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New Highly Strained Adamantanophanes
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Syntheses and X-ray crystal structures of the adamantanoparacyclophane 1 and the adamantanopyridinophane 2, as
well as TH NMR absorption at extremely high field (5 —4.08), unusual conformational behaviour and dienophile addition

to the benzene ring of 1 are reported.

Clamped aromatic compounds such as [z}- and [m.n]-cyclo-
phanes have been of considerable interest both theoretically
and practically in recent years.1-3 In this context, we report the
syntheses and structures of the new ‘araliphanes™S
[2.2](1,3)adamantanoparacyclophane 1 and [2.2](1,3)ada-
mantano-2,6-pyridinophane 2. This new family of compounds
consists of molecules in which one arene unit (e.g. phenylene
or pyridinediyl) and one characteristic alicyclic building block
(e.g. adamantanediyl) are clamped by ethano bridges. Com-
pounds 1 and 2 prove to possess highly deformed skeletons

and exhibit extraordinary spectroscopic properties and chem-
ical reactivity.

The bridgehead bond angles of adamantane, clamped in the
1- and 3-positions, are similar to those of the meta-phenylene
unit.# Thus, the adamantanoparacyclophane 1 is an alicyclic
analogue of [2.2]metaparacyclophane$ with similar geometry.
At the same time, 1 is structurally related to [7]}paracyclo-
phane® with additional clamps in the aliphatic bridge. A
corresponding consideration establishes the adamantano-2,6-
pyridinophane 2 to be in a link position between [2.2](2,6)
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pyridinometacyclophane? and [7](2,6)pyridinophane.8 The
first example of an adamantanophane, [2.2](1,3)adamantano-
metacyclophane 3, was published in 1990 and is the meta-
connected counterpart of 1.5

The synthesis of the new araliphanes follows the
dithia[3.3]cyclophane route with subsequent oxidation and
sulfone pyrolysis.® The starting material for the preparation of
1 (9% yield from 4, m.p. 95°C) and 2 (11% yield from 4, m.p.
89°C) is 1,3-bis(mercaptomethyl)adamantane 4 which is
treated with the dihalides § and 2,6-bis(chloromethyl)pyri-
dinel9, respectively. (Scheme 1).

The X-ray structuret of 1 reveals that its benzene ring is
boat shaped (Fig. 1). The para-carbon atoms, connected to the
CH, groups, are lifted out of the plane of the other four carbon
atoms by as much as 19.0° while the benzylic CH, carbons
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t Crystal data for 1: CyHyg, M = 266.4, tetragonal, space group
P4/n, colourless crystals, dimension 0.35 x 0.40 x 0.40 mm3, a =
18.979(1), ¢ = 8.508(1) A, U = 3064.3(1) A3, D, = 1.16 gcm~3, Z =
8, w(Cu-Ka) = 0.44 mm~—1, T = 293 K, 2282 symmetry independent
reflections, 1781 reflections with F > 4.0 o(F) were used for the
structure solution (direct methods) and refinement (full-matrix
least-squares, 182 parameters), non-hydrogen atoms were refined
anisotropically, H atoms localized by difference electron density
determination and refined using a ‘riding’ model. R = 0.050, R,, =
0.057 [w—! = o%(F) + 0.0005 F2]. An extinction correction was
applied.

Crystal data for 2: C1gH,sN, M = 267.4, orthorhombic, space group
Pbca, colourless crystals, dimension 0.3 X 0.4 X 0.4 mm?, a =
15.849(1), b = 8.989(1), ¢ = 20.543(1) A, U = 2926.8(1) A3, D, =
121 gem—3, Z = 8, w(Cu-Ka) = 0.52 mm-!, T = 193 K, 2171
symmetry independent reflections, 2063 reflections with F > 3.0 o(F)
were used for the structure solution (direct methods) and refinement
(full matrix least squares, 182 parameters), non hydrogen atoms were
refined anisotropically, H atoms localized by difference electron
density determination and refined using a ‘riding’ model. R = 0.060,
Ry, = 0.068 [w—1 = 02(F) + 0.0003 F2]. An extinction and absorption
correction!’ was applied.

Program: G. Sheldrick, SHELTEX-plus, Siemens Analytical X-ray
Instruments Inc, Madison, Wisconsin, USA, 1989.

