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The disoovery of the stereoepecific polymerization prow 

ceseem gave rise to new problems in the field of orgenio stereooher 

mistry. 

AS 

primarily, the 

formation make 

polymers, and, 

ia known, the preeenoe of a tridimensional order and, 

faot that the polymeric ohain aaeumes an ordered con- 

cryetallinity poeaible in many polymers. In the vinyl 

in general, in all polymers in which stereoieomeriam 

phenomena are possible around the tetrahedral carbon atoms, the conr 

formational regularity of the chain dependa on the presenoe of regu- 

lar steric arrangements of the substituents in the different moncmer 

ric unite, and therefore on the configurational relationships between 

the tertiary carbon atoms in the chaina 

In many caaea, the ezemination of the orystalline struo- 

ture haa permitted the determination of such relationships, and me- 

veral groups of stereoregular polymers have been recognized 80 far, 

for instance, ieot.sotio, syndiotsctio, polytactic polymers, etc.. 

Aa a logical development of these discoveries, we tried 

to obtain optically active polymers, in which the optical activity 

was due to the presence of only one (or largely one) type of oonfim 

guration in the anymetric atoms in ohain. 
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Eowcver, the simple isotaetio polymers of vinyl monomers cannot 

be adapted to this purpose, because the carbon atoms of the single monomeric 

units, though aotually asymmetric on polymerization, are essentially syzzze- 

trio when considered in the whole polymer. An ideal laotactic polylaer of 1; 

finite molecular weight does not show any asymmetry of the oonfigurstional 

type. In actual high molecular weight polymers, in whioh the terminal groups 

can be negleoted, the two antipode& cannot be distinguished from each other, 

and therefore no optioal activity can occur (1,2,3). Thin fact is confirmed 

by the results published by Murahashi, lozakura and Takeuchi (4) and by Fray 

and Robinson (511 who obtained optioally inaotive products by polymerizing 

either styrene or propylene in the presence of asymmetric zrganbmetallio compounds. 

Only particular typea of monomers*, though laoking centrea of optical 

stereoisomerism, 08n yield polymers in which it is possible to distinguish tmc 

enanticmorphous chains, even whentbeze are of infinite length. Among these 

monomer8, mention must be made of 1 or 1,4 substituted butadienes and of horn2 

cyclic and heterocyclio olefins. 

Several monomers of these types, such as the esters of the sorbic, 

P 
-styryl acrylic and 

B 
-vinyl acrylic acids, (6), benzofuran (7), laethyl- 

-butadiene (8), were pplymerized in our InsMute with the aid of optioally 

active initiators of of symmetric catalysts used with optically active oomples 

ing agents. The polymers thus obtained showed an indubious and considerable 

optical activity. 

Exenlination of the symmetry properties of some of the polymeric 
. 

chains obtained show the existence of peculiarities that do not fit oomplet= 

ly into the oonoepts and stereochemical definitions oommonly used. 

Polybeneofuran obtained by aeymmetrio synthesis using, 8s oata- 

1yst, AIClj oomplexed with (+) or (-) )3-phenyl alanine shore an optioal 

activity of the same sign 8s that of the oooatalyst, with values even higher 

than 70°, determined in sodium light and benzene or dioxane solution (9). 

As <already discussed in previous -per, (T,S) the polymer 

consists of a succession of cyclic monomeric units. 
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Sohematio drminge of the erythro- and threo-di-ieotaotio 

struoturoe are shown in I snd II?8 they are the simplest structures 

able to exist in enantiomorphous forms, and are among those most pro- 

bably constituting st least the greater part of the polymer. 

Folybensofuran is not orystalline and therefore the type 

of struoture could not be established. Other oyolio monomers (fl) with 

internal double bonds yielded oryatolline polymers of the erythro-di- 

-isotsotio type8 this etruoture ie more probable when the double hond 

is. of the oia type, LO indicated aho by the polymerization of oie- 

P 
-ohlorovinyl rlhyl ether6 (3). 

Struoturrs IIlaIIshow s osnfiguratiunal-type asymmetry, 

independently of the oonformation assumed by the molecule. 

