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18 ABSTRACT

19

gg We have already found that the polymers, which are obtained by the polymerization of 4-

vinylphenyl isothoiocyanate after the zwitterion formation with cyclic amidines, are networked

22

23 through the ionic interaction among the zwitterions becoming insoluble to various solvents. We

gg report here on the results of the reaction of nucleophilic reagents such as amines and alcohols with

26 the zwitterionic adduct to investigate about the decrosslinking through the resolution of ionic

27 interactions. In the model reactions of amines and alcohols with the zwitterion compounds which

;g were consisted of the phenyl isothiocyanate and cyclic amidines, the reaction of nucleophilic

30 reagents and zwitterionic adducts having methyl group at the 2-position of the amidine proceed

31 quantitavely. Based on the model reaction, such nucleophilic addition was applicable to

gg decrosslinking reaction of the networked polymers containing the zwitterion structure in the side-

34 chain.

35

36

37 INTRODUCTION reported on the basis of the synthesizability of

gg novel zwitterion structured materials by way of
Zwitterions, unlike normal ions, . ; ; . ;

40 characteristically possess covalently bonded the' ?.1 reac.tlon -Of h!ghly nucleophllnlc cyelic

41 ' : SESS ; amidines with isothiocyanates which are

42 pair of cation and anion in their structure and heterocumurenes having cumulative double

43 stay stable without getting affected by harsh bond, that the polymers which possess novel

44 environments such as the graded electrical field switterions on  their side-chain can be

45 under the electrophoresis.’® The polymers that synthesized by way of the radical

2(73 possess zwitterion structure also display such polymerization of the zwitterion compounds

48 charact.eristics a.s high .polal.'ity and glectrical that possess vinyl group.” The synthesized

49 neutrall.ty desp.lte th?'r high polarity and polymers form strongly crosslinked structure

50 possession of ion pair, and thus they are thorough the parallel ionic interaction among

51 expected to be useful as antibacterial material, zwitterions, and improvement on thermal

gg flame resistive material, lubricant, emulsifier, stability and solvent resistivity resulted. The

54 anti-freeze material, and electrical material.*® cyclic amidines which the authors used to form

55 To the Present authors. knowledge, however, zwitterions are known to function as the

56 the  hitherto  published rePorts are catalyst in the synthesis of thiourea and/or

g; overwhelmed by those related with betaines thiocarbamate via the reaction of

59 a”‘_j fe.w works have been done on other isothiocyanate with amines or alcohols,® and

60 zwitterion structures. Present authors have the zwitterion compounds which are

61

62

63 i
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synthesized from the cyclic amidines and
isothiocyanete described above can be
considered as the intermediate compounds in
the reaction of isothiocyanate where cyclic
amidines are used as catalyst. Thus the authors
consider that the changes in the side-chain to
thioureas and/or thiocarbamates are made
possible to the polymers that have zwitterions

consisted of cyclic amidines and isothiocyanates.

Accordingly, the bridge structures of the
polymer, with the bridge being formed via the
ionic interaction among zwitterions, are
debridged accompanying the polymer reaction.
In view that a large number of study is under
way, with the environmental load in mind, of
reversible and/or irreversible and thermal
and/or optical processes of decrosslinking, and
here-reported way of decrosslinking should be
worthy of attention.’!2 The work reported here
aimed to the decrosslinking, by way of the
polymer reaction, in the polymers possessing
zwitterions consisted by cyclic amidines and
isothiocyanates in the side-chain. The study, as
the model of the polymer reaction, of the
reaction of amines and alcohols onto simple
zwitter ion structures, was followed by the
detailed examination of the reaction behavior
therein, and then the attempt was made to
decrosslink via polymer reaction in the
homopolymers and the styrene-copolymers
thereof to achieve the decrosslinking.

