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Development of methods for stereoregular arrange­
ment of various functional groups along a main-chain 
may be particularly important for designing novel func­
tional polymers. In anionic polymerization of vinyl 
monomers, the tacticity of polymers is often greatly af­
fected by polymerization conditions such as polarity of 
solvents and initiators. Therefore, the introduction of a 
polar functional group to a vinyl monomer that can in­
teract with a counter-cation greatly influences stereo­
regularity, and design of functional groups in vinyl 
monomer provides a useful methodology for the stereo­
control in anionic polymerization. The anionic polymeri­
zation of a variety of a-substituted acrylates having alk­
oxymethyl 1 and aminomethyl2 groups on their a-position 
with lithium reagents gave highly isotactic polymers re­
gardless of the polarity of solvents, while radical polym­
erization was unsuccessful or resulted in generation of 
atactic polymers. Strong intra- and intermolecular coor­
dination of the polar substituents of the growing poly­
mer chain and monomers to the counter-cation (Li+), es­
pecially, a stable six-membered chelation of intermedi­
ate lithium enolate, should be the main factor in control­
ling stereochemistry. 

[~1:] 
OR 
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We recently reported that ethyl a-(2-thienylmethyl) 
acrylate (1) provides a polymer with a high isotacticity 
regardless of the polarity of solvents under the anionic 

conditions.3 Here, the stereospecific anionic polymeriza­
tion developed for a-(alkoxymethyl)acrylates1 and a­
(aminomethyl)acrylates2 is expanded to novel a-sub­
stituted acrylates having various aromatic heterocycles 
at the a-position. Further investigation was made on the 
anionic polymerization of 1 and effects of other aromatic 
heterocycles on the reactivity and stereoregularity in the 
anionic polymerization using three novel monomers, 
ethyl a-(2-thianaphthenylmethyl)acrylate (2), ethyl a-(2-
furylmethyl)acrylate (3), and ethyl a-(2-pyridylmethyl) 
acrylate (4). 
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The radical and anionic polymerizations of a-(alkyl) 
acrylates4 -

6 including a-(benzyl)acrylates7 have been 
conducted but no data are available about the polymeri­
zation of a-substituted acrylate having an aromatic het­
erocycle on its a-position so far as we know. Stereoregu­
lar polymers having a variety of aromatic heterocycles in 
the side chain are attractive as reactive polymers, poly­
meric ligands, etc. Although thiophene and poly(thio­
phene) derivatives have received considerable attention 
for electronic conductivities in the partially oxidized 
state, few data are available about the stereocontrolled 
polymers with pendant thiophene groups.8 

EXPERIMENTAL 

Solvents and reagents were purified or prepared as re­
ported previously.1- 3 Monomers (2-4) were synthesized 
from ethyl a-(bromomethyl)acrylate9 according to the 
procedure previously reported for 1.3 

Ethyl a-(2-thianaphthenylmethyl)acrylate (2) : bp 
118.0-120.0"C/0.50mmHg ;1H NMR (400 MHz, CDC13) 

o 1.29 (t, 3H, J =7.2 Hz, CH3), 3.91 (s, 2H, -CH2), 4.23 (q, 
2H, J = 7 .2 Hz, OCH2), 5.68 (m, lH, vinyl), 6.31 (m, lH, 
vinyl), 7.00-7.80 (m, 5H, aromatic); IR (neat, cm -l) 

2981, 1713, 1632, 1458, 1436, 1300, 1254, 1181, 1026, 
951; MS (FAB) mlz 246 (M+). 

Ethyl a-(2-furylmethyl)acrylate (3): 1H NMR (400 
MHz, CDC13) o 1.29 (t, 3H, J =7.2 Hz, CH3 ), 3.66 (s, 2H, 
-CH2), 4.21 (q, 2H, J =7.2 Hz, OCH2), 5.54 (d, lH, J = 

1.2 Hz, vinyl), 6.08 (m, lH, furan), 6.26 (d, lH, J = 1.2 
Hz, vinyl), 6.30 (m, lH, furan), 7.33 (m, lH, furan); IR 
(neat, cm - 1) 2982, 1718, 1635, 1506, 1302, 1284, 1256, 
1182, 1135, 1011. Anal. Calcd for C10H 12O3 : C, 66.65%; 
H, 6. 71 %. Found : C, 66.63% ; H, 6.69%. 

