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ABSTRACT: This paper deals with the synthesis and characterization of novel conjugated
polymers via the polymerization of acetylenic sulphonium salts using various transition metal

catalysts such as MoCl;, WClg, PdCl,,

PtCl,, and RuCl;. The monomers,

propargylsulphonium salts were easily prepared by the simple reaction of dialkylsulfide ard
propargyl bromide and by the ion-exchange reaction of propargylsulphonium bromide using
tetraphenylboron sedium. These monomers were easily polymerized by using above catalysts
to give conjugated polymers with moderate yield. The catalytic activities of W- and Mo-based
catalysts were found to be less effective than those of PdCl,, PtCl,, and RuCl;. The chemical
structures of the resulting polymers are characterized to have conjugated polymer backbone

system. The resulting polymers were brown and black powders, and mostly insoluble in com-

mon organic solvents.

Keywords: conjugated polymer, propargyl derivative, sulphonium salts, ion-exchange reaction,

transition metal catalysts.
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T2 T FH|FEHE sk ¥
£ 2ol o 7177t Aot AR s Fov FAAIE
MRS Bl 9§ Hog sbg gol o|gHx
ole= wolh!? ExMe  dialdehydes} diamined
23124 #A polyazineo]t} polyazomethineg
Aabe Zo|o,Y® ARe Bledely BEn e 3
¢4 delzae F3gES AV EFEAA e

Eled)olut EFel(98)S wteE Aol U

B Fd9ol2A%e dsln UdA gL nEA
(prepolymer) & A F o]Ag WgAAH FAYo)
2AHS 283 AN E Y= ‘%‘%‘OIE}-” 01

Broll = HEFR QdstAY dopd i stEe
A]—xﬂq] 43} l:ﬂ-t:H _‘g.o] OLE%ZZ] o]q_lllz

RA Fael FAoFARS T nEAE
& Qv s WNHEAE Rol el oy
o) ol§7 Aso] Fhsaie] sehube A F2YA
59 Fo| 5AE wATh A 30447 olF FF
AE olg® mEA wH2l, BFdA, EMI 297,
25, FRAM Sozel $8¢ BE A7)
wsiah] ase) ghohs

offEd ® I FEAE] FHL vy ER
B2l o2 Tk A Al el ojaiA Fkge] 3
Hol ¥y Y7z uEAE 4 T + s
FEol Aot opEA freAEe Fide €, 9

o2 (o

uhAbA ZA} (radiation), o] 7| A1A] Sl o)l &
ol *15519\10‘4 el B¢ 2grle %M]Z“H
2 A3 w& ARk FRA L doiAA] ¢, Ad
gy Alg2Eete]n (cycl ommers)ﬂ -ri
3= ek

19743 d£29] Masuda Fo 93l AF74] F
2 cycloolefin®] metathesisZ gl A}&-E]o]& Bl A
o 2 Bejudd Zo)r) sidoldERle] Fgl vl
< FFEolats Ao BE ALY B A3y 5L
oleidl Hadl ¥ EdHdlA Fu)E AR OY E
o] FX g o dd FEAe T Yzl &
=9 melstE el de dde] dFEAE ¥
u} o] c} 20-24

o] 22 3= oNEH A S TR HI
de AFAA, (i) - ZA ¢33 propiolic

Eo A22¥ A1z 19983 14

al

o

59 38& ¥ FATE DEAY 4

salte] A3} (solid-state polymerization),® (i)
poly(6-bromo-1-hexyne) 2] 4zl 3lutao o5 &

44 E2]l (polyene) at¥-a 4% (i ) ol el
2|9 (ethynylpyridine) & 2% AxA &7}
RgAIZl o 24 ol "Rl #43E T3 XEE
olgA EelopdEde] FY To o] LA

olgg AFAEL o] 24T FATFZE FAld 7}
A glenz ol g AAMERES T 7Hd F
Ae ARE o) &HAY, duA AL ], B
A, g8t Sozo] $8o] gt

