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REACTION  OF  (+)-USNINIC  ACID  AND  SEVERAL
OF  ITS  DERIVATIVES  WITH  DIAZOMETHANE

D. N. Sokolov,* O. A. Luzina, D. V. Korchagina,                                                                                   UDC 547.992
M. P. Polovinka, and N. F. Salakhutdinov

New derivatives of (+)-usninic acid including products of ring expansion, methylation of enol and phenol
hydroxyls, and formation of an oxirane ring in addition to products with pyran and furan rings annelated to
ring A of (+)-usninic acid were prepared by reaction of (+)-usninic acid and its pyrazole derivatives with
diazomethane.
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Usninic acid is a unique and available domestic plant metabolite that exhibits many types of biological activity [1].
Optically active usninic acid with optical rotations of opposite signs and high optical purities is isolated from various lichen
species in adequate quantities.  However, its difficultly predicted and highly varied reactivity prevents its broad use in synthetic
practice.  The resorcinol system of ring A in both usninic acid and its derivatives is very labile under basic conditions and
complicates the reactions.  Therefore, the phenol and hydroxyl groups must be protected under such conditions to impart
stability.  One of the available methods is methylation of the phenol hydroxyls with diazomethane, a common reagent for
preparing methylated alcohols, phenols, and carboxylic acids.  All hydroxyls of usninic acid are known to be involved in the
formation of intramolecular H-bonds [2].  This limits significantly the ability to methylate them with diazomethane [3].  In
fact, the preparation of methylated (+)-usninic acid (1) via its reaction with diazomethane at 4°C was reported [4].  However,
only compound 2, which contained a furan ring annelated to ring C, was isolated in small yield (14%) from the multi-component
product mixture (Scheme 1).

We investigated the reaction of (+)-usninic acid (1) with diazomethane at lower temperature and studied the reactions
of several of its derivatives with diazomethane under various conditions.

Treatment of 1 with an ether solution of diazomethane for 5 h at –35°C (Scheme 1) gave a violent reaction and formed
a complicated product mixture from which 2 and 3 were isolated in 8 and 7% yields.  One of the products was already known
2.  The other formed as a result of methylation of the enol hydroxyl and expansion of ring C (3).

Products of methylation of the phenol hydroxyls were not isolated before [4] or by us.  Reactions with catalysts used
for methylation of hydroxyl-containing compounds by diazomethane [5] produced either starting 1 [BF3·Et2O, Pd(OAc)2] or
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did not affect the course of the reaction [Co(BF4)2·6H2O].  Thus, neither lowering the temperature nor using catalysts could
produce derivatives methylated at the phenol hydroxyls.  The reaction occurred non-selectively with transformation of ring C
of usninic acid.

Reaction with diazomethane at room temperature of (+)-usninic acid derivative 4 led to methylation of phenol hydroxyl
C9–OH and expansion of ring C to form an oxirane ring from the carbonyl (C1=O).  Compound 5 was formed as the main
product and existed according to NMR spectra as a single stereoisomer.  It was isolated in 55% yield after chromatography
(Scheme 2).

The formation of homologs and/or oxiranes from carbonyl compounds by the action of diazomethane is known to
depend on the substrate structure and the conditions.  These reactions can be suppressed or initiated by varying the solvent or
using different reagents [6, 7].  In particular, adding methanol to the reaction mixture affects the reaction of diazomethane with
carbonyl compounds.

The reaction of 4 with diazomethane in the presence of MeOH formed compounds 6 and 7 as the main products
(isolated as a 3:2 mixture according to the PMR spectrum) in overall yield of about 50% (Scheme 2).  Besides methylation of
the C9–OH phenol hydroxyl, expansion of ring C, and formation of an oxirane from the carbonyl (C1=O), the acetophenone
fragment of 4 reacted with diazomethane to form annelated pyran and furan rings in 6 and 7, respectively.  We also isolated 6
and 7 as single stereoisomers.

The formation of the pyran and furan rings in 6 and 7 could be explained by assuming the following series of
transformations (Scheme 3).  A CH2 group is incorporated initially between the carbonyl (C13=O) and aromatic ring A.  Then,
the carbonyl (C13=O) reacts with diazomethane to form an oxirane ring [8] that is opened as the result of attack by an internal
nucleophile, the hydroxyl O atom, with subsequent heterocyclization and formation of 6 (pathway A) and 7 (pathway B).

