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One-pot synthesis of tetrahydrobenzo[a]lxanthen-
11-one derivatives catalyzed by ruthenium
chloride hydrate as a homogeneous catalyst

Khalil Tabatabaeian, Alireza Khorshidi, Manouchehr Mamaghani, Ali Dadashi, and

Milad Khoshnood Jalali

Abstract: Three-component cyclocondensation of B-naphthol, aldehydes, and 5,5-dimethylcyclohexane-1,3-dione (dimedone)
was catalyzed efficiently by ruthenium chloride hydrate under mild reaction conditions to afford 12-aryl or alkyl-8,9,10,12-
tetrahydrobenzo[a]xanthen-11-one derivatives in good to excellent yields.

Key words: ruthenium, one-pot synthesis, tetrahydrobenzo[a]xanthen-11-one.

Résumé : La cyclocondensation a trois composants du f-naphtol, d’aldéhydes et de 5,5-diméthylcyclohexane-1,3-dione (di-
médone) est catalysée d’une facon efficace par I’hydrate du chlorure de ruthénium, dans des conditions douces, pour
conduire a la formation de dérivés 12-aryl- ou 12-alkyl- de la 8,9,10,12-tétrahydrobenzo[a]xanthén-11-one, avec des rende-

ments allant de bons a excellents.

Mots-clés : ruthénium, synthése monotope, tétrahydrobenzo[a]xanthén-11-one.

[Traduit par la Rédaction]

Introduction

In recent years, multicomponent reactions (MCRs) have at-
tracted great attention from research groups working in me-
dicinal chemistry, drug discovery, and materials science as
they furnish the desired products in a single operation with-
out isolating the intermediates. Simple procedures, facile exe-
cution, atom economy, and high selectivity are among the
described advantages of multicomponent reactions.!-

Developing ways to synthesize xanthenes and benzoxan-
thenes has been of considerable interest because these com-
pounds possess antiviral,® antibacterial,” and anti-inflammatory
properties.® Such compounds are also utilized for antagonism
of the paralyzing action of zoxazolamine,® and can also be
employed as dyes,!0 as pH-sensitive fluorescent materials for
the visualization of biomolecules,!! and in cancer therapy.!2
In addition, these heterocyclic compounds are structural key
units in several natural products.!? Xanthone derivatives are
also found abundantly in a variety of natural products and
exhibit various biological properties.!415 Synthetic tetrahy-
drobenzo[a]xanthen-11-ones have been prepared through
three-component reaction of fB-naphthol, aldehydes, and 1,3-
dicarbonyl compounds in the presence of catalysts such as
BF;-Et,0,!¢ NaHSO,4-Si0O,,!7 strontium triflate (Sr(OTf),),!8
p-toluenesulfonic acid (pTSA),!® indium trichloride (InCls),20
phosphorous pentoxide (P,05),20 1,,2! tetrabutylammonium
fluoride (TBAF),22 HBF;-SiO,,2* dodecatungstophosphoric
acid (HsPW,04),?* ceric ammonium nitrate (CAN),? 2.4,6-
trichloro-1,3,5-triazine (TCT),26 and HCIO,-Si0,.27 Several

of these methodologies, however, suffer from severe draw-
backs including long reaction times and toxic solvents,!6-18.22
the use of expensive reagents,!® drastic conditions for catalyst
preparation,?’ the use of a toxic catalyst,2! and the require-
ment of a large or stoichiometric amount of catalysts.20
Therefore, to avoid these limitations, the discovery of a new
and efficient catalyst for preparation of these important mole-
cules is of prime interest.

Recently, we have been involved in the study of the cata-
lytic activity of ruthenium towards organic reactions such as
the condensation of indoles and aldehydes,?® oxidation of ar-
omatic and heteroaromatic compounds,?® double-conjugate
1,4-addition to enones, nucleophilic addition to epoxides,3!
oxidative trimerization of indoles,3?2 and Michael addition of
indoles to hormone steroids.?3> As a matter of fact, many or-
ganic transformations that involve ruthenium species as cata-
lyst are known and well-documented.?*-3¢ In continuation of
our investigation in this context, hereby, we introduce a sim-
ple and efficient method for the synthesis of tetrahydrobenzo
[a]xanthen-11-ones from one-pot condensation of $-naphthol,
aldehydes, and dimedone in the presence of ruthenium chlor-
ide hydrate under mild reaction conditions.

