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Abstract: The W(0O-2,6-C,H;X,),Cl,/Bu,Sn catalytic
systems (X =Ph, F, Cl, Br) have a high activity for the
metathesis of terminal alkenes and a high selectivity
towards primary metathesis products. Tungsten(VI)
alkoxide complexes are not nearly as active as the
tungsten(VI) aryloxide complexes. Brgnsted acids
such as HOAc, BuOH and H,O deactivate both the
W(0O-2,6-CsH;X,),Cly/Bu,Sn (X =Cl and Ph) catalyt-
ic systems. The Lewis base (BuOAc) showed no
deactivation of the catalytic systems. The Grubbs
catalyst, RuCl,(PCy;),(=CHPh), is very active for the
metathesis of 1-alkenes, even at an alkene/Ru molar

ratio =100,000. Selectivities >93% were generally
obtained. The ruthenium catalyst is active at low
temperatures (25 °C) and high temperatures (130°C).
It shows a high tolerance towards oxygen-containing
additives. The polarity of the solvent plays a major
role in the activity and also the selectivity of
especially the W(0O-2,6-C¢H;X,),CL/Bu,Sn catalytic
systems.

Keywords: alkenes; Grubbs catalyst; metathesis; 1-
octene; ruthenium; tungsten

Introduction

Alarge number of catalysts and catalytic systems initiate
the alkene metathesis reaction.'! However, most of the
early work on alkene metathesis was done using ill-
defined multi-component catalytic systems that were
furthermore easily poisoned by especially oxygen-con-
taining additives. In our research we are interested in
finding a catalytic system with a high activity towards
longer chain terminal alkenes, with a high tolerance
towards oxygen-containing additives and a high selec-
tivity for the primary metathesis products (PMP) that
can also be used in an industrial environment.>3! Other
general aspects of interest for industrial applications
include the complexity of the catalytic system or
catalyst, ease of synthesis, cost, etc.

Of interest in this study is the two-component
tungsten catalytic system based on the precatalyst 1
and the one-component first generation Grubbs catalyst
2.[4,5]

It is well known that the two-component system
containing a tungsten(VI) aryloxide complex of the type

1 PC
Aro, [ ,C1 ay, P
ar’'~ _ Ru=CHPh
& oar 7 ey,
1 2
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W(OAr),Clg_, (OAr=phenoxide or substituted phen-
oxide) and a tetraalkyltin (R,Sn, R=Me, Bu) com-
pound is very effective in alkene metathesis reactions,
also with regard to functionalised alkenes.["**]

Due to the versatility of the electronic and steric
properties of the various aryloxide ligands, it is possible
to control the activity and sometimes the stereoselec-
tivity of the metathesis reaction.*¢! If the electron-
withdrawing properties of the aryloxide ligands are
increased an increase in the metathesis activity were
observed.l! Another factor influencing the metathesis
reaction is the position of the substituent on the
aryloxide ligands. Complexes with substituents on
positions 2 and 6 of the aryloxide ligands were found
to be more active catalysts for the metathesis of 1-
alkenes.*]

It is only in recent years that well-defined catalytic
systems were developed. The Grubbs ruthenium car-
bene system 2 is an excellent example of this new
generation catalyst.P! Unlike the early metathesis cata-
lytic systems these catalysts do not require Lewis acid
cocatalysts or promoters.

The ruthenium carbene systems have drawn a lot of
attention, not only do they exhibit high reactivity in a
variety of ROMP, RCM, and cross-metathesis reactions
under mild conditions, but also because of their remark-
able tolerance towards many different organic func-
tional groups.'”! Catalytic activity is not reduced
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CH;3(CH,)sCH=CH(CH,)sCH;
2 CH;(CH,)sCH=CH, +
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Arolh, C|l allCl : :
W

CI” | N
a OAr

BusSn 85 °C
Scheme 1.

Table 1. Formation of the different metathesis products
during the metathesis of 1-octene.

