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[5 7] ABSTRACT 

A process for preparing alternating copolymer of bu 
tadiene and a-ole?ne which comprises contacting bu 
tadiene and the a-ole?ne in liquid phase with a cata 
lyst system comprising the ?rst component of AIR3 
wherein R represents a hydrocarbon radical selected 
from the group consisting of alkyl, aryl and cycloalkyl 
radical in which at least one R is selected from the 
group consisting of alkyl having at least 3 carbon 
atoms per one molecule, aryl and cycloalkyl radical 
and the second component of TiX’, wherein X’ is se» 
lected from the group consisting of chlorine, bromine 
and iodine, or a catalyst system comprising the first 
component of A111,, wherein R represents a hydrocar 
bon radical selected from the group consisting of a1» 
kyl, aryl and cycloalkyl radical, and the second com 
ponent of TiX', wherein X‘ is the same as that de?ned 
above and the third component of a carbonyl group 
containing compound. An alternating copolymer of 
butadiene and a-ole?ne, the microstructure of butadi 
ene unit of the alternating copolymer contains cis 
con?guration. The alternating copolymers are rubber 
like in character and can be used as polymeric plasti 
cizers, in adhesives and can be vulcanized with sulfur 
or a sulfur compound to produce vulcanized 
elastomers. 

9 Claims, 10 Drawing Figures 
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PROCESS FOR PREPARING ALTERNATING 
COPOLYMER OF BUTADIENE AND a-OLEFINE 
AND NOVEL ALTERNATING COPOLYMER OF 
BUTADIENE AND a-OLEFINE CONTAINING 
CIS-CONFIGURATION BUTADIENE UNIT 

Matter enclosed in heavy brackets [ 1 appears in the 
original patent but forms no part of th's reissue speci? 
cation: matter printed in italics indicates the additions 
made by reissue. 

RELATED APPLICATIONS 

This application is related to application Ser. Nos. 
884,479 and 884,87l, ?led Dec. l2 and 15, 1969, 
respectively, and now US. Pat. Nos. 3,652,519 and 
3,652,5l8, each of Mar. 28, 1972. 
This is a division of application Ser. No. 35,637, ?led 

May 8, I970, now US. Pat. No. 3,714,133. 

BACKGROUND OF THE lNVENTlON 

(I) Field of the invention 

The present invention relates to a process for prepar 
ing an alternating copolymer of butadiene and a-ole 
?ne and a novel alternating copolymer obtained 
thereby. The novel alternating copolymer of this inven 
tion contains considerable amounts of cis-con?gura 
tion butadiene unit. 

(2) Description of the Prior Art 
Because of its chipping and cutting properites and its 

low skid resistance, the demand for cis-l .4 polybutadi 
ene in the ?eld of automobile tires is not so large as was 
expected at ?rst. The defects have been ascribed to its 
unbranched straight-chain structure. In order to over~ 
come these defects, many attempts have been made to 
produce alternating copolymers of butadiene and a 
ole?ne, for example, butadiene and propylene, butadi 
ene and l-butene, etc. However, in general, it is not 
easy to produce even a random copolymer of butadiene 
and a-ole?ne by an ionic catalyst. 
For instance, German Pat. 1,173,254 claims a pro 

cess for preparing a copolymer of conjugated diene and 
mono-ole?ne using vanadium (V) oxychloride as the 
catalyst, but the examples do not show a copolymeriza 
tion reaction of butadiene and propylene. German Pat. 
1,144,924 claims a process for preparing a copolymer 
of diene and ethylene or propylene by using a catalyst 
system consisting of a compound of Ti, Zr, Ce, V, Nb, 
Ta, Cr, M0 or W in which the metal is at least in part 
below a valency of 3. This patent shows the copolymer 
ization reaction of butadiene and ethylene by titanium 
tetrachloride-lithium-aluminum hydride, titanium, tet 
rachloride-phenylmagnesium bromide, titanium tetra 
chloride-sodium dispersion, zirconium, tetrachloride 
tintetrabutyl and tetraoctyltitanate-phenylmagnesium 
bromide catalyst systems in its examples, but a process 
for preparing a copolymer of butadiene and propylene 
is not shown. Belgian Pat. 625,657 also describes a 
process for preparing co- and terpolymers of butadiene 
with ethylene and (or) a-ole?nes by using a catalyst 
system containing a hyd rocarbon-soluble vanadium 
compound and an organoaluminum compound con 
taining more than one organic group having strong 
sterical hindrance, e.g. 3-methyl-butyl, cycloalkyl or 
cyclopentyl methyl, and it claims a process for prepar 
ing ethylene‘propylene-butadiene terpolymer. How~ 
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2 
ever, no example of butadiene-propylene copolymer is 
shown in it. 
On the other hand, British Pat. l,l08,630 shows a 

process for preparing a rubbery random copolymer of 
butadiene and propylene of high molecular weight with 
high content of propylene by using a three components 
catalyst system consisting of trialkylaluminum, iodine 
and a compound having the general formula of 
TiBr,,Cl.,_,I wherein n is zero or an integer of l to 4. The 
microstructure of butadiene unit and the content of 
propylene unit in the copolymer are shown in the pa 
tent. But there are shown no experimental results 
which support the assumption which the copolymer 
should be a random copolymer of butadiene and pro 
pylene. A random copolymer of butadiene and propyl 
ene was also prepared by using a catalyst system con 
sisting of triethylaluminum, titanium tetrachloride and 
polypropylene oxide. Polypropylene oxide was used as 
a randomizer and therefore a copolymer of butadiene 
and propylene prepared by the catalyst system of tri 
ethylaluminum and titanium tetrachloride was shown 
to be bloc ktype. The molar ratio of triethylaluminum to 
titanium tetrachloride was 1.08 (Al/Ti=l.08) (paper 
presented at 2nd Symposium on Polymer Synthesis, 
Tokyo, Oct. 5, 1968, the Society of Polymer Science, 
Japan). British Pat. 1,026,615 claims a process for 
preparing a random copolymer of butadiene and pro 
pylene by forming a catalyst system of triethylalumi 
num and titanium tetrachloride in the presence of pro 
pylene, and then adding butadiene to the catalyst sys— 
tem. According to the patent, the propylene content of 
the copolymer was much higher than that of the co 
polymer prepared by the catalyst formed after the 
monomers were mixed. This result is inconsistent with 
the result described in the above paper. A copolymer 
ization reaction of butadiene and propylene was also 
carried out by using a catalyst system of triethylalumi 
num and titanium tetrachloride prepared in propylene 
and the product was con?rmed, by fractional precipita~ 
tion test, to be a copolymer of butadiene and propylene 
(Chemistry of High Polymers, The Society of Polymer 
Science, Japan, 20, 461 (I963)). The molar ratio of 
triethylaluminum to titanium tetrachloride of the above 
catalyst system was 1.5 (Al/Ti=l.5). The content of 
this paper corresponds to that of the above British 
patent, but there is no description in it showing that the 
copolymer should be a random copolymer of butadiene 
and propylene. 
According to the methods of British Patent 982,708, 

a mixture containing 80-95 mole percent butadiene, 
the rest being 4-methyl-l-pentene, is polymerized at a 
temperature in the range 0° to 30° C. by a catalyst 
system which is the reaction product of vanadium (V) 
oxychloride with triisobutylaluminum, an aluminum 
dialkyl monochloride or an aluminum sesquialkyl 
chloride. The microstructure of the copolymer is not 
shown in the patent. British Patent 924,654 describes a 
process for preparing a copolymer of butadiene and 
propylene by using an “Al?n” catalyst. The copolymer 
showed a characteristic infra-red absorption band at 
ll.95 microns. It was ascribed to trisubstituted ethyl 
ene structure. Therefore, the result does not support 
the assumption that the copolymer should be a random 
or alternating copolymer of butadiene and propylene. 
Recently, Furukawa et al. also reported the process 

of preparing alternating copolymers of butadiene and 
a-ole?ne by using vanadyl (V) chloride-die 
thylaluminum monochloride-triethylaluminum catalyst 
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system (22nd Annual Meeting of Japan Chemical Soci 
ety, Tokyo, Mar. 31, W69), However, the molecular 
weight of the copolymer was very low and its intrinsic 
viscosity did not exceed 0.1 dL/g, 
Consequently, as far as the inventors know, with the 

exception of the methods of Furukawa et al. described 
above, there is no prior art in connection with alternat 
ing copolymers of butadiene and u-ole?ne nor of a 
process for their preparation, 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide new 
catalytic systems giving high molecular weight alternat 
ing copolymer of butadiene and a-ole?ne in high yield, 

in accordance with this invention, we have found that 
by using the catalyst system composed of the ?rst com 
ponent of an organoaluminum compound having the 
general formula of AlR,, where R represents a hydro 
carbon radical selccted from the group consisting of 
alkyl, aryl and cycloalkyl radicals and at least one R is 
selected from the group consisting of an alkyl radical 
having at least 3 carbon atoms, aryl radical and cycloal 
kyl radical and the second component of titanium tet 
rahalide having the general formula of TiX', (wherein 
X‘ represents chlorine, bromine or iodine, hereinafter 
the same) or by using the catalyst system composed of 
the ?rst component of AlR3 wherein R represents a 
hydrocarbon radical selected from the group consisting 
of alkyl, aryl and cycloalkyl radicals, the second com 
ponent of TiX'4 (wherein X’ is the same as that defined 
above) and the third component of a carbonyl group— 
containing compound, high molecular weight alternat 
ing copolymers of butadiene and a-ole?ne can be pro 
duced in high yield. We have also found that by adding 
halogen (fluorine inclusive), halogen (fluorine inclu 
sive) containing compound, metal oxide or metalloid 
oxide to the above mentioned catalyst systems, the 
catalytic properties of the above mentioned catalysts 
can be further improved. 
The alternating copolymers of this invention are rub 

ber~like in character and can be used as polymeric 
plasticizers, in adhesives and can be vulcanized with 
sulfur or a sulfur compound to produce vulcanized 
elastomers. 
The microstructure of butadiene unit of the alternat 

