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Abstract

Pd/P(z-Bu); catalyzed reaction of aryl halides with sodium z-butoxide effectively to give aryl ¢-butyl ethers. The
high catalytic activity realized the formation of aryl z-butyl ethers from not only electron-deficient aryl halides
but also electron-rich aryl halides. Moreover, the first synthesis of 4-chlorobenzofuran was attained utilizing the
selective mono-z-butoxylation of aryl dihalide. © 1999 Elsevier Science Ltd. All rights reserved.
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The palladium-catalyzed carbon—oxygen bond formation from aryl halides with oxygen nucleophilic
reagents could be a useful synthetic method for the preparation of aryl ethers, which are important
compounds as pharmaceuticals and protected phenols.! Although the conventional copper-catalyzed
synthesis of aryl ethers were extensively utilized, the harsh reaction conditions and employment of highly
polar aprotic solvents such as DMF, HMPA, and DMSO limited the applicability of the methodology.?

Recently, palladium-catalyzed formation of aryl ethers was reported by Mann and Hartwig and
Buchwald et al.> These efforts, however, were mostly successful in reactions employing electron-
deficient aryl halides in the presence of a large amount of the catalyst and there are no examples using
aryl halides with electron-donating substituents such as a methoxy group. Although they also examined
electron-rich bulky phosphine ligands mainly for the preparation of diaryl ethers, the examination of
the synthesis of aryl ethers such as aryl ¢-butyl ethers was quite limited.* These reports prompted us
to disclose our own results on the synthesis of aryl z-butyl ethers from various aryl halides and sodium
t-butoxide using Pd/P(¢-Bu)s.

We first demonstrated that a P(z-Bu)s-ligated palladium catalyst gave exceedingly high catalytic
activity on animation of aryl halides with piperazine’® and diarylamines.5® We herein report that this
catalytic system is applicable to the synthesis of aryl -butyl ethers from both electron-deficient and -rich
aryl halides (Eq. 1). The synthesis of novel 4-chlorobenzofuran utilizing the catalytic system is also
reported.
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We investigated the formation of aryl ethers employing a variety of aryl halides with electron-
ically different characters. Reaction of aryl halides with sodium z-butoxide was carried out in xyl-
ene in the presence of Pd(OAc), and P(z-Bu)s by heating the mixture (Table 1). The catalytic sys-
tem was so active that electron-neutral bromobenzene could be consumed in 2 h at 120°C in the
presence of 1 mol% of Pd(OAc), to afford 89% yield of z-butyl phenyl ether (run 1). The ratio
of ether:benzene:biphenyl was 95:3:2.° Under the same reaction conditions, Pd/PCys; and Pd/DPPF
were much less reactive, giving 5% yields after 10 h, respectively [PCys=tri(cyclohexyl)phosphine,
DPPF=1,1’-bis(diphenylphosphino)ferrocene]. Electron-withdrawing substituents such as formyl, ben-
zoyl, and trifluoromethy! greatly accelerated C-O bond formation in the presence of a small amount
of the catalyst (runs 2, 3,7 and 4). Aryl chlorides could also be converted (runs 5% and 6). Reaction
of p-bromo-z-butylbenzene afforded the corresponding aryl z-butyl ether in both high yield and high
selectivity in the presence of 2 mol% of the catalyst (run 7). m-Bromoanisole was converted to the
desired product in 82% yield (run 8). Whereas the rate of reaction with p-bromoanisole decelerated and
considerable debromination took place, the aryl ether was obtained in 48% yield (run 9). Even reaction of
1,2-methylenedioxy-4-bromobenzene, which has a strong electron-donating nature, took place (run 10).
In this case, the product was isolated as sesamol (3,4-methylenedioxyphenol) after acidic hydrolysis.
Furthermore, 3-bromopyridine was converted to 3-z-butoxypyridine (run 11). The results shown here
are the unprecedented examples of palladium complexes containing both electron-rich aryl groups and
t-butoxy group undergoing C-O bond-forming reductive elimination.

