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ABSTRACT: Preparation by anionic living technique and characterization of poly-
(secondary aminostyrene) having narrow molecular weight distribution were inves-
tigated. N-isopropyl-N-trimethylsilyl-4-vinylbenzylamine (SBA) was purified by use
of sec-butylmagnesium bromide as a purging reagent under high vacuum. SBA was
anionically polymerized with n-butyllithium or cumylpotassium in tetrahydrofuran
at 278°C under high vacuum to yield the corresponding polymer (PSBA) in 100%
yield. Subsequent deprotection of the trimethylsilyl group from PSBA produced
poly(N-isopropyl-4-vinylbenzylamine) (PBA) of the desired molecular weights (Mn:
1.3 3 104–17 3 104, determined by membrane osmometry) with narrow molecular
weight distribution (Mw/Mn: 1.07–1.03, determined by gel permeation chromatogra-
phy). The living lithium carbanion of PSBA can initiate styrene (St) to yield
PSBA-b-PSt block copolymer (Mn 5 4.0 3 104, Mw/Mn 5 1.05), and the polysty-
ryllithium can initiate SBA to yield PSt-b-PSBA (Mn 5 3.7 3 104, Mw/Mn 5 1.25).
The deprotection of the trimethylsilyl group from the two block copolymers produced
new block copolymers containing poly(secondary aminostyrene) block. Anionic re-
activity of SBA and basic properties of PSBA are discussed in terms of the 13C
chemical shift of b-carbon in the vinyl group of SBA and steric effect. © 1999 John
Wiley & Sons, Inc. J Appl Polym Sci 71: 2039 –2048, 1999

Key words: anionic polymerization; secondary aminostyrene; poly(N-isopropyl-N-
trimethylsilyl-4-vinylbenzylamine); poly(n-isopropyl-4-vinylbenzylamine); deprotection

INTRODUCTION

As shown in Figure 1, poly(aminostyrene)s have
amino groups classified as primary, secondary,
and tertiary amino groups. Each of these three
amino groups is also classified as phenyl-, benzyl-,
or phenethylamine. These poly(aminostyrene)s1,2

provide an interesting example of a stable inter-

mediate of final polymers3 and a high-perfor-
mance polymer.4 For these purposes, the poly-
mers should be prepared by anionic living mech-
anisms so as to have desired molecular weights
and narrow molecular weight distribution (MWD).

Anionic polymerization of three tertiary amino-
styrenes—N,N-dimethyl-4-vinylphenylamine,
N,N-dimethyl-4-vinylbenzylamine, and N,N-
dimethyl-4-vinylphenethylamine with cumylpo-
tassium or cumylcesium in tetrahydrofuran
(THF) at 278°C under high vacuum—was inves-
tigated by the present authors.5 From the Men-
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schutkin reactivity6 of these three poly(tertiary
aminostyrene)s, the electron density on the nitro-
gen atom was found to decrease in the sequence:
phenethyl-, benzyl-, and phenylamine.7 These
poly(tertiary aminostyrene)s were used as pre-
polymer of crosslinked polymers,8 charge-mosaic
membranes,9 and photochemical recording mate-
rial.8

On the other hand, primary and secondary
aminostyrenes could not be polymerized by an-
ionic living mechanisms due to deactivation of the
initiators by the labile proton of the amino
groups. Thus, to regenerate the original amino
groups, the amino groups should be protected
during a process of anionic polymerization, and
the protective group can be readily and com-
pletely removed after the polymerization. For pre-
paring a poly(primary and phenyl aminostyrene),
anionic polymerization of p-N,N-bis(trimethylsi-
lyl)aminostyrene with lithium naphthalide in
THF was conducted at 278°C by Nakahama and
colleagues.10,11 After complete deprotection of the
silyl protecting groups, poly(phenylamine) having
narrow MWD was prepared. This polymer seems
unsuitable for backbone chains of graft copoly-
mers and for introducing other functions,12 be-
cause the polymer has two labile protons on the
same nitrogen atoms of the primary aminosty-
rene and lower basic property of phenylamine,

compared with benzylamine and phenethyl-
amine.

