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ABSTRACT
Synthesis of BODIPY derivatives

for cell-imaging and photodynamic therapy

Moon Seon Joung

Advisor : Prof. Kim Ho-Joong, Ph.D.
Depar tment of Chemistry,

Graduate School of Chosun University

Boron-dipyrromethene (BODIPY) and its derivatives are among the most
wel l-known types of fluorescent dyes in the mitochondrial imaging field
because they have high fluorescence quantum yield, excellent absorbance
coefficients and good photostability. By introducing two halogen atoms,
BODIPY derivatives can produce singlet oxygen effectively through the
heavy—-atom effect, thus serve as efficient photosensitizers (PS) for
photodynamic therapy (PDT). PDT is a non—invasive treatment for various
cancers. It is a form of phototherapy that involves light activation of
the PS to generate reactive oxygen species (ROS) that lead to cell
death. However, most BODIPYs are hydrophobic, so applications such as
fluorescent imaging in agueous environments have often been hampered.
Therefore, we synthesized water-soluble BODIPY derivatives that show
good performance as POT agents as well as mitochondria-targeting
fluorescent probes. As a result, the BODIPY derivatives were
water-soluble and showed absorbance in the near—infrared (NIR) region

of the spectrum.
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2 .Exper iment
2.1 Generals

= 282 o022 JIAd otiAd MNBZASH, triethylene glycol
monomethy| ether 99.0%, 4-toluenesulfoyl chloride, potassium carbonate
(KoC03), Triethylamine ,Magnesium sulfate anhydrous, iodomethane
2 DAEJUNGOIIAl 2OHGHICH. Trifluoroacetic acid, 4-(dimethylamino)-
benzaldehyde, Boron trifluoride diethyl etherate, piperidine2 SIGMA
ALDRICHOIl A TOHGHALE. 2,3-dichloro-5.6-dicyano-1,4-benzoquinone,
2,4-dimethylpyrrole 97%, 3,4-benzaldehyde= Alfa AesarOllA —*0HSHACEH.

ZX 2=2| Nuclear Magnetic Resonance(NMR) ABEZHE JEOL oxford
YH300 spectrometer ('H NMR - 300MHz, ™C NMR - 75MHz)E OI25t01 A2
H, NMR &E0H chloroform-d 2 methanol-d= Cambridge Isotope
Laboratories, IncOlA <OHRLD HAHM 80l ArEoIALCE. NMR peak2l 3tstA

Ol=2 part per million (8 ppm)22 EAISHHLE.
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2.2 Synthesis

cl
|

0=5=0

HD‘“\/\“DJ’VDM‘-C‘/CHa + Q - TEIOVA"D"\VOWQ/CHJ
CHy
1
Scheme 1. Synthesis of compound 1
UFHS
ot
dﬁJ
OH O‘f.
CH
OH TstV"D*‘“-'D*-f“{)"EHB Gﬁ_fuﬁ\‘___gwﬁﬁ, 3
F
K2CO3 DMF
CHO CHO
2

Scheme 2. Synthesis of compound 2
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4 M-BODIPY 1

Scheme 3. Synthesis of compound 3,4 & M-BODIPY 1
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6 M-BODIPY 2

Scheme 4. Synthesis of compound 5,6 & M-BODIPY 2
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8 M-BODIPY 3

Scheme 5. Synthesis of compound 7,8 & M-BODIPY 3
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2.2.1 Synthesis of compound 1

Ot=22JtA  StOl  anhydrous pyridine(5mL) Ol triethylene glycol
monomethy | ether (TEGMME, 5g 0.014mol)S =CQICt. Methylene chloride(MC,
6mL) 0ll 4-toluenesul fony!l chloride(TsCl, 2.996g 0.016mol)S =¢@ICt. TsCl
solutionS TEGMME solutionOll 8t =4 &S| EHEH & = overnight =

o &20A weti =0, BFS0l 2 = 6N HCI 25mLE €0l N BtSdE Y5

ne
i
?
2
o
(06]
2

2.2.2 Synthesis of compound 2

or=2=JtA  otoll 100ml r.b.fOl  3,4-
0.00573mol ) Bt KoC03(3.17g 0.023mol)E €& = OMF(50mL)Z2 =0 ZECt.
Compound 1& €& = 100°COIM 4L refluxetCt. 2M HCI 200mLE OI 2
oHAl ==8t = MC2H H02 8 ¥ Of ==&, MgS0,.E 0180t X8 = 3
HEEIIE 0|0t MCE SEAIZIC =
(MC:Hx=20:1)2 0l Z3t0d HMTIO -t MHYE L=Ct.(yield: 33%)

