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Abstract: Aryl triflates are coupled with amines using catalytic amounts of Pd(OAc)2 and BINAP and
Cs2CO3 as a stoichiometric base. This protocol allows for the efficient amination of electron-poor as
well as electron-rich aryl triflates and the reaction conditions are compatible with a wide variety of
functional groups. © 1997 Elsevier Science Ltd.

Recent reports from our laboratory and that of Hartwig described the palladium-catalyzed
amination of aryl triflates.! These protocols employ palladium catalysts with chelating bis(phosphine)
ligands and NaO¢-Bu as base to couple aryl triflates with amines (Scheme 1). These procedures give
moderate to excellent yields for electron-rich and electron-neutral aryl triflates but for electron-poor aryl
triflates only modest yields were obtained. The low yields with electron-poor substrates were attributed
to the rapid cleavage of the triflate by attack of NaOz-Bu on sulfur leading to the corresponding sodium
phenoxide. The yields in these reactions could sometimes be improved by slow addition of the aryl
triflate, but the effect of this procedure was very substrate dependent and it did not provide a general
solution to the problem.!b Subsequent work in our laboratory led to the discovery that the use of
Cs»CO3 in place of NaOr-Bu leads to improved functional group compatibility in the amination of aryl
bromides.2 Herein we report the use of CsoCO3 as the base in the palladium-catalyzed amination of aryl
triflates.
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Scheme 1.

We found that a catalyst system composed of 3 mol % Pd(OAc);, 4.5 mol % BINAP, and
CsyCO3 as base is efficient for the coupling of electron-deficient aryl triflates with amines. Use of
ligands such as DPPF, (rac)-PPF-OMe and P(o-tolyl); gave, along with the desired anilines,
considerable amounts of the reduced arene side products.3 Use of other palladium sources such as
Pd;(dba)3 and Pd(PPh3)4 resulted in lower reaction rates. The catalyst system described above gave
greatly improved yields in the amination of electron-deficient aryl triflates, compared to the
corresponding yields reported for aminations using NaO#-Bu as base. For example, in the reactions of 4-
benzoylpheny! triflate with pyrrolidine and morpholine the yields increased from 49% to 92% and 47%
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Table 1. Catalytic Amination of Aryl Triflates”
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@ Reactions were performed with 1.0 equiv triflate, 1.2 equiv amine, 1.4 equiv Cs,C03, cat. PA(OAc),, cat. BINAP
(1.5 ligand/Pd) and 2 mL solvent/1.0 mmo! triflate. 2 A =3 mol % Pd(OAc),, toluene, 80 °C under Ar; B = 3 mol %
Pd(OAc),, THF, 65 °C, reaction run in a resealable tube under Ar; C =5 mol % Pd(OAc),, 1,4-dioxane, 80 °C,
reaction run in a resealable tube under Ar. ¢ Performed with 5 mol % Pd(OAc),. ¢ Two equiv of amine were used.
¢ All yields are isolated yields (average of two runs) of compounds estimated to be 95% pure by 'THNMR and GC
or elemental analysis. Yields in parenthesis were obtained using NaOt-Bu as base (see ref. 1).



to 86%, respectively (Table 1, entries 1-2).45 In the reaction of 4-cyanopheny! triflate with morpholine,
the yield increased from 28% to 84% (Table 1, entry 3).6 The formation of phenol byproducts could not
be detected when Cs2CO3 was employed instead of NaOz-Bu. Use of CspCO3 as base also allows for
amination of enolizable ketones. For example 4-acetylphenyl triflate was coupled with p-anisidine in
90% yield (Table 1, entry 5). With amines such as pyrrolidine and n-hexylamine 5 mol % Pd(OAc),
was required and the corresponding anilines were obtained only in moderate yields of 54% and 46%,
respectively (Table 1, entries 6 and 7).% In contrast to our previous procedure, methyl esters were also
compatible with these reaction conditions, but 5 mol % Pd(OAc), was necessary to prevent byproduct
formation (Table 1, entries §-10 and 15). Additionally, electron-rich aryl triflates, such as 4-
methoxyphenyl triflate, could also be aminated (Table 1, entries 11 and 12). Ortho-substituted aryl
triflates, such as 2,4-dimethylphenyl triflate and 2-carbomethoxypheny! triflate, were transformed into
anlines in high yields, but the reactions required higher temperatures and 5 mol % Pd(OAc); to proceed
to completion (Table 1, entries 13-15).10 The reaction of aryl triflates with primary amines required the
use of 2 equivalents of the amine and a more polar solvent such as THF or 1,4-dioxane in order to
minimize diarylation of the amine. Coupling reactions with dibutylamine were inefficient and did not
proceed beyond ~75% conversion. Compared to reactions with morpholine and pyrrolidine, aminations
with piperidine were much slower, and these reactions only proceeded to full conversion with electron-

poor aryl triflates.
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Scheme 2.

The catalytic cycle for this reaction is probably very similar to the one proposed for aryl
amination using NaOr-Bu as the base and likely involves the formation of zero valent Pd species 1 from
Pd(OAc); and the bidentate phosphine ligand (Scheme 2).12 Oxidative addition of the ary] triflate to 1
gives palladium aryl cation 2. Coordination of amine followed by deprotonation by Cs2CO3 gives
amido complex 4. Reductive elimination from 4 gives the aniline with concomitant regeneration of the
Pd(0) catalyst.

In conclusion we have developed a general and efficient method for the coupling of aryl triflates
with primary and secondary amines and anilines. With this new protocol a wider variety of functional
groups are tolerated, and, in many instances, higher yields can be obtained.
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