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Forty four di- or trisubstituted novel isatin derivatives were designed and synthesized in 5-6 steps in 25—
45% overall yields. Their structures were confirmed by '"H NMR and *C NMR as well as LC-MS. The
anticancer activity of these new isatin derivatives against three human tumor cell lines, K562, HepG2
and HT-29, were evaluated by MTT assay in vitro. SAR studies suggested that the combination of 1-benzyl

and 5-[trans-2-(methoxycarbonyl)ethen-1-yl] substitution greatly enhance their cytotoxic activity,
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whereas an intact carbonyl functionality on C-3 as present in the parent ring is required to such a potency.
This study leads to the identification of two highly active molecules, compounds 2h (ICso = 3 nM) and 2k
(ICs0 = 6 NnM), against human leukemia K562 cells.

© 2014 Published by Elsevier Ltd.

[satin is an indole derivative widely present endogenously in
both human and other mammalian tissues and fluids likely as a re-
sult of the tryptophan metabolic pathway. The versatility of isatin’s
molecular architecture makes it an ideal platform for structural
modification and derivatization as evidenced by the fact that many
isatin derivatives exhibit a broad range of biological activities such
as anticancer,'” antidepressant,’ anticonvulsant,® antifungal,’
anti-HIV® and anti-inflammatory,” etc. In the last several decades,
increasing numbers of researchers from both industry and academia
have embarked on the development of new isatin-based anticancer
agents.®"'® Eshba’s group found that 5-bromoisatin 3-(2-nitro-
phenyl)hydrazone and a series of 5-[ 5-bromo-(2-o0x0-3-indolinylid-
ene)]amino thiazolidine-2,4-diones substituted by various Mannich
bases exhibit antileukemic activity against P388 lymphocytic
leukemia in mice, respectively.'? Popp et al. has reported that some
3-hydroxy-3-substituted oxindoles obtained from condensation of
substituted isatins with cyclic ketones possess anticonvulsant
activity.'®> SU11248 (Sutent), a 5-fluoro-3-substituted isatin deriva-
tive, was approved by the FDA in 2006 for the treatment of advanced
renal carcinoma and gastrointestinal stromal tumors.'*'> C5- and
C6-substituted isatin analogues were shown to be selective MAO B
inhibitors with 5-(4-phenylbutyl)isatin exhibiting the highest activ-
ity and being 18,500-fold more potent than isatin.'® Recently, the
groups of Mach!”'® and Reichert'® synthesized several N alkyl and
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C-5 sulfonamido isatin analogues as small molecule caspase-3 and
caspase-7 inhibitors.

As part of our research program on the SAR study of isatin
derivatives’ anticancer property, herein we wish to report the syn-
thesis and antitumor activity of a series of N-benzylated isatins
possessing an acrylate moiety at C5 against three human cancer
cell lines, including human leukemia K562, human liver cancer
HepG2, and human colon HT-29.

As shown in Scheme 1, 5-substituted isatins 1a-1g were pre-
pared in two steps in 55-80% yield by following literature proce-
dures.’® Microwave-assisted Heck coupling reaction was
employed to converted 5-bromo isatin (1d) 5-trans-(2-methoxy-
carbonylethenyl)isatin (1h) in 70%. Further derivatization led to
the synthesis of compounds 2a-2p in good to excellent yield by
N-alkylation with alkyl halides in the presence of K,COs.

Based on the identification of several major structure motifs
that main potentially improve isatin’s antitumor activity as
illustrated in Figure 1, the investigation was started with phenyl
portion’s substitution pattern which was followed by N-derivatization
and then C-3 variation.

The in vitro antitumor activities of the 5-substituted isatins
1a-1h against three human tumor cells, K562, HepG2 and HT-29
were evaluated by MTT assay with Camptothecin (CPT) as the
positive control.?!?2 As can be seen from the data in Table 1, isatin
derivatives 1a-1f possessing simple substituent groups on the C5
position with different sizes and varing electronic properties do
not have significant impact on their activities. Interestingly, when
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Scheme 1. Synthesis of isatin derivatives (1a-1h, 2a-2p).

a methyl acrylate group was introduced at C5, the resulting com-
pound 1h has a potency that is at least 130-230 times stronger
than isatin itself. However, compound 1g, which contains an n-
butyl group at C-5, has only a very minimal improvement in
potency. This observation suggests that the good inhibitory activity
of 1h does not simply correlate with the size of the acrylate moiety
and the limited spatial orientation due to its conjugation with the
aromatic ring may play a role.

