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Abstract. The phthalimide chromophore shows a broad spectrum of intra- and intermolecular photochemi-
cal transformations. Photoreactions of phthalimide derivatives can be classified in three main groups: H-
abstraction, cycloaddition and single electron transfer. The photoproducts are aza-heterocycles, useful
synthons in the synthesis of more complex heterocyclic and natural products. The aim of this review is to
provide an overview of the synthetic applicability of these processes, as well as to point out the parame-
ters that influence the photochemical reactivity of phthalimides.
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INTRODUCTION

The carbonyl group is probably the most investigated
chromophore,'® and consequently, its photochemistry
has been intensively studied since the pioneering work
of Ciamician,* and Paterno.’ In the scope of that re-
search, already in 1970s, Kanaoka brought the phthali-
mide derivatives into focus and published the first in-
vestigations of the photochemical reactivity of that
chromophore.® However, phthalimides are still a subject
of widespread interest.””'” The principal reasons for this
are their interesting photophysics, which is still not
completely understood,™?” and their applications in
organic synthesis.”®

Phthalimides are aromatic imide derivatives cha-
racterized by the presence of an absorption band with a
maximum at 290300 nm (¢ ~ 1-2 x 10’ mol”" dm’
cm '), corresponding to a mm* transition. In addition,
there is a close-lying n,n* transition which is overlapped
by the m,* absorption band and seen as a shoulder only
in nonpolar solvents.*'® N-alkylphthalimides are weakly
fluorescent.'®*'** The major deactivation channel of the
excited singlet state of most N-alkylphthalimides is
intersystem crossing, resulting in population of triplet
states.'”**** Therefore, singlet state lifetimes are gener-
ally very short, (e.g. for N-methylphthalimide in CH;CN
7w = 0.2 ns)* and quantum yields of intersystem cross-
ing are high, @gc = 0.5—1. Triplet lifetimes are longer,

generally in the microsecond timescale (zr = 1-10
ps).'#2"%72¢ Consequently, the photochemistry of phtha-
limide derivatives mostly originates from the excited
triplet states. The reports on the photophysics of the
phthalimide chromophore are controversial, primarily
due to a disagreement as to the energy levels of the
phthalimide excited states. In polar solvents, the pro-
posed order of excited states is: 'mm*, 'n*, ‘nn¥,
Sgn*, with energy levels 395, 334, 298 and 288 kJ
mol ™, or 384, 368, 343 and 297 kJ mol ', % respective-
ly. In alcohols, the proposed order, starting from the
state of highest energy, is "n,*, ook, 'nnt, ok, In
the presence of water the triplet states are ex-
changed.?'** However, these data refer to measurements
at —196 °C. Since the energy level of n,m* states is very
dependant on solvent polarity and proticity, different
estimates of energy levels are not surprising. In recent
reports by Griesbeck and Gorner, in polar solvent mix-
tures containing water, the proposed order of energy
levels is 'ny*, 'ma*, *nn*, *mn*, wherein the energy
levels of 'mn*, *na* are very close and can be ex-
changed.**?’ Such an ordering of energy levels leads to
interesting violations of the Kasha rule since, in some
cases, photochemical reactions take place from the
second excited triplet state.”* 7

The photochemical reactivity of the phthalimide
chromophore is very diverse in its scope. In the excited
state, this chromophore undergoes intra- and intermole-

*  Dedicated to Professor A. G. Griesbeck for great accomplishments in the field on the occasion of 51* birthday.
**  Author to whom correspondence should be addressed. (E-mail: nbasaric@irb.hr)
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cular hydrogen atom abstraction from the suitable donor
sites, which results in photoreduction, cleavage or cycli-
zation products. In addition, the phthalimide chromo-
phore undergoes [2+2] cycloaddition reactions that give
rise to benzoazepindione products. Finally, phthalimide
in its excited singlet and triplet state is a potent oxidant,
and can therefore undergo single electron transfer (SET)
in the presence of suitable electron-donors. Although
the photochemistry of phthalimides has been reviewed
several times in the past,®'” the aim of the present re-
view is to give an overview of the synthetic applications
of three different photoreaction pathways of phthali-
mides, and to point out some factors which determine
their photoreactivity.

