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1-Aroylindoline, 1-aroyl-1,2,3,4-tetrahydroquinoline, and 1-aroylindole derivatives were synthesized
and evaluated for anticancer activity. The 4-amino and 4-hydroxy-1-aroylindoles 26 and 27 with IC50 of 0.9
and 0.6 µM, respectively, exhibited antitubulin activity superior or comparable to that of colchicine and
combretastatin A-4. They also showed antiproliferative activity with IC50 of 0.3-5.4 nM in a set of human
cancer cell lines.

Introduction

One of the currently useful chemotherapy drugs in oncology
is represented by antimitotic agents, for example, taxanes and
vinca alkaloids.1 However, the issues of high systemic toxicity,
complex syntheses, drug resistance, and isolation procedures
have encouraged scientists to develop new antimitotic agents.
Recent literature reported that the antitubulin agents targeting
the colchicine-binding domain rapidly depolymerize microtu-
bules of vasculatures changing morphology in the endothelial
cells of tumor’s vessels to block the blood supply to tumors
and can act as vascular-disrupting agents,2 for example, 2, 3,
and 5 (Figure 1).

The encouraging antivascular and antitumor prolife of 2 has
stimulated interest in design and synthesis of a variety of derivatives
or analogues.3 One of the modified sites in combretastatin structure
is the olefin functionality of Z-stilbene; for instance, it was replaced
with a 1,3-diaryl five-member ring (oxazoline and oxadiazoline),4

1,2-diaryl five-member ring (triazole,5 pyrazole, tetrazole, thiazole,6

imidazole,7 furan,8 furazan9), carbonyl bridge,10 and 2- or 3-car-
bonylthiophene.11 Attempts to replace the double bond bridge in
1 with an amide bond resulted in dramatic loss of activity12 (6 vs
1). Despite this, the amide moiety was used for isosteric replace-
ment with an olefin group.13 In this paper, we use 6 as a base to
design a series of heterocyclic analogues of 1 to improve activity
by a restricted approach connecting the amide moiety and the
B-ring of 6 via a five- or six-member ring to introduce a series of
1-aroylindolines, 1-aroyl-1,2,3,4-tetrahydroquinoline, and 1-aroylin-
doles (Figures 2 and 3). Here, we describe the discovery of

4-amino- and 4-hydroxy-1-aroylindoles as novel, highly potent
antimitotic agents.

Results and Discussion

Chemistry. Diphenylamide 612 was prepared as shown in
Scheme 1. To synthesize 7 and 9, 5-methoxyindole (28) and
2-methyl-5-methoxyindole (29) were treated with sodium cy-
anoborohydride in acetic acid to give indoline 30 and 31,
respectively (Scheme 2). The electrophilic substitution of 30
and 31 with the 3,4,5-trimethoxybenzoyl chloride in pyridine
gave the desired 1-aroylindoline 7 and 9 in 87% and 88% yield,
respectively. The 1-aroyl-1,2,3,4-tetrahydroquinoline 8 was
prepared in 89% yield by treatment of commercially available
1,2,3,4-tetrahydroquinoline (32) with 3,4,5-trimethoxybenzoyl
chloride in pyridine (Scheme 3). The general method for the
synthesis of 1-aroylindoles 1014-14, 17,14 20, and 24 is depicted
in Scheme 4. The direct electrophilic substitution of 3,4,5-
trimethoxybenzoyl chloride at the N1-position of various
commercially available indoles in the presence of KOtBua gave
the desired 1-aroylindoles in 25-95% yield. Compounds 15
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and 16, with a C5-hydroxymethyl and C5-dimethylaminomethyl
groups, respectively, were prepared by starting from the indole-
5-carboxyaldehyde (33) as shown in Scheme 5. Dimethylamine/
sodium cyanoborohydride mediated reductive amination of 33
followed by electrophilic substitution with 3,4,5-trimethoxy-
benzoic anhydride gave 16 in 37% yield (two steps). Compound
33 was converted into the desired the C5-hydroxymethyl 15 in
23% yield in four steps: LiAlH4-mediated reduction, protection

by TBDMSCl, indole N1-aroylation, and fluoride-mediated
desilylation. Compound 19, with a C5-dimethylamino substitu-
ent, was synthesized starting from the 2-methyl-5-nitroindole
(36), which on N1-aroylation with 3,4,5-trimethoxybenzoyl
chloride in the presence of NaH followed by Fe/NH4Cl-mediated
reduction afforded 18. The amine 18 was converted into the
desired C5-dimethylamino 19 in 30% yield by reaction with
iodomethane in the presence of K2CO3 and DMF (Scheme 6).
The modification at the C2-position of 10 by the hydroxy and
amino moieties, giving 21 and 22, were prepared as shown in
the Schemes 7 and 8, respectively. Starting from the ethyl
5-methoxyindole-2-carboxylate (38), the synthesis of 21 was
carried out in four steps through LiAlH4-mediated reduction,
protection with the tert-butyldimethylsilyl group, N1-aroylation
with 3,4,5-trimethoxybenzoic anhydride, and deprotection with
tetrabutylammonium fluoride in 21% yield (four steps, Scheme
7). Compound 22 was synthesized starting from the 5-meth-
oxyindole-2-carboxyaldehyde (41), which was subjected to the

