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Abstract 
Four new phenolic resins containing pendent citraconamic acids in their repeating units were prepared via  condensation  

of formaldehyde  with N-(hydroxy  phenyl) citraconamic  acids  in  the  presence  of  acid  or base catalyst. 

The obtained resins were modified by two methods, the first one involved esterification and cyclization by using  acetic   

anhydride and anhydrous sodium acetate, while the second involved free radical polymerization of vinylic bonds in the 

prepared resins producing cross linked thermally stable polymers. 

The prepared and cured resins have new properties in hope to serve new applications. 

Introduction 
The most important thermosetting resins both from a 

historical stand point and in current commercial applications 

are phenol formaldehyde resins 
(1-3)

, thus a number of 

synthetic strategies have been carried out to incorporate 

structural modification to obtain new phenolic resins with 

new properties. Some strategies based on using of aldehydes 

other   than formaldehyde or using other compounds similar 

to phenols while the others based on using new conditions 

in performing polycondensation reaction 
(4-6)

. 

In the present work four novel phenolic resins having 

pendent citraconamic acid in their repeating units were 

synthesized via condensation of formaldehyde with N- 

(hydroxyl  phenyl) citraconamic acids under conditions 

similar to novolac and resole preparations. The new 

resins were cured by two methods the first one includes 

esterification and cyclization to the corresponding poly 

[N - (acetoxy phenyl - formaldehyde) citraconimides] 

while the second involved   polymerization of citracon 

vinyls.     

Experimental 
1. Melting points were determined on Gallen Kamp 

capillary melting  point apparatus and were uncorrected. 

2. FTIR spectra were recoded on Shimadzu FT-IR 8400 

Fourier Transform Infrared spectrophotometer.     

3. Softening points were determined on Reichert Thermovar 

with Reichert-Jung temperature controller.   
4. Intrinsic viscosities were determined with Automatic 

viscometer Tafesa ubbelohde viscometer at 25C
0
 using 

DMF as solvent.
  
 

1. Preparation of N-(hydroxy phenyl) 

citraconamic acids[1-4]   
via The titled acids were prepared according to literature 

procedures
(7)  

reaction of equimolar amounts of citraconic 

anhydride with o,m and p-amino phenols. The prepared 

acids were purified by recrystallization from dioxane. 

Physical properties and spectral data of the prepared 

acids are listed in Table(I). 

2.preparation of phenolic resins:poly [N-(phenol-

formaldehyde) citraconamic acids] [5-8] 
The titled phenolic resins were prepared by following 

two literature procedures [A] and [B] respectively with 

minor modifications 
(7)

. 

Method  [A]: poly condensation of citraconamic 

acids with formaldehyde using acid catalyst 
In a suitable three neck round bottomed flask fitted with 

a reflux condenser, thermometer and dropping funnel 

(0.01mol) of N-(hydroxy phenyl) citraconamic acid, 

(0.8ml) of formaldehyde (37%) and (10ml)of DMF were 

placed. 

The dropping funnel was charged with (0.1ml)of conc. 

H2SO4 and (0.5ml) of distilled water. 

The acid was added dropwise with stirring then the 

mixture was refluxed at (110C
0
) for 3hrs. 

The resulted mixture was distilled under reduced 

pressure to remove the evolved water and solvent then 

the residue was  dissolved in (5ml) of DMF and filtered. 

The filtrate was added to excess cold water with stirring 

then the precipitated polymer was filtered, washed with 

petroleum ether and dried. 

Method [B]: poly condensation of citraconamic 

acids with formaldehyde using base catalyst 
(0.01mol) of N-(hydroxy phenyl) citraconamic acid, (3 

ml) of formaldehyde (37%) and (1.5ml)of (25%) 

ammonia solution were placed in a round bottomed flask 

fitted with a reflux condenser. The mixture was refluxed 

for (1hr)  then  cooled to room temperature. The upper 

layer of the resulted mixture was discard while the 

residual viscous layer was treated with glacial acetic acid 

until neutralization, then was heated in an oven at (70-

80) C
0
 for 48 hrs.   

