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Abstract

Guanidinato-stabilized zinc complexes, featuring or lacking additional functionalities, 
were synthesized through the reaction between guanidine derivatives, specifically 
(iPrHN)₂CNR (R = Ph, 2-FC₆H₄, 2-Ph₂PC₆H₄, 2-PhSC₆H₄), and ZnMe₂. The simple 
complex [ZnMe{(iPrN)(iPrNH)CNPh}] has been demonstrated to be a highly efficient 
catalyst for the synthesis of cyclic carbonates via the coupling of epoxides and CO₂ at 
atmospheric pressure in neat conditions, as well as the production of oxazolidinones 
through the coupling of epoxides and isocyanates, in 2-MeTHF as a sustainable solvent.

Keywords: zinc, guanidine, cyclic carbonate, CO2, oxazolidinone.

Introduction

The evolution of the global consumer market for raw materials and its impact on the 
environment is steering us towards a circular economy. This economy focuses on the 
efficient utilization of waste coming from the production of consumer goods or the goods 
themselves after use. Specifically, the development of new synthesis processes, starting 
from renewable raw materials, with sustainable reaction conditions and specific 
selectivities, is a significant challenge for chemical research.

One of the main wastes that is seriously affecting the environment is CO2, which comes 
from the growing consumption of fossil fuels for energy over more than a century. At this 
point, although the capture and utilization of CO2 will not significantly mitigate the 
emissions of this greenhouse gas, we should not overlook the possibilities it offers as an 
abundant and non-toxic raw material for the production of widely used chemicals. Thus, 
beyond its traditional transformation into commodities such as fertilizers, or its use in the 
food industry, there has been a recent shift towards its use as a raw material for fine 
chemicals and solvents.1

However, due to the thermodynamic stability and kinetic inertness of CO2, its efficient 
utilization is challenging. The process of catalytically integrating CO2 into another 
molecule appears to be a practical solution. Among the processes that do not involve 
CO2 reduction, one of the most prominent fixation methods is the creation of cyclic 
organic carbonates through cycloaddition to epoxides. This reaction presents an 
alternative route to carbonates, with higher atomic efficiency compared to the traditional 
process that requires the formation and use of phosgene. Cyclic carbonates are stable 
compounds that serve multiple purposes, including acting as potential green solvents or 
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as chemical intermediates to be transformed into more sophisticated scaffolds, making 
them an excellent solution for the much-desired valorization of waste CO2. At this point, 
numerous efficient catalysts have been formulated for the cycloaddition of CO2 and 
epoxides, including organometallics and organocatalysts.2

On the other hand, oxazolidinones, nitrogen-containing analogues of cyclic carbonates, 
are also important heterocyclic motifs found in commercial pharmaceuticals as 
antimicrobials active against multiple-resistant gram-positive pathogens, including 
methicillin-resistant Staphylococcus aureus, penicillin-resistant streptococci, and 
vancomycin-resistant enterococci, of which Linezolid is the most recognized commercial 
brand.3 These compounds also have a range of other applications such as chiral 
auxiliaries or ligand precursors.4

These substances are obtained through multi-step processes, which involve a non-
catalytic coupling between a carbamate and chloropropanediol or an epoxide, in the 
presence of stoichiometric amounts of bases, as the central step to form the 
oxazolidinone core.3c Therefore, the development of new catalytic approaches under 
mild conditions is extremely interesting from the perspective of atomic economy.

As in the case of cyclic carbonates, different catalytic systems have been proposed for 
obtaining oxazolidinones through various coupling reactions, among which the [3+2] 
coupling reaction between isocyanates, nitrogen analogues of CO2, and epoxides stands 
out.5

Zinc, an abundant and essential element for humans, has emerged as a desirable 
alternative to scarce metals or organocatalysts, which may pose potential toxicity 
concerns and limit their use in pharmaceutical applications due to trace contamination.6

At present, although numerous zinc-based catalysts have been reported for the 
synthesis of cyclic carbonates via the aforementioned process,7 systems capable of 
operating under the more desirable condition of ambient CO2 pressure are significantly 
less common (see Table S1).8