EXPERIMENTAL
Measurements

Nuclear magnetic resonance (NMR) spectra
were recorded on a JEOL JME-ECS 400
instrument (JEOL, Tokyo, Japan) using
tetramethyl silane as an internal standard (400
MHz for *H NMR and 100 MHz for 3C NMR).
The infrared absorption (FTIR) spectra were
measured by using Nicolet iS10 spectrometer
(Thermo Fisher Scientific, Tokyo, Japan).
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Materials

Phenyl isothiocyanate (PlI), lithium chloride
(LiCl), trifluoroacetic acid (CFsCOOH), 1-butyl-3-
methylimidazolium hexafluorophosphate (IL),
and 2,2'-azobis(2,4-dimethyl-4-
methoxy)valeronitrile (V-70) were purchased
from Tokyo Chemical Industry (Tokyo, Japan).
Styrene (St), aniline (An), n-hexylamine (HA),
piperidine (Pi), benzyl alcohol (BA), isopropyl
alcohol (IPA), dimethyl sulfoxide (DMSO), and
acetonitrile (MeCN) were purchased from Wako
Pure Chemical Industries (Osaka, Japan). N-
methyltetrahydropyrimidine (MTHP), 1-methyl-
2-methyltetrahydropyrimidine  (DMTHP), 4-
vinylphenyl isothiocyanate (VPI), and the
zwitterion compound from Pl with MTHP or
DMTHP  (PI-MTHP or PI-DMTHP) were
synthesized according to the reported
procedures.” ¥ The zwitterion compound,
which consisted of DMTHP and VPl (VPI-
DMTHP), was polymerized by using V-70 as
radical initiator (poly(VPI-DMTHP)). The VPI-
DMTHP and St were also polymerized by using
V-70 as radical initiator (poly(St-co-VPI-
DMTHP)). These synthetic procedures were
summarized in supporting information and
shown in scheme 1.7

(ii)

A A
oy ;
V-70
: DMTHP (3 mol%)
NCS THF N ©,s DMSO NS, s
0°Ctort. 40°C,24 h
:VPI
12h \r \J \r \)
: VPI-DMTHP : Poly(VPI DMTHP)
(b)
V-70
(6 mol%)
N e S DMSO VK e S
LiCl (1 eq.)
40°C, 48 h
\@ *@
/N /N
: VPI-DMTHP : Poly(St-co-VPI-DMTHP)

Scheme 1. Synthesis of (a) Poly(VDI-DMTHP) and (b)
Poly(St-co-VPI-DMTHP).
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Synthesis of 1,3-diphenyl-2-thiourea by the
reaction of PI-DMTHP and aniline

After placing PI-DMTHP (0.023 g, 0.09 mmol)
and dehydrated acetonitrile (0.5 mL) into a two-
necked round bottom flask with a three-way
stopcock, aniline (0.008 g, 0.09 mmol) was
added at room temperature under nitrogen.
After stirring for 2 h at room temperature, the
solvent was removed using a rotary evaporator
and the residue was purified by silica gel
column chromatography (hexane/ethyl acetate
with v/v of 92/8), and white solid of 1,3-
diphenyl-2-thiourea was obtained with the yield
of 84% (0.018 g, 0.076 mmol). *H NMR (CDCls):
6 7.18-7.44 (m, 6H) 3C NMR (CDCls): 6 180.09,
137.12, 129.72, 127.26, 125.37 FTIR (neat):
3263, 3092, 3057, 1601, 1590, 1552, 1498, 1451,
1399, 1347, 1318, 1309, 1297, 1244, 1182, 1071,
1029, 1001, 931, 761, 749, 705, 699 cm™™.

