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On the Geometric Requirements for Thermolysis of 
Allylic Bonds. The 1,3-Sigmatropic Rearrangement 
of jpn,m-Bicyclo[3.2.0]hept-2-enyl 6-Acetate1 

Sir: 
A comparison of the rates of thermolysis of the 

C-l-C-7 and C-l-C-5 bonds of encfo-bicyclo[3.2.0]-
hept-2-enyl 6-acetate (endo-l) would permit an intra
molecular2 evaluation of the inhibition of normal 
allylic stabilization in the transition state for breaking a 
bond which lies in the 7r-nodal plane. We report here 
new information bearing on this point. 

Cleavage of the bond (C-l-C-5) so situated in endo-l 
to give the diradical 5 should be followed by any or 
all of four consequences: (i) cleavage of 5 at C-6-C-7 
to give triene 4; (ii) conformational isomerization and 
recyclization at C-I to give exo-1; (iii) recyclization at 
C-3 to give 3, which (iv) might be imagined3 to rearrange 

further to the bicycloheptene derivative 2b. Cleavage 
of the other allylic bond (C-l-C-7) also could lead to a 
bicycloheptene (2a) by recyclization at C-3. 

Pyrolysis of endo-l at 298° causes intramolecular 
rearrangement to exo-norbornenyl acetate.3 Forma
tion of exo-1, which is stable under these conditions, 
is at least 40-fold slower and may well be occurring 
by C-5-C-6 or C-6-C-7 rather than C-5-C-1 cleavage. 
No evidence for products 3 or 4 is found, the material 
balance being essentially quantitative in terms of the 
other identified materials previously reported.3 Con
sequences i, ii, and iii expected from C-l-C-5 thermoly
sis thus are excluded. Consequence iv now is ruled 
out by the pyrolysis of endo-l-3-d. 

Deuterioboration of the ethylene ketal4 of bicyclo-
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[3.2.0]hept-2-ene-6-one,5 deketalization, and acetylation 
give a mixture of 2-acetoxy-3-deuterio- and 3-acetoxy-2-
deuteriobicyclo[3.2.0]-6-heptanones (7 and 8). The 
stereochemistry of 7 and 8 is assigned as cis* and prob
ably exo. Separation of the mixture by preparative 
vapor chromatography (vpc) gives pure 7 and 8, the 
structures of which are assigned on the grounds that the 
ethylene ketals of the corresponding undeuterated 
analogs4 (OH instead of OAc) give upon oxidation 
ketal ketones4 which form monobenzylidene4 and bis-
benzylidene4 derivatives, respectively. 

Pure 7 is converted in seven steps to endo-l-3-d contain
ing 0.95 atom of D/molecule, pyrolysis of which (0.66 M 
in decalin, 298°) is allowed to proceed to 6-9% con
version when norborn-5-enyl 2-exo-acetate predomi
nates over its endo isomer by at least 26:1. Isolation by 
vpc gives 2a, containing 0.95 atom of D (mass spec
troscopy shows 95 % di and 5%d0 species), with the deu
terium exclusively at C-4. The gross location of deu
terium on a bridgehead carbon (as in 2a) rather than an 
olefinic one (as in 2b) is evident from integration of 
the nmr spectrum, which shows a ratio of olefinic to 
a-acetoxy protons of 2.00 and of bridgehead to a-
acetoxy protons of 1.10, in agreement with the pre
dicted values for 2a (0.95 D) of 2.00 and 1.05. Loca
tion at C-4 rather than at the mechanistically implausi
ble alternative bridgehead C-I is demonstrated by com
parison of the 100-Mc nmr spectrum with that of the 
undeuterated isomer, which is analyzed by spin de
coupling. The nmr integration and the sharpness of 
the downfield vinyl absorption in the spectrum of 2a, 
as well as an independent check on the rate at which 
after-the-fact deuterium scrambling in 2a by Diels-
Alder retrogression-cyclopentadiene 1,5-hydrogen re
arrangement-recombination would have occurred,8 

