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ABSTRACT

Amethod for the Pd-catalyzed coupling of 2-aminothiazole derivatives with aryl bromides and triflates is described. Significantly, for this class of
nucleophiles, the coupling exhibits a broad substrate scope and proceeds with a reasonable catalyst loading. Furthermore, an interesting effect of
acetic acid as an additive is uncovered that facilitates catalyst activation.

The 2-arylaminothiazole motif has appeared with in-
creasing frequency throughout the medicinal chemistry
literature over the past decade. It features prominently in
compounds implicated for the treatment of cancer1 and
psoriasis,2 and recently there have been several reports of
2-arylaminothiazole derivatives which show promising
activity in assays targeting neurodegenerative disorders
such as Alzheimer’s disease3 (Figure 1). Typically, these
compounds are synthesized by combining a monoaryl
thiourea and an ortho-bromo ketone to form the thiazole

ring.However, as often SARand lead optimization studies
require the evaluation of multiple 2-aminoaryl groups,3,4

an efficientmethod for the direct arylation of 2-aminothia-
zole would significantly expedite the synthesis of analogs.
Palladium-catalyzed C�N bond-forming methods are

widely recognized as convenient and efficient means for
obtainingN-arylationproducts.5However, primary amine
derivatives of five-membered heterocycles, particularly
2-aminoazoles, have historically been problematic sub-
strates for Pd-catalyzed N-arylation. While somemethods
for the Pd-catalyzed coupling of these amines have been
reported,5a,6 they generally require high Pd loadings
(2�18%), long reaction times, and in most cases the use
of an activated aryl electrophile.7 For example, the most
comprehensive report to date is that of Yin,6a in which
Xantphos and 2�8% Pd are used to form select 2-aryla-
minothiazole derivatives in moderate to good yields.
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However, in the case of the unsubstituted 2-aminothiazole
nucleophile, only extremely electron-poor aryl chloride
electrophileswere reported as successful couplingpartners.
In the case of an electron-neutral aryl bromide, 2-amino-
benzothiazole was required as the nucleophile to achieve
successful coupling, along with the use of a relatively
strong base (NaOtBu).

In considering the differences between 2-aminothiazole
derivatives and other readily coupled aryl amine nucleo-
philes, such as aniline and aminopyridine derivatives, we
postulated that a key discrepancymight be their difference
in pKa values.While anilines and aminopyridines have pKa

values in the 25�30 range, the pKa values of 2-aminothia-
zole derivatives are closer to those of amides (generally in
the 15�20 range).8 We therefore reasoned that conditions
optimal for N-arylation of amides might be more effective
for this class of amine nucleophiles. In fact, 2-aminothia-
zole could indeed be coupled to p-bromoanisole in 60%
yield (1H NMR) using conditions reported previously by
our laboratory as being optimal for the N-arylation of
amides9 (Scheme 1).
Encouraged by this result, we briefly optimized the

reaction conditions. We found K2CO3 to be optimal as
the weak base, providing the product in higher yields than
when K3PO4 was used, particularly in the case of aryl
bromide electrophiles.10 Similar to our previous observa-
tions with amides, we found L1 (tBuBrettPhos) to be the
ligandof choice and that catalyst activationusing thewater
activation protocol provided the most active catalyst,11

resulting in complete conversion to product in 2�3 h at
110 �C.12We also found that, on a 1mmol scale, the use of
1.5 mol % Pd and a reaction concentration of 0.25 M
consistently provided high yields of 2-arylaminothiazoles.
With these optimal conditions in hand we evaluated

the coupling of 2-aminothiazole with a variety of aryl

bromides and triflates (Scheme 2). The desired 2-arylami-
nothiazole products were obtained in good yields for both
electron-rich (1b, 1d), electron-neutral (1a), and haloge-
nated (1c) aryl bromides and triflates. Heterocyclic aryl
triflates and bromides were also good substrates
(1e, 1f).13 Unfortunately, aryl chloride electrophiles were
incompatible with these general reaction conditions,
succumbing toproduct inhibition at various conversions.14

