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Synthesis of water—-soluble BODIPY dyes for
fluorescence cell-imaging and photodynamic therapy
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ABSTRACT

Synthesis of water—-soluble BODIPY dyes for

fluorescence cell-imaging and photodynamic therapy

Lim HeeJung
Advisor : Prof. Kim, Ho-Joong, Ph.D.
Department of Chemistry

Graduate School of Chosun University

Bio—-imaging has been developed and considered importantly in medical
field. Fluorescent probe is a useful tool for monitoring targets and
bioprocess in real-time. BODIPY dye is also fluorescent, and used in
biological application for fluorescence cell-imaging and photodynamic
therapy as a photosensitizer. Photosensitizers with low water
solubility form aggregation, and decrease photodynamic efficiency.
Therefore, we synthesized water-soluble BODIPY dyes. In order to
optimize photodynamic efficiency and improve water solubility,
hydrophilic polyethylene glycol (PEG) was chemically bonded. Because of
the binding with PEG, the BODIPY dye have high cell permeability and
bio-stability. We substituted halogen atom at the 2,6-position of the
BODIPY dye and consequently, the singlet oxygen generation efficiency
was increased by the heavy atom effect. And the styryl substituent was
substituted via Knoevenagel reaction and the light absorption in
near—infrared was induced. After methylation, the quaternary ammonium
salt compounds had mitochondrial targeting capability and increased

water solubility.
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Chapter |

1. Introduction

1.1 Application of BODIPY dye and PDT mechanism

Ol2 ¥ Mx 2XE EXIotJ| {8t fluorescence probell e & S5
A

IE-0|0| & (fluorescence cell-imaging of biomolecules)2 Xt&

AMZtez2 HH8 S ZLIHGILD 24ote d8et EF2 2y S
O| NOHe OTX =
[ R — yw— 4L /M

S0l tiet JtAN 28 MSotH 2Z=, T
(=] o

g2 Ololioll 2 JINWE oflmlt. dA =X2l €& Al

30N &

g, Jdell Hiot M Ol01& S %2 HES JtXD UL [1

BODIPY(4,4~di f luoro-4-bora-3a,4a-diaza-s-indacene) dye= AJ|& HX
0|0|& =202t ZY9st X2 (photodynamic therapy, POT)0 EE%I01 2 &M
gs 20 FUA2H, EE A0t 0IF0AM 2Ch. BODIPY dye2l FHOHL 2=
ety SOz HIE YHE, =2 24 S =, =2 88 24 =8
ot Zord M S0l UCH.[2, 3] £t &M (photosensitizer, PS)E &5t
0 24 AAZE(Reactive Oxygen Species, ROS)S MAs &= AJ| 20 &
A&t X = (Photodynamic therapy, POT)Ol E&& £ UCH. &Hs& X = (POT)
Of ¥HCZE =8 a BHEEO A, P= Jisd XE, 8L M
T HEd S0l A2H Ol0 2 A0t M QACH [4]

Z9st XS (POT) = 2EEMAESE MHAMZLEMN LHEE AMBAIDI= HI
ASH XZYOIH, T332 M e 24X 4 A0t Lottt

O M (photosensitizer, PS)

@22 (light source)

@4k (oxygen)
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Figure 1. Jablonski energy diagram

Figure taken from diploma thesis of Steve Pawlizak, 2009.

Short-lived singlet
excited state photosensitizer
4 S, - : ISC(intersysyem crossing)

Fluofescene : itizer Singlet oxygen
H : N [0

Phosphorescence

PS : i
So ¥ %4

Singlet ground state photosensitizer

=

Figure 2. Mechanism of photodynamic therapy
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2t & Ml (photosensitizer, PS)e ZLOHUXE S=otH Ht< &EH(ground
state)2l NIUE S LS AMHI(singlet excited state)E 2elCh.
Intersystem crossing(ISC)0l 2Jol ZZHe= S£ &S AMEH(triplet
excited state)z BISEICI. Y0l HEE AZs AMEHO 2ZH(triplet
state photosensitizer, *PS)&= HIS AEHS| AbA(ground state oxygen, °0,)
ot Bt & JHA REQ 2 BtES Shh. & EBtE2o RE | M=
electron transferOfl 2lofl c2tClzZ2 3S0/=201 A&, RE ||l A=
triplet-singlet energy transferOl 2IaH S8 AtA(singlet oxygen, '0,)
O MAEICH [5] A58 AA(%0,)2 2Z BHS0 Qo) MAE cUst shEs
A4S OHlotn XIg s4E LIEFHCEH.

Red/near—infrared dye= LEDs(light-emitting devices), optical
communications, dye lasers, Z12l1) bio-imaging S0l SE&Z0 Ecl AIE
S0 QUCH.[6] HIOIQ 2r&E, HIOI2 OI0I&, & dA Sez g24He
AN & g=2= MM ZHU A ZEAS 2o, ZAN AN
EESle S B2 082 XU,

28 XIZ(POT)0l Z&EXMZ AIE2E = e BODIPY dye= S X EIFEO
Mol &+ S201 £=ot1, SE2Z QoA MM WA AE EIF 24
otz S9 MEEO0l &Mt [7] HIE 230l 5= A2 D26t &
A5t XE WEUHAM EXSES =cl0XF, BODIPY dyel BIEHO0| 20| AISE™A
Ct. [8]

2 MM (Near-infrared, NIR) ZS0AM S=%= BODIPY dye= Z2H35 X
Z(POT)Ol M&st 2&HM0l, MXI| ABMEZHO therapeutic windowetd

=cl= 600~800nm B2l WEHUHAN =& FF

Collection @ chosun
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1.2 Synthesis of BODIPY core and characterizations

Ar

ArCHO e " 1.0DQ
— — =
NANH ot TRA N\_NHHN~Z 2. RsN, BF3+OEt

Figure 3. Synthesis of BODIPY core

Pyrrolelt acid chloride AFOI2l one-pot condensation reaction® 2|8t

borylation &0 BODIPY(Boron dipyrromethene) coredt MAEEILC},

1004 B)
: 7
E 075 e
5 g
o —_—
C 5
[=9

?g .50 §
F g
£ i,
5 o | Z
2 0.25

1,267

35 @ 0.00 . ; : .

8: meso 300 400 500 600 700 800

A (nm)

Figure 4. A) Molecular structure and B) absorption and emission spectra
of 1,3,5,7-tetramethy|-8-pheny|-BODIPY in DMF[9]

HdEHOZ BODIPY corell meso RIXI0 & 1N2|JF 2= BODIPY dyell
&40l %0l OI0{&ICH. BODIPY cores £E2 BIS4 38N [HllsAds

XD A0 201 el &2J12 “ys Sofl s S8 Y MZ2

RFE =2 €2 24 =8 A8 =X HOI0 2ot LEet

MOl BODIPYE= singlet excited state photosensitizer(S;)0lA triplet

state photosensitizer(T;)22 &O0IJF ({ECH. POTUHA Z2HE dNgs 4
StAI21D, triplet state photosensitizer(°PS)2l EAE ZIHAIIIDl Q&
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rno
ol

Fe S0l 2080 UCH

min

1.3 Halogenated BODIPY dye

sl&(fluorescence)dt CIEN & A2 XIH&= 212 (phosphorescence) 2
AE-AE ZES SoHM ShYE MEH(S)-aSE AEH(T)2E 201 AT OS
SOt CHE & AEH AMOIO LOECH CHE A8 O=S% &2 010t &
Ol HE ISC(Intersystem crossing, A2t WXh)et stCh

ISCE SIAIZB2EZM singlet oxygen 84 S8 SItAIIl= &8 = of
L= 22MstE S8t RFAH2 X2 ZE0ICH. BODIPY dyell bromine £=
iodine &X2l B ZEE2 spin-orbit couplingE FH&AIIILD, ISCE SOt
A2ICH. [10]

