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ABSTRACT : We synthesized the vinyl addition-type polynorbornene copolymers using two monomers [5-hexyl-
2-norbornene (HNB) and 5-methylester-2-norbornene(MES-NB)] by means of a cationic 77-allyl palladium catalyst
system {[(77-allyl)palladium(tricyclohexylphosphine) trifluoroacetate] and [lithium tetrakis(pentafluorophenyl) borate

- 2.5¢etherate]}. The molecular weights and yields of copolynorbornenes polymerized in various conditions were
measured to investigate an optimum polymerization conditions to obtain highly es ter-functionalized polynorbornenes.
As a Pd catalyst content increased, the molecular weights (Mw) of polymers decreased while polymer yields
increased. Also, as a Li cocatalyst content increased, the Mw’s and yields of polymers increased at the same time .
The Mw’s of copolymers were also controlled by chain transfer agents such as 1-hexene, 1-octene and 1-decene,
and we found that longer 1-decene and 1-octene were more efficient to reduce the Mw’s of polynorbornenes than 1 -
hexene. On the other hand, the content of chain transfer agents did not give influence significantly on polymer
yields. From the '"H-NMR and GPC analysis of HNB/MES-NB (feed ratio of 40/60 mol%) copolymer, we found
that this copolymer had an about 25 mol% of ester portion and a high molecular weight of 270,000.
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Figure 1. Highly active cationic (77°-Allyl)palladium catalyst
system.
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1569 (cyclic C=C, st), 1459 (-CH,-, bend), 1335 (-CHj3, bend),
905, 715 (=C-H, out-of-plane bend). 'H-NMR(CDCls, ppm) :
6.16-6.09 (1H, m, -CH=), 5.97-5.92 (1H, m, -CH=).
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o =70 28] WREStol FAEFE Shela, Ayl ¥
AEHE MESNBS AUtk (558 1 75%, <% 1 97%) ;
FT-IR ATR (cm™) : 3062 (cyclic =C-H, st), 2974, 2950, 2874
(aliphatic C-H, st), 1733 (C=0, st), 1571 (cyclic C=C, st),
1435 (-CH,-, bend), 1335 (-CHj3, bend), 899, 710 (=C-H, out-
of-plane bend). 'H-NMR(CDCls, ppm) : 6.24-6.19 (1H, m, -
CH=),5.97-5.93 (1H, m, -CH =), 3.72 (ex0), 3.65 (endo) (3H,
s, COOCH3).
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2] 0, 30, 50, 70 L2]3L 100 mol% (1-Al: 17, 50, 84, 118,
168 mg, 1-=3-8ll : 22, 67, 112, 157, 224 mg, 1-6l] Al : 28, 84,
140, 196, 281 mg)S En|= Z}z} A7}1shsict. kAo
1/25000, 4/250009] E4| 5 = 22w 2l S8
04, 0.8 mLE sAlel 78t vh3-5 A1 313ict 60 C,
24X 78 RESAIZ] 313t AF Gollg opAlEel HAAIA o
7 &, 753k poly(HNB)E LT} FT-IR ATR (em’) :
2954, 2921, 2854 (aliphatic C-H, st), 1466 (-CH,-, bend), 1377
(-CHs;, bend).
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A9l HNB 0.36 g (2 mmol)Z} B3~ g-u9]l &5 5 mL
£ 20 e BR8]0l Yol @kt 1A ARl
ZAQl 128 =g 9] 0, 10, 30, 50 mol% (0, 22, 67,
112 mgyE 22t 5 709 wks-&7]el H71slsic) vl A
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= 10,04, 02, 0.1 mL (2F=EA412] 2/10000, 2/25000, 2/50000,
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AFQ B Ax3lFh FT-IR ATR (cm™) : 2953, 2854
(aliphatic C-H, st), 1466 (-CH,-, bend), 1377 (-CHj3, bend).
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st), 1456 (-CH,-, bend), 1377 (-CHs, bend), 1260, 1194, 1166,
1043 (C-0, st).
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Scheme 1. Synthetic routes to (a) Hexylnorbornene, (b) Methylester
norbornene, (c) poly(HNB) and (d) poly(HNB-co-MES-NB).
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Table 1. Polymerization Results with Various Functional
Guests

Functionality tg;ﬁglzﬁz;z) n M, M/M, i};}l)d
None 0 190000 930000 4.81 >99
Phenylether 20 240000 870000 3.63 72
Benzaldehyde 20 170000 620000 3.56 19
Benzoic acid 20 120000 780000 6.27 36
Methylbenzoate 20 170000 540000 3.25 22
Acetophenone 20 70000 390000 548 <2
Benzophenone 20 80000 360000 4.72 <2

Polymerization conditions; HNB (4 mmol), 1-Octene (0.4 mmol), Pd
cat./monomer (1/50000), Pd cat.:Li cat. (1:2) for 24h, at 60 C.

