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We report a practical and one-pot synthesis of novel series of ω-(oxathiolan-2-thione-5-yl)-α- oxazolidin-
2-ones (3a-h). The obtained compounds have been designed, synthesized via reaction of oligoethylene
glycols diglycidyl ethers, isocyanate and carbon disulfide in the presence of catalytic amount of lithium
bromide. A variety of important oxazolidinone derivatives can be obtained from simple starting materials
in good yields and the biological activity of these new products will be investigated in complementary study.

J. Heterocyclic Chem., 00, 00 (2017).

INTRODUCTION

Multicomponent reactions (MCRs) provide unmatched
opportunities for the expeditious increase of complexity
and diversity in synthetic outcomes. This approach allows
developing more complex molecular structures from
simple and available reagents via a transformation with
single step and does not require the isolation of
intermediates products [1]. MCRs have been one of the
best approaches that meet the requirements of green
chemistry as well as the library development of medicinal
compounds [2].
Oxazolidinones are well-known five-membered nitrogen

and oxygen-containing compounds. These have been
reported to possess biological activities such as
antibacterial activity [3]. This new class of synthetic
antibacterial agents exhibit activity against a large
number of Gram-positive organisms. Many oxazolidinone
derivatives are in clinical use such as Linezolid [4] and
Dup-721 [5] and are two important examples of drugs
that contain the 2-oxazolidinone ring. Of the totally
synthetic antibiotics, Dup-721 was the first drug
candidate of this family, whereas linezolid was the first
member of this series introduced in the market (known as
Zyvox).
Oxazolidinones [6] are heterocyclic compounds that

play an essential role in the synthesis of several organic

molecules, covering amino acids [7], amino alcohols [8],
amides [9], peptides [10], and polyfunctional compounds
[11]. Some natural and synthetic derivatives
oxazolidinone have important biological activities such as
anticancer [12], antibacterial [13], anti-inflammatory [14],
anticonvulsant [15], antituberculosis [16], anti-VIH [17],
and antidiabetic [18]. The oxazolidinones are also
necessary for the development of drugs, especially
inhibitors of monoamine oxidase [19].

On the other hand,five-membered cyclic dithiocarbonates
have received much attention in view of their biological
activity and material science [20]. An efficient method
for synthesizing cyclic dithiocarbonates is performed by
the coupling reaction of carbon disulfide with epoxides
[21]. Much attention has been paid to sulfur-containing
polymers [22]. These polymers have superior optical and
thermal properties [23–29] and are, therefore, expected
to be useful as optical lenses and fibers. The
cycloaddition of isocyanates with epoxides is one of the
most useful and efficient method for preparation of
oxazolidin-2-ones. A variety of catalysts have been
investigated, such as quaternary ammonium salts [24],
LiBr/n-Bu3PO or LiBr/HMPA [25], LiCl/DMF [26],
n-Bu3SnI-Ph3PO [27], n-Bu3SnI-Ph4-SbI [28], and
lanthanide chlorides [29]. Other catalysts are recently
introduced into the synthesis of oxazolidinones
particularly MgI2 etherate [30], complex rare-earth-metal
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[31], Brønsted base [32], aluminum [33], bimetallic
aluminum (salen) [34], vanadium V(Salen) [35], Pd [36],
and titanium (salen) [37]. It has recently been reported
that the reaction of epoxides and carbon disulfide is
known to lead to a range of products including
1,3-oxathiolane-2-thione. In recent decades, many
catalyst systems, including amines, alkali metal salts and
quaternary ammonium salts, potassium alcoholates, and
transition metal complexes, have been developed for this
transformation [38–43].
In continuation of our efforts toward the development of

novel methodologies for the synthesis of heterocyclic
compounds, gathering the two patterns in one molecule
and combining their properties was our purpose and
presents a new way to increase the efficiency of
biologically active molecules. Herein, we designed a new
synthetic route to novel hybrid molecules containing 3,5-
disubtitued oxazolidin-2-one and oxathiolan-2-thione
moiety.

RESULTS AND DISCUSSION

Two steps synthesis of ω-(oxathiolan-2-thione-5-yl)-α-
oxazolidin-2-ones. In a previous work, we reported
the synthesis of symmetrical bis-oxazolidinone [44]
bridged with a polyoxyethylene chain via reaction of
oligoethylene glycols diglycidyl ethers with simple
isocyanate in the presence of catalytic amount of lithium
bromide. In this context, we have described also in
earlier paper the synthesis of symmetrical bis(cyclic
dithiocarbonate) [45] from the same diglycidyl ethers and
carbon disulfide with the same catalyst.

