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Abstract. The assembly of molecular Borromean Rings from con-
stitutionally independent rings in a stepwise manner depends on the
preparation of robust “ring-in-ring” complexes. The m-electron rich
macrocycle bis-1,5-dinaphtho[50]crown-14 (1) is shown to form a
donor-acceptor ring-in-ring complex with the m-electron poor cyclo-
phane cyclobis(paraquat-4,4'-biphenylene) (24*) in solution. In the
crystal superstructure of [1c2]-4PF¢, CH--O interactions between the
polyether loops of 1 and the bipyridinium units of 24" could disfavor
the threading of dialkylammonium components of a third ring.
Keywords: Borromean Rings; Ring-in-Ring Complex; Donor-
Acceptor; Supramolecular Chemistry; Crystal Structure.

Resumen. El ensamblaje por pasos de Anillos Borromeos molecula-
res a partir de anillos constitucionalmente independientes depende de
la preparacion de complejos robustos “ring-in-ring”. El macrociclo
rico en electrones 7 bis-1,5-dinafto[50]corona-14 (1) forma en solu-
cion un complejo “ring-in-ring” donador-aceptor con el ciclofano
pobre en electrones © ciclobis(paracuat-4,4'-bifenileno) (24*). En la
superestructura cristalina de [1c2]-4PFg, las interacciones CH--O
entre los lazos poliéteres de 1y las unidades bipiridinio de 24 pueden
desfavorecer el enhebrado de componentes dialquilamonio de un ter-
cer anillo.

Palabras clave: Anillos Borromeos; complejo “ring-in-ring”; dona-
dor-aceptor; Quimica Supramolecular; estructura cristalina.

1. Introduction

Borromean Rings (BRs) are an assembly (Figure la and b)
of three non-catenated rings in a Brunnian link, wherein scis-
sion of one ring leads to dissociation of the others [1]. Named
after the Borromeo family of 15" Century Milan who carried
the topology on their family insignia [1], BRs have long been
a source of inspiration and wonder to the human race, and,
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Fig. 1. a) BRs depicted as a Venn diagram. b) BRs depicted in three
dimensions. ¢) Crystal structure of molecular BRs prepared by us [4].
d) Stepwise synthesis of BRs with constitutionally independent rings
proposed by Busch [7]. e) The ring-in-ring complex expected to form
between bis-1,5-dinaphtho[50]crown-14 (1) and cyclobis(paraquat-
4,4'-biphenylene) (2*") which is the basis for the research reported in
this paper.

in the last 20 years, particularly to the synthetic chemist [2].
BRs on the molecular scale were first realized by Seeman [3]
in 1997, by elegant manipulation of DNA double helices. The
twin powers of directionality and thermodynamic error check-
ing, which are intrinsic to metal-templated dynamic covalent
chemistry, were harnessed by us [4] in 2004 in the 18-com-
ponent self-assembly of synthetic molecular BRs (Figure 1c).
Borromean linkages have also been found in the solid-state
structures of framework materials [5]. These “all-in-one”
strategies have been the only successful routes to BRs to date,
possibly because each of the three rings is identical, removing
most selectivity issues between rings [6].

An arguably greater challenge is the stepwise assembly of
BRs composed of three constitutionally different rings. This
strategy has been termed the “ring-in-ring” approach [6], since
the initial assembly requires that one macrocycle be threaded
through another in an approximately perpendicular fashion. A
potential “ring-in-ring” strategy (Figure 1d) was first proposed
on paper by Busch [7], with the initial ring-in-ring complex to
be formed by encircling two 7-electron rich aromatic groups
of a bis-paraphenylene crown ether with the established [8]
m-electron deficient macrocycle cyclobis(paraquat-4,4'-biphe-
nylene). Binding constrains each polyether loop of the crown
to resemble smaller crown ethers, which have a well-known
[9] propensity to bind dialkylammonium cations, to which
could be appended threads with functionality capable of ring-
closing to form BRs. We have shown subsequently that bis
paraphenylene-[34]crown-10 associates with a macrocycle
containing two dibenzylammonium moieties to give a ring-in-
ring complex in both the solid and solution states [10]. Other
ring-in-ring assemblies have been prepared [11] by transition
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metal templation, but no progress has been reported on the
binding motif detailed in Figure 1d. On the basis of simple
molecular modeling [12], bis-1,5-dinaphtho[50]crown-14 was
selected [13] for study, since the dioxynaphthalene (DNP)
aromatic rings are better m-electron donors than hydroquinone
rings and the polyether chain length is expected to give a loop
of similar size to dibenzo[24]crown-8. We report herein the
assembly and characterization of the ring-in-ring complex
(Figure le) formed between bis-1,5-dinaphtho[50]crown-14
(1) and cyclobis(paraquat-4,4’-biphenylene) tetrakis(hexafluor
ophosphate) (2-4PFy).

