
Department of Chemistry 

University of Helsinki 

Finland 

 

 

 

 

 

 

 

CARBON DIOXIDE-BASED SYNTHESES OF 
OXAZOLIDINONES AND OTHER CYCLIC 

CARBAMATES 

 

 

 

Teemu Niemi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ACADEMIC DISSERTATION 

 

To be presented, with the permission of the Faculty of Science of  

the University of Helsinki, for public examination in Auditorium A110, 

Chemicum (A.I. Virtasen aukio 1, Helsinki), on 28 Septemer 2018, at 12 noon. 

 

Helsinki 2018 

 

 

 

 



Supervisor 

Professor Timo Repo 

Department of Chemistry 

University of Helsinki 

Finland 

 

 

Reviewers 

Associate professor Annette Bayer 

Department of Chemistry 

The University of Tromsø – The Arctic University of Norway 

Norway 

 

Professor Jouko Vepsäläinen 

Department of Pharmacy 

University of Eastern Finland 

Finland 

 

 

Opponent 

Professor Troels Skrydstrup 

Department of Chemistry 

Aarhus University 

Denmark 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ISBN 978-951-51-4525-3 (pbk.) 

ISBN 978-951-51-4526-0 (PDF) 

 

Unigrafia 

Helsinki 2018 



 

3 

ABSTRACT 

Carbon dioxide is often considered a comparatively unreactive molecule due 

to its nonpolar nature and the presence of strong double bonds. However, its 

electron-deficient carbon atom is susceptible to nucleophilic attack, a property 

that has been exploited in organic synthesis for well over a century. 

If the nucleophilic attack is performed by an amine, a carbamate species is 

formed. This phenomenon can be utilized in the synthesis of cyclic 

carbamates, which are a ubiquitous structural motif in pharmaceutical 

compounds and chiral auxiliaries. Classic methods for accessing these 

compounds involve the use of toxic and expensive reagents, such as phosgene 

and isocyanides. It follows that substituting them with CO2 allows for a more 

inexpensive and sustainable process. 

Several methodologies for carbon dioxide-based synthesis of cyclic 

carbamates have been reported in the literature. These can be classified into 

four major categories: cycloaddition of CO2 into aziridines; epoxide-based 

syntheses; cyclization of unsaturated compounds; and cyclization of amino 

alcohols. Seen as a whole, these methods allow access to a plethora of cyclic 

carbamates with various substitution patterns and ring sizes. Some of the 

methods are also stereoselective, which is a vital feature in the preparation of 

pharmaceuticals and chiral auxiliaries. 

In the original publications on which this thesis is based, three novel 

synthetic pathways to cyclic carbamates from carbon dioxide are reported. In 

essence, these approaches involve the formation of a carbamate anion and its 

subsequent intramolecular nucleophilic attack on a (pseudo)halide to close the 

ring. First, the transformation was carried out with halogenated amines. Then, 

the scope of the reaction was expanded in an organocatalyzed, 

multicomponent reaction between CO2, an aniline and a dibromoalkane. 

Finally, this approach was utilized in the cyclization of carbon dioxide and 

amino alcohols by utilizing an activating reagent. As a whole, these novel 

methodologies offer efficient and highly chemo-, regio- and stereoselective 

routes to variously substituted 5-, 6-, and 7-membered cyclic carbamates, as 

well as bicyclic fused rings.  
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1 OUTLINE OF THE THESIS 

This work covers previous literature on and the author’s contributions to the 

utilization of CO2 as a C1 souce in the synthesis of cyclic carbamates. The bulk 

of the thesis is divided into the following three chapters: Background; Review 

of the literature; and Experimental results and discussion. 

In the Background, a concise summary of carbon dioxide’s properties as a 

C1 source is given for the uninitiated reader, along with the historical context. 

The importance of cyclic carbamates is explained, as is how the utilization of 

CO2 in their synthesis can be seen as an improvement over existing methods. 

In the Review of the literature, previous examples of carbon dioxide-based 

syntheses of cyclic carbamates are covered. The chapter is further divided into 

subsections based on the transformation and amine source applied (e.g. 

cycloaddition to aziridines or cyclization of amino alcohols), and for each 

subsection, examples of substrate scope, catalysts utilized, and most 

commonly proposed reaction mechanisms are shown. 

In the Experimental results and discussion, a summary is given of the 

original research conducted by the author in publications I-III. An overview of 

experimental methodology is followed by three subsections, each dedicated to 

discussion on one of the publications. 

Finally, the concluding chapter (aptly titled Conclusions) aims to 

summarize the whole thesis. The importance of the work first explained in 

Background is underlined; trends seen in Review of the literature are 

revisited; and a comparison of the three synthetic methods presented in the 

Experimental results and discussion (and publications I-III) is given.  



 

10 

2 BACKGROUND 

Due to its high symmetry and the presence of strong double bonds, carbon 

dioxide is often regarded as a challenging reagent. However, lower life forms 

such as plants and chemists have a long history of utilizing CO2 in organic 

synthesis: the former have been preparing carbohydrates from carbon dioxide 

via photosynthesis for aeons, whereas the latter have used CO2 in the synthesis 

of salicylic acids via the Kolbe-Schmitt reaction, first published in 1860,1 only 

32 years after Friedrich Wöhler’s urea synthesis of 1828, which is considered 

the starting point of organic chemistry. It can therefore be stated that carbon 

dioxide has, in fact, been a staple reagent in organic synthesis throughout 

almost the entire history of the field. 

The commonly accepted reaction mechanism for the Kolbe-Schmitt 

reaction (Scheme 1) involves the deprotonation of a phenol, whose resonance 

structure then attacks the electron-deficient carbon of CO2 to form a 

carboxylate species. This exploitation of electrophilicity is ubiquitous in 

carbon dioxide utilization, and nearly all proposed reaction mechanisms for 

transformations involving CO2 include nucleophilic attack at the central 

carbon. 

 

Scheme 1 The proposed reaction mechanism for the Kolbe-Schmitt synthesis of salicylic acid 
from phenols and CO2.The nucleophilic attack to the electron-deficient carbon atom of CO2 is a 
common step in reactions utilizing carbon dioxide.1 

If the nucleophile attacking CO2 is an amine, a carbamic acid is formed 

(Scheme 2). This moiety commonly exists in equilibrium with the free amine 

and carbon dioxide, and is also usually deprotonated by an another amine 

molecule (or a stronger external base), giving a carbamate salt.2 This 

transformation is incredibly facile. It is found e.g. in animal biochemistry 

wherein amine groups in haemoglobin’s side chains form carbamate salts to 

transport CO2.3 It is also utilised in industrial processes, wherein gaseous 

waste is passed through an amino alcohol (AA) solution to form carbamates, 

thus scrubbing CO2 out of the exhaust gas.4 
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Scheme 2 Formation of carbamic acids and carbamate salts from amines and carbon dioxide. 

