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1 : AN | MPROVED PROCESS FOR THE PREPARATI ON OF  pop
"POLY ( ARYLCARBONATE) S This invention relates to an inproved
process for the preparation of poly(arylcarbonate)s. Mre particularly,
relates to the preparation of poly(arylcarbonate)s by the reaction of
di al kyl carbonates w th bisphenols using selected organotin and
organotitani um cat al yts. Description_of Related Art:

Pol y(aryl carbonate)s, in general, and 'eépeci ally those derived from

bi sphenol A, are a class of inportant engineering thernoplastics useful

a variety of industrial and consuner applications. They are generally
synt hesi zed
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AN IMPROVED PROCESS FOR THE PREPARATION OF
POLY (ARYLCARBONATE)S | —

This invention relates to an improved process for the
preparation of poly(arylcarbonata)s. More particularly, it
relates to the preparation of poly(arylcarbonate)s by the
reaction of dialkyl carbonates with bisphenocls using

selected organotin and organotitanium catalysts.

Descxiption of Related Axt:

Poly(arylcarbonate)s, in general, and especially those
derived from bisphenol A, are a class of important
engineering thermoplastics useful in a variety of industrial
and congsumer applications. They are generally synthesized
by either interfacial phosgenation of bisphenol A or by melt
phase reaction of bisphenol A with diphenyl carbonate (D.
miyag et al, Encycl.bped:la of Polymer Science and
- Engineering, Vol. 11, 651 _(1988‘) . The interfacial process
jnvolves the use of toxic and hazardous phosgens. In
addition, it uses a chlorinated hydrocarbon as solvent and
requires disposal of clzhlotide.-eontaining solid wastes.
Purther, the product ﬁoly(ary].carbonate) ca;zt:ainc residual

sodium and chloride iomns vwhich adversely affect the



by either interfacial phoegenation of bisphenol A or by nelt phase
‘reaction of bisphenol A with diphenyl carbonate (D. Freitag et al,

Encycl opedi a of Pol yner Science and Engineering, Vol. 11, 651 (1988). The
interfacial process involves the use of toxic and hazardous phosgene. In
addition, it uses a chlorinated hydrocarbon as solvent and requires

di sposal of chloride-containing solid magtes. Further, the product

pol y(aryl carbonate) contains residual s®dium and chloride ions which
adversely affect the 2 hydrol ytic

stability of the product. The helt phase process using di phenyl carbonate
I S expensive, as the process for the manufacture of di phenyl carbonate is

Not Very  pydrolytic stability of the product. The melt phase process
using diphenyl carbonate is expensive, as the process for
the manufacture of diphgnyi:cnrponabe is not very
economical. Furthermore, residual phenol remaining in the
product adversely affects the thermal stability of
poly (arylocarbonate)s.

There are examplas in the prior art whers the raaction
of bisphenols with dialkyl carbonateg have been promoted by
the use of certain spec;tﬂc catalysts. PFor example,

according to Jap. Pat. 03 131627 (1991) and Jap. Pat. Appl.
Hei 02 284918 (1990), alkali wetal salts such as nodiﬁn
methoxide and potagsium borohydride can be used. But it is
well known that alkali wmetal residues in
poly(arylcarbonate)s adversaely affect their hydrolytic
stability. One of the more commonly used catalysts are.
organic derivatives of tin. FPFor examples, Jap. Pat. 02
251522 (1990), &ap. Pat. Appl. uéi. 02 251524 (1990) and Jap.
Pat. Appl. Hai 02 251525 (1990) describe the use of di-n-
butyltiﬁ oxide ag catalysts. However, under the conditians
specified, poly(arylcarbonate)s of molacular weight in the
rﬁnge of 350-1000 could only be obtained. Ger. Pat.-
4,038,768 (1991) describes a two-stages process for the

- conversion of bisphenocl A and diethyl carbonate to
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econom cal. Furthernore, residual phenol remaining in the product
adversely affects the thermal stability of poly (aryl carbonate)s.

There are exanples in the prior art where the reaction of bisphenols with
di al kyl carbonates have been pronoted by the use of certain specific

catal ysts. For exanple, according to Jap. Pat. 03 131627 (1991) and Jap.
Pat. Appl. Hei 02 284918 (1990), alkali metal salts such an sodium

met hoxi de and pot assi um bor ohydri de can be used. But it is well known that
al kali metal residues in poly (aryl.carbonate)s adversely affect their
hydrolytic stapilit One of the,nore commonly used catalysts are '
organi ¢ deri VBPEVéQ‘%;GPFIMBFB 8xiRpPEEsenss °¥-’a’?.n(ﬁ1°‘§§ﬁ ] ®M0), Jap.
Pat. Appl. Hei 02 251524 (1990) and Jap. Pat. Appl. Hei 02 251525 (1990)
descri be the catadystis.n-However;i hioxalecoholatesl axe snoticiesixabimder t he
conditions specified, poly(arylcarbonate)s of nolecular weight in the

range of 300- ¢QRQ1¢aeky B! ¥knk ebiﬁgee!n £81or Pbrmati.éis SduPind 19K4 )

descri bes a two-stage process Tor t
reaction of phenocls and DMC, as taught in US Pat. 5,149,856

(1992) . For this reason, Ger. Pat. 4,038,768 recommends
washing the oligomer with ethanol to remove colored
impurities. For tha same reascn, Ger. Pat. 4,038,768 avoids
the use of catalysts in the second stage of

polycondensation. Since no catalysts are employed, the

 polycondensation has to be conducted at 340°C.. It is known
that use of_ such high temperatures during polycondensation
leads to undesirable gel formation and consequent reductiom
in yield. This is evident from Ger. Pat. 2,736,062 (1979),
wherein using the same catalyst as described in Ger. Pat.
4,03#,768 (1991), a light color éolycarbonate was obtained.
Furthermore, when polycondensatioh was conducted at z\'?‘o’c,
only low molecular weight (Mw = 12,800) boly:_nar wvas
obtained. The yield wags 60%. It is thus evident that the
processes in the prior art suffer from various drawbacks
mentioned in each of the prior art. Therefore, a need still
exigts for the development of a process for producing high
molecular weight poly(axylcarbonate)s from bisphenols and

dialkyl carbonates which is capable of producing colorless
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g‘:on‘\‘/ersi on_of bi sphenol A and diethyl carbonate to THIS SHE'ETHAS'LBEEN -
'3 poly(aryl carbonate)s in presence of tin alcoholates ps cgeplXSEF:

However, ti mmigbeaifl BiAR & not desirable catalysts, as

color formati ' reaction of phenols and DMC , as taught in US
Pat. 5, 14985“’@”‘@“,’@ this reason, CGer. Pat. 4,038,768 recomrends
washi ng the Ol thanol to renpoyve colored inpurities. For the
same reason, Cer. Pat. 4,038,768 avoi ds % he use of catal ysts in the second
stage of pol ycondensation. Since no catal ysts are enpl oyed, the

pol ycondensation has to be conducted at 340[err]C. It is known that use of

such high tenperatures during polycondensation |eads to undesirable gel
formati on apolymereqdonbigboyields (FR-95%) dwithput| resqridng %9 om Ger.
Pat. 2,736,062 (1979),

washing and at relatively low temperatures to avoid

undesirable sideresaction such as degradation and gel
formation,

It is, therefore, an object of the present inventiocn to
provide an improved process for the preparation of
poly(l:ylcarbmatc)s directly from bisphenols and dialkyl
carbonates, which are readily available and relatively
inexpensive, in the presance of compounds of formula I shown
in the drawing accompanying this specification. However,
reaction of phenols and bisphenols with dialkyl carboﬁates
are thermodynamically unfavorable (D. Freitag et al. Angew.
Chem. Int. Ed., Engl., 30, 1598 (1991). It has mow been
found, surprisingly, that when a tin compound of the formula
I, as defined in the present specification, is used for the
reaction of bisphenols with dialkyl carbonates high
molecular weight, colorless poly(arylcarbonate)s are formed.
The reaction is preferably conducted in two stages. In the
first stage, bisphenols and dialkyl carbonates are reacted
us:lngl a catalyst of formula I in the temperature range of
110-200°C to obtain an oligo(arylcarbonate) with a dé.gree of
cligomerization between 2-6 and moled carbomate endgroups

between 40-100%. The oligo(arylcarbonate) is then subjected



wherel n using the sane catal yst as described in Ger. Pat. 4TH®SH@' HAS.BEEN"
(1991) a light color polycarbonate was obtained. Furthernpre, \REPRACED
pol ycondensati on was conducted at 270[err]C, only Iow nol ek

