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1-[ p-(trans-4'-alkylcyclohexyl) phenoxy Jalkyne, 5-p-pentylbiphenoxy-1-pentynes} %2 o§3] moiety & Zte HEE
xstol A Al HAdsled, Ziegler-Natta®} metathesis %m) 2 Z3}3ledch GPC, IR, NMR, UV-Visible 2333} 3z &
Apgslo] wg-ate} Balgr 9 P2 g xAbsli ) 53] Ziegler-Natta %7l Q! Fe(acac);-AlEt;2 F-8F 3 7 #-2b8fo] 2-3X 10°
o md-AteR dAFA o] FHolyt cisy TR REAE A BE 2EAs WA, 2222 E, THF &

F714vh el 3= et

Abstract—We have synthesized novel mono-substituted acetylenes with a liquid crystalline moiety such as 1-[p-
(trans-4'-alkylcyclohexyl) phenoxy Jalkynes and 5-p-pentylbiphenoxy-1-pentyne and then polymerized them with Zieg-
ler-Natta and metathesis catalysts. Molecular weights and structure of these polymers were investigated by using
GPC, IR, NMR and UV-visible spectroscopic measurements. Especially, Ziegler-Natta catalyst[Fe(acac);-AlEt;] pro-
duced an extremely high molecular weight poiymer of M,,=2-3X10° and cis form polymer with a high stereoregularity.
All polymers were soluble in organic solvents such as benzene, chloroform and THF.
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Polymer Structure

Zeoladal e M4 wgk T 3EA(conjugate polymer) &
A7|Y B4 9 S8Fofoll g B FAE Bow gtk 53] LE
=9 (doping) ¥t E=jolNdale] F4F A AR} »HE ¥&
Fe)o} vl4axdt AE T (o=10"-10°S/cm) & Jepdchs o3 A=
FHZoll WAL ¥ AU 1-3]. o9} 2 A=A 322 conduc-
ting polymer) & 4 2 B4 A9 wasle] S FollE e
A7y AT gloH4-6]. e fREe] AR T¥AE
7)ol 53] 95 SgE A ol mEAL] EA HA W skl
stk 94 7R Qo ZejorAE dle] S a]E
A7 71E 2 E-2be] B2 EXJo| AA WA ok o1& £9
ZeleddopAdal, ZejsdetMdalal e AzHEejole e
g HEol 8| 8efol] a5y, ik wEA FHo| T o) FA7
(conjugate double bond) ¢} m-n* Helel == FFhe] ¢A17}
ZejotAdale] 27w} o2 o)Xk o213t blue shift9]
42 272k 283} F72(polymer backbone) 7o <A
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ool o]aled A& FNZo](effective conjugation length) 7} Zro}
27] Qg Aoz YA, aepy xHEeoiM gl e Feo}
Ao vt of-¢ e HEE(o=10"°%10"*S/cm) & 7}3A|
ah, E-abe] ZREA W ek Aol Fol ofE Fopze §4o] 7]
i 7, 8]

B od7e) 238 Scheme 13} o] ol B4 moietyd Ze
olH e A E Ziegler-Natta®t metathesis )2 F3F ¥,
A7) w=E Ao s YAE ] S 2AE Y
o wldAAH TEA FAHS wWiEA7n, Ao 8T
olfga e Aewg FyHA7le Aok EF HFHogs F
WA e g2 2t e moietyd: EYAA A
AAT e ohr)sA (A, A 2 AAA) 2gEe] ok
gl-g sl 2zl ghe}k Scheme 1o PCH, R, 0, 33 Av 77
phenyleyclohexane 2] mesogenic moiety, cyclohexyl?]o] #o13l=
alkyl7] @] 4, ether linkage, phenoxy$} acetylene”] A}o]2] methy-
lene 52} 2} acetylene-S- vjehdich al2}4 p-(trans-4'-pentylcy-
clohexyl) phenoxy-1-pentyne-& PCH503A S 2 4] £7]3t] 1,
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RO(CHZ),,—CECH

R=H, n=1 PCHO001A
R=H, n=3 PCH003A
R=H, n=4 PCHO004A

R=n-Propyl, n=3 PCH303A
R=n-Pentyl, n=3 PCHS503A

=n-octyl, n=3 PCHS803A

CsHy, O(CHz)a-—CECH

BP503A

Scheme 1.

