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duced pressure and the residue distilled, giving benzaldehyde 
dimethyl acetal (4.5 g., 61.6%), b.p. 196' (reported" b.p. 
198-1990) * 

Anal. Calcd. for CgH1202: C, 71.0; 7.9. Found: C, 71.2; H, 
8.1. 

This acetal waa hydrolyzed by boiling with 2% hydrochlo- 
ric acid, yielding benzaldehyde, which was identified as its 
2,4dinitrophenylhydrazone, m.p. 237', undepressed on ad- 
mixture with an authentic specimen. 

Electrolysis of a-methoxydiphenylacetic acid. The solution of 
a-methoxydiphenylacetic acid (4.6 g.) in methanol (100 
ml.) was electrolyzed. During the electrolysis an insoluble 
colorless solid was deposited a t  the bottom of the vessel. 
The methanol was evaporated under reduced pressure and 
the residue dissolved in ether. The ethereal solution, washed 
successively with saturated sodium carbonate solution, 
dried and evaporated, afforded, after recrystallization from 
methanol, benzophenone dimethyl acetal (3.2 g., 74%) 
m.p. 105-107'. A m.p. of 106.5-107' has been reportedI2 
for this acetal. 

Anal. Calcd. for ClsHle02: C, 78.9; H, 7.0. Found: C, 
79.2; H, 6.8. 

Addition of concd. sulfuric acid to this acetal afforded 
benzophenone, m.p. 47-49', undepressed on admixture with 
an authentic specimen. 

Electrolysis of a-ethoxyphenylacetic acid. The solution of 
a-ethoxyphenylacetic acid (3.8 9.) in methanol (90 ml.) was 
electrolyzed. The methanol waa evaporated under reduced 
pressure and the residue distilled. A colorless liquid was col- 
lected as the main fraction (2.5 g., 71.4%), b.p. 205', n1,8.' 
1.4878. 

Anal. Calcd. for CI0Hl4O2: C, 72.3; H, 8.4. Found: C, 72.5; 
H, 8.6. 

This acetal waa hydrolyzed by boiling with 2% hydrochlo- 
ric acid, yielding benzaldehyde, which was identified as its 
2,4dinitrophenylhydrazone, m.p. 237', undepressed on 
admixture with an authentic specimen. 

Electrolysis of a-ethoxydiphenylucetic acid. The solution of 
a-ethoxydiphenylacetic acid (5.5 g.) in methanol (150 ml.) 
was electrolyzed. During the electrolysis an insoluble color- 
less solid was deposited a t  the bottom of the vessel. The 
methanol wm evaporated under reduced pressure and the 
residue disolved in ether. The ethereal solution was wmhed 
successively with saturated sodium carbonate solution, 
dried, and evaporated. The residue, distilled under reduced 
pressure, yielded as a main fraction a colorless liquid (3.05 
g., 74%), b.p. 133-135', ny"  1.9432. The liquid solidified 
when refrigerated overnight and, after crystallization from 
methanol, melted a t  32-33'. 

Anal. Calcd. for C16H1802: C, 79.3; H, 7.4. Found: C, 
79.3; H, 7.1. 

This substance, when treated with concd. sulfuric acid, 
gave benzophenone, m.p. 48', undepressed on admixture 
with an authentic specimen. 
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Since the first recorded synthesis of a sulfoxide by 
Marcker2 in 1865, numerous methods have been 
developed for the transformation of sulfides to sul- 
foxides,* utilizing reagents such as nitric a ~ i d , ~ , ~  
hydrogen peroxide16 dinitrogen tetroxide, chromic 
acid,' ozone,8 peracids, hydroperoxides, lo man- 
ganese dioxide, selenium dioxide, l1 and iodoso- 
benzene.12 We wished to synthesize a particular 
sulfoxide, 1-thiacyclooctan-5-one 1-oxide (I), from 
the corresponding sulfide in order to investigate 
its chemical and physical properties, l3 in continu- 
ation of our study of transannular effects in meso- 
cyclic systems. l4 Difficulties experienced earlier 

