The Journal of

Organic
Chemustry

VoLUME 59, NUMBER 17

AUGUST 26, 1994

© Copyright 1994 by the American Chemical Society

Communications

Oxidative Rearrangement of 4-Hydroxy-2-cyclobutenone. A New Route to Highly

Substituted Furanones from Squaric Acid

Yoshihiko Yamamoto, Masatomi Ohno, and Shoji Eguchi”

Institute of Applied Organic Chemistry, Faculty of Engineering, Nagoya University, Chikusa, Nogoya 464-01, Japan

Received May 9, 1994®

Summary: 4-Hydroxy-2-cyclobutenones, which were ob-
tained by the reaction of diethyl squarate with an
organolithium, reacted with lead tetraacetate (to gener-
ate an oxy radical) affording 5-acetoxy-2(5H)-furanones
and 5-alkylidene-2(5H)-furanones. This type of rear-
rangement was realized in a simple four-membered cyclic
a-ketol but not in the corresponding five-membered ring.

The ring enlargement of small ring compounds is one
efficient strategy for the synthesis of highly functional-
ized ring systems.! For this purpose, squaric acid (1) is
a fascinating C,-synthon; a wide variety of 3,4-disubsti-
tuted cyclobutenediones and 4-hydroxycyclobutenones
are readily accessible from acid 1,2 and further transfor-
mation of the modified cyclobutenone rings by thermoly-
sis, photolysis, and catalysis is aided by the relief of ring
strain,® Along this line, a major focus has been the
conversion of 1 to highly functionalized phenols and
quinones. We have recently developed a new method for
C—C bond formation on a cyclobutenedione ring using
unsaturated organosilanes,?d® and the 4-hydroxycyclo-
butenone derivative with a 4-acylmethyl substituent was
fruitfully applied to a stereoselective synthesis of y-acyl-
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methylenetetronates by thermal rearrangement.* Al-
though a y-ylidene-2(5H)-furanone structure, which is
found in many biologically active natural products,® was
constructed from 1, the ring transformation concerned
still relied on sequential electrocyclic ring-opening and
reclosure.* Therefore, we envisaged another effective
route and found a more versatile method for synthesis
of highly substituted furanones by means of the novel
oxidative rearrangement of 4-hydroxycyclobutenones.
This rearrangement involved oxy-radical-triggered ring-
opening and subsequent intramolecular radical addition
to the carbonyl oxygen.

The chemistry of cycloalkoxy radicals has been studied
extensively,® and these studies revealed that the cy-
cloalkoxy radical generated from an appropriate precur-
sor undergoes S-scission to give a ring-opened carbon
radical intermediate with a carbonyl terminus, which
leads to a variety of products vie pathways including
recyclization, elimination, and addition.” Strained cy-
clobutoxy radicals inevitably undergo these types of
reactions.® Accordingly, 4-hydroxycyclobutenones, which
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are derived from 1, are believed to be susceptible to ring
expansion via the oxy-radical.

In this case the oxy-radical was generated by the action
of lead tetraacetate (2)° on alcohols 4a—e obtained from
diethyl ester 3 and the appropriate organolithium re-
agents. Alcohol 4a, a typical example, was treated with
2 (2 equiv) in dry toluene at ambient temperature. The
reaction was completed within 1 h. Standard workup
and separation by preparative TLC gave the rearranged
products, 5-acetoxy-2(5H)-furanone 5a (51%) and 5-
methylene-2(5H)-furanone 6a (5%) (Scheme 1). The
structural assignment of major product 5a was based on
the spectral data. The IR spectrum indicated, instead
of the hydroxy group of 4a, two new carbonyl absorptions
at 1782 and 1769 cm™! corresponding to the acetoxy and
furanone moieties. The C NMR spectrum indicated the
furanone structure by the presence of one quarternary
carbon (6 99.1 ppm) and two pairs of olefinic and carbonyl
carbons (6 121.4, 156.4, 166.8, and 168.4 ppm). In the
mass spectrum the required M* (m/z 244, 85%) was
observed together with the parent peak (m/z 202). Minor
product 6a was characterized by a carbonyl absorption
at 1779 cm™!, methylene signals in both the *H NMR (6
4.95 ppm; s, 2 H) and the 13C NMR spectra (4 92.1 ppm),
and the M* (m/z 184, 55%). In the same manner, §b and
6b (total yield 83%) and §c and 6¢ (total yield 80%) were
obtained from 4b and 4e¢, respectively.! However, only
5-acetoxy-2(5H)-furanones 5d and 5e were produced from
4d and 4e, which have no a-hydrogens to eliminate
(Scheme 1).

Scheme 2 illustrates a possible mechanism for the
formation of furanones 5 and 6 from 4. Initially formed
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alkoxy radical 7 generated from alcohol 4 and 2 under-
goes f-scission to produce acyl radical intermediate 8.
Recyclization (8 — 9) proceeds through addition of the
radical to the carbonyl oxygen.!! Resulting lead(IV)
intermediate 10 collapses finally via the reductive elimi-
nation of lead(II) acetate to give acetoxyfuranone 5 or
alternatively via concomitant elimination of acetic acid
to give 5-ylidenefuranone 6.2 A related endo-cyclization
of 4-oxo-2-butenyl radical has been reported in the
photorearrangement of benzocyclosbutenol to phthalide.®

Although 2 was found to be effective for this rear-
rangement, other oxidants were also tested (Scheme 3).
Oxidative rearrangement of 4b with CAN [(NH);Ce-
(NO3)e'H20 (11) (2 equiv)/KoCOs/CH;CN, rt, 1 h] afforded
5-hydroxyfuranone 12 together with 6b and 3-ethoxy-4-
butyl-3-cyclobutene-1,2-dione (13). The structure of 12
was proved by acetylation to 5b. Also Mn(III) oxidation
of 4b [Mn(OAc)s2H20 (14) (2 equiv)/CH;CN, rt, 1.5 h]
afforded 12 together with 15. However, anhydrous ferric
chloride did not promote the rearrangement of 4b but
instead catalyzed the formation of 13.

The versatility of this method was demonstrated in the
stereoselective synthesis of (Z)-isomer 19 of multicolanate
(Scheme 4). Multicolanic acid!® has a 4-acylmethylene-
tetronic acid skeleton, and its (E)-stereochemistry was
established by Pattenden in a synthesis of a 1:3 mixture
of methyl (E)- and (Z2)-O-methylmulticolanate by the
Wittig condensation of acid anhydride.* In our hands,
starting mono ester 16, which was obtained from 3 by
means of the known procedure,? was allowed to react
with the lithium enolate of benzyl acetate to give alcohol
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17. The oxidation of 17 with 2 afforded 19° together
with acetoxytetronate 18, which was converted to 19 in
good yield with DBU in THF.
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In order to gain general insight into this oxidative
rearrangement, simple a-hydroxycycloalkanones!® were
subjected to lead tetraacetate oxidation. On the one
hand, oxidation of a-hydroxycyclobutanones 20a,b gave
expected y-acetoxy y-lactones 21a,b in moderate yields
by means of a 5-endo-trig cyclization of the 4-oxobutanoyl
radical. The success of this reaction implies that unsat-
uration is not required for the ring closure. On the other
hand, the oxidation of related a-hydroxycyclopentanone
20c resulted in the formation of open chain product 22
in 49% yield together with a trace of cyclized product 21c;
6-endo-trig cyclization of the acyl radical intermediate
is disfavored!” (Scheme 5). Thus, the present oxidative
rearrangement is realized in four-membered ring a-ke-
tols.
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