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fluoride in methylene chloride at 0° led to efficient cycliza-
tion to tricyclic product. The ketone 13 so obtained was 
isolated in pure form8 by preparative glpc and converted 
to dl-cedrol 14 by treatment with methyllithium.4 Com­
parison of infrared and nmr spectra and glpc behavior of 
the synthetic product with natural cedrol confirmed the 
assigned structure 14.15 

(15) This work was supported by the National Science Foundation. 

E. J. Corey, N. N. Girotra, C. T. Mathew 
Department of Chemistry, Harvard University 

Cambridge, Massachusetts 02138 
Received December 30, 1968 

Hindered Ring Inversion of 
l-Methyl-7-f-butylcycloheptatriene 

Sir: 

Nuclear magnetic resonance (nmr) spectroscopy has 
been especially fruitful in delineating not only the intimate 
structure of cycloheptatriene (I)1 '2 and its derivatives,3-5 

but also their energy barrier(s) and rates of interconver-
sion. Whereas, from the studies of Anet1 and Jensen,2 

extremely low temperatures (—170°) are necessary to slow 
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the interconversion of 1, we wish to report our studies of a 
simple derivative of 1 which, because of severe nonbonded 
interactions, undergoes slow inversion at room temperature 
and which shows further interesting spectral features. 

Reaction of methyltropylium tetrafluoroborate with 
?-butyllithium4b'6 gave as the minor product l-methyl-7-?-
butyl-l,3,5-cycloheptatriene (2).7'8 The room tempera­
ture nmr spectrum10 of this material exhibited (in addition 
to complex resonances for the olefinic protons) a broad 
absorption for the 7-?-butyl group centered at x 9.17 and a 
singlet at x 8.06 for the 1-methyl group of 2 (Figure IA). 
When the temperature of the sample is progressively 
lowered, notable changes occur in the spectrum. More 
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specifically, the ?-butyl resonance sharpens and gives rise 
to two singlets of unequal intensity at x 8.94 and 9.23 
(ratio of the area of the low-field signal to that of the high-
field signal 23:77), while the 1 -methyl proton region under-
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Figure 1. Partial 100-Mc spectra of 2 at different temperatures. 
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goes similar changes and exhibits two signals of unequal 
intensity at T 8.03 and 8.06 (Figure IB). Furthermore, at 
this temperature ( — 24°), two new signals appear: a 
doublet ( / = 9.1 Hz) at x 7.37 and a less intense broader 
doublet (J = 7.7 Hz) at x 8.98 (7-methine protons; vide 
infra). The most reasonable interpretation of these 
results is that 2 exists as an equilibrating mixture of non-
planar conformers 2a and 2b, with one of these conformers 
in greater concentration.11 Previous studies of cyclohep-
tatriene systems have shown1'2,5 that the syn or "axial" 
7-proton is shielded2 and therefore occurs upfield (x 8.83— 
8.93) in comparison to the and- or "equatorial" 7-proton 
(x 6.67-6.99).4b From a consideration of the areas in the 
— 24° spectrum of 2 (Figure IB) and the relative positions 
of the 7-methine signals, we assign the resonances at x 7.37, 
8.06, and 9.23 to the 7-methine, 1-methyl, and 7-?-butyl 
protons, respectively, of conformer 2a, and the signals at 
x 9.08, 8.03, and 8.94 to the analogous protons of con-
former 2b. The striking conclusion is that 2a, the con-
former with the "axial" 1-t-butyl group, is more stable. 
This result is to be compared with the recent finding5 that in 
7-?-butylcycloheptatriene the "equatorial" conformer is 
more stable. 

It should be noted that the chemical shift for the 
7-methine proton in 2b is 0.21 ppm higher than the value 
reported for 7-/-butylcycloheptatriene.5 Furthermore, in 
2b, / H 6 - H 7 is somewhat higher than that reported for the 
analogous vincinal coupling in I.2 '5 These observations 
can be explained by noting that the ?-butyl-methyl inter­
action in 2b might cause the C1-C7-C6 portion of the 
molecule to depart further than normal from the 
C1-C2-C5-C6 plane.12 The net result would be greater 
shielding of the axial proton with a concurrent increase in 
the H-C6-C7-H dihedral angle, and hence in /H6_H7. 

The activation energy for the inversion process 2a *± 2b 
was determined by comparing the line shapes of the ?-butyl 
absorptions in the experimental spectra with those of 
theoretical spectra having various values of the mean 
lifetime (x).13 '14 From the above treatment and an 
Arrhenius plot of the rate data, £a = 18.9 ± 1.7kcal/mol15 

and log A = 15.4 + 1.3, with the rate constant for the 
ring inversion at the coalescence temperature,16 k2s°, 
58.8 sec"1. 

We note further, in a preliminary way, other interesting 
changes which occur in the spectrum of 2 at lower tempera­
tures. Between approximately - 4 5 to -80° the f-butyl 

resonance at x 8.94 for the less stable conformer 2b 
gradually broadens and then finally sharpens (at —104°) 
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to three singlets of equal intensity at x 8.78, 8.95, and 9.11 
(Figure IC). We ascribe these resonances to the three 
magnetically nonequivalent or anisochronous methyl 
groups in 2b as depicted in 3. To our knowledge, this is 
the first example of the direct nmr observation of three 
distinct methyl resonances for the ?-butyl group in an 
organic molecule.: 7 The thermodynamic parameters for 
these processes along with related studies are in progress 
and will be reported in further publications. 
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The Thermal Rearrangement of 
a/rt/-9-Methyl-cH-bicyclo [6.1.0 Jnonatriene and 
sj>fl-9-Methyl-ew-bicyclo[6.1.0]nonatriene 

Sir: 

The thermolysis of bicyclo [6.1.0]nona-2,4,6-triene at ca. 
100° leads to a mixture ofcis- and ?ra«.y-8,9-dihydroindenes 
in a ratio of 9:1, respectively.1-4 The stereochemical 
course of this reaction is not in accord with the prediction 
made by an orbital symmetry analysis for the concerted 
electrocyclic reaction.5,6 Research conducted on the 
thermolysis of bicyclo [6.1.0]nona-2,4,6-trienes substi­
tuted at C9 has resulted in the formation of substituted 
8,9-dihydroindenes,7'8 the stereochemistry of which pro­
vokes interesting questions with regard to the concerted or 
nonconcerted nature of this reaction. 

We wish to report on the study of the thermolysis of 
ann'-9-methyl-cw-bicyclo[6.1.0]nona-2,4,6-triene (1) and 
5j«-9-methyl-cw-bicyclo[6.1.0]nona-2,4,6-triene9 (2). The 
results of this study have important bearing on the mech­
anistic nature of this rearrangement. 

The syn isomer 2 was readily available from a procedure 
developed by Katz.9 The and isomer was prepared from 
the alcohol10 3 by conversion to the tosylate 4 with tosyl 
chloride and pyridine, followed by reduction of 4 with 
lithium aluminum hydride to give 1. The nmr spectrum 
of 1 was typical of bicyclo [6.1.0]nona-2,4,6-trienes, with 
the six vinyl protons at x 4.2 (multiplet), three methyl 
protons plus two tertiary cyclopropyl protons at x 7.8 
(multiplet), and a tertiary cyclopropyl proton at x 9.5 
(multiplet). 
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