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1

Fig.1 The structures of lead compounds and designed compounds
1
1.1
AVI 600 MHz ( Bruker ) ; QExactive ( Thermo Fisher
) ; AB3200Q  TRAP-MS ( AB ) ; Victor3 V ( Perkin-Elmer
) : CEM DISCOVER ( CEM ).
HepG2( ) o 1 -Boc4-
( =98% ) N N- ( =98% DMF
). ) .
1.2
1.2.1 3H5- 27— )d- (3) 1.00 g( 8.46 mmol) 2.37 ¢
(9.32 mmol) 10 mL. DMF 5 mL 3 h,
N 3 2.05 g( 8.40 mmol)
2.37 g( 8.48 mmol) 1-Boc4- 10 mL. DMF
10 min 100 °C o N 3
N N 2
(U ) ) =1:10) ( 2) . 3.50 g(8.20 mmol)
2 1.38 ¢(9. 86 mmol) 5- 2- 0.95 g(0.82 mmol) ( ) 50 mL
( DME) 5 ml, 125 °C 120 W
15 min., N 2 o 20 mL
5~6 4 h (V( ) V(
) =1:10) 1.87 & ( 3) 74.8% .
1.2.2 3H5- 2- )d- (4) 2.36 g( 8.00 mmol) 3 1.21g
(3.20 mmol) Ar 15 mL 10 h.
pH 7 (W )+ U

) =1:8) 1.40 g

56% . '"H NMR( 600 MHz DMSO-d,) &:8.20(d
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J=8.25Hz 1H) 7.93(d J=8.25Hz 1H) 7.75(d J=3.85Hz 1H) 7.56(dt J=0.73 7.70 Hz 1H)
7.38(t J=7.61 Hz 1H) 7.33(d J=3.85 Hz 1H) 5.14 ~5.21(m 1H) 3.43 ~3.49(m 3H) 3.14 ~

3.21(m 3H) 2.39 ~2.48(m 3H) 2.12 ~2.22(m 3H) . MS( ESI) C,H,N,0, M+H *:
298. 1 1298. 1,
1.2.3 3H5- 2-  )dA1"- ) (5a) 1. 00 g( 3.39 mmol) 35—
2-  )d- ( 3) 5 mL ( DCM) 0.40 g(5.09 mmol)
0.5 mL 3 h, N 2 2
. (W ) ) =1:2) 1.10 g . 1.10g

(3.26 mmol) 5 min 0.37 ¢
(9.78 mmol) 10 min 3 ho

pH 7 . (W ):V(DCM) =1:10) 0.74 ¢

64% . mp 243.3 ~244.6 °C . '"H NMR( 600 MHz CDCl;) &:8.09(d J=8.25 Hz 1H)
7.38 ~7.48(m 3H) 7.23(ddd J=1.19 6.56 8.02 Hz 1H) 6.83(d J=3.30 Hz 1H) 6.46(d J=
3.30 Hz 1H) 4.78(d J=13.76 Hz 1H) 4.74(s 2H) 4.65 ~ 4.69(m 1H) 4.03(d J=14.12 Hz
1H) 3.25~3.34(m IH) 2.80 ~2.88(m 1H) 2.37(dq J=4.31 12.20 Hz 1H) 2.26(dq J=4.31
12.20 Hz 1H) 2.16(s 3H) 2.07 ~2.13(m 2H); *C NMR( 151 MHz CDCl,) & 169.0 153.9 148.8
139.6 136.1 126.6 121.9 121.4 121.3 109.6 108.9 107.7 57.6 56.1 45.6 40.8 31.7 31.1 21.4.

MS( ESI) CoH, N0, M+H *:340.2 :340. 2.
1.2.4 3H5- 2= )dA1"- ) (5b) 1. 00 g( 3.39 mmol) 3H5"-

2-  )d- ( 3) 5 mL DCM 0.47 g( 5. 09 mmol)
0. 5mL 3 h, N 2 2

. (V( )V ) =1:2) 1.08 g . 108 g
(3. 09 mmol) 5 min 0.35 ¢
(9. 27 mmol) 10 min 3 ho