Scheme 2
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Reduction of the carbonyl (C1=O) in ring C of 4 by NaBH4 in THF produced 8 in 96% yield (Scheme 4).  The
configuration of the C-1 center in 8 was proposed based on literature data for the reaction mechanism of carbonyl compounds
with NaBH4 [9].  Diazomethane reacted with 8 to form monomethylated 9 (Scheme 4).  As assumed, transformations of
substrate ring C did not occur in this instance.  The methylation occurred selectively with formation of the 9-O-methylated
derivative.  However, transformations involving the carbonyl (C13=O) also were not observed.  Compound 9 was the main
reaction product in both CHCl3 and MeOH in yields of 80 and 69%, respectively.

Thus, we investigated the reaction of 1 and several of its derivatives with diazomethane.  Compound 1 reacted
violently with diazomethane even at low temperature to form a complicated product mixture.  One of the reaction pathways
was expansion of ring C.  Carrying out the reaction with diazomethane and a modified phenylhydrazine derivative of 1
(compound 4) resulted in expansion of ring C, formation of an oxirane ring involving the C1=O carbonyl, and methylation of
the C9–OH phenol hydroxyl.  Adding MeOH to the reaction mixture enhanced the reaction of the C13=O carbonyl with
diazomethane and formed 6 and 7.  Reaction of the pyrazole derivative (compound 8) reduced at the C1=O carbonyl with
diazomethane gave selectively the methylation product of the C9–OH phenol hydroxyl (9) in good yield.

EXPERIMENTAL

PMR and 13C NMR spectra were recorded in CDCl3 on Bruker AV-400 (operating frequency 400.13 MHz for 1H and
100.61 MHz for 13C) and DRX-500 (operating frequency 500.13 MHz for 1H and 125.76 MHz for 13C) spectrometers.  The
internal standards were the signals of residual CHCl3 (�H 7.24 ppm) and the solvent (�C 76.90 ppm).  The structures of the
compounds were elucidated by NMR methods based on analyses of PMR spectra using 1H–1H double resonance and two-
dimensional (2D) homonuclear 1H–1H correlation spectra (1H–1H COSY) in addition to analyses of 13C NMR spectra using
2D heteronuclear 13C–1H correlation spectroscopy COSY (1JC,H = 160 Hz) and COLOC (2,3JC,H = 10 Hz).  The single
resonance spectra were recorded in order to determine the direct 1JC,H SSCC.  Multiplicities of resonances in 13C NMR
spectra were determined  from  spectra  recorded  in  J-modulation  mode  (JMOD).   Mass spectra (ionizing-electron energy
70 eV) were measured in a DFS Thermo Scientific high-resolution mass spectrometer.  Melting points were determined on a
Kofler stage.

(+)-Usninic acid (1) {[�]D +478° (c 0.1, CHCl3)} was isolated from a mixture of Usnea lichen species by the literature
method [10].  Compound 2 was synthesized by the literature method [11]; N-methyl-N-nitrosourea and diazomethane, as
before [12].  We used commercially available NaBH4 and Merck silica gel (60–200 �m) for column chromatography.

The numbering of atoms in the compounds is given for assigning resonances in NMR spectra and does not always
agree with the atomic numbering in the nomenclature.

Reaction of 1 with Diazomethane.  A solution of 1 (344 mg, 1 mmol) in CHCl3 (5 mL) was placed into a thermostat
at –35°C.  A solution of diazomethane prepared from N-methyl-N-nitrosourea (2 g) was added carefully with stirring.  The
mixture was left at this temperature until 1 was fully converted (about 4–5 h, TLC monitoring) and treated with acetic acid
(10%) in Et2O until the evolution of gas bubbles ceased.  The solvent was removed.  The products were chromatographed over
a column of silica gel (60–200 �m) with elution by CHCl3.

(S)-1,1�-(1,3-Dihydroxy-7-methoxy-2,10a-dimethyl-10-oxo-10,10a-dihydro-9H-cyclohepta[b]benzofuran-4,8-
diyl)diethanone (3).  Yield 26 mg (7%), mp 77–79°C.

