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Charge Transfer Dye Probe for Thiol-containing Amino Acid
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Abstract: Two new D-7-A dyes were synthesized by the condensation reaction between active methyl and
aromatic aldehyde and its biothiol sensing properties in DMSO/water were investigated by UV-vis spectroscopy.
Upon addition of Hg2+, the solution of D-7-A dyes showed color change and the absorption band shows a
formation of a dye—Hg2+ coordination complex. These dyes exhibited high selectivity for Hg2+ as compared with
other cations. The dye-Hg2+ could be recovered by adding glutathion(GSH). The absorption intensity of dye-Hg2+
increased only by the addition of glutathione(GSH). The competition experiments revealed that no obvious
interference was observed by performing the titration with the mixture of glutathione(GSH) and other amino acids.
The results indicated that these D- 7-A dyes were highly selective for glutathione(GSH) detection.

Keywords: cysteine(Cys), glutathione(GSH), homocysteine(Hcy), biothiol sensing, D-T-A dyes
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(TCF), 2-(2-methyl-4H-chromen-4-ylidene)malononitrile
Fol EYH Dx -AF HMAE FHHL oF i
£ 0|83t biothiol AA 2] E4of H3f A+ 5
9 biothiol(Cys, GSH, Hcy)®] =&+ Figure 1] Y
).

“'";O'



SH

Homocysteine (Hcy)

2.2.2 (E)—2—(2—(4—(bis(2—(2—hydroxyethylthio)ethyl)—
amino)styryl)—4H—chromen—4-ylidene)malo
nonitrile (Dye 5)2| £¢d

262
(0]
NHz
N OH
j K\/\r \\/ /\’_r
SH
Cysteine (Cys) Glutathione (GSH)
Figure 1. Structure of cysteine(Cys), glutathione(GSH) and homocysteine(Hcy).
2.8 o
2.1 AJef

olm| 1= AEZ9] L-cysteine, I-homocysteine, L-glutathione,
amino acid(Ala, Met, Val, Pro, Leu, Thr, Gln, Asp,
Nor, Tlie, Trp, Phe, Glu, Gly, Cystine, Homocystine,
His, Arg, Lys) @ ZFHgA|ek fuj== Aldrich Chemi-
cal®] AOF2 AHg St

AAEXNHL Carlo Elba Model 11062 A& O
o, 5 =742 Electrothermal 1A9002 ©|-&3}o] &3
shqic

Direct Mass+= direct probe EIH4]-& ARE3H
Shimadzu QP-1000 spectrometerS AFE-R O™ 70eV
ZAA =AstEch 'H NMR spectrax= DMSO-ds,
DO, CDCL-g&ujoflA TMSE 7|&&EZZ 3$F Varin
Inova 400MHz FT-NMR spectrometerS AR5},
UV-Vis &4 spectrax= Agilent 8453 spectrometerS
o] g3l =A3IHTE &L spectrax= Shimadzu RF-
5301PC Fluorescence spectrometerE ©]-&35to] =45}
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2.2.1 4—(Bis(2—(2—hydroxyethylthio)ethyl)amino)
benzaldehyde (3)2| &

Ol E 200mLof KoCOs(3.93g, 28.43mmol)E 7}
st 147 A2a7]R Seld LES 12007 5
£AA AT,

4-(Bis(2-chloroethyl)amino)benzaldehyde 1(2g, 8.125
71 & 108 A= 2y &, 2-mercaptoethanol
2(1.71mL, 24.38mmol)S AH7}slal 24X 7+ &
stel A murstRAl e A4 stk W ¥ A
A=y sz Suis AAE 2ol BA e o
A 3 2.4g(89.8%)S A=t

mmol)&
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2-(2-Methyl-H-chromen-4-ylidene)malononitrile
4(0.47g, 2.25mmol)T} 4-(bis(2-(2-hydroxyethylthio)ethyl)
amino) benzaldehyde 3(1.37g, 4.0mmol)E acetonitrile
25mLo]] H7} & piperidine 5% 73 & 2
A27]F FlolA 2EE 12007HA 5 AlA mut
AR 24XZHE BF StelA T sEA W
g A% gtk WA F 4018 AASD A
o2 Eees AAEISEY AN dye 5 0.5g
(& 25%)% IdUTH(E: CHCL/EtOH(10:1,
v/v)).

