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Synthesis of Triazole Functionalized Triphenylamine Cu?" Fluores-
cent Probe and Its Application in Detection and HelLa Cells
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Abstract A novel fluorescence probe N'-((2-(4'-(diphenyl)-[1,1'-biphenyl]-4-yl)-2H-1,2,3-triazole-4-yl)methylene) hydrazine-
1-thioamide (DBTMC) was designed and synthesized from (4-(diphenylamino)-phenyl)boronic acid, (4-bromophenyl)-
2H-[1,2,3]-triazole-4-carbaldehyde and thiosemicarbazide. DBTMC possessed excellent solvent effect and aggregation effect,
and exhibited high selectivity, high sensitivity and rapid response to Cu?" with detection limit of 4.48X 10 # mol/L. The
possible response mechanism was explored through job’s curve, '"H NMR titration, HRMS and density functional theory (DFT)
calculations. The test strip prepared with the probe DBTMC solution could be used for quick recognition of Cu2". DBTMC
was applied to HeLa cells to detect Cu?" and excellent results were achieved, possessing potential application.
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Scheme 1 Synthetic route of probe DBTMC
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Figure 1 (a) UV absorption spectrum and (b) fluorescence
emission spectrum of DBTMC in ethylacetate, THF, acetone,
DMF, DMSO, and (c) photos taken under the irradiation of a 365
nm UV lamp

DBTMC: 1.0 X 10 ° mol/L; excitation wavelength: 365 nm; slit: 5 nm X5
nm

£ 1 4REF DBTMC TEANFENA I R  E (Aabs, 5 KR

B dem, KK E)
Table 1 Optical characteristics of DBTMC in different solvents
(Aabs, absorption maximum; Aem, €mission maximum)

DBTMC

—
|
e =

Ethylacetate THF

Jabs/mm Jem/nm  Strength  Stokes shift/cm ™!

Ethyl acetate 355 456 7268 6239.2
THF 358 460 6201 6193.8
Acetone 357 502 2795 8090.9
DMF 359 506 2529 8092.3
DMSO 362 513 1869 8131.1
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AR IR, V8 7R PR 38 R IR 3 T s e A F e
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Figure 2 (a) Ultraviolet spectra and (b) fluorescence spectra
of DBTMC in mixture of THF and water and (c) photos taken

under UV lamp (365 nm)
DBTMC: 1.0X 10 3 mol/L; excitation wavelength 365 nm; slit: 5 nm X 5
nm; blank indicates the fluorescence intensity of DBTMC in pure THF
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Figure 3 (a) Histogram of fluorescence intensity of [DBTMC], [DBTMC+Ag'], [DBTMC+Hg?'] of DBTMC at different THE/H20
ratios, (b) fluorescence spectrum of the response of DMTH to Cu?", Hg?" and Ag" after adding Cys to a mixed THF/H20 (V' : V=2 : 8,
5 mmol/L, PBS, pH=7.4) solvent of DBTMC, (c) reaction time of DBTMC and Cu?", and (d) fluorescence intensities of DBTMC,

[DBTMC—+Cu?*] under different pH conditions

Blank indicates the fluorescence intensity of DBTMC in different ratios of THF/H,O
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Figure 5 Fluorescent bar graph of probe DBTMC responding to

Cu?" in the presence of various ions in THF/H20 (V@ V=2 '8,
5 mmol/L, PBS, pH=7.4, Cys: 3 mmol/L)
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Figure 6 (a) Fluorescence spectra of DBTMC (10 umol/L) in
THF/HO (V. V=2 :8, 5 mmol/L, PBS, pH=7.4, Cys: 3
mmol/L) toward varying concentrations of Cu?" (0.05, 0.1, 0.15,
0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5, 0.6, 0.7, 0.8, 0.9, 1, 1.2, 1.4,
1.6, 1.8, 2.0 pmol/L) at 502 nm, and (b) dot diagram of the fluo-
rescence responses of DBTMC (10 umol/L) toward varying con-
centrations of Cu?” at 502 nm

