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A new approach to the synthesis of 1,3-oxazolidine-2,4-diones, via a two-step reaction sequence, starting
from the readily available a-ketols and isocyanates, is reported. The condensation of the latter led to the
key precursors 4-methylene-2-oxazolidinones, which are converted into the diones by an oxidative
cleavage of the exocyclic double bond. Thus, 5,5-disubstituted 1,3-oxazolidine-2,4-diones can be
accessed in good yields from the appropriate functionalized a-ketols. Moreover, two alternative routes
are also described either by functionalization of 4-oxazolin-2-ones or by alkylation of the 1,3-oxazoli-
dine-2,4-dione core previously prepared. Upon hydrolysis of the 1,3-oxazolidine-2,4-diones, a series of
a-hydroxyamides bearing a quaternary stereocenter were obtained.

� 2010 Elsevier Ltd. All rights reserved.
1,3-Oxazolidine-2,4-diones are compounds having a chemically
attractive and versatile heterocyclic scaffold, which is found in a
variety of pharmacological active compounds1 exhibiting antidia-
betic,2 anticonvulsant,3 and aldose reductase inhibitory activities,4

as well as fungicidal and herbicidal action.5 The more common
methods for the preparation of these heterocycles involve the ring
formation process from a-hydroxyesters or a-hydroxyamides by
treatment with a reagent already carrying the carbonyl function,
such as ureas, dialkyl carbonates, isocyanates, carbodiimides, or
phosgene.2,6,7 Certainly, the opposite procedure, hydrolysis of
1,3-oxazolidine-2,4-diones, can lead to a-hydroxyamides,8 which
are important templates for the construction of complex mole-
cules9 or precursors of the biologically seminal a-hydroxyacids,10

and found as subunits in natural products.11 Therefore, the devel-
opment of alternative and efficient methods, starting from diverse
substrates8,12 that allow access to 1,3-oxazolidine-2,4-diones, and
from these to a-hydroxyamides appears to be highly desirable.

Despite the profound interest regarding the medicinal and syn-
thetic potential of 2-oxazolidinones, as chiral auxiliaries, versatile
intermediates, biologically active compounds, and b-amino alcohol
precursors,13 4-oxazolin-2-ones and 4-methylene-2-oxazolidinon-
es have received little attention as useful synthons.14 However, an
ll rights reserved.

ariz@woodward.encb.ipn.mx
intense effort devoted to the preparation of these heterocycles has
recently manifested itself in the literature.12d,15 In this sense, we
have designed a regioselective synthesis of N-substituted 4-meth-
ylene-2-oxazolidinones 1 and 4-oxazolin-2-ones 2, starting from
a-ketol 3a and a series of isocyanates 4 (Scheme 1).16 An alterna-
tive one-pot synthesis of 4-oxazolin-2-ones 2, consisting of a cas-
cade condensation of 3a with 4, under thermal or microwave
(MW) irradiation as well and solvent-free conditions was recently
reported, as was the use of these compounds in the construction of
complex fused heterocyclic systems.17 In this Letter, we describe a
protocol for the efficient conversion of substituted 4-methylene-2-
oxazolidinones 1 into 1,3-oxazolidine-2,4-diones 6, as well as the
functionalization of the latter for the synthesis of a-hydrox-
yamides.

The precursors 4-methylene-1,3-oxazolidinones 5a–d were
prepared in high yields (86–93%) by heating (130 �C, 24 h) a sol-
vent-free mixture of a-ketol 3b and isocyanates 4a–d (Scheme 2)
(Table 1).18 The key step for the conversion of 1,3-oxazolidinones
Scheme 1.
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Scheme 2.

Table 1
Yields of compounds 5a–d, obtained by condensation of a-ketol 3b and isocyanates
4a–da

Entry 4 (R) 5b (%)

1 4a (C6H5) 5a (86)
2 4b (C6H4-4-OMe) 5b (93)
3 4c (C6H4-3-OMe) 5c (83)
4 4d (C6H4-4-Cl) 5d (88)

a Carried out at 130 �C, no solvent, for 24 h.
b After purification by column chromatography and recrystallization.

Figure 1. Molecular structure of 6d (ellipsoids with 30% probability level).

