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Abstract

This work presents results of methyl 7-oxoabiet-13(14)-en-18-oate (3) self-

oxidation with air-oxygen in the presence of various bases such as

triethylamine or sodium t-butoxide. While under aerobic conditions, the use of

sodium t-butoxide as a base results in the formation of four isomeric alcohols,

an addition of triethylamine into reaction medium directs the enone 3 oxida-

tion to hydroperoxides. To clarify this base dependence and to obtain more in-

depth information about this reaction additional studies with cyclohexenone

as a reference enone have been undertaken. Their results demonstrated the

predisposition of abietane hydroperoxides to oxidize α,β-unsaturated ketones

to epoxides in the presence of t-butoxide while reducing the hydroperoxide

group to hydroxyl. This ability of hydroperoxides to epoxidize conjugated dou-

ble bonds and confirmed by the present study intermolecular course allowed

proposing a plausible mechanism for this reaction.
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1 | INTRODUCTION

Abietic acid (1, Scheme 1), the main component of resin
acids, is a natural tricyclic acid belonging to diterpenoids
of a characteristic C20 abietane carbon framework.1,2

Scheme 1 shows, among others, numbering of com-
pounds discussed in Section 1. Due to a large number of
conifers growing on all inhabited continents, it is one of
the most abundant organic acids found in nature. Its
unique structural architecture and diversity, as well as
virtually unlimited resources, make it an extremely con-
venient substrate in organic synthesis. The synthetic
value of abietic acid is due to the presence of four
stereogenic centers, particularly useful in enantioselective
synthesis. The presence of a conjugated double bond

system allows gradual molecule degradation while
maintaining stereochemistry at the A and B ring junc-
tion.3 It also creates the opportunity of an electrophilic
attack on these bonds. Regioselectivity of this attack
depends on the reaction conditions and reagents involved
reactivity.4,5 Thus, for example, the oxidation of abietic
acid methyl ester with osmium tetroxide leads to 13β,14β-
diol, whereas with m-chloroperbenzoic acid to the mix-
ture of 13α,14α- and 13β,14β-epoxides.5,6 Both of these
processes occur on the more reactive double bond in the
C ring, leaving the C7-C8 double bond intact. As a result
of different treatments of olefinic bonds in the B and C
rings, many compounds with modified scaffolding,
including those with aromatic rings, can be formed. Aro-
matic abietane diterpenes formed by these transforma-
tions are interesting because they show a wide variety of
remarkable biological activities with proven or potential
pharmacological applications.7-10 Abietic acid has also
been successfully used as a substrate in the synthesis of a
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structurally complex and diverse collection of small mole-
cules, including other terpenes, utilized in a variety of
biological screens.3,11,12 Therefore, the use of abietic acid
in organic synthesis is advantageous despite the ease with
which it undergoes self-oxidation under aerial
exposure.13

Just the possibility of directing the abietic acid
reactions to the desired product, along with its virtu-
ally unlimited availability, caused that in our recent
studies, we have found it as convenient starting mate-
rial for the synthesis of model cis-enones needed for
in-depth dichroic studies.14 While the synthesis leading
to the entire range of relevant cis-enones was simple
and consisted of a few steps at most, we encountered
problems associated with abietane autoxidation. During
attempts to convert β,γ-unsaturated ketone, ie, methyl
7-oxoabiet-13(14)-en-18-oate, into its conjugated coun-
terpart under basic conditions, instead of the expected
8(14)-en-7-one derivative, we obtained a mixture of
self-oxidation products depending on the base applied.
Hence, a reaction performed in THF in the presence
of triethylamine produced diastereomeric 13α- and 13β-
hydroperoxides, whereas reaction carried out in tolu-
ene in the presence of catalytic amounts of sodium t-
butoxide yielded a mixture of 13α-, 13β-, and 8α-
alcohols in percentage 26:11:34, respectively.14

Although the expected migration of the C13-C14 dou-
ble bond to the C8-C14 position indeed occurred,14 it
immediately underwent subsequent oxidation at the
allylic site by air oxygen to epimeric hydroperoxides or
alcohols. Moreover, a reaction carried out in the same
conditions but under argon in a strictly deoxygenated
mixture of THF and triethylamine yielded the same
result, thus proving that air oxidation of the allylic
position in 8(14)-en-7-one derivative must be rapid and
occurs spontaneously at the workup stage.

The observed selectivity of the described above oxida-
tion leading to hydroperoxides or alcohols, depending on

the base applied, may have a preparative potential. How-
ever, in order to fully benefit from this potential, the sus-
ceptibility to oxidation in aerobic conditions of 13(14)-en-
7-one abietane derivative formed during the base-
catalyzed isomerization of methyl 7-oxoabiet-13(14)-en-
18-oate needs to be thoroughly and comprehensively
examined. This necessity results from the fact that aero-
bic self-oxidation of abietanes is indeed a characteristic
feature that has long been known but not wholly recog-
nized due to its complexity and lack of selectivity.15 Its
exact course is also still unknown, and hydroperoxides
and alcohols are not the only products.16,17 Among the
numerous self-oxidation products identified, such as per-
oxides, epoxides, alcohols, and ketones, there are still
some unidentified ones. In this context, the possibility of
running the reaction selectively in the desired direction
seems to be a subject worthy of a detailed examination.
Thus, the primary goal of this work is to understand bet-
ter this reaction course, which could lead to establishing
its mechanism by determining the full structures of prod-
ucts and conditions of their formation.

