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Abstract

Ž . Ž . ŽMo NO O CR –Lewis acid catalysts Lewis acidsTiCl , SnCl , EtAlCl ; Rsphenyl, methylvaleric, ethylhex-2 2 2 4 4 2
. Ž .anoic induce monosubstituted acetylenes phenylacetylene, tert-butylacetylene to polymerize. The catalytic ability of these

catalyst strongly depends on the Lewis acid and solvent. The system with SnCl in benzene is almost selective in4
Ž .polymerization of phenylacetylene conversion: 60%, yield of polymer 56% while in toluene cyclotrimers are the main

Ž .products conversion: 70%, yield of cyclotrimers: 69% . However, the TiCl system trimerized phenylacetylene in PhCl4
Ž .solution conversion: 76%, yield of cyclotrimers: 66.5% . The structure of obtained polymers and mechanisms of

polymerization and cyclotrimerization reactions were determined. q 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Metathesis polymerization of acetylenes of-
fers useful applications as a method for the
preparation of polymers. For example, poly-
acetylene is the best-known conducting poly-
mer, whose doped form exhibits metallic con-

w xductivity 1–3 . Other polyacetylenes with suit-
able substituents possess often better processi-
bility and novel interesting properties. Various
polyacetylenes with aromatic and related pen-
dant groups have been prepared and studied
w x4–14 . The substituted acetylene that has been
most often employed to study is probably

w xphenylacetylene 15–27 . This monomer under-

) Corresponding author. Tel.: q48-229281; E-mail:
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w xgoes polymerization by thermal 28,29 , radical
w x w x w x28–32 , cationic 33,34 , Ziegler-Natta 35–38
mechanism, and also by transition metal based

w xcatalysts 11,17,18,23,27,39–41 . The latter are
considered to promote polymerization by a
metathesis mechanism, similar to the metathesis

Ž . w xcatalysts carbene complexes 18,23,41–45 .
The mechanism of polymerization of phenyl-
acetylene and microstructure of its polymers
strongly depends on the catalyst, thermal history
of the polymerization reaction and often on the

w xsolvent 19,20,27,45 . No literature data on
polymerization of acetylenes by nitrosyl molyb-
denum complexes are available.

Ž . Ž .Here, we report the Mo NO O CR –Lewis2 2 2

acid systems which serve as effective catalysts
in the polymerization or cyclotrimerization of
monosubstituted acetylenes. The polymerization

1381-1169r99r$ - see front matter q 1999 Elsevier Science B.V. All rights reserved.
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and cyclotrimerization mechanism and structure
of the polymerization products have also been
investigated.

2. Experimental

All experiments were carried out under argon
atmosphere using Schlenk techniques either in
vacuum-line systems. Reagents were purified by
standard methods. Solvents were distilled using
appropriate drying agents under argon.

The IR spectra were recorded on a Nicolet
Impact 400 spectrophotometer. 1H and 13C NMR
spectra were measured at room temperature on a
Bruker 300 spectrometer. Tetramethylsilane was

Ž . Ž .used as an internal standard. Mo NO acac2 2
Ž . w x � Ž . Žacac s acetylacetone 46 , Mo NO O-i-2
. 4 w x Ž . Ž . w xPr 47 and Mo NO O CPh 48 were2 2 2 2 2

prepared according to published procedures.

( ) ( )2.1. Synthesis of Mo NO O CR where Rs2 2 2
( ) ( ) ( ) ( )CH CH C H CH EH and CH CHCH -3 2 3 2 5 3 2 2
( )CH MV2

Ž .New complexes of the type Mo NO -2
Ž . Ž Ž . Ž . Ž .O CR R s CH CH C H CH EH ;2 2 3 2 3 2 5
Ž . Ž ..CH CHCH CH MV were synthesized in3 2 2 2

the same manner as described for this type
w xcomplex where RsPh 48 . The complexes

were characterized by IR and 1H NMR spec-
troscopy and their purities were checked by
elemental analyses:

( ) ( )2.1.1. Mo NO O CEH2 2 2
Ž . y1IR nujol mulls : n 1806 vs, 1688 vs cm .NO

1 Ž . ŽH NMR in CD Cl : d 2.44 s, br, 2H;2 2
Ž . . ŽCO C H CH CH – ; d 1.66 s, br, 4H;2 2 3
Ž . . ŽCO CH C H CH – ; d 1.33 s, br, 12H;2 2 3

Ž . . Ž Ž .– C H CH ; d 0.95 d, 12H; –CH CH C H2 3 3 2 3
Ž . .CH C H ppm . Anal.: Calc. for2 3 3

C H N MoO : C 43.44, H 6.84, N 6.33%.16 30 2 6

Found: C 43.15, H 6.98, N 6.12%.

