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Abstract—Amino acids with three points of diversity generated from the Petasis boronic acid–Mannich reaction can be used as
one of the four components of the Ugi condensation to prepare six dimensional libraries of dipeptide amides. © 2002 Published
by Elsevier Science Ltd.

The rapid, automated synthesis of molecular diversity
to fuel high throughput biological screening for lead
generation as well as the synthesis of directed libraries
for subsequent lead optimization has evolved into an
effective strategy to accelerate drug discovery.1 Indeed,
during the past decade combinatorial chemistry has
provided access to greatly expanded chemical collec-
tions of drug-like compounds using practical synthetic
methods, which proceed in high yields and product
purities.2 Among the most useful methods, which have
emerged to meet this synthetic challenge, are the multi
component condensations (MCC),3 due to their ability
to efficiently generate large numbers of compounds in

one or two synthetic steps. Examples of MCC reactions
include the Ugi,4 Passerini,5 Biginelli,6 and the Petasis
boronic acid–Mannich reaction.7 Most of these as well
as other MCC have been used to generate combinato-
rial libraries useful for pharmaceutical discovery.8

Following a strategy in which two MCCs are used in
tandem can lead to even greater diversity compared
with either MCC alone. For example, if ten building
blocks are used in a three-component condensation,
1000 distinct compounds are produced, but if a three
component and a four-component condensation are
used in tandem (producing in effect a six component

Scheme 1. Tandem Petasis–Ugi multi component condensation.
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condensation), the number of distinct compounds
increases to 1,000,000. In this context, we hypothesized
that the Petasis boronic acid–Mannich reaction could
be used to prepare carboxylic acids containing three
points of diversity, and that these products could in
turn be employed as one of the components of the Ugi
reaction, subsequently leading to six dimensional
libraries (Scheme 1).

Although there is precedent for combinations of
MCC,3,9 to our knowledge a tandem Petasis–Ugi MCC
reaction (Pt3CC+U4CC=Pt-U6CC) has not been
reported.10 We first examined the practicality of a

tandem Pt-U6CC by using commercially available N,N-
dimethylglycine (1a, R1=R2=CH3; R3=H) as a model
Petasis amino acid substrate for the Ugi reaction. In
spite of our concerns, that the tertiary amine present in
1a could retard formation of the protonated imine
necessary for the success of the Ugi reaction,4 the
desired product 2a (Table 1) was obtained in 42% yield
after purification. Encouraged by this result, 1b was
subsequently prepared via standard experimental
conditions7 (1 equiv. of each reaction component in
DCM, room temperature, 48 h). After removal of
DCM, crude 1b was dissolved in MeOH and treated
with the Ugi reaction components. Stirring for 24 h at

Table 1. Tandem Petasis–Ugi multi component condensation reaction
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room temperature, produced the tandem Pt-U6CC
product (2b) in 54% yield after purification. As
expected, the product consisted of a 50:50 mixture of
racemic diastereomers (LC-MS). The yield could be
improved by using excess of all components relative to
the isonitrile; e.g. 2f was obtained in 73% yield by
limiting 2,6-dimethylphenylisonitrile to 0.8 equiv.11 In
this example, the racemic diastereomers (1:1) were sepa-
rated by preparative RP-HPLC and characterized by
H, C NMR, and HRMS. Remarkably, isomer A (tR=
8.4 min) is a low melting solid (mp 49–50) and exists in
CDCl3 as a 1:1 mixture of rotamers, but isomer B
(tR=9.6 min) is a crystalline solid (mp 144–145) and
exists in CDCl3 as a single rotamer. Using an optically
active amine for the Petasis boronic acid–Mannich
reaction gave 1g as a 70:30 mixture of diastereomers.
Subsequent Ugi condensation provided 2g in 32% yield
and the same isomeric ratio. Hydrazines can also par-
ticipate in the tandem Pt-U6CC (2h), which is consis-
tent with our earlier observations.10b

In summary, we have demonstrated that the Petasis
boronic acid–Mannich (three-component) condensation
can be performed in tandem with the Ugi (four-compo-
nent) condensation to provide access to six dimensional
libraries using practical reaction conditions. This
method expands considerably the synthetic versatility
of multi-component condensations for the preparation
of large, diversity-driven libraries for drug discovery.
Application of this methodology to the preparation of
low molecular weight heterocyclic scaffolds10 will be
reported in due course.
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