2 | MATERIALS AND METHODS

All solvents were dried and distilled before use. All reac-
tions were monitored by thin-layer chromatography
using aluminum-backed silica gel plates 60 F254 with a
thickness of 0.2 mm; visualization was accomplished
with UV light at wavelength: 254 nm and a ceric molyb-
denum reagent. Standard flash chromatography proce-
dures were followed using silica gel with particle size
40 to 63 μm. Melting points were recorded in a melting
point stage and are not corrected. Gas chromatographs
were recorded on a Clarus 689 SQ 8T (Perkin-Elmer)
mass spectrometer with medium-polar column HP50+,
30 m long. Mass spectra were obtained at 70 eV on an
Agilent 65040 Q-TOF MS spectrometer equipped with an
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electron impact (EI) ion source and the EBE double
focusing geometry mass analyzer at 70 eV. The instru-
ment was controlled, and recorded data were processed
using MassLynx 4.1 software package. Electrospray ioni-
zation (ESI) experiments were performed on a mass spec-
trometer equipped with an electrospray ion source and q-
TOF–type mass analyzer under normal conditions. PFK
solution was used as a calibrant for HRMS measure-
ments. The instrument was controlled, and recorded data
were processed using the MassLynx V4.1 software pack-
age. 1H NMR spectra were recorded on a Varian
400 MHz, Varian 600 MHz, or a Bruker 500 MHz spec-
trometers and 13C NMR at 125 and 150 MHz using CDCl3
or C6D6 as solvents and TMS as internal standard and are
reported as δ values (ppm) relative to residual CHCl3 sig-
nal δ H (7.26 ppm) and CDCl3 δ C (77.16 ppm),
respectively.

A good-quality single-crystal of alcohol 9 was selected
for the X-ray diffraction experiment at T = 100(2). Dif-
fraction data were collected on the Agilent Technologies
SuperNova Dual Source with the CuKα radiation (λ =
1.54184 Å). The lattice parameters were obtained by a
least squares fit to the optimized setting angles of the
reflections collected by using the CrysAlis CCD soft-
ware.18 Data were reduced using the CrysAlis RED pro-
gram.18 The multiscan empirical absorption correction
using spherical harmonics, implemented in SCALE3
ABSPACK scaling algorithm, was applied.18 The struc-
tural determination procedure was carried out using the
SHELX package.19 The structure was solved with direct
methods, and then successive least squares refinements
were carried out based on full-matrix least squares on F2

using the SHELXL program.19 All H atoms bound to C
atoms were positioned geometrically with the C–H bond
length equal to 0.93, 0.96, 0.97, and 0.98 Å for the aro-
matic, methyl, methylene, and methine hydrogen atoms,
respectively, and constrained to ride on their parent

atoms with Uiso(H) = xUeq(C), where x was 1.5 for methyl
H atoms and 1.2 for the aromatic, methylene, and
methine H atoms respectively. The hydroxyl H atom was
located on a Fourier difference map and refined as riding
with Uiso(H) = 1.5Ueq(O). The figure for this report were
prepared using Olex2 program (see Figure 1).20

2.1 | Synthesis

Syntheses of compounds discussed herein were carried
out according to the literature procedure starting from
isoamylamine salt of commercial abietic acid 1 freshly
purified by crystallization according to the literature pro-
cedure.13 The pure abietic acid thus obtained was
converted into methyl abietate according to a standard
procedure using methyl iodide.

2.2 | Preparation of methyl abietate 2

A mixture of abietic acid 1 (14.36 g, 47.48 mmol), acetone
(250 mL), anhydrous K2CO3 (33.1 g, 0.32 mol), and
methyl iodide (10 mL, 160.63 mmol) was stirred at 40�C
for 24 hours. Then water (200 mL) was added to the mix-
ture and extracted with methylene chloride (2 × 200 mL).
The organic layer was dried over Na2SO4 and evaporated
to dryness. The residue was chromatographed on silica
gel (1% ethyl acetate in hexane) yielding 10.16 g of the
methyl abietate 2 (70.75%) as a colorless oil with spectro-
scopic data consistent with the literature.8,15 1H NMR
(500 MHz, CDCl3): δ 5.77 (s, 1H), 5.37-5.34 (m, 1H), 3.63
(s, 3H), 2.22 (septet, J = 6.8 Hz, 1H), 2.11-2.01 (m, 4H),
1.97-1.92 (m, 1H), 1.90-1.85 (m, 1H), 1.84-1.68 (m, 3H),
1.64-1.53 (m, 3H), 1.25 (, 3H), 1.25-1.10 (m, 2H), 1.01 (d,
J = 6.8 Hz, 3H), 1.00 (d, J = 6.8 Hz, 3H), 0.82 (s, 3H). 13C
NMR (125 MHz, CDCl3): δ 179.0, 145.3, 135.6, 122.4,

FIGURE 1 Molecular diagram of the

methyl 8β-hydroxy-7-oxoabiet-13(14)-en-18-oate
(9) with the atom numbering scheme. The

displacement ellipsoids are drawn at the 50%

probability level. The H atoms are omitted for

clarity

MASNYK ET AL. 3



120.6, 51.8, 51.0, 46.6, 45.1, 38.3, 37.1, 34.9, 34.6, 27.5,
25.7, 22.5, 21.4, 20.8, 18.1, 17.0, 14.0.

