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Abstract--Polyesters from 2,2-bis(4-chloroformylphenyl)-propane (I) and 4,4'-biphenyl-dicarboxyl chlor- 
ide (II) as diacid chlorides, and 2,2-bis(4-hydroxyphenyl)-propane (bisphenol-A) (a), l,l-bis(4-hydroxy- 
phenyl)-4-methyl-cyclohexane (b), and 4,4'-dihydroxy-biphenyl (e) as diphenois, were synthesized under 
phase transfer conditions using several ammonium and phosphonium salts as catalysts in a 
dichloromethane/NaOH system for two reaction times. Polyesters were characterized by i.r. and ~H-NMR 
spectroscopy and elemental analysis; the molecular weights were estimated by viscosity measurements. The 
influences of the nature of the catalysts and the reaction time were evaluated by the yields and the inherent 
viscosities. Lipophilic catalysts were effective at short reaction times but, when the reaction time is 
increased, there is a decrease of the inherent viscosity due to the hydrolysis of the polymeric chains. This 
effect is not observed when the catalyst has a more hydrophilic character. 

INTRODUCTION 

Polyesters are widely known polymers because of 
important industrial applications. Particularly, aro- 
matic polyesters derived from bisphenol-A [2,2-bis(4- 
hydroxyphenyl)propane] and related diphenols and 
aromatic acid chlorides, have been commercialized 
and used as high-performance engineering plastics 
[1]. The introduction of modifications in their struc- 
ture, such as the incorporation of flexible moieties in 
the polymer backbone, leads to new materials and 
applications. 

In general, polyesters have been synthesized by 
interfacial polycondensation between an organic sol- 
ution of the diacid chloride and an aqueous solution 
of the diphenolate, or by solution polycondensation 
at low temperature. Phase transfer catalysis polycon- 
densation has also been used for the synthesis of 
several kinds of polyesters. Several authors have 
published on the synthesis of polyesters derived from 
bisphenol-A using phase transfer conditions [2--4], 
because of the advantages of this technique. 

Phase transfer catalysis [5, 6] is a technique in 
which an anion forms with a catalyst (normally an 
ammonium or phosphonium salt) an ionic pair, 
which is transferred to the organic phase in which it 
reacts rapidly with the substrate because it has low 
solvation due to the normally low polarity of the 
solvent. In this technique, the nature of the catalyst 
is one of  the most important factors. An increase of  
the number of carbon atoms around the central atom 
of the onium salt increases the lipophilicity of the 

*Part 16 see L. H. Tagle, F. R. Diaz, R. Concha and 
H. Cisternas. Int. J. Polym. Mat. (in press). 

catalyst and increases the extraction constant in the 
organic solvent [7]. 

Phase transfer catalysis has been used in our 
laboratory for the synthesis of polyesters [8, 9] and 
poly(ether-ester)s [10]. We studied the influence of the 
nature of the catalysts and the ,structure of the 
diphenols. Also we have studied the influence of  the 
catalysts on the hydrolysis of the polymeric chains, 
finding that the nature of the catalysts exerts an 
important effect, in the sense that the higher its 
lipophilic character the greater is the possibility of  
hydrolysis of the polymeric chains since the possi- 
bility of transport of O H -  ions is greater [11]. 

Also we have used this technique for the syn- 
thesis of polycarbonates [11-14|, polythiocarbo- 
nates [13-17] and copoly(carbonate-thiocarbonate)s 
[18, 19]; we studied the influence of the nature of the 
catalysts in the yields and inherent viscosities. 

Continuing our work in the application of phase 
transfer catalysis in the synthesis of polymers, we 
now describe the synthesis of polyesters derived from 
2,2-bis(4-chloroformylphenyl)-propane and 4,4'- 
biphenyl-dicarboxyl chloride with bisphenoI-A and 
other diphenois, using several ammonium and phos- 
phonium salts and two reaction times, and evaluating 
the results by the yields and inherent viscosities. 

EXPERIMENTAL PROCEDURES 
Materials 

Reagents and solvents (Aldrich) were used without fur- 
ther purification. The following catalysts (Fluka) were used: 
benzyltriethylammonium chloride (BTEAC), tetrabutylam- 
monium bromide (TBAB), hexadecyltrimethylammonium 
bromide (HDTMAB), methyltrioctylammonium chloride 
(Aliquat 336 'm) and hexadecyltributylphosphonium bromide 
(HDTBPB). 
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Measurements 

The i.r. spectra were recorded on a Perkin-Elmer 1310 
spectrophotometer, the ~H-NMR on a 100 MHz instrument 
(Varian XL-100) using CDCI3 or acetone-d6 as solvent and 
TMS as internal reference. Viscometric measurements were 
made using a Desreux-Bischoff [20] type dilution viscometer 
with CHCI 3 solutions at 25 °. 

