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ANODIC OXIDATION STUDIES OF OXYGENATED BIPHENYLS.
CONVENIENT SYNTHETIC ROUTES TO CERTAIN FUNCTIONALIZED BIPHENYLS!

Rlchard E. DeSchepper and John S. Swenton¥
The Ohio State Unlversity, Department of Chemistry, 140 W. 18th Avenue, Columbus, Ohio 43210

Summary. The anodic oxidation of oxygenated biphenyle produces phenyl-substituted p-
quinol ether ketals in good-to-excellent yield. These compounds are useful
substrates for preparation of more highly functionalized biphenyls.

Syntheses of biphenyl systems have been of continulng Interest In organic chemistry since

2a

these compounds are often convenient building blocks for natural products,“® and certaln

blphenyls3 and their higher analogs3'4 (p-terphenyls) behave as |iquld crystals. The classi-
2a-c

cal Ul Imann and Gomberg2a reactions for preparation of biphenyls are extremely useful for

the syntheses of selected systems. However, the reactlion conditions and puriflcatlon probiems

k235 has focused

comp | icate the preparation of many blaryls of synthetic Interest. Recent wor
on Improved methods for the synthesls of bliphenyls, and we report hereln a strategy for the
functionallzatlon of biphenyls readily available via conventional methods.

Whlle anodlc coupling reactions of aromatic rings to form phenollc coupling products and
biphenyls have been extensively s’fudled,6 there are few repor'fs7 of the products from anodic
oxidation of biphenyls themselves. The anodic oxldatlon chemlstry of 4,4'-dImethoxyblphenyl,
la, was studled first since it Is an aryl analog of 1,4-dimethoxy aromatlc systems, compounds
which undergo high-yleld electrochemical oxldatlon to qulnone blske‘l’als.8 Single-cel |, con-
stant current (2 amp) anodlic oxldation® of 1a (9 g) as a slurry In 1% methanollc potassium
hydroxide (750 mL) using a platinum gauze anode was fol lowed by UV spectroscopy or TLC and was
Judged to be complete after 8 hours of electrolysis (14% currenf-efflclency). Conventlonal
workup afforded an oll which was separated from minor Impurities by short path distlllation and
assigned as 2a (86%) on the basls of analytical and spectroscopic data. Similar electrochemical
oxldatlons of the blphenyl derivatives 1b-e gave the results recorded below. Even 2'-methy|-4-
methoxybiphenyl, 1c, In which the methy!l group should further remove the ary! rings from
coplanarlty, afforded a good yleld of product. [t was Important that the alcohol and aldehyde

RuCHB I%GK)OH RQ(OCH3)2
R2 12 OCH,

1a, R”*=H, R* = OCH, 2a (86%)
b, RR=R'=H b (74%)
c. R2=CH3, RY=H c (71%)
d, R® = CH,0Si(¢-Bu) (CHy),, R'=H  d (369
e, R% = CH(OCH,),, R* = H e (83%)
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functionalities In 1d,e be protected since anodic oxidation of the unprotected systems gave
comp | icated reactlion mixtures,

The Initial anodlc addition product could not be Isclated for the carboxyllic acld deriva-
tive 1f. Anodic oxidatlion of 1f gave Instead--after workup of the reactlon mixture and acldi-
flcation--the lactone 4, The structural asslignment for 4 rests on Its combustlon analysls,
mass spectrum, and 3¢ NMR and H NMR spectra wilth assoclated decoupling and COSY experiments.
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The ketal 3 is a logical precursor for the formation of 4, and hydrolysis studlies descrlbed
later demonstrate that Intramolecular Michael addltlon Is a common process for certaln p-
quinols.

While the quinol ether ketals 2 can be handled In base-washed glassware and stored inde-
finitely at -20 °C, the dimethy! ketal |lnkage Is quite acld lablle, and methods to prepare the

more stable ethylene glycol ketal were examined. Anodlc oxidation of ethers 5a-c agaln

13 KOH/CH,OH Ar.
Ar—@—OCHZCHZOH —_ 3
® H3C

5a, Ar = @— 6a (832)
o

b (79%)
c, Ar ;/[::]/ c {91%)
H3C

afforded the respective quinol ether ketals 6a-c In excel lent yleld with Increased efficlency
(current efflclencynJ301L1o The anodic oxldation of 5c¢ Is especlally Interesting since both
rings of the blphenyl possess an ether substltuent at the p-position, yet 6¢ was formed with
excel lent selectivity.

A large part of the utility of the above anodlc oxidatlons Iles with the chemistry of the
p-quinol ethers obtalned from acid hydrolysis. Three reactlon pathways have been observed for
p-quinol ether ketals with aclds, as il lustrated by the reactlons of 2a (shown below). Aqueous
hydrolysls of 2a~-c under mild condltlons gave the quinol ethers 7a-c In good ylelds. Thus, In
two synthetic steps--anodic oxldatlon followed by hydrolysis--a readlly avallable symmetrical
bipheny!| 1a has been transformed Into a p~quinol ether which can In princlple be converted to a
number of unsymmetrical blphenyls vla standard chemical transformations. When 2a was treated
with titanlum tetrachloride In methylene chloride at low temperature, aryl migratlion afforded 8
In 77% Isolated yleld. Finally, when 2a was heated with a trace of anhydrous p-toluenesul fonic

acld In benzene, 1a was the major Isolated produc’r.11
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TiCl O TsOH
H.CO @ OCH, - Q (OCH,), ——— H coOCH3
3 3 CcH,C, H,CO PhH, A 3

Q 8 (77%)

2a-c 1a (71%)
OCH, e
. 3
K.CO 0°C
o | %205
(CH,0),50, . 2
R R
; TsOH
Ticl, H,CO H_. { Do
CH2Cl2 H3C THF/A
7a, RZ—H, R} = OCH, (839%) 10 (80%)
b, RRE=R'=H (742)

c, R :CH3, R =H (83%)

As Impiled from the chemistry of 1f, hydrolysis of systems (2d,e) having nucleophl|lc groups at
the origlnal 2'-position affords products of intramolecular Michael additlon (11,12).

H3O+ 11, R=H (539)
e —— _ o
0 oc 12, R = OH (703)

Whlle organometalllic additlons® 12 1o these p-quinol ethers have not been extenslively
studled, some representative 1,2-additions of organometal | ics and the 1,4~Initiated reactions

have been successful ly performed with 7a as 11 liustrated below. Thus, these readily avallable
p-quinol ethers are attractive candldates for the synthesis of functionalized blphenyls and
thelr higher homologues.13
OH o
. Oroc,
p-OCH C H LI NaCH((y, CH(CO CH )
13(750) \ 14(740)

1)CH,Li

Ar OCH : :2
on \ OH O
2) THF, A

H3C
0
Ar Ar (0]
15 (67%) [Ar = p-OCH,C.H,] 16 (17%)
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