2.3 | Preparation of β,γ-unsaturated
ketone 3

A mixture of methyl abietate 2 (2 g; 6.3 mmol), diethyl
ether (450 mL), water (12 mL), potassium bicarbonate
(29.01 g; 0.3 mmol), and iodine (6.36 g; 28 mmol) was
stirred at room temperature in argon atmosphere for
24 hours. Then, an excess of iodine was destroyed by
washing the mixture three times with 10% aqueous
sodium thiosulfate. The organic layer was dried over
Na2SO4 and evaporated to dryness. The residue was
chromatographed on silica gel to yield 1.29 g (60%) of
ketone 3 with melting point and spectroscopic data con-
sistent with the literature.14

3: colorless crystals, mp 86-88�C; 1H NMR (500 MHz,
CDCl3): δ 5.81 (s, 1H), 3.64 (s, 3H), 2.88 (br d, J = 10 Hz,
1H), 2.41 (t, J = 14.2 Hz, 1H), 2.22 (septet, J = 6.8 Hz,
1H), 2.15 (dd, J = 14.2, 3.0 Hz, 1H), 2.08-1.84 (m, 5H),
1.80-1.71 (m, 1H), 1.70-1.59 (m, 3H), 1.37-1.28 (m, 2H),
1.22 (s, 3H), 1.07 (s, 3H), 1.14-1.05 (m, 1H), 1.00 (d, J =
6.8 Hz, 6H). 13C NMR (125 MHz, CDCl3): δ 208.8, 177.8,
144.6, 115.2, 52.9, 52.1, 49.1, 48.8, 47.2, 40.9, 37.3, 36.8,
36.0, 34.8, 26.6, 22.5, 21.6, 21.1, 17.8, 16.0, 13.6.

2.4 | Preparation of hydroperoxides
4 and 5

A solution of enone 3 (500 mg; 1.5 mmol) in THF
(15 mL) and triethylamine (1.5 mL; 10.76 mmol) was
stirred at room temperature for 48 hours. with access to
air. Then solvents were evaporated to dryness. The resi-
due was chromatographed on silica gel to yield
4 (378 mg, 68%) and 5 (65 mg, 11%) with spectroscopic
data of both consistent with the literature.14

4: colorless crystals, mp 123-125�C; 1H NMR
(500 MHz, CDCl3): δ 7.31 (br s, 1H), 6.81-6.79 (m, 1H),
3.66 (s, 3H), 2.42-2.20 (m, 4H), 2.08-2.04 (m, 1H),
1.89-1.81 (m, 2H), 1.79-1.43 (m, 7H), 1.25 (s, 3H),
1.24-1.17 (m, 1H), 0.91 (d, J = 6.9 Hz, 3H), 0.88 (s, 3H),
0.85 (d, J = 6.9 Hz, 3H). 13C MNR (125 MHz, CDCl3): δ
198.9, 178.1, 141.3, 136.8, 83.3, 52.2, 51.5, 46.3, 44.4, 38.7,
38.0, 36.9, 35.5, 32.7, 25.8, 18.7, 17.8, 17.2, 16.4, 16.2, 14.4.

5: colorless oil; 1H NMR (600 MHz, CDCl3): δ 7.98
(br s, 1H), 6.84 (dd, J = 2.3, 1.6 Hz, 1H), 3.66 (s, 3H),
2.39-2.33 (m, 2H), 2.28-2.21 (m, 2H), 1.97 (septet, J = 7.0
Hz, 1H), 1.95-1.87 (m, 2H), 1.83 (qd, J = 13.3, 4.0 Hz,
1H), 1.78-1.64 (m, 4H), 1.64-1.53 (m, 1H), 1.44-1.36 (m,
1H), 1.23 (s, 3H), 1.25-1.17 (m, 1H), 0.96 (d, J = 6.9 Hz,

3H), 0.91 (d, J = 7.1 Hz, 3H), 0.84 (s, 3H). 13C NMR
(150 MHz, CDCl3): δ 199.4, 178.0, 140.6, 139.0, 84.8, 52.2,
50.5, 46.3, 44.5, 38.7, 37.5, 36.8, 35.6, 34.8, 25.8, 21.2, 17.9,
17.7, 16.8, 16.3, 14.3.

2.5 | Preparation of alcohols 6 to 9

A mixture of enone 3 (400 mg, 2.32 mmol), sodium tert-
butoxide (6.0 mg, 0.06 mmol), and anhydrous toluene (20.0
mL) was stirred with access to air at room temperature for
24 hours. Then the mixture was poured into water and
extracted with toluene. An organic layer was dried over
sodium sulfate and evaporated to dryness. The residue was
chromatographed on silica gel (10% ethyl acetate in hex-
ane) to yield alcohols 6 (108 mg, 23%), 7 (43 mg, 9%),
8 (124 mg, 25%), and 9 (26 mg, 6.0%) with spectroscopic
data of 6 to 8 consistent with the literature.14

6: colorless oil; 1H NMR (500 MHz, CDCl3): δ 6.74
(br s, 1H), 3.66 (s, 3H), 2.40-2.24 (m, 3H), 2.10-2.05 (m,
1H), 1.86 (br d, J = 13.0 Hz, 1H), 1.80-1.68 (m, 4H),
1.66-1.60 (m, 2H), 1.60-1.53 (m, 2H), 1.50-1.45 (m, 2H),
1.25 (s, 3H), 1.25-1.18 (m, 1H), 0.96 (d, J = 6.8 Hz, 3H),
0.88 (s, 3H), 0.86 (d, J = 6.9 Hz, 3H). 13C NMR (125 MHz,
CDCl3): δ 199.3, 178.1, 140.1, 138.4, 71.8, 52.1, 51.7, 46.3,
44.4, 38.6, 37.9, 37.8, 36.9, 35.5, 29.5, 18.3, 17.8, 17.3, 16.4,
16.1, 14.4.

