1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Am Chem Soc. Author manuscript; available in PMC 2017 March 14.

-, HHS Public Access
«

Published in final edited form as:
JAm Chem Soc. 2008 October 22; 130(42): 13848-13849. doi:10.1021/ja805810p.

Palladium-Catalyzed Amination of Aryl and Heteroaryl Tosylates
at Room Temperature

Tokutaro Ogata and John F. Hartwig
Department of Chemistry, University of Illinois, 600 South Mathews Avenue, Urbana, lllinois
61801

Abstract

Mild palladium-catalyzed aminations of aryl tosylates and the first aminations of heteroaryl
tosylates are described. In the presence of the combination of L,Pd(0) (L=P(c-tol)3) and the
hindered Josiphos ligand CyPF-#Bu, a variety of primary alkylamines and arylamines react with
both aryl and heteroaryl tosylates at room temperature to form the corresponding secondary
arylamines in high yields with complete selectivity for the monoarylamine. These reactions at
room temperature occur in many cases with catalyst loadings of 0.1 mol % and 0.01 mol % in one
case, constituting the most efficient aminations of aryl tosylates by nearly two orders of
magnitude. This catalyst is make practical by the development of a convenient method to
synthesize the L,Pd(0) precursor. This complex is stable to air as a solid. In contrast to
conventional relative rates for reactions of aryl sulfonates, the reactions of aryl tosylates are faster
than parallel reactions of aryl triflates, and the reactions of aryl tosylates are faster than parallel or
competitive reactions of aryl chlorides.
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Palladium-catalyzed aminations of aryl halides occur under mild conditions with many
catalysts,1~3 but aminations of aryl sulfonates have been more challenging. The coupling of
amines with aryl triflates has been known for many years,! but aryl triflates are expensive to
prepare and less stable to hydrolysis than other aryl sulfonates. Aryl tosylates are less
expensive to prepare and are stable, crystalline solids. However, they are also less reactive.
Although Suzuki and Kumada couplings of aryl tosylates at room temperature have been
reported,*52 only one coupling of amines with aryl tosylates at room temperature or with
low catalyst loadings has been reported.> Moreover, the coupling of amines with heteroaryl
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tosylates has not been reported, and the couplings of primary amines with aryl tosylates are
rare.

We previously reported the oxidative addition of aryl tosylates at room temperature,® but
this fast addition did not lead to a general coupling with amines under similar conditions.
Here, we report a new method to create a catalyst that couples aryl tosylates with primary
alkylamines, arylamines, and N-H imines with fast rates and high turnover numbers under
mild conditions. This process was achieved by combining the hindered Josiphos ligand
CyPF-£Bu (Table 1) with the unconventional Pd(0) precursor Pd[P(o-tol)3],, which we show
can be made in a practical manner.

The difference between the rates of oxidative addition and the catalytic coupling stems from
the difficulty in accessing the (CyPF-£Bu)Pd intermediate under mild conditions. Typical
catalyst precursors include Pd(I1) acetate or chloride complexes, which require reduction to
the true Pd(0) catalyst. To avoid the need for reduction to Pd(0), Pd,(dba), is often used, but
Pd(CyPF-£Bu)(dba) generated from CyPF-#Bu and Pd,(dba)s dissociates dba particularly
slowly, presumably because the strongly-donating bisphosphine leads to strong backbonding
into the electron-poor dba ligand. Thus, an alternative precatalyst was needed to couple aryl
tosylates with amines under mild conditions.

Instead of using the combination of CyPF-£Bu and typical catalyst precursors, we sought a
practical synthesis of Pd(CyPF-£Bu)[P(o-tol)3] (1), which oxidatively adds aryl tosylates at
room temperature.5@ Pd(0) catalyst 1 is generated in solution at room temperature within
minutes from Pd[P(o-tol)3], (2) and CyPF-£Bu (3),5 but 2 has rarely been used in catalytic
chemistry because of its lack of commercial availability and difficult synthesis.” Thus, we
sought a more convenient method to prepare 1 independently or a convenient method to
prepare precursor 2.

Pd(dbaly ppF ; Py
+ —— Pd[P(o-tol)z]l; ————= LPd[P(o-tol)a] | Mp= PCI\;
Plotolly 25°C g5 (2  OYFREBU 7y ’
CyPF-tBu (3)

0]

Our efforts to isolate 1 in high yield were hampered by the high solubility of this species in
organic solvents. Thus, we sought to simplify the synthesis of Pd(0) complex 2 and to use 1
generated in situ. Based on the most efficient synthesis of Pd[P(#Bu)s],,8 we prepared 2 in
95% isolated yield from the reaction of P(o-tol)3 and Pd(dba), in DMF.? Complex 2
precipitated after 1 h at room temperature without the need for excess of P(o-tol)3. Complex
2 is stable for > 1 week in air as a solid at room temperature.10 Because CyPF-£Bu is also
stable in air, both catalyst components can be stored outside of a drybox, and a solid mixture
of the two materials can mimic a single-component catalyst (vide infra).11

Examples of the reactions of aryl tosylates and heteroaryl tosylates with various alkylamines
are summarized in Table 1. Reactions with 0.05-1.0 mol % of the combination of 2 and 3 in
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toluene at room temperature produced the corresponding monoary-lamines in excellent
yields. Most reactions were complete at room temperature within 24 h. However, similar
yields could also be obtained after short (<10 min) times at 80 °C.

