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MA-Aib6 forms discrete stacks with sandwiched water,
sodium and nitrate ions, presenting a novel profile, where
nine out of the 12 binding sites, of the six amides present, are
involved in bonding with water, sodium and nitrate ions,
with no inter-amide hydrogen bonding. This is the first
example of the stacking of a benzenehexacarboxylic acid
core.

The design and synthesis of conformationally constrained
organic scaffoldings/templates that can potentiate controlled
growth to protein secondary structure motifs, is of current
interest.1 Such structural mimics are important for the design of
simple, low molecular weight pharmaceutical agents.2 The
present communication reports the synthesis of benzenehex-
acarboxylic acid a-aminomethyl isobutyrate amide (MA-Aib6,
C6[CONHC(CH3)2COOMe]6 (1) and the determination of its
structure by X-ray crystallography. The choice of a-aminome-
thyl isobutyrate as the first spacer was logical because of the
known ability of the Aib residue to control the growth of
secondary structures.3

The tertiary carbon center present in Aib resisted the
introduction of all the six units in a single step. The best
conditions afforded only MA-Aib5 mono imide (2), which, on in
situ treatment with further Aib gave 1. Thus, the reaction of
hexamellitoyl chloride4 with Aib-OMe under carefully defined
conditions followed by chromatography on silica gel column
and elution with ethylacetate–hexane afforded nearly pure MA-
Aib6 in 41% yield.5 Re-chromatography under the same
conditions afforded fine needles, mp 256–258 °C, that separated
from the eluent (Fig. 1).

The crystal structure6 of MA-Aib6 (1) (Fig. 2) shows its
assembly to layered stacks along a two-fold screw axis where
molecules of MA-Aib6 on the one hand and water and sodium
nitrate on the other, form alternate layers (Fig. 2). The ester
groups, projected vertically, do not participate in the assembly.
The twelve a-methyl groups from each molecule form a neat
ring around the stack. The pattern of the stack is repeated every

14.3 Å. Each stack is quite independent of the others and there
are no hydrogen bonds between stacks or any interdigitation.

In the stack, shown with a central MA-Aib6 flanked by two
neighbors as presented in Fig. 2, the aromatic rings are tilted
slightly along the two-fold screw axis by 2.9°. The sodium ion
is penta-coordinated to two proximate carbonyls of the upper
layer (Na…O30, 2.472 Å; Na…O40, 2.488 Å) and a single
carbonyl from the middle layer (Na…O0, 2.255 Å), as well as
to both water molecules (Na…W3, 2.463 Å, Na…W4, 2.415
Å). The short Na…O0 distance of 2.255 Å is found in penta-
coordinated Na+ complexes7 but not for tetra- or hexa-
complexes. The water molecules are, in addition, bonded to
carbonyls from the middle layer (W3…O10, 2.872 Å;
W4…O50, 2.813 Å), the NH of the upper layer (W3…N21,
3.011 Å; W4…N51, 2.996 Å) and the nitrate ion (W3…O1S,
3.102 Å; W4…O2s, 2.824 Å). In turn, the nitrate ion is an
acceptor for the NH of the middle layer (N31…O1s, 2.984 Å)
and NH in the upper layer (N1…O2S, 2.805 Å). Thus, of the
twelve binding sites available in the hexa-amide 1, five carbonyl
groups and four NH units are used in a unique manner; while
N11 and N41 do not participate in any manner. The absence of
any inter amide hydrogen bonding and the strong involvement
of the nitrate counter ion in the assembly are particularly
noteworthy.

A schematic profile of the stacking is presented in Fig. 3.

† Respectfully dedicated to Darshan Ranganathan, who passed away on
June 4, 2001, her sixtieth brithday.

Fig. 1 Structure of 1 and 2. Fig. 2 The crystal structure of 1. A Na+ ion, NO3
2 ion and two water

molecules (W3 and W4) are also indicated. The columnar stacking of
molecules 1 alternating with Na+ and NO3

2 ions and two water molecules.
The dashed lines indicate the five ligands to Na+ and hydrogen bonds
between water molecules, the NO3

2 ion and 1.
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Using a sample of the crystal, the presence of sodium nitrate
was confirmed by using positive and negative ion mass
spectrometry. By negative ion mass spectrometry, the source of
sodium nitrate was traced to the silica gel used for chromatog-
raphy.8 Chromatographically pure MA-Aib6, freed of nitrate9

when allowed to stand in ethyl acetate with dissolved sodium
nitrate, deposited needles identical to that used for crystallo-
graphic studies.10

Futher experiments have shown that in the complexation of 1,
the nature of the metal ion is important. Thus, under identical
conditions lithium nitrate formed the complex whereas po-
tassium nitrate did not.11 However it is very likely that in the
assembly of 1 the nitrate ion, being large and with dispersed
charge, plays a controlling role to the extent that the expected
hydrogen bonding involving the amide bonds is not seen.

To the best of our knowledge, this is the first report of
achieving the stacking of a benzenehexacarboxylic acid core.
Crystallographic data currently available relating to mellitic
acid, its esters and metal salts are unexceptional.12
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Fig. 3 Schematic drawing of the layered structure in a stack.
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