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Abstract. New polycyclic compounds are synthesized by photocycloaddition reactions of methoxy, methyl
or phenyl substituted butadiene derivatives 11—-14. Mono- and dimethoxy butadiene derivatives 11 and 12
undergo intramolecular [2+2] photocycloaddition giving benzobicyclo[3.2.1]octadiene structures (endo-
15, endo,trans-17) as main products. As minor photoproducts tricyclic compounds endo-16 and en-
do,trans-18 are isolated, respectively, formed by [4+2] photoinduced cycloaddition of the starting mole-
cules. The reaction of compounds 13 and 14 is more selective and only benzobicyclo[3.2.1]octadienes en-
do,endo-19 and endo,endo-20 are formed, respectively. New bicyclo[3.2.1]octadienes with isolated dou-
ble bond can be suitable substrates for further efficient photocatalytic oxygenations in course of new func-
tionalized polycycles, potentially new biologically active compounds.
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INTRODUCTION

Photochemistry of mono- and dibutadienyl derivatives
1a-2d (Figure 1) has been studied in detail.!3 Unsubsti-
tuted starting compounds 1a and 2a, upon irradiation at
350 nm, give as the main products of intramolecular
cycloaddition benzobicyclo[3.2.1]octadiene structures
endo-3 and endo,trans-4, respectively.!? The bicy-
clo[3.2.1]octane skeleton, saturated analogue of the
bicyclo[3.2.1]octadiene, is found in numerous biologi-
cally important active natural products.*?° Moreover,
benzobicyclo[3.2.1]octadiene skeleton is also an im-
portant fragment in biologically active compounds or it
can be used as a suitable substrate for further transfor-
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Figure 1. Structures of the known butadiene derivatives.

mations on the isolated double bond, easily derivatized
to new compounds with various functionalities.?' "’

As a part of our increasing interest in the photo-
chemistry of conjugated butadiene systems and to ex-
plore the effect of substituents on the butadiene units on
the photochemical reactions, studies are expanded to
methyl- and chloro-butadiene derivatives 1b—d and
2b—d.%* Methyl group effects sterically to photochemi-
cal reactions, causing diverse photoinduced behaviour
and formation of completely different photoproducts.”
Monosubstituted methyl derivative 1b upon irradiation
gives dihydronaphtalene derivative 5 (Figure 2), while
disubstituted methyl derivative 2b shows only geomet-
ric isomerization. Introduction of the chlorine atom to
butadiene unit can lead the reaction course to various
direction, under its steric and electronic effects. Upon
irradiation, mono- and di-a-chloro derivatives 1¢ and 2¢
photocyclize to give six-membered ring products 6 and
7.3 In continuation of our studies on photochemical be-
haviour of butadiene derivatives we extended research to
p-substituted chloro derivatives 1d and 2d.> The p-
substitution increases molecular planarity, relative to -
substitution and shift conformer equilibrium, affecting the
reaction pathways and yields. As the main products upon
irradiation of p-chloro-butadiene derivatives 1d and 2d
new benzobicyclo[3.2.1]octa-diene structures endo-8 and
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Figure 2. Structures of the isolated photoproducts.

endo,trans-9 are formed in very good yields, with smaller
amounts (10 %) of dihydronaphtalene derivative endo-10
in case of 2d (Figure 2).

Starting compounds 1a-2d (Figure 1) possess very
similar structures. Under steric and electronic effect of
substituents, different products are formed. Therefore,
understanding the influence and nature of substituents in
the molecule is crucial for understanding the preffered
reaction path and for prediction the behaviour of similar
unresearched related compounds.

In the continuation of our research on photochem-
ical behaviour of butadiene derivatives, we inserted one
or two methoxy groups (as strong electron donating
groups) to the p-position(s) of the aromatic ring(s) of
the investigated compounds 11 and 12 (Figure 3). To
explore the effect of methyl or phenyl group in the S-
position of the o-vinyl group of 1a (Figure 1) on photo-
chemical behaviour, butadiene derivatives 13 and 14
(Figure 3) are prepared as related compounds to the
molecule of 1a (Figure 1), also in course of the investi-
gation the effect of substitution.

EXPERIMENTAL

General Experimental Information

The 'H spectra were recorded on a spectrometer at 600
MHz. The 3C NMR spectra were registered at 150
MHz, respectively. All NMR spectra were measured in
CDCl; using tetramethylsilane as reference. The as-
signment of the signals is based on 2D-CH correlation
and 2D-HH-COSY experiments. UV spectra were
measured on a UV/VIS Cary 50 spectrophotometer. IR
spectra were recorded on a FTIR-ATR (film). Irradia-
tion experiments were preformed in a Quartz vessel in
toluene solution in a photochemical reactor equipped
with 3500 A lamps. All irradiation experiments were
carried out in deaerated solutions by bubbling a stream
of argon prior to irradiation. Melting points were ob-
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tained using microscope equipped apparatus and are
uncorrected. HRMS analysis were carried out on a mass
spectrometer (MALDI TOF/TOF analyzer) equipped
with Nd:YAG laser operating at 355 nm with firing rate
200 Hz in the positive (H+) or negative (H—) ion reflec-
tor mode. Silica gel (0.063—0.2 mm) was used for
chromatographic purifications. Thin-layer chromatog-
raphy (TLC) was performed silica gel 60 Fas4 plates.
Solvents were purified by distillation.

Benzaldehyde and p-methoxy-cinnamaldehyde
were obtained from a commercial source, S,f-o-
xylyl(ditriphenylphosphonium) dibromide was prepared
from o-xylyldibromide and triphenylphosphine in dime-
thylformamide.

