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Lithium-nitrogen-bonded compounds (lithi
um alkylamides) are known to induce the 
anionic polymerization of vinyl monomers 
such as butadiene, 1 isoprene, 2 styrene, 3 and 
divinylbenzene. 4 This is one way to introduce 
an amino group at the end of a polymer chain. 
If lithium alkylamide can be used as an initia
tor for the anionic polymerization of a,/J-un
saturated esters such as methyl methacrylate 
(MMA) and methyl acrylate (MA), a new 
synthetic route for amino-ended poly[(meth)
acrylate ]s can be created. 

Since the basicity of lithium alkylamide 
having alkyl substituents such as diisopropyl
amide (LDA) is too strong, it often induces a 
carbonyl attack toward such compounds and 
causes some side reactions. 5 Lithium bis(tri
methylsilyl)amide (LBA) is well known as one 
of the suitable lithiation agents for a-carbonyl 
protons without carbonyl attack. 6 If LBA is 

[(CH3)3Si]zNLi + n CHz=C(CH3)COOCH3 

--- HzNfCH2-t;:(CH3) -=i--- H 
L COOCH3_J 0 

Scheme 1. 

t To whom correspondence should be addressed. 

used as the initiator for MMA polymerization, 
a new route for the synthesis of prim-amino
ended PMMA will be available after the 
hydrolysis of the N-Si bond at the end of the 
polymer chain. This paper reports the anionic 
polymerization of MMA initiated with LBA. 

EXPERIMENT AL 

All experiments for purification and polym
erization processes were carried out under 
purified nitrogen in order to preclude any at
mospheric oxygen and moisture. 

Materials 
Commercial tetrahydrofuran (THF), tol

uene (Tol), benzene (Bz), MMA, and hexa
methyldisilazane (HMDS) were purified by 
conventional methods. 7 Commercial metha
nol was used as received for the polymer 
precipitations. A hexane solution of butyl
lithium (BuLi, Sankyo Chemical Co., Ltd.; 
1.6 moll - 1) was used after a double titration. 8 

Polymerization Procedure 
One representative procedure for the anionic 
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Table 1. Anionic polymerizations of MMA initiated with LBA 

Temp Time [MMA]0 [LBA] 0 [HMDS] 0 Conv.• Yieldb 10- 3 xM. 
Run Solv. oc h x 102 moll- 1 % % Calcd' GPCd 

1 THF 20 24 23.3 3.3 0 0 
2 Bz 20 24 23.3 3.3 0 46.1 0.48 3.3 
3 Bz 20 24 23.3 3.3 3.3 13.5 0.26 3.2 
4 Tol -20 1 23.3 3.3 0 100 86.5 0.86 13.0 

a Unreacted MMA determined by GC. b Methanol precipitated part. ° Calculated by the equation, M.(Calcd) = 
161 + [MMA ] 0 · yield/[LBA] 0 . d Determined by GPC. 

polymerizations of MMA is described. In a 
100 ml round bottomed-flask equipped with 
three way stopcock, Bz, HMDS, and BuLi were 
added via a syringe. After the formation of 
LBA, MMA was added and the mixture was 
allowed to react for a certain period. The 
reaction mixture was then poured into a large 
amount of methanol (ca. 20 times) to pre
cipitate the polymer. The polymer thus ob
tained was further purified by three repre
cipitations from a THF solution to methanol. 
Finally, a white powder was obtained by 
freeze-drying with benzene. The detailed re
action conditions and results are summarized 
in Table I. 

Hydrolysis of Silazane at the End of PMMA 
Chain 

The THF solution of the polymer was 
poured dropwise into 0.1 N HCl. The pre
cipitated polymer was dissolved in THF and 
purified in the same way as previously stated. 

Measurements 
Gel permeation chromatography (GPC) 

was done using a Nihon Seimitsu Kagaku 
NSLC-200 (TSK-Gel G4000H8+G3000H8+ 
G2500H8; Eluent: tetrahydrofuran (THF) 
(1 ml min - l )). Gas chromatography (GC) was 
done using a Hitachi 663-30 with a PEG-20M 
(2 m) packed column. For NMR measure
ments, a JEOL FX-100 was used. 10wt% of 
the polymer solution in CDC13 was employed 
for the measurement at room temperature. 
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RESULTS AND DISCUSSION 

Organosilicon compounds are known to 
stabilize their anions at the a-position because 
of the electron-withdrawing effect. 9 Conse
quently, lithium amide with organosilyl sub
stituent(s) shows no carbonyl attack under 
appropriate conditions. 5 Such mild reactivity 
is one of the reasons why LBA has been 
extensively utilized for the metalation of 
complicated materials. 