( ) ( )2.1.2. Mo NO O CMV2 2 2
Ž . y1IR nujol mulls : n 1809 vs, 1680 vs cm .NO

1 Ž . ŽH NMR in CD Cl : d 2.20 t, 4H;2 2

. ŽCO CH CH – ; d 1.22–1.33 m, 6H; –CH CH2 2 2 2
Ž . . Ž Ž . .CH ; d 0.66 d, 12H; –CH CH ppm.3 2 3 2

Anal.: Calc. for C H N MoO : C 37.32, H12 22 2 6

5.74, N 7.25%. Found: C 37.11, H5.90, N
7.04%.

( ) ( ) ( )2.2. Synthesis of Mo NO O-i-Pr MCl and2 2 4 2
( ) ( ) ( ) (Mo NO O CR MCl MsTi, Sn; RsPh,2 2 2 4 2

)EH, MV

The CH Cl solution of MCl was added to2 2 4

CH Cl solution of appropriate complex in mo-2 2

lar ratio of 1:2. The yellow-brown precipitate
was filtered off, washed with CH Cl and hex-2 2

ane and dried in vacuo.

( ) ( ) ( )2.2.1. Mo NO O-i-Pr MCl2 2 4 2
Ž .MsTi. IR nujol mulls : n 1809 vs, 1798NO

y1 1 Ž . Žvs cm . H NMR in CD CN : d 4.18 br, 2H;3
Ž . . Ž Ž . .–C H CH , d 1.17 br, 12H; –CH C H3 2 3 2

ppm. Anal.: Calc. for C H N Cl MoO Ti : C6 14 2 8 4 2

11.03, H 2.16, N 4.29, Cl 43.40%. Found: C
10.94, H 2.39, N 4.00, Cl 43.29%.

Ž .MsSn. IR nujol mulls : n 1802 vs, 1700NO
y1 1 Ž . Žvs cm . H NMR in CD CN : d 4.22 br, 2H;3
Ž . . Ž Ž . .–C H CH , d 1.19 br, 12H; –CH C H3 2 3 2

ppm. Anal.: Calc. for C H N Cl MoO Sn : C6 14 2 8 4 2

9.06, H 1.77, N 3.52, Cl 35.67%. Found: C
8.90, H 1.90, N 3.38, Cl 35.50%.

( ) ( )2.2.2. Mo NO O CR2 2 2
Ž .RsPh; MsTi. IR nujol mulls : n 1816NO

y1 1 Ž .vs, 1699 vs cm . H NMR in CD CN : d3
Ž . Ž8.09–7.50 m, 4H, ortho- ; d 7.50–7.64 m,

.6H, meta-, para- ppm. Anal.: Calc. for
C H N Cl MoO Ti : C 21.63, H 1.38, N14 10 2 8 6 2

3.60, Cl 36.48%. Found: C 21.41, H 1.42, N
3.39, Cl 36.39%.

Ž .RsPh; MsSn. IR nujol mulls : n 1818NO
y1 1 Ž .vs, 1701 vs cm . H NMR in CD CN : d3

Ž . Ž7.95–8.45 m, 4H, ortho- ; d 7.22–7.85 m,
.6H, meta-, para- ppm. Anal.: Calc. for

C H N Cl MoO Sn : C 18.29, H 1.10, N14 10 2 8 6 2

3.05, Cl 30.85%. Found: C 18.10, H 1.17, N
2.89, Cl 30.75%.
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Ž .RsEH; MsTi. IR nujol mulls : n 1834NO
y1 1 Ž .vs, 1715 vs cm . H NMR in CD CN : d3

Ž Ž . .2.20–2.34 m, 2H; CO CH CH CH – ; d2 2 3
Ž Ž .1.27–1.52 m, 16H; CO CH CH CH -2 2 3

( . . ŽCH CH ; d 0.84–1.05 m, 12H; CO CH-2 3 3 2
Ž .Ž . .CH CH CH CH ppm. Anal.: Calc. for2 3 2 3 3

C H N Cl MoO Ti : C 23.39, H 3.68, N16 30 2 8 6 2

3.41, Cl 34.51%. Found: C 23.19, H 3.77, N
3.11, Cl 34.63%.