Synthesis of N-phenylthiocarbamic acid benzyl
ether by the reaction of PI-DMTHP and benzyl
alcohol

After placing PI-DMTHP (0.023 g, 0.09 mmol)
and dehydrated acetonitrile (0.5 mL) into a two-
necked round bottom flask with a three-way
stopcock, benzyl alcohol (0.012 g, 0.09 mmol)
was added at room temperature under nitrogen.
After stirring for 2 h at room temperature, the
solvent was removed using a rotary evaporator
and the residue was purified by silica gel
column chromatography (hexane/ethyl acetate
with v/v of 92/8), and white solid of N-
phenylthiocarbamic acid benzyl ether was
obtained with the yield of 77% (0.017g, 0.07
mmol). '"H NMR (CDCl3): 6 7.21-7.36 (m, 10H,
Ph), 4.66 (d, J = 2.7 Hz, 2H, S=C-CH,-Ph). 3C
NMR (CDCls): 6 140.95, 135.38, 131.32, 129.63,
128.64, 127.71, 127.39, 127.07, 125.83, 65.37
FTIR (neat): 3126, 3029, 2974, 2160, 1972, 1593,
1541, 1494, 1405, 1333, 1309, 1286, 1221, 1187,
1075, 1052, 1016, 967, 920, 904, 850, 836, 815,
748,732,684 cm™.
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Polymer reactions by nucleophilic reagents
onto poly(St-co-VPI-DMTHP), a typical example

After placing poly(St-co-VPI-DMTHP) (0.014 g,
0.09 mmol, St/VPI-DMTHP = 70/30) and
dehydrated DMSO (0.5 mL) into a two-necked
round bottom flask with a three-way stopcock,
amines (3 equiv.) or alcohols (5 equiv.) were
added. After stirring for 24 hours at room
temperature, the objective adducts were
obtained by reprecipitation in acetonitrile.

poly(St-co-VPI-An):

From aniline (0.007 g, 0.08 mmol), yield: 94%
(0.013 g, 0.08 mmol), FTIR (neat):3267, 2918,
1651, 1593, 1510, 1493, 1435, 1312, 1258, 1199,
1015, 950, 872, 831, 756, 699 cm™,

poly(St-co-VPI-HA):

From n-hexylamine (0.008 g, 0.08 mmol), yield:
89% (0.011 g, 0.07 mmol), FTIR (neat): 3289,
3024, 2921, 2848, 1651, 1597, 1511, 1493, 1436,
1415, 1312, 1259, 1195, 950, 798, 756, 699 cm™.

poly(St-co-VPI-Pi):

From piperidine (0.007 g, 0.08 mmol), yield:
90% (0.007 g, 0.05 mmol), FTIR (neat): 3273,
3024, 2920, 2849, 1651, 1593, 1511, 1493, 1435,
1309, 1259, 1198, 1016, 951, 872, 831, 757, 699

cm™.

poly(St-co-VPI-BA):

From benzyl alcohol (0.015 g, 0.14 mmol), yield:
90% (0.006 g, 0.04 mmol), FTIR (neat):3266,
3025, 2919, 2850, 1648, 1593, 1510, 1492, 1451,

1433, 1416, 1373, 1330, 1308, 1259, 1197, 1109,
1018, 950, 872, 832, 749, 699 cm™.

poly(St-co-VPI-IPA):

From isopropyl alcohol (0.008 g, 0.14 mmol),
yield: 93% (0.007 g, 0.05 mmol), FTIR (neat):
3280, 3024, 2923, 2850, 1651, 1598, 1509, 1492,

JOURNAL OF POLYMER SCIENCE PART A: POLYMER CHEMISTRY 3
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1434, 1379, 1333, 1309, 1259, 1197, 1017, 952,
872, 820, 802, 758, 699 cm™™.

RESULTS AND DISCUSSION

The authors first examined the nucleophilic
reaction of aniline (An) and zwitterion
adduct (PI-MTHP) which was composed of
MTHP and phenyl isothiocyanate (Pl) as the
model reaction for the polymer reaction.
Thus, 1 eq. of An was added as nucleophilic
reagent to the PI-MTHP and the reaction
was carried out at ambient temperature

for 2 hours (Scheme 1a-i).

The 'H NMR

spectrum (Figure 1) of the resulted crude
mixture indicated that the mixture is a

complicated

mixture and thus the

occurrence of the reactions other than the

intended one
characteristic

took place.
peaks are

Specifically,
observed at

around 8 ppm, and as we know that the
amidine we used in the reaction undergoes

in

results
ambient moisture (Figure 1a)%.

basic condition the ring-opening and
in formamide derivative under
As the

peak of the formamide generated by this

ring-opening was observed in
spectrum (Figure 1b),
ring-opening of the

'H NMR
the occurrence of
amidine ring s

suggested to take place in the reaction
with aniline.