The carbamate species itself is a good nucleophile. Consequently, if the 

amine moiety has a reactive site susceptible to a nucleophilic attack in the 

vicinity of the nitrogen atom, cyclization takes place, and a cyclic carbamate 

(sometimes known as a cyclic urethane) is formed. These structural motifs are 

present in several value-added compounds, as shown in Scheme 3. More 

specifically, the 5-membered ring (1,3-oxazolidin-2-one) is found in chiral 

auxiliaries and in various pharmaceuticals including the antibiotic Linezolid, 

whereas a 6-membered urethane ring can be found fused to a benzene ring in 

the HIV antiretroviral drug Efavirenz, or in N-methyl-D-aspartate receptor 

antagonists used for treating strokes.5-9 Linezolid and other 3-aryl-5-alkyl-

substituted oxazolidinones, in particular, are often cited in the literature as 

examples of important cyclic carbamates. This work, too, will make many 

references to Linezolid. 

 

Scheme 3 Examples of value-added chemicals containing a cyclic carbamate structure. 

Established syntheses of cyclic carbamates involve utilization of hazardous 

and expensive reagents such as phosgene and isocyanides.10, 11 It follows that 

the replacement of these starting materials with the relatively cheap and 

considerably safer carbon dioxide offers a unique opportunity to enhance the 

sustainability and greenness of cyclic carbamate preparation. Indeed, several 

CO2-based strategies for the synthesis of these compounds have been 

developed, and they fall into four major categories: cycloaddition of CO2 into 

aziridines, epoxide-based syntheses, cyclization of unsaturated compounds, 

and cyclization of amino alcohols. Additionally, research in Publications I–III 

outlines a fifth, (pseudo)halide-based pathway. 
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3 REVIEW OF THE LITERATURE 

3.1 CYCLOADDITION OF CO2 INTO AZIRIDINES 

One of the first carbon dioxide-based syntheses of cyclic carbamates was the 

[3+2] cycloaddition reaction between CO2 and an aziridine. Originally 

published nearly 50 years ago,12 several variations of the process have since 

been reported, but the proposed reaction mechanisms always involve a similar 

facilitation by a Lewis pair (Scheme 4). First, the Lewis acid (LA) bonds with 

the aziridine’s nitrogen atom. This weakens the ring and allows the Lewis base 

(LB) to attack one of the carbon atoms in the ring. This leads to a ring-opening 

providing two possible intermediates (and, eventually, two possible 

regioisomers). Meanwhile, the carbon dioxide is inserted into the nitrogen-LA 

bond. The resulting carbamate species substitutes with the Lewis base, closing 

the ring and regenerating the Lewis pair in the process.  

 

Scheme 4 Generally accepted mechanism for the cycloaddition of carbon dioxide into an 
aziridine ring as facilitated by a Lewis pair.13, 14 LA = Lewis acid; LB = Lewis base. 

In the uncatalyzed reaction,14-16 a zwitterionic CO2 adduct of the aziridine 

acts as both the Lewis acid and the Lewis base, but a bifunctional Lewis pair 

catalyst can also be employed. The Lewis pair can be nearly anything, from 

simple alkali halide salts17-19 to metal complexes paired with organic 

cocatalysts.13, 20-24 Purely organocatalyzed systems also exist, and can be based 

on amino acids,25 phenol/amine pairs,26 N-heterocyclic compounds,27-29 or 

ionic liquids.30-33 Many of the Lewis pairs can be immobilized on a solid 

support, such as polystyrene34-37 or polyethylene glycol,38-40 to allow for easier 

catalyst recycling. 

Intriguingly, the choice of catalyst does not affect the cycloaddition’s 

regioselectivity. Instead, the outcome of the reaction is substrate-controlled: 

for example, 2-methylaziridine tends to give 4-methyloxazolidinone, whereas 

2-phenylaziridine and its derivatives prefer the formation of a 5-substituted 

cyclic carbamate. Some examples are given in Table 1. 
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Table 1. Examples of substrate-controlled regioselectivity in the cycloaddition of 2-
substituted aziridines and carbon dioxide. 2-alkylaziridines form 4-alkyloxazolidinones; 2-
arylaziridines prefer the formation of 5-aryloxazolidinones. 

 

 
R 

T 

(°C) 

p 

(bar) 

t 

(h) 
Catalyst 

Yield a 

(%) 

Yield b 

(%) 
Ref. 

1 Me 25 10 24 Zinc glutamate/ Bu4NBr 94 0 23 

2 Me 100 20 4 
Ethyl pyridinium 

bromide 
93 6 31 

3 Me 40 118 6 Iodine 72 0 41 

4 Ph 40 21 2 Iodine 0 76 41 

5 Ph 100 80 0.25 (Bu3NBr)2 (on polymer) 8 51 39 

6 Ph 100 60 1 ZrOCl2 ∙ 8 H2O 5 54 24 

 

As 2-alkylaziridines prefer the formation of 4-alkyloxazolidinones, the 

cycloaddition method is not suitable for the synthesis of Linezolid-type 

pharmaceutical structures. Indeed, no examples of carbon dioxide’s addition 

to a 1-aryl-2-alkylaziridine to give 3-aryl-5-alkyl-oxazolidinones currently 

exist. Another limitation of the cycloaddition approach is basic arithmetic: 

since 3+2=5, the method is not suitable for the preparation of 6-membered 

carbamate rings. While a [4+2]-type cycloaddition between aziridine’s 4-

membered ring analog azetidine and CO2 is theoretically possible, only two 

examples of this transformation exist at the time of writing: firstly, a Japanese 

patent from 2003 reports 1-(diphenylmethyl)azetidine’s conversion to the 

corresponding cyclic urethane in a 58% yield with iodine as the catalyst42; and 

secondly, a report on the synthesis of the antibiotic Ertapenem sodium from 

2005 mentions the [4+2]-cycloaddition as a spontaneously occurring side 

reaction.43 
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3.2 EPOXIDE-BASED SYNTHESES 

Cyclic carbamates can also be synthesized via a three-component reaction 

between an amine, carbon dioxide, and an epoxide (Scheme 5). The epoxide 

has two roles in this transformation: first, one epoxide forms a cyclic carbonate 

with CO2 in a Lewis pair-facilitated cycloaddition reaction analogous to the 

aziridine chemistry seen in chapter 3.1. Simultaneously, another epoxide 

reacts with the amine to form an amino alcohol (AA). Then, the cyclic 

carbamate (and a stoichiometric diolic side product) is afforded in a reaction 

between the carbonate and the AA.44-47 

 

Scheme 5 Formation of cyclic carbamates in a three-component reaction between an amine, 
CO2, and an epoxide.44-47 

