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INTRODUCTION 
Chloral  can be polymerized to a homogeneous gel of  po lych lora l  

by cryotachens ic  polymerizat ion w i th  anionic in i t ia to rs  such as l i t h -  
ium t e r t - b u t o x i d e  (VOGL 1969) (VOGL et al. 1972). As po lymer i -  
zation proceeds the gel increases in r i g i d i t y  and the mobi l i ty  of 
the monomer (VOGL, HATADA 1975) decreases. Polychl0ral  was 
shown to be isotactic (NOVAK, WHALLEY 1959) and to have a 41 
he l ix  s t r uc tu re  (KUBISA et al. in press, WASAI et al. 1964). 
When the polymer izat ion was car r ied out wi th  an opt ica l ly  act ive 
in i t i a to r ,  po lych lora l  was formed whose isotact ic s t r uc tu re  has one 
p re fe r red  helical conformation (CORLEY 1979) (CORLEY, VOGL 
1980a). Such a pre ferent ia l  helical conformation in one screw 
sense, once formed, is preserved in the solid state since po ly -  
chloral  is not soluble in any solvents or in chloral  monomer. Op- 
t i ca l l y  act ive,  isotact ic po lych lora l  of one screw sense should be 
capable of separat ing enantiomers of  racemic mix tures inc lud ing  
those which are par t  of  a polymer chain.  

EXPERIMENTAL PART 
Chloral  was pu r i f i ed  by r e f l u x i ng  i t  over  phosphorus pen tox -  

ide for  one day fol lowed by f ract ional  d is t i l la t ion  under  n i t rogen 
(KUBISA,  VOGL 1977) (CORLEY, VOGL 1979). 

n-C4HgLi + 
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Lithium a lkox ide of cholesterol was 0prepared from cholesterol 
(A ldr ich  Chemical Company, [~]D 2"~ '~ C = 30.86 ~ CHCI~) and 
equimolar amounts of bu ty l l i th ium in n-hexane at room tempera- 
ture .  The specif ic rotat ions of  the resul tant  a lkox ide [~]D,  at 
23~ and 60~ were -29.49 ~ and -29.08 ~ , respect ive ly .  

The polymerizat ion of  chloral was carr ied out with the l i th ium 
a lkox ide of cholesterol as the in i t ia to r  in n-hexane at 0~ simi lar ly 
to a method descr ibed prev ious ly  (VOGL 1969) (VOGL et al. 1972). 
The mole percentage of the in i t ia tor  used re lat ive to chloral was 
0.2 mole %. The polychloral  plug was grated and the polymer 

%-o%,i + (n+l) CCI3CHO 

~R- 0-{- CH - O _--)r-- CH OE)Li ~ 

CC13 CCI 3 

) 

stabilization 
(2) 

powder was stabi l ized by successive treatment with 10% HCI in 
methanol and a 0.5M solut ion of  PCI_ in carbon te t rach lor ide  (COR- 
LEY 1979) (CORLEY, VOGL 1980b) ~(CORLEY, VOGL 1980c). The 
polymer was ex t rac ted with acetone for 3 days in a Soxhlet appar-  
atus and dr ied at 0. I mm Hg. The stabi l ized, opt ica l ly  act ive 
polychloral  was used for  chromatographic separat ions. 

Isotactic polymers of R- (+ ) -  and S - ( - ) -~ -me thy lbenzy l  meth- 
acry lates were prepared by the polymerizat ion o f  each monomer 
with cyclohexylmagnesium chlor ide in toluene at -78~ (OHTA 
1979) ; the number average molecular weights were measured to be 
79,300 and 53,800, respect ive ly  by gel permeation chromatography.  
The isotact ic i ty of e i ther  polymer were determined to be near ly  
100% judged by t r iad analysis of  the polymer. IH NMR spectra 
were taken in n i t robenzene-d_ at I00~ The optical rotat ion of 
the poly(c~-methylbenzyl methacrylate) was measured by a JASCO 
DIP-181 polar imeter at 365 nm and 25~ as a 1.3~ 15 mg/ml solu- 
t ion in chloroform using a cell with a path length of 2.0 cm. The 
specif ic rotat ions of the polymers were +377 ~ and -351 ~ , respect-  
ive ly ,  in chloroform at 365 nm and 25~ 

Polychloral  with a grain size of  30 ~ 150 mesh (43 g) was 
packed into a column, 15 mm in diameter and 550 mm in length.  
Te t rahyd ro fu ran  was used as the eluant  for  the par t ia l  resolut ion 
of the isotactic polymers of R- (+ ) -  and S - ( - ) -~ -me thy lbenzy l  meth- 
acry lates.  The resolut ion was carr ied out at room temperature 
and at a flow rate of 0.62 ml lmin.  The eluate was collected every  
5.5 rain (3.4 ml) and evaporated to dryness at 0.1 mm Hg. The 
residue of  each f ract ion was weighed and redissolved in chloroform 
for the measurement of the optical rotat ion.  
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RESULTS AND DISCUSSION 
When po lych lora l  prepared wi th  the l i th ium alkoxide of choles- 

