STUDY OF FURAN COMPOUNDS
XLVI * REACTION OF MONOBROMO DERIVATIVES OF
1,6~DIOXASPIRO[4.4]NONANES WITH SODIUM METAL

A. D. Peshekhonova and T. N, Shcherbakova UDC 547.727:542.944.1

4,5-Dihydrofuranyl-3-alkanole (II) are formed by the reaction of monobromo derivatives of
1,6-dioxaspiro[4.4]nonanes (I) with sodium metal in dry ether. Il are readily converted to
1,6-dioxaspiro[4.4nonanes (II) as a resultof intramolecular cyclization.

This paper is devoted to a clarification of the question of whether the bromo derivatives of spirans
11 will react with metals, particularly sodium, as a consequence of their acetal nature. In analogy with the
literature data [2-4] on the reactions of metals (mainly sodium and magnesium) with halocetals, one might
have expected the formation of unusual, unsaturated alcohol ethers, vis., y-hydroxy derivatives of 4,5-di-
hydrofuran. It turned out that the expected reaction product — 4,5-dihydrofuranyl aleohol — can be isolated
only in the case of the simplest bromospiran — 4-bromo-1,6-dioxaspiro[4.4]nonane (Ia). The structure of
the 1-{4*,5'-dihydro-2'-furanyl)-3-propanol (lIa) obtained was confirmed by the analytical data and IR
spectroscopy. The broad absorption band at 3500 cm™! corresponds to the valence vibrations of the asso-
ciated OH groups. The intense band at 1030 cm™! attests to the presence of a primary alcohol group. The
band at 1660 em™! is characteristic for the valence vibrations of the C=C bond in the 4,5 dihydrofuran
ring [5].

Dihydrofuranyl alcohols II were not isolated by the action of sodium on monobromo-substituted alkyl-
spirans Tb-e; the reaction products (60-70%) were the corresponding spirans (I, Table 1). However, it
may be assumed that the formation of the latter proceeds through a step involving dihydrofuranyi alcohols
II, traces of which are detected in the reaction products by IR spectroscopy.
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Carbonium ion IV, in which the acetal bonds can be cleaved in the 1 or 2 directions to form sodium
derivatives V or VI, respectively, is probably formed initially. It is well known that compounds containing
an exocyclic double bond are less stable than their isomers with an endocyclic bord, i.e., the formation of
structure V is energetically more favorable. In addition, when there are a different number of alkyl sub-
stituents in the 2 and 7 positions of the spiran ring one should fake into account the relative stability of pri-
mary, secondary and tertiary radicals in the acetals, which determine the case of cleavage of the unequiva-
lent rings in spirans III [9]. A direct proof of the intramolecular cyclization of alcohols II to spirang III
was the spontaneous conversion of dihydrofuranyl alcohol Ila to 1,6-dioxaspiro[4.4]nonane (IIla) during
storage, as confirmed by IR spectroscopy (disappearance of the vgp 3500 em-l, ve = ¢ 1660 em™!, and
v= CH 3090 cm~! absorption bands and the appearance of all frequencies characteristic for the spectrum of

Mla).
@—crlfcylf(cl):2 = QG

Ha iita

The equilibrium in the isomerization of dihydrofuranyl alcohols II is consequently shifted to favor
the formation of the spirocyclic system, which is promoted by the accumulation of alkyl substituents in the
ring and side chain of II,

In contrast to dihydrofuranyl alcchols II, the ketones of this series are stable compounds [10] because
of the absence of the electrophilic hydrogen of the hydroxyl group which is capable of adding to the double
bond.

Our results with respect to the intramolecular cyclization of 4,5~-dihydrofuranyl alcohols to spirans
III are yet another proof of the mechanism for the formation of these spirans during catalytic hydrogena-
tion of furan compounds, as theoretically and experimentally correlated in [6,11].

EXPERIMENTAL

Bromospiran Ia, and monobromo-substituted 2,7-dimethyl-(Ib), 2-methyl-8-ethyl- (Ic), 2,7-dimethyl-
7-ethyl-(1d), and 2,7-dimethyl-9-isopropyl-1,6-dioxaspiro[4.4Inonane (Ie) were prepared by the method de-
scribed in [12, 13].

The general method for the reaction of bromospirans I with sodium metal is as follows. Sodium metal
(0.04-0.1 mole) was added gradually (in 30-40 min) to 0.02-0.05 mole of I dissolved in a threefold amount of
absolute ether. The reaction mixture was then heated with vigorous stirring under moderate reflux for 5-7
h. A white crystalline precipitate of sodium bromide was formed even during the addition of the first por-
tions of sodium, and the amount of this precipitate increased as the reaction continued. At the end of the
reaction, the residual sodium was thoroughly removed with a filter gauze, and water (50-70 ml) was added
to the filtrate (which contains sodium bromide) to dissolve the precipitate and decompose the alkoxide. The
ether layer was separated, and product was extracted from the aqueous layer with ether. The combined
ether extracts were washed with water and dried with calcined magnesium sulfate, After removal of the
ether, the residue was vacuum distilled.

The results of the reaction of sodium with bromospirans I are presented in Table 1. The identity of
II with the previously known spirans was confirmed by their identical physical constants, IR spectra, and
analytical data.
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