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Abstract -- Reactions of naphtho[b]cyclopropene with 2-substituted tropone 

derivatives in chloroform under the presence of ytterbium complex afforded 

two types of cyclic ether compounds via a [8π+2σ] type cycloaddition 

reactions. On the other hand, the similar reactions but using benzene as a 

solvent proceeded through a [6π+2π] type cycloaddition path to form 

cyclic ketone compounds.  

 

 

Cyclopropenes fused with aromatic rings such as benzocyclopropene or naphtho[b]cyclopropene are 

known to have high reactivities, which partially depend on highly strained structures caused by the 

distorted bond angles of the sp2 hybridization of the bridgehead carbons, and partially on the 

reductions of the aromaticities, which are proved by considerable bond length alternations.1  

Recently, M. Jones suggested a contribution of a carbenic structure on the reactivity of 

naphtho[b]-cyclopropene.2 

These types of cyclopropenes are reported to react not only with various types of olefins but also 

with carbenes3 to afford adducts. Cycloaddition reactions of these types of cyclopropenes are known 

to proceed via two independent paths, i.e., a path through a π-bond rupture of the cyclopropene 

site4 and a path through a σ-bond rupture of the cyclopropene.5 The authors have published on the 

first finding for the σ-bond rupture course in cycloadditions of benzocyclopropene with furan 

derivatives.5  However, the detailed reaction mechanism of these paths remains unsolved.6 

The reactivities of these cyclopropenes under the presence of metal complexes also attracted 

attentions of chemists.  It was reported that the electrophilic cleavages of σ-bonds of the  

cyclopropenes are very effective in the presence of silver complexes to form benzyl derivatives.7 

As a part of our researches on cyclopropenes8 and troponoid compounds, 9 we investigated reactions 

of naphtho[b]cyclopropene (1) with tropone derivatives (2). Here the results are discussed. 



Naphtho[b]cyclopropene (1) was heated with two molar equivalents of tropone (2a) in chloroform at 

60℃ for 60 h. The resulting mixture was chromatographed on silica gel to afford a small amount  

(1 ％) of a cyclic ether compound (3a).  Any recovery of 1 was not detected.  An existence of metal 

complexes promoted the formation of 3a. Thus, the analogous reaction but under the presence of three 

mol ％ of ytterbium complex (Yb(fod)3) at 60℃ for 90 h gave 3a in 48 ％ yield. The same promotion 

effect was observed with a silver complex (AgBF4), which improved the yield of 3a to 35 ％ under the 

analogous reaction conditions as above. 

Analogous reaction but using substituted tropones afforded two types of ether compounds. Reaction of 

1 with two molar equivalents of 2-methyltropone (2b) in chloroform under the presence of three mol ％ 

of the ytterbium complex at 60℃ for 47 h gave ether compounds (3b) and (4b) in 56 and 13 ％ yields, 

respectively. The same reaction using 2-phenyltropone (2c) gave 4c in 25 ％ yield. 

On the other hand, reaction of 1 with two equimolar amounts of 2a in benzene at 80℃ for 50 h afforded 

a cyclic ketone (5a) in 18 ％ yield. In this reaction, both ytterbium and silver complexes had a little 

effect and reduced the product yields.  Analogous reactions using 2b and 2c resulted in the 

corresponding results to form 5b and 5c in 35 and 45 ％ yields, respectively.10 These results are 

summarized in Table 1. 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Cycloadditions of naphto[b]cyclopropene (1) with tropone (2) 

Yield (％) 
Run Tropone Solvent Additive 

(3) (4) (5) 

1 2a CHCl3 none 1  0 

2 2a CHCl3 Yb(fod)3 48  0 

3 2a CHCl3 AgBF4 35  0 

4 2b CHCl3 Yb(fod)3 56 13 0 

5 2c CHCl3 Yb(fod)3 0 25 0 

6 2a Bz none 0  18 

7 2b Bz none 0 0 35 

8 2c Bz none 0 0 45 
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The structures of 3, 4 and 5 were deduced on the basis of their spectral properties. Elemental analyses 

showed these products to be 1:1 adducts of 1 and 2. 