7: colorless crystals, mp 129-130�C. 1H NMR
(500 MHz, CDCl3): δ 6.75 (br s, 1H), 3.66 (s, 3H),
2.39-2.31 (m, 2H), 2.28-2.20 (m, 2H), 2.17-2.12 (m, 1H),
1.82-1.55 (m, 7H), 1.48-1.36 (m, 3H), 1.27-1.17 (m, 1H),
1.24 (s, 3H), 0.98 (d, J = 6.8 Hz, 3H), 0.94 (d, J = 6.8 Hz,
3H), 0.86 (s, 3H). 13C NMR (125 MHz, CDCl3): δ 199.5,
178.0, 141.3, 136.8, 72.5, 52.2, 50.7, 46.4, 45.1, 39.0, 37.4,
36.8, 36.2, 35.9, 32.8, 20.5, 17.8, 17.0, 16.7, 16.2, 14.1.

8: colorless crystals, mp 115-118�C. 1H NMR
(500 MHz, CDCl3): δ 5.25 (s, 1H), 3.88 (s, 1H), 3.67 (s,
3H), 2.52 (t, J = 14.1 Hz, 1H), 2.26-2.16 (m, 3H), 2.14-2.04
(m, 3H), 1.94-1.92 (m, 2H), 1.77-1.70 (m, 2H), 1.67-1.56
(m, 4H), 1.22 (s, 3H), 1.11 (s, 3H), 1.01 (d, J = 6.9 Hz,
6H). 13C NMR (125 MHz, CDCl3): δ 212.9, 177.8, 151.3,
118.9, 74.9, 55.1, 52.2, 47.6, 47.1. 39.8, 38.38, 38.35, 36.6,
35.2, 24.1, 21.2, 20.9, 17.5, 17.3, 16.7, 15.1.

9: colorless crystals, mp 80-81�C. 1H NMR (400 MHz,
CDCl3) δ 5.93 (dt, J = 2.1, 1.0 Hz, 1H), 3.66 (d, J = 1.9
Hz, 3H), 3.06 (dd, J = 14.4, 13.2 Hz, 1H), 2.27-1.96 (m,
5H), 1.86-1.70 (m, 6H), 1.69-1.53 (m, 6H), 1.48 (s, 1H),
1.23 (s, 3H), 1.18-1.16 (m, 3H), 1.02 (d, J = 1.7 Hz, 3H),
1.00 (d, J = 1.7 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ
208.2, 178.2, 150.41, 119.1, 74.2, 55.8, 52.3, 50.1, 47.8,
38.6, 38.0, 36.9, 35.0, 27.9, 21.7, 21.3, 17.6, 17.1, 16.2, 15.6.
HRMS (ESI) m/z: [M + Na]+ Calcd for C21H32O4Na
371.2198; Found 371.2201.
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2.6 | Reaction of abietane hydroperoxide
4 with sodium t-butoxide

A mixture of hydroperoxide 4 (34.0 mg, 0.09 mmol) and
sodium t-butoxide (1.2 mg, 0.01 mmol), in anhydrous tol-
uene (1.5 mL), was stirred at room temperature under
argon for 0.5 hours. The mixture was then diluted with
toluene (15 mL) and washed with water (20 mL). The
organic layer was dried over sodium sulfate, and the sol-
vent was removed. The residue was chromatographed on
silica gel (15% ethyl acetate in hexane) to yield epoxide
10 as an oil (29.7 mg, 87%) and alcohol 6 (2.9 mg, 9%)
also in the form of an oil. An analytical sample of the
alcohol 6 was purified by thin-layer chromatography
(a plate 20 × 20 cm coated with a silica gel layer of
0.25 mm, eluent 30% ethyl acetate in hexane). The NMR
spectrum of the pure product obtained was identical to
the 1H NMR spectrum of the previously obtained
alcohol 6.

10: colorless oil; 1H NMR (600 MHz, C6D6): δ 3.80 (d,
J = 1.6 Hz, 1H), 3.21 (s, 3 H) 2.40 (dd, J = 15.9, 14.2 Hz,
1H), 2.36 (br. S, 1H), 2.25 (dd, J = 22.1, 3.32 Hz, 1H), 2.27
(dd, J = 15.9, 3.3 Hz, 1H), 2.22 (dd, J = 14.2, 3.32 Hz,
1H), 1.73 (septet, J = 6.9 Hz, 1 H) 1.61(td, J = 13.1,
4.2 Hz 1H), 1.48-1.48 (m, 1H), 1.35-1.31 (m, 1H),
1.31-1.16 (m, 4 H) 1.12 (dd, J = 11.6, 4.0 Hz, 1H), 1.03 (d,
J = 0.4 Hz, 3H), 0.97-0.93 (m, 1H), 0.94 (d, J = 6.8 Hz,
3H) 0.88-0.82 (m, 1H), 0.86 (s, 3H), 0.79 (d, J = 6.9 Hz,
3H), 0.62 (td, J = 13.4, 4.9 Hz, 1 H). 13C NMR (150 MHz,
C6D6): δ 202.8, 177.0, 69.9, 63.3, 59.8, 51.3, 50.6, 47.1,
46.6, 39.7, 37.3, 37.0, 36.8, 36.6, 30.5, 17.2, 16.6, 16.0, 14.4,
13.7. HRMS: (ESI) m/z: [M + Na]+ Calcd for C21H32O5Na
387.2142; Found 387.2134.

