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Abstract

Nowadays, the environment has been contaminated by many heavy metal ions such as
mercury, arsenic, gold. Therefore, we have developed the method to detect such metal ions by
synthesizing 1,4-dihydropyridine derivatives (DHP) i.e.,, DHP-SH and Bis-DHP-SS, containing different
substituent on the nitrogen atom. DHP-SH and Bis-DHP-SS were synthesized from 2-aminoethanethiol
and 1,4-dihydropyridine tosylates (DHP-OTs), respectively. Synthesized compounds were characterized
by 'H NMR and MS. These derivatives have maximum absorption and fluorescence emission properties
at 360 nm and 450 nm, respectively. And, fluorescent signals of both DHPs were quenched by AUt in
MilliQ water. In details, once DHP-SH and Bis-DHP-SS were formed to Au®, their fluorescent signals
completely disappeared after 20 mins and 60 mins, respectively. Bis-DHP-SS was tested as a sensor for
the determination of Au> in MilliQ water and it gave a linear relationship between the fluorescence
intensity and Au’" concentration in the range of 10-50 UM demonstrating LOD value to be 7.71 M.
Development of synthesizing nanocomposite between nanoparticles and DHP-SH and sense for the

determination of metal ions are on progress.

CO,CH; CO,CH;
H;CO,C CO,CHs, H,CO,C CO,CH;
| N | | N | H3CO,C CO,CH;,
H H %j:cozcrla
SH s_ Ss__N
DHP-SH Bis-DHP-SS

Keywords: fluorescence, sensor, 1,4-dihydropyridine, metal ions, gold
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1.12a) Wui1 probe 1 uag probe 2 Tdna1aunaoolsawudlualsaza1sNuANA1eiL NaIfe

DAY Y]

a o

probe 1 azLAndgyadluaisazans EtOH/H,O (0.5%EtOH) d@iu probe 2 LREYYIUNDDLIE
wudluansazane EtOH/H,0 (40%EtOH) F9n15iidnd1uaes EtOH fitdesninavyinlsiiinng
\WasuLUaTaN hydroxy Ju alkoxy %Q%Lﬁmmsé’mgﬂﬂmﬁmﬂizmumi PET ln® probe 1 9%
Aadarandlodu Au® fu Aut asly us AU ﬁ?u%iﬁé’cgzymﬁLﬁu%uasmsﬁmaumﬂﬂdﬁ Au*

Wasnnnsiinujisenanendves Au’

Oy N._O o0n N
/N\ /N\

JUN 112 (A laseasnaves probe 1 wasdyanugeaisawuiiilobulosausiinig qlu

d19agany EtOH/H,O (0.5%EtOH)

(B) lasea3n9w8s probe 1 LLazé’igﬁgmwQaaLiaL%uﬁLﬁaLaﬂaaamﬁmm ilu
d19agany EtOH/H,0 (0.4%EtOH)
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Tu¥ A.A.2017 Shaily uazaas [36] lédaaszsieysiusues coumarin-thiol (U7l 1.13a)
wuiansdsnanannsalvidyaargosisauianas (3UAl 1.13b) Anueindu 466 unlu
wasdloduiiu He?* dresnsnd 1:1 Tnefidnissumindu 5.549x10° M anstianunsaadisln
wazihnauulglndlalasnisindnlangeonaie CN @15i339ouvee sensor+Hg?" @mnsainly

n51930 CN 1e wazTiawnasunisgandusasiagaiauaslnl n1swasudndunalamenan

(3
=

Waguandwaeadenduddusinli sensor dllanuiesfianunsansiadalane He® uay CN

N
ﬁi\f“;
/)\I o o SH

(a) (b)
UM 1.13 (a) lAsaasnevesans
(b) dysyraunigesisawuidloduiulesausi 9

Tud A.a. 2018 D.Liu uazAng [37] I#daunsizsieyiusyes coumarin (EDPMA) (57

1.14a) nudawsaduiu He* laegredumnziednsidiu 1:1 uaglidnyaiungeaisawuni

(%
v o

ANNENIRAY 539 wiluiuns (UN 1.14b) Tuansagarednines HEPES Bnnsdsdinwinisnsiadn
He”* luwanddidin Feansmilinuauddne anunsanuinlulubonuwaduesdlidinlandei

Tanunsansiada He?t luwwaala



NS o NS 12
O S

Sh
cl l N l Cl
HO o) o
(a) (b)

U7l 1.14 (@) laseasnevesans

(b) dyeyrnunigestsawudiloduiulossuviinns qluasazaredvines HEPES

1.4 FauizafuasveulnIuide

1. Waunnsdauased 1,4-lalelasisauniivylnesalagldufiten modified Hantzsch Lite

n3vinlesaulans
2. fiawilupedlndnsevninteynus 1,4-lalalasisaukazunlunisfifavaamnasd

3. dhansilavsoulupeulndalviluvssandldlunisnsiainlessulans



unil 2
N1INAGDY
2.1 ir3nsilouazgunsal
1. insesdslulitmation 4 fumis Ju AB204-S (Mettler Toledo, Thailand)
2. \p309 Ultraviolet-visible spectrophotometer Varian Cary 100 Bio (Varian, USA)

3, 4309 Fluorescence Spectrophotometer i;u LS 45 Luminescence spectrophotometer

(Perkin Elmer, UK)
4. \p3eq Rotary evaporator 3u R-200 (Buchi Rotavapor, Germany)

5. W TLC Silica gel 60 Fpgq aluminum sheet (MERCK, Germany)

2.2 asadl

1. Tosyl chloride

2. Triethylamine

3. Dichloromethane

4. Ethyl acetate

5. Hexane

6. Chloroform

7. Titanium tetrachloride

8. Di-tert-butyl decarbonate

9. 1,8-Diazabicyclo[5.4.0Jundec-7-ene
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10. 1,2-dithiolethane
11. Sodium sulfate

