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Abstract: The Ugi four-component condensation (4CC) reaction
with the carbonate-type isonitrile 9 proceeded smoothly, and subse-
quent base treatment of the Ugi products 10 provided the N-acylox-
azolidinones 11 in high yield. The N-acyloxazolidinones
derivatives can be reacted with several hetero-nucleophiles, name-
ly, reaction of 11 with thiolates gave thiol ester derivatives 16 effi-
ciently.
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Multi-component reactions (MCRs) have attracted much
attention because of their use in the construction of com-
binatorial libraries.1 In particular, the Ugi four-component
condensation (Ugi’s 4CC)2 has been widely employed
since it provides various a-amino amide derivatives 1 by
a simple experimental procedure under mild conditions.1b

These products possess a drug-like structure and could be
responsible for a variety of important biological activities.
Moreover, the great facility of the condensation to form
amide bonds also permits the efficient total synthesis of
complex natural products.3

Although numerous reports of the Ugi 4CC reaction have
been published, inherent problems in the stereoselective
construction of the a-position4 and cleavage of the C-ter-
minal amide still need to be solved. Due to the limited va-
riety of isonitriles available in comparison with the other
components, incorporation of other diverse functional
groups at the C-terminal amide (R-groups) has been re-
quired for the generation of these libraries (Scheme 1).5–11

Recently, the 4CC reaction with the convertible isonitriles
2 and 3 was reported by Armstrong and Ugi, respectively

(Figure 1). In the case of Armstrong’s 1-cyclohexenyl iso-
cyanide (2),5 the nucleophilic addition to the amide bond
of the Ugi products was readily carried out under acidic
conditions. On the other hand, the condensation product
derived from the isocyanoalkyl alkyl carbonates 3 report-
ed by Ugi was converted to the corresponding a-amino es-
ter derivatives 6 by treatment with base.6 As shown in
Scheme 2, this reaction would take place via the forma-
tion of the N-acyloxazolidinones 5 by cyclization of the
amide anion onto the carbonate of 4 followed by addition
of the alkoxide (–OR) and elimination of the oxazolidino-
ne. Thus, using an isonitrile 9 similar to the Ugi convert-
ible isonitrile 3, we expected to obtain the N-
acyloxazolidinones from the Ugi products. Since the C–N
bond in the N-acyloxazolidinones can be cleaved by sev-
eral nucleophiles under mild conditions, this protocol
would allow the production of numerous analogues.

Here we describe the Ugi 4CC reaction with the novel
isonitrile 9 and a convenient procedure for conversion of
the Ugi products by cleavage of the C-terminal amide
bond.

Figure 1 Convertible Isonitriles

Scheme 2 Ugi approach

Our working hypothesis for the isonitrile 9 is based on the
theory that the phenoxide anion would not attack the N-
acyloxazolidinone of 5, because of its weak nucleophilic-
ity (pKa = 10). Preparation of the isonitrile 9 was per-
formed according to the Ugi protocol.6,12 Upon treatment

Scheme 1 Ugi 4CC and its limitations

D
ow

nl
oa

de
d 

by
: G

eo
rg

et
ow

n 
U

ni
ve

rs
ity

 M
ed

ic
al

 C
en

te
r.

 C
op

yr
ig

ht
ed

 m
at

er
ia

l.



42 K. Rikimaru et al. LETTER

Synlett 2004, No. 1, 41–44 © Thieme Stuttgart · New York

of 4,4-dimethyloxazoline (7)13 with n-BuLi, smooth
deprotonation and elimination gave the b-isocyanoalkox-
ide 8. Subsequent protection of the alkoxide intermediate
by phenyl chloroformate afforded the isonitrile 9
(Scheme 3). The isonitrile 9 has the advantage of being
odorless and stable under silica gel chromatographic puri-
fication.