'H NMR(400MHz, DMSO-d6) : & 2.65(t, J=6.7,
4H), 2.73(t, J=7.6, 4H), 4.87(s, 2H), 6.75(d, J=9.0,
2H), 6.90(s, 1H), 7.16(d, J=15.8, 1H), 7.57~7.63(m,
J=7.0, 3H), 7.67(d, J=15.9, 1H), 7.78(d, J=8.4, 1H),
7.88(t, J=7.1, 1H), 8.71(d, J=9.6, 1H). EA : Anal.
Calcd. fOI‘ C28H29N303S2 . C, 64.71; H, 5.62; N,
8.09; S, 12.31. Found : C, 64.80; H, 5.87; N, 7.88;
S, 11.83%. M" : 519.2.
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223 (E)-2—(4—(4—(bis(2—(2-hydroxyethylthio)ethyl)—
amino)styryl)—3—cyano—5,5—dimethylfuran—
2(5H)-ylidene)malononitrile (Dye 7)2| &M

2-(3-Cyano-4,5,5-trimethylfuran-2(5H)-ylidene)malo
nonitrile 6(0.5g, 2.5mmol)3} 4-(bis(2-(2-hydroxyethy-
Ithio)ethyl)amino)benzaldehyde 3(0.83g, 2.5mmol)E
ethanol 25mLeo| &7} & piperidine 5422 FH7}
T ALT|F oA 2EE 12007HA S
AlA BRE AJZITh 24X 75 BF Stol A myt
St A Whg& sttt

Yz & gujE AAstL APgew ExES Al
A-Baste] dye 7 045g (353%) kg
CH,CIL/EtOH(20:1, v/v)).
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Scheme 2. Synthesis of E)-2-(2-(4-(bis(2-(2-hydroxyethylthio)ethyl)amino)styryl)-4H-chromen-4-ylidene)malononitrile (Dye
5)
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Scheme 3. Synthesis of (E)-2-(4-(4-(bis(2-(2-hydroxyethylthio)ethyl)amino)styryl)-3-cyano-5,5-dimethylfuran-2(5H)-
ylidene)malononitrile (Dye 7)

'H NMR(400MHz, DMSO-d6) : 8 1.66(s, 6H), 2.59(t, 3. du} W J=
J=6.6, 5H), 2.69(t, J=7.36, 5H), 3.61(t, J=7.2, 6H), 4.89(t,
J=5.44, 2H), 6.82~6.74(m, J=7.6, 3H), 7.69(d, J=8.92,
2H), 7.83(d, J=15.88, 1H). EA : Anal. Caled. for
CoHiN:O5S; = C, 61.15; H, 5.92; N, 10.97. Found : C, Dye 5= HA} ¥H7l(acceptor) 49+ A=A} Z7H(donor) 3
60.68; H, 5.95; N, 10.33%. M : 510.2. & ApgEte] AT

3.1 Dye 59| biothiol Al
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" Hg”cd™ Cu* Na' Pb™ Li* Ni®* Ca® Zn® Fe* Fe* Ag’ Mg” Cr’*
ions
Figure 2. The absorbance response (Ao-A)/Ao of dye
5(20 uM) towards metal ions(A=513 nm).

Dye 50 ¥ol&5& A7Me AW, He' ol Lol
wohgele] UV-Vis 4 WslE uehya ohe
FoleSTE F4 WekE vedA ol dye S
E He''olgd] AegA4g HAtE A & 5 4
1 ok (Figure 2).

Dye 59 Hg'ol&-g H7be o) waty
& ST A g sd=gol sl
Aoz Zastal 415mmolAe F7F Tk
o1 e %l"*l:}(Flgure 3).

Dye 5-Hg” 299 biothiol 7} 3 AT} UV-
Vis §4 WstE Jdo g

BiothiolZh¢| Hata Wsle =% (Dye 5 49 +
Hg" 493 + Cys, Hey, GSHE &%) & A3, &
g 2" EZH0o] 513nmo| A Cys, Hey, GSH= Z+Z+
2, 2.5, 1.5 =72 DAl o] dye 59 SR E=7HA
<7t st th(Figure 4).