PHOTOCHEMICAL HYDROGEN
ABSTRACTIONS

One of the most common reactions of compounds with
a carbonyl chromophore, upon irradiation in solvents
having readily abstractable hydrogen, is photoreduction.
Thus, when N-alkylphthalimides (1) are photolyzed in
alcohols, the reduction products 2 were obtained (R' = H
30—40 %, R' = alkyl 20—40 %), demonstrating that the
photochemical behavior of carbonyl chromophore is
very similar to that of simple ketones.”’ In contrast to
the well-known photoreduction of benzophenones, ir-
radiation of N-methylphthalimide did not furnish pina-
col derivative 3. However pinacol 3 (16—44 %), and
reduction product 4 (23 %) were obtained on irradiation
in the presence of a stronger H-donating agent N,N-

O
hv
N "lH
COOCHg3
O (@)
12 13 (90 %)
Scheme 2.

dimethylcyclohexanamine.®®

Photochemical H-abstractions on phthalimides are
particularly interesting in the context of intramolecular
reactions. Scheme 1 represents possible pathways after
initial photoinduced intramolecular y- or 6-H abstraction
for phthalimide derivative 5. In principle, the resulting
biradicals 6-1 and 6-2 can undergo fragmentation to 7,
secondary H-transfer to give 8, or cyclization to 10 and
11, depending on the substitution pattern.” The cyclized
benzazepinedione products 10 are generally obtained in
low to moderate yields (5-20 %).”

Generally, as the rate constants for y-H abstraction
are higher by an order of magnitude than those for 6-H
abstraction, the former are more readily abstracted.’
However, 6-H abstractions are possible, and take place
especially when y-H atoms are not available. One ex-
ample of synthetically applicable photochemical intra-
molecular 6-H abstraction is given in Scheme 2. In that
example N-phthalimido-tert-leucine 12 undergoes pho-
tocyclization giving 13 (90 %), presumably via the
singlet excited state.*’

N-arylphthalimides are generally characterized by
low quantum yields of intersystem crossing. Conse-

@] (@] H3C\ C|:H3 e}
o N OHHO N o
N-R N-R N-CHj
5 WA, pat
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Chart 1.
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quently, photochemical reactions that originate from
triplet excited states also proceed with low quantum
yields. One example of photochemical intramolecular
H-activation of N-arylphthalimides is given in Scheme
3.*! Here, the tolyl phthalimide derivatives 14 undergo
photoinduced intramolecular H-abstraction giving birad-
icals 15 which on combination give 16 and/or 17 (the
total yield on cyclization products 16 and 17, 20—65 %).
The substituent on the phthalimide moiety R; has a
remarkable influence on the photoreaction. The electron
withdrawing substituents R; (CN or COOCH3;) facilitate
the cyclization, whereas with the electron donating
substituents (OCH; or NH,;) the reaction does not take
place. Since the R; has a direct influence on the imide
excited state, the finding was explained by an inverting
of the order of the reactive lower °n,n* and the nonreac-
tive upper *m,m* excited state. On the other hand, the
substituent R, only influences the stability of the benzyl
radical center on the adjacent phenyl ring in biradical
15"

Photoinduced intramolecular photochemical H-
abstraction reactions on phthalimide derivatives have
also been studied in the solid state.** It was found that
the parameters determining photochemical reactivity for
typical carbonyl compounds in the solid state™** can
also be extended to phthalimides. From the investigated

phthalimides, N-(2-adamantyl)phthalimide (18) under-
went a solid state photochemical reaction. The reaction
was found to be both regio- and stereoselective, result-
ing in an endo-alcohol 20 (isolated yield 10 %). On the
other hand, the photoreaction of 18 in solution gave an
exo-alcohol 19 (10 %) as the main product together with
an endo-alcohol 20 (4 %) and a benzazepindione 21 (2
%) (Scheme 4).*

Recently, we discovered also a domino photo-
chemical reaction of two consecutive photochemical
intramolecular H-abstractions. Photolysis of adaman-
tylphthalimide 22 gives rise to a complex hexacyclic
methanoadamantane benzazepine derivative 24 (82 %)
via intermediate 23 (Scheme 5).*

