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Abstract: The reduction of carbon dioxide has gained much attention due to increasing
environmental concerns about global warming associated with carbon emission from industrial
effluents and public transport etc. In this regard, over the past few years considerable attention has
been made on the development for the chemical conversion of carbon dioxide and its incorporation
into synthetic organic molecules under mild and “green” conditions. In recent years, significant effort
has been dedicated to study the fixation of carbon dioxide with aziridines to afford oxazolidinones,
which is an environmental friendly and atom economical process. In this review, we would like to
discuss the efficiency of different developed catalytic systems, by comparing and analyzing each
reaction matrix such as pressure, temperature, substrate scope, and product selectivity
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1. INTRODUCTION
Oxazolidinones comprise a very significant class of
molecules, with uses both as synthetic auxiliaries and as
pharmaceuticals. Oxazolidinone antibiotics, most notably
Linezolid, are important monoamine oxidase inhibitors for
the treatment of resistant infections including MRSA and
drug-resistant
tuberculosis.[1-3]
The
anticoagulant
Rivaroxaban, used for treating deep vein thrombosis,[4] has
a very similar structural motif to 1, also based around an
oxazolidinone (Figure 1). Chiral oxazolidinone “Evans”
auxiliaries have been important for asymmetric synthesis,
especially aldol reactions, for several decades.[5]

Several approaches exist to prepare oxazolidinones (Scheme
1), with the most obvious being the reaction of an amino
alcohol with phosgene. Whilst this approach has advantages
in terms of preserving the regio- and stereochemical
arrangement of the starting amino alcohol, the drawbacks
both in terms of the toxicity of phosgene and the relatively
poor atom economy of the reaction, which loses two
equivalents of chloride, are obvious. Similar chemistry with
dialkyl carbonates or urea has also been reported and clearly
these represent a more sustainable approach from these
amino alcohol substrates.[6,7]

Scheme 1: Main routes to oxazolidinones.

Figure 1: General structures of oxazolidinones (top) and
examples of important oxazolidinone pharmaceuticals
(bottom).
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Perhaps the most significant non-aziridine route to
oxazolidinones is the reaction of isocyanates with epoxides.
This has several advantages in that epoxides are easily
prepared from alkenes, often with the use of mild reagents,
and the reaction with the isocyanate is fully atom
economical. In many ways this chemistry is analogous to the
similar reaction between epoxides and carbon dioxide,[8]
and many of the same Lewis acid catalysts can be used to
activate the epoxide substrate.[9-11] The disadvantage of
this approach lies with the use of isocyanates, which are very
© 2019 Bentham Science Publishers
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toxic with methyl isocyanate being the chemical involved in
the 1984 Bhopal disaster, the most serious chemical accident
in history.[12] Isocyanates can also react violently with
water, increasing the chances of being unintentionally
dispersed, as happened at Bhopal.
The preparation of oxazolidinones from aziridines and
carbon dioxide, therefore, is clearly attractive: Carbon
dioxide is a non-toxic and inexpensive reagent, commonly
available as a waste product from a number of industrial
processes, and the reaction with the aziridine occurs with
100% atom economy. However, some caution is necessary
as aziridines themselves are toxic and expected to be
carcinogenic due to their ability to alkylate biological
molecules, including DNA, though toxicity data is not
available for many examples.[13] Due to the substantial
variety of chemistries used to produce these aziridine
substrates, discussion of the sustainability of these is outside
the scope of this review. The synthesis and chemistry of
aziridines was reviewed in detail by Sweeney in 2002.[14]
There is considerable variation in the mechanism of the
reaction between an aziridine and carbon dioxide, and a wide
variety of catalysts have been used, and some reports exist of
catalyst-free reactions. However, in general, a Lewis (or
Brønsted) acid catalyst is used in conjunction with a
nucleophile, usually a halide, analogously to catalyst systems
used for the reaction between epoxides and carbon
dioxide.[8] Unlike this reaction, however, there are two
possible regioisomers (known as 4-substituted and 5substituted) of oxazolidinone product depending on which
side of the parent aziridine the new oxygen-carbon bond is
formed. A plausible general mechanism for this reaction is
given in Scheme 2. The selectivity with which either
regioisomer is produced is determined by a combination of
the electrophilicity of the two sites in the catalyst-aziridine
complex, and steric influence upon nucleophilic attack of the
same species. In general, this mechanism leads to retention
of stereochemistry at the carbon atom bonded to oxygen due
to double inversion; however, in some specialised cases,
multiple inversions due to excess nucleophile or SN1
character may lead to racemisation.
This chemistry has not been reviewed since 2012 to our
knowledge,[15] and the prior review did not have a strong
emphasis on green chemistry, therefore this review will
attempt to be comprehensive. Reaction conditions and
catalysts will be discussed critically with respect to their
sustainability and in accordance with the principles of green
chemistry as well as in more traditional catalysis
comparative terms such as pressure, temperature, substrate
scope, and selectivity. This will include discussions of
elemental sustainability where elements are used that are not
earth-abundant, are only available in restricted geographical
areas, are difficult to recycle, or are in high demand for other
essential applications.[16,17] The sustainability of solvents,
where they are used, and the overall atom economy of the
processes, considering solvent, any sacrificial reagents, and
the feasibility of catalyst recovery and re-use will also be
discussed.

