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The present invention relates to optically active pol-
ymers and to a process for abtaining thesc polymers.

Some examples of known optically active synthetic
polymers obtained from unsaturated monomets are (8)
polymers which contain asymmetric carbon atoms only
in the side chain substituents and (b) copolymers in which
the optical activity, derived from the asymmetric config-
pration of the tetrahedral main chain carbon atoms, over-
laps that catsed by ssymmetric side substiluents, such as,
e.g., in the case of copolymers of maleic anhydride with
methacrylic acid esters of optically active alcohols (Bere-
djick and Schuerch, J. Am., Chem. Soc., 78, 2646 (1956),
80, 1933 (1958).

The increase of the rotary power which occurs in some
polymers of type (a) such as, e.z., polyalphaolefins with
an asymmetric carbon atom in the side substituent, is not
cavssd hy an effective asymmetric configuration of the
main chain carbon atoms but only by rotational contribu-
tions due to the spiralization of the macromelecules in a
preferential direction depending on the type of substituent
wnd configuration.

Applivants huve now surprisingly found, that home-
polymers possessing an optical activily can be obtained
by polymerizing, in the presence of suitable catalysis,
monomers having & completely symmetrical structure, ie.,
monomers which, before the polymerization, do mot
possess any asymmetric carbon atoms. The asymmetric
carbon atoms being formed only during the polymeriza-
tion by opening of the =-bund and successive passage of
the atom from a planar lo a telrahedral configuration.

Dae to this characteristio, the pulymsis of the prosent
invention are different not only from the aforementioned
optically nctive polymers of type (&) and {b) but also
from Lhe polymers of the polypropylene oxide type, which
possess asymmetries in the cham, which asymmelries,
however, pre-existed in the monomer.,

An object of the present invention is therefore pol-
ymers having optical activity frem monomers not possess-
ing asymmetric carbon stoms.

A further object of the invention is to provide a process
for producing these optically aclive polymers utilizing
catalysts which promote the formation of these palymers.

Other objects and advantages of the present invention
will be apparent as the description proceeds.

As the upsaturaled monomérs which do not voulain
asymmelric carbon atoms but which do form asymmetric
carbon atoms during the polymerization according to the
present invention, there may be mentioned for example:

(1) Symmetrical unsaturated cyclic compounds ca-
pable of polymerizing in the threo-diisotactic form (see
FIGURE 1, which illustrates Fisher projections (al) and
(#1) of enantiomorphous structures and zig-zag planar
representation thereof (all) and (bIT); as illustrative but
not limiting examples, we may mention: cyclopentene,
cyclohexene, ete., heterocyclic oxygen compounds such as
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paradioxene, dioxadiene, 2,5-dihydrofurane and the anal-
ogous heterocyclic nitrogen and sulfur compounds,

(2) Unsaturated cyclic compounds wherein at least one
of the substituents of one of the carbon atoms bound
with a double bond is different from both the substituents
of the other carbon atom amd which compounds can
polymerize either in the threodi-isotactic form (FiG-
URE 2 (a) and (b)) or in the erithro-di-isotactic form
(FIGURE 2, (c) and (d)).

By way of illustration, there may be mentioned furane
when it is polymerized in 2,3-; 4 5<dihydrofurane; 5,6-
dihydropyrane and their derivatives wherein one or more
hydrozen atoms of the ring are substituted by other types
of atoms or groups, ¢.g., benzofurame (coumarone), 1-
methyl-4.5-dihydrofurane, 5,5 «limethyl-4,5-dibydsofur-
ane and the eorresponding heterocyclic sulfur and nitro-
gen compounds.  Variously substituted cyclic olefins men-
tioned above in [ and/or 2, such as I-methoxycyclohexene
and its homologues also fall within this group. The struc-
tures of these last examples are not represented in the
FIGURES 1-%,

{3) Compounds of the general formula

CAB=CR—CR'=CDE

wherein A, B, D, E, R and R” each represents hydrogen,
a halogen, an alkyl, aryl, cycloalkyl, atkoxy, thiol, esteri-
fied hydroxyl, hydroxyl, aldebyde, ketonic, carboxylic,
substituted carhoxylic (i.e., esters, amides or salts), a sub-
stituted or unsubstituled amino group, amd —CUN,
—CHr—NH,, —UH5UH groups, esterified or unesicsified,
wherein A is different from B and which compounds po-
lymerize with | 4-enchainment.