Ž .RsEH; MsSn. IR nujol mulls : n 1815NO
y1 1 Ž .vs, 1707 vs cm . H NMR in CD Cl : d2 2

Ž Ž . .2.35–2.75 m, 2H; CO CH CH CH – ; d 1.632 2 3
Ž Ž . Ž . .s, br, 8H; CO CH CH CH CH CH CH ;2 2 3 2 2 2 3

Ž Ž . ( )d 1.31 s, br, 8H CO CH CH CH CH CH -2 2 3 2 2 2
. Ž ŽCH ; d 0.75–1.05 m, 12H; CO CH CH -3 2 2
.Ž . .CH CH CH ppm. Anal.: Calc. for C -3 2 3 3 16

H N Cl MoO Sn : C 19.95, H 3.14, N 2.91,30 2 8 6 2

Cl 29.44%. Found: C 19.79, H 3.23, N 2.70,
Cl 29.57%.

Ž .RsMV; MsTi. IR nujol mulls : n 1818NO
y1 1 Ž .vs, 1715 vs cm . H NMR in CD CN : d3

Ž .2.25–2.44 m, 4H; CO CH CH – ; d 1.42–2 2 2
Ž Ž . .1.54 m, 6H; –CH CH CH ; d 0.75–1.052 3 2

Ž Ž . .m, 12H; –CH CH ppm. Anal.: Calc. for3 2

C H N Cl MoO Ti : C 18.83, H 2.90, N12 22 2 8 6 2

3.66, Cl 37.04%. Found: C 18.69, H 2.97, N
3.39, Cl 37.14%.

Ž .RsMV; MsSn. IR nujol mulls : n 1828NO
y1 1 Ž .vs, 1708 vs cm . H NMR in CD CN : d3

Ž .2.26–2.36 m, 4H; CO CH CH – ; d 1.45–2 2 2
Ž Ž . .1.58 m, 6H; –C H CH CH ; d 0.80–0.902 3 2

Ž Ž . .m, 2H; –CH CH ppm. Anal.: Calc. for3 2

C H N Cl MoO Sn : C 15.89, H 2.44, N12 22 2 8 6 2

3.09, Cl 31.26%. Found: C 15.69, H 2.54, N
2.89, Cl 31.31%.

2.3. Polymerization reaction

A standard polymerization procedure was as
Ž . Žfollows: a for binary catalysts complex–

.MCl ; MsTi, Sn —to the solution of complex4
Ž .0.25 mmol in 5 ml and the monomer with

Žw x w x .internal standard Mo r monomer s 1r50 ,
Žw x w xthe appropriate solution of MCl Mo r MCl4 4

. Ž .s1r2 was added, b for ternary catalysts
Ž .complex–PA–MCl —to the solution of com-4

Ž . Ž .plex 0.25 mmol in 5 ml , phenylacetylene PA
Žw x w x w x .and MCl Mo r PA r MCl s1r1r2 , the4 4

Ž Ž .solution of monomer diphenylacetylene DPA
Ž . w x w x .or norbornene NB ; Mo r monomer s1r50

Ž .was added, c for the complex–EtAlCl cata-2
Žlysts—to a stirred solution of complex 0.25

.mmol in 5 ml , EtAlCl in hexane was added2
Žw x w x .at y208C Mo r Al s1r4 . After 10 min,

phenylacetylene with internal standard was
added at room temperature.

