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We studied on the synthesis of chloromethylated polystyrene as a precursor of optically active
polymers for direct resolution of optical isomers. Changing the degree of crosslinking and the kind of
crosslinking agents, several polystyrene resin matrices were synthesized. The matrices were chloro-
methylated with methylal and chlorosulfonic acid as chloromethylating agents. The effects of solvents
of various dielectric constants on the chloromethylation were quantitavely examined. We also syn-
thesized chloromethylated polystyrene of macroreticular type that retained large surface area and good
physical stability. The differences between the macroreticular type and macroporous type were in-

vestigated.
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Table I— Swelling Ratio of Crosslinked Polystyrene in Several Solvents

Crosslink- Degee of

Swelling ratio

-ing agent crosslinking _dichloroethane tetrachloroethane nitrobenzene cyclohexane methylal
(%) 25°C 40°C 25°C 40°C 25°C 40°C 25°C 40°C 25°C 40°C
DVB 2 10.50 11.44 12.00 8.57 10.16 9.09 3.64 4.13 6.92 6.50
5 3.13 4.56 4.69 4.15 3.62 3.46 2.85 k 2.73 2.75 2.94
8 3.00 3.13 2.80 2.94 2.82 2.63 1.25 1.33 2,40 2.20
12 2.38 3.08 3.20 2.72 2.47 3.13 1.39 1.33 3.26 221
EGD 2 10.25 13.00 12.00 8.00 8.57 8.80
4.70 6.68 7.70 5.49 5.13 5.56
8 4.25 4.24 4.62 3.39 3.29 3.50
12 3.59 3.47 3.76 3.7 2.90 3.06
BDD 2 9.50 9.61 11.35 10.24 7.50 7.17
. 9.10 8.82 8.81 6.60 6.13 5.65
8 3.95 5.33 5.59 4.44 3.64 3.55
12 3.73 3.88 3.85 3.19 3.4 3.91
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Table II—Chlorine Content (x), Substitution Ratio to Alt Benzene Ring (y) and Substitution Ratio to Only Styrene Unit
Benzene Ring (z), in Macroporous Type EGD-Crosslinked Polystyrene in Dichloroethane at 40°C

Reaction Crosslinking (%)
time DVB2 DVB S DVB 8 DVB 12
(min) X y z X y z X y z X y z
5 16.72 64.22 6690 14.36 53.76 59.73 14.64 5591 66.56 12.02 44.82 5897
10 17.88 70.12 73.04 1599 61.57 68.41 14.59 55.67 6628 1251 47.02 61.87
20 17.26 66.94 69.74 1796 71.62 79.58 1494 57.35 6827 12.96 49.08 64.57
30 19.02 76.16 79.33 1850 74,50 82.78 1566 60.87 7246 14.89 58.25 76.64
50 1876 7476 77.87 1826 73.22 81.36 16.18 6346 7555 13.76 52.81 69.49
70 19.07 76.43 79.61 17.72 7036 78.18 16.18 63.46 75.55 1494 58.49 76.97
90 19.21 77.19 80.41 1791 7136 7929 17.76 7140 8500 1539 60.27 79.89
120 2138 89.50 9233 1764 6994 7771 17.14 6838 8140 1655 66.64 87.68

Table XX — Chlorine Content (x), Substitution Ratio to All Benzene Ring (y) and Substitution Ratio to Only Styrene Unit
Benzene Ring (z), in Macroporous Type EGD-Crosslinked Polystyrene in Dichloroethane at 40°C.