Moreover, it is noteworthy that, while some zinc compounds have been employed in the 
synthesis of oxazolidinones, their use in the coupling of epoxides and isocyanates has 
not yet been reported.9

Our group and others have studied zinc guanidinato complexes as potential catalysts in 
different processes.10 Guanidinato ligands, [R2NC(NR)2]-, allow the stabilization of a wide 
variety of metals and nonmetals, in addition to sometimes participating in catalytic 
processes, presenting themselves as an example of metal-ligand cooperation.11 In this 
context, we report the use of catalytically synthesized guanidines to prepare and 
structurally characterize a series of novel zinc guanidinato complexes, aiming to 
investigate how different donor atoms influence the coordination modes of the ligands. 
Finally, we examine their multitasking catalytic activity in the coupling of epoxides with 
either CO₂ or isocyanates (Figure 1).
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Figure 1. Catalytic synthesis of cyclic carbonates and oxazolidinones, by coupling of 
epoxides and CO2 or isocyanates.

Results and Discussion

Synthesis of the guanidinato complexes

Recently, we have initiated a systematic study on the potential influence of specific donor 
groups present as substituents in guanidine-based proligands. Specifically, our aim is to 
assess the effect of substituents located at the ortho position of the aromatic ring derived 
from the aniline used in guanidine synthesis. We have observed distinct coordination 
modes depending on whether the guanidines bear softer or harder donor groups, as 
defined by HSAB theory, and their impact on the catalytic activity of Main Group metals, 
namely,  magnesium, calcium, or aluminum complexes.12 Consequently, we sought to 
extend this investigation to another abundant and even biocompatible metal: zinc.

To prepare the new guanidinato complexes, a direct reaction was carried out between 
the proligands and a commercial precursor bearing substituents susceptible to 
protonolysis. This strategy avoids the formation of salt by-products and facilitates the 
isolation of the desired compound. In this context, the coordination of the proligands, 
namely (iPrHN)₂CN(2-RC₆H₄) (R = H L1H, F L2H, PPh₂ L3H, and SPh L4H), obtained by 
a described catalytic process,10a to zinc was investigated by treating them with ZnMe₂ in 
a 1:1 stoichiometry, leading to the formation of the corresponding guanidinato zinc 
complexes (see Scheme 1). The reactions were carried out in dry toluene for 10 min at 
room temperature. After the appropriate workup, complexes 1–4 were obtained in high 
yields (≥ 91%) as off-white solids. The use of other proligands with hard -OR or -NR2-
type donor groups proved unsuccessful, giving rise to complex mixtures that appear to 
contain products resulting from the elimination of these substituent groups from the 
guanidine. Treatment of the proligands with an excess of ZnMe₂ invariably afforded the 
derivatives depicted in Scheme 2.

The new guanidinato complexes were characterized using spectroscopic techniques 
and, in some cases, single-crystal X-ray diffraction (details are provided in the ESI). The 
1H NMR spectra of these complexes in C₆D₆ support their nuclearity relative to the 
ligands, as evidenced by a signal attributed to the remaining N–H proton of the 
guanidinato fragment appearing near 3.5 ppm, along with a high field singlet 
corresponding to the three protons of the ZnMe moiety (see the ESI). The methyl groups 
of the isopropyl substituents on the guanidinato ligands appear differently for complexes 
1 and 2 compared to complexes 3 and 4. In the former case, two doublets were observed, 
indicating an asymmetric coordination environment for the ligand, which is symmetric in 
its free form, but with equivalence between the two methyl groups of each isopropyl 
fragment. In contrast, complexes 4 and 5 display four doublets for these same protons, 
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indicating greater asymmetry in these cases, likely resulting from the chirality around the 
central atom. 

The 13C NMR spectra of compounds 1–4 show a diagnostic peak for the central carbon 
atom of the guanidinato moiety at approximately 160 ppm across all complexes (see the 
ESI). Additionally, a characteristic signal for the ZnMe group was detected near –10 ppm. 
In the 31P NMR spectrum of compound 3, a distinctive peak at -24.2 ppm, shielded with 
respect to the free ligand signal (see the ESI), suggested coordination through the 
phosphorus atom.13

N

N
H

HN

R

L1H R = H

L3H R = PPh2

L4H R = SPh

L2H R = F

+ ZnMe2
t = 10 min, RT

Tol

ZnN

N
N
H

PPh2
Me

2

ZnN

N
N
H

SPh
Me

2

Zn
N

N
N
H Me

F

2

Zn
N

N
N
H Me

2

1

2

3

4

Scheme 1. General pathway for the synthesis of complexes 1-4, with their proposed 
structures.

