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ABSTRACT

POT and cell-imaging efficiency of tertiary
amine-water soluble BODIPY
— POT and cell-imaging efficiency depending on the conjugated

site of BODIPY of tertiary amine —

Jeong Woo Kyeong

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

Graduate School of Chosun University

POT 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. A new
4,4~difluoro-4 bora-3a,4a-diazas-indacene (BODIPY) derivatives were
designed as a singlet-oxygen photosensitizer (PS) for use as a
photodynamic therapy (PDT) agents, and its photophysical properties
were characterized. So we synthesized BODIPYs which tertiary amines as
PS were conjugated different sites of BODIPY for different reasons. And
also synthesized as a water-soluble because most BODIPYs are
hydrophobic. Each of characters of tertiary amines were different. The
tertiary amines conjugated at 2,6-position of BODIPY affected PDT
enhancement and another tertiary amines conjugated at distryl position
of BODIPY were applied dyes emitting in the red region. As a result,

the BODIPYs what we synthesized had a great water solubility and showed

great PDT efficiency as a PS.
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2 .Exper iment
2.1 Generals

2 g2 022 JIXl ool MHEAJSM, potassium carbonate
(K2C03), Triethylamine ,Magnesium sulfate anhydrous, iodomethane,
benzaldehyde= DAEJUNGOIIAl 2OHGHRICH. Trifluoroacetic acid,
4-(dimethylamino)-benzaldehyde, Boron trifluoride diethyl etherate,
piperidine, N-iodosuccinimide= SIGMA ALDRICHOII A 20HGHRICE.
2,3-dichloro-5.6-dicyano-1,4-benzoquinone, 2,4-dimethylpyrrole 97%,
4-Nitrobenzaldehyde, P-Chloranil, 4-Dimethylamino benzene boronic
aicd= Alfa AesarOlA *OHGHRUCE.

P-Anisaldehyde, Pd(PPh3)4= TCIOIA SOHGHICH.

=X X9 Nuclear Magnetic Resonance(NMR) Spectrometery &4 JEOL
oxford YH300 spectrometer ('H NMR - 300MHz, "C NMR - 75MHz)E Ol &5t0d
HA2MH, NMR E0H chloroform-d 2t methanol-d= Cambridge Isotope
Laboratories, IncHIAl 2O0HIM 2 HH 10| AIESIIACEH. NMR peakll ot&rX

Ol=2 part per million ( & ppm )22 LAUL}.
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2.2 Synthesis

Hs
/ \ I} TEA, DOM, 1.1, lday
. —_— -
2} Chloranil, r.t, 3hr
N 3) BF3.0Et2, TEA, 1, 12hr
CHO

(HO)ZBON;‘

Pd(FPRg)y KOO
| Toluene/EtOHIHZ0, 12hr N

NIS
—_—
MC, R.T, 2DAYS

GHal

B

/ Diethyl ether, 356°C, 24hr
N

876.41g/mol

Scheme 1. Synthesis of 2,6-TMA OMe
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3) BF3.0EL2, TEA, rt, 12hr

U 1} TFA, DOM, 1.1, 1day
+ —_—
2} Chloranil, r.t, 3hr
N 7 N \

/
(HoRB—_ )N,

PdiPPh3)y KaC04,

NIS
—_—
MC, R T, 20AYS

620.97g/mol

CH;l
R ——
7/ Diethyl ether, 35°C, 24hr
N

Scheme 2. Synthesis of 2,6-TMA NO,

Collection @ chosun



I

H
/ \ I} TRA, DOM, i, day
* —_————
23 Chloranil, r.t, 3br = \\
N 3y BF3.0EL2, TEA, r.t, 12hr \
M M
~
CHO / -
F F

(HO)QEON:

Pd{PPhgly KO
| ToueaEICHIZ, 12,

NIS

—_—
MC, R.T, 2DAYS

N__ N
AN
F F

324.18g'mol 575.97g/nol 562.50g/mol

CHal
—_—
Diethyl ether, 35°C, 24hr

Scheme 3. Synthesis of 2,6-TMA H
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: (]

I TEA, DOM, 1, lday

.
2y Chloranil, r.1, 3hr

_—_ \\
3} BF3.OEt2, TEA, r.t, 12Zhr \
\\ N Mo
~
/ <
F F

CHal
Piperidine, AcOH, DMF, ACN, Roomiamperiure, 48hr
130°C, Qvernignt

Scheme 4. Synthesis of DS-TMA OMe
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M