The starting compounds 1-(p-methoxyphenyl)-4-(o-
styryl)-1,3-butadiene (11), 1-{o-[-4-(p-methoxyphe-nyl)-
1,3-butadienyl]phenyl }-4-(p-methoxyphenyl)-1,3-
butadiene (12) and (1E,3E)-1-{o-[(E)-1-propenyl]phe-
nyl}-4-phenyl-1,3-butadiene  (trans,trans-13) are de-
scribed.® The data of the new compounds are given below.

(1Z,3E)-1-[(Z)-2-Stilbenyl]-4-phenyl-1,3-butadiene
(cis,cis-14)

Starting compound 14 was prepared by Wittig reaction
from o-xylylbis(triphenylphosphonium bromide) and

/\/\@\
12 OCH;

Figure 3. Structures of the starting butadiene derivatives
11-14.
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cinnamaldehyde. To a stirred solution of the tri-
phenylphosphonium salt (0.001 mol) and the cinnamal-
dehyde (0.011 mol) in absolute ethanol (200 mL), a
solution of sodium ethoxide (0.253 g, 0.011 mol in 15
mL of absolute ethanol) was added dropwise. Stirring
was continued under a stream of nitrogen for one hour
at RT, when was 1.1 eq of benzaldehyde (0.011 mol)
introduced and the next quantity of sodium ethoxide
(0.253 g, 0.011 mol in 15 mL of absolute ethanol) was
added dropwise. The reaction was completed within 3—4
h (usually was left to stand overnight). After removal of
the solvent, the residue was worked up with water and
toluene. The toluene extracts were dried (anhydrous
MgSQ0y), concentrated and the crude reaction mixture
was purified. The reaction mixture contained cis,cis-,
cis,trans-, trans,cis- and trans,trans-isomers in the ratio
3:2:2:3. After repeated column chromatography on
silica gel using petroleum ether as the eluent only the
cis,cis-14 was isolated and completely characterized.
cis,cis-14: yield 30 %; Ry 0.88 (petroleum
ether/dichloromethane = 1:1); colourless oil; UV (96 %
EtOH) Amax / nm: 284 and 254 (log &/ dm’® mol™' cm™:
3.78 (sh) and 3.93); IR Vpa/cm™' (evaporated from
CHCl,): 3016, 2923, 1492, 1446, 1218, 958, 774, 692;
"H NMR (CDCls; 300 MHz) &/ppm: 7.41 (d, 1H, J=7.6
Hz), 7.33 (d, 2H, J = 7.5 Hz), 7.24-7.29 (m, 4H), 7.20
(t, 1H, J=17.6 Hz), 7.07-7.18 (m, 7H), 6.65 (d, 1H, J =
15.6 Hz), 6.63 (d, 1H, J = 12.2 Hz), 6.61 (d, 1H, J =
12.2 Hz), 6.56 (d, 1H, J = 11.3 Hz), 6.40 (t, 1H, J =
11.3); BC NMR (CDCl;; 75 MHz) dppm: 137.4 (s),
136.9 (2s), 136.3 (s), 134.4 (d), 130.9 (d), 130.8 (d),
130.0 (d), 129.4 (d), 129.4 (d), 129.2 (d), 129.0 (2d),
128.6 (2d), 128.1 (2d), 127.6 (d), 127.1 (2d), 127.0 (d),

126.6 (2d), 125.5 (d); HRMS (TOF ES*) m/z for Ca4Hao:
M+calcd 308.1559; M+found 308.1559.

Irradiation Experiments

A mixture of isomers of 11-14 in toluene (3.0-1073 M)
was purged with argon for 20 min and irradiated at 350
nm in a Rayonet reactor (16 lamps) in a quartz vessel
for 16 h (11), 96 h (12), 4 h (13) and 8 h (14). After
irradiation the solvent was removed in vacuo and the
oily residue chromatographed on a silica gel column
using petroleum ether as the eluent. The photoproducts
endo-15, endo-16 (obtained from 11), 17, 18 (from 12),
endo,endo-19 (from 13) and endo,endo-20 (from 14)
(Chart 1) were isolated from the enriched first chroma-
tographic fractions followed by a mixture of several
unidentified products (< 2 %). High-molecular-weight
products remained on the column.

(11S)-11-(4-methoxyphenyl)tricyclo[6.3.1.0°," Jdodeca-
2,4,6,9-tetraene (endo-15):

Yield 55 %; Rs 0.27 (petroleum ether/dichloromethane =
8:2); colourless crystals; m.p. 45—47 °C; UV (96 %
EtOH) Amax/nm: 284, 276, 269 and 226 (log &/ dm’
mol™! ecm™: 3.55, 3.67, 3.65 and 4.16); IR Vipax/cm™!
(evaporated from CH,Cl,): 2952, 1605 (C=C, ar), 1510
(C=C), 1249 (C,—O—CH,), 1174, 1035, 771; 'H NMR
(CDCl;, 600 MHz) J/ppm: 7.11 (d, 1H, J = 7.3 Hz),
7.03 (dt, 1H, J= 7.3 Hz; 1.0 Hz), 6.82 (dt, 1H, J= 7.3
Hz; 1.0 Hz), 6.72 (d, 2H, J = 8.6 Hz), 6.64 (d, 2H, J =
8.6 Hz), 6.32-6.36 (m, 1H, Ha), 6.25 (d, 1H, J = 7.3
Hz), 5.28 (dt, 1H, Hg, Jag = 9.6 Hz; Jsc = 2.6 Hz),
3.91-3.94 (m, 1H, Hc), 3.77 (s, 3H, -OCH3), 3.35 (4,
1H, Joc = Jor = 4.5 Hz, Hp), 3.27 (dd, 1H, Jea = 6.3 Hz;
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Jer = 4.7 Hz, Hg), 2.49-2.53 (m, 1H, Hg), 2.37 (d, 1H,
Jor = 9.9 Hz, Hg); 3C NMR (CDCl;, 75 MHz) §/ppm:
157.6 (s), 152.0 (s), 141.7 (s), 134.2 (s), 134.1 (d), 128.8
(2d), 126.3 (d), 125.8 (d), 125.5 (d), 124.5 (d), 119.6
(d), 112.6 (2d), 43.7 (t); HRMS (TOF ES") m/z for
C19H130: M+calcd 262.1352; M+f0und 262.1351.