Results and discussion

Typical results of the ruthenium-catalyzed cyclocondensa-
tion of B-naphthol, aldehydes, and 5,5-dimethylcyclohexane-
1,3-dione are shown in Table 1. In an optimized procedure,
with respect to the catalyst concentration, choice of solvent,
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Table 1. RuCls-nH,0 catalyzed synthesis of 12-aryl or alkyl-8,9,10,12-tetrahydrobenzo[a]xanthen-11-ones.
RuCl3nH,O0
Ik CHj3
OH (0) (0] CH
3
o Y e O
EtOH, reflux O
H;C CHj
1 2 3 (4a —4m)
Time Yield Mp (°C)

Entry R (min) Product (%)° Found Reported
1 CeHs 30 4a 88> 148-151 149-150
2 4-NO,C¢Ha 30 4b 92°b 177-180 178-180
3 3-NO,CsH4 35 4c 86° 169-171 168-170
4 4-ClCeH4 30 4d 92b 187-189 188-189
5 2-CICeH4 45 4e 86" 177-180 179-180
6 2,4-C1,CeH3 35 4f 85" 178-181 178-180
7 4-CH3CeHa 50 4g 88? 175-177 176-177
8 4-OHCeHy 55 4h 85" 151-153 151-152
9 4-OCH3Cg¢Ha 55 4i 86° 206-208 206-207
10 2-OH-3-OCH3C¢H3 45 4j 845 214-216 213-215
11 3,4-(CH30),Ce¢H3 50 4k 82 201-204 —
12 4-SCH3-CeHy 50 41 86 209-211 —
13 (CH3).CH 70 4m 75b 116-119 116-117

Note: All products were characterized by 'H NMR, "*C NMR, and IR data.

“Isolated yields.

’Identified by comparison with authentic samples.?" 27?7

temperature, and time, the treatment of benzaldehyde of our protocol covers the expensive cost of ruthenium chlor-

(1 mmol), B-naphthol (1 mmol), and dimedone (1.2 mmol)
in the presence of RuCls;-nH,0 catalyst (5 mol%) in ethanol
(2.5 mL) at 80 °C for 30 min gave the corresponding tetrahy-
drobenzo[a]xanthen-11-one as a precipitate, which was easily
purified (see Experimental) (product 4a, 88% yield).

To evaluate the generality of the process, we also exam-
ined the reaction of B-naphthol and 5,5-dimethylcyclohex-
ane-1,3-dione with a variety of aromatic aldehydes (Table 1,
entries 2-12). Both aromatic aldehydes bearing electron-
withdrawing and electron-donating groups afforded corre-
sponding tetrahydrobenzo[a]xanthen-11-one derivatives in
high yields (82%-92%). It is also noteworthy that the elec-
tronic properties of the aromatic ring have an effect on the
time of this nucleophilic addition reaction. Aromatic alde-
hydes with electron-withdrawing groups reacted, somehow,
faster than the aromatic aldehydes with electron-donating
groups. An aliphatic aldehyde (Table 1, entry 13), however,
showed a longer reaction time and lower yield. Although the
precise mechanism of the reaction awaits further studies, a
plausible mechanism for this transformation, which rational-
izes the formation of products, is outlined in Scheme 1. By
referring to the literature,!®17 we proposed that after prior ac-
tivation of the carbonyl group of aldehyde by Rull (inter-
mediate 1), nucleophilic attack from C; of P-naphthol
provides an ortho-quinone methide intermediate (0-QM, in-
termediate 2). After subsequent attack of dimedone to the o-
QM and loss of water, intermediate 3 undergoes dehydration
to afford the desired product 4.

A comparison between the present results and other re-
ported methods in this context is shown in Table 2.