Reactions Substrates Products
la Primary metathesis
reaction
Homometathesis 2 C~C C—C,+C=C
1b  Isomerisation C~= C—C,
lc  Secondary metathesis
reactions
Cross metathesis C—C+C&C, C~/C¢+C~=C
C=C,+C=C
Homometathesis 2 C=C, C=Cs+ C~C,

significantly in air, moisture or due to minor impurities
in solvents.

In this study, the activity and influence of solvents and
additives were investigated on the metathesis of 1-
octene in the presence of the RuClL,(PCy;),(=CHPh)
catalyst and the results compared to those obtained in
the presence of the W(0O-2,6-C;H5X,),Cl,/Bu,Sn (X =F,
Cl, Br, Ph) catalytic systems (Scheme 1).

Results and Discussion

Reaction Products

Gas chromatographic analyses of the reaction mixtures
indicated the formation of primary (PMP) and secon-
dary (SMP) metathesis products. In the case of the W
catalytic systems the formation of Bu;SnCl was also
observed. The formation of some of the different
metathesis products is illustrated in Table 1. Reactions
1b and 1c are repeated with the 1-heptene, 1-pentene,
etc., formed during the secondary cross metathesis
reactions to give alkenes ranging from C; to C,5.5% The
selectivity of the reaction is defined as the % PMP of the
total amount of metathesis products.

Catalytic Activity of the W Systems
In previous studies we found that the optimum reactions
conditions for the W(0O-2,6-C¢H;X,),Cl,/Bu,Sn catalytic

systems are a reaction temperature of ca. 85°C, Sn/W
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Figure 1. Kinetics of the metathesis reaction of 1-octene in
the presence of the W(O-2,6-C,H;Cl,),Cl/Bu,Sn catalytic
system (temp. = 85°C; Sn/W molar ratio = 3; alkene/W molar
ratio =100; activation time =20 min; solvent =PhCl). [e 1-
octene; m PMP; o SMP; ¢ Bu;SnCl].
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Figure 2. Kinetics of the metathesis reaction of 1-octene in
the presence of the W(O-2,6-C¢H;Ph,),Cl,/Bu,Sn catalytic
system (temp. = 85°C; Sn/W molar ratio = 3; alkene/W molar
ratio =100; activation time =20 min; solvent=PhCl). [e 1-
octene; m PMP; o SMP; ¢ Bu,;SnCl].

molar ratio=3 and an activation time of 20 min.[8*]
Under these optimum conditions the kinetic profiles
of the reactions of 1-octene in the presence of the W(O-
2,6-C¢H5X,),Cl/Bu,Sn systems, X=Ph and Cl, are
illustrated in Figures 1 and 2. Similar results were
obtained for the two systems with regard to the primary
metathesis products and Bu;SnCl, i.e., yields 61 -64%
and ca. 3% respectively. With the Ph-substituted system

Adv. Synth. Catal. 2002, 344, 781 -788



Activity Comparison of W and Ru Catalysts for Metathesis of 1-Octene

FULL PAPERS

a higher selectivity (94% vs. 88%) was obtained than
with the Cl-substituted system, albeit at a slower
reaction rate (completion after ca. 90 min vs. ca. 40 min).

Quignard et al. found that the electronic and steric
properties of the aryloxide ligands play a role in the
activity and sometimes the sterecoselectivity of the
metathesis reaction.['*¢7] In this study we investigated
a number of aryloxide and alkoxide ligands. The same
reaction conditions as mentioned before were used for
both the tungsten(VI) aryloxide and tungsten(VI)
alkoxide derivatives.

