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Summary: The title compounds were synthesized, and their ‘H NMEt spectra revealed that 
they are composed of delocalized methano[lO]annulene and localized azulene moieties. 

1,6-Methano[lO]annulene (1)’ satisfies the Hiickel (4n+2)x requirement and a variety 

of the derivatives, which are cata-condensed with aromatics and hetero-aromatic3 rings, 

have been studied in view of the degree of their aromaticity. In nearly every system 

studied, annulation of aromatic rings reduces the aromaticity of the parent ring, as 

measured by the loss of diatropicity in the *H NME spectra. Among these investiga- 

tions, compound5 24 and 3s, both of which are annulated with l-azaazulene and azulene 

at the C2-C3 position of 1, respectively, have been synthesized. Their IH NMB spectra 

revealed that bond-length alternation of methano[lO]annulene moieties is remarkable e.5 

compared with that of l-azaazulene and azulene moieties. While a few 1,6- 

methano[lOlannulenes condensed with hetero-aromatic rings at the C3C4 position have 

been reported,O examples of 1 condensed with aromatic hydrocarbon at the C3-04 posi- 

tion are scarce. Thus, our interests are focused on the synthesis and structural 

characteristics of 4 and 5. 
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Fig. 1. 

Cur synthetic strategy at first was to prepare the azulene skeleton 9, which would 

be expected from the thermal reaction of the enamine 7 with 2H_cycloheptaCblfuran-2- 

one 8. according to the method explored by Yasunami, Takase, and co-workers7 Com- 

pound 7 derived from ketone ge in a usual manner reacted with 0.5 molar equivalent5 of 

8 in BuOH under reflux for 5 h to give 9XX,Xa in a 42% yield after purification bY 

column chromatography (silica gel, Hexane) (Scheme 1). For protection toward 

electrophilic attack onto the Cl of azulene nucleus, 9 wss treated with trifluoroacetic 

anhydrideLa in C&CL at 0 OC for 10 min to give 1O11-x' qusntitatively. Bromination 

of 10 was carried out at -78 ‘C to give l111.1o in a 93% yield. Treatment of 11 with 
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5.7% KOH in EtCH-H~O (5/l) under reflux for 1 h underwent hydrolysis of trifluoroacetyl 

group and dehydrobromination simultaneously to afford 12.11 which was treated with 

CHaN, to give 1311*1a in a 34% yield after purification by TLC (silica gel, Hexane- 

AcOEt:lO/l). Treatment of 13 with DDQ in PhH at room temperature for 5 min afforded 

the expected dehydrogenation product 411.1' in an 85% yield, while that with Pd/C in 

l,Z-dimethylbenzene under reflux for 23 h gave 4 in a 37% yield, after purification bY 

TLC (silica gel, Hexane-AcOEt:lO/l). Compound 4 was easily hydrolyzed with 5.7% KCH 

in EtOH-Ha0 (5/l) under reflux to give 14-carboxy-2,7--methanocyclodeca[alazulene (14), 

which was subsequently treated with trifluoroacetic acid in C!H&12 at 40 "C for 1 h to 

give 2,7-methanocyclodeca[a]azulene (5)11*1a in a 32% yield (baaed on 4 used) after 

Purification by TLC (alumina, Hexane-AcOEt:lO/l). 

!3cheme 1. 
C&N2 L 12: x=cofM 

13: X=COOMe 
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The IH NMR spectra of 4 and 5 revealed that the mean chemical shift of peripheral 

Protons of methano[lO]annulene moiety of 4 (g, = 7.52-7.62) and 5 (6," = 7.59)wes 

alightly shifted to the lower field than those of 1 (&, = 7.10), 2 (6, = 7.45), 3 (6, = 

7.35), and 2,3-benzo-1,6-methano[lO]annulene (15) (6," = 7.20).=' Similarly, the mean 

chemical shift of azulene moiety of 5 (6," = 7.55) was slightly shifted to the lower 

field than that of azulene (S,, = 7.47), while that of 4 (S,., = 8.26) was largely shifted 

to the lower field because of the electron-withdrawing methoxycarbonyl group, which 

also causes a drastic low-field shift of H-13 (6 = 9.60). The weakning of the diamag- 

netic ring current in the methano[lO]annulene ring of 2 and 3 was most clearly 

manifested in the signals of the bridge methylene of 2 (6, = 0.75) and 3 (6," = 0.54) 

for they were shielded similarly to that of 15 (6, = 0.66). but less shielded than that 

of 1 (b" = 4.50). On the other hand, the mean values of chemical shifts of the bridge 

methylene of 4 (LV = -0.07) and 5 (&.y = -0.34) were greatly shielded than those of 2. 3, 

and 15. The feature indicates the diamagnetic ring current in the methano[lO]annulene 

ring of 4 and 5 is similar to that of 1. More finding such as the similar vicinal COU- 

pling constants of methano[lO]annulene moieties of 4 (Jse4 = 8.59, 54-B = 8.52, and JS.S = 

8.50) and 5 (Ja.d = 8.93, J4,* = 8.66, and Js,a = 8.70) suggests that double bonds of 
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methano[lO]annulene moieties are delocalized as indicated in the canonical structures 

4A and 5A in Fig. 2. On the contrary, a remarkable difference of the Vicinal coupling 

constants of the azulene moiety of 4 (Jo,l0 = 8.80, J1O.Ll = 10.27, J1l.rl = 8.80, J1~,l= = 

11.04) and 5 (JD.10 = 8.43, J,,.,, r 10.99, Jll.ra = 8.43, and J 31.13 = 10.85). respectively, 

also indicates a bond-length alternation of the azulene moieties as indicated in 4A and 

5A in Fig. 2. No contribution of 4C and 5C is also suggested. Furthermore, if 

peripheral 186electron conjugation mainly contributes in 4 and 5 as indicated in the 

canonical structures 4B and 5B, much lower chemical shift of the peripheral protons 

should be expected.‘* Thus, the contribution of peripheral 18n-electron conjugatiOn 

seems to be less important. Regarding the spectral data described above, one may 

consider a possibility of a rapid equilibrium between X and Y (Fig. 2) in the compounds 

4 and 5. However, the ‘H NMR spectra of 5 recorded in the temperature range between 

25 OC and -100 ‘C exhibited no change. The electronic spectrum of 4, which has an 

electron-withdrawing substituent, is shifted to shorter wave-length as compared t0 

that of 5. The feature is in good accordance with annulated azulene ring SYStem.*s 

-* 

4B: X=COOMe 
5B: X=H 

5:: p:OOMe 
: = 

Fig. 2. 
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Regarding the resonance energy of azulene (12.8 kcal/mol) and methano[lO]annulene 

(17.5 kcal/mol),le the electronic feature of 4 and 5 seems to be reasonable. On the 

contrary, a double-bond fixation is remarkable in the methano[lO]annulene moiety 

rather than the azulene moiety of 3. Thus it is interesting that an interpretation of 

inherent n-electronic system as a result of condensation of aromatic ring is much de- 

pendent on the position of condensation. 
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