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WE 8T Click R AT 2800 g - 500 i 5 A 8558 60 T 1-(2-(4-(1,3,5,7- T FH R G000 Ik s 25 ) R 4 2 ) &
H5)-4-(4-N-1E T JE-1,8-25 Wk W fi%)-1,2,3- = Me(NP-BODIPY), L& MM SRR MEILIREE « Wit Rkml DL A &40 9 i i
WfE. NP-BODIPY 177E M 2SIV Jii B 8 45 PR 2 U0l LR B8 B2 AR 2 [0 (10 70 F N s G IRBE B A8, 4% T sk 251k
P i - U0 ik % 75 % 4« Bl NP-BODIPY ) — (AL ik 2 S 44 K K 7 NP-BODIPY/SiO,, ¥4 N 50 nm, M E T
NP-BODIPY #4871 AT LR e K ¢ 6t 1. NP-BODIPY H AR FERS =5 Fh 58 AMT T 2 5841 (5.5¢h; NP-BODIPY [¥) THF #%
WEEFMG ORI, RICRIE 430 A1 510 nm ERUELEH, RIEETFHN 0.67, LINRILALT 366 F1 500 nm;
NP-BODIPY 7E & 7K &N 80% H,O/THF IR H R GHE, WONEFZER 0.39, mARNIEN T 510 nm. #H
5 NA A M(MCE-7) 3 R4k, 2GR Kb F1E N MCF-7 4058 N F:75 Wi 1% NP-BODIPY/SiO, % Y44 K ki T
FKMELE, RSFAH%, AEMAS, AAHE R, 7172 BT AR R PO .
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A Novel Fluorescent Dye Naphthalene Imide-Fluorine Boron Two
Pyrrole: Synthesis, Fluorescence Resonance Energy
Transfer and Cell Imaging

Shen, Baoxing Qian, Ying™*
(School of Chemistry and Chemical Engineering, Southeast University, Nanjing 211189)

Abstract A novel fluorescent dye naphthalene imide-fluorine boron two pyrrole 1-(2-(4-(1,3,5,7-tetramethyl fluorine boron
pyrrole)phenoxy)ethyl)-4-(4-N-butyl-1,8-naphthalene imide)-1,2,3-triazole (NP-BODIPY) has been synthesized by Click
reaction and characterized by "H NMR, '*C NMR and HRMS techniques. NP-BODIPY has the property of intermolecule
fluorescence resonance energy transfer from the naphthalene imide to BODIPY, the NP-BODIPY/SiO, nanoparticles was
prepared by positive phase microemulsion. In the test of the UV-vis absorption and fluorescence spectrum of NP-BODIP,
purple fluorescence could be observed under ultraviolet lamp when NP-BODIPY was in solid state, green fluorescence could
be observed when NP-BODIPY was in THF solution, fluorescence spectrum exhibited bimodal structure in 430 and 510 nm,
the fluorescence quantum efficiency of NP-BODIPY was 67% and the ultraviolet absorption peaks were at 366 and 500 nm.
The fluorescence quantum efficiency of NP-BODIPY in H,O/THF mixture solution is 39%. It has strong fluorescence when
water fraction is 80%, and the maximum fluorescence peaks are at 510 nm. When NP-BODIPY was co-incubated with michi-
gan cancer foundation-7 cells (MCF-7) cells, the fluorescent dye penetrated into the MCF-7 cells and could be clearly
observed. NP-BODIPY/SiO, nanoparticles exhibit good water solubility, size controllable, low cytotoxicity and good
biocompatibility. So NP-BODIPY can be widely used for biomarkers and fluorescence imaging.

