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WE  LSRHEN RS, & BRIRAE T — PRI WM 5 6 18 5 B AL AR EH(FL), JERESE T RGBT, 5
0625 KW, FL OB E A B m PR R BUE, H S Pk, TT-dRaesom, MeerEqs, er Ry 8.78 X
10" moleL ™", 7E HeLa {7& 4 L A1 4% b /K (AR it th ekt Al S AR RG N 2 Y FL R ATV AE 1A AN (.

REEA Bt SOLIRER BEGE WAL

A Benzothiazole-Derived Fluorescence Enhancement Probe for
Visual Detection of H,S

Fan, Fanglu® Jing, Jinqiu Chen, Xuemei
(School of Chemical and Materials Engineering, Hubei Polytechnic University, Huangshi 435003)

Abstract A benzothiazole-derived fluorescence enhancement probe (FL) for the detection of H,S was synthesized and char-
acterized by employing azide group as the recognition unit, and its spectral properties had been researched. The results showed
that FL exhibited relatively good sensitivity and selectivity to H,S as well as fast response, it also had strong anti-interference
ability and low cytotoxicity, the detection limit of H,S was estimated to be 8.78 X 10~ molsL ™", and the detection of H,S in
living HeLa cells and various water samples indicated that it had potential application value.

Keywords H,S; fluorescent probe; azide group; visualization

RALE(HLS) &Pt Sk, S T KR <
1, BT IZARE T BRI s . RS KL
AR, e gk — AL B (NO) I — S AL IR (CO) 2 Ji i 26
SRR ST HS - HAOA AT LR
AR (RO B AT S A, TR e ALY T
2 SV (R oy |8 1 X551 /Ny NG 1 47 I W A LI N Dt o
MBS BEHELT 300 7, FEOREE A ARKT
BT VB RNIE22) . BR T RERASITE B4, & HLS
(PR SR B, XRG4 @ & A R e e/, 1
S AR K B Y FHZK BRI, 7K i HoS MW sg4s 2
k. UbAh, A2 TR HoS ARV 2 AR B R
VAR R A 3B R4 R A5 5 S5 U T Py U LA
Rk, KRB, HEAA kR R
BRORE (PRSI HoS 1A 7510k Rk 2 BT 78 I A s s 2
—. JEAR, B BAERR . RSN O
REF IS R T T2 550, 2T HoS XU
R BRI Cu—S BB B8 RN BE5 AN RDRUEE i Al 55
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U IR TG G K AR HoS BEATSEm AR, H B AT
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IR IFBEME AL G WK 2 BAT 9 ZU IR 2 G R i (1) 58
BT RSO RO RDG AL A TERE, R RIESE
BER 2Ot GRH EEORL, AR s R B BRI S
Bt B A A P STk, AR SC DR I
I, BT HoS X & E IR IR e )y, wotE
BT R AN HoS B9 EREL 2-(4-8 FIE L)
ARIFEME(FL). 2R 7> e IR FEVEHbXT HoS R IL %
JGHG BRI, 7E HeLa 5 40 Mo A0 FhACHAAE i PO i Ak
SRR B FL H AT VAR 1) N F A 5.
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NFz lyphosphoric acid

polyphosphoric aci
©: + HOOCONHZ

SH Ny, 220 C

S HCI, NaNO, S

p NH, — = "% )—@Ns

N NaN3 N

1

FL

Scheme 1

1 #R5itE
1.1 BIKEWN

DA 2 s 2 PR R AT S S R i Iy by A 4 Ok, Jd o
Wi N I T 8Os FL(E 1), B ILE 28 Ll
HfR, SEFE 3 d T RRE S X R IR R
FOHRRAR. FEORRER FL 20 TRA CisHgNGS, 4071
O 252.30. X SR AT iz G 8 TR
TR, BN Pbea, WilfiZ45 a=14.501(2) A, b=
5.8589(10) A, ¢=27.096(5) A, a=90°, f=90°, y=90°,
V=2.3021(7) nm’, D.=1.456 gecm°, Z=8, F(000)=
1040, R,=0.0461, wR,=0.1173 [I>20(])]. ftik4ii)%k
A7 T 95 E S EdiE 10, CCDC 54 978109.