O wO_ L Y0

MeCN and/or
e rt, 2h NH,
Ph o NN
:R= H (PI-MTHP) i iy i R
Me (PI-DMTHP) 0O/ S

(b)

[ .

WY

4

T T T T\ T T T T T
8.0 7.5 7.0 6.5 4.0 35 3.0 25 20

chemical shift (ppm, in CDCI,)
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Figure 1. (a) Reaction of zwitterionic adduct
and aniline. (b) *H NMR Spectrum of crude
product obtained from PI-MTHP and An.

Accordingly, 1 eq. of aniline was added to
PI-DMTHP and then the mixture was stirred
for 2 hours at room temperature (Scheme
2a). The solvent was removed and the
resulted crude mixture was examined by 'H
NMR which showed the presence of the
intended thiourea compound and DMTHP
by the ratio of 1:1 indicating that the
reaction took place quantitatively (Figure
2a). It was confirmed that the isolation of
the thiourea compound can be achieved by
the yield of 84% after the purification using
silica gel column chromatography. The
reaction using benzyl alcohol (BA) was
examined in a similar way. BA was added
by 1 eq. to PI-DMTHP in acetonitrile and
then the mixture was stirred for two hours
at room temperature (Scheme 2b). The 'H
NMR spectrum of the resulted mixture
showed that the mixture was composed of
the DMTHP and the intended
thiocarbamate compound alone proving
that is the reaction to proceed
guantitatively like the one for aniline
(Figure 2b). The authors achieved the
isolation of the thiocarbamate compound
with 77% vyield by way of the silica-gel
column chromatography.

(a)

N 9“53 . 2h
Ph T \/@ + )\’j
PI-DMTHP (b)

Scheme 2. (a) Synthesis of 1,3-diphenyl-2-
thiourea from PI-DMTHP and aniline. (b)
Synthesis of N-phenylthiocarbamic acid benzyl
ether from PI-DMTHP and benzyl alcohol.
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Figure 2. 'H NMR spectra of the crude product
of the reaction of (a) PI-DMTHP and aniline,
and (b) that of the reaction of PI-DMTHP and
benzyl alcohol.

The synthesis of thiourea and
thiocarbamate from PI-DMTHP is explained
by two kinds of routes, which are reaction
of the dissociated isothiocyanate from
zwitterion adduct and nucleophiles (route
i) and the direct reaction of zwitterion
adduct and nucleophiles (route ii). We
have already demonstrated that the
zwitterion adduct was decomposed by
heating at 60 °C. Based on the previous
report, we measured *H NMR of PI-DMTHP
before and after heating to investigate the
reversible reaction of Pl and DMTHP
(Figure S1). The spectrum of PI-DMTHP
after heating showed the complicated
signals in the aromatic region around 7.5-
7.0 ppm, whereas the signals arisen from
DMTHP were clearly observed (Figure Slc).
Next, the crude mixture after heat
treatment was reacted again at room
temperature for 24 h. However, 'H NMR
spectrum after re-reaction almost agreed
with that after heat treatment (Figure Slc
and S1d). These results indicated that not
only reversible reaction of Pl and DMTHP
but also direct reaction of PI-DMTHP and

M«“"l WWW.MATERIALSVIEWS.COM
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nucleophiles did not proceed at all because
the dissociated isothiocyanate from
zwitterion adduct was degraded and/or
inactive. Therefore, the authors inferred
the ring-opening mechanism of PI-MTHP as
shown in Figure 3a. As the first step, the
nucleophilic aniline attacks the 2-position
of MTHP because the imine carbon is fairly
electrophilic  than the  carbon of
thiocarbonyl group. Then, the ring opening
takes place when the hydrolysis of the
amidine occurs resulting in the generation
of formamide under ambient moisture. On
the other hand, the nucleophilic addition
of aniline takes place on the thiocarbonyl
carbon of PI-DMTHP, resulting in the
occurrence of thiourea compound and its
source compound of cyclic amidine
structure, because the nucleophilic attack
of aniline to the position-2 of amidine is
inhibited owing to the steric hindrance of
methyl group. (Figure 3b).