12. Methyl propiolate
13. 2-aminoethanethiol

14. 6-amino-1-hexanol

2.3 F/nsdansiei

2.3.1 M3duAsIENR 1,4-dihydropyridine alcohol (DHP-OH)

CO,CHj
: H3CO,C CO,CH
HC=CCO,CH; H TiCly, CHClp 78T e
CH,Cl,, OIN r.t, O/N
OH

lugnsazany ethanolamine (1,010 mg, 16.6 mmol) Tulanaslsfiinu (0.1 M) LA

methyl propiolate (1,670 mg, 1.2 equiv) 88131 9 fafizenliiwAuiionmgiviesneliuia

Y

lulmsiau thansazangluvhliuisnigldaususiielsnle Adaliphatic B-amino acrylates

na991n1uYdn crude Maliphatic B-amino acrylates unagagluansazanelanasls

TNUNUWAT (0.1 M) 4 TICl (0.2 equiv) 281997 9 wazdaufazelituAuiaumgiivesnielsd

Y

Qe

<

wAglulASAY 91NTULANYT DI A (25 mL) wananasmelanaslsimu (25 mL) Autudunse

a @

Y bidunatsdignisiivansazats 0.1M NaHCO; wara1adudunsdaieun DI iy (3x25
mL) MInu1eanmiskundidendams wazssieannasaglruianelannuaum dinand
Nlauviliusansaienatin column chromatography (EtOAc/Hexane = 1:50 §i1 1:3) lgi 1,4-

dihydropyridine alcohol (DHP-OH) \Huaeaudsdinass (1.37 g, 4 mmol, 24%); RLEtOAC) 0.43;

O, (400 MHz, CDCly): 7.18 (2H, s, CH=C), 4.07 (1H, t, J 4 Hz, CHCH,CO,), 3.75 (2H, t, J 4 Hz,



15

CHOH), 3.72 (6H, s, CCO,CH,), 3.58 (3H, s, CH,CO,CH,), 3.62 (2H, t, J 4 Hz, CHN), 2.66 (2H,
d, J 4 Hz, CHLO,CH,); O (100 MHz, CDCL,): 174.1, 167.0, 140.5, 105.3, 61.7, 57.6, 51.4, 38.8,
28.7 HRMS (ESI): [M+Nal", found 336.1034 C;4H;sNNaO;" requires 336.1054

2.3.2 NM3d1ATIEN 1,4-dihydropyridine tosylate (DHP-OTs)
CO,CHs CO,CHs
H3CO,C CO,CH; 3eqTsCl, 1.5 eq TEA H3CO,C CO,CHj

’

N CH2C|2, r.t., O/N

b N

OH OTs
WEu@1S DHP-OH (500 mg, 1.6 mmol) wag TEA (332 UL, 1.5 equiv) lulamaslsfiinu

(0.1 M) 9nntuld TsCl (914 mg, 4.8 mmol, 3.0 equiv) ﬂumiasmaﬁqmwﬂﬁﬁamﬂunm 19U

Y

€

(%
¥ o o ¥

Weuisenintuauysal ihasazaeliaiamenn (3x25 mL) Adnineendelsfeudams

Lagseinediinazaty dindadualuvinliuignsatemaiia column chromatography

(EtOAC/Hexane = 3:1) vital9le DHP-OTs dsiidnuwazaoiudsdindes (100 me, 0.21 mmol,

13%); R (75%EtOAc/Hexane) 0.86; d{ (400 MHz, CDCly): 7.64 (2H, d, /8 Hz, CHCSO,) 7.22
(2H, d, /8 Hz, CHCCHs) 7.01 (2H, s, CH=C), 4.15 (1H, t, /4 Hz, CHCH,CO,CH>), 3.98 (2H, t, /
5 Hz, CHAN), 3.91 (2H, t, /5 Hz, CHLOSO,), 3.60 (6H, s, CO,CH,), 3.44 (3H, s, CH,CO,(Hj),
2.32 (3H, s, CCHy, 2.23 (2H, d, /4 Hz, CHALO,CHs); HRMS (ESI); [M+Na]*, found 490.1142
CyqH3:NNaOS* requires 490.1140

2.3.3 NMSAAIIZI 6-NHTs-1-hexanol

3eqTsCl, 1.5 eq TEA
HO. _ ~_~_"~ - HOW\/\N/TS
NH2  ch,cl, rt, ON N
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W@l 6-amino-1-hexanol (500 mg, 4.27 mmol) ag TEA (889 WL, 1.5 equiv) Tulamae

Tsgnu (0.1 M) annuduld TsCl (2,440 mg, 12.8 mmol, 3.0 equiv) ﬂumiazmsﬁqmmﬁﬁaq

1%
o [

Juan 19y Lﬁaﬂﬁﬁ%a%ﬁmﬁuauyiﬂ thansavaeluatndeth (3x25 mL) dadioandae
Toifondams uagszmodniazats azld cude oil Falusilviuignisomaia column
chromatography (EtOAC/Hexane = 3:1) ial¥ilé 6-NHTs-1-hexanol 1uvesudsdivdos (820
mg, 3.00 mmol, 64%); A (75% EtOAc/Hexane) 0.25; @ (400 MHz, CDCl,): 7.77 (2H, d, /8
Hz, CHCSO,), 7.33 (2H, d, /8 Hz, CHCCHa), 3.63 (2H, t, / 7 Hz, CHLOH), 2.96 (2H, t, /7 Hz,
CHANH), 2.45 (3H, s, CCHy, 1.57-1.45 (4H, m, CHALH,CH,CHALH,OH), 1.39-1.28 (4H, m,
CHCHH,CH,0H)