The molecular structures of complexes 3 and 4 were determined by single-crystal X-ray 
diffraction. Crystals were obtained from toluene/pentane and C₆D₆/pentane solutions, 
respectively, at –30 °C. The molecular structures are shown in Figure 2, and a summary 
of the crystallographic data and data collection parameters is provided in Table S3 in the 
Supporting Information. X-ray diffraction analysis revealed an alternative coordination 
mode for these two complexes, which may explain the differences observed in their NMR 
spectra. In both cases, the complexes are dinuclear. The dinuclear core consists of an 
eight-membered ring formed by two Zn atoms and two N–C–N units from the guanidinato 
ligands. In fact, each guanidinato ligand coordinates to one Zn atom via κ²-N,P or κ²-N,S, 
forming a five-membered chelate ring, and to the other Zn atom through an additional 

Page 4 of 17Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

0 
Fe

br
ua

ry
 2

02
6.

 D
ow

nl
oa

de
d 

on
 2

/2
5/

20
26

 4
:5

7:
39

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
DOI: 10.1039/D6DT00139D

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6dt00139d


nitrogen atom from the CN₃ core. Regarding this fragment, both complexes exhibit longer 
N1–C1 (or N1′–C1′) distances (~1.36 Å), where N1 supports the aryl group, compared 
to the C1–N2 (or C1′–N2′) distances (~1.31 Å). Due to this intermediate hybridization 
between sp³ and sp² of the N–C bonds in the CN3 fragment, the metallacycle adopts a 
distorted boat conformation. This type of coordination has previously been observed in 
other zinc complexes bearing guanidinato or amidinato ligands.14 This bridging mode, as 
alternative to the common chelate coordination mode in most of guanidinato complexes, 
would agree with the higher bonding tendency between Zn(II), a medium-soft acid, and 
soft phosphorus or sulfur atoms. In fact, regarding the metal center, it presents a 
pseudotetrahedral coordination where the guanidinato is coordinated by one N atom and 
one P or S atom, occupying two positions. The remaining coordination sites are occupied 
by a methyl group and a nitrogen atom from the guanidinato ligand bound to the other 
Zn center. This ligand arrangement induces chirality in the complexes, as observed in 
the NMR studies. Whereas the distances S-Zn in both nuclei are 2.70 Å approximately, 
the distances P-Zn are 2,59 Å a bit shorter, which highlights its better behavior as Lewis 
base.

Figure 2. a) Full molecular structures of compounds 3 and 4. b) View of the 
metallacycle. c) Partial view of the coordination around the metal centers. H atoms, 

solvent molecules and disorder are omitted for clarity.

Unfortunately, suitable crystals for diffraction studies could not be obtained for 
complexes 1 and 2.15 Considering the related zinc complex [Zn(Et){(4-t-
BuC₆H₄)NC(NiPr)(NHiPr)}]₂, previously reported by some of us, it is reasonable to 
propose that both complex 1 and its analogue 2 adopt a similar structure in the solid 
state.10a This dimeric structure features guanidinato ligands coordinated in a chelating 
κ²-N,N fashion to each metal center, while also bridging through one of the nitrogen 
atoms to the metal of the opposite subunit. The alkyl group bound to the metal completes 
a pseudotetrahedral coordination environment (see Scheme 2). Consequently, DFT 
calculations at the ωB97X-D / 6-311+G(d,p) level for compound 1 clearly support such a 
structural proposal since a conventional dimeric structure (Figure 3), with a μ-k2:k1-
coordination mode of the guanidinato ligands lies nearly 8 kcal·mol1 below the 
corresponding monomer (see ESI). It is also worth noting that, as found for [Zn(Et){(4-t-
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BuC₆H₄)NC(NiPr)(NHiPr)}]₂, the zinc−nitrogen distance between the two units (ca. 2.11 
Å) lies between the figures found for the chelate guanidinato ligand (ca. 2.05 and 2.29 
Å), this suggesting a strong interaction between the monomeric units.

