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Abstract Two novel carborane-based benzimidazolium fluorescent probes 4a and 4b were synthesized using 1,2-bis(4-ben-
zylbromophenyl)-o-carborane as starting materials. The structures were characterized by IR, 'H NMR, *C NMR, "B NMR
and ESI-MS, and the recognition properties of probes 4a and 4b for nucleotides were studied by fluorescence and ultraviolet
spectroscopy. The results of fluorescence titration showed that probes 4a and 4b could achieve on-off response to uridine
monophosphate (UMP), and had good selectivity and sensitivity. The detection limit of probe 4b for UMP could reach 3.41 X
108 mol/L. The recognition mechanism of the probe 4b was studied by Job’s curve and '"H NMR titration.
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UMP [ERES MR AT SRR AN e 7 PR B B i = rp
TR, SRR R S E R T, 5
IR 5 E (LRSS A S, AT CHE-R T B
RONE, XA BT K IS4 B 38 1) 32 AR U M e TR
B, FAVERT I TAER IR ESIN T AR b 0 1, &
T R ot B R K I 85 0 Y AR ET, B A S AR =
(17> PR ThRE, [FIET BTl b A B RS, H
BEAR T HAE A=A 8 B Y S RGP AR ST DLAR BRI 4t
T REPME NG TR, AR RRME g R B A, SE
TEAEFEAEE NI IR UMP, AR E SR
(1] UMP FREH SR AL T8 il 2544
1 ER5R
AR BRI EYHR
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TR LARR 25, 1 I P E SR R T AR R
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PR 22 B IR E =4, T JE AT 1 2 B Y S 1A e
NEE AR E IS B AR B, [FIR 3R s H AR AR
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RIFEIEIR, PR, TR AE s e o v 7 77 A 42 £l
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NMR A5, ¥4 4a F1 4b ZEFFBRMETE IR AL E L AR
TR B 6 135 H1 136, HEUE 5 SCilkikiE rmk
M 545 3R AU, o e 2 AT 1) b R P4 S 0 A% G 8 R RE
1E 6 84 Fits, MRtk = e 6 —2.8, —9.6 iifi, H
BH 5 SCHRIRIE AN, 5 2 MLk, BSA2E AL
BT AR, 15 B IR (1) A O BBl e (1) ke 5
IR A K52
1.3 1%t 4a F1 4b ITAZEHERAVIR A4 BERA 5

NTHEFRIREE 4a K1 4b XS [ERZEER IR I PERE,
HHAT T 9O GG Rk PRSI, F 4-¥% LR IRE TR
(HEPES)/KEZE M (CH:CN/H,0, V1 V=317, 10

B 1

BREF da 1 4b 115 RRUER 22

Scheme 1 Synthesis of probes 4a and 4b
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mmol/L, pH=7.4) %184t 4a 1 4b MHIN 1.0X1075
mol/L HI¥EW, K AMP, GMP, CMP, UMP [l A 1.0 X
1072 mol/L FI¥ER, 1M )5 43 Al M ER%ET 4a AT 4b 13+
I 10 equiv. AN A R BERRAZ T IR, WA H A 0 1k
B, il 1 AR, 249 0110.0 equiv. /S [F] (1) BRI
HABRJE, ATLATE 367 nm AW HREN 4a F1 4b 526
RSTOREE ()R , DLRER 4b N, fEAF AR IR IZ 1T IR
ININBEREE 4b WS, DOGRIBRE ML 1T AN [FIFE AL
1B, Ho UMP X 4b 1728 61 K B B 5 (1/1,=0.04).
ZIRPPESLIO R A, FOLIRED 4a Al 4b W] LUREFHEI)
UMP, A1, RAIERER 4b X UMP (PR B T o 2%
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MELIH a1k, SR w2 Frox, L 4b S, b
#F UMP WRE RN, #4EF 4b fEHK R HHIEK 367 nm
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Figure 1 Fluorescence emission spectra of probes 4a and 4b (10 umol/L) in the presence of different nucleotdes (100 umol/L) (a, b);
Comparison of fluorescence intensity of 4a and 4b (10 pmol/L) at the maximum emission wavelength of 367 nm in the absence and

presence of single nucleotides (100 umol/L) (c, d)
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Figure 2 (a) Fluorescence emission spectra of different concentration of UMP (100 umol/L) added to the solution of probe 4a (10
pmol/L) (Inset: the B-H equation of 4a complexed with UMP and fluorescence quenching exposed to 254 nm light); (b) Fluorescence
emission spectra of different concentration of UMP (80 pmol/L) added to the solution of probe 4b (10 umol/L) (Inset: the B-H equation of
4b complexed with UMP and fluorescence quenching exposed to 254 nm light)
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Figure 3 (a) Anti-interference ability of probe 4a to UMP in the presence of different monophosphate nucleotides or anions; (b) an-
ti-interference ability of probe 4b to UMP in the presence of different monophosphate nucleotides or anions
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Scheme 2 Proposed mechanism of probe 4b interacted with UMP

