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Abstract: Chloromethylstyrene was copolymerized with the crosslinking agents—
divinylbenzene, ethyleneglycol dimethacrylate, 1,3-butanediol dimethacrylate—and the
copolymers were reacted with several amines. Then, even though it was formed to a two-
phase reaction system between polymer and water-soluble amine so that it was hard to ex-
pect high vield, a high-yield product and low yield of side reaction was obtained in the
presence of phase transfer catalyst. Polyiodomethylstyrene was obtained from the
substitution of Cl by I from polychloromethylstyrene. It could react with the amines in
higher yield than polychloromethylstyrene, but for its high reactivity, it accompanied a
lots of side reactions. It was concluded that the phase transfer catalyst could be used for
controlling the reactivity and the side reaction in the polymer-supported organic reaction.
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Scheme 1. Reactions of PCMS with amines.
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2 ~ 2. Polychloromethyl styrene matrix
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2 — 3. Diaminel} polychloromethyl
styrene2| amination
2-3-1. PTC RX35}0|A 2] diaminex}
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Table 1 #} 7te] 7t7] 13%¢] PCMSe} ¥
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Tl 80Tl 4] 6 4] 7 uk-g-A] 7l e}
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Table 1. Typical Amination Condition of PCMS

Matrix
PCMS Amine Pyridine Solvent
(g) (9) (ml) (mb)
1.5 EDA 11.25 30 -
1.5 HMDA 6 30 -
1.5 UREA 6 30 H,010
1.5 MPDA 5.4 30 DMF30

EZ2|H 94 A 6% 19854 124

k3 & 01'11]5_0.% soxhlet #+%&3 & A&
0]] A 7ol A }oﬂ r/},

2-3-2, PTC—’EXH tOlA{2| diaminel} PC

MS matrix2}e| IS

Table 2 2} 7+o] PCMSe} slelx!, &4, oful
5% 100 ml A& akel] @ PTC~— H 7}8fod

35°C A 484 7+ wF& A H e},

2 -4. N;ZLUN,2 PCMS matrix2}te| B2

diethylenetriamine (NH,CH,CH,NHCH,CH,
NH,:N;) & ethyleneimine 2| 3 &3] 2, triethyl-
enetetramine ((NH,CH;CH; NHCH,F;N,) %
4% 2 A}438led PCMS$} Table 3¢ A&
42-3-1j7 g oz wg 7% A
A, Az ek,

gk, 2-3-29 TdI b, T

okl 4] 8E3-4]A PTC &AM ske] PCMS<HE]

Table 2. Amination of PCMS in the Presence

of PTC
PCMS Amine PTC Pyridine Solvent

(g) (g) (g) (ml) (ml)

1.5 EDA 12 TBAH 6 Bz 15
0.06

1.5 HMDA?23 TBAH 6 Bz 15
0.06

1.5 EDA 12 TBAC 6 Bz 15
0.053

1.5 HMDA23 TBAC 6 Bz 15
0.053

1.5 EDA 12 Ad 6 Bz 15
0.2

1.5 HMDA23 Ad 6 Bz 15
0.2

1.5 EDA 12 TBAB 6 Bz 15
0.063

1.5 HMDA23 TBAB 6 Bz 15
0. 063

% Bz ‘benzene
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Table 3. Reaction of PCMS with N; and N,

PCMS El Pyridine  Solvent
(g) (ml) (ml) (ml)
1.5 N3 10 15 Ac* 10
1.5 N4 14 15 H.0 5

% Ac ;acetone
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Fig. 1. Swelling ratios of PCMS in n-Hexane.
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Fig. 2. Swelling ratios of PCMS in Dichloro-
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Table 4. Cl Content of PCMS

Crosslinking Calculated Measured

agent (mole %) (%) (%)
DVB 3 22.39 20. 43
DVB 5 21.85 21.06
DVB 8 21.08 20. 47
DVB 12 20. 14 19. 67
EGDM 2 22.96 21.70
EGDM 5 22.53 22.39
EGDM 22.11 21.33
EGDM 12 21.58 20.81
BDDM 2 22.92 21.93
BDDM 5 22.43 21.21
BDDM 8 21.96 20. 56
BDDM 12 21.36 20.81

Elal 9] ofulst ubZoll viiw Aolg ZFwi2| A

=g CMS Fadldl s 247 Clgasrs &
7t b A o] Eulol| oial Al4ks
Cighekoll wis Ae] ZAkgE &3 ghol
= o} & 2]~ E|# S chloromethyl-
ation® dloll dojviiz AbF s Ale] A2
dojuhxl & RS & 5 Adch(Table 4).
3 — 2. PCMS matrix?| 224
3-2 - 1. PCMS matrix2} diamine 2|
TN

