Al-Azzawi and Yaseen Iragi Journal of Science, 2016, Vol. 57, No.2C, pp:1345-1356

N—/
Iraqi

Journal of

Science

ISSN: 0067-2904

Synthesis and Curing of New Phenolic Resins Containing Pendant
TetrachloroPhthalimides

Ahlam Marouf Al-Azzawi', HibaKhadim Yaseen®*
'Department of Chemistry, College of Science, University of Baghdad, Baghdad, Iraq
“Ministry of Science and Technology, Baghdad, Iraq

Abstract

Four new phenol-formaldehyde resins containing tetrachlorophthalimides in their
repeating units were synthesized via condensation of formaldehyde with N-(hydroxy
phenyl)tetrachlorophthalimides under conditions similar to those used in novolac
preparation. In this work structural modifications were performed first via design
and synthesis of new phenolic component represented by phenolic ring linked to
thermally stable tetrachlorophthalimide moiety which condense with formaldehyde
and second via introducing of phenolic hydroxyl groups present in the new
synthesized resins by esterification reaction with acetyl chloride producing the
corresponding acetoxy substituted resins. Both the prepared and the cured resins
have new properties which may serve different applications.
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Introduction

Phenol-formaldehyde resins are the oldest commercial synthetic polymers which have excellent
electrical, mechanical and chemical resistance and retention of properties after long term exposure to
high temperatures [1, 2]. These properties made phenolic resins suitable for a variety of applications
including laminates, molding, thermal insulating materials, coatings and adhesives [3-5]. Besides
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many efforts have been directed towards development of these resins via incorporating structural
modifications[6-12]. In the present work four new phenol-formaldehyde resins having pendant
tetrachlorophthalimides in their repeating units were prepared via poly condensation of N-
(hydroxyphenyl) tetrachlorophthalimides with formaldehyde under conditions similar to those of
novolac preparation. Tetrachlorophthalimide was choosed to incorporate in the newly synthesized
phenolic resins since aromatic polyimides possess outstanding thermal, mechanical and electrical
properties as well as excellent chemical resistance [13-16] and this in turn will enhance thermal and
mechanical properties of the new resins leading to serve new applications.

Experimental

1. Materials

All chemicals employed were of analytical reagent grade and were used without further purification.

2. Instruments

FTIR spectra were recorded on a SHIMADZU FTIR 8400 Fourier transform Infrared
spectrophotometer. "HNMR spectra were recorded on near magnetic resonance Bruker, ultrashield 300
MHz using DMSO-ds as solvent. Melting points were determined by using Gallen Kamp capillary
melting point apparatus and were uncorrected. Softening points were determined on thermal
microscope Riechertthermover.

1- Synthesis of N-(hydroxy phenyl) tetrachlorophthalamic acids (1-4)

Amino phenol (0.01 mol) dissolved in (30 mL) of dry acetone was added dropwise to (0.01 mol,
2.86 g) of tetrachlrorophthalic anhydride dissolved in (20 mL) of dry acetone with stirring and cooling
[17, 18].

The resulted mixture was stirred for 2 h. at room temperature then the formed precipitate was
filtered, washed with ether, dried and recrystallized from a suitable solvent.

2- Synthesis of N-(hydroxy phenyl) tetrachlorophthalimides (5-8)

Tetrachlorophthalamic acid (1 gm) was placed in a wide pyrex tube supplied with a thermometer
and immersed in an oil bath [18]. The oil bath was heated gradually until the complete fusion of amic
acid then oil bath temperature was kept at ten degrees above melting point of the used amic acid for
2h. The fused product was cooled to room temperature and the obtained solid was recrystallized from
a suitable solvent.

3- Synthesis of N-(tetrachlorophthalimidyl)phenol-formaldehyde resins (9-12)

A mixture of (0.012 mol, 4.52g) N-(hydroxyphenyl)tetrachlorophthalimide, (0.01 mol) of
formaldehyde 37% and (15 mL) of DMF was placed in a three neck round bottomed flask fitted with a
reflux condenser, thermometer and dropping funnel [8,9]. The dropping funnel was charged with (0.2
mL) of conc. sulphuric acid and (1 mL) of distilled water then this solution was added drop wise with
stirring and the resulted mixture was refluxed at 110°C for 3h.

