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Summary: Permethylcyclohexane 2 has been synthesized and investigated by dynamic 
NMR spectroscopy. 
its chair-to-chair 

An unexpectedly low barrier (AG:33 = 70.0 kJ/mol) of 
interconversion was found. 

In connexion with the reported high barrier (AGz33 = 72.4 kJ/mol) of the 

chair-to-chair interconversion of all-cis-1,2,3,4,5,6-hexamethylcyclohexane 1 
2) 

- 1 
apparently due to large nonbonding interactions in the planar part of the tran- 

sition state 1 
*31 

- 1 we became interested in the synthesis and dynamics of the so 

far unknown permethylcyclohexane 2, where such interactions could be expected to 

be even more pronounced (see 2*). - We report here on the synthesis of this highly 
4 

crowded cyclohexane and on an unexpectedly low barrier (AG333 = 70.0 kJ/mol) of 

its chair-to-chair interconversion. 

The synthesis of permethylcyclohexane 2 was achieved as follows: according to 

a general procedure developed by Krief 4) - 5) , hexamethylcyclobutanone 2 was first 

homologized to octamethylcyclopentanone 4 (mp. 191-193°C, 74% yield) 6) and deca- - 
methylcyclohexanone 2 (mp.245-250°C, 31% yield) 6) by reaction of the appropriate 

ketone with 2-lithio-2-selenopropane r1.5 equiv., 0.5 hr, -78OC (3) and 1.0 - 
equiv., 6 hr, -3O'C (4)1 in ether/pentane and subsequent rearrangement of the - 
resulting B-hydroxyselenide with silvertetrafluoroborate/alumina (2.0/8.0 equiv., 

2 hr, O°C and 1 hr, 25'C) in tetrachloromethane. 

2329 
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Octamethylcyclopentanone 4 was then used in a search for optimum conditions 

for the conversion of 8 to 1: addition of methyllithium (2.0 equiv., 1 hr, 60°C) 

in ether, treatment with thionylchloride (2.0 equiv., 0.5 hr, O°C) in pyridine 

and cyclopropanation of the resulting olefin with a large excess of diiodo- 

methane/zinc/silver 
7) 

(5.0 equiv., 3 hr, 60°C) yielded the spirane 2 (mp. 95- 

105Oc, 68% yield) 
6) , which was then hydrogenated over platinum dioxide (1.0 

1.1 atm H2, 16 hr, 50°C) 
8) 9) 

equiv., in acetic acid to yield the expected per- 

methylcyclopentane 1 (mp.86-90°C, 44% yield) 
6) and I-ethyl-2,2,3,3,4,4,5.5_oc- 

6) 
tamethylcyclopentane 5 (mp. 76-82OC, 35% yield) . 

a) (CH3)2C(Li)SeCH3, b) AgFJF4/A1203, c) CH3Li 

d) SOC12/C5H5N, e) CH2J2/Zn/Ag, f) H2/Pt02/CH3COOH 

a.b 74% 

4 5 6 (35%) 7 (44%) 

8 9 10 (67%) 2 (3%) 

Turning to the synthesis of 2, we found the reaction sequence leading to 2 

equally effective in the production of 2 (mp.>300°C, 68% yield) 
6) , but unexpec- 

tedly the hydrogenation over platinum dioxide (2 equiv., 1.1 atm. H2, 120 hr, 

50°C) 
8) 

In acetic acid now yielded largely the rearranged I-ethyl-1,2,3,3,4,4,- 

5,5,6,6-decamethylcyclohexane s (mp.185-19Z°C, 67% yield) 
6) 

and only minor 
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amounts of the desired permethylcyclohexane 2 (mp,>295OC, 3% yield) 
6) . Both 2 

and 10 were separated from starting material and several as yet unidentified pro- - 
IO) 

ducts by preparative glpc . While the gross structure of IO could be resolved 
11) 

- 

by connectivity studies , no evidence is available as to the relative stereo- 

chemistry of the substituents at C-l and C-2. 

On the contrary, both structure and conformation of the title compound 2 

could be unequivocally established by NMR: the high resolution 
1 
H NMR (200 MHz, 

CF2C12, acetone-d -1O'C) showed 1:l quartets at 8 = 1.07 and 1.30 ppm c4JHH = 

0.68 Hz), the 
13 6' 

27.40 (C 
)12) 

C NMR (50.3 MHz, C6D6, +22OC) three lines at a= 25.14 (Cax)12), 

eq 
and 44.18 ppm (C quart), thus proving that 1 exists in solution 

at ambient temperature in a fixed chair conformation of D3d symmetry. In order 

to determine the inversion barrier, we have studied the temperature dependence 

of the 
1 
H NMR spectrum at 79.6 MHz in 1,1,2,2-tetrachloroethane-d2. The reso- 

nance lines of the methyl groups here appeared as 1:l singlets at b = 0.95 and 

1.16 ppm with AQ= 16.4 Hz (1.5OC) and coalesced at +60.0 f 0.5'C. Insertion of 
+ 

these data into the Eyring relation affords AG333 = 70.0 f 1.0 kJ/mol and 

hence an inversion barrier nearly identical with the barrier for 1 ( AG:33 = 
2) 

- 

72.4 kJ/mol) . 

It is thus obvious, that the additional six methyl groups in 2 have raised - 

the energy of the ground and transition state to nearly an equal extent. In a 

tentative explanation of this unusual result, we refer to the ground state geo- 

metry of 1, as determined by X ray diffraction (see fig.11 
13) : a total of three 

1,3-diaxial interactions here have been diminished by simply displacing the 

methyl groups outwards and the corresponding hydrogen atoms inwards with re- 

spect of the ring. Normal dihedral angles throughout the ring (53') demonstrate 

that these displacements are energetically more favourable than a flattening of 

the ring. 

1w +5$2 
H H 

Fig.1: Ground state geometry of 1 
13) 

and supposed ground 

state geometry of 2 in Newman proJection - 

Clearly, this situation can no longer be valid for 2 (see fig.1). A total of 

six 1,3-diaxial interactions should now cause an outward displacement of all 

methyl groups and a simultaneous flattening of the ring. We feel that the resul- 

ting steric compression towards the ring plane along with six additional 1,2-di- 

equatorial interactions not present in 1 could well account for the complete - 

compensation of the increase in the transition state energy observed, but for a 

deeper understanding of the conformational properties of 2, a recent computatio- 

nal force field study 14) should be consulted. 
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