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Figure 1. Projection on (010) showing the 2D network it).(Atom

The design and construction of hydrogen-bonded “supramo- types are differentiated by size and shading, and hydrogen bonds are
lecular rosettes” from guanidinium/organic sulfonateimesic represented by broken lines. Various hydrogen-bonding motifs as
acid? or cyanuric acid/melamidedepend on utilization of their discussed in the _text_are labeled by bold capital leftets E, and similar
topological equivalence, i.e., equal numbers of donor and acceptor@Pels are used in Figure 3.
hydrogen-bonding sites an@; symmetry of the component

o . ) heme 1
moieties. Here we depart from this strategy by exploring a new Scheme

kind of “fused-rosette ribbon” built of the guanidinium cation TH@ M . ,

(GM™) 1 and hydrogen carbonate diri¢HC "), 2 in the ratio . N P . @,"‘O-uH—O/

of 1:1 (see Scheme 1). Ho Ot o=¢ c—0
Each supramolecular roset8 comprises a quasihexagonal - 7 omne-d©

assembly of twaGM* and fourHC ™ units connected by strong HoH

Ngw—H++*Onc (N-++O distances in the range 2.793 to 2.990 A) ' 1 ‘ 2

and Quc—H:+-Oyc (O-+-O distances 2.554 to 2.827 A) hydrogen
bonds. ThelIC ), dimer is shared as a common edge of adjacent
rosettes and makes full use of its remaining acceptor sites in
linking with GM*. On the other hand, ea¢M* in the resulting
linear ribbon (or tape) still possesses a pair of free donor sites,
and it is anticipated that some “molecular connector” with suitable
acceptor sites may be used to bridge an array of parallel ribbons
to form a sheetlike network. Our design objective has now been
realized in the synthesis and characterization of new inclusion
compounds 5[C(NH,)s*]-4(HCG;7)-3[(n-Bu)sN*]-2[1,4-GH4-
(COO);]-2H;0 (1) and [C(NH);*]-(HCOs7)-[(n-Bu)sN*] -[1,4-
CsHa(COO)(NO)]-H20 (2) with either the terephthalat@PA2-)

4 or the 4-nitrobenzoateNB4~) 5 anion functioning as a con-
nector.

As shown in Figure 1, eacHC™ in (1) provides one donor
and one acceptor site to form a planar dimer mo&f N, =
R%(S)].6 The remaining eight acceptor sites of eadhC(),
dimer are topologically complemented by faBM* units, such
that
eachGM™ connects two KIC™), dimers through two pairs of
N—Hgy++O hydrogen bondsH, N, = Ry(8)]. Thus twoGM*
and two HC™), dimers constitute a planar, pseudocentrosym-
metric, quasihexagonal supramolecular roseiteNs = R‘6'(12)]
with inner and outer diameters of ca. 5.5 and 9.5 A, respectively. n— Hange+*O hydrogen bonds, N, = R(8)] with a TPAZ

In the resulting fused-rosette ribbon, the remaining @ carboxylate group. Thus two types of ladders are developed: type
orientated donor sites of eacBM™ unit form a pair of

(5) Crystals of each compound were obtained in nearly quantitative yield
* Address correspondence to this author. Fax: (852) 260 35057. E-mail: from slow evaporation of the reactants at room temperature. X-ray measure-

tewmak@cuhk.edu.hk. ments were made on a Rigaku AFC7R diffractometef & 294 K using
(1) (a) Russell, V. A.; Etter, M. C.; Ward, M. 0J. Am. Chem. S0d.994 Mo Ko radiation ¢ = 0.71013 A). Crystal data fod}, 5[C(NH2)3+] 4(HCG;)-
116, 1941. (b) Russell, V. A.; Ward, M. Dl. Mater. Chem1997, 7, 1123. 3[(n-Bu)sN*]-2[1,4-GH4(COO )] 2H,0 (CraH1sN1602): M = 1636.14,

(2) (@) Herbstein, F. H. IlComprehensie Supramolecular Chemistry orthorhombic, space group2:2;2; (No. 19),a = 13.785(1) Ab = 15. 874-
Atwood, J. L., Davies, J. E. D., MacNicol, D. D.,"gte, F., Eds.; Elsevier (1) A, ¢ = 43.754(3) A,V = 9574.4(11) ﬁi Z = 4, 10248 unique, 2787
Science Ltd: Oxford, 1996; Vol. 6, pp 6B3. (b) Melendez, R. E.; Sharma, observed with > 20(1); final R = 0.0605 (observed), 0.3182 (alWyR(F?) =
C. V. K.; Zaworotko, M. J.; Bauer, C.; Rogers, R. Bagew. Chem., Int. Ed. 0.1115 (observed), 0.1320 (all). Crystal data ), (C(NH,)s*]-(HCO5")-

