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Abstract

This project is aimed to study the green synthesis of triarylmethane compounds via
Friedel-Crafts one-pot three-component reaction using acidic ionic liquid as catalyst. The result
showed that acidic ionic liquid exhibit as an efficient catalyst for the synthesis of unsymmetrical
triarylmethanes (4) under water solvent or neat conditions, employing three-component starting
commercial materials, aldehyde (1), N,N-dimetjylanline (2) and indole (3). The corresponding
major products (4) were obtained in moderate to good yields (23-75%) along with small amount

of minor products (5) and (6).
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2.1 N
youmaalessin (ionic liquids, ILs) Wwndefiegluguvesnainaumgiivies Tyanasumaininid
gamgivesnfenily  wazindgeienvesdn  (Wfiv 100 esruwalles) viselsendn “room

temperature ionic liquids (RTILs)” Taseadaussnausme 2 dw fe dwiiluuszquin (cation) Ju
Tanavesansduvsd wazdruidudszau (anion) Wuldvivansduvsduazanseliunid Asgui 2
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I\ © o [\ ©
/N@NW [PFel ,I\,é [BF,] /N@NV [NOs]
N —— {_Q_" CeH13
_Catiqn ! | _Anioo_
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Tnefsuthvesnaileseinuléifusvhazans (solvent) faufinussansan (additive) waziiss
(catalyst) Iuﬂﬁﬁ%mmﬁﬁﬁﬁﬁaﬁ WU heck reaction, still coupling reaction, click reaction,
fluorination reaction, nitration wag friedel-crafts reaction 1Jusiu Lﬁaqmﬂmaqmaﬂaaaﬁﬂﬁ@mauﬁa
fawiiannsoviiuiizeneiiinegwiussdvsamunninsldiyhazaredunidaug Wy Haudd
msazanedinngn (high solubility), luiszmenanafuloldine (non-volatile) wazannsathndusnldl
161 (recyclability) InelsgaydeUssdnsam ﬁqgﬂﬁ 3

wide liquid high thermal
range stability
‘ ' recyclable and
high solubility | 4mm (Tonic liquids ) M) | low coordination
l ‘ ability
nonvolatile nonflammable
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JUN 5 veawailesailnvila functionalized

ionic liquids U19Yn

lne functionalized ionic liquids Aifsutanldidusassufisenadl Toun SO;H-functionalized

ionic liquids [1] Heniiuszdnsnmlun1ssalfisennd (cood catalyst) ww3eude  (simple

preparation) wariiaauadiesas (high stability) annsadiluussgndldidudsdluuiisenaiisne wu

Esterification [2], Beckmann rearrangement [3], Mannich reaction [4], Friedlander reaction [5],

Michael addition [6], Fisher indole synthesis [7], multi-component reaction [8] Way Friedel-crafts

reactions [9] 1Uudiu a1nUAzedingn sesvadloseiinamnsatieifiudszansamlunisdansiz i

[

Sovazuomanineiigetu wazdiannsadindunildlndle Asgun 6

synthesis component

reaction
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M S
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Friedel- rearrangement, Rl
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wesnlnseaslsa (Ferric () chloride, FeCly) Tdlusussufisennisdaasizi triarylmethanes
Taglud 2008 Wu [10a] wazauzleivinn1sduasient triarylmethanes 910 aldehydes viugAzendu
arenes Tagldlany FeCl, 1usuisaufiisen s9ufy acetic anhydride (Ac,0) Tionmgdl 80°C l9¥enaz
voswAnAnusiaglugig 59-90% Faguil 7

Me
HO Me O
FeCls (10 mol%) Me Me
' Ac,0, 80 °C O O
R Me

R

Me
R =H, CI, NO,, Br, Me 59-90%

JUN 7 nsdaasei triarylmethanes tagld FeCls ludasesufiizen

Aol 2011 Wang wazemy [10b] lald  FeCly duduseufisenlunisdunsiesi
triarylmethanes mﬂﬂﬁv‘hﬂﬁﬁ‘%a'ﬁwdwaﬁé]’jﬂﬁu 3 wiia lown aldehydes, N,N-dialkylaniline way
indole Tuswhazae dichloroethane Migamagil 100 °C iunan 24 dalus TSesaznansnsioglutaa
18-72% faguil 8

CHO
X FeCl
5 e Oy 2=
= N CICH,CH,CI
R3 100 °C, 24 h
Rl =H, 4-Me, 4-OMe, 4-Cl, 3-OMe, 2-Cl, n-C3H, 2-C;oH-

RZ=H, 3-OMe
R3=H, Me 48-72%

JUN 8 nsdaAs1zat triarylmethanes tagld FeCls ludasesufiizen

waztileifae 1 (2016) Jaratjaroonphong wagany [10c] 6lY FeCls.6H,0 \uusauiizenlunis
duA31294 triarylmethane 91nnN1591MUfATE1511319 aldehydes, aromatic/heteroaromatic compounds
wag tert-butylcarbamate lusiivinazane toluene %38 dichloroethane Nigaumniivios AagUN 9

3
NH,Boc NHBoc AR—H Ar
A'—CHO + ArP—H N )
FeCl3.6H,0 (5 mol%) Art” TAr? FeCl3.6H,0 (10 mol%) ArtAr
toluene or DCE, air, 1t, 2 h toluene or DCE, air, rt, 4 h 44-96%

gﬂﬁ 9 N15dAATIEN triarylmethanes tagld FeCls.6H,0 1uiusaufjisen



1ud 2010 Unaleroglu [11] wagmue lavinnsduasigyt triarylmethanes 290 N-tosyl imine ¥

U381 heteroaromatics (furans, thiophene waz pyrrole) lngldlany Cu(OTH), WWussesufizen
Mgaungiivies losevazvondndnoglugig 30-87% fagun 10

Ts
)Nl\/ F\10%Cu©T; XA
+ ————————————eeeeeeeeeeeeee
R™ H X rt R \X
- 0,
KeNH O s (3087%) /

Y Yy N @—; B
¢ N R N\ @
H

Ul 10 M3daA51e94 triarylmethanes Tagld Cu(OTh, iudnise §izen

Tull 2014 Ganesan uwazAmdy [12a] leviinsdumsient  triarylmethanes nUjisensening
aldehydes, N,N-dialkylaniline waz indole Tneldlans znCl, Wudissuiisen ludwhazais toluene
figaumndl 100°C I#¥evazvesuanfnmioglutis 51-76% wagsolull 2015 [12b] lévinsdauase
triarylmethanes feufisendeatu Taglilave cucl, Wususefiten Tuswhazats MeCN 4
gaumgdl 100°C I¢¥evazvamansiamioglutag 72-85% fegud 11

Rl =H, 4-Cl, 2-Cl, 4-OMe
R2 = Me, Et

a) anhyd. ZnCl,, Toluene, 100 °C, 5 h --> 51-76%
b) CuCl,.2H,0, MeCN, 100 °C, 3-12 h --> 72-85%

gil‘i‘?'i 11 M3daAsIe9 triarylmethanes Tagld ZnCl, w30 CuCl,.2H,0 Wudusaufiise

Tul 2006 Kobayashi [13] 1ol CoHiCOOH luansdaunsnzyiansngy 3-substituted indole 371
UfATe13¥1319 aldehydes, primary amine wag indole Tuiwhagaieu Ngaumgiivied Asgun 12



. B2
RlJ\H Ar—NH, HN R S
+ CgH19COOH
—_— 1 R
A H,0 R |
N : N,

gﬂ‘ffi 11 n15daATIe9t 3-substituted indolelpald CoH;COOH 1UumLssufAzen




UN? 3 NITNAABILAZNANITNAGDY

3.1 d@15.Ad

[EN

0 00 N o bR W

W W WL LWRNRNNDNDDNDRNNRNDNNDNR 2 2 2 e s e e e
A O NN P O 0V O N o0l AR WN P O OV W ~NO 0 A W N — O

1,4-Butanesultone
1-Methylimidazole
2,4-Dichlorobenzaldehyde
2-Pyridinecarboxaldehyde
4-Bromobenzaldehyde
4-Methoxyaldehyde
4-Nitrobenzaldehyde
Acetonitritle (CH5CN)
Benzaldehyde

Bis(trifluoromethanesulfonyl)imide [NH(CF;SO,),]

. Bromododecane

Butyraldehyde
Chloroform-D;

Cyanuric chloride
Dichloromethane (CH,Cl,)
Dowex hydrogen form
Ethyl acetate

Furan

Furfural

. Hexane

. Imidazole

. Indole

. Indole-3-carbaldehyde

. m-Anisidine

. Methanol

. N,N-Dimethylaniline

. Potassium carbonate

. Pyrrole

. Pyrrole-2-carboxaldehyde

Silica gel VUM 60 PF,sq

. Sodium hydrogen carbonate (NaHCO5)

Sodium sulfate anhydrous

. Toluene

Trifluoromethansulfonic acid (CF;SO5H)
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UIEN Merck

UIEN SIGMA-ALDRICH
UTEN Merck

USEN Merck

UTEN Merck

UTEN Merck

USEN Merck

UTEN Merck

UTEN Merck

UIEm TC|

UTEN Merck

UTEN Merck

UIEN Merck

UIEN SIGMA-ALDRICH
US¥M Commercial grade
UM SIGMA-ALDRICH
UM Labscan

UTEN Merck

UTEN Merck

USEN RCI Labscan
U3 SIGMA-ALDRICH
UIWN SIGMA-ALDRICH
UTEN Merck

UTEN Merck
Analytical reagent grade
USE¥N POCH

U SIGMA-ALDRICH
UTEN Merck

U SIGMA-ALDRICH
UTEN Merck

UT¥N APS Finechem
UIEN Fisher

UTEN Merck

UTEN Merck



3.2 \n3asile wazgunsal

eestmeton ¢ sumia 88 METTLED TOLEDO $u AB204-S

1384 Vacuum pump U3E EDWARDS

\A384 Rotary evaporator U3¥W Buchi

1309 Nuclear Magnetic Resonance (NMR) U3%% BRUKER 34 AVANC 400
w3esviAdy (cooling)

Column YWIAEUHIUANENATN 2.0 LBURIIAT

YIANUNEN VUIA 10, 25, 50 kag 100 mL (round bottom flask)
VINFUBLY YUA 125, 250 wag 500 mL (erlenmeyer flask)
NAANAABIVUINNATN (test tube)

W o N o bR W e

._\
©

Condenser

—_
—_

. 1A384 magnetic stirrer U3&M Frame U M21/1
Micropipettes ¥um 200 pL wae 5.0 mL
PIALAVENT (vial)

I == =N
Eal

Thin layer chromatography (TLC) plastic sheet 20x20 cm

H
o

Spatula

._\
o

Dropper

3.3 nsdaasizvivewvailesatinuiinnsa (synthesis of acidic ionic liquids)