Table 2. Polymerization Results of Poly(HNB) Depen-
ding on Reaction Time

Reaction time Yield

(hr) M, M, MM, )

0.5 260000 630000 2.39 42

1 240000 630000 2.59 48

2 170000 550000 2.34 53

4 150000 570000 3.92 59

6 140000 590000 4.36 66

12 110000 620000 5.60 64

24 110000 640000 5.82 65

Polymerization conditions; HNB (0.71 g, 4 mmol), toluene (10 mL),
1-Octene (45 mg, 0.4 mmol), Pd cat./monomer (1/50000), Pd cat.:Li
cat. (1:2), for 24h, at 60 C.
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Figure 2. Molecular weight change of Poly(HNB) depending on
chain transfer agents (1-Hexene, 1-Octene, 1-Decene).
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Table 3. Polymerization Results of Poly(HNB) Depen-
ding on 1-Octene and Pd Catalyst Concentration
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7} A9 FA=A oS #EE 5= i) Figure 3
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FFA 0 F4lEl 249 5 3o 245 3.63 ppm
AA Yels wEelAE e WEly] 4 P |
AL 7|E2 =2 AXksElth MES-NBelA] YElU= poly
(H8M2)°] A7k F=kgA 5, MES-NB9] 3Hg2 A
2] 20 mol%°] ARk ¥hg- &, E-Abel] T3 T 8
mol%E A3} thE =49l MES-NB7} 27} 40, 60
mol% *7}%l poly(H6M4)$} poly(H4AM6):= B3 & =}
Aok ol 2kt 14, 25 mol% = YElstt) o]
2717} Febg Sufjel] gk SeijseE 28] o
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Contents of  Pd cat./Monomer Yield
1-Octene (%) (mol/mol) M, My MJM, (%)
1710000 Insoluble % Table 4. Polymerization Results of Poly(HNB-co-MES-
0 1/25000 Insoluble 94 NB) Depending on Monomer Feed ratio and Pd Cata-
1/50000 2300000 13910000 6.06 70 lyst Concentration
1/100000 2450000 13030000 5.31 42
1/10000 490000 2857000 5.88 95 Composition Pd cat./Monomer M, M, MM, Y;EId
10 1/25000 600000 3310000 5.55 97 (mol/mol) (%)
1/50000 710000 3930000 5.51 75 1/5000 400000 990000  2.48 70
1/100000 870000 4270000 490 44 H8M2 1/10000 610000 1510000 2.50 59
1/10000 170000 1252000 7.34 97 1/25000 670000 2420000 3.64 50
30 1/25000 150000 1290000 8.50 95 1/5000 260000 600000  2.26 49
1/50000 200000 1180000 5.76 81 H6M4 1/10000 270000 710000  2.62 37
1/100000 429000 1340000  3.13 33 1/25000 280000 620000  2.25 17
1/10000 60000 740000  13.02 97 1/5000 130000 270000  1.99 24
50 1/25000 100000 780000 790 92 H4M6 1/10000 - - - 0
1/50000 180000 730000 409 75 1/25000 - - - 0
1/100000 250000 810000 329 52 H2M8 1/5000 - - - 0

Polymerization conditions; HNB (0.36 g, 2 mmol), toluene (5 mL), Pd
cat.:Li cat. (1:2), for 24h, at 60 C.

250 <HAA, W) E

Polymerization conditions; HNB+MES-NB (5 mmol), toluene (10
mL), Pd cat.:Li cat. (1:4), for 24h, at 60 C.
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Figure 3. '"H-NMR spectra of (a) poly(H4M6), (b) poly(H6M4)
and (c) poly(H8M2).
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Figure 4. IR spectra of (a) poly(HNB), (b) poly(H8M?2), (c) poly
(H6M4) and (d) poly(H4M6).
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Table 5. Polymerization Results of Poly(H8M2) Depen-
ding on Li Cocatalyst Concentration

Composition Ll(r?:(zll//frfo(lj)a t M, M, M,/M, ?,Zl)d
1/1 210000 480000  2.34 29
2/1 190000 440000  2.26 31
3/1 320000 990000  3.13 64
HEM2 4/1 300000 1030000  3.46 68
5/1 320000 1100000  3.47 70
6/1 320000 1100000  3.38 69

Polymerization conditions; HNB+MES-NB (4 mmol), toluene (10
mL), Pd cat./monomer (1/25000), for 24h, at 60 C.
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Figure 5. M, and yield change of Poly(HNB-co-MES-NB)
depending on 1-octene concentration.
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