-1-. METHOD FOR MAKI NG DI ARYL CARBONATE Background of the Invention The
present invention relates to a nethod for making a diaryl carbonate, ‘@FMPG
as di phenyl carbonate, by effecting the hydrolysis of a tetraaryl

ort hocarbonate. 5 - - Met hods for maki ng pol ycarbonates are _(W
constantly being evaluated. The route to pol )Qcar bonates by the nelt
transesterification of a diaryl carbonate oft'en provides a significant

envi ronmental advantage over t f h phosgene under
interfacial reaction conditi ongﬁéﬁ@ydﬁg “égmg;ob@é ates prepared
by nmelt transestenfication have | ow | evEIARBIONAYEN nants such as sodi um
and halide ions, and'are therefore particularly suitable for use in optical
appl i cations such .as for the. manuf acture of conpact disks. However,

manuf act ure of pol \Background of thel Invehtion ansesterification of di ar yI
carbonate has not beén extensively exploited on a commercial scale.

reason why it has not been uspg, BRIGAFIIVERRGH T m,éét&awoa%tﬁ{&mggav

synthesis for diaryl carbagnate

procedure for naki fhadyl gathonate wmgmenv%cmgeat%mVaeﬁmmgﬁeer si on,

nul ti-step nmelt tr&yRwelysis dfcetdtriaryicsiivcansortat®! oyi ng a di al kyl car bonat e
and a phenol. Anot her nethod enpl oys phosgene with a phenol. A third

ot al yst uhi ch Pe i rricult tMERaRIBL Maidh BpyBARRathE NS ShHReBsceaur es
25 for maki ng di arbding evatuated s Theaoute torpalycarbonates by the melt
transesterification of a diaryl carbonate often provides a significant
environmental advantage over the reaction of bisphenols with
phosgene under interfacial reaction conditions. In addition,

10 polycarbonates prepared by melt transesterification have low levels of
contaminants such as sodium and halide ions, and are therefore
particularly suitable for use in optical applications such as for the
manufacture of compact disks.

However, manufacture of polycarbonates by melt
15 transesterification of diaryl carbonate has not been extensively
exploited on a commercial scale. One reason why it has not been
used more extensively is that a satisfactory synthesis for diaryl
carbonate has not been developed.

_ For example, one procedure for making diaryl
20 carbonates is based on a low conversion, multi-step meit
transesterification technique employing a dialkyl carbonate and a
phenol. Another method employs phosgene with a phenol. A third
procedure involves the direct carbonylation of phenol requiring a Pd
_ catalyst which is difficult to recycle. As a result, additional procedures
25 for making diaryl carbonates are of interest.

The conversion of tetraaryl orthocarbonates to diaryl
carbonates i is disclosed in.Kandanarachchi et al., J. Chem. Soc.,
1992, 777-778, and Kandanarachchc et al., J. Am. Chem.:Soc., 116,
5592-5600. and 5601-5606 (1994). The reaction of carbon disulfide



The conversion of tetraaryl orthocarbonates to diaryl carbonates is

- di scl osed i n Kandanarachchi et al., J. Chem Soc., 1992, 777-778, and

- Kandanarachchi et al., J. Arn Chem Soc., 116, 5592-5600 and 5601- 5606
(1994). The reaction of carbon disulfide 2 wWith a cuprous phenate to

forma tetraaryl orthocarbonate is also known; reference is made to

Nar asi mhanurthy et al., Tetrahedron Letters—227 991-992 (1986). However,

an integrated process for converting phenols to di phenyl carbonates via

tetraaryl 5 ortho?m laommrees@heaatmto mbm@tettaarbbokhmboﬁalmralsmf t he

I nvention In one o \/

diaryl carbonate COT#D‘&I 's| rﬁégsmég %H% tg'%@fﬁﬁ%ﬁ@%%% efg%ap%rpbon

disulfide to 10 fletters, 2&: 93892 (6986bcuowar,eara|iuemd>pmesg fowi d

tetraaryl orthocardyiaith % hBHbfsh@rdlﬁﬁgﬁ’?tcdrﬁo esVig Y61rh&W Process for
ate C

maki ng di aryl %arb ri ;i Q%eﬂ contactin an al kali et al
aryl oxi de with tegQ Qtoamﬂ%tﬁ% KRQWR. of cuprdus aryl oxi de

and al kali netal hallde, addl ng carbon disulfide to said mxture to forma

tetraaryl orthocar§gmhary st ehe'imventtgr i de, recovering said tetraaryl
ort hocarbonate and said cuprous sulfide fromthe resulting residue, 20

converting said alkali netal lnhc%é g?ité gss%&g] 'f.heﬁlmgﬁtion is a method for
making a diaryl carbonate comprising:

contacting a cuprous aryloxide with carbon disulfide to
10 form a tetraaryl orthocarbonate and

hydrolyzing said tetraary! orthocarbonate.