= 0. .0 =\
N N O\\O CH,CN ~N /N\/\/\ ©
% - = A
S 80°C, 24 h ® SO3
1-methylimidazole  1,4-butanesultone Zwitterion-1 (98%)
HX
o anh. toluene
X =HSOy,; 87% /\ x 80°C, 24 h
= CF3SO0g3; 99% N__N
CNCF80,),80% &> > soH
[bsmim][X]

guﬁ 12 wanen1sdaasizviveavailesadnuiinnsa [bsmim][CF;SOs], [bsmim][HSO,] way

[bsmim][N(CF5S0O,),]

(%

Juiindy Fiansaadu 1-methylimidazole Usua: 5.00 3 (0.0609 ) asluvanfunauvuig

50 fadans azaua1snigsivinazaty CHLCN USunad 25.0 addns aumieni1sida 1,4-butanesultone
U3unas 7.00 NS (0.0680 lua) Migaungivies uazyinnsaulizenigamgil 80 ssenwadua 1ua 2

fia 3 Falue dunawiuveandadrniiiniudntes  vinnsauujisesieigamgll 80 esrwaded u
wan 24 e ldvewddvninniy Juluasudadue  (Zwitterion-1) ldazansludinazane

11



CH,CN - anifuddeslsiuffenduiioumnivies vinnisnsesensudnsnsidildfenssaiunsos wavdns
fuansavane ethylacetate dnunseq axUszana 3 fadans Werdnansneduiivdessn wazudesly
asuanAnsiuianeldigumgiivies thanswandasifiuisussgadlurinfivans (via) uazthlusilsiuis
Snadameedes vacuum pump  Fawdnuesansnansas  uavinnsAniesarvetansHansns
(Zwitterion-1) 7il¢ (13.32 n3u Ay 98 Wesidus)

Suitans 9 Zwitterion-1 AlFannsmaasstuiivisUszana 1.00 n3u aduviatunauauin 25
fladans antufvansazang anhydrous toluene Usunad 3.00 fadans MuAmEAISANATa (HX)
U3unas 1w (1 equivalent) mﬂﬁ?uﬁﬁmiﬂuﬂﬁﬁ%mﬁqmmﬁ 80 psrnwaidea 1unan 24 Falug idle
Auanuffseardunadivtesudednn (Zwitterion-1) azanevun wavaswauLeneenduassiu Udes
Wwaamlﬁﬁ%mﬁuﬁammﬁﬁm wazshnsgetuatazats toluene 0an mﬂﬁ?uaﬁmmsmaué’aaﬁaﬁw
avany ethyl acetate @11ATI9) a“‘di”mm 10 {adans (ﬁ’]iﬂdamﬂm%ﬁ]”LLEJﬂGU‘L!ﬂUG]’WHa“’aWEJ ethyl
acetate) mmﬁu ethyl acetate m LavazanuaISNAn ST leesaIsazats methanol ‘Uiiﬁ]aﬂumm

Auans  (vial)  anduhlusemesihazaiseandiewries rotary evaporator viliiusiadaeiaies
vacuum pump N Uesansuaniuet lbsmimlix] l9 wagyinnsAnsesarvesasNans

0. 0O /7
=\ 2 CH4CN
_N__N + b e >3 > CiaHos N N W\%O
CioHps™ 80°C, 24 h 12M25 3
1-dodecylimidazole 1,4-butanesultone Zwitterion-2

HN(CF3S0,),
o anh. toluene
N I N N(CFgSOZ)z 80 C, 24 h
CiaHas” \&CB\/\/\SOsH

[bsdodecim][N(CF3S05),]

g'ﬂﬁ 13 Msdaasigrveavailessiingdnnsa [bsdodecim]N(CF5SO,),]

TuNy 9815699 1-dodecylimidazole UTuna 0.9405 nsu (3.98 fadlua) asluvaniunas
IR 50 NadAnT avalpascesvinazaty CH,CN Usunar 4.0 fadans enueienisey 1,4-
butanesultone U3uay 448 lulasins (4.38 fiadlua) Mgaumqiivies wavvinisauufisenfioamail 80
=~ & = o o < 2 o Aa X a v o aaa |
perealiea Wunal 2 9 3 $lus duneiuvesddrimiietudntsy  vimsaulisensen
a ~ < & o 2 o = a o ¢ . . A
gaunil 80 srwalda Wulan 24 $3lue leveudedvnuniu Jaduansudndoe (Zwitterion-2) 9
liavaneludvihazats CH,ON e ndulaesliufisendunioamvgiivies vinisnsesanswdndasiilane
NIZATUNTDN LazaNMEaITazaly ethylacetate @mAsIe axUszunu 3 Jaddns LiaA19nanTRIAUT
wideoen  wavUasslianswdndasiuwiinieldoaumngiivies  Wiansudadueiiuisussyaslurinivans
(vial) uaztlUvilniadnaTaneLA3ed vacuum pump G9UinUesansuaniue Lazinn1shniovas
VoIENTWANS I (Zwitterion-2) A9 (1.61 n5u Andu 99 Wesidus)
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fufians 41 zwitterion-2 flFannsmanestuiinds aszana 200 mg adluvaaavinugizen
Wudvazane toluene 200 Lulasans mﬂﬁ?uﬁaﬂs]lﬁuﬂiﬂ HN(CF5S0,), U3unad (1 11, 140 Hadniw)
fagangluivihazats toluene 200 lulasans Iuazwnﬁﬁi"'] mﬂﬁ?w‘hmiﬂuﬂﬁﬁ%mﬁammﬁ 80 @A
wadea Wunan 24 $3la Lmaauamﬂgmmmmmmmuamﬂmaqmmamaaﬂauaﬂwmmum Uaoe
Mmamﬂgﬂsmwwammwaq wazyiNAIITINETUANTAZANY  toluene  PBNAIBLATOY  rotary
evaporator avanuansnandasinldieasazate methanol laasvaniivans (vial) nnuilssmesh
Fazatueendel3es rotary evaporator vliuiiesiewe3es vacuum pump lianswansaeidu
losdodecimIIN(CF550,),] Fatiminuasansuansasiila uazyinisAndesazyosansuanioe

P P N NG N N /=\ 2% o
Br ' HN_N NN
. N CHSCN, 1t, 24 h CioHps ™
romododecane imidazole

1-dodecylimidazole

HN(CF3S0,),
— o anh. toluene
80°C, 24 h
N.__NH N(CF3SO,), '
CiHas™ Y@

[dodecim][N(CF3S0,),]

g‘uﬁ 14 mMsdaasrsiveavailesafinuiinnse [dodecim]N(CF5SO,),]

[
U

fuiinils Feansiedu bromododecane Usinas 10.00 n$u (0.0401 Twa) asluranfunauvua
50 faaans avareanseefivinazaty CH,CN Usuies 20.0 §8dans mualen1siiy imidazole Usuna
2.73 §aansy (1:1 W, 0.0401 ua) way K,CO; 16.6 n5U (3 w1, 0.1201 1ua) ﬁqmwgﬁﬁm WagyIINIg
auUfAzenfigaumgiivieadunan 24 $alus MNusINEDT CHON senifistUsvana 50 fadans uay
anneny ethylacetate mm%’jae] axUszanas 50 fadans TIutu etylacetate uavsEmaledITATaTe
panld crude product Huveauaila ﬁﬂﬁu‘%qm‘éﬁammﬁﬂ column chromatography $85gUU
100% Hexane lawdnsiasidu 1-dodecylimidazole thanswindawiussgasluinivans (vial) uaz
Bl liuidnadeeies vacuum pump Seimihvesansnandae wasinsandosazvesans
NANAUITL (3.7714 n3u, 40 Wasiius)

Suitaey Feansnadiu 1-dodecylimidazole Mldanmsnmassduiinis tndszanas 200 me ashu
waeniiufAsen usvinazans toluene 200 lulasédns mﬂﬁ?uﬁam WNNSA HN(CF5S0,), Usunes (1
Wi, 225 Tiadn$u) Aavanelusvhazans toluene 200 lulasans lugamaiisn Aulfisenfigaumnd 80
ssmwadea Wunan 24 dlug Luaauamﬂgmmmmmmmumnﬂumaqmmamaaﬂamaﬂwmmum
Uaaa‘lwaamﬂgmmLaumammmaq warviNITITINETUEAITaraY  toluene BONAIBLATEY  rotary
evaporator avmamﬁmamﬂmmﬂmmaawsavma methanol ldaswamfiuans (vial) antuihlussmed
Mavateendiended rotary - evaporator liusiadeinios vacuum pump Idansuansuriiy
[dodecim]IN(CF,S0,),] Fetumiinvesesuansaiils wavvinisfndosavvesansuansdas

13



3.4 wan1sdaasIzivaamailenaiin (synthesis of acidic ionic liquids)
PNNTURDUNTALATIZRIIMaleeellnulinnsn (acidic ionic liquids) MSVUA 4 WUU UAAIHNANTT

PNAADIAIIUAITIN 1

A19199 1 LARSNANISAILATIZIA acidic ionic liquids

N.__NH N(CF3SOy),
CiHis Y@

[dodecim][N(CF3SO2)7]

Bis(trifluoromethylsulfonyl)imide;
[dodecim][N(CF5S0,),]

Entry Structure Name; Abbreviation Yield (%)
1 =\ Hso, 1-Butylsulfonic-3-methylimidazolium 87
AN~ 50, hydrogen sulfate; [bsmim][HSO4]
[bsmim][HSO ]
2 /=\ CE;s0; 1-Butylsulfonic-3-methylimidazolium 99
/NV(%\/\/\S%H trifluoromethanesulfonate;
[bsmim][CF3SO3] [bsmim][CF550s]
3 =\ @N(CF3SOZ)2 1-Butylsulfonic-3-methylimidazolium 80
/NV%\/\/\SQH bls(tr{ﬂuoromethylsuLfonyt)lm|de;
[osmim][N(CF3S05),] [osmim][ N(CF350,),
4 //\ ﬁ(Cngoz)z 1-Butylsulfonic-3-dodecylimidazolium 73
CiHoe™ N \7%\/\/\503H bis(trifluoromethylsulfonyl)imide;
[bsdodecim][N(CF5SO0,),] [osdodecim]IN(CF550,);]
5 //\ O 3-dodecylimidazolium 92

3.5 NSUIEN1IZINUNZEY

v anmziitindudavinazane

Me. _Me

(0] N
ISR,
+ +
N
O,.N N
la 2 3

catalyst

H,0, Time, Temp.