Bl 1 SOeHRER FL PR GH
Figure 1 The crystal structure of fluorescent probe FL

F 1 FL IH S (A)FEE i (o) Bl
Table 1 Selected bond lengths (A) and bon angles (°) of FL

C(1H—N(2) 14253)  C(7)—N(1) 1.300(2)
N@2)—N@3) 12403)  N(3)—N(4) 1.122(3)
C(1)—N(1) 1387(3)  C(6)—S(1) 1.728(2)

N@)—NG3)—N@Q) 173.03)  C(6)—S(1)—C(7) 89.11(9)
N(1)—C(7)—C(8) 124.12(17) C(8)—C(7)—S(1) 120.09(13)

TEPRICEREL FL () S AR S5 R (4 1), RIFBE M AR
55 R W AR IF AN L, AT IR AR
5.01°, HARMAEM B EEEN C—N HA[C(11)—N(2),
0.1425(3) nm]ffK TR IFEEMER ) C—N BHK[C(7)—
N(1), 0.1300(2) nm](#% 1). BEFEMMHNS N—N H#KIf
ANHIEEIN(2)—N(3), 0.1240(3) nm; N(3)—N(4), 0.1122(3)
nm], = ANEURFEEA R 173.03)°, AIEEH LA 45
4.
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1.2 TENIRET FL RIS R

1E LA, FL AN ()44 1 3 RO DK (Lex)
53K 325 #1350 nm, K AR (em) 29 53 114 415
1421 nm, {HA R IER%ET FL (10 pmoleL™ %)
SFEAR L A | B B ZE95R 2 (8 2), e a1
FERSM I 0.0078, 0.4026. X T 2-75 FEAS T ek
HAERTFR WIS IS5 i, W E RSk R, BA
SRR TR T, M44REN FL MW IR S R IE b
o B A st i1 Re e K, 1 N HL A
(ICT) RS 353, AEAS Ak 1 HAT R 2.

7200

6000 -
4800
3600 | I

2400

Fluorescence intensity/a.u.

1200

0 — T T T ' T T T T T T T '

T
380 400 420 440 460 480 50
Anm

B2 %% FL (10 pmolsL YA 44 1 (10 pmoleL ™ H)HI%
Figure 2 The fluorescence spectra of probe FL (10 pmolsL™")
and intermediate 1 (10 pmolsL™")

7 CH;CH,OH/Tris-HC1 (V/V=1/1, pH="7.4) 2% /{4
i, ATHFSL T FL (10 pmolsL ™My A [A] 4 5 (100
umolsL " ZeJemaN. Wil 3 Fis, 76 FL A F
Cl,Br,1,SCN", HCO;, CO3 , PO}, SO %%
FhEHES 1, OO JLT-RAA 224, SEPEA M
(H,0,, CIO)RI MR I (Cys, GSH)EA W] i ifiAs &
¢GRI, 1A NaHS (—F0# F i HoS fEA) 2 )5,
FL (786 B8, PRI, FL A LAVE y—Fb il H,S f
AR R R PR PO IR AREL. I THAE FL 2 F R
AL —MIEFEE BRI BT THRRE ), FRATESE T 41
KB AR s LR 4%k B BH S 1-(C1T, HCO5 , CO35™,
H:PO;, SO5 ,K', Ca®",Na", Mg*", Cu*", Zn*"). &Pk
FHF(H0,, CIO )R EDEE(Cys, GSH)E KA T
Ty, IWNE 4 v LUEH, 24 NaHS R Z 4 10 pmol/L,
BN 100 f5E &M, SR FL 5nT DU 0
X HoS BEATALIN, THMAEAE ) LT 0% FL [1)%¢
o, XAHEBUESE T FL X HoS (1) Rk Febt.
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Figure 3 The fluorescent response of probe FL (10 pmolsL™")
to different species (100 pmoleL™")

7000
i I interferent

6000 4 I interferent+NaHS

5000 -|
4000
3000 |

2000

Fluorescence intensity/a.u.

