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Abstract: Stilbene Z-2,2,5,5-tetramethyl-3,4-diphenylhex-3-ene isomerized to 

its Z-isomer with an unusually low rotational barrier, AH 
+ 

= 31.2k1.3 and 

AS+ = -4.8k3.1. Theoretical calculations are discussed. 

Our continuing interest in the unique properties of geometrically 

distorted molecules,' and the recently reported one-way photoisomerizations 

in anthryl analogs of stilbenes 2 prompted the synthesis and charac- 

terization of Z-2,2,5,5-tetramethyl-3,4-diphenylhex-3-ene, la. Such a study 

a) explored the possibility of steric effects in the stilbene system similar 

to those seen in the anthryl analogs, b) provided an interesting 

carbon-carbon double bond model to test theoretical and experimental effects 

of u-butyl substitution in stilbenes and c) extended knowledge relating 

structure to rotational barriers built up over many years. 3-5 

Sterically congested alkenes can frequently be prepared by the low 

valent Ti promoted coupling of ketones. 69' E-2,2,5,5-tetramethyl-3,4- 

diphenylhex-3-ene, lb, was obtained in modest, 30%, yield by coupling phenyl 

u-butyl ketone in the presence of TiClh/Zn. 8 Irradiation, 254 nm, of a 

nitrogen purged solution containing 750 mg of lb in 200 ml of hexane rapidly 

formed la, leading finally to a maximum 26 % conversion of lb to la. 

Separation by flash column chromatography (hexane) gave 160 mg (21%) of 

pure, crystalline la: mp = 89-9O'C; UV max (MeOH) 207 nm (E l.lX104) 240 sh 

( E. 2.6X103) 262 sh ( E 3.8X10'); IR (CC14) 1597 cm-'m, 1573~ (c=c str); 

'H NMR (CDCl,) 6 6.9-6.6 (m, 10, Ph), 1.23 (s, 18, t-Bu); 13C NMR (CDCl3) 
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Figure 1. Arrhenius plot and rate 
constants for the conversion of la to 
lb; 0 = runs with hydroquinone 
pr-_sent, 0 = runs with 
Z-methyl-4-hydroxy-h-terr-butyl 
self ids present., 0 = rliili~~ decailn-d16 
with no trapping agent. 
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Strain energies were calculated by MMPII for la, lb, Z-stilbene. and 

I-stilbene. The results, along with thermolysis parameters from this study 

are given in Figure 2. Calculated 

and experimental changes in enthalpy 

for Z/E isomerization agree 
q.\0 

7x-r 
reasonably well for 1 ( AHCalc = 

-4.2, AHObS = m-4.8 ) and stilbene 

( AhCalc = -3.9; AHobs = -2.3).3 

Substitution of x-butyl for the 

vinylic hydrogens in stilbene lead 

to a pronounced increase in strain -~ 
energy, Figure 2, for both la, 23.2 -- 

kcal/mol, and lb, 22.9 kcal/mol. If 

there were no steric strain in the 

transition state, this increase in 

ground state energy would have 

reduced the rotation barrier, la -> 

lb, to 19.6 kcal/mol. The measured 

rotation barrier of 31.2 kcal/mol 

revealed 11.6 kcal/mol of residual 

strain energy in the transition 

strain. Even when the molecule is 

twisted 90'. the tert-butyl are not 

far enough removed from other groups 

to eliminate all strain. 

Nonetheless, the tert-butyl groups 
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Figure 2. Energy diagram constructed 
from MMP2 and measured activation 
energies. 

have made the rotational barrier in la lower than in any other known 

symmetrically substituted stilbene. Since the rotation barrier in 2-butene, 

62.4 kcal/mol,4 is only slightly less than the rotation barrier in ethylene, 

65 kcal/mol,5 this reduction is due primarily to the steric effect rather 

than electronic effects. The absence of significant rotation of the 

tert-butyl group in la at low temperatures further supports the view that 

the u-butyl group is best viewed as a slightly bumpy ba11.15 
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