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Abstract. Introduction of t-butyl groups to the 2-, 3-, 2,4-, or 2,5-positions of 7-t-butyl- 

7-cyano-1,3,5_cycloheptatriene dramatically shifts the cycloheptatriene - norcaradiene equilibriur 

to the norcaradiene form. The nonbonded interaction is an important factor. 

Cycloheptatriene - norcaradiene valence tautomerism is a long-standing subject which still 

arouses interest of organic chemists."* Several structural factors have been found to drive a 

cycloheptatriene (CHT) form to a norcaradiene (NCD) form, which are represented by the following 

examples. A A 

I II III Ip V 

The factors can be classified into four categories: (a) placement of a n-acceptor group at 

the 7-position (I),3 (b) extension of conjugation in the NCD form (II, III),4'5 (c) forced short- 

ening of C(l)-C(6) distance (IV),6 and (d) steric destabilization of the CHT form (V).' Among 

these four factors, (a), (b), and (c) are well recognized in many examples. On the other hand, 

the steric factor (d) has been demonstrated only in V, and more examples are required for funda- 

mental understanding of various CHT - NCD equilibria. In this communication we wish to describe 

a typical example in which the steric effect of substituents plays an important role in driving 

the equilibrium to the NCD form. 

As model system, 7-t-butyl-7-cyano-1,3,5_cycloheptatriene has been selected, and the effect 

of t-butyl substituents at the 2-, 3-, 2,4-, or 2,5-positions on the CHT - NCD equilibrium exa- 

mined by means of lH and 13C NMR. In this system the 7-t-butyl group was expected to assume an 

equatorial conformation in the CHT form VII, on the one hand, and an exe position in the NCD form 

VI, on the other, for steric reasons, thereby complication caused by the incursion of different 

conformations, VIII and IX, being prevented.' Actually, this was substantiated by low tempera- 

ture NMR studies (nde mfra). 
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t-Bu CN R2=R3=R4=R5=H 

R2=t-Bu; R3=R4=R5=H 

R3=t-Bu; R2=R4=R5=H 

R2=R4=t-Bu; R3=R5=H 

R2=R5=t-Bu; R3=R4=H 

All the compounds (l_ - 2) were prepared by the cation - anion combination reaction of 

corresponding mono-, di-, or tri-t-butyltropylium perchlorates with cyanide ion (NaCN) in aceto- 

nitrile, followed by separation with HPLC. The lH and 13C NMR chemical shift data are summarizt 

in Table 1. 

Table 1. The 'H (99.55 MHz, CS2-CD2C12 3:l in vol.) and 13C (25.00 MHz, CDC13) NMR chemical 

shifts (6 from internal TMS) and coupling patterns (J in Hz) of H(l), H(6), CH3, 

C(l), and C(6) for ,l_- &a 

Temp. lH or 13c Compound 

"C Lb zc 9 ?Y kf 

25 'H(1) 4.72(d) 2.72(d) 3.82-4.009 2.43(d) 2.36 
J=7.9 J=7.8 J=8.4 

'H(6) 4.72(d) 2.59(dd) 3.82-4.009 2.31(dd) 2.36 
J=7.9 J=7.8,5.4 J=8.4,5.1 

'H3C 1.20 1.11 1.13 1.09 1.12 
1.15 1.15 1.09 1.14 

1.17 1.14 

-110 'H(1) 4.98(d) 2.46(d)h _i 2.34(d) 2.37 
J=8.7 J=8.5 J=8.7 

‘H(6) 
'H3C 

4.98(d) 2.32(dd)h _i 2.24(dd) 2.37 
J=8.7 J=8.5,4.8 J=8.7,4.9 

1.20 l.llh 
1.15h 

1.13(s) 1.05 1.14(s) 
1.09 
1.16 

25 '3C(l) 99.5 38.4j 75.1j 30.9j 29.5 

13C(6) 99.5 37.73 75.33' 30.5j 29.5 

(a) All new compounds gave spectral data consistent with the proposed structure. The NMR 
spectra were recorded on a JEOL JNM FXlOO. (b) Mp 86.5-88.0 "C. (c) Liquid. (d) Mp 95.0- 
96.2 "C. (e) Mp 62.0-63.0 'C. (f) A solid mixture of 2 (70%) and& (30%): difficult to 
separate with HPLC. (g) Complex multiplets. (h) The data at -125 "C; line broadening 
occured at -110 "C. (i) Line broadening occured without separation. (j) Interchangeable. 
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between the time-averaged 'H and l3C NMR chemical 

shifts at 25 "C for each of the l- and 6-positions 

(Fig.). This indicates that both the 'H and the 

13C shifts can be utilized for calculating the 

populations of the tautomers at 25 "C, if the 

corresponding chemical shift data for the pure CHT 

and NCD forms become available. 

