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Polyalkylcyclohexanes usually prefer the chair over the twist-
boat (TB) conformation of the cyclohexyl ring.1-3 Exemptions 
to this rule are systems in which the cyclohexyl ring is constrained 
to exist in a TB form by chemical bonds (e.g., twistane), extremely 
crowded cyclohexanes (such as di-fert-butylcyclohexanes),4 and 
systems with fused rings.1 To the best of our knowledge, only a 
single unconstrained monocyclic system (I)5 is known where the 
TB form is significantly energetically preferred over the chair 
conformation. The molecular structure of this system was 
determined using electron diffraction.6 MM3 calculations 
indicate that "extreme substitution" is not a prerequisite for the 
relative stabilization of the TB form, and that in even the relatively 
noncrowded cis-trans-trans stereoisomer of 1,2,3,4-tetraiso-
propylcyclohexane (2) the TB is the lowest energy conformation.7 

The cis-trans-trans arrangement is unique in resulting in a lowest 
energy TB form, while the other configurations of 2 adopt the 
usual chair conformation. In this work we describe the experi
mental verification of these predictions. 

6 R1 « C-C6H11 R2 = Ph 4b cis-trans-trans 
4c alt-trans 

The target compound 2 may be prepared in principle by 
hydrogenation of the unknown 1,2,3,4-tetraisopropylbenzene (3). 
However, since our attempts to prepare 3 proved unsuccessful, 
we decided to modify our target by replacing the isopropyl groups 
of 2 by cyclohexyls (i.e., ciVrans.rrans-tetracyclohexylcyclo-
hexane, 4b) .8 The mutual steric interactions between the groups 
in 4b should be similar to those present in 2 since the bulk of 
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Figure 1. Crystal structure and numbering scheme of 2,3,6-tricyclo-
hexylbiphenyl (6). 

Figure 2. Crystal structure and numbering scheme of one of the two 
independent molecules of cis,trans,cis-1,2,3,4-tetracyclohexylcyclohexane 

Figure 3. Top view of the crystal structure of cis,trans,trans-1,2,3,4-
tetracyclohexy!cyclohexane (4b). 

isopropyl and cyclohexyl groups are similar in the vicinity of 
their methine groups.9 It could be expected therefore that 4b 
also adopts a TB conformation. Cyclohexane 4b could be obtained 
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Figure 4. Stereoscopic side view of the crystal structure of 4b. 

in principle by catalytic hydrogenation of the readily available 
1,2,3,4-tetraphenylbenzene (5).10-" 

Hydrogenation of 5 with Ru/C or Rh/C (1:1 w/w, C6Hn, 600 
psi of H2,250 0C, 24 h) afforded a main product of mp 204-205 
0C, which displayed in the 13C NMR spectrum both aromatic 
and aliphatic signals, indicating only partial reduction of the aryl 
rings of 5.12 X-ray crystallography of a single crystal showed 
that this compound is 2,3,6-tricyclohexylbiphenyl (6, Figure 1 ).13 

The two vicinal cyclohexyl rings are statically geared,9'14 and all 
cyclohexyl rings orient their methines toward the internal phenyl 
ring. The selectivity observed in the hydrogenation is probably 
due to steric hindrance. The central rings and the internal phenyl 
rings are probably more difficult to approach by the catalyst 
since they are "shielded" by the cyclohexyl groups. 

Exhaustive hydrogenation of 5 was accomplished by using Pd/C 
as catalyst (1:1 w/w, C6Hi2,600 psi of H2,170 0C, 24 h) yielding 
two stereoisomeric 1,2,3,4-tetracyclohexylcyclohexane products 
(4a and 4b). Fractional crystallization of the mixture (EtOH/ 
CHCl3) yielded firstly rectangular crystals of 4a (mp 145 0C) 
and then a mixture of 4a with rhombus-shaped crystals of 4b (mp 
140 0C). The 13C NMR spectrum (CDCl3, room temperature, 
100 MHz) of the main product (4a) displays 14 signals (one of 
apparently double intensity),12 in agreement with a substitution 
pattern of bilateral symmetry, i.e., with either all-cis, all-trans, 
cis-trans-cis, or trans-cis-trans configurations. X-ray diffraction 
analysis of a single crystal of 4a indicates that the compound is 
the cis-trans-cis isomer. Two independent molecules with very 
similar conformations and in which all the rings adopt chair 
conformations were observed in the unit cell. The central 
cyclohexyl ring in both molecules is only slightly flattened, as 
shown by the sum of the absolute values of the six internal C-C-
C-C torsional angles of the rings (323.5° and 318.9°). The 
cyclohexyls at the 2- and 3-positions of the central ring are attached 
to the axial positions of the central ring and are oriented with the 
HCCMntraiH torsional angles gauche whereas the rings at the 1-
and 4-positions are attached equatorially and are oriented anti 
(Figure 2). The crystallographic conformations are very similar 
to the conformation predicted by the MM 3 calculations as the 
global minimum of m,r/-a/«,ci.r-tetraisopropylcyclohexane. 

In contrast to 4a, 4b displays 30 signals in the 13C NMR 
spectrum,15 in agreement with a chiral structure of Ci symmetry, 
which may correspond to either a cis-trans-trans or a cis-cis-
trans configuration. Initial attempts of cis-trans isomerization 
of a sample of 4a by heating in the presence of Pd/C in a pressure 
bomb resulted in substantial dehydrogenation. The catalytic 
isomerization of 4a was finally accomplished using Pd/C and 
high temperatures (250 °C) under a hydrogen atmosphere (600 
psi of H2), yielding 4b and, as the main product, an additional 
isomer (4c). The isomerization observed indicates that 4a is the 
kinetic product of the hydrogenation while 4b and 4c are the 
thermodynamically preferred forms. Heat of formation calcula
tions on 2 indicate that the relative stability order expected for 
the system is (from more stable to less stable) cis-trans-trans > 
cis-trans-cis > cis-cis-trans.1 The configuration of 4b is therefore 

more likely to be cis-trans-trans.,16 X-ray diffraction of 4b 
corroborated that configuration.13 The numbering scheme is 
shown in Figure 3, and a stereoscopic side view of the structure 
is shown in Figure 4. As shown by the X-ray data, in 4b the 
central ring exists in a twist-boat conformation. This represents 
the first X-ray structure of an unconstrained polyalkylcyclohexane 
which exists in a TB conformation. The dihedral angles defined 
by the carbons of the central ring of one of the two enantiomeric 
forms present in the crystal are 37.2°, 16.4°, -48.8°, 24.0°, 28.6°, 
and -60.1°. The external cyclohexyl rings occupy the pseudo-
equatorial, pseudoaxial, isoclinal, and pseudoequatorial positions 
of the TB forms and have HCCH dihedral angles of -173.4°, 
-75.4°, -72.4°, and -73.8°, respectively. 

In summary, we have experimentally shown that the presence 
of four neighboring isopropyl groups is sufficient for rendering 
the twist-boat the lowest energy conformation of a cyclohexyl 
ring. 
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