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UTLISN | XIERR - S Al — AL P ST S SRR i & B R H R iR B IR I Y
RIS

TxrE % B

(RFARZFALZEN T B B AL 211100)

WE B TSR R A A R T —FIE 204 T IX I 500 e % 5% Y6 4Lk (QBOP-lys), QBOP-lys e fel i ph W ihk—J6
T L 5 78 A ) PR R 2,08 5 M R AIE BE T R, A2 — R D-A MBI ekl % ekl i 45 Ml it T IR IR DA 4
i FRAE. 7E DMSO Wi, QBOP-lys 5 KM Ky 698 nm(FE/RE R %)y 5.9X 10* Lemol ' eem™), B A K53
KALTF 770 nm, Stokes MiFSIER] 73 nm, FGE T 7N 0.18. LAk, QBOP-lys B4 il 4 K i 1) — AL EE R 9k
HIF(QBOP-lys/Si0,), FEAKIE Bk B KALT 726 nm, Tt R T HRIEF T 0.33, #13 QBOP-lys L RIAEH
BUE S R AR IS 7 B B W U IR 20 6 SRR, 53— J5T0, QBOP-lys 104 FHT SGC-7901 4 o )i
F i g, ekt QBOP-lys 5 R R V4% (4 k) Lyso-Tracker Green 4L E AL REGE X 0.9. ML, ekl QBOP-lys 7F
SGC-7901 ZUMI i E 48 h ZJ5, MKARREIRFFRIF T E BB R, v ik T IS B (A8 BRARUE. 4kl QBOP-lys
B A S 36 5 200 i S 36E B, QBOP-lys J& —Fh =l %543 N AT St 4141 BODIPY ek,

KW D-A BB g, PRI T T SRR RGE A RN IELLAM T X B

Near-Infrared Quinoline-Fluoroborodipyrrole Dye: Synthesis and
Lysosomal Fluorescence Imaging

Wang, Lingfeng Qian, Ying*
(School of Chemistry and Chemical Engineering, Southeast University, Nanjing 211100)

Abstract A near-infrared region (NIR) fluoroborodipyrrole fluorescent dye (QBOP-lys) was synthesized through
Knoevenagel condensation reaction. The D-A configuration of the QBOP-lys dyes was conjugated by two p-morpholine
styrene with one 8-hydroxyquino BODIPY structure. This QBOP-lys dye has been characterized by NMR and high resolution
mass spectrometry. In dimethyl sulfoxide (DMSO) solution, the maximum absorption wavelength of QBOP-lys was at 698 nm
and its molar extinction coefficient was 5.9 10* Lemol™'*cm™', the maximum emission wavelength was at 770 nm and its
stokes shift was 73 nm. Besides that, QBOP-lys has been prepared as water-soluble nano-silica fluorescent nanoparticles
(QBOP-lys/Si0,). The maximum emission wavelength of QBOP-lys/SiO, was 726 nm in pure aqueous solution and the
fluorescence quantum of QBOP-lys/SiO, was 0.33, which made QBOP-lys have good near-infrared fluorescence emission
characteristics in organic solvents or pure water. On the other hand, QBOP-lys was also used for lysosomal imaging in
SGC-7901 cells, the colocalization coefficient of dye QBOP-lys with Lyso-Tracker Green, a commercial lysosomal green dye,
was up to 0.9. Besides that, after QBOP-lys incubate with cells SGC-7901 for 48 h, it could still maintain good fluorescence
imaging performance which could be used for long-term tracking imaging. The spectroscopy experiments and cell experiments
both proved that dye QBOP-lys was a very promising NIR dye in future application.

