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2-[3-BEMKIE-2(5H)- T &R Z B ITE YA A R R EI Pd® AR5

o A ¢ JE 3 3 ¢ R 3k B < Er
B OF' AFE REFFC mIE

=l
(B RS SR TR R LT 121013)
C IR MRS TRESBE AR SRR 2 S RN T R 22 44 il BoR [ 5
A TR UG T8N 121013)
CREERRFRBESR LT RE 116044)

WE EIWSRNERT i 2-G-FEEMRE-2(5SH)-E F 2578 ZIEATEY TCF-Pyn, ZEWITE MeCN/FIRZE M2
W(PBS) (V: V=2 : 8, PBS 2X 10 % mol/L, pH="7.4){& &AM BE mik FE 7t “OFF-ON” 15 Pd*", K4 KiA
T LT AMX (653 nm). ZARE BA BUFIPLTPLEE 71 B0 ) pH IE FYE Rl (3~ 8) A A (A& IR (6.92 wmol/L). 37
KW, TCF-Pyn BE0 M B SE/KRE R 1 P>, HEAI g4 pe o i P> #E47 580 id%.

KB VOLREL, LA EST, W PAT A AR

Synthesis of 2-(3-Cyanofuran-2(5H)-ylidene)malononitrile
Derivative and Its Recognition for Pd**

Zhong, Keli” Zhou, Lulu” Chen, Lin“

Liu, Xiuying” Pang, Xiuxiu® Yan, Xiaomei**
(“ College of Chemistry and Material Engineering, Bohai University, Jinzhou, Liaoning 121013)
(® National & Local Joint Engineering Research Center of Storage, Processing and Safety Control Technology for Fresh Agri-
cultural and Aquatic Products, College of Food Science and Technology, Bohai University, Jinzhou, Liaoning 121013)
(“ College of Laboratory Medicine, Dalian Medical University, Dalian, Liaoning 116044)

Tang, Lijun®*  Gao, Xue”

Abstract 2-(3-Cyano-furan-2(5H)-methylene)malononitrile derivative (TCF-Pyn) was synthesized by a two-step reaction.
Compound TCF-Pyn could recognize Pd>" with a high selectivity, “OFF-ON” fluorescent response and the near-infrared
emission (653 nm) in MeCN/PBS (V : V=2 : 8, PBS 2X 102 mol/L, pH=7.4) solution. The probe possesses a good anti-
interference capability, a wide pH range (3~8) and a low detection limit (6.92 pmol/L). The application research showed that
TCF-Pyn could detect Pd*" in real water samples and fluorescent image Pd*" in living cells.

Keywords fluorescent probe; near-infrared emission; recognition; Pd*"; cell imaging

BT (P )RR TR ES T2 158 K4 R BU, HFHBTHAAEFRIRCAAE ), S AMMEkNHEE

JEHA AR, $fh )5 2 sm RURIGEh Y BN ) BB AN IR
U2 G R AT R VR IE R A I A e e % o e
BT —, & BRI A B IL 1t LKA
o B PE AR TR, R PA R A A B
EMKIfEED. SRV, P I EHEN NI
JERIRREIZ BT B B BRI IR R,
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R PA” " 1A 48 0 B JE RSO | AT AE
B R il SRS, BEREA SR T
RIS AT X B2k ue e, X vE A — e 4 T RE
8 3 2 W E R, (R U AECE B R BRIG, 07X+
A IEAT SR AT AL B L O PG . XS B0 B A v
LRI ERAE N RS, DR S 7R TR ROR T R kA
P& BT, BT R REUE R BT
AR T A AR SR AL, 2B TR E N
PRI TR/ G R BRI L Rl g BRI P
M TOCHREN ST &, IRAF T B IR, Bk
TERE T, ZHCRELA B 5O IREE, DT TERRIS A
FomgUo0h b B R i N AL SRR, ST P
— PRI, A B IR R SR B, SRR BT AT
HMX RPN i RS B AL AMERE AR A AR
B, pH @G HEEE, RE) 7 X SR — 8 N
%[58-59]'

FH 4-— 2 ZFK W B AR g, a5l
N 2-(3-FUHEIR I -2(5 H)- . 7 28 T TG /R e F 12 4],
P D-m-A 4 2 AT 1 0 2 7 R S 00O @i Sy
B HAE IR, &R T — POl B O ER
TCF-Pyn, ZHREHG 7% H.(Scheme 1), £ MeCN/
WEER PP W(PBS) (V @ V=2 8, pH=T7.4)H it ik %
PEIRGAI PA*, RAHEKIEBINELLAMX, AR S
pH L, AT 7E SRR K RE A0 i 4G I P>

