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Abstract- The rotational bamers of the exocyclic C=C bonds of heptafulvenes 

condensed with fnran, pyrrole, and thiophene rings were largely dependent on the 

steric repulsion around the exocyclic C=C bonds; newly synthesized methyl 2-cyano- 

(1,2-dimethylcyclohepta[b]pyrrol-6-ylidene)acetate and its furanylidene analogue re- 

vealed higher energy baniers than the corresponding methyl 2-cyano-(1,2-dimethyl- 

cyclohepta[b]pyrrol-8-ylidene)acetate and the furan derivative. 

Recently, we reported the rotation around the exocyclic C=C bonds of heptafulvenes canying electron-with- 

drawing groups, e.g., methyl 2-cyano-(l,2-dimethylcyclohepta[b]pyrrol-8-yli&ne)acetate (I), methyl 2-cyano- 

(2-methylcyclohepta[b]thiophen-8-ylidene)cete (Z), and methyl 2-cyano-(2-methylcyclohepta[b]furan-8-yli- 

dene)acetate (3) in CD3CN.l Among them, the most sterically hindered pyrrolo derivative (1) showed the 

smallest AC# value, whereas the rate of furan derivative (3) was unmeasurable on the nmr time scale. 

The large negative activation entropies (AS#) for 1 and 2 indicated that both have an extensively polarized 

transition state and the rates of rotation depend on the Lit values. The lowest activation energy of rotation was 

observed with pyrrole derivative (I), and it is explained in terms of electronic andlor steric factors.' Herein, we 

report the convincing evidence for the steric acceleration of the rotation of the exocyclic C=C of heptafulvenes 

t o n  leave from Yanbian University, Yanji, Jilin, People's Republic of China. 
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on the basis of reluctant rotation observed in methyl 2-cyano(l,2-dimethylcyclohepta[b]pynol-6-ylidene)acemte 

(4), a sterically unhindered isomer of 1, together with the banien of heptafulvenes (1-3) in D M F - ~ ~ . ~  

Desired compound (4) and methyl 2-cyano-(2-methylcyclohepta[b]furan-6-ylidene)atate (5) were prepared via 

Claisen rearrangement of 4-(2-chloropropenyloxy)hopone (6),  obtained from 4-hydroxyhopone (7) and 1,2- 

dichlom-2-pmpene, to 2-methylcyclohepta[blfuran-6-one (8)? the MeNH2-treatment of 8 to 2-methylcyclohep- 

ta[b]pyrmld-one (9), and Ac20-mediated condensation of 8 and 9, respectively, with methyl cyanoacetate. 

Table 1. Activation parameters for the change from A to B in DMFd7 and in CD3CN 

A/B (tempPC) AHf/k J mol-1 &/J mol-l K-1 A G # / ~  J mol-1 (at 298 K) r (Solvents) ref. 
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The rotational barrier of 4 in DMF-d7 was determined by the 500 MHz-variable temperature (29.9 to 99.6 "C) 

IH nmr spectroscopy through the complete line shape analysis.4 On the other hand, the furan analogue (5) 

showed no nmr change even in DMF-d7. At the same time, the activation parameters of 1.2, and 3 were 

determined (270 MHz-'H nmr) in the same solvent, D m - d 7  (-50 to 120 T), for comparison, and are included 

in Table 1; previously, those of 1-3 were measured in CD3CN. The thennodynamic parameters of 1 and 2 

from the both solvents were very similar, and mutually consistent. They have a large negative ASf value and 

the rates of the rotation decrease in the order, N>S>O. Among them, 3 has the largest value of the activation 

enthalpy (AHf) and 2 has the largest ASS value. Previously, Shvo et al. have reported the dynamic behaviorof 

heterofulvenes of 2.6-dimethyl-y-pyrone, ythiopyrone, and N-butyl-2,6-dimethyl-y-pyridone, in which the 

hetero ring atoms accelerated the isomerization in the decreasing order of NXbO.5 The result is similar to the 

present study. They proposed an ionic transition state to explain the result from the order of the delocalization 

of p elecuon of the hetero atoms. 

We previously speculated that the chemical shift differences (A6(3)=158.5-81.7=76.8, A6(2)=156.6- 

89.0=67.6, and AS (1)=151.7-85.5=66.2), of the exocyclic C=C bonds reflect the conuibution of the charge- 

separation of the exocyclic C=C bonds.l.6 The chemical shift of C-9 of 3 is highest, while that of C-8 of 3 is 

lowest. It would be suggested that the charge-separation of the exocyclic C=C bond of 3 is largest among them 

to most stabilize the ground state energy by the tight solvation. Thus, it was explained that the AH# value'of 3 

was larger than the others. 

The activation barrier of 4 is quite high compared from that of 1. Similarly, 5 has a higher activation banier 

than 3, as compound (5) revealed insufficient spectral changes even at 120 "C in DMF-d7. The activation 

parameters of 4 are in agreement with those of the furan derivative (3) within the experimental error. The lack 

of the steric hindrance in 4 increases the rotational barrier. This indicated that the steric factor is clearly playing 

the more decisive role than the electronic one for the rotation. The importance of the steric factor on the rotation 

was further supported by that the AS of the exocyclic carbons of the two cycloheptafurans (3 and 5) are not 

different so much (A6(3)-A6(5)=+4.7), while the A6 of the two cycloheptapyrroles (1 and 4) are quite different 

(AS(1)-AS(4)=- 10.8). 

In the respect of I3C nmr chemical shift differences of the exocyclic C=C bond (A6(4)=77.0, A6 (5)=72.1), the 

greater electron-donating pytrole derivative showed a tendency of rotation, but the smaller electron-donating 

furan derivative did not. The A G ~  value difference (22.4 kcal/mol)'between 1 and 4 is attributed to the steric 

acceleration for the bulky methylamino group in 1. 
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In DhWd7, the ratio of 4A:4B was 4852, and there is no teason to deviate from 1:l. However, this should 

not be the cases in 1-3. The major isomer of 1 in DMF-d7 is lB ,  the sterically more crowded isomer. In 

toluene-dg, the ratio of 1A:lB was 5545  at 0 "C. The less crowded isomer is major. Thus, the ratio of 

1A:lB is depndent on the solvent polarity. It is explained that the more crowded l B  was stabilized in a polar 

DMF than 1A since MNDO-PM3 calculations indicate that 1B (4.227 D) has the larger dipole moment than 1A 

(2.796 D).7 

In conclusion, the result obtained from 4 clearly indicates that the rotational rate of the exocyclic C=C bond of 

1-3 is accelerated by the steric factor.8 The low AGS value of 1 is interpreted in terms of the destabilization of 

the pound state due to the steric repulsion that is relieved in going to the transition state by the rotation of the 

exocyclic C=C bond 
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