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Synthesis and Biological Activity of 2-( 1H-Indol-3-yl) -5-sulfonyl

Oxadiazole Derivatives
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Abstract With methyl indole-3-carboxylate as raw material, 5-( 1H-indol-3-yl)-1,3,4-oxadiazole 2-mercaptan
was synthesized by hydrazinolysis and cyclization, and then nucleophilic substitution and oxidation reaction were
carried out to obtain the target compounds. Their chemical structures were confirmed by 'H NMR, C NMR, and
high-resolution mass spectrometry. The anti-proliferation activity of as-synthesized compounds against several cancer
cells in wvitro was tested by thiazole blue ( MTT) method, and their antibacterial activities against several plant
pathogens in vitro were tested by turbidimetry. The results showed that the compounds have certain inhibitory activity
on A549 (human lung adenocarcinoma cell ), PC-3 ( human prostate cancer cell ), K562 ( human chronic
myelogenous leukemia cell) and HepG2 (human liver cancer cell). They also have antibacterial activity against Xoo
( Xanthomonas oryzae pv. oryzae) , Xac ( Xanthomonas axonopodis pv. citri) and Psa ( Pseudomonas syringae pv.
actinidiae) . Among them, the inhibitory rate of compound 4f on Xoo in viiro can reach 87.09% (100 pg/mL) and
54.02% (50 pg/mL). These findings can provide a reference for the further study of the syntheses and applications
of indole derivatives with sulfone structure.

Keywords Indole derivatives, Tumor cytotoxic activity, Plant pathogens
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Scheme 1 Design of target compounds based on the

combination principles
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PR ) BLR AR /)N 200 i fili 98 20 B AR ( A549 20 i #K )
k7% 4% H ARG W) A9 AR S ) 36 4 . e KRS B
4% %6 B ( Xanthomonas oryzae pv. oryzae, Xoo) .
*HT%E{‘%%‘(Xamhomonas axonopodis pv. citri,
Xac) VA R BR M Bk 5 9% 9% 18 ( Pseudomonas syringae
pv. actinidiae, Psa) K 7% %% H b5 4k & 1 (4 14 5h 40
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MedChemExpress ; H-Ath BT A 12 571 4 2y 17 65 2 #r 46
2% ., FrF HepG2 K562 PC-3,A549 40 g ¥y A
B B e B A% . Xoo \ Xac , Psa T8 Fft i 5
IR A K A0 AL TR ST T e 0 W 5 0 ph AR 52 3 38
TRAT

400MHz % i 3 R 3% AL (Fi 1 Bruker 28 A ) ;
oIt 3% SR AT BN 3% Esco 24wl 5 Bl AR AL (Fi =+
Tecan 23 A ) o
1.2 AmTE
L2.1 Wk 2 B4

] 250mL 4 [ JiE b2 i b A A 5. 0g
(28. 54mmol ) 1H-M| We-3-H1 i H1 fi§ A1 90mL 80%
KA Wk, Bl S FH 2 80°C I K21 6h, TLC
27 JURE AT 2% 5 45 RS K (B S B R Ve A 2
R, BT A E A SRR R T AR B,
TooK S BEE LS A AT B AR 2, 0% 79. 8%
1.2.2 Ak 3 m4 gt

] 50mL = # B I B2 o3 A g
(5. 71mmol ) 1 H-M|We-3-H {EJJF 0. 5¢ (8. 91mmol )
FEACHFN 18mL TooK £ B B RE 2 EAA T i, 9K
Ja et N 0. 5g(6. 57mmol ) — B AL ik, #5 ¥i 1t d
HE I B € P o 0 ¢ B2 S TR 2 DA, TLC BR B
BB, FF RNLEE HG ¥ 50 R TR R 25 RN
TR A5 3 0 0 T A4, P 3 8 7V A A 2 £ T 44
HM IR, 895 pH = 4~5, 0 A 14k,
FHE ST R, 0 OF TR 1S B B R IR
66.9% .,'H NMR (500MHz,DMSO-d,)8:12.07 (s,
1H),8.16(d,/=3.0Hz,1H),7.87(d,J=7.8Hz,
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1H),7.49(d, J=8.0Hz, 1H),7.25~7.17 (m,
2H);"”C NMR ( 101MHz, DMSO-d,) §&: 176.4,
159.6,137.0,129.5,124.0,123.6,122.0,120. 4,
113.1,98.9,
1.2.3 L&Y 4 mg g e
m o 50mL & IS B o4r o m A 0. 2g

