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Synthesis and Recognition Properties of Fluoroborodipyrrole
Fluorescent Probes Based on Fluorine Triggered
Cascade Releasing

Chen, Xi Gao, Chen Fu, Chao

Zhu, Tingting

Liu, Zhenjiang™ Liu, Chuanxiang™

(School of Chemical and Environmental Engineering, Shanghai Institute of Technology, Shanghai 201418)

Abstract 4-Hydroxy-fluoroborodipyrrole is used as fluorophore, and fert-butyldiphenylsilyl (TBDPS) is used as protective
group for active hydroxyl groups. A novel fluoroborodipyrrole type of fluoride ion fluorescent probe R based on fluorine ion
causing cleavage of Si—O bond to trigger cascade releasing was designed and synthesized. Spectral experimental studies
showed that after the interaction of the fluorescent probe and fluoride ion, a new absorption peak appeared at 605 nm in the
ultraviolet absorption spectrum. The solution including R changed from orange to blue, the maximum emission peak at 514 nm
in the fluorescence emission spectrum decreased, and the fluorescence color changed from green to fluorescence quenching. In
addition, the use of fluorescent probe R under the test paper conditions also enables the naked eye detection of fluoride ions.
Keywords fluoroborodipyrrole; fluorescent probe; fluoride ion; detection
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Scheme 1  Synthetic route of probe molecule R
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Figure 1 (A) Absorption spectra responses of R (20 umol/L) in N,N-dimethylformamide (DMF) with various anions (Inset: the illustra-
tion of their corresponding naked-eye photo under natural light, from left to right: R only, F, CN, Cl', Br, I, AcO, H,PO,,
HSO,, CIO,,SCN, BF,, NO; ) and (B) UV absorption spectrum of R (20 umol/L) upon titration with TBAF (5§ mmol/L) (0~3.4
equiv.) in different concentrations in DMF (Inset: plot of absorption changes at 495 and 608 nm versus TBAF)
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Figure 2 (A) Fluorescent emission spectra of R (20 pmol/L) in N,N-dimethylformamide with various anions [Inset: the illustration
shows its corresponding fluorescent picture under the UV light (365 nm), from left to right: R only, F, CN, Cl', Br , I', AcO ,
H,PO, , HSO, ,ClO4 ,SCN , BE,, NO, ]and (B) Fluorescent emission spectra of R (20 pmol/L, A.,=450 nm) with TBAF (0~7.8
equiv.) in N,N-dimethylformamide [Inset: the illustration shows the fluorescence intensity at 513 nm as a function of TBAF concentra-
tions (Aex =420 nm)]
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Scheme 2 Mechanism of the interaction between probe R and fluoride ion
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Figure 3 (a) UV absorption spectrum of probe R and reference A2 before and after interaction with fluoride ion and (b) fluorescence
emission spectrum of probe R and reference A2 before and after interaction with fluoride ion
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Figure 5 (A) The colour changes of the R-loaded test strips (1.0
mmol/L) after exposure to various concentrations of F solution
under natural light and (B) the fluorescence changes of the

R-loaded test strips (1.0 mmol/L) with various concentrations of
F under UV light
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HAHMEEET AR, 2866 E Hitach F-4600 5156t
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T FRFIE A HARBR T NN-— F 3 F i (DMF)
SROEE. =M. ZEHGE . A FREEIR I R
WS AN, 2,3- =50-5,6- —F 0 B (DDQ). AT 3 —
HKILEHEL(TBDPSCl). =#ALH 2B, Mg, JoKBR
FRAN. — AT BB A % FhAS R T B 1 i DU T Kk
HELGE T BB R G IR A E, BRIERR U
B, T B,

