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A continuous effort has been made for the syntheses of 
optically active polymers that are investigated with the 
aim of obtainingchiral catalysts for asymmetric syntheses, 
chiral materials for enantiomer separation, and biologically 
active polymers.' Asymmetric cyclopolymerization has 
recently developed as one of the most important methods 
for synthesizing optically active polymers.2 Waymouth 
et al. reported the enantioselective cyclopolymerization 
of 1,5-hexadiene with a chiral metallocene ~ a t a l y s t . ~  
Recently, we reported the synthesis of optically active poly- 
(methyl methacrylate) by the cyclopolymerization of 2,3- 
O-isopropylidene-l,4-di-O-methacryloyl-~-threitol with 
azobis(isobutyronitri1e) (AIBN), in which the chirality of 
L-threitol units directly transferred to the methacrylate 
main chains4 

Another useful hint as to a methodology of asymmetric 
cyclopolymerization can be found in living polymerization. 
Higashimura et al. have established that suitable com- 
binations of an electrophile and a Lewis acid lead to 
initiating systems for the cationic living polymerization 
of vinyl  ether^.^ According to the mechanism for this 
polymerization, the vinyl ether (ROCH=CHz) and the 
electrophile (HB) form an adduct (ROCHBCH3 whose 
C-B bond is stable and is activated by the Lewis acid. The 
formation of this bond may exert a strong influence on the 
stereochemistry of the approaching monomer. One pos- 
sibility, therefore, exists that the initiating system using 
a chiral electrophile might act as a enantioselective catalyst 
for the cyclopolymerization of the achiral divinyl monomer. 
Here we report the cyclopolymerization of benzaldehyde 
divinyl acetal (116 with a (+)- and (-)-10-camphorsulfonic 
acid [(+)-or (-)-2]/zinc dichloride (ZnCla) initiatingsystem 
(Scheme I). 

Divinyl acetal 1 in toluene was treated with a solution 
of 2 in tetrahydrofuran, and then the polymerization was 
initiated by adding a solution of ZnClz-OEt:! in dichlo- 
r~methane .~  Table I lists the results of the cyclopoly- 
merization of 1 with the (+)- or (-)-2/ZnCl~OEt2 initiating 
system. Although the polymerizations proceeded hetero- 
geneously, the resulting polymers (3) were soluble in 
chloroform and tetrahydrofuran. The polymer was pu- 
rified several times by reprecipitation with chloroform/ 
methanol until a constant specific rotation of the polymer 
was reached. The number-average molecular weights (Mn) 
of the polymers were from 2000 to 2500 which corresponded 
to the polymerization degrees (Pn) from 11.4 to 14.2. These 
P, values were smaller than the [ 1]/[2] ratio of 40, and the 
molecular weight distributions were broad, having a M,/ 
M, ratio of 1.39-2.02. The nonliving character of this 
cyclopolymerization should be caused by the heteroge- 
neous polymerization system. 

Figure 1 shows the 'H and the 13C NMR spectra of 
polymer 3 prepared with (+)-2. The characteristic ab- 
sorptions at  6.4-6.8 ppm due to the vinyloxy groups and 
at  147.3 ppm due to the vinyl carbon disappeared in the 
1H and '3C NMR spectra of polymer 3, which means that 
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Table I 
Cyclopolymerizatian of Benzaldehyde Divinyl Acetal (I)  

with a (+)- or (-)-IO-Camphorrulfonic acid [(+)- or (-)-2]/ 
ZnCl2 Initiating System. 