= 12,800) pol ymer was obtained. The yield was 60% It is thus evident that
the processes in the prior art suffer fromvarious drawbacks mentioned in
each of the prior art. Therefore, a need i1l exists for the devel opnent

of a process for producing high nolecul ar weight pol y(axyl carbonate)s from
bi sphenol s and dial kyl carbonates which is capabl e of producing colorless
4 polymers in high yields (55-95% w thout resorting to washing and at
relatively | ow tenperatures to avoid undesirable sidereaction such as
degradation afsl Wsde polycondensation in a gseparate step, either by

itself or in the prasence of a 2-10 wt¥ of diphenyl

carbanate (based on oligomer), using a catalyst of formula I

or a catalyst derived from organctitanium compounds at a

temperature less than 280¢C and at a presgsure of less than

0.1 m of Hg to yield poly(arylcarbonate)s having an

inherent viscogity of 0.2-0.5 4dL/g and free of color and

gel.

In the compounds of formula I, each of R! and R? denotes
a él-c,, alkyl udicai. which may be the gsame or different,
and Ar denotes an aryl radical, either-substituted or
unsubstituted.

Examples of organotin coutﬁounds which are particuhriy
suitable for the process are: 1,3-diphenoxytetrabutyl
digtannoxane, 1.3-diphcnpuqtetzaethy1 d:l.st:aﬁoxane, 1,3~
diphenoxytetramethyl distannoxane, 1,3-di -p-:_:'h:l.orophenoxy
tetrabutyl distannoxane and 1,3-di-p-nitrophenoxy tetrabutyl
distannoxane.

Dialkyl carbcmates which may be used according to the

invention are those of the formula II, in which R’ represents

a C;-Cyp alkyl radical.

_ This Sheet Has Been Re lace




formati on.

t her nodynam cal | y unfavorable (D. Freita

It is, therefore, an object of the present} | THGSHERT,H SBEEN‘
‘provi de an |—ﬁ=p process roved process for the preparation of poly (a*yl car )
directly fro h dedi al kyl  carbonates, which areTeadrTy
avai |l abl e and (MEexpensi ve, in the presence of conpounds of
formula | sho “m ng acconpanying this specification. However,
reaction of p

enols with djalkyl carbonates are
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Engl ., 30, 1598 (1991). It has now been found, surprisingly, that when a
tin conpound of the formula |, as defined in the present specification, is
used for the reaction of bi'sphenols with dial kyl carbonates high
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In yet another embodiment of the present invention
bisphenols which may be suitable according to the invention
are those of the formula III, where R' denotes either H or a
C,;~C¢ alkyl, A denotes either a C,-C; alkylene, a C,-C;
alkylidena, a C;-C; cycloalkylene, 0O or 8. .

- Examplee of bisphenols which may be suitable for the
invention are:

Bis (hydroxyphenyl)alkanes, bis(4-hydroxyphenyl)uethane,
1,1-bis(4-hydroxyphenyl)ethane, 2,2-bis(4-hydroxyphenyl)
propane, 2,2-bis(4-hydroxyphenyl)butane, 2,2-bis(4-hydroxy-
phenyl)octane, bis (4-hydroxyph.eny1) phenylmethane, 2,2-bis(4-
hydroxy-1-mathylphenyl)propane, 2,2-bis(4-hydroxy-t- .

- butylphenyl)propane, and 2,2-bis(4-hydroxy-3-bromophenyl)

propane; bis(hydroxyaryl) cytloalkanes such as 1,1-bis(4-
hydroxyphenyl) cyclopentane, and 1,1-bis (4-hydroxyphenyl)
cyclohexane; dihydroxyarylethers such as 4,'4'-
dihydroxyphenyl) ether and 4,4’-dihydroxy-3,3’-
dimethyldiphenyl ether; dihydroxydiaryl sufoxides such as
4,4'-dihydroxydiphenyl sulfoxide and 4,4’ -dihyd.tou:y-s,z' -

dimethyldiphenyl sulfoxide; and dihydroxydiaryl sulfones
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b_ét \;\éen 40-100% The oligo(aryl carbonate) is then subjected

5 to post pol ycondensation in a separate step, either by itself or in
the presence of a 2-10 wt % of di phenyl carbonate (based on oligoner),
using a catalyst of formula | or a catalyst derived fromorganotitani um

conpounds at a tenperature less than 280[err]C while gradually reducing
the pressure to about 0.1 mmof Hg or less to yield poly(arylcar- bonate)s
havi ng an inherent viscosity of 0.2-0.5 dl/g and free of color and gel.
In the conpounds of formula I, each of R err] and Rlerr] denotes. a
Cerr]-Cerr] alkyl radical, which may be the sanme or different, and Ar
denotes an aryl radical, either substituted or wunsubstituted.

such as 4,4'-dihyd;oxydipheny1 sulfcne and 4,4’ -dihydroxy-

- 3,3¢~dimethyldiphenyl sulfone. Of the compounds exemplified
ahove, particularly preferred is 2,2-bis(4-hydroxyphenyl)
propane.

The organotin compounds may be used in concentrations
of 1077 to 10°* mole per mole of bisphenol A, the preferred
amount being 10™? to 10°* mole per mole of bisphenol A. The
dialkyl carbonate is preferably used in excess of the
stoichiometry and preferably in amounts between two or three
moles per mole of bisphenol employed.

The reaction temperature during the first stage of the
reaction leading to the oligo(arylcarbonate) has to be
carefully controlled in the range of 180-240°C to yield an
oligomer of average degree of oligomerigation equal to 2 to
6. During this stage, the pressure of the reaction cﬁn be
between 1 atmosphere to 10 atmospheres. During the second
stage post polycondensation, the temperdture should not
exceed 280°C. The pressure ig gradually reduced from 1
atmosphere to about 0.5 mm of Hg and f£inally attaining a
value of 0.01 mm of Hg during the last gstage of the
reaction.

It has been found that either organotin compounds of

formula I or organotitanium compounds can be used in the
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Exanpl es of organotin conpounds which are particularly suitable for the =
process are: 1, 3-di phenoxytetrabutyl di st annoxane,

1, 3-di phenoxyt etraet hyl di stanoxane, 1, 3- di phenoxyt et r anet hyl

di st annoxane, 1, 3-di-p-chl or ophenoxy tetrabutyl distannoxane and

1, 3-di - p- ni trophenoxy tetrabutyl di st annoxane. D al kyl carbonat es
whi ch may be used according to the invention are those of the formula I1,
in which Rlerr] represents a derr]-Jerr§ alkyl radical

6 I n anot her enbodi nent of tho invention the preferred
carbonates are dinethyl carbonate and di ethyl carbonate, whi ch
are readily available by a phosgene-free process. . I'n yet
anot her erfbogfesah atgg;he. P1fis°Birghil¥elEafiiun compounds ehk PHE"hdsuki ch
may be suitabl'e accordrng to the Tnvention are those of the
Formil a III’E?Q%r%h54aii%g&%%-e't e&t;hpxidﬂl of titanium. Spacific

exanmples are titanium isopropoxide, titanium-n-butoxids,
titanium ethoxide, ﬁicanim pheiwxi.de, titanium (p-
chlorophenoxide), titanium {p-nitrophenoxide) and titanium
(cresyloxide). The catalyst is generally used in the range
of 107 to 10 mole per mole of oligo(arylcarbonate), the
preferred amount being 102 to 10™* mole per mole of
oligo(arylcarbonate).

