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The heterocyclic derivatives of 1,2-amino alcohols have
often been successfully employed as chiral auxiliaries in
asymmetric synthesis.1 In this context the role played by
chiral oxazolidin-2-ones (Evans’ chiral auxiliaries)2 has
been particularly significant. These compounds have been
used as chiral auxiliaries in a wide range of reactions
(aldol, alkylation, Diels-Alder reactions, etc.) directed to
the stereoselective synthesis of natural products, anti-
biotics and pharmaceuticals.3

1,2-Amino alcohols (or other amino acid derivatives)
and phosgene (or its derivatives) are the starting materi-
als in the classical syntheses of oxazolidin-2-ones.1 Nowa-
days, diethyl carbonate is the reagent of choice for the
synthesis of these auxiliaries.4 Considerable efforts have
been made in order to find some proper methodologies
involving the use of innocuous materials (e.g., carbon
dioxide) in the place of such toxic and dangerous reagents
as phosgene or its derivatives.

Recently, the possible employment of carbon dioxide,
a cheap and abundant raw material, as a source of carbon
has been considered. Remarkable results have been
obtained in the synthesis of organic compounds contain-
ing the -C(O)O- group (acids, esters, carbonates, car-
bamates and derivatives).5 Nevertheless, oxazolidinones
have been obtained, via direct employment of carbon

dioxide, only in a limited number of cases and under
drastic conditions of temperature (120-170 °C) and
pressure (8-48 bar).6 In this context, we have found that
tetraethylammonium carbonate (TEAC) and tetraethyl-
ammonium peroxydicarbonate (TEAPC), electrochemi-
cally generated by cathodic reduction of solutions satu-
rated with CO2 or a mixture of O2 and CO2 respectively,
react with 1,2-amino alcohols yielding, after addition of
TsCl, oxazolidin-2-ones in fair to good yields.7 However,
some problems have been evidenced in the use of TEAC
and TEAPC as carboxylating agents.8a

As already reported by us,8 solutions of Et4NClO4

(TEAP) in aprotic solvents containing an electrogenerated
base (EGB)9 (as 2-pyrrolidone electrogenerate anion10)
and saturated with carbon dioxide showed a remarkable
carboxylating power toward amines and alcohols. Pri-
mary amines and alcohols were converted into carbam-
ates and carbonates in excellent yields, whereas second-
ary ones were converted in good or moderate yields.
Tertiary alcohols and phenols were unreactive.

Since the above-mentioned solutions (a) show a strong
carboxylating power toward substrates containing amino
or alcoholic groups and (b) are easy to prepare without
the employment of toxic or polluting reagents, we thought
that a preliminary study of their reactivity toward 1,2-
amino alcohols, targeted to the synthesis of chiral oxa-
zolidin-2-ones under mild and safe conditions, could be
of interest. (R)-(-)-2-amino-2-phenylethanol 1a was cho-
sen as a reference compound.

Results and Discussion

2-Pyrrolidone was electrolyzed in MeCN-TEAP, in a
divided cell (Pt anode and cathode) under galvanostatic
control, and then the electrolized solution was added to
1,2-amino alcohol 1a. Carbon dioxide was bubbled into
the solution for 60 min. Last, tosyl chloride was added.
The workup of the solutions afforded oxazolidin-2-one 2a
(Scheme 1).

The yield of 2a was affected by different parameters
including the number of Faradays per mole of 2-pyrroli-
done supplied to the electrodes (n), the mole ratio
2-pyrrolidone/1,2-amino alcohol (F), and the nature of the
solvent. The results are reported in Table 1. The best
yield of 2a was obtained with n ) 1, F ) 4 and using
MeCN as solvent.

To ascertain whether this method for converting 1,2-
amino alcohols into oxazolidin-2-ones could be general-
ized, the reactivity of linear and cyclic 1,2-amino alcohols
bearing primary or secondary amine and hydroxy groups
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has been studied (Table 2). This investigation was carried
out under optimized reaction conditions, i.e., n ) 1, F )
4, MeCN as solvent.

1,2-Amino alcohols whose amino group is a primary
one were converted into the corresponding oxazolidinones
in higher yields with respect to those in which a second-
ary amino group is present (Table 2, entries 1 and 6).
Conversely, the different substitution on the carbon atom
bearing the hydroxy function did not seem to affect the
reaction yield (Table 2, entries 1 and 2). The nature of
the substituents (alkyl or aryl groups) on the carbon atom
in the R position to the nitrogen may affect the yields in
oxazolidin-2-ones (Table 2, entries 1,4,5; 2,3).

As previously stated, amines as well as alcohols
undergo the carboxylation process and the respective
yields are affected by the nature (primary or secondary)
of the reactive group. Therefore, amino alcohols could be
carboxylated either at the amine or at the hydroxy group
or even at both. Nevertheless, it is only the nature of the
amine group that affects the yields of oxazolidinone, while
that of the hydroxy group has no influence. This result
suggests that, in the formation of the heterocyclic ring,
the initial carboxylation of the hydroxy group might not
be involved. To confirm this assertion, this procedure was
applied to the amino alcohol 1a with the addition of EtI
instead of TsCl. From the reaction mixture it was possible
to isolate 2a (8%), 3a (63%), and 3b (12%). In addition,
no product derived from the selective carboxylation of the
hydroxy group could be isolated (Scheme 2).