F 1 RE 42 F 4b XH UMP [RiR5IE fE
Tablel Recognition performance of probes 4a and 4b for UMP

R AR K/(Lemol ") HMIFRE/(moleL ™)
4a UMP 2.87X103 7.62X1077
4b UMP 2.81 X104 3.41X10°8

¥REL 4b £EAR[FIFAES T % UMP oA 5 4R SR .
2 #ig

T 5030 7R 2K S DK M 85 2R3 1 R 5N AR TR
Bem 22, WitA a1 AR e 2 K DK SR PR ET da
A 4b. E I BB RESRLS, X P AIRENTE HEPES /K%
ZeIPR(CH;CN/H0, V' V=3 : 7, 10 mmol/L, pH=7.4)
T UMP BA BRI EH, g Job’s fiZEmT
HIREN S UMP R T 1 1 IBRS Y, A%H000 & Seih %
82 AR5 2R ke £ A (NCHN)_E 35 3R SR 11
R R BRNAL R, SRR IE A= A S E ] 7. R
DG E SRR, FEFSEFMET, 4b X UMP A
EARK PR, AIakF] 3.41X 1078 mol/L. AXHITAEA
R R BRI UMP il R A2 A 7 BB K.

3 EES
3.1 (UEFES5IHF

Bruker AV-400 M % #E3LHR{X (400 MHz, TMS AP
F7); INM-ECZ500R/S1 # i3 L 4% (500 MHz, TMS N
Fr); ®4r#EF % Exactive Plus LC-MS (ESI); Perki-
nElmer LAMBDA-750 B840y 66T, FL Solution
for F-4600 %15 Y5 Y6 EE 115 Spectrum 2000 fH 3741
NI SGWX-4B Y A0k s AN

RO A 1 & A% B SCHR[13] 77 151 4%, 3a AT 3b
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) A HE SCHR[ 14177 VA £, 4a 1 4b (1551384051
F BRSCHR[15], 8770 TE /K b BE 4% FEOSCHR 7 v [16], 6
F R S50 R A e HE 4k
32 ZWHE
3.2.1 1,2-3(4-TF R 3R ) AR e AR (2) 69 A Ak,

£ 100 mL = U IR ZE 0 52 206 4% G4 (1.5
mmol, 306 mg)Fl 4,4 H ) =K Z4(0.4 mmol,
148 mg), HitbrifE Schlenk #EAEIEAT /K ICH AL 5,
BIN 30 mL R RV AE, THR 2 110 C, N2 R
SN 24 he RIEER AR EI R =R, B8R LIEH,
SRR (100~200 EHAEENT(PE/DCM, V@ V=20 1)
afifk, 192289 mg HA[EAE 2, F2ZN 50%. m.p. 130~
131 °C; '"H NMR (400 MHz, CDCls) d: 7.37 (d, J=8.2 Hz,
4H), 7.15 (d, J=8.1 Hz, 4H), 4.31 (s, 4H); "B NMR (128
MHz, CDCl;) §: —2.26, —10.21; 3C NMR (100 MHz,
CDCly) d: 31.70, 84.58, 128.93, 130.55, 131.01, 140.01.
HRMS (ESI) caled for CisHnBioBr:Na ' [M + Na]©
505.0969, found 505.0973.
322 #HAtd4a b kb RAE