The solvent was distilled off and the polymeric residue was dissolved in DMF then filtered and the
filtrate was added to excess water to precipitate the polymer. The resulted polymer was filtered,
washed with ether and dried in an oven at (65-70°C) for 24 h.
4-Curing via esterification of the synthesized phenolic resins to the corresponding poly [N-
(acetoxy phenyl-formaldehyde)tetrachlorophthalimides] (13-16)

A mixture of (0.01 mol) of the prepared tetrachlorophthalimidyl phenolic resin, (20 mL) of DMF
and (0.01 mol) of EtsN was placed in a suitable round bottomed flask filtted with dropping funnel
which was charged with (0.01 mol.) of acetyl chloride [8, 9].

Acetyl chloride was added dropwise to the mixture with stirring and cooling to (5°C) then stirring
was continued for another six h. at room temperature. The resulted mixture was filtered then the
filtrate was evaporated and the residue was dissolved in water then extracted with chloroform for three
times. The organic layer was dried and the solvent was evaporated to yield a solid product which was
purified by dissolving in DMF followed by precipitation by water, then filtration.

Physical properties of the prepared amic acids are listed in Table-1, of imides in Table-2, of
phenolic resins in Table-3 and of the cured resins in Table-4 respectively.
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Table 1- Physical properties of amic acids (1-4)

Comp. A= @ Melting Recrystallization
No. Compound structure Color Yield % points °C solvent

COOH
1 Q Gray 78 166-168 Ethanol
CONH
COOH
2 Q OH Bluish green | 81 186-187 Ethanol
CONH
COOH
3 ]i:[ Faint green 76 170-172 Ethanol
CONH OH
COOH )
4 Q Yellowish | g5 | 184186 Ethanol
green
CONH Cl

Table 2- Physical properties of cyclic imides (5-8)

Comp. o Melting Recrystallization
No. Compound structure Color Yield % points °C solvent
5 ]i;[ Deep gray 80 231-233 Acetone
CcOo
Cl
Cl
cl co OH
6 \N_@ Deep yellow 95 195 Dec. Cyclohexane
cl co’
Cl
7 \ OOH Deep green 88 210-212 Cyclohexane
Cl
CI
cl HO
8 @ yellow 93 205 Dec. Cyclohexane
Cl
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Table 3- Physical properties of phenolic resins (9-12)
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comp. Compound structure Color Yield % SoftenT g Purification
No. points °C
H
cl cQ CH; Dissolving in DMF
9 Black 75 277 Dec. | then precipitation by
Cl water
CH YA
~-cH,
Cl CO\ OH Dissolving in DMF
10 N c|-|20%1 Deep green 80 300 Dec. | then precipitation by
cl co water
cl H,CP
Cl
CH,™~Y" . N
Cl CO\ ) Dissolving in DMF
11 N OH Deep green 65 295-300 then precipitation by
Cl CO/ water
cl CHz"v“)n
Cl
CH,™
cl 2 Dissolving in DMF
12 Green 83 280-290 then precipitation by
Cl water
CHz"v")n
Table 4- Physical properties of cured resins (13-16)
e Compound structure Color Yield % Softenmg Purification
No. points °C
Cl  H3COCO
CH~Y
Cl CO\ ) Dissolving in DMF
13 N Brown 67 192-198 |[then precipitation by
cl co water
cl CH YA
Cl fve CH,
cl CO\ OCOCHs Dissolving in DMF
14 N CHz“)’h Faint brown 75 190-195 |[then precipitation by
cl co water
Cl HC™Y
Cl
CH™~Y . -
Cl CO\ 2 Dissolving in DMF
15 N OCOCH; Brown 77 188-192 |[then precipitation by
/
cl CH,~ ¥
Cl  HzCOCO
CHy™y . N
Cl CO\ ™) Dissolving in DMF
16 N al Deep brown 73 200-205 [then precipitation by
cl co water
cl CH, )R

Results and Discussion

Developments in the area of addition curable phenolic resins and the different strategies involved in
their molecular design still the most important subject which play a vital role in synthesis,
modification and applications of new phenol formaldehyde resins.

Thus the core of the present investigation is based on synthesis of new phenolic resins by structural
modification through incorporation of thermally stable addition curable groups on the novolac
repeating units. Performing the target of this work involved many synthetic steps which are
summarized in Scheme-1.
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Cl
cl COOCH
o +H2N \ N
ci OoH CONH
Cl para, meta and ortho
amino phenols N—(hydroxy phenyl)tetrachloro
phthalamic acids (1-4)
A Fusion
Hznbv
HCOH O
N N
CHz"V)ﬂ

Scheme 1- Synthetic sequence of phenollc resins

In the first step four N-(hydroxy phenyl) tetrachlorophthalamic acids (1-4) were prepared via
reaction of ortho, meta and para-amino phenols with tetrachlorophthalaicanhydride [16, 17].