For the metathesis of 1-octene the W(0O-2,6-C,H;X,),
Cl,/Bu,Sn catalytic system with X =F, Cl, Br were used
to determine the electronic influence of the ligands on
the metathesis activity and selectivity. The results of the
aryloxide derivatives of the tungsten precatalyst are
givenin Table 2. In all three cases a yield of ca. 60% PMP
and selectivities > 85% were obtained. The W(O-2,6-
C.H,F,),Cl,/Bu,Sn catalytic system gives a slightly
higher yield of SMP’s than the other two systems.
Similar results were obtained if the aryloxide ligand of

Table 2. Influence of different OAr ligands on the metathesis
activity of the W(OAr),Cl,/Bu,Sn catalytic systems with 1-
octene (temp. =85°C; Sn/W molar ratio = 3; alkene/W molar
ratio=100; activation time =20 min; reaction time=2 h;
solvent = PhCl).

-OATr PMP [%] SMP [%] Selectivity [%]
-0-2,6-C4H,Ph, 633 38 943
-0-2,6-C,H,F, 575 9.5 85.7
-0-2,6-CH,CL, 61.9 8.4 88.0
-0-2,6-C4H,Br, 61.5 72 89.5
-0-2,6-CL-4-F-C;H, 59.9 7.1 89.4

the W(0O-2,6-C,H;Cl,),Cl, complex was modified with
an additional fluorine atom on position 4.

With the more steric and less electron-withdrawing
ligand (X =Ph) a yield of ca. 63% PMP were obtained
with the SMP yield dropping by about half to ca. 4%.
This resulted in an increase in the selectivity to above
94% which is higher than the catalytic systems with
more electron-withdrawing groups.

The tungsten(VI) alkoxide complexes were prepared
in the same way as the tungsten(VI) aryloxide deriva-
tive.l’! The results of these complexes with Bu,Sn as
cocatalyst are shown Table 3.

The alkoxide ligands of both the W(OCH(C¢Hs),),Cl,
and W(OC(C¢Hs);),Cl, complexes are bulky groups and
can be compared with the steric effect of the W(O-2,6-
C¢H;Ph,),Cl,/Bu,Sn catalytic system. Both these com-
plexes were insoluble in almost all the solvents and no
activity was observed. The alkoxide ligands of the
W(OC(CH;)(CF5),),Cly/Bu,Sn catalytic system is more
electron-withdrawing. This catalytic system gave a yield
of about 28% PMP and 13% C,s,-dimers at a reaction
temperature of 25°C. The same catalytic system is less
active at a reaction temperature of 85°C. The yield of
SMP at both temperaturesis < 1%.

The influence of the alkene/W molar ratio on the
activity of the W(0O-2,6-C;H;X,),Cl,/Bu,Sn catalytic
systems (X =Ph, Cl) were also investigated and the
results are illustrated in Table 4. A rapid decrease in
PMP to below 12% with an increase in alkene/W molar
ratio was observed. The decrease in selectivity of the
W(0-2,6-CcH;Cl,),Cl,/Bu,Sn catalytic system was far
greater than in the case of the W(0O-2,6-C¢H;Ph,),Cl,/
Bu,Sn system, i.e., a decrease of ca. 25% and ca. 10%
respectively.

Table 3. Influence of different OR ligands on the metathesis activity of the W(OR ),Cl,/Bu,Sn catalytic systems with 1-octene
(temp. =85°C; Sn/W molar ratio=3; alkene/W molar ratio=100; activation time =20 min; reaction time =2 h; solvent =

PhCl).

-OR PMP [%] SMP [%] Ci¢-dimers [% ]
-OCH(C4Hs), No reaction

-OC(C¢Hs); No reaction

-OC(CHj;)(CFy3), (Temp.=25°C) 27.7 1.0 12.9
-OC(CH;)(CF3), 7.0 0.7 0.0

Table 4. Influence of the alkene/W molar ratio on the metathesis activity of the W(0O-2,6-C,H;X,),Cl,/Bu,Sn catalytic systems
with 1-octene (temp. =85°C; Sn/W molar ratio = 3; activation time =20 min; reaction time =2 h; solvent = PhCl).

