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Abstract

Some photopolymer, poly(vinyl cinnamoyl acetate)(PVCiA) was
synthesized by esterification of polymer{vinyl alcohol)(PVA) with mono-
chloroacetic acid, followed by reaction poly(vinyl monochloroacetate)
(PVChA) and potassium cinnamate. When esterification of PVA with
monochloroacetic acid was reacted in the dimethyl sulfoxide(DMSO), in
the synthesis of PVChA, it is very good vyield and the successive
cinnamoyl acetoxyl esterification of PVCIA can be successfully
synthesized. But PVCIiA is low photosensitive polymer if not added
photosensitizing dyes. Here, we synthesized photosensitizing dyes,
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trifluoromethylindol squarylium dye derivatives(TFSQ). Indolization of 3-
trifluoromethylphenyl-hydrazine formed 4- and 6-substituted indoles, the
rate of 4- and 6-substituted indoles is close to unity."”

Absorption’s coefficient of 1, 3-bis(4-trifluoromethyl-1,3,3-trimethylindol)
squarylium dye(TFSQ) is 7.57x10°, PVCiA added with TFSQ(3%) was

highly sensitized six times than not added.

1.4 &

Zdo APAVIE 7R FBA TEAVE Minsk ol 93t HEgdE 8

7t ol g™ waR? $& 24 AFarE std 7R nRAL] AT dF
© 2 Poly(vinyl cinnamoyl acetate, PVCIA)E A%t ng@xTeo 34 X9
e & AAE oY A oA FANEY AR 3 & A3 T ALF
o} EAFEC A7IHH Uch(Scheme 1) A f#” 5& olid FAYEL n
3l7] 93t PVAE %4 $9lAM monochloroacetate®t WHS-A 7 o o 2H 2 3}-8 0]
B =8 #ststed %482 Poly(vinyl monochloroacetate, PVChA)E ddttxn ®

2 9th(Scheme 2) EF HHE’® $&  PVCiAed A43E EZHOSZ mono-
chloroacetate®] o~H 238§ AFFA A3 HFT FHEQ PVCIAY ALt
Aq2HZ EYES Aodted AFsddct 2usn vk 2V AEHY dFE
monochloroacetate®] o) 228|238 3 PVCIAY A3 d2H2 TAEL Aojse=r

= a
Zol g FZA e de SxHn Jdov AFHATe Fotol o
= AAog B AT S AgrE 72
ABAE Z7E sl AT trifluoromethylindol-squarylium dyes
(TFSQ)E #A43ld Z3AEe F7tol s 7hsAd e AESAT.
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Polymerization
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2.4

21 Aok w771

Fe Al E b 3R sEAte] A AIF e 2E Poly(vinyl alcohol)2 Al
&S AHE3sd 28], monochloroacetate, Z4F, Dimethylsulfoxide(DMSO)&= &3 4]
b8 AMEELA Y. AT 4k ZHE S methyl aleohol Foll AA ) KOHE molb 2 ¥l 3*

= AAE oatste] ofpMiEe] AlAHg 3 A& Pt A TFSQQ
1 3-trifluoromethylaniline, HCIl, sodium nitrite, Tin(II)chloride, 3-methyl-2-
butanone, NaOH @ v} EFAlek Zidlz2 AF8-3t9 o

4 #4712+ Electrothermal 1A9000, UV/Vis.2t Shimadzu UV-2101PC, Shimadzu
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FTIR-8201PCE 47t Ag3t3om, 'HNMRe UAEAe ARA2 FX-4008 %7
B4}, Carlo Elba Model 11068 Z+zt Apg3lth 2 mEate] #@sr)e] &z 1|

ol ol o of
i

4L Gray-scale & o] &3l A9 A7l AALEE 10002 3o Ay
2 Z38A%" &9 methylglycold AHgston, AN methylglycol/
MEK(V : V/ 1 : 19 EFLAE ALL3ld o