terol  was used as the column packing for  the separat ion of  a racem- 
ic mix ture  of  the isotact ic polymers of R - (+ ) -  and S - ( - ) - ~ - m e t h y l -  
benzyl  methacrylates,  a part ia l  resolut ion of  the polymer was 
achieved (F igure  I ) .  Th is  resu l t  s t rong ly  implies that  po lych lora l  
prepared wi th  th is  opt ica l ly  act ive in i t i a to r  has a he l ix  conforma- 

t ion pre ferent ia l  in 
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Figure 1. Resolut ion of  a mixture of equal 
amounts of po ly [R- (+) -~-methy lbenzy l  meth- 
a c r y l a t e ]  and po ly [S - ( - ) -~ -methy lbenzy l  
methacry late]  wi th  o p t i c a l l y  ac t i ve  and iso-  
t a c t i c  po l ych lo ra l  as the column packing, 

one screw sense 
( i .e .  i t  is opt ica l ly  
ac t ive) .  F igure I 
shows the weight  of 
the polymer per 
un i t  volume of each 
f ract ion and i ts spe- 
c i f ic  rotat ion p lot ted 
against the e lut ion 
volume. The po ly -  
mer f rac t ions eluted 
at the ear ly  stages 
showed a posi t ive 
opt ical rotat ion and 
those at later stages 
showed negat ive op- 
t ical rotat ion.  Th is  
means that  the po ly -  
mer from R-monomer 
is eluted p re fe ren-  
t ia l l y  from the 
column. A l t hough  
the polymer mix ture  
showed a broad 
single e lut ion peak 
in the chromatogram, 
the re tent ion vo l -  
ume for  the polymer 
of  R-monomer (37.7 
ml) was found to be 
s l i gh t l y  less than 
that  for the polymer 
of S-monomer (39. I 

ml). Th is  was determined in a separate exper iment  where opt ica l ly  
pure polymer was injected separate ly.  The separat ion factor ,  ~, 
was calculated to be I . I .  The opt ical p u r i t y  of the f ract ionated 
polymer was at most 17% for  the f ract ion r ich in R-polymer and 15% 
for the S-polymer r ich f rac t ion .  Chromatographic exper iments 
w i th  toluene and chloroform as eluants gave similar resu l ts .  

To conf i rm that  the part ia l  resolut ion of the racemic mix tu re  
is due to the opt ical ac t i v i t y  of  the adsorbent ,  opt ica l ly  inact ive 
po lych lora l  was prepared wi th  l i th ium t e r t - b u t o x i d e  and stabi l ized 
(CORLEY 1979) (CORLEY, VOGL 1980b) (CORLEY, VOGL 1980c). 
When th is  polymer was used for  the attempted resolut ion of 
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isotactic R-(+)-  and S-(- ) -a-methylbenzyl  methacrylate polymer, 
the optical rotation of the major fractions was zero. However, the 
f i rs t  two and the last two fractions showed small positive and neg- 
ative optical rotations, (Figure 2). This separation is believed to 

1 
lO ~ 

10 . . . . . . . . . . . . . . .  0 

E -I0 g 
-20 j 

E 
~5 

~ 0  

Elution ~lume(ml) 

Figure 2. Attempted resolut ion of an equal 
amount mixture of polyER-(+)-~-methylbenzyl 
~ t h a c r y l a t e ]  by using polychloral prepared 
with l i th ium ter t -butox ide.  (polychloral 
25g, eluant: tetrahydrofuran, f low rate 
0.23 ml/min.) 

be caused by a direct 
chromatographic 
effect, common in 
GPC, since the mo- 
lecular weight of the 
R-polymer is larger 
than that of the S- 
polymer. Extent of 
resolution is greatly 
enhanced by using 
the polychloral pre- 
pared with optically 
active ini t iator.  

I sotactic poly- 
chloral prepared with 
an optical ly active 
lithium alkoxide has 
an optically active 
fragment from the 
anion of the ini t iator 
as an endgroup and 
this chiral endgroup 

induces the formation, or at least the predominance of formation, 
of one of a helical chain over the other. Because the polychloral 
is insoluble, the chiral helix is retained in the solid state. The 
resolution of isotactic poly[R-(+)-~-methylbenzyl  methacrylate] 
from poly[S-( - ) -~-methylbenzyl  methacrylate] is a strong indica- 
tion of the existence of optically active polychloral prepared with 
the lithium alkoxide of cholesterol as the ini t iator and resolution of 
the R-(+) and S-( - )  polymers results from the specific interaction 
between the polychloral helix (VOGL, HATADA 1975) and the two 
poly(a-methylbenzyl methacrylates). The isotactic polymer of R- 
(+)-~-methylbenzyl methacrylate apparently interacts less effec- 
t ive ly with the isotactic polychloral helix and consequently is 
eluted faster than the S-polymer. 

This method of resolution of enantiomers with optically active 
polychloral prepared with optically active ini t iator,  may develop 
into a useful technique for the resolution of racemic mixtures of 
low and high molecular weight substances. Optically active poly- 
chloral may have use as column packing for several types of chro- 
matographic separations. Further investigations are in progress. 
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