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PROCESS AND CATALYST FOR PREPARING ORGANIC CARBONATES

ABSTRACT

Organic carbonates and cyclic organic carbonates
are prepared by reacting an aliphatic or cycloaliphatic
alcohol, or, respectively, an aliphatic diol, with carbon
monoxide and oxygen, by operating in the presence of a

complex catalyst of cobalt with organic ligands bearing one

or more oxygen functional groups, as electron donors.
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PROCESS AND CATALYST FOR PREPARING ORGANIC CARBONATES

The present invention relates to a catalytic

process for preparing organic carbonates.

Organic carbonates are useful intermediates in

the chemical sector, and, among these, dimethyl carbonate
finds large use in the synthesis of other carbonates, and
namely alkyl as well as aryl carbonates (used as
plasticizers, syhthetic lubricants, monomers for organic
glasses, and so forth), in the reactions of methylation and
of carbonylation (for preparing urethanes,_ 1socyanates,

polycarbonates, and so forth), as an additive for fuels and

as an organic solvent.

The classic route to prepare the alkyl carbonates
consists in reacting an alcohol with phosgene, such as,
e.g., reported in Kirk-Othmer, "Encyclopedia of Chemical
Thechnology", 3rd Ed., No. 4, page 758. Such a process
suffers from a number of technical problems, as well as

problems relevant to safety, deriving from the use of

phosgene.

In order to overcome these drawbacks, alternative
synthesis methods were proposed, such as, e.g., the
oxidative carbonylation of methanol 1n the presence of
palladium catalysts (U.S. 4,361,519, DE 3,212,535 and
3,212,535; and GB 2,148,881).

The disadvantages of such a process essentially
consist 1in the high cost of the catalyst, 1n the co-

production of oxalic acid esters [see Fenton, J. Org. Chem.
39, 701 (1974)] and in the negative effect of co-produced

water which, even at low concentrations, deactivates the

catalyst.
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Also carbonylation catalysts based on copper were
proposed (U.S. 3,846,468; 3,952,045; 4,218,391; 4,318,862;
4,360,477; 4,604,242 and 4,785,130), which, unfortunately,
show problems deriving from the heterogeneous character of

the reaction system and from a certain sensibility to
water, which decreases the selectivity of conversion of
carbon monoxide 1into dimethyl carbonate, as well as the
reaction rate.

Other processes proposed in the art, which anyway
are not very much meaningful from a practical view point,
consist 1n the carbonylation of alcohols in the presence of
selenium or mercury compounds, in the reaction of trans-
esterification of other carbonates, 1in the reaction of
ureas or urethanes with alcohols, 1in the presence of
catalysts, in the reaction of alkyl halides or sulfates
with alkali-metal carbonates, in the reaction of alcohols
with carbon dioxide and in the electrochemical synthesis.

The present Applicant found now that dimethyl
carbonate and other, also cyclic, organic carbonates, can
be prepared in a simple and advantageous way by starting
from an aliphatic or cycloaliphatic alcohol, or from an
aliphatic diol and carbon monoxide and oxygen, by operating

in the presence of particular cobalt compounds as

catalysts.
In particular, the present Applicant found that

such catalysts make it generally possible the reaction to
be carried out in a homogeneous medium, that they are not
corrosive, because they normally do not contain halogens,
are not very much sensible to water and display

characteristics of high activity and selectivity under the

typical conditions of oxidative carbonylation.
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In accordance therewith, the present 1invention

relates to a process for preparing an organic carbonate:

wherein:

R is a linear or branched C,-Cig alkyl radical; or a Cg-Cg

cycloalkyl radical;

or a cyclic organic carbonate:

/o
O=C
\\\O

\
R (I1)
e

wherein:

R' is a linear or branched C,-Cg alkylene radical;

by means of the reaction of an aliphatic or cycloaliphatic
alcohol

R-OH
or, respectively, of an aliphatic diol

HO-R'-OH

with carbon monoxide and oxygen;
said process being characterized in that it is carried out
in the presence of a catalyst which 1s a cobalt salt or
cobalt complex with monodentate or polydentate organic
anions or 1ligands, bearing one or more oxygen functional
groups as electron donors.

In. the catalyst according to the  present

invention, <cobalt preferably 1s a divalent or trivalent
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cobalt ion and the organic ligand preferably 1s an organic
carboxylate, beta-diketonate or Schiff base ligand

containing an oxygen functional group as the electron

donor.

By "Schiff base", the product of condensation of
a primary amine with a carbonyl compound, as reported,
e.g., by S. Dayagi and Y. Degani in "Methods of Formation
of the Carbon-Nitrogen Double Bond" pages 61-130, 1n "The
Chemistry 'of Functional Groups", Ed. S. Patai. Wiley-

Interscience, 1s meant.

Such a reaction can typically be represented as

follows:

RIR2C0 + R3NH, — RIRZ2C=CNR3 + H5O

wherein Rl, R2 and R3 represent organic radicals.

