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Two host compounds 2,7-dibromo-9-ethynyl-9-fluorenol
(1) and 2,7-dibromo-9-trimethylsilylethynyl-9-fluorenol
(2) were synthesized and their inclusion properties
studied. Crystals of the host compounds show interest-
ing change of colour from yellow to colourless upon
guest complexation. To determine this phenomenon the
crystal structures of guest-free compounds and five
selected clathrates, involving diethylamine, triethyla-
mine, pyridine, and 1,4-dioxane as the guest, have been
determined by X-ray diffraction. The various modes of
supramolecular interaction observed in these crystals are
used as a basis for explaining colour changes accom-
panying guest inclusion.

Keywords: 9-Alkynyl-9-fluorenols; Crystalline inclusion com-
pounds; Organic guests; Decolouration phenomenon; Supramole-
cular interactions; X-ray crystal structure determinations

INTRODUCTION

Organic molecules capable of forming crystalline
host-guest inclusion compounds, designated as
clathrates or lattice inclusions [1,2], are a particular
section of crystal-engineering [3-7]. They have
become of increasing importance in the past few
years due to the potential uses for analytical
problems and in materials science including sensor
technology [8—14]. They serve also as useful models
for studying interatomic interactions and other
aspects of molecular recognition [3-7,15,16]. Mol-
ecules containing the fluorene moiety, especially
when functionalized by a hydroxy group at the 9-
position of the fluorene unit, have proved to be
successful hosts that form clathrates with a variety of
organic guests [17-22]. Substitution of the fluorene
moieties at the 2- and 7-positions by halogen atoms
also gives rise to successful host compounds [23-25].

Moreover, fluorene containing hosts have been
shown to provide guest specific solid-state fluor-
escence [26].

This has stimulated the study of potential
inclusion behaviour and crystal structures of the
fluorene compounds 1 and 2. They are related rigid
constitutions featuring an assembly of very different
non-covalently interacting groups incorporated into
one single molecule, respectively, thus enabling
different kinds of supramolecular synthons [27]
involving hydrogen bonding, m-stacking and halo-
gen contacts [16,28] which may compete with the
functional groups of a guest solvent. Hence, the
potential multi-operating compounds 1 and 2 are
promising tests both in crystal-engineering and
crystalline inclusion formation, including prospec-
tive change of colour attributed to the supramole-
cular construction.

We describe the synthesis and crystal structure of
the unsolvated compounds 1 and 2, report their
inclusion behaviour and give detailed structural
information of five inclusion compound of 1 (1a, 1b)
and 2 (2a, 2b, 2c), being related to changes of colour
on solvent inclusion.

RESULTS AND DISCUSSION

Preparation and Properties of Compounds

The host compound 1 was prepared by treatment of
its trimethylsilyl derivative 2 with K,CO5; in THF-
MeOH. Compound 2 was synthesized from tri-
methylsilylethyne and 2,7-dibromo-9-fluorenone
with n-BuLi as a base. In order to show the inclusion
properties, the host compounds 1 and 2 were
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TABLE I Crfystalline inclusion compounds (host:guest stoichi-
ometry ratios’)

Host compound
Guest Solvent? P

1 2
HNEL, 1:1 1:1
NEt;3 1:1 1:1
Pyridine 1 2:1
Piperidine 1:1 7
1,4-Dioxane 2:1 -

"Host: guest chemical composition ratios were determined by "H NMR
integration; where possible, confirmed by single crystal structure analysis.
#MeOH, EtOH, acetonitrile, nitromethane, ethyl acetate, Et,O, dichlor-
omethane and toluene, which were also tested, yielded no inclusion
compounds on recrystallization. ' Difficult to crystallize.

crystallized from various kinds of potential guest
solvents, including alcohols, amines, aprotic polar
and apolar compounds, to yield the inclusion
crystals listed in Table I.