(10S)-10-(4-methoxyphenyl)tetracy-

clo[7.2.1.0°,1.0° 8]dodeca-3,5, 7-triene (endo-16)

Yield 13 %; Ry 0.21 (petroleum ether/dichloromethane =
8:2); colourless crystals; m.p. 91-93 °C; UV (96 %
EtOH) Amax/nm: 285, 277, 270 and 227 (log ¢ / dm?
mol™' em™: 4.10, 3.27, 3.19 and 4.18); 'H NMR
(CDCl3, 600 MHz) d/ppm: 7.26 (d, 1H, J = 7.4 Hz),
7.06 (dt, 1H, J= 7.4 Hz; 0.8 Hz), 6.89 (dt, IH, J=7.4
Hz; 0.8 Hz), 6.79 (d, 2H, J = 8.6 Hz), 6.66 (d, 1H, J =
7.4 Hz), 6.55 (d, 2H, J = 8.6 Hz), 3.65 (s, 3H, -OCH3),
3.37 (dd, 1H, Jag = 4.6 Hz; Jag = 2.8 Hz, Ha), 3.16 (4,
1H, Jag = Jsp = 4.6 Hz, HB), 2.33 (t, 1H, Jee=Jcr=17.2
Hz, Hc), 2.12 (ddd, 1H, Joc = 11.7 Hz; Jsp = 4.6 Hz;
Jor = 2.8 Hz, HD), 1.88 (dt, 1H, Jcg = Jer = 7.2 Hz; Jag
= 2.8 Hz, HE), 1.77 (dt, 1H, Jeg = Jer = 7.2 Hz; Jag =
2.8 Hz, Hy), 1.19 (d, 1H, Jpg = 11.7 Hz, Hg); *C NMR
(CDCls, 75 MHz) é/ppm: 157.0 (s), 136.3 (s), 135.2 (s),
132.3 (s), 128.0 (2d), 125.3 (d), 124.9 (d), 124.5 (d),
123.8 (d), 112.5 (2d), 29.5 ().

(11S)-11-(4-methoxyphenyl)-12-[(E)-2-(4-methoxyphe-
nylethenyl]tricyclof6.3.1.0°7] dodeca-2,4,6,9-tetraene
(endo,trans-17)

Yield 24 %; Ry 0.22 (petroleum ether/dichloromethane =
8:2); colourless oil; UV (96 % EtOH) Amaxy/nm: 260 and
229 (log ¢ / dm?® mol! em™: 4.28 and 4.22); IR
Vmax/cm™ ! (evaporated from CH,Cl,): 3021, 1607 (C=C,
ar), 1510 (C=C), 1247 (C.—0-CHj3), 1034, 833, 737; 'H
NMR (CDCls, 600 MHz) o/ppm: 7.32 (d, 2H, J = 8.5
Hz), 7.14 (d, 1H, J = 7.3 Hz), 7.07 (dt, 1H, J=7.3; 0.9
Hz), 6.95 (d, 2H, J = 8.5 Hz), 6.83—6.88 (m, 2H), 6.72
(d, 2H, J = 8.7 Hz), 6.65 (d, 2H, J = 8.7 Hz), 6.41 (ddd,
1H, J=8.3; 3.2; 2.5 Hz), 6.25-6.29 (m, 2H), 5.32-5.33
(m, 1H), 3.97-4.00 (m, 2H, Hc), 3.85 (s, 3H, -OCH3),
3.77 (s, 3H, -OCH3), 3.75-3.79 (m, 1H, Hp), 3.24 (d,
1H, J = 4.7 Hz, Hg / Hr), 3.20 (d, 1H, J = 6.6 Hz, Hg /
Hr); C NMR (CDCl;, 75 MHz) J/ppm: 158.0 (s),
157.7 (s), 150.5 (s), 150.2 (s), 140.0 (s), 139.7 (s), 134.1
(d), 132.7 (d), 129.5 (2d), 128.9 (2d), 128.2 (d), 126.8
(d), 126.7 (d), 126.7 (d), 126.5 (d), 125.9 (d), 125.9 (d),
124.9 (d), 124.8(d), 120.7 (d), 113.3 (q), 112.7 (q), 54.7
(d), 53.7 (d), 46.4 (d), 45.8 (d); HRMS (TOF ES*) m/z
for CygHy605: [M+K]+calcd 433.1564; [M+K]+f0und
433.1581.

(10S)-10-(4-methoxyphenyl)-12-[(E)-2-(4-methoxyphe-
nylethenyljtetracyclo ~ [7.2.1.0°,'1.0° %] dodeca-3,5,7-
triene (endo,trans-18)