+ 0.5 20 2.0 1.64 -17.0 + 1.0 27 2.4 1.39 -17.1 
- 0.5 27 2.4 1.50 +13.7 
- 1.0 45 2.5 2.02 +11.9 

[ 11 = 0.30 M, [11/[21 = 40; temp, 0 "C; time, 24 h. * The sign of 
the specific rotation of 2. Determined by GPC (polystyrene stan- 
dard). d c 1.0, CHCh 
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Figure 1. IH (a) and I3C (b) NMRspectraof polymer 3, prepared 
by cyclopolymerization of benzaldehyde divinyl acetal (1) with 
(+)-2/ZnC1,.0Et2 (molar ratio l.O), measured in CDCln at 21 O C .  

polymer 3 consisted of only the cyclic repeating units. Since 
the cyclopolymerization of divinyl ethers with a cationic 
initiator proceeds through a head-to-tail addition,8p9 the 
constitutional units of the polymers should be essentially 
the cyclic structure corresponding to the 1,3-diosane. 

Polymer 3 prepared using (+)-2 exhibitedoptical activity 
with a specific rotation ( [ ( u I ~ O ~ ~ ~ ,  c 1.0 in CHC13 of -17.0 
and -17.1 [polymer (-)-31 and those using (-1-2 exhibited 
optical activity with aspecific rotation of +11.9 and +13.7 
[polymer (+)-3]. Four possible structures 5-8 (Chart I) 
are considered for the cyclic units of polymer 3, in which 
only 5 and 6 with a trans configuration are chiral. The 
optical activity of the polymer 3 arises from the chiral 
cyclic units corresponding to 5 or 6. (4S,6S)-(-)- and 
(4R,6R)- (+)-4,6-dimethyl-2-phenyl- 1,8dioxane [(Sa- and 
(R,R)-4, respectively] ,lo whose configurations are identical 
to those of 5 and 6, respectively, were synthesized as model 
compounds in order to confirm the absolute configuration 
of the cyclic units. A negative specific rotation ( [ C U I ~ ~ ~ ~ ~  
= -31.3, c 1.7 in CHCln) was found for the model compound 
(S,S)-4, having the same sign as that of polymer 3 prepared 

6 (PPm) 

0024-9297/93/2226-1782$04.00/0 0 1993 American Chemical Society 



Macromolecules, Vol. 26, No. 7, 1993 Communications to the Editor 1783 

CII 
Q) 

1 I I 
200 21 0 220 

Wave Length I nm 
Figure 2. CD spectra of the model compounds and the chiral 
polymers 3: (a) (4S,6S)-(-)-4,6-dimethyl-2-phenyl-1,3-dioxane 
[(S,S)-4]; (b) (4R,6R)-(+)-4,6-dimethyl-2-phenyl-1,3-dioxane 
[ (R,R)-4]; (c) polymer (-)-3 prepared from benzaldehyde divinyl 
acetal (1) with (+)-t/ZnCL.OEt (molar ratio 1.0); (d) polymer 
(+)-3preparedwith (-)-t/ZnClyOEb (molar ratio 1.0). Allspectra 
were measured at 21 "C in hexafluoroisopropyl alcohol, and the 
path length was 0.5 cm: c = 3.4 X M for (a), 2.6 X 1O-O M 
for (b), 3.3 X M for (c), and 3.6 X M for (d). 

Chart I 
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with(+)-2. Apositiveone ([aIz0435= +31.6,c 1.6inCHCls) 
for ( R 3 ) - 4  was the same sign as that of (+)-3 prepared 

Figure 2 shows the CD spectra of polymers (-)- and 
(+)-3 ([alZ0435 = -17.1 and +13.7, respectively) and model 
compounds (S,S)- and (R3)-4.  Both (-1-3 and (S,S)-4 
show the negative Cotton effect at 210 nm, and (+)-3 and 
(R,2?)-4 show the mirror image CD curve8 with the positive 
Cotton effect at 210 nm. The absolute configuration of 

with (-)-2. 

the major, chiral cyclic units in polymer (-1-3 should 
correspond to 5, and that in polymer (+)-3, to 6. 

In summary, we report the enantioselective synthesis 
of a main-chain chiral polymer by the cyclopolymerization 
of a divinyl monomer using the initiating system consisting 
of chiral alkylsulfonic acid and Lewis acid. More detailed 
studies including the mechanism of the present asymmetric 
cyclopolymerization are now in progress. 
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