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The present invention relates to certain novel polymers
of 1,3.pentadiens and to a simple and effective process
for preparing these palymers.

In our copending US. application 193,528, fled May
9, 1962, there is described crystalline 1,3-pemtadiene poly-
mers having a cis-14 enchainment of the monomeric
units and a syndyotactic confignration of the asymmetric
carbon atoms. These polymers have an identity period,
along the direction of the main chain, of about 8.5 A.
Moreover, in the crystalline state, the infrared spectrum
of these polymers shows the presence of characteristic
bands which are abscnt from the spectrum of the molicn
polymer or from the spectrum of the same polymer in
solution. The most intense of these bands are al 11.674,
108, 104 and 8.85u.

We have now surprisingly obtained from [,3-penta-
diene certain new crystalline polymers having a prevail-
ingly cis-1.4 enchainment as is the case with the above
mentioned polymers, In contrast to the polymers of our
copending application however, the prescat novel poly-
mers possess an isotastic sonfiguration of the asymmetric
carbon atoms.

FIGURES 1 and 2 are representations of the infrared
spectrum of polypentadienes possessing an isotatic con-
figuration of the tertiary carbon atoms and a syndyotactic
configuration of the leriary carboa aloms respectively.
In FIGURES | and 2 the absorbance values are shown
on the ordinate, while the wave lengths in microns are
given as the upper scale on the abscissa and the frequency
n ¢m.~! is the lower scale thereon. In each of these
twa figures solid lines indicate the specirum of the poly-
pentadiene in solution or in the molten state, whereas
the dotted lines show the spectrum of the polymer in the
crystalline state,

FIGURE 3 shows the X-ray speclivm. jegistered with
a Geiger counter, of a polypentadiene of the present in-
vention. The refative intensities are shown on the ordi-
nate and the diffraction ungles (26) are plotted on the
abscissa,

It is therefore an object of the present invention (o
provide certain novel cis-1,4 polymers of 1.3-pentadiene
possessing the isoiactic structure.

Another object is to provide a process for preparing
these polymers.

Further objects of the present invention and some ad-
vantages thereof will become hereinafier apparcnt.

The differences between the polymers of the present
invention and known cis-1,4-polypentadienc are shown
by the data obtained wpon X-ray and infrared examina-
tion of the polymers.

The fiber spectrum of the present pelymers indicate
the presence of an identity period of about 8.1 A, which
value could only indicate a cis-1,4 isotactic structure; the
identity period of the polymer possessing the syndyo-
Lactic structure (as reported in U.S. Serial No, 193,528},
being about 8.5 A.

Other significant differences are observed in the fiber
spectrum of these two polymers, which differences relate
not only to the position of the diffrection spets but also
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to the state of the intensity diffracted onto the first two
layers.

In the spectrum of the syndyotactic polymer, the total
intensity diffracted onte the Ind layer is higher than
that diffracted on the 1st layer; while in the spectrum
of the instant novel polymers the opposite is observed.
This i= a further demonstration of the presence of the
¢is-1,4 isotactic structure in these new polymers.

The X-ray spectrum, registered with a Geiger counter,
of our new polymer as shown in FIGURE 3, wherein the
relative intensity is plotted on the ordinate and the dif-
fraction angles 20 (CuKa) on the abscissa, presents two
peaks corresponding to diffraction angles 28==17* and
26==18.8° and appears to be different from that of the
corresponding syndyotactic polymer due (o the different
ratios between the intensities of these two peuks.

The infrered spectrum of our new polymer, in the
molten state or in solution (FIGURE 1, continuous line)
ditfers oniy slightly from the spectrum of the cis-1,4-
polypentadiene exhibiting a syndyotactic structure (FIG-
URE 2, continuous line). Like the spectrum of the lat-
ter, it presents an intense bund in the zone around 1334,
which s characteristic of inper double bonds of the cis
Lype.

Remarkable differences are, however, noted in the spec-
trum of the two polymers in the crystalline state. In
the spectrum of polymer containing the sotactic struc-
ture (FIGURE 1, dotted line) there are present bands
which are not present in the spectrum of the dissolved
polymer or melted polymer, the most intense of which
are at 11.88x, 1084, 9.954, 9.124, and 8.87x.