Our approach started with the synthesis of oligoethylene
glycols diglycidyl ethers [46] 1a–d from commercially
accessible epichlorohydrin and polyoxyethylene glycols
following a literature conditions under phase-transfer
catalysis in basic medium. When treated with one
equivalent of various simple isocyanates in boiling
anhydrous THF in the presence of catalytic amount of
lithium bromide, oligoethylene glycols diglycidyl ethers 1
afforded a corresponding epoxyoxazolidin-2-one of
polyoxyethylene 2a–h at 54%–87% yield after
purification with flash column chromatography (Table 1).

It is worth to note that the reaction of diglycidyl ethers 1
with one equivalent of simple isocyanate leads exclusively
to the epoxyoxazolidin-2-one 2. The absence of the bis-
oxaoxazolidinone could be interpreted on the basis that
the two sides of the chain are far enough separated from
each other that they would react as one unit and all
diepoxide react similarly, and thus, the cycloaddition of
isocyanate occurs in the same time and the same
probability with one oxirane ring giving unsymmetrical
epoxyoxazolidinone (Table 2).

In the second step, the use of one equivalent of carbon
disulfide in anhydrous dichlromethane under reflux in
the presence of the same catalyst lithium bromide, the
epoxyoxazolidinones 2 was converted into the
corresponding ω-(oxathiolan-2-thione-5-yl)-α-oxazolidin-
2-ones 3 in 60%–86% yields after purification with column
chromatography (Table 3). The choice of dichloromethane,
in this case, is dictated to avoid the formation of
undesired secondary products at higher temperature such
as cyclic trithiocarbonate. The elevation of temperature
engendered lower yields of products 3, and it may
contribute to the volatility of molecular carbon disulfide.

Table 1

Optimization reaction conditionsa synthesis of epoxyoxazolidinone 2.

Entry n R Epoxyoxazolidine 2 Reaction Time (h)b Yield (%)c

1 2 Ph- 2a 6 54
2 3 Ph- 2b 8 68
3 4 Ph- 2c 12 76
4 5 Ph- 2d 16 87
5 3 cyclohexyl 2e 12 65
6 4 cyclohexyl 2f 15 73
7 3 n-propyl 2 g 12 60
8 4 n-propyl 2 h 15 68

aReaction conditions: 1 (3 mmol, 1equiv) in 15 mL anhydrous THF; 0,3 mmol lithium bromide, isocyanate (3 mmol, 1equiv) in 5 mL anhydrous THF, N2.
bReaction time is determined by TLC (eluent: Acetone/Ether: 20/80).
cYields is determined after purification with flash column chromatography.
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So the optimum temperature is 35°C to obtain highest
yields of desired products with a short reaction time
(Table 3).

One-pot three-component synthesis of target compounds
3a–d. To further improve this method, with the
optimized conditions established previously, we decided
to probe the generality of this MCR that performed in
one pot from three components. Thus we have developed
a series of ω-(oxathiolan-2-thione-5-yl)-α-oxazolidin-2-
ones polyoxyethylene 3a–h, by reacting in anhydrous

THF the diglycidyl ethers 1a–d with one equivalent of
simple isocyanate and one equivalent of carbon disulfide
in the presence of catalytic amount of lithium bromide. A
variety of simple isocyanate, such as phenylisocyanate,
propylisocyanate, and cyclohexylisocyanate were tested
(Table 4). The results obtained are reported in Table 5.
The results clearly show that all reactions proceeded
smoothly to afford the expected compounds 3a–h in
good yields. The reaction started by refluxing in
anhydrous THF under nitrogen atmosphere, 1 mmol of

Table 2

Scope of epoxyoxazolidinone 2.

Table 3

Reaction conditionsa synthesis of compounds 3 from epoxyoxazolidinone.

Entry n R Product 3 Reaction Time (h)b Yield (%)c

1 2 Ph- 3a 3 60
2 3 Ph- 3b 5 68
3 4 Ph- 3c 8 76
4 5 Ph- 3d 10 86
5 3 cyclohexyl 3e 6 64
6 4 cyclohexyl 3f 9 71
7 3 n-propyl 3 g 8 57
8 4 n-propyl 3 h 10 62

aReaction conditions: 1 (1 mmol, 1equiv) in 15 mL anhydrous THF; 0,1 mmol lithium bromide, carbon disulfide (1 mmol, 1equiv) in 5 mL anhydrous
THF, N2.
bReacttion time is determined by TLC (eluent: Acetone/Ether: 40/60).
cYields is determined after purification with column chromatography.
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diepoxydes 1a–d and 0.1 mmol of lithium bromide for
30 min and then 1.1 mmol of simple isocyanate was
added and left under reflux. After the consummation of
totally amount of isocyanate monitored by TLC (acetone/
ether: 40/60), the mixture was cooled at room
temperature, and 1.1 mmol of carbon disulfide was also
added, and the reaction was left to stand at room
temperature (Table 5).