These results enabled the preparation of poly-
(secondary aminostyrene) with benzylamine, for
employment as a stable intermediate of final poly-
mers, such as backbone chains of graft copoly-
mers.3,13,14 First, N-isopropyl-N-trimethylsilyl-4-
vinylbenzylamine (SBA), shown in Figure 2 was
synthesized. Anionic polymerization of SBA was
conducted in detail to yield the corresponding
polymer (PSBA). Subsequent deprotection of the
trimethylsilyl group from PSBA produces poly-
(N-isopropyl-4-vinylbenzylamine) (PBA) having
desired molecular weight and narrow MWD. To
elucidate anionic reactivity of SBA and prepare
well-defined diblock copolymers having a PBA
block in the present study, diblock copolymeriza-
tion of SBA and styrene was conducted.

EXPERIMENTAL

Secondary Aminostyrenes

Secondary aminostyrenes are classified as phe-
nylamine, benzylamine, or phenetylamine. To
synthesize secondary phenylamines, two syn-
thetic approaches were proposed and tested. The
first approach is as follows: ethylbromide was
added to 4-vinylphenylamine to produce N-ethyl-
4-vinylphenylamine. The resultant products con-
tained three aminostyrenes of primary (reactant),
secondary (product), and tertiary aminostyrenes
(byproduct). N-ethyl-4-vinylphenylamine was pro-
duced in ,5% yield. The second approach is as

Figure 2 Molecular structure of SBA.

Figure 1 Molecular structure of poly(aminostyrene)s,
which have amino groups classified as primary (R1

5 H, R2 5 H), secondary (R1 5 H, R2 5 an alkyl
group), and tertiary (R1 5 an alkyl group, R2 5 an
alkyl group) groups. Each of these three amino groups
is also classified as phenylamine (m 5 0), ben-
zylamine (m 5 1), and phenethylamine (m 5 2).
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follows: 4-vinylphenylamine was reacted for 2 h
with trimethylsilyl chloride under a presence of ex-
cess hexamethyldisilazane at a reflux temperature.
N-trimethylsilyl-4-vinylpenylamine was produced
in 85% yield. Two equivalents of ethylmagnesium
bromide were added to the monosilylated 4-vinyl-
phenylamine in THF at room temperature and al-
lowed to react for 2 h. Then, 4 equivalents of ethyl-
bromide were added to the solution at room temper-
ature and allowed to react overnight to produce
N-ethyl-N-trimethylsilyl-4-vinylphenylamine.
However, the final product could not be synthe-
sized in .2% yield.

An attempt was made to synthesize secondary
phenethylamine: isopropylamine was added to
4-vinyl-phenethyl chloride to produce N-isopro-
pyl-4-vinylphenethylamine. However, the final
product could not be synthesized in .2% yield.
These three synthetic approaches were found to
be unusable for preparation of the secondary
aminostyrene. Therefore, in the present experi-
ment, SBA was synthesized.