PMR spectrum (CDCl3, �, ppm, J/Hz): 1.58 (3H, s, H-15), 2.05 (3H, s, H-10), 2.47 (3H, s, H-12), 2.66 (3H, s, H-14),
2.81 (1H, dd, 2J = 13.0, J1a�,4 = 0.8, H-1a�), 3.93 (3H, s, OCH3-16), 4.20 (1H, d, 2J = 13.0, H-1a�), 6.62 (1H, d, J4,1a� = 0.8,
H-4), 9.55 (1H, s, OH-9), 13.32 (1H, s ,OH-7).

13C NMR spectrum (CDCl3, �, ppm):  7.28 (q, C-10),  25.38 (q, C-15),  31.18 (q, C-14),  32.09 (q, C-12),  41.07 (t,
C-1a), 57.89 (q, C-16), 61.33 (s, C-9b), 97.82 (d, C-4), 101.10 (s, C-6), 103.84 (s, C-9a), 108.26 (s, C-2), 108.87 (s, C-8),
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154.46 (s, C-5a), 157.58 (s, C-9), 162.32 (s, C-3), 163.60 (s, C-7), 169.14 (s, C-4a), 195.38 (s, C-11), 200.52 (s, C-13), 217.21
(s, C-1).

Found: m/z 372.1197 [M]+, C20H20O7; calcd: M = 372.1204.
A comparison of PMR spectra of starting 1 and 3 that was prepared from it showed that the spectrum of the latter

lacked  a  resonance for the OH at ~18 ppm and exhibited a resonance for a MeO group at 3.93 ppm.  This indicated that the
C-3 OH group was methylated.  The similarity of the chemical shifts of the resonances for ring A atoms of 1 and 3 and the
appearance of resonances for CH2 in the PMR and 13C NMR spectra of 3 were consistent with an unchanged aromatic ring and
expansion of ring C in 3.  Correlation couplings obtained from 2D spectra confirmed the proposed structure.

Reaction of 4 with NaBH4.  A solution of 4 (416 mg, 1 mmol) in THF (20 mL) was cooled to –20°C, treated with a
suspension of NaBH4 (50 mg) in THF (5 mL), and stirred at this temperature for 2 h.  The reaction mixture was treated with
dilute HCl until the pH was ~5, brought to room temperature, treated with CH2Cl2 (30 mL), washed twice with H2O, and dried
over calcined MgSO4.   The  solvent  was  removed.   The  products  were chromatographed over a column of silica gel (60–
200 �m) with elution by CHCl3.

1-((4S,4aR)-4,5,7-Trihydroxy-3,4a,6-trimethyl-1-phenyl-4,4a-dihydro-1H-benzofuro[3,2-f]indazol-8-
yl)ethanone (8).  Yield 401 mg (96%), mp 155°C, [�]D +152° (c 0.1, CHCl3).  IR spectrum (KBr, �, cm–1): 1068, 1288, 1369,
1441, 1627, 3188, 3392.

PMR spectrum (CDCl3, �, ppm, J/Hz): 1.35 (3H, s, H-15), 2.03 (3H, s, H-10), 2.32 (3H, s, H-12), 2.61 (3H, s, H-14),
5.26 (1H, br.s, OH-1), 5.33 (1H, d, J = 6, H-1), 5.87 (1H, s, H-4), 7.31–7.42 (5H, m, H-arom), 9.25 (1H, s, 9-OH), 13.31 (1H,
s, 7-OH).

13C NMR spectrum (CDCl3, �, ppm):  6.97 (C-10), 12.25 (C-12), 15.93 (C-15), 30.79 (C-14), 50.90 (C-9b), 74.30
(C-1), 88.99 (C-4), 101.03 (C-6), 106.56 (C-9a), 107.66 (C-8), 111.35 (C-2), 123.23 (C-17), 127.39 (C-19), 129.01 (C-18),
137.75 (C-16), 138.10 (C-3), 146.22 (C-11), 156.84 (C-9), 157.26 (C-5a), 162.58 (C-7), 167.26 (C-4a), 200.58 (C-13).

