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contributes only at pH values near its pK). T h a t 
H2CrO4 is not an effective oxidant is not surprising 
considering the previous conclusions1 3 t ha t OOH ~~ 
and H 3 O 2

+ bu t not H2O2 readily oxidize boronic acids. 
T h a t the reaction of H C r O 4

- with boronic acids is much 
more sensitive to structure than is the reaction of 
HOO~ or H 3 O 2

+ argues against its having the transi
tion state II . We are therefore tentat ively proposing 
the mechanisms shown. 

HCrO 4 - + RB(OH) 2 ZZ! : 
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H3CrO4" + RB(OH)2 > [?] >• ROH (i5) 

The third application of this reaction in the acid-in
dependent region is in the study of the large solvent and 
specific ion effects previously observed in chromic acid 
oxidations.2a~d Other chromic acid reactions involve 
high acidity dependencies.2 a _ g Consequently factors 
such as solvent and specific ion effects could not be 
quanti tat ively separated.2 b With the discovery of an 
acid independent CrV I oxidation, this separation can 
now be made. Such studies are in progress. 
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The Synthesis of Nucleoside-5' Aldehydes 
Sir: 

We have recently observed tha t the addition of di-
cyclohexylcarbodiimide to an anhydrous solution of 
pyridinium thymidine-5 ' phosphate in dimethyl sulf
oxide results in rapid coloration of the reaction mixture 
and the release of a foul sulfide-like smell. Chromato
graphic examination of the products showed tha t within 
1 hr. a t room temperature the nucleotide had com
pletely disappeared through degradation to thymine 
and inorganic phosphates, principally tr imetaphos-
phate. Other ribo- and deoxyribonucleotides react 
in a similar way but a t varying rates. A similar release 
of thymine resulted from P' ,P2-di thymidine pyrophos
phate or from thymidine or 5'-0-acetyl thymidine in the 
presence of anhydrous orthophosphate. 3'-O-Acetyl 
thymidine-5 ' phosphate, 3 '-deoxythymidine-5' phos
phate 1 (2',3'-dideoxy-0-D-pentofuranosyl thymine 5'-
phosphate), or the corresponding nucleosides in the 
presence of orthophosphate, gave, however, no release 
of thymine. 

Trea tment of 3 '-0-acetyl thymidine (I) (1 mmole) in 
anhydrous dimethyl sulfoxide (3 ml.) in the presence 
of anhydrous orthophosphoric acid (0.5 mmole) and 
dicyclohexylcarbodiimide (3-5 mmoles) for several 
hours at room temperature gave no release of thymine. 
I was, however, converted in roughly 90% yield into a 
new compound clearly separated from the starting 
material by paper chromatography and giving a posi
tive carbonyl test with dinitrophenylhydrazine spray. 
This material has now been shown to be 3 '-0-acetyl 
thymidine-5 ' aldehyde (II) which was isolated both as 
the noncrystalline free compound (Xmax 267 niM in 

(1) K. E. Pfitzner and J. G. Moffatt, in preparation. 

water) or as its crystalline 2,4-dinitrophenylhydrazone 
(m.p. 233-234°, A7„°H 261 and 350 imj; «max 19,300 and 
21,650. Anal. Calcd. for C18H18N6O8: C, 46.76; 
H, 3.92; N, 18.18; acetyl, 9.31. Found: C, 46.99; 
H, 4.16; N, 18.37; acetyl, 9.61). The structure of II 
was proved by reduction with sodium borohydride to 
thymidine (with concomitant hydrolysis of the acetyl 
group) and by oxidation with sodium hypoiodite to 
3'-0-acetyl thymidine-5 ' carboxylate, which upon 
alkaline hydrolysis gave thymidine-5 ' carboxylate.2 

I t is to be emphasized tha t no acidic nucleoside deriva-
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tives could be detected electrophoretically in the final 
reaction mixture, the method thus being completely 
selective for oxidation to the aldehyde level. This is 
to be contrasted with other oxidative techniques which 
have been applied to nucleosides and have led inevit
ably to carboxylic acids. 2^4 

The aforesaid release of thymine from thymidine-5 ' 
phosphate, which first directed our at tention to this 
oxidation procedure, is clearly the result of quanti ta t ive 
oxidation of the 3'-hydroxyl group to a ketone which 
spontaneously eliminates both the heterocyclic base and 
the phosphate moiety under the mildest of conditions. 
Further experiments designed to utilize this reaction 
for the stepwise degradation of deoxyoligonucleotides 
are in progress. 