Inset: linear fitting curve between DBTMC fluorescence intensity
and Cu?" concentration between 0.1~0.3 umol/L.
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HIEMEEZEAN 2.017 eV. 5 DBTMC MUK FEZAL,
DBTMC + Cu®" {3 i T A5 A B 5 1 S 1) | el 7 (4
R ) L 2 e R S R T R (4 43 A EL A R RS
IR, SR R 5 A A T EUE (HOMO) 5 f AR R & 4
FHUBE(LUMO)Z 8] I RE L Z= AN AR BLAL Cu® " 2Z 1T B
FEA%, v 0332 eV. RAELILE R, H5AYE Cu® i
ST DBTMC [ Egap 1 E, DBTMC +Cu? " ] Egap 2 F 2.
ANT, Y Cu? ELAZ (3 DBTMC+Cu? 40 TN
FAL A A A R S R HARET DBTMC 19401 Y B A A A%
AT NFE e B, LA B RS IOR A — MR A UK R
J/NFR D B RN, AT DBTMC 5 Cu?' iz
TERL) DBTMC+Cu? " SRBLHS WS (10 2 e KR, X
ESuag b Bl s 2 I A, 124 Cu? i\ £ DBTMC ¥
M S8 DBTMC RILH 26 KIS —5, 2
DBTMC FEEXF Cu?" 7= Az % S A4 K i 7 Fr AR AR A
DFT iH545 Fidt—S5F 7 E 8 # DBTMC F1 Cu?'ff
1EF LR,
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DBTMC + Cu?*

LUMO -2.330 eV

2017 eV

J -4.347 eV
HOMO
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|
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Figure 8 Optimized structures of DBTMC and DBTMCHCu?" and electron density maps of frontier molecular orbital structures and
band gap energies of probe

1.8 MiXEZFEA

F DBTMC ¥ il &R 465 Cu? AT R ISR AR
TR S BR RN E . B e, R IR 4R i E
DBTMC (1.0X10 3 mol/L)¥] THF/H,O (V : V=2 :38,5

mmol/L, PBS, pH=7.4, Cys: 3 mmol/L)y¥&Wi ", 73S haiie el ool atlia
o H AR TSNS, RS, FRIEN 1.0X1074
mol/L MIANE4)E S T (He?', Ag', Ba?', Ca?', Cd*',
Co?", Cr*", Cu*', Fe*', AP", K, Mg?", Ni2", Pb> fll
Zn2+)‘/@"r%@%ﬂﬂﬁ$ﬁﬁg DBTMC Uﬂ”ﬁﬁ%ig Wb%;% Blank Cu?* Ag' Ba? Ca2 Cd?* Co?
M. WE 9 FTRUEH, BT, AREE S . U
SR b, AR RTIFE 365 nm BT T, 0 @FDERERIMIGES mm) FEIR RIS AT
PR - B Ji00 Sl 4
S Cu?" FAR R L T 9OURRINR, i 3 Figure 9 Change of the fluorescent of the test strip after adding
BRI S A X R AR L. S 45 B AR B R 4T different metal ions under (a) the sunlight and (b) UV lamp (365
DBTMC 7% Mt & i A cu pothsdfam. ™™
1.9 {74t DBTMC SR FLmpa & NER)FE 2R, Dyt A S 56 e e e S (MT T R 1
R XA A AR BB P ok gy DB TMC ATAIRIORRL. Sl Hela S0 0.

crt Fe* ARt K* Mg2 N2t Pb2* Zn2 Hg?
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5. 10, 15, 20 umol/L ¥KJZf) DBTMC 4b¥E 24 h. 7£ 20
umol/L DBTMC KRJE T, 4HMis /1A RFFAE 90% LA
I, iXFH] DBTMC X4 R, &6 T4
BAZ (B 10). T #E— B0 5L ER%E DBTMC 153 4t i
il Cu iy 47, 1A HeLa 4 in A#84+ DBTMC
(10 pmol/L), #RJ5 FAS AR ¥ Cu® " 4bFT HeLa 412 30
min. B 11 ATPUE H, B Cu? ¥R 11287 14 i HeLa
Y () e 1B Tk s, R R ER KR, 5
e KW, DBTMC AJ R FH A5 HeLa 411 (1)
Cu’. FAMB AT 7 B8 D A s 5, SO &5 L U
DBTMC 1] FH F48 U B 5 f1 H /) Cu?”