R
Br'(Elecrl'opl]ile): o N .
..—N\B/N /
7 OF
Figure 5. Brominated BODIPY dye

BODIPY dyeOll Br, | S2 20l= 23X 3 BtS2 &S X & BISo2

NECH IO S2EH BODIPYIL &Kz, M £F6 Br, 10l AKX

M2 ==206l0, EOG(Electron Donating Group)Jt UAS W A W MK =

SoHMA EtS 80l Sotetlt.
)b = M EtsS BIALIES HM BODIPY dye2l 1,3,5,7-?IXI2 E A0
N 22X AMotE 22, BODIPY dye2l 2,6-RIXI0A &MIS X Bt
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2. Experiment

2.1 Materials

Mg BIol g

—

010

s2 022 JIM otolAd XEEAJACE. Triethylene
glycol monomethy | ether (DAEJUNG) , Sodium  hydroxide(DAEJUNG),
p-Toluenesul fonyl  chloride(DAEJUNG), 3,4-Dihydroxybenzaldehyde(TCl),
2,4-Dimethylpyrrole(ACROS), p—Chloranil (Alfa Aesar
Triethylamine(DAEJUNG), Boron trifluoride diethyletherate(Aldrich
N-Bromosuccinimide(TCl),  N-lodosuccinimide(TCl),  Piperidine(ACROS),
Acetic acid(DAEJUNG), 4-(Dimethylamino)benzaldehyde(SIGMA) ,
lodomethane(DAEJUNG)S FOHGHOI A& ALSSHACH. & WM L2
compound?l PXE 242 Bruker AC-300 Spectrometer ('H-NMR, 300MHz),
Bruker AVANCE |11 HD-400 Spectrometer ("*C-NMR, 400MHz)E Soi 2UCH.
NMR &0i Chloroform-d= Cambridge I|sotope Laboratories, IncOlA =0HSH
O AME58IA20!, NVR peakl 3t&tA 01S2 part per million (& pom)22

&AL,

),
),

)
)
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2.2 Synthesis

NaOH

IRt N e o P Y W

Scheme 1. Synthesis of compound 1

o]

HO
H

%040@40
/G\\/\‘Q/\/Q\/\ms e . ﬁo g
\8 s

DMF, K;CO;

Scheme 2. Synthesis of compound 2

%0\4 : :, \q TFA, DMC

ii) DDQ/DMC, TEA(cat).
BF;-Et,0

Scheme 3. Synthesis of compound 3
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DMC, RT, 24hr

Scheme 4. Synthesis of compound 4

DMC, RT, 24hr

Scheme 5. Synthesis of compound 5
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DME, AcOH .,
Piperidine. 130°C == . —t

Scheme 6. Synthesis of compounds 6~8 (compound 6 : Ry = R, = H, compound
7 © Ry = R = Br, compound 8 : Ry = R, = |) & compounds 9~11(compound 9
© Ry =R, = H, compound 10 : Ry = R> = Br, compound 11 : Ry =R = I)

2.3 Experimental process of compound 1~11

2.3.1 Synthesis of compound 1

Triethylene glycol methyl ether(5.0g, 0.0305mol)& THF/H0(1:1) 90mL
Ol =011, O] 2HH NaOH(2.4968g, 0.0624mol)=S A20M EHIIGHRUCH. &
=22 ice-bathOll MAE =, Tetrahydrofuran 80mLOIl p-Toluenesul fonyl
chloride(7.2557g, 0.0381mol)E =¢! EHZ dropwiseE &HIISIACH. 0COl
N 12A12F S0 WBHAIZR LD BFE0l 2 S0l Tetrahydrofurangs MIHGHA
Ct. Dichloromethane?t =22 O0l&d = £ 2y 3Z20EDHIZ
MC/EA(50:1) BIZ2l S0HE ArE5t0 compound 12 Ze2lot0d YD, =5
E2 74.8% ULk,

'H-NMR Spectroscopy@ compound 1S &QIGHHCE. 'H-NMR(300MHz, CDCl3)

& 5.97 (d, 2H), 5.54 (d, 2H), 2.34 (t, 2H), 1.86 (t, 2H), 1.77 (m,
6H), 1.70 (t, 2H), 1.52 (s, 3H), 0.61 (s, 3H).

T
o
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2.3.2 Synthesis of compound 2
Compound 1(3.4g, 0.0107mol)Z N,N-Dimethylformamide 70mLOil =@l =
3,4-Dihydroxy benzaldehyde(0.59g, 0.0043mol ) et Potassium
carbonate(4.7227g, 0.0342mol)= €10 wWEAIZACH. Reflux condenser=
ot 90TOHAM  15AI12  Sob  BISAIUL. 2=
,N-Dimethyl formamideE HMIAGHRRA L. Dichloromethane?t == Ol

ux

ro
{0

0 =
ol

H
= ZY A2 0tENIIZ MC/EA(25:1) HIE2 E0HE AHESHN compound

28 Zclot 2oL, ==8=2 64.72% ULt

'H-NMR Spectroscopy@ compound 2 &QIGHCE. 'H-NMR(300MHz, CDCl3)

8§ 9.84 (s, 1H), 7.47 (t, 2H), 7.04 (d, 1H), 4.24 (m, 4H), 3.88 (t,

4H), 3.77 (t, 4H), 3.66 (t, 8H), 3.55 (t, 4H), 3.37 (s, 6H).

UL
M

2.3.3 Synthesis of compound 3

Distilled dichloromethane 120mLOIl compound 2(0.65g, 0.0026mol)S =0|
1 2,4-Dimethyl pyrrole(0.5107g, 0.0054mol)S £  WEHAIZLCE.
Trifluoroacetic acid 1222 &=20A FIIE = 12412 S
Ct. Ol S0l p-Chloranil(1.3199g, 0.0054mol)E €1 30& =t WEHAIXA
Ct. lce-bathOIAl &8l = Triethylamine(5.1732g, 0.0511mol) =
HOLGIACH. 302 =0 BFs'OEtg(BOFOH trifluoride diethyl etherate)2
dropwiseZ EIIGIARCH. OCOHA 10AI12F S0 BISAIZ2I = A20] ZH otA
Ct. Dichloromethane?t =& O0Ol8ol =£& = ZE AZ0tEDHIIZ
MC/Hx/EA(3:1:1) HIZ2l E0HE AMESIH compound 3E Zclot0d LW
+=SE2 22.73% ULt

'H-NMR Spectroscopy@ compound 32 QIS CE. 'H-NMR(300MHz, COCl3)

§ 7.01 (d, 1H), 6.85 (t, 2H), 5.98 (s, 2H), 4.22 (t, 2H), 4.13 (t,
2H), 3.92 (t, 2H), 3.86 (t, 2H), 3.67 (m, 20H), 3.39 (d, 6H), 2.55 (s,
6H), 1.46 (s, 6H).

dropwisex

H[[

_10_
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2.3.4 Synthesis of compound 4

Distilled dichloromethane 100mLOl compound 3(0.15g, 0.2313mmol)S
D WBFAIZECH. 0] S0l N-Bromosuccinimide(0.0988g, 0.5551mmol)S & D
= AR20M 12A12F SO BESAIZACEH. Dichloromethane2t &2 01 &l
st & ZY Z2AZOIEIHIZE MC/Hx(1:1) HIg2 S0E AESHA
compound 45 =clot 2HWYLD, =SE=2 60.87% UCk.

"H-NMR Spectroscopy2 compound 42 =QI5tRACH. H-NMR(300MHz, CDCls)

§ 7.01 (d, 1H), 6.80 (t, 2H), 4.22 (t, 2H), 4.13 (t, 2H), 3.92 (t,
2H), 3.86 (t, 2H), 3.66 (m, 20H), 3.39 (d, 6H), 2.60 (s, 6H), 1.46 (s,
6H) .