—dihydroxybenzaldehyde(0.79g

om m

= Column chromatography

2.2.3 Synthesis of compound 3 and 5

Ot=22JtA SHOIAM MC(150m1) Ol 2,4-dimethylpyrrole(1.02g 0.0106mol )1t
4—-(dimethylamino)benzaldehyde(0.79g 0.0053mol)E =0=C+. A9
Trifluoroacetic acidE €& = overnight s¢t A20 A wBHSHCH. MCO| =
el 2,3-dichloro-5.6-dicyano—1,4-benzoquinone(DDQ, 1.20g 0.0053mol)S =
AJIE 0130 &IIot 4A12 St 20 A wWEHsHCY.
Triethylamine(8mL)E =AJIE 01&3t0 A3 Lot 1AI2F St A=20
N 18t = Boron trifluoride diethyl etherate(BFs—0Et,, 9mL)E ice-bathOil
N 8 22M MAS BHZHECH. EIF ¥ ice-hathE MI{ot) &20A

]

overnight S¢t netsE KXISHCH. BFS0| 24 & MC2F H0=2 0126+ 28 2]

_’IO_
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FES SO, RIIS0HC! MCES 20tA MgS0,2 XS £ 3IMSEIIE 0|2
ot E0IUE=E 0HE MIHSHCEH. Column Chromatography(MC:Hx=1:2) 2 A Ml ot
0 F=EAMO| compoundES L =CH(yield: 18%)

Compound 52 2,4-dimethylpyrrole CH&! 3-ehtyl-2,4-dimethylpyrrole2

Ol=ot 22 &2 888z MR

o

2.2.4 Synthesis of compound 4, 6 and 8

OF22JtA Gl 50mL r.b. fOil compound 3(0.1g 0.000272mol)E OMF(7mL)Z2
=0Z = compound 2(0.41g 0.000952mol)E <O wEHSHCH. CH;CO0H2E
Piperidine2 =AtJIE OIEoi M 22 0.4mL& 2 0{==10 130°COIA 5AI2H =S¢t

1)E 0IEaHA ZHMSHH It

It

refluxstCt. Column chromatography (MC:MeOH=35:
MOl compoundE E=Ch. (yield: 33.9%)

Compound 6, 8 2 I &2 Ag&tHOZ XMHGHALE.

2.2.5 Synthesis of compound 7

OF22JtA G0l compound 3(0.2g 0.54mmol)E  MCOIl =QICk. MCOl
N-bromosuccinimide(NBS, 0.24g 1.35mmol)E =¢Q! solutionS &t =4 A
ol @O{Eal S pAI2 SQOF WEHSHLH, 3IMZSEIIE 0|06t 20HE
S column chromatography (MC:Hx=1:1)& 0|26t &HHE W2LAHO

compoundES € =Ct. (yield: 88%)

2.2.6 Synthesis of M-BODIPY 1

ot=2=2 = ot0l compound 4(0.110g)= distilled acetonitrilelfl =@l
ImL2l iodomethaneS 2 ECH. A =20 A overnight =9t W BHSHCH, 1WBHO
£ 3JINSLIIE 018ctd <oA= S0HE  HHSHCE.  Column

chromatography (MC:MeOH=30:1)E O|=aol0d A HMISCt.(yield: 89%)

o

2L}
=

_’I‘l_

Collection @ chosun



2.2.7 Synthesis of M-BODIPY 2

OF22JtA SHOll compound 6(0.220g) = distilled acetonitrilelll =9l

ol

2 01250 HOIUE 8

ML O

ImL2l iodomethane2 S &CH. & 20 M overnight S92t WBt = 3

=
HEg

N

OHE MIHASHCE. Column chromatography (MC:MeOH=
30:1)E 0I5t AMSCH. (yield: 98%)