ing copolymer of butadiene and a-ole?ne prepared by 
the methods of Furukawa et al. described above was 
trans L4-con?guration. The main components forming 
the catalyst systems were an organoaluminum com 
pound and a vanadium compound. On the other hand 
the main components forming the catalyst systems of 
this invention are an organoaluminum compound and a 
titanium compound and moreover considerable 
amounts of cis l.4-con?guration and small amounts of 
l.2-con?guration are found in the butadiene unit ofthe 
alternating copolymer. In other words the structure of 
the alternating copolymer prepared by the catalyst 
system of an organoaluminum compound and a vana 
dim compound previously reported is different from 
that of the alternating copolymer prepared by the cata 
lyst system of an organoaluminum compound and a 
titanium compound of this invention. Therefore the 
alternating copolymers of butadiene and a-olefme pre 
pared by the process of this invention are new materi 
als. 
The carbonyl group containing compound which 

form the third component of the catalyst systems of this 
invention are carbon dioxide, aldehyde, keto-aldehyde, 
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ketonc, carboxylic acid, keto-carboxylic acid. oxy-cars 
boxylic acid. carboxylic acid halide, keto-carboxylic 
acid halide, oxy-carboxylic acid halide. carboxylic acid 
anhydride, keto—carboxylic acid anhydride, oxy-car 
boxylic acid anhydride, salt of carboxylic acid, salt of 
keto-carboxylic acid, salt of oxy—carboxylic acid, ester 
of carboxylic acid, ester of keto-carboxylic acid, ester 
of oxy-carboxylic acid, carbonyl halide, carbonate, 
carbonic ester, lactone, ketene, quinone, acyl peroxide, 
metal complex involving carbonyl group, acid amide, 
acid imidc, isocyanate, aminoacid, urein, ureide, salt of 
carbamic acid, ester of carbamic acid, ureide acid, etc. 
The halogen used as the other third component of the 

catalyst system of this invention is chlorine, bromine 
iodine or fluorine. The halogen compounds which form 
the other third component of the catalyst system of this 
invention are the compounds having transition metal-X 
linkage (X is halogen) such as compounds having the 
general formulae VX4, VOX3, WXG, MOX5, CrO2X2, 
ZrX,, FeX3, OV(OR)"X;,_,, (R is a hydrocarbon radical 
such as alkyl radical, aryl radical or cycloalkyl radical, 
hereinafter the same, and n is a number from 1 to 2), 
Zr(OR)2X2, Ti(OR),,X4_n (n is a number from 1 to 3), 
Zr(OR);,X, OV(C5H7O2),,X_-,_,, (n is a number from 1 to 
2), V(C,,H,,),,X4_,, (n is a number from l to 2, 
V(C_-,H5)2X, OV(C,,H5)X2, Ti(C;,H,,)2X, Ti(C,,H_<,)X3, 
Tl(CsH5)2X2v (C5H5)Ti(0R)X2. (CsHs)2CrX, 
(C,~,H5)Mo(CO)3X, (C5H5)2lrX3, etc.; and alkane com 
pounds having C—X linkage wherein X is halogen such 
as tert-butyl chloride, tert-butyl bromide, tert-butyl 
iodide, sec-butyl chloride, scc-butyl bromide, scc-butyl 
iodide, carbon tetrachloride, carbon tetrabromide, 
carbon tetraiodide, etcs, Lewis acid-base complex com 
pounds which formed from halogen compounds show 
ing Lewis acid property such as compounds of the 
general formulae H,,X2 (wherein X is halogen, hereinaf 
ter the same). CuX, ZnX2, BiX3, FeX3, SnX4, 8X3, 
AlXm AIR,,X;,_,l (R is a hydrocarbon radical such as 
alkyl radical, aryl radical or cycloalkyl radical, herein 
after the same, and n is a number from 1 to 2), VOX3, 
VX4, CrO2X2, NiX2, MoX5, ZrX4, PX5, SbX5, AIOX, 
WX", MnX2, MgXz, and the like. Lewis base such as 
ether, pyridine, amine, phosphine, derivatives of these 
compounds, etc., are also employed. The halogen com 
pounds which form the fourth component of the cata 
lyst system of this invention are the ones showing Lewis 
acid property such as compounds of the general formu 
lae VX4 (wherein X is halogen, hereinafter the same), 
VOX;,, WX6, MoX,,, CrO2X2, ZrX4, FCX3, 8X3, PX5, 
SnX4, SbX5, AlOX, AlX:h AlRnX_-,_,, (R is a hydrocar 
bon radical such as alkyl radical, aryl radical or cycloal 
kyl radical and n is a number from 1 to 2), WX,,-, CuX, 
MnX2, Mgxz, ZnX2, HgX2, BiX3, NiX2, ete.; Lewis base 
complex compounds of the above mentioned halogen 
compounds showing Lewis acid property such as com 
pounds of the general formulae AlX3-O(C2H_-;)2, 3X3 
O(C2H5)2, ZnX-z-Py (wherein Py represents pyridine, 
hereinafter the same), VOCl3-O(C2H_=,)2, NiX2-Py, 
FeX3-O(C2H5)2, HgX2-Py, etc.; organoaluminum com 
pounds having Al-X linkage such as compounds of 
Al(OR),,X3_,, (n is a number from I to 2), etc., organo 
transition metal compounds having transition metal-X 
linkage such as compounds of the general formulae 
OV(OR),,X;,_,, (n is a number from 1 to 2), Ti(OR),,X 
4-" (n is a number from 1 to 3), Zr(OR)2X2, Zr(OR)3X, 
OV(C_P,HTO2),,X3-,, (n is a number from 1 to 2), 
V(C5H5),,X4_,, (n is a number from I to 2), V(C5H5)2X, 
Ov(C5H5)X2~ Ti(C5H:.)2X. Ti(C5H5)Xa, Tl(CsHs) 2X1. 
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(C5H5)Ti(OR)X2. (cs?sbcrx, (C5H5)MO(C0)3X, 
(C5H5)2IrX3, etc.; halogenated alkane compounds such 
as tert-butyl halide, sec-butyl halide, carbon tetraha 
lide. The metal oxide or metalloid oxide which forms 
the other fourth component of the catalyst system of 
the present invention are magnesium oxide, zinc oxide, 
aluminum oxide, titanium dioxide, vanadium pentox 
ide, silicon dioxide, silica-alumina, zeolite, boron triox 
ide, etc. 

In the preferred embodiment, the molar ratio of or 
ganoaluminum compound which forms the ?rst com 
ponent of the catalyst system of the present invention 
to titanium tetrahalide which forms the second compo 
nent of the catalyst system should be higher than (1.5 
Al/Ti>l .5). 
The ole?nc should be one having the general for 

mula: 

(in this formula, R’ may be a normal chain or branched 
chain lower alkyl group or a phenyl group). 
The preparation of the alternating copolymer of bu 

tadiene and a-ole?ne is carried out by contacting buta 
diene with or-olefine in liquid phase in the presence of 
the catalyst system described above. The copolymer 
ization reaction is generally carried out in the presence 
of a liquid organic diluent. A suitable diluent that can 
be used for the copolymerization reaction is a hydro 
carbon compound, such as heptane, octane, isooctane, 
benzene or toluene. The temperature of the copoly 
merization reaction may be varied from —100° C. to 50° 
C. and sufficient pressure is employed to keep the 
monomers in liquid phase. The molar ratio of butadi 
ene to a-ole?ne in the initial monomer composition 
may be from 20:80 to 80:20 and more preferably is 
50:50. 
At the completion of the copolymerization reaction, 

the product is precipitated and deashed by using a 
methanol-hydrochloric acid mixture. The precipitated 
product is washed with methanol for several times and 
dried under vacuum. Thereafter the product is ex 
tracted with methyl ethyl ketone and diethyl ether 
successively. The methyl ethyl ketone soluble fraction 
is a low molecular weight alternating copolymer and 
methyl ethyl ketone insoluble and diethyl ether soluble 
fraction is a high molecular weight alternating copoly 
mer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the infra-red spectrum of the methyl 
ethyl ketone insoluble and diethyl ether soluble alter 
nating copolymer of butadiene and propylene prepared 
by the process of this invention; 
FIG. 2 shows the nuclear magnetic resonance spec 

trum of the copolymer; 
FIG. 3 shows the infra-red spectrum of the methyl 

ethyl ketone insoluble and diethyl ether soluble alter 
nating copolymer of butadiene and 4-methyl pentene-l 
prepared by the process of this invention; 
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6 
FIG. 4 shows the nuclear magnetic resonance spec 

trum of the copolymer; 
FIG. 5 shows the infrared spectrum of the methyl 

ethyl ketone insoluble and diethyl ether soluble alter 
nating copolymer of butadiene and pentene-l prepared 
by the process of this invention; 
FIG. 6 shows the nuclear magnetic resonance spec» 

trum of the copolymer; 
FIG. 7 shows the infra-red spectrum of the methyl 

ethyl ketone insoluble and diethyl ether soluble alter 
nating copolymer of butadiene and butene-l prepared 
by the process of this invention; 
FIG. 8 shows the nuclear magnetic resonance spec 

trum of the copolymer; 
FIG. 9 shows the infra-red spectrum of the alternat 

ing copolymer of butadiene and styrene prepared by 
the process of this invention; and 
FIG. 10 shows the nuclear magnetic resonance spec 

trum of the copolymer. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The invention will be illustrated with reference to the 
following examples. 

Example I 

The usual, dry, air'free technique was employed and 
6.5 milliliters toluene, 0.50 millimole carbonyl group 
containing compound and 0.2 milliliter titanium tetra 
chloride solution in toluene (1 molar solution) were 
put successively in a 25 milliliters glass bottle at 25° C. 
Then the bottle was left alone at 25° C. for 10 minutes. 
Thereafter the bottle was held in a low temperature 
bath at —78° C. and 2.0 milliliters triisobutylaluminum 
solution in toluene (1 molar solution) and a mixture of 
2 milliliters liquid propylene, 2 milliliters liquid butadi 
ene and 2 milliliters toluene were put successively into 
the bottle also employing the usual, dry, air-free tech 
nique. Thereafter the bottle was sealed and allowed to 
copolymerize at —30° C. for [6 hours. The results are 
summarized in Table I. As can be seen in Table l, the 
yield of high molecular weight alternating copolymer 
increased by using three components catalyst system. 
The following results support the conclusion that the 

copolymer is an alternating copolymer of butadiene 
and propylene. 