The main advantage of the present invention is that
high molecular weight, color-free, gel-free
poly{arylcarbonate)s with an inherent viscosity in the range
of 0.2-0.5 are cobtained by the reaction of bisphenol A and a
dialkyl carbonate at temperatures below 280°C. The
polycarbanates are free from chloride or alkali metal .
impurities and have a low hydroxyl content. Hence they are '
expected to show better hydrolytic and tharmal stability.

The poly({arylcarbonate)s produced by the process of
this invention are testad by methods described below and the
regults are given in thé examples.

1) Inherent viscogity was measured at 30°C using an

ubblechde viscometer in chloroform.



bromo, chloro, or a Cerr]-Cerr]alkyl, A denotes either a (Jerr]- (Jerr
al kylene, a (Jerr]- (err]al kylidene, phthalines,. phthalim des,

di hydr oant hracene, indanes, spirobisindanes, thiophenes, azo,
di met hyl di phenyl silane, tetraphenyl silane, hydr oqui noi ds,
cycl ohexane, sul fide, sulfone, sulfoxide, ket one, ester,
amde a (Jerr]- (err]cycl oal kyl ene, O-or 4S. - Exanpl es of
bi sphenol s which may be suitable for the i nvention are:

Bi s (hydroxyphenyl)al kanes, bi s(4-hydroxyphenyl) et hane,
1, 1- bi s(4- hydr oxyphenyl ) et hane, 2, 2-bi s(4-hydroxyphenyl)

propane, 2, 2-bi s(4)hyg¢ghaxgegeas! b!ubinﬁom&rizhtﬁéﬂ mdrew:tmted using a
phenyl)octane bIS(4 hydroxyphenyl)phenylnethane 2, 2-bi s(4-

Bﬁ?;?gﬁeﬁ%rfpa¥ga @ and 9§3?$‘ ii%'%ng hgxgﬁoéépﬁenyf)
1,1
Py oxyphenyl ) cySh op CHRARVETRY L1 BRbes s’ REEABACER Y| TV-VAniblehexane,

di hydr oxyaryl ot hers such as 4, 4'- dlhydroxyphenyl) et her and
4, 4' - di hydronp&trometwkusinghtm meithiodhsegited: hnr Madropdleculiea; y26,

suf oxi des such as

1186 (1993).

i) The mole¥ carbonate endgroups in the oligomer was
determined by H NMR spectroscopy by integrating the area
‘under the peak at 3.9 from methoxycarbonate and 4.85 from
the hydroxyl end groups.

The details'ot the invention are given in the examples
below, which are provided by way of illustration only and,
therefore, should not be éanscruad to limit the scope of the

invention.

. BExample 1

1,3-Diphenoxytetrabutyl distannoxane (0.34 @) wa;t
dissolved in 11.4 g of bisphenol A at 150°C under a stream
of nitrogen. Dimethyl carbonate (9 g) waé added dropwise
over 30 minutes to the reaction mixture. The reaction
temperature decreased to 110°C. The reaction mixture was
refluxed for 8 hours and 6.6 uL of total dietillate,
consisting of byproduct methanol and dimethyl carbanate..was

¢ollected in 24 hours reaction time. The reaction



4, 4' - di hydr oxydi phenyl sul foxi de and 4, 4' -di hydr oxy-3, 3' -

di met hyl di phenyl sul foxi de, and di hydroxydi aryl sul fones

7 such as 4, 4' -di hydr oxydi phenyl sul fone and 4, 4' -di hydr oxy-

3, 3" -di met hyl di phenyl sul fone. O the conpounds exenplified above,
particularly preferred in 2, 2-bis(4-hydroxyphenyl) propane. The
organotin conpounds nmay be used in concepérations of 10[err] to 10[err]
nol e per nol e of bisphenol A the preferred anount being 10[err] to
10[err] nole per nole of bisphenol A The dialkyl carbonate in preferably
used in excess of the stoichionetry and preferably in anpbunts between two

or three noles per nole of bisphenol enployed.
temperature was gradually increased to 240°C. The

oligo(arylcarbonate) mixture was freed from unreacted
bisphenol A by 1 wtt cold alkali wash at room temperature.
The oligo(arylcarbonate) obtained was a white powder. The
yleld cjt the oligo(arylcarbonate) cbtained was 8.13 g (69%).
The oligo(arylcarbonate) showed a degréc of oligomerization
of 6.4 with 43 molet carbonate endgroups. The wolecular
weight of the oligo(arylcarbonate) was 1071 and the hydroxyl

number was 8.7.

Example 2
A‘nixtur‘ of bigphenol A (22.8 g), dimethyl carbonate
(20.7 g) and 1,3-diphenoxytetrabutyl distanoxane (0.67 g) in
a molar ratio of 1:2:0.05 was reacted at 150°C. A total
digtillate of 16 ml, congisting of byproduct methanol and
| dimethyl carbonate, was &istilled in 24 hours reaction t::l._me.
The reaction temperature was increased to 200°C. The
oligo (axylcarbonate) mixture was freed from unreacted
bisphenol A by 1 wt% cold alkali wash at room temperature.
The oligo(arquarbonate)'obtained.was a white powder. The
yield of tﬁe oligo(arylcarbonate) obtained was 15.5 g (61%).
The dagree of oligdmerizatian was 4. The mole¥ carbonate

endgroups was 100. The nolecular weight of the
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Thé reaction tenperature during the first stage of the reaction |leading to

t'he oligo(aryl carbonate) has to be <carefully controlled in the range of
180-240[err]C to yield an oligomer of average degree of oligonerization
equal to 2 to 6. During this stage, the pressure of the reaction can be
between 1 atnosphere to 10 atnospheres.. During the second stage post

pol yondensation, the tenperature shoul d nght1 exceed 280[err]C. The pressure
is gradually reduced from 1l atnosphere t

attaining a

about 0.5 nmmof Hg and finally

value of 0.01 mmof Hg during the |ast stage of the reaction.

It has been found that either organotin conpounds of fornula | or
organotitani um conpounds can be used in the

8

oligo{arylcarbonate) was 850 and the hydroxyl number was
8.1.
zxample' 3

A mixture of bisphenol A (22.8 g), dimethyl carbonate
(20.7~ g) and 1,3-diphenoxytetrabutyl distannoxane (0.67 g)
in a molar ratio of 1:2:0.05 was reacted at 150°C. A total
distillate of 13 mL, consisting of byproduct methanol and
dimethyl carbonate, was distilled in 16 hours reaction time,
m reaction temperature was increased to 156°C., The -
oligo(arylcarbonate) mixture was freed from unreacted
bisphenol A by 1 wté cold alkali wash at room temperature.
The oligo (arylcarbonate) obtained was a white powder. The
yield of the oligo{arylcarbonate) obtained was 10.2 g (40%).
The degree of oligomerization was 1.7. The molet carbonate
endgroups was 82. The molecular weight of the

oligo(arylcarbonate) was 550 and the OH number was 6.4.