1P TEA, DOM, ., Tday

—
2} Chloranil, r.t, 3hr

—_— =
3) BF3.0EL2, TEA, rt, 12hr \
\ M M=
q‘\"'.
/ C
F F

CHal
ACN, Roomismperture, 48he

Piperidine, AcOH, DMF,
130°C, Overnight

Scheme 5. Synthesis of DS-TMA NO:
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H
/ \ 1) TFA, DOM, 11, Iday
+ —_—
2y Chloranil, r.1, 3hr
N 3) BF3.0ER2, TEA, r.t, 12hr
CHO

CHl

Piperidine, AcOH, DMF,
130°C, Overnight

Scheme 6. Synthesis of DS-TMA H

_12_
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2.2.1 Synthesis of compound 1, 4 and 7

Ot=22JtA  GHOIA MC(130ml) Ol 2,4-dimethylpyrrole(0.6g 0.013mol )2t
P-Anisaldehyde(0.43g 0.0031Tmol)S =0 &ECt. A&2| Trifluoroacetic aicd
g Z20E = ot S A=20M wEtotd =Ch. omcol  =¢l
P-Chloranil(0.8g 0.0032mol)2 F=AIJIE 01 &3t ice-bathtlA A5t 4
NZ2tSoH AA20A WL, Triethylamine(4ml)E FAJIE 0|80t0 & &
| oty TAlIZtSeH AR20M WBt = Boron trifluoride diethyl
etherate(BF3 OEt,, 4ml)E ice-bathOilA SF Y24 HAG| D0 LA ECH.
Jb = ice-bathE MHGtD A=201AM overnight=s02 WBtE | XIetCH. BHSO0|
L = MC2H H 02 0I835t0 3H 2 == HELH. RIIS0H MCES2 2H0tA
MgSO.Z2 S22 E4AIAH M & & JESLIIE 0|80t0 H0IU= SBO0HE
HOtOWZECH. =222 compoundE ?IoH column chromatography (MC:Hx=1:2
ot M HMIGHZ=CH. (Yield : 18% ). Compound 3, 5= p-anisaldehyde CH&l
4-Nitrobenzaldehyde, benzaldehydeE ZEIIoIH P12 &2 YHOoZ AEHGI™A

Ct.

Ol

mes
{¢]
M

ol

2.2.2 Synthesis of compound 2, 5 and 8
Ot=22JtA 6H0ll compound 1(0.2g 0.54mmoll

(&)
S
on
r
i
L
|>
]
==}
0
kJ

MCOIl N-iodosuccinimide(NIS, 0.45g 2.0mmol =0l solutiong &t L=
HES| GOHZHE = 24A12F WEHAIZICEH. MCE 0IEdH =& 2H & & R
2 20t MgS04z 22 SAH HAH & = IXMSLIIE 0I230 S0HE
MIASHCH. 2449 compoundE 2 D] Ploll 22| MCE 0IEo MZE S & =
ZEE compoundE Z2d CHAl SIMSEIIE 0l=d 20tECH. (Yield: 88%)
2.2.3 Synthesis of compound 3, 6 and 9

Ot=22JtA GHOIA compound 2(0.11g 0.17mmol)E 100ml S2 S22 30 <€
1 4-Dimethylamino benzene boronic aicdE ZE0HE T A9
toluene/EtOH/H20(1:1:1)0l  =QICt.  K2C03(0.24g 1.7mmol)E £
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Pd(PPh3)4(0.008g 0.007mmol)E C} €2 & 42 Z20HE S =LY,
20A12F SOt reflux HECH. &A=20lM A8 = MCE 01 =2 3YH o=

80°C Ol A
%_E_ =}
JIZ0HES 20t MgSO4E OlEolf == S+ Al MHEC. =2 S0H

§_ TT [=) 4
=2 3N SYLIIE 0|Soll MHE = MCE Olsdll MHZ A= &0, CompoundS
20t CIAl S ESEI0 S0HE MAHAIZILD 22t compoundE &J| <ol

J
column chromatography(MC:Hx=1:1)S &t EMaH=CH. (Yield : 30% ).