(857. 2pmol) FAEI{A 3. 1. 29mmol AH W 11 < X4 .
0. 04g( Immol) NaOH, LA 3mL DMF ¥ fit, IR X
N, TLC R ER RN o 18 R 45 o5 ) 52 0 W
LA 10mL 7K, B H 6 A S RO TR
T B R A 10mL 9 [ B, S B S
BR[ 141 /9 J7 B, r it in A 3mL 30% i A fb &
75°C IR, TCL BRER N, TR R S S R i
Fr AT 5 fhuk Ok B A R S R E 45 A G
SRR A

2-( & KL BE FE ) -5-( 1H-M5| WE-3-3E ) -1, 3, 4-
WE e (da) o A7 (0 [ R IR0 69. 5% , 4 £ 150. 9
~151.3 °C ,"H NMR (400MHz, DMSO0-d, )38:12. 06
~12.01(s,1H),8.17(d,J=2.9Hz,1H) ,8.05(d,
J=7.2Hz,1H),7.53(d,J=7.3Hz,1H) ,7.33 ~
7.20(m,2H),3.30(q,/=7.3Hz,2H) ,1.43(t,J=
7.3Hz,3H);”C NMR ( 101MHz, DMSO-d, ) §:
161.2,136.9,128.7,124.4,123.4,121.7,120.6,
112.9,99.6,27.2,15. 4; HRMS,m/z:C,H,, O,N,S
([M+H]") , S 277. 0516, 52 i{H 267. 0518,

2-(IE TN LA 3L ) -5- ( 1H-5|We-3-3E ) - 1,3, 4-1
T (4b) IR FE 65.4% ; 445 1 165.5 ~166.8 C'H
NMR (400MHz, DMSO-d,)8:11.99 (s, 1H),8. 12
(d,J=2.9Hz,1H) ,8.00(d,J=6.7Hz,1H) ,7.49
(d,J=8.3Hz,1H),7.25~7.17(m,2H) ,3.23(t,
J=7.1Hz,2H) ,1.75(m,2H) ,0.97(t,J=5.9Hz,
3H);"C NMR ( 10IMHz, DMSO-d, ) 6: 163.5,
161.4,137.0,128.8,124.4,123.4,121.8,120.6,
113.0, 99.7, 34.6, 23.1, 13.4; HRMS, m/z:
C,,H,,0,N,NaS ([ M+Na]"), F it {H 314. 0570,
SEE 314. 0562,

2-(IF T AL JE ) -5- (1L H-P5| W3- 38 ) -1, 3, 4- 16
TR (4e) IR 67.3% ;15 S 145.2~146.7 °C'H
NMR (500MHz,DMSO-d,)6:11.98(s,1H),8.11
(d,J=2.9Hz,1H) ,8.00(d,J=7.0Hz,1H),7.49
(d,J=7.4Hz,1H) ,7.28~7.16(m,2H) ,3.25(t,
J=7.2Hz,2H) ,1.74~1.68(m,2H),1.43 ~ 1. 34
(m,2H), 0.88 (t, J=7.4Hz, 3H);"C NMR
(101MHz, DMSO-d, ) 6: 163.5, 161.4, 137.0,

128.8,124.5,123.4,120.6, 113.0, 99.7, 32. 4,
31.7,21.6,13.9; HRMS ,m/z:C,,H ,O,N,KS ([ M
+K 1), I (H 344. 0471 ; SZI{E 344. 0485,

