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C1 functionalization of imidazo heterocycles via
carbon dioxide fixation†
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Utilizing CO2 as a one-carbon building block in the preparation of

high-value chemical entities is a cornerstone of modern organic

synthesis. Herein, we exemplify this strategy through a mild, one-

pot methodology that gives rapid access to N-heteroaryl substituted

6-, 8- and 9-membered carbamates via CO2 fixation.

The United Nations launched seventeen ‘‘Sustainable Develop-
ment Goals (SDGs)’’ in 2015. The 7th SDG is dedicated to
affordable, renewable, efficient and clean energy.1 In addition,
the EU has set targets of at least 55% cuts in greenhouse
gas emissions (from 1990 levels), a 32% share for renewable
energy and 32.5% improvement in energy efficiency under the
European Green Deal scheme.2 To achieve these goals attaining
self-sufficiency in sustainable energy and raw materials, scaling
up renewable carbon and circular carbon feedstocks are of
note. A net-zero carbon future for synthetic methodology has to
be the governing paradigm; thus, development of C1 chemistry
is a key challenge.3

Employing carbon dioxide as a building block has gained a
prominent place in C1 chemistry, especially in recent years; on
one hand it is a waste that has to be minimized,4 on the other it
is an inexpensive and abundant C1-building block.5–13 How-
ever, CO2 valorization still remains problematic due to its
thermodynamic stability and chemical inertness; therefore,
highly reactive or sensitive substrates in combination with
harsh conditions are needed in many cases. Catalysed coupling
of CO2 with epoxides and aziridines towards polycarbonates/
polycarbamates14 and cyclic carbonates/carbamates15,16 and
photocatalyzed electrophilic addition of CO2 to enones,17 repre-
sent some of the most recent methodologies using CO2 as a

feedstock. Cyclic carbamates belong to a particular class of
heterocycles where C1 chemistry based on CO2 fixation has
been extensively employed in order to replace traditional meth-
ods that employed the highly toxic phosgene gas and CO.18,19

These entities, in particular, the N-aryl five- or six-membered
cyclic carbamates (namely, oxazolidinones and oxazinanones –
NAOs), have attracted considerable attention from synthetic
chemists not only because they are extremely useful building
blocks,20–22 but also due to the fact that they have been widely
utilized as therapeutic agents; there are anti-cancer, antiviral
and anti-inflammatory NAOs.23,24 Most importantly, NAOs have
proved highly efficient as broad spectrum Gram-positive anti-
biotics (Fig. 1).25 In addition, due the high significance of
medium-size N-heterocycles we still need more tools in our
arsenal for their efficient and sustainable construction.26–29

The direct fixation of CO2 in the synthesis of NAOs requires
prefunctionalized, highly reactive substrates, i.e. propargyl ami-
nes30,31 or N-aziridines,32–34 amino alcohols35,36 and epoxy ami-
nes,37–39 even in solvent-free procedures.40 Three-component

Fig. 1 Presence of 5- and 6-membered cyclic carbamates in a wide range
of therapeutic agents. Maitansine is utilized in antibody–drug conjugates;
efavirenz is an antiretroviral drug; toloxatone was an antidepressant;
linezolid and posizolid are antibiotics.
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reactions involving CO2/haloalkane/anilines,41,42 CO2/epoxide/
anilines43 and CO2/alkene/anilines44 have also been reported
(Scheme 1A).45 The main issues with these synthetic processes,
which can be divided into three modes of action,11 are the
relatively limited substrate scope; the scarcity of examples
bearing aryl groups, especially heteroaryls, the frequent
employment of high pressure CO2 (410 bar) and the use of
metal catalysts/organocatalysts.46–48

In order to overcome these issues, we envisioned providing
access to a variety of unprecedented N-aryl substituted oxazina-
nones via an efficient and straightforward synthetic pathway.
Moreover, to the best of our knowledge some of our target
scaffolds, such as the 9-membered N-aryl substituted oxazonanones
and the 8-membered N-aryl substituted dioxazocanones, are cur-
rently unknown entities (Scheme 1B). The Groebke–Blackburn–
Bienaymé three component reaction (GBB-3CR)49–51 was chosen for
two main reasons beyond its versatility with three points of

diversification and the ease with which it can be performed
(Scheme 1C). First of all, it would give access to a variety of
imidazo[1,2-a]-heterocycles, including, the privileged scaffold
imidazo[1,2-a]pyridine, a well-known moiety in many marketed
drugs, such as zolpidem, minodronic acid, etc.52 Secondly, we
hypothesized that our recently developed isocyano alkyl tosy-
lates 1a–c in a GBB-3CR53 can constitute an excellent mode
I-substrate11 with a nucleophilic center (Xd�, highlighted in
cyan), which triggers the CO2 incorporation, combined with an
electrophilic site (LGd+, highlighted in green) (Scheme 1D).