pH 7 o (( ) :V( DCM) =1:10) 0.73 ¢

61% o mp 249. 8 ~250.6 °C . "H NMR( 600 MHz CDCl;) &:8.08(d J=8.25 Hz 1H)
7.39 ~7.45(m 2H) 7.22(t J=7.24 Hz 1H) 6.83(d J=3.30 Hz 1H) 6.45(d J=3.30 Hz 1H)
4.80(d J=13.02 Hz 1H) 4.74(s 2H) 4.66(tt J=4.17 11.14 Hz 1H) 4.07(d J=13.75 Hz 1H)
3.25(t J=12.75 Hz 1H) 2.83(t J=12.20 Hz 1H) 2.41(q J=7.34 Hz 2H) 2.27 ~2.38(m 2H)
2.16(s 1H) 2.04 ~2.13(m 2H) 1.19(t J=7.43 Hz 3H); C NMR( 151 MHz CDCl,) & 172.3
154.0 148.9 139.7 136.1 126.6 121.9 121.4 121.3 109.6 109.0 107.7 57.7 56.3 44.7 41.0

31.8 31.2 26.6 9.6. MS( ESI) C,HuN,0, M4H *:354.2 1354.2.
1.2.5 35~ 2 ydaA1- ) (5¢) 1. 00 g( 3.39 mmol) 3+ 5~

27— ) - ( 3) 5 mL. DCM 0.54 g(5.09 mmol)
0.5 mL 3 h, N 2 2

. (V( ) V( ) =1:2) 1.07 o . 107 g
(2.96 mmol) 5 min 0.34 ¢
(8. 88 mmol) 10 min 3 h,

pH 7 . (W ):V(DCM) =1:10) 0.74 ¢

59% . mp 215.0 ~216.0 °C . "H NMR( 600 MHz CDCl;) &:8.08(d J=8.25 Hz 1H)
7.39 ~7.45(m 2H) 7.23(dt J=0.83 7.29 Hz 1H) 6.83(d J=3.30 Hz 1H) 6.46(d J=3.12 Hz
1H) 4.82(d J=12.65 Hz 1H) 4.74(d J=5.50 Hz 2H) 4.68(t J=4.24 11.26 Hz 1H) 4.16(d
J=12.84 Hz 1H) 3.28(t J=12.20 Hz 1H) 2.79 ~2.90(m 2H) 2.36(d J=10.64 Hz 1H) 2.26(d
J=10.45Hz 1H) 2.16~2.20(m 1H) 2.06 ~2.16(m 2H) 1.14 ~1.22(m 6H); "*C NMR( 151 MHz
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CDCL;) 6:175.5 153.9 148.9 139.7 136.1 126.6 121.9 121.4 121.3 109.6 109.0 107.7 57.7

56.4 44.6 41.1 32.0 31.3 30.2 19.6 19.4. MS( ESI) C,H,sN,0, M+H 7:368.2
368.2,
1.2.6 3A5- 2H—- )dA1"- ) (5d) 1. 00 g( 3. 39 mmol) 35—

27— ) - ( 3) 5 mL DCM 0.54 g(5.09 mmol)
0.5 mL 3 h. N 2 2

o (V( ) = V( ) =1:2) 1.05 ¢ o 1.05 ¢
(2. 87 mmol) 5 min 0.33 ¢
(8.61 mmol) 10 min 3 he

pH 7 . (V( ):V(DCM) =1:10) 0.73 ¢

59% . mp 205.9 ~207. 1 °C . "H NMR( 600 MHz CDCl;) &:8.08(d J=8.25 Hz 1H)
7.43~7.45(m 1H) 7.39 ~7.42(m 1H) 7.23(ddd J=1.19 6.56 8.02 Hz 1H) 6.83(d J=
3.30 Hz 1H) 6.46(d J=3.30 Hz 1H) 4.80(d J=13.57 Hz 1H) 4.74(s 2H) 4.67(tt J=4.17
11.23 Hz 1H) 4.05~4.11(m 1H) 3.22 ~3.29(m 1H) 2.79 ~2.86(m 1H) 2.35 ~2.40(m 3H)
2.20 ~2.35(m 2H) 2.07 ~2.14(m 2H) 1.71(m 2H) 1.00(t J=7.43 Hz 3H); *C NMR( 151 MHz
CDCL) & 171.6 153.9 148.9 139.7 136.1 126.6 121.9 121.4 121.3 109.6 109.0 107.7 57.7

56.3 44.9 40.9 35.4 31.8 31.2 18.8 14.1., MS( ESI) C,H,sN,0, M+H 7:368.2
368.2.
1.2.7 3H5- 27— ) - (6) 1.00 g( 8. 46 mmol) 2.37 g(9.32 mmol)
10 mLL DMF 5 mL 3 ho N
3 o 1.98 g( 8. 11 mmol) 1.25 ¢
(8.92 mmol) 5- 2- 0.94 ¢(0.81 mmol) ( ) 50 mL. DME
5 mL 125 C 120 W 15 min, N
3 2 . (W )W ) =
1:5) 1. 36¢ ( 6) 76% . 'H NMR( 600 MHz DMSO-d,) &:13.72(s