Br Br

Q. 0
LS LS
O h O S SiMe,

Br Br
1 2
la=1" 1,4-dioxane (2:1) 2a =2 - diethylamine (1:1)
1b =1 - diethylamine (1:1) 2b = 2 - triethylamine (1:1)
2¢ =2 - pyridine (2:1)
The host compound 1 is a yellow microcrystalline
material which shows interesting change of colour

from yellow to colourless upon guest complexation
with diethylamine. On the other hand, complexation

of 1 with 1,4-dioxane resulted in no perceptible
colour change. The guest-free compound 2 is also a
yellow crystalline material leading to fading of
colour upon complexation with several guest
solvents, including diethylamine, triethylamine,
and pyridine. An example is illustrated in Fig. 1.
While these changes of colour relate to recrystalliza-
tion experiments from guest solutions, a similar
colour change is readily detectable by absorption of
guest vapours from a saturated atmosphere. For
example, when the yellow guest-free crystals of 2
were placed in a vessel saturated with triethylamine
vapour at room temperature for 8 h, the colour of the
crystals completely turned from yellow to colourless.
During the absorption of triethylamine, the crystal
structure of guest-free 2 simultaneously changed
with changing of colour. This phenomenon was
confirmed by powder X-ray diffraction, showing
rather different powder pattern of 2 against the
inclusion compound which has formed (Fig. 2),
corresponding with data calculated from single
crystal analysis [29].

Considering these results, detailed single crystal
X-ray diffraction studies of the different free hosts
and their inclusion compounds seemed to be
appropriate for attempting to understand the
reasons for the observed colour changes.

Structural Study

This study includes determination of the crystal
structures of compounds 1, 1a, 1b, 2 and 2a-2c. Basic
crystallographic information for these structures is
listed in Table II. Perspective views of the molecules
1 and 2 are depicted in Fig. 3 and packing
illustrations of 1a, 1b, 2a-2c are presented in
Figs. 4-10. Geometric parameters of possible inter-
molecular connections involving H bonds and
halogen contacts or ... interactions are listed in
Tables III and 1V, respectively.

(a)

FIGURE 1 Photographs of crystals of guest-free 2 (a, yellow) and inclusion compound 2c¢ (b, colourless). Colour in online version.

(b)
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FIGURE 2 Powder diffractograms of (a) unsolvated host
compound 2 and (b) its inclusion compounds with triethylamine
(2b).

Crystal Structures of the Solvent Free Compounds 1
And 2

The molecular structures of 1 and 2 including the
atomic numbering scheme are shown in Fig. 3.
According to the low degree of conformational
freedom, the ethynylfluorenols feature approximate
mirror symmetry, which in their solid phase
structures is only disturbed by the coordinating
hydroxy group, and in the case of 2 by the
conformation of the ethynyl trimethylsilyl residue.
The observed bond lengths and angles are in the
range of expected values and in good agreement
with the structure of 9-ethynyl-9-fluorenol reported
previously [30,31].

Crystallization of 1 from methylene chloride yields
yellow crystals of the space group P — 1 (Z = 2). The
packing structure, which is depicted in Fig. 4,
exhibits several types of non-covalent interactions
between molecules. With the exception of the acidic
ethynyl hydrogen and the less accessible oxygen, the
molecule satisfies the whole potential for intermole-
cular association. Linear hydrogen bonded chains
[C(9)—H(9A)...Br(2) 3.04 A] being linked to double
strands via O—H...Br [d(H1)...Br(1) 2.87A] and
Br...Br interactions [3.585(4 )A] are the basic
supramolecular motifs of the crystal structure
[27,32,33]. Aromatic ... contacts with centroid
distances of 3.698(2) and 3.717(3) A between the
fluorenyl moieties make up the dominating binding
element between the molecular double strands [34].
A view of the crystal packing along the b-axis shows

a typical layer arrangement of molecules. Because of
different binding modes between molecules of
consecutive layers, their order can be described as
A-B-A-B...-type.

Recrystallization of the trimethylsilyl (TMS) sub-
stituted ethynylfluorenol 2 from CH,Cl, yields
yellow rhombic crystals of the monoclinic space
group P2,/c (Z=4). The attachment of the bulky
TMS group to the ethynyl unit is associated with a
major change in the crystal lattice structure and in
the pattern of intermolecular interactions (Fig. 5). In
a more detailed description, the mode of hydrogen
bonding differs from that of 1 in that the ethynyl
group of 2 acts as acceptor for a short O—H..
hydrogen bond [O(1)—H(1)...w 2. 46 A, 170. 9 ]
[32,33]. Taking into account this stronger interaction,
the crystal can be regarded as consisting of molecular
dimers, which in turn are linked by weaker Br.. Br
contacts with an interatomic distance of 3.592(1) A.
The C—Br...Br—C geometry with angles
6, =173.2(1)° and 6, = 98.4(1)° is a typical ‘type II
interaction as classified by Desiraju [3,35]. The
fluorenyl units of the molecules stack along the a-
axis by means of offset face-to-face (OFF) interactions
[34] which exhibit centroid distances of 3.703(2) and
3.794(2) A between aromatic rings.

