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Summary: Cycloaddition reactions of 7,7-carbomethoxy-7H-benzocycloheptene and 

7,7-dimethyl-7H-benzocycloheptene with 4-phenyl-1,2,4-triaroline-3,5-dione have 

been investigated. The formation of products is discussed in terms of cyclohepta- 

triene-norcaradiene equilibrium. 

Cycloheptatriene undergoes two dynamic processes, valence isomerization and 

ring inversion 
1 . The valence isomers cycloheptatriene and norcaradiene have 

been detected by 
1 
H-NMR spectroscopy in the cases of a few substituted cyclo- 

heptatrienes2. The existence of unsubstituted norcaradiene 
3. 1s accepted from 

the cycloaddition reactions to cycloheptatriene, forming norcaradiene-type ad- 

ducts. For example, a powerful dienophile, N-phenyltriazolinedione (?TAD) gives 

with 7-substituted cycloheptatrienes only norcaradiene-type adducts, irrespec- 

tive of the electronic nature of substituents4. Since norcaradiene valence iso- 

mer is expected to react with PTAD significantly faster (because of the planar 

diene moiety) than cycloheptatriene isomer one obtains only norcaradiene-type 

adducts. In cases where cycloheptatriene can not equilibrate with its valence 

isomer PTAD adds also to the cycloheptatriene unit5. 

A possible alternative way to the norcaradiene adduct With PfAD by a (2X+2x+2n)- 

cycloaddition (Homo-Diels-Alder addition) has never been discussed. More re- 

cently, Leitich and Sprintschnik have shown that cycloaddition of maleic an- 

(2x+4x) Cycloaddition 

to norcaradiene 

(2n+2~+2n) Cycloaddition 

to cycloheptatriene 
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hyride to 7H-benzocycloheptene arises via (21r+2a+28) Homo-Diels-Alder addition 

On the other hand the addition product of maleic anhydride to 7H-benzocyclohep- 

tene-7,7-dicarbonitrile appears to be formed via (2x+4x) cycloaddition to nor- 
6 

caradiene . This finding prompted us to communicate our preliminary results in 

this field. 

In order to have more insight into this problem we have chosen 7,7-carbo- 

methoxy-7H-benzocycloheptene (1) and 7,7-dimethyl-7H-benzocycloheptene (2) for 

our studies. (1) and (2) were synthesized as reported in the literature 
7 . 

Treatment of (1) with PTAD in CH2C12 at ambient temperature afforded two 

major products 
0 (3) and (4) in yields of 30% and 45%, respectively. The struc- 

ture of (3) was established on analytical and spectral evidence. The simplic- 

ity of the 400 I‘-IHz 
1 
H-NMR spectrum of (3) indicated the formation of a highly 

symmetrical adduct. The bridgehead protons and cyclopropane protons show an 

AA'XX' system at 6 2.75 ppm (A-part, H2 3H) and 5.33 ppm (X-part, Hl 2H). 

Methoxyl protons give rise to two singlets 3.12 ppm and 3.75 ppm as expected 

according to the unsymmetrical orientation of these groups. Aromatic protons 

appear as a multiplet at 7.13-7.43 ppm (9H). 100.6 MHz 
13 

C-NI"IR spectrum 

showed in the sp3 region only five singnals which could be assigned to bridge- 

head, cyclopropane, 
9 

and methoxyl protons . Finally, the X-ray structure analy- 

sis" of (3) confirms these spectral findings (Figure 1). The 400 MHZ 
1 
H-N14R 

spectrum of (4) is also highly symmetrical. The bridgehead protons (H2, 2H) 

and olefinic protons (H1, 2H) show an AA'XX' system at 5.27 ppm and 6.69 ppm. 

Other protons (H4) and (H3) appear as an AX system at 5.25 ppm and 6.36 ppm 

(JAX 
=7.E Hz). Two singlets at 3.45 ppm and 3.77 ppm were assigned to methoxyl 

protons. Aromatic protons appear as a multiplet at 7.30-7.64 ppm. Also 100.6 

MHz l3 C-NMR spectrum was completely in agreement with the proposed structure. 
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Figure 1. X-ray structure of (31 

Finally, the mass spectrum of (4) (M+=GO3) clearly demonstrates the addition 

of two moles PTAD to (1). However, on the basis of these spectral data we 

were not able to determine the stereochemical configuration of this molecule 

7,7-Dinethyl-7H-benzocycloheptene (2) reacted with PTAD under the same re- 

action condition as reported for (1). Only (5) could be separated as the sole 

isolable product in a yield of 45%. Careful examination of the lH-NMR spec- 

trum did not indicate the formation of a norcaradiene-type adduct. The 
1 
H- 

MIR spectrum of this adduct displays similar pattern as the spectrum of (4). 

Olefinic protons (Hl, %H) and bridgehead protons (114, 2H) appear at 4.3 ppm 

and 6.23 ppm as an AX system. The singlet at 1.37 ppm was assigned to the 

methyl protonsl'. 

The products (4) and (5) probably are formed by a (2x+6x) or (2~+10~) 

cycloaddition to the cycloheptatriene unit forming ortho quinod structure 

which can be trapped easily by a second no1 of PTAD to give (4) and (5). 

m 3 3 R R 

R = COOCH3 

= CH3 

-I-[@&] PTAD (4) 01. (3) 

It is well known that benzoannelation of cycloheptatriene at the C3-C4 

positions shifts the cycloheptatriene-norcaradiene equilibrium to the side 

of cycloheptatriene 
1 . On the other hand, substituents like -COOR, and -CH3 

groups at C, can stabilize the norcaradiene structure 
12 . But the effect of 
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the annelated benzene ring will be more dominating than the effect of substi- 

tuents, since in the formation of a norcaradiene structure the resonance ener- 

gy will be lost. Therefore, the formation of (3) could be explained on the ba- 

sis of a (2rc+2n+21t) -Homo-Diels-Alder cycloaddition. However the fact that (2) 

does not form any norcaradiene adduct may indicate: 

a) that (3) has been formed by addition of PTAD to the norcaradiene isomer of 

(l), since a carbonyl group can stabilize the norcaradiene structure better 

than a methyl group or - 

b) that the endo-methyl group prevents the formation of the (m+2x+2lt) cyclo- 

addition product due to a steric interaction between the methyl group and 

the benzene ring. 

Further investigations are currently under way to examine the effect of the 

methyl group. 
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