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Direct Hydroesterification of Ethylene with Methyl Formate with the New System 
RuC13-NRql-NR3: an Example of Catalytic Activation of the CH Bond of Methyl 
Form ate? 
Christophe Legrand, Yves Castanet, Andre Mortreux* and Francis Petit 
Laboratoire de Catalyse Heterogene et Homogene, URA CNRS 402, ENSC Lille, UST Lille, BP 108, 59652 Villeneuve 
d'Ascq Cedex, France 

Upon using the simple RuCIrNR4I-NR3 catalytic combination and dimethylformamide as solvent, an exceptionally 
reactive system is obtained for direct hydroesterification of ethylene with methyl formate (turnover frequency up to 
2000 h-l) in the absence of carbon monoxide. 

Catalytic olefin carbonylation in the presence of alcohols is of 
great potential interest for the synthesis of various carboxylic 
esters' [eqn. (l)]. 

catalyst 
RCHKH2 + CO + R'OH- RCH2CH2C02R' + 

RCH(Me)C02R' (1) 
Methyl formate, which can be considered as a liquid 

condensate of CO and MeOH2, CO and H23 or as a precursor 
of methoxycarbonyl moieties via C-H activation [eqn. (2)], is 
also a convenient substrate for this reaction, as it could avoid 
the use of carbon monoxide.4 

[MI substrate(s) 
H-C02Me ---+ H-[M]-C02Me - products (2) 

In this context, several reports have described this reaction 
with ethylene and other olefins using different catalysts [MI 
based on ruthenium,5 iridium6 or palladium.7 However, the 
turnover frequencies (TOF) so far reported are generally low 
andor the use of CO seems to be generally required. 

We report here a simple and new, much more reactive 
catalytic system based on ruthenium, which does not require 
the presence of CO8 [eqn. (3), Ru = ruthenium catalyst, R = 
alkyl or aryl] 

RU-RI 
CH2=CH2 + HC02Me- EtCO2Me 

DMF (3) 

Table 1 compares typical results obtained in this reaction, 
using different transition-metal salts for the ethylene hydroes- 

Table 1 Hydroesterification of ethylene with methyl formatea 

terification with methyl formate. In accordance with literature 
data, classical systems exhibit a very low activity (runs 1 4 ) .  In 
contrast, upon addition of 2 equivalents of covalent iodide or 
ammonium iodide to the ruthenium based system (RuC13), 
and using dimethylformamide (DMF) as solvent, a drastic 
improvement of the catalytic activity was observed (TOF = 
2300 h-'). However, this effect was not observed with the 
other metal salts used in this work (runs 2 4 ) .  

The nature of the ruthenium precursor used has no 
significant influence on the observed activities, apart from 
phosphorus derivatives (run 17) which completely inhibited 
the reaction. 

Only covalent iodides RI or ammonium salts NRJ (R = 
alkyl or aryl) are efficient in amide type solvents. Alkali, 
alkaline-earth or phosphonium iodides are inefficient, and 
often lead to decarbonylation of HC02Me (run 6). 

With covalent iodides, an induction period of ca. 20-30 min 

Table 2 CO pressure effect on hydroesterification of ethylene with 
methyl formatea 

PC2H4i f'cd Conversion Ester Sel. 
Run bar bar t/h (YO) mol. YO TOF/h-' 

21 60 0 1 67 94 1500 
22 60 3 1 37 85 760 
23 30 30 1 45 12 130 

0 Experimental conditions as in Table 1; RuCI3 0.11 mmol, Me 0.22 
mmol, HC02Me = 266 mmol; runs 21-23: DMF 30 ml, 190 "C. 

EtC02Me 
Conversion Selectivity TOFW 

Run Catalyst Promoter Solvent r/h (mol Y )  (mol Y )  h-1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

None 
Me1 
Me1 
Me1 
Me1 
Lil 
Me1 
EtI 
B u"I 
HI 
HI 
HI 
NEtJ 
NEtJ 
PPh3MeI 

Me I 
Me1 

NEtJ 

NEt41 
NEtJ 
+ NEt3 

None 
DMF 
DMF 
DMF 
DMF 
DMF 
DMF 
DMF 
DMF 
DMF 
NMP 
DMA 
DMF 
DMF 
DMF 
DMF 
DMF 
y-BL 
y-BL 
y-BL 

10 3oc 
3 5 
2 5oc 
3 8 
2 26c 
2 65c 
1 52 
1 61 
1 67 
1 61 
2 18 
1 44 
0.5 24 
1 62 
2 15 
1 63 
2 15 
3 5 
1 7 
1 31 