Keywords Click reaction; naphthalene imide; BODIPY; fluorescent nanoparticles; cell imaging; fluorescence resonance
energy transfer
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26 & Y. BODIPY 4kl 7 TR B % i ik
AL Pk TR REHD BRI R B
s, 7 BODIPY HHA#EHT B RERIEM G, AT LIS 3]
HAB AL 2 F A 2OLIREEEB(FRET) SIS
(FTheerE ekl H §7 BODIPY #5732 B FF B TR ™),
DNA Hric 5l 5 LS 2 ER R . 20 M 12 1 A B
25451,

Zhu ZPOE T — KRBT FRET figEALi8M
BODIPY 4eklr¥, iXEejukl s+ HA D-n-A 45, *t
Zn’ BT AR R IR ThEE, ekl FRERIOLE
TR, AR IR SRR B DL R B R e R Tk S AR
R, AT 40 R AR AR AT BIR AT BN R
HURIE T —FhIE T2 7 N AT 5 RS (ICT) ML ) 397 AL
BODIPY ZKBH & T#REF, W LB R cd® &1, I
BT LLE L0375 X 3 5 I 20 i R 4% . R B2 i 41 B 1L
BODIPY ATHA, % BODIPY #E4T B GE A& i {3 W U
FUR S el B A 40 B 3 AE N BE s 2k, LU A B A
BODIPY AfEE A, &7 —FEENS ST T W 98
HIRAEBE B IOLH%E R L. Shao SOV E K T —F LA
BODIPY NERHAN) “FF-367 BIGeiRkEr, 1ZREN N
BERE, 5 HoS RBEIETHEFHFHZPET)E R
H, R RRHEEET, SRS B T35 40 .
JEA BN TU K 2, 05421 /E BODIPY RAEIALE, &
T — RY A REEFUROCAIE)YE R4 T, FH1E
T XA, RILZE BODIPY [ 5 SiEMEIU 2 2.4 5
7 HA R REF SO RATEE) . Zhao
205 BODIPY 7 it 17 HBEAG B B RE RIS, S T
X B AT R M Th AL ) BODIPY #7144, I H5 HeLa
Y R R R AL B 08 T A A

K% Meldal''?5 Sharpless 21310051l & L 1 4L,
(128 505 vty R IR IR S RL (AT R CuAAC) BLR, At
JERL Gy il &, OS5 I, PR ik B LT, PR
Gy A AR T R N R R A RS —
Taran Z: 7@ CuAAC R BA ARSI EDD, BEERIE
T CuAAC KB, ff FHT R &R UIIE R RN, X
S S A BE AT/ N R SR A, XCRT LA AL, A
82 T AR WA EE S . Seela 25U 5 X CUAAC &,
¥ Hisk DNA BEERA A 4, XAk E
A EENHME. Zhu ZHFIH CuAAC RN REF
PeRErE, FIARKTRREUC IR B B S W BEAT 5 1 s it
KL, KB 2o T A R, XY BB A R
KR, AR P2 SR BE Y % 5 BODIPY @it
s RN TA A, SEBLT UL BODIPY NREREL A, dE
TS0 e M RE B S AR ) 2 F N 9GS IR AR B A RS, AT
DL Hg” %S FRET LLRARER, FFMEE 74K
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1% . f% T Thilagar PPl 4-R-1,8-25 — H R T A1
BODIPY AJFERME L T HA &Mk, R
LAY R RES SRR A LIE AR, I+
S DFT SR IX MR =L T R, X
Fh B ZE R W S S L A A A B e ' e k) At
ARkIE.

ST ZEWE R 1038 A0 05, DARAE RT3,
AL TRAROT AW hRic P R 4 e 5 1 AR
S H B A B N AE, ASCR N-1ET 2E-4- 2 e -
1,8-25 “HIEL W AN 8-[4-2-B & L5 FE) K F]-1,3,5,7-
DU FA LGB %, #E Cu(DAMEAL R S23l T S &R
W 13- ISR B, A s T HA 25—
T B A Gk 1 NP-BODIPY, %45
F R 1 B, W T 44k 1 NP-BODIPY )44k
AT LIRS R R S, I T VY — e — L v 4y
BB TRREIIREEERBRIE. f£5KE 80%[1
THF/H,0 & R 4B & 7= %8 0.44. Jl i AR
WL T ek gk A RED e gRRL T, B ekl gl
Kb F ARG Gkl 2> F 52 IR ToK, R E & KEE
PRI, 5 T1&M, AVEEYELF. W% T NP-BODIPY
5 MCF-7 20 HaL A 54k o 76 3 SRR O B s i 4
MURSAR, TEZR 6N F U BT LTS T RS, 4 )5 nT B
T AEWbric. 299 BR 240,