2.2.4 Synthesis of 2,6-TMA OMe

Ot=2JtA &HOll compound 3( 0.045g )& distilled acetonitriledil =2 &
2ml 2l jodomethanes €U ECH. & =20AH 0/ S Wt = JMSLIIE 0l
25t H0IeE  Z0E  HAHSIH=CG. Column  chromatography
(MC:MeOH=25:1)& 0| &ot0d HMH=Ct. (Yield: 80%)

2.2.5 Synthesis of 2,6-TMA NO,

Ot=22JtA SOl compound 6( 0.050g )E distilled acetonitrilelil =¢I =
2ml 2l iodomethanes E0E=0. A20lA 015 = wWEt = ESEIIE 0l
256+0 =0t = 20E HIHStH E&C. Column  chromatography
(MC:MeOH=25:1)E 0l &3t HHMIHZECt. (yield: 89%)

2.2.6 Synthesis of 2,6-TMA H

Ot22JtA BH0ll compound 9( 0.062g ) distilled acetonitriled =0l &
2ml 2| jodomethane2 EHECH. A =20lM 0l s WEt = SXMSLIIE 0]
Zot0 =HOotA= Z0E MIHGHH =L Column  chromatography

o

(MC:MeOH=25:1)E 0l25t0! HHMMH=Ct. (Yield: 92%)

2.2.7 Synthesis of compound 10,11 and 12

Ot22JtA B+l compound 1( 0.1g 0.283mmol)= 50ml r.b.fOl O 7ml DMF
2 =0l = 4-(Dimethyl)amino benzaldehyde(0.15g 1.0mmol)S E=Ct. FAl

_14_
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(i
o
MHA
)
®
(@)
@

JIE 01 Z0df 0.3ml piperidine, 0.3ml Acetic acidE &&73
Ol A overnight =02 reflux ofELCH. &=20A A8 = MC2 == 3812

SIIS8tE 20t MgSO4E Ol2o 2= SAlIAHA MHH & = 3™ SLIIE
OlEo =Z0E HMASCH. =FM  compoundE &0

chromatography(MC:Hx=1.5:1)2 Ol=2dl ZHH=Ct. (Yield : 10% )

10
o
=
(@}
o
c
3
>

2.2.8 Synthesis of DS-TMA OMe

Ot==2JtA SHol compound 10( 0.24g )2 Dimethyl formamideOl =21 = 2ml 2
iodomethanes €U &Ct. 40CHAM 320 WEt = 3 8SEI|IE 0IE6HH
HoIleE S0ME HNHOIMECH A9 MeOHE Ol2d MZBHEES =
Ct.(Yield: 87%)

2.2.9 Synthesis of DS-TMA NO.

Ot22JtA 5ol compound 11( 0.34g )= DimethylformamideOll =0/ = 2ml 2
jodomethane2 2 Z=CH. 40CHM 3= Wt = 3IMSEIIE 0ot

e
g0tA=s SWE HMHotH=L. L2 MeOHE 0lSo MZ2HS ofis

Ct.(Yield: 82%)

2.2.9 Synthesis of DS-TMA H

Ot22JtA 6ol compound 12( 0.35g )= DimethylformamideOll =21 & 2ml 2
jodomethane2 EMH&E&CH. 40CHAM 3232 Wt = JIESLIIE 0/|E0HH

g0tA= EME HMHOIHEDH. A2 MeOHE OIS MZ2HES s
Ct.(Yield: 89%)

_15_
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3.Results and Discussion

3.1 Measurements

'H NMRZH *C NMR ClIOIEf= JEOL oxford YH300-300MHz spectrometerE Saf ¢
Ct. Mass Spectrometry(MS)= et=2J|ZsStX/ARR x| AHS S XIF J|D|

SYNAPT G2(Waters, U.K)E Ol S&olLH.
3.2 Synthesis and Characterization

3.2.1 Synthesis of BODIPY derivatives

BODIPYE & coreZ ot= &49st XIS E st 2,6-TMA OMe, 2,6-TMA NO,
2,6-TMA H, DS-TMA OMe, DS-TMA NO. , DS-TMA HE & 4ot CE. BODIPY core
U2 6-2| X0l 4-Dimethylamino benzene boronic aicd XA+ 240} EZ&E =
BODIPY <Xl 2,6-TMA OMe, 2,6-TMA NO, , 2,6-TMA HE & &0t 10,
dimethylaminobenzaldehydeJ| £ distyryl@l 1,7-XI0l & &St DS-TMA OMe,
0S-NO, , DS-TMA HE z=BSEHE2=Z & 4otALH. 2,6-TMA OMe, 2,6-TMA NO, ,

2,6-TMA H, DS-TMA OMe, DS-TMA NO, , DS-TMA HEXI=2 Edl& &SI &
OIE2=2|0t0l CHet EXRXEHES =0/0] Kol 2 dimethylaminol
A0I240| XL 2= TUAIZCH. Compound 1,4,7= 0O|=0oll BODIPY core &