Examples of éarboxylate ligands suitable for the

intended purpose can be represented by the following

formulae:
R1CO07; Ro-[CO0O"]5; R3-[COO07]3; Rgq-[COO™] 4

wherein Rj7, Rp, R3 and Ry respectively are monovalent,

divalent, trivalent and tetravalent organic —radicals

containing wup to 20 <carbon atoms, and which may

additionally contailn one or more non-carboxy oxygen atoms,

nitrogen atoms, sulfur atoms and halogen atoms. Non-

limitative examples for such ligands are:

Ry = H; CHz-; CH3-CHp-; CH3(CHy)o-; CH3(CHp)3-; CHo=CH-;
(CH3) »CH-; (CH3)5CH-CHp-; CH3-CH- (CHjp) 4-

|
CoHsg
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and the radicals: cyclohexyl,  phenyl, phenyl
substituted with alkyl, aryl, halogen, alkoxy, nitro,

OY cyano groups;

Rr = -CHp-; -CHp-CHp-; -CH=CH-; -CHp-CHp-CHp-;
-CH, -NH-CHy -CHy -NH-CHj - ; ‘
-CH5- (CHy) 5-NH- (CHy) 5-CHy-; -CHp- (CHy)3-CHy-; and
-CH(OH) -CH(OH)-, and the radicals: phenylene or
substituted phenylene; or Ry 1is a direct bond;

Ry = —CHz-é(OH)-CHz; and

Rqy = -CHy-N-CH5-CHy-N-CHjp-.

|

CHo - CHo -

Examples of beta-diketonate ligands suitable for
the purpose according to the present invention can be

represented by the formula:

R5-C(O)-?(")—C(O)-R7
Rg

wherein each of Rg, Rg and R7 independently represents a

hydrogen atom or an aliphatic, cycloaliphatic or aromatic
radical of up to 10 carbon atoms, and may additionally
contain one or more non-carbonyl oxygen atom(s), nitrogen

atom(s), sulfur atom(s) and halogen atom(s). Among beta-

diketonates, acetylacetonate radical:

CH3-C-CH(~) -C-CH;
f I
0 O
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is preferred.

Examples of Schiff base ligands suitable for the

purpose according to the present invention are those Schiff

bases which are represented by the following formulae:

X
- ~C=N-R..-N=C
Ry-C=NRg . Ry-C=N-R,
H X OH
A - R. OH
9
Rs-ﬁ-CHRa-E*R7 [35-?=N12=R2
N-Rg O ?HR6
R7-C=O

whereilin
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R>,, Rs, Rg and Ry are as defined previouly,
Rg represents an aliphatic, c¢ycloaliphatlic or aromatic

radical containing up to 10 carbon atoms,

Rg represents the hydrogen atom or has the same meaning

as of Rg, and

X represents an alkyl, aryl, alkoxy, nitro, cyano, amino

radical or a halogen atom.

In addition to carboxylate, beta-diketonate or

Schiff base ligand and cobalt, the catalyst according to

the present inventi1on can additionally contalin a
monodentate or polydentate nitrogenous 1lignad, such as,
e.g., pyridine, Dbipyridyl, phenanthroline, tetra-methyl-
ethylene-diamine and ethylene-diamine, and/or an alkali-

metal or alkali-earth metal cation, such as, e.g., sodium

and barium.

A particularly active class of catalysts 1s the

class of those complex cobalt catalysts with an organic

lignad containing at least one pyridinic ring and bearing

one or more oxygen functional groups, as electron donors,

definable by means of the following general formula:
P-OH

wherein: P represents a radical selected from among those

to be defined by the following formulae:

R R
R, 1 2
"N co- N~ “co-
R! RI
2 ;01
" Rl
Ry /R 1

v a2 1re e e N sl M B e M L o MM S o ... . h1B Adadcds OMA ) s bt d vy g ) ewm oas
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in which formulae R'; and R's represent the hydrogen atom,
a halogen atom selected from among chlorine, bromine or

iodine, or a (Cq-Cog)-alkyl, (C1-Cyp)-alkoxy, aryl or

heteroaryl radical.

Finally, the catalyst can be Dbonded to a

- functionalized resin, e.g., through one of the ligands of

the coordination sphere.

Specific examples of catalysts useful for the

purposes of the present invention are the followlng:

cobalt-(II) acetate Co (CH3COO) o ; cobalt-(IIT) acetate
Co (CH3CO0)3: cobalt-(II) acetylacetonate Co(acetylaceto-
nate),; cobalt-(III) acetylacetonate Co (acetylacetonate) 3;

sodium and cobalt-(II) acetylacetonate Na[Co(acetylaceto-

nate)3]; cobalt-(II)-acetylacetonate-bipyridyl Co (acetyl-

acetonate) 5 - (bipyridyl) ; Cobalt- (II) -acetylacetonate-phe-
nanthroline Co(acetylacetonate)s- (phenanthroline); sodium-
cobalt-(III) ethylenediaminetetraacetate Na [Co (EDTA) | ;

barium-cobalt- (III) ethylenediaminetetraacetate Bal[Co(EDTA)]j;

cobalt- (II) citrate Cosz(citrate),, [Co(SALEN)]5.H3O,

SALEN :

