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Synthesis and anti-tumor activity evaluation of indole-containing tertiary alcohols
ZHUANG Fang-fang, YIN Yan-yan, YAN Jian-wei, YAN Fu-lin

(College of Pharmacy of Xinxiang Medical University ,Xinxiang 453003 , Henan Province ,China,)

Abstract: Objective A series of indole-containing tertiary alcohols were synthesized and their antitumor activities

were tested to investigate their structure-activity relationship. Methods (1) The preparation of targeted products:indole 3-
substituted tertiary alcohols were synthesized through one-pot procedure from indoles,1,3-dicarbonyl compounds and 2,2,6,6-
tetramethyl-1-piperidyloxy ( TEMPO) . (2) Screening of antitumor activity ; cytotoxic activities of the preparation 3-subtituted in-
dole derivatives were tested in four different cancer cell lines in vitro by 3-(4,5-dimethyl-2-thiazolyl ) -2 ,5-diphenyl-2-H-tet-
razolium bromide method. Results Fourteen desired compounds were prepared and their antitumor activities were evaluated a-
gainst human neuroblastoma (SHSYSY) , esophageal carcinomacell line(109) , gastric cancer cell(MGC) and breast carcinoma
cell(MCF) in vitro. Several compounds showed different antitumor activities. Indole derivatives 5, 6 and 7 against the four kinds
of tumor cells inhibition effect were increased gradually, howerer, the ICs, of 15 against 109 decreased to 8.42 pmol - L™" in

compound 11 = 16. Conclusion Ethyl propionylacetate derivative ( compound 7) and 6-Cl and 6-Br indole derivatives ( com-

3]

pound 14,15) exhibit good antitumor activities.
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KAE, B AGER A R F]) ;Q-TOF 6540 =57 #t
TS (P8 25 2 U5, 36 [ 2 4848 A W) ) 5 Bruker-
400 BURZREIARP AL (78 Bruker 22 7)) s 15l K
Wi R RN GER 28 AL Bl AR IR
A]) ; SHB-{EFR /K X2 F H 25 5 RSN IR B2 A B
o)) s HEE R BT AR S GF254 Ko A% )2 #r Rk
(200 ~300 H) (F 5L T ) ZF-7 B =58
HPIFT A E T DAL AR B A IR A ) ) 5 B AR A
(SpectraMax Paradigm , 3€ [E] Molecular Devices) ; CO,
B 3% %5 ( RSBiotech, 3£ [E GalaxyS) ; 5 & K %
(MILS-3780, 2 [E| Thermo) ,

1.2 EFZRF bk LR Mg 2,2,6,6-14
FRELOR e 5=tk ¥y (2,2, 6, 6-tetramethyl-1 -piperidy-
loxy, TEMPO ) 45 Sz i ) 15 15 35 B 4 4627 i
ARAT] | g B HOARA FRZA A B F i 450
BE 2GR FRA R s HE R I O IR O TR A it 45
PR E8 S o3Arall, W EER Wt & 7 5 382K
{AFEER B A& /R B 37 5 ( Dulbecco’s modified Eagle's
medium , DMEM) | JiE & [ fiff 355 35 3 ( 3£ [E Gibeo 2
A ) 5 A ML (CBUH U255 A R A W) 5 e £k
Ho a1 [ 3-(4, 5-dimethyl-2-thiazolyl ) -2, 5-diphenyl-2-

R3
3:R|=H Rr=H
4:Ri=H Ro=H
5:Ri=H R,=H
6:R|=H R,=H
7:R=H R,=H
8:R=H R,=H
9:R=F Rr=H
10: R1=ClI Ro=H
11: R1=CH30 Ry=H
12: Ry=H R,=H
13: Ry=H R,=H
14: R1=H Ro=H
15:Ry=H R,=H
16: Ri=H R2=Ph

Bl aBR=ZENEH

Fig.1 Synthesis of indole-containing tertiary alcohols

1.5 FbMEiE R iHiE

1.5.1 #pasEss KM BN MU 40 SHSYSY |
EEANNE AR 109 FUBE AN MCF | & 8% s 40
MGC PIFEA S B0 2 R 75183 o A bR A1 35 14
R B 10% Jify 4 1ML 3 79 DMEM B 33 3, [A] i fim A
0.01 U-L'"#HEEZMO. 10U - L'"HEHEZE, T
37 C MR E 5% CO, FiFRfi A A 55 5% , &
2~3 d ik 1 Ko

1.5.2 MTT &N EH) £ % E ( half maximal in-

H-tetrazolium bromide, MTT | i 3| & . — H 3& IV A
( dimethyl sulfoxide, DMSO) ( Z£[F Sigma 2\ ] ) o

