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In this research, we have synthesized new pendant-type polyurethane polymers by introducing various chromophores with stil-
bene derivatives in the side-chain of the polymer backbone. The Stilbene monomers, N, N-bis(2-hydroxyethyl) amino-4"-cyanostilbene,
N,N-bis(2-hydroxyethyl)amino-4"-methoxy stilbene, N,N-bis(2-hydroxyethyl)amino-4'"-acetylstilbene, and N,N-bis(2-hydrox-
yethyl) amino stilbene, were synthesized by Wittig reaction. Another stilbene monomer, N,N-bis(2-hydroxyethyl)ami-
no-4"nitrostilbene, was synthesized by Knoevenagel condensation. By the measurement of UV-Vis absorption and
Photoluminescence (PL) spectrum, we found that introduction of the electron-withdrawing group as a substituent shifts both
UV-Vis and PL spectra to longer wavelength, and the introduction of the electron-donating group results in blue-shift of the
spectrum. In case of polymer with NO, group as a substituent, PL is quenched.
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Are] AARzel] 7] BAE 284171 pendant FE O] A

= ol& FH S 7 Sk AR, o] T 1At
FAEEe 48715 Eflehe Aun goldtal, A, FARECIA T E
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A 2283 5 Qirh 2 A7 elX= 4-dicyanomethylene-2-methyl-
6-(p(dimethylamino)styryl)-4H-pyran (DCM) dye 5] oig] kS
pendant type .2 Z-2A]71 polyurethane (PU)= A7 .3 sFATH12].
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Triphenylphosphine Aok TCIAFS] A& ARSI, 71 9]9] Be
AlokE AldrichAFe] AlF-& AHE-3FATE Tetrahydrofurane (THF) 2} di-
ethyl etheri= sodium/benzophenone= ©]-85}0] THAIA ARSI,
N,N'-dimethylformamide (DMF)+<= Q475 E0] o] 0] bubbling
3lo] Akas AlA & 5 AREslITh 'H¥F °C NMR spectrat™ Varian
Gemini-200 (200 MHz)¥} Varian Gemini-500 (500 MHz) spectrometer
2 ZF7}e] oA 25 218311, chemical shifts tetramethyl si-
lane (TMS)E 7|52 235}l ppm 2 YERNSATL Ultraviolet (UV)
spectra= Varian CARY-5E UV/VIS spectrophotometer 2 =74 3}51t}.
AT} EAFEE polystyrenes 715 EZE gel permeation chroma-
tography (GPC)-4W o2 433t

2.1. SR Y

2.1.1. [N,N-bis(hydroxyetyl)amino]benzaldehyde (2)2| &4

Dietanol aniline 20.0 g (0.1 mol)¥} pyridine 10 mLZE acetic anhy-
dridecll 3%t -, 55 CollA] 24 h E<F 3H7 ATk WHg A9 &
diethyl etherE AME3l] 553 ¥, 2.2 (7] §9) 5 1F =
ot 3= acetylation® =S At o] AFES K o]
A 8 §lo] T BEE-& 13 AIXIt) POCLE DMFel &8st &,
0 ColA 1 h 5 WRFAIZ] 3L, acetylation® &S o] Fdof H7}
A7 formylation®]= =3 BE5-5 918l 90 TellA 5 h &k g7 A2
th NayCO; 2945 7t ¥-3-& 54 Al1Z1 5, methylene chlor-
ideE AHESto] FEsta, B 7] §99] SulE 2T TR
NaOH &5 o]-g-3to] 50 CollA 24 h &3+ WHFelo] acetyl H&
24715 AAsl] Y8l= aldehyde A E(9.42 g, 41%)S &)

'H-NMR (CDCl;) & (ppm) 3.66 (t, 4H), 3.83 (t, 4H), 6.66~6.70
(d, 2H, J = 8.0 Hz), 7.61~7.66 (d, 2H, J = 10.0 Hz), 9.62 (s, 1H).

