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The synthesis of methyl N-(4-nitrophenyl)-3-oxomorpholine-2-carboxylate and ethyl N-(4-nitrophenyl)-
2-oxomorpholine-3-carboxylate, via rhodium(II) acetate catalyzed intermolecular O–H and intramolecu-
lar N–H carbene insertion, is described. The products represent new and versatile building blocks for the
synthesis of bioactive compounds of pharmaceutical interest.
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Figure 1. Envisaged 3/2-oxomorpholine-2/3-carboxylates 3a and 4a and related
compounds.
The morpholin-3-one (1) and morpholin-2-one (2) skeletons
and their derivatives are important synthons for the preparation
of bioactive compounds.1 In the course of our medicinal chemistry
program, aimed at producing dual antithrombotic compounds with
highly overlapping factor Xa inhibitor and fibrinogen receptor
antagonist pharmacophores,2 protected isomeric 4-(4-nitro-
phenyl)-3-oxomorpholine-2-carboxylate 3 and 4-(4-nitrophenyl)-
2-oxomorpholine-3-carboxylate 4 (Fig. 1) were required as key
intermediates in order to functionalize the parent morpholin-
3-one moiety of the lead compound with a negatively charged
carboxylate group (Fig. 2). 2,4-Disubstituted morpholin-3-ones
and 3,4-disubstituted morpholin-2-ones are generally prepared
by either one- or two-bond cyclization reactions1,3–7 or by direct
functionalization of N-substituted morpholin-2/3-ones with
electrophilic reagents at the 2- or 3-position.8–13

Ethyl 3-oxo-4-phenylmorpholine-2-carboxylate (5),14 which
closely resembles 3-oxo-morpholine-2-carboxylate 3, is the only
known 4-phenylmorpholin-3-one derivative bearing a protected
carboxylate group. Compound 5 was prepared by rhodium(II)
acetate catalyzed intramolecular O–H insertion of the carbenoid
intermediate obtained by decomposition of diazo-N-(2-hydroxy-
ethyl)-N-phenylmalonamide ethyl ester.14 No isomeric 2-oxomorph-
oline-3-carboxylate resembling 4 is known in the literature, and an
attempt to prepare structurally related ethyl N-benzyloxycar-
bonyl-2-oxomorpholine-3-carboxylate (6) via an Rh2(OAc)4-cata-
lyzed N–H insertion reaction failed.15
ll rights reserved.
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j).
We report herein the rhodium(II) acetate catalyzed syntheses of
isomeric methyl 4-(4-nitrophenyl)-3-oxomorpholine-2-carboxyl-
ate (3a) and ethyl 4-(4-nitrophenyl)-2-oxomorpholine-3-carboxyl-
ate (4a) (Fig. 1), which are versatile new building blocks for the
synthesis of bioactive compounds of pharmaceutical interest. They
can be functionalized easily at the aromatic nitro group, and they
are key intermediates in the synthesis of factor Xa-inhibitor riva-
roxaban analogues with potential dual antithrombotic activity.2

Although 3-oxomorpholine-2-carboxylates 3 and 5 differ solely
in the p-nitro substituent on the phenyl ring, direct transfer of the
methodology for synthesizing 5, which comprises O1–C2 bond
formation by intramolecular insertion of a carbene generated from
a-diazoester 7 into the O–H bond of the N-(2-hydroxyethyl) moiety
(Fig. 3),14 proved to be unsuccessful in our hands for preparing 3.16
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Scheme 2. Synthesis of ethyl 4-(4-nitrophenyl)-2-oxomorpholine-3-carboxylate
(4a).
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Figure 3. Attempted intramolecular carbene insertion into the O-H bond.
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Figure 2. Evolution of dual antithrombotic compounds requesting development of
synthesis of 3 and 4.
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When 8 was treated with rhodium(II) acetate in dichloromethane,
benzene, tetrahydrofuran or water at room temperature, or with
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Scheme 1. Synthesis of methyl 4-(4-nitrophen
heating, intramolecular carbene insertion into the O–H bond did
not take place. Moreover, the reduced derivative 9, the correspond-
ing phthalimido protected derivative 10, the homologous methyl
2-diazo-3-[(3-hydroxypropyl)(4-nitrophenyl)amino]-3-oxopro-
panoate (11), and methyl 2-diazo-3-{[2-(hydroxymethyl)benzyl]
(4-nitro-phenyl)amino}-3-oxopropanoate (12) could not be cy-
clized by rhodium(II) acetate promoted intramolecular carbene
insertion into the O–H bond. This suggests that the synthetic strat-
egy used for preparing 514 (Fig. 3, top) is not generally applicable
to the synthesis of N-aryl-3-oxomorpholine-2-carboxylates.

Therefore, we explored alternative methods for the synthesis of 3
and found that intermolecular insertion of a carbene, which was
generated by decomposition of a-diazomalonate 15, into the O–H
bond of 2-bromoethanol, prior to the cyclization step, enabled suc-
cessful synthesis of 3a from 4-nitroaniline (13) (Scheme 1). Thus,
methyl 3-[(4-nitrophenyl)amino]-3-oxopropanoate (14), which
was prepared by acylation of 4-nitroaniline with ethyl malonyl chlo-
ride, was subjected to a diazo-transfer reaction using tosyl azide in
the presence of 1,8- diazabicycloundec-7-ene (DBU) to give methyl
2-diazo-3-[(4-nitrophenyl)amino]-3-oxopropanoate (15), which
afforded methyl 2-(2-bromoethoxy)-3-[(4-nitrophenyl)amino]-
3-oxopro-panoate (16)17 on stirring with 2-bromoethanol in the
presence of rhodium(II) acetate at room temperature. Finally, 16
gave methyl 4-(4-nitrophenyl)-3-oxomorpholine-2-carboxylate
(3a)18 via intramolecular nucleophilic substitution.

In an attempt to access isomeric 4-(4-nitrophenyl)-2-
oxomorpholine-3-carboxylate 4, we combined our earlier observa-
tion that O-acylation of 2-[(4-nitrophenyl)amino]ethanol (17) is
preferred over N-acylation, with expected rhodium(II)-catalyzed
N–H insertion of a carbene generated from a-diazomalonate 19.
Thus, O-acylation of 17 with ethyl 3-chloro-2-diazo-3-oxopropan-
oate (18)14 in the presence of triethylamine gave 1-ethyl 3-{2-[(4-
nitrophenyl)amino]ethyl}-2-diazomalonate (19), which afforded
4a via rhodium(II) acetate catalyzed intramolecular N–H carbene
insertion (Scheme 2).19

We did not study the reaction scope with different substituents
on the morpholinone and phenyl rings because the p-nitro group
was indispensable for synthetic elaboration of 3 and 4 toward
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potential dual antithrombotic compounds, and because the pres-
ence of other substituents on both rings was expected to decrease
factor Xa-inhibitory and fibrinogen receptor antagonistic activity.
Alternative rhodium ligands were not studied because it is known
that some of them, for example, with a perfluorocarboxamide, pro-
mote aromatic C–H insertion.14

In conclusion, we have developed successful strategies for the
rhodium(II) acetate catalyzed preparation of methyl 4-(4-nitro-
phenyl)-3-oxomorpholine-2-carboxylate (3a) starting from 4-nitro-
aniline, and ethyl 4-(4-nitrophenyl)-2-oxomorpholine-3-carboxylate
(4a) starting from 2-[(4-nitrophenyl)amino]ethanol. Both compounds
can serve as versatile new building blocks for the synthesis of bioac-
tive compounds of pharmaceutical interest.
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