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Abstract—A highly efficient one-pot, two-step microwave procedure has been developed for the synthesis of 4-substituted 1-hetero-
arylpiperazines. Microwave heating of heteroaryl chlorides with 1,4-diazabicyclo[2.2.2]octane (DABCO) at 160 �C for 15 min
yielded 1-heteroaryl-4-(2-chloroethyl)piperazines, which could be further reacted with various nucleophiles, again under microwave
irradiation conditions, to give an array of 4-substituted 1-heteroarylpiperazines in good to excellent yields.
� 2007 Elsevier Ltd. All rights reserved.
4-Substituted 1-heteroarylpiperazines have demonstrated
a wide range of activities including kinase inhibitors,1a

5-HT1A receptor ligands,1b,c immunosuppressants,1d a
1A/B adrenoceptor antagonists,1e 5-HT4 receptor
ligands,1f dopamine D4 ligands,1g and antagonists of
NPY receptor subtype Y5.1h Representative compounds
in the family include two 5-HT1A agonists approved for
the treatment of anxiety, Buspirone and Tandospirone,
depicted in Figure 1. Synthesis of these compounds
typically involves arylation of the mono-protected
piperazines followed by deprotection and alkylation.
0040-4039/$ - see front matter � 2007 Elsevier Ltd. All rights reserved.
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Figure 1.
As part of an ongoing research program we required a
facile route into heteroaryl substituted piperazines with
a 2-carbon tether attached to the piperazine 4-position.
In particular, we required a very facile route, amenable
to high throughput synthesis and library formation. We
became interested in the possibility of utilizing DABCO
in a tandem arylation/ring fragmentation procedure and
saw this as a very rapid method for the construction of
the appropriately substituted piperazine moiety.

A survey of the literature revealed that the quaternary
ammonium salt N-dealkylation reaction has received
very limited attention,2 presumably because the tertiary
amine products can be more conveniently synthesized by
reaction of an electrophile with the corresponding sec-
ondary amines. However, when bicyclic tertiary amine
DABCO is used in conjunction with a heteroaryl
chloride, the N-dealkylation/ring fragmentation reac-
tion leads to 1-heteroaryl-4-(2-chloroethyl)piperazines,
which are extremely useful synthetic building blocks.3

In particular, these compounds can be reacted with a
wide variety of nucleophiles, allowing for the systematic
introduction of two potential chemical diversity points.
Herein, we would like to report our studies into the
DABCO arylation/ring fragmentation procedure to
construct a variety of disubstituted piperazines, and in
particular the application of microwave irradiation to
facilitate this transformation (see Fig. 2).

Microwave-assisted organic synthesis (MAOS) has at-
tracted increasing attention due to its potential to speed
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Table 1. Solvent effects in the microwave-mediated arylation/ring
fragmentation of DABCO

N

N
Cl

DABCO, solvent

microwave
irradiation

160 °C, 15 min

N

N
N N

Cl

2a1

Entry Solvent Yield (%)a

1 THF >98
2 1,4-Dioxane >98
3 DME >98
4 NMP 92
5 DMF 93
6 MeOH 43
7 CH3CN 52

a Based on 1H NMR analysis.
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Figure 2.
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up drug discovery research.4 Many organic transforma-
tions have been accelerated by the use of microwave
irradiation. The reaction times are often dramatically
reduced from hours to minutes or even seconds.
Moreover, there have been reports of microwave-as-
sisted synthesis of combinatorial libraries.5 As a test
Table 2. One-pot, two-step reactions with various nucleophiles

N

N
Cl

DABCO, THF

microwave
irradiation

160 °C, 15 min

1) 2) Nu-

160 °C, 15-45 min

N

N
N N

Nu

1 3

microwave
irradiation

Entry Microwave condition (2nd step) Product 3a Isolated
yield (%)

a PhSNa (2 equiv), THF, CH3CN, 160 �C, 15 min

N

N
N N

SPh
95

b NaSMe (3 equiv), THF, 160 �C, 15 min
N

N
N N

SMe
87

c PhOH (1.5 equiv), K2CO3 (3 equiv), THF, CH3CN, 160 �C, 15 min
N

N
N N

OPh
86

d NaOH (6 equiv), THF, H2O, 160 �C, 45 min
N

N
N N

OH
61

e NaOMe (3 equiv), THF, MeOH, 160 �C, 45 min
N

N
N N

OMe
58b

f CH3CO2Na (3 equiv), THF, CH3CN, 160 �C, 15 min
N

N
N N

OCOCH3
90

g PhCO2H (2 equiv), K2CO3 (4 equiv), THF, CH3CN, 160 �C, 30 min
N

N
N N

OCOPh
91

h Potassium phthalimide (1.5 equiv), THF, CH3CN, 160 �C, 45 min

N

N
N N

N

O

O

93

i Piperidine (3 equiv), K2CO3 (3 equiv), THF, CH3CN, 160 �C, 45 min

N

N
N N

N
84

j Indole (1.5 equiv), TBAB (0.2 equiv), K2CO3 (3 equiv), THF, CH3CN, 160 �C, 15 min
N

