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The Conformationall Behaviour of 5,6,11,12,17,18-Hexahydrotribenzo [a,e,i] - 
cyclododecaene and its Derivatives 

By DAVID J. BRICKWOOD, W. DAVID OLLIS,* and J. FRASER STODDART 

(Department of Clzemistvy, The Univevsity, Shefield S3 7HF) 

Summary The temperature dependence of the lH n.m.r. RECENTLY we examinedl the temperature dependence of 
spectrum of 1,4,7,10,13,16-hexamethyl-5,6,11,12,17,18- the lH n.m.r. spectrum of 5,6,11,12,17,18-hexahydrotri- 
hexahydrotribenzo[a,e,i]cyclododecaene (2) has been benzo[a,e,i]cyclododecaene2.” (1) in carbon disulphide 
interpreted in terms of ring inversion between enantio- solution and found that the sharp singlet (7 7-07)  at +21” 
meric C, conformations. for the CH,-CH, protons became a broad unsymmetrical 
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multiplet a t  - 80" indicating the presence of a conformation 
devoid of three-fold symmetry. Clearly the presence of 
aromatic methyl substituents would assist in the under- 
standing of this conformational behaviour so we have 
prepared compound (2) by a Wurtz reaction on 3,6- 
dimethyl-l,2-bisbromomethylbenzene.4 

( 1 )  R = H 
( 2 )  R = Me 

C2 conformation 
( 3  1 

03 conformation 

( 4  1 

The lH n.m.r. spectrum of this hexamethyl derivative (2) 
in CDCI, showed temperature dependence ; the three 
singlets (T 7-42, 7.49, and 7.52) for the methyl groups at  
+ 20" (Figure) coalesced to a sharp singlet (T 7-50 at  + SO"). 

Models suggest that the molecule (2) could adopt two 
conformations in the ground state, one with C, symmetry 
(3) and the other with D ,  symmetry (4). These two con- 
formations (denoted by C ,  and 0,) are analogous to the 
helical (C,) and propeller (C,) conformations of the tri- 
salicylides.5 The interconversion between the C, and D ,  
conformations, (3) and (4), and their enantioniers (denoted 
by C,* and D,*) involves the following equilibrium: 

The most direct qualitative interpretation of the lH 
n.ni.r. spectrum of the hexamethyl derivative (2) would be 
to assign the three methyl singlets observed a t  +20° to 
the three non-equivalent pairs of methyl groups (Me,, 
MeB, and Mec) of the C, conformation (3) and conclude 
that the molecule exists entirely in this conformation in 
solution. However, closer inspection of these signals 
(Figure) indicates that the two singlets to lower field are 
slightly broader than the high field singlet. Two inter- 
pretations may be considered : either (i) the non-equivalent 
methyl groups (Me,, MeB, Mec) of the C, conformation 

D, + C, + C,* + D,*. 

(3) are exhibiting non-identical relaxation times, or, (ii) 
there is a small amount ( (5%)  of the D, conformation (4) 
whose equivalent methyl groups (Men) are giving rise to a 

TABLE 

Strain energies (in kcal mol-l) of selected conformations of cowt- 
pound (2) 

Conformation Era E p  E p  Esa E n b a  E T ~  

c, 0.35 2.71 0.76 0.24 0.05 4.11" 
D, 0.31 2.47 1-53 0.65 0.00 4.96" 
TS(C, + C,*)c*d 0-87 15-29 1.43 0.76 2-44 20.79 
T S ( D ,  + C,)C 0.96 12-99 1.87 0.98 5-05 21.85 

"The following energy terms' have been used: E,  (bond 
length strain), Eo (angle strain), Ed (torsional strain), Es (out- 
of-plane strain in aromatic rings), E n b  (non-bonded inter- 
actional strain). Total strain energy, ET = E ,  -+ EFJ + Ed + 
Es + E n h .  The force constants used were those employed by 
Boyds for calculating strain energies in cyclophanes. b The C, 
conformation is also favoured by entropy: on the basis of 
symmetry considerations alone, the C, conformation, which has 
a symmetry number of 2, will be R In 3 cal K-l mol-l higher in 
entropy than the D, conformation which has a symmetry number 
of 6. C Transition-state geometries were defined (cf. ref. 5) by 
holding a CH,CH, unit in the plane of one of the aromatic rings, 
e.g. C-4a to  C-11 inclusive. d If the difference in strain energies 
between the C, conformation and the transition state for 
C, + C,* inversion is equated with AH1 then an approximate 
estimate for AG& of 16.3 kcal mol-l follows from recognising 
that the transition state is favoured on entropy grounds by 
R In 2 cal K-l mol-l (ie. the CH,CH, unit can rotate in two 
equivalent ways). 

signal coincident with that of Mec in the C, conformation 
(3) and exchanging with Me, and MeB. This second 
possibility was effectively ruled out by the observation 
that there were no significant changes in the line-shape 
down to -40". Comparison of the observed lH n.m.r. 
spectra with theoretical spectra generated by line-shape 
equations based upon a three-site exchange process between 
Me,, MeB, and Mec, and involving the same rate constant 
for all three site exchanges, gave a value [for AGt of 
17.1 -& 0.3 kcal mol-1 for C, + C,* inversion. 

T 7-42 7-49 7.52 

FIGURE. 
pound  (2) at +20° in CDCI,. 

T h e  lH n.m.r. spectrum of the methyl groat@ of com- 

Strain-energy calculations have been performed6 on the 
ground state conformations and on probable transition 
states for the D, + C,  (D3* + C,*) interconversion and the 
C, + C,* inversion processes. The results recorded in the 
Table are in agreement with the conclusion that the C, 
conformation is more stable (AGocalc = ca, 1.5 kcal mol-l) 
than the D, conformation, but suggest that the D, con- 
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formation may contribute slightly to the conformational 
equilibrium. If this were the case, the fact that the 
calculated energy barrier for D, $ C, interconversion is of 
the same order of magnitude as the C, + C,* inversion 

k c, - c2* 

IABCCBA) - (CCBAABI 

c; 
(BA ABCC 1 c2 

(BAABCC) 

c; c2 - k 

(CCBAABI - * (ABCCBA) 

SCHEME. The sites of the three pairs of methyl groups have been 
designated A, B, and C (in parentheses) with respect to six designated 
methyl groups. It i s  seen that all of the nuclei have been exchanged 
after two conformational inversions. Consequently the Yate constant, 
k for C, + Cz* inversion i s  taken as twice the rate constant for site 
exchange of the methyl groups. 

barrier suggests that a rate process involving a fourth site 
might be occurring in the temperature range +Zoo to 
+ 80". This possibility was explored by generating theo- 
retical spectra using line-shape equations5 based upon a 
four-site exchange process between Me,, MeB, Mec, and 
MeD, with the chemical shifts of the last two sites being 
made coincident. The results demonstrated that any 
contribution from the D, conformation must be less than 

The fact that compound (2) exists in the less symmetrical 
C, conformation (3) in solution is of interest for a t  least 
three reasons. Firstly, the situation contrasts with that 
exhibited by the trisalicylides, where in all cases so far 
examined5, both the helical (C,) and propeller (C,) con- 
formations are present with the more symmetrical propeller 
always being preferred. Secondly, Baker and his collabora- 
tors2 concluded, on the basis of an optical examination of 
the crystals of compound (1) that the molecules were 
unlikely to have trigonal symmetry. Thirdly, there is 
encouraging agreement between AG,i, of 17.1 and 
AG,;, of 16.3 kcal mol-f determined from strain energy 
calculations (Table). 

0.8%. 
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