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2 2 n—Alkyloxy?Z1E 7HAE 47H F59 AE U benzilidene anhydrides (2a~d)E 4-—
(n—alkyloxy)benzaldehyde (1a,b)$} diethyl sudcinate$}2] Stobbe condensation, 7}F%3), =
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ABSTRACT : Several monomeric benzilidene anhydrides (2a~d) having n—alkyloxy groups
with various n—alkyl chain lengths were prepared by Stobbe condensation of diethyl
succinate with 4~ (n—alkyloxy)benzaldehyde (1a,b) followed by hydrolysis of the succinates
and cyclodehydration of the benzilidenated succinic acids. Configurational isomerism of the
monomer was investigated by spectroscopic means. It was found that monomers (2a~d)
exist in (Z,2)—isomeric structure. Polymerization was carried out in bulk at 150~210 C
range in nitrogen flow. The chemical structure and thermal properties of the polymers were
characterized by spectroscopic means, TGA and DSC. Their properties highly depended on
their chemical structures in accordance with a side chain length.

Keywords . polyester, benzilidene succinic anhydride, alkyloxy side chain.
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= anhydride®
242X 4—hydroxy—
L_-:9] F7F Az 8N,
12709 4—(n—alkyloxy)benzaldehydeE $Hd3}x,
o|lRI} APHoZ o] JMEd 4-(n—alkyloxy)al—
dehydeE diethyl succinate®?} Stobbe conden—
sationg&’? o] g3l 47kx FHY M2 XNBAE
7}A}%= dibenzilidene succinic acid F=AE §A4s}
At o1gA P AFTANE acetyl chloride®
24 ug|giete] HF dEARl 4719 M2 o9& AL
£710}E ZH= dibenzilidene succinic anhydride®

I3 ethylene glycol®t &3 S3sled
EEANE J79 H87H Tz

TE0=

benzaldehyde&

e

Al of & AT AMEH

>,

oFO 7

% benzaldehyde
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(99+ %), sodium hydride (95%), diethyl succinate
(99%) & AldrichAt #A1EE, n—hexane, && (F
F)2 MallincrodtAl Al2FS ©f o]} A glo) 1
th& ALEEFTh Ethylene glycol (Shinyo)& 7+¢¢

stoll & W FHst AFEEGIC

71 21, B Q7elxs 348 A S
T2 #gds 98] FT-IR 28 E82 Shimadzu FT—
IR 4300% AH&-8td FA8a 'H-, "C-NMR &

HEHL 300-MHz Bruker AM spectrometer®
Folo] Al Haake Buchler melting
point appratus® ©]&8te} WA kil FA83
o} UV A4 E#LE Scinco S—2100 UV/Vis spec—
trophotometer® ©|&3to] AT}y, FFAL LF
A3 ddAd 3L Zbz) Perkin Elmer AR
DSC 7 AAHEA7) (DSC) ¢+ TGA 7 @ 5% ¥4
71 (TGA)E °1 8 AFF ALY s 29 20 T
9 tE £EE SAssith

(4- Alkyloxy)benzaldehyde2| &HM. 500 mL 4+ &
gl &g 125 mLE L"J“ KOH 5.61 g (0.1
moD & ¥ F wwnkste] 93] xelo. v 4-
hydroxybenzaldehyde 12.2 g (0.1 mol), 1=bro—
mooctane 19.3 g (0.1 moD& $19 Zap~Fe) A
gz ok 332417 71 8R% & vheg S48
ot et oldstel M wAE Az thr] o
Hof] k] p—hexaned Fof 7FetA wRIETh n—
Hexaned AAS: ¥ 5HZ 53 1-bromo—
octane2 A7 (90 T/14 mmHg) st} ghe Ztale]
oily product® 93t} (4—Dodecyloxy)benzald—
ehyde (1b)¥= 0.1 mol®] 1-bromododecanes ©]§
3to] flo) 22 Aoz A