Yield 7 %; Ry 0.20 (petroleum ether/dichloromethane =
8:2); colourless oil; UV (96 % EtOH) Ama/nm: 274, 264
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and 230 (log &/ dm3 mol™! ecm™: 4.24 (sh), 4.33 and
4.14); IR Ppa/cm™' (evaporated from CHoCly): 2922,
1606 (C=C, ar), 1510 (C=C), 1247 (Ca—0O—CHs), 1076,
1033, 964; 'H NMR (CDCl3, 600 MHz) §/ppm: 7.28 (d,
1H, J = 7.6 Hz), 7.06 (dt, 1H, J=7.6; 1.0 Hz), 7.00 (d,
2H, J = 8.7 Hz), 6.88 (dt, 1H, J = 7.6; 1.0 Hz), 6.80 (d,
2H, J=8.7 Hz), 6.71 (d, 2H, J = 8.7 Hz), 6.61 (d, 1H, J
= 7.6 Hz), 6.56 (d, 2H, J = 8.7 Hz), 6.32 (d, 1H, J =
15.7 Hz), 5.25 (dd, 1H, J = 15.7; 8.2 Hz), 3.73 (s, 3H, -
OCH3), 3.66 (s, 3H, -OCHj3), 3.51-3.54 (m, 1H, Ha),
3.20 (t, 1H, J = 4.6 Hz, Hg), 3.11-3.16 (m, 1H, Hg),
2.40 (t, 1H, J = 7.1 Hz, Hc), 1.95 (dt, 1H, J = 6.4; 1.8
Hz, Hg), 1.81 (dt, 1H, J = 6.4; 1.8 Hz, H); '* C NMR
(CDCl3, 75 MHz) é/ppm: 158.4 (s), 157.6 (s), 136.4 (s),
133.3 (s), 132.2 (s), 130.6 (d), 129.8 (d), 129.0 (d),
128.6 (2d), 127.1 (d), 126.8 (d), 126.0 (d), 125.2 (d),
124.5 (d), 113.7 (d), 113.7 (d), 112.9 (2d), 55.3 (d), 55.0
(d), 48.3 (d), 43.8 (d), 38.8 (d), 22.7 (d), 21.5 (d), 17.9
(d); HRMS (TOF ES+) m/z for CisH»60x: M* caled
394.1927; M" found 394.1920.

(11S)-12-methyl-11-phenyltricyclo[6.3.1.0°," Jdodeca-
2,4,6,9-tetraene (endo,endo-19)

Yield 77 %; Rr 0.88 (petroleum ether/dichloromethane =
1:1); colourless oil; UV (96 % EtOH) Ama/nm: 324,
275, 268 and 259 (log &/ dm® mol™! cm™: 2.94, 3.00,
3.02 and 2.96 (sh)); IR Vp./cm™' (evaporated from
CH:Cl,): 3025, 1601, 1495, 1450, 1218, 1032, 755, 698;
'"H NMR (CDCl;, 600 MHz) 6/ppm: 7.14-7.18 (m, 3H),
7.10 (d, 1H, J = 7.4 Hz), 7.03 (dt, 1H, J = 7.4; 0.8 Hz),
6.80 (dt, 1H, J=17.4; 0.8, Hz), 6.70—6.74 (m, 2H), 6.36—
6.42 (m, 1H, Ha), 6.16 (d, 1H, J = 7.4 Hz), 5.30-5.32
(m, 1H, Hg), 3.96-4.00 (m, 1H, Hc), 3.04 (d, 1H, J =
4.8 Hz, Hp), 2.96 (d, 1H, J = 6.6 Hz, Hg), 2.75 (dd, 1H,
J = 6.6, 13.1 Hz, Hg), 0.93 (d, 3H, J = 6.6 Hz, -CHs);
3C NMR (CDCl;, 150 MHz) &/ppm: 150.5 (s), 141.9
(s), 139.8 (s), 135.1 (d), 127.9 (2d), 127.1 (2d), 126.9
(d), 125.8 (d), 125.7 (d), 125.6 (d), 124.6 (d), 120.9 (d),
55.0 (d), 49.1 (d), 47.1 (d), 46.7 (d), 17.8 (q); HRMS
(TOF ES+) m/z for CioHis: [M_H]fcalcd 245.1325;
[M—H] found 245.1329.

(11S)-11,12-diphenyltricyclo[6.3.1.0°" Jdodeca-2,4,6,9-
tetraene (endo,endo-20)

Yield 45 %; Ry 0.88 (petroleum ether/dichloromethane =
1:1); UV (96 % EtOH) Amax/nm: 278 and 253 (log &/
dm’®mol ' cm™": 3.55 (sh) and 3.71; IR Pyax/cm™! (evap-
orated from CH,Cly): 3022, 2956, 1452, 1375, 1016,
746, 701; 'H NMR (CDCl;, 600 MHz) 6/ppm: 7.16—
7.20 (m, 3H), 7.12 (d, 2H, J = 7.6 Hz), 7.08 (d, 2H, J =
7.6 Hz), 7.03 (d, 2H, J = 7.6 Hz), 7.00-7.03 (m, 1H),
6.80 (dt, 1H, J="7.7; 0.9 Hz), 6.75-6.78 ( m, 2H), 6.50—
6.55 (m, 1H, Ha), 6.15 (d, 1H, J = 7.3 Hz), 5.42 (ddd,
IH, J = 9.7; 3.5; 1.7 Hz, Hg), 4.16-4.20 (m, 1H, Hc),
3.88 (s, 1H, Hg), 3.57 (d, 1H, J = 4.7 Hz, Hp), 3.48 (d,
1H, J = 6.7 Hz, Hg); 3C NMR (CDCl;, 150 MHz)
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o/ppm: 150.5 (s), 143.6 (s), 141.8 (s), 139.8 (s), 135.2
(d), 128.0 (2d), 127.6 (d), 127.3 (2d), 126.9 (d), 126.3
(d), 126.24 (d), 126.22 (d), 126.1 (2d), 125.9 (d), 125.5
(d), 124.9 (d), 120.4 (d), 58.8 (d), 54.2 (d), 47.6 (d),
46.6 (d). HRMS (TOF ES") m/z for C2sHao: [M—H] catca
307.1481; [M—H] found 307.1493.

RESULTS AND DISCUSSION

Starting compounds 11-14 are prepared by Wittig reac-
tion according to the procedure described for butadienes
in previous papers!' > from o-xylylbis(triphenylphospho-
nium bromide) and corresponding aldehydes. The prod-
ucts are obtained as mixture of two (in case of 11), three
(in case of 12) or four (in case of 13 and 14) isomers
and subjected to irradiation. Irradiation experiments are
performed in Rayonet reactor at 350 nm in toluene solu-
tions under anaerobic conditions at low concentrations.
Obtained photoproducts are isolated and completely
characterized by spectroscopic methods.