Operationally, the reaction allows economizing the
catalytic amount of lithium bromide, solvent, and reduces
also the reaction time. Concerning yields, MCR provides
much better yields, because it avoids the isolation and
minimizes losses during purification process of the
intermediate product 2a–h.

As depicted in Scheme 1, the plausible mechanism
reaction started by the condensation of diglycidyl ethers

Table 4

Multicomponent reaction conditionsa synthesis of substrate 3.

Entry n R Product 3 Reaction Time (h)b Yield (%)c

1 2 Ph- 3a 7 67
2 3 Ph- 3b 10 73
3 4 Ph- 3c 14 80
4 5 Ph- 3d 18 89
5 3 cyclohexyl 3e 13 70
6 4 cyclohexyl 3f 16 75
7 3 n-propyl 3 g 15 60
8 4 n-propyl 3 h 19 67

aReaction conditions: 1 (1 mmol, 1equiv) in 15 mL anhydrous THF; 0,1 mmol lithium bromide, isocyanate (1 mmol, 1equiv) in 5 mL anhydrous THF;
isocyanate (1 mmol, 1equiv) in 5 mL anhydrous THF, N2.
bReaction time is determined by TLC (eluent: Acetone/Ether: 40/60).
cYields is determined after purification with column chromatography.

Table 5

Scope of substrate 3.
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and lithium bromide lead to secondary bromohydrin salts
(bis-oxiranes and LiBr are mixed and left for 30 min) via
nucleophilic attack at terminal carbon of the oxirane ring.
The secondary bromohydrin salt reacts with simple
isocyanate to yield the corresponding carbamate followed
by intramolecular ring closure for epoxyoxazolidin-2-
ones 2. When carbon disulfide was added, the second site
of bromohydrin salt reacts to give the thiolate ion, which
undergoes a cyclization reaction to give the oxathiolane ring.
All new compounds of epoxyoxazolidinone 2 nand

ω-(oxathiolan-2-thione-5-yl)-α-oxazolidin-2-ones 3 were
fully characterized by spectroscopic data of 1H and 13C
NMR, FTIR, and high-resolution mass spectra (HRMS).
For example, the 1H NMR spectra of target compound 2c
showed the presence of double doublet about 2.53–
2.56 ppm related to the first proton of methylene epoxide
ring. The second proton of methylene oxirane ring
resonates as a double doublet at 2.71–2.73 ppm. The
single proton linked to epoxide ring appears as a
multiplet centered at 3.10 ppm. The formation of target
compounds 2c was confirmed also by the presence of a
new multiplet at 3.82–4.02 ppm attributed to protons of
methylene CH2N-C = O moiety of oxazolidinone ring
and another multiplet in the range of 4.66–4.73 ppm
related to proton connected to oxazolidinone ring. The
13C NMR of compound 2c exhibited principally for
C = O group a singlet at 154.6 ppm and another singlet
at 47.0 ppm assigned to the methylene carbon of the
CH2N-C = O moiety.
It is worth to note that the reaction of diglycidyl ethers 1

with one equivalent of simple isocyanate leads exclusively

to the epoxyoxazolidin-2-one 2. The symmetrical bis-
oxazolidinone is not observed in this case this is
confirmed with 1H and 13C NMR data. The non-doubling
of signals relating to the proton of oxazolidinone and
methylene protons of the CH2-NCO groups in both
spectra of crude and purified product is in favor that the
bis-oxazolidinone is not observed in our case. The 13C
NMR confirms also the absence of bis-oxazolidinone via
the non-doubling of signals relating to the carbon of CO
and CH2-NCO groups.

For instance, the 1H NMR spectra of compound 3c
showed the absence of signals related to oxirane
protons (2.5–3.2 ppm) and the apparition of new
multiplet in the range 5.13–5.24 ppm assigned to the
cyclic proton of oxathiolan-2-thione group and another
multiplet at 3.81–3.87 ppm due to the CH2 protons of the
CH2-S-C = S moiety. The signals of cyclic proton of
oxazolidinone group appears as a multiplet at a range of
4.68–4.75 ppm and another multiplet at 3.92–4.23 ppm
due to the CH2 protons of the CH2-N-C = O moiety.
Interestingly, the 13C NMR spectra of compound 2
exhibited for C = S group a signal at 212.4 and
154.5 ppm for C = O group.