2.1.2. 4-Cyanobenzylbromide (9)2 &M

Tolunitrile (5) 10.2 g (0.08 mol)¥} N-bromosuccinimide (NBS) 15.12 g
(0.08 mol)¥} initiator = 2] benzoyl peroxide (BPO)= CCl,oll €-3iA171
T3 h FFo0 CellA BFACE kg T4 &, vheES JE ]
succinimde® AASTE Aozl HHE-S MeOHO R A|AY 3t
Z AAE 845 g (51%)S A=tk

'H-NMR (CDCl;) 8 (ppm) 4.5 (S, 2H), 7.30 (d, 2H, J = 4.0 Hz),
739~7.42 (d, 2H, J = 6.0 Hz), 7.57~7.82 (m, 15H).

2.1.3. (4-Acetylbenzyl) Bromide (10)2| &+

4-Methylacetophenone (6) 2.98 mL (22 mmol)Z} NBS 3.9 g (22
mmol)¥} initiator 2] BPOS CCl,oll 314121 & 3 h 5<2F 90 CellA
SEFAIZITE WS 4 F, WESE-S methylene chloride® 23},
BE f7] §99 & ¥ TS §, flash chromatography & &
3| skl APES deth

'H-NMR (CDCL) & (ppm) 2.57 (s, 3H), 4.47 (s, 2H) 7.44~7.47
(d, 2H, J = 6 Hz) 7.62~7.82 (d, 2H, J = 6 Hz).

2.1.4. (4-Methoxybenzyl) Triphenylphosphonium Chloride (11)2] &+

4-Methoxybenzylchloride (7) 3.7 g (0.02 mol)¥} triphenyl phosphine
6 g (0.02 mol)= DMFe]l &3l|A171 3 24 h 5<F 130 CollA FA1
ol WS $4 T diethyl etherZ A5k AHE 7.6 g 87%)= 4
<k

'H-NMR (CDCl;) 8 (ppm) 3.7 (s, 3H), 5.29 (d, 2H , J = 14 Hz),
6.63 (d, 2H, J = 8.0 Hz), 6.98 (d, 2H, J = 2.5 Hz), 7.74~7.76 (m,
15H).

2.1.5. Benzyltriphenylphosphonium Bromide (12)2| &

Benzylbromide (8) 5 g (29 mmol)¥} triphenyl phosphine 9.3 g (35
mmol)S DMFe]l |3JA171 & 24 h £9F 130 CollA SFA171T) HE
S E74 F dicthyl ether® AAA8I] BAE 124 g (99%)S D=t}

'H-NMR (CDCls) & (ppm) 5.18 (d, 2H , J = 14 Hz), 7.05 (d, 2H,
J =12 Hz) 723 (d, 2H , J = 12 Hz) 7.52~7.67 (m, 16H).

2.1.6. (4-Cyanobenzyl)triphosephonium Bromide Salt (13)2] &

4-Cyanobenzylbromide (9) 3.7 g (0.02 mol) triphenyl phosphine 6 g
(0.02 mol)& DMFe] €&lA17] 3 24 h £k 130 CTollA F-FA|ZIT)
W3- 4 % diethyl ether® AA7 3] Y= 7.6 g 87%)= LTh

'H-NMR (CDCL) 8 (ppm) 5.85~5.90 (m, 2H), 7.30 (d, 2H, J =
4.0 Hz), 741 (d, 2H, J = 6.0 Hz), 7.57~7.82 (m, 15H).

2.1.7. (4-Acetylbenzyl)triphenylphosphonium Bromide (14)2| &+

p-Acetylbenzylbromide (10) 4 g (0.017 mol) triphenyl phosphine
5.5 g (0.02 mol)S DMFef £3lA17] 3= 24 h 53t 130 CoA] 374
21tk 9% 2 % diethyl ether® AZAg5t] AAE 8.1 g (90 %)<
o=

'H-NMR (CDCls) 8 (ppm) 2.51 (s, 2H) 5.58~5.66 (d, 2H, J = 12
Hz), 7.62~7.82 (m, 15H).

