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Crystal Engineering Based on Nitro Derivatives of
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Abstract: The steric and molecular recognition properties of the nitro group control the molecular
packing of 10-hydroxy-10,9-borazarophenanthrene derivatives facilitating the formation of stepped
hydrogen bonded molecular tapes of 8-nitro-10-hydroxy-10.9-borazarophenanthrene and cyclic
homodimers of 6-nitro-10-hydroxy-10.9-borazarophenanthrene. © 1997 Elsevier Science Lid.

The design of specific molecular packing arrangements — so called crystal engineering' — is heavily
dependent on a thorough understanding of intermolecular interactions. In many cases. this exploits the
controlled aggregation of molecules using conventional hydrogen bonding motifs.” Recently, we reported’ a
new self-complementary hydrogen bonding motif (Scheme 1), based on a borazaroaromatic compound, namely
10-hydroxy-10,9-borazarophenanthrene 1. The crystal structure of 1 demonstrates its capacity to form cyclic
hydrogen-bonded homodimers [1¢1] (Scheme 1) which are structurally similar to those formed by carboxylic
acids and 2-pyridones. Here, we report the opportunity to control the crystal packing and molecular recognition
patterns observed in this system simply by the addition of a single functional group which can influence the
system through specific molecular recognition and/or steric effects.
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Scheme 1

The nitro group was chosen for these studies on the basis of the following design criteria: it can be
introduced into the borazaroaromatic skeleton readily — 1 undergoes electrophilic substitution at the 6- and
8-positions (Scheme 1), it is strongly electron withdrawing and it can participate in hydrogen bonds under
appropriate conditions. In principle, the 6-substituted compound 2 could, in the solid state, form cyclic
homodimers — denoted [2¢2] — which are analogous to [1+1]. However, we would not expect the 8-substituted
compound 3 to form cyclic homodimers analogous to [1e1] as a consequence of the steric congestion
introduced by the presence of the nitro group directly adjacent to the heteroaromatic ring. The expectation that 2
should form the self-complementary [2¢2] homodimer and the steric effect of the nitro group inhibiting the
formation of the self-complementary [3¢3] homodimer are further supported by semiempirical SCF-MO
calculations. AM1 calculations demonstrate that in the case of 2, there is no significant perturbation of the cyclic
homodimer structure {2¢2] in comparison with the parent structure [1e1]. However, in the case of the cyclic
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homodimer [3+3] there is significant lengthening of the N-H:--O hydrogen bonds and the two molecules of 3
are no longer coplanar. In order to test these hypotheses, 6-nitro-10-hydroxy-10,9-borazarophenanthrene 2 and
8-nitro-10-hydroxy-10,9-borazaro phenanthrene 3 were prepared* by nitration of 1.

The crystal structure® of 2 (Figure 1) contains cyclic [2¢2] homodimers of the type shown in Scheme 1
(N---O distance 3.062(3) A, N-H.--O angle® 170.2°). These dimers are linked by additional NO---H-O
interactions (O--O distance 2.810(3) A, O-H--O angle 148.8°) between the nitro group in the 6-position and
the free hydroxyl proton of a molecule in an adjacent homodimer. This interaction creates infinite chains of
hydrogen-bonded self-complementary homodimers, the principal axes of which lie in the crystallographic ac
plane. Within these tapes, adjacent dimers are inclined at approximately 45° with respect to each other and are
arranged in nt-stacked columns (mean plane separation 3.40 A).

o

Figure 1 Ball and stick representation of the crystal structure of 2 view.ed along the crystallographic & axis. Hydrogen bonds
between molecules of 2 are shown as dashed lines. The projection of the unit cell is represented by the solid lines.

In complete contrast, the crystal structure’ of 3 (Figure 2) has infinite hydrogen-bonded molecular tapes.
the principal axes of which lie in the crystallographic bc plane. These tapes are related by translation in the bc
plane and are stacked along the « axis. Within each molecule of 3 in this structure, the N-H group forms an
intramolecular hydrogen bond to the adjacent nitro group. In order to facilitate hydrogen bonding between the
molecules of 3 within the tape, the O-H bond is oriented syn with respect to the N-H bond - this is the higher
energy conformation for the isolated molecule. This hydroxyl proton forms a short hydrogen bond to one of the
oxygens of the nitro group in the adjacent molecule of 3 in the tape (O---O distance 2.922(3) A, O---H-O angle
154.8°). In addition, the hydroxyl proton makes a second, longer contact (O---O distance 3.326(3) A, 0--H-O
angle 149.6°) to the other oxygen of the same nitro group. The nitro oxygen to hydroxyl oxygen (O---O)
distances observed in this structure are similar to the O---O distances found® in crystal structures containing
short NO,---H-O contacts. The component molecules of each tape do not lie in the same plane, but exist in a
stepped array (Figure 2b) which involves the slight torsion (dihedral angle 9°) of the O-H bond away from
coplanarity with the rest of the borazarophenanthrene skeleton.
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Figure 2 (a) Ball and stick representation of the crystal structure of 3 viewed along the crystallographic a axis. Hydrogen bonds
between molecules of 3 are shown as dashed lines (b1 Ball and stick representation of the crystal structure of 3 viewed approximately
parallel to the crystallographic ¢ axis illustrauing the stepped nature of the continuous hydrogen-bonded molecular tapes. The
projection of the unit cell is represented by the solid lines.

It was our expectation that the electronic effect of the nitro substituent of 2 would influence the geometry
of the hydrogen bonding in the cyclic homodimer. However, the hydrogen bond distances and angles in the
homodimers [1e1] and [2e2] are, in fact. very similar (N---O distances 3.050(3) A and 3.062(3) A: N-H---O
angles 176.3° and 170.2°, respectively). It is thought’ that electrostatic interactions provide a significant
contribution to the binding energy and geometry of hydrogen bonds. A comparison of the calculated
electrostatic potential surfaces (HF/6-31G(d.p)) of 1, 2 and 3 shows that although there is an increase in the
electrostatic potential around both the nitrogen atom and the hydrogen atom of the N-H group (i.e. the molecular
surface in this locale is more positive), there is also an increase in the value associated with the oxygen atom
(i.e. the molecular surface is less negative). These calculations suggest that, at a qualitative level, the changes in
the electrostatic potential surface of 2, as compared to 1, should have little overall effect on the structure of the
homodimer.

The different solid state structures of 2 and 3 demonstrate conclusively that (a) the self-complementary
recognition motif in hydroxyborazarophenanthrenes — displayed by 1 and 2 — is a viable design element for
crystal engineering and (b) the behaviour of this recognition motif can be controlled simply by the appropriate

positioning of a single substituent on the borazaroaromatic skeleton.
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