Found: m/z 418.1521 [M]+, C24H22O5N2; calcd: M = 418.1523.
Reaction of 4 and 8 with Diazomethane (General Method).  A solution of 4 (416 mg, 1 mmol) (418 mg, 1 mmol of

8) in CHCl3 (5 mL) was treated carefully with stirring with a solution of diazomethane prepared from N-methyl-N-nitrosourea
(2 g) and left at room temperature until evolution of gas bubbles ceased completely.  The solvent was removed.  The products
were chromatographed over a column of silica gel (60–200 �m) with elution by CHCl3 to afford 5 (9).  Analogously from 4
using a CHCl3:MeOH mixture (1:1) as the solvent, 6 and 7 were obtained in overall yield 249 mg (50%).

1 - ( ( 5 a S ) - 8 - H y d r o x y - 6 - m e t h o x y - 3 , 5 a , 7 - t r i m e t h y l - 1 - p h e n y l - 4 , 5 a - d i h y d r o - 1H -
spiro[benzofuro[3�,2�:5,6]cyclopenta[1,2-c]pyrazol-5,2�-oxiran]-9-yl)ethanone (5).  Yield 252 mg (55%), mp 112–114°C,
[�]D +69° (c 0.3, CHCl3).

PMR spectrum  (CDCl3, �, ppm, J/Hz):  1.73 (3H, s, H-15), 2.11 (3H, s, H-10), 2.14 (1H, dd, 2J = 4.7, J21,1a� = 2.0,
H-21),  2.24 (3H, s, H-12),  2.39  (1H, d, 2J = 17.0, H-1a�),  2.44  (1H, d, 2J = 4.7, H�-21),  2.61 (3H, s, H-14), 3.66 (1H, dd,
2J = 17.0, J1a�,21 = 2.0, H-1a�), 3.93 (3H, s, OCH3-20), 6.10 (1H, s, H-4), 7.34–7.38 (1H, m, H-19), 7.42–7.50 (4H, m, H-17,
H-18), 13.30 (1H, s, 7-OH).

13C NMR  spectrum  (CDCl3, �, ppm):  9.66 (q, C-10),  11.57 (q, C-12),  17.95 (q, C-15),  30.17 (t, C-1a), 31.44 (q,
C-14), 50.84 (t, C-21), 52.07 (s, C-9b), 58.15 (s, C-1), 61.63 (q, C-20), 9.195 (d, C-4), 102.86 (s, C-6), 111.30 (s, C-9a), 111.35
(s, C-3), 112.75 (s, C-8), 125.19 (d, 2C-17), 127.43 (d, C-19), 129.06 (d, 2C-18), 133.33 (s, C-2), 139.37 (s, C-16), 147.90 (s,
C-11), 156.49 (s, C-5a), 163.13 (s, C-9), 163.61 (s, C-7), 163.78 (s, C-4a), 201.62 (s, C-13).

Found: m/z 458.1835 [M]+, C27H26O5N2; calcd: M = 458.1836.
A comparison of PMR spectra of starting 4 and 5 that was prepared from it showed that the spectrum of the latter

lacked a resonance for the OH at ~11 ppm and exhibited a resonance for  a MeO group  at 3.93 ppm.   This indicated that the
C-9 hydroxyl group was methylated.  The resonance of the C1=O carbonyl disappeared in the 13C NMR spectrum of 5 and two
resonances for methylenes at 30.17 and 50.84 ppm and one resonance for a quaternary C atom at 58.15 appeared.  The
chemical shifts of the resonances for the last two C atoms and the direct 13C–1H SSCC of the CH2 fragment at 50.84 ppm
(1JC,H = 174.7) that was obtained from the single resonance spectrum were consistent with these C atoms being in an epoxide
ring.  The SSCC between one of the protons in the CH2 group of the epoxide ring at 2.14 ppm and one of the CH2 protons at
3.66 ppm (JH,H = 2.0) that was observed in the PMR spectra could be explained by a through-space W-interaction, from which
it follows that the oxirane ring and the CH2 group were located in neighboring positions.

