CHAPTER III

PRESENT INVESTIGATION,
RESULTS AND DISCUSSION .
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Aromatic polyimides exhibit high thermal stability and
generally they are made by condensation of diamine and
dianhydridye; (Scheme 1) whereas polyesters are derived from
diacid and diol (scheme 2). The principle drawback of these
polyimides is the fact that they have an off gas, water, upon
curing. This byproduct causes voids in finished products. unless
removed during final cure. Hence alternatively unsaturated and
groups (maleimides) and soluble oligomerc which can be cured
by addition type were developed. Using preformed imide
structured monomers is also attractive choice and various
Poly (esterimide)s were reported. We thought it will be intereéting
to have increased flexibility by incorporating suitgisie alky!l groups
as substituents to main chain of poly(ester-imide)s where in
processibili ty and therm;a'l stability s .combined together.
Thereforewe have investigated synthesis of imide strtucture
cont .aining bisphenols and used them to obtain novel and “new
aromatic poly(ester-imides) using 3-pentadecyi phenol as starting
material.

3-Pentadeceny! Phenol (Cardanol or Anacardol)

When commercial cashewnutshell liquid was distilled under
reduced pressure, 3-pentadecadienyl phenol (anacardol) was
obtained as a pale yellowish liquid.

Yield : 50% , b.p. 195-200°C/2 mm.

3-Pentadecyiphenol (Tetrahydroanacardol)

(1) Anacardol when catalytically reduced over Raney nickel

catalyst at 600 psi. hydrogen pressure at 70°C. in a parr
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autoclave gave 3-pentadecylphenol (tetrahydroanacardol). The crude
product after crystallisation from pet other (40-60°) gave a white
waxy product. Yield 90%, m.p. 50-51°C. .
(ii) Hydrogenatin of anacardol was also carried out, dsing Raney
nickel catalyst in a Parr medium pressre reacter. At higher
temperature (150°C and 150 psi. hydrogen pressure) period of
hydrogentation could be reduced to 4 hours, but required precise
control of temperaiure.At temperatures higher than 160°C. control
of process to obtain 3-pentadecylphenol without the contamination
by the nuclious hydrogenated product may be difficult, since the
time of hydrogenation woulci_ Ee ton short.

Distillation of crude materia.t under reudced pressure gave

white solid product. Yield 85-90% m.p. 51°C.

4-Nitro-3-pentadecyl Phenol

3-Pentadecylphenol was nitrated with fuming nitric acid
(sp.gr. 1.5) below 10°C, in chlroform, when mixed mononitro
isomers of U - nitro-3-pentadecylphenol and 6-nitro-3-pentadecy!
phenol were obtained. 4-Nitro isomer was separated from the 6-
nitro isomer by :clective solubility of the latter in petroleum
gther (60-80°) at freczing temperature. Crude Uu-nitro-3-pentadecy!
phenol was recrystallised from pet. pther (60-80°). Yield 35%,
m.p. 70-71°C,

S'—Nitro-3-pentadgcy'l phenol can be obtaigad from filtrate
after removing the solvent and crystallisation from ethyl alcohol.

Yield 228 , m.p. 39°C.
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3.4 U4-Amino-3-Pentadecy! phenol

1) 4-nitro-3-pentadecyl phenol was reduced to the corresponding
aminophenol by using Raney nickel catalyst and ,hydrazinehydr’ate.
Crude u-:aminof-3-pentadecyl phenol was cryst'allised from pet.
gther (100-120°) or ethyl alcohol. Yield 62.5%, m.p. 105-106°C.

2) 4-Amino-3-Pentadecyl phenol via diazonium salt

A suspended solution of ' diazotised sulphanilic . acid
dihydrate in ethyl alcohol was slowly added to the alcoholic
solution of sodium salt of‘3—pentadecyl phenol cooled at 0°C, where
upon coupling of} the diazotised sulphanilic acid with 3-pentadecy!
pheno! took place resulting:in the formation of a red azo ~dye
solution. The r:ed~dye solution was further reduced with a
saturated sodium dithionite solution at about 75°C. vyhen the red
colour was changed to pa&a tan colour. This‘ solution was couled
to 0°C. when crude U4-amino-3-pentadecyl .phenol was obtained,
which was crystall‘ised from ecthyl alcohol. Yield 75%, m.p.
105-106°C.