1.3 #HBakk PP bRA0MIE 40 SHSYSY (B4
RN & 109, FL AR e 40 ML MCF B 98 i 96 40
MGC ¥k A T M5 Ye B AE YR R 7 i 20
i 259 2R FH 2 AR A3 %0 10% JIG 28 1L 3 19 DMEM 5% 42
Bi bk 7237 C KBV 5% CO, KA T iR,
1.4 BHRFYHEE  FREG B (117 ng,
1.0 mmol) \Z Tk . 18 Z. 15 (143 mg, 1.1 mmol ) F
TEMPO (343 mg,2.2 mmol ) F T4 B &L, 4k
JEIMAZBR (5.0 mL) FRigfE, #jeE T2 iz
60 C 2 1 h, &3 2 A 1% (thin-layer chroma-
tography , TLC ) 45 Il 2 I 5¢ 4%, il A & R & T
(50 mL) i B, JF 4 SN AE] A 150 mL i #fE T )R
W ARG I AGE T A NaHCO, BEFTH AN, F5 N 5
AHVTE A A, T SR TR HEAT 2R B (3 x
30 mL) , BHAHLZ, IMATEIK Na,S0, BRoK, it ik,
IR SRR AR WO A FE S HEAE, At - 2R &
B =3 ¢ 1 SEATUEMG, T ek AL 2 M 4 25 alidh, 15
#) 222 mg HEMAREKI(E 1), 85% . 1k
G4 ~16 fil g JiikE ECE 1) .
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H
R3=H Ry= CHj3 Rs= OCH;CHj3
R3=H R4= CH3 Rs=OCH3
R3;=H R4= CHj Rs=O(CH; )3
R3=H R4= CH; Rs=OCH,Ph
R3=H R4=CH,CH; Rs=OCH,CH;
R3;=H R4=Ph Rs=0OCH,CH;
R3=H R4= CHj3 Rs=0OCH;CH3
R3=H R4= CH3 Rs5=0OCH,CHj3
R3=H R4=CH3 Rs= OCH,CH3
R;=COOCH; Ry= CH; Rs OCH,CH;
R;=F R,= CHj Rs= OCH,CHj
R3=ClI R4= CH3 Rs=OCH,CH3
R3;=Br R4= CHj Rs= OCH,CHj
R3=H R4= CH3 Rs=OCH2CH3

hibitory concen tration,IC,,) 43 5l b F X B 1
K IRAS BT SHSYSY (109 MCF F1 MGC 4ijitg,
S P AT R, il A S A 1 X 107 L™ b
96 fLAR , TEAL N A0 AL B K 100 pL, & T 37 C . {&
BB 5% CO, FEFRAAT LS 24 h RRLHHIGRE 8
e P TS 1R 0 Ao B I AR DA i, 5 1 o P
526 WA . Xt HE i A S5 AR P v e it R 0 7%
L2 (L = 28K 5555 48 h J5 , FFLINA 20 pL
fMTT(5 g - L™') RGBT 37 CHFM T IRET
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J) 7 Ot B B — =25 OB ) x 100% , LA il
A BEALRR , 250U BE AL BRAE B, SR 434
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2.1 EW3~16 HEHRIE LG 3:Ethyl 2-
hydroxy-2-( 1H-indol-3-yl ) -3-oxobutanoate , %% 85% ,
FI A, m. p. 136 ~ 137 C Bk Z035% (pro-
ton nuclear magnetic resonance,' H-NMR) (400 MHz,
CDCL,) §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. 1 Hz,1H),
7.19(1,J=7.4 Hz,1H),7.11(t,J =7. 4 Hz,1H),
4.81(s,1H),4.24 ~4.42(m,2H),2.25(s,3H),
1.31(t,J =7.1 Hz,3H) ; ¥ #f 23 ik 3% ( nuclear
magnetic resonance,~ C-NMR) (101 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,,
H,sNO,Na (M + Na) ™ & 4> ¥ 51 i% ( high-resdution
mass spectrometer, HRMS ) {1%.{f 284. 089 3, 2 iM{E
284.090 7,