2.2 Poly(vinyl cinnamoyl acetate)9] 4

2.2.1 PVChA®] 8§ 272 Table 19l Ye e, 7 % Run No3e #wgzA
o2 o ohgF o] FAFHT.(Tableld] No.3)

monochloroacetate 37.2g(0.4mol)# 50ml9] DMSOE 200mle] 37 ZT&A30 Y1
0C=2 7+, &3/ F wntstds PVA(ZFEE500) 96gS 1A AAA AH 3
7t F 308 T4 meEHoh A&sted BHEEE 110CE A5A7 F 2 259
A 4AZE B vr3 A Z Y o] W Dean-Stark trapg ¥ &Ed MAFIE 2o A A
A DEFEE F HEHNES 500mlY FHF 2o ZEWE AANGY, 2 3
oFAIEH FHFLDY EFEAAN 53] AHI T AFAZ Q. 52 ¢ 2g.
H NMR(DMSO-Ds) : & (in ppm from TMS) = 1.70-1.90(d, CH2), 3.96(s, COCHay),
5.18(s, CH)

222 PVCiIAE &9 DMSO 200ml %o PVChA 10g® AFHA ZEF 20ge ¥
60TAA 12412 A7 F HSANES FFF 1000ml Fol Yo nEA4EA
FAol dojwith o] AEAEASG L8y, MAE/FFFULVVZ AFHF e
A&88x AA EHES dA.(Table 2¢] Run No.3)

"H NMR(DMSO-Ds) : & (in ppm from TMS) = 1.60-1.90(d, CH2), 4.60-4.70(s,
COCHa), 5.0(s ,CH), 6.70-7.73(d, CH=CH), 7.5(m, Aromatic)

2.3 Squarylium Dyes ¥ %7+ &4

2.3.1 3-trifluoromethylphenylhydrazine(1) 3-trifluoromethylaniline 32.23g
(0.2mol)& 36%2°] HCI 160mlcl ¥ 1, 80CZ 719 £3A17 & 0CE WZAHAH 308
Z+ WREAlZL B2 sodium nitrate 19.06g(0.27mol)-2 FFH 5 90mlo] E£HAA @124
HE 5TCTE FASHAA MAF] HFFAA 1A $w$AHD 36%9 HCl 120miol
SnClz 120g(0.63moDS =¢ &AL 0TE FAFHA WS L&AL wWE £z
StHA A3AI ] o g 1A WA sEE, 3-trifluoromethylphenylhydarazine/HCIE 91 W
A FY 2AC] AA ZYEHUG. BE A7 JAE) 5%2 NaOHZ F38A# o
HE22 $2¢ og IF FLAA EHEQ phenylhydrazine FEAS AU +5
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7 1 22.90g(+ & 63.5%).
Analysis(%). Calc./Found : C; 48.29(47.80), H; 2.89(2.62), N; 16.09(15.42), F; 32.73 (32.23).

2.3.2 4 and 6-trifluoromethyl-2,3,3-trimethylindolenine(2)= 37 ZgtA 34
£ 1) ethylalcohol 70ml¢} 3-trifluoromethylphenylhydrazine 22.90g(0.13mol), 3-methyl-
2-butanone 13.45g(0.16mol)& 212, 5A1F EFAIZ}. o # 96%<2 H:SO4 5mlE A
st wSEo) 5% NaOHE #7bsted d71488d A7k =ows dxozm
do}. ojAE HEZ £F3H FY ARAA EHEL AU FEF ¢ 183g(F
£ 62%).

Analysis(%). Calc./Found : C; 63.41(62.89), H; 5.32(5.03), N; 6.17(6.10), F; 25.08(25.01).

2.3.3 4 and 6-trifluoromethyl-1,2,3,3~-tetramethylindolenium salt(3)< 4 and
6-trifluoromethyl-2,3,3-trimethylindolenine 18.3g(80mol)¥} methyl iode 14.1g(0.1mol)
& acetonitrile 70ml F oA 7TAZF FFAIZE B T2 F AHES A4HS v&
CH:ClZ A&t 5% : 16.23g(+& 55%).