4-(Octyloxy)benzaldehyde(1a) : =& 70-75%; IR
(neat, NaCl cell) : v = 2930 (CH stretch), 2858,
2734 (CH, aldehyde), 1750(C=0, aldehyde), 1257
(—0~—, aryl—alkyl ether), 833 cm™'(p—disubst.
benzene); '"H-NMR (CDCly) : § = 0.87-1.8 (15H,
m, OCH, (Cﬂz)eCH,z), 3.96 (2H, t, —OCH. (CHa)s
CHy), 6.91-7.01(2H, m, aromatic H), 7.72—7.79
(2H, m, aromatic H), 9.97 ppm (1H, s, —~CHO); *C~

-z O
R BT =
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=
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|

NMR (CDClg) : § = 191.1, 164.6, 132.2, 130.0,
116.4, 60.7, 32.1-14.4 ppm.
(4-Dodecyloxy)benzaldehyde(1b) : & 70—-75%;
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Bis[4 - (alkyloxy)benzilidene] succinic anhydride 25

IR (neat, NaCl cell) : v = 2930(CH stretch), 2918,
2682 (CH, aldehyde), 1725(C=0, aldehyde), 1259
(=0-, aryl—alkyl ether), 833 cm '(p—disubst.
benzene); 'H-NMR (CDCly): § = 0.81-1.77 (23H,
m, OCHz(C_I‘_Iz)mCHs), 3.95 (2H, t, _OCHz(CHz)lo
CHay), 6.90-6.93 (2H, m, aromatic H), 7.73~7.77
(2H, m, aromatic H), 9.80 ppm (1H, s, —CHO);
HC—NMR (CDCly): § = 190.9, 164.6, 132.2, 130.0,
116.3, 68.7, 33.2—14.4 ppm.

Stobbe Condensation, dRHQl WHE vl 7]
&3ttt FH717F Z2E 500 mL o] EEtiel
n—hexane 60 mLE ¥ ¥ sodium hydride 67.5
mmol& &l F2stds Az A FFste] YL
@RS, g2 50 mL Hlo]A diethyl succinate
30 mmol® €43%¥ benzaldehyde %A 66 mmol
£ Y1 n—hexane 10 mLE #H7}8t thg dY3HA
Egsic, 3 13+ %0} 7FE BFSIY oA A200A
s ? % %“H—E‘ =
e 7E‘% fley ‘3‘71"1] ’6"11‘7] sk = 50
mLe 0.1 M KOH F&4-& H7lste] 241 F<tF
71g 5 gtk g @At £8902 X & ether2
23] #Z31 tetraacid FEAE AAth o371 20
mL/gel H]%E acetyl chloride® €1 4413 &<t

7198 373 T ether 20 mLE #7I8I] A9
TAZE AUr) o]F ethyl acetate 20 mLol F ¥
AA7Astar 40 T2 Ay LeolA 5% &< A=x3
of ¥ R A4S Ao

Dibenzilidene succinic anhydride (2a) : =+=74: 207 C;
& 17%; IR (KBr): v = 1820 (cyclic anhydride
D, 1776 (cyclic anhydride 1D, 1600~1550 cm™
(diene); 'H-NMR (CDCl): § = 6.8—6.88 (4H,
aromatic H), 7.11-7.25 (1H, m, aromatic H), 7.89
ppm (1H, s, ~C=CH-); BC—NMR (CDCl3):= 168,
120.1, 140.2, 134.6, 131.4, 130.7 ppm.

Bis[(4-butyloxy)benzilidenelsuccinic anhydride (2b) : =
=4 1901 T 481 24% ; R (KBr):v = 2920 (CH
aliphatic), 1818 (cyclic anhydride I), 1758 (cyclic
anhydride 1), 1600—1550 (diene), 1271 (—=O—,
aryl—alkyl ether), 825 c¢cm™! (p—disubst. benzene);
'"H-NMR (CDCly): 6 = 0.97-1.78 (7H, m, —OCH;
(CH2):CHy), 3.84-3.89 (2H, t, —OCH: (CH»).CHzy),

-
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6.40—6.43 (2H, d, aromatic H), 6.72—-6.75 (2H,
m, aromatic H), 7.88 ppm (1H, s, —C=CH-);

“C~NMR (CDCly): = & 167.3, 117.7, 138.3,
132.9, 127.0, 113.3, 162.3, 68.7, 31.5, 19.6,
14.3 ppm.