1H) 9.68(s 1H) 8.17(d J=8.25 Hz 1H) 7.73(d J=3.67 Hz 1H) 7.66(d J=8.44 Hz 1H) 7.48
(ddd J=0.92 7.01 8.21 Hz 1H) 7.32(ddd J=0.73 7.02 8.02 Hz 1H) 7.29(d J=3.67 Hz 1H) ;
BC NMR( 151 MHz DMSO-d,) &:178.2 154.6 151.9 141.5 135.0 127.4 125.6 122.7 120.9 120.3
111.4 109.5.

1.2.8 35~ 2 ydaA1- ) (7a) 1.00 g(4.72 mmol) 35— -
27— ) - ( 6) 5 mL. DCM 1.25 g(7. 08 mmol) 1 mL
6 h, N 2 2
(W )= ( ) =1:2) 1.61 ¢ o 1.61 g(4.57 mmol)
5 min 0.52 ¢(13.71 mmol)
10 min 3 h. pH 7
o (W( ) = V( ) =1:2) 1.05 ¢ 63% - mp

198.6 ~199.5 C. '"H NMR(600 MHz CDCl,) &:8.22(d J=8.62 Hz 1H) 8.09(d J=8.07 Hz 1H)
7.98 ~8.00( m 2H) 7.58(ddd J=0.92 7.24 8.34 Hz 1H) 7.51 ~ 7.55(m 1H) 7.41 ~ 7.45(m
2H) 7.36 ~7.40(m 1H) 7.07(d J=3.30 Hz 1H) 6.47(d J=3.48 Hz 1H) 4.73(s 2H) 1.70( br
s 1H); "C NMR( 151 MHz CDClL,) §&:155.7 146.8 143.3 141.4 137.4 134.1 129.5 129.2 127.5
124.7 123.4 122.3 113.4 111.5 109.8 57.6.

1.2.9 35~ 2 yda1- ) (7h) 1.00 g(4.72 mmol) 34 5—

27— ) - ( 6) 5 mL DCM 1. 35 ¢( 7. 08 mmol) 1 mL
6 ho N 2 2
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(W ) :V( DCM) =1:2) 1.52 ¢ o 1.52 g(4. 15 mmol)
5 min 0.47 g( 12. 45 mmol)
10 min 3 he pH 7
(W ) = V( ) =1:2) 1.01 g 58% . mp

203.5 ~204.5 C. 'H NMR( 600 MHz CDCL,) 6:8.21(d J=8.44 Hz 1H) 8.08(d J=8.07 Hz 1H)
7.86(d J=8.25 Hz 2H) 7.51 ~7.60(m 1H) 7.37(t J=7.52 Hz 1H) 7.21(d J=8.25 Hz 2H)
7.06(d J=3.48 Hz 1H) 6.46(d J=3.30 Hz 1H) 4.73(s 2H) 2.32(s 3H) 1.73(br s 1H);
“C NMR( 151 MHz CDCL;) &:155.6 146.8 145.4 143.2 141.4 134.5 129.8 129.4 127.6 124.6
123.4 122.2 113.4 111.3 109.8 57.6 21.6., HRMS( ESI) CoH(N,0,S M+H *:369.0911
:369. 0909,
1.2.10 3A5- 2 )dA1"- ) (7¢) 1.00 g(4.72 mmol) 35—
2= )= ( 6) 5 mL DCM 1.35 ¢g( 7. 08 mmol) 1 mL
6 ho N 2 2 o
(W ):V(DCM) =1:2) 1.37 ¢ o 1.37 g( 3. 74 mmol)
5 min 0.42 g( 11.22 mmol)
10 min 3 he pH 7
(V( ) s V( ) =1:2) 0.89 ¢ 51% . mp
199.0 ~201.5 °C . '"H NMR( 600 MHz CDCL,) &:8.22(d J=8.62 Hz 1H) 8.10(d J=8.07 Hz 1H)
7.81(s 1H) 7.78(d J=7.70 Hz 1H) 7.58(ddd j=1.10 7.20 8.39 Hz 1H) 7.36 ~7.40( m 1H)
7.28 ~7.35(m 2H) 7.07(d J=3.30 Hz 1H) 6.47(d J=3.48 Hz 1H) 4.74(d J=4.77 Hz 2H)
2.35(s 3H) 2.14(brs 1H); "C NMR( 151 MHz CDCl,) &:155.6 146.9 143.2 141.4 139.6 137.3
135.0 129.5 129.1 127.8 124.7 124.6 123.4 122.2 113.4 111.4 109.8 57.6 21.3. MS( ESI)
CoH(N,0,S M+H ":369.1 1369. 1,