Crystal Structures of the Inclusion Compounds Of 1
And 2

In order to elucidate how inclusion formation affects
supramolecular binding patterns, in particular those
between host molecules, potentially being connected
with the colour change, we succeeded to grow
crystals containing guest species of different hydro-
gen bond donor/acceptor capabilities.

Crystallization of 1 from 1,4-dioxane yields yellow
prisms which proved to be a 2:1 host-guest
compound (space group P-1) with the guest
molecule located on the symmetry center 1/2, 1/2,
1/2. The crystal is composed of discrete 2:1 host-
guest aggregates in which the components are linked
by a conventional O—H...O hydrogen bond
[d(O...H 1.98 A] [36]. Neither the ethynyl hydrogen
nor the bromine atoms are involved in intermole-
cular cross-linking. Thus, a relevant stabilizing
element of the structure can be seen in the formation
of face-to-face stacks of aromatic building blocks
which extend in the direction of the crystallographic
a-axis (Fig. 6).

Upon recrystallization of 1 from diethylamine,
colourless crystals containing the components in the
stoichiometric ratio 1:1 are formed. The inclusion
compound crystallizes in the uncommon orthor-
hombic space group Cmca with one half host and one
half guest molecule in the asymmetric entity of the
unit cell, i.e. both molecules are bisected by a
crystallographic mirror plane. The fluorenyl moiety
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TABLE II Crystallographic and structure refinement data of the compounds studied

Compound 1 1a 1b 2 2a 2b 2¢

Empirical formula C]5H8Br20 C]ngBI‘zO'O.5 C]SHSBrzo'C4H1]N C13H] 6Br2051 C]8H1sBrzosi‘C6H]5N C13H] 6BI'205i'C4H11N 2 C] 3H16BrZOSi~C5_
C,HgO, HsN

Formula weight 364.03 408.09 437.17 436.22 537.41 509.36 951.54

Crystal system Triclinic Triclinic Orthorhombic Monoclinic Monoclinic Triclinic Triclinic

Space group P-1 P-1 Cmca P2,/c P2, /n P-1 P-1

A (A) 6.8393(2) 7.4735(2) 17.794(4) 8.0898(3) 10.5643(5) 10.2914(6) 10.9113(5)

B (A) 9.2309(3) 8.3532(2) 8.491(2) 21.0969(8) 12.7131(7) 11.9832(7) 11.9255(5)

c(A) 10.4131(3) 13.7359(4) 24.414(5) 10.5662(4) 18.7903(11) 12.0879(7) 15.7731(7)

a(°) 84.387(2) 98.797(2) 90.0 90.0 90.0 61.055(3) 78.449(2)

B () 85.275(1) 97.214(2) 90.0 100.805(2) 99.545(3) 65.548(3) 88.921(2)

v () 82.105(1) 113.289(1) 90.0 90.0 90.0 71.206(3) 86.983(2)

V (A% 646.46(3) 761.84(4) 3688.7(14) 1771.36(12) 2488.7(2) 1173.54(12) 2008.01(15)

Z 2 2 8 4 4 2 2

F(000) 352 400 1744 864 1096 516 948

D. (g cm ) 1.870 1.779 1.574 1.636 1.434 1.441 1.574

w(mm™ ) 6.253 5.321 4.399 4.643 3.320 3.516 4.103

Temperature (K) 298(2) 298(2) 93(2) 93(2) 93(2) 93(2) 153(2)

Measured reflections 24711 31740 39632 46369 71502 46910 86197

6-range (°) 22-324 2.7-36.5 2.3-37.0 1.9-35.2 1.9-38.9 2.0-36.1 1.3-36.3

Index ranges *h, *k, *1  —10/10, —13/13, -12/12, —13/13, —30/30, —14/13, —13/13, —34/34, —-18/18, —21/21, -17/16, —19/19, —-18/18, —19/19,