SBA Monomer

SBA was synthesized as follows: p-chlorostyrene
(200 g) was reacted with magnesium turning (35
g) in THF (700 mL) to yield a Grignard reagent.
N,N-Dimethylformamide (105 g) was added to the
Grignard reagent at room temperature and al-
lowed to react for 10 h. Following hydrolysis of the
product, p-formylstyrene was prepared in 70%
(130 g) yield; b.p., 60°C/1 mm Hg. p-Formylsty-
rene (130 g) was reacted with isopropylamine (59
g) to yield N-isopropyl-4-vinylbenzylimine in 75%
(112 g) yield; b.p., 68°C/1 mm Hg. The product
(112 g) was reduced by NaBH3CN (43 g) in meth-
anol (600 mL) to produce N-isopropyl-4-vinylben-
zylamine (BA) in 65% (75 g) yield; b.p., 78°C/1 mm
Hg. After THF (200 mL) solution of ethymagne-
sium bromide (113 g) was added to the THF (75
mL) solution of BA (75 g) and allowed to react for
2 h, the THF (200 mL) solution of trimethylsilyl-
chloride (135 g) was carefully added to the result-
ant solution. The organic layer was separated
from crystalline MgBr2 with cyclohexane. After
cyclohexane was evaporated from the solution,
SBA was obtained by fractional distillation under
reduced pressure in 48% (50 g) yield; b.p., 95°C/1
mm Hg. The molecular structure of SBA was con-
firmed by means of nuclear magnetic resonance
(NMR): 270 MHz 1H-NMR (CDCl3) d 0.17 [9H, s,
(CH3)3Si], 1.10–1.11 [6H, d, C(CH3)2], 3.13–3.46

(1H, m, NOCH), 3.73–4.21 (2H, t, CH2ON),
5.12–5.83 (2H, m, CH2AC), 6.50–7.00 (1H, m,
CACH), 7.11–7.54 (4H, m, C6H4).

Because the nitrogen—silicon bond of SBA was
efficiently cleaved by water vapor under atmo-
sphere or heating .250°C, purification of SBA
was carefully conducted in vacuum. After drying
SBA over calcium hydride, SBA was purified by
two purging reagents of octylbenzophenone so-
dium (C8BP-Na)3,5,15 and sec-butylmagnesium
bromide (BuMgBr). Styrene (St) was purchased
and purified by the same procedure used in pre-
vious studies.3,15,16

Reagents

n-Butyllithium (n-BuLi) was purchased (Nakarai
Chemicals Ltd., Kyoto, Japan) and diluted with
purified n-heptane. Cumylpotassium (Cumyl K)
was synthesized by reaction of cumylmethyl ether
with sodium-potassium alloy in THF.3,15,16 Con-
centrations of the initiators were determined by
titration with standard hydrochloric acid. THF
used for the polymerization was dried with so-
dium wire and distilled in vacuum with anthra-
cene sodium anion. Finally, it was distilled over
a-methylstyrene tetramer-sodium dianions.

Polymerization and Deprotection of the
Trimethylsilyl Group

Polymerization was conducted in a sealed glass
apparatus at 278°C at 1025 torr. Diblock copoly-
merization of SBA and St was performed by se-
quential addition of two monomers. Anionic poly-
merization techniques are almost the same as
those used in previous studies.3,15,16

Deprotection of the trimethylsilyl group from
PSBA was conducted by standing the polymer in
methanol at 40°C for 12 h. Then, the solution was
poured into an excess of water. The polymer was
recovered by filtration and washed with water.

Molecular Characterization

All polymer samples were tested on gel perme-
ation chromatography (GPC; Model HLC-803,
Tosoh Co., Tokyo, Japan) with two high-resolu-
tion columns of GMH6 and G4000H8 (7.8 mm i.d.
3 60 cm; Tosoh Co.) using standard polystyrenes
(TSK polystyrenes, Tosoh Co.) to estimate molec-
ular weight heterogeneities (Mw/Mn values). To
suppress adsorption of poly(aminostyrene)s hav-
ing polar amino group onto the surface of the GPC
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gels, a mixture of THF and N-methylpyrrolidine
(2 v/v %)5,7 was used as carrier solvent. Number-
average molecular weights (Mn) of the samples
were determined by osmometry in toluene at 30°C
using a Hewlett-Packard Type-502 high-speed
membrane osmometer. 1H-NMR spectra were
measured in CDCl3 at room temperature using
with JNM-GX270, Fourier transform-NMR spec-
trometer (JEOL Ltd., Cranford, NJ). Infrared
spectrum was recorded on a JASCO IRA-102
spectrophotometer (Japan Spectroscopic Co., Ltd.,
Tokyo, Japan).