1bE W) 4 : Methyl 2-hydroxy-2-( 1H-indol-3-yl) -3-
oxobutanoate , =3 90% , [ {4 [& {4, m. p. 112 ~
113 °C,"H-NMR (400 MHz,CDCL,) & 8.43(s,1H),
7.55(d,J =8.0 Hz,1H),7.29 ~7.39(m,2H) ,7.22
(t,J=7.6 Hz,1H) ,7. 14(t,J =7.5 Hz,1H) ,4. 88
(s,1H),3.88 (s,3H),2.28 (s,3H);"” C-NMR
(101 MHz,CDCL,) & 204. 8,170.8,136.5,124. 95,
124.3,122. 6,120. 5,120. 0, 111. 6, 111. 6, 82. 3,
53.4,25.0;C,;H;NO,Na(M + Na) " i1 {f HRMS
270. 073 7,52M{E 270.074 5,

L& %) 5. Tert-butyl 2-hydroxy-2-( 1H-indol-3-
yl) -3-oxobutanoate , = 3% 64% , [ {4 [& &, m. p.
119 ~120 C,'H-NMR (400 MHz,CDCL,) & 8.40(s,
1H),7.60(d,J =7.9 Hz,1H),7.37(s,1H),7.31
(d.J=8.1 Hz,1H),7.20(t,J =7.5 Hz,1H),7. 12
(t,J =7.4 Hz,1H) ,4.75 (s, 1H),2. 24 (s,3H)
1.54(s,9H) ;" C-NMR (101 MHz, CDCl;) & 205.0,
169.5,136.5,125.2,124. 1,122. 4,120. 5,120. 2,
112.1,111.5,84.2,82.4,27.9,25.1;C,. H,,NO,Na
(M + Na) " iy HRMS 15 {H 312. 120 6, 52 {4
312.121 9,

A4 6 : Benzyl 2-hydroxy-2-( 1 H-indol-3-yl) -3-

oxobutanoate , 7= % 87% , [ {4 [& {&, m. p. 93 ~
94 °C ,'H-NMR (400 MHz,CDCL,) & 8.33(s,1H),
7.52(d,J=8.0 Hz,1H) ,7.36(s,5H),7.29 ~7.33
(m,2H),7.20(t,J =7.6 Hz,1H),7.09 (t,J =
7.5 Hz,1H),5.33 (q,J =12.2 Hz,2H) ,4. 87 (s,
1H),2.22 (s,3H) ;" C-NMR (101 MHz, CDClL,) §
204.7,170.1,136.5,134.9,128.7,128.7,128. 5,
125.1,124.4,122.7,120.5,120.2,111. 6,111. 6,
82.4,68.2,25.1;C,,H,,NO,Na(M + Na) * [ HRMS
L 346. 105 0, 323 346. 105 2.,

&4 7 Ethyl 2-hydroxy-2-( 1H-indol-3-yl) -3-
oxopentanoate, 7= # 89% , [ {4 [& /4, m. p. 96 ~
97 °C ,'H-NMR (400 MHz,CDCL,) & 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) ,4.24 ~4.45(m,2H),
2.80~2.67(m,1H),2.58 ~2.46(m,1H),1.33(t,
J=7.1Hz,3H),1.02(t,J =7.2 Hz,3H) ;" C-NMR
(101 MHz,CDClL,) & 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;CsH,NO,Na(M + Na) * [{y
HRMS %14 298. 105 0, 5Z{ll{H 298. 106 4,

A4 8 Ethyl 2-hydroxy-2-( 1H-indol-3-yl ) -3-
oxo0-3-phenylpropanoate , =3 76% , [ {4,[E A&, m. p.
124 ~125 °C ,'"H-NMR (400 MHz,CDCl,) & 8.29(s,
1H),8.08(d,J=8.0 Hz,2H),7.61(d,J =8.0 Hz,
1H),7.50(s,1H),7.47(t,J =7.5 Hz,1H) ,7.32(t,
J=7.1Hz,3H),7.17(t,] =7.6 Hz,1H) ,7.08(t,
J=7.5Hz,1H),5.09(s,1H) ,4.40 ~4.19(m,2H) ,
1.20(t,J =7.1 Hz,3H);" C-NMR (101 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 {445 346. 105 0, SZi{H 346. 105 6,

AW 9 : Ethyl 2-(5-fluoro-1H-indol-3-yl ) -2-hy-
droxy-3-oxobutanoate , 7= 90% , [ & [# {4, m. p.
129 ~ 130 °C,'H-NMR (400 MHz,CDCL,) & 8.47(s,
1H),7.46(d,J =2.7 Hz,1H),7.20 ~7.28 (m,
2H),6.95(1d,J=9.0,2.5 Hz,1H) ,4.80(s,1H),
4.45 ~4.27(m,2H),2.26 (s,3H),1.34(t,J =
7.1 Hz,3H) ;" C-NMR (101 MHz,CDCl,) § 204.4,
170.2,158. 0 (d, J=233.9 Hz),132.97,125. 83,
125.42(d,J =10.5 Hz),112.1(d,J =9.7 Hz),
111.9(d,J =4.8 Hz) ,110.1(d,J =26.3 Hz) ,105.4
(d,J=24.5Hz) ,82.1,62.9,24.8,14.0;C,,H,FNO,
Na(M + Na) * i) HRMS % {f 302. 079 9, 52l {4
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302.081 2,