2.3.4 N158A5191 DHP-SH

CO,CHjs
1.2 eq HC=CCO,CH3 H,CO,C CO,CH
1 3 2 2 3
HCI 1 eq TEA H _ 0.2 eq TiCly ]
NH2 /\/ w >
N CH,Cl,, r.t., ON HS COLHs ¢ o NH
SH

a¥a1ua15 2-aminoethanethiol (400 mg, 3.52 mmol) lulanaslsinu (0.1 M) L@
methyl propiolate (376 UL, 1.2 equiv) uaz TEA (491 WL, 1.0 equiv) Ineviujisennielauia
Tulasiau udmsufisendunan 1 dasazansunaiasmslanaslsiiny (3x25 mL) fdnun

panmelaiendainuas seivediinasaly anuuiiasiuinliusgnssematia column

chromatography (EtOAc/Hexane = 1:1) iel¥ilé DHP-SH Sefidnuwaiziluresudsdmdas (100

mg, 0.31 mmol, 6%); R-(50%EtOAc/Hexane) 0.44; O}, (400 MHz, CDCLy): 7.08 (2H, s, CHNCHS,),
4.09 (1H, t, /5 Hz, CHCH,CO,CHy), 3.66 (6H, s, CCO,CH,), 3.53 (3H, s,CH,CO,CHy), 3.49 (2H,
d, /7 Hz, CHLH,SH), 2.98 (2H, t, /7 Hz, CH,CH,SH), 2.42 (2H, d, /5 Hz, CHCH.LO,CH,)

2.3.5 NMSAWASIZI 6-TsO-1-NHBoC

1.2 eq Boc,O

HZN\/W\OH 0.05 eq DMAP o H 3eqTsCl, 1.5 eq TEA

THF, r.t., OIN >f TO]/ CH,Cl,, r.t., OIN
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o__N
>( \n/ ~ NN 0Ts
o)

NELENS 6-amino-1-hexanol (500 mg, 4.27 mmol) iU Boc,O (1,180 ML, 1.2 equiv) 11
azaelu THF (5 mL) anniulfia DMAP (26.1 mg, 0.21 mmol, 0.05 equiv) LLﬁ’J(?i’jaUﬁﬁ%mﬁ 1
$u arntuF iy TsCl (2,642 me, 12.8 mmol, 3.0 equiv) waz TEA (880 ML, 1.5 equiv) lula
aaalsfiinu (5 mL) fsufAsenfiely 1 Yu ndsaindurihlfarsuignidaomaia column
chromatography (EtOAC/Hexane = 1:4) ial¥lé 6-TsO-1-NHBoc dsiidnuwazifuansazanela
13i51d (100 mg, 0.27 mmol, 6%); A-(25%EtOAc/Hexane) 0.39; O (400 MHz, CDCly): 7.71 (2H,
d, /8 Hz, CHCOSO,), 7.27 (2H, d, /8 Hz, CHCCHs), 3.94 (2H, t, /6 Hz, CHNH), 2.98 (2H, t, /
6 Hz, CH0S0,), 2.37 (3H, s, OCH,), 1.64-1.48 (GH, m, CHLCH,CH,CHLH,050,), 1.36 (9H, s,
(CH250), 1.28-1.11 (GH, m, CH,CHLH,CH,0S0,)

2.3.6 NIAUAIIZY Bis-DHP-SS

CO,CHs CO,CHjs
HS SH
H3CO,C COCH;  3eqTsCl HaCOC CO,CH; 05€d ~—
| 1.5 eq TEA | 5eq DBU .
N\ CH,Cly, rt., OIN N\ THF, reflux,O/N
OH OTs
CO,CHs
HyCO,C CO,CHs

N HCO,C CO,CHs
H %t/gcozcm
S s N

A N
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Y1415 DHP-OTs (500 mg, 1.07 mmol) azarelu THF (10 mL) wdrnluseIndns
Mntuiy 1,2-dithiolethane (45 ML, 0.5 equiv) kag DBU (798 ML, 5 equiv) mnﬁf’u&%ﬂﬁﬁ%m
191 % LLﬁaﬁWNﬁmﬁmsﬁﬁlﬁlﬂﬁﬂﬁﬁqwgﬁwLmﬂﬁﬂ column chromatography (EtOAc/DCM =
1:1) wuinlanandwel 2 @ As Mono-DHP-SS way Bis-DHP-5S laarsiduveudsdivies (80
me, 117 mmol, 11%); A (50% EtOAc/DCM) 0.40; & (800 MHz, CDCL): 7.11 (2H, s, CHN),
4.05 (2H, g, /7 Hz, CHCH,CO,), 3.67 (12H, s, CCO,CH;) 3.52 (6H, d, /6 Hz, CHCH,CO,(H5),
3.47 (4H, t, J 7 Hz, CHN), 2.81 (2H, s, CHLH,S), 2.72 (4H, t, /7 Hz, CH.S), 2.41 (4H, d, /5
Hz, CHALO,CHs) HRMS (ESD); [M]T, found 684.1965 CyqHsiNNaOyS* requires 684.2023

2.4 nMfnwMIANAULAEAMELEITBBYRLS DHP (DHP-SH uag Bis-DHP-SS) lushvinasany
AN 9
W38 stock solution 984 fluorophore lagazaiaa1s 0.1 mmol ¥os DHP-SH uag Bis-

DHP-5S Tu DMSO (10 mL) wislslganudady 10 mM ved DHP-SH wag Bis-DHP-SS
2.4.1 UV-Vis Spectrophotometer

n3ImN1IAANGU UV-Vis 984 stock solution ¥4 fluorophore gniufinaInaAugInay

a A

gk 300 nm B9 600 nm N AT

Y

2.4.2 Fluorescence Spectrophotometer

ANULLTUYDY stock solution ¥4 fluorophore @B 10 mM ATMINTTANBULAIYDIATYN

TUNNAAAIILEIATUAILA 360 nm 819 650 nm Ngaminilan FaldAuenaaunsEAun 370

Y

nm (DHP-SH), 360 nm (Bis-DHP-SS) ﬁlﬁmﬂmmmmﬁu@mﬁwmLﬂ%q UV-Vis

2.5 N15LM38Y stock solution VBIUNluABUINER

2.5.1 Wsguasara1y AuNP
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3815 HAUCL..4H,0 998 mg Tutn 50 mL lamnududuvingu 4.8x102 M uaihldide
nlaaudutudu 2.5x10° M anduinaisazangluiinaisazatedmsadudy 1%wt

