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The second route developed to system 3 involves 
the intramolecular Diels-Alder reaction of a 6-acryloxy-
2,4-cyclohexadienone formed by a novel variant of the 
Wessely oxidation. The feasibility of this pathway was 
investigated by treatment of mesitol (12) in acrylic acid 
with lead tetraacetate at room temperature. This gave 
the dienone 13, which was not isolated, but was con
verted at 70° to 14, mp 111-112° [ X ^ 5.58, 5.74 y.; 
\IT 312 (e 180) nm; 5CDC'3 1.26 (s, 3 H), 1.44 (s, 3 H), 
1.93 (d, J = 2 Hz, superimposed on m, 5 H), 2.84 
(d of d of d, J = 9, 5, 2 Hz, 1 H), 3.30 (d of d, J = 5, 
2 Hz, 1 H), 5.79 (br s, 1 H)]. The structure of the latter 
was established by its spectra and its conversion on 
treatment with aqueous base followed by periodic acid 
to the lactol 15 [X^x

0'3 3-4, 5.71, 5.86 /i; 5CiHsN 1.50 (s, 
3 H), 1.82 (s, 3 H), 2.23 (br s, 3 H), 2.45 (m, 1 H), 3.15 
(m, 2 H), 3.53 (m, 1 H), 6.07 (br s, 1 H)]; this was con
verted by lead tetraacetate to 16, mp 56-57.5° [X^x'1 

5.64 ju; 5CDCl3 1.40 (s, 3 H), 1.42 (s, 3 H), 1.90 (d, J = 
2 Hz, 3 H), 2.0-2.6 (m, 3 H), 3.19 (d of d, / = 4, 2 Hz, 
1 H), 6.12 (br s, 1 H)], which on treatment with pal
ladium/charcoal in refluxing 2-methoxyethanol gave 
3,5-dimethylbenzoic acid. 

The xanthene 177 on treatment in acrylic acid with 
lead tetraacetate at room temperature gave the dienone 
18, which was not isolated but was converted at 80° to 
19, mp 116-118°[XSx

cl!5.58,5.72M; X^°H(e)271 (1410), 

275 (1380), 310 (200) nm; 5CDC'3 1.39 (s, 3 H), 1.84 
(d of d of d, J = 13, 11, 2 Hz, 1 H), 2.26 (d of d of d, 
J = 13, 3.5, 1.5 Hz, 1 H), 2.70 (d of d, / = 11, 1.5 Hz, 
1 H), 3.42 (d of d of d, J = 7, 3.5, 2 Hz, 1 H), 3.59 
(d,J = 2 Hz, 2 H), 6.28 (d of t, J = 7, 2 Hz, 1 H), 7.14 
(m, 4 H)]. 

(7) Prepared by reduction of 3-hydroxy-4-methylxanthone8 with 
lithium aluminum hydride; cf. A. Mustafa and O. H. Hishmat, J. Org. 
Chem.,22, 1644(1957). 

(8) Y. S. Agasimundin and S. Rajagopal, Monatsh. Chem., 97, 423 
(1966). 
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Epimerization at the 9 Position in Substituted 
Bicy clo[6.1.0]nona-2,4,6-trienes1 

Sir: 

Compounds containing the bicyclo[6.1.0] skeleton 
display a wide variety of rearrangements and have 
posed particularly vexing problems of mechanism.2 

The unsubstituted molecule3_s and 9-monosubstituted 
compounds6-8 rearrange mainly to cz's-dihydroindenes. 
9,9-Dialkyl-substituted compounds, by contrast, give 
predominantly ?ra«s-dihydroindenes.9-11 When the 
9 position is substituted with a cyano group,1213 a 
spirofluorene14 or a spirocyclopentadiene,1S bicyclo-
[4.2.1]nonatrienes are produced. 

It has been suggested910 that the m-dihydroindenes 
are formed from the coiled arrangement (1) and the 
/rafts-dihydroindenes from the extended form (2). 

2 1 

This explains the reluctance of the 9,9-disubstituted 
compounds to give the cis product as the coiled form 
should be severely destabilized by endo-9 substitution.16 

A long-standing problem has been the behavior 
of e«efo-9-methylbicyclo[6.1.0]nonatetraene (3a). Al
though one might reasonably expect this compound to 
mimic the 9,9-dimethyl substance, which also possesses 
an endo methyl group, it does not. Like its epimer 3b, 
the products of rearrangement are mainly cz's-dihydro-
indenes.8 The recent report17 that the products of 
thermal rearrangement of 3a are not identical with 
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3a 

O 
CH3 —»- 70% a's-dihydroindenes 

CH3 —*• 95% ds-dihydroindenes 

3b 

those of 3b, but merely similar, does little to resolve 
the difficulty which revolves around the relative absence 
of ?rans-dihydroindenes, the expected products of any 
compound bearing an endo methyl group. 