NC.__CN

|

/@:CHO NaOH/C,HsOH NC o
/\N

—

OH CN
P Ig=<0N
d ©N OH
7D

TCF-OH
NC
CN
NC_ /
K,CO3/Acetone RS
—>/ A
Br\//
N o)
\\\
TCF-Pyn

B 1 4 TCF-Pyn & RUEE 22
Scheme 1 Synthesis route of probe TCF-Pyn

1 GR5vHe
1.1 8%t TCF-Pyn %t Pd*' B:E R M

MH 4-Z oFmHEK RN EE, id Knoevenagel
oA T LAY TCF-OH, 1E K,COs {1 T 5iR Ik
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SN, 15356 4R%ET TCF-Pyn (Scheme 1). F MeCN/
PBS (V: V=28, pH=7.4)ZMER % TCF-Pyn
BC A% 10 pmol/L 53, 17 TCF-Pyn A% 4 I 80
umol/L %M EIHE ¥, ik TCF-Pyn %661k AF
th. ¥R%EF TCF-Pyn Hism KRS KN 653 nm, A2 T
IELLANXIR, it B fi# 4 53 nm. 4[] TCF-Pyn ¥
TR N oAl A R 4 JE B I, SO e R AR
522, HA A Pd* 5 51 TCF-Pyn 9t W 19 55 (]
1), HULAT I, R4 TCF-Pyn %f Pd*" BA BRIk
PE.

800

700

2+
500 ] TCF-Pyn+Pd

500
400

300 ] TCF-Pyn+other ions

Fluorescence intensity/a.u.

600 ' 6I50 ' 7(I)0 ' 750
Wavelength/nm

B 1 TCF-Pyn (10 umol/L)ff] MeCN/PBS (V' : V=2 : 8, pH=
T AR I B P E B J5 R 61E (e =550 nm)
Figure 1 Fluorescence spectrum of TCF-Pyn (10 pmol/L) in
MeCN/PBS (V' : V=2 : 8, pH=7.4) solution upon addition of
various metal cations (A, =550 nm)
1.2 #R§t TCF-Pyn iR% Pd*" R &t

N THRIT TCF-Pyn iR5] Pd™" [ R Mk, 347 T 5%
e 7 SEE. 1] TCF-Pyn B PN RV EE P>,
2 B, Rl TCF-Pyn %GR REH Pd® IR 1Y
RTAZEHTG 3, 2R EEDY 80 umol/L ) Pd* I 5ok
SREEIREIRCR, 4kEinN PA* REE TCF-Pyn (754658
AP AN RAR M, YW 80 pmol/L M ANIKL.
FIFH 96 & B8, LA log{[Pd* )/(molsL ")} A AAFR,
(I Lin)/ (I — Lin) AAAEHT, FI ] Origin X 4 k47 25
PERLE, IR RECY 099307 [—2KHLK, R
WJ5#E Y=A+BX, Y=0 W, FMERA 10777, HH5EH
TCF-Pyn IR 6.92 pmol/L(& 3)%% {5 B iZ4%
B EA BT RBUE.
1.3 #R§+ TCF-Pyn iR% Pd>* By T Bk

N RAUES RN E TR A P> =L T
B, BT TR B 7L 7ER TCF-Pyn 1) P> T
TH L. wE 4 Fros, MAHAR 18 FFHE F(Ag',
APY, Ba2t, Ca®', Cd®', Co*t, Pt cu?', Fe?, Fe',
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600 80 umol/L
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l Pd?*
400

300

200

Fluorescence intensity/a.u.

100

0 T T T T T T

600 650 700 750
Wavelength/nm

B2 REKRER P (0~80 pumol/L)MAFE| TCF-Pyn (10

pmol/L)f MeCN/PBS (V @ V=2 : 8, pH=T7.4)& 1 HI5 %

B (Ao =550 nm)

Figure 2 Fluorescence spectrum of TCF-Pyn (10 pmol/L) in

MeCN/PBS (V' : V=2 . 8, pH=7.4) solution upon addition dif-

ferent amounts of Pd*" (0~80 pmol/L) (Aex=>550 nm)

Y = 3.28244+0.63614X ¥
R? =0.99307

|Detection limit = 6.92 pymol-L"
0.5 1

0.6 1

0.4+

0.3+

(I' Imin)/(lmax' Imin)