2. Results and Discussion

The crown ether 1 was prepared (see Scheme 1 and the
Experimental Section) by a pseudo-high dilution macro-
cyclization of the ditosylate 3 [14] and 1,5-dioxynaphthalene
in 30% yield. When one equivalent of 2-4PF; was added to a
solution of 1 in CD;CN an immediate color change from light
brown to intense purple was observed, which is characteristic
of charge-transfer complex formation (A, = 521 nm by UV/
Vis spectroscopy). Significant changes were observed in the
"H NMR spectrum (Figure 2) of 1 in the presence of 2-4PF.

The signals attributed to the aromatic protons of 1 all
shift upfield, with the signal for the Hg protons moving by
nearly 1.5 ppm, H;/; by 0.67 ppm and H,,, by 0.5 ppm, pre-
sumably because of the shielding imposed by the proximity of
the protons to the electron-deficient aromatic portions of 24+,
The O-methylene resonances of 1 become more distinct upon
complexation for each symmetry-independent O-methylene
group of the hexaethylene glycol chain. There are also changes
in the spectrum of 24*, with the B-proton resonances moving
significantly upfield by 0.5 ppm. Small shifts are observed for
all other signals.
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Scheme 1. The two rings 1 and 2-4PF; together with the last step in
the synthesis of the crown ether 1.
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The dynamic solution behavior of the complex was
examined by variable temperature '"H NMR spectroscopy
(Figure 3), with a 6.67 mM solution in CD;CN cooled to
243 K and spectra recorded at 10 K intervals as the solution
was heated to 333 K. Exchange between bound and unbound
species is fast on the 'H NMR timescale, with only a single
averaged resonance observed for each proton. The significant
upfield shifts of the resonances for the aromatic protons of 1
at lower temperatures indicate that the complex is stabilized at
lower temperature, an observation consistent with the fact that
the color arising from the proposed charge transfer complex
[1c2]-4PFg is significantly attenuated upon heating the mix-
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Fig. 2. '"H NMR spectra (500 MHz, 6.67 mmol in CD;CN, 293 K)
of a) cyclobis(paraquat-4,4’-biphenylene) tetrakis(hexafluorophos-
phate) (2-4PFy), b) a 1:1 mixture of 1 and 2-4PFg, and c¢) bis-1,5-
dioxynaphtho[50]crown-14 (1).
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Fig. 3. Partial 'H NMR spectra (600 MHz, 6.67 mmol in CD;CN) of

a 1:1 mixture of 1 and 2-4PF¢ recorded over a range of temperatures
from 243 K up to 333 K.
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ture of 1 and 2-4PF,. The resonances at 243 K for Hyg (broad-
ened into baseline around 5.5 ppm), Hs/; (broad at 6.0 ppm)
and H,/ (broad at 6.1 ppm) are very similar to those observed
[15] in the '"H NMR spectrum at 333 K (in 7:3 CD3;COCD;/
CD;CN) of the related [3]catenane formed between 24t and
two bis-1,5-dioxynaphtho[38]crown-10 molecules. At this
temperature, free circumrotation of the crown ethers around
24 occurs in the [3]catenane, generating averaged signals
for the encircled and alongside DNP protons. The fact that
very similar averaged chemical shifts are observed in the
mixture of 1 and 2*" at 243 K suggests that the DNP units are
spending a considerable amount of their time encapsulated
by the cyclophane, forming the expected [1c2]-4PF4 complex
(Figure le).

