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n—Alkyloxy 4 benzilidene anhydrides (2a d) 4-
(n—alkyloxy)benzaldehyde (1a,b) diethyl succinate Stobbe condensation, ,

a o (Z2)-
150 210
TGA, DSC

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,Z)—isomeric structure. Polymerization was carried out in bulk at 150 210
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.

26 4 2002 7 439



23

anhydride
. 4—hydroxy—
benzaldehyde 8 ,
12 4—(n—alkyloxy)benzaldehyde ,
4—(n—alkyloxy)al—
dehyde Stobbe conden—

sation '° 4

diethyl succinate

dibenzilidene succinic acid
acetyl chloride
4
dibenzilidene succinic anhydride
ethylene glycol

benzaldehyde
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(99+%), sodium hydride (95%), diethyl succinate
(99%) Aldrich
) Mallincrodt

. Ethylene glycol (Shinyo)

, n—hexane, (

FT-IR Shimadzu FT—
IH—, BC—NMR
300—MHz Bruker AM spectrometer

Haake Buchler melting

IR 4300

point appratus

.UV Scinco S—2100 UV/Vis spec—

trophotometer
Perkin Elmer

DSC 7 (DSC) TGA 7

(TGA) 20

(4-Alkyloxy)benzaldehyde . 500 mL

125 mL KOH 5.61 g (0.1

mol) . 4—

hydroxybenzaldehyde 12.2 g (0.1 mol), 1—-bro—
mooctane 19.3 g (0.1 mol)
. 33

n—hexane . n—
Hexane 1—bromo—
octane (90
oily product

ehyde(1b)

/14 mmHg)
. (4—Dodecyloxy)benzald—
0.1 mol 1-—bromododecane
4-(Octyloxy)benzaldehyde(1a) 1 70-75%; IR
(neat, NaCl cell) : n = 2930 (CH stretch), 2858,
2734(CH, aldehyde), 1750(C=0, aldehyde), 1257
(—0—, aryl—alkyl ether), 833 cm™(p—disubst.
benzene); *H-NMR (CDCls) : d = 0.87—-1.8 (15H,
m, OCH;(CH2)eéCH3), 3.96 (2H, t, —OCH, (CH>)s
CH3), 6.91-7.01(2H, m, aromatic H), 7.72—-7.79
(2H, m, aromatic H), 9.97 ppm (1H, s, —CHO); *C—
NMR (CDCl3) : d = 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

IR(neat, NaCl cell) : n = 2930(CH stretch), 2918,
2682(CH, aldehyde), 1725(C=0, aldehyde), 1259
(-0—, aryl—alkyl ether), 833 cm™(p—disubst.
benzene); *H-NMR (CDCls): d = 0.81-1.77 (23H,
m, OCHx(CH2)10CHs), 3.95(2H, t, —OCHx(CH2)10
CHs3), 6.90-6.93 (2H, m, aromatic H), 7.73-7.77
(2H, m, aromatic H), 9.80 ppm (1H, s, —CHO);
B3C—NMR (CDCls): d = 190.9, 164.6, 132.2, 130.0,
116.3, 68.7, 33.2—14.4 ppm.
Stobbe Condensation.

500 mL
n—hexane 60 mL sodium hydride 67.5
mmol
50 mL diethyl succinate
30 mmol benzaldehyde 66 mmol
n—hexane 10 mL
.3
24
50
mL 0.1 M KOH 2
. ether
2 tetraacid . 20
mL/g acetyl chloride 4
ether 20 mL
ethyl acetate 20 mL
40
Dibenzilidene succinic anhydride (2a) 1207

1 17%; IR (KBr): n = 1820 (cyclic anhydride
1), 1776 (cyclic anhydride 11), 1600—1550 cm™
(diene); 'H-NMR (CDCl;): d = 6.8-6.88 (4H,
aromatic H), 7.11-7.25 (1H, m, aromatic H), 7.89
ppm (1H, s, —-C=CH-); **C—NMR (CDCls):= 168,
120.1, 140.2, 134.6, 131.4, 130.7 ppm.

