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THE  3-MEME RGN L% (3-Pyrrolyl BODIPYs)% )it gt Sk (&5 5 N R E A — B T U B2 ) . 3 H AT
1k, FERTA G BITES, #RTCEE G F A 25 K AL S SR, A T A — R A IR R R
=, WHKRE y2 MR RELR, RERERCED). PR FELZ KRR ML I DEL5 R, ST —
W1 3-pyrrolyl BODIPY. JEWIBEYE 5T S0 3% W H BAT SO AR IR RE, 28)5 ) SW480 4t AT 4B de iRz, WOk
FEIR R BT 7O R S5 AR B s FE T AE =l T P R A RIS EE O, Z-stack 45 SR 48 < FLAT 3 1 15 2 0 3 i 4
P2 37 P vT AIA 1 266 pm. 40 SE 50 1 16 3-pyrrolyl BODIPY A R AF M AEPAHZR M, & —FMEMR T R 9 Yy
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Green Biosynthesis, Photophysical Properties and
Application of 3-Pyrrolyl BODIPY

Ma, Cuiyun™  Luo, Hailan™™¢  Zhang, Fuhua™ Guo, Dan*

Chen, Shuxing” Wang, Fei**
(¢ Henan Engineering Research Center of Nutrition & Health, Luohe Medical College, Luohe, Henan 462002)
(® Food Laboratory of Zhongyuan, Luohe, Henan 462333)

Abstract The green synthesis and application of fluorescent dyes 3-pyrrolyl BODIPYs (dipyrromethene boron difluorides)
are important issues worthy of further research. Up till now, toxic pyrrole organic compounds cannot be avoided as substrates
in all synthetic methods. In this study, the target compound was synthesized by using prodigiosin—the secondary metabolites
of Serratia marcescens y2, a natural pigment of microbial origin. A new 3-pyrrolyl BODIPY was synthesized from the natural
pyrrole dimethyl subunit structure of prodigiosin. After the experiment of photophysical properties showed that it has the per-
formance of fluorescence imaging, SW480 cells was used for fluorescent staining test. The fluorescence imaging results of
Confocal laser microscopy indicated 3-pyrrolyl BODIPY can fluoresce in the three channels. The Z-stack results revealed that
the cell penetration of 3-pyrrolyl BODIPY could reach 226 pm in blue and red channels. The results of SW480 live cyto-
toxicity test also illustrated that 3-pyrrolyl BODIPY has good biocompatibility and is worth developing as a fluorescent dye.
Keywords Serratia Marcescens y2; prodigiosin; green biosynthesis; 3-pyrrolyl BODIPY; fluorescence imaging

F I v 465 #) (BODIPY) 2 H — i T 22 PEHP IR LSS5 (] 1, pyrroyl BODIPY #%0 ]
AP GEL D P IR 5 = SR B (BFs) 2% & 1 jl ). 72 gERL). ZAFR LS R BODIPYs X&) HAT RE M
ZACEIN SR, P IEE 55 7 RN BT 3 AT PIERPED), e N TR, BREEDL R ISR
B (B) J5 38 ae A7 B ARG 5 B A il — AR RE R 7S T3, BRI
5P EA B FLoeHErg 3R, AL MR K H 20 42 80 ALK, 3K BODIPYs [N H]

* Corresponding authors. E-mail: xiaohailuo1224@163.com; whovering@lhmec.edu.cn
Received April 20, 2023; revised July 11, 2023; published online September 15, 2023.
Project supported by the 2020 Central Government and Guiding Local Science and Technology Development, the Science and Technology Project of Henan
Province (No. 232102310335), and the Project of Luohe Medical College (Nos. 2015-S-LMCO013, 2020-LYZKYZD007, 2021LYZKJXMO017, 2022KJZD11,
2019-LYZTD003).
2020 4E 5] SO R R RE T W R A RIS (No. 232102310335) TR B4 55 5 R ER R (Nos. 2015-S-LMCO013. 2020-LYZKYZD007.
2021LYZKIXMO17. 2022KJZD11. 2019-LYZTD003) % Bhmi H .

T JL[F %5 —{E# (The authors contributed equally to this work).

