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£ 9f: 4-Ethynylphenol®} phenylacetylene 72} copper acetate® ZvjE o] &3} coupling ¥}

© 2 1-[4-(6-hydroxyhexyloxy)phenyl]-4-phenylbutadiyne (3)& ¥AJ3l9ct. 3P 39
sodium salt& 1,3,5-benzenetricarbonyltrichloride®} ¥r-&-A17]0] M712] tiolygal =L 2
2FoR e WAnRE (4)8 TSI ARE 42 FET YoM £ AuiERE 2
A2 A7 70| YAk NaCl B2%, & Wgog EXE Fgjojus WE AdAE
2L AAE It HAUE 48 290 ColA 108 FF 43U & RE 243 A3} tjrro
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ABSTRACT: 1-[4-(6-Hydroxyhexyloxy)phenyl]-4-phenylbutadiyne (3) was prepared by
coupling reaction of 4-ethynylphenol with phenylacetylene. Sodium salts of compound 3 were
reacted with 1,3,5-benzenetricarbonyltrichloride to yield the benzene derivative containing
three diacetylenic groups. Crystal growth was investigated from the melt of compound 4 on
the substrate such as glass, NaCl single crystal, and rubbed polyimide film. In all cases spher-
ulites were formed. IR analysis showed that most of the diacetylene groups were consumed in
thermal polymerization of compound 4 at 290 C for 10 min. In UV polymerization at 134 C,
only 35% were converted to polymer, indicating one of three diacetylenic groups of each
monomer was polymerized.
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2 A

AL Apgo] EFAICIEH Fx2E 7IXL o] =&
3z} Y FEATE Bole ZoE gzt o
Ha F2F S4 2 BH7H 54 W w2z
g, 28 2okl 71 xATe} HEe] Ay
B3 BopdlA ErjrjolAdae] & 7HsAdol of
& A7t $is) AP Aok

ot el T FL 1,4-9-8 3 X
P (Fig. 1). 2NN B2 50 3]
A gl o] 7] W 1,4-8+g0] dojutr] Yeire
A Azl 22k uiE Zert W 5938
o 2Eet TR A 2 vR e dopdEdl &
HES Ui NSl AFEHReH 1 AR 3
B7ES} Awsie] 2] A7k o 4ol 5 A
°]aLl stacking &3} HolAldd Eapee] A7}
45° 2HQ BF & N84S HHF I o] 5 gl
A HojZH WkgAde] Hojx]e o] BAHHRT o
olEA FFEE FolA Wel ATHL Ue 24-
hexadiynylene di-p-toluenesulfonate®] 39 A3
deiol Al 2o Al 9} £219} stacking F 7H]
e}t el A AF7 Heel Fof Fojut Foll 23|
A Fgeol dojubA|rt o]e} Hlxgt BA}AE 2
2,4-hexadiynylene  di- p-chlorophenylsulfonate=
AR T2 g Sl Yolux| sech. 28y ol
P Fgel 2oy F2AY 2UB0| B of
J AHOINE A% §ES e ww ofAr) B
o alg Fo] DR Al Hopud B9} &
Aot FEEAS A DALHAA Dol
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Figure 1. 1,4-Polymerization of diacetylenes in solid
state.

o4 #

A2k 8! 7|7|. 4-lodophenol, trimethylsilylace-
tylene, bis(triphenylphosphine)palladium(II) chlo-
ride, copper iodide, phenylacetylene, copper ace-
tate, 1,3,5-benzenetricarbonyltrichloride S2] A}k
E2 7|5 AldrichAl] Alokg Jul2 AHE3ElSich.
£1jQl triethylamine (TEA) 2 pyridine & potas-
sium hydroxide &z &}o] wyrst & BH=23d
B, methanole TEEFAN 4 Ae) B}
Aot GA BBI] SRR O, tetrahydro-
furan (THF) & 84 YE§SZ Axd F A3
o ALgBIS.

NMR Z&A-& Varian-Gemini 200 spectrometer
g A9, FTIR ~"E”S  NicoletAle]
Magma-IR 550 spectrometer& Al3le] Agich.
g84 7]7]= TA Instrument A}¢] DSC 20103
TGA 2050& AHE3lgitt. Powder X-ray
diffractogram-& 429} Mac Science A} Mac
Science Mxp 3 (Cu Ka radiation, A=1.54 A )& 9]
St At WP Ar P 55U Carl Zeiss
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32 72 §4E Ze LEA L UolqEd 1FEL BHE WAngNRFE F9H Y

Zena AlQ] Zeiss ZenapolZ AME3IF 1, Lo] AL
g @33 2= 23 AR 97 LinkamAte] 7]7]
g Agsdc. 4 B4e 71299 AYAE (A
£ 2)olA Y8

