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Abstract: Heteroaryl amines are efficiently coupled (in two hours)
to aryl halides with catalytic Pd,(dba); and Xantphos to provide the
corresponding biaryl amines under microwave and standard thermal
conditions. The use of organic-soluble sodium phenolate (NaOPh)
as the stoichiometric base promotes facile coupling of a variety of
substrates in excellent yields.
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The Pd-catalyzed coupling of amineswith aryl halides has
become an important tool inthe organic chemist’ sarsenal.
Asour knowledge of palladium chemistry increases, more
of the shortcomings of classic Buchwald- and Hartwig-
type reactions are being addressed. In particular, the
coupling of heteroaryl amines with aryl halides has been
problematic. Biaryl amines containing at |east one hetero-
aromatic group have been used as cardiac stimulants, di-
uretics, for theinhibition of cyclin-dependant kinases, and
for the treatment of cognition disorders.! A recent survey
of the literature found few articles which demonstrate
successful couplings of heteroaryl amines.>” Typically,
papers report C-N couplings which need to be tailored to
individual substrates by changing the base, base equiva-
lents, mol% of catalyst, ligand, mol% of ligand (Pd/L ra-
tio), solvent, reaction concentration, equivalents of amine
used, and additives (H,0).2 Others show limited substrate
scope while suffering from long reaction times (1523
h).257 Improvementsin the reaction rate by the use of mi-
crowave irradiation, as reported by Tundel et a., may be
accomplished with nonaflates as coupling partners.® How-
ever, the use of nonaflates require an extra synthetic step
since they are not readily available and only afew exam-
ples of coupling to heteroaryl amines were reported.®

The standard inorganic bases (Cs,CO;, Na,CO;, K,COs,
NaOt-Bu, K;PO,) used in palladium coupling chemistry
are also aconcern due to their limited solubility in typical
organic reaction solvents. Sodium tert-butoxide in partic-
ular, although commonly used to increase reaction rate, is
well known to have limited functional-group tolerance.® It
wasour goal to investigate these issues and devel op acon-
venient and general method for the Pd-catalyzed C-N
bond-forming reactions between heteroaryl amines and
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aryl halides without excessive tailoring of reaction para-
meters.

To establish the ideal reaction conditions, alimited study
was performed employing five ligands (Figure 1) com-
monly used in Pd-catalyzed coupling reactions. We chose
2-aminothiazole as our intial coupling partner with 4-
methylbromobenzene. Yin and coworkers have previous-
ly reported the difficulty of coupling 2-aminothiazoles/2-
aminobenzothiazoles with aryl halides, which required up
to 5 mol% of Pd catalyst and in some cases NaOt-Bu as
the base.® Initially, we attempted standard C-N bond-
forming thermal conditions [Cs,CO;, toluene/t-BuOH
(5:1), 100105 °C, 16-60 h] using either Pd,(dba); or
Pd(OAC), as the catalyst source and screened five differ-
ent ligands[(S)-(-)-BINAP (1), Xantphos (2), X-Phos (3),
2-(di-tert-butylphosphino)biphenyl (4) and 2-(dicyclo-
hexyl phosphino)biphenyl (5)] to compare both monoden-
tate and bidentate ligands. We did not have success in
obtaining any appreciable amount of desired coupled
product, likely due to our choice of base and the unreac-
tive nature of our heteroaryl amine toward Pd-catalyzed
coupling.

i-Pr

i-Pr |

PCy,

Figurel Ligands

We next attempted to couple 2-aminothiazole with an
activated arylhalide, 4-bromobenzonitrile, using the
microwave at 150-180 °C. For this study, we focused on
comparing only three ligands [(S)-(-)-BINAP, Xantphos,
X-Phos] in conjunction with Pd,(dba); as shown in
Tablel. We also screened a variety of inorganic and
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Tablel Optimization of Conditions for the C-N Coupling of 2-
Aminothiazole with 4-Bromobenzonitrile*

Pd;(dba)z, ligand

H
Bl N MW, A, 2 h N __N
JOA PR,
NG HoN S base NG S

Entry Base Ligand Solvent Temp Yied
0 (%)°
1 DBUC X-Phos toluene 150 <2d
2 MTBD® Xantphos toluene 175 <2
3 Cs,CO° X-Phos toluene 150 <2d
4 Na,CO, Xantphos dioxane 150 <2
5 K4PO, Xantphos dioxane 150 10¢
6 K,PO, Xantphos dioxane 180 31f
7 NaOPh (9-()-BINAP dioxane 170 9f
8 NaOPh X-Phos dioxane 170 <2
9 NaOPh Xantphos dioxane 170 53f

aReaction conditions: 1.1 mmol of 4-bromobenzonitrile, 1.3 equiv of
2-aminothiazole, 1.4-1.5 equiv of base, 2.5 mol% Pd = 1.25 mol%
Pd,(dba);, 3-6 mol% of ligand, 6.5 mL of solvent, microwave.

b Yield estimated from HPL C results.

