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Synthesis of 1,2-glycerol carbonate from carbon dioxide: The role of methanol in 
fluid phase equilibrium 
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The effect of methanol on the synthesis of 1,2-glycerol carbonate from CO2 and glycerol is studied in the presence of 
Bu2Sn(OCH3)2, n-Bu2SnO, and tert-Bu2SnO. At 423 K, up to 2.7 mol% yield in glycerol carbonate, based on glycerol, could 
be obtained in the pressure range 14-20 MPa. Addition of acetonitrile promotes notably the yield to 7 mol%. Fluid phase 
equilibrium experiments with the ternary mixture CO2/glycerol/methanol show that the reaction takes place in a liquid phase 
where methanol dissolves glycerol, CO2, and the tin complexes. Above ~0.6 mole fraction, CO2 behaves as an anti-solvent, 
separating methanol from glycerol, thus inhibiting the formation of 1,2-glycerol carbonate. Dimethyl carbonate is a side-
product of glycerol carbonation resulting mainly from transesterification between glycerol carbonate and methanol. Glycerol 
coordination to tin center is evidenced by the isolation of di-tert-Bu2Sn(1,2-glycerolate) complex. Its structure determination 
by single-crystal X-ray diffraction shows that the remaining OH group of glycerol promotes the formation of one-
dimensional polymeric chain.  

Keywords: Glycerol, Glycerol carbonate, Carbon dioxide, Methanol, Fluid phase equilibrium, Vapour-liquid equilibrium, 
Dibutyltin glycerolate, X-ray structure 

The rapid increase in glycerol production from 
biodiesel industry has stimulated the development of 
reaction pathways for waste glycerol to enter into the 
chemical value chain. Recent reviews on the topic 
underline the variety of reactions to produce 
commodity chemicals, e. g., oxidation, dehydration, 
esterification, hydrogenolysis, polymerisation and 
reforming1-6. Making glycerol carbonate (GlyC) from 
glycerol is attractive as GlyC is a versatile compound 
with a number of applications1,7.  
 The very first report on glycerol carbonate 
synthesis dates back to 1935 by reacting glycerol with 
phosgene, diethyl carbonate or diphenyl carbonate8. 
Urea9 and alkylene carbonates10 may also react with 

glycerol to give GlyC. As alkylene carbonates and 
urea are industrially produced from carbon dioxide11, 
these methodologies constitute an indirect synthetic 
route from CO2 to GlyC. Therefore, these multistep 
processes contribute to valorising CO2 and avoiding 
harmful CO-based feedstock. It has been shown very 
recently that a one-pot reaction is feasible starting 
from a mixture of CO2, propylene oxide and glycerol 
in the presence of alkali metal halides as catalysts 
(Scheme 1, route A)12. Nearly complete conversion of 
glycerol could be achieved with an excess of 
propylene oxide leading to propylene glycol, 
propylene carbonate along with GlyC, at 388 K and  
2 MPa pressure. The direct synthesis of GlyC by 
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coupling CO2 and glycerol to afford GlyC is also an 
option as it offers a drastic simplification of the 
process (Scheme 1, route B).  

 Previous studies on the direct synthesis of dimethyl 
carbonate (DMC) from CO2 and methanol have 
pointed out thermodynamics and kinetics 
limitations13. Trapping water, the by-product, led to 
significant improvement in carbonate yield by 
favourably shifting the thermodynamic equilibrium13-16. 
Similarly, ethylene- and 1,2-propylene glycols were 
shown to react with CO2 forming selectively the 
corresponding cyclic carbonates. Ceria-based 
catalysts are highly selective for the formation of  
1,2-propylene carbonate (PC) even at elevated 
temperature up to 463 K. Moreover, acetonitrile is a 
very effective solvent for increasing PC yield17.  
Tin(IV) soluble complexes, n-Bu2Sn(OCH3)2 and  
n-Bu2SnO, are among the other active systems 
reported18. Interestingly enough, these two complexes 
also promote direct synthesis of GlyC from glycerol 
and CO2

19,20. The reaction (Scheme 1, route B) occurs 
under different conditions, i.e., solvent, temperature, 
pressure and time. On carrying out the reaction 
solventless, higher GlyC yield was obtained19 at  
453 K. It was also observed that addition of methanol 
led to GlyC formation at a lower temperature, 
typically 353-393 K, under 13.8 MPa pressure20. A 
better solubility, and therefore, concentration of CO2, 
in the reacting phase was proposed together with a 
change in the reaction pathway.  

