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An Intramolecular Charge Transfer (ICT)-Based Fluorescent Probe of

Hydrogen Sulphide under pH Control Strategy
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Quan, Zhengjun™* Wang, Xicun™*

(“ College of Chemistry and Chemical Engineering, Northwest Normal University, Lanzhou 730070)
(® College of Chemistry and Chemical Engineering, Longdong University, Qingyang, Gansu 745000)

Liu, Jingjiang“ Liao, Yuan“

Abstract Hydrogen sulfide (H,S) and pH play a most important role in vivo and environment. A fluorescent probe for fast
and sensitive detection of H,S and pH are of vital importance for research their functions. A naphthalimide-based fluorescent
probe L has been designed and synthesized based on intramolecular charge transfer (ICT) mechanism by utilizing azide as
recognition site. The probe L has demonstrated good stability in the pH range of 4~11. It showed satisfactory sensitivity and
rapidly response (less than 3 min) to H,S. An excellent linear relationship (R*=0.99823) displayed in the range of H,S
concentrations from 0 pmolsL ™" to 20 umolsL™" and the detection limit was 1.18 pmolsL™". Furthermore, in the present 30
equiv. H,S, it was successfully applied to detection of pH with good linear relationship (R*=0.98764) in the pH range of 2~
6.5. This methods provide a reference for detection of H,S and pH value in the presence of 30 equiv. H,S, which have potential
application prospects in analytical detection and pathological analysis.

Keywords hydrogen sulfide; pH; fluorescent probe; theoretical calculations; ICT mechanism
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TH IR R B R B4R AT DL s BG4 0 10 v ok 3 1 1R
591230, EL R 12 28 T G R BT A7 7E R R TA] K (10~ 120
min) PRI L 1 00 SR AP A v A T DA
SEIL HLS AR R s R S R 2427 R g, SR
H,S LA o iy (1) 2 A 5 6 i 2 i ) AR 43 B 42 e S
(VRSN 7 V2 AT 98 2 — TR IR 51 T3 ANk R P 1 TAE

6 P R S M IR BRURE, FESE MO TE . (R AR S
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BEF, FEAE AN A L ROA ST pH S 1A
W, A BT 40 i ) Re A S AR, A BT R I
pH AHSCER VA T 5k 30 Rk, A i — R g
REII HoS SLREREI pH f2% HIR O GIREN A & L.
ST, APt RAEE TR ENZE 5T
Ji& R a1, R HaS X & U 5 Ve RaE iR g 7y i s v
BECT —F pH T T HyS A3 T4 1 P FL T
R ACT)HUHIDEOIRET L, 1238 7T LLSZHLRT HaS 1)
P GRIE N, FE ELIEPEMEGE SR thAh, FIF
ANA pH FA5E T H,oS FHRER L A %6 a4 4k, w]
DAKF R PEIREE T 16 pH HEAT AN
1 ZR5TR
1.1 TEHIRE L AN E K

ARILLL 4-7R-1,8-25 ZRRIEFABR I IE N IR AL, W15
FlaA 3, SRJE RIS AL BNTE =R N R R 5 45 31
PCREE L. R4 L 85M K 2041618 7% 15A HRMS ik
T 5. WE PR, HRET L FI5ORIIIE A 365 nm,
BN 50 £ 89 HaS J&, 1R 58 BEI S, 459 nm 4b H IR
T mom*BRIE RS, R SIS P 2188 0 BH 2B ) 43
TR T i R R/, 2R AT B N ZE B e A B
RN )5 T N B # A (ICT) L FE M R s B, #
KKFHERLT 539 nm, HiFCwAife R 174 nm. Ft, #8
Bt L 7R R 28 SO TV, fERH HaS
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Scheme 1 Synthetic fluorescent probe L and proposed detec-
tion mechanism with H,S.
(IS, 78 CHsCN/PBS (V: V=1 : 1)R&WHAh,
HEF L RIURFEIMZOE, £ 30 equiv. HpS J5, B
FRPLIEET, HERERIECBWIE R, 15365 nm HAHMT
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WU B (10 pwmoleL ™ Y% Yt i (1 pmoleL ™ ")( Ao =420 nm)
Figure 1 UV absorption (10 pmolsL ") and fluorescence inten-
sity (1 pmolsL™") of probe L, L-+H,S (200 pmol-L™") and
L-NH, in CH;CN/PBS buffer (V. V=1 1,20 mmolL ", pH=
7.4) solution (Ax =420 nm)
1.2 TOEIRET L AIEEM AT