Dye 59} Hg''o] 9] E§HE 9| biothiolS & 7}3}
= "89] A= Benesi-Hildebrand method(4]1)& 9]
&t Ao ke AASEew Cys, Hey, GSH
L Z+7b 8.1810°M, 526x10°M, 3.48x10°M'&
et}

PO N
flo v tok

1/(A-Ag) = 1/k(Amac-Aq)[biothiol] + 1/(Amac-Ag)- (1)

where,
A : the absorbance of dye 5
o : the absorbance obtained with biothiols
Amax : the absorbance obtained with excess amount
of biothiols

webd HFe&El GSH > Cys > Hey 02 U}
ERd & Q13 dye 59} GSHo| 714 wEgAlo] £2 A
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Figure 3. Absorption spectra change of dye 520 pM)
upon addition of Hg*"(0~4 equiv.) in acetonitrile /water
(5:5, v/v).
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Figure 4. Changes of UV-Vis absorption for ensemble
dye 5—ng+(20u M dye 5 and 80y M ng+) upon addition
of (a) Cys, (b) Hey, (¢) GSH in acetonitrile/water(5:5, v/v).
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Figure 5. Equivalent dependant absorption intensity
change of ensemble dye 5-Hg’*(20uM dye 5 and 80u
M Hg”™) in the presence of Cys, Hcy, GSH at 513nm in
a mixture of acetonitrile and water(5:5, v/v).

Figure 7. A/A; 513nm change profile of dye 5(20uM)
to various amino acids(1.5 equiv.). Gray bars represent
the addition of 1.5 equiv. of various amino acids to a
20uM solution of dye 5. Black bars represent the
addition of 1.5 equiv. of GSH to the above solution,

1.0 Lou, Pro. His, Val Mot respectively. 1, Cys; 2, Hcy; 3, GSH; 4, Ala; 5, Met; 6,
Arg, Thr, Gin, Ala, Asp, Val; 7, Pro; 8, Leu; 9, Thr; 10, GIn; 11, Asp; 12, Nor;
0.8- Nor, lle, Lys, Trp, Phe, GSH '
) Glu, Gly, Cystine, Homocystine / 13, Ile; 14, Trp; 15, Phe; 16, Glu; 17, Gly; 18, Cystine;
g 06 Cys 19, Homocystine; 20, His; 21, Arg; 22, Lys.
©
Q2
S Hcy . . _ -
8 0.4+ Biothiol & A ¢Jst ofn|i=Ato] dye 59} Hg o]
~ o EgEel Ao wgo] Uolhx GAE GSH
o] F7l & AHol dF= vES A7) whzel dye
001 | 5ol Hg¥olee] BB GSHE H7} AL u
400 500 600 biothiol®] T} olu|iAitEo] FFgFS u|X=x] &
Wavelength (nm) otmy] 9l AR A év 2AHE £
< A=Y Wyl TFH H

Figure 6. Absorption spectra of ensemble dye 5-Hg®*
(20uM dye 5 and 80pM Hg®*) upon addition of 1.5
equiv. of various amino acids.

E°] GSH H7F & A9
= AS ¢ 5 Yoh(Figure 7).

S

Dye 59} ng*Ol%«l E3HEo] GSHo| A&z o
€ ¢ 4 9ithFigure 5). Dye 59 Hg'ol2o] &g = 8] Wep KAo2= A4 49 7hed 4
23} GSHO| A& 93l biothiolwt theFgt ofw] =2 A st %‘— g b, o2 otmliedts
=%KAla, Met, Val, Pro, Leu, Thr, GIn, Asp, Nor, Iie, < A4 H3E dor)A FAth(Figure 8).
Trp, Phe, Glu, Gly, Cystine, Homocystine, His, Arg, Dye 5= F3A4S 7HA U3 F3F AA=Z 9
Lys)& 4% 24 &4 stk 2 23 Cys, | 4 7] WEe] FFAE HIE wEd 2
Hcy, GSH®| t}tE2 oju|AitE9] H7l= biothiol otth. Dye 59| Hg''o]&2 #H7tgo] wat dye 5
AAo] Ho] 312 G & 4 gl tHFigure 6). 9l JF7=7t ZHA A ch(Figure 9).