This class comprises:

(a) All 1-monasubstituted butadienes, such as for in-
stance, l1-mothyl-butadiene and its homologues, vinyl-
acrylic acid and its derivatives (esters, salts, amides, suh-
stitisted amides, nitrites (ete.), I-aikoxy butadienes (1-
tert butoxy butadiene 1-cumyloxy butadiene, etc.), l-ace-
toxy butadiene and its homologues, I-halo-butadienes, etc.

(b) All the 1,4-disubstituted butadienes with equal sub-
stituent groups such as for example, 14-dimethyl bu-
tadiene, 14-diphenyl butadiene, 1,4-dicarboxy butadiene
and its derivatives, elc.

{¢) All the 1 ddisubstituied butadienes with different
groups such as for example, 1 -phenyl-4-methyl-butadiene,
sorbic acid (4-methyl-l.carboxy buladiene) ils csters,
salty or other derivatives (such as, amides, substituted
amides, nitriles, etc ), sarhie slenhal and the correspoad-
ing ethers and amines, gestyTylacrylic acid (4-phenyl-1-
carboxy butadiene) ils esters and sorbic aldehyde, 1-aceto-
4 methy! butadiene, -styrylacrylic aldehyde, 1-methyl-4-
methoxy-butadiene, etc.

(d} All the tri-, tetra,- ete. substituted butadienes such
as for example, 4,4"-dimethyl- I-carboxybutadiene, 4-phen-
yl « 1 « methyl-1-carboxybutadiene, 14-dimethyl.i-car-
boxybutadiene, 2.4,4’-trimethyl-1-carboxy-botadiene, 4-
phenyl-2.3-dimethylcarboxy-butadiene and their deriva-
tives (esters, salfs, amides, nitriles, alcohols, amines, etc.).

Among the abave compounds, of interest are mono-
mers such as benzofurane and monomers having the gen-
eral formula:

HCF—=CH—CH=CH--G

wherein F is a member selected from the group consist-
ing of hydrogen, phenyl, and alky! having 1 to 4 carbon
atoms; G is selected from the group consistig of hydro-
gen, CODH, COOCH; and COOC,Hy, wiith, the proviso
that F and G are not both hydrogen.
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In the case Where a compound of the general formula
CAR=CR--CR—=CR,, wherein A and R have the mean-
ing given above (more particularly, 1-mono-substituted
butadienes), is employed as & monomer, the asymmetric
structure is of the isotactic type (FIGURE 3).
In the case where compounds of the formula

CAR=CR—CR=CAR

wherein A and R have the nbove meaning (more partic-
vlarly, symmetric 1,3-disubstituted butadicnes), are used,
the asymmelric structure is of the threo-di-isotactic tvpe
(FIGURE 4). )

By contrast, in cases where non-centro symmetric
monomeric units are used (FIGURE 5), hoth the thren-
di-isotactic and the erithro-di-isotactic structure are op-
tically active,

FIGURES [-5, show the structure of the polymers
drawn @s a zigzag representation of the main polymer
chain and/or in a Fisher projection.

FIGURE I represents enantiomorphs of a polymer in
a Fisher projection (al and bI) and in a zigzog projection
(all and #l1) possessing a threo-di-isotsctic strocture.

FIGURE 2 shows enantiomorphs of a palymer in a
Figher projection (al and bl) and a zigzag projection
{all and bll) possessing a threo-di-isotactic structure, and
the Fisher projections (¢1 and 1) and the zigzag projec-
tions (cIl and J1I) of & polymer possessing an erithro-di-
isatactic strichire

FIGURE 3 shows an isotactic struciure of a mono-sub-
stituted butadicne in a zigzag projection,

FIGURE 4 shows enantiomorphs of a di-substituted
butadiene possessing a threo-di-isotactic structure,

FIGURE 5 represeats the threo-di-isotactic struciure of
enantiomorphs ((a) and (&)) and the erithro-di-isotactic
structure of enantiomorphs ((c and (d)).

The double bond in FIGURES 3 8, for the sake of
simplicity, is drawn only in trans form. but the symmetry
characteristics of the structures do not vary even if the
double bonds present 2 cis-configuration.

In addition, applicants have found, that, upon stereo-
specific polymerization with applicants’ asymmetric cata-
lysts, certain alkyl esters of transtrana sorbic acid (which
do not contain asymmetric carbon atoms) yield optically
active polymers.

It has also been found by the applicants that, by polym-
erizing these last-mentioned monomers, polymers having
tri-tactic structure are obtained, characterized by the pres-
ence in the main chain of two asymmelric carban atoms
and of 2 double bond of the trans type.

