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Autoxidation of guaiazulene at 100 °C in N,N-dimethylformamide
afforded twenty-three separable products including seven known
compounds. Most of these new compounds possess highly interesting
structures of azulenogquinone, inden-l-one, benzocyclobutadiene,

naphthoquinone, and dimeric forms.

Azulenes have been regarded as one of the representative examples of non-
benzenoid aromatic hydrocarbons, which usually do not undergo Diels-Alder-type
addition reactions but are easily susceptible to many electrophilic substitution
reactions (normally at the 1- and/or 3—position).2) As for oxidation of azulenes
it has been briefly reported that the treatment of naturally occurring guaiazu-
lene (1) with KMnO, or SeO, in acetone gave the oxidized products K and O (see

3)

later), aldehyde L, and 3,3'-diguaiazulenylacetone, whereas on exposure to air

1l produced 3,3'-biguaiazulene B and two indenones for which structures 2 and 3

4) We wish to report in this paper the first detailed study on

were presented.
autoxidation of an azulene derivative 1 in an aprotic solvent, that resulted in
the formation of a wide variety of products which were fully characterized.
Thus, a solution of 1 (1.00 g) in 20 ml of N,N-dimethylformamide (DMF) was
subjected to autoxidation by bubbling oxygen in a pyrex flask at 100 °C. Peri-
odical checking of the reaction mixture by silica-gel TLC (with hexane/AcOEt,

85:15) and the reversed-phase HPLC (PSG-100, with methanol) (Fig. 1) showed that

A more than twenty kinds of products
B L
D ,/’c were formed simultaneously over a
~ _—~E
) Fa G period of 24 hours, by which about
H —
~ a half of 1 was consumed. The

/
!
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1 ~_K reactants were then carefully

24 hJ - L _m separated by silica-gel column

12 h \\\\ g::: ’//8 chromatography, TLC, and HPLC,
2 n ] r thus affording twenty-three prod-
\\~///5 ucts as pure compounds, which will
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Fig. 1. Time-dependent HPLC diagram of

autoxidation of 1, and TLC of the products.

be referred to as Substances A-S
according to their decreasing Rf



628 Chemistry Letters, 1 9 8 4
values; band A contained at least five compounds A,-As, among which A, was the
recovered 1. Structures of these products, explicitly established by spectro-
scopy,s) are presented here (with isolated yields) after having been divided

into four groups according to the site of the oxidation.

Group 1l: Oxidation products Group 2: Oxidation and substitution products
of the side-chain. of the nucleus.
Q 0O HO
2 O O O O
R O
K* R=CHO (5.0%)>) J (0.2%)%) Q (1.09)”)  L* (1.0%)P S (0.5%)8)
0* R=COOH (1.0%)3) X=CH ,NMeCHO

Group 3: Monomeric, oxidative-rearrangement products.
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R=H (1.0%)9) G (0.5%)11) N (0.2%)12) as* (0.5%)13)  p (3.59)1%)
R=CHO (2.0%)1%)

g ik o

R (0.5%)1%) F. (1.0%)! F. (L.o#)'7) P (1.59)®

Group 4: Dimeric oxidation products.

3.

B* (3.58)1%) A, (0.5%)%%) ,* X=CH, (5.0%)21) c R=H (1.3%)2%
yf x=Co (1.0%)%2) H R=CHO (1.3%)2%)

3 R=CHO*)

2 r=g*
o‘ 3‘
Gu

'
*Previously known compound. Gu3 : 3-Guaiazulenyl.
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It is noteworthy that this autoxidation directly gave a 1,7-azulenoguinone
derivative Q as a minor product, since azulenoquinones are currently drawing an
increasing interest.zs) In contrast with the efficient preparation of acetyl
derivatives from isopropylbenzenes by the similar autoxidation,27) 1 afforded
only a small amount of 7-acetyl compound J. Most of the indenones obtained here
were rather unstable; e.g. an equilibrium (x1l:1) gradually reached between E and
G in CHCl3 at 25 °C, and finally colorless dimers were produced from this
mixture.2 )
unique benzocyclobutadiene N even on standing at 25 °C and was then gradually
converted into four colorless dimers.28) substances C and H appeared to be

Interestingly, the formyl compound I was observed to rearrange to a

spectroscopically identical with the reported compounds 2 and 3, respectively.4)

Their structures, however, are now revised to the isomeric forms C and H, which
are more in conformity with the spectral data.

Although a precise mechanistic study with regard to this highly intricate,
competitive oxidation reaction using various other azulene derivatives is now in
progress, the present work clearly demonstrates a diversity of autoxidation of
azulenes, which produce a wide variety of very interesting compounds, some of
which are apparently difficult to prepare by alternative methods.
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