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ABSTRACT

An unprecedented, PdI 2-catalyzed, sequential oxidative aminocarbonylation −cyclocarbonylation process, leading to 2-oxazolidinone derivatives
3 in good to excellent yields starting from readily available r,r-disubstituted 2-ynylamines 1 and secondary amines 2, is reported. In the case
of an r-monosubstituted substrate, the initially formed 2-oxazolidinone derivative underwent shift of the double bond to give a 3 H-oxazol-2-
one derivative in excellent isolated yield.

2-Oxazolidinones are a very important class of heterocyclic
compounds. Chiral 2-oxazolidinones are widely used as
chiral auxiliaries in many important asymmetric syntheses;1

moreover, oxazolidinone derivatives have shown important
pharmacological properties, in particular as antibacterial
agents.2 The importance of these heterocyclic derivatives
justifies the continuous efforts for developing novel ap-
proaches to their synthesis. A particularly attractive route to
the formation of the 2-oxazolidinone core is based on

annulation of a suitable acyclic precursor, which can allow
the regioselective preparation of the final heterocycle with
the desired substitution pattern.3

We report here a novel synthesis of 2-oxazolidinones3
starting from readily available 2-ynylamines1 and dialkyl-
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amines2 through the concatenation of two catalytic cycles,
both promoted by PdI2, corresponding to oxidative ami-
nocarbonylation of the triple bond followed by cyclocarbo-
nylation (Scheme 1). To our knowledge, this is the first

example of a sequential catalysis leading to 2-oxazolidinone
derivatives starting from acyclic precursors.4,5

Our method consists of the reaction ofR,R-disubstituted
2-ynylamines1 with CO, O2, and dialkylamines2 in the
presence of catalytic amounts of PdI2 in conjunction with
KI and H2O (PdI2/KI/1/2/H2O molar ratio) 1:10:100:500:

500), in DME as the solvent at 100°C and under 20 atm of
a 4:1 mixture of CO/air.

As reported in Table 1, excellent yields of 5-(carbamoyl-
methylene)oxazolidin-2-ones3 (84-98% by GLC, 80-95%
isolated, entries 1-8) were obtained under these conditions
using cyclic secondary amines, such as morpholine2a or
piperidine 2b, as nucleophiles, starting from variously
substituted 2-ynylamines (eq 1).6

Interestingly, the substrate conversion rate and product
yields were only slightly lower when the substrate to catalyst
ratio was raised to 300, as exemplified by the results reported
in entry 9 (to be compared with entry 1).

The reaction was slower using less nucleophilic acyclic
secondary amines, such as diethylamine2c.7 Thus, the
reaction of1awith 2c, carried out with a1a/PdI2 molar ratio
of 50 rather than 100, led, after 24 h, to the corresponding
oxazolidinone3ac in 67% isolated yield at 75% substrate
conversion (entry 10). Substrate conversion and product
isolated yield reached 100% and 79%, respectively, after 48
h (entry 11 and eq 1). Similar results were obtained starting
from 1b (entry 12 and eq 1).

Formation of the oxazolidinone derivative3 can be
rationalized as shown in Scheme 2 (anionic iodide ligands
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carbonyl)methylene]oxazolidin-2-ones by Pd-catalyzed sequential oxidative
carboxylation-methoxycarbonylation ofR,R-dialkyl substituted 2-ynyl-
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G. J. Chem. Soc., Perkin Trans. 11998, 1541-1546. (d) Maggi, R.;
Bertolotti, C.; Orlandini, E.; Oro, C.; Sartori, G.; Selva, M.Tetrahedron
Lett. 2007,48, 2131-2134.
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Scheme 1. Sequential Catalysis Leading to 2-Oxazolidinones3
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are omitted for clarity). The first process corresponds to
oxidative aminocarbonylation of the triple bond of1 to give
the 2-ynamide intermediate4, according to a reactivity that
we disclosed some years ago in the case of simple 1-alkynes.8

In agreement with this hypothesis, no reaction occurred
starting from 2-ynylamines bearing an internal triple bond,
which clearly cannot undergo this kind of reaction.

Intermediate4 is then converted into the carbamoylpal-
ladium complexI through the reaction of the amino group
with PdI2 followed by CO insertion. Attack by water to the
carbonyl ofI followed by intramolecular conjugate addition
then gives intermediateII . Elimination of [Pd(0)+ HI] from

the H-O-C-Pd-I unit ofII eventually affords3. Alterna-
tively, water addition to the coordinated triple bond ofI can
take place to give palladacycle derivativeIII. Reductive
elimination eventually leads to the final product3 and Pd-
(0). In any case, Pd(0) is then reoxidized according to the
mechanism we disclosed some years ago,9 involving oxida-
tion of HI to I2 followed by oxidative addition of the latter
to Pd(0). Thus, formation of3 from 1 takes place through
the concatenation of two catalytic cycles, both promoted by
PdI2: oxidative aminocarbonylation of the triple bond to give
4 followed by oxidative water-driven cyclocarbonylation
(Scheme 1).