Last, in the conversion of chiral 1,2-amino alcohols into
chiral oxazolidin-2-ones, according to the present meth-
odology, the absolute configuration of all chiral atoms is
retained. This result allows to exclude the tosylation of
the hydroxy group (Scheme 3).14

Conclusions

The study of the reactivity of 1,2-amino alcohols toward
carbon dioxide in the presence of 2-pyrrolidone electro-
generated base allowed to establish a new methodology
for the synthesis of oxazolidin-2-ones. Chiral oxazolidin-
2-ones (Evans' chiral auxiliaries) were obtained in good
to high yields avoiding the use of toxic, polluting or
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Scheme 1

Table 1. Synthesis of Oxazolidin-2-one 2a from Amino
Alcohol 1a According to the General Procedure

entry na Fb yield,c % solvent

1 0.5 4 49 MeCN
2 1.0 4 95 MeCN
3 1.5 4 85 MeCN
4 2.0 4 78 MeCN
5 2.5 4 66 MeCN
6 1.0 2 50 MeCN
7 1.0 6 65 MeCN
8 1.0 8 43 MeCN
9 1.0 4 47d DMF

10 1.0 4 76d NMP
a n: number of Faradays per mole of starting 2-pyrrolidone

supplied to the electrode. b F mole ratio 2-pyrrolidone/1a. c Isolated
yields, based on the starting amino alcohol. d HPLC yields.

Table 2. Reactions of 1,2-amino Alcohols with
2-pyrrolidone EGB, CO2, and TsCl in MeCN-TEAPa

a According to the general procedure under optimized conditions
of synthesis. b All compounds were compared with commercially
available samples. c Isolated yields, based on the starting amino
alcohol. d N-Tosylamino alcohol (yields 5-9%) was recovered at
the end of the reaction (see the references for spectral data).

Scheme 2
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dangerous reagents. This methodology represents a
further example of the direct employment of carbon
dioxide as a source of carbon in organic synthesis.

Experimental Section

General Methods. The electrochemical apparatus, the cell,
and the reference electrode as well as the NMR and HPLC
instruments were described elsewhere.15 HPLC analyses were
carried out using an RP-18 column and a MeCN-H2O mixture
in a linear gradient from 10:90 to absolute MeCN in 20 min.
The flow rate was 1 mL min-1. Acetonitrile (MeCN), N,N-
dimethylformamide (DMF), N-methyl-2-pyrrolidone (NMP), and
tetraethylammonium perchlorate (TEAP) were purified as al-
ready described.16

Reagents. Amino alcohols, ethyl iodide (EtI), tosyl chloride
(TsCl), as well as 2-pyrrolidone (PB) were commercially avail-
able.

Electrochemistry. General Procedure. The electrolyses
were carried out under galvanostatic control (I ) 25 mA cm-2),
in a divided cell (platinum gauze cathode and anode), at 0 °C
on solutions of 2-pyrrolidone (2.0 mmol, unless otherwise stated)
in MeCN-0.1 mol dm-3 TEAP (30 mL) (except in the cases in
which the solvent was DMF or NMP) in which N2 was continu-
ously bubbling. After the consumption of 2.0 mF (unless
otherwise stated), the current was switched off, the amino
alcohol (0.5 mmol) was added to the solution (at room temper-
ature) and the bubbling of CO2 (instead of N2) was started and
kept for 1 h. Then TsCl (1.0 mmol) was added to the mixture,
the solution was stirred overnight at room temperature, and
then analyzed. The solvent was removed from the solution under

reduced pressure and a flash column chromatography of the
residue (using as eluent a mixture light petroleum/ethyl acetate
6:4 or 7:3 in the case of (R)-(-)-N-benzyl-2-phenylglycinol)
allowed the separation of the products, whose identity was
established by comparison with commercial standard or by
comparison of their spectral (1H, 13C, and [R]D) data with those
reported in the literature. The isolated products and yields are
reported in Table 2.

Reduction of 2-Pyrrolidone at Different F/mol. The
electrolyses were carried out as previously described, but the
current was switched off after the consumption of different
amounts of electricity. The yields of isolated 2a as well as the
number of F mol-1 of pyrrolidone used in each experiment are
reported in Table 1, entries 1-5.

Reaction of Electrochemically Reduced 2-Pyrrolidone
in Different Mole Ratios with Amino Alcohol 1a. The
electrolyses were carried out as described in the general
procedure, but different amounts of 2-pyrrolidone (1.0-4.0
mmol) were used. The current was switched off after the
consumption of different amounts of electricity according to the
constant value of n ) 1. The yields of isolated 2a as well as the
mole ratio between 2-pyrrolidone and 1a are reported in Table
1, entries 2 and 6-8.

Reduction of 2-Pyrrolidone in Different Solvents. The
electrolyses were carried out as described in the general
procedure, but using DMF or NMP as solvents. The products
and yields are reported in Table 1, entries 9 and 10.

Reaction of Electrochemically Reduced 2-Pyrrolidone
with 1a, CO2, and EtI. The electrolysis was carried out as
described in the section “Electrochemistry”, but EtI (in 5-fold
molar excess with respect to the amino alcohol) was added to
the solution instead of TsCl. From the solution, 2a (8%), 3a17

(63%) and 3b17 (12%) were isolated.
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