—-15/15 —22/22 —35/41 -17/17 —33/33 —19/20 —26/26

No. of unique reflections 4644 7388 4794 7880 14360 11137 19433

Rine 0.0258 0.0296 0.0366 0.0339 0.0394 0.0283 0.0291

No. of refined parameters 164 191 121 203 269 254 459

No. of F2 values used 3296 4153 3136 6389 9891 8700 14000

[I>20a(D)]

Ry[I > 20(I)] 0.0328 0.0448 0.0531 0.0247 0.0329 0.0288 0.0291

wR, [I > 20()] 0.1076 0.1352 0.1469 0.0543 0.1254 0.0894 0.0984

98¢

‘1Y 39 HAAVZNIZSSOH ¥
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(b)

FIGURE 3 Molecular structure and numbering scheme of (a) 2,7-dibromo-9-ethynyl-9-fluorenol (1) and (b) 2,7-dibromo-9-trimethyl-

silylethynyl-9-fluorenol (2).

deviates significantly from planarity which should
be ascribed to packing effects. Because both inclusion
components act as hydrogen bond donors and
acceptors, the crystal structure of 1b consists of
infinite supramolecular strands of alternating host
and guest molecules which run along the crystal-
lographic b-axis (Fig. 7). The H. .. A distances within
the molecular chains are 1.76 A for O(1)—H(1)...
N(1G) and 2.19 A for N(1G)—H(1G') ... O(1) connec-
tions, respectively. The centroid distance of
3.793(4) A between the aromatic molecule parts of

adjacent strands suggests appreciable ... inter-
actions [34].

A different situation is found in the inclusion
compound of 2 with diethylamine (Fig. 8). The structure
consists of discrete 2:2 host-guest aggregates in which
the functional groups form an eight-membered cyclic
hydrogen bond system [graph set R3(8)] [37], with
O(1)—H(1)...N(1G) and N(1G)—H(1G)...O(1)
hydrogen bond lengths of 1.85 and 2.37 A, respectively.
The C—C—N—C torsion angles within the guest
molecule adopt the energetically favourable anti

FIGURE 4 Packing diagram of 1 viewed down the crystallographic b-axis.
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FIGURE 5 Packing diagram of 2 viewed down the crystallographic a-axis.

(173.8°) and gauche (—68.7°) conformation. The host-
guest aggregates stack along the g-axis by means of
aromatic OFF interactions [34] thus forming chain- hke
assemblies with centroid distances of 3.874(2) A
between the interacting aromatic moieties. The crystal
structure is further stabilized by Br . . . Br contacts which
form a so-called Type 1 geometry [3,35] (Br...Br
3.555 A, C-Br...Br 139. 9°) thus linking the supramole-
cular chains in direction of the crystallographic [110]
plane, while the second bromine atom of each host
molecule does not cooperate in interaction.

The 2...triethylamine (1:1) complex (2b) crystal-
lizes in the monoclinic space group P2;/n with one
host and one guest molecule in the asymmetric unit.
Although the guest molecule lacks a strong donor
site, hydrogen bonded strands are the basic
supramolecular elements, the structure of which
resembles those observed in inclusion compound 1b.
Within the molecular strands, the guest accepts one
conventional hydrogen bond [O(1)—H(1)...N(1)
191A, 170.1° ] [36] to a host molecule and a weaker
contact [C(2G)—H(2G3)...0(1) 2.48 A, 156.4°] [32,33]
in which one of the methyl hydrogens is linked with
a second host (Fig. 9). Also the present structure is
stabilized by ... contacts between aromatic units
having a centr01d distance of 3.814(2) A [34].

The crystal structure of the 2...pyridine (2:1)
inclusion compound (2c), which has the space group

P-1, contains two symmetry-independent host
molecules and one pyridine molecule. Due to the
given stoichiometric ratio, the structure is composed
of 2:1 host-guest units which form the hydrogen
bond motif O—H(host 1)...0—H(host 2)...
N(guest). In this unit, the host molecules are inclined
at an angle of 51.69(2)°. A view of the crystal packing
along the c-axis reveals layers of host molecules
(Fig. 10). The molecular arrangement within the
layer reveals that aromatic ... interactions [34]
with centroid -centroid separatlons of 3.638(3) and
3.642(3) A between pairs of parallel fluorenyl
moieties, supported by weak C—H...Br hydrogen
bonds [d(H...Br) 2.92-3.05 A] [32,33], contribute
significantly to the stabilization of the structure. The
guest molecules are accommodated in closed cavities
created by the trimethylsilyl residues of four host
molecules.