As it is shown, operational simplicity and higher efficiency

ide hydrate. Moreover, reusability of the catalyst was also
studied to minimize costs and inorganic waste. As it is shown
in Table 3, after four times, the reused catalyst showed only a
4% decrease in the yield of desired product.

To improve efficiency, we carried out this reaction under
microwave irradiation. As it is shown in Table 4, this method
affords the desired products in excellent yields in rather short
times.

Conclusion

In brief, we have reported a convenient synthesis of tetra-
hydrobenzo[a]xanthen-11-ones by using RuCl;-nH,O as a
homogeneous catalyst. The unique feature of the reaction is
that the corresponding tetrahydrobenzo[a]xanthen-11-ones
are insoluble in the reaction solvent and this leads to an easy
workup along with high yields (75%—92%). In all cases, sim-
ple filtration of the reaction mixture and rinsing with cold
ethanol provided spectroscopically pure products. Several
merits, such as efficiency, mild reaction conditions, short re-
action times, high yields of products, easy workup procedure,
low catalyst loading, reusability of the catalyst, and use of
ethanol as an eco-friendly solvent, make this protocol a use-
ful and attractive process for the synthesis of tetrahydrobenzo
[a]xanthen-11-ones.

Experimental

General
All products were characterized by spectroscopic data (IR,

'H NMR, 3C NMR). IR spectra were recorded on a Shimadzu
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Scheme 1. Proposed mechanistic pathway for the formation of tetrahydrobenzo[a]xanthen-11-one derivatives under ruthenium catalysis.

FTIR-8400S spectrophotometer. 'H NMR spectra were meas-
ured on a Bruker DRX-400 Avance spectrometer. 13C NMR
spectra were obtained on a Bruker DRX-100 Avance spec-
trometer. Chemical shifts of 'H and 13C NMR spectra were
expressed in parts per million downfield from trimethylsi-
lane (TMS) as the internal standard. Melting points were
measured on a BUCHI Melting Point B-540 and are uncor-
rected.

Elemental analyses were made by a Carlo-Erba EA1110
CNNO-S analyzer and agreed with the calculated values. Mi-
crowave irradiation was performed in a LBP125 microwave
oven.

Materials

All the reagents were purchased from Merck and used
without further purification.

Typical experimental procedure

To a mixture of B-naphthol (144.17 mg, 1 mmol), benzal-
dehyde (106.13 mg, 1 mmol), and dimedone (168.22 mg,
1.2 mmol) in ethanol (2.5 mL), RuCl;-nH,O (10.71 mg,
0.05 mmol) was added and the mixture was refluxed in an
oil bath at 80 °C for 30 min, which yielded a precipitate.
The progress of the reaction was monitored by thin-layer
chromatography (TLC). After completion of the reaction, as
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Table 2. Comparison of our results with those obtained by other groups in the reaction of B-naphthol, benzaldehyde, and dimedone.

CHO

O
OH
O
o) CH,4

O LS
0 e
0 CH,4

Entry Catalyst Concentration of Solvent Temperature (°C)  Time Yield References
catalyst (mol %) (min) (%)
1 NaHS04-Si0» 56 CICH,CHCl 80 240 87 17
2 Sr(OTf), 10 CICH,CHCl 80 300 85 18
3 pTSA 10 [bmim]BF4 80 180 90 19
4 InCl3 30 — 120 30 84 20
5 P>0s 20 — 120 40 76 20
6 I 10 — 60 75 90 21
7 HBF;-Si0; 10 — 80 65 91 23
8 H3PW 2040 5 —_ 60 70 86 24
9 TCT 5 — 80 50 90 26
10 HC104-Si0; 5 — 80 72 89 27
11 RuClz-nH,O 5 C,HsOH 80 30 88 —

Table 3. Reusability of the catalyst in
the reaction of B-naphthol, benzalde-
hyde, and dimedone in the presence of
RuCl3-nH>0 (5 mol%).

Run No. Yield (%)
1 88
2 88
3 86
4 84

Table 4. Ru™-catalyzed synthesis of tetrahydrobenzo[a]xanthen-
11-one derivatives under microwave irradiation.

