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Synthesis and antitumor activity of indole compounds
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Abstract: Objective To investigate the preparation and antitumor activity of indole compounds,and to develop highly
effective and low toxic antineoplastic agents. Methods 1, 3-dicarbonyl compounds with different substituents were used as
substrates to react with appropriate amount of 2,2 ,6,6-Tetramethylpiperidinooxy (TEMPO) to generate a-position TEMPO-
substituted B-dicarbonyl compound intermediates, and then the indole tertiary alcohols containing different substituents were
prepared by reacting with indole or derivatives. The half inhibitory concentration (ICs,) of the compound on human neuroblas-
toma cell line SHSY5Y , esophageal cancer cell line 109, breast cancer cell MCF and gastric cancer cell MGC was detected by
methylthiazolyl tetrazole ( MTT) method. Results Eight kinds of tertiary alcohol compounds with different substituents were
prepared. The compound 7 has better cell inhibitory effect. Conclusion The synthesis method of indole compounds has mild

conditions , high yield and simple operation ; which lays the experimental foundation for the preparation of the doped heterocyclic
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triols and their subsequent pharmacological activity.
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B9 |5 @I R g LG LY VA VR AW D S e 7/ B
J&i , LOPCHUK %" 3L 2- S| A ICH) , R A
LA B R 2 1 Mgl 3-RL IO = . A
DRI TGRS B AL, LA SR S g i ROBER A, LA
AR 1,3- AL G W) iR, ik &
2,2,6,6-PUNRLE S B Fe1b ) (2,2 ,6,6-tetramethylpi-
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B- T IREAL G W e A - T R B AR BN il A i 8
T35 AN T B 00 W e = R Rt Ak 5 0y , O T Y g
M4 U 14 (- methyl thiazolyl tetrzaolium , MTT ) ¥ X%} B
B B W HEA T 22 R0 s 20 Mk B AR ST iR 1
PESELS , SARE TN .

1 HRSHE

L1 FERAEMF MBI OB TR
TEMPO (_[- g ik 5Ag 20462 i A BR 2 /), K22 A7 ]
LIR O A i (RHR R BT 23 7)) 359 28 70 b
iy, W RIS GF254 KA JZ2 A TR fise (200 ~
300 H) (75 S#Eu L)) 2k R- 0 va il RS R 3
## 3 ( Dulbecco’s modified Eagle’s medium, DMEM) |
B 1t 1 SR 2k (2 [ Gibeo A H]) , iR 2 ML ¥ (AT
MVUZEH AP HAR A F]) , MTT, — F R A ( dime-
thylsulfoxide , DMSO) ( 25 [F Sigma 7\ &] ) ; Bruker-400
ISR PG AL (T8 [ Bruker A 7)) , Q-TOF 6540
AT AN (R 55 B TR, R E LS AT,
X4 o S CRBETERIE, iR A R
N H)) ,ZNCL-S 8 B 1 R 1 ) 0 4 (I 7 2% T4
IR AT, ZF-T B = FPE AL ( F it DL A
WRARAHE) .

1.2 4Btk AHPEEEAnfUR 40l SHSYSY (&4
RN AR 109 FLARJE 40 i) MCF | & & 40 /0 MGC 1
W B N YRR A R A R A 7

L3 BIRELFYERTTIE

1.3.1 BIRELZMERKLE LULRIHN
WAL, 23 S A [ OB 19 1, 3-8 Sk & 1h
Y, 5 i &) TEMPO Sz B, A= AR B B o-fi7
TEMPO JUCHY B- AL S W h R (18 1) o 4R
JE G AHRE [ a-fii TEMPO BRI B- B IL b &9 h
() A 53 531) 5 | R i M| R A3 26 ) B oz, 31 8 S LA
AL RIS B Y (K 2) .

o o o o
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Ry Ro zmzm R Ry
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N

1 o-fif TEMPO KK B-ZHELSW R EENE K
Fig.1 Synthesis of a-position TEMPO-substituted B-dicar-

bonyl compound intermediates
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Fig.2 Synthesis of indole compounds