Z 2,6-IXI0ll halogen &XAt N-iodosuccinimideE Ol=ZoH &EXE BtES2
2L compound 2, compound 5, compound 82 & &Gt LCH. Compound 2, 5, 8
4-dimethylamino benzene boronic aicdS Ol=2dll suzukiBtESs 2L 22
compound 3, compound 6, compound 9 EBAGIAULH. NIRESGUHA St
LAHUES ot ?IoH 4-dimethylaminobenzaldehyde,compound 1, 4, 7 1t
Knoevenagel BtE= 2 22 compound 10, 11, 12l 125 & &GHRUCEH.
ZEX2=Z, compound 3, 6, 9, 10, 11, 12l 128 22 iodomethanentl

methylation BIESS ol 20249 4X 22 S MHSIH 0IE2=2|0t

_16_
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OlI0IAE & = U= ZSZ U2 2,6-TMA OMe, 2,6-TMA NO, , 2,6-TMA H, DS-TMA
OMe, DS-TMA NO, , DS-TMA HE SIMGIACH. LOI& 322 H NMR
Spectroscopy@ °C NMR Spectroscopy@ £t R E QI3 D JAYUIOR
2,6-TMA OMe, 2,6-TMA NO, , 2,6-TMA H, DS-TMA OMe, DS-TMA NO, , DS-TMA H2 &=
HO0 == XS &QIotALCH E8F UV-vis/UV-PL & Z Dt DS-TMA OMe, DS-TMA
NO. , DS-TMA H= NIRRZUHA E= ¥ =0l U= XS =QoHALE.

3.2.1 Characterization of BODIPY derivatives
Phenyl 2 HIZE X0 U= Methoxys= 8 X FIMQ XI&D|IZ phenyl 2 XS
BODIPYZ =M =ICt. 01242 Methoxypheny | (MPh) Ol HOMO-10| @IXIGHA D CH=E

Nog LUMO= BODIPY (BOP) 01 AXNEAJUSEZ Ol=
Charge-Tranfer (CT),[BOP « *~ MPh+~]2 &93|= Photoinduced electron
tranfer (PeT)Jt 2445t 04 photoexcitationOl 2ol SEAEHS s MHS
HAIE == QUCH O] WHES AZEs AElC 8482 2822 =Y £ U2,
Pheny! (H) D12 BIIWSHCIH OMeD|2l A &S SIS &018 4= ULt

NO, o Xt B LIOIEZ 082 &KX =ZXZM nitrophenyl (NPh)E 0FD|
St1) BHHO BODIPYIE & XF =0 H& 2 6t &l=0l, 012 ol HMO2H LUMO=
BODIPY2F nitrophenyl 220l |IXIEHES S8ttt D422 N0, OIM=
PeTJt OMe2t CHE2H [BOP* — NPh+ ¥]E 2 2I|=0l 0l CT AHl= SHLs ) &=
= AEH AFOION SIXISICEH. O Z= N0, OllA PeT2l =IHE &Hal o]
[Ct. Je2iLt O] Stef22] IR &2 4=XI0t BtFE ) 20| e=2H A5

A2 01801 WX Retth

o> > N
& o fl
i

I g 09 por oo
o
S
)
<
oY ogr
0> 0
10
i
ﬂ
ro
N

(e
Bl
>
Mo
Jm
0x
nin
O
Jn
ol
i)
0f0
o
oIr
ro
>
>
|
A
=
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3.3 Fluorescence quantum yield (OF)

fluorescence quantum yield (®F)

MeOH 618

H20 23.8
Table 1. 2,6-TMA OMe2l fluorescence quantum yield (®F)

2,6-TMA NO: fluorescence quantum yield (®F)

MeOH 3.1

H20 0.2
Table 2. 2,6-TMA NO, 2| fluorescence quantum yield (®F)

2,6-TMAH fluorescence quantum yield (®F)

MeOH 62.9
H20 0.8

Table 3. 2,6-TMA HSl fluorescence quantum yield (®F)
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fluorescence quantum yield (®F)

MeOH 50.2
H20 0.2

Table 4. DS-TMA OMe2| fluorescence quantum yield (®F)

DS-TMA NO:2 fluorescence quantum yield (®F)

MeOH 88
Hz0 03

Table 5. DS-TMA NO, 2| fluorescence quantum yield (®F)

DS-TMA H fluorescence quantum yield (®F)