7£ 250 mL = FEH NN 150 mL CH3CN, N, T n#k
270 C, [FINZ2 A 2,2'- (1 H-25 K ) ik
3a (0.20 mmol, 61 mg) Al 1,2-XT(4-"F IR A ISR B Al ke 2
(0.20 mmol, 96 mg)f) 60 mL ZJEIR S, HtHkmR
6 d, IR R 515 2 E AR =Y, F PE/DCM (V .
V=1 DHINREGHERGEA (20 mL X 5))5, @itk
PO A /D 8 JFURERT A BCH R R A 1R R T A
FER AT S, T JE A R P Vs AR, RS
ool TR 1 PR AV, BT MR TR DTUE A, K AT ) [
IRV IE, Bekk, TRGAEH AEERIRE 4a
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(68 mg), F*Z 55%. m.p. 175~176 ‘C; '"H NMR (500
MHz, DMSO-ds) 6: 9.49 (s, 2H,), 8.01 (d, J=8.45 Hz,
2H), 7.98 (d, J=8.45 Hz, 4H), 7.71 (t, J=8.45 Hz, 2H),
7.59 (t, J=8.45 Hz, 2H), 7.46 (d, J=8.60 Hz, 4H), 7.25
(d, J=8.60 Hz, 4H), 5.66 (s, 4H), 4.79 (t, J=4.40 Hz, 4H),
4.00 (t, J=4.40 Hz, 4H); "B NMR (160 MHz, DMSO-ds)
5 —2.47, —9.99; BC NMR (125 MHz, DMSO-ds) §:
144.2, 136.3, 133.3, 132.4, 130.72, 129.9, 128.6, 124.1,
122.2, 118.3, 69.2, 53.4 , 50.5; IR (KBr) v: 3667, 3157,
3092, 2573, 1561, 827, 741, 549 cm™'; HRMS (ESI) calcd
for C4sH30N40%" [M/2] 314.2100, found 314.2101.

323 1R4H4b 9o B R AR

7£ 250 mL = E AR 150 mL CH;CN, Ny R n#i
£ 70 C, [FNZEWINEA 1,2-X0(2-(1H-K - BRMe-1-
R ZEIE) 215 (3b) (0.20 mmol, 70 mg) A 1,2-XL (4-"F
I -LB-TRHHKE(2) (0.20 mmol, 96 mg)f¥) 60 mL Z.fi5iE
BT, BEREER 6 d, R BRI A 19 20 [E A
P4, F PE/DCM (V@ V=1 : )RS IEFI T B~
(20 mL X 5)Ji5, EyER & b & R AR A E|
FEVN RS AR = 23 25, T FH R R =4
VSRS, TN RN 7N SR IR A 1 R R VA, T
WRUTTER, AT BRI I, Yok, TIRES
B A @ E RS 4b (81 mg), P2 60%. m.p. 172~
173 'C; '"H NMR (500 MHz, Acetonitrile-d3) 6: 9.52 (s,
2H.), 7.90 (d, J=8.45 Hz, 2H), 7.35 (t, J=7.35 Hz, 2H),
7.61~7.58 (m, 4H), 7.39 (t, J=8.75 Hz, 4H), 6.92 (d, J=
8.75 Hz, 4H), 4.68 (t, J=4.40 Hz, 4H), 3.94 (t, J=4.40
Hz, 4H), 3.60 (s, 4H); "B NMR (160 MHz, Acetonitrile-
d;) 6: —3.82, —11.55; 3C NMR (125 MHz, Acetonitrile-
ds) o: 137.9, 1329, 132.8, 132.6, 132.2, 128.6, 128.5,
128.1, 114.9, 114.6, 85.9, 71.1, 68.5, 50.5, 48.5; IR (KBr)
v: 3161, 2600, 1557, 833, 747, 552 cm” '; HRMS calcd for
C36Hu4B1oN4O2" [M/2] 336.2228, found 336.2235.

3.3 WHANIEHESLE

FEHRRE— 2 R AAREE, B4 HEPES /K%
ZZMB(CHSCN/HLO0, V 2 V=3 : 7, 10 mmol/L, pH=17.4),
F HEPES /K P22 i BC A BE N 1.0X 107 mol/L. it
B ARG T HEPES 7K PRS2 R e Bk B 1.0 X
1072 mol/L, IEMEH, WRIEK A 279 nm, BRIk
4% 2.5nm, K94 2.5 nm.

WA, ARBRBEI S mL —@RE 4
WREREOEF, REH—EENEARS THBRIAE
Hor BT RS TR i KT AR ik
B, VAR FRAS AL AT DLZBS AN, R IR, 2R
Ji AR 8 ISR B K AR A T, W2 T H &R
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A5 A ELAE R JS B s A2 k.
3.4 'HNMR #&ESEWE

H Bruker AV-400 M #Z#3:4R4%, F DMSO-ds ¥
WA TSI — @RS, W H AR R IIAA FK
JEMRZH IR, W2 T S5 IRE & sk EN
S AR

$#H BI#1 kL (Supporting Information)  SZIGH AT, FREF
4a T 4b [MEERIRAE, VLIS 3Gl B EUE. XLt
BEAT DL G 2 MAS T 9335 (http://sioc-journal.cn/)_F R %K.
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