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Combinatorial chemistry is a powerful and well-estab-
lished means of synthesizing large collections of organic
compounds for the purpose of drug discovery. One major
focus of this field is on the synthesis of small molecules on
the solid phase. In particular, the synthesis of heterocycles
has received much attention because of their interesting
biological properties and prevalence in many bioactive
compounds.1 The monoketopiperazine heterocycle has shown
a wide range of activities in such areas as GPIIb/IIIa
antagonists,2 enkephalin analogues,3 and farnesyltransferase
inhibitors.4 A number of approaches have been reported for
the solid-phase synthesis of monoketopiperazines. All of
them involve synthesizing a linear carbonyl precursor and
subsequently inducing an intramolecular cyclization.5-7 We
describe herein an efficient means for the synthesis of
disubstituted 1,6-piperazine-2-ones from resin-bound di-
amines.

Starting withp-methylbenzhydrylamine (MBHA) resin
(Scheme 1) and following amino acid coupling and acylation,
the resin-bound acylated amino acid was reduced with
borane-THF. The resulting diamine was treated with an
excess of bromoacetic acid, diisopropylcarbodiimide, and
diisopropylethylamine. The coupling of the bromoacetic acid
to one of the secondary amines was followed by an in situ
nucleophilic attack of the other amine on the brominated
carbon, resulting in the formation of the monoketopiperazine.
HF cleavage gave the final products in good yield and high
purity

By use of the “tea-bag” method of parallel synthesis,8 the
parallel synthesis of individual monoketopiperazines was
prepared as described in Scheme 1, using four different
amino acids at R1 and five different carboxylic acids at R2.
In all cases, one major isomeric form was observed with
regioselectivity ranging from 70% to>99% (Table 1). To
probe the observed regioselectivity, we purified several
compounds for NMR analysis, in one case isolating the two

separate isomers. As supporting proof of our assignment of
the major isomer being the monoketopiperazine4 having a
secondary amine, we acylated a small amount of all of the
compounds with acetic anhydride in the presence of DIEA
in DCM solution. In all cases, we observed a shift of the
major peak with an increase in mass of 42 Da, corresponding
to the acyl group. The relative ratios of the isomers obtained
were determined by HPLC and can be found in Table 1. An
increase in the minor isomer was observed when both R1

and R2 are bulky groups.
When R2 is sterically much smaller (-H), or in the

absence of substituent, a different product is obtained in
which the bromoacetic acid couples to both of the amines
(Scheme 2). The N-methylated amino acids (R2 ) H) were
cleanly obtained following reduction of resin-bound Boc-
amino acids with borane in THF. We have described
previously that carbamates are cleanly reduced in the
presence of BH3-THF to form the correspondingN-methyl
derivatives.9 The bis-N-bromoacetic compounds6 were
obtained in good yield and high purity (Table 2). The reaction
conditions are the same as those for the monoketopiperazine
formation. In all but one instance, only the bisbromoacyl
product is observed. However, when R1 ) benzyl and R2 )
methyl, both the bisbromoacyl and the monoketopiperazine
products are observed (see Table 2).

We developed a straightforward method for the solid-
phase parallel synthesis of disubstituted monoketopiperazines.
The chemistry allows the synthesis of a large number of
individual compounds as well as mixture-based libraries.

Amino Acid Coupling. The amino acid (Boc-Xaa-OH,
6 equiv, 0.1 M) was coupled in DMF using the conventional
coupling reagents diisopropylcarbodiimide (DIPCDI, 6 equiv)
and hydroxybenzotriazole (HOBt, 6 equiv) for 1 h. After
removal of the Boc group with 55% trifluoroacetic acid in
DCM (30 min) and washing with DCM (6×), the resin was
neutralized with 5% DIEA in DCM (3×).

Acylation. The free amine was N-acylated with a car-
boxylic acid (10 equiv) in the presence of DIPCDI (10 equiv)
and HOBt (10 equiv) in DMF overnight.

