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A convenient, high yield one-pot methodology for the synthesis of pharmaceutically interesting 3-unsub-
stituted-2,4-oxazolidinediones from a-hydroxyesters is described. A primary carbamate was generated
in situ from the corresponding a-hydroxyester and trichloroacetyl isocyanate, then converted to the
desired 3-unsubstituted 2,4-oxazolidinedione via intramolecular ring closure. This method is amenable
to scale-up and requires no chromatographic purification.

� 2008 Elsevier Ltd. All rights reserved.
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3-Unsubstituted-2,4-oxazolidinediones (Fig. 1) are an impor-
tant heterocyclic template found in many substances of pharma-
ceutical interest. This class of compounds displays a wide range
of biological activities; examples of such are aldose reductase
inhibitors,1 hypoglycemic and hypolipidemic agents,2 muscarinic
agonists,3 and insulin sensitizers with anti-diabetic activities.4 Fur-
thermore, spiro oxazolidinediones were found to be aldose reduc-
tase inhibitors.5 In addition, 5,5-dimethyloxazolidine-2,4-dione
(DMO) was described as an indicator of intracellular pH due to
its weak acidic properties.6

Because of the importance of 3-unsubstituted-2,4-oxazolidine-
diones, a number of synthetic methods have been reported in the
literature.3,4,7 However, upon closer inspection, it became apparent
to us that among these synthetic methods, two were typically used
(Scheme 1). The first widely used method involves the reaction of
a-hydroxyester 2 with urea and base, preferably sodium ethoxide.
The second method involves the reaction of a-hydroxycarboxa-
mide 3 with phosgene or phosgene equivalent reagents. In many
cases, both methods have been reported to give desired products
with good yields (60–80%) (Scheme 1).

In a recent drug discovery effort, we engaged in a structure–
activity relationship (SAR) study around a lead compound contain-
ing a 3-unsubstituted-2,4-oxazolidinedione moiety. Using the
ll rights reserved.

: +1 610 917 7391.
above-mentioned urea approach from the a-hydroxyester precur-
sor, we experienced consistently low yields during the 2,4-oxazo-
lidinedione ring formation step. Specifically, we regularly
observed the formation of a-hydroxyacid derived from hydrolysis
of the a-hydroxyester starting material under highly basic reaction
conditions. The formation of this hydrolysis byproduct corre-
sponded to significantly lowered product yield and complicated
purification, thereby negatively effecting subsequent steps. The
amount of byproduct could be reduced using strictly anhydrous
reaction conditions, but its formation could not be eliminated com-
pletely. As for the phosgene approach, in addition to the disadvan-
tage of low yield, we wanted to avoid the use of highly toxic
phosgene or its equivalent reagents. Moreover, the starting mate-
rial, a-hydroxycarboxamide 3, is typically prepared via hydrolysis
of its nitrile precursor, which requires using very toxic cyanide re-
agents in its own preparation.8
1

Scheme 1. Two typical methods for preparation of 3-unsubstituted-2,4-oxazoli-
dinediones (1).



Table 1
3-Unsubstituted-2,4-oxazolidinediones synthesized via Scheme 3

Entry R1 R2 Yield (%) mp (�C)

1a H Me 67a Oil12

1b H Et 87b 57–5812

1c H Propyl 77b 107–10913

1d Me Me 72b 61–6314

1e H Ph 87b,18 110–11115

1f Me Ph 91b 75–7616

1g Ph Ph 85b 136–13716

1h Me 6-Chloro-2-(methyloxy)-3-pyridinyl 91b 214–21517

1i Cyclopentyl 77b 120–12216

1j Cyclohexyl 82b 107–10816

a Yield after running through Bond Elut� silica column.
b Yield after crystallization from ethanol.
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Figure 1. 3-Unsubstituted 2,4-oxazolidinediones.
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It is known that 3-substituted-2,4-oxazolidinediones can be
prepared by reacting a a-hydroxyester with an isocyanate.3,9 We
were able to prepare the desired 3-unsubstituted-2,4-oxazolidine-
diones through this route using a protecting group approach
(Scheme 2). However, the added de-protection step not only re-
sulted in decreased yield, but also limited the efficiency of our
SAR exploration. This prompted us to develop a new, mild, and
more robust synthetic method.

