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Synthesis of 3-acyl-5-nitroisoxazoles
on the base of geminal trinitro- and chlorodinitro-substituted
pentan-2-one or 2-oximino-1-phenylbutan-1-one
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3-Acyl-5-nitroisoxazoles were synthesized by heating 5,5,5-trinitropentan-2-one with LiCl
in DMF at 100 °C as well as by heating oximino derivatives of 5,5,5-trinitro-, 5-chloro-5,5-
dinitropentan-2-one or 4,4,4-trinitro- and 4-chloro-4,4-dinitro-1-phenylbutan-1-one in or-

ganic solvents.
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It is known that the reaction of trinitromethane deriv-
atives (O,N);CX (X = NO,, F, Cl, Br, Me) with alkali
halides (KF, RbF, CsF, LiCl, KCIl, RbCl, CsCl, KBr,
LiBr) and sodium azide in anhydrous polar solvents (DMF,
DMSO, acetone) results in the substitution of the halogen
atom (F, Cl, Br)1=7 and the azido group, :8:% respectively,
for the nitro group.

In continuation of our research in this field, we stud-
ied the reaction of 5,5,5-trinitropentan-2-one (1) bearing
the electron-withdrawing carbonyl group and the trini-
tromethyl moiety with lithium chloride, which is the most
efficient agent in the reactions with tetranitromethane.5
In contrast to the compounds studied previously, com-
pound 1 reacts abnormally under these conditions. In-
stead of expected 5-chloro-5,5-dinitropentan-2-one (2),
heating of compound 1 in DMF at 100 °C resulted in
hitherto unknown 3-acetyl-5-nitroisoxazole (3) in 23.6%
yield* with complete conversion of the starting 1 (Scheme
1, method A).

T Deceased.
* No optimization of the yield was performed, the yield could
probubly be increased.
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i. LiCl, DMF, 100 °C.

No formation of isoxazole 3 was observed upon heat-
ing of compound 1 in DMF without LiCl. Probably, in the
presence of LiCl, the substitution of the chlorine atom for
the nitro group characteristic of polynitromethanes4—7
occurred initially to give compound 2 and the nitrite ion.
The latter denitrates the starting compound providing the
anion of 5,5-dinitropentan-2-one (4) and N,Oy4; N,O, or
its reaction products with LiCl (NOCI),? or nitrogen ox-
ides (N,O3, N,O,), which formed upon thermolysis of
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anion 4, as in the case of other ketones!! can nitrosate
both unconsumed compound 1 and initially formed prod-
uct 2 to give oximino derivatives 5a,b (Scheme 2).

Scheme 2
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Oximino derivatives 5a,b bearing the oxime and the
polynitromethyl groups underwent intramolecular ring
closure to give 3-acetyl-5,5-dinitroisoxazoline (6)
(Scheme 3). This pathway resembled that for the synthesis
of dinitroalkyl nitrolates
from the dinitroalkane (—C=N—O—C(N02)2—>
salts,12:13 which according r|\102
to the published datal4 fol-
lowed the radical ion chain mechanism with one-electron
transfer. In the next step analogously to other azolines, 315
aromatization of compound 6 occurred affording 3.
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The proposed mechanism was confirmed by the for-
mation of 1-chloro-1-oximinoacetone by the reaction of
tetranitromethane with LiCl in acetone documented ear-
lier,3 by thermal decomposition of polynitromethane an-
ions in DMF accompanied by evolution of nitrogen ox-
ides,’ and as well as by the preparation of isoxazole 3 by

treatment of 1 in DMF with N,O, in the presence of LiCl
(method B) or sodium nitrite in the presence of conc. HCI
(method C) (these reactants are typically used for the con-
version of ketones into oximino derivatives®:17), by treat-
ment of compound 1 with dilute nitric acid (method D),
by heating of the specially prepared 5,5,5-trinitro-3-ox-
iminopentan-2-one (5a) in 95% methanol at 30—35 °C
(method E), or acetonitrile and DMF at 50—60 °C (meth-
od F) and by treatment of 5a with a solution of KOH in
90% methanol at room temperature (method G) in 25, 37,
5.6, 70, 72, and 75% yields, respectively.

Compound 5a was synthesized by the reaction of 1
(see Ref. 18) with methyl nitrite in anhydrous diethyl ether
in the presence of hydrogen chloride or by treatment with
nitrosyl sulfuric acid in AcOH in 64 and 72% vyield, re-
spectively.