H-C=N=CH, -CHy -N=C-H

ol(-) of -
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Co (MeSALEN) ,

MeSALEN :
CH4-C=N- CHo-CHgp - -N=C-CH~

cglo8

H-C=N-CH,-CHy-N=C-H
| 0(...
[:%:[ " [i::]ii
- F

Co (SALPROPEN) ,

Co (3-FSALEN) ,
10 3-FSALEN:

SALPROPEN:
H-C=N- (CH,) 3-N=C-H

20 é/ @OH

Co (SALDPT) ,

SALDPT :
H-C=N- (CH5) 3-NH- (CHp) 3-N=C-H

. e @7
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Co (ACACEN) ,

ACACEN:
CH1
[CH5-C (0) -CH(~) -C=N-CHy-1] >
Co (SALOPH) ,

SALQOPH :

10
H-C=N N=C-H
(-)g (-)

Specific examples of catalysts containing at
least one pyridine ring are those which can be defined by
means of the following formulae:

20

R|
1 "1
CoLp /Egij
N
CoOo _|,

I ig comprised within the range of from 1 to 3,

wherein:

30 m is comprised within the range of from 0 to 5,

R'; and R'5 have the meaning reported hereinabove, and
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L represents a sec.ondary ligand selected from the group
consisting of either monodentate or  polydentate
nitrogenous neutral or anionic ligands, and preferably
from the group consisting of pyridine, phenanthroline,
piperidine, quinoline and isoquinoline, or either
monodentate or polydentate oxygen-containing ligands,

such as, e.g.,

H~O, -OH, -OCH3, -0-C-0O-R'3 (R'3=Cq1-Cg alkyl), and

|

O
CH-CO-CH(-) -CO-CH;.

Examples of preferred catalysts are:

ol | @/@ .

Some of these cobalt complexes are described 1in
rhe technical literature, in particular by R.H. Bailles et
21. in J. Am. Chem. Soc. 69 1947, page 1886, and by M.
caluin in Z. Anal. Ch. 76 1927, page 1911. However, their
catalytic activity in the processes of preparation of

organic carbonates is not described.

The catalyst can be formed outside of the
reaction medium, or it can be formed in situ by starting
from a cobalt salt and the selected ligand. The latter can
be furthermore used in the stoichiometric amount necessary

to form the <cobalt complex, or 1in a larger-than-
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stoichiometric amount, e.g., in an excess of up toO three

times as large as the stoichiometric amount.

When in the carbonylation reaction an aliphatic
of cycloaliphatic alcohol R-OH 1s used, the reaction can be

schematically shown as follows:

OR

/

2 R-OH + CO + 1/2 09 — 0O=C + H-O

Nox

In the preferred form of practical embodiment,

10

R-OH is selected from the group consisting of methanol,
ethanol, n-propanol, iso-propanol, n-butanol, isobutanol,
2-ethyl-hexanol and cyclohexanol, so that 1in formula (I) R
respectively represent's methyl, ethyl, n-propyl, 1so-
propyl, n-butyl, iso-butyl, 2-ethyl-hexyl and cyclohexyl
radicals.

In accordance therewith, the organic carbonates

(I) which are preferably prepared by means of the process

20 according to the present invention are dimethyl carbonate,
diethyl carbonaﬁe, di-n-propyl carbonate, di-iso-propyl
carbonate, di-n-butyl carbonate, di-iso-butyl carbonate,
di-2-ethyl-hexyl and dicyclohexyl carbonate. '

When an aliphatic diol

HO-R'-OH

is wused, the reaction can be schematically shown as

follows:

30
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0
7\
R
N/
0

HO-R'-OH + CO + 1/2 Oy — 0O=C ' 4+ HyO

In the preferred form of practical embodiment,

the diol HO-R'-OH is ethylene glycol or propylene glycol,

and the cyclic carbonate (II) has thé formula:

O-——CH—R"

yd

O=C

™~

0——CH>

wherein R" respectively is hydrogen or methyl.

In the most preferred form of practical
embodiment, the process according to the present invention
is used in the preparation of dimethyl carbonate, diethyl
carbonate and ethylene carbonate.

In practicing the process according to the
present invention, a mixture of the selected alcohol or
diol with the previously prepared Co catalyst or with the
catalyst precursors, is formed, and said mixture is brought
into contact with carbon monoxide and oxygen by operating

at temperature and pressure values equal to, or higher

than, room wvalues.

More particularly, the process 1is carried out 1in

the liquid phase, at a temperature comprised within the

range of from 25 to 200°C, under a total'pressure of carbon

monoxide and oxygen comprised within the range of from the

atmospheric pressure up to 100 kg/cm<4, with a ratio of

oxygen partial pressure to carbon monoxide partial pressure



10

20

30

CA 02045045 2001-03-07

13

comprised within the range of from 0.005:1 to 50:1. Under
these conditions, the reaction time will be comprised

within the range of from about 1 minute to about 360

minutes.