CONCLUSION

Two 2,7-dibromo-9-alkynylfluorenols, 1 and 2, were
synthesized and their inclusion properties have been
studied revealing a strong tendency to include guest
amines and by way of exception also 1,4-dioxane in
case of 1, whereas simple alcohols and common
aprotic dipolar or polar compounds failed to be
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FIGURE 6 Packing diagram of the crystal inclusion of 1 with 1,4-dioxane (2:1) viewed down the crystallographic b-axis.

included (Table I). An interesting finding of guest
specific colour change from yellow of the uncom-
plexed crystalline hosts to colourless or fading, being
connected with the solvent inclusion, gave rise to a
detailed study of crystal structures, suggesting
potential facts about this phenomenon.

The crystal structures of the free host compounds are
typical of complex systems of weak supramolecular
interactions [3,4,32—34], involving the expected range
of Br...Br,C—H...Brand w-stacking interactions, but
also O—H...Br and O—H...w contacts in 1 and 2,
respectively, while the usual hydrogen bridges [36]
formed between hydroxyl groups are not found,
probably due to packing effects. Thus, a number of
different weaker interactions rather than formation of
few strong hydrogen bonds is dominating the lattice
structures of unsolvated 1 and 2. On the other hand, in
each of the inclusion compounds of 1 and 2 that have
been studied by X-ray diffraction (1a, 1b, 2a—2c), the
host hydroxy groups are used to form conventional
hydrogen bonds (O—H...O, O—H...N and
N—H...O) [36] to the guest molecules, taking the
place of the formerly weaker inter-host supramole-
cular contacts.

The most interesting point, however, is related to the
mode of m-stacking [34] between the fluorenyl units,
showing the formation of continuously m-stacked

fluorenes in cases of 1, 1a and 2 (cf. Fig. 4), whereas
isolated dimers of w-stacked fluorenes are found in 1b
and 2a—2c (cf. Fig. 7), corresponding to the yellow and
colourless crystals, respectively. Hence, the colour
change of the crystals from yellow to colourless upon
guest complexation may be attributed to the trans-
formation of the continuous stacks of fluorenes to
dimers. A similar phenomenon was recently observed
for a series of fluorene containing propargylallenes
[38—40]. This behaviour of a specific colour change on
solvent inclusion shows good promise for the
development of colouring sensor materials based on
crystalline inclusion chemistry [41-43].

EXPERIMENTAL

Measurements and Materials

Melting points were determined with a hot-stage
microscope (VEB Dresden Analytik) and are uncor-
rected. The IR spectra are measured as KBr 1pellets
with a Perkin-Elmer FT-IR 1600 spectrometer. "H and
13C spectra were recorded using a Bruker DPX 400
instrument (internal standard TMS). Elemental
analyses were performed with a Heraeus CHN
rapid analyzer.
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FIGURE 7 Packing diagram of the 1...diethylamine (1:1) inclusion compound (1b) viewed down the crystallographic a-axis.

Starting compounds 2,7-dibromo-9-fluorene [44]
and 2,7-dibromo-9-fluorenone [45] were prepared
according to literature procedures. Fluorene and
trimethylsilylethyne were purchased from Acros.

Synthesis of 2,7-Dibromo-9-trimethylsilylethynyl-
9-fluorenol (2)

To a solution of trimethylsilylethyne (2.8 mL,
20mmol) in dried diethylether (80mL) was added
dropwise n-butyllithium (11.3mL, 18 mmol, 1.6 M in
hexane) at —60°C under argon. The mixture was
stirred for 30min, and allowed to warm to room
temperature. Stirring was continued at room
temperature for 30min. The resulting mixture
was added dropwise via canule to a suspension
of 2,7-dibromofluorenone (5.41 g, 16 mmol) in dried
diethylether (150mL) at —40°C. The mixture was
stirred at room temperature for 2h and then
quenched with sat. aqueous NH4Cl. The organic
layer was separated, washed with water and sat.
aqueous NaCl, dried over Na,SO,, and evaporated
to yield the raw product. After addition of n-hexane