4-Ethynylphenol2| #HM. 27-250 mLo] B2 ¥}
e E8} A 30 potassium hydroxide 1.45g (25.8
mmol)#} 100 mL2] methanol, £ * ulz} AT
4-trimethylsilylethynylphenol 2.57 g (13.5 mmol)
& 93 AL, FATIF stolA] 4AE TG BRI
t}. TAAERQ) potassium hydroxideE o 33}od
AAG % ATl g A% F2T ethyl acetate :
hexane=1:3 (v/v) £84& A7 Lul2 A}E3}o
Alg)7t A AYazotealsE 1.13 g (9.56 mmol,
mp 129 C, & 71%)9] 4-ethynylphenol& &
3t

IR (KBr, cm™!) : 3388, 3285, 2966, 2923, 2846,
2105, 1607, 1509.

'"H NMR (acetone-dg) : & 7.5~6.9 (dd, aromatic,
4H), 3.7 (s, -OH, 1H).

1-(4-Hydroxyphenyl )-4-phenylbutadiyne (2)<]
M. 27-250mL 2 viE EEa3d 4-
ethynylphenol 1.13 g (9.56 mmol)& go] pyridine
: methanol=1:1 &% 200 mLel| 3jA1ZA. 2.1
mL (19.12 mmol)2] phenylacetyleneS 7}3t1, &
w24} copper acetate 5.83 g (32.1 mmol)& W&
F 12417 B9} BRAFL ¥HE 298 FEAR
% ethyl acetate® 2viz Agst A AP (3cm)S
ERA710] Eojg AASIAT. AHAd 8AL FF
3 & ethyl acetate : hexane=1:5 (v/v) £%&
A7) gul2 o) g3le] A7t A AY I 20l
2 AL 23} ol thA] methylene chlo-
ride$} hexaneg AME3sld AARASAH  1-(4-
hydroxyphenyl)-4-phenylbutadyne 1.6 g (7.33
mmol, mp 119 C, && 77%)& AU

IR (KBr, em™1) : 3263, 3068, 2938, 2213, 2154,
1601, 1515, 1239.

'H NMR (DMSO-dg) : 6 10.2(s, -OH, 1H), 7.65
~6.7(m, aromatic, 7H).

Aa8A A4 (C6H,(0):C; 87.90, H; 4.61. &
A=) : C; 88.05, H; 4.61.

1-[4-(6-Hydroxyhexyloxy )phenyl ]-4-phenyl-
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butadiyne (3)2| #Hd. 23-250 mL £ vjet £}
2594 0.3g (1.37mmol) ] 1-(4-hydroxyphenyl)
-4-phenylbutadiyne-2& THF 100 mLsil &38]4171 &
sodium hydride 0.033 g (1.37 mmol) & 7}st] A
2, AAIF SolA AL 5 wwksich. 6-
Bromohexanol 0.27 mL (2.06 mmol)& 713l 1
48A17F E9F 353kt Ethyl acetate®} A7}
AL o] 83 3}E 53t YA = sodium bromide
g AAS T Al 7%t 535} Ethyl ace
tate : hexane=1:3 (v/v) £4& A7 &oj2 A}
§3lo] Aejvt A FPIEnETHNE YHES &
218}, methylene chloride®} hexaneg A3t
A8t 0.32g(1.00mmol, mp 102C, &
70%)2] 33HE 3& ATt

IR (KBr, ecm™') : 3328, 2944, 2868, 2213, 2148,
1601, 1520, 1260.

'H-NMR (DMSO-dg) : 8 7.7~6.9 (m, aromatic,
gH), 7.0 (s, -OH, 1H), 4.0 (t, -CH,-O-, 2H), 3.4
(s, -CH,-hydroxy, 2H), 1.9~1.2 (m, alkyl, 8H).

AARA AAA (C,H,y0,) & C; 82.99, H; 6.96.
233X . C,; 82.71, H; 7.23.

382 49 #A. 27-250mL 2 HlE EEix
34 1g(3.l14mmol)e] 3JF¥E 3& 100mLY
THF o)) &3} A17]1 & sodium hydride 0.0754g
(3.14mmol) & o AL, FAIIF shllA 3AI1ZL
=ob  wukdtch. 0.214 g (0.8 mmol)2] 1,3,5-
benzenetricarbonyltrichlorideE 50 mL&] THF<
wo BHS AR T A B BHIUTH
Ethyl acetate®} 427} AL ol 8% A7g Faio]
XA F sodium chiorideE AAH3 & AR & 5
3}1 methylene chloride : hexane=3:1 (v/v) &
Ag A7l ulE AHR3SlY HeElst A FYPI2oiE
a2 PAES 25}, ethyl acetate?} meth-
anol2 z}ZAA3l 0.61 g (0.55 mmol, mp 135-136
T, ¥& 67%)9] 334E 48 Ut

IR (KBr, cm™') : 2941, 2868, 2223, 2145, 1737,
1608, 1515, 1247.