In the preferred form of practical embodiment,

the temperature will be comprised within the range of from

50 to 150°C, the total pressure of oxygen and carbon

monoxide will be comprised within the range of from 2 to

100 kg/cmé¢ and the ratio of the partial .pressure of oxygen

to the partial pressure of carbon monoxide will Dbe
comprised within the range of from 0.01:1 to 0.5:1.

Pure carbon monoxide, or gas mixtures containing
carbon monoxide and one or more inert gas(es) can be used.
In the same way, pure oxygen, or oxygen diluted with an
inert gas, such as nitrogen, e.g., air, or air enriched

with oxygen, can be used.

The reaction can be carried out 1in an 1inert

organic solvent. However, in the preferred form of
practical embodiment, the process will be carried out with
an excess of the alcohol or diol over the stoichiometric
amount; with said excess performing the task of reaction

solvent, with a catalyst concentration in the liquid

reaction medium comprised within the range of from 103 to

2 mol/litre.

By operating under the hereinabove set forth
conditions, the organic carbonate 1is obtained with high
vield and selectivity values, and with good productivity
values. The so produced organic carbonate can be separated
from the reaction mixture (after the preliminary remdval of
unreacted carbon monoxide and oxygen), by such normal

separation techniques as distillation and fractionation.
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The process according to the present invention

can be carried out batchwise, as well as 1in continuous

mode.

The following experimental examples are provided

in order to illustrate the invention in greater detail.

Example 1

50 g of methanol and 2.48 g (10 mmol) of cobalt
acetate tetrahydrate Co(CH3CO0),.4Ho0 are charged to an

autoclave of 250 ml of capacity with an internal lining of

Teflon® and equipped with mechanical stirring means and

heat exchange means.

To the autoclave, carbon monoxide and oxygen are
charged, up to partial pressures respectively of 20 kg/cm?

and 10 kg/cm?. With stirring, the autoclave is heated up to

100°C, and is kept at said temperature for 2.5 hours,
always with stirring. The autoclave 1s then cooled down to

room temperature, the gas is vented and the liquid phase 1is

submitted to gas-chromatographic analysis.

A yield of 2.16 g (24 mmol) of dimethyl carbonate

1s determined.

Example 2

50 g of methanol and 2.57 g (10 mmol) of
Co (acetylacetonate), are charged to an autoclave of 250 ml

®

of capacity with an internal lining of Teflon™ and equipped

with mechanical stirring means and heat exchange means.
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To the autoclave, carbon monoxide and oxygen are
charged, up to partial pressures respectively of 20 kg/cm4
and 10 kg/cm?. With stirring, the autoclave is heated up to

100°C, and is kept at said temperature for 3 hours and 15
minutes, always with stirring. The autoclave 1s then cooled
down to room temperature, the gas is vented and the liquid

phase is submitted to gas-chromatographic analysis.

A yield of 2.61 g (29 mmol) of dimethyl carbonate

i determined.
10
Example 3

50 g of methanol, 2.48 g (10 mmol) of cobalt
acetate tetrahydrate Co(CH3CO0)5.4H>O0 and 1.64 g (20 mmol)

of sodium acetate CH3COONa are charged to an autoclave of

®

250 ml of capacity with an internal lining of Teflon~ and

equipped with mechanical stirring means and heat exchange

mearlls.

To the autoclave, carbon monoxide and oxygen are
20 charged, up to partial pressures respectively of 20 kg/cm?

and 10 kg/cm?. With stirring, the autoclave is heated up to

100°C, and is kept at said temperature for 5 hours, always
with stirring. The autoclave 1s then cooled down to room

temperature, the gas 1is vented and the 1liquid phase 1s

submitted to gas-chromatographic analysis.

A yield of 2.97 g (33 mmol) of dimethyl carbonate

18 determined.

30
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Example 4

50 g of methanol, 3.27 g (10 mmol) of cobalt
bromide hexahydrate CoBr,.6H-,O0 and 1.64 g (20 mmol) of

sodium acetate CH3COONa are charged to an autoclave of 250

®

ml of capacity with an internal 1lining of Teflon and

equipped with mechanical stirring means and heat exchange

means.

To the autoclave, carbon monoxide and oxygen are

charged, up to partial pressures respectively of 20 kg/cm?
and 10 kg/cm?. With stirring, the autoclave is heated up to

100°C, and 1is kept at said temperature for 4.5 hours,
always with stirring. The autoclave 1s then cooled down to
room temperature, the gas is vented and the liquid phase 1is

submitted to gas-chromatographic analysis.

A vield of 1.17 g (13 mmol) of dimethyl carbonate

1s determined.

Example 5

50 g of methanol, 2.38 g (10 mmol) of cobalt
chloride hexahydrate CoCl,.6H,0 and 1.64 g (20 mmol) of

sodium acetate CH3COONa are charged to an autoclave of 250

®

ml of capacity with an internal 1lining of Teflon and

equipped with mechanical stirring means and heat exchange

mearls.

To the autoclave, carbon monoxide and oxygen are

charged, up to partial pressures respectively of 20 kg/cm?

and 10 kg/cm?. With stirring, the autoclave is heated up to
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107°C, and is kept at said temperature for 4 hours, always
with stirring. The autoclave is then cooled down to room
temperature, the gas is vented and the liquid phase 1s

submitted to gas-chromatographic analysis.