(200mL), the precipitate was filtered und dried to
yield 6.3 g (91%) of compound 2. Mp (from CH,Cl,):
215-216°C; IR (KBr): # = 3462 (OH), 1628, 1449, 1250,
1059, 859 cm~*. "H-NMR (400 MHz, CDCl5): 8 = 0.14
(s, 9 H), 2.61 (s, 1 H), 744 (d, ] =8.0Hz, 2 H), 7.52
(dd, ] = 8.0, 2.0Hz, 2 H), 7.90 (d, ] = 2.0Hz, 2 H).
BC-NMR (100 MHz, CDCly): 8 = —0.24 (Si—CHa),
74.50 (C—OH), 90.06 (C=C), 103.13 (C=C), 121.58
(CH), 122,53 (C—Br), 127.90 (CH), 132.95 (CH),
137.18 (C), 148.58 (C). Anal. Calced for CygH;4Br,OSi
(%): C, 49.56; H, 3.70. Found C, 49.60; H, 3.47.

Synthesis of 2,7-Dibromo-9-ethynyl-9-fluorenol (1)

To a solution of 2 (5.0g, 11.5mmol) in THF-MeOH
(1:1, 100 mL), K,CO;5 (8.0 g, 57 mmol) was added and
the mixture stirred at room temperature for 2 h. After
filtration, the filtrate was evaporated under reduced
pressure. The residue was dissolved in EtOAc
(50mL). The solution was washed with water, then
with sat. aqueous NaCl, and dried over Na,SO,.
Evaporation under reduced pressure yielded com-
pound 1 (96%). Mp (from CH,Cl,): 205-206°C; IR
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FIGURE 8 Packing diagram of the 2...diethylamine (1:1) inclusion compound (2a).

(KBr): 7= 3457 (OH), 1629, 1452, 1062, 1008,
817cm . "TH-NMR (400 MHz, CDCl): & = 2.55 (s,
1H), 2.59 (s, 1 H), 7.45 (d, ] = 8.0 Hz, 2 H), 7.54 (dd,
J=8.0, 1.6Hz, 2 H), 7.82 (d, ] = 1.6Hz, 2 H). °C-
NMR (100 MHz, CDCls): 8 =72.73 (C=C), 74.04
(C—OH), 82.44 (C=C), 121.67 (CH), 122.60 (C—Br),
127.90 (CH), 133.18 (CH), 137.11 (C), 148.08 (C). Anal.
Calcd for 2C15H8BI'20‘C4H802 (0/0)1 C, 5004, H, 2.96.
Found C, 49.92; H, 2.89.

General Procedures for Formation of the
Crystalline Inclusion Compounds

Host compounds 1 and 2 were dissolved under
heating in a minimum amount of the respective
guest solvents. After leaving the mixture for several
hours at room temperature, the crystals formed were
filtered, washed with CH,Cl,~hexane (1:1), and
dried under reduced pressure (1h, 15 torr, room
temperature). Host-guest stoichiometric ratios were
determined by 'H NMR integration.

X-ray Crystallography

X-ray diffraction studies of the solvent-free struc-
tures (1, 2) and of the crystal inclusions (la—b, 2a—c)
were carried out on a Bruker-AXS APEX2 diffracto-
merter with a CCD area detector (Ayvjoka = 0.71073 A,
graphite monochroator). Frames were collected with
w and ¢ rotation at 5 or 10s per frame. Reflection
intensities were corrected for Lorentz and polariz-
ation effects. The measured intensities were reduced
to F? and corrected for absorption with SADABS
(SAINT-NT [46]). Structure solution, refinement and
data output were carried out with the SHELXTL
program package [47]. All non-hydrogen atoms were
refined anisotropically. With the exception of the
hydroxy hydrogens in 1b and 2, and the amino
hydrogens in 1b and 2b, all other hydrogens were
included in the models in calculated positions and
were refined as constrained to bonding atoms. The
crystal data and experimental parameters are
summarized in Table II. Crystallographic data for
the structures in this paper have been deposited with
the Cambridge Crystallographic Data Centre as
supplementary publication numbers CCDC 608995
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FIGUREY Packing diagram of the 2..

atoms.
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.pyridine (2:1) inclusion compound (2c).