Time Yield
Entry R (min) Product (%)
1 CeHs 4 4a 88
2 4-NO,CgHy4 2 4b 90
3 4-CIC¢Hy 3 4d 93
4 4-CH3CeHy 5 4g 87
5 (CH3).CH 7 4m 78

indicated by TLC, the precipitate was filtered off and rinsed
with cold ethanol. The solid was dried under vacuum to af-
ford the desired compound in pure form (311.78 mg, 88%).
The same procedure was also used for the other products
listed in Table 1. To reuse the catalyst, after filtration, sub-
strates were added into solution and the same procedure was
repeated. For microwave reactions, irradiation was conducted
in an open vessel at 50 °C in a 500 W microwave oven (Ta-
ble 4).

12-(3,4-Dimethoxyphenyl)-9,9-dimethyl-8,9,10,12-
tetrahydrobenzo[a]xanthen-11-one (4k)

Solid; mp 201204 °C. IR (KBr, cm) v: 3070, 2960,
1644, 1590, 1371, 1260, 1220, 1140, 1020, 817. 'H NMR
(400 MHz, CDCls, 25 °C, ppm) 3: 7.93 (d, 1H, J = 8.8 Hz),
7.78 (d, 1H, J = 8.0 Hz), 7.62 (d, 1H, J = 8.4 Hz), 7.48 (t,

1H, J =7.2 Hz), 7.36 (t, 1H, J = 7.2 Hz), 7.18 (d, 1H, J =
8.8 Hz), 6.69 (d, 1H, J = 7.6 Hz), 6.59 (d, 1H, J = 7.6 Hz),
6.50 (s, 1H), 5.64 (s, 1H), 3.68 (s, 3H), 3.57 (s, 3H), 2.54 (s,
2H), 2.42 (d, 1H, J = 16.4 Hz), 2.27 (d, 1H, J = 16.4 Hz),
1.09 (s, 3H), 0.98 (s, 3H). 13C NMR (100 MHz, CDCl;, 25 °C,
ppm) &: 196.2, 162.8, 153.6, 142.1, 136.0, 133.5, 130.2,
129.0, 128.2, 127.1, 126.8, 125.4, 124.3, 123.5, 116.9,
116.4, 115.8, 113.2, 1124, 53.7, 53.4, 49.6, 40.2, 32.7,
31.2, 27.8, 26.0. Anal. calcd. for C,;Hy04: C 78.24, H
6.32; found: C 78.25, H 6.34.

9,9-Dimethyl-12-(4-methylthiophenyl)-8,9,10,12-
tetrahydrobenzo[a]xanthen-11-one (41)

Solid; mp 209-211 °C. IR (KBr, cm™!) v : 3050, 2960,
1642, 1593, 1372, 1220, 1180, 1020, 800. 'H NMR
(400 MHz, CDCl3, 25 °C, ppm) &: 7.93 (d, 1H, J = 8.4 Hz),
7.78 (d, 1H, J = 8.0 Hz), 7.62 (d, 1H, J = 8.8 Hz), 7.52 (t,
1H, J =72 Hz), 741 (t, 1H, J = 72 Hz), 7.19 (d, 1H, J =
8.4 Hz), 7.08 (d, 2H, J = 7.6 Hz), 6.98 (d, 2H, J = 7.6 Hz),
5.66 (s, 1H), 2.56 (s, 2H), 2.50 (s, 3H), 2.38 (d, 1H, J =
16.4 Hz), 2.28 (d, 1H, J = 16.4 Hz), 1.12 (s, 3H), 0.98 (s,
3H). 13C NMR (100 MHz, CDCl;, 25 °C, ppm) 3: 196.7,
163.2, 154.1, 147.2, 136.2, 133.7, 132.1, 131.8, 130.1,
129.4, 127.9, 126.3, 124.3, 123.5, 117.8, 116.2, 113.7, 50.6,
40.8, 33.9, 31.9, 28.3, 26.6, 254. Anal. calcd. for
Cy6H,40,S: C 77.97, H 6.04; found: C 77.98, H 6.05.

