
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Isoprene Polymerization by Catalyst Systems of Rhodium Complex and
Allyl Alcohol
Etsuro Matsuia; Teiji Tsurutaa; Akira Yoshiokab; Takaaki Sugimurab; Mari Takahashib

a Department of Synthetic Chemistry, Faculty of Engineering University of Tokyo Bunkyo-ku, Tokyo,
Japan b Research and Development Center, Nippon Zeon Co., Ltd. Kawasaki-ku, Kawasaki City, Japan

To cite this Article Matsui, Etsuro , Tsuruta, Teiji , Yoshioka, Akira , Sugimura, Takaaki and Takahashi, Mari(1977)
'Isoprene Polymerization by Catalyst Systems of Rhodium Complex and Allyl Alcohol', Journal of Macromolecular
Science, Part A, 11: 5, 999 — 1013
To link to this Article: DOI: 10.1080/00222337708061303
URL: http://dx.doi.org/10.1080/00222337708061303

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/00222337708061303
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. MACROMOL. SC1.-CHEM., A11(5), pp. 999-1013 (1977) 
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and 
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Research and Development Center 
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Kawasaki-ku, Kawasaki City, Japan 

A B S T R A C T  

To prepare polyisoprene of controlled microstructure and 
molecular weight in emulsion systems, a series of polymeri- 
zations was carried out with catalyst systems of rhodium com- 
plexes and allyl alcohol, with variation of the type of rhodium 
salts, emulsifiers, and other conditions. A dramatic change 
in the structure of polyisoprene and also an increase of the 
polymer yield were brought about by the addition of sodium 
dodecyl sulfate and allyl alcohol. p-Toluenesulfonic acid and 
other strong acids exhibited an effect similar to that of the 
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1000 MATSUI ET AL. 

sulfate type emulsifiers on the isoprene polymerization. The 
degree of polymerization of polyisoprene was increased from 
150 to 2000 when the amount of allyl alcohol in the system was 
decreased from 100 mole '% to less  than 10 mole % with respect 
to isoprene monomer. Most samples of polyisoprene prepared 
with above catalyst systems were found to have almost equi- 
binary 1,4-cis- and trans- enchainments. The effects of several 
phosphines and phosphites as additives on the microstructure 
of polyisoprene prepared with the rhodium complex systems 
were also examined. 

I N  T R  O D  UC TION 

It was reported previously [ 11 that butadiene undergoes a stereo- 
specific all-trans polymerization with rhodium salt in micellar 
systems, but that isoprene is not polymerized under similar reaction 
conditions, Rhodium trichloride was reported to react with isoprene 
in the presence of ethanol to give rise to oligomers [ 23. On the 
other hand, it was claimed in a patent [ 31 that rhodium nitrate 
polymerizes isoprene in the presence of allyl alcohol. Entezami et 
al. [ 41 studied in detail the rates  of consumption of isoprene and 
allyl alcohol in polymerization systems of isoprene catalyzed by 
rhodium nitrate and allyl alcohol. 

Isoprene polymers prepared with these catalyst systems were 
viscous liquids of low molecular weight, and they had microstruc- 
tures rich in 1,4-cis enchainment. Another characteristic feature 
of the polymers was that they contained some carbonyl and hydroxyl 
groups. 

controlled microstructures by using coordination catalysts in micellar 
sy s tern 8. Isoprene polymerizations were investigated with variation 
of the type of rhodium salts, emulsifiers, and other reaction con- 
dit ions. 

This study was undertaken to obtain isoprene polymers possessing 

E X P E R I M E N T A L  

M a t e r i a l s  

Solvents and reagents were purified by the usual methods [ 51, 
and all purification procedures were carried out under nitrogen. 

Isoprene was dried over Drierite, refluxed over calcium hydride, 
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ISOPRENE POLYMERIZATION 1001 

and then fractionally distilled under nitrogen. Ally1 alcohol and ethyl 
alcohol were dried over Drierite, and distilled fractionally. Methylene 
chloride was dried over Drierite, refluxed over calcium hydride, and 
then distilled fractionally. Chloroform was washed with sulfuric acid, 
water, aqueous sodium hydroxide, and water, respectively. It was 
then dried with calcium chloride, refluxed over calcium hydride, and 
then distilled fractionally. Water was distilled under reduced pres- 
sure  and stored under nitrogen. 

