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Abstract

Direct polymerization of bisphenol A with CO was carried out using a catalyst system constituted of a Pd carbonylation cata
inorganic redox catalyst, an organic redox cocatalyst, a base and a dehydrating agent. Usage of,@s({@drgganic redox cocatalyst led t
the synthesis of polycarbonateMf, 3600 but the formation aj-phenylene carbonate-fC) and salicylic acid type groups at the chain en
was observed. In an attempt to eliminate end group formation and explore the possibility of higher molecular weight polymer s
various modifications were made in the catalyst system. On replacing Cu witb-B&,formation could be eliminated completely. |
addition, the usage of bis(triphenylphosphoranylidene) ammonium bromide (PPNBr) instead of tetrabutylammonium h(BomjigBlr]
resulted in elimination of acid group formation leading to the synthesis of polymbt,d.8 x 16° (determined by GPC), with hydroxy
group at both chain terminii. Polymer structure was investigated in detail by IR, NMR, and MALDI-TOF-MS st@di©99 Elsevier
Science Ltd. All rights reserved.
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1. Introduction polycarbonates by polymerizing the diphenol with CO
shown below:
For the synthesis of highly useful aromatic polycarbo-
nates, melt transesterification method is gaining more popu-HOH +CO+0, _catalyst_
larity in recent years than the currently used interfacial -H,0
polycondensation method because of environmental reasons
[1]. However, the diphenyl carbonate (DPC), a starting

o
I
material of the former method involves the usage of extre- H‘[O_.‘I‘._ © o—c];o—.—|—.— ©—O0H

mely toxic phosgene. Therefore, it has been of great interest
to find a non-phosgenated method for DPC synthesis and in However, to our knowledge there are only two pate

re(':ent' years patentgd literature reportgd catalyst assiste(izj] reporting the synthesis of aromatic polycarbonates
oxidative carbonylation of phenol to diphenyl carbonate .. catalytic process and in both of these investigati

[2=71. catalytic efficiency, yield, and molecular weight obtain
0 are very low.
@OH +CO +0, catalyst @—o—g— o—@ Recently, ina sep_arate publication we reported succes
-H0 synthesis of aromatic polycarbonateshf 3.6 x 10° in as

bPC high yield as 50%, using Pd—Cu based catalyst system

with Pd:bisphenol A ratio as 1:332. Structural analysis
This reaction can be applied to direct synthesis of this polymer revealed that the polymer chains were e
capped by the formation af-phenylene carbonat®-PC)
and salicylic acid type end groups. Assuming that these
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one step was once again subjected to oxidative carbonyla-

o=¢ f I
\Oo ﬂ—oo]i—ow tion under the same conditions as used in first step, to obtain

higher molecular weight polymer.

M1 + (C4Hg)N*
0=~ % I n CooH 2. Experimental
\OHO—ott—— @O —of to— OB >
M2 +(C4Hg)uN" 2.1. Materials
o
o0 _II]‘ o0 . Bisphenol A was recrystallized from chlorobenzene.
H‘{O O Q—o—¢ "0 O Q—on +Na Dichloromethane was distilled prior to use and stored over
M3 molecular sieves. Molecular sieves were activated atG50
0 0 COoH for 10 h under N before use. All other chemicals were used
HOOJ[C—OO]LE—OOH as received.
C4Ho)N* .
M4 + (CHae 2.2. Polymer synthesis
Scheme 1.

PdChL 2.2mg (0.012 mmol), Ce(OAg) 25.0 mg

. ) (0.075 mmol), tetrabutylammonium bromide 120 mg
of such end groups and synthesize bishydroxy ended pon—(O_375 mmol), hydroquinone 41 mg (0.375 mmol), and 1 g

carbonate. Hydr_oxy terminated polymer has an additional gqtivated 3A molecular sieves were charged to a 50 ml
advantage that it can be used as a prepolymer for furthergiainess steel autoclave and dried atC7@or 2 h under
reactions such as multi-step oxidative carbonylation to \,5cuum before the reaction. After the drying, 0.945g
obtain high molecular weight polymer. (4.16 mol) bisphenol A and 5 ml dichloromethane were
Durlng detailed mvestllgatlons of diphenyl carbonate 544ed followed by charging 60 kg/énCO and 3 kg/crh
synthesis as model reaction, we found that Cu componentp, ang the autoclave was placed in an oil bath preheated
of the redox catalyst system is mainly responsibledi¢tC to 100C. After specified time, reaction was quenched by

group formation. Replacement of Cu with other metals such ¢qqjing the autoclave in water bath. Polymer was isolated by
as Ce or Mn could help in complete elimination @PC precipitation in methanol.