Scheme 3 Preparation of isonitrile 912

With the requisite isonitrile 9 in hand, the Ugi 4CC reac-
tion of the combined aromatic and/or aliphatic amines, al-
dehydes and carboxylic acids was carried out.14 As shown
in Table 1, the 4CC proceeded smoothly to give the de-
sired a-amino amide derivatives 10a–g in almost quanti-
tative yields. In the case of entry 7, a relatively higher
temperature was needed for the completion of the reac-
tion. Next, we turned our attention to the transformation
of the Ugi products 10a–g to the N-acyloxazolidinones
11a–g.15 After several attempts at cyclization, treatment
with t-BuOK in THF in the presence of molecular sieves
4 Å (MS 4 Å) gave the best results. As shown in Table 2,
the desired cyclization proceeded smoothly to afford the
N-acyloxazolidinones 11a–g in more than 80% yield. As
expected, the nucleophilic attack of the phenoxide anion
on the N-acyloxazolidinones did not occur. Furthermore,
MS 4 Å play a key role in preventing hydrolysis of the
starting materials and/or products by moisture.16

Since the C–N bond in N-acyloxazolidinones is activated
by two carbonyl groups, cleavage of the amide bonds was
accomplished readily by addition of a hetero-nucleophile
or via LiBH4 reduction, similar to the Evans
oxazolidinones17–19 (Scheme 4). Among the possible nu-
cleophiles, thiol groups would be attractive, since the thiol
esters could be converted into the corresponding
aldehydes20a or ketones20b in the presence of a palladium
catalyst. The Pd-mediated reduction by triethylsilane and
alkylation with zinc reagents of the thiol esters were de-
veloped by our group. The conversion of the N-protected
a-amino carbonyl compounds proceeded readily under
neutral conditions. Recently, we also reported that thiol
esters, derived from odorless n-dodecanethiol,21 could be
applicable to the Pd-mediated reaction instead of
ethanethiol.22 Thus, upon treatment of the N-acyloxazoli-
dinones 11a–g with lithium thiolate generated from n-
BuLi and n-dodecanethiol, the conversion proceeded
smoothly to give the n-dodecanethiol esters 16a–g
(Table 3).23,24

Scheme 4 Transformation from N-acyloxazolidinones

In conclusion, we have developed a highly efficient, ver-
satile synthetic method for a-amino acid derivatives by
means of the Ugi 4CC reaction with a newly developed
isonitrile 9. As summarized in Scheme 5, the choice of
the appropriate components, acids (X), amines (Y) and
aldehydes (Z) and/or nucleophiles (R) for the N-acyl-

Table 1 Ugi 4CC Reaction with Isonitrile 914

Entry X Y Z Temp 
(°C)

Time 
(min)

Yield (%)

1 Ph Bn i-Pr r.t. 60 91 (10a)

2 Ph Bn H r.t. 10 88a (10b)

3 Ph Bn Me r.t. 10 83 (10c)

4 Ph Bn Ph r.t. 60b 88 (10d)

5 Me Bn i-Pr r.t. 60 98 (10e)

6 Ph Ph i-Pr r.t. 10 99 (10f)

7 Ph Ph Ph 70 60b 89 (10g)

a Small amounts of inseparable impurities were detected by 1H NMR;
b The starting material remained

Table 2 Formation of Oxazolidinone Rings15

Entry X Y Z Temp 
(°C)

Time 
(min)

Yield (%)

1 Ph Bn i-Pr 0 10 83 (11a)

2 Ph Bn H 0 10 85 (11b)

3 Ph Bn Me 0 10 90 (11c)

4 Ph Bn Ph 0 10 89 (11d)

5 Me Bn i-Pr 0 10 95 (11e)

6 Ph Ph i-Pr 0 10 82 (11f)

7 Ph Ph Ph 0 10 86 (11g)
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oxazolidinones and thiol esters would allow us to synthe-
size a variety of N-acylamino acid derivatives.

Further applications of this methodology to the syntheses
of a range of peptidomimetic derivatives and/or natural
products are under investigation in our laboratories.
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Figure 2
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