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Abstract

New dinitrosylmolybdenum complexescis-[Mo(NO)2Cl2(MeCN)2]Cl andcis-[Mo(NO)2Cl3(iPrOH)]·3iPrOH were syn-
thesized and their catalytic activity was investigated. The cationic complex [Mo(NO)2Cl2(MeCN)2]+ was found to catalyze
the polymerization of norbornene. However, with EtAlCl2 both the complexes form systems catalytically very active in
metathesis (pent-2-ene), polymer degradation by cross-metathesis (polynorbornene and polyphenylacetylene by hex-3-ene),
ROMP (norbornene) and polymerization of substituted acetylenes (phenylacetylene, hex-2-yne andtert-butylacetylene). The
obtained results indicate that polymerization reaction oftert-butylacetylene is living polymerization. In these catalytic sys-
tems, vinyltrimethoxysilane copolymerizes with poly-tert-butylacetylene and parallely induces its partial degradation. The
interaction of the precatalysts with EtAlCl2 was also studied.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Chemistry of nitrosyl metal complexes is of spe-
cial interest because of the relevance of nitric oxide
in biological systems[1–8], the possibility of their
application as reactive intermediates in organic and
organometallic synthesis as well as in catalytic pro-
cesses[9–14].

In many of these reactions, important role is
played by carbene nitrosyl complexes[15–20], in
particular dinitrosyl complexes of molybdenum
and tungsten[12,18,21,22]. Dinitrosyl complexes
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of the sixth group have the electron structure of
{M(NO)2}6 [23,24]; the products of their reduction
are also known[25–27]. The dinitrosylmolybde-
num complexes with{Mo(NO)2}6 electronic struc-
ture belong to the most active catalysts of acyclic
and cyclic olefin metathesis[18,28]. They are also
very active catalyst of polymerization of acetylenes
[29].

The aim of this study was to test the catalytic ac-
tivity of new dinitrosylmolybdenum complexes with
{Mo(NO)2}5 electronic structure, i.e. [Mo(NO)2-
Cl2(MeCN)2]Cl and [Mo(NO)2Cl3(iPrOH)]·3iPrOH,
and to define the compound that is the real cata-
lyst. Activity was examined in metathesis reaction of
pent-2-ene, ROMP of norbornene, polymerization of
phenylacetylene, hex-2-yne andtert-butylacetylene
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and in reaction of vinyltrimethoxysilane with
poly-tert-butylacetylene.

2. Experimental

2.1. General data

All experiments were performed under argon at-
mosphere with standard Schlenk techniques and
vacuum-line procedure. Solvents were purified and
distilled under argon from appropriate agents. Nor-
bornene was purified according to the literature
[30]. The complexes, {Mo(NO)2(OEt)2EtOH}n,
{MoNO)2(OiPr)2}n [31] {CrNO)2(OEt)2}n [12] and
{W(NO)2(OEt)2EtOH}n, [13] were prepared ac-
cording to the published procedure. IR spectra were
measured using an Impact 400 (Nicolet) spectropho-
tometer. 1H and 13C NMR spectra were recorded
using a Bruker ARX 300 spectrometer. Magnetic
susceptibility measurements were made by the Gouy
method over the temperature range 77–295 K. EPR
spectra were recorded using a Bruker ESP 300E
spectrometer.

2.2. Metathesis and polymerization reaction of
alkenes and alkynes

Detailed procedures for performing metathesis and
polymerization reactions were described elsewhere
[13,32]. [Mo(NO)2Cl2(MeCN)2]Cl is not soluble
in PhCl, but when EtAlCl2 was added (at−10◦C)
to its suspension and the mixture was next heated
to room temperature, a homogeneous system was
formed. The catalytic reaction were quenched by
methanol. In the case of polymerization reactions,
methanol insoluble products were dried in vacuo,
and polymer yields were determined gravimetri-
cally.

The investigated catalytic reactions were mon-
itored by gas chromatography, and the products
were identified by GC–MS analysis (HP-5809II+
5971A). The weight-average molecular weight
(M̄W) of the obtained methanol-insoluble poly-
mers was determined by gel permeation chro-
matography (GPC) using polystyrene calibration
(HPLC-HP-10990II with DAD-UV/VIS and RJ de-
tector HP-1047A).

