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Materials and instruments: Unless otherwise stated, all reagents were purchased 
from commercial suppliers and used without further purification. Solvents were 
purified by standard methods prior to use. Twice-distilled water was used throughout 
all experiments. Melting points of compounds were measured on a Beijing Taike 
XT-4 microscopy melting point apparatus, and all melting points were uncorrected. 
Mass spectra were recorded on a LXQ Spectrometer (Thermo Scientific) operating on 
ESI. 1H NMR spectra were recorded on a Bruker Avance 400 spectrometer operating 
at 400 MHz and 100 MHz respectively. Elemental (C, H, N) analysis were carried out 
using Flash EA 1112 analyzer. The Crystallographic data were collected on a Saturn 
724+ CCD X-ray diffractometer by using graphite monochromated Mo Kα (λ = 
0.71070 Å). Electronic absorption spectra were obtained on a SHIMADZU UV-2450 
spectrometer. Fluorescence spectra were measured on a CaryEclipse fluorescence 
spectrophotometer with 2.5 nm excitation and emission slit widths. Cells imaging 
were performed with an inverted fluorescence microscope (Carl Zeiss, Axio Observer 
A1). All pH measurements were performed with a pH-3c digital pH-meter (Shanghai 
ShengCi Device Works, Shanghai, China) with a combined glass-calomel electrode. 
TLC analysis was performed on silica gel plates and column chromatography was 
conducted over silica gel (mesh 200–300), both of which were obtained from the 
Qingdao Ocean Chemicals. 
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Synthesis of ethyl 7-hydroxy-coumarin-3-carboxylate (2): 
The compound 2 was synthesized according to a reported procedure.1 Diethyl 
malonate (6.96 g, 43.45 mM), 2,4-dihydroxybenzaldehyde (6.0 g, 43.44 mM) and 
piperidine (1 mL) were dissolved in ethanol (75 mL), and then the solution was 
heated under reflux for 4 hours. After cooling, the precipitate was collected by 
filtration. The crude product was recrystallized in ethanol to afford the compound 2 as 
white solid (7.73 g, yield 76%). mp: 170.5-171.8 oC; 1H NMR (400 MHz, DMSO-d6) 
δ = 11.08 (s, 1H), 8.87 (s, 1H), 7.75 (d, J = 8.8 Hz, 1H), 6.84 (dd, J1 = 8.8 Hz, J2 = 2.4 
Hz, 1H), 6.72 (d, J = 2.4 Hz, 1H), 4.26 (q, J = 7.2 Hz, 2H), 1.30 (t, J = 7.2 Hz, 3H). 
MS (m/z):235.2 [M+H]+. 

 

 
Synthesis of ethyl 7-hydroxy-8-formyl-coumarin-3-carboxylate (3): 
A solution of compound 2 (2.0 g, 8.54 mM) and hexamine (1.2 g, 8.56 mM) in TFA 
(7 mL) was heated under reflux for 20 h, and then 60 mL water was added. The 
solution was further stirred for 30 min at 60oC. After cooling, the precipitate was 
collected by filtration. The crude product was purified by chromatography on silica 
gel (dichloromethane: petroleum ether: ethanol = 100:100:1, v/v) to give the yellow 
solid compound 3 (1.41 g, yield 63%). mp: 189.7-190.0 oC; 1H NMR (400 MHz, 
CDCl3) δ = 12.51 (s, 1H), 10.61 (d, J = 0.4 Hz, 1H), 8.53 (s, 1H), 7.73 (d, J = 8.8 Hz, 
1H), 6.96 (dd, J1 = 8.8 Hz, J2 = 0.4 Hz, 1H), 4.43 (q, J = 7.2 Hz, 2H), 1.43 (t, J = 7.2 
Hz, 3H); MS (m/z):261.09 [M-H]-. 
 

