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HOMOPOLYMERIZATION OF FOUR NEW HYDROXYAMIC
ACIDS AND POLYCONDENSATION OF GLYCEROL WITH
DIBASIC AMIC ACIDS

THANUN M. PYRIADI and NABEEL Q. SMOKA

Department of Chemistry
College of Science
University of Baghdad
Baghdad, Iraq

INTRODUCTION

During the past 15 years or so, research in ocur laboratory has been mainly
directed toward the synthesis of cyclic imides and isoimides for different pur-
poses [1-4]. Thus a large number of substituted amic acids and bis-amic acids
were prepared as intermediates. These amic acids were readily purified, crystal-
lized, and obtained in excellent yields. In the present paper two types of amic
acids are prepared. The first type is hydroxyamic acids of formula A, while
the second type consisted of dibasic amic acids such as B:

< COOH ( CooH
CONH—-R--OH CONH-R-COOH
A B

Polycondensation of acids B with glycerol and homopolycondensation of A
were investigated.
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EXPERIMENTAL

Preparation of Amic Acids

Literature procedures [S] were followed with some modifications.

1. Preparation of N-(O-Carboxyphenyl)itaconamic Acid (1)

A two-necked 500-mL round-bottom flask was equipped with a reflux con-
denser having a CaCl, tube on top and a dropping funnel. The flask was
charged with 22.4 g (0.199 mol) itaconic anhydride, and enough THF was
added and stirred to effect dissolution. 27.4 g(0.199 mol) 2-aminobenzoic
acid was dissolved in 50 mL THF, added dropwise while heating the flask.
Then the mixture was refluxed for 6 h, The solvent was evaporated under

reduced pressure, and the residue purified by recrystallization from 1:1 acetone:

water. The yield was 43 g (87.3%) of yellow crystals melting at 189-190°C.
IR (in KBr): »oy, 2700-3100 cm™ ! ; »c=0, 1700 cm™ ; vo=c, 1600 cm™;
UNH, 3300 cm™!,

Analysis. Calculated: C, 57.83;H, 4.42;N, 5.62%. Found: C, 57.71;H,
4.21;N, 5.44%.

For NMR, see Table 1.

2. Preparation of 6-[Carbonyl-N-methyl-N-(2-ethanol)amino}
bicyclo(2.2.1)hept-2,3-ene-5-carboxylic Acid (2)

A similar setup was charged with 5.0 g (0.03 mol) bicyclo(2.2.1)hept-2,3-
ene-5,6-dicarboxylic anhydride, dissolved in 25 mL dry THF. 1.88 g (0.03
mol) of ethanolamine in 10 mL THF was added dropwise to the cooled flask
in 15 min. A white precipitate settled out. The precipitate was filtered,
washed with hexane, dried, dissolved in acetone, and reprecipitated with
water. The white crystalline product (5.0 g, 72.7%) melted at 104-105°C.
IR: voy, 3400 cm™ (alcoholic), 2600-3000 cm™ (carboxylic, broad);
ve=0, 1720 cm™ ; vo=c, 1650 cm™! .

Analysis. Calculated: C, 60.25;H, 7.11;N, 5.85%. Found: 60.12; H,
7.01; N, 5.75%.

For NMR, see Table 1.

3. Preparation of N-Methyl-N-(2-ethanol}succinamic Acid (3)

Following the above procedure [5], equimolar amounts of succinic an-
hydride and N-methylethanolamine were allowed to react. A yellow oil first
settled. It was dissolved in acetone and reprecipitated with dry ether. After
several repetitions, a sticky soft material was obtained which could not be



18: 27 24 January 2011

Downl oaded At:

HOMOPOLYMERIZATION OF HYDROXYAMIC ACIDS 831

TABLE 1. NMR Spectral Data of the Prepared Amic Acids?

Amic acid
No. Structure Chemical shifts relative to TMS
(1) COOH 5 11.60(s, 1H,NH); 6 11,20(s,1H,0H) ;5 7.20~-
com{é““ 8.60(m, 4H,CgH,); 8 3.40(s,2H,CH,-)3 8 6.10(d,

2H,vinylic CHZ) .

(2) COOH
- 5 8.60(broad,2H, 20K ) § 6.05(s,2H,H-C=C-H)
m/oncnchn2 i '

&, oK $5 3,60(t,2H, @ﬁ— )38 3.10(5.2!1,_@-19.

5 2.95(t,4H, N—CHZ-CH OH); & 1,18(s,2H,

@), 5 2.55(s,3H,N- ~CHy ).

(3 [:coon 5 7.88(s,2H,20H); 6 3.80-3.30(m,4H,N-CH,CH,0)

CONCHZEH, ;5 2.90-3.05(d, 4H,COCH,CH,C0); 5 2. 60(s BH.

“3 oK o).

I

COOH
(4) l coon 8 11.30(s,1H,0H); 5 10.00(broad, 1H,NH);57.2.
°°"“© ~8.65(m, 4H,CoH, )55 2.65(s,4H,~CHCH,-) -

4NMR spectra were obtained in DMSO-dg using a 80 MHz Varian instru-

ment.
bWhen D, O was added, NH and OH peaks disappeared.

crystallized. The gummy product (85.7%) gave the right neutralization equiv-
alent (174.88). IR (in KBr): »gp, 3400 cm™ (alcoholic), 3100-2600 cm™
(carboxylic); vo=0, 1725 cm™!

