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mL of chloroform (P.A. quality, distilled from P2O5) in a glass tube. The 
chloroform is evaporated in a stream of pure nitrogen gas and 1.5 mL of 
Tris-NaCI buffer solution (5 mM Tris-HCI + 0.15 M NaCI, pH 7.4) is added. 
The thin film of amphiphile on the glass vessel is dispersed by ultrasonic 
Irradiation using a Bransonic 220 water bath during 5 min. The turbid so
lution is poured into a plastic tube and is sonicated for another 30 min at 
0 0C by means of a pulsed high-energy probe (Branson Sonifier Cell Dis
rupter B 15). After centrifugation (Hettich rotafix II, ~1000 g), a transparant 
supernatant is obtained which was used in all experiments. 

(17) The two-step droplet method was used to prepare the specimens on 
Formvar and carbon coated grids. A 1 % (by weight) solution of uranyl 
acetate was used as negative stain. Micrographs were obtained with a 
Philips EM 300 electron microscope (operating at 80-kV accelerating 
voltage) on Kodak 4463 sheets. Electron magnification was 25.000 and 
50.000 times. 
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(final concentration: 1 % by weight). 

(24) (a) D. Chapman, Q. Rev. Biophys., 2, 185 (1975); (b) R. Lawaczeck, M. 
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(c) R. Lawaczeck, M. Kainosho, and S. I. Chan, Biochlm. Biophys. Acta, 
443,313(1976). 
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Soc, 99, 7353(1977). 
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Bunsenges. Phys. Chem., 82, 1093 (1978). 

(28) Compare E. M. Kosower, "An Introduction to Physical Organic Chemistry", 
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Stereochemistry of the Thermal 
Walk Rearrangement of Optically Active 
2,7-Dimethyl-7-methoxymethyl-l,3,5-cycloheptatriene: 
1,5-Carbon Migration with Inversion, 
No One-Center Epimerization at C-7 

Sir: 

The stereochemistry of the thermal norcaradiene walk re
arrangement discovered by Berson and Willcott1 is important 
for defining concerted and nonconcerted processes. Two ex
perimental tests were reported giving conflicting results. The 
concern of this communication is to elucidate these dis
crepancies. 

The same stereochemical course has been found for optically 
active ester 2 and nitrile 5 (Scheme I).2 In both systems the 
thermal interconversion leading to 1 and 3, respectively 4 and 
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6, at 180 0 C is highly stereoselective and proceeds with in
version at the migrating carbon, C-7 (si), contrary to the 
predictions of the Woodward-Hoffmann rules.3 

Baldwin and Broline4 carried out a stereochemical study for 
the 7-methoxymethyl-substituted derivative 1-2-d. In this case, 
however, the authors claimed three processes—one-center 
epimerization (e), rearrangement with retention (sr), and 
rearrangement with inversion (si)—to be responsible for ra-
cemization and deuterium scrambling in optically active 1-2-d 
(Scheme II). The rate constants (XlO6 s) at 223.4 0 C were 
determined to ke — 4.5, ksr = 2.9, and kSj = 0.5. 

Surprisingly one-center epimerization is the dominating 
process. Neither in ester 2 nor in nitrile 52 was a ane-center 
epimerization detected. To clarify these discrepancies we re
peated a stereochemical study for the 7-methoxymethyl-sub
stituted system using optically active ether 8 (Scheme III). In 
the case of 1-2-d the one-center epimerization as well as the 
inversion process leads to racemization of starting material. 
The experimental distinction between these two processes 
depends critically on the NMR analysis of the deuterium 
distribution in the product (Scheme II).4 In contrast the ra
cemization of 8 at the beginning of reaction is only affected by 
the one-center epimerization (Scheme III). For that reason 
the experimental detection of the one-center epimerization of 
8 should be unambiguous. 