Although the reaction can proceed in the absence of a catalyst,48 most 

reports feature Lewis pairs very similar to the ones utilized in the aziridine 

cycloaddition reaction. Onium halide ionic liquids are the most popular 

option,46, 49, 50 but potassium phosphate47 can facilitate the transformation as 

well. DBU (1,8-diazabicyclo(5.4.0)undec-7-ene) is commonly employed as the 

Lewis base, and it’s paired with a Lewis acid such as a rare earth metal 

complex,51 protonated DBU,45 or an onium cation.44 

Unlike in the aziridine method, regioselectivity is not an issue in the three-

component reaction between epoxides, amines, and CO2. A 3,5-disubstituted 

cyclic carbamate (the desired substitution pattern for Linezolid-type antibiotic 

structures) is the preferred regioisomer regardless of the choice of catalyst or 

substrates. In fact, only in the potassium phosphate-catalyzed system is the 

3,4-substituted product detected, and even in this case the 3,5-substituted 

cyclic carbamate is favoured in a 5:1 ratio.47 
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If the amine species is replaced with an amino alcohol,50 only one 

equivalent of epoxide is needed. The reaction still proceeds as in Scheme 5, but 

the bottom left portion of the mechanism can be ignored. Alternatively, if the 

epoxide and amine functionalities are situated in the same molecule, the 

reaction proceeds as shown in Scheme 6: a reaction between carbon dioxide 

and the amine forms a carbamate species, which opens the epoxide ring by a 

nucleophilic attack. This transformation leads to a 3,5-substituted 

oxazolidinone, and the reaction can be catalysed by a combination of an 

aluminium complex and Bu4NBr,52 although it has also been reported to occur 

spontaneously, when an epoxy amine reacts with carbon dioxide in air.53 An 

amino oxetane (the 4-membered ring analogue of epoxide) reacts in a similar 

way, yielding 6-membered rings.54 

 

Scheme 6 Synthesis of 3,5-substituted oxazolidinones from carbon dioxide and 
epoxyamines.53  
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3.3 CYCLIZATION OF UNSATURATED COMPOUNDS 

In addition to the cycloaddition methods described above, the synthesis of 

cyclic carbamates can be achieved by exploiting the reactivity of double and 

triple bonds. Most commonly, a propargylic alcohol or an unsaturated 

(propargylic, allylic, or allenic) amine is employed as a reagent, but examples 

of multi-component reactions between simple alkenes/alkynes, amines, and 

CO2 also exist. 

The cyclization of propargylic alcohols resembles the reaction of epoxides 

shown in the previous chapter, in that a cyclic carbonate is first formed, which 

then reacts with a primary amine to give 4-methylidene substituted 2-

oxazolidinones (Scheme 7). In supercritical carbon dioxide, this 

transformation can proceed in the absence of catalysts,55 but they may be 

employed to facilitate milder reaction conditions. Both Lewis acid and Lewis 

base catalysis have been shown to be efficient: Lewis acids, such as Cu(I)56-58 

or Ag(I)59-61 species, activate the triple bond in propargylic alcohol via 

coordination, whereas Lewis bases, such as phosphines62 or nitrogen bases,63, 

64 assist in proton transfer from the hydroxyl group to allow its nucleophilic 

attack on CO2. 

 

Scheme 7 Preparation of cyclic carbamates from carbon dioxide and propargylic alcohols. The 
reaction proceeds via a cyclic carbonate intermediate.  

The scope of the propargylic alcohol approach is fairly limited, because should 

the hydroxyl group be primary or secondary, tautomerization to give 

oxazolones occurs (Scheme 8). Thus, this approach is mainly applied in the 

synthesis of 3,4,5,5-substituted 2-oxazolidinones. Intriguingly, however, 

propargylic alcohols can also be employed in the preparation of 3-substituted 

cyclic carbamates if the primary amine is substituted with an amino alcohol. 

In this case, the alternative pathway shown in Scheme 9 takes place, and the 

reaction affords 3-substituted oxazolidinones and α-hydroxyl ketones.65, 66 

 

Scheme 8 After the cyclization of CO2 and a propargylic alcohol with an α-hydrogen, giving an 
intermediate cyclic carbonate, tautomerization to give oxazolones may occur upon introducing 
the amine species.56, 63 
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Scheme 9 The reaction of propargylic alcohols, carbon dioxide, and AAs to yield 3-substituted 
oxazolidinones and α-hydroxyl ketones.65, 66 

For the cyclization of propargylic amines and CO2, two reaction mechanisms 

are commonly cited. One possibility is that a LB catalyst forms a carboxylate 

species with carbon dioxide, which then can attack the triple bond (Scheme 

10a). This reactivity is cited for N-heterocyclic carbene (NHC) catalysts67, 68 

and cyanuric acid.69 Alternatively, the LB catalyst may assist in proton 

transfer, which allows the amine and CO2 to form a carbamate species, which 

then reacts with the triple bond (Scheme 10b). LBs for which this mechanism 

is proposed are NHCs,70-72 ionic liquids,73-75 organic bases,76, 77 potassium 

iodide78 and, in the case of the uncatalyzed reaction, propargylic amine.79 In 

addition to the LBs, metallic Lewis acids are sometimes employed to further 

activate the triple bond; these include various gold,70-72 cadmium,80 copper,77, 

81 palladium,78, 82 silver,83-85 or aluminium species.86 

 

Scheme 10 Lewis base-catalyzed cyclization of propargylic amines and carbon dioxide. The 
catalyst may either a) activate CO2,67-69 or b) assist in proton transfer.70, 73, 79 

Unlike the cyclization of propargylic alcohols, tautomerization to yield 

oxazolones is rarely observed for propargylic amines. In fact, only two 

examples of such reactivity can be found in the literature at the time of 

writing.67, 74 As the 4-position of the oxazolidinone ring doesn’t have to be 

disubstituted to avoid tautomerization, the cyclization of propargylic amines 

and carbon dioxide allows for a greater substrate scope than the propargylic 

alcohol approach, since the only limitation is the double bond substituent at 

the 5-position. Furthermore, propargylic amines can be employed in the 

synthesis of 6-ring carbamates and fused ring structures. The scope of this 

cyclization reaction is summarized in Table 2. 
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Table 2. Examples of substitution patterns accessible via the cyclization of various 
propargylic amines and carbon dioxide.aMim = 1-alkyl-3-methylimidazolium cation;bTMG = 
1,1,3,3,-tetramethylguanidine. 

 

 

R R1 R2 R3 Catalyst 

Yield 

(%) Ref. 

1 H H H Me Au + NHC on polyethylene glycol 49 87 

2 Ph H H Me Au + NHC on polyethylene glycol 82 88 

3 H H H Bn FeCl3 + MimCl on polystyrenea 49 37 

4 H H H Bn Ru + PPh3 63 89 

5 Ph Me H Bu Triethanolamine 99 90 

6 Ph Et H Bu Au + PPh2 on nanosilica 93 91 

7 Ph Et H Bu Ni, Pd, and ionic liquids on nanosilica 95 92 

8 Ph Ph H Bu AgOAc + (C7H15)4NBr 94 93 

9 H Me Me Bn e- source (electrochemical reaction) 93 94 

10 H Me Me Bn TMGb 100 95 

11 H Et Et H Pd(OAc)2 85 96 

12 Ph Me Ph H AgOAc 100 97 

13 Ph Et H H AgOAc 97 98 

14 Ph Me Me H AgOAc 56 99 

 

 

R R1 Catalyst 

Yield 

(%) Ref. 