Reactions of linear primary amines were fast and occurred in high yield with 0.05-0.1 mol
% catalyst (entries 1, 6, 9, and 14). The reaction of octylamine with 2-naphthyl tosylate was
particularly efficient and occurred at 80 °C in 84% isolated yield with only 0.01 mol % of
catalyst (entry 15). This turnover number of 8,400 is the highest for any type of coupling of
an aryl tosylate of which we are aware.12-14 The reactions of hindered a-branched primary
amines, such as cyclohexylamine and sec-butylamine, occurred in high yields at room
temperature with just 0.1 to 0.2 mol % of catalyst (entries 7-8, and 13). Both electron-rich
and electron-poor aryl tosylates reacted in high yield with primary amines without formation
of any diarylamine. These reactions occurred with aryl tosylates containing ortho
substituents, as well as aryl tosylates containing cyano and carboalkoxy groups.

Because this new catalyst does not require reduction to a palladium(0) species or
dissociation of dba, primary arylamines also couple with aryl tosylates at room temperature.
Although these reactions were slightly slower than those of alkylamines, reactions of
electron-rich arylamines (entries 20-21, 25, and 27), including an ortho-substituted
arylamine (entries 22 and 26), occurred in good-to-excellent yield with complete selectivity
for monoarylation. Reactions of electron-deficient primary aryl- and heteroarylamines also
occurred. Although these reactions required higher catalyst loadings than the reactions of
electron-rich primary arylamines (entries 23-24), they still occurred at elevated temperatures
or with extended reaction times at room temperature.

The scope of the couplings of this catalyst also includes the first aminations of heteroaryl
tosylates (entries 28—35). These reactions occurred under the same conditions we developed
for the amination of aryl tosylates. Pyridyl and quinolinyl tosylates underwent reaction with
primary alkyl and aryl amines in good-to-excellent yields. The reactions of 2-, and 3-pyridyl
and 6-, and 8-quinolyl tosylate also occurred, although 0.5 and 1.0 mol % catalyst was
needed in some cases.

Consistent with the high selectivity for reactions of primary amines, the reactions of
secondary amines were slower. The reactions of aryl tosylates with morpholine,
dibutylamine, and A-methylaniline gave no coupled products or low yield of products at
110 °C with 1 mol % catalysts.

A comparison of these reactions to those of aryl tosylates conducted with other precatalysts
showed the value of initiating reactions with P(o-tol)s-ligated 2. No reaction of octylamine
with phenyl tosylate catalyzed by 0.1 mol % Pd(dba), and 3 occurred at room temperature.
The same reaction catalyzed by 0.1 mol % of Pd(OAc), and 3 at room temperature for 48 h
gave the product in 6% yield, as determined by GC, and this reaction catalyzed by 0.1 mol
% PdCI,(CyPF-£Bu) occurred in 65% isolated yield. Indicating the importance of Josiphos
ligand 3, the reaction of phenyl tosylate with octylamine catalyzed by the combination of 0.1
mol % Pd(OAC),, Pd(dba),, or Pd[P(o-tol)3], as precursor and 0.1 to 0.25 mol % Q-phos,1°
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X-phos, 1617 S1Pr,3 DPPF, or BINAP as ligand gave no coupled products or very low yield of
products, even in toluene at 110 °C (see supporting information for details).

Finally, a solid mixture of the two catalyst components catalyzes the reaction with efficiency
equal to that of the catalyst generated from the two separate solids. Although expected, this
procedure does allow the use of the combination of 2 and 3 as if it were an air-stable single-
component catalyst.

A comparison of the reactions of different types of aryl sulfonates revealed some unusual
trends (Table 1, entries 1-5). Most striking, reactions of aryl tosylates were faster than those
of aryl triflates when conducted as separate reactions (c.f. Table 1, entry 1 vs entry 3).
Reactions of octylamine with a 1:1 ratio of the two aryl sulfonates formed mostly phenol
(14%) with only 4% vyield of the coupled product in the presence of 0.1 mol % catalyst.
Reactions with Cs,CO318 did not improve the yield from reactions of triflates. Second, aryl
tosylates reacted faster than aryl chlorides. The reaction of 3- or 4-chlorophenyl tosylate led
to coupling at the tosylate group (Eq. 2). These relative rates contrast those catalyzed by
complexes of dialkyl-o-biarylphosphines,1? but parallel those catalyzed by complexes of
secondary phosphine oxides.13

N OTs pondicna - NHoctyl - NHoctyl
CI—:O/+ OctylNH; —*Ci—:O/and!or TSO:—O/
= = =

1.2 equiv
1.0 equiv 4-chloro 100 (95% isolated) : 0O

3-chloro 100 (96% isolated) : 0

@

In summary, we have developed a highly efficient catalyst system for the amination of aryl
tosylates at room temperature, as well as the first examples of the Pd-catalyzed amination of
heteroaryl tosylates. The use of an unusual precatalyst now prepared in a practical fashion
enabled us to achieve this high activity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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