2.3. Synthesis of [Mo(NO)2Cl2(MeCN)2]Cl

EtSiCl3 in CH2Cl2 was added to a stirred solution
of {M(NO)2(OEt)2EtOH}n in CH2Cl2 in 1/3 molar
ratio. After about 3 h the solvent was removed under
vacuum. The remainder was dissolved in MeCN and
stored at room temperature during 24 h and next 24 h
in refrigerator. The obtained green crystals were fil-
tered off, washed with MeCN and CH2Cl2 and dried
in vacuo (yield 33%).

IR (nujol mulls): ν(CN) 2326 m, 2297 m,νs(NO)
1823 versusνas(NO) 1708 versusν(MoCl) 315 m, 289
m, cm−1. Anal.: Calc. for C4H6N4Cl3Mo: C 13.95, H
1.76, N 16.27%. Found: C 14.00, H 1.82, N 16.19%.

2.4. Synthesis of [Mo(NO)2Cl3(OiPr)] ·3iPrOH

EtSiCl3 in CH2Cl2 was added to a stirred solution
of the complex{MoNO)2(OiPr)2}n in CH2Cl2 in 1/2
molar ratio. After about 3 h, CH2Cl2 was removed un-
der vacuo. The remainder was dissolved iniPrOH and
stored at room temperature during 24 h. The solution
was removed under vacuum. The remainder was dis-
solved in CH2Cl2, filtered off and the product was
precipitated with pentane. The green complex was fil-
tered off, washed with hexane and dried in vacuo (yield
29%).

IR (nujol mulls):νs(NO) 1838 s,νas(NO) 1710 ver-
susν(OR) 1091 s, 921 m,ν(MoCl) 315 m, 296 w,
cm−1. Anal.: Calc. for C12H32N2Cl3MoO6: C 28.67,
H 6.42, N 5.57%. Found: C 28.72, H 6.49, N 5.45%.

3. Results and discussion

3.1. Synthesis

Reaction of {Mo(NO)2(OEt)2(EtOH)}n and
{Mo(NO)2(OiPr)2}n complexes with Me3SiCl in
PhCl produces the appropriate alkylidene complexes,
stable in MeCN[33], which induce olefins to poly-
merize. However, reaction of these dialkoxydini-
trosylmolybdene complexes (electronic structure of
{Mo(NO)2}6) with Et3SiCl in coordinating solvents,
e.g. MeCN andiPrOH, leads to formation of paramag-
netic complexes, [Mo(NO)2Cl2(MeCN)2]Cl (µeff =
2.07 MB, Θ = −28 K) and [Mo(NO)2Cl3(iPrOH)]·
3iPrOH (µeff = 2.12 MB, Θ = −31 K), respectively.
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The mechanisms of these reactions is not clear yet.
Analogical dialkoxydinitrosyl tungsten and chromium
complexes, in reaction with Et3SiCl in coordinat-
ing solvents, undergo completely destruction which
products do not contain nitrosyl ligands. In the
case of chromium complex, decomposition process
passes through mononitrosyl intermediate compound
(ν(NO) = 1659 cm−1).

The Mo(NO)2Cl2(MeCN)2]Cl complex is crys-
talline, green, weakly soluble in MeCN, MeNO2 and
alcohol and insoluble in CH2Cl2, PhCl and toluene.
Preliminary crystallographic investigations (Kuma
M4) showed that it crystallizes in rhombic crystal
system (space group Pnma,Z = 4). The cation
[Mo(NO)2Cl2(CH3CN)2]+ is situated on the plane of
symmetry. The NO and Cl− ligands are coordinated
in cis positions, while MeCN intrans positions with
respect to them (Fig. 1). The non-coordinated chloride
anion is situated along the MeCN–Mo–NCMe axis.
The character of its IR spectrum is consistent with this
model (νs(NO) = 1823 cm−1, νas(NO) = 1708 cm−1

ν(CN) = 2326 and 2297 cm−1; ν(MoCl) = 315
and 288 cm−1). The IR spectrum of the complex
[Mo(NO)2Cl3(iPrOH)].3iPrOH also contains two

Fig. 1. Structure of the [Mo(NO)2Cl2(CH3CN)2]Cl molecule.