Mono- and di-methoxy derivatives 11 and 12 un-
dergo photochemical reaction to form new polycyclic
structures 15—18 (Scheme 1). On irradiation of mono-
methoxy derivative 11, bicyclic derivative 15 was iso-
lated as main product (55 %), with 13 % of tricyclic

derivative 16, while the high-molecular-weight products
remained on the column (Scheme 1). The proposed
mechanism of the formation of benzobicyclo[3.2.1]
structure 15 involves intramolecular [2+2] cycloaddition
via biradical intermediate 15” followed by preffered 1,6
ring closure. Photoproduct 16 can be formed by 6mn
electrocyclization process followed by [4+2] cycloaddi-
tion of the intermediate 16’ (Scheme 2).

Inserting a second styryl substituent at the f-
position of the vinyl group of la (Figure 1), we pre-
pared dimethoxy derivative 12 and obtained the system
with extended conjugation, which can influence on the
reaction course. Irradiation of compound 12 under the
same conditions gave, after chromatograpfic separation
on silica gel, very similar results (Scheme 2). Benzobi-
cyclo[3.2.1]octadiene 17 and tricyclic derivative 18
were isolated. Their formation can be explained by the
same mechanism as in the previous case of mono-
methoxy derivative 11. The difference in photochemical
behaviour between mono- and dimethoxy-derivative is
the prolonged time of irradiation to the full conversion
in case of 12. This may be caused by insertion of the
second styryl group, which might have influence on the
additional stability of the starting molecule 12 in com-
parison to 11.
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Irradiation of starting compounds 13 and 14 gave
different results. Under irradiation starting compounds
13 and 14 react giving new bicyclic cycloaddition prod-
ucts, interesting for further functionalization as it was

o,

= R A
13R=CH3
14:R =

R

shown for previously synthesized hetero-bicyclic pho-
toproducts.?!”?* After chromatographic purification of
crude reaction mixture, only bicyclo derivatives 19 and
20 were isolated, respectively (Scheme 3.) The mecha-

19" R = CH,
20" R=

R (i:)
19": R = CHs3
20" R = endo,endo-19: R = CH3 (77 %)
endo,endo-20: R = (45 %)
Scheme 3.
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Figure 4. Part of 'H NMR spectra of endo-15, endo, trans-17, endo,endo-19 and endo,endo-20 (CDCl3, 600 MHz).

nism of their formation, as seen previously, involves
intramolecular [2+2] cycloaddition and 1,6 ring closure
of intermediate 19” or 20°. Benzobicyclo[2.1.1] hexene
derivative 21 or 22, which could be formed by 1,4-ring
closure of 13 or 14, was not detected.

The structures of new photoproducts have been
elucidated from their spectral data, 'H NMR being most
informative. Figure 4 shows comparison of aliphatic
region of isolated bicyclic derivatives endo-15, en-
do,trans-17, endo,endo-19 and endo,endo-20. The rec-
ognizable pattern of 'H NMR spectra of photoproducts
in the region between 2.4 and 4.2 ppm indicates the
same bicyclo[3.2.1]octadiene structure. Depending on
substitution at the f-position of the vinyl group, the
aliphatic protons are shifted to higher or lower field.
Protons of compounds endo,trans-17 and endo,endo-19,
which possess the second phenyl group are deshielded
and shifted to lower field in comparison to protons of
endo-15 and endo,endo-20. The accent is on Hr proton,
which is shifted from 2.5 ppm (in endo-15) to 3.2 ppm
(endo,trans-17) and from 2.8 ppm (endo,endo-19) to 3.9
ppm (endo,endo-20). Tricyclic derivatives endo-16 and
endo,trans-18 has a completely different pattern in 'H
NMR spectrum (Figure 5) compared to bicyclic photo-
products. Patterns of aliphatic protons of both deriva-
tives are very similar. The difference is disappearance

of Hp proton in endo,trans-18 due to the entry of the
second styryl or benzyl group to the molecule. For the
same reason proton Hg is strongly shifted to lower field
from 1.2 ppm in endo-16 to 3.1 ppm in endo,trans-18.
Methoxy group might have electronic and/or steric
effects on the photochemical behaviour of the analyzed
compound. But the results obtained under irradiation of
mono-methoxy derivative 11 in comparison with previ-
ously reported unsubstituted 1a and chloro-derivative
1d are very similar. In all cases benzobicy-
clo[3.2.1]octadiene structures endo-3, endo-8 and endo-
15 are isolated, respectively, as main product. Besides,
methoxy derivative 11 gives tricyclic derivative endo-
16. The yield on the isolated bicyclic derivative is the
largest by use of the unsubstituted compound (90 %)
where the steric and electronic effects are reduced. In
case of chloro derivative the yield of the isolated prod-
uct (77 %) is slightly higher compared to the methoxy
compound endo-15 (55 %), having potentially increased
steric and electronic influence relative to a chlorine
atom. Electronic effects may have influence on the
reaction course, as in the case of methoxy derivative the
reaction was less selective giving two photoproducts, in
contrary to the previously described derivatives, where
only the bicyclo derivative is isolated. In case of dibuta-
diene derivatives, unsubstituted compound 2a under
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Figure 5. Part of "H NMR spectra of endo-16 and endo, trans-18 (CDCls, 600 MHz).

irradiation gives only benzobicyclo[3.2.1]octadiene
structure (endo,trans-4). Chloro and methoxy deriva-
tives, due to their different steric and electronic effect
give the same type of products, benzobicy-
clo[3.2.1]octadiene structure (endo,trans-9, endo,trans-
17) and tricyclic derivative (endo-10, endo,trans-18).
On the other hand compounds 13 and 14 under irradia-
tion behave as the unsubstituted derivative la giving
selectively only bicyclic structures endo,endo-19 and
endo,endo-20, respectively, but in lower yields.

