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ORTHO/PARA AROMATIC MOIETIES 
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"Petru Poni" Institute of Macromolecular Chemistry 
Aleea Grigore Ghica Voda, No. 41A 
RO 6600, Iasi, Romania 

M. Rusu 
Faculty of Chemical Technology 
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ABSTRACT 

New poly(azomethine sulfones) with linear structures containing 
methylene bis(2-oxobenzylidene aniline), methylene bis(4-0x0- 
benzylidene aniline), 1,4-bis(4-0xobenzylidene amino)phenylene 
and 174-bis(2-oxobenzylidene amino)phenylene units were prepared 
in the conventional literature manner by the reaction of azomethine 
bisphenols (M 1-4) with 4,4'-sulfonyl bischlorobenzene. The 
resulting polymers were confirmed by IR, 1H-NMR and elemental 
analysis, and were characterized by UV measurements, viscosities, 
solubilities, DSC and thermo-gravimetric analysis (TGA) in air. A 
difference in the solubility and thermal behavior between the 
polymers with ortho- and para- chains was observed. The hydrolitic 
stability of the polymers in 10% wt aqueous sulfuric acid was 
reasonable 
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INTRODUCTION 

COZAN ET AL. 

Polyazomethines (PAM) are an important class of thermotropic polymers 
having numerous desirable features making them useful materials in technical 
applications [ 1-31. 

There are a few studies concerning poly(azomethine sulfones) (PAMS) [ 1, 
4-81. An attractive feature of this class of polymers is the effect of the balance 
between isotropic sulfone containing segments and rigid anisotropic azomethine 
segments on the properties of polymers. It is interesting that all the attempts reported 
in the literature showed small viscosity values, ranging among 0.03 and 0.29 dLlg. 

Our previous works reported the functionalization of polysulfones (PSF) 
with pendant aldehyde groups and further chemical modification into phenolic 
azomethine groups [9], or thermotropic liquid crystalline (TLC) behavior of PAMS 

The purpose of this paper is to present the synthesis and characterization of 
some new linear PAMS containing ortho- and para-oxobenzylideneaniline units, and 
a comparison of the properties derived therein. 

[lo]. 

EXPERIMENTAL 

Materials 
4,4'-Sulfonyldichlorobenzene (Aldrich) was recrystallized from toluene 

(mp 147-149°C). 2-Hydroxybenzaldehyde, 4-hydroxybenzaldehyde and 4,4'-meth- 
ylenedianiline (Aldrich) were used as received. 4-Aminoaniline was resublimed 
under vacuum (mp 143-145°C). N-Methyl-pyrolidin-2-one (NMP) was vacuum 
distilled over phosphorus pentoxide. Dimethylsulfoxide (DMSO) and chloro - 
benzene (PhCl) were dried over calcium hydride and distilled under vacuum before 
use. Anhydrous potassium carbonate was dried at 120°C in a vacuum oven before 
use. 

Techniques 
The IR spectra were recorded on a Specord M90 Carl Zeiss Jena spectro- 

photometer by using the KBr pellet technique. 1H-NMR spectra were run on a Jeol 
60 MHz NMR spectrometer at 60°C in DMSO-d6 using TMS as the internal 
reference. The reduced viscosities of polymer solutions (0.2% wiv) in NMP were 
determined at 25 f 0.1"C by using an Ubbelohde suspended level viscometer. 
Melting and softening points were determined with an IOR MC I -type polarizing 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



POLY(AZ0METHINE SULFONES). I 2485 

microscope equipped with a heating stage. Differential scanning calorimetry (DSC) 
measurements were done by using a Mettler TA instrument DSC 12E with a 
heating rate of 20°C /min in nitrogen. TGA was carried out in air with a F. Paulik 
derivatograph using 50 mg sample at a heating rate of 12°C per minute. Electronic 
spectra were recorded in DMSO in the range 260-450 nm with a Specord M42 Carl 
Zeiss Jena Spectrophotometer. Optimized geometries and relative total enthalpy of 
formation values were obtained using Molecular Mechanics Force field, MMX 
minimization [ 1 1 1. 

Monomer (M1-4) Synthesis 

4,4 '-Methylene Bis(2-hydroxybenzylideneaniline) (MI) 
All monomers (MI -4) were prepared and purified as described [lo]. 

Yellow crystals: yield, 8 1 %; mp 204-209°C. 
Analysis: Calcd for C27H22N202 (406.46): C,79.78; H3.45; N,6.89%. 
Found: C,79.86; H3.35; N,7.12%. IR (cm-1) 1625 (CH=N), 1605, 1575, 

1500 (aromatic). IH-NMR (DMSO-d6, TMS): 8.775 (s, 2H, CH=N), 7.75, 7.50 
(m, 2H, ortho to -CH=), 7.25 (m, 4H, ortho to -N=, 4H, ortho to -CH2-), 7.025, 
6.80 (m, 6H,aromatic), 4.05 (s, 2H, -CH2-) 

I ,4-Bis(2-hydroxybenzylideneamino)phenylene (M2) 
Orange crystals: yield, 87%; mp 208°C 
Analysis: Calculated for C20H16N202 (316.36); C, 75.93; H, 5.15; N, 

Found: C, 75.80; H, 5.02; N, 9.12%. 'H-NMR (DMSO-d,, TMS): 8.9 (s, 
8.85%. 

