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Abs t r ac t :  Z,Z-Tribenzo[c,g,k]cyclododecapentaene-l,2-dione affords two crystalline forms that differ in 

conformation, which is revealed by X-ray crystallography. Dynamic conformational behavior in solution was 

studied by NMR spectroscopy. © 1999 Elsevier Science Ltd. All rights reserved. 
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Tribenzo[a,e,i][12]annulene 1 and its dehydro derivatives 2-5 have received considerable 
attention because of their symmetric structures with a three-fold axis and their potential as 
functional molecules.6, 7 Recently, we and the Vollhardt group independently reported the 
synthesis of Z,Z,Z-tribenzo[12]annulene (1) and explored its interesting properties.8, 9 In 
order to develop a new chemistry based on this new class of compounds, we tried to 
synthesize the corresponding quinonoid system 3 (Z,Z-tribenzo[c,g,k][12]annulene-l,2- 
dione), a key intermediate for the synthesis of 1. We report here the isolation of two 
conformers (4 and 5) as distinct crystalline entities as revealed by X-ray crystallography and 
the NMR analysis of the dynamic behavior of these isomers in solution. 

1 2 3 

Compound 3 was synthesized according to the reaction sequence outlined in Scheme 1. The 
palladium-catalyzed cross-coupling reaction of 2-hydroxymethylphenylacetylene 6 (2 equiv) 
with 1,2-diiodobenzene 7 (1 equiv) in refluxing triethylamine in the presence of CuI for 15 
min produced 8 in 94% yield. 10 Partial reduction of 8 to 9 using the Lindlar catalyst (Pd- 
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Pb(OAc)2 on CaCO3) in THF at room temperature (70-77%), followed by oxidation of 9 
with PCC (82%) afforded the diene-dialdehyde 10. Pinacol coupling of 10 with a low-valent 
vanadium complexll in THF at room temperature for 5 h yielded the threo-diol 11 (82%).12 
Swem oxidation of the diol 11 afforded the annulenedione 3 in 86% yield. 

I a OH b 
2 + ~- t~..~t~. C. H2OH 

OH I "~ ~ . ~  .,~ " 2OH 
6 7 8 ~ v ~  9 

c C / ~ C  d ~ H  e 
HO OH 

10 
Reagents: a) Pd(PPh3)4, Cul, Et3N; b) H2, 5% Pd-Pb(OAc)2 on CaCOg, THF; c) PCC, CH2CI2; 

d) VCI3(THF)3, Zn, THF; e) (COCI)2, DMSO, Et,3N, CH2CI2/'FHF 
Scheme 1. 

Recrystallization of 3 from CH2Cl2-hexane gave two types of crystals, yellow plates and 
colorless plates. X-ray crystallography revealed that the molecular structures of the two 
crystalline forms differ in conformation, as shown in Figures 1 and 2 for the yellow and 
colorless crystals, respectively.13 The conformation 4 in the yellow form has a C1 symmetry 
(Fig. 1), and the two carbonyl groups are almost anti-periplanar with the dihedral angle of 
171 °. Thus, the bibenzil chromophore can give rise to a yellow color. The dihedral angle 
between the carbonyl and the adjacent benzene ring is ca. 50 °. In contrast, the conformation 
5 in the colorless form has an approximate C2 symmetry with a two-fold axis passing through 
the midpoints of the C(1)-C(2) and C(7)-C(8) bonds (Fig. 2). The two carbonyl groups are 
almost perpendicular, and this may be responsible for the colorless nature of 5, while the 
carbonyl and the adjacent benzene ring are almost coplanar. 

Ol OI 

C1 

Figure 1. Structure of 4 in the yellow crystals. Figure 2. Structure of $ in the colorless crystals. 
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Upon the conventional melting point measurements, it was noted the yellow crystals melt at 
195-197 °C, while the white crystals turn yellow without melting around 120 °C and melt at 
199 °C. Differential scanning calorimetry (DSC) shows only a sharp endothermic peak corre- 
sponding to melting at 195.8 and 197.0 °C for the yellow and white crystals, respectively, 
without any indication of an exo- or endothermic peak around 1207C for the latter. It is 
tentatively inferred that the white crystals might make phase transition around 120 ° C without 
emission or absorption of heat and the molecules in both crystals adopt the same conformation 
at melting. Details of the dynamic behavior of 3 in the crystalline state await further study. 

Dissolution of either crystalline form in CD2C12 gives a yellow solution that shows the 
same 1H NMR spectrum with extremely broadened signals at 24 °C, indicating that the 
conformational interconversion is taking place. At --30 °C, two kinds of conformers afford 
distinct signals in a ratio of ca. 7 : 3. The minor conformer gives an AB-type quartet signal at 
8 5.76 and 6.40 with J=12.5 Hz ascribed to the olefinic protons, while those due to the major 
conformer are at 8 6.75 and 6.92 with J=11.9 Hz. We tentatively assume that these two 
conformers have similar structures as observed in the crystalline state, i.e., 4 and 5. The 
appearance of the olefinic protons of the minor conformer at a significantly high field 
suggests that the structure 5 should be assigned to this conformer, because the olefinic 
hydrogens of 5 are located in the shielding region of the opposing benzene ring. Thus, the 
major conformer would have a structure similar to that of 4. Further lowering of the 
temperature causes broadening and resharpening of the signals due to the major conformer, 
while those due to the minor conformer show no further change. However, the complex 
overlap of the aromatic/olefinic signals hinders detailed analysis. 

In the 13C NMR spectrum of 3 in CD2CI 2, twenty-four peaks are observed at -30  °C, 
twelve peaks for each of 4 and 5, while a total of 36 peaks, 12 for 5 and 24 for 4, is 
observed at -100 °C. Particularly, the carbonyl carbon signals appear at 8 196.3 for 5 and at 
8 185.3 and 186.0 with equal intensities for 4 at -100 °C. 

These temperature-dependent spectral features are interpreted as follows (see Scheme 2). 
At -100 °C, the major isomer 4 is frozen into a Cl-chiral conformation similar to the one 
observed in the crystal. Thus, the two halves of the molecule are mutually nonequivalent, 
affording 24 carbon peaks. Upon raising the temperature, interconversion between this chiral 

-"41 kO mo1-1 

@ - ° 
~ ? ~ 0  

5 5 Scheme 2. 

conformation 4 and its enantiomer 4 is accelerated, averaging out the carbon signals to 12 
peaks. The rate constant for this process is roughly estimated to be ca. 400 s -1 at -60  °C, 

corresponding to AG:~ = 41 kJ tool -I .  On the other hand, the minor isomer 5 is inferred to 
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adopt a C2-chiral conformation at -100 °C as in the crystal, affording 12 carbon peaks. No 
information is available on whether the enantiomer interconversion (5 ~--~5) takes place, 
because no spectral change is expected irrespective of the enantiomerization rate for the C2 
structure. Above -30  °C, interconversion between 4 and 5 becomes fast on the NMR 
timescale. Saturation transfer experiments give the rate constant for the 5 ~ 4 process as 2.4 
s -1 at -20  °C which corresponds to AG* = 59.8 kJ mo1-1. The synthesis of 1 from 3 is now 
in progress. 
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