‘The position of these bands therefore is generally dif-
ferent from that of the bands exhibited by the polymer
containing the syndvotactic structure (FIGURE 2, dotted
line).

A particularly pood criterion for differentiating the two
polymers on the basis of their infrared spectrum in the
crystaliine state 15 the postion of the band representing
the inner double bonds of cis type. In the case of the
syndyotactic polymer this band is at about 13.24, while
in case of the isotactic polymer the band is at about 13.44,

The crystalline 1.3-pentadiene polymers having the
isotactic cis-1,4 structure of the present invention are
obtained with catalysts prepared by reacting mluminum
alkyls with titamium alkoxides.

These catalysts, when used with butadiene and diole-
firg of the formuly, CH=CH—CR=CH; (whetein R is
an alkyl) such as, e.g., isoprene, give polymers having a
1,2-enchainment as shown in Italisn Patent No. 538,453,
Therefore it could not be predicted that the same calalysis
would. when employved with 1.3-pentadiene, give poly-
mers having the cis-1.4 isotactic structure.

In preparing the catalyst according to the present in-
vention any organic aluminum compound having the gen-
eral formula:

l-‘I

Fd

M/‘ s

Rs
whergin R, and R, may be the same or diTerent alkyl
alkylaryl or cycloalkyl groups containing 1 o £ carbon
atoms and R, can be a hydrogen atom or aa alkyl, al-
kylaryl or cycloalkyl group containing 1 to 15 carbon
atoms, may be used.

Some examples of suitable organoaluminum compounds
include: dimethyl aluminum monohydride, diethyl alumi-
num monchydride, diisopropyl aluminum monohydride,
dibutyl aleminem monohydride, dihexyl aluminum mono-
hydride, dioctyl aluminum monohydride, ethyl isobutyl
aluminum monchydride, ethy! propyl aluminum monohy-
dride. ethyl hexyl alumipum monohydride, aluminum tri-
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ethyl, aluminum trilsobutyl, aluminam tridodecy), alumi-
num tricyclohexyl, aluminum diethylmonobenzyl, etc,

Mixtures of a dialkylaluminum monohydride with an
aluminum rialkyl in any ratio can also be used.

Suitable titanium compounds comprise any compound
of the formula, Ti(OR),, wherein R is an alkyl, aryl,
alkylaryl or cycloalkyl group, containing 1 1o 10 carbon
atoms.

Some examples of suitable titanium compounds in-
clude: titanium tetra-n-butoxide, titanium tetraisopropox-
ide, titanium tetraphenolate, and titanium tetracthoxide.

The preparation of the polymerization catalyst js pref-
erably ¢arried out jn an aliphatic or aromatic hydrocarbon
sulvent by simply mixing the two reactanis together, pref-
erably at room temperature,

The Al/Ti ratio can vary within very wide limits, e.g.,
between about 1:1 and 100:1, preferably between 3:1
and 15:1.

The temperature range suitable for the polymerization is
very wide, Thus, the polymerization can be conducted
al lemperatures between about 100" and -} 100° C.,
preferably between —50 and 50" C.

As the polymerization solvent or diluent, any aromatic
or aliphatic hydrocarbon can be used.

If desired, it is also possible lo operate in absence of
extrubeous sofvents by using an excess of the liquid
monomer as the solvent.

The ¢is-14-polypentadiencs obtamned with the cafalysis
prepared from aluminem alkyls and titanium tetra-
alkoxides pogsess a melting point of 40-45° C., which is
slightly higher than that of natural rubber. This property
renders these polymers particularly suitable for the use in
the field of elastomers.

By volcanization of the cis-1 4-polypentadiene of the
present invention, eccording to known methods, it is pos-
sible to obtain vuleanized products which are amo
at room temperature in the unstrelched state, but which
are crystelline in the stretched state.  These vulcanized
products are chargcterized by a low initial modalus and a
high tensile strength, Moreover, owing to the particular
configuration of the chains due to the cis-1.4 enchain-
ment, these polymers exhibit a bigh rebound elasticity,
comparable with that of natural rubber.

