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Abstract
Effect of simple alkyl alcohol on radical polymerization of N-isopropylacrylamide (NIPAAm)

in toluene at low temperatures was investigated. We succeeded in inducing syndiotactic-specificity

and accelerating polymerization reaction at the same time by adding simple alkyl alcohols into

NIPAAm polymerization. Furthermore, effect of chain transfer agent on NIPAAm polymerization at

low temperatures was also examined. Living nature was observed with use of LED as UV light

source even for the low-temperature radical polymerization.
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1. Introduction

2)

Porter and coworkers" have reported

preparation of highly isotactic polymers by radical
polymerization of acrylamide derivatives, in which
chiral groups, such as chiral oxazolidine, were
employed as stereocontrolling auxiliaries. Okamoto

4)

and coworkers® have reported

condition-controlled isotactic-specific radical
polymerization of acrylamide derivatives, in which
catalytic amounts of Lewis acids, such as yttrium
trifluoromethanesulfonate, were employed as
The both

polymerization systems provided isotactic polymers

stereocontrolling auxiliaries.

with meso (m) dyad content over 90%. Thus, the

isotactic-specificity in radical polymerization of

acrylamide derivatives has been successfully
achieved.
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On the other hand, preparation of highly
syndiotactic polymers by radical polymerization of
acrylamide derivatives had been hardly reported,
except for the following systems; (1) a syndiotactic
polymer with racemo (r) dyad content of 93%
(N,N-diphenylacrylamide in tetrahydrofuran at
—-98°C),® (2) a syndiotactic polymer with r dyad
content of 76%
toluene at —78°C).”) The syndiotacticity of the

former is comparable to those of polymers obtained

(3-acryloyl-2-oxazolidinone in

via anionic polymerizations of N,N-disubstituted
® The

strongly depends on the structure of the monomers.”:

acrylamides.”" stereochemistry, however,

? For example, N,N-dimethylacrylamide provided
the
polymerization conditions. Thus, the development of

isotactic  polymers under corresponding

condition-controlled syndiotactic-specific radical
polymerization of acrylamide derivatives has been
strongly desired.

that a

between

Recently, we have found

hydrogen-bonding interaction

N-isopropylacrylamide (NIPAAm) and Lewis base is



BULLETIN OF INSTITUTE OF TECHNOLOGY AND SCIENCE THE UNIVERSITY OF TOKUSHIMA

useful for controlling stereospecificity of radical
NIPAAm (%12 The
hydrogen-bond-induced stereospecificity depended

polymerization of

on polymerization conditions such as the kind of the
added Lewis
poly(NIPAAm) with m dyad content of 74% was
obtained at —60°C in 1:1 (vol/vol) mixed solvent of
chloroform and CH;CN in the presence of
N-oxide."?

poly(NIPAAm)s were obtained in toluene in the

base and the solvent. Isotactic

3,5-dimethylpyridine Syndiotactic
presence of phosphoric acid derivatives.'® 'V In
an excess amount of
hexamethylphosphoramide (HMPA), the dyad
syndiotacticity of the obtained poly(NIPAAm)s
reached up to 72% that is the highest syndiotacticity
among those of the
poly(NIPAAm)s."” Thus, we made the first step to
fulfill the above-mentioned desire. However, this

particular, by adding

radically  prepared

polymerization requires careful operation, because
of the toxicity of HMPA. So, as the next target, we
interest on

focused our the development of

syndiotactic-specific polymerization induced by
safer reagents instead of HMPA.
It is known that alcohol compounds play

efficient roles in controlling stereospecificity of

radical polymerization of vinyl monomers."*"'® In

particular, fluoroalcohol compounds, such as
1,1,1,3,3,3-hexafluoroisopropanol (HFIP) and
perfuloro-#-butanol, exhibit significant

stereoregulating power in radical polymerization of

ester monomers such as vinyl esters"? and
methacrylates."'*'> Recently, we also found that not
only HFIP but also simple alkyl alcohols such as
(+-BuOH)
syndiotactic-specificity in radical polymerization of
N-vinylacetamide (NVA),"'® although simple alkyl

alcohols hardly affected the stereospecificity in the

t-butanol significantly = decreased

polymerization of vinyl esters and methacrylates.
This is probably because Lewis basicity of carbonyl
group of amide group in NVA is stronger than those
of ester monomers. Thus, we started investigating
the effect of

stereospecificity in

simple alkyl alcohols on the

radical polymerization of
NIPAAm,'” which is also one of monomers
containing amide group as well as NVA.

