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The lp–S–C–NH+ stereoelectronic interaction 
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The stereoelectronic interaction in the S–C–NH+ fragment and its manifestation in geometry of cations are considered using X-ray
diffraction data and quantum-chemical calculations of 5-(2-hydroxyethyl)-1,3,5-dithiazinan-5-ium chloride and bromide.

Stereoelectronic interactions (SEI) play an important role in
organic chemistry. In R–X–C–Y systems, where X is bearing a
lone pair, and Y is more electronegative than carbon atom,
they affect bond lengths, reactivity in SN reactions and usually
define conformational preferences.1,2 The most widely accepted
method for estimation of stereoelectronic interactions is based
on second-order perturbation analysis of natural bond orbitals
(NBO).3 However, it has been shown recently that examination
of SEI within the quantum theory of Atoms in Molecules (AIM)4

provides significant supplement to NBO analysis. It recovers
the anomeric effect by changes in energies and electron popula-
tions of atoms obtained by the integration of corresponding
functions over atomic basins.5,6 The applicability of AIM to
this task was demonstrated for O–C–O and N–C–N systems. In
our recent study, it was successfully applied to investigation of
SEI in the N–C–S system in tetrahydro[1,3,4]thiadiazolo[3,4-c]-
[1,3,4]thiadiazole.7

In this work, we consider stereoelectronic interactions in the
N–C–S system based on X-ray diffraction (XRD)† and quantum-

chemical studies‡ of 5-(2-hydroxyethyl)-1,3,5-dithiazinan-5-ium
bromide and chloride (1a,b).§ The major difference of these
compounds from the previously studied system7 is protonation
of the nitrogen atom. The protonated nitrogen atom could not
be involved in SEI as a donor due to absence of a lone pair but
its acceptor abilities should increase. Thus, in this system, we
could expect the appearance of lp–S–C–N stereoelectronic
interactions being negligibly weak in the unprotonated lp–N–
C–S system.7 Note that the crystal structure of unprotonated
2-(1,3,5-dithiazinan-5-yl)-1-ethanol is already known.15

The XRD study of 1a (see Figure 1) has shown that the six-
membered ring has the conformation of distorted chair with
N(1)–C(1)–S(1)–C(2) and N(1)–C(3)–S(2)–C(2) torsion angles
of –61.7(2) and 63.0(2)°, respectively. This conformation is
very favourable for lp–S–C–NH+ stereoelectronic interactions,
as the corresponding lp–S–C–N torsion angle in 1a estimated
based on the VSEPR theory16 is close to 180°. Correspondingly,

† All measurements were performed with a Bruker SMART APEX2
CCD diffractometer [l(MoKα) = 0.71073 Å, w-scans] at 100 K. Crystals
of 1a (C5H12BrNOS2, M = 246.19) and 1b (C5H12ClNOS2, M = 201.73)
are triclinic, space group P1

–
.

1a: a = 6.6491(8), b = 7.8313(10) and c = 8.9666(11) Å, a = 79.470(3)°,
b = 88.684(4)°, g = 81.142(2)°, V = 453.56(10) Å3, Z = 2 (Z' = 1), dcalc =
= 1.803 g cm–3, m(MoKα) = 4.930 cm–1, F(000) = 248. 5906 measured
reflections (2q < 60°), 2638 independent reflections (Rint = 0.0215), wR2 =
= 0.0527 and GOF = 1.002 for all independent reflections [R1 = 0.0214
for 2383 observed reflections with I > 2s(I)].

1b: a = 6.5384(6), b = 7.8098(7) and c = 8.8104(8) Å, a = 79.153(2)°,
b = 89.298(4)°, g = 79.406(2)°, V = 434.20(7) Å3, Z = 2 (Z' = 1), dcalc =
= 1.543 g cm–3, m(MoKα) = 0.856 cm–1, F(000) = 212. 5622 measured
reflections (2q < 60°), 2512 independent reflections (Rint = 0.0141), wR2 =
= 0.0774 and GOF = 1.006 for all independent reflections [R1 = 0.0297
for 2374 observed reflections with I > 2s(I)].