15 H Bn Pd 36 100 

16 Me Bn Pd 37 100 

 

 

R R1 R2 Catalyst 

Yield 

(%) Ref. 

17 H H H AgOAc 75 83 

18 H Pr H AgOAc 80 83 

19 H Me Ph AgOAc 97 83 

20 F Me Ph AgOAc 90 83 



 

19 

 

Compared to propargylic amines, allylic amines are less reactive. Nonetheless, 

they can be employed in CO2-based syntheses of 5-membered or 6-membered 

carbamate rings by utilizing activating iodine reagents such as I2, t-BuOI, or 

N-iodosuccinimide (Scheme 11).101-103 The reaction usually gives 

iodosubstituted carbamates, but if the double bond and amine groups are 

situated three or more carbons away from each other, a second cyclization can 

take place, yielding fused ring carbamates.104 In addition to the I2-mediated 

reaction, allylic amines and carbon dioxide can be cyclized in tandem with a 

radical fluoroalkylation reaction (Scheme 12).105-107 This reaction is commonly 

photochemical, and can be catalysed by palladium or copper species, or strong 

organic bases. 

 

Scheme 11 Cyclization of allyl amines and carbon dioxide facilitated by iodine species. 
Synthesis of 5- and 6-membered rings as well as bicyclic fused rings is possible.101, 102, 104 

 

Scheme 12 Cyclization of allyl amines and CO2 in tandem with a radical fluoroalkylation 
reaction.105-107 

Allenylic amines react in a fashion similar to propargylic amines, when 

exposed to palladium or silver catalysts (Scheme 13). The reaction produces 5-

allyl substituted 2-oxazolidinones quite selectively. Only traces of possible 

tautomeric side products – pyrrolines or 6-membered carbamate rings – have 

ever been detected.108, 109 

 

Scheme 13 Selective cyclization of allenic amines and carbon dioxide.108, 109 
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In addition to the intramolecular cyclizations described above, cyclic 

carbamates can be synthesized in a multi-component reaction between 

alkenes/alkynes, amines and carbon dioxide, as summarized in Scheme 14. 

However, these procedures can be seen as derivatives of the methodologies 

touched on earlier: it’s proposed that an alkene would first react with an amine 

to give an aziridine, which undergoes a cycloaddition reaction with CO2 

(Scheme 14a), as described in Chapter 3.1.110 Alkynes, meanwhile, couple with 

amines to give propargylic amines (Scheme 14b) which cyclize as shown on 

previous pages.111 Alkynes and amines will also react with aldehydes in the 

presence of carbon dioxide, allowing for even more complex substitution 

patterns (Scheme 14c).112-116 

 

Scheme 14 Multicomponent cyclization reactions of carbon dioxide and amines with a) 
alkenes,110 b) alkynes,111 and c) alkynes and aldehydes.112-116 
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3.4 CYCLIZATION OF AMINO ALCOHOLS 

The preparation of cyclic carbamates by cyclization of carbon dioxide and 

amino alcohols is often cited as a prime example of green chemistry, as it 

involves the substitution of toxic – and expensive – reagents such as phosgene 

and isocyanides with more harmless and abundant alternatives, and the only 

side product is water. The reaction occurs spontaneously at high temperatures 

and pressures,10, 117, 118 and cyclic carbamates have even been detected as 

degradation products when AAs are used in CO2 scrubbing.119 However, such 

harsh conditions also facilitate side reactions, such as the formation of 

diamines and ureas (Scheme 15).120 Thus, to allow milder conditions, the 

cyclization reaction is usually carried out in the presence of sacrificial reagents 

or catalysts. Some catalytic and electrochemical methods also exist. 

 

Scheme 15 The uncatalyzed cyclization of AAs with CO2 and possible side reactions, as 
exemplified by 2-aminoethanol.120 

Among the sacrificial reagents used, various phosphorus compounds are the 

most common. These include phosphoryl azides and phosphoryl chlorides,121, 

122 as well as simple trisubstituted phosphines, which are activated either by a 

redox cycle,123 or by azodicarboxylates in a Mitsunobu-type reaction.124, 125 The 

commonly proposed reaction mechanism for phosphorus reagents (Scheme 

16a) involves the stabilization of the carbamate moiety by the formation of a 

P-O bond, followed by the alcohol group’s intramolecular attack to close the 

ring. N,N’-dicyclohexylcarbodiimide also reacts with amino alcohols via this 

pathway.126 Meanwhile, SOCl2 has been shown to react with the alcohol group 

first, facilitating a ring-closing attack by the carbamate group (Scheme 16b).127 
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Scheme 16 Utilization of sacrificial reagents in the cyclization of amino alcohols and carbon 
dioxide. The reagent may react either with a) the carbamate group,121-124 or b) the alcohol 
group.127  

Catalyst systems for the cyclization of AAs and CO2 typically involve a Lewis 

base, which deprotonates the alcohol group. The alkoxy ion then attacks the 

carbamate group – which is sometimes activated by a Lewis acidic cocatalyst 

– to close the ring (Scheme 17). Examples of catalysts range from simple 

fluoride anion128 and alkali metal salts129 to ionic liquids130 and metal-oxygen 

compounds such as ceria,131, 132 alumina,133 stannoxanes,134, 135 and 

triphenylstibine oxide.136 

 

Scheme 17 Lewis base-catalyzed cyclization of amino alcohols and carbon dioxide. 
Additionally, a Lewis acid cocatalyst may be employed to activate the carbamate group.128, 129, 132 

Electrochemical facilitation of the cyclization reaction usually relies on strong 

electrogenerated bases, such as the 2-pyrrolidone anion. Additional sacrificial 

reagents, such as p-toluenesulfonyl (Ts) chloride are also required to convert 

the alcohol to a better leaving group.137, 138 

Regardless of the activation method applied, the cyclization of carbon 

dioxide and AAs offers a large product scope in the synthesis of cyclic 

carbamates. The procedure is applicable to the preparation of oxazolidinones 

with any substitution pattern, as well as 6- or 7-membered rings and bicyclic 

fused ring carbamates. A comparison of the different activation methods and 

some examples of the vast substrate scope are given in Table 3. 
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Table 3. Examples of the products accessible via the cyclization of carbon dioxide and 
amino alcohols, and a comparison of the different activation methods.  

   

 

Activation method n 

Yield 

(%) Ref. 

1 None 1 35 10 

2 Catalyst (n-Bu2SnO) 1 53 135 

3 Catalyst (ceria) 1 50 131 

4 Catalyst (ceria) 2 24 131 

5 Catalyst (ceria) 3 15 131 

 

 

Activation method R R1 R2 

Yield 

(%) Ref. 