216 http://sioc-journal.cn/ © 2024 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences Chin. J. Org. Chem. 2024, 44,216~223



Chinese Journal of Organic Chemistry

meso y
X N\
B

/7N a

F*F

Hdpm'BF3

3-Pyrrolyl BODIPY

Bl 1 BODIPY ¥« pyrroyl BODIPY #%.Lr. MW H 1| 55

BF;3 [ 2 ()44 0 B ArAt &4 3-pyrrolyl BODIPYs 45 #4
Figure 1 Chemical structures of BODIPY core, pyrryl BODIPY
core, the intermediate in the reaction between diphyrrolidine and
BF3, and target compound 3-pyrryl BODIPY's

YO, A SR EAT B — B BT T AL 7R
BE o A5 NS, & R 3-pyrrolyl BODIPYsLEH
BRI S R K B osE 7o R U LT
FIAEIA M. BH3EE Invitrogen AE AR A B A
BF% A pyrroyl BODIPY (] BODIPY 576/5891, [RELAl
S PR B R AN A ) AE 25 1 A AR AR AR, EA2
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3-Pyrrolyl BODIPYs JLA [1)& il 7 12 32 B2 S & Ak
o FLTCHURY) BODIPY, Fi5 Mt iiAT e Ri4100, B 4%
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LRV DR B R S MU A SR EY, A
— PRSI S E S AT SRR, NG i E, R
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Scheme 1 Green synthesis and applications of 3-pyrrolyl BODIPY
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Figure 2 Absorption spectra of PG from tube I (curve a) and the upper layer of tube II (curve b) (A), and MS analysis of the extracted

product from the host cells of Serratia marcescens y2 (B)

HRTHESEMERE. NEFTLEY, EEM
HEEKZHBL T KRER A GAEY), TERET PG A
i), MBS OETN TR, BHERUEN. XIE T
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FEALSEAIRE 0 —139.9 & —139.7 MIREHEILHR i
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W 5 3-pyrrolyl BODIPY ZEHI22. M€ & Ml &
Vi) B AALE R, AT AT DL S SR 4 ) R A 4
NOESY (nuclear overhauser effect spectroscopy) it >k it
ITRAIE. ikl 3 P, W] LLE R B R R T B
AR, 5 B H R A —AMNESRIAH K
W, 4 FIE R & Lo N &4, 6 o-H AL C 36
AN 2= M B 0 R B AR B AL A A B A
3-pyrrolyl BODIPY (1-H1%(Jk-3-ntng H-5-F1 Je-6- b
- A - kg F ).
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Figure 3 Partial enlarged NOESY spectrum of 3-pyrrolyl
BODIPYs
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Figure 4 Absorption spectra of 3-pyrrolyl BODIPY (A) and
fluorescence spectra of 3-pyrrolyl BODIPY (Zex=1550 nm) (B)
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e, . 4FE. LB 3-pyrrolyl BODIPY ¥k I1
W 58 B 73 2 SRR TR BE IR 91% 97% 92%FH 99%,
BITE 90% LA b o o vl EE L S T R R B R
3-pyrrolyl BODIPY V& %A Bl [A] (A2 A0 i 284k, %
FE B BN AT, IR 3-pyrrolyl BODIPY [
PP Y ) L % e i P T B 1) () 24k R 550
nm, 500 s J5 2GR ERAUN 5%.

zi LRTIR, RS ROE B A 3-pyrrolyl BOD-
IPY T2 dg et 7 He AL, /i T gt
I T #E4T T 3-pyrrolyl BODIPY 4 il #5112, inf&l 5
Fiias, ANFEHEE R 3-pyrrolyl BODIPY AbFRAH I 48 Al 72
h G, HYIifEim R 50 iA 2 Mg E R, X%
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Figure 5 Effects of 3-pyrrolyl BODIPY on the cell viabil-
ity of SW480 cells
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il FHAZ IR YL k) 4'6- — JRIE-2- 2K FE | W (DAPD) 5 3-pyr-
rolyl BODIPY X} SW480 #4T (4. *fLLKEl 7A. 7B, 7C
ATLESR], K 7A Paiz(A B E kA GO0, 40
HmR A k. B 7B 7C HR AL (A k) A B
WA, W 3-pyrrolyl BODIPY #E-5 445 A,
e SRS E. )5, [ Z-stack WK T 3-pyrrolyl
BODIPY W LAFEA s B O GIREE. W& 8 iR,
EUGARIR BEAE 4 MR B2 3G 0, B2 1 BT 52 30 H R A [
LB OEERE, J2H MBI EAN 14 um. 7615 GIEIE
1, 5T R DAPL G4k BAE 0~266 pum 7R H 580
FtE, 3-pyrrolyl BODIPY 7£ 14~252 pum VR N 7.
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Figure 6 Confocal fluorescence images of 3-pyrrolyl BODIPY in SW480 cells
Aex=405 nm, Aen =410~513 nm (A); Aex=555 nm, Aepy =566~697 nm (B); Aex =488 nm, ey =493 ~556 nm (C); white field (D); merge (E)

B 7 3-Pyrrolyl BODIPY 5 DAPI 7E SW480 4 il H XU 4L i 3L R £ e BB
Figure 7 Confocal fluorescence images of 3-pyrrolyl BODIPY and DAPI in SW480 cells
Aex=405 nm, A, =410~513 nm (A); Aex =555 nm, ey =566~697 nm (B); A, =488 nm, A.,, =493~556 nm (C); white field (D); merge (E)