formation without altering the efficiency of catalyst system

[9,10]. In continuation of this study, here we wish to report 5 3 polymer characterization

end cap free bisphenol A polycarbonate synthesis using Pd—

Ce—PPNBr based catalyst system. The polymer obtained in  Molecular weight was determined by JASCO Gulliver gel
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Fig. 1. IR spectra of polymer P and P1.
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Table 1

Results of bisphenol A polymerization

Polymer Inorganic redox catalyst Ammonium Reaction time (h) M, /10%2 M,, /10%2 Yield® (%) End group typé
halide

P Cu(OAc) (nBu);NBr 24 2.8 3.6 50 —OH-PC SA

P1 Ce(OAc)-H,O (NBu),NBr 24 1.7 21 50 —OH

P2 Ce(OAc)H,0 (nBu),NBr 48 2.3 3.0 50 —OH SA

P3 Ce(OAc)-H,0O PPNBr 24 1.9 3.5 55 —-OH

P4 Ce(OAc)-H,O PPNBr 48 2.0 3.8 80 —OH

2 Molecular weight determined by GPC using polystyrene standards.
P |solated yield.
¢ Refer to Scheme 1-PC:o-phenylene carbonate end group, SA: salicylic acid type end group.
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Fig. 2. MALDI mass spectra of the Polymer P2 and P3 (matrix; 2,5 dihydroxybenzoic acid, solvent; THF).
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permeation chromatograph (GPC) using SHODEX K-804L end group and sodium cation. These mass values were
column, polystyrene as standards, and chloroform asconsistent with those of sodium cationized polycarbonate
solvent. IR spectrometric analysis was carried out using oligomeric species containing —OH group at both the ends
Perkin—Elmer Paragon-1000 IR spectrometét.and **C (Scheme 1, M3). lons were seen for the oligomeric species
NMR spectra were obtained on a JEOL LA600 spectrometer from tetramer to 12mer. These results show that Pd—Ce
using CDC} (containing 1% TMS as an internal reference) catalyst system could effectively lead to synthesis of poly-
solvent. Matrix assisted laser desorption ionization—time carbonate with both chain termini as —OH groups.

of flight (MALDI-TOF) mass analysis was carried out on In an effort to increase the molecular weight of the
Shimadzu Kompact MALDI Il spectrometer using 2,5- polymer, reaction time was increased from 24 to 48 h.
dihydroxy benzoic acid as matrix and THF as solvent. However, resulting polymer P2 did not show any substantial

increase in the molecular weight. In addition, it§ NMR

spectrum besides exhibiting peaks assignable to polycarbo-
3. Results and discussion nate protons displayed an additional small peak at

10.45 ppm (exchangeable with,®). On comparison with

Bisphenol A polymerization in the presence of Pd—Cu authentic sample of salicylic acid it was found that
based redox catalyst system resulted in polycarbonate (P)10.45 ppm peak indicates the presence of salicylic acid
of M,, 3600 witho-PC and salicylic acid end group forma- type structures in the polymer. This salicylic acid type
tion (Scheme 1, M1 and M2). Details of this investigation groups may be present at the chain ends and arise due to
are presented elsewhere [8]. In the current work, Cu(@Ac) the formation of —COOH group iartho position to terminal
component of the catalyst system was replaced with cerium hydroxy groups of the polymer chains.
acetate and reaction of bisphenol A was carried out under MALDI-MS spectrum of polymer P2 provided further
the same conditions as employed during previous work and evidence for the presence of salicylic acid type end groups.
detailed in Section 2. After 24 h of reaction, a light brown Spectrum shown in Fig. 2 displayed two series of intact ion
colored product (P1) was obtained on precipitation in peaks suggesting that the polymer is a mixture of two types
methanol. IR spectra of the product P1 and that of polymer of oligomeric chains (M3 and M4). As IR exhibited carbo-

