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Abstract . The monomer, 1,2-diethynylbenzene, was prepared by the reaction of 1,2-bis(trimethylsilyl
ethynyl) benzene with KF, and homopolymerization and copolymerization with diethyldipropargy! ma-
lonate were carried out by various metathesis catalyst systems such as WCls- and MoCls-based cataly-
sts associated with organo-aluminum and tin compounds. It was generally observed that the MoCls-
based catalysts were more effective for both the homopolymerization and copolymerization, and poly-
mer yields increased with increasing initial concentration of the monomer and mole ratios of the cata-
lyst to the monomer. The resulting dark red homopolymer, poly(1,2-diethynylbenzene), is hardly so-
luble in common organic solvents such as chloroform and tetrahydrofuran, whereas the violet copoly-
mers which have number average molecular weight of ca. 3X 10" are soluble in those solvents. The
structure of the copolymers was identified by NMR and IR spectroscopies. From the spectral and so-
lubility data, it is proposed that the copolymer structure is a cyclized form with conjugation. Homopol-
ymer and copolymer(1 : 1) are thermally stable up to 230C and 320C, respectively and conductivities

of the I-doped polymers at room temperature were found to be about 10°S/cm.
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Al ¢, 1,2-Dibromobenzene(Aldrich Chemi-
cals) & 7MYt ZH(95~97C/10 mmHg) 8ty A}&-3}
¢ © v (trimethylsilyl)acetylene(CH=CSiMe;),
copper iodide(Cul), bis(triphenylphosphine)pal-
ladium chloride(PdCl,(PPhy),), potassium fluo-
ride(KF) (Aldrich Chemicals)+ A A {lo] AH&-314
t}. Diethyldipropargyl malonate= @2} ¥Hhid)
2 At AFEs(mp 45C) 415 tungsten
(VD) chloride$} molybdenum(V) chloride(sx 99
%o}4) 12]3 organotin ¥ aluminum 3}§HE-(Al-
drich Chemicals) & 1tz AMR-stg}l. 71gF %
gl whe-grje CaHyub MgSO,2 Az ¥ £
Z5te] AMg-Etgt.

7] 7). FT-NMR& Brucker AM300 spectro-
meter (internal standard ; TMS)E AM&319on
29 B3}r]2= Bomem MB-100 spectrophoto-
meter(KBr pellet)E 12)11 UV/VIS spectrophoto-
meter= Shimadzu UV-3100SEd-g o] &34t
QA 7]17](TGA) 2+ Du Pont 951-¢ 18|31 ¥}
2 9 BRI E WatersAtel GPC-150C 248
Abgataet. Alxd TEA] FEXE AndoAhe]
AG-4303 LCR meterE A43}o 4TxpHoa =4
3.

chaFale] $4. Scheme o} ka2l DEB2| &
A 7A2& Yeplddh

1,2-Bis(trimethylsilylethynyl) benzene (BTM-
SEB)2) 4.6 24 297014 300mlg] piperi-
dineol]l 1, 2-dibromobenzene 23.6 g(0.1 mol) 3}
PdCL,(PPhy), 1.4 g(2.0 mmol) % Cul 0,19 g(1.0

PdC14PPhg), / Cul

+ =—S§iMe; ——————
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BTMSEB DEB
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Aolg%E Znlo] 93 Poly(1, 2-diethynylbenzene) &l &4 2 S4A+

mmol) & ¥l Z mrkehEA CH=CSiMe; 29.5¢
(0.3mol) & A3 H7beld 60CAA 4A17HESH
HHgAIZIT), Hhgo] Bu gt SuiE TR
3 AAG 5 400mle} WAoo R 223 F O &

g9l 5% DAL AN S& 1 85%, FEA !
49~50C). 'H-NMR(CDCly) : & 0.3(s, 6H),
7.3~7.5(q, 4H).

DEB<) #A41.'7 BTMSEB 14 g(52 mmol), KF 4,
53 g(78 mmol) % 4 ml¢} H,0& 150 ml®] DMFoj
W 4AIZEESE Aol A mmksiy whgAlZIch, Wb
o] U uh3-2o88 100 g0 B&Eo) il o] &
CH,Cl, 200 ml& 23]o) A% &3 & 54 MgSO,
2 28 AAT | 2Austols SF3tH 6.3g9 ¥
Aol HAE Zte BEo] dAWHEE I 97%,
b.p. 33~35C/0.5 torr). 'H-NMR(CDCI,) :
8 3.3(s, 2H), 7.3~7.5(q, 4H).