0.2+

T T T T T T T T
-48 -47 -46 -45 -44 -43 -42
log{[Pd?'] /(mol-L™")}

B3  #R% TCF-Pyn FI%¢ L EXT log {[Pd* )/(moleL ")} )4k
KR

Figure 3 Linear relationship of fluorescence ratio of TCF-Pyn
against log {[Pd*"]/(mol-L™")}
Hgﬂ, K+, Mg”, Mn2+, Na+, Ni2+,Pb2+, Zn”)}ﬁ,
TCF-Pyn 7E 653 nm 4058 650 %A I AR 4k, i n
A 18 MG HIIN PA>, R AP 6 TR #0535
W5, PEAE WLBH B A7 EXT TCF-Pyn 551 Pd* &
AT, % TCF-Pyn BA BB THEAE
1.4 1®%t TCF-Pyn iR%| Pd*" #9 /% R#138

N TR TCF-Pyn 15 PA™ FINLEL, @it 2
WALHEHAT T U R, % P MBI SR E R TCF-
Pyn ¥, IS ¥ HOEAT HEZE BI%(TLC), -
LIRS/ FAMBE(Y V=1 5)NEIFH, KA
P& JE RN I = B S AT AL &%) TCF-OH =i —
i, VA RN JEAE R T TCF-OH(E 5). N T #E—B58iE
N IEFE, X TCF-Pyn+Pd* #H4T 7 HRMS k(&
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Il TCF-Pyn + ions
A TCF-Pyn + ions + Pd?*

~
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w
o
o

Fluorescence intensity/a.u.
N B
o o
o o

-
o
o

o

SI T T TSN T I LY AT
TRFFFSCTTLELL " IS ITICEN

B4 FEEFPHET(80 pmol/L)E# T TCF-Pyn (10 pumol/L)
%f Pd*" (80 umol/L)iR B FIFT T A
Figure 4 Anti-interference ability of TCF-Pyn (10 pmol/L)

recognition for Pd** (80 umol/L) in the presence of various cat-
ions (80 umol/L)

TCF.OH TCF-Pyn+Pd>-

B 5 & 365 nm FHEXELIMT ST R4 TCF-Pyn, TCF-

Pyn+Pd*" KAk &%) TCF-OH # 2 (il [
Figure 5 TLC chromatogram of TCF-Pyn, TCF-Pyn+Pd*"
and TCF-OH under the irradiation of 365 nm portable UV lamp

=3
®

373.1702

o4
o

Intensity/107 a.u.
o
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(=4
N

747. ?450

o
o

500 1000 1500 2000
miz

Bl 6 REH TCF-Pyn+Pd* 1E LI i o H o it
Figure 6 HRMS spectrum of compound TCF-Pyn+Pd*" in
MeCN
WELE) m/z 373.1702 Wgn[ )5 )& T TCF-OH ((M—H]
THEAE m/z 373.1670). iX&egh JR ] TCF-Pyn 17
PA”" (R RS2 P> I PR S TR (T BT 2L, R
WAL &Y TCF-OH (0=1.40%), K5 T — 2 &%
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P WG ICT 250, MTTAEFOLIME. LA LS5 S
ELRE SOk 45 A — By 540,

o
/N o~
N —
) \Q *Pd  OH
TCF-Pyn
PdCl, Keto-enol
Tautomerism
NC J
|\ O
Deprotection S
-
H,O 03

SN

B 2 4 TCF-Pyn 5 P& w] B iyl
Scheme 2 Possible mechanism of TCF-Pyn sensing Pd**

1.5 pH XHR$t TCF-Pyn i35 Pd** #9500

RN T BUERER TCF-Pyn [1I5ZFPE, K T A pH
XHRET TCF-Pyn iR 5] PA* (I52m, 0l 7 B, %
TCF-Pyn {EA[H pH ] MeCN/PBS (V@ V=2 : 8){A
H1, 653 nm AL TOGHR IS, Uil TCF-Pyn 1R
SE. N Pd*' 5, pH /£ 3~8 Ju [ TCF-Pyn (176K
SR, UiEH TCF-Pyn ] ERRYE . o PR BRSSO 261 T
Rl pd*, BARGEN pH &G, ArEAE N T A
Yok Z Rl pd>

Strongly-fluorescent

700 —a— TCF-Pyn+Pd*
- —e—TCF-Pyn

600

500

400

300

200

Fluorescence intensity/a.u.