O | O\a,@_, v
Ph HzN_O S h S E:

(b)

ot
e

Figure 3. Proposed mechanism of nucleophilic
addition of aniline into (a) PI-MTHP and (b) PI-
DMTHP.

As we verified by using cyclic amidine
having methyl group at 2-position that the
model reaction proceed quantitatively, the
reaction of amines and alcohols with the
polymer bearing a zwitterion moiety on its
side-chain (poly(VPI-DMTHP)), which was
obtained by the polymerization of 4-
vinylphenyl isothoiocyanate after the

JOURNAL OF POLYMER SCIENCE PART A: POLYMER CHEMISTRY 5
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zwitterion formation with cyclic amidine
having methyl group at 2-position (DMTHP),
was investigated next. The polymer
reaction using aniline was first examined. 1
eq. of aniline with respect to the amount
of zwitterion was added and let the
reaction proceed in DMSO for 24 hours.
Incidentally, poly(VPI-DMTHP) is insoluble
to DMSO and the experiment was carried
out in the polymer dispersion. The system
remained non-uniform after 24 hours of
reaction and the inspection using the FTIR
spectra measured prior to and after the
reaction indicated that the polymer did not
undergo the reaction at all (Figure S2). All
of the supplemental experiments, that is,
raise of the reaction temperature to 50 °C,
addition of 5 eq. of aniline instead of 1 eq.,
the use of aniline as solvent, and so on,
failed to make the reaction proceed (Table
1.). The authors infer as the reason of this
failure that bridge structure that is formed
via ionic interaction among the zwitterions
is very dense and thus the dissipation of
the reagent aniline into the polymer
network is inhibited.

Table 1. Reaction of poly(VP-DMTHP) and An.
Entry? aniline temp. result®
1 1.0 equiv. 50°C

No reaction

2 5.0 equiv. r.t. No reaction
3 5.0 equiv. 50 °C No reaction
4 excess® r.t. No reaction
5 excess® 50 °C No reaction

2 Condition: in DMSO for 24 h.
b Determined by FTIR measurement.
¢ Aniline was used as solvent.

Briefly stated, poly(VPI-DMTHP) which is
the polymer having the zwitterion
structure consisted of cyclic amidine and
isothiocyanate did not undergo the
polymer reaction to debridge, presumably
because the bridging through ionic
interaction among the zwitterions is so
dense. We then inferred that the polymer

6 JOURNAL OF POLYMER SCIEMCE PART A: POLYMER CHEMISTRY
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reaction in the system with decreased
density of the zwitterion, namely, the
reaction in general-purpose polymer may
proceed as expected since the relative
density of the bridging is lower. The
copolymer obtained by the
copolymerization of VPI-DMTHP and
styrene (St) display strong bridging arising
from ionic interaction even when the
content of the vinyl monomer having the
zwitterion structure is as low as 5 mol%,
and is known to give out the polymer
which has the network and is insoluble to
various solvents. Namely, the authors
conferred that the decrease in the density
of the bridge structure with respect to that
in the homopolymer may allow for the
polymer reaction with aniline enabling the
polymer reaction that accompany the
decrosslinking reaction. Two types of the
polymer obtained by the copolymerization
of the monomers with the ratios of St:VPI-
DMTHP = 50:50 and 70:30 were examined
for their polymer reaction (Scheme 3). 1 eq.
of aniline was added to the DMSO
solutions of the two types of poly(St-co-
VPI-DMTHP) and let the reaction go for 24
hours. The result for the 50:50 copolymer
was similar the one obtained for the
homopolymer as revealed by the FTIR
spectrum measured after the reaction, and
thus the reaction did not proceed at all
(Figure 4a). The copolymer that was
synthesized by the monomer ratio of 30:70,
on the other hand, the reaction system
changed from heterogeneous to
homogeneouos after the reaction and the
FTIR spectrum of the resultant displayed
the near-disappearance of the peaks that
sit near those arising from the
isothiocyanate part of the zwitterion.
Furthermore, the reaction with the
increase of the aniline quantity to 3 eq.
with respect to that of the zwitterion gave
the product in which the FTIR peak due to
the isocyanate disappeared completely
(Figure 4b). The polymer obtained by the
reaction looked as being dissolved in DMSO,