W(0-2,6-C¢H;X,),Cl, Alkene/W molar ratio PMP [%] SMP [%] Selectivity [% ]
W(0-2,6-C¢H;Ph,),Cl, 100 63.3 3.8 94.6
500 26.4 2.8 93.6
1000 11.6 1.0 85.2
W(0-2,6-C¢H;ClL,),Cl, 100 61.9 8.4 88.0
1000 9.4 5.6 62.6
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100 @ Table 6. Influence of the alkene/Ru molar ratio on the
metathesis activity of the RuCl,(PCy;),(=CHPh) complex
with 1-octene (temp.=25°C; reaction time =2 h; solvent =

80 PhCl).

I Alkene/Ru molar ratio PMP [%] SMP [%] Selectivity [%]

60| m 100 59.1 4.3 93.1

L ] 650 60.0 2.0 96.7
1,000 57.8 1.6 97.3
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Figure 3. Kinetics of the metathesis reaction of 1-octene in
the presence of the RuCl,(PCy;),(=CHPh) complex (temp. =
25°C; alkene/Ru molar ratio=100; solvent=PhCl). [e 1-
octene; m PMP; o SMP].

Catalytic Activity of the Ru Catalyst

We compared the tungsten catalytic systems with the
well-defined first generation Grubbs catalyst,
RuCl,(PCy;),(=CHPh). The reaction conditions were
the same as for the tungsten catalytic systems except that
no cocatalyst was added and the reactions were gen-
erally performed at 25°C. The kinetic profile of the
metathesis reactions of 1-octene is illustrated in Fig-
ure 3. The primary metathesis reaction is initially very
rapid reaching ca. 40% PMP within 10 min and finally
ca. 60% PMP after 80 min. The formation of SMP were
below 5% resulting in a high selectivity of ca. 93%.

We also investigated the metathesis activity at reac-
tion temperatures of 85 and 130°C (Table 5). No
significant difference in metathesis activity was ob-
served, although a decrease in PMP and SMP were
evident. The selectivity was not influenced by the
increase in temperature and remained high (>92%).

Contrary to the W(0O-2,6-C;H;X,),Cl,/Bu,Sn catalytic
systems RuCL,(PCy;),(=CHPh) remained active at very
high alkene/Ru molar ratios (Table 6). It is only above

Table 5. Influence of the reaction temperature on the
metathesis activity of the RuCl,(PCy;),(=CHPh) complex
with 1-octene (alkene/Ru molar ratio =100; reaction time =
2 h; solvent = PhCl).

Temperature [°C] PMP [%] SMP [%] Selectivity [%]
25 59.2 4.8 92.5
85 622 4.4 934

130 51.4 3.6 93.5

784

increase in selectivity to ca. 99% with the increase in
the alkene/Ru molar ratio.

Solvents

The influence of solvents on the metathesis activity of
the W(0O-2,6-C,H;X,),Cl,/Bu,Sn (X =Ph, Cl) catalytic
systems and RuCl,(PCy;),(=CHPh) were investigated
to optimise the reaction conditions.”’] The solvents,
cyclohexane, toluene, benzene, diethyl ether, chloro-
benzene, nitrobenzene, 2-propanol, butanol, ethanol,
methanol and water were used. The yield of metathesis
products and the selectivity were compared to the
polarity of each solvent according to the E, polarity scale
of Reichardt.'”] The results of the W(0O-2,6-C;H;X,),Cl,/
Bu,Sn systems are illustrated in Figure 4.

In toluene, benzene, diethyl ether and chlorobenzene
relatively high PMP vyields (>45%) were obtained.
These solvents are all in the polarity range of 0.08—0.2.
In chlorobenzene the highest yields of PMP of ca. 60%
were obtained. An increase in SMP was observed in
toluene, benzene and diethyl ether. The highest selec-
tivities were observed in chlorobenzene followed by an
estimated steady decline in solvents of higher polarities.

Cyclohexane is a non-polar solvent and yields of
ca. 32% PMP and 4% SMP were obtained. If water,
the most polar solvent, were used with the W(O-2,6-
C¢H;X,),Cl,/Bu,Sn catalytic systems no metathesis was
observed.