permit the conclusion that the path leading to 2a pre
dominates over that leading to 2b by at least 30:1. 
This may be used as a minimum value for the relative 
rates of C-l-C-7 and C-l-C-5 cleavage. A less con
servative estimate of 40:1 is derived from the exo-
1:2a ratio.9 

c/.s-l,2-Dimethylcyclobutane thermolyzes at the C-I-
C-2 bond faster than at the C-2-C-3 bond,10 the differ
ence in degree of substitution producing a AAF* at 
298° of about 2.1 kcal/mole. If one can expect a 
roughly comparable bias toward C-l-C-5 rather than 
toward C-l-C-7 cleavage in endo-l, the present experi
ments show that this preference is overcome with at 
least 3.9 kcal/mole to spare. The total energy deficit 
associated with cleavage of the bond (C-l-C-5) in the 
Tr-nodal plane is thus at least 6 kcal/mole, about 30-50 % 
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of the allylic stabilization energy normally available11 

in uninhibited thermolyses.12 
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grounds the migrating carbon must suffer inversion of configuration.13 

This would be very unfavorable to the 2b-forming path since the first 
step would require formation of a highly strained trans-fused 3. The 
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Birch Reduction of Phenols1 

Sir: 

Birch reductions2,3 of substances possessing free phe
nolic groups have been accomplished only in one special 
case, that of /3-naphthol4 and some of its derivatives.6'6 

On the basis of present concepts of the mechanism of 
the Birch reduction,7 failure of such systems to undergo 
reduction must be ascribed to the high potential energy 
barrier to electron addition to the phenolate anion to 
form the required dianion radical intermediate.8 In 
the course of studies of the stepwise reduction of 2-
hydroxy-7-methoxyfluorene with lithium in ammonia9 

(1.5 M) it was noted that the mother liquors after 
removal of the major reaction product (I) contained 
several components, which on glpc10 showed retention 
times shorter than that of I. Such mother liquors 
furnished after hydrolysis with 95% acetic acid the 
hydroxy ketone II (mp 152-153 V 1 \™'x 3.0 M (OH), 
5.9 /j, (CO), no benzenoid absorption; nmr, no vinyl 
protons), the structure of which was established by 
Jones oxidation to the known diketone III, mp 95-97 °.9 

This finding indicated that Birch reduction of phenolic 
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systems was possible and that the reaction might be 
driven to completion by a further increase in the metal 
concentration. This was indeed found to be the case. 
Increasing the initial concentration of lithium from 1.5 
to 4 M led to essentially complete reduction of the 
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phenolic ring.12 When similar conditions were applied 
in the reduction of 5-indanol and ar-2-tetralol (0.045 M 
in substrate and 3.4 M in Li) A8-hydrinden-5-ol (IV) 
and A9-octalin-2-ol (V) were obtained in 70 and 46% 
yield, respectively. With 4.3 M Li the latter yield was 
76%. IV had bp 65-68° (3 mm);11 M+ 138; nmr 
(A-60), one proton (multiplet) centered at 240 cps 
(CtfOH), no vinyl protons; positive nitromethane 
reaction; phenylurethan, mp 119-12I0;11 nmr, one-
proton (quintet) at 311 cps (/ = 5.5 cps) (CfYOR), 
no vinyl protons; and V had bp 72° (2 mm);13 M+ 

152; phenylurethan, mp 134-135°,n nmr, one-proton 
(multiplet) centered at 307 cps (CMDR), no vinyl 
protons; positive nitromethane reaction. In contrast, 
4-indanol was recovered unchanged under more drastic 
conditions (5.5 M Li) reminiscent of the unusually high 
concentrations of metal required for the reduction of 
compounds possessing the aM-methoxytetralin ring 
systems.14,15 

The relative yields of IV and V obtained in parallel 
experiments suggested that the rate of reduction of 5-
indanol was greater than that of ar-2-tetralol. Krap
cho and Bothner-By7 have shown by competition 
experiments that indan is reduced by Li-NH3 2.5 times 
faster than tetralin. Applying this method to the re
duction of 5-indanol and ar-2-tetralol (0.022 M each, 
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