2-(1H-M|We-3- ) -5- (CRASH L L ) -1,3, 4-IE e
(4d) M 71.2% ;45 5 177.0~177.6 C,'H NMR
(500MHz,DMS0-d,)8:12.00(s,1H) ,8.12(d,J=
2.9Hz,1H),7.97(d,J=7.3,1H),7.49(d, J =
7.9Hz,1H) ,7.46~7.42(m,2H) ,7.33~7.28(m,
2H),7.26~7.17(m,3H) ,4.52(s,2H) ;°C NMR
( 101MHz, DMSO-d, ) 6: 163.7, 160.7, 137.3,
137.0,129.6,129.1,128.9,128.3,124.4,123.5,
121.8, 120.7, 113.0, 99.6, 36.6; HRMS, m/z:
C,H,0,N;S ([M+H]") , B {H 340. 0761, 5
& 340. 0771,

2-(5-( 1H-M|WE-3-5E) 1,3, 4-F — pe 2358 ) il
Wi %L ) SR T (de) , U HR 69. 9% ; 44 &5 139.7 ~
141.2 °C ,'H NMR ( 500MHz, DMSO-d, ) & 12. 00
(s,1H),8.12(d,J=2.9Hz,1H),7.99(d, J =
7.3Hz,1H),7.49(d,J=7.6,0.9Hz, 1H) ,7.28 ~
7.16(m,2H) ,4.23(s,2H) ,4.12(q,J="7. 1Hz,
2H),1.15(t,J=7.1Hz,3H) ;°C NMR (101MHz,
DMSO-d,) 8: 168.4,163.7,160.4,137.0,128.9,
124.4,123.5,121.8, 120.6, 113.0, 99.5, 62. 1,
34.5, 14.5; HRMS, m/z: C ,H,;O,N,KS ([ M +
K1*), BBl 374. 0207, 52 A& 374. 0190,

2-(FH LR EERE ) -5- ( LH-Mg|WE-3-3 ) -1,3 4- —
W (4f) WO 57.3% 555 139.0~141. 1 °C,'"H NMR
(400MHz,DMSO0-d, ) 8:12.03(s1H) ,8.19(d, /=
2.9Hz,1H),8.09~8.02(d,J=7.4Hz,1H),7.59
~7.48(d,J=7.4Hz,1H) ,7.29~7.21(m,2H),
3.79(s,3H);”C NMR ( 101MHz, DMSO-d, ) §:
163.7,160.5,136.9,128.9,124.4,123.4,121.7,
120.6, 112.9, 99.6, 32.5; HRMS, m/z:
C, H,O0,N,S ([M+H]") , BEi{H 264. 0488, 52l
{8 264. 0455,

2- (N B 2L ) -5- (1H-P8|We-3-3E) 1,3, 4-1
T (4g) IR HE 66. 8% ; J4 K 148.6 ~150.2 C,'H
NMR (400MHz, DMSO-d,)8:12.04 (s, 1H),8.17
(d,J=2.9Hz,1H) ,8.05(d,J=6.9Hz,1H) ,7. 54
(d,J=7.5Hz,1H) ,7.33~7.05(m,2H) ,3.80(t,J
=6.4Hz,2H),3.42(d,J=7.0Hz,2H) ,2.25(m,
2H);"”C NMR ( 101MHz, DMSO-d, ) 8. 163.6,
160.9,136.9,128.8,124.4,123.4,121.7,120. 6,
113.0, 99.6, 44.1, 32.3, 29.9; HRMS, m/z:
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C,,H,,0,N,CIS ([M+H]") , B {H 326. 0261, 5¢
MAE 326. 0259,

2-(5-( LH-M| W-3-36 ) -1, 3, 4-IE — w238 )
ik 7% 5L TV R FH TR (4h) WO 65. 3% 5 44 £ 147. 1
~ 148.4 °C,'H NMR ( 400MHz, DMSO-d, ) &
12.08(s,1H),8.18(d, J=3.0Hz, 1H),8.05
(d,J=7.0Hz,1H),7.55(d, J=7.4Hz, IH),
7.32~7.21(m,2H) ,4.52(q,J=7.2Hz,1H) ,
3.70(s,3H),1.62(d,J=7.2Hz,3H) ;”C NMR
(101MHz, DMSO-d, ) 6: 171.5, 164.2, 158.9,
136.9, 129.1, 124.4, 123.4, 121.8, 120.5,
113.0, 99.4, 53.3, 44.3, 18.2; HRMS, m/z:
C,,H,O,N,NaS ([ M+Na]") , Fli{H 358. 0468,