2.2.8 Synthesis of M-BODIPY 3

OF22JtA 6HUl compound 8(0.0595g)= distilled acetonitriledl =gl

ImL2l iodomethane=2 €U ECH. & 20 M overnightsot Wt = 3
£ 0|25t ¢ot

ol

Ol =
MM S

=g
Hse

™

OHE MIHSHCH. Column chromatography (MC:MeOH=
30:1)8 olE=dtd HHMSCH (yield: 94%)

_12_
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3.RBesults and Discussion

3.1 Measurements

'H NMRZ+ C NMR ClIOIE{= JEOL oxford YH300-300MHz spectrometer S =l
A RAC}. Mass spectrometry(MS)= =D SHX /AR X EHE S X} D
J|l SYNAPT G2(Waters, U.K)E O|2olM =&5ISLCEH.

3.2 Synthesis and Characterization

BODIPYE &4l coreZ ot OIE2EC|0-HEX A ZASIX g HES
ot= 3JH2l 3tet= M-BODIPY 1, M-BODIPY 2, M-BODIPY 3E & ot L. BODIPY

core 2Z 0 H &KXt 2JH0t Z&E BODIPY =S Ml M-BODIPY 1, ethyl 2J1Jt L&t
M-BODIPY 2, Br & A+ 2J40F Eet= M-BODIPY 322 BIHGHULH. M-BODIPY EAt=
O =84S SIHAIIIIl Aol ottoll &=42 triethylene glycol S 4% A

OtRALH. Eot, FIHHQC Eoll: SIt & IIE2E2/0H0 et BEEXSEd S

=0[J] <ol BODIPY a0l 20l24e! 4B 2s=S = otRULH.

H'ﬂ

0

Triethylene glycol monomethyl ether2 4-toluenesulfonyl chlorideES

1:1.1 HI2Z tosylation BtE=2 Sl compound 12 & ASHFLCH. Compound 11t

pn

3,4-dihydroxybenzaldehyde2| &Isid X|&tBtS= Soll compound 28 & RULCEH.
NIR S9N ExIt HUESE Bt fdi compound 31t compound 2E,
compound 51t compound 2, compound 71t compound 2E Knoevenage | BtS S Gt
0f 22 compound 4, 6, 112l 82 E4HGIRULCH. ZESEH2Z, compound 4, 6,
Soll 20l=242] 4xF &

8= 2r2f iodomethanedt2| methylation BFS
2 =Z = M-BODIPY 1,

n|
A2 MHGIH DIEE2Z2I0F Ol01&ES & = U
ODIPY 2, M-BODIPY 3= <UL,

SHE22 'H NMR Spectroscopy 2t ®C NMR Spectroscopy@ P GHEE
SHOIBHA 1) M-BODIPY 1, M-BODIPY 2, M-BODIPY 3 25 HO0l == A= &0Iot)A

fr o

b

_13_
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Ch. 8 UWV-vis/W-PL & Z1 NIR R20A E== & ZE0| 0l=s XS
Eolot At

Collection @ chosun

Ba 2102 M= M-BODIPY 29

gsixls ZZ M= 0l=ot)| 2o BODIPY corelil Br & X+ 204
Yy E 22 A
Jb M-BODIPY 3 AtOIS] & &
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3.3 UV-vis / UV-PL
W lamp= TN-4LCE OIZBotA2H ANE s&= 10uME SHotRUCH Otei
AEIZ2 282F MC, THF, ACN, MEOH, H0 2f2t S 0HO|
WE At S [ red emission ot= XS & == UCH. L& H02 SZ 0
quenching &0 &&0| Ao&l A= &Y =
2 ® 650nm OIAS] E4TIES 20|10 UL 0l= TR0l B E61D]
650nm~800nmUI Al St LA LID| TH20 HESHH 0l Jts

LHD QULCH. THE RI| E0H= emission wavelength intensityJt

excited wavelengthJt over lap&l O LIEFLEXI 22 X18F H02! HR0l= emission
wavelength intensityJt %J| [HZ0 excited wavelengthdt SE T OdHEN|
LFEFGCE.

