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Abstract—For the purpose of obtaining preliminary information on the chemical modification of biomolecules with jolkinolide D,
a bioactive diterpenoid of plant origin, jolkinolide D pharmacophore, was synthesized and its reactivity toward amino acids,
nucleosides, and DNA was investigated. © 2002 Published by Elsevier Science Ltd.

Jolkinolide D (1) is a diterpenoid isolated from Euphor-
bia jolkini Boiss in 1974,1 and its stereostructure was
recently determined by X-ray crystallographic analysis.2

It inhibited tumor invasion into the basement mem-
brane and induced apoptosis in tumor cells.2

Jolkinolide D (1) has a �,�-unsaturated-�-hydroxy-�-
methylene lactone unit as the pharmacophore struc-
ture, which suggests that jolkinolide D (1) might
alkylate biomolecules such as proteins and DNA irre-

versibly in contrast to popular �-methylene lactones
such as in germacranolides, eudesmanolides, guaiano-
lides, and pseudoguaianolides3 that would alkylate
biomolecules reversibly (Scheme 1). Since there are no
other compounds that have the pharmacophore, reac-
tivities of the unit toward nucleophiles have not hith-
erto been investigated. We describe herein the
synthesis of jolkinolide D pharmacophore (2) and its
reactivities toward amino acids, nucleosides, and
DNA.

Scheme 1. Jolkinolide D (1) and its pharmacophore (2).
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Synthesis of jolkinolide D pharmacophore (2)

Jolkinolide D pharmacophore (2) was synthesized from
6 - (tert - butyldimethylsilyloxy) - 3 - methyl - 2 - cyclohexe-
none (3)4 and 2-iodoallyl alcohol (4)5 (Scheme 2). Addition
of the vinyllithium reagent, generated from iodide 4 and
t-BuLi, to ketone 3 afforded diastereomeric diols 5 (56%)
and 6 (33%). Diol 5 could be transformed into jolkinolide
D pharmacophore (2)6 by removal of the TBS group and
subsequent oxidation with MnO2 in 43% yield whereas
diol 6 was converted into aldehyde 7 by the same
procedure (24%). The stereochemistry of the ring juncture
in 2 was established by the small coupling constant of
H-12 (ddd, J=1.3, 3.0, 4.0 Hz).7

Reactions of jolkinolide D pharmacophore (2) with amino
acids, nucleosides, and DNA

The reactivities of jolkinolide D pharmacophore (2)
toward amino acids, nucleosides, and DNA have been
investigated in order to obtain preliminary and basic
information on the chemical modification of proteins and
DNA with jolkinolide D (1).

Two amino acids, a typical amino acid alanine and a
sulfur-containing cysteine, were chosen as nucleophiles
toward jolkinolide D pharmacophore (2). The alkylation
conditions for these amino acids are as follows: 0.23 M
jolkinolide D pharmacophore (2) and amino acid in
aqueous THF, pH 7.5, ambient temperature, and 16
hours. The products were separated and purified by
chromatography (ODS), and their structures were estab-
lished by the spectroscopic method (Table 1). The thiol
group in cysteine was alkylated rapidly with 2 in high yield
(64%).8,9 In the case of alanine, which has no nucleophilic
functional group in the amino acid residue, alkylation
occurred only at the amino group to afford the monoalkyl-
ated product 98,10 (53%) and dialkylated product 108,11

(4.3%). These results indicate that the thiol group is the
most reactive toward 2 among the nucleophilic groups
in cysteine and that the amino group is more reactive than
the carboxyl group in alanine at pH 7.5.

Four nucleosides, 2�-deoxyadenosine, 2�-deoxyguanosine,
2�-deoxycytidine, and thymidine were made to react with
an equal amount of jolkinolide D pharmacophore (2)
under the same conditions as those employed for amino
acids except for concentration: 0.12 M for 2�-
deoxyadenosine, 0.021 M for 2�-deoxyguanosine, 0.14 M
for 2�-deoxycytidine, and 0.20 M for thymidine. The
results are listed in Table 2. The sites of alkylation in the
purine and pyrimidine bases of nucleosides were deter-
mined by comparison of the difference UV spectra
between alkylated nucleosides and compound 9 with the
UV spectra of the known ethylated nucleosides in acidic,
neutral, and basic solutions (Table 3).12,13 Only in the case
of 2�-deoxyguanosine, alkylation reaction occurred to
afford 11,8,14 the product alkylated at the N-1 position
of guanine, in 21% yield. When alkylation of thymidine
was executed under basic conditions (pH 8.7), the product
12,8,15 formed by alkylation at the N-3 position of
thymine, was obtained in 22% yield. Both in the reactions,

Table 1. Alkylation of amino acids with jolkinolide D
pharmacophore (2)

Scheme 2. Reagents and conditions : (a) t-BuLi, Et2O, 0°C; (b) Bu4NF, THF, 0°C; (c) MnO2, CHCl3, rt.
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Table 2. Alkylation of nucleosides with jolkinolide D
pharmacophore (2)

In conclusion, we have investigated the reactivities of
jolkinolide D pharmacophore (2) toward amino acids,
nucleosides, and DNA. The order of reactivity of jolki-
nolide D pharmacophore (2) toward the nucleophiles in
amino acids at pH 7.5 is the thiol group in cysteine>the
�-amino groups in amino acids>the carboxyl groups in
amino acids. Jolkinolide D pharmacophore (2) alkyl-
ated 2�-deoxyguanosine at the N-1 position (pH 7.5)
and thymidine at the N-3 position (pH 8.7) and
modified DNA at the same sites in lower yields. It is
worth mentioning that the well-known alkylating agent,
dimethyl sulfate, alkylates guanosine at the N-7
position19 and thymidine at the N-3 position20 under
neutral and aqueous conditions. N-1 alkylation of 2�-
deoxyguanosine was found on treatment with methyl
iodide in dimethyl sulfoxide under basic conditions.21
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