HWILEY s ONLINE LIBRARY
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but the GPC and/or NMR measurements
failed to give any significant signal at all
and thus the formation of adducts by way
of hydrogen bond is suggested. Thus, the
homopolymer and copolymers of 4-
vinylphenyl isothiocyanate without the
zwitterion moiety were utilized as
alternative polymers to estimate the
molecular weight and dispersity of
polymers  containing the  zwitterion
structure, which exhibited M, = 6,500
(Mw/My = 1.5) and M, = 12,000 (Mw/M, =
1.5), respectively (Table S1).

O ‘ (1or3eq

e, " owso
N S rt, 24 h

%) HNO

: Poly(St-co-VPI-DMTHP) : Poly(St-co-VPI-An)
x/y = 50/50 or 30/70

OO

HN

Scheme 3. Polymer reaction of poly(St-co-VPI-
DMTHP) and aniline.
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(a)

Before reaction

After reaction (An = 1 equiy)

4,000 3,500 3,000 2,500 2,000 1,500 1,000 500
Wavenumber (cm)
(b)

Before reaction

3,500 2,500 1,500 500
Wavenumber (cm™)

Figure 4. FTIR spectra of the polymer reaction
of poly(St-co- VPI-DMTHP) and aniline, (a) x/y =
50/50 and (b) x/y = 30/70.

Next, the reaction of poly-(St-co-DMTHP),
(St/VP-DMTHP = 70/30) with 3 eq. of
benzyl alcohol was carried out in DMSO for
24 hours at room temperature. The
comparison of the FTIR spectrum measured
after the reaction with that taken
beforehand showed the decrease in the
intensity of the peaks arising from the
isothiocyanate, but the existence of
remnant zwitterion was suggested by the
residual intensity of the absorption peak.
The remnant peak disappeared when
reaction was performed by increasing the
amount of benzyl alcohol to 5 eq.

JOURNAL OF POLYMER SCIENCE PART A: POLYMER CHEMISTRY 7
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indicating the quantitativeness of the
reaction (Figure 5). The polymer derived
here has thiocarbamate group deriving from
the reaction with benzyl alcohol and it also
appeared to be dissolved in DMSO,
significant signals were not obtained on
the results of both GPC and NMR
measurements suggesting the occurrence
of the association through hydrogen
bonding. The polymers after repreciptation
were completely insoluble in not only
typical solvents but also high polar
solvents, acidic solution, and ionic liquid,
whereas the polymers containing ratio of
St/VP-DMTHP = 70/30 before and after
nucleophilic addition with aniline and
benzyl alcohol were partly soluble and
swelling in DMSO (Table 2).

Table 2. Reaction of poly(VP-DMTHP) and An.
Solvent A B E
DMF
DMF(10%LiCl)
H20
CF3COOH
1.0M HClaq.
DMSO
DMSO (100 °C)
IL
A: poly(VPI-DMTHP)
B: poly(St(50)-co-VPI-DMTHP(50))
C: poly(St(30)-co-VPI-DMTHP(70))
D: poly(St-co-VPI-An)
E: poly(St-co-VPI-BA)
IL: 1-butyl-3-methylimidazolium
hexafluorophosphate
O: partly soluble
X: completely insoluble

X X X X X X X X
X X X X X X X X
X O O X X X X X O
X O O X X X X X O
X O O X X X X X
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Before reaction

After :reaction (:BnOH =3 eqi,liv)

Afterireaction {BnOH = 5 equiv)

3,500 2,500 1,500 500

Wavenumber (cm™')

Figure 5. FTIR spectra of the polymer reaction
of poly(St-co-VPI-DMTHP).