B Hber= Y 2RI - ) — g e ' 7 1 AL 2 45 X
Figure 1 Chemical structure of naphthalene imide-fluorine
boron two pyrrole fluorescent dyes
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3. BE BRI Click SN TE S bl 1 R0 AR 1 5 771 Hp
FRREMURIEAT, A KZH T R, AT
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Scheme 1 Synthetic route of target molecule naphthalene im-

ide-fluorine boron two pyrrole fluorescent dyes
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W% Br-NP Wy e e . & 2a f1 2b 4050 K
NP-BODIPY 1 Az-BODIPY 7t THF H (45 4R AT IR i
Ko et S, B 2¢ & Br-NP [{J7E THF i 4k n]
DR K e e . ZEIE % 5% 6 06 Br-NP #1458 41 e
RN 428 nm, W HCIENT 502 nm; FUHH Al
GG Az-BODIPY [I%6GHE NI, 53kl
510 nm, RAM KN 500 nm; ZEFE IV iE -4 it
5 55 NP-BODIPY [ AN KRz T 366 Al
500 nm, ZIEHGUE EXELER, 2EIEN T 430 AT 510
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NP-BODIPY 7EANF 27K &1 THF/ZK IR S iAo K5
AN K FEAR LR FFANAR, 7E 366 A1 500 nm Fi 2 XL
U 2514, 366 nm P Kk NP-BODIPY {E THF/H,O &
BRI R R SHE 440 A1 510 nm P T 52 30 XU 25 H4.
34366 nm KK N NP-BODIPY fEAN A &K &
THF/H,O & R 198 606k DL & 510 nm %604
SEFERE AR E AR &S, HEEZ NP-BODIPY AfFE
/K& THF/H,O IR &2 68 /7. NP-BODIPY 7EAE
THF 1) 510 nm &R AETFF=HFN 0.67; F/KEN
70 %W EF RN 0.54, FKEIEF] 80%HT, BT =K
0.39. & S /KE I, 2 60650 B IR W 55, (27
IKEIBE] 70%), RIATIRE R, TERIMT T 2ILE
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ATE 4 57 (2SI 30 e~ U0 — nk g 52 A 5 M R o e el
TEANLEBURIGEIE (BB BRER  AEW GERE Siek
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b A

P 2 Tk i — R ks e Ykl NP-BODIPY 5
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Figure 2 (a) The ultraviolet visible absorption spectrum of NP-BODIPY and fluorescence intermediates Az-BODIPY in THF system,
(b) the fluorescence spectrum of NP-BODIPY and fluorescence intermediates Az-BODIPY in THF system (A =366 nm), (c) the ultravi-
olet visible absorption spectrum and fluorescence spectrum of Br-NP in THF system (L =428 nm) (Cyp.goprry=1X 107> mol-L "},

Caz-poppy=1X107 mol*L™", Cprnp=1X 107> molsL ™"

FLIRFE LM MCF-7 L[R5 EXGEE HL R R R
s N ALEE MCF-7 A% e . &l 4 2 MCF-7 46 fig
5964kl NP-BODIPY H:[FiF 4k J5 0t L R £ 5
G ) Je L GE B PBS 28 PR VR VR B IR U
MCF-7 411, I 1 mL PBS Z&38, SRJ5 I 20 pL
1 pumolsL™" {76454t NP-BODIPY, FL[E 1L 30 min
J&, FEBRL I v, FIEER PBS SR,
PN 1 mL PBS 22, WE MUK IKA 405 nm, W
KA (405+£20) nm, UL T8 3 5 A2 9% % BB 41
. o 4 (a) MCF-7 4 (1) 337 18 F, (b) 4 MCF-7
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BEAT DL O R AR . 25 TR 3 — SR e e 9% O e Rl
NP-BODIPY ] F T4 geta, AMbric I WAk
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BN (2- 2.3 CLFL) BEFA FR BE i B B9(AOT)/ 1E T % (BuOH)
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i BE(VTES) A 3- 3L 153 = 2 S8 FEiEE(APTES), 7847
PiFE 24 h, 5 F A4 0BT IS AT ) %45 31 A RE
PICOKKL T, Ykl NP-BODIPY #{ L ZE7E — Ak TEgN
KRiF A, HMER I Scheme 2 Fiows.
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Figure 3 Fluorescence spectrums of NP-BODIPY in THF/H,O
system with different water fraction and the tendency of the fluo-
rescence intensity at 510 nm. (Cxppopipy =107 moleL ™! A=
366 nm)

