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PDimethylamino-4'-bromobenzhydrol, m.p. 104-105' 
(reported* m.p. 107O), and ~dimethylamino-4'-chlorobenz- 
hydrol, m.p. 105' (reported* m.p. 103-104'), were prepared 
as previously described.* 1,l-Diphenylvinyl bromide, 
m.p. 49-50' (reported' m.p. 46-47'), and 1-bromo-4-pen- 
tene, b.p. 128-129' (reported4 b.p. 128O), were prepared as 
previously described.' 

Preparation of the aldehydes. The experimental procedure 
for the preparation of the aldehydes has been already 
described.' 
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The electrolyses of di- and triphenylacetic acids 
in methanol failed to undergo the normal Kolbe re- 
action. Instead of the dimers, the respective methyi 
ethers were obtained. Working with diphenylacetic 
acid in methanol-pyridine V. d. Hoek and Kauta' 
obtained diphenylmethyl methyl ether in 35% 
yield. 

Linstead, Shephard, and Weedoq2 by electroly- 
sis of triphenylacetjc acid in methanol alone, ob- 
tained triphenylmethyl methyl ether in 60% yield. 
More recently, Finkelstein and Petersens have ob- 
tained an improved yield (80%) of diphenylmethyl 
methyl ether using triethylamine instead of sodium 
methoxide. 

No description of the electrolysis of a-alkoxy 
acids in methanol could be found in the literature. 
The study of the electrolyses of this class of com- 
pounds was initiated in order to find out whether it 
would lead to the acetals. Therefore some a-alkoxy- 
phenyl- and -diphenylacetic acids have been inves- 
tigated. 

The electrolysis of a-methoxyphenylacetic acid in 
absolute methanol afforded in 61.6% yield of benz- 
aldehyde dimethyl acetal. When a-methoxydi- 
phenylacetic acid was electrolyzed, in a similar 
way, benzophenone dimethyl acetal was obtained 
in 74% yield. 
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I t  seemed that the anodic methoxylation could be 
also a possible route to the mixed acetals, which 
have been described very rarely in the literature. 
In fact, when a-ethoxyphenylacetic acid was elec- 
trolyzed in absolute methanol] benzaldehyde methyl 
ethyl acetal was obtained in 71.4% yield. The elec- 
trolysis of a-ethoxydjphenylacetic acid afforded 
benzophenone methyl ethyl acetal in 74% yield. 

Work is under way to find out to what extent 
this method might be applied to the syntheses of 
aliphatic aldehyde and ketone acetals and of the 
thio analogs. 

EXPERIMENTAL 

All melting and boiling points are uncorrected. 
Preparation of the alkoxy acids and their intermediates. 

a-Methoxyphenylacetic acid (m.p. 67-70') was prepared by 
reaction of mandelic acid with dimethyl sulfate, using the 
procedure described by Reeve and Chri~toffel .~ 

Methyl a-methozydiphenylacetate (b.p. 166-167/1 mm.) 
was prepared by reaction of benzilic acid with phosphorus 
pentabromide, followed by addition of absolute methanol, 
using the procedure described by Klinger and Nickell.' 

a-Methoxydiphenylacelic acid (m.p. 107-1 10') ww pre- 
pared by stirring of the corresponding ester with excess 
aqueous potsssium hydroxide solution (40%) for 25 hr. 
The melting points of 111-112O8 and 107'' have been re- 
ported for this acid. 

a-Ethoryphenylacetic acid (b.p. 172'/17 mm.) was pre- 
pared by reaction of benzilic acid with ethyl iodide and silver 
oxide, following the indication of Maclrenzie.8 

Ethyl or-bmodiphenylacetate was prepared by treatment 
of ethyl benzilate with phosphorus tribromide and bromine, 
using the method described by Carothers.9 

Ethyl a-ethoxydiphenylacetate. The crude ethyl a-bromo- 
diphenylacetate (34 g.) was stirred with absolute ethanol 
(218 ml.) for 3 hr. The distillation of the residue afforded il 
liquid (27.6 g., 91% yield), b.p. 150'/ 1 mm. 