(l) The composition of the copolymer according to 
the NMR analysis substantially agrees with the calcu' 
lated value for l:l copolymer of butadiene and propyl 
ene. Copolymer compositions were determined by 
measuring the ratio of peak area at 4.651- of butadiene 
unit to that of doublet at 9.l l1' and 9.201 of propylene 
unit. 

(2) The copolymerization reaction gives l:l copoly 
mer over a wide range of initial monomer composition. 
(3) The copolymerization reaction gives l:l copoly 

mer independently of polymerization time. 
(4) The l 155 cm.“ band of propylene homopolymer 

is not shown in its infra-red spectrum. This means at 
least that the length of the propylene-propylene repeat 
ing unit of the copolymer is not so long as to be de— 
tected by its infra-red spectrum. 
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TABLE 1 
Alternating eopiw 
MEK insoluble. diethyl ether soluble 

fraction 
Catalysts MEK Microstructure of butadiene 

soluhle unit 
(percent) 

Experiment All i_Bu l. 'l'iCll fraction Yield 
No. lmmoll tmmol) Carbonyl compound M mol lg.) lg.) Trans~ Cis- 1.2 

l 2.0 0.2 l-chloroeulyt henzoate 0.50 0.05 0.05 
2 2.0 0.2 Belvophenone 0.50 0.23 0.57 57 36 7 
3 2.0 0.2 lsohutylaldehyde 0.50 0.20 0.57 
4 2,0 0.2 Bemoyl chloride 0.50 0.25 0.23 
5 2.0 0.2 lsohutyric acid 0.50 0 42 L39 (‘l9 26 5 
6 2.0 0.2 Benzoic acid 0.50 0. I4 061 
7 2,0 0.2 Monochloroaeetic acid 0.50 0.17 0.29 
K 2.0 0 2 Maleic acid anhydride 0.50 0.16 0.82 70 24 6 

Reference 20 0.2 0.03 

E ' l 2 perature bath at ——78° C. and 2.0 milliliters trlethylalu 
xamp e minum solution in toluene ( l molar solution) and a 

The usual, dry. air~free technique was employed and 30 
6.5 milliliters toluene, 0.50 millimolc carbonyl group 
containing compound and 0.2 milliliter titanium tetra 
chloride solution in toluene (1 molar solution) were 
put successively in a 25 milliliters glass bottle at 25° C. 
Then the bottle was left alone at 25° C. for 10 minutes. 

mixture of 2 milliliters liquid propylene, 2 milliliters 
liquid butadiene and 2 milliliters toluene were put suc 
cessively into the bottle also employing the usual, dry, 
air-free technique. Thereafter the bottle was sealed and 
allowed to copolymerize at -—30° C. for 16 hours. The 
results are summarized in Table 3. 

TABLE 3 
Alternating conolymer 

MEK insoluble. diethyl ether soluble 
fraction 

Catalysts MEK Microstrueture of hutadiene 
. soluble unit lgercem) 

Experiment All-1t‘ ' TiCl| fraction Yield 
No (mmol) tmmnl) Carbonyl compound lg.) [g.) 'l'rans- Cis- l,2~ 

l 2 0 0.2 Malcic acid anhydride 0.05 (g.) [HI ().| l 57 30 13 
2 2.0 0.2 Propionic acid 0.037 lml.) 0.2l 0.2] 70 25 5 

Reference 20 2 0 0 

Thereafter the bottle was held in a low temperature Example 4 
bath at —-78° C. and 2.0 milliliters triisobutylaluminum 
solution in toluene ( 1 molar solution) and a mixture of 
2 milliliters liquid propylene, 2 milliliters liquid butadi 
ene and 2 milliliters toluene were put successively into 
the bottle also employing the usual. dry, air-free tech 
nique. Thereafter the bottle was sealed and allowed to 
copolymerize at —l5° C. for 16 hours. The results are 
summarized in Table 2. 

TABLE 2 

45 

The usual, dry, air-free technique was employed and 
4" 3.5 milliliters toluene, 0.12 milliliter acetic acid anhy 

dride and 0.5 millimole titanium tetrabromide were put 
in a 25 milliliters glass bottle at 25° C. Then the bottle 
was left alone at 25° C. for l0 minutes. Thereafter the 
bottle was held in a low temperature bath at —78° C. 
and 5.0 milliliters triisobutylaluminum solution in tolu 

Altcrnating conolvmer 
MEK insoluble dictl'lyl ether soluble 

fraction 
Catalysts MEK Microstructure of buladiene 

soluble unit tgercent) 
[:xpenmenl AN l-Bu I“ 'l iCl, fraction Yield 

Nu (mmol) tmlnol) Carbonyl compound Mmol (g.) (g.) ‘l‘rans- Cis- L2 

1 2.0 0.2 Dlethyl mlllonate 0.50 0.35 0.12 74 2| 5 
2 2.0 0.2 Ethyl acetate 0.50 0.30 0.56 60 2B l2 
3 2 0 0.2 Acetone 0.50 0.62 0.42 65 2X 7 
4 2 0 0.2 Bcmaldehyde 0.50 0.2l 0. l 8 57 35 ii 
5 2.0 0 2 Acetic acid anhydrlde 0 50 0 17 L85 (14 30 (1 

Reference 2.0 0 2 0.07 

ene (1 molar solution) and a mixture of 2 milliliters 
Example 3 

The usual, dry. air-free technique was employed and 
6.5 milliliters toluene. varying amounts of carbonyl 
group containing compound and 0.2 milliliter titanium 
tetrachloride solution in toluene (1 molar solution) “)5 
were put successively in a 25 milliliters glass bottle at 
25° C. Then the bottle was left alone at 25° C for 10 
minutes. Thereafter the bottle was held in a low tem 

liquid propylene, 2 milliliters liquid butadiene and 2 
milliliters toluene were put successively into the bottle 
also employing the usual. dry. air-free technique. 
Thereafter the bottle was sealed and allowed to copoly 
merize at —30° C. for 14 hours. Yield of the methyl 
ethyl ketone soluble alternating copolymer of butadi 
one and propylene was 0. l3 g. and that of methyl ethyl 
ketone insoluble and diethyl ether soluble alternating 
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copolymer of butadiene and propylene was L67 g. 
When the two components catalyst system consisting of 
0.5 millimole titanium tetrabromide and 5.0 millimoles 
triisobutylaluminum was used and the other copoly 
merization conditions were the same as the example, 
yield of the methyl ethyl ketone soluble fraction was 
0.07 g. and that of methyl ethyl ketone insoluble and 
diethyl ether soluble fraction was 0.03 g. 

10 
were put successively in a 25 milliliters glass bottle at 
25° C. Then the bottle was left alone at 25° C. for 10 
minutes. Thereafter the bottle was held in a low tem 
perature bath at ~78” C. and 2.0 milliliters triisobutyl 

5 aluminum solution in toluene (l molar solutions) and a 
mixture of 2 milliliters liquid propylene, 2 milliliters 
liquid butadiene and 2 milliliters toluene were put suc 
cessively into the bottle also employing the usual dry, 
air-free technique. Thereafter the bottle was sealed and 

Example 5 '0 allowed to copolymerize at —30° C. for 16 hours. The 
The usual, dry, air-free technique was employed and results are summarized in Table 4. 

TABLE 4 

Alternating copolymer 
MEK Insoluble diethyl ether soluble 

fraction 
Catalysts MEK Microstructure of butadiene 

soluble unit (percent) 
Experiment Al( i—Bu l3 TiCl, fraction Yield 

No. (mmul) (rnmol) Carhonyi compound Gram (g.) (g) Truns~ (‘ls~ l,2 

l 2.0 0.2 Sodium oleate 0.l52 0.0l 0.20 
2 2.0 0.2 Aluminum stcamte 0.438 0.50 [.30 63 30 7 
3 2.0 0.2 Aluminum acetate 0.102 0.0] 0.20 75 20 5 
4 2.0 0.2 Tin (ll) oxalate 0.103 0.05 (H5 74 2| 5 
5 2.0 0.2 Aluminum acetylucetonate 0.162 0,05 0.22 82 l5 3 
6 2.0 0.2 Hexacarhonyl molybdenum 0132 0.05 (H5 83 I4 3 

Reference 20 0.2 0.03 

3.5 milliliters toluene, 0.12 milliliter isobutyric acid 
Example 7 and 0.5 millimole titanium tetraiodide were put succes 

sively in a 25 milliliters glass bottle at 25° C. Then the 
bottle was left alone at 25° C. for 10 minutes. Thereaf 
ter the bottle was held in a low temperature bath at 
—78° C. and 5.0 milliliters triisobutylaluminum solution 
in toluene (1 molar solution) and a mixture of 2 milli 
liters liquid propylene, 2 milliliters liquid butadiene and 
2 milliliters toluene, were put successively into the 
bottle also employing the usual, dry, air~free technique. 
Thereafter the bottle was sealed and allowed to copoly 
mcrize at —30° C. for 14 hours. Yield of the alternating 
copolymer was 0.10 g. When the two components cata 
lyst system consisting of 0.5 millimole titanium tetraio 
dide and 5.0 millimoles triisobutylaluminum was used 
and the other copolymerization conditions were the 
same as the example, yield of the alternating copolymer 
was 0.0] g. 