Other geminal polynitroalkyl oximino ketones can also
undergo ring closure yielding the isoxazole ring. For
example, hitherto unknown 3-benzoyl-5-nitroisoxazole
(8) was prepared by heating 4,4,4-trinitro-2-oximino-1-
phenylbutan-1-one (7a) and 4-chloro-4,4-dinitro-2-ox-
imino-1-phenylbutan-1-one (7b) in organic solvents
(methods E and F), or by treatment of 7a,b with solution
of KOH in 90% methanol (method G) in 70—75% yields
(Scheme 4).

Scheme 4
Il
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Reagents and conditions: /. 95% MeOH, 30—35 °C; ii. MeCN or
DMF, 50—60 °C; iii. KOH in 90% MeOH, 20 °C.

Compounds 7a,b were prepared by nitrosation of
4.4 4-trinitro- 1-phenylbutan-1-one (9)! and 4-chloro-
4,4-dinitro-1-phenylbutan-1-one (10), which in turn was
prepared by chlorination of 4,4-dinitro-1-phenylbutan-1-
one potassium salt (11)2? with gaseous chlorine following
the procedure described for compound 5a (method A).

It is of note that prior to our research only one publica-
tion?! devoted to the synthesis of 3,5-dinitroisoxazole and
its 4-methyl-substituted analog from 1,1,1,3-tetranitro-
propane by treatment with dilute mineral acids (sulfuric
or nitric) or water at 80—90 °C in the yields of 70 and
50%, respectively, was published. From our viewpoint,
the mechanism, which is given in the publication cited, is
of low probability, as it suggested the attack by the me-
thine carbon atom bearing the negative charge on the elec-
tron-negative oxygen atom of the nitro group. We believe
that the reaction mentioned as well as the reactions un-
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der study proceed via oximino derivatives formed upon
their reactions with nitric acid or nitrogen oxides pro-
duced at high temperatures, namely, via nitrolic acids.
The latter following the mechanism of one-electron trans-
fer from the oximate anion to the trinitromethyl group
underwent ring closure to give 3,5,5-trinitroisoxazoline
derivatives, which then transformed into 3,5-dinitroisox-
azole and its derivative.

It should be noted in summary that the literature data
and the data obtained in the present work allow prediction
of the synthetic pathways toward novel isoxazole and isox-
azoline derivatives with electron-withdrawing substituents
in the ring.

Experimental

The IR spectra were recorded on a UR-10 spectrometer in
KBr pellets, the 'H NMR spectra were obtained on a Per-
kin—Elmer-12 instrument (60 MHz) relative to hexamethyldis-
iloxane (internal standard).

4-Chloro-4,4-dinitro-1-phenylbutan-1-one (10). Gascous
chlorine was passed through a stirred suspension of salt 11 (5 g,
0.02 mol) in anhydrous diethyl ether (50 mL) at 20—22 °C
until the yellow color of the starting salt disappeared. The reac-
tion mixture was kept at room temperature for 2 h, the precipi-
tate that formed was filtered off, the solvent from the filtrate was
removed in vacuo, the resulting product was recrystallized from
ethanol or n-hexane to give compound 10 in a yield of 4 g (81%),
m.p. 72—73 °C (EtOH). Found (%): C, 44.14; H, 3.41; Cl, 13.14.
CoHyCIN,Os. Calculated (%): C, 44.03; H, 3.30; Cl, 13.02. IR,
v/em~!: 1690 (C=0), 1595, 1310 (CI(NO,),C). 'H NMR
(CD5CN), 8: 3.25 (m, 4 H, CH,CH,); 7.20 (m, 5 H, Ph).

3-Oximino compounds 5a and 7a,b (general procedure). A4.
Dry gaseous HCI and methyl nitrite generated by the known
procedure?? were passed simultaneously through a solu-
tion of compound 1, 9, or 10 (0.05 mol) in anhydrous diethyl
ether (70 mL) at such a rate that the reaction mixture gently
boiled. After passage of the calculated amount of methyl nitrite,
HCI was introduced for additional 15 min, and then the reaction
mixture was kept at room temperature for 4—6 h; during this
time, the color of the reaction mixture changed from dark cher-
ry to light yellow. The solvent was removed in vacuo, the re-
sulting residue was recrystallized from carbon tetrachloride or
dichloroethane.