Bis[(4-octyloxy)benzilidenelsuccinic - anhydride (2¢) :
=730 86.7 T, 7% 12%; IR (KBr): v = 2920
(CH aliphatic), 1818 (cyclic anhydride 1), 1762
(cyclic anhydride II), 1600—-1550 (diene), 1269
(-0—, aryl—alkyl ether), 827 cm™'{p—disubst.
benzene); '"H-NMR (CDCl3): § = 0.89—1.80 (15H
m, —OCH,; CH.)¢CHy), 3.81-3.85 (2H, t, —OCH.
(CH»eCHy), 6.37-6.42 (2H, d. aromatic H),
6.71-6.74 (2H, m, aromatic H), 7.86 ppm (1H, s,
—C=CH-); "C-NMR (CDCly): § = 167.3, 117.7,
138.3, 132.9, 126.9, 113.3, 162.4, 68.7, 32.2—
14.5 ppm.

Bisl(4- dodecyloxy)benzilidenelsuccinic anhydride (2d) :
=33075 T 8 21%; IR (KBr): v = 2920 (CH
aliphatic), 1820 (cyclic anhydride 1), 1762 (cyclic
anhydride 1), 1600—1550 (diene), 1270 (—=0O—, aryl—
alky! ether), 827 cm™ ! (p—disubst. benzene); 'H-
NMR (CDCly) : 6 = 0.87—1.79 (23H, m, —OCH,
(CH.)10CHs), 3.80—3.85 (2H, t, —OCH,(CH,) 10CH3)
6.39—-6.42 (2H, d, aromatic H), 6.71-6.74 (2H, m
aromatic H), 7.86 ppm (1H, s, —C=CH-); "“C-
NMR (CDCly) :© 6 = 167.2, 117.7, 138.2, 132.9,
126.9,113.3,162.4, 68.7, 32.3—14.5 ppm.

DEXtel &4, 50 mL °]F ZefAIe A4 F
4 2 WrEAE XS & 449 ‘*Haﬂ%%
0.7 - 1 g4 A&s] HeFste] Wil XAIs ] EE =
otk 7}7he] me4dof 7AW Ax ?*Pl%
o]-&3}o] ethylene glycol& 7&%

o FARsle] Wit 12417k wt
tone-g 15-20 mL& Z”Hf_\:} A3 =2
3 FAEHE o] LERE AAAsT &
EAE 40 T AF2ENH st 3ol &
Axspgth zzbe] vk
Lol Festqict

Poly(1,4-dioxo-2,3- dibenzilidenetetramethyleneoxy-

1 89%; IR (KBr): v =3068 (CH

m
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Table 1. Reaction Conditions and Properties of
Polymers

polymer polymerization  non-—

code  temp () solvent 2O Ty VNS0 )
monomer polymer
3 210 pet-ether 71 21 01360 281
3b 170 pet—ether 60 369 325413 311
B 170 methanol 29 B8 327419 310
3 150 methanol 22 3Bl 3B414 310

“Temperature at 10% wt. loss. *Determined in CHsCN at
25 C.

stretching), 1706 (ester), 1550—1600 (vinyl double
bond), 1195-1250 cm '(~C-0-C-); 'H-NMR
(CDCly): 6 =3.63—-3.81 (~OCH,CH,0—), 7.23—-7.37
(aromatic H), 7.86 ppm (-C=CH-).