DEDPMe] 4.1 yeg 34 12.6g(0.55
mol) S 200 mle] F-ollgh-&o Yol sodium etho-
xideE THE the o] £A9 diethyl malonate 40 g
(0.25mol)-& A7 kA 71t} ©oF 55-F propargyl bro-
mide 65.5g(0.55 mol) & A4 Z aHks] il gl
E £A%0) M3 H7I ohg 30% Bt R
itk whgo] Eulw 7igtslol M AFE AAG
2o dalg B 33 F3A F Eestd ¥
A} ofelze) 11 S A AR Hde) 2
Aol A K& 79%., X4 45~460),
'H-NMR(CDCly) : & 1.3(t, 6H), 2.1(t, 2H),
3.0(d, 4H), 4.3(q, 4H).
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Table 1. Polymerization of DEB with Various Transi-
tion Metal Catalysts®

¥4 - 444

Table 2. Solvent Effects on Polymerization of DEB by
MoCls Catalyst*

Polym. Polym.
Expt. Catalyst system [M,]° (?ym Expt. [(M,]° . . Y .
o (mol tio) (mol/l) M/Ce yield® Solvents (mol/l) M/C yield*
€ ratu mo: n m
(%) ¢ (%)
1 MoCl; 0.5 50 87 1 Chlorobenzene 0.5 50 87
2 MoCls 1.0 50 92 2 Chlorobenzene 0.5 25 93
3 MoCls 0.5 25 93 3 Chlorobenzene 1.0 50 92
4 WClg 0.5 50 91 4 Toluene 0.5 50 82
5 WClg 1.0 50 95 5 Chloroform 0.5 50 85
6 MoCly/EtAICI, 05 50 97 6 THF 0.5 50 trace
a:9 7 1,4-Dioxane 0.5 50 trace
7  MoCls/(n-Bu)sSn 05 50 86 8 DMF 05 50 trace
a:4) a . Polymerization was carried out at 60C for 24 hr.
8 WCle/EtAICI, 0.5 50 90 b : Initial monomer concentration.
(1 . 4) ¢ : Monomer to catalyst mole ratio.
9 WCly/(n-Bu){Sn 05 50 82 d : Methanol-insoluble polymer.
1:4)
a : Polymerization was carried out at 60C for 24 hr in chloroben- 10
zene. ! —*
b : Initial monomer concentration. o Y i
¢ : Monomer to catalyst mole ratio. £ 094
d : Methanol-insoluble polymer. g
E
g 08+
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Fig. 1. IR spectrum of PDEB.

Sololl {4 = nRae G A lck ' Table 3
oA B 4 gl5o] 20% 2] DEDPM& Al&-3lein

FHAE YNrR7I8, dEEW FRRIE,
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By FEgAE fuf M=ol o3 g3t 7}
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Aol & Zujo] 91 Poly(l, 2-diethynylbenzene) 8] §4 2L EAIF

Table 3. Copolymerization of DEB with DEDPM by
MoCls Catalyst®

Expt. DEB/DEDPM Mn  Mw Py ‘l’le’]';"
3 -4
no (mole ratio) (X10%)° (X10% %)
1 4:1 2.3 6.1 83
2 2.1 2.5 6.3 86
3 1:1 2.6 5.6 87
4 1:2 3.2 58 92

a . Polymerization was carried out at 60°C for 24 hr in chloroben-
zene. Initial monomer concentration and monomer to catalyst
mole ratio were 0.5 and 50, respectively.

b : Values were obtained by GPC analysis with polystyrene stan-
dard calibration.

¢ . Methanol-insoluble polymer.

f T T LI T T T T
8

9 7 6 5 4 3 2 1 0
Chemical Shitt (ppm)

Fig. 2. 'H-NMR spectrum of PDEB-co-PDEDPM
1:1).
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A g4 peakEo] AbeHA| Il 120 ppmt 140 ppmof| A
olF A%t ¥tA peakEo| YERyth IR E4
(Fig. oMz opa7ix & gakAdo) A Jehbd of
Agdl 44:9) stretching vibrationo] }3F 3300 cm™
2 2150 cm oMo} AF AR FFWET} AletA]
311600 cm™ A o)A 2] o] F A 23 Fwe
7} Belch, 3 S22 X 59 53 F5EH 9 UV-
VIS spectrum(Fig. 4)dlME FdolZdg el A
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Fig. 3. IR spectrum of PDEB-co-PDEDPM(1 : 1).
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Fig. 4. UV-VIS spectrum of PDEB-co-PDEDPM
(1:1).

5 2A-&o] 350~650 nm(A,, =460 nm)ol 2. g7t
F FT MEE B3 ¥ £ e olAe FYo]
ZAZ non* Aol oF Aoz Bk 2 o
o B 9 BAMAAR H|Fo] B o YNE FF
Al o] T2 7tart dojulx] @3l Scheme No)) A
B ube} o] g3} ukd-o] Yojnk 524y 3 64
ol +28 A Ze Aoz Ayztdd.

FH, THAY 93 4EFE Do) Y3t &
4 A< PDEB9 DEDPMat 1:1 33§ 9)
d&4(TGA) 2= Fig. 59 Yeluiict, 24 &
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on il 1:1 FFEA A9e dSFTAQY
PDEB Ht} "2 Qg Ao] wol 320C o] Fojjof
B4 FANLEE ARtk 3 ol FEAE
& FHIFARNS 21 UY] o] dsste &
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A 25 10%S/cmA o) e Vel
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Fig. 5. TGA thermograms of PDEB[A] and PDEB-co-
PDEDPM(1 : 1)[B].

4 &

DEBi= BTMSEBS} KFE vk A)1A #2301
olE o WEMHAIA FHulE ALgsle] GdFF ¢
DEDPM#} F3 171 Az} MoCly/EtAICL, ZujjA]
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