E8 WEiEiE N 3-pyrrolyl BODIPY £ SW480 A Z-stacks CLSM(HGHIHH 3L 3 £ B A ) %
Figure 8 CLSM (Confocal laser scanning microscope) images of Z-stacks of 3-pyrrolyl BODIPYs in SW480 in blue channel
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M4 0EE 540 ARIE N Z-stack SZIGSE R BoR, A LL
fE 0~266 pm FEIRHZOE. PLESERULA 3-pyrrolyl
BODIPY wJ PAE A4t B 2 6 i g Gekhidt 47 AW A%

2 Zhig
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¥, &R T 3-pyrrolyl BODIPY % 4ukl. ilid kit
S el g, Z0AMRISOBTERE(IR), HE AT NOESY
B A RIEAT T RAE. AR P 0 B KR e K1)
£ 559 nm L b, BEIRWE O F 8 i m T LIS 21 101590.91
Lemol 'sem !, BT =R mN 0.37. SW480 AUzt
B A% 525645 2 W, 3-pyrrolyl BODIPY ] PAYE = iliiE
HHATDOE AR, AL IEIE 5 4 (i e (R B ] LAk
FI| 266 pm, J&—Fh B A B RE R 9L gk

3 SWES
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AVANCE I ##EFERACEIMNER; 204618 7E BRUKER
TENSOR 27 f EL-20 A i Bk, FiiEfE Agilent
1260 Infinity II Prime Ultivo HPLC-MS bR, &4 9
JRIELE Agilent 6546 Q-TOF ¥JF e A i, 4K 4h-
] WHEHELE Varian cary 100 2540 W23 656 B v
R WIEEREE_EIEHE FO6PRO il Bk, A9
ELB A 1 emX 1 cm; 4G 52560 BT OGR4
U N E Zeiss CLSM LSM700; #4 5 7E 208k
FHERACWRS-1B il & #56 RAER G WYA-2S $i7
B[ D1 Fr S AN £ 4 B B R SC IR 4% CCK-8 (Cell
counting kit) i 5] & Ui B F5 /£ Thermo Scientific Mul-
tiskan FC R4 L& .

ARSI AE FH BV I AR FIBR AR A Ui, AR B
i, B I7ERH A = k.
32 LWHE
32,1 RELZGRR

BT ARSI S FUEERERS), KRRV y2 7R
R FRIL(18 g/L 2FINE . 20 /L JERE. 1.1 g/L CaClys
20 g/L Biflg)H 28 C}EFE 24 h, ¥ 100 mL kRS
FFE(18 g/L FINFE 20 g/L BEME. 1.1 g/L CaCly)H ) 250
mL =i, BL 200 r/min [ AE 28 CHEI% 48 h.
R FREE R, 4500 r/min B0 10 min, 25 EiEWR, WEEDT
V€. HiEER CH:OH MAMAEIREL 10 min, FEIMA
CHCIL; 1 H,O $2HL, HEEHIK, HBPUEEE A, Jk
FEHAR, AT WA 66 BE T I0 I 5 € 3R 1 e KR
K (Amax), LC-MS (ESDll 5 Hop 15
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3.2.2  3-Pyrrolyl BODIPY (1-¥ & #-3-wt=g K -5-%
H-6- 2 H - = RACIN- —oenk T A2 6 A Ak

PG (1 mmol)¥& T 100 mL 7 CH.CL H, A =2
F(10 mmol), FFEZI FHFE 10 min. A)5, T 0 CF
{4 I\ BF3+Et,0 (10 mmol), 5 min Je KR E T2 30 C
JE RSB IS 4 he KK, ZEBOEGIEA NI, G
K MgSO,s T, i, WERRYE. 4 EHT (CH.ClL/ A1 i
B, V. v=1: 1000 ik &t AT aifh, %433
3-Pyrrolyl BODIPY 0.22 g, /=% 71%. 4 ¥ (ulE {4, m.p.
155.1~156.2 ‘C; 'H NMR (400 MHz, CDCl3) 8: 10.46 (s,
1H), 7.11~7.10 (m, 1H), 6.97 (s, 1H), 6.88~6.87 (m,
1H), 6.58 (s, 1H), 6.35~6.33 (s, 1H), 6.08 (s, 1H), 6.08 (s,
1H), 3.93 (s, 3H), 2.49 (s, 3H), 2.41~3.67 (t, J=7.52,
7.80 Hz, 2H), 1.56~1.51 (m, 2H), 1.35~1.31 (m, 4H),
0.92~0.88 (m, 3H); '*C NMR (100MHz, CDCl) &:
163.36, 149.11, 148.66, 130.89, 130.66, 127.45,124.75,
123.85, 123.85, 116.95, 116.52, 110.99, 96.51, 58.37,
31.63, 29.93, 25.77, 22.56, 14.08, 12.35; '9F NMR (376
MHz, CDCl3) 6: —139.89; IR (KBr) v: 3419.0, 2921.0,
1601.0, 1464.2, 1263.1, 1160.1, 1160.1, 996.8 cm !
HRMS (ESI) calcd for CooH,sBF,N;O0 [M+H]" 372.2059,
found 372.2061.