Physical properties and spectral data of phenolic resins 

prepared by the two methods [A] and [B] are listed in 

Table (II). 

Curing of the prepared phenol-formaldehyde 

Resins 
Curing of the titled resins involved the followings: 

3.Curing via esterifiation of poly [N- (phenol-

formaldehyde) citraconamic acids] [5-8] to the 

corresponding poly 

 [N-(acetoxy-phenyl-formaldehyde) 

citraconimides] [9-12] 
In a suitable round bottomed flask fitted with a reflux 

condenser (2.2g,0.01mol)of the prepared phenolic resins 

[5-8] was dissolved in (15ml) of DMF then (5ml) of 

acetic anhydride and (0.5g) of anhydrous sodium acetate 

were added
(8,9)

 . 

The mixture was refluxed on a water bath for (1hr)with 

stirring then was cooled and poured in excess cold water 

with vigorous stirring. The resulted precipitate was 

filtered, washed with petroleum ether and dried. 

Purification of the polymer was performed by dissolving 

it in (10ml)of DMF followed by reprecipitation by cold 

water  then filtered and dried in an oven at (70-80)C
0
for 

24hrs. 



  

Table(III) lists physical properties and spectral data of 

the cured resins [9-12]. 

4. Curing via free radical polymerization of vinylic 

bonds in the prepared poly [N-phenol-

formaldehyde) citraconamic acids [13-16] 
In a polymerization bottle (0.001mol)of the prepared 

polymers [5-8] was dissolved in (8ml) of DMF then 

(0.0002g) of  benzoyl peroxide was added as initiator
(10)

. 

After passing of N2 gas the bottle was closed tightly then 

heated at (110-115)C
0
 for 3hrs. The resulted mixture was 

poured into (50ml)of ice water then the precipitated 

polymer was filtered, washed  with petroleum ether and 

dried. 

Table(IV) lists physical properties and spectral data of 

the cured resins [13-16]. 

5. Curing via free radical polymerization of 

vinylic bonds in the prepared poly [N-(acetoxy 

phenyl- formaldehyde) citraconimides[17-20] 
Vinylic bonds in the prepared poly[N-(acetoxy phenyl-

formaldehyde) citraconimides][9-12] were polymerized 

free radically by following the same procedure used in 

the preparation of polymers [13-16]. 

Physical properties and spectral data of the resulted 

polymers[17-20] are listed in Table(V). 

Results and Discussion 
Since phenolic resins are very important polymers with a 

wide variety of applications include adhesives, casting,  

varnishes, binders and surface coatings, we try in this 

work to synthesize new phenolic resins by following a 

new strategy in building them. The new strategy involved 

using of new phenolic moiety substituted with citraconamic 
acid to condense with formaldehyde under conditions 

similar to those used in novolac preparation to produce 

finally phenolic resins with pendent citraconamic acid 

groups which exhibit new properties in hope to serve 

new applications. 

Polycondensation was performed also under basic 

conditions similar to those used in resole preparation and 

the results  showed that the prepared resins by the two 

methods (A) and (B) are very close in their physical 

properties as shown in  Table(II). 

The prepared resins [5-8] are brown solids, insoluble in 

all organic solvents at room temperature with acceptable  

solubility in hot DMF, hot DMSO and not soften even at 

(300C
0
). 

It is important to mention here that incorporation of 

citraconamic acid groups in the repeating units of the 

prepared resins plays a vital role in  raising thermal stability 

of the prepared polymers through high polarity of 

carboxylic groups  and hydrogen bonding by amide groups 

which both increased interaction between the repeating units 

and this inturn increased attraction forces over all the 

polymeric chains leading to high thermal stability, which 

make the resins suitable for certain applications. 

Also the presence of carboxylic groups in the new resins 
gives the possibility for using them as cation exchangers

(7)
. 

