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Abstract: An efficient palladium-catalyzed amination of
aromatic bromides with hindered N-alkyl-substituted anilines
is described, either using the combination of Pd(OAc), and
P(t-Bu)s or a palladium(l) tri-tert-butylphosphine bromide
dimer, [Pd(u-Br)(t-BusP)]., a new, commercially available,
and easily handled catalyst.

We required a practical method for the preparation of
hindered N-alkyl-substituted diarylamines, such as N-
cyclohexyldiphenylamine and N-isopropyldiphenylamine.
Their synthesis by a high-temperature and high-pressure
reductive alkylation of diphenylamine with cyclohex-
anone and acetone, respectively, had previously been
reported in the patent literature to give poor yields.? We
envisioned that the most straightforward route to this
class of compounds would be a palladium-catalyzed ami-
nation, pioneered by Buchwald®™®> and Hartwig,6=° of
aromatic halides with N-cyclohexylaniline or N-isoprop-
ylaniline. The palladium-catalyzed amination of aromatic
halides with hindered N-alkyl-substituted anilines was
reported!® by Buchwald et al. using xantphos or 2-(di-
phenylphosphino)-2'-(N,N-dimethylamino)biphenyl as
ligands. In this paper, we describe an efficient synthesis
of hindered N-alkyl-substituted diarylamines by an ami-
nation of aromatic bromides with hindered N-alkyl-
substituted anilines utilizing either a combination of
Pd(OAc), and P(t-Bu); or the new, commercially avail-
able, air-stable, and easily handled solid palladium(l) tri-
tert-butylphosphine bromide dimer, [Pd(u-Br)(t-BusP)],,
as the catalyst.!* We had previously demonstrated the
practical utility of the palladium-catalyzed amination
reactions on a multikilogram scale.'>13
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SCHEME 1
Pd(OAc),, P(t-Bu),
H Br or
N [Pd(u-Br)(t-BusP)],
Q- s (Y
NaO-t-Bu, toluene
110°C O \O
1a 2a 3a

TABLE 1. Effect of Ligands and Temperature on the
Amination of Bromobenzene (2a) with
N-Cyclohexylaniline (1a)2

; isolated
mol % ligand temp % conversion® yield of
entry Pd(OAc);, (mol%) (°C) 1h 3h 6h 21h 3a (%)
1 0.5 binap 110 30 40.1 41 27
(0.5)
2 1.0 binap 110 17.7 19.3 14
(2.0)
3 0.5 xarztpr;os 110 79 95 11 137 11
0.5
4 0.5 DP(Epr)los 110 0.8 1.2 2.3 notisolated
0.5
5 0.5 P(t-Bu); 110 100 86
(0.5)
6 0.1 P(t(—Bu§3 110 41.3 64.8 76.1 885 70
0.3
7 0.1 P(t-Bu); 110 100 87
(1.0)
8 1.0 P(t-Bu)z 25 0 0 0
(2.0)
9 1.0 P(t-Bu)s 70 66  notisolated
(1.0)
10 [Pd(u-Br)(t-BusP)], 110 100 93
(0.25)

a Conditions: N-cyclohexylaniline (11.4 mmol), 2a (13.7 mmol),
sodium tert-butoxide (17.1 mmol), and toluene (20.0 mL). ® Moni-
tored by GC using an HP-5 column (30 m x 0.32 mm).

The palladium-catalyzed amination of bromobenzene
(2a) with N-cyclohexylaniline (1a) to N-cyclohexyldiphen-
ylamine (3a) was selected as the representative example
to develop suitable reaction conditions (Scheme 1). The
results with different commercially available ligands are
summarized in Table 1. Amination of 2a with 1a in the
presence of palladium acetate (0.5 mol %), 2,2'-bis-
(diphenylphosphino)-1,1'-binaphthyl*# (binap; 0.5 mol %),
and sodium tert-butoxide in refluxing toluene afforded
only a 27% yield (entry 1) of the desired 3a. An increase
in the amounts of the catalyst and the ligand did not
improve the yield (entry 2). Almost no reaction was
observed using DPEphos?®® as the ligand (entry 4). Xant-
phos,*® which was reported as an effective ligand for such
an amination,'® afforded only an 11% vyield (entry 3) of
3a. In all cases, the reaction was monitored by GC, and
the poor yield was due to the poor conversion. We next
investigated P(t-Bu)s, which has been reported!’~1° as a
very effective ligand in the amination of aromatic halides
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TABLE 2. Amination with Hindered Anilines2

Amine

H H H
Aromatic N N v CH, N \FCC'E
bromide Cr \O @ CH, CH, ®
1a 1b

1c

o 9

N H. N_ CH.
o0 oW Lo
2a CH, CH,
3a 2h 86% (A) 3b 2h 85% (A) 3c 2h 87% (A)
2h 93% (B) 2h 88% (B) 2h 92% (B)

Q/Br ©/OCH3 ©/OCHJ ©/OCH:4

CH.
> g o o'
2b CH, CH,

4a 2h 89% (A) 4b 2 h 76% (A) 4c 2h 90% (A)
2h 94% (B) 2h 93% (B) 2h 91% (B)
F F F

o
N_ CH
F N YcH,
CH,
2¢

5a 2h 71% (A) 5b 2h 68% (A) 5c 2h 87% (A)
2h 77% (B) 2h 73% (B) 2h 87% (B)
CH,
©/B' CH, CH, ot
N N__CH N
Y YcH,
CH, CH,
2d0
6a 18h 52% (A) 6b 20h 25% (A) 6c 20h 12% (A)
4h 60% (B) 20h 51% (B) 20h 61% (B)

a All the compounds gave satisfactory spectral data. 2.0 equiv
of aromatic halide and 2.0 equiv of base were used. (A) With
Pd(OAc); and P(t-Bu); and (B) with a palladium(l) tri-tert-
butylphosphoine bromide dimer.