Bis[(4-butyloxy)benzilidene]succinic anhydride (2b)

1901 ; : 24% ; IR (KBr): n = 2920 (CH
aliphatic), 1818 (cyclic anhydride 1), 1758(cyclic
anhydride II), 1600—-1550 (diene), 1271 (—O—,
aryl—alkyl ether), 825 cm™ (p—disubst. benzene);
*H—NMR (CDCl3): d = 0.97—-1.78 (7H, m, —OCH
(CH2).CHs), 3.84—3.89 (2H, t, —OCH, (CH).CHz),
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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-);

BC—NMR (CDCl3): = d 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)benzilidene]succinic anhydride (2c)

1 86.7 1 12%; IR (KBr): n = 2920
(CH aliphatic), 1818 (cyclic anhydride 1), 1762
(cyclic anhydride I11), 1600—1550 (diene), 1269
(-O—, aryl-alkyl ether), 827 cm™(p—disubst.
benzene); *H—NMR (CDCls): d = 0.89—-1.80 (15H,
m, —OCH, CH,)sCHs), 3.81-3.85(2H, t, —OCH;
(CH2)6CH3), 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 (CDCls): d = 167.3, 117.7,
138.3, 132.9, 126.9, 113.3, 162.4, 68.7, 32.2—
14.5 ppm.

Bis[(4-dodecyloxy)benzilidene]succinic anhydride (2d)

175 : 21%; IR (KBr): n = 2920 (CH
aliphatic), 1820 (cyclic anhydride 1), 1762 (cyclic
anhydride 1I), 1600—1550 (diene), 1270 (—O—, aryl—
alkyl ether), 827 cm™(p—disubst. benzene); *H—
NMR (CDCI3) : d = 0.87-1.79 (23H, m, —OCH>
(CH)10CHz3), 3.80—3.85 (2H, t, —OCH>(CH2)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 (CDCl3) : d = 167.2, 117.7, 138.2, 132.9,
126.9, 113.3, 162.4, 68.7, 32.3—14.5 ppm.

. 50 mL

07-1g

ethylene glycol
.12 ace—
tone 15-20 mL

40
Table
1
Poly(1,4-dioxo-2,3-dibenzilidenetetramethyleneoxy-

ethyleneoxy) (3a) 1 89%; IR (KBr): n =3068 (CH
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Table 1. Reaction Conditions and Properties of
Polymers

lymer polymerization  non-
polymer polyme! 7,0)

a 3 b
cole  temp( ) sovent T ()" UVNIS(l g, )

monomer - polymer
3a 210 pet-ether 71 21 291360 281
3b 170 pet-ether 60 369 3B413 3

3c 170 methanol 29 B/ 327419 310
3d 150 methanol 2 3Bl  3%B414 310

“Temperature at 10% wt. loss. Determined in CH3CN at
25

stretching), 1706 (ester), 1550—1600 (vinyl double
bond), 1195-1250 cm (-C-0-C-); H-NMR
(CDCl3): d =3.63—-3.81 (—OCH,CH,0-), 7.23-7.37
(aromatic H), 7.86 ppm (—C=CH-).
Poly[1,4-dioxo-2,3-di[(4-butyloxy) benzilidene]tetra-
methyleneoxyethyleneoxy] (3b) 1 89%; IR (KBr):
n =2856 (aliphatic CH), 1708 (ester), 1550—-1602
(vinyl double bond), 1172-1249 (-C-0-C-),
827 cm™ (p—disubst. benzene); *"H—NMR (CDCly):
d =0.93-1.76 (—OCH2(CH2)-CHs), 3.46 (—OCHy),
3.63—3.94 (—OCH,CH,0—, —OCH»(CH,).CH3), 6.62—
6.92 (aromatic H), 7.28—7.42 (aromatic H), 7.88
ppm (—C=CH-).
Poly[1,4-dioxo-2,3-di[(4-octyloxy)benzilidene]tetrame-
thyleneoxyethyleneoxy] (3c) : 87%; IR(neat KBr
cell): n =2854 (aliphatic CH), 1716 (ester), 1550—
1602 (vinyl double bond), 1172-1249 (—C-0O-
C-), 830 cm™* (p—disubst. benzene); H-NMR
(CDCls): d = 0.89—1.70 (—OCH,(CH2)sCHs), 3.73—
3.93 (—OCH2CH20—, —OCH2(CH2)eCHz), 6.71-6.93
(aromatic H), 7.24-7.41 (aromatic H), 7.88
ppm (—C=CH-).
Poly[1,4-dioxo-2,3-di[(4-dodecyloxy)benzilidene] tet-
ramethyleneoxyethyleneoxy] (3d) 1 92% ; IR(neat
KBr cell): n =2923(aliphatic CH), 1739(ester),
1550-1602 (vinyl double bond), 1172-1247
(-C-0-C-), 829 cm™ (p—disubst. benzene);
H—NMR (CDCls): d = 0.87—1.75 (—OCH2(CHy)10CH3),
3.73-3.91(—0CH,CH,0—, —OCH,(CH)10CH3),
6.72—6.84 (aromatic H), 7.29—7.44 (aromatic H),
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7.95 ppm (—C=CH-).