Attempts to characterize the assembly by mass spec-
trometry have so far been unsuccessful, further indicating
the dynamic nature of the complex. Both ESI and MALDI
were attempted, and peaks corresponding to 1 and 24" were
observed but not for [1c2] in any ionization state. The high
dilution of samples in ESI, coupled with the high temperatures
required for ionization, is expected to disfavor complex for-
mation, and softer ionization techniques are currently being
examined.

Confirmation of the ring-in-ring complex assembly in the
solid state came with the preparation, by vapor diffusion of
Et,O into a 1:1 mixture of 1 and 2-4PF4 in MeNO,, of blue,
block-shaped single crystals suitable for analysis by X-ray dif-
fraction, and the subsequent determination (Figure 4) of the
crystal superstructure [16]. [1c2]-4PF4 shows the expected
binding motif, with two crystallographically independent com-
plexes in the unit cell. In each, two DNP units are encapsulated
(Figure 4) within the cyclophane in an acceptor-donor-donor-
acceptor m-stack (Figure 4e), with the polyether chains pro-
truding above and below the cyclophane. The Hyg protons of
the DNP units are in close proximity to the cyclophane, enjoy-
ing an edge-to-face CH--m interaction (Figure 4c), explaining
the significant shifts seen in the 'H NMR spectrum of the com-
plex in solution. Furthermore, CH---O interactions between the
polyether loops and the bipyridinium units of the cyclophane
are prevalent (Figure 4a), causing the loops to fold down on
to the rim of the cyclophane. Hydrogen bonds form between
H,, and the fourth oxygen along the chain, and between the
Hg and the second oxygen along the chain. The cyclophane
24 distorts significantly by allowing the bipyridinium units to
deviate from co-planarity (0 in Figure 4e) to accommodate the
hydrogen bonds.

If the ring-in-ring complex is going to be utilized in the
preparation of molecular BRs, removal of the CH--O interac-
tions will be necessary in order to allow binding of dialkyl-
ammonium centers in the polyether loops. This geometry
represents a significant obstacle in the assembly of molecular
BRs using this binding motif, as threading of the compo-
nents of the third macrocycle will destabilize the interactions
between the first two macrocycles, illustrating the efficiency
and necessity of a wholly convergent stepwise synthetic
route.

Ross S. Forgan et al.
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Fig. 4. All hydrogen atoms not involved in interactions and counter-
ions have been removed for clarity, (multiple values are a result of the
two symmetry independent supermolecules in the unit cell). a) One of
the crystallographically independent complexes in the crystal super-
structure of [1c2]-4PF4 showing CH-O interactions. CHy O, C:+-O
Distances and CH,,O angles: 2.22, 3.13 A and 157.8%; 2.51, 3.39 A
and 154.8°; 2.55,3.45 A and 157.0°; 2.29, 3.19 A and 156.8°. CHg+O,
C--O Distances and CHgO angles: 2.29, 3.21 A and 163.5°; 2.49,
3.41 A and 162.3° 2.37,3.26 A and 156.0°; 2.26, 3.19 A and 165.1°.
b) Space-filling representation of the same complex unit. ¢) CH-n
Interactions between Hyg of 1 and the biphenylene units of 24*. CHy,
g7 Distances, where 7 is the centroid of the adjacent aromatic ring:
2.87,2.87,2.73,2.74,2.68, 2.74, 2.83 and 2.93 A. d) Packing diagram
showing the chessboard arrangement of complex supermolecules. e)
Schematic illustrating the distortion of 24*: 0 = 21.1, 21.0, 20.0, 20.1°.
f) m-m Interactions in [1c2]-4PF: a-b = 3.33, 3.33 A; b--c = 3.59, 3.66
A;c~d=3.38,3.40 A; a--d = 10.35,10.36 A; x-y = 10.79, 10.80 A.