A vyvield of 0.828 g (9.2 mmol) of dimethyl

carbonate 1s determined.

Example 6

10 50 g of methanol and 1.77 g (10 mmol) of
anhydrous cobalt acetate Co(CH3CO0); are charged to an

autoclave of 250 ml of capacity with an internal lining of

Teflon® and equipped with mechanical stirring means and

heat exchange means.

To the autoclave, carbon monoxide and oxygen are
charged, up to partial pressures respectively of 20 kg/cm?

and 10 kg/cm?. With stirring, the autoclave is heated up to

130°C, and is kept at said temperature for 2 hours and 50
minutes, always with stirring. The autoclave 1s then cooled
20 down to room temperature, the gas is vented and the liquid
phase is submitted to gas-chromatographic analysis.

A yield of 4.05 g (45 mmol) of dimethyl carbonate

18 determined.

Example 7

50 g of methanol and 3.79 g (10 mmol) of
Na [Co (acetylacetonate) 3] are charged to an autoclave of 250

ml of capacity with an internal 1lining of Teflon® and
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equipped with mechanical stirring means and heat exchange

mearlls.

To the autoclave, carbon monoxide and oxygen are

charged, up to partial pressures respectively of 20 kg/cm2

and 10 kg/cm?. With stirring, the autoclave is heated up to

130°C, and 1is kept at said temperature for 90 minutes,
always with stirring. The autoclave is then cooled down to

room temperature, the gas is vented and the liquid phase 1is

submitted to gas-chromatographic analysis.

A yvield of 2.34 g (26 mmol) of dimethyl carbonate

1s determined.

Example 8

50 g of methanol and 2.06 g (5 mmol) of

Co(acetylacetonate) . (bipyridyl) are charged to an

autoclave of 250 ml of capacity with an internal lining of

Teflon® and equipped with mechanical stirring means and

heat exchange means.

To the autoclave, carbon monoxide and oxygen are

charged, up to partial pressures respectively of 20 kg/cm4

and 10 kg/cm?. With stirring, the autoclave is heated up to

100°C, and is kept at said temperature for 180 minutes,
always with stirring. The autoclave 1s then cooled down to
room temperature, the gas 1s vented and the liquid phase 1s

submitted to gas-chromatographic analysis.

A yield of 4.50 g (50 mmol) of dimethyl carbonate

1s determined.
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Example 3

50 g of methanol and 3.55 g (10 mmol) of

Co(acetylacetonate)3 are charged to an autoclave of 250 ml

®

of capacity with an internal lining of Teflon~ and equipped

with mechanical stirring means and heat exchange means.

To the autoclave, carbon monoxide and oxygen are
charged, up to partial pressures respectively of 20 kg/cm?

and 10 kg/cm?. With stirring, the autoclave 1s heated up to

100°C, and 1is kept at said temperature for 120 minutes,

always with stirring. The autoclave is then cooled down to

room temperature, the gas is vented and the liquid phase 1s

submitted to gas-chromatographic analysis.

A vield of 1.485 g (16.5 mmol) of dimethyl

carbonate 1s determined.

Example 10

50 g of ethylene glycol and 1.77 g (10 mmol) of
anhydrous cobalt acetate Co(CH3CO00), are charged to an

autoclave of 250 ml of capacity with an internal lining of

Teflon® and equipped with mechanical stirring means and

heat exchange means.

To the autoclave, carbon monoxide and oxygen are

charged, up to partial pressures respectively of 20 kg/cm4

and 10 kg/cm?. With stirring, the autoclave is heated up to

100°C, and is kept at said temperature for 120 minutes,

always with stirring. The autoclave 1s then cooled down to

room temperature, the gas is vented and the liquid phase 1is

submitted to gas-chromatographic analysis.
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A vyield of 1.50 g (17 mmol) of ethylene carbonate

is determined.

Example 11

50 g of anhydrous ethanol and 2.06 g (5 mmol) of
Co (acetylacetonate) . (bipyridyl) are charged to an

autoclave of 250 ml of capacity with an internal lining of

Teflon® and equipped with mechanical stirring means and

10 heat exchange means.

To the autoclave, carbon monoxide and oxygen are

charged, up to partial pressures respectively of 20 kg/cm?
and 10 kg/cm?2. With stirring, the autoclave is heated up to

100°C, and is kept at said temperature for 4 hours, always

with stirring. The autoclave 1is then cooled down to room

temperature, the gas is vented and the liquid phase 1s

submitted to gas-chromatographic analysis.

A vield of 4.37 g (37 mmol) of diethyl carbonate

18 determined.

20
Exam le 12

100 g of methanol and 3.33 g (5 mmol) of
[Co(SALEN)]».H>O are charged to an autoclave of 500 ml of

capacity with an internal lining of Teflon® and equipped

with mechanical stirring means and heat exchange means.