Ethyl a-(2-pyridylmethyl)acrylate (4): bp 68.0-71.0 
mmHg ;1H NMR (400 MHz, CDC13) o 1.24 (t, 3H, 

J=7.2 Hz, CH3), 3.83 (s, 2H, -CH2), 4.17 (q, 2H, J=7.2 
Hz, OCH2), 5.61 (s, lH, vinyl), 6.32 (s, lH, vinyl), 7.10-
8.60 (m, 5H, aromatic); IR (neat, cm - 1) 2982, 1715, 1633, 

1591, 1475, 1435, 1302, 1194, 1027, 762. Anal. Calcd for 
C11H13NO2 : C, 69.09% ; H, 6.85%; N, 7.32%. Found: C, 
68.97%; H, 6.98%; N, 7.48%. 
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Table I. Anionic polymerizetion of 1-4 at-78°C" 

Entry 

ld 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Monomer 

1 

2 

3 

4 

Initiator 

n-BuLi 
cHexMgBr 
c HexMgBr--TMEDA 
Li Piperidide 
n-BuLi 
c HexMgBr--TMEDA 
Ph2NLi-TMEDA 
n-BuLi 
n-BuLi 
Ph2NLi-TMEDA 
n-BuLi 
n-BuLi 
n-BuLi 
Ph2NLi-TMEDA 
n-BuLi 

Solvent 
Time 

h 

Toluene 15 
Toluene 48 
Toluene 20 
Toluene 20 
Toluene 22 
Toluene 22 
Toluene 22 
THF 22 
Toluene 20 
Toluene 20 
THF 20 
Toluene 48 
Toluene 118 
Toluene 48 
THF 48 

Yieldb Mn' 
Mw!M/ 

% X103 

78 6.1 48 
2 4.7 8.8 

97e 9.0f 34f 

76 8.6 110 
60 8.8 24 
95 5.5 4.9 
89 4.9 1.2 

>99 8.5 1.6 
89 20 21 
78 7.4 1.1 
87 15 2.1 

8g 2.lh 
22g 2.9h 
12• 2.3h 
10g 2.5h 

"Anionic polymerization: [monomer] / [initiator]=20. bMeOH insoluble part. 'Determined by SEC (polystyrene standard, eluent: 

CHC13). dRef3. ePartially insoluble in CHC13 (CHC13 soluble part: 80%). fCHC13 soluble part. gHexane insoluble part. hEluent: THF, 

peak-top value. 

Polymerization was carried out in the same way as re­
ported.1-3 

1H and 13C NMR spectra were measured on a Varian 
Gemini-2000 (400 MHz for 1H) or UNITY-INOVA (500 

MHz for 1H) spectrometer in CDC13 with tetramethyl­
silane as the internal standard. Infrared (IR) spectra 

were recorded on a JASCO FT/IR-550 spectrometer. 

Mass spectra were taken on a JEOL LMS-AX505HA 

mass spectrometer. DSC (Differential Scanning Calo­
rimetry) measurement was carried out with a Seiko SSC 

-5200 equipped with a DSC-220 apparatus (at a heating 
rate of 5'C min - 1). Size exclusion chromatographic 

analysis (SEC) was performed on a JASCO 880-PU chro­

matograph equipped with a JASCO Rl-930 refractive in­

dex detector using two commercial columns (TSK G 

5000H and Shodex AC 802.5) connected in series for 

chloroform as an eluent, or Shodex System-21 SEC 

equipped with a Shodex UV-41 and Shodex RI-71S de­
tectors using Shodex KF-830 and KF-806F SEC columns 

connected in series for tetrahydrofuran (THF) as an elu­

ent. Calibration was performed using standard polysty­
renes. 

RESULTS AND DISCUSSION 

The anionic polymerization of 1 using lithium re­
agents proceeds in a good yield, although the radical po­
lymerization with (i-PrOCO2) 2 in toluene at 30°C gives 

no polymer.3 The polymers anionically obtained with n­

BuLi were highly isotactic regardless of the polarity of 

solvents, toluene and THF. Further investigations on 

the anionic and radical polymerizations of 1-4 were 

carried out. The radical polymerization of new mono­

mers, 2-4, using (i-PrOCO2)2 in toluene at 30'C re­
sulted in poor or no yields ( < 4% : hexane insoluble part) 

similarly to that for 1. The results of anionic polymeriza­

tion are listed in Table I, together with previous data on 

the anionic polymerization of 1 with n-BuLi in toluene 
(entry 1). 

