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UNAnEa(ABSTRACT)

nsAnwNsldmisalisenviinansanusaisianuuiiusey (onic liquid surfactant) wuuinduunld
il fassairsusenovdensmdungiteidu uasiuanlossududuiinludey dwsuujiterfunon
{989 Mannich-type reaction Aldansdeduauesiusenou vuideilldidendnuufAen Mannich-
type reaction 5zwing danlan azilu waz Aleu waraINn1sVAaeINUIT UfAseansainaldediad
UsyAvsnmilgamniivios Tunaiidu (6.0 $alue) Tneusannnislifausejisorfidulans uazdaiss
Uffseiiussansnmgs Ao arsanussisiauvuiivszeiifueulessudunsalasvigeelsiimudalriua
([bsdecim][CF5S05)) %ﬂawuﬁiaiﬁ%’aaazsuaqmamﬁmeﬁaﬁqqq (65-96%) uaﬂmﬂﬁmmiaﬁwﬁ”aLs'aﬂﬁﬁ'%m
navintdluale Inelsdgaydeussansam

A series of acidic ionic liquid surfactant having imidazonium cation was studied and successfully
used as recyclable catalyst of one-pot three-component Mannich-type reaction of aldehydes,
amines, and ketones. The reaction was carried out using water media under mild, efficient and
metal-free procedure at room temperature for short reaction time (6.0 h). Notable, acidic ionic
liquid surfactant with trifluoromethanesulfonate anion, [bsdecim][CF3;SOs], was found to be the
most efficient catalyst afforded the corresponding products in good to excellent yields (65-96%).

In addition, the catalyst could be reused for four times without significant loss of catalytic

activity.
2~ |
Q o 10 mol% R o
LN H , NHz [bsdecim][CF3SO;3] NH O
R + R + - N
= = 1N
rt., Hzo, 6 h R ST
=
3.8 3.9 3.10 311
1.0 mmol 1.0 mmol 1.5 mmol 65-96%
- 0
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1.1 anudunwazanudrfyvasdaym

Tuthgiu  maineuiliaunavesanmedesnduaimgyinlilaniinsudsunlasegnannia
Aedmengg anuan Tnsamiedgmaesnmsiinlsaudialngg Hdusunse enfregaguy HIV HINI
wazlsauzide 1udy Fwanedhonerenmiznmsudloastotu Tnewiduisiannsataeudlatymil
fonsdumensnulsavdelngdy ieswinvdaduuissvunussansamlunsing wiefideninin
nsmoen (drug resistance) uenaniinsideudossersnulsaluUSinaiiinnty uwinssuaunis
nAnenfitumeuildinaiuiu Auuies uarunstuneusosenduiAseuadl (organic synthesis) MiAuatos
fumsldasiadindsaunaazduiiy vieuafitoninisldiiseiisevinlans (metal catalyst)
Fronarnoliinfusessmelddliannsamineenansenowmhludsnwm  wenandendnlna iy
fueglutlagtiudumsdunisiilasaiedudon (1 ernlunsduanet FauSeilminneimans
aulafiaenislndg lunsdauaseviouuudies \ioantunoy WAZAUNUNITHER wasfiddnydeaduend
HEPRIRLEREEN

wildlwisnsidedldlunsdunsizsiarsdunsddmsuinluimunduen (lead compounds) fe
nsldimatia high-throughput synthesis tHp391nanansadaunsIeiansnansiugiuasoyiusNfeinslan
azung Tunarduienisludunewisy Judunissendanaiuazantunounsudn nsanizujise)
wilndnsidasdsrunansesrusenauludunauien (one-pot multicomponent reactions) Aadlasu

A & amal | A ' aaa o Y] aaa A &
ANauly Weoswnudsnie wiansenuikiuuInuIl vugisedeinisasslfisenidulany
Fafisreune ernlunmsiiusne [2] wazlidesrAnlulsununisuan lnondnlanisastons sililisieau
a v 1 ) = [ 6 1 aaa A g a a6 =~ = < a ° A

N33BUNdINTIINSANYILasdLATIeRRs AT M TduansBunsd 3] Wesandanuduiivanie
Wieududussuaseiidulans

@158ALSIAIRY (surfactants) Tunumdrdglunmsmss@invesyudilusgannlutagiu wu
Iihanuazen TdndneIesdionwaromns Wluvuiunsuaanianavnssusneg  wasidAgymed
Fenumslfidudanidsen (drug delivery) [4] waznfiasagil gnldidudsdluufisened Fatednduy
Fseuisenviinansdunidndianuduiivan  laglutagiuiissaumsiveliundnlunisldaisanuss
= a [ Y | aaa Y I 1 o =< a 1 YY) | aaa A
Aerdudnsauisen enfegrarunisiharsantssisialuldswdudussufisenndulane (5] way
Wi ifimsinansanusafiaidiudn sodium stearate THdusausdluufifeuy multicomponent
reaction LiledsAszioyiusUDIasUIZNOU spirooxindoles [6] 1Uusu

R Ao Hee d' [ =2 [ L3 =2 a = Y Y ' aaa

Aatiulasensidelidsaulanagyhnsfnwinisduasiziansanussfaluielddudusdulfizen
AILUU one-pot multicomponent reactions lagwdenfinwansanusaiaiavilafiiiusey (ionic base-
surfactants) WiatinUszavsnnlumadudussuisen waziiteldlunsduasiziansndndusifiaise

£ =~ v A o 1Y) [ ' aaa aa o = v o a o«
wanagvonednmles weihluiawndueisely eeufisenaiinaulavinnisfinusesliasndn o
niiauane Insesavvemdnineiigs uasiidAgydedianuuiansaaenlidnlusosinutuneunis
iliuTansngeennuazduden  laglunuidedasinniseenuuuuasduasIsnasanwsafiailuundey
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Uszndn wazliluiiwmlegnidnasddanndoundsduanufisen awnsathnduunldludle uazidfey
ansaltidudussuiseaiildegefiuss@nsnim

ionic base-surfactant catalysis
(green surfactant)

hulticompone' [ onepot > I biomolecule I
-no need to purification
-high purity
wasts -high yield
{no toxicity)

g‘lJ‘ﬁ 1.1 schematic research proposal

1.2 InqUszaeAvaslasenIside

1.2.1 Wiefnwufisenafiuvuduneuiedmiunsduaseasdunisiuanigrsnisdanin
MnashdunanasiUszney

1.2.2 lofnwviinvesansanussisinuuuivssgifiamnaasafouazfuiinsredsuindon
(green ionic surfactants)

1.2.3 ilefnwmsdiangiasaausafaiuvuiilssadmiuiltdususdul fisonaiuuy
funouieriifinisldmsisunaesdusenou

1.2.4 iofnwanneiungailunsduangiasanussfsiuuivseg

1.2.5 wefnwannziunzaulunisldasanussisianuuiivszgludusduljisenaivuy
TupeuRgINinsldasniunasesruseney

1.3 YBULUAYDILATINITIVY
13.1 duamigiansaausaiaiauuuiiuseaifianuannsalumasajitonainnuszgndlidu
fusdlulfisenaiuuutuneudieiiinisldansiuiumaisesddseneudmiums
HuasgriansdunIdiuansqusnisdanm
1.3.2 avvdevauiAnsduasanusefisin waggn CMC (critical micelle concentration) 484
ansanussRiITid ATzt
1.3.3 vanmeimnzailiiesavvemaninsiguantesiunisifnndnfusitnadodild

Y 9
[l
1

ABINTT wakiuANUAINAIEYDINENTUNNUIAED NIWUUSBRATLUUNENTABDN
QNN INNLGA
1.3.4 manneiwnzaulunisantunaunsinasuandueiliusans
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1.4 Ysleviifianinarldsu

1.4.1 Ifansanussfsivialmifamnsognussendlidususdulfizeadunuiassufizend
f5euns dwsulgluuiseaivuu multicomponent reactions (P)

1.4.2 annsadunsziaisdunidiuanignsndinmlisetuneuiiie Ussndn 1050
warldansuansaeifivasnds anmsldasanussisifidauaseituiuiisejazen
Faanihlugitmsdaazsiansduniduuu high-throughput synthesis 38luai
a1unsaannisldansiiy Snundawindon wSei3en3n ereen chemistry ()

1.5 AdAry (keywords)
lonic base-surfactants, Multicoponents, 3-amino carbonyl compounds, Mannich reaction,

One-pot reaction
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UNil 2 NHed) LaUIWNNEIVD

2.1 N

Multicomponent reactions (MCRs) [7] v3aufjissnaiivaneesdussnay dunuimdidgylusiu
combinatorial chemistry %38 high throughput synthesis TngidulfAzenadifiAaannisigizendu
YesEnsReR U BN IELesAUsTney  Wumsravasheduauadde iy udwilianduans
nAnfuTiresnnelutuneuden Swnfntesiuuifiseiaiveznalnmaieuiiseunnimilein
19U condensation cyclization elimination waz cycloaddition 1udu fed1svesUfizenaiivuy MCRs
YNAIDENTU Strecker amino acid synthesis, Ugi reaction, Mannich reaction Passerini reaction
Biginelli reaction, Gewald reaction &g Hantzsch pyridine synthesis Dudu

SLUAN
SR

{g‘dﬁ 2.1 WUUIIADY one-pot multicomponent reactions

A5anuLSIReRT (surfactants) §aLduanswan amphiphilic molecules 1assas1sUsenaumigaes
dau e dwufivauth (hydrophilic) wieldenndauma (head eroup) Fsausaazangluivseansiiadn
167 wazdwdildveuth (hydrophobic) ieiSenindaums (tail eroup) Wudiuweslalnsasusuase
(long hydrocarbon) ansnsaazangldmuasuszamlalasasuounioasiilsiiith (non-polar)

Q_/\

—_—

Head Tail group
group

UM 2.2 uansdnuaielaeniluresasanusanei

ndnmsThuesEsanusIRsiafe dufiveuthazinsiuih uazdwitliveuthasrhinisiu
Asanusnwanlasuntemsitliannsnazae sihlvingresnluuduusosegluth Judleasarsansan
ussRaiadlu audRvesansazatazinisiudeuntas Aeussisiveniasiiananas uagazaise
azangldluansilifith Wulalasaiveusneg widlofiuusinamesasanussisinlulsinasnniudeny
anuduiusvesansanasvesnsafeinvginsdsuulandntes w gaiimududuvesasazargsiili
QmauﬁaﬁuaamsammﬁﬁaLﬂﬁauwm 138nN913A critical micelle concentration (CMC) Fafifonny
dudusanvesansanussisindivinliAslumad (micelle)
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Surfactant Molecule  "onreen

Surfactant in
Woler ot 20 C

Critical Micette
Concentration
(CMC)

Artace Tongdn (mNm)
©

e Gurad et ot Gurtvie Durfece Covwrstod Mixioer omad

Suner ¢ 4 e
§ £ L= v L)
0 P r»-)1 P 9y : ] ?}’@ P

T T T T
o1 1 10 100 °ee 1,000
Concentraticn (mgl)
'

5UN 2.3 dnwaiz Micelle NIANadudUsngg

(VU191n website: www.kruss.de/.../cmc-measurement.html)

nAuaEEsalumsiiady  micelle vosasanussiany vhlluldussloailusuniegla
paninend finsldansanussisdmiudususwiitouad falnenunsidemladuuama
Tumsiaunasanusaisiadmiuduinssufitonadl [5-7] wudisaiitoneinidnauns uasdu
fiv Tneuiisednlnganfaldmuswhasaeiiiui fdeinduswharaeiiuiinsrodundon
Tngansanussisinasteliasdauiituasdunidamsonusiudldd - ferdevdnnsvesmain
Hu micelle Tnsansanussfsinagiuditliazansindwniu Ssasduvddiidumsdafuiomaazgn
ussqeefludrumaedluwaiidensouidinsegasinans (GUil 2.4) shiluanavesansduvddeglndiu
1ty auannsariliAnuiisetuliie nanelundadariifeins dudndunidaluduiaeu
i fauufisessanisamnsoldinduiiasasld Sadunisdilug green chemistry
HosnihgniFendniu green solvent

H H
H-O, OH H oy HQ OH Ry P
H\OH oi%?j?éép%’% " C; H-O g &.%?%%??9%0 " OIH HO
o g WO o HO
.00 oS o = ..Qv o
Hq sy M Ho Qripn® N
R g
H-O H'OH W 0 H‘O/H H'(;—' o 0
HOH HOH

JUN 2.4 wanauuldunsidudissujisenaiivesasanusafisialuguves micelle

Nnudnmsssnan vilinguiideaulavhnsinnnsdanneiasanusaisiavielu e
T dususduliioneiiiuunansesdusenay viel3undn multicomponent reactions uagtiield
Ustlomilumsdaangiansdunidfiamnsaihluldfiduelslusunn feTsine s uasdaonds
Tnenduiissasvhnseenuuuliasanussisfnfiduaneitudaudufivi Wi¥esasvomantasiigs

L

2.2 91UNNY1V99
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lusfnudsllaglu  Multicomponent reactions  (MCRs)  funuméAgiluegiaunluniu
combinatorial chemistry %39 high throughput synthesis ﬁqﬁuﬁaﬁﬁmmmaﬁﬂmﬂﬁﬁ%mmdwﬁa&ui
pddtaiiles onodafitenitdrdy 1dun UFATen Strecker amino acid synthesis, Ugi reaction,
Mannich reaction, Passerini reaction, Biginelli reaction Wag Hantzsch pyridine synthesis Judu lne
wanfausinldanufisevand [Huansdunidiieglunguues heterocyclic compounds fifisesmudn
anunsauansgrisnsdinmiiauaziadla lnenguiidelivinnsinundunieniddofifeades uassus
ewesteldil

Tul 2009 Y. Ohta wazmAmg [2c] laviinsAnw1nisid copper bromide (CuBr) Husaissly
Ufseuatiuuy  dominothree-componentcoupling-cyclization sywianseedy 3 wie leud 2
ethynylanilines (2.1), aldehydes (2.2) uag secondary amines (2.3) \iedunszansusznaulsean
2-(aminomethylindoles (2.4) Tnganunsalisosazyeansnanfamifideansigs (61 fa 98 Wedldur)
Tngluniddeidinnsld cubr iss 1 Tuaesidus (1 moloe) uazvhn1sAnuiviinvesansussnou amine
ﬁgﬂﬁLﬂuLLUU cyclic 1ag acyclic secondary amines Uazwiinvae aldehyde ﬁg&LLUU paraformadehyde,
aliphatic wae aromatic aldehydes LLamﬁﬂgU‘ﬁ 2.5

= .
Z 0 R , r R H, CF3 CO,Me, Me
| X . )J\ HN, 1 mol% CuBr _ A\ R : H[(HCHO)n]
94 R’ \R'" dioxane N NR'R™ alkyl, Ar
R NHTs 80 °C or reflux Ts R": alkyl, Bn. allyl
2.1 2.2 2.3 0.25-10 h 54 R™ : alkyl, Bn

gilﬁ 2.5 uansnskd Cur Wudaussluufiiser domino tree-component coupling-cyclization

Tud 2010 T. Wang wazaniz [3] léviimsfnwufisen Gewald reaction FaduufAzenvie
multicomponent condensation munizmumilﬁmﬂﬁﬁ%mLLUU%umauLam (one-pot  procedure)
sywieanseeRy sulfur, a-methylene carbonyl (2.5) wag o-cyanoester (2.6) @MSUATHUATIZA
a59uvddussinn 2-aminothiophenes (2.7) Tngld L-proline LHudussufizen anegldanngilisuuss
I¢¥evazvosndntamifigslunsdlil electron withdrawing group (EWG) i CN winffu 79-98 wWosidus
wagldiianlunsiinufAze e 10 ¥alus danlunsdlil EWG Wu CO,Et avliiFosazvosansnandnsiumn
nAnsfiaga (29 e 96 Wosidud) Mnarlumsiinufisen 20 fe 36 §alus uanafaguil 2.6

15eq."S" EWG Y-
EWG  0.1eq.L-proline : %Hég?g':)NoM_E. NBoc,
Y, o -+ - Y. /B ) 2)2
CN DMF < NH
60°C,10-36 h 2 EWG : CO,Et, CN
2.5 2.6 27

SUT 2.6 uanansly L-proline WusissluufAzen Gewald reaction
Tul 2008 J. Wang wazaz [8] lavinns@inwinsld molecular iodine (1) ilusussluujizen

@EWUY multicomponent reaction Fudun1siinUAsenszninansfsiu o-hydroxybenzaldimines

(2.8) fiu 3,4-dihydro-2H-pyran (2.9; n = 1) %39 2,3-dihydrofuran (2.9; n =
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gauniiviod wawtinlannudinazanglaviateviin uinuinludviazaty tetrahydrofuran (THF) aglw

9
[ a

Yovazuesansnansusigegn (96 Wesidus) M5l iodine wive 2 Tuawesidus (2 mol%) waldans
WA ST PR (diastereoselectivity) Wuwuu cis-fused pyranobenzopyrans (2.10, 2.11; n =
1) %39 furanobenzopyrans (2.10, 2.11; n = 2) ﬁﬁawﬁus‘%aﬂmiﬂizﬂau (2.10) Jundnsuevan
(major product) l#¥esazvasanseyiusvianunoglugag 50 fv 96 wWeddud Telufueiinvesmy R
uamafaguil 2.7

X, -R? o
LY N / 2 mol% iodine
R*1 _ + I >
OH 0] THF, rt
2.8 2.9
NP 210 211
(major) (minor)

R!=H, 4-OMe, 5-Br
RZZ C6H5, 4'MeC6H4, 4-BrC6H4, 3'C|C6H4, 2-BrC6H4, 4-NOZC6H4

JUN 2.7 wanan1sld iodine \Judaiseluufisen multicomponent reaction

Tul 2013 Z. Miao wazamz [9] levinsAnwiufjisen cascade Knoevenagel-Michael-
cyclization %QLﬂuﬂﬁﬁ%%ﬂﬁLLUU multicomponent reaction sywinsansiedy 3 adin Ae isatin (2.12),
malononitrile (2.13) uag oa-isothiocyanato imide (2.14) dwsun1sdunsgieyiusvesasUsenay
3,3"-pyrrolidonyl spirooxindole (2.15 waz 2.16) agld triethylamine (Et;N) Wudaseufjisen Tusn
yhaneiifuth aneld ultrasonic iradiation TnglusAfednuhannsfiansaniiadomsld ELN
e 10 Tuawedidus (10 molo) Wudussufisen Tuswharaneth aneldl ultrasonic Wuan 1wl
flgaumgiivies e¥evazvosansudndasindonisguviiiy 83 fs 98 Wesidud sniulunsdlil R 1 Bn
uay Ac Tisouazvesndnsinsinnnas waewios 68 wWesidusd uaz >10 Wesidud muddu fgui 2.8

]
A CN
RZ:— O + <
Z N CN
‘1 10 mol% Et3N
R H,0, rt
2.12 , 213
utrasound
1 min
O O
son A I
\/ R!=H, CHg, Bn, Ac
214 R? = H, 5-CHg, 5-NO,, 5-Br, 5-Cl, 7-CHg3, 5-OCH3, 6-OCH;

gﬂﬁ 2.8 uansUf)n3en cascade Knoevenagel-Michael-cyclizationmulticomponent reaction

