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ABSTRACT: This paper deals with the synthesis of poly(propargyl trimethylammonium
tetraphenylborate) having a highly bulky substituent, methylene trimethylammonium
tetraphenylborate on the acetylene carbon, and its characterization. The polymerizations of
propargyl trimethylammonium tetraphenylborate using transition metal catalysts including
PdCl,, PtCl,, RuCl;, etc. were proceeded well to give a relatively high yields of polymer (67~
99%). The resulting polymers were mostly insoluble in common organic solvents, and separat-
ed as a brown and black solids. Instrumental analyses on the polymer structure suggested that
the resulting polymer had a conjugated polymer backbone with the methylene
trimethylammonium tetraphenylborate substituent. X-ray diffraction analysis revealed that
the polymer is amorphous.

Keywords: conjugated polymer, polyelectrolyte, transition metal catalyst, morphology.
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oEA & I KA EY T Uo]2 (cation-
ic), €9|& (anionic), f71¥<% &v (organometal-
lic catalysts) 5 Thst 7)A] systemo) 2J&A A
Py ol§ Fild TEA F4 (polymer main
chain)d| F%0]Z2A% (conjugated double bond)
& 2 DREA} G A 40zt ol "
A REAEY] FHE 5 FHnEA G
7 Al Bt FESiEA A7He i ol
IEAEE DER FHe FHo|FAY systemo
71908k them e £4e zZn ok’ (i) @7
A=A (electrical conductivity), (ii) AH4A (par-
amagnetism), (ii) x| olF=a A (mgra-
tion and transfer of energy),' (iv) A (color), ¥
(v) 3t 2 AEFH Y54 (chemical reactiv-
ity and complex formation ability).

Ziegler-Natta Zufje] d&<21 Ti(0-Bu),/Et;Al
of ojsle] WEAele] ZelopdEdo] FAH ol
ol & o] &3 ugz vidiEy fHYHR] T FE=E
AMgE7] A% A7 AU 19873 BASF
9] Naarmann 52 F&¢ o Arjdzryt}
o7t @ AZHER (F 147000 Qlem) & Ho]
WA F7]433t 27AsAM FFED ARG FelotE
A "o AxES BFIQALOT

ey ERjopdA e frlgud &840 &
Vsl didoz Ee ©e] vk A
ANAEE A= tha Doy etz f7]18vlel &
dlaled 7hgo] golg A& e EelopdEA
FxAe 4 2 O B B ATt ks 3
g=o] gtk o] 3 FIAEL 7% 7] (function-
al groups)®] FHol weh A7)AeA 714 L oA
Ao AR, AL B84, 27 AR,
2 ujd Y FAEAE T T3 EHS HAth

A 7IA] Ze g FEAE FolA 53] Hol
AGE TEAE A3|7 HdQ Zelado A
ojm o] Y= Ao RE EF9 FIMAA o
A Fg=At E3] W (CO)e-CCl-hy £ Mo
(CO)e-CCly-hy systemS AME-RE 3¢ Ao A%
Hel £&2 ExFo] 105k 7i7te nExrt &4

HYTh? A1 e Felddob g v)ahe
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A o FAA e ¥ T Ue |FEEH 2
Aol YA Helo] wehM 4712 Fele) o] E
A (trans-transoidal, trans-cisoidal, cis-cisoidal,
cis-transoidal) 7} &xj& £ Jed, A" Fo)
system} §h-g zAd| weia gehdoh?

HdoEd ool A7 Wby oHER HHPER
&  B-naphthylacetylene,? 9-ethynylanthracene,??
p-methoxyphenylacetylene®® o] glom Wty 3
Hzie X87|2E  2-thienyl? 2-furyl” 2(4)-
pyridyl,?% ferrocenyl® S-of glth.