The polymerization reactions were quenched
by adding a small amount of methanol to the
polymerizing systems. The formed polymers
were isolated by precipitation in methanol; other

Žreaction products dimers, trimers and
.oligomers were isolated from the remaining

solution. Monomer conversions were deter-
Žmined by gas chromatography GC-MS; HP-

.5890 II q5971A . The yield of polymerization
was determined gravimetrically. The weight-

Žand number-average molecular weights M andw
.M , respectively were determined by the geln

Žpermeation chromatography GPC; HPLC-HP
1090 II with DAD-UVrVIS and IR detector HP

.1047A using polystyrene calibration.

3. Results and discussion

3.1. Interaction of dinitrosylmolybdenum com-
plexes with Lewis acid

Dinitrosylmolybdenum complexes of the type
� Ž . Ž . 4 Ž . Ž .Mo NO OR and Mo NO O CR with2 2 n 2 2 2

EtAlCl are very active catalysts of olefin2
w xmetathesis 47–51 . Reactions between the com-

ponents of these systems yield the appropriate
ethylidenedinitrosyl complexes, which were

w xcharacterized spectrally 49,52–54 . They are
examples of low-valent carbene complexes with
nucleophilic alkylidene ligands. These ethyli-
dene complexes are the products of transforma-

Ž .tion of the precursor complexes—EtAlCl 1:22
w xadducts 49,53 . The complexes under consider-

ation form similar 1:2 adducts with other Lewis
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acids as TiCl and SnCl . The adducts Mo-4 4
Ž . Ž . Ž . Ž .NO OR MCl Rs i-Pr; MsTi, Sn and2 2 4 2

Ž . Ž . Ž . ŽMo NO O CR MCl RsPh, EH, MV;2 2 2 4 2
.MsTi, Sn were synthesized and characterized
1 Žby IR and H NMR spectroscopy see Section

.2 . All these adducts are yellow-brown precipi-
tates sensitive on air. They are insoluble in
alkanes, benzene, PhCl and CH Cl , except the2 2

adduct with RsEH, which is soluble in PhCl
and CH Cl . Their IR spectra contain two2 2
Ž . � Ž . 46

n NO bands typical of cis- Mo NO cores2
w x 155,56 and the H NMR spectra—all the sig-
nals of the protons of coordinated ligands.

3.2. Polymerization of acetylenes— the effect of
catalyst system

None of the adducts exhibits catalytic activity
in the polymerization reaction of phenyl- and
other acetylenes, but after addition of a Lewis

Ž . Ž . Ž .acid LA; TiCl or SnCl to Mo NO O CR4 4 2 2 2
Ž .and an excess of phenylacetylene PA conver-

sion was observed. The results of polymeriza-
tion experiments in CH Cl , where the molar2 2

ratio PArcomplex was 50 and LArcomplex
was 2, are given in Table 1. No polymerization
occurred without Lewis acid and in the systems
based on dialkoxydinitrosyl complexes, for ex-

� Ž . Ž . 4ample Mo NO O-i-Pr –MCl . The steric2 2 n 4

Table 1
Polymerization of phenylacetylene by dinitrosylmolybdenum com-
plexes–Lewis acid catalysts in CH Cla

2 2

bComplex Lewis Conversion Yield
w x w xacid % %

Ž . Ž .Mo NO O CPh TiCl 12 42 2 2 4

SnCl 27 74
Ž . Ž .Mo NO O CMV TiCl 6 32 2 2 4

SnCl 43 114
Ž . Ž .Mo NO O CEH TiCl 4 12 2 2 4

SnCl 32 94
Ž . Ž .Mo NO acac TiCl 5 02 2 4

SnCl 24 94
� Ž . Ž . 4Mo NO O-i-Pr TiCl 02 2 n 4

SnCl 04

a w xReaction conditions: concentration of complex Mo s0.25 mmol;
w x w x w x w xLA r Mo s2; PA r Mo s50; 24 h; room temperature.
b Methanol insoluble part.

effect, easier formation of a stable adduct caused
a lack of catalytic activity in this system.