Next, thegeneralityof these conditions for the reactionofa
range 2-aminothiazole-like nucleophiles was examined. Sub-
stituted 2-aminothiazoles (Scheme 3, 2a, 2b), as well as
2-aminobenzothiazole (2d) and 2-amino-1,3,4-thiadiazole
(2c), could all be arylated in good yields using the same
reaction conditions (although the coupling to provide 2a
required a slightly longer reaction time). Furthermore, other
2-aminobenzazole-type nucleophiles such as 2-amino-
1-methylbenzimidazole and 2-aminobenzoxazole also pro-
vided the corresponding N-arylated products 2e and 2f in
90% and 89% yields, respectively.

Scheme 1. Comparison of N-Arylation of Amides and 2-Ami-
nothiazoles

Figure 1. Biologically active 2-aminothiazoles.

Scheme 2. Scope of 2-Aminothiazole Couplinga

aReaction conditions: ArX (1.0 mmol), 2-aminothiazole (1.0 mmol),
Pd(OAc)2 (1.5 mol %), L1 (3.3 mol %), K2CO3 (1.4 mmol), t-BuOH (4
mL/mmol), 110 �C, 3 h; isolated yields, average of two runs.
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(13) These reactions proceeded cleanly to product, though their
extreme insolubility and crystalinity, especially in the case of 1f, com-
plicated isolation and resulted in decreased isolated yields.
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In the case of more activated, electron-deficient aryl
bromides and triflates, the formation of a significant
amount of phenol was observed under these reaction
conditions. In addition to decreasing the overall product
yield, in some cases the phenol was difficult to separate
from the desired product. Thus, we sought to identify a
second set of coupling conditions that would effectively
suppress phenol formation for activated substrates, rea-
soning that achieving catalyst activation under anhydrous
conditions would be crucial. We found that we could
suppress phenol formation by conducting the coupling at
90 �C in the presence of molecular sieves and that a
sufficiently active catalyst could be obtained by preheating
L1 and Pd2dba3 at 110 �C for 2.5min prior to introduction
to the substrate mixture.15,16 This second set of conditions
was effective for a wide range of activated electrophiles,
including 4-bromochlorobenzene and 5-bromopyrimidine
(3f and 3g, Scheme 4). However, it should be noted that
these conditions are uniquely suited to activated electro-
philes; in the case of an electron-rich electrophile like
4-bromoanisole, product formation halts at 55% conver-
sion to 2-aminoarylthiazole 1d.
We were interested in further exploring the dramatic

increase in catalyst activity afforded by the water activa-
tion protocol for the coupling of 2-aminothiazoles, with
the intention of potentially realizing an activation method
that did not require a two-pot procedure. We originally
postulated that water activation was simply the most
effective means of obtaining the L1-ligated Pd(0) complex
in the presence of substrates which have the potential for

chelating Pd(0) and preventing ligand association, such as
2-aminothiazoles.17 To test this hypothesis, the oxidative
addition complex of Pd,L1, and a simple aryl bromidewas
synthesized as previously described (Figure 2, A).18 Since
this complex should lie on the active catalytic cycle, a
reaction employing the complex as the Pd source should
display maximum reactivity. Surprisingly, the rate of
coupling of 4-bromotoluene and 2-aminothiazole employ-
ingA as the Pd source (Figure 2, entry 2) was still drastically
reduced as compared to the coupling which underwent the
water activation protocol (Figure 2, entry 1). We thus
suspected that an additive or byproduct associated with
water activation might be responsible for the increased
catalyst activity, and we systematically evaluated each (the
phosphine oxide of L1, acetic acid, water)11 in the presence
of the oxidative addition complex.We found that, while the
presence of water or the phosphine oxide of L1 had little
effect on the reaction profile (Figure 2, entries 3 and 4), the
presence of 2 mol % of acetic acid dramatically enhanced
reactivity (Figure 2, entry 5).
Having identified acetic acid as the source of increased

