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Abstract : Polymerizable discotic liquid crystals containing diacetylene and acryloyl groups were formed
through hydrogen bonding between phloroglucinol core and polymerizable pyridine derivatives, and their
photopolymerization behavior was investigated. The discotic complexes exhibited discotic columnar
and rectangular columnar mesophases depending on the number of aromatic rings. Photopolymerization
of the discotic complexes was carried out by UV irradiation in the liquid crystalline state. IR and UV—
Vis spectroscopy affirmed that diacetylene and acryloyl groups were selectively polymerized, and that
crosslinked polymers containing short conjugated diacetylene oligomers were produced by 1,4—addition.
X—ray diffraction experiment showed that the columnar order in the discotic complex containing phenyl—
pyridine moiety was maintained after photopolymerization, and that the rectangular columnar order in
the discotic complex with biphenyl units was changed to the lamellar order.

Keywords : discotic liquid crystal, hydrogen bonding, photopolymerization.
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palladium (ID) [PACly (dppf) 1 = &l W o= Azl &
el Fde o] =7 EA stel] 28 FR3te] ARSI,
NN-UHEEZo = (DMF) 9 #lebe&-S 4 A molecular sieve
EA) sfellM Baste] ARgelsick AY a=rpETEn] o] ARE-gt
Ag)7F AL Merck AR Silica 60(70—230 w2)) 01T},
24 'H NMR #4)2 JEOLAR] 300 MHz JNM~-LA300
spectrometers ©]€3911, IR AFEHL Perkin ElmerAle)
Spectrum 2000 FTIR 23715 AM-3le] At 97 548 &
Q57| £13ll TA InstrumentAle] DSC 2920 ARE-51%1aL, 714
¥} WAEEE 10 C/minZ ato] A #217] 3tellA S48
ol AGHv A 42 MettlerAHe] FPR82HP &3} Mettler
FP90 A A7 42 Leicarle] LEITZ LABORLUX
12 POLS @)= olgst] =383, 2555 1 T/minZ
3lo] Ay G X4 SEKRD) HHe 2% 24
A7) A2 Bruker AF2] NanoSTAR System¥} 28 71<57]
A7429] 8C1 POSCO HelRlE o83t ¥1om Cu—Ka ¥
APAE ARSI WS EE 5 C/ming St 3733
Acrylic acid 10-(4-pyridin-4-yl-phenoxy)-deca-4,6-diynyl
ester(APPE)2| #4. APPE®] 914 3142 Scheme 10 LERAS]
t}. 33HE 1S 5] 981 4—bromopyridine hydrochlo—
ride 2 g(10.3 mmol), tetrakis (triphenylphosphine) palladium
(0) 0.7 g(0.6 mmol), potassium phosphate 6.5 g(30.6 mmol)
3} 4-(4,4,5,5,—tetramethyl—1,3,2—dioxaborola n—2—yl)
phenol 2.7 g(12.3 mmol) & 500 mL2] 17+ = Ze}~T0] A
2 9718kl Eullel 100 mLe] dimethylformamide (DMF)
2 100 mLe] S8k 8 Wil 90 TellA] 3AIRE 53t wHlkst

Stk Wk T8 § DMF9F S Ast stell A8k, ike&
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3} 4—pyridine— 4—yl—phenol 1.3 g(& 74%) S Lth

'H NMR (acetone-de): & 8.55(d, 2H), 7.64(d, 2H), 7.57(d,
2H), 6.95(d, 2H).

315 29 S-S el 250 mLe) 1+ B ZetAF0l 60
mL 9] ¥2]93} 60 mLo M¥erE-S copperdl) acetate 17.7 g
(97.4 mmol) 8} T Y1 A 917 stellA] mREskI) 1 &
o]l 5—chloro—1—pentyne 4 g(39.0 mmol) ¥} 4—pentyn—1—ol
3.3 2(39.2 mmoD & WHg- §7]ofl Yo 25+ 40 CE #4581
48A17F FRE RESAIALE ¥ T8 F HSES oHER FE3)
S, HEZs| =28/ HE0/50 v/iv)S A7 SulE ARg-sto]
AYAZvlE 7882 10—chloro—deca—4,6—diyn—1—ol 3.7
g(F& 51%) & 23k

'H NMR(CDCl): & 3.74(t, 2H), 3.64(t, 2H), 2.46(t, 2H),
2.41(t, 2H), 1.99(m, 21, 1.7 (m, 2ID.