6 Sacrificial reagent (PPh3) H H Bn 42 123 

7 Sacrificial reagent (N,N’-dicyclohexylcarbodiimide) H H Ph 27 126 

8 Sacrificial reagent (SOCl2) H H Py 60 127 

9 Catalyst (Cs2CO3) H Ph H 69 129 

10 Electrochemical H Ph H 74 138 

11 Electrochemical H Bn H 70 138 

12 None Me H H 9 117 

13 Catalyst (ceria) Me H H 97 132 

14 Catalyst (Ph3SbO) Me H Me 80 136 

15 Electrochemical H Ph Bn 64 137 

16 Sacrificial reagent (di-tert-butyl azodicarboxylate) Ph Ph H 96 124 

17 Sacrificial reagent (diphenyl chlorophosphate) Ph Me Me 79 122 

18 Sacrificial reagent (di-tert-butyl azodicarboxylate) -C6H10- Bn 69 124 

19 Sacrificial reagent (diphenyl chlorophosphate) Ph -C5H7- 90 122 
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3.5 STEREOSELECTIVE SYNTHESES 

Pharmaceutical compounds and chiral auxiliaries are the most commonly 

cited applications for cyclic carbamates. It follows that predictable 

stereochemistry in their syntheses is of utmost importance.139 

However, very few examples of stereoselective, CO2-based syntheses of 

cyclic carbamates exist. The most common approaches are carbon dioxide’s 

cycloaddition to a chiral aziridine, or the cyclization of chiral AAs. A handful 

of methods involving the cyclization of prochiral unsaturated amines have also 

been reported.  

The cycloaddition of CO2 into 2-substituted aziridines yields 5-substituted 

oxazolidinones with retained stereochemistry. This can be rationalized by 

investigating the reaction mechanism given in Scheme 4 (lower part): the 

reaction takes place at the stereocentre, which undergoes two nucleophilic 

attacks, leading to double inversion. 15, 20, 24, 39, 140 This overall retention of 

stereochemistry is also observed when diastereomeric 2-oxazolidinones are 

prepared from more highly substituted aziridines.16, 17, 141 

The original stereochemistry is also preserved when catalysts are employed 

in the cyclization of chiral amino alcohols to give 5-substituted oxazolidinones. 

This observation supports the proposed mechanism shown in Scheme 17: if, 

instead of the alkoxy anion, the carbamate species were to perform the ring-

closing nucleophilic attack, an inversion would take place at the stereocenter. 

In the synthesis of 4-substituted oxazolidinones, the stereocenter is unaffected 

by any transformations.128, 129, 132, 134 

When sacrificial reagents are employed in the cyclization of CO2 and chiral 

AAs, both retention and inversion of stereochemistry have been reported. 

Despite some mechanistic studies, no catch-all explanation for this 

phenomenon has been discovered. One study suggests that the 

stereochemistry is substrate-controlled: secondary amines undergo inversion, 

and primary amines retain their stereochemistry.124 Alternatively, the 

stereochemistry could depend on the nature of the sacrificial reagent, and 

whether it reacts with the carbamate group (Scheme 16a; leads to retention) 

or the alcohol group (Scheme 16b; leads to inversion).121, 125 

Electrochemical methods have been utilized in the synthesis of chiral 4-

substituted and diastereomeric 4,5-disubstituted oxazolidinones.137, 138 In each 

case, the original stereochemistry is retained, but no mechanistic explanations 

have been offered for this result. 

Synthesis of chiral cyclic carbamates from achiral starting materials has 

also been reported. One method involves the multicomponent reaction of 

alkynes, aldehydes, and amines catalysed by an asymmetric copper catalyst to 

give chiral propargylic amines, which then cyclize with carbon dioxide in a 

one-pot reaction (Scheme 14c).116 Allylamines101 and homoallylamines109 can 

be used in the synthesis of diastereomeric anti-4,5-disubstituted 

oxazolidinones. 
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3.6 SUMMARY 

Previously reported carbon dioxide-based syntheses of cyclic carbamates have 

been covered over the previous pages. The methods can be divided into four 

major approaches: cycloaddition of CO2 into aziridines, epoxide-based 

syntheses, cyclization of unsaturated compounds, and cyclization of amino 

alcohols. 

The reaction between aziridine and carbon dioxide is facilitated by a Lewis 

pair, which can either be a catalyst, or a carbamate salt formed by the 

substrate. If a 2-substituted aziridine is used as a starting material, two 

regioisomers (4- or 5-substituted 2-oxazolidinone) can be formed. The 

regioselectivity is mainly dependent on the substituent. If a chiral aziridine is 

employed, the original stereochemistry is retained, as the stereocenter 

undergoes double inversion. 

In the epoxide-based syntheses, CO2 first undergoes cycloaddition to give 

a cyclic carbonate, which then reacts with an amine species to give cyclic 

carbamates. This approach gives access to 3,5-substituted 2-oxazolidinones. 

Unsaturated compounds such as alkenes, alkynes, and propargylic alcohols 

or amines will also readily react with carbon dioxide. A large scope of products 

is accessible with these methods, as variously substituted 5-membered rings, 

as well as bicyclic fused rings and 6-membered rings can be obtained. Some of 

the syntheses are stereoselective: in the presence of an asymmetric copper 

catalyst, alkynes undergo a multicomponent reaction with amines and 

aldehydes to give chiral propargylic amines, which cyclize with CO2. 

Allylamines and homoallylamines have also been reported to react with carbon 

dioxide to selectively give anti-4,5-disubstituted 2-oxazolidinones. 

The dehydrative cyclization of CO2 and amino alcohols can be achieved in 

the absence of any additional reagents, if sufficiently harsh reaction conditions 

are applied. However, such conditions facilitate several undesired side 

reactions. More selective syntheses in milder conditions can be conducted by 

utilizing various catalysts, sacrificial reagents, or electrochemical methods. 

Just like the cyclization reactions of unsaturated compounds, these methods 

allow for an extensive and versatile substrate scope. Utilizing chiral amino 

alcohols, stereoselective syntheses are also possible. Electrochemical and 

catalysed reactions tend to retain original stereochemistry; whereas for 

sacrificial reagents, both retention and inversion have been reported, although 

no comprehensive explanation for this observation exists. 
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4 EXPERIMENTAL RESULTS AND 
DISCUSSION 

4.1 REAGENTS AND EQUIPMENT 

Carbon dioxide was purchased from AGA at the 4.5 purity grade, and used as 

received. All other chemicals were purchased from known chemical vendors at 

the highest commercially available grade and used as received, with the 

exception of Publication II, for which all liquid reagents were dried and 

degassed. 

NMR spectra were recorded with a Varian Mercury Plus 300 MHz or a 

Varian Unity Inova 500 MHz spectrometer. Infrared spectra were acquired 

with a Bruker Alpha Platinum ATR-IR apparatus. Elemental analysis was 

performed on an Elementar Analysensystemer model Vario MICRO cube. 

Melting points of products were measured with a Buchi B-545 melting point 

apparatus. ESI-MS was recorded on a Bruker micrOTOF. 

Gas chromatographic analyses were carried out either on a Bruker Scion 

456-GC equipped with a BR-5MS column, or an Agilent 6890N GC fitted with 

a DB-1ms column. Both gas chromatographs were equipped with single 

quadrupole mass spectrometers, which were used to record EI-MS spectra. 

Enantiomeric excess (ee) was measured using an Agilent 1200 series HPLC 

equipped with a Daicel CHIRALCEL OD-H 250 x 4.6 mm column and UV 

detection. 

