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An Efficient Procedure for the Synthesis of Morpholin-2-one-3-carboxamide
Derivatives in Good Diastereoselectivity by the Ugi Reaction
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Abstract: A series of 5-substituted morpholin-2-one-3-carbox-
amide derivatives were efficiently synthesized by a Ugi three-
component reaction involving chiral 5,6-dihydro[1,4]oxazin-2-one
substrates, isocyanides and carboxylic acids. The newly formed
chiral center in the product was obtained in good diastereoselectiv-

1ty.
Key words: Ugi reaction, isonitrile, multicomponent reaction,
diastereoselectivity, morpholin-2-one

The Ugi reaction is a very efficient tool that has been used
to quickly prepare various pharmacological compounds,
such as peptides and heterocyclces, and is widely applied
in combinatorial and medical chemistry.! Morpholinone
derivatives have attracted much attention due to their po-
tential biological and synthetic applications.? In 2001, the
synthesis of morpholin-2-one-5-carboxamide (I) through
the Ugi condensation was described by Kim and co-work-
ers (Figure1).? In a subsequent study, the morpholin-2-
one compounds were found to exhibit potent and selective
T-type Ca®* channel blocking activities.* However, to our
best knowledge, construction of the morpholin-2-one-3-
carboxamide skeleton (II) has not yet been reported.
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Figure 1

Herein, we wish to present a new Ugi three-component
reaction (U-3CR) based on 5,6-dihydro[1,4]oxazin-2-one
substrates 1 with isocyanides 2 and carboxylic acids 3 that
can be used to effectively synthesize morpholin-2-one-3-
carboxamide derivatives 4 (Scheme1). Such compounds
contain the 2-amidomalonyl subunit, which is present in
numerous bioactive and pharmacological compounds.?

Chiral 5,6-dihydro[1,4]oxazin-2-ones la—c (Figure2), as
preformed cyclic imines for the Ugi reaction, were conve-
niently prepared from the corresponding natural (S)-ami-
no alcohols by literature procedures.® Optimal conditions
were then sought for the Ugi reaction of 1a with ferz-butyl
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Scheme 1 The Ugi three-component reaction of 1
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isocyanide (2a) and acetic acid (3a), which was used as a
model reaction (Table 1).
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1a: R' = CH,OTBDPS, R2=H 2a: R®=tBu 3a: R*=Me
1b: R' = Ph, R2=H 2b: R®= n-Bu 3b:R*=H
1c:R'=Bn, R2=H 2¢: R3=Bn 3c: R*=Ph
1d: R' = Ph, R2= Me 2d: R® = MeO,CCH,

2e:R® =Ph

Figure 2 Substrates 1 and 2 and 3

Screening of solvents revealed that when the reaction was
performed in 2,2,2-trifluoroethanol (TFE) it proceeded
much faster than in other solvents, to afford 4a in 70%
yield (Table 1, entry 7). Elevating the reaction temperature
did not deliver an improvement in the yields (Table1, en-
try 9). A similar yield was also obtained using CH,Cl, as
solvent but, in this case, prolonged reaction time was nec-
essary for full consumption of 1a (Table 1, entry 5). In the
presence of excess 3a, the required reaction time in
CH,CIl, was shortened, however, only a slight improve-
ment in yield was observed (Table 1, entry 6). Decreasing
the amount of 2a and 3a led to a reduction in both yield
and reaction rate (Table1, entry 7). Reactions performed
in other solvents or at lower temperature often gave di-
minished yield or failed to proceed. Therefore the U-3CR
was preferably carried out in either TFE or CH,Cl, at
room temperature.