Figure 3. Optimized structure for complex 1.

Complex 1 was then analyzed using diffusion-ordered spectroscopy (DOSY, see figure 
S71) which were acquired with the ledbpgp2s pulse program.16 One of the most practical 
applications of diffusion NMR spectroscopy is the determination of molecular size in 
solution.17 This method relies on measuring the diffusion coefficient (D) of the species 
present in the NMR sample. The diffusion coefficient is a translational property that can 
be correlated with the hydrodynamic radius (rₕ) through the Stokes–Einstein equation.18 
The limitations of this method for heavy atoms and organometallic complexes can be 
overcome by using the corrections described by Stalke.19 Using this improved 
methodology and tetramethylsilane as an internal reference (see ESI), a MWdet of 572 
g/mol was determined, a value very close to that calculated for a dimeric species (MWcalc 
= 597 g/mol). This result suggests that this complex maintains its dimeric structure in 
solution at room temperature.

Catalytic Studies for the Synthesis of Cyclic Carbonates

Recently, we reported the use of aluminum guanidinato complexes, which exhibit varying 
nuclearities and coordination modes. In the presence of appropriate cocatalyst, they 
efficiently produced a broad range of terminal cyclic carbonates from epoxides bearing 
diverse functional groups. 20 This all prompted us to explore the reactivity of the new zinc 
guanidinato complexes as precursors of catalyst for the addition of CO2 to a range of 
epoxides.

The catalytic potential of the synthesized complexes was initially evaluated. As a starting 
point for our investigation, we selected the transformation of styrene oxide (5a) into 
styrene carbonate (6a) as a model reaction. The reactions were conducted at 80 °C 
under 1 bar of CO₂ pressure for 24 hours in toluene, employing 5.0 mol % of complexes 
1–4 along with 5.0 mol % of tetrabutylammonium bromide (TBAB) as a co-catalyst. The 
results are summarized in Table 1. Notably, the unsubstituted guanidinato complex 
exhibited a higher conversion rate than its congeners (entry 1, Table 1).

For this reason, we focused our attention on the catalytic behavior of complex 1. 
Increasing the reaction temperature to 100 °C led to an improved conversion, reaching 
an excellent 98% (entry 5, Table 1). Reducing the catalyst loading to 1 mol % did not 
significantly affect the outcome (entry 6, Table 1). We then considered performing the 
reaction in a more sustainable manner, in the absence of solvent; however, this resulted 
in a considerable decrease in conversion (entry 7, Table 1). Seeking to maintain these 
conditions, with a lower catalyst loading and without solvent, we explored the use of an 
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alternative co-catalyst, tetrabutylammonium iodide (TBAI), given that iodide is more 
nucleophilic than bromide and could potentially enhance epoxide activation. We were 
pleased to find that, by appropriately adjusting the catalyst-to-co-catalyst ratio to 1:2, 
excellent conversion was achieved under the desired conditions (entry 9, Table 1).

Table 1. Catalytic Synthesis of Styrene Carbonate 6a Employing Guanidinato 
Complexes.a

O

Ph
+ CO2

OO

O

Ph5a 6a

Entry Cat mol% Cat CoCat 
(mol%)

t (h) T(ºC) Conversion
c (%)

1 1 5 Br-  (5) 24 80 71

2 2 5 Br-  (5) 24 80 47

3 3 5 Br-  (5) 24 80 26

4 4 5 Br-  (5) 24 80 50

5 1 5 Br-  (5) 24 100 98

6 1 1 Br- (5) 24 100 98

7 1 b 1 Br- (1) 24 100 50

8 1 b 1 I- (1) 24 100 83

9 1 b 1 I- (2) 24 100 91

a The reactions were conducted under 1 bar of CO₂ pressure in toluene. b Reactions were carried 
out under solvent free conditions. c Conversion was determined by 1H NMR spectroscopy of the 
reaction mixture relative to starting epoxide.

