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Dialkylcarbonates uses...

Solvents and reagents | eSticides
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Cosmetics )]\

RO OR Drugs

Polymers

Additive to gasoline
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Alcoholysis of phosgene

®) O
CI/U\CI + 2ROH+2B;: —— ROJ\OR +2BH" CI’

Oxydative-carbonylation of alcohols
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2ROH+CO+12QG —— ROJ\OR + H,0
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2ROH + CO,® (R0O),CO + H,0

HOCH ,-CHOH-CH ,OH + CO,® HOCH ,CH-CH,-OC(0)O +
H.,0
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Base activation

ROH + B E RO + BH*
RO + CO, E ROCOO

Acid activation

ROH +H* ER"+H,0
R*+ROCOO- E ROCOOR
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/N:(J:N + 2R-OH + CO, —> R\O/C\O/R CV\N/C\N/CV
I I
&y H H
(DCO) (R=CH,, DMC) (urea, DCU

* starting from methyl isourea

M. Aresta, A. Dibenedetto, E. Fracchiolla, P. Giacraro, C. Pastore, I. Papai, G. Schuldet@rg. Chem2005
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Reaction at 338 K vs 420 of most TMsS

Basi steps)

1) DCC + CH,OH ® iso-urea (known)

2) isourea + CHOH + CO, ® DMC + urea

Formation of isourea - Transition states:

DCC + 1 MeOH l y | d DCC + 2 MeOH

DE, = 9 kcal/mol
DE, = 34 kcal/mol

M. Aresta, A. Dibenedetto, E. Fracchiolla, P. Giacraro, C. Pastore, I. Papai, G. Schuldet@rg. Chem2005
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H-bonded complexes

N. N Methoxy oxygen

im am

DE = 6.8 kcal/mol DE 3.7 DE
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Equivalent N-H
and N...H-O
protons

Intra-molecular
proton exchange

'H NMR

13C NMR
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Transition state:

small barrier
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Intramolecular mechanism y
@
OMe CyN NHCy o)
CyN:< +MeOH+CQ —> o —> )L + DMC
NHOy o\(o CyHN™ ~NHCy
OMe
_OC(0)ome
nBuSN(OMe) +cg, —> nB;\/SrL oMe —>  NBwSn=0+DMC
nBu

The complex n-Bysn(OCH), is prompted to form DMC, on a stoichiometric
basis, via a thermal rearrangement to an organotin eydeies (oligomeric
form) which is much less active than the starting compound

T. Sakakura, 1998-2000; D. Ballivet, 2002-2006



Part 2: Use of [Nb(OR)],
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Formation of DMC from methanol and carbon dioxide 6.0 MPa)
using [Nb(OMe)], as catalyst at 423 K.

M. Aresta, A. Dibenedetto and C. Pastore, Inorg. Cém. 2003
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M. Aresta, A. Dibenedetto et al, Cat Tod, 2006




Formation and structure of (MeO),Nb[OC(O)OMe]




2EtOH + CO, . EtOC(O)OEt + H,0
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M. Aresta, A. Dibenedetto, C. Pastore et al, Topias Catalysis, 2006



DMC + H,O

ﬂowb

(CH3O)4Nb -OCHs

H20
CH4OH
CH,;0OH (CH50),Nb-OH . -
7/ 3 4 (C H30)4N b O-«OCH3
/S e

(CH,0),;Nb=0

[Nb(OCHge], <= NibCls

1 toluene

DMC CHOH DMC + (CH,0);Nb=0

Reaction mechanism of formation of DMC from methanband CO, under

[Nb(OCH )], catalysis: the case of the base-plus-acid activati@f methanol
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Comparison of the kinetics of formation of DMC

under [Nb(OMe)], catalysis using different
MeOH/CQ, ratios at 423 K:

a) methanol and carbon dioxide (5.0 MPa) (molar
ratio MeOH/CQ>100);

b) methanol and sc-CO(30.0 MPa) (molar ratio
MeOH/CO= 1),

c) methanol and sc-CO(20.0 MPa) (molar ratio
Time /h MeOH/CQO= 4).




Comparative analysis of the reaction profile fa farmation of DMC
from [Nb(OMe),(OCOOMe)], with implication of zero (dotted
line), one (dashed line)r methanol molecules in the
methylation of the CEDC(O)O moiety bonded to Nb




Two different reaction mechanism have been shown
The double base activation
The acid plus base activation

Using DCC or Sn the double base- activation operates that produces
an E=0 (E=Sn, C) double bond that de-activates the catalyst

The acid-plus-base activation of methanol is the mo st favourable
route to DMC with Nb

Water is produced out of the coordination sphere of the metal centre

This explains the long life of the Nb-catalyst that can be recovered and re-
used over several cycles

Nb is the most active of Group 5 metals.
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Reaction of Nb(OMe),(OCOOMe) (3) with methanol




Release of DMC and regeneration of catalyst 3
via transition state 6




Formation of DMC from Nb(OMe) ,(OCOOMe) (3)
upon reaction with a single methanol molecule: (Me@QNb-OH

———comptex(Ii)isformed—



Conversion of the hydroxo-complex (MeQNb-OH into
the starting Nb-complex 2




Conversion of (MeO)Nb-OH into (MeO),Nb=0
(most probably as an oligomeric solid species)




Formation of DMC from (MeO) ,Nb-[OC(O)OMe] via
Intramolecular methyl transfer:
the case of double-base activation of methanol




Equivalent N-H and N...H-O protons

Intra-molecular proton exchange
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