H 8z} zA o o] 24 KE (ionic molety)
& 7HHo g 31EA A& (polymer electrolyte)
2 AHE § e ol FYYE &R (conju
gated ionic polymers)y &z A7t A AT
(electrical conductivity) @ o] &A% (ionic con-
ductivity) BAE& BAjd Bol=w o83 A &
B (self-doped) FAFZ= o] BF A7} ¥
ol @ds] APHACE? 1 ol F A o7} counter
Soj2o 2 Br, BPh,”, CF;S0,” 55 #+= poly
(dialkyldipropargyl amine) &%=ao]t}. 3 o2]3l
o] A FAHAFLE nEAES WA, duiA HFE
B3], 9 Endeu Sog Abgd 5 rh”

2 AFdME o]2A FdTE nE g4 o
oz uj$ & x37| £, methylene trimethylam-
monium tetraphenylborate& 2= w@aEd9l pro-
pargyl trimethylammonium tetraphenylborate
(PTTYE st A7 Holgk JFE A&
8} o]2] 2§ % (polymerization behaviors) A
A 2R poly(PTT)e] Txe} HAo A
A3t

N
a4 #

i £ (Materials). Propargyl bromide (Aldrich
Chemicals, 80 wt% toluene solution)& CaH,2
Az3 T ZEI AMSIQYTE. Trimethylamine
(Fluka, 30 wt% ojek2 £9)3} tetraphenylboron
sodium (NaBPh,, Aldrich Chemicals, 99.5+ %)
& ¥xo] AAgle)l U2 At FEEu
PdCl,, PtCl,, @ RuCl; (Aldrich Chemicals) 94|
ad 2 AR ST (PhyP)PdCLE 234 e ¥
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el Wed AR v % FHE gole B
28 Fo R A1gaK0.

Propargyl Trimethylammonium Bromide €A,
200 mLe] ethyl etherZ ¥331 ZglAzd)
trimethylamine (8.28 g, 0.14 mol)& Y% & %
FA)17 T}t o719 propargyl bromide (29 g, 0.168
mol)E 100 mLe] ethyl etherdl] £33 & o] &
£ trimethylamine & Hr1sldch. vlg Mo
A E (precipitant) o] A717] Al ZsAedl A2l
A efF 6A17F A% B7E F glass sintered filter&
RSB AR o] Wiale] HHEE S E A
&AM 23] AT (5 73%).

'H-NMR.($, ppm) : 2.99(-CHj;, 9H),

3.16(=C-H, 1H), 4.12(-CH,-, 2H).
BC-NMR (8, ppm) : 72.8, 83.2(C=C),

53.8(-CHj3), 57.6(-CH,-).

FT-IR (wavenumbers, cm™!) :

3151(=C-H stretching), 2118(C=C stretching).

Propargyl Trimethylammonium  Tetarphenyl-
borate (PTT) %M. 250 mLe] wWerge ¥33)
1000 mL Ze}~=39) 5g9] propargyl trimethylam-
monium bromide (28.1 mmol) & Yol 9l & oY)
o] 10.27 g¢] NaBPh, (30.0 mmol) & ¢! 200 mL
o] WgE £AE FRAIIHEA HrtslHct F &4
o] e £t vtz #Ho] Fo]l AAHUT
NaBPh, £4& FUHES F ASsM d2dlA 2
Az BFAZ F 0847 Se] Thet ohe @A)
AHEL glass sintered flaskE AlgsiA AEI
Hee2 53 A3 kgl WES A A
(& 85%).

'H-NMR (6, ppm, Fig. 1) : 3.07(-CH,, 9H),
4.01(=C-H, 1H), 4.30(-CH,-, 2H), 6.79, 6.93,
7.18(phenyl, 20H).

BC-NMR.(J, ppm, Fig. 2) : 52.14(-CH,),

55.22 (-CH,-), 72.55, 82.92(C=C),

121.70, 125.45, 135.60(phenyl carbon).

FT-IR(wavenumbers, cm™!, Fig. 3) :

3258( =C-H stretching), 2135(C=C stretching).