Synthesis of PCHRO3A

EtOH, KI
R—()~)-ONa + CI(CH,);C=CH —— R~H)—()- O(CH,);C=CH + NaCl
reflux 30-37hrs
R=H, n-propyl, n-pentyi, n-octyl
Y=51% 60% 66% 58%

Scheme 2.

Synthesis of PCHO04A

pyridine
CHy~{)-50,C1 + HO(CH,),CECH ——— CHy ~(D)-SO04(CH,),C2CH + HCI
rt. 10hrs

Y=62%

CHy () SO4(CH,)C=CH + (D~3-ONa
EtOH

()~ O(CHL)CECH + CHy (- SO,Na

refiux 4hrs
Y=67%
Scheme 3.

BP503A¢] 4] BP%= biphenyl”] & vebdich. & i=¥-o A& Scheme
Lol vebdl 7 E52] defAlel tsiA F b 2o Fahukgol
ng QA" 322 (PPCHROnA, PBP503A ; 91 %t9] P& A&
deh) o] Raje 9l Faetel 4RAAE v HEY ARE
3 18k},

2.4 #

2-1. H{of ¥ Boj

Fe(acac);, V(acac)s, Ti(OBu),, AlEt;, AlMe; Al(n-Pr)s AlG-
Bu);, MoCl;, WCl3# PhSn 59 Zui= 2413 A& 2j& A}
43bqic}. kA gAell o] &% A2k Tokyo Kasei Chem. Co.5%
Aldrich Chem. Co.9] &7 Alebg AH&3lgdcth oxb&e 74U
15 A12ke 253 ¥ molecular sieves® AZRA|A A1, F
F4ol 2 AL8%l EZNE Tokyo Kasei Chem. Co.o] 15 A]ek&
ol2 & 7pA E97dA 4k Nag Hrlsled /3 F AL43h
At

2-2. oy B
PCHROnA ¢} wtaa] 42 Scheme 13} 29} & F 7}A] why

Synthesis of BP503A

CHgcoct + - ocH, ﬂ»c,m,c::o OCH,

nitrobenzene
r.i. 20hrs

Y=51%

- KOH
CHaCO ~{{ ) )~ OCH, + NoHgH,0 ——— CeHy4 OCH,4

diethyleneglycol
reflux 5-8hrs
Y=74%

CeHy —C)—Cp-ocH, + Hsrmcsunou
TBAB

reflux 21hrs

TBAB=tetra-n-butylammonium bromide Y=82%

EtOH
CsHyy < )—( )~ OH + CHCH,),C=CH Nk

reflux 33hrs

CsHyy P )— O(CHz)C= CH

Y=56%

Scheme 4.

< o] &3kt A AR AU S F-A[9]o B 23} c) Mesoge-
nic moiety 2 biphenyl”]& 2+ 5-p-pentylbiphenoxy-1-pentyne-2-
Scheme 33} Zo] 4ch# Whyo 2 FA st

2-2-1. 5-cyclohexylphenoxy-1-pentyne (PCHO03A)

PCHO03A+ Scheme 13} 78 vl o g KI Z2ul] & ALL-3lo so-
dium ethoxide &0} 4} 5-chloro-1-pentyne3} cyclohexylphenol}
o] ukg-ol] 2]ste] A = et (bp 134-137C/0.1 Torr). 22 W&
o] &-3}ed p-(trans-4'-propylcyclohexyl) phenoxy-1-pentyne (PCH
303A, mp 28-29C), p-(trans-4’-pentylcyclohexyl) phenoxy-1-pen-
tyne(PCH503A, mp 44-47C) 3} p-(trans-4'-octyl cyclohexyl)phe-
noxy-1-pentyne(PCH803A, mp 41-44T)-% A8t} 3-cyclo-
hexyl phenoxy-1-propyne(PCH001A)& 5-chloro-1-pentyne th4l
ol propagyl bromideg AH4-3le3 §Adstich(bp 111-115T/0.11
Torr).

2-2-2. 6-cyclohexylphenoxy-1-hexyne (PCH004A)

PCHO04A+ Scheme 28} 3to] 2wbA| uh-2-o] o}slo] g4 =]gich
5-hexyne-1-0l3} p-toluene sulfonyl chloride®}2] tosylate ®H-$-oll
©}ste] 6-toluenesulfonyl-1-hexynes A} 7 HA A A A
cyclohexylphenol#}2] etherification #H3-2.2 6-cyclohexylphe-
noxy-1-hexyne-2 §43kick(mp 37-39C).