1000 -

04
Lo T ¥ ¢ @ S A7 o < N PRIR )
e © & 48 OQSJOE;OS%O véobo\o &

B4 FEEFTH(1000 pmol/L)HIFELE T NaHS % #841 FL
(10 pmol/L) 56 51

Figure 4 Effect of NaHS on probe FL (10 umol/L) in the pres-
ence of different interferents (1000 umol/L)

TE G S SIAF SZHREL FL 4 HoS Wiy R (& 5).
FL HSM7a85y, mIhz#inA NaHS &, ‘B
421 nm AR GG T IRE B K, RIS HEA
FEMIPRET B HoS 3R Js R Ak 1, SR S5 3 o i
HESE T —85 R = g 118 m/iz 4 226.17 (M)
4 NaHS W19 K3 50 umoleL ™" I, FL [#)5€ ik Ji 5t
AFE; ARSI EI K F] 100 pmoleL ™" i, FL f{175¢
Je M BAT R AR AR A, UL SN R IR 5 ik
JECEIA BRI, RIS A NaHS [fESUAHLE, Bhi
PREF 9 6 am s KL T 50 f%5. 3296+ 6 & B, FL
(K155 Y30 15 NaHS (0~6.5 pmoleL ™) Bt 14 1 %
R RS RP=0.9931), %£H] FL nJ LUk & &
Rl HoS (K 6). MR STk w5715, FL Xt
H,S MR R E N 8.78X 1077 moleL™". Jt4h, FL #f
NaHS Wi th (B 7). 17 FL (10 pmolsL™ ) inA 5
equiv./f) NaHS, 5 min Ji5 W AR 5 IR 580 1R SR A H 2,
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6000 |
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2000

Fluorescence intensity/a.u.

T T T T T T T T T T
380 400 420 440 460 480 500
Alnm

B 5 FL (10 pmoleL HYZEA[F¥KRIZ M NaHS ¥ (0~ 100
umoleL ) (¥ 5% et 1%

Figure 5 The fluorescence spectra of FL (10 pmolsL ") in the
presence of NaHS (0~ 100 pmoleL™")

3000 -
y =409.2429x+259.4665

2500 R?=0.9931

2000
1500

1000

Fluorescence intensity/a.u.

500

o+

[NaHS]/(umolsL-")
Bl 6 FL 1965k NaHS ¥ 8 (0~6.5 pmoleL ™)AL 114k
PER A
Figure 6 Fluorescence intensity of FL as a function of concen-
tration of NaHS (0~6.5 pmolsL ™)

6000
5000 A
4000 —
3000 —
2000 —

1000

Fluorescence intensity/a.u.

0 . T T T T T T T T
0 2 4 6 8 10
Time/min
Bl7 %L FL (10 pmolsL HEMIA 5 equiv.(¥] NaHS J5 5t

B I 1] B AR 1L
Figure 7 Time-dependent fluorescence spectral changes of FL

(10 pmolL™") in the presence of NaSH (5 equiv.)
The inset shows the fluorescence color of FL before (left) and after (right)
addition of NaHS for 5 min (UV lamp, 365 nm)

P LI NaHS X FL 1R 8 [ NVIk 3] 7P HPIRES. K
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RN NI FH IR 365 nm (KIS AMET BRS, WIS
o EA A NN NaHS J B L3k 59 1 i (A8 pl T 5885
o, IXBRE AR SR ARk, KW FL X H,S
A R (B 7 46 E).

