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Saturated [J-metacyclophane derivatives incorporating in the
macrocycle cyclohexanone or cyclohexanol rings (d.gnd?2)

are the hitherto unknown hydrogenated analogues of calix[4]arene
(3).1? These systems are of interest both as host molecules and

as potential synthetic intermediates for the preparation of modified
calixarenes (e.g., via reaction at the carbonyl grougdsfoflowed

by aromatization) and novel host molecules. The stereoselective

preparation ofl and 2 is a challenging task since several
stereocenters are present (eight and twelve, respectively) and
large number of configurational isomers are possible.

Hydrogenation of3 with Pd/C as catalyst (100C) yields
partially hydrogenated calixarenes containing both phenol and
cyclohexanol rings (e.g4) while 5 is obtained at 250C .3+
Harrowfield and co-workePsreported that hydrogenation &f
with RhCk-3H,0/Aliquat 336 (6 atm H, rt, 1 week) affords the
calixketone6 (main product) together with the bis-hemiketaf

OH OH : o ' :
. OH HO O ' 0 HoO Q H,Con OHcH,
4 5 6 7

Hydrogenation of3 with RhCk-3H,0O/Aliquat 336/HO/CH,-
Cl, (200 psi B, 90°C, 2 x 24 h) afforded in 90% yield a mixture
of calix[4]cyclohexanone isomers, as suggested by¥aeNMR
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a{ecrystallization from CHGIEtOH affording pure calix[4]-

cyclohexanone in 40% yielfl. This compound most likely
corresponds to the lowest energy form, and since no other
stereoisomer could be detected by NMR, the energy gap to its
closest energy isomer must be relatively large.

Calix[4]cyclohexanonda crystallized with a CHGImolecule
that was partially lost during the accumulation of diffraction dfata.
As indicated by X-ray crystallography, the configuration of the
stereocenters iRS SR RS SRla, cf. Scheme P)with the
molecule possessing crystallograph®& symmetry, but the
deviation fromD,q symmetry is smalt:® The cyclohexanones
are connected to the macrocycle through their equatorial positions,
and pairs of methine hydrogens on the rings are alternately
oriented above and below the mean macrocyclic plane (Figure
1). The carbonyl groups on neighboring rings are oriented in
antiparallel orientations. MM3 calculatidfiéndicate that a cone-
like conformation with all carbonyls nearly parallel lies 18.8 kcal
mol~! above the crystal conformation. Part of this energy gap is
due to the dipoledipole repulsions present when the carbonyls
are oriented in parallel.

Treatment of calix[4]cyclohexanoriea with NaBH, afforded
a single product (Scheme 1) in 30% yield after recrystallization
from CHCL/EtOH. The compound displayed in th&C NMR
(100.62 MHz, CDCJ, RT) nine signals in agreement with a
structure ofC,, symmetry! Two CHOH triplets were observed
in the 'H NMR spectrum at 2.88 and 3.37 ppm, which on the
basis of their coupling constant)(= 9.6 and 10.1 Hz, values
indicate an anti relationship to the vicinal methine protons) were

spectrum that displayed several carbonyl signals. Treatment ofascribed to axial protons. The OH groups are therefore located

the mixture with NaOEt/HOEt resulted in epimerization of the
stereocenters (Scheme 1). As judged by TLC anétbgnd*3C

at equatorial positions of the macrocycle, and assuming that the
stereocenters of the starting matefialwere not affected by the

NMR spectroscopy of the crude product, a single stereoisomer NaBH, reduction, it can be concluded that the configuration of

of high symmetry was obtained. The product was purified by
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the product obtained iRsS SsR RsS SER). Two OH signals
were observed in thtH NMR (CDCl) atd 5.51 and 6.08 ppm,
their relative downfield shifts suggesting the involvement of the
OH protons in hydrogen bonds. X-ray diffraction of a single

(7) 13C NMR data: (100.62 MHz, CDG| rt) 1a, 6 25.44, 30.15, 38.52,
49.41, 216.85 (€0) ppm;2a, 0 25.61, 26.76, 29.70, 32.77, 35.33, 40.52,
42.58, 69.19 (€0), 80.04 (C-O) ppm. B

(8) Crystallographic datala, CygH4004-0.88CHCHE, space grouP42;c, a
=11.917(3) A,c = 10.305(3) A,V = 1463.5(6) B, z= 2, pcac = 1.24 g
cm 3, u(Cu Ka) = 28.15 cnt?, no. of unique reflections= 871, no. of
reflections withl > 30, is 652,R = 0.074,R, = 0.111;2a, C,gH450,, space
groupP2y/n, a=20.971(5) Ab = 11.261(2) Ac = 11.480(2) ﬁﬁ = 104.33-
(2)°, V=12626.7(9) B, z= 4, pearc = 1.14 g cn73, u(Mo Ka) = 0.69 cn?,
no. of unique reflections= 3888, no. of reflections with & 20, is 2660,R
= 0.094,R, = 0.110.

(9) A similar disposition of stereocenters was found for the lowest energy
isomer of the saturated metacyclophang@ef 3).

(10) Allinger, N. L. MM3, 1994 Force Field for UNIX and VAX (updated
June 3, 1994).
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Figure 1. Side (a) and top (b) view of the molecular structure of the
calix[4]cyclohexanonda
Figure 2. Side (a) and top (b) view of the X-ray structure of the calix-
crystal of2a grown from CHCYEtOH corroborated this assign-  [4]cyclohexanol2a.
ment (Figure 2§:1* The molecule exists in a cone-like conforma-
tion in which two distal rings are orienting the methine hydrogens
at G “in” (toward the cavity center) and two are orienting them
“out”. Although the hydroxyl protons could not be located, the
nonbonded ©-0 distances (01-02, 03::04, 2.71 A; 02
03, 01:--04, 2.72 A) suggest that the four equatorial OH groups
are engaged in a circular array of hydrogen bonds.

The rotational barrier oRa was determined by using the
saturation transfer technique that is particularly suitable for the
determination of high rotational barrie¥®.The rotational process
is ascribed to a cone-to-cone inversion, which exchanges between
the cyclohexyl rings with “in” and “out” methine protons ag C
(Figure 3). The barrier o?a (AG* = 22.1 kcal mot? at 389 K)
is 6.4 kcal mof?! higher than the cone-to-cone barrier of the parent
3,4 suggesting that the rotation through the annulus of a
cyclohexanol ring in2a is energetically more demanding than
the rotation of a phenol group in the par@ntWork is in progress
to exploit the synthetic availability dfa and2afor the preparation
of modified calixarenes.
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