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Abstract An efficient Pd-catalyzed domino Mizoroki-Heck and re-
ductive Heck reaction of terminal alkenes with six-membered cyclic dia-
ryliodoniums is reported for the facile access to a diverse set of novel
dihydroanthracenes. The scope of alkenes is general, leading to concise
generation of 30 dihydroanthracenes which are not easily accessed by
conventional methods. Furthermore, one of the newly synthesized di-
hydroanthracene displayed excellent antiproliferative activity against
PANC-1 cancer cells (ICso = 11.74 uM).

Key words cyclic diaryliodoniums, terminal alkenes, dihydroanthra-
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Anthracene-based derivatives are essential structural
motifs in a great number of anticancer drugs,' organic func-
tional materials,” and natural products.? For instance, rhein
(1a) possesses an anthracene scaffold and exhibits an excel-
lent anti-inflammatory activity* (Figure 1). Just like other
anthracene-based compounds, there are several anthra-
cene-based drugs such as mitoxantrone (1b), topopyrone C
(1c), and doxorubicin (1d) with anticancer activities proba-
bly due to their noncovalent binding to DNA duplexes and
these drugs are used for treatment of various cancers” (Fig-
ure 1). In recent years, some studies have found that an-
thracene-based derivatives can also be used as an effective
antidepressant with similar pharmacological properties to
tricyclic antidepressants (TCAs).6

Thus, the synthesis of various anthracenes had attracted
extensive attention by organic chemists and medicinal
chemists. A variety of synthetic methods have been devel-
oped to construct dihydroanthracene scaffolds over the
past few years, including benzylation of arenes,” modifica-
tion of the existing dihydroanthracenes core,® and Friedel-
Crafts alkylation® (Scheme 1a and 1b). However, these pres-
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Figure 1 Representative compounds containing anthracene

ent methods still have some challenges that need to be ad-
dressed, including harsh conditions, limited substrate
scopes, poor accessibility of starting materials, and low
yields. In the past decades, cyclic diaryliodonium salts have
found numerous applications as electrophilic arylating re-
agents in both transition-metal-catalyzed and metal-free
reactions to construct diverse arenes or heterocycles due to
their high reactivity and environmentally benign nature.!°
In our previous study, we demonstrated that dual aryla-
tion of dicarbonyl and C-N Buchwald coupling of nitriles
with cyclic diaryliodonium salts could lead to the construc-
tion of fluorenes and acridines conveniently.!’ To continue
our interest in constructing libraries of complex molecules
with cyclic diaryliodonium salts, we envisioned that the
careful modulation of two tandem Mizoroki-Heck reac-
tions including one conventional Mizoroki-Heck reaction
and one reductive Heck reaction between terminal alkenes
and six-membered cyclic diaryliodonium salts could pro-
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Scheme 1 The strategies to build dihydroanthracenes

vide an alternative route to dihydroanthracenes. Herein, we
report an efficient access to modularly generate 9,10-dihy-
droanthracenes from six-membered cyclic diaryliodonium
salts with terminal alkenes, catalyzed by Pd(PPh;), (Scheme
1c).

To test our hypothesis, we initiated the investigation by
reacting the readily available methyl acrylate 3a with six-
membered cyclic diaryliodonium salts 2a using Pd(OAc), as
a catalyst and Na,CO; as the base in DMF under an argon at-
mosphere at 120 °C (Table 1). The reaction provided the de-
sired dihydroanthracene 4a albeit in 6% yield (entry 1). We
then undertook some optimization mainly by changing dif-
ferent palladium species (entries 2-4). When Pd(PPh;), was
employed, to our delight the desired compound 4a was ob-
tained with a relatively high yield (16%). Next a base screen-
ing was carried out to optimize the yield (entries 5-8), and
it was found that the yield could be improved to 39% with
trimethylamine as the base source. From these observa-
tions, the base has an apparently influence on the reaction.
Due to the reductive property of HCOONa to accelerate re-
ductive Heck reaction, not surprisingly, its addition in-
creased the yield significantly (entries 9 and 10). Thus, the
Et;N/HCOONa system was selected for further optimization
of reaction conditions (entry 10). The influence of the sol-
vents was then studied (entries 11-14). We found the yield
was improved to 69% by using 1,2-dichloroethane (DCE) as
the solvent, and we were surprised to observe that no de-
sired product was generated in the presence of MeOH as
solvent (entry 13 vs. 14). A further jump in yield could be
attained by reducing the temperature to 100 °C (78%, entry
15).