The results with RuCL(PCy;),(=CHPh) are illustrat-
edin Figure 5. For both diethyl ether and chlorobenzene
high yields of PMP (ca. 62 and 60% respectively) and
low yields of SMP (ca. 4% for both) were obtained. In
toluene the yields were ca. 50% PMP and 3% SMP. If
cyclohexane is used as the solvent, 30% PMP and 2%
SMP were obtained, while in the case of the alcohols and
water the yields were ca. 35% and 4%, respectively. A
steady decrease in selectivity from ca. 95% to ca. 88%
was observed with an increase in the polarity of the
solvent.

Adv. Synth. Catal. 2002, 344, 781 -788
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Figure 4. Influence of the solvent on the metathesis activity of the W(O-2,6-C;H;X,),Cl,/ Bu,Sn catalytic systems with 1-octene
(temp. =85°C; Sn/W molar ratio = 3; activation time =20 min; reaction time =2 h; solvent =PhCl). [closed markers: X =Cl,
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Figure 5. Influence of the solvent on the metathesis activity of the RuCl,(PCy;),(=CHPh) complex with 1-octene (temp.=
25°C; alkene/Ru molar ratio = 100; reaction time =2 h; solvent =PhCl). [m PMP; o SMP; & selectivity].

Additives

The influence of different additives with similar
boiling points than 1-octene (bp 121.3°C), i.e., water
(bp 100°C), butanol (BuOH; bp 117.3°C), acetic
acid (MeCOOH; bp 117.9°C) and butyl acetate
(MeCOOBu; bp 126.5°C) on the activity of the
W(0-2,6-CsH;X,),Cl,/SnBu, catalytic systems were in-
vestigated. The results are shown in Table 7.

The W(0O-2,6-C¢H;Ph,),Cl,/SnBu, catalytic system
showed less deactivation in the presence of additives
than the W(0O-2,6-C4H;Cl,),ClL/SnBu, catalytic system.

Adv. Synth. Catal. 2002, 344, 781788

The addition of MeCOOBu showed no deactivation of
both catalytic systems, but the hydrogen-containing
additives BuOH, H,0O and MeCOOH led to the deacti-
vation of both systems with only 1% additives added.

The influence of the additives water, BuOH,
MeCOOH, acetic anhydride [(MeCO),0; bp 139.6°C],
2-pentanone (MeCOPr; bp 102°C) and butyl acetate
(MeCOOBu) were also investigated on the metathesis
activity of the RuClL(PCy;),(=CHPh) catalyst. The
results are illustrated in Table 8.

Generally the RuCl,(PCy;),(=CHPh) catalyst showed
the same or aslightincrease in PMP yield in the presence
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Table 7. Influence of additives on the PMP yield of the W(OAr),Cl,/ Bu,Sn catalytic systems with 1-octene (temp. =85°C; Sn/
W molar ratio = 3; alkene/W molar ratio = 100; activation time =20 min; reaction time =2 h; solvent = PhCl).

Additive/W molar

Additives [PMP yield (%)]

ratio H,0 BuOH MeCOOH MeCOOBu
W(0-2,6-C;H;Cl,),Cl,

0.0 61.9 61.9 61.9 61.9

1.0 5.4 2.0 1.0 68.0

2.0 0.0 0.0 0.0 65.2
W(0-2,6-C;H;Ph,),Cl,

0.0 63.3 63.3 63.3 63.3

1.0 26.8 20.0 16.4 62.2

2.0 10.0 4.0 0.0 58.4

Table 8. Influence of additives on the metathesis activity of the RuCl,(PCy;),(=CHPh) complex with 1-octene (temp.=25°C;

alkene/Ru molar ratio = 100; reaction time =2 h; solvent =PhCl).