All calculations were performed using SHELXTL-Plus 5.0.9

CCDC 713877 and 713878 contain the supplementary crystallographic data
for this paper. These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
For details, see ‘Notice to Authors’, Mendeleev Commun., Issue 1, 2009.
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‡ Ab initio calculations were performed with the Gaussian03 program
package10 at B3LYP/6-311G*//B3LYP/6-311G* level. As convergence
criteria, the extremely tight threshold limits of 2×10–6 and 6×10–6 a.u.
were applied for the maximum force and displacement. To enhance DFT
calculation accuracy the pruned (99.590) grid (keyword Grid=Ultrafine)
has been used. The topological analysis of total electronic density and
integration over atomic basins were performed using the AIMAll package.11

§ 2-(1,3,5-Dithiazinan-5-yl)-1-ethanol was synthesized as reported.12,13

5-(2-Hydroxyethyl)-1,3,5-dithiazinan-5-ium chloride 1b. To a solution
of the corresponding 2-(1,3,5-dithiazinan-5-yl)-1-ethanol (0.155 g, 1 mmol)
in 5 ml of CHCl3, under stirring, 37 wt% aqueous solution of HCl
(0.083 ml, 1 mmol) and 5 ml of H2O were added. The reaction mixture
was stirred at 40–50 °C for 2 h. Aqueous layer was transferred to 10 ml
beaker and left open for 3 days under room temperature until the volume
of the solution reduced to 2 ml. Obtained precipitate was filtered to give
0.12 g of colorless crystals of 1 (63%), mp 142–144 °C (from water).
Found (%): C, 29.56; H, 5.93; Cl, 17.32; N, 6.87; S, 31.55. Calc. for
C5H12ClNOS2 (%): C, 29.78; H, 5.96; Cl, 17.62; N, 6.95; S, 31.76.

5-(2-Hydroxyethyl)-1,3,5-dithiazinan-5-ium bromide 1a. Colourless
crystals of complex 2 were obtained in the same way. To a solution of
2-(1,3,5-dithiazinan-5-yl)-1-ethanol (0.115 g, 1 mmol) in 5 ml CHCl3
48 wt% aqueous solution of HBr (0.115 ml, 1 mmol) and 5 ml H2O were
added. Yield 0.09 g (51%), mp 166–168 °C (from water). Found (%):
C, 29.60; H, 5.02; Br, 33.14; N, 5.63; S, 25.98. Calc. for C5H12BrNOS2
(%): C, 29.39; H, 4.91; Br, 32.46; N, 5.69; S, 26.05.

Elemental analysis of C, H, N and S samples was performed on Karlo
Erba, model 1106. Cl and Br contents were determined by Sheniger’s
method.14 Melting points were determined on a Kofler unit.
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the observed variations in bond lengths follow the expected
increase of contribution of canonical structure S+=C···N. Indeed,
the C(1)–S(1) and C(3)–S(2) [1.797(2) and 1.799(2) Å, respec-
tively] bonds are shorter than S(1)–C(2) and S(2)–C(2) ones
[1.806(2) Å], as they are strengthened due to SEI. Corre-
spondingly, the weakened N(1)–C(1) and N(1)–C(3) bonds
[1.514(2) and 1.510(2) Å, respectively] are elongated in respect
to N(1)–C(4) [1.501(2) Å].

The variations of S–C bond lengths can possibly be a
consequence of intermolecular interactions in a crystal of 1a.
The analysis of crystal packing in 1a revealed that this crystal is
formed by strong N+H···Br– [N···Br 3.215(1) Å, Ð N–H···Br
154(2)°] and OH···Br– [O···Br 3.216(1) Å, O–H···Br 160(2)°]
hydrogen bonds. Other intermolecular contacts in a crystal of
1a are negligibly weak (see Online Supplementary Materials).
The compound 1b is isostructural† to 1a, with the only notable
difference occurring in hydrogen bond lengths. The observed
shortening of the O–H···Cl– [O···Cl 3.087(1) Å, O–H···Cl 163(2)°]
and N–H···Cl– [N···Cl 3.062(1) Å, N–H···Cl 152(2)°] hydrogen
bonds in 1b, as compared to 1a, is explained by differences in
chloride and bromide ionic van der Waals radii.

Thus, the observed variation in bond lengths cannot be
explained by crystal packing. Moreover, they are in line with
previously observed differences in C–S bond lengths of protonated
5-methyl-1,3,5-dithiazinane17 (CCDC refcode ISUWEY). At the
same time, the unprotonated 2-(1,3,5-dithiazinan-5-yl)-1-ethanol17

(CCDC refcode ACAMIB) exhibits opposite tendencies in bond
lengths: the S(1)–C(2) bond in it [1.803(3) Å] is significantly
shorter than S(1)–C(1) one [1.840(3) Å] indicating strong
lp–N–C–S stereoelectronic interactions.