Scheme 2: Generalised mechanism for the catalysed reaction
of
aziridines
with
carbon
dioxide.
This chemistry has not been reviewed since 2012 to our
knowledge,[15] and the prior review did not have a strong
emphasis on green chemistry, therefore this review will
attempt to be comprehensive. Reaction conditions and
catalysts will be discussed critically with respect to their
sustainability and in accordance with the principles of green
chemistry as well as in more traditional catalysis
comparative terms such as pressure, temperature, substrate
scope, and selectivity. This will include discussions of
elemental sustainability where elements are used that are not
earth-abundant, are only available in restricted geographical
areas, are difficult to recycle, or are in high demand for other
essential applications.[16,17] The sustainability of solvents,
where they are used, and the overall atom economy of the
processes, considering solvent, any sacrificial reagents, and
the feasibility of catalyst recovery and re-use will also be
discussed.
2. DISCUSSION
2.1.Reaction Using Metal Catalysis
Metal catalysis has been researched as an attractive method
of aziridine synthesis, as this method requires mild
conditions compared to traditional and other synthetic
methods.[18-20] The concept of using metal catalysts to
promote CO2 utilization is not new, for example cyclic
carbonate synthesis from epoxides and CO2 is an large area
of research.[8,21,22] Oxazolidinone synthesis via metal
catalyzed CO2 utilization, using homogenous or
heterogeneous catalysts, has also been researched since the
late 20th Century.
Despite epoxides and aziridines only differing by one
atom, aziridines have not received as much attention as a
reagent for CDU compared to epoxides. This is could be, as
phrased by Sweeney in 2002, because they are seen as
“epoxides’ ugly cousins.”[14] Research into synthesizing
oxazolidinones via reacting epoxides with isocyanates is
therefore a favored route.[9,23] The lower electronegativity
of nitrogen does inherently mean that ring-opening of
aziridines is not as straightforward as epoxides, but
nonetheless is not difficult.
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One important factor to always consider when using
metal catalysts is the reaction mechanism. The mechanism of
oxazolidinone synthesis determines the regioselectivity of
the reaction, as depending on which carbon atom of the
aziridine is ring-opened will dictate whether the
3,4-oxazolidinone (4-sub, A) or 3,5-oxazolidinone
(5-sub, B), or a mixture of both, is formed. Factors such as
electronic and steric effects of the aziridine functionality,
Lewis acidity, and steric hindrance/size of the nucleophile
and/or metal catalyst all influence which isomer is favored.
The favorability of different metal catalysts systems will
therefore be discussed.
2.1.1 Homogenous catalysts
In the late 20th and early 21st Century, numerous metal
complexes and salts such as LiI[24,25] (2, Scheme 3), alkali
metal halides[26] (3, Scheme 3) and organotin
complexes[27] (4, Scheme 3) were the first metal catalysts
tested in the transformation of CO2 into oxazolidinones.
These catalysts required high catalytic loadings (at least 25
mol% in the case of LiI), high pressures of CO2 (50-55 bar in
the case of organoantimony salts) and reported poor isomer
selectively. The toxicity of organoantimony and organotin
components is also undesirable from a green chemistry
perspective.
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was opposite to the trend observed when ring-opening
epoxides. Sudo proposed that ring-opening occurred at the
unsubstituted/less sterically hindered position of the
aziridine. Unfortunately, no isolated yields or conversions
close to 100% were reported. The high catalyst loading of
LiBr (20 mol%) is also undesirable in terms of reaction mass
efficiency (5, Scheme 4).
In 2009, Wei Li et al. reported that Zirconyl chloride
alone could form oxazolidinones from aziridines (up to 12
examples) with different functionalities.[31] Interestingly,
the catalyst could be used up to five times and showed an
increase in activity when used multiple times (6, Scheme 4).
Extremely high, and energy intensive, pressures of CO2 (60
bar) were required for the reaction to occur and once again
no isolated yields were reported.

