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Abstract: The first hemisynthesis of 15-hydroperoxyabietic acid, a
major contact allergen among the oxidation products of colophony,
is reported. The key step includes a new approach to easily obtain a
dienyl tertiary hydroperoxide from a cyclic �,�-unsaturated ketone.
The procedure is based on the formation of a bromodiene using a
Vilsmeier’s reagent, followed by a halogen/metal exchange and
alkylation with acetone, to afford the dienyl alcohol precursor of the
hydroperoxide.
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Colophony (rosin) is a widespread natural product ob-
tained from different species of coniferous trees either
from oleoresins, tapped from living trees, or by distillation
of tall oil, a by-product of the paper pulp industry. Due to
its tackifying, emulsifying, and insulating properties, it is
widely used in the production of many products (i. e. ad-
hesives, paints, cosmetics).1,2 Today, allergic contact der-
matitis (ACD) to colophony is one of the 10 most
commonly encountered allergic reactions.3 Colophony
has a complex chemical composition consisting mainly of
resin acids of which abietic acid 1 and dehydroabietic acid
2 (Figure 1) are the major components. It has been dem-
onstrated that 1 and 2 are not allergenic4,5 and that the al-
lergenic activity of colophony is caused by air oxidation
products of the resin acids.6 The dienyl hydroperoxide 15-
hydroperoxyabietic acid 3 (15-HPA; Figure 1) has been
identified as a major contact allergen.7

Contact allergens are low molecular weight compounds
(haptens) that bind covalently to endogenous proteins in
the skin before they can be recognized as antigens and
thereby elicit the immune reaction characteristic of ACD.8

It is accepted that the main hapten-protein interaction
mechanism is the formation of a covalent bond between
the hapten and nucleophilic residues of proteins through a
nucleophile/electrophile reaction.9 However, the interac-
tion mechanism of allergenic allylic hydroperoxides de-
rived from the autoxidation of terpenes with skin proteins
does not fit this model and is still unknown. Mechanisms
involving radicals have been suggested in the discussion
of hapten-protein binding, and our previous studies indi-

cate that radical reactions could be important in the case
of haptens containing hydroperoxide groups.10

In order to study the mechanisms leading to the formation
of radicals from 15-HPA, and their subsequent reaction
with skin proteins, relatively large quantities of the hydro-
peroxide are needed. The isolation of 15-HPA from sam-
ples of air oxidized colophony has been reported in a
process that is very time consuming and expensive.7 We
therefore decided to pursue a stepwise synthetic route to
access workable amounts of 15-HPA 3. This letter reports
a new synthetic method for the conversion of an �,�-un-
saturated ketone into a tertiary dienyl hydroperoxide that
has been successfully applied to the first hemisynthesis of
15-HPA from abietic acid.

A major problem for the synthesis of 15-HPA is the easy
aromatization of cycle C leading to the formation of dehy-
droabietic derivatives. For many years, and despite sever-
al attempts, this has been a major pitfall to the access to
15-HPA.11 We have successfully synthesized 15-HPA 3
from the known �,�-unsaturated ketone 4, a versatile start-
ing material for the synthesis of diterpenes, avoiding
isomerization of the conjugated system as well as aroma-
tization. Our synthetic approach is outlined in Scheme 1.

In order to build the tertiary dienyl alcohol 6, precursor of
the hydroperoxide 3, the �,�-unsaturated ketone 4 was
converted into bromodiene 5 using a Vilsmeier’s reagent.