Reaction Crosslinking (%)
time DVB 2 DVB 5 DVB 8 DVB 12
(min) X y z X y z X y z X y z
5 1790 70.76 7220 17.72 71.68 7545 1555 62.10 67.50 16.56 66.71 79.07
10 17.37 68.01 69.40 1876 77.33 8140 17.02 69.75 7581 16.71 70.40  80.00
20 18.38 7329 7479 1852 7601 8001 17.80 73.97 80.41 17.22 7331 83.19
30 19.45 79.10 80.71 1930 80.35 84.58 18.12 7574 82.33 17.06 7232 82.18
50 19.34 78.47 80.04 1937 80.75 85.00 1840 7730 84.03 1745 7449 84.65
70 19.86 81.39 83.05 1852 76.01 80.01 19.06 81.05 88.10 18.18 78.64 89.36
90 2036 84.22 8594 19.28 80.24 8446 20.10 87.15 9472 17.70 7590 86.25
120 20.55 85.32 87.06 2040 86.07 91.26 2039 88.89 96.62 19.03 8630 95.00
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Table IV —Chlorine Content (x), Substitution Ratio to All Benzene Ring (y) and Substitution Ratio to-Only Styrene Unit
Benzene Ring (z), in Macroporous Type BDD-Crosslinked Polystyrene in Dichloroethane at 40°C.

Reaction Crosslinking (%)
time BDD 2 BDD 5 BDD 8 BDD 12
(min) X y z X y X y z X y z
5 15.78 6039 61.63 1664 66.87 70.39 16.72 69.53 7557 14.87 62.44 70.96
10 17.36  68.32 69.71 1823 7538 79.35 16.58 68.77 7475 1537 6510 73.98
20 1799 71.60 73.07 1649 66.10 69.57 1798 7647 83.12 1584 67.64 76.86
30 18.16 72.50 7398 18.50 76.88 80.92 17.91 76.08 82.69 1628 70.05 79.61
50 18.82 76.05 77.60 19.37 81.79 86.10 17.06 71.37 77.58 17.16 75.00 8523
70 1931 78.74 80.35 19.92 84.08 8945 18.87 81.57 88.66 17.67 77.94 88.57
90 19.03 7720 78.77 19.53 8271 87.06 18.04 76.64 83.30 17.33 75.97 86.33
120 19.50 79.80 81.42 19.95 8516 89.64 18.34 7851 8534 18.34 81.88 93.05
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Table V— Chlorine Content (x), Substitution Ratio to All Benzene Ring (y), and Substitution Ratio to Only Styrene Unit
Benzene Ring (z), in Macroporous Type DVB-Crosslinked Polystyrene in Tetrachioroethane at 40°C.

Reaction Crosslinking (%)
time DVB 2 DVB 5 DVB 8 DVB 12
(min) X y z X y z X y z X y z
5 1853 7353 76.60 17.84 70.99 78.88 11.82 43.07 51.27 3.49 1142 15.02
10 19.06 76.37 79.56 19.01 77.18 85.86 11.02 39.64 47.19 4.35 14.41 18.96
20 1931 77.73 8097 1924 7855 87.27 10.62 38.08 4533 436 1445 19.01
30 20.18 82.57 86.01 19.31 7893 87.70 10.71 38.33  45.63 3.10 10.09 13.27
50 20.84 86.35 89.95 19.09 77.72 8635 10.80 3871 46.08 3.60 11.80 15.53
70 21.36 89.38 93.11 19.43 79.60 88.45 13.17 49.07 58.41 3.57 11.70  15.39
90 20.78 86.00 89.58 19.71 81.17 90.19 12.06 4412 52.52 5.66 19.12  25.15
120 21.16 8821 91.88 20.18 83.84 93.16 13.79 5191 61.80 7.42 25.73  33.86

Table VI—Chlorine Content (x), Substitution Ratio to All Benzene Ring (y) and Substitution Ratio to Only Styrene Unit
Benzene Ring (z), in Macroporous Type EGD-Crosslinked Polystyrene in Tetrachloroethane at 40°C.