JUN 15 nsvmanmgimugauiildundudviazais

14




Fia1sHadu a-nitrobenzaldehyde (1a) 0.1511 ndu (1.00 fiadlua) ldluvanAunaufidifise
Ufiseussed At 3.00 fladans aude N,N-dimethylaniline (2) 255 lulasdns (2.00 dadlua)
uazifinans indole (3) 0.1172 n3u (1.00 fadlua) shnseuuFAsenfigumaiinazaiidmun vdn
?Tuqmﬂﬁﬁ%m yhmsataansuandasisg BtOAC 3 A ay 10 faddns Tandu EtOAC Tszmedasi
avanueandiEAsed rotary evaporator l# crude product Gudthaadiu th crude product filgfui
1ﬁu%qm§é’aaLwﬂﬁﬂ column chromatography MgsyuUivitazans 20 Wesidus EtOAC lu Hexane
Ianswansneifisainis (4) thlumuamiosarvesansuansoi

v’ anziiusidaindavinazane

H N\ catalyst
+ + >
O,N N Neat, Time, Temp.

la 2 3

JUN 16 Mamanmsimunzauilalldiihavae

Faanseadu d-nitrobenzaldehyde (1a) 0.1511 n$u (1.00 fadlua) ldluwandunavwuin 25
aaans ﬁﬁé]’alﬁ'wgﬁ%mmifqaq auee N N-dimethylaniline (2) 255 lulasans (2.00 Jadlua) uag
\Auas indole (3) 0.1172 n3u (1.00 fadlua) mﬂﬁ?uﬁwmsﬂuﬂﬁﬁ%mﬁqmmﬁLLammﬁﬁmuﬂ
n¥nAuaaURR3e Yinsatnansudndasidie EtOAC 3 a%iq ag 10 fadlns saudu EtOAC sy
Fvhavaneeende 13es rotary evaporator I crude product Gudthaadu ¥ crude product 7
iﬁmv‘iﬂﬁﬁqwéﬁwmaﬁﬂ column chromatography feszuufvinazats 20 Wesdud EtOAc Tu
Hexane léfanswanstausifidesnts (4) Wluduiammiosazvemaniue uashigationdnuaisemeia
NMR-spectroscopy

NnNIBvmameaesinedu thuvihnmsmannefivnzay Tnsnmsuiuasuliinauazsiinyes
a5l gaungll uaziianlunisviuAsen wedl

1. USulsinamesiiviazanethiivanyay Tnadenldihi 1.00, 3.00 fiaddns Weuiuan1azd
Lilddviazane

2. yhmamfusaiitevinveavanlessinudinnsafvnzay
yhmamuinasssuiitewieveavadleseinuiansaivanzan  lagldveuvadlessi
nwilansedl 10, 20 uaz 50 mol%
ymsSnTdLveRadu (1) (2) way (3) fmnyau
yhmsmsaseunaltlunmsiwiisedimnzay ielildasndnsaeiluiinugian

q

LALAANISINANARN UNT9LAL
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3.6 NANISUIENIITNNUZEY
3.6.1 Tuaniaziltundusinazane

SUAUNINARDLNBYINNNSIEN AL zauludvinazanetn

YINANTATIVFIDUA LTI

Ufnsen 3 wla laun [bsmimlHSO,], [bsmiml(CFsSO5] waz cyanuric chloride @nuuviinsusu
USU10U09E5AIAY QUUNT UaglIaIWIENZaN ANNEIAY ALAAINAN1TNARIlUATTIN 2

M13199 2 UARIHAYDIFTIUYTTEN USHaUasAtiU Navesaamnll uaghaimzalunsdunsen

a A a
asusenaulasiedatiinu

NO, NO,
-y Yo olo
H Ve O | a4 N
catalyst N NH HN
O,N + > I\I/Ie 4a 5a
la 2 H20, Temp. (major) NO, (minor)
D
; ®
3 H
O 6a O
(minor)
Entry Catalyst Substrate (mmo) Temp. | Time (h) Yield (%)° Total yield
o) (%)
la 2 3 4a 5a 6a

1 [bsmim][HSO,] 1.0 1.0 1.0 100 24.0 38 18 10 66
2 [bsmim][CF;50;] 1.0 1.0 1.0 100 24.0 36 28 10 74
3 Cyanuric chloride 1.0 1.0 1.0 100 24.0 12 43 10 65
4 [bsmim][CF5SOs] 1.5 1.0 1.0 100 24.0 42 27 10 79
5 [bsmim][CF5SOs] 1.2 1.2 1.0 100 24.0 53 24 10 87
6 [bsmim][CF5SOs] 1.0 1.5 1.5 100 24.0 61 38 - 99
7 [bsmim][CF5SOs] 1.0 1.5 1.5 80 24.0 19 59 10 88
8 [bsmim][CF5SOs] 1.0 1.5 1.5 120 24.0 31 43 10 84
9 [bsmim][CF5SOs] 1.0 1.5 1.5 120 12.0 28 42 10 80
10 [bsmim][CF5SOs] 1.0 1.5 1.5 100 12.0/12.0 | 60 25 10 95
11° [bsmim][CF5SOs] 1.0 1.5 1.0 RT/100 | 0.5/12.0 62 28 10 100
12° [bsmim][CF5SOs] 1.0 1.5 1.0 RT/100 | 0.5/12.0 72 9 10 91

“The reactions were performed with 20 mol% of catalyst in 3.0 mL H,0;

condition.
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MNTT 2 vhasmansivangan TaeEuanmemdassufitendivangay andas
UHA3e1 3 wla loun [bsmimiH,SO4], [bsmiml[CF,S0s] wag cyanuric chloride Tusyuudisitdusai
azany wuildSovazuesansudnfamindniidoms (4a) fauandly entries 1-3 lnodussufAzenidu
goawalesainia 2 wda ldud [TosmimlHSO,] uaz [osmimllCF,S0s] Iv¥euazuosansnanioei
Tndfsstu wargeniwassufiisowin cyanuric chloride Tnglunuideillfidendusauffsevin
[bsmim][CF5SO5] L‘fiaqmﬂlﬁ%faaazmaqaﬁsmamﬁmeﬁimﬁqmdw (64%, entry 2)

mﬂﬁ?uﬁwﬁ’al,i'wﬁﬁ%m losmimIICF;505] 1vinmsUsudSunamesansmedulimnzeay Tngusu
USinauvedansnaduis 3 viln Ao 4-nitrobenzaldehyde (1a), N,N-dimethylaniline (2) wag indole (3)
yhufienfiguvndl 100 esmuwadea Wuna 20 dale wuiwdlevhmsfiuvinanes  4-
nitrobenzaldehyde (1a) @1 1.0 fiaalua Wu 1.5 Jadlua aglisesavvesansnansiueivdn (da)
Muaudnien (42%, entry 4) wiiievmsifiuySuname i d-nitrobenzaldehyde (1a) wag N,N-
dimethylaniline (2) 910 1 fiadlua \u 1.2 fadlua axlifosasvesansnandusivan (da) gstu (53%,
entry 5) §3A1931UsH104v84 d-nitrobenzaldehyde (1a) *1'71':mﬂsﬁuwiajﬁwaﬁaﬂmﬁmﬂﬁﬁ%m weUTuN
299 N,N-dimethylaniline (2) ﬁuwn%u%ﬁasw‘fﬂﬁﬁmﬂﬁﬁ%mﬁ%u waziievhnsfiuUSnavea N,N-
dimethylaniline (2) uay indole (3) 910 1 fadlua Wu 1.5 fadlua axvhlilasevazvesansnansiueg
nan (4a) Qasﬁu (61%, entry 6) FaUTunamesEnsiduiinzaude 1.0:1.5:1.5 faalua vos aldehydes
(1a), N,N-dimethylaniline (2) waz indole (3) A uaIAU

a

PNTUIINIRTIREeUUATengamall 80 wag 120 edrmwalled Weuiu 100 asrwalgys
lnguanaanismeaedly entry 7 uag 8 audiu wuinllevihnsangumaiviselingamgil agvinlvle
Sovavvosansndniaeindensanas Alugamgl 100 eswmwadea Julusamaliivuizausonis

NnUAseTIgn

wazlonsvaeunaminzanlun1sUisen sendne 24 Falus A 12 9alus (Wisudigudn
120 “C) wunliSevazvesansuindoeiliuanaaiu (entry 8 uaz 9) TanninUjizeninauysaifivaan
12 42134 (entry 9)

deldpaumpiuarnanfivnzauuds  Inhmsddudulumaiuasdisi Tasvhuiasendy
WUU sequent one-pot two- step reaction (entries 10-12) 5¥#114 4-nitrobenzaldehyde (la) ey
N,N-dimethylaniline (2) ﬂauiwuumammmmmm 100 ssrneadua \unar 12 il 9ndudu
indole (3) uwéAulfiFededn 12 9alus Ngamgll 100 ssmuwaldoa wuinldiesazvesansnansiosi
TndlAssiuiunsifisenduluu one-pot (entry 10 wisuiu entry 6) ndntuaananludiunsn
wide 0.5 dalus uagiufiSeniiguugiivos uazanUiuinmes indole (3) widle 1.0 fadlua uazi
Wde 1.0 faddns wuiiliSevazvasanswandusiildasiu (entry 11) Fahannesfinaranudulaeyi
Tuanmefilsifhiduivihazats (heat condition) wuiili¥esazvesansuaninmifigetu (72%, entry
12) uarlfiduannefimnzauianfiaz@nwidely
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3.6.2 luaniziusiAaInaIvinazans

nasnileanneimanzan luanenlildmyinazats 15197 2 Tu entry 12) 91nuu
yinsusuilasunalutunaunsn #59aeuialazUsunnuesiisauiien uwanmani1snaasdby

ANS519% 3

a [ 4 a a Ay 19 Yo o a
13199 3 LL’d(ﬂ\‘iNaﬂWiﬁQLﬂi?%ﬁﬁ’]iﬂi%ﬂ@ﬂlﬁﬂ@ﬁamLVIUIUﬁﬂ’]’JSVthI%G]’WI’]aBﬁ’]EJ

Me. _Me
N
H
catalyst
O5N :
1a 2 Neat, Time, Temp (major) NO, (mlnor)
A\
; ®
3 H
6a
(minor)
Entry Catalyst Substrate Temp. Time (h) Yield (%)” Total yield
(mmo) Co (%)
la 2 3 da 5a 6a

1 [bsmim][CF,S0,] 1.0 | 1.5 | 1.0 RT/100 0.5/12.0 72 9 10 91
2 [bsmim][CF,S0,] 1.0 | 1.5 | 1.0 RT/100 2.0/12.0 69 7 10 86
3 [bsmim][CF,S0,] 1.0 | 20 | 1.0 RT/100 2.0/12.0 75 8 15 98
4 [bsmim][CF,S0,] 1.0 | 20 | 15 RT/100 2.0/12.0 74 12 10 96
5 [bsmim][CF,S0,] 1.0 | 25 | 15 60/100 2.0/12.0 71 15 - 86
6 [bsmim][CF5SOs] 1.0 | 20 | 1.0 100 12.0 75 8 15 98
7 [bsmim]IN(CF5SO,),] | 1.0 | 20 | 1.0 100 12.0 75 10 93
8° [bsmim][CF5SOs] 1.0 | 20 | 1.0 100 6.0 67 13 11 91
9° [bsmim][N(CF,SO,),] | 1.0 | 2.0 | 1.0 100 6.0 73 12 15 100
10° [bsmim]IN(CF,SO,),] | 1.0 | 20 | 1.0 100 12.0 73 11 15 99
11° [bosmim][N(CF;SO,),] | 1.0 | 20 | 1.0 100 6.0 29 24 - 53

“The reactions were performed with 20 mol% of catalyst under neat condition;

catalyst; ’5 mol% of catalyst.