FHo & 9473 T2 o4& T monopro-

Z—] O] -:L_x_iu}] =

pargyl ¥ dipropargyl §=4 &2
A B3 B3 A2 ol T iR W
o] Aol BE the] =Fo] wEE vl Jrp.B
EE FUALE Xt o] A TR propargyl-
dimethylsulphonium bromideZ 34 sl o]} &
A ALE FPA ] 5 B ATAAE B
3 b ok 2 ApgMe FUAE el o)
& nEAFAe] d3e g propargyl bromides}
dimethylsulfide Z.& tetrahydrothiophenes}o] wt
g B39 2% Z2ad €XF Bavll=g §
"83}1 HEHE gAd A o] &7} NaBPh,o] o] 2n %
HF2-8 53te] Br th4lel bulkyd BFh, o} 23
H U] 2% dAE FAE, Ari A
SE5FUE AHSE ol FHAFTE AT,
3 =

aEAEe] TR 54

_CLrHﬂ_

o oy

'

ngk

A 8. T2 1b7 B Fulo]l = (propargyl bromide,
Aldrich Chemicals, 80wt%2 EFd L=
CaH,2 7AZ3% ¥ deFFild Algsia dds
gto] = (methyl sulfide, Aldrich Chemicals, 98%)
¢} HEzZIS| == €9 (tetrahydrothiophene, Al
drich Chemicals, 99% )& A 8% %31 IhE A}
£3l9 e} o]2mgt Whgo Ag-d= NaBPh, (Al
drich Chemicals, 99.5+ %, A. C. S. reagent) 9
Al a2 ARE-E T

A E Ztes oML DA S0 F3l AMEE
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Zu) = PdCl,, PtCl,, RuCly, WCls, MoCls Solm
Aldrich Chemicals AFZRE 743 IHZ AlL-3}
aith. (PhyP),PdCle &8l ve} e el w
gt gAstAch a3 g4 2 FE AHeE &0l
= CaH,, MgS0, 59 AzAE AMg3l SFAIY
Fo BEERaT-

2 A Aae B gEdes 2¥9EY (H- 9
BC_NMR)& BrukerAle] AM-200 Spectrometer
2 olgsted ZAsPon &H o]F (chemical
shift) & TMS (tetramethylsilane) & WHEEE3
23t} ppmed= 71 F AT

FT-IRA #HlE¥& BrukerAle] EQUINOX 55
spectrometer2 o] &3l Al
de 9E ¥ s, UV/VIS 2dEeyge
ShimadzuAle] UV-3100S spectrometer& ©]£-8}
of THFguo] 5o ZAsich. At Az €
ABAMe 240C elemental analyzerg& ARE-3le
sl 9EAe DuPontAle] TGA 99003
MettlerAte] TA72E A3t on AAESY] 3t
A 10 C/ming $e&5E EAIATH IR R
o] X-4 3HRAL Wahruse] H#d siuzts 3%
3l Rigakuile] Geigerflex X-ray diffractometer&
AbgEled B 479 FAGER FET

CHH 8. 2 AN oE o] okEd
ger So) e ol e Wl oAl o] F
o} At} (Scheme 1).

Zzu7 HBzulel=st Eujojzo] W F3o]
©3gtEe] ey A ghkgo] oM A&AME 4
A whgo] Walwlo] Yak= v I3 Me 34
g & glolon ok 9 FAe Belgjety 4
o NAsY) et FAo] AR F & AH

rlo

N
=

= op M
W %

Cllglz2azlexs B2010|= (Dimethyipropargy!
sulphonium bromide, DPSB): 250 mL.9} 1+ Zg}
230 50mLe] CHLNE $stn =23 2=
ulo]= (14.28 g, 0.12 mol) 8} Yrdeso]= (6.2 g,
0.1 mol) & B71a 5 A0 A& FFAZHT 10
o E FRE el 2ua dojgirt Ar)y] Al#E
At} o] ML EFEL 24A17 T AL AR
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Scheme 1. Preparation of monomers.

o} vhegtg o) nuh3-E& AAsK] flsted of
20mLe] CH,CNE #7138 ¥ felZeE A3t
st o golel2R 23] Al Hagch o) FA €
Mo A BE 40 C AT LBNAM 5AZE o] A=
3 & oogbg/dEz F4u) (FuE 2 DHE A2
Asld 15.3 g (0.0845 mol, & 1 84.5%, mp : 92
€)el 3Me] DPSBE sttt

TH-NMR (8, ppm) : 3.85 (=C-H), 4.05 (-CHa),
4.33 (-CHy-).