Reaction Crosslinking (%)
time EGD 2 EGD 5 EGD 8 EGD 12
(min) b y z X y z X y z X y z
5 17.78 70.13 71.56 16.78 66.74 70.26 17.67 73.26 79.63 1621 67.69 76.92
10 1833 73.02 7450 1748 7040 74.11 18.09 75.57 82.15 17.57 75.17 85.42
20 18.87 7592 7747 18.19 7421 78.11 18.50 77.87 8464 1675 70.62 80.25
30 16.99 66.07 6742 17.79 72.05 75.84 17.85 7425 80.70 1794 77.26 87.80
50 20.23 8348 85.19 — — — 19.56 8395 91.25 1855 8078 91.80
70 19.22 77.83 7942 19.82 8332 87.7 19.70 84.77 92.15 18.42 80.02 90.94
9 1945 79.10 80.71 2028 86.00 90.52 19.52 83.71 91.00 18.70 81.66 92.79
120 2197 93.74 95.65 2129 92.03 96.88 19.46 8337 90.62 1890 82.83 94.13
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Table VII—Chlorine Content (x), Substitution Ratio to All Benzene Ring (y) and Substitution Ratio to Only Styrene Unit
Benzene Ring (z), in Macroporous Type BDD-Crosslinked Polystyrene in tetrachlorethane at 40°C

Reaction Crosslinking (%)
time BDD 2 BDD § BDD 8 BDD 12
(min) X y z X y x y z x y z

5 1773 70.24 71.67 18.78 78.44
10 19.15 7786 79.65 - 19.80 84.28
20 1836 73.57 7507  19.70 83.70
30 19.80 81.48 - 83.14 19.78 84.16
50 21.06 8876 90.57 20.38 88.70
70 21.49 91.32 ° 93.18 21.33 9347
90 21.77 93.01 9491 20.88 90.71

120 19.70 82.04 83.72 21.08 91.93

82.57 1639 6776 73.65 17.15 7494 85.16
8871 1748 73.68 80.08 17.18 75.11  85.36
88.10 1843 79.03 8590 17.67 78.06 88.71
88.59 17.95 7630 8294 18.15 8075 91.76
9232 1837 7868 85.53 1805 80.16 91.09
98.39 18.50 79.43 8634  — - -

95.48 1922 83.62 90.89 17.45 76.66 81.12

w5 o]e]dt A3Fo] Fre|HA resin matrixe]
TgAREA o]l At A4 4 gAlon
Table Io|4 9+ 7ol DVB 7} 8% = 12%0lAl
<+ dichloroethaneol| 41} tetrachloroethaneo]
A SRe| A¢] A3l gl7] wigol ol2d 75
A2 glubs) Al e},

2) oAM= dFsHRe] 7t polystyrene
resin matrix FZulol| ester groupe] A3
A3l A S ol ok Aol glAgiTt
= EGDY} BDD 7taeise -7 T 7} Az o]
7ol ulebA polystyrene resin matrix W5l
ZA51 ester group®] ERe] 715y wiiol
Ztaze] FrlolAl opl=lE WbSAe] AEE of
L A 5T F UE Aoz A4 4 o
gz slaAle] Ao 2 9lsled polystyrene Wi
Foll A3 =& 8~10%0l dNFsle 7haA ol
281 ester groupe] el G HE} uke
9 M3 SEHE 5 b odie] @A #
t}, o|2]&t ester group®] EFHE saL styrene-
methylmethacrylate 35 ¢A1E 3|23} A
Aoz o elgAe] AEH 4 & A A,

3) = o2 sH5AegA dichloroethaned
tetrachloroethane -2 zpAle] &4 (Fxle] =z
71, dielectric constant®] o] F)ol 3=
Blof] ofd JgE v|A Zoz PrE o] s}

42 F9s0) JalAe chd 2z 4l
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96.77 19.65 86.18 93.67 18.69 83.98 9543

=ojol & Aoz Az

el A= 37kA] 7} A7} resin matrixe
SEAESAE AT 4 ' TEHU Wl
2 5 Q7 whEel Yellx <1gd DVB 8%
12% 7haolA el Eeldt ukg-Ade AslE FH3t
7] A e et WHlg HES} o] FofR o}
g Aoz Azt

Table VIIf, IX 9 Xol+& nitrobenzeneo] &
w2 ARHAS Wl AAE Hsart, 53
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12%0°l4 d4gtege] FA43] Azst Yedl o
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of ojul dg vl AoE Az, =l
23be resin matrix®] SR F4skx]at $ol¢]




Table VIE—Chlorine Content (x), Substitution Ratio to All Benzene Ring (y) and Substitution Ratio to Only Styrene Unit
Benzene Ring (z), in Macroporous Type DVB-Crosslinked Polystyrene in Nitrobenzene at 40°C.