PHOTOINDUCED ELECTRON TRANSFER
REACTIONS

In the presence of good electron donors, phthalimide in
the excited state does not abstract H-atoms but rather
undergoes a SET. For an example, the reduction poten-
tial of N-methylphthalimide in the ground state in DMF
is —1.37 V vs. SCE.*’ Thus, taking into account the
energy for the excitation to the singlet, and the triplet
states (Eq = 3.8 eV and Ey, = 3.1 eV, respectively), the
reduction potentials in the excited states are estimated to

Croat. Chem. Acta 83 (2010) 179.
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be 2.4 V, and 1.7 V vs. SCE, respectively.'>'® The fea-
sibility of an electron transfer process between the
phthalimide and the potential electron donor can be
estimated from the Rehm-Weller equation.”® The SET
process generates phthalimide radical anions which can
undergo secondary reactions, and thus have broad syn-
thetic applications.

When N-alkylphthalimide derivatives are irra-
diated in polar solvents in the presence of electron-rich
substrates containing a carboxylate group, an intermole-
cular SET takes place. The products of the SET are
phthalimide radical anion and carboxyl radical, the latter
of which undergoes very fast decarboxylation giving
alkyl radicals.”>?’ An example of the photochemical
intermolecular SET followed by the decarboxylation
and an addition of the alkyl radical to the phthalimide
carbonyl group is given in Scheme 6. Hydroxy acid 26
undergoes the photodecarboxylation and adds to N-
methylphthalimide (25) giving mixture of diastereomers
27 in 70 % yield, but with low diastereoselectivity (52
% d.e.).”

Intramolecular photochemical SET-initiated de-
carboxylation reactions have been extensively investi-
gated and found applications in synthesis of small and
large cyclic compounds.* > For example, the pho-
todecarboxylative cyclization shown in Scheme 7 gives
rise to polycyclic compounds. Depending on the chain
length in acid 28 (n = 1-9), products 29 with different

HO
hv )n
WCOOH mootone N

20 % HyO

0.56q. K;CO
28 q- Rt 29

Scheme 7.

o .
&/ acetone N

COOK
20 % H,0
o)
31 (68 %)

Scheme 8.
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ring sizes can be obtained in good yields (> 75 %).”*”!
Another example is the formation of the polycyclic
compound 31 from the cyclohexyl derivative 30
(Scheme 8). The polycyclic compound is obtained in 68
% yield, and the quantum yield for the product forma-
tion is 0.4.%°

Photodecarboxylative cyclization reactions have
also been successfully applied in the synthesis of cyclic
peptides.”>* Dipeptides 32 that are activated with a
phthalimide moiety at the N-terminal have been suc-
cessfully cyclized to 33 (characterized by different
chain lengths n and m, Scheme 9). Besides dipeptides,
cyclization was also accomplished for some tri- and
tetrapeptides. The yields of cyclization are strongly
dependant on the pH of the irradiated solution, as well
as on the probability of intramolecular H-bonding be-
tween the phthalimide carbonyl group and the NH or
COOH groups of the amino acid residues.”*

In the course of studying photodecarboxylation-
induced cyclizations of the phthalimide derivatives,
Griesbeck et al. encountered some new examples of the
memory of chirality.”*>> The concept of the memory of
chirality that was introduced by Fuji and Kawabata,’®
was thus successfully applied to the photocyclization
reactions of the phthalimide anthranilic acid derivatives.
For example, on irradiation of the phthalimide anthranil-
ic derivative of L-proline 34, the photoproduct 35 was
isolated in 45 % yield, characterized with high e.e. of 86
%. (Scheme 10).>* The high degree of the memory of
chirality was explained by the high activation barriers
for the rotation of the 1,7-biradical intermediates about
the central C—N bond, which preserves their absolute
axial chirality during the course of the cyclization reac-
tion.>*