Figure 4. M-BODIPY 20l UVE ZAtot=S [ SOHE &€& AlJ|

Figure 5. M-BODIPY 30l UVE T Aol S [ 20HE EZ M|

_15_

Collection @ chosun



M-BODIPY 1 UV
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Figure 6. M-BODIPY 19 =% Ut&
M-BODIPY 1 PL

Figure 7. M-BODIPY 19| gt= Tt&

E

659nm 683nm
THE 653nm 671nm
ACN 649nm 6/75nm
MeOH 649nm 6/74nm
H20 660 nm 6/70nm

Table 1. M-BODIPY 12 S & &= IOI&
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M-BODIPY 2 UV
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Figure 9. M-BODIPY 29| &= m}&

£8 A /om A /01

MC 667nm 700nm
THF 664nm 693nm
ACN 660nm 692nm
MeOH 660nm 691nm
H20 662nm 671nm

Table 2. M-BODIPY 22 &=+ & &= IIE
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M-BODIPY 3 UV

nm

Figure 10. M-BODIPY 32 S= W&

M-BODIPY 3 PL
200
—_
160 —THF
120 — AceN
S MeOH
80 \ —_—H20
40
, N\
600 650 700 750 800 850 200

nm

MC 686nm 719nm
THF 680nm F16nm
ACN 671nm /14nm
MeOH 673nm 713nm
H20 670nm ~ 690nm

Table 3. M-BODIPY 32 &=+ & &= It&
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3.4 NMR

2+ compound2| 'H NMRS LIEHH{ S04 M-BODIPY 1, M-BODIPY 2, M-BODIPY 32
A20l= HNWR 2 °C NMRS &l LIEFRUCH. Compound 5= compound 33t H| 1 &
= M 2f §2.60 Bt 50.8501lA ethyl 29HSl H & XS0l LIEHE S &CI6tH =L,
Compound 7= BODIPY corell H Xt 2JHE LIEILH= singlet peakJt LIEFLEX]

HsS= =olotH =

Compound 1

'H NMR (300MHz, COCls ) : & 7.80 (d, 2H ), 7.37 (d, 2H ), 4.15 ( t ,
°H)3.68 (t, 2H), 3.60-3.35(m, 84), 3.36 (s, 3H), 2.44 (s, 3H
)

Compound 2
'H NMR (300MHz, CDCls ) : & 9.84 (s, H), 7.46 (s, H), 7,44 (s, H
)7.02 (s, 2H), 426 (m, 44 ), 3.92 (m, 4H), 3.88-3.55 ( m , 16H )
3.38( s, H)

Compound 3
'"H NMR (300MHz, COCl5 ) : & 7.08 (d ,2H ), 6.79 (d, 2H), 5.97 (s, 2H
) 3.02 (s, 6H), 255 (s, 6H), 1.50 (s, 6H)

Compound 4

'H NMR (300MHz, CDClz ) : 8 7.59 (s, H), 7.54 (s ,H), 7.24 (s, H)
7.19(s ,H), 7.13(d,5H),6.95(d, 2H), 6.81 (d, 2H), 6.61 (s
,2H ) 4.24(m, 84),3.90 (s, 84), 3.78-3.54( m, 32H), 3.39( d ,
12H ) 3.03( s , 6H), 1.55( s , 6H )
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Figure 12. Compound 12/ 'H NMR
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Figure 14. M-BODIPY 12 'H NMR
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Figure 15. M-BODIPY 12 C NMR
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Figure 16. M-BODIPY 22 "H NMR

{“/Collection @ chosun

_24_



T T T
150 140 130

T
120

T
110

T
100

T
90

80 70
f1 (ppm)
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Figure 18. M-BODIPY 32/ 'H NMR
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Figure 19. M-BODIPY 32 8C NMR
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3.5 Mass spectrometry(MS)
A
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CtS Figure=2

M-BODIPY 2, M-BODIPY 39| =&

’
21105 01_AnBH CSU HRN 1 18 (0.358) AV (A, 30000.0,0.00,0.00); Om{B:19)
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Figure 20. M-BODIPY 12| MS (Range : 50-2000 m/z)
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Figure 21. M-BODIPY 12 MS (Range
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Figure 22. M-BODIPY 22| MS (Range : 50-2000 m/z)
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Figure 23. M-BODIPY 22| MS (Range : 1200-1350 m/z)

_30_

Collection @ chosun



10—

L]

Figure 24.