Scheme 4: Homogeneous metals catalysts used in the
synthesis of oxazolidinones from aziridines and CO2.

Scheme 3: Early examples of metal catalysts used to
synthesis oxazolidinones from aziridines and CO2
One interesting, and unique, example of metal catalysis was
the electrocatalysis of aziridines reported by Tascedda and
Duñach in 2000. By using a single component cell, with a
Mg anode and steel, carbon or Ni cathode with a current
density of 0.3 A dm-2, different Ni(II) complexes at 10 mol%
could synthesize oxazolidinones under ambient conditions
over 7 h. Conversions however are low compared to other
systems, regioselectivity was poor and DMF (now
considered a “non” green solvent)[28] was employed as a
supporting catalyst.[29]
In 2004, Sudo et al. studied the reactivity of
N-tosylaziridine with LiBr as a catalyst.[30] Intriguingly,
Sudo reported that electron donating groups on
N-tosylaziridine lead to an increase in conversion, which

Metal complexes that can form cyclic carbonates from
epoxides and CO2 can also be used to transform aziridines
into oxazolidinones. In 2004, Nguyen used Cr(salen)
complex 7 to ring-open aziridines,[32] and reported the most
active metal catalyst for this reaction at that time (7, Scheme
4). The reaction could even proceed without a Lewis base
(co-catalyst). Interestingly, this catalyst also reported
favorability for the 5-isomer rather than the
4-isomer, and was affected by which Lewis base was used
and the catalyst:co-catalyst ratio. This is also one of the few
studies to report the conversion of a disubstituted aziridine.
In 2011, Aggarwal et al. investigated transformation of
vinylaziridines into vinyloxazolidinones using a Palladium
catalyst (8, Scheme 4).[33] This work reports one of the few
examples in which a conversion of an aziridine with CO2
into an oxazolidinone occurs under mild conditions (due to
the vinyl group being present).
In 2017, Lewis acidic transition metal catalysts YCl3,
ScCl3, ZnCl4, Zn(OEt)4, Ti(OEt)4, NbCl5 and Nb(OEt)5 were
all screened in the conversion of N-tosyl aziridines. These
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aziridines are less reactive than traditional aziridines, due to
the presence of an electron withdrawing group on the
nitrogen. The catalyst Nb(OEt)5 in conjunction with TBAI
was the most active catalyst (9, Scheme 4).[34] DFT studies
supported preferential ring-opening at the phenyl substituted
carbon, in a similar manner to when a Lewis acid and
nucleophile/co-catalyst ring-open styrene oxide at the
substituted carbon to form styrene carbonate.
In 2014, a bifunctional aluminum catalyst was reported
by Xiao-Bing Lu, which could ring-open aziridines as well
as epoxides (10, Scheme 4).[35] In terms of regioselectivity,
ring-opening occurs at the methine carbon to form the
5-substituted oxazolidinone, with a retention of
configuration due to double inversion at the methine carbon.
Impressively, low catalytic loading of the catalyst was
required (only 0.01 mol%) but no isolated yields and
conversions were reported for this catalyst.
The use of metal complexes to form oxazolidinones has
shown promising results. However, only one catalytic
system employed the sustainable metal (aluminum). The use
of more abundant metals, and environmentally friendly,
green and atom efficient catalytic systems, will be more
desirable in the future.
2.1.2 Heterogeneous catalysts
Due to the promising results obtained using homogenous
catalysis, recent research has been devoted towards
investigating heterogeneous catalysts. These catalysts can be
re-used and thus recycled, unlike the majority of
homogeneous catalysts, and can therefore potentially provide
a “greener” catalyst.
In 2014, a titanium mesoporous metal phosphonate
catalyst was reported by Shi Zhang Qiao et al. to synthesize
numerous oxazolidinones with superb regioselectivity. This
catalytic system worked without any co-catalysts, additives
or solvent (11, Scheme 5).
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The catalyst can be isolated after each reaction and was used
10 times with no decline incatalytic activity. Qiao proposed
the catalytic activity of the titanium catalyst was due to the
combination of P–OH and –NH2 groups in the catalyst,
which could ring-open the aziridine and activate CO2