35He 39 @4 918 100 mLe 17 B+ Zekazel 35t
% 1 1.0 g(5.8 mmol) ¥ sodium hydride 0.18 g(7.5 mmol)=
93 Aa 2971 stellx] 10 mLe] DMFE &9l 1AIRE &<t 1
oAtk 1 $of 38ME 2 1.5 g(8.1 mmol) & “d2olx Hkg- 871
of Aalaqich Wb T4 § EES ERREFOR FEL
Aoz AABIe] 10— (4—pyridine—4—yl—phenoxy) —deca—
4,6—diyn—1-o0l 1.0 g(& 54%) & LUk
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Scheme 1. Synthesis of the polymerizable pyridine derivatives.

"H NMR (CDCls):
7.01(d, 2H), 4.11(, 2H), 3.75(t, 2H), 2.51(t, 2H), 2.39(t,
2H), 2.03(m, 2H), 1.78 (m, 2H).

APPE?] #8435 9&) 3lg=E 3 0.93 g(2.9 mmol) ZF 20 mL2]
1,4—dioxanes 100 mL] 1? T ke ga Aa B
7] &lellq wHkelch wHE & A N—dimethyl aniline 039 g
(3.2 mmoD) & Wk 7)o Y 60 C=E 71319tk 1 % acr—
yloyl chloride 0.29 g(3.2 mmol) = FAP|E o]&3lo] As}et 3
2AZF EoF WSS st whSEL ZEgTEog =25}
T FRIEE/MEE(20/1 v/v)& N SR AMgstel Y 2
ZrlE 792 acrylic acid 10— (4—pyridin—4—yl—phenoxy) -
deca—4,6—diynyl ester 0.32 g(& 30%) <= 2l3I3iT)

'H NMR(CDCl3): & 8.61(d, 2H), 7.60(d, 2H), 7.47(d, 2H),
7.01(d, 2H), 6.41(d, 1H), 6.11(dd, 1H), 5.83(d, 1H), 4.25
(t, 2H), 4.11(, 2H), 2.51(, 2H), 2.39(t, 2H), 2.03(m, 2H),
1.91(m, 2H); MS m/z 373(M"); Calculated for Co4HzsNO3
C: 77.19%, H: 6.21%, N: 3.75%; Found C: 76.94%, H
6.65%, N: 3.76%.

Acrylic acid 10-(4'-pyridin-4-yl-biphenyl-4-yloxy)-deca-4.6-
diynyl ester(APBE)2| $#. Scheme 1] LFeERA nlel o] APPE

8 8.62(d, 2H), 7.61(d, 2H), 7.47(d, 2H),

oAy gl 43 9EY 375

9} frAFeE W02 APBEE 3dsISlt) SijteE 45 A3 4
o] 19+ 52 Z~30l 4'-bromo— (1,1'-biphenyl) —4—ol
1.4 g(5.6 mmol), bis(pinacolato)diboran 1.5 g(5.9 mmol),
PdCl,(dppf) 0.13 g(0.16 mmol) ¥} potassium acetate 1.7 g
(17.3 mmoD) & ¥ & A 87]ex |uliQl 30 mLe di—
methyl sulfoxide 2} 7] 70 Collr] wREEIATE HH-E-S wlAl o
% FEehl FRENEES AN 8z ARl AY AmviET
)2 4'-[4,5—dimethyl— (1,3 2)dioxaborolar1—2—yl] —bi—
phenyl— 4—ol 1.1 g(7& 66%)S &2t

'H NMR(CDCl3): & 7.87(d, 2H), 7.56(d, 2H), 7.51(d, 2H),
6.92(d, 2H), 1.36(s, 12H).

191 4% A3 991 191 B9 B PiloR ek
3} 5 4'—pyridin—4—yl—biphenyl—4—ol& At} 5 61%.