The acrylate having 2-thianaphthenylmethyl group on 

the a-position (2) afforded a polymer using lithium re­
agents, n-BuLi and the complex of Ph2NLi withN, N, N', 
N '-tetramethylethylenediamine (TMEDA), in good 

174 

yields (entries 5, 7, and 8). Although the Grignard re­

agent, cyclohexylmagnesium bromide (cHexMgBr), gave 

a methanol insoluble polymer in a poor yield (entry 2), 

the polymerization of 1 and 2 using its complex with 

TMEDA proceeded in 97% and 95% yields, respectively 

(entries 3 and 6). Some polymers showed large polydis­
persity due to multi-modal peak distribution in SEC 

analysis, while the complex of lithium reagent with 

TMEDA effectively controlled a molecular weight distri­

bution (entries 7, 10 and MJMn = 1.3 for poly (1J3). 
The 13C NMR spectra of the carbonyl carbon ofpoly(l)s 

and poly(2)s are demonstrated in Figure 1. A sharp 

singlet is observed for poly(l) obtained with lithium 

piperidide (entry 2) (Figure la), indicating that a highly 

isotactic polymer is produced similarly to the polymeri­

zation with n-BuLi.3 However, the spectral pattern of 

the polymer prepared by c HexMgBr-TMEDA is quite 

different from those of the polymer with high isotacticity 

produced by lithium piperidide and obtained using the 

complex of N, N '-diphenylethylenediamine mono lithium 

amide (DPEDALi) with TMEDA3 (Figure lb). Therefore, 

in addition to the basic diamine ligand, which should 

prevent the coordination of polar substituents of the 

growing polymer and monomer to the counter-cation, a 

counter-cation (MgBr+) may greatly affect the stereo­

regularity of the polymer. A sharp singlet is also ob­
served for poly(2) obtained with n-BuLi in toluene (en­
try 5) (Figure le), indicating that a highly isotactic poly­

mer must be provided. In contrast to the polymerization 

of 1, poly(2) prepared in THF shows a much lower stere­

oregularity than that ofpoly(2) obtained in toluene (Fig­

ure ld), although it appears to be still rich in isotacticity. 

The bulkiness and coordination ability of the polar sub­

stituents, thiophene and thianaphthene, of the growing 
polymer and monomers to the counter-cation (Li+) must 

greatly affect stereocontrol in the anionic polymeriza­

tion. 
The anionic polymerization of 3 with lithium reagents 

gave polymers in good yields (entries 9-11). The 1H 
NMR spectrum of the polymer obtained using n-BuLi in 

toluene is depicted in Figure 2. The spectral pattern is 

simple and each peak is assigned to a vinyl polymer cor­
responding to poly(3). The spectral pattern of the main 

Polym. J., Vol. 32, No. 2. 2000 
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176 175 174 17:l ppm 

Figure 1. 125 MHz 13C NMR spectra of the carbonyl carbon in 
poly(l)s obtained with lithium piperidide in toluene (entry 4) (a), 
c HexMgBr-TMEDA (entry 3) (b), poly(2)s obtained with n-BuLi in 
toluene (entry 5) (c) and in THF (entry 8) (d) (CDC13, 60"C). 

7 6 5 4 3 2 ppm 

Figure 2. 500 MHz 1H NMR spectrum of poly(3) (entry 9) ob­
tained with n-BuLi in toluene (CDC13, 60"C). 

chain methylene protons around 2.2 ppm shows a typical 
AB quartet with a coupling constant 15.0 Hz as shown in 
an expanded spectrum (Figure 3a). These observations 
indicate that a highly isotactic polymer is produced in 
the anionic polymerization of 3 in toluene similarly to 
the anionic polymerizations of 1 and 2. 

Figure 4a shows the 13C NMR spectrum of the car­
bonyl carbon ofpoly(3) obtained with n-BuLi in toluene. 
A sharp singlet is observed, showing the polymer has 

high isotacticity. Interestingly, the polymers prepared in 
THF as well as using Ph2NLi-TMEDA show different 
peak patterns, which seem to have some stereoregular­
ity (Figures 4b and 4c). The spectral pattern of the main 
chain methylene protons in the 1H NMR spectra of these 
polymers are quite different from that of the highly iso­
tactic polymer and may be rich in syndiotacticity. The 
polymer obtained with n-BuLi in THF shows a small 
peaks for the isotactic diad (Figures 3b and 3c). 2-

Polym. J., Vol. 32, No. 2, 2000 
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2.2 2.1 2.0 ppm 

Figure 3. 500 MHz 1H NMR spectra of the main chain methyl­
ene protons in poly(3)s obtained with n-BuLi in toluene (entry 9) 
(al, Ph2NLi-TMEDA (entry 10) (b) and n-BuLi in THF (entry 11) 
(c) (CDC13, 60"C). 

