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Diaryl ethers constitute an important class of compounds in
medicinal and agricultural chemistry, exemplified by the vanco-
mycin family! The classical Ullmann ether synthesis, copper(l)-

mediated coupling between phenols and aryl halides, has been

extensively used for the preparation of diaryl etidisyever, harsh
reaction conditions at high temperatures for long hours have
severely limited its utility. Recently, several improved methods have
been reported for the Ullmann synthesis that use ionic li§wds
catalysts, such as coppgshenanthroline complexésa 1,3-
diketone> or an amino acid. Moreover, palladium-catalyzed
coupling reactions using electron-rich bulky phosphine ligaads
SvAr-based reactions of aryl fluorid&%or metat-arene complexés
have been employed for diaryl ether formation. Despite the

usefulness of these methods, assembling diaryl ethers under mild

reaction conditions still remains a challenge.

1,8-Bis(diphenylmethylium)naphthalenedigl was first intro-
duced by the group of Gabbas the BE~ salt? and our group
developed an independent synthesis affording the perchloraté salt.
These dications undergo reduction with an especially high oxidation
potential, compared with those of other dicatiBnand monotri-
arylmethyliums!? In this process, a neutral compound, 1,1,2,2-
tetraphenylacenaphthen®),(is formed via CG-C bond formation
between the two carbocation centers (Schemé 1).
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Recently, we found that the dicatiodsact as an organic two-
electron oxidant in the synthesis of benzidines via self-coupling of
N,N-dialkylanilines® Our interest in the oxidizing ability of
dications1 prompted us to apply the oxidative coupling lfN-
dialkylanilines to the arylation of phenol oxygens. In this com-
munication, we report an oxidative method using dicatlarfor
the synthesis of diaryl ethers from phenols axdN-dialkyl-4-
phenylthioanilineg4

As an arylation reagent of phenol oxygens, 4-substitiNgd
diethylanilines3 were adopted to suppress the self-coupling reaction
at theparaposition. 4-MethoxyphenoHlg) was chosen as a model
substrate and was treated wgh—f in the presence of dicatiata
at—40°C in CH;CN. The results are summarized in Table 1. Aryl
bromide3a, chloride3b, and arylstannan&d gave the desired diaryl
ether5aalong withN,N,N',N'-tetraethylbenzidine (entries 1, 2, and
4). Although diaryl etheba was obtained only in 7% vyield in the
reaction with 4-methylthioanilin8e (entry 5), the yield obawas
dramatically improved by using 4-phenylthioaniliBéup to 68%
yield (entry 6)'> Moreover, when 2.0 molar amounts &f were
used and the addition order was changed (conditions A, vide infra),
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Table 1.

MeOO O NEt2
oH Y
4a

40 °C,1h

3a—f MeCN
entry Y 3 5a (%)
1 Br 3a 23
2 Cl 3b 33
3 F 3c no reaction
4 SriBus 3d 40
5 SMe 3e 7
6 SPh 3f 68
7™ SPh 3f 93

aAll reactions were performed in the molar ratio 4&3a—f:1a =
2:1:1.2.° Molar ratio: 4a:3f:1a = 1:2:1.1 (see textf Yield based orda.

ether5awas produced in 93% yield. For comparison, the arylation
of phenol4awith 3f was examined by employing DD®a triaryl-
aminium radical catioA? or cerium ammonium nitrate (CANY,
which are widely used as oxidants. While DDQ gave etieein
48% yield, (4-BrGH4)sN™SbCE~ and CAN resulted in undesirable
side reactions without forminga. Thus, dicationlais a superior
oxidizing agent in the arylation.

To explore the scope of the oxidative diaryl ether formation,
the reactions of several other phenols wafrwere examined. As
shown in Table 2, 4-substituted phenols (4-methoxy- and 2,4-
dimethylphenols) and sterically hindered phenols (2,6-dimethyl- and
2,4,6-trimethylphenols) underwent the arylation to afford the
corresponding diaryl etheBa—d in good yield when treated with
laand then3f in MeCN at—40 °C (conditions A) (entries 1 and
4—6). The reaction of halogen-substituted phenols @thgave
better yields ofbe—h in CH,CI, at —78 °C (conditions B, entries
7—10), compared with conditions A. Even a highly hindered 2,6-
dichlorophenol was transformed to the corresponding ethen
82% vyield (entry 10). However, 1- and 2-naphthols gave no
arylation products, probably due to the ease of oxidative self-
coupling?®

N,N-Dibenzyl- and N,N-diallylanilines 3g,h could also be
employed as arylation reagents. The corresponding diaryl ethers
5i,j with 4-dibenzylamino and 4-diallylamino groups were obtained
in 69 and 86% yield under conditions B and A, respectively.
Deprotection of the groups on the nitrogen provides an amino group,
which acts as a surrogate for a wide range of functional gréups.

A plausible reaction mechanism for the above-mentioned diaryl
ether synthesis is shown in Scheme 2. Treatment of phdnith
dication 1a generates aryloxyl radica®2! Subsequently added
4-phenylthioaniline3f is also oxidized by the remaining dication
1a, leading to a stable radical cati@#? which trapst on the sulfur
atom to afford sulfonium salt®22 Successive 1,2-migration of the
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Table 2. 4-Dialkylaminophenylations of Various Phenols@
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Entry 4 Conditions® 5 Yield/%
1 MeO A MeO NR2, 52 93 (86)°
S R W atE
3° OH A 0 5 86
NEt,
4 \G( A \@O 5b 86
OH (0]
/©/NEt2
5 Q\/OH A Q\/O 5¢c 62
/©/NEt2
6 \Q\/OH A \Qfo 5d 73
ci cl NEt,
DR, ¢ ST
OH (0]
Br Br NEtz
O, SO
OH
F NEt,
QL s O™
OH
Cl cl NEt,
10 B /@ 5h 82
OH (0]
Cl

a All reactions were carried out in the molar ratio 4fla3f—-h =
1:1.1:2.b Conditions A: (i) MeCN,—40 °C, 0.5 h; (ii) —40 °C, 0.5 h.
Conditions B: (i) CHCI,, —78°C, 0.5 h; (ii)—40°C, 0.5 h.c Conducted
in 1.0 mmol scaled R2 = CH,Ph.¢R2 = allyl.

Scheme 2. A Plausible Reaction Mechanism
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aryloxy groups proceeds from the sulfur atom to the neighboring
carbon atom, théso-position of the phenylthio group, affording
iminium salts9. There are two probable pathways fr@to diaryl
ethers5. One path involves elimination of a phenylsulfenyl cation,
which yields5 along with phenylsulfenyl addudtO of 3f. In the
other path, iminium salt8 undergo homolytic cleavage of the-G
bond to give a thiyl radical, which leads to diphenyl disulfidg)(

and the radical cations. Thus, the formed radical cations are reduced

with the remaining thioanilin8f to afford5, due to the high stability

of radical cation?. Bis(phenylthio)anilinel0 (32% yield) andl1
(62% yield) were isolated as coproducts in the arylatiofiadfTable
2, entry 1), which supports the two pathways fréno 5.

In conclusion, various aryl 4-dialkylaminophenyl ethers were
readily synthesized without heating in good yield from phenols and
N,N-dialkyl-4-phenylthioanilines. This oxidative arylation of phe-
nols was successfully promoted by dicatiavia ipso-substitution
of the phenylthio group in the anilines through a radical process.
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