B4 ZEMEE U it 52 s 44kl NP-BODIPY 5 7L fiir
A MCF-7 Jt R AL A oL R A 9 S Y (a) MCF-
7 41 I8 s (b) NP-BODIPY i Ji5 1% 7 6 I8 75 (c)
NP-BODIPY #et J 483 SO LI A

Figure 4 Laser confocal fluorescence microscope photos of
NP-BODIPY co-incubation with MCF-7 cells (a) cells photo of
NP-BODIPY in bright field; (b) cells photo of NP-BODIPY in
blue field; (c) cells of NP-BODIPY in green field
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SRR, B 6 YR AR Kok T e 4l
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Scheme 2 Preparation process and structure of fluorine boron
two pyrrole-naphthalene imide composite structure dyes wrapped
by silica nanoparticles
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Figure 5 The TEM images of silica fluorescence nanoparticles
load with NP-BODIPY dyes
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Figure 6 The fluorescence spectrums of NP-BODIPY load with
silica nanoparticles in pure water and NP-BODIPY in THF/H,O

solution (the water fraction is 80%) ( Csio,nps =1.8X 10° mole
Lil, CNP-BODIPY — 1.0X 1075 mol'Lfl, )vex:366 nm)

2 #ig

ARLLL 4-7R-1,8-ZEEF IR IE 2 R SRR, Ji i
Sonogashira v PL K& Cu(DfEAL T SRS HRIERT 1,3-
BB IR N RSN B i T EL A OB i vt — 2R I S s 2
SRR YR T, Rl IR E S . R SRR
s S =7y P iR AE. WX T NP-BODIPY 454k 1]
DU RN e i, B NP-BODIPY HAT /> 1 W # 0t
HIRAE BRSPS, £ NP-BODIPY Jekl/r 7&K &l
RS, KW EKEAN 70% B THE/H,0 AR
NP-BODIPY 3 EARE N, ETUERN 0.54, &K
AN 80%HIARF, ETHHEAN 039. X NP-BODIPY

HHAT 7 AR A 5000, MRS SRR B ekl
Bk AR PRRL T AT LLSE A T Ak, HA
AR, JeklgRobl 7 R0+ 8 a2,
JURL YRR G180, $m 1 R e QR AE YA 2 1,
v 7 HAE A A B AU B YE . % NP-BODIPY
WA TS5 MCF-7 HLFIRAL, WAL R AR
BB N TR R, RS Sk aliE W AR, fE
5 N TR e 295 A 2 R AR 9K
RITF 7 4 B AT,

3 S
3.1 X5

'H NMR H BrukerAV-300 MHz FZREFEIRACINAS,
C NMR Hi BrukerAV-300 MHz # #3LIR G5, HRMS
rH 1% % Bruker Ultraflex-MAIDI-TOF Jii i { (a-HCCA A
Fe, HP BEAOMAF; LA -] WKL HE B SHIMA-
DZU UV-2450 BLUEKAMAT W73 SR EETHINAS, 261l
tH Edinburgh Fls-920 BB, R E 7/~ %
R W5 1R NS ik, B S o hwe&
(Aabs=490 nm, Ay =>515 nm), MIXEFEFFH 1 molL™" )
NaOH (25 C FEC#H) MR R 3. 40 M gk H 21
NP-BODIPY % 20 pmolsL™', PBS ZZ iRk E N
0.01 molsL'; MR EE AN TCS-SP8 RUFLI AL B
TBL.