ν(NO) bands (1838 and 1710 cm−1) andν(MoCl) (316
and 296 cm−1). The nitrosyl-stretching frequencies
are not much higher thanν(NO) of their 18-electron
analogs (Mo(NO)2Cl2(MeCN)2 (νs = 1805 cm−1,
νas = 1685 cm−1) [34] and Mo(NO)2Cl2(iPrOH)x
(νs = 1805 cm−1, νas = 1692 cm−1) [35]. The
[Mo(NO)2Cl3(iPrOH)]·3iPrOH complex is green,
too, and soluble in alcohols, diethyl ether, PhCl and
CH2Cl2. Its solubility confirms the assumed structure,
i.e. existence of three coordinated chloride ligands.

EPR spectra of powdered [Mo(NO)2Cl2(MeCN)2]
Cl and these of CH2Cl2 solution of Mo(NO)2Cl3
(iPrOH)]·3iPrOH were measured at room temper-
ature. All these spectra consist of a single, strong
central resonance (g = 1.9473 and 1.9469, respec-
tively). For Mo(NO)2Cl3(iPrOH)]·3iPrOH in CH2Cl2
solution, the central resonance in the EPR spectrum
clearly displays broad satellites (A = 41.1 G) due to
95Mo and 97Mo hyperfine coupling (I = 5/2, natu-
ral abundance 15.9 and 9.6%, respectively). No14N
hyperfine coupling is evident in these spectra, like in
the respective mononitrosylmolybdenum complexes
[36,37]. This observation indicates the minimum de-
localization of non-paired electron density on to the
nitrosyl ligands.

3.2. Catalytic activity

3.2.1. Cationic polymerization
The cationic compounds as well as dinitro-

syl complexes [M(NO)2(MeCN)4]2+ were found
to catalyze the polymerization of acetylenes and
olefins [10]. A test of the ability of these cationic
compounds to generate incipient carbonium ions
by interaction with olefins involved the reaction
of tert-butylethylene with these compounds[10].
When comparing [Mo(NO)2Cl2(MeCN)2]Cl and
[Mo(NO)2Cl3(iPrOH)]·3iPrOH complexes, only
[Mo(NO)2Cl2(MeCN)2]Cl was found to catalyze
the skeletal rearrangement oftert-butylethylene to
tetramethylethylene at room temerature in MeNO2.
If incipient carbonium ion is generated by the reac-
tion of [Mo(NO)2Cl2(MeCN)2]Cl with olefins, this
complex should act as good initiator for cationic
polymerization. The polynorbornene (55% yield in
24 h) obtained in the reaction of norbornene (NB)
with [Mo(NO)2Cl2(MeCN)2]Cl (reaction conditions:
MeNO2 as solvent, room temperature, concentration
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Table 1
Metathesis of pent-2-ene by [Mo(NO)2Cl2(MeCN)2]Cl and [Mo(NO)2Cl3(iPrOH)]·3iPrOH/EtAlCl2 systemsa

Complex [Mo]/[EtAlCl2] ta (min) Conversionb (%)

[Mo(NO)2Cl2(MeCN)2]Cl 6 2 54
9 2 54

12 2 54
6 30 46
9 30 51

12 30 54
9 60 48

12 60 52

[Mo(NO)2Cl3(iPrOH)]·3iPrOH 9 2 54
12 2 54
9 30 52

12 30 54

a Reaction conditions: solvent PhCl, [Mo]= 2.0 × 10−4 M, [Mo]/[olefin] = 1/100, tr = 2 min, room temperature.
b Into but-2-ene and hex-3-ene.

of complex [Mo]= 2.0×106 M; [Mo]/[NB] = 1/100)
appears to be virtually insoluble in all common or-
ganic solvents, a feature indicative of the presence of
extensive cross-linking[38].

3.2.2. Metathesis reaction
Catalytic activity of [Mo(NO)2Cl2(MeCN)2]Cl

and [Mo(NO)2Cl3(iPrOH)]·3iPrOH complexes in
metathesis reaction was examined using EtAlCl2
as cocatalyst and pent-2-ene as the tested olefin
(Table 1). Both the systems show identical catalytic
activity. The metathesis equilibrium[39] was estab-
lished after the reaction time (tr) of 2 min. However,
activities of both systems depend on the aging time
(ta) and on the molar ratio of [Mo]/[EtAlCl2]. After
ta ≥ 30 min andtr = 2 min, for the systems with
[Mo]/[EtAlCl 2] ≥ 1/9, the metathesis equilibrium
was not reached. The reason of this was unstability
of these systems. Stability increases with increas-
ing concentration of cocatalyst compared to that of
precatalysts (Section 3.3).