2-2-3. 5-p-pentylbiphenoxy-1-pentyne

(1) 4-methoxy-4’'-pentanoylbiphenyl

4-methoxybiphenyl®} pentanoyl chloride®] Friedel-Crafts k%
© 2 4-methoxy-4'-pentanoyl biphenyl& $43tgicl. 1000 mi9] 4
17 S Felase swmulr], W7, drop funneld A %] 3}3ich
Zetasg YBE ol2E kA2 2 33) ¥, 4-methoxy biphenyl 60 g
(0.33 mol) 3 -4 V= 2wl 4 350 mlS Q.1 kA 71k AICL, 53.3
g(04mol) & ¢ £o4q MM A7l ¥, pentanoyl chlorideE
oF 408 EoF M3 7) 2 Aol A 204)17F wHE-A1 ) ubg E£F
< 400g9] #4% 48, 2N HCl =49 100 ml¢} € 100 miz}
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Eoldle Sepadd ¥a, FR2EE0
24 A3 F FREIES Fuhx
2948 ‘11713}‘?35} “‘l’ﬁ‘_‘f—i oAl F
¥ #7IRSE 75 dslgdger sF E"} AzAZA wWag
kA7) 1, o ,_;i 7 2 A A A7) 43 g9} 4-methoxy-4'-pen-
tanoylbiphenyl(51%) & & 4 Uck(mp 122%¢).

Calcd. for CgHyO, : C, 80.59% ; H, 7.46%

Found :C, 8043% ; H, 7.58%

(2) 4-methyl-4'-pentylbiphenyl

HellA A7 YA ElA carbonyl?| & 24| A 4-methyl-4'-
pentylbiphenyl & 3§43 8}ic}. 210 ml9] diethyleneglycol®} 4-me-
thoxy-4'-pentanoylbiphenyl 43 g(0.16 mol)-& Te}tA o] W1 i
HhA] Z1ck. 90% N:H, 18 ml2} KOH 25 g(0.45 mol)-&- M 315) 7}k
¥, 120-140C o A 22) 7} E-9F refluxA] 71 ek HH-S-Eof 2] Ry}l o g
AAREE B& AAshEA 347 Bt A4 ubgA A vke &
#E-S 5 500ml2} 2N HCl 200 ml7} Sojgls = 2T B
EREREIFOR RZ) B2 3 AHE T H)|AHS 2 3}-—,
o Ao 3% F& A B9 E 297 ¥, %
FEE ok g 5 A AAHY3}e] 22.7 g9 4-methoxy-4'-pentylbi-
phenyl(74%)-% A tHmp 71T).

Caled. for C;sHzO : C, 85.04% ; H, 8.66%

Found :C, 84.89% : H, 8.69%

(3) 4'-pentylbiphenol

Hell 4 FA3 WA E2] methoxyS hydroxy?]| 2 mEHA]H 4'-
pentylbiphenol-$ §Hd3}4lc}. 4-methoxy-4'-pentylbiphenyl 27.7 g
(0.11 mol) & E&} A= HBr 50 ml(0.22 mol) £} acetic acid
50 mlE A7}ste] mukr]Fich 4 HBr 72 ¢ 498 24]7h
FoF vlE-g 3l ¥, Ao]E ZujE tetra-n-butylammonium bro-
mide 4 g& H75ha, 130T A 21417 E<F WA WA=
AHZZ W ES FE3a B2 A F {7148 EeEdy
T dspdgoe s % 5ok ARAFHG 4WE A F,
dlere2 A AA sk 202 g2 4'-pentyl biphenol(82%)& At
(mp 142-143T).

Calcd. for Ci;HxO: C, 85.0% ; H, 8.34%

Found :C, 84.82% : H, 8.39%

(4) 5-p-pentylbiphenoxy-1-pentyne(BP503A)

PCH503A¢] 3tAds} 222 uh e 2 p-pentylbiphenol} 5-chloro-
1-pentyne}2] uk-g-of 9|3} 5-p-pentylbiphenoxy-1-pentyne$
§HA1 8kl et 1.96 g(0.085 mol) Y}EF-& 85 mle) 4 ol eh-go] H
23] #7}sbd A wHkA]Zic) 20.2 g p-pentylbiphenol(0.084 mol) 3}

2 5

17157_

Felolch. 100ml 2
537 $2 v=

2 ER 7o A

%

3
B,

Table 1. Polymerization of PCH003A by Fe(acac);-AlEt; catalyst’