Anal. Chlcd. for C,sH,oOa: C, 76.0; H, 7.0. Found: C, 
76.2; H, 6.9. 

a-Ethosydiphenylacetic acid. Ethyl a-ethoxydiphenylace- 
tate (9 g.) was heated under reflux for 5 hr. with potassium 
hydroxide (7.6 g.) in absolute ethanol (72 ml.). The solution, 
worked up in the usual way, gave a-ethoxydiphenylacetic 
acid (7.7 g., 95% yield), m.p. 113-116' (from carbon disul- 
fide-light petroleum), A m.p. of 113-114' has been reported 
for this acid.I0 

Electrolyses procedure. The electrolysis cell consisted of a 
cylindrical glass vessel contining two parallel platinum plate 
electrodes, placed 1-2 mm. apart. They measured 3.5 X 
2.5 cm. In each case absolute methanol was used, to which 
sufficient sodium had previously been added to neutralize 
about 3% of the acid. While the cell was cooled in an ice 
bath, a current of 1.2 amp. was passed until the electrolyte 
became slightly alkaline. This process usually required about 
twice w long as expected considering the current and the 
amount of acid employed. 

Electrolysis of a-mthosyphenylacetic acid. The solution of 
a-methoxyphenylacetic acid (8.1 6.) in methanol (180 ml.), 
was electrolyzed. The solvent was evaporated under re- 
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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. 

(1) Lubrizol Foundation Fellow, 1960-1961. 
(2) C. Marcker, Ann., 136, 75 (1865). 
(3) E. E. Reid, Organic Chemistry of Bivalent Sulfur, 

Vol. 11, Chemical Publishing Co., Inc., New York, 1960, 
pp. 64-66. 

(4) F. G. Bordwell and P. J. Boutan, J. Am. Chem. SOC., 
79, 717 (1957). 

(5) (a) M. Gazdar and S. Smiles, J .  Chem. SOC., 93, 1833 
(1908); (b) D. A. Peak and T. I Watkins, J. Chem. SOC., 
445 (1950); (c) S. H h i g  and 0. Boes, Ann., 579,23 (1953); 
(d) D. Jerchel, L. Dippelhofer, and D. Renner, Chem. Ber., 
87, 947 (1954); (e) A. Cernihni, G. Modena, and P. E. 
Todesco, Gazz. chim. ital., 90, 382 (1960). 

(6) (a) C. C. Addison and J. C. Sheldon, J .  Chem. Soc., 
2705 (1956); (b) L. Horner and F. Hubenett, Ann., 579, 
193 (1953); (c) R. W. Whitaker and H. H. Sisler, J .  Org. 
Chem., 25, 1038 (1960). 

(7) (a) D. Edwards and J. B. Stenlake, J .  Chem. SOC., 
3272 (1954); (b) R. Knoll, J .  prakt. Chem., [2] 113,40 (1926). 

(8) L. Horner, H. Schaefer, and W. Ludwig, Chem: 
Bk.,' 91, 75 (1958). 

(9) C. G. Overbereer and R. W. Cummins, J. Am. Chew 
Soc.,' 75, 4250 (19537. 

(10) D. Barnard, J. Chem. SOC., 489 (1956); L. Bateman 
and K. R. Hargrave, Proc. Roy. SOC. London, A224, 389, 
399 (1954); K. R. Hargrave, Proc. Roy. SOC. London, A235, 
55 (1956). 

(11) N. N. Mel'nikov, Uspekhi Khim., 5 ,  443 (1936). 
(12) A. H. Ford-Moore, J. Chem. SOC., 2126 (1949). 
(13) Work in progress and reported in part: see Abstracts 

of Papers, 139th Meeting of the American Chemical Society, 
St. Louis, Mo., March 21-30, 1961, p. 30-0. 

(14) For most recent paper in thiR series see N. J. Leonard, 
T.  W. Milligan, and T. L. Brown, J. Am. Chem. Soc., 82, 
4075 (1960). 


