR (400 MHz, CDCL,)
0 8.24 (s, 2H, OH), 8.07-6.76 (m, 12H, 12xCH %89 aromatic), 5.94 (s, 1H, CH ), 4.40 (t, J =
4.2, 4H, 2xNCH,), 3.61 (t, J = 3.0, 4H, 2xCH,-Cl), 2.19 (m, J = 3.4, 4H, 2xCH,- CH,-CH,)
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1A59a519009a15U52N0U 2,2-bis(5-bromo-1H-indol-3-y1)-N,N-dimethylethanamine (6w)

Br, NM?Me Br
HN NH

Y0IuTaFUAI R = 0.69 (50 % EtOAC lu Hexane); mp 110-125 °C; 'H-NMR (400 MHz,
CDCls) : 0 8.37 (s, 2H, 2xNH 984 aromatic ) 7.64-6.95 (m, 8H, 8xCH w89 aromatic), 4.63 (t, J
= 7.6, 1H, CH), 3.03 (d, J = 7.6, 2H, CH,), 2.39 (s, 6H, N(CH),)

1AS9E519UB9d15USENBY 2,2-bis(6-bromo-1H-indol-3-yl)-N,N-dimethylethanamine (6x)

I\I/Ie
N«
Me
BrBr
HN NH

YOWTEUAL R = 0.57 (50 % EtOAC Tu Hexane); mp 116-122 °C; 'H-NMR (400 MHz,
CDCls) : 0 8.37 (s, 2H, 2xNH w89 aromatic ) 7.38-6.91 (m, 8H, 8xCH w84 aromatic), 4.68 (t, J
= 7.5, 1H, CH), 3.04 (d, J = 7.5, 2H, CH,), 2.34 (s, 6H, N(CHs),)

1A59a519999a15UsENOU  3-((1-methyl-2-phenyl-1H-indol-3-y)(phenyl)methyl)-1H-indol-5-ol
(7a)

1H—N!\/\R (400 MHz, DMSO-d,) : 0 10.53 (s, 1H, NH), 8.46 (s, 1H, OH), 7.59-7.38 (m,
6H, 6xCH w84 aromatic), 7.30-7.20 (m, 3H, 3xCH ¥94 aromatic), 7.19-7.08 (m, 5H, 5xCH ¥4
aromatic), 6.86 (t, J = 7.2 Hz, 1H, 1xCH U89 aromatic) 6.64 (s, 1H, CH 983 aromatic) 6.56
(brd, J = 6.9 Hz, 1H, CH @84 aromatic), 6.28 (s, 1H, CH U89 aromatic) 5.49 (s, 1H, CH) 3.62 (s,
3H, CH,)
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1As9a519u93a15UsENaY  3-(4-hydroxyphenyl)(1-methyl-2-phenyl-1H-indol-3-yl)methyl)-1H-
indol-5-ol (7b)

1H—NMR of (400 MHz, DMSO-d,) : & 10.44 (s, 1H, NH), 9.11 (s, 1H, OH), 8.42 (s, 1H,
OH), 7.57-7.34 (m, 6H, 6xCH 489 aromatic), 7.21 (d, 1H, CH 489 aromatic), 7.14-7.03 (m, 2H,
2xCH 994 aromatic), 6.91 (d, J = 6.0 Hz, 2H, 2xCH 489 aromatic) 6.83 (t, J = 6.1 Hz, 1H, CH
U89 aromatic) 6.65-6.57 (m, 3H, 3xCH w89 aromatic), 6.51 (d, J = 82 Hz, 1H, CH ¥89
aromatic) 6.24 (s, 1H, CH 984 aromatic) 5.35 (s, 1H, CH) 3.59 (s, 3H, CH>)

lassassuesansusenau  3-((d-fluorophenyl)(1-methyl-2-phenyl-1H-indol-3-yl)methyl)-1H-
indol-5-ol (7c)

lH—NMR (400 MHz, CDCls) : & 7.83 (s, 1H, NH), 7.49-7.42-7.34 (m, 3H, 3xCH 289
aromatic), 7.38-7.30 (m, 4H, 4xCH 984 aromatic), 7.25-7.14 (m, 4H, 4xCH 284 aromatic), 6.94
(t, / = 7.5 Hz, 1H, 1xCH 94 aromatic) 6.87 (t, J = 8.7 Hz, 2H, 2xCH U84 aromatic) 6.81 (d, J
= 1.2 Hz, 1H, 1xCH w984 aromatic), 6.73 (dd, J = 8.6, 2.3 Hz, 1H, CH 484 aromatic) 6.47 (d, J
= 2.3 Hz, 1H 1xH 984 aromatic) 5.63 (s, 1H, CH) 3.63 (s, 3H, CH,)