Reaction Crosslinking (%)
time DVB 2 DVB 5 DVB 8 DVB 12
(min) X y z X y z X y z X y z

5 17.50 68.16 71.00 1433 5362 59.58 2.08 6.54 7.79 2.00 6.41 8.43
10 17.64 68.88 71.75 1475 5559 61.77 4.05 13.10 15.60 2.64 8.54 11.23
20 19.19 77.08 8029 15.64 59.86 66.51 4.88 1598 19.02  3.79 1246 16.39
30 20.31 8331 8678 17.04 66.84 7427 639 21.39 2547 6.83 23.48  30.89
50 20.48 84.27 87.78 16.13 62.26 69.18 6.66 22,39  26.65 5.83 19.74  25.98
70 19.97 80.38 83.73 16.76 6542 72.69 7.37 2504 29.81 6.58  22.53 29.65
90 17.54 68.37 71.21 17.15 67.40 7489 792 27.14 3230 7.68 2674 35.18

120 20.80 86.46 90.06 17.43 68.85 76.50 824 2837 33.77 8.57 30.25  39.80

Table IX — Chlorine Content (x), Substitution Ratio to All Benzene Ring (y), and Substitution Ratio about Only Styrene
Unit Benzene Ring (z), in Macroporous Type EGD-Crosslinked Polystyrene in Nitrobenzene at 40°C.

Reaction Crosslinking (%)
time EGD 2 EGD 5 EGD 8 EGD 12
(min) X y z X y z X y -z X y z

5 1771 69.77 71.19 1649 65.26 68.69 14.62 57.46 62.46 11.59 4477 50.88
10 19.70  80.49 82.13 1751 70.56 7427 14.87 58.69 63.80 1441 58.34 66.29
20 20.13 8291 84.60 18.64 76.67 80.70 1829 76.69 83.36 1580 6551 74.44
30 20.17 83.14 84.84 19.09 79.17 8334 1728 71.44 77.33 16.03 66.73 75.83
50 2026 83.65 8536 1870 77.00 81.05 18.75 79.28 86.17 17.40 74.21 84.33
70 21.06 88.29 90.09 2036 8647 91.02 18.78 79.45 86.36 17.60 75.33 85.61
90 21.58 91.38 9324 20.60 87.88 92,51 18.83 79.73 86.67 1849 80.43 91.40

120 21.08 88.41 90.21 2091 89.74 9446 1978 8525 92.66 18.47 8031 91.27

Table X —Chlorine Content (x), Substitution Ratio to All Benzene Ring (y) and Substitution Ratio to Only Styrene Unit
Benzene Ring (z), in Macroporous Type BDD-Crosslinked Polystyrene in Dichloroethane at 40°C.

Reaction Crosslinking (%)
time BDD 2 BDD 5 BDD 8 BDD 12
(min) X y z X y z X y z X y z

b 17.10 66.98 68.35 1745 71,75 74.89 14.62 58.62 63.71 10.02 38.85 44.15
10 1846 74.11 7562 19.67 83.52 8792 1546 62.89 68.35 1279 51.86 58.93
20 17.80 70.61 72.05 1970 83.70 88.10 1493 60.18 6541 1448 60.40 68.64
30 20.29 84.27 8599 2029 87.16 91.75 1749 73.73 80.14 14.06 58.23 66.17
50 20.23 8392 8564 21.07 91.82 9671 1695 70.77 7692 16.02 68.62 77.98
70 20.27 84.15 85.87 21.33 9347 9839 1777 7529 81.84 16.48 71.16 80.87
90 2099 88.34 90.15 20.51 8848 93.13 18.04 7681 8349 16.86 73.30 83.29

120 21.31 9024 92,08 19.87 84.69 89.14 17.50 73.79 80.20 16.65 72.11 81.95
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Table XI—Chlorine Content (x), Substitution Ratio to All Benzene Ring (y) and Substitution Ratio v Only Styrene Unit
Benzene Ring (2), in Macroporous Type DVB-Crosslinked Polystyrene in Cyclohexane at 40°C.