 The results reported herein aim at a better 
understanding of the role of methanol. For  
this purpose, n-Bu2Sn(OCH3)2, n-Bu2SnO and  
tert-Bu2SnO reactivities were screened at 423 K with 
special focus on fluid phase equilibrium. As a matter 
of fact, the use of CO2 above its critical temperature 
(Tc = 304 K) and pressure (Pc = 7.3 MPa) may induce 
either monophasic or multiphasic conditions with the 
ternary system CO2/glycerol/methanol affecting the 
kinetics. During our study, characterisation of 
dibutylpolyolatotin complexes was attempted. Single 
crystals were successfully obtained from the reaction 
of tert-Bu2SnO with glycerol and 1,2-propanediol, 
respectively, and the structures were determined by 
X-ray diffraction showing the formation of dimeric 
dibutylglycerolato- and dibutylpropanediolatotin 
complexes, respectively. As expected, these 
compounds gave the corresponding cyclic carbonate 
under CO2 pressure.  

Materials and Methods 

General experimental procedures 

 All synthetic procedures were carried out under 
argon by using standard Schlenk tube techniques. 
Toluene and methanol (Carlo Erba, RPE grade) were 
dried and distilled under argon over CaH2 and 
Mg(OCH3)2, respectively. Glycerol (purity 99 %) 
obtained from Acros, was distilled under vacuum and 
stored under argon with 3A molecular sieves. Carbon 
dioxide N45 TP was purchased from Air Liquide and 
used without further purification. Di-n-butyltin oxide 
(purity ≥ 98 %) was purchased from Aldrich and 
di-n-butyl dimethoxystannane21 and di-tert-butyltin 
oxide22 were synthesised according to published 
methods. For vapour-liquid equilibrium experiments, 
methanol (> 99.9%, GC) and glycerol (> 99.5%, GC) 
were obtained from Sigma-Aldrich, while CO2 N48 
was supplied by Air Liquide.  
 
Characterisation techniques 

 The NMR spectra were recorded at 298 K in CDCl3 

on a Bruker Avance 300 spectrometer operating at 
111.91 MHz for 119Sn and at 75.47 MHz for 13C. 
13C{1H} chemical shifts (δ, ppm) were determined 
from the residual solvent signal (CDCl3 δ 77.0). 
119Sn{1H} chemical shifts (δ, ppm) are referenced to 
(CH3)4Sn used as an internal standard. The IR spectra 
were recorded on a Bruker Vector 22 equipped with a 
Specac Golden GateTM ATR device. Elemental 
analyses were performed at the Institut de Chimie 
Moléculaire, Université de Bourgogne, Dijon.  
 

Vapour-liquid equilibrium 

 The phase equilibrium measurements were 
performed on an apparatus supplied by New Ways of 
Analytics GmbH (Germany). The equilibrium cell 

 
 

Reaction pathways from CO2 to glycerol carbonate 
(A) indirect route from epoxide; (B) direct route 

 

Scheme 1 
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was made of a stainless steel cylinder with a thick 
front sapphire window. Another sapphire at the back 
of the cell acted as a piston, moving inside and along 
the stainless steel cylinder by means of a hydraulic 
fluid pump, thus varying the available internal volume 
between 38 and 70 mL.  
 A mixture of methanol and glycerol (mole fraction 
0.9912 and 0.0088, respectively) was prepared by 
weighing and introduced into the equilibrium cell. 
CO2 was then added at a controlled temperature of 
273 K from a manually driven screw-injector 
connected to the bottom of the cell. The volume of the 
injector was calibrated in order to know the volume 
displaced by each rotation of the screw. The amount 
of added CO2 was calculated using the density at  
273 K and the feeding pressure was always kept 
above the vapour pressure. Phase equilibrium 
measurements were done as previously described23, 
whereby at a given temperature and overall 
composition, the pressure at which one of the fluid 
phases in equilibrium disappears is registered.  
 
