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Abstract. Maleimide serves as an important starting material in the synthesis of drugs and enzyme inhi-
bitors. In the present paper, knowing the importance of tautomerization in maleimide for its drug action,
potential energy surface of maleimide is studied and its tautomerization has been discussed and compared
with tautomerization of formamide. Gas phase tautomerization of maleimide requires large amount of energy
(23-21 kcal/mol) in comparison to formamide (15-05 kcal/mol) at HF/6-31+G* level. Thus making the proton
transfer reaction a difficult process in gas phase. Water molecule lowers the energy barrier of tautomeri-
zation thus facilitating the tautomerization of maleimide to 5-hydroxy-pyrrol-2-one. Water assisted
tautomerization of maleimide requires 19-60 kcal/mol energy at HF/6-31+G* and 17-63 kcal/mol energy
at B3LYP/6-31+G* level, a decrease of 3-:61 and 5-96 kcal/mol over gas phase tautomerization. Whereas,
tautomerization of formamide requires 14-16 and 12-84 kcal/mol energy, a decrease of 0-89 and
2-01 kcal/mol energy over gas phase tautomerization at HF/6-31+G* and B3LYP/6-31+G* level, respec-
tively. Water-assisted tautomerization in maleimide and formamide showed that difference in energy barrier
reduces to 2-83 kcal/mol from 10-41 kcal/mol (in gas phase) at B3LYP level, which resulted that maleimide

readily undergoes tautomerization in water molecule.
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1. Introduction

Maleimide has been found to be blockbuster anti-
diabetic compound, which is available as drugs.
Several drugs and lead compounds with this moiety
have been reported. Maleimide is a drug known to
possess extensive pharmacological properties, and
also serves as an important starting material in the syn-
thesis of drugs and enzyme inhibitors. Glycogen
synthease kinase-3 (GSK-3) is a regulatory serine/
threonine kinase, which is being targeted by the
maleimide for the treatment of a number of human
diseases.

Non-insulin dependent diabetes mellitus (NIDDM)
is a multifactorial disease' which is characterized by
insulin resistance associated not only with hyperin-
sulinaemia and hyperglycaemia but also with athero-
sclerosis, hypertension and abnormal lipid profile,
collectively called syndrome X. NIDDM accounts
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for 90-95% of the diagnosed cases of the disease.”
There is no single approach to treat this disease and
usually a combination therapy is adopted from dif-
ferent approaches.”” Various targets are being consi-
dered for drug development to treat NIDDM and
insulin resistance. Of these, GSK-3 is emerging as
an important target owing to the available know-
ledge on this enzyme.” Glycogen Synthase is a ter-
minal enzyme in the insulin-signaling pathway and is
defined as the rate-limiting enzyme of glycogen bio-
synthesis. One of the major characteristics of diabetic
muscles is severe inhibition of Glycogen Synthase
(GS) and hence loss of glycogen synthesis.”” GSK-3 is
a kinase, which phosphorylates and inactivates GS.*’
In response to insulin stimulation in the phosphati-
dylinositide pathway, GSK-3 becomes inhibited by
PKB mediated phosphorylation of N terminus,'*"’
facilitating the dephosphorylation and activation of
glycogen synthase. GSK-3 was recently implicated
in several human diseases such as cancer,'” chronic
inflammatory processes,"” and neurological diseases
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such as bipolar disorders'* or Alzheimer’s disease"’
apart from NIDDM diabetes.” '

Presently, three distinct regions on the GSK-3
molecule are being targeted to suppress enzyme
activity: (i) metal ion (Mg”") binding site; (ii) sub-
strate interaction domain and (iii) ATP-binding
pocket.'”"®

The present study is undertaken to gain under-
standing of potential energy surface of maleimide.
The tautomerization of maleimide in gas phase as
well as with water molecule has been discussed using
ab initio calculations. Experimental determination of
these parameters is not easy'~ and with the pheno-
menal growth in computer power, in recent years,
much attention has been given to the possibility of
calculating these parameters by quantum chemical
methods. Ab initio approaches are successful in pro-
viding reliable values of proton affinities and gas
phase basicities for small molecules even at lower
levels of theory.”” However, due to computational
expense, application of ab initio methods to evaluate
large molecules is still impractical. Semi-empirical
methods such as AM1, MNDO and PM3 are not
consistently reliable in calculations.”’ We have used
ab initio methods for our study.