The stiucture of these products is of the “erithra” type
since such a structure better agrees with the chain form
determined by X-ray examination and with the rule of the
“minimum size” of the side substituents.

The probable structure of poly-trans-trans sorbates is
therefore represented in FIGURES 5(c) and (d).

Optically active polymers are alao oltziued by polym-
erizing, in the presence of asvmmetric calalysts, mono-
mers such as 1-monosubstituted butadicnes, such as a
methyl ester of g-vinyl-acrylic acid (pentadiencic or bu.
tadiene-carboxylic acid) and pentadiene { I-methyl-buta-
dienc). An iso-trans-tactic structure has been recognized
in these polymers, i.c,, a structure in which (he residual
double bond of cach monomeric unit is in the trans con-
figuration and the substituent in position 1, 21 least for
lone chain portions, has the same absolute steric posi-
tion (dorl).

The pelymers derived from benzofurane, i-e., a cyclic
unsaiurated compound belonging to the aforementioned
class 2, are also found to be especially optically active,

The high optical activity observed (higher than 20-30%)
must be duc to a di-isotactic structure since a structure of
syndiotactic type in the caso of head-to-tail polymers
would lead to inactive products,

Therefore, a further object of the present invention is
to provide a process for polymerizing monomers of the
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aforementioned classes (1, 2 and 3) not containing any
asymmetric carbon atoms, in the presence of an asym-
metric catalyst capable of promoting the formation of only
one of the two antipodal chains, to homopolymers having
optical activity.

catalysts which, according to the present invention
are suitable for polymerizing the aforementioned mono-
mers 10 optically active polymers, must therefore not only
promole the polymerization of the respective monomers,
but also be able to promote, in 8 partial or total manner,
the growth of only coe type of macromolecules (of the |
or d type).

As the “asymmetric catalysts” employed according to
the present invention, there can be used catalytic systems
consisting of o1 comprising the following compounds:

(a) Optically active organometallic compounds of
metals belonging to the 1st, 2nd or 3rd groups of the
Periodic Table according to Mendeleef, in which at feast
one of the organic radicals is asymmetric. Among
the compounds of metals belonging to the Ist group of
the Periodic Table, organic lithivm compounds, such as,
for exzmple, lithium isoamyl (cbtained from ( +)2-
methyl-1-chlorobutune) in which the symmetric carbon
atom is bound 1o the metal by a —CHy-— group, and
menthy! lithivmn (obtained from (—) menthyl chloride)
in which there is a direct lithium-asymmetric carbon bond,
are found 10 be particularly suitable. Among the organic
compounds of metals helanging to the 2nd or 3rd group
of the Periodic Table, these particularly suitable are the
derivatives of beryllium, aluminum or magnesium, either
completely alkylated or alkythalides or alkyl-alkoxides

» Wherein at least one of the alkyls Is asymmetric,

(b) Metal alkoxides (chloroalkoxides or alkylalkox-
ides) of optically active alcohols, such as tetraisoamyl,
tetraisoborayl or tetramenthy| titanate, diisoamyloxy
titaninm dichloride, tritsoamyloxy.aluminum, dilsobornyl-
oxyisopropyloxy aluminum, elc.

t¢) Cempounds in which the metal atom is bound to
the asymmetric organic group by a nitrogen atom, more
particularly the compounds of the general fornmula

MepMeUN(R Rz )mxn

wherein R; and Ry are different alkyl, cycloatky!, aryl or

aralkyl groups, R; or Ry being an asymmetric radical, Me!

is an atkali metal, Me!I is a metal belonging to the Ist,

2ad or 3rd group of the Mendeleef Periodic Table, X is

hydrogen or a halogen, p is a whole number or zero and

:;-l;ln corresponds to the sum of the valences of Me! and
(e

(d) The products obtained by complexing one or more
molecules of & compound usually employed as catalyst
for polymerizing the respective monemer, with one or
more molecules of an asymmetric complexing agent,

_ :;d examples of products of this type there can be men-
tio H

Etherates uf boron fluoride ér of aluminum alkyls with
optically active ethers (e.g., BFs ANCyHy); or
Al(CyH; ) Cl etherates with methy! isoamyl ether or with
ethyl menthyl ether);

The complexes of aluminum alkyls or alkyl aluminum
halides with optically active tetrasubstituled ammonium
salts of the formula,

R'RRIMRIVNY

whete R', R”, RM and RV are alkyl or aryl radicals and
Y is a halogen or an anion different from the halogen.
The optical activity of these ammonivm compounds is due
to the presence of one or more asymmetric R substituents,
to the asymmetry of N and/or to the asymmetry of Y
(e.g., whea Y is the camphersulfonic anion);

The lithium alkyl complex compounds with optically
active basic compounds according to the Lewis theory of
acids and bases (ethers, amines, a.50.) such as n-butyl
lithium and (— ) menthyl ethyl ether or (4) iso-amyl-
ethyl ether, are nlso particularly suitable as catalysts,
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In some cases an excess of complexing agenl can also
be used thus causing il (o act as an asymmelric solvent.