In cases of all bicyclic photoproducts the ring clo-
sure  predominantly gives endo-isomers. The
stereoselectivity of the cycloaddition reaction and pref-
erable ring closure to endo-isomer can be ascribed to the
stabilization of the transition state in endo-orientation
by the strong attractive intramolecular n-m interactions
of the benzo-phenyl.****

CONCLUSION

Different substituted butadiene derivatives under irradi-
ation show not so diverse mechanism of photochemical
behavior but with different selectivity and yields. Con-
sidering the nature and the position of the substituents,
new polycyclic structures are formed. Starting materials
13 and 14 under irradiation give stereospecific reaction
to benzobicyclo[3.2.1]octadiene structure of endo,endo-
19 and endo,endo-20, respectively. On the other hand,
methoxy derivatives 11 and 12 are less selective. Be-
sides [2+2] cycloaddition to benzobicyclo[3.2.1]octadi-

selectivity, stereoselectivity and the reaction course
leading to bicyclic photoproducts in moderate to good
yields (24—77 %). All new prepared and fully character-
ized bicyclic molecules are suitable substrates for fur-
ther efficient photocatalytic oxygenation reactions in
course of getting new functionalized polycycles, poten-
tially biologically more active compounds with greater
similarity to the structure of some naturally occurred
terpenes.

Supplementary Materials. — Supporting informations to the
paper are enclosed to the electronic version of the article.
These data can be found on the website of Croatica Chemica
Acta (http://public.carnet.hr/ccacaa).

Acknowledgements. This research was founded by grants from
the Croatian Ministry of Science, Education and Sports (125-
0982933-2926 and 098-0982929-2917) and University of
Zagreb short term scientific support under the title “Function-
alization of the benzobicyclo[3.2.1]octadiene skeleton using
photocatalytic oxygenation reactions”.

REFERENCES

1. L Skori¢, M. Smehil, Z. Marini¢, K. Mol¢anov, B. Kojié-Prodi¢,
and M. Sindler-Kulyk, J. Photochem. Photobiol. A: Chemistry
207 (2009) 190.

2. 1. Skori¢, 1. Kika§, M. Kovacs, L. Fodor, Z. Marini¢, K.
Mol¢anov, B. Koji¢-Prodi¢, and O. Horvath, J. Org. Chem. 76
(2011) 8641.

3. D. Vuk, D. Potrosko, M. Sindler-Kulyk, Z. Marini¢, K.
Molcanov, B. Koji¢-Prodi¢, and 1. Skori¢, J. Mol. Struct. 1051

) (2013) 1.
ene structures endo-15 and endo,trans-17, they react in - 4 R C. Hahn and L. J. Rothman, J. Am. Chem. Soc. 91 (1969)
photoinduced [4+2] cycloaddition giving tricyclic de- 2409.

rivatives (endo-16 and endo,trans-18) as minor prod-
ucts. Understanding the effects of substituents is very
important in the field of preparative photochemistry and
predicting the mechanism and yields. The slightly
change on the structure of starting materials affected the

Croat. Chem. Acta 87 (2014) 465.

5. Z.Goldschmidt and U. Gutman, Tetrahedron 30 (1974) 3327.

6. R. P. Johnson, A. Exarchou, Ch. W. Jeffrd, and R. C. Hahn, J.
Org. Chem. 42 (1977) 3758.

7. D. Wege, J. Org. Chem. 55 (1990) 1667.

8. S. Yamamura, Y. Shizuri, H. Shigemori, Y. Okuno, and M.
Ohkubo, Tetrahedron 47 (1991) 635.


http://dx.doi.org/10.1016/j.jphotochem.2009.07.008�
http://dx.doi.org/10.1021/jo200691x�
http://dx.doi.org/10.1016/j.molstruc.2013.07.052�
http://dx.doi.org/10.1021/ja01037a061�
http://dx.doi.org/10.1016/S0040-4020(01)97508-8�
http://dx.doi.org/10.1021/jo00443a031�
http://dx.doi.org/10.1021/jo00443a031�
http://dx.doi.org/10.1021/jo00292a048�
http://dx.doi.org/10.1016/S0040-4020(01)87053-8�

D. Vuk et al., Photochemical Approach to New Polycyclic Substrates

20.

21.

L. N. Mander, Chem. Rev. 92 (1992) 573.

T. A. Engler, D. D. Wie, and M. A. Letavic, Tetrahedron Lett. 34
(1993) 1429.

H. Nakajima, K. Isomi, T. Hamasaki, and M. Ichinoe, Tetrahe-
dron Lett. 35 (1994) 9597.

H. Lin and S. J. Danishefsky, Angew. Chem. Int. Ed. 42 (2003) 36.
M. H. Rosen, 1. Fengler, and G. Bonet, J. Med. Chem. 19 (1976)
414,

H. Nagata, M. Kawamura, and K. Ogasawara, Synthesis 13
(2000) 1825.

M.-H. Filippini, R. Faure, and J. Rodriguez, J. Org. Chem. 60
(1995) 6872.

M.-H. Filippini and J. Rodriguez, Chem. Rev. 99 (1999) 27.

M. Iwashima, I. Terada, K. Okamoto, and K. Iguchi, J. Org.
Chem. 67 (2002) 2977.

T. Ito, T. Tanaka, Z. Ali, Y. Akao, Y. Nozawa, Y. Takahashi, R.
Sawa, K. Nakaya, J. Murata, D. Darnaedi, and M. linuma,
Heterocycles 63 (2004) 129.