Recently, controlled radical polymerizations,
such as atom transfer radical polymerization,'8-'?
nitroxide-mediated radical polymerization,”™® and
reversible addition-fragmentation chain transfer

(RAFT) polymerization,?!-*? have been investigated

Table 1. Radical polymerization of NIPAAm in toluene for 24h at various temperatures in

the absence or presence of a fourfold amount of simple alcohols®

Run Alcohol Temp.  Yield Tacticity / %" M. M,©
°C Y0 m r x 107 M,

1¢ None -40 89 46 54 2.72 1.8

2 MeOH -40 98 38 62 2.44 1.3

3 EtOH -40 86 36 64 3.76 1.3

4 i-PrOH -40 92 36 64 2.87 1.3

5 -BuOH -40 99 33 67 4.01 1.5

6 3Me3PeOH -40 >99 31 69 5.88 1.5

7° None 0 55 47 53 5.85 24

8° 3Me3PenOH 0 94 35 65 6.87 2.1

a. [NIPAAm], = 0.5 mol/L, [R-OH], = 2.0 mol/L, [n-Bu;B], = 0.05 mol/L.
b. Determined by 'H NMR signals due to methylene group.

c. Determined by SEC (polystyrene standards).

d. Monomer, polymer or both were precipitated during a polymerization reaction.

e. [n-Bu;B]; = 0.01 mol/L, polymerization time 10min.
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extensively to synthesize polymers with controlled
molecular weight and narrow molecular weight
them, RAFT has
applied for

distribution. Among been

successfully controlling  radical
polymerization of NIPAAmM.*2® However, the
polymerization was usually carried out at elevated
temperatures. Thus, we attempted the wuse of
UV-LED as a light source to control RAFT
NIPAAm  at

photopolymerization  of low

temperatures.

2. Results and Discussion

2.1 Radical polymerization of NIPAAm at low
temperatures in the presence of alcohol

First, we carried out radical polymerization of
NIPAAm in toluene at —40°C in the presence of a
fourfold amount of alkyl alcohol compounds, such
as methanol (MeOH), ethanol (EtOH), isopropanol
(i-PrOH), (+-BuOH),
3-methyl-3-pentanol (3Me3PenOH), to investigate
the effect of
stereospecificity of NIPAAm polymerization (Table

t-butanol and

alcohol compounds on the
1). Adding alkyl alcohols significantly induced
syndiotactic-specificity, and the magnitude was

enhanced with the bulkiness of the added alcohols.
This result indicates that alkyl alcohols have an

75

70

65

rdiad / %

50 T T T
0 1 2 3 4

[3Me3PenOH], / [NIPAAmM] |

Figure 1. Relationship between the [3Me3PenOH],
/ [NIPAAm], ratio and the r dyad content of
poly(NIPAAm)s obtained.

T

efficient stereocontrolling power in the radical
polymerization of NIPAAm as well as NVA. It
should be noted that the added alkyl alcohols
induced  opposite  stereospecificity in  the
polymerization of NVA and NIPAAm.

Next, we examined effect of the added amount
of alcohol compounds on the syndiotactic-specificity
in NIPAAm polymerization at —40°C. Figure 1
demonstrates relationship between the
[3Me3PenOH], / [NIPAAm], ratio and r dyad
content of the obtained poly(NIPAAm)s. The
syndiotacticity gradually increased with the
[3Me3PenOH], / [NIPAAm], ratio and became
almost constant over the ratio = 2, whereas the
addition of catalytic amount of 3Me3PenOH hardly
influenced the stereospecificity. This result suggests
that at least a twofold amount of alcohols is required

in order to significantly induce the
syndiotactic-specificity in this polymerization
system.