Example 6 
The usual, dry, air~free technique was employed and 

varying amounts of carbonyl group containing com 
pound, 0.2 milliliter titanium tetrachloride solution in 
toluene (l molar solution) and 6.5 milliliters toluene 

30 

35 

40 

45 

The usual, dry, air-free technique was employed and 
6.5 milliliters toluene, varying amounts of carbonyl 
group containing compound and 0.2 milliliter titanium 
tetrachloride solution in toluene ( l molar solution) 
were put successively in a 25 milliliters glass bottle at 
25° C. Then the bottle was left alone at 25° C. for 10 
minutes. Thereafter the bottle was held in a low tem 
perature bath at —78° C. and 2.0 milliliters triisobutyl 
aluminum solution in toluene (1 molar solution) and a 
mixture of 2 milliliters liquid propylene, 2 milliliters 
liquid butadiene and 2 milliliters toluene were put suc 
cessively into the bottle also employing the usual, dry, 
air-free technique. Thereafter the bottle was sealed and 
allowed to copolymerize at —30° C. for 16 hours. The 
results are summarized in Table 5. In the table, 17 means 
the intrinsic viscosity measured in chloroform at 30° C. 
FIG. 1 shows the infra-red spectrum of the methyl ethyl 
ketone insoluble and diethyl ether soluble alternating 
copolymer of butadiene and propylene prepared by the 
process of Exp. No. 3. FIG. 2 shows the nuclear mag 
netic resonance spectrum of the copolymer. 

TABLE 5 

Alternating comlymer 
MEK insolubleI diethyl ether soluble fractign 

Catalysts MEK Microstructure of hutadiene 
soluble unit {percent} 

Experiment Alt i-Bu ), TiCL fraction Yield I 1)] 
No. (mmol) (mmol) Carbonyl compound Mmol (g.) (g.) ldL/g.) Truns- Cis~ 1.2 

| 2.0 0.2 Acetic acid 0.025 0.19 0.08 55 38 7 
2 2.0 0.2 Acetic acid 0. I00 0.28 0.2l 67 24 9 
3 2.0 0.2 Acetic acid 0.500 0.36 0.79 66 29 5 
4 2.0 0.2 Acetic acid 0.750 0.13 0.19 (16 28 6 
5 2.0 0.2 lsobutyl aldehyde 0.250 0.26 0.23 72 22 6 
6 2.0 0.2 lsobulyl aldehyde 0.750 0.17 0.44 0.56 65 26 ‘J 
7 2.0 0.2 lsobutyl aldehyde L000 0.03 0.20 60 32 8 
8 2.0 0.2 Acetone 0.750 0. l 6 0.24 69 25 n 
9 2.0 0.2 Henley! peroxide 0.500 0.l l 0.20 L40 50 38 l2 
I0 20 0.2 Diphenyl acetic acid 0.500 0.2 l L69 0.45 70 24 o 
l l 2.0 0.2 a~chloropropionic acid 0.500 0. l 4 0.94 0.36 ()2 2K 10 
I2 2.0 0.2 (‘aproic acid 0.500 0.5 2 0.69 0.33 59 33 8 
13 2.0 0.2 Phthalic acid anhydride 0.500 0.] 7 0.44 0.90 73 l‘) 8 
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Example 8 
The usual. dry, air-free technique was employed and 

190 milliliters toluene. 0.8 milliliter propionic acid 
anhydride and 0.275 milliliter titanium tetrachloride 
were put successively in a 500 milliliters glass bottle at 
25° C. Then the bottle was left alone at 25° C. for 10 
minutes. Thereafter the bottle was held in a low tem 
perature bath at —78° C. and 25 milliliters triisobutyL 
aluminum solution in toluene ( 1 molar solution) and a 
mixture of 50 milliliters liquid propylene and 50 milli~ 
liters liquid butadiene were put successively into the 
bottle also employing the usual, dry, air-free technique. 
Thereafter the bottle was sealed and allowed to copoly 
mcrize at —3U° C. for 42 hours. 58.0 g. alternating 
copolymer of butadiene and propylene was obtained. 
lts intrinsic viscosity was 2.26 (dL/g.) in chloroform at 
30° C . 

The vulcanization was carried out in the following 
way: 

5 

12 
The microstructure of butadiene unit of the copoly 

mer was as follows: 

trans: 68% 
cis: 26% 
[.2: 6% 

Example 9 
The usual, dry, air-free technique was employed and 

6.5 milliliters toluene, varying amounts of carbonyl 
group containing compound and 0.2 milliliter titanium 
tetrachloride solution in toluene (1 molar solution) 
were put successively in a 25 milliliters glass bottle at 
25° C. Then the bottle was left alone at 25° C. for K) 
minutes. Thereafter the bottle was held in a low tem 
perature bath at —78° C. and 2.0 milliliters triisobutyl 
aluminum solution in toluene ( l molar solution) and a 
mixture of 2 milliliters liquid propylene, 2 milliliters 
liquid butadiene and 2 milliliters toluene were put suc 
cessively into the bottle also employing the usual, dry, 
air-free technique. Thereafter the bottle was sealed and 
allowed to copolymerize at —30° C. for to hours. The 
results are summarized in Table 6. 

TABLE 6 

__ Alternatin' cu il mer 

MEK Insoluble. diethyl ether soluble 
fraction 

('alalvsts MEK Microstructure of butadiene 
soluble unit gpercent) 

i‘ArIL‘fllnCltl .Alti-Hul1i 'l'iCl‘ fraction Yield 
No (nilnoll (mmol) Carbonyl compound (jram tg.) lg.) 'l'rans- Cis' l,2 

l 2.0 0.2 Azodicarhonamidc 0.06 0. l 2 0.l l 
2 2.0 0.2 Chloroaeetamidc 0.047 0. l 3 ll. l0 
1 2,0 0.2 Phcnylisocyanatc ‘0.054 0. l9 ‘ 0.05 
4 2.0 0.2 Phcnylurcthanc 0.083 0.24 0.35 6| 34 5 
5 2.0 5.2 Benzohydroxamic acid 0.07 0.09 0. l0 

Reference 20 0.2 0.03 

‘Mllliliter 

Parts 

(‘opolymcr I00 Example 10 
Oil furnace black (HAF) 50 _ 
gll‘whlmdc g 40 The usual, dry, air-free technique was employed and 
u p ur _ - 

Slearic acid I 
Phenyl-B-naphthyl amine l 
Ben/olhia/yl disulfde l 

were mixed on a roller and vulcanized within 60 min 
utes at 150° C. 
The product obtained by the vulcanization had the 

following values: 
Elongation at break at 25° C.: 330% 

7.5 milliliters toluene, 0.l millimole titanium tetrachlo 
ride and varying amounts of carbonyl group containing 
compound were put successively in a 25 milliliters glass 
bottle at 25° C. Then the bottle was left alone at 25° C. 
for 10 minutes. Thereafter the bottle was held in a low 
temperature bath at —78° C. and varying amounts of 
triisobutylaluminum solution in toluene (1 molar solu 
tion) and a mixture of 2 milliliters liquid propylene, 2 
milliliters liquid butadiene and 2 milliliters toluene 

‘_ ‘ o I 2 50 were put successively into the bottle also employing the 
ling"? stgglbgqth ‘n22; CC." lg3kkg/Cm; usual, dry, air-free technique. Thereafter the bottle was 
0 u us n at " gjcm‘ scaled and allowed to copolymerize at —30° C. for 21 

hours. The results are summarized in Table 7. 

TABLE 7 

Alternating conolvmer 
Catalysts Microstructure of butadiene 

__muwLu____ 
Experiment Al( i<Bu )4 TiC‘l.I Yield 

No. (mmol) (mmol) Carbonyl compound Mmol (g.) Trans~ Cis- 1,2 

] L0 0.l Terephthaldchyde 0.25 0.25 
2 1.0 0.1 Glyeolic acid 0.25 0.33 
3 0.5 0.l Carbon dioxide 0.25 0.l5 
4 0.5 0.l Acetophenone 0. H] l .90 82 l5 3 
5 1.0 0.l Benzil 0.25 0.25 
6 L0 0.l Polyvinyl-acetate l0.0l 0. l 7 
7 L0 0.! Tartaric acid 0.25 0. l 5 

Reference l 1.0 0.l 0.02 
Reference 2 0.5 0.l 0.04 

‘Gramv 
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Example 1 l 

The usual, dry, air-free technique was employed and 
7.5 milliliters toluene, 0.1 millimole titanium tetrabro 
mide and varying amounts of carbonyl group contain 
ing compound were put successively in a 25 milliliters 
glass bottle at 25° C. Then the bottle was left alone at 
25° C. for 10 minutes. Thereafter the bottle was held in 

14 
temperature bath at —78° C. and 1.0 milliliter triiso 
butylaluminum solution in toluene (l molar solution) 
and a mixture of 2 milliliters liquid propylene, 2 milli 
liters liquid butadiene and 2 milliliters toluene were put 
successively into the bottle also employing the usual, 
dry, air-free technique. Thereafter the bottle was 
sealed and allowed to copolymerize at —30° C. for 16 
hours. The results are summarized in Table 9. 

TABLE 9 

Alternating copolvmer 
MEK Insoluble. dicthyl ether soluble 

fraction 
Catalysts MEK Microstructure of butadiene 

soluble unit gpercenl) 
Experiment AIM-Bu), TiCl‘ fraction Yield 

Nov (mmol) (mmol) Carbonyl compound Mmol (g.) (g.) 'l'rans- (‘is 1.2 

1 L0 0.1 Phosgene 0.] 0.07 0.24 1'15 13 2 
2 1.0 0.1 Phosgene 0.2 0.10 0. I 7 
3 L0 0.] Acetyl chloride 0.25 0.18 0.53 
4 1.0 01 Titanium oxydiacetylacetonate ‘0.05 0,13 0.10 
5 1.0 01 Zinc carbonate ‘0.05 0.05 0.12 
b [.0 0.1 Sodium carbonate I0.05 0.08 0.10 
7 1.0 0.1 Dimethyl carbonate 0.1 0.22 0.34 76 ll; 5 

‘Gram. 

a low temperature bath and varying amounts of triiso Example 13 butylaluminum solution in toluene (1 molar solution) 
and a mixture of 2 milliliters liquid propylene, 2 milli 
liters liquid butadiene and 2 milliliters toluene were put 
successively into the bottle also employing the usual, 
dry, air-free technique. Thereafter the bottle was 
sealed and allowed to copolymerize at —30° C. for 21 
hours. The results are summarized in Table 8. 