A further aspect is an integrated proceés for making
diary! carbonate comprising the steps of: '

contacting an alkali metal aryloxide with a cuprous
15 halide to form a mixture of cuprous aryloxide and alkali metal halide,

addmg carbon disulfide to said mixture to form a
tetraaryl orthocarbonate and cuprous sulfide,

recovenng said tetraaryl orthocarbonate and said
cuprous sulfide from the resulting residue,

20 . converting said alkali metal halide to alkali metal
hydroxide,

recycling said alkali metal hydroxide to form said alkali
metal aryloxide, and '

hydrolyzing said tetraaryl orthocarbonate in an aqueous
25 organic solvent solution in the presence of an acidic catalyst to
produce said diaryl carbonate.



hydr oxi de, recycling said alkali nmetal hydroxide to formsaid alkali netal
aryl oxi de, and hydrolyzing said tetraaryl orthocarbonate in an aqueous 25
organi € solvent solution in the presence of an acidic catalyst to produce
said diaryl carbonate. -3- Detailed Description; Preferred Enbodi nents
The term "aryl oxi de" is used herein in place-of "phenate" to avoid '
confusion with the phenate species which coi¥sists of the salts of phenol,
[err] 5 Al kal i metal aryl oxi des which can be used in the
practice of the invention to nake cuprous aryl oxide can be forned by the

reaction between Ddtatledk DescHptionsoPreterdednEmbodimentsmetal source such
as an al kali netal hydride or hydroxide. Suitable alkali netal sources

i nclude the hydrides and hy ' «Of " ' ' LiRi um
The hydroxyaromatic col oungfs%?ﬁ ag¥|8§@gemsﬁ$\ﬁ8%h?€%%u%ﬁ@ﬂﬁb%eng t he
fornul a AOH, wher & avaid eonfupionrwitlithe pheoatesspecins whighecansistsof thenmatic -
conpounds inC|Udeth§@ﬂbheﬁoLQ3 'gbygnd [err]-naphthol. Thus, the diaryl"

carbonat es which can be 15 synthesized include those having the formula
[err], wherein_A is as previ %Bgefin d, .and, | ncl ude di phenyl carbonate

(which is usuaPly preferr ed)eﬂﬂé'li tal arylaxidas whick camRe uysed/in the practice
carbonate. Cuprousfaiie inventionteiméke sypioledryionideycdrhbe fomtéd by the
reaction between a hydroxyaromatic compound and an alkali metal
source such as an alkali metal hydride or hydroxide. Suitable alkali
metal sources include the hydrides and hydroxides of sodium,
10  potassium, and lithium.

_ The hydroxyaromatic compounds which are useful
include compounds having the formula AOH, wherein A is a Cg.13
aryl radical. Suitable hydroxyaromatic compounds include phenol, p-
cresol and B-naphthol. Thus, the diaryl carbonates which can be
15  synthesized include those having the formula (AO)2C=0, wherein A
is as previously defined, and include diphenyl carbonate (which is
usually preferred), di-p-cresyl carbonate and B-naphthyl carbonate.

Cuprous aryloxide may be synthesized by the reaction
between an organic solvent solution of an alkali metal aryloxide and a
20 substantially equimolar amount of a cuprous halide, preferably
"cuprous chloride. As previously discussed, the alkali metal aryloxide
can be made from an alkali metal source, preferably in an inert
atmosphere such as nitrogen although the presence of oxygen and/or
.water can be tolerated. Organic solvents which can be used include
25 acetonitrile. Temperatures in the range of about 20-40°C are typical.