Z=3t1d (Polymerization Procedure). &3te] &
Hge AAEY7] A FYsiEet. WA FE
weighing$t ¥ Z880 & X3S AJgTel ¥ &

o

#2/0f A2l A5z 1997d 94

o] $H=E F7H717] Y8k 80 C L2dM 4
AAZE BN F dEAE Bt FHHEAA
. 9y ¥ ks &719 10mLe] DMFE
2718l £ ¥ 18] ethyl etherdld HAAAIZ
t}. 7ielgre nEA}E glass sintered filter& A}
A Az 40 T IFLBAA 1243 o] A%
k1=

PdClL0ll 25t PTTS =%} 7.08 mg (3.99x107°
mol)¢] PdCLE 2.86 mL2 Z#£&u]9l dimethyl
formamide (DMF) & ®§3l1 Us Algdd d3
80 C #A7|EA 20487t HX 3o FujE =<2
% o7ld 0.5g(1.20mmol)Y PTTE H¢slz 2
22 purgingdt ¥ 90 °C oil batho|A 24417 23
AlZct

| 3 &X (Instruments and Measurement).
NMR (‘H- ¢ 'C-) A®EHE Bruker AM-200
spectrometer& AMEEA EASF o™, HEHH o
%= (chemical shifts) & WEEFEZ 2 tetramethyl-
silane (TMS)& A}&-38ted ppm THZ Yepi i)
oA BpAMEeEH (Infrared spectra)s EE3S
2§ (KBr) #Hzlg A|x=3 ¥ Bomem MB-100
spectrometer& Alg-8ta] ZA s Alge EF
2B M (TGA)E DuPont 1090 analyzer& A}4-3}
o 700 T7HA B2 10 Co] 2E45ER AAEY
sllA =g on YaEME 240C elemental
analyzer& AMg-dled £33}, E 2} A B
X-4 HHELML Wahruse] 393 shiztE 33
% Rigaku Geigerflex X-4 SHEM7|& A3l
B 400 FARLE A9

o o 0F

chEk (PTT) 4. o]&4 oHEd HFES
propargyl bromide (PB-
TMA)¥& propargyl bromide$} trimethylamine
(Me;N)2| 234 =ghitgog FAstdct 2 3
g3tz NMR, IR § 247308 AMLSlo E13)
@t 2EA¢l PTTE PB-TMA9] E2ule|= o]
$& NaBPh,9] tetraphenylborate &o]&3}e] o]
£ W3S (lon exchange reaction) 22 3319
o}, chekq) A w2 Scheme 134 2t}

trimethylammonium
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HC=CCHBr ——HC=CCH,N*Me;Br~

Eth

—— HC=CCHN*Me, BPh,
M OH
PTT
Scheme 1. Synthesis of PTT.
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Figure 1. 'H-NMR spectrum of propargyl trimethyl-
ammonium tetraphenylborate in DMSO-d;.

Fig. 1& 3% 9= PTTE DMSO-dgoll 54
=A% 'H-NMR A#EZo|t}. 3.07 ppmolA] Ez]
Heotglol We (CHy)dll #|3sh= peakE HAF
i gew 4.01 ppmolA opEd =C-Hel F
peak%, 4.30 ppmo A WA (-CH,-) 4 peak
g HoFn ¢rh. 18 6.79, 6.93, 718ppm-4
P2 4 FAollM BHEA & #Hdr)e] #
peak& EAF3 glth

Fig. 2= PTT9 ’C-NMR A#EHo|t}, opied
A gkAio] EA peakEo] 7255 @ 82.92 ppmoll A
Yehti olow Egvidolvle) WY (CH;) &4 2
WEd (-CH,-) ©4 peakE& 27 52.14ppm B
55.22 ppmo| A BodF 3 Qo 18)al HEE Hd7)
o B4 peakZo] 121.70, 125.45, 2 135.60 ppm
A el sl

.