CONCLUSION

We have developed a highly efficient method for
the synthesis of ω-(oxathiolan-2-thione-5-yl)-α-oxazolidin-
2-ones bridged by a polyoxyethylene chain from
oligoethylene glycols diglycidyl ethers, simple isocyanates,
and carbon disulfide via LiBr-catalyzed MCRs. The
notable advantages of this method are mild reaction
conditions, short reaction time, good yields, and an
expedient atom-economic approach to the synthesis of target
compounds 3 from readily available raw materials: small
amounts of nontoxic LiBr as catalyst and low amounts of
solvents. In addition to operational simplicity, there is no
need to isolate and purify the intermediate product. This
practical protocol presents a simple direct route to access a
new important unsymmetrical structure containing two
biologicaloxathiolane-2-thioneandoxazolidinonegroups.

EXPERIMENTAL

The IR spectra were performed on SHIMADZU JASCO FTIR
4000/6000 SERIES. The 1H and 13C NMR spectra were recorded
on a BRUKER AC-300 at 300 and 75 MHz, respectively. All
spectra were obtained using CDCl3 as solvent and referenced to
TMS. Chemical shifts of 1H NMR spectra are reported in parts
per million (ppm) on the δ scale from an internal standard of
residual chloroform (7.27 ppm). Coupling constant in hertz
(Hz). Chemical shifts of 13C NMR spectra are reported in ppm
from the central peak of CDCl3 (77.23 ppm) on the δ scale.

Scheme 1. Proposed mechanism for synthesis of ω-(oxathiolan-2-
thione-5-yl)-α-oxazolidin-2-ones 3. [Color figure can be viewed at
wileyonlinelibrary.com]
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HRMS were obtained from FINIGAN MAT 95. Columns
chromatography was performed using silica gel (Fluka 40–
60 μm). Analytical TLC was performed using Silica Gel
60 F254 plates (Fluka 40–60 μm). The developed
chromatogram was visualized under UV lamp (254 nm). All
commercially available reagents were used without further
purification. Anhydrous THF was distilled from sodium. All
reactions were carried out under a protective atmosphere of dry
nitrogen using oven-dried glassware unless otherwise stated.

General procedure for preparation of epoxyoxazolidinone
2a–h. The reaction was carried out under a nitrogen
atmosphere. The solution of oligoethylene glycols diglycidyl
ether 1a–d (3 mmol) in 10 mL of anhydrous THF was added to
lithium bromide (0.3 mmol, 0.026 g). After stirring the mixture
at reflux for 0.5 h, a solution of isocyanate (3.3 mmol) in dry
THF (5 mL) was added dropwise. The reaction mixture was
then refluxed for 6–16 h (see Table 1). The progress of the
reaction was monitored with TLC (Acetone/Ether: 20/80). At
the end of the reaction, the mixture was cooled, diluted with
water (40 mL), and then extracted with dichloromethane
(4 × 40 mL). It was washed with water (2 × 30 mL) and dried
on anhydrous MgSO4. The solvent was removed, and the
residue was purified on column chromatography (eluent:
Acetone /Ether: 80/20) to obtain the epoxyoxazolidinones 2a–h
as viscous oils.

5-(6-oxiran-2,5-dioxahexan-5-yl)-3-phenyl oxazolidin-2-one
(2a). Colorless viscous oil, 512 mg, 54% yield. IR (CHCl3)
1758 (C = O) cm�1; 1H NMR (300 MHz, CDCl3): δ 2.41–2.46
(dd, 1H), 2.61–2.66 (dd, 1H), 2.98–3.07 (m, 1H), 3.21–3.37 (m,
2H), 3.42–3.70 (m, 6H), 3.75–4.00 (m, 2H), 4.50–4.61 (m, 1H),
7.00–7.63 (m, 5H). 13C NMR (75 MHz, CDCl3) δ 44.2, 46.8,
50.7, 69.6, 70.6 (m, 2C); 71.23, 71.94, 118.02 (m, 2C), 123.81,
128.7 (m, 2C), 138.2, 154.6. HRMS (ESI) calcd for
C15H19NO5Na [M + Na]+ 316.1161, found 316.1159.

5-(9-oxiran-2,5,8-trioxanonan-5-yl)-3-phenyloxazolidin-2-one
(2b). Colorless viscous oil, 734 mg, 68% yield. IR (CHCl3)
1739 (C = O) cm�1; 1H NMR (300 MHz, CDCl3) δ 2.45–2.53
(dd, 1H), 2.68–2.72 (dd, 1H), 3.05–3.09 (m, 1H), 3.26–3.43 (m,
2H), 3.50–3.70 (m, 10H), 3.80–3.89 (m, 1H), 3.91–4.02 (m,
1H), 4.64–4.76 (m, 1H), 6.90–7.50 (m, 5H). 13C NMR
(75 MHz, CDCl3) δ 44.2, 46.9, 50.9; 69.4, 70.5 (m, 4C), 71.3,
71.9, 118.2, 118.6, 123.1, 128.9, 128.9, 138.2, 154.8. HRMS
(ESI) calcd for C17H23NO6Na [M + Na]+ 360.1423, found:
360.1425.

