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Synthesis of 13-amino costunolide derivatives as anticancer agents
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Abstract—A number of costunolide derivatives (4a–p) have been synthesized and evaluated for their in vitro cytotoxicity against
eight tumor and a non-tumor cell lines. Compound 4d showed around 2-fold better cytotoxicity against SW-620 (colon) cell line
with improved safety index than costunolide (1). While compounds 4e, 4g, and 4p have shown around 2- to 3-fold better cytotoxicity
against MIAPaCa2 (pancreas), K-562 (leukemia) and PA-1 (ovary) cell lines as well as better safety index in comparison to costuno-
lide (1). Compound 4p also exhibited cytotoxicity against HBL100 (breast) cell line with 2-fold better safety index. Structure–activity
relationship has been described.
� 2006 Elsevier Ltd. All rights reserved.
Thousands of sesquiterepene lactones have been isolated
from the natural plants and several of them have shown
a variety of biological activities.1 Sesquiterpenes are
reported to exert antitumor activity by triggering apop-
tosis in human leukemia cells.2 One of the sesquiterpene
lactones, costunolide (1) is being isolated from Saussu-
rea radix, the dried root of Saussurea lappa Clarks.3

Costunolide (1) has shown potential anticancer activity
and is considered as a potential candidate for various
types of tumors.1,4–6 However, structural modifications
in costunolide (1), is required to improve the cytotoxic-
ity as well as to establish the meaningful structure–activ-
ity relationship.

It has been reported that exo-methylene group on lac-
tone part of sesquiterpene lactones is required for elicit-
ing cytotoxicity.1,6 However, we assumed that upon
introduction of nitrogen containing functionality at po-
sition-13 in costunolide (1), additional hydrogen bond-
ing potential and selectivity might be realized and may
0960-894X/$ - see front matter � 2006 Elsevier Ltd. All rights reserved.

doi:10.1016/j.bmcl.2006.05.083

Keywords: Costunolide derivatives; Anticancer.
* Corresponding authors. Tel.: +91 120 4378400; fax: +91 120

4376902; e-mail addresses: srivastavasa@dabur.com; jaggim@

dabur.com
lead to derivatives with improved cytotoxic profile. We
therefore designed, synthesized a number of 13-amino
costunolide derivatives and evaluated them for their
anticancer activity in vitro (4a–p). The details are being
reported here.

O

O

N

COOH

O

O

H

H

2  3

11

13

11

Synthesis of costunolide derivatives (4a–p) from
costunolide (1) has been described in Scheme 1. Mi-
chael-type addition of amine (R1R2NH) with a-methy-
lene-c-lactone part of the costunolide (1) afforded the
corresponding 13-amino derivatives (4a–p).7 Matsuda
et al.8 reported that Michael-type addition for a-methy-
lene-c-lactone of costunolide with LL-proline resulted
saussureamine (2), selectively. In addition, the Mi-
chael-type addition for a-methylene-c-lactone of
costunolide (1) or dehydrocostus lactone (3) with other
amino acids afforded, stereoselectively, the less hindered
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Table 1. List of 13-amino costunolide derivatives (4a–p)

Compound R1

N
R2
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Scheme 1.
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11a-configurated derivatives.8 Based on these literature
results, the stereochemistry at position-11 in the synthe-
sized costunolide derivatives (4a–p) has been assumed.
The synthesized 13-amino costunolide derivatives
(4a–p) have been listed in Table 1.

Results and discussion. Costunolide (1) and its deriva-
tives (4a–p) were tested for in vitro cytotoxicity on
tumor as well as a non-tumorous cell lines and IC50

values were calculated in micro mole (lM).9 The
human tumor cell lines used in the study are breast
(HBL100), lung (A-549), pancreas (MIAPaCa2), leuke-
mia (K562), ovary (PA1), prostate (DU145), oral
(KB), and colon (SW620) cancers. Costunolide (1)
and its derivatives (4a–p) were also screened against
normal mouse fibroblast (NIH3T3) to evaluate their
cancer cell specificity (safety index).9 The cytotoxicity
data are summarized in Table 2. It is evident from
Table 2 that the parent molecule, costunolide (1),
exhibited broad spectrum of cytotoxicity
(IC50 > 10 lM except against SW-620 cell line) and
had shown poor safety index (<2). While several deriv-
atives of 13-amino costunolide have shown, in general,
better cytotoxicity and selectivity with improved safety
index. Structure–activity relationship (SAR) of these
derivatives has been discussed below.

