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The detection and Identification of acylil radical- 

anions formed in the oxidation of ketones or a-nydroxyketones 

in basic solution can serve as a proof of structure for the 

starting compounds.293 This technique Is particularly valu- 

able In the steroid field.3 We now report the pre.paratlon 

of acyllls from a-bromoketones In dlmethyl sulfoxlde (DMSO) 

solutions containing potassium k-butoxide, the use of this 

technique to prepare acyllls unavailable by other methods, and 

some new reactions involving the methylsulflnylcarbanion. 

The formation of radical-anions from a-bromoketones may 

involve a reaction of the Kornblum type,A leading to an e- 

diketone or an a-ketoaldehyde, followed by electron transfer 

from some carbanion. 5 In support of this interpretation is 

the fact that a-diketones containing an acidic a-hydrogen 

atom, such as 1-phenylpropane-1,2-dlone or cyclohexane-1,2- 

dlone, spontaneously form the corresponding acyllls under the 

reaction conditions. 

1139 



1140 No.16 

Treatment of 2-bromo-17a-acetoxy-5a-androstan-3_one with 
potassiun k-butoxide in DMSO produced only the A2-semiquinone 
(I) without a trace of the A3-isomer (II) observed upon base- 
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catalyzed oxidation of the ketone. 3 This technique allows the 
formation of aliphatic semiquinones from ketones that are not 
easily oxygenated in basic solution. For example, the ex- 
posure of several representative examples of 6-, 7-, ll-, 
or 12-keto-5a- or 5!3-steroids to oxygen in basic solution 
has failed to yield stable radical-anions. However, acylil 
radical-anions are formed from 6a-bromo-5u-cholestan-7-one 
in DMSO containing an excess of potassium t-butoxide. - 

The oxidation of a ketone (R'CHsCOR, ArCOR) or an a- 
hydroxyketone (R'CHOHCOR) in basic solution usually fails 
to give the acylil when R=CHs. However, in DMSO IIIa, b, c 
are converted smoothly into IVa, b, c. 

KOC(CHa)s -P a, R=R'=CHa 
RCOCHBrR' R-C=C-R' IV 

I 
b, R=C,Ha,R'=H 

DMSO c, R=CH3,R'=H 
III 0. 

Although the oxidation in basic solution of 2-butanone or 
acetoin, or the reduction of biacetyl, forms 2,5-dimethyl- 
semiquinone, 6 IVa is readily formed from the bromination 
product of 2-butanone. The e.s.r. spectrum is composed 
of 7 lines with intensities approximately 1:6:15:20:15:6:1 
and with a H = 6.06 gauss. Similarly, phenacyl bromide pro- 
duces IVb, 
6.88, a$ 1.70, a+H 

Fig. 1,whose spectrum i; consistent with kHoH = 
= 1.50 and a_ = 0.52 G. 

- 
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Fig. l---First derivative e.s.r. spectrum of phenyl- 
glyoxal radical-anion prepared from 0.075 M_ phenacyl bromide 
in dimethyl sulfoxide solution containing 0.10 M_ potassium 
t-butoxide. Synthetic absorption spectrum composed from 
h.f.s.c. given in text. 

The formation of IVb is surprising since the oxidation of 

acetophenone in basic DMSO solution does not form paramag- 

netic intermediates while phenylglyoxal in DMSO containing 

potassium k-butoxide in the presence or absence of a reducing 

carbanion (enolate anion of propiophenone) forms significant 

amounts of the radical-anion of l-phenylpropane-1,2-dione, 

presumably via' - 
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CsHaCOCHO + CHaSOCHP- b-3 CcHaCOCH(O-)CH2SOCHa 

+ CsHaCOC(OH~CH,SOCHa -CHSSO- > C6H,COC(OH)=CH, 

__) CsHsCOCOCHa 

In a similar manner IVa is formed from methylglyoxal in 

DMSO solution. 

IVc is not very stable, even in pure DMSO. However, 

by use of flow techniques at 28O IVc can be detected for a 

few (13) seconds after mixing one part of a solution of 

bromoacetone (0.15 I$ with two parts of a solution of 

potassium t_butoxlde (0.17 9 In DMSO. The spectrum is 

composed of two overlapping quartets with tiHoH = 8.72 and 

%HaH = 7.46 G. A second, more stable radical is formed 

(lifetime a few minutes) as IVc decomposes. This radical 

has an e.s.r. spectrum composed of a 1:3:3:1 quartet with 

aH = 5.7 to 6.6 G. depending on the concentration of base. 

These results suggest that V Is formed from IVc. 

CHS 'c=c< 
0' CH3, /o- .O 

'CZC 
0- 

.O" 0 
_ w 

.O' 
c=c, 

0*H HOCH; 'OH 

V VI 

This supposition was confirmed by the observation that the 

treatment of a mixture of 0.05 M_pyruvlc acid and 0.05 M_ 

lactic aoid with 0.3 to 0.5 M_ potassium t_-butoxlde in DMSO 
also produced V. 

CH3. 
c-c'= 

0 CH3 0- 
+ 

CH3, ,o- 

0 4s -0 '0- 
/c=c -2 

O_ 
' 'C=C' 

-0 '0. 
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In view of the stabilities observed 
values of %H H , a recent report of 
treatment of 31,3-dlhydroxyacetone, 
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for IVc and V, and the 
the synthesis of VI by 
methylglyoxal or sugars 

such as glucose with aqueous potassium hydroxide in the pre- 
9 sence of air seems unreasonable. An.inspectlon of the 

spectrum reported for VI R_ (a - 0.81 G) reveals that.the 
radical-anion Is actually the well-known 2,5-dihydroxy-e- 
benzosemlqulnone (gH = 0.79 G). 10 

Oxygenation of 3-methylcyclohexanone or 3-methylcyclo- 
pentanone in DMSO containing potassium t-butoxide produces 
two parts of VII to one of VIII. 

R VII R n VIII 
Brominatlon of these ketones in k-butyl alcohol in the pre- 
sence of potassium t-butoxide followed by dilution with DMSO 
and base formed the same radical-anions in the same propor- 
tions. It thus appears that in unhindered systems both 
oxygenation and bromination In basic solution are measuring 
the same quantity without kinetic discrimination. The 
quantity being measured Is apparently either the relative 
rates of ionization of the starting ketones or/and the 
relative equilibrium concentrations of enolate anions. We 
have observed kinetic discrimination in the reactions of 
3-k-butylcyclopentanone in basic solution. Oxidation pro- 
duces mainly VIII (> 90% ) presumably because of the relief 
in eclipsing strain due to ionization at C-2. However, bro- 
mination of 3-k-butylcyclopentanone followed by treatment 
with DMSO produces mainly VII (>90%) probably due to the 
preferred bromination at C-5.11 
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