¢ Used 2.5 equiv of base.

d Reaction run for 30 min.

€ Reaction run for 60 min.

f Reaction run for 90 min.

organic bases (K;PO,, Na,CO,, Cs,CO; DBU, MTBD)
found in the literature for Pd-catalyzed aryl amination
reactions aswell as sodium phenolate (NaOPh). The reac-
tions were assayed by HPL C after 3090 minutes to eval-
uate their progress. An earlier report indicated successful
couplings of afew heteroaryl aminesto aryl nonaflates us-
ing organic-soluble amine bases such as DBU {1,8-di-
azabicyclo[5.4.0]undec-7-ene} and MTBD {7-methyl-
1,5,7-triazabicyclo [4.4.0]dec-5-ene} under microwave
conditions.® We found little success in obtaining the de-
sired coupled product under similar conditions (entries 1
and 2). Likewise, using the mild inorganic bases such as
Cs,CO; and Na,CO; (entries 3 and 4) aso proved disap-
pointing, even when changing to amore polar organic sol-
vent like dioxane to help solubilize the stoichiometric
base. Employing a stronger base such as K;PO, in combi-
nation with Xantphos (entries 5 and 6) did provide thereg-
uisite product, with a noticeable improvement in yield at
higher temperatures and longer reaction times.
Interestingly, after testing the organic-soluble sodium
phenolate base (entries 7-9), we obtained the highest
yield of the desired biaryl product when Xantphos was
used as aligand (entry 9). In comparison, neither (S)-(-)-
BINAP nor X-Phos (entries 7 and 8) performed as well
when used in concert with sodium phenolate.

Despite its high solubility in dioxane, a search in the
recent literature showed that NaOPh was not widely used
in Pd-catalyzed C-N bond-forming reactions.’>*! |t also
has the advantage of being readily removed upon basic
work-up, unlike the more commonly used soluble organic
amine bases (DBU, MTBD, Et;N, i-Pr,NEt).

Table2 Microwave-Mediated Pd-Catalyzed Couplings of Heteroaryl Amines with Aryl Halides Using NaOPh2?

Entry Amine Aryl halide Product Yield (%)°
M
Me CN € CN
1 ; o Q0
o
N7 NH, Br N7 N
CN
2 ie ) 2 07T
o]
o]
\N/ NH, Br \N/ H
Me
Me, CN CN
3 75
3N T LT
\O NHZ Br (e} H
Me Me,
CN CN
4 gy NG 81
SN NH; N
| c [N
Me Me
Me. Me
CN CN
5 NER AR 9
\N NH» \N
I Br I
Me Me

Synlett 2007, No. 15, 2331-2336 © Thieme Stuttgart - New York



LETTER

Palladium-Catalyzed Couplings of Heteroaryl Amines with Aryl Halides 2333

Table2 Microwave-Mediated Pd-Catalyzed Couplings of Heteroaryl Amines with Aryl Halides Using NaOPh2P (continued)

Entry Amine Aryl halide Product Yield (%)°
Me Me
CO,Et CO,Et
6 N/ \\ N/ \ 73
\N NH, \N
l Br ;N
Me Me
Me, Me
! N/ ; NH /©\ N>/j|\ /©\ ”
\N 2 \
\ I CN /N N CN
Me Me H
CN
8 CcN )
7\ %
N NS
SN NH: Br NN
|
Me Mé H
9 I /) 80
NN N
\’?I NH, cl W \
Me Me H
CN
CN
10 7\ / 91
N N
SN NH: Br NN
|
Me Me{ H
11 - CN 74
7\ v
N\N NH, | W
I N
Me md H
” COzEt CO,Et 73
VA N (75)°
\'T‘ e B NN
Me Mé H
Ph Ph
CN CN
1 n N>/1 /©/ .
N NH» \N
! Br -
Me Me
Ph Ph
CN CN
14 7\ >/1 68
N\N NH» /©/ N\ \
| o -
Me Me
Ph Ph
CO,Et CO,Et
15 7\ >/1 ? 71
N N
N NH, \N
| Br ] N
Me Me H
CN s CN
s 0 Jo N o U'e Sl
N N
SNk, cl R

Synlett 2007, No. 15, 2331-2336 © Thieme Stuttgart - New Y ork



z
/
1)
o)