Tud 2011 L. Wang wagane [10] Wvinsfinwinisld silica-immobilization NHC-CU' complex
Dususdluufisenaiiuuy three-component coupling reaction 213198156196U aldehydes (2.17),
alkynes (2.18) wag amines (2.19) w3ofiiuni1 A’-coupling Inguffseninlannaamaiivies iuam
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24 §2lus nelddusaufaseniios 2 Tuawesidud 2 moloe) dlumuiseillivinsinuviavesansis
surila aliphatic way aromatic compounds Ioensuanseiduaisusenau propargylamines (2.20)
fravun 20 oyius Tufesariigs ogflurag 71 fa 96 wWodidud sniiulunsdifl amine iuwiin aliphatic
primary amine (43 Wesidush) venanilunuisednins@nmmshnduanflullFuesiauseajize,

1gi5ia 5 AT wanragun 2.9

SiO,-NHC-Cu' (2 mol%) R
R-CHO + Rl-—=—=—H + NHRZR3 > RI—=
rt., 24 h, solventless NR2R3
2.17 2.18 2.19 2.20
R = H, C6H5, (CH3)ZCH, C_CGHll Amines (RZ, R3)

Rl = CGH5, p-CH3C6H4, n-C8H17, n-C6H13, EtOOC

CH3(CH2)2, p-CIC6H4, m'C|C6H4 /<

O'C|C6H4, p-CH3C6H4, p'CH30C6H4 / \ /_Ph

HN HN O HN HN
—/ e X

WP NS e

31]17; 2.9 uanin sl silica-immobilization NHC-Cu complex tdudsdludizen A3—coupling

Tul 2009 X-F. Lin wazanz [11] levinnsAinernisly Yb(OT,/PEG-supported quaternary

ammonium salt {Wudissluufizen one-pot three component Mannich reaction SywinsEnseaRy
cyclohexanone (2.23) U aromatic aldehyde (2.21) wuay aromatic amine (2.22) Uﬁﬁ%mtﬁ@lﬁﬁﬁ
gaungiivios Tusviaganeth Wunan 2 43l Tagldiisauffsondios 1 lwawesidud (1 mol%) 1¢
wanfausiduansussnay beta-amino carbonyl compounds (2.24) i 12 oyius Tudosasiigs
(70 59 96 Wadldus) uardianuanziduluy anti selective wansdsgud 2.10

® O
— NBu3Br
W Qo4 )~ -
R 0] RZ_\ l
2.21 N (30 mol%) NH O
Yb(OTf)3 (1 mol%) | X
\ ; =
2/\ /—NH; 2.23 H,0,rt,2h Rl/
R 2.24
2.22 R!=H, 2-Cl, 4-C|, 2,6-(Cl),, 4-Br, 4-MeO, 2-NO,
R? =H, 3-Br, 4-Cl, 3-Cl, 4-F, 4-Br, 4-Me

gﬂﬁ 2.10 wanansld Yb(OTf)s/PEG-supported quaternary ammonium salt {usassluujizen

16

one-pot three component Mannich reaction

1wl 2012 P. Rao wazamy [12] levinisAnw1nisty Indium () chloride (InCly) tdusiuseluy
Ufi381uUu three-component reaction 5¢%i19@1589@U 4-hydroxy coumarin (2.25), aromatic
aldehydes (2.27) wa¥ secondary amines (2.26a) %38 indole (2.26b) @ nuduATIzioyNUsVeENT

enuatuauysaiueavyunTidesulsznatungld (Rugavyuainiguia) imingrdeysniuszs1lauuszana we. eede (Aoillos)



[
av A [

a-benzylamino coumarins (2.28a-b) lagld toluene Wuiviazaty gamgiivios Felusuidedle

Y
[

msdupsieeuiusianun 16 auius luSeuasiigs (75 89 90 Weosidud) uanwnaguil 2.11

Y

n=12
(

N HO
0.0 H InCl; 10 mol%
3 2.2 (7
+ 2268 + [ O - 8a )n
= or /\/ Toluene, rt or reflux, 3 h or
OH A\ R 70-90%
2 25 2.27
N

H  R=H,4-CH, 4-Cl,
4-Br, 4-NO,, 2-NO,,

2.26b

JUN 2.11 uanansld InCl iWusussluyfiisen three component reaction

1wl 2012 M. G. Dekamin wagmug [13] lavinnisAnen1sld MCM-41 anchored sulfonic acid
(MCM-41-505H) 1Judrussluufiizen three-component Strecker reaction SywieansRaRy aldehydes
(2.29a) %39 ketone (2.29b) V]W‘Ug‘jﬁ%&ﬂﬂumiﬂimau amines (2.30) way trimethylsilyl cyanide
(TMSCN) (2.31) Tusivinazane ethanol Vigaumaiivies lrindnsiaueiiduansusenau a-amino nitriles

(2.32) luSevazvendnsinligs (85-98 wWasidud) amun 31 ouiius wanaiagun 2.12

o 0 MCM-41-SO3H INHR'
PN U+ rR—NH, * TMSCN - RJ\
R H R R' EtOH, rt H CN
2.29a 2.29b 2.30 2.31 85-98% 2.32

R = Ph, 4-CIPh, 2-CIPh, 4-BrPh, 4-NO,Ph, 3-NO,Ph, 4-CNPh, 4-CH4Ph,
4'CH3OPh, 4-HOPh, PhCH:CH, furyl, thionyl, Ph(CHz)Z, CH3(CH2)2

R' = CHj, cyclohexanone, -(CH»)g-, Ph

R" = Ph, 4-CH3Ph, PhCH,,

gll‘ﬁ 2.12 wanan1sld MCM-41-SO;H 1lusssluujisen three-component Strecker reaction

Feaziulaiufisenvarddnislddisaiiyeume enlumaivsne wezuissdeneliiinfiv
AasinesardIndey ililudagiuiinisldduseufiseiinlminuasndeuniu endiegrauay a1s
anussfsialusnmadenivi lneuanasieaunisidenaseluil

Tul 2005 M. Li wagamdz [5] levinisAnwinisldansanusssieiauida  cationic  gemini
surfactants (2.33) LiJumLiﬂmJg]ﬂim hydroformylahon mmummﬂgmmmﬂﬂam rhodium (Rh)
Tugvhavanefifud Ssansanussisiedadiimhilumsiilitureniuaztuvesansdunddsusiiu
Aula Lﬂumsl,wummmmwiwﬂumﬁmmﬂgﬂiaﬂuaﬂwmﬁm aqueous /organic two-phase reaction
LLaméﬁ’qgﬂﬁ 2.13
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2.33
Cationic gimini surfactants

g‘ﬂﬁ 2.13 wanin1sld cationic gemini surfactants [Wudssluufizen hydroformylation

Tud 2010, L-M. Wang wazaue [6] levinn1s@neinsld sodium stearate usiissufiseadl
WUU Lewis base-surfactant-combined catalyst (LBSC) Tun1sdaasnzitansusznou spirooxindoles
(2.37) NaNTEay  isatin (2.34) sujisennu  1,3-dicarbonyl compound (2.35a-d) uag
malononitrile  (2.36) r;huﬂﬁﬁ'%mLmuamaqﬁ'ﬂﬁsﬂauiwﬁy’umawﬁzn (three-component one-pot
reaction) melianneiilisuuse Tasufiseninldaifdndudna figaumgli 60 ssrwadoa 1Hu
nan 3 Flus sunalamsiafuluwa (aqueous micellar media) lé¥evazuanfnsmifideinisgs o

Tt 9197 Wesdud uaslianuame Awandluzun 2.14

- o~
P Y
X o a A~ sodium stearate 3
R—— o +E)J\)J\ + NC~ CN - N /" NH,
A~ ¥ H,0,60°C,3h R _
R! 2.35a-d 2.36 N Yo CN

spiro compound (91-97%)

9 0O o o 4 o O O
X 7 2.37
U Mo/\
2 35p 2.35¢ 2.35d Rlz H, 5-Cl,7-Cl, 5-CHs
2.35a R*=H, CHg, Bn

JUN 2.14 wanan1sld sodium stearate Wugiaiseluyfjizen three-component one-pot reaction

Tt 2001 S. Kobayashi wasanug [14] lavinnisAinwinislddusau)isensiia Bronsted acid-
surfactant-combined catalyst (BASC) luuffi3s1 Mannich-type reaction %ﬂLﬁNUﬁﬁ%ﬁ?LLUUﬁW
2aFUsENOUTEMINENTRagY aldehydes (2.38), amines (2.39a-c) uag taalolwa(Nu) vlar1ee
silylenolates (2.40a), ketones (2.40b) wag allyltributyltin (2.40¢) Tugvhazaneidui 1dans
wanfariduasseneu B-amino carbonyl compounds (2.41a-c) e 31 aunus Tufovavuu
nansfiaga (63 A3 1nndn 99 wWealdud) sniulunsdliing R Wy c-Hex axliiAnufizen selunuide
fiwudn p-dodecylbenzenesulfonic acid (DBSA) uansszavsamilunsifudusiufiseldgegaiile
Wisuifleutufussufifenfiidu Bronsted acid wfiaduq foswinans DBSA flmautRidulsis
Bronsted acid UA¥@sAALIIANET (surfactants) fauansufizenlugud 2.15 wazueNINUmUInIgd
DBSA vivithililuansanussisin villaunsaiinyszavsnmlunisissufitosiunalnnmaifiaufisen

wuu colloidal dispersion lusviagarefiidusinle
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2
R2 OSiMes R
j)l\ ) . R \%\ DBSA (10 mol%)
H R® NH O

1 (o]
R NH, o H,0, 23 °C
120 min, 0-91% Rl R5
2.38 2.39a 2.40a R3" "R%
(1.0 eq) (1.0 eq) (1.5-3.0 eq) 2.41a

R! = Ph, 2-Furyl, PhACH=CH, (CH3),CHCH,, c-Hex
R? = H, OCHjs; R® = H, CHg; R* = H, CH3; R® = Ph, OCHg, SEt

H,0, 23 °C
1-24 h, 0-97 % R? R®

R R3
2 3 (@]
ji R R DBSA (10 molo) \©:
+ + RS > NH O
RY H
NH2 R4

2.38 2.39b 2.40b
(1.0eq) (1.0 eq) (1.0-10 eq) 2 41b

R = Ph, 2-Furyl, 2-Pyridyl, (CH3),CH, c-Hex; RZ=H, OCHs, CI
R® = H, OCHg; R* = H, -(CH,),-, -(CH,)s-, CH3; R® = Ph, Et

o R DBSA (10 mol%) R
Joo+ +  A~-SnBug
R OH H,0, 30-40 °C

NH, NH
42 h, 57-68 %
2.38 2.39¢ 2.30¢c ’ ph)\A\
(1.0 eq) (1.0 eq) (1.2eq) 2.41c

R =Ph; R?=H, Cl, OCH,

gll‘ﬁ 2.15 wanan1sly BASC usssluufifiser Mannich-type reaction

1wl 2006 Kobayashi, S. wazame [15] lavinns@nwinisld carboxylic acid idusussdmsu
U381 aza-Fridel-Crafts(AFC) reaction uuuaueAUssnay SEIN9ENIRIRY aldehydes (2.42),
orimary amines (2.43) uaz indoles (2.44) Tudvhazaneiduin Idaswandaeiduansuszneuien
welslenan (2.45) Tufovavvesnaniusings uaziinnananizianzas Inenaannsnwviiavessiigy
ﬂﬁﬁ%aﬂmm’i%’a%udw decanoic acid (CoHyCOOH) annsauansuszansamlunisiludissfizen
aza-Fridel-Crafts reaction wuuauesAUsznouldffian TWiesasvomanios (2.45) gaign wazds
nunANuevesaelglalasasuouuulasiainewes carboxylic acid azdnasionisiiandnsig lag
aglalnsmsuouiiduviesiullasvililefevavvemandasivisnni dnlunsdives acetic acid
uae trifluoroacetic acid (TFA) wuinlifinnuannsadusussluufizen dauanslusud 2.16

T —————  ——  — ————————“—“—“————————————————————_——.~
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1 Ar—NH Ar
R H 2 \NH
2.42 2.43
. CnggCOOH Rl ,

J R* H,0, rt, 24 h N

R3@ R2
N
R2 2.45 2.46
2.44 245:246>20:1

Rl = 2-naphthy|, Ph, 4'MeOC6H4, 4-C|CGH4, 3'thieny|, (CH3)2CHCH2, C'C6H11, 4-FCGH4
R2 = H, Me, Et; R® = H, Me; R* = H, OMe, Br
Ar-NH, = o-anisidine (H,N-OMP)

g'dﬁ 2.16 wanan1sld decanoic acid \Wusassludfisen aza-Fridel-Crafts (AFC) reaction

11l 2009 Dong, F. uazAtuy [16] $MNNSANWINISEY functionalizedionic liquid ﬁﬁ%a’h 3-(N,N-
dimethyldodecylammonium)propanesulfonic acid hydrogen sulfate M%@L%Sﬂf?u“] 71 [DDPA]IHSO,]
usssluufiseniuy one-pot three-component Mannich-type reaction ﬁ?ﬂﬁﬁ%ﬂu@hﬁﬁasmaﬁ
Huih figumniivios SdlusmAdelaunsohmsdaemedléiomn 19 ouius lufovasiigs (72 fa 91
Wesidud) sauandlugudsuanslugui 2.17

[DDPA][HSO,] = | HSO4@
C+-H _N\/\/\/SO3H
127125 | = ,
o) R
NH 2.49a
o _.(j)‘\ o, g _.(j/ 2. [DDPAJHSO,] 2.50a
| | _—
F = o H,0, 1t or
2.47 2.48 j)J\
R3 "CHs =
R!= H, p-OCHg, p-Cl, m-NO,, p-NO,  2:49b IR
R? = H, p-CHg, p-Cl, p-Br
R3 = (CH,)5CO, CgHs, p-OCH3CgHy 2.50b

31117; 2.17 ua@nen1skd [DDPAIIHSO,] tlusaissluufizen one-pot Mannich-type reaction

Tud 2013 A R. Das wazane [17] lavins@nwinisladisesufisensia Lewis acid-surfactant-
combines catalyst (LASC) loawi FeCly/sodium dodecyl sulfate [Fe(DS)s] luufjfisennuy
multicomponent reaction d1SunsdIATIERBURUSVDS chromenol4,3-bJchromene (2.54) 31nN13
ﬁ?ﬂﬁﬁ%mizwjﬁﬂﬁﬁ{%ﬂﬁu 4-hydroxycoumarin (2.53), aldehydes (2.51) way 1,3-diketo compound
(2.52a-c) (dimedone, cyclohexane-1,3-dione Wag ethylacetoacetate) ﬁqmwgﬁ 70 aeAmaldea 1u
a1 1.5 8 3.0 92l nuildfesazvesmsndndusigeanluiiaraefidui WeSeudsusuiaii
avaneBuvigiug Ganemidfelannsduasgimsoyiusliiomn 28 eytus lufosasigeoglutag
70 4 93 Wosidus fuandlugui 2.18

T —————  ——  — ————————“—“—“————————————————————_——.~
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o OH
R>: D @f\l _Fe(DS); _
o + , o+
, H,0, 70 °C
H A% o N M
o

251 2.52a-c 2.53
254

R = C6H5, 3-N02C6H4, 4-N02C5H4, 2-C|C6H4, 4-C|C6H4, 4-FC6H4, 4-OCH3C6H4
3-CH3CgHy, 3-OH-4-OCH3CgHy, 3-OCH4-4-OHCgHy, 4-OHCgH,, CH,CHs

1,3-Dicarbonyl 9 9 o 0
,3-Dicarbonyl =
L, {0, 70
o) o

gﬂ‘ﬁ 2.18 uananskd [Fe(DS);] WWudiassluufizen multicomponent reaction

Tyl 2012 P. M. S. Chauhan uazane [18] levinisAnwinislddissuisenviin recyclable
tartaric acid-SDS catalyst Iuﬂﬁﬁ%m three-component cyclocondensation reaction izmwmi(??ﬁ
fu isatoic anhydrous (2.55), amines (2.56) wag aldehydes/ketones (2.57) L‘ﬁ@ﬁﬂmiwﬁagﬁuﬁ{%ﬂ
asUszneu 2,3-dihydro/spiroquinazolin-a(1H)-ones (2.58) Taelusuisedldvhnsdunszivianun
24 Buus “Lﬁ%faaazﬁuaqmﬁwﬁmﬁm%ﬁqa oglutg 78 fia 96 Wosldud dauanslugud 2.19

0]
tartaric acid/SDS .R?
+ HoN-R! + R2Z-CHO N
/& H,O-EtOH (3:1)
256 2.57 o N N,
magnetic stirring H | - R
=
2.55 or 258
grinding

R! = butyl, cyclohexyl, 3-hydroxypropyl, Ph, H
R2 = Ph, 4-(CH3),CHPh, 4-CH3OPh, 4-CNPh, 4-HOPh, 4-FPh, 4-CIPh
4-BrPh, 2-BrPh, 4-NO,Ph, 3-NO,Ph, 2-NO,Ph, 4-CHOPh

%

<=
CCO @ ol T

31117; 2.19 wanan5ld tartaric acid-SDS catalyst luufji3en three-component reaction

Tul 2008 Y. Ye wazanz [19] lovinisfinwnsladusaujiserviin Lewis acid-surfactant
combined catalyst (LASC) TutfjASenuuu three-component reaction tagldtiidusvhazans nnels
dnMz ultrasonic SEMINsENsRARY 2-alkynylbenzadehydes (2.59), amines (2.60) uaxianalolwduin
A9 lon alkyne (2.61a), nitromethane (2.61b) 5o diethyl phosphate (2.61c) Tngluemideil
WU'jflmﬂ%éhLéqﬂﬁﬁ%mﬁlﬂuﬁuﬁm C1oH550;Na USunay 10 luawasidud samfu Cuso, Usunas 10 Tua
Wasidud Iﬁi”aEJawaqmimémﬁmsﬁﬁé}’mmnﬁuaqﬁuémaq 1,2-dihydroisoquinolines (2.62a-c) gaﬁqm

T —————  ——  — ————————“—“—“————————————————————_——.~
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o s s , A 1 2 ao A wo o ¢ o ¢ & I 1%
Wity 89 Wesidud (e R, R = Ph) Inglumuddeilldvinsdunaseioyiusvianun 11 eyius Tufes
avvesaTHARSuIUIUNA13E9gY oglugas 36 G 98 Weasidud Auwandlugui 2.20

=R’ I
2.61a

CHO or CuSO, (10 mol%) N
+ RMNH, + CHgNO,  CipHsSO3Na (10 mol%) =

A 2.60 2.61b H,0, utrasonic 2.62a
Ph or ) PEL

HP(0)(OEt),
2.61c N N

2.59

R!=Ph, 4-OMePh, 4-MePh, 4-FPh, 4-CIPh, 3-NO,Ph, PhCH, 2 62b 262
) . 62c
R“ = Ph, 4-MePh, 4-(n-CsHq1)Ph, CH3(CH3)3

3‘1]17; 2.20 uanenskd LASC 1fudusdludfjizen three-component reaction

Tud 2011 L. Lin wazauz [20] loAnwnislasissuisenviinansanusafiaia 1oun surfactant-
based hexaalkylguanidinium ionic liquid (GIL) 53ufUfL3aUf)ien palladium Tuaneilald ligand
dwduiiuuszdnsnnlunisiiaufisetves Suzuki reaction Tughnanefiluih sewisansdaduuseinm
aryl halides (2.63) vUfA3e11u aryl boronic acid (2.64) wunalnn1sAnUfAzewuy nanometric
palladium micelles Tnefinsdndu micelles amnsaviliades (stabilization) #e guanidinium
jonic liquid (GIL) Asieagfifu long alkyl chains silsilé¥esazvesansuansnsindoanisuiunatsisgs (41
f9 99 Wosidud) uenani GIL/H,O catalytic system Seanansaiinduunldluily waziiuszavznm
An11n1914 tetrabutylammonium bromide (TBAB)/H,O catalytic system ﬁﬂLLﬁ@ﬂugﬂﬁ 2.21

