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Complexation with diol host compounds.
Part 18. Structures and thermal analysis of
trans-9,10-dihydroxy-9,10-di-p-tolyl-9,10-
dihydroanthracene and its inclusion
compounds with acetone, diethyl ether and

pyridine

LEONARD J. BARBOUR, MINO R. CAIRA and LUIGI R. NASSIMBENI*

Department of Chemistry, University of Cape Town, Rondebosch 7700, South Africa

(Received July 14, 1994)

The structure of the host compound trans-9,10-dihydroxy-9,10-di-p-
tolyl-9,10-dihydroanthracene and those of its inclusion compounds
with acetone, diethyl ether and pyridine have been elucidated. The
non-porous c-phase of the host has a structure in which the mole-
cules are packed in layers parallel to the (100) plane, but exhibit no
intermolecular hydrogen bonding. The host:guest stoichiometry of
each inclusion compound is 1:2, and the structures are each stabilised
by O-H:--O or O-H'- ‘N hydrogen bonds between host and guest. The
thermal decompositions of the acetone and diethyl ether compounds
are characterised by single endotherms of the guest-release reaction,
but the pyridine inclusion compound has a more complex decomposi-
tion, characteristic of similar pyridine inclusion compounds.

INTRODUCTION

Most of the classical compounds which act as hosts in
clathrate structures were discovered by chance.!:2
However, in the last twenty years considerable effort has
gone into the synthesis of host molecules with specific
properties, and Weber has recently reviewed the princi-
ples of directed host design.>* He has shown that a suc-
cessful host molecule should be bulky and rigid in order
to provide suitable cavities which can accommodate a
guest. In addition, it may be helpful to have a high-affin-
ity functional group in the host molecule, which can en-
gage in specific host-guest interactions. Our laboratory
has studied a number of inclusion compounds where the
host molecules contain the hydroxyl moiety as a hydro-
gen bonding donor, giving rise to “coordinatoclathrates”.

*To whom correspondence should be addressed.
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Some of the most successful host molecules are of the
“wheel-and-axle” type which were first synthesised by
Toda,> and we have studied the dynamics of enclathra-
tion of 1,1,6,6-tetraphenyl-hexa-2,4-diyne-1,6-diol with
acetone, as well as its solid-solid reaction with ben-
zophenone.® We have also elucidated the structures of
this host compound with the xylenes” and with selected
ketones.® The current study follows from the study of the
related host compound trans-9,10-dihydroxy-9,10-
diphenyl-9,10-dihydroanthracene, whose inclusion com-
pounds with a variety of guests have been studied exten-
sively.9-12 We have noted that, by substituting the phenyl
ring at the 4-position, the clathrating ability of the host
compound may be enhanced dramatically and have
demonstrated this with the host trans-9,10-dihydroxy-
9,10-di(4-tert-butylphenyl)-9,10-dihydroanthracene.
This compound enclathrates diethyl ether from the
vapour, forming a stable inclusion compound whose
structure we have elucidated.!® Differential scanning
calorimetry (DSC) showed that the onset temperature for
the guest release occurred at 64.2 °C, which is 29.8 °C
above its normal boiling point. We now present the
structures of the tolyl derivative, (1), those of its 1:2 in-
clusion compounds with acetone (2), diethyl ether (3)
and pyridine (4) and discuss their thermal stabilities.

EXPERIMENTAL SECTION

The host compound (Figure 1) was synthesised by react-
ing the Grignard derivative of 4-bromotoluene with an-
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Figure 1 Atom numbering scheme for trans-9,10-dihydroxy-9,10-di-
p-tolyl-9,10-dihydroanthracene.

thraquinone. Crystals of the non-porous a-phase of the
host were obtained by slow evaporation of the com-
pound from benzene, and the inclusion compounds by
dissolving the host in a minimum volume of the liquid
guest and subsequent slow evaporation of the solution at
room temperature.

Table 1 Crystal data and refinement parameters

For all four compounds preliminary cell dimensions
and space-group symmetry were determined -photo-
graphically. X-ray diffraction data were then measured
on a Nonius CAD4 diffractometer using graphite-mono-
chromated Mo Ka. radiation (A = 0.7107 A) and the o -
20 technique. Measurements were carried out at room
temperature and crystal stabilities were checked by mon-
itoring three reference reflections periodically. The
structures were solved by direct methods using
SHELXS-8620 and refined by least squares using
SHELX-7621.

