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The stereostructure of a vinyl polymer often sig
nificantly affects its physical and chemical properties. 
Therefore, stereocontrol of vinyl polymerizations is an 
important topic in macromolecular science, and various 
stereospecific polymerizations using Ziegler-Natta, me
tallocene. or anionic catalysts (initiators) have been 
examined. 1 •2 As to anionic polymerization, methacrylate 
polymerization has been most systematically investigat
ed, and both highly isotactic and syndiotactic polymers 
have been synthesized. 2 •3 However, the stereocontrol of 
acrylate polymerization is generally difficult probably 
because of the absence of the ex-methyl group which may 
greatly contribute to the formation of a propagation 
center with a high stereospecificity. 2 .4 

In this work, we investigated the effects of the basic 
conditions (temperature and concentration) on the stere
ochemistry of the anionic polymerization of methyl and 
t-butyl acrylates (MA and tBA) with toluene and n-BuLi 
which are often used as a solvent and an initiator, re
spectively, for the anionic polymerization of methacrylic 
monomers. The effects of temperature and concentration 
have not been systematically investigated for acrylate 
polymerization although they are known to influence the 
polymerization of other monomers. 5 - 8 The influence of 
water on the stereochemistry was also studied. 

EXPERIMENTAL 

MA and tBA (Wako) were purified in a usual manner 
and distilled over CaH 2 under vacuum immediately 
before use. The polymerization was carried out in a dry 
glass ampoule under a dry nitrogen atmosphere. The 
reaction was initiated by adding n-BuLi (heptane so
lution, cone.= 1.35 M) to a monomer solution in toluene 
cooled to a prescribed temperature and was terminated 
by adding a small amount of methanol. Poly(MA) and 
poly(tBA) were isolated by precipitation in a large excess 
of methanol and methanol-water mixture (4: l, v/v), re
spectively. Diad9 - 11 and triad 12 tacticities of the poly
mers were determined by 1 H and 13C NMR measure
ments, respectively, in CDC13 with a Varian Gemini 
2000 spectrometer ( 400 MHz for 1 H, 100 MHz for 13C). 

Other experimental details are the same as those in 

----------

our previous reports. 13 · 14 

RESULTS AND DISCUSSION 

Temperature Effect 
The conditions and results of the polymerizations are 

summarized in Table I. In the MA polymerization, the 
yield of the MeOH-insoluble polymer decreased as re
action temperature increased, while in the tBA polym
erizations, polymer yield was over 90% at all temper
atures. This suggests that some side reactions including 
the carbonyl attack, which is less likely for tBA having a 
bulky side group, took place in the MA polymeriza
tion similarly to the anionic polymerization of methyl 
methacrylate. 2 ' 15 · 16 

The stereostructure of the obtained polymers was 
investigated using NMR spectroscopy. Diad tacticity of 
the poly(MA)s was determined by 1 H NMR analysis 
based on the peak splitting of the methylene proton 
signals 9 - 11 (Figure l ), and the same method could be 
applied for the poly(tBA)s (Figure 2). Under the con
ditions shown in Table I, MA gave the polymers with 
higher isotacticity than tBA at all temperatures consisting 
with the previous reports. 17 · 18 In the both MA and tBA 

Run 

I 
2 
3' 
4 
5 
6 
7 
8 
9 

Table I. Anionic polymerization of acrylatcs in 
toluene with n-BuLi for 24 ha 

Mono-
Temp YicJdb Mnc 

Mw/Mnc 
mer "C % X ]04 

MA -78 66 2.02 1.84 
MA -42 57 2.73 2.44 
MA -20 18 2.99 4.30 
MA -15 II 2.13 1.70 
MA 0 4 2.97 1.52 
tBA -78 >99 7.86 1.65 
tBA -42 >99 4.75 2.08 
tBA -15 90 1.82 4.97 
tBA 0 96 1.08 3.47 

Tacticity" 

m/r 

87!13 
90j]O 
90/10 
90/lO 
93/ 7 
65/35 
66134 
71/29 
71/29 

•[monomer] 0 =l.OM, [n-BuLi] 0 =0.05M. hPoly(MA): methanol-
insoluble part; poly(tBA): methanol-H 20 (4: I, vjv)-insoluble part. 
'Determined by GPC with polystyrene standard in THF. dDe-
!ermined by 400 MHz 1 H NMR (CDC1 3 , 60°C). 'Polymerization for 
3h. 
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polymerizations, isotactic specificity of the polymeriza
tion moderately increased with an increase in the polym
erization temperature; the difference in meso (m) diad 
content of the polymers obtained at - 78"C and ooc was 
ca. 6%. This result is similar to that found for the methyl 
methacrylate (MMA) polymerization in toluene with 
n-BuLi. 7 A remarkable increase in isotactic specificity 
based on the raise of reaction temperature has been 
observed for the polymerization of methyl Q(-ethylacrylate 
and methyl Q(-n-propylacrylate. 7 · 8 

It has been reported that the polymerizations of MA 
at - 78"C, - 40)C, and - 20oC under very similar con
ditions to runs I, 2, and 3 in Table I give the polymers 
with them contents of97%, 97%, and 98%, respectively, 
with the estimated range of error being ± 3%, which 
have been recognized to be the highest values for the 
MA polymerization using n-BuLi. 17 However, in the 
previous report, 17 the m contents may have been over
estimated due to relatively low peak resolution of NMR 
spectra based on the early instrumentations. Thus, the 
m value of 93% obtained in run 5 is considered to be 
the highest isotactic specificity. Although the initiator 
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Figure I. 1 H NMR spectrum of poly(MA) (run 3 in Table I) 
[400MHz, CDCI 3 , 60'C. Mc4 Si]. 
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Figure 2. 1 H NMR spectrum of poly(tBA) (run 8 in Table I) 
[ 400 M Hz, CDCI 3 , 60 C, Me4 Si]. 
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concentration is not clearly shown in the previous 
report 1 7 and may be different from that in our work, it 
has little effect on the polymerization stereochemistry as 
the following section of this paper proves. 