1.3.2 TEMPO B K Z Bt Z B Z Bg v 18] {4 ) 1
& RIZBEZBR 2T 650 mg BT T4 100 mL
BRI, 85 I SR g 30 mL SEA7H i, #R
#& TPk, 7 60 C A T, FEARI TEM-
PO 780 mg ZZ 2 N A SISO , F J IATiS IR il £
550 mg, fiz J5 N A TG 7K Na,SO, i i 58 73 e B 2
1.5 h, R F# 2 f6.% % ( thin-layer chromatography,
TLC) %5 , 74 RN ARG fa 28 b ots U <1 il g, B8
WAWRARREICFERE, A © PR R (S0 2 1)
BEATURI , i 2o A A 2 7 23 B Ak A5 IR B iR
FEZ) 1 097 mg, ;P23 85% , Bl TEMPO B 1) £k
LR CTRh A B 4R A3 ( proton nuclar mag-
netic resonance,' H NMR) (400 MHz, CDCL, ) § 4. 79
(s,1H) ,4.25~4.17(m,2H) ,2.29(s,3H),1.57 ~
1.31(m,6H),1.26(t,J=7.1 Hz,3H),1. 18 (s,
3H),1.17(s,3H),1.04(s,3H),0.98(s,3H) ,,
1.3.3 {&wesE e 1 poiles AR &
() TEMPO HU ) & Bt £ 1R £ TR H 1] {42143 mg, T
50 mL [ JiE Be S b, SR 5 I A 59 mg, H S IR
3 mL AR AR A SV B R T2 Uh B
TS T REATHEFE, R TLC %5, S0 58 42 )5
AN LR TR 25 mL Fife, 044 SR EIA 150 mL 1y
HETE A, I AGE AR A NaHCO, JEFT R, f5 R A
64 RIS RN, T SR SR (3 x 30 mL) #E47
B IFAVLZE, IMATGK Na,S0, BRK, #5485
B, BT K AR AR WO 4 5 FRREIRCHIAE , ik © &
FROMG (3 0 1) HEAT VR ML, i o Ak JKS AL 2 A7 o 78
afifk.,

&Y 2 it SR EY 1 B ROBEETE, L
4-HIR HH g s W IS4 , 5 TEMPO IR £ 15 £ R
Pl E1E% N A

&Y 3 mils S IRACEW 1 R ROBEART, LA
6-FIIR R A I , 5 TEMPO IR STk S 1R &
B P R AS B o

a4 Wtila S a1 ROV &A%, LA
S-TRIENSIA R, 5 TEMPO BUCHY 21t 4R £ 1



- 768 - G Bl

2018 4E 435 &

http : //www. xxyxyxb. com
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G5 Wliles S RAEW 1 ROV A, L
7-H LM Y, 5 TEMPO U 18 £ R LT
Hh )4 SN o

& 6 Wtiles . S ALEW | R LAE, LA
WS|ER Y, 5 TEMPO B 18 PN I S o

G 7 Wil . S BAEY | R BLAME, LA
W5, 5 TEMPO U £ 8k £ 2 £ T ]
(A NFA

G 8 (i %  FREL TEMPO HU R R I BE 2
M2 LTI A1 96 mg T 50 mL [ IR, S8 )5 0
AW 66 mg, H1 3 mlL il B2 fif LA IG5 i , oK 52 0
BB TS e 60 C & T frdii$k, &
TLC %78, 29 4 h RN 584, SR G A LR & B
15 mL B4 RN LA 150 mL (9 HEIE R,
NG SRR NaHCO, #EAT HORn, 735 Hr fl 58 4 B B
W, SR C TR (3 x 30 mL) #EATACH, & 0F
BHHLZ, IMATCK Na,S0, K, Tl , i 55k
RBRAE RERCFERE , A hEE © ZPROHR(3 1) i
ATVERL , 38 BE AT 2 A 4 g alif .
1.4 FraltEYRHEEEK
1.4.1 ZAEESE 8 A0 2 B 40 % 20 i
SHSYSY \Er 45 4n i 2 109 FLIRE 40 MCF | B ¥
A MGC 25 48 o bk & (R R 20 21 10% Ji 4 1L v
0.01 U-L "% ZEM0.1U - L "HEHZEM DMEM
FEFRWE, T 37 °C AR 5% CO, B34 rh it e
JEXESR B2 ~3 d il 1R, IE R AR 3 IRLLE H
T2k,
1.4.2 MMT ;£ &1L & 9033 By 240 B Y - 550
#P#l i E ( half maximal inhibitory concentration,
IC,)) 43U T X B AR RS R AP NS bk
ZE BRI RT A i SHSYSY | 45 41 i & 109 | FL A
FEAN MCF | 5 % 40 8 MGC 41 Jifd , il A% 2040 i &
T AR N 1 x 107 L1 3% T 96 FLAR, 4L
B My B 100w, & 37 C K% 5%
CO, BEFRAFH h BE5% 24 h, T 4RI BE , Sy A 45 25 20
XTHRZL 25 2 o 20 2 A e T8 1) R A 8 3 Sl i
NG 8 Tk G AL o, B RREE 6 N E A
Xof BEZE I A S (AR I 5 f A o A 30, 25 R 2
AZZ8K, B 3% 48 h J5, &L A 20 uL MTT
(5g- L"), RIGET 3T CRFHTIRET4h, 5 1
THWE A 200 L DMSO, 4i%3% 10 min ¥ TTVE,
B fe FHBEAR AT 492 nm AN RS REAE , 53
— B R BT FE OO I A AR R R = [ (X
MRAHMOC M - =5 A ROCEEE) - (25408
JEMH - 25 A WOGEEE) 1/ O BRE OB R - =5