 
Synthesis of ethyl 8-(2-acetyl-3-oxobut-1-en-1-yl)-7-hydroxy-2-oxo-2H-chromene 
-3-carboxylate (1): 
A solution of compound 3 (190 mg, 0.724 mM), acetylacetone (362.7mg, 3.62 mM), 
and piperidine (15 μL) in chloroform (8 mL) was heated under reflux for 4 h. After 
cooling to room temperature, the precipitate was collected by filtration. The crude 
product was purified by chromatography on silica gel (dichloromethane: petroleum 
ether: ethanol = 50:50:1, v/v) to give compound 1 as white solid (197 mg, yield 79%). 
mp: 202.1-203.7 oC; 1H NMR (400 MHz, DMSO-d6) δ = 8.77 (s, 1H), 7.91 (d, J = 8.4 
Hz, 1H), 7.78 (s, 1H), 7.55 (s, 1H), 7.01 (d, J = 8.4 Hz, 1H), 4.30 (q, J = 7.2 Hz, 2H), 
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2.50 (s, 3H), 1.88 (s, 3H), 1.32 (t, J = 7.2 Hz, 3H); 13C NMR (DMSO-d6, 100 MHz), δ 
(ppm): 196.6, 163.1, 158.3, 156.0, 152.8, 150.0, 134.6, 133.9, 125.5, 114.6, 114.1, 
112.0, 107.5, 100.2, 61.5, 28.0, 27.5, 14.6; MS (m/z):343.27 [M-H]-. 
 
Preparation of the test solution: The stock solution of probe 1 (2.5×10-4 M) was 
prepared in DMSO, and the stock solution of various biologically relevant testing 
species (1×10–3 M) was prepared by dissolving an appropriate amount of testing 
species in water. The test solution of the probe (5 μM) in aqueous solution (10 mM 
potassium phosphate buffer, pH 7.4, 2% DMSO as co-solvent) was prepared by 
placing 0.1 mL of the probe 1 stock solution and an appropriate aliquot of each testing 
species stock into a 5 mL volumetric flask, and then diluting the solution to 5 mL with 
10 mM potassium phosphate buffer (pH 7.4). The resulting solution was shaken well 
and incubated at room temperature for 6 min before recording the spectra. 
 
Determination of fluorescence quantum yield: Fluorescence quantum yield was 
determined using the solutions of Quinine Sulfate (ФF = 0.546 in 1N H2SO4) 2 as a 
standard. The quantum yield was calculated using the following equation: 3-5 
 

ΦF(X) = ΦF(S) (ASFX / AXFS) (nX /nS)2 

 
Where ΦF is the fluorescence quantum yield, A is the absorbance at the excitation 
wavelength, F is the area under the corrected emission curve, and n is the refractive 
index of the solvents used. Subscripts S and X refer to the standard and to the 
unknown, respectively. 
 
Determination of the detection limit: The detection limit was calculated according 
to the method used in the previous literature.6 The fluorescence emission spectrum of 
probe 1 was measured by five times and the standard deviation of blank measurement 
was achieved. The fluorescence emission intensity (455 nm) was plotted as a 
concentration of Cys. The detection limit was calculated with the following equation: 
 

Detection limit =3 σ / k 
 
Where σ is the standard deviation of blank measurement, k is the slop between the 
fluorescence emission intensity versus Cys concentration. 

 
Determination of thiols in human blood serum: For determination of the biological 
thiols in human blood serum, the serum was firstly treated with a reducing agent, 
triphenylphosphine, to reduce all the oxidized disulfide to free thiols.7 Briefly, 2 mL 
human blood serum sample was diluted with 1 mL distilled water, then treated with 1 
mL triphenylphosphine solution in CH3CN (1.5 ×10-3 M) for 30 min at room 
temperature. After filtration, aliquots of the reduced serum sample (50, 100, 150, 200, 
250, 300 μL) were added directly to a solution of probe 1 (5 µM, the total volume was 
3 mL) in aqueous solution (10 mM potassium phosphate buffer, pH 7.4, containing 2% 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013



 

DM
6 m
 
Cel
24-w
10%
prob
thre
with
of l
N-e
N-e
PBS
at 3
thre
 
 
 