RESULTS

Purification of SBA

SBA monomer was distilled twice at 95°C/1 mm Hg.
Subsequent purification of SBA was conducted at
1025 torr in an all-glass apparatus equipped with
breakseals. After being dried with calcium hydride
at room temperature for 15 h, SBA was distilled
into ampoules fitted with breakseals. To remove
further impurities in SBA monomer, octylbenzophe-
none sodium (C8BP-Na)3,5,15 as a purging reagent
was added to SBA at 0°C. The mixture was stirred
for 15 min and then distilled into an ampoule. After
being dried over C8BP-Na twice, SBA was diluted
with carefully purified THF. When the THF solu-
tion of SBA was added to THF solution of n-BuLi at
278°C, the solution momentarily showed a charac-
teristic yellow color, then immediately became col-
orless. No polymer could be obtained.

After this purification, SBA was dried over
BuMgBr as a purging reagent. Thus, purified
SBA could not be polymerized by n-BuLi. Gas

chromatograms of SBA distilled over C8BP-Na
and BuMgBr show a tiny peak at the lower boil-
ing point side of the main peak. On comparison of
these chromatograms with a gas chromatogram of
BA, the tiny peak was identified as BA having no
trimethylsilyl protective group. These results
suggest that the anionic initiator was deactivated
by BA, which was a preproduct of SBA.

BuMgBr was not sufficiently soluble in SBA.
Hence, the THF solution of SBA was dried over
BuMgBr at room temperature for 15 min. After
the removal of THF, SBA was distilled from the
mixture of SBA and BuMgBr. As determined by
gas chromatography, the amount of the impurity
decreased gradually with the number of purifica-
tions. When SBA dried once over BuMgBr in THF
was added to the initiator solution, the solution
showed a yellow color, corresponding to a charac-
teristic color of the living carbanion. The color
disappeared immediately. The SBA dried twice
over BuMgBr in THF showed a yellow color, re-
maining unchanged for 3 h. When methanol was
added to the yellow solution, the solution sud-
denly became colorless. As shown in Table I, the
resultant poly(N-isopropyl-N-trimethylsilyl-4-vi-
nylbenzylamine), PSBA was prepared in 17%
yield. The SBA dried thrice was polymerized for
24 h to yield PSBA in 100% yield. Figure 3 shows
the three corresponding GPC chromatograms of
PSBA polymers prepared from SBA monomers
purified by means of different purging methods.
The employment of several purifications was
found to be preferred as a method for preparing
PSBA with narrow MWD. Therefore, in the
present study, SBA monomer was thrice dried
over BuMgBr in THF, and then subsequent an-

Table I Effect of Purging Reagents on Anionic Polymerization of SBA

Purging Reagent
Monomer

(mmol)

Initiator
n-BuLi
(mmol)

Solvent
THF
(mL)

Polymerization
Time (h)

Yield
(%) 1024 Mk

a 1024 Mn
b

C8BP-Nac 14 0.10 110 24 0 3.5
BuMgBr 6.0 0.11 70 24 0 1.3
BuMgBr/THF/onced 11 0.22 150 1 Trace 1.2 4.0
BuMgBr/THF/twiced 6.2 0.18 110 3 17 0.85 3.8
BuMgBr/THF/thriced 17 0.066 70 24 100 6.4 6.0

a Molecular weights calculated from the amounts of monomer and initiator.
b Number-average molecular weights determined from the GPC measurements.
c Octylbenzophenone sodium.
d THF solution of SBA was dried over BuMgBr once, twice, or thrice.
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ionic polymerization of the thus-purified SBA was
conducted.