Hence, after quite some experimentation (Table S1, ESI†),
we found that treatment of the GBB-derivatives 2a–j (used
without purification) with 1,8-diazabicyclo[5.4.0]undec-7-ene
(DBU) and under CO2 flow (1 atm) in DMF at room temperature
led to the targeted carbamates 3a–j in only 1 hour with good to
very good yields of the desired products (Scheme 2). The
substrate scope is indeed broad; aliphatic and (hetero)aromatic
aldehydes, various substituted 2-amino pyridines and thiazoles
with different isocyano alkyl tosylates 1a,b all afforded the
corresponding carbamates 3 (Schemes 2 and 3). We were also
able to access the unprecedented 8-membered dioxazocanone
3j. Notably, substrates with groups such as cyclopropyl units
and double bonds yielded the corresponding carbamates 3h
and 3i, respectively, in high yields without any side reactions
being observed (see mechanism, ESI,† Scheme S1). The reac-
tion is scalable, as it was performed on a 5 mmol scale without
any issues or a substantial difference in yield. The single crystal
structures of 3a and 3g reveal a T-shape orientation of the
imidazopyridine scaffold with the carbamate. Carbon dioxide
fixation was also examined in the absence of any base, however,
unreacted starting material was recovered. In addition, when
the GBB-3CR adduct 2a was treated with either DBU or even
with carbonates like NaHCO3 in the absence of carbon dioxide
flow, deprotection of the tosyloxy group yielding compound 4
was seen. Probably, there is a –OTs exchange towards an
intermediate carbonate with its subsequent basic hydrolysis
to the corresponding alcohol.54,55

Carbonate salts as C1 feedstocks instead of carbon dioxide
have rarely been applied to the synthesis of oxazolidinones and
especially to the case of oxazinanones.56–59 Very interestingly,
when we employed a salicyl aldehyde as our oxo-component in
the GBB-3CR, we noticed that just treatment with NaHCO3 in
the absence of any metal-catalyst or metal-additive afforded the
carbamates 3k–s in high yields (Scheme 3).

The reaction is also working at rt with slightly worst yields
and conversion. ortho- and meta-substituted salicyl aldehydes
yielded the corresponding products; dependent on the chain
size of the isocyano alkyl tosylates (1a–c), different ring sizes of
carbamates were formed including six-membered rings and the
difficult to access eight- and nine-membered rings.60 The single
crystal structure of 3n features not only the T-shape orientation,
but also an intramolecular hydrogen bond N–H of 1.6 Å,
rigidifying the scaffold. Using an alternative base, such as
Et3N, which does not include a carbonate moiety, led to the
deprotection of the tosyl group to yield the corresponding
alcohol 6 (see mechanism, ESI,† Scheme S2). Treatment with

Scheme 1 (A) Representative synthetic strategies accessing NAOs; (B)
proposed acces to 6-, 8- and 9-membered NAOs using our procedure;
(C) the archetypal MCR utilized; (D) employment of three different iso-
cyano alkyl tosylates in the GBB-3CR to yield both the targeted aryl
substitution and the suitable intermediate for the CO2 fixation substrate
(mode I).
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DBU gave rise to medium-sized macrocycles.53 After treatment
of the GBB-3CR adducts without the phenolic group, such as
2a–j, with NaHCO3, we observed deprotection of –OTs group
and formation of 4 instead of re-fixing of CO2 (Scheme 2).

Taking advantage of the structural features of the GBB-3CR
scaffolds, we were able to construct a library of 19 diverse N-
heteroaryl substituted carbamates with different ring sizes via
fixing CO2. The substrate scope is broad and the C1 feedstock
proceeds either through base-catalyzed reaction under a CO2

flow (1 atm) or by employing a carbonate salt in the presence of

salicyl aldehydes. The procedures occur rapidly in a one-pot
fashion under mild reaction conditions without any metal-
catalyst or metal-additive. Single crystal structures reveal the
structural conformation of the unprecedented carbamate
products.

C. G. N. conceptualized and directed the project. M. F., P. K.
A and I. V. performed the syntheses and collected the analytical
data. A. P and C. S. determined the single crystal X-ray struc-
tures. C. G. N. and M. F. contributed to the manuscript writing.
The research project (to C. G. N) was supported by the Hellenic

Scheme 2 The synthesis of substituted 6- and 8-membered carbamates through a one-pot process. The yields referred to are overall yields after two
steps. X-ray structures of 3a (CCDC 2294778†) and 3g (CCDC 2294775†) were obtained. Deprotection of the GBB adduct 2a gave the corresponding
alcohol 4, shown with its single crystal structure (CCDC 2294777†).

Scheme 3 The synthesis of substituted 6-, 8- and 9-membered carbamates in the presence of substituted salicyl aldehydes in a one-pot process. The
yields referred to are overall yields after two steps. X-ray structure of 3n (CCDC 2294776†) was obtained.
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S. Rautiainen, M. T. Räisänen and T. Repo, Chem. – Eur. J., 2016, 22,
10355–10359.

42 C. Mei, Y. Zhao, Q. Chen, C. Cao, G. Pang and Y. Shi, ChemCatChem,
2018, 10, 3057–3068.

43 B. Wang, E. H. M. Elageed, D. Zhang, S. Yang, S. Wu, G. Zhang and
G. Gao, ChemCatChem, 2014, 6, 278–283.

44 L. Feng, X. Li, C. Xu and S. M. Sadeghzadeh, Catal. Lett., 2020, 150,
1729–1740.

45 L. Wang, C. Qi, W. Xiong and H. Jiang, Chin. J. Catal., 2022, 43,
1598–1617.

46 J. Ye, L. Song, W. Zhou, T. Ju, Z. Yin, S. Yan, Z. Zhang, J. Li and
D. Yu, Angew. Chem., Int. Ed., 2016, 55, 10022–10026.

47 Z. Zhang, J. Ye, D. Wu, Y. Zhou and D. Yu, Chem. – Asian J., 2018, 13,
2292–2306.

48 J.-H. Ye, T. Ju, H. Huang, L.-L. Liao and D.-G. Yu, Acc. Chem. Res.,
2021, 54, 2518–2531.

49 K. Groebke, L. Weber and F. Mehlin, Synlett, 1998, 661–663.
50 C. Blackburn, B. Guan, P. Fleming, K. Shiosaki and S. Tsai,

Tetrahedron Lett., 1998, 39, 3635–3638.
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