0

—_

ro
2l

M

2.3.5 Synthesis of compound 5

Distilled dichloromethane 100mLO{l compound 3(0.16g, 0.2467mmol)=
D WBFAIZCH. O 290 N-lodosuccinimide(0.1332g, 0.5921mmol)E & D
St = A20M 12A12F S BESAIZACt. Dichloromethane2t 22 0l & dH
2y D= O0LEHIIZ MC/Hx(1:1) HIE2 S0HE AME
compound 55 =2cIotH ZHHLD, =SE=2 72.73% ULk,

'H-NMR Spectroscopy@ compound 55 2tQI5HICH. 'H-NMR(300MHz, CDCls)

8§ 7.01 (d, 1H), 6.81 (t, 2H), 4.22 (t, 2H), 4.14 (t, 2H), 3.93 (t,
2H), 3.88 (t, 2H), 3.66 (m, 20H), 3.39 (d, 6H), 2.60 (s, 6H), 1.46 (s,
6H) .

(i

—_

i

HOd

ol

:
0
I
0

_11_
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2.3.6 Synthesis of compound 6

N,N-Dimethy|formamide  10mLOl  compound  3(0.16g,  0.2467mmol) 2t
4-(Dimethylamino)benzaldehyde(0.0883g, 0.5921mmol)S <10 SoHAIRC.
A2 M WEFAIIIHA acetic acid 0.2mLE dropwiseZ H It LCH. 102
20l piperidine 0.3mLE dropwiseZ HIISIUCH. 302 =0l Reflux
condenser£ &XIot) 120~130C2 20 M 6AI2 St BESAIZACH. BHE0I
Zt § 4222 AlGID N,N-DimethylformamideE HMHGHACH. ASQ
Dichloromethane2t &2 HexaneS AtEot IHZHot¥ LD, &S =clot
Of 2O{WUCH. Z¥ JZ0tEJHTIZ MC/MeOH(40:1) HIE22l E0HE AMEGH
compound 65 =clot UYL, =SE=2 27.67% ULk,

'H-NMR Spectroscopy@ compound 62 QI CE. 'H-NMR(300MHz, COCl3)

§ 7.52 (d, 4H), 7.24 (d, 1H), 7.01 (d, 2H), 6.87 (m, 4H), 6.70 (m,
4H), 5.98 (s, 2H), 4.23 (t, 2H), 4.15 (t, 2H), 3.92 (t, 2H), 3.86 (t,
2H), 3.66 (m, 20H), 3.39 (d, 6H), 3.03 (s, 12H), 1.51 (s, 6H).

2.3.7 Synthesis of compound 7

N,N-Dimethy|formamide  10mLOl  compound  4(0.14g,  0.1736mmol )2t
4-(Dimethylamino)benzaldehyde(0.0883g, 0.5921mmol)= ¥ 1 &6HAIZLCE.
A20M WEHAIZIHA acetic acid 0.2nLE dropwiseZ2 & IIGIAUCEH. 102
20l piperidine 0.3mLE dropwiseZ HIIoIAUCE. 302 =0l Reflux
condenser£ A XIot) 120~130TC2 2T 0M 6AI2E St BESAIZACH. 8BS0l
Zt § 4222 AlGID N,N-DimethylformamideE HMHGHACH. SO
Dichloromethane?t &2l HexaneS AtEot MHZHoR LD, &S =clot
Of dO{WUCH. Z8 JZ0tEJHTIZ MC/MeOH(40:1) HIE22 E0HE AMESH0
compound 72 Zc2Iot0{ 2L, =SE2 21.56% L.

"H-NMR Spectroscopy2 compound 72 2QI5tCEH. 'H-NMR(300MHz, COCl3) :
& 7.53 (d, 4H), 7.23 (d, 1H), 7.00 (d, 2H), 6.85 (m, 4H), 6.70 (m,
4H), 4.23 (t, 2H), 4.15 (t, 2H), 3.94 (t, 2H), 3.87 (t, 2H), 3.66 (m,

_12_
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20H), 3.40 (d, 6H), 3.05 (s, 12H), 1.50 (s, 6H).

2.3.8 Synthesis of compound 8

N,N-Dimethylformamide  10mLOl  compound  5(0.16g,  0.1777mmol) 2}
4-(Dimethylamino)benzaldehyde(0.0636g, 0.4265mmol)S <10 SoHAIZC.
S20M WEHAIIIHA acetic acid 0.2mLE dropwiseZ &J
S0l piperidine 0.3mLE dropwiseZ &EIIoIULCH. 30=
condenser& &XIGt12 120~130C2 2S00 A 6AI2E SOt BtS
Zt § 4222 AlGI1D N,N-DimethylformamideE HMIHGHALE.
Dichloromethane® 1t&F2| HexaneS AtEotd MHZEGIR LD, XS
Of SO{WUCH Z8 JZ20E2HTIZ2 MC/Me0H(40:1) HIZ2 S0E At
compound 85 =clot EHWELD, =SE=2 21.67% ULk,

'H-NMR Spectroscopy@ compound 82 &QIGHCE. 'H-NMR(300MHz, COCl3)

& 7.53 (d, 4H), 7.23 (d, 1H), 7.00 (d, 2H), 6.85 (m, 4H), 6.70 (m,
4H), 4.23 (t, 2H), 4.15 (t, 2H), 3.94 (t, 2H), 3.87 (t, 2H), 3.66 (m,
20H), 3.40 (d, 6H), 3.05 (s, 12H), 1.52 (s, 6H).

=

VI ]

[m)

z
M0

SIS
0

0
o o
2

u

2.3.9 Synthesis of compound 9

Acetonitrile 20mLOl compound 6 &0oHAIZI1, lodomethane 2mLE 2
2 S0oF WBHAIZICH BFE0l 24 = Z0H AcetonitrileS HMHAIZCEH
AZ0tEHIIZ MC/Me0H(35:1) HIE2l S0HE AE36H0! compound 95
Ot 2L, ==E& 63.63% AL,

'H-NMR Spectroscopy@ compound 9 =QIGHCE. 'H-NMR(300MHz, COCl3)

§ 7.87 (d, 4H), 7.65 (d, 4H), 7.18 (d, 1H), 7.03 (d, 2H), 6.87 (m,
4H), 6.07 (s, 2H), 4.23 (t, 2H), 4.15 (t, 2H), 3.95 (m, 22H), 3.66 (m,
20H), 3.39 (d, 6H), 1.52 (s, 6H).

Hﬁ Wk
o

E
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2.3.10 Synthesis of compound 10

Acetonitrile 20mLOll compound 7= &oHAlIZ|1), lodomethane 2mLE €11 2
2 Sot WBHAIZLE. BtE0l Y = S0 AcetonitrilesS MHAIZCH &
AZ0tECHII 2 MC/MeOH(35:1) HIE2 Z0HE AIEot0 compound 10S

clotl 2D, ==E2 50.43% RULCt.

H-NMR Spectroscopy@ compound 102 2QIGHRACH. 'H-NMR(300MHz, CDCl3)

& 7.96 (d, 4H), 7.65 (d, 4H), 7.24 (d, 1H), 7.02 (d, 2H), 6.83 (m,
4H), 4.24 (t, 2H), 4.16 (t, 2H), 3.97 (m, 22H), 3.67 (m, 20H), 3.40 (d,

6H). 1.50 (s, 6H).

=53]
=]
=
o

2.3.11 Synthesis of compound 11
Acetonitrile 20mLOll compound 82 &0oHAlIZ|1), lodomethane 2mLE E11 2
2 Sot WEHAIZLH. BtE0l Y = S0 AcetonitrilesS MHAIZCH &
JZ0tEHIIZ MC/MeOH(35:1) HIE2l E0HE AME6t0 compound 11
clot 2D, ==E2 53.62% RULt.
'H-NMR Spectroscopy@ compound 112 2tQIGHACH. 'H-NMR(300MHz, COCls3)
& 7.98 (d, 4H), 7.68 (d, 4H), 7.25 (d, 1H), 7.03 (d, 2H), 6.84 (m,
4H), 4.24 (t, 2H), 4.14 (t, 2H), 3.94 (m, 22H), 3.66 (m, 20H), 3.39 (d,

6H), 1.53 (s, 6H).