1.0

h o om
0.8
R
= 061
=
©
> 0.4
T
o
0.2
0.0
0 5 10 15 20

Concentration/(umol-L™")

Bl 10 8% DBTMC *J HeLa ZHMI7EAN R BE T 10 40 2 1k
ME

Figure 10 Cytotoxicity assay of probe DBTMC for HeLa cells
at different concentrations

0 pumol/L 50 pumol/L 100 pmol/L 250 pmol/L

o ..--
[ 7 ' P A
B o I d &
/ P gl e 4

brightfield

overlay

B 11 HeLa 45 DBTMC (10 umol/L)7E 37 ‘C153% 30 min,
BEJ5 5 Cux® (0, 50, 100, 250 umol/L)}% 7% 30 min J& 5% 61K
B L) W EEER RS MEGRER ) BRI 365
nm)

Figure 11 Fluorescence image (top), brightfield image (mid-
dle), and overlay image (bottom) of (excitation wavelength 365
nm) of HeLa cells after cultured with DBTMC (10 pmol/L) for
30 min, and then with Cu?” (0, 50, 100, 250 pmol/L) for 30 min
under 37 C

1.10 #R%t DBTMC HyxSEL
fE4 2 th, K4RE DBTMC RISCHERIRIE 4R EH i T
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Fefg. ST He R BARET DBTMC & — & AL, AMY
XF Cu? A PR e oL B TR A A AR A I 28, T LA R
U R 700 20N AN SR AR AS B, 3 AT N FH T 9 A 4 i
Cu? BRI, 6 B4RET DBTMC £ /041 FREEANA: ¥4
S B TR B ANME.

2 g

WA &R T —F B e ke DBTMC, FHx)H
SERIBEAT T HIE. DBTMC AT R A 195 7] R AN 5% 4
AR, feft THE/H,O (V@ V=1 :4, 5 mmol/L, PBS,
pH=7.4, Cys: 3 mmol/L)%z A Z H iy e B 1 11 1)
Cuw?", HA P my B AR & () bt T3 e 71, AR Ay
448X 10°® mol/L. T2« =i HEmiL & DFT
THEX G AV BT TR, ST RW, HE
DBTMC il % k4%, wIHGE A+ cu? s il, JfH
BA RIFED M2, v T HeLa 4088 Cu' (1)
K, 7E5 0T HBEMAY): B LR N AN E.

3 ZWERSY
3.1 {UFE5EHF

X-4 HoT WA SO E A AL AR A SR PR 5 AT
/~]); Broker AV-400MHz #ZHE3LPRA(3EE Bruker 2
w]); UV-6000pc 84011 W53 G B vk (R o X 38
BRAT]); F-320 55640 606 BEA (R HE R BHEE A |,
Spark 10M B A4 (B =7 H A 7).

AR SEES v ) 2 i ANRGRE RR i — P Al 2-(4-1R0K
F)-2H-123-= M- 4-FIEE, (4-( TG IE) KI5 RR
SRR AN DY = 2R BRI B g 2R R A
FRAF], ¥R tral; e 2y mAnKR 0 5 SRz
RAARAR, B mHra. S5 KE RN E B FK.
32 ZWHE
321 2-(4-(=FR A A H)[1,1-56 3K -4-A)-2H-1,2,3-
= o 4-F FE(DBTC) 89 4 &

F4 252 mg (1.0 mmol) 2-(4-JR 7 KE)-2H-1,2,3- = M-
4-HE . 10.0 mL [¥] 5 mol/L JE/KBKERBR KW A 35 mg
(3.0 mmol)lY =R EL A AL D N B 5 18.0 mL
THF MR F, AR, £ 75 CF, HiremE7
30 min. PR IR R BAE R FIIA 258.0 mg (10.0 mL,
1.5 mmol) (4-(IRILEH) IR, 4k4L7E 90 CF,
PEFEEIE 8 h. RMSEAE, JolnAIE E A sk
FL, FLLER A, 28R A UV 1S 2D 4.
DU/ 2R 2R (V 2 V=20 @ 1) A, ma A
WX P A5 3] 269 mg B ERK DBTC, 7%
65%. m.p. 196~198 °C; '"H NMR (400 MHz, CDCls) &:
10.23 (s, 1H), 8.28 (s, 1H), 8.18 (d, J=8.9 Hz, 2H),
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K2 HEDBTMC HH e CARIER Cu? REF1 ELAL
Table 2 Comparison of probe DBTMC with other Cu?" probes reported

Probe Solvent (V' © V) LOD/(mol*L™") ICT AIE pH Time Cell Ref.