. 4—
dibenzilidene succinic anhydride
4—alkyloxybenzaldehyde  diethylsuccinate
Stobbe condensation

. 4—Alkyloxybenzaldehyde  4—hyd—

roxybenzaldehyde  n—bromoalkane  KOH
70 75% . Stobbe
condensation n—hexane , sodium hydride
10% . Stobbe
condensation benzili—

dene succinic arylparconic acid,

latonic acid
K Cannizzaro reaction
benzoic acid

benzyl alcohol

n—hexane ,

o
I KOH I
ch%i )—OH + BR — Oy A
Abs.EtOH H-c OR

la~ b

T 1.hydrolysis
ch@w . [ NaH ydroly
n-Hexane 2. acidity

Q
< > R
Acetyl Chloride S 7
_—
\—QR' reflux AN
(¢] (o]

¢ o
bulk O/\/O
o .C n

3a~d

2a~ d+ HOCH,CH,OH

R = CgHy7(1a), C12Hps5(1b)

R'=H(a), OC4Hg(b), OCgH17(€), OC12Hz5(d)

Scheme 1. Synthetic route to monomers and polymers.
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Bis[4— (alkyloxy)benzilidene] succinic anhydride

aldehyde/succinic ester/

2.2:1.0:2.2
IR NMR
. IR anhydride 1820 1760
cm™t ,
1550 1600 cm™
3000 cm™ C—H
ethylene glycol p—

toluenesulfonic acid

150-210

(Table 1).
IR anhydride
1700 cm™ ester
esterification
"H-NMR

7.86 7.92 ppm benzilidene proton

. Stobbe condensation
, Scheme 2 (EE)—,
(E.2)-, Z2)- .
(E.Z2)- z.2)- IR
NMR . NMR
vinyl proton 7.8 7.9 ppm
, 8.2 8.3 ppm (E.2)-
, IR anhydride
1812, 1760 cm™ z2)- )
1790, 1748 cm™ (E.2)-
0 z2)-

(sz)_

0,
o;&( RR@—;\L’/Q Oi:\i
R

(E,E)—isomer (E,Z)—isomer (Z,2)—isomer

Scheme 2. Possible isomers of monomer.
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UV/Vis CHsCN

(Table
1).

2a 291 nm
cinnamic acid g1z
2a cinnamic acid moiety 1,4—
diphenylene—1,3—butadiene
360 nm

2 2b~d

cinnamic acid

butadiene

butadiene

(H) ©R)

moiety

325

327 nm 414 419 nm

zD-

UV/Vis
Table 1
Table 1

(3a~d) CHsCN

1,4—diphenyl—1,3—butadiene
cinnamic

butadiene unit
ester butadiene
unit

CHsCl, CH:CN, DMF

MMA

20 /min
Figure
1 . 10%
Table 1
320
10%
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Figure 1. TGA pyrograms (&) and DSC thermograms
(b) of polymers.
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13,14 200
20 /min DSC
thermogram  Figure 1
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3a
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