244 - Kazuo Akagi - Hideki Shirakawa

70ml ¥ oletg &g 9 Sallof 30% Fb HapA|7)a, AL
off 4} 142k wk-g- )2 e}, 5-chloro-1-pentyne(17.1 g, 0.17 mol) & H
7bstar Zvj2 KI 299 g8 9 F, 72T 4 334]17F £} reflux
ARk NS FUAY F degzg 2237, BE AT ¥
F714E Ee ARt o] /Y] T4 dstggoE Az F
Bl & A7), eb-E 2 2% A Z Y sle] 14.4 g 5-p-pentylbi-
phenoxy-1-pentyne(56%) & At (mp 87-88T).

Caled. for CpHa0 : C, 86.27% ; H, 8.50%

Found :C, 85.92% ; H, 8.60%

2 A7l AR RE wEkle daP4s HPLC, FT-IR,
'H., “C-NMR, UV-visible 2~#£2) 02 shalsheic).

2-3. ¢t

A A F3 ¢4 o3 2o} Fe(acac); (0.011g, 003
mmol) [ =& MoCl;(0.008 g, 0.03 mmol)]& 2.2 ml EFqlo] &
‘ilh Schlenk flaskel|] o}Z 29]7)0| 4 7)1 JT'_BHPIE]— Z

Zuof 2 AlEt;(0.025 ml, 0.18 mmol)[Moe] FZujj9l # o= Ph,-
Sn(O‘OOG g, 0.015 mmol) I-& Al-2oll#] ¢} £oo HH3) “é°1£‘—al
3%, 30% &<t A3k 3 mmole] kA g Arlsied ALdA
2117 Bt FHAAT) FEEAS hefe] g2l o] A=
AEAE FHA)AEZ, AY Y o F AT AzARc

2-4. FE8t &Y

JASCO FT-IR 8000 spectrometer& A}8-3}<d KBr ¥ o & FT-
IR ~d &8s 2Asgr}). H-, “"C-NMR &%& 1% TMS7 &
oels= CDCLE &vl2 o]&3te] JEOL FT-NMR spectrometer=
AH-g-3l o) a¥Ale] ¥xleke Shodex A-80M columns} JASCO
HPLC 870-UV detector”} A 2] gel-permeation chromatography
(GPC) 2 =A s}ty UV-visible 2-#& Hitachi 3500 spectrome-
terE AH4-3}9l 7, TOSOH ODS-80Ts column JASCO Multi-340
U HPLC A2 3] A o A &

detector® zZt5-L
Mg st

=

3. &@x % 1@

3-1. Ziegler-Natta2} metathesis &Holof| 28t S¢t
PCHO03A®] ©}3A & Fe(acac)s-AlEt; o2 F3A17h £
T, Zvf 9 s e] & ube] F33 A0S Table 1o 2
okstadth. 32 7 o] 214171 73 So YAH 2B &L Fe
(acac)soll & AIEt,3h srebale] Bulo| 4bgle) 72-75%2

SI\_

Polymerization

Polymerization

Yield

Run No. [Al}/[Fe] [M1/[Fe] Time(h) Temp.(C) % M, M, M./M,
1 3 100 1 rt 27 1.2X10° 6.6X10° 55
2 3 100 21 r.t 75 2.0X10° 1.7Xx10¢ 85
3 6 100 3 rt 32 1.3X10° 8.1x10° 6.2
4 6 100 21 rt 72 24X 10° 29X 10° 12.1
5 9 100 21 r.t 72 2.2X10° 2.7X10° 12.3
6 6 50 21 r.t 74 1.0X10° 1.4Xx10°% 14.0
7 6 150 21 r.t 73 2.3X10° 2.9x10° 12.6
8 6 100 3 0 49 3.7X10° 2.6x10¢ 7.0
9 6 100 3 —20 20 14X 10° 1.1Xx10° 79

2[Al]/[Fe] : mol ratio of AlEt; and Fe(acac);, [MJ/[Fe] : mol ratio of monomer and Fe(acac)s.

Polymerized in toluene. [M]=3 mmol, [Fe]=0.01 mol/L.

