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Abstract: Nickel(0) catalyscd coupling of a 1:1 mixture of 2-bromo- and 4-bmmo-trans-10b,10c- 
dimethyldihydrowmne yields 28% of the first unsymmetrically connected bi-annulenyl 4, with 33% 
of 2. Unlike 2, the bi-annulenyl 4 has a significant barrier to rotation which is estimated at 11.0 
kcal/mole from T, ~ compared to an MM2+P! calculated barrier of 12 kcal/mole. This 
is the first measurement of the barrier to rotation in a 1,2'-binaphthyl type sVstcm. 
© 1997 Elsevier Science Ltd. 

The dynamic stere©chemistry o f  organic molecules containing rotating aryl rings has provoked much 

researcka However, examples in which both aryl rings are a n n u l e n e s  are rare, only three are known, 1, h 2, zs and 

3, ~ and all of  these are symmetrical. Because annuleaes and bridged aanulenes are less planar ~ than their polycyclic 

benzenoid analogs, the barriers to rotation for bi-annulenyls are not necessarily the same as for the corresponding 

bi-aryls, and can have greater complexity. 

We here report the synthesis and rotational barrier o f  the first unsymmetrically connected bi-annulenyl, 4. 

7 

1 2 3 4 5 

When dimethyldihydropyrone, 5, is brominated with NBS/DMI ~ the 2-bromo derivative is the major product, 

however recently we have discovered that when NBS/CHC13 s is used at room temperature, a 1:1 mixture of  the 2- 

and 4-bromo derivatives is formed. Coupling s of  this mixture using bis(triphenylphosphine)nickel 0I)  chloride, 

tfiphenylphosphine, zinc powder and EhN+I" conditions, ~v gave 33% of  direct 2 and 28% yield o f  the new dimer 

4. These could be separated by careful chromatography several times on silica gel and recrystallization from 
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methanol. The structure of 4 was evident from its mass spectrum which indicated the molecular formula to be 

C~q-~o, supported by an elemental analysis, and its proton spectrum which showed the required three triplets for 

the 7-, 2'- and 7'- protons, and the four ringlets for the internal methyl protons. Of greater interest are the variable 

temperature proton spectra, shown in Figure 1. 

Figure 1: VT ~H NMR spectra of 4 at +26°C, -48°C and -80°C. 
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The most deshielded peaks of 4 are the 

singlets corresponding to H-I and H-3, 

which in ds-TI-IF are separated from each 

other at 5 9.21 and 9.20) These singlets 

collapse at low temperature, T o = -48"C, and 

re-emerge as two peaks each at -80"C, in 

unequal amounts corresponding to the two 

conformers 4A and 4B. The separation 

between H-1 and H-3 for the major 

conformer is 0.06 ppm, while for the minor 

conformer is 0.29 ppm. Molecular 

mechanics calculations 9 indicate that H-1 is 

about 0.5~, closer to the centre of  the ring 

current of the other dihydropyrene ring than 

is H-3, and presumably is thus slightly more 

deshielded. This difference grows to about 

1/~, during the rotation, and hence the greater 

separation in chemical shitt of the minor 

isomer. The sterie interaction with H-3' on 

rotation about the aryl-aryl bond is the principal cause of the energy barrier. The singlet for H-5' at 5 9.14 is much 

slower to collapse, T c < -70"C, and all of the other signals have T~ values too low to accurately determine. 

5 '  7 '  

7 ~  3'~H 1 2' 

4A 4B 6 

Determination &rotational barriers by VT NMK in the simple unsubstitutedbi-aryls is not easy t° because 
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of the overlapping of the aromatic signals 1~ and the generally rather small barriers, and values that are known have 

usually been determined by other methods, z2 However, the exceptionally large ring currents of  the dihydropyrenes 

make the task poss~le in a system such as 4, which can be considered equivalent for rotational study purposes, to 

an unsubstituted 1,2'-binaphthyl, since only the 1,3 and 3',5' protons of  4 are involved in the rotational barrier. 

Interestingly, the energy barrier to rotation in 1,2'-binaphthyl, 6, appears not to have been reported, either the 

experimental barrier or a calculated one, even though this system has been well studied at a high level of 

calculation) 3 the emphasis was on the energies and the twist angles of  the two minima. PCMODEL 9 calculation 

of the barrier for 6 yields a value of 11.7 kcal/mole. The barrier calculated for the slightly less planar 4, is 12.0 

kcal/mole. There are two energy maxima with the 5'-4'-2-3 dihedral angle being about 25* and 195" at the two 

maxima, with relative~ fiat minima between 60-120" and 240-300 °. The 195" conformer is about 1.5 keai/mole 

higher in energy than the 25 ° conformer. The closest approach for H-3/H-3' in the higher energy 195" conformer 

is calculated to be 1.94,~, while in the 25* conformer H-l/H-3' is 2.04]k Thus it is harder for H-3' to pass H-3 

than H-1. The experimental barrier for 4 can be estimated 1. from T¢ = -48"C and the low temperature average shift 

difference for H-1 or H-3, Av = 45 Hz, as 11.0 kcal/mole, in excellent agreement with the PCMODEL calculation 

of 12.0 keagmole. PCMODEL suggests that the difference between the maxima (0" and 200* dihedral angle) for 

the two conformers of the binaphthyi 6 (3.4 kcal/mole) is slightly greater than for the bi-annulenyl 4 (1.5 keal/mole). 

This larger energy difference between the maxima for 6 is consistent with the greater difference in calculated closest 

approach distances of  1.76/~ (H-3'/H-8 0* conformer) and 1.99,~ (H-I'/H-8 200* conformer) than those for 4 

above. 

A further comparison between a bi-annulenyl and a bi-aryl can be made: The barrier for rotation of  the bi- 

[10]annulenyl 3 has been measured 2. as 15 kcagmole, and that for 1,1'-binaphthyi as 23 kcal/mole. 12 Our 

PCMODEL calculations suggest barriers of 17.5 and 27.2 kcal/mole respectively, again in reasonably good 

agreement with the experimental results. Clearly the much greater curvature of the [10]annulene skeleton in 3 

relative to the more planar [14]annulene skeleton in 4, reduces the barrier of  3 relative to 1,1'-binaphthyl more than 

of 4 relative to 6. It thus turns out that the relatively planar 5, makes the bi-annulenyl 4 a relatively good model 

for 6, which is less true for the more curved annulene skeleton present in 3. 

We thank the Natural Sciences and Engineering Research Council of  Canada and the University of Victoria 

for financial support. 
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