5,5,5-Trinitro-3-oximinopentan-2-one (5a). The yield was
64%, light yellow crystals, m.p. 94—95 °C (CCly). Found (%):
C, 23.83; H, 2.55; N, 22.55. CsH¢N4Og. Calculated (%):
C, 24.00; H, 2.40; N, 22.40. IR, v/cm~': 1600, 1305 (C(NO,)5),
1720 (C=0), 3350 (=NOH). 'H NMR (DMSO-dy), & 4.20
(m, 2 H, CH,); 1.98 (s, 3 H, Me); 12.80 (s, 1 H, =NOH).

4,4,4-Trinitro-2-oximino-1-phenylbutan-1-one (7a). The
yield was 70%, colorless crystals, m.p. 92 °C (dichloroethane).
Found (%): C, 38.06; H, 2.45; N, 17.40. C;,HgN,4Og. Calculat-
ed (%): C, 38.46; H, 2.56; N, 17.95. IR, v/cm~!: 1600, 1300
(C(NO,)3), 1690 (C=0), 3365 (=NOH). 'H NMR (DMSO-dy),
8:4.15(m, 2 H, CH,); 7.08 (m, 5 H, Ph); 10.80 (s, 1 H, =NOH).

4-Chloro-4,4-dinitro-2-oximino-1-phenylbutan-1-one (7b).
The yield was 74%, light yellow crystals, m.p. 99—100 °C (CCly).
Found (%): C, 39.16; H, 2.14; Cl, 11.48. C;,HgCIN;Oq. Calcu-

lated (%): C, 39.80; H, 2.65; CI, 11.77. IR, v/cm~': 1600, 1310
(CIC(NO,),), 1685 (C=0), 3370 (=NOH). 'H NMR (DMSO-dy),
8:4.50 (d, 2 H, CH,, Jy y = 14 Hz); 7.15 (m, 5 H, Ph); 9.40
(s, 1 H,=NOH).

B. A solution of compound 1 (11 g, 0.05 mol) in glacial acetic
acid was maintained at 15—17 °C (40 mL) while a suspension of
nitrosyl sulfuric acid (prepared from sodium nitrite (10.75 g,
0.15 mol), conc. sulfuric acid (20 mL), and 18% fuming sulfuric acid
(2 mL)) was added portionwise with vigorous stirring. The reaction
mixture was kept at 15—17 °C for 40—60 min and poured onto ice.
The precipitate that formed was filtered off, washed with cold water,
and dried on air. Compound 5a was obtained in a yield of 9 g
(72%), m.p. 94—94.5 °C (CCl,). The IR spectrum of the product
was identical to that of the sample synthesized by the method A.

3-Acetyl-5-nitroisoxazole (3). 4. A mixture of compound 1
(3 g, 13.5 mmol) and LiCl (0.58 g, 14 mmol, freshly calcined) in
anhydrous DMF (60 mL) was heated to 90 °C with stirring.
Evolution of nitrogen oxides and elevation of the temperature to
100 °C were observed. The reaction mixture was stirred for 2 h at
100 °C, cooled to room temperature, and poured into water
(200 mL). The mixture was extracted with diethyl ether
(2x50 mL), the combined organic layers were washed with water
(3x40 mL) and dried with MgSO,. Removal of the solvent
in vacuo and recrystallization of the solid residue from n-hexane
with freezing out afforded isoxazole 3 (0.5 g, 23.6%), m.p.
71—72 °C. Found (%): C, 38.47; H, 2.86; N, 17.90. CsH4N,0,.
Calculated (%): C, 38.45; H, 2.56; N, 17.93. IR, v/cm~!: 1720
(C=0), 1600 (C=N), 1555 and 1362 (NO,). Mol. weight: found,
154 (cryoscopy in benzene); calculated, 156. 'H NMR (CD;CN),
8:7.30 (s, 1 H, =CH); 2.68 (s, 3 H, Me).

B. To a solution of compound 1 (3 g, 13.5 mmol) and LiCl
(0.58 g, 14 mmol) in anhydrous DMF (60 mL), N,O,4 (0.86 mL,
14 mmol) was added at 5—10 °C with stirring. The reaction
mixture was stirred for 0.5 h at 5—10 °C, warmed up to 60 °C,
and kept at this temperature for 1 h. Work up as described for the
method A afforded compound 3 in a yield of 0.53 g (25%), m.p.
69—70 °C. The IR spectrum of the product was identical to that
of the sample synthesized by the method A.

