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CRYSTAL STRUCTURE AND PROPERTIES
OF LEVOFLOXACINIUM 2-THIOBARBITURATE
TRIHYDRATE
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and M. K. Lesnikov'

The structure of levofloxacinium 2-thiobarbiturate trihydrate LevoH,Htba-3H,O (I) (LevoH is
levofloxacin, Hytba is 2-thiobarbituric acid) is determined (CIF file CCDC No. 1547466); its thermal
decomposition and IR spectrum are studied. The crystals of I are triclinic: a = 8.670(1) A, b =9.605(1) A,
c=15.786(2) A, o.=89.144(5)°, P = 88.279(5)°, y = 76.068(5)°, V' =1275.4(3) A*, space group P1, Z=2.
The unit cell of I contains two LeVOH;r ions, two Htba™ ions, and six H,O molecules. The absolute structure
of the crystal and the configuration of the chiral center in a levofloxacin molecule S are determined.
Experiments for generating the second optical harmonics gave a positive result. Intermolecular hydrogen
bonds (HBs) N-H---O and O-H---O in I form a bilayer system along the ab diagonal with hydrophilic
moieties within a layer and hydrophobic moieties directed outward. The structure is stabilized by multiple

HBs and the n— interaction between the Htba™ and LevoH ions and between the LevoH} ions.
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Fluoroquinolones are one of the classes of synthetic antibiotics that are most broadly used in clinical practice [1, 2].

An important representative of this class is levofloxacin (-)-(S)-9-fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-
7-oxo0-7H-pyrido[ 1,2,3-de]1,4-benzoxazine-6-carboxylic acid (LevoH, Fig. 1) applied, inter alia, in treating the urinary

infectious diseases and pneumonia. Due to its low bioavailability large LevoH doses are needed [3], but it is marginally
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Fig. 1.  Graphical formula of
levofloxacin (LevoH, C gH,,FN;0,).
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soluble in water. To improve solubility it can be transformed in other compounds, for example, organic salts [4].
Noncentrosymmetric crystals of levofloxacin are a nonlinear optical (NLO) material [5] and its salts can also exhibit NLO

properties. Within the systematic study of the structure of fluoroquinolone salts, levofloxacinium 2-thiobarbiturate trihydrate

LevoH ;Htba -3H,0 (I) was characterized by single crystal XRD.

EXPERIMENTAL

Levofloxacin hemihydrate LevoH-1/2H,0 (Zhejiang Kangyu Pharmaceutical Co., Ltd, China) and Hytba (chemically
pure) were used without additional purification.
Synthesis of LevoH;tha*-3H20 (D). A mixture of 0.54 mmol of LevoH-1/2H,0 and 0.54 mmol of H,tba was

dissolved in 5 ml of water at 80 °C. The solution was cooled to room temperature and then kept in a refrigerator at 4 °C for
2 days. A pale pink precipitate in the form of platy crystals was filtered off, washed with 1 ml of water, 1 ml of acetone, and
dried in the air until constant weight. The yield was 43%. A single crystal for XRD was selected from the bulk precipitate.

Single crystal XRD. The intensities of X-ray reflections from the crystal of 0.40x0.30x0.12 mm were measured at
150 K on a SMART APEX II single crystal diffractometer with a CCD detector (Bruker AXS), MoK, radiation,
L =0.71073 A. The experiments showed that the crystal belongs to the triclinic symmetry. Since the LevoH molecule is
chiral and the compound used for the synthesis was pure, we decided to determine and refine the structure in the
noncentrosymmetric space group P1. The refinement was stable and gave low R factors (Rg =4.15%) and atomic thermal
ellipsoids.

The main crystallographic characteristics of I and the parameters of the experiment are as follows: molecular
formula CjsHy FN;O;, C4H3N,0,S7, 3(H,0), chemical formula CypH3FNsOoS, a=8.670(1) A, b=19.605(1) A,
c=15.786(2) A, o= 89.144(5)°, B = 88.279(5)°, y = 76.068(5)°, V' =1275.4(3) A®, space group P1, Z=2, D, = 1.457 g/em’,
p=0.195 mm™', 20, = 55.05°; 15194 measured reflections, 10753 independent reflections, 9109 reflections with "> 4G(F),
11 <h <11, -12 <k <12, -20 < <20, Ry = 0.0223, weight scheme w = 1/[c*(F;) + (0.0570P)], 727 refined parameters,

R1[Fy > 40(F,)] = 0.0415, wR2[F,>40(Fy)] =0.1000, Rl =0.0517, wR2, =0.1075, GOOF =1.016, Apmax/ApPmin =
=0.310/—0.282 e/A’, (A/G)max = 0.001, Flack parameter 0.03(5).