“Isolated yield;

10 mol% of

NAINNNSNARDILUAIT199 3 WiavinisuSuasuiarludunaunsnain 0.5 1w 2 47Tug wun

ISogazvpsansnandugvian (da) Luana19anaiy (69%, entry 2) 31ntuinIsiiinUsunuaes NN-
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dimethylaniline (2) 31n 1.5 fadlua 1w 2.0 Jadlua nuivihlisevazvesansnaniueivdn (4a)
Mutudniey (75%, entry 3) waziilovhnsiinusunames indole (3) 970 1.0 fadlua WJu 1.5 fad
T Tovazusansuandasivdn (4a) laiuansnsiniiu (74%, entry 4) wagnannmsifiugumniaeiu
910 RT 1{u 60 °C Tuduneuusn wuilisesasvesanswandusivdn (da) filidsuntas (71%, entry
5 uandefifeusunmnaesiuiumeudeufiouiunaeaesuy 2 duneu  wuiiliesazves
NARNAUNVANALLAN (75%, entry 6 BUAU entry 3)

Mndughnsnaesldinnsinedusiufitoeinlmiideusinueuoulesauuulmi 7
fauunsausstu 18u [bsmim]IN(CF,S0,),] wuitliiesavuamandamivgn (da) Audy (75%,
entry 7) wililevnmsanauiinaumesiusswfitendu 10 wawedidud uarannanlumsvihuizenaaiu
6 s wudr  [bsmimlINCF,50,),)  liSesavvewmdnsniivén  (4a) ﬁﬁﬂdwé’uéqﬂﬁﬁ%m%ﬁm
[bsmim][CF5S05] 1o  [bsmim]IN(CF;S0,),] Tinandmeindn (d4a) windu 73% (entry 9) du
losmim][CF;50,] Tuansausiman (4a) Wies 67% (entry 8) antuvhnmsiiinnandu 12 dlus lunsdl
YoIRLsUATeHA [bsmim]IN(CF5SO,),] nuilisaeasuaandniaueivan (4a) [bsmim]IN(CF5SO,),]
ALAL (73%, entry 10) LLasLﬁ'av‘l’wmsamﬂ%mmmaaﬁuéa [bsmim]IN(CF5S0,),] thdaLies 5 lua
Wosldus wuirSesazvemanienan (da) anaunderiias 29% (entry 11) ﬁﬂﬁ?u;ﬁ%aﬁmﬁamjﬁmm
FussUFAzenTu [bsmimlIN(CF;50,),) Usana 10 Tuaiedidud vinufisendunm 6 dalus gumgd
100 sarwaLded (entry 9) uvinsmannefinzaniuiy linansvnassdmised 4

MANaNsAaadluAI e 4 vhnsuSuuSinamesansasdulinzay TnevinnsusulSuna
VDIENTHITY N,N-dimethylaniline (2) 1u 1.5 fadlua way 2.5 Jadlua ﬁwﬂ;’jﬁ%mﬁqmmﬁ 100 896"
wadea 1Wuna 6 Hlus wuindl 1.5 fadlualisesavvesansnansaeingn (d4a) anas (65%, entry 1)
dwdl 2.5 NadlualiSevazvasansnansuvan (4a) luuandnsann 2.0 fiadlua (73%, entry 2) T
FnsiinU3una indole (3) 99 1.0 fadlua Wu 1.5 way 2.0 fadlua wuiilisevasvosasuandus
7an (4a) anas oy 1.5 Tadluaved indole (3) Tnanseiudn (4a) wirdu 70 Wesidud dwu 2.0 a8
Tuaves indole (3) TinAnsiaueingn (4a) Wiy 66 Wesidus FamamsfintSuiawes indole (3) 7
wniiunesziliAnuffseldasuandasiseat bisindole (5a) Alsifosnisinniiy Feiuuinaves
ansmaduiimnzauie 1:2:1 fadlua 84 aldehyde, N,N-dimethylaniline waz indole maddu

mﬂﬁ?uﬁwmsmmﬁauﬂﬁﬁ%mﬁqmmﬁ 80 Uay 120 eyrwalgya Wguiu 100 sermivalfes
Tnonuindleifigumgiidu 120 ssnwailoa axvinliievasvosansnandusivan (da) anas maindy
anmgfienmnsovhliansdii waevie wdedusideanm luasiimsangamnfondu 80 o
waldua TWisesazvasmsnandusivan (da) inldliunnsstufuujizenildgamad 100 ssmiwaldea
Jadongumgdl 80 esrmiwaiea ugamgiiivanzausensiinu §isesely

gavnevinInsIvaeurtinuedusesufiseniuseneumenanloosuuansniu  lnvliveuloosy
Wuwlla [N(CF,50,),] witlouiu tawn [dodecim]IN(CF5S0,),] wag [bsdodecim]N(CF;50,),] NuIfLse

(%
Y

Ufisemsaesviinlvisosazvomandmaivan (da) andtdissfizensila [bsmim]INICF,SO,),] fatiu
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PN

AIdeFaden [bsmim]IN(CF;50,),] Wudissfisenmunzauigadmiunmsduasiziasoyiuslasie

Y
a o ¢ o

Sathnu Tnevinufisenvsinasusaunier 10 wawesidud figamgl 80 esrwalded (Juan 6
Tl (entry 6)

a [ 3 a a Ay 9 Yo o a
M990 4 LL’d(ﬂ\‘iNaﬂ’]i’d\‘iLﬂi?%%ﬁ’ﬁﬂi%ﬂ@UlﬁiL@iaﬂJLV]Uiu&ﬂ’]’)%VllMI%WWI’]ﬂ%ﬁ’]EJ

NO,
C
o) H Me~ M
HN . NH

catalyst

2 Neat, Time, Temp

la (ma;or) NO, (minor)
oy
; (

3 H
O 6a O
(minor)
Entry Catalyst Substrate Temp. Time (h) Yield (%)” Total yield
(mmo) Co (%)
la 2 3 4a 5a 6a

1 [bsmim]IN(CF;SO,),] 1.0 1.5 1.0 100 6.0 65 11 13 89
2 [bsmim]IN(CF;SO,),] 1.0 | 25 1.0 100 6.0 73 10 13 96
3 [bsmim]IN(CF;SO,),] 1.0 | 20 1.5 100 6.0 70 16 6 92
4 [bsmim]IN(CF;SO,),] 1.0 | 20 | 20 100 6.0 66 33 - 100
5 [bsmim]IN(CF;SO,),] 1.0 | 20 1.0 120 6.0 67 14 13 94
6 [bsmim][N(CF,SO,),] | 1.0 | 20 | 1.0 80 6.0 74 10 13 97
7 [bsdodecim][N(CF3SO2),] | 1.0 | 2.0 1.0 80 6.0 72 10 10 92
8 [dodecim][N(CF3S0,),] 1.0 | 20 1.0 80 6.0 65 12 16 93

“The reactions were performed with 10 mol% of catalyst under neat condition; "Isolated yield.

3.7 NANISANENANRUTUABUNMSHUETSHIRY

mﬂmsﬁﬂmﬁwéﬁ’umim%ammiﬁgqéfu ﬁauﬁmmaiummﬁ 5 Tngvmsnnaosssdl

3.7.1 ﬂgmmwm (entry 1) F18589BY d-nitrobenzaldehyde (1a) (1.00 faalua) ldluvan
ﬂuﬂawumwwgﬂimusmaa Huth 3 fadans mude indole (3)(1.00 Jadlua) ﬂuﬂgﬂﬁmw
qmmm 100 asAwwawdea Wuan 12 mim wagtiy N,N-dimethylaniline (2) (2.00 aalua) wagyin
msﬂuﬂﬁﬁ%mxﬁiaﬁqmmﬁ 100 periwadoa Wuna 12 Halug
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'
aaa )

372 UjATendiaes (entry 2) §9a15A6iu d-nitrobenzaldehyde (1a) (1.00 fadlua) ldluwan
AuNaUNEANTIUGNTeWTIReY Wl 3 Haddns a1ueieg NN-dimethylaniline (2) (2.00 fadlua) ¥

nsAuUfAse gl 100 esrwadoa Wuan 12 43l 91ntuinans indole (3) (1.00 Tadlua)
AuUfseNaamall 100 esrwaidea Wuian 12 4alus

A151991 5 LansnadfuTunaunsiiinalslunisdunszrasusznaulasesaiing’

NO, NO,
o Me\N,Me O c O
74 N
y | (T I
[bsmim][CF3SO4] Me-~ NH HN NH
> | 4a 5a
O2N + H,0, 100 °C, 24 h Me , .
la 2 (major) NO, (minor)
@E\> sequence.
; ®
3 H
Me\N O O N,Me
| 6a |
Me Me
(minor)
Yield (%) Total
Entry Sequene
4a 5a 6a (%)
1 1. sl indole (3) uag stier figaumaiivies 1Hunan 12 3 65 - 68
ST
2. MnUUAL N,N-dimethylaniline (2) uag stier faf
gamgdl 100 °C Juan 12 Halug
2 1. Wi N,N-dimethylaniline (2) uag stier figaumgil 60 25 - 85
100 °C 1Jurian 12 Halus
2. 971U WY indole (3) waw stier seafigaumnill 100 °C
Wunan 12 Tlus
* The reaction was performed with 20 mol% of catalyst at 100 °C for 24 hours

1INNINAFBINABIUATET wuIUAseInsiinans indole  (3) nouaslviieuazvotans

AN NAINT (4a) ANTIUHATEMTNSEY NN-dimethylaniline (2) nau Iagn1sidy indole (3)
1 o Y a .. < a [ s (% = A al a [ a

fow i lifia bisindole (5a) (urAninmnEn (65%) FerATAUETETEs LEBRINUAIRINAY
N,N-dimethylaniline (2) auinidundnsdueingn (4a) laenn lnaifiniiies 3% (JUN 17a) drunisids
N,N-dimethylaniline (2) fouuazmINMENITHY indole (3) (JUN 17b) agvilvilandnsiadinisenis
(4a) Wiy 60% wazlé bisindole (5a) WU 25% lagAInARKIUa1TEINA (6a) AAuLERTa v
Tndsarnifisindole (3) Faaunsadvinufisenduansdinans (6a) lade lailundnaueinifesnis (4a)

lufosazasansuansduniiadu
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NO,