Figure 2

Scheme 1a

a Reagents and conditions: (a) 3,4,5-trimethoxybenzoyl chloride, pyridine,
room temp.

Scheme 2a

a Reagents and conditions: (a) AcOH, NaBH3CN; (b) 3,4,5-trimethoxy-
benzoyl chloride, pyridine.

Scheme 3a

a Reagents and conditions: (a) 3,4,5-trimethoxybenzoyl chloride, pyridine.

Figure 3

Scheme 4a

a Reagents and conditions: (a) 3,4,5-trimethoxybenzoic anhydride, KtO-
Bu, THF.

Scheme 5a

a Reagents and conditions: (a) (i) LiAlH4, THF; (ii) imidazole, TBDM-
SCl, DMF, 0 °C; (b) (i) KOtBu, 3,4,5-trimethoxybenzoic anhydride, THF;
(ii) TBAF, THF, 0 °C; (c) (CH3)2NH ·HCl, Et3N, NaBH3CN, EtOH; (d)
KOtBu, 3,4,5-trimethoxybenzoic anhydride, THF.
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reductive amination of C2-aldehyde in the presence of
(CH3)2NH and NaBH3CN to give unexpected 42 that followed
by indole N1-aroylation with 3,4,5-trimethoxybenzoic anhydride,
affording 22 (Scheme 7). Compound 23, the C3-ethyl carboxy-
late analogue of 17, was prepared starting from commercially
available 43 by treating with the TBDMSCl/imidazole, 3,4,5-
trimethoxybenzoic anhydride/KOtBu, and then tetrabutylam-
monium fluoride to give 44. The O-methyation of 44 in the
presence of CH3I and K2CO3 afforded the desired 23 in 52%
yield (Scheme 8). Compound 26, with an additional amino group
at the 4-position of indole in 10, was prepared by starting from
the 5-methoxyindole (28) in five steps, as shown in the Scheme
9. N1-Benzenesulfonyl protection of 28 followed by nitration15

gave the 5-methoxy-4-nitro-substituted indole 46. The N1-
benzenesulfonyl of 46 was deprotected with NaOH and then
treated with the 3,4,5-trimethoxybenzoic anhydride in the
presence of KOtBu and THF and then subjected to Fe-mediated
reduction to give the desired 26 in 16% overall yield (five steps).
Compound 27, with an additional hydroxyl group at the
4-position of 1-aroylindole 17, was synthesized from the key

material 47, which was prepared by the literature methodology.16

The 4-hydroxy-2-methyl-5-methoxyindole (47) was converted
into the 4-hydroxy-1-aroylindole 27 in three steps via the
protection with tert-butyldimethylsilyl group, N1-aroylation with
3,4,5-trimethoxybenzoic anhydride, and fluoride ion-mediated
deprotection to afford the desired 27 in 19% yield (Scheme 10).

Biological Evaluation. (A) In Vitro Cell Growth Inhibi-
tory Activity. The synthesized 1-aroylindolines 7 and 9, 1-aroyl-
1,2,3,4-tetrahydroquinoline 8, and 1-aroylindoles 10-27 were
evaluated for antiproliferative activities against three types of
human cancer cell lines, oral epidermoid carcinoma KB cells,
non-small-cell lung carcinoma H460 cells, and stomach carci-
noma MKN45 cells, as well as one type of MDR-positive cell
line, KB-vin10 cells, overexpressed P-gp 170/MDR (Table 1).

We first evaluated the effect of adding a five- or six-member
ring upon the B-ring of 6, i.e., to cyclize the amide bond and
B-ring in 6, for cytotoxicity activity. Indoline 7, tetrahydro-
quinoline 8, and indole 10 were evaluated for antiproliferative
activity. Structure-activity relationships indicated that the five-
member ring based heterocycles, 1-aroylindoline (7) and
1-aroylindole (10), and the six-member ring based heterocycles,
1-aroyltetrahydroquinoline (8), all show stronger activity than
the parent (6), with mean IC50 values of 81, 208, 557 nM against
four lines, respectively. On the basis of these results of five-
member-ring-containing heterocyclic analogues showing good
cellular growth inhibitory activity, the substituted 1-aroylindoline

Scheme 6a

a Reagents and conditions: (a) NaH, 3,4,5-trimethoxybenzoyl chloride,
toluene, DMF; (b) Fe, NH4Cl, isopropanol, H2O, reflux; (c) CH3I, K2CO3,
DMF.