With the identification of compound 1h as a potential lead, our
SAR study was then focused on the N-derivatized analogues. Re-
cently, some N-benzyl isatin derivatives have been reported to exhi-
bit a broad range of biological activities, including activity related to
the treatment of Neuropathic Pain,”* reverse transcriptase inhibi-
tor,?* caspase inhibitory activity'”*° and in vitro cytotoxicity.>%2°
Therefore, it seemed highly likely that the combination of C-5 olef-
ination with an acrylate moiety and N-substitution may further
enhance their potency.

As shown in Table 2, simple alkyl groups such as the N-methyl
and N-ethyl (compounds 2a and 2b) do not result in a significant
change in the cell growth inhibition compared to 1h. This observa-
tion also suggests that the N-H group is not a necessary structure
unit for the activity of 1h. Recognizing that the N-methyl and
N-ethyl groups maybe too small to cause a significant effect in po-
tency, a benzyl group was introduced to the N-1 position. Pleas-
ingly, compound 2¢ was found to exhibit a potency with a 5-9
fold improvement, which suggests that larger groups at the N-1
position could increase the potency. Further test on compounds
2d-2f (with an electron withdrawing group) and 2g, 2p (with an
electron donating group) showed that these derivatives do not dif-
fer significantly with the benzyl 2¢ in their potency.

However, compounds 2h?’ and 2k*® containing a 4-methoxy
and 4-bromo benzyl group, respectively, exhibit excellent activity
against human cancer cell lines. For K562, their potency reached
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Figure 1. Structure modifications of isatin derivatives for SAR study.
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Table 1

Antitumor activities of compounds 1a-1h in vitro

o
R1
T

N

H
Compd R! ICso (UM)

K562 HepG2 HT-29
CPT - 0.040 +0.02 0.050 +0.02 0.060 +0.01
1a H >10 >10 >10
1b F >10 >10 >10
1c Cl >10 >10 >10
1d Br >10 >10 >10
1e CH; >10 >10 >10
1f OCHj,4 >10 >10 >10
1g CH»CH,CH,CH; >10 >10 >10
1h CH=CHCOOCH; 0.22 +0.06 0.37 +0.07 0.27 £0.01
Table 2
Antitumor activities of compounds 2a-2p in vitro
0 o
HSCOJ\/\@E&O
N
RZ
Compd R? ICs0 (UM)
K562 HepG2 HT-29

CPT - 0.040 £ 0.02 0.050+0.02  0.060 +0.01
1h H 0.22 +0.06 0.37 +0.07 0.27 +0.01
2a CH3 0.34 +0.09 0.53+0.19 0.30+0.05
2b CH,CH3 0.17 +0.11 0.40 + 0.01 0.21 +0.05
2c CH,CgHs 0.040 +0.02 0.040£0.01 0.070 +0.02
2d CH,CgH4F? 0.030 £ 0.03 0.040£0.02  0.060 + 0.02
2e CH,CgH4CN? 0.030£0.001 0.050+0.01 0.050 +0.001
2f CH,CsH4CF5? 0.040 £ 0.02 0.070 £0.04  0.040 + 0.001
2g CH,CgH4CH5® 0.040 +0.01 0.040+0.01 0.030 +0.01
2h CH,CgH4OCH;* 0.0030 +0.001 0.030+0.02 0.030+0.01
2i CH,CsH4CI* 0.030 £0.01 0.040 £0.01 0.060 + 0.03
2j CH,CgH5CIPCI? 0.060 +0.03 0.16 £ 0.09 0.21 +0.08
2k CH,CgH4Br* 0.0060 +0.001 0.040+0.05 0.030+0.01
21 CH,CgH4Br® 0.030 £0.01 0.17 £ 0.08 0.24 +0.02
2m CH,CgH4Br¢ 0.070 £ 0.05 0.26 + 0.07 0.24+0.11
2n CH,C40H7 0.040 +0.001  0.090 + 0.08 0.10 + 0.06
20 CH»CH,0CgHs 0.060 +0.02 0.21+0.22 0.20 +0.02
2p CH,CH3CH5"CH5”  0.040 £0.03 0.15+0.10 0.070+0.03