PCMS & diamines} 434171 ¥ #74¢] Cl

gl 248t Azt cf2 Table 594 7},
ojup-3-9| Clgheks &4 6o ub-g4-2 A4’
Azt £} 27070 A3 434l EDA7F A

SA4o] A Jelyt, rigid structure® ZHe=
ureat} MPDAS<] o—?— k34l Azt Ao
viebsbeh wtebd wlaA Aslbsh kel Ao
2 gty EDASE HMDAS A" 3l PTC &
drbelar vk A8 3k41A (35T, 48hr) PC
MS 2} vb-3-417] A3t PTCE AHEA] %3k-E- =
Asbekel Walef =gl A= EdAv

o

7F 2 A
Zaah il 4ol A9l Wab} gle] AR+
¢ debd g, dal el $E4EE 5 ~10%

Table 5. Cl Contents of aminated PCMS

ZaH A 9= A 63 19854 124

Crosslinking EDA HMDA UREA MPDA
agent (mole %) (%) (%) (%) (%)

DVB 3 298 6.63 11.54 7.69
DVB 5 321 5.20 10.53 9.59
DVB 8 396 4.29 12.12 8.32
DVB 12 420 6.88 12.12 7.68
EGDM 3 2.74 4.08 10.69 7.23
EGDM 5 226 8.20 11.44 8.08
EGDM 8 225 7.80 12.09 8.87
EGDM 12 253 5.55 10.21 9.17
BDDM 2 1.70 2.35 10.76 6.99
BDDM 7 1.62 3.15 10.79 6.28
BDDM 20 429 5.70 10.25 7.32
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Clop= 35.5X

152X +MWc (%) +s.c.PCMS (1-X-Y) ¥ 1/2Y Xd.c.PCMS
N %= 28(1-X-Y)+14Y

152X+MWe (%) +s.c.PCMS (1-X-Y)+1/2Y Xd c.PCMS
* X ! Fraction of the unreacted PCMS
Y ! Fraction of PCMS-NHRNH-PCMS
s.c. PCMS MW of PCMS-NHRNH,
d. c. PCMS : MW of PCMS-NHRNH-PCMS
MWc ! MW of crosslinking agent
(%) : Mole ratio of the crosslinking agent

2o & vebyket (Table 6, 7).

EZF PTC AF£4] velyt 713 5713 =l3l
@A AxFA EFETE’i A AL = | site- site

interactionol] ¢|3| okZ 2] o}ule] z+2+ —CH,
Cl7] o} wbg-shed A 7J autocross]mkingEI &
75} 71—%0]4 o] { } 7 g} z]/-ﬁl.gol:l,} leé}'?}
o 2ME cf& 3 7he] A4

ol o 4 oleh

2ol F 4% Nzb Cl19] Ag el wall Fo
shal Xob Yol ezt edgiubA 4ol dziehAl =

3,
g 1-X, & 9583 Y, & site-site

interaction®l] 2]t double coupling ] =15 ¢}
AlAke] 7hsdbet. ofel] wheh 1-Xu ballief

at £ Az gl A S Ak Salgk Aol

Fig 3olch. 7taE 7t S7bghell wfol dk &-fo]
b grastAn A9 dgstebi o Foud
'
100
. . . o

£ 86. 02 84.9 84.88 %4 59
k)
H
5 50
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&2
5

0

1 2 3 4 5 6 7 8 9 16 11 12 13
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Fig. 3. The yields of aminated PCMS under
PTC.
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AA =2
2 2183 okorS ALel wwa| B (Tableb)
Hb8 i mgk PTCE 4Hg8$ a7 58 3 oF
Vel cbnie] S56 ZA] @ikt dx 3
53] ko] wud 7 olg AR g4sksd

&% ok 4 Qlepds-al

PTC v] 48214 site-site interaction(SS!)
KA 98%77le dofif TrbrlFeke] &4 o
10~15% 3 52 A= 0] wokwl Al =lel PTC
ApE- Aol Hubefo] HA 5% HEAkx 3
Axlo] 2l v)5Ek l agol A ¢arH AS
oF 2= 9lc} (Table 8).
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® BDDM
0