0 
2 
2 
2 

20 
20 
91 
93 
94 
92 
74 
79 
98 
92 
0 

96 
22 
20 
80 
92 

- 
1 

10 
1 

120 
160 

1170 
1350 
1500 
1300 
210 
850 

2300 
1300 

1400 
50 
30 

150 
650 

- 

All reactions were conducted in a stainless-steel autoclave (100 ml) with methyl formate (16 ml, 266 mmol) catalyst (0.11 mmol) promoter 
Turnover (0.22 mmol) 30 ml solvent, at 190 "C and PCZH4 = 60 bar, except run 10, catalyst (0.05 mmol) and promoter (0.10 mmol). 

frequency for hydroesterification. c C O  + MeOH are the major products. 
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is observed, which can be reduced to 10 min upon using the 
corresponding ammonium salt with triethylamine. This behav- 
iour led us to look after the production of this type of 
compound during a reaction conducted with only covalent 
iodides as promoters. After evaporation of the solvent and 
products at the end of this catalytic reaction, a solid precipate 
of NMe41 was isolated, whatever the starting covalent iodide 
used. 

The production of this salt can only be explained by partial 
decarbonylation of DMF followed by the reaction of the 
incipient dimethylamine with iodide. In the presence of an 
excess of dimethylamine, the exchange reaction leads to the 
production of tetramethylammonium iodide [eqns. (4)-(6)]. 

HCONMe2 CO + HNMe2 (4) 

RI + HNMe2+ RNHMe2+ I- ( 5 )  

(excess) (6) 
RNHMe2+I- + NHMe2 = NMe4+I- + HNRMe 

The contribution of the amine and its salt to the overall 
process is in agreement with the following features: ( i )  the 
induction period completely disappears when the reaction is 
performed upon using the RuCl3-NR3-NRJ mixture (5 
equiv. of amine to Ru). (ii) In the absence of amine, only 
solvents containing amide functionalities are suitable. (iii) 
With the NR3-N&I-RuCl3 system, a fairly good activity can 
also be obtained with other polar solvents like y-butyrolactone 
(y-BL) (run 20, TOF = 650 h-l). 

The inhibiting effect of carbon monoxide on the reaction is 
shown in Table 2; even for a low CO pressure (3 bar) the 
activity is half that observed in its absence. 

Furthermore, under identical reaction conditions, the 
alkoxycarbonylation of ethylene with methanol and CO leads 
to much lower activities than with methyl formate alone (60 
vs. 350 h-l at 150 "C). 

This observation seems to indicate that the reaction 
pathway involves a direct activation of methylformate rather 
than a decarbonylation process followed by alkoxycarbonyl- 
ation. To confirm this hypothesis, a specific experiment has 
been performed using HC02Me-CD30D [eqn. (7)]: no 
deuterium was incorporated into the ester. 

Ru-Me1 
DMF 

HC02Me + CH2=CH2 + CD30D - EtCO2Me (7) 

The absence of deuterium in the product gives further 
evidence for a direct activation of methylformate vs. its 
decarbonylation, followed by a classical alkoxycarbonylation 
process, which would lead to a MeOD-MeOH mixture and 
therefore to the production of deuteriated methylpropionate. 

The above results and the FAB mass spectrum of the 
residue obtained after evaporation? lead us to propose that 
the reaction mechanism involves an initial reaction of the 

amine-ammonium mixture with the ruthenium salt which 
probably leads to anionic amido species9 highly reactive 
towards the oxidative addition of methylformate via its C-H 
bond. Olefin coordination to this hydrido methoxycarbonyl 
intermediate, followed by insertion of the double bond into 
the metal hydride, could then produce a ruthenium ethylme- 
thoxycarbonyl species which by reductive elimination would 
produce methylpropionate and regenerate the active species. 

In conclusion we have discovered a new catalytic system 
comprising a ruthenium salt ammonium iodide and amine 
(1 : 2 : 5) which is particularly efficient for the direct hydro- 
esterification of ethylene in the absence of carbon monoxide. 
This exceptional reactivity is certainly due to a direct 
activation of methylformate rather than a process involving 
decarbonylation into methanol and CO. 
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Footnote 
This residue was still reactive when subjected to another reaction 

conducted under the same conditions as in Table 1. The FAB MS data 
obtained in a 90/10 vlv 18-crown Gtetraglyme solution, using a 
CONCEPT I1 H-H Spectrometer, Kratos Analytical Ltd. {mlz 229 
(RuI), 273 [RuI(NMe2], 303 [RuI(NMe2) (NMe)], 346 [RuI(N- 
Me2)2(NMe)]} are consistent with the presence of amido type ligands, 
NMe2. 
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