IR spectra of the new resins showed clear absorption 

bands in the region (3169-3450) cm
-1

due to stretching 

vibrations of (O–H) carboxylic, (N–H) amide and (O– H) 

phenolic while the other bands appear at (1690-1710)cm
-

1
, (1620-1665) cm

-1
and (1560- 1610) cm

-1
due to υ(C=O) 

carboxylic, υ(C=O)amide and υ(C=C) vinylic respectively. 

The second target of this work involved  curing  of the  

prepared resins. Curing  was preformed by two methods 

the first one include esterification of phenolic hydroxyl 

groups and cyclization of the prepared resins [5-8] to the 

corresponding  poly  [N-(acetoxy  phenyl- formaldehyde) 

citraconimides] [9-12]  by treatment of the resins with 

acetic anhydride and anhydrous sodium acetate
(8)

.  

 

 

 

OH

CH2

NH

CH2

H2C

C

C

O

O

CH3
HO

CH3COONa

N
C

C

O CH3

OCCH3

H2C

CH2

O

n

+ (CH3 CO )2 O DMF.
+ CH3COOH

O

CH2

n

 
 

 

During this reaction three steps were achieved 

dehydration, cyclization and esterification of phenolic 

hydroxyl groups thus the resulted resins containing 

acetoxy phenyl citraconimide groups in their repeating 

units. 

The cured resins are yellow to brown solids with 

softening points (191->300)C
0
, their intrinsic viscosities 

are in the range (0.53-0.81) dL/g and insoluble in all 

organic solvents except DMSO and DMF. 

These physical  properties of  the cured resins are  

coincident  with  the expected ones due to the presence of 

ester (                    )and ester (               ) bonds which  

 

donate softness and flexibility
(9)

. 

Structures of the cured resins [9-12] were confirmed by 

IR spectra which showed disappearance of absorption 

bands of  υ(O–H )carboxylic due to dehydration and 

υ(O–H) phenolic due to esterification and appearance of 

two clear characteristic absorption bands at (1760)cm
-

1
and(1190-1200)cm

-1
 due to stretching vibrations of 

(C=O)ester and (C-O-C)ester respectively. The cured 

resins [9-12] also give positive result in specific tests of 

esters. 

Physical properties and spectral data of the cured resins 

[9-12]are listed in Table(III). 

The second method used in the curing of the prepared 

resins involved free radical polymerization
(10)

 of citracon 

vinyls   in both the pendent citraconamic groups in the 

resins [5-8]and pendent citraconimide groups in the 

CH3C O

O
C O C



  

resins [9-12] using  benzoyl peroxide as initiator and 

DMF as solvent. 

Chain growth polymerization of citracon vinyls in 

citraconamic groups can be expressed by the following 

suggested mechanism:
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Polymerization may also involved linking between polymeric chains as shown in the suggested structures below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0n the other hand the suggested mechanism of polymerization of citracon vinyls in pendent citraconimide groups can be 

expressed as follows: 

 

OH

CH2H2C

NH

CO COOH

CH3

OH

CH2H2C

NH

CO COOH

CH3

CH2

NH

OH

H2C

OH

NH

H2C

OH

NH

H2C

NH

OH

H2C

CO COCO CO
COOH

CH3

COOH

CH3

COOH

CH3

COOH

CH3

+
ph

.
n

.

n

Monomer molecules

n

ph

ph

OH
CH2H2CH2C

OH
OH

H2C

NHNHNH
C C C

O

OO

ph

C
O

O
H

COOH

CH3

CH3
CH3

COOH
C

CH3

CH3

COOH

COOH

O

O

NH

C

NH

OH OH
CH2H2C CH2

n

n



  

H2C

OCOCH3

CH2

N
OC CO

CH3

OCOCH3

CH2

N
OC CO

CH3

OCOCH3

CH2

N
OC CO

CH3

H2C

OCOCH3

CH2

N
OC CO

OCOCH3

CH2

N
OC CO

CH3

OCOCH3

CH2

N
OC CO

CH3CH3

H2C

OCOCH3

CH2

N
OC CO

OCOCH3

CH2

N
OC CO

OCOCH3

CH2

N
OC CO

CH3
CH3 CH3

ph

n

+

n

.