4-Amino-3-pentadecylphenol can be obtained by two
different routes (scheme 3)In the present study #4-amino-3-pentade
cylphenol was obtained following route 'A', as it gave better
yields (75% based on 3-pentadecylphenol). This route is selective
to give only #4-amino-3-pentadecyl phenol on reduction of diazo
intermediate which could be used directly without isolation
whereas, route 'B' requires isomer separation of the 6-and- 4-

nitro derivatives of 3-pentadecylphenol and gave lower vyields

(24%).



CNSL
Distillation
195-200C/2mm

OH

@C15H27 Cardanol

600 psi l H2 /Raney Ni

70°c
OH

t "CygH3;

3-Pentadecy! phenol

e 1
i)Nitration Digzotised
i) Separation sulfanllic
acid

éi OH
CysHay @c

NG, X 15H31°
N

NHyNH2:H0/Ni @

Reduction SO3Na

Reduction by
Sodium dithionite

OH

@C15H31

NH

4-Amino -3-pentadecy! phenol (APP)

SCHEME. 3 : Preparation of 4-amino -3-pentadecy! phenol.

21,



3.

5

22.

IR spectrum of U4-amino-3-pentadecyl phenol (Fig. 1)

showed absorpﬁon bands of primary aromatic amine at
3200 and 3300 cm-1 . Mass spectrum showed molecular ion peak
(v¥) =319,

Imide Containing bisphenol

The Dbisphenol monomer that contained ’preformed imide

linkages; Imide group containing bisphenol; N, N'-bis{4-hydroxy-

2 pentadecylphenol) pyromellitimide (l1) was prepared by the
reaction of APP with pyromellitic acid ‘dian'ydride (PMDA) in 82%
yields as detailed In experimental section. The reactions are
depigted in scheme 4. '

TheA monomer (ll) has two imide rings and two reactive
bisphenol moieties, with pendant pentadecyl groups, hence (1)
can act - as typical bisphenol. Therefore (11) has been used in

the preparation of new poly (ester-imide)s by reaction with

aromatic diacidchlorides.

The reaction of aminophenols with dignydride has been
reported (26-28) by simply refluxing in N.N. dimethy! formamide;
and Dine ‘Hart et al have studied some properties of substituted
N.N - diphenylpyromellitimides (29). In the pr"esent investigation
reaction of APP and PMDA has ben performed in m-cresol for
the:reasons explained below.

The §ynthesis of (ll) proceeds in two steps; the bfirst
step was the formation of the amic-acid species from the reaction

betwcen the aromatic amine ‘group and the anhydride group; the
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second step was the formation of the imide linkage by the cyclisa-
tion of the amic‘-acid linkage with the subsequent release of
water,

The first step of the reaction proceeded in m-cresol at
room temperatue under a nitrogen atmosphere for 3 hours. The
complete formation of the amic-acid species is carefully performed
as it is ve:y sensitive to the presence of water, which can
hydrolyse the amic-acid linkage back to diacid and an amine.
Water can also react with the dianhydride and hydrolyse it to
the diacid species thus lowering it's reactivity towards the
aromatic amine at room temperature. Because of this sensitivity
‘o water, precautions were taken to keep a dry  nitrogen at all
times.

Both starting materials and the amic acid form (1) are
completely soluble in m:cresol‘ Once the amic-acid species was
formed the temperature of the reaction was raised tol 220°C and
the nitrogen purge rate was increased. m-Cresol  was solvent of
choice for such reactions.

Reaction of PMDA and aminophenol was not performed in
glacial acetic acid, as amic-acid precipated out of rea.u:tion
mixture and remain largey uncyclised even after several hours
of heating in refluxing acetic acid. Cyclisation in dry solid state
at 200°C. produced impure. imide on slow conversion of amic-acid
into imide. Similaly the use of DMF and DMAC for the
preparation of pure imide was discountinued, because previous
work had shown that direct reaction of these solvents with PMDA

£
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was possible. Pyridire was not sufficiently good solvent for many
of the compounds and DMSO was both objectional to use and
unstable aboe 150°C. NMP have problems of high " solubility of
imide and the consequent dificulty of crystallisation.

The corresponding diimidebisphenol prepared from &-amino-
phenol and PMDA(29) was pale yellow ‘plateléts‘ and melted with
decomposition at 495-500°C.