Unfortunately, neither the 'H nor the 13C 

chemical shifts for the l- and 6-positions of the 

pure CHT forms could not be determined by low 

temperature (-110 "C) NMR studies. Therefore, 

these values have been estimated by postulating 

additivity of the substituent-induced chemical 

40- 
shifts of the t-butyl and cyano group at the 7- 

position. Thus the 'H A-value for H(1,6) of VII 

is estimated to be 5.30 [= 5.18 + (5.40 - 5.28)] 

from the corresponding d-values of cycloheptatriene 

(5.28), 7-cyanocycloheptatriene (5.40), and 7-t- 
I L 1 

2.0 
?i”s 0f k&j”Or ~(6) 

5.0 butylcycloheptatriene (5.18), all of which are 

known to exist in the CHT form.2dy8y10 This 6- 

Figure. Plot of 13C d-value vs.lH d-value value (5.30) was assumed to be applicable to H(6) 
for 1 -A. Open circle: H(6) vs. C(6) with- 
out t-Bu on C(5). Open triangle: H(1) VS. 

of the CHT form of 2', 2, or 1. When a t-butyl 

C(1) with t-Bu on C(2). Dot: estimated substituent is present at the 2-position as in 2, 
limiting value. 5, or-i, the 'H g-value for H(1) of the CHT form is 

estimated to be 5.42 by referring to the fact that H(1) is more deshlelded than H(6) in 4_by 0.12 

ppm. Similarly, the 13C &-value for C(l,6) of VII is estimated to be 119.0 [= 123.5 + (115.9 - 

120.4)] from those of cycloheptatriene (120.4), 7-cyanocycloheptatriene (115.9), and 7-t-butyl- 

cycloheptatriene (123.5). The validity of these limiting d-values [5.30 for 'H(6) and 119.0 for 

13C(6)] for the CHT form is supported by the finding that the values can be accomodated in the 

plot of the Figure. 

It is noted that a linear correlation holds 

A low temperature 'H NMR spectrum of $in CS2 - CD2C12 at -110 "C gave the b-values of 2.34 

and 2.24 for H(1) and H(6), respectively. A similar study onA afforded the d-value of 2.37 for 

H(l,6), which is essentially invariant at 25 "C, suggesting that2 exists virtually in the NCD form 

at 25 "C. The marked coincidence of the 6-values for H(1) ofiandA(2.34 VS. 2.37) at -110 "C 

indicates that the above mentioned d-values, 2.34 and 2.24, can be taken as those for H(1) and 

H(6), respectively, of the pure NCD form of $_. In the following calculations of NCD %, it was 

postulated that the limiting values (2.34 and 2.24) can be applied to all of L- 2. Furthermore, 

no indication for splitting of 7-t-butyl signals has been obtained at -110 "C for all the compounds 

Q. - 5). indicating that the 7-t-butyl group is fixed at the ego position in the NCD form. 

By using these lH g-values assigned to H(1) and H(6) of the CHT and NCD forms, the composi- 

tions (NCD %) and AG (= GCHT - GNCD) values have been calculated (Table 2). Notably, the 
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Table 2. NCD % and AG values for,l_ - 5_ at 25 "C. 

Compound 
1, 3 2 5 5 

NCD % 19.0a 88.6a,87.7b 46*3a 97.7a,97.1b 99.4b,100c 

AG/kcal mol 
-1 d 

-0.9 +1.2 -0.1 t2.1 t3.4 

(a) NC0 % = 100 x [5.30 - 6H(6)]/(5.30 - 2.24). (b) NCD % = 100 x [5.42 - 
6H(1)]/(5.42 - 2.34). (c) NCD % = 100 x [5.42 - 6H(1)]/(5.42 - 2.37). (d) 
AG = GCHT - GNCD; calculated by use of averaged NCD %. 

substitution of a t-butyl group for H(2) ofJ increases the population of the NCD form from 19% 

to 88%. Further substitution for H(4) or H(5) affords essentially pure NCD forms 4_and2. A 

comparison of the M; values indicates that the introduction of a t-butyl group to the 2- or 3- 

position shifts the equilibrium to the NCD form by 2.1 or 0.8 kcal mol-', respectively. 

Klarner examined the effect of a methyl substituent at the l-, 2-, or 3-position on the CHT - 

NCD equilibrium of the 7-carbomethoxy-7-methylcycloheptatriene system, and concluded that the NCD 

form is stabilized in the order l-CH3 < H < 3-CH3 < 2-CH3.11 It has also been shown that 2,7-di- 

methyl-7-cyanocycloheptatriene is composed of 80% CHT and 20% NCD forms at -120 'C.ll The enormous 

effect of the 2-t-butyl substituent of 2,7-di-t-butyl-7-cyanocycloheptatriene&to shift the equi- 

librium to the NCD form, as compared with the case of 2,7-dimethyl-7-cyanocycloheptatriene, is best 

explained by postulating destabilization of the CHT form due to nonbonded interaction between the 

2-t-butyl group and H(l), which is relieved in the NCD form. Similarly, the effect of the 3-t- 

butyl group in 3_would be explicable by postulating the relief of the nonbonded interaction between 

the 3-t-butyl and H(4) due to bond alternation on structural change from the CHT to the NCD form. 

Inspection of molecular models supports the interpretations. 
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