Reaction under CO2 pressure 

 Caution: When high pressures are involved, 
appropriate safety precautions must be taken.  
 In a typical procedure, in a Schlenk tube  
were added glycerol (2.2-12 mmol), tin complex  
(0.2-4 mmol) and then methanol (5.3-15.8 mmol). 
The mixture was transferred into a 117 mL batch 
stainless steel autoclave under argon, followed by the 
admission of CO2 (909 or 568 mmol) with an ISCO 
260D pump to get a working pressure of either 14 or 
20 MPa. The autoclave was heated to 423 K 
(controlled by an internal K-thermocouple) for a 
given reaction time, cooled down to 273 K, and  
then the pressure was gently released through a  
valve, after which the liquid phase was subjected  
to gas chromatography analysis. DMC was  
analysed with a Fisons 8000 apparatus (FID detector, 
toluene as internal standard, col.: DB-WAX  
30 m/0.32 mm/0.5 µm). GlyC was analysed on a  
Shimadzu 14A apparatus (FID detector, 1,2-propylene 
carbonate as internal standard, column: Stabilwax 
15 m/0.53 mm/0.25 µm). 
 
Synthesis of di-tert-butylglycerolatotin complex (1) 

 A suspension of di-tert-butyltin oxide (1.000 g, 
4.017 mmol) in a mixture of glycerol (0.369 g,  
4.017 mmol) and 60 mL of toluene was heated at 
reflux for 6 h in a Dean-Stark apparatus. The 
remaining solution was allowed to cool down and a 

white precipitate was formed. The solid was filtrated 
and dried under vacuum giving (1). Anal. (%): Calcd 
for C11H24O3Sn: C, 40.90; H, 7.50. Found: C 40.83; 
H, 8.09. IR (neat): ν(OH), 3208(br) cm-1.  
 
Synthesis of di-tert-butyl 1,2-propyleneglycolatotin  

complex (2) 

 A suspension of di-tert-butyltin oxide (0.7320 g, 
2.940 mmol) in a mixture of 1,2-propanediol  
(0.2237 g, 2.940 mmol) and 40 mL of toluene was 
heated at reflux for 6 h in a Dean-Stark apparatus. The 
solvent was removed by vacuum distillation leaving a 
white solid (2), readily soluble in CDCl3 for NMR 
characterisation. Anal. (%): Calcd for C11H24O2Sn:  
C, 43.03; H, 7.88. Found: C, 42.60; H, 8.79. 
119Sn{1H} δ −211 (2

J
119Sn–119Sn,117Sn 189) and 

−212(2
J

119Sn–119Sn,117Sn 192), integrated area ratio 
1:1.  
 
X-ray crystallography  

 Cooling down a hot solution of (1) in either toluene 
or CHCl3 afforded colourless single crystals (1a) and 
(1b), respectively, suitable for X-ray diffraction 
analysis. Colourless single crystals of (2) were grown 
from a dichloromethane solution upon slow solvent 
evaporation.  
 

 Diffraction data were collected on a Nonius Kappa 
CCD diffractometer (Mo-Kα radiation, λ = 0.71073 Å) 
at 115 K. The structures of (1a), (1b) and (2) were 
solved using direct methods (SIR 92)24 and refined 
with full-matrix least squares methods based on F

2 
(SHELX-97)25 with the aid of the WINGX program26. 
All non-hydrogen atoms were refined with anisotropic 
thermal parameters. Hydrogen atoms attached to 
carbon atoms were included in their calculated 
positions and refined with a riding model. For 
compound (2), the three carbon atoms of the  
1,2-propanediolato ligands were found to be 
disordered over two positions with occupation factors 
converged to 0.68:0.32, and one of the tert-butyl 
groups also disordered with occupation factors equal 
to 0.61:0.39.  
 

 Crystallographic data and structure refinement 
details of the data collections are listed in Table S1 
(Supplementary Data).  
 