1 2 3 4 5 6 7 8 9 10 11 12
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Fig. 4. Autocrosslinking ratios on the reaction
of PCMS and ethylenediamine under
TBAH as PTC.
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Table 6. N, Cl Content and the Ratios of Autocrosslinking

| = AOLo

EE P ERT

Crosslinking agent mole (%) Cl{%) N (%) Yield (%) Autocrosslinking (%)
DVB-EDA 2.98 9.56 85. 52 83. 42
DVB-EDA 3.21 9.49 84.42 85.51
DVB-EDA 3.96 8.98 82.88 86.29
DVB-EDA 12 4.20 7.96 80.75 94. 84
EGDM-EDA 3 2.74 10. 05 86. 66 84.77
EGDM-EDA 5 2.26 9.96 88. 96 85. 35
EGDA-EDA 2.25 8.87 89.01 97.93
EGDA-EDA 12 2.53 8.66 87.67 97.12

Table 7. Cl Contents and the Yields of Aminated PCMS

Crosslinking agent (mole%) Amine TBAH TBAC Ad - TBAB
DVB 2 EDA 2.49/87.85 1.66/91.86 2.78/86.47 2.48 /87.90
DVB 2 HMDA 2.52/84.41 1.89/88.15 2.21/86.24 2.22/86.18
DVB 5 EDA 1.76/91.37 2.65/87.09 2.07/89.88 2.08 /89.83
DVB 5 HMDA 2.46/84.76 2.34/85.47 2.74/83.13 1.76 / 88.93
DVB 8 EDA 2.93/85.75 1.96 /90. 41 1.71/91.62 1.83/91.04
DVB 8 HMDA 2.53/84.35 2.76 / 83.01 2.81/82.72 2.31/85.65
DVB 12 EDA  3.00/85.41 2.77/86.51 2.57/87.41 2.07/89.88
DVB 12 HMDA 2.94/81.97 2.65/83.65 1.90 / 88.09 1.95/87.79
EGDM 3 EDA 2.25/89.01 2.44/88.09 2.70 / 86. 85 1.46 /92.83
EGDM 3 HMDA 2.38/85.23 1.78 / 88.81 3.15/80.77 1.72/89.18
EGDM 5 EDA 2.17/89.39 3.37/83.66 2.97/ 85,56 2.33/88.62
EGDM 5 HMDA 2.15/86.59 2.62/83.83 3.42/79.24 2.29/85.79
EGDM 8 EDA  1.99/90.26 2.23/89.10 3.33/83.84 1.6%/941.76
EGDM 8 HMDA 1.06/93.23 2.04/87.25 2.48 /84.64 2.13/86.71
EGDM 12 EDA 1.90/90.70 2.34/88.57 2.43/88. 11 2.19/89.30
EGDM 12 HMDA 2.17 / 86. 47 2.42/85.00 2.12/86.77 2.29/856.76
BDDM 3 EDA 2.95/85.65 2.07/89.88 3.03/85.27 2.76 /86,56
BDDM 3 HMDA 2.48/84.64 2.99 /81.68 1.93/87.91 1.69 /849,36
BDDM 5 EDA 2.06/89.98 3.83/81.48 2.25/89.01 1.98 /90. 31
BDDM 5 HMDA 2.22/86.18 3.52/78.67 2.23/86.12 2.50/84.53
BDDM 8 EDA 2.39/88.33 3.07 /85.08 2.48 / 87.90 2.42/88.19
BDDM 8 HMDA 2.43/84.94 2.69/2.69 2.97 /81.80 1.56/90.15
BDDM 12 EDA 2.41/88.24 2.64/87. 14 3.34/83.80 1.72/91.57
BDDM 12 HMDA 1.58/90.03 2.69/83.42 2.30/85.70 2.33/85.53

Z2|H #1949 A6 3% 19854 124
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Fig. 4ol4 FF¢5 st 2] vgel o2
SSIE A9 A4Ao= Fr3)
&5 7FaA o BApAoldl & 97
AeE o + Urky,

PTCAH&Aldl SSI7} #H43l= AL water
phase?] otulo] Atjd o2 Eujs} }o PTC

2] quateranry ammoniumion®] 2]} oil phase

Table 8. Autocrosslinking Ratios and Con-
tents of PCMS-EDA under PTC

(TBAH)

Crosslinking .