Dehydration of the prepared amic acids was performed in the second step by using fusion
technique to produce the corresponding N-(hydroxy phenyl)tetrachlorophthalimides which in turn
were introduced in condensation reaction with formaldehyde in the third step [9,18] producing the
target phenolic resins (9-12).

Our new strategy used in building the target resins based on introducing of new phenolic moiety
represented by phenolic ring linked to tetrachlorophthalimide in condensation reaction with
formaldehyde. Tetrachlorophthalimide moiety was choosed as addition curable groups to incorporate
in the new resins and this played an important role in affecting physical properties of the resulted
resins since insertion of cyclic imide units in some polymer chains was greatly improved thermal and
chemical stability of these polymers [8, 9].

The presence of tetrachlorophthalimide moiety in the chains of the newly synthesized phenolic
resins exhibited them high thermal stability which was indicated through their high softening points,
besides they showed resistance against solubility in many solvents including water, ethanol, acetone,
benzene and dioxane, while they showed acceptable solubility in both DMF and DMSO.

The first stage in condensation reaction of phenolic imides with formaldehyde under heat and
acidic conditions involved formation of mono methylol, dimethylol and trimethylol phenols while the
later stage involved condensation reactions between methylol groups present in different phenolic
rings leading to the formation of linkes between phenolic rings through ether (-CH,-O-CHy-) or
methylene (-CH>-) bridges producing the target phenolic resin as shown in Scheme-2.
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Cl
Cl CO\
NO OH + HCOH
/
Cl co
Cl

A

2OH 2OH
H

CHZOH

—0—CH, ji;[
cl co ?
CH, Cl
N OH ocC cl
cl co /
cl CH HO N,
oc cl
cl

2
¥

H.C™~ )

Scheme 2- Stages of phenolic resins formation

Chemical structures of the prepared amic acids, imides and phenolic resins were confirmed in the
basis of FTIR and "HNMR spectral data. FTIR spectra of the prepared amic acids (1-4) showed clear
absorption bands at (3184-3477) cm™ which were attributed to v(O-H) carboxylic, v(O-H) phenolic
and v(N-H) amide. Absorption bands due to v(C=0) carboxyl and v(C=0) amide appeared at (1712-
1716) cm™ and (1650-1660) cm™ respectively while absorption bands due to v(C-H) aromatic, v(C=C)
aromatic and v(C-Cl) appeared at (3020-3089) cm™, (1596-1620) cm™ and (1030-1103) cm™
respectively [19].

'HNMR spectrum of compound (2) N-(3-hydroxy phenyl) tetrachlorophthalamic acid showed
signals at 8=(6-7.35) ppm belong to aromatic protons and singlet signal at (6= 8.95) ppm belong to
NH amide proton. Signals belong to OH phenolic proton and OH carboxyl proton appeared at (5 =
9.5-9.9) ppm and (5 = 10.6) ppm respectively.

'HNMR spectrum of compound (3) N-(4-hydroxy phenyl) tetrachlorophthalamic acid showed two
doublet signals at (6= 6.73-6.76) ppm and (6= 7.37-7.4) ppm belong to four aromatic protons. Other
signals appeared at (6= 9.34, 10.4 and 14) ppm belong to NH amide proton, OH phenolic proton and
OH carboxyl proton respectively [19].

FTIR spectra of the prepared imides (5-8) showed two clear strong absorption bands at (1776-
1787) cm™ and (1704-1731) cm™ due to asymmetric and symmetric v(C=0) imide.

Absorption bands due to v(C=C) aromatic and v(C-N) imide were appeared at (1598-1612) cm™
and (1365-1367) cm™, while absorption bands due to v(O-H) phenolic, v(C-H) aromatic and v(C-CI)
appeared at (3417-3480) cm™, (3030-3078) cm™ and (1090-1099) cm™ respectively [20].