Ž .The monomer conversion 43% and the yield
Ž .of a methanol-insoluble product 11% are high-

Ž . Ž .est with Mo NO O CMV and SnCl as2 2 2 4

Lewis acid. SnCl was the most effective cata-4

lyst component with other dicarboxylic com-
plexes, too. In the system based on dinitrosyl-
molybdenum complex with another chelating

Žligand coordinating by oxygen atoms e.g.,
.acetylacetone the same effect of Lewis acid

was observed.
Ž .The weight-average molecular weights Mw

of the obtained polymers were very low, a little
above 1 = 103. Low molecular weight of
polyphenylacetylene can by caused by kinetic
effects as well as by possible degradation in-
duced by the polymerization reaction catalysts.
This result corresponds with the literature data
on the polymerization of phenylacetylene which
show that phenylacetylene with no substituent at
ortho position does not form high molecular
weight polymers in the presence of Mo-based

w xcatalysts 57 .

3.3. The effect of Lewis acid

Table 2 shows the effect of Lewis acid on
polymerization of phenylacetylene examined in

Ž . Ž .Mo NO O CPh based systems. Activity of2 2 2

these systems in polymerization reaction of other
Žsubstituted acetylenes tert-butylacetylene,

.diphenylacetylene was investigated, too.
ŽMonomer conversion was the highest 100%

.after 4 h with EtAlCl as Lewis acid. The yield2
Ž .of the polymer was also relatively high 80% ,

Žalthough its molecular weight was very low ca.
3.10 . M rM s1.15. Similarly, only oligomersw n

were obtained with other dinitrosylmolybde-
Ž � Ž . Ž .num-based catalysts i.e., Mo NO OEt -2 2

4 Ž . Ž .ŽEtOH –EtAlCl or Mo NO CHMe O-i-n 2 2
. Ž . Ž .. w xPr AlCl EtAlCl 50 .2 2 2 2

4Ž .The highest value of M 3=10 was thatw

of polymer formed with TiCl , but the yield4
Ž .was less than 5% with high 76% monomer
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Table 2
Ž . Ž . aEffect of Lewis acid on polymerization of phenylacetylene by Mo NO O Ph –Lewis acid catalysts in PhCl2 2 2

bw xLewis acid Monomer Conversion % Polymer Other products

y3w xYield % M =10 M rMw w n

cEtAlCl PA 100 80 1.0 1.15 cyclotrimersq linear oligomer2
Ž .TiCl PA 76 6 11 7.01 cyclotrimers and 1-phenylnapthalene -2%4

SnCl PA 45 20 2 4.724
dTiCl –THF PA 36 4 1.64

EtSnCl PA 02

TiCl DPA 04

SnCl DPA 04
eSnCl TBA 104

a w x w x w x w x w xReaction conditions: concentration of complex Mo s0.25 mmol; LA r Mo s2; PA r Mo s50; 24 h; room temperature.
b Methanol insoluble part.
cAfter reaction time 4 h.
d Žw x w x .The system was prepared as follows: to the solution of complex and phenylacetylene, TiCl and next THF were added Ti r THF s1r1 .4
e Insoluble in organic solvents.

conversion. Polydispersity of this polymer was
high, M rM s7.01. Decreasing acid proper-w n

ties of the Ti and Sn compounds causes a
Ž .decrease TiCl –THF and even disappearance4

Ž .Et SnCl of the catalytic activity of the sys-2 2

tems.
The differences found between monomer

Ž .conversion and the polymer yield Table 2 are
mainly due to the formation of the triphenylben-

Ž .zene derivatives and partially -2% 1-phenyl-
naphthalene, except the EtAlCl system, where2

1-phenylnaphthalene was not found and, to-
gether with small amounts of cyclotrimers, the
linear oligomers were formed.

In the system with SnCl also tert-butyla-4
Ž .cetylene polymerizes Table 2 , however, the

yield of polymer insoluble in any organic sol-
vent was only 10%.