O 100°C, 12 h

T12n
@@
N O,N
3 H 5a (65%) 4a (3%)
Me< .Me
NO, NO,
CD
y C ®
100 °C 3
~ 12h 100 °C, 12 h \
Me- Me NH | |
N o N 0N HN NH
Me Me 4a (60%) 5a (25%)
2

JUN 17a) wansd1duTuneunIsiiuans indole m1udIg NN-dimethylaniline lunsdaunasevilasiesa
Ay (triarylmethanes); 17b) WAAIEIAUTURDUNISANETS NN-dimethylaniline ausae indole Tu
nMsdaAsIlasiesaliny (triarylmethanes)

Tngnan1sAnwadunIsinansae vilinsiuisnalnanisiinufisekuudunauied vedans
a109AUsENBU (one-pot three-components) Wlusinalnawuud 2 (pathway Il) Aawansluguil 18

H
Me Me- | -Me
®
acid catalyst O
pathway 1] J
©3 (J T
-*.Me
O,N N
Me
acid catalyst
pathway | Me < Me
NO, B NO, 7]
2 low yield
Qo O — NN | T
ol M @
H—N; TNH TNH
H IM-1 _

UM 18 wansnalnanisiinuisenvesansuseneulasiosadinu
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v

4 4 s a A
3.8 NMsaaATIZoUNUSVasE1sUsEnaU LRSS adwMY

9

Me < /Me

10 mol%
@ [osmim][N(CF3S0,),]
Neat, Temp 80°C, 6 h

1 2 3

5UN 19 Msduasgiouiusaisusenay triarylmethanes

Faansnadudanles (1) 1.00 Sadlua (1 wh, 151 Taanda) aﬂummﬁ’uﬂamﬁﬁﬁalﬁ'wﬁﬁ%m
[bsmim]IN(CF5S0,),] U5338¢ 10 mol% (50 {adn3u) aumeans N,N-dimethylaniline (2) 2.00 3iad
Tua (2 wh, 255 lulasans) wasiinans indole (3) 1.00 fadlua (1 wi, 117 Sadn3) Mnturhnisau
Ugﬂsmmam‘mm 80 aammawaamunm 6 Falus Maamﬂaumﬂgmm MNTanneINanSuenIY
FtOAC 3 A539 ay 10 adans ﬂ:u‘li‘u EtOAc TWsemesvhavaiseandiewros rotary evaporator e
crude product L‘Uuammam ﬁ]’muum crude product mlmmwﬂmiqmmsmmﬂ column
chromatography fheszuufvihazans EtOAC Tu Hexane ianswansasiiidesnis (@) muiamn3euas
GUENmimamﬁmsﬁﬁlﬁuazﬁqaﬁwﬂé’ﬂwajéhamﬂﬁﬂ NMR-spectroscopy

TuenAsed lednwwidaves aldehyde vivun 12 %9 1§uA d-nitrobenzaldehyde (1a), 4-
bromobenzaldehyde (1b), 4-chlorobenzaldehyde (1c), 2,4-dichlorobenzaldehyde (1d), 4-
methoxybenzaldehyde (le), benzaldehyde (1f), furfural (1g), 2-pyridinecarboxaldehyde (1h),
indole-3-carboxaldehyde (1), pyrole-2-carboxaldehyde (1j); butyraldehyde (1k) uag
formadehyde (10) fauanslassasrslugud 20

0 o} o) 0 o} 0
O,N Br cl cl Ccl  MeO

la 1b lc 1d le 1f
0 ? 0
o _N H H 0 o
H | H TH o~ N M
\ X | \ H H” “H
HN
1 3 1k 1

Ly

UM 20 uansuiinves aldehydes Mlglunsduasiziouiusuasansusenau triarylmethanes

3
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o < v ¢ a A v A § A 1
3.9 Naﬂ’]i’d\‘iLﬂ'i’]3%811‘!1/\!14!5"11E]\‘iﬁ’]'iﬂ’i%ﬂa‘u‘lﬁ'il,aiauL%uﬂﬂﬂaaﬂlﬁﬂ%uﬂﬂ’]\‘i°’|

wdaniildannefvnzadlunmsduaneiasussnoulasiodaiing  inmsusuasusiaves
asiafy  aldehyde  wuusineg lumsduaseieuiusarsusenaulasiesalmunuuliauunnsiagld
aldehydes we 12 wdn leud 4-nitrobenzaldehyde (1a), 4-bromobenzaldehyde (1b), 4-
chlorobenzaldehyde (1c), 2,4-dichlorobenzaldehyde (1d), 4-methoxybenzaldehyde (1e),
benzaldehyde (1f), furfural (1g), 2-pyridinecarboxaldehyde (1h), indole-3-carboxaldehyde (1i);
pyrole-2-carboxaldehyde (1j), butyraldehyde (1k) wag formadehyde (10) ﬁ’lﬂﬁﬁ%mmﬂﬁam’wﬁ
WinzauAe aldehyde (1.0 fiadlua) viufAseniuans N,N-dimethylaniline (2.0 fiadlua) wag indole
(1.0 fiadlua) AUTanuiusewiAten 10 mol% Tuszuuiililddviazany (neat condition) ¥uUfATeN
flgamgil 80 sariwaldea Wunan 6 ilus Tnsdauanmanisaassnsdanseieyiuslunad 6

3

A1519% 6 Lanswan1sdaazansusenaulasiosaiitnuain aldehydes afinnnge

R

Me\N,Me O |
10 mol% Me\N N
[bsmim][N(CF3S0y),] I\I/Ie 4 ;
5 Neat 80 °C, 6 h
] R
i - 0 i
R™ H N Q O M O O M
1 3 ! | e\l}l ’}l, e
H H Me 6 Me
Entry Aldehyde Product
1 (@]
oy
O,N
3 O O O
a (74%) O, a (10%)
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A919% 6 (F19) LanINanITaLATIZasUTENaUlRSIOSallmUAIN aldehydes BiinR1

Entry Aldehyde Product
2 0]
Br
1b
3 O
Cl
1c
q Ccl O
cl
1d
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A919% 6 (F19) LanINanITaLATIZRasUTENaULlRSITalllmUAIN aldehydes BlinR1

Entry Aldehyde Product
5 o)
o
MeO
Te
e (48%) 5e (8%)
e (26%) Ve
6 @x O O
H & AN
\ | |
1 Me O NH HN NH
|
Me 45 (540) O B¢ (16%)
Me- O O -Me
\ )
Me 6f (TO%) Me
7 Q o =
(O NG 0]
0 DY,
Me O \ | |
19 N NH HN NH
Me  ags%)  J 59 (9%)
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A919% 6 (F19) LanINanITaLATIZasUTENaUlRSIOSallmUAIN aldehydes BiinR1

Entry Aldehyde Product
8 Q N
|N\ H ¥
- O O O
1h
h (4%)
(50%)
¥
9%)
9 ? NH NH
, H
5 O O O
1i
NH 5i (CM)
Y
10 Q
HN. - HN. -
e O
HN
1
4 ( o 5 (NR)
Y
N C
6 NR)

CM = Complex Mixture; NR = No Reaction
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A919% 6 (F19) LanINanITaLATIZRasUTENaULlRSITalllmUAIN aldehydes BlinR1

Entry Aldehyde Product
H
2 O QN
s A
e-
M N NH HN NH
! 5k (NR)
Me 4k (8%)
Me< O O -Me
N\ |
Me 6k(NR) Me
- O
H™ H O \ | \
11 Me\N NH HN NH
! 51 (NR)
Me 41 (NR)
Me- -Me
N \
Me  elnR) Me

NR = No Reaction

MnmanTsAnEayRusine nuirfesarvemantasiflitutusiioves aldehyde uwazaiiavos
vijunuituulaseadaves  aldehyde lag  aromatic  aldehyde fiivgjfiedidnnsou  Idud  a-
nitrobenzaldehyde (1a), 4-bromobenzaldehyde (1b), 4-chlorobenzaldehyde (1c) uway 2,4-
dichlorobenzaldehyde (1d) vinliliisunimgaisueiiafinanudu electrophile 1nTY JuinUfAzen
167 Inelisosazaosansnandusvanfiaosnis (4) gatiadunane 74, 53, 40 waz 30 Wesidud @
aromatic aldehyde ﬁﬁﬂgiﬁalﬁﬂmau A 4-methoxybenzaldehyde (1e) agvinlvsuvimvyasue
flafimnudu electrophile anas JuAnUARTenldt I6Sosazvasansuanineindniifeins (de) il
48 Wesidu dwunsdlves benzaldehyde (1f) filsifivyffanselididnnseunelulasiaing iiovazvos
asnanSaeindniidesns @) Uiunans 54 wWesdus dmlunsdlves heteroaromatic aldehyde lgu
furfural (1g), 2-pyridinecarboxaldehyde (1h), indole-3-carboxaldehyde (1i), iaz pyrole-2-
carboxaldehyde (7j) Lﬁ@ﬂﬁﬁ%mﬁlﬁﬁaaﬁﬁahjtﬁmmﬁmﬁmﬁﬁﬁé}qui laedliiey furfural (1g) uag 2-
pyridinecarboxaldehyde (1h) TW¥esasvasansndndamivdniidosnis (dg) wihiu 45 Wedsidud uaz
(@h) Wiy 50 LWUesi¥us @ indole-3-carboxaldehyde (1i) windu complex mixture wag 2-
pyrole-2-carboxaldehyde (7)) Luitinufiisen uaziiafissantosvselinauiiseilunsdlves aliphatic
aldehydes laun butyraldehyde (1k) wag formadehyde (11) muaisu
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3.10 Wglenanvalvawallesaiindiemailn NMR-spectroscopy

©
N
ANEN g,

Zwitterion-1
Zwitterion-1: 98% (13.32 g), mp. 193-196 OC; 1H—NI\/\R (400 MHz, CD50D): 6 1.81 (quint, 2H, J=7.5
Hz, CH,), 2.08 (quint, 2H, J = 7.5 Hz, CH,), 2.88 (t, 2H, J = 7.5 Hz, CH,), 3.97 (s, 3H, CH,), 4.30 (t,

2H, J = 7.5 Hz, CH,), 7.61 (brs, 1H, CH), 7.70 (brs, 1H, CH), 9.00 (s, 1H, CH), PC-NMR (100 MHz,
CD;0D): 6 22.72, 29.83, 36.47, 50.31, 51.41, 123.72, 124.99, 138.05.