Compared to other zinc-based catalysts that enable the synthesis of cyclic carbonates 
under a single bar of CO₂ pressure, catalyst 1 demonstrates comparable or even 
superior performance, with a TON of 91 and a TOF of 3.8 h⁻¹ (see Table S1). Given the 
straightforward synthesis of both the ligand and the complex, compound 1 could be an 
adequate alternative for achieving a more sustainable approach to the formation of these 
heterocycles.

Thus, with the optimized reaction conditions for the synthesis of compound 6a 
established (1 mol % of catalyst 1, 2.0 mol % of TBAI at 100 °C under 1 bar of CO₂ for 
24 hours, in neat conditions), we proceeded to prepare a series of monosubstituted cyclic 
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carbonates (6a–h) from their corresponding terminal epoxides (5a–h) and carbon 
dioxide, as illustrated in Figure 4.

Figure 4. Synthesis of cyclic carbonates 6a-g, obtained by using the catalyst system 
1/TBAI.a,c

O

O
O

O

O
O

Cl

Cl
O

O

O

O

O
O

O

O

O
O

O

O
O

O

O
O

O

O

R
+ CO2

OO

O

R

1 %mol 1, 2 %mol TBAI

5a-g
6a-g

neat, 100 ºC, 1 bar, 24 h

6a. Conv: 91% 6b. Conv: 96%

6f.b Conv: 95%

6c. Conv: 92%

6d. Conv: 97% 6e. Conv: 93% 6g. Conv: 92%

a The reactions were carried out in a molar ratio of 1:2 cat:cocat (TBAI), at 100 °C and 1 bar of CO2 pressure 
for 24 h. Unless stated, were carried out in the absence of solvent. b Dry 2-MeTHF was used as solvent.  c 
Conversion was determined using 1H NMR spectroscopy of the crude reaction mixture. 

In all cases, the results were outstanding, regardless of the presence of aryl or alkyl 
substituents on the starting epoxide. The process enables synthesis with an excellent 
conversion of propylene carbonate 6d, which is widely used as solvent in lithium-ion 
batteries.21 For epichlorohydrin (product 6f), biomass derived 2-MeTHF was used as a 
sustainable solvent.22 Unfortunately, when an internal epoxide such as cyclohexene 
oxide was used, the reaction led to the formation of the corresponding polycarbonate, a 
CO₂/epoxide copolymer, via ring-opening copolymerization, with an acceptable 
conversion (see Figure S28).

Catalytic Studies for the Synthesis of Oxazolidinones

As mentioned in the introduction, there are heterocycles analogous to cyclic carbonates 
that contain a nitrogen atom in their cyclic core. Oxazolidinones can be synthesized 
through an alternative catalytic method that has gained attention in recent years, 
following the development of highly efficient molecular catalysts for the formation of cyclic 
carbonates. The underlying idea is to replace CO₂ with an isoelectronic analogue, the 
isocyanate. Therefore, we decided to evaluate the efficiency of catalyst 1 in a coupling 
reaction between isocyanates and epoxides.

The reaction optimization, summarized in Table 2, was initially based on the conditions 
established for the previous process, namely, a 1/TBAI combination with 1 mol% of 
catalyst and a catalyst/co-catalyst ratio of 1:2, at 100 °C, under solvent-free conditions 
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for 24 hours. Styrene oxide and phenyl isocyanate were selected as model substrates. 
Surprisingly, under these conditions, the reaction did not proceed due to solidification of 
the reaction mixture after a short period of time. In contrast, increasing the catalyst 
loading to 5 mol% and adding a small amount of toluene as solvent enabled an 85% 
conversion (entry 2, Table 2). The use of the more sustainable solvent 2-MeTHF resulted 
in a similar conversion (entry 3, Table 2). In fact, a moderate reduction in catalyst loading 
maintained catalytic activity (entry 5, Table 2). However, further reduction to 1 mol%, or 
decreasing the amount of co-catalyst, significantly affected the activity (entries 4 and 6, 
Table 2). A similar decrease in performance was observed when lowering the 
temperature or shortening the reaction time (entries 7 and 8, Table 2). In all cases, the 
major product was isomer 8a, with a near 3:1 ratio compared to isomer 9a.

