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Oxidation of strained cycloalkanols is often accompanied
by fragmentation of the carbon skeleton. Cyclobutanols in
particular are difficult to convert cleanly into the correspond-
ing cyclobutanones?. One-electron oxidants such as chro-
mium and cerium compounds cause cyclobutanol ring
cleavage, and this characteristic fragmentation process has
been used to distinguish between one- and two-electron
oxidants; two-clectron oxidizing agents generally produce no
ring opened products?.

Ruthenium tetroxide converts cyclobutanols into cyclobu-
tanones, but this vigorous oxidizing agent reacts also with
alkenes (cleavage to ketones, aldehydes, and acids), with
arenes (oxidation to dicarboxylic acids). and with ethers
(oxidation to esters)***. Likewise, 1-chlorobenzotriazole
effects cyclobutanol to cyclobutanone oxidation, but this
oxidant poses the danger of spontaneous ignition and it
forms adducts with alkenes®. We report here that trichloro-
acetaldehyde (chloral) on activated. Woelm, neutral chroma-
tographic alumina at room temperature converts cyclobu-
tanol cleanly and reproducibly into cyclobutanone in >99 %
yield (Scheme A) and that alkenes, arenes, ethers, and amines
are stable under these conditions. The cyclobutanol oxida-
tion in Scheme A was performed on 0.25 g scale; we have
done larger scale (. g., 6 g) carbony! reduction and alcohol
oxidation reactions of other systems on activated alumina’,
and therefore we envision no problem in oxidizing larger
quantities of cyclobutanol®. As a control, cyclobutanol was
oxidized by chloral on activated alumina also in the presence
of 1-tetradecene, which was recovered in 99% yield. Using
benzaldehyde or cinnamaldehyde in place of chloral, cyclo-
butanone was formed in 58% or 99% yield. Using 10g
of unactivated Woelm-200 neutral alumina directly from
the commercial can and 1 mmol each of cyclobutanol and
chloral, we obtained 92% conversion to cyclobutanone
(< 1% recovered cyclobutanol). Attempted Oppenauer oxi-
dation” of cyclobutanol using acetone and aluminum isopro-
poxide in refluxing benzene gave very poor results.

OH
[j Al,05 110 g} / CCI;CHO {1 mmol) / CCl, , 25°, 24h

W-200-N: 92 %
{1 mmol) W- 200-N (dehydrated): > 99 % 0

Scheme A ET

This report extends our recent results using chloral on dried
alumina for selective heterogeneous oxidation of various
secondary alcohols, including 1-phenylethanol (an arene)
and 2-norbornen-5-ol (an alkene), under conditions which
allow survival of cyclohexyl methyl ether and of N.N-dimeth-
ylbenzylamine®. We have found that chloral/alumina also
effectively oxidizes cyclopentanol into cyclopentanone. Alu-
mina-promoted oxidation of cyclobutanol without any frag-
mentation indicates that chloral acts as a hydride acceptor
and thus as a two-electron oxidant?. The mildness, functional
group selectivity, high yield, and convenient product isola-
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tion make chloral on alumina a promising new reagent
for oxidation of strained cycloalkanols even in the presence
of many other types of sensitive functional groups.

Cyclobutanone from Cyclobutanol:

Woelm W-200 neutral alumina (ICN Pharmaceuticals, Inc., Cleve-
land, Ohio) is hcated in a quartz vessel at 400° and 0.06 torr
for 24 h. About 10g of the dehydrated alumina is transferred
inside a nitrogen-filled glove bag to an oven-dried, tared 25 ml
round bottom flask containing a magnetic stirring bar. The flask
is stoppered and removed from the glove bag. Carbon tetrachloride
(~ 10 ml) containing cyclobutanol (82 mg, 1.13 mmol) is added.
After stirring for 0.5 h at 25°, freshly distilled trichloroacetaldehyde
{166 mg, 1.13 ml) in carbon tetrachloride (1 ml) is added and stir-
ring is continued for 24 h at 25°. The reaction is quenched by
addition of methanol (5 ml) and stirring for 15 min. Vacuum filtra-
tion through Celite and washing the alumina with methanol (35 mi)
gives >99% cyclobutanone and < 1 % cyclobutanol as determined
by vapor phase chromatography (10" x 0.125” in 5% SE-30 Chro-
mosorb G 100/140) with decane as a calibrated internal standard
and as identified by comparison with known samples.

In a larger scale experiment using cyclobutanol (0.25 g, 3.5 mmol),
addition of the product mixture solution to a freshly prepared
24-dinitrophenylhydrazine solution gives the crude 2.4-dinitro-
phenylhydrazone. Recrystallization affords the 2.4-dinitrophenyl-
hydrazone of cyclobutanone with identical spectral and physical
properties to those of an authentic sample: yield: 0.69 g (79 %):
m.p. 144°; Lit.m.p. 143-145°.

'H-N.M.R. (CDCl;): §=10.7 (broad, 1 H, NH): 9.1 (d. 1 H): 8.45
7.65 {m, 2H): 335 29 (m, 4H, —CH,—~C=N): 2.5 20ppm
(m, 2H).

Hydrolysis of 2,4-dinitrophenylhydrazones into the corresponding
ketones can be achieved in several different ways'®.
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