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A Highly Active Palladium Catalyst System for the Arylation of Anilines
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Abstract. The chelating ligand bis[2-(diphenylphosphino)phenyl] ether (DPEphos), in
combination with palladium acetate, forms a highly active catalyst system for the coupling of
anilines with aryl bromides. The bxsphosphme 1s easxly prepared in large quantity and at low cost
by a known procedure. The catalyst system is effective in coupling reactions involving a variety of
substrates, including electron-poor anilines or electron-rich aryl bromides. In addition, it tolerates
a high degree of steric congestion at both the aniline and the aryl bromide. © 1998 Elsevier Science Ltd.

All rights reserved.
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Related processes have been used in the N-arylation of imines,!i:J azoles,lj and diarylamines. k.

Our synthesis of linear oligoaniline derivatives? relied on the coupling of primary anilines with aryl
bromides, using the PA[BINAP] catalyst system; we found that relatively high catalyst loadings were necessary
for the substrate system employed. Although the reactions proceeded cleanly, the need to use several mole percent
of the moderately expensive rac-BINAP in large-scale reactions prompted us to search for a more efficient catalyst
system, or for potentially inexpensive alternatives to BINAP. At the same time, in our ongoing examination of the

efficiency of various phosphine li_g_ands, in other C-N bond formation reactions, we Qought acon ent
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family of chelating bisphosphine derivatives, in which steric and electronic properties could be easﬂy modified.

Recently, a number of new chelating bisphosphines have been prepared by van Leeuwen et al.3 The
general method consists of the directed double lithiation of dipheny! ether, or of heterocycles containing this
structural motif, followed by reaction of the in situ-generated aryllithium with chlorodiphenylphosphine. The
preparation of the parent compound, bis[2-(diphenylphosphino)phenyl] ether (DPEphos), is shown in Scheme 1.
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These ligands were first examined in the rhodium-catalyzed hydroformylation of olefins;? the bite angles of
several complexes of the phosphines with zerovalent palladium have been measured by X-ray crystallography.4
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the Pd(OQAc),/DPEphos system is an efficient catalyst for the arylation of primary anilines by a:yl bromides (Eq
1);8 the resuits are summarized in Table 1. For comparison, coupling reactions using the ligands rac-BINAP and
DPPF under the same conditions are shown. In preliminary studies, the new catalyst system has not been
efficient in the coupling of aryl bromides with alkylamines or N-alkylanilines, both of which give rise to large

amounts of arene side products.
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Dﬁ + Y}:_Rl - R_;/\/ \/'\J'_*R' (l)
1
\/ \/ Toluene, A \/ \/
The coupling of relatively unhindered anilines and aryl bromides proceeds fairly rapidly in toluene at 80
O nicinag N § mnl i~ ANV A YA Frihne (T 7] fud 1 8) in the nrecancre nf endinim fnvf=|'\nfl\v;r‘n ac hnca Ruam an
Yoy UDIIEE Veos I /U L U\NSLOX )T AR RdpRIVS \Bd X S Aot J AL MV PLWOWLIVL WL OUMIULIL $C7 PTUUWLUALUL ad UddL. L Vurl ald
I PAPUIL TR I SRR . P TR Yk PUNURUUURPRU. DR, [y seo artiim aiihoteata s oL PR
CICCHON-TICH d.lyl DIOLIHUC SUCHE dd 4= UlUlllUd.[ubUlC, CAPCLLCU LU UC a leb CLIVC SUDSU ALC Ldll LUIC Cbtmnl(.«dlly

neutral bromides, reacts rapidly and completely under these conditions. In this reaction, DPEphos is as effective a
ligand as rac-BINAP, and considerably more effective than DPPF. The efficiency of the new catalyst is
particularly evident in the coupling of o-anisidine with 2-bromo-p-xylene, under solvent-free conditions, at a
catalyst loading of 0.05 mol %.

Arvlation of 2-aminobenzonitrile. a relativelv noor nucleonhile. nroceeds smoothlv in the nresence of 2
Aryiation of Z-amunobenzomitrile, a relatively poor nucieophile, proceeds smeotnly inthe presence of 2
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with substrates containing functional groups such as methyl esters or enolizable ketones, or nitro groups;!© in this
case, the relatively acidic product appears to deactivate the catalyst when sodium fers-butoxide is used as the base.”
As in the coupling of the electron-rich aryl bromide 2-bromoanisole, DPEphos performs comparably to rac-
BINAP, and more effectively than DPPF.

The Pd(OAc)y/DPEphos catalyst system allows the preparation of diarylamines with a high degree of steric
crowding. A catalyst loading of 0.5 mol % is sufficient to effect the coupling of 2,4,6-trimethylaniline with 2-
ethylbromobenzene, or of 2,6-diisopropylaniline with a para-substituted or even an ortho-monosubstituted aryl
bromide. A catalyst loading of 5 mol % allows the coupling of 2 6-diisopropylaniline with the highly hindered

substrate 2-bromo-m-xylene; the DPEphos hg nd is as effecti s rac-BINAP or DPPF for this reaction

18 a8 elfectiv H 2AINAT < = a2 Al U action.

In conclusion, the chelating ligand DPEphos, in combination with Pd(OAc),, forms a highly active
catalyst system for the coupling of primary anilines with aryl bromides. The effficiency of this catalyst system
equals that of Pd(OAc),/rac-BINAP, and equals or exceeds that of PA(OAc),/DPPF, in the examples compared.
The ready accessibility of DPEphos, a known compound amenable to large-scale synthesis, further increases the
utility of this type of aryl amination reaction.
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3 Reactions were performed with 1.0 mmol bromide, 1.2 mmol amine, 1.4 mmol base, cat. Pd(OAc),, cat. ligand (1.5 equiv./Pd)
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b Bases and reaction temperatures: A = NaOrBu, 80 °C; B = Cs,C0O3, 100 °C; C = NaOrBu, 100 °C. ° Products isolated by flash
chromatography on silica gel, except entries 4 and 5 (recryst. from McOH) and entry 7 (recryst. from EtOH). All yields are an
average of two runs. Yields in parentheses 0btained|by GC using an internal standard; all other yields reported are isolated
yields of compounds estimated to be >95% pure by "H NMR, GC analysis and combustion analysis. All compounds were
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was purged for 3 min with argon, and the mixture was heated with stirring to 80 °C until the aryl bromide had been consumed as
judged by GC analysis. The mixture was then cooled to room temperature, taken up in diethyl ether (40 mL), and washed with brine.
The resulting solution was dried over anhydrous potassium carbonate, filtered, and concentrated. The crude product was purified by
flash chromatography on silica gel using 9:1 hexanes:ethyl acetate as the eluant, affording the product as a pale yellow oil in 94%

opened and solid sodium rert-butoxide II 40 mmol) was added in one nortion. causing the soluti
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yield.

Note that the order of addition described above, in which the base is added after the palladium acetate has been mixed with the
ligand and the amine, has been found to be important in the activation of the catalyst: Wolfe, J. P.; Buchwald, S. L. Unpublished
resuits.

(7) The coupling of p-toluidine with 4-bromo-terz-butylbenzene using 0.5 mol % Pd (reaction condition A; see Table) proceeds
quantxtauvely, as judged by GC analysis, within 2.5 h. In the presence of the cyanodiarylamine product of entry 6 (1 equiv.), this
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