Example 4
An oligo(arylcarbonate) of degree of oligomerizatiom
6.4 (0.3 g, 2.8 x 10™ mole) and 1,3-diphenoxytetrabutyl
distannoxane (3.74 x 10™* g, 2.81 x 10"’ mole) was introduced
into a tubular glass reactor (i.d. 3 cm) under nitrogen

atmosphere and heated in a silicone oil bath to 200°C in 30

-.



second stage. The organotitai um conpounds can be chosen fromthe al koxi des °
and aryl oxides of titanium Specific exanples are titaniumisopropoxide,
titani um n-butoxide, titanium ethoxide, titanium phenoxide, titanium(p-
chl orophenoxi de), titanium (p-nitrophenoxide) and titanium (cresyloxide).
The catalyst is generally used in the range of 10[err] to 10[err] nole per
nol e of oligo(aryl carbonate), the preferr anount being 10[err] to
10[err] nole per nole of oligo (arylcarb te) . The mai n advant age
of the present invention is that high nolecular weight, color-free,

gel -free poly(arylcarbonate)s with an .inherent viscosity in the range of
0.2-0.5 are obtained by the reaction of bisphenol A and a dialkyl

carbonate at ;&E.q%iat URE BRiRVeeRDeratite eaéyfaaéeﬂa& Wadl Gort fifudd FBr

chl oride or nmet al |rrpur|t|es and have a | ow hydroxyl content. Hence

The. pol y( ar y 60a Mg SBERE° HtEEDR8R -1, TP FE R  End Eofiftar ik sideuated
tested by ”E%E?%ﬁzqﬁifékbﬁg EghPQQ%QQAi 200°C for 60 minutes. Purther
reaction was carried out at 230°C for 45 minutes and at
250°C_and 280°C for 30 minutes. The resulting polymaer was
cooled to room tempearature, dissolved in chloroform,
precipitated with wmethanol and dried in vacuo, The yield of
the polymer was 0.2 g (71%) with an inherent viscosity of
0.38 AL/g in chloroform at 30°C. The polymer had a hydroxyl
nunber of 2.1.
o
Example S
An oligo(arylcarbonate) of degree of oligomerization
3.3 (.03 g, 4.37 x 10™* mole) and 1.3-diphanox9tetrabutyi
distannoxane (5.84 x 10" g, €.37 x 10”7 mole) were
introduced into a tubular glass reactor (i.d. 3 om) under
nitrogen atmosphere and heated in a milicone oil bath to
200°C in 30 minuteg. At this temperature the reaction was
continued for 60 min under nitrxogen. Thereafter the reactor
wag evacuated to 0.1 mm of Hg and held.at 200°C for 60
minutes. Further reaction was carried out at 230°C for 45
' minutes and at 250°C and 280°C for 30 minutes. The

resulting polymer was cooled to room temperature, disgolved



results are given in the exanpl es. 1) Inherent viscosity was neasured
at 30[err]C using an ubbl echde visooneter in chloroform

9 2) The degree of oligonerization was estimted using a vapor
phase osnoneter in chloroformat 35C. - - 3) The hydroxyl nunber was
estimated by UV-Visible spectronetry using the nethod recited in

Macr onol ecul es, 26, 1186 (1993). ) The nol e% car bonat e endgroups in
the oligomer was determned by [err]H spectroscopy by integrating the
area under the peak at 3.9[err] from nmethoxycarbonate and 4.8[err] from

t he hydroxyl end groups. The details of the invention are given in the
exanpl es

in chloroform, precipitated with methanol and dried in
vacuo. Tha yiald of the polymer was 0.19 g (69%) with an
inherent viscosity of 0.3% 4L/g in chloroform at 30°C. The

polymer had a hydroxyl number of 2.3.

Example 6
An oligo(arylcarbonate) of degree of oligomarization

1.7 (0.3 g, 5.45 x 10™* mole) and 1,3-diphenoxytetrabutyl
digtannoxane (7.28 x 107 g, 5.45 x 10"’ mole) were
introduced into a tubular glass reactor (i.d. 3 om) under
nitrogen atmosphere and heated in a silicone o0il bath to
. 200°C in 30 minutes. At this temperature the reaction was
cahtinuad for 60 min unde; nitrogen. Thereafter the reactor
was evacuated to 0.1 wm of Hg and held at 200°C for 60 min.
Purther reaction was carried out at 2§ooc for 45 minutes and
at 250°C and 280°C for 30 minutes. 'The resulting polymer
was cooled to room temperature, dissolved in chloroform,
precipitated with methanol and dried in vacioc. The yield of
the polymer was 0.18 g (57%) with an inherent viscosity of
0.23 dL/g in chloroform at 30°C. The polymer had a hydroxyl

pumbey of 4.2.
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bel ow, which are provided by way of illustration only and, therefore,

sHoul d not be construed to linmit the scope of the invention.

Exanmple 1 1, 3- Di phenoxyt et rabutyl di stannoxane (0.34 g) was

di ssolved in 11.4 g of bisphenol A at 150C under a stream of nitrogen.

D net hyl carbonate (9 g) was added dropwi se over 30 mnutes to the
reaction m xture. The reaction tenperaggre decreased to 110C. The reaction:
m xture was refluxed for a hours and 6.6 nL of total distillate,

consi sting of byproduct nethanol and dinethyl carbonate, was collected in
24 hours reaction tinme. The reaction :

10

Exainple 7

An oligb (arylcarbonate) of degree of oligomerization
6.4 (0.3 g, 2.8 x 10™* mole) and titanium isopropoxide (7.96
x 10°%g, 2.8 x. 107 nolei were introduced into a tubular
glass yeactor (i.d. 3 cm) under nitrogen atmosphere and
heated in a silicone o0il bath to 200°C in 30 minutes. At
this temperature the reacr..{on wag continued for 60 minutes
under nitrogen. Thereafter the reactor was evacuated to 0.1
wmn of Hg u:d. held at 200°C for 60 minutes. Further reaction
was carried out at 230°C for 45 min and at 250°C for 30
minutes and at 280°C for 45 minutes. The resulting polymer
was cooled to room temperature, dissolved in chloroform,
precipitated with methanol and dried in vacuo. The yield of
the polymer was 0.21 g (75%) with an inherent viscosity of
0.33 dn/g in chleroform at 30°C. The polymer had a hydroxyl

number of 2.3.

Example 8
An oligo(arylcarbonate) of degree of oligomerization
6.4 (0.3 g, 2.8 x 10” mole), diphanyl carbonate (0.03g, 1.6
x 10°* mole) and 1,3-diphenoxytstrabutyl digtannoxane (3.74 x
10 g, 2.81 x 10”7 mole) were introduced into a tubular

glass reactor (i.d. 3 cm) under nitrogen atmosphere and



tenperature was gradually increased to 240[err]C. The oligo(arylcarbonate)
m'xture was freed fromunreacted bisphenol A by 1 wt%cold alkali wash at
roomtenperature. The oligo(arylcarbonate) obtained was a white powder

The vyield of the oligo(aryl carbonate) obtained was 8.13 g (69%9. The
oligo(aryl carbonate) showed a degree of oligonerization of 6.4 with 43

nol e% car bonat e endgroups. The nol ecul ar ﬂgight of the -

ol i go(aryl carbonate) was 1071 and the hydroxyl nunber was 8.7.

Exanpl e 2 A m xture of bisphenol A (22.8 g), dinethyl carbonate

(20.7 g) and 1, 3-di phenoxytetrabutyl distanoxane (0.67 g) in a nolar ratio
of 1:2:0.05 was reacted at 150[err]C. Atotal distillate of 16 nL,

24 hour s TooltREBaCHIT BELISHEN OEY DAL o e e S A T

200[err]C. They 4OLbgRe2htued" BRUAHEACEL M Woks "BSnt {684 ESF" 60" AR 4k
under nitrogen. Thereafter the reactor was evacuated to 0.1
mm of BEg and held at 200°C for 60 minutes. Further reaction
was carried ocut at 230°C for 45 minute and 250°C for 30
minutes and at 280°C for 45 wminutes. The resulting polymer
was cooled to room temperature, dissolved in chloroform,
precipitated with wethanol and dried in vacuo. The yield of
the polymer was 0.24 g (94%) with an inherent viscosity of
0.41 dL/g in chlorxoform at 30°C. The polymer had a_hydrouyi

number of 2.2.