Keywords D-A type quinoline-fluoroboron dipyrrole; fluorescent nanoparticles; Knoevenagel condensation reaction; NIR
fluorescence imaging

UTLLAM T X% BE(750 nm~900 nm) [ 4 kb H 1) KM 5 J5 Sk A G R0, R edRET Ll K Sz 1%
WGP B (400~750 nm)FIFELR AR D 3, BiEd TRITENEAER. Rk, WA T KPR R AL+
ZUFBENELE . A E A BAMEAII G RO BT SR HAT, WHRTLA T XGeR B2 R Z H)I12E
SR, IXAER I LA AR B TR R S LS S O S A I B S AR N b
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REMERE G, NHTZ2A 000, My 2-25k-2-
HA-D-H EPHDG)EREZ A, WU TREEZ K, 5
TR R A M B 2 J, AT DA R B IR ET P 5
BRIABE W 3 Cys-C(O)-Glu(SCE)i&E#: 2 Ja, nILH T
i 47 e RS S D A 1), mal s 2 ekt el T
PATESGHR T P2 AR B RS 5, P DA R B2 N T 680 )1 2%
MEERGIN TR N TR AN EEAT SRS IS 35S ~PAY SRt
% W B FLAE G5 M) A L 2 M AR e P S IR AR . pHLL B R
D2 RIS, T HL5% % B e R AR A B
e, R —FE R LA T X B SRz il T 9 e e
AT 7T ) EE AT

BODIPY JRbE —Fiot 2=V B 5 i A= ) 98 b
U728 SR [ S T, FRATT41/E BODIPY %
BEAFAL S AT TR Z 840, EEAFEU T =40
[ 7EH 8 7 5] NN F IR B 21, 1EN ROS £
BHUSSIRR AR AR AT 20, BRG] N6 TR WK EEIRETET, 18
2, 6 il Sonogashira [ N 5| NFEHELE R, 1EAXOE
TG Y RPN el 51 N R E A R T RO i B,
FEH: 3,5 P i v L R R A ROSGE R SRR S5 R, A
L K IE K B2 A B US B R, IR K B
BODIPY Juf} Rl it P K840, R Skl
KEZAET] WX A7 1R /> BODIPY ki) Ak 5t
Kfgiid 700 nm!™,

BT UL EAAER R B i T — PR R 404 1 X
ekl QBOP-lys. Ul Scheme 1 ff7s, QBOP-lys 243 Jilil
I 7E BODIPY BFZI 8 £ 5| NMEMKZE R, 7E 3,5 A5l
Sof ML RK 4 2, 07 A3 B 7). QBOP-lys I R Sk Kk 3 T ik
2040 1 XPB, 1 HEA R &R E T, AR,

Components

QBOP-lys JLhid 4 il £ R Y goK b, SEIL 7 HAE
gl K9 e R, B, QBOP-lys i % i Th i F 3]
SGC-7901 4t} PN 1 i Bl AR 2% 6 A5
1 RS
1.1 D-A ! QBOP-lys R BT S & BRIRRE

W 1 s, (55T, e m) S e ek
JeRIREZ ) 8 A 5] N F J 14 Ik 45 ) 15 31 FL - &5 g
Ik-BODIPY, #RJ&, [MH: 3,5 G A HL 745k 5o n ik 5
LIEFE, N33 D-A % QBOP-lys 4k}, —J7iH,
QBOP-lys JRFa] LUFF 3 D-A A4 L8 58 235 P 1) B
R, MWIMIEK BODIPY Yk & Sk, % —J5i,
TIEAE 3,5 751 N BV B E A1 3, (YRl B 7R
Pr e AL ThRE. TE5r T4 R IE J7TH, 40 Scheme 2 fT
N, B, M Riley FAb N, K 8-FR5E 2- FFE MBI A
TRRk 8-k memk 2-B%. AR)5, B “—Hx M HHS
TR . SR AR WUSURRR . — OB =kl
LR R AR R — A SR 65 e YRl IRR-BOP. f ), @i
SN S R AE A RN, R B TR D K S R 2
AR E R B IR-BOP (1) 3, 5 b, BRI L 4 X ekl
QBOP-lys. A1 [a]f& My A1 M, 1% 8 AH 24 3 SOk
2619 17 ik %, O TR R M 3% B 225 SCR[2 7]
B34, &) QBOP-lys it R RESHR 5 &
Iy HER RS ERAE, HARAEE B O 2 B
1.2 QBOP-lys FRIEBHLIAFIFILhK BT P AYIEL
MK SRR