Engl. 1996 35, 2213. [(n-Bu)sN*][1,4-CsHy(COO)(NO,)]*H,0 (CosHagNsOg): M = 547.69, tri-
(3) (@) Simanek, E. E.; Li, X.-H.; Choi, I. S.; Whitesides, G. M. In  clinic, space groupPl (No. 2),a = 8472 1) i b = 13.770(1) A,c =
Comprehensgie Supramolecular Chemistnatwood, J. L., Davies, J. E. D., 27. 944(3) Ao =92 58(1), p = 96.78(1}, y = 102.08(1}, V = 3157.3(6)

MacNicol, D. D., Vagtle, F., Eds.; Elsevier Science Ltd: Oxford, 1996; Vol. A3, Z = 4, 11109 unique, 4231 observed with> 20(1); final R = 0.0714
9, pp 595-621. (b) Simanek, E. E.; Isaacs, L.; Li, X.-H.; Wang, C. C. C.; (observed), 0.1994 (allyyR(F?) = 0.1973 (observed), 0.2193 (all). Hydrogen

Whitesides, G. MJ. Org. Chem1997, 62, 8994. atoms of the HO and HCQ™ groups were located from difference maps, and
(4) (a) Li, Q.; Mak, T. C. W.J. Incl. Phenom1995 20, 73. (b) Li, Q.; those belonging to the remaining ions were placed in their idealized positions.

Yip, W. H.; Mak, T. C. W.J. Incl. Phenom1995 23, 233. (c) Li, Q.; Mak, Crystallographic data have been deposited with the Cambridge Crystallographic

T. C. W. InAdvances in Molecular Structure Reseayttargittai, M., Hargittai, Data Center as Supplementary Publication No. CCDC-1379171joar{d

I., Eds.; JAI Press: Stamford: CT, 1998; Vol. 4, pp 12P5. CCDC-137918 for 2).
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Figure 2. (a) Hydrogen-bonding motifs involving linkage of the free  4g5 A
guanidinium ion to neighboring rosette ribbon-terephthalate layet§.in (
(b) Schematic presentation of the pillared layer structure.

e
() [TPA?~ composed of C(10) to C(17) and O(13) to O(16)] is

consolidated by two independent water molecules that alternately * LAY )):&\
bridge carboxylate oxygen atoms of neighboring steps by pairs g{ﬁ . (L: -

P T T 71
of donor Qy-H++O hydrogen bonds, generating a centrosymmetric g5 A ‘(lv (Lf (‘k

ring motif [E, N, = R}(22)] and a pentagon patterff,[Ns = t\{“ ‘\f‘ 1\‘!}1 f\f} AY& A\IS

R3(12)]. In the type (Il) ladder TPA%~ composed of C(18) to \;%, \g{ \x} \I}

C(25) and O(17) to O(20)], carboxylate oxygen atoms O(a8y R

O(19) belonging to adjacent steps are connected by the remainingzigre 3. perspective view of the hydrogen-bonded layeranalong

GM™ ion, which is not involved in rosette formation, via tWo  ne [110] direction. Linear ribbons of fused rosettes are interlinked by

pairs of donor hydrogen bond&[ N, = Ry(6)] (Figure 2a). The 4-nitrobenzoate ions through strong-N---O(carboxylate) and weak

remaining two donor sites of each fr&M ™ ion are linked to a C—H---O(nitro) hydrogen bonding.

carboxylate oxygen atom and a water molecul&@@A2~ column

(I) of an adjacent layer to form a pentagon mot,[N; = interactions, leading to a centrosymmetric ring mot# [N, =

R5(8)]. thus yielding a 3D pillared-layer structure (Figure 2b). R%(10)] plus a discrete motifG, N; = D] in the interdigitated

The large voids in the pillar region generate nanoscale channelsregion. The two independentfBu),N]* cations are sandwiched

extending along the [100] direction. The dimensions of the cross petween adjacent layers; the interlayer separation is 8.2 A, which

section of each channel are cax822 A2, within which three  is comparable to those il and in other anionic host structures

independent f{-Bu),N]* cations are aligned in separate columns accommodating f(-Bu),N]* cations as guest moietiés.

in a well-ordered manner. The present study has shown thit#&nd @) are prototypes of
The rosette ribbon of2) bears a strong resemblance to that of a new class of host lattice featuring an uncharged, linear fused-

(1), except that the hydrogen-bonding patt@ris centrosym-  rosette ribbon hemmed with multiple hydrogen-bonding donor

metric and the spacing between neighboring parallel ribbons is sites, leading to nanoscale voids for the enclathration of moder-

increased to ca. 18.5 A (Figure 3). The indepen@it" cations, ately sized guests.
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the rosette ribbonf, Ne = Rg(lZ)]. The resulting hemmed (7) (a) Desiraju, G. R.; Steiner, The Weak Hydrogen Bond in Structural
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lated layer structure with the formation of weak—8---O T. Chem. Commuri999 313.

(8) (a) Li, Q.; Mak, T. C. W.Supramol. Cheml1996 8, 147. (b) Li, Q.;
(6) For details of the definition, terminology, and notation in the graph set Mak, T. C. W.J. Incl. Phenom1997, 27, 319. (c) Li, Q.; Mak, T. C. WActa
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