Example 9

An oligo(arylcarbonate) of degree of oligomerization
6.4 (0.3 g, 2.8 x 10™ mole), diphenyl carbonate (0.03 g, 1.6
x 10 mole) ana tiéaniun isopropoxide (7.56 x 107 g, 2.81 x
10"” mole) were introduced into a tubular glass reactor (i.d.
3 cm) undey nitrogen atmopphere and heated in a silicone oil
bath to 200°C in 30 minutes. At this temperature the
reaction was continued for 60 winutes under nitrogen.
Thereafter the reactor was evacuated to 0.1 mm of Hg and
held at 200°C for 60 minutes. Purther reaction was carried

out at 230°C for 45 minute and 250°C for 30 minutes and at



bi sphenol A by 1 wt%cold alkali wash at roomtenperature. The
oligo(aryl carbonate) obtained was a white powder. The vyield of the
ol i go(aryl carbonate) obtained was 15.5 g (61%9. The degree of

ol i goneri zation was 4. The nol e% carbonate endgroups was 100. The

nol ecul ar wei ght of the _ 11
oligo(aryl carbonate) was 850 and the hyd{gxyl nunber was 8. 1.
Exanple 3 A m xture of bisphenol A (22.8 g), dinethyl carbonate

(20.7 g) and 1, 3-di phenoxytetrabutyl distannoxane (0.67 g) in a nolar
ratio of 1:2:0.05 was reacted at 150[err]C. A total distillate of 13 ni,
consi sting of byproduct nethanol and dinethyl carbonate, was distilled in

16 hours reggphb@Nebi ™85 minutes. The resulting polymer was cocled to
rocm temperature, dissolved in chloroform, precipitated with
mathanol and dried in vacuo. The yield of the polymer was
0.22 g (88%) with an inherent viscosity of 0.37 dL/g in
chloroform at 30°C. The polywmer had a hydroxyl number of

2.2.



The reaction tenperature was increased to 156[err]C. The THIS SHEET HAS BEEN]-
ol'i go(aryl carbonate) mixture was freed from unreacted bisphenol KEPLACED wt % ]
cold alkali wash at roomtenperature. The oligo(aryl carbona
was a white powder. The vyield of the oligo(arylcarbonate) obtained was

10.2 g (40% . The degree of oligonerization, was 1.7. The nol e% car bonate
endgroups was 82. The nol ecul ar weight of the oli go(aryl Em&imetaiae eeWR

and the OH nunber was 6. 4. ulll

ol i go(aryl carbonate) of degree of oligonerization 6.4 (0 "E
10[err] nole) and 1, 3-di phenoxytetrabutyl distannoxane (3

2.81 X 10[err] nole) was introduced int¥ a tubular glass reactor (|

cn) under nitrogen atnosphere and heated in a silicone oil bath to
200[err]Cin 30

CLAIMS

1. A process for the preparation of poly(arylcarbonate)s which comprises:

heating a mixture of bisphenol, dialkyl carbonate and an organotin
catalyst of the formula

(R'R*SnOAr)?0,

wherein each of R' and R? is C1.s, alkyl and Ar is unsubstituted or
substituted aryl, at a temperature in the range of 100-240°C to obtain an
oligo(arylcarbonate), and

polycondensing said oligo(arylcarbonate) at a temperature up to 280°C
while gradually reducing the pressure to about 0.1 mm of Hg in the presence of
an organotin or organotitanium catalyst. :

2. A process as claimed in claim 1 wherein the dialkyl carbonate is dimethy!,
diethyl, di-n-butyl, di-tert-butyl, diamyl, diheptyl, d:hexyl or dicyclopropyl
carbonate.

3. A process as claimed in claim 2 wherein the molar proportion of dialkyl
carbonate is at least twice that of the bisphenol.

4, A process as claimed in claim 1 wherein the polycondensation catalyst is
an alkoxide or aryloxide of titanium.

5. A process as claimed in claim 1 wherein the polycondensation is
conducted in the presence of diphenyl carbonate.

6. A process as claimed in claim 1 wherein the catalyst for the preparation of
oligo(arylcarbonate) is a distannoxane selected from the group consisting of

1, 3-diphenoxytetrabutyl distannoxane, 1, 3-diphenoxytetraethyl distannoxane,

1, 3-diphenoxytetramethyl distannoxane, 1, 3-di-p-chlorophenoxytetrabutyl
distannoxane and 1, 3-di-p-nitrophenoxy tetrabutyl distannoxane.

7. A process as claimed in claim 1, wherein the final temperature is in the
range of 180-240°C during the preparation of the oligo(arylcarbonate).

I

R



12 mnutes. At this tenperature the reaction was continued for 60 mn
under nitrogen. Thereafter the reactor was evacuated to 0.1 nmof Hg and
hel d at 200[err]C for 60 m nutes. Further reaction was carried out at
230[err]C for 45 mnutes and at 250[err]C and 280[err]C for 30 nuintes.
The resulting polynmer was cooled to roomtenperature, dissolved in
chloroform precipitated with nethnol amgd dried in vacuo. The yield of
the polyner was 0.2 g (71% wi th an inherent viscosity of 0.38 dL/g in
chloroformat 30[err]C. The polyner had a hydroxyl nunber of 2.1.
Exanpl e 5 An oligo(aryl carbonate) of degree of oligonerization 3.3
(.03 g, 4.37 x 10[err] nole) and 1, 3-di phenoxytetrabutyl distannoxane
(5.84 x 10[err] g, 4.37 x 10[err] nole) were introduced into a tubular
glass reactor (i.d. 3 cm under '

8. A process as claimed in claim 1, wherein the oligo(arylcarbonate) is post
polycondensed to the poly(arylcarbonate) at a temperature in the range of
100-280°C, at a pressure in the range of 760 to 0.1 mm of Hg, and in a reaction
time between 3 to 5 hours.

Q. The improved process as claimed in claim 1, wherein the
poly(aryicarbonate) has a hydroxyl number between 2 to 4.

10. An improved process for the preparation of a poly(aryicarbonate)
comprising:

heating a bisphenol or formula III and an organotin catalyst of formula I

Formuta I [ﬂ' th {OAs ,]2 0.

R‘
Fermule I8 mpvt—dw
ré

wherein each of R' and R? denotes a C,-C; alky! radical, which may be the
same or different, Ar denotes an aryl radical, either substituted or unsubstituted,
A represents isopropylidene, methylene, hexafluoroisopropylidene,
ethylmethylene, iscbutyimethyimethylene, diphenylmethylene, phenylmethyl
methylene, phthalines, phthalimides, N-substituted phthalimide (phenyi, methyl),
dihydroanthracene, indanes, spirobisindanes, thiophenes, azo, dimethyidiphenyl
silane, tetraphenyi silane, hydroquinoids, cyclohexane, sulfide, suifone,
sulfoxide, ketone, ester and amide and R* represents methy!, ethyl, bromo and
choloro at 150°C; adding a dialkyl carbonate of formula II,

Fomule 1 u’o—!-«l‘

. * c L M N *

oa



nltrogen at nosphere and heated in a silicone oil bath to ﬁgg[ EF]TCHASIBEBN
mnutes. At this tenperature the reaction was continued {for 6 [
nitrogen. Thereafter the reactor was evacuated to 0.1

200[err]C for 60 mnutes. Further reaction was carried C for 45
m nutes and at 250[err]C and 280[err]C for 30 m nutes. The resul ting
pol ymer was cooled to roomtenperature, di,ssolved eetHﬁtsBeenR laced