'H NMR (CDCl;) : & 8.85 (s, core benzene ring,
3H), 7.6~6.7 (m, aromatic, 27H), 4.4 (t, -CH,-
O- 6H), 4.0(t, COO-CH,-, 6H), 2.0~1.4 (m,
alkyl, 24H).
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2 A

QAN A4z (CsHe0,) : C; 81.06, H; 5.99.
Z2x] : C; 80.62, H; 6.44.

SEHE 49 WEE 2% 27 JdZE @ 9
o 749 gke R Aol W2 3E 48 &9
¥ 290 CollA 108 Bt A4/ dolA €5%
Al Zc.

S8 49 AFE FAV)F A FFE 48
134 CE 7193l A 3 A Qo 12W Y 2
5L A & 254 nm AYHE 24A7 F¢F A}
571= 8

&1 3 3

Ciak|e| By, geFAe] $H4 34-& Scheme 19
YehdTE olMEA F3HE 1 trimethylsilyl-
acetylene& palladium Zuljslol|A] 4-iodophenold}
BH&AIZ] & trimethylsilyl 2§-& AAsIe A3}
Stk Aryl acetylene®] @Aols od3|7}x] whgo)
g A Qoy vlwa FHIZo| /iLE aryl halides}
trimethylsilylacetylene®] palladium Zvj3}o)419)
HHe-& ALE3IRCH%® Aryl halide £A4% iodo
FehEo] vhgAde] %9t om 11719l trimethylsilyl-
acetylene TtjAlo] 7}Ao] ¥E3  2-methyl-3-
butyne-2-ol (MEBYNOL)& A}&3lg oL} Hutke
o] @3ttt. MEBYNOLE carboxylic 283 e
AREA 2§ UE APde £ #5882 8
ol Aoz ¥HA AP FF[E 1L Aol A
AHFH 189 OH &L 7K o] $E319)
Hhgoll ozl olMEd| 1Fo] olE ZEoZ A
ARE7] wEel vk BEAl Fo71 B ey

B2 25 F7h9) the opdgd BeE R )
3 topMEA oz 3 E 13} phenylacetylene
7+] copper acetateE ZujE o] 83 coupling v}
SO 2 YA v AR T /9 AN to}
AL S3E 27} A9 2e goz PYY=HUS
o o5& HE7l AL o) 4% AP ITrtE Y=
283t Sodium hydride& o] g3t 42 3¢t
E 29 sodium salt®} 1-bromohexanol#}e] #H2-S
sl B3tE 3 sk

3 E 39 sodium saltE 1,3,5-benzenetricar-
bonyltrichloride9} WHgA)7] & Aglyl AL o] 23
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94 F &8 T F

Y IZEONYE E 48 P9 Nz B
23t 3RHE 4= T 2P deopAgd 1F
Bo] % 2ol E Fil Waluzlo) QFd
TZ2F §4& 71 Yt 'H NMR € EHA
A uze] Al 7je] 4 Fo|=Z7} 8.85 ppmoi|A]
singlet© 2 Ueht}= ZAoZ Hol Al 7} acyl
chloride ZFE°] &% X yhgo] Foj3 Aoz
el o 33t 39 'H NMR 29 Eg 3} v)i
3tod 3.4 ppmeilA] UElUE OH 280 42% CH,
o] 4 Hol]=7}t ¥hg ¥ 4.0 ppmollA e} o &
B 259 A4S EJIE + Ut IR 2" EH]
A 2223 em™ '3} 2145 cm™ o)A olMEd 1%
o it 54 Fol=r} Yehdt}.

E8 2. IYE 48 £§ AHoM 252 W
HAAM BFPU|F S o] 83l A== HPL B
Atk Holgd 3] 23 718 (sub-
strate) 9] FFo et 2A FFE e Aoz B
2EHJG? B d7oMe #2183 NaCl, $% 3
Fog EXg ZEolvs EE 7|Bo R ARSI
o] 50| ARl me FFE ARG APE
45 gFS fEda ¥1 §HET 10C L& 146
CTolA 5 & BF 5T £582 258 Y &
I 110 C R3eA PHo) FA=H Ayt
(Fig. 2a). o]83 d4L NaClely Zgojv|= g
& AAME LA BEEUT. £§ AN ERE
9 Yz £ 8 9 2CE EJoU gA Ao
FAEAT. TH S HEXNY 43 BHER o] Fo]
A A2 JAHY AFL o3 Aoz LEHA Y
022 S3E 49 7L §H £29 22A 7}
F3hd wl Mg FHEO] olv] HL AINE Yol &)
st ol JAEAC. o] HElolA B 5Co &
EE YZAIE 4L BHES Mo st 713
ol A FAE whde) FHEG 2T ¥ 133 C
A 6AIZE B V1EEE FATE O E BE zYy
9] AAo] k= Ao BRFHAUH(Fig. 2b).