T. Ito, T. Tanaka, M. linuma, I. Iliya, K. Nakaya, Z. Ali, Y.
Takahashi, R. Sawa, Y. Shirataki, J. Murata, and D. Darnaedi,
Tetrahedron 59 (2003) 5347.

P. S. Jones, P. W. Smith, G. W. Hardy, P. D. Howes, R. J. Up-
ton, and R. C. Bethell, Bioorg. Med. Chem. Lett. 9 (1999) 605.

I. Kikag, O. Horvath, and I. Skori¢, Tetrahedron Lett. 52 (2011)

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

473

6255.

I. Kika$, O. Horvath, and I. Skorié¢, J. Mol. Struct. 1034 (2013)
62.

D. Vuk, 1. Kika§, K. Mol&anov, O. Horvath, and 1. Skori¢, J.
Mol. Struct. 1063 (2014) 83.

H. Hennig, J. Behling, R. Meusinger, and L. Weber, Chem. Ber.
128 (1995) 229.

H. Hennig, Coord. Chem. Rev. 182 (1999) 101 and references
therein.

A. Maldotti, L. Andreotti, A. Molinari, G. Varani, G. Cerichelli,
and M. Chiarini, Green Chem. 3 (2001) 42.

M. Hajimohammadi, F. Bahadoran, S. S. H. Davarani, and N.
Safari, Reac. Kinet. Mech. Cat. 99 (2010) 243.

D. Vuk, K. Mol&anov, and I. Skori¢, J. Mol. Struct. 1065-1066
(2014) 43.

D. Vuk, K. Mol¢anov, and L. Skori¢, J. Mol. Struct. 1068 (2014)
124.

C. A. Hunter and K. M. Sanders, J. Am. Chem. Soc. 112 (1990)
5525.

J. Nishimura, Y. Nakamura, Y. Hayashida, and T. Cudo, 4cc.
Chem. Res. 33 (2000) 679.

(a) E. A. Meyer, R. K. Castellano, and F. Dietrich, Angew.
Chem. 115 (2003) 1244; (b) E. A. Meyer, R. K. Castellano, and
F. Dietrich, Angew. Chem. Int. Ed. 42 (2003) 1210.

Croat. Chem. Acta 87 (2014) 465.


http://dx.doi.org/10.1021/cr00012a005�
http://dx.doi.org/10.1016/S0040-4039(00)60310-6�
http://dx.doi.org/10.1016/0040-4039(94)88520-6�
http://dx.doi.org/10.1016/0040-4039(94)88520-6�
http://dx.doi.org/10.1002/anie.200390048�
http://dx.doi.org/10.1021/jm00225a016�
http://dx.doi.org/10.1055/s-2000-8235�
http://dx.doi.org/10.1021/jo00126a044�
http://dx.doi.org/10.1021/cr970029u�
http://dx.doi.org/10.1021/jo011043g�
http://dx.doi.org/10.1021/jo011043g�
http://dx.doi.org/10.3987/COM-03-9917�
http://dx.doi.org/10.1016/S0040-4020(03)00730-0�
http://dx.doi.org/10.1016/S0960-894X(99)00032-3�
http://dx.doi.org/10.1016/j.tetlet.2011.09.076�
http://dx.doi.org/10.1016/j.molstruc.2012.09.005�
http://dx.doi.org/10.1016/j.molstruc.2014.01.055�
http://dx.doi.org/10.1016/j.molstruc.2014.01.055�
http://dx.doi.org/10.1002/cber.19951280305�
http://dx.doi.org/10.1016/S0010-8545(98)00201-X�
http://dx.doi.org/10.1039/b006330o�
http://dx.doi.org/10.1016/j.molstruc.2014.02.033�
http://dx.doi.org/10.1016/j.molstruc.2014.04.028�
http://dx.doi.org/10.1021/ja00170a016�
http://dx.doi.org/10.1021/ar9901422�
http://dx.doi.org/10.1021/ar9901422�
http://dx.doi.org/10.1002/ange.200390290�
http://dx.doi.org/10.1002/ange.200390290�
http://dx.doi.org/10.1002/anie.200390319�

Synthesis of new polycyclic structures by photoirradiation of butadiene

derivatives

Dragana Vuk?, Zeljko Marini¢®, Irena Skori¢*!

4Department of Organic Chemistry, Faculty of Chemical Engineering and Technology,
University of Zagreb, Marulicev trg 19, 10000 Zagreb, Croatia;
®Center for NMR, Rudjer Boskovi¢ Institute, Bijenicka cesta 54, 10000 Zagreb, Croatia;

'H NMR and UV spectrum for compound endo-15

'H NMR,®C NMR, UV and IR spectrum for compound endo-16
'H NMR, UV and IR spectrum for compound endo,trans-17

'H NMR, UV and IR spectrum for compound endo,trans-18

'H NMR and IR spectrum for compound endo,endo-19

'H NMR,"C NMR, NOESY and IR spectrum for compound endo,endo-20

' E-mail: iskoric@fkit.hr




Ol
0

H,CO endo-15

IR ol

T T T T T T T T T
PPM 6.8 6.4 6.0 5.6 52 4.8 4.4 4.0 3.6

'H NMR spectrum (CDCls, 600 MHz) for compound endo-15

40000 —
35000
30000

iy
.