Figure 2. Molecular structure of 7a (ellipsoids with 30% probability level).
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5a–d into 5,5-dimethyl-1,3-oxazolidine-2,4-diones 6a–d was car-
ried out by oxidative cleavage of the exocyclic double bond of
the 4-methylene-1,3-oxazolidinones 5a–d with m-chloroperben-
zoic acid (MCPBA) under mild conditions (Scheme 2). We have
described this methodology for the preparation of N-substituted
5-alkylidene-1,3-oxazolidine-2,4-diones from novel exocyclic
dienes, albeit in low to modest yields.19 Unlike the latter proce-
dure, in which only 1.5 mol equiv of MCPBA were used, the yield
of diones 6a–d was significantly improved when an excess of the
oxidant reagent was added to the reaction mixture (Table 2, entries
1–3). This supports the idea that more than one mol equiv of
MCPBA is involved in such cleavage.20

Upon hydrolysis of the series of 1,3-oxazolidine-2,4-diones 6a–d
under alkaline conditions, a-hydroxyamides 7a–d were obtained
in moderate to good yields (47–90%). The series of compounds 6
and 7 were characterized by spectrometric analysis. Oxazolidine-
2,4-diones 6a and 6d, and a-hydroxyamide 7a were obtained as
crystals and their structures were also established by X-ray diffrac-
tion (Figs. 1 and 2).21 It is noteworthy that in both structures of
diones ( Fig. 1 shows only that of 6d) the heterocycle is planar,
maintaining the nitrogen atom coplanar to the carbonyl groups,
because of its sp2-like hybridization. The conformation of the aryl
ring is in a quasi-orthogonal orientation with respect to the hetero-
cycle, as observed for analogous compounds.16,17,19 In the case of
Table 2
Yields of compounds 6a–d, obtained by oxidative cleavage of 5a–d with MCPBAa

Entry 5 (R) MCPBA (mol equiv) t (h) 6b (%)

1 5a (C6H5) 2 36 6a (56)
2 5a (C6H5) 3 30 6a (70)
3 5a (C6H5) 4 24 6a (92)
4 5b (C6H4-4-OMe) 4 24 6b (95)
5 5c (C6H4-3-OMe) 4 24 6c (92)
6 5d (C6H4-4-Cl) 4 24 6d (97)

a Carried out at 20 �C, CH2Cl2 as solvent.
b After purification by column chromatography.
7a, however, the amide moiety, including the phenyl ring, keeps
a planar conformation in the crystalline state ( Fig. 2), probably
due to the detected intramolecular hydrogen bonding between
the N–H proton and the oxygen of the hydroxyl group (2.23 Å).
The crystal lattice also shows an intermolecular hydrogen bonding
between the O–H proton and the oxygen atom of the carbonyl
group of another molecule.

Owing to the successful preparation of 1,3-oxazoline-2,4-diones
6a–d by oxidative cleavage of 5a–d, we extended the same proce-
dure to the case of a-ketol 8, which can be readily obtained.22

Thus, by reacting the latter with isocyanates 4a or 4d in the pres-
ence of triethylamine, the spiro-compounds 9a–b were prepared,
respectively (Scheme 3). Treatment of these compounds with
3.0 mol equiv of MCPBA gave rise not only to the desired oxidative
cleavage of the exocyclic double bond, but also to the epoxidation
of the endocyclic double bond to afford spiro-compounds 10a–b in
good yields. Interestingly, each product was obtained as insepara-
ble stereoisomeric mixtures in high ratios (>90:<10), as shown by
the 1H NMR spectra of the crudes. In order to evaluate the reactiv-
ity between the exocyclic and endocyclic double bonds with the
Scheme 3.



Scheme 4.

3740 O. Merino et al. / Tetrahedron Letters 51 (2010) 3738–3742
oxidation reagent, the reaction was carried out with a lesser
amount (1.0 mol equiv) of MCPBA and at lower temperature
(0 �C). After stirring for 8 h, the reaction led to a mixture of 10a
and epoxide 11 in a ratio of 26:74, respectively. Albeit the mixture
was obtained in low yield (12%; the rest was starting material), this
result indicates that the endocyclic double bond reacted faster than
the exocyclic one.

We also investigated the versatility of this methodology in the
synthesis of the non-symmetrically 5,5-disubstituted 4-methy-
lene-1,3-oxazolidinones 13 and 14 (Scheme 4). Compound 13
was synthesized in 95% yield by a thermally-promoted conjugate
addition of 4-oxazolin-2-one 2a to methyl vinyl ketone (12), as pre-
viously reported.16,17 In the case of the chiral derivatives 14, their
preparation was carried out by addition of the chiral 4-oxazolin-2-
one 2b to 12 at 160 �C for 24 h, to give a mixture of diastereoisomers
14a and 14b in a ratio of 29:71.23 The diastereoselectivity was signif-
icantly improved when the reaction was carried out at a lower
temperature (100 �C) for a longer reaction time (72 h), leading to a
mixture of 14a/14b (9:91) (Scheme 4). 4-Oxazolin-2-one 2b was
Scheme
readily obtained by condensation of 3a with chiral isocyanate 4e
(R = (S)-CH(Me)Ph), at 120 �C for 24 h, in 75% yield.

