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Part 1 abstract

ABC(ATP-binding cassette) transporter proteins are responsible for

the cellular efflux of metabolites or toxic substances to protect cells.
Overexpression of ABC transporter protein occur when tumor cells are
stimulated continuously by chemotherapeutic drugs,that to causing lack of
drug accumulation drugs which lead to development of multidrug
resistance (MDR). The development of MDR is a major obstacle to
successful chemotherapeutic treatment of cancer patients.

Acridones are naturally occurring alkaloids and one of its derivatives,
Elacridar was shown to inhibit both ABC.transporter proteins ABCB1 and
ABCG?2. In this study,acridone was used as lead compound to design and
synthesize acridone derivatives. These derivatives were planned to be
synthesized by coupling 4-acridinecarboxylic acid with respective amines.
We have,however,only managed to prepare the acid chlorides and the
activated acids. Nucleophilic attack by amine did not occur presumably
due to the steric. hindrance between the phenyl ring on the amine and

acridone moiety.
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Part 2 abstract

System Xc~ mediates the exchange of extracellular L-cystine and
intracellular L-glutamate across the cellular plasma membrane in a 1:1
manner. After the exchange, the intracellular L-cystine is rapidly reduced

to L-CysH which is enzymatically incorporated into Glutathione(GSH)
that can protect cell or tumors. when the efflux of L-Glu through system

X  becomes excessive, its function.within.the CNS turns from an excitatory
transmitter to excitotoxin. ‘Excitoxine™ caurse ‘are-.cell poisoning/death
which also vacating room for tumeor expansion.

In this study,we take pharmacophore model of isoxazole analogues by
Patel’ et al as:reference to design. and synthesize sixteen pyrazole
derivatives as system X, inhibitors.-2,3-disubstituted derivatives were
synthesized by. witting reaction of hydrazine and dialkyl
ethylenedicarboxylates. 1,3-disubstituted derivatives were synthesized by
copper-catalyzed reaction of hydrazones and dialkyl ethylenedicarboxy-
lates. At drug concentration of 50 uM,BBXc23 showed low cytotoxicity
for glioblastoma cell,and BBXc23 also exhibited good inhibition for both
L-glu efflux and cysteine uptake, which indicated that this compound may

be a good system x.” inhibition.
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Boad 2 ),;?Jc A7 aeeF 5 pe sk e A (tyrosine kinase ) ¥+ ABC #&
E 3w - By Pl se S A vandetanib 13T ABCB1, ABCG2 ™ 2
ABCC1 —FKE 3 #4122 % 5 .imatinib—~-nilotinib ~ ponatinib ~ lapatinib -
erlotinib » gefitinib.~"canertinib ~ motesanib > sunitinib.*4 % vemurafenib
A T ABCB1 7 2 ABCG2 % 5 edlie # 5 icotinib~ AST1306
WHI-P154 ~telatinib ~ motesanib>masitinib ' % linsitinib ¥ #r4] ABCG2;

Crizotinib ¥ $#r4] ABCB1 - %

(a) Fumitremorgin C (b) Kol143
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(c) flavone (d) acridone

(e) elacridar

Ponatinib 1) U ABCBLABCG?
Icotinib ABCQG2
Lapatinib ABCBI1,ABCG2
Erlotinib ABCB1,ABCG2
AST1306 ABCG2
WHI-P154 ABCG2
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Gefitinib ABCB1,ABCG2
Canertinib ABCB1,ABCG2
Telatinib ABCG2
Motesanib ABCG2
Vandetanib ABCB1,ABCG2,ABCC1
Sunitinib ABCBI1,ABCG2
Masitinib ABCG2
Linsitinib ABCG2
Crizotinib ABCBI1
Vemurafenib ABCBI;ABCG2
YRR R AR

ABCG2 ¢ i@ Mpim®e $435 % it g 4 B - b]d0 ] o lE
SN-38 * mitoxantrone > methotrexate~topotecan ~ flavopiridol » zidovudine
2 lamivudine ##* 7 ABCG2 &2 ABCBL & #-v #1157 %3 F £ 5 4p iy
Mo 5 Afe 7374 FA%E & g Rpkas @ # ABCG2 &
ABCBI % 5 #p I s B > (2 528 58 ABCG2 #7248 ABCB1 «hr
Al Erprgl e pA e FF I VR R B RS EH A ST R -
Hehjr gl ABC #6518 v o