R h o d i u m  S a l t  a n d  C o m p l e x  

Rhodium trichloride was used a s  the form of trihydrate. 
pDichlorobis (n -cyclooctadiene- 1,5)-dirhodium, [ Rh(COD)Cl] 2 ,  

was prepared according to Chatt [ 61. First, 1,5-cyclooctadiene 
(20 ml) was added to a red solution of rhodium trichloride trihydrate 
(10 g) in ethanol (300 ml). Then the solution was refluxed with 
vigorous stirring for 3 hr. The reaction mixture was allowed to 
stand a t  room temperature to precipitate yellow crystals of rhodium 
cyclooctadiene, which were purified by a reprecipitation from meth- 
ylene chloride by cyclohexane. All procedures were carried out 
under nitrogen, 

Analysis. 
Found: C, 39.08%; H, 5.08%. 

Calcd for [ Rh(C8 H l z  )C1] 2 : C, 38.98%; H, 4.91%. 

P o l y m e r i z a t i o n  of I s o p r e n e  

Isoprene and other reagents were added to an ally1 alcohol solution 
of rhodium trichloride in ampoules under nitrogen atmosphere. These 
ampoules were sealed under vacuum after freezing of the contents 
in liquid nitrogen, then allowed to stand a t  certain temperatures. 
The rhodium cyclooctadiene complex was used a s  a solution in 
methylene chloride or  chloroform. 

S e p a r a t i o n  a n d  P u r i f i c a t i o n  of P o l y i s o p r e n e  

An aqueous saturated solution of sodium chloride was added to 
an emulsion of polyisoprene to separate an organic layer. The organic 
layer containing polyisoprene was poured into an excess of methanol 
to precipitate polyisoprene. The polymer was washed with methanol 
several times, then dried in a vacuum oven at  90°C for 10 hr to 
constant weight, 
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1002 MATSUI ET AL. 

D e t e r m i n a t i o n  of DP of P o l y i s o p r e n e  

- 
DP was determined by the viscosity method in toluene [ 71 (or 

benzene [ 81) at 30°C (or at 25°C) by using the Mark-Houwink- 
Sakurada equation, Eq. (1): 

where K = 15 X (13.3 x ml/g and a = 0.74 (0.78). 

D e t e r m i n a t i o n  of M i c r o s t r u c t u r e s  of P o l y i s o p r e n e  

Microstructures were determined by 'H-NMR method [ 91 (100 MHz, 
JEOL-PS-100) from Eqs. (2), (3), and (4), and four peak areas, A, B, 
C, and D (solvent, carbon tetrachloride; standard, tetramethylsilane). 

1,4-trans % = 100 - 1,4 c is  % - 3,4% (3) 

3,4% = [ B/(2A + B)] 100 (4) 

where A, B, C, and D a re  the areas of 'H-NMR signals: A, 6 5.08 ppm; 
B, 6 4.68 ppm; C, 6 1.66 ppm; D, 6 1.56 ppm. 

M e a s u r e m e n t  of D y n a m i c  P r o p e r t i e s  of P o l y i s o p r e n e  

The green strength of an equibinary polyisoprene (EQB-IR) sample 
in the form of sheet (2 mm thick) pressed at room temperature pre- 
pared according to Table 5 was measured by a Universal tensile 
testing instrument. The molecular weight of Nipol-IR (high cis- 
polyisoprene) was lowered by roll-milling. 

was measured by Wallace Rapid Plastimeter MK I1 at 100" C. 
The Wallace plasticity of sheet samples (3 mm thick) of polymer 
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ISOPRENE POLYMERIZATION 1003 

R E S U L T S  AND DISCUSSION 

I n f l u e n c e  of E m u l s i f i e r s  on  I s o p r e n e  P o l y m e r i z a t i o n  

While Entezami et al. examined isoprene polymerization with 
rhodium nitrate in the absence of emulsifiers in both aqueous and non- 
aqueous systems, we started our study with isoprene polymerization 
in micellar systems with the variation of the type of rhodium salts 
and emulsifiers. We used primarily p-dichlorobis(n -cyclooctadiene- 
1,5)-dirhodium, [ Rh(COD)Cl] (referred hereafter a s  rhodium cyclo- 
octadiene) rather than inorganic rhodium salts a s  the rhodium species, 
because the structure of rhodium cyclooctadiene had been elucidated 
and it was fairly soluble in methylene chloride and orther organic 
solvents, 

