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Surmsary: The NMR and electronic spectral studies including PPP-type MC calculation of 
the title compounds revealed that there are little contribution of peripheral l(l-n 
electron conjugation, but those are rather composed of two azulene-type n-systems. 
The both ccmpounds existing as cationic and dicationic species in acidic media were also 
studied. 

‘Welve isaners of cata-condenced azuleno-azulene have been reported to possess 

fairly large resonance energy per electron.= Among these compounds, two types of 

canpounds, azuleno[l,2-flazulene (l)= and azuleno[l,2-blazulene (2). were known in the 

form of their derivatives, and the parent azuleno[2,1-elazulene (3)- has also been 

prepared. The molecular diagrams and singlet transitions of 2 and unknown azauleno- 

[1,2-alazulene (4) have been calculated and the experimental data for 2 are in good ac- 

cordance with the theoretical predictions.ti*a The chemistry of azaazulenes is also of 

interest for organic chemists, particularly in comparison with the chemistry of azulenes, 

and has played a major role in the advancement of our understanding of cyclic conjuga- 

tion.’ In the preceeding paper,’ we have reported the synthesis of &aza- and f3,7- 

diazaazulenno[l,2-alazulenes (5 and 6), both of which are the nitrogen containing 

analogues of hygrocarbon 4. In connection with the study, we report hereon the chemi- 

cal and structural properties including PPP-type MC calculations of 5 and 6. 

1: x= --cn=cH- 2 * 
y=-_c* 

3: X=eleclron pair 4: X=Y=CH 

Y =--cH=CI~CIl= Srhenw 1. 
5: X=CH ; Y=N 
6: x=y=I\’ 

The Vl NMl& %9c lWR and electronic spectral data of 5 and 8 are suunmrized.D The 

average chemical shift (6av=8.13 ppm) of azaazulene moiety of 5 is the ssms as that of 

seven-membered ring of 1-azaazulene (6av=8.13 ppm).=O Similarly, the average chemical 

shift (6av=7.74 ppm) of azulene moiety is close to that of azulene (6av=7.47 ppn).” In 

addition, the observed coupling constants between neighboring protons (JL-=, J+s=Q.2, 

10.3 HZ; Jn-s, J 9-.=10.3, 0.2 Hz; J.-e, J~~-~o=10.6, 8.8 Hz, J o-L0, JXo-ll=8.8, 10.6 Hz) indicate 

the bond alternations at Cr-CI-t&-C.-&, and C.-Ce-C,-CXX-C~, moieties. 

The molecular diagram and singlet transitions of 5 calculated by PPP-type SCF MC 
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method were shown in Figs. 1 and 2 and in Table 1. The molecular diagram indicates 

that 5 exhibits a bond-length alternation, which is in good accordance with the feature 

of the III NMR spectrum. The degree of double-bond fixation in azaazulene moiety seems 

to be smaller than that in azulene moiety. This is probably due to the effect of 

electronegative nitrogen atom. Each absorption band of the electronic spectrum of 5 

is also in good accordance with the theoretical predictions (Table 1 and Fig. 2). 

Furthermore, the electronic spectra of 5 in acidic media are also shown in Fig. 2. 

A anal1 hypsochromic shift was observed in 10% H&O.. Accordingly, the protonation 

onto 5 occurred at the nitrogen atan to give 5-H (Scheme 2). In concentrated H&O., 

canplete disappearance of the longest absorption band was observed. This fact implies 

the formation of dicationic species SGH, which is also supported by the W NMR spectruz 

in concentrated HsSO., exhibiting a signal of methylene protons on C-7 at 6 5.05. 
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Fig. 1. Molecular diagram of 5: bond lengths (in 1) 
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Fig. 2. Electronic spectra and calculated singlet 12 A’ 5.46 (227) 
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Table 1. 
Singlet transition of 5 
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On the other hand, cazpound 6 exhibits a synzaetric structure and the proton as- 

sigrmant was made by 2D aH-aIi NMR spectruz and by using E~(fod)=.~ The average chemi- 

cal shifts (s ,,.=ca 8.35) of 8 is lower than that of 1-azaazulene (6_=8.13).xQ The ob- 

served coupling constant of neighbouring protons (J .-~Je-e=10.3) is larger than the 

value (J,& 11-Z,=2.4), which was obtained through simulation of VI NMR spectrum by 

using LAOCOON III program, indicating a bond-length alternation at two azaazulene 

moieties. The ccmparison of the IC NMR spectrum with that of 1-azaazulene shows that 

the chemical shifts of two moieties (CZ-Co-CrC.-Co and C&kC,,-C,,-C,,) are slightly 

different from that of l-azaazulene.lp Especially, the chemical shifts of C-5a, C-Ba, 

and C-7a are very low as compared with those of C-l and C-8a of l-azaazulene. 

The molecular diagram and singlet transitions of 8 calculated by PPP-type SCF MO 

method are shown in Figs. 3 and 4 and in Table 2. Each absorption band of the 
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Fig. 3. Molecular diagram of g: bond lengths (in di) 
and electron densities 
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Fig. 4. Electronic spectruz and calculated singlet 
transitions of 8 
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Table 2. 
Singlet transition of 8 

Energy 

NQ %‘=etry eV (mu) 
1 Ba 2.30 (532) 
2 Al 2.53 (470) 
3 A, 3.01 (412) 
4 5s 3.34 (371) 
5 AX 3.70 (327) 
6 59 3.84 (323) 
7 Ba 4.08 (304) 
8 A1 4.51 (275) 
0 5s 4.70 (253) 

10 Al 5.04 (246) 
11 BI 5.24 (237) 
12 Al 5.44 (228) 
13 B= 5.75 (216) 
14 Bn 5.28 (207) 
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electronic spectruz of 6 (Fig. 4) is in good accordance with the theoretical predictions. 

The molecular diagram (Fig. 3) indicates as10 that 6 exhibits a bond-length alternation, 

which is in good accordance with the features of *II NMR spectrum. The low electron 

densities at C-5a, C-6a, and C-7a are consistent with the chemical shifts of the I% NMR 

at the corresponding positions. 

Just as the case of 6, the electronic spectrum of 6 is altered reversibly by the 

change of pH value of the solvent. The spectral change was monitered and it was 

clarified that the protonation of 6 giving cation 6-H occurs at the pH value ranging 

from 2.4 to 4.0, and double protonation giving dication 6-2H occurs at the pH value 

below 1.0 (Scheme 3). Thus, the dissociation constants, pKal and pKap in Scheme 3 were 

estimated to be 5.7 and 1.7, respectively. 

In conclusion, spectral studies and PPP-type I%Y calculations of 5 and 6 revealed 

that there are little contribution of peripheral 16-v electron conjugation, but those 

are rather composed of two azulene-type v-systems. 
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