P are given in Fig. 1. Both P and P1 display a strong peak atnate as single functional group, these two oligomeric series
1774 cm * attributable to linear carbonate carbonyl stretch- may differ only in the structure of their terminal groups.
ing, thereby confirming polycarbonate formation. However, Calculations revealed that series M3 was similar to the
polymer P1 did not display any peak at 1836 ¢mvhich one obtained in polymer P1 as it had a mass consistent
was attributed to carbonyl stretching @PC cyclic carbo- with bishydroxy-ended polycarbonte which was observed
nate end groups of polymer P. Absence of this peak in the atm/z 254.28n + 2512, where 254.28 is the mass of repeat
spectrum of polymer P1 suggests that replacement of Cuunit, nis the number of repeat units, and 251.2 represents the
with Ce resulted ino-PC end group free polycarbonate. mass of bishydroxy end group and Neation. Whereas, the
M, and M,, of polymer P1 determined from GPC using second series (M4) appears to be tetrabutylammonium
polystyrene standards were found to be 1700 and 2100,adduct of polycarbonate chains with hydroxyl group at
respectively (Table 1). one end and salicylic acid type structure at the other end

Structure of the polymer was confirmed By and **C (Scheme 1). Appearance of an intense peak of ion mass
NMR analysis also'H NMR spectrum exhibited a singlet  242.2 in MALDI spectrum supports the assumption of catio-
between 1.64—1.68 ppm due to methyl protons, a multiplet nization of M4 by tetrabutylammonium ion. In order to
in the range of 7.0—-7.3 ppm due to aromatic protons, and aconfirm further the tetrabutylammonium cationization of
very small broad peak at 5.33 ppm (exchangeable wiB)D  oligomeric series M4, polymerization was conducted with
assigned to terminal —OH protons. A small peak at 6.9 ppm tetrabutylphosphonium bromide instead of tetrabutylammo-
could be assigned to terminal aromatic protons. nium bromide. Peaks in the MALDI mass spectrum of

In °C NMR spectrum, appearance of a peak at 152.1 ppmresulting polymer showed a shift of 17 suggesting that
confirmed the carbonate bond formation. Peaks observed abligomeric chains in this case were cationized by tetrabu-
149.0 and 148.3 ppm were assigned to substituted aromatidylphosphonium ion, thereby confirming tetrabutylammo-
carbons whereas those at 127.9, 120.1, and 114.7 ppnmium cationization.
represented unsubstituted aromatic carbons. Peaks at 42.5 These results suggest that increase in the reaction time
and 30.9 ppm were due to quaternary carbon and methylleads to new end group formation, which may restrict
carbons, respectively. further chain propagation.

In order to investigate the terminal functionalities of the Formation of acid end-capped polymer is highly undesir-
polymer chains, MALDI-TOF mass analysis was carried out able if it is to be used in further reactions for obtaining high
using 2,5-dihydroxybenzoic acid as matrix. MALDI spec- molecular weight polycarbonate.
trum exhibited a single series of ion peaksrét 254.28n + In further investigations,nBu),NBr was replaced with
2512 where 254.28 is the mass of repeat unitis the more stable bis(triphenylphosphoranylidene) ammonium
number of repeat units, and 251.2 represents the mass obromide (PPNBr) and the polymerization was carried out.
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Results of the 24 and 48 h reactions are given in Table 1. To summarize, we have successfully carried out dir

MALDI mass analysis of 24 h reaction product P3 revealed synthesis of bisphenol-A polycarbonateM§, up to 4000,

that the polymer had only one type of oligomers chains with by oxidative carbonylation reaction, using Pd based re

hydroxyl group at both the ends (Fig. 2). On increasing the catalyst system. Replacement of Cu catalyst with Ce le

reaction time from 24 to 48 h, an increase in isolated yield complete elimination 06-PC end group formation and tha

from 55 to 80% was observed. MALDI mass analysis of the of (nBu),;NBr with PPNBr reduced the acid group formatio

polymer P4 also revealed a series of oligomeric chains, massto traces. Two step oxidative carbonylation, where alm

of which was consistent to that of M3 and there was no peak completely bishydroxy ended polymer obtained in first st

corresponding to acid ended series M4. was used as a starting material in the second step le
These results show that unlike Pd—CenrBi,)NBr synthesis of polymer oM,, 33,000. Further investigation

system where acid-ended polymer formation took place onto optimize the reaction conditions of the second step

increasing the reaction time from 24 to 48 h, Pd—Ce—PPNBr achieve higher molecular weight polycarbonate synthe

did not lead to any end cap formation and the bishydroxy are currently under progress.

ended polymer could be obtained in high yield which is

suitable for use in any further reactions. However, tHe

NMR spectra of polymer P3 and P4 still displayed a small

peak at 10.45 ppm indicative of presence of acidic proton. References
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