2.7 | Cyclohexenone epoxidation with
hydrogen peroxide

Cyclohexenone (0.55 g, 5.61 mmol) was dissolved in
1,4-dioxane (10 mL), and then NaOH (25.2 mg,
0.63 mmol) was added. The solution was cooled to 0�C,
and 0.6 mL of 30% aqueous H2O2 was slowly added
dropwise. The GC-MS analysis was used to confirm the
identity of the product that turned out to be 2,3-epoxy-
1-cyclohexanone.

2.8 | Cyclohexenone epoxidation with
abietane hydroperoxide 4

Cyclohexenone (14 mg, 0.125 mmol) was dissolved in
0.6-mL 1,4-dioxane. Subsequently, hydroperoxide
4 (45 mg, 0.125 mmol) and sodium t-butoxide (2 mg,

0.02 mmol) were added to the solution. The GC-MS anal-
ysis corroborated the formation of the same 2,3-epoxy-
1-cyclohexanone as in the reaction with hydrogen
peroxide.

3 | RESULTS AND DISCUSSION

3.1 | Synthesis and examination of β,γ-
unsaturated ketone 3 autoxidation with
atmospheric oxygen in the presence of
various bases

The first step of the synthesis leading to target enone
3 was an oxidation reaction of methyl abietate 2, under
an only slightly modified literature procedure (for details
see Section 2).21 As a result of this modification, the yield
of 3 increased to 60% compared with 42% previously
reported in the literature. This enhancement is essential
as compound 3 is our starting material for further
research. It is also worth noting that under the reaction
conditions, the formation of 13β,14β-epoxide, competitive
to unconjugated enone 3, was negligible.

After obtaining our substrate for self-oxidation stud-
ies, ie, β,γ-unsaturated ketone 3, the next step was the
isomerization of 3 to the conjugated enone i using
triethylamine as a base (Scheme 1). Although enone
i was not isolated, we have evidence of specified stereo-
chemistry of i from our earlier work.14 This reaction car-
ried out under the described conditions (in THF in the
presence of triethylamine at room temperature for 24 h)
led to two hydroperoxides 4 and 5 in 68% and 11% yields,
respectively, and was consistent with reported results. To
determine the rate and quantity of oxygen consumed in
the course of this reaction, we measured the amount of
gas absorbed by a vigorously stirred solution of enone
3 (150 mg) in THF (4.5 mL) containing triethylamine (1.5
mL) in an apparatus equipped with a gas burette and
filled with air. Although within the first 2 hours, the oxy-
gen consumption was not observed, however, after
24 hours, the total volume of oxygen absorbed was
20.1 cm3, far beyond the calculated stoichiometric
amount of 15.4 cm3. Even at this stage, the oxygen
absorption did not cease entirely, but slowly continued at
a rate of approximately 0.2 mL/h. Based on the obtained
result, two conclusions can be drawn. Firstly, the autoxi-
dation reaction has most probably an autocatalytic char-
acter. Secondly, the reaction does not stop at the
hydroperoxides 4 and 5 stages but proceeds further to
form other yet unidentified products of further oxidation.
This assumption is confirmed by a TLC analysis, which
shows that the final reaction mixture, although predomi-
nantly consisting of hydroperoxides 4 and 5, also contains

MASNYK ET AL. 5



tars and small amounts of number of various more polar
components.

The question needed to be answered was whether
enone 3 oxidizes to hydroperoxides in direct reaction
with oxygen or whether some form of oxidized tetrahy-
drofuran is involved in the reaction as an oxygen trans-
porter. The answer came from a blank experiment in
which tetrahydrofuran containing triethylamine was
stirred in an apparatus with a gas burette in an air atmo-
sphere. After 48 hours of mixing, the gas volume in the
burette did not decrease, which led to a plausible conclu-
sion that the oxidizing agent in the studied reaction is
atmospheric oxygen alone. We obtained the same result
using toluene instead of THF in a blank experiment.

Then we performed the same isomerization reaction
of enone 3 but using sodium t-butoxide instead of
triethylamine as a base and anhydrous toluene as a sol-
vent. In the beginning, we used 0.1 eq. sodium t-butoxide,
according to the literature procedure.14 Next, we gradu-
ally diminished the amount of added base starting from
0.05 eq. to 0.025 equivalent. In all cases, we received alco-
hols 6 to 9 (Scheme 1) with the same yields of 23%, 9%,
25%, and 6%, respectively, in ascending order. Among the
alcohols 6 to 9 formed in the course of this reaction,
alcohols 6 to 8 proved to be already described in the liter-
ature. The structure of the new, not yet described alcohol
9, including the (R) absolute configuration of the C-8 car-
bon atom, was fully characterized by spectroscopic
methods and single-crystal X-ray diffraction analysis. The
molecular diagram showing the atom numbering scheme
for this compound is shown on Figure 1.