S X + S B(OH) > > /
R/ RZS_/ ? K,COj3 or NBu,OH R/ N R,

H,0, 60-110°C, 0.5-20 h

263 2.64 2.65
S
X =Br, CI ® Br
P S e e e NI S e e e e N
R1=H, 2-Me, 3-Me, 4-Me N
4-NOy, 4-OH, 4-MeCO N
R2=H, 2-Me, 4-Me, 4-Cl | | G5

U 2.21 uanansly GIL iJusnssluyfAsen Suzuki reaction

TuT 2009 G. Zhang wazaniz [21] lé@nwinisldansanusefaiavdn surfactant TX-100 Fadu
non-ionic surfactant 39uAU ionic liquid ¥Hia 1-butyl-3-methylimidazolium hexafluorophosphate
(BMIMIIPF)) waztih dwduldidusanans (medium) luujfsen Heck reaction 7l lisand s¥w314
A5RaRy aryl iodide (2.66) AU alkene (2.67a-d) Fa TX-100 Viwihildu reductant wa stabilizer lu
nmsiialu nanoparticales vaslane palladium Tnelusuddeiinui pd nanoparticales ﬁagﬂuéﬁnm@
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WUU microemulsion 989 H,O/TX-100/[BMIMI[PF,] @unsaanianlun1sinufjisen Heck reaction
warliSevarvosansndnsiueifias (81 fs 100 wWasidud) dwandlugui 2.22

0
\)J\OR WOR
©/I _ 267ac HZ20/TX-100/[BMIMI[PF] 7 o8ac
_ PdCl,, Et3N, 100 °C, 2 h
2.66 /\O R = Me, Et, Bu O N

2.67d

2.68d

U 2.22 uanansld surfactant TX-100 WushereluuFAzen Heck reaction

Tl 2012 A R Das wazanuy [22] ladnwinisldduseufiiseiviin PEG-SOH dwsunis
éﬁmeﬁauﬁuﬁ‘mmmiﬂizﬂau coumarin fused pyrroles (2.71a) wag uracil fused pyrroles (2.71b)
H1uUfATen 2 vila A9 Michael addition wag intramoleular cyclization aelutumewden sewians
FaguUszan d-aminocoumarin (2.69a) Wi 6-aminouracil (2.69b) WURATeNU o, B-unsaturated
nitroalkene (2.70) Tusviazats MeOH flgamndl 80 ssmwaidoa TaglusmAdoilfinnisdunsgi
ouusmun 11 outus ludosazvomdnsdsiuiunansiags (68 fa 85 wWaddud) Muandugud 2.23

NH,
N HNTR
N Ar
o~ "o
2.69a PEG-SO3H © ©
O,N _~
or + TN 271a o
MeOH, 80 °C
2.70 Ar
HN HN N\
)\ | Ar = Ph, 4-CH3OPh, 4-FPh, | H
0”7 "N” "NH, 4-CH4Ph, 3-NO,Ph, 4-CIPh, 0~ "N H
H 3-HO-4-CH3OPh, 4-NO,Ph H
2.69b 2.71b

g‘lJ‘ﬁ 2.23 wanansld PEG-SO-H tdudissluujisen two-component reaction
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UNN 3 A9ANUUNITNAADY

3.1 N15EUATIZNEITAALIINIRIMUUNUTEY (synthesis of ionic base-surfactants)

Tudumaunsnseuasanussfsianuuiuseq (onic base-surfactants) ielddudussluujizen

Mannich reaction @unsawn3eulagkIuaNsAINaNs (intermediates) laun 1-alkyl-1H-immidazole (3.3)
Ionandnaidu ionic base-surfactants viuA 2 Ngu uansdISNsduAsIzyt intermediates (3.3) uay

ionic base-surfactants 19a@INGUAIL

3.1.1 ﬂﬁﬁ%mm‘iﬁ'ﬂmiﬁzﬁ intermediates (3.3)

@13 intermediates (3.3) duAszilaanujisen N-alkylation 581319 immidazole (3.2) fiu

alkyl bromides (3.1a-d) viauium 4 Wi ToA  1-bromooctane (3.1a), 1-bromodecane (3.1b),
1-bromododecane (3.1c), LLay 1-bromotetradecane (3.1d) wazlananiueidu intermediates (3.3)
LA 4 LUV LAELEAIDNITHUATILNA

W/\B [T\ K2C03 [—\

n br + HN. N > NN
DMF or CH;CN /\M/”

31a;n=6 3.2 rt, 24-48 h 3.33; n = 6 (44%)

3.1b;n=8 3.3b; n =8 (50%)

3.1c;n=10 3.3c; n =10 (52%)

3.1d;n =12 3.3d; n =12 (59%)

JUN 3.1 Uanin13daATIEY intermediates (3.3a-d)

Taan509iu alkyl bromide(3.1) Ui 10.0 Taddns aslurinnunauwuin 100 Jadans avaie

asfIRuUmMeAIvinazay dimethylformamide (DMF) 38 acetonitrile (CHsCN) USunew 20.0 fadans
AIUAIBNITAL immidazole(3.2) USunal 1.0 Wi (1.0 eq) waz K,CO5 3.0 Wi (3.0 eq.) muadu 7
gamqiivies nuwinsauUisesengamaiivieaduvan 24 fa 48 Hlus uagviinn1smsIvaey

Ufisendewiu TLC tnaldszuusviazats 100 wWesidus ethyl acetate Weoufisenduan vinniswen
UfAsenlaen1siun 100 Taddns afnaisnandueinefinasans ethyl acetate 3 ASY ATIAE 100
1088nT YINN35I0TU ethyl acetate wagmintnnag sodium sulfate anhydrous (anh. Na,SO,) vinns

nsee uwaztlusuimedyinazangeanmeases rotary evaporator M6 crude product Huvesnadd

wAasgey 9t crude product ﬁiﬁmﬁﬂﬁu%qméé’ammﬁﬂ column chromatography fg3zUU
fvihavate 10 §9 100 Wosidud ethyl acetate Tu hexane (10-100% EtOAc/Hexane) laansnan o
W 1-alkyl-1H-immidazole (3.3a-d) Winfiu 44 Wesidus (6.4075 n3u), 50 Wesldun (5.0969 n3w),
52 Wosidud (4.9294 n3u) waz 59 Wesius (5.7256 N3U) Mwawu wazvinnisiigaiiendnualiig
wAlA NMR-spectroscopy
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3.1.2 Ufi3e1n158aA3129 ionic base-surfactants (3.6)

dmuduseUfiizen ionic base-surfactants nguwsn vilaegin intermediates (3.3) yinUgAsen
fiu 1,4-butanesultone (3.4) lenanduailuaisloosin (3.5) uazviufiisersenunse (HX) landnsiaue
Aidoan1519u ionic base-surfactants (3.6) Wumun 6 WUy Feusazuvuiivdnvosusuloooufiunndnaiu
Tneuandisnsdaunsizsisd

— o. P —\
N__N Qt\o CHCN N NE ©
7 + NSNS
it 80°C, 48 h T, SOs
3.3a;n=6 3.4 3.5a; n =6 (94%)
3.3b;n=8 3.5b; n = 8 (>99%)
3.3c;n=10 3.5¢; n =10 (>99%)
3.3d;n=12 3.5d; n =12 (91%)
HX P X
N N
- NN g0
anh. totuene 36
80°C,24h '
HX = CF3SOzH, pTsOH and H,SO,4

gﬂﬁ 3.2 LANINISELATIEY ionic base-surfactants(3.6)

fuitnily Faansdadu 1-alkyl-1H-immidazole (3.3a-d) U3inas 1.0 ndu adluvaeavhufisen
avangansRaduAERIYazany CH,CN USunaw 4.0 §addns auAen1si@y 1,4-butanesultone (3.4)
USia 1.1 wh (1.1 eq) Migaumniivies mﬂﬁ?uﬁwmiﬂuﬂﬁﬁ%mﬁqmmﬁ 80 earwaldea Juiian 48
s wazsiliduitonmnivies aldvesudedum andurhmsataasiiuivdoluufiseioonde
§whazany diethyl ether (F,O) 3 a% afwey 10 fadans wazvUsesldianswandasiuanield
gaungiivios thansudnfasifuisussyaduriniuas (val) wasihluvliuidnadsneinias vacuum
oump  Famnvesansnantag  warvhmsmuadesazesansuandet  (3.5a-d) iy 94
Wasidus (1.6569 n51), >99 Wasidus (1.6645 nSu), >99 Wasidus (1.6206 nSu) waz 91 wWasidus
(1.3726 n$W) MaE1AU wavinn1sigadiendnualalemailn NMR-spectroscopy

fuilaes sens (3.5a-d) Aldanduneuiivisuinm 500 fadniy adumasarhuifsen iy
a19azany anhydrous toluene Usunal 5.0 Hadans mumenisidunsa (HX) Usiia 1.0 wih (1.0 eq.)
mﬂﬁ?uﬁwmiﬂmlﬁﬁ%mﬁqmmﬁ 80 esrmuwaldoa (Junan 24 dalae Lﬁaguqﬂﬂﬁﬁ%ﬂwazﬁaLﬂaLﬁu
vowudsazansnun uaransnauusnoonduaody Udeeliiviaenyiuiisefuiigaumgiivies wazvinis
@m%umiazma toluene aan MntwhMIaTAAIHALFBIYaras diethy ether (Et,0) 3 ads Al
ay 10 fladans (ansnandneizuenduiusvinazans diethy ether) i diethy ether Wazuans
wanfaus (3.6) Tldumiliusesenios vacuum pump Seihminvesanswandos wazdandosas
VOIANTNANAUN mﬂﬁuﬁwiﬂﬁqﬂmaﬂé’ﬂwﬁé”;amaf‘m NMR-spectroscopy
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3.1.3 Ufi3e1n1589A3129 ionic base-surfactants (3.7)

LagdmMIUANSIUNATEN ionic base-surfactants Tunguilaes vilaei intermediates (3.3) ¥
Uffselnenssiunse (HX) lendndueinifesnsidu ionic base-surfactants (3.7) 1WA 12 WUU F9u6
azuwuuiviinveuaulosouiiuand1aiy Inewansion1sdunsienine

a

N/:\N AX - N/:\NH x°
/\M/n N anh. CH2C|2 /\Mn V@
33a:n=6 rt, 24 h 3.7
gg'g N ?o HX = CF3SO3H, pTsOH and H,SO,
3.3d;n=12

E‘Uﬁ 3.3 LAAINISAULASIZH ionic base-surfactants (3.7)

Hoanskedu 1-alkyl-1H-immidazole (3.3a-d) U3ua 500 fadnsu adlunasavhuiisen dud
"inazany anhydrous dichloromethane Usuney 5.0 daddns muaen1siaunsa (HX) Usuiad 1.0 win
(1.0 eq) Mniuvhmsauufisedivesduna 24 $ilas defuarufiisenasdunafiuroudiaras
i uazvhnsataasaasuiivdeluuAseneendaesvhazany diethyl ether (ELO) 3 ast adiay 5
fiadans wavUdeelansudndnst (3.7) whaneldeumgiivies dhanswansusinusisussqasluranivans
(vial) wazthlurluisdnadiseries vacuum pump Fedminvesansnandae waziundevay
YoAIHAN Sl mﬂﬁ?ﬂﬂﬁlﬂﬂ@%ﬂwﬂéjﬂwﬂjﬁ’wLﬂ/lﬂﬁﬂ NMR-spectroscopy

T —————  ——  — ————————“—“—“————————————————————_——.~
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3.2 mymaneimanzaudmsunisld ionic base-surfactant Wudaseluufizen

Mannich Reaction

BnmaseuilemanneiimngaudmiuufAteMannich reaction Ingldfissufazevin
jonic base-surfactants fin3estudondnuufiifenuu 3 esdUszney sewivansiedu 3 e ldud
4-nitrobenzaldehyde (3.8a), aniline (3.9) uag cyclohexanone (3.10a) lanansdaeidy Mannich-
adduct (3.11a) Insuansisnimaaesfiomanieivanyaudsil

i i L
NH
H O/ 2 catalyst NH O
+ + >
O,N H,0, rt

3.8a 3.9a 3.10

O,N
3.11a

5UN 3.4 uanamsmannefmuigaudmiuufisen Mannich Reaction

mmmﬂgﬂsm ionic base-surfactants (5-20 mol%) foseuiuadunasnvhuiisen avane
fefvinazateul (1-3 Jagaans) MnduiEsRagy d- nitrobenzaldehyde (3.8a) 151.0 #aan3u (1.0
fadlua), aniline (3.9) 91 lulasans (1.0 adlua) uag cyclohexanone (3.10a) 124 lulasans (1.2 Had
Tua) awdwu YinseuUfisendie magnetic stirer figuvaiiviondunan 3-12 $ilus uazugn
UFRSelne s nsarinansuandasiuaranssasuiiviosendiedvinazans ethyl acetate (EtOAC) loe
N3iu ethyl acetate USuaw 5 Hadans aﬂwaaﬂmﬂgﬂsm wazIiN1sannaNsAIEIaNISALYRINEY
sz 1-2 Wi m”muamwmmamaammm Mgty ethyl acetate asluwaniiunay yhnafia
91 4 ASy afay 5 faddns Tty ethyl acetate i 4 st uwdahlusemedvinazaseandeiades
rotary evaporator lfia3uaw (crude product) Juvennamiindindes st crude product Uy
1ﬁu§qm‘§ﬁwmﬂﬁﬂ column chromatography @gsyuusiivitazans 10-20 Wesidud ethyl acetate Tu
hexane (10-20% ethyl acetate/hexane) wazvnsAuInMSesazvosHans T figonns andutil
fgaendnualaiemailn NMR-spectroscopy

MM maaesineiy ndmnilddus it dimnsaunds thiuse§Rsefivenzauiy
wldiflomanmeiivmnzannniulpsmsuundeutinasiaufiten amdudu gungll wasnan
TunsvufAsen sail

1. vhnsusudBnamesiassufisendu 1-10 mol%

2. ﬁwﬂﬁﬁ%mimLﬁaﬂiﬁz’fﬁaﬁwazmaﬁﬂ 1.0, 2.0 wag 3.0 Uadans

3. yMUgATeIIaIene
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(%4 ¢ v ¢
3.3 N13AILATISUAITDUNUD

Tunsdaaszianseyiusinnuifser Mannich reaction lévhmsdnasizsinaan 10 oysitus
Tngldanneivanzauiian o 10 mol% ves [bsdeciml[CF;505] (3.6b) 1udussufizen Tudi
avaneth flgnamniivies una 6 dalus Tnedenviiavesasusenoudadledvanun 7 ¥in uazesiiau
2 %0 fuansisnisvaaoail

=
0 R?
NH i O\NH o)
L N H , [N 2 ionic base-surfactant
R _ + Rf/ + X
H,0 R
3.8 3.9 3.10 &
' ' ' 3.11

5UN 3.5 uanamsdaasieianseuiusainufisen Mannich reaction

Fadnsaasen (3.6b) (10 Twawesidusd) adlumaeariuiisen avanededvinazaneh 1.0
fla88ms MnTuRNEnIRadusadles (3.8) Usina 1.0 Tadlua, aniline (3.9) USinal 1.0 fiadlua uaz
cyclohexanone (3.10) U3iau 1.5 fadlua swdidy vihnseuufisensne magnetic stirer 7
gaungfivios WWuna 6 Halus wasmgaufiselemsatnansuandusiuazansnaduiindooondessh
avany ethyl acetate (EtOAC) 4 %t atay 1 Tadans 909U EtOAC wihlussmedvhazangeandae
A384 rotary evaporator ba crude product Juvesnamilndnies mmj,'uﬁ’l crude product Uyl
U%ﬁ%éﬁjamﬂﬁﬂ column chromatography feseuUfvnazaly ethyl acetate Tu hexane wagyinn1s
AU e Az INAR S TTIHeINS mﬂﬁ?wjﬂﬂﬂgaﬂmﬂé”ﬂwaiﬁwmﬂﬁﬂ NMR-spectroscopy

(@] O (@] O
O,N
oo o O
O,N F
3.8a 3.8b 3.8¢c 3.8d
(0] (@]
H H
S
MeO cl Cl 0
3.8e 3.8f 3.89
©/NH2 /@/NHZ
Br
3.9a 3.9b

JUN 3.6 uandlassainaieanles waresliaunmuaildduaszioyius
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unil 4 HaN151AaeY aAUs18uarasUNaNIsNAaas

4.1 jlan1snNaaadg
4.1.1 HANISNAABINITAIASIEH intermediates (3.3a-d)

MnduneumsuAsIEsians intermediates (3.3a-d) mgUisen N-alkylation STMI9EN TR
immidazole (3.2) AU alkyl bromides (3.1a-d) wwn 4 wln 1duA 1-bromooctane (3.1a),
1-bromodecane (3.1b), 1-bromododecane (3.1c), itag 1-bromotetradecane (3.1d) TonanAuaidy
intermediates (3.3a-d) V1LA & WUU LAASHANSTVAABRTIUANS ST 4.1

{ 1% 1 a o 4 [a]
AN5199 4.1 LLﬁﬂﬂIﬂi\‘}ﬁﬁ'}\‘l LA IDURTVDIANTNANNEUN (3.3a—d)a

Br + HN._ N > N._N
n o A\
DMF or CH3CN /\M/n
3.1ad 3.2 1, 24-48 h 3.3a-d
entry solvent time(h) n structure yield (%)[b]
l - \
1 CHCN 48 6 SN SN N 44
3.3a
l - \
2 CHCN 48 8 SN S S SN N 50
3.3b
l - \
3 DMF 24 10 SN S S SN (N 52
3.3c
l - \
4 DMF 24 12 S S S S SN (N 59
3.3d

B All reactions were conducted with 10 mL of alkyl bromide (3.1) and 1.0 eq. of immidazole (3.2)
in 20 mL of solvent using 3.0 eq. of K,CO3 for 24-48 h
Plisolated yields
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4.1.2 HANISNAABINTITAWLATIZH ionic base-surfactant (3.6)

NANNSAIASIZY ionic base-surfactants (3.6) M19UA 9 WUU MeN15UN intermediates (3.3a-d)
iU Uas 1,4-butanesultone (3.4) londnsdnaiduanslessiin (3.5a-d) Mnduwihufisesienu
nsa (HX) lewanduaidu ionic base-surfactants (3.6) WEAINANISNAABISIUANTIN 4.2 LAy 4.3

ANUAINU

P~ ¥ v a o 4 [a]
A197197 4.2 uanslaseasie wazdesazusalsuaning (3.5a-d)"

= @fi\o CH3CN \ @ o
N._~.N + > N.~.N
/\M/n & 80°C, 48 h /\M’n N7 \/\/\803
3.3a-d 3.4 3.5a-d
entry n structure yield (%)[b]
— ® -
\/\/\/\/N ~N
1 6 N INTN"Ng0, 94
3.5a
@
2 8 \/\/\/\/\/’\‘\7’\‘\/\/\80(;D >99
3.5b
@
3 10 \/\/\/\/\/\/N\?'\l\/\/\so(;D >99
3.5¢
— ® -
4 12 S~ NN 1
N \/\/\SO3 9
3.5d

