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SELF-CONDENSATION OF 1,3,4,6-TETRAKETONES. THE ELECTROCYCLIC

REACTION OF A DIENONE SYSTEM DERIVED FROM THE DIENOLIC FORM.
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Department of Organtic Chemistry, University of Zagreb,

Strossmayerov trg 14, 41000 Zagreb, Croatia, Yugoslavia

Summary: A synthesis of dihydropyrones 4 is described involving the dimerisation
of tetraketones 1 and thermal reaction of intermediate dienone 2 derived from a
dienolic system.

Recently we reported the first example of the biogenetic-type synthesis of an
anthraquinone from the aliphatic polycarbonyl system, octane-2,4,5,7-tetrone!l.
Mechanistic considerations suggested intervention of a ketol 32, and now we wish
to present a facile synthesis of an equivalent of this intermediate from the
analogous 1,6-diarylhexane-1,3,4,6-tetrones la-c. The rather unexpected products

4 can be obtained by prolonged heating of a solution of tetraketones 1 in carbon

tetrachloride.

2
a:R= Cs'*s
b‘R=p-ClC5HL
¢ R=p-BrCsHu
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Table: 2—Aroyl—6—aryl—5—(136'—diaryl-4'—hydroxy—lQ3',6'—trioxo—4'—hexyl)-
-2,3~dihydro-5-hydroxy-4H#-pyran-4-ones ( 4 ).
Compda Yieldb Recrystn solvent m.p. (°c)© Amax(nm)d Rfe Other data
a 41% carbon tetrachloride 130-1 d. 250,332 0. 38 3
b 49% chloroform 176-7 4. 259,333 0.20 u
c 49% chloroform 180-1 4. 263,333 0.23 5

a) Satisfactory analytical data ( £0.3% for C,H,Cl,and Br) were obtained for all
compounds listed in the Table. ») Yields are based on recrystallized products.
e¢) M. ps. are uncorrected. d) Methanolic solutions. e) TLC: Silica gel HF (Merck)
chloroform-methanol (9:1); red spots after spraying with 1% methanolic FeCl;.

General procedure : 1,6-Diarylhexane-1,3,4,6~tetrone (1, 0.01 mole), prepared

according to original proceduree, was dissolved in carbon tetrachloride (350 ml)
and reflux maintained for ten days (bath temperature 120°). Concentration of
orange-red solution yielded a colourless crystalline solid, which was then re-
crystallized from an appropriate solvent to give the dimer 4 as colourless
needles. The results for individual compounds are summarized in the Table.
Attempts to prepare carbonyl or hydroxyl derivatives resulted in disruption of 4,
giving in most cases complex mixtures of products.

The structures 4 were assigned on the basis of their characteristic spectral pro-
perties. In the mass spectrum of 4a a weak molecular ion was observed at m/e 588,
and the fragments at m/e 570, 552, and 534 are due to loss of water. The most
intense ion of higher masses appears at m/e 406. This corresponds to the loss of
two molecules of water and to elimination of the RB-dicarbonyl residue from the
side-chain. The subsequent loss of benzoyl gave an intense ion at m/e 301.

'y and !®C NMR spectra exhibited a simple pattern which indicated the presence
of only one diastereomeric species. 'H NMR spectrum of 1a in deuteriochloroform
displayed an AB system at & 3.44 (?J=17.2) characteristic of diastereotopic
phenacyl protons®?. The two one-proton doublets at § 6.16 and 5.08, owing to the
dihydropyrone hydrogens, permitted the conformational assignment. Compounds 4
most likely exist in either the half-chair or in the boat conformation. Com-
parison of the two sets of dihedral angles shows that data derived from the
vicinal coupling constant (3J=10.0) favour the half-chair conformation of the
dihydropyrone ring with trans-diaxial hydrogens. In the !®C NMR the resonance
for phenacyl methylene group appeared as triplet at 34.2 ppm, along with two
doublets at 46.8 and 57.3 ppm for C(5) and C(6), respectively. The enolic and
hydroxylic protons were readily exchanged <n situ, and on prolonged treatment
with an excess of deuterium oxide the exchange took place at the 5-position of
the ring indicating a keto-enediol equilibrium 4 2 3. Under same conditions both

hydrogens of the B-diketone moiety were exchanged, as might be expected for a
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mobile keto-enol equilibrium. In polar solvents, however, the dimers 4 ex-
hibited very complex NMR patterns, presumably on account of both conformational
changes and ring-chain tautomeric equilibria’. The infrared spectra showed
strong bands at 3390,1680,1665,and 1655 cem™! (not affected by dilution) indi-

cating the intramoclecular hydrogen bonding in the dimers g“.

The two stages in the conversion 1 + 4 occur with different rates. The self-
condensation of tetraketones 1 leading to the intermediate ketol 2 requires re-
fluxing for several days®. The final product 4 crystallized on cooling along
with the unchanged 1. The fact that no ketol 2 could be isolated from the re-
action mixture suggests that subsequent cyclisation occurs fairly rapidly. Among
several mechanistic possibilities for the cyclisation step, the thermal reaction
of the dienone system appears the most probable under the reaction conditions'’.
This particular reaction indicates that both the (E,Z)-geometry and the s-cis-
conformation of enolic double bonds guide the cyclisation. In line with this
view the other polycarbonyl systems, such as the parent tetraketones 1 or their
O-substituted derivatives, either without access to the favourable geometry or
undergoing the facile competitive tautomerism into the cyclic forms’, exhibited
no such thermal reactions. The bulky group introduces a substantial hindrance to
coplanarity in the enolized intermediate 2, forcing the dienone into the actual
reacting s-cis-(E,Z) species 2, and the system assumes a distorted chair
arrangement geometrically suitable for a cyclic process. The subsequent ketoni-
zation of the cyclic enediol 3 leads to the dihydropyrone 4.

An extension of these observations to related carbonyl systems as well as the
synthetic utility of these reactions is currently being investigated!!.
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