The structure has been deposited with the Cambridge Structural Database under CCDC number 1547466. The data
are available via the website www.ccdc.cam.ac.uk/data_request/cif. The powder X-ray diffraction pattern of a polycrystalline
sample of I at room temperature (Bruker D8 ADVANCE diffractometer (Multiple-Access Center of the Institute of Physics,
Siberian Branch, Russian Academy of Sciences), VANTEC linear detector, Cuk,, radiation) coincided with that calculated
from the single crystal data, which confirmed the identity of the polycrystalline substance with the single crystal examined.

A crystal unit cell of I contains two LevoH; ions, two Htba ions, and six H,O molecules (Fig.2). Neutral
levofloxacin molecules have a bipolar structure where the carboxyl group is deprotonated and the >NMe group of the
piperazinyl ring (N1A and N1B atoms) is protonated >N(Me)H" [4]. When compound I forms, the proton transfers from the

C5 atom of thiobarbituric acid to the deprotonated carboxyl group of the zwitterion of neutral levofloxacin to form the Htba™
anion and the LevoH; cation. After protonation, the LevoH geometric parameters did not change and also coincided with
those previously determined for the LevoH;’ ion [4, 6]. The main bond lengths and bond angles in the Htba™ ion in I

coincided with those previously obtained in [7-10]. The configuration of the chiral centers of independent molecules (C15
atoms) determined from the S crystal absolute structure is the same as in the initial levofloxacin molecule. As usual [6], the

morpholine ring has an envelope conformation and the piperazine ring has a chair conformation.

Although the LevoH} ion is chiral, sometimes crystallographers erroneously choose a centrosymmetric space group

for structure models. For instance, wrong P-1 and Fddd groups were chosen for [Zn,(Levo),(odpa)]-5.5H,0, where odpa is

647



? C4D -’

S N3D

C2D

O3WFg_ (6D
gt {ip v S2

B’ oD |
O2WF ‘\ 1
S o 98

O‘WFP/CMB

O3B 73>

N3B Cl6A ¢

\ 1A
\
< 01A® -~ 02A
a ) 02C Oz“CE,; “-®
NIC S~
Sle éC \/03\;\/5
1

Fig. 2. Structure of LevoH,(Htba)-3H,0. The atoms that have not undergone translational transformations are
denoted by symbols. Their neighboring atoms generated by translational symmetry elements are shown by
their three main ellipsoids. The bonds between these two types of atoms and HBs are shown by dashed lines.
The atomic thermal ellipsoids are shown at the 50% probability level, except for the hydrogen atoms shown by
spheres.

4,4'-oxydiphthalate (CCDC 861272, IGUCOE, Rg = 6.72%, with the disordered C12, C13, C12A, C13A, C30, C31, C30A,
C31A atoms) [11], and {[Cu(Levo),][Cu,Br;]-2H,0}, (CCDC 274841, WARXAP, Rg=15.07%, anomalous thermal
ellipsoids of the C13, C14, C18, and N3 atoms) [12]. Non-centrosymmetry of the crystal of I is confirmed by visual
observations of generating the second optical harmonics (Nd:YAG laser, A = 1064 nm). Organic substances with NLO
properties have some advantages as compared to inorganic ones [13], hence, in the future we intend to determine the NLO
characteristics of compound I.

In each LevoH; cation two intramolecular hydrogen bonds (HBs) C-H---F, O-H---O (Fig. 2) form supramolecular
motifs S(6) (Fig. 3) typical of fluoroquinolones [14-16]. Multiple intermolecular HBs N-H---O, O—H---O (Fig. 3a, Table 1)
form a bilayer structure in the plane of the a-b and ¢ vectors, with hydrophilic moieties located within a layer and
hydrophobic moieties directed outward (Fig. 3b). The cyclic supramolecular motifs Rg (20), R2(14), Ré (12), R? (10) can be
identified in the layers.