agent mole (%) Amine X N Y
DVB 2 EDA 0.0911 0.1493 0.0553
DVB 5 EDA 0.0641 0.1446 0.0719
DVB 8 EDA 0.0647 0.1371 0.0997
DVB 12 EDA 0.1094 0.1316 0.0977
EGDM 3 EDA 0.0824 0.1506 0.0526
EGDM 5 EDA 0.0796 0.1485 0.0627
EGDM 8 EDA 0.0731 0.1445 0.0968
EGDM 12 EDA 0.0698 0.1411 0.1047

BDDM 3 EDA 0.1076 0.1494 0.0503
BDDM 5 EDA 0.0756 0.1473 0.0771
BDDM 8 EDA 0.0875 0.1437 0.0849
BDDM 12 EDA 0.0882 0.1384 0.1188

*X ; Fraction of the unreacted PCMS
Y ; Fraction of PCMS-NHRNH-PCMS
N i Nitrogen content of product

2-methyl-2-oxazoline

N‘——J
H,Cl /é —0

J CH,Cl oy
(NH; CH; CH; NHCH; %

CH, NHCH, CH, NHCH, CH, NHCH, CH, NH,

Zog Ty Eolrbd A Al AR
—CH.Cl# HF8-3}A4] sl2&8 PCMS$} diamine
o] AA &3t ¥ 743 4k-g3le double cou-
plinngdtAl S+ d4g AN F= FIE
WE Ao 2 Fo|xr}6 14,48,

3-2-2, PCMS matrix® Ns % N, 2}

ol ¥rSy

PCMSs} N; @ Nyope] ubgoll 23 Azt
£ 2-methyl -2-oxazoline® PCMSd| graft 4|
# 7bE3l ol ek & ethyleneimine (El)-grafted
PCMSE Alx3s 7-9¢ wlaws] Bgkc)
(Scheme 2).

lﬂt

Autocrosslinking (%)

T34 5 6 7 8 9 10 11 12
Cross-linking agent (mole %)

Fig. 5. Autocrosslinking ratios on the reaction

of PCMS and triethylenetetramine un-

der TBAH as PTC.

NaOH/H, 0 |
H
CH)"(NcHz CH,—)~ HT_(' I}ICHz CHz—)—
co H
CH,
CH, NH (CH, CH, NH), H

Scheme 2.
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Table 10. Autocrosslinking Ratios and N Con -
tents of PCMS-El under PTC

(TBAH)

Crosslinking
agent mole (%) El X N Y
DVB 2 N4 0.0905 0.2065 0.0395
DVB N4 0.0984 0.2006 0.0621
DVB N4 0.1497 0.1929 0.1002
DVB 12 N4 0.1136 0.1873 0.1204
EGDM N4 0.1077 0.2033 0.1091
EGDM N4 0.1136 0.2015 0.1105
EGDM N4 0.1126 0.1991 0.1128
EGDM 12 N4 0.1413 0.1938 0.1416
BDDM N4 0.1304 0.2053 0.0512
BDDM N4 0.1077 0.2007 0.1184
BDDM 8 N4 0.1323 0.1960 0.1452
BDDM 12 N4 0.0804 0.1944 0.1380

* X 5 Fraction of the unreacted PCMS

N ; Fraction of PCMS-NHRNH-PCMS

dutd o g PCMSH| E1Y 71x]& =9
2-methyl-2-oxazolineoll &% 25bAl 9] ub
AR A ==l (OPCMSEI) 142 3
24171 2 (PCMSEI) & s Az
opxbzbx| o] g stE o +& x4
T} 20.21

Clzp N4 kol o]3) wk5-831 SSIES 4%
gt Z 3 (Table 9), EDAS} zteo] 7tmalvh 7}
wEo wpel & Hslgle] & hgEI W
8355 veb 3 o} (Table 10, Fig. 5).
3% OPCMSEI ] AaAukol] 2a] ALEY
74 3} (Table 11), MS ¢ —CH,Cl 1 &%/
Elsk$17F 5 ‘:P—rl %ol Ao epSEL 9
oligomer & # b5 4710 sfot EI 9] chafsd
ol 4 < zkol7b gl-5ol el Heh
El z22t=Esl PCMS+ L =ABAL
chelate*% e AoR e UdAnk 23
= 3gEE A
Ayl 2325 AxE o F&