The unsubstituted piperidine or pyrrolidine derivatives
(compounds 4a and 4b) did not show major improve-
ment in the cytotoxicity. While amongst substituted
piperidine or pyrrolidine derivatives (4c–f), nature of
the group and its position in the ring played an impor-
tant role in eliciting cytotoxicity. For example, 4-methyl
piperidine derivative (4c) did not show improvement in
the cytotoxicity, whereas 3-methyl piperidine derivative
(4d) exhibited 2-fold better cytotoxicity (IC50 = 3.3 lM)
than costunolide (1, IC50 = 7.8 lM) against SW-620 cell
line. In addition, compound 4d has shown safety index
>6 for colon cancer cell line. It indicated that the posi-
tion of methyl group was critical for eliciting cytotoxic-
ity. While those costunolide derivatives, which possess
hydroxy group in place of methyl, exhibited a different
cytotoxicity profile. For example, upon replacement of
4-methyl group in compound 4c with 4-hydroxy (com-
pound 4e), the cytotoxicity (IC50 = 4.3–8.0 lM) im-
proved up to 2- to 3-fold as compared to costunolide
(1) and 3- to 5-fold when compared to compound 4c,
against MIAPaCa2, K-562, and PA-1 cell lines. More-
over, compound 4e has also shown improvement in safe-
ty index (>2) in the same cell lines. On the other hand,
4-hydroxymethyl derivative (4f) did not provide better
cytotoxicity. While, as described the cytotoxicity profile
for 4-hydroxypiperidine derivative (4e), 3-hydroxypyr-
rolidine derivative (4g) also showed strong cytotoxicity



Table 2. In vitro cytotoxicity data of costunolide (1) and its 13-amino derivatives (4a–p)

Compound Cell lines (IC50 lM)

HBL

100

Cancer

cell

specificity

A549 Cancer

cell

specificity

MiaPaca2 Cancer

cell

specificity

K 562 Cancer

cell

specificity

PA1 Cancer

cell

specificity

DU145 Cancer

cell

specificity

KB Cancer

cell

specificity

SW 620 Cancer

cell

specificity

NIH3T3

1 10.3 1.3 12.3 1.1 17.7 0.8 14.5 1.0 10.6 1.3 29.2 0.5 28.9 0.5 7.8 1.8 13.9

4a 28.5 0.9 31.1 0.8 12.9 2.0 15.7 1.6 11.4 2.3 26.5 1.0 28.3 0.9 56.1 0.5 25.8

4b 20.3 0.9 32.5 0.6 10.9 1.7 10.6 1.7 9.4 2.0 25.1 0.7 28.7 0.6 19.9 0.9 18.5

4c 55.1 0.3 22.7 0.8 23.4 0.8 21.4 0.8 27.5 0.7 30.6 0.6 17.3 1.0 12.4 1.4 17.9

4d 28.6 0.7 21.3 0.9 17 1.2 12.2 1.6 33.4 0.6 35.1 0.6 20.9 1.0 3.3 6.0 19.9

4e 14.6 1.3 27.7 0.7 8 2.5 4.3 4.6 5.3 3.7 28.7 0.7 37 0.5 20.9 0.9 19.7

4f 12.8 1.3 18.1 0.9 9.7 1.8 10.2 1.7 16.8 1.0 26.3 0.7 12.6 1.4 10.7 1.6 17.1

4g 11.2 2.0 26.3 0.9 5.3 4.3 4.8 4.8 4.3 5.3 23.8 1.0 34.9 0.7 8.9 2.6 22.8

4h 36.5 0.8 57.1 0.5 33.9 0.8 57 0.5 14.3 2.0 62.9 0.4 85.2 0.3 20.2 1.4 28.3

4i 63.3 0.5 73.1 0.5 22.9 1.5 84.4 0.4 47.8 0.7 67.4 0.5 43.1 0.8 23.1 1.5 34.7

4j NA — NA — NA — NA — NA — NA — NA — NA — NA

4k NA — NA — NA — NA — NA — NA — NA — NA — NA

4l NA — NA — NA — NA — NA — NA — NA — NA — NA

4m 54.7 0.4 74.7 0.3 51.7 0.4 159.3 0.1 453.1 0.0 120.8 0.2 285.2 0.1 280.4 0.1 19.3