Catalytic activities of the examined systems
are higher than that of appropriate systems of
18-electronic dinitrosylmolybdenum complexes[18],
in which the metathesis equilibrium was established
after tr = 5–15 min.

3.2.3. Cross-metathesis reaction
Degradation of unsaturated polymers by cross-met-

athesis with alkenes occurs in the presence of molyb-

denum and tungsten catalysts leading to oligomer
[28,40–43].

Both the title complexes form also very active
systems for such reaction. Degradation of polypheny-
lacetylene (PPA) and polynorbornene (PNB) in
cross-metathesis reactions withtrans-hex-3-ene
was investigated. These reactions were carried out
in the presence of [Mo(NO)2Cl2(MeCN)2]Cl and
[Mo(NO)2Cl3(iPrOH)]·3iPrOH/EtAlCl2 (1/9 and
1/12 molar ratio, respectively; [Mo]= 2.0× 10−4 M,
ta = 2 min) catalytic systems in PhCl solutions at
room temperature. The molar ratios of the polymer
units ([==PU==]) to trans-hex-3-ene were 1:1 (for
PPA M̄w = 2.28× 104, for PNB M̄w = 4.36× 104)
and that of [Mo]/hex-3-ene was 1/100. The runs of
cross-metathesis reactions were monitored by deter-
mining the hex-3-ene conversion. Both the systems
show also identical activity in these catalytic reac-
tions. After 15 min, about 65%trans-hex-3-ene (in
molar ratio to the respective polymer) was converted
in each system ([Mo(NO)2Cl2(MeCN)2]Cl: PPA
67.1%, PNB 62.9%; [Mo(NO)2Cl3(iPrOH)]·3iPrOH:
PPA 67.0%, PNB 63.0%). As it is usual in metathesis
investigations, the units in the degradation products
([==PU==]) are considered from one double bond to
the next. The expected units [==PU==]x (x = 1–5
for PPA and 1–6 for PNB) were found. The main
products (∼60%) were oligomers with molecular
weights corresponding to three and four polymer
units.
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Table 2
ROMP of norbornene by [Mo(NO)2Cl2(MeCN)2]Cl and [Mo(NO)2Cl3(iPrOH)]·3iPrOH/EtAlCl2 (1/9 and 1/12 molar ratio, respectively)
systems

Complex Conversion (%) Polymer

Yield (%) M̄w/105 M̄w/M̄n cis (%)

[Mo(NO)2Cl2(MeCN)2]Cl 75.0 75.0 2.36 2.90 91.2
[Mo(NO)2Cl3(iPrOH)]·3iPrOH 75.0 74.8 2.36 2.92 91.1

3.2.4. ROMP of norbornene
No literature data on polymerization of norbornene

(NB) by nitrosyl molybdenum complexes—EtAlCl2
systems are available. Polymerization of norbornene
was investigated using [Mo(NO)2Cl2(MeCN)2]Cl
and [Mo(NO)2Cl3(iPrOH)]·3iPrOH/EtAlCl2 (1/9 and
1/12 molar ratio, respectively; [Mo]= 2.0× 10−4 M,
ta = 2 min, [Mo]/[NB] = 1/100) systems in PhCl
(5 cm3) solutions at room temperature (Table 2). Af-
ter 10 min norbornene was converted in 75% using
both systems and the yield of polynorbornene was
75% (M̄w = 2.36 × 10−4, M̄w/M̄n = 2.90). These
polymerization reactions of norbornene were in 100%
the ring opening metathesis polymerization (charac-
terized by IR[44,45] and NMR spectra[45–47]) and
their stereoselectivity were high (91%cis-polymer).