The long-range packing arrangement of [1c2]-4PFy is
defined by m-m stacking interactions between the aromatic
groups of 24*. A bipyridinium unit of one molecule aligns in a
slightly offset manner with a biphenyl moiety of another, with
centroid-to-centroid distances (centroids placed at the centre
of each bipyridinium or biphenyl 12-atom group) ranging
from 3.69 to 3.74 A. These interactions result in an infinite,
two-dimensional, chessboard-like alignment of supermol-
ecules (Figure 4d), which are oriented at 90° to their nearest
neighbours. These two-dimensional sheets stack on top of each
other, with PF¢™ counterions filling the voids, to give the three-
dimensional packing superstructure.

3. Conclusions

In a nutshell, we have prepared and characterized a donor-
acceptor ring-in-ring complex from the m-electron rich macro-
cycle bis-1,5-dioxynaphtho[50]crown-14 (1) and the m-electron
poor cyclophane cyclobis(paraquat-4,4'-biphenylene) (24*),
with complex formation occurring via a motif first proposed
in the literature 10 years ago [7]. Determination of the crystal
superstructure, however, reveals CH--O interactions between
the polyether loops of 1 and the bipyridinium units of 24*, a
discovery that complicates the synthetic design of molecular
BRs based on this ring-in-ring complex. If molecular BRs are
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to be obtained by this synthetic route, an elegant design maxi-
mizing supramolecular interactions will be necessary to com-
pensate for the breaking of the thermodynamically favorable
CH---O interactions.

4. Experimental

All chemicals and reagents were used as received from Sigma
Aldrich. The tetracationic cyclophane 2-4PF¢ was prepared
[8] according to previously published methods. The ditosylate
precursor 3 was prepared as described by Ghosh et al. [14].
Nuclear magnetic resonance (NMR) spectra were recorded at
293 K unless otherwise noted on Bruker Avance 500 and 600
spectrometers, with working frequencies of 500 and 600 MHz
for 'H and 125 MHz for '3C. Chemical shifts are reported in
ppm relative to signals corresponding to residual non-deuter-
ated solvents. All 13C experiments were performed with simul-
taneous decoupling of proton nuclei. UV/Vis spectra were
obtained on a Perkin Elmer LAMBDA 1050 spectrometer.
Electrospray ionisation (ESI) mass spectra were obtained on
an Agilent 6210 LC-TOF high-resolution mass spectrometer.
MALDI mass spectra were obtained on a Bruker Daltonics
AutoFlex III MALDI-TOF mass spectrometer using 2,5-dihy-
droxybenzoic acid as matrix.

Bis-1,5-Dioxynaphtho[50]crown-14 (1)

1,5-Dioxynapthalene (91.5 mg, 0.571 mmol) and 3 (569 mg,
0.571 mmol) were added dropwise over 24 h as a solution in
dry DMF (25 ml) to a heated (80 °C) suspension of Cs,CO;
(930 mg, 2.86 mmol) in dry DMF (50 ml) under N, and
the mixture was heated for a further 72 h. The solvent was
removed in vacuo, the residues dissolved in CH,Cl, (100 ml)
and washed with aqueous NH,CI (1 M, 100 ml) and H,O (2
x 100 ml). The organic phase was dried (Na,SO,4) and the
solvent removed in vacuo to yield a blueish tar, which was
purified by flash chromatography (SiO,: 10% MeOH/EtOAc)
to yield 1 as a brown oil which gradually solidified (140 mg,
0.172 mmol, 30%). '"H NMR (500 MHz, CDCl;) & 7.82 (4H,
d, J= 8.5 Hz, Ar-Hy), 7.30 (4H, t, J = 8.0 Hz, Ar-H;/;), 6.74
(4H, d, J=17.7 Hz, Ar-H,), 4.18 (8H, t, J = 4.5 Hz, Ar-OCH,),
3.90 (8H, t, J = 4.5 Hz, Ar-OCH,CH,), 3.72 (8H, m, Ar-
OC,H,0CH,), 3.64 (8H, m, Ar-OC,H,OCH,CH,), 3.62 (16H,
s, Ar-(OC,H,),0C,H,); 3C NMR (125 MHz, CDCl) & 154.4,
126.8, 125.2, 114.7, 105.7, 71.1, 70.8, 70.8, 70.8, 69.9, 68.0;
ESI-HRMS (MeCN) m/z 830.4329, calc for C44HgoO,4NH,"
=830.4321.