respectively. The activity of the catalyst was comparable to
previously reported catalytic systems.[36]
In a similar study, Yuan et al. in 2015 developed
mesoporous Zirconium phosphonates as heterogeneous
catalysts (12, Scheme 5), which could also synthesize
oxazolidinones under solvent-free conditions without a
co-catalyst. Superb regioselectivity was reported and the
catalyst could be recycled five times without a dramatic drop
in activity. The absence of isolated yields however is
disappointing and further work is required to understand the
reaction mechanism of this catalyst.[37]
Metal Organic Frameworks (MOFs) has been
investigated as an attractive heterogeneous catalyst to
synthesize oxazolidinones using CO2. In 2016, Liang-Nian
He et al. reported the first MOF catalyst for aziridine
conversion into oxazolidinones, and reported that a [Cu30]
nanocage based MOF ([Cu2(BCP)(H2O)2]•3DMF)n 13,
(Scheme 5) could be used up to ten times without losing
catalytic activity and showed high regioselectivity.[38]
Optimum conditions however were 100 °C and 20 bar of
CO2 for maximum conversions. This catalyst was more
active than standard copper salts, but was arguably as active
as the standard Copper MOF HKUST. It is therefore
debatable if this catalyst is more beneficial to use compared
to much simpler standard MOFs. Unfortunately, DMF is
required to make the catalyst, which is listed as a “substance
of high concern” under the Registration, Evaluation,
Authorization & restriction of CHemicals (REACH)
protocol, due to its high reproduction toxicity.[39] No
isolated yields were also reported for this work.
In 2018, the first reported synthesis of oxazolidinones
from aziridines using a Copper(II) Metal–MetalloPorphyrin
Framework (MMPF, a subclass of MOFs) was performed by
Shengqian Ma et al. (14, Scheme 5). Impressively, this
catalyst only required 0.625 mol% catalytic loading of 14
(Cu active sites) and 5 mol% of TBAB to achieve 47%
conversion under ambient conditions. This catalyst was more
active than the standard Copper MOF HKUST-1, and Mai
hypothesized this was due to the ease in accessibility of the
metal active site in 14 by the aziridine substrate. This
catalyst however required three days to achieve this
conversion, and 100 °C and 20 bar of CO2 to report
increased conversions.[40] No isolated yields again are
reported. Synthesis of 14 also requires N,Ndimethylacetamide (DMA), which is another “substance of
high concern” according to REACH.[41] These results
nonetheless are promising, and future work is underway to
improve 14’s catalytic performance under milder conditions.
2.1.3 Mechanism considerations

Scheme 5: Heterogeneous metals catalysts used in the
synthesis of oxazolidinones from aziridines and CO2

In 2008, Li performed detailed DFT analysis[42] of the
reaction mechanism between aziridines and CO2 conversion
into oxazolidinones, via Pinhas’s LiI catalytic route.[24,25]
Li concluded that changing alkyl substituents on the three
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membered ring strongly affects regioselectivity, whereas
changing groups on the nitrogen atom seemed to have little
to no effect at all.[42] Li proposed that when simple alkyl
groups are present on the three membered ring (with
functional groups on the nitrogen) ring-opening only occurs
at the less sterically hindered carbon-nitrogen bond. Thus,
leading to the preferential formation of the 4-substitued
regioisomer (4-sub). Alternatively, when phenyl is present,
ring-opening will only occur at the more substituted carbonnitrogen bond (i.e. the methine carbon atom), only forming
5-substitued regioisomer (5-sub), due to the electronic of the
phenyl group stabilizing the reaction intermediate. Changing
functional group combinations on the carbon ring and
nitrogen, will change regioselectivity and lead to a mixture
of products. The more sterically hindering the functional
group on the ring, the more likely that the 5-substitued
isomer will be formed. Li also concluded that a complex
consisting of one molecule of aziridine and CO2, with Li+
and I-, is formed prior to ring-opening (Scheme 6).
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Scheme 7: Reaction mechanism proposed for catalyst 7
route by Nguyen via DFT calculations in the presence
DMAP.43