(& All reactions were conducted with 1.0 g of 1-alkyl-1H-immidazole (3.3) and 1.1 eq. of
1,4-butanesultone (3.4) in 4.0 mL of CH3CN at 80°C for 48 h
b purified yields
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a 1% 1 a o 4 [a]
A1519% 4.3 LEAAILASIATIY LATITDYATVDIASNAN UN (3.6)a

HX = CF3SOzH, pTsOH and H,SO, e
a® © HX @ X
AIN NS00 - NN
anh. totuene
3.5a-d 80 °C, 24 h 3.6
entry n structure yield (%)[b]

SO3H 99

3 10 SN S SNS N NS >99

4 10 NSNS SN N >99

SOsH >99

SO3H >99
3.6f [bstetradecim][CF;SO4]

[& All reactions were conducted with 0.5 g of (3.5) and 1.0 eq. of HX in 5.0 mL of anh. toluene
at 80°C for 24 h
B purified yields

T —————  ——  — ————————“—“—“————————————————————_——.~
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4.1.3 HANISNAABINTITAWATIZH ionic base-surfactant (3.7)
NANNTAIASIZY lonic base-surfactants (3.7) M9UUA 9 LUV 31ANNSUT intermediates (3.3) 911

UfAseunse (HX) Tendndnaidu ionic base-surfactants (3.7) LanNan1svnaosnalunisei 4.4

i v v a o 4 [a]
ﬂ’li’Nﬁ 4.4 LLﬂ(ﬂﬂiﬂix‘iﬁi’N LAY IDYATUYDIATTINANNUN (3.7)a
HX = CF3SO3H, pTsOH and H,SO,4

N 9 N HX > N P NH X@
£ - ¥
N anh. CH.Cl, ML Ve
3.3a-d rt, 24 h 3.7
entry n structure yield (%)t
T ©
1 10 \/\/\/\/\/\/N\?gH CF3S05 >909

3.7a[dodecim][CF3SO4]

©
2 10 SN N pTSO >99
3.7b [dodecim][pTsO]

©
3 10 \/\/\/\/\/\/NVgH HSO4 >99
3.7c [dodecim][HSOy,]

[@ All reactions were conducted with 0.5 g of (3.3) and 1.0 eq. of HX in 5.0 mL of anh. CH,Cl,
atrtfor 24 h
o pyrified yields

4.1.4 wan1snansn1swian1ziwunzanlunisld ionic base-surfactants iudiqiselu
U}i381 Mannich Reaction

Ql' o (% v . . a a ‘:’{ Id Y [l
INNTNAADINANMETUIZANFMTUNITIY ionic base-surfactants  Aw3auduLdusagsly
U381 Mannich Reaction d@msun1sduasieialsusenoulsean B-amino carbonyl compounds
lnsidentdluwaveslfisenainnisiufizenseninsansdasiu 3 vl Ao d-nirobenzadehyde (3.8a),
aniline (3.9a) wae cyclohexanone (3.10) HUUAAZEMULTUABULRALT (One-pot reaction) TinAnsau
A v I . ! [ g"
fosn15. U B-amino carbonyl compounds (3.11a) lnsuaninan1smaaodluani1zenge Al

4.1.4.1 NaN1INTIFUYLAVDIR TS MmN zEY

msmé’hLﬁqﬂﬁﬁ%mﬁmmzammﬂﬁaLéaﬂﬁﬁ%mﬁy’mm 9 wuu lngldlaumavesuizeii
NMsPTNEey BuunTvasulnaesiuswiitoudazeiad 10 Tuawedidud Wuna 3.0-12.0
Flaa figumgfivies meldfanarsiidui wegvinauieudsunammanostunislénsaviomsanuss
AaRIUN9Y TR WU TFOH, DBSA way decanoic acid LﬁuﬁaL'ﬁ'aﬂﬁﬁ%mmﬂﬁamwLﬁmf"fu ALANINANTT
neassaLaLduSeuaY e IESNAR D] B-amino carbonyl compounds (3.11a) #3luansefl 4.5
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A19199 4.5 LansSoUazveIEIHanNIUI B-amino carbonyl compounds (3.11a) 9nnS RIS
aaa a 1 [a]
Uffserudnmee

i i @L
NH
/©)kH ©/ 2 é CataIySt (10 mOI%) I X
+ +
OyN H,0, rt /[:::F/L%I:f:]
3.8a O,N

3.9a 3.10
3.11a
entry catalyst water (mL) time (h) %yield[b] syn:anti[C]
1 3.6¢ [bsdodecim][CF;S0,] 2.0 6.0 63 42:58
2 3.6d [bsdodecim][pTSA] 2.0 6.0 36 42:58
3 3.6e [bsdodecim][HSO,] 2.0 6.0 7 36:64
a4 3.7a [dodecim][CF;S05] 2.0 6.0 56 48:52
5  3.7b [dodecim][pTSA] 2.0 6.0 55 41:59
6 3.7c [dodecim][HSO,] 2.0 6.0 6 36:64
7 3.6c [bsdodecim][CF;50,] 2.0 3.0 46 43:57
8  3.6c [bsdodecim][CF;505] 1.0 35 66 40:60
9 3.6c [bsdodecim][CF;SO;] 1.0 6.0 79 51:49
10 3.7a [dodecim][CF550,] 1.0 6.0 70 40:60
11 3.7b [dodecim][pTSA] 1.0 6.0 68 48:52
12 3.6a [bsoim][CF;50s] 1.0 6.0 86 36:64
13 3.6b [bsdecim][CF;505] 1.0 6.0 86 34:66
14 3.6f [bstetradecim][CF;SOs] 1.0 6.0 79 36:64
15  TfOH 1.0 6.0 86 45:55
16 DBSA 1.0 6.0 86 (50)" 4555 (45:55)"
17 Decanoic acid 1.0 6.0 69 45:55
18 [bsmim][CF,50,] 1.0 6.0 80 48:52
19 3.6b [bsdecim][CF,50,] 1.0 12.0 85(80)"  41:59 (45:55)
20 3.6b [bsdecim][CF,50,] 0.5 6.0 85 44:56
21 - 1.0 12.0 50 34:66
22 3.6b [bsdecim][CF,505] 1.0 6.0 80 43:57
23" 3 6b [bsdecim][CF,50,] 0.5 6.0 75 48:52
24" 3 6 [bsdecim][CF,50;] 1.0 6.0 83 46:54
25" 3.6b [bsdecim][CF,50,] 1.0 6.0 93 50:50

) All reactions were conductd with 1.0 mmol of 4-nitrobenzaldehyde (3.8a), 1.0 mmol of aniline (3.9a)
1.2 mmol of cyclohexanone (3.10) and 10 mol% of catalyst in 1.0-2.0 mL of water at room temperature
" isolated yield; U Determined ratio by NMR,; o recycle; “ 1.0 mmol of cyclohexanone (3.10); ™1 Mmoo of of

catalyst; 5 mol9 of of catalyst; ™15 of cyclohexanone (3.10)

T —————  ——  — ————————“—“—“————————————————————_——.~
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4.1.5 HANSNARBINITEUATIZIBYWNUTVRIA15UTENBU B-amino carbonyl compounds 310
1509 UUsELANDanlan (aldehydes) wazeaziauviinnngg

Mé’ﬁﬂﬂﬁlﬁam’wﬂaaﬂﬁﬁ%mﬁmmsamé”; A 10 mol% ¥ [bsdecim][CF;S05] (3.6b) 1Uu

Asauisen Tudwihazatedn 1.0 §addns sie 1.00:1.00:1.50 mmol scale YosansAIU Ngaungilvios
Juan 6.0 Tl

Tundeilldthannzvelfisenivunzanils  uwihnsduaszieuius  laeusulaeu

¥ipvasaTInuINlduasUsenaudantasiazesian  IeAuMaINaNsuRIasNanAugnu1aula

Use
(3.8
2,4-

NOUSIY aromatic aldehydes vavn 7 il leun d-nitrobenzaldehyde (3.8a), benzaldehyde
b), 3-nitrobenzaldehyde (3.8c), 4-fluorobenzaldehyde (3.8d), 4-methoxynenzaldehyde (3.8e),
dichlorobenzaldehyde (3.8f) uwag 2-furancarbaldehyde (3.8g) d@uasesiiau Usenoumie

aromatic aniline auus 2 ¥ln Ao aniline (3.9a) kag 4-bromoaniline (3.9b) ANANSVNaRINUINLA

FOUALVDINANAUINABINITVINUA 10 DUIWUS AILAAINANITNARBILUAIS1N 4.6

A1997 4.6 LLamwamsé’fﬁmeﬁaqﬁuﬁ‘ﬁuaamiﬂizﬂau B-amino carbonyl compounds (3.11)

%
21

Q NH o} 10 mol% R O\NH
oL G)\H . ©/ 2 i‘) [bsdecim][CF3SO4] 9
B + R + >~ N
& & rt, H,0, 6 h R
38 3.9

3.10

3.11
1.0 mmol 1.0 mmol 1.5 mmol

entry aldehyde (3.8) aniline (3.9) product (3.11) %yield[b] syn:anti[d

o QL
NH, NH o
1 : @f 93 4753
O,N O.N
3.8a 2

3.9a 3.11a

] NH o
NH,
2 ©)‘\H @( O)\é 86 23:77
3.8b

3.9a 3.11b
0 ©\NH o
O,N NH;
3.8¢c 3.9a 3.11c

El

[b]

[c]

All reactions were conductd with 1.0 mmol of aldehyde (3.8), 1.0 mmol of aniline (3.9), 1.2 mmol
of cyclohexanone (3.10) and 10 mol% of [bsdecim][CF;SO,] in 1.0 mL of water at room temperature
Isolated yield

Determined ratio by NMR
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A1519% 4.6 (610) WAnIKAN1SFLATIEROYIUSVRIETUTENBY B-amino carbonyl compounds (3.11)

=
22—

0 NH o] 10 mol% R ©\ o

. NH

Rl__.@)‘\H o2 @/ 2 . é [bsdecim][CF3SO5]
| + N AN
& 7 ft., H,0, 6 h R
3.8 39 &

3.10
311

1.0 mmol 1.0 mmol 1.5 mmol

entry aldehyde (3.8) aniline (3.9) product (3.11) %yield[b] syn:anti[d

(@]
NH,
i H @f 82 39:61
F F
3.8d

3.9a 3.11d

0o :NH

NH, 7
5 H @( 77 20:80
MeO MeO
3.8e 3.9a 3.11e
L
O NH o
6 J@*H QNHZ O)\é 83 50:50
MeO Br MeO
3.8e 3.9b 3.11f
BI‘\@\
NH o
,

(0]
©)‘\H /@(“HZ ©)\© 91 43:57
Br
3.8b 3.9b

gs!
8 NH o 92 35:65
/@ﬁ NH2
© T
OzN Br

3.8a 3.9b 3.11h
) Al reactions were conductd with 1.0 mmol of aldehyde (3.8), 1.0 mmol of aniline (3.9), 1.2 mmol

of cyclohexanone (3.10) and 10 mol% of [bsdecim][CF;SO,] in 1.0 mL of water at room temperature
" isolated yield
U Determined ratio by NMR

T —————  ——  — ————————“—“—“————————————————————_——.~
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A1519% 4.6 (610) WAnIKAN1SFLATIEROYIUSVRIETUTENBY B-amino carbonyl compounds (3.11)

=
2~
Q o 10 mol% R ©\ o
NH . NH
L N H , 0N 2 [bsdecim][CF3S0;]
R | _ + R | _ + AN
it., H,0, 6 h Rl'—"/

3.8 3.9 3.10 311

1.0 mmol 1.0 mmol 1.5 mmol

entry aldehyde (3.8) aniline (3.9) product (3.11) %yield[b] syn:anti[d

©\NH e)
9 /@iﬁ\H NH, /d\é 96 50:50
cl cl i Cl Cl
3.8f

3.9a 3.11i

10 /I NH2 ~ 65 32:68
H
(e} \ o)

389 © 3.9a 3.11]

? All reactions were conductd with 1.0 mmol of aldehyde (3.8), 1.0 mmol of aniline (3.9), 1.2 mmol

of cyclohexanone (3.10) and 10 mol% of [bsdecim][CF;SO,] in 1.0 mL of water at room temperature
" Isolated yield
U Determined ratio by NMR

4.2 aﬁﬂiﬂﬂwami‘maaa

nnsAnwnsldansanussfsiuuuiiuszy (onic base-surfactants) Wususdlulfizenaiin
Tdansasrunangasrusenauludunauie SudulavinnIsduasIedt ionic base-surfactants Miaviua 9 1o
% a (v o“:l' = 1 & @ I3 (v [ ‘:l'
IDUATVDINANNUNNIG (95 911NN 99 LWasLEus) muammaaammzﬂugﬂm 4.1

o
= ® CF3503® /7\® CF3SO3® N/—\—N® CF3SOg3
SN N N SN NN N N
o \/\/\303H A \/\/\SOgH A \/\/\SO3H
3.6a [bsoim][CF;S0,] 3.6b [bsdecim][CF;SO5] 3.6¢ [bsdodecim][CF;SO4]
99% 95% >99%
M & stOe /[/\ @ HSO4
SN S S SN N NSNS S SSCN N
« \/\/\503H 7 \/\/\503H
3.6d [bsdodecim][pTsO] 3.6e [bsdodecim][HSO,]
>99% >99%
—\@ CFsoy _NH CFsso?
SN SN S S SSN N SN S S SN (NH
NS \/\/\SO3H \7® 3°U3
3.6f [bstetradecim][CF;SO,] 3.7a[dodecim][CF3SO4]
>99% >99%
_ Ts0® ¥ %
SN NN PTS SN S NN HSO,
3.7b [dodecim][pTsO] 3.7c [dodecim][HSO,4]
>99% >99%

JUT 4.1 uanslassainauasSegavnansinmives ionic base-surfactants ¥4 9 ¥l
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9ntuth fonic base-surfactnats 13 9 WUy wmaaauMsLJudussUazen Mannich reaction
Tneludiunmsmannsfivmnzay donlunavesufisoniuasdedy d-nitrobenzaldehyde (3.8a)
U3 aniline (3.9a) way cyclohexanone (3.10) Tudnsndu 1:1:1.5 YinuFfseigamgiivios 16
answandueidu p-amino carbonyl compound (3.11a) Fa91nN1INAEEUNUTI ionic base-surfactant
ﬁﬁﬂszﬁw%mwnmﬂuéf’;Lﬁqﬂﬁﬁ%mqqqmﬁa [bsdecim][CF5S05] (3.6b) Tuusutas 10 mol% 1Juiian
6.0 alus ISosavresnandnsinfoanis guan windu 93 Wesidud (entry 25 Tumsnedi 4.5)

ydanildannzvesUfizefivnzaund tanihnmsduasgieyiuues B-amino carbonyl
compounds nua 10 syiuslaevnsidenuiiavesdadledviomn 7oin ldud d-nitrobenzaldehyde
(3.8a), benzaldehyde (3.8b), 3-nitrobenzaldehyde (3.8c), 4-fluorobenzaldehyde (3.8d), 4-
methoxynenzaldehyde (3.8e), 2,4-dichlorobenzaldehyde (3.8f) wag 2-furancarbaldehyde (3.8g)
druanserdidy Usznausae aromatic aniline ovun 2 ¥iln Ao aniline (3.9a) waz 4-bromoaniline
(3.9b) MnMmsiaomuIldnaasusiiFesnsianan 10 eyius Tulesasiigs (65-96%) Feguil 4.2

Ay U

3.11a 3.11b 3.11c 3.11d
93% (syn:anti =47:53) 86% (syn:anti = 23:77) 94% (syn:anti = 49:51) 82% (syn:anti =39:61)

@\ Br\©\ Br\©\
NH o NH o NH o
MeO : ﬁ MeO : ?

3.11e 3.11f 3.11g
77% (syn:anti = 20:80) 83% (syn:anti =50:50) 91% (syn:anti = 43:57)

NH o NH o NH o
() () @Aij
\ (0]
O,N Cl Cl

3.11h 3.11i 3.1y
92% (syn:anti = 35:65) 96% (syn:anti = 50:50) 65% (syn:anti = 32:68)

UM 4.2 uandlassaiauagiosasnansingivesa1susenau B-amino carbonyl compounds (3.11)

T —————  ——  — ————————“—“—“————————————————————_——.~
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4.3 d@yUnan1ivnaa

ynnsnaaesaglladn ionic liquid surfactant awnsalddudassluufien one-pot three-

. . Yy 1 a a lo & v @ w1 aaa =

component Mannich-type reaction lgagnefiuszdnsnin lnalidndusedddlansiludusufizen o
Uafseninlaaneamgiivies Tudwhazaneiludl Teedisefisennivssdvinmasgn Nanunsali
SovarveanHAnAugANgn Ae [bsdecim](CF;SO5] (3.6b) kAAINNITANWINITAAATINOUIUS WU

q

IfotazveanInaniuaNgs (65-96%) wagndannufisendugn awnsaundsefisenauunlylng

a

Lgitia Inelddgaydeuseansamlunisseu)izen (entry 19 lunns1ai 4.5)

4.4 Jeyn1vaeulY

1. 3nnmsindenulgmininetvesiuiniod NMR (nuclear magnetic resonance) U8301AI%7LEe

Tuszminamsaniunsive wazldsuniseudfvenanniaisad laewses NMR Wuinesdlondnlu

1591398 Flranuddediaauandn

2. MSAIUNISEIEITHAINNAITT LHBIINF IR HUNNTEINNANSUTENA

4.5 YaLauaLuy
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4.6 W ’g‘!ﬁ] Jlnanwalflewmailn NMR- -Spectroscopy ‘llE]\Wl’JLi\‘iUi]ﬂ'iEJ']

/_\
S SN N
3.3a

1-Octyl-1H-imidazole (3.3a): "H-NMR (400 MHz, CDCL,): &, 0.87 (t, 3H, J = 6.5 Hz, CH5), 1.19-1.34
(m, 10H, 5XCH,), 1.71-1.82 (m, 2H, CH,), 3.91 (t, 2H, J = 7.0 Hz, CH,), 6.90 (s, 1H, H-im), 7.04 (s, 1H,
H-im), 7.45 (s, 1H, H-im); "C-NMR (400 MHz, CDCly): 8. 13.92, 22.47, 26.41, 28.90, 28.96, 30.94,
31.59, 46.91, 118.67, 129.05, 136.89

Uthaiwan 27-7-59 No.7
US=XI=2015=51 in EDEC13

o~ W~

3.93

— o
o @©
o

VW VP

R RO | IR ARE: T T T T , It J T T T T
11 10 8 7 6 5 a 3 2 1 ppm
| |
g g3 ‘81 s |3 [
3 EE = i
H
5UN 4.3 "H-NMR 03815 1- -Octyl-1H-imidazole (3.3a)
Uthaiwan 1-8-59 No.9
13C US—-I—-2016-51 in Cpcl3
¥ = = o
I
I
|
|
|
L}
W J JJ.U J
210 200 190 180 170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 10 pPpm