_14_
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3. Results and discussion

3.1 Theoretical characterizations and analysis

3.1.1 PEG(polyethylene glycol)

PEG(polyethylene glycol)sE S40l 20 otdAH0l YLD, MAHAE A0
FOHLID| 20 MHSE 20tHA el S8 AL, 2 ]I S0
Dichloromethane, Ethanol, Toluene S0l 2% & =J| S0 A==42 &

S0l sEHo2 BEE0 FSoHAH ASECH |
Eet PEGE NE FEFHY =840l Zotths HEO0l UACH. [ekA BODIPY

dye2t &l=& PEG chain® Z2&C=Z S22 x4, NME Fitd, dHAEE
=

Ct2kst BODIPY

[

A0| SFA=ICH, Fluorescence cell—imagingt POTOI Al L
S H S0l UCH.

) ~ N
AtN=—====NAr = m Rigidified Cyanine Structure
e
Cyanine Structure (TJ'
zig-zag edge (iv) zig- zag annulatlon

(i) fal- ‘i'f’_"_'!‘_'?“"’"{u) aza BODIPY Ly
a. ! meso \f : '

:x‘. . FE® <\_,NBN

. F2
(ii) push-pull and styryl BODIPYs BDI:‘}_IIPY W b]-annulahon

1 8 7
D s

3 4 5

s-Indacene

Figure 6. Structural considerations of the BODIPY core and the

schematic modification strategies toward NIR BODIPYs.[12]
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3.1.2 Halogenated BODIPYs
DichloromethaneE &0HZ At&EdotL), Triethylene glycol Ol Z&& BODIPY
o 2,6-<IXI0l g=d JAX(Br, [)E Z&AIHA Bromination ErHSIt
lodination BtES &g =~ UL
A

RS AEH(S)AEE MEH(T)S HOIS 20l AB UEEI} BHEEE
A

U Osk0 OE a8 #X01 HELHX E10 2H2 X0 2o A8 =K

Tt 23tElE 00 X &t (heavy atom effect)OICt. Bromine E£&=
lodine St 22 Zd JAXIF BODIPY dyell ZEEH, SAX S0 2
off sk AEI(S)-&=E AEN(T)22 MO0I(Singlet-to-triplet
intersystem crossing, ISC)Jt &Jt6t= S 4&S 2QIC [13]

mx

= 0(CH.CHLO)CH
,thH? 20)CH;
B

ey

=H
= DICHCHOICH,

= O(CHACH0)CH
- otcuicuﬁgy}g»-ﬁ

[

2D F2

X
Y
X
E
X
¥

A, =OCH;, Ry =H

A, = O{OC,H0),CHs, Ry = H

A, = Ry = O{0CH0)0H;

A, = R, = 0[0C:H;0ImCH, (n = ~12)

Figure 7. Structures of dihalogenated symmetric distyryl BODIPY
Photosensitizers for Photodynamic therapy.[14]

_16_

Collection @ chosun



3.1.3 Knoevenagel reaction
EX OIEO g2 XIANE I Xz si=

20l=
BODIPY dye2l E= II&2 JAZENA 2HALMK ZEOl Jiso

BODIPY dyeJt NIR(Near—infrared) IIECHHAN 22 E4 L =60 foHM

Knoevenage! condensation reaction® & &EAIZACH. Knoevenagel reaction2

Mo

acetic acid =M oStHIA =01 piperidine® BenzaldehydeE =251
carbinolamine S2tME HM Iminium ion0l AL H GHECH. BODIPY dyel
pyrrolic AXI0NA ZHAE ZA0|] Ldo{LtD 28 X 20 2Z(Strongly

electron—-donating group)@! Dimethylanilined|Jt XI&=ICt. Z2YUHO=Z

Knoevenage! reaction@= BODIPY dyell 3,5-IXI0l styryl XISXE
ft

H s;-conjugation systemES E&AIF|D HIESZ2O| 0|=(Red-shi

COtACH
\
P
=T ‘l\-} + HB*
w N N=/
/80 \ \
— i —_— —
/ P X B + HB
® @) Sl o
T - iR \ M
./N\ Jr-N B )J l ] —_—
N / S e = B H.0 + B
e N
a7 \
v
R {
\ J| _J:l"l Sy N
N TN n A J
L1 NN N= -~
TN A
[LANES Sl -
ST\ F o <\ L/
¢ 6} Ha ~ (/'““:j \““T/-\‘
— ) J ] LN NS
/ 8 . 7ot
—N HB* G F rs e
\ \L = // - W \Ir ! f
NS "I b
o PN
- / £ \
'x\'__ B
VA
()

Figure 8. Mechanism of Knoevenagel reaction
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3.1.4 Methylation

s/ 95 Al
Ct. Methylations Soll 2= = Ucs 4X 225 stg=2 & ot= POTO

A LML= Mitochondria—photosensitizationOl AN =28 LAZ &

CH.[15] =8 Methylation & MAE = 4x 22z Fol 2HGH, el &
24 H&A2 2ldl POI(Photodynamic inactivation)OlAl O|MEo| 2 st &
S0l M0lJ|I= StCH. [16]

3.2 Spectroscopic measurements
UV-Vis absorption2 UH5300 UV/VIS Spectrophotometer =&old &

4, Fluorescence intensity= F-700FL Fluorescence Spectrophotometer 2
ZZot 2UCH. E0H= HO, Ethanol, MC, THFE AISoIRH, s&k=
5uNE =EGIJACH. LR =Z(Fluorescence quantum yield, &f)2
HAMAMATSU PHOTONICS K.K A2l ABSOLUTE PL QUANTUM YIELD SPECTROMETER
C113472 AME0StH =ZoIUL.

_18_
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3.2.1 UV-Vis absorption and fluorescence emission spectra

(a)

—HNI

— Br-NI

— I-NI

Normalized Absorbance(a.u.)

T T T T
400 500 600 700
wavelength(nm)

—JH-NI
——BrNI
——INI

0.8 4

06+

0.4+

Normalized Intensity(a.u.)

0.24

0.0

T T T T T T L 1
400 500 600 700 800
wavelength(nm)

Figure 9. (a) Absorption and (b) emission spectra of water-soluble

BODIPY dyes H-NI, Br-NI and [-NI| in agueous solution
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Normalized Absorbance(a.u.)

[——]H-NI(water)
—— H-Ni(ethanol)
- H-NI(MC)

—— H-NI(THF)

Normalized Absorbance(a.u.)

500 600

wavelength(nm)

—— Br-NI(water)
—— Br-Nl(ethanoal)
- Br-NI(MC)

—— Br-NI(THF)

Collection @ chosun

550 I 600
wavelength(nm)
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——I-NI(water)
—— I-Nl(ethanol)
- |-NI(MC)

—— -NI(THF)

Normalized Absorbance(a.u.)

460 I 560 I G(IJO I T(IJO
wavelength(nm)
Figure 10. UV-Vis absorption spectra of (a) H-NI, (b) Br-NI and (c)

[-N| in different solvents

(a)
——]H-Nli{water)
—— H-Nli(ethanol)
H-NI(MC)
1.0 —— H-NI(THF)
ey 0.8
3
©
=
@ 06
(]
E
=]
& 044
w®
E
o
Z 024
0.0
T ¥ T L T L T L 1
400 500 600 700 800

wavelength(nm)
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——] Br-Nl(water)
—— Br-Nl(ethanol)
Br-NI(MC)
1.0 —— Br-NI(THF)
—~ 0.8+
=3
8,
=
© 064
8
=
gl
& o04q
©
E
[=]
Z 0.2
0.0
I T T T T T 1
400 500 600 700 800
wavelength(nm)
(c)
—]I-Ni(water)
—— |-NlI(ethanol)
[-NI(MC)
1.0 I-NI(THF)
—~ 08
3
<
=
T o6
Q
2
=
®
E
(=}
Z 021
0.0
T T T T 1
400 500 600 700 800

wavelength(nm)

(a) H-NI, (b) Br-NI

Figure 11. Emission spectra of

different solvents
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<H-NI>

A abs (nm) Aen (nm)
H.0 554nm 566nm
Ethanol 556nm 568.6nm
MC 560nm 573.4nm
THF 558nm 570.6nm
Table 1. Absorption and emission wavelength of compound 9 (Excitation
and emission slit = 5nm, 10nm)
<Br-NI>
Aaps (nm) Aen (nM)
H.0 568nm 578.8nm
Ethanol 570nm 583nm
MC 574nm 589.4nm
THF 570nm 583nm