'HNMR spectrum of compound (7) N-(4-hydroxy phenyl) tetrachlorophthalimide showed
disappearance of v(O-H) carboxyl and v(N-H) amide signals. Signals of aromatic protons appeared as
two doublets at (6= 6.88 and 7.22) ppm while signal for phenolic (OH) proton appeared at (3= 9.89)

ppm.
FTIR spectral data of amic acids (1-4) and imides (5-8) are listed in Table-5 and Table-6

respectively while Figures 1-4 showed FTIR spectra and ‘HNMR spectra for compounds (2, 3, 6 and
7).
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Table 5- FTIR spectral data (cm™) of amic acids (1-4)

v(O-H) _ _ -
Comp. and v(C-H) v(C=0) v(C=0) v(C=C) v(C-Cl) Sl
No. aromatic carboxyl amide aromatic
v(N-H)
1620
1 3267 3040 1712 1650 1610 1030 -
3477
2 3394 3089 1714 1654 1606 1043 -
3267
3417 -sub
3 3274 3020 1712 1650 1618 1103 p-Sub.
825
3261
3379 p-sub.
4 3184 3037 1716 1660 1596 1089 815
Table 6- FTIR spectral data (cm™) of cyclic imides (5-8)
Comp. v(O-H) v(C-H) v(C=0) v(C=C) v(C-N) i
No. phenolic aromatic imide aromatic imide wee) Others
1787 asy.
5 3421 3078 1731 sy, 1598 1365 1097 -
1778 asy. 1612
6 3417 3060 1710 sy. 1600 1367 1099 -
1776 asy. 1612 p-sub.
7 3419 3030 1704 sy, 1600 1367 1099 833
1780 asy. p-sub.
8 3480 3060 1720 sy. 1605 1365 1090 822

40

30
Cl
cl COOH
20 OH
Cl CONH ‘@
10 Cl

4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400
FTIR Measurement

Figure 1- FTIR spectrum of compound (2)
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1200

Figure 2- FTIR spectrum of compound (6)

cl
a COOH
cl CONH@OH

Cl

Cl
Cl CO
\ ?
N OH
/
Cl co
cl [
1
16 15 14 13 12 11 10 9 8 7 6

1 0

Figure 4- "HNMR spectrum of compound (7)
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FTIR spectra of the prepared phenolic resins (9-12) showed clear absorption bands at (3294-3481)
cm™, (1778-1785) cm™ and (1712-1726) cm™ due to v(O-H) phenolic, asym. and sym. v(C=0) imide.
Besides the spectra showed new absorption bands at (2858-2962) cm™ which were due to v(C-H)
aliphatic belong to (CH,) in methylol groups and another new bands at (1000-1037) cm™ which belong
to v(C-0O-C) ether which linked between methylol groups in phenolic rings. The presence of these two
new absorption bands is a clear evidence for the success of phenolic resins formation.

Moreover the spectra showed absorption bands at (3078-3090) cm™, (1596-1612) cm™, (1365-
1369) cm™ and (1078-1108) cm™ which were attributed to v(C-H) aromatic, v(C=C) aromatic, v((C-
N) imide and v(C-CI) respectively [19].

'HNMR spectra are used also in confirming chemical structures of the newly synthesized resins.
'HNMR spectrum of phenolic resin (9) showed signals at (8= 2.75 and 2.9) ppm belong to (CH,)
methylol protons and signals at (6= 6.9-7.25) ppm and (6= 9.83) ppm belong to aromatic protons and
(OH) phenolic proton respectively.

'HNMR spectrum of phenolic resin (10) showed signals at (5= 2.7-2.9) ppm belong to (CH,)
methylol protons and signals at (6= 6.82-7.35) ppm and (&= 7.95) ppm belong to aromatic protons and
(OH) phenolic proton respectively.

'"HNMR spectrum of phenolic resin (11) showed multiplet signals at (= 2.6-3) ppm belong to
(CHy) methylol protons and signals at (6= 6.85-7.8) ppm and (6= 9.8) ppm belong to aromatic protons
and (OH) phenolic proton respectively. It is noticeable that the most important point in all *"HNMR
spectra of the new resins is the appearance of new signals at (6= 2.6-3) ppm belong to (CH;) methylol
protons which represent a very clear proof for the success of the new phenolic resins formatiom. FTIR
spectral data of the prepared phenolic resins are listed in Table-7, while FTIR and *"HNMR spectra for
some of them are shown in Figures 5-7.