Cis-1,4-polypentadicnes possessing the isotactic struc-
ture and obtained by the process of the present invention
usually have a rather high melecular weight, e.g., intrinsic
viscosities [n] of about 6 10 7 (100 cc./g.) determined
in toluene at 30° C.

The cis-1,4-polypentadienes containing the isotactic con-
figuration are, however, easily degraded during process-
ing in the mixer. ‘Therelure the direct production of
a high molecular weight polymer in the polymerization
does not preseat u drawback. In this regard, cis-1,4-
polypentadiene exhibits & behaviour similar to that of
natoral rubber and different from that of cis-1.4-poly-
butadiene which, as is known, dees not undergo degrada-
tion in the mixer, and must therefore be directly obtained
with the desired molecnlar weight by polymerization.

The vulcanized products, obtained from cis-1 4-poly-
pentadicne possessing an isotactic structure, also possess
a higher tear strength than the vuicanized products ob-
tained from cis-1,4-palybutadiene.

The crude polymerization products oblained with cata-
Iytic system comprising AIR,RzR, and Ti(OR ), in gen-
eral, bhave w vis-14 unit content of aboul a0-/G% {de-
termined by the analytical method described herein-
below),

Polymers with a higher content of cis-1.4 units can
be obtained by removing the macromolecules having &
lower cis-1,4 content from the polymerization product.
This can be achieved, for example, by using the method
described in our copending U.S. Serial No. 193,528, ic.,
by dissolving the polymer in benzese or in another suit-
able solvent (e.g., ethylether, ethylacetate, etc.) and then
reprecipilating it with methyl ethyl ketone. By follow-

20

25

a3

40

45

&5

L1

70

4
ing this technique the less sterically less pure macromole-
cules, which are more soluble because of their lower
tendency to crystallize, remain in solution.

By repeating the solution and reprecipitation operations
two or three times it is possible to obtain polymers having
a content of cis-1,4 units of about 85-90%. For most
uses, however, such as wherein the polymers are used as
elastomers, the purification of the product is not neces-

sary.
INFRARED ANALYSIS OF C15-1,4-
POLYPENTADIENE

The polymer is examined in a carbon disulphide solu-
tion, The trans type unsaturstion s determined from
the optical density of the band at !0.354, znd the un-
suturation of the vinyl type is determined from the optical
density of the band at 11s, while assuming that the
absorption coefficients for the two bands are 10 108
em.~t x mols~! x ml. and 12 [0% x em.~* X mols =) x ml.
respectively, which are the average values reported in the
literature (see A, L. McMurray and V. Thornton, Anal.
Chem. 24, 318 (1952)).

The optical density of the band at 10.354 is rend with
respect Lo & base line drawn between 10.08. and 10.55,.
That of the band at 114 is read with respect to a base line
drown between 10.8x and 11.25.

The percentage of wunsaturation of trans type is cal-
culated according to the farmula

that of vinyl type with the formula;

v Dy X 5.7 2108
(,‘...‘:n""—'—'—‘,;r;zp——

wherein

S=xthickness of the cell in cm.
P=mg. of polymer dissolved in 10 ml of carbon
disulphide.
The percent ussaturation of the <s-1,4 type is calcu-
lated by the formula:

Ce%mr 100—(CyF4-Copy )

The following examples are given to illustrate some
specific embadiments of the present invention withowt
limiting the scope thereof,

All parts and proportions are by weight unless cther-
wise mdicated,

Example 1

A palymerization is carried out in a 100 ce. glass test
tube. In 1o this test tube, after the removal of air there-
from and the introduction of anhydrous Ny, the follow-
ing substances are intraduesd while operating witheut
any contact with air:

Ce,
Anhydrous benzene _.._ .. ... ..o ______ 80
Titanium tetra-n-butoxide _ .. ___ ... .. _______ 0.6
Aluminum sriethyl . 18