Hm—@ HN )
:1(3eq.) :2(3eq.)
HENW
:3(3 eq)
L0 ) EE
e O L 4(5eq.) Seq) O g
N S =  HN S
DMSO, rt, 24 h \f
\r R
\J : Poly-R

x:y=30:70

7‘\”/@ 1 —§—NC> 12 :,f‘u/\/\/\ :3
?{O/\© 4 -';,_O,J\ 5

Scheme 4. Polymer reaction of poly(St(30)-co-
VPI-DMTHP(70)) and various nucleophiles.

R=

The last system reported in this paper is
the polymer reaction of the amines and
alcohols of different kind with poly(St-co-
VPI-DMTHP) containing ratio of St/VP-
DMTHP = 70/30. The examined amines are
hexyl amine (HA) which is aliphatic amine
and piperidine (Pi) which is secondary
amine. Also, the examined alcohols are
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isopropanol which is bulky secondary
alcohol and benzyl alcohol which is
aromatic alcohol (Scheme 4). The reaction
conditions are like the ones used in the
above-described systems; 3 eq. of amine or
5 eq. of alcohol was added, DMSO was
used as solvent, and reactions were carried
out at room temperature for 24 hours.
Then, the reaction solutions became
homogeneous after 24 hours and the FTIR
spectra indicated that the reaction
proceeded guantitatively. Thus,
guantitative procedure of the reaction was
revealed even for sluggish nucleophilic
agents owing to their bulky substituents
such as secondary amines and secondary
alcohols.

CONCLUSIONS

The authors reported in this article the study of
the decrosslinking in the networked polymer by
the polymer reaction of the polymers having
the zwitterion structure formed by cyclic
amidines and heterocumurenes in their side-
chains and the nucleophilic reagents such as
amines and alcohols. The model reaction of
aniline and the zwitterion compound which
composed by phenyl isothiocyanate and cyclic
amidine demonstrates the importance of the
presence of methyl group on the 2-position of
the amidine. The decrosslinking reaction of the
homopolymer having the zwitterion structure in
the side-chain did not proceed at all. On the
other hand, the decrosslinking reaction of
styrene copolymer containing the zwitterion
structure of 30% units in the side-chain
was achieved quantitatively in DMSO. The
polymer reaction proceeded quantitatively even
when the bulky secondary amines or secondary
alcohols were used as the nucleophilic reagents.
Therefore, these findings prove that the
procedure which has wide-ranged application
has been established herewith from the
viewpoint of the functionalization of polymer
materials, too.
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S1. Synthesis of monomers and polymers.

S1-1. Synthesis of VPI-DMTHP.

To a Schlenk flask containing DMTHP (0.04 g, 0.36 mmol) and anhydrous THF (1 mL), VPI (0.06 g, 0.36
mmol) was added at 0 °C under nitrogen. After being stirred for 12 h at ambient temperature, the
solvent was removed in vacuo, and the residue was purified by reprecipitation into Et,O to give
VPI-DMP adduct (VPI-DMP) in 97% yield (0.10 g 0.35 mmol) as a yellow solid. *H NMR (CDCls): 6 7.38
(d, J=8.5Hz, 2H, Ph), 7.18 (d, / = 8.5 Hz, 2H, Ph), 6.67 (dd, J = 17.9, 10.8 Hz, 1H, CH2-CH-), 5.74 (d, J =
17.9 Hz, 1H, CH2-CH-), 5.31 (d, J = 10.8 Hz, 1H, CH2-CH-), 3.30 (t, J = 5.5 Hz, 2H, -N-CH2-CH2-), 3.14 (t,
J = 6.0 Hz, 2H, -N-CH2-CH2-), 2.89 (s, 3H, >N-CH3), 1.97-2.01 (m, 3H > C-CH3), 1.81-1.87 (m, 2H,
-CH2-CH2-CH2-). 3C NMR (CDCls): & 156.86, 137.28, 136.19, 126.89, 126.64, 114.39, 101.36, 54.49,
50.58, 46.31, 42.95, 21.57, 21.30. IR (neat): 3237, 2918, 2161, 2036, 1979, 1649, 1598, 1507, 1394,
1320, 1259, 1215, 1108, 1067, 987, 834, and 695 cm™.