1b4& % 10 Ethyl 2-(5-chloro-1H-indol-3-yl ) -2-
hydroxy-3-oxobutanoate,, =% 88% , [ {0, [& {4, m. p.
144 ~ 145 °C ,'H-NMR (400 MHz,CDCl,) & 8.54 (s,
1H),7.55 (s, 1H),7.34 (s, 1H),7. 18 (d, J =
8.5 Hz,1H),7.12(d,J =8.6 Hz,1H) ,4. 81 (s,
1H) ,4.24 ~4.45(m,2H) ,2.24(s,3H) ,1.32(t,J =
7.1 Hz,3H) ;"C-NMR (101 MHz, Acetone) & 204.6,
171.1,136.3,127.7,127.0,125. 4,122.6,121. 1,
113.8,112.7,83.5,62.7,14. 3; C,, H,, CINO,Na
(M + Na) " f#§ HRMS 3% {f 318. 050 4, 52 ]
318.051 6,

16E %) 11 Ethyl 2-hydroxy-2-( 5-methoxy-1H-in-
dol-3-yl ) -3-oxobutanoate, 7= 3 88% , [ {4 [& {4,
m. p. 108 ~ 109 °C ,'H-NMR (400 MHz, CDCL,) &
8.40(s,1H),7.35(d,J=2.7 Hz,1H),7.21(d,J =
8.8 Hz,1H),7.00(d,J=2.3 Hz,1H) ,6.86(dd,J =
8.8,2.4 Hz,1H) ,4.81 (s,1H),4.26 ~4.45(m,
2H),3.82 (s,3H),2.27 (s,3H),1.34 (1, ] =
7.1 Hz,3H) ;"C-NMR(101 MHz,CDCl,) & 204.91,
170.32,154. 42 ,131. 59, 125. 48, 124. 81, 112. 94,
112. 24, 111. 32, 101. 72, 82. 27, 77. 39, 77. 08,
76.76,62. 75,55. 80,25. 00, 14. 10; C,; H,, NO,Na
(M+ Na) " [y HRMS 315 {H 314. 099 9, 52 i {5
314.101 5,

A4 12 : Methyl 3-( 1-ethoxy-2-hydroxy-1,3-di-
oxobutan-2-yl ) -1 H-indole-6-carboxylate , 7= % 90% ,
€8 [ {&, m. p. 135 ~ 136 °C,'H-NMR (400 MHz,
CDCL,) 88.91(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),4.26 ~4.46(m,2H) ,3.95(s,3H),2.25(s,
3H),1.32(t,J =7.1 Hz,3H) ;" C-NMR (101 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) * [y HRMS
JHEAf 342. 094 8, SR 342.095 1,

14 ¥ 13 Ethyl 2-( 6-fluoro-1H-indol-3-yl ) -2-
hydroxy-3-oxobutanoate,, =3 87% , [ & [# {4, m. p.
139 ~ 140 °C ,'H-NMR (400 MHz,CDCL,) & 8.48(s,
1H),7.49(dd,J =8.8,5.3 Hz,1H),7.35(d, J =
2.0 Hz,1H),7.00(dd,J =9.4,2.2 Hz,1H),6.89
(td,J=9.3,2.3 Hz,1H) ,4.82(s,1H) ,4.27 —4.44
(m,2H),2.26(s,3H),1.33(t,J=7.1 Hz,3H);
“C-NMR (101 MHz,CDCl,) & 204.5,170.2,160. 0
(d,J=245.6 Hz),136.5(d,J =12.3 Hz),124.5
(d,J=3.3 Hz),121.6,121.3(d,J =10.0 Hz),