/
© (6]
A\
N
H
1

1. RBr, NaOH
B — e

2. 1,0,

80 % NH,NH, H,0

80°C, reflux

H
i: :N
{

O

2

4a: R = Ethyl;

4b: R = n-Propyl

4c: R = n-Butyl

4d: R = Phenyl

4e: R = Ethoxycarbonyl methyl

4f: R = Methyl

4g: R = 3-Chloropropyl

4h: R = n-Propoxycarbonyl methyl

4i: R = 1-Methylmethoxycarbonyl methyl

SR 358. 0482,

2-(5-(1H-M|WE-3-L) -1,3, 4T —mh 2Kk ) ik
Pk 3L 2 PR IE TS i (41) , IR 65. 9% ; 15 15 152. 9~
153.2 °C ,"H NMR (400MHz, DMSO-d, ) 8:12. 08 ~
12.03(m,1H) ,8.16(d,J=2.9Hz,1H) ,8.03(d,J
=7.5Hz,1H),7.54(d, J=7.2Hz, 1H),7.32 ~
7.20(m,2H) ,4.29(s,2H) ,4.08(t,J=6.6Hz,
2H),1.59(m,2H),0.86(t,J=7.4Hz,3H);"C
NMR (101MHz,DMSO-d,)8:168. 4,163.6,160. 4,
136.9,128.8,124.3,123.4,121.7,120.6,113.0,
99.4, 67.4, 34.3, 21.9, 10.6; HRMS, m/z:
C,,H,O.N,NaS ([ M+Na]"), ¥ it 372.0625,
SEE 372. 0623,

H
N
1. CS,, KOH, EtOH, 0°C p
2.HCl
NH 7
NH, -
3

ExX 2 BHRUAWHEREL

Scheme 2 The synthetic route of the target compounds

1.3 &5 By i 1 K

DL S-9 BR WE BE SRy FH P X BR 25, 38 1 MTT
BT AL A ) da ~ 41 %) DU Fh 2 L ( AS49  PC-
3 . HepG2 Fll K562) B SM M 15 1
1.4 fESpHEFEENR

DA Il s R O T T ) A8 B A e 24 SR
FEE R AL A ) 4a ~ 4i X Xoo  Psa , Xac = Fil
HEL 90 A ) AR S 400 1 3

2 HR5IE

2.1 &SNP E i

Xt 9 A HARib & 4a~4i FEATAR SN I
Wk, BF 58 45 3R Wos, LA W X AS49  PC-3,
K562 F1 HepG2 PR Jif 968 4t ffd 34 47 S [F) 7% B 1 417
TG E AR R W 1, A, IE W, BT
Bk & W K AS549 PC-3 K562 Fil HepG2 %
20 6 A X A 2% B R AR G 1) 0 IR L AU D Bofk
B )5 B X B2 5960 DR W WE R B AR O 0 3

F1 3-8 AR K BIBRAT E W RT A549 PC-3 K562,
HEP-G2 B8 50 0 % 1
Tab.1 In vitro inhibitory activities of 3-oxadiazole sulfone

indole derivatives on A549, PC-3, K562, Hep-G2

Inhabition rate £ SD/%

Compd. A549 PC-3 K562 Hep-G2
Sa 22.46x5.29 21.51%9.64 18.57£5.39 24.60+2.68
sb 35.1329.6l — 21.07£5.00  18.10£2.29
5¢ 13.72£9. 04 - 15.91£0.73  7.31£10.47
54 2261244 11.71+6.87 20.07:4.55  8.27+7.60
Se  29.18:5.82 - 19.10£3.34  1.68%0.25
St 27.72:2.47  1.25:3.43 14.80:6.93  5.72:9.49
5g 18.956.70  21.74x4.96 23.18£3.26  6.12£5.40
Sh 26.55:7.71 20.21£3.35 18.59+7.38  3.89:10.23
si 27.06+5.82 13.99+0.56 15.23£3.59  17.08+4. 84