For 1, only very small lath-shaped crystals could be
obtained despite many attempts at crystal growth, and
these yielded a relatively small number of observed re-
flections. The structure was therefore refined with only
the methyl carbon C(17) and the hydroxyl oxygen O(1)
as anisotropic, but with the remaining heavy atoms
isotropic. The aromatic and methyl hydrogen atoms were
subjected to constrained refinement with common tem-
perature factors. The hydroxyl hydrogen atom could not
be located in the final difference electron density map
and was omitted from the final model. For compounds 2,
3 and 4, the final refinement employed anisotropic tem-
perature factors on the heavy atoms of the host and guest
molecules and constrained refinement for all the hydro-
gen atoms. In particular, the hydroxyl hydrogens were
unequivocally located in all cases, and refined with ap-
propriate O-H bond length constraints according to a
function of the O---O or O---N versus O-H distance.!4

Differential Scanning Calorimetry and
Thermogravimetry (TG) were performed using a Perkin

]

2

3

4

Formula unit CygH,,0,
Formula weight 3925
Space group P2,/c
alA 5.876(2)
b/A 21.349(9)
clA 8.971(2)
al® 90
B/° 108.70(3)
y/° 90
VA 1066(1)
Refinement of the unit cell

No of reflections used 24

6 range / ° 16-17
z 2
Dc/gem—? 1.223
F(000) 416
u/cm~! (Mo Ka radiation) 0.70
Crystal size / mm 0.06 X 0.19 X 0.25
Range of 8 collected / © 1-20
No. of collected reflns 836
No. of reflns with I > 261 621
Intensity instability (%) 0.5
No. of refined parameters 142
R =[XIAFI/ZIFol} 0.047
wR =[(ZwIAF/ZwlFol2)1/2] 0.061
Weighting : w = [02F + gF?}~! g = 0.11
Final Ap, . /APy [6 A-3] 0.18/-0.18

C15H;40,°2(C;H0)
508.66

CagH,40,°2(C4H,0)
540.74

CpH»,0,°2(CsH;N)
550.70

Pl P2,/n P2,/n
9.494(4) 8.706(2) 9.661(1)
11.961(4) 10.911(2) 9.724(2)
12.771(8) 16.614(6) 16.398(4)
95.69(4) 90 90
101.75(4) 94.90(3) 95.61(2)
99.80(3) 90 90
1413(1) 1572(1) 1533(1)

24 24 24

1617 16-17 16-17
2 2 2
1.195 1.142 1.193
544 584 584
0.72 0.68 0.68
0.50 X 0.50 X 0.50 031 X 0.31 X 0.34 0.22 X 0.22 X 0.25
1-25 1-25 1-25
4219 2165 1954
3150 1411 1240
0.6 25 6.4
372 197 200
0.052 0.057 0.058
0.065 0.064 0.062
0.012 0.0026 0.00084
0.26/—0.22 0.22/-0.26 0.23/~0.17
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Elmer PC7 system. In order to carry out the analyses,
crystals were removed from their mother liquor, blotted
dry on filter paper and crushed. The sample weight in
each case was ca 5 mg. The temperature range was 30 to
300 °C at a heating rate of 10 °C min—!. A constant
stream of nitrogen (flow rate 40 cm3 min~—!) was passed
over the samples.

RESULTS AND DISCUSSION

Crystal data and salient refinement parameters are given
in Table 1. The tricyclic moiety of the host molecule is
essentially planar, with the hydroxyl and tolyl groups lo-
cated perpendicular to this. The packing of compound 1,
the non-porous o-phase, is shown in Figure 2. The mole-
cules lie in sheets parallel to the (100) planes, and inter-
estingly, there are no hydrogen bonds between the lay-
ers.

For the acetone inclusion compound, 2, the space
group is P1 with Z = 2. Thus the asymmetric unit com-
prises one host molecule and two crystallographically in-
dependent acetone guests. This is unusual in that many
structures based on this host compound and its modifica-
tions have the host molecule located on a centre of inver-
sion, requiring the central ring to be either planar or in
the conformation of a shallow chair.!5.16.17 However, in
this structure the central ring has a shallow boat confor-
mation as shown in Figure 3. The guest acetone mole-
cules are hydrogen bonded to the host via the hydroxyl
moieties, with OO distances of 2.819(3) A and
2.898(4) A, as shown in Figure 4. The molecular struc-
ture of 3 is shown in Figure 5. This compound crystallis-
es in space group P2,/n with Z = 2, requiring the host
molecule to be located at a centre of symmetry. There is
only one guest in the asymmetric unit and the diethyl
ether molecule is hydrogen bonded to the host with an

SR
]

s

o ap Cp

(@ (b)

Figure 2 Projections of 1 along (a) {001] and (b) (100].