Characterisation of imidebisphenol (Il)

The strcture of (ll) was Identified by IR, NMR and
elemental analysis. IR spectra of the (i) (fig.2) showed
characteristic absorption bands at 1772, 1720 (Imide 1) 1384(Imide
1), 1122 (Ilmide 111), 719 cm.1 {Imide V) of imide structure.imide
| band Is attributed to the str({ching vibrations of two carbonyl
that are weakly coupled. Imide-1l, Ill and IV bands have been
assigned to axial, transverse and out of plane vibration of cyclic
imide structure. The absence of bands at 1670-1650 (amide 1),
1530-1520 .(amid.e 1), 1410, 1312 and 885 cm | in the amide:spectra
showed the complete transformation of (I} inio (l1). The bands

observed at the 1616, 1582 and 1500 cm-l. are pronounced for

aromatic moiety, where as phenolic hydroxy group appeared as

broad absorption at 3560 to 3222 cm -‘.

The H-1-NMR spectral values of the (!l1) (fig.3) supported
the structures proposed. Aromatic protons in the range of 6.5
to 8.2 are cifferentiated as those of PMDA moiety at 8.2
because of it's singlet (2H) and chemical shift. As the PADA

ring is subjected to the cumulative -1 and -R influences of four

26.
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carbony! groups it is consequently considered to become electron

deficient. | ;6 ©
- |
'xCL | PN
~N N S N —
S—
i g
o) 0]

The signal at 6.5 to 7.28are assignable to protons of penta-
decyl substituted armatic ring.
Aliphatic protons of C15 H3‘ substituen showed signals at

0.8 to 2.2 & of which the sig nal (triplet) at 0.8 & is due to

U
CH, protons and signa!‘at'2.25 is due to benzylic protons. Other (Cﬂz'_

protons appear as brqad singlet because of overlapping. The broad
hump signal at 9.7 £ s assigned to hydroxy'l group para to imide
structures -and hence down field considerably. Integration agrees
well with the estimated intensity.

The structure of (11} was also confirmed by 13C NMR spectro-
scopic studies. Fig.4 shows 13C spectrum of (ll) obtained by the
fourier -transform - NMR (FT-NMR) which is further improved by
decoupling the protons from 13C. Since C-C and C-H scaler inter-
actions are not detected, every magredicsite is, represented by
an individual signal. Thus the spectrum simplified under the
conditions of complete proton decoupling showed nine signalﬁs for
aromatic and carbonyl carbons in 114-167 ppm  region, where as
aliphatic carbons due to pentadecyl substituernt appear in 14-32

ppm region. Only one 13C NMR signal for C=0. indicated that all

13
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carbonyls are eduivalent and they are imide C=0 only i.e. carbonyl
due to -CONH and ~COOH groups are absent suggesting complete
imidisatibn‘ of intermediate vielding pure diimide bisphenol as
represented by structure (I11). Relatively large chemical shift of
13C -NMR( ., 200 ppm)compared to 1 H-NMR has m_ade 13C-NMR a

powerfull technique in an elucidation of the structure.

C};
7 8 \ * -

CigHs, l<> o CisHz)

Because of the lack of multiblicity in the conventional
decoupled 13C sbectmm (fig.4), it s nc;t an easy matier to
identify which carbon signals are which, Altﬁpugh 13C signals‘and
1H signals are épproxmately equally - affected in their chemical
shifts by their surounding, it is wvery useful in ;ssigning 13C
spectrum to be able to say with more certainty thab simply a
cnemical shift argument that a particular 13C signal comes from
the carbon atomthat carries an identificable proton. Several multi-
phase experiments makt%this possible.

The first thingAis to know whether the carbon atom in
question is a quarternary, methine, methylene or methyl carbon.
This can be done using voff resonance decoupling where in incomple-
te collapse of the multiplicity occurs, and singlets, doublets,

triplets and quartets are observed for above mentioned carbons
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respectively. More elaborate procedures allow the séparate ploting
of subspectra respectively from CH3, CH2 and CH carbons. These are
used in preference to off-resonance decoupling. Fig.5 shows ODEPT-
13C NMR spectrum of (I1).

In this technique’ (DEPT - Distortionlesé Enhancement by
polarisation Transfer) three successive 13C spectra, one containing
only the methines, one only the methylenes and one only the
methyls pare recorded. Correlation of DEPT-" 13C-NMR (fig. 5)
with conventional decoupled - 13C full spectrum (fig. 4) enabled
to identify the individual signals. In DEPT- spectrum in the
region of.low field (114—‘167) ppm, only four nmethine (CH) signals
remain (130.74, 118.30, 116.42 and 114.10 ppm) which are assigned
to C9, C5, C3 and C6. The five remaining carbon signals are
(166.31, 142.26, 137.45(2) ond- 121.26 ppm' ) due to quartenary
carbons assigned to C7 (C=0), C4, Ct and C8 and C2.