2334 J. P. Schultell, S.R. Tweedie LETTER
Table2 Microwave-Mediated Pd-Catalyzed Couplings of Heteroaryl Amines with Aryl Halides Using NaOPh2P (continued)
Entry Amine Aryl halide Product Yield (%)°
= CN = N 99
Y g Q N (04"
> NH; Br = N
. _ COLEt _ | CO,Et 81
N N (78
~ NH; Br ”
= X A
NG N7 N N
8 g e PP "
NH, c” N NN
= cN & CN
X NH = N
2 Br H
=
z N 69
21 N | f
N cl DN (50)
NH, N
CN CN
22 Me_N{Nj\ /© (58)°
N
CN

NH> CN

aReaction conditions: 1.1 mmol of aryl halide, 1.1 equiv of heteroaryl amine, 2.5 mol% Pd = 1.25 mol% of Pd,(dba),, 3.0 mol% of Xantphos

(L/Pd = 1.2), 1.5 equiv of NaOPh, dioxane, 170 °C, 2 h, microwave.

b Conditions were not optimized for reaction temperature, time, nor catalyst loading.
¢ |solated yield, yields in parentheses indicate lower reaction temperatures.

4 Reaction run for 1 h at 120 °C.
€ Reaction run for 30 min at 120 °C.
f Reaction run for 2 h at 120 °C.

Employing our best conditions, we evaluated a series of
heteroaryl amines (Table 2) with respect to their ability to
couple with a variety of activated aryl halides.> A wide
assortment of five- and six-membered heteroaryl amines
were readily coupled to substituted aryl halides in good to
excellent yield (68-99%) at 170 °C. The method was
general for various aminoisoxazoles (entries 1-3), amino-
pyrazoles (entries 4-15) and aminopyridines (entries 16—
21). Inadirect comparison of halide coupling partners, we
tested the reaction between 3-tert-butyl-1-methyl-1H-
pyrazol-5-amine with 4-halobenzonitriles (entries 9-11)
and discovered they all went to completion within two
hours. The 4-bromobenzonitrile reactant gave a superior
yield (91%) to the corresponding 4-chloro and 4-iodo
analogues. The couplings were successful with para-,
meta-, and ortho-substituted aryl halides. We also tested a
handful of examples (entries 12, 17, 18, 21, and 22) at a
lower temperature (120 °C) and shorter reaction times
(0.5-2 h) in the microwave. In general, those reactions
performed equally well, with the exception of ortho-
chlorobenzonitrile coupling to 4-aminopyridine (entry 21)
and 1-methyl-1H-pyrazol-3-amine (entry 22) to give the
corresponding productsin less than 60% yield.
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Finally, we also tested our method under standard thermal
conditions at 80-120 °C (Table 3) for a reaction time of
two hours.*® Various heteroaryl amines including ami-
nopyrazole, aminopyrimidine, aminopyrazines, and ami-
nopyridineswere coupled to phenyl- and pyridinyl halides
in 41-99% yield. We observed a substantial improvement
inyield when comparing 2-chloropyridine (entry 2) and 2-
bromopyridine (entry 3) as coupling partners with the
same heteroaryl amine. In general, theyieldswere good to
excellent, but some reactions did require higher tempera-
ture (120 °C) to go to completion (entries 6, 7, 8, 10, and
11). Also, we were pleased to note that the potential
formation of a phenoxide-coupled byproduct was not
realized to any appreciable extent.'* In comparison, we
believe that microwave assistanceis not necessary for this
reaction to perform well.

In conclusion, we have developed a general set of thermal
conditions, which provide an efficient method for the Pd-
catalyzed C-N coupling of heteroaryl amines with aryl-
chlorides, arylbromides, aryliodides, halopyrimidines,
and halopyridinesin short reaction times (2 h). We did not
observe asignificant differencein microwave versusther-
mal reaction conditions, and several reactions tested at
lower temperature (80 °C) also worked well. The use of
NaOPh as the stoichiometric base improved the product
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Table3 Pd-Catalyzed Couplings Under Thermal Conditions®
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=

Entry Amine Halide Product Yield (%)°
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CO,Et
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N oN N CN
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aReaction conditions: 1.1 mmol of aryl halide, 1.1 equiv of heteroaryl amine, 2.5 mol% Pd = 1.25 mol% of Pd,(dba),, 3.0 mol% Xantphos
(L/Pd = 1.2), 1.5 equiv of NaOPh, dioxane, 2 h, 80 °C.

b |solated yield.

¢ Reaction run at 120 °C for 2 h.
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yield, enabled tolerance of sensitive functional groups
such as nitrile, nitro, and ester moieties, and allowed for
much shorter reaction times than previously reported. It
also has the added advantage of being easily removed
from the amine product by basic work-up techniques.
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