Results and Discussion 

Reaction of glycerol  with  n-Bu2Sn(OCH3)2 under CO2 

 The tin(IV) complex, n-Bu2Sn(OCH3)2, as well as 
n-Bu2SnO and tert-Bu2SnO, are known to react with 
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methanol-CO2 mixtures to afford dimethyl carbonate 
in temperature and pressure ranges of 393-453 K and 
10-30 MPa, respectively27-31. Under solventless 
conditions, shifting from methanol to glycerol led to 
traces of GlyC at 423 K, in agreement with a previous 
study19. However, we observed that addition of 
methanol promoted the GlyC yield significantly.  

 Comparison of the present study with results 
published earlier reveals a few differences20. We 
found that a reaction time of at least 12 h was 
necessary to detect GlyC when the reaction 
temperature and pressure were set between 393-423 K 
and 14-20 MPa, respectively. Interestingly enough, 
we could also detect DMC under the present 
experimental conditions. We further studied the effect 
of tin, glycerol and methanol amounts as well as 
pressure on GlyC and DMC yields with  
n-Bu2Sn(OCH3)2, at 423 K for a reaction time of 15 h. 
Figure 1 shows a steady increase of the GlyC/Sn ratio 
with glycerol/Sn ratio, when the reaction was 
performed in excess of methanol (from 5 − 30 mL) at 
a working pressure of either 14 or 20 MPa. The 
conversion of glycerol to GlyC is around 2.7 mol% 
which leads to GlyC/Sn molar ratios <1 for 
glycerol/Sn <37. The low glycerol conversion may 
arise from unfavourable thermodynamics of the direct 
carbonation of glycerol (Scheme 1, route B). ∆rHº298.15 
and ∆rSº298.15 were calculated to be –0.4 kJ mol-1 and  
–90.3 J mol-1 K-1, respectively, indicating that the 
reaction is slightly exothermic and the large negative 

entropy change makes the reaction unfavourable with 
an equilibrium constant of 2.14 × 10-5 at 423.15 K.  
 Besides the formation of GlyC, DMC is also 
expected to be produced since methanol is used as 
solvent and the direct carbonation of methanol is 
promoted by the same complexes27-31. As shown in 
Fig. 2, DMC/Sn is close to 1 without glycerol, in 
agreement with our previous study under the same 
conditions27. When a small amount of glycerol is 
added to the reaction mixture, a sharp decrease in 
DMC is evidenced. This observation suggests DMC 
as an intermediate to GlyC formation involving a 
transesterification reaction between glycerol and 
DMC (Scheme 2). The increase in GlyC can therefore 
account for the decrease in DMC. Transesterification 
according to Scheme 2 was found to be endothermic, 
with favourable thermodynamics32. From the 
equilibrium constant values, Keq, obtained between 
313.15 and 343.15 K (ref. 32), we calculated a Keq 
value of 27.8 at 423.15 K. Hence, if transesterification 
is the main pathway, DMC decay is likely to account 
for GlyC increase. This is barely observed when 

 
 

Fig. 1 – GlyC/Sn versus glycerol/Sn with n-Bu2Sn(OCH3)2  

at 423 K for 15 h. [(�) P = 20 MPa, CH3OH = 20 mL; 
(�) P = 20 MPa, CH3OH = 10 mL; (�) P = 20 MPa, CH3OH = 
5 mL; (▲) P = 14 MPa, CH3OH = 30 mL; (�) P = 14 MPa,  
CH3OH = 10 mL]. 

 
 
Fig. 2 – DMC/Sn versus glycerol/Sn with n-Bu2Sn(OCH3)2 at 
423 K for 15 h. [CH3OH = 10 mL; (�) P = 20 MPa;  
(�) P = 14 MPa]. 
 

 
 
 
 
 
 
 
 

Transesterification between DMC and glycerol 
 

Scheme 2 
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comparing Figs 1 and 2 at glycerol/Sn molar ratios 
from 3 to 21. The GlyC/Sn ratio exhibits a ten-fold 
increase while DMC/Sn changes from 0.4 to 0.3. 
Moreover, we observed a dramatic increase in 
DMC/GlyC ratio above a CH3OH/glycerol ratio of 
100. These results may stem from vapour-liquid 
equilibrium modification with CH3OH/glycerol mole 
fraction. Experimental investigations on phase 
equilibrium of CO2/glycerol/methanol ternary 
mixtures is discussed vide supra.  
 