However, the yield was dropped to 51% and 32% by de-
creasing the temperature to 80 °C and 60 °C, respectively
(entries 16, 17). And no reaction occurred at room tempera-
ture (entry 18). Thus, the optimal catalytic system for this

Pd(PPhg), N N
R1_| | _RZ
EtsN/[HCOONa Z #
DCE, 100 °C

RG

Table 1 Optimization of Reaction Conditions?

O ‘ o [Pd] O‘O
+ B ——
. S
I \)I\OMe base, solvent OMe

“oTf o)
2a 3a 4a
Entry Catalyst Base Solvent  Temp (°C) VYield (%)
1 Pd(OAC), Na,CO, DMF 120 6
2 PdCl,(dppf), Na,CO; DMF 120 8
3 PdCl,(PPhy),  Na,COs DMF 120 11
4 Pd(PPh,), Na,CO, DMF 120 16
5 Pd(PPh,), K,CO, DMF 120 19
6  Pd(PPh,), NaHCO, DMF 120 6
7 Pd(PPh,), Cs,CO, DMF 120 trace
8  Pd(PPh,), EtN DMF 120 39
9  Pd(PPh,), Et;N/MeCOONa  DMF 120 35
10 Pd(PPh,), Et;N/HCOONa  DMF 120 48
11 Pd(PPh,), Et;N/HCOONa¢ DMSO 120 39
12 Pd(PPh,), Et;N/HCOONa¢  toluene 120 25
13 Pd(PPh,), Et,N/HCOONaS  MeOH 120 trace
14 Pd(PPh,), Et;N/HCOONa  DCE 120 69
15 Pd(PPh,), Et;N/HCOONa®  DCE 100 78
16 Pd(PPh,), Et;N/HCOONa®  DCE 80 51
17 Pd(PPh,), Et;N/HCOONa®  DCE 60 32
18 Pd(PPh;), Et;N/HCOONa© DCE rt trace

3 Unless otherwise stated, 2a (1.0 equiv), 3a (2.0 equiv), catalyst (0.1
equiv), base (3.0 equiv), 15 h, Ar (using sealed tube).

b HPLC yield.

¢ Et3N (3.0 equiv), HCOONa (2.0 equiv); note: DCE, 1,2-dichloroethane.
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transformation was 0.1 equiv Pd(PPhs), and 3 equiv of Et;N
with 2.0 equiv of HCOONa in DCE at 100 °C for 15 h (using
sealed tube).

With the optimal reaction conditions in hand, we next
examined the scope of this novel tandem process using a
range of commercially available terminal alkenes 3 with
different electron-withdrawing groups (Scheme 2). Yields
were generally good for terminal alkenes while alkyls in ac-
rylate esters were varied, in a range of 65-78% (4a-e). In
our method, other important materials acrolein and acryl-
amides were tolerated to give the corresponding products
in good yields (4f-i). Furthermore, acrylonitrile successfully
provided dihydroanthracenes 4j which could undergo fur-
ther transformations to build complex molecular scaffolds.
Importantly, we were also pleased to find that the sulfone
functional group was suitable in the formation of dihydro-
anthracenes 4k, albeit with lower yields. 2-Methylacrylal-
dehyde also worked smoothly and delivered the corre-
sponding product 41. Our results demonstrated a broad sub-
strate generality of alkenes, and a variety of unique
dihydroanthracenes could be quickly afforded.

To fully establish the scopes of this one-pot C-C cou-
pling procedure, other types of alkenes were further inves-
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Scheme 2 The scope of a,B-unsaturated alkenes. Reagents and condi-
tions: 2a (1.0 equiv), alkene 3 (2.0 equiv), Pd(PPh;), (0.1 equiv), Et;N
(3.0 equiv), HCOONa (2.0 equiv), DCE (3.0 mL), 100 °C, 15 h, Ar (using
sealed tube).
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tigated (Scheme 3). To our delight, generally the styrene de-
rivatives with either simple alkyl (4m) or halogen (40,p)
substituents all gave excellent yield. Importantly, the sub-
stitution of halogens (F, Cl) in dihydroanthracenes would
provide opportunities to further functionalize the incorpo-
rated arene if needed. In addition, due to the special proper-
ties of fluorine in drug metabolism, the incorporation of
fluorine in arene (40) might show higher metabolic stabili-
ties and better pharmacokinetic properties. Synthetically,
both fluorinated and chlorinated species (40,p) could un-
dergo further modifications to broaden the structural com-
plexity. Gratifyingly, even pyridine-substituted alkene also
reacted as well under the optimum conditions (4q). The
motifs of this heterocycle compound are frequently found
in polycyclic heteroarenes and natural products. More
strikingly, we were also pleased to find that alkyl alkenes
such as 4-penten-1-ol, methallyl alcohol, and vinyl carba-
mate were equally effective as the alkenes with electron-
withdrawing substituents (4r-t). The tethered hydroxyl
functional group was compatible and provided opportuni-
ties for further transformation.

