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The Formation of Dihydropyrans from cis-Hex-3-ene-2,5-dione and
Fulvenes

By M. T. Hugres and R. O. WiLLiaMs*
(The Department of Chemistry, The College of Technology, Portsmouth)

FuLvENES behave as 1,3-dienes and undergo the
Diels-Alder reaction with cis- and #ans-disub-
stituted dienophiles to give the adducts (I) and
(IT) respectively.! We now report a novel,
ready cycloaddition of cis-hex-3-ene-2,5-dione? to
fulvenes.

In a typical experiment, this dienophile and
dimethylfulvene® were heated under reflux in
ether for several hours to give in 409, yield a 1:1
adduct, C;;H,40,, m.p. 73—74°. Chemical and
spectroscopic evidence clearly ruled out the
expected adduct (I; R! = R? = Me; X = Ac) but
is entirely consistent with the structure (III) or
(IV) which can be formulated by exchanging the
normal diene and dienophile functions of the
reagents.t The ultraviolet spectrum Apax (cyclo-
hexane) 250 mu (e 10,800) is in close agreement
with that expected for the diene system,® and the
n.m.r. spectrumt shows six single-proton reson-
ances which are unambiguously assigned on the
basis of chemical shifts for the alternative struc-
tures (III) and (IV). The CO-CH, protons occur

as a singlet at 7 7-99 and the absorptions at = 8-33
(3H) and 8-41 (6H) correspond to the =C-CH,
and =C(CHj), groups. Double-resonance experi-
ments show that the proton H-3, at 7 4-89 is
coupled to H-5 (J35 = 7-7 c./sec.) and to H-2 at
7 4:39 (J,3 =22 c./sec.) and is also long-range-
coupled to H-1, 7362 (/3 =1-5c./sec.). Irradia-
tion at 7 6-46 (H-5) has no effect on H-1 or H-2
but reduces the complex signal at 7 7-18 (H-6) to a
doublet (], = 6'3 c./sec.) and sharpens the gem-
dimethyl response. These and other double-
irradiation experiments are fully consistent with
(III) and rule out (IV).

Lithium aluminium hydride reduction of (IIT)
gave in excellent yield two epimeric alcohols
(Va), m.p. 91-—93° and (Vb), m.p. 53-55° which
spontaneously rearrange in purified spectroscopic
carbon tetrachloride to the ketals (VIa) and (VIb),
respectively. The ultraviolet, infrared, and n.m.r.
spectra of these compounds are as expected.
These intramolecular rearrangements, which are
complete within 1-—2 hr. at 33° constitute a

t+ The n.m.r. spectra were measured as solutions in CCl, except the alcohols (V) which rearranged and were run

in CDCI,,
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remarkable example of the acid-catalysed addition
of alcohols to enol ethers® and the ketals formed
serve to establish the configuration of the acetyl
group in (III) as trans to the cyclopentene ring.
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Dreiding models of (VI) show that H-5 and H-6
make a dihedral angle of about 90° and should
have little or no coupling” but if the acetyl group
in (ITI) is c¢is, H-5 and H-6 in models of the
corresponding ketals form an angle of approxi-
mately 30° and a coupling of about 6 c./sec.
would be expected. Irradiation of H-3 (v 5-24)
in (VIa) reduces the doublet centred at 7 6-9
(H-5) to a singlet and since, therefore, there is no
measurable coupling between H-5 and H-6, the
acetyl group is trans. Similarly, the configurations
of the CH(OH)Me group in the alcohols (V) are
assigned using the MeCH proton signal (H-7)
which consists of eight lines centred at+ 5-99 in the
ketal (VIa) and is strongly coupled to H-6 (J4, =
4 c./sec.) but is a pure quartet centred at 7 5-85 in
(VIb) (J4,; ~0 c./sec.).

The ¢rans-stereochemistry of the acetyl group in
(ITII) is important as it implies that the dihydro-
pyran is formed via a transition state of similar
stereochemistry to Diels—Alder reactions in which
there is maximum overlap of unsaturated centres.8
A satisfactory explanation for the formation of
(IIT) in preference to (I) is difficult but the geo-
metrical configuration of the «fS-unsaturated
ketone is of vital importance. This is shown by
the reaction of {#rans-hex-3-ene-2,5-dione? with
dimethyl-, diethyl-, diphenyl-, and other fulvenes;
which, we have found, results in the formation of
the normal adducts (IT; X = Ac), whereas the
cis-diketone forms dihydropyrans of type (III)
with diethyl-, methylphenyl-, and phenyl-fulvene,
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