To the autoclave, carbon monoxide and oxygen are

charged, up to partial pressures respectively of 20 kg/cm?

and 10 kg/cm2. With stirring, the autoclave is heated up to

30 120°C, and is kept at said temperature for 90 minutes,
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always with stirring. The autoclave is then cooled down to
room temperature, the gas i1is vented and the ligquid phase is

submitted to gas-chromatographic analysis.

A yield of 28.8 g (320 mmol) of dimethyl

carbonate 1is determined.

Example 13

100 g of methanol, 2.06 g (5 mmol) of
Co(acetylacetonate) . (bipyridyl) and 15 g of trimethyl

orthoformate are charged to an autoclave of 500 ml of
capacity with an internal lining of Teflon® and equipped

with mechanical stirring means and heat exchange means.
To the autoclave, carbon monoxide and oxygen are

charged, up to thelir partial pressures respectively of 20

kg/cm? and 10 kg/cm?. With stirring, the autoclave is

heated up to 100°C, and is kept at said temperature for 240
minutes, always with stirring. The autoclave is then cooled
down to room temperature, the gas is vented and the liquid

phase 1s submitted to gas-chromatographic analysis.

A yield of 7.2 g (80 mmol) of diethyl carbonate

is determined.

Example 14

50 g of anhydrous methanol and 3.1 g (10 mmol)of
Co (SALPROPEN) are charged to an autoclave of 250 ml of

capacity with an internal 1lining of Teflon® and equipped

with mechanical stirring means and heat exchange means.
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To the autoclave, carbon monoxide and oxygen are
charged, up to partial pressures respectively of 20 kg/cm?

and 10 kg/cm?. With stirring, the autoclave is heated up to

110°C, and is kept at said temperature for 4 hours, always
with stirring. The autoclave 1s then cooled down to room
temperature, the gas is vented and the 1liquid phase 1is

submitted to gas-chromatographic analysis.

A vield of 9.0 g (100 mmol) of dimethyl carbonate -

is determined.

10

Example 15

50 g of anhydrous methanol and 0.65 g (2.3 mmol)
of Co(ACACEN) are charged to an autoclave of 250 ml of

capacity with an internal lining of Teflon® and equlipped

with mechanical stirring means and heat exchange means.

To the autoclave, carbon monoxide and oxygen are
charged, up to partial pressures respectively of 20 kg/cm?

and 10 kg/cm2. With stirring, the autoclave 1s heated up to

20 110°C, and is kept at said temperature for 4 hours, always

with stirring. The autoclave 1s then cooled down to room
temperature, the gas is vented and the liquid phase 1s

submitted to gas-chromatographic analysis.

A yield of 1.08 g (12 mmol) of dimethyl carbonate

1s determined.

Example 16

50 g of anhydrous methanol and 2.33 g (10 mmol)

30 of Co(ibutyrate), are charged to an autoclave of 250 ml of
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capacity with an internal lining of Teflon~ and equipped

with mechanical stirring means and heat exchange means.

To the autoclave, carbon monoxide and oxygen are

charged, up to partial pressures respectively of 20 kg/cm?

and 10 kg/cm2. With stirring, the autoclave is heated up to

120°C, and is kept at said temperature for 4 hours, always
with stirring. The autoclave 1s then cooled down to room
temperature, the gas 1is vented and the 1liquid phase 1is

submitted to gas-chromatographic analysis.

A vield of 1.8 g (20 mmol) of dimethyl carbonate

is determined.

Example 17

158 g of methanol and 4.80 g (12.8 mmol) of the

complex catalyst cobalt bis(picolinate)tetrahydrate:

Co O . 4 HZO

COO _|o

are charged to a steel autoclave of 250 ml of capacity with

an internal lining of Teflon® and equipped with mechanical

stirring means and heat exchange means.

To the autoclave, carbon monoxide and oxygen are

'charg-ed, up to partial pressures respectively of 15 kg/cm2

and 5 kg/cmz. Wwith stirring, the autoclave is heated up to

120°C, and is kept at said temperature for 5 hours, always
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with stirring. The autoclave i1is then cooled down to room.

is vented and the 1liguid phase 1is

temperature, the gas

submitted to gas-chromatographic analysis.

(172 dimethyl

mmol) of

A vield of 15.49 g

carbonate i1s determined.

The reaction liquid i1is evaporated by means of one

of conventional methods, and the catalyst 1s recycled to

the reaction. The operation 1s repeated a plurality of

times, with no 1loss of activity being suffered by the

10 cobalt complex catalyst, as demonstrated by the following

data:

No. of catalyst mmol (g) of produced

recycle dimethyl carbonate
1 230 (20.7)
2 180 (16.21)
3 252 (22.69)
20 4 240 (21.58)
5 240 (21.58)
6 244 (21.03)
7 240 (21.57)
Example 18
150 ml of anhydrous methanol and 3.33 g (9.4
mmol) of Co(MeSALEN) are charged to an autoclave of 250 ml
of capacity with an internal lining of Teflon® and eqgulipped
30 with mechanical stirring means and heat exchange means.