MeOH 216
H20 0.1

Table 6. DS-TMA H2l fluorescence quantum yield (®F)
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3.3 UV-vis / UV-PL
UV lampe= TN-4LCE OIE3IUCH s&= 2uNE =HSHULCT.
MEOH, H.0 22t Z0H0ll ¥ 28 =S [ 2S0I0H. UWE X AIGIE S [ MeOH
SZ0AM= yellow, red emission ot= A2 & = ULH. L&t HO02 SE WA=
quenching &I E&0| &oll&l 242 =01 & £ QUL 0l= Rl s JHE b=
o FHMYS 2ol g 4+ UL,
ErEEEE
]

L

o
12 (212%)

Figure 3. 2,6-TMA BODIPY & Xl S0HE A
Figure 4. DS TMA BODIPYOH M S0HE AME(LEZR)

A

Figure 6. 2,6-TMA NO, Ol UVE X AlolU=2 [ 20HE
- 20 -
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Figure 10. DS-TMA HOIl UVE ZAloIZS [ S20HE 2 AID|
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2,6-TMA OMe UV-vis

—0.000002K 2,8-TMA OCH (H. O}
020 L —— 0.000002K 286-TMA OCH,(MeOH )
0.15
[ 1]
o
=
[
£ o010
W
e
<
0.05
0.00
| 1 N 1

450 . 500 . 550 600
Wavelength (nm)

Figure 11. 2,6-TMA OMell E+AHEH

-TMA OMe PL

—— 0.000002M 2.8-TMA OCHa{H,O)
—— 0.00DD02M 2,6-TMA OC Ha{MeOH)

2,

7]

Joo

PL intensity

L ' | ' N
450 500 550 600 650
Wavelength (nm)

Figure 12. 2,6-TMA OMel| BIESAHE &
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2,6-TMA OMe
E Aabs/nm AEm/nm AEx
520nm 540nm 2574
518nm 541nm 1764
g 2= ItE

MeOH
H20
Table 7. 2,6-TMA OMeSl ==

(“)Collection @ chosun
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0.16

2,6-TMA NO: UV-vis

014 —
012 i
010 -
0.08 [

0.06

Absorbance

0.04
0.02

0.00

0.02

——0.000002M 2,6-TMA NCLH.T)

—— D.00D002M 2 8-Thifs NOy MeOH)
\ g
! i

[
SOk
I

500 | 550 | 600
Wavelength (nm)

Figure 13. 2,6-TMA N0, 2 SATHEH

2,6-TMA NO: PL

20

15 |

PL intensity

—— 0.000002M 28-ThA MO {H O)
— 0.000002M 28-ThA N {M=TH)

Collection @ chosun

_24_




2,6-TMA NO:
E Aabs/nm AEm/nm AEx
524nm 525nm 24.23
524nm 524nm 13.76
g 2= ItE

MeOH
H20
Table 8. 2,6-TMA NO, O ==

(“)Collection @ chosun
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2.6-TMA H UV-vis
—— OD0000ZM 2, B TS, H(H, 0]
—— OL.D0000ZM 2,6-THAS, HM=OH)

1.0

Absorbance(Normalized)

440 480 480 500 520 540 560 580
Wavelength (nm)

Figure 15. 2,6-TMA HSl S=AHE S (Normalized)

2,6-TMA H PL
—— 0.000002M 2 6-TMA H{H )
—— 0.000002M 2,6-TMA H(MeOH)

160

140
120 |-
100

PL intensity

60 -
40 |

20 |-

450 480 500 520 540 560 580 600 620 640

Wavelength (nm)

L

Figure 16. 2,6-TMA HS| BIESAHEH
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2,6-TMA H
E Aabs/nm AEm/nm AEx
154.6

MeOH 520nm 540nm
540nm 123.7

H20 520nm

9 YE I

Table 9. 2,6-TMA H2 &=+ &
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DS-TMA OMe UV-vis

0.20

0.15

0.10

Absorbance

0.05

—0.000002M DS-TMA OCH,(H.O)
—— 0.000002M DS-TMA OCH,(MelH)

:

.-FH\-:' /;!r_‘
| ]
\\.,____; =
1 1 1 1 1 1
550 600 650 700 750 800 850

Wavelength (nm)

Figure 17. DS-TMA OMel| S4+AHEH

100

PL intensity

40

20

D5-TMA OMe PL

—— 0.0D0002M DS TME CCHL(H, O)
—— 00000020 DS-ThiA OCH, (MeOH)

350 400 450 &S00 S50 600 650 700 750 800 850

Wavelength (nm)

Figure 18. DS-TMA OMell &= AHEH
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DS-TMA OMe

E Aabs/nm AEm/nm AEx
MeOH 620nm 627nm 55
H=0 616nm

627nm 98

Table 10. DS-TMA OMe2l E=+ & &

- 29 -
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DS-TMA NO2z UV-vis
Za 0.000002M DSTMANG,H,0)
——0.000002M DS-TMA NO{MeOH)

