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Abstract Geometry optimizations of tetraamino-zert-bu-
tylthiacalix[4]arene (tatbtc4a) and tetraamino-zert-butylca-
lix[4]arene (tatbc4a) complexes with acetate, oxalate,
malonate, succinate, glutarate, adipate, and pimelate were
carried out using the integrated MO:MO method. Thermo-
dynamic quantities, preorganization energies and com-
plexation energies of these complexes were obtained at the
ONIOM(B3LYP/6-31G(d):AM1) level of theory. The
relative stabilities of the tatbtcda and tatbc4a complexes
with carboxylate guests are reported. The complexes
tatbtc4a/malonate and tatbc4a/oxalate were found to be
the most stable species. The selectivity of the tatbtc4a
receptor toward to malonate with respect to oxalate, in
terms of selectivity coefficient, K24/ {5 9.90x 107,
Keywords Calix[4]arenas - Carboxylate - Host—guest -
Recognition - Selectivity - ONIOM

Introduction

Organic anion receptors that contain a chromophore moiety
are used for chromogenic sensors for the detection of
biological anions. An excellent anion receptor such as
thiourea-based chromophores with p-nitrophenyl groups is
an excellent chromogenic anion receptor for monocarbox-
ylates such as acetate [1]. Anion recognition of two-
binding-site receptors led to the discovery of useful
sensors, not only for dicarboxylates but also monocarbox-
ylates. Chromogenic azophenol-thiourea-based anion sen-
sors have been developed for the selective colorimetric
detection of acetate and other anions [2—4]. Furthermore,
chromogenic indoaniline—thiourea-based receptors have
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been studied for fluoride-detection sensors [5]. Anthracene
urea and thiourea compounds have been synthesized and
investigated as effective chromogenic anion sensors [6].
Fluorescent and luminescent chemosensors for the detec-
tion of anions have been developed for dicarboxylate
recognition [7]. The association constants of tripodal urea
derivatives such as aromatic carboxylate receptors have
been investigated by the NMR titration method [8]. Urea or
thiourea groups incorporated in receptors for anion recog-
nition were studied in a system of various solvents [9-11].
In previous theoretical work, the recognition of carboxylate
and dicarboxylates by azophenol-thiourea derivatives was
first investigated by the integrated MO:MO method and
showed that oxalate is the most favorable ion for forming
complexes with both receptors of azophenol-thiourea
derivatives [12]. Because the determination of the binding
and complexation energies of the complexes of the p-tert-
butylsulfonylcalix[4]arene [13], p-tert-butylthiacalix[4]
arene [14], and tetraamino-tert-butylthiacalix[4]arene [15]
derivatives with zinc(Il) cation has been carried out
theoretically, the complexes of these receptors with organic
anions should also be investigated, particularly calix[4]
arene derivatives functionalized by amino groups.

As amino nitrogen atoms of tetraamino-fert-butylthia-
calix[4]arene derivatives are able to bind to the zinc (II)
cations [15, 16], their amino protons must be able to bind
anions. As complex formation of tetraamino-zerz-butylthia-
calix[4]arene derivatives with anions is expected and their
anion recognition has led to the development of anion
sensors, information on the binding interactions between
the detected anions and their receptors is very important for
discovering colorimetric and other detecting sensors. As
organic anions such as acetate, oxalate, malonate, and
succinate are important biological anions, detection of
these species is very useful for medical and biological
purposes. In this work, the binding interactions between
carboxylates and different chromophore receptors have
therefore been investigated theoretically to obtain their
binding energies and thermodynamic data for their
interactions. The receptors of tetraamino-tert-butylthiaca-
lix[4]arene derivatives and anionic guests of acetate,
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oxalate, malonate, succinate, glutarate, adipate, and

pimelate have been investigated in this work.

Computational method

Geometries of the host—guest complexes tested and their
host and guest components were optimized using the
hybrid density functional B3LYP [17, 18] method and the
two-layered ONIOM(MO:MO) approach (ONIOM?2) [19,
20] using B3LYP/6-31G(d) as the high-level model and
semiempirical AM1 [21], PM3 [22], and MNDO [23] as
low-level models. The reliability of the ONIOM?2 calcula-
tions at the integrated levels [24], ONIOM2(B3LYP/6-31G
(d):AM1), ONIOM2(B3LYP/6-31G(d):PM3), and ONIOM2
(B3LYP/6-31G(d):MNDO) was examined for geometry
optimizations of the tetraamino-fert-butylthiacalix[4]arene
(tatbtc4a) receptor and its complex with oxalate. Their
geometrical data were compared with those of the target
geometry optimized at the B3LYP/6-31G(d) Ilevel
of theory, as listed in Table 1. Energies and geometries
of oxalate/tatctb4a system as the host—guest complex
were calculated using the ONIOM2(B3LYP/6-31G(d):
AM1), ONIOM2(B3LYP/6-31G(d):PM3), and ONIOM2
(B3LYP/6-31G(d):MNDO) methods and also compared
with the target B3LYP/6-31G(d) geometry. The ONIOM?2
(B3LYP/6-31G(d):AM1) calculation of the system exam-
ined provides reasonable results at a relatively low cost for
the present host—guest interactions. The two-layered
ONIOM2(B3LYP/6-31G(d):AM1) was therefore used for
geometry optimization throughout this work. The reliabil-
ity of the ONIOM2(B3LYP/6-31G(d):AM1) for a similar