(e} The products obtaiped by reacting ong or more
molecules of a compound nsually employed as catalyst for
the polymerization of the respective monomer, with opti-
cally snclive organic compounds containing fumctional
groups which are reactive with respect to the catalytic
<ompound.

Examples of catalytic systems of this type are products
of the reaction between metallorganic compounds (e.g.,
lithium alkyls, aluminum trialkyls, dialkyl aluminum
monohalides, alkyl aluminum dihalides, etc.) or inorganic
compounds (e.g., aleminum trichloride, tribromide or
trilodide, buros Lifivoride, etc.) and compounds contain
ing active hydregen and/or functionsl groups containing
multiple bonds between a carbon atom and heteroatoms
(e.z., O, S, N, P, efc.) or between heteroatoms them-
selves, Among the classes of compounds of this type
are: alcohols, acids, oxyacids, aminoacids, ketoacids,
sulfonic acids, sugars or patural substances of 3 more
complex nature, containing oxygen, nitrogen or sulfur,
such as certain alkaloids, vitamins, terpenic compounds
or derivatives thereof.

As illustrative and not Emiting, some compounds be-
longing to the preceding classes, which can be used ac-
cording to the present invention, are compounds such as
isoamyl alcohol, menthol, borneol, isoborneol, iso-
valerianic acid, camphoric acid, menthancarboxylic acid,
alanine, f-phenyl-alanine, glutammic acid, cysteine,
glycose, laclose, arsbinose, camphorsulfonic acid, bruc-
ine, strychnine, cinchonine, ascorbic acid, carnphor, etc.

The catalysts of the above types (a), (b), (¢}, (d)
and (e), if desired, an also be used together with other
compounds such as transition metal halides belonging to
the 4th, 5th, 6th or 8th groups of the Mendeleef Periodic
Table, possibly in the form of ¢omplexes with ¢thers or
organic bases.

(f) Complexes isolated in the optically active form,
e.g., poly-dentates of chromium, iron, cobalt, et (2.8,
chromizm iriacetyl-acetonate) from which the optical
antipndes can be separated by chromatography or by
chemical means,

(2) Hemihedral crystalline forms of metal compounds
possessing an asymmetry in the solid state (e.g., chro-
mium chloride has a structure such that there can be
foreseen for it the presence of Lerystals and d-crystals).
The selection of crystals all possessing the same sign
makes it possible to ebtain the desired effect.

(h) Symmetric compounds, capable of promoting the
polymerization of the respective monomers, adsorbed on
an optically active support (e.g., quartz), which support
causes an asymmetric induction, are also suitable cata-
lysts according to the present invention.

The process of the invention is preferably carried out
between 120 and 4 150° €, more aften hetween — 100
and 420" C.

The following examples are given to illustrate some
aspects of the preseat inveniion. The rotary power of
the solutions of the polymers produced are determined
unless otherwise indicated, in sodium light (589 mg) in
which light the rotation is notoriously low.

Under these conditions, however, and with 1-2%
solutions there are obtained values between D.1* and 3%,
which certainly exceed any possible reading mistakes
{«0.01°}. The rotary power of the polymers was ob-
served in suitable solvents, e.g., poly-methylsorbate, poly-
methyl-vinylacrylate and poly-alkyl-g-styrylacrylate in
CHCly; poly-butylsorbate in CHCl, or in toluens; poly-
sorbic acid in methanol, alkaline salts of poly-sorbic acid
in waler: poly-henzofurane in benzene, toluene or dioxane
and polypentadiens in CCly.

A remarkable increase in the optical activity is noted
if the polymer solutions are observed in a spectrum-
polarimeter using higher frequencies and, more particu-
Tarly, if compatible with the transparsncy of the solations,
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using ultra-violet light. For example, a poly-methyl
sorbate, which at 389 mu (D line of sedium), presents
a molecular rolation [M] of —3.9* (calculated on the
weight of the monomeric unit) presents the following
molecular rotations:

[MIsoe=—4.3; [Mlgo=r—6.4; [M]ego=--10.0;
[M!m’—ll’; [M];ug':-'-l?.o

Even more outstanding in the increase obtained in the
case of poly-benzofurane, The molecular rotary power
of this polymer reaches at 303 mu the value of —800° C.