Anionic Polymerization of SBA

Table II shows the results of anionic polymeriza-
tion of SBA at 278°C. When n-BuLi was used as
initiator, the polymerization solution showed a
yellow color. When methanol was added to the
solution, the solution became colorless. A degree
of polymer conversion was 100%. As shown in
Figure 4, a GPC chromatogram of PSBA shows
a sharp peak. The molecular heterogeneities,
Mw/Mn values, decreased from 1.17 to 1.03 with
increasing molecular weight of PSBA. Well-de-

fined PSBA of Mn between 1.3 3 104 and 17 3 104

and Mw/Mn , 1.10 were successfully prepared.
When Cumyl K was used as the initiator, the

polymerization solution remained red overnight
at 278°C. The solution became colorless on addi-
tion of methanol. A degree of polymer conversion
was 100%. The Mw/Mn value of 1.04 was less than
that of the polymer having the same molecular
weight prepared by n-BuLi.

GPC measurements were conducted by inject-
ing the polymerization solution to the instrument
without further purification. In contrast, when
membrane osmometry was performed, PSBA was
precipitated in methanol from the polymerization
solution, dried in vacuum, dissolved in benzene,
freeze-dried, and dissolved in toluene at certain
concentrations. During these processes, a slight
trimethylsilyl protective group was removed from
PSBA by atmosphere and methanol containing
carbon dioxide. Thus, the resultant toluene solu-
tion was a mixture of PSBA and deprotected
PSBA, namely PBA. In contrast, PBA could be
easily prepared from PSBA in 100% yield. Appar-
ently, PBA is preferable to PSBA for conducting
precise osmometry. Therefore, number-average
molecular weight of PBA (MnOSM

PBA ) was measured
by means of membrane osmometry. Then, num-
ber-average molecular weight of PSBA (MnOSM

PSBA)
with the silyl protective group could be calculated
by multiplying MnOSM

PBA by the molecular weight
ratio of the two monomers.

The results are also shown in Table II. The
MnOSM

PSBA values agree with kinetic molecular
weights (Mk) expected from the amounts of mono-
mer and initiator. Number-average molecular
weights determined by GPC measurements

Figure 3 GPC chromatograms of PSBA prepared
from SBA (a) once, (b) twice, and (c) thrice dried over
BuMgBr in THF. Experimental conditions are as fol-
lows: a carrier solvent of THF containing N-methylpyr-
rolidine (2 v/v %), a flow rate of 1.0 mL min21, an RI
detector, a polymer concentration is 0.05 w/v %, and
two GMH6 1 G4000H8 columns.

Table II Anionic Polymerization of SBA in THF at 278°C

Monomer
(mmol)

Initiator Solvent
THF
(mL)

Polymerization
Time (h)

Yield
(%) 1024 Mk

a

1024 Mn

Mw/Mn
b fdName mmol MnGPC

PSBAb MnOSM
PSBAc

10 n-BuLi 0.39 30 12 100 0.63 0.60 1.17
15 n-BuLi 0.22 50 24 100 1.7 1.3 1.07
17 n-BuLi 0.066 70 24 100 6.4 6.0 7.1 1.05 0.90
21 n-BuLi 0.035 100 24 100 15 16 17 1.03 0.89
15 Cumyl K 0.11 55 24 100 3.4 2.5 3.8 1.04 0.89

a Molecular weights calculated from the amounts of monomer and initiator.
b Number-average molecular weights determined from GPC measurements.
c Number-average molecular weights determined from membrane osmometry.
d Initiation efficiency of the initiator.
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~MnGPC
PSBA) using standard polystyrene were

smaller than those of the MnOSM
PSBA values. This

result is reasonable, because compared with poly-
styrene, PSBA has a large pendant group at the
side chain. Initiation efficiency of the initiator ( f )
was calculated as follows;

f 5 Mk/MnOSM
PSBA

As shown in Table II, the f values were not 1.0,
but ; 0.9; namely, the values did not decrease
with increasing Mk. This result suggests that the
deactivation of the initiator should occur not in a
process of polymerization, but during storage in a
refrigerator. From a NMR spectrum of the prod-
uct (top of Fig. 5), anionic polymerization was
found to proceed without removal of the trimeth-
ylsilyl group from PSBA.