100

O——T—T—T—7 77T T T T
01234567 8 91011121314
pH
B 7 TCF-Pyn fl TCF-Pyn—+Pd* 7E A [F pH N5 6384L,
Figure 7 Fluorescence changes of TCF-Pyn and TCF-Pyn—+

Pd*" at different pH
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1.6 R4t TCF-Pyn ZESERR/K#E 4650 P>

T EELRE TCF-Pyn 75 SE PRI SE H IV AE N,
T DR S AT P I K S S 5 1 R KR
)L B K = FKFE, JilE TCF-Pyn 7E55FR/KFE
Rl PA> (RE AT, F A KRNA K oy B AT I, BR 2
IKBEFRER /24, I MeCN/H,O (V: V=2 : 8)BLE 10
umol/L ] TCF-Pyn ¥4, [713H AKX 0~80 pmol/
L {1 Pd*", MK 653 nm 475 eam . Wk 8 FoR,
EF TCF-Pyn &R 758 E 5 PA* WAL 5~35 L it
FlNAH RIFIEIECR, U8 TCF-Pyn RJ/ELLIEH A
eI P>, R hARZEIAR R, 45 Rk 1
R, MR P> e BE S AR R INAR IR FER ZE 1R/, [
HAE 92%~107% 5 P, 1XLL4h 1R HRE TCF-Pyn
R B Sk REp PA” HAT AT I e b, REREAE 5~35
umol/L i [l Py 5 EAG I Pd*"

700
5 .
8 600
2
= i
c
L 500
£
° .
2
S 400
@ ]
9 n
5 300+ ®  river water
L 1 u  |ake water
200 A = tap water
T T T T T T T T T
0 10 20 30 40 50

[Pd?)/(umol L")

B8 FESLBR/KFEFIRE TCF-Pyn (10 pmol/L)HI %< 5 FERE
Pd?" ¥R (5~35 pmol/L) 1384k

Figure 8 Linear fluorescence intensities of TCF-Pyn (10
pmol/L) upon addition of Pd*" (5~35 pmol/L) in three real
water samples

F 1 EhRKFEd P> RIS R ¢

Table 1 Detection results of Pd** in actual water samples

Sample Added/ Found/ Recovery rate/% v
P (umolsL ") (umol-L ") I (=3
10 9.82 98.2 0.04
Tap water 20 20.33 101.6 0.22
30 30.71 102.4 0.14
10 9.74 97.4 0.32
Lake water 20 18.49 92.4 0.11
30 30.50 101.7 0.07
10 10.42 104.2 0.51
River water 20 21.48 107.4 0.20
30 30.30 101.0 0.19
“ Experiments were repeated three times.
http://sioc-journal.cn/ 1127
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1.7 %%t TCF-Pyn 135 4RRah Pd* B 1%

T HEEERE TCF-Pyn & 75 A8 FH T A= M AR,
H Cell Counting Kit-8 i & /il 7 TCF-Pyn {41 i 55
PE. 4 1. 5. 104 304 50 pmol/L /) TCF-Pyn AbFE4H
HT, A0S REE IR R %, RI{E TCF-Pyn 9K
N 50 umol/L i, NFLARIE(MCE-7)40 fa A7 % A58 K
F 90%, Uil TCF-Pyn RAKEM. EHKEN 10
pmol/L ] TCF-Pyn {E N L F 7 &, HT MCF-7 4%
B9, ¥ MCF-7 41 5 TCF-Pyn 7£ 37 C Fi#HE 30
min, %85 H PBS kv 3 IR, B LA
(B 9a). 24K TCF-Pyn FilAbFE () MCF-7 405
ANFEHE ) P (104 30+ 50 F1 100 pmol/L)ik— 51
& 30 min i, 853 FAGETOLMTERE LS P IR
(14 N T2 48 3 (] 9b~9e). X LB 45 K W] TCF-Pyn
A LA B, 1535 B MCF-7 40 b, F b s s 40
My Pd®'. AbEE RS 4R I35 B R BOR AT T S AR
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o
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10 pm| 10 pm

==

B9 & MCF-7 4l #£t TCF-Pyn 3§ Pd* 565
Figure 9 Fluorescence images of TCF-Pyn for Pd** in MCF-7
cells
The cells were only incubated with probe TCF-Pyn (10 pmol/L) for 30
min. (a) 0, (b) 10, (c) 30, (d) 50, (¢) 100 pmol/L of Pd*" were added into
the cells reincarnated with TCF-Pyn and further incubated for 30 min.
Images from left to right: bright field, fluorescence field and merged
images

b, FW] MCF-7 4o/ 47305, i W4RE TCF-Pyn H
AP ANIEEYE, RS RS Al i) Pd*.