234 4 and 6-trifluoromethyl-1,2,3,3-tetramethylindoline(4)= 4 and 6-
trifluoromethyl-1,2,3 3-tetramethylindolenium salt 16.23g(49.6mmol)E 5% NaQOH=Z <%
71438t tg dElE2RE FE39 FH UERAA FHEL UG 5% ¢ 119
(5~&: 100%).

Analysis(%). Calc./Found : C; 64.72(63.9), H; 5.85(5.30), N; 5.81(5.20), F; 23.62(23.03).

2.35 Di-n-butyl squarate(5)'®= Squaric acid 11.4g(0.lmo)E& n-butanol 50ml/
toluene S0mlell &-3|AIZ1 F 14413 FFAIZIL) o] o A== B2 Dean-stark traps
olg3ted AAZFLH WHGFFE F LulE FTUAIT FY FTHIY EFHEELS LU
FEF 1 2036g(58 H0%)

Analysis(96). Cale./Found : C; 63.70(63.20), H; 8.02(8.00).

2.36 Monosubstituted butyl squarate(6)®= ethyl alcohol %o di-n-butyl squarate
20.36g(0.09mol)= 4 and 6-trifluoromethyl-1,2,3 3-tetramethylindoline 21.7g(0.09mol)&
Fil 80TolA 5&3F FFAIL F Aoz YZHAZ|H HMo HAEo AyFdHEt
oz 3 AFA glol A& 5% 1 21.6g(5&: 65%).

Analysis(%). Cale./Found : C; 61.78(61.00), H; 6.00(5.87), N; 3.79(3.56), F; 15.43(15.10).

2.3.7 Monosubstituted squaric acid(7)< monosubstituted butyl sqarate 21.6g
(58mol)-& ethyl alcohol 50ml Foll &FAIZIHA 40% NaOHE H3ig & Hd2o=
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W7 A7 9, 2N HCIZ 389 A3 Rd2o] 4489 oAe dna o
& AA o) AU S8 0%,
Analysis(%). Calc./Found : C; 61.89(61.20), H; 4.04(3.98), N; 4.01(3.72), F; 16.32(16.15).

238 Squarylium Dyes 3’d(general method)tE monosubstituted squaric acid®} 4
and 6-trifluoromethyl-1,2,3 3-tetramethylindoline$ n-butanol/toluene(1:1/viv) &g&
ol A 1641 WHgAIZATH NSEE F fvlE A AL column-chromatography
(eluent: CHsCl/Hexane @ 3/1)& o] &3l £ AHAs A th.(Table 3)

3. 237 & 37

3.1 Poly(vinyl cinnamoyl acetate)®] %HA]

PVChA® &/4& PVAS monochloroacetate® &0 DMSO o 8H&AIHL AS
PVAS] OHZI7F 79 ol=® 23} st3 914% 'H NMRe #402 <& £ it} (Fig.
D 283 248 8o & Ry FEo} FHE 474 HSAAL o B4 ASE
OH7|E& 71x z4F &vlo 9g ojaHE wgoz §2094 acetoxyl”}9] CHz 3)-
27} #EHA 23 T BEE acetoxyl”] 9] CHzol #)-3E #EFxr 4t
I, A=/t BAsA] gtk AAe] ¢t £99 OH”19 monochloroacetate 2]
OH”|7} BAX oz PVASH dAdH 2 whgo 718k acetoxyl”] 2] CHs7b velyt
o AzZtEc (Table 1) 38 F8u)9] vl2olME 80 Aatgc} o)A L PVA
9} monochloroacetate?] o AH EZ3}o] 23] ¥l EF Mo =712 9dle 280
AeH AL BZEE ), acetoxyl”] 9] CHs ¥)-Z&E BFH A @kt

oo ol

2

Table 1. Reactive conditions and comparison of integration value in '"H NMR of PVChA.