The data reported herein are of such valucs that they
are not due only to the action of the terminal groups.

A comparison with similar lTow malecular weight com-
pounds shows that ay in the case of polysorbate, the ob-
served optical sctivity #s of the same order. Thus, the
polymer of 3-methyl-pentanoic acid ethyl ester has o
[M]p of —6.7 and the 2,3-dimethy! pentanoic acid ethy!
ester polymer (mixture of the two diasteroisomers having
(S)-configuration in 3) bas a (M]p of 4-2.9.

Oxidative degradation of these polymers confirms that
the optical activity is atuributable to the configuration of
the asymmetric carbon atoms in the chain.

In the case of polymers such as substituted poly.
butadienes, the increase in the optical activity cannot be
attributed to chain spiralization such as that observed in
the case of polyolefins, since the polymer chain itself is
ia this instance centro-symmetrie.

By contrast, in the case of polybenzofurane it should
be remembered that stereoregular polymers of the diiso-
tactic type heretofore known and obtained by the polym-
erization of non-cyclic alkenyl ethers or of g<hloro-vinyl
ethers, possess in the main chain a spiral-like conformation
when in the solid ¢rystalline state. It is known that in the
polymers obtained from optically active mon-cyclic
monomers, the presence of an asymmetric group in the
side chain induces a preferential spiralization in the muin
chain. There is thercfore a considerable increase in the
rotational power of these polymers with respect to the
rolational power observed in low molecular weight com-
pounds of a similar strecture. The optical activity
caused by the directional spiralization induced by the side
substituent, however, is a property which in time tends
to disappear when the symmelric side substituent is
eliminated. Moreaver, this optical activity decreases
upon passing the polymer from the solid to the melien
state or &lso upon increasing the temperature.

In the polymers of benzofurane obtained by opening
the ethylenic double bond of the furanic ring, there are
two asymmetric carbon atoms in the chain per each
monomeric unit (ie. each carbon atom in the main
chain is asvmmetric). For this reason the directional
spiralization in this case is nzcessarily determined by
the configuration of the asymymetric carbon atoms in the
main chain, which cause the increase in the optical sctivity.
The coefficient of temperature of the [a]y for this poly-
mer appears to be slightly positive, thus confirming the
stability of the polymer configuration.

The following examples are only given for the purpose
of illustration. Only some of the possible asymmelric
polymer synthescs are shawn in the examples, but it is to be
understood that the present invention encompasses the
production of numerous other asymmetric polymers as
disclosed in the instant application.

Evample 1

5.5 g. of methyl sorbate (methyl ester of trans-trans
sorbic acid) are added, while in toluene under nitrogen
at 70" C., to a toluene solution of 5 millimols of
isoamyl lithium (obtained from 2-methyl-1-chlornbutane
having [«]p=-1.61 without solvent and metallic lithium
in petroleum ether). The mnixture is kept at —30° C.
for 20 hours. The resulting polymer is coagulated with
methanol and extracted (4.0 g.) with boiling acelone in a
Kamagawa extractor.

1.4 g. of such polymer having an intrinsic viscosity
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(delermined in tetrnhydronaphibalene at 135° C.) of
0.55 % 100 em.*/g., are dissolved in 50 cm.® of chloroform
and obscrved in a Schmidt-Haensch polaritmeter (tvpe
14160) (reading precision +0.005) while in 2 40 cm. tube
using sodium light (S890A.). A rotation of --0.31°, cor-
respending to [«¢lp=—2.8, (Mlp=—1.5, is read.

The whale polymer is dissolved in CHCI, and is pre.
cipitated in dilute solution with methanol. After stand-
ing at about 50° C. for 2 hours, the polymer is filtered.
The aptical activity is the following:

lalp=—3.1; [Mlp=—319

The acctone extract (0.2 g.), after purification from the
catalyst residues, presents an [a]pe==—1.5

Example 2

By operating as in Example I, but using 4.0 g. of methy!
sorbale and 6 millimals of isoamyl Jithivm while operating
at —40° C. for 40 hours, 1.55 g. of polymer are obtained.