Reaction Crosslinking (%)
time DVB 2 DVB § DVB 8 DVB 12
(min) X y z X y z X y z X y z
5 1.33 4.02 4.19 372 11.80 13.11  3.03 9.66 11.50 2.70 8.74 11.50
10 1.92 5.84 6.08 390 1240 13.78 1.87 5.86 698 192 6.14 8.09
20 1.57 4.76 4.96 362 1140 1274 231 7.29 8.68 291 9.44 1243
30 2.33 7.13 7.43 330 1040 11.56 2.10 6.61 7.89 1.80 5.75 7.57
50 1.99 6.06 6.31 3.05 9.58 1064 1.9 5.96 7.10  2.01 6.44 8.48
70 2.26 6.91 7.20 3.82 12.13  13.48 1.75 5.48 6.52 1.67 5.33 7.01
90 1.40 4.23 4.41 334 1053 11.70  2.10 6.61 7.86 1.89 6.05 7.96
120 2.15 6.57 6.84 393 1250 13.89 234 7.39 879 2.02 6.47 8.52

Table XII—Chlorine Content (x), Substitution Ratio to All Benzene Ring (y) and Substitution Ratio to Only Styrene Unit
Benzene Ring (z), in Macroporous Type DVB-Crosslinked Polystyrene in methylal at 40°C.

Reaction Crosslinking (%)
time DVB 2 DVB 5* DVB 8 DVB 12
(min) X y z X y z X y z X y z
5 1.21 3.65 3.80 582 19.03 21.41 1.67 5.22 622 1.60 5.10 6.71
10 1.89 5.75 5.99 5.35 17.37 19.30 1.75 5.48 6.52 2.67 8.94 11.76
20 1.39 4.20 4.38 793 26.77 29.74 2.13 6.70 798 377 12.89 16.30
30 1.91 5.81 6.06 1041 36.53 40.58 2.01 6.32 752 275 891 11.72
50 1.81 5.50 573  10.15 3547 3941 2.86 9.09 10.83 3.56 11.66 15.34
70 1.80 5.47 570 1139 40.60 45.11 271 8.60 1024 346 11.32 14.89
90 2.14 6.53 680 14.10 5283 5870 2.74 870 1035 3.8 12.77 16.80
120 2.94 9.08 946 15.04 5697 63.30 2.20 6.93 825 3.89 1280 16.85

*Polystyrene/methylal/chlorosulfonic acid =1/8/32 (mole ratio)
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Table XIII— Chlorine Content (x), Substitution Ratio about All Benzene Ring (y) and Substitution Ratio to Only Styrene
Unit Benzene Ring(z), in Macroreticular Type DVB-Crosslinked Polystyrene in Dichloroethane at 40°C.

Reaction Crosslinking (%)
time DVB 8 DVB 10 DVB 15 DVB 20
(hr) X y z X y z X y z X y z
0.5 11.54 41.86 49.83 8.3l 2893 36.16 9.57 34.81 49.73 820 29.90 49.83
1 11.74 4279 50.86 9.17 3235 40.43 10.18 37.39 53.41 9.74 36.38  60.63
2 1267 46.81 5573 11.51 42.14 52.68 9.8t 3582 51.17 1042 39.34 65.56
4 13.39 50.07 59.60 11.52 42,18 52.73 10.60 39.19 5598 10.33 3894 64.90
6 1407 53.21 63.35 — — — 10.13  37.17 53.10 10.50 39.69 66.15
8 13.58 5094 60.64 1042 3749 46.86 10.51 38.80 55.43 9.69 36.16 60.27
11 13.18 4901 5846 13.56 51.35 64.19 11.63 43.72 62.45 9.72 3629 60.48
24 11.88 4333 51.58 1240 46.06 57.58 11.75 4425 63.22 9.72 36.29 60.48
28 13.75 51.72  61.58 1321 4974 62.17 12.46 4747 67.82 9.18 3398 56.64
32 13.31 49.70 59.17 10.82 39.18 4897 10.53 38.89 55.55 9.79 36.59 60.99
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