Fig. 1 Real molecule (fop) and
model system (bottom) of hosts
a tatbtc4a and b tatcada. The
bold atoms of the real molecules
of hosts were treated at the

higher level of theory used in

the ONIOM(MO:MO) H

calculation N
H
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system was discussed in the works of Remko et al. [25, 26].
The real and model systems used in the two-layer
ONIOM2(MO:MO) calculations for the hosts and host—
guest interaction models are shown in Figs. 1 and 2,
respectively. The structures of the carboxylate guests and
their total energies were optimized and computed at the
B3LYP/6-31G(d) level of theory. All calculations were
performed using the GAUSSIAN 03 program [27] and
their structures were visualized using the MOLEKEL 4.3
program [28].

Energies of binding (AEpinding), preorganization
(AEpreorg.) of host, guest, and complexation (AEcomplex)
of the ONIOM2 calculations of the present system are
evaluated using the following formulae:

AEpinding[ONIOM (B3LYP /6 — 31G(d): AM1)](host/guest)
= E[ONIOM (B3LYP/6 — 31G(d): AM1)] (host /guest)
— E[ONIOM (B3LYP/6 — 31G(d): AM1)](host)
— E[B3LYP/6 — 31G(d)] (guest)
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Table 1 Geometrical data for the geometries of tetraamino-fert-butylthiacalix[4]arene (tatbtc4a) complex with oxalate optimized at the
B3LYP/6-31G(d), ONIOM(B3LYP/6-31G(d):AM1), ONIOM(B3LYP/6-31G(d):PM3), and ONIOM(B3LYP/6-31G(d):MNDO) levels of
theory

Parameter® B3LYP/6-31G(d)  ONIOM ONIOM ONIOM
(B3LYP/6-31G(d:AM1)  (B3LYP/6-31G(d):PM3)  (B3LYP/6-31G(d):MNDO)

Host

Bond distance (A)
NI1-HI 1.015 1.018 1.040 1.027
N1-H2 1.024 1.031 1.007 1.030
N2-H3 1.011 1.017 1.006 1.027
N2-H4 1.044 1.084 1.040 1.024
N1-C2 1.378 1.406 1.392 1.353
N2-C5 1.333 1.360 1.388 1.360
Cl1-C2 1.426 1.422 1.425 1.440
C2-C3 1.422 1.419 1.424 1.438
C3-C13 1.397 1.392 1.391 1.400
C13-Cl4 1.398 1.396 1.390 1.417
C14-C15 1.401 1.400 1.397 1.421
C1-Cl15 1.392 1.389 1.385 1.398
C14-Cl16 1.539 1.504 1.513 1.538
Cl16-C17 1.540 1.524 1.531 1.558
C4-C5 1.439 1.437 1.425 1.435
C5-C6 1.434 1.434 1.426 1.433
C6-C20 1.395 1.385 1.385 1.401
S1-C3 1.815 1.732 1.787 1.731
S1-C4 1.805 1.725 1.787 1.733
S2-C6 1.804 1.724 1.785 1.733
S2-C7 1.816 1.729 1.778 1.732
Bond angle (°)
H1-N1-H2 107.1 103.9 110.0 107.3
H3-N2-H4 110.0 109.6 110.3 107.1
H5-N3-H6 107.8 106.8 110.8 107.4
H7-N4-HS8 110.8 111.6 110.8 107.1
C1-C2-C3 116.1 117.2 118.5 117.9
C3-S1-C4 102.2 99.3 97.5 104.7
C4-C5-C6 115.6 115.8 118.4 118.7
C6-S2-C7 102.2 100.2 101.0 104.6
Dihedral angle (°)
N1-C2-C3-C13 —173.3 -172.6 -172.9 —163.1
C3-C13-Cl14-Cl16 179.0 -179.4 -176.4 175.9
C13-C14-C16-C17 0.2 -1.0 26.0 -5.8
C2-C3-S1-C4 113.7 111.8 93.5 95.6
C3-S1-C4-C5 —88.2 -91.4 -91.5 -107.8
N2-C5-C6-C20 -168.8 -162.5 —-173.7 -164.0
C6-C20-C21-C23 177.7 179.7 —-176.1 177.3
C20-C21-C23-C24 -1.0 2.1 —33.2 -10.7
C5-C6-S2-C7 88.8 98.1 114.2 106.0
C6-S2-C7-C8 —116.2 —118.0 -112.0 -95.0
H2-N1-C2-C3 —49.2 =59.1 -6.0 -9.4
H4-N2-C5-C6 7.4 -28.4 -38.9 -14.7
H6-N3-C8-C9 -22.6 —24.6 -5.6 -9.5
H8-N4-C11-C12 3.5 —22.6 -16.4 —14.7

Guest

Bond distance (A)
C27-C28 1.550 1.553 1.557 1.592

01-C27 1.241 1.239 1.239 1.264
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Table 1 (continued)