2H, CH=N), 7.6-6.7 (m, 12H, aromatic) 

4,4 '-hiethylene Bis(4-hydroxybenzylideneaniline) (M3) 
Yellow crystals: yield, 9 1 %; mp 2 15-2 17°C 
Analysis: Calculated for C27H22N202 (406.46): C, 79.78; H, 5.45; N, 

6.89%. 
Found: C, 80.06; H, 5.60; N,7.0%. IR (cm-l) 1615 (CH=N), 1590, 1575 

(sh),1525, 1170, 840 (aromatic).IH-NMR (DMSO-d6, TMS): 8.375 (s, 2H, 
CH=N), 7.80,7.65 
-CH2-), 6.925, 6.775 (d, 4H, ortho to OH), 3.925 (s, 2H, -CH2-) 

(d, 4H, ortho to -CH=), 7.10 (S, 8H, ortho to -N=, ortho to 

1,4-Bis(4-hydroxybenzylideneamino)phenylene (344) 
Yellow-ochre crystals : yield, 75%; mp 225226°C (lit.: 225-226(C [12]) 
Analysis: Calcdfor C20H16N202 (316.36): C, 75.93; H, 5.15; N, 8.85%. 
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TABLE 2. The Properties of Polymers P1-4 

aMeasured in NMP at a concentration of 0.2 g/dL at 25°C. 
bPartially soluble in NMP. 
CRelative total enthalpy of formation. 

Found: C, 74.98; H, 5.03; N, 8.74%. IR (cm-1) 1630 (CH=N), 1600,1458 
(aromatic). 'H-NMR (DMSO-d,, TMS): 8.5 (S, 2H, CH=N), 8.05-7.35(m, 12H, 
aromatic). 

Polymers (P1-4) Synthesis 

The properties of the polymers are listed in Table 2. 
All the polymers were obtained, isolated and purified as described [lo]. 

RESULTS AND DISCUSSION 

Table 1 lists information checked by us regarding poly(azomethine 
sulfones) reported in the literature [ 1,4, 6-81. As can be seen, only two structures 
are obtained by polyetherification: Structures (3) and (5). The molecular weight or 
viscosity values for these structures are either unreported, or small. In our previous 
paper [lo] we used both polyetherification and polycondensation methods and we 
obtained higher values of ( qred ; 0.26 and 0.34 dL/g, respectively. As we have only 
different links, i.e. -0- semirigid, or -CH2- flexible links in the above discussed 
structures, we achieved the present investigation with the aim to see if the 
introduction of rigid aromatic moieties (p-)-C 6H4- and deviations from the linearity 
induced by ortho- aromatic links (O-)-C&4- will influence in a different manner the 
package of chains with the corresponding consequences on the properties. All the 
polymers were obtained with high yields (Table 2), using the classical 
polyetherification reaction 1101 between azomethine AM bisphenols M 1-4 and 
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la  

I b  

r 

H= N- R- N=HC Q-.* 0 

P 1-4 

R 

M1  M 2  

SCHEME 1 

4,4'-sulfonyl bis chlorobenzene IV (Scheme 1). The polymers are brown to ochre 
fine powders. Their structures were confirmed by IR spectra, elemental analysis 
data and 1H-NMR spectra for polymer P2. The 1H-NMR spectrum of polymer P2 
in DMSO-d6 at 60°C (Figure 1) showed a large multiplet for CH=N protons at 8.6- 
9.0 ppm. The founded integral's ratios agree with the calculated one. Generally, 
because all the obtained polymers possessed reduced degree of polymerization, the 
difference occurred for the chemical shift in the 8.6 - 9.0 ppm region, probably 
could be due to some different resonance of the CH=N protons from the end of 
chains and those from the structural unit. From the IR spectra of polymers, using 
the KBr pellet technique (Figure 2), can be seen the appearance of the characteristic 
absorption bands at 1630-1640 cm (-CH=N-), 1330, 1160 cm-1 (-SO2), and 1250 
cm-1 (C-0-C). Carefully observing the C-0-C absorbtion bands at 1250 cm-13 one 
can see a significant difference in transmitance values: the P1,2 values (ortho-), are 
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I I I I 
9 8 7 6 

5(ppmI 

Figure 1. The IH-NMR spectra of polymer P2. 

