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Electrophilic Substitution. Chromic Acid Cleavage of 
Carbon-Boron Bonds 

Sir: 
In the previous communication1 we indicated the 

effect of structure in R on the stability of the three-
center transition state I. 
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The general behavior of chromic acid oxidation of 
alcohols2a_f caused us to believe that chromic acid 
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Fig. 1,—Plot of log k2 at 30.0° vs. H0 (or pH) for the rate ex

pression d [Cr V I j /At = /M^-BuB(OH)2J [CrV I] . Circles are experi

mental points. The solid line represents eq, 3 and the dashed 

lines indicate unit slope. The H0 values for the perchloric acid 

solutions were taken from Long and Paul.6 
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cleavage of boronic acids might attain the five-mem-
bered transition state III rather than the three-mem-
bered II. Structural effects on transition states such 
as I (and we imply II) are not strongly dependent on 
the nature of the leaving group.1 3 Therefore, from the 
effects of the structure of R on the rate of chromic acid 
cleavage of boronic acids, we might distinguish between 
II and III. This is possible only if one mechanism is 
operating. However, several species of chromic acid 
in aqueous solution could bring about oxidation. 
Among the species H3CrO4

+, H2CrO4, HCrO4" CrO4
2-, 

H2Cr2O7, HCr2O7-, and Cr2O7
2-, only the first two have 

been definitely associated with oxidation in dilute 
solutions and these two usually are in competition. 
This competition of mechanisms greatly complicates 
studies of structural effects.4 

We wish to report an oxidation by HCrO4- in a 
reaction which promises important application both in 
synthesis and in mechanism studies. This finding also 
points the way to studies of reactions of the remaining 
CrVI species. The reaction of chromic acid with 
i-butylboronic acid 

CrO3 + 2-BuB(OH)2 

HsO 
-BuOH + H3BO3 + Cr 3 + (1) 

is first order in each reagent over a wide range of pH 
(— 1 to 9) and has a very small salt effect (5% increase at 
1.0MNaClO4) on rate. 

d[Crv ' ) 

dt 
MRB(OH)2] [CrVI (2) 

The pH-rate profile is shown in Fig. I.56 

The shape of this curve has three important implica
tions. First, the oxidation of boronic acids at pH 
3-7 where alcohols are relatively stable to CrVI makes 
possible the synthesis of alcohols using chromic acid. 
Thus, oxidation with chromic acid at pH ca. 5 will 
produce alcohols7 and at higher acidities, e.g., 2 N 
acid, will produce ketones.8 Further, this reagent makes 
possible selective alkylborane cleavage because its 
reaction rate is much more sensitive to structure than 
that of hydrogen peroxide.1 Thus, the k2 values for vari
ous R aret-Bu, 7.5 X 10~2; Et, 6.6 X K) -4; Me, 2.4 X 
1O-7 l./mole sec. in 0.114 M perchloric acid at 30.0°. 

Secondly, the pH-rate profile is unusually informative 
about the mechanism of the reaction. This curve is 
accurately described by the equation 
[CrVI] X k = 0.054(HCrO4-) + 0.36(H2CrO4) + 

0.32(H2CrO1)Ao (3) 

using the recorded9 values of -Kn2Cr04 =1.21 andi^HCr04~ 
= 3.2 X K)-7. (Dimeric species are precluded by 
the low CrVI concentrations.) Therefore the oxidants 
in this reaction are HCrO4" and H3CrO4

 + ; Cr04
2~ 

and H2CrO4 are relatively ineffective10 (i.e., H2CrO4 
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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! : 

H 
O 

R - B - - O C r O 3 H 

6 
H 

III ROH (4) 

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 
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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 