After 3 dissolutions in CHCly and reprecipitations with
methanol, the polymer presents an [a]p=—7.95 (in

Example 3

9.5 g. of methy! sorbate are polymerized in the manner
of Example 1, using 7 cm? of 2 solution containing
menthyl lithium. The catalyst is obtained by reacting
finely pulverized lithium with (--) menthyl chloride (hav-
032 [alp==—435.5 without solvent) and formed by reacting
of {—) menthol with HC! in the presence of InCl,, 1.3
g of polymer having ([9]==0.5, [alp=--10 and
[M]p=-+-1.2, (in CHCly) are thereby obtained.

Example 4

By operating in the manner of Example 1, but employ-
ing 4.7 g. of butyl sorbate (n-butyl ester of trans-irans
sorbic acid) and isoamyl lithivm and mixing the solutions
&t —40" C. while malntaining (be resulting mixmre at
—30° C. for 20 hours, 2.6 g of polymer having
[alp==-+3.2 and [M]p=+5.4 (in CHCl;), are obtained.

Example §

3 millimols of optically active isoamy! lithium are
added at —70° C. to a solution of 3 g. of butyl g-styryl-
acrylate in 20 cm.? of anhydrous toluene.,  The mixture is
kept at —40° C. for 40 hours and the polymer is then
coagulated with methanol, 1.2 g. of polymer are obtained.

The polymer, dissolved in CHCly, possesses an
[2]p=-+420 and [M]p=-+4.6.

Example 6

3 g of methyl g-styrylacrylate are polymerized in a
stmilar manner in the presence of 3 millimols of isoamyl
lithium at —-50° C. Afler 70 hours, 0.1 g. of polymer
having an [«]p=--1.2 and [M]gy==-2.2 (in CHCl;) are
obtained.

Examiple 7

0.7 g of optically active poly-methyl sorbate, obtained
according to Example 2, are saponified in n 10% KOH
solution in methanol for 2 howrs on a water bath. The
insoluble product is washed with methano! and the residue
is dissolved in water. The solution is acidified in the
warm toa pHof 410 5,

The precipitated scid polymer, after drying, is dis-
solved in menthanol. It possesses an

[2lp==33 and [M]p=-3.7
Example 8

3 g. of methyl sorbate are polymerized at —60° C. in
toluene in the presence of a cotalyst preformed st
room temperature from 1.3 mols of buatyl lithiuvm
and 1.3 mols of (—) menthyl ethyl ether (having an
[alp=—97(pure) ). After 48 hours, 0.8 g. af polymer
having (#]p==-+6.1 (in CHCly) and [Mlp=+77, are
obtained.
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Example 9

3 g. of butyl sorbate are polymerized in the same man-
ner as Example 8, at —40° C. for 16 hours, 0.55 g. of
polymer having [alp=-+453 and [M]p=-8.9, are ob-
lained.

Example 10

3 g of butyl sorbate are polymerized in the same man-
ner as Example 8, in the presence of 1.5 millimols of
butyl lithivm and 3 millimols of (—1 meathyl ethy! ether.
0.3 g of polymer having [«]pe 1 8.9 and [M)p==-114.1
(in CHCly) are obtained.

Example 11

9 g. of methyl g-styrylacrylate are polymerized in the
same manner s Example 8 in the presence of 14 . of
butyl lithium anad 2 em.?® of (—) menthy! ethyl ether in
90 cm? of toluene, at —50° C.  After 90 hours, § g. of
polymer having an [a]lpw-+4.35 and [Mlp= 8.2, are
obtained.

Example 12

3 g of butyl g-styrylacrylate are polymerized as de-
scribed in the preceding example, 1.2 g. of polymer hav.
ing an [alpe=-+3.7 and [Mlp= 8.5, are obtained.

Example i3

3.0 g. of methyl g-vinylacrylate are polymerized as de-
setibed in the precoding cxample at 50" C. fur 20
minutes. 2.2 g. of poalymer having an [a]p=+7.2 and
M ]pe= 8.1, are obtained.

Example 14

0,15 em? of AICILC,H; are added at room temperature
10 a suspension of 0.047 g of () §-phenylalanine in 30
cm.d of toluene, After 15 minutes, the mixture is cooled
to ~75° C. and 1.95 g. of benzofurane, dissolved in §
em.? of toluene, are gradually ndded within § minutes,
After 20 hours, the polymer is coagulated with methanol,
filtered and is porified twice by dissolution in benzene
and reprecipitation with methanol,

Yield=0.77 g. ap==--2.65 (in 2% benzene solution
(1—d)); [a)p==—321; [M]p=—39.1.

