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Abstract—Five-dimensional libraries of dipeptide amides are readily prepared using a solid-phase tandem Petasis–Ugi multi-com-
ponent condensation protocol on either a RINK amine or Universal RINK isonitrile resin. The method is practical and can be
automated to prepare a large number of compounds useful for high throughput biological screening. © 2003 Elsevier Science Ltd.
All rights reserved.

The traditional boundaries of medicinal and organic
chemistry have broadened substantially during the past
decade in part due to the emergence of solid-phase
methods for multi parallel synthesis.1 Diversity-
directed, thematic, and project driven libraries have all
been prepared using solid supports, testifying to the
utility of this enabling technology to facilitate drug
discovery and material science.2 Similarly, multi-com-
ponent condensations (MCC) have also changed the
landscape of organic and medicinal chemistry due to
their ability to efficiently generate large libraries of
compounds in one or two synthetic steps.3 Further-
more, a strategy of using two MCC’s in tandem can
lead to an exponential increase in diversity compared
with either MCC alone.4 We have recently reported a
tandem Petasis–Ugi (Pt–U) MCC in which the Petasis

boronic acid–Mannich reaction can be used to prepare
carboxylic acids containing three points of diversity.5

These products can then in turn be employed as one of
the components in the Ugi reaction, subsequently lead-
ing to six-dimensional libraries (Scheme 1). In our
continuing efforts to develop automated methods to
prepare large libraries of low molecular weight com-
pounds for drug discovery, we herein report the viabil-
ity of the tandem Pt–U MCC for solid-support
synthesis using examples with both amine (Table 1) and
isonitrile (Table 2) resin-based components. Our initial
proof-of-concept studies focused on the use of the
commercially available Fmoc-protected RINK amine
resin, which should provide dipeptide amides 2 (Table
1). The major advantage of this protocol over a classi-
cal Ugi MCC, is that the diversity elements on the

Scheme 1. Tandem Petasis–Ugi multi-component condensation.
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Table 1. Tandem Petasis–Ugi multi-component condensation reaction using a RINK solid-support amine component6

Table 2. Tandem Petasis–Ugi multi-component condensation reaction using a RINK solid-support isonitrile component7
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amine terminus are readily controlled with the Petasis
MCC. Several examples of this concept were explored
and results are summarized in Table 1. In each case
the products obtained after cleavage from the resin
were purified by column chromatography and the
yields were moderate ranging from 22 to 50%. The
method is practical and as described in the general
procedures, the intermediate Petasis amino acid 1 can
be used without purification. Given the large number
of commercially available secondary amines, aryl-
boronic acids, and aldehydes, millions of compounds
are accessible via this method. As expected, a mixture
of diastereomers as obtained in all cases (2b–g). Hav-
ing established the viability of this tandem Pt–U
MCC on a RINK amine solid support, we next
examined the possibility of using a resin linked isoni-
trile component.8 Application of this reagent to the
tandem Pt–U reaction (Table 2) successfully provided
the expected dipeptide primary amides 3. Again, the
yields are only moderate (31–72%) and a mixture of
diasteremers was obtained.