Ul 4.4 “C-NMR 983an3 1-Octyl-1H-imidazole (3.3a)
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/ - \
SN N
3.3b
1-Decyl-1H-immidazole (3.3b): 'H-NMR (400 MHz, CDCL): 8,, 0.88 (t, 3H, J = 6.5 Hz, CHs), 1.18-
1.36 (m, 14H, 7xCH,), 1.71-1.81 (m, 2H, CH,), 3.92 (t, 2H, J = 7.0 Hz, CH,), 6.90 (s, 1H, H-im), 7.05
(s, 1H, H-im), 7.45 (s, 1H, H-im); 13C—N!\/\R (400 MHz, CDCly): O 14.03, 22.59, 26.49, 29.00, 29.19,

29.36, 29.41, 31.02, 31.79, 46.98, 118.71, 129.21, 136.97

Uthaiwan 27-7-59 No.4
US-I=2015-50 in. CDCL3

1.265
7.047

—1.456

T~ 6.898
W At
SIS

i e e . = " : - T - .
11 10 9 8 T 6 5 4 3 2 1 ppm
J e K ) i |
[8 =l8) b= = 88
|< P—[c‘ |< |~ 8| |8

sUfl 4.5 'H-NMR ¥83a15 1-Decyl-1H-immidazole (3.3b)

Uthaiwan 1-8-59 No.8
13C US-I-2016-50 in CDC1l3

Y, \Y\\%”

36.971
129.207
118.71

R San Banasansssd

 aaaanases T e T T T e T

70 60 50 40 30 20 10 ppm

210 200 190 180 170 160 150 140 130 120 110 100 S0 80

g‘lJ‘VI 4.6 "C-NMR w0313 1-Decyl-1H-immidazole (3.3b)
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/ - \
S SN N
3.3c
1-Dodecyl-1H-immidazole (3.3c): 1H—N!\/\R (400 MHz, CDCls): O, 0.87 (t, 3H, J = 6.5 Hz, CH,),

1.23-1.31 (m, 18H, 9xCH,), 1.72-1.81 (m, 2H, CH,), 3.91 (t, 2H, J = 7.0 Hz, CH,N-im), 6.89 (s, 1H, H-
im), 7.05 (s, 1H, H-im), 7.47 (s, 1H, H-im); PC-NMR (400 MHz, CDCLy): O¢ 13.91, 22.63, 26.66, 29.08,
29.29, 29.42, 29.51, 29.59 (2C), 31.08, 31.92, 47.13, 118.70, 129.47, 137.09

UsS-I-2015-5(2) 1H NMR in CDC13 28-01-2015

5 =

o
> e
\

| |
R ¢ v’u_fﬁ - r{ : A J\_J
e - e L . e Ay
10 9 8 7 6 5 4 3 2 1 1] ppm
)\
S 58 o =8l 8
s |Se ~ ~ s |S)

;sﬂﬁ 4.7 'H-NMR 283813 1-Dodecyl-1H-immidazole (3.3¢)

US-I-2015-5(2) 13C NMR in CDC13 28-01-2015

WV

Lo e J | L

T T == T g £ ” T e i i T % T S ) | T
200 180 160 140 120 100 80 60 40 20 o pPpm

PSR e

5Ufl 4.8 “C-NMR 983815 1-Dodecyl-1H-immidazole (3.30)
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i_\
S S S S SN N

3.3d
1-Tetradecyl-1H-immidazole (3.3d): "H-NMR (400 MHz, CDCLy): 8,0.88 (t, 3H, J = 6.5 Hz, CH,),

1.18-1.36 (m, 22H, 11XCH,), 1.71-1.81 (m, 2H, CH,), 3.92 (t, 2H, J = 7.5 Hz, CH,N-im), 6.90 (s, 1H,
H-im), 7.05 (s, 1H, H-im), 7.46 (s, 1H, H-im); "C-NMR (400 MHz, CDCLy): 8. 14.07, 22.65, 26.52,
29.03, 29.31, 29.39, 29.48, 29.56, 29.60 (2C), 29.64, 31.04, 31.89, 47.02, 118.73, 129.22, 136.98

Uthaiwan 27-7-59 No.3
US=I~-2015-52 in CDGCI13

- o o = e ) o
™ — D W o = © =
o o o > - N 00 @ @
LN aeisel - o

AT 7

. T T T RS T T ' B rdes T T T RS
11 10 9 8 K 6 5 4 3 2 4 pPpm

| S I [

’ 5| [O“ﬂ =) 2 = (=

= ) S| gl ‘*’ﬂ‘

;s‘l.l‘ﬁ 4.9 'H-NMR 283813 1-Tetradecyl-1H-immidazole (3.3d)

Uthaiwan 1-8-59 No.7
13C US-I-2016-52 in CDC13

[¥=}
o~ @
o~ ~ > o O
. . =
o ==} .
~ — — — ©
—

—— 136.986

,,,,,,,,,,,,,,,,,,,,,,,,,,, [T P P T [P e T e e
210 200 190 180 170 160 150 140 130 120 110 100

U7 4.10 PC-NMR vosans 1-Tetradecyl-1H-immidazole (3.3d)

Y

oA
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@
S
ST
N\7N\/\/\SO3
3.5a
4-(1-Octyl-1H-imidazol-3-ium-3-yl)butane-1-sulfonate (3.5a): "H-NMR (400 MHz, dg-DMSO): d

0.86 (t, 3H, J = 7.0 Hz, CHs), 1.18-1.34 (m, 10H, 5%XCH,), 1.54 (quint, 2H, J = 7.5 Hz, CH,), 1.79
(quint, 2H, J = 7.5 Hz, CH,), 1.89 (quint, 2H, J = 7.5 Hz, CH,), 2.46 (t, 2H, J = 7.5 Hz, CH,), 4.16 (t,
2H, J = 7.5 Hz, CH,), .19 (t, 2H, J = 7.5 Hz, CH,), 7.80 (s, 1H, H-im), 7.81 (s, 1H, H-im), 9.24 (s, 1H,
H-im); “C-NMR (400 MHz, dg-DMSO): 8, 14.37, 22.23, 22.51, 25.98, 28.79, 28.93, 29.12, 29.82,

31.62, 49.01, 49.28, 50.95, 122.89, 122.97, 136.60

Uthaiwan 1-8-59 No.4
US-I-2016-16 in DMSO

R

,
r_‘s—‘&
‘

|

e
—
——————
.

a 3 2 1 pPpm
(o)

(=) |eo) )< Y@}
3| b=
3 <

11 10 - ) 8 7 6 5
1 \ \ ) M

|5| 3 = S‘g‘ 8|
=5 -~ <l lcillasl |

U 4.11 "H-NMR ¥83a15 d-(1-Octyl-1H-imidazol-3-ium-3-yUbutane-1-sulfonate (3.5a)

Uthaiwan 19-8-59 No.6
13C US-I-2016-16 in DMSO

o ® o
xS ~ @
o
5]
—
|
|
|
|
| I
|
J ) e . ‘L)JJ JJ \\J\.}Jw.
e T 7 T g ([ = = T ¥ T T T S * T R | e
200 180 160 140 120 100 80 60 40 20 o ppm

;5‘1]17; 4.12 "C-NMR v03a13 4-(1-Octyl-1H-imidazol-3-ium-3-ylbutane-1-sulfonate (3.5a)
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\/\/\/\/\/N/\:\N?/\/\SO(;D
3.5b

4-(1-Decyl-1H-imidazol-3-ium-3-yl)butane-1-sulfonate (3.5b): "H-NMR (400 MHz, d¢-DMSO): O
0.86 (t, 3H, J = 7.0 Hz, CH,), 1.17-1.34 (m, 14H, 7XCH,), 1.54 (quint, 2H, J = 7.5 Hz, CH,), 1.79
(quint, 2H, J = 7.5 Hz, CH,), 1.89 (quint, 2H, J = 7.5 Hz, CH,), 2.46 (t, 2H, J = 7.5 Hz, CH,), 4.16 (t,
2H, J = 7.5 Hz, CH,), 4.19 (t, 2H, J = 7.5 Hz, CH,), 7.81 (s, 2H, 2xH-im), 9.24 (s, 1H, H-im); 13C—NMR
(400 MHz, dg-DMSO): &, 14.35, 22.21, 22.54, 25.99, 28.83, 29.12 (2C), 29.29, 29.36, 29.82, 31.74,
49.03, 49.30, 50.92, 122.88, 122.96, 136.57

Uthaiwan 1-8-59 No.5
Us-I1-2016-17 in DMSO
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SU 4.13 "H-NMR 03a15 4-(1-Decyl-1H-imidazol-3-ium-3-yDbutane-1-sulfonate (3.5b)

Uthaiwan 19-8-59 No.2
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5Uf 4.14 "C-NMR va9a13 4-(1-Decyl-1H-imidazol-3-ium-3-yl)butane-1-sulfonate (3.5b)
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3.5c
4-(1-Dodecyl-1H-imidazol-3-ium-3-yl)butane-1-sulfonate (3.5c¢): "H-NMR (400 MHz, dg-DMSO):

8y 0.85 (t, 3H, J = 7.0 Hz, CH,), 1.15-1.32 (m, 18H, 9%CH,), 1.53 (quint, 2H, J = 7.5 Hz, CH,), 1.71-
1.82 (m, 2H, CH,), 1.88 (quint, 2H, J = 7.5 Hz, CH,), 2.45 (t, 2H, J = 7.5 Hz, CH,), 4.11-4.21 (m, 4H,
CH,), 7.80 (s, 2H, 2xH-im), 9.23 (s, 1H, H-im); ~C-NMR (400 MHz, ds-DMSO): & 13.92, 21.74, 22.06,
25.50, 28.32, 28.56, 28.68, 28.78, 28.92, 28.98 (2C), 29.27, 31.26, 48.60, 48.85, 50.37, 122.40,

122.48, 136.00

16-7-2016

US-I-2015-11 1H NMR(22mg) in DMSO
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;s‘l.l‘ﬁ 4.15 'H-NMR 283813 4-(1-Dodecyl-1H-imidazol-3-ium-3-ylbutane-1-sulfonate (3.5¢)

Us—-I—-2015-11 13C NMR (22mg) in DMSO 16-7—-2016
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;J‘U‘ﬁ 4.6 "C-NMR 03813 4-(1-Dodecyl-1H-imidazol-3-ium-3-ylbutane-1-sulfonate (3.5¢)
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3.5d

4-(1-Tetradecyl-1H-imidazol-3-ium-3-yl)butane-1-sulfonate (3.5d): 'H-NMR (400 MHz, de¢-
DMSO): Oy 0.86 (t, 3H, J = 7.0 Hz, CH5), 1.16-1.33 (m, 22H, 11XCH,), 1.53 (quint, 2H, J = 7.5 Hz,
CH,), 1.79 (quint, 2H, J = 7.5 Hz, CH,), 1.89 (quint, 2H, J = 7.5 Hz, CH,), 2.45 (t, 2H, J = 7.5 Hz,
CH,), 4.16 (t, 2H, J = 7.5 Hz, CH,), 4.19 (t, 2H, J = 7.5 Hz, CH,), 7.81 (s, 2H, 2xH-im), 9.23 (s, 1H, H-
im); 13C—NI\/\R (400 MHz, d-DMSO): O, 14.38, 22.22, 22.56, 26.01, 28.86, 29.08, 29.18, 29.31, 29.44,
29.50 (2C), 29.54 (20), 29.81, 31.77, 49.05, 49.30, 50.89, 122.88, 122.96, 136.53

Uthaiwan 1-8-59 No.3
UsS-I-2016-18 in DMSO
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3UN 4.17 H-NMR ¥949a13 4-(1-Tetradecyl-1H-imidazol-3-ium-3-ylbutane-1-sulfonate (3.5d)
Uthaiwan 19-8-59 No.7
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U 4.18 C-NMR ve3an3 d-(1-Tetradecyl-1H-imidazol-3-ium-3-ybutane-1-sulfonate (3.5d)
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3.6a [bsoim][CF3SO4]

1-Butylsulfonic-3-octylimidazonium trifluoromethanesulfonate (3.6a): "H-NMR (400 MHz, de¢-
DMSO): Oy 0.85 (t, 3H, J = 6.5 Hz, CHs), 1.15-1.35 (m, 10H, 5xCH,), 1.56 (quint, 2H, J = 7.5 Hz,
CH,), 1.78 (quint, 2H, J = 7.5 Hz, CH,), 1.89 (quint, 2H, J = 7.5 Hz, CH,), 2.55-2.62 (m, 2H, CH,),
4.09-6.25 (m, GH, CH,), 7.80 (s, 2H, 2xH-im), 9.22 (s, 1H, H-im); ~C-NMR (400 MHz, ds-DMSO): &,
14.28, 21.79, 22.44, 2592, 28.72, 28.82, 28.85, 29.74, 31.56, 48.94, 49.34, 50.80, 122.89 (20),
136.43

Uthaiwan 2-8-59 No.4
Us-I-2016-25 in DMSO
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Uthaiwan 19-8-59 No.4
13C Us—I1I—-2016-25 in DMSO
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31117; 4.20 "C-NMR v09d13 1-Butylsulfonic-3-octylimidazonium trifluoromethanesulfonate (3.6a)
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3.6b [bsdecim][CF3SO3]
1-Butylsulfonic-3-decylimidazonium trifluoromethanesulfonate (3.6b): "H-NMR (400 MHz, d¢-
DMSO): O 0.85 (t, 3H, J = 6.5 Hz, CH5), 1.15-1.32 (m, 14H, 7XCH,), 1.56 (quint, 2H, J = 7.5 Hz,
CH,), 1.78 (quint, 2H, J = 7.5 Hz, CH,), 1.89 (quint, 2H, J = 7.5 Hz, CH,), 2.58 (t, 2H, J = 7.5 Hz,
CH,), 4.10-4.25 (m, 4H, CH,), 7.80 (s, 2H, 2xH-im), 9.22 (s, 1H, H-im), 13C—N!\/lR (400 MHz, dg-DMSO):
O, 14.32, 21.83, 22.51, 25.94, 28.78, 28.85, 29.03, 29.23, 29.32, 29.75, 31.71, 48.95, 49.34, 50.80,
122.89 (20), 136.42

Uthaiwan 2-8-59 No.2
US—-I-2016—-26 in DMSO

S = ©
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gﬂﬁ 4.21 'H-NMR v09815 1-Butylsulfonic-3-decylimidazonium trifluoromethanesulfonate (3.6b)

Uthaiwan 19-8-59 No.5
13C US—-I-2016—-26 in DMSO
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g‘dﬁ 4.22 °C-NMR 203815 1-Butylsulfonic-3-decylimidazonium trifluoromethanesulfonate (3.6b)

48 enuatuauysaiueavyunTidesulsznatungld (Rugavyuainiguia) imingrdeysniuszs1lauuszana we. eede (Aoillos)




3.6¢ [bsdodecim][CF3;SO4]
1-Butylsulfonic-3-dodecylimidazonium trifluoromethanesulfonate (3.6¢): "H-NMR (400 MHz,
dg-DMSQ): 8y, 0.85 (t, 3H, J = 7.0 Hz, CH,), 1.16-1.33 (m, 18H, 9XCH,), 1.56 (quint, 2H, J = 7.5 Hz,
CH,), 1.72-1.84 (m, 2H, CH,), 1.89 (quint, 2H, J = 7.5 Hz, CH,), 2.56 (t, 2H, J = 7.5 Hz, CH,), 4.15 (t,
2H, J = 7.5 Hz, CH,), 4.19 (t, 2H, J = 7.5 Hz, CH,), 7.79 (s, 2H, 2xH-im), 9.21 (s, 1H, H-im); 13C—NMR
(400 MHz, dg-DMSO): O, 14.33, 21.84, 22.52, 25.96, 28.79, 28.85, 29.14, 29.24, 29.38, 29.44 (2C),
29.76,31.72, 48.31, 49.34, 50.80, 74.87, 122.90 (2C), 136.43
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Uit 4.23 'H-NMR 209815 1-Butylsulfonic-3-dodecylimidazonium trifluoromethanesulfonate (3.6¢)

Uthaiwan 10-8-59 No.1l
US—-I-2015-5% in DMSO
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gﬂﬁ 4.24 C-NMR vosans 1-Butylsulfonic-3-dodecylimidazonium trifluoromethanesulfonate (3.6¢)
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3.6d [bsdodecim][pTsO]

1-Butylsulfonic-3-dodecylimidazonium p-toluenesulfonate (3.6d): "H-NMR (400 MHz, dg¢-
DMSO): Oy 0.86 (t, 3H, J = 7.0 Hz, CH,), 1.16-1.34 (m, 18H, 9xCH,), 1.54 (quint, 2H, J = 7.5 Hz,
CH,), 1.72-1.83 (m, 2H, CH,), 1.89 (quint, 2H, J = 7.5 Hz, CH,), 2.29 (s, 3H, CH-), 2.48 (t, 2H, J = 7.5
Hz, CH,), 4.15 (t, 2H, J = 7.5 Hz, CH,), 4.18 (t, 2H, J = 7.5 Hz, CH,), 7.13 (d, 2H, J = 7.5 Hz, Ar), 7.48
(d, 2H, J = 7.5 Hz, Ar), 7.80 (s, 2H, 2xH-im), 9.22 (s, 1H, H-im); PCNMR (400 MHz, dg-DMSO): O
14.36, 21.22, 21.88, 22.54, 25.98, 28.83, 28.91, 29.16, 29.28, 29.41, 29.47, 29.80, 31.74, 48.95,
49.31, 50.83, 74.89, 122.91 (2C), 125.94 (2C), 128.70 (2C), 136.49, 138.70, 145.23
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‘1J 4.25 'H-NMR w0915 1- Butylsulfonlc 3- dodecyl|m|dazon|um p-toluenesulfonate (3.6d)
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g‘dﬁ 4.26 “C-NMR 909813 1-Butylsulfonic-3-dodecylimidazonium p-toluenesulfonate (3.6d)
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3.6e [bsdodecim][HSO,]
1-Butylsulfonic-3-dodecylimidazonium hydrogen sulfate (3.6e): "H-NMR (400 MHz, dg-DMSO):

8, 0.8 (t, 3H, J = 7.0 Hz, CHy), 1.18-1.32 (m, 18H, 9XCH,), 1.56 (quint, 2H, J = 7.5 Hz, CH,), 1.70-
1.82 (m, 2H, CH,), 1.88 (quint, 2H, J = 7.5 Hz, CHy), 2.63-2.54 (m, 2H, CH,), 4.15 (t, 2H, J = 7.5 Hz,
CH,), 8.18 (t, 2H, J = 7.5 Hz, CH,), 7.79 (s, 2H, 2xH-im), 9.22 (s, 1H, H-im); ~C-NMR (400 MHz, di-
DMSO): 8. 13.95, 21.61, 22.09, 25.53, 28.35, 28.51, 28.70, 28.81, 28.94, 29.01 (2C), 29.31, 31.29,

48.59, 48.89, 50.38, 122.47, 122.50, 136.03

US-I-2015-54 1H NMR (24.6mg) in DMSO 16-7-2016
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| 4.27 'H-NMR v09a13 1-Butylsulfonic-3-dodecylimidazonium hydrogen su

in DMSO 16-7-2016
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US—-I—-2015-54 13C NMR (24 .6mg)
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;J‘U‘ﬁ 4.28 “C-NMR vosans 1-Butylsulfonic-3-dodecylimidazonium hydrogen sulfate (3.6e)
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3.6f [bstetradecim][CF3SO3]
1-Butylsulfonic-3-tetradecylimidazonium trifluoromethanesulfonate (3.6f): "H-NMR (400
MHz, dg-DMSO): Oy 0.85 (t, 3H, J = 7.0 Hz, CHs), 1.13-1.35 (m, 22H, 11xCH,), 1.55 (quint, 2H, J =
7.5 Hz, CH,), 1.78 (quint, 2H, J = 7.5 Hz, CH,), 1.89 (quint, 2H, J = 7.5 Hz, CH,), 2.45-2.58 (m, 2H,
CH,), 4.15 (t, 2H, J = 7.5 Hz, CH,), 4.19 (t, 2H, J = 7.5 Hz, CH,), 7.80 (s, 2H, 2XH-im), 9.22 (s, 1H, H-
im); PCNMR (400 MHz, d¢-DMSO): O 14.31, 21.85, 22.52, 25.97, 28.82, 28.87, 29.15, 29.26, 29.40,
29.46 (20C), 29.50 (20), 29.78, 31.74, 48.96, 49.34, 50.80, 122.90 (2C), 136.44