Then, we examined the mono-z-butoxylation of 2,6-dichlorotoluene. Reaction employing 1.0:1 ratio
of dichlorotoluene:t-BuONa gave a 6.8:1 ratio of 2-z-butoxy-6-chlorotoluene:2,6-di-#-butoxytoluene at
82% conversion of dichlorotoluene. When the ratio of the starting materials was increased to 1.5:1, the
product ratio rose to 15.2:1 (run 12). After acidic treatment, 2-hydroxy-6-chlorotoluene was obtained in
64% yield. Although the selectivity of mono-z-butoxylation depends mainly on the ratio of reactants, this
catalytic system rendered as feasible the selective formation of mono-¢-butyl ether from aryl dichloride.’

The feature of the mono-z-butoxylation of 2,6-dichlorotoluene was directed to the synthesis of 4-
chlorobenzofuran (Eq. 2). Some halobenzofurans such as 5-chloro- and 7-chlorobenzofuran were prepa-
red by cyclization of phenol derivatives.!? However, to our knowledge, synthesis of 4-chlorobenzofuran
has not been reported due to the difficulty of the synthesis. We chose 2,6-dichlorophenylacetaldehyde
dimethylacetal (1) as a substrate, which was prepared in 82% yield after distillation by treatment of
2,6-dichlorophenylacetaldehyde!! with methanol in the presence of 1 mol% of TsOH. Reaction of
1 with 1.1 equivalent of -BuONa gave 9.0:1 ratio of the desired mono-z-butoxylated arene 2/bis-z-
butoxylated arene at 86% conversion of 1. Whereas, the formation of the bis-z-butoxylated arene was
highly suppressed compared with ¢-butoxylation of 2,6-dichlorotoluene, dechlorination of both 1 and
2 occurred, giving 7.5:1 ratio of 2/dechlorinated products.!? We examined the acidic hydrolysis of the
resulting reaction mixture and found that the use of an excess amount of hydrochloric acid!® gave 4-
chlorobenzofuran in 51% yield from 1.14 Because the electron-rich Pd/P(z-Bu)s activates unreactive
aryl chlorides, 4-chlorobenzofuran is capable of being a versatile synthetic intermediate for various
4-substituted benzofurans by using P(t-Bu)s-ligated palladium-catalyzed reactions such as amination,’
Suzuki coupling, and vinylation.!>



Table 1

Pd/P(¢-Bu);-catalyzed synthesis of aryl ¢-butyl ethers?

Entry Aryl halide Pd(OAc)ymol% Timeh  AF/A/B®  Yield/%
1 e 10 2 9B 89"
2 oned Yar 05 1 995/050  91°
3 PhC Br 0.5 1 100/0/0  94°
4 CF3—©—Br 05 1 %1/0  gs*
5 ouc—@-cn 1.0 2 95/50 60

0
6 phé—@-m 1.0 3 995050  92°
7 r-Bu—QBr 20 3 94/412  85°
MeQ
8 @_B, 30 3 9/2/2  82°
9 MeO—@—Br 6.0 8 7026/4 48
r (o]
10 L o 30 6 NN 208
N
11  er 6.0 2 90/4/6  30°
Cl Me
2 916/ 64°

12 @,m 10

*Reaction conditions: Pd(OAc),/P(t-Bu); = 1/3, 1 equiv of ArX, 1.2 equiv of +-BuONa, 120T,

solvent; xylene.

®Aryl ether/Arene/Biaryl. The ratio was determined by GC analysis.

“Isolated yicld by bulb-to-bulb distillation.

“Determined by GC analysis using n-butyl phenyl ether as internal standard.
“Conc. HC] was added to the crude reaction mixture and stirred for 1d (run 7), 1h (run 10), and
14 h (run 12), and after extractive work-up phenol derivatives were isolated.

‘Isolated yield by column chromatography on ALO; (hexane/AcOEt).

£-Butoxychlorotoluene/Di-t-butoxytoluene/Chlorotoluene.

Cl

d\row‘e 3 mol% Pd(OAc), / P(t-Bu)a
cl OMe +-BuONa, xylene, 120°C

1 Cl

Cl

OMe
> OMe

OBu-t

2

35% HCl aq. _ @
n,30h 0 51% yield from 1

In conclusion, a catalytic system consisting of palladium and P(z-Bu); is shown to be very useful for the
coupling of a variety of aryl halides with z-butoxide. It is proposed that bulky and electron-rich P(z-Bu);
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is responsible for facilitating not only the oxidative addition of aryl halide to palladium but also the
reductive elimination from the Pd-complex. Further, the methodology of selective mono #-butoxylation
of aryl dihalide was extended to the synthesis of novel 4-chlorobenzofuran.
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