AL T pH EXHREN FL H)) HaS 1520, H
8 TN, 7EA N NaHS §i, FL 7€ pH 2~ 12 {55 BN 5
W96 . 24 N NaHS J&, FL 75 pH 7~12 yu[H A =
AL RS E 2B NAR 5, IX R FL n] DAZERR BE I
pH Y 6 HyS 3474,

6000 -

s | —m—FL+NaHS .
& 50004 ~®FL /
2 ]
2
§ 4000~ /
= 1 u
% 3000
c
5 ]
@ 2000 -
§ 4
= 10004
L |
4 /./
0J—e—e—0o—0—0—0—0—0—o
T T T T T T T
2 4 6 8 10 12
pH

B 8 1F NaHS (100 umol/L)FIEBAFAERIZAE R, FL (10
umol/L) 7E AN pH LI 5 5 58 52 PO AR A (F L 1A 5 e 8 S8 1 Tl
)\ NaSH 5 min Ji il 011))

Figure 8 Changes in fluorescence intensity of FL (10 pmole
L™") measured in the absence and presence of NaHS (100
umol/L) as a function of pH (The fluorescence intensity of FL
upon addition of NaHS was measured after 5 min)

1.3 1R$H FL X4ARRMA H,S YIS R HMAS

¥ 5 pmoleL ™" #{El FL ) L BRI B TS 55 57
Uf (1) HeLa #fi ffurh, 7E5578E T 37 ‘CH7 9% 30 min, M
PBS &M VeSS AT AN R IE . IR WoR{E
HeLa 640 g = I A DLW B (026 A, 110 Bk FL
(1 4 1% F32 00 N NaHS (100 pmoleL ™) Jf-7E 37 “CIH
ZAF N EAL 30 min, W% E] HeLa 7540 i 200 H HH 52
(50, UESE T FLAEAEAI A X HoS B TIE . 5
Z X I SE S G AT R LA O TR, X R I REL
FL E A B A 40 M A 2 R0 40 W s o g g, vl REAE
KL AEIRE St R ) HoS 7 TR 78 AR 1 H.

PRAET 1R 40 253 ME /IN 2 VP ) e 2 A 0 A AR N
() — AN 51, AT MTT V:4E HeLa 40 M b %f 454+
FL R AR 1 EAT T 40 P 2 PR A . It 36 45 4
Pt 5 S AR 1R AR ETIR JE (S pmoleL ™), SEib 4 i3k
W, ¥R FL A (a4 1 (FL #% H,S I8 J5 11 77 40) 45 41 i
SR 12 h 5, ARG R 5 A 97%R1 96%, Xk
W e AT A i A B AR AR D, BeAb, dRERAE#R%T FL
FURA4A 1 7E HeLa 4105557 24 h )5, KL 77

Chin. J. Org. Chem. 2014, 34, 2178~2183

WAL E] 95% /A7, KISk FL A0eh ()44 1 (¥4 o 250k
BN, T IS AL AR 40 SE BN HoS AR .
1.4 REE FL 3Pk MR L SR

N T HEERE FL A SEBR Y A, FATHBCE oK
WK TV R KRBT BAC S IR R 1856, AR 2 1
iR AT CUE AR ACRTEIZK b T A S T BE
I, TREF FL AIASH, 145 ol B KA it R A AL &L
WEEH 3.52 pmoleL ™", JEAN, 1) H KACHIHI K A S ME
B A, 0K &5 SR AR R B A O 25 23 90 A 1.33% A1
3.57%, 1M 1) VR K oINS AR AL L, A I P 52
AL 93.5%, IXFRWITRES FL A TR I L8 /K AR i
T A SR B IR PR AN R R, HAT — e sk
HIt .

K2 RINEFPARE S P aiAL KR

Table 2 Recovery study of the detection of H,S in various wa-
ter samples

© 2014 Chinese Chemical Society & SIOC, CAS

N, st )le\/ HQS wzm/ - )FHX‘J*/]??E
§ =] M A 2K )0, N
AR moleL ™) (umoleL ™) DN s
0 AHEAT I — —
2.00 1.95 97.5 133
FoRK 4.00 3.94 98.5
6.00 6.06 100.1
0 ANEeAs — —
\ 2.00 1.91 95.5 357
ik 4.00 4.06 101.5
6.00 6.11 101.8
N 0 3.52 — —
.
L2 539 93.5
2 4%ig

AL T — P AT B R U I [ 0 2R e
OISR AL A AR EN(FL), & REBR B H,S,
10 HBAT R e IRV E AN R A%, TR HH PR 8.78 X
1077 molsL ™", 1Hh4t, 7F HeLa ¥4l RN £ Fh K A4 i v
X BRI W] FL AT RER AT E AR YR IA By Th vk
FE RN IO .