B %A &4 (flavonoids) = S 44k Ft § 47 11 & F 4]
ABCG2 thi»e* o Pick # 3 BIIR3E:t 7 F MR M £ Bips

ABBCG2 #r#]7c% s 17 b %(QSAR) » i i47 § i Htfre
30




%(QSAR)4p &1 - AP T i B RAE T & B HEY H 4o A
B ZF 4] ABCG2 £ 5 §Te4 (B 5) - **Elacridar % acridones
F

dijFd fo &2 B 5 drd] ABCB1 122 ABCG2 =it 4 -

19_."1:_!
[OH - OH = |
o .
HB-acoeptor + 7%
i N
prenyl or $ -
HB-acceptor + O'H o iOH. = ..
double bond +

B gk 2 A PRI G
EI R TAY a8 S LG hEarglE e tEp 5 &

Hoechst 33342 12 2 PhA jpl3#2 @ 7 % 571Cs & ¥ 500 nM([]) ° %
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vt | '
AT oLy
i1 i 2
Rz Ry
N
- (X
Rz N;—NH HN—%I:—@_/- R, OAH%/@/\/N R,
1 H
Hig 4

L% la g Ib s
T st el i 1d e le KEH; m A A 40 8e
(Ic) » BIE B3 4e > (e Ap S e £ TI % o 1F)78 42T % 1 20 2 2

5o AR D AREISM BT SR L AR E L 0 B A 20 o
2b & g e 20 1 0 T R L 2 @ iR 2f
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HEMe e A2epi - LBom 571 - X4 THenptsd P 3> oo
mAFI Y le Aprt HBR M S tgHite o @ BATA S 3 2R E
S RrRiE( 42 ) IC 50 THE 4 94 B 3 B340 7 F AGH e A

Fe(4b)H FHH % o (% 2)

% 2~ Wiese B} & % = % 7] ¢ tariquidar %7 5247 2. 542 R o 2

compounds R, R: ICy pM MCF-7 ICsp pM MDCK
MX Hoechst assay  BCRP pheoA assay

1a H 2-Nitrophenyl 6. 76 8.71

1b OCH: 2-Nitrophenyl 10.2 9.08

lc OCH: 4-Nitrophenyl 3.89 2.61

1d H 2-Aminophenyl 102 74.1

le OCH: 2-Aminophenyl H6. 1 58.4

1f OCH: 4- Aminophenyl 74.1 46.4
2a H 2-Nitrophenyl 51.3 457
2hb (OCH: 2-Nitrophenyl 77.6 4.0

2¢ OCH: 4-Nitrophenyl £.92 438
2d H 2-Aminophenyl 17.8 20.9
2e OCH:  2-Aminophenyl 324 20.7

21 OCH; 4-Aminophenyl 219 8.2

3 OCHa 3.4- 10.2 .98

Dimethoxyphenyl
4a OCH: 34- .93 0.86
Dimethoxyphenyl

4b H 4-Nitrophenyl 0.69 .63

5 OCHa 4-Mitropheny] 0.54 0.50

% 2010 # 12 2 2013 # Pick,A ¥ Marighetti <% 3 [B] [ 4 %] 12 gt

BHBCMATL ER LS TP BRI S T
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tetrahydroisoquiniline-ethylphenyl P~ % ¢ % — {2474 ABCBI ; #74 4~
¢ %% 7 anthranilic acid h53 1 § & - 2474 ABCG2(F] 8) = 2@ 47
4 $ % {c tariquidar %4+ 48 02 > § & F 4] ABCBI 12 2 ABCG2 &7
BEEFr At AL 5 R i B B L RE R i

CPREY AN NS

UANIAR LY 2 S il R -

% %2 ABCG2

anthranilic a

(b)
% - #r4] ABCG2

® 8 ~ (a) anthranilic acid (b)¥f** 7 F ABC #i& 3-v g3 4F

2Py F T R ¥ 10483 1 2-benzamido-phenylbenzamide %
ABCG2 #r|#|chi 4 » Ry A A A = b B AV 28 S
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THFABCR PG RN A T ZRELE S ABSE R R R