'H NMR((CD3)2S0): 8.64(d, 2H), 7.88(d, 2H), 7.75(d, 2H),
7.72(d, 2H), 7.59(d, 2H), 6.91(d, 2H).

S92 29 5 AL43) S-S 39 LA Bk SaAsl]
3}gHE 6 10— (4'—pyridin—4— yl biphenyl—4—yloxy) —deca—
4,6—diyn—1-ol& LUtk F& 49%.

'H NMR(CDCl): 8.62(d, 2H), 7.61(m, 4H), 7.56 (m, 4H),
7.01(d, 2H), 4.11(, 2H), 3.75(t, 2H), 2.51(t, 2H), 2.40(,
2H), 2.04 (m, 2H), 1.78 (m, 2H).

33+E 62 AFR3E APPES] A vz} =354 A& sto]
acrylic acid 10— (4'—pyridin—4—yl—biphenyl—4—yloxy) —
deca—4,6—diynyl ester (APBE) & 3443151tk & 26%.

'H NMR(CDCly): 8.68(d, 2H), 7.73(m, 4H), 7.59(m, 4H),
7.01(d, 2H), 6.44(d, 1H), 6.16(dd, 1H), 5.85(d, 1H), 4.25
(t, 2H), 4.11(t, 2H), 2.51 (t, 2H), 2.40(t, 2H), 2.04 (m, 2H),
1.91(m, 2H); MS m/z 449(M"); Calculated for CsoHzsNO3
C: 80.15%, H: 6.05%, N: 3.12%; Found C: 79.97%, H
6.52%, N: 2.89%.
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o] 3370 cm ' FolA H& F5u]E veh b v, dulE
N B 31=EA7 9 wEld ke ¥ g Aade
07 QlEj 3| =EA|719] A% ZEo] 2900 cm”! F2S FHO
23 g Fpe] vk g o) 5slSitH(Figure 22] (), (©)).
olgiet Avl= HlEy) vBd (ko] FAAT e R Axs A &
Aeeld Bag R Ao} fakelm  olziE PGEl T2 f
AL o)F ARt fAadTe] BAEo] Anke oy EekA)
7 TAoR AxEs g1 = QUTh

DSCe} Hgdn 7S o] 83l Az vk N H3kAe] 9y
EAS Avrgit) 39 vEld 549 APPESH APBEE 7}
Ay} Pz} Ao f53 AA3vte] HAE o, NGt T
S ool ZAo] YehA] oottt whde) PGe}l A dEs 34
3 A BBl AFAFEC] WAL Table 19 PG/

Transmittance

4000 3500 3000 2500 2000
Wavenumber (cm ™)

Figure 2. IR spectra of (a) PG, (b) PG/APPE, and (¢) PG/
APBE.

Table 1. Phase Transition Temperatures and Enthalpies (J/g) of
PG/APPE and PG/APBE Complexes”

Phase transition temperature (C)

Complex - -
heating cooling
PG/APPE K577 K7411 169.5M
(13.6) (11.3) (14.1)
PG/APBE K1120 K16591 11491 M 1244 M
(4.4) (14.2) (5.6) (1.8

“K: crystalline. M: mesophase. I: isotropic.
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APPES} PG/APBE 9474 #3kA9] dxo] 55 Yehlgin
Figure 3¢l DSC2] thermogramE-2 eldth. PG/APPE 44
E3kA|9] A, 71 Alel] AFAJo R dElE APdo)7) dEE|
Aorow 74,1 TollM S AA= Wl ¥zh Alef 69.5 T
of| ] Al deilr] WgAfo 2ol Hol7t el tHFigure 3(a)).
Aoz o] Ao Ae]7} A e =ul(14.1 J/g), °1= PG/
APPE®] W dolr & AMErt EAIERS AxFsiSict PG/APBE
N B3k 0] Afolw 71 Aol Ao ek Abxolrt
A dror AYA A AARZL] Hol7} 1659 T
of|A] TAEEAL B7F Aol M dollA] Aoz o ol b
A WHIls 7P B o2 dolrt 247 149.1 TS} 124.4 CollA
et Figure 3(b)). WAoo 2 o] Abxo] ollghi)z} PG/APPE
EFA R} W Z10F n]Fo] Hol PG/APBE E3A17}F PG/
APPE E3Aof njairs e dMre] s JAJshs A

@ M-I

]

20 40 60 80 100 120
Temperature (C)

(b) M-1

11

30 60 90 120 150 180
Temperature (C)

Figure 3. DSC thermograms of (a) PG/APPE and (b) PG/
APBE.

