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Abstract: The ene reaction of tiazolinedione with unsymmetrical cis-alkenes is regiospecific and shows 

a preferential abstraction of the allylic hydrogens on the larger alkyl group of the double bond. 

Triazolinedione (PTAD) undergoes the same type of reactions as singlet oxygen (102). It reacts rapidly 

with conjugated dienes to give Diels-Alder adducts and with olefins to afford ene or [2+2] adducts’. The ene 

reaction of PTAD with olefins has been used as a method to introduce nitrogen functionality*3 or to shift a 

double bond in a non catalytic fashiod. The mechanism of the reactions of PTAD with olefmslaT4 or dienes5 

has received considerable attention the last few years. In the ene reaction, it has been demonstrated by isotope 

effect studies that both singlet oxygen6 and PTADla14a react through similar intermediates which have the 

stereochemical characteristics of perepoxide 1 or azirldinium imide (AI) 2, respectively. However, the 

product regio- and stereoselectivities of the two reagents show marked differences. For example, PTAD 

reacts with trisubstituted alkenes and shows a Markovnikov selectivltyla. whereas singlet oxygen shows 
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preferential abstraction of hydrogen from the most substituted side of the double bond (cis effect)7. Adam 

and coworker recently reported8 some comparisons of PTAD and ‘02 with allylsilanes. The results show that 

102 leads to rrans ene adducts whereas PTAD affords cis products. 

Our recent study9 of the regioselective photooxygenation of cis-alkenes prompted us to investigate the 
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with F’TAD with ‘02 

Reactive 
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reaction of PTAD with similar substrates. We report here a new type of regioselective ene reaction of PTAD 

with unsymmetrical cis-alkenes. This reaction is stereospecific and shows a general preference for hydrogen 

abstraction from the larger group of the double bond. Unlike the reaction of PTAD with trisubstituted olefins 

(scheme I), or allylsilanes, this reaction shows product selectivity in the same direction as that of 102 but to a 

greater extent. The results are summarized in Table I. 
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The reaction of PTAD with cis-alkenes gives ene adducts by preferential abstraction of allylic hydrogens 

from the carbon next to the larger group. For example, when L (larger group) is tert-butyl and s (smaller 

group) is hydrogen, compound 5, the preference for abstraction of hydrogens adjacent to the ten-butyl group 

is greater than 97%, making this reaction highly regioselective. When the size of the s group becomes larger, 

the selectivity toward the rerr-butyl group is still high. This is demonstrated with substrates 4,5, 6,7 and 

8, where the preferential hydrogen abstraction is greater than 85% on the rert-butyl or isopropyl sides. 

Similarly, alkenes 9 and 10 give again as a major product the ene adduct with the double bond next to the 

tert-butyl and isopropyl groups. The ene adducts of 9 and 10 substrates were purified by flash 

chromatography and gave 60% and 55% overall isolated yields respectively. Some other products are present 

in small amounts as indicated by TLC and tH NMR analysis. No attempt was made to identify the minor 

products. They are most probably formed the following way: The minor ene adducts of 9 and 10 with the 

double bond conjugated to the phenyl ring, react with one more PTAD molecule in a Diels-Alder fashion to 

form the 2PTAD:l adduct. A further addition to the newly formed diene can yield a 3PTAD:l adduct. It is 

interesting to note that we were not able to observe any ene adduct of PTAD with cis-1-phenyl-2-pentene or 

cis-1-phenyl-2-butene, even though there are four and five available allylic hydrogens respectively. Instead 

Diels-Alder adducts are formed. This result suggests that PTAD reacts more rapidly in a [4+2] fashion than in 

an ene reaction. The addition of PTAD or *$ to the double bond and the ortho position of an aryl ring in 
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Table I. Regioselective Reactiona of FTAD with cis-Alkeneslu 

LJ==LsPTAD_L Y$N-Ph 
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a Product ratio was determined on Bruker (250 or SOOMHz) spectrometers with TMS internal 

standard in CDC13. Numerical values below substrates represent percent of hydrogen abstraction. 

styrene or stilbene type of molecules is well documentedtt. 

Although the selectivity of this reaction can be. rationalized either by the intermediacy of an aziridinium 

imide 2, or a 1,4 dipolar intermediate we prefer the AI. Such an intermediate in the ene reaction of FTAD with 

alkenes has found strong support from isotope effect studies la74a, direct spectroscopic observationsl2, and in 

some cases from experimental and theoretical calculations with dietress. 

For the unsymmetrically disubstitutcd alkenes the AI, I is probably unsymmetrical, due to non-bonding 

interactions, with N-C4 bond being longer and weaker than N-C5 bond. 

I 
Minor or no product 

I 

+N’N Ph N+-N- = I - Major or only product 
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The lack of a substantial effect of solvent polarity on ratesla, suggests that transition states do not have 

much dipolar character. In the transition state (II) leading to the major (or only) product, the non-bonding 

interactions involving the large (tert-butyl) group and triazolinedione moiety are much smaller than those in 

transition state (II’) leading to the minor or absent product. Therefore transition state (B) is expected to have 

lower energy than (II’). The selectivity of PTAD is in the same direction with that of 102, but greater. This 

may be expected from the fact that the phenylniazolinedione moiety is much larger than oxygen and therefore 

more sensitive to sterlc interactions. 
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