Fluid phase equilibrium 

 The direct reaction between carbon dioxide and 
glycerol may suffer from severe kinetics limitations 
due to the low mutual solubility of both substances, 
even at high pressures. Preliminary work from one of 
our laboratories suggests that the solubility of carbon 
dioxide in liquid glycerol at 20 MPa and 423 K is 
below 0.1 mole fraction. On the other hand, glycerol 
is highly insoluble in high pressure carbon dioxide. 
Sovova et al.

33 report solubility of glycerol in carbon 
dioxide at 20 MPa and 333 K of only 3.4×10-5 mole 
fraction. Adding methanol to the CO2/glycerol 
mixture is expected to significantly change the phase 
behaviour.  
 The phase equilibrium of CO2/glycerol/methanol 
mixtures has been studied in a recent work34 with four 
glycerol/methanol molar ratios of 1/3, 1/12, 1/20 and 
1/30 in the temperature range 303-343 K and pressure 
up to 25 MPa by adding CO2. The results show 
complex phase behaviour with vapour-liquid, liquid-
liquid, and three-phase liquid-liquid-vapour 
equilibria, depending on the pressure-temperature-
composition. This type of behaviour has similarities 
with the extensive data on CO2/water/polar liquid 
reviewed by Adrian et al.35 It poses a special 
challenge when CO2 under high pressure and glycerol 
are the reactants and methanol is the solvent. In fact, 
high pressure CO2 may act as anti-solvent, separating 
the liquid phase into two liquids, a glycerol-rich L1 
and a methanol-rich L2.  
 The phase equilibrium data of Pinto et al.

34 do not 
extend to temperatures above 343 K or to 
compositions of highly diluted glycerol in methanol 
as used to produce GlyC in the presence of the 
aforementioned tin complexes20. We therefore studied 
the phase behaviour under high glycerol dilution at 
423 K, which corresponds to the experimental 
conditions used in our reactivity study. The results 
obtained for a methanol/glycerol molar ratio of 112.6 
are shown in Fig. 3 and Table S2 (Supplementary 

Data). In Fig. 3, earlier published data for 
CO2/methanol binary mixtures are also presented for 
comparison36. It should be emphasised that no  
tie-lines can be drawn in the diagram for the ternary 
mixtures CO2/glycerol/methanol. Contrary to the 
results for the binary mixtures, and due to the extra 
degree of freedom of the ternary mixtures, the data 
shown for the liquid phase (bubble points, filled 
symbols) are not in equilibrium with the vapour phase 
(dew points, open symbols) represented in the 
diagram at the same pressure.  
 It can be seen that the presence of a small quantity 
of glycerol in the mixture does not affect CO2 
concentration in the liquid phase until a CO2 mole 
fraction of approximately 0.4. Above this value, and 
as the critical region of the CO2/methanol mixtures 
approaches, the presence of glycerol in the ternary 
mixtures increases the pressure necessary to obtain a 
single liquid phase. At CO2 compositions higher than 
0.6 mole fraction, the observed phase equilibrium 
changes from bubble to dew points. This means that 
the phase remaining in the cell is now the top, less 
dense, CO2-rich phase. The disappearing lower phase 
should be at this point a glycerol-rich liquid. At even 
higher CO2 concentrations, between 0.70-0.87 mole 
fraction, the dew point is reached at a lower pressure, 
which remains insensitive to composition. This is 
highly indicative of three-phase equilibrium (glycerol-
rich liquid L1, methanol-rich liquid L2 and CO2-rich 
vapour) of the same type as that detected at lower 
temperature34. In fact, no third phase has actually been 
observed in the equilibrium cell used in this work. 
However, due to the very small quantities of glycerol 

 
 

Fig. 3 – Experimental bubble (▲) and dew (�) points at 423 K 
for CO2/methanol/glycerol mixtures with a constant 
methanol/glycerol molar ratio of 112.6. The line corresponds to 
CO2/methanol binary mixtures36.  
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existing in the cell at these high CO2 concentrations, a 
third glycerol-rich liquid of very small volume might 
indeed have been present without being spotted.  
 