Scheme 7a

a Reagents and conditions: (a) LiAlH4, THF, room temp; (b) imidazole,
TBDMSCl, DMF, 0 °C; (c) (CH3)2NH ·HCl, Et3N, NaBH3CN, CH2Cl2; (d)
(i) KOtBu, 3,4,5-trimethoxybenzoic anhydride, THF, room temp; (ii) TBAF,
THF, 0 °C to room temp; (e) KOtBu, 3,4,5-trimethoxybenzoic anhydride,
THF.

Scheme 8a

a Reagents and conditions: (a) (i) imidazole, TBDMSCl, DMF, 0 °C;
(ii) KOtBu, 3,4,5-trimethoxybenzoic anhydride, THF; (iii) TBAF, THF, 0
°C; (b) CH3I, K2CO3, DMF.

Scheme 9a

a Reagents and conditions: (a) KOH, tetrabutylammonium bisulfate,
PhSO2Cl, CH2Cl2; (b) HNO3; (c) (i) NaOH, EtOH, reflux; (ii) KOtBu, 3,4,5-
trimethoxybenzoic anhydride, THF; (d) Fe, NH4Cl, isopropanol, H2O, reflux.

Scheme 10a

a Reagents and conditions: (a) (i) TBDMSCl, Et3N, CH2Cl2; (ii) KOtBu,
3,4,5-trimethoxybenzoic anhydride, THF, room temp; (iii) TBAF, THF,
0 °C.

Table 1. IC50 Values of Compounds 6-27, 4, and 1

cell type (IC50 ( SD,a nM)

compd KB H460 MKN45 KB-vin10

6 >5000 >5000 >5000 >5000
7 89 ( 2.9 98 ( 1 53 ( 1.4 84 ( 11
8 596 ( 123 652 ( 32 395 ( 51 586 ( 82
9 370 ( 33 413 ( 6 257 ( 30 372 ( 18
10 208 ( 58 232 ( 21 198 ( 13 197 ( 20
11 371 ( 111 353 ( 75 314 ( 35 400 ( 80
12 575 ( 55 559 ( 81 521 ( 51 587 ( 42
13 >5000 >5000 >5000 >5000
14 >5000 >5000 >5000 >5000
15 >5000 >5000 >5000 >5000
16 >5000 >5000 >5000 >5000
17 18 ( 6 23 ( 7 17 ( 3 11 ( 4
18 345 ( 17 334 ( 84 156 ( 54 312 ( 20
19 42 ( 21 52 ( 7 41 ( 13 38 ( 14
20 230 ( 71 198 ( 1.4 101 ( 19 185 ( 21
21 >5000 >5000 >5000 >5000
22 >5000 >5000 >5000 >5000
23 >5000 >5000 >5000 >5000
24 >5000 >5000 >5000 >5000
25 >5000 >5000 >5000 >5000
26 1.2 ( 0.4 5.4 ( 1.2 3.1 ( 2.3 2.4 ( 1.3
27 0.3 ( 0.3 0.5 ( 0.4 0.6 ( 0.8 0.3 ( 0.2
4 11.4 ( 1 20 ( 2 11 ( 1 125 ( 10
1 2.2 ( 0.3 2.8 ( 0.8 5.6 ( 0.2 1.8 ( 0.4
a SD: standard deviation. All experiments were independently performed

at least three times.
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derivative (9) and 1-aroylindole derivatives (11-27) were
further prepared and evaluated for activity.