FOCRE L B FEVEAE 3] i 30 82 1) A EE L )
FRAE. A 7 AP AT 7 HoRr R i £ 1, ARSI AR
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pmoleL ™) NHRAT LKL 50 f%5. Wi 2 A1 3 i, R
BF L 7 539 nm A& )58 658 B 5 AR NN T HURIA I ) 1)
THEMEE, HAMA HS R R 7O 5 2K R
FEM3G5E, MHERER . THLE T REN L 198658
B LR R, Rk, $REF LAl DAE ik B s
M H,S. BEAh, WFF T #REF L E 100 umoleL ™' ANF T4
VIAFAE A AT HaS 56 B, $REE L6 HaoS BA I
JUPAZ HAb A P sem, RA IRERR S 1(Clo7)
IIANJE BN HoS, 2GR JLF A 224k, 8 Clo™
X H,S BN EAHEM TS, HEEFERG T
(1) H,S BAEJEME, 1 HCIO B s S btE, 7EEm
3 RUR AR A I iR s BT T R HLS; (2) RIS Tl
(11 HoS F L BB 56 5+ I BIAS B AL, TR 5 A
A RS S T R 2R 5 SR TR 2 k.
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Figure 2 Fluorescence responses of probe L (I pmoleL™") to
various substances (50 pmolsL ") (A,x =420 nm)
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Figure 3 Fluorescence intensity probe L (1 pmolsL™") after
addition of various analytes (50 pmoleL™") (black )and the fluo-

rescence response to H,S (50 pmolsL™") in the presence of ana-
lytes (50 pmoleL™")(red)( Aey =420 nm, Aem=>539 nm)
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Figure 4 Fluorescence intensity of probe L (1 pmolsL™") as a
function of time after addition of H,S (50 pmoleL™") (Ax=420
nm, e, =539 nm)
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Figure 5 Fluorescence intensity of L (1 pmoleL™") and L-NH, 4.0X10° 1

(0.5 pmoleL ™" with different pH (Aex =420 nm, Aem=>539 nm, t=
5 min)
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Figure 6 (a) Changes of the fluorescence spectra of L (1
pmolsL™") in presence of H,S (30 pmoleL ") with increasing pH
from 2.0 to 6.5, and (b) plot of the fluorescence intensity of L
with different pH (Aex =420 nm, A, =539 nm)
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AMTRUR TR T, LR (c) L 3G B TE 539 nm B H,S ¥k
JE(0~25 pmoleL™ YLLK R (Tex =420 nm, Zem=539
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Figure 7 (a) Fluorescence spectra of L (1 pmolsL™") with dif-
ferent concentration of H,S (0~25 pmolsL™"), (b) photograph of
L (10 pmoleL™") with different concentration of H,S (1~35 are
10, 20, 30, 50 and 100 pmoleL™", respectively) under 365 nm
UV-light, and (c) plot of the fluorescence intensity of L with dif-

ferent concentration of H,S (Ax=420 nm, A, =539 nm, =5
min)
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Figure 8 Optimized structures and frontier molecular orbital
energy of of L and L-NH, at the excited state.
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— XA R AE TR W U, i B S A HoS 1B SRR T2
B 1E L5 H,S REEE YR & HR s+, XL )
[M-+Na-+H]" 300.0534 U525, HBL 1 N5 L-NHy(H
WAE: 251.0815)—FAI[M+H]" (251.0816)1%, W%
JEERER L HoS KA [ MiAF 2] T A4 L-NH,. It
Ah, FZHE E A R B 9 FR, I 10 equiv.¥) H,S J5,
'H NMR S ARG S PIIR A, 480 HoS (15
4 50 equiv.iit, 'TH NMR U —F b &4 00&. F1L A
Eb, BN H,S JG Y "H NMR & ) H R 115 51§ M =
¥, SRS RN TR EIE, 255
HIHF %R, 77N ICT A fEH L. N TIRER
L 7 H,S fAE 24 T pH e 2L, M8 1 AN [E pH AE
CH;CN/PBS (V@ V=1 : 1, 20 mmols L )&% L-NH,
1E 539 nm b %t W SFR, £ pH<4 M4 T,
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Figure 9 'H NMR spectra of L with various equiv of H,S
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nm EAMT RS EREH T H,S RUA ALK, 4T 7
TAEFE HoS HIR AL & HLS 7748 N X iR pH
R LA VB AE I N AN A

