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REACTION OF ARYLIDENE-PYRAZOLONES AND -ISOXAZOLONES
WITH DIHYDROPYRAN: NATURE OF THE TRANSITION STATE
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Abstract—Dihydropyran reacts easily with the x, B-unsaturated carbonyl system of heterocyclic rings
(pyrazoles or isoxazoles) in accordance with a 1,4—cycloaddition.

The stereochemistry of the addition is followed and the two-step character of the reaction mechanism is
shown.

PURSUING our research on the cycloaddition between arylidene-pyrazolones or
-isoxazolones and vinylethers?, we wish to report the results obtained with dihydro-
pyran, a cyclic ether little studied as a partner in (4 + 2) cycloadditions.?

Previously reported reactions of P-substituted acyclic vinylethers have shown
that a steric control occurs in the transition state.? This, and the retention of stereo-
chemistry of the starting ether in the adduct, lead us to propose a concerted transition
state with asynchronous bond formation and consequently a partial character of
nucleophilic attack for the formation of the C,—C, bond.

No evidence for a two step reaction with loss of the configuration of the starting
ether has been shown.

The nucleophilic character, under the same substrates, depends upon the degree
of resonance arising from the overlap of the n-orbital of the double bond with the
oxygen lone pair p-orbital.

Various methods have been proposed to estimate the contribution of the polar
form: mainly, relationship between the electronic density of the B-C atom and the
NMR spectral parameters, obtained from estimation of the chemical shift values of
the p-ethylenic protons**®, or relationship with C'* chemical shift of the B-C atom.®

A recent MO calculation® infers that the degree of overlap of orbitals, hence the
resonance, depends upon the conformation of the vinylether whose significant
rotamers are s.cis (A}, s.trans (B) (both planar) and a non-planar form (C) (Scheme 1).
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SCHEME 1

We have therefore considered an ether, dihydropyran, which is forced into a
conformation (half-chair” or sofa®) similar to s.cis (A).
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The reaction was performed, whatever the substrate, with an excess of dihydro-
pyran as solvent and the reaction mixtures were warmed in sealed tubes at 120°
over an oil-bath.

We isolated mixtures of isomers with different distribution, but the overall yield
was in the range 60-809,.

Chromatographic separations, fractional crystallizations or both techniques
together (Experimental) gave the pure adducts the IR spectra of which lacked a CO
band and suggested a 1,4-cycloaddition as reaction mode. Thus tetrahydropyran
[3,2':5, 6] dihydropyran [2, 3-c] pyrazoles and tetrahydropyran [3', 2': 5, 6] dihydro-
pyran [3, 2-d] isoxazoles are obtained from pyrazolones and isoxazolones respectively
(Scheme 2).

Ar
R H
N\Z 0
la-f Ila-f Cis{4a, 9a]cis[4a, 5]
Ar Ar
N N
s 0 N2 0
I11a-f cis{4a, 9a}trans{4a, 5) 1Vb,f trans{4a, 9a)cis{4a, 5]
LIL1Ila: Z=N-Ph; R=H; Ar=Ph
LILNLIVb: Z = N-Ph; R = Me; Ar=Ph
LILIIlc: Z=N-Ph; R=Ph; Ar=Ph
LILIIId: Z = N-Ph; R =Ph; Ar=p.MeOPh
LILHle: Z=N-Ph; R =Ph; Ar=p.CIPh
LILILIVE: Z=0; R =Ph; Ar=Ph
SCHEME 2

The investigation of the structures was monitored by NMR, which is in general
complex; nevertheless a few signals can be assigned easily: the doublet of the anomeric
proton Hg, and the doublet of the benzylic proton Hs, even if partially overlapped
by the signals of the tetrahydropyran methylene to the O atom (H,), can be assigned
as the doublet collapses to a singlet when H,, is irradiated.

A small |*J] coupling (~0-3 Hz) sometimes broadens H; and H,, probably due
to coupling with other protons which lie in a mutual equatorial position; however
the correct assignment of the long range coupled protons is rather difficult owing
to the multiplicity of the protons and the complexity of the signals involved.

The main NMR spectroscopic parameters for each derivative are reported in
Table 1*.

If we assume, and nothing suggests the contrary, that our adducts prefer the same
conformation® as the adducts from acyclic ethers, i.e. the dihydropyran fragment is in

* Chemical shifts are reported in ppm on the § scale, coupling constants in cps; CDCl, was the solvent
and TMS the internal standard.
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a flexible half-chair form and that the fused pyran ring adopts a chair conformation,
for cis fused rings the structure will be an equilibrium between two conformers:
A and B when the aryl group is cis, C and D when it is trans (Scheme 3).