In the SAR study of 1, the p-methoxy substitution of the
B-ring of Z-stilbene plays a pivotal role for activity.10a,12 So
we prepared 11-16 with a methyl, methylenedioxy, methyl-
carboxylate, carboxyaldehyde, hydroxymethyl, and dimethy-
laminomethyl groups at the 5- or 5,6-postion of 1-aroylindoles.
Compounds 11 and 12, with electron-donating groups C5-methyl
and C5,6-methylenedioxy groups, respectively, slightly reduced
the activity compared to 10. But changing the C5-methoxy group
of 10 to electron-withdrawing CO2CH3 and CHO groups in 13
and 14, respectively, resulted in drastic loss of activity.
Compounds 15 and 16, with a CH2OH and CH2N(CH3)2 group
at C5-postion, respectively, displayed no activity, thus revealing
that the steric effect of substituents at C5-position may influence
cellular growth inhibitory activity. In order to investigate the
effect of substitution at C2-position of 1-aroylindoles, 17, 20,
21, and 22 with an alkyl, ester, alcohol, and amine functional-
ities, respectively, on the 2-indole were tested for their anti-
proliferative activity. Compound 17, with a C2-methyl substi-
tution on the 1-aroylindole 10, showed the most potent activity,
changing to the C2-ethyl carboxylate substitution (20), which
resulted in moderate activity with mean IC50 of 178 nM against
four lines comparable to the that of 10, while changing to the
alcohol or amino functionalities (21 and 22) decreased the
activity drastically. On the basis of these results (C2-modifica-
tion), the introduction of an alkyl or ester functional group at
the C2-position of 1-aroylindoles seems to be preferable in
activity. The introduction of a methyl group at the C2-position
of 1-aroylindoles exerted a potency increase that intrigued us
to explore whether 1-aroylindolines also exhibit this effect.
Contrary to expectation, 9 with an additional methyl group in
1-aroylindoline 7 showed a decreased growth inhibition by a
>3-fold magnitude in four cell lines (9 vs 7). As the C2-ethyl
carboxylate substitution in 1-aroylindoles (20) exhibited moder-
ate cytotoxicity, 23 and 24, with the CO2Et and CH2N(CH3)2

groups at the C3-position, respectively, were also prepared. But
no activity was observed in 23 and 24. A literature report12

showing that the 4-methoxy group in the B-ring of 1 skeleton
can be replaced with a 4-N,N-dimethylamino group inspired us
to synthesize 19, with the C2-methyl and C5-dimethylamino
groups on the indole ring. Indeed, 19 demonstrated strong
antiproliferative activity in four cell lines, with mean IC50 values
of 43 nM.

In an effort to increase the corresponding 1-aroylindoles
structure’s polarity, the 4-amino and 4-hydroxy-substituted
1-aroylindoles 26 and 27 were prepared to mimic the structure
of 3 and 2 with a amino and hydroxy group at the C3′-position
of B-ring of Z-stilbene, respectively. Compound 26, namely,
4-amino-5-methoxy-1-(3′,4′,5′-trimethoxybenzoyl)indole, dis-
played a mean IC50 of 3.0 nM against four cell lines comparable
to the reference compound 1 (IC50 ) 3.1 nM). Compound 27,
with a hydroxyl group at C-4 position of indole ring, namely,
4-hydroxyl-2-methyl-5-methoxy-1-(3′,4′,5′-trimethoxybenzoyl)in-
dole, showed mean a IC50 of 0.42 nM in all four lines, thus
exhibiting stronger cytotoxicity than 1. Interestingly, 26 and 27
with additional amino and hydroxyl groups showed approxi-
mately >10-fold improvement in IC50 values over analogues
10 and 17, respectively (26 vs 10; 27 vs 17). Hence, it may be
concluded that the introduction of an amino or hydroxyl group
at the C-4 position of 1-aroylindoles, in addition to a methoxy
group at C-5 position, is important for maximal cytotoxicity.

(B) Inhibition of Tubulin Polymerization and Colchicine
Binding Activity. To examine whether 1-aroylindoline, 1-aroyltet-
rahydroquinoline, and 1-aroylindoles were tubulin inhibitors
through the colchicine-binding site, the selected compounds 7,
8, 10, 19, 26, 27 and reference compounds (1 and 4) were
evaluated for antitubulin activity and the ability to compete for
the colchicine-binding site (Table 2). Results indicated that the
compounds’ antiproliferative activity positively correlated with
the inhibition of tubulin polymerization. Compounds 19, 26,
and 27 were efficacious in inhibiting microtubulin assembly,
with IC50 values of 1.5, 0.9, 0.6 µM, respectively. In the
[3H]colchicine binding assay, data indicated the 4-amino-1-
aroylindoles (26) and 4-hydroxy-1-aroylindoles (27) were
strongly bound to the colchicine-binding domain on microtu-
bulin. Compound 27 showed substantial activity. It inhibited
colchicine binding by 94% (27 was 1 µM with colchicine at 5
µM) and 97% (27 was 5 µM with colchicine at 5 µM).