5-(12-oxiran-2,5,8,11-tetraoxadodecan-5-yl)-3-phenyloxazolidin-
2-one (2c). Colorless viscous oil, 921 mg, 76% yield. IR
(CHCl3) 1760 (C = O) cm�1. 1H NMR (300 MHz, CDCl3) δ
2.53–2.56 (dd, 1H), 2.71–2.73 (dd, 1H), 3.08–3.12 (m, 1H),
3.29–3.44 (m, 2H), 3.49–3.78 (m, 14H), 3.82–3.89 (m, 1H),
3.94–4.02 (m, 1H), 4.66–4.73 (m, 1H), 7.05–7.50 (m, 5H). 13C
NMR (CDCl3) δ 44.1, 47.0, 50.7, 69.8, 70.5 (m, 6C), 71.2,
71.9, 118.1 (s, 2C), 123.8, 128.9 (m, 2C), 138.2, 154.6. HRMS
(ESI) calcd for C19H27NO7Na [M + Na]+ 404.1685, found
404.1686.

5-(15-oxiran-2,5,8,11,14-pentaoxatetrade can-5-yl)-3-pheny
loxazolidin-2-one (2d). Colorless viscous oil, 1169 mg, 87%
yield. IR (CHCl3) 1761 (C = O) cm�1. 1H NMR (300 MHz,
CDCl3) δ 2.55–2.62 (dd, 1H), 2.72–2.79 (dd, 1H), 3.12–3.17
(m, 1H), 3.31–3.42 (m, 2H), 3.45–3.70 (m, 18H), 3.81–3.92
(m, 1H), 3.96–4.08 (m, 1H), 4.72–4.81 (m, 1H), 7.06–7.58
(m, 5H). 13C NMR (75 MHz, CDCl3) δ 44.0, 46.8, 50.6, 69.6,

70.5 (m, 8C), 70.96, 71.22, 117.9 (m, 2C), 123.7, 128.9 (m,
2C), 138.2, 154.5. HRMS (ESI) calcd for C21H31NO8Na
[M + Na]+ 448.1947, Found 448.1948.

5-(9-oxiran-2,5,8-trioxanonan-5-yl)-3-cyclohexyloxazolidin-
2-one (2e). Colorless viscous oil, 659 mg, 65% yield. IR
(CHCl3) 1721 (C = O) cm�1. 1H NMR (300 MHz, CDCl3) δ
0.82–1.07 (m, 5H), 1.30–1.64 (m, 5H), 2.32–2.35 (dd, 1H,
2J = 6.0, 3J = 3.0 Hz), 2.50–2.53 (dd, 1H, 2J = 4.5,
3J = 3.0 Hz), 2.87–2.90 (m, 1H), 3.09–3.12 (m, 1H), 3.13–3.16
(m, 2H), 3.37–3.39 (m, 8H), 3.51 (dd, 1H), 3.54–3.55 (dd, 1H),
3.88–3.89 (m, 2H), 4.59–4.60 (m, 1H). 13C NMR (75 MHz,
CDCl3) δ 25.1 (s, 2C), 25.6, 33.6 (s, 2C), 43.7, 49.5, 50.5, 63.2,
69,5, 70,1 (m, 4C), 71.1, 156.8. HRMS (ESI) calcd for
C16H29O5NNa [M + Na]+ 338.1943, found 338.1945.

5-(12-oxiran-2,5,8,11-tetraoxadodecan-5-yl)-3-cyclohexyl
oxazolidin-2-one (2f). Colorless viscous oil, 837 mg, 73%
yield. IR (CHCl3) 1724 (C = O) cm�1. 1H NMR (300 MHz,
CDCl3) δ 1.02–1.73 (m, 10H), 2.54–2.56 (dd, 1H), 2.71–2.74
(dd, 1H), 3.07–3.13 (m, 1H), 3.31–3.33 (m, 1H), 3.35–3.38
(m, 2H), 3.57 (m, 12H), 3.71–3.73 (dd, 1H), 3.75–3.77 (dd,
1H), 4.00–4.07 (m, 2H), 4.51–4.58 (m, 1H). 13C NMR
(75 MHz, CDCl3) δ 25.2 (s, 2C), 30.0, 30.2 (s, 2C), 42.5,
44.1, 50.7, 52.3, 70.3, 70.2 (m, 4C), 71.6 (s, 1C), 157.0.
HRMS (ESI): m/z [M + Na] calcd for C18H33O6NNa
382.2206, Found 382.2207.