The temperature is brought to 0° C. and 15 cc. of 1,3-
pentadiene (99% of trans isomer) are added to the
homogenized mixtore. The menomer is added 2 to 4
minutes after the formaiion of the catalyst, The whule
mass is then kepl at 0° C. for 18 hours and the polymeri-
zation is stopped by the addition of methanol. The poly-
mer is coagulated by the addition of an excess of methanol
and is then dried usder vacuum,

1 g of u solid crystaline polymer possessing the isotatic
structure are odlained. This polymer upon infrared anal-
ysis is shown to consist of:

71% of double bonds of cis type

8% of double bonds of vinyl type
21% of double bonds of trens type
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The polymer is dissolved in benzene, reprecipitated
with methyl ethyl ketone and then subjected again to in-
frared analysis. This polymer is shown to contain:

78% double bonds of cis-type
17% double bonds of trans type
5% double bonds of vinyl type

After a further purification by dissolution in benzene
and reprecipitation with methylethyl ketone, the polymer
15 shown to exhibit the following characteristics:

(1) Infrared analysis:

85% of double bonds of cis type
12% of double boonds of trans type
3'% of doubie bonds ot vinyl type

{b) The polymer is shown to be crystaliine by X-ray
examination at room temperature, The X-ray spectrum
thereof, registered with a Geiger counter, is reported in
FIGURE 3;

(¢) Intrinsic viscosity, determined in twlvene at 30°
C.wT7.04 (100 cc./g.);

(d) Melting temperature {under the polarizing micro-
scope) =43° C.

Example 2

The polymerization is carried out as in Example 1, but
by operating at <20° C. instead of at 0° C.

After § hours, 4.2 g. of lline polymer are obtamed
which by infrared analysis is demonstrated to consist of :

66% of cis double bonds
25% of trans double bonds
9% of vinyl double bonds

After purification by means of two dissolutions and
reprecipitations with methyl ethylketone as described in
Example 1, the polymer exhibits a cis-1,4 unil content
of about 83%, possesses am isotactic structure, and is
wystalline under Xeray examination.

Exampie 3

The polymerization is carried out in the manner of
Example I, but using toluene instead of benzene and op-
erating at — 20" C. instead of 0" L,

After 60 hours, 3 g. of crystalline polymer having a
cis-1,4 unit content of about 71% and the isotactic struc-
ture are obtained.

After purification by repealed dissolution and repre-
cipitation, a product having a cis-[,4 unit content of 86%
is obtained.

Example 4

The polymerization is conducted ax described in Fx-

ample 1, using the following reactants:
Ce.
Anhydrous benzene oo o .. 80
Titanium tetraisopropylute . o oicnii o 0.6
Al(CaHy); wcsnusswmemavsnmnawnswnssnwemnenme 1.6
Pentadiene (95% trans) ~-ncvccceccmcemcnm————— 15

After polymerization at 0* C. for 24 hours and coagu-
lation with methanol, a product having a cis-1,4 unit con-
tent of 69% and a crystallinity derived from the isotactic
siructare (as shown by X-ray examination) is obtained.

The rate of conversion is 45% .

After purification by dissolution in benzene and re-
precipitation with methyl ethyl ketone, a product c¢on-
taining 87% of units with cis-1.4 enchainment and hav-
ing an intrinsic viscosity of 5.84 (100 cc./g.} (determined
in tofuene al 30° C.) is obtained.

Example §

In this polymerization run there is employed 40 cc.
of anhydrous n-heptane, in which the following substances
are dissolved at 0° C, in the sequence:

Ce.
Titanium tetra-n-butoxide ... __..__._.._.... 03
ARCHEG g o i e s i o i 09
Pentadiene (95% of rans) - oo 60
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The polymernization is carried out at 0 C, for 2 days.

3 g of slightly crystalline polypentadiene, possessing the
isotactic structure and having the following composition
are obtained:

529 of cis-1,4 unils

36% of trans units

12% of viay! units

Example &

This polymerization is carried oul by wing the penla-
dicne as the soivent,

0.2 cc. of ANC;Hg)s and 0.005 cc. of titanium tetra-
isopropoxide are dissolved in 10 cc. of pentadiene (96%
of wans Bomer). After 2 days, the polymerization is
stopped by adding methanoi thereto. 0.3 g. of a dry poly-
mer with a cis-1,4 unit content of 50% and possessing the
1solactic structure are obtained.