The carbon“ signals in high field region are obviously due
to aliphatic pentadec'yl substituent of which CH3 is distinct in‘
DEPT - spectrum (14.13 ppm), where as benzylic CH2 appeared
at 31.84 ppm S'ignals at 31.34, 30.16, 29.60, 29.28, 22.59 are
due to (CHZ)' 13.

The mass spectrum of (I1) showed the expected parent
peak at m/e of 820 as pyromellitimide exhibit molecular ions
(30). Satisfactory microanalysis were obtained for the purified
().

When reaction of APP with PMDA was performed in P-cresol

v
and tol‘ene, the vyields of (ll) were low; whereas for synthesecs,
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carried out in NMP and subsequent cyclisation of amideacid either
by thermal or cheniical treament produced partially imidised
(11). The IR soertra (Fig. .6) of amide acid intermediote (1) showed
broad absorption at 3640 ad 3220 cm" absorption bands indicate
the amide structure. Chemical treatment of | with acetic anhydride-
pyridine at room temperature for twelve hours resulted in cycli-
sation of (1) into (I1): the IR spectrum of whose is shown in
fig. 7; indicated forming Iimide structure (1780. 1760, .1 730,

- i
1384, 1122, 720 cm ! ), however there are absor_ptionloands at 1650

and 1520 cm ik also, suggesting partia_l imidisation. Thermal
cyclisation of (I) at 120°CImm for 3 hours gave product whose
IR spectrum (Fig. 8) showed almost complete disappearance of
amide absorption band (1680, 1650 and 880 cm -1 ) and presence
of strong bands at 1780, 172;0, and 1710 cm' due to imide
formation. The absorptions-at}%{to and 3220 cm_". in IR spectrum
of | (fig. 6) also shifted to 3540 and 3280 cm '

Therefore one pot synthesis of (lI) in m-cresol was
preferrod .
Acid Chloride Synthesis

Isophthaloyl chloride and terephthaloyl chioride were
prepared from the corresponding diacids, by reacting the diacids
with thionyl chloride in the presence of pyridi‘né as a catalyst
as shown below. Both these acid chlorides were:purified ”by vacuum

distillation and recrystalisation from dry n-hexane. The vyield

and physical conStant values of IPC and TPC were good.
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TABLE 1|

Synthesis of Poly ( Ester-imide )s from (ll)

Polymer Diacid chloride tield (n) inh.
(mole %) % o (dL/g)
TPC IPC
A 100 -- 84 2 . 0.101
B 50 50 7.9 0.132
c - 100 80.0 0.127

a) Polymerisation was carried out with 1 m mol of cach monomer
in 4ml of NMP containing 6% LiCl at 25° C for 1/2 hr; and at

80° C for 6 hrs.

b) Measured at a concentration of 0.5 dL/g in NMP at 30°C
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HOOC— COOH
m|p

SOCi, IPA/TPA
P7’r°ld'me- ,
cloc cocl m/p
IPC/TPC:
3 8 Poly(ester-imide)s : Aromatic poly(ester-imidejs were synthesised

by the polycondensation of (ll) with IPC and TPC (Schemg 5).
It is anticipated' that the long pentadecyl substituent would impart
flexibility to resulting polymers due to plasticizjng effect of
C 15 alky! chain.lt is also:expected that due to bulky vsubstituent dis-
ruption of regular structﬁre would result into amorphous nature
for these poly(ester-imide)s. Polymerisation was carried by the
conventional solution polymerisation in NMP-Pyridine, and a fair
amounts of poly (ester-imide)s (78-84%) were obtained for IPC.
TPC and (IPC + TPC) copolymers.

3.9 Characterisation of Poly(ester-imide)s

The physical property data of these poly(ester-imide)s is
given in Table |[|. The inherent viscosity of polymers ranged
from 0.10 to 0.13 dlL/g in NMP. It is observed that the poly(ester-
imide)s synthesised from [l and IPC/TPC did not reach high

molecular weight as indicated by their lower inherent viscosity
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and their inability to form films. This could poss‘ibly_ be due to
the low nucleophilicity of hydroxyl groups in (ll) and stearic effects
of bulky pentadecyl group.

Morechal = studied monomeric diamine/diacid/diimide dyes
usable for poycondensation and found that when 3,4,9,10 perylene
tetracarboxylic an‘hydride was treated with P-phenylenediamine to
give diamine dye which when polycondensed with tercphthaloyl
chloride gave a Tow molecular weight‘product31 because of stearic
faciors . A ‘

The IR spectra of the poly(ester-imide)s (fig. 9) showed

characteristic bands at 1780 cm nd 1720 em”! (imide-1), 1370 cm™ |

(imide 1), 1120 cm ! (imide 111}, 720 cm ! (imide IV) and 1716-1726cm’
{ester-carbony!).