=\ HSO?
AN 504
[bsmim][HSO,]
1-Butylsulfonic-3-methylimidazolium hydrogen sulfate: 87% as an orange color oil, "H-NMR
(400 MHz, CD50D): & 1.82 (quint, 2H, J = 7.5 Hz, CH,), 2.08 (quint, 2H, J = 7.5 Hz, CH,), 2.90 (t, 2H,
J = 7.5 Hz, CH,), 3.97 (s, 3H, CH,), 4.30 (t, 2H, J = 7.5 Hz, CH,), 7.61 (brs, 1H, CH), 7.69 (brs, 1H,
CH), 8.99 (s, 1H, CH); PCNMR (100 MHz, CD;OD): & 22.68, 29.80, 36.51, 50.32, 51.43, 123.68,

124.99, 137.96.

=\ CF3SO?
/NV%\/\/\SC)sH
[bsmim][CF3SO,]
1-Butylsulfonic-3-methylimidazolium trifluoromethanesulfonate: 99% vyield as an orange
color oil; "H-NMR (400 MHz, CD;0D): 6 1.82 (quint, 2H, J = 7.5 Hz, CH,), 2.08 (quint, 2H, J = 7.5
Hz, CH,), 2.90 (t, 2H, J = 7.5 Hz, CH,), 3.96 (s, 3H, CHs), 4.29 (t, 2H, J = 7.5 Hz, CH,), 7.60 (brs, 1H,
CH), 7.68 (brs, 1H, CH), 8.97 (s, 1H, CH), PCNMR (100 MHz, CD50D): & 22.67, 29.79, 36.48, 50.32,

51.40, 123.69, 124.99, 137.98.

//\ @N(CF3502)2
/Nvg\/\/\sosH
[bsmim][N(CF5S0,),]
1-Butylsulfonic-3-methylimidazolium bis(trifluoromethylsulfonyl)imide: 80% vyield as an
orange color oil; "H-NMR (400 MHz, DMSO-dy): & 1.57 (quint, 2H, J = 7.5 Hz, CH,), 1.88 (quint, 2H,
J = 7.6 Hz, CH,), 2.61 (t, 2H, J = 7.6 Hz, CH,), 3.85 (s, 3H, CHs), 4.18 (t, 2H, J = 7.2 Hz, CH,), 7.69
(brs, 1H, CH), 7.76 (s, 1H, CH), 9.14 (s, 1H, CH); 13C—N!\/lR (100 MHz, DMSO-dj): 6 22.88, 28.89, 36.16,
48.91, 50.83, 118.33 (q, Jcr = 320 Hz), 122.74, 124.05, 137.03.
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N/:—\N ©
CioHas \7®\/\/\503

Zwitterion-2
4-(1-Dodecyl-1H-imidazol-3-ium-3-yl)butane-1-sulfonate: 99% vyield as a white solid; m.p.
106-108 °C; "H-NMR (400 MHz, DMSO-dg): & 0.85 (t, 3H, J = 7.0 Hz), 1.15-1.32 (m, 18H), 1.53 (quint,
2H, J = 7.5 Hz), 1.71-1.82 (m, 2H), 1.88 (quint, 2H, J = 7.5 Hz), 2.45 (t, 2H, J = 7.5 Hz), 4.11-4.21
(m, 4H), 7.80 (s, 2H), 9.23 (s, 1H), 13C—NI\/\R (100 MHz, DMSO-dy): & 13.92, 21.74, 22.06, 25.50, 28.32,
28.56, 28.68, 28.78, 28.92, 28.98 (20), 29.27, 31.26, 48.60, 48.85, 50.37, 122.40, 122.48, 136.00.

S
I N\ N(CF3S0y)2

N
CioHas N ®\/\/\503H

[bsdodecim][N(CF3S0,),]
1-Butylsulfonic-3-dodecylimidazolium bis(trifluoromethylsulfonyl)imide: 73% vyield as an
orange color oil; "H-NMR (400 MHz, DMSO-dg): 6 0.85 (t, 3H, J = 6.0 Hz), 1.23-1.31 (m, 18H), 1.56
(quint, 2H, J = 6.8 Hz, CH,), 1.78 (quint, 2H, J = 6.8 Hz, CH,), 1.89 (quint, 2H, J = 7.6 Hz, CH,), 4.15
(t, 2H, J = 7.2 Hz, CH,), 4.18 (t, 2H, J = 7.2 Hz, CH,), 7.79 (brs, 1H, 2xCH), 9.20 (s, 1H, CH); PCNMR
(100 MHz, DMSO-dg): & 14.35, 22.54, 26.03, 28.80, 29.15, 29.27, 29.37, 29.45, 29.99, 31.74, 48.73,
119.95 (q, Jor = 320 Hz), 121.28, 122.11, 135.84.

1-dodecylimidazole

1-Dodecy!-1H-imidazole: CAS Number 4303-67-7; 40% yield as a pale yellow oil; Rr= 0.37 (100%
EtOAQ); lH—NI\/\R (400 MHz, CDCls): 6 0.87 (t, 3H, J = 6.5 Hz), 1.23-1.31 (m, 18H), 1.72-1.81 (m, 2H),
3.91 (t, 2H, J = 7.0 Hz), 6.89 (s, 1H), 7.05 (s, 1H), 7.47 (s, 1H); ~C-NMR (100 MHz, CDCL,): & 13.91,
22.63, 26.66, 29.08, 29.29, 29.42, 29.51, 29.59 (2xC), 31.08, 31.92, 47.13, 118.70, 129.47, 137.09.
/—\ ©
Cle25/N\7'\éH N(CF3S0,),

[dodecim][N(CF3S0,),]
3-Dodecylimidazolium bis(trifluoromethylsulfonyl)imide: 92% yield as an orange color oil
lH—NI\/\R (400 MHz, CDCly): 6 0.89 (t, 3H, J = 6.8 Hz), 1.23-1.31 (m, 18H), 1.89 (quint, 2H, J = 6.8 Hz,
CH,), 4.19 (t, 2H, J = 7.6 Hz, CH,), 7.26 (brs, 1H, CH), 7.39 (brs, 1H, CH), 8.51 (s, 1H, CH); 13C—NMR
(100 MHz, CDCls): & 14.08, 22.66, 26.17, 28.87, 29.28, 29.30, 29.44, 29.56, 30.16, 31.88, 49.83,
119.69 (q, Jor = 318.8 Hz), 121.15, 134.55.
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3.11 Wglenanvalansnaniugidiemalln NMR-spectroscopy

4a Ba 6a

Compound 4a: Mp = 92-110 °C; IR (neat): 3406, 2849, 1612, 1516, 1340 and 737 cm ; 'H NMR
(400 MHz, CDCLy): & 2.93 (s, 6H, 2xMe), 5.67 (s, 1H, H-1), 6.60 (s, 1H, In), 6.68 (d, 2H, J = 8.8 Hz, H-
37),7.00 (t, 1H, J = 7.6 Hz, In), 7.06 (d, 2H, J = 8.4 Hz, H-2"), 7.17-7.20 (m, 2H, In), 7.38 (t, 1H, J =
8.0 Hz, In), 7.39 (d, 2H, J = 8.4 Hz, H-2"), 8.04 (brs, 1H, NH), 8.12 (d, 2H, J = 8.4 Hz, H-3"); °C NMR
(100 MHz, CDCL,): & 40.51, 47.73, 111.18, 112,59, 118.87, 119.47, 119.54, 122.20, 123.43, 124.01,
126,57, 129.42, 129.61, 130.37, 136.68, 146.23, 149.33, 152.56.

Compound 5a: IR (neat): 3445, 2924, 1594, 1498, 1338 and 731 cm ; 'H NMR (600 MHz, CDCLy):
8 5.99 (s, 1H, H-1), 6.68 (d, 2H, J = 0.8 Hz, In), 7.03 (t, 2H, J = 8.0 Hz, In), 7.20 (t, 2H, J = 7.2 Hz, In),
7.34 (d, 2H, J = 8.0 Hz, In), 7.39 (d, 2H, J = 8.0 Hz, In), 7.51 (d, 2H, J = 8.4 Hz, H-2’), 8.02 (brs, 2H,
2xNH), 8.14 (d, 2H, J = 8.4 Hz, H-3"); "C NMR (400 MHz, CDCL,): & 40.18, 111.18, 111.24, 112.48,
118.11, 119.54, 119.59, 119.65, 122.33, 123.52, 123.62, 123.99, 126.93, 129.51, 129.63, 129.68,
136.67, 151.83.

Compound 6a: IR (neat): 2881, 1610, 1512, 1441, 1336, 1224, 1201 and 731 cm ; 'H NMR (400
MHz, CDCL,): & 2.94 (s, 12H, dxMe), 5.47 (s, 1H, H-1), 6.69 (d, GH, J = 8.8 Hz, H-3"), 6.97 (d, 4H, J =
8.8 Hz, H-2”), 7.31 (d, 2H, J = 8.8 Hz, H-2’), 8.12 (d, 2H, J = 8.8 Hz, H-3’); "C NMR (100 MHz,
CDCL,): & 40.59, 55.01, 112.63, 123.36, 129.87, 130.10, 131.10,146.28, 149.34, 153.50.
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Compound 4b: Mp = 142-152 °C; IR (neat): 3185, 2852, 1612, 1512, 1201, and 738 Cm_l; '"H NMR
(600 MHz, CDCls): & 2.92 (s, 6H, 2xMe), 5.53 (s, 1H, H-1), 6.57 (s, 1H, In), 6.67 (d, 2H, J = 8.4 Hz, H-
37), 6.99 (t, 1H, J = 7.8 Hz, In), 7.06 (d, 2H, J = 8.4 Hz, H-2”), 7.11 (d, 2H, J = 7.8 Hz, H-2"), 7.16 (%,
1H, J = 7.8 Hz, In), 7.22 (d, 1H, J = 8.4 Hz, In), 7.35 (d, 1H, J = 8.4 Hz, In), 7.38 (d, 1H, J = 7.8 Hz,
H-3), 7.94 (brs, 1H, NH); “C NMR (150 MHz, CDCly): 6 40.67, 47.30, 111.00, 112.59, 119.39, 119.77,
119.93, 120.10, 122.10, 123.91, 126.91, 129.46, 130.69, 131.45, 136.74, 143.79, 149.18.

