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tion products with CO and PPh3 but at a much slower rate 
than in the preceding case. The benzyl anion, 5, under the 
same conditions did not yield insertion products upon treat­
ment with either CO or PPh3. 
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Steric Environment of the Active Center in 
Metathesis of Olefins 

Sir: 

Since the first disclosure of olefin metathesis by CaId-
eron1 many catalytic systems in the homogeneous phase 
have been reported.2 The oxidation state of the metal 
(group 6a) in the precursor complex may vary from 0 to 6. 

Activation of hexavalent (for tungsten) or pentavalent (for 
molybdenum) precursors is achieved by a great number of 
non-transition metal compounds such as AlR3-^Cln,1 (n-
C4H9)Li,3 (CH3)4Sn,4 (n-C3H7)MgBr,5 and LiAlH4,

6 etc. 
With zerovalent precursor complexes, activation is usually 
obtained by means of Lewis acids.7,8 

Due to this great variety of catalytic systems, the oxida­
tion state as well as the coordination sphere of the active 
complex or complexes is unknown. We have therefore un­
dertaken a stereochemical investigation of metathesis of 
m-2-pentene with a great number of precursor complexes 
of tungsten; the purpose was to get information on the steric 
environment of the active catalyst or catalysts. 

The major difficulty for such an approach is that metath­
esis of m-2-pentene gives geometric isomerization of the 
products (2-butenes and 3-hexenes) and of the starting ole­
fin. For highly active catalytic systems, cis-trans distribu­
tion of isomers reaches the equilibrium composition in a few 
minutes at room temperature. Concerning this geometric 
isomerization, several stereochemical studies have been re­
ported on different systems such as: W C I 6 - C 2 H S A I C I 2 -
C2H5OH,9 W(CO)5P(C6Hs)3-C2H5AlCl2-O2,10 L2Mo-
(NO)2Cl2-C2H5AlCl2.11 

From the kinetics found for these reactions, we can take 
for granted the fact that cis-trans isomerization is a secon­
dary reaction of metathesis which also proceeds by a me-
tathetic mechanism. There are good reasons to assume that 
both reactions occur on the same active center. Thus, the 
only meaningful way to characterize the steric environment 
of the real catalyst in metathesis is to determine the stereo­
selectivity at 0% conversion. 

The catalytic systems used in the present work were 
mainly zerovalent precursor complexes of tungsten associ­
ated with C2H5AlCl2 and sometimes molecular oxygen. We 
also studied a catalytic system derived from hexavalent 
tungsten (WCl6-Sn(CHa)4). The solvent used was chloro-
benzene in all cases. The results have been compared with 
various literature data related to hexavalent precursors of 
tungsten. In order to obtain a high accuracy concerning the 
trans/cis ratio of 2-butenes (C4) and 3-hexenes (C6) at 0% 
conversion, we have plotted these trans/cis ratios vs. the 
trans/cis ratio of 2-pentene. This gave us a linear relation­
ship from which trans/cis C4 and trans/cis C6 ratios at 0% 
conversion have been deduced (Table I). 

The fact that the same trans/cis ratios for C4 and C6 are 
obtained with all the catalytic systems used in the homoge­
neous phase is a very meaningful result; stereoselectivity of 
metathesis does not seem to depend: (1) on the electronic 
effects of the ligands coordinated to zerovalent precursor 

Table I. Ratios (trans/cis) of 2-Butenes and (trans/cis) of 3-Hexenes for ci's-2-Pentene Metathesis in Homogeneous Phase at 0% 
Conversion (at 250C) 

Catalysts'* Cocatalysts0 Trans/cis C4
6 Trans/cis C6* 

W(CO)6 

W(CO)3NH2C6H11 

W(CO)5P(H-C4H,), 
W(CO)5P(C6H5), 
W(CO)5P(OC6H5), 
W(CO)4(P(C6H5),),-?, 
W(CO)4(diphos)<* 
W(CO) s(dien)e 

W(CO) ,(mesitylene) 
WCl / 
WCl6 

WCl/ 

C2H5AlCl, 

C2HjAlCl,+O, 
C2H5AlCl, 
CjH5AlCl,+O, 
C2H5AlCl, 
CjH5AlCl, + C2H5OH 
Sn(CH3)^ 
Li(H-C4H,) 

0.69 
0.78 
0.76 

0.73 ± 0.05 c 

0.76 
0.77 
0.72 
0.69 
0.72 
0.69 
0.73 

0.8 at 10% 
conversion 

0.83 
0.88 ± 0.06<? 