4n NA — NA — NA — NA — NA — 247.1 >1.0 195.1 >1.3 92.8 >2.7 NA

4o 31.5 1.3 62.1 0.7 98.9 0.4 42.2 1.0 36.4 1.1 117.6 0.3 102.6 0.4 54.1 0.8 40.8

4p 6.1 2.6 27 0.6 5.4 2.9 4.4 3.6 3.4 4.6 22.7 0.7 21.1 0.7 9.1 1.7 15.7

NA, not active with IC50 greater than the highest concentration tested; —, cancer cell specificity cannot be calculated.
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(IC50 = 4.3–5.3 lM) against MIAPaCa2, K-562, and
PA-1 cell lines and found 2- to 3-fold better than
costunolide (1) against the same cell lines. However,
unlike compound 4e, compound 4g showed relatively
better activity against SW-620 cell line. The safety index
for compound 4g was observed in the range of 2.6–5.3.
Thus, it seemed that hydroxy group in piperidine or
in pyrrolidine ring was found crucial for eliciting
cytotoxicity.

Upon replacing piperidine substituent with morpholine
(4h) or thiomorpholine (4i), a low order of cytotoxicity
was observed. Furthermore, the cytotoxicity was com-
pletely lost when 4-methylpiperazine (4j) or 4-acetyl-
piperazine (4k) or 4-benzylpiperazine (4l) was
introduced, separately, at position-13 in costunolide
(1). Further, upon incorporating bulkier group at posi-
tion-4 in piperazine like 4-hydroxyphenyl (4m) or 4-flu-
orophenyl (4n) or longer chain like trans-cinnamyl
group (4o), the cytotoxicity did not get better. It ap-
peared that the presence of a heteroatom at position-
4 in piperidine ring was not a good option to improve
the cytotoxicity.

It was interesting to note that the substitution at posi-
tion-13 with an open chain like N,N-dimethyl (com-
pound 4p) afforded a potent cytotoxic derivative. The
cytotoxicity of compound 4p was improved in all cancer
cell lines except for A-549 and SW-620. However, as dis-
cussed for hydroxy derivatives 4e and 4g, compound 4p
also showed strong cytotoxicity (IC50 = 3.4–5.4 lM)
against MIAPaCa2, K-562, and PA-1 cell lines and the
safety index was found in the range of 2.9–4.6. In addi-
tion, compound 4p also showed around 1 1

2
-fold better

cytotoxicity and 2-fold better safety index against
HBL100 cell line when compared to costunolide (1).
The cytotoxicity and safety index of compound 4p and
costunolide (1) were roughly identical against SW-620
cell line.

It clearly indicated that the piperidine or pyrrolidine
substituents at position-13 in costunolide (1) played
an important role in eliciting cytotoxicity. The
hydroxy and methyl groups located either in piper-
idine or in pyrrolidine ring, separately, played cru-
cial role in determining their selectivity toward
cancer cell lines. However, it was noteworthy that
N,N-dimethyl substituent at position-13 in costuno-
lide played a significant role in order to improve
the cytotoxicity.

In general, 13-amino costunolide derivatives were
found selective towards pancreas, leukemia, and ovari-
an cancer cell lines except for 3-methylpiperidine deriv-
ative (4d), which was found selective for colon cancer.
The 4-hydroxypiperidine (4e), 3-hydroxypyrrolidine
(4g), and N,N-dimethyl (4p) derivatives have shown
strong cytotoxicity against pancreas, leukemia, and
ovarian cancer cell lines. All these derivatives have
showed not only several fold better cytotoxicity but
also exhibited better safety profile than costunolide
(1). These molecules are under further biological
studies.
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