3 XIS
3.1 X5

pH {2 PHS-3C %4 pH 152; IR I NEXUS l52;
'H NMR, "*C NMR H Varian Mercury plus-600 Jlj5&; ¢
Y663 ] HORIBA FluoroMax-4 | %€ ; HRMS ] Thermo
Scientific Q Exactive . SEUGH KN ZIRZEMK, —
RN B A J&K A F]), BifbiiAlfa aa]), Hobik
R 25 b 351 9 T s Al A FH R AR EEAT ik Aidh, sk
363 A2 Y H,S $°8 Na,S $24t.

32 ZWHE
32,1  Wla4R N-QQ-7 peH)-4-i8-1,8,- % B B (3)
9 &%,

4 2-THBRE(55 mg, 10 mmol) Al 4-1R-1,8-25 —FRHf
(2.77 g, 10 mmol)¥& T+ £ —FE L H (20 mL)H1, $i# (Al
24 h, WA, I8 BYIE, F DMF-H,0 HE45 W,
BRI A E A 3B 257 g P7F 81.8%. mp. 230~
232 “C; 'H NMR (600 MHz, DMSO-dq) J: 8.57 (dd, J=
25.8, 7.7 Hz, 2H), 8.35 (d, J=7.8 Hz, 1H), 8.22 (d, J=7.7
Hz, 1H), 8.00 (t, J=7.8 Hz, 1H), 4.78 (s, 2H), 3.18 (s,
1H); *C NMR (151 MHz, DMSO-d,) J: 162.6, 162.5,
133.5, 132.4, 131.9, 131.7, 130.3, 130.1, 129.4, 128.7,
122.8, 122.1, 79.5, 73.6 , 29.7. HRMS calcd for C,sHyBr-
NO, [M+H]" 313.9811, found 313.9811.

322 RAEFAN-Q-AKkA)4-FR-1,8-FA B
(L) &9 4 A&,

e =R T LAY 2 (314 mg, 1.0 mmol) A1 DMF (10
mL)FIVE &4 HE 30 min /5, K NaN; (98 mg, 1.5 mmol)
AN BTN BRI A . B TRAE R R R
2 B (TLO) R 2 R B UG, FHREEIN 20
mL ZEVE/K A, I JEDTIE H 2K Bk, K B9 ke [
L CH,CL/CH;OH (V/V=100/1){E s, FEmE
tRkkaith, 3303 AR ARG L 940 mg, 772 85%.
m.p. 183~184 ‘C; 'H NMR (600 MHz, CDCl;) &: 8.59
(d, J=7.3 Hz, 1H), 8.53 (d, J=8.0 Hz, 1H), 8.38 (d, J=
8.4 Hz, 1H), 7.72~7.67 (m, 1H), 7.40 (d, J=8.0 Hz, 1H),
491 (s, 2H), 2.19 (s, 1H); *C NMR (151 MHz, CDCl5) &
163.0, 162.6, 143.8, 132.5, 132.0, 129.1, 129.0, 126.8,
1242, 122.1, 118.3, 114.6, 78.5, 70.6, 29.4. HRMS calcd
for C;sHyO,N,Na [M + H + Na] ' 300.0623, found
300.0534.
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323 N-Q2-F HeHh)-4- A K -1,8-75 — Bt B (L-NH,)
EORESO