Proton-transfer reactions are important in many
chemical and biological systems.** ** 4b initio mole-
cular orbital (MO) calculation shows that gas phase
tautomerization of maleimide is energetically expensive
than tautomerization in aqueous solution in which a
single water molecule directly assists the tauto-
merization of maleimide by acting as a bridge for
proton transfer from the donor (-NH) to the acceptor
(=0) site. These water molecules stabilize the transi-
tion state and therefore substantially lower the clas-
sical energy barrier to proton transfer. Such phenomena
have been postulated in the action of enzymes (e.g.
carbonic anhydrase)® as well as in other tautomeri-
zation reactions.***’

2. Methods of calculation

Ab initio method was used for the study of tauto-
merization of Maleimide and Formamide. This work
was carried out using the Gaussian 98, ChemOffice,
Molekel, a computational chemistry programs.

In order to investigate their electronic features and
mode of their action, it is requisite to first optimize
the molecule. To study the interaction of maleimide
drug with GSK-3 the first step was to optimize the
following structures:
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Molecular system Description

Maleimide

H
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(0]

/

/H\

Transition state between
maleimide and 5-hydroxy-
pyrrol-2-one

5-Hydroxy-pyrrol-2-one
(tautomer of maleimide)

Anion of maleimide

H
N (0]
(0]
/
OH

N O
O§<j/
—
N
+H0ﬂ/
—

5-Hydroxy-pyrrol-2-
ylidene-oxonium
(cation of maleimide)

After optimization, their relative energies were
compared with that of formamide. This gives the
contribution of tautomerization of maleimide towards
its mode of action for interacting and inhibiting
GSK-3. The tautomerization of maleimide was also
compared with tautomerization in formamide using
water molecule and again optimization of all the corre-
sponding structures were carried out. Activation en-
ergy required to facilitate tautomerization in all the
cases was calculated. All the optimizations at various
levels were performed using Gaussian 98 program.

3. Results and discussion

The potential energy (PE) surface of maleimide was
studied and its tautomerization has been discussed.
Complete optimization of all the structures i.e. 5-
Hydroxy-pyrrol-2-one (tautomer of maleimide) has
been performed using HF(E), B3LYP(E) and MP2
(full)(E) methods at the 6-31+G* basis set. Also the
higher accuracy G2MP2 method was applied for the
optimization.

Proton transfer reactions are important in many
chemical and biological systems. Here, we have dis-
cussed tautomerization of maleimide to 5-hydroxy-
pyrrol-2-one in gas phase as well as with water
molecule.
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Table 1.
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Relative energies (kcal/mol, ZPE corrected values that have

been scaled by a factor of 0-9153, 0-9806 and 0-9661 for HF, B3LYP, and
MP2(full) levels, respectively using 6-31+G* basis set) of various con-

formers of maleimide and formamide.?

Name of the structure

HF(E) B3LYP(E) MP2(E) G2MP2(G)

Maleimide
N o
°:<j 0-00 0-00 0-00 0-00
/
Maleimide
tHs\
N 0
o T 73-11 56-97 73-24 54-78
/
Maleimide-transition state
N OH
o e
23.21 22-54 23-05 19-62
/
5-Hydroxy-pyrrol-2-one
Formamide
o\\ /H
/C_N\ 0.00 0-00 0-00 0-00
H H
Formamide
O\' --H
/ \ 61-44 46-56 61-63 44-90
H H
Formamide-transition state
HO
/C N\ 15-05 14-85 15-22 12-33
H H

Formimidic acid

°F is the total energy, G is the free energy
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o
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Figure 1. Energy difference between tautomerization of
maleimide and formamide.

4. Gas phase tautomerization

Ab initio MO calculation has been shown that gas
phase tautomerization in maleimide requires 23-21 kcal/
mol energy at HF/6-31+G* level. This energy shows
little change after including the electron correlation
to 22-54 kcal/mol at the B3LYP/6-31+G* level and
23-05 kcal/mol at the MP2(full)/6-31+G* level. Higher
accuracy G2MP2 method showed a further decrease
in energy of about 3-43 kcal/mol i.e. 19-62 kcal/mol
from MP2(full)/6-31+G* level (table 1). This value
is much larger than that in formamide (12-33 kcal/mol).
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This shows that the gas phase tautomerization of
maleimide requires at least 19-20 kcal/mol of en-
ergy which is a large amount of energy requirement,
thus making proton transfer reaction a difficult process
in gas phase.