Example 15

2.1 g. of benzofursne are polymerized, as described
in Example 14, in the presence of (.15 em.? of AlICICHy
and of 0.052 g. of (+) g-phenylalanine in toluene, 1.1 g,
of a polymer having an [alp=-413 (in a4 2.5% benzens
solution), are ablained.

Example 15

2.4 p. of benzofurane are polymerized, as described
in Example 14, in the presence of 0.13 g- of AICl; and
0.16 g. of () &phenyl alanine in tolucne. 0.85% g of
polymer having an [«lp=—285 (in a 2.1% benzene
solution), are obtrined.

Example 17

2 g. of benzofurane ere polymerized, as described in
Example 14, in the presence of 0.1 g. of AICl, and 0.07
g. of (-+) g-phenyl alanine in tolucne. 0.5 g. of polymer
having an [alp=+13.5 (in o 0.3% benzene solution),
are obtained.

Example 18

2 g. ol beneulurane are polymerized, as described in
Example 14, in the presence of 0.12 g, of AlBry and 0.07
g of (+) A-phenyl alanine. 1.2 g. of polymer having
an lalp=+11 (in & 2.8% benzene solution), are ob-
tained,

Example 19

1.95 g. of benzofurane are polymerized, as described
in Example 14, in the presence of 0.15 cm .2 of AICLC,H,
and 0.067 g. of () tetramethylammonium camphorsul.
fonate. L5 g. of polymer having an [elpg=~~2.4 (in &
4.1% benzene solution) are obtained.
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Example 20

3.2 g. of benzofurane are palymerized, as described in
Example 14, in the presence of 0.68 cm.? of AICLCyH;
and 0.11 g. of camphorsulfonic acid which is marked in
the sulfonic group with $% (and having an aclivity of
900,000 impulses per minate, determined in a thin-window
Geiger-Muller counter). 2.9 g. of polymer are obtained
which bas the following properties: sp=—0.68 (in a

4.7% CHCl solution (1==4)}; [=]p=—3.6;
[M}pe-—4.3

The polymer does not show radioactivity.
Example 21

3.0 g of benzofurane are polymerized, as described
in Example 14, in the presence of a catalyst prepared at
—75° C. from 0.5 cm.? of AICI,CaH; and 0.35 g. of (=)
brucine. 1.16 g. of polymer having an ap==+-0.47 (in a
4.2% benzene solution (1==4)), are ohtained, possessing
an [alp=+2.8 and (M]=+3.3.

Example 22

3.1 g of benzofurane (purified by distillation on
LiAlH,) dissolved in 10 cm.® of toluene, ure added
—75° (. to a toluene solution containing 0.15 ocm.? of
AIC,H;sCl3 and 0.09 g. of methyl-butylbenzyl-phenyl-am-
mugiu camphorsulphonate.  The Jatier is obtained by
reacting (—) Ag camphorsulphonate with racemic methy!
butyl benzyl phenyl ammonium iodide, and is separated
into the diastereoisomers by several crystallizations. The
polymerization mixture is kept at a temperature of —50°
to -—30° C. for 24 hours and the polymer is thep co-
agulated with methanol. The polymer is then dissolved
in benzene and reprecipitated with methanol. In a 2.9%
toluene solution (1-2), the polymer has ape-0.065;
Jo)gms — 11 and (Mlp=-—13

Example 23

The same procedure is utilized as that of Example 22,
but a mixture of (.15 cm.® of AI{CyH;)Cly and 0.069 g.
of () metliyl butyl benzyl phenyl ammonium iodide is
used as the catalyst, A temperature of —75° C. is main-
tained, 0.24 g. of polymer are obtained. After two pre-
cipitations a specific rotation [a)p=-0.6 and

[M]}=—0.7
{in CgHg) is observed,
Example 24

The praceduro is the same as that of Example 22, but
as the catalyst the reaction product of BFy.(CyH;),0 with
() meathyl ethyl ether is used, after a distillation of
the free diethyl ether. 0.016 g. of polymer are obtamed
with a [alp=—0.5 and [M]p=—U0.6. (in CgHg ).

Example 25

5 cm.? of trans pentadiene are polymerized at roem
temperature in the presence of a catalyst comprising 0.25
2 of VCl; and 1 g. of () tris-(8)-2-methyl-butyl alumi-
num etherate in 15 cm.? of anhydrous heptane. After
55 hours, 1.6 g. of crude polymer are obtained from which
upon ether extraction, a residual fraction is obtained
which amounts to 1 g. and has [slp=—15 (in a 2.6%
CCl, solution) and [n]—0.53x100 em 3 g. {in tnluene at
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45

50

10° C.). 'This polymer, by X-ray examination, appears a3

to be in the smetic form. Upon iafrared cxamination it
presents a ratio of 83 between the crystallinity band and
the reference band.