Conclusion

Synthesis and structure-activity relationship of synthetic
anticancer agents 1-aroylindoline, 1-aroyltetrahydroquinoline,
and 1-aroylindoles skeleton were described. The synthesized
1-aroylindoline (7) and 1-aroylindoles (19, 26, and 27) are potent
cytotoxic agents and antitubulin agents acting through the
colchicine-binding site on tubulin. Compounds 19, 26, and 27
displayed antiproliferative activity with IC50 values of 38-52,
1.2-5.4, and 0.3-0.6 nM, respectively, in a variety of human
cancer cell lines from different organs. They also showed
substantial antitubulin activity with IC50 values of 1.5, 0.9, and
0.6 µM, respectively. SAR data revealed that the introduction
of amino or hydroxyl group at the C4-position of 1-aroylindole
series significantly increased activity than the parent (26 vs 10;
27 vs 17). Thus, the amino or hydroxyl substituents located at
position 4 of 1-aroylindole moieties apparently plays an
important role in the activity of this series of compounds.
Utilizing a restricted approach of drug design, we effectively
converted inactive diphenylamide 6 into active compounds, for
example, 1-aroylindoline (7 and 9), 1-aroyltetrahydroquinoline
(8), and 1-aroylindoles (10-12, 17-20, 26, and 27), with
substantial activity. This information maybe can be applied to
other corresponding tubulin inhibitors or combretastatin ana-
logues modification.

Experimental Section

4-Hydroxy-5-methoxy-2-methyl-1-(3′ ,4′ ,5′-trimethoxyben-
zoyl)indole (27). To a solution of 47 (1.46 g, 8.24 mmol) and
triethylamine (2.29 mL, 16.48 mmol) in CH2Cl2 (20 mL) was added
tert-butyldimethylsilyl chloride (1.86 g, 12.36 mmol) at room
temperature. After the mixture was stirred for 18 h, the reaction
was quenched with water and the layer was extracted with CH2Cl2

(30 mL × 3). The combined organic layer was dried over anhydrous

Table 2. Inhibition of Tubulin Polymerization and Colchicine Binding
by Compounds 7, 8, 10, 19, 26, 27, 4, and 1

colchicine bindingb ( SD (%)

compd
tubulina

IC50 ( SD (µM) 1 µM inhibitor 5 µM inhibitor

7 2.6 ( 0.3 27 ( 2 55 ( 3
8 >5

10 2.5 ( 0.6 45 ( 3 72 ( 2
19 1.5 ( 0.5 72 ( 1 89 ( 1
26 0.9 ( 0.2 71 ( 2 93 ( 1
27 0.6 ( 0.1 94 ( 1 97 ( 0.5

4 3.0 ( 0.4
1 1.1 ( 0.3 85 ( 0.2 93 ( 2

a Inhibition of tubulin polymerization.17 Tubulin was at 1 µM. b Inhibition
of [3H]colchicine binding. [3H]Colchicine was at 5 µM.
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MgSO4 and concentrated under reduced pressure to give a yellow
oil residue, which was treated with potassium tert-butoxide (1.39
g, 12.36 mmol) in the presence of THF (50 mL) and stirred for 15
min at room temperature. The 3,4,5-trimethoxybenzoyl chloride
(2.14 g, 9.27 mmol) was added to the reaction mixture. After 1 h,
the solvent was evaporated and the residue was neutralized with
NaHCO3(sat.) and then extracted with EtOAc (20 mL × 2) and
CH2Cl2 (20 mL × 2). The combined organic layers were dried over
MgSO4 and evaporated to give a residue, which was dissolved in
THF (20 mL) and then was subjected to 1.0 M tetra-n-butylam-
monium floride/THF (12.4 mL) with stirring at 0 °C for 1 h. The
reaction mixture was evaporated and purified by silica gel chro-
matography (EtOAc/n-hexane ) 1: 3; recrystallized by EtOAc/n-
hexane) to afford 27 as a yellow crystalline solid: yield 19%, mp
153-155 °C. 1H NMR (500 MHz, CDCl3): δ 2.39 (s, 3H), 3.82
(s, 6H), 3.88 (s, 3H), 3.95 (s, 3H), 5.76 (br, 1H), 6.53 (s, 1H), 6.63
(d, J ) 8.9 Hz, 1H), 6.69 (d, J ) 8.9 Hz, 1H), 6.95 (s, 2H). 13C
NMR (125 MHz, CDCl3): δ 15.8, 56.3, 57.1, 61.1, 105.1, 105.7,
107.0, 107.8, 118.5, 130.3, 133.5, 137.0, 137.6, 141.1, 141.8, 153.1,
169.3. MS (EI) m/z: 371 (M+, 44%), 195 (100%). HRMS (EI) for
C20H21NO6 (M+): calcd, 371.1371; found, 371.1370. Anal.
(C20H21NO6 ·0.5H2O) C, H, N.
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