" The product of the reaction of cuprous halide with alkali
metal aryloxide is a slurry of cuprous aryloxide and alkali metal
halide. It is then combined, most often at a temperature in the range
of about 20-40°C, with carbon disulfide, preferably in a molar ratio of

30 carbon disulfide to cuprous aryloxide of at least 1:4. Following the
precipitation of black cuprous sulfide, base, such as an aqueous



bet ween an organic solvent solution of an alkali metal aryloxide and a 20
substantially equi nol ar anount of a cuprous halide, preferably cuprous
chloride. As previously discussed, ‘the alkali netal aryloxide can be nade
froman alkali netal source, preferably in an inert -atnosphere such as
nitrogen al though the presence of oxygen and/or water can be tolerated.
Organi ¢ sol vents which can be used include-45 acetonitrile. Tenperatures
in the range of about 20-40[err]C are typical. The product of the reaction
of cuprous hal i dealkaliimetiak hiydraxideasolutiohpeanl bei addedstofacifitate tha isalation

aryl oxi de and al kﬁ*{hm&hﬁ@bﬂw&%t&the” conbi ned, nost often at a
a r

tenperature in the range o out |[er with carbon disulfide, preferably

in a nolar ratio of 30 carbon disujfide . to cuprous. aryloxide of at |east
1: 4. Fol |l owing the precipit CSHGB?"JOWQ&E"EBH?S ocarbonate cgade such as an

aqueous -4- al aehievedtifadesited by estractidniwithran oryaniesolddntisuch asethylt at e

or t hooar bonat & cafHBY: adis Blpthvef iay0s§ pHAREY By o Sefinbuh dr i Wep. 2y
sol vent such as eHowever, reconery. prititopcanuecsiondy diarypcarbbnate isyusually
recrystalli zationngf "Eﬁiﬁ# e. However, recovery prior to conversion to

di aryl carbonate 1S uS y’'not necessary. Hydrolysis of the tetraaryl
ort hocarbonate to the correspondi ng hydroxyaromati c conpound and di aryl

carbonate can 10 be ef f ectiydrolysigqpfdbadetcaanyt pdhocarbenatedodbnce of " a
wat er - sol ubl e or gebiresgehdiag thyaitdxydroatitidi cormpdund ahd iary! tanmats ¢as i n

the range of 10 be effected in aqueous solution in the presence of a water-soluble
organic solvent and an acidic catalyst at a temperature in the range of
about 15-100°C. Catalysts which can be used include Bronsted acids, -
particularly ion exchange resins in the acid form. Among the resins
which have been found to be particularly effective are macroreticular
15  polystyrenesulfonic acid cation exchange resins. Organic solvents
which can be employed include phenol and acetonitrile.

In the integi'ated process which is another aspect of the
invention, the initial step is the above-described conversion of alkali
metal aryloxide to cuprous aryloxide. The by-product alkali metal

20 chioride may remain in admixture with the cuprous aryloxide during
the reaction with carbon disulfide. It is then removed by dissolution in.
water and converted, usually by electrolysis, to alkali metal hydroxide
and chlorine and the alkali metal hydroxide is recycled for reaction
with further hydroxyaromatic compound to form alkali metal aryloxide

25 to be uséd in the reaction with cuprous halide. '

Other recycles are also possible. For example, the |
chlorine and cuprous sulfide may be recycled and interreacted to form
cuprous chloride for reaction with the alkali metal aryloxide.

The invention is illustrated by the following examples.
30 All parts are by weight unless otherwi_se indicated.



' about 15-100[err] Catal ysts which can be used include Bronsted acids,
particularly ion exchange resins in the acid form Anong the resins which
have been found to be particularly effective are macroreticular 15
pol ystyrenesul foni c acid cation exchange resins. Organic solvents which can
be enpl oyed include phenol and acetonitrile. In the i ntegrated process
whi ch is anot her aspect of the invention, -She initial step is the
above- descri bed conversion of alkali netal aryl oxi de to cuprous aryIOX|de
The by-product al kali netal 20 chloride may remain in adm xture with the
cuprous aryl oxi degihbf@ §he reaction with carbon disulfide. It is then
renmoved by dissolutioh In mater and converted, usually by electrolysis, to

al kali metal hydroxi de and orlne nd the alkali metal hydroxide is :
recycled for reaction with ?I’f@s 3@?@)5@99?6%‘“@9%%’89 918, P4 al kal i