The performed experiments proved the catalytic role
played by sodium t-butoxide in the oxidation process. In

one experiment in which we measured the oxygen con-
sumption during the reaction discussed above, we found
that the situation was very similar to the oxidation in
THF with triethylamine. Like in the previous case, the
oxygen consumption started very slowly, exceeding the
calculated volume of oxygen absorbed for equimolar oxi-
dation after 24 hours.

3.2 | Examination of methyl 8β-hydroxy-
7-oxoabiet-13(14)-en-18-oate autooxidation
in the presence of catalytic amounts of
sodium t-butoxide

In the literature, the air oxidation of enones, including
resin acid derivatives, to form peroxides is known and
well documented.22-25 Since in our case, the only signifi-
cant difference between the peroxides or alcohols forma-
tion was the type of base used in the reaction, we decided
to check whether the hydroperoxide 4 formed in the reac-
tion with triethylamine could be converted to alcohol
6 by sodium t-butoxide. To that end, we carried out the
reaction between abietic hydroperoxide 4 and sodium t-
butoxide under the same conditions as the one using
enone 3, ie, in anhydrous toluene, under argon and in
the presence of a catalytic amount of base. Admittedly,
alcohol 6 (9%) was among the reaction products, but the
main component of the reaction mixture was epoxide 10
(87%) (Scheme 2). Its structure was determined based on
NMR spectra; nevertheless, stereochemical assignments
of C8 and C14 carbon atoms were not possible due to the
epoxide oiliness precluding the use of X-ray diffraction
analysis.

Regardless of the stereochemistry of epoxide 10, its
formation in the above experiment indicates that the
double bond present in the hydroperoxide molecules acts
in the alkaline medium as a reducing agent for hydroper-
oxide groups and epoxides might be intermediates in the
alcohols formation process. The reduction of hydroperox-
ides to alcohols and the oxidation of double bonds to
epoxides can be explained based on the commonly
accepted mechanism of α,β-unsaturated ketones epoxida-
tion.26 Although the formation of epoxide 10 can be
assumed as an intramolecular process, the formation of
alcohol 6 as a by-product indicates that epoxidation is
rather intermolecular. This indication confirms the

SCHEME 2 Reaction of abietic hydroperoxide

4 with t-BuONa

SCHEME 3 Epoxidation of cyclohexenone (11) with
hydroperoxide 4 and with hydrogen peroxide in dioxane
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formation of epoxide 12 in the reaction of cyclohexenone
(11) with hydroperoxide 4, which acts as an oxidizing
agent (Scheme 3). Due to the volatility of both
cyclohexenone (11) and its epoxidation product 12, the
reaction course was monitored by gas chromatography.
Epoxycyclohexanone 12 needed as a reference to track
the reaction progress in gas chromatography was synthe-
sized in separate epoxidation of cyclohexenone with 30%
hydrogen peroxide and a catalytic amount of sodium
hydroxide in a dioxane solution (Scheme 3).

The aforementioned epoxidation reaction of
cyclohexenone with hydroperoxide 4 was carried out in
dioxane at room temperature in the presence of a cata-
lytic amount of sodium t-butoxide. After 1.5 hours, gas
chromatography analysis of the crude reaction mixture
revealed the formation of a significant amount (26%) of
2,3-epoxycyclohexanone 12, and a TLC analysis showed
the formation of alcohol 6. Thus, the demonstrated abil-
ity of the hydroperoxide group in enone 4 to act as an oxi-
dant for α,β-unsaturated ketones with a simultaneous
reduction of the hydroperoxide to hydroxyl derivatives
indicates that we are dealing here with intermolecular
epoxidation.

This proven ability of hydroperoxides to epoxidize
conjugated double bonds in the presence of a catalytic
amount of sodium t-butoxide, ultimately resulting in the
formation of four alcohols 6 to 9, has provided sufficient
information to propose a plausible mechanism of this
reaction, which is presented in Schemes 4 and 5. In the
first reaction stage, under the influence of a base, an
unconjugated enone 3 is converted into a conjugated,
nonisolable enone i. Afterward, under aerial exposure,
the oxidation of the enone i begins, and a mixture of 13α-
and 13β-hydroperoxides, 4 and 5, respectively, is formed.
Thus, at the early stage of the process, the reaction mix-
ture must contain a vulnerable to epoxidation, but a still
unreacted enone i, besides a mixture of its oxidation
products just formed, ie, hydroperoxides 4 and 5. In the
presence of sodium t-butoxide, these components react

with each other to form mixtures of 13β- and 13α-
alcohols 6 and 7, respectively, as well as epoxyketones ii
with 8α,14α- or 8β,14β-oxirane ring (Scheme 4).

We assume that in the epoxy ketone ii, the ability to
form tertiary radicals at C13 carbon in aerobic conditions
may be as significant as is the case of abietane allylic sys-
tems. Thus, the abstraction of a hydrogen atom from ii
will proceed smoothly with the formation of carbon-
centered radical iii (Scheme 5). Once the radical iii is
formed, a chain reaction begins. As is well known, free
radicals located at the α-carbon atom to any three-
membered ring (including epoxides) undergo very fast
rearrangement with the ring opening and a double bond
formation.27 In our case, this rearrangement leads to the
allyl alkoxy radical iv, which subsequently abstracts a
hydrogen atom from epoxide ii to afford two alcohols
8 and 9 together with new alkoxy radical iv. At this point,
the next reaction chain can be initiated.

