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The recent reports by Buchwald, Hartwig, and others have
posited valuable new Pd-catalyzed C—N, C-0, and C-S
bond coupling methodology for aromatic substrates,2 which
is beginning to supplant the classical Ullmann reaction.® The
utility of diaryl ethers as synthetic intermediates and their
structural presence in a variety of bioactive and natural
products* provides a strong incentive for further method
development. In the course of work demonstrating a com-
bined Directed ortho and remote metalation (DoM and
DreM) method for the construction of thioxanthones,52
xanthones,® acridones,® and dibenzo[b,e]phosphinones,” from
the corresponding diaryl sulfones, ethers, amines, and
phosphine oxides, respectively, 2 — 1a,b (Scheme 1), we
have uncovered a new variation of the Buchwald procedure’a
for systems 2 that augments the synthetic scope and
convenience for the construction of substituted diaryl ethers.
Herein, we disclose this methodology, which embodies the
following features: (a) it employs CuPFg(MeCN),4 (5 mol %)8
rather than the air-labile CuOTf(CsHe)os complex in reflux-
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a Conditions: 1.2—1.5 equiv of 4/0.05 equiv of CuPF¢(MeCN)4/2 equiv
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ing toluene or xylenes in the presence of obligatory Cs,CO3
(2 equiv) as base;2 (b) it is successful for o-halo tertiary and
secondary benzamides and sulfonamides 3 (Scheme 2),
which are reported to be poorly behaved substrates;'? the
results obtained allow the DoM connection® and hence
regiospecific access to 1,2,3-contiguous aromatic substitution
patterns; (c) iodo, bromo, and, in contrast to previous
Ullmann generalizations,'®3 secondary chloro benzamides
serve as coupling partners; (d) thiophenol and benzylamine
undergo smooth coupling reactions; and (e) using double
Ullmann and Ullmann—Negishi protocols, it may be ex-
tended to the assemblage of Ar—O—Ar'-O—Ar" and Ar—Ar'—
O—Ar" motifs, 7 and 8, which are structural components of
biologically active and natural products.*

Selected results (Table 1) are illustrative of the scope of
the methodology. Treatment of N-ethyl 2-iodobenzamide
with m-cresol in the presence of CuPFg(MeCN), complex (5
mol %)8 and Cs,COj3 (2 equiv)!2 in refluxing toluene for 24 h
indicated complete consumption of starting material (GC)
and formation of a 97:3 mixture of diaryl ether (5a) and
deiodinated starting benzamide; normal workup and distil-
lation afforded pure product in 88% yield (entry 1). Cs,CO3
appears to be the base of choice, which is attributed to a
higher solubility of the formed ArOCs species.!2 The effect
of catalyst solubility on the outcome of the reaction was
examined by experiments with the common, notably soluble,
Cu(l) sources, Cul and Cu,0. Both catalysts are as effective
as CuPFg (Table 1, footnote c) but, similar to CuOTf, require
longer times compared to CuPF¢ for completion of reaction
(GC monitoring). 2-Bromo benzamide (entry 2) was equally
effective to the iodo derivative; even N-ethyl 2-chloroben-
zamide (entry 3) led to satisfactory yields of diaryl ether
product but required higher reaction temperatures (xylenes,
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Table 1. Cu(l)-Catalyzed Ullmann Synthesis of 52
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a Unless otherwise noted, CuPFg(MeCN)4 was used as catalyst.
bYields are of purified materials. Solvent: xylenes (entries 3,
6—12, and 17) and toluene (entries 1, 2, 4, 5, and 14—16) at 0.5
M. For entry 13, the reaction was performed in a sealed tube at
140 °C using toluene as solvent. GC analysis of crude reaction
mixture inducated 1-5% formation of dehalogenated starting
material for entries 1, 2, 4, and 5 and 7—17% for entries 3 and
6—12. ¢ Using 3b, yields of 5a with Cul (84%) and Cu;0 (83%),
respectively. Using 3e, yields of 5e with Cul (71%) and Cu,O
(75%), respectively. 9 1.1 equiv of 4 and 3 equiv of Cs,CO3 were
used.

140 °C). High yields were achieved in coupling with thiophe-
nol (entry 4) and benzylamine (entry 5); on the other hand,
p-anisidine showed incomplete reaction.112

In contrast to secondary amides, tertiary 2-iodo and
2-bromo benzamides were less reactive, requiring refluxing
xylenes (140 °C) conditions (entries 6—12). Reaction of 3d
with 2,6-dimethylphenol produced primarily deiodinated
product, undoubtedly reflecting a steric effect. Even a
multifunctional benzamide provided a highly substituted
diaryl ether in preparatively useful yield (entry 13). N,N-
Diethyl 2-chlorobenzamide failed to produce synthetically
meaningful amounts of diaryl ether. The higher reactivity
of secondary compared to tertiary benzamides may be due
to formation of soluble and therefore more reactive Cu—
amide complexes of the former under the slightly basic
reaction conditions.3

The CuPF¢/Cs,CO3 conditions were also successful for the
Ullmann reaction of o-iodo-p-toluenesulfonamides, available
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1.4 equiv of Phl/0.1 equiv of PdCI(PPh3),/0.2 equiv of DIBALH/rt/16
h; (b) 1.2 equiv of 4-(MeO)CsH4OH/0.05 equiv of CuPF¢(MeCN)./2 equiv
of Cs,COg/xylenes/reflux/24 h.

by regioselective metalation/iodination,® with representative
phenol partners (entries 14—17, Table 1). As observed for
benzamides, coupling was incomplete with p-anisidine.'!

To provide additional synthetic scope, sequential DoM—
Ullmann coupling and DoM-—transition metal catalyzed
cross coupling reactions were investigated (Scheme 3). Thus,
diaryl ether 5i (Table 1, entry 11) was selectively trans-
formed into the corresponding 2-iodo derivative 6 in high
yield using the standard DoM protocol for the powerful
amide DMG.® CuPFe-catalyzed coupling of 6 with p-meth-
oxyphenol provided the bis-diaryl ether 8 in 38% vyield
(isolated).’* On the other hand, one-pot lithiation of 5i,
transmetalation with ZnCl,, and cross coupling with iodo-
benzene under Negishi conditions?® led to the triaryl diether
7 in 36% vyield. Despite the modest yields, these results
illustrate new routes to regiospecifically designed products
of mixed aryl—aryl and aryl—O—aryl structural motifs.1®

In summary, we have established a new variant of the
Buchwald catalytic Ullmann diaryl ether synthesis,'2 3 + 4
— 5, using CuPF¢ as a more convenient, air insensitive
copper source compared to the CuOTf—benzene complex.
Synthetic scope has been established in coupling of o-iodo
and -bromo benzamides and the corresponding sulfonamides
with phenols, thiophenols, and benzylamine.’® In contrast
to the previous study,!? secondary and tertiary benzamides
have been shown to be well tolerated in the coupling process.
Connections between DoM and Negishi cross coupling and
the Ullmann process, 5i — 7, 8, indicate further reaction
links from which diverse synthetic application may be
anticipated.
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