C. To a solution of compound 1 (3 g, 13.5 mmol) and conc.
HCI (2 mL) in DMF (60 mL), NaNO, (1 g, 14.5 mmol) was
added at 5—10 °C with stirring. The reaction mixture was stirred
for 30 min at 5—10 °C, then warmed up to 60 °C, and stirring was
continued for 1 h. Compound 3 was isolated as described above
(method A) in a yield of 0.57 g (26.7%), m.p. 69—71 °C. The IR
spectrum of the product was identical to that of the sample syn-
thesized by the method A.

D. To a mixture of 98% nitric acid (25 g) and water (25 mL),
compound 1 (11 g, 0.05 mol) was added in small portions at
room temperature. During addition, the reaction temperature
elevated to 30 °C. After 1 h, the reaction mixture was poured
onto ice, the precipitate that formed was filtered off, washed
with water, and recrystallized from ethanol. Compound 3 was
obtained in a yield of 0.44 g (5.6%), m.p. 70—71 °C. The IR
spectrum of the product was identical to that of the sample syn-
thesized by the method A.

E. A solution of compound 5a (2.5 g, 10 mmol) in 95%
MeOH (30 mL) was stirred at 30—35 °C for 2 h and the solvent
was removed in vacuo. Recrystallization of the residue from
n-hexane afforded compound 3 (1.09 g, 70%), m.p. 70—71 °C.
The IR spectrum of the product was identical to that of the
sample synthesized by the method A.
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F. A solution of compound 5a (2.5 g, 10 mmol) in acetoni-

trile or DMF (30 mL) was heated at 50—60 °C for 5 h. Com-
pound 3 was isolated as described for the method A4 in a yield of
1.12 g (72%), m.p. 71 °C. The IR spectrum of the product was
identical to that of the sample synthesized by the method A.

G. A solution of compound 5a (2.5 g, 10 mmol) was treated

with a 5% solution of KOH in 90% MeOH at 20 °C for 30 min.
The product was isolated as described for the method E to give
compound 3 in a yield of 1.17 g (75%), m.p. 70—71 °C. The IR
spectrum of the product was identical to that of the sample syn-
thesized by the method A.

3-Benzoyl-5-nitroisoxazole (8) was prepared from com-

pounds 7a,b by the methods £—G in the yields of 75—85%,
m.p. 86 °C (EtOH). Found (%): C, 56.34; H, 3.00; N, 14.25.
CyoH¢N,03. Calculated (%): C, 56.84; H, 3.15; N, 14.73. IR,
v/em~!: 1660 (C=0), 1615 (C=N), 1095 (C—O—N), 1550, 1360
(NO,). Mol. weight: found, 187 (cryoscopy in benzene); calcu-
lated, 190.

1.
2.
3.

4.

6.

7.

8.

References

M. J. Kamlet, H. Adolph, J. Org. Chem., 1968, 33, 3073.
US Pat. 3127736, Chem. Abstrs, 1964, 61, 5445n.

G. Kh. Khisamutdinov, V. I. Slovetskii, M. Sh. Lvova, O. G.
Usyshkin, M. A. Besprozvannyi, A. A. Fainzil ‘berg, Izv.
Akad. Nauk SSSR, Ser. Khim., 1970, 2553 [Bull. Acad. Sci.
USSR, Div. Chem. Sci. (Engl. Transl.), 1970, 19, 2397].

A. A. Fainzil ‘berg, G. Kh. Khisamutdinov, V. I. Slovetskii,
Izv. Akad. Nauk SSSR, Ser. Khim., 1969, 476 [ Bull. Acad. Sci.
USSR, Div. Chem. Sci. (Engl. Transl.), 1969, 18, 476].

. G. Kh. Khisamutdinov, V. I. Slovetskii, A. A. Fainzil ‘berg,

M. Sh. L'vova, Izv. Akad. Nauk SSSR, Ser. Khim, 1971, 1073
[Bull. Acad. Sci. USSR, Div. Chem. Sci. (Engl. Transl.), 1971,
20, 976].

