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A new rigid angular bridging ligand, 7-oxa-dibenzofluorene-3,11-
dicarboxylic acid (H,L), was synthesized by cyanation of known
rac-6,6"-dibromo-1,1'-bi-2-naphthol followed by ring closure and
hydrolysis with concentrated sulfuric acid and used for the self-
assembly of nanoscopic molecular rectangle [Cus(L)s(Py)s]-2DMF-
10H,0, 1, and 1-D coordination polymer [Coy(L)2(Py)s]-2DMF-
2H,0, 2. Both 1 and 2 contain open channels occupied by DMF
and water guest molecules. Crystal data for 1: triclinic, space group
P1, a = 8.869(2) A, b = 16.437(3) A, ¢ = 21.586(4) A, a =
78.18(3)°, B = 79.19(3)°, y = 83.66(3)°, U = 3017.0(11) A3,
and Z = 1. Crystal data for 2: triclinic, space group P1, a =
8.254(2) A, b = 12.154(2) A, ¢ = 15.348(3) A, a. = 95.34(3)°,
= 93.38(3)°, y = 94.37(3)°, U = 1525.1(5) A% and Z = 1.

The synthesis and characterization of organized supramo-

Zaworotko et aP. independently reported the use of 1,3-
benzenedicarboxylate with a 128ngle between two func-
tional groups to produce discrete nanometer-sized polygons
as well as the use of these polygonal secondary building units
in the construction of extended coordination networks. We
have designed a new rigid ligand with a roughly’ @hgle
between the two carboxylate functional groups, 7-oxa-
dibenzofluorene-3,11-dicarboxylic acid {H). We believe
that this ligand geometry would be ideal for building
nanoscopic metallamacrocycles and extended coordination
networks. Herein, we wish to report the self-assembly and
single-crystal X-ray structures of a discrete molecular
rectangle based on the £y building unit and a 1-D
coordination polymer based on the £Lg building unit.
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lecular architectures such as metallamacrocycles and 1-, 2-,
and 3-D extended porous frameworks have attracted con- HO—¢
siderable attention because of their intrinsic aesthetic appeal :
and potentially exploitable propertiédin particular, Yaghi
and co-workers have demonstrated the construction of highly H,L was synthesized by cyanation of knowac-6,6 -
porous metal-organic frameworks based on rigid linear dibromo-1,1-bi-2-naphthol followed by ring closure and
dicarboxylate linkers. More recently, Yaghi et &.and hydrolysis with concentrated sulfuric adidhe copper and
cobalt complexes [CL )4(Py)]-2DMF-10H,0, 1, and [Co-
* To whom correspondence should be addressed. E-mail: wlin@unc.edu. (L )2(Py)]-2DMF-2H,0, 2, were obtained in 55% and 60%
(1) For reviews on discrete metallamacrocycles and polygons, see: (@), ; ; ;
Keefe, M. H.. Benkstein, K. D.. Hupp. J. Toord. Chem. Re 2000 yl_eld, respecnvgly, by treating the corresponding metal
205, 201-228. (b) Fijita, M.; Ogura, K.Coord. Chem. Re 1996 nitrates and kL in a mixture of DMF, MeOH, and Py at 60
148 249-264. (c) Stang, P. J; Olenyuk, Bcc. Chem. Red.997 °C. Both1 and?2 are stable in air and insoluble in water and
30, 502-518. (d) Leininger, S.; Olenyuk, B.; Stang, PChem. Re. .
200Q 100, 853-907. common organic solven'ts: The IR spectra bfand 2
For reviews on extended coordination networks, see: (a) Hagrman, exhibited bands characteristic of carboxylate groups at-4660
P. J.; Hagrman, D.; Zubieta,Angew. Chem., Int. EA999 38, 2638—
2684. (b) Munakata, M.; Wu, L. P.; Kuroda-Sowa, Adv. Inorg.
Chem 1999 46, 173-304. (c) Batten, S. R.; Robson, Rngew.
Chem., Int. Ed1998 37, 1461-1494. (d) Eddaoudi, M.; Moler, D.
B.; Li, H.; Chen, B.; Reineke, T. M.; O'Keeffe, M.; Yaghi, O. M.
Acc. Chem. Re2001, 34, 319-330. (e) Zaworotko, M. J.; Moulton,
B. Chem. Re. 2001, 101, 1629-1658.
(3) (a) Yaghi, O. M.; Li, H.; Davis, C.; Richardson, D.; Groy, T.Acc. 6
Chem. Res199§ 31, 474-484. (b) Eddaoudi, H. L.; O’'Keeffe, M.;
Yaghi, O. M. Nature 1999 402, 276-279.
(4) Eddaoudi, M.; Kim, J.; Wachter, J. B.; Chae, H. K.; O’Keeffe, M.;
Yaghi, O. M.J. Am. Chem. So®001, 123 4368-4369.
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(5) (a) Lu, J.; Mondal, A.; Moulton, B.; Zaworotko, M. Angew. Chem.,

