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Multiple component condensation (MCC) reactions are
well suited for combinatorial library synthesis, due to the
fact that products are formed in a single step and
diversity can be achieved by simply varying each com-
ponent.1 In a Ugi four-component condensation (4CC)
reaction,2 a carboxylic acid, a primary amine, an alde-
hyde, and an isocyanide react in an one-pot manner to
afford an N-substituted acyl amino amide (Scheme 1),
introducing four independently varying R groups in one
reaction.

Although a large diversity can be quickly achieved
through the 4CC reaction, the scaffolds that are acces-
sible through the 4CC reaction are limited. Efforts have
been made to broaden the scope of structures that are
accessible by the 4CC reaction, either through post-
condensation transformations or by using bifunctional
starting materials. For instance, pyrroles, diketopipera-
zines, and 1,4-benzodiazepine-2,5-diones were synthe-
sized through post-condensation transformations by us-
ing a convertible isocyanide, 1-isocyanocyclohexene.3
â-Lactams and piperazine-2-carboxamides were also
prepared by post-condensation transformations using
functionalized starting materials.4

Another strategy to increase scaffold diversity is to use
bifunctional starting materials, in which the participating
functional groups of two components of the 4CC reaction
are present in one structure. Several groups have re-
ported the use of â-amino acids in a three-component
condensation (3CC) reaction to prepare â-lactams.2,5

Others reported the synthesis of γ-lactams by a 3CC
reaction using ω-keto acids on solid support.6

We have explored the 3CC reactions using bifunctional
starting materials that have an aldehyde functional
group and a carboxylic acid functional group to prepare
various lactam structures. Although the possibilities of
using aldehyde-carboxylic acid bifunctional starting

materials to prepare lactams were proposed by Ugi,7 to
our knowledge, examples of such reactions have not been
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reported, possibly due to the limited number of available
bifunctional starting materials.6b A careful search of the
commercially available chemicals turned up quite a few
interesting bifunctional molecules that contain both an
aldehyde and a carboxylic acid, such as succinic semial-
dehyde, 2-formylbenzoic acid, 1,8-naphthaldehydic acid,
and 2-formylphenoxyacetic acid. Many others can be
prepared conveniently.9 Here, we report the synthesis of
heterocyclic structures with unique 5-, 6-, 7-, and 8-mem-
bered rings, such as 2-pyrrolidinone-5-carboxamides (1),
2-isoindolinone-7-carboxamides (2), 1,8-naphtha-δ-lactam
(3), 1,4-benzoxazepin-3-one-5-carboxamides (4), and 1,5-
dibenzoxazocin-4-one-6-carboxamides (5), through 3CC
reactions using appropriate aldehyde-carboxylic acid
bifunctional starting materials (Scheme 2).

Starting with succinic semialdehyde, we found that
succinic semialdehyde reacted with primary amines and
isocyanidestoform2-pyrrolidinone-5-carboxamides(Scheme
2) in high yields. For example, succinic semialdehyde
reacted with benzylamine and phenylethyl isocyanide at
room temperature overnight to afford compound 1a in
93% yield. The succinic semialdehyde used in this experi-

ment was in a water solution, indicating that water did
not interfere with the reaction. In general, the 3CC
reactions of succinic semialdehyde are robust and high
yielding. The yields of some of the tested reactions are
listed in Table 1.

2-Formylbenzoic acid reacted with primary amines and
isocyanidestogive2-isoindolinone-7-carboxamides(Scheme
2). Various amines and isocyanides were incorporated
into this structure with moderate to high yields (Table
1). For example, 2-formylbenzoic acid reacted with 4-(tert-
butoxycarbonylamino)butylamine and tert-butyl isocya-
nide at room temperature overnight to afford 2a in 87%
yield. These reactions of succinic semialdehyde and
2-formylbenzoic acid demonstrated that 5-membered
cyclic lactams can be prepared through a 3CC reaction.

On the other hand, 1,8-naphthaldehydic acid reacts
with an amine and an isocyanide to afford a lactam that
has a 6-membered ring (Scheme 2). For instance, 1,8-
naphthaldehydic acid reacted with tryptamine and phen-
ylethyl isocyanide to yield 3a in 84%. Some tested
reactions are listed in Table 1 with moderate yields.

2-Formylphenoxyacetic acid reacts with amines and
isocyanides to afford 1,4-benzoxazepin-3-one-5-carboxa-
mides that have a 7-membered ring (Scheme 2). Com-
pound 4a was synthesized in 70% yield by reacting
2-formylphenoxyacetic acid with N-acetylethylenedi-
amine and methyl 3-(2′-isocyanoethyl)thiopropionate over-
night at room temperature. 2-Formylphenoxyacetic acid
reacted with various primary amines and isocyanides to
afford products in relatively high yields (Table 1).