In addition to photodecarboxylation, photoinduced
SET on phthalimide derivatives has been used to initiate
cyclizations of various silyl derivatives. Mariano and

e} NH
e
%\%NH N+,

acetone
20 % H,0 lo)
32 33
Scheme 9.
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Yoon performed a systematic study of the macrocycli-
zation of peptides and polyethers.*> *>*7 They propose
that, after excitation of the phthalimide 36 and initial
SET, intrasite SET leads to the eqilibiration of charge-
transfer states (Scheme 11). Finally, with the suitable

o)
N A</ X \>/\x/\snv|e3
n+m
0

36 X=0,S, NMs
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leaving groups (H', CO, or SiMe;"), biradicals which
cyclize to 37 are obtained. The overall reaction rate and
efficiency is governed by two main factors. These are
(I) intrinsic rates for the heterolytic fragmentation
processes (loss of HY, CO, or SiMe;"), and (II) relative
stabilities of the zwitter-ionic biradical interme-
diates.**** Furthermore, Mariano and Yoon® have re-
cently reported on the photocycloaddition of the phtha-
limide derivatives containing polyethyleneoxy and po-
lymethylene chains (Scheme 12). Their findings suggest
that polyethyleneoxy sites, which are better electron
acceptors, promote the initial SET and the intrachain
SET to the terminal a-trimethylsilyl ether position.
Thus, irradiation of 38 in acidic methanol gave 39, ra-
ther than 40 (Scheme 12).*° In addition to the silyl de-
rivatives, Mariano and Yoon developed an efficient
photocyclization that has a stannyl moiety as a leaving
group.”®

n+m
HO —X
hv X
N
MeOH
(0]

37X =0,S, NMs

hv
SET T MeOH
o o
o+
* | . -
oNAé/X\a/\XAﬁ/X\?SIMe:.; -— N/\</x\>/\x/\sw|93
n m n+m
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Scheme 11.
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An important class of SET-induced photocycliza-
tions of phthalimdes are those on S-alkylcysteine or
methionine containing peptides.”***®" Upon excita-
tion, the SET from sulfur to phthalimide takes place,
resulting in a radical ion pair that, after an H' transfer,
gives a radical pair and a cyclization product. One ex-
ample of that reaction is shown in Scheme 13. Irradia-
tion of N-phthaloyl methionine methyl ester (41) leads
to a mixture of diastereomers 42 in 84 % yield.” On the
other hand, sensitized photochemistry of the acid de-
rivative 41 gave diaterecomers 42 (75—85 %) together
with a minor amount of tetracyclic product 43.%

PHOTOCYCLOADDITIONS

Phthalimides can undergo several types of photocyc-
loaddition. The most common is [1* + 6°] cycloaddition
of the C(O)—N bond with alkenes, giving rise to benza-
zepinediones. Besides the oxetane furnishning [2 + 2]
cycloadditions to the carbonyl group, [4 + 2] cycloaddi-
tion reactions to the aromatic ring are also possible,
albeit rare.'® When phthalimdes are irradiated in the

presence of an olefin, SET or cycloaddition may take
place, depending on the substitution at the olefin. Elec-
tron donating substituents decrease the oxidation poten-
tial of alkenes, so a SET mechanism can be operative.
On the other hand, when the SET process is very ender-
gonic (AG > 5 kcal mol "), [n* + 6°] cycloadditions were
observed.'® One example of [1* + 6°] cycloaddition is
shown in Scheme 14. Irradiation of N-methylphthali-
mide (25) in the presence of 3 equivalents of various
propene derivatives gave benzazepinediones 44 in 25-67
% yield.®*® Irradiation in the presence of larger ex-
cesses of olefins (50 equivalents), and particularly with
vinyl ethers, gave Paterno-Biichi secondary photopro-
ducts in addition to those expected for [n* + o°].%
Scheme 15 shows the photoreaction of 25 with 2-
methylpropene giving rise to azepinone 44 (32 %), as
well as the product of the secondary Paterno-Biichi
reaction 45 (12 %).