3.4. The effect of solÕent

Activities of the systems tested strongly de-
pend on the solvent. The effect of solvent on
conversion of phenylacetylene, yield of polymer
and its molecular weight was examined with

Ž . Ž . Ž .Mo NO O CPh –MCl MsTi, Sn cata-2 2 2 4

lysts and the results are shown in Table 3.
Polymerization hardly proceeds in CH Cl with2 2

either TiCl or SnCl Lewis acid. The reason is4 4

most probably the relatively high polarity of this
w xsolvent 18,45 . The most effective catalyst

polymerization is the system with SnCl in4

benzene, where monomer conversion is 60%
and yield of polymer is 56%. Thus, this system
is almost selective in polymerization of pheny-
lacetylene. Conversion of the monomer in

Ž .toluene is even higher 70% , but the yield of
Ž .polymer is very low 3% and the main products

Ž .66% are triphenylbenzene derivatives. In
toluene this system is almost selective catalyst
of the reaction of trimerization of phenylacety-
lene. In the system with SnCl one observes an4

increase of the degree of conversion of monomer
depending on the solvent as follows: PhCl
Ž . Ž . Ž .48% -benzene 60% - toluene 70% , while
the activity of system with TiCl in this order is4

decreased: conversion in PhCl is 76%, in ben-
zene 24%, and in toluene this system is inactive.
This decrease of activity is undoubtedly caused
by increasing interactions TiCl –solvent, which4

equally weaken its acidity, like in TiCl –THF4
Ž .Table 2 . The systems with TiCl mainly cy-4

clotrimerize phenylacetylene independent on the
Ž .solvent Table 3 andror on the carboxylic

Ž .ligand in the complex Table 1 . However, for
low yields of polymers their molecular weights

4Ž . Ž .M are in general the highest above 10 .w
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Table 3
Ž . Ž . Ž .aEffect of the solvent on polymerization of phenylacetylene by Mo NO O CPh –MCl catalysts MsTi, Sn2 2 2 4

bw xSolvent MCl Conversion % Polymer Yield of cyclotrimers4

y3w xYield % M =10 M rMw w n

CH Cl Ti 12 4 1.6 3.00 7.82 2

Sn 27 7 1.0 1.25 19.6
PhCl Ti 76 6 11 7.01 66.5

Sn 48 20 2 4.72 27
Benzene Ti 24 5 16 7.03 18

c20 5 1.8 3.02 14.5
Sn 60 56 4 3.75 4

Toluene Ti 0
Sn 70 3 1.0 1.31 66

a w x w x w x w x w xReaction conditions: concentration of complex Mo s0.25 mmol; LA r Mo s2; PA r Mo s50; 24 h; room temperature.
b Methanol insoluble part.
cAfter reaction time 3 h.

3.5. Reaction mechanism and structure of poly-
mers

As it follows from Tables 1–3, in the sys-
tems under investigation phenylacetylene under-
goes cyclotrimerization, oligomerization or
polymerization; which reaction prevails depends
on the complex, Lewis acid and solvent. Ma-

w xsuda and Higashimura 45 proposed a mecha-
Ž .nism of polymerization by metal carbene and

Ž .cyclotrimerization by metallacyclopentadiene
of acetylenes for systems with metal chloride-
based catalyst. When the catalysts are metal
carbenes, the cyclic trimers are formed only
through the cis-cisoidal-induced backbiting

w xandror intramolecular reactions 27 . Un-
doubtely, cyclomerization in the systems

Ž . Ž . Ž .Mo NO O CR –EtAlCl Table 2 proceeds2 2 2 2

with this mechanism. In these systems carbene
Ž . Ž .complexes of the type Mo NO CHMe -2

Ž . Ž . Ž . w xO CR AlCl EtAlCl are formed 542 2 2 2 2 2

and polymerization reaction has a mechanism
similar to that of polymerization of cycloolefins,
i.e., propagation proceeds through metal car-

w xbenes 18,23,41–45 .
Ž . Ž .For the Mo NO O CR –MCl systems we2 2 2 4

propose the following mechanism of poly-
merization and cyclotrimerization of pheny-
lacetylene. Reaction of catalyst precursor com-
plexes with Lewis acids causes that free coordi-
nation sites are reached in trans positions to-

w xwards NO ligands 48 . If phenylacetylene is
present in the reaction system, it coordinates to

w xthe metal forming vinylidene complex 58,59
and further polymerization proceeds by metal
carbene mechanism. The trimerization mecha-
nism is backbiting of propagating carbenes in a
cis-cisoidal grown chain to form triphenylben-
zene derivatives. When the free coordination
sites are blocked by, for instance, chlorines of
the Lewis acids, inactive adducts are formed
and reaction is terminated. The route of reaction
Ž .polymerization orrand cyclotrimerization de-
pends mainly on the Lewis acid and on the
solvent.