FIGURE 10 Packing diagram of the 2..
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TABLE Il Distances (A) and angles (°) of hydrogen bonds and possible halogen...halogen interactions of the compounds examined

(esd’s in parentheses)

Atoms involved
D—H...A (C—Br...Br)

Symmetry

1

O(1)—H(1)...Br(1)
C(9)—H(A)...Br(2)
C(10)—Br(1)...Br(1)

1la

O(1)—H(1)...0(1G)
C(9)—H(9)...0(1)
C(2G)—H(2GB)...Br(2)
C(1G)—H(1GA)...Br(1)
1b

O(1)~H(1)...N1G)
N (1G)—H(1G)...0(1)
2

C(3)—Br(1)...Br(2)
C(10)—Br(2)...Br(1)

C(16)—H(16A). .. Br(2)
C(18)—H(18C)... Br(1)

a
O(1)—H(1)...N(1)
N(1)—H(1)...O(1)
C(3)—Br(1)...Br(1)
C(17)—H(@7B)...Br(2)
2b

O(1)—H(1)...N(1)
C(2G)—H(2G3)...0(1)

2c

O(1)—H(1)...N(1G)
O(1A)—H(1A)...0O(1)
C(11A)—H(11A)...Br(1)
C(18)—H(18C)...Br(2)
C(18A)—H(18F)...Br(2A)

1-x1-y2-z
xyl+z
1-x,1-y3—-z
X,z
x,—1+uyz

2-x,1-y1-z
1-x1—-y —z

X,z
x, 05+ 05—z

2—-x05+y15—-z

2—-x,-05+y15-z
3—x,—y2—-z

1+ x05-y05+z

2—-x,—y2—-z

1+ —x,-1+yz
1-x1-yz
1-x,-1-yl-z
-x,—1—-y -z

05+ x15—-1405 + z
1-x1-y1l-z

x,—1+uyz

X, Yz
“1+xyz
-x,1-yl-z
1+xyz

Distances Angle
D—H D...A H...A (Br...Br) D—H...A (C—Br...Br)

0.82 3.504(2) 2.87 135.9
0.96 3.792(2) 3.04 36.6

3.59 147.0
0.82 2.773(4) 1.98 161.0
0.93 3.376(3) 2.48 162.6
0.97 3.798(5) 3.03 136.7
0.97 3.853(5) 2.95 156.2
0.93 2.692(4) 1.76 179.7
0.92 2.951(3) 2.19 139.7

3.59 98.4

3.59 173.2
0.98 3.908(1) 3.03 149.2
0.98 3.795(1) 3.02 136.6
0.84 3.289(1) 2.46 170.9
0.84 2.678(2) 1.85 170.8
091 2.978(2) 2.37 124.9

3.56 39.9
0.98 3.882(2) 2.99 152.6
0.84 2.740(2) 191 170.1
0.98 3.398(2) 2.48 156.4
0.84 2.697(2) 1.87 167.3
0.84 2.746(2) 191 170.9
0.95 3.829(2) 2.92 159.6
0.98 3.846(2) 3.05 139.2
0.98 3.923(3) 3.02 153.5

11 means the centre of the corresponding ethynyl group C(14)—C(15).

TABLE IV Distances (A) and angles (°) of intermolecular
connections involving aromatic units of the structures examined
(esd’s in parentheses)

Connections Symmetry Distance
1

ey -x,2-y2-z 3.698(2)
Ty ---T(Q2) 1- X, 2 — Y 2—-z 3717(3)
1la

(1) -+ - T(1) 2—x1- Yy —z 3800(5)
(1) -+ - T(1) 1- X, 1- Yy —z 3767(5)
1b

(1)« T(1) —XY 1+ z 3.793(4)
Ty - - T 1-xy1-z 3.703(2)
Ty -+ -T(Q) 2 — X, Y, 1—-z 3794(2)
2a

T(1y---T(Q2) X, Y, 1-z 3874(2)
2b

T(1y. .. T(2) 1-x2-y2-z 3.814(2)
2¢

Ty---T(Q2) N 1- X, 1- Y 1—z 3642(3)
TAA) - - - TRA) -x1-y2-z 3.638(3)

1 means the centre of the corresponding aryl ring, such as (1): C(1)...C(6)
ring; (2): C(7)...C(12) ring; (1A): C(1A)...C(6A) ring; (2A):
C(7A)...C(12A) ring.

to CCDC 609001. Copies of the data can be obtained,
free of charge, on application to CCDC, 12 Union
Road, Cambridge CB2 1EZ, UK (fax: +44-1223-336-
033; e-mail: deposit@ccdc.cam.ac.uk or http://www.
ccde.cam.ac.uk).
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