10—

134 25

E

s i

o ey, BT

En

. HEL T
-
Elts
] : T
D t20 s 10 | E

e gl

M-BODIPY 32 MS (Range : 50-2000 m/z)

0 LD

{3027 2
136, LT
1] 43T
R -
138 443
T T
Ee M T i
E5lad A T
-
e W HEL 3
at I
S vz || e
-
137 49
AT AT 7 4 3D
W 45
e ||| B2 AEE 7
T3 4406 -
i HE T
: M3 441
H1L4TE
| a0 2a0e
1 3
-
[T 4445 -
£ ook o]
1464 3

£t sy

130 1360

Collection @ chosun

1400 Lol 1=0

_3‘|_

1450 - 15

Figure 25. M-BODIPY 32| MS (Range : 1300-1550 m/z)

S0 1600 1700 183

e i



3.6 Cell-imaging
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4.Conclusion

o K 0o R0 =& & X0 ~ 0 mDDu.A_. o X0 H KR Ak o X © N &7 o I X
aE_Haom_Asmgon - Q@%%EQWW%mm%_w
o —_ — || . _ — —_— e
mﬁzoo__%gmMA_Tm% *aw PTwzeszTTTe°Es !
o) = K o) 30 JJ S r— o ol o s} = S = > o b oo
o m T mlzagmw I, mES Br B e £a L m
MyreMz308 “ 5z Basgryzs Wzxilza
W z 3 = = s Sam XPwmgomoon oMy
) D_.._ o____ ~ K ) _”__.._ L.,l._ =0 K = _uI S o“_o — :._._ Il
= . U mw.j_”__u_ - "o B Blro_,ummM___:||o_=_D
I == = . _ Toa o= = X =6 4 0= W=
O [ = S R mw . _ ~ ol S N = mo“_oL@H__u K] ©
RO RO _ WMy orMy SizsssWals oy S
v st o855 RM g Ss 3l wowm o =
. B0 on <V o ool | kK &k — K = 10 X o
momaalmxsg_ﬁoM%H#z%g ﬁw%aﬂwﬁfﬁowwwgzl
N = _ |r|H.M| n __ |
W= oA oo RE L W ™oy MLH%M____E%@M_TWO_EWMM
Rogp ™ oo 28 S oo 200 ol WS W s gpag 0P
T W og W= Ao H TR R G WE g2 oW .
2 " oom B ol HMop 0 6 5 W4 © X 5 o J0om <k
=) - i ol S o0 S 5 o2 o R
s Rl WS o by oy 3, D k2 s gm0 R
m H 110 = _._.n 10 __m - n) —_ _._m._ ;m:._ O _ = — m > o = a O_”_ A __b
ot m ® o8 o X oul S o5 o - 8F & say oy
A (. OF s ™8 oM s TR LN gk £ x o Kool
O LT L T S TR TR I=T <P - S~ S L [
VW= . UMWy 2 Fg@ 2013 55 X0+ @
o S g o o o2 BoS R & = o2 B3 s oo L
oD J|J 00 u < o ~ =
S I S | IO L U S o - xRS 5 £ Wy WO
Lumo:_“odo.roj.woﬂo_w @ - > W sl © B ol
Dom MR 4 O R 0E T = 5 g ____r__mwowﬁoly6o_=_ol,57
S WS ot Lwm 8wk X888 =% 73 5@ U
e VRV o O ol U s PPLH S 20T &0
ol — sm - W8S Mo == E Sy 3 S L 0
or . ~ = = < N S & o
A = g = O m o & . 0 &5 S S 2 2 K o
= m o =5 =/ DM @@= s o0 WK s 2D2d 20 7 S &
o <k ol Uv 8 0 W oW X0 M 8 o3 K 16 " o0 0 & = 10 3 2 H K

_33_

Collection @ chosun



M-BODIPY 1, M-BODIPY 2, M-BODIPY 3 =Xt 25 AIXZOI0IE0l Jts&s 20

AL

Figure 27. 21 Z 0 A8 M-BODIPY 1, M-BODIPY 2, M-BODIPY 3
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