Int. Ed 2001, 40, 2113-2116. (b) Bourne, S. A.; Lu, J.; Mondal, A;
Moulton, B.; Zaworotko, M. JAngew. Chem., Int. Ec2001, 40,
2111-2113. (c) Moulton, B.; Lu, J.; Mondal, A.; Zaworotko, M. J.
Chem. Commur2001, 863-864.

Spectroscopic data foroH. *H NMR (DMSO-dg): 6 13.2 (s), 9.13

(d, 3~]H—H =8.6 HZ), 8.89 (S), 8.38 (éJH—H =8.6 HZ), 8.32 (d?JH—H

= 7.1 Hz), 8.15 (d3Jy—n = 7.1 Hz).13C{*H} NMR(DMSO-dg): 0
167.2, 155.0, 132.0, 130.4, 130.1, 129.7, 126.8, 126.3, 125.3, 118.1,
113.5.
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Figure 2. Molecular rectangles df partially eclipse to result in nanoscale
channels 0f~0.85 x 1.1 nn? which are filled with DMF and water guest
molecules.

Figure 1. Left: molecular rectangle df. Key bond distances (A): Cul
01, 1.999(4); CutN1, 2.002(5); Cu+N2, 1.996(5); Cu+09, 1.963(4);
Cu2-03, 1.959(4); Cu206, 1.971(4); Cu2N3, 2.008(5); CuzN4,
2.015(5). Right: space-filling model showing the nanoscale cavitylofl
x 1.7 nn¥ within the molecular rectangle df

1320 cmtL.” Thermogravimetric analyses (TGA) show that
1loses 12.4% of total weight in the 3350°C temperature
range, corresponding to the loss of 10 water molecules and
two DMF molecules per formula unit (expected 12.8%). :
Compound?2 exhibits a weight loss of 12.6% in the 30 Figure 3. Coordination environment ¢. The asymmetric unit is shown
200°C temperature range, corresponding to the loss of two in ellipsoids at 40% probability. Key bond distances (A): €dl1, 2.178-
. (3); Col-02, 2.215(3); CotN1, 2.149(4); CoxN2, 2.166(4); CoO3A,

water and two DMF molecules per formula unit (expected 3 g25(3): cor04B, 2.024(3).
13.7%)8 Phase purities of and2 have also been supported
by powder diffraction patterns of their bulk samples which molecular square expected from the combination of & 90
are consistent with the theoretical patterns generated fromangular unit and a linear spacer). Theigand containing
their single-crystal X-ray diffraction data. 01 and O3 atoms has @ configuration with a dihedral

A single-crystal X-ray diffraction study performed df angle of 7.53 between the two naphthyl rings, while the
reveals a rectangular macrocycle with a crystallographic ligand containing O6 and O9 atoms hasRwnonfiguration
inversion center located at the center of the molecule, aswith a dihedral angle of 13.77between the two naphthyl
shown in Figure 1. The asymmetric unit consists of two Cu- rings1® The macrocyclic skeleton of Cu atoms, coordinating
(I1) centers, twdL ligands, four pyridine molecules, and one carboxylate O atoms, and carbon atoms of the naphthyl rings
DMF and five water guest molecules. Both Cu(ll) centers is nearly planar with the largest deviation of 0.88 A from

adopt a square planar geometry by coordinating tottauos: the plane. A space-filling representation bfllustrated in
pyridine N atoms and twtrans-carboxylate O atoms of two  Figure 1 clearly demonstrates the formation of nanoscopic
L ligands, withcis-angles ranging from 89250 90.9 for rectangular cavity with a dimension 6f1.1 x 1.7 nn? which

the Cul center, and from 89.4#0 90.9 for the Cu2 center, is occupied by DMF and kD solvent molecules (the Cu

respectively. Each L ligand coordinates to two Cu atoms Cu distances in the rectangle are 1.63 and 2.33 nm). There

through its two carboxylate groups in a monodentate fashion are significant hydrogen bonding interactions between water

leading to a metallamacrocycle, with metal centers as linear guest molecules and noncoordinating O atoms of the car-

connectors and L ligands as9€orners. Because the 63 boxylate groups, as indicated by the-@ distances of