Monomer synthesis 
2,2-Bis(4-hydroxyphenyl)-propane (Bisphenol-A) (a) and 

1,I-bis(4-hydroxyphenyl)-4-methyl-cyclohexane (b) were 
synthesized according to a procedure described by McGreal 
et al. [21], and 4,4'-dihydroxy-biphenyl (e) was obtained 
commercially. 

2,2-Bis(4-chloroformylphenyl)-propane ([bd(I) was syn- 
thesized by the following procedure: 5.1 g of 2,2-bis(4-car- 
boxyphenylene)-propane, obtained by a procedure de- 
scribed previously [22-24], were mixed with thionyl chloride 
and refluxed for 2 hr. Then, the excess of thionyl chloride 
was distilled off and the product was recrystallized from 
n-hexane and characterized, m.p. 95-96 ° (Ref. [24] 95-96°). 

4,4'-Diphenyl-dicarboxyl chloride was synthesized from 
commercial 4,4'-dicarboxy-biphenyl and thionyl chloride by 
the same procedure. The product was recrystallized from 
n-hexane and characterized, m.p. 187-189 ° (Ref. [25] 184°). 

Polymer synthesis 
Polyesters were synthesized according to the following 

general procedure: 2.5 mmol of the diphenol and 
0.125 mmol (5%) of the catalyst were dissolved in 25 ml of 
0.3 M NaOH and 20 ml of H20 and mixed with 20 ml of 
CH2C12. Then 2.625 mmol of the diacid chloride dissolved in 
5 ml of CH2C12 were added. The mixture was stirred at 20 °, 
and then the organic layer was separated and poured into 
methanol. The precipited polymer was filtered, washed with 
methanol, dried under vacuum at 40 °, and characterized. 

RESULTS AND DISCUSSION 

Polyesters were synthesized according to the fol- 
lowing reaction: 

O O 
II II 

C I - C -  R - C - C I  + 

and were characterized by i.r. and JH-NMR and 
elemental analysis. The results are summarized in 
Tables 1 and 2, and are in accord with the proposed 
structures. Polyesters Ib and Ilb were insoluble in 
CDCI3 and acetone-d6, and the ~H-NMR spectra were 
not obtained. 

Two variables were considered in the phase trans- 
fer process, viz. the nature of  the catalyst and the 
reaction time. Solvent, temperature and catalyst and 
base concentration remained constant. 

Polycondensation occurs when the diphenolate is 
transferred, in the form of an ionic pair with the 
catalyst, from the aqueous phase to the organic, 
according to the general mechanism of phase transfer 
catalysis proposed by Starks [6, 7]. Normally the 
ionic pair in the organic phase has very low solvation 
and therefore is highly reactive. 

Without  catalyst, good yields but low values of  
inherent viscosities were obtained for polyesters de- 
rived from I and II; therefore an interfacial polycon- 
densation between the diphenolate dissolved in the 
aqueous phase and the diacid chloride dissolved in 
the organic phase cannot be discarded. 

Table 3 shows the yields and inherent viscosities 
obtained for polyesters l(a-c). For  polyester Ia, there 
is an increase of  the inherent viscosity and the yield 
when the reaction time is increased, except for ALI-  
Q U A T  in which both values are the same, and for 
H D T M A B  with which there is a decrease in the 
inherent viscosity. BTEAC had poor behaviour as 
catalyst with this diphenolate in dilute solution be- 
cause of  its hydrophilic nature [26], unsuitable to 
transport a dianion that also is hydrophilic. The same 
behaviour of  BTEAC with bisphenol-A has been 
described for the syntheses of  other kinds of  polymers 
[11, 15]. 
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Table I. Spectroscopic data and elemental analyses of polyesters l(a-¢) 

la lb lc 

i.r.(cm t) 2980(CH3) 2980(CH~) 
KBr 1730 (C='O) 1740 (C----O) 

1600 (Ar) 1600 (Ar) 
1500 (Ar) 1500 (Ar) 
1260 ( C ~ )  1270 (C---O) 
I 170 (C-4) )  I 160 (C--O) 
860 (p-subs.) 860 (p-subs.) 

IH-NMR (c~) 1.68 (s,6H,CH3) 
(ppm) 1.74 (s, 6H, CH 3) 
CDCI 3 7.42-7.08 (m, 12H, ArH) 

8.16 (d,4H,ArH) 

Elemental Calc. C: 80.67% Calc. C: 80.18% 
analyses H: 5.88% H: 5.07% 

Enc. C: 79.19% Enc. C: 80.82% 
H: 5.97% H: 5.78% 

2920 (CHj) 
1730 (C---'<)) 
1600 (Ar) 
1500 (Ar) 
1260 (C--O) 
I 170 ( c - ~ )  
850 (p-subs.) 