smaller than P3,4 (para-). To be more precise, we take a base line through 1800 and 
900 cm - 1  points, free of any absorptions. The SO2 symmetric absorption band at 
1160 cm-1 was used as a reference band. Using a calculation method [13], we 
obtained the values listed in Table 3. As can be seen, while CH=N ratios showed 
very small differences, the para- C-0-C ratios (P3,4) are higher than ortho- (P1,2) 
ones. This unusual behavior could be due to a different kind of package of chains 
similar to the IR behavior of amorphous and crystalline polymers [13]. It was 
reported that poly-Schiff bases undergo degradation in the presence of strong 
protonic acids due to hydrolysis of CH=N- linkages [1,  14, 151. However, after 
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aCalculated with the formula A = log (AC/AB) [ 131 

refluxing 36 hours of 0.lg polymer in 10% wt aqueous sulfuric acid, no change was 
observed for all polymers P1-4 in the N% content, or in IR spectra. This fact could 
be concluded as a reasonable hydrolytic stability, in the tested conditions. 

A computer modeling of the structural unit of the polymers (Figure 3) 
revealed that ortho- structures (PI, P2) were more coiled than para- ones (P3, P4). 
As can be seen the imine linkage (CH=N) is not coplanar with one of the 
neighboring phenylene ring, as already reported [ 16].The relative total enthalpy of 
formation values (Table 2) ranged between 4.55 and 12.96 kCal/mol. The elemental 
analysis of polymers P1-4 (Table 4) showed good agreement between the calculated 
and found values. The higher value of S/N ratio for P4 could be due to an 
incomplete removal of DMSO in the purification step. On the basis of chlorine end 
group analysis data [9] we calculated the corresponding molecular weights and, even 
those values are not real, they showed a significant difference between the ortho- 
polymers (P1,2) and para- ones (P3,4); P3,4 being at least twice higher than P1,2. 
Also, higher yields (92, 95%) were obtained for P3,4 than lower values (82, 86%) 
for P 1,2. This situation could be explained by a higher reactivity of para-bisphenols 
M3,4 in comparison with the ortho- ones M1,2, which are sterically hindered during 
the nucleophilic attack. 

The reduced viscosities values ranged between 0.10 and 0.20 dL/g; the 
soluble part of the polymer being measured for the polymers P1, P3 and P4. 

The polymers did not soften below 300°C and attempts to found a glass 
transition by DSC (Figure 4) failed, proving that all polymers are rigid enough , 
having T, higher than the decomposition temperature. 

The solubilities (Table 5 )  showed that P1,2 are more soluble than P3,4, as 
expected. The solubility parameters of polymers are probably at least higher than 
10.67. 
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figure 3. 
(a) P1,2 (ortho-); (b) P3,4 (para-). 

The difference between the package of structural units of polymers: 
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c91. 

aThe calculated values were obtained taking into account the chlorine end groups 

bQualitative molecular weight values calculated from the chlorine end group 
content. 

0 
0 z 
LL 

1 

Figure 4 . 

50 100 150 200 250 3 0 0  
Temperature (OCI 

The DSC curves of polymers P1 and P2, second heating cycle at a 
heating rate of 20 Wmin (Pl) and 10Wmin (P2) in nitrogen. 
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TABLE 5. The Solubilitv of Polvmers PI-4 

aArranged in the decreasing order of their (solubility parameter) values, 

S = soluble, I = insoluble, PS = partially soluble. 
after Hansen [ 1 71. 

aTi = Initial decomposition temperature 

In the UV spectra of the polymers P1, P2, and P4 in DMSO was observed a 
large bathochromic shift of the n -IT * absorbtion band due to C=N bands from the 
absorbtion maximum (342 nm) of PI to a longer wavelenght (358 nm) for P2, due 
to a increase in the conjugation. We observed the same shift for P4, but in this case 
beyond a hypsochromic effect, a new absorption band occurred at 285 nm, like a 
hypsochromic shift. However, literature UV data for PAM [ 121 reported 
hypsochromic shifts only when metha- chains quantitatively exceed the para- ones. 
At the moment, we have no explanation for this phenomenon. Further investigations 
are underway, and the results will be reported. The thermal behavior of polymers 
(Table 6, Figure 5) showed similar decomposition patterns. As expected, the 
decomposition began around 300°C and the polymers P3,4 with para- chains 
proved to be more thermally stable than P1,2 with ortho- chains. 
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40 

50 
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0 100 200 300 400 500 f 

Temperature ( O C I  

Figure 5 . TGA curves of polymers P 1-4. 

CONCLUSIONS 

New linear PAMS were obtained using the classical polyetherification 
reaction between AM bisphenols (Ml-4) and 4,4’-sulfonyl bis(4-chlorophenyl). 
The polymers having qred values at least equal with those reported in the literature, 
are thermally stable up to 300°C and dissolved only in aprotic dipolar solvents. A 
significant difference was observed in the solubility and thermal behavior of the 
ortho- linked polymers (P1,2) with respect to para- linked ones (P3,4). The 
polymers seems to be reasonable hydrolytically stable in 10% wt aqueous sulfuric 
acid while refluxing for 36 hours. 
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