218135} H34A M 1E 19964 29
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Table 2. Polymerization of PCH00nA by Fe(acac):-AlEt; and MoCls-

Ph.Sn catalysts’

Ezn Polymer  Catalyst Y(l;l)d M, M, M./M,

1 PPCHOO1A Fe(acac),-AlEt; 25 L1X10* 1L1X10° 10

2 PPCHOO03A Fe(acac):-AlEt; 72 24X10° 29x10° 12.1
3 PPCHOO4A Fe(acac)s-AlEt; 81 19X10° 22x10° 116
4 PPCHOO4A Fe(acac):-AlMes 14  3.7x10* 33x10° 89
5 PPCHO04A Fe(acac)s-Al(n-Pr); 81 1.7x10° 22X10° 129
6 PPCHOO4A Fe(acac);-Ali-Bu); 80 1.8X10° 2.1x10% 11.7
7 PPCH001A MoCls-PhsSn 90 13X10* 3.1x10* 24
8 PPCHO03A MoCls-PhySn 59 1.3x10* 3.0x10* 23
9 PPCHO04A MoCls-PhySn 21 1.2X10* 30X10* 25

“Polymerized in toluene for 21h at room temperature.
[M]=3 mmo], [Catalyst]=0.01 mol/L, [Al]/[Fe]=6, [PhySn])/[Mo]
=0.5.

D-G-ochdn__

Z ix
10°
®
10°
=
=
=
101 "
103 T T T T
0 1 2 3 4 5

n

Fig. 1. Effects of the numbers of methylene chain as a spacer on pro-
duction molecular weight for the polymerization of PCHOORA.
@ : Fe(acac);-AlEts, # : MoCls-PhySn

& Jehllsd ubsl, FgAte]l B A felle 20-49%9]
&S Jepidnh 3714 28219 8 dekgol B2 ¢

AEers V)52 AXRE gtolth. LEAe] EpgE FiA| kel
7 ej&ste, 21417 F#F EAe] E2FEE(Run No.2, 4)-&
e A1719) 79 (Run No. 1, 3) 2} 28] AHx & 342 Jeligch
Fe Zvl 10°-10° H=9] vlwd & FHY A3y /He
Bale gajsie], ZojLolol chekAl S H)slal 2 wbLE9 gela-
tione] 4HA3ledct. E3] Run No. 4o 4 3x10°9 Ao Fak
BEEAFE 7 28RS s T, o] 27& PCHOOnAS)
A FPzoz o] 43t

Ziegler-Natta®} metathesis 2§ A8+ PCHOOnA(n=1, 3,
4)9] 2§ A5} Table 20 Pejsteivh Fe(acac);AlEt; &of 2
F 28 $&I) Fxe 27 19 29} 2ol olM G
cyclohexylphenoxy”] Abelol| spacer® #7}3F methylene 4~(n)7}
Z743el wel F7bsle 432 2k PCHOO1A(n=1)9] &
ol & polyphenylacetylenes} v}371x]12 wiAle) =

Lo

3= cyclic tri-

EAY AxZelotddl FrAel A 73

O O(CHz)n\ A

257,

100

80 1 .
s 607
-
z
>" 40<

20 1

0 T T T T

0 1 2 3 4 5

Fig. 2. Effects of the numbers of methylene chain as a spacer on pro-
duction yield for the polymerization of PCHOOnA.
® : Fe(acac);-AlEt;, B : MoCl;-PhySn

mer & oligomers 3 22 ¥AEY pRAE WA
[10]. 3+ $-2l+ acetylene®} phenyl?] Ate]el]l methylene?] ¥
H& 713 4-phenyl-1-butyne®] WA E Fe Zo)2 Zgs}d,
AR I 10° Hxe & FHHFEAFE /Mgy B o
st ci11]. o]9} o] x| ztol A el 2] bulky$t moiety Abolel] fle-
xiblegt methylene”] o2 N& A7}k wheknlo] F3to4 & &
A2k} aEAE A s ol vk T} o} A7 E = 2k Ace-
tylene#} phenyl?] Alele) spacerZ #7}3t methylene 2] Z7h=
acetylene”] & 7| 2A %7} 2 phenyl moiety25E A A &
o224 acetylene”?] F$}9] AALEE FRe}A 3to] Zu)9) ac-
tive siteadl Fe''2 wtakale] 34& 593t sEch =& bulky
gt phenyl moietyol] flexible methylene”]|7} % 7}=l2 &, crank-
shafts} zH-& wlF-2)de] 7h53ted Fiubs 5 7)o A
Aol & 7HaA1A Foh apebA] Fe(acac)s-AlEt; vl & o] 48 PCH
00nAS} F§ollx mEateke] F3HAE A3/ Y= spac-
er24 A7}=3= methylene 57} 27 o4 Had A& o4 F 4l
st