To perform deeper investigation of SEI lp–S–C–NH+ and
evaluate its energy, the B3LYP/6-311G* calculation of protonated
2-(1,3,5-dithiazinan-5-yl)-1-ethanol in gas phase was performed.
The deviation of the calculated geometry for cation 1 in a gas
phase from experimental was significant, with a maximum
difference of 0.03 Å for the S(1)–C(2) bond. The tendencies
in C–S and C–N bond lengths observed in a crystal became
more pronounced in a gas phase, with difference between
S(1)–C(1) and S(1)–C(2) bond lengths (1.831 and 1.806 Å,
respectively) exceeding 0.02 Å. The analysis within the NBO
scheme demonstrated the value of 9.9 kcal mol–1 for nS ® σ*C–N
interaction, thus indicating the presence of medium strength SEI.
At the same time, the bond lengths indicate that this interaction
in gas phase is significantly stronger than in crystal and the
conclusions from gas-phase calculations cannot be directly applied
to the structure observed in a crystal.

This fact can be explained by difference in hydrogen bonding
of protonated nitrogen atom. Indeed, the protonated nitrogen
atom in crystal is involved in a strong intermolecular NH+···Br–

hydrogen bond, while in isolated state it is only compensated by
an intramolecular NH+···OH one. The topological analysis of total

electron density function r(r) for this cation revealed the (3, –1)
critical point corresponding to this interaction [r(r) = 0.1755 eÅ3,
∇2r(r) = –0.699 eÅ3] with an energy of 6.8 kcal mol–1 according
to the Espinosa–Lecomte correlation.18 There are no experi-
mental data available for energies of NH+···Br– interactions in
crystal, but the energy for NH+···Cl– interactions is estimated at
~10 kcal mol–1.19 We can suggest that stronger H-bonding of
a protonated nitrogen atom leads to greater charge transfer to
nitrogen atom that decreases its acceptor ability and weakens
the lp–S–C–NH+ stereoelectronic interaction.

To check our suggestion, the calculation of the structures of
model compounds 2 and 3 in a gas phase was performed
followed by the NBO analysis. Cation 2 was chosen as a model
of cation 1 without hydrogen bonding, and complex 3 was
calculated to analyse the changes in S–C–NH+ induced by
stronger H-bonding. The results of calculation agree with sugges-
tion that the strength of lp–S–C–N SEI is affected by the strength
of N+–H···X bond.

Indeed, the C(2)–S(1) bond in 2 is by 0.004 Å shorter than that
in 1, and in complex 3 it is by 0.005 Å lengthened in comparison
with 1 (see Figure 2). The changes in nS ® σ*C–N mixing energies
follow the changes in C(2)–S(1) bond length: according to
NBO data, the SEI is by 0.68 kcal mol–1 stronger in 2 and by
1.07 kcal mol–1 weaker in 3 in comparison with 1.

The study of integral charges and energies in cations 1 and 2
has shown that the charge redistribution caused by hydrogen
bonding has greater impact on integral atomic charges than
the SEI in lp–S–C–N. As it was shown previously,5–7 the SEI in
lp–X–Y–Z increases the integral charges of atoms X and Z and
decreases the charge of atom Y. Thus, the stronger SEI in 2,
in comparison with 1, must be reflected in increase of positive
charge on C(1) and C(3) atoms. Instead, the charge of carbon
atoms in 2 was by 0.02e lower than that in 1. This result can be
explained on the basis of hydrogen bonding properties summarized
by Koch and Popelier:8 the N+–H···O hydrogen bonding leads
to decrease of N(1) and O(1) charge, and the charge is transferred
to these atoms from other atoms in the molecule.

Complex 3, besides hydrogen bonding, was affected by
charge transfer from Cl–. The chloride anion in this complex
beared a charge of only –0.74e, with 0.14e transferred to cation
and 0.04e to each water molecule. As a result, each carbon atom
gained ~0.02e, and each sulfur atom gained more than 0.09e.

Thus, the analysis of both experimental and calculated bond
lengths and NBO data supports the presence of lp–S–C–N
interactions and shows that they are weakened by hydrogen
bonding with the NH+ group. However, the effects of charge
redistribution caused by hydrogen bonding have bigger impact
on atomic properties than stereoelectronic interactions and thus
the method proposed previously7 cannot be applied to estimate
the energy of these interactions.

Online Supplementary Materials
Supplementary data associated with this article can be found

in the online version at doi:10.1016/j.mencom.2009.01.006.
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Figure 1 OH···X bonded cation 1 in a crystal. The atoms are represented
by thermal ellipsoids (p = 50%).
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B3LYP/6-311G* calculation are given in Å.