Example 7

By operating as described in Example |, a polymeriza-
uon is carried out using the following ingredients:

Ce.
TOMENE oo oo 30
Aluminum triisobutyl _.________________________ 06
Ti totra n-butoxide ._..__._____________ . ________ 02
Pentadiene - ... ...__ e o i A 4.0

The polymerization is carried out at 0° C. and is stopped
after 40 hours by the addition of methanol.

1.9 g of polypentadiene having a cis-1,4 unit content
of 66% and the isotactic structure are obtained. After
@ purification step as shown in Example 1, a product con-
taining 829 of cis-1,4 units is obtained.

Example §

Using the pure cis isome)r of peutadiene, the pulymei-
ization is carried out with the folfowing ingredients:

Anhydrous benzene
AlCsHs),
Ti tetra n-butoxide

After 24 hours at 0° (., followed by coagulation in
methanol and drying, 0.8 g. of polypentadiene, under in-
frared analysis showing a cis-1,4 unit content of 78%, are
obtained. After the purification or enriching step, the
¢is-1,4 content of the product increases to 87%.

Exumples 9 (v 13

The polymerizations are carried out as in Example 1,
but instead of sluminum triethyl, equimolecular amounts
of each of the following aluminum alkyls are vsed: alu-
mioum  inhexyl, alwmupum (rimethyl, aluminum tri-
dodecyl, aluminum tricyclohexyl and aluminum diethyl-
maonobenzyl.

Polypentadiene hawing a prevailingly cis-1,4 enchain-
ment (about 70% in the crude polymer and about 85%
after purification) and the isotactic structure, which is
crystalhne 2t room lemperature is obtained in each case.

Examples 14 to 16

The polymerization is carried out a5 in Example 1,
but instead of titanium tetrabutoxide, equimolecular
amounts of each of the following compounds are used:
titanium tetrabenzoxide, titanium tetraphenoxide and ti-
tanivn letraethoxide. The polymerns produced in each
case are practically identical with those of Example 1.

Example 17

100 parts by weight of cis-1.4 polypentadiens exhibit-
ing the isofactic structure containing 75% of cis-1,4 units,
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which i3 obtained nccording to the preceding examples,
are mixed in a roll mixer with the foliowing ingredients:

Paris by weight
Phenyl A-naphthylemine ... 1
Tt U U > |
Zinc oxide
Vulcafor HBS!
Sulfasan R?
3 . 3 ¥ 3 g
Yilorpholtue diasipbide, pronce of Mosaunto Shem. Co.
The mix thus obtained is vulcanized in a press at the
temiperature of 130° C. for 40 minntes. The vulcanized
prodoct possesses the following characteristios:

Tenslle strength oo e kg/em2 . 190
Elongation ot break .o percent. . 1240
Modulus at 300% oo kg./emA.. 13

Example 18
A 100-cc. glass test tube provided with a side tube for
applying vacuum and introducing nitrogen is used as the
polymerization reactor. Into this test tube, after the re-
moval of air therefrom and intreduction of anbydrous
Ny, the following substances are introduced in the follow-
ing order:

Ce.
Anhydrons bepzens ~ooooiocaaao o Do 80
Titanivm tetraisopropoxide ... ..o vov.ooea.__ 0.3
Aluminem diethyl monohydride ... .o nooo..o 0.5

The temperature is brought to 0* C. and 15 ¢2. of 1,3+
pentadiene (98% of trans jsomer, 2% of cis isomer) are
ndded to the homogenized mixture. The monomer is
added 2 to 4 minutes after the formation of the catalyst.
The whole mass is kept at 0 C. for 18 hours and the
polymerization is then stopped by addition of methanol.
The polymer is coagulated hy adidition of an excess of
methanol and is dried under vacuum.