When derivatives 13 and 14b were treated with an excess
(3.0 mol equiv) of MCPBA at room temperature for 24 h, 1,3-oxa-
zolidine-2,4-diones 15a–b were obtained in good yields (65–74%)
(Scheme 4). The yield of the enantiopure dione 15b was signifi-
cantly improved (96%) when a large excess (6.0 mol equiv) of the
oxidant was added. It was interesting that no products coming
from a possible Baeyer–Villiger rearrangement on the side-chain
methyl ketone moiety were observed. This high chemoselectivity,
in contrast with spiro-compounds 9, could be due to the higher
reactivity of the exocyclic double bond of the enamide moiety.

An alternative approach to the preparation of C-5 quaternary
1,3-oxazolidine-2,4-diones could be designed on the basis of the
alkylation of mono-substituted 1,3-oxazolidine-2,4-diones, 16a–b
(Scheme 5).8b,24 The latter were obtained from the previously
reported precursors 1a–b,16,17 by treatment with MCPBA (4.0
mol equiv) in methylene chloride at 0 �C for 24 h, providing 1,3-
oxazolidine-2,4-diones 16a–b in good yields (85–92%). The
5.



Table 3
Results of the alkylation of oxazolidine-2,4-dione 16a–b with different electrophilesa

Entry 16 17 Base T (�C) t (h) 18/19b (%)

1 16a 17a LDA �78 1 18a (45)
2 16a 17a LHMDS �78 0.5 18a (80)/19a (15)
3 16a 17b LDA 20 24 18b (40)
4 16a 17b LHMDS 20 24 18b (20)
5 16a 17c LDA 20 24 18c (0)
6 16a 17c LHMDS �78 1 18c (69)
7 16b 17d LHMDS �78 0.5 18d (83)

a Deprotonation of 16a–b was carried out in THF as the solvent, under N2 atm, at
�78 �C, and addition of the electrophile at �78 �C. Then, the reaction mixture was
maintained at the indicated temperature and reaction.

b After purification by column chromatography.
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structure of 16a was established by spectroscopy and X-ray crys-
tallography,21 showing similar structural features as for 6a and 6d.

Alkylation of 16a was firstly carried out with lithium diisopro-
pylamide (LDA) in THF at �78 �C, using allyl bromide (17a) as
the electrophile, to afford 1,3-oxazolidine-2,4-dione 18a as an oil
in moderate yield (45%) (Table 3, entry 1). In contrast, when 16a
was deprotonated with lithium hexamethyldisilazide (LHMDS),
the yield was drastically improved and the reaction time was
shortened, to give a mixture of 18a and a-hydroxyamide 19a in
80% and 15% yields, respectively (Table 3, entry 2). However, when
the electrophile was benzyl bromide (17b), the reaction was more
efficient with LDA under analogous conditions, to furnish 18b in a
modest yield (40%), since by using LHMDS only a low yield was ob-
served (20%) (Table 3, entries 3 and 4). An opposite outcome was
obtained with prenyl bromide (17c), leading to 1,3-oxazolidine-
2,4-dione 18c in 69% yield when the reaction was promoted with
LHMDS. In contrast, the starting material was recovered exclu-
sively when LDA was used (Table 3, entries 5 and 6). Compound
18b was obtained as crystals and its structure was established by
spectroscopy and single crystal X-ray diffraction ( Fig. 3).21 The
X-ray structure shows planarity of the heterocycle and is almost
perpendicular to the N-benzene ring, as for 6a, 6d, and 16a. When
this method of alkylation was applied to the reaction between
dione 16b and propargyl bromide (17d), in the presence of LHMDS
at low temperature for 0.5 h, derivative 18d was obtained in good
yield (83%).

In summary, we have developed a new approach to the synthe-
sis of 1,3-oxazolidine-2,4-diones 6a–d, through an oxidative
cleavage with MCPBA of their corresponding 4-methylene 1,3-
Figure 3. Molecular structure of 18b (ellipsoids with 30% probability level).
oxazolidin-2-ones 5a–d. Upon alkaline hydrolysis of the latter,
the series of a-hydroxyamides 7a–d bearing a quaternary stereo-
center were obtained. This stereocenter was introduced in the
dione frame of 15a by functionalization of 4-oxazolin-2-one 2a
via conjugate addition to a Michael acceptor, such as 12, followed
by the oxidative cleavage of 13. This methodology was also effi-
cient in its chiral version for the asymmetric preparation of the
enantiopure derivative 15b. Alkylation of the 1,3-oxazolidine-2,4-
dione core of 16a–b with diverse electrophiles was an alternative
route to yield quaternary 1,3-oxazolidine-2,4-diones 18a–d. Con-
struction of 1,3-oxazolidine-2,4-diones embedded in a spiro-struc-
ture was also possible starting from a-ketol 8, which was
transformed into the desired derivatives 10a–b.
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