USu195 10.2 wae 1.4 mL dhluswandidunan 1 Fluawazdeanaliduauliaisazanedu
2.5.2 Wwsvuansazay AgNP

T3 AgNO; 36 mg Ut 200 mL RAUURNETALAETATALTNTY 1%wt USHIRT 4 mL

2 viaon Saanlandidunan 1 aluauazseislituaulransazanedu
2.5.3 1m381 stock solution Y89 DHP-SH
%3 DHP-SH 1.800 me azanadetin MilliQ 25 mL

2.5.4 1 @3guunlun1sALAanduiu DHP-SH

(%
aaa

ViUnunlunshihia (AUNP waz AgNP) 11 2 mL waufiu DHP-SH 2 mL 91ntumsufjisen
LidhwAu deujisenintuauysalasdunaiiunznoutasnisidsunuasdvesaisavate 1un

centrifuge LazadIAZNOUMY EtOAC AUNTEYY DHP-SH

2.5.5 M3ANYINISEENIUTWNIZIIULUNISALAS (AUNP, AgNP) way DHP-SH uazlesaulany

AR 9

LASINAULTUTUTDY stock solution V89 AUNP U DHP-SH wag AgNP AU DHP-SH

AMUTUTY 1% W/



|
umn 3

NAN1IVAABILALDAUIIIHANITNAADY

a

3.1 MsdaATLinaviagaiienanwalAaseasng

Y

aa

lunsdaasigst DHP-SH f5lunsdaasieyt 2 75 fie

1. #1A31%91n DHP-OH fien1stldiuAseniu tosyl chloride wag triethylamine
2¢ldnAnfasidu DHP-OTs andurirluvinsedy thiourea uay NaOH Gsagld DHP-SH (3Uf
3.1)

2. #A312RN 1,2-ethanethiol Men1sunluinugiseniu methyl propiolate 9z la

Maliphatic amino acrylates vy Ticl, IneUfjisen cyclization (E‘Uﬁ 3.1)

CO,CHs CO,CHs

H3C02C C02CH3 H3C02C
|| TsCl ||

CO,CHj

Thiourea :
i;::;:fy kﬁ TEA kj
OTs OH

NaOH

COCHs DHP-OTs DHP-OH

H3CO,C CO,CHs

TiCl,
SH
H HC=CCO,CHj

T e T — N |
JUN 3.1 n1sdaAs gyt DHP-SH

Tu3susnlavitn1sdamsnest DHP-OTs 910 DHP-OH saan1svidfisendu TsClinadl TEA

a [

Wuvaaunsalvndndueidu DHP-OTs mesesazudniasi 67% a1ntutin DHP-OTs lUvin

a

nN138LA3129 DHP-SH e thiourea WAz NaOH wag3deliausadaasizyt DHP-SH 1o (U7
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3.2a) W NEIELY NaOH Mimihiluiuareutiauss (pK,=-1.8) Jsanunsaiiinlalasladan

=

sgoawmesnatendu tricarboxylic acid 14 (U7 3.2b)

CO,CHs CO,CHg CO,CHy
H3CO,C CO,CH Tscl
H3;CO,C CO,CH
3 2 | | 2 3 TEA 3 2 | | 2 3 ThiOUrea HgCOZC | | COZCHg
? —><—>
N CH,Cl,, O/N N N
00c = r.t. H NaOH H
OH OTs SH
67%

5U7l 3.2a UFA31n3dains1e9t DHP-SH

Q
OH
D
c-o- COOH
Q% HOOC COOH
H3C_g ((I%—O—CHg -
| [*o o, |
C) N
OH N
L L
O_r°.“< >* 0‘%{ %
O O

g'ﬂﬁ 3.2b nalnnsiAa tricarboxylic acid

a a

namatnedu FRIdeduddsuislunisdansizdunduisn 2 lneedeufizen

a [

Hantzch Wag Michael addition %28 TiCl, Ingi3191n 2-aminoethanethiol iU {ATe1 U

d Y A

methyl propiolate Ineil triethylamine Wutuaiiielfinde HCl vesanshssuazaneiiuTuioln
UfAsernnduludninldegianunzan landnduandu B-aminoacrylates F9vinisszinedn
avaneniglinnudunneudnluvinujasendu TiCl, aglé DHP-SH (5U#1 3.3) 1luveeuted

a = § v s & & a o caY = a O v
N3N %QiﬂLﬂ@iL%umNa@ﬂm%Wu@U (10%) LUaIN191ND1NRDEITANNULY DY
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; 3 . 10%
JUN 3.3 N1369AIIZY DHP-SH

Aauvin1sdudulaseaiieves DHP-SH ae 'H NMR wudn fidruiudeyaiiavan 7 90

TnedaanafiA chemical shift (8) 7.08 uar 4.09 ppm (e waz d muddu) Wulusneuuy

o

erlsunin Wesanlusneu e aglnanvsznaululasiauisilvdyyialunie downfield

wnnIUsneu d dyeyaui 3.66-3.51 ppm (a waz b) lulUsneuveuiiansimyieames lny

Y v [

Wsneou a aglndiuiuszauarosnoululasiaulunalidyyratuil downfield 11nnda b

dryey1eu? 3.50 ppm way 2.98-2.91 ppm (f way ¢ mua1su) iWuldsmeuvuarslnesa lay
Waneu f eglndfvezmeululasiaumnnniiiusneu ¢ Fulumfdidnaseudaililusneu f iin
downfield 11nn31 ¢ dyayrauil 2.42 ppm (o) Wulusmeuveauiidugui 3.4) uazilleduns H