SIS FE AT R 4-3R-1,8-Z5 I W H 1% B AL 2
BRI ABRAF], BT FH vk R 2 45 gl 3L
B2 AR 38 W 1 25 R B A FIE R A D, T
afi, fii ATt — Sk,

32 WHEFFERHMNE

LA S Ll = s s T ROR, HRA S
N Doy =(AJA)F/F)(ndn) Drs), Fet Drsy HZ LI
RHRT TR, FONRFIN SR, FoN
Z ISR TR, A, NS EBOLEE, 4, NFE
TIPSR, n AR AT 3256, ng NS HOIE R
(A5 %, 220 NP-BODIPY & TRckid e, ik

R RN 2R Skl K AR SO ARR T H e FRLE Ji

Table 1 Photophysical properties of fluorine boron two pyrrole- naphthalene imide dyes and silica nanoparticles

Compound A5 (nm)/e (10* Lemol 'ecm™) AR /nm Stoke’s shift/cm D
Az-BODIPY(THF) 500/1.85 510 392 —
ZE WV % (THF) 428/0.90 502 3444 —
NP-BODIPY(THF) 366/0.38 440

499/1.06 510 432 0.67
NP-BODIPY (V0 /Vigr=4 : 1) 367/0.53 453

500/1.06 510 392 0.39
NP-BODIPY/SiO,NPs 500/1.23 510 392 —
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BIKE

MR

BRI ER (Rabs =490 nm, Lew =515 nm)EAZEE. K45
Y52 LU BT N 0.05 724, AR5 5 MR o¢
HeRFEE, THEAR IR ER AN, HHEAE
FreZAA.
3.3 ZTEMUEERADKAFHIF LI

FX(2- .5 OB BRI TR BRI FR A (AOT, 0.22 )i
fEAE 10 mL 2 E K REE. 0 C, A T mH
IR 0.4 mL B S MR IE T B R K AL ) TEAH
ALK Z. # 30 pL 12 mmolsL™' NP-BODOIPY [f]
DMF RS IMNHFLBA R, #5 3 min 5K 0.1
mL O = 2 EFEREBE(VTES) N R NAR &, KR A
YIAE iR PPN 8 h G 10 pL 3-EEEHHE =2
AIETELE(APTES), =i FHHE RN 24 h. RN ARG,
A N IR R A AR B 128 8000~ 14000 [T 4 3%
POSENT 72 h, FHITHETRAE 5 C R
34 HHIZAIERARREE K
341 N-ETHEA-THA-18-FFELI G H) &

EN, (-4 F, % 0.50 g (1.51 mmol) N-1E T &-4-JR-
1,8-2Z5 — FIE % 5 0.20 g (2.0 mmol) (= A 58 e it
LT 15 mL =4, RE A 0.0137 g
(0.045 mmol) = (4B H E 2K IE) B, 0.0202 g (0.09 mmol )
FRAE, 0.0085 g (0.045 mmol)AAL VAR, RE A4 FE T s
FHRZE 80 C, BN 36 h, V45 JEAEIE =,
BN 15 mL KA BARSTH, 38, T8, A Erkda,
3B R AT A T 20 mL HEEH, 0.2
g SELER, fEER TR RBL 6 h, R4 )G
A SN R IR 20 mL, B AU AR EL(70 mL X 3),
B HUAHH KRR T %, HEM i, 5 025 ¢
Ey-NP, /=3 72%, # [ k. '"H NMR (CDCls, 300
MHz) : 8.65 (t, J=7.98, 6.66 Hz, 2H), 8.52 (d, J=7.53
Hz, 1H), 7.93 (d, J=7.56 Hz, 1H), 7.83 (t, J=7.77, 7.83
Hz, 1H), 4.19 (t, J=7.44, 7.32 Hz, 1H), 3.74 (s, 1H),
1.76~1.69 (m, 2H), 1.50~1.43 (m, 2H), 1.02 (t, J=7.29,
7.11 Hz, 3H).
342 8-[4-(2-&F R T AK)KRHE]-1,3,57- 09 F E-&
A — vt 7 (Az-BODIPY) #9 %] %&-

¥t 0.84 g (3.67 mmol)f] 4-(2-18 £, 58 IE) 2 F A
0.28 g (4.31 mmol)[¥] B & LA T 15 mL DMF H, =i
TFHREFIBEFE RN 24 h, TLC W52 R NERHE K, SR J5%
SN 15 mL vkKH, FH & HEA2EN(50 mL X 3),
AN TCKBR BN T4, Wk 2808, 19 0.68 g 4-2-&
B CE )R EE, Totaihiky).