Scheme 6: Reaction mechanism proposed for Pinhas’s LiI
route by Li via DFT calculations.[42]
In 2014, ten years after their original work into using 7 to
form oxazolidinones from aziridines,[32] Nguyen et al.
analyzed the reaction mechanism via DFT calculations.[43]
By studying the ability of 7 to form oxazolidinones in the
absence and presence of DMAP, Nguyen deduced that
regioselectivity was nucleophile dependent. In the presence
of DMAP, ring-opening of the metal-coordinated aziridine
intermediate will occur at the less substituted carbon due to
the steric bulkiness of DMAP (Scheme 7).
In the absence of DMAP, ring-opening occurs at the
substituted position, in a similar manner to Li’s findings for
the reaction mechanism of Pinhas’s catalytic system
(Scheme 8). Nguyen reported this this distinctive selectivity
was due to “preferential intramolecular ring-opening at the
more substituted carbon of the aziridine ring in a
(salen)CrIII(aziridiumcarbamate) intermediate.”
In terms of reaction mechanisms, different catalysts,
mixtures of catalysts/co-catalysts and reaction conditions,
have reported different regioselectivity. It is therefore
important to note that the reaction mechanism for
aziridine-CO2 conversion is still unclear and has currently
been analyzed on a case-by-case basis.[42] Ultimately, more
detailed mechanistic studies like these need to be done, with
an emphasis towards how the mechanism changes using a
wide scope of aziridine substrates.

Scheme 8:Reaction mechanism proposed for catalyst 7 route
by Nguyen via DFT calculations in the absence of DMAP. 43
Reaction using Organocatalysis
In recent years, organocatalysis has emerged as a
powerful catalyst in the synthetic community as they have
high stability, are environmentally benign, inexpensive, easy
preparation and simple to use.[44-45] Considerable attention
has been given to the chemical transformation of carbon
dioxide and aziridines to form oxazolidinones using
organocatalysts, with the aim to develop new effective
catalytic systems that can tackle a broad substrate scope,
with high selectivities under mild reaction conditions.
2.2.1 Organocatalysis with small molecules
In 2008, He and co-workers developed a recyclable
quaternary ammonium bromide organocatlayst bound to
polyethylene glycol ((NBu3Br)2/PEG6000), for the
cycloaddition of aziridines with CO2.[46] The reaction was
carried out using 0.25 mol% of PEG6000(NBu3Br)2 at
80 bar CO2 and 100 °C (Scheme 9). It is worth mentioning
that the reaction rate was greatly influenced by CO2 pressure,
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across the range of 10 to 80 bar. However, a low reaction
rate was observed with further increases in CO2 pressure.
This may have been due to the lower vicinity of the catalyst
with aziridine.

aziridines, such as ethyl, butyl and cyclohexyl derivatives,
gave the desired oxazolidinones in good to high yields.

Scheme 11: Pyridinium iodide (HPyI) catalyzed synthesis of
substituted oxazolidinones.
Scheme 9: PEG6000(NBu3Br)2 catalysed chemical fixation
of CO2 with aziridines.
Furthermore, the same group utilized Lewis basic
ionic liquids as a catalyst for the synthesis of oxazolidinones
from 2-aryl aziridines and CO2.[47] A series of ionic liquids
based on Cn+1DABCO+ cations and Cl¯ , Br¯ , OH¯ , BF4¯ ,
PF6¯ or Tf2N¯ anions were investigated for the fixation of
CO2 fixation with 1-ethyl-2-phenylaziridine, at 90 °C and 60
bar CO2 for 3 h under solvent free conditions (Scheme 10). It
was found that [C4DABCO]Br was the most active catalyst.
The desired oxazolidinones were obtained with yields up to
95% and 99% selectivity. The authors also demonstrated the
reusability of the catalyst, as it could be used in four cycles
without a significant loss in activity.

