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Abstract.

An efficient synthesis of N-arylsulfonamides with a variety of aryl bromides, aryl iodides

and heteroaryl bromides using KF/Al,O; as a suitable base, Cul as an inexpensive catalyst and N,N'-
dimethylethylenediamine (V,N'-DMEDA) as an effective ligand is described.

Keywords.

1. Introduction

Formation of C(aryl)-N bond plays an important
role in organic synthesis. Among the compounds
possessing this bond, N-arylsulfonamides are impor-
tant target molecules in pharmaceutical research. A
number of these sulfonamides have been reported to
show significant biological activity, e.g. non-
nucleotide reverse transcriptase inhibitors,' class III
antiarrhythmic agents’ HIV-1 protease inhibitors’
and non-peptidic vasopressin Vla receptor antago-
nists.* The vast majority of sulfonamides are pre-
pared from the reaction of a sulfonyl chloride with
ammonia or primary or secondary amines or via
related transformations.” Because of difficulties in
the preparation of sulfonyl chloride intermediate,
sulfonamides are now mostly prepared through the
direct formation of the aryl-nitrogen bond, using
simple copper salt, copper metal or palladium com-
plexes as a catalyst.’ In 2003, Wu reported the Cul-
catalysed N-arylation of sulfonamides with aryl
bromides and aryl iodides under microwave irradia-
tion.” Although no ligand was used in their study, the
synthesis required a prolonged reaction time (2—4 h
of microwave irradiation at 195°C) and the yields of
the coupling products were modest (54-90%). To
improve the efficiency of these methods, many

*For correspondence

N-Arylsulfonamides; copper catalyst; N-arylation; KF/Al,Os. N, N'-dimethylethylenediamine.

ligands were used in the coupling reaction of sul-
fonamides with aryl halides.®'* However, many of
reported procedures have drawbacks such as long
reaction time, harsh reaction conditions, use of
hygroscopic Cs,COs; as base and carrying out reac-
tion in a sealed tube. The application of KF/AlL,O; to
organic synthesis has provided new methods for a
wide array of organic reactions''. The strongly basic
nature of KF/AlL,O; has allowed it to replace organic
bases in a number of reactions."

2. Experimental

All yields refer to isolated products. Analytical TLC
was performed on Merck precoated 60 Fs,4 silica gel
plates. The 'H NMR spectra were recorded on a
Bruker DRX- 500 MHz Avance, Bruker 400 MHz
Avance and Bruker DRX-300 MHz spectrometer in
CDCl; or DMSO-ds using TMS as internal standard.