Parameter” B3LYP/6-31G(d) ONIOM ONIOM ONIOM
(B3LYP/6-31G(d):AM1) (B3LYP/6-31G(d):PM3) (B3LYP/6-31G(d):MNDO)
02-C27 1.292 1.292 1.294 1.267
03-C28 1.278 1.288 1.271 1.264
04-C28 1.268 1.258 1.270 1.268
Bond angle (°)
01-C27-02 126.6 126.9 126.7 125.5
03-C28-04 125.7 1253 126.8 125.5
Dihedral angle (°)
01-C27-C28-03 96.1 93.9 90.6 —176.4
Host/guest
Bond distance (A)°
N2-H4...04 1.706 1.566 1.994 1.994
NI1-H2...03 1.981 2.039 2.376 2.376
N3-H6...02 1.905 1.856 2.013 2.013
N4-H7...02 1.726 1.732 1.980 1.980

#Atomic labeling is shown in Fig. 2
*Hydrogen bond

Fig. 2 Atom labeling of tatbt- '
cda/oxalate complex as a
representative of a host—guest
system
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AEpreorg. (gueSt) AEcomplex
= E[B3LYP /6 — 31G(d)](complexed guest) —E[ONIOM (B3LYP /6 — 31G(d): AM1)] (host/guest)
~ E[B3LYP/6 — 31G(d)|(isolated guest) 3 —E[ONIOM (B3LYP /6 — 31G(d): AM1)](complexed host)
— E[B3LYP/6 — 31G(d)| (complexed guest)

4)

Fig. 3 Geometrical structures
of tetraamino-zerz-butylthiacalix
[4]arene (tatbtc4a) complex
with oxalate optimized at

a B3LYP/6-31G, b ONIOM
(B3LYP/6-31G(d):AM1),

¢ ONIOM(B3LYP/6-31G(d):
PM3), and d ONIOM(B3LYP/6-
31G(d):MNDO) levels of theory
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Table 2 Binding energies, enthalpies, and free energies of association of tetraamino-ferz-butylthiacalix[4]arene (tatbtc4a) and various

anionic guests

Guest AEbindinga AHZ‘)Sa Angga Kgceta[eb
Acetate —43.32 -43.61 -28.03 1.00x10%°
Oxalate -103.77 -104.26 -80.92 8.12x10%8
Malonate -117.60 -41.35 -84.99 8.04x10™"
Succinate —86.91 —87.71 —68.80 9.83x10%°
Glutarate -75.06 ~75.64 -58.19 1.54x10%2
Adipate -4.93 ¢ ¢ d
Pimelate -58.98 -60.26 —-42.38 3.62x10'°

2In keal mol ™!, derived from the ONIOM(B3LYP/6-31G(d):AM1) energies with ZPVE corrections

®Selectivity coefficient of guests with respect to acetate

“Unreliable results due to the ONIOM(B3LYP/6-31G(d):AM1) frequency calculations

Indetermination

AEbinah'ng = AEpreorg.(hOSt) + AEpreorg.(gueSt) + AEcomplex
(5)

A Etotal

‘preorg.

= Al':'bina’ing - AEvcamplex (6)

Fig. 4 ONIOM(B3LYP/6-31G

(d ):AM1)-optimized geome-

tries of tetraamino-terz-
butylthiacalix[4]arene (tatbtc4a)
with carboxylate guests.

Binding energies AE are in
kilocalorie per mole .

ace/tatbtc4a, AE = -43.32
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suc/tatbtc4a, AE = -86.91

To estimate the basis set superposition error (BSSE) in
the energies of host/guest complex formation at the
B3LYP/6-31G(d)//ONIOM2(B3LYP/6-31G(d):AM1) level,
counterpoise (CP) calculations were performed using the
Boys—Bernardi CP scheme [29-34]. The BSSE energies of
host/guest complex formation were used to compute the

energies of BSSE-corrected binding (AEﬁiﬁﬁgA) and

BSSE ) The total preorganization

complexation (AE

complex.

"% N
15

mal/tatbtcda, AE =-117.60

vV N

adi/tatbtcda, AE = -4.93

wid Bu

glu/tatbtc4a, AE = -75.06

= v Yo

pim/tatbtcda, AE = -58.98
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Table 3 Preorganization energies, corresponding thermodynamics of tatbtc4a receptor (host), carboxylates (guest), and their complexation
energies derived from the ONIOM (B3LYP/6-31G(d):AM1) calculations