According to the mechanistic hypothesis shown in Scheme
2, a key step in the formation of3 is represented by the
nucleophilic attack by water on intermediateI to give
complexesII or III. Thus, water is expected to play an
essential role in the catalytic process. This has been
confirmed by carrying out the same reaction reported in entry
5 but in the absence of added water and in the presence of
molecular sieves 4A: after 5 h reaction time, the substrate
conversion was only 50%, 2-oxazolidinone3ea(Z/E ) 1.75)
being formed in 22% isolated yield. Interestingly, the
formation of 2-ynamide4ea (21% isolated yield) was also
observed under these conditions. In agreement with our
mechanistic hypothesis,4eawas quantitatively converted into
3ea(Z/E ) 2.3) under the conditions of entry 5. This result
further confirms that 2-ynamides4 are the intermediates in
the formation of oxazolidinones3.

Interestingly, in the case of anR-monosubstituted pro-
pargylamine, such as benzyl-[1-(1-ethylpropyl)prop-2-ynyl]-
amine1g, under the same conditions of entry 1, the initially
formed oxazolidinone derivative spontaneously underwent
shift of the double bond into the cycle with formation of a

(8) Gabriele, B.; Salerno, G.; Veltri, L.; Costa, M.J. Organomet. Chem.
2001,622, 84-88.

(9) Gabriele, B., Costa, M.; Salerno, G.; Chiusoli, G. P.J. Chem. Soc.,
Perkin Trans. 11994, 83-87.

Scheme 2

Table 1. Synthesis of 5-(Carbamoylmethylene)oxazolidin-2-ones3 by Sequential Pd-Catalyzed Oxidative
Aminocarbonylation-Cyclocarbonylation of 2-Ynylamines1a

entry 1 R1 R2 R3 2 R2NH PdI2/KI/1/2/H2O molar ratio time (h) 3 yield of 3b (%)

1 1a Bn Me Me 2a morpholine 1:10:100:500:500 5 3aa 98 (94)c

2 1b Bn Et Me 2a morpholine 1:10:100:500:500 5 3ba 96 (90)d

3 1c Bn -(CH2)5- 2a morpholine 1:10:100:500:500 5 3ca 98 (95)e

4 1d Bu Et Me 2a morpholine 1:10:100:500:500 5 3da 92 (88)c

5 1e Bu -(CH2)5- 2a morpholine 1:10:100:500:500 5 3ea 92 (89)f

6 1f Bn Me Ph 2a morpholine 1:10:100:500:500 5 3fa 97 (94)c

7 1a Bn Me Me 2b piperidine 1:10:100:500:500 6 3ab 84 (80)g

8 1b Bn Et Me 2b piperidine 1:10:100:500:500 6 3bb 88 (83)g

9 1a Bn Me Me 2b morpholine 1:10:300:1500:1500 8 3aa 84 (80)e

10h 1a Bn Me Me 2a Et2NH 1:10:50:250:250 24 3ac 70 (67)f

11 1a Bn Me Me 2c Et2NH 1:10:50:250:250 48 3ac 83 (79)f

12 1b Bn Et Me 2c Et2NH 1:10:50:250:250 48 3bc 80 (75)i

a Unless otherwise noted, all reactions were carried out in DME (0.5 mmol of1/mL of DME, 4 mmol scale based on1) at 100 °C under 20 atm (at 25
°C) of a 4:1 mixture of CO-air in the presence of PdI2, KI, a secondary amine2, and H2O. Unless otherwise noted, substrate conversion was quantitative
in all cases.b GLC yield (isolated yield) based on1. c Z/E ) 2.8. d Z/E ) 2.5. e Z/E ) 2.2. f Z/E ) 3.0. g Z/E ) 2.6. h Substrate conversion was 75%.i Z/E
) 2.9.
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3H-oxazol-2-one derivative5gain excellent yield (96% GLC
yield, 91% isolated) (Scheme 3).10

In conclusion, we have reported an innovative method for
the one-step synthesis of 2-oxazolidinone derivatives3

starting from R,R-disubstituted 2-ynylamines1, via an
unprecedented concatenation of two catalytic cycles, both
promoted by PdI2, corresponding to oxidative aminocarbo-
nylation of the triple bond followed by water-driven oxidative
cyclocarbonylation. In the case of anR-monosubstituted
2-ynylamine, such as1g, the initially formed oxazolidinone
derivative spontaneously underwent shift of the double bond
into the cycle with formation of a 3H-oxazol-2-one derivative
5ga. All products have been obtained in good to excellent
isolated yields under relatively mild conditions.
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(10) The reaction of simple, unsubstituted benzylprop-2-ynylamine led
to a complex mixture of unidentified, chromatographically immobile
materials.

Scheme 3
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