1.2.11 3A5- 2= )d- (7d) 1.00 g( 4.72 mmol) 3A5"- 2- ) —
( 6) 5 mL. DCM 1.21 g (7. 08 mmol) 1 mL 6 ho
\ 2 2 0 (V(
) :V( DCM) =1:2) 1.22 ¢ o 1.22 g( 4. 04 mmol)
5 min 0. 46 g( 12. 12 mmol) 10 min
3 ho pH 7 o

(W ) W ) =1:3 1.01 g 71% . mp 111.0 ~112.5 C.
'"H NMR( 600 MHz CDCl,) & 8.05(d J=8.07 Hz 1H) 7.33 ~7.37(m 1H) 7.29 (dd J=7.98

)
(

14.76 Hz 3H) 7.23 ~7.26(m 1H) 7.19 ~7.23(m 3H) 6.87(d J=3.30 Hz 1H) 6.46(d J=
2

3.30 Hz 1H) 5.64(s 2H) 4.74(s 2H) 3.47(s 1H) . MS( ESI) CoH,N,0, M+H 7:305.1
:305. 1,
1.4 HIF
MTT HepG2 96 (5000 / ) 24 h
0.1.1.10 20 wmol/L 48 h MTT o
: HepG2 12 (0.5x10° / ) 24 h
1.10 20 pmol/L 1.2 3d o
( Western Blot assay) : HepG2 60 mm
24 h 1.10 20 pmol/L ( Desferrioxamine DFX)
130 pmol/L 24 h 8%
( SDS-PAGE) . N 1:1000/1:5000  HIF- a/B-actin( 8- )

4 C 1:5000 1h ECL
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( Real time-PCR) : HepG2 35 mm
24 h 1.10 20 wmol/L DFX 130 pmol/L
24 h ( RNA) DNA( ¢cDNA) ABI stepONE
PCR VEGF RNA( mRNA) 0
2
2.1
Scheme 1~ Scheme 2. Scheme 1 ( 1)
DMF 3- 1-Boc4-
27, 2 5- 2- DME (
) 3, 3
345- 2= )d- ( 4) . 4 Sa ~
5d.
O H
Yo :
N >L (a) 5-Formyl-2-furanoboronic acid,
H NaHCO;, Pd(PPH,),. H,0.
©/\N/\N (a) I,, DMF, KOH (CHOMe),, MW 125 °C, 120 W N,
2NENY O.g N, (b HCI - A
Yot o
b
1 0 12
K,CO,. DMF, 100 °C
NaBH,, EtOH
O (0]
I yR R: CH, yR R: CH,
N CH,CH, N CH,CH,
isopropyl isopropyl
n-propyl n-propyl
R-COCI { NaBH,, EtOH .
Et,N, DCM
5a~5d OH
Scheme 1 Synthesis route of the target compounds 5a ~5d
2.2
e 9 13-
4.5a ~5d.7a ~7d. MTT HepG2
E 3 7d(YCH) (1),
7b YC4 HepG2 7b
HepG2 ( 2); Western blot ~ Real time-PCR 7b
HIF4 VEGF ( 3).
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H R! R"
N (a) I,, DMF, KOH N p-toluene sulfonic acid
* - R'-COCI N . .
©/\//N N m-toluene sulfonic acid
(b) 5-Formyl-2-furanoboronic acid, Et;N, DCM toluene sulfonic acid

NaHCO,, Pd(PPH,),, H,0. benzyl

(CHOMe),, MW 125 °C, 120 W

1 7 (0)
R R":
. p-toluene sulfonic acid
NaBH,, EtOH N, m-toluene sulfonic acid
- . /N toluene sulfonic acid
benzyl
i (0]
= OH
7a~7d
Scheme 2 Synthesis route of the target compounds 7a ~7d
1 4.5a~5d 7a~7d HepG2 IC,,
Table 1 IC,, values of compounds 4 5a~5d 7a~7d on HepG2 cell line in vitro
R
/
N\
/N
720
=\_ OH
Compounds R IRb@20 pmol /L./% ° ICso /( pmol L")
4 o 7.93 not tested”
Sa i 8.83 not tested”
5b 61.01 12.41
Sc i 19.33 not tested”
5d 16.34 not tested”
Ta ¥ 36.18 not tested”
7b 62.57 10.37
Tc g 45.83 not tested”

Continued on next page



4 01 3- 1 417

continued from previous page

Compounds R IRb@20 pmol/L/% ICsy /( pumol s~ 1)

7d( YCH) 8o 54.21 16.56

a. IRb: Irbesartan; b. not tested as the inhabitation rate of preliminary screening less than 50% .