Block Copolymerization of SBA and St

After SBA was polymerized by n-BuLi in THF at
278°C, St was added to the polymerization so-

lution to yield poly(N-isopropyl-N-trimethylsilyl-
4-vinylbenzylamine)-block-polystyrene (PSBA-b-
PSt). When the St monomer was added to the
polymerization solution, the solution immediately
changed from yellow to orange, corresponding to a
characteristic color of polystyryllithium carban-
ion in THF at 278°C. In contrast, after St was
polymerized by n-BuLi in THF at 278°C, SBA
was added to the polymerization solution to yield

Figure 4 GPC chromatograms of (a) PSBA (—), Mn

5 1.7 3 105, and the resultant PBA (------), Mn

5 1.2 3 105 after removal of the trimethylsilyl pro-
tective group.

Figure 5 1H-NMR spectra of PSBA (top) and the
resultant PBA (bottom) after removal of the trimethyl-
silyl protective group. A sharp NMR signal of PSBA at
0 ppm was due to the trimethylsilyl group and was
completely disappeared in PBA, whereas a sharp NMR
signal of PBA at 1.0 ppm was newly observed and
assigned to the amino group.
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PSt-b-PSBA. Thus, two block copolymers of PSBA
and PSt were prepared. The polymerization re-
sults are shown in Table III; a degree of polymer
conversion was ; 100%, and the Mn values were
close to the Mk values. The compositions of the
block copolymers as determined by 1H-NMR spec-
trum were found to be nearly equal to those cal-
culated from both monomers fed in the polymer-
ization solution. Regardless of the sequence of
addition of the two monomers, both block copoly-
mers seemed to be prepared precisely.

However, as shown in Figure 6, PSBA-b-PSt
shows a sharp GPC peak (Mw/Mn 5 1.05) and
PSt-b-PSBA shows a broad peak (Mw/Mn 5 1.25).
The sequence of addition of the two monomers is
thought to be important for preparing well-defined
block copolymer17,18 of PSt and PSBA. The reason
will be described in the “discussion” section.

Removal of the Trimethylsilyl Protective Group

Figure 5 shows NMR spectra of PSBA and the
deprotected product (PBA) left standing in metha-
nol at 40°C for 12 h. As compared with the spectrum
of PSBA, the spectrum of the deprotected product
shows no signal of the trimethylsilyl protective
group at 0 ppm, but does show an additional signal
assigned to the amino group at 1 ppm.19,20 Other
signals of both the polymers are coincident with
each other. As shown in Figure 7, an infrared spec-
trum of the deprotected product shows no strong
band at 1000 cm21 or 1220 cm21 for the trimethyl-
silyl group (SiOCH3 stretching vibration), but does
show a strong band at 1180 cm21 for secondary
amine (CON stretching vibration) and a broadband
at 3200–3600 cm21 for secondary amine (NOH
stretching vibration).19,20 This result indicates that
the removal of the trimethylsilyl group from PSBA
proceeded completely in methanol at 40°C during a
period of 12 h.

Figure 4 also shows the GPC chromatogram of
PSBA and the resultant PBA. The chromatogram
of PBA shifted to a lower molecular weight side of
the corresponding PSBA. The peak shift probably
corresponds to a decrease in the molecular weight
attributable to the removal of the trimethylsilyl
protective group. Molecular heterogeneities of
both the polymers were approximately the same;
namely, the deprotection did not cause any deg-
radation or crosslinkage of the polymer chains of
PSBA and PBA. PBA of well-defined structure,
desired Mn, and narrow MWD was successfully
prepared.