Run No. 3-5%= Fe(acac)s-AIR:(R=methyl, ethyl, n-propyl, i-bu-
tyl) Zo 5 A-8-3F PCHOO4A 2] F3toll A ZF0) alkyl”] 9] o &2
At B Aot} zEu) g trlmethyl aluminum< ’\}%5} 74§-ol|
SE-Ape] g W Babee] e 3hg et g, o] AL trime-
thyl aluminiume] c}& 5‘_%“}1_‘?_1‘«} Rl i A B S 1A 154
o -F-of) ol o] active site”} A} A FAH o] o FAJS »o]7)
gf-7ql e g Az=Ec12].

Metathesis ®vl 2l MoCls-Ph,Sn& A}-2-3F F3tell A A H 8
2}2] E-z}eke- spacer 2 % 71& methylene 2} #A¢lo] 3.0-3.1X
10*9} Fepg 75 2teS vebliich 2eiv} Fig 29 o] 38219
&2 methylene 7} Z713o)| ule} Fe &vl= F3g Awle}
sl 2 7kadhs Fol2g A0E Jelgel & Ziegler-Nattas}
metathesis o] 2 F3F @212 7837} Eapeko] 3ol & vie}
Y e F Zue] $3 vzl Fel 7|3 8 5 ok

Table 3¢ PCHRO3A(R=H, n-propyl, n-pentyl, n-octyD) &| &
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Table 3. Polymerization of acetylene derivatives by Ziegler-Natta and
MoCls-PhsSn catalysts”

Run Yield

No. Polymer  Catalyst @) M, M. M./M,
1 PPCH303A Fe(acac);-AlEt; 71 55X10° 26X10° 4.7
2 PPCH303A Ti(OBu)s-AlEt, 41 1.3x10* 59x10* 45
3 PPCH303A V(acac);-AlEt; 30 L1X10* 1.7X10° 155
4 PPCH503A Fe(acac)s-AlEty 70 45X10° 1.8X10° 4.0
5 PPCHB803A Fe(acac);-AlEt; 67 52X10° 26X10° 50
6 PPCH303A MoCl;-Ph,Sn 61 15%X10* 34x10* 23
7 PPCH503A MoCls-PhsSn 67 14X10* 33X10* 24
8 PPCH803A MoCls-PhsSn 73 1.2X10* 2.7X10* 23
9 PBP503A Fe(acac)-AlEty 65 b - -

10 PBP503A MoCl;-Ph,Sn 85 7.5%X10° 6.8x10* 9.1

“Polymerized in toluene for 21h at room temperature. *Insoluble in
the range of room temperature to 90C. [M]=3 mmol, [ Catalyst]=
0.01 mol/L, [Al}/[Catalyst]1=6, [PhSn]/[Mo]=0.5.

Table 4. The results of UV-visible, 'H-NMR and DSC measure-

ments
Asmas” , 'H-NNR° DSC?
Catalyst Polymer (nm) Emar (ppm) )
MoCl:-Ph,Sn PPCHO01A 300 14X10° - -
PPCHO03A 300 15X10° 5.86-599(s,by 98-195
PPCHOO4A 299 1.2X10° 5.83-5.99(s, by 91-193
PPCH303A 301 14X10° - -
PPCH503A 301 1.3X10° - -
PPCH803A 301 1.2x10° - -
PBP503A 305 26X10° 594-6.14(s, by 73-150
Fe(acac);-AlEt; PPCH0O01A 300 1.0X10° - -
PPCHO03A 323 1.9X10° 5.99 87-187
PPCHOO4A 324 25X%X10° 5.96 82-190
PPCH303A 324 20X1¢° 598 135-191
PPCH503A 325 19X10° 5.97 138-192
PPCH803A 324 25X1¢° 140-191
PBP5034 -
Ti(OBu),-AlEt; PPCH303A 311 95X 1¢° 598 101-196
V(acac);-AlEt; PPCH303A 313 385X10% 5.98 137-17

“n-r* Transition of conjugated double bond. *Per monomer unit. ‘Ole-
fin proton of cis form. “Temperature range of cis to trans isomeriza-
tion. ‘s: small integral value, b: broad peak. /Insoluble in the range
of room temperature to 90C. —: no value.