Table 2. Absorption and emission wavelength

of compound 10 (Excitation

and emission slit = 5nm, 10nm)
<|-NI>
)\»abs (nm) }\oem (nm)
H.0 572nm 582.6nm
Ethanol 572nm 587.2nm
MC 578nm 592nm
THF 574nm 587.2nm
Table 3. Absorption and emission wavelength of compound 11 (Excitation

and emission slit = 10n

BODIPY= &Ed

dimers, oligomers &&=
=

(=Ne]|

=2 [ aggregate &

quenching &2 2 &

Collection @ chosun

m, 10nm)

0l=0l X2 A==
aggregatess

excimer formation2
= UCH. [17]

_23_

[}
g4

4 =42 o AU o

det0l
0

[y

ol

=L

UCH. MetA S04t

I &A3ck= fluorescence



3.2.2 Quantum yield measurements

®¢(%)(Ethanol) ® (%) (H:0)
H-N 35.9 5.8
Br-NI 17.8 1.4
|-NI 5 1.1

Table 4. Quantum yield of compound 9, compound 10, compound 11 in

ethanol and water

3.3 Photos of compound 9, compound 10, compound 11 under

365nm in different solvents

UV lamp= TNO4ALC 254nm/365 UV lampsS Al
Ethanol, MC, THF & AIEZ56IJLEH.

0P
ol
9
10
2
0
rr
T
S

Figure 12. Photos of (a) H-NI, (b) Br-NI, (c) [I-NI under WV

illumination (365nm) in water, ethanol, MC, THF

Final compound® H-NI, Br-NI, I-NI& =2(H0)2 $SIIEZ0H2! Ethanol,
MC, THFOI =¢I = 365nm IH&EUHIAM U lampE HIFAS M &0| LIEILI=
250ICH.
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4. Conclusions
=R MIZ-0]0|& (f luorescence cell-imaging) 1t 2 st =
(Photodynamic  therapy, POT)Ol MOl= excited triplet state

photosensitizer (°PS)= A4

s8¢l = ?lol 20 et =8 Sz
=2 NE S+ 550 7. 2 =84 Ale ZZHe SEME
ddoty Zd9st SE0/ ZOtXNAH EHH BHE SF0A s SHE A2
Ct. MetAd 2X2 22X HEsS Sl =240 NME FUES SIHADl=
gtd 80l 2ottt ZZMe 282 zHSAIDIL HHHS oAl

PEGylated distyryl BODIPY dyeE & 4oIACH. =2 &8 AL ENY,
=

_'
MAYHE LS A= PEGE ZElz =84S ZIHAIZCH. BODIPY dyel
e J

Intersystem crossing(I1SC) &O0IE SUAIZID| f5t0 2,6-2AX0 E=2H
XHBr, )& XISAIZCH. 238 X == BODIPY dyes= SEA 212
Oloff et &t e S50 SItotALH. E£8F, Knoevenagel condensation
reaction@ 2 styryl JIE XI&AHLD, O ZI mconjugation systeml &t
oz ZHqHUAY E+E SEotRUCH. HL0, Ethanol, Dichloromethane,
THF E0HE MESHH ZZ&™ E4= ZA6HALD 600nm £20A BODIPY
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5. Spectrum

'H-NMR, "™C-NMR spectroscopy

Figure 13. 'H-NMR spectrum of compound 1
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Figure 14. 'H-NMR spectrum of compound 2
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Figure 15. H-NMR spectrum of compound 3
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Figure 16. H-NMR spectrum of compound 4
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Figure 17. 'H-NMR spectrum of compound 5
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Figure 18. 'H-NMR spectrum of compound 6
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Figure 19. 'H-NMR spectrum of compound 7
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Figure 20. 'H-NMR spectrum of compound 8
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Figure 21. H-NMR spectrum of compound 9
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Figure 22. 'H-NMR spectrum of compound 10
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Figure 23. 'H-NMR spectrum of compound 11
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Figure 24. "C-NMR spectrum of compound 9
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Figure 25. "C-NMR spectrum of compound 10
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Figure 26. "C-NMR spectrum of compound 11

_39_

ICollection @ chosun



6. References

[1] Roopa, R., Kumar, N., Bhalla, V., & Kumar, M. (2015). Development
and sensing applications of fluorescent motifs within the mitochondrial
environment. Chemical Communications, 51(86), 15614-15628.

[2]UIrich, G., Ziessel, R., & Harriman, A. (2008). The Chemistry of
Fluorescent Bodipy Dyes: Versatility Unsurpassed. Angewandte Chemie
International Edition, 47(7), 1184-1201.

[3]Loudet, A., & Burgess, K. (2007). BODIPY dyes and their derivatives:
syntheses and spectroscopic properties. Chemical reviews, 107(11),
4891-4932.

[4] Agazzi, M. L., Ballatore, M. B., Durantini, A. M., Durantini, E.
N., & Tome, A. C. (2019). BODIPYs in antitumoral and antimicrobial
photodynamic therapy: An integrating review. Journal of Photochemistry
and Photobiology C: Photochemistry Reviews, 40, 21-48.

[5] Gibbs, J. H., Zhou, Z., Kessel, D., Fronczek, F. R., Pakhomova, S.,
& Vicente, M. G. H. (2015). Synthesis, spectroscopic, and in vitro
investigations of 2,6-diiodo-BODIPYs with POT and bioimaging
applications. Journal of Photochemistry and Photobiology B: Biology,
145, 35-47.

[6] Kajiwara, Y., Nagai, A., & Chujo, Y. (2011). Red/Near-Infrared
Light-Emitting Organic-Inorganic Hybrids Doped with Covalently Bound

Boron Dipyrromethene (BODIPY) Dyes via Microwave-Assisted One—Pot
Process. Bulletin of the Chemical Society of Japan, 84(5), 471-481.

_40_

Collection @ chosun



[7] Dolmans, D. E., Kadambi, A., Hill, J. S., Flores, K. R., Gerber, J.
N., Walker, J. P., ... & Fukumura, D. (2002). Targeting tumor
vasculature and cancer cells in orthotopic breast tumor by fractionated
photosensitizer dosing photodynamic therapy. Cancer research, 62(15),
4289-4294 .

[8] Kang, H., Si, Y., Liu, Y., Zhang, X., Zhang, W., Zhao, Y., ... &
Liu, Z. (2018). Photophysical/chemistry properties of distyryl-BODIPY
derivatives: An experimental and density functional theoretical study.
The Journal of Physical Chemistry A, 122(25), 5574-5579.

[9] Agazzi, M. L., Ballatore, M. B., Durantini, A. M., Durantini, E.
N., & Tome, A. C. (2019). BODIPYs in antitumoral and antimicrobial
photodynamic therapy: An integrating review. Journal of Photochemistry

and Photobiology C: Photochemistry Reviews, 40, 21-48.

[10] Tang, C., Hu, P., Ma, E., Huang, M., & Zheng, Q. (2015). Heavy
atom enhanced generation of singlet oxygen in novel
indenof luorene-based two-photon absorbing chromophores for photodynamic
therapy. Dyes and Pigments, 117, 7-15. doi:10.1016/j.dyepig.2015.01.019

[11] Bahmanpour, A. H., Navaei, T., & Ahadi, F. (2020). Pulmonary
system responses to biomaterials. In Handbook of Biomaterials
Biocompatibility (pp. 653-665). Woodhead Publishing.

[12] Ni, Y., & Wu, J. (2014). Far-red and near infrared BODIPY dyes:

synthesis and applications for fluorescent pH probes and bio-imaging.
Organic & biomolecular chemistry, 12(23), 3774-3791.

_41_

Collection @ chosun



[13] Bassan, E., Gualandi, A., Cozzi, P. G., & Ceroni, P. (2021).
Design of BODIPY dyes as triplet photosensitizers: electronic
properties tailored for solar energy conversion, photoredox catalysis
and photodynamic therapy. Chemical Science, 12(19), 6607-6628.