The natural consequence of the mechanism shown
above is that the sum of the yields of alcohols 6 and
7 should be equal to the sum of the yields of alcohols
8 and 9. In our experiments, the average total yields of
6 and 7 were found as 32%, and the average total yields of
8 and 9 were found as 31%. These results perfectly fit the
presented reaction pattern and support the proposed
mechanism. At this point, a few additional comments
concerning the reaction shown in Scheme 2 must be
given. Reciprocal epoxidation of hydroperoxide molecule
4 in the presence of catalytic amounts of sodium t-
butoxide affords an epoxide 10 accompanied by a small
amount of alcohol 6. The formation of alcohol 6 in such
an epoxidation process might change the ratio of alcohol
6 to alcohol 7 presented in Scheme 1 in favor of alcohol
6. Such a situation, however, does not occur since a total
yield of 6 + 7 and a total yield of 8 + 9 are almost the
same. That means that the reciprocal epoxidation of
hydroperoxide 4 molecules plays only a marginal role, if
any, in the formation of alcohols 6 to 9 in the air oxida-
tion reaction catalyzed by sodium t-butoxide. Moreover,

SCHEME 4 Proposed mechanism

of the formation of alcohols 6 and
7 from enone 3 by oxidation with

atmospheric oxygen in the presence of

catalytic amount of t-BuONa
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assuming that the initial aerobic hydroperoxide forma-
tion in the presence of sodium t-butoxide takes the same
course as in the reaction in the presence of triethylamine
and where the axial β-hydroperoxide 4 is the dominant
product, we can state with high probability that the epox-
ide ring in epoxyalcohol 10 is oriented towards α-face of
the molecule (Figure 2).

As shown in Scheme 1, alcohol 8 with an equatorial
hydroxy group, apart from alcohol 6, is the main compo-
nent of the t-butoxide catalyzed oxidation products.
According to the mechanism presented in Scheme 5,
alcohols with hydroxyl groups located at carbon atom C-
8 originate from an epoxide ring opening initiated by a
radical formed at C-13. Thus, since α-alcohol 8 can be
formed only from α-epoxide ii, we conclude that an
hydroperoxide attack on 8(14)-en-7-on system in the
abietane skeleton is privileged from the α-side of the
molecule.

4 | CONCLUSION

In this work, we presented the dependence of the direc-
tion of the self-oxidation reaction of methyl 7-oxoabiet-
13(14)-ene-18-oate (3) on the base used, resulting finally
in various products. As stated, the oxidation of enone 3 to
hydroperoxides 4 and 5 occurred under aerobic condi-
tions in the presence of triethylamine. The use of sodium
t-butoxide as a base, in turn, leads to four easily separable
tertiary alcohols 6 to 9. The alcohols thus formed are not
primary oxidation products but originate from more

complex processes that involve the epoxidation of conju-
gated double bonds by hydroperoxides and the
rearrangement of radical epoxides.

Considering the steady interest in abietane derivatives
resulting from their potential pharmacological properties
along with the low price and virtually unlimited abietic
acid resources, the possibility of directing the air oxida-
tion reaction of abietane enones on demand towards
hydroperoxides or tertiary alcohols through the use of an
appropriate base makes the reaction discussed in this
work a valuable tool in medical chemistry.

ORCID
Jadwiga Frelek https://orcid.org/0000-0002-3053-4228

REFERENCES
1. Keeling CI, Bohlmann J. Diterpene resin acids in conifers. Phy-

tochemistry. 2006;67(22):2415-2423.
2. Berger S, Sicker D. Abietic acid. In: Classics in spectroscopy, iso-

lation and structure elucidation of natural products. Weinheim:
Wiley; 2009:459-478.

3. Rafferty RJ, Hicklin RW, Maloof KA, Hergenrother PJ. Synthe-
sis of complex and diverse compounds through ring distortion
of abietic acid. Angew Chem Int Ed. 2014;53(1):220-224.

4. Abad A, Arno M, Domingo LR, Zaragoza RJ. Synthesis of (+)-
podocarp-8(14)-en-13-one and methyl-(+)-13-oxo-podocarp-8(14)-
en-18-oate from abietic acid. Tetrahedron. 1985;41:4937-4940.

5. Valverde S, Lopez JC, Rabanal RM, Escudero J. Reactions of
abietic acid methyl ester with m-chloroperbenzoic acid. Tetra-
hedron. 1986;42:573-582.

6. Jawiczuk M, Górecki M, Masnyk M, Frelek J. Complementar-
ity of electronic and vibrational circular dichroism based on
stereochemical studies of vic-diols. TrAC Trends Anal Chem.
2015;73:119-128.

7. González MA. Aromatic abietane diterpenoids: their biological
activity and synthesis. Nat Prod Rep. 2015;32(5):684-704.

8. Marcos IS, Beneitez A, Moro RF, Basabe P, Díez D, Urones JG.
Lateral lithiation in terpenes: synthesis of (+)-ferruginol and
(+)-sugiol. Tetrahedron. 2010;66:7773-7780.

9. Akita H, Oishi T. Aromatic substitution in dehydroabietane
derivatives: Syntheses of the phenolic dehydroabietane series.
Chem Pharm Bull. 1981;29:1567-1579.