FIAOGRE(E) x 100% , DL g ks Ak AR L 259
WO\ A bR 22 T, 1T B3 B S FE Y TG, 1, <
100 pwmol - L™" Sy A5 fifr 984 41l Jife 30 il £F 5, 1G5, >
100 pmol + L™" TAH JCHT g 75 4 , K040 Il 2 G 2%
Mo SEEEE 3K,

2 #R

2.1 &W1 EAifb/ERE 120 mg HEB AR
R 1, 723 92% , fiy 44 2/ Ethyl 2-( 1H-indol-3-yl) -
2-hydroxy-3-oxobutanoate , [ {4 [& {4, m. p. 136 ~
137 °C ,'"H NMR (400 MHz,CDCl,) 8 8.39(s,1H),
7.55(d,J=8.0 Hz,1H),7.37(d,J=2.5 Hz,1H)
7.31(d,J=8.1Hz,1H) ,7.19(t,J =7.4 Hz,1H) ,
7.11(t,J=7.4 Hz,1H) ,4.81(s,1H) ,4.42 ~4.24
(m,2H) ,2.25(s,3H),1.31(t,J=7.1 Hz,3H) ; %
W AEHE % 3% ( nuclear magnetic resonance,”” C NMR )
(100 MHz, CDCL; ) & 204.9,170.4,136.6,125. 1,
124.3,122.7,120. 5,120. 3,111.9,111. 6,82. 3,
62.9,25.1,14.2;C,,HNO,Na(M + Na) * @433 i
% ( high-resdution mass spectrometer, HRMS) {2 {f
A 284. 089 3, SEiI{E 284.090 7,

2.2 kEW2 srEadftERIMLEY 2, R
67% , iy % ;5 Methyl 3-( 1-ethoxy-2-hydroxy-1, 3-di-
oxobutan-2-yl ) -1H-indole-4-carboxylate, [ {5, [& {4,
m. p. 113 ~ 114 °C.,'H NMR (400 MHz, CDCL,)
9.07(s,1H),7.71(d,J=7.5 Hz,1H) ,7.27(d,J =
7.7 Hz,2H) ,7.07(t,J=7.8 Hz,1H) ,6.70(s,1H),
6.37(s,1H),4.38 ~4.22(m,2H),3.89(s,3H),
2.46(s,3H),1.31(t,J =7.1 Hz,3H) ;" C NMR
(100 MHz, CDCl, ) § 206. 3,171.1,170.6,137.9,
127.6,124.1,122.3,122.3,121.2,117.4,113. 4,
83.6,77.4,77.1,76.8,62.4,52.7,26.2,14.0;C,,
H,,NO,Na(M + Na) * [f) HRMS J]%{f 342. 094 8 5L
T{E 342.095 4,