To the autoclave, carbon monoxide and oxygen are

charged, up to partial pressures respectively of 20 kg/cm?
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and 10 kg/cmz. With stirring, the autoclave 1s heated up to

120°C, and is kept at- salid temperature for 5 hours, always
with stirring. The autoclave 1s then cooled down to room
temperature, the gas is vented and the 1liquid phase is
submitted to gas-chromatographic analysis.

A vyield of 19.9 g (221 mmol) of dimethyl

carbonate 1s determined.
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WHAT IS CLAIMED IS:
1. Process for preparing an organic carbonate
of formula (I):
OR
/
O=C (I)
AN
OR

wherein R is a linear or branched C1-Cqg alkyl radical; or

a Cg-Cg cycloalkyl radical;

i}

10 or a cyclic organic carbonate of formula (II):

N
= R
N

' (I1)

O

wherein R' is a linear or branched C,-Cg alkylene radical,

by reaction of an aliphatic or cycloaliphatic alcohol

R-OH

or of an aliphatic diol

HO-R'-0H

20 with carbon monoxide and oxygen;

characterized in that said process 1is carried out 1in the

presence of a catalyst which 1s a cobalt salt or cobalt

complex with monodentate or polydentate organic anions orxr

en functional groups as

ligands, bearing one or more OXYC

electron donors.

2. Process according to claim 1, characterized

in that in said catalyst, cobalt is in the form of a

divalent or trivalent cobalt ion and the organic ligand 1s

heta-diketonate or Schiff Dbase

ann organic carboxylate,

detn wvabfiodrai'asin by ol i .. . H11avh ol Bl EY . * 1L Firy s o=
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ligand containing an oxygen functional gJgroup as the
electron donor.
3. Process according to claim 2, characterized

in that said carboxylate ligand is selected from the group

of ligands of the following formulae:

Rq -CO0O™; Ro-[COO07 ] 5; R3-[COO07 ] 3; Rq-[COO7 ] g

wherein Rq, Rop, R3 and Rg respectively are monovalent,

divalent, rrivalent and tetravalent organic radicals
containing up to 20 carbon atoms, and may additionally

contain one or more non-carboxy oxygen atoms, nitrogen

atoms, sulfur atoms and halogen atoms.

4 . Process according to claim 3, characterized

in that:

Rq1 is H; CHz-; CH3-CHp-; CH3 (CHy ) o-; CHn (CHy ) 3-; CHp=CH-;

(CH3)2CH-; (CH3)2CH—; (CH3)2CH-CH2~; CH3-?H-(CH2)4-
CoHg
and “he radicals: cyclohexyl, phenvl, phenvyl

substituted with alkyl, aryl, halogen, alkoxy, nitro,

Oor cCcyano groups;

Ro 18 -CHp-; -CH,-CH»-; -CH=CH-; -CH» -CHy-CHyp ;

—CHz-NH—Cﬂz-CH2“NH*CH2—;
—CH2—(CH2)2-NH"(CH2)2—CH2~; —CHZ—(CH2)2—CH2-; and

-CH(OH) -CH (OH) -, and the radicals: phenylene  or

substituted phenylene; or Rp is a direct bond;

N AN et phiva B A it s DT A Y 1.t 1At APdRT AT meate tedmm o v . B T . LI U N AU SIS L VESRL Y  W . T T '
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R 18 —CH2—C(OH)~CH2*; and
Rg 18 -CH2—N-CH2-CH2“?~CH2"
CHo - CHo» -
5. Procegs according to claim 2, characterized

F

in that said beta-diketonate ligand is of the formula:

R5~C(O)~?(~)—C(O)—R7
Rg

wherein each of Rg, Rg and Ry independently represents a

10 hydrogen atom or an aliphatic, cycloaliphatic or aromatic

radical of up to 10 carbon atoms, and may additionally

contain one or more non-carbonyl oxygen atom(s), nitrogen

atom(s), sulfur atom(s) and halogen atom(s) .

6 . Process according to claim 5, characterized

in that Rg, Rg or Ry represent an acetylacetanate radical:

20 7. Procegs according to claim 2, characterized

p—
=

in that said Schiff base ligand 1is selected

b

from the group

of Schiff bases of the following formulae:
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R5—C~CHR6~$_R7 [Rg-C=Nj o=R5
g-RB g CHR ¢
2 C=0

wherein

R,, Rg, Rg and Ry are as defined 1in the claims 3 to 6,
Rg represents an aliphatic, cycloaliphatic or aromatic

radical containing up to 10 carbon atoms,

Rg represents the hydrogen atom oI has the same meaning

as of Rg, and
X represents an alkyl, aryl, alkoxy, nitro, cyano, amino

radical or a halogen atom.

—

8 . Process according to any one of claims 1 to

7, characterized -n that said catalyst additionally

contains a monodentate or polydentate nitrogenous 1igand,

and/or an alkali-metal or alkali-earth metal cation, Or

said catalyst is bonded to a functionalized resin.

9. Process according to claim 8, characterized

in that the monodentate or polydentate ligands are chosen

from a group comprised of pyridine, bipyridyl,

phenanthroline, tetra-methyl-ethylene-diamine and ethylene-

diamine.

