This article was downloaded by: [University of California, San Diego]
On: 16 August 2012, At: 02:53

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number:
1072954 Registered office: Mortimer House, 37-41 Mortimer Street,
London W1T 3JH, UK

Molecular Crystals and

Liquid Crystals Science

and Technology. Section A.

e Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Building Supramolecular
Tapes
Elaine Batchelor ? , Jacek Klinowski ® & William

Jones 2

& University of Cambridge, Department of
Chemistry, Lensfield Road, CB2 1EW

Version of record first published: 24 Sep 2006

To cite this article: Elaine Batchelor, Jacek Klinowski & William Jones (2001):
Building Supramolecular Tapes, Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid Crystals, 356:1, 263-272

To link to this article: http://dx.doi.org/10.1080/10587250108023706

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/
terms-and-conditions

This article may be used for research, teaching, and private study
purposes. Any substantial or systematic reproduction, redistribution,
reselling, loan, sub-licensing, systematic supply, or distribution in any
form to anyone is expressly forbidden.



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250108023706
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of California, San Diego] at 02:53 16 August 2012

The publisher does not give any warranty express or implied or make
any representation that the contents will be complete or accurate or

up to date. The accuracy of any instructions, formulae, and drug doses
should be independently verified with primary sources. The publisher
shall not be liable for any loss, actions, claims, proceedings, demand, or
costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.




Downloaded by [University of California, San Diego] at 02:53 16 August 2012

Mol. Cryst. and Lig. Cryst., 2001, Vol. 356, pp. 263-272 © 2001 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under the
Photocapying permitted by license only Gordon and Breach Science Publishers imprint.

Printed in Malaysia

Building Supramolecular Tapes

ELAINE BATCHELOR, JACEK KLINOWSKI and WILLIAM JONES

University of Cambridge, Department of Chemistry, Lensfield Road, CB2 1EW

The crystal structures of six complexes containing phenazine and a dicarboxylic acid are dis-
cussed. In each structure extended tapes are formed. The packing of these tapes is discussed
with respect to the influence of the aromatic rings.

Keywords: couplings; synthons; crystal engineering; pi-pi stacking

INTRODUCTION

The physical and chemical properties of molecular crystals are not only
dependent on the component molecular species but also on the way in
which these molecules are arranged relative to one another within the
solid."! A key strategy to emerge within crystal engineering has been
the identification and utilisation of “couplings/synthons” to direct the

self-assembly of molecules into predesigned motifs.>

In particular,
couplings based on traditional hydrogen bonds have been successfully
used to engineer supramolecular motifs. More recently, couplings
involving weaker interactions have been identified and utilised. While

most crystal engineering research has focussed on couplings in which
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the component interactions were of comparable strength (e.g. I below),
Pedireddi et al. showed that coupling II which consists of both a
“strong” and a “weak” interaction could be used to direct the self-

assembly of molecules.”

0-—H~ 0—HEN

- L

0-gH—0

In order to test further the robustness of coupling II in the
design of supramolecular motifs, phenazine (Ph) was co-crystallised

with each of the dicarboxylic acids shown below:

N
O
N
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H  COH HO,C. ~ COH
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R=H, FA R=H, MaA
R=CH,, MeA R=CH,, CA
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n=3, GA
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RESULTS

Crystals suitable for single-crystal X-ray diffraction were grown by

slow evaporation from solution. Details are given in Table 1.

Complex sovent Sp.gr. #A A oA oo p ¥

Ph.FA MeOH P2)/c 5336 8765 1495 90 98.871 90
Ph.MeA EA C2/c 2683 7.095 19.61 90 127.46 90

PhSA EA.+ P2/n 5279 9057 1505 90  99.141 90
MeOH
Ph.2MaA EA. Pl 5513 6733 1303 9532 9939 100.24

Ph.2CA EA.  PL/n 6679 1866 8933 90 105.13 90
Ph2GA EA Pl 5676 9997 1089 1166 9512 90.04

TABLE 1. Space group and lattice parameters. (MeOH= methanol;
E.A .= ethyl acetate)

Description of tapes.
Acids FA, MeA and SA each form 1:1 co-crystals with Ph in which

molecules are assembled via coupling I to give supramolecular tapes,
Figure |. The left hand view is normal to the least squares plane
through the tape; the right hand view is parallel to the plane and
approximately along the tape axis. Tapes may be described as near-
linear and are relatively flat (within 10°).

Acids MaA, CA and GA each form 1:2 co-crystals with Ph.
Once again supramolecular tapes are observed, Figure 2. In each

structure, acid molecules are coupled via centrosymmetric coupling I
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FIGURE 1 1:1 molecular tapes (LHS view normal to tape, RHS view
along tape), (a) Ph.FA, (b) Ph.MeA and (c) Ph.SA.

(b)

FIGURE 2 1:2 molecular tapes (LHS view normal to tape, RHS view
along tape) (a) Ph.2MaA (b) Ph.2CA and (c) Ph.2GA.
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giving rise to dimers which in turn interact with base molecules to
produce the overall tape topography. Coupling II is observed in
complexes Ph.2MaA and Ph.2GA. In complex Ph.2CA, acid and base
molecules are coupled solely by the O—H N hydrogen bond, coupling
II not being present. The overall tape topography for Ph.2CA and
Ph.2GA is approximately flat, with the exception of one carbonyl
oxygen in Ph.2CA. The molecules in tapes of Ph.2MaA are not co-
planar, the angle between coupling I and molecules of Ph being

approximately perpendicular.