2.3 kEWM3 oEsifkERIMEY 3, R
90% , fiy %4 5 Methyl 3-( 1-ethoxy-2-hydroxy-1, 3-di-
oxobutan-2-yl ) -1 H-indole-6-carboxylate, [ {&, [& {4,
m. p. 135 ~ 136 °C,'H NMR (400 MHz, CDCl, ) §
8.91(s,1H),8.12(s,1H),7.80(d,J =8.5 Hz,
1H),7.61(d,J=8.4 Hz,2H) ,4.85(s,1H) ,4.46 ~
4.26(m,2H),3.95(s,3H),2.25(s,3H),1.32(t,
J=7.1 Hz,3H);"” C NMR (100 MHz, CDCl, ) §
204.4,170.3,168.1,136.0,128.8,127.6,124. 3,
121.4,120.1,114.0,112.3,82.2,63.1,52.2,24.9,
14.1;C,, H, NO,Na (M + Na) " ) HRMS & {§
342.094 8, 5Z{E 342. 095 1,
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2.4 kEW4 nEdfEEIAEAGY 4, %
97% , iy 44 "N Ethyl 2-(5-cyano-1H-indol-3-yl ) -2-hy-
droxy-3-oxobutanoate, JK [ {4 [& {4, m. p. 100 ~
101 °C,'H NMR (400 MHz, CDCL,) § 9. 30 ~ 8. 40
(br,s,1H),8.05(s,1H),7.63(s,1H),7.43 (s,
2H) ,4.82(s,1H) ,4.46 ~4.29 (m,2H) ,2.27 (s,
3H),1.35(t,J=7.1 Hz,3H) ;" C NMR (100 MHz,
CDCL,)$ 203.7,170.0,138.2,126.7,126. 4 ,125. 4,
125.1,120. 5,112. 9, 112. 5,103. 6,82. 1,63. 3,
24.7,14.1;C,;HN,0,Na(M + Na) * f{§ HRMS j}3&
{H 309. 084 6, 5 {E 309. 086 0,

2.5 kEYS nEdftEEIMEEY S, mF
83% , iy 44 N Ethyl 2-hydroxy-2-( 7-methyl-1H-indol-
3-yl ) -3-oxobutanoate, [ {1 A&, m. p. 109 ~
110 °C,"H NMR (400 MHz,CDCl,)$ 8.39(s,1H),
7.44 ~7.38(m,2H) ,7.11 ~6.96(m,2H) ,4. 84 (s,
1H) ,4.46 ~4.26(m,2H) ,2.47(s,3H) ,2.27 (s,
3H),1.34(t,J =7.1 Hz,3H) ;" C NMR (100 MHz,
CDCl,) 8 204.9,170.4,136.1,124.6,124.0,123. 1,
120.6,120.6,117.9,112.3,82.2,62.7,25.0,16.6,
14.1;C,s H,,NO,Na(M + Na) * iy HRMS 3} & 1
298. 105 0, 52K 298. 105 4.,

2.6 kEWe HEdftEEELEw 6, %
93% ,fir 44 A 3-hydroxy-3-( 1H-indol-3-yl ) pentane-2,
4-dione, [ {4, [& A&, m. p. 107 ~ 108 °C.'H NMR
(400 MHz, CDCL, ) & 8.39 (s, 1H),7.53(d, J =
8.0 Hz,1H) ,7.38(d,J=8.2 Hz,1H) ,7.33(d,J =
2.7 Hz,1H) ,7.27 ~7.21(m,1H) ,7.18 ~7. 11 (m,
1H), 5.36 (s, IH), 2. 36 (s, 6H);"” C NMR
(100 MHz,CDCL, ) § 207. 3,136. 6,124. 8,123. 7,
122.8,120.7,119.8,112.5,111.6,87.3,26.2;C,,
H,;NO,Na (M + Na) * iy HRMS %} 254. 078 8,
SZIAE 254. 079 4,

2.7 kEWT sE4adgftEREMEY T, %
93% , fiy 44 N Ethyl 2-hydroxy-2-( 1H-indol-3-yl )-3-
oxopentanoate , [ [ {4, m. p. 96 ~97 °C ,'H NMR
(400 MHz, CDCl,) 8 8.39 (s, 1H),7.56 (d, J =
8.0 Hz,1H),7.41 (s,1H),7.34(d,J =8. 1 Hz,
1H),7.21(t,J =7.6 Hz,1H),7.12(t,J =7.5 Hz,
1H) ,4.87(s,1H),4.45 ~4.24(m,2H),2.80 ~
2.67(m,1H),2.58 ~2.46 (m,1H),1.33(t,J=
7.1 Hz,3H),1.02(t,J =7.2 Hz,3H);"” C NMR
(100 MHz, CDCL, ) & 207. 8,170. 1,136. 2,124. 8,
124.2,122.1,119.9,119. 7,111. 4,111. 4,81. 7,
62.4,30.3,13.7,7.7;C,sH,,NO,Na( M+ Na) * [
HRMS 114 298. 105 0, 5{ill{& 298. 106 4,