2.8 g of a sohd crystalline polymer are thus obtained
which under infrared analysis appears to consist of:

66% of double bonds of cis type
109 of double bonds of vinyl type
24% of double bonds of trans type

. The polymer is dissolved in benzene, reprecipitated
with methyl ethyl ketone and subjected again to infrared
analysis with the following results:

Pescent
Double bonds of cis type ... ... ... _._..__..T2
Double bonds of trans Wpe ..o ... 20
Double boads of vinyl (YPs ecamascuascnnsnanennne 8

After a funther purification by dissolution in benzene
and reprecipitation with methylethyl ketone, the polymer
exhibits the following characteristics:

{a) Infrared analysis:

84% of double bonds of cis type
11% of double bonds of rans type
39 of double bonds of vinyl type

{b) The polymer is shown to be crystalline under X-
ruy examination at room temperature;
(c) Intrinsic viscosity (determined in tolueng at
30° C.) in]=—35 (100 cc./g.);
(d) Melting temperature {under the polarizing micro-
scope)=40° C.
Example 19

The polymerization is carried out ss in Example 18,
but by operating at -+-20° C. instead of at 0° C.

After § hours, 3.2 g. of a solid crystalline polymer pos-
sessing the isotactic structure are obtained which poly-
mer under infrared analysis is shown to consist of:

61% of cis double bonds

27% of trans double bonds
12% of vinyl double bonds
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Afler purification by means of two dissolutions and re-
precipitations with methyl cthylketone as described in Ex-
ample 1, the polymer shows a cis-1.4 unit content of
about 83% and is demonstrated to be crystalline under
X-ray examination.

Example 20

The polymerization is carried out substantially as in
Example 18, but hy using toluene instead of benzene and
operating at —20° C.instead of 0° C,

After 50 hours, 2.2 g of crystalline polymer having
a cis-1,4 unit contenmt ol about 65% and the isotactic
stractune are oltained,

After the purification, a product having a cis-l,4 unit
confent of 84% is obtained.

Example 21

Operating as described in Example 18, the following
reactants are used:

Anhydrous henzene
Titaniem tetra n-butoxids
Al(CyH4) 4

The catalyst is aged at 20° C, for § minutes and 7 cc.
of pentadiene (95% of wans isomer) are added.

After a polymerization at 0 C, for 24 hours and co-
agulation with methanol, a product having a cis-1.4 unit
content of 64% and @n intrinsic viscosity of 2.92 (100
ce./g,) (determined in toluene at 30° C.) is obtained.

After purification by dissolution in benzene and repre-
cipitation with methy] ethyl ketone, a product containing
82% of units with ¢is-1,4 enchainment and the isolactic
structure, is obtained.

Example 22

Operating ns in Example 18, the following reactants gre
used:

Ce.
Anhydrous benzene - .o eeio . 60
Titanium tetra-n-butoxide oo a.1
AAICTHGY T o i i s i i i 0.17

The catalyst is aged at 20* C. for 20 minutes and 10
cc. of pentadiene (95%: of trans) are added.

After polymerization at 20* C. for 30 hours, and co-
agulation with methanol, 2.5 g. of polymer similar to
that produced in Example 4, are obtained,

Example 23

By operating according to the procedure described in
Example 18, 1ﬁe following ingredients are used:

Ce.
Anhydrous benzene . ____________ TR T 80
Aleminum triethyl . 025
Alvminum diethyl monobydride . -
Ti tetra nbutoxide . ________.
Pentadiene (95% trans)

The monomer is added 1-2 minutes after the formation
of the catalyst,

After 25 hours of polymerization, at 20° C. and afler
coagulation with methanol, 8 product having a cis-1,4
umit content of 65% is obtained with a conversion of
60%. Afer purification by dissolution in benzene and
reprecipitation with dimethyl ethylkeivme, a product con-
laining the isctactic structure and 85% of cis-1,4 units is
obtained.