catalyst activity, we sought to develop a one-pot procedure
for the arylation of 2-aminothiazoles by adding acetic acid
to the reaction mixture, along with the ligand and a Pd(0)
source. We indeed found that, by combining a catalytic
amount of acetic acid (3 mol %) to the reaction mixture
along with Pd2dba3 (0.75 mol %), L1 (3.3 mol %), the
substrates, base, and solvent in one pot, a reaction pro-
file displaying activity similar to that of water activation
was observed (Figure 2, entry 6). To test the general

Scheme 3. Scope of 2-Aminothiazole Nucleophilesa

aReaction conditions: ArX (1.0 mmol), 2-aminoazole (1.0 mmol),
Pd(OAc)2 (1.5 mol %), L1 (3.3 mol %), K2CO3 (1.4 mmol), t-BuOH
(4 mL/mmol), 110 �C, 3 h; isolated yields, average of two runs. b5 h re-
action time.

Scheme 4. Scope for Electron-Deficient Electrophilesa

aReaction conditions: ArX (1.0 mmol), 2-aminoazole (1.0 mmol),
Pd2dba3 (0.75 mol %), L1 (3.3 mol %), K2CO3 (1.4 mmol), 3 Å
molecular sieves (200 mg), t-BuOH (4 mL/mmol), 90 �C, 16 h.
[Pd2dba3] and ligand were premixed in t-BuOH at 110 �C for 2.5 min;
isolated yields, average of two runs.

(14) Conversions and yields of up to 60%were observed with certain
aryl chloride substrates, but others, such as p-chloroanisole, exhibited
complete inhibition at 30% conversion. See Supporting Information for
more details, Table S3 and Chart S2.

(15) See Supporting Information, Table S4 for optimization.
(16) We found the preheating to be necessary for reproducible yields.

A similar protocol was reported in the use of biaryl phosphine ligands and
Pd2dba3 for the selective N-arylation of 1,2,3-triazoles: Ueda, S.; Su, M.;
Buchwald, S. L. Angew. Chem., Int. Ed. 2011, 50, 8944.

(17) We have reported a series of palladacycle precatalysts which
address this problem of catalyst activation but, as of yet, have not been
able to form a stable precatalyst with ligand L1.

(18) Maimone, T. J.; Milner, P. J.; Kinzel, T.; Zhang, Y.; Takase,
M. K.; Buchwald, S. L. J. Am. Chem. Soc. 2011, 133, 18106.
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applicability of this one-pot protocol, a few of the 2-ar-
ylaminothiazole products from Schemes 2 and 3 were
prepared, and comparable product yields were obtained
(Scheme 5). The exact role ofAcOH in the catalyst cycle, as
well as its potential to effect other reactions catalyzed by
L1�Pd complexes, is currently under investigation.
In summary, general protocols for the Pd-catalyzed

N-arylation of 2-aminothiazole derivatives with aryl tri-
flates and bromides have been developed. Notably,

through the use of L1 and proper catalyst activation,
even electron-rich aryl halide electrophiles can be
coupled with 2-aminothiazoles with unprecedented effi-
ciency.We expect this couplingmethod to findwidespread
use in the development of novel therapeutics.
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Scheme 5. One-Pot Coupling of 2-Aminothiazolesa

aReaction conditions: ArX (1.0 mmol), 2-aminoazole (1.0 mmol),
Pd2dba3 (0.75 mol %), L1 (3.3 mol %), AcOH (2 mol %), K2CO3 (1.4
mmol), t-BuOH (4 mL/mmol), 110 �C, 3 h; isolated yields, average of
two runs. b5 h reaction time.

Figure 2. Examination of catalyst activation.
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