n

ph
.

ph

 
 

 

Polymerization also occure between vinylic bonds in close polymeric chains producing cross linked polymers as shown 

in the suggested structures  below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

It is noticable that in the case of curing the resins[5-8]the 

products are cross linked polymers which did not soften 

under heat and insoluble in all organic solvents while in 

the case of curing the resins [9-12] the products are cross 

linked polymers, soluble only in DMSO with higher 

softening points and higher intrinsic viscosities (0.96-

1.14)dL/g than the starting resins before curing. 

On the other hand all the obtained resins from free 

radical polymerization gave negative results with both 

KMnO4  solution and Bromine in CCl4 tests and this 

confirmed the absence of citracon vinyls due to 

saturation during polymerization. 

IR spectra of the resulted cross linked polymers showed 

disappearance of vinylic (     ) absorption band and this 

similarly proved the success of curing via polymerization 

. 

Physical properties and spectral data of the cured resins 

[13-16] and [17-20] are listed in Tables (IV) and (V) 

respectively. 
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As a final conclusion the present work supply us with 

new strategies in building new phenolic resins first by 

using new  phenolic moiety substituted with citrconamic 

acid groups to condense with formaldehyde and second 

by curing the   prepared resins via esterification and free 

radical polymerization producing cross linked thermally 

stable polymers in hope to serve new applications.

  

 

Table (I) physical properties and IR data of citraconamic acids 
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Table(II)physical properties and IR data of of poly[N-(phenol-formaldehyde)citraconamic acids] 
 

Major IR Absorptions cm
-1
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Table(III) physical properties and IR data of poly[N-(acetoxy phenyl-formaldehyde)citraconimides] 
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Table(IV)physical properties and IR data of the cured resins by polymerization 
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Table (V) physical properties and IR data of the cured resins by polymerization 
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Fig(1)FTIR spectrum of compound [2] 

 

 
 

Fig(2)FTIR spectrum of compound [6] 



  

 
 

Fig(3)FTIR spectrum of compound [01] 

 

 
 

Fig(4)FTIR spectrum of compound [04] 

 

 
 

Fig(5) FTIR spectrum of compound [01] 
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 فورمالديهايد جديدة معوضة بحوامض الستراكون آميك -تحضير ومعالجة راتنجات فينول
 احلام معروف العزاوي ، محمد شامل علي 

 قسم الكيمياء ، كلية العلوم ، جامعة بغداد ، بغداد ، العراق

 ( 6111/   5/  00، تاريخ القبول:   8611 / 6 /  03) تاريخ الاستلام: 

 الملخص
ت ضمممير عربعمممة راتيجممما  دييوليمممة جديمممدم  اويمممة ملممما مجممماميك متدليمممة ممممل  ممموامر السمممتراكول عميممم  دممم  و مممدات ا المتكمممررم و لممم  ممممل تكممما    تضممممل الب ممم  

 )هيدروكس  دييل( ستراكول عمي  بوجود مامل مسامد  امض  عو قامدي. -Nالفورمالدي ايد مك  وامر 
قمم  باسممتادام اي يدريممد ريقتيل تضمممي  الولمما مداممال الراتيجمما  الم ضممرم دمم  تفامممل عسممترم و لممق  لبعممد  لمم  تممم مجممراء معالجممة للراتيجمما  الم ضممرم ب تبمما   مم

لراتيجما  ممما عسمفر ممل الالي  والا  الصوديوم اللامائية بييما تضمي  ال ايية مجراء بلمرم متسلسلة ودق الج ور ال رم للأواصر الفايييلية الموجودم دم  هم ا ا
 تكويل بوليمرا  متشابكة مستقرم  راريا.

 واصفا  جديدم مما يتيح  استادام ا د  ت بيقا  جديدم. امتاز  الراتيجا  الم ضرم والراتيجا  بعد المعالجة بم
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