Effect of n-BuLi and Monomer Concentrations 
The effects of initiator concentration on the stereo

chemistry in the polymerization at - 78°C was in
vestigated at constant monomer concentrations (0.15 
M and 1.0 M) by varying n-BuLi concentration. The 
M" ranges vs. polystyrene standard of the obtained 
poly(MA)s were 0.25-1.09 x 104 ([MA] 0 =0.15 M) and 
2.02-5.32 x I 04 ([MA] 0 = 1.0 M), and those of the 
poly(tBA)s were 0.98-3.20 x 104 ([tBA] 0 =0.15 M) and 
5.85-ll.lx104 ([tBA] 0 =1.0M), assuring that the 
contribution of chain-terminal groups in NMR measure
ment causing error in tacticity measurement is minimal. 
The tacticities of the obtained polymers are plotted in 
Figure 3A. There was no clear dependence of tacticity 
on the initiator concentration for both of MA and tBA 
polymerizations in the range of [n-BuLi] 0 used in this 
work (0.0075 M to 0.1 M). 

Effect of monomer concentration on the polymeriza
tions was investigated at a constant [n-BuLi] 0 (0.050M) 
at - 78°C. The M" range of the obtained polymers was 
2.02-5.93 x 104 for poly(MA) and 1.69-7.86 x 104 for 
poly(tBA). The tacticities of the polymers are plotted in 
Figure 3B, which indicates that isotactic specificity of the 
polymerization decreases with an increase in the initial 
concentration of monomers and the effects are more 
significant in the MA polymerization. The meso diad 
content of the poly(MA) decreased from 90% to 67% 
as [MA] 0 increased from 0.50 M to 5.0 M and that of 
poly(tBA) also decreased from 69% to 56% as [tBA] 0 

increased from 0.2 M to 5.0 M. The effect of monomer 
concentration may be explained in terms of the change 
in the polarity of the reaction system. The anionic 
polymerizations of methacrylates and acrylates in polar 
solvents are known to lead to a lower isotactic specificity 
due to the coordination of solvent molecules to growing 
species. 2 •4 The coordination of plural monomer mole
cules to a counter cation at a growing end probably 
reduces the isotactic specific propagation and this should 
be more pronounced at a higher monomer concentration. 
Similar effects of monomer concentration have been 
reported for the MMA polymerization in toluene with 
n-BuLi. 5 
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Figure 3. Effects of 11-BuLi concentration (A) and monomer concentration (B) on the stereochemistry of the polymerization of MA and tBA in 
toluene at - 78C. Conditions: [monomer] 0 =0.15 and 1.0 M, time 24 h (A); [n-BuLi] 0 =0.050 M, time 24 h (B). 
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Figure 4. 13C NMR spectrum of poly(tBA) prepared by polymeriza
tion in the presence of LiOH at ooc (acetone-insoluble fraction) 
[100 MHz, CDCI 3 , 55°C]. 

Effect of Water (LiOH Generated In Situ) 
Stereochemistry of the MA and tBA polymerizations 

was also affected by the presence of LiOH generated in 
situ by adding a small amount of water to the n-BuLi 
solution in heptane ([H 20]/[n-BuLi] =0.5). The poly
merizations of MA and tBA were carried out using the 
n-BuLi solution containing LiOH under similar condi
tions to runs 1, 5, and 8 in Table I. While no clear effect 
of LiOH was found in the MA polymerization at - 78°C, 
an increase in isotactic specificity was observed in the 
tBA polymerization [m=70% (Mn 3.71 x 104 ) and 77% 
(Mn 3.56 x 104 )] under the reaction conditions corre
sponding to runs 5 and 8 in Table I, respectively; the 
difference in m content caused by LiOH was 6% for the 
tBA polymerization at ooc. The acetone-insoluble frac
tion of the latter poly(tBA) (Mn 12.4 x 104 ) had higher 
isotacticity than the original sample: m 85%, mmjmrjrr= 
74/22/4 as indicated by the 13C NMR spectrum (Figure 
4). This is the highest diad isotacticity reported for tBA 
polymerization. 19 Although the details of the LiOH effect 
are not immediately known, similar effects have been 
observed in the polymerization of styrene,20 •21 MMA, 6 

ethyl methacrylate, 6 • 7 and methyl 2-ethylacrylate. 6 ·8 

CONCLUSION 

Temperature, monomer concentration, and the pres
ence of LiOH affected the stereochemistry of the anionic 
polymerization of MA and tBA. A higher temperature, 
a lower monomer concentration, and the presence of 
LiOH led to the polymers with a higher isotacticity. 

Polym. J., Vol. 31, No.5, 1999 

Concerning the anionic polymerization of MA and tBA, 
the effects observed in this work have not been reported 
although there have been studies 17 · 18 on the reaction 
stereochemistry. 
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