Uthaiwan 2-8-59 No.3
US-I-2016—-27 in DMSO
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gﬂﬁ 4.29 'H-NMR v09a13 1-Butylsulfonic-3-tetradecylimidazonium trifluoromethanesulfonate (3.6f)

Uthaiwan 19-8-59 No.l
13C US-I-2016-27 in DMSO
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g‘dﬁ 4.30 PCNMR 1-Butylsulfonic-3-tetradecylimidazonium trifluoromethanesulfonate (3.6f)
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3.7a [dodecim][CF3SO4]
Dodecylimidazonium trifluoromethanesulfonate (3.7a): "H-NMR (400 MHz, dg-DMSO): 8y 0.85

(t, 3H, J = 7.0 Hz, CH,), 1.15-1.35 (m, 18H, 9XCH,), 1.74-1.83 (m, 2H, CH,), 4.17 (t, 2H, J = 7.5 Hz,
CH,), 7.69 (s, 1H, H-im), 7.78 (s, 1H, H-im), 9.11 (s, 1H, H-im); "C-NMR (400 MHz, d;-DMSO): &,
13.89, 22.06, 25.52, 28.32, 28.68, 28.79, 28.90, 28.98 (20), 29.39, 31.27, 48.55, 119.90, 121.97,
135.17

US—-I—-2015-38 1H NMR(45mg) in DMSO 16-7-2016
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3UN 4.31 H-NMR 9989813 Dodecylimidazonium trifluoromethanesulfonate (3.7a)
UsS-I-2015-38 13C NMR(45mg) in DMSO 16-7-2016
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gﬂﬁ 4.32 C-NMR v09d13 Dodecylimidazonium trifluoromethanesulfonate (3.7a)
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3.7b [dodecim][pTsQ]
Dodecylimidazonium p-toluenesulfonate (3.7b): "H-NMR (400 MHz, ds-DMSO): 8y, 0.86 (t, 3H, J

= 7.0 Hz, CHs), 1.15-1.30 (m, 18H, 9XCH,), 1.73-1.83 (m, 2H, CH,), 2.29 (s, 3H, CHs), 4.18 (t, 2H, J =
7.5 Hz, CH,), 7.12 (d, 2H, J = 8.0 Hz, Ar), 7.50 (d, 2H, J = 8.0 Hz, Ar), 7.70 (s, 1H, H-im), 7.81 (s, 1H,
H-im), 9.16 (s, 1H, H-im); "C-NMR (400 MHz, de-DMSO): &, 13.91, 20.74, 22.07, 25.52, 28.34, 28.68,
28.81, 28.91, 28.98 (2C), 29.42, 31.27, 48.49, 119.91, 121.98, 125.47 (2C), 128.04 (20), 135.22,

137.66, 145.61

S—I—-2015-32 1H NMR(38.8mg) in DMSO 16-7-2016
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g‘lJ #i 4.33 "H-NMR 203813 Dodecyllmldazonlum p- toluenesulfonate (3.7b)

US-I-2015-39 13C NMR(38.8mg) in DMSO 16-7-2016
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giJ‘VI 4.34 "C-NMR vo9an3 Dodecylimidazonium p-toluenesulfonate (3.7b)
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3.7c [dodecim][pTsO]
Dodecylimidazonium hydrogen sulfate (3.7¢): "H-NMR (400 MHz, d¢-DMSO): &y, 0.85 (t, 3H, J =
7.0 Hz, CHs), 1.15-1.30 (m, 18H, 9XCH,), 1.78 (quint, 2H, J = 7.5 Hz, CH,), 4.16 (t, 2H, J = 7.5 Hz,
CH,), 7.63 (s, 1H, H-im), 7.74 (s, 1H, H-im), 9.01 (s, 1H, H-im); "C-NMR (400 MHz, ds-DMSO): &
13.92, 22.07, 25.56, 28.36, 28.69, 28.82, 28.92, 28.99 (2C), 29.53, 31.27, 48.31, 120.56, 121.79,

NV—-V—-62 1H NMR(8.8mg) in DMSO 13-7-2016
o s w0 - < = N T 4
— = o — =) S @ w© ) Lo )
P = © — e <= [~ oo oo
o ~ = - = NN HH o oo
\f W VoV W
s \ i
|
|
| 1 | |
[ T T u et [ [ e [ e e
10 9 8 T 6 5 4 3 2 1 o pPpm
J L J L 15t )\ ko |
o (ool (=) ) o) (o
=3 e = =] i~ 3
ld] <o I -~ = 3|

Ut 4.35 'H-NMR 209815 Dodecylimidazonium hydrogen sulfate (3.7¢)

NV-V—-62 13C NMR(33mg) in DMSO 16-7-2016
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gﬂﬁ 4.36 “C-NMR v09d15 Dodecylimidazonium hydrogen sulfate (3.7¢)
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QL

3.11a

NH o

O,N

2-[(4-nitrophenyl)(phenylamino)methyl]-cyclohexanone (3.11a):[2J’[3]’[5J’[81 93% vyield as a
yellow solid (syn:anti = 47:53), m.p. 94-98 °c Re = 0.20 (20% EtOAc/n-hexane); IR (Neat):
3403, 2938, 1706, 1601, 1518, 1345, 751, 693 Cm_l; 1H—N!\/\R (400 MHz, CDCls): & 1.56-1.88 (m,
3H, CH,), 1.91-2.14 (m, 3H, CH,), 2.30-2.51 (m, 2H, CH,), 2.82-2.92 (m, 1H, CH), 4.60 (brs,
0.39H, anti-OH), 4.73 (d, 0.64H, J = 4.8 Hz, anti-CH), 4.88 (brs, 0.93H, syn-OH and syn-CH),
6.52 (d, 2H, J = 8.0 Hz, ArH), 6.65-6.74 (m, 1H, ArH), 7.07-7.15 (m, 2H, ArH), 7.55-7.64 (m, 2H,
ArH), 8.18 (d, 2H, J = 8.0 Hz, ArH)

QL

3.11b

NH o

2-[phenyl(phenylamino)methyl]-cyclohexanone (3.11b):[1]’[3—11] 86% vyield as a yellow

solid (syn:anti = 23:77); m.p.102-106 OC; R = 0.41 (20% EtOAc/n-hexane); IR (Neat): 3399,
2936, 1702, 1602, 1505, 1451, 1317, 749, 702 Cmil; 1H—N!\/IR (400 MHz, CDCls): & 1.55-1.79 (m,
3H, CH,), 1.81-2.01 (m, 3H, CH,), 2.28-2.50 (m, 2H, CH,), 2.73-2.86 (m, 1H, CH), 4.65 (d, 0.92H,
J = 6.8 Hz, anti-CH), 4.83 (d, 0.28H, J = 4.0 Hz, syn-CH), 6.52-6.60 (m, 2H, ArH), 6.62-6.70 (m,

1H, ArH), 7.04-7.13 (m, 2H, ArH), 7.20-7.43 (m, 5H, ArH)

3.11c

2-[(3-nitrophenyl)(phenylamino)methyl]-cyclohexanone (3.11c¢): B 949 yield as a
yellow solid (syn:anti = 49:51), m.p. 104-106 OC; R = 0.19 (10% EtOAc/n-hexane); "H-NMR
(400 MHz, CDCls): 6 1.56-1.88 (m, 3H, CH,), 1.92-2.18 (m, 3H, CH,), 2.29-2.52 (m, 2H, CH,),
2.83-2.94 (m, 1H, CH), 4.64 (brs, 0.37H, anti-OH), 4.73 (d, 0.65H, J = 4.4 Hz, anti-CH), 4.84-4.96
(brm, 0.97H, syn-OH and syn-CH), 6.54 (d, 2H, J = 8.0 Hz, ArH), 6.66-6.74 (m, 1H, ArH), 7.07-
7.15 (m, 2H, ArH), 7.45-7.53 (m, 1H, ArH), 7.77-7.83 (m, 1H, ArH), 8.06-8.13 (m, 1H, ArH), 8.22-
8.29 (m, 1H, ArH)

T —————  ——  — ————————“—“—“————————————————————_——.~
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3.11d
2-[(4-fluorophenyl)(phenylamino)methyl]-cyclohexanone (3.11d): 82% yield as a yellow

solid (syn:anti = 39:61); m.p. 98-102 OC; R: = 0.38 (20% EtOAc/n-hexane); IR (Neat): 3397,
2938, 1705, 1603, 1507, 1222, 838, 750, 693 cmil; 1H—NI\/\R (400 MHz, CDCls): 6 1.57-2.12 (m,
6H, CH,), 2.29-2.50 (m, 2H, CH,), 2.71-2.87 (m, 1H, CH), 4.63 (d, 0.97H, J = 6.4 Hz, anti-CH),
4.76 (d, 0.75H, J = 4.0 Hz, syn-OH and syn-CH), 6.51-6.58 (m, 2H, ArH), 6.64-6.72 (m, 1H, ArH),
6.96-7.04 (m, 2H, ArH), 7.06-7.14 (m, 2H, ArH), 7.32-7.40 (m, 2H, ArH)

3.11e
2-[(4-methoxyphenyl)(phenylamino)methyl]-cyclohexanone (3.11e): BB 220, yield

as a yellow oil (syn:anti = 20:80); R = 0.34 (20% EtOAc/n-hexane); "H-NMR (400 MHz, CDCLl,):
8 1.58-1.78 (m, 3H, CH,), 1.80-1.98 (m, 3H, CH,), 2.28-2.50 (m, 2H, CH,), 2.68-2.77 (m, 1H, CH),
3.79 (s, 3H, OMe), 4.61 (d, 1.40H, J = 7.2 Hz, anti-CH), 4.74 (d, 0.34H, J = 4.0 Hz, syn-CH),
6.52-6.60 (m, 2H, ArH), 6.62-6.68 (m, 1H, ArH), 6.82-6.89 (m, 2H, ArH), 7.04-7.12 (m, 2H, ArH),
7.26-7.33 (m, 2H, ArH)

RO
jsne

3.11f
2-[(4-methoxyphenyl)(4-bromophenylamino)methyl]-cyclohexanone (3.11f): 83% yield

as a yellow oil (syn:anti = 50:50); R; = 0.34 (20% EtOAc/n-hexane); "H-NMR (400 MHz, CDCly):
S 1.56-2.12 (m, 6H, CH,), 2.30-2.50 (m, 2H, CH,), 2.67-2.86 (m, 1H, CH), 3.79 (s, 3H, OMe), 4.52
(d, 0.61H, J = 6.4 Hz, anti-CH), 4.61-4.8 (brm, 1.57H, syn-OH and syn-CH), 6.39-6.48 (m, 2H,
ArH), 6.82-6.90 (m, 2H, ArH), 7.12-7.19 (m, 2H, ArH), 7.22-7.32 (m, 2H, ArH)

MeO
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3.11g
2-[(phenyl)(4-bromophenylamino)methyl]-cyclohexanone (3.11¢): 91% yield as a yellow

solid (syn:anti = 43:57); m.p. 108-111 OC; Re = 0.36 (20% EtOAc/n-hexane); IR (Neat): 3398,
2937, 1702, 1592, 1495, 813, 702 cm 3 'H-NMR (400 MHz, CDCly): & 1.55-2.10 (m, 6H, CHy),
2.28-2.49 (m, 2H, CH,), 2.72-2.84 (m, 1H, CH), 4.56 (d, 0.61H, J = 4.0 Hz, anti-CH), 4.76 (d,
0.46H, J = 3.2 Hz, syn-CH), 6.38-6.47 (m, 2H, ArH), 7.11-7.19 (m, 2H, ArH), 7.21-7.39 (m, 5H,

ArH)

3.11h
2-[(4-nitrophenyl)(4-bromophenylamino)methyl]-cyclohexanone (3.11h): 92% yield as a

yellow solid (syn:anti = 35:65); m.p. 66-70 oC; Re = 0.16 (20% EtOAc/n-hexane); IR (Neat):
11

3403, 2939, 1706, 1594, 1516, 1346, 814 cm ; H-NMR (400 MHz, CDCl,): § 1.52-1.87 (m, 3H,
CH,), 1.91-2.15 (m, 3H, CH,), 2.30-2.52 (m, 2H, CH,), 2.82-2.92 (m, 1H, CH), 4.61-4.71 (m,
0.97H, anti-CH), 4.78-4.84 (m, 0.53H, syn-CH), 4.93-5.00 (brm, 0.45H), 6.39 (d, 2H, J = 8.8 Hz,
ArH), 7.18 (d, 2H, J = 8.8 Hz, ArH), 7.52-7.60 (m, 2H, ArH), 8.18 (d, 2H, J = 8.8 Hz, ArH)

3.11i
2-[(2,4-dichlorophenyl)(phenylamino)methyl]-cyclohexanone (3.11i):m 96% vyield as a

yellow oil (syn:anti = 50:50); R = 0.64 (20% EtOAc/n-hexane); IR (Neat): 3396, 2938, 1706,
1603, 1505, 1468, 749 Cmil; 1H—Nf\/\R (400 MHz, CDCls): 8 1.56-1.85 (m, 3H, CH,), 1.91-2.18 (m,
3H, CH,), 2.27-2.53 (m, 2H, CH,), 2.85-2.96 (m, 1H, CH), 4.43 (brs, 0.42H, anti-OH), 4.83 (brs,
0.53H, anti-CH), 5.28 (brs, 0.96H, syn-OH and syn-CH), 6.50 (d, 2H, J = 8.0 Hz, ArH), 6.64-6.74
(m, 1H, ArH), 7.07-7.14 (m, 2H, ArH), 7.15-7.20 (m, 1H, ArH), 7.35-7.43 (m, 1H, ArH), 7.46-7.56

(m, 1H, ArH)
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3.11]
2-[(Furan-2-yl)(phenylamino)methyl]-cyclohexanone (3.11j):[1]'[9]’[“] 65% vyield as a brwon

solid (syn:anti = 32:68); m.p. = 82-84 OC; R = 0.50 (20% EtOAc/n-hexane); IR (Neat): 3387,
2937, 1706, 1602, 1505, 1316, 1149, 1009, 749, 692, 598 Cmil; 1H—N!\/\R (400 MHz, CDCLs): &
1.60-1.80 (m, 3H, CH,), 1.87-2.09 (m, 3H, CH,), 2.28-2.50 (m, 2H, CH,), 2.90-3.08 (m, 1H, CH),
4.83 (d, 0.73H, J = 5.6 Hz, anti-CH), 4.90 (d, 0.35H, J = 4.4 Hz, syn-CH), 6.18-6.24 (m, 1H, Het-
H), 6.25-6.32 (m, 1H, Het-H), 6.64-6.78 (m, 3H, ArH), 7.12-7.22 (m, 2H, ArH), 7.26-7.34 (m, 1H,
Het-H)
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4.8 'H-NMR spectrum vasansayus

2-[(4-nitrophenyl)(phenylamino)methyl]-cyclohexanone (3.11a):
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2-[phenyl(phenylamino)methyl]-cyclohexanone (3.11b):

Uthaiwan 6-9-59 No.20
US-II-2016-13 in CDC13
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2-[(3-nitrophenyl)(phenylamino)methyl]-cyclohexanone (3.11c):

Uthaiwan 6-9-59 No.17

US-II-2016-14 in CDC13
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2-[(4-fluorophenyl)(phenylamino)methyl]-cyclohexanone (3.11d):
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2-[(4-methoxyphenyl)(phenylamino)methyl]-cyclohexanone (3.11e):

Uthaiwan 6-9-59 No.1ll
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2-[(4-methoxyphenyl)(4-bromophenylamino)methyl]-cyclohexanone (3.11f):
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2-[(phenyl)(4-bromophenylamino)methyl]-cyclohexanone (3.11g):

Uthaiwan 6-9-59 No.1l0
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2-[(4-nitrophenyl)(4-bromophenylamino)methyl]-cyclohexanone (3.11h):
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2-[(2,4-dichlorophenyl)(phenylamino)methyl]-cyclohexanone (3.11i):

Uthaiwan 6-9-59 No.12
US-I1-2016-20 in CDC13
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2-[(Furan-2-yl)(phenylamino)methyl]-cyclohexanone (3.11j):
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Abstract

A novel procedure for Mannich-type reaction of aromatic aldehydes, aniline and ketones was investigated. The ionic base-
surfactant (IBS) was employed as an efficient catalyst in water media to catalyze the reaction under mild and eco-friendly
conditions. Notably, 1-dodecyl-3-methylimidazolium toluenesulfonate ([dodecmim][pTsO]) exhibited the best catalytic
activity to afford the desired products in fair to good yields. In addition, the catalyst can be recycled for three times with a

bit of lower product yields.
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1. Introduction

Mannich reactions are the most versatile reaction providing the biological compounds and useful synthetic
intermediates®. Several methods have been studied to develop the efficient reaction conditions®*3, practically,
in the presence of protic and Lewis acid catalysts. Recently, the reactions in water become a wide range of
applied organic syntheses due to water is cheap, green and non-harmful solvents. However, some of these
reports still involved the use of catalysts which are difficult to handle, expensive reagents, and harsh reaction
condition. Moreover, some catalysts can be destroyed during workup, cannot be reused and led to
environmental pollution. Therefore, the finding stable and environmental-friendly catalysts for performing the
reactions in water media are challenged.

lonic liquids (ILs)*** have received much attention as eco-friendly solvents in chemical syntheses,
especially the reactions that required high temperature such as Heck reaction’®*’, Stille coupling reaction®,
Diels-Alder reactions*®?, and other reactions*** because of their unique properties such as low volatility,
non-flammability, high thermal stability, negligible vapor pressure, and ability to dissolve a wide range of
materials. Nowadays, ionic liquids are designed in variety of cations, anions and substitutes. Some specific
functional groups are also incorporated for task-specific ionic liquids to enhance the ability of catalyst such as
acid, base, and ligainds®**’.

Surfactants are versatile compounds in various chemical applications. Recently, surfactants have been used
as catalysts in several organic reactions, especially, processes in water systems?. Surfactant-combined
catalysts have attracted much attention for being catalysts in water media in which displays as the
environmentally benign solvent. The catalysts can activate the intermediate by creating effective colloidal
dispersions®* such as DBSA (p-dodecylbenzenesulfonic acid)®, fatty acid®, sodium dodecyl sulfate (SDS)**
% sodium stearate®, and PEG. Interestingly, these surfactants have been applied to prepare the ionic base-
surfactants®”*? which expected much miscible in water, and their homogeneous system is readily separated
from the reaction and can be reused. Herein, we have interested in green chemistry and task specific ionic
liquid base-surfactant catalysts for Mannich-type reaction. A series of ionic base-surfactant (Fig. 1) were
synthesized and used as reusable catalyst under mild and eco-friendly conditions for the one-pot three
components Mannich-type reaction under water system.