– 16 –

Mendeleev Commun., 2009, 19, 14–16

References

1 J. Kirby, The Anomeric Effect and Related Stereoelectronic Effects of
Oxygen, Springer-Verlag, Berlin, 1983.

2 P. Deslongchamps, Stereoelectronic Effects in Organic Chemistry,
Wiley, New York, 1983.

3 T. K. Brunck and F. Weinhold, J. Am. Chem. Soc., 1978, 101, 1700.
4 R. F. W. Bader, Atoms in Molecules. A Quantum Theory, Clarendon

Press, Oxford, 1990.
5 A. Vila and R. A. Mosquera, J. Comput. Chem., 2007, 28, 1516.
6 K. Eskandari, A. Vila and R. A. Mosquera, J. Phys. Chem. A, 2007,

111, 8491.
7 I. S. Bushmarinov, M. Yu. Antipin, V. R. Akhmetova, G. R. Nadyrgulova

and K. A. Lyssenko, J. Phys. Chem. A, 2008, 112, 5017.
8 U. Koch and P. L. A. Popelier, J. Phys. Chem., 1995, 99, 9747.
9 G. M. Sheldrick, SHELXTL-Plus Reference Manual. Version 5.0, Siemens

Analytical X-ray Instruments Inc., Madison, WI, 1996.
10 M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb,

J. R. Cheeseman, J. A. Montgomery, Jr., T. Vreven, K. N. Kudin, J. C.
Burant, J. M. Millam, S. S. Iyengar, J. Tomasi, V. Barone, B. Mennucci,
M. Cossi, G. Scalmani, N. Rega, G. A. Petersson, H. Nakatsuji, M. Hada,
M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima,
Y. Honda, O. Kitao, H. Nakai, M. Klene, X. Li, J. E. Knox, H. P. Hratchian,
J. B. Cross, C. Adamo, J. Jaramillo, R. Gomperts, R. E. Stratmann,
O. Yazyev, A. J. Austin, R. Cammi, C. Pomelli, J. W. Ochterski, P. Y.
Ayala, K. Morokuma, G. A. Voth, P. Salvador, J. J. Dannenberg, V. G.
Zakrzewski, S. Dapprich, A. D. Daniels, M. C. Strain, O. Farkas, D. K.
Malick, A. D. Rabuck, K. Raghavachari, J. B. Foresman, J. V. Ortiz,
Q. Cui, A. G. Baboul, S. Clifford, J. Cioslowski, B. B. Stefanov, G. Liu,
A. Liashenko, P. Piskorz, I. Komaromi, R. L. Martin, D. J. Fox, T. Keith,
M. A. Al-Laham, C. Y. Peng, A. Nanayakkara, M. Challacombe, P. M.
W. Gill, B. Johnson, W. Chen, M. W. Wong, C. Gonzalez and J. A. Pople,
Gaussian 03, Revision B.02, Gaussian, Inc., Pittsburgh PA, 2003.

11 T. A. Keith, AIMAll (Version 08.05.04), 2008, http://aim.tkgristmill.com
12 S. R. Khafizova, V. R. Akhmetova, L. F. Korzhova, T. V. Khakimova,

G. R. Nadyrgulova, R. V. Kunakova, E. A. Kruglov and U. M. Dzhemilev,
Izv. Akad. Nauk, Ser. Khim., 2005, 423 (Russ. Chem. Bull., Int. Ed.,
2005, 54, 432).

13 V. R. Akhmetova, G. R. Nadyrgulova, T. V. Tyumkina, Z. A. Starikova,
M. Yu. Antipin, R. V. Kunakova and U. M. Dzhemilev, Zh. Org. Khim.,
2007, 43, 919 (Russ. J. Org. Chem., 2007, 43, 918).

14 V. D. Bezuglyi, Analiz polimerizatsionnykh plastmass. Prakticheskoe
rukovodstvo (Analysis of Polymerization Plastics. Practical Manual),
Khimiya, Moscow, 1965, p. 155 (in Russian).

15 J. C. Galvez-Ruiz, J. C. Jaen-Gaspar, I. G. Castellanos-Arzola, R. Contreras
and A. Flores-Parra, Heterocycles, 2004, 63, 2269.

16 R. J. Gillespie and I. Hargittai, The VSEPR Model of Molecular Geometry,
Allyn and Bacon, Boston, MA, 1991.

17 J. C. Gálvez-Ruiz, C. Guadarrama-Pérez, H. Nöth and A. Flores-Parra,
Eur. J. Inorg. Chem., 2004, 601.

18 (a) E. Espinosa, E. Molins and C. Lecomte, Chem. Phys. Lett., 1998,
285, 170; (b) E. Espinosa, I. Alkorta, I. Rozas, J. Elguero and E. Molins,
Chem. Phys. Lett., 2001, 336, 457.

19 Yu. V. Nelyubina, M. Yu. Antipin and K. A. Lyssenko, J. Phys. Chem. A,
2007, 111, 1091.

Received: 29th August 2008; Com. 08/3207



<<
  /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 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /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 ()
  /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 [612.000 792.000]
>> setpagedevice