Compound 5b: IR (neat): 3406, 2854, 1724, 1457, 1007, 735 and 596 cm ; 'H NMR (600 MHz,
CDCL): 8 5.85 (s, 1H, H-1), 6.64 (s, 2H, In), 7.02 (t, 2H, J = 7.2 Hz, In), 7.18 (t, 2H, J = 7.2 Hz, In),
722 (d, 2H, J = 7.8 Hz, H-2’), 7.30-7.38 (m, 4H, H-3’, In), 7.0 (d, 2H, J = 7.8 Hz, In), 7.92 (brs, 2H,
2xNH).

Compound 6b: IR (neat): 2795, 1612, 1514, 1340, 790 and 555 cmn 5 'H NMR (600 MHz, CDCL):
2.92 (s, 12H, dxMe), 5.32 (s, 1H, H-1), 6.67 (d, 4H, J = 8.4 Hz, H-3"), 6.95 (d, 4H, J = 8.4 Hz, H-2"),
7.00 (d, 2H, J = 8.4 Hz, H-27), 7.37 (d, 2H, J = 8.4 Hz, H-3"); "C NMR (150 MHz, CDCly): & 40.68,
54.44, 102.66, 112.54, 119.64, 129.85, 131.10, 132.13, 144.61, 149.07.
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Compound 4c: Mp = 126-132 °C; IR (neat): 3187, 2854, 1610, 1514, 1484, 1455, 1338, 1199,
1135, 1092, 1040, 943, 799, 790 and 740 cm ; 'H NMR (400 MHz, CDCL): & 2.92 (s, 6H, 2xMe),
5.55 (s, 1H, H-1), 6.57 (s, 1H, In), 6.67 (d, 2H, J = 8.8 Hz, H-3”), 6.99 (¢, 1H, J = 7.2 Hz, In), 7.06 (d,
2H, J = 8.4 Hz, H-27), 7.15 (d, 3H, J = 8.4 Hz, In), 7.23 (d, 3H, J = 8.4 Hz, In), 7.35 (d, 1H, J = 8.0
Hz, H-2"), 7.96 (brs, 1H, NH).

Compound 5c: IR (neat): 3408, 1722, 1487, 1242, 1085, 1009, 850, 783 and 740 cm ; 'H NMR
(400 MHz, CDCL,): & 5.86 (s, 1H, H-1), 6.65 (s, 2H, In), 7.02 (t, 2H, J = 7.6 Hz, H-3’), 7.18 (t, 2H, J =
7.2 Hz, In), 7.23-7.29 (m, 4H, In, H-2’), 7.35 (d, 4H, J = 0.4 Hz, In), 7.95 (brs, 2H, 2xNH).

Compound 6c: IR (neat): 2795, 1610, 1514, 1489, 1340, 1087, 1040, 943, 809, 790, 740 and 553

cm”: 'H NMR (600 MHz, CDCLy): & 2.91 (s, 12H, dxMe), 5.34 (s, 1H, H-1), 6.66 (d, 4H, J = 8.4 Hz, H-
37), 6.95 (d, 4H, J = 8.4 Hz, H-2"), 7.05 (d, 2H, J =8.4 Hz, H-2"), 7.22 (brd, 2H, J = 6.8 Hz, H-3").
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Compound 4d: Mp = 102-106 °C; IR (neat): 3411, 2797, 1612, 1519, 1336, 1044, 810, 738 and
573 cm’; 'H NMR (400 MHz, CDCL): & 2.93 (d, 6H, J = 2.8 Hz, 2xMe), 5.93 (s, 1H, H-1), 6.56 (d, 1H,
J = 8.0 Hz, In), 6.68 (d, 2H, J = 8.4 Hz, H-3”), 6.98-7.10 (m, 5H, H-2”, In), 7.15-7.21 (m, 2H, H-2’, In),
7.35 (d, 2H, J = 8.0 Hz, In), 7.92 (brs, 1H, NH)

Compound 5d: IR (neat): 3409, 1722, 1455, 1245, 1092, 1039, 863, 793 and 738 cm>1; 1H NMR
(400 MHz, CDCls): 8 6.27 (s, 1H, H-1), 6.64 (s, 2H, In), 7.03 (t, 2H, J = 7.6 Hz, In), 7.08 (d, 1H, J = 8.4
Hz, H-3’), 7.14-7.21 (m, 3H, In, H-2"), 7.37 (d, 4H, J = 8.0 Hz, In), 7.44 (brs, 1H, H-5"), 7.97 (brs, 2H,
2xNH).

Compound 6d: IR (neat): 2884, 2799, 1608, 1519, 1466, 1343, 1048, 948, 813, 797, 742 and 571

cm”: 'H NMR (400 MHz, CDCLy): & 2.92 (s, 12H, dxMe), 5.70 (s, 1H, H-1), 6.66 (d, 4H, J = 8.4 Hz, H-
37), 6.90-6.93 (M, 4H, H-27), 7.10-7.13 (m, 1H, CL-C4Hs), 7.36 (d, 1H, J = 2.0 Hz CL.C,Hs).
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Compound 4e: Mp = 159-164 °C; IR (neat): 3404, 2854, 1608, 1242 and 735 cm_1; 'H NMR (600
MHz, CDCly): 8 2.92 (s, 6H, 2xMe), 3.78 (s, 3H, OMe), 5.54 (s, 1H, H-1), 6.58 (s, 1H, In), 6.68 (d, 2H, J
= 8.4 Hz, H-3"), 6.81 (d, 2H, J = 8.4 Hz, H-3"),6.98 (t, 1H, J = 7.2 Hz, In), 7.09 (d, 2H, J = 8.4 Hz, H-
2”), 7.13-7.18 (m, 3H, H-2’, In), 7.26 (d, 1H, J = 7.8 Hz, In), 7.33 (d, 1H, J = 8.4 Hz, In), 7.92 (brs,
1H, NH); 13C NMR (150 MHz, CDCl,): 6 40.74, 46.98, 55.20, 110.90, 112.62, 113.52, 119.22, 120.11,
121.02, 121.90, 123.83, 127.12, 129.45, 129.80, 132.58, 136.75, 136.97, 149.05, 157.79.

Compound 5e: IR (neat): 3393, 2831, 1608, 1507, 1240 and 738 Cm_l; "H NMR (600 MHz, CDCLy):
d 3.78 (s, 3H, OMe), 5.84 (s, 1H, H-1), 6.65 (s, 2H, In), 6.82 (d, 2H, J = 8.4 Hz, H-3"), 7.00 (t, 2H, J =
7.2 Hz, In), 7.16 (t, 2H, J = 7.8 Hz, In), 7.25 (d, 2H, J = 6.6 Hz, H-2"), 7.35 (d, 2H, J = 7.8 Hz, In),
7.39 (d, 2H, J = 7.8 Hz, In), 7.89 (brs, 2H, 2xNH); C NMR (150 MHz, CDCly): 6 39.34, 55.20, 110.97,
113.57, 119.18, 119.98, 120.08, 121.88, 123.49, 127.08, 129.59, 136.22, 136.72, 157.92.
Compound 6e: IR (neat): 2804, 1683, 1605, 1509, 1247 and 809 cmfl; 'H NMR (600 MHz, CDCLs):
8 2.90 (s, 12H, d4xMe), 5.32 (s, 1H, H-1), 6.66 (d, 4H, J = 8.4 Hz, H-3"), 6.80 (d, 2H, J = 8.4 Hz, H-2"),
6.96-7.04 (m, 6H, H-2”, H-2’), 7.85 (d, 1H, J = 8.8 Hz, H-3").
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Compound 4f: Mp = 152-156 °C; IR (neat): 3171, 1612, 1514, 1455, 1329, 1121, 793, 740, 701
and 608 cm ; 'H NMR (600 MHz, CDCLy): & 2.92 (s, 6H, 2xMe), 5.58 (s, 1H, H-1), 6.59 (s, 1H, In),
6.68 (brd, 2H, J = 7.8 Hz, H-3"), 6.98 (t, 1H, J = 7.8 Hz, In), 7.10 (d, 2H, J = 8.4 Hz, H-2”), 7.15 (,
1H, J = 7.2 Hz, In), 7.19 (&, 1H, J = 6.6 Hz, H-4"), 7.23-7.28 (m, 6H, H-2’, H-3’, In), 7.34 (d, 1H, J =
7.8 Hz, In), 7.93 (brs, 1H, NH); °C NMR (150 MHz, CDCl,): & 40.75, 47.85, 110.91, 112.67, 119.27,
120.07, 120.68, 121.94, 123.91, 125.93, 127.13, 128.14, 128.93, 129.56, 132.29, 136.74, 144.69,
149.06 ppm.

Compound 5f: IR (neat): 3406, 2852, 1724, 1457 and 738 Cm_l; 'H NMR (600 MHz, CDCl,): & 5.89
(s, 1H, H-1), 6.66 (brs, 2H, J = 0.6 Hz, In), 7.00 (t, 2H, J = 7.2 Hz, In), 7.17 (t, 2H, J = 7.8 Hz, In), 7.21
(t, 1H, J = 7.2 Hz, H-4"), 7.28 (t, 2H, J = 7.2 Hz, H-3"), 7.35 (d, 4H, J = 7.8 Hz, H-2’, In), 7.23 (d, 2H,
J = 7.8 Hz, In), 7.91 (brs, 2H, 2xNH); C NMR (150 MHz, CDCls): & 40.20, 110.98, 119.23, 119.75,
119.94, 121.91, 123.57, 126.11, 127.09, 128.19, 128.71,136.70.

Compound 6f: IR (neat): 2801, 1610, 1516, 1350, 786 and 697 cm ; 'H NMR (600 MHz, CDCL,): &
2.92 (s, 12H, dxMe), 5.38 (s, 1H, H-1), 6.69 (brd, 4H, J = 7.2 Hz, H-3”), 6.98 (d, 4H, J = 8.4 Hz, H-
27), 713 (d, 2H, J = 7.8 Hz, H-2’), 7.08 (t, 1H, J = 7.2 Hz, H-4"), 7.25 (t, 2H, J = 7.8 Hz, H-3"); " C
NMR (150 MHz, CDCL): & 40.84, 55.03, 112.71, 125.80, 128.06, 129.34, 129.97, 133.03, 145.34
148.81.
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Compound 4g: Mp = 158-160 °C; IR (neat): 3390, 2808, 1612, 1521, 1005 and 717 cm_l; "H NMR
(600 MHz, CDCly): & 2.92 (s, 6H, 2xMe), 5.59 (s, 1H, H-1), 5.97 (d, 1H, J = 3.0 Hz, fur), 6.29 (s, 1H,
fur), 6.70 (d, 2H, J = 8.4 Hz, H-3"), 6.79 (s, 1H, In), 7.03 (t, 1H, J = 7.2 Hz, In), 7.14-7.18 (m, 3H, H-
2”7,1n), 7.34 (d, 1H, J = 7.8 Hz, In), 7.36 (s, 1H, fur), 7.38 (d, 1H, J = 8.4 Hz, In), 7.95 (brs, 1H, NH);
C NMR (150 MHz, CDCl,): & 40.71, 41.73, 106.89, 110.00, 111.99, 112.70, 118.18, 119.38, 119.71,
121.96, 123.11, 126.84 129.01, 130.99, 136.54, 141.33, 149.43, 157.75.

