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A series of gibberellin based molecules were designed and synthesized. Gibberellin derivatives bearing
two a,b-unsaturated ketone units showed strong anticancer activities in MTT assay towards a number
of human cancer cell lines including HT29, A549, HepG2 and MKN28. The most potent gibberellin deriv-
ative (compound 10, IC50 = 2.9 lM against HT29) inhibited completely the topoisomerase I activity at
8 lg/mL level.

� 2009 Elsevier Ltd. All rights reserved.
Tetracyclic diterpenes constitute a large class of natural products
isolated from plants, microorganisms and marine source.1 Many of
those compounds possess interesting biological activities, especially
the gibberellin family and the ent-kaurenoid diterpenes. Represen-
tative structures of these two diterpenoid groups, ericalycin B (1),
oridonin (2) and gibberellin GA3 (3), are shown in Figure 1. These
two families are closely related, gibberellins are biosynthetically
from ent-kaurenes.2 A number of ent-kaurene diterpenoids possess
strong bioactivities against tumor cell lines3 while gibberellins have
been used as important plant growth regulators.4 Ericalycin B and
oridonin are two ent-kaurenoids with strong antitumor bioactivity
by preventing NF-jB nuclear translocation and inducing ljBa cleav-
age.5 A representative structure unit in both molecules is the
a,b-unsaturated ketone, especially in the cyclopentane D ring sys-
tem. Previous studies had well demonstrated that the a,b-unsatu-
rated carbonyl unit incorporated in a cyclopentane or a c-lactone
system is responsible for anti-neoplastic activities.6 Although gib-
berellins constitute a large number of compounds with more than
130 members being isolated, an a,b-unsaturated ketone moiety is
rarely presented in gibberellin diterpenes. To the best of our knowl-
edge, there is no report on antitumor gibberellins.7 We were curious
to know if such a system were incorporated into the structure of gib-
berellin GA3 (3), would the resulting gibberellin derivatives bearing
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ana,b-unsaturated ketone unit display toxicities towards cancer cell
lines? By the way, gibberellin GA3 is abundant and commercially
available in large quantities as a plant growth regulator. A research
program aiming to assemble a,b-unsaturated ketone moiety to the
tetracyclic ring system of gibberellins, especially the D ring, was thus
initiated.

Starting from gibberellin GA3 (3), the methyl ester (4) and
benzyl ester (5) were prepared in high yield8 as outlined in Scheme
1. Diacetate 6 was also prepared by treatment of alcohol 5 with
acetic anhydride. With those three compounds (4, 5 and 6) in hand,
we initiated the key allylic oxidation to introduce a hydroxyl group
to the D-ring of gibberellins. By treatment of substrates with sele-
nium dioxide in the presence of tert-butyl hydroperoxide, allylic
alcohols were obtained.9 Having completed the synthesis of com-
pound 7–9, our attention was then focused on the oxidation of
allylic alcohol 9. To our disappointment, pyridinium dichromate
as well as activated MnO2 failed to promote the desire transforma-
tion. The goal was finally realized by a Swern oxidation and the
gibberellin derivatives (10, 11 and 12) that bear desired a,b-unsat-
urated ketone unit were obtained in good yields (see Scheme 2).10

Carefully examination of the 13C NMR spectrum of compound 10
and 11, we noticed an unexpected tertiary carbon NMR signal at
65.9 ppm. This NMR signal is unlikely the resonance of a tertiary
carbon bearing a hydroxyl group. We speculated that a chlorine
atom rather than a hydroxyl group was attached to the C-13 posi-
tion. The deduced structure was later confirmed by mass spectra
(LRMS and HRMS) and further supported by conversion of
compound 10 to C-13 hydroxyl compound 14 in the presence of
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Figure 1. Representative tetracyclic diterpenes (1–3).
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silver carbonate in wet acetone as indicated in Scheme 3.11 The
chloride compound (10 and 11) might be formed by a displace-
ment of the hydroxyl group at C13 position with a chloride anion
under the condition of Swern oxidation.10

Having obtained gibberellin derivatives bearing a desired
a,b-unsaturated ketone moiety, we then initiated a bioassay of these
compounds. The cytotoxic potential of all synthesized gibberellin
analogues was evaluated in vitro against two human tumor cell lines
according to procedures described in the literature.12 The tumor cell
line panel consisted of human promyelocytic leukemia cell line (HL-
60) and human bladder carcinoma cell line (BIU-87). Cisplatin (DDP)
was used as the reference drug. The results of the cytotoxicity studies
were indicated in Table 1 (IC50 value, defined as the concentration
corresponding to 50% growth inhibition).
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Scheme 2. Synthesis of gibberellin derivatives
To our delight, two compounds (10, 11) with a,b-unsaturated
ketone substructure presented in both the D-ring and the A-ring
showed strong toxicities toward tumor cells (see Table 1). For com-
pounds without an a,b-unsaturated ketone unit, no cytotoxicities
were observed in the bioassay. Only low level of activities was
recorded for compounds with one a,b-unsaturated ketone func-
tionality, either in the A-ring (13) or the D-ring (12) system. These
results strongly suggested that both a,b-unsaturated ketone units
are required for a better bioactivity.