It has been reported that, in radical

polymerization of NIPAAm in water, an increase in
[M], results in a decrease in apparent propagation

strong
(27)

rate coefficient (k,), probably due to

aggregation of monomers and/or polymers.
Although both Lewis bases and alcohol compounds
should dissociate such aggregations, polymers were
quantitatively obtained in the presence of alcohols
and, on the contrary, an obvious retardation was
observed in the presence of HMPA. This result
that

formation also changed the reactivity of NIPAAm

suggests hydrogen-bond-assisted complex
monomer. Based on the quantitative yield in the
presence of alcohol compounds, it is assumed that
alcohol compounds accelerate the polymerization
reaction. Thus, we examined the acceleration effect
of alcohol compounds by initiator
(0.01 mol/L)

polymerization time (10min) at 0°C (Table 1, Runs 7

reducing

concentration and shortening
and 8). The both polymerization systems proceeded
homogeneously and the polymer yield pronouncedly

increased by adding 3Me3PenOH, as expected.

2.2 RAFT photopolymerization of NIPAAm at
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low temperatures

RAFT polymerization of NIPAAm was carried
out in toluene at —20°C in the presence of iPrOH.
High-pressure mercury lamp was used as a light

source.  S-1-Dodecyl-S’-(a,0’-dimethyl-a”’-acetic

acid)trithiocarbonate (DDMAT) and
2 4 ,6-trimethylbenzoyldiphenylphosphine oxide
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Figure 2. Relationship between the polymerization
the polymer yield for the RAFT
polymerization of NIPAAm initiated by TMDPO

with high-pressure mercury lamp irradiation.
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Figure 3. Relationship between the yield and the
molecular weight (distribution) of the polymers
obtained by the RAFT polymerization of NIPAAm
initiated by TMDPO with high-pressure mercury
lamp irradiation.
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(TMDPO) were used as a chain transfer agent and
an initiator, respectively.***” The polymer yield
proportionally increased with the polymerization
time (Figure 2). Furthermore, roughly linear increase
in molecular weight with the polymer yield was

observed with narrow molecular weight distribution

(Figure 3). These results suggest that the
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Figure 4. Relationship between the polymerization
the polymer yield for the RAFT
polymerization of NIPAAm initiated by TMDPO
with UV-LED irradiation.
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Figure 5. Relationship between the yield and the
molecular weight (distribution) of the polymers
obtained by the RAFT polymerization of NIPAAm
initiated by TMDPO with UV-LED irradiation.
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polymerization proceeded in a living/controlled
manner.

Then, UV-LED was used as a light source
instead of high-pressure mercury lamp. The polymer
yield reached plateau after 200 min of initiation
(Figure 4). Moreover, molecular weight and
molecular weight distribution of the polymers
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Figure 6. Relationship between the polymerization
time and the polymer yield for the RAFT
polymerization of NIPAAm initiated by MAIB with
UV-LED irradiation.
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Figure 7. Relationship between the yield and the
molecular weight (distribution) of the polymers
obtained by the RAFT polymerization of NIPAAm
initiated by MAIB with UV-LED irradiation.
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obtained were hardly controlled (Figure 5).

Thus, dimethyl 2,2°-azobisisobutyrate (MAIB)
was used as an initiator instead of TMDPO. The
polymer yield proportionally increased with the
polymerization time, although the yield was much
lower than when high-pressure mercury lamp was
used (Figure 6). Furthermore, linear increase in
molecular weight with the polymer yield was also
observed with narrow molecular weight distribution
(Figure 7), indicating that UV-LED can be used as a
better light source for the low-temperature
living/controlled radical photopolymerization of
NIPAAm as expected.

3. Conclusion
Radical photopolymerization of NIPAAm in
toluene at low temperatures was investigated in the
presence of chain transfer agent and alcohols.
Simultaneous control of tacticity and molecular
weight was successfully achieved with the use of
UV-LED as a light source.
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