When LDA was reacted with MMA in Tol 
at - 20°C, no polymerization took place. From 
GC analysis of the reaction mixture, a new 
peak appeared in a higher bp area than that 
of monomer, suggesting carbonyl attack of 
LDA toward MMA to deactivate the initiator. 
In contrast to LDA, the mixture of LBA with 
MMA shows no GC peak in the above bp area 
using the same conditions. Thus, if LBA has 
enough nucleophilic reactivity toward the 
double bond of MMA, it can be utilized as a 
suitable initiator without carbonyl attack. 

The nucleophilic reactivity of LBA toward 
MMA was examined under several reaction 
conditions. In THF solution, LBA did not 
show any reactivity toward MMA. Actually, 
no polymer was obtained under the condition 
[MMA] 0 /[LBA] 0 =0.233/3.3 x 10- 2 (moll- 1). 

THF is reported to coordinate to the lithium 
cation during anionic polymerization. 10 Such 
solvation generally increases the reactivity of 
the anions. 11 In the case of MMA polymeriza
tion, however, the coordination of a monomer 
molecule to a lithium cation plays an important 
role in the reactivity of the initiator. 12 In apolar 
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Figure 1. GPC of the poly(methyl methacrylate) ob
tained by anionic polymerization with lithium bis(tri
methylsilyl)amide (LBA) as an initiator (the same sample 
as in Run 2 in Table I). 
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Figure 2. Change in monomer concentration and yields 
of polymers during the anionic polymerization of MMA 
initiated with LBA as a function of time (the same con
ditions as Run 4 in Table I). 

solvents such as Bz and Tol, the coordination 
of the monomer molecules to the lithium cation 
is expected to be facilitated because of the 
absence of THF which solvated to the cation. 
As shown in Figure l, the polymer was ob
tained during the anionic polymerization in 
Bz at 20°C for 24 h. The molecular weight 
(MW) of the polymer thus obtained was much 
higher than that expected by the monomer/ 
initiator ratio with broad MW distribution 
(MWD), indicating the low initiation efficiency 
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Figure 3. 1 H NMR spectrum of the PMMA obtained by 
LBA induced anionic polymerization before (a) and after 
(b) acid treatment (the same sample as in Run 2 in Table I). 

of LBA due to its reduced reactivity by the 
electron-withdrawing effect of the Si atom. In 
the presence of the free amine, HMDS, only 
13% of the methanol precipitated polymer was 
obtained (Run 3 in Table I), which suggests 
that the methanol soluble oligomers might be 
formed due to chain transfer reactions by 
HMDS . 

It is interesting to note that the polymeriza
tion of MMA in Tol at - 20°C was almost 
quantitative only for the 1-h reaction (Figure 
2 and Run 4 in Table I). The molecular weight 
of the polymer, however, was very high (13000). 
This can be explained by the higher propaga
tion rate than that at 20°C in Bz due to the 
higher coordination capacity of the MMA 
molecule toward the lithium cation at lower 
temperature though the initiation efficiency was 
rather low at lower temperatures. 

Characterization of the obtained polymer 
was carried out by 1 H NMR spectroscopy. As 
shown in Figure 3a, the polymer had a tri
methylsilyl signal originating from the bis
(trimethylsilyl)amino end-group at 0 ppm, in
dicating that the initiation took place by the 
addition reaction of LBA toward the double 
bond of the MMA molecule. After the polymer 
was treated with 0.1 N HCl, the signal at 0 ppm 
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completely disappeared as shown in Figure 3b, 
which indicates that the hydrolysis of the N-Si 
bond proceeded using acid to form the prim
amino group at the end of the polymer chain. 
Actually, the polymer after hydrolysis was 
ninhydrin positive. On the basis of these re
sults, it is concluded that LBA shows an in
itiation ability toward MMA in apolar sol
vents. A low polymerization temperature is pre
ferable for smooth polymerization though the 
initiation efficiency is not very high. 
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