Further, when we compare this gas phase tauto-
merization with formamide using same methods, it is
reported that tautomerization in maleimide requires
7-69 kcal/mol higher energy than that required to
tautomerize formamide at B3LYP level. This energy
difference becomes 7-29 kcal/mol at higher accuracy
G2MP2 level (tautomerization energies of forma-
mide at various levels are given in table 1). Also, it has
to cross 10-41 kcal/mol greater energy barrier as com-
pared to formamide at B3LYP level (figure 1).

The energy barrier in case of maleimide was 73-11,
56-97, 73-24 kcal/mol at HF/6-31+G*, B3LYP/6-
31+G* and MP2 (full)/6-31+G* levels, respectively.
This barrier becomes 54-78 kcal/mol at higher accu-
racy G2MP2 level. In case of formamide the energy
barrier was 61-44, 46-56, 61-63 and 44-90 kcal/mol
at HF/6-31+G*, B3LYP/6-31+G* and MP2 (full)/6-
31+G* levels, respectively (table 1). The energy dif-
ference between tautomerization of maleimide and
formamide is shown in figure 1. It shows that the
tautomerization in maleimide is difficult as compare
to simple formamide tautomerization. The activation
barrier for maleimide is more than that of forma-
mide because for tautomerization of maleimide in
gas phase, maleimide molecule must undergo large
structural change that is energetically expensive.

It has been reported that the addition of water
molecule can lower the energy barrier of tautomeri-
zation, thus facilitating the tautomerization easily.
Therefore in our further study, we examined the water-
assisted tautomerization of maleimide to 5-Hydroxy-
pyrrol-2-one.

a g

—e—Maleimide
50 4

—a—Maleimide-H20

40

30 4

Enerav in kcal/mol

20
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5. Water-assisted tautomerization

A particularly interesting type of proton transfer in
aqueous solution is one in which one or more sol-
vent water molecules can mediate the process by
serving as a bridge that connects the donor and ac-
ceptor sites. These water molecules stabilize the
transition state and therefore substantially lower the
classical energy barrier to proton transfer. Such phe-
nomena have been postulated in the action of en-
zymes (e.g. carbonic anhydrase)® as well as in other
tautomerization reactions.”>”’ In the present study,
we examined the water-assisted tautomerization of
maleimide to 5-hydroxy-pyrrol-2-one. This class of
reactions has importance in protein and pharmaceu-
tical chemistry and provides the simplest model for
peptide linkage.**** " The N-C=0 backbone of
maleimide is involved in the proton transfer reac-
tion. Theoretical studies on the water complex have
determined that the preferred mechanism to form
tautomer is via stable cyclic double hydrogen bonded
transition state.’' >

By ab initio calculations using Gaussian 98, it was
found that the tautomerization of maleimide to 5-
hydroxy-pyrrol-2-one has a classical barrier of
56-97 kcal/mol (table 1) in the gas phase at B3LYP
level using 6-31+G* basis set. A single water mole-
cule directly assists the tautomerization of maleim-
ide by acting as a bridge for proton transfer from the
donor (-NH) to the acceptor (=0) site and conse-
quently, lowers the barrier to 23-52 kcal/mol (table 2).
Total decrease of 33-45 kcal/mol which is a very
significant decrease (figure 2a). Furthermore, it was
determined that this water-assisted tautomerization
proceeds via a concerted double proton-transfer
mechanism. Also the B3LYP water-assisted classical
barrier of 23-52 kcal/mol gives the better agreement

b 504
45 {|—*—Formamide

||-—=—Formamide-H20

Energy in keal/mol
N
(4]

0 ¥ T T 1

0 T T
keto ts enol

keto ts enol

Figure 2. Energy difference between gas phase tautomerization and water assisted tatutomerization of (a)

maleimide and (b) formamide.
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Table 2. Relative energies (Kcal/mol, ZPE corrected values that have been
scaled by a factor of 0-9153, 0-9806, and 0-9661 for HF, B3LYP, and MP2
(full) levels, respectively using 6-31+G* Basis set) of maleimide and formamide

with water.?