173 ppm 

Figure 4. 125 MHz 13C NMR spectra of the carbonyl carbon in 
poly(3)s obtained with n-BuLi in toluene (entry 9) (a), Ph2NLi­
TMEDA (entry 10) (b) and n-BuLi in THF (entry 11) (c) (CDC13, 60 
OC). 

Furylmethyl group may be unable to control stereoregu­
larity in polar solvents, in marked contrast to a-(alk­
oxymethyl)acrylates, 1 a-(aminomethyl)acrylates2 and 1. 

2-Pyridylmethyl group in monomer 4 may have 

stronger coordination ability toward counter-cations, 
while it should be bulkier than other a-substituents of 1 
-3 because of its six-membered ring system. These 
characteristic features were reflected in the polymeriz­
ability and stereoregulation of the obtained polymer. 
The polymerization with lithium reagents in toluene or 
THF resulted in low yields of a hexane-insoluble poly­
mer with low number-average molecular weight (Mn) 

(entries 12-15),10 probably due to the bulkiness of the a­
substituent similarly to the polymerization of a­
substituted acrylates reported previously.1

•
2

•
4

•
7 

The 1 H NMR spectrum of the obtained polymer using 
n-BuLi in toluene (entry 12) is demonstrated in Figure 5. 
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Figure 5. 400 MHz 1H NMR spectrum of poly(4) (entry 12) ob­
tained with n-BuLi in toluene and expanded spectra of the main 

chain methylene protons (a) and the polymer obtained with 
Ph2NLi-TMEDA (entry 14) (bl (CDC13, 60°C). 

Each peak is sharp and assigned to poly( 4) as shown in 

the figure, although small shoulder peaks appear prob­

ably due to a low Mn- The spectral pattern of the main 

chain methylene protons around 2.5 ppm shows a typical 

AB quartet, indicating that the polymerization of 4 with 

n-BuLi in toluene proceeds in an isotactic-specific man­
ner. Sharp singlets with the same chemical shift are ob­

served in the 13C NMR analysis of the carbonyl carbon of 

the polymers provided with n-BuLi in toluene and THF 

(entries 13 and 15) (Figures 6a and 6c).11 Highly isotac­

tic polymers are surely produced regardless of the polar­

ity of solvents. However, the polymer prepared using the 
complex of Ph2NLi-TMEDA (entry 14) shows much 

lower stereoregularity than those of poly(4)s obtained 

with n-BuLi (Figure 6b). The 1H NMR spectrum of the 

main chain methylene protons of this polymer also 

shows a quite different pattern from that of the highly 

isotactic polymer and should be rich in syndiotacticity 

(Figure 5b). A basic diamine ligand may prevent the co­

ordination of polar substituents of the growing polymer 

and 4 with the counter-cation (Li+), in addition to the 

less stable seven-membered chelation of intermediate 

lithium enolate which may play an important part in the 

stereocontrol. 

-1". 

OEt 

l.i 
I 

() 

The thermal properties of novel stereoregular poly­

mers were measured by DSC analysis. Tg were esti­

mated to be 62, 46, and 8l 0C for poly(3)s obtained with n­
BuLi in toluene (entry 9), with Ph2NLi-TMEDA (entry 

10) and poly(l) prepared with lithium piperidide (entry 

4), respectively, from the third heating thermograms. 

Both stereoregularity and heteroatoms of aromatic het­

erocycles in the monomers influence the thermal proper­

ties of the polymers. 
In conclusion, 1 and three novel a-substituted acrylat­

es bearing aromatic heterocycles, 2-4, were anionically 

polymerized to provide the corresponding vinyl polymers. 

The bulkiness and coordination ability of the polar sub­

stituents, aromatic heterocycles, of the growing polymer 

176 

178 177 176 175 174 173 ppm 

Figure 6. 100 MHz 13C NMR spectra of the carbonyl carbon in poly 
(4)s obtained with n-BuLi in toluene (entry 13) (a), Ph2NLi­

TMEDA (entry 14) (bl and n-BuLi in THF (entry 15) (cl (CDC13, 60 

"CJ. 

and monomers to the counter-cation (Li+and MgBr+) 

greatly affected the stereoregularity of the polymers as 

well as polymerizability. The less stable seven-member­

ed chelation of intermediate lithium enolate should have 

lower stereocontrol power than that of the stable six­

membered chelation in the anionic polymerization of a­
substituted acrylates. New functional polymers with 

thiophene, furan, and pyridine groups arranged on the 

main chain of a highly isotactic polyacrylate were syn­

thesized. 
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