Acknowledgement

Partial support of this work by the Research Council of the
University of Guilan is gratefully acknowledged.
References

(1) Arndtsen, B. A. Chem. Eur. J. 2009, 15 (2), 302. doi:10.1002/
chem.200800767.

(2) Shestopalov, A. M.; Shestopalov, A. A.; Rodinovskaya, L. A.
Synthesis 2008, 2008 (1), 1. doi:10.1055/s-2007-990942.

(3) Balme, G.; Bouyssi, D.; Monteiro, N. In Multicomponent

Published by NRC Research Press



Can. J. Chem. Downloaded from www.nrcresearchpress.com by KUNGLIGA TEKNISKA HOGSKOLAN on 04/27/13
For personal use only.

Tabatabaeian et al.

Reactions; Zhu, J., Bienaymé, H., Eds.; Wiley-VCH: Wein-
heim, Germany, 2005; pp 224-276.

(4) Montgomery, J. Angew. Chem. Int. Ed. 2004, 43 (30), 3890.
doi:10.1002/anie.200300634.

(5) von Wangelin, A. J.; Neumann, H.; Gordes, D.; Klaus, S.;
Striibing, D.; Beller, M. Chem. Eur. J. 2003, 9 (18), 4286.
doi:10.1002/chem.200305048.

(6) Hideo, T. Jpn. Tokkyo. Koho. JP 56005480, 1981; Chem.
Abstr. 1981, 95, 80922.

(7) Lambert, R. W.; Martin, J. A.; Merrett, J. H.; Parkes, K. E. B.;
Thomas, G. J. PCT Int. Appl. WO 9706178, 1997; Chem.
Abstr. 1997, 126, 212377.

(8) Poupelin, J. P.; Saint-Rut, G.; Foussard-Blanpin, O.; Narcisse,
G.; Uchida-Ernouf, G.; Lacroix, R. Eur. J. Med. Chem. 1978,
13, 67.

(9) Saint-Ruf, G.; Huynh-Trong-Hieu, ; Poupelin, J.-P. Naturwis-
senschaften 1975, 62 (12), 584. doi:10.1007/BF01166986.

(10) Encinas, M. V.; Rufs, A. M.; Bertolotti, S. G.; Previtali, C. M.
Polymer (Guildf.) 2009, 50 (13), 2762. doi:10.1016/j.polymer.
2009.04.024.

(11) Buehler, C. A.; Cooper, D. E.; Scrudder, E. O. J. Org. Chem.
1943, 8 (4), 316. doi:10.1021/j001192a003.

(12) Koeller, K. M.; Haggarty, S. J.; Perkins, B. D.; Leykin, L;
Wong, J. C.; Kao, M. C. J.; Schreiber, S. L. Chem. Biol. 2003,
10 (5), 397. doi:10.1016/S1074-5521(03)00093-0.

(13) Alcantara-Licudine, J. P.; Kawate, M. K.; Li, Q. X. J. Agric.
Food Chem. 1997, 45 (3), 766. doi:10.1021/jf960372k.

(14) Urbain, A.; Marston, A.; Grilo, L. S.; Bravo, J.; Purev, O.;
Purevsuren, B.; Batsuren, D.; Reist, M.; Carrupt, P.-A.;
Hostettmann, K. J. Nat. Prod. 2008, 71 (5), 895. doi:10.
1021/np0706901.

(15) Isakovic, A.; Jankovic, T.; Harhaji, L.; Kostic-Rajacic, S.;
Nikolic, Z.; Vajs, V.; Trajkovic, V. Bioorg. Med. Chem. 2008,
16 (10), 5683. doi:10.1016/j.bmc.2008.03.069.

(16) Mashraqui, S. H.; Patil, M. B.; Mistry, H. D.; Ghadigaonkar,
S.; Meetsma, A. Chem. Lett. 2004, 33 (8), 1058. doi:10.1246/
¢1.2004.1058.