#F % 1 tetrahydroisoquiniline 5.5 H (B~ % < (8] 9)

:@‘ﬁ,zﬁ 7k 8] P~ i

droisoquiniline 7.5 i B~

0*9

i

el 2-benzam -phe ,

i it 5 ABCG2# #J%-J

2475 — % 7|0 acridone ¢

— drd] ABCG2 ek cnfrd| %] - (B 10)
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7

B 10~ ABC )%




% RERHPEEE
CERE - RRNAREANE
F A& STz ¥ ch- 4§ & pEp Aldrich ~ Alfa Aesar ~ Acros ~ p 4
A it 1 EH5VEALTCIE Merck# g » & i ~ 5B 48 % 2.3

Alhod @ 2o e fa BEE PRI05 RE 2 BRI MR A0 f

v

P R fle

2. &K ¢ K ~ 17 («thin Tayer chromatography )& % % fo 3% %> 5 '

2 7 SIL GIUV25441 8 & & & g i o il #52h5E & (UV light) g

5

3. ¢4k 17473 ( column chromatography ) * 4. £ + SILICYCLE

silica gel 60-200 um (.70-230-mesh-) 3£ %% -

4. R R4 * Buchi-R114w gk % ®{-EYELA A-1000S i 5% -k it
W 2ERE TR 925mmHg.e

5. i e dE k3 (1H NMR) 2 e £ 45 £ 3% ( 13C NMR )@ *
Bruker 400 ( 400 MHz solars system ) o Pli&tk &2 2 & * § v g 7
( d-chloroform ) ~ 3 = ¥ A 3 s ( d-dimethyl sulfoxide ) ~ 7 #*
fr (d-acetone ) o i & =45 uppmi H = > J & @& 4o ¥ #( coupling

constant) » H i+ 5 Hz - 4 %] 25 ;% ( splitting pattern ) _& 4™ : s&
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7 H % (singlet) ~ d# -+ g% (doublet) ~ t# 7= = & % (triplet) ~ q%
;7w & % (quadruplet) ~quint% = 7 £ % ~m# 5+ % £ 4% (multipet) -

. ® f347 73 &K (HRMS)# * Finnigan/Thermo Quest MAT 95XL " 3

% -

38



2-((2-carboxyphenyl)amino)-4-nitrobenzoic acid

B~ 2-chloro-4-nitrobenzoic acid (50.00 mg, 0.25 mmol) ~ anthranilic
acid (68 mg ,/0.50 mmol){r potassium carbonate (34 mg, 0.25 mmol)*+ [f]
IR o0 2B TR s R o Fo4e ~ 3 iV4K (0.14 mg; 0.00176
mmol) it »xe ik B8 e F F BRD BT R T FET 4
2 R HH 2N OMHCI B JH g 5 4 mlik i) o WA 12 @]
2150 e e R A fedf 4 B A MR Sk BT R G S e
# DMF % 2 ed fe f lreoppgesiogd g s v B 170 2-((2-
carboxyphenyl) amino)-4-nitrobenzoic acid » # 5 = 80.22% > Reie= 0.6

(2 fe2 fia/ % fi=4:1). '"H NMR (DMSOQ-6d, 400 MHz), §=11.0 (s, 1 H),
8.15-8.11 (m, 2 H), 7:97 (dd, J=8.2 Hz, 1.4 'Hz 1 H); 7.67-7.62 (m, 2 H),

7.56 (t, J=7.6 Hz, 1 H), 7.12 (tJ=7.6 Hz, 1 H) -
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6-nitro-9-0x0-9,10-dihydroacridine-4-carboxylic acid

"k B ik #- 2-((2-carboxyphenyl) amino)-4-nitrobenzoic acid /% f%
B 100°C 22T F J o F @2 (80t ~ kRS E s g G R B
I RE AT A LD B ] P 2 (el (T B B e 2L F % 4 ERE G
6-nitro-9-0x0-9,10-dihydroacridine-4-carboxylic acid* # &= 90.33% >
Re E= 0.67 (v fae g/ @ m=4/1) - 'H NMR(DMSO-6d, 400 MHz),