Name of the structure

HF(E) B3LYP(E) MP2(E)

G2MP2(G)

Maleimide with water

O,

0-00 0-00
39.07 23-52
Maleimide-H,O-transition state
o)
H
NN
19-60 17-63

OH
5-Hydroxy-pyrrol-2-one-H,O
Formamide with water

7N\

H—©C H
/N__H 0-00 0-00
H
Formamide-H-,O
O---H
H-—C{ 0—H
\‘N---H' 37.55  20-69
H/
Formamide-H,O-transition state
_H
0
H—C, T_H
\\N 14-16 12-84

/

H
Formimidic acid-H-,O

0.00

36-85

14-21

0.00

21-82

10-83

°F is the total energy, G is the free energy

*Due to higher computational cost, optimization at MP2 (full)/6-31+G* and

G2MP2 level is not done for these structures

over the HF barrier of 39-07 kcal/mol. Due to decrease
in energy barrier, water-assisted tautomerization of

maleimide requires 19-60 kcal/mol energy at HF/6-
31+G* level, a decrease of 3-61 kcal/mol over gas phase
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tautomerization. This energy difference increases after
including the electron correlation to 4-91 kcal/mol at
the B3LYP/6-31+G* level.

Similarly in water-assisted tautomerization of form-
amide, it was found that water-assisted tautomeriza-
tion lowers the energy barrier to 20-69 kcal/mol
from 46-56 kcal/mol of gas phase at B3LYP level
(figure 2b), a total decrease of 25-87 kcal/mol which
is a large amount of decrease in energy. Therefore,
the required energy for water-assisted tautomerization
of formamide was reduced to 14-16 and 12.84 kcal/
mol, which is 0-89 and 2-01 kcal/mol less than the
gas phase tautomerization at HF/6-31+G* and
B3LYP/6-31+G* level respectively (table 2).

The comparison of water-assisted proton transfer
in maleimide and formamide shows that now the dif-
ference in energy barrier reduced to 2-83 kcal/mol
from 7-99 kcal/mol (in gas phase) at B3LYP level
(figure 3). This is quite significant decrease and clearly
shows that maleimide readily undergo proton transfer
reaction in the presence of H,0.

6. Geometries

We have discussed here maleimide and maleimide-
water geometries at the B3LYP level. These struc-
tures (taken from B3LYP level optimized geometries)
shown here are in over all agreement with the high-
est level of theoretical or available experimental data.
The B3LYP (Density Functional Theory method)
is better than Hartree-Fock (HF) method because
it adds correlation corrections to the basis Hartree—
Fock model. For H-bonded complexes (figure 4),
this method yields better results for active bonds,

n
[3,]
]

n
o
1

—_
[3,]
1

—_
o
1

Energy in kcal/mol

—e—Maleimide-H20

[3,]
1

—=—Formamide-H20

keto ts enol

Figure 3. Energy difference between water-assisted
tatutomerization of maleimide and formamide.
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bonds which are either being formed or broken in
the course of the reaction.

The potential energy along with the corresponding
structural changes in the maleimide—water complex
is illustrated in figure 4c. This system reveals a con-
certed two-stage mechanism in qualitative agreement
with that for the maleimide—water system. From an
examination of the structural changes from reactant
to product, it can be seen that the N-C=0 bond angle
starts to lengthen. Tautomerization in the maleimide
water system requires the N-C=0 bond angle to be
compressed by 2-94 or 2:33% from the equilibrium
value then the N-H bond is stretched from an equi-
librium value of 1-021-1-438 A at the transition
state, an increase of 40-84%.

For tautomerization to occur, the maleimide (gas
phase) molecule must undergo large structural changes
that are energetically expensive. The N-C=0 bond
angle was compressed from an equilibrium value of
126-25° to 109-57°, a decrease of 13-21%. The N-H
bond was then stretched from 1-011 A to 1.370 A,
an increase of 35-51% (figure 4a), to reach the tran-
sition state. The large reduction in the classical energy
barrier from the gas phase to the water-assisted case
is attributed to the water acting as a catalyst through
the stabilization of the transition state. Most of the
energy savings was achieved because the N-C=0
angle has to be decreased by only 2:94° when com-
pared with that for the gas phase which has to be de-
creased by 16-67° (figure 4c).

Similarly, in formamide the N-C=0 bond angle
was compressed from 124.77 to 108.55 and then N-H
bond was stretched from 1-012 A to 1-356 A, a decrease
of 13-:0% in N—-C=0 bond angle and increase of 33-99%
in N-H bond length to reach transition state (figure
4b). Whereas in water-assisted tautomerization N—
C=0 angle was compressed by 3-14° or 2.51% from
equilibrium value then the N-H bond was stretched
from 1-021 A to 1-299 A, an increase of 27-23% at
transition state (figure 4d).