Table 7- FTIR spectral data (cm™) of phenolic resins (9-12)

Comp. v(O-H) v(C-H) v(C-H) v(C=0) v(C=C) v(C-N) v(C-Cl) v(C-O-C)
No. phenolic | aromatic | aliphatic imide aromatic imide ether
9 3434 3078 2006 ggg 1600 1367 | 1007 :
3429 1784 1608 1012
10 3396 3078 2962 1712 1596 1365 1078 1000
3398 2935 1778
11 3204 3078 2858 1712 1612 1369 1103 1010
12 3481 3090 2020 ggg 1602 1365 | 1108 1037
75 5
%T ,_--.:",‘,v’!")) '{"i\j,
60 ’
| ‘
45 *
30 il
. co\‘ z2_(OH .8 .13
N CH,™p, sl ‘ 3
Cl cO \ ! :
0 (o R BRI ) t
AObO 3600 3200 2800 2400 2000 1800 1600 \4‘00 ‘ 1?06 1000 ‘ ‘8(‘)0 ‘ 600 ‘400
FTIR Measurement 1lem

Figure 5- FTIR spectrum of compound (10)
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|
cl |
cl co HO. CH™Y |
,W{}
cl co
cl CH, ™Y \ k
’ | l “ LA
1 15 1 13 1 11 1C 3 I
Figure 6- "HNMR spectrum of compound (9)
Cl ~ CH
cl co ter: oy \ \\
N CH™p
cl co
Cl L il
| I

Figure 7- "HNMR spectrum of compound (10)

The second strategy used for curing phenolic resins involved modification of the newly synthesized
phenolic resins via introducing of the present phenolic hydroxyl groups in esterification reaction with
acetyl chloride in the presence of triethylamine [8].

Through esterification reaction hydroxyl groups are converted to acetoxy groups as indicated in the
following equation.

o)
cl AL cl I
cl co toH: on o “(CHZ oc CHs
\ _ _3_,
/N@C“z% + CHiC—a cw]
cl

CO

cl HaC Cl HzC“)“

It was found that esterification method was quiet convenient to incorporate structural modification
in the prepared resins (9-12) since the modified resins (13-16) have different physical properties than
those of the starting resins. The resulted modified resins have lower softening points and showed good
solubility in all organic solvents.

These physical properties were in good agreement with the expected ones due to the presence of
(C-O-C) ester bonds in the incorporated ester moiety which exhibit the modified polymers softness
and flexibility and this lead to decrease their softening points and resistance to solubility which in turn
made these resins suitable for certain applications like additives for lubricating oils and adhesives [2,
21].
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FTIR spectra of the cured resins (13-16) showed atrophy in v(O-H) phenolic absorption band
indicating success of esterification process and the weak bands appeared at (3200-3477) cm™ were due
to v(O-H) in methylol groups.

The spectra showed also clear absorption bands at (1730-1747) cm™ and (1210-1278) cm™ belong
to v(C=0) ester and v(C-O-C) ester respectively [8]. Other absorption bands appeared at (1770-1785)
cm™, (1710-1726) cm™, (1598-1612) cm™, (1365-1370) cm™, (1030-1097) cm™ and (1000-1016) cm™
which were due to asym. v(C=0) imide, sym. v(C=0) imide, v(C=C) aromatic, v(C-N) imide, v(C-ClI)
and v(C-0O) ether respectively.

Other details of FTIR spectral data for resins (13-16) are listed in Table-8, while FTIR spectrum of
the cured resin (15) is shown in Figure-8.

Table 8- FTIR spectral data (cm™) of cured resins (13-16)

Comp. | v(O-H) v(C-H) | v(C-H) | v(C=0) | v(C=C) | v(C-N)
No. phenolic | aromatic | aliphatic imide aromatic | imide weel Qlindr
1785 v(C-O) ether
13 3434(w) 3076 2918 1726 1600 1365 1095 1014
v(C=0) ester
1747
1782 v(C-O) ester
14 3400 3076 2837 1710 1598 1365 1080 1215
v(C-0O) ether
1000
v(C-0) ester
1278
15 3477 (w) 3062 2921 1778 1612 1369 1097 1242
2893 1710
v(C-0O) ether
1016
v(C=0) ester
3260 2955 1770 1730
16| 3000m) | 399 | 2880 1710 1600 | 1370 1 1030 | U o o) ester
1210
w = weak
!
90 ! =
%T :
75
ol 3
soff : i ! : ! =
L , S L
2 { cl o, CH;ZM)A =l
i O /NOCOCH3 | 2
emisCl co 7 3 I
-‘ cl - oH M :
-154(')}(,;'-~<. éégo ' ”32‘001 2860 " é;dd ‘.7720300‘> 1§oo 1600 1400 1200 .1006 800 600 '401olcm
FTIR Measurement

Figure 8- FTIR spectrum of compound (15)

Conclusion
The present investigation provides a suitable strategies for building new phenolic resins via design
and synthesis of new phenolic moiety to condense with formaldehyde then using of esterification
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reaction to incorporate structural modification in the prepared resins. Both the newly synthesized and
the cured resins have new properties which fitted with different applications.
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