 
 
 

Fig
and 
 
 
 

MSO as co-s
min, the fluor

l culture a
well plate i

% fetal bovi
be 1 (5 µM
ee times to 
h a fluoresc
laser was 

ethylmaleim
ethylmaleim
S three time
7oC. Fluore

ee times. 

gure S1. Nor
the referen

solvent). Af
rescence em

and fluores
in Dulbecco
ine serum f

M) in the cu
remove the

cent microsc
365 nm, a

mide contr
mide (1 mM
es. And then
escence ima

rmalized flu
nce compoun

fter the resu
msision spec

scence ima
o’s modifie
for 24 h. P
lture mediu
e remaining
cope (Carl Z
and emissio
rol experi

M and 5 mM
n, the cells 

aging was ca

uorescence 
nd 2 (■). 

S6 

ulting soluti
ctra (λex= 41

aging: Panc
d Eagle’s m

Pancreatic c
um for 10 m
g probe, the
Zeiss, Axio
ons were c
iment, th

M) for 30 m
were incub

arried out a

emission sp

on incubate
12 nm) wer

creatic canc
medium (DM
ancer cells 

min at 37oC
e fluorescen
Observer A

centered at
e cells 

min at 37oC 
bated with p
fter washing

pectra of pro

ed at room t
e recorded. 

cer cells we
MEM) supp
were then 

C. After was
nce images

A1). Excitat
t 445 ± 10
were pre
followed by

probe 1 (5 µ
g the cells w

 
obe 1 + Cys

temperature

ere seeded 
plemented 
incubated 

shing with 
s were acqu
tion wavele
0 nm. For
e-treated 
y washing 
µM) for 10 
with PBS bu

s (350 μM) 

e for 

in a 
with 
with 
PBS 

uired 
ngth 

the 
with 
with 
min 

uffer 

(●) 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013



 

Fig
vari

Fig
the 
 

gure S2. Ch
ious amount

gure S3. The
reference co

hanges in f
t of Cys (0-

e absorption
ompound 2 

fluorescenc
-100 μM), sp

n spectra of 
(■). 

S7 

ce intensity
pectra were

 
 
 
 
 
 

f probe 1 (▲

(455 nm)
e obtained w

▲), probe 1 +

 

of probe 1
with excitati

 
+ Cys (350 

1 (5 μM) 
ion at 412 n

μM) (●) an

with 
nm. 

nd 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013



 

Fig
pota
vari
 
 
 

Fig
spec
in a
DM
9) L
18) 
21) 
 
 
 

gure S4. Ab
assium pho
ious species

gure S5. Flu
cies (350 μM
aqueous con

MSO as co-s
Leu; 10) Se
H2O2; 19) 
p-Toluenes

bsorption sp
osphate buff
s (350 μM).

uorescence i
M) in the a
nditions (10
olvent). 1)b
r; 11) Val; 
H2O2 + Hum

sulfonic acid

pectra of p
fer, pH 7.4

intensity (at
absence (bla
0 mM pota
blank; 2) Ph
12) Gln; 13
man Serum
d sodium sa

S8 

probe 1 (5 
4, 2% DMS

 
 
 
 
 

t 455 nm) r
ank bar) and
assium phos
he; 3) Ala; 4
3) Na+; 14) 

m Albumin; 
alt. Excitatio

μM) in aqu
SO as co-so

response of
d presence
sphate buffe
4) Gly; 5) G
K+; 15) Mg
20) Benzen
on waveleng

 

ueous cond
olvent) in t

probe 1 (5 
(red bar) of
er, pH 7.4, 

Glu; 6) Arg;
g2+; 16) Zn2

nesulfinic ac
gth was 412

ditions (10 
the presenc

 

μM) to var
f Cys (350 
containing

; 7) Lys; 8) 
n2+; 17) gluc
cid sodium 
2 nm. 

mM 
ce of 

rious 
μM) 

g 2% 
Tys; 

cose; 
salt; 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013



 