Example 24

Operating as described in Example 18, the following
substances are used:

Ce.
Anhydrous benzene _ - ____...__._____________ 80
Al diisobutylmonohydride _______ bt s 0.6
Titetran-butoxide ____ ______________._________ 0.2
Pentadicne (98% transy .. _________.__.______ 70
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The polymerization is carried out at 20° C., asd is
stopped by adding methanol to the reaction after 30
hours. 2.8 g. of polypentadiene with a cis-1,4 unit content
of 64% are obtained, Afier the purification or enriching
steps, the cis-1,4 content increnses 10 §7% . The intrinsic
viscosity.of the crude polymer is 2.4 (100 cc./g.) (deter-
mined intoluene at 10° C.).

Example 23

Using the pure cis isomer of pentad.ene, the polymer-
wzation 15 carried out using the proportions and conditions
described in Example 21.

After polymerization at 0° C, for 24 hours, 1.2 g. of
polymer, which hy infrarad examination is shawn ta have
a cis-1,4 unil content of 76% (85% after purification)
are obtained.

Examples 26 1o 28

The polymerization is carried out as in Example 18,
but instead of titanium tetraisopropoxids, equimolecular
amounts of each of the following compounds are used:
titanium tetrabenzoxide, titanlum tetraphenoxide and tita-
nivm tefrsethoxide. The polymers obtained are in each
case practically identical with those of Example 18,

Many variations and modifications can, of course, be
practised without departing from the scope and spirit of
the present invention.

Having thus described the present invention, what it is
desired to secure and claim by Lélters Paten? is:

L. A process for preparing cis-1.4 unsubstituted poly-
pentadienes in which essentially all the cis-1,4 units have
an isotactic configuration and which show at the X-rays
crysiallinity due exclusively to igotactic structure which
comprises homopolymerizing 1,3-pentadiene in the pres-
ence of a catalyst obtained from (a) a titanium com-
pound having the general formula:

Ti(OR )4

whereln R represents a member selected from the group
consisting of alkyl, aryl, alkylaryl and cycloalkyl groups
and (b) an organo aluminum compound having the
formula:

R

AR,

N,
wheiein Ry and R; cach represents a1 member selected
from the group consisting of alkyl, altkylaryl and cyclo-
alkyl groups and Ry represents a member selected from the
group consisting of hydrogen atoms, alkyl, alkylary] and
cyeloalkyvl groups.

1. The provess uf claim 1, whereln thtanium compound
is selected from the group consisting of titanium tetra-
n-bastoxide, titanium tetrzisopropoxide, ttamium  tetra-
phenolate and titanivm tetraethoxide.

3. The process of claim 1, wherein the organic alu-
minum compound is selected from the group consisting
of dimethyl aluminum monohydride, diethyl aluminum
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monohydride, dilsopropyl aluminum monohydride, dibutyl
aluminum monohydride, dihexyl aluminum monchydride,
dioctyl aluminum monohydride, ethyl-iscbutyl aluminum
monohydride, ethyl-prapy! aluminum monohydride, ethyl-
hexyl aluminum monohydride, aluminum tricthyl, trihexyl
alumirum, triisobutyl aleminum, tridodecyl aluminum,
tricyclohexyl aluminum and diethyl monobeazyl alumi-
num

4. The process of claim 1, wherein the molar ratio of
organic sluminum compound to titanium compound is be-
tween about 1 and 100,

5. The process of claim 1, wherein the molar ratio
of organic aluminum compound to titanium compound is
between about 3 and 15.

6. The process of ¢laim 1, wherein the polvmerization
is carried out at a temperature hefween about —100°
and 4-100° C,

7. The process of claim 1, wherein the polymerization
is carried out at a lemperature between zbout —50° and
+50° C.

8. The process of claim |, wherein the polymerization
iy carried owt in the presence of a hydrocarbon solvent.

9. The process of elaim 1, wherein the polymerization
is carried out using liquid 1,3-pentadienc monomer as
the solvent,

10. The process for enriching the cis-1,4 unit content
of an unsubstituted polypentadiene obtained by the process
of claim 1, which comprises treating the polypeatadicne
with a solvent to thereby separate the sterically less pure
macromolecutes therefrom due to the higher solubility
of said macromolecu les,
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