13 in chloroform precipitated with hanol and dried |
yield of the polynmer was 0.19 g (69% w th an inherent VIS

dL/g in chloroformat 30[err]C. The polyner had a hydroxyl nunber ’
Exanpl e 6 .

wherein R® represents a C;-Co alkyl radical, to the reaction mixture and heating
to a temperature in the range of 110-250°C; distilling slowly the alcohol
produced as an azeotrope with the dialkyl carbonate, for a period of 8 to 24
hours to obtain an oligo(arylcarbonate) of formula IV

- o . |
Foemula (V HO{-@-A @
R '

as 3=g

with a degree of cligomerization from 2 to 6 and with a mole % carbonate
endgroups between 40-100%;

increasing the temperature further to 200-260°C to distill the unreacted
dialkyl carbonate;

washing the oligo{arylcarbonate) free of unreacted phenols with 1 wt%
alkali at room temperature, if necessary;

post polycondensing the oligo(aryicarbonate) at a temperature not
exceeding 280°C,

slowly increasing the temperature in stages, while decreasing the
pressure from 760 to 0.1 mm of Hg for a duration of 3 to § hours in the presence
of an organotin or an organo titanium catalyst, present in the range of 10? to 10
mole per mole of oligo(aryicarbonate) to furnish a poly(arylcarbonate)

LN R4
e f 1]

as$0-129
of formula V.

A 0 R O



An ol'i go(aryl carbonate) of degree of oligonerization 1.7 (0.3 g, 5.45 x
10T err] nole) and 1, 3-di phenoxytetrabutyl distannoxane (7.28 x 10[err] g,
5.45 x 10[err] nole) were introduced into a tubular glass reactor (i.d. 3
cn) under nitrogen atnosphere and heated in a silicone oil bath to
200[err]Cin 30 mnutes. At this tenperature the reaction was continued
for 60 mn under nitrogen. Thereafter the reactor was evacuated to 0.1 nm
of Hg and held at 200[err]C for 60 mn. 2rther reaction was carried out

at 230C for 45 minutes and _at 250[err]C and 280Q[ O .ginutes. The
resul ting pol ynmer wa@NcHMFRAVER PROGE §n’5‘3¥ap§ egﬁgl)gg%ﬁgg ‘Pﬁ chl orof orm
precipitated with nethanol and dfj | ield of the polyner
was 0.15 g (579 with an inheren#6§?£é§§¥€§H§?NA%£%§ dL/g in chloroform at
30[err]C. The polymer had a hydroxyl nunber of 4.2.

Abstract of the Invention

A process for the preparation of poly(arylcarbonate)s,
relying on reaction of dialkyl carbonates with bigphenols
and using selacted organotin and oganotitanium catalysts.
The process is preferably performed in a first step in which
bisphenols and dialkyl carbonates are reactad using a
cntalyst to cbtain an oligo(arylcarbonate). The
oligo(arylcarbonate) then undergoes a post polyccndensaﬁian
in a second step, either by itleit or with diphenyl
carbonate. The second step also uses a catalyst. The
process yields polj(aryicarbongte)s that are

characteristically free of color and gel.

No suitable figure



14 - Exanmpl e 7 An ol i go(aryl carbonat e)
‘of degree of oligonerization 6.4 (0.8'g,72:8 x 10[err] mole) and titanium
i sopropoxi de (7.96 x 10[err] g, 2.8 x. 10[err] nole) were introduced into
a tubul ar gl ass reactor (i.d. 3 cn) under nitrogen atnosphere and

heated in a silicone oil bath to 200[err]Cin 30 mnutes. At this
tenperature the reaction was continued for 60 m nutes under nitrogen.
Thereafter the reactor was evacuated to 0.1 mmof Hg and held at 200[err]C
for 60 mnutes. Further reaction was cgariied out at 230[err]C for 45 min
and at 250[err]C for 30 mnutes and at féO[err]C for 45 mnutes. The
resulting polynmer was cooled to roomtenperature, dissolved in chloroform
precipitated with nethanol and dried in vacuo. The yield of the polyner
was 0.21 g (7599 with an inherent viscosity of 0.33 dL/g in chloroform at
30C. The polyner had a hydroxyl nunber of 2.3.

b

Fommld 1 [R' Rz Sn (QA:)]ZO .
Formula 3t R"o—i-oﬁ;
R‘I R‘
formyla W ho-@t\@ou
) R4
RY
Formula IV W
R
a= 3-8
/* R4 -]
sl 1o S Cous:
4 %
] R
a= 50=12%
Figure 1




Exampl e 8

7.3-(:

An oligo(aryl carbonate) of degree of oligonerizati on

FD
(0.3 g,; 2.8 x 10[err] nole), diphenyl carbongt , 10[er'r
nmol e) and 1, 3-di phenoxyt strabutyl di stannoxah Mﬁggﬁgﬂl’ %Er ] 2.81 x

g,

10[err] nmole) were introduced into a tubular gl ass reactor} (§3.d. 3 cm
under nitrogen atnosphere and 04 DEC 1993 15

heated in a silicone oil bath to 200C in 80 §i putes. At thig
the reaction was conti nued for 60 m nutes uhd

enperature
ey eafter the

cl III L TUIJEII.

reactor was evacuated to 0.1 mmof Hg and hgld at 200[err]C fpr 60

m nut es.

Further. reaction was carried out at 230[err|]C for 45 mnute and

250[ err] C f Qio1RRnerB Nt A6 4iadl GBO{Ex L98R f aid tiou nedsract ifike toesul ti ng

pol yrer

washing and at relativaly low temperatures to avoid
undegirable sidereaction such as degradation and gel
formation. |

It iz, therefore, an cbject of the present invention to
provide an improved process for the preparation of
poly{arylcarbonatae)s directly from bisphenols and dialkyl
carbonates, which are readily available and relatively
inexpensive, in the presence of compounds of formula I shown
in the drawing sccompanying this specification. However,
reaction of phenols and bisphenols with dialkyl carbonates
are thermodynamically unfavorable (D. Freitag et al. Angew.
Chem. Int. Ed., Bngl., 30, 1598 (1591). It has now been
found, surprisingly, that when & tin compound of the formula
I, as defined in the present specification, is used for the
reaction of bisphenols with dialkyl carbonates high
molecular weight, colorless poly(arylcarbonate)s are formed.
The reaction ig preferably conducted in two stages. In the
first stage, bisphenols and dialkyl carbonates are reacted
using a catalyst of formula I in the temperature range of
100-240°C to obtain an oligo(arylcarbonate) with a degree of
oligomerization bet:ween. 2-6 and moley carbonate eandgroups

between 40-100%. The oligo(arylcarbonate) is then subjected



was cool ed to roomtenperature, dissolved i.n chloroform precipitated with
nmet hano] and dried in vacuo. The yield of pthe .24 g (94%
with an inherent viscosity of 0.41 dL/g in (ﬂﬁ%ﬁ&‘%ﬁﬁ§ O[lerr] C. The

pol ymer had a hydroxyl nunber of 2.2.
Exanmpl e 9 An ol igo(aryl carbonate) of ¢egrees gECol998onery zation 6.4
(0.3 g, 2.8 x 10[err] nole), diphenyl carbohaie (0.03 g, 1.5.1x 10[err]

nol e) and titaniumisopropoxide (7.96 x 10[ &ért~—g;—278T X 10jerr] nole)
were introduced into a tubular glass reacton, (i.d. 3 cm undkr nitrogen

at nosphere and heated in a silicone oil bath to 200[err]C in 30 m nutes.
At this tenperature trf reacti on, was, conti nued for 60 m nutes_ under
nitrogen. HRERFE Kokyrondangariondn & SLRATRLY f)'ripmﬁg‘f‘h% d held
at 200[err]C for 60 mnutes. Further reaction was carried out at 230C for
45 ni nut e arkERSOE X |iD fehe Presepceofintl 210 wts of diphenyl

—

carbonate (based on oligomer), using a catalyst of formula I
or a catalyst derived from organctitanium compounds at a

temperature less than 280°C while gradually reducing the
pressure to about 0.1 mm of Hg or less-to vield poly(arylcar-

bonate)s having an inherent viscosity of 0.2-0.5 dL/g and .free

of color and gel.