ety 52 ars. o s aae AR e 102 SAIMTIRD 803 AL O 7 e
nayybe recycl ed gﬁﬁﬁﬁﬁggﬁpgﬁgﬂ@éﬁfﬁﬁggﬁﬁp%HBV@ $@H a ?ngagﬁktlon W th
the al kal i rre5a| rasyltedkindthe gdreratioreof hpdrageni ddsisThatreaction was dilowedwi ng
XD 21 Ther ¢ b SRBCAsR B S Y8 PlAJL LB 48 BRINYRS Bl £t Slhros, ;|
of sodi um hydri dehliaride was @added. oA g@lms!yrmﬁf@umaheao&dmm in 50 m .
of acetonitrile. s@@ndrﬁ‘&iﬂrﬂeerefsﬁﬂéé' Pte? abbBf 46 neidutdd, DIEB gRIMT(aY i3on of
hydrogen gas. The mo. fto* carbon dlsul¥ 89 véjas added to the mixture. A black
10 precipitate of cuprous sulfide formed immediately. After 30 minutes,
the reaction was worked up by addition of 0.8 gram (20 mmol.) of
sodium hydroxide in the form of a solution in 100 ml. of water. The
resulting mixture was extracted with ethyl ether. After one
recrystallization from 95% ethanol, there was obtained a 90% yield of
15 tetraphenyl orthocarbonate. LC analysis at 254 nm absorption

showed less than 0.8% contamination.

There was added, at 70°C, 4.08 grams of “Amberlyst

157, a macroreticular sulfonic acid cation exchange resin based on

polystyrene, to a homogeneous mixture of 8.5 grams of phenol and
20 0.5 gram of water. There was added 0.808 gram (2.1 mmol.) of

tetraphenyl orthocarbonate to the resulting aqueous solution. After 20

minutes, the resulting mixture was analyzed by gas chromatography.

it was found that the tetrapheny! orthocarbonate had been compietely

converted to diphenyl carbonate. Analysis by LC and UV at 254 nm
25 absorption further showed no stamng material.

Example 2

The above procedure is repeated except that hydrolysis
of the tetraphenyl orthocarbonate is effected by adding to a solution of
10.5 grams of phenol in 4.0 ml. of 0.1 N aqueous sulfuric acid. The
30 reaction is complete within two hours. An excellent yield of diphenyl .
carbonate is obtained and no significant by-products are formed.



to proceed for about 15 minutes and 0.99 gram (10 mmol .) of cuprdus
chl ori de was added. A golden slurry of cuprous phenoxi de and sodi um _ —
chloride resulted. After about 15 m nutes, 0.86 gram(—if‘S’mml ) of carbon

di sul fide was added to the mixture. A black 10 pr eci m“L
-sul fide fornmed i mmedi ately. After 30 m nut es t he reaa “E‘W!‘m p by
addition of 0.8 gram (20 mmol.) of sodiunr dI’OXI de i or mfof *a
solution in 100 m. of water. The resulting m xture was extracted with
ethyl ether. After one recrystallization from95% et hanol, there was

‘obtained a 90%yield of 15Whakisgiaimed isort hocarbonate. LC analysis at 254
nm absor ption showed | ess than 0.8% contam nation. There was added, at

70[err]C, 4.08 granms of "Agbes lysthodTor nmkmqg%@zl Eafodhafd tompriSingsi d

cation exchange resin based on pol ystyrene onbgeneous xture of 8.5

grans of phenol and 20 O. f_water re vva added 0.8 am(2 1
nmol . ) of tetraphenyl orthgea{aﬁﬁ]ﬂﬁtaeci‘er%?eaw 9&5“8@%

After 20 m nut esfortha tetraatyl ortbocarsbomate and anal yzed by gas chronat ography.
It was found that the tetraphenyl orthocarbonate had been conpletely

converted to gli phenyl carbgpg p@yz,ﬁg%lay@i@trﬂxr&@&w 5‘? 254 nm 25

absorption further showed n startTng mate The above
procedure is repeated except fhat h droI |s of the t?‘traphen yl '
orthocarbonate is effected y& MRthag acs QSIt%FF%W bivhegeln tb?&#@"@!s phenol

in 4.0 m. of 0.anfloxideds¢cupsold pheﬁo)’ﬁded The 30 reaction is conplete
within two hours. An excellent yield of diphenyl carbonate is obtained and

no significant by-productsqarg {4hRB%ccording to claim 1 wherein the hydrolysis
step is performed in the presence of an acidic catalyst.