Additive Additive/Ru molar ratio PMP [%] SMP [%] Selectivity [% ]
0 59.2 4.8 92.5
H,0 2 70.9 0.0 100.0
5 70.4 0.0 100.0
10 35.7 33 91.4
BuOH 2 65.1 14 97.8
5 61.0 1.5 97.5
10 49.8 1.0 95.3
MeCOOH 2 63.3 1.2 98.0
5 62.6 0.9 98.4
10 61.2 0.4 99.2
MeCOPr 2 61.5 4.0 93.8
5 57.0 2.7 95.4
10 61.0 2.0 952
MeCOOBu 2 61.9 3.8 94.0
5 62.6 2.6 95.8
10 62.0 2.8 95.6
(MeCO),0 2 66.5 2.8 95.8
5 54.9 2.0 96.4
10 52.3 32 94.1

of 2 and 5% additives. This is also true for the addition of
10% MeCOOH, MeCOPr and MeCOOBu. A signifi-
cant decrease is observed when 10% BuOH and
(MeCO),0 (also true for the addition of 5% of the
latter) are added. A decrease in SMP and an increase in
selectivities were observed with the addition of all the
additives.

Conclusion

The W(0O-2,6-C¢H5X,),Cl, complexes (X =Ph, F, Cl,
Br), in the presence of Bu,Sn, have a high activity for the
metathesis of long chain terminal alkenes and a high
selectivity towards primary metathesis products. The
W(O-2,6-C;H;Ph,),Cl,/Bu,Sn catalytic system has the
highest activity and also the highest selectivity. The
tungsten(VI) alkoxide complexes are not nearly as

786

active as the aryloxide complexes. It seems as if a phenyl
group is necessary for the activity and also the stability of
the catalyst.

The catalytic activity and selectivity of the
RuCl,(PCy;),(=CHPh) catalyst are comparable to those
of the W(0O-2,6-C¢H;Ph,),Cl,/Bu,Sn catalytic system
but with areaction rate ca. 2-fold faster. It remains active
even at alkene/Ru molar ratio=10,000. With an in-
crease in the alkene/Ru molar ratio a higher selectivity
towards the primary metathesis products were obtained.
The ruthenium catalyst is active at low (25 °C) and high
temperatures (130 °C). Itis also active in the absence of a
solvent and in air.

The tolerance of the W(O-2,6-C¢H;X,),Cl,/Bu,Sn
(X =Cl and Ph) catalytic system to oxygen-containing
additives is much lower than the RuCl,(PCy;),(=CHPh)
catalyst, with W(O-2,6-C,H;Ph,),Cl, the best of the two
W precatalysts. Brgnsted acids such as MeCOOH,

Adv. Synth. Catal. 2002, 344, 781 -788
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Figure 6. Relation between the OH stretching IR vibration
frequency of the additive and the PMP yield. [closed:
RuClL,(PCy;),(=CHPh); open: W(O-2,6-C;H;Ph,),Cl,/Bu,Sn].

BuOH, and H,O deactivate both the W(O-2,6-C;H;X,),Cl,/
Bu,Sn (X =Cl and Ph) catalytic systems. This is most
probably because they have a hydrogen to donate, which
could react with the catalyst. H,O have the strongest OH
bond of the Brgnsted acids investigated (based on the
OH stretching IR vibration frequencies).['!! It is there-
fore the weakest Brgnsted acid in the series, thus it will
be the last to donate its hydrogen. This could explain
why the stronger Brgnsted acids have a bigger deacti-
vation influence. This is confirmed if the PMP yield is
plotted against the frequencies of the OH stretching
vibrations (Figure 6). A slight, but similar, decrease in
PMP yield is observed for both RuCL,(PCy;),(=CHPh)
and W(0O-2,6-C¢H;Ph,),Cl, with a decrease in OH bond
strength at 1-2% additive additions. If however the
amount of additive is increased to 10% in the case of the
RuClL,(PCy;),(=CHPh) catalyst the reverse is true.
Generally the Lewis bases did not deactivate the
catalytic systems with the exception of (MeCO),0.