To expand the structure diversity accessible through
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this type of 3CC reactions, 2′-formylphenoxy-2-benzoic
acid (7) was synthesized and tested in 3CC reactions. As
illustrated in Scheme 3, salicylaldehyde and ethyl 2-bro-
mobenzoate were coupled using a reported diaryl ether
synthesis procedure8 to give diaryl ether 6 in 24% yield.
Hydrolysis of ester 6 provided 2′-formylphenoxy-2-benzoic
acid in nearly quantitative yield. 2′-Formylphenoxy-2-
benzoic acid participates in a 3CC reaction to form a
heterocyclic structure that has an 8-membered lactam
ring (Scheme 2). For instance, 5a was prepared in 33%
yield by reacting 2′-formylphenoxy-2-benzoic acid with
4-(tert-butoxycarbonylamino)butylamine and methoxy-
ethyl isocyanide. The yields of the reactions of 2′-
formylphenoxy-2-benzoic acid with amines and isocya-
nides are relatively low, in the range of 20-40% (Table
1), presumably due to the difficulties of forming that
8-membered ring.

Besides those bifunctional reagents that are com-
mercially available, a variety of them can be synthesized
conveniently. For instance, the synthesis of 2-formylphen-
ylaceticacid,9a3-formylindole-2-carboxylicacid,9b2-formylin-
dole-3-acetic acid,9c 2′-formyldiphenyl-2-carboxylic acid9d

have been reported. In our laboratory, 2-formylphenoxy-
acetic acid derivatives were prepared (Scheme 4) using
substituted phenols. As shown in Scheme 4, phenols were
converted to salicylaldehyde derivatives by the Reimer-
Tiemann reaction.10 Alkylation of the salicylaldehyde
derivatives followed by saponification yielded bifunctional
compound 11, which then reacted with primary amines
and isocyanides to form substituted 1,4-benzoxazepin-3-
one-5-carboxamides (12). In structure 12, four indepen-
dent R groups were introduced through a series of
reactions, thus allowing rapid achievement of diversity.

In conclusion, by using bifunctional starting materials
that have aldehyde and carboxylic acid functional groups
in a 3CC reaction, unique lactam structures were pre-
pared. These new structures broaden the scaffolds that
are accessible through Ugi reactions, and many of them
may represent interesting pharmacophores. Further-
more, these 3CC reactions are amenable to solution-
phase as well as solid-phase combinatorial library syn-
thesis, thus allowing rapid synthesis of relevant small
molecule libraries.

Experimental Section
1H NMR spectra were recorded using 60 or 200 MHz NMR

spectrometers. Chemical shifts were referenced with TMS as the
internal standard. HPLC was run on a 0.4 × 10 cm C18 column
with 0.1% TFA water as buffer A and acetonitrile as buffer B.

Synthesis of Compound 2a. To 2.0 g (13.3 mmol) of
2-formylbenzoic acid in 10 mL of methanol was added 2.5 g (13.3
mmol) of 4-(tert-butoxycarbonylamino)butylamine and 1.4 mL
(13.3 mmol) of tert-butyl isocyanide. The resulting solution was
stirred at room temperature overnight. TLC showed that the
reaction was complete after the incubation. Volatile solvent was
then removed in vacuo. The remaining residue was purified by
flash chromatography eluted with 1:1 hexane/ethyl acetate to
afford 4.6 g (87%) of the purified product. FAB-MS: found [M +
H]+ ) 404, calcd [M + H]+ ) 404. 1H NMR (CDCl3): δ 7.67 (m,
4H), 5.85 (s, 1H), 4.95 (s, 1H), 3.20 (m, 4H), 1.58 (m, 4H), 1.43
(s, 9H), 1.29 (s, 9H).

Synthesis of Compound 4a. To 0.5 g (2.78 mmol) of
2-formylphenoxyacetic acid in 5.0 mL of DMSO were added 0.28
g (2.78 mmol) of N-acetylethylenediamine in 5.0 mL of methanol
and 0.52 g (2.78 mmol) of ethyl 3-(2′-isocyanoethyl)thiopropi-
onate. The reaction solution was stirred at room temperature
overnight followed by removal of the volatile organic solvent in
vacuo. Then 20 mL of water was added to the remaining solution,
and the solution was extracted with 20 mL of ethyl acetate 5
times until no reaction product was left in the water layer. The
combined extract was dried with sodium sulfate and concen-
trated. Compound 4a was then purified on a silica flash column
eluted with 10:1 ethyl acetate/methanol to obtain 0.85 g (yield
is 70%). FAB-MS: found [M + H]+ ) 452, calcd [M + H]+ )
452. 1H NMR (CDCl3): δ 7.31 (m, 4H), 6.60 (t, 1H), 4.96-4.00
(m, 3H), 3.60 (s, 3H), 3.54-3.36 (m, 6H), 2.61 (m, 6H), 1.90 (s,
3H).

Supporting Information Available: Synthetic proce-
dures and 1H NMR, IR, and MS spectra of phenylethyl
isocyanide, methoxyethyl isocyanide, methyl 3-(2′-isocyanoeth-
yl)thiopropionate, compound 1, 3, 5, 6, 7, 8, 9, 10, 11, and 12.
This material is available free of charge via the Internet at
http://pubs.acs.org.
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