TABLE 8 

The usual, dry, air-free technique was employed and 
7.5 milliliters toluene, 0.2 milliliter titanium tetrachlo 
ride and 0.5 millimole carbonyl group containing com 
pound were put successively in a 25 milliliters glass 
bottle at 25° C. Then the bottle was left alone at 25° C. 
for 10 minutes. Thereafter the bottle was held in a low 

____ Alternating comilymer 
Catalysts Microstructure of butadiene 

unit percent) 
Experiment Al(i-Bu);| TiBn Yield 

No. (mmol) (mmol) Carbonyl compound Mmol (g.) Trans- Cis~ 1.2v 

1 1.0 0.1 Benzalacetophenone 0.25 097 
2 1.0 0.1 Diketene 0.25 0.12 
3 0.5 0.1 p-Methoxybenzoic acid 0.10 0.57 
4 0.5 0.1 p-Benzoquinone 0.10 0.14 68 25 7 
5 0.5 0.1 Polymethylmethacrylate l0.0l 0.20 

Reference 1 1.0 0.1 0.02 
Reference 2 0.5 0.l 0.04 

lGram. 

Ex 1 ‘2 temperature bath at —78° C. and 2.0 milliliters triiso 
ampg butylaluminum solution in toluene (1 molar solution) 

The usual, dry, air-free technique was employed and 
7.5 milliliters toluene, 0.1 millimole titanium tetrachlo 
ride and varying amounts of carbonyl group containing 
compound were put successively in a 25 milliliters glass 
bottle at 25° C. Then the bottle was left alone at 25° C. 
for 10 minutes. Thereafter the bottle was held in a low 

50 

and a mixture of 2 milliliters liquid propylene, 2 milli 
liters liquid butadiene and 2 milliliters toluene were put 
successively into the bottle also employing the usual, 
dry, air-free technique. Thereafter the bottle was 
sealed and allowed to copolymerize at —30°C. for 16 
hours. The results are summarized in Table 10. 

TABLE 10 

Alternating cogolymer 
MEK insoluble, diethyl ether soluble 

fraction 
Catalysts MEK Microstructure of butadiene 

soluble unit (percent) 
Experiment Alli-Bu)“ TiCl, fraction Yield 

No. (mmol) (mmol) Carbonyl compound Mmol (g.) (g) Trans- Cis- 1,2 

l 2.0 0.2 Trimethyl acetic acid 0.5 0.42 0.56 
2 2.0 0.2 Crotonic acid 0.5 0.20 0.35 68 28 4 
3 2.0 0.2 Trichloro acetic acid 0.5 0.03 0.18 
4 2.0 0.2 lsobutyric acid anhydride 0.5 0.l4 1.29 65 29 6 
5 2.0 0.2 Crotonic acid anhydride 0.5 0.04 0.57 72 23 5 
6 2.0 0.2 Benzoic acid anhydride 0.5 0.10 0.80 
7 2.0 (1.2 n_Butyric acid 0.5 0.62 0.80 66 29 7 
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E l l 4 the bottle was sealed and allowed to copolymerize at 
xamp e —30° C. for 16 hours. The results are summarized in 

The usual, dry, air-free technique was employed and Table 12. 

TABLE 12 

Alternating copolymer 
MEK insoluble. diethyl ether 

soluble fraction 
Microstruelure of 

Catalysts MEK butadiene unit 
soluble (Ercenq 

Experi- Al( i-Bu 1;, 'l'iCl, fraction Yield 
merit Nu. (mmol) (mmoll Carbonyl compound’“ Mmol. (g! (g) Truns— Cis- 1,2 

1 2.0 0.2 O 0.16 0.18 0.06 66 28 6 

'I‘iCM OCCHH) 
2 2.0 0.5 0.20 0.17 0.15 

Ti(Oi~Pr)2(OCCH_1),-; 
"i 2.0 0.5 O 0.20 0.32 1.71 63 32 5 

OITKOCCHMnl-t 

‘M’Flsnpmpyl; i-Bu=lsohutyl. 

7.0 milliliters toluene, 0.1 millimole titanium tetrachlo 
25 Example 16 ride and varying amounts of carbonyl group containing 

compound were put successively in a 25 milliliters glass 
bottle at 25° C. Then the bottle was left alone at 25° C. 
for 10 minutes. Thereafter the bottle was held in a low 
temperature bath at —78° C. and varying amounts of 
triisobutylaluminum solution in toluene ( l molar solu 
tion) and a mixture of 2 milliliters liquid propylene, 2 
milliliters liquid butadiene and 2 milliliters toluene 
were put successively into the bottle also employing the 
usual, dry, air-free technique. Thereafter the bottle was 
sealed and allowed to copolymerize for 16 hours at 
C. or —55° C. The results are summarized in Table 1 1. 

30 

0° 35 

The usual, dry, air‘free technique was employed and 
7.0 milliliters toluene, O. l millimole titanium tetrachlo 
ride and varying amounts of carbonyl containing com 
pound were put successively in a 25 milliliters glass 
bottle at 25° C. Then the bottle was left alone at 25° C. 
for 10 minutes. Thereafter the bottle was held in a low 
temperature bath at —78° C. and varying amounts of 
organoaluminum solution in toluene (1 molar solu 
tion), 2 milliliters liquid butadiene and 3.1 milliliters 
liquid 4-methyl pentene~1 were put successively into 
the bottle also employing the usual, dry, air-free tech 
nique. Thereafter the bottle was sealed and allowed to 

TABLE 1 l 

Alternating copolymer 
MEK insoluble, diethyl ether 

soluble fraction 
Microstructure of 

Catalysts Polymer- MEK butadiene unit 
Exper- i/.ation soluble (percent) 
iment Ami-Bu)‘, ‘l'iCl, tempera- fraction Yield 
No (mmol) (mmull Carbonyl compound Mmol ture (°C.) (g) (g) Trans Cis- 1,2 

l 0.5 0.1 Aeetophenonc 0.1 —55 0.02 0.27 88 8 4 
2 0.5 0.1 Acctophenone 0.1 0 0.16 0.29 70 23 7 
3 0.5 0.1 lsohutyl aldehyde 0.1 '55 0.01 0.29 76 20 4 
4 0.5 0.1 lsohutyl aldehyde 0.1 0 0 14 0.20 62 2B 10 
5 1.0 0.1 Propionic acid unhydride 0.25 —55 0.01 0.13 31 16 3 
6 1.0 0.1 Propionii; acid anhydride 0.25 0 0.06 1.14 69 27 4 

Example 15 

The usual, dry, air-free technique was employed and 
varying amounts of carbonyl group containing com 
pound, 6.5 milliliters toluene and varying amounts of 
titanium tetrachloride were put successively in a 25 
milliliters glass bottle at 25° C. Then the bottle was left 
alone at 25° C. for 10 minutes. Thereafter the bottle 
was held in a low temperature bath at —78° C. and 2.0 
milliliters triisobutylaluminum solution in toluene (1 
molar solution) and a mixture of 2 milliliters liquid 
propylene, 2 milliliters liquid butadiene and 2 milliliters 
toluene were put successively into the bottle also em 
ploying the usual, dry, air—free technique. Thereafter 

65 

eopolymerize at —30° C. for 16 hours. The results are 
summarized in Table 13. 
The following results support the conclusion that the 

copolymer is an alternating copolymer of butadiene 
and 4-methyl pentene-l. 

( 1 ) The composition of the copolymer according to 
the NMR analysis substantially agrees with the calcu 
lated value for the 1:1 copolymer of butadiene and 
4-methyl pentene-l. 

(2) The copolymerization reaction gives 1:1 copoly 
mer over a wide range of initial monomer composition. 

(3) The copolymerization reaction gives 1:1 copoly 
mer independently of polymerization time. 
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TABLE 13 

w 
Cwits MEK MEK insolu 

Organo- soluble ble, diethyl 
Experiment aluminum TiCl4 fraction ether soluble 

No. compound‘ Mmol (mmol) Carbonyl compound Mmol (g) fraction (g) 

l AlEtn 0.5 0.1 Isobutyl aldehyde 0.10 0.02 0.03 
2 AlEta 1.0 0.1 Propionic acid anhydride 0.25 0.05 0.26 
3 Al(i-Bu)a 1.0 0.1 Propionic acid anhydride 0.25 0.03 0.87I 
4 Al(i~Bu);| 0.5 0.1 Acetophenone 0.10 0.06 1.05 
5 A1(i-Bul;| 0.5 0.1 Acetone 0.10 0.05 0.31 
6 Al(i-Bu);| 1.0 0.1 Acetic acid 0.25 0.1 | 0.32 
7 AIM-Bu)" 0.5 0.1 0.02 

Reference AlEl3 0.5 0| 0 

FIG. 3 shows the infra-red spectrum of the methyl 
ethyl ketone insoluble and diethyl ether soluble alter 
nating copolymer of butadiene and 4-methyl-pentene-l 
prepared by the process of Exp. No. 4. FIG. 4 shows the 
nuclear magnetic resonance spectrum of the copoly 
mer. 

Example 17 
The usual, dry, air-free technique was employed and 

7.0 milliliters toluene, 0.1 millimole titanium tetraha 
lide and varying amounts of carbonyl group containing 
compound were put successively in a 25 milliliters glass 
bottle at 25° C. Then the bottle was left alone at 25° C. 
for 10 minutes. Thereafter the bottle was held in a low 
temperature bath at -—78° C. and varying amounts of 
organoaluminum solution in toluene ( 1 molar solu 
tion), 2 milliliters liquid butadiene and 2.8 milliliters 
liquid pentene-l were put successively into the bottte 
also employing the usual, dry, air-free technique. 
Thereafter the bottle was sealed and allowed to copoly 
merize at —-30° C. for 16 hours. The results are summa 
rized in Table 14. V 

The following results support the conclusion that the 
copolymer is an alternating copolymer of butadiene 
and pentene-l. 

( 1) The composition of the copolymer according to 
the NMR analysis substantially agrees with the calcu 
lated value for the 1:1 copolymer of butadiene and 
pentene—1. 