2.1 General procedure for the N-arylation of
arylsulfonamides

To a solution of aryl halide (1 mmol) and arylsul-
fonamide (1-5 mmol) in dioxane (5 mL) under argon
atmosphere were added Cul (20 mol%) and N,N'-
DMEDA (20 mol%) followed by KF/AlLO;"
(5 equiv.). The reaction mixture was stirred at 100—
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110°C for the specified time (table 2). The reaction
was monitored by TLC. At the end of reaction, mix-
ture was cooled to room temperature. Ethyl acetate
(50-60 mL) was added and filtrated. The filtrate was
concentrated under vacuum and the residue sub-
jected to column chromatography on silica gel using
hexane: ethylacetate (70 :30) as eluent to afford the
pure coupled product. The spectroscopic data and
melting points for known products agreed well with
the reported data (table 2). Entry 1: A solid, 'H
NMR (500 MHz, CDCl;): 6 =7-79-7-77 (m, 2H,
Ar-H), 7-50 (¢, 1H, J=7-4 Hz, Ar-H), 7-41 (¢, 2H,
J=7-4Hz, Ar-H), 722 (¢, 2H, J=7-8 Hz, Ar-H),
7-09-7-06 (m, 4H, Ar-H and NH)- Entry 3: A solid,
'"H NMR (500 MHz, CDCL): & = 7-77-7-75 (m, 2H,
Ar-H), 7-50-7-47 (m, 1H, Ar-H), 7-41-7-38 (m, 2H,
Ar-H), 7-10 (br s, 1H, NH), 7-00-6-94 (m, 4H,
Ar-H), 2-23 (s, 3H, CH;). Entry 4: A solid, '"H NMR
(300 MHz, CDClLs): 6 =764 (d, 2H, J=28-3 Hz,
Ar-H), 7-22 (d, 2H, J=8-0 Hz, Ar-H), 7-03 (d, 2H,
J=8-3 Hz, Ar-H), 6-97-6-93 (m, 2H, Ar-H), 6-62
(br s, 1H, NH), 2-38 (s, 3H, CH3), 227 (s, 3H, CH3).
Entry 8: A solid, 'H NMR (300 MHz, CDCl):
0=1758 (d, 2H, J=8-2Hz, Ar-H), 7-22 (d, 2H,
J =8-2 Hz, Ar-H), 6-99-6-94 (m, 2H, Ar-H), 6-79-
6-74 (m, 2H, Ar-H), 6-32 (br s, 1H, NH), 3-76 (s,
3H, OCHa), 2:39 (s, 3H, CH;). Entry 10: A solid, 'H
NMR (300 MHz, CDCls): 6 = 7-82-7-79 (m, 2H, Ar-
H), 7-60-7-55 (m, 1H, Ar-H), 7-38-7-34 (m, 2H,
Ar-H), 7-32-7-27 (m, 2H, Ar-H), 6-98 (br s, 1H,
NH). Entry 12: A solid, 'H NMR (300 MHz,
CDCl): 6 = 7-83-7-73 (m, 5H, Ar-H), 7-51-7-34 (m,
7H, Ar-H), 6-81 (br s, 1H, NH). Entry 16: A solid,
'H NMR (300 MHz, CDCls): 6 =7-70 (d, 2H, J=
8-2 Hz, Ar-H), 7-22 (d, 2H, J = 8-2 Hz, Ar-H), 7-10
(t, 1H, J =7-8 Hz, Ar-H), 6-98 (br s, 1H, NH), 6-89
(¢, 3H, J=6-8 Hz, Ar-H), 2-37 (s, 3H, CHs), 2-26 (s,
3H, CH;). Entry 19: A solid, '"H NMR (300 MHz,
CDCL): 6=11-18 (s, 1H, NH), 811 (d, 2H,
J=9-1Hz, Ar-H), 7-74 (d, 2H, J=8-2 Hz, Ar-H),
737 (d, 2H, J=82Hz, Ar-H), 729 (d, 2H,
J=09-1Hz, Ar-H), 2-:32 (s, 3H, CH;). Entry 20: A
solid, '"H NMR (300 MHz, CDCl;): 6 = 7-85 (d, 4H,
J=8-6 Hz, Ar-H), 7-57 (¢+, 1H, J=6-0 Hz, Ar-H),
7-47 (¢, 2H, J=7-1Hz, Ar-H), 7-16 (d, 2H,
J=18-6 Hz, Ar-H), 7-12 (br s, 1H, NH), 2-53 (s, 3H,
COCH;). Entry 21: A solid, 'H NMR (300 MHz,
DMSO-ds): 6 =10-77 (br s, 1H, NH), 7-81 (d, 2H,
J=8-4Hz, Ar-H), 7-70 (d, 2H, J=7-9 Hz, Ar-H),
735 (d, 2H, J=79Hz, Ar-H), 719 (d, 2H,
J =184 Hz, Ar-H), 2-44 (s, 3H, COCHs;), 2-31 (s, 3H,
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CH;). Entry 23: A solid, 'H NMR (400 MHz,
DMSO-ds): 6 =11-87 (br s, 1H, NH), 8-01 (br s,
1H, Het-H), 7-76 (d, 2H, J = 7-6 Hz, Ar-H), 7-70 (¢,
1H, J = 7-6 Hz, Het-H), 7-33 (d, 2H, J = 7-6 Hz, Ar-
H), 7-14 (br d, 1H, J=7-6 Hz, Het-H), 6-86 (br s,
1H, Het-H), 2-33 (s, 3H, CHs). Entry 24: A solid, 'H
NMR (400 MHz, DMSO-d;): &= 10-58 (br s, 1H,
NH), 8-43 (br s, 1H, Het-H), 7-77 (d, 2H, J = 7-2 Hz,
Ar-H), 7-64-7-51 (m, 6H, Ar-H and Het-H), 7-36 (br
s, 1H, Het-H). Entry 26: A solid, 'H NMR
(400 MHz, CDCLy): 6 =770 (d, 2H, J=8-0Hz,
Ar-H) 7-38 (br s, 1H, NH), 7-24 (d, 2H, J = 8-0 Hz,
Ar-H), 7-17 (dd, 1H, J=5-2 and 3-2 Hz, Het-H),
6-89-6-86 (m, 2H, Het-H), 2-39 (s, 3H, CHa).

3. Results and discussion

In our procedure we have used a stable and suitable
base, KF/Al,Os, for N-arylation of arylsulfonamides
with aryl bromides, aryl iodides and heteroaryl bro-
mides (scheme 1).