A. L. Fridman, B. D. Surkov, S. S. Novikov, Usp. Khim.,
1980, 49, 2159 [ Russ. Chem. Rev. (Engl. Transl.), 1980, 49].
S. S. Novikov, G. A. Shveikhgeimer, V. V. Sevost 'yanova,
V. A. Shlyapochnikov, Khimiya alifaticheskikh i alitsiklicheskikh
nitrosoedinenii [ Chemistry of Aliphatic and Alicyclic Nitro Com-
pounds], Khimia, Moscow, 1974, 120 pp. (in Russian).

G. Kh. Khisamutdinov, V. 1. Slovetskii, Yu. M. Golub, S. A.
Shevelev, A. A. Fainzil ‘berg, Izv. Akad. Nauk, Ser. Khim.,
1997, 338 [Russ. Chem. Bull. (Engl. Transl.), 1997, 46, 324].

9.

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

US Pat. 4476311; Ref. Zh. Khim. |Russian Journal of Ab-
stracts, Chemistry], 1985, 13N276P (in Russian).

L.J. Beckham, W. A. Fessler, V. A. Kise, Chem. Rev., 1951,
48, 320.

L. I. Khmel nitskii, S. S. Novikov, T. I. Godovikova,
Khimiya furoksanov. Stroenie i sintez [Chemistry of Furox-
anes. Structure and Synthesis], Nauka, Moscow, 1984, 173;
180 (in Russian).

.A. I Ivanov, L. A. Ustynyuk, V. L. Slovetskii, S. A. Shevelev,

A. A. Fainzil ‘berg, S. S. Novikov, Zh. Org. Khim., 1966, 2,
763 [J. Org. Chem. USSR (Engl. Transl.), 1966, 2, 476].

L. A. Ustynyuk, S. A. Shevelev, A. A. Fainzil ‘berg, Izv. Akad.
Nauk SSSR, Ser. Khim., 1966, 930 [Bull. Acad. Sci. USSR,
Div. Chem. Sci. (Engl. Transl.), 1966, 15].

V. F. Selivanov, V. K. Shchedrova, B. V. Gidaspov, Zh. Org.
Khim., 1972, 8, 1543 [J. Org. Chem. USSR (Engl. Transl.),
1972, 8].

A. T. Baryshnikov, V. I. Erashko, N. N. Zubareva, B. 1.
Ugrak, S. A. Shevelev, A. A. Fainzil ‘berg, V. V. Semenov,
Izv. Akad. Nauk, Ser. Khim., 1992, 2123 [Bull. Russ. Acad.
Sci., Div. Chem. Sci. (Engl. Transl.), 1992, 41, 1657].

L. I. Khmel nitskii, S. S. Novikov, T. I. Godovikova,
Khimiya furoksanov. Stroenie i sintez |Chemistry of Furoxans.
Structure and Synthesis|, Nauka, Moscow, 1984, 162; 165
(in Russian).

The Chemistry of the Nitro and Nitroso Groups, Ed. H. Feuer,
Wiley, New York—London—Sydnay—Toronto, 1969.

O. M. Lerner, V. V. Perekalin, Dokl. Akad. Nauk SSSR,
1962, 145, 804 [ Dokl. Chem. (Engl. Transl.), 1962].

S. S. Novikov, I. S. Korsakova, N. N. Bulatova, Zh. Obshch.
Khim., 1959, 29, 3659 [J. Gen. Chem. USSR (Engl. Transl.),
1959, 29].

D. J. Glover, M. J. Kamlet, J. Org. Chem., 1961, 26, 4734.

. E. L. Golod, G. N. Novatskii, L. I. Bagal, Zh. Org. Khim.,

1973, 9, 1111 [J. Org. Chem. USSR (Engl. Transl.), 1973, 9].
Organic Syntheses, Collective Volume 2, Wiley, New York,
1946, X—XIX.

Received March 25, 2009;
in revised form August 17, 2009





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 25
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /CourierA
    /CourierA-Bold
    /CourierA-BoldOblique
    /CourierA-Oblique
    /MathFont1
    /NewStandardA
    /NewStandardA-Bold
    /NewStandardA-BoldItalic
    /NewStandardA-Italic
    /NewtonC
    /NewtonC-Bold
    /NewtonC-BoldItalic
    /NewtonC-Italic
    /PragmaticaC
    /PragmaticaC-Bold
    /PragmaticaC-BoldOblique
    /PragmaticaC-Oblique
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 202
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 202
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 605
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.48760
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 <<
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.001 840.999]
>> setpagedevice