Scheme 10: [C4DABCO]Br
substituted oxazolidinones.

catalysed

synthesis

of

An improvement of the above work was reported
using protic onium salts to synthesise 5-aryl-2oxazolidinones under a CO2 atmosphere at room
temperature.[48] By testing various pyridinium salts, it was
found that the activity of the catalyst was greatly influenced
by nucleophilicity and leaving ability of the anion. Anions
such as HSO4¯ , H2PO4¯ and NO3¯ were found to be
ineffective and halides showed an increase in activity going
from chloride to iodide anion. Notably, the reaction was
promoted by hydrogen bonding between the aziridine and
protic onium salts, which in turn could activate the aziridine
ring (Scheme 11). The catalyst could be reused five times,
yielding corresponding oxazolidinones in 94-98% yields
with excellent selectivity.
Qi et al. reported that polystyrene supported
threonine (PS-Thr) has good activity for the synthesis of
oxazolidinones from the fixation of CO2 with 2-aryl
aziridines.[49] When the reaction was carried out using 2phenylaziridine and 1-methyl-2-phenylaziridine as the
substrate, low yields were reported due to selfoligomerization of the aziridines. On the other hand, alkyl

Qi et al. reported that polystyrene supported
threonine (PS-Thr) has good activity for the synthesis of
oxazolidinones from the fixation of CO2 with 2-aryl
aziridines.[49] When the reaction was carried out using 2phenylaziridine and 1-methyl-2-phenylaziridine as the
substrate, low yields were reported due to selfoligomerization of the aziridines. On the other hand, alkyl
aziridines, such as ethyl, butyl and cyclohexyl derivatives,
gave the desired oxazolidinones in good to high yields.
In a subsequent study from the same group, it was
found that simple, naturally occurring α-amino acids could
catalyse the cycloaddition of CO2 to 2-aryl aziridines.[50] A
variety of α-amino acids were screened and L-histidine was
found to be the most active α-amino acid, yielding 99% of
desired 5-aryl oxazolidinone with 93% regioselectivity, at 80
bar CO2 pressure and 110 °C. Mechanistically, the authors
suggest that the aziridine is first activated by forming a
hydrogen bond with the amino acid. Nucleophilic attack of
the aziridine then occurs by the carboxylate ion of another
amino acid. Since the bond dissociation energy is lower for
nucleophilic attack at the benzylic position, ring-opening at
this position (intermediate a, Scheme 12) is more favored
than the terminal position (intermediate b, Scheme 12).[51]
According to Baldwin’s rules, nucleophilic attack of the
aziridine by the carboxylate ion of the same amino acid
engaging in hydrogen bonding is unfavorable.[52]
Consequently, Dou et al. reported that L-proline could be
used as a catalyst for the coupling of CO2 and aziridines.[18]
The optimum reaction conditions were when 5 mol% of Lproline was employed at 60 bar of CO2 and 110 °C.

Scheme 12: Proposed mechanism for the α-amino acid
catalyzed reaction.
Wu
and
Liu
reported
that
1,5diazabicyclo[4.3.0]non-5-ene (DBN) could catalyse the
fixation of CO2 and aziridines to form 2-substituted

Title of the Article

oxazolidinones, using LiI as an additive under atmospheric
pressure.[53] Different catalysts, such as, 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU), DMAP, triethylamine and
DBN, as well as different additives, like KI, LIBr and LiI
were all screened. By testing all of these systems in toluene,
it was found that the combination of 10 mol% DBN and 20
mol% LiI gave the best yields for the desired
2-oxazolidinone derivatives. Various N-alkyl aziridines
reacted under these conditions to give the corresponding
2-oxazolidinones in 82-95% yield (Scheme 13). The only
exception is the 2-methyl substituted aziridine, which only
gave 65% yield of the corresponding oxazoldinone and
reported poor regioselectivity. The high use if Li is not ideal
in terms of sustainability, as it is one of the more rare
elements in the periodic table.
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the catalyst was investigated using N-benzylaziridine, and
found it could be reused six times, affording the
corresponding oxazolidinone in 90-92% yields.
Recently, Saptal and Bhanage investigated the
activity of N-heterocyclic olefins (NHOs) for the fixation of
CO2 and aziridines to form oxazolidinones.[56] Different
substituted aziridines were reacted with CO2 in the presence
of 0.4 mol% NHO, under 20 bar pressure of CO2 at room
temperature to give corresponding the oxazolidinones in
good to high yields (Scheme 15). Although increasing the
steric hindrance of the aziridines led to lower yields, this
could be overcome by increase the reaction temperature
(60 °C) or CO2 pressure (40 bar).