[1c2]-4PF¢. 1 (4.1 mg, 5 pumol) and 2-4PFg (6.2 mg, 5 umol)
were dissolved in CD5;CN (0.75 ml) to give a purple solution,
and the solvent was removed in vacuo to yield a blue pow-
der (10.3 mg, 100 %). UV/Vis (CD;sCN, 4mM) A, 521 nm.
Single crystals of [1c2]-4PF were prepared by slow vapor dif-
fusion of Et,O into a MeNO, solution. X-Ray diffraction data
were collected at 100 (2) K with on a Bruker SMART APEX
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IT diffractometer fitted with a CCD area detector (MoK, A =
0.71073 A, graphite monochromator). The structure was solved
by direct methods and expanded using Fourier techniques [17].
Non-hydrogen atoms were refined anisotropically. Hydrogen
atoms were included in idealized positions, but not refined.
The proposed model was refined with contributions from the
solvate, 28 MeNO, molecules, which were removed from the
diffraction data using the Bypass procedure in Platon [18].
The total potential solvent accessible void volume was 2606.8
A3 and the electron count / cell = 898. CooH,oF24N4O0;4P4,
M, = 2065.64, triclinic, space group, P-1, a = 18.7969(10) b
=21.3322 (11) ¢ = 29.2218 (15) A, a0 = 69.696 (3) B = 84.942
(4)y=89.939 (4) °, V'=10941.0 (10) A3, Z=4, T =100 (2)
K, 66287 reflections collected, 9757 independent reflections
[R(int) = 0.1949], R = 0.0814, wR,=0.1831, CCDC 736589.

5. Acknowledgements

IJMS gratefully acknowledges the National Science Foundation
for a Graduate Research Fellowship and Northwestern
University for a Presidential Fellowship. The authors wish to
thank Dr Jennifer Seymour of the Northwestern Analytical
Services Laboratory for her continued time and assistance with
all aspects of mass spectrometry.

6. References

1. Cromwell, P. R.; Beltrami E.; Rampichini, M. Math. Intelligencer
1998, 20 (1), 53-62.

2. a) Liang, C.; Mislow, K. J. Math. Chem. 1994, 16, 27-35. b)
Mislow, K. Top. Stereochem. 1999, 22, 1-82.

3. Mao, C.; Sun, W.; Seeman, N. C. Nature 1997, 386, 137-138.

4. Chichak, K. S.; Cantrill, S. J.; Pease, A. R.; Chiu, S.-H.; Cave,
G. W. V.; Atwood, J. L.; Stoddart, J. F. Science 2004, 304, 1308—
1312.

5. For an examination of previously unnoticed BR topologies in
framework materials see: a) Carlucci, L.; Ciani, G.; Proserpio, D.
M. CrystEngComm 2003, 5, 269-279. For further examples see:
b) Dobrzafiska, L.; Raubenheimer, H. G; Barbour, L. J. Chem.
Commun. 2005, 5050-5052. c¢) Liantonio, R.; Metrangolo, P.;
Meyer, F.; Pilati, T.; Navarrini, W.; Resnati, G. Chem. Commun.
2006, 1819-1821. d) Lu, X.—Q.; Pan, M.; He, J.—R.; Cai Y.-P,;
Kang, B.-S.; Su, C.-Y. CrystEngComm 2006, 8, 827-829. ¢) Li,
J.; Song, L.; Du, S. Inorg. Chem. Commun. 2007, 10, 358 -361.
f) Zhang, X.—L.; Guo, C -P.; Yang, Q.—Y.; Wang, W.; Liu W.-S.;
Kang, B.— S.; Su, C.—=Y. Chem. Commun. 2007, 4242—-4244.
g) Zhang, X.—L.; Guo, C.—P.; Yang, Q.-Y.; Lu, T.-B.; Tong,
Y~X.; Su, C.—Y. Chem. Mater. 2007, 19, 4630-4632. h) Yang,
Q.-Y.; Zheng, S.—R.; Yang, R.; Pan, M.; Cao, R.; Su, C.-Y.
CrystEngComm, 2008, 11, 680-685. 1) Byrne, P.; Lloyd, G. O.;
Clarke, N.; Steed, J. W. Angew. Chem., Int. Ed. 2008, 47, 5761—
5764. j) Jang, J.-J.; Li, L.; Yang, T.; Kuang, D.-B.; Wang, W. Su,
C.—=Y. Chem. Commun. 2009, 2387-2389. k) Men, Y.-B.; Sun,
J.; Huang, Z.-T.; Zheng, Q.—Y. Angew. Chem., Int. Ed. 2009, 48,
2873-2876.