7E 2.48 g (0.026 mol) 2,4- — FFEALIE, 2.50 g (0.013
mol) 4-(2-B &Ik LA KR 150 mL — & e

780 http://sioc-journal.cn/

© 2016 Chinese Chemical Society & SIOC, CAS

WHR, RN =R SRR IR TR IR, B 12
h, VBERAAR A B ARG R BRI 3.17 ¢
(0.013 mol) VY5 KRR, kSt M 12 h, F ARG
I 15 mL = 8%, $iPE 20 min F )5 R AR X,
TEVKAE N EREEMN 15 mL = 5AL 2Bk 28 &0, [
12 h. RMERE, RSB RKEKZ REEE, AHAHE
FTCKBRBREN 1, I8, e+, HENrdal, 15 134 g
Az-BODIPY, =3 25%, ZI[H{k. '"H NMR (CDCl,,
300 MHz) o: 7.18 (d, J=8.34 Hz, 2H), 7.01 (d, J=8.37
Hz, 2H), 5.97 (s, 2H), 4.12 (t, J=5.85, 5.85 Hz, 2H), 3.58
(t, J=6.51, 6.45 Hz, 2H), 2.55 (s, 6H), 1.43 (s, 6H).
343 1-(2-(4-(1,3,5,7-79 F 2 A A0 —ekeg )R A A
T #K)-4-(4-N-E T H-1,8-F Bt Bz )-1,2,3- =& (NP-
BODIPY) &) %] %

N, 47 F, 7E 0.14 g (0.34 mmol) Az-BODIPY, 0.10
g (0.36 mmol) Ey-NP [£] 14 mL — 5 Fke. ZEEAK KR
HVEFI TR AR 12 0120, I 0.0411 g (0.2075
mmol)FTIAR M FREAFN 25.68 mg (0.10316 mmol) L /K &A%
R4, RBEFIBEEE 5 min JG IO 1 mL = 2%, % EHEER
N 48 h. MNEEHREI 15 mL 7K, =& B 2EEL(30
mL X 3), AU JC KRB T4, 1L yEhe+ A E T
PRA[ Ve M LR LEE IR SR (Vv =
50/1), R;=0.5], 3 0.15 g NP-BODIPY, /=& 65%. £1{4
@44, m.p. 115~116 ‘C; '"H NMR (CDCls;, 300 MHz) ¢:
9.11 (d, J=7.89 Hz, 1H), 8.71 (t, J=4.86, 5.04 Hz, 2H),
8.27 (s, 1H), 8.05 (d, J=7.08 Hz, 1H), 7.86 (t, J=7.53,
7.47 Hz, 1H), 7.29 (d, J=7.71 Hz, 2H), 7.11 (d, J=17.5
Hz, 2H), 6.02 (s, 2H), 5.04 (s, 2H), 4.62 (s, 2H), 4.27 (t,
J=6.27, 6.63 Hz, 2H), 2.60 (s, 6H), 1.81 (t, J=6.30, 6.90
Hz, 2H), 1.65 (s, 2H), 1.44 (s, 6H), 1.05 (t, J=7.08, 6.75
Hz, 3H); “C NMR (300 MHz, CDCly) d: 160.9, 135.1,
134.0, 133.2, 132.2, 130.0, 129.9, 127.2, 123.8, 117.7,
69.0, 56.0, 52.7, 42.9, 32.8, 23.0, 17.2, 16.4. HRMS calcd
for C3;H3;BF,NgNaO; [M + Na] " : 709.2880, found
709.2818.

4 B #1 ¥l (Supporting Information) H Fr7=4) NP-
BODIPY #1761 7= Z M ik ik & Ak 5 H br =
W 45 R RAE BB . 3X S8Rk AT DL A 2 AR T I
(http://sioc-journal.cn/) I N #k.
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