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Abstract: The ene reactions of N-phenyl-1,2,4-triazoline-3,5-dione (PTAD) and singlet oxygen (107) with
tetrasubstituted alkenes, follow regioselectivity trends governed mainly by 1,3- non bonded interactions (type I) for the
case of PTAD, and mainly by the steric hindrance caused during the formation of the new double bond (type II) for the
case of 102. The results are explained in terms of a "late” product forming transition state of hydrogen abstraction for
triazolinediones and an "early" transition state for the analogous singlet oxygen reaction.
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The ene reactions of singlet oxygen1 and triazolinediones2 with alkenes, has received a considerable
mechanistic attention. It was found that both electrophiles react with alkenes forming structurally similar
intermediates (aziridinium imide [AI] and perepoxide [PE] respectively), and their ene stereoselectivity occurs
at remarkably similar manner. So far, the only substrates that show a significant deviation in product
stereoselectivity are the allylsilanes.3 Recent studies dealing with the regioselectivity revealed the importance
of non bonded interactions in the product forming transition states.4 The non bonded interactions in the possible
transition states of the ene reactions that contribute in the stability of the transition states, can be classified into
two major types as shown in scheme I : a) Repulsive 1,3-interactions between the bridgeheaded heteroatom of
Al or PE intermediates and the bulky allylic or vinylic substituent (Type I), which directs the regioselectivity
either adjacem,‘m’b or geminal4c'e to the large substituent, and b) repulsive interactions between the alkyl
groups during the formation of the new double bond (Type II) that adopt a cis arrangement. Both types of
interactions contribute to the higher energy barrier of the product forming transition states.

We report in this communication a mechanistic comparison in the regioselectivities of the ene reactions
of 4-phenyl-1,2,4-triazoline-3,5-dione (PTAD) and 107 with a series of symmetrical tetrasubstituted alkenes 1-
4,5 which indicates a significant difference in the structure of the product forming transition states, that affects
the distribution of the ene products. With a systematic variation of the alkyl group size, we followed the
regioselectivity of the reaction balancing between the two types of non bonded interactions described above.

The results are summarized in Table 1. For discussion purposes, comparison of the regioselectivities in
the reactions of PTAD and 102 was done with the structurally similar disubstituted alkenes 5-8.
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Table 1. Regioselectivity Trends? in the ReactionsP of Singlet Oxygen and PTAD With Symmetrical
Tetrasubstituted and cis Disubstituted Alkenes.

<

Ph

3037 70 (63) 5(70) 95 (30) 46 (>99) 54(<h 48 (>99) 52 (<1)
4

— L — _~\

50(50) 50(50)  50(60) 50 (40) 70(97) 30(<3)
s 6 7 8

4 Numbers indicate percentages of double bond formation with singlet oxygen and those in
parentheses with PTAD. b The numbers are not statistically corrected per H-atom in each site of the
double bond. In the reaction of 107 with alkenes 3 and 4, the methylenic hydrogen abstraction
products, appear as a 50/50 and 60/40 ratio respectively of the stereoisomers whose stereochemistry
was not assigned. Also in the addition of PTAD to 3, the ene products appear as a 80/20 ratio of the

stereoisomers.

We start our discussion with the earlier reported?2,42 reaction of 102 and PTAD with cis-2-pentene (5)
whose methyl and methylene allylic hydrogens are equally reactive for both electrophiles. By adding a methyl
and an ethyl group in the unsubstituted side of the double bond of alkene § to produce 1, a preference for
hydrogen abstraction from the methyl end of the double bond is observed for both electrophiles. This result
indicates that type II interactions between the R substituent (here R = methyl) disfavor transition state TSy
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compared to TS| where these interactions are absent (Scheme II). Also, the 1,3- non bonded interactions (type I)
in TSy are not important since R is too small (methyl). Consequently, TSy leads predominantly to hydrogen
abstraction from the methyl groups of 2 to produce the corresponding ene product.

Scheme I1
¥

A\
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In compound 2 where the size of the alkyl group R has increased from methyl to ethyl, both types of non
bonded interactions are expected to be present in the TS’s, however a dichotomy in the regioselectivity is
observed revealing a different balance between the two types of repulsions. It is evident that an extra methyl
group is enough to add relatively strong type I interactions in Al for the case of PTAD, which clearly
predominate over type II interactions affording a 70/30 ratio of the ene products, favoring double bond
formation at the propyls site. If we consider the roughly similar ene regioselectivity observed in the reaction of
the cis disubstituted analogue 6, (60/40),4a we can conclude that the bulky PTAD is more sensitive to type |
interactions than to type II when they coexist in a transition state. On the other hand, the reaction of singlet
oxygen with substrate 2, results a dramatic shift in the regioselectivity, compared to PTAD. The "opposite" ene
products was formed in a ratio 5/95, regardless that the regioselectivity observed in the reaction with substrate
65 (free of type I interactions) is absent. This result indicates that for 102, type II non bonded interactions
predominate over type 1.

In substrate 3, type I interactions increase substantially because of the two geminal isobutyl groups.
These groups constibute to a substantial increase of 1,3- non bonded interactions leading to the adduct with
exclusive double bond formation next to the isopropyl group, for the case of PTAD. However for 102, type 1
and type II interactions constibute almost equally in the TS's of the reaction, resulting to ene adducts with
roughly equal percent (46/54) double bond shift.

Analogous results to substrate 3 are obtained for both electrophiles in the case of the sterically similar
geminal diphenyl substituted alkene 4, indicating that for singlet oxygen only the size of the substituent is
important, whereas electronic effects of the phenyl rings are negligible (conjugation of the new double bond
with the phenyl).

In conclusion we have shown that the regioselectivity of the ene reactions of PTAD and 102 with
tetrasubstituted alkenes, depends either on interactions during the formation of the new double bond (type I), or
on the 1,3- interactions of the bridgeheaded heteroatom with the bulky alkyl substituents (type II). In the case of
PTAD, type I non bonded interactions are predominant. On contrary, type 1l non bonded interactions, play a
very significant role for the 105 ene reactions. This interesting dichotomy in regioselectivity can be also

expressed in terms of a "late" product forming transition state for PTAD, and a relatively "early" transition state
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for the singlet oxygen reaction. An "early" transition state for singlet oxygen disfavors the 1,3- non bonded
interactions to be developed to a significant degree, while the new double bond has been formed to a less extend
(small percentage of allylic C-H bond breaking). Therefore substantial type II interactions develop in the
transition state, and are responsible for the observed regioselectivity in the 102 ene reactions. On the other hand
in a "late" transiton state for PTAD, the pronounced double bond formation favors 1,3- non bonded interactions
to be predominant. The above mentioned "early" and "late" transition states, are also consisted with the small
isotope effects (kpy/kp = 1.4) measured with singlet oxygen,” and the large isotope effects (kp/kp ~ 5),
measured with PTAD8 in their ene reactions with tetramethylethylene.
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