3.2 XWHE
3.2.1  4-[Z(1H-7%-2-5)F ERE (A1) A9 A Ak

BT R FE TR R (5.00 g, 40.94 mmol). MM (20 mL,
289 mmol)F1TE7K CH,Cl, (250 mL)AIAF] 500 mL [& &
B, FRmMAN SR E RS AR, GRS
FRR N =4 £ FR(200 mg, 2.60 mmol), ¥ BifE IR T
FIZIERE 3 he FRUR RN 58405, F MR R AN
T SN T B SRR E(pH 20 5~7), FFH R
I, REAVLER KRBT T8, Al
FHEE 2RI J5, fE AR E AT Al e R V(e
¥) @ (LR OT8)=3 : 11135 5.85 ghrtalflfk A1, =%
N 60%. mp. 107~109 C (Lit*" 108~110 C); 'H
NMR (500 MHz, CDCl;) d: 7.93 (s, 2H), 7.08 (d, J=8.0
Hz, 2H), 6.80~6.64 (m, 4H), 6.22~6.07 (m, 2H), 5.91 (s,
2H), 5.41 (s, 1H), 4.79 (s, 1H).

322 xR -RAN ZewE (A2) B9 A Ak

FREX A1 (2.38 g, 10 mmol)#% T 120 mL 57K CH,Cl,
o, IR R E BB N AR, DRERFIH A AL T 20 UR
Bl =R NHEEE 5 min J5, BRI 2,3-Z%-5,6-
TEXTARE(2.27 g, 10 mmol). £F&MN 4 h 5, FHEME
SN EtN (8 mL), 15 min J5 P28 S I\ BF;e
Et,O (10 mL), i T2 OB R N, £F &N 45 R
J&, AR NaHCO; ZKIEHGER, HH & Fe AL,
GHIREANA, KBRS T R IEE, BIEZEK
WAE, WA ENT 2 B AL [PeliF: VOB @ (=
D=2 1], 15 1.53 g ZLa[EA A2, RN 54%.
m.p. 151~152 C (Lit.*® 153 C); "H NMR (500 MHz,
CDCLy) 6: 7.92 (s, 2H), 7.48 (d, J=8.5 Hz, 2H), 7.01~
6.92 (m, 4H), 6.55 (d, J=2.5 Hz, 2H), 5.53 (s, 1H).

323 [4-(FPBLA)R AK](RT ) =R A 24 (B1)
EORESHY

FEXTRIEKLFEE(10 g, 82 mmol)iAfET 60 mL 1)

N,N-—HEH B DOMF)H, =il I S min SFIA
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IKI(33.68 g, 123 mmol), [J% 30 min f5, ZZ18 IR
T TR S (TBDPSCI)(26.24 mL, 98.4 mmol),
i N HE O (TLC) MR IR S SRR . 5 SR 28 R e H4
REBAENVKK R OB, R CBRZERL, B2
A HUAH I 28 K Bk 20 00, PR W B4 o S T A5
28.01 g A& & B12Y, W%k 95%, m.p. 103~104 C
(Lit.*' 103~105 “C).
324 [4-(BFA)-RAKXIRTE)ZRAE I (B2)
EORESO

¥ B1 (5 g, 13.87 mmol)#% T 100 mL 1) FHEEH, i
5 min FHERAEHS) G, BB EIKIBRIT, SER
W N 0 CIE 2218 NaBH, (0.64 g, 16.65 mmol),
TLC FRER/N. FfRBEE R R, JH 280 BR £, K&
R /KBS, OB OB, A AU A & Ak 8k
Ve, RN IR 5 5 80 728 K B
FIEF, 19 5.03 g LARIBA B2, UK 85%. 'H
NMR (500 MHz, CDCly) 6: 7.75 (d, J=7.0 Hz, 4H),
7.47~7.38 (m, 6H), 7.18 (d, J=8.5 Hz, 2H), 6.78 (d, J=
8.0 Hz, 2H), 4.56 (s, 2H), 1.13 (s, 9H).
325 [4-GR P A)-RAKIRT E) =R A &1 (B3I)
EORENAY