To prove the concerted reaction mechanism in the
phthalimide cycloadditions, Mazzocchi et al. studied the
stereoselectivity of the photoaddition to cis- and trans-
2-butenes.®*® Stereoselective formation of cis-, and
trans-banzazepinediones indicated that no intermediate

O Q R1
R
hv
N—CHj + )J\ —_—
Ri Rp N.
CH
(0] o 3
25 44
Scheme 14.
CHj
CH
0 Q% CH, 0 CH,
hv CH, CHs
N—CH3 + JL
H3C CHj3 N N,
o) 5 CHs o CHs
25 44 (32 %) 45 (12 %)
Scheme 15.
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was involved.® Finally, Mazzocchi et al. reported me-
chanistic evidence for the concerted reaction mechanism
of the cycloaddition, as judged by the regioselectivity of
the cycloadditions for unsymmetrically substituted
phthalimides.®®®” The authors found that product distri-
bution was influenced by the substituent at the phtha-
limde. This influence was correlated with a C(O)—N
double bond character, rather than the electronic stabili-
zation of the radical-anion on the carbonyl moiety.?’
However, after recent investigation of the formal intra-
molecular [5+2] photocycloaddition of maleimides by
K. Booker-Milburn et al.,*® the conclusion that [1* + 6°]
cycloaddition on phthalimides proceeds via a concerted

reaction mechanism may be questionable. For malei-
mides the authors suggested a mechanism of cyclization
which includes initial C(O)-N bond cleavage.®®

The Paterno-Biichi reaction of the phthalimide
carbonyl moiety giving rise to the oxetane products was
also reported.” In these cycloadditions the olefin is
often sterically congested. For example, irradiation of
25 with N-acetyl-2,3-disubstituted indoles gave very
sterically hindered oxetanes 46 in the yield of 18-62 %
(Scheme 16).™

Examples of photochemical formal [4+2] cyc-
loadditions were reported by Suau’' and Kubo.” In the
first example (Scheme 17), 3-methoxyphthalimide (47)

Croat. Chem. Acta 83 (2010) 179.
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was irradiated with 1-hexene giving two para-
cycloaddition products 48 and 49 (60 %) and one ortho-
cycloadduct 50 (25 %). Formation of para-cycloadducts
48 and 49 was explained by initial [2+2] cycloaddition,
followed by subsequent electrocyclic ring-opening,
photoinduced [1,7] sigmatropic shift and ring closure.”"

A special class of photocycloaddition reactions of
phthalimides are dipolar cycloadditions taking place via
photogenerated azomethine ilide intermediates.””’® For
example, photolysis of the N-phthaloyl derivative of
phenyl alanine 51 gives azomethine ilide 52 which, in
the presence of methyl acrylate as dipolarophile, gives a
mixture of products 53-56 (Scheme 18).” Product 53 is
the primary photocyclization product whereas 54 and 55
are formed from 53 in a dark reaction.

CONCLUSION

Phthalimide derivatives undergo various photochemical
reactions which differ substantially in their reaction
mechanisms. However, the selectivity of the processes
can generally be well-tuned by the choice of the appro-
priate photoreaction partner. Whereas the electron-rich
alkenes, arenes and sulfur derivatives induce the SET
processes, reactions with electron-deficient substrates
give rise to cycloaddition or H-abstraction products.
Generally, photochemical reactions of phthalimides are
characterized by high selectivity. The stereocontrol can
be controlled by the classic auxiliary-based chiral induc-
tion, or memory of chirality. Therefore, photoreactions
of phthalimides can be applied in the synthesis of com-
plex structures such as nitrogen-containing heterocycles
and natural products.
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SAZETAK

Fotokemija N-alkil i V-aril supstituiranih ftalimida:
H-apstrakcije, reakcije prijenosa elektrona i cikloadicije

Margareta Horvat, Kata Mlinari¢-Majerski i Nikola Basari¢

Zavod za organsku kemiju i biokemiju, Institut Ruder BoSkovic,
Bijenicka cesta, 10 000 Zagreb, Hrvatska

Ftalimidna skupina je kromofor koji podlijeze Sirokom spektru intra- i intermolekulskih reakcija. Fotoreakcije fta-
limida mogu biti klasificirane u tri skupine: H-apstrakcije, cikloadicije i reakcije prijenosa elektrona. Fotoprodukti
su aza-heterocikli, korisni sintoni u sintezi kompliciranih heterocikli¢kih i prirodnih spojeva. Svrha ove revije je
dati pregled sintetske primjene fotokemijskih procesa ftalimida, kao i ukazati na parametre koji utjecu na fotoke-
mijsku reaktivnost.

Croat. Chem. Acta 83 (2010) 179.




<<
  /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 true
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <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


