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Abstract: The complexes RuCl2(PCy3)2(=CHPh), 1, and RuCl2(PCy3)(H2IMes)(=CHPh), 
2, proved to be active catalysts for the self-metathesis of oleate-type fatty compounds 
containing the ester, hydroxyl, epoxy and carboxylic acid functional groups. At elevated 
reaction temperatures 2 showed a higher activity, stability and lower selectivity for primary 
metathesis products compared to 1. A profound influence of organic functional groups on 
catalyst activity and selectivity was found and from relative activities and selectivities 2 
has proved to be more resistant to deactivation by polar functional groups and more 
inclined to promote double bond isomerisation than 1. The observed catalyst deactivation 
by oxygen-containing functional groups could be attributed to a phosphine displacement 
side reaction. 
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1. Introduction  
  

The self- and cross-metathesis of olefinic fatty acids and esters is an elegant way for the production 
of high value intermediates with interesting applications in the polymer, pharmaceutical and 
petrochemical industries [1-4]. At Dow Chemical Company [5] seed oils are being explored for a 
number of applications inter alia epoxy thermoplastics and thermosets, polyurethane foams, 
thermoplastic polyurethanes, polyolefin comonomers and surfactants. The utilization of plant oils and 
derivatives in end applications or as ingredients for product formulations has recently attracted much 
attention due to their renewable supply, low cost, versatility and their green chemistry. Scheme 1 
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illustrates the various routes to industrial end-products from plant oils to high value intermediates and 
end-products using olefin metathesis reaction.  

To carry out some of these transformations the well-defined Grubbs precatalysts are a logical 
choice due to their relatively high tolerance for polar organic functional groups compared to the 
classical ill-defined metathesis catalysts [6-9]. Buchowicz and Mol [10] demonstrated that reaction 
rates for the self-metathesis of fatty acid esters with the Grubbs first generation catalyst 
RuCl2(PCy3)2(=CHPh) (1) were comparable to that of unsubstituted olefins. Warwel et al. [11] used 1 
for converting linear olefinic esters to α-olefins and α-unsaturated esters by ethenolysis. The ω-
unsaturated esters were subsequently converted to highly branched polyolefins and to difunctionalised 
fatty acid methyl esters for the synthesis of functionalised polyethers and unsaturated polyesters.  
 

Scheme 1. Routes to industrial end-products via olefin metathesis reaction [1,5,11]. 
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This study explores the self-metathesis of oleate-type fatty compounds, namely, methyl oleate 

(MO), methyl 12-hydroxyoleate (MHO), methyl 12,13-epoxyoleate (MEO) and oleic acid (OA), and 
compares the metathesis activities and selectivities of the well-defined first- and second generation 
Grubbs precatalysts 1 and 2, respectively, on these substrates. Although these compounds have 
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potential in the formulation of high value products, very little is reported in the literature on their 
applications based on the metathesis reaction. It is envisaged that the results obtained in this study 
would broaden our understanding of their metathetical chemistry and of the influence of different polar 
functional groups on the catalytic performance of Ru-based metathesis catalysts. 

 
 

 
 
 
 
 
 
 
 

2. Experimental 

2.1. Materials and Apparatus 

Chlorobenzene (PhCl) dichloromethane (DCM), 1,2-dichloroethane (DCE), benzene (PhH), n-
hexane (Hex) were all reagent grade from Sigma-Aldrich. Ethyl vinyl ether was purchased from Fluka. 
Methyl oleate (≥ 99%), methyl 12-hydroxyoleate (99%), methyl 12,13-epoxyoleate (≥99%) and oleic 
acid (65-88%) were obtained from Sigma-Aldrich and were all treated with activated alumina and 
stored under N2 at a subzero temperature. Grubbs precatalysts 1 and 2 were stored under N2 and used 
as purchased from Sigma-Aldrich. Chromatograms were obtained using Varian Star 3400 CX GC 
equipped with a DB-624 capillary column (J&W Scienctific, 30m x 0.53 mm) and a flame ionisation 
detector (FID). The oven temperature was held at 150 °C for 0.1 min and then increased to 260 °C at a 
rate of 15°C min-1. The injector temperature was set at 270 °C and the detector temperature at 300 °C 
with N2 as carrier gas. The mass spectra were measured on a Varian Saturn 4D gas chromatograph-
mass spectrometer (GC−MS) with a Varian Star 3400 CX GC equipped with a WCOT fused silica 
J&W DB-5 column (30 m x 25mm; film thickness 0.25μm).  
 
