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The rigid syn- and anti-atropisomers of diacids 1 and 2 were
synthesized and assigned by symmetry-based methods and
X-ray crystallography.

Rigid difunctional molecules are key components in synthetic
molecular receptors and shape-persistent molecular poly-
mers.12 Reported herein are the syntheses and structures of two
new diacid building blocks 1 and 2. Both maintain highly rigid

syn-2

and coherent conformations due to aromatic components and
restricted rotation about two linking Nimige—Cary1 bonds.3 The
resulting syn- and anti-atropisomers are stable a room tem-
perature but interconvert on heating.

Diacids 1 and 2 were synthesized in high yields by
condensation of the corresponding arylamine and aromatic
dianhydrides (Scheme 1).4 In each case, the presence of
restricted rotation was immediately evident by the isolation of
two spectroscopically similar molecules that interconverted on
heating. The stable atropisomerswere readily separated by flash
chromatography and could be derivatized without isomeriza-
tion. To further demonstrate their stability, the individua syn-
and anti-isomers of diamides 3 and 4 were synthesized from the
corresponding isomers of diacids 1 and 2.

Therotational barrier of the Caryi—Nimige bONds was measured
in diamides 3 and 4. Rotational barriers of AG* = 29.4 kcal
mol—1 (ty» = 35hat 77 °C) for 3and AG* = 34.0 kcal mol—1
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Scheme 1 Reagentsand conditions: i, DMF, reflux, 8 h, (80% yield) or nest,
invacuo, 150 °C, 12 h, (95% yield); ii, oxalyl chloride, cat. DMF, CH,Cl,
reflux 2 h; iii, (S-o-methylbenzylamine, triethylamine, CH,Cl,, 1 h,
(70-80% yield for stepsii and iii).
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(tyo = 4.1 h a 152 °C) for 4 were determined from the
equilibration rates in DMSO. The higher rotational barrier of
naphthalene diimide 4 appears to be due to increased steric
effectsin the six-membered cyclic imides. Molecular modeling
calculations correctly predicted the magnitude and ordering of
this trend.5

For diacids 1 and 2, 1D and NOE NMR experiments could
not lead to assignment of the atropisomers owing to their high
symmetries. I nstead, symmetry-based characterization methods
were applied which efficiently identified the syn- and anti-
isomers without the necessity of X-ray crystallography.®
Derivatization of the diacids with achiral auxiliary reduced the
symmetry of the corresponding isomersin a predictable manner
that yielded characteristic tH NMR spectra. This was achieved
experimentally by reaction of the individual syn- and anti-
isomers of the diacid chlorides of 1 and 2 with (9-«-
methylbenzylamine to yield the syn- and anti-isomers of
diamides 3 and 4. The chira auxiliary accentuates the
differences in symmetry of the syn- and anti-isomers and
alowed assignment based on the chemica equivalence or
inequivalence of the protons of the diimide spacer. For example,
the two protons of the benzene diimide spacer in 3 are
chemically equivalent in the syn-isomer and inequivalent in the
anti-isomer (Fig. 1). A similar analysis of diamide 4 predicts
that adjacent protonsin anti-4 and diagonal protonsin syn-4 are
chemically equivalent. The corresponding *H NMR spectra of
anti- and syn-4 exhibited two singlets and two doublets,
respectively.

Corroboration for the symmetry-based assignments was
provided by polarity-based arguments and an X-ray crysta
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Fig. 1 Proton NMR spectra (DM SO-de, 400 MHz) of chiral diamides 3 and
4 and schematic representations showing the symmetry present in each
rotamer; (a) syn-3, (b) anti-3, (c) anti-4, (d) syn-4.
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Fig. 2 (@) X-Ray structure of anti-1 and (b) extended hydrogen-bonded
ribbon structure of 1. Solvent molecules and non-carboxylic acid hydrogens
have been omitted for viewing clarity.

structure of anti-1. Initially, the atropisomers were tentatively
identified based on polarity as measured by thin layer
chromatography on silicagel. The anti-conformer was expected
to bethelesspolar (higher Ry) owingtoitsinversion symmetry.”
For all of the N,N’-diarylimide atropisomers examined thus far,
the symmetry- and polarity-based assignments have been in
agreement. In the case of diacid 1, further evidence for the
correct assignment was provided by an X-ray crystal structure
[Fig. 2(a)] of the anti-isomer, which was crystallized from
MeCO,H-CH,Cl,.t The anti-configuration was immediately
evident from the inversion symmetry of the space group (P1)
coupled with the small unit cell that contained approximately
half of the atoms in diacid-1.

The structure a so revealed interesting information about the
molecular and extended structures. The positions of the non-
hydrogen atoms of anti-1 were well defined and revesled a
structure with the N-aryl rings rotated 73° out of the plane of the
diimide spacer. In the extended structure [Fig. 2(b)] anti-diacid
1 formsahydrogen-bonded ribbon polymer with channelsalong
the a-axis filled with disordered acetic acid dimers which was
the source of the relatively high R-value for the structure.
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Notes and references

T Cryﬂal data ior anti-2: C26H16N208'2CH3C02H, M = 578.49, triCIiniC,
space group P1, a = 8.403(2), b = 11.995(3), ¢ = 7.7872(2) A, a =
98.41(2), B = 95.41(2), y = 109.72(2)°, U = 722.5(4) A3, T = 293K, Z
= 1, y(Mo-Ka) = 0.106 mm~—1, 1444 observed reflections, R = 0.105, R,
= 0.176. The high R-factor is a consequence of disorder in the
cocrystallized acetic acid molecules.

CCDC 182/1605. See http://www.rsc.org/suppdata/cc/b0/b002085k/ for
crystallographic filesin .cif format.
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