oTf Aryl(Alky)
I Pd(PPhg)s
Aryl(Alkyl
EtsN/HCOONa
2a 3 DCE, 100 °C 4
J g Jyes
O‘O g
s
4m 52% 4n 40% 40 56% 4p 65%
z Ox-NHz
N | OH OH ﬁ/
X o]
g < 90491409
s . |
4q 60% ar 67% 4s 62% 4t 56%

Scheme 3 The scope of terminal arylalkenes and alkylalkenes. Re-
agents and conditions: 2a (1.0 equiv), 3 (2.0 equiv), Pd(PPh;), (0.1
equiv), Et;N (3.0 equiv), HCOONa (2.0 equiv), DCE (3.0 mL), 100 °C, 15
h, Ar (using sealed tube).

The scope of six-membered cyclic diaryliodonium salts
was finally investigated for this transformation (Scheme 4).
Acrylonitrile was used as alkenes source since the attached
nitriles could be further transformed. Under the standard
reaction conditions, the iodoniums with either electron-do-
nating or electron-withdrawing groups attached were all
transformed to the desired dihydroanthracenes at modest
to good yields. Initially we tested the reactions of symmet-
rical cyclic diaryliodonium salts with acrylonitrile, which
afforded the corresponding dihydroanthracenes in moder-
ate to good yields (5a-c). Next, a series of unsymmetrical
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cyclic diaryliodonium salts were examined (5d-1). It was
found that both electron-donating groups and electron-
withdrawing substituents on cyclic diaryliodonium salts
reacted smoothly, although the yield was decreased when
the electronically poor substituted unsymmetrical cyclic di-
aryliodonium salts were employed (5d-h).

or

PN (N o _ Pd(PPho
R LR S EtaN/HCOONa
DCE, 100 °C

2 3

-

5¢c 61%

NC NC
FF
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5j 70% 5k 56% 51 51%

Scheme 4 The scope of cyclic iodoniums. Reagents and conditions: 2
(1.0 equiv), alkene 3 (2.0 equiv), Pd(PPh;), (0.1 equiv), Et;N (3.0 equiv),
HCOONa (2.0 equiv), DCE (3.0 mL), 100 °C, 15 h, Ar (using sealed tube).

Based on our observation and previous literature, a pos-
sible reaction mechanism was proposed in Scheme S1 (see
the Supporting Information). As mentioned above, many
dihydroanthracene-containing motifs possess anticancer
properties due to their noncovalent binding to DNA duplex-
es. Therefore, the biological applications of the products
were also investigated using a well-established MTT assay
(Table 2). To our delight, several new synthesized com-
pounds displayed potent antiproliferative activities against
the human cancer cell lines. Among them, 4j displayed the
highest cytotoxicity against PANC-1 cell (ICs = 11.74 uM).
Further structural optimization and structure-activity rela-
tionship study of these new scaffolds are currently in prog-
ress.

In summary, we have successfully achieved a general
and efficient one-pot procedure with six-membered cyclic
iodoniums and various commercially available terminal
alkenes for the construction of structurally diverse dihydro-
anthracenes derivatives.'?> Two C-C bonds were formed and
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Table 2 In Vitro Antiproliferative Activity of the Dihydroanthracenes