In a similar way, the reaction of 2',3'-0-isopropyli-
dene uridine with dicyclohexylcarbodiimide and 0.5 
mole equiv. of pyridinium trifluoroacetate or pyri
dinium phosphate in anhydrous dimethyl sulfoxide, 
followed by t rea tment with 10% acetic acid at 100° 
for 1 hr., gave a high yield of uridine-5' aldehyde, which 
has as yet resisted crystallization but which is readily 
separated from uridine on bisulfite-impregnated paper 
and gives a positive test for a carbonyl group. Also, 
a similar reaction on 2',3'-0-isopropylidene adenosine 
gave, after acidic removal of the isopropylidene group, 
a major product chromatographically identical with a 
sample of the adenosine-5' aldehyde isolated by Hogen-
kamp, et al.,' by ultraviolet irradiation of coenzyme Bi2. 

Fur ther development of this highly selective and 
mild oxidation technique will be reported in detail 
shortly.6 

(2) J. P. Vizsolyi and G. M. Tener. Chem. Ind (London), 263 (1902). 
(3) A. S. Jones and A. R. Williamson, ibid., 1624 (1900). 
(4) G. P. Moss, C. B, Reese, K, Schofield, R, Shapiro, and Lord Todd, 

J. Chem. Soc, 1149 (1963). 
(5) H. P. C. Hogenkamp, J. N\ Ladd, and H, A, Barker, J. Biol. Chem.. 

237, 1950 (1962). We are grateful to Dr. Barker for a sample of their 
product 

(6) For a preliminary account, see K, E, Pfitzner and J. G, Moffatt. 
J. Am. Chem. Soc, 85, 3027 (1963). 
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A New and Selective Oxidation of Alcohols 
Sir: 

We have recently observed that t reatment of nucleo
side derivatives, substituted such tha t only the primary 
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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.1 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 ^-nitrobenzyl alcohol (1 
mmole) and anhydrous phosphoric acid (0.5 mmole) in 
dry dimethyl sulfoxide leads to the quanti tat ive (thin 
layer chromatography) formation of ^-nitrobenz-
aldehyde, which was isolated in 9 2 % yield as the dini-
trophenylhydrazone (m.p. 316-317°). In a similar 
fashion oxidation of 1-octanol gave octylaldehyde iso
lated in 70% yield as its crystalline dinitrophenyl-
hydrazone (m.p. 104-105°). Optimal reaction condi
tions have been determined using the oxidation of 
testosterone to A4-androstene-3,17-dione as a model and 
following the course of the reaction by quanti ta t ive 
thin layer chromatography. I t has thus been shown 
tha t acids such as phosphoric acid, phosphorous acid, 
cyanoacetic acid, or pyridinium phosphate promote 
a rapid oxidation within a few hours a t room tempera
ture. On the other hand, stronger acids such as tri-
fiuoroacetic 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 90% 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 quanti ta t ive oxidation to A4-androstene-3,17-
dione (m.p. 169-170°), which was isolated by direct 
crystallization in 92% 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.2 Cholane-24-ol 
(H3PO4) gave cholane-24-al (hydrate, m.p. 95°) in 8 5 % 
yield. Cholestanol (H3PO4) gave cholestanone (m.p. 
129°) in 6 8 % yield. 3/3-Acetoxy-A5-androstene-17-one-
19-ol (pyridinium trifluoroacetate) gave the pure 19-
aldehyde (m.p. 141-143°) in 5 3 % yield. A5-Andro-
stene-3-/3-ol-17-one (pyridinium trifluoroacetate) was 
converted to the extent of 90% into the unconjugated 
ketone A5-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 A6-3-one, 
Amax 240 and 290 mix; Sm a x 47 and 40 in methanol 
(m.p. 167-169° with migration of the double bond on 
heating3), was isolated in 5 5 % yield by direct crystalliza
tion from acetone. The equatorial hydroxyl group of 
1 la-hydroxyprogesterone (pyridinium trifluoroacetate) 
was smoothly oxidized giving 11-keto-progesterone4 