[;\ HO
N 0@ C2HsOH/H:0 (2 : 3) 9.80X10®% ICT — 7 10s — [38]
©/ 0 —N-NH
W,

SN
A~ S@ CH3;CN/H20 (1 © 1) 580X108% — — 72 1h MCF-7cells [41]

“ o ACN/PBS (4 : 6) 1.57X107  — — 74 — Helacells  [42]

0
(Yt
"Bu—N O CH3;CN/HEPES (4 : 1)  3.20X1077 — — 7.4 20min 293 T cells [3]
0
NC  CN
N N=
CH;CN/HEPES (1:9) 2.19X107 — — 7.0 11 min HepG2cells [43]
COOH
OH
O
o o)
SN CH;CN/HEPES (4 : 1) 330X10°5 — — 73 — HepG2cells [44]

OH©

\
ad
O\\s CH:CN 1.80X107 — — — @ — — [45]

0

s
S—NH,
wN—NH

N
Y
g N-N
/‘/./! THF/H20 (1 : 4) 4.48X10°% ICT AIE 74 5s Helacells Thiswork
é)
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7.72 (d, J=8.9 Hz, 2H), 7.51 (d, J=8.7 Hz, 2H), 7.29 (dd,
J=8.5, 7.3 Hz, 4H), 7.18~7.13 (m, 6H), 7.06 (t, J=7.3
Hz, 2H); 3C NMR (101 MHz, CDCls) 6: 119.88, 123.29,
123.56, 124.70, 127.48, 127.72, 129.39, 133.10, 135.53,
137.91, 141.35, 147.50, 147.84, 184.21; HRMS calcd for
Co7H1oN,O [M—H] ™ 415.1553, found 415.1548.
322 N-((2-(4'-( =R & )-[1,1'- 3k R ]-4- 25 )-2H-
1,2,3-=7¢-4-35) T F 3K BF-1-# K Bt e (DBTMC) 89 &
R

FREC 91 mg (1 mmol)Z A ik FH 416 mg (1 mmol)
DBTC, F¥HANAEIREA 10 mL JE/K L5 1 [ R B
H, AN 0.5 mLIKAER, MNFAEIL3 h, RrAEI R =R
Ja ok 8, K R VE G K £ 45 1 B VR TR A
DBTMC, 7% 75%. m.p. 183~184 C; 'H NMR (400
MHz, DMSO-ds) 6: 11.68 (s, 1H), 8.65 (s, 1H), 8.25 (s,
1H), 8.09~8.05 (m, 2H), 7.88~7.82 (m, 2H), 7.71~7.65
(m, 2H), 7.38~7.30 (m, 5H), 7.08 (dddd, J=8.7, 7.5, 6.1,
1.6 Hz, 9H); '3C NMR (101 MHz, DMSO-ds) &: 178.78,
147.61, 147.42, 146.45, 139.45, 138.13, 135.03, 132.92,
132.79, 130.09, 128.03, 127.69, 124.78, 123.87, 123.54,
119.30; HRMS caled for CysH2oN7S [M—H]  488.1657,
found 488.1661.
323  mmALRAR

4 HeLa 40 7E4N 78 A R0 N 10% G 45 LiE
() DMEM( 75 % M 22 25 8 0 h] 46 B 1) 5 97 ) B R B vh
B 7R, AR EON 5% CO HIREE R4 T 37 C
TEFE 24 h. ARG IR R 22 R (PBS) VA ML 4 41 i 3
R KRR AP, 73 T an s A B 5 — AU
4 DBTMC (10 pmol/L)153% 10 min; 55 —4HHRE
DBTMC (10 umol/L)5%# 10 min, FEH Cu®" (0. 50,
100, 250 pmol/L)K5 7% 1 h. 7E RS 2 FirH w5 28 ()i 4
Yl PBS JATRVESS 3 Wk, Hoh, 4R A% SLE6 o
AN KIS 365 nm, YRR &R SHGIE G 2
450~550 nm.

45 B4 K (Supporting Information) S50 FH 5 43 6 i
Bl Hr(alk DBTC K& 4%H DBTMC (45 4 R AE LA K BE 5
S0 SRR . X LUk AT DA 9 AR T 9 35 (http:/
sioc-journal.cn/) . T #.
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