: o P Relative integration
o Reactive Conditions vied Esterification(%) value of each signal
un
No PVA/ Solvent Reaction | Temp. @
| CICH,COOH tme | (C) CICHAC00 | CH,C00 | a2 | b | o2 | a3
(ml)
(g) (hr.)
1] 96372 CH?gOOOH 5 | 10 | 16| 46 51 | 10095046051
2 | 96/372 - 5 |10 | 15| 86 12 1101100 086012
3| 96372 D“goso 5 | 1o || o 2 | 10]1.00] 095|002
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—+tCHg —CH+— —+ CHp —CH3—+ CHp = CH}—

a [ b a | b a I b
OCOCH?2Cl OH OCOCH3
c d
A : CHsCOOH B : non solvent
d C

S ppa 5 0  dopoa 5 0

C : DMSO

a
b %
AU AN _
O:P?v'ﬂ | 5 . r ) ?

Fig.] '"H NMR spectra of PVChA according to synthesis’ condition.

PVCiA9 4L Mz o& v x5 PVAS monochloroacetateE ol 2 H]
2Rkgo] oaA dojzl PVChAE DMSO &9 FolA Algi ZE whgAlzoq,
1 A= Fig. 29 Table 29 Yehliich E3 Fig. 28 1E38%9 'H NMR ¥
A Bzl 2 69 x| 2709 proton©], 3, 4, 59 $)xlo| 3719 protono]
HRon est follM trans-olefin® ¥-=7F BEFYch o]AL PVChAS mono-
chloroacetic esterf-#o] cinnamoyl acetoxyl’7| 2 X &8 AL ou)sles Roz Azt
frl 283 Table 25 22 =49 proton HAEAE HE Ueld HoZ A
cinnamoyl7]7} AFH o2 Tgdd AE & F Urh

Al
3
=
=



8 @FANTYA 164 AT 1998

—+ CHp~CH}— -t CHo—CH}—
a | b a

o] h
OCOCH3 OCOCHQ—COCH=CH~© h
d (o}

a

LU’LLL—A L,J Nm- Run No.1

-

¢ ppa 0

L I f’c a
—__JU J J L | /v\ Run No.3
5 )

d ppz

Fig. 2 'H NMR spectra of PVCiA according to PVChA’s condition.

Table 2. Comparison of integration value in ‘H NMR of PVCIA according to reactive
conditions.

Run | Esterification(%) of Relative integration value of each signal

No.| cinnamoyl acetate | o T4 "o [ an [ e | £ | g2 | n3
1 46 100 | 045 | 108 | 085 | 045 | 045 | 045 | 045
2 & 100 | 08 | 108 | 012 | 09 | 0% | 0% | 0%
3 % 100 | 0% | 110 | 001 | 055 | 0% | 095 | 0%
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3.2 Indoline %4 ¥ trifluoromethylindol squarylium dyes®l 4

Indolined YurA o2 FischerddWos 490 B Q7= Fischerdd
S Atge gAY E=§ A8 F metax]$ phenylhydrazine?] indoleninedt=
metaX] & phenylhydrazones®} ol Ax FA7I7F metal Aol 298 X : Y H7L
1:19] H &= olFA7 AAEdn Buxln At Scheme 34 = 49 69 9
209 olFAzE 1:19 W2 APHAGE 4

CHoR'
|
NHN =C A

|‘ . .
n_.@jﬁ' . mﬁ
N/ R R N/ R
H H
X Y

R = OCH3 NO2. CF3, F

Squarylium dye(SQD)E ¥¥HA 0 2 squarineit® Azt FHEG BEgS E
2 gL FeAY SPNSoR FAHA, £ dFd e HdA SQDY 4¥rA A §
A g o] 83t P(Scheme 4)

Table 3o 42 91x1<} 62 o] A& TFSQF =AY AHE 77 YedAT
42] Ao A¥E TFSQv =& FJZAFTE ez gloy, 69 AXe A&d
TFSQw 49 9zl A8 TFSQRT o ov] A& A versoh #dA TFSQ=
B3 TFSQRY @2 §3H& vehiz Yok =3 2 A g4 TFSQY &%
A= SQDY E/3% nE &9 carrier Aol BEEHUG

Table 3. Data of trifluoromethylindo squarylium dyes.