with various amines and anilines but not with hindered
N-alkyl-substituted anilines such as 1la. The amination
of 2a with 1a was complete in 1 h using P(t-Bu); (0.5
mol %) and palladium acetate (0.5 mol %) in refluxing
toluene (entry 5), affording 3a in an 86% yield. A decrease
in the amount of the palladium catalyst to 0.1 mol % and
an increase in the palladium-to-ligand ratio to 1:3 led to
a slower reaction (entry 6). However, with 0.1 mol %
palladium acetate using a 1:10 palladium-to-ligand ratio,
the reaction was complete in 1 h, affording 3a in an
87% yield (entry 7). The amination of aromatic bromides
with N-methylaniline and diphenylamine has been re-
ported at room temperature using palladium acetate and
P(t-Bu)s.® However, in our case with 1a, no reaction was
observed at room temperature (entry 8), further confirm-
ing the steric demands of the cyclohexyl group in 1a. Only
a 66% conversion was observed when the reaction was
carried out at 70 °C for 21 h (entry 9).

We selected the P(t-Bu)s (0.5 mol %) and palladium
acetate (0.5 mol %) catalytic system (entry 5) in refluxing
toluene to study the amination of various aromatic
bromides (2a—d) with several hindered N-alkyl-substi-
tuted anilines (1a—c). The results are listed in Table 2.
In all cases the yields were excellent, except with the
aromatic bromide containing an o-methyl substituent
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(2d). While 6a was obtained in moderate yield (52%) from
the amination of 2d with 1a, the reaction of 2d with 1b
and 1c afforded 6b and 6c in poor yield, even with 2.0
equiv of 2d and 2.0 equiv of base.

One of the drawbacks with P(t-Bu); is the handling of
this air-sensitive and pyrophoric reagent on a large scale.
We now report that this problem can be circumvented
by using 0.25 mol % (0.5 mol % Pd) of the new, com-
mercially available,'* and easily handled solid [Pd(u-Br)-
(t-BusP)], catalyst. Amination of 2a with la in the
presence of 0.25 mol % of [Pd(u-Br)(t-BusP)], afforded 3a
in a 93% yield (Table 1, entry 10). Excellent yields were
also obtained from the amination of aromatic bromides
2a—c with anilines 1a—c (Table 2) and were comparable
to or better than those of the Pd(OAc)./P(t-Bu); combina-
tion. In fact, the palladium(l) tri-tert-butylphosphine
bromide dimer catalyst gave higher yields of 6a—c (60,
51, and 61%, respectively) from the amination of 2d with
la—c, compared to the Pd(OAc),/P(t-Bu); combination
(52, 25, and 12%, respectively).

In summary, an efficient palladium-catalyzed amina-
tion of aromatic bromides with hindered N-alkyl-substi-
tuted anilines is described, using either the combination
of Pd(OACc), and P(t-Bu); or [Pd(u-Br)(t-BusP)],, a new,
commercially available, and easily handled catalyst.

Experimantal Section

General Procedure for the Amination Using a Combi-
nation of Pd(OAc); and P(t-Bu)s. A dry three-necked flask,
equipped with a magnetic stirring bar, septum, and condenser
with an argon inlet—outlet was charged with palladium acetate
(12.8 mg, 0.057 mmol), sodium tert-butoxide (1.64 g, 17.1 mmaol),
a hindered aniline (1a—c, 11.4 mmol), and aryl bromide (13.7
mmol). The flask was flushed with argon, and dry, deaerated
toluene (20 mL) was added. The mixture was stirred at room
temperature for 15 min, and P(t-Bu); (11.5 mg, 0.057 mmol) was
added as a solution in toluene (11.5 mg) using a syringe. The
syringe was washed with toluene (1 mL), and the wash was
added to the reaction mixture. The reaction mixture was heated
to 108—110 °C and stirred with gentle reflux for the specified
time (Tables 1 and 2). The reaction mixture was cooled to room
temperature, and water (10 mL) was added. The organic layer
was separated, washed with water (5 mL), and concentrated.
The crude material was purified by silica gel chromatography.
All of the compounds gave satisfactory spectroscopic data.

General Procedure for the Amination Using a Palla-
dium(l) Tri-tert-butylphosphine Bromide Dimer. A dry
three-necked flask, equipped with a magnetic stirring bar,
septum, and condenser with an argon inlet—outlet was charged
with [Pd(u-Br)(t-BusP)]»** (22 mg, 0.0285 mmol), sodium tert-
butoxide (1.64 g, 17.1 mmol), a hindered aniline (1la—c, 11.4
mmol), and aryl bromide (13.7 mmol). Dry, deaerated toluene
(20 mL) was added. The mixture was stirred at room temper-
ature for 15 min. The reaction mixture was heated to 108—110
°C and stirred with gentle reflux for the specified time (Tables
1 and 2). The reaction mixture was cooled to room temperature,
and water (10 mL) was added. The organic layer was separated,
washed with water (5 mL), and concentrated. The crude material
was purified by silica gel chromatography.
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