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Anomalous Cycloaddition of Oxazoles with PTAD

*
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The reaction of various substituted oxazoles with 4-phenyl-
1,2,4-triazole-3,5-dione gave anomalous cycloadducts, N-phenyl-5-
acyl—A3—1,2,4—triazoline—1,2—dicarboximides in high yields through
oxazole ring opening. The structure of one of the adducts was

determined by a single-crystal X-ray analysis.

The previous paper of this series dealed with the formation of 3,3,4,4-

tetracyano-4,5-dihydropyrrole derivatives (2) in the abnormal Diels-Alder

)

reaction between oxazoles and tetracyanoethylene (TCNE).1 These results prompt-

ed us to reinvestigate the reaction of oxazoles with 4-phenyl-1,2,4-triazole-

2)

3,5-dione (PTAD) reported before to give normal Diels-Alder adducts, because

PTAD has been recognized to have strong electron-acceptor character similar to

TCNE and also to have a strong dienophilicity toward the various types of

3,4)

dienes. In this paper, we report the results of detailed investigations of

the products of many oxazoles with PTAD to give A3—1,2,4—triazoline derivatives
and would like to correct the description in the previous paper suggesting the

usual Diels-Alder adduct formation.z)
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Treatment of ethyl 2-methyl-5-ethoxyoxazole-4-carboxylate (la) with equi-
molar amount of PTAD in an acetonitrile solution at room temperature resulted

in rapid disappearance of deep carmine color of PTAD in a few seconds and gave
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a colorless crystalline product (3a) in high yield (99%) after evaporation of
solvent. The results of elemental analysis revealed that 3a is an adduct of la

5) 1

with PTAD. The "H NMR data of the adduct show the presence of two identical

ethyl groups of ethoxycarbonyl in a molecule; [1H NMR (CDC13) § 1.33 (¢t, 2xCH3),
2.50 (s, CHy), 4.35 (q, 2xCH,), 7.44 (s, Ph); '>C NMR § 163.68 (ester C=0),
155.19, 152.27 (imide C=0), 147.98 (C=N), 130.51, 129.39, 129.12, 126.29 (Ph),
91.65 (quarternary-C), 63.86 (2xCH2), 14.36 (CH3), 13.91 (2xCH3); IR (KBr) 1743
cm_1 (broad, C=0)]. This indicates that the adduct does not have the normal
Diels-Alder adduct structure (4a) but has a structure having two equivalent
ethoxycarbonyl groups in a molecule. For the further definitive characteriza-

tion of the structure, spectral data were found useless, and then the X-ray

study was done as shown below.
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Table 1. vYields of Adduct 32’
Run R R R Yield of 3/3°
1 2 3 =
a EtO EtO0C Me 99
b MeO p—N02C6H4 Me 94
c " " Et 100
d " " iso-Pr 99
e " " t-Bu 98
f " " Ph 99
g " Me Me 88
h " " p-tolyl 76
i Ph H Ph o¢)
a) All reactions were carried out in an acetonitrile solution at

room temperature using equimolar amount of oxazole and PTAD.
b) Yields listed here are isolated yields based on the amount of
oxazoles after flush column chromatography on silica gel.

c) The reaction mixture was refluxed for 20 h.
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20 Cyr and C5 were also con-

firmed to give similar type of adducts (3) in the reactions with PTAD in almost

Other oxazoles having various substituents on C C
quantitative yields (Table 1).

In order to determine the structure of the adducts definitely, a single-
crystal X-ray crystallography of the adduct (3h; R1=CH30, R2=CH3, R3=p—MeC6H4)
of S5-methoxy-4-methyl-2-p-tolyloxazole (lh) with PTAD was undertaken and
the A3—1,2,4—triazoline—1,2-dicarboximide structure was confirmed as shown in

6)

Fig. 1. Each of the triazoline ring and urazole ring are almost planar, and

two planes make a dihedral angle of 140.75°.
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Fig. 1. ORTEP view of 3h.

The similarity of the structure of the adducts 3 with those of oxazoles

and TCNEl)

suggests that the reaction proceeds in a similar stepwise mechanism
through zwitterion intermediates 5a or 5b followed by oxazole ring opening to
give other type of zwitterions 6a or 6b, respectively, which cyclize to afford
the adduct 3. However, a possibility of the process through ring opening of
the normal Diels-Alder adduct 4 can not be eliminated.

Because of much higher dienophilic reactivity of PTAD than that of TCNE,7)
the reactions of PTAD with oxazoles are much faster than the cases of TCNE.
Therefore, substituents on oxazoles are not so effective on the reactivity of

1)

oxazoles toward PTAD different from the reactions with TCNE. For example, a

bulky t-butyl group on C, of oxazole depressed the reactivity toward TCNE, but

2
gave no effect on the reaction with PTAD (run e). However, introduction of
phenyl groups on 02 and C4 seems to lower the reactivity of oxazoles as seen in

the reaction of 2,5-diphenyloxazole (li) which shows no reaction even under

reflux for 20 h in acetonitrile (run i).
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As these reactions will open a new route to the synthesis of fungicidal

8)

A3—1,2,4—triazoline—l,2-dicarboximides, experiments to confirm the generality

of the reaction are now in progress together with the mechanistic studies.
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