Different solvents were used for the metathesis
reaction of the W(0O-2,6-C,H;Ph,),Cl,/Bu,Sn catalytic
system and the RuCl,(PCy;),(=CHPh) catalyst. In this
study it is clear that the polarity of the solvent plays a
major role in the activity and also the selectivity of
especially the W(0O-2,6-C,H;Ph,),Cl,/Bu,Sn catalytic
system. A polarity of about 0.08-0.2 is necessary for a
high metathesis activity and at a polarity of 0.11 -0.2 for
high selectivity. For the RuCl,(PCys;),(=CHPh) catalyst
the polarity only plays a role in determining the activity
and not so much the selectivity of the reaction. A
polarity of 0.08 — 0.2 is necessary for a high activity of the
catalyst.

Adv. Synth. Catal. 2002, 344, 781788

Experimental Section

Reagents and Synthesis of W Complexes

The tungsten precatalysts were synthesised using the method
of Quignard et al.**1 WCl, (Merck), phenolic compounds [2,6-
difluorophenol, 2,6-dichlorophenol, 2,6-dibromophenol, 2,6-
diphenylphenol, and 2,6-dichloro-4-fluorophenol (Aldrich)]
and alcohols [triphenylcarbinol, diphenylmethanol (Aldrich)]
were used as obtained from the supplier. The alkylating
reagent (Bu,Sn) is a commercial product obtained from
Aldrich and was used as received.

The solvents, cyclohexane, toluene, diethyl ether, chloro-
benzene, 2-propanol, butanol, ethanol methanol (Merck), and
benzene (Holpro), were dried using 4 A molecular sieves and
stored under nitrogen over 4 A molecular sieves. 1-Octene
(Aldrich), was degassed and stored under a nitrogen atmos-
phere. The additives, 2-pentanone, butanol, acetic acid, butyl
acetate and acetic anhydride (Merck), were also dried and
stored like the solvents.

For the synthesis of W(OAr),Cl, and W(OR),Cl, a solution
of the phenol or alcohol (5 x 107 mol) in CCl, (20 cm?) was
added to a solution of WCl, (2.5 x 107 mol) in CCl, (20 cm?).
The mixture was refluxed with continuous stirring for 4 h. The
resulting complex was filtered, dried and stored under nitro-
gen.

The RuCl,(PCys;),(=CHPh) catalyst were used as obtained
from the supplier (Strem).

Catalytic Reactions

All catalytic reactions were carried out under nitrogen using
standard techniques and all additions of liquids were made
using gas-tight syringes. The W precatalyst (5 x 1073 mol) was
placed in a mini-reactor filled with nitrogen. This was followed
by the addition of the solvent (2.5 cm®) and Bu,Sn (1.5 x 10™*
mol). The catalyst mixture was then heated to 85°C. An
activation period of 20 min was allowed before the alkene (5 x
10 mol) was added to the mixture. The progress of the
reaction was followed by gas chromatographic analysis at
regular intervals. For both the influence of solvents and
additives the reaction was terminated after 2 h with an excess
amount of water (ca. 0.5 cm?). 1,2-Dichlorobenzene was used
as the internal standard for GC analyses.

The reaction conditions was the same for the
RuCl,(PCy;),(=CHPh) complex except that no cocatalyst
was used.

These reaction conditions were used throughout unless
otherwise indicated.

Analysis

Reaction mixtures were analysed on a Carlo Erba HRGC 5300
gas chromatograph equipped with an Alltech SE-30 capillary
column (30 m x 0.32 mm x 0.25 um) and flame ionisation
detector (FID). The following instrument conditions were
used: inlet temperature =300°C; injection volume =0.2 uL,
oven programme =70-250°C at 10°C min!, N, carrier gas
with a flow rate =2 cm® min ! at 20 °C and FID temperature =
350°C.
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The internal standard method was used to calculate the
% mol 1-alkene and metathesis products formed.
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