Optically active ether 8 was prepared by reduction of opti
cally active ester 2 with lithium aluminum hydride followed 
by methylation using sodium hydride and methyl iodide. Op
tical purity (op) and relative configuration of 2 and 8 remained 
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Table I. Thermolysis of Optically Active 8" 

product 

7 
8 

9 

7 
8 

9 

product ratio 

12 
55 

6 

15 
45 

6 

[«]25404 
% (C6D6), deg 

A. 1320 minc 

-30.2 
+47. \d 

+47.9 
-29.1 

B. 1800 min* 
+62.0 

-104.6^ 
-103.5 

+70.0 

op, 
% 

38 ± 2 
42 ± 2 

38 ± 2 

75 ± 2 
»96 

3=95 

C* 
% 

90 
»99 

90 

77 
99 

98 

" 220.0 0 C, in degassed xylene, 0.5% triethylamine. The same 
products were obtained on thermolysis in the gas phase (227.7 °C, 2 
Torr). Without triethylamine the surface-catalyzed elimination of 
methanol to a dimethylstyrene derivative was a major reaction. * c 
= 100 X op/opo- c ( + ) - 8 , a25

404 +47.1° (neat), [a]25
404 +47.9° 

(C6D6), opo = (42 ± 2)%. d a25404 (neat). ' (-)-8, a25
404 -105.7° 

(neat), [a]25
404 -103.1° (C6D6), op0 » 97%. (-)-8 was prepared by 

reduction and methylation of ester (-)-2, a25404 -640.0° (neat), opo 
» 97%. 

unchanged by this simple two-step synthesis. Thermolysis of 
(+)-8 (Table IA) at 220 0 C produced a mixture of 7, 8, and 
9 and six unidentified compounds (1320 min; ratio by GC, 
12:55:6:10:5:4:2:2:2).5 Rearrangement products (—)-7 and 
(—)-9, as well as recovered (+)-8, separated by preparative LC 
and GC, were found to be optically active. The optical purities 
of 7 and 9 were determined by N M R (60 MHz, C6D6) using 
a chiral shift reagent.6 The optical activity (and hence the 
optical purity) of 8 was the same as that of the starting mate
rial. Analogous results were obtained by the thermolysis of 
( - ) -8 (Table IB). 

To obtain information on the stereochemical course of the 
walk rearrangement the configurations of optically active 
ethers 7, 8, and 9 were correlated with the known configura-

Table II. Relative Configurations of Optically Active Esters 1, 2, 
and 3 and Ethers 7, 8, and 9" 

product 
ratio, % 

IaJ "404 
(C6D6), deg 

op, 

( - H - 7 
( - ) - 2 - 8 

( - ) - 3 - 9 

16 
75 

4 

+56.5 
-101.2* 
-101.9 

+68.6 

67 ± 2 
»96 

95 ±1 

" Thermolysis of 2, a25
404 -640.0°, op » 97% (300 min, 180.0 0C, 

in degassed benzene). * a25404 (neat). 

tions of the optically active esters 1, 2, and 3. A mixture of 
( - ) - l , (~)-2, and (- ) -3 obtained on thermolysis of ( - ) -2 2 was 
converted into a mixture of the corresponding ethers 7,8, and 
9, as described above. Separation by preparative GC gave the 
optically active ethers (+)-7, ( - ) - 8 , and (+)-9 (Table II). 

The observation that (+)-8 of undiminished optical purity 
was recovered from partial pyrolysis to 7 and 9 (Table I) ex
cludes the one-center epimerization without rearrangement. 
According to the stereochemical correlation of optically active 
educts 2 (8) and products 1 (7) and 3 (9) (Table II), the re
arrangement of 8 to 7 and 9 follows the same stereochemical 
route as the ester- and nitrile-substituted systems (Scheme I) 
and occurs predominantly with inversion at the migrating, 
carbon, C-7. The optical purity of 7 and 9 (Table I) demon
strates that the stereoselectivity of the migration of C-7 is 
certainly ^95%. Our results are well in accord with a study of 
Hansen7 on similarly substituted system. We assume that the 
position of the vinylic substituent—methyl group at C-2 in 8 
vs. at C-3 in 7—has no significant influence on the stereo
chemical course. Thus, a one-center epimerization of 1-2-d 
seems highly unlikely. 
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