0.86 (d,3H,CH 3) 
1.74 (s, 6H, CH 3) 
2.74-0.86 (m,9H,CH2) 
7.5-7.04 (m, 12H,ArH) 
8.16 (d,4H, Arh) 

Calc. C: 81.51% 
H: 6.42% 

Enc. C: 80.11% 
H: 6.79% 
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With TBAB, there is an important increase of the 
inherent viscosity when the reaction time is increased. 
In fact, this catalyst has a symmetric structure and 
therefore the ion pair has a suitable separation be- 
tween the anion and the cation making it highly 
reactive, as described previously for the synthesis of 
the polythiocarbonate of bisphenol-A, in which this 
catalyst showed the best behaviour [15]. 

ALIQUAT and HDTBPB, both of lipophilic 
nature, showed good behaviour, being adequate to 
transport a hydrophilic dianion of this type. 

The decrease of the inherent viscosity with 
HDTMAB can be due to a hydrolytic process be- 
cause the special structure of this catalyst, which is 
capable of forming micelles [11] and a process of this 
kind is impossible to rule out. 

Polyester lb was insoluble in all sovents and precip- 
itated in the reaction media. For  this reason, the 
inherent viscosities were not obtained. In spite of this, 
it can be seen an increase of the yield over those 
obtained without catalyst, which is evidence for the 
efficiency of the phase transfer process. 

ALIQUAT, TBAB and HDTBPB surprisingly 
were effective for polyester lc because they are lipo- 
philic catalysts, especially ALIQUAT and HDTBPB, 
and ineffective for transporting lipophilic dianions 
such as that from c. However polyesters showed a 
decrease of the inherent viscosity when the reaction 
time was increased, due probably to a hydrolytic 
process promoted by these lipophilic catalyst, as 
described for the synthesis of polycarbonates [11]. 

HDTMAB was practically ineffective as catalyst 
and the polyester was obtained principally by an 
interfaciai polycondensation process. BTEAC was 
effective especially at 120 min. This catalyst has been 
described as hydrophilic [26], so allowing transport of 
more lipophilic dianions such as this. On the other 
hand, this catalyst has CI- as counterion, which is 
exchanged more easily than Br-,  the counterion of 
the other catalysts [27]. 

Table 4 shows the yields and inherent viscosities 
obtained for polyesters ll(a-¢). There was a similar 
tendency in the behaviour of the catalysts as that 
observed for polyesters l(a-c). 

For polyester IIa all the catalysts were effective. 
With BTEAC, we obtained lower values of inherent 
visosity, especially at 60 min of reaction, but there is 
an increase at 120 min, due to the hydrophilic charac- 
ter of this catalysts [26] as mentioned previously. 
With TBAB also, there is an increase of the inherent 
viscosity when the reaction time is increased, due 
the symmetry of this catalyst which produces an 
adequate separation between the anion and the cation 
in the ionic pair with this diphenolate [15]. 

With ALIQUAT and HDTBPB, decrease of the 
inherent viscosity was observed when the reaction 
time was increased, due principally to a hydrolytic 
process. When all the diphenolate was transferred 
and reacted in the organic phase, it is possible that the 
lipophilic catalysts can transfer O H -  anions that 
promote hydrolysis of the polymeric chains, and 
therefore the inherent viscosity will decrease. 

Table 2. Spectroscopic data and elemental anlyses of polyesters II(a--c) 

Ila l ib l ie 

i.r.(cm I) 2780 (CH3) 1720 (C~---O) 2920 (CH3) 
K Br 1730 (C=O) 1600 (Ar) 1720 (C=-O) 

1600 (Ar) 1480 (Ar) 1600 (Ar) 
1500 (Ar) 1260 ( C ~ )  1500 (Ar) 
1260 (C--O) I 180 (C--O) 1250 (C--O) 
1160 (C--O) 840 (p -subs.) 1160 (C--4)) 
850 (p-subs.) - -  840 (p-subs.) 

~H-NMR (6) 1.76 (s,6H,CH 3 ) - -  0.87 (d,3H,CH~) 
(pprn) 7.38-7.2 (c,8H, ArH) 2.7-0.87 (m,9H,CH 2) 
CDCI 3 7.82 (d,4H,ArH) 7.54-7.08 (m, SH,ArH) 

8.36 (d, 4H, ArH) 7.8 (d, 4H, ArH ) 
8.34 (d,4H,ArH) 

Elemental Calc. C: 80.18% Calc. C: 79.59% Calc. C: 81.14% 
analyses H: 5.07% H: 4.08% H: 5.74% 

Enc. C: 78.74% Enc. C: 78.29% Enc. C: 80.42% 
H: 5.38% H: 4.34% H: 5.92% 
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Table 3. Yields and inherent viscosities of polyesters I(a-¢) 