NMR nudnin peak 7kifaen15iinTu Fanegidelavinnisuenaesuidivaieseuwausing

peak HuAldmely annuudailuanndniiegniaudanuin peak duiusinged 43363
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v a ! [ ' a [ A a [ aaa = va U W 1 a
FUUWYIIUN peak AINA1ID1NALUU by product VlLﬂ@ﬂ’]ﬂﬂ'ﬁVl’]‘UQﬂﬁEﬂsZNEﬂ’Jﬁ]EJEJQVLiJVﬁWUG’I’N

& = & A A a a ¢ w a )
Wuaslense SH tuldiadesiiasannaiuisaineandladgiuasndiauluainiale

“ L MJW

r T T T T T T T T T T T T T T T T T 1
2.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 o.c
f1 (ppm)

5U7 3.4 'H NMR 983 DHP-SH

aaa

Ao lAdaATIEN Bis-DHP-SS 91nn1511 DHP-OTs viuiseniu 1,2-dithiolethane 1o
DIRYUNATY Sy2 (g‘dﬁ 3.5) wag 1,8-Diazabicyclo[5.4.0lundec-7-ene (DBU) Ve
921U deprotonate TUsmouves SH fu 1,2-dithiolethane Tnenandamiailadl 2 4fia fie Mono-
DHP-SS Wag Bis-DHP-SS (3Ufl 1.2) B3 Mono-DHP-SS 1 by product fiAatu Taedl Mono-
DHP-SS fifhannnn Bis-DHP-SS Wiowenasnundaeds column chromatography @914 silica gel
WU Bis-DHP-SS sanuneu §Idedvinisiiivansazansuavilunagevand@inisganduuas

WawlileanngIdefedns Bis-DHP-SS Wldlunisnaaeudely (33eslaviinisusu eq vee DHP-

OTs wagtfiuailunssisufAzeitells Bis-DHP-SS (25%)

CO,CHs CO,CH5 CO,CHg
H3CO,C CO,CHs H3CO,C CO,CH; H3CO,C CO,CH3
| HS_  SH | |
N 05eq ~— N N H3C0,C
> CO,CHs
H 5eq DBU 74
THF, reflux, O/N // " CO,CHj4
OTs S SH S S N

N
Mono-DHP-SS (5%) Bis-DHP-SS (25%)
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U7 3.5 NM13§31A51294 Bis-DHP-SS

iy sfiaalaseasnevesans Bis-DHP-SS Mg 'H NMR wud1 I3 uiudeyanivan 8
0 Inedeyey il 7.11 uaz 4.07 ppm (e waz d awuaau) iWulusmeuuuiseslsunfn Falusnou

e aglnatvezmonlulasiaundumifdidnasourhlidygyralums downfield innninlusmeu

§ o =]

d #ryeyreunl 3.67 uaw 3.52 ppm Wulusmeuvesufiansimjieanes dyqyaui 3.66-3.51 ppm
(a waz b) WulUsmeuvesuiiansayoawes lnslusneu a eglndiviuszauazezneululnsias

Dunalidyeaudl downfield unnidn b dyeyraudt 3.47 wag 2.72 ppm (f hag g AUAIU)

v o =

Juredlusnauvuaslnesa dygrai 2.81 ppm (h) Juldsneuiisesdivdames dyyin

2.41 ppm (©) Wulusnouvesefiau

r T T T T T T T T T T T T T T T T T 1

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

5U7 3.6 'H NMR 984 Bis-DHP-SS

ot 'H NMR sSeuiieuiusemingansaagy (DHP-OTs) uavkansout (Bis-DHP-SS)

al

Aa3UR 3.7 wud1 DHP-OTs Tdayeyad 'H NMR 31171 10 4n Tuvauedl Bis-DHP-SS Tduaynal
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"H NMR 91131 8 ¥a Aisnuvsvesiusnou f way g inn1s upfield Loa31nean@iauilAn EN

1NN IgFaes Fevinlianurutdusianasouvedlusnoutsenit Wunalial chemical shift

a

w1nn1 Wesainnsideuny OTs Wu SH vilidyaalusaeuiisdumis a, b, ¢, d waz e 1y

LAANS downﬁgtd LaLeuALe h ¥4 Bis-DHP-SS

T T T T T T T T T T T T T T T

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

SUN 3.7 'H NMR v838y3ius DHP

0.C
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nsigatllasasnaveteyiius DHP Budulay HRMS Fauanadayeyreures molecular ion
vosansudormiinvosluianasauandlugud 3.8 N3 HRMS Y8 DHP-OH, DHP-OTs uag Bis-
DHP-SS @anndasiuiimtinfidesnisiaeiiA1vinnu 467.1140,313.1082 uag 684.1965

AUAINU

5U7 3.8 HRMS wasoyus DHP
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3.2 N15ANANURALTBILAIYD9ENT

Nﬁ%@ﬂﬂ?iﬁﬂﬁﬂﬂ?ﬁ@ﬂﬂauuﬁﬂuagﬂﬁﬂuﬁﬂﬂaﬂ 10 UM 89 DHP-SH ey Bis-DHP-SS Tu

ware@viazaty Wy THF, ACN, DMSO, EtOH wag MilliQ water Tnga1u811Adu89n1S

'3
a

AANTULATANYLAIGIANYRIATNAeRd MINuasUlun5197 1 &9 Bis-DHP-SS HiAduuseans

MsgANAukasyiniu 0.0064 Mcm™® a1nn1snaaesasdunmituintudavhazateul MiliQ He

(% (%
1Y

ANdEMARUAANTULANLaEMELAIINNITTUAIYara1eBY 9 RN a1ssdesniivinazi

MilliQ \Jusviavarendvinnaaludvinasanedn 4 vlia vilia1sas stabilize excited state

Feildszaundsanunsiuanaidunalil band gap uavas ANNEIAAUIININNTT LaZAIIY

A A Al v o o A & o . - I3 ¢ - )
gmndulimflnafesiullosainaisisaesiniing dinydropyridine 1WussAuseneuwmilouiu