Poly[1,4-dioxo-2,3-dil(4-butyloxy) benzilideneltetra-
methyleneoxyethyleneoxy] (3b) : <7&: 89%; IR (KBr):
v =2856 (aliphatic CH), 1708 (ester), 1550—1602
(vinyl double bond), 1172-1249 (-C-0-C-),
827 cm™ ' (p—disubst. benzene); 'H-NMR (CDCl3):
§ =093-1.76 (~OCH,(CH»):CHs), 3.46 (—~OCHz),
3.63—3.94 (—OCH.CH:0O—, —OCH:(CH»)CHy), 6.62—
6.92 (aromatic H), 7.28~7.42 (aromatic H), 7.88
ppm (—=C=CH-).

Poly[1,4-dioxo-2,3-dil(4-octyloxy)benzilideneltetrame-
thyleneoxyethyleneoxy] (3c) : =& 87%; IR (neat KBr
cell): v =2854 (aliphatic CH), 1716 (ester), 1550—
1602 (vinyl double bond), 1172-1249 (-C—-0O-
C-), 830 cm™! (p—disubst. benzene); 'H-NMR
(CDCl3): 6 = 0.89—1.70 (—OCHz(CHz)sCHs), 3.73—
3.93 (~OCHsCHx0O—, —OCH»(CH2)¢CHs3), 6.71—6.93
(aromatic H), 7.24-7.41 (aromatic H), 7.88
ppm (—C=CH-).

Poly[1,4-dioxo-2,3-dil(4- dodecyloxy)benzilidene] tet-
ramethyleneoxyethyleneoxy] (3d) : <& 92% ; IR (neat
KBr cel): v =2923(aliphatic CH), 1739 (ester),
1550—-1602 (vinyl double bond), 1172-1247
(-C-0-C-), 829 cm™! (p—disubst. benzene);
"H-NMR (CDCly): §= 0.87—1.75 (—~OCH2(CHy) 1cCHy),
3.73-3.91(-0CH2CH20—, —OCH;(CHz)10CH3),
6.72—6.84 (aromatic H), 7.29-7.44 (aromatic H),
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7.95 ppm (=C=CH-).
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4—alkyloxybenzaldehyde® diethylsuccinate
B} Stobbe condensation® ©]&3t] AJFHOE
H39it}t. 4-Alkyloxybenzaldehydet 4-—hyd—
roxybenzaldehyde$} n—bromoalkane& KOH3}o|
A g3t 70~75% &R B389l Stobbe
condensatione n—hexaneg 4%, sodium hydride
A71Z s ok 10%9] T&= P39It Stobbe
°. Br2y| 72 §F8 2 u benzili—

FEAYNE  arylparconic acid,

o?t, -lu: rie nfg o

)

=

=,
condensation
dene succinic
HaksEo] A7lE Aoz dBA
ok’ w3t fhE kS 02 Cannizzaro reaction®] ¢
ol 4 gled o] Aol benzoic acid &
benzyl alcohol F#EA7} 8 # nkg&o| o} o]
ol FE AANFQ F&o] We Wt 2 ke
%! Al $ol2 n—hexaned AMEEISY, olF

latonic acid 59
h=]

\_

AU = N 3
~ TN

i )om

1a~b

||
—@—on + BR —XOH
Abs.EtOH

Q
C—OEt )
n ( > [ NaH 1.hydrolysis

n-Hexane idi

|_OE‘ 2. acidity

()

Acetyl Chloride

reﬂux
:1 H
bulk

2a~d + HOCH,CH,OH

3a~d

R =CgHi7(1a), C12Hz5(1b)

R’ =H(a), OC4Hs(b), OCgH17(c), OC12Hos(d)

Scheme 1. Synthetic route to monomers and polymers.
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Bis[4— (alkyloxy)benzilidene] succinic anhydrideZHE] 58 EX 372 /A= 2L ZgloAg 9 T4

Aghd BFA-E A7) 93l aldehyde/succinic ester/3
719] & HlE 2.2:1.0:2.22 8to whgaldt dojRl
ZFAe IR AFEHY NMR 2HEHE Falo] &
Ql ’6‘} At} IReIA anhydridel 71913R= 18203} 1760
Do 93g I 5 I, o|F T I3