2. Results and discussion
A series of ionic base-surfactants base on imidazonium and pyridinium salts bearing long-chain

hydrocarbons (8, 10, and 12 carbon atoms) (Fig. 1) was easily prepared via N-alkylation to obtain ionic base-
surfactants with bromide anion and followed by bromide anion exchange reaction.

© o
© @ QL
N N N N ~ _N
la; n=6, X =Br(99%) 2a; n=6, X=Br(99%) 3a; n=6, X =Br(99%)
1b; n=6, X =HSO, (67%) 2b; n=6, X=HSO, (67%) 3b; n=6, X=HSO, (67%)
1c; n=6, X =p-TsO (>99%) 2¢; n=6, X =p-TsO (>99%) 3¢; n=6, X =p-TsO (>99%)
1d; n=8, X =Br (>99%) 2d; n=8, X =Br (>99%) 3d; n=8, X =Br(>99%)
le; n=8, X=HSO, (94%) 2e; n=8, X=HSO, (94%) 3e; n=8, X=HSO, (94%)
1f; n=8, X=p-TsO (>99%) 2f, n=8, X=p-TsO (>99%) 3f, n=8, X=p-TsO (>99%)
1g; n =10, X = Br (>99%) 2g; n =10, X = Br (>99%) 3g; n =10, X = Br (>99%)
1h; n =10, X = HSO, (75%) 2h; n =10, X = HSO, (75%) 3h; n =10, X = HSO, (75%)
1i; n=10, X = p-TsO (88%) 2i; n=10, X = p-TsO (88%) 3i; n=10, X =p-TsO (88%)

Fig. 1. The structures of ionic base-surfactants
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1-Methylimidazole, 1,2-dimethylimidazole or pyridine were reacted with long-chain alkyl bromide in
acetonitrile at 70-80 °C for 24 hour affording the corresponding bromide anions (1a, 1d, 1g, 2a, 2d, 2g, 3a,
3d, and 3g). Then, bromide anion was exchanged with two different acids, sulfuric acid and p-toluenesulfonic
acid in water at room temperature to obtain eighteen derivatives having hydrogen sulfate (HSO,4) and p-
toluenesulfonate (pTsO) anions (1b, 1c, 1e, 1f, 1h, 1i, 2b, 2c, 2e, 2f, 2h, 2i, 3b, 3c, 3e, 3f, 3h, and 3i).

Subsequently, synthetic ionic base-surfactants having HSO, and pTsO anions were examined the catalytic
activity for Mannich-type reaction. We carried out the reaction by using 4-nitrobenzadehyde (4), aniline (5),
and acetophenone (6a) as a model partner. Under the same condition, the reaction was stimulated by 20 mol%
of catalyst in water system at room temperature for 48 h. After completing the reaction in water, the desired
product (7a) was easily separated by simple extraction with EtOAc. Then, the organic layer was combined
and analyzed by HPLC to determine percent of conversion. The results are summarized in Table 1.

Table 1. Screening the activities of catalysts in water?

2

o

H NH,
+ ©/ + catalyst (20 mol%)
S Y .
O,N

H,0, rt, 48 h

6a

O,N

W

N

7a

Entry Catalyst Conversion (%)°
1 H,SO4 0
2 pTsOH 4
3 DBSA 55(69)°
4 Decanoic acid 17
5 Sodium dodecyl sulfate 4
6 1b; [omim][HSO4] 0
7 1c; [omin][pTsO] 7
8 le; [decmim][HSO4] 2
9 1f; [decmin][pTsO] 12
10 1h; [dodecmim][HSO4] 4
11 1i; [dodecmin][pTsO] 24
12 2b; [odmim][HSO4] 0
13 2¢; [odmin][pTsQO] 1
14 2e; [decdmim][HSO,] 2
15 2f; [decdmin][pTsQO] 15
16 2h; [dodecdmim][HSO4] 1
17 2i; [dodecdmin][pTsO] 6
18 3b; [opy][HSO4] 0
19 3c; [opy][pTsO] 18
20 3e; [decpy][HSO,]

21 3f; [decpy][pTsO]

22 3h; [dodecpy][HSO4]

23 3i; [dodecpy][pTsO] 13

#Scale and Condition: 0.25 mmol of (4), (5), and (6a), 20 mol% catalyst, 1.5 mL of water, rt, 48 h

®Determined by HPLC; “Reported by another group®
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As a result, we found that H,SO, and pTsOH acids alone gave almost no reaction (entries 1 and 2,
respectively). While, yield of product (7a) was increased when use of surfactant-type catalysts (entries 3, 4,
and 5). Indeed, following the previously report®, DBSA was found to be a good catalyst (entry 3). This result
suggests that the long alkyl chain on surfactant-type catalyst could improve the catalytic activity in water
system probably due to the formation of hydrophobic colloidal particles in water. However,
unfortunately, these catalysts could not be recycled. Therefore, to find the reusable catalyst, we then
screened the activity of our synthetic catalysts that expected to behave as the promising reusable catalyst
due to composing of hydrophobic and hydrophilic moieties. Among them, dedecylminidazonium p-
toluenesulfonate, presented as [dodecmin][pTsO] (1i) was found to be the most active catalyst for
Mannich-type reaction in water (entry 11). In addition, we found that in case of catalyst having pTsO
anion could give the higher yield of product than HSO, anion. However, as the results shown in Table 1,
the reaction time is still too long. Therefore, to further finding the optimized condition with shorter reaction
time, others screenings were evaluated in Table 2.

Table 2. Optimization of Mannich reaction catalyzed by [dodecmin][pTsO] in water?®

e e} /©
H NH, HN
+ ©/ + [dodecmim][pTsO]
_ LHodetiimilbIS
O,N H,0, 60 °C
4 5 6a ON o

7a
, { @ o’ ]
[dodecmim][pTsO] = /N@N\/\/\/\/\/\/
Entry .0 (mL) Time () Conversion (%)
1 15 3.0 1
) 15 12.0 o1
3 05 12.0 m
4 05 12.0 67"
. 05 120 59’
6 05 120 r

®Scale and Condition: 0.25 mmol of (4), (5), and (6a), 20 mol% of [dodecmim][pTsO], 60 °C
®Determined by HPLC; “Second used water; “Third used water; °No catalyst
[dodecmim][pTsO ] = 1-dodecyl-3-methylimidazonium p-toluenesulfonate

dodec = dodecyl, m = methyl, im = immidazonium, pTsO = p-toluenesulfonate anion

Higher temperature was then attempted to accelerate the reaction. The rate of the reaction was significantly
increased when performing at 60 °C for 12 h to yield 51% (entry 2) and almost no reaction for 3.0 h (entry 1).
The best yield of the desired product (7a) was successfully obtained in 77% when the reaction was conducted
at high concentration reaction (entry 3). Furthermore, the possibility of recycling of this catalyst was observed
using the best optimized condition (entry 3). Base on this study, after the separation of the product by simple
extraction, water layer containing catalyst was reused in the next run without further purification to yield a bit
lower, 67% for second run (entry 4) and 59% for third run (entry 5). The reaction was also examined in the
absence of catalyst. As we expected that the result almost no reaction (entry 6).

For application to variety of substances toward the Mannich-type reaction under the optimized condition,
seven aldehydes and two ketones were employed to synthesize ten derivatives, as summarized the result in
Table 3. Most of the corresponding products were obtained in fair to good isolated yields depending on
starting molecules. In case of electron withdrawing groups on aromatic aldehydes, the corresponding product
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was observed in higher yield than electron donating groups. Furthermore, in all cases, it was observed that
more good nucleophile like cyclohexanone (6b) gave the better yield than acetophenone (6a).

Table 3. Mannich reaction with various substances®

R
=
N H NH, 6a [dodecmim][pTsO] OJ\@
11
R _ + + or —_—

H,0, 60°C, 12 h Ta-g

hj

Entry R! Nucleophile Product Isolated yield (%)°
1 4-NO, 6a Ta 60
2 4-OMe 6a 7b 34
3 4-CN 6a 7c 21
4 4-Br 6a 7d 37
5 2-OH 6a Te 4
6 4-Ac 6a 7f 18
7 4-NHCOMe 6a 79 66
8 4-NO, 6b 7h 86
9 4-CN 6b 7i 60
10 4-Ac 6b 7j 32

?Scale and Condition: 0.50 mmol of (4), (5), and (6), 20 mol% of [dodecmim][pTsQ], 1.0 mL of water
60 °C, 12 h; "Isolated yield

3. Conclusion

In summary, we have demonstrated a novel procedure for one-pot three component Mannich-type reaction
using ionic base-surfactant as homogeneous and reusable catalyst in water system. The desired products were
obtained in fair to good yields and easily separated from system by simple extraction. The catalyst can be
readily synthesized and can be recycled with a bit lower yield of the product. Importantly, this methodology
offers emphasizes the green chemistry aspects by avoiding toxic catalysts and solvents.

4. Experimental
1.1. Materials and instrumentation

All chemicals were purchased from commercial sources and used without further purification. Column
chromatography was carried out using open-column chromatography utilized silica gel 60 (0.040-0.063 mm)

[E. Merck, Darmstadt, Germany] and eluting with ethyl acetate/n-hexane. Proton NMR spectra were recorded
on a BRUKER AVANC (400 MHz). All spectra were measured in CDCI; solvent and chemical shifts are
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reported as & values in parts per million (ppm) relative to tetramethylsilane (8 0.00). High performance liquid
chromatography (HPLC) was conducted for reaction optimization (Table 1 and Table 2) by using Varian 940-
LC and GRACE column (Alltima HP C18 5 p, 250 mm x 4.6 mm).

1.2. Example for preparation of catalyst (Fig. 1)
4.2.1 Preparation of (19g)

To a round-bottomed flask (50 mL) was added 1-methylimidazole (5.00 mL, 62.73 mmol) in acetonitrile
(10.00 mL). The alkyl bromide (69.00 mmol) was then added at room temperature, and the mixture was
stirred at 70-80 °C for 24 h. After the reaction was completed, the reaction was cooled to room temperature,
and solvent was evaporated to dryness. The residue was washed with diethyl ether (3x20 mL) to remove
remaining starting molecule. Then, the salt product was dried under vacuum to give 1-dodecyl-3-
methylimidazonium bromide ([dodecmin][Br]) (1g) in quantitative yield (22.3959 g). 1H-NMR (400 MHz,
CDCly): 6 0.88 (t, 3H, J = 6.5 Hz, CH3), 1.23-1.36 (m, 18H, 9%xCH,), 1.88-1.94 (m, 2H, CH,), 4.14 (s, 3H,
CH3N-im), 4.32 (t, 2H, J = 7.5 Hz, CH;N-im), 7.31 (s, 1H, H-im), 7.42 (s, 1H, H-im), 10.45 (s, 1H, H-im).

4.2.2 Preparation of (1i)

To a solution of compound (1g) (500 mg, 1.51 mmol) in distill water (0.5 mL) was added p-TsOH (287
mg, 1.51 mmol) at room temperature and stirred for 24 h. Then, water was removed by high vacuum to give
1-dodecyl-3-methylimidazonium p-toluenesulfonate ([dodecmim][p-TsO]) (1i) in 88% vyield (668 mg). 1H-
NMR (400 MHz, CDCls): 6 0.87 (t, 3H, J = 6.5 Hz, CH3), 1.17-1.32 (m, 18H, 9xCH,), 1.68-1.78 (m, 2H,
CHy), 2.32 (s, 3H, p-CHs-Ar), 3.95 (s, 3H, CH3N-im), 4.11 (t, 2H, J = 7.5 Hz, CH,N-im), 7.14 (d, 2H, J = 8.0
Hz, 2xH-Ar), 7.21 (s, 1H, H-im), 7.34 (s, 1H, H-im), 7.69 (d, 2H, J = 8.0 Hz, 2xH-Ar), 9.40 (s, 1H, H-im).

1.3. General experimental procedure for Mannich-type reaction (Table 3)

To a solution of catalyst 1i (20.0 mg, 0.10 mmol) in distill water (1.00 mL) was added aldehyde (0.5
mmol), aniline (0.5 mmol) and acetophenone (0.5 mmol) or cyclohexanone (0.5 mmol), respectively. The
reaction was stirred at 60 °C for 12 h. After the reaction was completed, the organic mixture containing
desired product was separated by simple extraction with ethyl acetate (3x1 mL). The combine organic was
evaporated and the residue was purified by column chromatography (ethyl acetate:n-hexane) to give the
desired products shown %isolated yields in Table 3.

1.4. Selected spectral data of the products

Product (7a) (Entry 1, Table 3):

Yellow oil; Rs = 0.24 (20% EtOAc/n-hexane); 1H NMR (400 MHz, CDCls): 8 3.51 (d, 2H, J = 6.0 Hz, CH,),
5.11 (t, 1H, J = 6.0 Hz, CH), 6.53 (d, 2H, J = 8.5 Hz, 2xH-Ar), 6.71 (t, 1H, J = 7.0 Hz, H-Ar), 7.11 (t, 2H, J =
8.5 Hz, 2xH-Ar), 7.46 (t, 2H, J = 7.0 Hz, 2xH-Ar), 7.59 (t, 1H, J = 8.0 Hz, H-Ar), 7.64 (d, 2H, J = 8.5 Hz,
2xH-Ar), 7.90 (d, 2H, J = 8.5 Hz, 2xH-Ar), 8.17 (d, 2H, J = 8.5 Hz, 2xH-Ar).

Product (7b) (Entry 2, Table 3):

Yellow oil; Rf = 0.31 (20% EtOAc/n-hexane); 1H NMR (400 MHz, CDCly): § 3.41 (dd, 1H, J = 7.0, 16.0 Hz,
CH,Hy), 3.49 (dd, 1H, J = 7.0, 16.0 Hz, CH,Hy), 3.77 (s, 3H, OMe), 4.97 (t, 1H, J = 7.0 Hz, CH), 6.56 (d, 2H,
J =8.0 Hz, 2xH-Ar), 6.66 (t, 1H, J = 7.5 Hz, H-Ar), 6.85 (d, 2H, J = 8.5 Hz, 2xH-Ar), 7.09 (t, 2H, J = 8.0 Hz,
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2xH-Ar), 7.36 (d, 2H, J = 8.5 Hz, 2xH-Ar), 7.45 (t, 2H, J = 7.5 Hz, 2xH-Ar), 7.56 (t, 1H, J = 7.5 Hz, H-Ar),
7.91 (d, 2H, J = 8.5 Hz, 2xH-AVr).

Product (7¢) (Entry 3, Table 3):

Yellow oil; Rf = 0.22 (20% EtOAc/n-hexane); 1H NMR (400 MHz, CDCls): 6 3.48 (d, 2H, J = 6.5 Hz, CH)),
5.06 (t, 1H, J = 6.5 Hz, CH), 6.51 (d, 2H, J = 8.5 Hz, 2xH-Ar), 6.70 (t, 1H, J = 7.5 Hz, H-Ar), 7.10 (t, 2H, J =
8.5 Hz, 2xH-Ar), 7.46 (t, 2H, J = 7.5 Hz, 2xH-Ar), 7.56-7.62 (m, 5H, 5xH-Ar), 7.89 (d, 2H, J = 8.5 Hz, 2xH-
Ar).

Product (7d) (Entry 4, Table 3):

Yellow oil; Ry = 0.40 (20% EtOAc/n-hexane); 1H NMR (400 MHz, CDCl,): 6 3.41 (dd, 1H, J = 7.5, 16.5 Hz,
CH,Hy), 3.48 (dd, 1H, J = 6.0, 16.5 Hz, CH.Hy), 4.96 (dd, 1H, J = 6.0, 7.5 Hz, CH), 6.53 (d, 2H, J = 8.5 Hz,
2xH-Ar), 6.68 (t, 1H, J = 7.5 Hz, H-Ar), 7.10 (t, 2H, J = 8.5 Hz, 2xH-Ar), 7.33 (d, 2H, J = 8.5 Hz, 2xH-Ar),
7.42-7.50 (m, 4H, 4xH-Ar), 7.58 (t, 1H, J = 7.5 Hz, H-Ar), 7.90 (d, 2H, J = 8.5 Hz, 2xH-Ar).

Product (7e) (Entry 5, Table 3):

Yellow oil; Rf = 0.24 (20% EtOAc/n-hexane); 1H NMR (400 MHz, CDCls): 8 3.56 (dd, 1H, J =5.0, 17.0 Hz,
CH,Hy), 3.61 (dd, 1H, J = 8.0, 17.0 Hz, CH_Hy), 4.91 (dd, 1H, J = 5.0, 8.0 Hz, CH), 6.80-6.92 (m, 4H, 4xH-
Ar), 7.12-7.18 (m, 2H, 2xH-Ar), 7.44-7.52 (m, 4H, 4xH-Ar), 7.61 (d, 2H, J = 7.5 Hz, 2xH-Ar), 7.96 (d, 2H, J
= 8.5 Hz, 2xH-Ar).

Product (7f) (Entry 6, Table 3):

Yellow oil; Rf = 0.18 (20% EtOAc/n-hexane); 1H NMR (400 MHz, CDCl,): & 2.56 (s, 3H, Ac), 3.46 (dd, 1H,
J=17.0,16.5 Hz, CH,Hy), 3.52 (dd, 1H, J = 5.0, 16.5 Hz, CH,H,), 5.04-5.08 (brm, 1H, CH), 6.53 (d, 2H, J =
8.0 Hz, 2xH-Ar), 6.68 (t, 1H, J = 7.5 Hz, H-Ar), 7.09 (t, 2H, J = 8.0 Hz, 2xH-Ar), 7.45 (d, 2H, J = 8.0 Hz,
2xH-Ar), 7.52-7.60 (m, 3H, 3xH-Ar), 7.88-7.94 (m, 4H, 3xH-Ar).

Product (7g) (Entry 7, Table 3):

Yellow oil; Rf = 0.33 (50% EtOAc/n-hexane); 1H NMR (400 MHz, CDCl,): & 2.20 (s, 3H, Me), 3.40 (dd, 1H,
J=17.5,16.5 Hz, CH,Hy), 3.46 (dd, 1H, J =5.5, 16.5 Hz, CH H,), 4.97 (dd, 1H, J = 5.5, 7.5 Hz, CH), 6.54 (d,
2H, J = 8.0 Hz, 2xH-Ar), 6.65 (t, 1H, J = 8.0 Hz, H-Ar), 7.07 (t, 2H, J = 8.0 Hz, 2xH-Ar), 7.34-7.54 (m, 5H,
2xH-Ar), 7.90 (d, 2H, J = 8.5 Hz, 2xH-Ar), 8.01 (d, 2H, J = 8.5 Hz, 2xH-Ar).

Product (7h) (Entry 8, Table 3):

Yellow oil; Ry = 0.16 (20% EtOAc/n-hexane); 1H NMR (400 MHz, CDCls): 6 1.54-1.82 (m, 3H, CH,), 1.88-
2.12 (m, 3H, CH,), 2.28-2.48 (m, 2H, CH,), 2.80-2.90 (m, 1H, CH), 4.72, 4.86 (d, 1H, J = 5.0 Hz, (3:2) CHN-
isomerA:B), 6.50 (d, 2H, J = 8.5 Hz, 2xH-Ar), 6.67 (t, 1H, J = 8.5 Hz, H-Ar), 7.09 (t, 2H, J = 8.5 Hz, 2xH-
Ar), 7.59 (d, 2H, J = 9.0 Hz, 2xH-Ar), 8.14 (d, 2H, J = 9.0 Hz, 2xH-Ar).