Compound 5g: IR (neat): 3406, 1708, 1614, 1455, 1338, 1240, 1091, 1007, 779, 735 and 596 cm ;
'H NMR (600 MHz, CDCLy): & 5.95 (s, 1H, H-1), 6.06 (d, 1H, J = 3.0 Hz, fur), 6.30 (s, 1H, fur), 6.88 (d,
2H, J = 1.2 Hz, In), 7.04 (t, 2H, J = 7.8 Hz, In), 7.18 (t, 2H, J = 6.6 Hz, In), 7.35 (d, 2H, J = 8.4 Hz, In),
7.36 (s, 1H, fur), 7.68 (d, 2H, J = 7.8 Hz, In), 7.9 (brs, 2H, 2xNH); "C NMR (150 MHz, CDCL,): &
34.11, 106.59, 110.11, 111.08, 117.24, 119.36, 119.68, 121.96, 123.00, 126.79, 136.54, 141.21,
157.07.

Compound 6g: IR (neat): 2888, 1614, 1516, 1482, 1448, 1347, 1201, 1165, 1005, 946, 802 and
760 cm’’; 'H NMR (600 MHz, CDCLy): & 2.92 (s, 12H, dxMe), 5.27 (s, 1H, H-1), 5.90 (brd, 1H, J = 3.0
Hz, fur), 6.29 (s, 1H, fur), 6.69 (d, 4H, J = 8.4 Hz, H-3"), 7.05 (d, 4H, J = 8.4 Hz, H-2"), 7.36 (s, 1H,
fur); °C NMR (150 MHz, CDCly): & 40.70, 49.05, 107.50, 109.88, 112.66, 129.23, 130.67, 141.45,
149.31, 158.36.
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Compound 4h: 'H-NMR (400 MHz, CDCly): & 2.91 (s, 6H, 2xMe), 5.74 (s, 1H, H-1), 6.67-6.90 (m,
3H, In), 6.97 (t, 1H, J = 8.0 Hz, In), 7.11 (ddd, 1H, J = 0.8, 2.8, 7.6 Hz, Pyr), 7.09-7.19 (m, 2H, In),
7.16 (d, 2H, J = 8.4 Hz, H-2’), 7.21 (d, 1H, J = 4.0 Hz, Pyr), 7.33 (d, 1H, J = 8.0 Hz, In), 7.56 (td, 1H,
J = 1.6, 7.6 Hz, Pyr), 8.02 (brs, 1H, NH), 8.58 (dm, 1H, J = 4.8 Hz, Pyr); "C-NMR (100 MHz, CDCl,):
8 40.68, 50.59, 111.02, 111.95, 112.75 (2C), 119.04, 119.16 (2C), 119.73, 121.14, 121.83, 123.05,
123.88, 126.98, 129.49 (2C), 130.87, 136.39, 136.71, 149.21, 164.04

Compound 5h: 'H-NMR (400 MHz, CDCly): 8 6.06 (s, 1H, H-1), 6.79 (brs, 2H, In), 7.00 (t, 2H, J = 8.0
Hz, In), 7.16 (t, 2H, J = 7.2 Hz, In), 7.09-7.15 (m, 1H, Pyr), 7.32 (d, 1H, J = 7.6 Hz, Pyr), 7.35 (d, 2H, J
= 8.4 Hz, In), 7.40 (d, 2H, J = 8.0 Hz, In), 7.58 (td, 1H, J = 8.0 Hz, Pyr), 8.01 (brs, 1H, NH), 8.60 (d,
1H, J = 4.8 Hz, Pyr)

Compound 6h: "H-NMR (400 MHz, CDCly): & 2.90 (s, 12H, 4xMe), 5.52 (s, 1H, H-1), 6.67 (d, 4H, J =

8.8 Hz, H-3""), 7.02 (d, 4H, J = 8.4 Hz, H-2""), 7.08 (t, 1H, J = 7.2 Hz, Pyr), 7.09 (d, 1H, J = 8.0 Hz,
Pyr), 7.56 (td, 1H, J = 2.0, 8.0 Hz, Pyr), 8.56 (brd, 1H, J = 4.8 Hz, Pyr)
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4.1  adUT8uasHIUNANITNAADY

mﬂmié’qLﬂswﬁéf’sLﬁaﬂﬁﬁ%m%ﬁmaamaﬂaaaﬁﬂ‘faﬁmﬂimﬁwm 5 WUy Lo
[bsmim][CF3SO4], [bsmim][HSO,], [bsmim]IN(CF5SO,),], [bsdodecim][N(CF3SO,),] 1GH
[dodecim]IN(CF,50,),] wuils3osazveasnansiuminoudiegs windu 73-99 wWesidud (57971 1)
Im&Jf?hLi'wﬁﬁ‘%mﬁﬁﬂsz?m%qumlﬁud IbsmimIIN(CF550,),]  @dlisouazvosansnandnaigoinis
(42) gean wazganIFssUATewila cyanuric chloride Tnganmgilivanzan e aldehyde (1) (1.00
fiadlua), iUgNseiu N N-dimethylaniline (2) (2.00 #iadlua) uag indole (3) (1.00 Hadlua) vih
Uffseiigamgll 80 esrmwaida Wunan 6.0 dalus Tuszuudilidfidnhazans dudfisen Friedel-
Craft arylation Lﬂuﬂﬁﬁ%mLLUU&L%miG?Qéfuamaaﬁﬂizﬂauiu%umawﬁm (one-pot three-component
reaction) aguléfagui 21

NO, NO,

g "y O OO
74 A\
' S I
[bsmim[N(CF3S0,),] Me~y NH HN NH

A 4a, 74% 5a, 10%
2 Neat, 80°C, 6.0 h € (major) NO, (minor)

+
D
; C
‘ O .Me
N

6a, 13%
(minor)

O,N

M\
N
M

)
e Me

sUN 21 aglanngivnyay

Mntuthannefimnadeld  wwihnsduanesieyiusivesasUszneulaselaiinulaedeu
¥liavos aldehyde (1) wuusineg v 12 wia leud léun 4-nitrobenzaldehyde (1a), 4-
bromobenzaldehyde (1b), 4-chlorobenzaldehyde (1c), 2,4-dichlorobenzaldehyde (1d), 4-
methoxybenzaldehyde (1e), benzaldehyde (1f), furfural (1g), 2-pyridinecarboxaldehyde (1h),
indole-3-carboxaldehyde  (1i), pyrole-2-carboxaldehyde (1j); butyraldehyde (1k) uag
formadehyde (1) wui1 aromatic aldehyde ﬁﬁwyjﬁﬁlﬁﬂmau laun d-nitrobenzaldehyde (1a), 4-
bromobenzaldehyde (1b), 4-chlorobenzaldehyde (1c) wag 2,4-dichlorobenzaldehyde (1d) 1#3a8
AvUeENNANSIENTIgeINNT (4) Urunansiiags 74, 53, 40 uaz 30 wWesidud du aromatic
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aldehyde ﬁﬁmﬁlﬁaﬁﬂmau lAuA  d-methoxybenzaldehyde (1e) ThSosazvosarswdnsumwany
Hoans (de) e 48 Waesidu drunsdlves benzaldehyde (1f) liiSevazvasansuansaeimantidenis
(af) Yrunane 54 wWesiud Tunsdlves heteroaromatic aldehyde loun furfural (1g), 2-
pyridinecarboxaldehyde (1h), indole-3-carboxaldehyde (1i), wag pyrole-2-carboxaldehyde (7j)
AaufAzenlalirosfvieliinnaniumindesnis fdies furfural (1g) wae 2-pyridinecarboxaldehyde
(1h) TiSevazvesanswandausmandisens (dg) Wity 45 wWesdud waz (@h) Wiy 50 Wedidud
@ indole-3-carboxaldehyde (1i) ity complex mixture Way 2- pyrole-2-carboxaldehyde (7))
Lifnujisen wazifaisuandesnseldiinufjiselunsdl aliphatic aldehydes laun butyraldehyde

(1K) uae formadehyde (10) auddu faguil 22

Major Minor Minor
X X 7N
R _ R P R _

Me< O \ NH ’ \ Me < O O .Me
,\I| HN NH |}| \
Me Me Me

4a, R = 4-NO,, 74% 5a, R = 4-NO>, 10% 6a, R = 4-NO2, 13%
4b, R = 4-Br, 53% 5b, R = 4-Br, 5% 6b, R =4-Br, 12%
4c, R = 4-Cl, 40% 5¢c, R = 4-Cl, 14% 6¢c, R = 4-Cl, 20%
4d, R = 2,4-di-Cl, 30% 5d, R =2,4-di-Cl, 10% 6d, R =2,4-di-Cl, 12%
4e, R = 4-OMe, 48% 5e, R = 4-OMe, 8% 6e, R = 4-OMe, 26%
4f, R =H, 54% 5f, R =H, 16% 6f, R =H, 10%
L0 O A0 .
N | |
Me Me Me
49, R = 3-furyl, 45% 50, R = 3-furyl, 9% 69, R = 3-furyl, 27%
4h, R = 2-pyridinyl, 50% 5h, R = 2-pyridinyl, 4% 6h, R = 2-pyridinyl, 9%
4i, R = 3-indolyl, CM 5i, R = 3-indolyl, CM 6i, R = 3-indolyl, CM
4j, R = 3-pyrrolyl, NR 5j, R =3-pyrrolyl, NR 6j, R = 3-pyrrolyl, NR
4k, R = CH3(CH2)3, 8% Sk, R = CH3(CH2)3, NR% 6k, R = CH3(CH2)3, NR %
41,R=H, NR 5I,R=H, NR 6l, R =H, NR

5UN 22 aguiosazvetsansouiuslasiesatmundunszila

4.2 Ugyn1va99uie

4.3  YoLEUBMUY

ﬁwmimﬁamﬁmaa N,N-dimethylaniline (2) waz indole (3) LLU‘UG}'W}
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5789 UHTUN5EU
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UsganUauussunmd w.e. 2561 WA INGIGEUITNI
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Folasens (Mwilve) nsdaasizilasiesalimuleeldveanadlosstinsiiansmdudiseufizenuuih

navn bty lalusinaisudn

(Mw18angw) Acidic ionic liquid as reusable catalyst for the synthesis of

triarylmethanes in water media
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UNU WALAS. 8VIETIN ASeDU

31897l IAWUATUN 1 Aa1AL WA 2560 D93UN 30 Au1eu WA, 2561
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