Exhaustive Reduction of the Amide Groups. The
reduction was performed in 50 mL Kimax tubes under a
blanket of nitrogen. The resin packet and boric acid (15-
fold excess over each amide bond) were added to each tube,
followed by trimethyl borate (15-fold excess over each amide
bond) and 1 M BH3-THF (40-fold excess over each amide
bond). The tubes were then heated to 65°C for 86 h,
followed by quenching with MeOH. The resin was washed
with methanol (4×), and the borane was disproportionated
by treatment with neat piperidine at 65°C overnight. The
resin was then washed with methanol (2×) and DMF (6×)
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and dried. The completeness of the reduction was verified
by cleavage and analysis of a reduction control.

Monoketopiperazine Formation.The resin-bound amines
were reacted with bromoacetic acid (5 equiv per amine),

Table 1. Individual Monoketopiperazines
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DIPCDI (5 equiv per amine), and DIEA (2.5 equiv per
amine) in DCM (0.1 M) for 36 h at room temperature. The
resin was then washed with DCM (6×) and dried. Following
cleavage from the resin with anhydrous HF in the presence
of anisole at 0°C for 7 h, the desired products were extracted
with acetonitrile-water (50:50), lyophilized, and character-
ized.

1-(2-Bicyclo[2.2.1]hept-2-ylethyl)-6-methylpiperazin-2-
one (4e): 1H NMR δ 9.42 (m, 2H), 3.77 (m, 1H), 3.59 (m,
1H), 3.44 (dd,J ) 4.3 Hz,J ) 12.8 Hz, 1H), 3.17 (dd,J )
6.5 Hz,J ) 12.9 Hz, 1H), 2.97 (m, 1H), 1.52 (m, 1H), 1.33
(m, 5H), 1.24 (d,J ) 6.6 Hz, 3H), 1.10 (m, 6H), 161.33,
48.10, 48.03, 45.03, 44.36, 41.80, 41.68, 40.46, 40.01, 37.57,
35.94, 34.97, 33.85, 29.50, 28.30, 17.4.

1-{2-[3,5-Bis(trifluoromethyl)phenyl]ethyl}-6-(1-phe-
nylethyl)piperazin-2-one (4h):1H NMR (500 MHz, DMSO-
d6) δ 9.51 (s, 2H), 7.98 (s, 2H), 7.95 (s, 1H), 7.35 (m, 5H),
3.98 (m, 1H), 3.87 (m, 1H), 3.80 (d,J ) 16.7 Hz, 1H), 3.72
(d, J ) 16.6 Hz, 1H), 3.33 (m, 1H), 3.26 (dd,J ) 4.8 Hz,
J ) 13.7 Hz, 1H), 3.13 (m, 2H), 3.07 (m, 1H), 2.90 (m,
1H), 2.87 (dd,J ) 10.1 Hz,J ) 13.6 Hz, 1H).

1-[2-(3,4-Dimethoxyphenyl)ethyl]-6-isopropylpiperazin-
2-one (4o).1H NMR (500 MHz, DMSO-d6) δ 9.49 (s,2H),
6.85 (d,J ) 8.0 Hz, 1H), 6.84 (d,J ) 1.6 Hz, 1H), 6.71
(dd, J ) 1.5, J ) 7.8 Hz, 1H), 3.97 (m, 1H), 3.82 (d,J )
16.4 Hz, 1H), 3.74 (s, 3H), 3.71 (s, 3H), 3.65 (d,J ) 16.4
Hz, 1H), 3.54 (m, 1H), 3.27 (m, 1H), 3.17 (m, 1H), 3.10
(m, 1H), 2.78 (m, 1H), 2.62 (m, 1H), 2.22 (m, 1H), 0.92 (d,
J ) 6.8 Hz, 3H), 0.83 (d,J ) 6.6 Hz, 3H).
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