H,CO endo-15

-1

25000 —

15000

3 -1

¢/ dm’cm mol
N
o
o
o
o
1

10000

5000

T T T T T 1
200 250 300 350
A/nm

UV (96 % ethanol) spectrum for compound endo-15

T
3.2

T
2.8

1
2.4



e
&

endo-16 OCHj,

L o M

T T T T
PPM 6.0 5.0 4.0 3.0

'H NMR spectrum (CDCls, 600 MHz) for compound endo-16

e
&

“\ | endo-16 OCH; { \'

20

T T T T T
PPM 130.0 110.0 90.0 70.0 50.0

3C NMR spectrum (CDCls, 150 MHz) for compound endo-16

T
30.0




3 -1 -1
¢/ dm’cm mol

40000

35000

30000

O
2

endo-16 OCHj,

T T T T T 1
200 250 300 350
A/ nm

UV (96 % ethanol) spectrum for compound endo-16

87.3 _

86 |
85 |
84 |
83 |
82 |
81 |
80 |

79 |

%T

78 }
77 |
76 |
75 ]
74 |
73 ]
72 |

71

70.0

O 158224

1738.00

—_—
1611.28 146344

1486.32

2856.94

302326

292697 151159

1303.7

1177.64

1036.13

I
124484

4000.0 3600 3200 2800 2400 2000 1800 1600 1400

cm-1

1200 1000 800

IR (evaporated film from CH,Cl,) spectrum for compound endo-16

600

450.0



o

PPM 6.8 6.4 6.0 5.6 5.2 4.8 4.4 4.0 3.6 32

60000

50000

40000 +

30000

3 -1 -1
e/ dm’cm mo

20000 +

10000 - endo,trans-17

H,CO

0 .
200 300 400

A/ nm

UV (96 % ethanol) spectrum for compound endo,trans-17




74.9 _
70 |
65 |
60 |
55 |

50 |

28350

302151
45 |

293383

9
T 40 |

35 ]
30
25 |
20 ]

15 | endo,trans-17

H,CO

10.0

160746

110894

144144

\ 1301.85

1465.94

83348 73694
103459
117565

124763

151031

3200.0 2800 2400 2000 1800 1600 1400 1200 1000 800

cm-1

IR (evaporated film from CH,Cl,) spectrum for compound endo,trans-17

endo,trans-18

I

A

600 450.0

PPM 6.0 5.0

4.0 3.0

'H NMR spectrum (CDCls, 600 MHz) for compound endo,trans-18




50000 ~

40000 —

-1

30000 ~

1

3

¢/ dm’cm mo

20000

100007 endo,trans-18 OCHj

01 T 1
200 300 400
A/ nm

UV (96 % ethanol) spectrum for compound endo,trans-18

87.3 _

86 |
85 |
84 |

83 | 103312

117588

84 endo,trans-18

1606.12
124775

%T

1510.38

75 |
74 1 295444
73 | 292200
72 |

71

70.0

3200.0 2800 2400 2000 1800 1600 1400 1200 1000
cm-1

IR (evaporated film from CH,Cl,) spectrum for compound endo,trans-18

800

600

450.0



H Ph

endo,endo-19

PPM 6.0 5.0 2.0 1.0

L TR R O B

'H NMR spectrum (CDCls, 600 MHz) for compound endo,endo-19

102.0
100 |

95 |

1152.03

1601.82

90 |
1076.81

137515 1015.73 51102

2869.49 1491.19

85 |
146787

80 145185

292530
%T

75 ]

70 |

85 endo,endo-19

60 |

74631
70055

53.9 |

3200.0 2800 2400 2000 1800 1600 1400 1200 1000 800 600 450.0
cm-1

IR (evaporated film from CH,Cl,) spectrum for compound endo,endo-19




M endo,endo-20

T T 1
PPM 6.‘8 6.‘4 G.b 5.6 52 4.é 4.4 4.0 3.6

'H NMR spectrum (CDCls, 600 MHz) for compound endo,endo-20

endo,endo-20

T 1
PPM 136.0 116.0 90‘.0 70.0 50.0

3¢ NMR spectrum (CDCls, 150 MHz) for compound endo,endo-20




ary
A ar B| C DE
) IJ,U -

5.0

|

NOESY spectrum (CDCI3) for compound endo,endo-20

10



100.2 _

88 |
86 |
84 |
%T 82 |
80 |
78 |
76 |
74 |
72 |
70 |
68 |

66 |

65.1

3024.93

endo,endo-20

149523 \

1450.16

1218.32

103162

698.18
75464

3200.0 2800 2400 2000 1800

IR (evaporated film from CH,Cl,) spectrum for compound endo,endo-20

1600
cm-1

1400

1200

1000

800

11

600

450.0



	465-473_OSA_cca2454_LINKS.pdf
	Croat. Chem. Acta 87 (4) (2014) 465–473.  http://dx.doi.org/10.5562/cca2454
	RECEIVED APRIL 3, 2014; REVISED OCTOBER 9, 2014; ACCEPTED NOVEMBER 6, 2014
	General Experimental Information
	(1Z,3E)-1-[(Z)-2-Stilbenyl]-4-phenyl-1,3-butadiene (cis,cis-14)
	Irradiation Experiments
	(11S)-11-(4-methoxyphenyl)tricyclo[6.3.1.02,7]dodeca-2,4,6,9-tetraene (endo-15):
	(10S)-10-(4-methoxyphenyl)tetracy-clo[7.2.1.02,11.03,8]dodeca-3,5,7-triene (endo-16)
	(11S)-11-(4-methoxyphenyl)-12-[(E)-2-(4-methoxyphe-nyl)ethenyl]tricyclo[6.3.1.02,7] dodeca-2,4,6,9-tetraene (endo,trans-17)
	(10S)-10-(4-methoxyphenyl)-12-[(E)-2-(4-methoxyphe-nyl)ethenyl]tetracyclo [7.2.1.02,11.03,8]dodeca-3,5,7-triene (endo,trans-18)
	(11S)-12-methyl-11-phenyltricyclo[6.3.1.02,7]dodeca-2,4,6,9-tetraene (endo,endo-19)
	(11S)-11,12-diphenyltricyclo[6.3.1.02,7]dodeca-2,4,6,9-tetraene (endo,endo-20)
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 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 /MediumResolution
      >>
      /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 [595.276 841.890]
>> setpagedevice


