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Crystal structures of co-crystals of phthalic acid with 4,4'-
bipyridine or 4,4'-dipyridylacetylene contain one-dimensional
zigzag chains connected by intermolecular O—H---N hydrogen
bonds and edge-to-face packing of phthalic acid and pyridine rings
stabilized by intermolecular C-H---mtand C—H--O interactions.

Compounds containing a one-dimensiona zigzag chain struc-
ture have attracted much attention for devel oping molecular based
magnets'— and non-linear optical materials* Such azigzag chain
structure can be achieved by the reaction of ametal complex hav-
ing two vacant or two substitutable coordination sites with a
bridging ligand.> Bis(hexafluoroacetyl acetonato)manganese(l|)
Mn(hfac), and a bipyridine type ligand have been widely used for
this purpose.f Zigzag chain structures composed of only organic
molecules are also of interest from the viewpoint of crystal engi-
neering as well as development of organic molecular materials.
Such structures seem to be formed from phthalic acid and
dipyridyl compounds because carboxyl moieties and nitrogen
aoms of pyridyl groups form intermolecular hydrogen bondings
with linear and robust structures,”® and the angle of the direction
of the two carboxyl groups of phthalic acid is 60°. On the other
hand, edge-to-face packing with T-shaped geometry is important
in crystal engineering.? Close packing of zigzag chains may pro-
duce such a T-shaped geometry of the two components by inter-
molecular C-H--tinteractions.’? From these viewpoints we have
now carried out co-crystallization of phthalic acid with 4,4'-bipyri-
dine or 4,4'-dipyridylacetylene'! and have succeeded in construct-
ing the expected crystal structures.
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The 1:1 co-crystals (1) and (2) were prepared from an ace-
tone solution of phthalic acid with 4,4'-bipyridine and 4,4'-
dipyridylacetylene, respectively. Single crystals suitable for X-
ray crystallographic analysis'? were grown at room temperature
by dow evaporation. Both co-crystals form in the monoclinic
crystal system with space group C2/c. The crystal structures of
113 and 21 consist of an infinite one-dimensional zigzag chain
structure along the [1 0 —1] and the [2 0 1] directions, respective-
ly (Figure 1). The zigzag chains are connected by strong inter-
molecular O—H---N hydrogen bonds (N---O distance 2.64 A;
N---H distance 1.42 A for both 1 and 2). The two pyridine rings

of 4,4-bipyridine and 4,4-dipyridylacetylene lie in a plane, and
the angles between the least-squares planes of the pyridine rings
and the benzene ring of phthalic acid are 89.4° and 61.9° for 1
and 2, respectively. The angles between the zigzag chains
(angles between the planes of the pyridine rings within the zigzag
chains) are close to 60° (54.7° for 1, 56.1° for 2).

Figure 1. (a) Two one-dimensional zigzag chain structures in co-
crystal 1 along the {1 0 1] direction, viewed along the [1 0 1]
direction. (b) Two one-dimensional zigzag chain structures in co-
crystal 2 along the [-1 0 1] direction, viewed along the [-1 0 1]
direction.

Figure 2 shows the zigzag chain structures in the co-crystals
1 and 2 along a direction different from those in Figure 1. In both
of 1 and 2, edge-to-face packing with C—H---1t intermolecular
interactions between phthalic acid and pyridine rings was
observed, and the zigzag chains form two-dimensional undulated
sheet-like structures. The C—H---1t distances (distances between
the least-squares planes of the pyridine rings and the 3- and 4-
position carbon and hydrogen atoms in phthalic acid) are 3.69,
3.64, 2.75, 2.84 A for 1 and 3.45, 3.40, 2.70, 2.77 A for 2, respec-
tively. The strong herringbone interactions with characteristic T-
shaped geometry are similar to those found in crystals of ben-
zene!® and 2-aminophenol 16 The unique structural patterns with
the edge-to-face packing observed here are stabilized by various
types of intermolecular hydrogen bonding interactions such as
O-H--N, CH--1tand CH--O. Thus, short CH---O intermolecu-
lar interactions between the carbonyl oxygen atoms of phthalic
acid and the aromatic hydrogen atoms at the 4-position carbon of
the next phthalic acid exist in the crystals of 1 and 2 [2.54 A
(H-0), 342 A (C-0) and 144.4° for 1; 2.74 A (H--O), 353 A
(C---0) and 139.5° for 2]. These kinds of weak C—H---O interac-
tions are al'so known to play an important role in determining the
crystal packing in organic solids.l” In the C-H--O interactions,
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typical values for H--O and C--O distances are 2.4-3.0 A2 and
3.3-3.8 A1 regpectively. The interchain distances between the
planes of the pyridine derivatives in Figure 2 are 3.6 A for 1 and
3.7 A for 2. Strong resemblance between the crystal structures of
1 and 2 suggests robustness and reproducing ability of the supra-
molecular synthon!® formed with phthalic acid and pyridine rings.
In this case a zigzag chain structure seems to be “ programmed” to
forminacrystal.

Figure 2. (a) Packing of the zigzag chain structures in co-crystal 1
along the b axis, viewed along the [1 0 1] direction. (b) Packing of
the zigzag chain structures in co-crystal 2 along the b axis, viewed
along the [-1 0 1] direction. Dotted lines show the intermolecular
O-H:--N hydrogen bonds, C-H---rt and C-H---O interactions.

In conclusion the supramolecular synthons genetated by
combination of simple compounds such as phthalic acid and
bipyridine type derivatives were successfully used in the design of
one-dimensional zigzag chain structures and could redlize unique
preserved crystal structures. Close packing of the zigzag chains
produces edge-to-face packing with intermolecular C—H---1t and
C—H---O interactions. Studies on the construction of new one-
dimensional zigzag chain structures containing functional mole-
cules are now in progress.
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