Reactions conducted at atmospheric pressure were performed in two-

necked needle-valved 100 mL Schlenk flasks. When higher pressures were 

required, either a 1200 mL stainless steel autoclave (p <10 barg) or a 100 mL 

stainless steel autoclave (p < 60 barg) was employed. For the scale-up 

experiments of Publication I, a Carl Roth Model II 200 mL autoclave was used. 
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4.2 PUBLICATION I. CYCLIZATION OF HALOGENATED 
AMINES 

Our first venture into the utilization of carbon dioxide in carbamate synthesis 

was actually an attempt to prepare novel polyurethanes by copolymerizing CO2 

and 2-bromoethylamine in basic conditions. However, no polymer was ever 

detected, as cyclization to give 2-oxazolidinone is heavily favoured (Scheme 

18). We realized that this initially unwanted reaction works to our advantage, 

as our method could be easily adapted for use in the sustainable synthesis of 

Linezolid-type antibiotics and other high value-added chemicals (Scheme 19). 

 

Scheme 18 The reaction of 2-bromoethylamine and carbon dioxide in basic conditions. Only 2-
oxazolidinone is formed, and no polymerization is observed. 

 

Scheme 19 Proposed utilization of the cyclization of CO2 and halogenated amines in the 
synthesis of Linezolid-type antibiotics. The Ar-N-coupling step was not carried out in publication I. 
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During our initial studies, we discovered that quantitative conversion of 2-

bromoethylamine is achieved in one hour under 80 °C and 40 barg CO2 when 

KOH is utilized as the base and EtOH as the solvent. Upon further screening, 

we found that the initial conditions are close to the optimal ones: the reaction 

still reaches completion in one hour at 65 °C and 35 barg. Of the other solvents 

investigated, polar aprotic solvents such as MeCN led to a decrease in 

conversion. A solvent-free reaction, meanwhile, does not lead to the formation 

of the desired product due to starting material decomposition caused by 

insufficient heat transfer. Other bases were also screened, namely K2CO3 and 

Et3N, but utilizing them gave lower yields of product. The solvent-base pairing 

of EtOH-KOH was thus deemed optimal for further studies. 

We then expanded the scope of the reaction by screening various β- and γ- 

halogenated amines (Table 4). Chlorinated and brominated amines show 

similar reactivity, and quantitative yields are recorded for the synthesis of both 

5-membered and 6-membered unsubstituted carbamate rings. The cyclization 

of 2,5-dichloropentylamine also proceeds smoothly, as the substituted 2-

oxazolidinone is isolated in a 91% yield, and no formation of an 8-membered 

ring is observed.  

Table 4. Cyclization of various β- and γ-halogenated amines under the optimized reaction 
conditions. 

 

 

  X n R Yield (%)  

 1 Br 1 H >99  

 2 Cl 1 H >99  

 3 Br 2 H 99  

 4 Cl 2 H 98  

 5 Cl 1 (CH2)3Cl 91  

 

2,3-dichloropropylamine proved to be a more challenging substrate, as it 

initially gave low conversions and poor selectivity towards either the 5- or 6-

membered ring (Scheme 20). As we extended the reaction time to 18 hours, 

91% conversion was achieved, but the product ratio remained at 2:1. However, 

we then discovered that substituting KOH with Cs2CO3 leads to better results, 

as a 98% yield and a 5:1 ratio in favour of the 5-membered ring. This result is 

comparable to a previous synthesis of the 5-membered ring that did not 

employ carbon dioxide.142 
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Scheme 20 Cyclization of 2,3-dichloropropylamine and CO2. The selectivity towards the 5-
membered ring can be enhanced by utilizing Cs2CO3 in lieu of KOH. 

The reaction was also studied computationally by our collaborators. It was 

discovered that the mechanism proposed in Scheme 18 is in accordance with 

the results of the calculations. The initial carbamate formation step indeed 

appears to proceed in a concerted fashion as drawn in Scheme 18, although the 

in silico results suggest that EtOH is also involved in proton transfer from the 

amine to CO2 prior to deprotonation of the carbamate species. Calculations 

also show that, in the KOH-facilitated reaction of 2,3-dichloropropylamine, 

the product ratio is mainly dependent on the thermodynamic stability of the 

formed rings, but the presence of Cs+ increases the difference between the two 

transition state barriers by 1.6 Kcal/mol. Thus, substituting KOH with Cs2CO3 

adds an element of kinetic control. 
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4.3 PUBLICATION II. MULTICOMPONENT REACTION OF 
ANILINES, CO2, AND DIHALOALKANES 

While the cyclization of halogenated amines and carbon dioxide presented in 

publication I is an efficient way to access cyclic carbamates, it does have a 

narrow substrate scope. In fact, Table 4 includes all β- and γ-halogenated 

amines that were commercially available at that time. We therefore set out to 

expand the product scope to N-arylated cyclic carbamates by preparing them 

in situ from anilines and dihaloalkanes, as shown in Scheme 21. 

 

Scheme 21 Expanding our methodology to N-arylated cyclic carbamates by generating them in 
situ from anilines and dihaloalkanes. 

We began optimizing the reaction by using unsubstituted aniline and 1,2-

dibromoethane as model substrates, and chose reaction conditions similar to 

those utilized in the cyclization of 2,3-dichloropropylamine in publication I as 

the starting point (Cs2CO3 as base, EtOH as solvent, 35 barg CO2 and 50 °C for 

16 hours). Under these conditions, only 9% of the aniline was converted to 

oxazolidinone. However, by conducting the reaction at atmospheric pressure, 

an increase in the efficiency to 15% was observed. We credited this 

phenomenon to the possibility that at high pressures the carbamate species 

are not able to cyclize. Additionally, we found that substituting the polar protic 

EtOH with polar aprotic solvents, such as DMF or MeCN, further enhanced 

conversion to ca. 50%. 

We then attempted to improve reaction efficiency by adding a catalytic 

amount of a strong organic Brønstedt base. Indeed, in the presence of 10 mol% 

of DBU, a 70% conversion was recorded. A slightly improved result, 72%, was 

achieved with 2-tert-butylated TMG (2-tBuTMG). Settling with this as a 

suitable catalyst, we then finally achieved quantitative conversion by slightly 

increasing the temperature and prolonging the reaction time (20 hours at 60 

°C). 

Employing the optimized reaction conditions established above, we then 

explored the substrate scope of the reaction (Scheme 22). Intriguingly, the 

outcome of the reaction is not strongly dependent on the nucleophilicity of the 

substrate aniline, as the presence of both electron-donating and electron-

withdrawing substituents is tolerated well. The only notable exception is p-

nitroaniline, which completely fails to react. Other factors like steric 

hindrance, coordinating heteroatoms, and the presence of functional groups 

such as pinacol boronic ester (B(pin)) also don’t affect the yield significantly.  
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Scheme 22 Synthesis of N-aryloxazolidinones from carbon dioxide, 1,2-dibromoethane, and 
variously substituted anilines at the optimized reaction conditions. All percentages are isolated 
yields. B(pin) = pinacol boronic ester. 