Known as one of the most reactive isocyanates, trichloroacetyl
isocyanate has been reported to generate primary ureas in good
yield via formation of trichloroacetyl carboxamides, followed by
hydrolysis under neutral conditions.10 This reagent has also been
reported to react readily with tertiary alcohols to prepare trichlo-
roacetyl carbamates, which can be readily converted to primary
carbamates under mild conditions,11 indicating that the trichloro-
acetyl group is a good nitrogen-protecting group, which can be
readily cleaved under mild conditions.

We hypothesized that by taking advantage of the unique struc-
ture of the a-hydroxyester, an intramolecular cyclization could be
favored, leading to the formation of the desired 3-unsubstituted
2,4-oxazolidinedione. The a-hydroxyl group could be converted
to the primary carbamate, and the ester group could serve as a
good leaving group. Thus, we decided to apply this strategy in
our investigation. By treating the a-hydroxyester 2 with trichloro-
acetyl isocyanate, the expecting trichloroacetyl carbamate was
formed, which was monitored by LC–MS. To our delight, we were
able to obtain the desired 3-unsubstituted 2,4-oxazolidinedione 1
while attempting to deprotect the trichloroacetyl group with a
weak base under refluxing conditions. Clearly, under these condi-
tions, the formation of the thermodynamically stable five-member
ring system was facile.

Herein, we report our discovery of this mild and efficient syn-
thetic method of preparing 3-unsubstituted-2,4-oxazolidinediones
using trichloroacetyl isocyanate as the key reagent as shown in
Scheme 3.

As shown in Scheme 3, a-hydroxyester 2 was first treated with
trichloroacetyl isocyanate at 0 �C to room temperature to form the
trichloroacetyl carbamate. Typically, the reaction was complete
within 30 min, as monitored by LC–MS. After quenching the excess
trichloroacetyl isocyanate with methanol, the reaction solvent was
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Scheme 2. Protecting group approach.
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Scheme 3. One-pot preparation of 3-unsubstituted 2,4-oxazolidinediones.
evaporated from the crude trichloroacetyl carbamate intermediate.
The residue was heated to reflux overnight in the presence of a
base, such as triethyl amine, sodium ethoxide, or 10% aqueous
K2CO3 solution, to form the desired 3-unsubstituted 2,4-oxazolid-
inedione as the sole product.12

As shown in Table 1, this new method works well for a variety
of a-hydroxyesters. In most cases, the reactions were clean and re-
sulted in the formation of the desired 3-unsubstituted-2,4-oxazoli-
dinediones. Further purification, if needed, could be achieved
through recrystallization from ethanol. In addition, this method
is very robust and amenable to scale up. Our program team was
able to use this methodology to scale up key intermediates to
100 g scale.

The proposed mechanism for this method is outlined in Scheme 4.
Formation of compound 1e in Table 1 was used for the mechanism
study. The reaction progress was monitored by LC–MS, and the se-
quence of events was readily apparent by following the appearance
and disappearance of the appropriate peaks. Formation of trichloro-
acetyl carbamate 5 occurred quickly in DCM or THF. Addition of a
base was not necessary in this step. In the next stage, formation of
primary carbamate 6 was observed when heating the reaction mix-
ture in EtOH. However, formation of 1e was not observed without
the presence of a base. Thus, it was clear that this one-pot synthesis
occurred via the formation of 6, followed by ring closure, which was
facilitated by thermal heating in the presence of a base.

In conclusion, we have discovered an efficient one-pot synthesis
of 3-unsubstituted-2,4-oxazolidinediones via in situ generation of
a primary carbamate derived from a-hydroxyesters using trichlo-
roacetyl isocyanate and base. Subsequent heating in aqueous base
facilitates carbamate deprotection and ring closure to generate the
desired 3-unsubstituted-2,4-oxazolidinediones. This robust meth-
od can be readily applied toward the preparation of 3-unsubstitut-
ed-2,4-oxazolidinedione analogs and it is highly amenable to scale-
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Scheme 4. Proposed mechanism for preparation of 5-unsubstituted-2,4-
oxazolidinedione.
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up. Application of this method to the synthesis of other heterocy-
cles, such as 3-unsubstituted-2,4-thiazolidinediones and hydanto-
ins, is under further investigation and will be reported in due
course.
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