U) K E. Pfitzner and J. G. MofTatt, / . Am. Chem. Soc, 86, 3027 (1963). 
(2) Al! compounds gave satisfactory elemental analyses and ultraviolet 

and infrared spectra. 
i3j C. Djerassi. R. R. Engle, and A. Bowers. J. Org. Chem., 21, 1547 (1956), 

and W. R Xes, E. Loeser, R. Kirdani. and J. Marsh. Tetrahedron, 19, 299 
(1963). report m.p 119-125° while A. Butenandt and J Schmidt-Thome; 
Ber . 69, 882 (1936), report 158°. We have been able to detect only the 
faintest transition at 125° and have positively identified the melted product 
as the rearranged A*-3-one 

(4! D. H. Peterson. H. C. Murray, S. H. Eppstein, I.. M. Reineke, A 
Weintraub, P. D Meister, and H. M. Leigh, J. Am. Chem. Soc,Ii, 5933 (1952). 

(m.p. 175-177°) in 6 8 % yield. On the other hand, the 
axial 11/3-hydroxyl of corticosterone-21-acetate was 
completely inert using pyridinium trifluoroacetate and 
was only partially dehydrated (22%) to 21-acetoxy 
pregna-4:9(ll)-diene-3,20-dione6(22%) (m.p. 157-159°) 
using phosphoric acid. A similar pat tern obtains with 
110-hydroxyprogesterone. The much less hindered 
pair of epimeric 3a- and /°-hydroxy-5/3-pregn-16-ene-
20-ones, however, were oxidized a t remarkably similar 
rates using either phosphoric acid or pyridinium tri
fluoroacetate to the 3-ketone and an anhydro compound 
(presumably A2) in a ratio of 6:1 as determined by 
quanti tat ive 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 ether6 is smoothly oxidized in 
the presence of 1.5 mole equiv. of phosphoric acid to 
give 3-dehydrospegazzinidine dimethyl ether6 in 8 3 % 
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,7 and a discussion of its probable 
mechanism will be presented shortly. 

(o) R. Casanova, C. W. Shoppee, and G. H. R, Summers, J Chem. Soc, 
2983 (1953). 

(6) C. Djerassi, H. W. Brewer, H. Budzikiewicz, O. O Orazi, and R. A. 
Corrall, J. Am. Chem. Soc, 84, 3480 (1902) 

(7) N. Kornblum, W J. Jones, and G. J. Anderson, Md., 81, 4114 (1959) 
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A Mechanistically Significant Intermediate in 
the Lumisantonin to Photosa.ito.iic Acid Conversion1 

Sir: 
We wish to report the isolation and identification of a 

mechanistically significant intermediate in the lumisan
tonin (T) to photosantonic acid (II) conversion.2 3 

This intermediate points to a clear relationship between 
the conversion of I to II and the photoisomerization of 
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(1) Part VIIl of the Photochemical Transformations Series. For Part 
VII see O. L. Chapman, H. G. Smith, R W. King, D. J. Pasto, and M R. 
Stoner, J. Am. Chem. Soc, 86, 2031 (1963). 

(2) D. H. R. Barton, P. de Mayo, and M, Shafiq, Proc. Chem. Soc. 345 
(1957); J. Chem. Soc, 3314 (1958). 

(3) E. E. van Tamelen, S. H. Levin. G. Brenner. J. Wolinsky, and P. 
Aldrich, J. Am. Chem. Soc, 80, 501 (1958); ibid.. 81, 1666 (1959). 