BALEY L (276 mg, 1.0 mmol)f CH;CN/H,O
V:v=1:1, 30 mLYREWHS )G, /MM NaS
(780 mg, 10 mmol). 7E=E TR S h, #E G
(TLC) Ml 22 ) S SE U, ¥ R PR EEIN 50 mL 7%
TR, H CH,CL 2], Jo/K MgoSO, T4, A=) Fi ik
JReRE itk ydiatifk, DL CH,CL/CHSOH (V' V=100 : 1)N
Ve, SRR O E A L-NH, 198 mg, 7°F 79%.
m.p.>300 C; "H NMR (600 MHz, DMSO-d,) J: 8.64 (d,
J=8.4, 1.2 Hz, 1H), 8.44 (d, J=7.3, 1 Hz, 1H), 8.21 (d,
J=8.4 Hz, 1H), 7.66 (d, J=8.4, 1H), 7.53 (s, 2H), 6.86 (d,
J=8.4 Hz, 1H), 4.74 (d, J=2.5 Hz, 2H), 3.08 (t, J=2.4
Hz, 1H); *C NMR (151 MHz, DMSO-d,) J: 163.5, 162.4,
153.5, 134.7, 131.7, 130.2, 130.1, 124.4, 121.8, 119.8,
108.7, 107.4, 80.4, 72.8, 29.1. HRMS calcd for C;sH,o-
O,N, [M—+H]" 251.0815, found 251.0816.
3.2.4 SRR

¥ L ¥ACE CH,CN 753 1 mmoleL ™ if % 1T,
WE AR AF . AH BL AR 43 #T  (Ca(ClOy4),, Mg(ClOy),,
NaClO,4, KCIO,4, LiCl, AI(NOs);, NaF, NaCl, NaBr, Nal,
NaClOs;, Na;PO,, Na,CO;, NaHCO;, NaNO;, NaNO,,
NaOAc, Na,SO,;, NaCN, NaHSO;, Na,SO;, NaClO,
KSCN, H,0,, Sar, Ala, Glu, AA, Phe, GSH, Cys)#& it T 2%
TR, 2% A W P 2% TR A2 bt J7 ) 2% TR IR b
2% 7P (PBS). f# ] CHsCN/PBS (V@ V=1 :1, 20
mmolsL ', pH=7.4)¥5 ¥ i fit % V5 TUFR B 25 T 75 IR E
SEER IR E HoS I, #2O6EREE L H CHZCN FikE ik
0.2 mmoleL ' FIW, #HL 30 uL (0.2 mmoleL™ ") L IF
eI, A5 2.970 mL CH;CN/PBS (V@ V=1
1, 20 mmolsL ™", pH=7.4)Z& M AR IS I R N 1
umoleL " fMIE. SRJ5, ¥ 0~20 pmoleL ™" H,S ¥
T INE] EiRER, JRA 5 min JEESE TR
e, FrAAIISLIG I CHCN/PBS (V1 V=1 :1,
20 mmolsL ', pH=7.4)"F 47, ZLME RS R K N
420 nm, WOR ARG EE TE 3508 3 nm.
3.2.5 pH %l

AN pH 1) PBS Z&iE i M HCl ¥ UFI
NaOH RT3 2. 0l m —HRE P ImA HS 9
uL, 10 mmoleL ")l 2.976 mL “K[A] pH & ] CH;CN/PBS
TRAVAW(0 mmoleL™!, ¥ V=1 :1, pH=2.0, 2.5, 3.0,
3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, 9.0, 9.5,
10, 11, 12, 12.6), IR &S EHIMA L (15 pL, 0.2
mmoleL "), FHRIRE KHEBREAFN 3 mL, 7%6HE
WEEN 1 pmoleL ™', 7E%IR M S min, W& HIEH
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3.2.6

it
K %5 Bz ok FR G (DFT) A 28 6 4R EH 9+ L M

L-NH, 7 #3477 JUA At fl & F A 24 i &, -7
Gaussian 09 F£7K ] DFT/B3LYP/6-31G (d,p)FE4H 4T

T4k

FeAl. I & i 5 B iz o B 1@ (TD-DFT), fEAH [

ISR, 53] T b 3 2 7 H0EHOMO) A AL A
P52 T HUE(LUMO) I RE 2.

i Bh#1 Bl (Supporting Information) L& 451
W BT IR EE ARG ] X LeRRL
a] LA A 2 AT PG (http://sioc-journal.cn/)_E T %K.
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