Table 2. Catalytic Synthesis of Oxazolidinones 8a and 9a Employing Guanidinato 
Complex 1 as catalyst and TBAI as a cocatalyst.

O

Ph
+ PhNCO NO

O

Ph5a 8a

Ph NO

O

Ph

Ph
+

7a 9a

Entry mol% Cat mol% CoCat Conversionf 
(%)

Ratio 8a:9a

1a 1 2 0 -

2b 5 10 85 3.5:1

3c 5 10 81 3:1

4c 5 5 74 3.6:1

5c 2 4 84 2.9:1

6c 1 2 71 2.3:1

7d 2 4 77 2.5:1

8e 2 4 55 2.5:1

a The reaction was conducted without solvent, at 100 ºC for 24 h. b Reaction was carried out in toluene (~3 
mL). c The reactions were conducted in 2-MeTHF (~3 mL). d Reaction was carried out at 100 ºC for 16 h. e 
Reaction was carried out at 50 ºC for 24 h. f Conversion was determined by 1H NMR spectroscopy of the 
reaction mixture relative to starting epoxide.

Based on the results presented in Table 2, entry 5 was selected as the optimal condition 
for further studies involving various substrates, including both epoxides and isocyanates, 
leading to the formation of oxazolidinones 8a-i and 9a-g, as illustrated in Table 3.

Table 3. Synthesis of oxazolidinones 8a-i and 9a-g, obtained by using the catalyst 
system 1/TBAI.a,b
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O

R
+ R'NCO NO

O

R5a-d,f 8a-i

R' NO

O

R

R'
+

7a-f 9a-g

2 %mol 1, 4 %mol TBAI

2-MeTHF, 100 ºC, 24 h

Conversion 
(%)

Ratio 
8:9

NO

O

NO

O

8a 9a

+ 84 2.9:1

NO

O

NO

O

+

8b 9b

32 2.87:1

NO

O

NO

OF F

+

8c 9c

55 2.36:1

NO

O

NO

OOCH3 OCH3

+

8d 9d

70 2.79:1

NO

O

NO

O
S S

O

O

O

O
+

9e8e

72 1.1:1

NO

O

9f

12 0:1

NO

O

NO

O

Cl Cl

+

8f 9g

95 3.65:1
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NO

O

O
8g

69 1:0

NO

O

Cl 8h

93 1:0

NO

O

8i

74 1:0

a The reactions were carried out in a molar ratio of 1:2 cat:cocat (TBAI), at 100 °C, in dry 2-MeTHF for 24 h.b 
Conversion was determined using 1H NMR spectroscopy of the crude reaction mixture. 

Using styrene oxide as the epoxide and various isocyanates as reactants, a negative 
correlation between conversion and isocyanate size is observed, as exemplified by 
derivatives 8b–9b and 9f. The presence of electron-withdrawing or mildly electron-
donating groups also exerts a moderate negative influence on conversion, as seen in 
derivatives 8c–e and 9c–e. In the case of the tert-butyl isocyanate derivative, although 
the conversion was low, the reaction proceeded regioselectively toward the 3,4-isomer. 
In contrast, the other cases yield mixtures in which the 3,5-isomer predominates.

To our delight, when phenyl isocyanate was used as the starting reagent and the epoxide 
varied, yields range from good to excellent. Notably, epoxides bearing alkyl substituents 
exhibited high regioselectivity toward the 3,5-isomer (compounds 8g-i). On the contrary, 
the use of cyclohexene oxide as a substrate only results in traces of the corresponding 
oxazolidinone.

As was the case with the formation of cyclic carbonates, and in comparison with other 
catalysts used for the coupling of epoxides and isocyanates,5 complex 1 exhibits 
performance that is comparable to or exceeds that of previously described systems, with 
a turnover number approaching 48 in certain examples (see Table S2).

