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Abbreviations

Throughout this dissertation, various abbreviations have been employed to

save space and enhance readability. For your convenience, a comprehensive list

of these abbreviations has been compiled below for easy reference.

ESS

RFB

AORFB

WIRAMS

CVv

EWG

EDG

Energy storage system

Redox flow battery

Aqueous organic redox flow battery

Water—in—redox acive molecular salt

Cyclic voltammetry

Electron—withdrawing groups

Electron—donating groups



SM

eq

ACN

GC

TLC

DW

EtOAc

Hex

LC—=MS

DCM

MTBE

EtOH

EtsN

DMF

Solubilizing moiety

Equivalent

Acetonitrile

Gas chromatography

Thin layer chromatography

Distilled water

Ethyl acetate

Hexane

Liquid chromatography —mass spectrometer

Dichloromethane

Methyl tert—butyl ether

Ethanol

triethylamine

N, N—Dimethylformamide



NMR Nuclear magnetic resonance

DMSO—ds Deuterated dimethyl sulfoxide

D-0O Deuterium oxide
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Figure 21. 4b =419 CV 34



@ 47 AHES £ 4B F =2 AA 2§

o] olx v # L= 7] wFolt}t. o]ef cis—trans ©]A A A el cis—1,4—dichloro—2—

butene$} trans—1,4—dibromo—2—butene= reagent® A3} T}

oo
et

2w 9 B4 T, 4d REAS B Brol cisd Aol YH oz o
% glo] Cl X188l Aloke F8atgith. ol 9] da HEA S D), 12 AP ol = Whg
o] 2 AW o] 40%°] F& = Helairt. Wl dibromo AohS AL§F de FEAL

REg-ol HH s&o] v skttt (Scheme 13).

o Cl
c—"" g o)
o K,COj3, Bu,NBr . Q o

Acetone, 60 °C, 18 h

HO 0.0 OH 40%
7 B
Br B Br O O. f\/ﬁj
O-o

K,CO3, BuyNBr
Acetone, 60 °C, 18 h
1%

r

Scheme 13. 4B §=49 R WA &4 34



T3 SME 2ols F HA dA oA E 4e F 4= w3 A 85 BT &
A A 2] 4d9} de F- A= 4 35%, 18% 2] &2 A H AT (Scheme 14).

$J

o JCI /\}
(o}
=
p J/\/ O
CIJ/\/ O W 2. 1-Methylpyrrolidine

ACN, 60°C, 18 h
e (87%), 4f (16%)

3. Amberlite IRA-900(Cl) o (j
ion-exchange \ o 2Cr —N
r I +
CF o~~~
(O

4e, 18%

4d, 35"/

o]
Br- A0 O y B
’Q O/\/\/

Scheme 14. 4B §-%=A2 F+ WA &4 A

Table 59+ 7]£9] 3f A9 &4 AFES 4702 714 4D, 44, 4e F-2A41 2] &3
TE Yehd St & AbEo] & Ao 8l =2 Sl RE 7HE Ao R o gt A u

T 470e] ' A AME S 2 4b A

=

Rt &3 =7 Fth ATk} transE & 4e
A& 2.55 mE ethane linker® 3l= 4a FEARTE @GS &322 el CV

= oolAy g W oz =439t} (Figure 22).'°



Table 5. 4B 249 £3=

9-Fluorenone Derivative Solubility

No~© O. 2K N af em
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0w O
| o 2Cl —N
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Do
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Potential (V)

Figure 22. 4d 549 £33 F <A



@ 19 4C FEA ] A 9 A

— Ether AF& 2 linker 2 &-8-3F 4f f- 2419 A A 2 A

o

Al Ak A7) E3E R—0—R (ether) 7% E linkerZ 29 35 & o] 1A 4f 554
£ 33T (Scheme 15). ©]= 36%2 &85 2= 3 E5A 742 Hd 5.6 m
o] =5 YEFAT

(0]
Br /\/O\/\ Br 5 o 5
HO ' oH — KeCOs BuNBr B> f '
Acetone, 60 °C, 18 h

62%

/

LG

0 Gieo . ™ o0
ACN
60°C, 18 h

58%

2cr
Amberlite IRA-900(CI) C\ N~ o0 ofNQ
ion-exchange '

Scheme 15. 4f $=H 9] A4



0

§ e

Of

Ether linkerZ zZt= 4f 54 (5.6 m)+= 27 A& 4d F=A (5 m) ol Y]
1S

Sl EE UEhiH, 44 AFE 4b FE2A (6.7 m) 9 H]523 ARl G EE T = A

g1sk3l Ty (Table 6).

Table 6. 9—Fluorenone &7 Al&°] W& £ & vl

Linker Derivative Solubility

L~ ~_O [ 2k \@
G\h O’ r‘/‘/ 4b 5.7m
&

SO P af 56m
7 o O/\/o \j




-G e = 4g A A B A

A =74 9=Fluorenone F+5E4 8 A EE =o]7] 98l &4 AFES TS
ANAZARE, 71E] 8 mREt =2 =5 2= F- A5 5] ofg Yt o] g4

AF&o] obd tHE linkerE T8t 3f AR 14-&AS

o
=
rr
Jo
bt
i
i
d
oX,
_0|L

N

315575 o] &3l pyridines &2lal ¢} skell DCMO.ZE Aol 53 =314 314 9

4g FEAE 36%2 TE&E AU

0 B ~ £ O O N
@ 5% [ ) %s° o
HO . - + .2 1" Y -A +
O S & Ly ey
60 °C, 2 days 4q
36%

Scheme 16. 4g =49 A
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—SMZ 2-dimethylaminoethanols &2l 4h f %A 2] A A 9 3+

4h FE=A= 3f F=AS A WA @AM propyl”] linkergE =<1 F1HAl 1-
methylpyrrolidine ™4l 2—dimethylaminoethanol® SMZ &%t} (Scheme 17). ©¢]

SM+ amino”] 8} hydroxyl7]| & FA] ¢l 7}A| = reagent® =4 Svjjo of & &332 A

ftlo

Zlthskal skt shAIRE Gl 2= 2.56 mE w9 WA SAEH A= o= B4 AME

o Ui d7] wjZoletaL s 5= 3tk (Table 7).

o
0
Br/\/\Br o o
K,CO,, Bu,NBr
o Py e (D
Q O OH “Acetone. 80 °C, 18 1 Br— " SN B

44%
I

/N\/\OH
ACN .O
___AGN P
70°C, 12 h O \/\/I}I
e\
9% HO'

0]
. 2Cl
Amberlite IRA-900(Cl) / 0] . @) \
ion-exchange SN NN
S~ * N\
HO 4h OH

Scheme 17. 4h %49 34



Table 7. 4C F+EA Y &3 =

9-Fluorenone Derivative Solubility
Cl\\l/ o 7 \
o O’ ZC/I\/\L"Q 3f 8m
(O
¢ ' |
2Cl +
G\J o NQ
/+\/\O/\/ O’ /\/O\/\ 4f 56m
(o
_ o]
X 0\9/0 o X
| N § ’ ‘o = | + 49 7m
N o] S-0 °N
H 00 H
o]
oY N0
/ O \ 4h 2.56m
SN Q O N~
/\/+ + N\
HO OH

4C =49 4% ether linkerg Zti= 4f A vwko] 719944 S e, 4g9} 4h

SEAE 7194 e R 29k



2) 2,7—Diamino—9—fluorenone® &g 3 549

L0

¢

A= 7FA 2,7—dihydroxyl—9—fluorenone& XA Z 3} 9—Fluorenone %= 2]
IFEAS GAEY 3 A A", 5AAM = 2,7—diamino—9—fluorenones ZA 2 &&

3+ T Amino”]+ hydroxyl7]| Xt} ] EDG (electron donating groups) &.% #2 &

U EAZ A3 2,7—-diamino—9—fluorenone:™= Aoz o] 37 ojH Y
2,7—dinitro—9—fluorenone< A3}l A3 TE o] = A ]38t o FH Fuf tjal

SnCle-2H.05 &85l gkl w5 #1381t} (Scheme 18).

