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Abstract-The cyclic adducts resulting from the reaction between N-substituted 3-oxindolideneaceto- 
phenones and enamines undergo thermal rearrangement in CDCI, at 35”. If the adducts originate from 
the gdimethyl substituted enamine, they revert to the starting materials. In contrast the ~mouometbyl 
substituted adducts are transformed into Michael-type enamines. Both classes of adducts react with 
tetracyanoethylene to give spirocyclohexane oxindoles. All the reported reactions seem to occur through 
the same intermediate with a zwitterionic character. 

IN A previous paper’ we have shown that ekectronic WtItrOl of the reaction betWeC%I 

3-oxindoliden~~tophenon~ and enamines can give rise to either l,Z- or l,4-cyclo- 
addition (Scheme 1). 

SCHEME 1 

CO-Ph 

The delocalization of the oxindolic nitrogen lone pair on electron-attracting 
substituents results in dihydropyr~ derivatives, whereas, if the eI~tron-reI~sing 
character of the nitrogen substituent forces the delocalization of the same lone pair 
onto the o&unsaturated carbonyl system, the new charge distribution favours the 
cyclization to spirocyclobutane derivatives. 

Having shown that border cases follow one or the other type of cycloaddition, we 
could not exclude that in every case a 1,4cycloadduct, allowed in terms of W. H. 
rules,3 is the kinetically controlled product, which subs~uently changes into the 
thermodinamically more stable. l,badduct, whose direct concerted formation would 
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be forbidden.3 This point of view, however, contrasts with the mechanism proposed 
in almost all the previous papers4’+ for the reaction between olefmes and enamines. 

In order to investigate if the conversion of a dihydropyran into the isomeric cyclo- 
butane (fortuitously evidenced for N-bentyldihydropyran2) is a general step in these 
cycloadditions and to gain info~ation on the stability of these adducts, which are 
stable only at low temp (about - 10c), we have investigated the thermal behaviour 
of both dihydropyrans and cyclobutanes obtained either from ~monosubstituted 
or -disubstituted enamines. 

The reaction at 35” in CDCI, for every adduct could be monitored through NMR 
spectroscopy. The first unexpected results were found not between dihydropyrans 
and cyclobutanes, but between 3-monomethyl- and 3,3-dimethyl substituted deriva- 
tives (Scheme 2). 

SCHEME ,2 

Ia : R:Me ;R’:H 

b: =MI : rM. 

c : :PhCl$; =H 
d : I PhCH$. =t.ic 

co-Pfl 

IS: R=MsCO- ; R’:H 

f ; =MilCO-; :t& 

g: =PhCO-. =H 

h : =PhCO-; =bia 

The 3,3dimethyl substitute adducts (Ib, d, f, h), either dihydropyrans or cyclo- 
butanes, reverted to the starting materials and the NMR spectra of the mixtures were 
identic~ with those of the oxindoliden~cetophenone2 and of l-pyrrolidino-~-is~ 
butene spectra. 

The 3-monomethyl substituted adducts (la, c, e, g) were transformed into Michael- 
type enamines (Ha, c, e, g). Their structures were investing through NMR spectra, 
which showed the presence of at least two configurational isomers and sometimes a 
trace of a third (Table 1, resp. isomers A, B and C, For isomer He see Fig 1). The 
proposed structures are supported by the presence of an olefinic Me group having 
an allylic coupling with a low field oletinic proton. Unfortunately the differences in 
the spectral parameters (them shift and coupling constants) were not sibilant 
so as to be able to assign the stereochemistry of the single isomers. 

These results are interesting inasmuch as previously only the conversion of a 
cyclobutane adduct into an enamine was reported by Fleming and Harley-Mason’ 
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to occur in refluxing dioxane and at room temp by Brannock et al6 When the present 
work was nearly complete, examples of thermal rearrangement of dihydropyrans to 
alkylated enamines were reported by Risaliti et al.’ 

In order to clarify the role played by chloroform in the decomposition of the cyclic 
adducts, the reaction between enamines and oxindolidene derivatives in CDCl, 
was investigated. 