6=12.3 (s, 1 H),8.52 (d, J=8.0 Hz, 1 H), 8.15 (d, J=8.0 Hz, 1 H), 7.88-7.81

(m, 2 H), 7.54 (d, J=8.1 Hz, 1 H), 7:40t, J=7.0 Hz, 1 H) -

Owﬂjz

1-(4:nitrophenethyl)piperidine

B~ 1-(2-Bromoethyl)-4-nitrobenzene(50 mg, 0.22 mmol) - piperidine
(25.9 mg, 0.33 mmol)§- sodium bicarbonate ( 36.52 mg, 0.44 mmol) ¥ >+
FlAMEIRZ P > 02 7 A9 Fpiafd > 70 TF k4 [P F g
NS UL R Rk TR B T AR o /ié‘fﬁ?u ERER- RN &SPt

¢

REARB S EN AR o A F=5333% ReE=025(c fhe fy/"®

A5=8:1) - '"H NMR (acetone-6d, 400 MHz), §=8.14 (d,J=8.7 Hz, 2 H), 7.54

40



(d, J=8.7 Hz, 2 H), 2.92 (t, J=7.4 Hz, 2 H), 2.58 (t, J=7.4 Hz, 2 H), 2.43

(m, 4 H), 1.53 (quint, J=5.5 Hz, 4 H), 1.41 (quint, J=5.5 Hz, 2 H) -

(\N/\/©/

_N

1-methyl-4-(4=nitrophenethyl)piperazine
B~ 1-(2-Bromoethyl)-4-nitrobenzene-(50.00 mg, 0.22mmol) ~ 1-
methylpiperazine (21.70 mg, 0.22 mmol)f= sodium bicarbonate ( 36.5 mg,
0.43mmol) % » F] m4Erg2 @ > o ? A wEgaeadz s A 70% T F
4o FE e F RS S R fgliok BT 5B o AR «%“{ﬁ;“mé
YUR AR TR A S S R A e o & Se= 51.32% 0 Re = 0.25
(z pae fn/ 7 fE=8:1)c '"HNMR(acetone-6d, 400 MHz),~6=8.15 (d, J=8.8

Hz, 2 H), 7.54 (d;J=8.7 Hz, 2 H), 2.92 (t, J=7:4 Hz; 2 H), 2.61 (t, J=7.4

Hz, 2 H), 2.56-2.41 (m, 4H), 2.39-2.23 (m, 4 H), 2:16 (s;3 H).»

ﬁN&/@

_N

4-(2-(4-methylpiperazin-1-yl)ethyl)aniline

B~ 1-methyl-4-(4-nitrophenethyl)piperazine (50 mg, 0.20 mmol) & **
FORARFLZ P, M4 e 10atm chd § TR R 12 e F BB R 2 (S
Bihfc bR Al RERIETT @H A o 25-100% - Ry i2=0.038
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(¢ fae fg/® p3=4/1) - 'H NMR(acetone-6d, 400 MHz), §=6.90 (d, J=8.3
Hz, 2 H), 6.57 (d, J=8.3 Hz, 2 H), 2.58 (q, J=5.2 Hz, 2 H), 2.24-2.49 (m,

10 H), 2.17 (s, 3 H) -
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-gg

(7R A ig 4 o TEHE TS - 4] ABCG2 2 ik o

i

(Ullmann
reaction) » — BT
L& 10 Syl AL B X TR O T TP FH o ZFT 34
)R R o R ok H AN 2 moRent B4 30 A §

L aF o d R S SR ko HRIE i dl4cR 12 ¢
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Bl 13~ 30 g &7 o iF i+ 2338 DIPEA /DMF, 60 °C, 4 hr -

aﬁ&;dwugqﬂ

EREB M ED mﬁﬂ s 3§

ﬁﬂi% LA 4 é_

PR

4 pea T

pES

& ¥ 4
By,

i @4 acrldlnecarboxyllc acid ¢

acridones 1 HERE

“‘*’*" TR

;559

gl 8
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ey
Fry B
d %t 4-acridinecarboxylic acid % {7 % & & JEpegt 2 au Ak i & 3
SR FRg Yo frE ¥ amine 1 & BT S o JEIBIF AL F) S

4-acridinecarboxylic acid 7 acridones %z # % amine i* £ ¥ F ¥ Tk 2

ECE I S
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