2.1.8. N,N-Bis(2-hydroxyethyl)amino-4'-methoxy Stilbene (16)2| 2
[N.N-Bis(hydroxyetyl)amino]benzaldehyde (2) 1 g (4.9 mmol)-S CHCl;l|
238k, yilde (11) 1.9 g (4.5 mmol)S MeOHell 2318t ¥ NaOCH;
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0.36 g (6.6 mmol)¥} Aol 24 h F<¢F WA ItE ¥H-3-5-S meth-
ylene chloride® F&3tal, B& f7] §999] & 215 T/ 5
flash chromatography< &3l 23t A& 450 mg (29%)= L3Ith

'H-NMR (CDCl;) & (ppm) 3.66 (t, 4H), 3.83 (t, 4H), 6.66~6.70
(d, 2H, J = 8.0 Hz), 7.61~7.66 (d, 2H, J = 10.0 Hz), 9.62 (s, 1H).

2.1.9. N,N-Bis(2-hydroxyethyl)aminostilbene (17)2| &+

[N,N-Bis(hydroxyetyl)amino]benzaldehyde (2) 1 g (4.7 mmol)
CHCL;oll €313k, yilde (12) 3.1 g (4.7 mmol)S MeOH®l| 4-3l|3F
NaOCH; 0.76 g (14 mmol)Z} A204 24 h 5+ wRIAIZITE W&
< methylene chloride® F%3+1, B2 7] €949 & ¥ 3
St 2, flash chromatography< &3l 2|3t AAdE 520 mg (39%)
derh
'H-NMR (DMSO) & (ppm) 3.66 (t, 4H), 3.83 (t, 4H), 6.68~6.71
(d, 2H, J = 6.0 Hz), 6.87~6.93 (d, 1H, J = 12.0 Hz), 7.00~7.06 (d,
1H, J = 12.0 Hz), 7.30~7.68 (m, 7H)

o o

N e

o i

2.1.10. N,N-Bis(2-hydroxyethyl)amino-4-cyanostilbene (18)2| &4

[N, N-Bis(hydroxyetyl)amino]benzaldehyde (2) 3 g (14 mmol)& CHCl;
o 433, yilde (13) 6.6 g (14 mmol)S MeOHel| £33t &
NaOCH; 1.1 g (20 mmol)¥} 2204 24 h FeF wHkAZIT) W55
methylene chloride® F&3}1, B2 #7] SN0 &uE Ay S/
%, flash chromatography< &3l #-2]3ate] B/3%E 2.3 g (53%)= Y+=Th

'H.NMR (CDCls) & (ppm) 3.66 (t, 4H), 3.83 (t, 4H), 6.69~6.72
(d, 2H, J = 6.0 Hz), 6.84~6.90 (d, 1H, J = 12.0 Hz), 7.07~7.10 (d,
IH, J = 6.0 Hz), 7.50~7.53 (d, 2H, J = 6.0 Hz), 7.57~7.60 (d, 2H,
J = 6.0 Hz).

2.1.11. N,N-Bis(2-hydroxyethyl)amino-4 -acetylstilbene (19)2| &

[N, N-Bis(hydroxyetyl)amino]benzaldehyde (2) 2 g (9.5 mmol)= CHCl;
o gal3tal, yilde (14) 7.1 g (14 mmol)2 MeOHe| £33 3
NaOCH; 1.5 g (28 mmol)¥} A-L-of|A] 24 h F<eF WwHAIRIT) HH-E-S
methylene chloride® FZ3}3, 22 7] 99 §vlE X& SHs
%, flash chromatography< &3l #-2]3te] B/3E 1.8 g (57%)= LTk

'H-NMR (DMSO) & (ppm) 3.43 (t, 4H), 3.49 (t, 4H), 6.64~6.68
(d, 2H, J = 8.0 Hz), 6.93~7.01 (d, 1H, J = 16.0 Hz), 7.21~7.29 (d,
IH, J = 16.0 Hz), 7.37~7.41(d, 2H, J = 8.0 Hz), 7.57~7.61 (d, 2H,
J = 8.0 Hz), 7.84~7.88 (d, 2H, J = 8.0 Hz)