O.N . NO, SnCl2H0, EA pN . NH,
60°C, 18 h
100 %
2,7-Dinitro-9-fluorenone 2,7-Diamino-9-fluorenone

Scheme 18. 2,7—Diamino—9—fluorenone ] ¥4

o] W52 2 7—dinitro—9—fluorenone 1.0 eq¥} tin(II) chloride dihydrate 8 eq=

H &) EtOAcE & & &}o], 60 ColA] refluxst™ 18A17F E-QF wHEskTH wE-S-0]

s
o

v

NaOH =& ol &d 7oz =t o] 3AollA Sn Aatshzo] A Jef= P

[-'N

T} o] & 7St stell Al ol #td & HE DCMO.E F&at=d Y=ol DCMo % % =5
A k=t wEbA WA S stoll 5 e d Foll, LAE acetone O ®E oY W F&

3te), o] oA E g HS A= sE=T| 2 T, 2,7—diamino—9—fluorenone X2}



AR o]l A eAJsE 2 7—diamino—9—fluorenone: 2,7 —dihydroxy—9—
fluorenone XA ol Bl3l] 778wl thet &l e £4] okt AFHNA T2 ALE-
3= ethyl acetate, hexane, ethanol, methanol, dichloromethane, diethyl ether,

distilled water, acetone, acetonitrile, isopropanol 52 &1 o4 acetoneo] 7}

2 mAN v2 Srfjells 719 A et

/43t 2,7-diamino—9—fluorenoneE EE=dE &&ato] st FEA==
Table 8 WEFHTh 5A A= 3f F=AZ5-E SMRE fskA3] stek==M, 39}
3g F=A 2 fAFSE g etEolt). 1211 5B %A+ linker 9} solubilizing moiety B
£ vkt steEolth o] FEAEY &E H VS 545 2,7—-diamino—9-

fluorenone &2 H-¢ At A 9 v w sz} 5T}



Table 8. 2,7—Diamino—9—fluorenoneS EA|E 3} A3 F-=4

o @ o 2cr
H2N . NHZ 1. linker » HN . NH
2. solubilizing moiety @

— AL
NN 2cr \ﬁg
Q —~
NH
5a

5A
N4 H O
NN 2cr ﬁ/_
L o, 2
=
5b
o)
SO
NH 2CI
S & YN
——'N/ 5c o] +
N
1\
D
5B o '




D @ Felo reagnets T3 5A FEA A D B4

3f A= WIRAMS 7302 11554 AORFBE &= =42 &84 4+ 3l
o shgh=elth ATl 4A9] AA B 9= F8 linker® = & AbE ] Aol7t 3709

Zol 148X dA o 71 AekEtty #eeld 1 o] = 2,7 —diamino—9—fluorenone©]|

_L/

L33 t). kA 5A dAd oA+ linker+= propyl”7]2 117 3}31, solubilizing moiety

& WA,

2,7—diamino—9—fluorenones EAZE 3= 5A FEA42 A2 ol A7+ 2] HHY

¥ ZF = B Ao A linker®E alkyl7]E <9 W dibromopropane® 7L

)

dihaloalkanes AF&3FI T 184 o] REgolA = A A1 HE-§-Q1 E2 HEg-o] & dojr}

o

AARES AAHoF s}, F7] fvfol oist =7t £A ¢S 2,7—diamino—9—
fluorenone< dihaloalkanes =%3< W A7+ FHFSS AAAolY  column

chromatography W o 2 #23}7] o ¥t} (Scheme 19).

0]
Br™ >~""Br Br\/\/N
HaN Q.O NH; K,CO,, Bu,NBr O. Br
Acetone, 60 °C, 18 h

Scheme 19. 2,7—Diamino—9—fluorenone®l dibromopropane

w24 linker @} solubilizing moiety & =<2 & FH 9] g3t WA A 5 o] &
Ao Bolx= WS &85t 5a reagents 1,3—dibromopropane 3.0 eqell 1—
methylpyrrolidine 1.0 eq= €9 204 18 h wHIAIZ] H, 7<) 3ol MTBE=Z 2 o]

g AE 9490 FEZ Fol ALY 2 WO F 5b reagenti= 1,3—



dibromopropane 3.0 eq®ll 4.2 M trimethylamine in EtOH 1.0 eq& g9¢] A9 4 18
h WRHAIZD 5, 24k Skell MTBEZ Ao 34 3y A& 83%2 &= dof AFE-3H5lH

(Scheme 20).

/
0
I
P
rt, 18 h Br-
1,3-Dibromopropane 5a reagent
N
|
PN ~
B A Br —- N+/\/_\ Br
0°C->rt, overnight | Br
1,3-Dibromopropane 5b reagent

Scheme 20. 5A =49 reagent T4

o€l &3t I HES reagentES EAo Y W= A7]E Yol amined F4E
wlof gt} shA| Wk dihaloalkaneE &< WA ® 7] 1719 KoCOzE AHE-3HAE A =34
Q7] 57 Eofl mol 81E 71 vk mEtA Bl 5 A=Y 971E 286k $

3 7] 9719 EtsNS AL&-3F o).

5A XA 9 AL thS ) o}, wEe 7] 2,7 —diamino—9—fluorenone 1.0 eq

£2)

SrA1 3l reagent 3.5 eqe FH3k, 0.3 ME DMF €12} EtsN 2.4 eq2 ¥o] 110 C

oA refluxsty wwwkstt}, Hk-g-o] Fub 7t 5o isopropanol® 1A E A a1, oA &=

= A% Y AT EEVIR SlE AAS F54 uAE dodH °1F Br ole&
Clo]Z o R Fol& x| &sto] HF sh§taa 47 24%, 57%°] &% AUt (Scheme
21).



Br |
1. Br/\/)Na
EtsN, DMF, 110 °C, 6 h, 24% C N .
2. Amberlite IRA-900(CI) T O O NH
0 ion-exchange \—\—\N
X
meSail S
1. \N+’\/\Br

EtsN, DMF, 110°C, 18 h, 57% N\/\/N O'O

2. Amberlite IRA-900(Cl)
ion-exchange

Scheme 21. 5A FEA9 A

5a2} 5b =A== 242 2.08 m&} 2.4 mo] ¥ S =5 eI o= EHEA
o] &7t U wtr) vfEolgty dE Tl Diamino’] S BAZ k= 5asl 5b = A=
dihydroxyl71& RAZ 3= 3fet 3g GFEAS FASE o5& =Ao zHg7]Q

hydroxyl”7] ¢} amino”] %t th& 3}stE 24 248719 2Fo] 2 Q1 &3] =& v w3kl

&o% 57 Aol N AR FHS #

kit
©
rlr
i)
ru
o
fa
[-‘0
ol
38,
ui
w
>
Jo
b

AN SMZ+= 1-methylpyrrolidines 3= W L3 =7 7H8 =%k, BAl& 914

i

O
rtm
_C{L
i

Y 15842 A 3= solubilizing moiety 7} @2k A o]t} Linker9l ZAE
£71Z4 hydroxyl7]el Bl amino”]7} % Sl & e o] & A Awst A
¥ R—NHz= R—OHET &2 =4o] s}, weba] A A3 amino”] & 7H

EA49 €31 E7} hydroxyl7| & 7H FEARHY SA S45 A0 2 "t} (Table 9).



Table 9. 9—Fluorenone B3l @} & L3 % B

o o
OO
2,7-Dihydroxy-9-fluorenone 2,7-Diamino-9-fluorenone
3f-8m | 5a2-2.08m
[ & i
-~ Ve H
G}'\/\/O 2cr N A~N 2cr N
’ /J+ ' O’ r—/_N
(O~ ey
3g-38m | 5b-24m
\ o N} H 0
N _~_o0 vy _NeA~UN 20F o/
+ 2cl N + f—
/J+\ J \
0 NH

5b fr&=Al8 CV o] ¥} & W or S48 on, v falez Qs 7FA

S el A = Ao w AdEnt (Figure 24).%
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Figure 24. 5b =49 CV 34



@ Linker®} SM= F5F W3A 7] 5B f- 2419 A 4 34

5A FEAC gAY gaE Ans B, gelEE

m

elttyr 73t linkere} SME]
23S BAVOE A 489 A &S 5 e AS ot kA 2,7 -diamino—9—

fluorenone®] linker &} SME 2tz WA AKX 1A 5B LA S A A U

Ausgle, 5B FEA0 R WA @A the o] §4¥Th 2,7-Diamino—9-

fluorenone 1.0 eqe DCM €wo] =2 & 0 CollA reagent$} pyridines A=

o~

dropwisestth. O o] 47|17} v o

rH

geoln st

&l
T
olo

o]

i

vhel 715k sl

5

DCMO. & o] Ztz; Myl F3kAo] 342 100%, 98%2] F4% At (Scheme

22).

CI/\/N¢C¢

0
H
e, OGM HT(N O'O N N
pyridine, —
o 0°C->rt, 3h,100% 0 ?f R
5c step1
Ty

Cl

o]

e S L
pyridine, DCM C'/\‘g L.