5-(9-oxiran-2,5,8-trioxanonan-5-yl)-3-propyl oxazolidin-2-one
(2g). Colorless viscous oil, 536 mg, 60% yield. IR (CHCl3)
1750 (C = O) cm�1. 1H NMR (300 MHz, CDCl3) δ 0.74–0.79
(m, 3H), 1.34–1.41 (m, 2H), 2.47–2.49(dd, 1H), 2.62–2.67 (dd,
1H), 2.94–2.98 (m, 1H), 3.01–3.04 (dt, 2H), 3.24–3.26 (dd,
1H), 3.27–3.31 (dd, 1H), 3.53 (m, 8H), 3.65–3.66 (dd, 1H),
3.68–3.70 (dd, 1H), 4.04–4.07 (dd, 2H), 5.17–5.22 (m, 1H). 13C
NMR (75 MHz, CDCl3) δ 10.9, 22.8, 42.5, 45.4, 50.6, 63.5,
69.4, 70.3, 70.5 (m, 4C), 71.8, 157.8. HRMS (ESI) calcd for
C13H25O5NNa [M + Na]+ 298.1630, found: 298.1633.

5-(12-oxiran-2,5,8,11-tetraoxadodecan-yl)-3-propyl oxazolidin-
2-one (2h). Colorless viscous oil, 698 mg, yield: 68%. IR
(CHCl3) 1727.50 (C = O) cm�1. 1H NMR (300 MHz, CDCl3) δ
0.83–0.91 (m, 3H), 1.39–1.48 (m, 2H), 2.44–2.48 (dd, 1H),
2.58–2.62 (dd, 1H), 2.83–2.89 (m, 1H), 3.05–3.09 (dt, 2H),
3.17–3.21 (dd, 1H), 3.35–3.43 (dd, 1H), 3.65 (m, 12H),
3.74–3.75 (dd, 1H), 3.80–3.82 (dd, 1H), 4.11–4.15 (dd, 2H),
5.19–4.25 (m, 1H). 13C NMR (75 MHz, CDCl3) δ 11.2, 23.4,
42.7, 45.6, 50.7, 63.7, 69.6, 70.4, 70.5 (m, 6C), 71.7, 156.4.
HRMS (ESI) calcd for C15H29O6NNa [M + Na]+ 342.1893,
found 342.1894.

General procedure for the preparation of ω-(oxathilan-2-
thione-5-yl)-α-oxazolidin-2-ones 3a–h from epoxyoxazolidinone
2a–d. The reaction was carried out under a nitrogen
atmosphere. The solution of epoxyoxazolidinone 2a–d
(1 mmol) in 10 mL of anhydrous CH2Cl2 was to added lithium
bromide (0.1 mmol, 0.086 g). After stirring the mixture at
reflux for 0.5 h, a solution of carbon disulfide (1.1 mmol) in dry
CH2Cl2 (5 mL) was added dropwise. The reaction mixture was
then refluxed over 3–10 h (see Table 3). The reaction extent
was monitored with TLC (Acetone / Ether: 60/40). At the end
of the reaction, the mixture was cooled, diluted with water
(40 mL), and then extracted with dichloromethane (4 × 40 mL).
It was washed with water (2 × 30 mL) and dried on MgSO4.
The solvent was removed, and the residue was purified on
column chromatography (eluent: acetone /ether: 60/40) to
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obtain the ω-(oxathilan-2-thione-5-yl)-α-oxazolidin-2-ones 3a–h as
viscous oils.

General procedure one-pot three-component preparation
of ω-(oxathilan-2-thione-5-yl)-α-oxazolidin-2-ones 3a–h. The
reaction was carried out under a nitrogen atmosphere. The
solution of oligoethylene glycols diglycidyl ether 1a–d (3 mmol)
in 10 mL of anhydrous THF was added to lithium bromide
(0.3 mmol, 0.026 g). After stirring the mixture at reflux for 0.5 h,
a solution of isocyanate (3.3 mmol) in dry THF (5 mL) was added
dropwise. After the consummation of totally amount of isocyanate
monitored by TLC (Acetone/Ether: 80/20), the mixture was
cooled at room temperature, and 3.3 mmol of carbon disulfide
was also added, and then, the reaction was left to stand at room
temperature. After completion of the reaction, as indicated by
TLC (Acetone/Ether: 60/40), the mixture was diluted with water
(40 mL), and then extracted with dichloromethane (4 × 40 mL).
It was washed with water (2 × 30 mL) and dried on MgSO4.
The solvent was removed, and the residue was purified on
column chromatography (eluent: Acetone /Ether: 60/40) to
obtain the ω-(oxathilan-2-thione-5-yl)-α-oxazolidin-2-ones 3a–h
as viscous oils.

