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Abstract—Proton electrophilic addition to 3-phenyl-4-(2,4,6-trimethoxyphenyl)methyleneisoxazolin-5-one can either catalyse E-Z
isomerisation or a Pd(II) assisted cleavage of the exocyclic sp2-hybridised C�C bond in dependence on the proton site attack.
© 2002 Elsevier Science Ltd. All rights reserved.

The activity of 4-aryl-methyleneisoxazolin-5-ones as 1–
4 Michael acceptors,1 conjugated oxadienes in Diels–
Alder reactions2,3 or dipolarophiles4–6 is well docu-
mented. Due to 1,3 steric interactions between aryl
substituents the 3-phenyl derivatives were believed to
exist only in the Z form (like 2 and 2a in Fig. 1) both
in solution7 and in the solid state.8

Nonetheless, the formation of 4-diphenylmethyleneisox-
azolin-5-one9 (Fig. 1) witnesses the possibility that the
4-arylmethylenes can exist in the E-form, and a theoret-
ical study on aryl derivatives of cynnamic acid owning
similar steric features suggests, indeed, a comparable
thermodynamic stability for the two isomers despite of
the bigger steric hindrance claimed for the E form.10

Our 1H NMR11 and 2D NOESY12 spectra show the
trimethoxy derivative, as solved in chloroform, in the
pure E form 1 that slowly interconverts in to the Z
isomer 2, reaching an equilibrium composition ratio 1
to 2 of 1.4 in about 8 days. In the same way we proved
that although fresh chloroform solutions of trimethyl
derivative, contains almost exclusively the Z form 2a,
slow isomerisation leads to equilibrium composition
similar to that reported for the trimethoxy derivative
(1a to 2a ratio about 1.3). On the other side, slow
evaporation of chloroform from the mixtures of,
respectively, the trimethoxy and trimethyl derivatives at
equilibrium, again separates pure crystals of 1 and 2a,
whereas fast evaporation in both cases yields mixtures
of the two isomers with the approximate equilibrium
composition. Thus, in accord with the theoretical con-
clusions,9 we found that in solution E and Z forms
have approximately equal potential energy, and that, in
chloroform, the selective crystallisation of a single pure
isomer is driven by its lower solubility. The isomerisa-
tions require several days to take place, either in protic
or aprotic solvents, however, as assessed for analogue

Figure 1.
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derivatives,13 the reactions are dramatically catalysed
by protons. In acid CD3OD at room temperature,
interconversion occurs in the NMR timescale so that
the kinetic process can be analysed, at the equilibrium,
by magnetisation transfer experiments.14,15 By this pro-
cedure we found that the pseudo-first-order 1 to 2
interconversion rate constant (kobs) obeys to the follow-
ing kinetic law:16

kobs=a [D+]/(1+b[D+]);

a=9.5±0.8 s−1 mol−1; b=0.9±
0.2 mol−1; in methanol at 298 K.

Proton addition to 1 and 2 derivatives leads to interme-
diates 3 and 4, respectively, whose energetic rotational
barrier is dramatically reduced because of the
mesomeric shift of the exocyclic double bond toward
the isoxazolinone ring. In alternative electrophilic addi-
tion of a proton to the aromatic electron-rich ipso-car-
bon of 1 and 2 leads to intermediates 5 and 6 which
prevent the isomerisation.

Addition of PdCl42− does not affect significantly the
isomerisation rate, however the complex greatly speeds
the rate of a much slower process that leads to the
release of 1,3,5-trimethoxybenzene (over 85% yields).
The rate of this process, monitored by periodic integra-
tion of the methoxy resonance of 7 at 3.75 ppm, shows,
in the reported experimental conditions,17 a pseudo-
first-order kinetic dependence on the 1-2 concentration
(E-Z fast equilibrium), in accord with the following
kinetic rate law:

k �obs=(a �+a ��[PdCl42−])[D+]/(1+b �[D+]);

a �=0.5±0.1 h−1 mol−1; a ��=15.3±2 h−1 mol−2; b �=3.7±
0.5 mol−1; in methanol at 323 K.

A mechanism of both isomerisation and palladium
assisted reaction, consistent with our experimental
results, is reported in Scheme 1.

Experimental evidence for the proposed mechanism: (i)
the kinetic rate laws; (ii) mass spectra proving the
progressive formation of 7, 8, and 9 (small amounts) in
the reaction mixture; (iii) NMR spectra in acid
CD3OD, showing progressive transformation of the
methoxy resonances of 1 and 2 in to the single reso-
nance at 3.75 ppm, correspondent to that of an authen-
tic sample of 1,3,5-trimethoxybenzene. Further NMR
and mass spectra monitoring of the acid CD3OD solu-
tion indicate slower complete deuteration of the resid-
ual aromatic protons of 7. The reaction here reported
is, to our knowledge, the first example of car-
bon�carbon sp2 hybridised exocyclic cleavage in mild
conditions. We did not observe an analogous cleavage
in 1a and 2a, probably because activation of the exo-
cyclic carbon�carbon bond requires very electron rich
aryls. Cleavage and functionalisation of strong C�C
single bonds by transition metal complexes is an impor-
tant transformation, relevant to Ziegler Natta and
other organometallic processes.18–20 Pd-aryl ipso-carbon
�1 interaction has been proposed as a likely intermedi-
ate of Caryl–Calkyl activation21. A recent structural char-
acterisation of similar complexes highlighted a length of
about 156 pm for the crucial exocyclic linkage.22 On

Scheme 1.
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this basis the authors predicted for this class of com-
pounds potential easy C�C cleavage (deinsertion)
analogous to that occurring in our system.
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