¢ Substitution at the para position.
b Substitution at the meta position.
¢ Substitution at the ortho position.

|X,Y: =0; H, H; H, OH; =N-OH; ;\o/\/O\; |

—Me —Et %%/\/OPh a%/\@/Br

% % % ¢
aegige!
X

(X=Br, CF3, CN, H, CH3, F, Cl)
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Table 3
In vitro antitumor activities of compounds 2q-2s

o
H3COOC4\\;I AN o
I
Z N
OCH3
Compd Position ICs0 (UM)
K562 HepG2 HT-29
CPT - 0.040 +0.02 0.050 +0.02 0.060 + 0.01
2h 5 0.0030 + 0.001 0.030 +0.02 0.030 +0.01
2q 4 0.35+0.05 5.49+2.23 3.12+0.96
2r 6 4.86 +0.56 >10 >10
2s 7 4.13+1.27 >10 >10

3 and 6 nM, respectively. It was also noticed that the potency of the
meta and ortho bromo-substituted benzyl compounds 21
(0.030 uM) and 2m (0.070 uM) dropped by 5-11 folds when com-
pared to their para counterpart 2k (0.0060 1M). Moreover, when
the N-1 substitution was changed to the more bulky 2-naphthyl-
methyl (2n) or the phenoxyethyl (20) groups, the potency also
dinimished. The above results illustrated the importance of the size
and orientation for N-substitution in the acrylate-containing isatin
analogues for their anticancer activity.

To clarify the importance for the position of the acrylate moiety
in 2h, regioisomers 2q-2s were synthesized by using a similar

Table 4
In vitro antitumor activities of compounds 3a-3q

R1
T
N
(e

Compd R! R? ICso (UM)
K562 HepG2 HT-29
T — — 0.040£0.02 0.050+0.02 0.060 +0.01
2h o OCH; 0.0030 +0.001 0.030 +0.02 0.030 +0.01
2k J\/\; Br  0.0060+0.001 0.040 +0.05 0.030  0.01
CH50 s
3a 0 OCH; 0.010+0.002 0.090 + 0.01 0.060 £ 0.01
3b Br  0.030£001 029+0.31 0.050%0.04
EtOJ\/\ =
3c o OCH; 0.040+0.02 063 +0.17 0.42+0.04
3d Br 0.15%001 0.65+021 0.60+0.06
BN
3e o OCH; 0.050+0.04 0.62+0.02 0.48+0.02
£ Jl\/\;\ Br  029:004 205+021 073+001
3g 0 OCH; 0.040+0.01 086+0.13 0.55%0.16
3h s Br 0050:0.03 366+151 0.68+0.16
HO(CHQ)QOJ\/\ BN
(0]
3i OCH3 >10 >10 >10
HoP S :
3j o OCH; 0.20+0.02  0.89+0.18 0.56+0.16
3k Br  030£001 >10 0.55 +0.15
N
31 o OCH; 0.72+024  7.38+2.26 424:0.74
3m N Jl\/\;\ Br 138+040 7.79+1.66 4.59+0.55
o
3n o OCH; 046+0.11  7.81+055 523:034
1714053  630+0.90 4.42+0.58

30 JI\/\;\ Br

procedure for the synthesis of 2h (Table 3). The 6- and 7-substi-
tuted 2r and 2s were found to be much less potent than 2h
(1000 folds) and the 4-substituted counterpart 2q (10 folds). Along
with the inferior potency of 2q as compared to 2h, these data
suggests that the presence of a methyl acrylate group at the
para-position found in 2h is vital to maintain a high level of
potency, probably as the result of electronic and/or geometric
preference.

After the N-substitution and C-substitution patterns were
established, target compounds 3a-30 were synthesized by micro-
wave-assisted Heck coupling reaction in a similar way for the syn-
thesis of 2h and their potency evaluated (Table 4). The results
indicated that the potency generally decreases with the increase
in the size of the alkyl group (3a, 3¢, 3g and 3e vs 2h; 3b, 3d, 3h
and 3f vs 2k in going from Me to Et, Bu, 2-hydroxyethyl and t-
Bu). The presence of a free acrylic acid (3i) brought about a drastic
diminishment in potency, pointing to a detrimental effect of the
highly polar and readily ionizable free carboxyl group. All the
amide analogues examined (3j-30) were found to possess low
activities relative to the esters either duo to the high polarity of
these groups or an increase in their sized in the case of 31/3m
and 3n/3o0.

