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Abstract—Treatment of alcohols and lactols with Pb(OAc)4/Cu(OAc)2 in refluxing benzene provides the corresponding d-unsatu-
rated carbonyl products. © 2001 Elsevier Science Ltd. All rights reserved.

Radical-mediated fragmentation of hydroxyl group
based functionalities has been an area of considerable
activity over the years.1 In conjunction with a recent
synthesis of (+)-estradiol, we required a fragmentation
method that would involve direct production of an
alkene during the bond-breaking step.2 After consider-
able experimentation, it was discovered that a combina-
tion of Pb(OAc)4 with a catalytic quantity of Cu(OAc)2

efficiently converted compound 1 into 2,3 which was
subsequently transformed into the steroid via a novel
higher-order cycloaddition–Ramberg–Bäcklund sequen-
ce (Eq. (1)). Related conditions had been briefly exam-
ined previously for the cleavage of alcohols,4 and
Pb(OAc)4 is, of course, well known to effect decarboxyl-
ation of carboxylic acids.5

An extensive examination of the scope and limitations of
this fragmentation process has been conducted and the
results of this study are detailed below.6 While, in general,
simple alcohol substrates were found not to be viable
fragmentation participants, a range of strained alcohols
and lactols proved to be effective reactants.

In a typical example, cleavage of lactol 37 under the
mixed Pb(IV)/Cu(II) conditions afforded the corre-
sponding bicyclic alkene–formate 43 in serviceable yields
(Eq. (2)). In many cases mixtures of fragmentation
products were produced. For instance, (−)-borneol pro-
vided a mixture of isomeric fragmentation products 6 and
7 in good yield8 (Eq. (3)), and the closely related
substrate, fenchyl alcohol, gave a mixture of ring cleaved
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products comprised of all possible double bond isomers
in 50% yield.

In another illustration of the general nature of these
conditions, the fragmentation of bicyclic lactols 8a9 and
8b10 gave the expected ring-cleaved lactones 9a and 9b3

in good yield without incident (Eq. (4)).

Interestingly, the corresponding phenyl substituted lac-
tol 8c11 afforded the expected fragmentation product
9c,3 accompanied by a moderate amount of the spiro-
lactone 103 (Eq. (5)). The latter compound is pre-
sumably derived from a competitive homolytic
aromatic substitution process,12 or, alternatively, it may
be formed by trapping of a carbocation intermediate
produced during the bond breaking event. Efforts to
increase the proportion of 10 relative to 9c by adjusting
the ratio of Pb(OAc)4:Cu(OAc)2 were not successful.

Yet another intriguing side-reaction was observed dur-
ing attempted fragmentation of the bicyclic lactols 11a
and 11b. Each material led, on exposure to the standard
fragmentation conditions, to a moderate amount of the
desired lactone along with varying quantities of an
interesting spirocyclic ether by-product. Thus, lactol
11a yielded cleavage product 12a as well as a small
quantity of ether 13a13 (Eq. (6)), while 11b gave a much
higher overall yield of products (Eq. (7)), now favoring
the production of ether 13b3 over the corresponding
lactone, 12b.3

In contrast, compound 14, which appears to exist exclu-
sively in the opened keto-alcohol form, gave only the
corresponding spiro-ether 13c3 in 34% yield (Eq. (8)).
This observation provides support for the notion that

(8)

the ring-opened forms of 11a and 11b lead to 13a and
13b, respectively, via a hydrogen atom extraction–elec-
tron transfer–trapping sequence.14

In conclusion, a new and versatile method for alcohol
and lactol fragmentation has been developed using a
mixture of Pb(OAc)4/Cu(OAc)2 in refluxing benzene.
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