3C-NMR (3, ppm) : 21.6, 25.2, 73.1, 80.4.

FT-IR (wavenumbers, cem™) ;2116 (C=0),
3188 (=C-H).

Clogl=2udeTs HE2H 20| (Dimethy!-
propargylsulphonium - tetraphenylborate, DPSTB) :
500 mLo] 17 Zek23el] 100 mLe| g =<l
9.06 ge] DPSB(0.05mol)E 4¥& ¥+ 17.8 g&
NaBPh, (0.052 mol) & 150 mL2} wgrge] 5l &
g AMAE] Hrtslgch F wkgEe] PFahe w3t
Fgale] AABo] A7)y AFEHTh oM of 2
A7t &A1 7 &, FAAHE (precipitant) & glass fil-
ter& AMgEA A2n FHFe} dEER £3 Al
H3 Az £ AZ2P3A0 18.92g[10.045
mmol, vield 1 90%, mp : 181 C (decompose) 19
e UnEzasiieyy HEMHESRYIEE
/st

'H-NMR (3, ppm) : 2.76 (-CH,-), 2.85 (-CH,),
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3.88 (=C-H), 6.83-7.28 (aromatic =C-H).

BC-NMR (4, ppm) : 27.2, 31.1, 84.4, 86.0, 121.5,
125.3, 135.6.

FT-IR (wavenumbers,
3285 (=C-H).

ZRUZHER}S S RE|IQEHHE ¥ E BE0jo|=
{Propargyltetrahydrothiophenylsulphonium bromide,
PTTSB): A @Al PTTSBe 3ws) ety
<l DPSBe] @A4ngolA @717 vhe-2o] tlueds
gel=ofjA  HlEa}s| =2 E 23 (tetrahydro  thio-
phene) 0 2 viFl Hg AgslaE= $Lsad). A7
AT Fo 82 754% (mp:84-86 C) ¥oy
e ZY oz oy Hr}.

'H-NMR (8, ppm) :2.2(-CH,), 3.24-3.75
(-CH,-S-), 3.87 (=C-H), 4.44-4.65 (-CH,-C=QC).

C-NMR (8, ppm) : 28.4, 31.0, 43.4, 73.0, 80.1.

FT-IR (wavenumbers, em™) ;2120 (C=C),
3240 (=C-H).

EZ2UZHEZS| ZREIQUEEZE HE2HY
HJo|E (Propargyltetrahydrothiophenylsulphonium
tetraphenylborate, PTTSTB): ul¥ls] ©akx ol uj
T & AWNE e oA opEA Tael
PTTSTB 94 T4 9=k¢) DPSTBe] #Axt
Zol A vghe guldlAd Baolols olen HE
gt d B o] E o] (BPh, )9] o]&img weg
A BMel dA g FAEAT AEY Fo g
< 84.3% (mp : 183-184 C)HPom AA) Ao A
oz dojh

'H-NMR (8, ppm) : 2.14 (-CH,-), 3.37 (-CH,-
S-), 3.52 (=C-H), 4.25 (-CH,-C=C(), 6.79-7.24
(aromatic =C-H).

3C-NMR (4, ppm) : 27.8, 46.1, 84.1, 86.1, 121.5,
125.2, 135.5.

FT-IR (wavenumbers, cm™) : 2142 (C=C),
3215 (=C-H).