2.1.12. N,N-Bis(2-hydroxyethyl)amino-4 -nitrostilbene (20)2| &t

[N, N-Bis(hydroxyetyl)amino]benzaldehyde (2) 1.5 g (7.3 mmol)<
CHCl;l| €-3l18}aL, p-Nitrotoluene (15) 1 g (7.3 mmol)= MeOH®l| &
a3t % piperidine 2.1 mL (7.3 mmol)S 7}k 390 CollA 24 h
<t WRIAIZITE 9858 methylene chloride® F&3F1, B2 7]
gl EmlE XF E73 % flash chromatographyS F3f #-2]51]
AAE 360 mg (15%)S A=t

'H-NMR (DMSO) & (ppm) 3.65 (t, 4H), 3.91 (t, 4H), 6.70~6.75
(d, 2H, J = 10.0 Hz), 6.91~6.99 (d, 1H, J = 16.0 Hz), 7.19~7.28 (d,
1H, J = 16.0 Hz), 7.42~7.46 (d, 2H, J = 8.0 Hz), 7.55~7.60 (d, 2H,
J = 100 Hz), 8.17~821 (d, 2H, J = 8.0 Hz).

3slsh M 223 ®M435, 2011
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2.2.1. N,N-Bis(2-hydroxyethyl)amino-4"-methoxystilbene (22)2| &+

N,N-Bis(2-hydroxyethyl)amino-4-methoxystilbene (16) 250 mg (0.7
mmol)= DMFo] €3JA]71 3 toluene-2,4-diisocyanate (21) 0.11 mL
(0.8 mmol)= F7Feto] 110 CollA] 24 h FF FFAIZITE WS &
A A F, dSES Arsle]l IAE F3A710 ol & FEIste] ¢
=tk olglA ¥ 1AE B3 MeOHE AlF3te] AAE 330 mg
(80%)= A=th

FT-IR (cm) : 3376 (NH stretching), 1706 (C=O stretching)

2.2.2. N,N-Bis(2-hydroxy-ethyl)aminostilbene-1 (23)2| &

N,N-Bis(2-hydroxyethyl)aminostilbene (17) 200 mg (0.6 mmol)S
DMFol| €-3A1Z71 ¥ toluene-2,4-diisocyanate (21) 0.092 mL (0.6 mmol)
S A7keto] 110 ColA 24 hal AT W5 A F,
SES A7kt 1A AT ol FEfste] Fet olg
2 TAE 57 MeOHE A3k A4E 300 mg (88%)= DT
FT-IR (cm’') : 3334 (NH stretching), 1724 (C=O stretching)

ne we

2.2.3. N,N-Bis(2-hydroxyethyl)amino-4-cyanostilbene (24)2| &Hd

N,N-Bis(2-hydroxyethyl)amino-4'-cyanostilbene (18) 1.5 g (4 mmol)
< DMF°]| €38|A1%] 3 toluene-2,4-diisocyanate (21) 0.7 mL (5 mmol)
= F7keko] 110 CellA 24 higqt SFAth Wk T4 A 5
doES ket LAE Y71 ol BEfste] Pt o))
4 IAE =7 MeOHE MlAEste] A& 1.9 ¢ 80%)= FeTh

FT-IR (cm™) : 3334 (NH stretching), 2208 (CN stretching), 1724
(C=0 stretching)

2.2.4. N,N-Bis(2-hydroxy-ethyl)amino-4 -acetylstilbene-1 (25)2| &Hd

N,N-Bis(2-hydroxyethyl)amino-4'-acethystilbene (19) 200 mg (0.61
mmol)& DMF] €31A171 $ toluene-2,4-diisocyanate (21) 0.092 mL
(0.64 mmol)= 718l 110 CollA 24 hg<t SFAIZILL WS
TA AN §, GEES AUkl 1AlE A7 o8 HEHY
Atk olgAl 4L wAE 27 MeOHE MAHste] AAHE 19 ¢
(80%)= A=tk

FT-IR (cm) : 3322 (NH stretching), 1670 (C=O stretching).