In order to find the optimum reaction conditions
we have treated 4-iodotoluene with benzenesul-
fonamide with KF/Al,O5, Cul (20 mol%) in dioxane
in the presence of different ligands such as 1,10-
phenanthroline, L-proline, N,N'-dibenzylethylene-
diamine, N, N'-dimethylethylenediamine, glycine,

Table 1. The coupling of 4-iodotoluene with benzene-
sulfonamide in the presence of different ligands.

Entry Ligand Yield (%)
1 4 N\ 45
= \=
2 N">cooH >3
H

"
)

4 H,C-N  N—CH, 90
H H
5 HZN—‘CHz_COOH 40
NH,
6 15
HO OH
OH
o,
7 p 30
He "Ny,
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Table 2. The copper-catalysed N-arylation of arylsulfonamides in the presence of KF/AlL,O;.
Aryl halide M.p. (°C) Observed Yield
Entry or Het-Br Sulfonamide Product® Time (h) (reported)’’ (%)°
9 15
1 @—1 1 @—g-g—@ 9 109-112 (111-112)"** 91
9 15b
2 @—1 2 M—O—g-g—@ 9 97-99 (102-103) 93
3 : 1 @—s-g—@—M 9 118-120 (117-119)"* 90
O
O OO
4 ’ 2 ‘ hH 8 117-118 (115)"° 92
I Me
O
5 C(CH3 1 @.g_N 13 120-122 (122-123)"% 15
»H
I Me
(@)
6 C(CH3 2 Me.@.:s:-N 13 105-107 (107-109)'* 15
0 H
9 15¢
7 veo—~{_ )t 1 @—i-g—@—ow 11 93-94.5(88-89) 75
(@]
MeO 1 n
8 © O 2 Me_@'i'ﬁ'@'we 10 112-114 (114)"¢ 86
I MeO
e O
9 C(OM 1 @.g_N_Q 13 87-89 (88-89)'" 42
nH
CF, CF3
O .
10 OI 1 @.g-N_@ 5 72.5-74 (88-89)'! 88
hH
CF, CF3
O .
11 OI 2 Me_O_:S:’E 5 94.5-96-5 (94-95.5)' 88
O
i W),
168-170
12 “ 1 " 12 . 40
CO @—i-g < ) (170-5-171.5)
9 15
13 @—Br 1 @—s-g—@ 11 109-112 (111-112)"** 80
O
(@]
n_ 15b
" @—Br ) M—O—g g—@ 11 97-99 (102-103) 84
HC o Me
15 @.Br 1 @.g-N_@ 12 94.5-95.5 (95)'" 86
" H
O

(Contd...)
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Table 2. (Contd...)

Aryl halide M.p. (°C) Observed Yield
Entry or Het-Br Sulfonamide Product® Time (h) (reported)’’ (%)°
HC o Me
16 ©_Br 2 Me_O_:s:-N_O 12 114-115.5 (114)1" 86
o H
Br Me
17 C(CH3 2 Me_O_E_N_Q 13 105-107 (107-109)'% 15
i
g o 79.5-81.5
0 13 S 66
18 Meo‘@ ! i (82:5-83.5)' %
O
(6]
19 oZN—Q—Br 2 Me—O—g-g—O—Noz 6 193-196 (189-191)"™" 96
i O
(6]
20 HJC@‘B“ 1 @-:s"-g—@/"\Me 11 258260 (262)'% 90
O
i o
(6]
HJCJKO—BI Q. ] 204-206
21 2 M‘@‘S e 10 (204-5-205)'%° o4
N 9 - 15
22 | 1 @—,s,-N—Q 4 171-173 (171-172)"% 98
N~ “Br o XN
AN W = 15
23 | 2 Me—O—,s,-N » 4 214-216 (215-216)' 90
N~ “Br o N
~r" W _@ 191-193
24 P 1 O_f; B\ 20 (188.1-189.1)> 85
7 W _@ 192-194
25 IN/ 2 M_O_f; H\ 2 12 (190.5-191.5) 85
Br o —
" v
26 { S\S 2 Me_@'f;’ﬁ-@s 13 106-108 (105-106)"° 75

"Reactions performed using 20 mol% of N,N'-DMEDA as ligand, 1.0 equiv. of aryl halide or heteroaryl bromide,
1-5 equiv. of arylsulfonamides and 5 equiv. of KF/AlL,O; as base in dioxane as solvent at 100-110°°C. "Isolated yields;
products were characterized by '"H NMR and melting points

20 mol% Cul, KF/ALO,, 110 °C R'—Q_ﬁ‘ﬁ'f\r
Ar-X or Het-Br + R'Osozm - S

20 mol% N,N-DMEDA or
X=1I,Br 1:R'=H R' S—N—-Het
2:R'=CH, i H

Scheme 1. N-Arylation of arylsulfonamides catalysed by Cul and KF/AlL,Os.