To get further insight toward the structure and activity relation-
ship, a number of C-13 substituted compounds were synthesized
by displacement of the chloride at C-13 with corresponding anions
(see Scheme 3). Although C-13 florides (16, 17) and C-13 iodides
(18, 19) could be obtained in reasonable yields, we failed to
OH

COOBn

H
Ac2O

Py., DMAP

OAcO

OC

AcO

COOBn
H

H

95%

OH

OH

COOR

H

OH

OAcO

OC

AcO

COOBn
H

H

SeO2, t-BuOOH
CH2Cl2

5 6

e; 8, R = Bn 9

73% 85%

oxyl gibberellin derivatives.

ClO

COOR
H

H

O

OAcO

COOBn
H

H

O

OHO

OC

HO
COOBnH

H

PDC,CH2Cl2

OHO

OC

O
COOBnH

H

, 85%; 11, R = Bn, 80%

12 13

5

73%

bearing a,b-unsaturated ketone moiety.
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Scheme 3. Synthesis of new gibberellin derivatives bearing a,b-unsaturated ketone moiety.

Table 1
In vitro Cytotoxic activities of gibberellin derivatives (IC50, lg/mL)

Tumor cells Compounds, IC50 (lg/mL)

3 4 5 6 7 8 9 10 11 12 13 DDP

HL-60 >100 >100 >100 >100 >100 >100 >100 6.5 2.7 >40 >40 1.9
BIU-87 >100 >100 >100 >100 >100 >100 >100 1.0 0.5 >40 >40 2.0

Table 2
In vitro cytotoxic activities of gibberellins (IC50, lM)

Tumor cells Compounds, IC50 (lM)

10 11 14 15 16 17 18 19 20 21 22 23 VCR DDP

HT29 2.9 4.5 65.7 83.3 72.7 59.1 51.9 50.2 34.1 23.3 80.2 48.4 5.3 10.1
A549 60.3 28.8 90.9 23.9 38.9 64.4 53.2 46.0 18.2 24.2 54.5 28.2 2.5 7.6
HepG2 39.8 17.9 37.2 20.5 40.6 44.1 87.0 69.5 120.1 29.6 43.5 35.0 3.7 10.3
MKN28 4.8 6.8 39.6 2.5 4.1 9.8 6.7 3.0 82.7 16.5 3.4 0.8 7.1 4.2
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prepare C-13 bromide gibberellins, with a complex mixture being
formed. The retaining of configuration at C-13 position suggested
that a cation might be generated and quenched with corresponding
anions. All these gibberellins were then evaluated for in vitro anti-
tumor activity by MTT assay12 (Table 2) against four human cancer
cell lines, namely the human lung adenocarcinoma cell line (A549),
human hepatoma cell line (HepG2), human gastric carcinoma cell
line (MKN28), human colon carcinoma cell line (HT29). Vincristine
(VCR) and cisplatin (DDP) were used as reference compounds.
Among all these gibberellin derivatives, compound 10
(IC50 = 2.9 lM) showed the highest level of activity followed by
11 (IC50 = 4.5 lM) against human colon carcinoma cell lines
(HT29), while compound 23 (IC50 = 0.8 lM) was found to be most
Effect of G on DNA topo I activity 

Figure 2. Inhibitory effect of G on DNA topo I activity. Lane 1: 0.25 lg pBR322 DNA
only. Lane 2: pBR322 DNA with 2U topo I. Lane 3: Lane 2 with 2% DMSO (solvent).
Lane 4: Lane 2 with 125 lg/mL HCPT (hydroxycamptothecin). Lane 5–10: Lane 2
with 1000, 200, 40, 8, 1.6, 0.32 lg/mL compound 11.
active against MKN28 human gastric carcinoma cell lines (see
Table 2).

The effects of compound 10, the most potent compound
towards HT29 (IC50 = 2.9 lM), on the catalytic activity of topoiso-
merase I was then measured by the ATP-independent relaxation
of supercoiled pBR322 DNA according to procedures described in
the literature.13 The results showed that 2U topo I relaxed fully
0.25 lg supercoiled pBR322 DNA into relaxed form, DMSO did
not affected the topo I activity. Compound 10 influenced appar-
ently the activity of topoisomerase I in a dose-dependent manner.
The relaxed pBR322 DNA mediated by topo I decreased with
increasing 10 concentrations, and supercoiled pBR322 DNA
increased. The 8 lg/mL of 10 inhibited completely the topo I activ-
ity, resulted in a full conversion of relaxed pBR322 DNA into the
supercoiled form (see Fig. 2).

In conclusion, we designed and synthesized a number of gibber-
ellin derivatives bearing a,b-unsaturated ketone units. We also
evaluated their anti-tumor activities by in vitro MTT assay.
Incorporation of a,b-unsaturated ketone functionality into both
the A-ring and D-ring of gibberellins converted the non-cytotoxic
molecules to potent anti-tumor agents. Compound 10 showed mild
inhibitory effects towards topoisomerase I. Further biological
investigation is currently carried out in our laboratory and the
results will be reported in due course.
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