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Scheme 1. Preparation of oxazepine 4a via thre
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An intramolecular Ugi reaction of 3-carboxy tethered sugar aldehyde with aryl amines and isocyanides
has been accomplished to produce a novel class of carbohydrate derivatives, 3-oxo-4-aryl-octahydrof-
uro[2,3-f][1,4]oxazepine-5-carboxamides in good yields. The stereochemistry of the products was
assigned by NMR studies. This is the first report on intramolecular Ugi reaction of 3-carboxy tethered
sugar aldehyde, aryl amine, and isonitrile.

� 2012 Elsevier Ltd. All rights reserved.
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In recent years; the pharmaceutical industry has focused more
and more on diversity-oriented combinatorial libraries.1 Multi-
component reactions (MCRs) are powerful tools for generating
combinatorial libraries to drug discovery.2 MCRs are atom efficient
and are extremely convergent, producing a high molecular com-
plexity in a single step process.3 Of these, isocyanide based MCRs
such as Ugi4 and Passerini reactions are the most popular especially
in medicinal chemistry.5 The ability of isonitriles to undergo facile
addition either with nucleophile or with electrophile under mild
conditions makes them useful reactants for the development of
novel MCRs.6,7 Recently, a new version of isocyanide-based MCRs
with keto acids have been developed as bifunctional reagents.8

The coupling of keto acids with amines and isocyanides provides
the carbamoyl derivatives of four-, five-, six-, seven-, and eight-
membered lactams.9–11 However, to the best of our knowledge,
ll rights reserved.
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there are no reports on the isocyanide-based Ugi reaction of bifunc-
tional sugar aldehydo carboxylic acid, aryl amine, and isonitrile.

Following our interest on the synthesis of sugar annulated
heterocycles12 we herein report a novel strategy for the synthesis
of N-alkyl-3-oxo-4-aryl-octahydrofuro[2,3-f][1,4]oxazepine-5-car-
boxamide derivatives via intramolecular Ugi reaction. Initially, we
attempted the coupling of p-toluidine (1) with 3-carboxy sugar
aldehyde (2) and cyclohexyl isocyanide (3). Interestingly, the
H3OO
H6' H6

Figure 1. Characteristic nOe’s and energy-minimized structure of 4a.
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Figure 2. X-ray crystal structure of 4f.

Table 1
Sugar based intramolecular Ugi reaction

Entry Aryl amine (1) Isonitrile (3) Producta (4) Time (h) Yieldb (%)

a

NH2

Me

NC

O

O

ON

O
O

OHNMe
10 82

b

NH2

Cl

NC

O

O

ON

O
O

OHNCl
10 77

c

NH2 NC

O

O

ON

O
O

OHN
12 72

d

MeO

NH2 NC

O

O

ON

O
O

OHNMeO

13 78

e

NH2 NC

O

O

ON

O
O

OHN
11 84
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Table 1 (continued)

Entry Aryl amine (1) Isonitrile (3) Producta (4) Time (h) Yieldb (%)

f

NH2
NC

O

O

ON

O
O

OHN
10 83

g

NH2 NC

O

O

ON

O
O

OHN

13 75

h

NH2

Cl

NC

O

O

ON

O
O

OHN

Cl

13 70

i

NH2

Me

NC

O

O

ON

O
O

OHNMe

13 72

j

NH2 NC

O

O

ON

O
O

OHN
10 83

a All the reactions were characterized by NMR, IR, and mass spectroscopy.
b Isolated yields after chromatography.
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Scheme 2. A plausible reaction pathway.
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reaction proceeded smoothly in methanol at 50 �C and the desired
sugar annulated oxazepine derivative 4a was obtained in 82% yields
(Scheme 1).

The stereochemistry of 4a was confirmed by nOe studies. The
presence of strong nOe between H4 and H5 indicates that both
are cis. The nOe cross peaks between H3 and H5 also suggest that
H3 and H5 are also cis to each other. The energy-minimized struc-
ture further supports the assigned structure for 4a (Fig. 1).

The structure of product 4f was further confirmed by X-ray
crystallography (Fig. 2).13

This result provided the incentive for further study of reactions
with various aryl amines such as aniline, p-chloroaniline, p-
methoxyaniline, and o-chloroaniline (Table 1). The 3CC reaction
was also successful with benzyl amine (Table 1, entries c and e).
In all the cases, the reactions are clean and provide the desired oxa-
zepine derivatives in good yields. Other isocyanides such as t-butyl
isocyanide and 1,1,3,3-tetramethylbutyl isocyanide also partici-
pated effectively in this reaction (Table 1, entries c, d and f–i). As
solvent, methanol appeared to give the best results. A variety of
functional groups such as cyclic acetal, N-alkyl amide, and cyclic
lactam are well-tolerated.

Mechanistically, we assume that imine may be formed in situ
from sugar aldehyde and aryl amine. Followed by the attack of iso-
cyanide on imine would give iminolactone. This adduct undergoes
simultaneously an intramolecular cyclization with a secondary
amine to give the seven-membered lactam as depicted in Scheme 2.
The products were fully characterized and confirmed by NMR,
IR, and mass spectrometry. The scope and generality of this process
is illustrated with respect to various aryl amines and isonitriles and
the results are presented in Table 1.14

In summary, we have demonstrated for the first time the sugar
based intramolecular Ugi reaction for the synthesis of highly func-
tionalized furo[2,3-f][1,4]oxazepine derivatives from readily avail-
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able precursors under neutral conditions. It is entirely a new strat-
egy to produce sugar annulated oxazepine derivatives in a single-
step process.
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