Host/guest Host Guest A E;‘;g’lrg‘a AEcomplex”
ost 2 298a 298a b 298b 298b
AEMS @ AH AG AEES > AH AG
tatbtc4a/acetate 10.65 10.67 10.99 0.86 0.26 2.79 11.51 —54.83
tatbtc4a/oxalate 22.54 21.56 25.01 1.54 1.03 8.66 24.08 —127.85
tatbtc4a/malonate 1.84 1.53 2.10 2.47 64.59 3.81 4.31 —138.72
tatbtc4a/succinate 18.06 16.55 22.32 13.07 12.91 13.69 31.13 —118.04
tatbtc4a/glutarate 17.75 16.31 20.27 17.05 15.87 19.24 34.8 —109.86
tatbtc4a/adipate 17.54 16.74 19.03 83.28 83.02 85.53 100.82 —105.75
tatbtc4a/pimelate 17.87 17.04 19.85 26.49 25.00 27.93 44.36 —103.34
%In keal mol ™!, derived at the ONIOM (B3LYP/6-31G(d):AM1) level with ZPVE corrections
°In keal mol ™!, derived at the B3LYP/6-31G(d) level with ZPVE corrections
125 4
. . BSSE 100 -
energy with BSSE correction (AEpmrg_) was therefore
evaluated using Eq. 7. =
50 -
BSSE BSSE BSSE ~ AL D
AEprearg. = AEbinding. - AEcomplex. (7) TE 25 4 _— . :
E - _—L/ i '
298 . S AE__ (guest)
The enthalpy AH™" and Gibbs free energy changes & -25- preorz.
AG*®® of all complexation reactions were derived from = _gg -
frequency calculation at the ONIOM(B3LYP/6-31G(d): =
AM]1) level of theory. The equilibrium constant, K of the es AF g
binding process at 298.15 and 1 atmosghere was computed -100 . i
using the thermodynamic relation AG***=—RT In K. 1254 e AE
The binding selectivity of calix[4]arene receptor to guest i T— / canple
B with respect to guest 4 was derived from the selectivity -150 -
coefficient K4, [35] which is defined as an equilibrium T T T T T T T
constant for ion exchange between ions 4 and B. Because ace oxa mal suc glu adi pim
exchange is a chemical reaction, Eq. 8, it can be treated like a
any other mass-action expression.
125 4
AX+B=BX+A ®) 100 4
.. . 75 4 .
Therefore, the selectivity coefficient can be defined as . AE . (host)
Ki = {i;((]][[g% . If complexation of BX and AX are observed, — _ ] / ' i, P /
their stability constants according to Egs. (9 and 10)canbe & 257 : A
_ 1aX] _ [BX] E o4 "
expressed as Ky = XAl and Kp = XB] - - :
& 251 ) e
X + B T BX (9) = -50 4 A :I.‘iml.ug
<
-75 -
X+A=AX (10) -100 - e e
— ¥ .‘mlupln '
-125 B
The selectivity coefficient can be therefore written as -150 4
Ki = % If the value of the selectivity coefficient K is . : : : : : :
larger than one, this implies that B is preferred over 4 and if ace oxa mal suc glu adi pim
K3 is smaller than one, 4 is preferred over B. b

Fig. 5 Plots of preorganization energies of a tatbtc4a receptor and
carboxylates (guests) and b tatbc4a receptor and carboxylates (guests) and
their complexation and binding energies against the size of the carboxylate
guests, based on the ONIOM(B3LYP/6-31G(d ):AM1) method
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Table 4 Binding energies of association of the tetraamino-ters-butylthiacalix[4]arene (tatbtc4a) and various anionic guests and their BSSE
corrections values derived from the B3LYP/6-31G(d)//ONIOM (B3LYP/6-31G(d):AM1) calculations and their BSSE corrected values

Host/guest AFpinging” AEcomplex” BSSE™" AEBSSE * e AEBSE
tatbtc4a/acetate —45.35 —86.82 =° - - -
tatbtc4a/oxalate -98.07 -209.13 31.92 -66.16 -177.22 111.06
tatbtc4a/malonate -100.16 -210.84 31.37 —68.79 -179.47 110.68
tatbtcda/succinate -83.33 —204.17 31.54 -51.79 -172.63 120.84
tatbtc4a/glutarate —67.54 —191.06 24.94 —42.60 -166.12 123.52
tatbtc4a/adipate -61.70 -189.21 - - - -
tatbtc4a/pimelate - e 13.69 = = 132.50

?In kcal mol ™!

"The BSSE energy

“No convergence
dUnreliable results

“No convergence of energies
Indetermination

Results and discussion

To examine the reliability of the two-layered ONIOM2
(MO:MO) method, the geometries of the tatbtc4a/oxalate
complex were optimized at four different levels of theory.
Its geometries optimized at the B3LYP/6-31G(d),
ONIOM2(B3LYP/6-31G(d):AM1), ONIOM2(B3LYP/6-
31G(d):PM3), and ONIOM2(B3LYP/6-31G(d):MNDO)
levels of theory are shown in Fig. 3 and their corresponding
geometrical data are given in Table 1. Comparing the
hydrogen bonds of the tatbtc/oxalate complex shown that
the ONIOM2(B3LYP/6-31G(d):AM1)-optimized hydro-
gen-bond distances are in good agreement with the
B3LYP/6-31G(d)-optimized data (see Table 1). The
ONIOM2(B3LYP/6-31G(d):AM1)-optimized geometry of
the tatbtc/oxalate complex is very similar to the target
B3LYP/6-31G(d)-optimized geometry (Fig. 3, see Table 1).
Thus, the reliability test of the ONIOM2(MO:MO)
approach for this host—guest system showed the
ONIOM2(B3LYP/6-31G(d):AM1) method to be the most
reliable with respect to the full B3LYP/6-31G(d) level of
theory.

