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5'-hydroxyl group is free, with dicyclohexylcarbodi-
imide (or with related compounds such as diisopropyl-
carbodiimide) and phosphoric acid or pyridinium phos-
phate in anhydrous dimethyl sulfoxide leads to a rapid
and selective oxidation to the aldehyde.! We have
now applied this reaction to the oxidation of a con-
siderable number of other primary and secondary
alcohols. Thus, addition of dicyclohexylcarbodiimide
(3 mmoles) to a solution of p-nitrobenzyl alcohol (1
mmole) and anhydrous phosphoric acid (0.5 mmole) in
dry dimethyl sulfoxide leads to the quantitative (thin
layer chromatography) formation of p-nitrobenz-
aldehyde, which was isolated in 929, vield as the dini-
trophenylhydrazone (m.p. 316-317°). In a similar
fashion oxidation of l-octanol gave octylaldehyde iso-
lated in 709 yield as its crystalline dinitrophenyl-
hydrazone (m.p. 104-105°). Optimal reaction condi-
tions have been determined using the oxidation of
testosterone to A*-androstene-3,17-dione as a model and
following the course of the reaction by quantitative
thin layer chromatography. It has thus been shown
that acids such as phosphoric acid, phosphorous acid,
cyanoacetic acid, or pyridinium phosphate promote
a rapid oxidation within a few hours at room tempera-
ture. On the other hand, stronger acids such as tri-
fluoroacetic acid serve only poorly and mineral acids
such as hydrogen chloride or sulfuric acid lead to no
oxidation. All three of these, however, function well
as their pyridine salts. A considerable variation in the
amounts of acid (0.1-2.0 mole equiv.) and of carbo-
diimide (2-5 mole equiv.) can be used and the sulfoxide
(tetramethylene sulfoxide is entirely suitable) may be
diluted to the extent of 909, with an inert solvent if
required. Thus, overnight reaction at room tempera-
ture of testosterone (2 mmoles), pyridinium trifluoro-
acetate (1 mmole), and dicyclohexylcarbodiimide (6
mmoles) in anhydrous dimethyl sulfoxide (5 ml.)
results in quantitative oxidation to A*-androstene-3,17-
dione {(m.p. 169-170°), which was isolated by direct
crystallization in 929, yield.

In similar fashions, the oxidation of various types of
steroidal alcohols have been studied, the nature of the
acid catalyst being given in parentheses. The prod-
ucts were usually isolated by chromatography on silicic
acid or by direct crystallization.? Cholane-24-0l
(H,PO,) gave cholane-24-al (hydrate, m.p. 95°) in 839,
yield. Cholestanol (H;PO,) gave cholestanone (m.p.
129°) in 689 yield. 38-Acetoxy-A’-androstene-17-one-
19-0l (pyridinium trifluoroacetate) gave the pure 19-
aldehvde (m.p. 141-143°) in 539, yield. A’-Andro-
stene-3-3-ol-17-one (pyridinium trifluoroacetate) was
converted to the extent of 909% into the unconjugated
ketone A’-androstene-3,17-dione as judged by thin
layer chromatography and ultraviolet spectra before
and after mild acidic treatment, but partial migration
of the double bond into conjugation occurred on at-
tempted column chromatography. The pure A’-3-one,
Amax 240 and 290 mu; Zmax 47 and 40 in methanol
(m.p. 167-169° with migration of the double bond on
heating?®), was isolated in 559, yield by direct crystalliza-
tion from acetone. The equatorial hydroxyl group of
1la-hydroxyprogesterone (pyridinium trifluoroacetate)
was smoothly oxidized giving 11-keto-progesterone!
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(m.p. 175-177°) in 689 yield. On the other hand, the
axial 118-hydroxyl of corticosterone-21-acetate was
completely inert using pyridinium trifluoroacetate and
was only partially dehydrated (229;) to 2l1-acetoxy
pregna-4:9(11)-diene-3,20-dione® (229,) (m.p. 157-159°)
using phosphoric acid. A similar pattern obtains with
118-hydroxyprogesterone. The much less hindered
pair of epimeric 3a- and B-hydroxy-58-pregn-16-ene-
20-ones, however, were oxidized at remarkably similar
rates using either phosphoric acid or pyridinium tri-
fluoroacetate to the 3-ketone and an anhydro compound
(presumably A?) in a ratio of 6:1 as determined by
quantitative thin layer chromatography. The oxida-
tion of hydroxy compounds containing strongly basic
functions requires the addition of a molar excess of acid
relative to the base for satisfactory oxidation. Thus,
spegazzinidine dimethyl ether® is smoothly oxidized in
the presence of 1.5 mole equiv. of phosphoric acid to
give 3-dehydrospegazzinidine dimethyl ether® in 839
yield.

