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Abstract—Labdane diterpenes are an important class of natural products with a wide variety of biological properties. (�)-Limonidi-
lactone is a labdane diterpene with a novel skeleton isolated from Vitex limonifolia. A new semi-synthetic route from andrographo-
lide, the major constituent of Andrographis paniculata, has been described towards the synthesis of novel labdanes having a
limonidilactone type skeleton.
� 2004 Elsevier Ltd. All rights reserved.
Labdane diterpenes are a widely distributed class of bio-
logically active natural products isolated from higher
plants.1 Compounds in this class, for example, polygo-
diol,2 warburganal,3 coronarin A4 and galanolactone,5

have attracted special attention due to their significant
antifeedant, antitumour and antifungal activities. Gen-
eration of compound libraries having the main skeletal
core of these biologically active molecules constitutes
an important aspect of drug discovery aimed at synthe-
sizing more potent and novel compounds. The structural
complexity of these molecules and often, their low natu-
ral abundance pose a challenge to library generation.
Semi-synthetic transformations performed on the abun-
dantly available natural products can be used to achieve
this objective.6

(�)-Limonidilactone 1a, a labdane diterpene was iso-
lated from Vitex limonifolia by Suksamrarn and co-
workers.7 The synthesis of (+)-limonidilactone 1b from
zamoranic acid has been reported.8 In continuation of
our studies towards the generation of structurally di-
verse labdane diterpenes from andrographolide 2,9

we planned to synthesize compounds 3 and 4 possessing
the skeletal core of limonidilactone. Compounds 3 and 4
possess additional oxygen substituents on the decalin
system. These oxygen substituents could be used as
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diversity points to generate more limonidilactone
analogues. The synthesis of 3 and 4 has been
achieved through a key intermediate 5, which in turn
was prepared from andrographolide as shown in
Figure 1.

The hydroxyls at C-3 and C-19 on andrographolide
were first protected as an acetonide to afford 6. Treat-
ment of 6, with a catalytic amount of pyridinium dichro-
mate (0.05molequiv) led to the rearrangement of the
allylic hydroxyl at C-14 to give compound 7, 3-[1-hydr-
oxy-2-(3,3,6a,10b-tetramethyl-8-methylene-decahydro-
naphtho[2,1-d][1,3]dioxin-7-yl)-ethyl]-5H-furan-2-one.
Protection of the C-12 hydroxyl as the t-butyldimethyl-
silyl ether and subsequent removal of the isopropylidene
moiety gave the key intermediate 5 (Scheme 1).

Compound 3 was synthesized as shown in Scheme 2.
Acetylation of the hydroxyls at C-3 and C-19 in 5 led
to 9. Allylic hydroxylation10 of 9 using selenium dioxide
gave 10. Rearrangement of the C-7 allylic hydroxyl in 10
was achieved by preparing the C-7 mesylate and subse-
quent treatment with sodium acetate.10 Under these
conditions, the TBDMS-ether at C-12 was also hydro-
lyzed leading to the corresponding C-12 hydroxy com-
pound 11. Oxidative cyclization11 of the C-17 and
C-12 hydroxyls led to the formation of 3.12

The synthesis of compound 4, was achieved as shown in
Scheme 3. The lactone group in compound 5 was re-
duced with DIBAL-H to give furanolabdane 12. Acety-
lation of the C-3 and C-19 hydroxyls gave 13.
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Scheme 2. Reagents and conditions: (i) Ac2O/py/rt/6h (95%); (ii) SeO2/TBHP/DCM/rt/48h (60%); (iii) (a) Ms-Cl/py/DCM/rt/1h (85%); (b) NaOAc/

acetone/water/reflux/2h (50%); (iv) iodobenzene diacetate/TEMPO/DCM/rt/1h (80%).
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Scheme 1. Reagents and conditions: (i) 2,2-dimethoxypropane/PPTS/DMSO/benzene/reflux/2h (95%); (ii) PDC/DCM/rt/5h (80%); TBDMS-Cl/

imidazole/DMF/rt/8h (85%); (iv) AcOH/H2O/rt/15min (90%).
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Scheme 3. Reagents and conditions: (i) 20% DIBAL-H in toluene/�78�C/2h/(50%); (ii) Ac2O/py/rt/2h (95%); (iii) hm/O2/DIEA/rose bengal;

(iv) NaBH4/THF/0�C/2h (75%); (v) SeO2/TBHP/DCM/rt/48h (50%); (vi) (a) Ms-Cl/py/DCM/rt/1h (85%); (b) NaOAc/acetone/water/reflux/2h

(55%); (vii) AcOH/H2O (7:3)/rt/24h (75%); (viii) iodobenzene diacetate/TEMPO/DCM/rt/1h (85%).
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Photochemical oxidation13 of the furan moiety in 13
gave a mixture of c-hydroxy butenolides 14 and 15,
which were separated by column chromatography.
Compound 15, was further reduced with sodium boro-
hydride to give 16. Subsequently, allylic hydroxylation
at C-7 followed by allylic rearrangement of the C-7
hydroxyl group gave compound 18. However, the
C-12-TBDMS ether was not hydrolyzed under these
conditions. Hence, deprotection was carried out with
aq acetic acid to yield 19. Oxidative cyclization of 19
was carried out as before to give compound 4.14

The stereochemistry of 3 and 4 at C-12 was assigned
based on spectral analysis in comparison with the
reported values of 1a and 1b.8

In conclusion, we have successfully converted androgra-
pholide, the abundantly available natural product, into
compounds 3 and 4, which could be further utilized
for making a number of further limonidilactone
analogues.
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