Vield | Amax®| e | MP Analysis(%)” Found/Cald.

Dyes

TFSQ8 | 35 628 757 | 300> | 64.26(64.10) | 4.68(4.21) | 5.00(4.80) | 20.35(20.10)

TFSQ9 | 32 629 491 | 270 | 64.26(63.83) | 4.68(4.14) | 5.00(4.65) | 20.35(20.06)

TFSQ10| 30 627 161 | 312> | 64.26(64.08) | 4.68(4.50) | 5.00(4.80) | 20.35(20.21)

a) measured in CHCIs b) elemental analysis of TFSQs
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CF3 CF3 CF3
@-N Rane @— @N NHHC!NaOH @—N NH
conHCI Con HCI He He
CH3 cig CH3 chg
CHgl
1 +crecoc»4(cr¢>2—*opg©j}cmﬂ. c%@f}we
-
|
2 3 Cfs

AaOH

QL n-suon QL CHe o
e B i
HO OH

BuO OBu |
CHg
5 4
O CH3 cHg
o:é {?@»ca —>O¢CH%§©—
OBu CHg
6 7

"3 Crgcrg CH@C“G
447 — @fé: @b

| | CF3

CHg o CHa
9
CHz CH3 o C"B CHz
TFSQ.8-10
Scheme 3
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YR E FH8S 4T LEAEAS ¥U geR 9 AR, 1 AH
€ Fig. 49 JeEtHAh Cinnamoyl”]7F oF 46% 4= =UAHAES die 2449 o4
ol 22 FReY cinnamoylZ] 8] =0l F7HESLE AU EE Ho 64 ol F
7HEE & & o ol R PVAY 3541011 cinnamoyl7]7} F7}8hell whel E33F A g

7} FolA cinnamoyl”?1 8] ##7l, & -CH=CH-9| radicaldlel 93 7tadg o] A
o}yl wjEolets AMzbEc) w3 FAT TFSQE 3wt% A7Hs A7, H3 49
Ao TFSQ 8°] 69 x9 TFSQ 108t 38 A= Fdg=st F7hsln &S
g F AT I olfFE =& FFAFE Jsld TFSQ7ZF cinnamoyl”] 9] trans-
olefin(-CH=CH-) radical3}o] energyXol& doAM nF &9 7lwdgo] BB
tha Azter

—a— Polymer

300_ —e— TFSQ 8 + Polymer
] —a— TFSQ 9 + Polymer
250 - —w»— TFSQ 10+ Polymer ; v

Pl
2 4
=
g 200
)
%]
o 150
> /
—r -
8
@ 1004 [
o
A -
50 _—-———/"______________.——-———-—.
2 r +
40 T 50 T 680 T 7’0 1 8'0 1 % ]

Esterification of cinnamoy! acetate(%)

Fig. 4. Relative sensitivity of PVCIA between esterification of
cinnamoyl! acetate(%6) and added TFSQ(3%)

PVChAS E&32 FAEL YA OHYIE 713 £ de upgdz b= 23}
o, Zd ] acetoxylZ]e] EAME HF EHEQ PVCIAY ZE AHFFE 7iALH,
cinnamoyl acetate®] =4 E°] EETE 145 HE A& ¢ F AU B AHY
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THAAZ AEE TFSQY &4 A< metax]$ phenylhydrazinee 49 9% 9 6
9 ¥A2 A#H indolinec] 1:12 FAHUSG T AZAY. ez 49 9x) ¢ 69
AAZ Agd TFSQ FolAM 49 9= 218" TFSQO FFA4+E vigd TFSQ
Boie oF 2ul, 69 $1X2 X% TFSQEUE o 5ol AT =gkt olejdt F34
T9 F7le PVCIAY #x3lo 7198t Azgn. 2% TFSQY 37 2
TFSQY EATz9 ¥, 4718 EA dsle AE Exnsux
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