WK 1a Fizs, QBOP-lys £ DMSO A i #5 KR e it

Integration

"Assemble”

o} N CHO

Lysosomal located group

(1) Synthesized a D-A type quinoline-BODIPY through Knoevenagel condensation

(2) 770 nm NIR-emission of QBOP-lys with ¢ was 0.18 in DMSO

(3) 726 nm NIR-emission of QBOP-lys/SiO, with ¢ was 0.33 in pure water

(4) Clear lysosomal fluorescence imaging in SGC-7901 (colocalization coefficient is 0.9)

E®R 1 QBOP-lys HI¥iHE S, MM R M ETEESH

Scheme 1 Design and structure-activity relationship of QBOP-Lys with its’ main parameters
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BIHE MRILX
Riley oxidation -
X Se0,, Hy0 N § o7 s
_ b AU B _ “-_o a Stokes shift = 73 nm 9x10
N oxane: o N” “CHO € 0.6 —_ -8x10° .
OH yield: 65% = 3
me 0.51 Ame= 697 nm - 7x10° g‘
= -6x10° @
"One Pot" reaction S 041 Qo
h g -5x10° €
b= i i 5 8
\H@/ 5 03 ax10° 8
c [ 3x10° §
(1) TFA, DCM, r.t., 12 h § 0.21 8
(2)TCQ,DCM, r.t., 3 h S -2x10° S
(3) BF 3= OEt, EtsN, r.t £ 0.1 [, 5 D
yield: 39% ° 1x10
E 0.0 I I L) L) T L} p
§° 550 600 650 700 750 800 850 900
Wavelength/nm
Knoevenagel condensition 1.4x10°
2 ' b o .
o N CHO . 1 2%10°- QBOP-lys/SiO, in water solution
(M3) 8 .
2 1.0x10°4
AcOH, Piperdine toluene g x
1 . 0,
reflux,12 h yield: 16% E 8.0x10°1
8
N N £ 6.0x10°
(/7 &3 2 4.0x10°
2 4.0x1071
0 QBOP-lys ¢ S
L 20x10° QBOP-lys in water solution
BxR 2 QBOP-lys HI& KLk
yaree 0.0 =

Scheme 2 Synthetic route of QBOP-Lys

KN 697 nm, HEE/REARECH 57X 10" Lemol '
em ' S5ULEK, QBOP-lys I K& S KALT 770
nm, Stokes fLFEHEIL 73 nm, W ETFURBIER T
0.18. XFH M QBOP-lys AH LT 48 1 4 5% 6 Y
BHIGI 2% ( @ =0.13) BA B s i Ot 177 2. 1A
7E QBOP-lys &G MM, Fo% i i A R 4
FREEARTGE (f Gilr 2140 Gk G| I 35 S AUAE G I T A
fasg, MHAE pH NF 5 B S0, 4K 5%
UL gbAh, @ IEAELIRIE Sk QBOP-lys il
B A EE R YK KL T QBOP-lys/SiO,, Ff Xf
QBOP-lys/SiO, 4 %147 7 HR-TEM. EDS LA J% DLS 3
fE, HRMELERIEH T QBOP-lys/SiO, IS 45 At
FE QBOP-lys e BRIRBRL, HF¥Ki12y 43 nm.
W 1(b) AR, QBOP-lys/SiO, 1 4l /KA & Fh I £L b &
WK 736 nm, ZOGETERER 0.33(HE4HDGTE
AR WR 1), (B2, ZidEFEK QBOP-lys/SiO, Tkl
L Wl A € A R D mpk R BR AE AR, PR A
QBOP-lys [ F| SGC-7901 4 fifd f) ¥ B4 ple A% 2 .
1.3 QBOP-lys £ SGC-7901 {AfaABRIAMAIILLI SN
RIRIG

o, MRSk TR QBOP-lys k4741 i
FFEMNR. 7240 QBOP-lys B > 20 umoleL ™' 4%
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720 750 780 810 840