The LevoH;r ion contains two HB donors (O—H of the carboxyl group; the (CH;)NH" group of the piperazinyl ring)
and eight HB acceptors (three N atoms, four O atoms, and one F atom [4]). However, both HB donors and only three HB
acceptors, namely, O1, O2, and O3 atoms, are involved in intermolecular HBs (Fig. 3a). The H atom of the COOH group, as
in other fluoroquinolones [14-16], forms a strong intramolecular HB O2ymoxy—H:*Olkeone bond which decreases its
capability of intermolecular interactions. In compound I it is involved in intermolecular HBs only with independent cation A

(Table 1, Fig. 3a). Water molecules form many intermolecular HBs (Fig. 3a). The structure is additionally stabilized by the
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Fig. 3. Scheme of the hydrogen bonding in I: the projection perpendicular to the layer lying in the plane of a-b
and ¢ vectors (a); the view along the bilayer system in the a-b () direction. HBs are shown by dashed lines, the

supramolecular motifs are marked by wide circles, the independent LevoH (A, B) and Htba (C, D) ions are
marked by letters.

n-7 interaction between the Htba™ and LevoH, ions and between the LevoH, ions forming pairs (intercentroid distances
range from 3.654(2) A to 4.007(2) A).

The thermal analysis of I was performed on a SDT-Q600 (TA Instruments, USA) apparatus in the air flow
(50 ml/min) in a range of 22-350 °C at a heating rate of 10 deg/min. The composition of evolved gases was determined on
a Nicolet380 (Thermo Scientific, USA) IR spectrometer combined with a thermal analyzer. The IR spectroscopic analysis of
evolved gases indicates that the decomposition of compound I begins at ~50 °C with a loss of crystallization water (Fig. 4).
The TG and DSC curves suggest two-stage dehydration accompanied by two endothermic effects at 79.2 °C and 113.4 °C.
The total weight loss (9.50%) practically coincides with that calculated theoretically under the assumption of three water
molecules lost (—3H,0, Amye = 9.65%). At the first stage at ~100 °C Am = 6.5%, which agrees with a removal of two water
molecules (—2H,0, Amgy = 6.44%). Complete dehydration of I occurs at 120 °C. In a range 120-250 °C the sample weight
remains constant and at 7> 250 °C the compound melts with decomposition and releases H,O, CO,, SO,, NO gases. In terms
of thermal stability, anhydrous compound I is better than LevoH whose melting/decomposition point (7ieivdecomp) 15 226.4 °C
[17], but close to Hytba with Thneiygecomp = 250.6 °C [18].

A band at 3421 cm™! in the IR spectrum (Nicolet 6700, Thermo Scientific, USA; the Multiple-Access Center of the
Siberian Federal University) of I in KBr corresponds to v(O-H) of the LevoH; carboxyl group [5, 19, 20]. A strong band at
1724 em™, in accordance with [19, 20], was assigned to v(C = O) in COOH, which also confirms the proton transfer from 2-
thiobarbituric acid to levofloxacin as a result of the reaction between them and agrees with the XRD results.

The work was performed within the State Task of the Ministry of Education and Science of the Russian Federation
to the Siberian Federal University for 2017-2019 (4.7666.2017/BCh).
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TABLE 1. Geometric Parameters of the D-H:--A Hydrogen Bonds (bond lengths d, A; angles, deg) in the Structure of I