The optically active polymers, obtained according to the
present invention, are useful in the production of filers,
absorbing substances and jon exchanging resins capable
of separating optically active substances from racemic
solutions.

Moreover, by using szid polymers, optical elements such
as prisms, lenses, etc. or films posscssing particular char-

75

10

acleristics due to the rotatory power and said polymer
components and suitable for particular uses in the scien-
tific and technical fields, can be obtained.

Many modifications and variations can, of course, be
practiced without departing from the scope of the present
imvention.

Having thus described the present invention, what is
desired to secure and claim by Letlers Patent is:

1. Linear, polyisotatic optically active homopolymers
selected from the gronp consisting of

poly{benzofurane )
poly(methylsorbate)

poly{ butylsorbate )

poly (butyl-beta-stryl acrylate)
poly{methyl-beta-styryl acrylate)
poly (methyl-beta-vinylacrylate) and
poly(trans-pentadiene ),

said homopolymers being charucterized by having asym-
metric carbon atoms oaly in the main chain, which asym-
metric carboa atoms are formed by opening of the »bond
of the corresponding unsaturated optically inactive mono-
mers during polymerizstion, with successive passage of the
atom from a plansr 1O a tetrabedral configuration, said
homopolymers being further characterized in being solu-
ble in at least one selvent selected from the growp con-
sisting of chloroform and benzene.

1. Liuear, polyisotalic, optically active poly(methyl-
sorhate) according to claim 1, and further charactenized
in that each of the polymerized methylsorbate units mak-
ing up the homopolymer contains an ester group.

3. Linear, polyisotatic, optically active poly(butylsor-
bate) according to claim 1, and further characterized in
that each of the polymerized butyisorbate units making
up the homopolymer contains an ester group.

4. Poly(berzofurance) accordiag to claim 1.

§. Poly (methyl-beta-styry] actylate) aconrding to claim

L

6. Poly(methyl-beta-vinylacrylate) according to claim 1.

7. A process for poiymerizing an optically inactive un-
saturated monomer containing no asymmetric carbon
atomn and selected from the gioup vonsisting of benzo
furane, methylsorbate, butylsorbate, buotyl-heta-styryl
acrylate, methyl-beta-styryl acrylate, mcthyl-beta-vinyl-
acrylate and transpentadiene, 10 a linear, optically active
homopolymer having asymmetric carbon atoms only in
the main chain and formed by opening the wbond of
the monomer during the polymerization, which process
comprises polymerizing the monomer in contact with a
catalyst selected from the group consisting of

(8) isoamyl lithium
menthyl lithium
tris{S)-isoamy! aluminum ctherate
a cob;:plex of buty! lithiuma with (—) menthyl ethyl
ether
a complex of ethy! aluminum dichloride with beta-phen-
ylalanine
a complex of aluminum tribromide with beta-phenyl-
alanine
a complex of ethyl aluminum dichloride with tetrameth-
yl ammoniom camphorsulfonate
a complex of ethyl aluminum dichioride with camphor-
sulfonic acid
a complex of ethyl aluminum dichloride with (=)
‘brucine
a complex of ethyl aluminum dichloride with (=)
methyl butyl benzylphenyl smmonism iodide, and
& complex of boron fluoride ethyl etberate with (—)
menthyl athyl ether.
8. The process according 1o claim 7, charscierized in
that the catalyst is (S) isoamyl lithium.
9. The process according to claim 7, characterized in
that the catalyst is menthyl lithium.
10. The process according to claim 7, characterized in
that the catalyst is tris-($)-isoamyl aluminum etherate.
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11. The provess according to clalm 7, charscrerized In
that the catalyst is a complex of boron fuoride with men-
thyl ethyl ether,
12. The process according to claim 7, characterized in

that the catalyst is a complex of ethyl zluminum dichlo- 3

ride with (—) methyl butyl benzyl phenyl ammonium
iodide,

13. A polymerization catalyst prepared by mixing an
aluminum compound sclected from the group consisting
of ethy! sluminum dichloride and aluminum tribromide
with un optically active substance selected from the group
consisting of beta.phenylalanine, brucine, campbor=ulfonic
acid and tetramethyl ammonium camphorsuifonate,

12
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