(2) The copolymerization reaction gives 1:] copoly 
mer over a wide range of initial monomer composition. 
(3) The copolymerization reaction gives 1:1 copoly 

mer independently of polymerization time. 

20 
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FIG. 5 shows the infra-red spectrum of the methyl 
ethyl ketone insoluble and diethyl ether soluble alter 
nating copolymer of butadiene and pentene-l prepared 
by the process of Exp. No. 5. FIG. 6 shows the nuclear 
magnetic resonance spectrum of the copolymer. 

Example 18 

The usual, dry, air-free technique was employed and 
7.0 milliliters, 0.1 millimole titanium tetrahalide and 
varying amounts of carbonyl group containing com 
pound were put successively in a 25 milliliters glass 
bottle at 25° C. Then the bottle was left alone at 25° C. 
for 10 minutes. Thereafter the bottle was held in a low 
temperature bath at -—78° C. and varying amounts or 
organoaluminum compound in toluene (1 molar solu 
tion), 2 milliliters liquid butadiene and 2 milliliters 
liquid butene-l were put successively into the bottle 
also employing the usual, dry, air-free technique. 
Thereafter the bottle was sealed and allowed to copoly 
merize at -—30° C. for 16 hours. The results are summa 
rized in Table 15. 
The following results support the conclusion that the 

copolymer is an alternating copolymer of butadiene 
and butene-l. 
(l) The composition of the copolymer according to 

the NMR analysis substantially agrees with the calcu 
lated value for the 1:1 copolymer of butadiene and 
butene-l. 

(2) The copolymerization reaction gives 1:1 copoly 
mer over a wide range of initial monomer composition. 
(3) The copolymerization reaction gives 1:1 copoly 

mer independently of polymerization time. 

TABLE 14 

Catalysts Alternating copolymer 
MEK 

MEK insoluble. 
Organo- soluble diethyl ether 

Experiment aluminum Titanium fraction soluble 
No. compound‘ Mmol tetrahalide Mmol Carbonyl compound Mmol (g) fraction (g) 

1 AlEt‘1 0.5 TiCl4 0.1 Acetophenone 0.10 0.03 0.06 
2 Al(i~Bu)a 0.5 TiCL 0.1 " 0.10 0.06 1.02 
3 A1( i-Bu ), 0.5 TiCl4 0.1 Isobutylaldehyde 0.10 0.03 0.43 
4 Al(i-Bu), 0.5 TiBr4 0.1 ” 0.10 0.01 0.13 
5 Al(i~Bu)3 1.0 TiCl, 0.1 Acetic acid 0.25 0.08 0.49 
6 Al(i~Bu );l 1.0 TiCI1 0.1 0.02 0.08 0.11 

TiC13(O CH3) 
7 Al(i-Bu);, 1.0 TiCl4 0 1 Same as above 0.10 0.17 0.84 
8 Al(i-Bu)3 1.0 TiCl‘ 0.1 Propionic acid anhydride 0.25 0.01 0.17 
9 A1(i~Bu),, 1.0 TiCli 0.1 Isohutyric anhydride 0.25 0.02 0.19 
10 Al(i-Bu)y1 1.0 TiCl 4 0 1 Acetone 0.10 0.02 0.76 
11 AHi-Bu )3 0.5 TiCli 0.1 008 
Reference A Hit, 0. 5 TiCl4 0.1 0.02 
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TABLE 15 

Catalysts Alternating coEolymer 
MEK insoluble. 

Orguno- soluble diethyl ether 
Experiment aluminum Titanium l'raction soluhlc 
No compound“ Mmol lctrahalidc Mmol Carbonyl compound Mmol tg.) fraction tg.) 

l AlEt, 0. 5 TiCll 0,l Acetophcnonc ll. 10 0.06 0.15 
2 Altbllul2K 0 5 VI 1C1, ll 1 lsobutyl aldehyde 0.10 0.06 0.26 
3 Alli-Bu), l ll 'liCll 0,| lsoamyl acetate 0,25 0.04 0.14 
4 Allrllu)i 0 5 TiCl, 0.| Bcn/ophcnonc 0.10 0.04 0.70 
5 Alli-Bu)i 1.0 TiBr, 0.1 Acetic acid 0.25 0.08 0.11 
h AIM-Bu), l 0 TiBr, 0.| Acetone 0.25 0.03 0.05 
7' AMI-Bu), 0.5 llBrl 0.1 Acetnphcnone 0.10 0.05 1 26 
X Al|i~Bu)», I15 'liCl, 0.1 0,113 
Reference Alt-‘t, 0.5 TiCl, ll.l 0 

FIG. 7 shows the infrared spectrum of the methyl 
ethyl kctone insoluble and diethyl ether soluble alter~ 
nating copolymcr of butadiene and butene-l prepared 
by the process of Exp. No. 4. FIG. 8 shows the nuclear 
magnetic resonance spectrum of the copolymer. 

Example l‘) 
The usual, dry, air<frec technique was employed and 

5.0 milliliters toluene, 0.1 millimole titanium tetraha 
lide and varying amounts of carbonyl group containing 
compound were put successively in a 25 milliliters glass 
bottle at 25° C. Then the bottle was left alone at 25° C. 
for 10 minutes. Thereafter the bottle was held in a low 
temperature bath at —78° C. and varying amounts of 
organoaluminum solution in toluene ( l molar solu— 
tion), 3 milliliters styrene and 2 milliliters liquid butadi 
enc were put successively into the bottle also employ 
ing the usual, dry, air-free technique. Thereafter the 
bottle was sealed and allowed to copolymcrize at —30° 
C. for 21 hours. The results are summarized in Table 
167 
The following results support the conclusion that the 

25 
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35 

FIG. 9 shows the infra-red spectrum of the alternat 
ing copolymer of butadiene and styrene prepared by 
the process of Exp. No. 8. FIG. 10 shows the nuclear 
magnetic resonance spectrum of the copolymer. 

Example 20 

The usual, dry, air-free technique was employed and 
4.0 milliliters toluene, 0.2 millimole titanium tetrachlo 
ride and 0.2 millimole carbonyl containing compound 
were put successively in a 25 milliliters glass bottle at 
25° C. Then the bottle was left alone at 25° C. for 10 
minutes. Thereafter the bottle was held in a low tem 
perature bath at —78° C. and varying amounts of triiso 
butylaluminum solution in toluene (l molar solution) 
and 6 milliliters liquid B-B fraction were put succes 
sively into the bottle also employing the usual, dry, 
air-free technique. Thereafter the bottle was sealed and 
allowed to copolymerize at —30° C. for 24 hours. Alter 
nating copolymer of butadiene and butene-l was ob 
tained. The results are summarized in Table 17. The 
mole fraction of B—B fraction used was as follows: 

copolymer is an alternating copolymer of butadiene 40 Mme percent 
and styrene. ‘ . . . Propane 0.03 

(l ) The composition of the copolymer‘accordmg to pmpyknc (ms 
the NMR analysis substantially agrees with the calcu- ivleéhz’l uwlylcnv 8-6;‘; 
4 . . ' 50 U ane _ 

lated value for the 1.1 copolymer of butadlenc and “Bum: 31,7 
styrene. 45 lsohutylcnc 26.22 

(2) The copolymcrization reaction gives 1:1 copoly- g‘r’lf‘z‘fgllmma ‘a: 
mer over a wide range of initial monomer composition. mama-“Leg 4,12 

(3) The copolymerization reaction gives 1:1 copoly‘ l-i-lgut?gimc 43-2}, 
. - v - .-— U a l‘nL’ . h 

mer independently of polymerization time. Ethyl uwycm. Q16 
Vinyl acetylene 0.64 

TABLE 16 

Catalysts 
()rganu- Alternating 

Experiment aluminum Titanium copolymer 
No. compound‘ Mmol tetrahalide Mmol Carbonyl compound Mmol (g.) 

1 AKi-Bula L0 TiCl. 0.1 0.03 
2 Alti-Buln 015 TiCl. 0.1 Acetic acid 0.10 0,05 
3 AltLBul; 0.5 TiCl. 0.1 Propionic acid anhydride 010 0,05 
4 run-Bu),I 1.0 Ticl, 0.1 " 0.25 0.25 
S A |( i-Bu l; U. 5 TiBr4 U. l p-Benzoquinone 0.10 0.07 
6 Alli-Bu)“ (1.5 TiBn 0,1 Terephthal aldehyde 0,10 01 l 
7 AlEt3 0.5 TiBr, 0.1 Propionic acid anhydride 0.10 0.04 
s Auteurt |.u TiCt4 0.1 I 0.10 ass 

Ticia odcnla 
Reference AIEL, 0. 5 TiCll 0.1 0 



Re. 28,850 

TABLE 17 

Alternatin copolymer 
Catalysts MEK gMEK lnsolui 

soluble ble, diethyl 
Experiment Al(i»BuJ¢, TiCl4 Carbonyl fraction ethersoluhle 
No. lmmol) (mmol) compound Mmol tg.) fraction (g.) 

l 1.0 0.2 Acetophenone 0.2 0.14 0.02 
2 2.0 0.2 ( (F 0.2 0.16 0.56 

TiCl;l OCCH;, 

Example 21 toluene (1 molar solution) were put successively at 
The usual, dry, air-free technique was employed and 

7.0 milliliters toluene, 1.0 milliliter triisobutylalumi 
num solution in toluene (l molar solution), 0.25 milli 
mole propionic acid anhydride, 0.1 millimole titanium 
tetrachloride and a mixture of 2 milliliters liquid pro 
pylene, 2 milliliters liquid butadiene and 2 milliliters 
toluene were put successively into a 25 milliliters glass 
bottle at —78° C. Then the bottle was sealed and al 
lowed to copolymerize at —30° C. for 15 hours. The 
yield of the alternating copolymer of butadiene and 
propylene was 0.13 g. 