The isoprene polymer produced with a catalyst system consisting 
of rhodium trichloride and allyl alcohol in the absence of emulsifier 
at  65°C was found to have similar structure to that obtained by radical 
copolymerization of isoprene, acrolein, and allyl alcohol, significant 

$00 3600 2 h  IS00 I000 560 
WVE NUMBER (cm-') 

FIG. 1. IR spectra of polyisoprenes prepared with some rhodium 
catalyst systems: (a) system of Table 1, run 4; (b) system of Table 1, 
run 5; (c) system of Table 1, run 6. 
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1006 MATSUI ET AL. 

amounts of carbonyl and hydroxyl groups being detectable in the 
infrared spectrum of the polymer obtained (Fig. la), The yield of 
methanol-insoluble portion of the polymer was only about 2% based 
on the isoprene monomer feed (Table 1, run 4). 

increased when sodium dodecyl sulfate was added to a catalyst sys- 
tem consisting of rhodium trichloride and ally1 alcohol (Table 1, 
run 5). The isoprene polymer thus obtained was found to have no 
carbonyl or hydroxyl groups (Fig. lb), in contrast with that prepared 
by Entezami et al. [ 41, which is estimated to contain carbonyl and 
hydroxyl groups in the ratio of about 1:lO with respect to isoprene 
units (Fig, lc). Another series of examination with various types of 
emulsifier revealed that only anionic emulsifiers of sulfate or  
sulfonate type (such a s  sodium alkyl sulfate or sodium alkylbenzene- 
sulfonate) were effective as the additive, neither cationic nor non- 
ionic emulsifiers being effective. Anionic emulsifier of carboxylate 
type did not work either (Table 2). It is concluded from the results 
obtained that the presence of alkyl sulfate or alkylbenzenesulfonate 
in the catalyst system should be responsible for the drastic change 
in the nature of the active species. Several years ago, Morton et al. 
reported, in a paper on emulsion polymerization of butadiene with 
rhodium catalyst [ lo], that only sulfate and sulfonate type emulsi- 
f iers possessing appropriate lengths of alkyl chain were effective 
for the polymerization of butadiene, but they did not elucidate this 
further. 

prepared by emulsion polymerization with sodium dodecyl sulfate 
was about 150 when more than 1 mole of allyl alcohol was used per 
mole of isoprene monomer. If the amount of allyl alcohol was de- 
creased to less than 10 mole % of isoprene, rubberlike polyisoprene 
(E about 2000) was produced after a longer reaction time such as 
134 hr  (Table 5). With the increase of DP, the content of 1,4-cis 
enchainment decreased from 60% to 51%, approaching an quibinary 
1,4-polyisoprene. Some of physical properties of these isoprene 
polymers a re  described in detail in a later section. 

The polymer yield in the isoprene polymerization was dramatically 

The degree of polymerization (g) of viscous liquid polyisoprene 

R o l e  of A l k y l  S u l f a t e  o r  A l k y l b e n z e n e s u l f o n a t e  i n  
C a t a l y s t  S y s t e m s  

To elucidate the role of alkyl sulfate or alkylbenzenesulfonate in 
the rhodium-catalyzed polymerization of isoprene (Ip), reactions 
(5)-(9), were examined by using rhodium cyclooctadiene complex 
dissolved in methylene chloride (Table 1, runs 7-12). The products 
listed for each reaction a re  those obtained after 72 hr  at 65'C. 
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[ Rh(COD)Cl] 2 + CHZ C ~ Z  + Ip - No product 
(Table 1, run 7) (5) 

[ Rh(COD)Cl] a + CHZ Cl2 + Ip + AllOH- No product 
(Table 1, run 8) (6) 

[ Rh(COD)Cl] 2 + CH2 Clz + Ip + SDS + H2 0 - No product 
(Table 1, run 9) 

(7) 
[Rh(COD)Cl]a + CH2 Cla + Ip t 

+ AllOH + SDS - Polyisoprene 
(Table 1, run 10) (8 1 

[ Rh(COD)Cl] z + CH2 Clz + Ip + AllOH 

+ SDS + Hz 0 - Polyisoprene 
(Table 1, runs 11, 12) (9) 

where Ip denotes isoprene, AllOH is allyl alcohol, and SDS is sodium 
dodecyl sulfate. 