+ 1550~1600 cm™' H:LOIW wEHG T =g
3000 cm™' $29 C-H A&EHIE Mo} 27
SA 77 A3 AR BENES E]lEdch
FHUNES ethylene glycold S4E ©HAZ p—
toluenesulfonic acid Fufjstel A F|AZFToz A A
33k 47 8L dFAY =4 o 2%
?l 150~210 T WSlolA HAJatith(Table 1).
HAE TEAE IRAA anhydridec) 7)818k= &4
5437} AFRA R 1700 cm™' 522 ester 937} BE
O 2M esterification®] AFACF YL ol

%L + 99tk =3 'H~-NMR AHEAGME zhzt
7.86~7.92 ppmelA #EAE+ benzilidene proton
o] EAZ TEA AR Yol o]FAZo] EAsta g

[e}

s
0

HHEkA| 51:' Egtxdle] EM. Stobbe condensation

(ED) - (ZZ) olﬂxﬂ ol AN & %E}. 71%4
Ao fﬂriﬂi (E2)=°1AA% (Z.2)-014A= IR
# NMRAZZA F0] 7h53lth & NMR AdE
HollA vinyl protond] X7} 7.8~7.9 ppmo| &
(Z2)—°14A), 8.2~8.3 ppmol¥ (£2)—o] A A<
o] HyFo] i, IR A2FEHNHE anhydrided
937} 1812, 1760 cm lo|d (Z2)—olAsoln
JEge] 1790, 1748 cm™ ol (E2)—o]3Ago] <
27 Uk B AFoM 48 dEE (£2) -0
A FAKSE DagaE el xE dge

o

(F,F)—isomer (E,2)—isomer

]

L o

R
(Z,2) —isomer

Scheme 2. Possible isomers of monomer.

Z2lH A26d A43 20029 74

ne o

g 2] UV/NVis ~ZEZS CHiCNE €2 3t
& AelMe 22 AEE dE & YU (Table
). A dEACAME IA F e HuEsags
wEE £ 9ok WAl 2a9 291 nmo d3E
cinnamic acid ZE9M FHD F70]c} M g8z
2a+ cinnamic acid moiety® 712 8%} olg}l 14—
diphenylene—1,3—butadiene®] -FEHo)71% 35k7)
&4l butadiene FEH A 71Q8H= 360 nmel A
o Fax #FHPC” AT 2b~de Fole=
o vE AEE Yehith § cinnamic acid
moiety$} butadiene FZ=HAM 71dekes F5as
< AN F2H) oA SAEA(OR) 7)1 AgE
SEY] AFHA Fupgo)lFE RolWA 325~
327 nm? Wt 414~419 nme] WYl z7}
#2E Yok o)A AN AT H o 23y
o] 23+ FEG3HA BAo=m oy
A7 B8 dFAE (Z,2) -oAAY S g9
T itk

449 1FA(3a~d) o] UV/Vis ~8E=--S CHyCN
Sl E ARRSEe] A3l ©)F Table 19 Adst
1A ALl Table 1004 &1d 4 9)
AAHoz dhgols g BTk w£F g
BW 1,4-diphenyl-1,3—butadiene®l|*] &
W EFA7E AL cinnamic FEA] 7190
& slae fastl SAEE AU o|Re =
EA7t o] F) XM butadiene unitel] et A
& ester?|7F WAHE 11+ 712 €319 butadiene
unit®] FAE e ¥ oozl AMY uEA FAp

3 =2

#4g wE B9y

—

£

2 M m\o
o,

X

A" aEAE CHLCI CHgCN DMF %
FHEE YEgln, =
MMASH 22 uideEoe F2
2EFRE 7R
IRAE dFFEH7IZ A4 71% 3t
/‘\

w2 7tdsel exo] w

= BrNE

A BAES o) AAAEH 106 FABD
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Figure 1. TGA pyrograms (a) and DSC thermograms
(b) of polymers.
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