0.89 

0.88 
0.87 

"Experimental conditions: olefin/W =100 and Al/W = 4. b Analysis of the gaseous phase for C4 and of the liquid phase for C6. cThe un­
certainty is deduced from the results of 25 experiments. dDiphos = bis(l,2-diphenylphosphino)ethane. eDien = diethylentriamine. 
/Values obtained by plotting (trans/cis)C4 vs. (trans/cis) C5 from data of Calderon' (solvent:benzene). ^Values obtained from data of 
Wang and Menapace" (solvent: benzene, H-pentane). nSn/W= 1. 
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Table II. Ratios (trans/cis) of 2-Butenes for c/s-2-Pentene 
Metathesis with Supported Complexes at 0% Conversion" 

Catalyst Carrier Trans/cis C4 

W(CO)4 Al2O3T7 0.37 + O.OS 
W(CO)5P(«-C4H,)3 0.38 
W(CO)sP(C6Hs)3 0.38 
W(CO) ,P(OC6H 5 ) 3 0.40 

0 N o reliable data were obtained with hexenes, due to a 
capillary condensation of C6 on the catalyst. 

complexes W(CO)5L (L = CO, P («-C4H9)3, P (C6H5)3, P 
(OCgHs)3, NH2C6Hn), (2) on the number of coordination 
sites (1-3) occupied by the ligands (L) in W(CO)sL, 
W(CO)3L3, or on the steric hindrance of these ligands, (3) 
on the oxidation state of the precursor complexes (W6+, 
W0). 

Some of the zerovalent precursor complexes have been 
deposited on an r/ alumina carrier. Metathesis of c/s-2-pen-
tene was carried out in the gaseous phase at 250C. Results 
concerning stereoselectivity are given in Table II. 

It is necessary to interpret these results by comparing ho­
mogeneous systems with heterogeneous ones. The fact that 
the stereoselectivity is modified upon interaction of the pre­
cursor complex with the surface of a solid indicates that this 
stereoselectivity depends on the steric environment of the 
transition metal. 

Consequently steric results obtained in the pure homoge­
neous phase can supply valuable information on the steric 
effect of the ligand remaining coordinated to the active cat­
alyst. It seems therefore that we have the same steric envi­
ronment, whatever the precursor complex and the cocata-
lyst. That is, we have the same coordination sphere during 
the catalytic steps which govern stereochemistry of metath­
esis in all these cases. Tungsten has lost at least three li­
gands L; the complex W(CO)3(arene) gives the same stere­
oselectivity as W(CO)6. In fact tungsten has probably lost 
all its ligands L; W(CO)6 and WCl6 also exhibit the same 
stereoselectivity. Nevertheless this does not rule out the pos­
sibility of having one-electron ligands such as Cl, bonded to 
the active tungsten. It seems also that Al halide is not 
present on the active center since one obtains the same ster­
eoselectivity with the catalytic systems WCl6-C2H5AlCl2-
C2H5OH or WCl6-Sn(CH3)4. This is corroborated by re­
cent results of Dubois et al. concerning the photochemical 
activation of W(CO)6 in a chlorine containing solvent.13 

The results also seem to give an answer concerning the 
recent controversy about the homogeneous character of me­
tathesis catalysts.14 It now seems possible to make a clear 
distinction from a stereochemical point of view between ho­
mogeneous and heterogeneous systems. The two systems be­
have differently, and it seems that the homogeneous sys­
tems remain homogeneous in their active form at least with 
the precursor complexes used in the present work. 

The rather weak stereoselectivity observed in the metath­
esis of acyclic olefins15 neither supports nor refutes the 
mechanism of one carbene exchange proposed by Chauvin 
et al.16,17 and verified later by others.18-21 

This work does not seem to clarify the stereoselectivity 
aspect of metathesis of cyclic olefins. In the latter case 
about 90% cis or 90% trans polypentenamer can be ob­
served22-25 with cyclopentene depending on the experimen­
tal conditions. Although one could object than no precise 
stereochemical studies were performed with these systems 
at 0% conversion, the difference observed between metathe­
sis of cyclic and acyclic olefins could be explained by the 
coordination to the catalyst of the first double bond after 
the carbene in the polymeric chain linked to the tungsten; 
evidently this cannot occur in the case of acyclic olefins 
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W ^ 

Finally it is worth mentioning that supported homoge­
neous catalysts exhibit a stereoselectivity which is quite dif­
ferent from that observed with pure homogeneous systems. 
Here we have evidence for the effect of the surface on the 
steric course of a catalytic reaction. This could represent 
one of the differences between homogeneous catalysis and 
catalysis by supported complexes. 

Acknowledgment. We are very grateful to Professor J. 
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Steric Acceleration in Alkyldiazene (Azoalkane) 
Decompositions. Evidence for a Concerted Mechanism 

Sir: 

A number of techniques have been used to support either 
a concerted (two-bond, eq 1) or nonconcerted (one-bond, eq 
2) mechanism for the thermal decomposition of dialkyl- and 
alkylaryldiazenes. These studies, which include CIDNP ob­
servations of diazenyl radicals;1 effect of pressure,2 solvent 
viscosity,3 and structure4 on decomposition rate; racemiza-
tion of chiral diazenes;5 intramolecular trapping of diazenyl 
radicals;6 kinetic isotope effects;7 and thermochemical con­
siderations,8 do not show total unanimity of thought.1-8 

However, most of the data can be accommodated by eq 1 
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