Among these reactions only reactions (8) and (9) were able to 
polymerize isoprene. The isoprene p o l y m s  obtained from the emul- 
sion system (9) was a viscous liquid with DP of about 150, the micro- 
structure of which was 1,4-cis, 55%, lJ4-trans, 38%J and 3,4, 7%. 
The isoprene polymer prepared in the nonaqueous system (8 )  actually 
had the same physical properties and microstructure as polyisoprene 
prepared in the aqueous system. This suggests that these isoprene 
polymers were formed through the same reaction mechanism. It is 
to be noted that the polymer yield decreased to 72% in the nonaqueous 
system from 99% in the micellar system. 

It was considered from the above results that the strong acids 
should be responsible for the formation of active species in the iso- 
prene polymerization with rhodium complex in the presence of allyl 
alcohol. A ser ies  of studies on isoprene polymerization revealed 
that toluenesulfonic acid, for example, was able to give high yield of 
polyisoprene in the presence of rhodium cyclooctadiene and allyl 
alcohol, even in a nonaqueous system (Table 3, run 1). Polyisoprene 
prepared in this reaction system also had much the same micro- 
structure as that of polyisoprene prepared in system (9). Therefore, 
the reaction mechanism of the rhodium catalyzed polymerization with 
sulfonic acid should presumably be the same as that of system (9). 
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ISOPRENE POLYMERIZATION 1009 

TABLE 3. Effects of Strong Acids on Isoprene Polymerization with 
Rhodium Complexa 

Run Strong acid 

Microstructure of 
polyisoprene (%) 

Time Yield 
(hr) (%) 1,4-cis 1,4-trans 3,4 

1 C H ~ - C ~ H ~ - S O ~ H . H Z O  96 98 59 32 9 

2 CF3COOH 96 9 43 53 4 
3 HzSO4 + H z O  72 20 50 44 6 

4 C F j S 0 3 H  + Hz 0 72 93 54 40 6 
(3 ml) 

(3 ml) 

aReaction conditions: isoprene, 15 mmole; [ Rh(COD)Cl] 2, 0.09 
mmole; allyl alcohol, 15 mmole, strong acid, 0.72 mmole; CHZ Clz, 
3 ml; polymerization temperature, 20°C (run l), 65°C (runs 2-4). 

On the basis of the results described above, we propose here a 
possible formation of allyl toluenesulfonate from allyl alcohol and 
toluenesulfonic acid. Ally1 toluenesulfonate will have a chance to 
form active species of polymerization, presumably a II -ally1 complex, 
on reaction with the rhodium complex present in the system. Details 
of our study on polymerization mechanism will be reported else- 
where. 

Isoprene polymerizations were also carried out with other strong 
acids: trifluoroacetic acid in a nonaqueous system and sulfonic and 
trifluoromethanesulfonic acid in aqueous systems (Table 3, run 2-4). 
The microstructure and other properties of polymers formed were 
found almost the same as those of polymers formed by system (91, 
though the polymer yields were very much different from one 
another. 

E f f e c t s  of P h o s p h i n e  a n d  P h o s p h i t e  o n  t h e  S t e r e o -  
s p e c i f i c i t y  of C a t a l y s t  S y s t e m s  

In order to have information on the effect of additives upon stereo- 
specificity of the rhodium catalyst, a series of experiments on iso- 
prene polymerization was carried out at  65°C for 72 h r  in the 
presence of phosphine, phosphite, and amine. The results for poly- 
isoprene prepared in reaction system (10) are shown in Table 4. 
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1010 MATSUI ET AL. 

TABLE 4. Effects of Phosphines, Phosphites, and Amine on the 
Microstructure of Polyisoprene Formeda 

Microstructure of 
polyisopr ene (%) 

Yield 
Run Additive (%)b 1,4-cis 1,4-trans 3,4 

1 

2 
3 
4 

5 

6 

7 
8 
9 

10 

99 55 38 
22 32 65 

46 25 70 

13 27 69 
45 30 65 

32 32 64 
20 33 64 

32 60 32 

2 40 33 

44 41 54 

7 
3 

5 
4 
5 

4 

3 
7 

27 
5 

%eaction conditions: isoprene, 2.5 ml; ally1 alcohol, 1.7 ml; 
[ Rh(COD)Cl] 2 ,  75 mg (0.15 mmole); CHz Clz , 5 ml; HzO, 10 ml; 
additive, 1.2 mmole; polymerization temperature, 6 5" C; polymeriza- 
tion time, 72 hr. 

bMethanol insoluble portion. 
CBy NMR method, see Experimental. 