0°C->rt, 4 h, 98% 5d step1

Scheme 22. 5B F XA 2 R WA @A &4



Sk 3 3kl 52 ACNef £3al5t9] 1—methylimidazole 4 eq& €1 70~80 Tl A
WHbsEaL, Hhgo] ek $ 71t sholl DCMO. = o] HF 3= 717 80%, 28% 2] &

2 A3 (Scheme 23).

/
o N o)
n
H H N\/) H H
NN ' N, H H N . N, H
C|/‘“/NW{ YN\/\ ACN, 80 °C mﬁNNW( }rN\_\
[®] o] Cl _ @] 5c 0 +

3 days, 80% _N\/' N
2cl 0 ‘ﬁ

N
o] r’Nf o) |
' H
y \/) NH
OO - O
— =N .
CI/ﬁg o ¢l ACN, 70 °C T o] 54 0 [}13

2 days, 29% 2CI <

—Z

Scheme 23. 5B §-%242 F+ WA &4 A

5cot bd f+ A= 5d9 A% =ofl A =4 ekom 7k = vEhA] et 52l

37 A Absel vlEl 2 3.4 me] & =S YER T (Table 10).



Table 10. 5A, 5B §%49 €3 =

5a-2.08m | 5¢-3.4m
0
O & 0 i Y
NN O' 2CI \ﬁa /:NN “g O N';rN 2Cr
—N__ o N
Q NH T_\§
N
|
5b-24m 5d - low solubility
0
N/ H O H -
‘ \ 7 o N-
(- v o 1)
/ N
\
CVe old 3 22 oz S4sto] n7Fg 4l A ghlsl = o= &3l =7}
4 m o]ate] FhS 7HA7] wiZoletar o dE 4 qlth BA, 5B fFEAS W &%, CV

5% Ads vhgo® 407 2. 7-diamino—9—flourenones EAE AORFBE &5 &
548 A8t AL olg & Adow sttt (Figure 25).%
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Figure 25. 5B =49 CV F4



3) 9—Fluorenone F%49 HFAA A+

9—Fluorenone F 54 & 357} 7Hd =& 3f =42 3t viE ] A HAE oA

7435 8% A3FE gt (Figure 26) .42 v 8]+ =4S 1.09 M TEMPO +

_l

1.21 M Pyr, 592 0.92 M 3f (=FL) + 1.03 M Pyr 71 0 & 7}53atqlnh 2Hs A2

100 cycle &<F 82.32% %] &% o] &5 YEMAY. Pyr= FLS & v & &34 %

= o|F H7HAo] e,

—e— Charge

25 | —e— Discharge Q
-
~
c
< [N\
2z N
S o
Q.
©
)
Pyr
0 20 40 60 80 100
Cycle No.

Figure 26. 3f =4 9] ujglg] A 6 AE A7

o] &% A3}7} A|¢+E Scheme 3, 42] disproportionation . & ¢13F Z1¢1#] &els}
1A} sl wEbA 3f Al AEVIE iR AU FL-0OHE §A4 ek, CV
= =430t (Figure 27)." FL-—OHE DWellul 5094 = CV 2p4lo] vl oo}
NaOH £ & do] FAsl o, A4 42 3f =, wita o] FL—OHe|t},
FL—OH°] F w2 43}l 4 & B3l FL™ 5 A FLOZ Atsld o= oidshal |,

FL ™2 9] A4k} vh-g o] % Ab3} wh-g-o] opd gkl Hh-g-o] A ofytt.



QA% gl o] Ty W FLOE A3lH 2 0% 1yt ol

ftlo

=3 CV

i
J {

o] FL—OH¢l| OH & Y1 'H NMR¥} LC—MSZE ¥H& okAS shol &gt o] Hk-g& 7}

ZF DW e NaOH g g3f¥ Aeje] FL-OH=Z 7133}t
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WA FL-0H2 3 W2 th23 2t} Scheme 209 3 WA ©A o] AES

U & sk A S AT FA S 35S anhydrous methanole] %9 0 C
o ] NaBHy Aok 2.5 eqs 2% Wil 727 ¢ o]AF oA 920 40 CollA wwkat
RS0l # XA okol NaBHy= tl H7lsto] (F 3.4 eq), 503 who] E=40]

3] 4% 5 0 TellA 1 M HCl €48 7}8ll pHE 6-79]

A
r]I.
olo
_0|L
38
£
[-‘E
olo
i
=
s
ofy

L= gtk o] F- DCMO. 2 FEate] 34 ILAE 84%°] &% Aotk ol F 1-
methylpyrrolidineS &°]+& I o= ACNo] o} d EtOHS &1 & A}&3lof 3152

MEEHA Do 5 o HFEH o R A £ 1LAE 36%2 &2 AT (Scheme



o 0
Br~ " "Br
HO . OH _ K,COjy BuNBr 0 Q.O o
O O Acetons, 60°C, 186 Br—""" N Br

44%

OH
NaBH, o . o
MeOH, 40 °C Br— " Q O NN Br

50 m, 84%

mE:?TSh CW\/\D

97%

Amberlite IRA-900(CI) C\
ion-exchange N\/\/O Q. O\/\/N

FL-OH

Scheme 24. FL—0H9] 34

i

FL—OH°] T4 & doE FLOZ A3ty =], 4714 =8N 2147 A3}
=2 gl 98] ths 28 ) 7FA =718 AAske], 'H NMR# LC-MSE ¥ ¢F
A ettt FL-OHE ZH2F 4 =8 OW) 3 9714 449 (NaOH £4) o &

A1 7] 4L,

ok

7] i Ar 718 sell Altel] whE WskE #2353t (Table 11).



—vial 1: Ar 7}~ 2 DWE HEH3o] 0.1 M2 FL-OH 1 mmol& A %3] Ar 4

b2

oF Aol ek,

—vial 2: Air2 DWE B E83}lo] 0.1 M2 FL—-0OH 1 mmol& #|%3sle] 4 S &1 A

—vial 3: Ar 7}A% DWE B E838}o] 7= 0.1 Me FL—0H 1 mmold] DWE W& 3}
o] = 1 M NaOH 2 mmolE 21, Ar £4E Lol Ao Tt}
—vial 4: Ar 7FAE DWE B E83&lo] v1= 0.1 M2 FL—0OH 1 mmole] DWE B £ 3}

o] W= 1 M NaOH 2 mmolE Y11, ¥4 wo} Ao Tt}

Table 11. FL—0OH®] FLZ 9] A&} wr& =4

R
z
0o
12
A
Y

o | B ——— | 0.1MFL-OH 1 mmol + Hz0

0.1 M FL-OH 1 mmol + H20

NaOH + 1M NaOH 2 mmol

pH8

Al Ay A|Zko] A5 FL—0H¢| FLO. 2 ®HislE 213 o2k glsk 4= 9l
glom, 'H NMR¥} LC-MSZ% &el&tgdtt (Figure 28, 29). 43 FLS & A 11

A, FL-OH:= 3 254 38 Eo =<l vial 1, 2= Mo] §A YA 4 FLE &2
IA| 2 vial 3, 4+ 37 AU Y 5] H24S w gl



FL—OH, FL, vial 3, 49 1 day, 2 day= "] 3 '"H NMRS YER) St FL-OH%}
FLS 'H NMRel&= 24 755 EA8Hth 53] FL—OH2| benzylic #+2] &) 17]12] §4
7} o] &0 Aub A o] Holx] At b shift 32 7F# &= FL—OH=} FL2] 'H NMR
peakE< vial 3, 49} BlwE 4 gt} A¥H o2 'H NMRS 223 HolH &5 EUZ 9]

Eo] Av}d FL-OHE 90% ©]4 FLO 2 Zolgiths AS &<lstg ). vial 1, 29 2%
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Ar 7FAE B EY 3 vial 39 LC-MSZ 2 &£3} t)o]E| & Ea FL—OHS Ar 3}olA]
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I A&

B Ao A= Benzophenone® 9—Fluorenone? ol ®A|of theksl linker g}
solubilizing moiety & Z3%3lo] Eof 2 5= AORFBE 5= &4 A5t 4 313

.