1 Ž .H NMR investigations of the Mo NO -2
Ž . Žw x w x w xO CR –SnCl –PA Mo r Sn r PA s 1r22 2 4

. Ž .r1 system in CD Cl RsMV and C D2 2 6 6

Table 4
Ž . aPolymerization of diphenylacetylene DPA and ROMP of nor-

Ž . Ž . Ž . bbornene NB by Mo NO O CPh rPArLA in PhCl2 2 2

c w xLA Monomer Yield of polymer % % cis
dSnCl DPA 10 –4
d eSnCl NB 30 77.34

a w xCharacterized by IR spectra 60 .
b w xReaction conditions: concentration of complex Mo s0.25 mmol;
w x w x w x w x w x w x w x w xLA r Mo s2; PA r Mo s2; DPA r Mo and NB r Mo s
50; ts24 h; room temperature.
c Methanol insoluble part.
d Polymer insoluble in organic solvents.
e w xCalculated using IR spectra 61,62 .
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Ž .RsPh did not allow to identify the vinyli-
dene complexes, because of their fast reaction

Žwith the molecules of phenylacetylene even
w xat the concentration ratio of reagents Mo r

w x w x .Sn r PA s1r2r1 . Therefore, these spectra
contain the proton resonances of polypheny-

Ž .lacetylene, ds7.20–7.30 ppm and signals in
Ž12.00–13.50 ppm 12.00 and 12.50 ppm for

.RsMV, 13.20 and 13.30 ppm for RsPh ,
most probably due to H of the carbene ligandsa

formed. Catalytic activity of the system
Ž . Ž . Ž w xM o NO O CPh – SnCl – PA M o r2 2 2 4

w x w x .Sn r PA s1r2r1 in the polymerization re-
Ž .action of diphenylacetylene conversion: 10%
Ž .and ROMP of norbornene conversion: 30%

Ž .Table 4 prove that carbene complexes are
formed in this system.

Values of the chemical shift of polypheny-
Ž .lacetylene proton resonances 7.20–7.30 ppm

in spectra of these systems indicate the trans-
w xcisoidal structure 19,20 of the polymers

formed. These spectra show also weak signals
at about 5.9, 6,7 and 6.8 ppm due to proton
resonances of a small amount of polymer with

w xcis-transoidal structure 19,20 and weak signals
at ds7.60–7.80 ppm, due to the protons of

w xtriphenylbenzene 20,27 . Structure of all the
obtained polyphenylacetylenes were determined

1 w xby H NMR and IR spectroscopy 18–20,23,27 .
We identified these polyphenylacetylenes as
trans-cisoidal ones. The 1H NMR spectra of the
polymers show also weak signals of proton
resonances of polymer with cis-transoidal struc-
ture, and in addition weak and broad singlets at
ds3.5–4.0 ppm. These singlets correspond to
the methynic proton signal arising from the 1,3-

w xand or 1,4-cyclohexadiene structures 20,27 .
When the mechanism of polymerization could

be described by propagation through metal car-
benes and cyclometallabutene intermediates, the
polymer structure is determined by two mecha-

Ž .nisms: i isomerization prior to double bond
formation—resulting in cis-transoidal isomer or
trans-cisoidal isomer depending on the mode of

w xcyclometallabutene opening 21,22,24,27,63 ,
Ž .ii thermal isomerization after double bond for-

mation—resulting in the cis to trans isomeriza-
tion and cyclohexadiene sequences. The cyclo-
hexadiene structure can undergo further rear-
rangement leading to chain scission and aroma-

Žtization products benzene, 1,3,5-triphenylbe-
. w xnzene, 1-phenylnaphthalene 21,22,24,27,63 .

The reaction polymerization products, 1H
NMR investigation of the same systems and 1H
NMR spectra of the polymers suggest that the
latter mechanism decides on the microstructure

Ž .of polyphenylacetylene obtained in Mo NO -2
Ž .O CR –Lewis acid systems.2 2
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