3 XEEH
31 EENRSRAF

SEG T PR 4 T B 3 A 4. PHS-3C B pH (1
AR RIS B A PR A 7)), Analytik jena Specord
210 T AT W43 66 BE T (il R HIS 52 40 17 (2% A 7))
XT4-100X 52 folhes sl I 7 A8 (L3t FROGACRR AR A R 22
#]); Varian Mercury 400 MHz #Z i PRI (TMS 1E N Fx,
2 [# Varian 22 #]); Applied Biosystems API 2000 LC/MS/
MS  HL T 22 50 (5 [ N FH A9 R 488 7]); Brucker

http://sioc-journal.cn/ 2181
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R E R

AXS SMART 2000 CCD 5 fiT 56 A (% [E] Brucker 23 7);
VARIAN-CARY #EGIHHY(SEE Varian A #]); Leica
DMI 3000B {3 5% ) 2 B (2 [l ok - RAX R AT FR A 7]);
SpectraMax Plus384 MY BEAR AN (36 [ 43 XA 2 7).

32 &M

32,1 2-(4-RHA I IR (1) 896 A%,

IRAIA 1105 S OSTHR (241 0 75 21 A A et LA
Z WL A, K AR (1.25 g, 10 mmol)Hl
W FEIE (1,37 g, 10 mmol)iE &7F—ife, 7E&/<IH
B4R T 220 CRAY 3 h. Y RNERA G, #ILEA
VKOKH, R LRI Nay,COs FEAWHEHE, 1
W) pH A 7, 198, ISt RZ 0 SR
LWR) T VCAEMEE) =1 : 5] ER S AR R 2.03
g, 7% 90%. m.p. 156.2~157.8 “C; '"H NMR (400 MHz,
CDCly) d: 4.02 (s, 2H), 6.72 (d, J=7.2 Hz, 2H), 7.33 (t,
J=7.6 Hz, 1H), 7.45 (t, J=7.6 Hz, 1H), 7.86 (d, J=8.8
Hz, 2H), 7.91 (d, J=7.2 Hz, 1H), 8.00 (d, J=8.8 Hz, 2H);
5C NMR (100 MHz, CDCl5) §: 168.2, 153.9, 152.2, 133.6,
128.8, 126.3, 124.4, 121.9, 121.8, 120.1, 113.7; ESI-MS
mlz: 225 (M—H+). Anal. calced for C3H(N,S: C 69.03, H
4.42, N 12.39; found C 69.21, H 4.26, N 12.56.

322 2-(4-F& RIAKI) K IFFE L (FL) 494 A%,

Brp a4 1(0.23 g, 1 mmol) ALK EE R (6 mL)FI
LIE(20 mL)IRAH, HUKERE R NHEE] 0 °C
J&, FEIAEASRER(0.10 g, 1.5 mmol) I 4E 0.5 h. 4R
JE B EALN(0.10 g, 1.5 mmol)Z2HE I N ik S 3 i
o RN AR 2 h, RNVIRAWI CHLCL, 2
IN(50 mLX3), fHLEJCKBRBREET 1, el 28 R
2, PR SRR AE 2 B (ML R SR - V(R
W) =1 S]aI R AR IR R 0.21 g, 722 85%.
m.p. 156.5~158.5 ‘C; 'H NMR (400 MHz, CDCl;) §:
8.24 (d, J=17.8 Hz, 2H), 7.48~7.76 (m, 4H), 7.16 (d, J=
4.2 Hz, 2H); *C NMR (CDCls, 100 MHz) : 169.8, 156.7,
146.2, 145.6, 135.6, 130.8, 130.4, 128.6, 127.5, 126.2,
123.4, 122.8, 122.3; ESI-MS m/z: 252 (M"). Anal. calcd.
for C13HgN,S: C 61.89, H 3.20, N 22.21; found C 61.68, H
3.36, N 22.16.