6. Cantrill, S. J.; Chichak, K. S.; Peters, A. J.; Stoddart, J. F. Acc.
Chem. Res. 2005, 38, 1-9.

7. Hubin, T. J.; Kolchinski, A. G.; Vance, A. L.; Busch, D. H. Adv.
Supramol. Chem. 1999, 5, 237-357.



138  J Mex. Chem. Soc. 2009, 53(3)

8. Asakawa, M.; Ashton, P. R.; Menzer, S.; Raymo, F. M.; Stoddart,
J. F.; White, A. J. P.; Williams, D. J. Chem. Eur. J. 1996, 2, 877—
893.

9. Ashton, P. R.; Campbell, P. J.; Chrystal, E. J. T.; Glink, P. T,
Menzer, S.; Philp, D.; Spencer, N.; Stoddart, J. F.; Tasker, P. A.;
Williams, D. J. Angew. Chem., Int. Ed. Engl. 1995, 34, 1865—
1869.

10. Chiu, S.—H.; Pease, A. R.; Stoddart, J. F.; White, A. J. P;
Williams, D. J. Angew. Chem., Int. Ed. 2002, 41, 270-274.

11. a) Schmittel, M.; Ganz, A.; Fenske, D. Org. Lett. 2002, 4, 2289—
2292. b) Loren, J. C.; Yoshizawa, M.; Haldimann, R. F.; Linden,
A.; Siegel, J. S. Angew. Chem., Int. Ed. 2003, 42, 5702-5705. c)
Liu, Y. Tet. Lett. 2007, 48, 3871-3874.

12. Calculations were carried out using Schrodinger MacroModel
v9.6. A structural model of [1c2]-4Cl was built based on a related
crystal structure of a [S]catenane [13] which has two dioxynaph-
thalene units encompassed by 24*. A conformational search using
OPLS carried out in water showed that the polyether loops were
of appropriate size to bind a dialkylammonium cation.

13. Amabilino, D. B.; Ashton, P. R.; Balzani, V.; Boyd, S. E.; Credi,
A.; Lee, J. Y.; Menzer, S.; Stoddart, J. F.; Venturi, M.; Williams,
D.J. J. Am. Chem. Soc. 1998, 120, 4295-4307.

14.

15.

16.

17.

18.

Ross S. Forgan et al.

Ghosh, S.; Ramakrishnan, S. Angew. Chem., Int. Ed. 2004, 43,
3264-3268.

Ashton, P. R.; Brown, C. L.; Chrystal, E. J. T.; Goodnow, T.
T.; Kaifer, A. E.; Parry, K. P.; Slawin, A. M. Z.; Spencer, N.;
Stoddart, J. F.; Williams, D. J. Angew. Chem., Int. Ed. Engl. 1991,
30,1039-1042.

CCDC 736589 contains the supplementary crystallographic data
for this paper. These data can be obtained free of charge via www.
ccdc.cam.ac.uk/data_request/cif, or by emailing data request@
ccde.cam.ac.uk, or by contacting The Cambridge Crystallographic
Data Centre, 12, Union Road, Cambridge CB2 1EZ, UK; fax: +44
1223 336033.

Sheldrick, G. M. SHELXTL Version 6.14. Program for Solution
and Crystal Structure Refinement, University of Gottingen,
Gottingen, Germany, 1997.

Van der Sluis, P.; Spek, A. L. BYPASS. 4n Effective Method
for the Refinement of Crystal Structures Containing Disordered
Solvent Regions. Acta Cryst. A46, 194-201.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /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 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 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 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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