An attractive resolution of the problem would in
volve epimerization of 3a to 3b prior to rearrangement. 
This process has not been observed previously. We 
provide here a particularly clean example of such a 
reaction and suggest a mechanism. 

Epimers 4a and 5a and 4b and 5b were prepared by 

X T «*• 
4a, X = H 
4b, X = D 

i!s==/P
>^COOR 

5a, X = H 
5b, X = D 

addition of methyl or ethyl diazoacetate and their 
deuterated analogs to cyclooctatetraene. Separation 
was achieved by careful column chromatography. At 
130°, 4b and 5b were converted with half-lives of ca. 
1 hr to an 86:14 mixture of 6 and 7. The major isomer 

4b 
130 

COOR 

5b 

corresponding to that proved to have the carboalkoxy 
group cis to the bridgehead hydrogens,6 and both 6 and 
7 could be shown to possess a cis ring junction from 
determination of the coupling constant between the 
two bridgehead hydrogens. Both 6 and 7 had J= 12.5 
Hz. For comparison, a value of 12 Hz was quoted for 
other cw-8,9-dihydroindenes8 and 20 Hz for trans-.9 

Integration of the spectra revealed that the deuterium 
atom and the ester group remained attached to the 
same carbon. This shows that shifts of the 9 sub-
stituents are not occurring in this system.18 At 100°, at 
which temperature 6 and 7 were not formed, 5a and 5b 
were transformed into 4a and 4b, respectively, with a 
half-life of ca. 4 h r . 

Inversion at the 9 position can occur by three mech
anisms ; cleavage of either bond a or bond b or through 
formation of enol 8 followed by regeneration of the 
ester with stereospecific transfer of the deuterium atom 
from carbon to oxygen and back again. The epimer
ization of 4a also proceeds readily in the gas phase, 
and pyrolysis of 4b in CH 3 OH (100° for 38 hr) results 
in no apparent exchange of deuterium for hydrogen. 
Moreover, 9-methyl-9-carbomethoxybicyclo[6.1.0]non-

(18) Such a rearrangement has been shown not to occur in the parent 
system,6'19 but does take place in several chlorinated compounds.20'21 

(19) J. E. Baldwin and A. H. Andrist, J. Amer. Chem. Soc, 93, 4055 
(1971). 

(20) E. Vogel, Angew. Chem., Int. Ed. Engl, 2, 1 (1963). 
(21) J. C. Barborak, T.-M. Su, P. v. R. Schleyer, G. Boche, and G. 

Schneider, J. Amer. Chem. Soc, 93,279 (1971). 

O< 0 R 
N = ' OD 

^ X ^D 

, -_xV v COOR 
b 

-COOR 

= \ ^COOR 

/ T " ^ \ COOR or o<: \ 
10 U 

atriene (9a) is converted to the isomeric 9b on heating 
to 16O0.22 In 9a, formation of an enol is impossible. 

OC„, ^ O COOCH, 

' ''CH3 

9a 9b 

Cleavage of bond a would lead to cyclononatetraenes 
10, 11, and/or 12. Precedent exists for the assumption 
that these would close directly to dihydroindenes 
without re-forming starting mater ia l . 2 3 - 2 6 Therefore 
we favor a mechanism dependent upon breaking bond b. 
Variations of this mechanism in which the eight-
membered ring is closed to a bicyclic structure prior to 
cleavage of a cyclopropane bond can be constructed, 
but the basic arguments are not changed. 

We cannot comment on the precise extent to which 
epimerization complicates the case of the monomethyl 
compounds, but such a process must now be explicitly 
considered. 9,9-Dialkyl-substituted compounds are 
reported not to undergo interconversion before re
arrangement to dihydroindenes, 9 - 1 1 and at first sight 
this might seem to make epimerization in a 9-mono-
methyl compound unlikely. However, 9-alkyl groups 
should weaken the internal cyclopropane bond (bond a), 
and two alkyl groups should be more effective than 
one. 2 7 - 2 9 Perhaps this allows bond a to break first 
in the disubstituted compounds, while bond b breaks 
first in the monomethyl cases. We suggest a close 
reexamination of the rearrangements of exo- and endo-
9-methylbicyclo[6.1.0]nonatriene. 
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structures of 9a and 9b. 
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