Benzophenone A-7oA o1& ¢ X 2] hydroxy”] &} amino”] & Zt+= Benzophenone
EA o propyl”] linker®} imidazolium SME &9 &9 &+ Benzophenone F+5A4E

sttt A FE R 3540l FiL, SR FRAINE 7|5 A HAE A At

Aol 7FdAd S gelet & gIglth WiRAMS /& whHdhs 5] 49 45 71
S5 HolA T, dF B 7S wA] ot A o A= RFBE &80 ofHrta dekst
STt

9—Fluorenone %A+ linker® A% ¢ A&, &7 AF&, amide, urea 5= &

Q9

ﬂll

L3} 31, SME+= pyrrolidine, imidazole, trimethylamine 2] amine¥F+ ¢} 24 o] &
g3ttt 2,7-Dihydrxoy—9—fluorenone B4 2o = 2,7 —diamino—9—fluorenone
of = T}t linker 2t SME &0 245 At U2 4% 4 m o]de g3l %

£ 7HAH -89 7hel 2 hehygle,

>
oft

P52 9—Fluorenoned A AFAA 7] 274 += FL-OH”} FLo. 2 At
3ty = A8 'H NMRY LC—MSE 89213513 th. 9—Fluorenone &= &&4o] &17] %71
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V. A%

1. 437171 & A eF

D Ag717]

"H NMR#} °C NMR "lo]&] A= E#- ZEOL-500 (500 MHz for 'H, 126 MHz
for C) ZF-E ¢l o™ NMR solventZ+= Ds0 (4.79 ppm) 2+ DMSO—dg (TMS 0 ppm)
= AFE5F3 T "o Bl += Multiplicity in proton NMR (s—singlet, d—doublet, t—triplet,
dd—doublet of doublet, dt—doublet of triplet, tt—triplet of triplet, m—multiplet),
coupling constant (Hz), intergration®] <=4 & 7] =3} t}. Gas chromatography (GC)
= Hewlett PackardAF2] Series 6890 HP—1 capillary column< AFE3F3 T}, Liquid
chromatography —mass spectrometer (LC—MS)+ Agilent TechnologiesAF2] 1100
Series HPLC Value System¥} Agilent 6130 Mass selective detector& AF23}%it}.
Thin layer chromatography (TLC)+ MerckAFe] TLC plates, silica gel 60 Foss s 2F
2k ARG L, UV lamp (254 mm) & ARk TLC AelA EelH = 28 <lskal

.

2) Ao

Aleke TCI, Alfa Aesar, Sigma—Aldrich, Samchun, Daejung®l|A T+ sle] H&
o] AA A glo] AFE3F T Column chromatography A ZEOCHEMAFS] ZEOprep

60/ 40—63 um Silicagel& AF&3}9 T}



2. A

1) Benzophenone 54| 2] &4

General procedure A

T vty E2FA A9 Benzophenone =WE4 1.0 eq¥ KoCO3 2.0 eqs F 3t H
magnetic stir barg Y=o} A FFEZL} Ar 7FAE o] &5 A9 37| E wjva
Ar 7}A~2 % &3t} 0.3 Mol alldst= ACNS €92 37183 1,3—dibromopropane

6.0 eqs FHoth vAE 2 wEly)o] 2 wAE AX s, ¥-E £7]12 A A8 80 T

vRgo] By £FENS 49 5, 2UBH]S ol §3te] DW= Aojuich, oju) §7)
E£FES EAE o] §3to] 2 WTh Brine £ o] §3te] o 9 o Ao} §715% 55

= A3 Byt 92 #7150 NaxSOs5 B0l &2 25 A7 sk, Y o]

2 AL FH AL EFVIE SulE AAS FUIEFEANA ot SEES T
2 3l7] 93l hexaned} ethyl acetate €Wl E ©] €3}y column chromatography & %138
kol 3 A @ BtES deth e 3HEE2 DMSO—dsell o1 'H NMRS #4]

Bigs



General procedure B

General procedure A°lA g3t 3l3HE 1.0 eq¥} magnetic stir barg & HF=
ZeATe Y, JFFAES} Ar 7FAE o] 8510 ZetAa9 U5 Ar 7HAE X §Hekt)

0.5 M ACN €12} 1—methylimidazole 1.2 eq& ¥ 3, 80 CollA refluxst™ o] &7 &

K

Elacige )

7150l TLCollA =lef#] kom w3 715 AW T&3] 4% 7, 2H2AW/]=

o]-g3to] EtOAc® 53] Aot} o]wf DWE o] &3t 359 e FEIH +5

tlo
ot
rlo
i)
o
!
-3
il
i)
>
)
on)
=

S 5o} Amberlitel IRA—900 (Cl), ion exchange resin
o]25 Clo]& o7 Fo]& X &slal g AdTE57] 5 o] &35to] & (&) & AlAse] F

eSS A=t HF 3FEL D00 Fo 'H NMR# *C NMRS &¢l3tt},

ofN

Benzophenone %4 (1a) 2] 3HA

2—Hydroxybenzophenone& &5 4 2 AFE-3ll General procedure AR 3/ 3}
AW TAE 36% FEZE AU °]F General procedure BZ $/d3lo] gk A E
100%2] &2 99t 'H-NMR (500 MHz, D:0) & 8.43 (s, OH), 7.76—7.74 (m,
2H), 7.71-7.67 (m, 1H), 7.63=7.59 (m, 1H), 7.55-7.52 (m, 2H), 7.42—7.40 (m,
1H), 7.24 (d, /= 1.9 Hz, 1H), 7.17—-7.13 (m, 3H), 4.07—4.05 (m, 2H), 3.89 (t, J

= 6.7 Hz, 2H), 3.74 (s, 3H), 2.00 (q, /= 5.9 Hz, 2H). ®C—NMR (126 MHz, D:0)



0 159.0, 140.2, 136.9, 136.3, 132.6, 132.5, 131.5, 130.1, 126.2, 124.9, 123.9,

115.7, 68.1, 49.5, 38.3, 31.4, 0.0.

Benzophenone +%4 (1b) 9] g4

0

o WA

N
L
\

4—-Hydroxybenzophenone= &%&E 2 & AF23 General procedure A= 4 3}
A TAE 59% &2 Al o]F General procedure BE &4 &lo] T A A=
94%2 &= 43tk '"H-NMR (500 MHz, D:0) ¢ 8.74 (s, 1H), 7.77 (dt, /= 9.4,
2.4 Hz, 2H), 7.71-7.68 (m, 3H), 7.57—7.54 (m, 2H), 7.49 (t, /= 1.9 Hz, 1H),
7.41 (t, J= 1.7 Hz, 1H), 6.99-6.97 (m, 2H), 4.42 (t, /= 6.7 Hz, 2H), 4.17 (t, J
= 5.7 Hz, 2H), 3.83 (s, 3H), 2.40-2.35 (m, 2H). "C-NMR (126 MHz, D:0) ¢
199.6,162.4,137.3,136.1, 133.2, 133.1, 129.9, 129.6, 128.5, 123.7, 122.5, 114.2,

65.1, 46.9, 35.7, 28.7.

Benzophenone %4 (1c) 2] g4

0 HN"NNY
cr h\[}?



2—Aminobenzophenone s =& 2 & A3l General procedure A= A3} =
A 1AS 33% T2 AU} o] 3 General procedure BE eHAJslo] A A =
95%°] F&=Z A3drh. 'H NMReOIA ortho $121¢] amine 5743 DMSO—ds &l ol A=
WolA Rk, DO §HjellME F4AFE 517] uiel #EEA ek 'TH-NMR (500
MHz, D:0) ¢ 8.67 (s, 1H), 7.67-=7.63 (m, 1H), 7.58=7.53 (m, 4H), 7.52—7.48
(m, 1H), 7.47-7.45 (m, 1H), 7.43 (t, / = 1.7 Hz, 1H), 7.29 (s, 1H), 6.91—-6.89
(m, 1H), 6.67—6.63 (m, 1H), 4.35 (d, /= 6.0 Hz, 2H), 3.69 (s, 3H), 3.46 (d, /=
12.3 Hz, 2H), 2.30-2.26 (m, 2H). "C-NMR (126 MHz, D:0) § 203.0, 153.7,
142.2,138.6,138.2,134.1,131.5,130.9, 126.4, 126.3, 124.8,119.5,117.1, 114.6,

50.4, 42.0, 38.3, 31.0, 0.0.

Benzophenone %4 (1d) 2] 4

cr
\

4—Aminobenzophenone< W& 2 2 A28l General procedure AZ 3H4d 5o 8+
A DAE 23% FEE AT ©]F General procedure BE 3Ad3lo] AFA A E
100% 9] &= A3t} 'H NMROIA para 1% 2] amine 974+ DMSO—ds &1 4=
HolAuh, DO gfellM e FAAES 517] wiel #EHA gheth 'H-NMR (500
MHz, D:0) & 8.64 (s, 1H), 7.54 (d, /= 8.9 Hz, 3H), 7.51 (s, 2H), 7.42 (s, 3H),

7.37 (s, 1H), 6.54 (d, /= 10.4 Hz, 2H), 4.25 (t, / = 6.9 Hz, 2H), 3.78 (s, 3H),



3.20 (t, /= 6.3 Hz, 2H), 2.16—-2.11 (m, 2H). "> C—=NMR (126 MHz, D:0) ¢ 201.0,
156.1, 140.9, 136.5, 134.9, 132.2, 131.1, 126.9, 126.4, 125.0, 114.2, 50.1, 42.0,

38.4, 31.0, 0.0.