In the compounds of formula I, each of R' and R* denotes
a C;-Cy, alkyl radical, which may be the sama or different,
gnd Ar denotes an aryl radical, eithe:-substituted or
unsubstituted.

Examples of organotin compounds which are particularly
suitable for the process are: 1,3-dipheno:c§tetrabuty1
digtannoxane, 1,3-diphenoxytetraethyl digtanoxane, 1,3~
diphenoxytetramethjrl distannoxane, 1,3-di-p-chlorophenoxy
tetrabutyl digstannoxane and 1,3-di-p;nitropheno:cy tetrabutyl
distannoxane.

Dialkyl carbonates which way be used accoxding to ths
invention are those of the fomula Ii. .in which R’ represents

a C;-C“ alkyl radical.



16 28l0[err]C for 45 mnutes. The resul ti ng pol yner was ¢FHISSHEET HASBEEN
tenperature, dissolved in chloroform precipitated\Mtrl met hamﬂREHWKﬁD'e

i n vacuo.

viscosity of 0.37 ﬂg/gneﬁheth¢@b@¢bmqnﬁt°§ofb@r

hydr oxyl
CLAI M5

conpri ses:

1 ITII[bILIIL

@chﬁé%o!:vﬁeprﬁﬁerged
nunmber of 2.2. 17
1. carbbasess koe ahaeﬁhgmacatbonznh poldy dderhear barhbalkterhi ch

The yield of the pol yner was : ;880 with ak

which are readily available by x phosgéﬁé-freo process.
In yet another owbodiwent of the pregent invention
bisphenols which mxy boe xuitable according to the invention

are those of the formula IXII, where R4 denotes either H,

bromo, chloro. or a C;- Czalkyl, A denotes either a Ci1- Cg
alkylene, a C,- csalkylidehe, phthalines, phthalimides,
dihydroanthracene, indanes, spirobisindanes, thiophenes,
azo, dimethyldiphenyl, silane, tetraphenyl silane,
hydroquinoids, cyclohexane, sulfide, sulfone, sulfoxide,

ketone, ester) ' amide,a CS- 06cycloa1kylene, O org .

Examplec¢ of bisphanolx which may be suiteble for tha
invention are:

Bis(hydroxypgcnyl)alkanen, big (4-hydroxyphenyl)methane,
1,1-bis(4-hydroxyphenyl)ethane, 2,2-big(4-hydroxyphenyl)
propane, 2,2-bisz(4-hydroxyphenyl)butane, 2,2-bis(4-hydroxy-
phenyl)octane, bix (4 -hydroxyphenyl)phenylmethana, 2,2-bie(&-

hydroxy—1-mothylpheny1)pfopane,'2,2-bis(4—hydroxy-t- -

04 DEC
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butylphenyl)propane, and 2,2-bis (4 -hydroxy-3-bromophenyl)
propane; bix (hydroxyaryl) cytloalkanes such as 1,1-bie(4-
hydroxyphenyl)cyclopentane, and 1,1-bis(4-hydroxyphenyl)

cyclohexane; dihydroxyarylethers such as 4,4°-

dihydroxyphenyl) ether and 4,4’ ~-dihydroxy-3,3°-
dimethyldiphenyl ether; dihydroxydiaryl sufoxides such as
4' -dihydroxydiphenyl sulfoxide and 4,<¢¢ -dihydroxy-3,3‘-

dimethyldiphenyl gulfoxide; and dihydroxydiaryl sulfoncs

This Sheet Has Been R,

Wi




heating a m Ure of bi sphenol, di al Ig“ll'wc'.ar'bonate and- an of JHISBHEET HAS! BEEN
of the fornul Th

| is Sheet Has Been Replaced : REPLACED .
(Rlerr]Rerr]Sn(QAr))[err] G ,"ME' of R er H—era—e++—+s
Cerr] alkyl and Ar is unsubstituted aryl, at a tenperature

in the range of 100-240[err]C to obtain an oligo(aryl carbonate), and

pol ycondensing said oligo(aryl carbonate) at a tenperature up to 280[err]C
whil e gradually reducing the pressure to about Q. 1. mmof Hg ordess in the
presence of an organotin or organotitani um cat &l gei ACEMENT @HEBNOL i n
catalyst in the second or third stage pojycond¢ng+rg—step~Ts—the| organotin
catalyst of Formula I. 2. A process as cl ai I in (bl,,a,J Egjsbwwe'ei n the

di al kyl carbonate is dinethyl, diethyl, di-n-bgtyl ,Oﬁi et o9y yi, dianyl,
di heptyl, dihexyl or dicycl opropyl car@g@§ i 3. A process.as{clainmed in
claim2 wherein the nolar proportion o yli carbonate is at least tw ce
that of the bisphenol. 4. - A process as clai ~ ' - ein the
pol ycondensati on catal yst is an al koxi de or aryloxide of titanium 5. A
process as &l ai mAdprosess ferthe prepaeation ofpipapyisathanate)somhich comprifased in
the presence of di phenyl carbonate. 6. A process as clained in claiml
wherein the cat ahgatinga mbttieredoftsisphéncip didlkyl icagvdreaty lanak dro oegarjotins a

di st annoxangafeRCf e Férpmuahe group consisting of 1, 3-diphenoxytetrabutyl
di st annoxane, 1, 3-di phenoxytetraethyl distannoxane, 1,

3-di phenoxyt et ramet hyl di st annoxane,;gk.pi i3RI r ophenoxyt et r abut yl

di stannoxane and 1, 3-di-p-nit ropher#gifﬁ%erﬁr%ﬁ)tctl&'di st annoxane. 7. A
process as claimed in claim1, wherein the final tenperature is in the

range of 180-240[err]C during the preparation of the oli gogar | car bonat e) .
wherein each of R" and R is Cy.12 alkyl and Ar is unsubstituted or

substituted aryl, at a temperature in the range of 100-240°C to obtain an
oligo(arylcarbonate), and

polycondensing said oligo(arylcarbonate) at a temperature up to 280°C
while gradually reducing the pressure to about 0.1 mm of Hg or less in the

presence of an organotin or organotitanium catalyst.

2. A process as claimed in -claim 1 wherein the dialkyl carbonate is dimethyl,
diethyl, di-n-butyl, di-tert-butyl, diamyl, diheptyl, dihexyl or dicyclopropy!
carbonate. '

3. A process as claimed in claim 2 wherein the molar proportion of dialkyl
carbonate is at least twice that of the bisphenol. -

4, A process as claimed in claim 1 wherein the polycondensation catalyst is
an alkoxide or aryloxide of titanium.

5. A process as claimed in claim 1 wherein the polycondensation is
conducted in the presence of diphenyl carbonate.

6. A process as claimed in claim 1 wherein the catalyst for the preparation of
oligo{arylcarbonate) is a distannoxane selected from the group consisting of

1, 3-diphenoxytetrabutyl distannoxane, 1, 3-diphenoxytetraethyl distannoxane,

1, 3-diphenoxytetramethy! distannoxane, 1, 3-di-p-chlorophenoxytetrabuty!
distannoxane and 1, 3-di-p-nitrophenoxy tetrabutyl distannoxane.

7. A process as claimed in claim 1, wherein the final temperature is in the
range of 180-240°C during the preparation of the oligo(arylcarbonate).

