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Mono-and polycyclic peroxides have attracted consider: H 0-0 o

able attention as models or analogues of an increasing nur (CC\C\O,C(Rz abecd e
ber of peroxidic natural products, some of which posse: Q/cw nls 45 6 10
attractive pharmacological propertieq3+2] cycloaddition H
reactions between carbonyl oxides generated in situ by oz« 8
nolysis of olefins, and carbonyl oxides are well established
Ozonolyses of certain cycloolefidsin methanol, however, R' a b /\C/\”
revealed a partially anomalous behavior as compared to ac 20 R'[H CH; (CHzhn c’{ Q
clic olefins. A priori, one would have expected that the pri- R |H H \/“(Ho
mary intermediates of tyare trapped by methanol to give 6 7
compounds of typd. But in addition ta4, variable amounts H R
of the isomeric product of tyd@were obtained5 This was /7~ OYOog?
explained by an intramolecular reaction between the carbcs ——> (C%—o/“’
nyl oxide moiety and the aldehyde group2db give inter- H
mediate3, which is subsequently trapped by methanol to s

Scheme 2

give5 (Scheme 1).
In the present work, we are interested to find out whether

the carbonyl oxide moieties in intermediates of §pan be
trapped by added aldehydg#o give tetroxepanesin addi-
tion to cross ozonides of ty@&®° We now report the first
examples of bicyclic peroxide containing the compara-

products were ozonidéa in the ozonolysis of cyclopentene
la and the tetroxepan&b-9ein the ozonolyses dfb, 1c,

1d and1le respectively. These results show that trapping of
the carbonyl oxide moiety of intermediatesand 3 with

tively rare 1,2,4,6-tetroxepane system, derived from cycloformaldehyde can be effectively performed as outlined in

additions between carbonyl oxi@generated by the ozonol-
ysis of cycloolefindl and aldehydes.

We have ozonized the cyclic olefirka-e in dichlo-
romethane at -78C in the presence of two molar equiva-
lents of a formaldehydéa. Ozonolyses of cylopenterig,
cyclohexene lb, cycloheptenelc, cyclooctene 1d and
cyclododecende in the presence of formaldehy@a as a
good dipolarophil®1 afforded in each case the peroxidic
products and the corresponding cross ozord@groxidic
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Scheme 2.

A normal [3+2] cycloaddition process would provide the
cross ozonide8 via intermediate®, whereas the formation
of adducts9 indicates that the intermediaBemust also be
operative. The formation of ozonidain the ozonolysis of
lais in line with the known fact that 5-membered cycloole-
fins give high yields of monoozonideise. intramolecular
reaction of the carbonyl oxide & can compete with the
intermolecular reaction with formaldehy#d3 The lack of
formation of ozonidegb-7eis in line with the experience
that the tendency for intramolecular [3+2] cycloaddition of
intermediates of typ2 decreases with increasing ring size of
the parent cycloolefin. The formation @&-9¢ on the other
hand, indicates that intramolecular reactions of the type
253 can compete with the trapping by formaldehyde
Ozonolyses otla-1ein the presence of acetaldehybealso
provided the corresponding cross ozonigie8j and tetrox-
epane®g-9i of the peroxidic products. The low yieldsSaf,
9eand9g-9i are due to the increasing ring size of cycloole-
fins and the steric effect of added carbonyl compounds, the
maximum yield being obtained f@&b from the ozonolysis
of the cyclohexenéb. The results for the ozonolysesiai-
lein the presence of aldehydgsand6b are summarized in
Table 1.
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Table 1 Ozonolysis of cycloalkene$a-1e in the presence of
aldehydes$aand6b

Structural units

Isolated yield (%) of

n R1 R2 7 8 9
a 3 H H 16 46 -
b 4 H H - 68 36
c 5 H H - 74 19
d 6 H H - 36 16
e 10 H H - 17 10
f 3 H CHs - 37 - 1
g 4 H CHs - 27 10
h 5 H CHs - 17 8
i 6 H CHs - 19 8 2.
j 10 H CHe - 17 -

All of the peroxidic products have been isolated by col-
umn chromatrography on silica gel and are stable at room,
temperature. The structural assignments of the tetroxepanes

of structure9 are based on characteristit and3C NMR 5.
signals of the Ckigroups and of the CH groups in the het- 6.
erocyclic ring systems. In thBH NMR spectra, the CH 7.

groups appeared as two singlet signals, in the range=of

5.02-5.05 and= 5.17-5.21, and the CH groups appeared as 8. L 1€ \ >
9. Sugiyama, T.; Nojima, M.; Krieger-Beck, P.; Kim, W. S.;

two triplets, in the range @ = 4.84-4.86 and = 5.12-5.14.
In the 13C NMR spectra, the signals of the £Hroups
appeared in the range 6f= 93.71-94.41 and those of the
two magnetically non-equivalent CH groups appeared in th‘il
range of = 100.86-101.96 and= 103.15-104.19.

The results in this study provide ample evidences that cafo

olefins can be readily trapped by “foreign” carbonyl com-

10.
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pounds like formaldehyde to give cross-ozonides and
1,2,4,6-tetroxepanes. This opens a convenient short-path
synthesis for ozonides and novel peroxides, 1,2,4,6-tetrox-
epanes which were not known previously.
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