10. Process according to claim 8, characterized
in that the catalyst 1is bonded to a functionalized resiln

through one of the ligands of the coordination sphere.

11. Process according to claim 8, characterized

in that the alkali-earth metal cation 1s chosen among

sodium and barium.

.o ~eee me . eth - . . .. PR T . . . ., . . . . . H - . . J
ey deharay i) Al N R S ed ' oesns e L NG E TR L R SRR Shon L & e rears LI EE R e ol LR B8 0 TS R TE L . R Y T L L e h TRt o L N - et e . .
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12. Process according to any one of claims 1 to

11, characterized 1n that said catalyst 1s cobalt- (II)

acetate Co(CH3CO0),; cobalt-(III) acetate Co(CH3COO0)x:

cobalt-(II) acetylacetonate Co(acetylacetonate),; cobalt-(III)

acetylacetonate Co(acetylacetonate)i; sodium and cobalt- (II)
acetylacetonate Na|[Co(acetylacetonate)3]; cobalt-(II)-acetyl-

acetonate-bipyridyl Co(acetylacetonate) ;- (bipyridyl); Cobalt-

(IT) -acetylacetonate-phenanthroline Co (acetylacetonate) 5 -

(phenanthroline); sodium-cobalt-(III) ethylenediaminetetra-

acetate Na[Co(EDTA)]; barium-cobalt-(III) ethylenediamine-
tetraacetate Ba[Co(EDTA)],; cobalt-(II) citrate Coj(citrate)s,,

[Co (SALEN) ] » .H>0, Co(MeSALEN), Co(3-PSALEN), Co(SALPROPEN),

Co (SALDPT), Co(ACACEN) or Co(SALOPH) .

13. Process according to any one of the claims 8

to 11, characterized 1n that said catalyst 1s a complex

cobalt catalyst with an organic ligand containing at least

one pyridinic ring and bearing one oOr more oxygen

functional groups, as electron donors, defined by means of

the following general formula:
P-0OH

wherein: P represents a radical selected from among those

of the following formulae:
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2 1 R'l 2 1

in which formulae R'7; and R'p represent the hydrogen atoms,
a halogen atom selected from among chlorine, bromine or

iodine, or a (C3-Cog)-alkyl, (C71-Cpqg)-alkoxy, aryl or

heteroaryl radical.

14. Process according to any one of claims 1 to

7, characterized 1in that the catalyst 1s selected amongst

those of the following formulae:

| "
R'1 2
|
R™1
COLm N COLm
N

COO |p O o
wherein:
n is comprised within the range of from 1 to 3,
m 1s comprised within the range of from 0 to 5,

R'y and R's as defined in claim 13, and

L represents a secondary ligand selected from the group

consisting of monodentate or polydentate nitrogenous

~ligands, and monodentate or polydentate oxygen

containing ligands.
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15. Process according to claim 14, characterized
in that the monodentate or polydentate nitrogenous ligands
are selected from the group consisting of pyridine,

phenanthroline, piperidine, quinoline and isogquincline.

16. Process according to claim 14, characterized

1n that the monodentate or polydentate oxygen-containing

ligands are selected from the group consisting of H,O, -OH,
-OCH3, -CHj, CH3-CO-CH(-)-CO-CH3 and-0-C-O-R's (R'y - C7-Csg
allyl) .

10 17. Process according to any one of claims 13 to

16, characterized 1n that the catalyst 1s:

Co O Co
N
2
9 2
18. Process according to any one of claims 1 to

17, characterized 1n that the aliphatic alcohol is selected
20 from among methanol, ethanol, n-propanol, iso-propanol, n-
butanol, 1so-butano, 2-ethyl-hexonol and c¢yclohexanol, and
the aliphatic diol is selected from among ethylene glycol and

propylene glycol.

19. Process accordling to claim 16, characterized

in that the aliphatic alcohol used is methanol or ethanol and

the aliphatic diol is ethylene glycol.
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20. Process according to any one of claims 1 to

19, characterized in that said process 1s carried out 1n

the ligquid phase, at a Cemperature comprised within the

range of ftrom 25 TO 200°C, under a total pressure of carbon

P
Samd

monoxide and oxygen comprised within the range of from the

prber
—rr

atmospheric pressure up TO 100 kg/cm2, with a zratio ot

oxygen partial pressure to carbon monoxide partial pressure

comprised within the range of from 0.005:1 to 50:1, with a

reaction time comprised within the range of from about 1

minute to about 360 minutes.

>1. Process according to claim 20, characterized

in that the temperature is comprised within the range ot

fFrom 50 to 150°C, the total pressure of oxygen and carbon

monoxide is comprised within the range orf from 2 to 100

kg/cm2 and the ratio of the partial pressure of oxygen TO

the partial pressure oI carbon monoxide is comprised within

the range of from 0.01:1 to 0.5:1.

59 Process according to any one of claims 1 TO

21, characterized in that said process is carried out with
the alcohol or diol being in excess over the stoichiometric

amount and with a catalyst concentration 1in the liqguid

from 10"3 CO

reaction medium comprised within the range of

2 mol/litre.
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