Complexation of tetraamino-tert-butylthiacalix[4]
arene (tatbtc4a)

Tetraamino-fert-butylthiacalix[4]arene (tatbtc4a) can form
stable complexes with acetate, oxalate, malonate, succi-
nate, glutarate, and pimelate guests, but not with adipate.
The most stable complex is that with malonate, which is
stabilized by —117.60 kcal mol '. The stability of the
tatbtc4a/carboxylate complex system in decreasing order is
malonate > oxalate > succinate > pimelate > glutarate >
acetate (see Table 2). The ONIOM(B3LYP/6-31G(d):
AM1)-optimized geometries of the tatbtcda complexes
with carboxylate guests are shown in Fig. 4. The
geometries of malonate/tatbtc4a and succinate/tatbtc4a
are found to have high symmetry, belonging to the point
group C, (see Fig. 4). The selectivity coefficient of the
tatbtc4a towards malonate with respect to acetate also

confirms that the tatbtc4a favorably forms a very stable
complex with malonate. As the selectivity coefficient of
tatbtc4a toward malonate with respect to oxalate (the
second most stable complex with tatbtc4a), Koxdlare = s
quite large (9.90x107%), the receptor tatbtc4a may well
recognize malonate. Table 3 shows that the total pre-
organization energy of the host tatbtc4a (AE;’;’gérg_ =
1.84 kcal mol™') and the guest malonate (AES'! =

‘preorg.
3.81 kcal mol™") are smallest (AEp@ =431 keal mol ).

The largest guest-preorganization energy is given by

adipate (AES,  =83.28 keal mol ). Plots of the

preorganization energies of tatbtc4a, its complexation,
and binding energies against the size of the carboxylate
guests, based on the ONIOM(B3LYP/6-31G(d):AM1)
method, are shown in Fig. 5a. Binding energies with and
without BSSE corrections, BSSE-corrected preorganiza-
tion energies of the association of the tetraamino-ters-
butylthiacalix[4]arene (tatbtc4a), and various anionic
guests derived at the B3LYP/6-31G(d)/ONIOM
(B3LYP/6-31G(d):AM1) level of theory are shown in

Table 5 Binding energies, enthalpies, and free energies of associ-
ation of tetraamino-tert-butylcalix[4]arene (tatbc4a) and various
anionic guests

Guest AEbindinga AHZQSZ AG29821 Kgcetateb
Acetate ~13.60 -8.28 -7.73 1.00x10%°
Oxalate —-67.61 —-62.58 —54.28 1.76x103
Malonate —64.09 - ¢ _d
Succinate —49.77 —44.56 —42.66 5.00x10%
Glutarate -43.71 -39.01 -36.58 1.69x10%!
Adipate 25.78° —c —c -
Pimelate -26.72 -22.79 -18.41 7.27%107

“In kcal mol ', derived from the ONIOM (B3LYP/6-31G(d):AM1)
energies with ZPVE corrections

Selectivity coefficient of guests with respect to acetate
“Unreliable results due to the ONIOM (B3LYP/6-31G(d):AM1)
frequency calculations

Indetermination
“Destabilized complex



Fig. 6 ONIOM(B3LYP/6-31G
(d):AM1)-optimized geome-
tries of tetraamino-tert-
butylcalix[4]arene (tatbc4a)
with carboxylate guests.
Binding energies AF are in
kilocalorie per mole

i 1

suc/tatbc4a, AE = -49.77

Table 4. The binding energies with and without the BSSE
corrections indicate that the tatbtc4a/malonate complex is
the most stable species with the lowest BSSE-corrected
preorganization energy (110.68 kcal mol ™).
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v Yo

mal/tatbc4a, AE = -64.09

va Yo

oxa/tatbc4a, AE = -67.61

adi/tatbc4a, AE = -25.78

pim/tatbcda, AE = -26.72

Complexation of tetraamino-tert-butylcalix[4]arene
(tatbc4a)

Tetraamino-fert-butylcalix[4]arene (tatbc4a) forms stable
complexes with oxalate, malonate, succinate, and glutarate,
and weak complexes with acetate and pimelate, as
indicated by the binding and Gibbs free energies shown
in Table 5. The most stable complex is that with oxalate,

Table 6 Preorganization energies, corresponding thermodynamics of tatbc4a receptor (host), carboxylates (guest), and their complexation
energies derived from the ONIOM (B3LYP/6-31G(d):AM1) calculations

Host/guest Host Guest AERS.® AEcomplex”
a 298a 298a uest b 298b 298b
A Egg;(;rg' AH AG AE[ng;g AH AG
tatbc4a/acetate 19.27 18.64 19.96 0.67 0.08 2.61 19.94 —33.54
tatbc4a/oxalate 68.05 71.96 62.11 1.31 0.80 8.44 69.36 -136.98
tatbc4a/malonate 51.76 55.83 44.66 2.19 64.31 3.52 53.95 —118.04
tatbc4a/succinate 49.79 54.49 41.22 11.97 11.82 12.48 61.76 —111.53
tatbc4a/glutarate 38.64 43.21 31.02 8.60 7.44 10.81 47.24 —90.95
tatbc4a/adipate 37.62 42.23 30.03 76.28 75.10 79.97 113.9 —88.13
tatbc4a/pimelate 61.35 65.27 55.77 21.83 19.78 2421 83.18 -109.89

“In kcal mol !, derived at the ONIOM (B3LYP/6-31G(d):AM1) level with ZPVE corrections
®In keal mol !, derived at the B3LYP/6-31G(d) level with ZPVE corrections



