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Summary: Anodic oxidation of easily accessible alkyl aryl ketones 1 in trimethyl orthoformate 
containing a small amount of iodine or organo-iodo compounds gave methyl a-arylalkanoates 2 in 
high yields. 

As new development of our continuing studies on anodic oxidation using halogen ions as 

mediators,2 we report herein a new reaction system which makes a convenient transformation of 

alkyl aryl ketones 1 to methyl a-arylalkanaates 2 possible. Although'the antiinflammatory and - 

analgesic activities shown by some of the compounds having the structure of a-arylalkanoic 

acid 3" have stimulated the exploitation of a variety of methods of synthesis of 2,4 

a synthetic route of 2 from 1 invo.l.ving oxidative 1,2-aryl migration (eq. 1) as a key step has 

never been considered to be one of the most convenient methods since those reported 
5a-d 

so far 

need more than one equivalent of highly toxic oxidizing agents such as thallium (III)5b or 

lead (IV)5c. salts. 

On the other hand, this method rep.resented by eq. 1 seems to be worthwhile due to the 

high accessibi-lity of starting compounds and the short reaction pathway. Although iodine h;; 

recently been shown to be an effective oxidizing agent for this type of 1,2-aryl migration, 

excess amount of iodine was necessary and it was not effective-for the 1,2-migrationof aryl 

groups having electron-withdrawing substituents. 

Xo:-CHs-n -X-@-Co& 

la-f 2a-f; R'=Me 

3a_f:R=H 

a;X=H,R=Me d:X=CI,R=Me 

b;X=iso-Bu, R=Me e;X=Br,R=Me 

c;X=tert-B&CO,, R=Me f;X=H,R=H 

(1) 

The electrooxidative method shown in this report, however, is effective to alkyl aryl 

ketones such as la-f with using 0.1-0.7 equiv. of iodine, iodomethane, or other organo-iodo 

compounds as the sources of mediators. 

A typical experiment is ,as follows: Into an undivided electrolysis cell equipped with 

two’ platinum electrodes (1 cm x 1 cm) and a magnetic stirring bar was put a solution of 
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trimethyl orthoformate (TMOF) (3 

(300 mg).6_ 

ml) containing 1 (4 mmol), iodine (1 mmol) and LiC104*3H20 

Anodic oxidation was carried out under the conditions of constant current 

(0.05 A/cm2) at room temperature. 

Table 1. Anodic Oxidation of Alkyl Aryl Ketones I_ to Yield Methyl a-Arylalkanoates 2 in 

TMOF Containing Iodine or Organo-Iodo Compounds 

Run Reaction System" Electricity, F/mol Products Yield, %b 

1 

2 

3c 

4d 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

la - I2 ( 0.1 1 
la - I2 ( 0.25 ) 

la - I2 ( 0.25 ) 

la - I2 ( 0.25 ) 

lc - I2 ( 0.25 ) 

Id - I2 ( 0.25 ) 

.& I2 ( 0.25 ) 

If - 12 ( 0.25 ) 

la - Me1 ( 0.7 ) 

lb - Me1 ( 0.7 ) 

lc - Me1 ( 0.7 ) 

le - Me1 ( 0.7 ) 

If - Me1 ( 0.7 ) 

la iso-PrI ( 0.5 ) - 
la - Phi ( 0.5 ) 

la - CH13 ( 0.17 ) 

la - TMSIh ( 0.5 ) 

30 

8 

25 

8 

24 

15 

10 

8 

8 

9 

17 

8 

8 

8 

8 

8 

8 

2a - 

2a - 

2a - 

a 

2c 

2d - 
2e - 
2f - 

2a 

z 

!, - 

2e 

G - 

2a - 

2a - 

2a - 

2a - 

85 

88 

83 ’ 