)

Fig. 3& §43% PTT4 FT-IR ~®EHL ¥A
& Aot} 3258 cm 'l old = EC H 2z
mE 2135cm oA olHEA C=C AZ0&E &

740
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Figure 2. '*C-NMR spectrum of propargyl trimethyl-

ammonium tetraphenylborate in DMSO-ds.
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Figure 3. FT-IR spectrum of propargyl trimethylam-
monium tetraphenylborate in KBr pellet.

o733 9l

3 3 PTTOH 3t olatel FREM AMZHEH
oA J57]E Zhe o] WYl §AENAE
£ g F Ut

Z ¢ (Polymerization). j$ & X$7S
PTTY 28& o&7A g dolg& &
£35td AT & ¥ T} (Scheme 2).

WCl; € MoClsAl F0iE AN S FE A=
PTT9 chlorobenzene £ Zuj gL FJ&
7S Zujgdol 27| Hg AN Tz WH

P

>
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H
HC=CCH,N*Me; BPh, catalyst Jré _cy
e
*NMe;
~BPh,

Scheme 2. Polymerization of PTT.

A HA deactivation®o] A& FEukgo] APy
=) gkl B ek 7} saltd o]ojA] W- 2 Mo-

A &9 system®] AIER| Zu]E (catalytic poi-

soning) 02 Fget= Aoz weEd. meN B

£9& 1WA P, P, Ru-2zefol=l S
system& AR A A|=3}ich. Table 1S 1 £
235 vehd Aol o]y F o & AHRE A

Foego] ¥g Aolge Ade g diE H
1y 2L FEo FEAVE AAHJU(FETE
67-99%). PdCl,& Zul2 A&l Fuf of TR
¢} £48] (monomer to catalyst mole ratio, M/C)&
25, x7|¥=4] ¥ (initial monomer concentra-
tion, (M]9)& 0.3ME & 2 &L 89%
o, M/CE Z7MHE dde 8580 10%
HE Zasigot. whdd 27)dEA $EE 0.39A
1.074%] %7} (exp.no : 1, 3,4) #& A= 3¢+
&9 2 g3ko] gldlth. DMSOE g4z A&
S BEE A9 AFAQL &9 nEAp} EolFe
o m-cresolg AL AL A 2 FEY F
)7 FAE ATt Pyridine 9 formic acidgE &
geole ALEAE ASE 4G 80%, 5% TE&
Z3A7F A=A v 2ET Y £239 gelg
ZE<) (PPhy),PdCLE FEF W2 AHAE B Fe
7P 2 &9 FEAVE doixen, Pl
RuCl & AR8lA H3A7 9= 42 79%, 84%
F&9 FA 7L QAT A7 S AL
o|# g Zuj systemol| ojsir FEY-Eo] & JaAH
£ olfe & Ao o A Fehadg oAl
gd ukgr|e} x8] Alold] wEd (-CHy-) 717t
A ATy g Eoz g

g £ Z3 90 C oil batholA F&7HAI
3 oF 28o] AnEH zrle FAA Ao
2} dsiy, Ate] M A Hgdel wet wg-&7] st

ol

2|0l A2l A53 1997 99

2y gEZHERGIE)Y 43 1 §A

Table 1. Polymerization of PTT by Transition
Metal Catalysts®

lymer
ct My po
exp. no catalyst system (mole/ratio) [(M])O solvent  yield’
(%)
1 PdCl, 30 0.3 DMF 89
2 PdCl, 50 0.3 DMF 79
3 PdCl, 30 0.5 DMF 85
4 PdCl, 30 1.0 DMF 86
5 PdCl, 30 03  DMSD %9
6 PdCl, 30 03  pyridine 80
7 PdCl, 30 03 m-cresol 95
8 PdCl, 30 03 formicacid 89
9 (PPh,),PdCl, 30 0.3 DMF 67
10 PdCl, 30 0.3 DMF 79
11 RuCl, 30 0.3 DMF 84