Kin
estim
thio
pho
usin
dete
equ
 

whe
max
rate
reac
prov

Fig
with
7.4,

netic Studie
mated unde

ol). The reac
osphate buff
ng the fluor
ermined by 
ation (1):8-9

ere Ft and 
ximum valu
e constant. F
ction of prob
vides pseud

gure S6. Pse
h Cys (350 
 containing

es: The reac
er pseudo-f
ction of pro
fer, pH 7.4
rescence int
fitting the 

9 

ln[

Fmax are t
ue obtained 
Figure S6, F
be 1 with Cy

do-first-orde

eudo-first-or
μM) in aq

g 2% DMSO

ction rate co
first-order k
obe 1 with
, containing
tensity at 45
fluorescenc

[(Fmax – Ft) 

the fluoresc
after the rea
igure S7, an
ys, Hcy and

er rate const

rder kinetic
queous cond
O as co-solv

S9 

onstant of p
kinetic cond
thiols in aq
g 2% DMS
55 nm. The
ce intensitie

/ Fmax] = -k
 

cence inten
action was 
nd Figure S8
d GSH, resp
tant: k’. 

 

c plot of the
ditions (10 
vent). Slope=

 
 
 
 
 

probe 1 wit
ditions (5 μ
queous cond
SO as co-so
e pseudo-fir
es of probe 

k't        

nsities at 4
completed. 
8 are the pse
ectively. Th

e reaction of
mM potass
= -1.85842

h Cys, Hcy
μM probe 
ditions (10 
olvent) was
rst-order rat
1 to the pse

(1) 

55 nm at t
k' is the pse

eudo-first-o
he negative 

 

f probe 1 (5
sium phosph
min-1. 

y, and GSH 
1 and 350 
mM potass

s monitored
te constant 
eudo-first-o

time t and
eudo-first-o

order plot fo
slope of the

5 μM) incub
hate buffer

was 
μM 

sium 
d by 
was 

order 

d the 
order 
or the 
e line 

bated 
, pH 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013



 

Fig
with
7.4,
 

Fig
with
7.4,
 
 
 
 
 
 
 
 
 

gure S7. Pse
h Hcy (350
 containing

gure S8. Pse
h GSH (350
 containing

eudo-first-or
0 μM) in aq
g 2% DMSO

eudo-first-or
0 μM) in aq

g 2% DMSO

rder kinetic
queous cond
O as co-solv

rder kinetic
queous con

O as co-solv

S10 

c plot of the
ditions (10 
vent). Slope=

 
 
 
 
 
 

c plot of the
nditions (10 
vent). Slope=

e reaction of
mM potass
= -0.67656

e reaction of
mM potass

= -0.51519

 
f probe 1 (5
sium phosph
min-1. 

 
f probe 1 (5
sium phosp
min-1. 

5 μM) incub
phate buffer

5 μM) incub
phate buffer

bated 
, pH 

bated 
r, pH 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013



 

Fig
mM
exci
 

Fig
the 
wav
 
 
 
 

gure S9. Flu
M potassium

itation at 41

gure S10. Th
presence (

velength wa

uorescence i
m phosphate
12 nm for 0-

he variation
●) or absen

as 412 nm. 

ntensity at 4
e buffer, pH
-90 minutes

ns of fluore
nce (■) of 

S11 

455 nm for 
H 7.4, conta
s. 

 

escence inte
Cys (350 μ

 

the probe 1
aining 2% D

nsity at 455
μM) as a f

 
1 in aqueous
DMSO as c

 

5 nm of pro
function of 

s conditions
co-solvent) 

obe 1 (5 μM
pH. Excita

s (10 
after 

M) in 
ation 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013



 

Fig
pota
vari
Cys
 
 
 
 
 

Fig
2-m
 
 

gure S11. Jo
assium pho
iation of the
s. Total conc

gure S12. T
mercaptoetha

ob plot of th
osphate buf
e emission 
centration o

The ESI-M
anol. 