ol ol ol ol ol ol ol ol ol ol ol ol ol

Ala Met Val Pro Leu Thr Gln Asp Nor Ile Trp Phe Glu Gly cysme o000 His Arg Lys

Figure 8. Photos of ensemble dye 5-Hg”" in the presence of amino acids.
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Figure 9. Fluorescent spectra change of dye 5 20uM)
upon addition of H92+(O~6 equiv.) in acetonitrile /water
(5:5, v/v).
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Figure 10. Changes of UV-Vis fluorescent intensity for
ensemble dye 5-Hg”*(20uM dye 5 and 8 uM Hg®*) upon
addition of (a) Cys, (b) Hcy, () GSH in acetonitrile
/water(5:5, v/v).
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Dye 59} Hg’'o]29] &g&o] biothiol& 7}
T 5 A=Y WE S

I AT Hg''ol wjRo] Z23dd dye 59
P73} =7} biothiold H7} & YAME dye 59 &
LR =7tA Z 748 g o (Figure 10).
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3.2 Dye 79| biothiol M4

Dye 7%= Az} @7l 63+ AR} F7 3& AHGSo]
dstATh Dye 70 FoleSL ke An He
o]&o] 7H 2 UV-Vis S5 WstE, Agolos
e F4 wsts doyu g goleEE I
F= st Qo] erskthFigure 11).

Dye 73} Hg''o]27}e] B3tAQl w3} whgoak
B F4 AUEZo] s88nmolA FRHoR Zhast
T 430nmo A E718He & 4 9l thFigure 12).

Hg™cd® Cu® Na' Pb™ Li* Ni** Ca® Zn® Fe* Fe** Ag' Mg Cr™*

ions

Figure 11. The absorbance response(Ao-A)/Ao of dye 7
(20uM) towards metal ions(A=588 nm).
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Figure 12. Absorption spectra change of dye 7(20uM)

upon addition of Hg’*(0~20 equiv) in DMSO/water
(7:3, v/Vv).
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Dye 72 334 7HAL A FF AA=Z o]
€ 5 7] diol FFAE HEE #Es) B
kth Dye 7¢] Hg’'ol &g H7bgtol whet dye 79
HAF A =7t AR H(Figure 14).

Dye 73} Hg*'o]29] ZFHEo| biothiolS 7} 200 40 800 600 700 800
gt A3} UV-Vis S| #sr ey o m bio- Wavelength (nm)
thiol}2] F3td W= F4¢ AHEYHo| 588nm (b) 18
of| A biothiol 15 71A] QATE] dye 79 TF= 1.4 4 15 oqui
7HA] Z7} 51 cH(Figure 15). 1.2 [Hey)

Dye 79t Hg''o]29] ZFE7} biothiol®] ¥Hg-of 0 equi
A Benesi-Hildebrand method(2]1)E ©] &3l Al
kgt & A4kt 23 Cys, Hey, GSHS Z+Z} 1.07
x10°M™, 6.5x10'M™", 1.47x10°M"' 2 epyge},

oA HFS<4EE=E= GSH > Cys > Hey £2 2

>
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0 T T
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Wavelength (nm) Figure 15. Changes of UV-Vis absorption for ensemble
Figure 14. Fluorescent spectra change of dye 7(20uM) dye 7-Hg**(20uM dye 7 and 80uM Hg”") upon addition
upon addition of ng+ in DMSO/water(7:3, v/v). of (a) Cys, (b) Hcy, () GSH.

Figure 13. Photos of dye 7 in the presence of different metal ion.
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Figure 16. Equivalent dependant absorption intensity
change of ensemble dye 7-Hg*"(20uM dye 7 and 80
UM Hg’") in the presence of Cys, Hcy, GSH at 588nm
in a mixture of DMSO and water(7:3, v/v).
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