In summary, we have developed a tandem Pt–U
MCC reaction sequence using solid-support amine
and isonitrile components, which provides dipeptide
amides (2 and 3) in moderate yields. Significantly, this
tandem MCC strategy is a practical method, which
can be automated to provide very large, diverse com-
pound collections for drug discovery.
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6. General procedure for the tandem Petasis–Ugi multi-com-
ponent condensation reaction using a RINK amine compo-
nent (Table 1): To a stirred mixture of glyoxylic acid
monohydrate (0.582 g, 6.32 mmol) in CH2Cl2 (33 mL)
was added heptamethyleneimine (0.715 g, 6.32 mmol)
followed by 4-methoxyphenylboronic acid (0.96 g, 6.32
mmol). The resulting mixture was stirred at ambient
temperature for 48 h and after this time, the CH2Cl2
was removed under reduced pressure. To an oven-dried
solid-phase reaction vessel was added Fmoc protected
RINK resin (1.08 g, 0.76 mmol, ACT, 0.7 mmol/g, 100–
200 mesh) and treated with 25% piperidine/DMF (15
mL, 2×15 min). After this time, the resin was drained
and washed with DMF (3×5 mL), MeOH (3×5 mL),
CH2Cl2 (3×5 mL). The resin was dried under vacuum
for 20–30 min. To this reaction vessel was added
CH2Cl2/MeOH (30 mL, 4:1) followed by 3-phenylpropi-
onaldehyde (0.671 g, 5 mmol), 1g (1.39 g, 5 mmol) and
then 2,6-dimethylphenylisocyanide (0.656 g, 5 mmol).
The reaction vessel was agitated for 24 h. After this
time, the resin was drained and washed with DMF (3×5
mL), MeOH (3×5 mL), DCM (3×5 mL). The product
were now cleaved from the resin with 40%TFA/DCM/
0.5%TIPS (2×15 mL, 2×15 min each) and finally washed
with DCM (2×15 mL). The combined solutions were
removed and dried under reduced pressure. The residue
was purified by chromatography (silica gel,
EtOAc:hexanes) to give 0.130 g (32%) of 2g as a 50:50
mixture of racemic diastereomers. Analytical HPLC:
Polaris C18 column (4.6×250 mm, 3 �m particle size),
mobile phase 0.1% aqueous phosphoric acid/CH3CN lin-
ear gradient over 30 min, 1 mL/min, two peaks detected
by ELS and UV at 215 nm, tR=13.03 and 13.09 min.
2g: Rf=0.28 (4% MeOH:CH2Cl2); white solid, mp 86–
87°C; 1H NMR (CDCl3, 300 MHz): �=1.18–1.83 (m,
19H), 1.88 (s, 6H), 2.20 (s, 6H), 2.21–2.48 (m, 6H),
2.61–2.86 (m, 5H), 3.15–3.23 (m, 6H), 3.77 (s, 3H), 3.79
(s, 3H), 4.12 (t, 1H), 4.61 (t, 1H), 5.32 (s, 1H), 5.41 (s,
1H), 6.55 (d, 2H), 6.70 (d, 2H), 6.79 (d, 2H), 6.96 (d,
2H), 6.98–7.39 (m, 14H), 7.49 (d, 2H), 8.62 (br., 1H),
10.03 (br., 1H), 10.20 (br., 1H), 10.64 (br., 1H); 13C
NMR (CDCl3, 75 MHz): 18.4, 18.6, 21.5, 22.5, 23.1,
23.6, 24.4, 24.8, 25.3, 25.7, 37.8 (11C), 44.34, 50.7, 54.0,
55.9, 57.7, 59.1, 70.3, 70.5 (8C), 115.8, 120.1, 127.9,
128.7, 131.8, 133.7, 135.5, 162.1 (8C), 169.6, 170.4 (2C);
LCMS (ELSD): 542 (M+H+); HRMS: 542.335742 [calcd
for C34H43N3O3 542.338268 (M+H)+].

7. General procedure for the tandem Petasis–Ugi multi-com-
ponent condensation reaction using a RINK isonitrile com-
ponent (Table 2): To a solution of amino acid 1a (0.194
g, 0.7 mmol) in methanol was added isobutyl amine
(0.0512 g, 0.7 mmol) followed by the addition of phenyl-
acetaldehyde (0.094 g, 0.7 mmol). To this mixture was
added 4 ml of tetrahydrofuran, the resulting mixture was
then pipetted onto dry RINK isonitrile resin (0.200 g,
0.14 mmol). This mixture was then allowed to react for
12–16 h, after this time the resin was drained and
washed with DMF, methanol, CH2Cl2. The product was
removed from the resin by cleaving with a stock solution
of 15% trifluoroacetic acid, 0.5% triisopropylsilane, in
CH2Cl2 for 15 min. The cleavage mixture was evapo-
rated to dryness then purified by preparative thin layer
chromatography (silica gel, 30% hexanes:EtOAc). 3a:
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Rf=0.28 (4% MeOH:DCM); white solid, mp 86–87°C; 1H
NMR (CDCl3, 300 MHz): �=0.88–0.92 (m, 6H), 1.2–2.1
(m, 13H), 2.2 (s, 6H), 3.0–3.7 (m, 8H), 3.3 (s, 3H), 3.8 (s,
3H), 5.02 (t, 1H), 5.9 (s, 1H), 7.0 (d, 2H), 7.0–7.1 (m, 3H),
7.59 (d, 2H), 8.3 (s, 1H); 13C NMR (CDCl3, 75 MHz):
18.4, 18.6, 21.5, 22.5, 23.1, 23.6, 24.4, 24.8, 25.3, 25.7, 37.8
(11C), 44.34, 50.7, 54.0, 55.9, 57.7, 59.1, 70.3, 70.5 (8C),

115.8, 120.1, 127.9, 128.7, 131.8, 133.7, 135.5, 162.1 (8C),
169.6, 170.4 (2C); LCMS (FIA/ESI): 500 (M+H+); HRMS:
500.289502 [calcd for C31H37N3O3 500.291317 (M+H)+].
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