5-(6-oxathiolan-2-thione-2,5-dioxahexan-5-yl)-3-
phenyloxazolidin-2-one (3a). Colorless viscous oil, 235 mg,
60% yield. IR (CHCl3) 1758 (C = O), 1420–1607 (C = C),
1140 (C = S) cm�1. 1H NMR (300 MHz, CDCl3) δ 3.37–3.58
(m, 2H), 3.61–3.70 (m, 4H), 3.72–3.80 (m, 2H), 3.89–3.94(m,
2H), 4.03–4.09 (m, 2H), 4.72–4.80 (m, 1H), 5.05–5.19 (m, 1H),
7.09–7.14 (m, 1H, Harom), 7.33–7.38 (m, 2H, Harom),
7.52–7.55 (m, 2H, Harom). 13C NMR (75 MHz, CDCl3) δ 35.9,
46.8, 69.7, 69.9, 70.61 (m, 2C), 71.4, 89.5, 118.1 (s, 2C),
123.9, 129.0 (s, 2C), 138.1, 154.6, 212.2. HRMS (ESI) calcd
for C16H19O5S2NNa [M + Na]+ 392.0602, found: 392.0605.

5-(9-oxathiolan-2-thione-2,5,8-trioxano nan-5-yl)-3-phenyl
oxazolidin-2-one (3b). Colorless viscous oil, 296 mg, 68%
yield. IR (CHCl3) 1738 (C = O), 1452, 1609 (C = C), 1132
(C = S) cm�1. 1H NMR (300 MHz, CDCl3) δ 3.32–3.53 (m,
2H), 3.63–3.70 (m, 8H), 3.73–3.84 (m, 2H), 3.91–4.07(m, 2H),
4.10–4.23(m, 2H), 4.65–4.73 (m, 1H), 5.08–5.22 (m, 1H),
6.96–7.05 (m, 1H), 7.18–7.32 (m, 2H), 7.45–7.53 (m, 2H). 13C
NMR (75 MHz, CDCl3) δ 35.9, 47.0, 69.4, 69.8, 70.6 (m, 4C),
71.3, 89.5, 118.3 (s, 2C), 124.1, 129.0 (s, 2C), 138.1, 154.8,
212.2. HRMS (ESI) calc for C18H23O6NS2Na [M + Na]+

436.0864, found: 436.0866.
5-(12-oxathiolan-2-thione-2,5,8,11-tetra oxadodecan-5-yl)-3-

phenyloxazolidin-2-one (3c). Colorless viscous oil, 364 mg,
76% yield. IR (CHCl3) 1757 (C = O), 1453, 1609 (C = C),
1117 (C = S) cm�1. 1H NMR (300 MHz, CDCl3) δ
3.42–3.53 (m, 2H), 3.60–3.64(m, 8H), 3.68–3.75 (m, 2H),
3.81–3.87(m, 2H), 3.92–4.03(m, 2H), 4.68–4.75 (m, 1H),
5,13–5,24 (m, 1H), 7.01–7.09 (m, 1H, Harom), 7.29–7.38 (m,
2H, Harom), 7.46–7.52 (m, 2H, Harom). 13C NMR (75 MHz,
CDCl3) δ 35.7, 46.7, 69.6, 70.2, 70.5 (m, 4C), 71.4, 89.6,
118.2 (s, 2C), 124.0, 128.8 (s, 2C), 138.2, 154.5, 212.4.
HRMS (ESI) calc for C20H27O7NS2Na [M + Na]+ 480.1127,
found: 480.1126.

5-(15-oxathiolan-2-thione-2,5,8,11,14-penta oxapentadecan-
5-yl)-3-phenyloxazolidin-2-one (3d). Colorless viscous oil,
450 mg, 86% yield. IR (CHCl3) 1737 (C = O) 1453–1609
(C = C), 1115 (C = S) cm�1. 1H NMR (300 MHz, CDCl3) δ
3.41–3.51 (m, 2H), 3.60–3.66 (m, 16H), 3.68–3.71 (m, 1H),
3.73–3.76 (m, 1H), 3.81–3.87 (m, 1H), 3.90–3.96(m, 1H), 4.02–

4.06 (m, 1H), 4.08–4.13(m, 2H), 4.74–4.81 (m, 1H), 5.22–5.29
(m, 1H), 7.09–7.14 (m, 1H, Harom), 7.33–7.38 (m, 2H, Harom),
7.53–7.55 (m, 2H, Harom). 13C NMR (75 MHz, CDCl3) δ 35.9,
46.9, 69.8, 70.6 (m, 8C, CH2O), 71.08, 71.3, 89.4, 118.0 (s, 2C),
123.8 (s, 1C), 128.9 (s, 2C), 138.2, 154.6, 212.2. HRMS (ESI)
calc for C22H31O8NS2Na [M + Na]+ 524.1389, found: 524.1386.

