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Abstract: The 'H NMR spectra of [S]metacyclophane C&t, and of its 8,11-dichloro derivative & 
are reported. 2 Has a rigid conformation A between -50 and +150°C. Conformation A is 
also the preferred one (85%) for l& at -47 OC, but l&,-A is in equilibrium with a second 
conformer l&-B, for which spectral parameters can be derived. A and B correspond with 
two energy minima predicted by MNDO calculations. 

One of the most intriguing aspects of the recently synthesized small [n]para-' and [n]meta- 

cyclophanes' is their stereochemistry, in particular the question of bending of the benzene ring 

and the conformation of the oligomethylene bridge. Molecular mechanics3 and MNDO 
4 

calculations 

have been reported, but X-ray crystal structures are known only for [n]paracyclophanes'. However, 

NMR spectroscopy has proven to be useful in the elucidation of their conformations. At low tem- 

peratures, both [6]para- 
lb,c 

and [6]metacyclophane 
2a 

have a frozen conformation of the bridge; 

on warming up, dynamic phenomena reveal a limited mobility of the bridge on one side of the aro- 

matic ring. In addition,at higher temperatures, the bridge in [6]metacyclophane can flip to 

the other side of the aromatic ring, causing considerable simplification of the NMR pattern by 
2a 

coalescence . We here report on the structure and conformation of [Slmetacyclophane (s) 
2b 

and of its 8,11-dichloro derivative lb 
2e 

as determined from an analysis of their 
1 
H NMR spectra 

and from MNDO calculations. 

The 250 MHz 'H NMR spectrum of &was essentially unchanged 
2b 

between -50 and 150 OC; appa- 

rently, no conformational changes occur in this temperature range. The spectrum revealed Cs 

symmetry and could be simulated 
6. 

with the parameters in Table 1. Contrary to simple intuition, 

the two high field protons (6=0.25 ppm) are not those of the y-methylene group (H(7), ~(8)), but 

belong to the B-methylene groups (H(9)). This is only possible if H(9) is shielded by the aroma- 

tic ring, as in conformation A (Fig. 2; vide infra). The low field shift of H(1) is caused by 

compression 2a against H(8) and H(4). 

The 250 MHz 'H NMR spectrum of 2 at -47 OC (Fig. la) is very similar to that of la. The che- 

mica1 shifts (Table 1) are somewhat different; major differences are 

which are probably caused by the proximity of the chlorine at C(l1). 
_ 

constants are identical', implying an identical conformation of both 

found with H(4) and H(8); 

Nevertheless, the coupling 

bridges. 
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Inspection of models suggested that these observations can be explained by the occurrence 

of two conformations 2-A and 12-B of comparable energy. At -47 'C, their equilibrium is slow 

on the NMR time scale, and from the integral ratios of H(4) or H(7) (A:B z 85:15), AAGii7= 

0.77 kcal.mol 
-1 

can be derived. At 125 OC, the position of the equilibrium can be estimated 

from the difference in the chemical shift of H(7) 
9 

to be approximately A:B = 75:25, which leads 

to AAG 
125 -1 -1 
AB 

= 0.86 kcal.mol , and further to AAH 
AB 

- 0.7 kcal.mol and AASAB= -0.5 e.u.. 

In excellent agreement with these experimental data, MNDO 
10 

calculations also reveal two 

conformations A and B of minimal energy for k and E (Fig. 21, with A (12-A : AHf = 

45.7 kcal.mol 
-1 ; $_-A : AH~ = 34.7 kcal.mol -') slightly favoured over B (G-B 
-1 

: AHf = 

46.9 kcal.mol ; l&-~ : AH~ = 35.1 kcal.mol-'1. As both A and B are very rigid, it is reasonable 

to find AASAB 2 0; for g, the calculated value of AAH, = 0.4 kcal.mol 
-1 

is in good agree- 

ment with the experimental one. A tentative calculation of the transition barrier between A 

and B revealed a maximum for the planar conformation of the bridge with AH* = 18.9 and 

19.0 kcal.mol 
-1 

for k and 2, respectively. This value is in the range expected for the ob- 

served coalescence phenomena of l&; it is at present not understood why la, having the same 

calculated barrier as E, occurs in conformation A only. 

9 H(8) 
A 

H(6)d 

-_OH(7) 

Fig.2. Calculated conformations A and B of & (X=H(l), X'=H(2)) and g (X=X'=Cl). 

11 The experimental 6 and J values are in good agreement with the calculated structures . 

The most spectacular change from A to B is the upfield shift of H(7) (A&=-2.44 ppm), which 

moves from an unshielded position into the shielding cone of the aromatic ring. An impressive 

downfield shift is observed for H(9) (A6=+1.47 ppm) which makes the opposite movement. 
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Finally, it is of interest to mention that the MNDO optimized structures of &and lb reveal 

considerable distortion of the benzene ring which has a boat shape. This deviation from plana- 

rity and the consequent loss of resonance energy is reflected in the observed high reactivity 

of k2d.f; presumably for electronic reasons, giis somewhat less reactive 
2e 

. 
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Fig.3. Side view of &A 
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