A#E JeR ek Run No. 1-39) 4 o 4= l5°] Fe(acac)s-AlEt,
Zvj2 233 PPCH303A7F V(acac)s;3 Ti(OBu)s,-AlEt; Zvjel

Table 5. The solubility of polyacetylene derivatives
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Fig. 3. IR spectra of monomer(PCH303A) and polymer(PPCH303A)
prepared by the Fe(acac);-AlEt; catalyst,

ofai A AR aEAR} 508 HE F FREFS e AR
o}, irong base ¥ Zvj o] F3raHAlo] vanadium E+= titanium
base?] ZujRrt 2 7 &4 4 Urh ol Ae oo 2
33+ 4-phenyl-1-butyne®] F3§ Zz}e} visdt F4S Byci{11]
PCHRO03A 2] 3§94+ cyclohexyl phenyl7]el] 239 alkyl~7](R)
o] ZFol 4#gle] Felacac)s-AlEt;? MoCls-phsSn Zeli= 7H7}
1.8-26X 105 2.7-34X10'9] F&gFEx}akS 712 = 2822 A
4d3te] PCHO03AS] S8} vl A& vehlxich Mesogenic
moiety 2 phenylcyclohexyl?] ®4lel biphenyl”] & =<3 BP503
AZ Fe &0)2 ¢ 2 A4 90C7HA WA, S22
*%, THF 59 #7718l &)= dgtch Cumenes £ul2
Apg-sle] 120C 9] o & 7ldAF|E S = X)), & A=
W2 2 AL Agto s 1X1048) e FekyFRateke o
ehliitH 11]. Mo Zule] Zqollx HAR n¥xle] 78 9 &
#1242 PPCH503A R} 27t 2 3h-& EolFdrh

Table 5¢ PPCHR03A%} PBP503A2) &3 & +}ehlgich Fe
Zu} 2 313 PPCHOO3A WA, 2222 5&, JE 29", THF
o} zhe fr)fufel 2-3vol% HE Frh PPCH303A: A2l A
=32 oA uk 50-60CE shdsbd 1 vol% HE =th ols} Zo)

B8] =7} ZHAshs o]+ PCH303A2) "Z“iﬁﬂ A A Y wS

AREE 7Ale REAF AAEHA7] gL Aeg 7= Mo
Zujlof A YAE TE LEAE Fe73]4 REAE 2
S 72 9ol 10vol% olAte] w& Ss=5 el

3-2 2EX} F=E

Fe(acac)s-AlEt; MoCl;-Ph,Sn
PPCHO03A PPCH303A PBP503A PPCHO003A PPCH303A PBP503A

rt. 50-60C 60-80T It r.t. r.t.
CHCl, O @] X © © O
CH:Cl, O O X © © C
THF O O X © © C
Benzene O O X © @) C
DMF X X X X X X
DMSO X X X X X X
Acetone X X X X X X

PBP503A C cumene at 120C, © more than 5 vol%, O

a3 34 Hi1S 19964 2%

1 vol%-5 vol%, A less than 1 vol%, X insoluble
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Fig. 4. "C-NMR spectra of PCH303A and PPCH303A prepared by
the Fe(acac);-AlEt; catalyst.
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Fig. 5. UV-visible spectra of PPCH303A prepared by Ziegler-Natta
and metathesis catalysts.
(a) Fe(acac)s-AlEts, (b) MoCls-PhySn, (c) V(acac)s-AlEts, (d) Ti
(OBu),-AlEt;

creks] PCH303A 9} Fe(acac)-AlEt; 2wl 2 5§13} PPCH303A 9]
IR 23 e2 S Fig 3o Jehliglul. e e] IR 28 EgelA o
el 3312cm 1] =C-H 4153 %, 2120cm ™19 C=C AF3F
3} 632cm 19 =C-H AAF3 22 AFA siwdse A%
mode7} mE=}e] A E A §iox Ao R Mo}, Fite] Ayd
AL QA 9% 4 ek oleh e IS Fig 49t o) ¥C-
NMR ~#edoldx FAsgic)h. a9 acetylene wizell sl
o)== 68.74 ppm} 8354 ppme] F d2rt nEAHE &4
Bhio) #wiEE 1265 ppm3} 139.2 ppme . o] E-H gk

Fig. 5ol PPCH303A 2] UV-visible ~¥E%$ vehlgch 39
283 F4e] nnt Aolel sietsEle Folzh 300-325 nmel 4

H
]
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Fig. 6. '"H-NMR spectra of PPCH303A prepared by the Fe(acac);-
AlEt;(bottom) and MoCls-Ph,Sn(upper) catalysts.