4. A method according to claim 3 wherein the catalyst is
a macroreticular polystyrenesuifonic acid cation exchange resin.

5. A method according to claim 1 wherein the molar
ratio of carbon disulfide to cuprous aryloxide is at least 1:4.

6. An integrated process for making diaryl carbonate
comprising the steps of: '

5 contacting an alkali metal aryloxide with a cuprous
halide to form a mixture of cuprous aryloxide and alkali metal halide,

~adding carbon disulfide to said mixture to form a
tetraaryl orthocarbonate and cuprous sulfide,

recovering saad tetraaryl orthocarbonate and sald
10 cuprous sulfide from the resulting residue,

converting said alkali metal halide to alkali metal
hydroxide,

recycling said alkali metai hydroxide to form said alkali
metal aryloxide, and '



What is clained is: 1. A nmethod for making a diaryl carbonate-eenprisSing:

contacting a cuprous aryloxide with carbon disulfide to form aryl

- orthgcarbonate and 5 hydrol yzing said “‘““\m W\“\
orthocarbonate. 2. A method according to claim1l wh&“

aryl oxi de is cuprous_ phenoxide. 3. A nethod accordind t§ cfaim 1 wherein

the hydrolysis step is performed in the prdsence of an acidic catal yst. 4.

A nmet hod according to claim3 wherein the catalyst is a macroreticul ar
pol ystyrenesul-fonic acid cehydsolyzingrsaiddetragyhortbocarbenatain an @auUEPHS t o

clai m 1 wher el 1 \eaiRlivdlshuRh BARBIRGAU bf 8 scRic eata 19! Y1 oxi de i <

at least 1:4. 6. I 'nt di ary car’bonat e
conprising the stprpdues sa@ diaryl Ca"bonate cont act i ng an al kali netal

aryl oxide with a cuprous halide to forma mxture of cuprous aryl oxi de and
al kali netal halide, addingz.carmethoti acddrdihg toccisim 8 wherein thet cugrousn a

tetraaryl orthoc nate and c sul fide, recovering said tetraaryl
ort hocar bonat e aﬁﬁqg '°‘é%§ﬁ(9?§%su| fide fromthe resulting residue,

converting said -alkali nmetal halide to al kali netal hydroxide, recycl i ng
said alkali netal hydroxi de8t & methadsaceprdingaloi claist ﬁlwmryirbth%@ kalind -

metal aryloxide is sodium phenate.

9. A method according to claim 6 wherein the catalyst is
a macroreticular polystyrenesulfonic acid cation exchange resin.

o 10. A method according to claim 6 wherein the molar
ratio of carbon disulfide to cuprous aryloxide is at least 1:4.

11. A method according to claim 7 wherein the
conversion of alkali metal chloride to alkali metal hydroxide is by
electrolysis.

. 12. A method according to claim 11 wherein chlorine
formed during said electrolysis and said cuprous sulfide are recycled
for interreaction to form cuprous chloride.



7 hydrolyzing said tetraaryl orthocarbonate in an aqueous organic sol vent
solution in the presence of an acidic catatyst to produce said diaryl
carbowate. 7. A nethod according to claim®6 wherein the cuprous halide is
cuprous chloride. 8. A nethod according to claim6 wherein the al kali netal
aryl oxide i s sodi um phenate. 9. A nethod according to claim®6 wherein the
catalyst is a macroreticul ar pol ystyrenesurfonic acid cation exchange
resin. 10. A nethod according to claim6 wherein the nolar ratio of carbon
disulfide to cuprous aryl oxi dMETHQD| FQR MAKING DIARYkod according to
claim7 wherein the conversion of al kaéhﬁrgmlu\ oride to al kali netal
hydr oxi de ‘is by electrolysis. 12. A nethod according to claim1ll wherein
chlorine forned during said electrolysis and said cuprous sulfide are
recycled for interreaction to form cupr ox% (ihl 0{ i de.

strac

- Diaryl carbonate is prepared by hydrolysis of a tetraaryl
orthocarbonate in the presence of an acid catalyst. The tetraaryl
orthocarbonate is synthesized by a reaction between. carbon disulfide

 and a cuprous phenate; the cuprous phenate can be made from
5 cuprous chioride and the corresponding alkali metal phenate. The
process may be integrated with recycle of by-products.