2.2.5. N,N-Bis(2-hydroxyethyl)amino-4 -nitrostilbene-1 (26)2| &t

N,N-Bis(2-hydroxyethyl)amino-4 -nitrostilbene (20) 360 mg (1 mmol)
5 DMFe]| €3lA17] 3 toluene-2,4-diisocyanate (21) 0.16 mL (1.2 mmol)
& F7kete] 110 CollA 24 hiEeh BFAIIE g5 T4 A F,
ASES WUkt LAE AL o5 dEfste] Fet o)g
@2 IAE 3 MeOHE AlF3te] A4dE 500 mg (86%)S P+t

FT-IR (cm") : 3334 (NH stretching), 1712 (C=O stretching), 1521
(N=O stretching), 1328 (N=O stretching)

lo g
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Stilbene pendant X|$HA1S 713 polyurethane (PU) 54 342
A7 E Scheme 1°] YERNTE A WA wF-SollAl, diethanolaniline
12] hydroxy group<- pyridinel| acetic anhydride®l] ]3] H.& =itk
Aldehyde 2713 acetyl-protected diethanolaniline®} POCl;3} DMF
o] Aol 98 Ttekpara-) 91X el EQ1EQ 3, NaOH o] <))
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HOL o~~~ OH HO .y~ OH
1) Ac,0, Pyridine
2) POCIs, DMF
—_— HO. oH
3) NaOH (aq) TN
cHo
1 2 NaOCHs, O
CHyOH,
Chiorof 3
joroform -
B 16.R = OCH,
CHs s ' P(CaHs)sBr O 17.R=H
: 18.R=CN
BPO, P(CaHs) 19.R = COCH,
ccly DMF R
R R R
3.R=0CH; 7.R = OCH, 11.R = OCH,
4.R=H 8.R=H 12.R=H
5.R=CN 9.R=CN 13.R =CN
6.R = COCH; 10. R = COCH, 14.R = COCH,
HO«_ sy~ OH
HO_ g~ OH

Piperidine, MeOH I
+ - . -

Scheme 1. Synthetic route of monomers.

HOL A~~~ OH

O ocN NCO
\O: DMF

N + N
16.R = OCH, CH,
17.R=H 23.R=H
18.R=CN 2 24.R=CN
19.R=COCH; 25.R=COCHjy

R 20.R=NO; R 26.R=NO,

Scheme 2. Polymerization of PU-OCH;, PU-H, PU-CN, PU-COCH;s,
and PU-NO,.

Table 1. The Results of Polyurethane Polymerization and Temperature
of Decomposition and Glass Transition of Various Stilbene Chromophores

Cpd. No Polymer  Yield M, M,"  PDI Ty T,
22 PU-OCH;  80% 12364 31279 2.52 235 160
23 PU-H 88% 11544 17352 1.50 231 131

24 PU-CN 80% 18222 41748 229 225 129
25  PU-COCH; 93% 7562 9067 1.19 230 145
26 PU-NO; 90% 13885 24713 1.77 235 153

acetyl group= deprotection 3}$IT}. Phosphonium salts 11-14 E2&
2 DMF g£1istellx 2+2+e] X3kl benzylhalide 7-103} triphenyl-
phosphine®l] 2J3l €& 4= 91o™, THF-EtOH £1j3lollA £-BuOKE
AHg-3to] aldehyde 29}+€] coupling RE-&-& SIITh oA 3ix Lo
%1 monomer 16-205- toluene-2,4-diisocyanate (21)3}2] F k-0l
Sl i B i e