Wavelength/nm

B 1 (a) QBOP-lys MWK TE (I8 1) 5 2 e R A i (40
EYOEM =5/5 nm, 1, =697 nm, WRIER: “HIEH); (b)
QBOP-lys/SiO, Il QBOP-lys £E£4l7K H f15% ¢ K& B it

Figure 1 (a) Ultraviolet absorption (blue) and fluorescence
emission (red) spectra of QBOP-lys (Slit=5/5 nm, 4., =697 nm,
solvent: DMSO); (b) fluorescence emission spectra of QBOP-lys
and QBOP-lys/SiO,

Insert graph: the image of QBOP-lys/SiO, (left) and QBOP-lys (right)
(Slit=>5/5 nm, Aex=690 nm/716 nm, solvent: pure water)

F 1 Ykl QBOP-Lys 5 -H LI EHIKKIT QBOP-lys/
Si0, AT S 4L

Table 1 Basic spectral parameters of dye QBOP-lys and silica
nanoparticles QBOP-lys/SiO,

£&"%/10°  Stokes

Compd. A"/ (Lemol~'e shift/ fan Py
nm e nm
cm ) nm
QBOP-lys in DMSO 698 0.59 73 770  0.18
QBOP-lys in H,0 716 026 @ — @— —

QBOP-lys/SiO, in H,O 690 0.46 36 736 0.33

© 2020 Chinese Chemical Society & SIOC, CAS

max

“ Aws is the maximum absorption wavelength, ¢™ is the molar extinction

max

coefficient at maximum absorption wavelength, An" is the maximum emis-

sion wavelength, and @r is the fluorescence quantum yield.

PER, dHAATSR T DLOREE 90 %L EA /7S 26, X%
W] QBOP-lys H A7 LU A& 48 e 25 1. 2R Jm, A A
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QBOP-lys St 41 ffg % B A4 i3k 47 52 S g 1™, el 2 o
Merge I8 1AL R BT 7R, QBOP-lys 5 Lyso-Tracker
Green X 2 Mo 375 g A4 32 00 HH 1R 47 1) 3 e A 3R 3 4h,
I3 Image pro plus 6 FAFXT B 2 Hp 3 8 6 ROR AT T
e REUTE, 45K QBOP-lys 5 Lyso-Tracker
Green(ZR (4RI BEAR G Bh 1 3L 58 AL R EU=E 0.9, T
H, 7EE 2 1) Merge 1@1E H br X 831 1) 2GRS
Err, ootimiE 5a0nmERIH 7 e N — 85, IE
8] QBOP-lys BA AL MF Mg e AR, e, &
Xf QBOP-lys TEAHMI A A5 fe VAT 75858, ik 3
PR, 9ekt QBOP-lys SAILEIFE 48 h ZJm, R
AR FRR AP B UG AR

M‘M\WWWM

Distance Pixel)

B2 SGC-7901 4L it s fr ifg
Figure 2 Co-localized imaging of SGC-7901 cells
Cell imaging of Lyso-Tracker Green and QBOP-lys on the green channel
(a) and the red channel (b); (c) cells in bright field; (d) (a) and (b) merged
images; (e) intensity scatter plots of co-localized imaging; (f) fitted
graphs of fluorescence intensity obtained from the target area of (d). Scale
bar=20 pmoleL ', green /red field excitation wavelength=488/640 nm

Red channel

Bright channel Merge

B3 QBOP-lys 7£ SGC-7901 4 )5 e A%
Figure 3 Fluorescence imaging of QBOP-lys in SGC-7901
cells
(a) Without dye, (b) incubate with dye after 48 h. Scan bar=50 pmol-L ',
Excitation wavelength=640 nm

