1424

Chemistry Letters 2000

A Robust Two-Dimensional Hydrogen-Bonded Network.
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9-(3,5-Dihydroxyphenyl)acridine (3) forms a 1:1 benzene
adduct 3-(benzene) having a novel O—H:--O-H--:N hydrogen-
bonded 2D network. Partial (50%) guest desorption occursin a
reversible manner without undergoing a phase change.

Porosity may in principle be generated in lattice inclusion
complexes when the included guest molecules are removed with-
out much affecting the host network. This is the case for some
robust metal-coordination polymers, whose porous nature can be
deduced on the basis of X-ray powder diffraction patterns and
Langmuir-type guest adsorption/desorption isotherms.2
Hydrogen-bonded networks, on the other hand, are far less robust
and can not usually sustain guest-free cavities, pores, or channels.
Anthracene-bisresorcinol 12 and -monoresorcinol 2* are typical
examples of such hosts. They form 1:2 and 1:1 (host to guest)
adducts, respectively, in which the polar guests such as ethyl
acetate are included in the cavities provided by the hydrogen-
bonded (O—H---O—H) 2-dimensiond (2D) or pseudo 2D network
via hydrogen bonding (O-H---O-H::-:O=C), as illustrated in
Scheme 1 for adduct 2-CH,CO,CH,CH,. Upon guest remova,
the network collapses to give a nonporous apohost, which subse-
quently readsorbs the guest to restore the network. The guest-off
and guest-on processes are accompanied by a phase change, as
evidenced by different powder diffractions for the guest-on and
guest-off species®* and also by characteristic isotherms having a
sharp threshold guest pressure for binding.>8 The present work is
concerned about a monoresorcinol derivative of acridine (3).
We report here that it forms a compact and robust 2D hydrogen-
bonded network that is capable of reversible adsorption/desorp-
tion of a hydrocarbon guest without undergoing a phase change.

Diol 3 was prepared (70% total yield) by Grignard reaction
of N-protected (N-CH,OCH,CH,OCH,) acridone with 3,5-
dimethoxy-1-phenylmagnesium chloride in THF, followed by
dehydrative deprotection with HCl in aqueous ethanol and sub-
sequent demethylation in agueous HBr. Crystalization of host
3 from benzene/DMF or benzene/methanol affords a 1:1 ben-
zene adduct 3-(benzene), whose X-ray diffraction revealed the
following characteristic crystal structure, in reference to
Scheme 2 and Figure 1.7 (1) Compound 3 forms hydrogen-
bonded (O-H---O-H) polyresorcinol 1D chains in a similar
manner as compound 2 (Scheme 1). (2) Neighboring chains are
linked by resorcinol—acridine hydrogen-bonds (O—H--O—H---N)
to give a 2D sheet having stacked acridine dimers. (3) In the
resulting cavities, are incorporated two guest (benzene) mole-
cules. (4) The sheets are layered in a staggered manner as in
the cases of anthracene hosts 1 and 2.

When |eft at room temperature in vacuo for ~3 days, adduct
3-(benzene) loses 50% of included guest molecules, plausively
one of two in each cavity, to give half-packed adduct 3-0.5(ben-

o-0-8 = O.H---O-H---N

Scheme 2.

Figure 1. Crystal structure of adduct 3+ (benzene) in
reference to Scheme 2, where /' =3.7 A, 12=13.5 A, and
[,=946 A.

zene),® © which subsequently adsorbs the benzene guest to regen-
erate the original full-packed adduct 3:-(benzene) with a
Langmuir-type adsorption isotherm (Figure 2, where V, = 40
mL/g corresponds to 0.5 mole of benzene).’® In addition, the
half-packed and full-packed adducts show essentialy the same
powder diffractions of comparable intensities (Figures 3a and
3b).° These results indicate that the present guest-off and guest-
on processes are free from a phase change. When single crystals
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of full adduct are used, single crystallinity is maintained during
the desorption of 0.5 mole of benzene. The resultant single-crys-
talline half adduct 3:0.5(benzene) shows essentially the same crys-
tal structure asthat for the full adduct (Figure 1) with avery dight
change in the cell parameters, dthough the crystal data are rather
poor.8 The guests aso appear as in Figure 1, indicating that the
single benzene molecule left in each cavity is disordered and
occupies one of two original positions with equal probabilities.®
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Figure 2. Binding isotherm for gaseous benzene with half-

packed adduct 30.5(benzene) at 25 °C. Each point represents

a state where the change in 9999 sec (167 min) has become

smaller than 1% of the pressure at that point (AP < 0.01P).

V refers to the standard state.
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Figure 3. X-ray powder diffraction patterns for
the full-packed adduct 3+(benzene) (a), half-packed
adduct 3+0.5(benzene) (b), and apohost 3 (c).

A unifying view of the crystal structures of hosts 1, 2, and
3isthat an X-shaped tetraol acts as a building block; a covalent
molecule 1, an anti-parallel n-stacked dimer 2,, or an O-H--N
hydrogen-bonded supramolecular cyclophane 3,. They all form
1:2 (building block to guest) adducts having a similar hydro-
gen-bonded 2D network. The building blocks 1, 2,, and 3, dif-
fer in size, rigidity/flexibility, and coordinative saturation
/unsaturation after forming a network. The flexible and unsatu-
rated hosts 1 and 2, bind two polar guests, which are simultane-
ously desorbed with a concomitant collapse of the network.
The less flexible and saturated host 3, adsorbs a pair of hydro-
carbon guests, which are removed in a stepwise manner, where
the crystal structure is maintained upon desorption of the initial
half. Some 3D hydrogen-bonded networks are claimed, based
mainly on X-ray powder-diffraction evidence, to be robust
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enough to survive (partial) guest removal.1> 12 The present sys-
tem may be novel in that (1) its 2D network is shown, (2) the
phase-preserving guest adsorption/desorption is evidenced on
the ground of both powder diffractions and adsorption
isotherms, and (3) the similarity in the single-crystal X-ray
structures of guest-on and guest-off speciesisreferred to.
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