SCHEME 5 Proposed mechanism of the

formation of alcohols 8 and 9 from epoxyketone

ii by oxidation with atmospheric oxygen in the

presence of catalytic amont of t-BuONa. In the

above scheme, the word “radicals” has been

added to the description of compound iii

F IGURE 2 Structure of methyl 8α,14α-epoxy-7-oxoabiet-13β-
hydroxy-18-oate (10)

8 MASNYK ET AL.

https://orcid.org/0000-0002-3053-4228
https://orcid.org/0000-0002-3053-4228


10. Fieser LF, Campbell WP. Concerning dehydroabietic acid and
the structure of pine resin acids. J Am Chem Soc. 1938;60:
159-170.

11. Alvarez-Manzaneda E, Chahboun R, Bentaleb F, et al.
Regioselective routes towards 14-hydroxyabietane diterpenes.
A formal synthesis of immunosuppressant (−)-triptolide from
(+)-abietic acid. Tetrahedron. 2007;63:11204-11212.

12. Santos CD, Zukerman-Schpector J, Imamura PM. Chemical
transformation of abietic acid to new chiral derivatives. J Braz
Chem Soc. 2003;14:998-1004.

13. Prinz S, Müllner U, Heilmann J, et al. Oxidation products of
abietic acid and its methyl ester. J Nat Prod. 2002;65(11):1530-
1534.

14. Masnyk M, Butkiewicz A, Górecki M, et al. In depth analysis of
chiroptical properties of enones derived from abietic acid. J Org
Chem. 2018;83(7):3547-3561.

15. Ren F, Zheng Y-F, Liu X-M, Yang Q-Q, Zhang Q, Shen F. Ther-
mal oxidation reaction process and oxidation kinetics of abietic
acid. RSC Adv. 2015;5:17123-17130.

16. Gafvert E, Shao LP, Karlberg A-T, Nilsson U, Nilsson JLG.
Contact allergy to resin acid hydroperoxides. Hapten binding
via free radicals and epoxides. Chem Res Toxicol. 1994;7:
260-266.

17. Ren F, Zheng Y-F, Liu X-M, et al. An investigation of the oxi-
dation mechanism of abietic acid using two-dimensional infra-
red correlation spectroscopy. J Mol Struct. 2015;1084:236-243.

18. in CrysAlis CCD and CrysAlis RED, Vol. Oxford Diffraction
Ltd: Yarnton, 2008.

19. Sheldrick GM. A short history of SHELX. Acta Crystallogr Sect
A. 2008;64:112-122.

20. Dolomanov OV, Bourhis LJ, Gildea RJ, Howard JAK,
Puschmann H. OLEX2: a complete structure solution, refine-
ment and analysis program. J Appl Cryst. 2009;42:339-341.

21. Presser A, Haslinger E, Weis R, Hüfner A. Synthetic transfor-
mations of abietic acid IV [1]. B- and C-ring oxidation. Monatsh
Chem. 1998;129:921-930.

22. Moore RN, Lawrence RV. Air oxidation of resin acids. I. Photo-
sensitized oxidation of levopimaric acid. J Am Chem Soc. 1958;
80:1438-1440.

23. Schuller WH, Moore RN, Lawrence RV. Air oxidation of resin
acids. II. The structure of palustric acid and its photosensitized
oxidation. J Am Chem Soc. 1960;82:1734-1738.

24. Cubbon RCP, Hewlett C. Organic peroxides containing func-
tional groups. Part I. The preparation and properties of some α-
oxo-hydroperoxides. J Chem Soc C. 1968;2978-2982.

25. Chung A, Miner MR, Richert KJ, Rieder CJ, Woerpel KA. For-
mation of an endoperoxide upon chromium-catalyzed allylic
oxidation of a triterpene by oxygen. J Org Chem. 2015;80(1):
266-273.

26. House HO, Ro RS. The stereochemistry of base-catalyzed epox-
idation. J Am Chem Soc. 1958;80:2428-2433.

27. Rappoport Z. The Chemistry of Dienes and Polyenes. 1 Chiches-
ter New York Weinheim Brisbane Singapure Toronto: John
Wiley & Sons, Ltd.; 1997:913-920.

How to cite this article: Masnyk M, Ku�smirek D,
Trzybi�nski D, Frelek J. Research into the oxidation
of abietic acid–derived enone with atmospheric
oxygen. Chirality. 2020;1–9. https://doi.org/10.
1002/chir.23176

MASNYK ET AL. 9

https://doi.org/10.1002/chir.23176
https://doi.org/10.1002/chir.23176

	Research into the oxidation of abietic acid-derived enone with atmospheric oxygen
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Synthesis
	2.2  Preparation of methyl abietate 2
	2.3  Preparation of β,γ-unsaturated ketone 3
	2.4  Preparation of hydroperoxides 4 and 5
	2.5  Preparation of alcohols 6 to 9
	2.6  Reaction of abietane hydroperoxide 4 with sodium t-butoxide
	2.7  Cyclohexenone epoxidation with hydrogen peroxide
	2.8  Cyclohexenone epoxidation with abietane hydroperoxide 4

	3  RESULTS AND DISCUSSION
	3.1  Synthesis and examination of β,γ-unsaturated ketone 3 autoxidation with atmospheric oxygen in the presence of various ...
	3.2  Examination of methyl 8β-hydroxy-7-oxoabiet-13(14)-en-18-oate autooxidation in the presence of catalytic amounts of so...

	4  CONCLUSION
	REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


