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While the anodic oxidation of 1,4_dimethoxybenzene itself has been extensively inves- 

tigated, ’ little information is available on the generality of the reaction in substituted 1,4- 

dialkoxybenzenes” and naphthalenes. Our need for an economical, general route to quinone 

bis- and monoketals prompted us to investigate the preparative anodic oxidation of substi- 

tuted 1,4-dimethoxyaromatics. We report here that the anodic oxidations of 1,4-dimethoxy- 

naphthalene derivatives produce in excellent yields the respective bisketals and that a 

sequence of anodic oxidation-hydrolysis or anodic oxidation-functionalization-hydrolysis 

presents a general, high-yield, regioselective route to functionalized quinone monoketals. 

In view of the widespread importance of the quinone moiety in natural products and the dearth 

of procedures for the preparation of quinone bis- and monoketals, 3 we anticipate much use 

for these electrochemically derived reagents. 

The single cell, constant current, anodic oxidation of 1,4-dimethoxynaphthalenes & 

and CrJr afforded excellent yields of the bisketals & and &. Unfortunately, for the bromi- 

nated compounds _& and ld, this procedure resulted in substantial amounts of debromination4 

However, the use of a divided cell completely suppressed this side reaction, resulting in 

excellent yields of & and a. The ready availability of these brominated derivatives should 
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markedly extend the scope of the chemistry presented here.’ Thus metallation of d with 

butyllithium and reaction with dimethyl disulfide afforded ,& in 95% yield. A similar 

sequence applied to & afforded after chromatography and hydrolysis the quinone monoketal 

3f (vide infra). 

Table. Naphthoquinone Bisketale and Monoketals 

& (74, 42.0- 43. 5”) 

S(75, 65.5- 66. 5”) 

& (84, 65.0- 67.0”) 

j&j (85, 147. O-149.0”) 

& (95, 100.0-101.0”) 

Hydrolysis 

Conditions 

Regioselectivity 

of Hydrolysis 

Monoke t+ 

( , n-4 

1:3 2% HOAc/THF 

5-6 hat RT 

1:2 2% HOAc/acetone 

1.5 h at 0” 

1:l 1.0 N HCl/?HF 
1. 5 h at RT 

1:l 1.0 N HCl/THF 
1 hatRT 

I:1 0. 1 N HCl/acetone 

0.5 hatRT 

1:l 2% HOAc/acetone 

10 min at 0” 

____ &(81, oil) 

> 95kd 2 (90, 64.0- 65.0”) 

> 954bd 2 (85, 52.0- 53.0”) 

’ 95%d a (94, 102.0-103.0”) 

ca 9:l 2 (58, 38.0- 40.0”) 

> 95kd se (56, 85.0- 86.0”) 

aElectrolyses were performed on a l-4 g scale using the apparatus previously 
described.’ Compounds & and g were electrolyzed in an H-cell with the two compartments 

separated by a fritted disc. The products were isolated by standard workup’ and recrystalli- 
zation. 

b 
Yields, except for 3a, are for recrystallized product. Ketal z was chromate - 

graphed on silica gel and was unstable to storage, forming a blue material. 
C 

No attempt was made to isolate the bisketal due to its ease of hydrolysis. 

d 
The alternate hydrolysis product was not detected in these cases by either NMR 

spectroscopy or the subsequent transformations of the product. 

eThe yield forf is calculated on the basis of starting &. 

In addition to the utility of the bisketals in the synthesis of functionalized naphtho- 

quinones, their regioselective monohydrolysis also produces high yields of synthetically 

valuable naphthoquinone monoketals. Thus acid hydrolysis of 2a-d at room temperature 

(Table) afforded after workup good yields of a single naphthoquinone monoketal. Since 

spectroscopic evidence did not allow definitive structure assignment, chemical proof of 
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structure was performed. Reduction of 3b with zinc-copper couple gave in 90% yield the 

known 2. 5 Similarly, reduction of s with zinc-copper couple followed by hydrogenolysis of 

the bromine, or alternatively, reduction of ,&j with Raney nickel and hydrogen, gave the 

known 3.’ The orientation of substituents in& and s is then rigorously established. This 
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approach also proved applicable to & since reduction followed by desulfurization afforded 2. 

Only in the hydrolysis of& was evidence of the alternate monoketal obtained. 

ment of the crude hydrolysis mixture from & as above afforded a 22 mixture 

analysis). 
6 

Thus treat- 

(ca. 9:1, NMR 

The above reaction sequence was not useful in establishing the structures of 2~ and 

s since the respective naphthols are not known. However, reduction of these compounds 

with sodium borohydride afforded the alcohols & and& as isolable, but labile, compoundd” 

The NMR spectra of the compounds showed the vinyl and tertiary protons (after equilibrating 

with DrO) as doublets (J = 4 Hz). This coupling constant is only consistent with the g- 

substituted enone systems & ands. Heating & or& in methanolic sodium hydroxide 

yields the naphthalene derivatives s andz. 
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These preparations of naphthoquinone bis- and monoketals are characterized by 

simple equipment, * inexpensive reagents, high yields, and ease of isolation. Furthermore, 

these preparations of naphthoquinone monoketals offer advantages over the trimethylsiloxy- 

cyanide blocking procedure3a in that the methoxyketal is much more stable towards nucleo- 

philic attack than the cyano group, introduces no new asymmetric center, and does not 

require the expensive silver fluoride for deblocking. 
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