2 g
EASCH, 8T Riley AR BODIPY “—#5/%
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JSL” DA B i S 5 AR A A RS R T — T LA T IX )
WGk QBOP-lys. QBOP-lys 44k} ) D-A #J7Af DL
C G R O R S NTR G = a4 1% S Sh iRAR A
TIX, 3,5 07U B AR 2 o7 3830 1T DA Ak el 78 77 il
P H 8 AL AR FEUTLLAM G T 7 T, QBOP-lys it
ZL AN R R ST K IEE] T 770 nm, Stokes {7 ik F] 73
nm. QBOP-lys )5t ik 2] 0.18(M Mk £1 1)
@p=0.13), A AAERN—FhB B 2o 4h e Je ekl 1k
Gb, AR R QBOP-lys il £ ik — 48 AL FE 4 K ki 1
QBOP-lys/Si0,, SZHl T QBOP-lys fE 4li /K 1 & .
QBOP-lys/SiO, fEA/K I ) K ST 736 nm, %
HETFERIEENT 033, AN IRBHARAE 5 TH, 76
SGC-7901 4t Jfi P 1) ¥ il Ak 3 e for B e sz v, ekl
QBOP-lys 5\ iE A 44kl Lyso-Tracker Green (13558
R ZBEE 0.9, IEH T QBOP-lys B JE 5 4T (VA B4
SERLRR. IEAN, Hekl QBOP-lys 54iIL[EIEE 48 h
ZJa, MARREIRFFIR I 1 2 e UG R A4 5258 5 41
L SEEGIE B T ekl QBOP-lys A& —FfakH 45 B F Al 5t
AT £E 4 BODIPY %4k}

3 IS
31 AWFISNEE

KRB SRR, Bely. WRSEREN. UG
fs OBEOROHE =R AR = Ol =AM Lk
1, 4- 25N KGR AimlE. & . VKRR |
LR OTE LW BREREAN . — NI E [ 254
R ERFA BR AR ToKEAEE. XK R, Ik
L E B ARG PR A AL 2-H - 8-FR R
MR A, SRR R AR I 2 AR
PR AT L DA R4 40 ) 6 2 A dr 4. 'H
NMR &£ BrukerAV-600 MHz 5 BrukerAV-300 MHz %!
SR SR EAS, HRMS fE4%[E Bruker Ultra-
flex-MAIDI-TOF Jiii{(a-HCCA A3E:f5, HP #i() L
M. AT IR ISOE T 7E SHIMADZU UV-2450 1%
AT WAy G EE R EWAS; %64 i Edinburgh
FIS-920 BZ AN E; 1 U XT-404 B 557
TN AR ST A &5 pH L pHS-3C BREETHINAS; 2k
A R 56 7 3 53R B 9O B RS (FLUOVIEW FV3000.
OLYMPUS) Fi#k4T.
3.2 QBOP-lys REHEKREIE R TTE

SRS R4 ML R ML 4% BRAR2H O )k 36 SCHR[26] 9 1)
Jriki g, RBIHEAR M #2808 225 SCIRR271 1 77V
il %

QBOP-lys il 8 /772 fENL PRI, ¥ M, (0.01 g,
0.26 mmol)5 M; (0.18 g, 1.28 mmol) I A 20 mL &
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MR

e, B HOMEE 110 °C. SRJE, BRI
FIE M CERFINRNE, 2 N F2E A4 B Dean-Stark %% B FR
F PSRRI RIIK, KRB RER 16 h. KB4
e, Wi 7% R AR RN AR (it Atk
F =& W5/ OB LBV - V=20 © DAEABeliEaT vk
fii, 793 QBOP-lys 30 mg, /*% 16%. A, m.p.
229~234 ‘C; 'H NMR (600 MHz, CDCls) &: 8.24 (d, J=
8.4 Hz, 1H), 8.07 (s, 1H), 7.51 (m, 1H), 7.50 (m, 1H), 7.49
(m, 4H), 7.37 (d, J=8.3 Hz, 1H), 7.20 (d, J=10.3 Hz,
4H), 6.83 (d, J=8.3 Hz, 4H), 6.56 (s, 2H), 3.8 (t, J=2.4
Hz, 8H), 3.17 (m, 8H), 1.19 (s, 6H). HRMS (ESI) calcd for
CuH4pBF,N5O, [M+H]" 738.3422, found 738.3437.

4B KL (Supporting Information) QBOP-lys fZ&AE
HAE . NN T GURRLT R £ 5 R AR L S 4 i
SIS R AN TR ELHE . X LR LT DL A B AR T I 355 (http:/
sioc-journal. cn/) I %K.
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