Subsequently, under the optimized conditions, various cy-
clic imines, isocyanides and carboxylic acids were reacted
to provide morpholin-2-one-3-carboxamide derivatives 4
in moderate to good yield (Table2).” When formic acid
(3b) was used as the acid component, the reactions were
accelerated dramatically even when less acid was used
(1.5 equiv), due to its stronger acidity (Table2, entry 3 vs
entry 2); the reactions completed at a similar rate and gave
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Table 1 Optimization of the U-3CR with 1a, 2a and 3a*

Entry Solvent Time (h) Temp (°C) Yield of 4a (%)
1 MeOH 3d r.t. 39°

2 toluene 40 r.t. 58

3 THF 40 r.t. trace

4 CH,Cl, 50 r.t. 48°

5 CH,Cl, 50 r.t. 67

6 CH,Cl, 5 r.t. 73¢

7 TFE 4 r.t. 70

8 TFE 6 =30 51

9 TFE 4 60 68

* General conditions: 1a (1 equiv), 2a (2 equiv), 3a (2.2 equiv), r.t.
®1a (1 equiv), 2a (1.5 equiv), 3a (1.6 equiv) were used.
¢1a (1 equiv), 2a (2 equiv), 3a (20 equiv) were used.

yields comparable to those obtained when the reaction
was carried out in TFE (Table2, entry 5 vs entry 6). The
substituents in imines 1 (R!) had no clear influence on the
yield of the reaction (Table2, entries 3, 6 and 11). Aliphat-
ic and aromatic isocyanides were well tolerated in the
reaction. Finally, imine 1d,® containing a methyl group at
R?, was tested under the same reaction conditions. Unfor-
tunately, in these cases, the reactions were sluggish and
the desired product was only obtained in low yield, to-
gether with substantial amounts of N-formamide formed
from hydrolysis of the isocyanide. This could be ex-
plained by the steric hindrance of the methyl group.

As optically active 5,6-dihydro[1,4]oxazin-2-one deriva-
tives have been successfully used to explore asymmetric
Mannich reactions with phenol,*° we were interested in
the possibility of introducing asymmetric induction into
the U-3CR. Until now, controlling the stereochemistry in
the Ugi reaction has been a challenging issue; the limited

number of cases that have delivered good selectivity were
achieved by induction with chiral amines, including 1-
phenylethylamines,'® o-aminoferrocenylamines,'! amino-
sugars'? and some amino acids.'* In most of the examples
above, the chiral auxiliaries need to be subsequently
cleaved from the Ugi products. It is therefore desirable to
develop further asymmetric Ugi reactions that meet vari-
ous requirements of modern synthetic processes. In prin-
ciple, although two diastereomeric products could be
formed in our reactions, we could not identify two separa-
ble Ugi products by silica gel chromatography. Nonethe-
less, examination of the 'H NMR spectra of these
compounds revealed that most proton signals appeared ei-
ther in pairs or as broadened peaks, however, it was diffi-
cult to conclude whether these pairs of signals were due to
rotameric or disastereomeric protons. We also noted that
the choice of the solvent used in the reaction had no effect
on the ratio of the paired signals. For an example, the
products 4b obtained separately in different solvents
(CH,CI1,, TFE and toluene) showed the same ratio of
paired signals (about 3.4:1) in their 'H NMR spectra.
Hence, we decided to carry out further experiments in or-
der to determine the diastereoselectivity of the reaction.

The 'H NMR spectrum of 4f consisted of two sets of peaks
that appeared in a ratio of 1.8 to 1. Lactone 4f was then re-
duced with LiBH, to yield two separable diastereomers Sa
and 5b in 70% and 15% yield respectively (Scheme?2).
The paired signals in the 'H NMR spectra of both products
showed that each product contained two rotamers (5a in a
ratio of 7:1, 5b in a ratio of 2:1). This suggested that the
paired signals in the NMR spectrum did not arise from
two diastereomers but from two rotamers. Otherwise, four
set of peaks should have been observed. We also believe
that the minor isomer Sb was generated from the epimer-
ization of the C-3 chiral center during reduction because
of the highly acidic nature of the H-3 proton due to the
presence of two carbonyl functional groups in 4f.

