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Controlled Spacing of Metal Atoms via Ligand
Hydrogen Bonds

Chart 1. An lllustration of a Two-DimensiongB-Network
Formed from the Bipyridyl Ureal, and a Diacetylene

Dicarboxylic Acid or DioP
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@ The intermolecular spacing is determined by the tifegdrogen
bonds.

Caroline L. Schauer, Eric Matwey, Frank W. Fowler,* and
Joseph W. Lauher*

//

Department of Chemistry
State Uniersity of New York
Stony Brook, New York 11794

O

O O
e
| ool

The binary or hostguest approach is a powerful strategy
for supramolecular synthe$isand crystal design. In the binary
approach, the functionalities required for supramolecular struc-
ture and function are distributed over two molecules. We
illustrated this convergent strategy by the design and preparation
of a series of binary cocrystals in which a urea or oxalamide Y w
host determines the structure and spaces a diacetylene guest af. MGT TM TN
the distance required for a topochemical polymerization, the OA /\O
desired function (Chart 1). The hesjuest interaction is based
upon the strong pyridinehydroxyl hydrogen bond. Pyridyl- “”N(j/\
substitutedgured‘ssuch ad, self-assemble into one-dimgnsional
o-network$# with a repeat distance of about 4.6 A, while e, o .
pyridyl-substituted oxalamidéssuch a2, self-assemble at the 'Q/\E EA©‘ e
slightly longer distance of 5.1 A. In the diacetylene binary o 4 IN“"‘“MO
crystals, these intermolecular distances, characteristic of the host, X
are imposed upon the diacetylene guests. aThe expected characteristic spacings shown are determined by the

These pyridyl-derivatized ureas and oxalamides designed asgimensions of the hydrogen bond functionalities.
hosts for dicarboxylic acids and diols can also be used as ligand
hosts for the controlled spacing of metal atoms in a designed

crystal (Chart 2). We now wish to report the results of our jon, yielding a four-coordinate tetrahedral Agation with the
initial studies in which we explored the COCFyStalllzatlon of closest Ag Ag Spacmg equa| to the 4. 625(]_)Ace|| constant.
molecule8 1 and 2 with silver salts’™? The resulting structure, Figure 1, consists of two-dimensional

layers held together by metdligand bonds. These layers are
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aligned by the ligandligand hydrogen bonds. The BF
The addition of 2 equiv of ligand to a solution of AgBEk

counteranions sit in the aligned channels between the urea
ligands.
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symmetry and is characterized by its layer group symmetry:rfetwork 1996 382,607—609. Alivisatos, A. P.; Johnsson, K. P.; Peng, X.; Wilson,
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Chart 2. Proposed One-DimensionatNetworks Formed
by the Bipyridyl Urea,1, and the Bipyridyl Oxalamide2,
Each Bridging a Pair of Metal loAs

(7) Bipyridyl ligands have been used by many groups for metal based
supramolecular syntheses. Stang, P. J.; Persky, N. E.; MandaAn.
Chem. Soc1997,119 47774778 and references therein, Robson, R.;
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(5) We have prepared a variety of oxamide-based cocrystals analogous16.869(2) A,c = 5.123(1) A;V = 1457.9

to the urea cocrystals described in ref 1.

609-611.