#=59c}. 3] Fe 2o)2 $33 ¥ Mo, Tist VAIS
Bapch Eajpeke]l 27 mEAL FH ] JATFAAde] Hold, Mol
E359] Ao AT (325nm) ol M BEEHU L, FRATE
e Jehigoh oh2 iAo X% Table 49} 7o) vl &g AL
By

gt Za)olA e ale] TH-NMR A E A g do dds]e
Zaol R 2E R cs £ transH S T2E HAF 5
oled], 918 Eo cisy T2E 7FX+& poly-4-phenyl-1-butyne 2]
24 473 E 59 ppmoll 4] FHSE T, trans ¥ o] FaE A d7]
Zau Aol 3ol gleka o)zl gt wh dci[11]. Fig 634
7+o] Fe &u) 2 %4 PPCH303A2] 'H-NMR 23| E&]o A+ cis
8 7x9 og)gt ¥ 2927} 598 ppmel A BEE o},
MoA 9] Rl M A edoteh. o) @ Az cisd ol A
trans 22 0|43t uk-go] A= of el wd s} =7} Table
4ol A ot %= 9l 5-0] MoA| %-3te] DSC curvedl| A vtehita] o2
77} 2 ol x)7heh. w3 Mo Zwujjo) 2] 4] 4 4% PPCHOOnA(n=3,
4) ¢} PBP503A2) cis¥ F4at A¥-gto) &2 broadd 2 E ot
ehid 2, webs] Mo Zw& transd] & trans rich 739 3
222 YAz AL ¢ 5 stk o2k 2o] metathesis Fvi2
23 a2A7 trans TEE 7HAE olfE I 2L 33
b7l 2] £4] o 2 g s} Metathesis Zvlol] 93 Sl A&
metal carbeneo|gl= Evl 9] active siteol] weFal7} wii=] cy-
clometallabutene 2] Z=7F2Ao] YA, o] uf F<4 3} carbened]
227)eke] A AelE Hagow sy sl FAEAL]
3|4o] 7b58ty, 2HH 22 polyeneo] AAE7] Mol trans¥ T
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25 ¥ 4 glckn A7) 890 Fe 292 £33 2 831=
Mo o] ai¥-AtHct Bapgko] Foll E-73la 'H-NMR ~# e

ol A 27 F =25 vhebll Qe o] o} 3k A o5 2 5-F] Fe(acac)s-

AlEt; vl poly-4-phenyl-1-butyne?] #$-2} visx|£[11]
cis®d FEE Jehl gJAFAde] -8 wEAE Yk

A% o & ddnh
4.8 g

Ziegler-Natta$} metathesis #vljol| 2% PCHROnA(R =H, n=1,
3, 4 ; R=n-propyl, n-pentyl, n-octyl, n=3) gk 2] Fgtol gloiA
cyclohexylphenoxy 7)ol $1% &} trans alkyl”]9] £/(R) <} spacer

2 %7} methylene (n) el whE o 3-8 4 H3kr} Fe(acac)s
AlEt, 2oj2 23 2821 $% 9 LAl methy]ene 4-2]
Z7tol] we} F7hske A vhebd =Rk alkyl7] 9] E el &
W27} ¢ladch. MoCl-Ph,Sn Zvhell 2%k el 4= methylene
520 Z7tel wpe} wER} Fguk ashs AWE Jepddch
olg|gt Asbs F Zojel FHsUE ool 7|dlse A&
o 4 gl9ith. Mesogenic moiety & cyclohexylphenyl?] o Alel| bi-
phenyl7] & 7}= BP503A & metathesis &vl& F33t a2H 2=
PPCH503A%} v] 5% #21e % 88 vhepllict. 53] Metathe-
sis Zollol] ofsi A YA A H-o] R AR transd FEF THA AL
A3, whebA] cisEollA trans FERY o o]k wE
TEA T Axhitgo] dojufr] kol A ek Ao} sl $
Z&b93c}[13]). =& PPCHRO3A ¢} PBP503A+ #%3ln] 42 DSC
%402 fan-shaped 72 7}2lE smectic A HAPAHE vehd
=, ool B AAF Ax= FH[13]e BIEUCE

o
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