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Abstract: In  the reaction of  singlet oxygen with certain trisubstituted alkenes, a strong preference for 

regioselectivity favoring hydrogen abstraction on that side of  the olefin with one substituent has been 

recognized. These results are rationalized in terms of  non bonded interactions and the lack of  oxygen 

interaction with two allylic hydrogens in the same side of the double bond. 

The ene reaction of singlet oxygen with non functionalized olefins exhibits a fascinating regio- and 

stereoseleetivity (scheme I). In the reaction with di- and trisubstituted alkenes I the aUylic hydrogens next to a 

bulky alkyl group are more reactive (eq. 1). For olefins with a bulky alkyl group at the vinylie or allylie 

position a remarkable geminal selectivity is observed2 (eq. 2). The repulsive non bonded interactions seem to 

play the major role in the regioselectivity of these reactions. 3 In an earlier work, the side selectivity of IO 2 with 

trisubstituted alkenes 4 and enol ethers 5 had been recognized (eq. 3). Hydrogen abstraction in this case occurs 

on the more crowded side of the double bond (cis effect). 
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The "cis effect" selectivity has attracted the mechanistic interest of many organic chemists. Bartlett and 

Frimer, 6 in order to rationalize this effect, proposed a "hydrogen bond" type of interaction between the 10 2 and 

the allylic hydrogens of the olefin. Stephenson 7 suggested that the interaction between the LUMO of the 

oxygen and the "pseudo butadiene like" HOMO of the olefin stabilizes the transition state, thus leading to the 

formation of the proper perepoxide intermediate. Houk and coworkers, 8 based on STO-3G semiempirical 

calculations, rationalized the syn selectivity in trialkyl substituted alkenes in terms of barriers to rotation of the 

methyl groups. The lower the calculated rotational barrier to rotation, the higher the reactivity. For 

cycloalkenes, Schulte-Elte and Rautenstrauch 9 suggested that regioselectivity of the ene reaction is related to 

the conformation of the allylic hydrogens with respect to the olefinic plane. Schuster and coworkers 10 

measured the activation parameters of the reaction of 10 2 with c/s alkenes and found that the activation entropy 

(AS =) is more negative than in the reaction with the corresponding trans or geminal alkyl substituted alkenes 

and suggested that in the reaction limiting step there is some type of "positive interaction" between the oxygen 

and two allylic hydrogens of cis olefins. 

In this communication we report results from a series of acyclic trisubstituted alkenes which show "ant/ 

cis effect" selectivity and discuss the possibilities under which trisubstituted alkenes may show similar 

selectivity. This type of selectivity has not been previously recognized and may shed some light on the factors 

controlling product formation. These results are summarized below, l I 
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Numbers indicate percent of hydrogen abstraction in the reaction of Io2 with the olerms, a For substrate 1, the ratio 75/25 

was measmed by stereospecifically labelling the cis or trans methyl group with CD3. (ref. 3) 

Unlike the syn selectivity,4, 7 where the hydrogen abstraction occurs at the more substituted side of the 

olefin (alkenes 4, 5 and 7, ref.4b), photooxygenation of trisubstituted alkenes 1-3 impressively illustrates a 

strong preference for hydrogen abstraction on the less substituted side of the double bond. 

Examination of the possible transition states leading to the major and minor product provides new insight 

into the "anti cis effect" selectivity. In TSII, leading to the minor (endo) ene product, the nonbonded 

interactions involving the large tert-butyl group and the incoming oxygen are expected to be stronger than 

those in TSI, where this steric interaction is absent. 
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Furthermore, unlike the "cis effect" where two allylic C-H units are available on the same side of the 

double bond, there is only one allylie C-H unit (TSI and TSII) on each side of the double bond for "positive 

interaction" of the incoming oxygen, favoring equally the two transition states TSI and TSII. This observation 

indicates that non bonded interactions in TSI and TSII play the major role in the observed anti cis selectivity. 

Therefore, the product ratio 75/25 represents the ratio of the perepoxide intermediates PEI versus PEn, which is 

consistent with the fact that formation of PEII is less favorable due to steric repulsions. 

The most dramatic anti selectivity is demonstrated in olefin 3, where only the trans methyl hydrogens 

react. This can be attributed to the fact that in TSgI, apart from the 1, 3 nonbonded interactions of the tert-butyl 

group with the oxygen, the c/s configuration of the newly forming double bond places the methyl groups cis to 

each other, thus increasing its free energy of activation compared to TSIv, where these nonbonded interactions 

are absent. Consequently, TSIv leads exclusively to hydrogen abstraction from the methyl group to produce 

stereospecificaUy the "anti cis effect" ene product. 

O~ 
O .-"~ "H 
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It is instructive to note here that the anti selectivity increases as the disubstituted side of the double bond 

becomes more crowded. This is illustrated with the trisubstituted alkenes 5, 614 and 3. Alkene 5 shows the 

normal "cis effect" selectivity where only the 10% of the anti ene adduct is formed. However, as the size of the 

c/s alkyl substituent increases from methyl in 5, to isopropyl in 6 and tert-butyl in 3, the anti selectivity 

increases from 10% to 42% to >95% respectively. The same trend is also noted in substrate 8. A substantial 

deviation from "cis effect" selectivity is observed by replacing one methyl group in 7, to a tert-butyl group in 8. 

The totally unreactive methylenic hydrogens in 7 (cis effect) become reactive in 8, producing the exo ene 

adduct in a 38% yield. 
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In conclusion, we have shown that the anti selectivity for hydrogen abstraction of the ene reaction of 

trisubstituted olefins is related 1) to the degree of crowdedness of the more substituted side of the olefin, 2) to 

the non bonded interactions in the new double bond formation and 3) to the lack of interaction of oxygen with 

two allylic hydrogens. 
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