Com- ICs (UM * SEM)

pound PANC-1 Capan-2 HCT116 HL-60
4a 19.48+2.10 2529+3.62 4931190 >100
4ab 1637236 3457+3.58 3677425 >100
4h >100 21304469 19.68+2.51 33.28 +4.83
4j 11.74£329 26.18+458 >100 77.58 £ 6.55
4q 23.24+530 >100 36.50£569 51.22+7.61
4s 1835527 46.55+6.74 >100 26.21+7.32
5h 1633+3.21 31.40%428 >100 51.29 + 6.56
5-Fu 9.08+2.76 3240370 10.59+9.53 2225131

involved one conventional Mizoroki-Heck reaction and one
reductive Heck reaction between cyclic iodoniums and ter-
minal alkenes. Except traditional acrylates and alkenes with
y-electron-withdrawing functional groups, both aryl
alkenes and alkyl alkenes are suitable. The present method
is straightforward for the diversified synthesis of dihydro-
anthracenes, providing a complementary strategy to the re-
ported synthetic routes. More importantly, the screening of
our new synthetic dihydroanthracenes successfully leads to
the discovery of several novel compounds with potent anti-
proliferative activities.
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(12) Procedure to Synthesize Dihydroanthracene 4a
To a seal tube was added cyclic diaryliodonium salt 2a (0.1 g,
0.226 mmol, 1.0 equiv), methyl acrylate 3a (0.039 g, 0.45 mmol,
2.0 equiv), Pd(PPh;), (0.026 g, 0.022 mmol, 0.1 equiv), Et;N
(0.069 g, 0.67 mmol, 3.0 equiv), HCOONa (0.031 g, 0.45 mmol,
2.0 equiv), and DCE (3.0 mL). Then the tube was sealed,
degassed, and recharged with argon. The reaction proceeded at
100 °C for 15 h under argon atmosphere. The remained mixture
was extracted with DCM (20 mL), the combined organic layers
were washed with H,0 (3 x 2 mL) and brine, dried over anhy-
drous Na,SO,, and evaporated in vacuo. The residue was puri-
fied by column chromatography on a silica gel (PE/EtOAc = 50:1
to 20:1) to provide compound 4a (0.036 g, 78%). 'H NMR (400
MHz, CDCl,): & =7.78 (d,J = 7.6 Hz, 2 H), 7.51 (d, J = 7.6 Hz, 2 H),
7.41 (t,J = 7.2 Hz, 2 H), 7.33-7.29 (m, 2 H), 4.46 (t, ] = 7.2 Hz, 1
H), 4.07 (s, 2 H), 3.81 (s, 3 H), 2.80 (d, J = 7.2 Hz, 2 H). '3C NMR
(101 MHz, CDCl5): 6 = 173.14, 146.39, 140.91, 127.63, 127.33,
124.47, 120.10, 51.99, 43.72, 41.79, 38.63. HRMS (ESI): m/z
calcd for C;H;;0, [M + H]*: 253.1150; found: 253.1146.
Procedure to Synthesize Dihydroanthracene 5a
To a seal tube was added cyclic diaryliodonium salt 2 (0.1 g,
0.213 mmol, 1.0 equiv), acrylonitrile 3 (0.022 g, 0.426 mmol, 2.0
equiv), Pd(PPh;), (0.024 g, 0.021 mmol, 0.1 equiv), Et;N (0.065
g, 0.639 mmol, 3.0 equiv), HCOONa (0.029 g, 0.426 mmol, 2.0
equiv), and DCE (3.0 mL). Then the tube was sealed, degassed,
and recharged with argon. The reaction proceeded at 100 °C for
15 h under argon atmosphere. The remained mixture was
extracted with DCM (20 mL), the combined organic layers were
washed with H,0 (3 x 2 mL) and brine, dried over anhydrous
Na,S0,, and evaporated in vacuo. The residue was purified by
column chromatography on a silica gel (PE/EtOAc = 50:1 to
20:1) to provide compound 5a (0.033 g, 67%). '"H NMR (400
MHz, CDCl;): 8 =7.62 (d, ] = 7.6 Hz, 2 H), 7.45 (d, ] = 0.4 Hz, 2 H),
7.23(d,J = 8.0 Hz, 2 H), 4.10 (t, ] = 7.2 Hz, 1 H), 4.01 (s, 2 H), 2.79
(d,J =72 Hz, 2 H), 2.44 (s, 6 H). 3C NMR (101 MHz, CDCl,): & =
144.22, 138.37, 137.19, 129.22, 125.09, 119.82, 118.73, 42.79,
41.75, 22.24, 21.78. HRMS (ESI): m/z calcd for C,gH;gN [M + H]*:
248.1361; found: 248.1375.

© 2020. Thieme. All rights reserved. Synlett 2021, 32, 636-640

Downloaded by: Rutgers University. Copyrighted material.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /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 false
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
  >>
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