3.3 BRIKRLEMINE K fRAR

¥R/ 0.12 mmX0.10 mmX0.10 mm ¥V 8 (7
D7 HUlR 5 4& FL & T Bruker Smart-2000 CCD 7 # S 7 4
I E, ARG Mo Ka $14:(4=0.071073 nm),
T296(2) K, UL w/20 7544, 15 1.50°<6<28.15°%8
BBl A LIS BT 05 17006 A, JErpoplar i A 2807
MR =0.0361), I>20( DT AT M FRIATHS AT 2274 A4S, —

2182 http://sioc-journal.cn/
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19<h<<17, —7T<<k<7, —35<V/<35. AT HEIEL
Lp [ 1 A2 06 W IR B IE . & A4 45 W i B 429k
SHELXS-97 F&J7fifH, o JEE R A Ar 2 7 LLS 1)
B4 228 Fourier & HeH BEEEAfE K. WA HdEE R+
(R A RR B 45 1) S ME S 50T SHELXL-97 Fify, PLAAips
BN IR T FP TR,
34 RWHRKEMNEFRE

HELWEFTERH 1T mmoleL ™" IIARAT FL 45, 2%
BT /KERH 10 mmoleL ™" ) NaHS %41 20 mmole
L' Tris-HCl 20 (pH="7.4). &FHE T(F", Cl°,
Br,1,SCN™, HCO;, CO5 , Ac’, H:PO;, HPO: ,
PO}, SO; , SOF , HSO;, HSO;, HS™, NO;j,
NO, , ClO AWV v AR FH LA, A 2% v PR iR i
FCdl a1 mmoleL ™!, H,0,, KBEZ MR (Cys), 2 BEH ik
(GSH)fif % W BE L% 10 mmoleL ™", A7
P, R WAREL 10 pL FL &%, IASH 1 mL
Tris-HCl ZZ3A R [pH=7.4, V(H,0) : WEtOH)=1 : 1]
Rt b A, MR FL KR 10 pmole
LY ARG NS FIBH & 2R, TRA9%4), 5 min
Je S BREE I B e i MR AT FH IR KA 325
nm, FREE5ERN 10 nm/10 nm.
3.5 EMKIRER P SATRN

Zx W SCHR 1 7 V221047 25 P K PARE i R A S0 AG  1
PR AZIRIGT, S h g B I = Rl AR EEA R0 0 A ok
IR AR TR R K, i SR ZK I A 22 550 =, T
VIS = R i | W T 071 N = N4 &SRB | o i
WA EEERH TR RIK. A SRAKR KB AT VAT
] AL FEREAT SR, TR /K et 38, e 152
5. WREE, DU RO R 98 6 I I F i 281K,
HE IR DA I 5 7 v —FE.

4 Bh#1 #}(Sopporting Information)  4f i 52 A1 45 1k
SERG AL, LU R FL AF i NaHS 5 [ Wi
(10 5T 1% Pl X e R RER] LA A 2 A AS 1] 9 34 (http://sioc-
journal.cn/) I %,
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from (b)

S2 © 2014 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/



Chinese Journal of Organic Chemistry

_ W 2h
B 24 h

1.0 1

e
)
1

Cell Viability (%)
= =
'S o
1 1

0.2

0.0 -
control FL 1

B S3 HEl FL fhial44k 1 (5 umol-L™)7E HeLa iGN 1597 12 h F1 24 h (o
Figure S3 Cytotoxicity of probe FL and intermediate 1 (5 pmol-L™") in living HeLa cells for 12 h and 24 h

http://sioc-journal.cn/ © 2014 Chinese Chemical Society & SIOC, CAS S3



	142178.pdf
	142178S.pdf