0.20

0.15

0.10

Absorbance

0.05

500 | 600 | 700 | 800
Wavelength (nm)

Figure 19. DS-TMA NO, 2 EAHEH

DS-TMA NO: PL

30
—— 0.000002M D'S-TIA NOA HC)
— 0 0000020 [ S-ThA NO_{MeOH)

25 |

15 |

PL intensity

10

350 400 450 500 550 600 650 700 750 800 850
Wavelength (nm)

Figure 20. DS-TMA NO, 2| &H=ATEH
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MeOH 622nm
H20 622nm

DS-TMA NO:
B8 Aabs/om |AEm/nm | AEx
630nm 27
623nm 1.44

s I

[m]
o

ol =4 %
— =T =<

Table 11. DS-TMA NO-
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DS-TMA H UV-vis
——0.000002M D5-TMA H(H,0)
——0.0000021 DS-TMA H{MeOH)

0.25

0.20

0.15

0.10

Absorbance

0.05

500 | 550 | 600 | 650 | 700 | 750 | 800 | 850
Wavelength (nm)
Figure 21. DS-TMA HS S+AHEH

DS-TMA H PL
—— 00000020 DO5-TIA H{H 0
—0.000002M DS- TMA H{MeOH)
20
16
=
;]
c
a
E
= 4qpL
.|
o
5L
0

L | 1 | L | L | 1 1 L | | L
350 400 450 500 550 600 650 700 750
Wavelength (nm)

Figure 22. DS-TMA HSl Bl AHEH
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MeOH
618nm

H=0
Table 12. DS-TMA HSl =%

DS-TMA H
(5 [Mabs/om  AEm/nm Ak
618nm 625nm 20
627nm 12

9 %E I+

(“)Collection @ chosun
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3.4 NMR

2 compound2| 'H NMRS LIEFH 201 2,6-TMA OMe, 2,6-TMA NO, , 2,6-TMA H,
DS-TMA OMe, DS-TMA NO, , DS-TMA HSl Z 0= H NMR It °C NMRS 2011

UL,
Compound1
| | -|. | |
OCH;
A
a2
bl'\.._..&!b
CI\ 1 |
A
LT T D
VNG N=/
i Acetone
[
f Hx
c ‘ d water
ab 3 | \ ]

'H NMR (300MHz, COCl5 ) : & 7.18 (d, 2H ), 7.02 (d, 2H ), 5.97 ( t ,
2H ) 3.87 (s, 3H), 255 (m,6H), 1.43 (s, 6H)

Figure 23. ™H NMR of compound 1
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Compound 2

Ak
==z=

3 £ 3 Na
P - i i (N T A
ar ya
b|~| Jh [ I | M
C "[ —d 1 —Fidca
S

/5NN
] 1

N N_:-:__ ! L1zes
f/F.'B'..F \ RELH!

S gl

.h___

-
a a
& @

—
—
I
-

;0

b
| |

o

b

T T T T T T u T T T T T T T T
T T 2.9 LR 22 ic + % 4t 3z e ze 22 ] ta 02 ]
oo

'H NMR (300MHz, COCl3 ) : 8 7.15-7.12 (s, 2H ), 7.05-7.02 (s, 2H ),
3.89 (m,3H), 264 (m, 6H), 1.44 (m, 6H)

Figure 24. ™H NMR of compound 2
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Compound 3

R 4 5 " i

T T T T T T T T
8.8 K.} 55 80 45 a0 35 3.0 25 20 1.5 1.0 0.5 =X} -5&
11 {epmi

"H NMR (300MHz, COCl3 ) : & 7.23 (d ,2H ), 7.08-7.00 ( d , 6H), 6.76-6.74
(m,44)38 (s, 34), 2.97 (s, 12H), 2.54 (m, 64 ), 1.36( m ,
6H )

Figure 25. ™H NMR of compound 3
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2,6-TMA OMe (' H)

HENTEN
Hes
SN N

Ve SR N N
O L)
d f b @ [ \B_'_‘ \ T l'-
F °F
f
Maethanol
MC
=3 g I-!
b aic d 1
[ 1 i
Lk kL e S
SIC e a0 —'ID_ 3 2 2.0
fem)

'H NVR (300MHz, COClz ) : & 8.15-8.12 ( d ,4H ), 7.06-7.63 ( d , 6H),
7.48-7.45(d,2H), 7.31-7.29 (d, 2H ), 4.01 (s, 3H), 3.85 ( s, 18H),