Polymer 

la Ib le 

Time(min): 60 120 60 120 60 120 

Catalyst % q % ~/ % r/ % r/ % t/ % q 

- -  28 0.09 67 0.12 37 - -  71 0.10 97 0.14 
BTEAC 48 0.11 89 0.25 65 - -  81 - -  88 0.14 90 0.40 
TBAB 81 0.17 89 0.41 86 - -  90 - -  92 0.47 96 0.39 
HDTMAB 84 0.46 90 0.36 86 - -  62 - -  94 0.22 80 0.15 
ALIQUAT 90 0.50 90 0.50 80 - -  71 - -  89 0.23 80 0.18 
HDTBPB 88 0.45 93 0.49 88 - -  69 - -  96 0.68 95 0.33 

~7, inherent (dl g- i ), in CHCI 3 at 25 °, c = 0.5 g dl- i. 

Table 4. Yields and inherent viscosities of polyesters ll(a--¢) 

Polymer 

Time (min): 

Catalyst 

lla lib lie 

60 120 60 120 60 120 
% ff % ~ % ff % q % ff % q 

- -  67 0.10 78 0.16 49 - -  64 - -  98 0.23 97 0.26 
BTEAC 91 0.30 98 0.53 76 - -  79 - -  99 0.51 98 0.54 
TBAB 96 0.63 96 0.90 88 - -  80 - -  99 0.65 99 0.65 
HDTMAB 98 0.60 95 0.58 94 - -  96 - -  96 0.45 97 0.36 
ALIQUAT 99 1.00 96 0.33 90 - -  93 - -  99 1.36 91 0.53 
HDTBPB 99 0.56 66 0.12 92 - -  95 - -  99 1.31 80 0.44 

t/, inherent (dl g- i ), in CHCI 3 at 25 °, c = 0.5 g dl J. 

Po lyes te r  l i b  was  insoluble  in all o rgan ic  so lvents  
a n d  in the  reac t ion  media ,  a n d  the re fore  we c a n n o t  
ob ta in  the  i nhe ren t  viscosities.  Howeve r ,  we can  
obse rve  an  increase o f  the  yields w h e n  the  cata lys ts  
were  used,  even  tha t  w h e n  the  ca ta lys t  were  n o t  
used.  

F o r  po lyes te r  IIc, the  bes t  catalysts  were  A L I -  
Q U A T  a n d  H D T B P B  at 60 min.  A l t h o u g h  b o t h  
ca ta lys ts  and  d ipheno la t e  have  l ipophil ic  charac te r ,  
these  cata lys ts  showed  g o o d  behav iou r  as t r ans fe r  
agen ts  for  this polyes ter ,  because  o f  t ha t  their  g rea t  
vo lume  causes  the  posi t ive  a n d  negat ive  charges  o f  
the  ionic  pa i r  to  have  a wider  sepa ra t ion  and  so a 
h igher  react ivi ty  wi th  the  diacid  chlor ide .  W h e n  the  
reac t ion  t ime is increased,  there  is an  i m p o r t a n t  
decrease  o f  the  inhe ren t  viscosi ty due  to  a hydro ly t ic  
process ,  which  is f avoured  wi th  these  l ipophil ic  ca ta-  
lysts [10, I l]. 

W i t h  B T E A C  a n d  T B A B ,  there  is no  influence o f  
the  reac t ion  t ime because  these  cata lys ts  d id  n o t  f avor  
a hydro ly t ic  p rocess  due  their  m o r e  hydroph i l i c  char -  
ac te r  [26]. H D T M A B  s h o w e d  the  wors t  behav iou r  
and  s o m e  hydrolys is  can  be seen w h e n  the  reac t ion  
t ime is increased.  

In general ,  for  these  polyesters ,  we ob t a ined  g o o d  
yields and  inhe ren t  viscosities,  which  are  s t rongly  
inf luenced by the na tu re  o f  the  catalysts .  The  l imit ing 
s tep o f  the  po lymer i za t ion  process  is the  t r ans fe r  o f  
the  d ian ion  r a the r  t han  the  reac t ion  in the  o rgan ic  
phase  because  b o t h  diacid  ch lor ides  a n d  d ipheno la te ,  
a re  highly react ive species. H o w e v e r  a hydro ly t ic  
process ,  a lso inf luenced by the  na tu re  o f  the  catalyst ,  
can  be obse rved  especial ly w h e n  the  ca ta lys t  has  
l ipophil ic  na ture .  

Finally,  it can  be conc luded  tha t  the  phase  t ransfer  
po lymer i za t i on  is a m o r e  sui table  t echn ique  for  the  
synthes is  o f  po lyes te rs  o f  this k ind  t h a n  the  interracial  
process .  
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