1-((4S,4aR)-4,7-Dihydroxy-5-methoxy-3,4a,6-trimethyl-1-phenyl-4,4a-dihydro-1H-benzofuro[3,2-f]indazol-8-
yl)ethanone (9).  Yield 345 mg (80%), mp 78°C, [�]D +218° (c 0.3, CHCl3).
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PMR spectrum (CDCl3, �, ppm): 1.48 (3H, s, H-15), 2.13 (3H, s, H-10), 2.44 (3H, s, H-12), 2.67 (3H, s, H-14), 3.94
(3H, s, H-20), 3.97 (1H, s, 1-OH), 5.40 (1H, s, H-1), 5.96 (1H, s, H-4), 7.30–7.51 (5H, m, H-arom), 13.26 (1H, s, 7-OH).

13C NMR spectrum (CDCl3, �, ppm):  8.94 (C-10), 12.49 (C-12), 17.77 (C-15), 31.30 (C-14), 52.00 (C-9b), 61.49
(C-20), 74.21 (C-1), 89.93 (C-4), 103.92 (C-6), 111.96 (C-2), 112.05 (C-9a), 114.77 (C-8), 122.66 (C-17), 126.55 (C-19),
128.83 (C-18), 136.01 (C-16), 138.86 (C-3), 147.52 (C-11), 157.63 (C-5a), 159.36 (C-9), 162.86 (C-7), 166.71 (C-4a), 201.59 (C-13).

Found: m/z 432.1678 [M]+, C25H24O5N2; calcd: M = 432.16797.
( 6 b S ) - 6 - M e t h o x y - 2 , 5 , 6 b , 9 - t e t r a m e t h y l - 1 1 - p h e n y l - 1 , 2 , 3 , 6 b , 8 , 1 1 -

hexahydrospiro[chromeno[6��,5��:4�,5�]furo[3�,2�:5,6]cyclohepta[1,2-c]pyrazol-7,2�-oxiran]-2-ol (6).  PMR spectrum (CDCl3,
�, ppm, J/Hz): 1.30 (3H, s, H-14), 1.70 (3H, s, H-15), 2.08 (3H, s, H-10), 2.13 (1H, dd, 2J= 4.8, J21,1a� = 1.8, H-21), 2.21 (3H,
s, H-12), 2.36 (1H, d, 2J = 17.1, H-1a�), 2.41 (1H, d, 2J = 4.8, H�-21), 2.61 (1H, d, 2J = 16.5, H-22a), 2.68 (1H, dd, 2J = 16.5,
J22e,23e = 2.2, H-22e), 3.64 (1H, dd, 2J = 17.1, J1a�,21 = 1.8, H-1a�), 3.77 (1H, d, 2J = 10.8, H-23a), 3.84 (3H, s, H-20), 3.92
(1H, dd, 2J = 10.8, J23e,22e = 2, H-23e), 6.00 (1H, s, H-4), 7.29–7.35 (1H, m, H-19), 7.39–7.46 (4H, m, H-17, H-18).

13C NMR  spectrum  (CDCl3, �, ppm):  9.80 (q, C-10),  11.54 (q, C-12),  18.21 (q, C-15), 24.67 (q, C-14), 30.21 (t,
C-1a), 33.49 (t, C-22), 50.97 (t, C-21), 53.17 (s, C-9b), 58.09 (s, C-1), 61.43 (q, C-20), 64.94 (s, C-13), 73.81 (t, C-23), 90.72
(d, C-4),  99.05 (s, C-6),  110.93 (s, C-3),  112.41 (s, C-9a), 112.76 (s, C-8), 125.13 (d, 2C-17), 127.22 (d, C-19), 128.91 (d,
2C-18), 133.95 (s, C-2), 139.35 (s, C-16), 147.74 (s, C-11), 152.79 (s, C-7), 153.57 (s, C-5a), 155.48 (s, C-9), 164.72 (s, C-4a).