This shows that the water-assisted tautomerization
reduces the large structural changes which reduces
the N-C=0 bond angle compression by 10-0 to
10-50%, thus lowering the large amount of energy
requirement for tautomerization.

7. Conclusions

Ab initio calculations using HF/6-31+G*, B3LYP/6-
31+G*, MP2(full)/6-31+G* and G2MP2 levels of
quantum chemical methods were carried out on the
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Figure 4. Keto to enol conversion of (a) maleimide and (b) formamide in gas phase. (¢) maleimide and (d) forma-
mide with water.
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tautomeric process in maleimide. The 1, 3-H shift
process has been found to be not favourable in gas
phase but favourable in aqueous solvents because of

the

participation of water molecules.

References

B =

10.
11

12.
13.
14.
15.
16.

17.

Taylor S I, Accili D and Imai Y 1994 Diabetes 43 735
Ramarao P and Kaul C L 1999 Drugs Today 35 895
Mollar N 2003 Trends Endocrinol. Metab. 14 169
Wagman A S and Nuss ] M 2001 Curr. Pharm. Des.
7 417

Ryves W J and Harwood A 2001 J. Biochem. Biophys.
Res. Commun. 280 720

Ciaraldi T P, Nikoulina S E and Henry R R 2002 J.
Diabetes Compli. 16 69

. Nikoulina S E, Ciaraldi T P, Mudaliar S, Mohideen P,

Carter L, Johnson K and Henry R R 2002 Diabetes
512190

Embi N, Rylatt D B and Cohen P 1980 Eur. J. Bio-
chem. 107 519

Doble B W and Woodgett JR 2003 J. Cell Sci. 116
1175

Harwood A J 2001 Cell 105 821

Cross D A, Alessi D R, Cohen P, Andjelkovich M
and Hemming B A 1995 Nature (London) 378 785
Peifer M and Polakis P 2000 Science 287 1606

Ghosh S and Karin M 2002 Cel/ 109 S81

Phiel C J and Klein P S 2001 Annu. Rev. Pharmacol.
Toxicol. 41 789

Planel E, Sun X and Takashima A 2002 Drug Dev.
Res. 56 491

Shulman R G, Bloch G and Rothman D L 1995 Proc.
Natl. Acad. Sci. USA 92 8535

Wauwe J V and Haefner B 2003 Drug News Per-
spect. 16 557

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

34.

Liljebris C, Martinsson J, Tedenborg L, Williams M,
Barker E, Duffy J E S, Nygren A and James S 2002
Bioorg. Med. Chem. 10 3197

Dixon D A and Lias S G 1987 In Molecular structure
and energetics, physical measurements (eds) JF
Liebman and A Greenberg (FL: VCH) vol 2

Hehre W J, Radom L, Schleyer P V R and Pople J A
1986 Ab initio molecular orbital theory (New York:
John Willey)

Ozment JL and Schmiedekamp AM 1992 Int. J.
Quantum Chem. 43 783

Aziz S A and Knowles C O 1973 Nature (London)
242 418

Beeman R W and Matsumura F 1973 Nature (Lon-
don) 242 274

Johnson T L and Knowles C O 1983 Gen. Pharm. 14
591

Silverman D N and Lindslog S 1988 Acc. Chem. Res.
2130

Jasien P G and Stevens W J 1986 J. Chem. Phys. 84
3271

Bell RL and Truong TN 1994 J. Chem. Phys. 101
10442

Oie T, Loew G H, Burt S K, Binkley J S and MacElroy
R D 1982 J. Am. Chem. Soc. 104 6169

Oie T, Loew G H, Burt S K and MacElroy R D 1983
J. Am. Chem. Soc. 105 2221

Oie T, Loew G H, Burt S K and MacElroy R D 1984
J. Am. Chem. Soc. 106 8007

Zielinski T J, Poirier R A, Peterson M R and Csiz-
madia I G 1983 J. Comput. Chem. 4 419

Nagaoka M, Okuno Y and Yamabe T 1991 J. Am.
Chem. Soc. 113 769

Engdahl A, Nelander B and Astrand, P O 1993 J.
Chem. Phys. 99 4894

Pranata J D and Geraldine D 1995 J. Phys. Chem. 99
14340




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