2.8 EWMS mEdftiEfiaw s, mE
76% , fiy 44 A Ethyl 2-hydroxy-2-( 1H-indol-3-yl ) -3-
oxo-3-phenylpropanoate, [ & [& &, m. p. 124 ~
125 °C ,'"H NMR (400 MHz,CDCl,) 8 8.29(s,1H),
8.08(d,/=8.0 Hz,2H),7.61(d,/=8.0 Hz,1H),
7.50(s,1H),7.47(t,J=7.5 Hz,1H) ,7.32(t,J =
7.1 Hz,3H),7.17(t,J=7.6 Hz,1H) ,7.08(t,J =
7.5 Hz,1H) ,5.09(s,1H) ,4.40 ~4.19(m,2H),
1.20(t,J=7.1Hz,3H) ;" C NMR (100 MHz,CDCl,)
$195.2,171.1,136.1,133.3,133.2,130.0,127.9,
125.3,123.9,122.2,120.4,120.0,113.0,111. 1,
81.0,62.6,13.6;C,,H,;NO,Na(M + Na) * 1) HRMS
HEH 346. 105 0, SEil{H 346. 105 6,

2.9 8HMUEWMEIIMIPEREE LPRIE L, A
SR 8 ik G AL S T R A LA
JLgE 4 SHSYSY £ 48798 40 il 3% 109 3L/l 41 i
MCF 4 1C5, 34 <100 pmol - L™", HAT R Ay 4 i D
VR s A 59 3 LG W 6 )£ 4 e 40 i &% 109
(1) 1C5, < 100 pmol = L1, FLAT — 5 1) 41l i 310 4 4
8 At 200 1 ok ) 00 0 ol A P 5 5 s A 1
2 4 8 X APz B2 s 20 A SHSYS'Y 124579 241 i
Z 109 | FL i 8 40 s MCF | 5 9 40 e MGC 1Y 1C,,
#>100 pmol « L™, XFik 4 Ff g 240 i JCHT b Igd 6
o ALGY) S XF AP 2 BE 20 i 96 20 il SHSYSY | %L
B9 40 e MCF, B 98 41 fs MGC 1) IC,, ¥ >
100 wmol = L™, JE47¢ i 988 1 5 Xof £ 5 9 20 I R
109 {1 1C, 33 100 wmol = L7, Jg 48 e 90 il £ ]
LB

F1 KEW1~8 KEFIMTIEESE

Tab.1 Antitumor activity of compounds 1 -8 in vitro

ICsp/ (pmol + L71)

&) SHSY5Y 109 MCF MGC

1 > 100 > 100 > 100 > 100

2 > 100 > 100 > 100 > 100

3 > 100 69.20 +1.84 > 100 > 100

4 >100 >100 >100 >100

5 > 100 99.77 £1.20 > 100 > 100

6 > 100 52.61 £1.72 > 100 > 100

7 16.55 £1.22 10.45+1.02 55.64 £1.75 87.43+1.94
8 > 100 > 100 > 100 > 100

3 g

ABFFEARF T — 2% 535 151 b | S84 1 e K%
MR = AR AL & Y BTR Ae, LA RS 751
Mg Ibge | SR 4% W5 Wik MEL gt K% il 5 9 TEMPO IR 1, 3-
TIRIEAC G W JEORL SR - R e A SR Xof
ZRINHBR-3 (LA TAS AR A, A3 8 DA BB
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SRS ZEAFAN, B T HR AR WO, 1E  TORTE
2 TS ISR AL 5 ) A i 45

TEXS IR0 8 AL & W i B R 1 v A B
R1 &5 AZHEF R2 AL 85 A ARG 7
Xof N2 25 B 2 M 938 440 L SHSYS'Y | £ 89 4t it &
109 FLIRJE 40 MCF |15 8 40 i MGC 25 4 21 i
HR A AT P, HO N 2 i B A R AR
SHSYSY FIE 8 Fa 4N 109 (410 iV F o 3, fb &
Yy 3 F6 XA AN AR 109 A — & 194 il 1
AL HA S MEEYILT oA i1 o
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