¢ Polymerization was carried out at 90 °C oil-bath for 24 hours.
b Monomer to catalyst mole ratio. ¢ Initial monomer concentra-
tion. ¢ Polymer yield (%).

el Ao FAEo P FAld B AF
o] Hry} FrlsteE A Btk FEEe] X
Bgol mat YA E poly(PTT) 7F FAT2E 7HA
T gAskEl 28 A (activated allyl proton)&
ZHA HEd, o|Ae] FPuE F F2 FHUE F
work-updhs el AHERIeke]  7hars} (cross-
linking) ®hgell ojaiAr Z8A49 L&At AAEHE
Aoz FAAT. o AL UYd =2
(monopropargyl)71& Zt= @A Q) propargyl e-
thers,® N-propargylcarbazole,®® propargyl benzene-

sulfonate,” propargylamines® 59| Z@gdME =
At e Fole oY §ddoz Hold
AeMel A&o) HAA| nonsolventq! mEHZe] HA
(precipitation) Al A4l A= AFAZE Fd= o
By frgvld= 54 @ ATE BT
DEX =X (Polymer Structure). A3 18X
7} R fr)gujol gai3tA ] Wil &Y
ez 248 2 9l NMR, UV-visible 29EY
& d& vt glone mgae] TR e
olgrh watd 2 dAPdd §4e LEA [poly
(PTT)]el #2& FT-IR# dad4 PHE AHEst
of 1 FZE BAM/gUsH. Fig. 4= poly

A

(PTT)e] FT-IR 29|=3¢ vehd Rolch &3
o) FT-IR 28 =gdq #2599 oiLd 54
741
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Figure 4. FT-IR spectrum of poly(propargyl trime-
thylammonium tetraphenylborate) in KBr pellet.

peak (Fig. 3 : 2135 cm™!, 3258 cm™!)Eo] #2E %]
oo 1613cm™! B BEdiel IR AMEH9
peak Bt} B 3% peakrt EAH o8 waEEdH,
o] AL A Fad EAshs FAo|FA YT HE
ZHEEEd Ye #HAdrlel C=C Al&u] (stretch-
ing band)e] 7118k Aotk 3392 cm™ FrollA|
BEE =  peake & FEA VL ol olng 9
#8 F work-up HY FTAAN FFE £FY FE
5o 71918 Aotk g uiale] FT-IR 29 EY
& 2945cm™!, 3017 cmloll A} ZbZt A WHE A w3
% C-H A&5ud| 8|53l peak & HAFIL &’lt}

Table 2= 43 nExte] Y4aEA AR E
ehd Aotk BMAAXNE oJ2H oz A éb/}
As ARWE L F ULk

FAT WAL S718000 57 e Az B
Z23¢A9 A 125 AP o2 PRIg=d e o
g0l Qo ¥ wae) AsdE WIS
Wholnz FaAel B QY5 o8 Thi
3} ¥he(cross-linking reaction) ¢oje= ¢g& Fut
o] gle Aoz FRHAT

olde) BMZANZRY £ F3A = A= o5
bulky 3% methylene trimethylammonium tetra-
phenylborate& X|¥7|2 Ze FYTE
2% 4 Ut

DEX BN (Polymer Properties). $4A3 g &2}
Ql poly(PTT)& o 24 &2 geMe £uy
ol & Aol AFE uie} o] B FHA= W
BRol f7]&ujo] ga3ha] kgt AF7A @l