[14] Awuah, S. G., & You, Y. (2012). Boron dipyrromethene
(BODIPY)—-based photosensitizers for photodynamic therapy. Rsc Advances,
2(30), 11169-11183.

[15] Pawlicki, M., Collins, H. A., Denning, R. G., & Anderson, H. L.
(2009). Two-Photon Absorption and the Design of Two-Photon Dyes.
Angewandte Chemie International Edition, 48(18), 3244-3266.

[16] Li, Z., Yang, X., Liu, H., Yang, X., Shan, Y., Xu, X., ... & Song,
Z. (2019). Dual-functional antimicrobial coating based on a quaternary
ammonium salt from rosin acid with in vitro and in vivo antimicrobial

and antifouling properties. Chemical Engineering Journal, 374, 564-575.

[17] Descalzo, A. B., Ashokkumar, P., Shen, Z., & Rurack, K. (2019). On
the Aggregation Behaviour and Spectroscopic Properties of Alkylated and

Annelated BoronDipyrromethene (BODIPY) Dyes in Aqueous Solution.

_42_

Collection @ chosun



Chapter |l

1. Introduction

NZ W S8 20129 2430 0IE2Ee0t= WX 2& AL MIEZ
APZ 1 ZHE0l ATH ME HHXE S=8cts A 0= IES=elots &
& 02 & 2 ds Mg, of M9 X8, AHZ0IE g4 st 228 %2

MelstHOoZ2 =st WHEO HOSHCH. iz

glycolysisOll CHSH D104, &2 CHAF &M, X8 S SHNZNHM OIEE2E
Otz =& JIsS UEUWI| 20 DIE2EC0E BEX2ZE ot A+
= ZQ0H HAMRCH.[2] 2 dHF0M=E SE6HH %ol
Fluorescent mitochondrial probes 2 Pyridinium groupOl & & BODIPY
dyeE dotAlt. DIE2EL0ts 2 HHAE IHAEZ Pyridinium
HoIE ol2d UIE2Z=CI0E deNoz EXE £ QUCH [3] Quaternary
ammon i um salt compound®l S0l Quaternized pyridineOl

SHHl EI0i, Ta f4d o =1t

Mitochondria-targeted moiety@ A <&

42 R20HE = UCH [4]

A

ZoHAstMOZ2 ESMH5E 0 2 AHXE-0/01& (fluorescence cel l-imaging)
Z9st XI=(POT, Photodynamic therapy)Oll A 22 XI(PS, Photosensitizer)
g M = QA= BODIPY(Boron dipyrromethene) dye2l &4 2SS AUHAES
2 2tChoifoF StCH 2l A ol Jisst &Y 222 ME6i g2 ¢
of MHEES 4T =+ UOOF StCH.[5] Wetd &0 2HE6tH ZMAQ &
o Z2E Sofl PDTR cell-imagingll A& = U= BODIPY dyeE & 4Hote

Y
M0l ERotC. 2 gF0MsE 2288 E40l HE HlwE ?IoH BODIPY
corelil anisolelt benzenell MZ CIE XI&HD ] =)
dyeOll Al phenyl 212l para ?IXI0 -0CHs, -H2l C+E XISJIE Qo Ecethl=
222 E4= =4AOHUL. 22T X 2E Heavy atom free BODIPY

dyedt DXl 2ZH(PS)2t 8 =& (Fluorophore)2A 2 S JHAl Jlss
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2. Experiment

2.1 Materials

A nipSysl BrEEe o= JIA SOl A ZHE| AL,
2,4-Dimethylpyrrole(ACROS), p-Anisaldehyde(TCl), Benzaldehyde(DAEJUNG),
4-Nitrobenzaldehyde(Alfa Aesar ), p-Chloranil(Alfa Aesar),
Triethylamine(DAEJUNG), Boron trifluoride diethyletherate(Aldrich),
N-lodosuccinimide(TCI), 4-Pyridylboronic acid(TCl),
Tetrakis(triphenylphosphine)pal ladium(TCI), lodomethane(DAEJUNG)S 0N
ot AE0l ArESotCH &d UHOUAM 2 compound® HX =242
Bruker AC-300 Spectrometer ('H-NMR, 300MHz), Bruker AVANCE |1l HD-400
Spectrometer ("C-NMR, 400MHz)E o 2 QUCH. NMR 20§ Chloroform-d=
Cambridge Isotope Laboratories, IncOlAl —0HSIH AtEotA 204, NMR peak

O gl&tA O|=S2 part per million (& ppm)2 2 S AULE.
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2.2 Synthesis

- . n
zoj F}I\‘g‘—R,TFA,!\ﬂC

ii) DDQ/MC, TEA(cat).
CHO BF,EL,O

Scheme 7. Synthesis of compound 12

Scheme 8. Synthesis of compound 13
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Ni;}}—mOHb

K2CO4, Pd(PPh3)s

Scheme 9. Synthesis of compound 14

Scheme 10. Synthesis of compound 15
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i

& \ﬁ—i , TRA, MC

ii) DDQ/MC, TEA(cab.
CHO BFyEt,0

Scheme 11. Synthesis of compound 16

Scheme 12. Synthesis of compound 17
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N D—g(oH),

K2CO3, Pd(PPh3)s

Scheme 13. Synthesis of compound 18

Scheme 14. Synthesis of compound 19
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2.3 Experimental process of compound 12~19

2.3.1 Synthesis of compound 12

Distilled dichloromethane 120mLOil p—Anisaldehyde(0.8169g, 0.006mol)=
=0l 2,4-Dimethyl pyrrole(1.2g, 0.0126mol)S Y1 1WEAIFLE.
Trifluoroacetic acid 1~22=S &=20AM FIIE = 12A12¢
Ct. Ol &40l p-Chloranil(3.0981g, 0.0126mol)2 £ 302
Ct. lce-bathOlA Al8l = Triethylamine(12.14g, 0.12mol)E dropwise&
Jol¥CE. 302 =0l BFy0Et,(Boron trifluoride diethyl etherate)
dropwise2 EIIGIALCE. 0COUIAM 10AI2F SoF BtSAIZ2I = &20] ZIAH &t
Ct. Dichloromethane2t == OlEol F&£& = ZE DAZ20tE10dH
MC/Hx(2:1) HIE22 E01E AEdt0 compound 125 =F2Iot0f LD
E2 34.51% ULk,

'H-NMR Spectroscopy@ compound 122 =QI5+RCH. H-NMR(300MHz, CDCls)

& 7.14(d, 2H), 7.02(d, 2H), 5.97(s, 2H), 3.86(s, 3H), 2.54(s, 6H),
1.40(s, 6H).

S
<

O O
=
o]

e
S|
rT 0o
=
&

el

Jn Hu 2 mo o

4

2.3.2 Synthesis of compound 13

Distilled dichloromethane 100mLOIl compound 12(0.45g, 0.0014mmol)E &
D WBFAIZCH. O 290 N-lodosuccinimide(0.6029g, 0.0034mmol)S & D

—_

st & AM20 A 12A12 SOt BIZ2AIZCH. Dichloromethane?t S 0|26 =
£t £ ZE AZ[0IEIDNIIZ MC/Hx(1:1) HIES =202 AI=25tH
compound 132 &cIot EHYULD, =SE=2 64.53% L.

'H-NMR Spectroscopy2 compound 132 =tQIGHACH. 'H-NMR(300MHz, CDClg)
& 7.13(d, 2H), 7.05(d, 2H), 3.89(s, 3H), 2.60(s, 6H), 1.43(s, 6H).
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2.3.3 Synthesis of compound 14

Compound  13(0.2g,  0.3906mmol)1t  4-Pyridylboronic  acid(0.12g,
0.9765mmol)E2 £ &0 THF/HO(6:1)2  =RUCH.  Ko05(0.5291g,
3.8279mmol), Tetrakis(triphenylphosphine)palladium(0.018g, 0.0156mmol)
= <231 80TCOHAM 10AI2F =S¢t Reflux Al2I = &=201 ZAH SFULCEH.
Dichloromethane?t == O0Ol&o F=g = ZE JZ20EJHIZ
MC/Hx/EA(3.5:1:1) HIE2 SOHE Ar205t0 compound 14E Zelot0d 2O
1, =5S82 26.12% UL,

H-NMR Spectroscopy@ compound 14Z 2QIGHRACH. 'H-NMR(300MHz, CDCl3)

& 7.20(d, 4H), 7.11(t, 2H), 7.05(t, 2H), 3.89(s, 3H), 2.54(s, 6H),
1.38(s, 6H).