Benzophenone 54 (2a) 2] $H4

2,
5
O
°§
)

2,2" —Dihydroxybenzophenones &%& 22 AFE-3F General procedure A°fA
KoCO3E 4.0 eq FH3l, A 1A & 21%9] &2 AJT. o]= TLCAA tE F =4
vla Fykgo] Wo] doji} F&o] ury. ©o|% General procedure BellA 1-
methylimidazole & 2.3 eq 3l 24 A5 90% 2] &= At '"H-NMR (500 MHz,
D20) ¢ 8.50 (s, 2H), 7.59 (t, /= 7.9 Hz, 4H), 7.36 (s, 2H), 7.22 (s, 2H), 7.16—
7.08 (m, 4H), 3.99 (t, /= 5.4 Hz, 4H), 3.81—-3.77 (m, 10H), 1.94—1.90 (m, 4H).
YC-NMR (126 MHz, D:0) & 201.4, 160.1, 138.5, 137.3, 133.0, 132.1, 126.4,

125.1, 124.1, 115.6, 67.8, 49.4, 38.5, 31.6, 0.0.



Benzophenone %4 (2b) 2] A

/\j/\/\oo/\zﬂ\ﬁ/\x

/N LN\

4,4’ —Dihydroxybenzophenones &4%&2 % AME-3 General procedure A°lA
KoCO3E 4.0 eq FH3ll, A TAE 49% 582 ARt} o] % General procedure Bl A
1—methylimidazole & 2.3 eq F 3l 4 A& 89%2] +&=Z AUtk 'H-NMR (500
MHz, D2O) & 8.75 (s, 2H), 7.77 (d, J = 22.7 Hz, 4H), 7.52 (d, J = 2.7 Hz, 2H),
7.44 (s, 2H), 7.05—-7.01 (m, 4H), 4.45 (t, /= 6.7 Hz, 4H), 4.22 (d, J = 10.9 Hz,
4H), 3.86 (s, 6H), 2.43-2.39 (m, 4H). >C—NMR (126 MHz, D:0) 6 200.3, 164.7,
138.9,135.5,132.6, 126.5,126.4,125.3,125.2,117.0, 67.9, 49.6, 38.5, 38.5, 31.6,

0.0.

Benzophenone %4 (2¢) 9] 343

2,2 —Dihydroxybenzophenones &%&E 2 2 A3 General procedure A°lA
KoCO3+= 4.0 eq, reagents= 1 —bromo—3—chloropropane& A}&3}%t}h ReagentE 1}

¥ 2ast vlwste] FukgE £ AN wAE 70% FEE LA ©]F General



procedure B4 1—methylimidazole®©] o}d 1—methylpyrrolidineS #3ta, EtOH &

= AFE-al 90 TolA 443t wrkste] ek A S 93% 2 &= A3t

moiety7} = SIHAIZF A o] TA9L HF =2 w0 Bl = ol2A 1A
% TLCOA vigell o] 9lof & 4 vt Weh LC-MS=E vhg ¥+ sk

pyrrolidinium ©¢]&©¢] o]ju] Cl o]&3} &S o|F 1 Q)

N

| W&ol Br& CIZ v ion
exchange 4 -& 213)s51# &kt 'TH-NMR (500 MHz, D20) & 7.69—-7.66 (m, 4H),
7.22 (t, J= 7.4 Hz, 2H), 7.16 (d, /= 8.8 Hz, 2H), 4.05 (t, /= 5.3 Hz, 4H), 3.43—
3.39 (m, 4H), 3.17 (dd, /= 11.3, 7.8 Hz, 4H), 2.85-2.82 (m, 10H), 2.15 (s, 8H),
1.92-1.86 (m, 4H). C—NMR (126 MHz, D:0) ¢ 198.2, 157.5, 134.7, 130.4,

129.7,121.5, 112.8, 65.3, 64.6, 61.7, 48.1, 23.4, 21.3.



2) 2,7-Dihydroxy—9—fluorenone % 2] &4

General procedure C

T vty ZgkA~ 3o 2,7—dihydroxy—9—fluorenone 1.0 eq¥ KsCO3 4.0 eq,
BwiNBr 0.4 eq& # 3 F magnetic stir barE Y=t} JFHZ 9} Ar 7FA S 0] £-5}10]

ZgtAT9 F71E w2 Ar 7FAE X $E3kc) 0.3 Mol @ 3E acetoneS €W = A

i
ki
=
N
=
to

o
g3
[
il

7}&} 3L linkerel 393} reagent 5.0 eqe F 3l tx g =}

A 2)38kaL, 80 CollA refluxdln 18A]7F EeF wuksith, TLCE EE2o] ¢ o4 %o

NEgol Tk EFE AL 4% H et stel A Be Aol HEU funnel, 714 Dl
%0 A=tk del mAlel DOME o] §3te] #715% &

4
w3 FEEU oS THAY|E o] g5kl DWE Aojf i, brine &4 & o] g3fof &

o

WY Ao 77153 £ FAs] 2 42 771500 NaxSOs & B0l ' i

¢

AAst L, dE FelHz A F AT EEFrIE BE AAGH. fr]EdEcA A

3= 3 E-S He57] 9@l hexane, ethyl acetate, dichloromethane €7 E ©]-83}¢]

off

column chromatography& Z1dslo] 3 WAl @A 3gES v A a2

I

DMSO—-dgell =] 'H NMRS &<l stt},



General procedure D

General procedure ColA 443t 318HE 1.0 eq¥ magnetic stir bargs &= v
ZetAade Y, JAFFEL Ar 7FAE o] &35 FEkAA 0 F7]E Ar 7FAE A $hstt
0.3 M ACN €1 ¢} 1—-methylpyrrolidine 2.2 eq2 ¥ 37, 70 ColA reflux3d}™ 1847t

W HESH}

TLCOIA f7]150] KolA| ¢kod vkg 8715 AW T3] 23 #, 72 stell 14

= ASd. I dolHed dgx nAld DCMS He7t f71&58S S8 Alojdg. o
2 145 DWel =9 Amberlitel IRA—900 (Cl), ion exchange resing H< Z 9 ¥
EIAIA Br o] &5 Cl o] 0% Fol& x| gata, 3|5 E=7]5 ol&ste & ()
£ A7 sl HF stgES Ak A% F§ES D0l =] 'H NMRZ °C NMRS 2

Qlghe,

o

9—Fluorenone 54 (4a) ] $+4d

d‘\”j,J

General procedure ColA 1—bromo—2—chloroethanes reagent® A3 &
A 7R TAE 7% TEZ QAT ol 2¢ A T4 A H propyl”Z] el Bro] ofd
Clo] o] 9t} 2¢ F=A A H ©]& General procedure Do A] ethanolS €] ZE 3}o]

90 CoA 54 7F wHkslo] B2 vAS 17%2 55 Jdor}h vhso R HES LC—

ol

MSE &3l 235l e, pyrrolidinium®] 3t 7§ & 1A 7F A5 product’} € A&



—

A A SN E F&o] Fkt). ¥H-g & pyrrolidinium ©]-&©¢] oJn] C

J {
re
RS
o
=
oo
ftlo
ofN
Y,

7] W&o Brg ClIZ HHE ion exchange ¥4 -& W alskA] k<

o
30

]

o
A=)
13
o
o
i

al
t} '"H-NMR (500 MHz, D:0) & 7.12 (d, J = 8.4 Hz, 2H), 6.95 (dd, J = 8.2, 2.5
Hz, 2H), 6.88 (d, /= 2.3 Hz, 2H), 4.46 (t, /= 4.4 Hz, 4H), 3.85 (t, /= 4.6 Hz,
4H), 3.66 (t, /= 6.9 Hz, 9H), 3.18 (s, 6H), 2.26 (q, / = 3.6 Hz, 8H). >'C—NMR
(126 MHz, D:0) 6 195.0, 157.5, 137.8, 134.8, 121.4, 120.7, 110.5, 65.5, 62.7,

62.5, 48.5, 21.2.