Figure 3 Perspective view of the host molecule of 2 viewed paraliel to
the plane through C(2), C(7), C(2A) and C(7A) showing the puckering
of the central ring of the tricyclic moiety (the peripheral rings are omit-
ted).

O---0 distance of 2.840(4) A. The packing of the struc-
ture is shown in Figure 6, which was drawn using the
program MOLMAP!8, and gives a representation of the
guest ether molecules situated in undulating channels
running along [010]. Compound 4 has a similar structure
to that of 3. The host:guest stoichiometry is identical and
the space group is P2,/n with the host molecule again sit-
uated on a centre of inversion. The pyridine guest mole-
cules are hydrogen bonded to the host hydroxyl groups
with an O--N distance of 2.826(5) A. The packing is
shown in Figure 7, in which the channels again run par-
aliel to {010], but the undulations are more pronounced
in order to accommodate the pyridine guests.

a4

Figure 4 The molecular structure of 2.
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Figure 5 The molecular structure of 3.

g

X,y %]

Figure 6 Cross section of the host molecules of 3 on (004) viewed
along {001]. The guest molecules are shown in channels at 3/,.y.'/,.

Details of the hydrogen bonding are given in Table 2.
final atomic coordinates and lists of bond lengths, bond
angles and structure factors have been deposited.

The thermal analysis results of 2, 3 and 4 are given in
Figure 8, and the relevant thermal data are tabulated in
Table 3. The weight loss measured in each case is in
close agreement with the calculated value. This confirms
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Figure 7 Cross section of the host molecules of 4 on (004) viewed
along [001]. The guest molecules are shown in channels at 3/4,y,!/s.
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Table 2 Hydrogen bond details for structures with Host |

Compd. (Djonor (A)cceptor D-H(li) D--'A(A) H"'A(/i) D-H--A(°)

2 o O(1G1)  0.96(2) 2.819(3) 1.89(3) 162(2)
O(lA) O(1G2)  0.97(3) 2.898(4) 1.94(3) 169(2)
3 o o(1G) 0.96(2) 2.840(4) 1.93(2) 158(3)

4 Ocl) N(1G) 1.00(2) 2.826(5) 1.84(3) 168(4)

the host:guest ratios which were subsequently employed
in the crystal structure analysis of each compound.

The DSC curves of 2 and 3 are characterised by the two
distinct endotherms: A, corresponding to the guest re-
lease reaction, and B, due to the melting of the host
compound. Interestingly, for 4, the pyridine guest is re-
leased in two distinct steps, giving rise to two separate
endotherms, A and B, followed by the host melting en-
dotherm C. We have noted this phenomenon with other
inclusion compounds of pyridine. In particular, we have
studied the thermal decomposition of the pyridine
clathrate of 1,1'-binaphthyl-2,2'-bis(diphenylhydrox-
ymethyl).!® However, this compound has a host:guest
ratio of 1:3, with one of the pyridine guests hydrogen
bonded to the host, but the other two only held by weak
non-bonded interactions. This is not the case with 4,
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Figure 8 DSC and TG traces of compounds 2 to 4.
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however, in which the pyridine guests are crystallo-
graphically equivalent. The thermal analysis of this com-
pound therefore suggests a phase change after partial
loss of the pyridine guest, followed by the second en-
dotherm due to the final loss of guest.

Table 3 Thermal analysis

Compound 2 3 4
Host:guest ratio 1:2 1:2 1:2
Boiling point of guest (°C) 56.2 34.6 115.4
TG

Weight loss expected (%) 22,8 274 28.7
Weight loss obtained (%) 22.8 27.1 29.1
DSC

Endotherm A onset temperature (°C) 46.7 44.2 889
Endotherm B onset temperature (°C) 262.2 263.7 138.0
Endotherm C onset temperature (°C) - - 263.2

* see Figure 8 for labeling of endotherms A to C
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