SEUNY. Zoio] F0] € 2 A L Fx B
71 3tellA 83t} PdCl, PtCl,, @ RuCl,
Fojdd AeE dPE ALE97] A Euyug s
FAE 2ot FErerldl A Fdsich. v
A F7IFe a9 FEA o R W,
MoCl;¢} 22 o]%x|$uh-e Zu] (metathesis cata-

') 12140 (C=0),

off

=2 A22d A1s 19984 19

=L

59 FUE Y 3ATE A A

i

lyst)= AREd9 w2} ZgH4o (chlorobenzene) ol
0.05M E= 0.1 M2} 558 343 § FA|E o]
go} FRlBdoh e LHbE9l o= thea} P},

PdCl.oll 28t DPSBe| gt 25 mL&-3e] w88
7] (ampule)d] DPSB 0.5 g (2.76 mmol), PdCl,
(16.31 mg, 0.092mmol), 2 Zg4u DMF (5.02
mL, [M],=05M)& o] &Mz B9ty Jai
712 vHEE oF 40 CoAlM 1417 W8 & 90 ¢
A 24A17F whg ATk @93 F 10mLel of
BES THETI6 Fristam 85417 T wjee) o
goll2d FHAAZATh 1242 A3 & stelere 4
S AAES RETHE AMSA AE $ 40 C
o] JFeBoA Pz

MoCl; of </t DPSTBS| Z8}: 25 mL. &eko] wt
%7]0'{1 @Al DPSTB 0.5 g (1.189 mmol) o

ojl Fz=wlAl (1.88mL, [M],=0.5M)&
04 AAES7IZ vl 40 C QEAA 14
FA S %, 0.1 Mo MoCly Zwj (Zzaw

l{ 039 mL, 0.0396 mmol) & FAl7|2 =9
90 C 2B A 24417} HhSA) AT u}—g—%g

OmL2} olghg-g F3E47]d Hrtstd $FA
i ko] ool g2 A A A l*lﬁ Ax}
T vhejeke dede IAES fWUEE A1gE A
AL F 40 Cof AFe AN Azl

2 & o
o>-°.‘—°¥°

= W op

I e o o
S

E=EL - ]

(2]

T B AT 4% ol DAE vy A
olFEFZME Al Feuke AR eH, olue F
#7% (polymerization behaviors)& #28}gict.
Scheme 29 & Z3urg-o e s Vel

I

Catalyst |
—._.__)___5 —e(l_,‘—_—c.a_
CH,
X

HC==Cai,X
n

( X=  §'Br, TBI’h‘
at,

\/:’ Br. SO Dehy )

Scheme 2. Polymerization of propargylsulphonium
monomers.
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Table 1. Polymerization of DPSB by PdCl,.
PtClz, and RuCl3 Catalystsa®

Table 2. Polymerization of DPSB by Mo- and W-
Based Catalyst Systems®

M/C . lymer yield catalyst system®  M/C* ¢ polymer yield
exp-No_ catalyst (mole ratio)[M]" salvent 7 (%) ’ e (mole ratio)  (mole ratio) M, (%)
1 PdCl, 30 05 DMF 51 1 MoCl; 30 10 0
2 PdCl, 50 05 DMF 42 2 MoCls-PhSn(l:1) 30 1.0 0
3 Pdcl, 100 05 DMF 17 3 MoCls-EtAICL(1:2) 30 1.0 19
4 PdCl, 30 05 DMSO 62 4 MoCl-EtAlCI,(1:2) 50 1.0 12
5 PdCl, 30 05 Pyridine 49 5 MoCl-EtAICI(1:2) 30 05 7
6 PdCl, 30 05 HCOH 44 6 WClg 30 1.0 0
7 PdCl, 30 05 Nitrobenzene 45 7 WClg-Ph,Sn(1:1) 30 1.0 0
8 (PhyP),PdCl, 30 05  DMF 40 8  WClg-Et;Al(1:2) 30 1.0 7
9 PtCl, 30 05  DMF 36 9  WCl-ELAICKL:2) 30 1.0 10
10 RuCl, 30 05 DMF 37 10 WCI-EtAICL(1:2) 30 10 21

¢ Polymerization was carried out at 90 °C for 24 hrs, * Monomer
to catalyst mole ratio, © Initial monomer concentration (M).