Product (7i) (Entry 9, Table 3):

Yellow oil; Ry = 0.13 (20% EtOAc/n-hexane); 1H NMR (400 MHz, CDCls): 6 1.52-1.82 (m, 3H, CH,), 1.88-
2.10 (m, 3H, CH,), 2.27-2.47 (m, 2H, CH,), 2.77-2.86 (m, 1H, CH), 4.66, 4.81 (d, 1H, J = 5.0 Hz, (5:4) CHN-
isomerA:B), 6.49 (d, 2H, J = 8.0 Hz, 2xH-Ar), 6.62-6.70 (m, 1H, H-Ar), 7.08 (t, 2H, J = 8.0 Hz, 2xH-Ar),
7.51 (d, 2H, J = 8.0 Hz, 2xH-Ar), 7.58 (d, 2H, J = 8.0 Hz, 2xH-Ar).

Product (7j) (Entry 10, Table 3):

Yellow oil; Ry = 0.11 (20% EtOAc/n-hexane); 1H NMR (400 MHz, CDCls): 6 1.56-1.84 (m, 3H, CH,), 1.88-
2.12 (m, 3H, CH,), 2.26-2.46 (m, 2H, CH,), 2.56 (s, 3H, Ac), 2.77-2.86 (m, 1H, CH), 4.67, 4.83 (d, 1H, J =
5.0 Hz, (5:3) CHN-isomerA:B), 6.50-6.53 (m, 2H, 2xH-Ar), 6.62-6.68 (m, 1H, H-Ar), 7.04-7.10 (m, 2H,
2xH-Ar), 7.45-7.49 (m, 2H, 2xH-Ar), 7.88-7.92 (m, 2H, 2xH-Ar)
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Abstract

We have executed the site-directed mutagenesis to study roles of 4 residues in the allosteric binding site of pyruvate
carboxylase fronRhizobium etli Arg469 mutants slightly affect the acetyl CoA-induced enzyme activity than that of
Arg427 and Arg472, but they increase in enzyme activation in the absence of acetyl CoA. The three dimensional structure
of pyruvate carboxylase from. etli revealed a network interaction between Arg469, Asp471, Thr474, and Arg1059.
Asp471 has the most impact on the enzyme because this mutation completely eliminates the acetyl CoA-induced enzyme
activation. Glu1027 and Asp1018 mutants have small effects on acetyl CoA binding and pyruvate carboxylation activity
in the presence of acetyl CoA. However, Glu1027 and Asp1018 mutants increase in the acetyl CoA-independent pyruvate
carboxylation activity. It may happen from destruction of network interactions among residues in allosteric binding site
which normally restrain the enzyme structure and dynamic into the inactive form in the absence of acetyl CoA. However,
more dynamic of residues does not allow the appropriate position similar in the normal active form of the enzyme in the
presence of acetyl CoA because most mutation reduce the degree of activation of the enzyme by acetykGoA (k
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Abstract

1-Butylsulfonic-3-methylimidazolium hydrogen sulfate ([bsmim][HSO4]) and copper (Il) trifluoromethanesulfonate
(Cu(OTf)2) were used as catalyst for one-pot three-component Mannich-type reaction of aldehydes, aniline and
cyclohexanone under mild condition at room temperature. This protocol could enhance the yields of various -amino
carbonyl compounds in moderate to good yields with major anti diastereoselectivity.
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1. Introductions

The Mannich-type reactions are versatile organic reactions for the preparation of B-amino carbonyl
compounds, which are important intermediates for numerous pharmaceutical and natural product syntheses
(Risch et. al., 1998). Normally, high yields of Mannich-adducts were obtained with two-component system in
which imines were used as starting electrophile reacted with nucleophiles like enolates, enol-ethers and enol
silyl ethers (Akiyama et. al., 2004). However, imines were prepared from aldehydes and amine. Currently,
three-component Mannich-type reactions have been developed in one-pot process. Numerous of catalysts have
been reported for one-pot three component Mannich-type reaction of aldehyde, amine and nucleophile such as
Bi(OTf)3+4H,0 (Ollevier and Nadeau, 2004), Proline (List et. al., 2001), NbCls (Lu et. al., 2005), InCls (Loh
and Chen, 2002), SalenZn complex (Jing et. al., 2007), Silica-supported AICI; (Li et. al., 2007) and Cu-
nanoparticles (Kidwai et. al., 2009). However, many of Lewis acid are corrosive, moisture-sensitive and non-
recoverable reagents.

lonic liquids (ILs) are widely utilized as catalyst and green solvents in numerous organic syntheses due to
their unique properties such as non-volatility, non-flammable, high thermal stability, high solubility and
recyclability (Parvulescu and Hardacre, 2007). Task-specific ionic liquids (TSILs) are designed and developed
from typical ionic liquids in order to enhance their catalytic ability. One of the TSILs, Brgnsted acidic ionic
liquid (BAIL) are employed as powerful catalysts in several organic reactions such as esterification (Deng et.
al., 2004), Beckmann rearrangement (Xia et. al., 2009), Friedlander reaction (Heydari et. al., 2009) and
multicomponent reactions (Dabiri et. al., 2010, Su et. al.,, 2011). Copper(Il) trifluoromethanesulfonate
(Cu(OTf),) also have been reported as a catalyst in many organic reactions for synthesis of the useful
compounds (Arai et. al., 2010, Sudalai et. al., 2003 and Firouzabadi et. al., 2003). Herein, we first employed
both [bsmim][HSO4] and Cu(OTf), work together as catalysts in one-pot three-component Mannich-type
reaction in order to enhance the yields of p-amino carbonyl compounds under mild condition at room
temperature.

2. Results and discussion

1-Butylsulfonic-3-methylimidazolium hydrogen sulfate ([bsmim][HSO4]) was prepared in two steps
following previous works (Cole et. al., 2002 and Sirion et. al, 2016) as shown in Fig 1. 1-Methyl imidazole 1
reacted with 1,4-butanesultone 2 in acetonitrile (MeCN) at 80 °C for 24 h to give precursor 3. Then,
compound 3 was protonated with conc.H2SO4 (1 equivalent) in anhydrous toluene at 80 °C for 24 h to give
[bsmim][HSO4] in excellent yield.

o)
O\
/\ 4 MeCN, 80 °C, 24 h @
NN © /NVN\/\/\SO(s9
1 2 3
©)
/®\ conc.H,SO,4 (1 eq.) @\ HSO,4
NN~~~ 2 NN
SN SOz toluene, 80 °C, 24 h i \/\/\503H
3 4; [bsmim][HSO,]

Fig. 1. Preparation of [bsmim][HSO4]
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The one-pot three-component Mannich-type reaction of 4-nitrobenzaldehyde 5a (1.0 mmol), aniline 6a
(1.0 mmol) and cyclohexanone 7a (1.0 mmol) was selected as a model reaction (Table 1). The reaction was
first investigated using 20 mol% of [bsmim][HSO4] and/or 10 mol% of Cu(OTf); as catalysts in water solvent
for 24 h (entries 1-3). With [bsmim][HSO.] or Cu(OTf), alone, the desired product 8a was obtained in lower
yields (27% and 36% respectively) and the yield was increased to 57% when promoting by a mixture of
[bsmim][HSO4] and Cu(OTf).. Then, a variety of organic solvents such as dichloroethane (DCE),
dichloromethane (DCM), toluene, 1,4-dioxane, methanol (MeOH), acetonitrile (MeCN), tetrahydrofuran
(THF), dimethylsulfoxide (DMSO) and dimethylfomamide (DMF) were investigated (entries 4-13). DCE
improved yield to 67% in 24 h of the reaction time (entry 4), and the yield was produced similarly (63%)
when the reaction time was reduced to 3 h (entry 5). Therefore, we chose 3 h as a suitable time for this
protocol. Among all organic solvents, DMF was the best solvent since it gave the highest yield of the desired
product 8a (81%, entry 13). In addition, to establish the effectiveness of the catalyst, a test reaction was
performed without catalyst. It was found that the desired product was not obtained in the absence of catalyst
(entry 14).

Table 1. Optimization of one-pot three-component Mannich-type reaction using [bsmim][HSO,]/CuOTf; catalyst*

e
0O e A

NO2
5a 6a 7a 8a

Entry Catalyst Mol% Solvent Time (h) Yield (%)  Syn: Anti¢
1 [bsmim][HSO,] 20 H,O 24 27 70:30
2 Cu(OTf), 10 H,O 24 36 57:43
3 [bsmim][HSO,] / Cu(OTf), 20/10 H,O 24 57 36:64
4 [bsmim][HSO,] / Cu(OTf), 20/10 DCE 24 67 21:79
5 [bsmim][HSO,] / Cu(OTf), 20/10 DCE 3.0 63 18:82
6 [bsmim][HSO,] / Cu(OTf), 20/10 DCM 3.0 51 31:69
7 [bsmim][HSO,] / Cu(OTf), 20/10 Toluene 3.0 67 30:70
8 [bsmim][HSO,] / Cu(OTf), 20/10 1,4-dioxane 3.0 58 32:68
9 [bsmim][HSO,] / Cu(OTf), 20/10 MeOH 3.0 31 40: 60
10 [bsmim][HSO,] / Cu(OTf), 20/10 MeCN 3.0 65 32:68
11 [bsmim][HSO4] / Cu(OTH), 20/10 THF 30 66 29:71
12 [bsmim][HSO,] / Cu(OTf), 20/10 DMSO 3.0 67 39:61
13 [bsmim][HSO,] / Cu(OTf), 20/10 DMF 3.0 81 38:62
14 DMF 3.0 0 -

2All reactions were conducted with 1.0 mmol of 5a, 6a and 7a using 20 mol% of [bsmim][HSO,4] and 10 mol% of Cu(OTf),
in 3.0 mL of solvent at rt.
PIsolated yields. “Measured ratio of syn:anti by *H NMR.

Having the optimum condition in hand, a variety of aldehyde, aniline and nucleophile substrates was
investigated. The results were shown in Table 2, derivative products were obtained in fair to good isolated
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yields depending on starting molecules. In the case of electron withdrawing groups on aromatic aldehydes, the
corresponding products were observed in good yields (65-81%) (entries 1-3). The yield was reduced to 52%
when the aromatic aldehyde have an OMe electron donating group on the para position (entry 4) and no
product was observed with highly electron-rich 4-(N,N-dimethylamino)benzaldehyde even at the long reaction
time of 36 h (entry 5). In case of heteroaromatic aldehyde such as furan-2-carbaldehyde gave the desired
product in good yield (79%) (entry 6). The desired product was also obtained in good yield (80%) with
electron withdrawing groups on both aromatic aldehyde and aniline (entry 8). Unfortunately, this protocol
could not work with aliphatic aldehyde (entry 7) and low yield was observed when performing the reaction
with less active nucleophile such as acetophenone (only 18%, entry 9). In addition, we found that all cases
provided anti diastereoselectivity as the major product (Mukhopadhyay et al., 2009).

Table 2. Mannich reaction with various substrates®

j\ N [bsmim][HSO,4]/Cu(OTf), 8a-h
1 | —R2 o+ 7a
R H +
= DMF, rt =
or M 52
0 ~ U R
5a-i 6a-b O HN
A
[
4
b 8i
Entry R? R? Nucleophile  Time (h)  Products Yield (%)®  Syn:Anti®
1 4-NO,CgH,4 H Ta 3 8a 81 38:62
2 4-FCgH, H 7a 3 8b 65 37:63
3 2,4-Cl,C¢H,4 H Ta 3 8c 77 42 :58
4 4-OMeCgH,4 H Ta 7 8d 52 35:65
5 4-N(Me),CsHa H 7a 36 8e 0 -
6 2-Furyl H Ta 3 8f 79 42 :58
7 -(CH2)3CH3 H 7a 24 8g 0 -
8 4-NO,CgH4 4-Br 7a 8h 80 42 :58
9 4-NO,CgH,4 4-Br b 4 8i 18 -

2All reactions were conducted with 1.0 mmol of 5, 6 and 7 using 20 mol% of [bsmim][HSO,4] and 10 mol% of Cu(OTf), in

3.0 mL of DMF at rt.
PIsolated yields.
‘Measured ratio of syn:anti by *H NMR.

3. Conclusion

In summary, we have developed a novel and facile method for one-pot three-component Mannich-type
reaction of aldehydes, aniline and cyclohexanone in the presence of [bsmim][HSO4]/Cu(OTf), as catalyst
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under mild condition at room temperature. The corresponding products were obtained in moderate to good
yields with major anti diastereoselectivity.

4. Experimental
4.1. Materials and instrumentation

All chemicals were purchased from commercial sources and used without further purification. Column
chromatography was carried out using open-column chromatography utilized silica gel 60-7734 and eluting
with EtOAc/n-hexane. Thin layer chromatography (TLC) was performed with Merck silica gel 60 PF254
aluminium plate. Proton NMR spectra were recorded on a BRUKER AVANCE (400 MHz). All spectra were
measured in CDCl3 solvent and chemical shifts are reported as & values in parts per million (ppm) relative to
tetramethylsilane (5 0.00) or chloroform (& 7.26).

4.2. General experimental procedure for one-pot three-component Mannich-type reaction (Table 2)

A mixture of [osmim][HSO4] (63.2 mg, 0.20 mmol) and Cu(OTf), (31.7 mg, 0.10 mmol) was dissolved in
DMF (3.00 mL). A catalytic solution was added aldehydes (1.0 mmol), aniline (1.0 mmol) and cyclohexanone
(1.0 mmol) or acetophenone (1.0 mmol), respectively. The reaction mixture was stirred at room temperature
until the reaction was completed (monitored by TLC). After the completion of the reaction, the mixture was
diluted with ethyl acetate (10.0 mL), neutralized with sat.aq.NaHCO3 and extracted with ethyl acetate (10x3
mL). The combine organic layer was dried over Na,SQO,, concentrated to dryness and the crude residue was
purified on silica gel column chromatography (EtOAc/hexane) to give the desired products as shown in Table
2.

4.3. Spectral data of the products

Product (8a) (Entry 1, Table 2):

Yellow oil; R = 0.20 (20% EtOAc/hexane); *H NMR (400 MHz, CDCls): § 1.56-1.83 (m, 3H), 1.88-2.12 (m,
3H), 2.28-2.49 (m, 2H), 2.79-3.00 (m, 1H), 4.71 (d, 0.62H, J = 4.5 Hz, anti), 4.86 (d, 0.37H, J = 3.5 Hz, syn),
6.51 (d, 1H, J = 7.0 Hz, ArH), 6.56 (d, 1H, J = 7.0 Hz, ArH), 6.72 (t, 1H , J = 7.5 Hz, ArH), 7.05-7.14 (' m,
2H, ArH), 7.54-7.63 (m, 2H, ArH), 8.15 (d, 2H, J = 8.5 Hz, ArH)

Product (8b) (Entry 2, Table 2):

Yellow solid; Ry = 0.38 (20% EtOAc/hexane); *H NMR (400 MHz, CDCls): & 1.50-1.75 (m, 3H), 1.76-2.10
(m, 3H), 2.24-2.47 (m, 2H), 2.68-2.84 (m, 1H), 4.16 (d, 0.73H, J = 6.5 Hz, anti), 4.74 (d, 0.42H, J = 4.5 Hz,
syn), 6.52 (t, 1H, J = 7.0 Hz, ArH), 6.65 (dd, 1H, J = 13.0, 7.0 Hz, ArH), 6.94-7.02 (m, 2H , ArH), 7.03-7.11 (
m, 2H, ArH), 7.29-7.38 (m, 2H, ArH)

Product (8c) (Entry 3, Table 2):

Yellow oil; Rs = 0.64 (20% EtOAc/hexane); *H NMR (400 MHz, CDCls): § 1.57-1.81 (m, 5H), 1.90-2.16 (m,
TH), 2.25-2.52 (m, 4H), 2.84-2.94 (m, 2H), 4.82 (d, 1H, J = 4.0 Hz, anti), 5.27 (d, 1H, J = 3.0 Hz, syn), 6.49
(d, 3H, J = 8.0 Hz, ArH), 6.61-6.72 (m, 2H, ArH), 7.09 (t, 3H, J = 7.5 Hz, ArH), 7.15 (brd, 2H, J = 8.0 Hz,
ArH), 7.35 (brs, 1H, ArH), 7.39 (brs, 1H, ArH), 7.46 (d, 1H, J = 8.5 Hz, ArH), 7.52 (d, 1H, J = 7.5 Hz, ArH)
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Product (8d) (Entry 4, Table 2):

Yellow oil; Rf = 0.19 (5% EtOAc/hexane); *H NMR (400 MHz, CDCls): & 1.54-1.74 (m, 3H), 1.76-1.97 (m,
3H), 2.24-2.48 (m, 2H), 2.65-2.87 (m, 1H), 3.76 (brs, 3H, OMe), 4.58 (d, 0.69H, J = 7.0 Hz, anti), 4.71 (d,
0.37, J = 4.0 Hz, syn), 6.53 (t, 2H, J = 8.0 Hz, ArH), 6.61 (t, 1H, J = 7.0 Hz, ArH), 6.83 (d, 2H, J = 7.5 Hz,
ArH), 7.06 (dd, 2H, J = 13.0, 6.5 Hz, ArH), 7.27 (d, 2H, J = 7.5 Hz, ArH)

Product (8f) (Entry 6, Table 2):

Orange solid; Rf = 0.50 (20% EtOAc/hexane); *H NMR (400 MHz, CDCls): § 1.61-1.71 (m, 3H), 1.85-2.07
(m, 3H), 2.29-2.48 (m, 2H), 2.88-3.30 (m, 1H), 4.82 (d, 0.60H, J = 5.5 Hz, anti), 4.87 (d, 0.42, J = 4.5 Hz,
syn), 6.19 (d, 1H, J = 2.5 Hz, CH), 6.26 (brs, 1H, CH), 6.60-6.74 (m, 3H, ArH), 7.14 (t, 2H, J = 7.5 Hz, ArH),
7.30 (brs, 1H, CH)

Product (8h) (Entry 8, Table 2):

Yellow solid; Rf = 0.16 (20% EtOAc/hexane); *H NMR (400 MHz, CDCls): & 1.50-1.83 (m, 3H), 1.88-2.12
(m, 3H), 2.27-2.49 (m, 2H), 2.79-2.89 (m, 1H), 4.62 (d, 0.61H, J = 5.0 Hz, anti), 4.79 (d, 0.57H, J = 3.5 Hz,
syn), 6.37 (d, 2H, J = 8.0 Hz, ArH), 7.15 (d, 1H, J = 8.5 Hz, ArH), 7.53 (t, 2H, J = 7.0 Hz, ArH), 8.16 (d, 2H,
J=8.0 Hz, ArH),

Product (8i) (Entry 9, Table 2):

Yellow solid; Rf = 0.32(20% EtOAc/hexane); *H NMR (400 MHz, CDCls): 6 3.51 (d, 2H, J = 5.5 Hz, CHy),
5.05 (t, 1H, J = 6.0 Hz, CH), 6.40 (d, 2H, J = 8.5 Hz, ArH), 7.18 (d, 2H, J = 8.5 Hz, ArH), 7.46 (t, 2H, J= 7.5
Hz, ArH), 7.60 (t, 3H, J = 7.5 Hz, ArH), 7.90 (d, 2H, J = 7.5 Hz, ArH), 8.18 (d, 2H, J = 8.0 Hz, ArH)
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