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Secondary isotope effect measurements of methanol adducts from the reaction of 4-phenyl-1,2,4-triazo-
line-3,5-dione with 2,5-dimethyl-2 4-hexadiene, support the formation of an aziridinium imide intermedi-
ate rather than an open dipolar intermediate in the rate determining step.
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4-Phenyl-1,2 4-triazoline-3,5-dione is a powerful elec-
trophile. With alkenes and dienes it gives a variety of
cycloadditions ([4+2], [2+2]) and ene reactions.
Deuterium isotope effects [1] and stereochemical studies
[2] have shown that the ene reaction proceeds via the irre-
versible formation of an aziridinium imide intermediate.
Only with the less reactive trans disubstituted alkenes
[1b] the product forming step competes with aziridinium
imide formation. The existence of the aziridinium imide
intermediate was established from low temperature nmr
studies in the reactions of adamandylidenoadamantane
[3], trans-cycloheptene [4] and trans-cyclooctene [S].

In methanol, the reaction of triazolinedione with dienes
gives methoxy adducts [6]. The methoxy adducts are
formed at low temperature, whereas the ene products are
formed at high temperatare [7]. This result is consonant
with the expectation that the entropy of activation for the
reaction with methanol is substantially more negative than
that of the competing ene reaction.

Furthermore, the stereochemistry of the methoxy
adducts [8] and secondary isotope effects [9] with gem-
tetramethylethylene-dg supported the stereospecific cap-
ture of the aziridinium imide by methanol (Scheme 1).

Extensive studies of the addition of 4-phenyl-1,2,4-tria-
zoline-3,5-dione to isomeric 2,4-hexadienes [6] and tert-
butoxy butadienes [10], revealed that the [4+2] adducts are
formed from a non-concerted mechanism. For example,
(Z,2)-2,4-hexadiene gives two Diels-Alder adducts with
the major product having the "wrong" stereochemistry.

With 2,5-dimethyl-2,4-hexediene, no Diels-Alder
adducts were formed, presumably due to steric interac-
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tions. At -40° a labile 1,2-diazetidine is formed as the only
product. Upon warming the sample to0 room temperature,
the diazetidine completely rearranges to the ene product,
along with some other unidentified products (Scheme 2).
However, when methanol is the solvent, at -40° the only
reaction products are the 1,2- and 1,4-methoxy adducts
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(5/95 ratio). It was proposed [6] that the reactions of 2,4-
hexadienes and 2,5-dimethyl-2,4-hexadiene with
4-phenyl-1,2,4-triazoline-3,5-dione proceed through an
aziridinium imide, which subsequently opens to a 1,4-
zwitterionic intermediate. Possibly the 2,5-dimethyl-2,4-
hexadiene reaction involves only the 1,4-zwitterionic
intermediate.

The above results prompted us to study the isotope
effects of the reaction of 4-phenyl-1,2,4-triazoline-3,5-
dione with 2-methyl-1',1',1'-d3-5-methyl-2,4-hexadiene-
1,1,1-d5 [11] in order to establish the formation and identity
of the intermediate in the rate determining step. The reac-
tion proceeded smoothly at -15° and gave the expected 1,4-
and 1,2-trapping products. Fractional crystallization at low
temperature afforded only the 1,4-adducts [12] (compounds
2a and 2b, Scheme 3).

The ky is proportional to the rate of formation of
adduct 2a, where the new C-N bond is formed next to the
geminal -CH; methyls, and the methoxy group is next to
the geminal -CD5 methyls. The kp is proportional to the
rate of formation of adduct 2b, where the methoxy group
is next to the geminal -CH; methyls. By integrating the
single peaks that resonate at 1.61 ppm (6H next to urazole
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2b), an intramolecular secondary isotope effect ky/kp =
0.93 +0.04 was found (Figure 1).

This slightly inverse secondary isotope effect can also

be assessed by the almost equivalent intensity of the two
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Figure 1. ’H nmr spectrum of the 1,4-adducts, 2a and 2b.

methoxy peaks at 3.12 ppm (methoxy next to the geminal
CD; methyls) and at 3.11 ppm (methoxy next to the gemi-
nal CHy methyls).

The observed small secondary isotope effect excludes
the formation of a zwitterionic intermediate in the rate
determining step. In such a case (rate determining forma-
tion of a dipolar intermediate), a substantial secondary
ky/kp would be expected, (ky/kp ~ 0.7-0.8) because of
conjugative effects (see intermediates Z; and Zy;, Scheme
4). In the analogous addition of tetracyanoethylene [13]
with 2-methyl-1',1',1'-d3-5-methyl-2,4-hexadiene-1,1,1-d3
in methanol to form the 1,4-methoxy adduct, a significant
reverse isotope effect ky/kp = 0.72 £0.04 was measured.
In that case a dipolar intermediate formed in the rate
determining step was proposed.

Our present results are consonant with either a synchro-
nous addition of 4-phenyl-1,2,4-triazoline-3,5-dione and
methanol to the diene, which is quite unlikely, or with the
irreversible formation of a noncarbocationic intermediate
in the rate limiting step. Taking into account the relevant
work by Foote and Jensen, we propose the formation of
an aziridinium imide intermediate as the first step. This
intermediate collapses to the products in a single step or
through the prior fast formation of the open zwitterionic
intermediate. This open zwitterion can collapse to 1,2-
diazetidine, which was observed by Foote and Jensen at
-40°, or can be captured by the solvent, to give the
methoxy adducts. The small inverse isotope effect
observed can be attributed to steric interactions involving
4-phenyl-1,2,4-triazoline-3,5-dione with either the dg or
the dy side of the molecule.

In conclusion, the reaction of 2,5-dimethyl-2,4-hexadi-
ene with 4-phenyl-1,2,4-triazoline-3,5-dione proceeds
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through the formation of an aziridinium imide in the rate
determining step, which rearranges in a fast step to the
1,2-diazeditine, probably via the zwitterionic intermedi-
ate. In methanol, the reaction gives preferentially the 1,4-
methanol adducts.
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