Thus additional absorptions in IR spectra of

poly (ester-imide)s due to ester linkage were observed. Two characteri-’

stic absoroptions arising:fromthe C=0 and C-0 groups; due to ester
are possible. Ester carbonyls bands are intense, twice as str;?\g as
ketone carbonyl. The strong IR absorption band -at 1717 cm.l in the
IR spectrum of poly(ester-imide)s indicate the presence of ester group

in addition of imide structre. (imide C=0 at 1776 cm ' ).

The C-0 streching mode gives rise to strong a.bsorption in
the region 1300-;000cm” . Particularly for benzoates (¢, P-& other
unsaturated ester) the strong bands in the approximate regions, 1310-
1250 and 1150-1100 cm are often found, which are helpful in
identifying these groups. The IR spectrum of poly(ester-imide)s

showed absorption bands at 1245 and 1111 cm’

.

13028
A
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No detectable hydroxy absorption bands at 3500-3200 cm’ !

was observed.

Solubility of Poly(cster-imide)s

Solubility of the poly(ester-imide)s was determined for
powd;ry sample in excess solvent.

All  the poly(ester-imides) were soluble in polar aprotic
organic solvents such as N-methylpyrolidone (NMP), N, N-dimethylace-
tamide (DMAC), N,' N-dimethy! formamide (DMF) etc. Polymers were
also soluble in tetrahydrofuran (THF) and in hot chlorinated solvents
(viz. tetrachloro ethane, TCE; chloroform) hot acetone, m-cresol
and concentrated sulfuric acid. They were insoluble in benzene,
hexane, methanol and water.

The solubility data for these poly(ester-imid)s Is listed in
Table 1l. Increased sélbility may be related .to ‘the presence of the
long chain pentadey! group; because unsubstftuted analoges of diimide-
diol(I1) wviz. N, N-diphenyl pyromelittimide and several of it's p-
substituted .derivatives and their corresponding macromolecules were
insoluble and infusible.

For diphenyl pyromellitimide and most of it's parasubsti-
tuted derivation, it was assumed that these compoupds have
considerable interaction between closely packed molecéles and hence
infusible and insoluble in nature.

With the substitutcd analoges the steric effect of the
substituent comes into play. The presence of larger group such as

CH3, Cl etc makes coplanarity of A and B rings impossible.



TABLE 11 Solubility data of Poly(ester-imide)s

G,

Sr.No. SOLVENT A 8 c
1. NMP ++ +4 ++
2. DMAC +e +s ‘e
3. DMF - ‘s +e v+
4 THF ++ e ‘s
3. m-Cresol + + +
6 Chloroform + + +
7 TCE + + +
8 Acetone + + +
9 Methanol - - -
10 Benzene - - -
1 Hexane - - -
++ = Soluble + = Soluble on heating, Insoluble
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This interfefes with the close packing of the molecules and

also with the molecular interaction. Hence the low softening point.

High solubility of many of these compounds was suggested due to
some disruption. of order. The same reasons are possibly applicable

with poly (ester-imide)s derived from (li), wherein very bulky

nature of pentadecyl substiuents is expected to hinder the close

packing more effectively, making polymers ain_orphous and soluble in

solvents.
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CONCLUSIONS

A new preformed imide containing aromatic bisphenol (II)
monomer was synthes.:\sed by the reaction of PMDA with APP at 220°C.
in m-cresol and was charactried by spectroscopy. The monomer(il)
paved a conveniént route to the insertion of imide linkages in the
polyester backbone by it's polycondensation witﬁ IPC/TPC. llowever
viscosities are sor_aﬂ.what lower. These poly(ester-imide)s containing

pendant pentadecyl substituents along main chain were soluble: in many

organic solvents.

Scope for further work

We - have shown the feas‘ibility of the poly(ester-imidels
synthesis by reaction by aromatic diacidchioride and diimide
bisphenol (11). The polycondensation was studied by solution polymeri-
sation whereas it can also be studied by conventional interfacial tech-~
nique. This study will be of help to see if higher molecular weight
poly(ester-imide)s from |l could be obtained This reaction can
further be studied ‘in detail for various other aminophenols as
comonomer with Il and aromatic diacidchlorides A study of thermal
properties of:tk'ese ‘poly (ester-imide)s and co-polymers will give énfor-

mation on maximum use temperature.
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