Example 22 
The usual, dry, air-free technique was employed and 

1.0 millimole butadiene, 0.25 millimole propionic acid 
anhydride and 0.1 millimole titanium tetrachloride 
were put successively into a 25 milliliters glass bottle at 
25° C. Then the bottle was held in a low temperature 
bath at —78° C. and 10 milliliters triisobutylaluminum 
solution in toluene (1 mole solution) and a mixture of 
3 milliliters liquid propylene, 2 milliliters liquid butadi 
ene and 2 milliliters toluene were put successively into 
the bottle also employing the usual, dry, air-free tech 
nique. Thereafter the bottle was sealed and allowed to 
copolymerize at —30° C. for 15 hours. The yield of the 
alternating copolymer of butadiene and propylene was 
0.65 g. and the microstructure of butadiene unit of the 
copolymer was as follows: 
trans: 70% 
cis: 22% 
1,2: 8% 

Example 23 
The usual, dry, air-free technique was employed and 

a mixture of 2 milliliters liquid propylene, 2 milliliters 
liquid butadiene and 2 milliliters toluene, 0.18 milli 
mole titanium tetrachloride, 0.6 milliliter of triisobutyl 
aluminum solution in toluene (1 molar solution) and 
0.12 millimole acetophenone were put successively at 
intervals of 10 minutes into a 25 milliliters glass bottle 
at —78° C. Thereafter the bottle was sealed and allowed 
to copolymerize at —40° C. for 4.5 hours. The yield of 
the alternating copolymer of butadiene and propylene 
was 0.60 g. and the microstructure of butadiene unit of 
the copolymer was as follows: 
trans: 92% 
cis: 6% 
1.2: 2% 

Example 24 
The usual, dry, air-free technique was employed and 

a mixture of 2 milliliters liquid propylene, 2-milliliters 
liquid butadiene and 2 milliliters toluene, 0.18 milli 
mole titanium tetrachloride, 0.12 millimole acetophe 
none and 0.6 milliliter triisobutylaluminum solution in 
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intervals of 10 minutes into a 25 milliliters glass bottle 
at —78° C. Thereafter the bottle was sealed and allowed 
to copolymerize at —40° C. for 4.5 hours. The yield of 
the alternating copolymer of butadiene and propylene 
was 1.05 g. and the microstructure of butadiene unit of 
the copolymer was as follows: 
trans: 91% 
cis: 7% 
1.2: 2% 

Example 25 
The usual, dry, air-free technique was employed and 

a mixture of 2 milliliters liquid propylene, 2 milliliters 
liquid butadiene and 2 milliliters toluene, 0.6 milliliter 
triisobutylaluminum solution in toluene ( 1 molar solu» 
tion), 0.12 millimole acetophenone and 0.18 millimole 
titanium tetrachloride were put successively at inter 
vals of 10 minutes into a 25 milliliters glass bottle at 
—78° C. Thereafter the bottle was sealed and allowed to 
polymerize at —40° C. for 4.5 hours. The yield of the 
alternating copolymer of butadiene and propylene was 
1.01 g. 

Example 26 
The usual, dry, air-free technique was employed and 

a mixture of 2 milliliters liquid propylene, 2 milliliters 
toluene, 0.12 millimole acetophenone, 0.18 millimole 
titanium tetrachloride and 0.6 milliliter triisobutylalu 
minum solution in toluene (1 molar solution) were put 
successively at intervals of 10 minutes into a 25 milli 
liters glass bottle at —78° C. Thereafter the bottle was 
sealed and allowed to copolymerize at —40° C. for 4.5 
hours. The yield of the alternating copolymer of butadi 
ene and propylene was 1.06 g. 

Example 27 
The usual, dry, air'free technique was employed and 

0.05 g. metal oxide or metalloid oxide, 6.5 milliliters 
toluene, 0.2 milliliter titanium tetrachloride solution in 
toluene (1 molar solution) and 0.5 millimole carbonyl 
group containing compound were put successively in a 
25 milliliters glass bottle at 25° C. Then the bottle was 
left alone at 25° C. for 10 minutes. Thereafter the bot 
tle was held in a low temperature bath at —78° C. and 
2.0 milliliters triisobutylaluminum solution in toluene 
(1 molar solution) and a mixture of 2 milliliters liquid 
propylene, 2 milliliters liquid butadiene and 2 milliliters 
toluene were put successively into the bottle also em 
ploying the usual, dry, air-free technique. Thereafter 
the bottle was sealed and allowed to copolymerize at 
—30° C. for 16 hours. The results are summarized in 
Table 18. As can be seen in Table 18, the yield of the 
high molecular weight alternating copolymer of butadi 
ene and propylene increased by adding metal oxide or 
metalloid oxide to the three components catalyst sys 
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tern of organoaluminum compound, titanium tetraha~ 
lide and carbonyl compound. 

24 
copolymerizc at -30° C. for 16 hours. The results are 
summarized in Table 19. 

TABLE 18 

Alternatin co o1 mer 
Catalysts HER IMEE msolu— 

soluble hle. diethyl 
Experiment AllrBuh TiCl. Metal oxide or fraction ether soluble 
No (mmol) tmmol) Carbonyl compound Mmol metalloid oxide Gram (g) fraction (g.) 

1 2.0 0.2 Monoehloroaeetie acid 0 5 Titanium dioxide 0.05 0.23 *0.82 
Reference 1 20 0.2 " 0.5 0.17 0 29 
2 2.0 0.2 Ethyl acetate 0.5 Alumina 0.05 0.17 048 
Reference 2 2 0 0.2 " 0.5 0.09 0.14 
. 2.0 0.2 " 0.5 Vanadium pentoxide 0.05 0.23 0.56 
4 2.0 0.2 Diethyl malonute 0.5 Silica 0.05 0.22 0.15 
Reference 3 2 0 0.2 " 0.5 0.08 0.04 
5 2.0 0.2 Benzophenone 0.5 Zirconium dioxide 0.05 1.48 0.67 
Reference 4 2.0 0.2 “ 0.5 0.23 0.47 
(i 2.0 0.2 Acetone 05 Titanium dioxide 0.05 0.24 0.22 
Reference 5 2.0 0.2 " 0.5 0.24 0.13 

2.0 0.2 Acetic acid anhydride 0.5 Magnesia 0.05 0.12 093 
Reference h 2.0 0.2 " 0.5 0.13 0.83 

Example 28 

The usual. dry, air-free technique was employed and 
6.0 milliliters toluene, 0.5 millimole carbonyl group 

As can be seen in Table 19, the yield of the high 
molecular weight alternating copolymer of butadiene 
and propylene was increased by adding halogen or 
halogen compound to the three components catalyst 

containing compound, 0.2 milliliter titanium tetrachlo- 25 system of organoaluminum compound, titanium tetra 
ride solution in toluene (1 molar solution) and 0.2 chloride and carbonyl compound. 

TABLE 19 

Catalysts Alternatin co 01 mar 
HER ?EK insoluble, 

soluhlc diethyl ether 
[:xperimenl Altl-Bu )J 'liCl, ('arhonyl Halogen or halogen com- fraction soluble l'rae» 
No tmmol] (mmol) compound Mmol pound - Mmol lg.) lion (g.] 

l 2.0 0.2 Benzopherione 0.5 Stannie chloride 0.2 0.16 0.7‘) 
Reference 1 2.0 02 " 0.5 0.23 0.57 
2 2.0 0.2 BenLoyl peroxide 0.5 tert-Butyl chloride 0.2 0.12 0.25 
Reference 2 2.0 0.2 " 0.5 0.11 0.20 

2 0 0.2 Ethyl acetate 0.5 Ethylalumlnum dichlo- 0.2 0.10 ‘0.54 
ride. 

Reference 3 20 0 Z " 0.5 0.09 0.14 
4 2.0 0.2 Diethyl malonate 0.5 Aluminum bromide 02 0.09 013 
Reference 4 2 0 0.2 " 0.5 0.08 0.04 
5 2.0 0.2 Acetone 05 A|Cl,,.O(C,H5);\ 0.2 0.18 040 
Reference 5 2.0 0.2 " 0.5 0.24 0.13 
h 2.0 0.2 Benzophcnone 0.5 Iodine 0.2 0.15 0.67 

‘llutadiene microstrueture “I r.in~=fi7'%‘. ('i\=25‘7r: 1.2=8€l. 

millimole halo en or halo en com ound were ut suc 
g g p p 45 Example 29 

cessviely in a 25 milliliters glass bottle at 25° C. Then 
the bottle was left alone at 25° C. for 10 minutes. 
Thereafter, the bottle was held in a low temperature 
bath at —78° C. and 2.0 milliliters triisobutylaluminum 

The usual, dry, air-free technique was employed and 
6.0 milliliters toluene, 0.5 millimole isobutyl aldehyde, 

TABLE 20 

Alternatin co ol mer 
Catalysts MFR MEK in— 

()rgano- Diluent soluble soluble, diethyl 
Experiment aluminum ‘l’tCl, toluene fraction ether soluble 
Nu compound Mmol (mmol) Halogen or halogen compound Mmol. lml.) (g) fraction (g.) 

1 Alt i-Bu),L 2.5 1 0 5 0 0.09 
2 All i‘Bulx 2.5 1.0 Chromium (V1) oxychloritle 1.2 5 0.40 1.00 
3 Altl‘lluht 2.5 1.0 Vanadium (V) oxychloride 1.0 4 0.89 0.58 
4 All i'Buh 2.5 1.0 tert-Butyl chloride 2.5 5 0.10 0.14 
5 AllrBulu 2 5 l (I Bromine 0.8 5 0.08 0 34 
Reference 1 AMI-B013 l 5 1.0 5 0 0 
Reference 2 AlEty 2.5 1.0 5 0 (1 
Reference 3 A111, 1.5 1.0 5 0 (1 

solution in toluene ( 1 molar solution) and a mixture of 
0.2 milliliter titanium tetrachloride solution in toluene 
(1 molar solution) and 0.2 millimole boron tri?uoride 

2 milliliters liquid propylene, 2 milliliters liquid butadi- 65 dicthyl ester complex were put successively in a 25 
ene and 2 milliliters toluene were put successively into 
the bottle also employing the usual. dry, air-free tech 
nique. Thereafter the bottle was sealed and allowed to 

milliliters glass bottle at 25° C. Then the bottle was left 
alone at 100° C. for 10 minutes. Thereafter the bottle 
was held in a low temperature bath at ~78° C. and 2.0 
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milliliters triisobutylaluminum solution in toluene (1 
molar solution) and a mixture of 2 milliliters liquid 
butadiene and 2 milliliters toluene were put succes 
sively into the bottle also employing the conventional, 
dry, air-free technique. Thereafter the bottle was 
sealed and allowed to copolymerize at —30° C. for 16 
hours. The yield of methyl ethyl ketone soluble alter 
nating copolymer of butadiene and propylene was 0.18 
g. and that of methyl ethyl ketone insoluble and diethyl 
ether soluble fraction, i.e. alternating copolymer of 
butadiene and propylene was 0.74 g. When the three 
components catalyst system consisting of triisobutyl 
aluminum, titanium tetrachloride and isobutylaldehyde 
was used and the other copolymerization conditions 
were the same as those in this example, the yield of the 
high molecular weight alternating copolymer was 0.47 
g. 