AN51a9i 1 Photophysical property of DHP series in various solvents

o DHP-SH Bis-DHP-SS
AINIATAY

}\'ab }Lem }\‘ab }\‘em
THF 361 423 366 441
ACN 357 426 358 428
DMSO 362 431 365 433
EtOH 361 433 361 435
MilliQ 365 445 367 (€=0.0064) 446

3.3 Au®* ion sensor

3.3.1 Fluorescent emission of DHP series responding to metal ions
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d3dulaviinisnaaeinisnsiaianisidenivinnigivlansveseuiusianely
Fluorescence spectroscopy Lﬁaﬁﬂwﬂﬂmauﬁmummmafmlaaauiawzmﬁmsiqq 9 Ine@ne)
N1980NFUTUNIZVES DHP-SH Lag Bis-DHP-SS (10 M) dulessulans 19 vila (100 M) 1y
Li* Na®, K*, Mg2+, Ca%*, BaZ, ALY, Gt Fe™, Fe?, zn?, Cd%, Pb?, Ni*¥, Hg2+, cu?, Co?, Ac*
way AU’ Tushvhazanea 4 via Ao THF, ACN, DMSO wag EtOH wuin Lifinsiasuudas
vosdaynauigenisaus (3UAl 3.9 fu 3.10 muddu) egnalsfmu §idedaldinimaans
DHP-SH Tughyhazans MIllIQ uay Bis-DHP-SS Tuansazanatilnles HEPES nud1 eywudiisans

yilalvdaungesisalwuaidonduinmeiu Au® (FUN 3.11 AU 3.12 muaav)

gﬂﬁ 3.9 Fluorescence spectra of DHP-SH in



A) ACN B) DMSO C) THF D) EtOH

'gﬂﬁ 3.10 Fluorescence spectra of Bis-DHP-SS in

A) ACN B) EtOH C) THF D) DMSO

29



30

E‘Uﬂ 3.11 Fluorescence spectra of DHP-SH in MilliQ water after 20 mins

g‘dﬁ 3.12 Fluorescence spectra of Bis-DHP-SS in HEPES
3.3.2 Reaction time of Au®* with DHP-SH and Bis-DHP-SS

{9991n DHP-SH wag Bis-DHP-SS Ann1stdaniusimizdu A Tusivinaganeti T
nanAnwalunisinuisensening DHP-SH wag Bis-DHP-SS fiu Au®* wu31 DHP-SH uag
Bis-DHP-5S Tdynamgeeisalvudiianategaauysaimdannaimiuly 20 uay 60 und
PUA (JUT 3.13 way 3.14 mwadv) Inenanisneaosssatinamansnuin anuidudy
vosdnyaaigeaisauianatiazigandsanaily 20 uay 60 Ui LiesannsyuIuNg

v £

! I3 aaa = a vy A =
ama\iﬂaumﬂmmﬁ]L‘tJuNammﬂUg]ﬂimmﬂLmJGZNmimﬂlﬂmmmﬁnﬂmmmaﬂ ﬂuorophore N

¥

Tng/au wazauudunldlun1maassiupout1ean (10UM)
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0 10 20 30 40 50 60 70
time (min)
—8—Bis-DHP-SS —@— Bis-DHP-SS+Au(lll)

gﬂﬁ 3.13 Time dependence of Bis-DHP-SS in MilliQ water

E‘U‘ﬁ 3.14 Time dependence of DHP-SH in MilliQ water
3.3.3 Competitive experiment of Bis-DHP-SS over interfering metal ions

Tunis@nwinissuniuainlessulansviaduqfuanslusud 3.15 Fearsazane
Usgnaunae 1 eq Bis-DHP-SS : 10 eq Au®* : 10 eq each metal ions Tuaisazatadwines
HEPES #irmenindu 360 nm wuin dyanamigesisawudiillessuviaduogluasaransves
Bis-DHP-5S 715l Au®* laliffunsiBsuulasesdayayios feifu Bis-DHP-5S @unsalddusumeiv

AUt wiazilleeauindusuniue
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gﬂ‘ﬁ 3.15 Competitive experiment of 10 JAM of Bis-DHP-SS of Au®* after addition 100 UM
other metal ions in HEPES buffer

3.3.4 Fluorescence titration of Bis-DHP-SS with Au>*

Tun1sneaefion3unaiinsgsidied’ fluorescence titration ¥84 Bis-DHP-SS (10
M) fU AU (0-100 M) wudn Tugudi 3.16 Basensidudunsseglurisenanduduves Au*
iy 10 fis 50 UM Fedldn R = 0.9804 91nn51iduURsIansamA1m L ududgnd
\3esfieanunsaiald (LOD) Gamldann 3 hvesandsauuinnsgumsiennudurens v

FaAJeaunNInggIl (SD) manmsinansaraieila1diuiu 10 Ase §3devian LOD lawiriu

7.71 UM 2nN15naaeenudn lemnududuves Au’ 1iadu dyaumgeslsalsunizanas 9

1
=

ANUNTUYRY AU’ dinasiedninisiinuisenveinsiindyyinmgeslsaudianasiiiiniu

IS a

Ing Au® waznisiUasuudastaseadneen DHP Wueyiusisadoy Snvianan1snaaasdsdudu

laeninnisanasvesdygraldlainainnisiieasusenauledousgning Bis-DHP-SS fu Au**
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Oeq