(17) Das, B.; Laxminarayana, K.; Krishnaiah, M.; Srinivas, Y.
Synlett 2007, 2007 (20), 3107. doi:10.1055/s-2007-990922.

(18) Li, J.; Tang, W.; Lu, L.; Su, W. Tetrahedron Lett. 2008, 49
(50), 7117. doi:10.1016/j.tetlet.2008.09.129.

(19) Khurana, J. M.; Magoo, D. Tetrahedron Lett. 2009, 50 (33),
4777. doi:10.1016/j.tetlet.2009.06.029.

627

(20) Nandi, G. C.; Samai, S.; Kumar, R.; Singh, M. S. Tetrahedron
2009, 65 (34), 7129. doi:10.1016/j.tet.2009.06.024.

(21) Wang, R.-Z.; Zhang, L.-F.; Cui, Z.-S. Synth. Commun. 2009,
39 (12), 2101. doi:10.1080/00397910802638511.

(22) Gao, S.; Tsai, C. H.; Yao, C.-F. Synlett 2009, 2009 (6), 949.
doi:10.1055/s-0028-1088214.

(23) Zhang, Z.-H.; Wang, H.-J.; Ren, X.-Q.; Zhang, Y.-Y. Monatsh.
Chem. 2009, 140 (12), 1481. doi:10.1007/s00706-009-0204-9.

(24) Wang, H.-J.; Ren, X.-Q.; Zhang, Y.-Y.; Zhang, Z.-H. J. Braz.
Chem. Soc. 2009, 20 (10), 1939. doi:10.1590/S0103-
50532009001000025.

(25) Kumar, A.; Sharma, S.; Maurya, R. A.; Sarkar, J. J. Comb.
Chem. 2010, 12 (1), 20. doi:10.1021/cc900143h.

(26) Zhang, Z.-H.; Zhang, P.; Yang, S.-H.; Wang, H.-J.; Deng,
J. J. Chem. Sci. 2010, 122 (3), 427. doi:10.1007/s12039-
010-0049-0.

(27) Mo, L.-P.; Chen, H.-L. J. Chin. Chem. Soc. 2010, 57 (2), 157.

(28) Tabatabaeian, K.; Mamaghani, M.; Mahmoodi, N. O
Khorshidi, A. Can. J. Chem. 2006, 84 (11), 1541. doi:10.
1139/V06-159.

(29) Tabatabaeian, K.; Mamaghani, M.; Mahmoodi, N. O.;
Khorshidi, A. Catal. Commun. 2008, 9 (3), 416. doi:10.
1016/j.catcom.2007.07.024.

(30) Tabatabaeian, K.; Mamaghani, M.; Mahmoodi, N. O.;
Khorshidi, A. J. Mol. Catal. Chem. 2007, 270 (1-2), 112.
doi:10.1016/j.molcata.2007.01.038.

(31) Tabatabaeian, K.; Mamaghani, M.; Mahmoodi, N. O.;
Khorshidi, A. Tetrahedron Lett. 2008, 49 (9), 1450. doi:10.
1016/j.tetlet.2008.01.001.

(32) Tabatabaeian, K.; Mamaghani, M.; Mahmoodi, N. O
Khorshidi, A. Can. J. Chem. 2009, 87 (9), 1213. doi:10.
1139/V09-098.

(33) Tabatabaeian, K.; Mamaghani, M.; Mahmoodi, N. O
Khorshidi, A. Synth. Commun. 2010, 40 (11), 1677. doi:10.
1080/00397910903161678.

(34) Murahashi, S.-I., Ed. Ruthenium in Organic Synthesis; Wiley-
VCH: New York, 2004.

(35) Bruneau, C., Dixneuf, P. H.,Eds. Ruthenium Catalysts and
Fine Chemistry; Springer: Berlin, 2004.

(36) Murai, S., Ed. Activation of Unreactive Bonds and Organic
Synthesis; Springer: Berlin, 1999.

Published by NRC Research Press




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /RelativeColorimetric
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 99
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 225
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /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 /Average
  /GrayImageResolution 225
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /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 /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