Reactivity under biphasic conditions 

 In line with the fluid phase equilibrium study, 
reactivity experiments were carried out with 10 mL 
methanol, a narrow methanol/glycerol molar ratio 
range (48-58) and at constant pressure (20 MPa). 
Under such conditions, the reaction mixture forms 
two phases, namely, a liquid phase made of glycerol, 
methanol and dissolved CO2, and, a second CO2-rich 
phase.  
 Experiments conducted with different amounts of 
either n-Bu2Sn(OCH3)2, n-Bu2SnO or tert-Bu2SnO in 
the range 0.2-0.6 mmol gave a GlyC/glycerol molar 
ratio constant as observed in Fig. 1. The tin complex 
having therefore no promoting effect on glycerol 
conversion, the reaction is limited by 
thermodynamics. In parallel, the DMC/Sn molar ratio 
lies in the range 0.3-0.4 in agreement with Fig. 2, 
which indicates that DMC formation is kinetically 
controlled. We can also infer that methanol 
concentration is nearly constant in the liquid phase or 
at least in excess to provide degenerated partial order. 
At this point, two reactions can account for GlyC 
formation, namely, direct carbonation of glycerol 
(route B, Scheme 1) and transesterification with DMC 
(Scheme 2). Converging features came from the 
analysis of DMC formation. The best relationship is 
found between DMC and both GlyC and tin amounts 
(Fig. 4). The smooth increase in DMC, whatever the 
tin compounds be, suggests that DMC originates from 
reverse transesterification reaction under kinetic 
control (Scheme 2). Most probably, methanol as 
solvent promotes reverse transesterification. The non-
linearity observed in Fig. 4 at high tin loading is very 
likely arising from its partial insolubility in the 
reaction medium. While further work is underway to 
strengthen this finding, it is worth noting that  
George et al.

2 did not analyse DMC at lower 
temperatures, typically 353–393 K. Hence, we 
propose that DMC is a side-product arising from 
transesterification of GlyC with methanol at a 
temperature above 393 K. The overall results 
described herein indicate that transesterification is 
controlled by kinetics and takes place at higher 
temperature rather than the direct carbonation of 
glycerol to GlyC, the latter being at equilibrium.  
 Trapping water, the by-product, should promote 
GlyC formation by shifting the thermodynamic 

equilibrium favourably13-16. Among reported water 
traps, acetonitrile is effective in the carbonation of 
alcohols15,17. In our study, addition of acetonitrile to 
the reaction mixture also greatly enhances GlyC yield 
from 2.7 to 7 mol%. The detection of acetic acid 
methyl ester as by-product is probably due to 
acetonitrile hydrolysis to acetic acid37, which is 
further esterified in the presence of methanol. 
Therefore, acetonitrile is trapping the water formed 
along with GlyC formation, thereby enhancing the 
yield of the latter.  
 
Characterisation of dibutylpolyolatotin complexes 

 As the synthesis of GlyC did occur only in the 
presence of the organotin complexes, coordination of 
glycerol is likely to occur. Stoichiometric reactions 
between n-Bu2Sn(OCH3)2 and glycerol were 
attempted to characterise dibutyltinglycerolate 
complexes. After heating at 358 K for 6 h in toluene, 
elimination of toluene led systematically to a white 
powder, insoluble in common solvents. For 
Sn/glycerol = 2 or 3, the IR spectra revealed the 
absence of ν(OH) band suggesting the utilization of 
all the three OH groups of glycerol, leading most 
probably to polynuclear di- and tri-tin species. This 
indicates that the exchange of methoxy ligands has 
likely taken place. For Sn/glycerol = 1, the presence 
of a broad ν(OH) band centered at 3170 cm-1 suggests 
the formation of di-n-Bu2Sn(1,2-glycerolate) complex 
as previously reported19. Hydrogen and carbon 

 
 
