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M - The structures of 1,2,4-trloxolanss (ozonides) (2a-2f) derived from mono-substituted 

aikenes (la-11). respecfiveiy, were determined by specboscopic methods, such as I ~ - n m r ,  I3c.nmr. 

ir, two-dimensional nmr, and mass spectra. The coupling constant of the geminai protons on the 

frioxolane ring is zero. This unusual coupling constant resulted from the eiecfronegativify of two 

oxygen atoms near the geminal protons. 

The ozonolysis is an important reaction to cleave the C=C double bond. The resulted ozonide was usually treated with 

reducing agents in sifu to give the corresponding alcohols or carbonyl ~ o m ~ o u n d s . ~ ~ ~  Occasionally, ozonides were 

isolated and characterized for mechanistic s t ~ d i e s . ~ - ~  Recently, we found that oronides could react d~rectly with 

stabilized phosphorus ylides to form a.8-unsaturated esters or ketones in high yieK6 During the course of this study, 

we make an effort in the isolation and the structural determination of these ozonides. These ozonides were isolable and 

stable in the refrigerator for several weeks. The structures of ozonides had been studied by low temperature infrared 

microwave ~ p e c t r a , ~  and nmr d e s c r i p t i ~ n s ' ~ - l ~  However, the detail descriptions of their spectroscopic 

data for a series of related compounds are still not available. In this communication, we would like to describe the 

detail of our work in this area. 

The conjugate allylation of a.8-unsaturated ketones with allyltrimethylsilane in the presence of titanium tstrachloride 

afforded the corresponding 6,s-unsaturated ketones ( l a - l f )  in high y i e ~ d . ~ ~ . ~ ~  The typical procedure for the 

preparation of ozonides (2a-2f) was described as fallows. In a 100 ml two-neck flask, equipped with a magnetic 

stirrer, a drying tube and a gas dispersion tube (with porous fritted tip), were placed 57 ml of dichloromethane and 
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Table 1 : Yields of The Ozonides Formation And Characteristic Chemical 
Shifts of The Ozonides 

Figure 1 : The Characteristic Coupling Constants of Compound (2a) 



HETEROCYCLES, Vol. 32, No. 3, 1991 439 

aikene ( la )  (807 mg, 5.75 mmol). A stream of ozone was bubbled through the solution at -78°C. Ozone treatment 

was terminated when the solutions assumed a blue color. Excess ozone was removed by a stream of nitrogen. The 

reaction mixtures was then allowed to warm up to room temperature and concentrated to give the crude residues, 

which were chromatographed on silica gel to give 1.01 g of colorless oil (28) in 93 % yield. All of compounds (2a-21) 

are colorless oil and their odor is something like disinfectant or hypochlorite.(Table 1) 

The methine proton (H.) of 1.2.4-trioxolane ring of compound (2a) has the expected triplet splitting due to the 

adjacent methylene group.(6 5.17 (1 H, 1. J=5.3 Hz)) The gsminal methylene protons near the trioxolane ring (Hd and 

He) appeared as octet (6 1.81 (1H. ABqd. JAB= 14.5 and 5.5 Hz) and 6 1.94 (1H. ABqd. JAB= 14.5 and 4.9 Hz)). 

Surprisingly, the ring geminal protons (Ha and Hb) appear as separate singlets (6 5.01 (s. 1H) and 5.23 (s. IH)), i.e. 

there is no spin-spin coupling between these two protons.(Figure 1) It is notewonhy to mention that the geminal 

coupling constant of the methylene group on the l,2,4-trioxolane compound is much smaller than that of the 

carbocyclic compound (J=12-18 Hz). Several factors, such as H-C-H bond angle, ring size, and substituent 

electronegativity, could influence the magnitude of the geminal coupling  constant^.'^ Methylene groups adjacent to two 

oxygen atoms in five-membered rings have been reported to have geminal coupling constants in the range of 0 to 2 

H z . ' ~ - ' ~  Therefore, the zero coupling constant in our case was due lo  the ring sire and the eleclronegalivily of the di- 

oxygen moiety. This phenomenum turned out to be a general case for compound ( ~ a - 2 f ) . ~ O ( ~ a b l e  1) Moreover, the 

signal corresponding to two carbons on the trioxolane ring appeared at 6 93.56 (2") and 101.93 (3O) respectively in 

its 13~.nmr spectrum. This assignment was also confirmed by its HETERCO 2D-nmr spectrum, where two protons (Ha 

and Hb) were connected to the same carbon whose signal appeared at 6 93.561. 

The characteristic absorptions of 1.2.4-trioxolane are considered to be 1058 and 1109 cm.l which probably arise 

from C-O--0 strecting in the ir spectrum of compound ( ~ a ) . ~ ~  The molecular ion peak of the ozonide usually did not 

appear or very weak in mass spectrum even though the electron beam energy was lowered to 10 electron volt. The 

molecular ion peak of compound (2a) (m/z=188) was very weak and the signal corresponding to M+-CH20 showed 

reasonable intensity. The fragmentation pattern of compound (2a) was proposed to follow the sequences described 

in Scheme I. Similar observations of ir and mass spectra described here were also appiied to compounds (2b- 

21). In conclusion, the structures of ozonides were unambiguously determined by modern spectral techniques. The 

extremely small geminal coupling constant is an interesting observation. The synthetic application and the mechanistic 

studies of the reaction of the ozonides with phosphorus ylides have been extensively studied in our laboratory. 
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Scheme 1 
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