12 3.0
4 B ]
I. -
\‘ | con. 0
~ 08k % 20F O 7b1umolL
g \U X A 7510 umol/L *
g L \ 5 L Y 7520 umolL =
B a\ g 5
E \I:I = VAN
L = ok *
= 04 o 7d(YC-1) ® % g 10 /* v
® 7b % /v/
| | | | P 1 1 1
0 0.1 1 10 20 0 1 2 3
c¢/(umol - L™1) Time/d
2 7b HepG2

Fig.2  Proliferation of HepG2 cells was significantly inhibited by compound 7b
A. MTT assay was performed by YC and different does compound 7b( n=4) (* P <0.05); B. the growth curves of HepG2 cells

treatment with different does compound 7h( n=3) (* P <0.01)

A DFX130 (rmol/L) B DFX130 (vmol/L)

7b = = 1 10 20 (umol-L7H
10

| e
anenananay

*

VEGF relative mRNA level

- - 1 10 20
¢/(pmol - L™ty

3 7b HepG2 HIFd a( A) VEGF( B)
Fig.3 Expression of HIFHd« and target gene VEGF were inhibited by compound 7b in HepG2 cells
A. western blot analysis was used to examine the expression of HIFda and B-actin proteins in HepG2 cells after incubation with
compound 7b and DFX for 24 h; B. real time-PCR was used to examine the mRNA level of VEGF in HepG2 cells after incubation with
compound 7b and DFX for 24 h(n=3) (* P <0.01)

MTT
4 ( 5a ~5d) HepG2 ; 5a ~5d

; Ta~Tc YCH( 7d)

) . 50% 50% 50%
5b.7b  7d MTT ICy o YCH
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(1Cs, =16.56 wmol/L) 5b 7h 7b
IC5, =10. 37 pmol/L 0 o
o 2A 7b HepG2
7b  HepG2 YC-
1. 2B 7b HepG2
HepG2 o 7b Western Blot  Real time-PCR
HIF4 VEGF 3A 7b
HIF4 3B 7b HIF4 VEGF mRNA
° 3- - HIF
3
9 1 3- 0 HIF4
0 YCH 5b 7Tb YCH
o 7b HIF4
(ICs, =10. 37 pmol/L) VEGF o 7b
0 HIF4 o
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Synthesis and Anti— Hepatoma Activities of
1 3—Substituted Indazole Derivatives as
Hypoxia Induced Factor Inhibitors

LI Shanhua® HUANG Zhining® MIAO Fangxiao® ZHENG Manyi’ LIANG Han’
WANG Baorui® QU Ning” QIAO Hong® WANG Haili’ LI Funan’
( “Medical College; " School of Pharmaceutical Sciences Xiamen University Xiamen Fujian 361102 China)

Abstract Hypoxia-inducible factor 1( HIF-) is closely related to the growth invasion and drug resistance of
tumor cells and is highly expressed in tumor cells so new HIF- inhibitors can be used as potential antitumor
drugs. Nine 1 3-substituted indazole derivatives were synthesized. The expression of HIF and its target gene
vascular endothelial growth factor( VEGF) were detected by Western Blot and Real time-PCR ( polymerase
chain reaction) and the anti-tumor activities of all the newly synthesized compounds were evaluated on the in
vitro growth of HepG2 cell line taking 3+ 5 -hydroxymethyl2 -furyl) 4 -benzyl indazole( YCH) ( compound
7d) as positive control. We found that compound 7b significantly inhibited the expression of HIF and its
downstream target gene VEGF and the anti-hepatoma biological activity in vitro of compound 7b was better
than that of YCH with half maximal inhibitory concentration( ICy,) values of 10. 37 wmol/L. The results show
that 3+ 5"-hydroxy methyl2“Huran) 4+ 1~ p-olylsulfonyl) indazole targets the inhibition of HIF activity but
also has a good anti-hepatoma activity.

Keywords indazole; hepG2 cells; hypoxia-inducible factor 1; anti-hepatoma activity
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