G4k, X EG T O R R A A A B TR R AL A )
PA* HITCIRER, A RIS TCF-Pyn 16K S
KomBAa —E 3. s gi B RIRNA S 55
PE BUR I B 96T 5t LR AW RE SR B e A A,
K6, #R%F TCF-Pyn {EPRIEAIAE M) S008 ] DAAE g — Fib
AR P T A,

2 i

WA BT —FE B OGRS TCF-Pyn, X
SERIEAT T RAE. TCF-Pyn BETE MeCN/PBS (V' : V=
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218, pH=7.4)ZE ARk BRG] Pd>', HAEE
WPt TReEe 1, R ATIRIR A AMNX, K PRAK &
6.92 pmol/L, pH & FJEH Ny 3~8. BB & W],
TCF-Pyn AEAG I ELSL/KBER 1 PA>", A7 %HE 40 b
¥y Pd* AT L.

3 XIS

3.1 X5

970CRT % Y4 Y6 it (L =%&b); pH it~
PHS-25B(_L#F K ); SP-1900 B XU o 48 470 6 6 B i
(RIS AR, BHEILIRAIE (400 MHz, Agilent 2
H, EH).

R, 3-F3-3-F 32 T, 4- — 2 &Kk,
AEAEY, JRIB, BRI Sk | BT T (i,
), T LBIa{# H; TCF-OH %8 CHk[61] 71 E
B ARSI BT A P A A 2 T A b A, TR R A
H.

3.2 ZWHE

FREL TCF-OH (374.4 mg, 1.0 mmol) FIR# R4 (691.0
mg, 5.0 mmol)JFI4 HIE T INEA(15 mL)H, 4+ 20 min
JE IR P kR(475.8 mg, 4.0 mmol), [BI%i 12 h. H#ZE
O (TLO) R IEE S N HEFE . e M 45 G, K MR A
S E Ak, H R OE/AMEEY D V=115)
YEVEML 7, 435 282.0 mg TCF-Pyn, °#% 68.4%. m.p.
239.7~240.3 ‘C; '"H NMR (400 MHz, DMSO-dg) J: 8.20
(d, J=15.6 Hz, 1H), 7.79 (d, J=9.2 Hz,1H), 6.93 (d, J=
15.6 Hz, 1H), 6.54 (dd, J=9.2, 2.5 Hz, 1H), 6.32 (d, J=
2.5 Hz, 1H), 5.00 (s, 2H), 3.68 (s, 1H), 3.53 (q, J=7.2 Hz,
4H), 1.70 (s, 6H), 1.18 (t, J=7.2 Hz, 6H); *C NMR (101
MHz, DMSO-dy) 6: 175.8, 132.0, 119.5, 114.1, 113.9,
111.1, 109.9, 105.5, 101.8, 98.8, 69.6, 44.9, 25.6, 12.9;
HRMS (ESI") caled for CpsHysN4O, [M—H] ™ 411.1826,
found 411.1831.

3.3 WHRHMENETTE
33.1 BAY &k & T IERGELE

AR R AL P BT B4R B AT LA Pdr o,
TERFRIEL 8.9 mg PACL, [FlfA, FHIRE/ZE0AK 0 @ V=3 :
DEAST 10 mL ZEEMY, mOBEHR, B, 53
50X10° mol/L () PdCL, &, HAh4 @5 7 (Cu®’,
Co*", Ag", AP", Ca®", Cd*', Fe*', Fe'", Hg*", K", Mg*",
Mn*", Na“, Ni*", Pb*", Na*, Zn* ") 281K E 2, TE
J7iEY PACL AR, TEUCIER - A 2K RE, BP
AT A5 3] B 5 R B B B TR
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332 RAEREME

PRI DA AL IR T AT, WO 550
nm, RN 3, BORKPREETEE N 10 nm, A% B0
79 10 nm.

HBhA &L (Supporting Information) 41 TCF-Pyn I
TCF-OH ] '"H NMR, *C NMR 1 HRMS Eli;, TCF-Pyn
FESZBR/KREFRASIN PA* J2 TCF-Pyn 20 ff 75 11 5256 45 5
P, XL pRE AT DL 4 2 AR T X 35 (http://sioc-journal.
cn/) BRER
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