Example 30 
The usual, dry, air-free technique was employed and 

varying amounts of toluene, 1.0 milliliter titanium tet 
rachloride solution in toluene (1 molar solution) and 
varying amounts of halogen or halogen compound were 
put successively in a 25 milliliters glass bottle at 25° C. 
Then the bottle was left alone at 25° C. for 10 minutes. 
Thereafter the bottle was held in a low temperature 
bath at —78° C. and varying amounts of organoalumi 
num compound in toluene (1 molar solution) and a 
mixture of 2 milliliters liquid propylene, 2 milliliters 

20 

25 

26 
1.2 millimoles chromium (Vl) oxychloride were put 
successively in a 25 milliliter glass bottle at 25° C. 
Then the bottle was left alone at 25° C. for l0 minutes. 
Thereafter the bottle was held in a low temperature 
bath at —78° C. and 2.5 milliliters triisobutylaluminum 
solution in toluene (I molar solution), 3 milliliters 
styrene and 2 milliliters liquid butadiene were put suc 
cessively into the bottle also employing the usual, dry, 
air-free technique. Thereafter the bottle was sealed and 
allowed to copolymerize at —30° C. for 16 hours. The 
yield of alternating copolymer of butadiene and styrene 
was 0.53 g. 

Example 32 
The usual, dry, air-free technique was employed and 

0.5 millimole halogen compound, 6.5 milliliters toluene 
and 0.2 milliliter titanium tetrachloride solution in 
toluene (1 molar solution) were put successively in a 
25 milliliter glass bottle at 25° C. Then the bottle was 
left alone at 25° C. for 10 minutes. Thereafter the bot 
tle was held in a low temperature bath at —78° C. and 
2.0 milliiiters triisobutylaluminum solution in toluene 
(1 molar solution) and a mixture of 2 milliliters liquid 
propylene, milliliters liquid butadiene and 2 milliliters 
liquid toluene were put successively into the bottle also 
employing the usual, dry, air-free technique. Thereaf 
ter the bottle was sealed and allowed to copolymerize 
at —30° C. for 16 hours. The results are summarized in 
Table 21. 

TABLE 21 

Catalysts Alternating copolymer 
MEK MEK insoluble 
soluble diethyl ether 

Experiment Alti-Bu );l TiCl, Halogen fraction soluble fraction 
No. (mmol) (mmol) compound‘ Mmol (g.) (g. ) 

l 2.0 0.2 BF3.OEt2 0.5 0.l2 0.28 
2 2.0 0.2 AlCl;,.OEt, 0.5 0.07 0.l2 
3 2.0 0.2 ZnCl,.Py 0.5 0.l0 0.08 

4 2.0 0.2 VOCl;.OEt, 0.5 0.50 0.60 
5 2.0 0.2 Nllz. Py 0.5 0.05 0.15 
6 2.0 0.2 FeCl5.OEt, 0.5 0.] l 0.2l 
7 2.0 0.l HgCl,.Py 0.5 0.05 0.1 l 
8 2.0 0.l Cu,Cl,.Py 0.5 0.04 0.l2 

Reference 2.0 0.] 0 0.03 

*EP'EIIIYI', Py=Pyridine. 

liquid butadiene and 2 milliliters toluene were put suc Example 33 
cessively into the bottle also employing the usual, dry, 
air-free technique. Thereafter the bottle was sealed and 
allowed to copolymerize at —-30° C. for 16 hours. The 
results are summarized in Table 20. As can be seen in 
Table 20, by adding halogen or halogen compound to 
the two components catalyst system consisting of or 
ganoaluminum compound and titanium tetrahalide, the 
yield of the alternating copolymer increased, Ref. 1 
also shows that when the mol ratio of triisobutylalumi 
num to titanium tetrachloride is 1.5 (Al/Ti=l.5) no 
alternating copolymer can be obtained. 

Example 31 
The conventional, dry, air-free technique was em» 

ployed and 5.0 milliliters toluene, l.0 milliliter titanium 
tetrachloride solution in toluene ( 1 molar solution) and 

55 

60 

65 

The usual, dry, air-free technique was employed and 
0.5 millimole halogen compound, 6.5 milliliters toluene 
and 0.2 milliliter titanium tetrachloride solution in 
toluene (1 molar solution) were put successively in a 
25 milliliter glass bottle at 25° C. Then the bottle was 
left alone at 25° C. for 10 minutes. Thereafter the bot 
tle was held in a low temperature bath at ~78“ C. and 
2.0 milliliters triisobutylaluminum solution in toluene 
(1 molar solution) and a mixture of 2 milliliters liquid 
propylene, 2 milliliters liquid butadiene and 2 milliliters 
toluene were put successively into the bottle also em 
ploying the usual, dry, air-free technique. Thereafter 
the bottle was sealed and allowed to copolymerize at 
-—30° C. for 39 hours. The results are summarized in 
Table 22. 
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TABLE 22 

Catalysts Alternating| copolymer 
‘ ‘ InSOU € 

Experiment Alli-BUM TiCl, Halogen soluble diethyl ether 
No. (mmol) (mmol) compound“ Mmol fraction soluble fraction 

(a) 

l 2 0.2 BiCl‘TCEt, 0.5 0. l (1 0.52 
2 2 0.2 SHCI+OE13 0.5 0.02 0.15 
3 2 0.2 B(:l3_()]'_<‘,[E 0.5 0.02 0.10 
Reference 2 0.2 O 0.05 

‘Er?ithyl. 

X’ is selected from the rou consistin of chlorine, Example 34 g p g 

The usual, dry air-free technique was employed and 
0.5 millimole bismuth (III) chloride diethyl ether com 
plex, 6.5 milliliters toluene and 0.2 milliliter titanium 
tetrachloride solution in toluene (1 molar solution) 
were put successively in a 25 milliliters glass bottle at 
25° C. Then the bottle was left alone at 25° C. for 10 
minutes. Thereafter the bottle was held in a low tem 
perature bath at —78° C. and 2.0 milliliters triethylalu 
minum solution in toluene and a mixture of 2 milliliters 
liquid propylene, 2 milliliters liquid butadiene and 2 
milliliters toluene were put successively into the bottle 
also employing the usual, dry, air-free technique. 
Thereafter the bottle was sealed and allowed to copoly 
merize at —30° C. for 16 hours. The yield of ‘methyl 
ethyl ketone soluble alternating copolymer of butadi 
ene and propylene was 0.05 g. and methyl ethyl ketone 
insoluble and diethyl ether soluble alternating copoly 
mer of butadiene and propylene was 0.1 l g. By using 
two components catalyst system of triethylaluminum 
and titanium tetrachloride, no alternating copolymer of 
butadiene and propylene was obtained. 
What we claim is: 
l. A process for preparing a 1:1 copolymer of butadi 

ene and an alpha-ole?n having alternating butadiene 
and alpha-ole?n units, said alpha-olefin having the 
general formula of CHZ=CHR’ wherein R’ represents a 
phenyl radical or a C , to C4 normal or branched chain 
alkyl radical, which comprises contacting butadiene 
and the alpha-ole?n in liquid phase at a temperature of 
from —l00° C. to 50° C. with a catalyst system compris 
ing a ?rst component of an organoaluminum com 
pound having the general formula of AIR3 wherein R 
represents a hydrocarbon radical selected from the 
group consisting of an alkyl radical, an aryl radical and 
a cycloalkyl radical, a second component of titanium 
tetrahalide having the general formula TiX', wherein 
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bromine and iodine, and a third component of a car; 
bonyl group-containing compound, wherein the molar 
ratio of said organoaluminum compound to said tita 
nium tetrahalide is from greater than L5 to 20 and the 
molar ratio of butadiene to said alpha-ole?n in the 
initial monomer composition is within a range of from 
20:80 to 80:20. 

2. A process as claimed in claim 1, wherein the cata 
lyst system contains a material selected from the group 
consisting of a metal oxide, a metalloid oxide, a halo 
gen and a halogen compound as a fourth component. 

3. A process as claimed in claim 1, wherein the molar 
ratio of the organoaluminum compound to the titanium 
tetrahalide is approximately l.5—l0. 

4. A process as claimed in claim 1, wherein said 
halogen compound is selected from the group consist 
ing of a halogen compound having Lewis acid property, 
a Lewis acid-base complex of a halogen compound 
having Lewis acid property, an organoaluminum com 
pound having an Al-X linkage, an organotransition 
metal compound having a transition metal-X linkage 
and an alkane compound having a C-)( linkage, 
wherein X represents halogen. 

S. A process as claimed in claim 1 wherein the poly 
merization reaction is carried out in the presence of a 
hydrocarbon diluent. 

6. A process as claimed in claim 1 wherein the molar 
ratio of butadiene to the alpha-ole?n in the initial 
monomer composition is substantially 50:50. 

7. A process as claimed in claim I, wherein said 
a-ole?n is styrene. 

8. A process as claimed in claim 1, wherein said 
a-ole?n is selected from the group consisting of propyl 
ene, butene-l, pentene-l and hexene-l. 

9. A process as claimed in claim 1, werein said a-ole 
?n is 4-methyl pentene~l. 

* a: s * * 