2.63 (m,6H), 1.57(m, 6H)

Figure 32. 'H NMR of 2,6-TMA OMe
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2,6-TMA OMe (%C )

lan=0<

=1

13006 R g -
Lemg 3 0 won ; o
BN mAM M 7 us

1
it
— =

\\ l \J
- Jo N e R s Y
/ 2T Nt K
N~ :\\__ A 1 n].| ey,
i = \K i

e dal 1 LI l

T T T T T y T T T T T
180 150 140 130 120 119 100 %0 a0 s a0 5 =0 o 20
11 {ppmi

'H NMR (300MHz, CDCls ) : & 7.23 (d ,2H ), 7.08-7.00 ( d , 6H), 6.76-6.74
(s,44)38 (s ,3), 297 (s, 12H), 254 (s, 64 ), 1.36( s ,
6H )

Figure 33. ™C NMR of 2,6-TMA OMe
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Compound 4

1; \If NO; T |
| 450
a7 a8 r ¢
o | |
c S d ‘
. :
UL
i " Vs, -~ '3 | |
i '{."‘-» T i 350
J J;.El L.‘;J / /
/ - H'_E\_'::J hﬁﬁ‘-\ k300
[ -
250
158G
Id
c
100
B 50
d b J
| I )
T i il 3 Fy

T T T T T T T T T T T
B.5 80 Tig T.e 8.3 gn g5 549 43 40 3.5 e 2.5

T
05

'H NMR (300MHz, CDCls ) : & 8.39-8.26 (d, 2H ), 7.54-7.51 (d , 2H ),

6.01 (s, 2H), 2.55( s, 6H), 1.35( s, 6H )

Figure 26. 'H NMR of compound 4
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Compound 5

a5 =T
i (Y NO;
a a
4 b b d
| S
L ] iR =
vS\/N-\ /NH“
8\
F*° F
620 Tigmal
Acetone
Hx
d,
a b i
u k _ as _/__‘T,." '-.._‘_Jhll-_ =
T T
D B T 8 8o 5 1o 00 08

'"H NMR (300MHz, CDCls ) :

265 (s ,6H), 1.37 (s, 6H)

Figure 27. ™H NMR of compound 5
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Compound 6

1% LY. (VIR 7T
|
9
d
MC 4
L e f
a b 3 z
_JJ_._.__u_ o ._h\...._ — s ——— S | et (| e v e P | 5
T T y pe :|" A |8 T
:: " 4 7 g '
P 20 8 o =8 s a0 e 2 s o
oEm)

'H NMR (300MHz, COCl3 ) : & 8.39-8.36 (d, 2H ), 7.62-7.59 ( d, 2H ),
7.02-7.00 (d, 4H), 3.00 (s, 12H) 254 (s ,6H), 1.27 (s, 64 )

Figure 28. ™H NMR of compound 6
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2,6-TMA NO, (' H)

LVICVERY.

._If

54 N_-"f \ }ﬁi ;\——/—5—”—}

NO,

d S d

(®)

W

£V =S
e X/ efl
N F

g.
Methanol
s+t ‘ 1
I e e
'H NMR (300MHz, CDCls ) : & 8.48-8.45 (d , 2H ), 8.01-7.98 ( d, 4H ),
7.78-7.75 (d , 2H ), 7.51-7.48 (d , 44 ), 3.70 (s, 184 ) 2.49 ( s

6H ), 1.35 (s

Figure 34.

, 6H )

'H NMR of 2,6-TMA NO,
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2,6-TMA N0, (%C )

EE+DT

iprge=io BN
4 WA um R
I F—+4—4-} o | T‘OI
#
®
=
\ J
; N —
; == =T W N e
N— N | )—{— N
N NN, Ns=/ N7
= l-
| s
I F F
1
Cab et ‘
120 110 100 50 & 7o e 50

11 {ppm

'H NMR (300MHz, COCl3 ) : & 8.48-8.45 (d , 2H ), 8.01-7.98 ( d, 4H ),
7.787.75 (d, 2H ), 7.51-7.48 (d , 4H ), 3.70 ( s ,

6H ), 1.35 (s, 6H)

Figure 35. ™C NMR of 2,6-TMA NO,
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Compound 7

Aretone

Hx

80 e 7.0 6s a0 e5 50 48 10 28 30 s 20 15 o os 0.0
i

'H NMR (300MHz, CDClz ) : & 7.74 (d, 3H), 7.29 (d, 2H ), 5.98 ( s,
2H) 25 (s ,6H), 1.37 (s, 6H)