74

Table 7 Binding energies of association of the tetraamino-fert-butylcalix[4]arene (tatbc4a) and various anionic guests and their BSSE
corrections values derived from the B3LYP/6-31G(d)//ONIOM (B3LYP/6-31G(d):AM1) calculations and their BSSE corrected values

Hostguest s ABwmpe’ | BSSE AL AEE ARDSLS
tatbc4a/acetate -34.10 —85.60 - - - -
tatbc4a/oxalate —-93.17 —240.76 31.92 -61.26 —208.84 147.59
tatbc4a/malonate -91.53 —246.99 47.97 —43.56 —199.02 155.46
tatbc4a/succinate —77.36 —243.25 50.25 =27.11 —193.00 165.90
tatbc4a/glutarate —70.55 —208.86 34.18 -36.38 —174.68 138.30
tatbc4a/adipate —64.15 —206.13 34.81 —29.34 —171.32 141.98
tatbc4a/pimelate —54.41 —213.32 43.75 —10.66 —169.57 158.91

*In kcal mol '
"The BSSE energy
“No convergence
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Fig. 7 Top, side, and bottom views of the molecular electrostatic — potentials of 1)_=—0.1180 and ),=0.1172 for tetraamino-tert-butylthia-
potential (in au) projected onto the electronic isodensity (p9=0.015¢ A™>)  calix[4]arene (tatbtc4a) and b V,=398.20 A> ¢ =-0.1206 and
a surface of volume, V,=404.60 A> minimum, ¢)_ and maximum, ¢,  ¢,=0.1069 for tetraamino-tert-butylcalix [4]arene (tatbc4a)



which is stabilized by —67.61 kcal mol'. The stability of
the tatbtc4a/carboxylate complex system in decreasing
order is: oxalate > malonate > succinate > glutarate >
pimelate >> acetate. The ONIOM(B3LYP/6-31G(d):
AMI1)-optimized geometries of the tatbc4a complexes
with carboxylate guests are show in Fig. 6. Figure 6 shows
that the geometries of malonate/tatbc4a and succinate/
tatbc4a complexes have C, symmetry. Table 6 also shows
large changes in the preorganization energies for the host
molecules (>30 kcal mol ' except for the acetate ion,
whose energy is 19.27 kcal mol '), and the small changes
for all guests except adipate and pimelate. The total
preorganization energies of all the tatbc4a complexes are
higher than 45 kcal mol™' except for the acetate ion
(19.94 kcal mol™"). The adipate/tatbc4a complex is
destabilized by its total preorganization energies
(AEp@ . =113.9 kcal mol ') (see Table 6). Plots of the
preorganization energies of tatbc4a and its complexation
and binding energies against the size of carboxylate guests,
based upon the ONIOM(B3LYP/6-31G(d ):AM1) method,
are shown in Fig. 5b.

The BSSE-corrected energies of the tatbc4a complexes
computed at the B3LYP/6-31G(d)//ONIOM(B3LYP/6-
31G(d):AM1) level (shown in Table 7) confirm that the
oxalate ion forms the most stable complex with the tatbc4a
receptor. According to the B3LYP/6-31G(d)//ONIOM
(B3LYP/6-31G(d):AM1)-energy with and without BSSE
corrections, the stability of the tatbtc4a complexes in
decreasing order is: oxalate > malonate > succinate >
glutarate > adipate > pimelate.

Fig. 8 Localization of the
LUMO (above) and HOMO
(bottom) orbitals in a tetraami-
no-tert-butylthiacalix[4]arene
(tatbtc4a) and b tetraamino-
tert-butylcalix[4]arene (tatbc4a)
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Electronic potential surfaces

Electrostatic potential surfaces of the tatbtc4a and tatbc4a
were generated from the Gaussian output files of their
B3LYP/6-31G(d) computation with the GFPRINT and
POP=FULL keywords using the MOLEKEL 4.3 program
[28]. The electrostatic potential (in au) projected onto the
electronic isodensity (p=0.015 ¢ A™) surface of volume,
V=404.60 A’ minimum (¢.) and maximum (¢,)
potentials of )_=—0.1180 and ,=0.1172 for the tatbtc4a
and V=398.20 A* 1=-0.1206 and 1,=0.1069 for the
tatbc4a are shown in Fig. 7. The color maps of electronic
isodensity surfaces of tatbtc4a and tatbc4a in Fig. 7 show
strong positive charge on the amino protons of the two
opposite amino groups and strong negative charges on the
amino nitrogen atoms on the other amino groups. The
positive charges of the amino protons on the tatbtc4a are
stronger than those on tatbc4a. Because of the positive
charges on amino protons, both of the tatbtc4a and tatbc4a
are able to form complexes with the appropriate carbox-
ylate anions, such as malonate and oxalate. Although the
localization of the LUMO and HOMO orbitals in the two
receptors (tatbtc4a and tatbc4a), as shown in Fig. 8, are
nearly the same shape, their HOMO-LUMO energy gaps
AEyomo-rumo are quite different; AExomo-rumo for
tatbtc4a and tatbc4a are 4.48 and 4.66 eV, respectively. As
the HOMO-LUMO energy gap of tatbtc4a is smaller than
that of tatbc4a, tatbtc4a should be able to form more stable
complexes than tatbc4a. This is indicated by the binding
energies of the malonate complexes, of which the binding
energies are —117.60 and —64.09 kcal mol ™' for the tatbtcda
and tatbc4a receptors, respectively.