323 RAIEPE RN

FREL 0.0081 g ) 3-pyrrolyl BODIPY, ] CH,Cl, %
fit, FFERZE 100 mL, FLEK2X10 4 mol/L IEEK. A5
FEHL 200 pL FIEEE T 10 mL (AR BT, £ & kL
ARG, MAANFER, BRKERN 4X10°°
mol/L MAAE, e H AR AMR OGS, FERHE T 414
THE R IR % R0 (Eq. 1).

A=c¢bc (D
A SIS, ¢ REERIECREL, b2 St L R
A 1 em X 1 em), ¢ B EVIRIIRE.

TEYCRRE PRSI, 3 FHAS IR 77D, o ol T 13
JER 4X 10 ¢ mol/L HIVETR, M3 ¥ KN 365 nm 1484+
YT IESEIRS 15, 30, 60+ 120 min. 7EAS A 7475 B KK
W, IR R R (AR 1k

9 HERR W 2 VR OGO, ek b R B AR
R, A5 35 AT 2 SRS WUV I 1) 55 A W ST 4% i 7
0.02~0.0812¢), [k, BRI EEN 1076 mol/L [ it
TR, S I stokes (8. ACRRER R ET
FEE PN E LS P B B TG/K BRI (D= 0.49) MR
HERE, R AIA ST E (Eq. 2):

. I~AStd~n2

D= Drgyq —Ism‘ A'nsztd )

D Fl Prsia 73 HIAFIIFE S FUBRERE S IR 2O 817 %
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A T Asia 53 SN ERFIARE S RDRRUE RE S AR ORI KR
WG EE s TN T 53 RIS (ot FE AR AR 5 1 2 e i
s K nsa 23990 9 RE DI RE it VbR HERE i I8 70 AR T 53 2
Do ML INE =K, AR5 BT H1E.

324 mAngE

Y RE % EALIRMR Eagle B:3#(DMEM)H N
A 10%Jif2F 3% . 100 U/mL 72 £ A1 100 U/mL 85 %,
NG5 e 4 L (SWAB0) LT 14 (14 %5 8 2 P /1 4 i s 7
mH, BTN 37 C, & 5% CO, A 35 75246 55
7r.

O B B 1 SR A T AR SWA4R0 Al DL AL
2.4X10* AN/mL FFTE 96 FLEFFRIR Y, 4L 6 AT
B, T 37 C. 5% CO: RS FRFEHEE 3% 24 h. A5 FRIK
BN 10 pL ASERFE ) 3-pyrolyl BODIPY, {2434 FE 7
5124 0.05+ 0.5. 5+ 50 umol/L, PAANAN 3-pyrolyl BODIPY
AT HRAL, FUIMBE IR E N IR 4RaRRE R 480 72
h )5 RSN 10 uL CCK AW, 37 CWEE 4 h, FIEE
B G R IARUAE 450 nm Kb EROGAE. SHARAFE IS =
T A7 TS 2 A 5 (Eq. 3).

Cell viability =(4s— Ab)/(A— Ab) X 100% (3)
As REFESOOEE; A R IRAMRIESE; 4y 22 A

WAL AL SW480 AR ZE 1X 10
AMmL, BEFE 6 fLEF TR (A BAHE F), FEALImA
500 pL ZHAERE, FIIA 1 mL EkEE: IR 5 (DMEM)
TR, B FRRE T 37 CHI CO B - G 97,
48 h Jafekr 6 FLERFEMNEE IR, IINTERR 2Rz vk
(PBS)J&E 3 Wk, FIIA 500 pL 4 C v i [ 5 i (14
TENC b (1) 20 B35 48 18] 2 W B ), 4 °C [# %€ 15 min, PBS
SEPWETE 3 IR, IINIRER 2 pmol/L 3-pyrrolyl
BODIPY (B £ A 10 pg/mL ) DAPI) 20 pL, %8 N4
15 min, PBS ZEIETE 1 IR, THOEILRAETOLE
W R AT 2O A,

45 Bh A4 &l (Supporting Information) 3-Pyrrolyl BOD-
IPY SIS RS A TRE 22, AN R 7R Hh R DG i 5 3%,
RS, ERE. BRI, L. IR A1 NOESY 1%, Jtfase i
S g FEAE. IR LR RL AT DL A B AT R 35 (http://sioc-
journal.cn/) I R %,
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