Fig. 4 – DMC dependence on the amount of GlyC and tin. 
[Methanol = 10 mL, methanol/glycerol molar ratio from 48–58,  
T = 423 K, P = 20 MPa, t = 15 h. (�) n-Bu2Sn(OCH3)2;  
(�) n-Bu2SnO; (▲) tert-Bu2SnO]. 
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analyses were close to the calculated value for 
C11H24O3Sn (Calcd (%): C 40.90; H 7.50 Found:  
C 40.10; H 8.07). Its insolubility in common organic 
solvents prevents further liquid NMR 
characterisation. Attempts to get single crystals for  
X-ray diffraction analysis were successful in the  
di-tert-butyltin series. Reacting tert-Bu2SnO with 
glycerol (1/1 molar ratio) in toluene at reflux for 6 h 
in a Dean-Stark apparatus led to a crystalline powder 
upon cooling. Recrystallisation from either toluene or 
chloroform afforded single crystals of (1a) and (1b), 
respectively. The molecular structure of (1a) 
displayed in Fig. 5 and that of (1b) are similar, the 
latter being solvated by four solvent molecules 
(Supplementary Data, Fig. S1).  
 As shown in Fig. 5, the X-ray structure of (1a) 
reveals a dimeric structure based on a 
centrosymmetric Sn2O2 inorganic four-membered 
ring. Each tin atom is bound to two tert-butyl groups 
and chelated by a bidentate 1,2-glycerolate ligand 
(HL2–), forming a five-membered ring. One of the 
three oxygen atoms of HL2– (O1) is coordinated to 

both the tin atoms with two different distances, 
leading to the dimeric structure. The tin atoms are 
pentacoordinated in distorted trigonal bipyramid 
geometry. The equatorial plane includes the tert-butyl 
groups [C8-Sn-C4 122.69(10)°, C4-Sn 2.179(2) and 
C8-Sn 2.176(2) Å] and oxygen atom O1 of HL2–  
[O1-Sn-C4 120.40(9)°, O1-Sn-C8 116.53(9) and  
O1-Sn 2.0860(18) Å]. Axial positions are occupied by 
O2 of HL2– and O1i from the second 1,2-glycerolate 
chelating ligand [O2-Sn-O1i 147.18(7)°,  
O2-Sn 2.0694(17) and Sn1-O1i 2.2481(17) Å]. 
Interestingly, the non-coordinating hydroxyl groups 
of 1,2-glycerolate ligands (O3-H and O3i-H) are 
oriented in opposite directions due to intermolecular 
hydrogen bonding with O2 of neighbouring dimeric 
units. The thus formed one-dimensional polymeric 
chain along the crystallographic c axis [O3-H···O2 = 
2.703Å] is schematically depicted in Fig. 6.  
 In agreement, the IR spectrum exhibits a broad 
band at 3208 cm-1 due to hydrogen bonding. 
Replacing the CH2OH group by CH3 in reacting  
tert-Bu2SnO with 1,2-propanediol leads to a 
crystalline product analysed as tert-Bu2Sn(1,2-
propanediolate) (2). The X-ray structure also shows 
the same dimeric arrangement based on a 
centrosymmetric Sn2O2 inorganic four-membered ring 
(Supplementary Data, Fig. S2). The absence of 
uncoordinated OH group prevents oligomerisation. In 
addition, the steric hindrance of tert-butyl groups of 
(2) inhibits the propagation to an infinite ribbon 
polymer built from the oxygen atoms of the  
1,2-propanediolate ligands which was observed 
previously with the n-butyl derivative38.  
 None of these compounds reacted with CO2 at 
ambient conditions, most likely due to their 
oligomeric nature involving the oxygen atoms of the 
polyolate ligand. In contrast, (n-Bu3Sn)3(1,2,3-
glycerolate) (Supplementary Data, Figs S3-S5), 
prepared from the reaction of n-Bu3SnOCH3 with 
glycerol, did react with CO2. Volumetric experiments 
reveal a reversible CO2 uptake at room temperature 
corresponding to 0.86 ± 0.4 CO2 per tin. The IR 

 
 