The B-dimethyl substituted cnamine does not react under the conditions mentioned 
and the NMR spectra show only the presence of the starting materials. 

The g-monomethyl substituted enamine reacts with N-acetyl and N-methyl 
oxindolidene derivatives and forms first the cyclic adduct (6membered or 4-membered 
respectively), which subsequently behaves as described. 

The question now arises whether these reactions, the enamine formation and the 
reversed cycloaddition, have a concerted mechanism or a two-step mechanism with 
a zwitterionic intermediate which might give either a cr bond cleavage or, when pos- 
sible, a proton loss and gain. 

Treating the dihydropyran and spirocyclobutane adducts (I) with tetracyano- 
ethylene (TCE) under the same experimental conditions used for their ring cleavage, 
high yields of crystalline adducts were obtained, whose elementary analyses arc 
consistent with 1: 1-adducts (Scheme 3). 

I a-d 

I r-h 

Illa-h 

These results clearly demonstrate the presence of a zwitterionic intermediate 
(Fig 2) in the decomposition of all adducts through a two-step pathway already 
proposed by Fleming.” 

FIG 2. 

bF 
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The alternative direct electrophilic attack of the TCE on the dihydropyran ring9 
is more questionable since the same pathway is not conceivable for cyclobctane 
adducts. The eventual electrophilic attack on the Cmembered ring should be pre- 
vented by the low electronic density of the reacting points due to the relief of conjuga- 
tion and to the influence of the substituents. 

The NMR spectra* of the reaction products of TCE and 3-monomethyl substituted 
dihydropyran or cyclobutane adducts (Table 2-Fig 3) show that only one isomer 
is obtained from each reaction and enable the configuration and even the preferred 
conformation of the cyclohexane fragment to be determined. 

The large axial/axial character of the couplings of the protons a, b and c ensures a 
truns stereochemistry with preferred equatorial location of the benzoyl, methyl and 
piperidyl groups on the cyclohexane ring. The large diamagnetic shift of the b axial 
proton, in addition to the proximity of benzoyl and piperidyl groups, can be rational- 
ized as depending mainly on the influence of the y-axial cyano group.* Apart from 
some doubtful mechanistic considerations, no conclusion can be drawn about the 
configuration of the Spiro chiral center. 

Since TCE reacts with 3-monomethyl substituted adducts (single isomers at least 
within the limit of the NMR spectroscopy) and gives only one isomer, whose stereo- 
chemistry is the same shown by the starting dihydropyran, this suggests an intra- 
molecular stabilization of the zwitterionic structure that prevents any loss of con- 
figuration.7 

But if we decompose, as previously stated, the same single adduct in the absence 
of TCE, the NMR spectra of the enamines (II) show the presence of two main isomers 
with a small amount of a third. 

This fact may be ascribed either to a concerted proton shift in the zwitterion 
followed by equilibration or to an intermolecular mechanism Both these pathways 
explain the formation of an isomeric mixture from a pure isomer. 

Scheme 4 represents a plausible rationalization of all the hitherto described results. 

SCHEME 4 

Cyclic Products 

l IIIb, d, g, h were not measured, owing to their very low solubility. 
t This also supports the previously suggested’ 2,3-~unr-3,4-rrans configuration for the monomethyl- 

cyclobutane adducts 
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In this scheme, in addition to the decomposition of the cyclic adducts, we have 
also included their formation, although the mechanism seems here less reliable. 

The formation of cyclobutanes or dihydropyrans from N-alkyl and N-acyl deriva- 
tives is well explained in terms of a net charge distribution, hence through a zwitterionic 
pathway. 

In a few border cases (e.g. when R = H or PhCH,), where the charge distribution 
of the diene is not well defined, the choice between the different reaction pathways 
must depend on the polar character of the dienophile double bond. The stronger 
nucleophilic 1-piperidino-1-propene leads through a zwitterion to the cyclobutane 
derivative, whereas the less nucleophilic 1-pyrrolidino-1-isobutene gives rise to the 
dihydropyran. In the latter case a concerted mechanism cannot be excluded. 