2.2. Metathesis experiments 

All manipulations were performed using standard Schlenk techniques under N2 atmosphere. In a 
typical experiment 16.4 mg of 1 (0.02 mmol) or 6.3 mg of 2 (0.0074 mmol) was dissolved in 2.0 mL of 
the solvent followed by the addition of 2.0 mmol substrate for 1 or 0.74 mmol for 2 in a glass reactor 
fitted with a thermometer and a rubber septum. Samples were withdrawn by a syringe at regular time 
intervals, quenched by the addition of a few drops of ethyl vinyl ether [10], and analysed by GC−FID. 
Substrate conversions were calculated as (1-Cs)/ΣCi from the corrected peak areas of the GC analyses 
[12,13]. Selectivity towards primary metathesis products (PMP) was calculated using the formula: 
%PMP/Σ(%PMP,%SMP)x100, where SMP = secondary metathesis products. Product characterisation 
was done using GC−MS in the electron impact (EI) mode and by spiking with authentic samples. 
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3. Results and Discussion 

3.1 Optimisation of reaction conditions 

The optimum reaction conditions for Grubbs precatalysts 1 and 2 were determined using methyl 
oleate as the model substrate and were subsequently applied on all substrates except where otherwise 
indicated. The parameters in the optimisation of the Grubbs pre-catalysts were (1) solvent polarity (2) 
reaction temperature (3) reaction atmosphere and (4) substrate:Ru molar ratio. Scheme 2 illustrates the 
formation of the primary metathesis products (PMP), B and C, from the self-metathesis of the oleate-
type fatty compounds.  

To investigate the influence of solvent polarity on catalyst activity the solvents Hex, PhH, PhCl, 
DCM and DCE were used, having polarities of 9, 11.1, 18.8, 30.9 and 32.7, respectively, according to 
the Reichardt’s normalised solvent polarity scale (E N

T ) [14]. Figure 1 shows the influence of solvent 
polarity on catalyst activity expressed as % conversion with MO/Ru molar ratio of 100. The highest 
activity was obtained in DCM or DCE both of which have moderate polarities relative to Hex, the 
solvent of lowest polarity. The poor solubility of precatalysts in acetone, ethanol, methanol and water, 
which have relatively higher polarities, was a limitation that led to the exclusion of these solvents in 
further experiments. The activity of 1 increased with increasing solvent polarity in the order Hex < 
PhH < PhCl < DCM ~ DCE. The observed order of activity showed a positive correlation between 
solvent polarity and catalyst activity with halogenated solvents (DCM and DCE) providing the best 
reaction conditions. 
  

Scheme 2. Formation of PMP (B and C) from self-metathesis of A. 
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From varying the reaction temperature, the activity of 1 showed no significant change over the 
temperature range 20-60°C. However, a sharp increase in activity was observed at 80 °C along with 
the formation of secondary metathesis products (SMP) resulting from double bond isomerisation. A 
further increase in reaction temperature led to a decrease in catalyst activity. Figure 2 illustrates the 
influence of reaction temperature on the activity and selectivity of the precatalysts 1 and 2 and Scheme 
3 shows possible SMP (F-J) from the cross-metathesis of the substrate olefin A with isomerisation 
products D and E.  

Under air atmosphere a slightly lower activity was observed with MO conversion of 46.7% 
compared to 49% under N2. The deactivation of 1 under air atmosphere was nevertheless insignificant 
compared with the extent to which the ill-defined metathesis catalysts deactivate under similar 
conditions [7].  