Packing of Tapes

1:1 tapes.

Each of the 1:1 tapes pack by forming stacks in which the long axes and
planes of the tapes are parallel, Figure 3(a). In complexes Ph.FA and
Ph.SA, tapes within a stack are related by transiation along the a-axis.
In Ph.MeA, tapes are related by inversion. Perpendicular (d;) and
lateral displacement (d.y) parameters were calculated for the parallel
stacked Ph molecules (see Table 2). No C—H"O contacts are
observed between tapes within a stack.

Tapes in adjacent stacks are aligned with their long axes twisted
by some angle, 8, as shown in Figure 3(b). This angle is ca. 80° for
complexes Ph.FA and Ph.SA and ca. 30° for Ph.MeA. In each of the
structures, a number of C—H O interactions are observed between

stacks. Unlike in the twisted tape structures described by Schwiebert et

267
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[4)

al.,”” no C—H " C(aromatic) contacts less than the sum of the van der

Waal’s radii are present.

FIGURE 3. (a) Stacking of Ph.FA tapes (b) three-dimensional
packing of 1:1 tapes

Co-crystal  d,y, d, dyy

Ph.FA 5.336 3246 4.236
Ph.MeA 499 3.241 3302
Ph.MeA 3.780 3417 1.617
Ph.SA 5.279 3.217 4.185
Ph.2MaA 5513 3.051 4.592
Ph.2CA 6.679 3.743 $5.53]
Ph.2GA 5.675 3255 4.649
PHENAZO02 5050 3483 3.656
PHENAZO4 5072 3493 3.677

TABLE 2. Displacement parameters of stacked Ph molecules. (d,, dxy
see text; dy, corresponds to the atom-atom distance).
PHENAZ02 and PHENAZ04 are the refcodes of the crystal
structures of pure Ph as obtained from the Cambridge Structural
Database.
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1:2 tapes.

The overall three-dimensional arrangement of the 1:2 tapes differ.
Tapes of Ph.2MaA (the only complex in which the tapes are
significantly distorted from planarity) form stacks via translation along
the a-axis as shown in Figure 4. The interplanar separation and lateral

offset

FIGURE 4. Stacking of Ph.2MaA tapes.

between stacked Ph molecules was calculated (Table 2). A C—H 0
interaction occurs between the carbonyl oxygen of coupling I and an
olefinic hydrogen on an adjacent molecule within the same stack.

Figure 5 shows the packing diagram for Ph.2CA. Tapes stack
via translation along the a-axis. A C—H O interaction is observed
between molecules within a stack. Displacement parameters for the
stacked Ph molecules are given in Table 2. When viewed along the
tape length, the stacks are arranged in a herringbone manner. No C—
H O or edge-to-face aromatic-aromatic interactions are observed

between stacks.
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FIGURE 5. Packmg diagram for Ph.2CA.

Ph.2GA tapes pack to give a planar sheet structure (Figure 6).
C—H"0 interaclions arc observed between adjacent tapes wilhin the
sheet. Sheets stack via translation along the a-axis with a C—H"0
interaction taking place hetween an aliphatic hydrogen of one sheet and
a carbonyl oxygen in an adjacent shoet. The interplanar scparation and
lateral offsel of nearest neighbour PPh molecules in adjacent sheets were
calculated (see Table 2).

FIGURE 6, Two-dimensional sheet structure of Ph.2GA.
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DISCUSSION

Coupling II was successfully used to design new supramolecular tapes,
being present in five of the six complexes. Its robustness is limited by
the weakness of the C—H O interaction which may undergo distortion
or be completely lost.
Table 2 gives the interplanar separation and lateral offset of

stacked Ph molecules in each of the six complexes and in the two

polymorphs of Ph. The structures of pure Ph are dominated by pi 'pi

stacking interactions.'” Upon co-crystallisation, it can be seen that the

interplanar separation decreases (except for Ph.2CA) and the lateral

offset increases (except for Ph.MeA). The offsets for Ph.FA and
Ph.SA are similar, although it is interesting that the values are slightly
smaller in Ph.SA despite aliphatic hydrogens protruding above and
below the tape backbone. In both complexes, Ph molecules are
overlaid by carboxyl groups from adjacent tapes. Ph.MeA tapes stack
in pairs as indicated by the two sets of parameters. The interdigitisation
of tapes in adjacent stacks may influence the stacking observed for the
1:1 complexes.

Within each of the 1:1 complexes, C—H O contacts do not

accur between tapes within a stack. In the 1:2 complexes, however, C—
H O contacts are observed within a stack. The lateral offsets for the
1:2 co-crystals are significantly longer than the 1:1 complexes. It is
possible that the irreguiar shape of Ph.2MaA tapes and the presence of
the bulky methyl groups in Ph.2CA are significant in the offsets

271



Downloaded by [University of California, San Diego] at 02:53 16 August 2012

272 ELAINE BATCHELOR et al.

observed for these two complexes. In Figure 5, it can be seen that
methyl groups in adjacent stacks are interdigitised. The displacement
of stacked tapes in Ph.2GA is of interest, since the flat nature of the
sheets and the lack of bulky substituents means that packing effects are
likely to be less significant in this co-crystal. The interplanar separation
is similar to the values observed for the 1:1 complexes, although the
lateral offset is significantly longer. Unlike the 1:1 complexes, an inter-

sheet C—H O interaction is observed.
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