(10) X-ray data for3: CyeH28AgBFNgO,; M = 679.2; tetragonala =
11.984(2) A,c = 4.625(1) A,V = 664.2 Z = 1, pcaic = 1.698; space
groupP4 (No 81); 1236 observations e 30); 124 variablesR = 0.032,
Ry = 0.039.4 (X = NO3™): CogH26AgNgO7; M = 710.7; tetragonala =
v Z=2; pcaic = 1.683; space
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(6) Compoundsl and 2 were synthesized by the direct stoichiometric RW 0.041.4 (X = BF47): CagH28AgBF4NgO4; M = 735.2; tetragonak
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ridine. The silver derivatives were prepared by cocrystallizing 2 mol of the space grou;P4/n (No. 85); 596 observations & 30); 96 variablesR =
ligand with 1 mol of silver salt from water or methanol/water solutions. 0.068;R, = 0.072. All data were collected at room temperature on an Enraf-
Details are given in the Supporting Information. Nonius CAD4 diffractometer with use of Mo radiation.
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The silver atoms of each structure have a flattened tetrahedral
geometry, due to the restrained environment induced by the
ligand-imposed repeat distances. The urea strucdutke one
with the shorter repeat distance, has the greater silver distortions
with the top and bottom angles opened up to 1350{)m
the ideal tetrahedral angle, while the remaining four angles are
compressed to 98.4(1) In the less compressed oxalamide
structures 4, the silver tetrahedra show less distortion with
angles of 130.7(2)and 100.0(1) for the NG;~ salt and 127.4-

(2)° and 100.5(1) for the B~ salt.

It is also interesting to note that the molecular symmetries
of the hosts and guests persist in these systems. In both the
dicarboxylic acid and the Agurea systems the urea molecules
retain their 2-fold axes, while the analogous oxalamide mol-
ecules similarly retain their inversion centers. The"Agtions
are tetrahedral witlg, point group symmetry. A combination
of an §; symmetry element with th€, symmetry element of
the urea molecule yields the acentric space giedior 3. In
contrast, the combination of & symmetry element with the
inversion center of the oxalamide yields the centric space
groupP4/n. This persistence of molecular symmetry has been
found in previously studied urea and oxalamide strucutres.
Symmetrical urea derivatives commonly retain their 2-fold axes,
while symmetrical oxalamides are commonly centrosymmet-
ric.24 Moleculesl and?2 are thus not just chemically reliable
hosts for a wide variety of guests, and they are also extraordi-
narily good molecules for crystal design as well. They reliably
determine both crystallographic repeat distances and symmetry.

The significant point demonstrated by these three silver
structures is thathe distances between thewgit atoms hae
been determined by the spacing established by ligand hydrogen
Figure 1. At the top are views of the ligand-networks of the [Ag- bondeda-networks. The control of the spacing and symmetry
(L1)2)]BF4, 3, and [Ag(L2)2INOs, 4, structures. The intermolecular  of a guest atom or molecule in a crystal is a problem of obvious
spacings are 4.625(1) A for the urea and 5.123(2) A for the oxalamide. sjgnificance. We demonstrated this earlier in our diacetylene
This is in complete agreement with the design shown in Scheme 2. In \work. This same control has now been extended to metal
each structure the Agcations are bound to four of the bipyridyl ligands systems with use of the identical molecular hosts. Applications

and have a flattened tetrahedral geometry. This brings four of the can be envisioned for crystals with controlled metal spacing
o-networks together to form channels as shown at the bottom for and symmetryL

structure3. The channel ir8 forms about an Saxis; the similar channel

of 4 forms about a gaxis. Acknowledgment. This work is supported by the National Science
Foundation under Grant No. CHE-9630042.

In a similar manner addition of 2 equiv of the oxalamide

ligand 2 to AgNOs or AgBF; gave similar 2:1 coordination Supporting Information Available: T@bles of crystallographic data
polymers, [Ag(L2)-]X, 4. Thec axes of the two isomorphous s Well as distances and angles, positional parameters,) aradues
tetragonal unit cells are longer (5.123(2) A=XNO;: 5.130- for 3 and4 and details of the experimental procedures (10 pages). See

@) A X = BF,) than the corresponding axis of the urea any current masthead page for ordering and Internet access instructions.

structure, which is consistent with the characteristic 5.1 A JA9719539

intermolecular spacif§ of other oxalamide structures. It is - - - - .

. . h h K is th f (11) Magnetic, electronic, and optical properties of metal-containing
Interesting to note that the network structure Is the same for sqjigs all depend upon these parameters. Similarly, metal-containing solids
the two different anions. with designed channels or cavities are of interest as catalysts.