Scheme 15: NHO catalysed synthesis of substituted
oxazolidinones.
2.2.2 Polymer and supported catalysts
Scheme 13: DBN catalysed synthesis of 2-substituted
oxazolidinones.
Zhang et al. reported that potassium phthalimide
could capture, and easily desorb, almost equimolar amounts
of CO2. Subsequently, it was found by reacting CO2 captured
K[Phth] with 1-ethyl-2-phenylaziridine, the synthesis of 3ethyl-5-phenyloxazolidin-2-one was afforded in 90% yield at
40 °C (Scheme 14).[54]

Scheme 14: Transformation of CO2 captured K[Phth] into
oxazolidinone. HDABCOI = 1,4-diazabicyclo[2.2.2]octan-1ium iodide.
In 2013, Ikariya and co-workers developed the first
N-heterocyclic carbenes (NHCs) based systems for this
transformation.[55] The reaction was carried out employing
NHC-CO2 adducts as an active catalytic system for the
chemical fixation of CO2 with aziridines for the synthesis of
2-substituted
oxazolidinones.
1,3-Bis(tert-butyl)imidazolium-2-carboxylate (NHC-CO2) could be generated
by treating CO2 (1 bar) with imidazolium tetrafluoroborate
and an equimolar amount of KOtBu in THF. When the
catalytic activity of this catalyst was investigated over
increasing temperatures of 60-100 °C, under 50 bar CO2
pressure for 15 h in 2-propanol, the maximum yield (92%)
was obtained at 90 °C. This could be due to a dynamic catch
and release process occurring with the presence of the NHC
catalyst in the reaction. However, the reaction could not
occur under atmospheric pressures of CO2. The reusability of

Polymeric or polymer supported catalysts offer a number
of advantages over homogeneous catalysts; they are usually
heterogeneous and easily recycled, the polymer might
improve the practical activity of an otherwise insoluble
active functionality, and multiple, cooperative, catalytic
moieties might be tethered in close proximity, leading to
improved reaction kinetics relative to an otherwise
intermolecular solution-phase mechanism.
The first recyclable polymer-tethered catalyst for this
chemistry was developed by Du et al. in 2008 and employed
a simple tributylammonium bromide tethered to
polyethylene glycol.[46] This catalyst 18 acts solely as a
source of bromide, with no hydrogen bonding or Lewis acid
component present to activate the aziridine. Interestingly, the
activity of the catalyst is significantly higher than a simple
binary mixture of PEG with tetrabutylammonium bromide.
The authors speculate that tethering to PEG allows the
ammonium halide to be fully soluble and well mixed into the
carbon dioxide expanded PEG reaction mixture (Figure 2).