2.3.4 Synthesis of compound 15

Acetonitrile 20mLOl compound 142
22 =0t WBHAIZCH 2t30| ZY

ZoiAI2112, lodomethane 2mLE €1
= Z0H Acetonitrile2 HMAAIZICH Z
g JZO0LEcHIIZ MC/MeOH(35:1) HIE2l SOHE ALESHO compound 155
ZelotH YLD, =SE2 64.43% UL

'H-NMR Spectroscopy@ compound 155 2QI5HACH. 'H-NMR(300MHz, CDCls)

& 9.17(d, 4H), 7.76(d, 4H), 18(d, 2H), 7.09(d, 2H), 4.63(s, 6H),
3.91(s, 3H), 2.62(s, 6H), 1.49(s, 6H).
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2.3.5 Synthesis of compound 16

Distilled dichloromethane 120mLOil Benzaldehyde(0.2549g, 2.4025mmol)E
=0l 2,4-Dimethyl pyrrole(0.48g, 5.0452mmol)S <Y1 WEHAIRILCY.
Trifluoroacetic acid 122H=S &=20lA EItet = 12A12 S BISAIR
Ct. Ol M0l p-Chloranil(1.2405g, 5.0452mmol)= €1 30& S0t wBHA|
ZCh. lce-bathOlA A8l = Triethylamine(4.8672g, 0.0481mol)S
£ HIIotRUC. 302 =0l BFs0Et,(Boron trifluoride diethyl etherate)S
dropwiseZ EIIGIRUCE. 0COHIA 10AI2 St BISAIZI & &20] ZH oA
Ct. Dichloromethane?t == O0lEdf F==& = ZE IAZ0tE0HIIZ
MC/Hx(2:1) HIE2 E0i1E AF25dt0 compound 162 =22lot0 LWL, =S
E2 30.75% %UCt.

H-NMR Spectroscopy@ compound 162 2tQI5HCH. 'H-NMR(300MHz, CDCl3)
© 8 7.48(t, 3H), 7.29(t, 2H), 5.98(s, 2H), 2.56(s, 6H), 1.37(s, 6H).

m

=

dropwise

2.3.6 Synthesis of compound 17
Distilled dichloromethane 100mLOfl compound 16(0.09g, 0.2776mmol)E &
WHFAIZICH. Ol E2H0l N-lodosuccinimide(0.1235g, 0.694mmol)S & Jtst
A20M 12A12 St BFSAIZACH. Dichloromethane?t 22 0180 ==
Zg JZ0tE0HTZ MC/Hx(1:1) HIE22 Z20E ME0H0 compound
172 22Iot0 oW, =S8 65.12% UL.
'H-NMR Spectroscopy@ compound 172 &QIGHACH. 'H-NMR(300MHz, CDCl3)
& 7.53(t, 3H), 7.25(t, 2H), 2.61(s, 6H), 1.36(s, 6H).

o I:J

o
ol
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2.3.7 Synthesis of compound 18

Compound  17(0.09g, 0.3906mmol )t  4-Pyridylboronic acid(0.0638g,
0.5188mmol)S €1 &0 THF/HO(6:1)2  =ACH.  K:005(0.2810g,
2.0335mmol), Tetrakis(triphenylphosphine)palladium(0.0096g, 0.0083mmol)
£ <21 80TCOHA 10AI2E SO reflux A2l & A201 A GHALE.
Dichloromethane?t == O0l&o F=g = ZE JZ0EJHIZ
MC/Hx/EA(3.5:1:1) HIZ2l S0HE Ar25t0N compound 182 =e2lot0d L0t
D, =S82 27.24% UL,

'H-NMR Spectroscopy@ compound 182 &tQIGHRCH. 'H-NMR(300MHz, COCls)

& 8.63(t, 4H), 7.53(t, 4H), 7.32(d, 3H), 7.11(d, 2H), 2.55(s, 6H),
1.32(s, 6H).

HT

2.3.8 Synthesis of compound 19

Acetonitrile 20mLOl compound 18= ZEoHAlZI1, lodomethane 2mL,E <1
2g =0 WBHAIZILE. BtES0l Y = Z0H AcetonitrilesS MAHAIZC. &
g AZ0IEHTIZ MC/MeOH(35:1) HIZ2l S0HE ArE0t0 compound 198
Zclott WL, =SE2 62.17% AULt.

H-NMR Spectroscopy@ compound 192 2tQI5HCH. 'H-NMR(300MHz, CDCl3)

& 9.20(t, 4H), 7.75(t, 4H), 7.57(d, 3H), 7.30(d, 2H), 4.63(s, 6H),
2.63(s, 6H), 1.42(s, 6H).
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3. Results and discussion

3.1 Theoretical characterizations and analysis

3.1.1 Electronic properties of the compounds
Electron—donating group®! -0CH37IS BODIPY dyell meso-phenyl <Xl
2 AIZ122 phenyl D10l methoxy groupOl 2= MHe HIWE == UCH. -0CH3

£ phenylJ12 para |XI0l XI2AIZRS [, BODIPY dyell meso ®IXI0N XI
o

H

J

t=l Anisolelt BODIPY core= electron donor-acceptor pairgs OI2ALD,

o

u
>y

2 Si('PS, singlet excited state photosensitizer)2Z2H
PET(Photoinduced electron transfer, Z2®% ML AY) &2 0IERUCH.
PET S &2 X A& &=(Molecular orbital theory)Oll 2o &= £ U
Ct.  Fluorescence2  HOMO(Highest Occupied Molecular  Orbital)2t
LUMO(Lowest  Unoccupied Molecular Orbital)Jt &MstCtd & ([
fluorescence®l 20 Q= chemical switch2l HOMO levelOl Sy state
fluorescence2l HOMO2t LUMO level ALOIOI &=XHE [, chemical switch2l
HOMOOI UE &It Ols22 A& S&0| LIEtU= HS PET &4&0/etd st
Ct. PET process= ions, pH, carbohydrates, phosphates S2 SoHM =&
EICt.

BODIPY dyel REXQI BHHEN 2loH chemical switchl HOMO level2 S;
state fluorescence2l HOMO level 2Lt EHF0H &I SE= US| otH,
PET SA0] 2AZHA &S turn on AIZ &= UL [6]

BODIPY dye2l phenylJI2l para ?IXI0l electron donating group@! -0CHs
Jlel XI& Z 1, AnisoleOl BODIPY corefl MXtE == electron donor 2 A
SAet= ot0, PET processz Qlst SIt=E X WH fluorescence quenching=
OI2RUCH. PET &1 singlet oxygen & S22 2H I JASM, singlet

oxygen quantum yield= PET process2 switchE on/off AIHAM ZT&EE %

m A

QCH.[7] Singlet oxygen quantum yield= ISC(Intersystem crossing) &
;

o HEEO 20| Y= HeZ LM UL, 2 PETH ISC= A2 &E

0z
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A0, PETS AME Sdll ISC S8 &E0dl EIAIZ = UL [8]

3.1.2 Suzuki coupling reaction

Palladium-catalyzed coupling reaction &CH 3tstOlA C-C Z&<2 &4
O [N =Rst &It &0 UL, 0] eSS AL4E S2HHM, LDE2A Jiss
&, &43H, 22 ¥ | ML M=o g2 HESH0. Sol, 8 2
oF SEtUM 60% Olatel C-C Z2& &4 WA Suzuki cross-coupling
reactiong2 ALESIH =&E D JA=0, 1 Olge ¥ =4, §8XH0|D £
2 &8J W4, 2l =236t gts &2 W20ICH. [9]