Ne—gp

SCHEME 3

2¢,10

Since Hy,/H,, cis coupling always has a value of about 2 Hz , we believe that
all the described adducts, apart from IVb and IVf, have the required character:
J4a0s trans in fact should be an axial/axial coupling.

The presence of isomers with the same [4a, 9a] stereochemistry must therefore
be due to the different configuration of the aryl group in the 4-position.

Since in many previously considered similar adducts J,,5 cis always has a value
of about 6:5 Hz? '°, within the preferred conformation®, we assign this configuration
to the isomers IIa—e. Consequently other isomers will have a J, ¢ trans, but the low
value for IIlc-e indicates it must have a fully equatorial/equatorial character, i.e.
in the equilibrium C = D, C must be the preferred conformation.

This preference can be rationalized as due to strong steric interactions: a “gauche
butane” (D) versus a “gauche propyl ether” (C) interaction!! and the steric interaction
already shown between the equatorial aryl group and the phenyl group at 6 on the
heterocyclic ring®.

If this is true, one of the factors against D must decrease for R = Me and = H.
As a matter of fact J,,5 has a value of 2-25 in I1Ib and 3-25 Hz in IIla, and this shows
the increased axial/axial contribution.
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We have not yet consi
siderable importance.
The large value of J,,, is in accordance with an axial/axial trans coupling?,
therefore we can assign to these adducts a trans junction between the two pyran rings.
In this case, as for trans decalins'?, trans fusion makes the structure rigid and allows
to determine the configuration of the 5 position. Since H, is fixed in the axial position,
a trans J,,s should be an axial/axial coupling: the observed value is too small for
this but perfectly reasonable for a cis value. The configuration (E) (Scheme 4) can
therefore be assigned to IVb and I'Vf having phenyl group in the axial

viviViv Uv @ & privii

nosition
position,

SCHEME 4

Since each isomeric product is perfectly stable under the reaction conditions*,
these trans [4a, 9a] adducts are kinetically-controlled products too.

DISCUSSION
The stereochemistry of the adducts allows us to infer the reaction mechanism.
The nucleophilic attack of the dihydropyran on the «,B-unsaturated carbonyl
system gives rise to a discrete intermediate, probably of zwitterionic character,
whose subsequent closure occurs, at least in two cases, with loss of the original cis
configuration (Scheme 5).

Reagents — 5 N
9 N ~—— Products

SCHEME 5§

To our knowledge, this is the first example of a (4 + 2) cycloaddition of unsaturated
carbonyl compounds and vinylethers occurring through an intermediate whose
presence is demonstrated.

The low value of the ratio of the isomers with loss of configuration to those with
retention of configuration, indicates the high degree of “memory”'? which the
intermediate has of its origin when the ring closure occurs and this might justify
the retention of configuration in the other cases. However this low value could also
mean that these cycloadditions with vinylethers lie in a border region where the

* The adducts can be equilibrated under acidic conditions as will be reported in a forthcoming paper.
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T

and indicates only the predominant character of the reaction.

It is reasonable to assume that the predominant character of two-step reaction
of the above reported cycloaddition, under our experimental conditions, depends
upon the increased nucleophilicity of the dihydropyran in comparison to the pre-
viously reacted acyclic B-substituted vinylethers.

Calculations of the theoretical n indexes by the CNDO/2 method have recently
shown that the charge density on the B-carbon atom is increased when a s.cis con-

6 .
formation is adopted® and the value for a s.cis B- met..,!\.lhm"eth /lene is not far

from row values obtained for - methylsubstltuted enamines 4

Therefore demonstration of the existence of an intermediate for a cycloaddition
with dihydropyran is not astonishing if we consider that an intermediate has been
invoked!® in cycloadditions with enamines.

EXPERIMENTAL

All m.ps are uncorrected. IR spectra (nujol mulls) run on a Perkin-Elmer 257 spectrophotometer.
NMR spectra run on a Perkin—Elmer R-12 spectrometer by Dr. A. Gamba Invernizzi. Microanalyses were
performed by Dr. L. Maggi Dacrema.

General procedure. A mixture of arylidene-pyrazolone or isoxazolone I (0-003 mole) and dihydropyran
(50 ml) was warmed in a sealed tube over an oil-bath for a period of about 200 hr at 120°. After this time the
colour of the starting material disappeared and the mixture became a brown viscous soln. The excess
dihydropyran was evaporated under reduced pressure and the black-brown tar was chromatographed over
a silica gel column (eluant: cyclohexane-AcOEt 70/30). The colourless mixture of adducts was collected,
the overall yield was determined and the composition of the mixture was monitored by NMR. The isomers
were separated by column chromatography (silica gel—eluant: Cy-AcOEt 9/1 or Cy-PhH 1/1) or, when
mixtures were still obtained, by fractional crystallization.

The characterization of the isomers is reported in Table 2.
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