10 eq

g‘dﬁ 3.16 Fluorescent titration of Bis-DHP-SS in HEPES buffer

3.4 nsdaasziunluneulndnsening AuNP way AgNP Au DHP-SH

nnsneaeslariinisduasigiunluneulndnlneliunaisazany AuNP way AgNP
USum5 2 mL AU DHP-SH 2 mL wavauaisavanaiduian 1 Tu nuinansavanasening AuNP

u DHP-SH wWaswandliidudauny wazaisazaiesening AgNP Ay DHP-SH wWhguaind

v v 1
< Ya v o Y

1anatdudnn 1nenyieaeautuAaulnandnenounATuAIY ANUULIIYUIENTALANEN9@DIUN

Y

§ v v

WUNSTIFLAIA19IRENDUAIE EtOAC Liian19m DHP-SH Minde 9 nduidingnouly freeze dry

e ldneandaldndnfaumidu AuNP-S-DHP Wwag AgNP-S-DHP (5U71 3.17a Wwag 3.17b muandiu)
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(@) (b)

JUN 3.17 nsdaaszviuilumeulngs
(a) AUNP+DHP-SH (b) AgNP+DHP-SH
3.5 MsAnwIN1siaendudmnzvasulunauIndn

\WlogIdewien stock solution vaswilunailndansaes fideinluinnsiondudnmie
A2 fluorescence spectroscopy WU @sazansunlupsulndasaedliiianisidenduininig
fulessulaveiliesnnlutunsunisduasgviuluneulndn i deliaunsatiunasaeluiiie

Talunisinnisduiulavelosauls

M = AuNP, AgNP

JUN 3.18 urun wn1sduaszviuiluneulndn
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6% LAza1U1IOILATIEY Bis-DHP-SS 91nUA581581I19 1,4-dihydropyridine tosylates fiu
1,2-dithiolethane wag 1,8-Diazabicyclo[5.4.0Jundec-7-ene landnduaiiduvesdsdivians lny
fiefidudindnsasidu 11% deansfildannisdunaszildigailassaiesmemaina H NMR
wag HRMS Lﬁa’i@mi@mﬂﬁul,t,awmaﬁ DHP-SH wae Bis-DHP-5S #iiiu Au®* ludvhazanein
MIliQ nudfifmsganduuasgegnfinnueAduviiiy 365 nm wag 367 nm Auddy wawdl
ANIABIAIEIANTIANNE1ARUYINAY 445 nm way 446 nm mudy TnensiFosuadues
Bis-DHP-SS (10 M) azanatanadondusimigianzasse Au® (100 UM) wazidlotans Bis-
DHP-SS (10 UM) TundeyarainisSeanasiimanududusing o (1-100 UM wuiilinsmidunss
figrspnuiduduves Au®* 10-50 UM Faanunsathluldlunisinssdt AL @eUSunadlduasds
annsammmututuaniiaansaaaaialdvintu 7.71 UM lunmsiaumnlunoslndsiile
Tasatalanylossutu wui laansataldlunsasetaldifosanuluneuindsill

aunsaazargluila



35

AMsARIUIUIdElusuIAe

Y

Wosanlunuideidddaunsaduasisiuiluneulndnszning AuNP way AgNP AU
DHP-SH 19 Tusunanideiianuniadnasanunsaduasiziuiluaeulndaiioldlunisnsiain
loooulangld waglusuianfosnisilseulfisunisidenduinnizseninsuilunsfRanilasy

Juaeduivanse wwdmatunisifiedygavgessawuivioll aedls



1ONA591999

[1] W.J. Stark; P.R. Stoessel; W. Wohlleben; A. Hafner. Industrial applications of
nanoparticles. Chem. Soc. Rev., 2015, 44, 5793-5805.

[2] A. Mishulow; C.A. Krumwiede. A colorimetric reaction between gold chloride and
toxins apparently indicative of toxic strength: a preliminary report. . /mmunol., 1921,

14, 77-80.

[3] A. Locke; E.R. Main. Investigation of proposed colorimetric method for titration of

diphtheria toxins. JAM.A., 1928, 90, 259-260.

[4] American Rheumatism Association. The Cooperating Clinics Committee. Arthri-tis

Rheum., 1973, 16, 353-358.
[5] C.F. Shaw. Gold-Based therapeutic agents. Chem. Rev., 1999, 99, 2589-2600.

[6] L. Messori; G. Marconin; A. Sigel; H. Sigel (Eds.). Metal lons and their complexesin

medication. CRC Press, New York, 2004, 279-284.

[7] 1. Ott. On the medicinal chemistry of gold complexes as anticancer drugs. Coord.

Chem. Rev., 2009, 253, 1670-1681.

[8] M. Navarro. Gold complexes as potential anti-paraitic agents. Coord. Chem. Rev.,

2009, 253 1619-1626.

[9] A. Finkelstein; D. Walz; V. Batista; M. Mizraji; F. Roisman; A. Misher. Auranofinnew oral
gold compound for treatment of rheumatoid arthritis. Ann. Rheum. Dis., 1976, 35, 251-

257.

[10] R. Tomioka; T.E. King. Gold-induced pulmonary disease: clinical features, out- come,
and differentiation from rheumatoid lung disease. Am. J. Respir. Crit. CareMed., 1997,
155, 1011-1020.



37

[11] M.J. Jou; X. Chen; KM.K. Swamy; H.N. Kim; H.J. Kim; S. Lee; J. Yoon. Highly selective
fluorescent probe for Au®* based on cyclization of propargylamide. Chem.

Commun., 2009, 7218-7220.

[12] E. Mustafa; K. Erman; U. Muhammed. A rhodamine based turn-on chemodosimeter
for monitoring gold ions in synthetic samples and living cells. Analyst, 2013, 138,
3638-3641.

[13] Y.K. Yang; S. Lee; J. Tae. A gold(lll) ion-selective fluorescent probe and its application
to bio imasings. Oreg Lett, 2009, 11, 5610-5613.

[14] O.A. Egorova; H. Seo; C. Amrita; K.H. Ann. Reaction-based fluorescent sensing of
Au(l)/Au(lll) species: mechanistic implications on vinyl gold intermediates. Org. Lett,

2010, 72, 401-403.

[15] H. Seo; M.E. Jun; K. Ranganathan; K.H. Lee; K.T. Kim; W. Lim; Y.M. Rhee; K.H. Ahn.
Ground-state elevation approach to suppress side reactions in gold-sensing systems

based on alkyne activation. Org Lett, 2014, 16, 1374-1377.