To examine the importance of the C-3 carbonyl functionality,
eight new isatin derivatives (3p-3w) were synthesized from 2h
and 2k through an appropriate carbonyl group derivatization reac-
tion (Scheme 2). All these derivatives proved to be inferior candi-
dates as inhibitors of K562, HepG2, HT-29 (Table 5), suggesting
that the carbonyl functionality at C-3 is essential in order to main-
tain the observed high antitumor activity.

Preliminary results from a flow cytometric analysis conducted
in our laboratory revealed that compounds 2h and 2k could signif-
icantly induce the levels of apoptosis in K562 cells in vitro at low
micro molar concentrations (Fig. 2).2°

In conclusion, a series of 1,5-disubstituted and 1,3,5-trisubsti-
tuted isatin derivatives were synthesized and tested for their
in vitro antitumor activity against three strains of cancer cell lines
K562, HepG2, HT-29. The SAR study of these compounds led to the
identification of two new isatins, 2h and 2Kk, as highly potent anti-
cancer compounds with ICso=3 nM, ICso=6nM, respectively,
against human leukemia K562 cells. Further chemo-biological
study of these two compounds with regards to their antitumor
pathway as well as their enzymatic targets and in vivo investiga-
tion are ongoing in this laboratory.

OH HACO0C._
H3C00C._» \/\©\/>:o
0 N
N
R
R

3p: R=0CHjz
3q: R=Br

3t: R=0CH3
3u: R=Br

\\a C/'
2h/2k
% O
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3v: R=0CHj; 3r: R=0CH;
R R

3w:R=Br 3s: R=Br
Scheme 2. C-3 modification of isatin derivatives (3p-3w). Reagents and conditions:
(a) NaBH4, MeOH, r1t,50-55%; (b) ethylene glycol, pTSA, reflux, 85-90%; (c)
hydrazine monohydrate, EtOH, reflux, 60-65%; (d) NH,OH--HCI, EtOH, reflux, 80—
90%.
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Table 5
Antitumor activity of the C-3 derivatized compounds 3p-3w

o o)

o
N
KQRZ

Compds R? Cc-3 ICs0 (M)
K562 HepG2 HT-29

CPT — - 0.040 + 0.02 0.050+0.02 0.060 +0.01
2h OCH; =0 0.0030+0.010 0.030+0.02 0.030+0.01
2k Br 0.0060 +0.001 0.040 +0.05 0.030+0.01
3p OCH; -OH-H 0.030+0.01 0.38+0.07 0.32+0.03
3q Br 0.26 £ 0.03 0.67+0.12 0.66+0.17
3r OCH; =NOH 211+1.13 3.56+1.54 494+254
3s Br 2.92+0.34 9.96 3.64+1.19
3t OCH; -HH 0.99 +0.56 9.17 3.72+0.03
3u Br 3.16£0.21 >10 >10
3v OCH3; /O\/\O/ 4.89+0.19 >10 >10
3w Br 2.63+0.03 7.47+2.15 511+1.38
B AD2 consrol 810 2h 30nM 12h ADD 2k 30nM 12n

7 _Gate: [No Gatinal o Onte ingl 7 _Gate INo O

o oA '1”_1.;,& ryaT gt o 23y

1IA 1i lem \!,u i

g i o %y

Pl - PR =%y
24 P dny - ELY 270
'-‘l;f;ﬂkqlk_ 0 9 "!15.\& ? 37.2 "j:<,j;7|.“f F 322
b i g N Yo R oSl Vi Ve i S e
LIS LA LM
Annexin-V

Figure 2. Compounds 2h and 2k induced apoptosis in K562 cells. (A) Phase contrast
images of K562 cells after culture with 30 nM 2 h or 2k for 12 h. (B) Apoptosis was
evaluated by Annexin-V and PI staining of K562 cells cultured in the absence or
presence of 30 nM 2h or 2k for 12 h.
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buffer containing of annexin V-FITC and propidium iodide (PI) and incubated
for 15 min. After 400 pL of binding buffer was added, the cells were analysed
using a Becton Dickinson FACSscan flow cytometer (Mountain View, CA, USA).
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