80 

60 

88 

88 

83 

100 

80e 

93 

100 

100 

76$ 

27fag 

9Of 

84f 

a The value shown in the parenthesis was the ratio of iodine or iodo-compounds to 1 _* 
b Isolated yields. c Solvent was a 1:l (volume) mixture of TMOF and MeOH. 

d Solvent was a 1:l (volume) mixture of TMOF and AcOMe. 

e After 9 F/mol of electricity was passed, the reaction mixture was stirred for 24 hrs 

at room temperature. When greatexcessof electricity (32 P/mol) was passed, 

the yield of 2b decreased to 17% due to further oxidation of 2b 

g Propiophenoz dimethyl ketal was the main product (69%). 
-* $ GLC yield. 

h Trimethylsilyl iodide. 

Since TMOF has a low electric conductivity7 and the surface of the cathode was gradually 

covered with nonconducting materials, it was necessary to alternate anode and cathode with 

suitable interval (7 seconds for example) in order to keep the constant current conditions. 

After 8 F/mol of electricity was passed, the reaction mixture was poured into an aqueous 

sodium thiosulfate containing sodium bicarbonate, and then the organic portion was extracted 

with methylene chloride (3 x 50 ml). The combined organic solution was dried, evaporated, and 
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then subjected to column chromatography to give 2. This 1,2-aryl migration was also promoted 

by the anodic oxidation using a variety of iodo compounds instead of iodine. The yields and 

reaction conditions are summarized in Table 1. 

The use of TMOF as the solvent of electrolysis was crucially important for the 1,2-aryl 

migration, since the electrolysis of la in methanol containing iodine (0.5 equiv.) and lithium - 

perchlorate resulted in the recovery of la with a formation of a trace of dimethyl ketal of - 

&, whereas a mixed solvent of TMOF and methanol or methyl acetate gave satisfactory results 

(runs 3 and 4).* The presence of iodine or organo-iodo compounds was also essential, since 

the anodic oxidation of &J in the absence of iodine or organo-iodo compounds in TMOF gave 

methyl benzoate as a main product which might be formed by direct oxidation of &. 

The catalytic nature of iodine in this anodic reaction system was typically shown in 

the experiment where 0.1 equivalent of iodine was used (run l), while treatment of _& with 

0.1 equivalent of iodine in TMOF without passing electricity resulted in the recovery of most 

of la _. 

A reaction mechanism involving a mediatory system may be suggested for the conversion of 

J_ to 2 on the basis of these results (Scheme 1). 

12 
-2e 

- 2 y+* 

+2e 
R-l = I‘ 

-2e 
- "I +. 

R s)N” v “,+” F 
A r-C-CH2-Fl- Ar-$+-C&-R-+ Ar-C=CH-R - Ar-$Fv-R 

a& ME01 

4 2 6 

F p,J+” 
t&o-c-m-t'\ 

-12, H20 

‘2’ Ar R 

pM”P 
MO-c-a-i-l 

A'/; 
TMOF;CH(OMe), 

Scheme 1 

Thus, enol ethers 5 were yielded from the ketals 2 which were formed by ketalization of 

ketones 1 with TMOF. The attack of "I+",' which was anodically generated from iodine lo or 

I- " formed by cathodic reduction of iodo compounds, on 5 afforded-6_. Generally, 

the 1,2-migration of aryl groups possessing electron-withdrawing substituents hardly occurs in 

this type of rearrangement, whereas it smoothly proceeded under the conditions of anodic 

oxidation in TMOF containing iodine (runs 5, 6 and 7).12 Hence, the heterolytic cleavage 

between iodo atom and e-carbon of 5 might be assisted with "I+" at the step from S to 2 

(path a) or direct anodic oxidation of 3 (path b)13,14 might promote the migration of aryl 
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groups. Consequently, 1. was electrooxidatively transformed to 2 in the presence of a small 

amount of iodine or iodo compounds. 

Although the details of the mechanism are still not always clear, and further mechanistic 

studies will be desirable, the results obtainted in this study are very worthwhile from 

a synthetic viewpoint. 
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