Removal of the trimethylsilyl protective group
from PSBA-b-PSt and PSt-b-PSBA block copoly-
mers was also conducted under the same condi-
tion as that for PSBA homopolymer. On compar-

Figure 6 GPC chromatograms of (a) PSBA-b-PSt and
(b) PSt-b-PSBA. The sequence of addition of the two
monomers was inverted.

Table III Preparation of the Two Block Copolymers Containing PSBA and PSt Blocks Using n-BuLi
as an Initiator in THF at 278°C

First Monomer Second Monomer
Initiator
n-BuLi
(mmol)

Solvent
THF
(mL)

Yield
(%)

PSBA
Contenta

(%) 1024 Mk
b 1024 Mn

c Mw/Mn
cName mmol

Time
(h) Name mmol

Time
(h)

SBA 10 20 St 30 4 0.15 140 100 44 3.7 4.0 1.05
St 29 4 SBA 11 20 0.16 145 100 47 3.6 3.7 1.25

a Determined from 1H-NMR spectrum.
b Molecular weight calculated from the amounts of monomer and initiator.
c Number-average molecular weight determined from GPC measurement.
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ison of NMR spectra and GPC chromatograms of
the deprotected products with those of the corre-
sponding original polymers, the deprotection of
the block copolymers was found to have proceeded
in 100% yield to produce new diblock copolymers
having a poly(secondary aminostyrene) as a
block.

DISCUSSION

Special attention should be directed to the anionic
reactivity of SBA monomer and basic properties

of PSBA polymer. Table IV summarizes SBA and
four other aminostyrene derivatives discussed in
this section. When a tertiary aminostyrene of
N,N-dimethyl-4-vinylphenylamine (DBA) was an-
ionically polymerized by n-BuLi or Cumyl-K in
THF at 278°C, the resultant PDBA polymer had
respective Mw/Mn values of 1.38 and 1.09.5 These
results were explained by solvation of Li ion with
the amino group. That is to say, during propaga-
tion, the tertiary amino group at the growing
polymer end may participate in the solvation of Li
ion because of high affinity of the amino group for
Li ion.5,7 Structural heterogeneity of the living
end with Li ion induced broadening of MWD of
the final polymer. In contrast, a weak anionic
initiator of Cumyl K may play no role of solvation
with the amino group; hence, the initiator may
produce the final polymer with narrow MWD. In
case of SBA studied in the present paper, the
amino group has a bulky isopropyl group and
trimethyl group on the nitrogen atom. According
to this steric hindrance, the amino group at the
growing polymer end may not participate in the
solvation of Li ion. The structural homogeneity of
the living end with Li or K ion should produce
PSBA of narrow MWD.

Substituent effect of the amino groups on an-
ionic reactivity of the vinyl group should be at-
tributed to not only steric effect, but also elec-
tronic effect. The electronic effect of the vinyl
group can be estimated from the 13C chemical
shift of a b-carbon in the vinyl group.21–23 As
shown in Table IV, the 13C chemical shifts of the

Figure 7 An infrared spectrum of PBA. A strong
band at 1180 cm21 (CON stretching vibration) and a
broad band at 3200–3600 cm21 (NOH stretching vi-
bration) for the secondary amine were newly observed.

Table IV Aminostyrene Derivatives Discussed in This Article

Monomer Polymer Ra b-carbonb/ppm

DPAc PDPA ONOCH3
\OCH3

108

DBAd PDBA OCH2ONOCH3
\OCH3

110

SBA PSBA OCH
2
ONOCH(CH3)2

\OSi(CH3)