Transformations
D-H d(D-H) d(H---A) ZDHA d(D---A) A for A atom
NI1A-HOA 0.98 1.69 175 2.672(4) O3WE O1A X,z
NI1C-H1C 0.86 1.98 158 2.793(5) O3A x,y,—1+z
N3C-H3C 0.86 1.99 171 2.841(4) Ol1A 1+x, —1+y, —1+z
02A-HO2A 0.91(4) 1.80(4) 139(4) 2.561(4) F1 X, 9,z
CIA-HI1AA 0.97 231 117 2.878(5) o1C X0,z
O1IWE-HI11E 0.85(4) 1.96(4) 165(5) 2.784(5) 02A —l+x, 14y, z
O1WE-H12E 0.88(3) 2.25(4) 164(3) 3.109(4) 01D x,y,—1+z
O2WE-H21E 0.88(3) 1.92(3) 162(4) 2.771(4) O1WE X, ¥,z
O2WE-H22E 0.87(5) 1.94(5) 163(4) 2.786(4) O2WE X,z
O3WE-H31E 0.86(4) 1.90(4) 171(6) 2.750(4) 02C X, ¥,z
O3WE-H32E 0.83(3) 1.85(3) 169(5) 2.665(4) O3WF X, ¥,z
N1B-HOB 0.98 1.67 176 2.646(4) O1B X, ¥,z
NID-HID 0.86 2.00 159 2.818(5) O3B x, y,1+z
N3D-H3D 0.86 2.00 169 2.849(5) Ol1B —1+x, 14y, 14z
02B-H02B 0.84(4) 1.75(4) 161(4) 2.556(4) F2 X, ¥,z
C1B-H1BB 0.97 2.32 118 2.901(5) 01D X, 9,z
O1WF-HI12F 0.85(4) 1.97(4) 176(5) 2.810(5) 02B 1+x, —1+y, z
O1WF-HI11F 0.87(4) 2.19(4) 172(4) 3.059(4) O1D x,y, 1+z
O2WF-H21F 0.90(3) 1.86(3) 172(4) 2.753(4) O1WE X, ¥,z
O2WF-H22F 0.85(5) 1.91(5) 173(4) 2.753(4) O2WE X, ¥,z
O3WF-H31F 0.89(4) 1.84(4) 170(5) 2.721(4) 02D X, ¥,z
O3WF-H32F 0.87(3) 1.79(3) 178(6) 2.652(5) 02C X, ¥,z
02A-HO02A 0.91(4) 2.27(4) 122(4) 2.860(4) x, ¥, 1+z
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Fig. 4. TG and DSC curves for compound 1.

REFERENCES

1. L. A. Mitsher. Chem. Rev., 2005, 105(2), 559-585.

2. E.N. Padeiskaya. Prevention, Diagnostics, Pharmacotherapy of Some Infectious Diseases [in Russian]. Bioinform,
Moscow (2002), 64-73.

3. S.Pal, V. Ramu, N. Taye, et al. Bioconjugate Chem., 2016, 27(9), 2062-2070.

4. S.S.Singh and T. S. Thakur. CrystEngComm, 2014, 16, 4215-4230.

650



e A

10.
1.
12.
13.
14.
15.
16.
17.
18.
19.
20.

S. Gunasekaran, K. Rajalakshmi, and S. Kumaresan. Spectrochim. Acta, 2013, 1124, 351-363.

Cambridge Structural Database, Version 5.37. Univ. of Cambridge, Cambridge, UK, 2015.

N. N. Golovnev, M. S. Molokeev, I. V. Sterkhova, and I. I. Golovneva. J. Struct. Chem., 2016, 57(6), 1266-1269.
N. N. Golovnev and M. S. Molokeev. Russ. J. Inorg. Chem., 2014, 59(2), 72-78.

N. N. Golovnev and M. S. Molokeev. Russ. J. Coord. Chem., 2014, 40(9), 648-652.

N. N. Golovnev and M. S. Molokeev. J. Struct. Chem., 2014, 55(1), 125-129.

J.-L. Zhang, J. Yang, X. Wang, et al. Z. Anorg. Allg. Chem., 2015, 641, 820-825.

X.-S. Wang, Y.-Z. Tang, and R.-G. Xiong. Chin. J. Inorg. Chem., 2005, 21(8), 1275-1277.

M. Gryl, M. Koziel, K. Stadnicka, et al. CrystEngComm, 2013, 15, 3275-3278.

M. D. Prasanna and T. N. G. Row. J. Mol. Struct., 2001, 559, 255-261.

A. D. Vasiliev, N. N. Golovnev, and M. S. Molokeev. J. Struct. Chem., 2005, 46(2), 363-370.

N. N. Golovnev, M. S. Molokeev, I. I. Golovneva, and G. A. Glushchenko. J. Struct. Chem., 2013, 54(2), 377-382.
S. V. Blokhina, A. V. Sharapova, M. V. Ol'’khovich, et al. Eur. J. Pharm. Sci., 2016, 93, 29-37.

N. N. Golovnev, M. S. Molokeev, L. S. Tarasova, et al. J. Mol. Struct., 2014, 1068, 216-221.

V. L. Dorofeev. Pharmaceutical Chem. J., 2004, 38(12), 693-697.

A. Tarushi, E. Polatoglou, J. Kljun, et al. DaltonTrans., 2011, 40, 9461-9473.

651




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 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 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 650
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