 An absence of absorptions due to hydroxyl or carbonyl groups in the IR spectra suggested 3 and 4 to 

be ether compounds, which was supported by the absorption at ca. 1100 cm-1 (3a; 1105 cm-1, 4b; 1062 

cm-1). The 1H NMR spectra showed an existence of a cycloheptatriene moiety. The absorption at  ca. 77 

ppm in the 13C NMR spectra taught an existence of a saturated carbon atom attached by an oxygen 

atom. The 13C NMR spectra and DEPT spectra confirmed that the saturated carbon atom of 3 (3b; 76.8 

ppm) was a quaternary carbon atom, on the other hand, that of 4 (4c; 76.9 ppm) was a tertiary carbon 

atom. These facts suggested that the saturated carbon atom of 3 had no hydrogen atom, but that of 4 

bared a hydrogen atom. Thus, the structures of 3 and 4 were deduced to be the illustrated ones.  

On the other hand, the existence of a saturated carbonyl group in 5 was clearly demonstrated by 

absorption at 1717 cm-1 (5a) in its IR spectrum. The 1H NMR spectrum showed an existence of 

continuos four olefinic hydrogen atoms.  

The structures of 3, 4 and 5 were further supported by good resemblances of their spectral properties 

with those of the analogous compounds.11 
 
          Table 2. Solvent effect for the cycloaddition of 1 with 2b under the presence  

of  3 mol ％ Yb(fod)3 

Yield (％) 
Run Solvent 

Reaction 

Temp. (℃)

Reaction 

Time (3b) (4b) (5b) 

1 CHCl3 60 47 hr 55.6 12.6 - 

2 MeCN 60 5 day 8.3 2.4 7.5 

3 THF 60 7 day 3.6 0.6 3.6 

4 AcOEt 60 9 day 6.6 1.1 3.9 

5 C6H6 80 113 h - - 5.6 

 

The product distribution of the reaction of 1 and 2 under the presence of Yb(fod)3 was depended on the 

solvents as shown in Table 2. 
 

    Table 3. The data concerning the polarities of the solvents 

Swain’s Parameter12 
Solvent 

Relative 

Permittivity (ε) Anion Solvation 
Ability (A) 

Cation Solvation 

Ability (B) 

Polarity 

(A+B) 

CHCl3 4.81 0.42 0.73 1.15 

MeCN 37.50 0.37 0.86 1.22 

THF 7.58 0.17 0.67 0.84 

AcOEt 6.02 0.21 0.59 0.79 

C6H6 2.28 0.15 0.59 0.74 



Table 3 shows that an ion stabilizing effect of chloroform is bigger than that of benzene. Considering 

the difference of the ion stabilizing abilities between chloroform and benzene, we supposed the reactions to 

proceed as follows.  In the case of chloroform solvent, which has a larger ion stabilizing capability 

comparing to benzene, the reaction should proceed through an ionic mechanism. 13 The net atomic 

charges of 1 and 2a were calculated to be as follows. The sp２-carbon atom fused with three-menbered 

ring of 1 was charged to negative, and the oxygen atom of 2 to positive. These facts suggested that the 

bridgehead sp2-carbon atom of 1 attacked the carbonyl carbon atom of 2. 

 

 

 

 

 

Thus, the carbonyl carbon atom of 2, which was activated by Yb(fod)3, was attacked by the bridgehead 

sp2-carbon atom of 1 to form a zwitter ionic intermediate (6), which then cyclized to give a spiro 

intermediate (7). A ring cleavage of 7 via path a or b gave 3 or 4, respectivity.14 The regioselectivity 

between the products 3 and 4 is considered to depend on the steric hindrance of the substituents.15 

 

 

 

 

 

 

 

 

 

 

 

On the other hand, the reaction in benzene solvent should proceed through a concerted process. A    

[6π+ 2π]type cycloaddition of 1 with 2 gave an intermediate (8),14 which then isomerized to 5. 

 

 

 

 

 

 

The energy gap between the HOMO of 1 and the LUMO of 2 was 8.064 eV, and that between the 

LUMO of 1 and the HOMO of 2 was 9.070 eV, suggesting that the former interaction controls this 

reaction. The orbital symmetry of the HOMO of 1 and the LUMO of 2 coincided as follows. 
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