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Abstract

Alkenyl, aryl and heteroaryl boronic acids react with 1,2-diamines and glyoxylic acid to give directly in
one step the corresponding piperazinones (2-oxopiperazines). Similarly, the use of monoprotected
1,2-phenylenediamine leads to benzopiperazinones (1,2,3,4-tetrahydroquinoxalin-2-ones). © 2000 Elsevier
Science Ltd. All rights reserved.

The design and synthesis of peptidomimetics continues to be an area of intense interest in
medicinal and combinatorial chemistry.1 Among the most common approaches is the develop-
ment of conformationally restricted molecules which mimic a given peptide conformation. Two
interesting examples that mimic conformation (1) in peptides are the piperazinones2 (2-oxopiper-
azines) (2) and the benzopiperazinones3 (1,2,3,4-tetrahydro-quinoxalin-2-ones) (3). Herein we
report a new synthesis of these types of molecules.

Following our earlier report on the use of organoboronic acids in a Mannich type reaction,4a

we have recently introduced a new multi-component process4b–d involving the one-step conden-
sation of alkenyl, aryl or heteroaryl boronic acids with amines and certain carbonyl compounds
to form new functionalized amine derivatives. We have used this concept to devise a new,
general and practical one-step approach to the synthesis of a-amino acids4b,c as well as b-amino
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alcohols.4d Herein, we report the use of this chemistry for the direct synthesis of piperazinones
(8) and benzopiperazinones (11) (Scheme 1).

For the synthesis of piperazinones (8), we explored the one-step reaction among 1,2-diamines
(5), organoboronic acids (4), and glyoxylic acid (6). Based on a recent report by Yamamoto,5 we
expected that the resulting amino acid adduct (7) might undergo in situ cyclization catalyzed by
the boronic acid 4. Indeed, we have found that the desired heterocyclic products 8 could be
formed in one step by reacting 4, 5, and 6. Noteworthy in this process is the dual role of
organoboronic acids (4) serving both as reactants and as catalysts for the subsequent cyclization
step.

Table 1 shows several examples of this chemistry. By examining a variety of reaction
conditions, we have found that this process is usually most efficient in refluxing acetonitrile.
Several types of alkenyl (12), aryl (13 and 14) and heteroaryl (15–18) boronic acids afforded the
expected piperazinones in variable yields (not optimized).6

Typical experimental procedure (entry 4): To a mixture of diamine 19 (240 mg, 1 mmol) and
glyoxylic acid monohydrate (92 mg, 1.0 mmol) in acetonitrile (20 mL), was added (E)-2-
phenylethenyl boronic acid (12, 144 mg, 1.0 mmol) and the solution was heated at reflux while
monitored by TLC (2:3 EtOAc–hexanes). After 2 hours, the solvent was evaporated and the
product was isolated by flash chromatography using 3:7 EtOAc–hexanes affording piperazinone
22 (291 mg, 76%).7

The present process was most efficient with secondary 1,2-diamines, while primary 1,2-
diamines (e.g. 33) did not work in this manner. However, conversion of 33 to a secondary
1,2-diamine (35) via reductive amination with an aldehyde (34), followed by the three-compo-
nent process, gave the piperazinone (36) with modest diastereoselectivity (40% de) (Scheme 2).
Removal of the benzyl groups from 36 can give the piperazinone that would have been produced
from 33. Alternatively, use of the monoprotected derivative 37 gave the amino acid product 38
with somewhat improved diastereoselectivity (73% de) (configuration unknown). Treatment of
38 with acid gave the corresponding N-unsubstituted piperazinone (39). It should be noted that

Scheme 1.
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Table 1
One step synthesis of piperazinones from organoboronic acids, diamines and glyoxylic acid monohydrate
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Scheme 2.

the diastereoselectivity in this case was comparable to other chiral amines, but it was not as high
as that observed previously with phenylglycinol.4b

A similar stepwise approach was found to be quite useful for the synthesis of benzopiperazi-
nones (Scheme 3). Thus, while the parent 1,2-phenylenediamine (40) was not effective in our
process, the reaction of the monoprotected derivative (9) with boronic acids and glyoxylic acid,
followed by acidic treatment, gave the expected products (e.g. 42, 44 and 46) in good overall
yields. Interestingly, since the resulting heterocycles have the N-atoms differentiated, they can be
used again in our three-component process to react selectively at the available amine site to give
even more functionalized peptidomimetic heterocycles (e.g. 47).

Scheme 3.
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In summary, we have shown that organoboronic acids and 1,2-diamines can serve as versatile
precursors for the synthesis of peptidomimetics, such as 8 and 11. This direct approach to such
complex heterocycles from readily available components is very useful for the synthesis of
combinatorial libraries of these potentially bioactive molecules. Further use of this chemistry for
the synthesis of other heterocyclic systems is currently under way.
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