Atomic charges of the binding atoms of the three most
stable complexes of tatbtc4a and tatbc4a interacting with
carboxylate guests and their hydrogen bond distances

HOMO
a
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Table 8 Atomic charges of binding atoms (treated as high layer) of three most stable complexes of tatbtc4a and tatbc4a with carboxylate
guests and hydrogen bond distances obtained by the ONIOM(B3LYP/6-31G(d):AM1) calculations

Properties/host—guest tatbtc4a tatbc4a

Acetate Oxalate Malonate Acetate Oxalate Malonate
Host’s atomic charges®
S1 - - - —0.084 —0.089 -0.074
S2 - - - -0.079 —0.054 —-0.067
S3 - - - —-0.056 —0.052 -0.074
S4 - - - —0.043 -0.102 —-0.067
N1 —0.622 —-0.650 —0.648 -0.677 -0.577 —0.678
N2 -0.676 -0.741 —-0.805 —0.602 -0.797 —-0.782
N3 —-0.621 —-0.778 —0.649 —0.660 -0.718 -0.678
N4 -0.675 -0.776 —-0.805 —-0.737 —0.780 —-0.782
H1 0.170 0.243 0.233 0.307 0.195 0.267
H2 0.276 0.235 0.241 0.205 0.267 0.260
H3 0.274 0.252 0.293 0217 0.197 0.299
H4 0.200 0.292 0.288 0.216 0.364 0.301
H5 0.169 0.273 0.233 0.208 0.270 0.267
H6 0.276 0.299 0.241 0.294 0.288 0.260
H7 0.274 0.307 0.293 0.257 0.351 0.299
H8 0.177 0.263 0.289 0.292 0.230 0.301
Guest’s atomic charges®
(0] —0.633 -0.679 —0.636 —0.624 —0.666 —0.628
02 —0.628 —0.637 —0.634 -0.613 —0.595 —-0.630
03 - —0.681 —0.634 - —0.637 -0.628
04 - —0.664 —0.636 - —0.633 —0.630
Hydrogen bond distance®
O1-H8 (O1-H6) (1.876) (1.896) (1.963) 1.883 (1.857) (1.955)
O1-H7(01-H1) 2.005 1.777 1.955 (1.889) 1.732 2.003
02-H6 (02-H4)[02-H2] [1.881] - (1.981) 1.969 - (1.994)
02-H7 (0O2-H5)[02-H3] [2.011] - (2.008) 2.119 - (1.912)
0O3-Hl1 - 2.896 2.008 - 2.685 1.912
03-H2 (O3-HS) - 1.976 (1.981) - 2.039 (1.994)
0O4-H3 (04-H5) - (1.967) 1.955 - (1.927) 2.003
04-H4 (04-H2) - 1.631 (1.962) - 1.566 (1.955)

“In au

°In A, values in parenthesis and bracket belong to their bond distances in corresponding parentheses

computed at the ONIOM(B3LYP/6-31G(d):AM1) level are
listed in Table 8. All the binding atoms shown in Table &
were treated as the high-level layer of the ONIOM
(B3LYP/6-31G(d):AM1) model (see Fig. 2).

Conclusions

The preorganization and binding energies of the receptors
tatbtc4a and tatbc4a and seven carboxylate guests (acetate,
oxalate, malonate, succinate, glutarate, adipate, and
pimelate) and complexation energies of their complexes
were obtained using the ONIOM (B3LYP/6-31G(d):AM1)
and B3LYP/6-31G(d)//ONIOM(B3LYP/6-31G(d):AM1)
methods. Thermodynamic quantities, preorganization en-
ergies, and complexation energies of these complexes were

computed at the ONIOM (B3LYP/6-31G(d):AM1) level of
theory. The relative stability of the tatbtc4a complexes with
carboxylates in decreasing order is malonate > oxalate >
succinate > glutarate. The relative stability of the tatbc4a
complexes with carboxylates in decreasing order is oxalate >
malonate > succinate > glutarate > adipate > pimelate. The
complexes tatbtc4a/malonate and tatbc4a/oxalate were
found to be the most stable species. The selectivity of the
tatbtc4a receptor toward to malonate with respect to
oxalate, in terms of selectivity coefficient, K;’;%‘Zf;e is
9.90x10°.

Acknowledgements The authors gratefully acknowledge the
Thailand Research Fund for financial support (grant no.
BRG4680011). The Rachadapisck Sompoch Endowment Fund,
Chulalongkorn University is acknowledged for providing infrastruc-
ture facilities.