Figure 29. ™H NMR of compound 7
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Compound 8

v o
Hx ‘
|

CDCL3
MC

e d

g |b

LJk | L o
b T T
86 78 10D 88 &8 %% &0 4% 40 20 2 00 -0

34
1 ipemi

'H NMR (300MHz, COCls ) : & 7.53 (d, 34 ), 7.25(d, 2H), 2.64 ( s,

6H ), 1.38 (s, 6H )

Figure 30. ™H NMR of compound 8
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Compound 9

ol WU ‘i'
280
a
B @ i
R
|
. ol b d I Hx |
. ! ke20
f e \\_,- \\J ¢
= | e ; o k200
N § N, N= \_/‘ 80
Fe “B’ "\ i
F/ “F ao
Acetone [
180
d Feo
. :
| kan
& . f
2 H ll Lzo
LE'JL“_‘IMI L -‘I i - -\....ll' Ji
ag A 9 # n 2
/ : ! i S
70 &8 80 is “0 44 40 38 30 25 20 18 10 08 00 -o8
1 (ppm}

"H NMR (300MHz, CDCl5 ) : & 7.46 (d, 3H), 7.36-7.34 (d , 2H ), 7.05-7.02
(d,4H),6.76-6.73(d, 4H), 2.97 (s, 12H), 2.54 (s, 6H ), 1.30
(s, 6H)

Figure 31. ™H NMR of compound 9

_46_

ZICollection @ chosun
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'H NMR (300MHz, COCls ) :

7.51-7.48 (d, 4H ), 7.44-7.41 (d, 2H ), 3.72 ( s,

), 1.35 (s, 6H)

Figure 36. ™M NMR of 2,6-TMA H
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'H NMR (300MHz, COCls ) : & 7.06 (d, 24 ), 6.80 (d, 2H), 3.03 ( s,

6H ) 2.59 (s, 6H), 1.50 (s, 6H )

Figure 37. ™C NMR of 2,6-TMA H
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Compound 10
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'H NMR (300MHz, COClg ) @ & 7.76-7.74 (d , 4H ), 7.39 (d , 4H ), 7.23-7.21
(d,2H)7.02-7.00 (d, 2H), 6.72-6.70 (d , 4H ), 4.71(d , 2H ), 3.88

(s, 12H), 1.48 (s, 6H)

Figure 38. "HNMR of compound 10
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'H NMR (300MHz, CDCls ) : & 8.02-8.00 ( d , 4H ), 7.90-7.88 ( d , 4H ),
7.53-7.49 (d, 2H), 7.31-7.29 (d , 2H ), 7.17-7.15 (d , 2H ), 6.91 (

d,2H), 3.90(s,3H), 3.74(s, 184 ), 1.57( s, 6H )

Figure 41. "HNMR of DS-TMA OMe
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Compound 11
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'H NMR (300MHz, CDCls ) : & 8.40—8.35 (d,2H), 7.75-7.72 (d , 4H ),
7.55-7.52 (d, 4H) 6.726.69 (d, 6H), 6.59 (d, 2H), 3.08 (d, 12H

), 1.39 (s, 6H)

Figure 39. "HNMR of compound 11
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DS-TMA NO. (' H)
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'H NMR (300MHz, CDCls ) : & 8.49-8.47 ( d, 2H ), 8.03-8.01 ( d, 4H ),
7.92-7.89 (d, 4H ), 7.76-7.74 (d , 4H ), 7.58-7.54 (d, 2H ), 6.96 (d

,2H ), 3.74(s, 18H), 1.52 (s, 6H )

Figure 42. "HNMR of DS-TMA NO,
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Compound 12
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Figure 40. ' HNMR of compound 12
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'H NMR (300MHz, COCls ) : & 8.04-8.02 (d , 4H ), 7.91-7.88 (d , 4H ),
7.77 (d,24), 7.60 (d,3H), 7.43-7.42 (d, 2H), 6.93 (d, 2H ),
3.75 (s, 184 ), 1.51 (s, 6H)

Figure 43. "HNMR of DS-TMA H
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3.5 MASS SPECTROMETRY (MS)
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Figure 44. 2,6-TMA OMe2| MS (Range : 50-3000 m/z)
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Figure 45. 2,6-TMA OMe2] MS (Range : 700-1000 m/z)
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2,6-TMA BODIPY

Figure 46. 2ZSH 2,6-TMA OMe, 2,6-TMA NO. , 2,6-TMA H

DS-TMA BODIPY

Figure 47. 255 & DS-TMA OMe, DS-TMA NO. , DS-TMA H
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