Table 1& 7} 7 sl DPSBE PdCl,,
PtCly, RuClye}t 2 Zofjol] oJair 23471 A g
vehd el o @ = PdCl,, PtCl,, RuCl;2}
22 Zao] oA FFekgo] vlwd F A=
Aoz gegon 1 Firgs FRUY 274

wel A 17%d9A A1 62% Bl e Byt
Zullo] g derge] Bu) (M/C)7t & #$ (Exp.
No. 3) Z3,go] A3 oy}l B =39 &

W EE 4HEEy] Ysld DMFe] DMSO, 32|
d, 222, yEZHAS A12-3lg =, DMSO A
FHAHE A F80] 62%=2 7HF A Jehgo
o, ve|z]e] HeE 44%M 51% 7R E v @
LIS LTE}Q*}"‘ BojZ3dch. PhPo] Zelgae
(Ph3P),PdCl, & AMSIAM F8AAE 3% PdCL,
S AHNE ARtk 39480 o1t "olx
g2 Btk Table 18 Y3t w2275} A
i & PtCl,, RuCl2 vi#o] #3417 2das #
Aatd e, dAHoz FHRagol PACl, Fus
ALE3H AerT) okt st
Table 2 Hlo| &4 oldEdl FEA4¢ #doly
E‘%*_ B2 dEdEleH* 2 tzaad SuAE
B 2ol oS mHHo|NY Haw B Eejnw
A ZulE AME-g DPSBe] @232 Jehd Ao
o} o] Zojo] FAEE £ FHAA e Hojxl=
Ro 2 vepston, MoCl; %8 WCl; Sufrhke A}
e AU 2F0 2 f7154 8¢5 PhSn

x f‘lr r.a re
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? Polymerization was carried out at 90°C for 24hrs in
chlorobenzene, ® Mixture of catalyst and cocatalyst was aged at
30 C for 15 min before use, © Monomer to catalyst mole ratio,
4 Initial monomer concentration (M),

& AHERS 7 ‘—C* FHNE AE A& + Ao
H o) WCIG MoClsell ¢t 2ol oj&x %
(metathesm)ﬂjfolu}“ ANEzey W 33 vE
R A 2% (metathesis polymerization) ol A &3}
Hel ez 2d f71¢FuE 3FHE (organo-
f-‘—%“ﬂi *‘-%i‘l% o]
< FTEFEE AR FENE 42+ U
WCIE AHE3 SolA 77 ‘Q—?‘DIH BgEe] =
Zuj2A 9] e BtAICL, Et,AICL Et;Al &
o]tk olFoiA 7 aAQ EtAICLE MoCls,
WClg oot o] A8 #4242 19% 2 21%
o FE 4 F At
Table 3& PdCl,, PtCl,, RuCl; &1} systemod]
o FeNAM o] we FFAARE FAIT A
oith. A¥ix) T DPSBe] Brool2-g & 23]
3 BPh,”2 X871 $95 dakx) DPSTBe) %
FrEE 36%=2 ATk AWs g
PTTSBE PdCLz A1zl 23} 43%9)
FEAE 4T+ 9olen, o] Dekqeo] Brooje
& 2 #7180 BPh, olo2 AN YA o
@4 PTTSTBe| 33582 27% 2 vehdrh Bro
o] o] x&E opddl ¢ty o] HFggol 2
2] §7]Q1 BPh, o] 20] 2% dekHT 2354%
o] tha ¥& Z& YA A g3, Broso} BPh,”
9] coordination strengthdl| 41 2] x}o] S-9] oF 3k

aluminium compounds)&

Polymer(Korea) Vol 22, No. 1, January 1998



Aol F 420

i}

Table 3. Polymerization of Propargylsulphonium
Monomers by PdCl,, PtCl,, and RuCl,*

M/C? M, polymer yield(%)
(mole ratio)

€Xp. no monomer

H,
Lo

| nesconye 30 05 51 36 37
CHy
o

2 s 15 025 36 35 31
™

nemaoes( ) w30 05 43 33 35

* Polymerization was carried out at 900 °C for 24 hours in DMF,
4 Monomer to catalyst mole ratio, ¢ Initial monomer concentra-
tion (M),

Table 4. Polymerization of Propargylsulphonium
Monomers by Mo- and W-Based Catalyst Syetem*”

exp. M/Ct M. Polymer yield(%)
TOROMEN (mole ratio)° MoCly-EtAICl, WCl,-EtAIC],

H,
L.