9—Fluorenone F+% A (4b) 2] &4

T { +@
IS O’Q OZ/CL/_/

il

General procedure CollA 1,4—dibromobutanes reagent® AF-&3&l #5241 114

32

42% 52 At} o] F General procedure DOl A H24 145 81%9] &= o
t}. 'H-NMR (500 MHz, D20) ¢ 7.33 (s, 2H), 7.06 (d, J = 2.7 Hz, 2H), 7.02 (dd,
J=8.2,2.5Hz 2H), 4.12 (t, /= 6.1 Hz, 4H), 3.51 (dd, /= 18.7, 11.8 Hz, 8H),
3.41 (t, J = 8.6 Hz, 41), 3.05 (s, 6H), 2.20 (s, 8H), 2.03-1.96 (m, 4H), 1.89—
1.83 (m, 4H). "C—NMR (126 MHz, D:0) ¢ 195.6, 158.3, 137.5, 134.8, 121.2,

120.9, 110.4, 67.8, 64.4, 63.8, 48.1, 25.5, 21.4, 20.2.



9—Fluorenone F+%#| (4¢) 2 &4

General procedure CollA 1,5—dibromobutanes reagent@® A&l £ 1A=
40% &2 ATt o]%F General procedure Dol|A] H&M 1A= 97%2 82 A9
t}. 'TH-NMR (500 MHz, D:0) & 6.92 (t, J= 8.2 Hz, 2H), 6.74 (t, /= 5.7 Hz, 2H),
6.59 (d, /= 7.6 Hz, 2H), 3.91 (d, /= 4.6 Hz, 4H), 3.56—3.46 (m, 8H), 3.38—3.34
(m, 4H), 3.05 (s, 6H), 2.25-2.17 (m, 8H), 1.91-1.84 (m, 4H), 1.82—1.77 (m,
4H), 1.54-1.48 (m, 4H). "C—NMR (126 MHz, D:0) § 195.7, 158.4, 137.5, 134.8,

121.2,121.0, 110.4, 68.4, 64.4, 64.1, 48.1, 27.9, 23.0, 22.5, 21 .4.

9—Fluorenone 54 (4d) 9 &4

@] +N\
, )
CIS °
General procedure Col 4] cis—1,4—dichloro—2—butene® reagent® AF&3l] &
T TAE 40% FEE DA o]F General procedure DollA] H&2 1A= 87% 2]
Aot ¥ES ¥ pyrrolidinium ©]=©] o]u] Cl o] &3} &5 o] F11 §17] wj<=ell B

= jon exchange 4 S A5t 'TH-NMR (500 MHz, D20) & 7.36



(d, /= 8.0 Hz, 2H), 7.04 (td, /= 8.3, 2.4 Hz, 4H), 6.36—6.33 (m, 2H), 6.00—5.95
(m, 2H), 4.76 (dd, /= 5.5, 1.7 Hz, 4H), 4.12 (d, /= 7.6 Hz, 4H), 3.56—3.49 (m,
8H), 3.04 (s, 6H), 2.22—2.17 (m, 8H). ®C—NMR (126 MHz, D-0) & 195.5, 157.9,

137.9,135.3, 135.0, 121.5, 121.4, 120.8, 110.8, 64.3, 63.9, 60.1, 48.5, 21.5.

9—Fluorenone %4 (4e) 2] &4

ENAO [ 2cr +@
N7 O’Q OJ_/

General procedure ColA trans—1,4—dibromo—2—butene reagent@® A}-&3
A TAE 11% &2 AU ©]F General procedure DollA] &4 1AE 16%
o] &= dlrh 'H-NMR (500 MHz, D20) ¢ 6.97 (dt, /= 8.0, 3.1 Hz, 2H), 6.82~
6.79 (m, 2H), 6.68 (d, / = 3.4 Hz, 2H), 4.73—4.76 (2H), 4.13 (s, 4H), 4.03 (t, J
= 4.4 Hz, 4H), 3.90—3.89 (m, 4H), 3.63 (t, /= 4.8 Hz, 4H), 3.56 (t, /= 7.2 Hz,
8H), 3.10 (s, 6H), 2.20—2.17 (m, 8H). "*C—NMR (126 MHz, D-0) 8 195.2, 157.7,

138.3,137.5,134.6,121.2,121.1, 120.7,120.1, 110.5, 67.3, 64.5, 63.6, 48.5, 21.4.



9—Fluorenone F%4| (4f) 2] g4
O\, o 7 ocr )
Ao O’ o
(o

General procedure ColA bis(2—bromoethyl) ether& reagent® A}g3] A
IAZ 62% FE8E AUt} o]3F General procedure DOA H2M 1A= 58%2 =&
2 A3t} 'TH-NMR (500 MHz, D20) 8 7.15 (dd, /= 11.8, 8.0 Hz, 2H), 6.94—6.86
(m, 4H), 4.20 (t, /= 2.1 Hz, 4H), 4.02 (t, / = 4.4 Hz, 4H), 3.91-3.89 (m, 4H),
3.61 (t, /= 4.8 Hz, 4H), 3.53 (t, /= 7.2 Hz, 8H), 3.08 (s, 6H), 2.19-2.14 (m,
8H). ""C=NMR (126 MHz, D:0) § 195.4,158.3,137.7,134.9,121.3,121.2, 110.5,

69.2, 67.5, 65.3, 65.0, 62.9, 48.5, 21.1.

9—Fluorenone 54 (4g) 9 &4

= 0 =
I+ § . ‘— + .2
0 Sgo N

H

T vte Z8p A A9 2,7—-dihydroxy—9—fluorenone 1.0 eq¥} sulfur trioxide
pyridine complex 8 eqS # 3t ¥ magnetic stir bars 9=t} 2ZHZ 9 Ar 7t AE o]
goto] FefkAae w7)1E wiulal Ar 7FAE X gsto) 0.5 Mol 3ldsh= pyridine H7F

3to] 60 CollA refluxst o] E%F w st}

2
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FHA 1A FFES 36%9] FEE LAk LC-MSE 3= TS Felskalrh
'TH-NMR (500 MHz, D:0) & 8.79 (d, /= 5.3 Hz, 2H), 8.63 (tt, J = 7.8, 1.5 Hz,
1H), 8.09 (t, /= 7.2 Hz, 2H). *C—NMR (126 MHz, D-0) & 194.2, 151.9, 141 .4,

135.2,128.6, 122.1, 117.9.

9—Fluorenone %4 (4h) 2] &4

@]
2Cr
NPT TNy
N
/\/ + \/\/I}I\/\

HO OH

General procedure ColA 1,3—dibromopropane< reagent@® AFE3l] 521 314
E 44% FEZ A3t} ©]F General procedure DoA 2—dimethylaminoethanol 2.5
eqE AR T3 aAE 79%] FEZ 2tk 'H-NMR (500 MHz, D:0) ¢ 7.14
(d, /= 8.0 Hz, 2H), 6.92 (dd, J = 8.2, 2.5 Hz, 2H), 6.88 (d, /= 2.7 Hz, 2H), 4.12
(t, /= 5.7 Hz, 4H), 4.07—4.05 (m, 4H), 3.64—3.60 (m, 4H), 3.56—3.54 (m, 4H),
3.20 (s, 12H), 2.29 (td, /= 11.2, 5.3 Hz, 4H). ®*C—NMR (126 MHz, D:0) § 195.8,

158.3, 157.8, 137.8, 135.1, 121.4, 121.1, 110.8, 65.1, 62.7, 55.4, 51.6, 22.4.



FL-OH<9] 34

Gy ot

General procedure ColA 1,4—dibromopropane< reagent® A3} T} dFA]qt
column chromatography 7} obd A4 W Sall 54 1A E 44% TE&E AT
DCMe &2 F53t A E A5 EEFH7]1E ol &ato] Deld £48 AA A7) =1,
olef Hexe ¥ow A2 "ot o] & st afell A=a1, aAe] F-Alo] stA EtOH:

DCM = 1: 1 €95 Y31 70 TR 7}g3ste] At} o5 50 14 55 g5 7|22 A
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o
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i A5 shell WA A 424 o

Al

o] g

o

o
o

5lkE 1.0 eq= 0.25 M9 anhydrous methanolell =<1 % 0 TeolA]

<
T

NaBH; 2.5 eqE 254 93, 7}2A7F o o]AF Y 9.A] 9o 40 CollA] mrkst},

El
o=

Zo] NaBH,Z 1.1 eq 24 o H718to] & 3.4 eq] NaBH, = ¥o] 50 m who] &+&

Ao A Wt

©] % General procedure DellA] ACNo| ot EtOH &l & AtE-sllof 33&-& 7133
AL 5 Uk ol AF A S AX F2H 1AE 97%Y) FEE A3IrE 'TH-NMR
(500 MHz, D20O) 6 7.45 (d, /= 8.0 Hz, 2H), 7.06 (d, /= 2.3 Hz, 2H), 6.87 (dd, J
= 8.4, 2.3 Hz, 2H), 4.02 (t, /= 5.7 Hz, 4H), 3.41—-3.35 (m, 12H), 2.92 (s, 6H),

2.15-2.10 (m, 4H), 2.07 (s, 8H). ®C—NMR (126 MHz, D-0) & 194.3, 164.8,
— 79 —



140.0, 137.6, 137.3, 133.6, 126.3, 123.7, 123.6, 121.1, 115.6, 51.2, 36.1.