5-(6-oxathiolan-2-thione-2,5,8-trioxanonan-5-yl)-3-
cyclohexyloxazolidin-2-one (3e). Colorless viscous oil,
282 mg, 64% yield. IR (CHCl3) 1719 (C = O), 1121 (C = S)
cm�1. 1H NMR (300 MHz, CDCl3) δ 1.03–1.11 (m, 1H),
1.21–1.36(m, 5H), 1.50–1.68 (m, 5H), 3.34–3.40 (m, 1H),
3.50–3.56( m, 2H), 3.64–3.66 (m, 8H), 3.68–3.72 (m, 2H),
3.75–3.83 (m, 2H), 4.06–4.14 (m, 2H), 4.67–4.78 (m, 1H),
5.15–5.23 (m, 1H). 13C NMR (75 MHz, CDCl3) δ 24.7, 25.4
(s, 2C), 29.6 (s, 2C), 33.3, 36.0, 49.8, 63.5; 69.8 (m, 6C), 70.5,
71.2, 89.3, 155.5, 212.1. HRMS (ESI) calc for C18H29NO6S2Na
[M + Na]+ 442.1334, found: 442.1337.

5-(12-oxathiolan-2-thione-2,5,8,11-tetraoxa dodecan-5-yl)-3-
cyclohexyloxazolidin-2-one (3f). Colorless viscous oil,
345 mg, 71% yield. IR (CHCl3) 1720 (C = O), 1120 (C = S)
cm�1. 1H NMR (300 MHz, CDCl3) δ 1.06–1.11( m, 1H),
1.25–1.42 (m, 5H), 1.64–1.79 (m, 5H), 3.36–3.39(m, 1H),
3.53–3.59( m, 2H), 3.64–3.65 (m, 12H), 3.66–3.70 (m, 2H),
3.72–3.76 (m, 2H), 3.81–3.93 (m, 2H), 4.59–4.67 (m, 1H),
5.25–5.33 (m, 1H). 13C NMR (75 MHz, CDCl3) δ 25.3, 30.0
(s, 2C), 30.3 ( s, 2C), 36,0, 42,5, 52,3, 69.8, 70.5 (m, 6C), 71.1,
71,7, 89.4, 157.0, 212.2. HRMS (ESI) calc for C20H33NO7S2Na
[M + Na]+ 486,1596, found: 486.1593.

5-(6-oxathiolan-2-thione-2,5,8-trioxanonan-5-yl)-3-
propyloxazolidin-2-one (3g). Colorless viscous oil, 229 mg,
57% yield. IR (CHCl3) 1748 (C = O), 1116 (C = S) cm�1. 1H
NMR (300 MHz, CDCl3) δ 0.82–0.87 (t, 3H), 1.41–1.49(m,
2H), 3.04–3.09 (t, 2H), 3.52–3.61(m, 2H), 3.63–3.64 (m, 8H),
3.65–3.68 (m, 2H), 3.78–3.82 (m, 2H), 4.14–4.17 (m, 2H),
4.76–4.80 (m, 1H), 5.15–5.23 (m, 1H). 13C NMR (75 MHz,
CDCl3) δ 11.2, 23.1, 36.1, 42.8, 63.7, 69.7; 69.8, 70.6 (m, 4C),
71.3, 89.2, 156.4, 212.0. HRMS (ESI) calc for C15H25NO6S2Na
[M + Na]+ 402.1021, found: 402,1023.

5-(12-oxathiolan-2-thion-2,5,8,11-tetraoxa dodecan-5-yl)-3-
propyloxazolidin-2-one (3h). Colorless viscous oil, 276 mg,
62% yield. IR (CHCl3) 1723 (C = O), 1115 (C = S), cm�1. 1H
NMR (300 MHz, CDCl3) δ 0.90–0.95 (t, 3H), 1.52–1.64 (m,
2H), 3.19–3.24 (t, 2H), 3.58–3.63(m, 2H), 3.64–3.66 (m, 12H),
3.67–3.69 (m, 2H), 3.71–3.74 (m, 2H), 3.83–3.94 (m, 2H),
4.63–4.67 (m, 1H), 5.28–5.33 (m, 1H). 13C NMR (75 MHz,
CDCl3) δ 11.0, 22.17, 35.89, 42.11, 62.8, 69.7, 69.8; 70.5 (m,
6C), 71.6, 89.6, 157.8, 212.4. HRMS (ESI) calc for
C17H29NO7S2Na [M + Na]+ 446.5344, found: 446.5346.
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