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Efficient Synthesis of Aryl Piperazine and Benzyl Piperazine Derivatives on the Solid Support
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Several classes of asymmetrical N, N'-disubstituted aryl
piperazine and benzyl piperazine derivatives were successfully
synthesized by the solid phase method from the same
intermediale.

An asymmetrical aryl piperazine and an asymmetrical benzyl
piperazine derivatives often have pharmaceutically interesting
activitics and the synthetic and biological studies of thesc
compounds have been carried out in many research ,groups.1

For preparation of the targeted asymmetrical piperazine
derivatives using solution method, it is necessary to use either
cxcess piperazine or suitable protected piperazine. Therefore
removal of undesired symmetrical disubstituted piperazine or
cxcess piperazine and removal of protecting groups is
required.1>2 In contrast, solid phase reaction is very efficient for
rapid synthesis of asymmetric N, N'-disubstituted piperazine

Recently, we found that both N-substituted aryl and benzyl
piperazine derivatives could be synthesized from a common
intermediate on the solid support.  We tried to apply our
methodology to the preparation of a pharmaccutically intcresting
asymmetrical piperazine library (1) as shown in Figure 1. In
order Lo prepare the library (1) as a model casc, the piperazine
derivatives were synthesized by the solid phase method via resin-
bound N-substituted piperazine.

In this report, we have described the solid phase synthesis of
asymmetrical aryl piperazinc derivatives using unprotected
piperazine with Wang resin. In addition, we present a new
application of solid phasc synthesis of asymmetrical benzyl
piperazine derivatives from a resin-bound p-fluorobenzoate (2)
which is also an intermediate of aryl piperazine derivatives.

In Figure 2, a scheme for the synthesis of piperazine derivatives
arc shown. Wang resin and p-fluorobenzoic acid were coupled

derivatives.1¢.3 with N, N'-diisopropylcarbodiimide (DIC) in the presence of 4-
dimethylaminopyridine (DMAP) to obtain 2. Conversion of 2 to
3 was performed with excess piperazine (45 eq.) in N-
methylpyrrolidone (NMP) at 110°C for 10 h.1¢ A small amount
of 3 was treated with 30% trifluoroacetic acid (TFA)/CH2Cl> 1o
confirm the formation of mono N-aryl piperazine by MS and
NMR. For the preparation of a resin-bound benzyl piperazine
derivative (4), we applicd the Loubinoux' mecthod? to a solid
phase reaction. A resin-bound benzyl piperazine derivative (4)
was synthesized by the treatment of piperazine (neat) at 130°C for
20 h. Under thesc conditions, the presence of aryl piperazine
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Figure 1. Scheme {or preparation of asymmetric
pipcrazine library.
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Figure 2. Synthetic scheme of aryl and benzyl piperazine derivatives. ©)L /\© 10 (70%)'

a) 4-fluorobenzoic acid (x3), DIC (x3), DMAP (x0.3)/DMF-CH,Cl, (2/1), rt, 16 h; b) piperazine (x45)/NMP, 110 °C, 10 h; c)piperazine
(neat), 130 °C, 20 h; d) propionaldehyde (x10), NaBH(QAc)3 (x10)/CHoCla-MeOH (1/1), 1, 16 h; ) 30%TFA/CH,Cly, i, 1h ; f) 1)
triphosgene (x0.5), EtzN (x3)/CH,Cly, 1t, 5 h; 2) benzylamine (x10)/CH,Cl,, 1t, 16 h; g) benzoyl chloride (x3), DIEA (x1.5), 1t, 16 h; h)
65%TFA/CH,Clo, 1, 3 h; i) calculated from Wang resin.
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derivative was still observed in shorter reaction time (less than 20
h) after TFA cleavage. This result suggests that piperizine attacks
an aromalic ring easier than a benzylic position in the resin.

In the case of piperazine trcatment (neat) with Wang resin-
bound acetate or benzoate, 4 was smoothly obtained at 130°C for
5 h. During the formation of aryl or benzy!l piperizine, no
symmetrical disubstituted piperizine derivatives were detected as
expected.

N-Alkylation of 3 using a reductive alkylation reactiond was
carried out by the treatment of propionaldehyde and NaBH(OAc¢)3
in MeOH/CH2Cl2 (1:1) at room temperature (rt) for 16 h.
Cleavage from the solid support with 30% TFA/CH>Cl» afforded
the propyl piperazine derivative (5)0 in high purity (Figure 3a).
Preparation of a precursor of urea (6), carbamoyl chloride”, from
3 was carried out by the use of triphosgene and Et3N atrt for 5 h.
Coupling between the precursor and benzylamine was attained in
CH2Cl at rt for 16 h followed by 30% TFA/CH2Cl> treatment to
obtain 6.6 Resin-bound aryl piperizine derivative (3) was treated
with benzoyl chloride in the presence of N,N-diisopropylethyl-
amine (DIEA) and then treated with 30% TFA/CH2Cl2 to give
amide (7).0

Three benzyl piperazine derivatives 8, 9, and 10 were
successfully synthesized in the same route for §, 6, and 7
respectively, except the final cleavage step (Figure 2).6 The
cleavage was achieved by treatment of 65% TFA/CHCl2 at 1t for
3 h. The NMR spectrum of the crude product 8 is shown in
Figure 3b.

In summary, we synthesized six different types of compounds
which have an aryl and a benzyl piperazinc moiety from a single
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Figure 3. 'H NMR spectra of crude product 5 (a) and 8 (b) in
CD;0D (400 MHz).
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intermediate (2) in high purity by the use of solid phase synthesis

technique. In addition, we demonstrated that this lechnique had

an advantage over the known methods for its ability to achieve
rapid preparation of an asymmetric N, N'-disubstituted piperazine
library.
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