The method is applicable to the synthesis of larger carbamate rings as well 

(Scheme 23). Functional group tolerance is still excellent, but a trend of 

decreasing yields is seen when moving from 5-membered rings to 6-

membered rings. Nonetheless, the isolated yields of all 6-membered rings 

surpass those achieved with isocyanate-based methods.143 7-membered rings 

are also accessible with our method by utilizing 1,4-dibromobutane, although 

yields are even lower. Attempts to cyclize 1,5-dibromopentane or longer 

dihaloalkanes failed: instead of the cyclic product, an acyclic linear carbamate 

with a distal bromide was obtained. 
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Scheme 23 Preparation of 6- and 7-membered rings from CO2, various anilines, and 1,3-
dibromopropane/1,4-dibromobutane. 

Based on computational studies carried out by our collaborators, the reaction 

mechanism shown in Scheme 24 is proposed for this transformation. First, the 

catalyst reacts with carbon dioxide to form a zwitterionic carbamate species, 

which is alkylated in a reaction with the dihaloalkane. A second substitution 

reaction then takes place, as an aniline deprotonated by Cs2CO3 attacks the 

other bromide. Finally, an intramolecular substitution closes the ring to give a 

protonated N-aryloxazolidinone, which is also deprotonated by Cs2CO3 to 

obtain the final product. 

 

Scheme 24 Proposed mechanism for the 2-tBuTMG-catalyzed multicomponent reaction 
between anilines, CO2, and dihaloalkanes, as exemplified by 1,2-dibromoethane and 
unsubstituted aniline.  
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4.4 PUBLICATION III. CYCLIZATION OF N-ARYLAMINO 
ALCOHOLS 

The multicomponent reaction we presented in publication II expands the 

scope of our approach to N-arylated cyclic carbamates. Substitution elsewhere 

in the ring, however, cannot be achieved with this method. For example, the 

3-aryl, 5-alkyl substituted 2-oxazolidinone structures required for Linezolid-

type pharmaceuticals are inaccessible in a single step. We therefore looked 

into the cyclization of CO2 and amino alcohols in an effort to further enhance 

the substrate scope and the sustainability of cyclic carbamate synthesis. 

Our approach involves the in situ conversion of the amino alcohol’s 

hydroxyl group into a pseudohalide with TsCl, which makes it more 

susceptible to an intramolecular nucleophilic attack by the carbamate moiety 

formed by the amino group and carbon dioxide. However, the obvious 

challenge in this approach is the competing N-tosylation reaction, which 

prevents the formation of the carbamate moiety and subsequently inhibits the 

cyclization reaction (Scheme 25).  

 

Scheme 25 Tosyl-assisted cyclization of carbon dioxide and amino alcohols in the presence of 
an external base. The carbamate species must be formed first and stabilized to avoid the 
competing N-tosylation reaction, which prevents the formation of the desired product. 

The reaction optimization process was thus selectivity-oriented: we wished to 

find the conditions in which the irreversible N-tosylation is minimized while 

O-tosylation is maximized. Using the simple, inexpensive and commercially 

available 2-(phenylamino)ethan-1-ol as a model substrate, we first 

investigated the reaction conditions carried over from publication II (Cs2CO3 

as a base, MeCN as a solvent, 60 °C and 1 barg CO2). However, under these 

conditions, N-tosylation is heavily favoured over cyclization (product ratio 

84:16). Reasoning that the carbamate moiety is too labile to sufficiently protect 

the nitrogen from a reaction with TsCl, we conducted the reaction at room 
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temperature (RT) and an elevated pressure of 5 barg CO2. This indeed resulted 

in a jump to 65% selectivity towards cyclic carbamate formation. However, 

further decrease in temperature or increase in pressure gave no additional 

improvement. We thus settled with these conditions, and turned our attention 

to screening other solvents and bases. 

Polar protic solvents (e.g. EtOH) are unsuitable for this reaction, as they 

can react with TsCl. Nonpolar solvents, meanwhile, are not capable of 

sufficiently solvating the reagents, and hence utilizing e.g. dichloromethane 

leads to low conversion. Polar aprotic solvents are therefore the best option; 

compared to the initially used MeCN, both acetone and N,N-

dimethylformamide offer higher selectivity (100%), with acetone also boosting 

overall conversion (50%). 

The originally employed Cs2CO3 proved to be the most efficient base for 

this transformation. Et3N, which is commonly used in other sulfonylation 

reactions, gave here only 18% conversion and ca. 1:1 ratio of 2-

oxazolidinone:N-tosylated product. Nucleophilic bases such as TMG or KOH, 

meanwhile, favour reaction with TsCl over deprotonating the AA. K2CO3, on 

the other hand, is less soluble in acetone than Cs2CO3, and consequently gives 

lower conversion. It follows that the best results (50% conversion and 100% 

selectivity) are obtained by conducting the reaction at RT and under 5 barg 

CO2 for 20 hours, with Cs2CO3 as the base and acetone as the solvent. 

Having found the optimal reaction conditions, we then explored the 

substrate scope of our method (Scheme 26). First focusing on substituents 

near the hydroxyl group, we discovered that secondary alcohols are more 

reactive (85% conversion, 98% selectivity). Tertiary hydroxyl groups, 

meanwhile, are too sterically hindered to undergo cyclization, and mainly 

starting material is recovered from the reaction mixture.  

Unlike in publication II, substituents on the aromatic ring now play a role 

in reaction efficiency, and yields appear to weakly correlate with the pKa of the 

corresponding aniline. The presence of a weakly activating alkyl group leads 

to a slightly enhanced yield, while the more strongly activating alkoxy moiety 

affords quantitative conversion at the cost of selectivity, as the oxazolidinone 

and the N-tosylated amino alcohol form in a ca. 1:1 ratio. However, the 

reaction with 2-((4-methoxyphenyl)amino)ethan-1-ol actually marks the only 

occasion in which any N-tosylation was detected under the optimized reaction 

conditions. A deactivating halogen substituent, meanwhile, leads to a decrease 

in conversion, but full selectivity is maintained. 

The method is also applicable to the synthesis of 6-membered carbamate 

rings and bicyclic fused rings. The 6-membered rings follow the same trend as 

2-oxazolidinones in that a secondary hydroxyl group is more reactive than the 

primary 3(phenylamino)propan-1-ol. The bicyclic fused rings, which are found 

in many pharmaceuticals such as the antiretroviral Efavirenz, are also formed 

with good selectivities and in yields comparable to phosgene-based 

methods.144 
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Scheme 26 Conversions of various AAs and (isolated yields) of the corresponding cyclic 
carbamates. Reaction conditions: 0.5mmol substrate, 1.1 equiv. TsCl, 3 equiv. Cs2CO3, 5 barg 
CO2, 5mL acetone, RT, 20h.  