Suzuki coupling reaction® ZclE= =01 =TS0l organoboronic acidet

hal ides ALOL Ol 20L= Cross coupling BtZ0ICt. =2
aryl=/vinyl-boronic acid @ aryl-vinyl-halides AIOI2 BI2=S Soll
carbon-carbon Z&S 4&EHCH. [10] BFSO0l TS boronic acidsE AIEE
= AL, halide £= pseudohalide2 B4 =A= R-I>R-0Tf>R-Br>R-Cl

OICH. [11]

Pyridine=2 Suzuki coupling reaction=2 S0 HZAIZ|J| ®lol Eils =
OH2t 4-Pyridylboronic acidE Aot D, Hgst FIll2= KC0:E ASoH
AUCE.
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SyAr and Liebeskind coupling
on thiomethyl BODIPY's \

1

\N

Substitution with carbon- and
oxygen-nucleophiles

\\"/

SEA['
Palladium catalyzed coupling,
(direct and on halogenated dyes)

"‘-. SyArand palladium chemistry
(halogenated and sulfanylated systems),
Condensation on methyl-BODIPY's

Figure 27. Overview of the methods of direct derivatization of the

BODIPY core.[12]

3.1.3 Methylation

Pyridinium salte= &g, g, delgdd HES ol A2 2N UL
O, S Mg 28E Wz s L= 48550 MZ0| Jtsott. [13]
OIEEEe|0t= st Xl (POT) Ofl MOl= 22 22 HI(PS,
Photosensitizer)Oll UAHA E28 MEZ W ZX J|20ICH. 2942 Pyridine
Ol Methylation BtES &EAH MHE 4% 2= 20l=22 0IE2E2/0t
HAESIE JtsotH otl, MEst™ gX 2 M=std ZH0A fluorescent
probe SH& = SHCt.

MethylationS Soi M&E ionic moiety= ODIEZECIOIE SWUHCZ H
H3lotE Jlsht =284 SZUHAH S&E S LIEHHC

Collection @ chosun
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3.2 Spectroscopic measurements

UV-Vis absorption2 UH5300 UV/VIS Spectrophotometer2 =& E U
11, Fluorescence intensity= F-700FL Fluorescence Spectrophotometer 2
ot ZRUCH. BOH= H0, Ethanol, MC, THFE AESIR2H, &=
Mz SEHGIUCH. 2N ==(Fluorescence quantum yield, &)
HAMAMATSU PHOTONICS K.K At2l ABSOLUTE PL QUANTUM YIELD SPECTROMETER
C11347= ME0IH =ZotRULCEH.

Jh

3.2.1 UV-Vis absorption and fluorescence emission spectra

(a)

——] OCH3-Nl(water)
—— OCH3-NI(ethanol)

—— OCH3-NI(MC)
— OCH3-NI(THF)
3
@
H
o
o]
Q
5
@
o
=
=
(5]
N
©
&
[=]
=
—_—
T T T T
400 500 600 700

wavelength(nm)
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——]benzene-NI{water)

—— bhenzene-NI(ethanal)
benzene-NI(MC)

—— bhenzene-NI(THF)

Normalized Absorbance(a.u.)

T ¥ T T T LS T
400 500 800 700
wavelength(nm)

Figure 28. UV-Vis absorption spectra of (a) OCHs-NI and (b) benzene-NI

in different solvents

(a)
——JOCH3-NI(water)
—— OCH3-Nl(ethanal)
OCH3-NI(MC)
10 —— OCH3-NI(THF)
—~ 084
3
&
=
& 06
[
E
o
& 044
=
£
o
= 024
0.0

T T T T T T T
400 500 600 700

wavelength(nm)
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Normalized Intensity(a.u.)

0.8

0.6

0.4

0.2 4

0.0

——]benzene-NI(water)
benzene-NI(ethanol)
benzene-NI(MC)
benzene-NI(THF)

Figure 29.

different solvents

v T
400 500

T
600

wavelength(nm)

Emission spectra of (a)

OCHs-NI and (b)

benzene—N|

<0CHs—N 1>
>\~abs (nm) )\-em (nm)
H-0 520nm 540nm
Ethanol 524nm 541nm
MC 528nm 546nm
THF 524nm 544nm

Table 5. Absorption and emission wavelength of compound 15 (Excitation

and emission slit = 5nm, 10nm)

Collection @ chosun
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<benzene-N|>

>\-abs (nm) )\-em (nm)
H.0 522nm 537nm
Ethanol 528nm 546nm
MC 532nm 552nm
THF 512nm 525nm

Table 6. Absorption and emission wavelength of compound 19 (Excitation

and emission slit = 10nm, 10nm)

3.2.2 Quantum yield measurements

@f %)(Ethanol) @f(oo)(HQO)
OCHs—NI1 12.7 0.8
benzene—N| 9 0.6

Table 7. Quantum yield of compound 15, compound 19 in ethanol and water
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3.3 Photos of compound 15, compound 19 under 365nm in
different solvents

UV lamp= TNO4ALC 254nm/365 UV lampES Al
Ethanol, MC, THF & AIEZ56IJLE.

0
ol
9
10
2
0
FIIF

H0,

Figure 30. Photos of (a) OCHs-NI, (b) benzene-NI under UV illumination
(365nm) in water, ethanol, MC, THF

Final compound®! OCHs-NI, benzene-NIE S(H0)1 SIIZ20HQ! Ethanol,
MC, THFOI =9 = 365nm IHEUIAM U lampE HIF/AS M &0l LIEHLI=
250ICH.
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4. Conclusions

Heavy atom free BODIPY dyesE & 4ot =&Z& & HOIHE 21 XI&J|
o HIN E MIIAHQ SHS ZAGHALH. BODIPY dyell meso RIXIO X
StE Anisolelt BODIPY core= electron donor-acceptor pairE O],
Anisole& electron donor2 ZXEGHRUCE. Meso SIXI0 =Mot= XI&HJ|0t
EDG(Electron donating group)2 M PET(ESRE &X+ &MY, Photoinduced
electron transfer) ®A&0| LIEFLID, Ol212 triplet statesOll quenching
intersystem crossing &S 60 ISC(Intersystem crossing)2t ZXAQI
RAJF =0 [MetM PET processel 2HE Soll triplet excited statel
SIAIZ == UL, 0|HS S22 2AAMIK LOHA HUE AL

o o =2 [

t

o

H M
(=)

o

(singlet oxygen, '0,)2 MAES ZIHAIZICH. [16]

Methylation® &0oi Final compoundsE 0Ol24 3SI&=2 YHEAIZ LD,
BODIPY dyell meso @IXI0 EDG(electron donating group)lt =& M XXt
=80 Sdiolte ZUE EJCH. BODIPY dyedlMd QF Loty oH&HS

Pyridinium =482 SUHAARL, DIE2ECI0E S0/&E2

Jss ItEth

HU
FEl
1z
o
ol
rr
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5. Spectrum

'H-NMR, "*C-NMR spect roscopy

o = Fni
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e . T
85 8¢ 75 T4 65 80 15 40 a0
11 toom}

Figure 31. H-NMR spectrum of compound 12
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Figure 32. 'H-NMR spectrum of
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Figure 33. 'H-NMR spectrum of compound 14

_64_

(“)Collection @ chosun



879
i

re mRzosn @
VIRV & |

—3m

84 P B 3
S Py

|
—
-
=
F

3]
s
(32

10.5 Iﬂlf_‘ 9'! BIO B:! 8.0 75 7:0 6:5 80 5'5 5:0 ?5 4IG 3:5 a0 25 2:0 1.5 |IO o5 o0 —DIS
17 {oom

Figure 34. 'H-NMR spectrum of compound 15
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Figure 35. 'H-NMR spectrum of compound 16
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Figure 36. 'H-NMR spectrum of compound 17
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Figure 37. H-NMR spectrum of compound 18
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Figure 38. 'H-NMR spectrum of compound 19
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