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Abstract—Andrographolide 1, the major constituent of the Indian medicinal plant Andrographis paniculata (Acanthaceae) was
converted into the key intermediate 4 by selective oxidative degradation of the C-12,13 olefin bond. The aldehyde functional group
present in 4 has been utilized for synthesizing a number of structurally diverse labdane diterpenes. Synthesis and in vitro cytotoxic

activity results of the compounds prepared are discussed.
© 2004 Elsevier Ltd. All rights reserved.

The utilization of natural products as a source of struc-
tural or functional templates for the design and synthesis
of a wide variety of novel molecules has been an impor-
tant aspect of new drug design. The isolation of a number
of biologically active di- and triterpenes such as podo-
lactones,' quassinoids,> labdane diterpenes® and com-
pounds of mixed biosynthetic pathways viz., wiedendiol*
has greatly stimulated the development of efficient syn-
thetic methodologies for their preparation owing to their
presence in only small quantities in the natural sources.
Several groups have utilized the naturally occurring
sclareol,”® sclareolide,”® communic acids®!® and ma-

nool'! as starting materials for these syntheses. Most of
the methods used involved side-chain degradations of
labdanes. In this study, we have developed an efficient
semi-synthetic procedure for the preparation of struc-
turally diverse labdanes from andrographolide 1, the
major constituent of the Indian medicinal plant And-
rographis paniculata (Acanthaceae).'?

The method involved conversion of 1 into the key
intermediate 4, which served as a chiral intermediate
(Scheme 1). Initially, the hydroxyl groups at C-3 and 19
of 1 were protected as an isopropylidene to yield 2. Our
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Scheme 1. Reagents and conditions: (i) 2,2-dimethoxypropane/PPTS/benzene/reflux, 95%; (ii) Ac,O/TEA/DCM/rt, 95%; (iii)) DMAP/DCM/rt, 80%;

(iv) ag KMnO4/THF, rt, 62%.
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efforts to oxidize the C-12,13 olefin bond present in 2 However, quantitative preparation of 4" could be
with KMnO, to yield 4 did not give satisfactory results. achieved by oxidation of 3. Compound 3 was synthe-
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Scheme 2. Reagents and conditions: (i) rhodanine/thiazolidinedione/oxindole, B-alanine/benzene/reflux; (il) AcOH/H,O (7:3), rt; (iii) Wittig salts of
substituted benzyl bromides/NaH/benzene/rt; (iv) BrCH,CO,Et/Zn/benzene/reflux, (70%); (v) PDC, DCM/rt, (90%); (vi) guanidinium chloride/

NaOMe/MeOH/reflux, (60%).
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Scheme 3. Reagents and conditions: (i) PDC/DCM, (ii)) AcOH/H,0 (7:3).
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sized from 2 by elimination of the hydroxyl at C-14 as its
acetate.

The key intermediate 4 obtained above was converted
into a number of labdane diterpenes by utilizing its
aldehyde functionality (Scheme 2). Knoevenagel con-
densation of 4 with rhodanine, thiazolidinedione and
oxindole followed by deprotection of the C-3,19-iso-
propylidene protection gave compounds 5, 6 and 7,
respectively. Compounds 8, 9 and 10 were prepared by
Wittig olefination of 4 with the ylides generated from
various benzyl bromides.

Reaction of 4 with different aryllithiums yielded 11 and
12 (Scheme 3). Compound 11 was oxidized to the 12-
keto derivative 15 and subsequent removal of isopro-
pylidene protection gave 16. Deprotection of the cyclic

acetals of 11 and 12 gave compounds 13 and 14,
respectively.

Compound 17, which has an aminopyrimidone moiety
on the side chain was prepared by Reformatsky reaction
of 4 with ethyl bromoacetate followed by PDC oxida-
tion and condensation with guanidine (Scheme 2). The
corresponding homologue 18 was prepared as shown in
Scheme 4.

All the labdane derivatives synthesized from 4 were
evaluated for their in vitro cytotoxic activity against
nine human cancer cell lines using the NCI standard
protocol' and the Gls, values obtained are given in
Table 1. Among the Knoevenagel condensation prod-
ucts of 4,compound 7 exhibited moderate cytototoxic
activity against all the cell lines. Compound 6 was found

OEt

Scheme 4. Reagents and conditions: (i) ethyl acetoacetate/TiCly/py, (70%); (i) NaBH4/MeOH (95%); (iii) PDC/DCM, (95%); (iv) guanidine

hydrochloride/NaOMe/MeOH/reflux (60%).

Table 1. In vitro anticancer screening results of the labdanes synthesized

Compd No Cytotoxicity (Glsy pM)*
Breast Colon Lung Melanoma  Ovarian Prostate

MCF-7/ADR MCEF-7 SW 620 HT29 H 522 UACC62 OVCARS DU145 PC3
5 >100 >100 >100 >100 41 31 40 27 84
6 52 72.7 66 55 nd® 65 24 0.78 100
7 27 24 35 24 29 36 nd® nd® 18
8 14 10 19 20 11 19 4 17 20
9 4 14 20 16 3 17 2 7 14
10 13 27 19 14 14 18 8 18 18
13 >100 65 >100 >100 nd® >100 42 26 50
14 >100 432 >100 90 nd® >100 37 0.17 42
16 >100 >100 >100 51 nd® 39 6.2 >100 60
17 >100 432 >100 90 nd® >100 37 0.2 42
18 52 0.01 >100 34 nd® 54 29 20 41

# Cytotoxicity Glsy values are the concentrations corresponding to 50% growth inhibition.

®nd—not done.
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to exhibit potent activity against prostate cell line
(DU145). The Wittig olefination products 8, 9 and 10
showed good activity against all the cell lines listed (GIs
values 2-20 uM). Compounds 14 and 17 demonstrated
activity selectively against the DU145 cell line at 0.17
and 0.2 uM concentrations, respectively. Potent activity
against MCF-7/ADR cell line was observed for 18.

In summary, we have developed an efficient synthetic
methodology for the preparation of 4 from 1 by selective
oxidative degradation of the andrographolide side
chain. The aldehyde functional group on 4 has been
utilized for synthesizing a number of structurally diverse
labdane diterpenes, which have exhibited potent cyto-
toxic activity.
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