Figure 4. Polarized optical micrographs of (a) PG/APPE at 63 C, (b) PG/APBE at 135 TC, and (¢) PG/APBE at 115 T (200X

magnification).
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Figure 5. XRD patterns of (a) PG/APPE at 55 C and (b) PG/
APBE at 115 C.
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g 9] o2 Kol ek Srml7t 212 12949} 1411 em o]
A BTy FE3 Fo) [R AAEH (Figure 6(h) S AR
w, 21503 2250 cm ' F-ollA] Bha—wka A Age] thnt
Hth 415 sl 9§ FFue] A717F 50% ol 3Hasskel
th B8k 2250 cmt FZolA] 1,2—0kgol| 95k |2 obad
I AE F5urt AEE R okgdt) olejdt Avks 98Ut A
3k oA tlolEd SEES] 1,4-FFS AT w2
AT)? GAleb, o] RE] 1 4-1ukSe] oJa] tlotMEd 18]
STHHASS FAT 5 Ak

ol Rl 159 A% BEE Foll 1636, 14113} 1294 cm™!
o] EA a5 A717E 50% oV #AsIia oA RY 759
FEe AT B39 AnjeP Axsliet. o) ZHE PG/APPE
g BabAo] & AL witel] EAsHs ol H 2 T1F°] A
oAl o8 dEHoR FEES ST PG/APBE 4%
VA ol9h fARSE AuE YERion o] AnzRE o}
Al olgd 2 TF0] A8l del g8 dEdow F3Es
o 4 AT Figure 7¢l AgdolA 2 tlopaddlla} ol gH =
A IF0 A g BAEE JeRASILE FERAF Al &
ARE9l F7hol A3 totAdl 1F- Ay F wWako g

@ i
v |

@ ¥

(b)

Transmittance

(b)

9950 2200 2150 1700 1500 1300
Wavenumber (cm ™)

Figure 6. IR spectra of (a) PG/APPE complex and (b) cross—
linked polymer after UV irradiation for 12 h.
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Figure 7. Schematic representation of photopolymerization in
the columnar phase.

(b)

Absorbance

500 600 700

Wavelength (nm)

Figure 8. UV—vis absorption spectra of (a) PG/APPE complex
and (b) crosslinked polymer of PG/APPE.
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T E4 AFEHS YERNITE Figure 8 (@) oM & 4= %
o] FFe A Mg HehA= Hdl F5 3Rgo] °F 500 nmells] v
ERch wbd, 12 AIRE BoF F58et Sl Al 55 3go] 2F 650
nm7H] EEE AS & 5 Figure 8(b)). o= ToME
g T550] 1,4-418el g8l SEEWHA 2 FHT22] TohA|
g ZE|an7t =] A o]Fo] dofuty] Wil Fow 3t
=T PG/APBE 9 E3AoM = FALsE AE A9k
Feet Foll B9 7l pEAEE] 7= s IRlskaAt X—
2 83 %18 535190, Figure 99 PG/APPES} PG/APBE
A B3 SEE AlEsel g 3d dHEs YeERSith
PG/APPE®] 7hiL 3124}e] 73-%- Figure 9(a) ol R nfe} 32o]
44.6 AelA (100) Hol sk 7t 9=27F #EH S en o)=

HFF 11| PG/APPE o B8AA Lelt (100) #e] At
s8] fatstlk olm el o HEAe) Ay BTl 9
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Figure 9. X—ray diffraction patterns of (a) crosslinked polymer
of PG/APPE and (b) crosslinked polymer of PG/APBE at
room temperature.
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