Atomic coordinates, bond lengths and angles, and thermal
parameters have been deposited at the Cambridge Crystallographic
Data Centre. See Notice to Authors, Issue No. 1.
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atoms are turned out of the same plane by 32.4° (average
values). These distortions even exceed the angle deviations
reported for [2.2]metaparacyclophane® and 3-carboxy[7]-
paracyclophane.!! Clamped arenes with a seven-membered
bridge are usually regarded as reference compounds for high
angle strain.3

The strain energies of these related molecules have been
estimated by calculating heats of formation by semiempirical
methods$ and referring them to Benson’s standard group
increments.12 The araliphane 1 exhibits the highest ring strain
of these molecules according to this. It follows that stiffening
of a unit, the bridging para-phenylene, and as a result
concentrating the deformation on this, increases strain
energy.

A conformational flipping gives rise to the temperature
dependence of the 400 MHz 'H NMR spectrum of 1. The
energy barrier for this ring inversion process amounts to 40
kJ mol-! (T, —50°C, CD,Cl;) and is much lower than
the corresponding barrier for [2.2]metaparacyclophane (86
kJ mol-1, T, 140°C).3 At room temperature the inner and
outer proton at position 10 (H; and H,)) form a sharp singlet at
unusually high field (6 —2.35).

At —65°C two separated signals for the protons at C-10
appear. The axial H;, apparently deeply intruded into the
n-cloud, absorbs at even higher field (& —4.08), the equatorial
H, being less shielded (& —1.01). This is an upfield shift of 5.9
ppm for the axial H;, compared to the corresponding hydrogen
in unsubstituted adamantane at 6 1.78, and represents the
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Fig. 1 X-Ray crystal structure of 1 with numbering scheme
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Scheme 2

¥ Program-set: MNDO’91, (W. Thiel, Wuppertal), MNDO-PM3,14
restricted Hartree-Fock, closed shell, singlet ground state; calculated
on: NEC-SX3 (‘Regionales Rechenzentrum Koln’, Cologne).
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Fig. 2 A perspective view of the crystal structure of 2

largest negative d value due to the proximity of a hydrogen
atom to the centre of a benzene ring known to us. The crystal
structure of 1 reveals a distance of only 184 pm from the axial
H; to the centre of the benzene ring.

The adamantanophane 1 reacts readily with N-phenyl-
1,2,4-triazoline-3,5-dione (TAD) 7 to yield the Diels-Alder
adduct 8 (Scheme 2) whose X-ray structure has also been
determined.13

According to the X-ray analysis,T 2 also has a boat-shaped
aromatic ring (Fig. 2). The ‘out-of-plane’ deformation of the
pyridine nitrogen atom is 11.6° the opposite carbon atom
(C-17) of the pyridine ring is bent out of the central plane by
4.5°.

The adamantane skeleton is significantly distorted in the
pyridinophane molecule 2. Bond angles C-10-C-3-C-4 and
C-11-C-9-C-10 are remarkably compressed to 99.9 and
100.1°, and the angles C-2-C-3-C-4 and C-13-C-9-C-11 are
stretched to 118.1 and 118.7°. These angle deformations are a
result of the close proximity of the pyridine nitrogen to C-10 of
the adamantane unit. The C-N distance is only 268 pm,
causing a flattening of the ‘cyclohexane ring’ formed by
C-10-C-3-C-12-C-7-C-8 and C-9. Distortions of the adaman-
tane skeleton of comparable magnitude were observed in the
case of 3 (100.4 and 117.7° are average values).>

The 250 MHz 'H NMR spectrum of 2 shows a coalescence
of the signals for the intraannular adamantane protons H; and
H, at C-10 at 45°C (6 —0.25 and 0.35 at room temperature,
CDCl;). The resulting energy barrier (62 kJ mol~1) for this
ring inversion is much smaller than the corresponding value
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Table 1 Calculated heats of formation (AH¢°/kJ mol—!) and strain
energies (EJ/kJ mol—1)

Strained molecule AH° E;

[2.2](1,3)Adamantanoparacyclophane 1 90.3 145
[2.2]Metaparacyclophane 230.5 106
[7}Paracyclophane 49.5 90

for [2.2](2,6)pyridinometacyclophane (A.G* > 113 kJ mol~-1;
no coalescence at 200 °C).”

The results demonstrate that replacing meta-phenylene
units in strained cyclophanes by adamantane leads to arali-
phanes with interesting properties on account of an increased
distortion of aromatic rings like benzene and pyridine (and
even adamantane).

We thank the Deutsche Forschungsgemeinschaft for sup-
port (Sonderforschungsbereich 334: ‘Wechselwirkungen in
Molekiilen’) and C. Schmidt and W. Schmidt for the NMR
spectra. We are also grateful to Dr A. Dohm for advice and
Dr P. Windscheif for the semiempirical calculations.
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