( ( 5 b S ) - 5 - M e t h o x y - 2 , 4 , 5 b , 8 - t e t r a m e t h y l - 1 0 - p h e n y l - 2 , 5 b , 7 , 1 0 - t e t r a h y d r o - 1H -
spiro[furo[2��,3��:6�,7�]benzofuro[3�,2�:5,6]cyclohepta[1,2-c]pyrazol-6,2�-oxiran]-2-yl)methanol (7).  PMR spectrum (CDCl3,
�, ppm, J/Hz): 1.39 (3H, s, H-14), 1.70 (3H, s, H-15), 2.06 (3H, s, H-10), 2.14 (1H, dd, 2J = 4.8, J21,1a� = 2.2, H-21), 2.21 (3H,
s, H-12),  2.36 (1H, d, 2J = 17.1, H-1a�),  2.41 (1H, d, 2J = 4.8, H�-21), 2.77 (1H, d, 2J = 15.2, H-22), 3.13 (1H, d, 2J = 15.2,
H�-22), 3.55 (1H, d, 2J = 11.8, H-23), 3.62 (1H, d, 2J = 11.8, H�-23), 3.64 (1H, br.d, 2J = 17.1, H-1a�), 3.85 (3H, s, H-20), 5.99
(1H, s, H-4), 7.29–7.35 (1H, m, H-19), 7.39–7.46 (4H, m, H-17, H-18).

13C  NMR  spectrum  (CDCl3, �, ppm):  9.97 (q, C-10),  11.54 (q, C-12), 18.16 (q, C-15), 23.30 (q, C-14), 30.23 (t,
C-1a), 34.73 (t, C-23), 50.91 (t, C-21), 52.73 (s, C-9b), 58.08 (s, C-1), 61.27 (q, C-20), 67.93 (t, C-22), 89.80 (s, C-13), 90.72
(d, C-4),  102.40 (s, C-6), 107.15 (s, C-8), 111.04 (s, C-3), 112.28 (s, C-9a), 125.08 (d, 2C-17), 127.20 (d, C-19), 128.91 (d,
2C-18), 133.93 (s, C-2), 139.35 (s, C-16), 147.73 (s, C-11), 150.78 (s, C-5a), 156.98 (s, C-9), 160.20 (s, C-7), 165.05 (s, C-4a).

Resonances in NMR spectra of 6 and 7 had chemical shifts that were rather similar.  The greatest differences in the
chemical shifts in the 13C NMR spectra were observed for C-5a–C-8 of the resorcinol ring and C-13, C-22, and C-23.  The
presence and positions of hydroxyls in the formed pyran (6) and furan (7) rings were confirmed by the 13C NMR spectrum for
a solution of their mixture in CDCl3 with added D2O.  Strong-field shifts of the singlet at 64.94 ppm (	� = 0.12 ppm) and the
triplet at 67.97 ppm (	� = 0.15 ppm) that were assigned to C-13 in 6 and C-23 in 7, respectively, occurred upon exchange of
the hydroxyl proton by deuterium because of the isotope effect.

REFERENCES

  1. K. Ingolfsdottir, Phytochemistry, 61, 729 (2002).
  2. V. Galasso, Chem. Phys., 374, 138 (2010).
  3. J. F. W. McOmie (ed.), Protective Groups in Organic Chemistry, Premium Press, 1973.
  4. L. Bertilsson and C. Wachtmeister, Acta Chem. Scand., 22, 3081 (1968).
  5. A. J. Pearson and W. R. Roush (eds.), Handbook of Reagents for Organic Synthesis.  Activating Agents and

Protecting Groups, John Wiley & Sons, 1999.
  6. F. A. Khan, R. Satapathy, S. Sudheer, and C. N. Rao, Tetrahedron Lett., 46, 7193 (2005).
  7. O. Illa, C. Rodriguez-Garcia, C. Acosta-Silva, I. Favier, D. Picurelli, A. Oliva, M. Gomez, V. Branchadell,

and R. M. Ortuno, Organometallics, 26, 3306 (2007).
  8. K. V. Vatsuro and G. L. Mishchenko, Name Reactions in Organic Chemistry [in Russian], Khimiya,

Moscow, 1976.
  9. F. Carey, Organic Chemistry, 5th Ed., McGraw-Hill, 2004.
10. N. F. Salakhutdinov, M. P. Polovinka, and M. Yu. Panchenko, RF Pat. No. 2,317,076 C1; Byull. Izobret.,

No. 5 (2008).
11. M. Takai, U. Yoshimasa, and J. A. Beisler, J. Med. Chem., 22, No. 11, 1380 (1979).
12. Organicum [translated from German], in 2 vol., 2nd Vol., 4th Ed., Mir, Moscow, 2008.


	Abstract
	Keywords
	EXPERIMENTAL
	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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 false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /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 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /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 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU <>
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