SURMELE 64.01£3.74 54.79:2.38 24.00:2.77  27.67+5.48

PE LAk A 4g X K562 B il %k 23. 18% (5-
PR W BE AR 24% ) LA W) 4a X HepG2
B30 ] R A 24, 60% (5-F IR W5 BE N 27.67%)
AN % R PG YR TF A549 DL K K562 41 i %
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ZE R R, KX Xoo  Psa Xac =Fh YR A A
ANFFREE R SIE P (W3R 2) . WMRFTR, TG
JEI A S B3 T Xoo B4 13 PE S5 4, #8431k &

Py 87 DL T B A 25 o5 B 2G4 2 3 1 X
T IURIAE W05 I T, 2% A [] By BOAC 3 22 [l 3k R
T BRI 1 25 - b R IO > 5 i O S i
LEANIER R 3 AW U RTINS R /i S T o o
&Y 4f XF Xoo  Xac B35 PR X T BHAE X IR 25
X Psa (035 1 v T E T IR (EL I ARG T R e 430
Y Jac e A A e T 5 XoF T o 2 02 (I B AT,
AR B A H

R2O3-0E TR S BIBRAT A X = Tl 9w B B0 H0 S

Tab.2 Inhibitory activities of 3-oxadiazole sulfone indole derivatives against three plant pathogens
Compd. Xoo 3115 P/ % Psa 1% ¥/ % Xac M5/ %
100pg/mL 50pg/mL 100 g/ mL 50pwg/mL 100 g/ mL 50pg/mL
4a 37.10+0. 05 42.50+0. 05 7.22+0.05 11.78+0. 09 54.45+0. 04 36.27+0. 14
4b 54.04+0.04 32.22+0.07 16. 68+0. 09 18.38+0. 1 6.38+0.05 37.67+0.03
4c 35.33+0.04 21.06+0. 03 — 14.56+0. 07 — 8.61+0.08
4d 22.60+0. 05 14.71£0.02 25.78+0. 04 18.28+0. 05 6.39+0. 04 14.31+0.03
4e 10.95+0. 02 14. 14+0. 01 20.54+0.03 13.37+0.01 7.82+0.08 14.35+0. 07
4f 87.09+0. 02 54.02+0. 07 34.67+0.03 21.37+0.04 62.42+0. 04 66. 13+0. 04
4g 49.71+0. 34 16.45+0. 02 4.44+0.04 9. 18+0. 09 17.85+0. 08 27.15+0. 19
4h 13.72+0.03 15.26+0. 02 13.04+0. 02 6.93+0. 06 19.89+0. 03 21.22+0. 16
4i 26. 64+0. 04 6.47+0.08 4.86+0. 05 7.95+0. 04 19.28+0. 08 17.50+0. 04
I A s 77.90+0. 02 40.70+0. 08 38.16+0. 06 18.71+0. 01 12.39+0. 08 13.14+0. 1
WE 1 T 30. 63+0. 09 0.18+0. 03 21.81+0. 03 4.55+0. 08 — —
s e I
omb T, Szymankiewicz K, Swiatek P, et al. Molecules,

ARG W DG IR IEE T 9 AR
DAL SR A1 T A LA B2 A B gl A A L B H
PR & WA 2 25 K 2 225 1 R L IR S Rk
T DA K 43 B B R AR UE . R SM BT R 1
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LRFEL TS Y S PR IR 258 5 2 A1
4, I HLXE 224~ B R AR DR AF B (9 35 1 Rk LAk
2 IEAT TR I 45 R B i 11 3R A5 i3 280 3 R L T 24
Yoo Bedb AR S A BT R AT AL B AR P 3 A A
it — L HE5E
2 £ x M
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