3.2.5. Polymerization of phenylacetylene and
hex-2-yne

Polymerization of phenylacetylene was examined
using systems based on the both title complexes in
the same reaction conditions (excepttr) as used for

Table 3
Polymerization of phenylacetylene (PA) and hex-2-yne by [Mo(NO)2Cl2(MeCN)2]Cl and [Mo(NO)2Cl3(iPrOH)]·3iPrOH/EtAlCl2 (1/9 and
1/12 molar ratio, respectively) systemsa

Complex Monomer Conversion (%) Polymerb

Yield (%) M̄w/103 M̄w/M̄n

[Mo(NO)2Cl2(MeCN)2]Cl PA 88.6 87.1 5.64 3.08
[Mo(NO)2Cl3(iPrOH)]·3iPrOH PA 88.6 87.2 5.62 3.08
[Mo(NO)2(O2CPh)2]c PA 100 80.0 1.0 1.15
{Mo(NO)2(Oet)2EtOH}n

d PA 90 65.0 2.0
[Mo(NO)2Cl2(MeCN)2]Cl Hex-3-ene 32 32.0e

a Reaction conditions: solvent PhCl, [Mo]= 2.0 × 10−4 M, [Mo]/[acetylene]= 1/100, ta = 2 min, tr = 10 min, room temperature.
b Methanol-insoluble part.
c [29], tr = 4 h.
d [48], tr = 15 min.
e Polymer insoluble in organic solvents.

the ROMP of norbornene (Table 3). In these condi-
tions, phenylacetylene was converted in 88.6% after
10 min (87% yield of polymers) for both examined
catalytic systems. In Mo(NO)2(O2CPh)2/EtAlCl2
system 100% convertion was observed (yield of
polymer 80%) but after 4 h[29]; however, in the
system with{Mo(NO)2(OEt)2EtOH}n after 15 min
phenylacetylene was converted in 90% with the
yield of polymer equal to 65%[48] (Table 3). The
weight-average molecular weight̄Mw of the obtained
polyphenylacetylene is higher then that obtained in
Mo(NO)2(O2CPh)2 and {Mo(NO)2(OEt)2EtOH}n
systems, but still rather low. This fact can be caused
by kinetic effects as well as by possible degradation
induced by the polymerization catalyst. The latter
explanation is consistent with earlier observations
that phenylacetylene, which has no substituent ator-
tho position, does not form high molecular weight
polymers in the presence of Mo catalysts[49].

The structures of the obtained polyphenylacetylenes
were determined by1H NMR and IR spectroscopies
[50–53]. The polymers were identified astrans-cisoidal.



22 A. Keller et al. / Journal of Molecular Catalysis A: Chemical 188 (2002) 17–24

When the mechanism of polymerization could be
described by propagation through metal carbenes and
cyclometallabutene intermediates, the polymer struc-
ture is determined by two mechanisms: (i) isomer-
ization prior to the double bond formation—resulting
in cis-transoidal isomer ortrans-cisoidal isomer de-
pending on the mode of cyclometallabutene open-
ing [52,54–57], (ii) thermal isomerization after double
bond formation—resulting in thecis to trans isomer-
ization and cyclohexadiene sequences. The obtained
results suggest that the former (i) mechanism decides
on the microstucture of polyphenylacetylene formed
in the tested systems.

Polymerization of hex-3-yne was carried out only
with the [Mo(NO)2Cl2(MeCN)2]Cl/EtAlCl2 system
(Table 3). Only 32% convertion of hex-3-yne was
observed aftertr = 10 min. The yield of polymer was
also 32% and the polymer was insoluble in organic
solvents.

3.2.6. Living polymerization of tert-butylacetylene
Living polymerizations of substituted acetylenes

have been achieved by using ternary catalysts based
on MoOCl4 [58–61], Schrock carbenes[62–65]
and rhodium complexes[66]. We found that the
tested complexes with EtAlCl2 also cause living
polymerization of tert-butylacetylene (Table 4).
The reaction was carried out in the binary sys-
tem based on [Mo(NO)2Cl2(MeCN)2]Cl complex
in PhCl ([Mo]/[EtAlCl2] = 1/12, ta = 2 min). In
this system, 100% yield of poly-tert-butylacetylene
was achieved after 10 min. Thecis-polymer con-
tent was determined by13C NMR [60]. Table 4
shows the result of so-called multistage polymer-
ization. Monomer feeds was supplied twice re-
peatedly. TheM̄n of the poly-tert-butylacetylene
incrased in appropriate proportion to the polymer
yield. The M̄w/M̄n ratios were 1.10 and 1.15, re-
spectively. These results clearly indicate that the

Table 4
Multistage polymerization oftert-butylacetylene by [Mo(NO)2-
Cl2(MeCN)2]Cl/EtAlCl2 (1/12 molar ratio) system

Polymer yield (%) M̄w/104 M̄w/M̄n cis-P-t-BA (%)

56 2.09 1.21 86.0
100 3.15 1.10 85.9
200 6.48 1.15 84.6

polymerization reaction oftert-butylacetylene using
[Mo(NO)2Cl2(MeCN)2]Cl/EtAlCl2 system is living
polymerization.