Whatever the mechanism of formation may be, every cyclic adduct must be in 
equilibrium with its stabilized zwitterion, whose presence is substantiated by the 
reaction with TCE. 

In chloroform the kinetically controlled reaction product is still the cyclic adduct 
but this, under thermodynamic conditions, is transformed through the zwitterion 
into the more stable Michael adducts. This latter compound therefore becomes the 
final product of the reaction between oxindolideneacetophenones and g-mono- 
methyl substituted enamines. 

We previously reported,’ but did not interpret, the hydrolytic cleavage that dihydro- 
pyran and cyclobutane adducts undergo in dilute acetic acid. In this polar medium 
the formation of the same dipolar intermediate should be favoured.” 

The zwitterion immediately undergoes a 1,4- or 1,6addition of water, followed 
by elimination of the base residue and formation of the open-chain aldehyde. The 
alternative nucleophilic attack of water on the closed adducts, considering the present 
results, can be reasonably excluded. 

EXPERIMENTAL 

All m.ps are uncorrected. IR spectra (nujol mulls) run on a Perkin-Elmer 257 spectrophotometer: 
NMR spectra, unless otherwise stated, run on a Perkin-Elmer R 12 A spectrometer: microanalyses by 
Dr. Lucia Maggi Dacrema. 

Thermal rearrangement of dihydropyrans and Spiro-cyclobutanes 
The Spiro-cyclobutanes and dihydropyrans’ (I) were dissolved at - 20” in CDCI, (cone 0.6 MO]) and 

the soln lel? until its temp, after about 1 hr, reached the tetnp of registration ( + 35”). 
The adducts Ib, d, f, h were completely decomposed and their NMR spectra found identical with the 

spectra of the corresponding 3-oxindolideneacetophenonesZ and of 1-pyrrolidino-1-isobutene. 
The adducts le, g show the spectra of the corresponding enamines He, g. 
The adducts Ic and la have the spectra of the enamines Ilc and Ha, without any trace of the starting 

spiro-cyclobutane, after 5 hr and 24 hr respectively. 

Reaction of dihydropyrans and Spiro-cyclobutanes with TCE 
(I + III) 
Method A. To a cooled and stirred suspension of TCE (0128 g, 1 mmole) in chloroform (100 ml), la 

resp. lb (1 mmole) was added. Tbe clear orange soln was stirred and, after a few mins, light petroleum (24G 
ml) was added dropwise. 

The white crystalline ppt was filtered off and washed with a small quantity of light petroleum. The crude 
adducts thus obtained included variable amounts of chloroform and were dried to constant weight: Illa, 
3 hr at loo”, @4 mm pressure: Illb, 4 hr at 80”. @4 mm pressure. The dried adducts appear as yellow-green 
and brown crystals respectively. 
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Method B. To a stirred soln of TCE (@128 g, 1 mmole) in AcOEt (40 ml), Ia, b, c, d e, f. g, h (1 mmole) 
was added rapidly and after a few mins from the clear solution a white crystalline product precipitated. 
The solid was filtered off and washed with a little AcOEt For Ie., the crystalline adducts began to precipitate 
after 20 mins and was filtered after 1 hr. For IL attempts to isolate the crystalline adduct were unsuccessful. 
IIIb, d, h after filtration may be kept white at low temp and in the dark: but room and light rapidly cause 
a yellow greenish colour. 

Attempts to crystallize the adducts (III) led to unsatisfactory results: some solvents (EtOH, diisopropyl 
ether) cause decomposition, others give crystalline products including variable amounts of solvent. Correct 
values for elementary analysis of all adducts were obtained from crude samples dried for 8 hr at room 
temp and 04 mm pressure IIIa and IIIb include 1 mole of AcOEt and were dried up to a constant weight 
(IIIa: 2 hr. 100”. 04 mm pressure: IlIb: 4 hr. 80”. @4 mm pressure). 

Yidds, physical aspect, elementary analysis and IR spectra of all the isolated adducts are summarized 
in Table 3. 
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