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A&m& Chemical evidence has been obtained in two repante experiments for the participation of l pcrcpoxide imtamedi~te 
in the m&ion of singlet oxygen with mom-olef$s. The intramolecular trapping of such an intemrcdiate in the reactioad 
6,7diiehydmcsmosic acid derivativea with molecular oxygen in unequivocal singlet oxygco-generating cmditions to give rosmawl 
rod ison~ma~l derivativea repmen@ concWve proof for the cited mwbanism. Futhemme, such chemical evkhee supporb our 
udicr hypothesis of a biogenetic psthwsy to highly oxidized abietstriexte diterpcncs in wbicb enzymatic debydroenstion and 
singletstnte oxygen appear to play impoftant rolea. 

Oxygen, in its singlet state, is a versatile reagent’. Depending on the availability of an allylic hydrogen 

substituent, mono-olefins 1 react with it to give either dioxetanes 7 or hydroperoxides 8 , whereas cisdienes 9 

yield eodo-peroxides 10 (Scheme 1). The mechanism of these reactions has received considerable attention in 

recent years. Although it is generally conceded that the last reaction proceeds through a concerted [4+2] 

cycloaddition, the mechanisms of the first and second reactions remain controversial. Concerted [2+2] additions 

and eoe-type. reactions are attractive for their mechanistic economy* but two-step processes are more likely. As a 

first event, oxygen may interact with olefins 1 to give exciplexes 23, zwitterionic peroxides 3 or perepoxides 44, 

or their biradical analogues 5 and B* 6. Subsequent skeletal or electronic reorganization of these different 

intermediates generates the appropriate hydroperoxide or dioxetane (Scheme 1). Since none of these 

intermediates have been isolated, they were deemed to be unstable. Consequently, evidence for their existence 

has been difficult to obtain and oecesPar ly has been of the indirect kind. Recently it has been demonstrated that 

the dye-seasitkd photo-oxygenation of trisubstituted olefins of at least the oorbomene type passes through a 

mitterionic peroxide’, which is sufficiently long-lived to be trapped by aIcohols and aldehydes. 
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SCHEME 1 

In relationship with our previously reported postul&ions of a biogenetic pathway to lactonic abietatrieoe 

diterpenes such as rosmadiall2, galdosol , isogaldosol , rosmanol , isorosmanol (Scheme 2) and to other highly 

oxidized abietanic diterpenes and diterpenequioones,9-13 in Salti species, in which enzymatic dehydrogenation 

processes and the participation of singlet-state oxygen appear to play an important role and also with the 
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possible participation of this type of compounds in defensive mechanisms protecting the plant cells of Safvia 

species against injuries by free radicals and singlet oxygen, we now present an account of experiments in which 

perepoxide intermediates have been characterized by intramolecular trapping experiments. 

SCHEME 2 

Aa shown in Scheme 2, 6,7didehydrocarnosic acid 11 plays a key role in our hypothesized biogenetic 

pathway. When 6,7didehydrocamosic acid methyl ester dimethylether 13 (Scheme 3), which we have isolated 

as a natural producP , was left in air in a solution of acetone-water, it undenvent a slow and interesting 

oxidation which after 15 days had resulted in its partial transformation into enone 16, which had physical and 

spectroscopic data superimposable on those of an authentic sampte 1s. In this process hydroperoxidea 14 (major) 

and 15 (minor) were isolated and characterizedl6as intermediates. 

SCHEME 3 

The formation of both epimeric hydroperoxides, with the a-epimer as the major one (more 

stereochemically hidden fi face), appears, in principle, to indicate a radical type process via formation of a 

benzylic radical on C-7. However, in this and in repeated experiments the above hydroperoxides were formed 

with 100% allylic transposition and no hydroperoxide on C-5 was detected in any case. On the other hand, when 

the above reaction (also over 15 days) was carded out adding sodium azide, an agent which is known to inhibit 

singlet oxygen reactionsl’, no reaction occurred and unaltered starting materid was recovered, precluding the 

participation of radical type species. The participation of singlet-state oxygen in the above reaction, via a 

concerted “ene” type reaction and thus a stereospecific process, is not compatible with the formation of 

the phydroperoxide 15. Nevertheless, all the experimental features of the above reaction may be accounted for 

by the participation of a perepoxide intermediate as indicated in Scheme 4. On the other hand, substrates such ss 

6,7didehydrocamosic acid 11 or derivatives thereof with a free carboxylic acid group appear to possess the 

suitable structural features to attempt to prove the possible participation of a perepoxide intermediate, in the 

reaction of the G--C, double bond with singlet-state oxygen, by intramolecular trapping of the perepoxide by the 

free carboxylic group. This led us to attempt to prove our hypothesis in the laboratory. 
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SCHEME 4 

6,7-Didehydrocam osic acid 11-methylether 21 was obtained as indicated in Scheme 5. Treatment of 

carnosol 17 (789 mg) disolved in dry acetone (80 ml) with methyl iodide (10 ml) and potassium carbonate 

(10 mg) in inert atmosphere and reflux for 24 hrs gave a mixture of 11,12-di-O-methyl camosol lg, 6,7- 

didehydrocarnosic acid methyl ester dimethylether 19 and 6,7_didehydrocamosic acid methyl ester ll- 

methylether 29, which were separated by preparative TLC. The spectral data of 18 and 19 were superimposable 

on those of authentic sampkst*Js. The structure of 29i9 was confirmed from its spectroscopic data and the free 

phenolic group was situated on C-11 on the basis of the strong nOe effect observed between the proton of the 

phenolic group and the methyl groups of the isopropyl grouping in a NOEDIFF experiment. 

Hydrolysis of 20 (126.1 ms> with potassium t-butoxide (300 mg) in dimethylsullikde (50 ml) at 

80°C in inert atmosphere for 24 hm yielded 6,7didehydrocamosic acid 1 I-methylether 21 as the major product 

together with traces of the decarboxylation product 2210. When an ice-cold bath solution of 21 (6.5 mg) in 

tridistilled CHC$ (3Oml), with Bengal Rose added, placed in an assay tube, was bubbled with molecular oxygen 

and illuminated with an intense beam of visible light (SOOw spotlight) it gave after 14hm a mixture of two 

products (Scheme 6) which were separated by preparative TLC and characterized by their spectral dataal as 

ll-methylether-7-hydroperoxide of rosmanol 23 and ll-methylether-6-hydroperoxide of isorosmanol 24. The 

latter was a minor product, which shows in its *HNMR spectrum signals for H-6 and H-7 protons with 

multiplicities and chemical shifts identical with those found for the corresponding protons in the lHNMR 

spectrum of isorosmanoP. The lHNMR spectrum of the major product 23 was identical with that of an 

authentic sample of 11-methylether of rosmanol obtained by treatment of rosmanol with diazomethane in ether 

(excepting the chemical shift of the H-14 aromatic proton, with appear at 6 7.01 in the late and at b 6.87 in that 

of 23 ). On the other hand, in the mass spectrum of 23, in which the ion molecular was not obsewed, the main 

pea&s are those corresponding to lost from it of an oxygen atom or of H,O and derived from them. The above 
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reaction constitutes clear evidence of the paxticipation of a perepoxide intermediate in the interaction of mono- 

olefins with singlet oxygen. 

OH . OH , 

SCHEME 6 
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