Cu2-06 angle of 166.6(2)deviates more significantly from  2.642(1) and 2.621(1) A. The molecular rectangles partially

18C than the O+ Cul-09 angle (176.7(2), the tetracop- eclipse to form a nanoscale channel with dimensions of

per cycle adopts a rectangular geometry (rather than a~0.85x 1.1 nn¥ (Figure 2).

A single-crystal X-ray analysis oP!! reveals a 1-D

(7) Mehrotra, R. C.; Bohra, Rvetal CarboxylatesAcademic Press: New coordination polymeric structure with the ££6 macrocyclic

®) X?]Q‘I: %:%?fd for GaHiiN1OsCls, 11 C, 61.2: H, 4.37: N, 5.32. buiI_di.ng block, wh?ch has a crystallographic invgrsion center
Found: C, 60.5; H, 3.62; N, 4.19. Anal. Calcd fofgHsgNsO14C0z, residing on the midpoint of the GeCo vector (Figure 3¥?

several attempts, the nitrogen contentd ahd2 are consistently lower
than expected. The low nitrogen contentslaind 2 are probably a
result of facile loss of DMF guest molecules, which is consistent with  (10) A crystallographic inversion center generates opposite enantiomers

the broadened X-ray powder diffraction patternslaind 2. of both L ligands which completes the molecular rectangle.

(9) X-ray single-crystal diffraction data fdrwas collected on a Siemens  (11) Crystal data fo: triclinic, space grougP1, a = 8.254(2) A,b =
SMART CCD diffractometer. Crystal data far triclinic, space group 12.154(2) A,c = 15.348(3) A o = 95.34(3), = 93.38(3), y =
P1, a=8.869(2) A,b = 16.437(3) A,c = 21.586(4) A 0. = 78.18- 94.37(3§, U = 1525.1(5) B, Z = 1, pcaica= 1.44 g cm3, u(Mo Ka)
(3)°, B =79.19(3Y, y = 83.66(3}, U = 3017.0(11) &, Z = 1, pcaicd = 0.619 mmL. Least-squares refinement based on 5342 reflections
= 1.45 g cn3, (Mo Ka)) = 0.781 mnt?. Least-squares refinement with | > 20(l) and 411 parameters led to convergence, with a final
based on 12207 reflections with> 20(1) and 812 parameters led to R1 = 0.074, wR2= 0.175, and GOF= 1.08.
convergence, with a final R¥ 0.072, wR2= 0.169, and GOF= (12) The crystallographic inversion center generates the opposite enantiomer
1.01. of L, and?2 contains racemic forms df ligands.
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stack on top of each other along taexis to result in open
channels that are occupied by DMF molecules. Adjacent 1-D
polymeric chains stack along theaxis to form smaller open
channels that are occupied by water molecules which form
hydrogen bonds with carboxylate O atoms.

In summary, we have demonstrated the self-assembly of
e 4 1D ool '« chain based o buildi T a nanoscopic molecular rectangle and a 1-D coordination
DII?/IlIJ:rZuést moIeF;:?JIyerzfggi(;:e ?r:Zider?e o(:)nert] c?hinr?nelilfolpmgeléntl)t)./ ﬁthCO polymer composed of metallamacrocycles using a novel rigid
macrocycles, while the water guest molecules are located inside the smallerangular dicarboxylate ligand. A systematic investigation on
channels formed between the adjacent 1D chains. the use of the angular dicarboxylate linkers in the synthesis
two pyridine molecules, one DMF, and one water molecule. of metallamacrocycles and related architectures as well as
The Co atom coordinates to four O atoms of one chelating their inclusion properties and guest exchange phenomena is
carboxylate group and of two bridging carboxylate groups currently under way.

from three differentL ligands and twotranspyridine N
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