he reaction b
ffer, pH 7.
at 455 nm w

of 1 and Cys

Ms spectra 

S12 

between 1 a
4, containi
was plotted
s was kept c

of product

and Cys in a
ing 2% DM
d as a functi
constant at 5

t obtained 

 
aqueous con
MSO as co
ion of the m
50.0 μM. 

by mixing

nditions (10 
o-solvent). 
mole fractio

g probe 1 

mM 
The 

on of 

 
and 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013



 

Fig
2-m
 
 
 
 
 
 
 
Com
usin
(con
time
All 
 

Fig
The
 
 
 
 
 

gure S13. P
mercaptoetha

mputationa
ng density fu
nsidered as 
e dependent
these calcu

gure S14. Op
e side-view;

artial 1H N
anol (excess

al details：
functional th

gas phase)
t DFT (TD-

ulations were

ptimized gr
 B) The top

NMR (400 M
s) in DMSO

The groun
heory (DFT
. The vertic

-DFT), base
e performed

round-state 
p-view.  

S13 

MHz) spect
O-d6. 

nd state stru
T) with B3LY
cal excitatio
ed on the op
d with Gaus

geometries

ra of: (1) p

uctures of t
YP function
on energies
ptimized stru
ssian 09 pro

s of the prob

probe 1, and

the probe w
nal and 6-31
 were carri
ucture of th

ogram. 

 
be 1 and 1-

 
d (2) probe

were optim
1+G** basi
ied out with
he ground st

-Cys adduct

 1 + 

mized 
is set 
h the 
ate. 

t. A) 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013



S14 
 

Table S1. Selected electronic excitation energies (eV), oscillator strengths (f), main 
configurations, and CI coefficients of the low-lying excited states of the probe 1 and 
1-Cys. The data were calculated by TDDFT//B3LYP/6-31G** based on the optimized 
ground state geometries. 
 
compound Electronic 

Transition 
TDDFT//B3LYP/6-31G** 

Excitation 
Energy 

fa Compositionb CIc 

1 S0→S1 3.35 eV 0.0003 H-2→L 
H-2→L+1 

0.47789 
0.48701 

 S0→S2 3.50 eV 0.0104 H→L+1 0.47325 
 S0→S3 3.72 eV 0.0850 H→L 0.62504 
 S0→S4 3.79 eV 0.5122 H→L+1 0.49205 
 S0→S5 4.13 eV 0.0161 H-2→L 0.50322 
1-Cys S0→S1 3.34 eV 0.0039 H→L 0.68820 
 S0→S2 3.79 eV 0.3399 H-1→L 0.61131 
 S0→S3 3.93 eV 0.0029 H-2→L 0.55713 
 S0→S4 3.94 eV 0.0949 H-3→L 0.57114 
 S0→S5 4.00 eV 0.0050 H-2→L+1 0.56400 

 
a Oscillator strengths. 
b H stands for HOMO and L stands for LUMO.  
c The CI coefficients are in absolute values. 
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Table S2. Crystallographic parameters for probe 1 
 

Compound probe 1 

Chemical formula C18H16O7 

formula weight 344.31 

Wavelength (Å) 0.71073 

Crystal system Monoclinic 

Space group Cc 

T (K) 296(2) 

a (Å) 8.320(10) 

b (Å) 28.09(3) 

c (Å) 7.621(9) 

α(°) 90.00 

β(°) 115.891(12) 

γ(°) 90.00 

V(Å3) 1602(3) 

Z 4 

D (mg/m−3) 1.427 

F(000) 720 

μ(Mo Ka)(mm−1) 0.111 

θ range (º) 2.82 ~ 25.01 

Goodness of fit on F2 1.056 

R1, wR2 [I > 2σ (I)] 0.0308, 0.0747  

Reflections collected / unique    4420 / 2676 [R(int) = 
0.0160] 

R indices (all data) 0.0336, 0.0768 

 
R = Σ||F0| − |Fc||/Σ|F0|, wR2 = {Σ[w(F0

2 – Fc
2)2]/Σ[w(F0

2)2]}1/2 
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