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Photochemical Cyclisation of g-Allyloxy-Carbonyl Compounds:
Synthesis of 2-Alkenyl-3-hydroxytetrahydrofurans

By Howarbp A. J. CarLEss* and Davip J. Havywoobp
(Department of Chemistry, Bivkbeck College, Malet Street, London WCI1E THX)

Summary The f-allyloxy-ketones (1) and (6) undergo
cyclisation on u.v. irradiation to yield the 2-alkenyl-3-
hydroxytetrahydrofurans (2), (3), and (7)—(10); similar
cyclisation of the aldehyde (12) has been used in a
dihydrofuran-3(2H)-one synthesis.

PrOTOCHEMICAL excitation of alkyl ketones generally
causes intramolecular hydrogen-atom abstraction from the
y-carbon atom by the carbonyl-group, resulting in chain
cleavage and some cyclisation to cyclobutanols.! Intro-
duction of an alkoxy group into the 8- or §-position of the
alkyl chain activates the §-hydrogens towards abstraction,
so that excitation results in competitive abstraction
involving a 7-membered ring.2 We now report that u.v.
irradiation of B-allyloxy-ketones and -aldehydes leads, by
0-hydrogen abstraction, to a useful, high-yield synthesis of
the 2-alkenyl-3-hydroxytetrahydrofuran ring. Tetrahydro-
furans with this substitution pattern occur in mycotoxins
such as citreoviridin® and asteltoxin,* whilst syntheses of
2-substituted tetrahydrofurans allow approaches to the
polyether antibiotics.5

Irradiation of a solution of the ketone (la)} (1g) in
benzene (15 ml) using quartz apparatus and a 450 W
medium-pressure mercury arc lamp led to an efficient
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conversion into the hydroxytetrahydrofurans (2a) and
(3a) in the ratio 1-4:1 and in high yield (94%). The
reaction appeared general, in that u.v. irradiation of the
ketone (1b) led to the tetrahydrofurans (2b) and (3b)
(ratio 1-65:1, 859%,), whilst the ketone (1c) gave (2c¢) and
(3¢c) (ratio 0-6: 1, 809%,), and the ketone (1d) gave (2d) and
(3d) (ratio 1-5:1, 889,). The photoproducts (2) and (3)

1 The starting ketones were accessible from reaction of the corresponding allylic alcohol with methyl vinyl ketone, catalysed by
boron trifluoride-ether; see N. A. Milas, E. Sakal, J. T. Plati, J. T. Rivers, J. K. Gladding, F. X. Grossi, Z. Weiss, M. A. Campbell,

and H. F. Wright, J. Am. Chem. Soc., 1948, 70, 1597.



658

were easlly separable by preparative glc and their
structures clearly shown by their 'H and **Cn m r spectra
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Reaction presumably occurs by hydrogen abstraction to
give a biradical, such as (4) [derived from (1a)], followed by
its cychsation, the §-hydrogen atom 1s activated both by
being o to oxygen and by being allylic No ring expanded
products [e g (5)] were detected, which might be formed
by rebonding the ketyl radical centre to the other end of
the allylic radical, as found, for example, in the uv
irradiation of hept-6-en-2-one ¢ Moreover, the photo-
chemical reaction 1s highly selective in maintaining the
geometry about the alkenyl bond upon cyclisation, as
shown by experiments mvolving the S-butenyloxy-ketone
(6). Irradiation of (6) (trans:cis, 3:1) gave a mixture
which was separated into the four isomeric tetrahydro-
furanols (7)—(10) (ratios 2:1-4:1-3:1) An 1rradiation
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of c15-(6) gave mainly (>949%,) the 1somers (8) and (10)
containing the cis-propenyl umit  Simuilarly, irradiation of
trans-(6) led predominantly (>939%,) to the isomers (7)
and (9) These results suggest restricted rotation about
the allyl radical end of a biradical, such as (4), during 1its
Iifetime before cyclisation ?

o
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Irradiation of the ketone (11) under similar conditions
led to 1ts slow disappearance, with only minor volatile
products being detected This suggests that intramolecular
addition of the carbonyl group to the alkenyl bond 1s
unlikely to be a competitive reaction in the present
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Reagents 1, v, 059% 1in CgH,, n, H,, Rh on ALO,,
o 876 2 23
Yields given for each reaction

SCHEME
1, pyridimum chlorochromate

This photochemical cyclisation can also be applied to
aldehydes and hence provides a useful synthetic route to
the dihydrofuran-3(2H)-ones, some of which are of interest
as flavouring components ® Thus, the Scheme shows that
uv irradiation of the aldehyde (12), followed by hydro-
genation and oxidation, can lead to (13) in an acceptable
yield 10

(Recewved, 23vd April 1980; Com. 418.)

1 Further evidence for the relative stereochemistry of (2b) and (3b) was obtained by conversion of each into the 1someric acetates
and the examination of therr 'H nmr spectra 1somer (3b) on acetylation showed a significant downfield shift (0 2 p p m) for the

2-H signal
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