A O R



M3 ¢
18 8. A process as clained in claim1, wherein the

SW&
oligo(aryl carbonate) is post polycondensed to the poly(arylcarbonate at a
terrperature in the range of 100-280[err]C 6at a pressure in th ange, of

760 to 0.1 mm of Hegn Ansklicr acweatinort mﬁé%t#ﬂk‘éﬁ‘%‘i‘?% Lé»“’nc?urrcs STied  The
I npr oved process as claimed in claim1, wherein thddg g (arylcarbonate) has
¢

a hydroxyl FQQQOQQL&EGHrQ &Qméthyiocafwmnxhpravé B sCrHPoRREe
preparat|on of a poly(aryl carbonate) conpri sing: heating a bi spheno

or formula Il angd an,0002094}N¢3Lkyst BY kopmubgchefered proceas.

In yet xnother ombodiment of tha precgent invention

bisphenols swhich mxy be ruitsble according to the invention

are those of the formula IIXI, where R4 denotes either H,

bromo, chloro, or a C;- C4alkyl, A denotes either a C;- Cg

alkylene, a C,- Csalkylidene, phthalines, phthalimides,

dihydroanthracene, indanes, spirobisindanes, thiophenes,
azo, dimethyldiphenyl silane, tetraphenyl silane,
hydroquinoids, cyclohexane, sulfide, sulfone, sulfoxide,

ketone, ester) amide,a CS— Cscycloalkylene, O orS.

Exarplec of bigphenolx which may be suiteble for tha
invention arc:

Eia(hydroxyph;nyl)alkanea, bio (4 -hydroxyphenyl)methane,
1,1-bis(¢-hydroxyphenyl}ethane, 2,2-bis(4-hydroxyphenyl)
propane, 2,2-bis(4-hydroxyphenyl)butane, 2,2-bis{({-hydroxy-
phenyl)octane, bix(4-hydroxyphenyl)phenylmethane, 2,2-bie(4-
bydroxy-1-mathylphenyl) pfopane, 2,2-bis({-hydroxy-t- -
butylphenyl)propanc, &nd 2,2-bis({-hydroxy-3-bromophenyl)

propane; bix (hydroxyaryl) cytloalkanes such as 1,1-bis(4-

hydroxypbenyl) cyclopentane, and 1,1-bis(4-hydraxyphenyl)

cyclohexane; dihydroxyarylethers such ac <,4°-
dihydroxyphenyl) ether and 4,4‘~dibhydroxy-3,3"-

dimcthyldiphenyl ether; dihydroxydiaryl sufoxides such ag¢
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-dibydroxydiphenyl gulfoxide and 4.¢‘-dihydroxy-3.3'-

dimethyldi{phenyl gulfoxide; and dihydroxydiaryl gulfoncs



wherein each of Rlerr] and R err] denotéé a CJerr]-Cerr] alkyl radical,
which may be the sanme or different, Ar :‘denotes an aryl radical, either
substituted or unsubstituted, A represents isopropylidene, nethylene,

hexaf | uor oi sopropyl i dene, ethyl net hyl ene, i sobut

y| met hyl met hyl ene,

di phenyl net hyl ene, phenyl net hyl net hyl ene, phtha

I , L (el (ELIES
N-substituted phthalimde (phenyl, nethyly; di hydr%ﬁ?@“@ﬁéﬁg* ﬁd nes,

spi r obi si ndanes, thiophenes, azo, dinethyldiphenyl}silane, tetraphenyl

si | ane, hydroqui noi ds, cycl ohexane, sulfide, sul
ester and ami de and R4 represents nethybspagigey! .
150[err] C; adding a dial kyl carbonate of Tormul a
19 wherein Rerr] represents a CJerr]-Clerr] a

ohe,1 G ulaNozgnge, t one,
bf ono and chol at

, Lerr] .
kyl radical..-to tihe

reaction mxture and heating to a tepperatu in the r ) .
0 2a0[err e, i AHPPRScE RasPyearelan coRa aniabeanBls S sompaisesi «
the dial kyl carbonate, for a period of 8 to 24 hours to obtain an,

ol i go(aryl car bonaheating afroixtuse of bisghand, dialkyl carbonate and an organotin

catalyst of the formula

(R R*sn(oar) Y0,

wherein each of R' and R? is C1.12 alkyl and Ar is unsubstituted or

o substituted aryl, at a temperature in the range of
oligo(arylcarbonate), and

polycondensing said oligo(arylcarbonate)

100-240°C to obtain an

at a temperature up to 280°C

while gradually reducing the pressure to about 0.1 mm of Hg or less in the

presence of an organotin or organotitanium catalyst, said organotin
catalyst in the second or third stage polycondensing step is the

organotin catalyst of Formula I.

2: A process as claimed in claim'1 wherein the diatkyl carbonate is dimethyi,
diethyl, di-n-butyl, di-tert-butyl, diamyl, diheptyl, dihexyl or dicyclopropyl

carbonate.

3. - Aprocess as claimed in claim 2 wherein the molar proportion of dialky!

carbonate is at least twice that of the bisphenol.
U 4
an alkoxide or aryloxide of titanium.

. - Aprocess as claimed in claim 1 wherein the polycondensation catalyst is

5. A process as claimed in claim 1 wherein the polycondensation is
conducted in the presence of diphenyl carbonate.

6.

A process as claimed in claim 1 wherein the catalyst for the preparation of

oligo(arylcarbonate) is a distannoxane selected from the group consisting of
1, 3-diphenoxytetrabutyl distannoxane, 1, 3-diphenoxytetraethyl distannoxane,
13 3-diphenoxytetramethy! distannoxane, 1, 3-di-p-chlorophenoxytetrabutyl
distannoxane and 1, 3-di-p-nitrophenoxy tetrabutyl distannoxane.

7. A process as claimed in claim 1, wherein

the final temperature is in the

range of 180-240°C during the preparation of the oligo(arylcarbonate).

|



|
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with a degree of oligonerization from2 to 6 and with a nole % carbonate
endgroups between 40- 100% I.ncreasing the tenperature further to
200+260[err]C to distill the unreact ‘ed di al kyl carbonate; washi ng
the oligo(aryl carbonate) free of unreacted phenols with 1 W% al kali at
roomtenperature, if necessary; post pol ycondensi ng the

ol i go(aryl carbonate) at a tenperature not,, exceedi ng 280[err]C,

slowy i-ncreasing the tenperature in stagés, while decreasing the pressure
from760 to 0.1 mm of Hg for a'duration of 3 to 5 hours in the presence of

an organoti g an u r48ical 16hé reactnon mixture é?d Aeatin
t V{’% Fﬁe 6%6?8 ol §}° | fendi
the. or ganot A & o éﬁusrr in %ﬁ%ﬂ ff& (5 j “ﬁﬁ’@y Q@e‘%ﬁ“ Yo, 'to
10[err] nol é’fﬁgpcﬁﬁlaé Y ageoigen Eﬁ pegriod or 8 to 24

pol y(aryl carturatteobddinfan nﬂme(avylcarbonate) of formula IV

e C_H@ -z-olﬂm,

Ael=§

with a degree of oligomerization from 2 to 6 and with a mole % carbonate
endgroups between 40-100%;

increasing the temperature further to 200-260°C to distill the unreacted
dialkyl carbonate;

washing the oligo(arylcarbonate) free of unreacted phenols with 1 wt%
alkali at room temperature, if necessary;

post polycondensing the oligo(arylcarbonate) at a temperature not
exceeding 280°C,

slowly increasing the temperature in stages, while decreasing the
pressure from 760 to 0.1 mm of Hg for a duration of 3 to 5 hours in the presence
of an organotin or an organo titanium catalyst,

ot | .
e o H@@fz}

as 50 =128

said organotin catalyst in the second or third stage polycondensing
step is the organotin catalyst of Formula I, present in the range of 102

to 10° mole per mole of oligo(arylcarbonate) to furnish a
poly(aryicarbonate) of formula V.
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