[16] F. Song; H. Ning; H. She; J. Wang; X. Peng. A turn-on fluorescent probe for Au*
based on rhodamine derivative and its bioimaging application. Sci China. Chem.,

2014, 57, 1043-1047.

[17] L. Yuan; W.Lin; Y. Yang; J. Song. A fast-responsive fluorescent probe for detection of

gold ions in water and synthetic products. Chem. Commun., 2011, 47, 4703-4705.

[18] H. Seo; M.E. Jun; O.A. Egorova; K.H. Lee; KT. Kim; KH. Ahn. A reaction-based sensing
scheme for gold species: introduction of a (2-ethynyl)benzoate reactive moiety. Org.

Lett, 2012, 14, 5062-5065.



38

[19] T.P. Nitin; S.S. Valmik; S.T. Milind; P. Hemant Kumar; R.B. Prakriti; B. Ayan Kumar; P.
Chitta Ranjan. Exploiting the higher alkynophilicity of Au-species: development of a
highly selective fluorescent probe for gold ions. Chem. Commun., 2012, 48, 11229-
11231.

[20] J. Park; S. Choi; T.I. Kim; Y. Kim. Highly selective fluorescence turn-on sensing of gold
ions by a nanoparticle generation/C-I bond clevage sequence. Analyst, 2012, 137,

4411-4414.

[21] U. Muhammed; E. Mustafa. A BODIPY-based reactive probe for the detection of
Au(lll) species and its application to cell imaging. Chem. Commun., 2014, 50, 5884-
5886.

[22] J.B. Wang; Q.Q. Wu; Y.Z. Min; Y.Z. Liu; Q.H. Song. A novel fluorescent probe for
Au(lll)/Au(l) ions based on an intramolecular hydroamination of a bodipy derivative

and its application to bioimging. Chem. Commun., 2012, 48, 744-746.

[23] J.Y. Choi; G.H. Kim; Z. Guo; H.Y. Lee; KM.K. Swamy; J. Pai; S. Shin; I. Shin; J. Yoon.
Highly selective ratiometric fluorescent probe for Au** and its application tobio

imaging. Biosens. Bioelectron., 2013, 49, 438-441.

[24] M. Dong; Y.W. Wang; Y.Peng. Explaining the disparate stereoselectivities of N-oxide
catalyzed allylations and propargylations of aldehydes. Ore. Lett, 2010, 12, 5310-
5313.

[25] J. Ho Do; H.N. Kim; J. Yoon; J.S. Kim; H.J. Kim. A rationally designed fluorescence
turn-on probe for the gold(lll) ion. Ore. Lett, 2010, 12, 932-934.

[26] B. Wang; T. Fu; Y. Sheng; J. Li; Y. Chen. An intramolecular charge transfer (ICT) -based
dual emission fluorescent probe for the ratiometric detection of gold ions. Anal.

Method, 2013, 5, 3639-3641.



39

[27] X. Cao; W. Lin; Y. Ding; Ratio-Au: a FRET-based fluorescent probe for ratio-metric
determination of gold ions and nanoparticles. Chem. Eur. J., 2011, 17, 9066-9069.

[28] K. Erman; U. Muhammed; E. Mustafa. A rhodamine/BODIPY-based fluorescent probe
for the differential detection of Hg(ll) and Aullll). Chem. Commun., 2014, 50, 1119-

1121.

[29] T. Sirijindalert; K. Hansuthirakul; P. Rashatasakhon; M. Sukwattanasinitt; A. Ajavakorn.

Novel synthetic route to 1,4-dihydropyridines from B-amino acrylates by using

titanium(lV) chloride under facile conditions. Tetrahedron, 2010, 66, 5161-5167.

[30] J. Wang; W. Lin; L. Yuan; J. Song; W. Gao. Development of a reversible fluorescent

gold sensor with high selective. Chem. Commun., 2011, 47, 12506-12508.

[31] J.E. Park; M.G. Choi; S.K. Chang. Colorimetric and fluorescent signaling of Au* by
desulfurization of thiocoumarin. /nore. Chem., 2012, 51, 2880-2884.

[32] D. Homraruen; T. Sirijindalert; L. Dubas; M. Sukwattanasinitt; A. Ajavakorn. Selective
fluorescent sensor for mercury ions in aqueous media using 1,4-dihydropyridine

derivative. Tetrahedron, 2013, 69, 1617-1621.

[33] S. Kambam; B. Wang; F. Wang; Y. Wang; H. Chen; J. Yin; X. Chen. A highly sensitive
and selective fluorescence probe for Au** and its application in living cell imaging.

Sensors and Actuators B., 2015, 209, 1005-1010.

[34] X. Yang; X. Liu; Y. Li; F. Wu; J. Mao; Y. Yuan; Y. Cui; G. Sun; G. Zhang. A differentially
selective probe based on diketopyrrolopyrrole with fluorescence turn-on response
to Fe**, and dual-mode turn-on and ratiometric response to Au*t, and its

application in living cell image. Biosens and Bioelectron., 2016, 80, 288-293.



[35] Y. Li; Y. Qiu; J. Zhang; X. Zhu; B. Zhu; X. Liu; X. Zhang; H. Zhang. Naphthalimide
derived fluorescent probes with turn-on response for Au®* and its application for

biological visualization. Biosens and Bioelectron., 2016, 83, 334-338.

40



AARUIN

U A-1 'H NMR %83 DHP-OH

41



U

=1
i

A-2 C NMR 299 DHP-OH
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U7 A-3 °C NMR %89 DHP-OTs

gﬂﬁ A-d4 Normalized absorption of Bis-DHP-SS
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A-5 Normalized emission of Bis-DHP-SS

A-6 Normalized absorption of DHP-SH
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A-7 Normalized emission of DHP-SH
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