3.2.7. Reaction of poly-tert-butylacetylene
with vinyltrimethoxysilane in the presence of
[Mo(NO)2Cl2(MeCN)2]Cl/EtAlCl2 system

Vinylsubstituted silanes, however, appeared to be
inactive for degradation of unsaturated polymers as
well as for their ADMET polymerization in the pres-
ence of sixth group metal carbene catalysts[67–69].
Nevertheless, vinylsilanes were used for the reduc-
tion of the molecular mass of polymers[69] and very
recently were also used for the metathetical degra-
dation of 1,4-polybutadiene by ruthenium carbene
complexes[70].

We investigated the reaction of poly-tert-butylacety-
lene with vinyltrimethoxysilane in the presence of
[Mo(NO)2Cl2(MeCN)2]Cl/EtAlCl2 catalytic system
(1/6 molar ratio, [Mo] = 1.10 × 10−4 M, ta =
2 min) in PhCl at room temperature. The molar ra-
tio of [==PU==] to vinylsilane was 1:1 and that of
[Mo]/[vinylsilane] = 1/100. The initial molecular
weight of poly-tert-butylacetylene was 6.70 × 104

(M̄w/M̄n = 1.41).
After 15 min more than 70% of vinyltrimethoxysi-

lane was consumed, where 60% contributed to the in-
crease of polymer mass (determined gravimetrically).
It was confirmed by the1H NMR spectrum of the
obtained polymer. In effect of this copolymerization,
the molecular weight of polymer also increased to
3.34× 105 (M̄w/M̄n = 5.16).

A product of this reaction (∼3%) was also a
polymer with menaingly lower molecular weight
(M̄w = 2.84 × 103, M̄w/M̄n = 1.20), containing
small amounts of [==Si(OCH3)3] units (1H NMR: δ

3.49 (OCH3), 6.47 (≡SiCH==)). The results indicate
that the copolymerization reaction is accompanied by
polymer degradation by cross-metathesis.

In this catalytic system, in identical reaction con-
ditions, vinyltrimethoxysilane undergoes polymeriza-
tion with 20% yield of polymer which is insoluble in
all common organic solvents.

3.3. The interaction of precatalyst with EtAlCl2

The constant values ofν(NO) (νs = 1844 cm−1

andνas = 1744 cm−1), independent on other ligands
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coordinated, are characteristic for ethylidenedinitro-
sylmolybdenum complexes with{Mo(NO)2}6 elec-
tronic structure, formed in EtAlCl2 systems[21,22].
In the both systems tested these frequencies are
higher: νs = 1858 cm−1, νas = 1757 cm−1 (for
[Mo]/[EtAlCl 2] = 1/6:1/12 molar ratios; in PhCl).
Identical alkylidene complexes formed in these
systems have limited stability depending on the
[Mo]/[EtAlCl 2] molar ratio. For molar ratios≥1/9
they are stable by about 30 min whereas, for molar
ratios≤1/12, they are stable for almost 60 min. After
this time they undergo gradual destruction. The proof
of that is decay of the frequencyν(NO). Its complete
disappearance was observed after approximately 24 h.

ESR experiments showed that, after addition of
EtAlCl2 to the precursor, new signals appear, identical
in both systems, withg = 1.9693, which disappear
after some time, as it was observed in IR spectra.
Parallely, new signals (g = 1.9847) appear, with evi-
dent hyperfine structure (six lines,A = 5.0 G,Fig. 2),
undoubtely caused by coupling with the nucleus of
27Al (I = 5/2).

Fig. 2. EPR spectra of the [Mo(NO)2Cl2(CH3CN)2]Cl/EtAlCl2

([Mo]/EtAlCl 2] = 1/6, in PhCl, room temperature) system after
(a) 2 h, (b) 24 h.

The above results and the catalytic activities of these
systems clearly indicate that identical catalyst (most
probably ethylidene complex), with unaffected elec-
tronic structure, are formed in both systems and that
their decomposition products are identical, too.
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