Figure 1 Structures of abietic acid 1, dehydroabietic acid 2 and 15-
hydroperoxyabietic acid 3
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It has been reported in the literature that treatment of 3-
oxo-4-ene steroids with a Vilsmeier’s reagent, typically
produced by reaction between N,N-dimethylformamide
and phosphorous oxychloride (DMF–POCl3), affords a
mixture of products of which 3-chloro-3,5-dienes are the
major components.12 Recently, Yu and Baine reported the
use of a Vilsmeier’s reagent, formed from oxalyl bromide
and DMF, for the production of a bromodiene in rings A
and B of a ketosteroidal acid.13 Based on these results, the
same experimental conditions were applied for the con-
version of ketone 4 to bromodiene 5. Treatment of 4 with
4 equivalents of DMF–(COBr)2 in dichloromethane gave,
after 5 hours stirring at room temperature, the diene 5 in
74% yield.14 Alcohol 6 was then synthesized (70% yield)
by alkylation, with an excess of anhydrous acetone, of the
alkenyllithium derivative obtained from 5 by a halogen/
metal exchange with tert-butyllithium in diethyl ether.15

Finally, one of the most classical methods for the prepara-
tion of tertiary allylic hydroperoxides is the quenching
with hydrogen peroxide of a carbocation generated from a
hydroxyl function under acidic conditions.16 Alcohol 6
was thus treated with a solution of H2O2 (35% in water)
under acidic conditions (H2SO4) at 0 °C to give 3 in 63%
yield.17,18

�,�-Unsaturated ketone 4 was obtained (Scheme 2) from
commercially available abietic acid 1 (technical grade 70–
80%) which was initially purified by way of its ethanola-
mine salt followed by treatment with glacial acetic acid
and recrystallization.19

Pure abietic acid was converted into the diene compound
7 following the procedure described by Arno and cowork-
ers.20 In their developed methodology to synthesize diter-
pene derivatives from abietic acid, the exocyclic carbon-
carbon double bond of 7 was cleaved by partial ozono-
lyzis to give a �,�-unsaturated ketone. It was then neces-
sary to carefully monitor the ozone flow in order to avoid
the cleavage of both tetrasubstituted double bonds in com-

pound 7. We did find a useful alternative for the obtention
of a �,�-unsaturated ketone from 7, based in a selective
epoxidation of the exocyclic double bond, followed by an
oxidative cleavage of the epoxide. Indeed, treatment of
compound 7 with a stoechiometric amount of MCPBA in
anhydrous dichloromethane at 0 °C led to the formation of
epoxide 8 with a good yield (90%). Further cleavage of
the epoxide with periodic acid in tetrahydrofuran at low
temperature gave the desired �,�-unsaturated ketone (87%
yield), which was easily isomerized with HCl in metha-
nol, and converted into an �,�-unsaturated ketone (96%
yield).

We considered convenient, at this stage of the synthesis,
to cleave the methyl ester in order to obtain the free car-
boxylic acid function of compound 4. A number of mild,
neutral methods of ester cleavage, such as LiOH, NaCN/
HMPA, NaCN/DMF, LiI/pyridine, LiI/lutidine LiI/DMF,
Ba(OH)2/MeOH, KOH/MeOH–H2O, were devised and
used without success.21 However, the use of potassium
tert-butoxide (4 equivalents) in dimethyl sulfoxide al-
lowed the ketone 4 to be obtained in 80% yield. These re-
action conditions have been used considerably with di-
and tri-terpenes, in particular, with methyl esters of diter-
penoids with the dehydroabietic skeleton.22

This first reported synthesis of 15-HPA 3 will enable fur-
ther fundamental studies, necessary for the understanding
of its allergenic activity. Studies concerning the formation
and the identification of reactive radicals derived from 15-
HPA, as well as their reactivity, will now be undertaken,
using a combination of chemical-trapping experiments
and electron paramagnetic resonance studies (EPR), that
have been already developed in the course of our investi-
gations on allylic hydroperoxides as potential sources for
radical intermediates.10c,d Understanding of  mechanisms
leading to the formation of these radicals and their subse-
quent reaction with proteins will open new insights in our
understanding of antigen formation.

a) (COBr)2, DMF, CH2Cl2, –78 °C to r.t., 5 h, 74%; b) t-BuLi, Et2O,
anhyd acetone, –78 °C to r.t., 2 h, 70%; c) H2O2/H2O (35%), H2SO4,
0 °C, 10 h, 63%.
Scheme 1 Synthesis of 15-hydroperoxyabietic acid 3 from ketone 4
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Scheme 2 Synthesis of ketone 4 from commercial abietic acid
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