Computational mechanistic study

Aiming to rationalize the high activity of the dimeric compound 1 in the coupling reactions 
discussed above, we performed a DFT study of the reaction pathway for the styrene 
oxide–CO2 coupling, as a model. In agreement with previous studies on related systems, 
the calculations support a stepwise mechanism taking place through intermediates that 
retain the proposed dimeric structure. Thus, the epoxide is first activated by coordination 
to one of the Zn centers and subsequently undergoes ring-opening by the external halide 
(I). Then CO2 insertion into the resulting Zn-alkoxide bond followed by ring-closing yields 
the final cyclic carbonate product. In particular, epoxide coordination to one of the zinc 
centers in compound 1 (ZnO = 3.14 Å) takes place with very small energetic penalty 
(+3.1 kcal·mol1), and without significant distortion of the dimeric motif (intermediate I1 
in Figure 5). Iodide attack at the CH2 group of the Lewis-activated epoxide proceeds 
readily, with an energy barrier of only 9.2 kcal·mol1, thereby yielding a low-energy zinc 
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alkoxide intermediate (I3, ZnO = 1.99 Å). Interestingly, although this latter intermediate 
preserves a dinuclear structural motif, the guanidinato ligands adopt markedly different 
coordination modes (μ-k1:k1 and μ-k2:k1, respectively). This rearrangement, in which one 
unit of the dinuclear complex acts as a metalloligand, provides a more open framework 
(distorted 6-membered ring), which accommodates the zinc center bearing the alkoxide 
group. Subsequent nucleophilic attack of the alkoxide on the CO2 molecule occurs via 
transition state TS2, located ca. 16 kcal·mol1 above I3, constituting the rate-limiting step 
of the catalytic cycle. Finally, concerted carbonate ring closure and halide elimination 
take place with an activation barrier of ca. 9 kcal·mol1, leading to intermediate I6, in 
which the newly formed cyclic carbonate remains coordinated to the metal center. 
Overall, while the dimeric structure is preserved throughout the pathway, the 
coordination flexibility of the guanidinato ligands in 1 appears to be a key factor in 
facilitating the coupling process by allowing efficient adaptation to the particular demands 
of the Zn centers along the process.

O
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C
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Me
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I

Zn
N

Zn N

C

N
C

N

Me

Me TS1

Zn
N

Zn N

C

N
C

N

Me

Me I3

Zn
N

Zn N

C

N
C

N

Me

Me I4

CO2

CO
O

Zn
N

Zn N

C

N
C

N

Me

Me TS2

C
O

O

Zn
N

Zn N

C

N
C

N

Me

Me I5

Zn
N

Zn N

C

N
C

N

Me

Me TS3

Zn
N

Zn N

C

N
C

N

Me

Me I6

I
1

O
Ph

ZnN

Zn N
C

N
C

N
Me

Me I2

O
Ph I

OPh

I

OPh

I

OPh

I

OPh
C

O

O

I

OPh
C

O

O

I

O
Ph

C
O

OOPh

C
O

O O Ph

Figure 5. DFT computed reaction profile for the gas phase styrene oxide-CO2 coupling 
catalyzed by compound 1, with relative Gibbs free expressed in kcal⋅mol1 (top). 
Schematic representation of the reaction mechanism with simplified guanidinato 

ligands (bottom).

Conclusions

The search for new homogeneous catalysts for the synthesis of heterocycles of interest, 
such as cyclic carbonates and oxazolidinones, is focused on employing more efficient 
catalysts under mild reaction conditions, with high selectivity, while adhering to 
sustainability principles and minimizing environmental impact. Zinc-based catalysts 
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represent a promising option to meet these challenges. In this work, we describe and 
characterize a series of organometallic complexes based on this metal and guanidinato 
ligands. This approach has enabled the identification of a simple catalyst capable of 
producing cyclic carbonates of interest from epoxides and CO₂ at atmospheric pressure, 
achieving excellent yields. Furthermore, the multitasking ability of this catalyst has been 
demonstrated, as it also facilitates the synthesis of a wide range of oxazolidinones, with 
good to very good yields, through the coupling of epoxides and isocyanates. Based on 
density functional theory calculations, a plausible mechanism for the cyclization process 
has been proposed.
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Data availability

The data supporting this article have been included as the ESI. Crystallographic data for 
1’, 3 and 4 have been deposited at the Cambridge Crystallographic Data Centre (CCDC) 
under CCDC2520689-2520691.
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