tris(hydroxymethyl)aminomethane and N, N-dimethyl- N and C-O bond formation in arylation of amide,
cthylenediamine and the results are presented in alcohols, phenols and diazoles.'* To test the general-
table 1. The best yield of the cross-coupling product ity of this procedure, we have examined the cou-
was obtained with N N'-DMEDA (table 1, entry 4). pling of different aryl iodides, aryl bromides and
KF/Al,O; as a base in the presence of Cul was heteroaryl bromides with benzene and p-toluene-
chosen as we have recently used this system for C—  sulfonamides and results are shown in table 2.



Copper-catalysed N-arylation of arylsulfonamides with aryl bromides and aryl iodides using KF/A1,0;

When iodobenzene was treated with sulfonamides
under optimal reaction conditions, a high yield of
the coupling products was obtained (table 2, entries
I and 2). Similarly, para- methyl and para-methoxy
iodobenzene with sulfonamides gave the corre-
sponding N-arylsulfonamides in high yield (table 2,
entries 3, 4 and 7, 8). However, when ortho-methyl,
ortho-methoxy iodobenzenes or 1-iodonaphtalene
were used, the yield of the products were low (table
2, entries 5, 6 and 9, 12). Longer reaction time and
caring out the reaction in a solvent at a high tem-
perature did not improve the yield. On the other
hand, when electron withdrawing groups are present
on the aryl iodide the reaction was faster and the
yield of the coupled product high (table 2, entries 10
and 11). We have tried to extend this protocol to
aryl bromides and aryl chlorides. Aryl bromides un-
der the same reaction conditions when treated with
sulfonamides, gave the same results (table 2, entries
13-21), but aryl chlorides did not give satisfactory
results and in most cases the reaction material was
recovered unchanged. Interestingly, the reaction of
heteroaryl bromides such as 2-bromopyridine, 3-
bromopyridine, or 3-bromothiophen with benzene or
p-toluene sulfonamides gave the corresponding N-
(heteroaryl)benzenesulfonamide in good yields
(table 2, entries 22-26).

4. Conclusion

In summary, we have developed a simple and effi-
cient method for the copper-catalysed coupling of a
variety of aryl iodides, aryl bromides and heteroaryl
bromides with benzene and p-toluene sulfonamides
using KF/Al,05;, Cul and N,N'-DMEDA. Potassium
fluoride supported on alumina (KF/Al,O3) provides
a viable alternative to bases such as Cs,COs.

Acknowledgement

Financial support for this work from the Research
Council of Mazandaran University is gratefully
acknowledged.

References

1. Romero D L, Morge R A, Genin M J, Biles C, Busso
M, Resnick L, Althaus I W, Reusser F, Thomas R C
and Tarpley W G 1993 J. Med. Chem. 36 1505

2. Hester J B, Gibson J K, Cimini M G, Emmert D E,
Locker P K, Perricone S C, Skaletzky L L, Sykes J K
and West B E 1991 J. Med. Chem. 34 308

147

3. Turner S R, Strohbach J] W, Tommasi R A, Aristoff P
A, Johnson P D, Skulnick H I, Dolak L A, Seest E P,
Tomich P K, Bohanon M J, Horng M M, Lynn J C,
Chong K T, Hinshaw R R, Watenpaugh K D,
Janakiraman M N and Thaisrivongs S J 1998 J. Med.
Chem. 41 3467

4. Serradeil-Le Gal C, Wagnon J, Garcia C, Lacour C,
Guiraudou P, Christophe B, Villanova G, Nisato D
and Maffrand J P 1993 J. Clin. Invest. 92 224

5. (a) Cremlyn R 1996 Organosulfur Chemistry: An In-
troduction (New York: John Wiley and Sons); (b)
Anderson K K 1979 In Sulfonic acid and their de-
rivatives in comrehensive organic chemistry (eds) D
H R Barton, W D Ollis and D N Jones (Oxford: Per-
gamon Press) vol 3; (c) Massah A R, Azadi D, Aliyan
H, Momeni A R, Javaherian Naghash H and Kazemi
F 2008 Monatshefie fure chemie 139 233