Analysis. Calculated: C, 48.00;H, 7.43;N, 8.00%. Found: C, 47.96;H,
7.43; N, 7.70%.

For NMR, see Table 1.

4. Preparation of N-{O-Carboxyphenyljsuccinamic Acid (4}

10.0 g (0.099 mol) succinic anhydride and 13.7 g (0.099 mol) 2-aminoben-
zoic acid were allowed to react in refluxing benzene. The resulting precipitate



18: 27 24 January 2011

Downl oaded At:

832 PYRIADI AND SMOKA

was recrystallized from methanol, and 18.0 g (75.9%) of yellow crystals,
melting at 184-185°C, were obtained. IR: vgy, 2700-3100 cm™ ; »0=0,
1710 em™ ; vNpH, 3250 cm ™!,

Analysis. Calculated: C, 55.69;H, 4.64;N, 591%. Found: C, 55.58;H,
4.55;N, 5.70%.

For NMR, see Tabie 1.

Glycerol

Glycero}l was purified by distillation under reduced pressure. The distillate
was protected from moisture before polymerization.

Polymerization

1. Polymerization of Glycerol with Acid (1) or (4)

Glycerol (1.05 mol) and 1.0 mol of either Acid (1) or (4) were heated at
180°C for 2 h under nitrogen, and a viscous brown material formed. This
was dried and then dissolved in CHCl;. The polymer was reprecipitated twice
with petroleum ether to give a yellow viscous product which was dried.

Polymer from amic acid (1) IR (thin film, major peaks): 3300 cm™
(vNH * YOoH); 2850 cm™? (residual OH of —CH—CH, —OH); 1720 cm™!
(vc=0, ester). NMR (in CDCl;), 8 6.65-8.05 (m. SH, C¢H, + NH); 6 5.80
(broad, residual vinyl); 6 4.73 (broad, 2H, O—CH,-); 8 4.38 (broad, 2H,
—CO0-CH,—); 6 3.71 (broad, 1H, —CH-0-).

Analysis for alternating glycerol-amic acid. Calculated: C, 59.01;H, 4.91;
N, 4.59%. Found: C, 52.62;H, 5.15;N, 4.45%.

[n] 0.056 dL/g. Conversion 52.17%.

Polymer from amic acid (4): 3350 cm™ (vnyg +von); 1750 cm™
(vc=0, ester); 1700 cm™! (ve=gq, amide). NMR (in CDCl;), § 6.60-8.05
(m, 5H, C4H, + NH); 6 4.20 (broad, 4H, —OCH,—CH;—0); 6 3.60 (broad,
1H, —~CH-0); 5 2.88 (s, 2H, —~CH,—CO00); 6 2.60 (s, 2H, —CH, CONH).
[n] was 0.061.

Analysis for linear chains, Calculated: C, 55.51;H, 5.33;N, 4.98%.
Found: C, 54.33;H, 4.93; N, 4.43%.

1

2. Homopolymerization of Hydroxamic Acids (2) and (3)

5.0 g of (2) or (3) was dissolved in 25 mL pure DMF, and two drops of
H, S0, were added before refluxing for 8 h. The solution was poured into
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200 mL methanol, and an oily material precipitated. The product was iso-
lated, purified by dissolving in chloroform, and reprecipitated with ether,
The viscous product was dried under reduced pressure, yielding 70.5% conver-
sion for amic acid (2) and 65.4% for (3).

[n] of polymer obtained from (2) was 0.027, and from (3) 0.082.

RESULTS AND DISCUSSION

Although glycerol is known to produce three-dimensional crosslinked poly-
esters when it polycondenses with diols [6], soluble polymers of low molecu-
lar weights were obtained here by careful control of reaction conditions.
Temperatures higher than 180°C or reaction times longer than 2 h resulted in
the formation of insoluble material. The NMR spectrum of the polyester ob-
tained from condensation of glycerol with (1), which revealed the presence
of a big portion of the vinylic protons, indicates that the vinyls groups of
itaconamic acid did not participate in crosslinking even at 180°C. The allylic
nature of this vinyl may have been a reason for the sluggish nature of such
groups in free-radical polymerization.

Attempts to prepare the methyl esters of (1) or (4) or their chlorides were
not encouraging. Low yields or none in some of these attempts obliged us to
perform direct polycondensation, which normally requires high temperatures.
We wanted to avoid high temperature polymerization to minimize crosslinking
and side reactions [7], and also to avoid cyclization of the amic acids to the
corresponding imides. Such cyclization was found during distillation of N-
allylmaleamic acid [2, 8], producing N-allylmaleimide in low yield. To avoid
this, amic acids (2) and (3), which have methyl groups on the amidic nitrogen,
were prepared by the reaction of M-methylethanolamine with the desired an-
hydride (see Experimental),

COOH heat 0
> ~ NR
CONHR -

(
0
COOH heat
> No c¢yclization
COI;I-R
" CH

3
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When the methylated amic acids (2) and (3) were polycondensed in reflux-
ing DMF, again the products were of rather low molecular weight and no
cyclic imides were isolated or detected.
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