1 o= 0 05 19 21
H,
aty

2 we=coud e 15 025 31 40
&, :

3 H(,Ecm,so s 30 05 13 15

fuomcnis) o 15 025 23 27

“ Polymerization was carried out at 900 C for 24 hours in
chlorobenzene, *Monomer to catalyst mole ratio, ¢ Initial mono-
mer concentration (M).

o3t Ao g AT}

Table 4+= MoCls-EtAICl, 2@ WCl,-EtAIC], &
WAE AR FHOIA dEk o e 23AnE U
ehd Zojth, dwrd oz Fi4ge PACl, PtCl,,
4 RuCliE AF8e A91Hr} i "oz Ao
E yehdedl, olzle £ gade] Exrzge) &
EF F&o] MoCl; 2 WClg Zujjo] Zuj5218-¢
37l oz EAHE,

MoCls-EtAICL, &FuiAlE A28 A= ¥ %
g o]&e] Brr¢l A$ BT} BPh, 9 #ALs} o
=2 FEUTFEE HAG I olfE 2 I
BPh,~7} aatdez 2z Emzﬂ«l ol24dg Ay
(shielding)#} F7] 2oz ma=ch U
Heldex g g3 @580 HES

lo

(=}
=

oz
=2

Fol{ A229 Als 19984 14

A% Z297 3y ST

PdCIQ Ptclg RUC]3

150 100 50 0
& (ppm)
Figure 1. '’C-magic angle spinning-cross polarization
NMR spectrum of poly(DPSB) [5-s repetition time,
3.5-ms cross polarization mixing time, 8-W decoupler
power, and 3.8-KHz spinning].

LildeXaA d3Ae FE5ren
2 Yepgte).

FTUT d_AE WCI-ELAIC], ZuAlz 284
A d& ABE MoCly -EtAICl, ZujAl2 23A)A

A 2} vins 2 o, 2 2R = ¥l
7 5S4 7 AU @A 28580 MoCls-
EtAICL ZuAE A143 ZSET) ot 27}

TEX FXEE ATGN FHE 439 Fopz

o & Zle

TEAES tRRe) guld %A gol gy
243e B4 2PEYe 9 & ﬁﬁq EER
HERE) 17 e fama,

N
o,
-4
PN
S
o
o

a4 C-NMR, IR, 2 23 == Buo UV/VIS
ASIJ]E%LQ_ zx—]g}cﬁq

Poly(DPSB)¢] d4a¥d AnNE tgn 2o
olgFoz AN gha) o) HlmY T YT ¢
T Atk

(CHgSBr) ol 7} flaol o gt RAMES A4
:C,33.16% ; H, 5.01% ; S, 17.71% ; Br, 44.12%.
M2 1 C,32.85; H, 4.90% ; S, 17.10% ; Br,
43.50%.

Fig. 1& PdCl, &vj& AMgsiA 48 poly
(DPSB)¢] 174 BC-NMR A#E#S Uekd 7ol
t}. 38} o]% (chemical shift) 133 ppm o]
Aol 2 sojat AR FH9 o] FAY B
A #Zse ol ¥ F Yol 2o AHI wE
(CHs-) & oldall (-CHp) 9 84 wlo)ziy) zvz}
15-60 ppm Afolol 4 broadah] #as|ich.
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Transmittance (%)
C \
—a

4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm™?)

Figure 2. FT-IR spectra of poly(DPSB) [A], poly
(PTTSB) [B], poly(DPSTB) [C], and poly(PTTSTB)
[D] in KBr pellet.

Fig. 2+ 4% =29 £¥XF 3822y &
& TEzty] RUARE KBr "yoez o1& ¥
=4 & FT-IR AsEdolt). 18xte) R Aved
a9 T A BAEAE 3250em™ £29)
A9l ot Edlel =C-H A&u]e} 2116~2142 cm™
oAl BEHAE ol HAe C=C U &
23le B4 molag Holx] = gal 1590~
1640 cm™ F2o|A A 2e vo|zrt BEE T Qe
gl ojzlo] FHFx n¥2L F49 C=C Az
710% Holth. HEHAYEHEE counter ion
o2 zt= poly(DPSTB) ¢} poly(PTTSTB).J IR
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