F

09,, o

—

[+
TEAY S

<l
hd

r_{

742

FRE - olFF - AEE

Table 2. Elemental Analysis Data of Poly(PTT)
Prepared by PdCl,

element (%)

o C H N B
caled 86.33 7.73 3.35 2.59
found 86.10 762 3.46 2.82

AE AdRd 9d Zz2adr|E e oWEd f =
A (] : propargyl benzenesulfonate,”” propargyl
propargyl
trimethylammonium bromide) 2 28]% A9 &
A FEET Y ST BAIgle] 718
gal8kx] ok dbde] kU g skE el
7VPed Sle Zeav|E de UZesd 4RE
254 (o : dihexyldipropargylammonium salts,*

amine,® 1,1-diethylpropargylamine,®

4-methoxybisphenyloxy-( N, N’ -dipropargyl)unde-
cane amide)ZREY 8 2PN S 54 #7I
gofo thF-E gtk & dEzz2id e
AL 188F3 \3}6—7]-,’- (cyclopolymerization
mechanism) 2} 1128|323 && (cyclopolymeriza-
tion probability) #H) " o dH el 64% el
%8 zhe ARl #2 Qs 3os BeEHd
A A" ¢ 843E A
Azol Bl A=
= 7ol Zaad X @l oA O]"Mj»d ] &
3 ° 7}5'.:@}‘?}

Ir
o
2

A =
2 Ti“a‘ ;%:ﬂ 9\/\*— al

MEJJrﬂ o
N8 Aoz
olty. mahd vlad ¥

1
go] A7 o Xé l
& 2w 2hAA Feuhe-g YA A &9, ol
3 99l Tog vtusiEEs Fubgo] oA %
7 FAd dolur] f2 AdE FEAT 7718

Al =4 @E Aoz waEc.

Fig. 5= ¥ Z2§A9] TGA thermogram< e}
A Alolth. 229 Frl wal FAZLT WAH o
2 dojum Y& & & 3Urh 250 TAE FA
7+ A (weight loss) 7} @atsit}zl o] &% o] 4HH

A FAsA FAZLY dode ¢ F A 2
o] uh2 ZA}EF (residual weight)& 150 Tl A
97.8%, 250 CAlA 96.5%, 400 ‘CollA 80.2%, L
g3 700 CoAMY HE HAlRE 63.1%ATH
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Figure 5. TGA thermogram of poly(propargyl trime-
thylammonium tetraphenylborate) under nitrogen at-
mosphere.

5 15 25 35 45 55 65
26

Figure 6. X-ray diffractogram of poly(propargyl
trimethylammonium tetraphenylborate).

4% poly(PTT)9] morphology& X-4 34 &
A& F3A g Fig. 6& poly(PTT) 9 X-
A BEEN J¥E Ul Zelt)h. dEdEie)
peak7} E7glo] wi$- broadsi®, 3]zt thgt u
0| Fof ¥ (426/26)7} 0.358T} =17] wj&o
B A7dA 4% poly(PTT)= AAAC) Qe F
A% (amorphous)Ato.2 y&] Ml

8 2

B ATLE B3l of9 & X8] (bulky substitu

&2l Al214 A5E 19973 94

ent)& Zte olEd F=AU PTTE Pd, Pt
Ru-g2elo|=7 Fuf system& AHg-3ld Ao
2 L F A} F8EM 2 PACLE AHS-3)
o DMSO gujolA FHAIZAE A= FRHA -
8 FENE Y + M A - =
BAE FEEe] Z AP olfe E A9
ot JAH Fefale opEY wHgrlel X))
Ateldll wid@ (-CHy-) 717} BAIA 7] dEes
e A

THE A= FEES U BAGl] #7114
ool &332 kel o)A Fdukgo] AR
wet BAJE FEA 7t 8431 (activated) ¥E 5
2B XA 53 ool AP E Ak Tt siuke
& FAAN7E o2 BaEdch

e nEate] 128 dAaRH, FT-IR 5oz 2
A% 23 2 e vle 2 ], d"Hd Egn)
Hotn g HEDH 4B ¢)E (methylene trimethyl-
ammonium tetraphenylborate) & zZt& 2A1F 11

249$ ¢ 5 Ao

~

= BT
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