Fig. 5 – ORTEP view of the dimeric structure of tert-Bu2Sn(1,2-
glycerolate) (1a). [Selected bond lengths (Å) and angles (deg): 
C1-O2 1.412(3), C1-C2 1.502(4), C1-C3 1.523(4), C2-O1 
1.444(3), C3-O3 1.408(3), C4-C5 1.521(4), C4-C6 1.527(4), C4-
C7 1.538(4), C4-Sn 2.179(2), C8-C11 1.525(4), C8-C9 1.528(4), 
C8-C10 1.529(4), C8-Sn 2.176(2), O1-Sn 2.0860(18), O1-Sni 
2.2481(17), O2-Sn 2.0694(17), Sn-O1i 2.2481(17); O2-C1-C2 
107.8(2), O2-C1-C3 112.1(2), C2-C1-C3 112.4(2), O1-C2-C1 
108.8(2), O3-C3-C1 115.0(2), C5-C4-C6 111.0(3), C5-C4-C7 
108.6(2), C6-C4-C7 110.5(3), C5-C4-Sn 109.88(19), C6-C4-Sn 
111.87(19), C7-C4-Sn 104.68(18), C11-C8-C9 109.7(3), C11-C8-
C10 110.2(2), C9-C8-C10 109.3(2), C11-C8-Sn 108.35(18), C9-
C8-Sn 108.49(17), C10-C8-Sn 110.76(17), C2-O1-Sn 112.14(15), 
C2-O1-Sni 135.55(15), Sn-O1-Sni 112.01(8), C1-O2-Sn 
111.44(15), O2-Sn-O1 79.20(7), O2-Sn-C8 98.93(8), O1-Sn-C8 
116.53(9), O2-Sn-C4 97.32(9), O1-Sn-C4 120.40(9), C8-Sn-C4 
122.69(10), O2-Sn-O1i 147.18(7), O1-Sn-O1i 67.99(8), C8-Sn-
O1i 94.88(8), C4-Sn-O1i 99.97(8). Symmetry transformations 
used to generate equivalent atoms (i): 1-x, -y, 1-z].  

 
 
Fig. 6 – MERCURY view of the one-dimensional chain resulting 
from intermolecular hydrogen bonding interactions between 
dimeric units of (1a). 
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spectrum exhibits a strong ν(C=O) band at 1594 cm-1 

(Supplementary Data, Fig. S6), in agreement with the 
insertion of CO2 into the Sn-Oglycerolate bond27. 
Nevertheless, heating at 423 K under CO2 (20 MPa) 
in excess glycerol/methanol mixture did not give 
GlyC, whereas (1) was as active as the precusors  
n-Bu2Sn(OCH3)2, n-Bu2SnO and tert-Bu2SnO 
described previously in this work. This suggests that 
two coordination sites dedicated to alkoxy ligands are 
prerequisite for the formation of GlyC, similar to in 
the case of DMC27,39. The insertion of CO2 into  
Sn-Oglycerolate bond is expected by analogy with the 
reactivity of (n-Bu3Sn)3(1,2,3-glycerolate). The 
subsequent steps are still highly speculative in the 
absence of experimental evidences.  
 
Conclusions 

 This study reveals that methanol as solvent for 
better CO2 solubility in glycerol leads to a ternary 
mixture, the phase behaviour of which is complex 
even at high temperature and low concentration of 
glycerol. Biphasic conditions are best suited for the 
direct carbonation of glycerol to occur. Methanol is 
effective for solubilising CO2, glycerol and 
dibutyltin(IV) complexes for making 1,2-glycerol 
carbonate at equilibrium yield. However, methanol 
also promotes dimethyl carbonate formation, which 
however, is a side-product from the transesterification 
reaction between methanol and glycerol carbonate in 
the presence of the dibutyltin(IV) complexes. The 
reaction being controlled by kinetics, tuning tin 
concentration and temperature should increase the 
selectivity towards glycerol carbonate. Coordination 
of glycerol as a chelating HL2- ligand has been 
evidenced by single-crystal X-ray diffraction analysis.  
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supplementary crystallographic data for compounds 

(1a), (1b) and (2). These data can be obtained free of 
charge on application to CCDC, 12 Union Road, 
Cambridge CB2 1 EZ, UK. (Fax: +44-(0)1223-
336033 or Email: deposit@ccdc.cam.ac.uk). 
Supplementary data associated with this article, viz., 
crystallographic data (Table S1), phase equilibrium 
compositions (Table S2), X-ray structures, synthesis, 
and characterisation of (n-Bu3Sn)3(1,2,3-glycerate) 
(Figs S1-S6), are available in the electronic form at 
http://www.niscair.res.in/jinfo/ijca/IJCA 51A(09-10) 
1330-1338_Suppl Data.pdf.  
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