Tetrahedron Letters,Vol.25,No.33,pp 3547-3550,1984 0040-4039/84 $3.00 + .00
Printed in Great Britain ©1984 Pergamon Press Ltd.

NOVEL INTERMEDIATES FOR THE SYNTHESIS OF CARBOCYCLIC SPIRO COMPOUNDS

Vasu Nair® and Tamera S. Jahnke
Department of Chemistry, University of Iowa, Iowa City, Iowa 52242

Abstract: Cyclic dienaminones, synthesized from the a-carbon elongation reaction of cyclic
ketones with vinamidinium salts, are useful synthetic intermediates to carbocyclic spiro
compounds.

The Tist of naturally occurring carbocyclic spiro compounds continues to grow, and as it
does, the need for useful intermediates for their syntheses also grows.! This report will
show that dienaminones of cyclic ketones 1 may act as synthetic precursors to highly-
functionalized spiro compounds via thermal or photochemical [4+2] cycloadditions.
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The dienaminones were synthesized by the reaction of 1,1,5,5-tetramethyl-1,5-diazapenta-
dienium chloride 2 with a metal enolate. A wide variety of such dienaminones have been
synthesized in our Laboratory. 3-5 An example is the reaction of the metal enolate of
cyclopentanone with 2 which gave the dienaminone 3 in ~ 90% isolated yield. The conversion
is stereospecific and the sole product is the E,E (s-trans) isomer 3 as evidenced by ]H and
13C NMR data. This was found to be true for all dienaminones formed from cyclic ketones.

Dienaminone 3 is a push-pull heterosubstituted diene.6-8 In order for the diene moiety to
participate as a Ew-component in Diels-Alder reactions, it is necessary for it to acquire a
cisoid conformation. There are eight possible stereoisomers for the dienaminone from cyclo-
pentanone, four of which are cisoid (Scheme 1). TH NMR evidence from the thermal interconver-
sion of dienaminone 3 at 110°C in DMF-dy indicates the presence of another stereoisomer
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exhibiting a trans coupling and a cis coupling for the three protons of the diene moiety.9 This
rules out two of the possible isomerization products, i.e. E,Z (s-cis) and Z,Z (s-cis). Of the
two possibilities remaining [i.e. Z,E (s-cis) and E,E (s-cis)], differentiation can be made on
the basis of the chemical shift of the proton vy to the nitrogen. This proton in the E,E (s~
cis) isomer is deshielded by the carbonyl group and, based on related simpler systems,10’]1
expected to show resonance at ~ & 7.0 ppm. The same proton in the Z,E (s-cis) isomer is
expected to occur at ~ § 5.8.10’1] Observation of a doublet at & 7.0 (J = 2.4 Hz) for this
proton suggested the presence of the E,E (s-cis) isomer. The equilibrium favors largely the
E,E, (s-trans) isomer although an exact ratio could not be calculated from the ]H NMR spectrum
due to the presence of overlapping peaks. This isomerization can also be induced photo-

is

chemically.

When the dienaminone 3 in toluene was treated with dimethylacetylene dicarboxylate under
therma’I]2 or photochemica]~cond1tions,13 a 90% conversion to the spiro{4,5]deca-6,9-dien-1-one
5, m.p. 52-53°C, occurred (Scheme 2). The structure of 5 was established by its mass spectrum
(307, M+), its UV spectrum in ethanol [Amax 412 nm (e 2870), 283 nm (e 33650)], and its high-
field ]H and 130 NMR data including delayed-decoupling experiments. Similarly, formation of
the spiro compound §, m.p. 261-262°C, from the cycloaddition of dienaminone g with N-phenyl-
maleimide was also realized.



3549

The presence of an electron-donating dimethylamino group at one terminus of the dienam-
inone and an electron-attracting carbonyl group at the other should confer orientational
selectivity in its reactions with electron-poor dienophiles. This regiochemistry was estab-
lished by examination of the thermal cycloaddition with ethyl propiolate. The direction of
addition was determined by examination of the coupled and homonuclear decoupled 360 MHz 1H
NMR spectra in CDC13 of the adduct 7 (25% yield).]4 The NMR data showed Hg as a doublet of
doublets at & 7.36 (Jg g =7.7, Jg 10 = 14-5 Hz), Hg as a doublet of triplets at & 7.39 (Jg g =
7.7, J8,10 = 2.1, J8,6 = 2.1 Hz), and H6 and H]O as an overlapping multiplet. Irradiation
of H8 and H9 reduced the latter multiplet to a singlet at § 7.89. The regiospecificity
observed in the formation of the spiroadduct 7 is consistent with the polarization in the
dienaminone discerned from its ]3C NMR data.
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When the dienaminone (§) was treated with p-benzoquinone under reflux in toluene for 12 h,
a red crystalline product §, m.p. 98-100°C, (25% yield) was isolated after preparative layer
chromatography and recrystallization from hexane. A plausible mechanism for the formation of
this "2:1" adduct involves two sequential nucleophilic attacks of dienaminone on benzoquinone
followed in each case by elimination of a-methylenecyclopentanone. The para substitution
pattern of the two vinyl dialkylamino moieties in 7 could be deduced unambiguously from the
high-field 13 C NMR data.
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Finally, as dienaminones may be formed from a great many cyclic ketones, the methodology
discussed in this paper may be applicable for the synthesis of a variety of carbocyclic spiro
compounds.
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