This method of oxidation thus appears to be of rather
general utility and is particularly suited for use with
otherwise labile compounds. The completely selec-
tive oxidation of primary alcohols to aldehydes with no
trace of the corresponding acid is to be particularly
noted. Further studies on this reaction, which some-
what resembles the Kornblum oxidation of alkyl hal-
ides or tosylates,” and a discussion of its probable
mechanism will be presented shortly.

(3) R. Casanova, C. W. Shoppee, and G. H. R. Summers, J. Chem. Soc.,
2983 (1953).
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A Mechanistically Significant Intermediate in
the Lumisantonin to Photosaitoaic Acid Conversion!

Sir:

We wish to report the isolation and identification of a
mechanistically significant intermediate in the lumisan-
tonin (I) to photosantonic acid (II) conversion.?:3
This intermediate points to a clear relationship between
the conversion of I to I and the photoisomerization of
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the related ketones I1Ia* and IIIb® to phenols IVa and
IVb. The ketene—carbene mechanism previously sug-
gested to account for the conversion of I to II%? fails
to account for the conversion of IIla and IIIb to the
corresponding phenols. The polar state concept®—*
provides a smooth rationalization of both processes
and in addition implicates a potentially isolable inter-
mediate V between I and II. Photochemical conver-
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sion of a 2,4-cyclohexadienone such as V to an unsatu-
rated acid such as II is a well documented process.” 1

Irradiation'! of lumisantonin (I) in anhydrous ether
leads to formation of an oilv product identified as V by
the following observations. The intermediate, purified
by vapor phase chromatography, shows infrared absorp-
tion at 35.62 (lactone carbonyl), 6.03 (conjugated
carbonyl), and 6.13 u (double bonds) and ultraviolet
absorption at 308 mu in accord with expectatiori. The
n.m.r. spectrum of V shows two olefinic protons as a
pair of doublets (Jax = 9.9 c.p.s.) at 2.85 and 4.00 7.2

Treatment of V under mild conditions with 2 4-
dinitrophenylhydrazine in phosphoric acid gives the
2,4-dinitrophenylhydrazone of V,!3 m.p. 252-254°.
Treatment of V with 2,4-dinitrophenylhydrazine in
ethanolic sulfuric acid gives an isomeric 2,4-dinitro-
phenylhydrazone, m.p. 228-230°, identical with the 2,4-
dinitrophenylhydrazone of VI prepared previously.?
It seems reasonable that the more vigorous acid condi-
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(7) D. H. R. Barton and G. Quinkert, J. Chem. Soc., 1 (1960).
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(9) The possibility of an intermediate such as V between I and 1I has
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(11) A General Electric UA-3 mercury arc lamp was used.
was carried out in a Pyrex vessel.
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tation for cis-vinyl protons in a six-membered ring (O. L. Chapman, J. Am.
Chem. Soc., 88, 2014 (1963); G. V. Smith and H. Kriloff, 7bid., 88, 2016
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tions epimerize C-6 giving the more stable fusion of the
lactone ring.

The intermediate V is rapidly converted to photo-
santonic acid in the presence of light and water. The
ultraviolet absorption of V is not observed in the
conversion of lumisantonin (I) to photosantonic acid
(II) in aqueous organic solvents because the rate of
destruction of the intermediate is greater than the rate
of formation. Irradiation'! of lumisantonin (II) in
anhydrous ether in a Pyrex vessel required 2.5 hr. to
achieve the maximum concentration of V. Addition
of 29, water and continued irradiation under identical
conditions leads to complete disappearance of V in less
than 45 min.

The isolation of V as an intermediate in the conver-
sion of I to IT emphasizes the dangers inherent in inter-
pretation of photochemical processes without a detailed
knowledge of the nature and number of discrete photo-
chemical reactions involved.
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The Mechanism of the Photoconversion of Santonin
Sir:

The photochemistry of santonin has an illustrious
history which has dealt, in the main, with the isolation,
characterization, and interrelation of the manifold
products formed on exposure of santonin to light in
various media.! The established course of the re-
action in certain media is from santonin (I) to lumi-
santonin (IT) and thence to photosantonic acid (IV).23

We should like to report evidence that the photo-
conversions of santonin and lumisantonin involve as
intermediates the triplet states of the respective sub-
stances and that there exists an important intermediate
(IT1)* between lumisantonin and photosantonic acid.

The evidence relative to the first assertion is the
demonstration that in appropriate systems there is a
transfer of triplet character and energy from photo-
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