112.0,109.3(d,J =24.2 Hz),97.7(d,J =26.0
Hz) ,82.2,62.9,24.8,14.0;C,, H, FNO,Na (M +
Na) * i) HRMS 14506 302. 079 9, 52{E 302. 081 O,
&) 14 Ethyl 2-(6-chloro-1H-indol-3-yl ) -2-
hydroxy-3-oxobutanoate, =3 77% , [ {4 [# {4, m. p.
132 ~133 °C,'H-NMR (400 MHz,CDCL,) & 8.42(s,
1H),7.50(d,J=8.6 Hz,1H) ,7.43(d,J=2.5 Hz,
1H),7.33(d,J=1.5 Hz,1H) ,7.09(dd,J =8.6,
1.7 Hz,1H) ,4.80(s,1H) ,4.27 ~4.34(m,2H),
2.25(s,3H),1.33(t,J =7.1 Hz,3H);"” C-NMR
(101 MHz,CDCl,) & 204.4,170.1,136.9,128.6,
124.8,123.7,121.2,121.2,112. 1,111. 4,77. 4,
77.0,76.7,24.8,14.1;C,,H,,CINO,Na(M +Na) " [#J
HRMS 148{H 318. 050 4, s£iM{ 318. 051 4,
& 15 Ethyl 2-( 6-bromo-1H-indol-3-yl ) -2-
hydroxy-3-oxobutanoate, =3 91% , [4 {4 [F {4, m. p.
153 ~154 °C,'H-NMR (400 MHz,CDCL,) & 8.36(s,
1H),7.52(s,1H),7.46(d,J =8.7 Hz,2H),7.23
(d,J=8.6 Hz,1H) ,4.77(s,1H) ,4.29 ~4.42(m,
2H),2.25(s,3H),1.34(t,J =7.1 Hz,3H); "C-
NMR (101 MHz, CDCIL,) & 204.5,170. 3,137. 4,
124.8,124.1,123.9,121.8,116.4,114. 5,112. 3,
82.2,63.1,24.9,14.2;C,,H,,BtNO,Na(M + Na) *
A HRMS H-81{H 361.999 8, SZiM{E 361.999 3,
b4E 4 16 Ethyl 2-hydroxy-3-oxo-2-( 2-phenyl-
1H-indol-3-yl) butanoate, y= 3 71% , H {4 [& {4,
m. p. 107 ~ 108 °C ,'H-NMR (400 MHz, CDCl,) §
7.55~7.63(m,3H),7.46 ~7.54(m,1H),7.26 ~
7.38(m,3H),6.96 ~7.05(m,1H) ,6.84(q,J =
7.1 Hz,1H) ,6.23(d,J =7.1 Hz,1H) ,4.99 (s,
0.5H),4.81(s,0.5H),3.91 ~4.13(m,2H) ,2.21
(s,1.5H),2.19(s,1.5H),1.07(t,J =7.1 Hz,
1.5H),0.94 (t,J =7. 1 Hz, 1. 5H);" C-NMR
(101 MHz,CDCl;) & 203.1,199.1,198.6,198.5,
168.0,166.0,160.2,159.9,137.4,137.4,137.0,
136.9,136. 8,128. 6,128.5,127. 8,127.7,125. 1,
125.0,124.9,124.9,119.0,119.0,118.7,111. 6,
111.3,70.2,70.0,65.3,62.6,61.6,61.4,32. 7,
30.0,13.4,13.1;C,,H,NO,Na(M + Na) * ¥y HRMS
HEAH 360. 120 6, 5Zili{H 360. 121 3,
2.2 LEW3~16 WEIMIBEEERIE 4
W 1o WIHAEE R /T IR Y, GG ¥ 5 ~7
X SHSYSY (109 \MCF \MGC 4 Fift i J27 240 Jfa Fr) 40 1] 1=
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Tab.1 Antitumor activity of compounds 3 —16 in vitro

e 1C5, SHSY5Y/ 1C, 109/ 1C5o MCF/ 1C5 MGC/
(;unol-L’l) (pmol - L™1) (p‘mol-L’I) (pmol - L™
3 >100.00 >100. 00 >100.00 >100. 00
4 >100.00 >100. 00 >100.00 >100. 00
5 33.06+1.52 55.69 £1.75 >100.00 >100. 00
6 36.78 £1.57 37.36£1.57 82.56+1.92 52.78+1.72
1 16.55£1.22 10.45+£1.02 55.64 £1.75 87.43+1.94
8 >100.00 >100. 00 >100.00 >100. 00
9 >100. 00 >100.00 >100. 00 >100.00
10 >100. 00 >100.00 >100.00 >100.00
11 >100.00 58.04+1.76 >100.00 >100. 00
12 >100.00 69.20+1.84 >100.00 >100. 00
13 >100.00 53.35+1.73 >100.00 >100. 00
14 31.33+1.49 23.71+1.38 34.99+1.54 36.36 +1.56
15 34.84+1.54 8.42+0.93 41.77+1.62 51.05+1.71
16 72.52£1.86 57.26 £1.76 >100 >100
3 g
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