N
N N

N
36

k KF (20 equiv), THF, EtOH, 160 �C, 15 min
N

N
N N

F
58

l NaCH(CO2Et)2 (1.5 equiv), THF, 160 �C, 15 min
N

N
N N

CH(CO2Et)2
39

a Final compounds were characterized by MS and 1H NMR analyses.
b The hydrolyzed species 3d was isolated as a side product (19%).
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case, the arylation/ring fragmentation of DABCO with
2-chloropyrimidine was first explored under microwave
irradiation (0.7 M, 160 �C, 15 min) in a variety of
solvents. The reactions proceeded well in THF, 1,4-di-
oxane, and DME, affording the product quantitatively
(Table 1, entries 1–3). While in NMP and DMF, minor
uncharacterized impurities were observed by 1H NMR
(entries 4–5). It was found that acetonitrile and metha-
nol were poor solvents for this reaction, and the yields
were less than 60% based on 1H NMR analysis (entries
6–7). The arylation/ring fragmentation of DABCO with
2-chloropyrimidine in THF was also examined under
conventional heating condition (0.7 M, 60 �C, 19 h).
1H NMR analysis revealed that only 8% of the piper-
azine was present and the major component of the reac-
tion mixture was the quaternary ammonium salt.
Table 3. One-pot, two-step reactions using various heteroaryl chlorides

Heteroaryl Cl
DABCO, THF

microwave
irradiation

160 °C, 15 min

1) 2) Nu

160 °C, 1
4

microw
irradia

Entry Heteroaryl-Cl 4 Condition (2nd step)a

a
N

N
Cl A

b N

N
Cl

F3C

A

c
N

N
ClBr A

d N
N Cl

MeS
A

e
N

ClO2N A

f
N

ClF3C A

g
O

N
Cl A

h
S

N
Cl A

i

N
N Cl

Ph

A

j N

N
Cl

F3C

B

k
S

N
Cl B

a Reagents and conditions: (A) CH3CO2Na (3 equiv), THF, CH3CN, microwa
THF, CH3CN, microwave irradiation, 160 �C, 15 min.

b Final compounds were characterized by MS and 1H NMR analyses.
With the aim of developing an efficient parallel proto-
col for the synthesis of combinatorial libraries, we fur-
ther examined the potential for a one-pot, two-step
synthesis of 4-substituted-1-pyrimidinylpiperazines by
reaction of intermediate 2a with a range of nucleophiles
under microwave conditions.6 As shown in Table 2,
excellent yields were observed for thioethers 3a, 3b,
and ether 3c (entries a–c) and treatment with sodium
hydroxide led to 3d (entry d). Reaction with sodium
methoxide gave 3e in a yield of 58%, and the hydro-
lyzed species 3d was isolated as a side product (19%,
entry e). Esters 3f and 3g were obtained by alkylation
with the corresponding acid salts (entries f–g). Amine
derivatives 3h–j were synthesized by similar alkylation
reactions (entries h–j). Reaction with potassium fluo-
ride yielded 3k (entry k), and reaction with the pre-
-

5 min

Heteroaryl N N
Nu

5
ave
tion

Product 5b Isolated yield (%)

N

N
N N

OAc
90

N

N
N N

OAc

F3C

91

N

N
N N

OAc
Br 90

N
N N N

OAc

MeS

85

N
N N

OAc
O2N 92

N
N N

OAc
F3C 68

N N
OAcN

O
91

N N
OAcN

S
78

N
N N N

OAc

Ph

81

N

N
N N

OPh

F3C

79

N N
OPhN

S
85

ve irradiation, 160 �C, 15 min; (B) PhOH (1.5 equiv), K2CO3 (3 equiv),
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formed sodium malonate afforded the malonate deriva-
tive 3l (entry l).

To further determine the scope of this reaction a range
of heteroaryl chlorides were examined (Table 3). Excel-
lent yields were obtained for chloropyrimidines bearing
electron-donating and electron-withdrawing substitu-
ents (entries a–d). Two activated pyridine substrates,
2-chloro-5-nitropyridine and 2-chloro-5-trifluorometh-
ylpyridine, also gave yields of 92% and 68%, respectively
(entries e–f). However, when an unactivated pyridine
substrate 2-chloro-4-methylpyridine was employed, the
ring fragmentation product was not observed. Reactions
of DABCO with other heteroaryl chlorides, such
as 2-chlorobenzoxazole, 2-chlorobenzothiazole, and
4-chloro-2-phenylquinazoline, also led to good results
(entries g–i). It is noteworthy that, in most cases,
substantially pure products were obtained by simple
filtration through a pad of silica gel or Celite.

In conclusion, we have developed a one-pot, two-step
microwave procedure for the synthesis of 4-substituted
1-heteroarylpiperazines. Microwave irradiation of het-
eroaryl chlorides with DABCO at 160 �C for 15 min
leads to 1-heteroaryl-4-(2-chloroethyl)piperazines, which
further react with different nucleophiles under similar
conditions to give diversified 4-substituted 1-heteroaryl-
piperazines in good to excellent yields. This efficient
microwave-assisted transformation, together with a
relatively straightforward purification process, makes
this protocol ideal for the synthesis of parallel combina-
torial libraries.
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