Table 2 Synthesis of 5-Substituted Morpholin-2-one-3-carboxamide Derivatives 4a—p*

Entry R! R? R3 R* Solvent Time (h) Product Yield (%)
1 CH,OTBDPS H t-Bu Me TFE 4 4a 70
2 CH,OTBDPS H #-Bu Me CH,Cl, 50 4a 67
3 CH,OTBDPS H +-Bu CH,CI, 8 4b 74
4 CH,0TBDPS H n-Bu CH,CI, 12 4c 66
5 Ph H #-Bu CH,CI, 25 4d 71
6 Ph H t-Bu H TFE 2.5 4d 73
7 Ph H CH,CO,Me Me TFE 4 de 78
8 Ph H Bn CH,Cl, 4 4f 58
9 Ph H CH,CO,Me H CH,CI, 4 4g 80

10 Bn H +-Bu CH,Cl, 7 4h 71
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Table 2 Synthesis of 5-Substituted Morpholin-2-one-3-carboxamide Derivatives 4a—p* (continued)

Entry R! R? R? R* Solvent Time (h) Product Yield (%)
11 Bn H t-Bu Me TFE 4 4i 62

12 Bn H t-Bu Ph TFE 5 4j 66

13 Bn H Bn Me TFE 4 4k 55

14 Bn H CH,CO,Me Me TFE 4.5 41 64

15 Bn H CH,CO,Me Ph TFE 5 4m 67

16 Bn H Ph H TFE 5 4n 75

17 Ph Me t-Bu H TFE 30 40 31°

18 Ph Me n-Bu H TFE 40 4p 37

2 Reaction conditions: the reactions were carried out at r.t., and 1, 2 and 3 were used in a ratio of 1:1.5:1.5 (3b as acid component) or 1:2:2.2

(3a or 3c as acid component).
b Carried out at r.t. with 1/2/3 = 1:1.5:2.2.

9 CHO
Bn » N_,Ph _ LiBHy THF N
N I
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5a the major isomer

4t 5b the minor isomer

Scheme 2 Reduction of compound 4f

Starting from optically pure (5)-2-amino-2-phenylethanol
(6), the four-component condensation with ethyl glyoxy-
late (7), 2¢ and 3b was performed in CH,Cl, to give a Ugi
product mixture containing 8 in 70% yield after column
chromatography. The product was then treated with
LiBH, to afford 5a and S5b in a 1:3.5 ratio (Scheme 3). In-
terestingly, a reversal of stereoselectivity was observed
with our U-3CR compared to the normal U-4CR.

NH,

T CH,Cly
+ BnNC + HCO.H
+ H)]\COZEt 2

6 7 2c 3b

Ph

\EPh LB, \[

5a the minor isomer
5b the major isomer

Scheme 3 Ugi four-component reaction for the synthesis of 8 and
subsequent reduction

To further verify the stereoselectivity, the 'H NMR spec-
trum of 4a, in which the paired H-3 (8 = 4.95 and 4.76
ppm) and H-5 (8 = 3.93 and 4.58 ppm) signals from two
isomers were easily distinguishable and not overlapped
with other proton signals,'* was used to determine the
configuration of the products. The observation of NOE

correlation not between H-3 and H-5 but between H-3 and
H-a (8 = 3.70 and 3.52 ppm) of each isomer reveals that
both isomers of 4a have 3,5-trans-configuration, namely
(S)-configuration at C-3 (Figure3). It also confirmed that
the two rotamers of the trans-adduct are responsible for
the paired signals in the NMR spectra. Similarly, in the 'H
NMR spectra of the other Ugi products, almost only one
set of paired peaks was observed. Therefore, cyclic imines
1 have the potential to be used to develop new asymmetric
Ugi reactions. In the reaction, the favorable attack on the
imine from the side opposite to the C-5 substituent gave
the thermodynamically more stable frans-isomer as the
predominant isomer.

NOE correlation

N
t-Bu\N)""és T~ ~OTBDPS
H
0”0

Figure3 Configuration of the Ugi product 4a determined by NOESY
NMR analysis

In conclusion, a new Ugi reaction of chiral 5,6-dihy-
dro[1,4]oxazin-2-one substrates 1, isocyanides 2 and car-
boxylic acids 3 was developed. Using this approach,
morpholin-2-one-3-carboxamide derivatives 4 were effi-
ciently synthesized for the first time, and good diastereo-
selectivity of the new stereocenter at C-3 in the products
was observed. The work will enrich asymmetric Ugi reac-
tions and, currently, an extension of the reaction based on
the cyclic imines is underway.

Supporting Information for this article is available online at
http://www.thieme-connect.com/ejournals/toc/synlett.
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