3) 2,7—-Diamino—9—fluorenone XA 2] g4

2,7—Diamino—9—fluorenone< A Z sto] A3 3352 amined] F4= !
NMRe|A] DMSO—Dg &wof] 35S wfji= Bo| x|k DO §jo A= 424 eS 617 o

woll BE A et

2,7—Dinitro—9—fluorenone & Y A17 2,7—diamino—9—fluorenone

H,N O'O NH,

T vte ZepAFe] 2,7—dinitro—9—fluorenone 1.0 eq, tin(II) chloride
dihydrate 8 eqS 33t F magnetic stir barE 2=t} 2 FHZ 9} Ar 7}AE o] £-35}0]
ZgA39 F71E Wi Ar 7FAE ZE3kt} 0.3 Mol sjd3dt= EtOAcE €= A7}

skaL, 60 CeollA] refluxst™ 18A]7F &<t wRESHT,
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| 48] 2 Ao §A Btk £3 glo] &

M
ol

=
717d0] = w742 0 CeollA NaOH G895 =434 7Fstal pH paper= 1%kt o] uf
Sn(OH) 2t} SnO2] Tin compounds A7} F A, fN2 B Mo Hell o7z
ek WA wA & SAE A sl A Aty §9& DCMeR FEHh 2,7
diamino—9—fluorenonei= DCMe %= A 2] =5X| ¢ro} o]glA 55 |3t Heol f7]&
= oMl E O R FES dex Bl A E oAl E o] &sto] SlAo] & wj7hA] o g
W FE3 o] oA E f S AT EFEFHVIE T, 3ol SLEHAE AT 2,7

diamino—9—fluorenone ®R.&t¥ 12 100%2 &= At 'H-NMR (500 MHz,
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DMSO-Dg) 6 7.09 (d, /= 8.0 Hz, 2H), 6.70 (d, /= 1.9 Hz, 2H), 6.58 (dd, J =
7.8, 2.1 Hz, 2H), 5.30 (d, J = 10.3 Hz, 2H). ®C—NMR (126 MHz, DMSO—-Dg) &

195.4, 148.7, 135.1, 133.8, 120.4, 119.1, 110.2.

General procedure E (5a, 5b X))

T2 ate Z8 AT 2,7—diamino—9—fluorenone 1.0 eq¥ linker$} SMo| &9
AE A FH 9 reagentE 3.5 eqe F 3 F magnetic stir barg Y ETH I FFZS} Ar
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9—Fluorenone F%#| (5a) % &4

G\l/ N [ 2cr N
NN O.Q NHD

General procedure EE HZA 1AZ 24% 82 AUt} Reagent?] 1—(3—
bromopropyl) —1—methylpyrrolidinium bromide+ 1,3—dibromopropane 3.0 eq®l
1—methylpyrrolidine 1.0 eq2 2o] A2o4] 18 h wHHA 7] F, 7+¢) 3loll MTBEZ A
o] M WAZ 94%9] &= do] AFEsAh 'H-NMR (500 MHz, D:0) 6 7.21 (d,
J = 8.0 Hz, 2H), 6.89 (d, /= 1.9 Hz, 2H), 6.79 (dd, /= 8.0, 2.3 Hz, 2H), 3.53—
3.44 (m, 8H), 3.44-3.40 (m, 4H), 3.25 (t, /= 6.7 Hz, 4H), 3.02 (s, 6H), 2.18 (s,
8H), 2.12—2.06 (m, 4H). "*C—NMR (126 MHz, D:0) 6 197.4, 147.5, 135.4, 134.5,

120.6, 119.4, 109.5, 64.5, 62.1, 48.0, 40.6, 23.0, 21.3.

9—Fluorenone %4 (5b) 2] A
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General procedure E°lA] reagent® N,N,N—trimethyl—3—bromopropan—1-—
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}_

ol

eq®l 4.2 M trimethylamine in EtOH 1.0 eq& Y] A294 18 h w¥kA 7] §, <t



of MTBEZ A o] M uAE 83%2 F&= U] AFEsAth 'H-NMR (500 MHz,
D:0) & 7.10 (d, /= 8.0 Hz, 2H), 6.77 (d, /= 2.3 Hz, 2H), 6.73 (dd, J = 8.4, 2.3
Hz, 2H), 3.44-3.41 (m, 4H), 3.23 (t, /= 6.7 Hz, 4H), 3.11 (s, 18H), 2.11-2.05
(m, 4H). ®C—NMR (126 MHz, D:0) & 198.2, 157.5, 134.7, 130.4, 129.7, 121.5,

112.8, 65.3, 64.6, 61.7, 48.1, 23.4, 21.3.
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9—Fluorenone F+%#| (5¢) ¢ &4

General procedure FZ 3 WA Ao H2 1A E 100% 5= AT} o] %
T oAA DA A 1A E 80% FEE Ath 'H-NMR (500 MHz, D:0) &
8.93 (s, 2H), 7.72 (s, 2H), 7.49 (d, /= 8.0 Hz, 2H), 7.42 (dd, /= 8.0, 2.0 Hz, 2H),
6.50 (t, /= 5.7 Hz, 2H), 3.67 (t, J = 6.2 Hz, 4H), 3.45-3.41 (m, 4H). *C—NMR
(126 MHz, D20) ¢ 195.6, 156.8, 139.0, 138.6, 136.4, 134.0, 125.7, 123.7, 122.7,

120.8, 115.4, 49.6, 39.6, 35.8.

9—Fluorenone %A (5d) 2] &4

0O
H
N

H 2CrI
+N/\“/ Q.O N .
\

General procedure F2] A ®HA A oA reagent® chloroacetyl chloride 2.2 eq
= 7Fl BEFEA A E 98% TEE AU ol F F WA GAlA FHEM A E 29%

o &7 At 'TH-NMR (500 MHz, D20) & 10.98 (s, 2H), 9.12 (s, 2H), 7.91 (4,
— 85 —



J=1.1Hz 2H), 7.76 (t, /= 1.8 Hz, 2H), 7.74 (t, /= 1.8 Hz, 2H), 7.70 (s, 4H),
5.25 (s, 4H), 3.93 (s, 6H). *C—NMR (126 MHz, D-0O) & 194.3, 164.8, 140.0,

137.6,137.3, 133.6, 126.3, 123.7, 123.6, 121.1, 115.6, 51.2, 36.1.



Reference

1. Dunn, B.; Kamath, H.; Tarascon, J. Science 2012, 334, 928.

2. Huo, Y.; Xing, X.; Zhang, C.; Wang, X.; Li, Y. RSC Adv. 2019, 9, 13128.

3. Ma, J.; Rong, S.; Cai, Y.; Wang, T.; Han, Z.; Ji, Y. Sustainability 2023, 15.

4. Zhu, Y.; Wu, S.; Li, J.; Jia, Q.; Zhang, T.; Zhang, X.; Han, D.; Tan, Y. Journal

of Energy Storage 2024, 83.

5. Christensen, P. A.; Anderson, P. A.; Harper, G. D. J.; Lambert, S. M.; Mrozik,
W.; Rajaeifar, M. A.; Wise, M. S.; Heidrich, O. Renewable and Sustainable

Energy Reviews 2021, 148.

6. Iwakiri, I.; Antunes, T.; Almeida, H.; Sousa, J. P.; Figueira, R. B.; Mendes, A.

Energies 2021, 14.

7. Gong, K.; Fang, Q.; Gu, S.; Fong, S.; Li, Y.; Yan, Y.

8. Ding, Y.; Zhang, C.; Zhang, L.; Zhou, Y.; Yu, G. Chem. Soc. Rev. 2017, 47, 69.

9. Xing, X.; Huo, Y.; Wang, X.; Zhao, Y.; Li, Y. International Journal of Hydrogen

Energy 2017, 42, 17488.

10. Winsberg, J.; Hagemann, T.; Janoschka, T.; Hager, M. D.; Schubert, U. S.

Angewandte Chemie 2016, 129, 702.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Zhang, C.; Zhang, L.; Ding, Y.; Peng, S.; Guo, X.; Zhao, Y.; He, G.; Yu, G.

Energy Storage Materials 2018, 15, 324.

Soloveichik, G. L. Chem. Rev. 2015, 115, 11533.

Xing, X.; Liu, Q.; Wang, B.; Lemmon, J. P.; Xu, W. Q. Journal of Power

Sources 2019, 445.