A steady increase in the turnover number (TON) was observed for MO/1 molar ratios from 100 to 
1000. Thereafter a sharp decrease in the TON occurred (Table 1) after reaching a maximum of 525 at a 
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MO/1 molar ratio of 1000 with a selectivity of 100%. Generally the optimum conditions obtained for 1 
using MO compared favourably with those previously obtained by Buchowicz and Mol [10].  

 
Figure 1. Influence of solvent polarity on MO conversion with MO/Ru molar ratio of 100 
at 20 °C after 4h. (○ 1, □ 2). 
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Scheme 3. SMP from cross metathesis of A with isomerisation products D and E. 
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When MO underwent self-metathesis in the presence of 2, solvent polarity had very little influence 
on catalyst activity, in contrast to the results obtained with 1. From Figure 1 we see no significant 
difference in catalyst activity with the change in solvent polarity.  
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From varying the reaction temperature, the activity of 2 showed no significant change within the 
temperature range 20-60 °C but then a sharp increase in activity occurred at 80 °C and beyond with the 
formation of SMP. Catalyst 2 showed stability even at 120 °C whereas 1 showed some deactivation at 
100 °C already. However, a comparatively low selectivity for PMP at elevated reaction temperatures 
implied that the reaction conditions were strongly acting in favour of double bond isomerisation. 
Figure 2 compares the activities and selectivities of 1 and 2 on MO self-metathesis. It can be seen from 
the results obtained that the activity and selectivity towards the PMP in both cases was only 
comparable within the temperature range 20–60 °C.  

A slightly lower MO conversion (50.5%) was obtained in air compared to 51.5% under N2 
atmosphere. A steady increase in TON up to a maximum of 675 corresponding to MO/2 molar ratio of 
1500 was observed (Table 1). The observed decrease in TON after reaching maximum MO loading for 
both 1 and 2 was consistent with the results obtained by Jordaan and Vosloo [15] using a Ru catalyst 
with a chelating pyridinyl-alcoholato ligand.  
 

Figure 2. Influence of reaction temperature on MO conversion and PMP selectivity with 
MO/Ru molar ratio of 100 after 4h in DCM. (Conversion: ◊ 1, ∆ 2; Selectivity: ○ 1, □ 2). 
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Table 1. Self-metathesis of MO in the presence of 1 and 2 in DCM at 20 ºC after 4h. 
 

Entry MO/Ru 
ratio 

Catalyst Conv [a] 
(%) 

Sel [b] 
(%) 

TON [c] 

1 
 

2 
 

3 
 

4 
 

5 

100 
 

500 
 

1000 
 

1500 
 

2000 

1 
2 
1 
2 
1 
2 
1 
2 
1 
2 

49 
51.5 
50.8 
51.8 
52.5 
51.5 
29 
45 

12.2 
33 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

49 
51.5 
254 
259 
525 
515 
435 
675 
244 
660 

  
 

[a] Molar % substrate converted 
[b] Selectivity towards PMP 
[c] (MO/Ru)(Conv) 
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3.2 Influence of oxygen containing functional groups on catalyst activity and selectivity  
  

The metathesis activity and selectivity of 1 and 2 were examined using MO, MHO, MEO and OA 
as substrates with substrate/Ru molar ratio of 100 and DCM as solvent. The influence of the different 
organic functional groups on catalyst activity and selectivity is discussed in this section. 
 