23 ME. Fig. 32 32 49 DSCe TGA
thermograme]t}. DSC 234 ZA#} 136 ColA &8
of sHFste A3 FFHolar} Yehgm 210 CH
B Qo 9% & BAFE 2gyo =z} BEE
KA. EF5Fe] dojuhr] A 160 THA 718% F
% 10T £52 YZA714 81 € 74 TAA
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(b)

Figure 2. Optical micrographs between crossed polarizers of compound 4 (a) after cooling from isotropic state
(146 °C) to 110 C (250 magnification) and (b) after annealing at 133 °C for 6 h (500 magnification).

F 7R g el 27} B BFAV S o] 83}
of I3 Axt AFPFe EAEA Wkory meEpA
AAQ3o) o7 Foja 2 HEXUT. AV 21 I
7 (packing)o] £°l8tA] @S F2H 54 wZol
B 10T £55 Ao ¥4% F A %
10ce £x2 71E3td 81 T F-2ellA Z2As)l
agste A9 ddHelavt yehth. TGA 4

Folof #2048 A35 19963 5%

A3} 33E 4= 350 TR FAY AUt /il
o]813t A= DSC thermogrameiA] vrehd 210
T 300 C Alel9] HE ol a7t &8 RigEUE
tolAddl 1§90 FF WA F2 7I0E RAY
£ T E.

B¢ 918, Yol SF[EES TA YA
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Figure 3. DSC and TGA thermograms of compound 4.

Al ALY Aol g A5 Fo] ¥l
ZgsloF it} o]l AR AHdM = 22 &%)
3| ARHe s {E7] ot} o3 o] {E
B& topMEd dAY 50| FFFPolu GF7e W
4ol AoA=e] tt. olof nla] 229 &Fol 2}
FEE &8 Al vid 44 Fde] dojd
o} a8y 1,4-91-8 o) T o HkgEo] kg
Ao ool FAM 72 TRAE 7]
= o)gyr}. S 4= DSC thermogramoilA] e}
¢ AAY 210 T olAelA] F8] dojgtt. 33tE
48 290 ‘ColA] 10 8 =< 283 & IR spectro-
meter 2 A3t 2223 em™ '3 2145 em oA
HYEIGE Ootdddl 1859 54 Fojase] F§
Foll A9 Aletxin ZejrjolEdlol] Ex)dle ofA|
gl 2F9 AEHY W=y} 2200 cm™ oA UE}
o} (Fig. 4). Al ue]e} AHo|ME o) R = AYE
o 3|Fsts FolZELS A WHIA & Aem B
of o] oA 23] HhE& Uojupx] 9 Feo=
). ol TGAY 24 ZANE X3, 4
AE 18Xes A% 2o aleohol, chloroform,
DMSO, DMF 59 d¥t&el f7] &rljo] =X &3k
o}

RE 45 PolA AF AXNY 8§ AejoiA
WzA 74 FEE otk 7L 134 ColA
12412 Bt 73l 58 A= ovt 1
HErt gl 2e 2504 UV(1ZW)E ZAl8H
HA FFRo] dojubeA] BRI 1Ate] 2Lt
HA] A|5o] M7Zo] FMofAl % ZMoT WHIle

Ao nol Yol WYHT AL L + UATH
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Figure 4. IR spectra of compound 4 (a), after UV
polymerization at 134 C (b), and after thermal
polymerization at 290 C (c).
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§o. 230 Feisigee BAY ok HyE
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g 71 oz A4 ool el A% A B
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diphenylbutadiyne®] Z#& Hx}7ke] Az 9} vligt
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Z=7) 8o AEEA gol goly ol g3 2
o] Yojuix] Y= Aog BuFYCH o]HF HolA]
e 49 zALH FHL FvEth. Powder
XRDZ 3¥E 49 7L 4% ZH 20=10%9)
A 25° Aol @& 73 FojAFo] YERG FAll
FA3Y REA 7IEke He Folart el
o} weta] B A B2k Az wiE gl
3ol At 714 olHdE FHel BAHE
Alolol] ERgte FAY FRolAM 22 JAPHR=
7VeAE wiAE = qit

AEH oz B dFoMe A7y YolHEd 1§
Eo] dlueld] AZAE P AMEZE HotAEd
313tE 48 A8 2S¢ F8/ w349 dist
o ZARBINC AL E 4= 8§ HH2REY 2F
1A PR dojzon &&dEoAMe E5H ¢
DA el Ale) FFHel o8] LEAE A=A

ZAS o] =R 1994E BRALAEAT
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