6. (a) Coutts I G C and Hamblin M 1975 J. Chem. Soc.,

Perkin Trans 1 2445; (b) Yin J and Buchwald S L

2002 J. Am. Chem. Soc. 124 6043

He H and Wu Y J 2003 Tetrahedron Lett. 44 3385

Steinhuebel D, Palucki M, Askin D and Dolling U

2004 Tetrahedron Lett. 45 3305

9. Lam P Y S, Vincent G, Clark C G, Deudon S and

Jadhav P K 2001 Tetrahedron Lett. 42 3415

10. Deng W, Liu L, Zhang C Liu M and Guo Q X 2005
Tetrahedron Lett. 46 7295

11. Blass B E 2002 Tetrahedron 58 9301

12. (a) Yamawaki J, Ando T and Hanafusa T 1981 Chem.
Lett. 1143; (b) Yadav V K and Kapoor K K 1996 Tet-
rahedron 52 3659; (c) Alloum B A and Villemin D
1989 Synth. Commun. 19 2567, (d) Kabalka G W,
Wang L, Namboodiri V and Pagni R M 2000 Tetra-
hedron Lett. 41 5151; (e) Kabalka G W, Pagni R M
and Hair C M 1999 Org. Left. 1 1423

13. Schmittling E A and Sawyer J S 1991 Tetrahdron
Lett. 32 7207

14. (a) Hosseinzadeh R, Tajbakhsh M, Mohadjerani M
and Mehdinejad H 2004 Synlett. 1517; (b) Hossein-
zadeh R, Tajbakhsh M, Mohadjerani M and
Alikarami M 2005 Synlett. 1101; (c) Hosseinzadeh R,
Tajbakhsh M and Alikarami M 2006 Tetrahdron Lett.
47 5203; (d) Hosscinzadeh R, Tajbakhsh M and
Alikarami M 2006 Synlett 2124; (e) Hosseinzadeh R,
Tajbakhsh M, Alikarami M and Mohadjerani M 2008
J. Het. Chem. 45 1815; (f) Hosseinzadeh R, Sarrafi
Y, Mohadjerani M and Mohammadpourmir F 2008
Tetrahdron Lett. 49 840; (g) Hosseinzadeh R, Gol-
choubian H and Masoudi M 2008 J. Chin. Chem. Soc.
55 649; (h) Hosseinzadeh R, Tajbakhsh M, Mohad-
jerani M Rezaei P and Alikarami M 2008 Synth.
Commun. 38 3021; (i) Hosseinzadeh R, Tajbakhsh M,
Mohadjerani M and Ghorbani E 2008 Chin. J. Chem.
26 2120

15. (a) Badr M Z A, Aly M M and Fahmy A M 1981 J.
Org. Chem. 46 4784; (b) Hellwinkel D and Supp M
1976 Chem. Ber. 109 3749; (c¢) Lopez-Alvarado P,
Avendano C and Menendez J C 1996 J. Org. Chem.
61 5865; (d) Raiford L Ch and Hazelt S E 1935 J.
Am. Chem. Soc. 57 2172; (e) Gribble G W and
Bousquet F P 1971 Tetrahedron 27 3785; (f) Sus O,

&~



148

Rahman Hosseinzadeh et al

Moller K and Heiss H 1956 Ann. 598 123; (g) Rever-
din F 1909 Chem. Ber. 42 1523; (h) Holmes T J and
Lawton R G 1983 J. Org. Chem. 48 3146; (i) Saito S,
Takeda M, Kugita H and Higaki K 1962 Yakugaku
Kenky 34 42; (j) Berbalk H, Eichinger K and Decker
E 1976 Monatshefte fure chemie 107 401; (k) Seisaku
I, Yasuo T and Mitsuo O 1975 Yuki Gosei Kagaku
Kyokaishi 33 190; (1) Raper H S, Thompson J T and
Cohen J B 1904 J. Chem. Soc. Trans 85 371; (m) Re-
verdin F and Crepieux P 1902 Chem. Ber. 35 1439;
(n) Klamann D and Fabienke E 1959 Chem. Ber. 92

712; (o) Moustafa S O and Ahmad A R 2003 Phos-
phorus Sulfur Silicon 178 475; (p) Seisaku I, Shigeto
H, Kazuhiro T and Mitsuo O 1978 Nippon Kagaku
Kaishi 86; (q) English J, Chappell D and Bell P 1942
J. Am. Chem. Soc. 64 2516; (r) Angyal S J, Morris W
O and Warburaton W K 1952 Australian J. Sci. Re-
search A5 368, (s) Chittum J W, Tindall C G,
Howells R D, Coates V and Shic M D 1974 J. Chem.
Eng. Data 19 294; (t) Reitsema R H and Hunter J H
1949 J. Am. Chem. Soc. 71 1680; (v) Campaigne E
and Monroe P A 1954 J. Am. Chem. Soc. 76 2447




<<
  /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