Next, we probed the chemo- and stereoselectivity of the reaction by screening 

difunctionalized or chiral amino alcohols as substrates (Scheme 27). In 

publication I, we showed that the cyclization of carbon dioxide and 2,3-

dichloropropylamine strongly favors the formation of the more stable 5-

membered ring (81% 5-ring, 17% 6-ring): here, however, cyclizing CO2 and 1-

chloro-3-(phenylamino)propan-2-ol gives a mixture of the two possible 

products in a ca. 5:6 ratio, as the thermodynamic stability of the 5-membered 

ring is offset by the better leaving group nature of -Cl. 3-

(phenylamino)propane-1,2-diol, meanwhile, shows an expected preference 

towards the formation of the 5-membered ring, which can be isolated in 85% 

yield. Intriguingly, this makes the selectivity towards the 5-membered ring in 

this case higher than what we observed in publication I. 

 

Scheme 27 Chemo- and stereoselectivity in the TsCl-assisted cyclization of various amino 
alcohols and CO2. All yields are isolated yields. Reaction conditions: 0.5mmol substrate, 1.1 
equiv. TsCl, 3 equiv. Cs2CO3, 5 barg CO2, 5mL acetone, RT, 20h. 
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Upon subjecting enantiopure AAs to this method, we discovered that the 

reaction’s stereochemistry is highly predictable. A >99% ee is consistently 

observed, with the exception of the amino diol, which undergoes some 

racemization. In all cases, the products have an inverted configuration at the 

stereocenter, which hints at a SN2-type mechanism. Computational studies 

conducted by our collaborators further supported this view, and the 

mechanism seen in Scheme 25 indeed seems to take place. 
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4.5 SUMMARY 

Over the previous pages, three novel methods for the carbon dioxide-based 

synthesis of cyclic carbamates have been outlined. The underlying theme in 

these approaches is the formation of a carbamate species by an amine group 

and CO2, followed by an intramolecular substitution reaction with a 

(pseudo)halide leaving group to close the ring. 

In publication I, we demonstrated the cyclization of β- and γ-halogenated 

amines with carbon dioxide to yield 5-membered and 6-membered carbamate 

rings. The reaction is highly efficient – as efficient as non-CO2-based methods 

– and quantitative yields are observed in very short reaction times. Only the 

scarcity of commercially available haloamines limits the power of this 

approach. 

In publication II, the scope was expanded to N-arylated cyclic carbamates 

in an organocatalyzed, multicomponent reaction between an aniline, a 

dihaloalkane, and CO2. The method shows high functional group tolerance, 

and a wide range of variously substituted anilines may be employed. In 

addition to the preparation of 3-aryl-2-oxazolidinones, this process can also 

be used in the synthesis of 6- and 7-membered carbamate rings in yields 

surpassing isocyanate-based methods. 

In publication III, cyclic carbamates were synthesized by cyclizing amino 

alcohols and carbon dioxide. This was achieved by converting the hydroxyl 

group in situ into a better pseudohalide leaving group with TsCl. Under the 

optimized reaction conditions, no competing N-tosylation is observed, and the 

method allows access to 5- and 6-membered carbamate rings with a variety of 

substitution patterns. Bicyclic fused rings can also be prepared in yields 

comparable to phosgene-based methods. Furthermore, the reaction displays 

high regioselectivity and predictable stereochemistry. 

Seen as a whole, publications I-III provide a toolbox for CO2-based cyclic 

carbamate synthesis. A reader looking to prepare these types of compounds 

may refer to the checklist given in Table 5 to help decide which of the three 

methods to use.  
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Table 5. A checklist for comparing the synthetic methods presented in publications I-III. 

 Publication 

 I II III 

Feature    

Efficient Yes Yes Yes 

Autoclave required Yes No Yes 

Solvent type Polar protic Polar aprotic Polar aprotic 

Amine source Haloamine Aniline Amino alcohol 

Product types    

5-rings Yes Yes Yes 

- unsubstituted Yes No No 

- with 3-substitution No Yes Yes 

- with 4-substitution No No No 

- with 5-substitution Yes No Yes 

6-rings Yes Yes Yes 

- unsubstituted Yes No No 

- with substitution Yes Yes Yes 

7-rings No Yes No 

Fused rings No No Yes 

Stereoselective No No Yes 
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5 CONCLUSIONS 

Carbon dioxide is often considered to be a relatively unreactive molecule. 

Despite this, it has been successfully employed in organic synthesis through 

nearly the whole history of the field. 

The key to CO2 chemistry is the molecule’s electron-deficient carbon center, 

which is susceptible to a nucleophilic attack. Should the nucleophile be an 

amine, a carbamate species is formed. This reactivity can be employed in the 

synthesis of cyclic carbamates, a structural motif found in a plethora of 

pharmaceuticals and other high-value added chemicals. Since these 

compounds are historically synthesized by utilizing toxic reagents such as 

phosgene and various isocyanides, research into more sustainable CO2-based 

cyclic carbamate synthesis has been extensive. Literature reports on the topic 

fall into four reaction types: cycloaddition of CO2 into aziridines; epoxide-

based syntheses; cyclization of unsaturated compounds; and cyclization of 

amino alcohols.  

The reaction between aziridine and carbon dioxide is facilitated by a Lewis 

pair, which can either be an external catalyst, or a carbamate salt formed by 

the starting material. If a 2-substituted aziridine is used as a starting material, 

either a 4-substituted or a 5-substituted 2-oxazolidinone is formed. The 

regioselectivity is mainly substrate-controlled.  

In the epoxide-based syntheses, CO2 first undergoes cycloaddition to give 

a cyclic carbonate, which then reacts with an amine species to give cyclic 

carbamates. This approach gives access to 3,5-disubstituted 5-membered 

carbamate rings. 

Unsaturated compounds such as propargylic amines and alcohols, 

allylamines, alkenes, and alkynes will readily react with carbon dioxide. A large 

scope of products is accessible with these methods, as variously substituted 5-

membered rings, as well as bicyclic fused rings and 6-membered rings can be 

obtained.  

The dehydrative cyclization of CO2 and amino alcohols is seen as one of the 

more sustainable approaches. The cyclization can be achieved in the absence 

of any additional reagents by utilizing harsh reaction conditions. However, 

such conditions facilitate several undesired side reactions. More selective 

syntheses in milder conditions can be conducted by utilizing various catalysts, 

sacrificial reagents, or electrochemical methods. This approach allows for an 

extensive and versatile substrate scope.  

Most commonly cited applications for cyclic carbamates are various 

pharmaceuticals and chiral auxiliaries, which commonly feature a 

stereocenter. Despite this, only a handful of reports on stereoselective, carbon 

dioxide-based synthesis of cyclic carbamates exist. These mainly include the 

utilization of chiral starting materials, but some methods featuring prochiral 

substrates have also been reported.  
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This thesis features three novel contributions to the field of cyclic carbamate 

syntheses. The common feature in each work is the formation of a carbamate 

moiety by CO2 and an amine group, followed by an intramolecular substitution 

reaction with a nearby leaving group to close the ring. These (pseudo)halide-

based methods are efficient and have a broad substrate scope; thus, the work 

outlined in publications I-III could be seen as the first examples of a fifth major 

pathway from CO2 to cyclic carbamates. 
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