Figure 2: Polyethylene glycol and polystyrene supported
catalysts developed by Du,[46] Qi,[49] and Watile.[57]
The reaction is carried out at 100 °C under 80 bar of
carbon dioxide using 0.25 mol% of catalyst. Reaction times
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range from 15 minutes (R1 = Me, H) to 24 hours (R1 = iPr)
for full conversion depending on the substrate, with the most
sterically demanding at nitrogen being the slowest and the
example where R1 = tBu only reaching 50% conversion after
72 hours.
In 2010, Qi et al. used polystyrene supported amino acids
19 as catalysts for the reaction of both epoxides and
aziridines with carbon dioxide.[49] Threonine supported on
polystyrene was the most successful catalyst, with the
supported amino acid being more active than threonine
alone, perhaps due to reduced solubility requirements. For a
variety of N-alkyl substituted (R1 = alkyl) aryl (R2 =
phenyl/substituted phenyl) aziridines, the reaction was
performed using 0.6 mol% of the supported catalyst at 80 bar
carbon dioxide pressure and 100 °C for 24 hours without
solvent. In most cases these reactions were selective for the
5-substituted oxazolidinone (>95% selectivity) with the
exception of the unalkylated (R1 = H) example, which gave
15% of the 4-substutited regioisomer. Conversions were
generally quantitative over this timescale, with the exception
of very sterically demanding (R1 = tBu) aziridines. The
authors propose that the protonated ammonium centre of the
amino acid zwitterion acts as a Lewis acid, with a
neighbouring carboxylate acting as a nucleophile as the
carboxylate on the same amino acid functionality is
forbidden from acting as a nucleophile in this context by
Baldwin’s rules. Re-use of the catalyst was demonstrated
over 5 cycles with only a minor loss of activity.
Watile et al. used a similar polystyrene based support to
immobilise their diol-functionalised imidazolium ionic liquid
type catalyst 20 in 2011.[57] This system is particularly
remarkable for being effective at room temperature, using
1.5 mol% catalyst at 50 bar pressure of carbon dioxide. TOF
values up to 22 h -1 are quoted for a variety of phenyl
aziridines (R2 = Ph) with various N-alkyl substituents. In all
cases, selectivity towards the 5-substituted regioisomer is
>90%. Mechanistically, the diol moiety is supposed to
activate the aziridine by a cooperative hydrogen bonding
mechanism, with the halide counterion acting as nucleophile.
The same group also approached the same chemistry
from a very different direction in 2012, using unmodified
chitosan as single-component catalyst 21 (Figure 3).[58]
Chitosan is a widely available amino-polysaccharide usually
derived from crustacean shell waste, though it is also
alternatively available from fungi, including in the waste
products of industrial fungal fermentation and agricultural
mushroom waste.[59] Given the lack of a nucleophilic cocatalyst and with only amine and hydroxyl functionalities
present to act as hydrogen-bonding donor and nucleophile
respectively, the performance of the catalyst is surprisingly
good. A very high catalyst loading of 20 wt% is used,
without solvent, at 70 °C for 7 hours under 50 bar of carbon
dioxide. Again, a variety of phenyl aziridines were
demonstrated with various alkyl groups on the nitrogen
atom, with most examples giving yields in excess of 90%
except the most sterically demanding examples (R1 = tBu,
Cyclohexyl) or R1 = H, which showed lower selectivity
(11% 4-substituted) and lower yield (61%). Recyclability of
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the catalyst was demonstrated over 5 cycles with only a
minor loss of activity.

Figure 3: Chitosan and chitosan based pyridinium catalysts
developed
by
Watile[58]
and
Kathalikkattil.[60]
Kathalikkattil et al. took a slightly different approach in the
same year, using chitosan functionalised with a pyridinium
halide catalyst 22, with the best performing being bromide
(Figure 3).[60] The only substrate demonstrated was methyl
aziridine (R1 = H, R2 = CH3) which achieved 98%
conversion in a semi-batch process where carbon dioxide
was continuously supplied to maintain a pressure of 8 bar
using 0.71 mol% of catalyst at 100 °C for 4 hours in
tetrahydrofuran. Interestingly, this method gave 94%
selectivity to the less-common 4-substituted isomer. The
catalysis is believed to involve hydrogen bonding to the
chitosan backbone, with the bromide acting as a nucleophile.
After 5 cycles of re-use, this catalyst still gave conversions
in excess of 80%.
CONCLUSION AND SUMMARY
Forming oxazolidinones via metal catalysis and
organocatalysis is still in its infancy, compared to other wellestablished CDU routes. Metal catalysts have shown
promising results, with some cases reporting great yields and
superb regioselectivity, with extremely low catalytic loading
in some cases. On the other hand, there needs to be a real
emphasis towards creating sustainable catalysts with more
abundant metals. Organocatalysis can provide an alternate
method to afford oxazolidinones from aziridines and carbon
dioxide, with the majority of examples using abundant and
green reagents and showing superb reusability. Finding
reaction systems that require less strenuous reaction
conditions would be ideal. More catalytic systems also need
to be tested against di-substituted aziridines overall.
Nonetheless, the current literature is promising, and as
Sweeney said in his 2002 review “the future is bright for
aziridine research.”[14]
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