3.2.1 Influence of oxygen containing functional groups on the activity and selectivity of 1 

The products and the yields obtained from the metathesis of MO, MHO, MEO and OA in the 
presence of 1 are given in Table 2. The typical gas chromatograms of reaction mixtures under typical 
reaction conditions of these fatty compounds are given in Figure 3. For MO and MHO a close to 2:1:1 
statistical product distribution was attained at steady state with conversions of 49 and 39.6% 
respectively and a selectivity of > 99% towards PMP. The MO conversion was slightly higher than 
that reported in the literature [10] under similar conditions. MHO conversion was, on the other hand, 
comparable to the reported conversions for MO and methyl erucate. In the case of MEO and OA, 
conversions of 23.5 and 24.5% were obtained with selectivities of 57 and 88% respectively. The 
presence of SMP in the MEO and OA product streams suggested the occurrence of double bond 
isomerisation in the presence of 1. Table 3 compares substrate conversions, selectivities and the yields 
obtained for PMP and SMP. The decreasing order of substrate reactivity was MO > MHO > OA > 
MEO, thus indicating that 1 is less tolerant towards the epoxy and the carboxylic acid groups 
compared to the hydroxyl and the ester groups. The lower reactivity of 1 in the presence of MHO, OA 
and MEO seems to suggest phosphine displacement by oxygen-bearing nucleophiles, a side reaction 
competing with dissociative substitution of a phosphine ligand with an olefinic substrate [9], to form 
four coordinate Ru(OR)2L(=CHPh) complexes in accordance to the route proposed by Coalter et al. 
[16]. In addition, a β-hydride elimination reaction occurs in which the metallocycle intermediate once 
formed gives the allyl hydride intermediate which finally forms a coordinated alkene [17].  
 

Figure 3. Typical GC’s of the metathesis products of (A) MO (B) MHO (C) MEO and (D) 
OA in the presence of 1 or 2 at 20 °C. Peak numbers correspond to entries in Table 2. 
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Table 2. Products and yields resulting from the metathesis of oleate-type fatty compounds 
in DCM at 20 °C after 4h. 

 
Entry [a] Product Name Formula[b] m/e Yield(%) 

 
A MO   1 2 

1 
2 
3 
 

9-Octadecene[c] 
Methyl oleate  
Dimethyl 9-octadecenedioate[c] 

C9=C9 
C9=C8COOC 
COOCC8=C8COOC 

252 
296 
340 

24.5 
51.0 
24.5 

26.3 
48.5 
25.2 

B MHO     

1 
2 
3 

9-Octadecene-7,12-diol[c] 
Methyl 12-hydroxyoleate  
Dimethyl 9-octadecenedioate[c] 

 

C9(OH)=C9(OH) 
C9(OH)=C8COOC 
COOCC8=C8COOC 

284 
312 
340 

6.6 
60.4 
33.0 

20.1 
51.6 
28.3 

C 
1 
2 
3 
4 
5 

MEO 
6,7,12,13-Diepoxy-9-octadecene[c] 
Methyl 10,11-epoxy-7-hexadecenoate[d] 
Dimethyl 7-hexadecenedioate[d] 

Methyl 12,13-epoxyoleate  
Dimethyl 9-octadecenedioate[c] 
 

 
C5(COC)C2=C2(COC)C5 
COOCC6=C2(COC)C5 

COOCC6=C8COOC 
COOCC8=C2(COC)C5 
COOCC8=C8COOC 
 

 
280 
282 
312
310 
340 

 

 
0.8 
4.1 
5.9 

76.5 
12.7 

 

 
8.1 

24.4 
0.1 

42.0 
25.4 

 
D 
1 
2 
3 
4 
5 
6 
7 
 

OA 
7-Tetradecene[d] 
7-Pentadecene[d] 
8-Hexadecene[d] 
8-Heptadecene[d] 

9-Octadecene[c] 
Oleic acid  
9-Octadecenedioic acid[c] 
 

 
C7=C7 
C7=C8 
C8=C8 
C8=C9 

C9=C9 
C9=C8COOH 
HOOCC8=C8COOH 
 

 
196 
210 
224 
238 
252 
282 
312 

 

 
- 
- 
3 
- 

21.1 
75.5 
0.4 

 

 
10.9 
11.1 
30.6 
4.3 
9.0 

33.1 
1.0 

 
 

 
  
 

 
3.2.2 Influence of oxygen containing functional groups on the activity and selectivity of 2 
  

Table 2 shows the products and yields obtained from the self-metathesis of MO, MHO, MEO and 
OA in the presence of 2. The selectivity towards the PMP was > 99% for MO and MHO metathesis 
with conversions of 51.5 and 48.4% respectively. On the other hand MEO and OA metathesis gave 
conversions of 58 and 67%, respectively, accompanied by higher isomerisation activity judging from 
the high SMP yields obtained in this instance. Table 4 compares substrate conversions, selectivities 
and the yields obtained for PMP and SMP. The observed substrate reactivity in decreasing order was 