1AT9as19v03a15UsEnaU  3-((1-methyl-2-phenyl-1H-indol-3-y)(phenyl)methyl)-1H-indole-5-
carboxylic acid (7d)
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1H—NMR (400 MHz, DMSO-d,) : 0 12.28 (brs, 1H, COOH), 11.19 (s, 1H, NH), 7.70-7.62
(brs, 2H, 2xCH 89 aromatic), 7.58-7.37 (m, 7H, 7xCH 984 aromatic), 7.29-7.08 (m, 7H, 7xCH
UD9 aromatic), 6.86 (brs, 2H, 2xCH w99 aromatic) 5.63 (s, 1H, CH) 3.59 (s, 3H, CH,)

fanssudaui 3 Msnagaugnsnisdusseulaslladulodamatsauasans Dihteteroaryl-

methanes ﬂﬁjmﬁ 4 loun 3,3"-bis(indoylmethanes a1

WaAnwIn1susulsalasaassansdunseingy dihteteroarylmethanes waveyius 1vdl

=

grsnsudaeuledladuoamelsa ARty lunuidedd 2 36¢ ddeyannuanisinululd 1
WU’jﬁmimiji 4 leun 3,3 -bis(indoyl)methanes 6e ﬁqm%‘iumsé’usﬁLaulezjﬂﬂﬁmaamaljaﬁlu
SEAUR (% Inhibition of anti-actylcholinesterase WU 73.11+0.11%) lagvinn1sdaasieians
ﬂejmﬁ 4 lgun 3,3 -bisindoyl)methanes ﬁﬁwy}muﬁ%ﬁmﬁm 17U 24 Tasaasne lewn @15 6a-
x Wagdaaseiansnguil 5 duduans 3,3 -bisindoyDmethanes adenguil 4 uslassainsiinedu
Tna 2 29 filsmilonsu S1uau 4 Tassade WWun 15 7a-d 9nduhansiidaesedls (@13 6ax
uaw @13 7a-d) lWnaaevgrdlunissudwenluiuediladuoamesa TnaSeudleusveniuay
yilu Fadueildinuiiaelsasalowoslutagtu wuildnamvaaesfuandunsisi 5 uas

6

o Q‘ v 3 [ aa a [ 3 .
N340 5 QVIﬁIUﬂ’]iE’J‘UUQLEJUVLGZIEJLLEJ"UG\ﬁIﬂﬁ‘L!L@ﬁL‘VIEJLiﬁ?JENﬁ'ﬁﬁQLﬂiﬁ%‘!ﬂ Dihteteroaryl-

methanes ﬂﬁjmﬁ 4 laun 3,3 -bis(indoyUmethanes afinf119)

Entry Structure Compounds % Inhibition of actylcholinesterase

W

(s
O%

6a 0.65+0.14
N NH
2 I O Q 6b 51.60+0.08
F
N NH
3 O O 6¢ 0.20+0.08
NO,
HN L
a g O 6e 73.11+0.11

OH
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M13519% 5 guslunisdudaeulesinedRalanduLeaineolsavosansdinsizi Dinteteroaryl-

methanes ﬂﬁju‘ﬁ 4 loun 3,3"-bis(indoylmethanes wfinnnse (se)

Entry Structure Compounds % Inhibition of actylcholinesterase

5 6d 15.98+0.16
43.06+0.83
6 6f
10.95+0.24
7 6g
8 6h 16.93+0.17
70.07+0.64
9 6i
10 6j 11.76+0.08
11 6k 1.17 + 0.54
29.76+0.37
12 6l
69.18+0.57
13 6m
14 6n 59.34+0.33
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M13519% 5 guslunisdudaeuladiuedfaladulodaalsavesa1sdatAs1g9 Dinteteroaryl-

methanes ﬂﬁju‘ﬁ 4 loun 3,3"-bis(indoylmethanes wfinnnse (se)

Entry Structure Compounds % Inhibition of actylcholinesterase
65.41+0.87
15 60
70.71+0.83
16 6p
17 6q 32.46+0.33
18 6r 32.39 +0.19
0.81+0.14
19 6s
20 6t 0.40 + 0.21
21 6u 38.82 + 0.29
22 6v 9.27 + 0.15
23 6w 36.42 + 0.06
24 6x 53.92 + 0.25
25 Galantamine 100.98
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NANIINARDILUANTIN 5 WUIAITEWATIZY diindolylmethane WUUANNNAT 6e 61 Uag
6p Hgvddudaouluiledfaladueameisaninnil 70% fe awsadusveulsdiedfalaauiea
welsalisesaz 73.1120.11, 70.07+0.64 uaz 70.71+0.83 muadu ag9lsnniugmsnisdudads

o

firntieeniten Galantamine lusuidusaludsliusulsalasasisvesarsusenau dindolyl-

[
3 Y

methane wuuldauung 7a-d Welilaashfignsdugueuledueifaladueameasalaganimmse

aglusyiudeniuiuen Galantamine Aauanslunisned 6

a < v O ¢ aa a Y] ¢ .
M1919N 6 ﬂ‘V]ﬁI‘Uﬂqiﬂ‘UﬁNL@u‘l"?jllLL@%mﬁIﬂauL@aLW@LiasﬂﬂﬂaqiaﬂLﬂﬁqg‘w Dlhteteroaryl—

methanes ﬂﬁjmﬁ 4 loun 3,3"-diindolylmethane wuulsiguunng vlinenge

Entry Structure Compounds % Inhibition of

actylcholinesterase

1 Ta 48.69 + 0.13
2 7b 11.83 £ 0.28
3 Tc 5795+ 0.26
4 7d 33.66 + 0.32
5 5-bromo-1-(3-chloropropyl)-1H-indole 73.53 £ 0.30
6 Galantamine 100.98