0 

0 
I 

in this laboratory in obtaining the sulfoxide (I) 
free from contaminating sulfide and/or sulfone 
by the usual oxidation methods were resolved when 
we turned to sodium metaperiodate as the oxi- 
dant. 
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During the extensive penicillin effort of the 
1940’s, sodium metaperiodate had been reported 
by Sykes and ToddI5 to oxidize the sulfide function 
of benzylpenicillin methyl ester and related sys- 
tems to sulfoxide,16 but the method had not found 
general application. In our hands an adaptation of 
the sodium metaperiodate procedure of Sykes and 
Todd to the oxidation of 1-thiacpclocctand-one 
afforded the desired sulfoxide (I) in 91% yield. 
Encouraged by the success of this convereion, 
we have now provided additional examples of the 
oxidation, sufficiently varied (Table I) to demon- 
strate the generality and selectivity of the method. 

On a preparative scale the oxidation is con- 
veniently carried out by addition of the sulfide to a 
slight excess of 0.5M aqueous sodium metaperiodate 
a t  ice-bath temperature.” The reaction, complete 
in three to twelve hours, affords pure sulfoxide, 
usually in better than 90% yield. It appears expe- 
dient to use a mixed solvent system-e.g., metha- 
nol-water-in those cases where solubility of the 
sulfide in water is slight. Lower yields may result 
when water solubility of the product diminishes the 
efficiency of extraction. The extent and rate of the 

RZS + NaIOd -+ RzSO + NaIOa (1) 

reaction (1) may be followed quantitatively by the 
titration methods commonly used in the Malaprade 
procedure for the periodate oxidation of  glycol^.^^^^^ 

When considered with the array of reagents avail- 
able €or the oxidation of sulfides to sulfoxides, so- 
dium metaperiodate possesses certain advantages : 
over-oxidation can be avoided; mild conditions are 
employed; the reagent is readily available and is 
safely and easily handled ; and excellent yields are 
obtainable, even when other functionality is present 
(periodate-susceptible groupings such as a-glycols 
being excepted). 

EXPERIMENTAL 

General method of oxidation. To 210 ml. (0.105 mole) of a 
0.5M solution of sodium metaperiodate a t  0’ was added 0.1 
mole of wlfide. The mixture was stirred a t  ice-bath tempera- 
ture, usually overnight. The precipitated sodium iodate 
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was removed by filtration, and the filtrate was extracted 
with chloroform. The extract was dried over anhydrous 
magnesium sulfate, and the solvent was removed under 
reduced pressure. The sulfoxide was purified by distillation, 
crystallization, or sublimation. 
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Recently we investigated the action of ruthenium 
dioxide in the hydrogenation of pyridines. While 
this procedure gives excellent results, it requires 
pressures in the range of seventy atmospheres. In 
laboratories where heavier equipment is not avail- 
able, there is a need for a low pressure method which 
would eliminate some of the disadvantages of 
hydrogenation in the presence of platinum cata- 
lysts. 

The presence of acid i s  required when Adams’ 
catalyst is used to convert pyridines to  piperidine^.^ 
If the desired base is water soluble, continuous 
extraction must be employed in order to get good 
yield. In  addition, there are discouraging reports 
where hydrogen uptake is slow and where more 
catalyst must be added.4 

In a description of some hydrogenations with 
ruthenium and rhodium catalysts, there is a men- 
tion of the reduction of pyridine with an equal 
weight of 5% rhodium on a l ~ m i n a . ~  When we 
repeated this reaction with a more normal amount 
of catalyst, we found that, while initial uptake of 
hydrogen was quite rapid, it slowed down consider- 
abiy and was 90% complete in 15 hours. In  addi- 
tion, the catalyst was irrevocably poisoned after 
the reduction and could not be regenerated. We had 
noted in some previous work that hydrogenation 
with rhodium on alumina is inhibited by a strong 
base.s Piperidine after conversion from pyridine 
apparently has a similar effect on this catalyst. 
This retardation is even more pronounced in the 
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