A problem oan uime oonoerning the type of asymmetry prer 

nentr whether this im due to atropinomeriam or to the presence of 

rmymmetrio oarbon atome. If 8imple modela of monomerio units, suoh as 

2,+diaubatituted OUIILCU1a (e.g. 2,J-dimethyl OWM) are oonsideredl 

the presenoe of real raymmetrio oarbon atoms , each with four different 

l ubmtituentm, oan be oburvod. 

m The formulae l hom only one of the l nantiomers. 
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This notwithstanding, eaoh atom of the polymerio ohain is 

bound to two aubstituents which are identioal "in themselvesno For 

instanoe, the carbon atom, in thedposition with reepeot to the 

oxygen, ie bound to the oxygen atom, to a hydrogen atom and to two 

equivalent carbon atoms C 
P 

. (It is, or seems to be, an atom of the 

Ca, a, b, d type). Analogous remarka are valid for the oarbon atom 

in the 
P 

position. 

Yherefore, as far aa both these atoms are oonoerned, the 

classical definition of 8n asymmetric oarbon atom (ieeO atom with four 

different substituents of the Ca, b, d, e type) oannot be considered 

to apply, nor can thst of a pseudo-aeymmetrio atom (e.g.rCa+, a-, b, d), 

beoause, in the studied struotures, the equivalent atoms show the same 

oonfigur8tion in the subsequent monomerio units. 

However, they are not equal to the atoms Ca, a, b, d of 

the type us~urlly oonsidered; in fact, unlike them, they ahow intrinsio 

88yBImetry. 

In the structures under examination the two atoms C 
P 

, 

which 8re identiO81 if examined in themselves, are different if con- 

sidered in their relationshiPa with the C o(8tOmr In faot,one belongs 

to the same oyole as C d(endo), whereas the other belongs to an 

external oyo:!e (hexo). In this case, the eymmetry properties do not 

depend on tho type of aubstituent, but on how the subatituent is bound 

to the 8tOm oonsidered. 

Therefore, the definition of asymmetric carbon atom should 

be modified, Lf the oaae examined is to be inoluded (both C o( and C 

have the prOpertieS of the ssymmetrio atome). It must 8180 take into 

aooount the type of bond existing between subatituente 8nd the atom 

ooneidered (hex0 or endo), when this renresenta the only difference 

between the two subetituents. 

The remarks now discussed do not only oonoern the ease. 

of polymerio mystems, but aleo Borne types of oylio oompounds, which 

are oloeely related to the previous ones , at leaet from the symmetry 
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standpoint (a oyolo oorrosponde, from many point6 of view to a ohain 

of infinite length). 

Compounds of the type indiorted in III, IV and V (oyolor 

butanes, oyolohexeuw, eta. oondenaed with other rings which do or do 

not oontain hetero atoms) oan be renolved into antipodes, even if they 

have, BB atereoiaomerio oentree, only oarbon atoms of the previously 

discussed typee 

N 

Thm trms-mti-trmm...atruoture ahown in III has several 

8vetz-y alementa, but it does not contain rltornating axon: therefore 

it exists in two enantiomerio forma. Berm III oorreaponde to the tb.reo- 

di-iaotrotio atruoture of the polymerio ohain. 

The mame remerka 0.m be made for the oompounda represented 

.B IV and V. The latter, of the ois-ain-ois . ..type. correspond6 to the 

erythro-di-iaotaotio form of the polymer. 

Taking into rooount the tendenoy nowa- to oonsider 

rmypretq aa a property of the whole moleoule, the dimoumsion given 

hero is still of oonsiderablo intore8t. Among other things, thi8 ia 

neoemaary for determination of the cbmolute oonfiguration of the aaympr 

metrio *tome in oompounda of the type reported above. In rolrtion to 

this, it OUI be oboerood that the rulea, proposed br Cd, Ingold md 
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Frelog (12) fcr a univocal definition of the configurational sign of the 

a.VmetriC carbon atoms, are insufficient to determine the priority of the 

two seemingly identical substituents in the sense mentioned above (eg 

'Bn B,-1). end C 

be recently proposed in snother paper (9), a new rule 

should be introduced and bo formulrtod 80 followa: if in 8 polyoyolio 

compound, two aubatituonta belonging to different oyolea 8ro idantioal 

rooording to all previous rule+ the aubatituent belonging to the 88mo 

oyole ~II the 8tom considered, preoedw the oxtorn mubatituent of the 

said oyale (e:ndo precedes hero). 

&ping to extend and to give 8 wider oxperimenkl brsi8 to 

the rbove remarks, we hsvo turnes our attention to the group of poly- 

oyolic oompowads. Attempt8 at the aynthoeis 8nd resolution into rntir 

podes of some compounda oorreaponding to the formulra III, IV 8nd V 

are now in progress in our laboratory. 
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