L
N

<o
=
it

[o}

N, g oo 2
b4

to
> H~
32

o

Table 9. CI Contents and the Yields of PCMS-EI under PTC
DVB EGDM BDDM
PTC El % Cl% yield % Cl% yield % Cl% yield
TBAH N3 2 2.45/85.55 3 2.45/85.55 3 2.26/86.62
TBAH N4 2 1.72/87.94 3 2.09/85.64 3 2.54/82.61
TBAH N3 5 2.11/87.48 5 2.00/88.11 5 2.57/84.87
TBAH N4 5 1.88/86.88 5 2.19/84.86 5 2.07/85.64
TBAH N3 8 1.93/88.51 8 2.35/86.11 8 2.45/85.55
TBAH N4 8 2.96 / 80. 04 8 2.17/84.99 8 2.58/82.36
TBAH N3 12 2.55/84.98 12 2.03/87.93 12 1.46 /91.23
TBAH N4 12 2.19/84.86 12 2.77/81.16 12 1.52/89.28
TBAC N3 2 2.67/84.31 3 1.39/91.64 3 2.93/82.86
TBAC N4 2 3.64/75.84 3 1.87 / 86.95 3 2.93/80.17
TBAC N3 5 2.39/85.89 5 3.80/78.11 5 3.22/81.26
TBAC N4 5 2.33/83.25 5 3.65/75.78 5 1.77/87.61
TBAC N3 8 2.57/84.87 8 1.97/83.28 8 2.59/84.76
TBAC N4 8 1.97 /86.29 8 2.41/83.44 8 2.89/80.41
TBAC N3 12 1.93/88.51 12 2.29/86.45 12 2.78/83.70
TBAC N¢4 12 2.91/84.86 12 2.43/83.32 12 2.21/84.73
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Table 11. N Contents and the EI Unit of
OPCMSEI

DVB EGDM
2% 5% 8% 12% 2% 5% 12%
N(%) 22.29 22.29 21.87 24.25 26.25 23.21 24.21
Elwiit 45 4.8 4.2 6.0 86 51 6.0

Ki NH, RNH,
_ —_—

CH, Cl CH,1 CH, NH R NH,
Scheme 3.

Table 12. I Contents and the Yields of PIMS-diamine

— 2R - 2B

3l PTC & 48& 25k 2edal b8 9] Aol
7b Aol debua] k8o 24 PIMS & PTC ¢

Eegle] T 2wt 4E B upe R0

Moolebi= #F4-0- o)%3sksd el (Table 13, 14).
2o AleA nRAz A AR F98 Qg

= 7le R aEdHedl 4 Ea, PIMSE

qlel =

T FSEE ARy J54  nExe
T AEE sldstolel e Aga) 2 Aow
% 7k= o et

PIMS7} o] & Al Hulg-ql site-site interac-
tiono| PCMSel| wls} H-58bA] who] whadzha
5= A2, PTCY quaternary ammonium ion
of o8l zalZ diaminezt WHLEojof T
—CH.I7| 7} 19] 3c}sha] £ Q-S4 5 o ol

Table 13. N Contents and the Autocrossilnk-
ing Ratios of PIMS-EDA

Crosslinking

agent mole (%) X N Y

DVB 2 0.00009 0.09705 0.94517
DVB 5 0.00036 0.09399 0.934214

DVB 8 0.00066 0,08912  0.95437
DVB 12 0.00157  0.08554  0.94150
EGDM 3 0.00005 0.09789  0.94163

EGDM 5 0.00019  0.09653  0.94052
EGDM 8 0.00025  0.09393  0.95244
EGDM 12 0.00056  0.9172 0.94722

*X ; Fraction of the unreacted PIMS
Y i Fraction of PIMS-NHRNH-PIMS

DVB EGDM
EDA HMDA EDA HMDA
2 0.13/99.991 0.34/99. 983 0.21/99. 995 0.25/99.994
5 0.29/99. 964 0.47 /99.942 0.30/99.981 0.44/99.973
8 0.34/99.934 0.44/99.913 0.25/99.975 0.57 /99.944
12 0.53/99.843 0.56 /99.835 12 0.38/99.944

0.72/99.893

*1 content (%) /Yield(%)
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Table 14. I, N Contents, Yields and Autocrosslinking Ratios of PIMS-EDA under PTC(TBAH)

Crosslinking agent (%) 1{%) / yield(%) X N Y
DVB 2 0.17/99.618 1. 00382 0. 11944 0. 60663
DVB 12 0.30/99.250 0. 00750 0. 10528 0.61156
EGDM 0.15/99. 666 0. 00334 0. 12048 0.61540
EGDM 12 0.28/99. 342 0. 00658 0.11288 0.61003
BDDM 2 0.20 /99. 554 0. 00446 0. 11952 0. 62163
BDDM 12 0.25/99. 376 0.000624 0. 11072 0. 62868
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