+ Ha 0 + (Additive) - Polyisoprene (10) 

Triphenylphosphine increased the content of 1,4- trans structure 
by 27% (Table 4, run 2). The influence of para-substituted triphenyl- 
phosphine on the microstructure of isoprene polymer was not signifi- 
cant, a s  shown in Table 4, runs 3-5. Tricyclohexyl- and tri-n- 
butylphosphine also enhanced 1,4-trans structure (Table 4, run 6 and 7). 

In contrast with phosphine, trimethyl phosphite increased 1,4- cis 
content of isoprene polymer (TabIe 4, run 8). Triphenyl phosphite, 
on the other hand, increased 3,4 content though the polymer yield was 
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TABLE 5. Synthesis of Rubberlike Polyisoprene with Catalyst System 
of Rhodium Complex and Ally1 Alcohol at 50"Ca 

Microstructure of 
polyisoprene (%) 

__ Time Conversion [ 771 
(hr) 1,4-cis l,$-trans 3,4 1%) (rnl/glb DPC 

~ ~~ ~~ 

44 60 40 - 34 22 280 

88 58 41 1 46 38 580 

110 52 -48- 64 68 1300 

- 

118 51 48 1 67 77 1500 

134 51 44 5 74 94 2000 

Reaction conditions: isoprene, 3.83 X lo3 mole/liter; ally1 alcohol, a 

2.83 X lo2 mole/liter; [ Rh(COD)Cl]z, 3.18 molehiter;  sodium dode- 
cylbenzenesulfonate, 57.5 mole/liter; CHCls , 482 mole/liter; and 
HzO, 32 X lo3 mole/liter. 

bAt 30°C in toluene. 
Wee Experimental. 

ELONGATION (%I 

FIG. 2. Green strength of pure gum stock. EQB-IR (equibinary 
polyisoprene) was prepared according to Table 5, and molecular 
weight of Nipol-IR (high cis-polyisoprene) was lowered by roll- 
milling, see Experimental Section. 
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TABLE 6. Green Strength of Pure Gum Stocka 

Breaking 

Poly- Wallace s t ress  break a t  (kg;cm/ 
isoprene plasticity (kg/cm2) (kg/cm2) break (%) cm ) 

Yield Stress at Elongation energy 

Nipol-IR 11.5 1.0 0.3 800 5.19 

EQB-IR 6.5 0.5 0.8 1200 6.86 

See Fig. 2. a 

very poor (Table 4, run 9). Triethylamine exhibited a smaller effect 
on 1,4-trans enchainment than did phosphine (Table 4, run 10). 

correlation between the microstructure of polybutadiene and the 
nature of ligands for catalyst species: electron-attracting ligands 
increased 1,4-cis contents and electron-donating ligands increased 
1,4-trans contents [ 61. The trend of effects of phosphine and phos- 
phite stated in the present study is understandable in the light of 
Dolgoplosk's theory, because phosphine, an electron-donating ligand, 
increased 1,4- trans content, while trimethyl phosphite, an electron- 
attracting ligand, increased 1,4-cis content. 

A few years ago, Dolgoplosk et al. [ 111 proposed a theory on the 

S o m e  P h y s i c a l  P r o p e r t i e s  of t h e  P o l y i s o p r e n e  
S a m p l e  

As described above, a rubberlike sample of polyisoprene (DP 2000) 
could be prepared in the presence of a smaller quantity of ally1 alcohol. 
The polymer was found to be approximately equibinary polyisoprene 
(EQB-IR) (Table 5). Some physical properties of the EQB-IR were 
compared with those of, Nipol IR, a high-cispolyisoprene (cis > 98%). 
The Wallace plasticity of the latter polymer waGntentionally lowered 
from 30 to 11.5 so as to have nearly the same DP as that of the 
EQB-IR. Results are shown in Fig. 2 and Table 6. EQB-IR was found 
to have fairly large green strength (6.86 kg-cm/cm'), which showed 
the energy required for breaking, in comparison with that of Nipol-IR 
(5.19 kg-cm/cm3). This is resulted from the larger breaking stress 
of EQB-IR (0.8 kg/cma) in comparison with that of Nipol-IR (0.3 
kg/cm ) . 
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