References

W N

. Kato R, Nishizawa S, Hayashita T, Teramae N (2001)

Tetrahedron Lett 42:5053-5056

. Lee DH, Lee KH, Hong J-I (2001) Org Lett 3:5-8
. Lee DH, Lee HY, Lee KH, Hong J-I (2001) Chem Commun

1188-1189

.Lee DH, Lee HY, Hong J-I (2002) Tetrahedron Lett 43:

7273-7276

. Jiménez D, Martinez-Mafinez R, Sancenén F, Soto J (2002)

Tetrahedron Lett 43:2823-2825

. Piatek P, Jurczak J (2002) Chem Commun 20:2450-2451
. Gunnlaugsson T, Davis AP, OBrien JE, Glynn M (2002) Org

Lett 4:2449-2452

. Fan A, Hong HK, Valiyaveettil S, Vittal JJ (2002) J Supramol

Chem 2:247-254

. Baerrigter H, Grave L, Nissink WM, Chrisstoffels LAJ, Vander

Maas JH, Verboom W, de Jong F, Reindoudt DN (1998) Org
Chem 63:4174—4180

. Fan E, Van Arman SA, Kincaid D, Hamilton AD (1993) ] Am

Chem Soc 115:369-370

. Lee KH, Hong J-I (2000) Tetrahedron Lett 41:6083—-6087
. Ruangpornvisuti V (2004) J Mol Struct Theochem 686:47-55
. Wanno B, Sang-aroon W, Tuntulani T, Pulpoka B, Ruangpormvisuti

V (2003) J Mol Struct Theorchem 629:137-150

. Ruangpornvisuti V (2004) J Mol Struct Theorchem 683:

103-113

. Wanno B, Ruangpornvisuti V (2004) J Mol Struct Theochem

685:57-71

. Wanno B, Ruangpornvisuti V (2006) J Mol Struct 787:76-89
. Becke AD (1988) Phys Rev A38:3098-3100

. Lee C, Yang W, Parr RG (1988) Phys Rev B37:385-789

. Maseras F, Morokuma K (1995) J Comput Chem 16:

1170-1179

. Humbel S, Sieber S, Morokuma K (1996) J Chem Phys

105:1959-1967

. Dewar MJS, Reynolds CH (1986) J Comput Chem 2:140-143
. Stewart JJP (1989) Comput Chem 10:209-220

23.
24.

25.

26.
27.

77

Dewar MJS, Thiel W (1977) J] Am Chem Soc 99:4899—4907
Dapprich S, Komaromi I, Byun KS, Morokuma K, Frisch MJ
(1999) J Mol Struct Theochem 461:1-21

Remko M, Walsh OA, Richards WG (2001) J Phys Chem A
105:6926-6931

Remko M (2002) J Phys Chem A 106:5005-5010

Frisch MJ, Trucks GW, Schlegel HB, Scuseria GE, Robb MA,
Cheeseman JR, Montgomery JAJr, Vreven T, Kudin KN,
Burant JC, Millam JM, Iyengar SS, Tomasi J, Barone V,
Mennucci B, Cossi M, Scalmani G, Rega N, Petersson GA,
Nakatsuji H, Hada M, Ehara M, Toyota K, Fukuda R,
Hasegawa J, Ishida M, Nakajima T, Honda Y, Kitao O, Nakai
H, Klene M, Li X, Knox JE, Hratchian HP, Cross JB, Adamo C,
Jaramillo J, Gomperts R, Stratmann RE, Yazyev O, Austin AJ,
Cammi R, Pomelli C, Ochterski JW, Ayala PY, Morokuma K,
Voth GA, Salvador P, Dannenberg JJ, Zakrzewski VG,
Dapprich S, Daniels AD, Strain MC, Farkas O, Malick DK,
Rabuck AD, Raghavachari K, Foresman JB, Ortiz JV, Cui Q,
Baboul AG, Clifford S, Cioslowski J, Stefanov BB, Liu G,
Liashenko A, Piskorz P, Komaromi I, Martin RL, Fox DJ, Keith
T, Al-Laham MA, Peng CY, Nanayakkara A, Challacombe M,
Gill PMW, Johnson B, Chen W, Wong MW, Gonzalez C, Pople
JA (2003) Gaussian 03, Revision B.03. Gaussian Inc,
Pittsburgh PA

. Fliikkiger P, Liithi HP, Portmann S, Weber J (2000) MOLEKEL

4.3. Swiss Center for Scientific Computing, Manno, Switzerland

. Boys SF, Bernadi F (1970) Mol Phys 19:553-566

. Mayer 1, Surjan PR (1992) Chem Phys Lett 191:497-499

. Turi L, Dannenberg JJ (1993) J Phys Chem 97:2488-2490

. Simon S, Duran M, Dannenberg JJ (1999) J Phys Chem A

103:1640-1643

. Hamza A, Vibok A, Halasz GJ, Mayer I (2000) J Mol Struct

Theochem 427:501-502

. Makowski M, Raczyska ED, Chmurzyski L (2001) J Phys

Chem A 105:869-874

.Long Y, Liu Y, Lei L, Nie L, Yao S (2001) Analyst 126:

1090-1094



	Molecular model for host–guest interaction of tetraamino-tert-butylthiacalix[4]arene and tetraamino-tert-butylcalix[4]arene receptors with carboxylate and dicarboxylate guests: an ONIOM study
	Abstract
	Introduction
	Computational method
	Results and discussion
	Complexation of tetraamino-tert-butylthiacalix[4]arene (tatbtc4a)
	Complexation of tetraamino-tert-butylcalix[4]arene (tatbc4a)
	Electronic potential surfaces

	Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /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 0.15
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