NaN15VAaadlumISIN 6 WuIa@19deLAsIEYt diindolylmethane wuuligusins 7a-7d

(%
LYY

grisdudaeulaiuadfaladueanalsandiiunans viadanailiasnansnguililasiasisuin

[
= a

Tngjvilenassiinluduivieuledesdiialadulalis Fadignanisdudalud iennaeuauyfignud

=

Tuuideieladansigians 5-bromo-1-(3-chloropropyl)-1H-indole @elassasiefivunaian

Usznaunie199ulaaliesstfiel wuinans 5-bromo-1-(3-chloropropyl)-1H-indole @118

(%
LYY

vdneuleliuedfaladuleawmelsalasesas73.53 = 0.30 JallAlndiAssduansngu 3,3
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dindolylmethyane 6e 6i uaz 6p (aunsadudseulvinedfaladueanesalasovay
73.1140.11, 70.07+0.64  way  70.71+0.83 aua16U) 9g19lsAnNE1S 5-bromo-1-(3-

chloropropyl)-1H-indole flvwaluanaidnniuazdaasizilaitendy
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UNN 4

ATUNANITNAADILAZUBLEUDLUL

ayunan1Innaag

Turuideilauszauanudusalunsdansigiaisusenau  diheteroarylarylmethanes

s

viiafnag o 52 Taseats Gafingy heteroatom umnensfu 5 nga léuA 1) ansngueyiius
1,1-di(5-methylfuryD-arylmethanes ~ 3a-t 91U 20 lAssasne duAs1enaindasen
Bisarylation 527314 2-methylfuran U aldehyde %flasna q neldanigifl BOTH; 10 mol%

Judsaufisenludvhazanelngduigungivies wazneldannendlelefiu 10 mol% 1du

AaLseufisen ludwhazaelngdunaaumgilvies 2) a1s bis[2-(5-ethylthienyllphenylmethane

(4) 91w 1 1As9as19a1nUfiizen bisarylation a3 2-ethylthiophene fiu benzaldehyde ngls

'
= =

anedil Bi(OTR; 10 mol% Jusssufisenludvhazaslngdunioumaiivies uazaiuld

Y 9 Y

a A

aneifileledu 10 mol% 1Juduseufisen lusvihazanslngduitgamaiivies 3) a1sngu
ayus 1,1-di(pyrrolylaryl-methanes (5a-c) 31w 3 laseaine nUisen bisarylation veq
pyrrole %30 2-ethylpyrrole iU benzaldehyde #3® 4-nitrobenzaldehyde neldan1siisl
BIOT, 10 mol% Husssufisenludnihazanslngduiigumgiiies uazneldan1izil
lolofu 2.5-10 mol% HusssufAsen Tneldindusvinazaneiigumgiives 4) ansnguousiug

Y

1,1-di(3-indolylaryl-methanes (6a-x) Faduans 1,1-bis(indolyl)methane LuUUANNIAT I7UU

'
¢ a

24 Tpsaase Fedaaseniinduluden 2 9anU)isen bisarylation 581314 indole fiu aldehyde

¥iasing 9 neldan1iefid FeCl6H,0 15 mol% lusviazals MeOH 3o CH,CN i

1%

gaumgiivies uag 5) @15 1,1-bislindolylmethane wuulsiansnng (7a-d) $1uau 4 Tasaaiia G

duAsnzianU)izennisunud indole ¥03a15698U 1,1-bis(indolylmethane wuuauung 67

indole wlialual neldanegnil FeClyr6H,0 5 mol% ludinazany toluene Nigaumngiivias
Aenu Tuuddedanunsadunsnenanseunus dineteroarylaryl-methanes NIMuATIUIY 52
laseashe laluSesazndndnaiuiunaisdegs lngldaniiznismeaesnliulssuagidiselisend
= 1 & a I a i A v o [V . N
mwmgmmzlmLﬂuwwamumaam uaﬂmﬂulmmmiwwuﬁ diheteroarylarylmethanes %
duanegilasiuau 52 lassasslu@nunieanudululalunslduseloshiuonsnuilsnalaues
Tneihansnduanziladlunasaugmslunisiudwoulwivediladueawmalsa laeUsauiisuiu
gantwauniiy FnluenldsnwidUaelsadalenesiudagiu wuit arsngu 1,1-diG-

[

methylfuryDarylmethanes  3at  37uu 20 1assads dslulassadreusznaudiens
heteroaromatic %ila furan @sfloenBiauszmemduesduszneu 2 21 grsdudueuluiuedia
Traueawmeaisalussdutosunn Tnslaseadieans 3i annsadudueulnivodfalraueamotsals
gegniiiessosay 17.40+0.16 nduiloUdsusiinues heteroatomn 99129 furan  1uns
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