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CONFORMATIONAL ISOMERISM IN A FULLY SUBSTITUTED CYCLOHEXANE 
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Summary: 
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Conformational isomers 2a (OH,) and 2b (OH,) havebeenobtained through ad- 
ditionof allylmagnesiumbromidetoke~ne 1. Due to the highest barriers 
ofinversionknownsofar [AGz13 = 134.9kJTmol (2a) and136.9 kJ/mol (2b)l 
both conformers are indefinitely stable at roomtemperature in soliion. 

by the low barriers of inversion normally found in cyclohexanes LAG* = 

40 - 50 kJ/mol 2’1 , conformational isomerism 
3) within the cyclohexane family has 

hitherto been observed only at very low temperatures 
4) . We now report on acyclo- 

hexane whose conformational isomers 2a (OH,) and 2b (OH,) are indefinitely stable - - 

at room temperature in solution and may be equilibrated at higher temperatures on- 

ly. Their barriers of inversion [AGz13 = 134.9 kJ/mol (2a) and 136.9kJ/mol (b)l - 7, 
exceed those of other cyclohexanes by far". \ 
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We made this observation during an attempted synthesis of [6.5lcoronane 4 via 

thesequence I-2a-3-4 
6) whenwe reacted ketone 1 

7) with allylmagnesiumbromide in - ---- 

ether (6h/40°C). To our surprise, not only the expected homoallylic alcohol & 
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(mp ?45OC, 60X, 0Ha18) but also its conformational isomer 2b (mpI54-15G°C, 17%, OH,) 
8) 

- 

was obtained. Bothconformers couldbeseparatedbycolumn chromatography 
9) 

and have 

been proved to be indefinitely stable at room temperature in soiution. 
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Fig.1. ‘H NMR spectra (200 MHz, d5-nitrobenzene, 30°C) of 2a (a), an eguillbrium mixture 
of 2a and 2b obtained by heating 2a to 140°C (b), %id 2b cc); for clarity, viny- 
lic;;bsorp%ons (a= 4.9-6.5ppm) have been spread and scaled up by a factor of 2. 
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It thus became obvious that a stereoselective addition of allylmagnesium bro- 

mide to ketone 1 had led to 2a and 2b in nonequilibrium concentrationswhichhad - - - 

been preserved by sufficiently high barriers of inversion at the temperature em- 

ployed (4OOC). 

Conformational assignements are based on the known IO) downfield shift of the 

protons attached to equatorial substituents. Accordingly, the conformer with 

b(O&I) =1.08 and S(CH2-CH=CH2) =3,03isrecognizedas 2a (OH,) andthatwith 6(0!) = - 
2.65and g(Cfi2-CH=CH2)< 2.70as 2&(OHe) (fig.1). 
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Time course of the decrease in concentration of 2a at 140°C, and 
least square approximation of In [(IO-1,),/(1-I,)]= (k2a+k2b)t ; 
Io, I and I, refer to the initial, actual,andequilib?Yum mncen- 
trations of a, respectively. 

2.0 

1.5 

1.0 

0.5 

0 

(old) [SK] 

Equilibration could be accomplished on heating solutions of pure 2a and 2b in - - 
d5-nitrobenzene to 140°C. Identical mixtures composed of 34% 2a and 66% 2b indi- - - 

cated that 2b is slightly favoured over 2a (AGo -2.0 f 0.1 kJ/mol). The rate con- - - 

stants of the forward (k 
2a 

) and reverse process (k2b) were then determined at 

140°C from the time tours? of the decrease in concentration of 2a -* Careful inte- 

gration of the vinylic absorptions in the 4.9-6.5 ppm region of the 'H NMR spec- 

tra (fig-l) were substantial. As could be expected, the equilibration followed 

opposing first order kinetics 11) (fig.2) and led to k2a= 7.568*IO-5 
-1 

set and 

k2b 
=4.277.10 

-5 -1 
set at 140°C. Insertion of these datato the Eyring equation 

f 
tEn yielded the free energies of activation as AG4,3 = 134.9f0.2 k,J/mol (2a) 

and AGfl3 = 136.9f0.2 kJ/mol (Zb) and thereby the hiyhest barriers of inversion - 

of a cyclohexane derivative known so far 
5) . 

It may be expected from the above that other cases of conformational isomerism 

in fully substituted cyclohexanes will be detected and thatstillhiqher inversion 

barriers than those of 2a and 2b will be met. - - 
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