110

SPAe PSPA ONOSi(CH3)3
\OSi(CH3)3

110

St PSt OH 112

a p-Substituent group of the aminostyrene derivatives.
b A carbon of CH2 in CH2 5 CH—Phenyl—R, where R is an amino substituent group.
c N,N-dimethyl-4-vinylphenylamine.5,7

d N,N-dimethyl-4-vinylbenzylamine.5,7

e N,N-bis(trimethylsilyl)phenylamine.10,11
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b-carbon in the aminostyrenes decreased from
that of St monomer due to electron-releasing abil-
ity of the amino groups. Thus, the decrease in the
13C chemical shift corresponds to the increasing
electron density on the b-carbon in the vinyl
group, further corresponding to lower anionic re-
activity of aminostyrene monomers, relative to
that of St. This prediction was confirmed by the
relationship between the slower anionic polymer-
ization rate and 13C chemical shift values in the
sequence of St, DBA, and N,N-dimethyl-4-vinyl-
phenylamine for tertiary aminostyrenes. From
the same viewpoint of 13C chemical shift, the an-
ionic reactivity of SBA is expected to be lower
than that of St. Hence, the living carbanion of
PSBA can easily initiate St, whereas the living
carbanion of PSt can initiate SBA with difficulty.
Thus, the PSBA-b-PSt block copolymer has a
Mw/Mn value of 1.05, whereas the PSt-b-PSBA
block copolymer has a Mw/Mn value of 1.25.

As pointed out by Nakahama and colleagues,10

PSt-b-PSPA-b-PSt block copolymer (Mn 5 1.8
3 104) prepared by the aminostyryl dianion of
poly(N,N-bis(trimethylsilyl)phenylamine) (PSPA)
shows a sharp GPC chromatogram. To investi-
gate the anionic reactivity of SPA monomer in
detail in the present study, diblock copolymeriza-
tions of SPA and St were also conducted. The
resultant PSPA-b-PSt block copolymer (Mn 5 10
3 104) has a Mw/Mn value of 1.09, whereas the
PSt-b-PSPA block copolymer (Mn 5 4.7 3 104)
has a Mw/Mn value of 1.26. These results are well
explained by the same electronic effect as de-
scribed, namely the value of 13C chemical shift of
a b-carbon in the vinyl group of SPA is smaller
than that of St (as shown in Table IV).

The removal of the trimethylsilyl protective
group from PSBA proceeded completely in meth-
anol at 30°C during a period of 12 h, whereas the
removal of the trimethylsilyl group from PSPA
proceeded in the THF-methanol (9 : 1, v/v) solu-
tion at reflux temperature during a period of 3 h.
The nitrogen—silicon bond of PSBA seems to be
unstable, compared with that of PSPA. The dif-
ference in deprotection of the trimethylsilyl pro-
tective group can be explained by the difference in
basicity, namely electron density on the nitrogen
of the amino group and steric hindrance in the
vicinity of the nitrogen atom. This result corre-
sponds to the fact that the dissociation constant,
Kb, of benzylamine is 109 as large as that of
aniline. This result was also confirmed by quat-
ernization reactivity of the amino groups of the

two poly(tertiary aminostyrene)s with n-butyl
bromide7; namely the quaternization reactivity
decreased in the sequence of PDBA (benzyl group)
and PDPA (phenyl group). Therefore, PSBA hav-
ing high electron density on the nitrogen atom
and small ethylene group as steric hindrance in
the vicinity of the nitrogen atom has high basic-
ity, and hence forms the nitrogen—silicon bond
which, in comparison with that of PSPA, is un-
stable against an acid.

In conclusion, the amino group at the growing
polymer end of PSBA might not participate in the
solvation of Li ion by steric hindrance. Thus, SBA
was anionically polymerized by n-BuLi in THF at
278°C to yield PSBA and PSBA-b-PSt block co-
polymer with narrow MWDs. According to the
increasing electron density on the nitrogen of the
amino group and depressing steric hindrance in
the vicinity of the nitrogen atom of PSBA relative
to PSPA, the trimethylsilyl protective group can
be completely removed from PSBA without diffi-
culty to yield the corresponding PBA and PBA-b-
PSt block copolymer with narrow MWDs. PBA
seems suitable for backbone chains of graft copol-
ymers and for introducing other functions. This
research is in progress.
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