$1-2. Polymerization of VPI-DMTHP.

To a Schlenk flask containing VPI-DMTHP (0.10 g, 0.35 mmol) and anhydrous CH,Cl; (1 mL), V-70 (3.3
mg, 0.01 mmol) was added under nitrogen. The mixture was then cooled, degassed, and heated at
40 °C. After being stirred for 24 h at 40 °C, the precipitated solid was filtered and washed twice with
CH,Cl, to give poly(VPI-DMTHP) in 30% vyield (0.03 g, 0.11 mmol) as a yellow solid. IR (neat): 3237,
2918, 2161, 2036, 1979, 1649, 1598, 1507, 1394, 1320, 1259, 1215, 1108, 1215, 1108, 1067, 987,
834, and 695 cm™.

S1-3. Copolymerization of styrene and VPI-DMTHP.

To a sealed-tube containing VPI-DMTHP (0.10 g, 0.35 mmol), styrene (0.01 g, 0.95 mmol), LiCl (0.6
mg, 0.05 mmol), anhydrous DMSO (3.6 mL), and V-70 (3.3 mg, 0.01 mmol) were added under
nitrogen. Then, the mixture was cooled, degassed, and heated at 40 °C. After being stirred for 48 h at
40 °C, the obtained poly(St-co-VPI-DMTHP) was purified by reprecipitation into CHsCN.
poly(St-co-VPI-DMTHP): yield = 92% (0.10 g, 0.92 mmol), IR (neat): 3059, 3025, 2922, 2849, 2178,
2052, 1601, 1581, 1503, 1493, 1451, 1420, 1368, 1295, 1248, 1177, 1154, 1107, 1069, 1028, 1017,
931, 830, 754, 725, 698, and 667 cm™.
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S2. Synthesis of poly(VPI) and poly(VPI-co-St) as alternative compound of poly(St-co-VPI-DMTHP).

- - AIBN
(2 mol%) n
+
d|oxane
NCS 60 °C, 24 h

VPI St poly(VPI-co-St)

Table S1. Synthesis of poly(VPI) and poly(VPI-co-St).
Entry VPI:St  Yield (%) M, (Mw/M,)® X :y°

1 100:0 70 6,500 (1.5) -
2 50 : 50 63 12,700 (1.5)  46:54
3 30:70 59 11,900 (1.5)  27:73

2 Reprecipitation into MeOH. ® Determined by SEC
(THF, polystyrene standards). © Determined by *H NMR.
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S3. Thermal stability of zwitterion adducts.
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Figure S1. 'H NMR spectra of VPI-DMTHP (a) before heat, (b) after annealing at 50 °C for 2 h, (c) after
annealing at 60 °C for 2 h, and (d) *H NMR spectrum of thermal dissociated VPI-DMTHP after stirring

at room temperature for 24 h.

S4. IR spectra of poly(VPI-DMTHP) before and after reaction with An.
(@) vPI-DMTHP i

(b) poly(vPI-DMTHP)

(C) poly(VPI-DMTHP) + An

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Figure S2. IR spectra of (a) VPI-DMTHP, (b) poly(VPI-DMTHP), and (c) poly(VPI-DMTHP) with An.
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Synthesis and decrosslinking of networked polymers having zwitterion
structure consisted by cyclic amidine and isothiocyanate
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~

De-cross
-linking

Decrosslinking of networked polymers having zwitterion moieties was successfully

achieved based on polymer reaction with nucleophiles.