¥ B2 (5 g, 13.79 mmol)¥#T 100 mL ] CH,Cl, 1,
UK AF F3EEE 10 min, MR RN FERN0 C a2
A PBr; (1.87 g, 16.65 mmol), TLC iBEE M. B4k
Ja B [ SR AR N NaHCOs KB, A CH,Cl, A5
B, JERMRE Sk iR 3 Wk, AN SRR RN T
BRIR IR R R IR 5.28 g B tadieRigifk B3P, fiexhy
90%. "H NMR (500 MHz, CDCl3) 6: 7.72 (dd, J=8.0, 1.5
Hz, 4H), 7.46~7.36 (m, 6H), 7.13 (d, J=8.5 Hz, 2H),
6.72 (d, J=8.5 Hz, 2H), 4.41 (s, 2H), 1.19 (s, 9H).
326 B-(4-((4-(RTHAZRAFTaERL)AL)FTE)
A F A A ek (R) B9 AR

¥ A2 (1 g, 3.52 mmol)¥& % T 40 mL (I LM, =
N HE 10 min J5, KA K,COs (0.73 g, 5.28
mmol)F1 B3 (1.5 g, 3.52 mmol), TLC FREZMN. 5 M
58 W5V S5 N VR R N A 3 A SRR AV W R K OB,
LR AU N, IR & K veik 2 Ik, Bl
R TCKIRBRIA T, Wedd, MR BT B2l
[VCF ) - V(&) =2 1 1], 193] 1.88 g £t ff 4
R, WFE N 85%. m.p. 197~199 C; 'H NMR (500 MHz,
CDCly) 6: 7.92 (s, 2H), 7.75~7.70 (m, 4H), 7.52 (d, J=
8.5 Hz, 2H), 7.44 (t, J=17.5 Hz, 2H), 7.38 (t, J=7.0 Hz,
4H), 7.20 (d, J=8.5 Hz, 2H), 7.07 (d, J=8.5 Hz, 2H), 6.97
(d, J=4.0 Hz, 2H), 6.81 (d, J=8.5 Hz, 2H), 6.54 (d, J=
2.5 Hz, 2H), 5.01 (s, 2H), 1.11 (s, 9H); *C NMR (125
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MHz, CDCls) 6: 155.77, 143.42, 135.54, 134.85, 132.77,
132.43, 131.40, 130.01, 129.06, 127.85, 126.45, 119.95,
118.30, 114.91, 70.16, 26.53, 19.49; HRMS-ESI calcd for
C3sHasBF.N,0,Si [M+H]" 609.2545, found 609.2519.
3.2.7 ARARINHBEER

TEBRE R MR AN E MR, &K 5000
umol/L FIFREH VA A RE HIC B % 20 pmol/L 1 100 mL
FIAF AR, B 14 32 10 mL I FAR, a0t
BIA 5 mL [ 20 pmol/L PHREHER. 25— 3E A
MNMEATIES T, 1B xR, Hoak 13 3G ko
A 4 equiv.IAFEFEBE, CN, CI, Br, T,
AcO~, H,PO,, HSO;, ClO;, SCN", BE,, NO;,
OH), FHicskd S 1584 mT WIS .
3.2.8 HARAZFHER

DA VP T B 2% A DA B A P 7 2 5 R A i 4%
PERISLIGA F], KRET R AL AR 20 pmol/L /) N,N-—F
FE R, 13 A, B A AR, HA
B AN 8 equiv. FIBH S & (F,CN ", Cl, Br ,
I, AcO", H,PO,, HSO,, ClO;,SCN", BF,, NO;
(DY T 4R 20 , F 420 nm 1F R IRK, 5EIH
JSL P2 G S 1S .
329 WARATER

TEFUES T AN R R BE T W45 ¢ ' RS e it el v
o REE R BCE R 25 mL 20 pmol/L HHREHAW, /G
i) _E R RO AR VR I 80 uL 5000 pmol/L FA 9 5
T, FFRR U N 56 B 5 10 S AH B IR 2 R S i
F.
3.2.10 R4 R KM K

BB UEARET R KA 5 em, %4 1 em (KR4GS,
B J5 B iR R 2 IR N R ) N, N-— F 35 PR e v P (1.0
mmol/L)%) 10 min, HUH G E SR BT A [ B2 1 9
BT, e H G R AR AMT I g AR e
k.

B %L (Supporting Information) {547 A1~B3 i
'H NMR i S AR EE R 3849256 B S NMR i 52 250
X e R} AT DA A B AAAS T I 35 (http://sioc-journal.cn/) b
T
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