SOnchez—Dlez, E.; Ventosa, E.; Guarnieri, M.; Trovl, A.; Flox, C.; Marcilla,
R.; Soavi, F.; Mazur, P.; Aranzabe, E.; Ferret, R. Journal of Power Sources

2020, 481.

Liu, Z.; Li, R.; Chen, J.; Wu, X.; Zhang, K.; Mo, J.; Yuan, X.; Jiang, H.; Holze,

R.; Wu, Y. Chem Electro Chem 2017, 4, 2184.

Vinco, J. H.; Domingos, A. E. E. D. C.; Espinosa, D. C. R.; Tenlrio, J. A. S.;

Baltazar, M. D. P. G. Journal of Energy Storage 2021, 43.

Minke, C.; Turek, T. Journal of Power Sources 2017, 376, 66.

Nourani, M.; Zackin, B. 1.; Sabarirajan, D. C.; Taspinar, R.; Artyushkova, K.;

Liu, F.; Zenyuk, I. V.; Agar, E. 2019.

Lee, S. K.; Hong, J.; Kang, K. Advanced Energy Materials 2020, 10.

Chen, H.; Cong, G.; Lu, Y. Journal of Energy Chemistry 2018, 27, 1304.

Matsuda, Y.; Tanaka, K.; Okada, M.; Takasu, Y.; Morita, M.; Matsumura—



Inoue, T.

22. Zhang, H.; Sun, C. Journal of Power Sources 2021, 493.

23. Wei, X.; Xu, W.; Huang, J.; Zhang, L.; Walter, E.; Lawrence, C.; Vijayakumar,
M.; Henderson, W. A.; Liu, T.; Cosimbescu, L.; Li, B.; Sprenkle, V.; Wang,

W. Angewandte Chemie 2015, 127, 8308.

24. Wang, X.; Gautam, R. K.; Jiang, J. Batteries & Supercaps 2022, 5.

25. Arllvalo—Cid, P.; Dias, P.; Mendes, A.; Azevedo, J. Sustainable Energy Fuels

2021, 5, 5366.

26. Peake, C. L.; Newton, G. N.; Walsh, D. A.

27. Minteer, S. D.; Li, M.; Rhodes, Z.; Cabrera—Pardo, J. R.

28. Leung, P.; Shah, A. A.; Sanz, L.; Flox, C.; Morante, J. R.; Xu, Q.; Mohamed,

M. R.; Ponce de Leln, C.; Walsh, F. C. J. Power Sources 2017, 360, 243.

29. Streitwieser, A. ACS Symposium Series 2013, 275.

30. 1719 o}, "} il 2 5] = — from—xtal —stable—phase —1968—3D—
balls.png." 91717 o] & &. &2}l o] & 7}5:
https://ko.wikipedia.org/wiki/%ED%8C%8C%EC%9D%BC:Benzophenone

—from—xtal—stable—phase— 1968 —3D—balls.png (2024— 05—20).

31. 9719 o}, "9} :Fluorenone—3D—balls.png." $7]7|t]o] &8, &g}l o] &



7}5: https://en.wikipedia.org/wiki/File:Fluorenone —3D—balls.png

(2024—-05-—200] HAA).

32. Kwon, G.; Lee, S.; Hwang, J.; Shim, H.; Lee, B.; Lee, M. H.; Ko, Y.; Jung,

S.; Ku, K.; Hong, J.; Kang, K. Joule 2018, 2, 1771.

33. Feng, R.; Zhang, X.; Murugesan, V.; Hollas, A.; Chen, Y.; Shao, Y.; Walter,

E.; Wellala, N. P. N.; Yan, L.; Rosso, K. M.; Wang, W.

34. Huo, Y.; Xing, X.; Zhang, C.; Wang, X.; Li, Y. SC Adv. 2019, 9, 13128.

35. A7) E At AT A R
http://samsungstf.or.kr/ssrfPr/mobile/researcher/viewResearcher.do?idx
=689 &searchCondition=all&searchResearchProgram=2%7C0002.

(2024—05—23¢°] A A).

36. Elgrishi, N.; Rountree, K. J.; Mccarthy, B. D.; Rountree, E. S.; Eisenhart, T.

T.; Dempsey, J. L. J. Ch.

37. Rodriguez, J.; Niemet, C.; Pozzo, L. D. ECS Trans. 2019, 89, 49.

38. Zhen, Y.; Zhang, C.; Yuan, J.; Li, Y. J. Mater. Chem. A 2021, 9, 22056.

39. McMurry, J. W2l o] #7]|3}sk 8% ststw A A3 &, Cengage Learning:

2012.

40. Yang, B.; Hoober—Burkhardt, L.; Wang, F.; Surya Prakash, G. K.; Narayanan,

S. R. 2014.



41. Olmstead, M. M.; Balch, A. L.; Poblet, J. M.; Echegoyen, L.

43. A AR L e v] AT

3

0

—_—

m
J_,AIO

!
ol

=0
)



ABSTRACT

Design and Synthesis of Anode Active Materials for Aqueous

Organic Redox Flow Batteries

Jeongi Choi
Department of Chemistry
Graduate School of

Sungshin Women’ s University

As global energy demand and consumption continue to rise, harnessing
renewable energy has become important. Because of itsintermittent nature,
renewable energy requires energy storage.Among various energy storage devices,
redox flow batteries (RFBs) store energy through the redox reactions of active
materials. However, current commercial vanadium RFBs suffer from low energy
density, prompting extensive research on organic compounds as alternative active

materials.



In this study, several anode active materials for aqueous organic redox flow
batteries (AORFBs) were designed and synthesized based on benzophenone and
9—fluorenone. In these molecules, the redox reactions related to energy storage
occur at their carbonyl groups. The redox states of the carbonyl groups were
modulated to enhance battery stability and performance by modifying the chemical
structures. Various linkers and solubilizing moieties were added to the molecules
to improve the electrochemical reversibility and water solubility. The synthesized
compounds were evaluated for their water solubility, and their redox reversibility
was tested through cyclic voltammetry (CV). These studies allowed us to compare
their performances and identify lead compounds for future developments.
Additionally, 9—fluorenol derivatives, reduced form of the active materials, were
synthesized to explore the mechanism of utilizing 9—fluorenone in aqueous

systems.

This research is expected to significantly contribute to the development of
high—performance anode materials for organic compound—based AORFBs,
addressing the limitations of current vanadium—based systems and enhancing the

feasibility of large—scale energy storage solutions.



Appendix

Figure 30. '"H NMR spectrum of 1la
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Figure 31. *C NMR spectrum of 1a
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Figure 32. 'H NMR spectrum of 1b
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Figure 33. *C NMR spectrum of 1b
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Figure 34. 'H NMR spectrum of 1c
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Figure 36. 'H NMR spectrum of 1d
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Figure 37. °C NMR spectrum of 1d
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Figure 38. 'H NMR spectrum of 2a
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Figure 39. *C NMR spectrum of 2a
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Figure 40

. 'H NMR spectrum of 2b
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Figure 41

. 13C NMR spectrum of 2b
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Figure 42. 'H NMR spectrum of 2¢
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Figure 43. 1¥C NMR spectrum of 2¢
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Figure 44. 'H NMR spectrum of 4a
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Figure 45. *C NMR spectrum of 4a
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Figure 46. 'H NMR spectrum of 4b
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Figure 48. 'H NMR spectrum of 4¢
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Figure 49. ¥C NMR spectrum of 4c
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Figure 50. 'H NMR spectrum of 4d
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Figure 51. *C NMR spectrum of 4d
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Figure 52. 'H NMR spectrum of 4e
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Figure 53. 13C NMR spectrum of 4e
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Figure 54. 'H NMR spectrum of 4f
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Figure 55. 1*C NMR spectrum of 4f
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Figure 56. 'H NMR spectrum of 4g
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Figure 58. 'H NMR spectrum of 4h
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Figure 59. *C NMR spectrum of 4h
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Figure 60. 'H NMR spectrum of FL—OH
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Figure 61. *C NMR spectrum of FL—OH
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Figure 62. 'H NMR spectrum of 2,7 —Diamino—9—fluorenone
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Figure 63. *C NMR spectrum

of 2,7—Diamino—9—fluorenone
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Figure 64. 'H NMR spectrum of 5a
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Figure 65. 13C NMR spectrum of 5a
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Figure 66. 'H NMR spectrum of 5b
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Figure 67. 13C NMR spectrum of 5b
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Figure 68. 'H NMR spectrum of 5¢
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Figure 69. 1*C NMR spectrum of 5¢
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Figure 70. 'H NMR spectrum of 5d
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