Stilbene <8715 #35F PU 12AFsE Wh3-2] A= Table 101 Q.0F
%131, gel permission chromatography (GPC)ell 2]l 73 % polymer
2222659 FHT EAE M), FABT EAHM,), L8 EAE
(PDD)= 217} 3358 ~17010, 3377~41748, 1.11~2.52% =4 ¥ ok
ZF ARl 24 FEE, 9 B Abe Y AR FT-IR spec-
trum®] ¥] 3}, urethane 218719 549& HERNE 1710 em™ oA
2] C=0 stretching band & UEF= Ao 2 ST} TGAT DSC
£ o] g5t 47 Al gt datE Yehlich Stilbene 2H-871E
XSS o5 PU IEARES 225~280 CollA] A 749 HEE §
sk A8S YERYE decomposition temperature (7y)S X151, 150
T %A glass transition temperature (Ty) #ke] Sk

o]l A3lellA:= stilbene T3 ol -OCH;, -H, -CN, -COCH;, -NO;
9] 5718 AR BY] sEol v AAES E8lsk] F5

7107 she wwAke] 3 9 54 351

1.2
‘ —a— monomer—OCH3

— 1.0 —o— monomer-H
=' I —&— monomer-CN
tU. —— monomer-COCH3
~ 0.8 —+— monomer-NO,
=
0 0.6
c
8
c 04
>
= 0.2

0.0}

300 400 500 600 700
Wavelength (nm)

Figure 1. Optical absorption spectra of monomer-OCH;, monomer-H,
monomer-CN, monomer-COCH;, and monomer-NQO,.

1.2
—=— polymer-OCH,

—~ 1.0 —o— polymer-H
=] —4— polymer-CN
LAY —— polymer-COCH,
.‘éi L —+— polymer-NO,
»n 0.6
c
2
c 04
> !
= 0.2

0.0

300 400 500 600 700
Wavelength (nm)

Figure 2. Optical absorption spectra of PU-OCH;, PU-H, PU-CN,
PU-COCH;, and PU-NO,.
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| &2 73 loH, -CN 28717 E = A A
YERH, -NO, 2871 7P 48 At 54 58& 7HE
> 2 G Qlrk o]9) 22 AR FA| X3 e} AAF EA A3 E
A% stilbene WA FHA 5SS 2K a4 dAlE
(monomer-OCH3, monomer-H, monomer-CN, monomer-COCH3;, mon-
omer-NO»)#} &3t PU 122 2KPU-OCH;, PU-H, PU-CN, PU-COCHs,
PU-NO2)=8] UV-Vis &5 3¢S 57519 Figures 1, 20 YERAS]
th. Figure 194 X5z wie}l o] Aat =4 X$7]7F 9% mono-
mer-OCH;+= 350 nmollA Hdff &5 3PS Uehligla, B 735k
A BA A27)7F =EEE Ao F5 o] gubd olgshs A
< By, 71 et AA A 218717F =91% monomer-NO» 2
FHol F 32 448 nmel YERASITE PU EARS2] UV-Vis Htf
7 WS THEREe] At} vissaiAl vERgth PU T2 A
F2A =400 28 urethane®] 7B 7 @AM F5 TS
ZHAIA] 9431, stilbene Mg THEARS-S pendant EFY] O F 1iAle] A
7] Wizel PU 24} 3 ol whEAte] F5 ad-s fRlehs

i)
o
10
il
o,
o

=
T

o

(

1 of
o lo
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1.2 1
| —=— polymer-OCH,
— 1.0} —o— polymer-H
= | —— polymer-CN
< —v— pol -COCH
& o8} pomer==a T,
) |
byt
» 0.6}
: 3
2
c 04}
3 |
o 0.2}
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Figure 3. Photoluminescence spectra of PU-OCHs;, PU-H, PU-CN,
PU-COCH3, and PU-NO..

Table 2. UV-visible and Photoluminescence Properties of Polyurethane
with Various Stilbene Chromophores

Cpd. No Polymer UV-visyy (nm)®  PLu (nm)*  Band Gap (eV)
22 PU-OCH3 353.5 462.5 3.51
23 PU-H 362 467 342
24 PU-CN 386 530 3.21
25 PU-COCH3 390 600 3.18
26 PU-NO; 430 - 2.88
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