[a] Numbers correspond to peak numbers in Figure 3A-D 
[b] Hydrogens omitted for simplicity 
[c] PMP resulting from the self-metathesis of substrate esters 
[d] SMP resulting from the cross-metathesis of isomerisation products 
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OA > MEO > MO > MHO, thus indicating that the tolerance of complex 2 towards the epoxy and the 
carboxylic acid groups is much higher compared to that of complex 1. These results further indicate 
that polar organic functional groups possess a significant influence on both substrate reactivity and 
catalyst selectivity. Indeed 2 showed an improved activity with double bond isomerisation more 
pronounced than was the case with 1. The higher activity of 2 had been attributed to the stabilisation of 
the intermediate metallacycle by the more bulky and basic N-heterocyclic carbene ligand [6,8-9,18-
19]. Indeed the results obtained with and 1 and 2 served to further demonstrate that these catalysts are 
highly resistant to deactivation by olefins containing polar functional groups compared to the ill-
defined metathesis catalysts [20].  

 
Table 3. Activity and selectivity of 1 on oleate-type fatty compounds with substrate/1 
molar ratio of 100 in DCM after 4h.  

 
Substrate Temp(oC) PMP[a] 

(%) 
SMP[b] 

(%) 
Conv[c] 

(%) 
Sel[d] 

(%) 
MO 
MO 

MHO 
MEO 
OA 

20 
100 
20 
20 
20 

49.0 
41.5 
39.6 
13.5 
21.5 

- 
17 
- 

10.0 
3.0 

49.0 
58.5 
39.6 
23.5 
24.5 

100 
71.0 
100 
57.4 
87.8 

  
 
  
 
  

Table 4. Activity and selectivity of 2 on oleate-type fatty compounds with substrate/2 
molar ratio of 100 in DCM after 4h. 

 
Substrate Temp(oC) PMP[a] 

(%) 
SMP[b] 

(%) 
Conv[c] 

(%) 
Sel[d] 

(%) 
MO 
MO 

MHO 
MEO 
OA 

20 
120 
20 
20 
20 

51.5 
22.0 
48.4 
33.5 
10.0 

- 
59.0 

- 
24.5 
56.9 

51.5 
81.0 
48.4 
58.0 
66.9 

100 
27.2 
100 
57.8 
14.9 

  
 
 
 
4. Conclusions 

The Ru complexes 1 and 2 proved to be active for the self-metathesis of oleate-type fatty 
compounds. At elevated reaction temperatures 2 shows a higher activity, stability and a lesser 
selectivity towards PMP compared to 1. Furthermore a profound influence of different functional 
groups on catalyst activity and selectivity was found. In the presence of 1 the metathesis reactivity of 

[a] Primary metathesis products resulting from the self-metathesis of substrate esters 
[b] Secondary metathesis products resulting from the cross-metathesis of isomerisation products 
[c] Molar % substrate converted  
[d] Selectivity towards PMP  

[a] Primary metathesis products resulting from self-metathesis of substrate esters
[b] Secondary metathesis products resulting from cross-metathesis of isomerisation products 
[c] Molar % substrate converted 
[d] Selectivity towards PMP  
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olefinic fatty compounds decreases in the order methyl oleate > methyl 12-hydroxyoleate > oleic acid 
> methyl 12,13-epoxyoleate whilst with 2 the reactivity decreases in the order oleic acid > methyl 
12,13-epoxyoleate > methyl oleate > methyl 12-hydroxyoleate; thus indicating from relative 
conversions that 2 is more resistant to deactivation by polar functional groups than 1. Indeed 2 shows 
an improved activity, a remarkable tolerance for polar functional groups and a more pronounced 
double bond isomerisation activity. The relatively low reactivity of 1 in the presence of polar 
functional groups advocates for a phosphine displacement by oxygen-bearing nucleophiles; a side 
reaction competing with the initiation step and which occurs by dissociative substitution of a 
phosphine ligand with an olefinic substrate.  
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