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Abstract: Aryl bromides are coupled with amines in the presence of a palladium catalyst and a
stoichiometric amount of cesium carbonate. Using these conditions base-sensitive functional
groups, which were incompatible with our previously reported catalytic-amination reaction
conditions, are well tolerated. © 1997 Elsevier Science Ltd.

Work from our laboratory and that of Hartwig has documented that the palladium-! and nickel-
catalyzed !¢ formation of anilines from aryl halides and triflates is a process with wide scope. We were
frustrated, however, by the lack of tolerance of the reaction protocols for a number of common functional
groups. Our work indicated that sodium ¢-butoxide, the most effective base for most procedures, was the source
of much of the problem. We recently reported that (rac)-PPF-OMe? was a superior ligand for aminations with
acyclic secondary amines.!d Our working hypothesis suggested that the intermediate palladium complex was
less electron-rich than analogous complexes formed when chelating bis-phosphines were employed. We felt that
the amine adduct I, a presumed intermediate, might be relatively acidic and, hence, the reaction might proceed
with weaker bases.

Scheme 1: Catalytic Cycle
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After some experimentation, we found that reactions of electronically-neutral aryl bromides went to
completion using 1.5 mol% Pd(dba)3/4.5 mol% (rac)-PPF-OMe in the presence of cesium carbonate in dioxane
at 100 °C .3 For electron-deficient aryl bromides, 0.5-1.5 mol% Pdy(dba)3/BINAP (L/Pd=1.5) in toluene at 100
°C was an effective catalyst system, although attempts to use this system to couple electronically-neutral aryl
bromides with amines resulted in the formation of large amounts of arene side products.
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Table 1: Catalytic Amination of Aryl Bromides®
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Table 1: Catalytic Amination of Aryl Bromides® (cont.)
mol% Rxn

Entry Halide Amine Product Precatalyst®  Pd Time (h)  Yield(%)®
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(a) Reaction Conditions: 1.0 eq halide, 1.2 eq amine, 1.4 eq Csp;COs, cat. Pdy(dba); or Pd(OAc),, cat BINAP or (rac)-PPF-OMe
(L/Pd=1.5), toluene (0.5 M), 100 °C. (b) A= Pdy(dba)y/BINAP; B=Pd(OAc),/BINAP; C= Pdy(dba)s/(rac)-PPF-OMe; D=
Pd(OAc),/(rac)-PPF-OMe. (c¢) Reaction run in 1,4-dioxane. (d) All yields reported are isolated yields (average of two runs) of
compounds estimated to be 95% pure as judged by 'H NMR and either GC analysis or combustion analysis. All compounds were

characterized by NMR ('H, 3C), and IR. Halogen-containing products were also characterized by GC/MS. Combustion analyses
were obtained for new compounds, and for compounds which had been previouly reported” with limited spectroscopic data.

As shown in Table 1, these new reaction conditions are sufficiently mild to tolerate the presence of
methyl4 and ethyl esters, aldehydes, enolizable ketones,5 and nitro groups, which are incompatible with reaction
conditions which employ sodium #-butoxide as the stoichiometric base. The reaction may be carried out using
both electron-poor and electron-rich aryl bromides, and provides a wide variety of anilines. While aryl bromides
containing nitro groups are sufficiently activated to react slowly in toluene and fairly rapidly in DMF with amines
in the absence of a palladium catalyst,b useful selectivity can be obtained using the catalytic protocol. For
example, the palladium-catalyzed reaction of 2-bromo-4-chloro-5-nitrotoluene with 4-(2-aminoethylymorpholine
afforded exclusive substitution of the bromide (Table 1, entry 15). In the absence of a palladium catalyst, this
substrate reacted slowly in toluene (~10% conversion/day) to form exclusively the product resulting from
chloride substitution; no products resulting from bromide substitution were observed in DMF in the absence of
a palladium catalyst. Similarly, selective substitution of Br over Cl can be achieved in the reaction of 4-bromo-
2-chlorobenzonitrile with benzylamine (entry 16).

In conclusion, we have developed conditions for the palladium-catalyzed amination of aryl bromides
which do not require the use of sodium r-butoxide. These conditions greatly improve the functional group
tolerance of the catalytic-amination reactions, further expanding the utility of this process.
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