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polyhydroxyl compounds, for example, bisphenol A
compounds.
2. Description of the Related Art

It is known that a diaryl carbonate, for
example, diphenyl carbonate (DPC) can be produced by
various conventional processes. For example, the diaryl
carbonate can be produced by a phosgene method in which
phosgene is reacted with a phenol compound, for example,
phenol or a non-phosgene method in which a dialkyl
carbonate, which can be produced by a conventional
synthetic method, is transesterificated with a phenol
compound. These conventional processes are not
satisfactory for industries due to the following reasons.

Namely, in the phosgene method for the diaryl
carbonate, phosgene is a strong poisonous substance and
thus must be very carefully handled, and this reaction
causes the resultant reaction product mixture to contain,
in addition to the target diaryl carbonate, a certain
amount of halogen-containing compounds, and the removal
of the halogen-containing compounds from the reaction
product mixture is significantly difficult as described

in Japanese Examined Patent Publication No. 58-50,977.
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produced as an intermediate compound, and thus the
reaction rate of the first step reaction in which the
alkylaryl carbonate is produced from the dialkyl
carbonate and the phenol compound is low. Accordingly,
to eliminate this disadvantage, various special catalyst
or complicated production processes or apparatuses have
been provided as disclosed in Japanese Unexamined Patent
Publication No. 4-235,951 and No. 4-224,547.

Also, the method of producing the diaryl
carbonate by a disproportionation reaction of a
corresponding alkylaryl carbonate is disadvantageous in
that since the alkylaryl carbonate is an intermediate
product of the transesterification reaction from the
dialkyl carbonate into a corresponding diaryl carbonate,
and the resultant reaction product mixture contains, in
addition to the alkylaryl carbonate, various compounds
and non-reacted starting compounds, the target alkylaryl
carbonate is significantly difficult to isolate from the
reaction product mixture and to produce or obtain in an
industrial scale. Therefore, the disproportionation
method is quite unsatisfactory for industrial
utilization. |

Separately, for the production of a diaryl
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I ndustrial scale. Therefore, the disproportionation nethod is quite
unsatisfactory for industrial utilization., Separately, for the
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aryl ester of a lower fatty acid.

The diaryl oxalate-production method by the
direct esterification reaction of oxalic acid with a
phenol compound is disadvantageous in that the reaction
rate is very low and thus a very long time is needed to
complete the reaction, and thus this method is
unsatisfactory from the point of view of the industry.
Also, the diaryl oxalate-production method by a reaction
of a dialkyl oxalate with a diaryl carbonate or an aryl
ester of a lower fatty acid is disadvantageous in that
the resultant reaction product mixture contains, in
addition to the target diaryl oxalate, various by-
products, and thus complicated or intricate refining
steps are necessary to isolate the diaryl oxalate. Also,
as mentioned above, the diaryl carbonate is not easy to
produce industrially and obtain commercially. Therefore
this method is not satisfactory for industry.

Further separately, with respect to a
decarbonylation reaction of diphenyl oxalate, "Organic
Synthetic Chemistry, Vol. 5, Report 4, 1948,
"Thermodecomposition of diphenyl esters of dicarboxylic
acid (Second Report)", reported that diphenyl carbonate

could be obtained by a thermal decomposition of diphenyl



this nmethod is not satisfactory for industry. Furt her separately,
W th respect to a decarbonylation reaction of diphenyl oxalate, "Oganic
Synthetic Chem stry, Vol. 5, Report 4, 1948, "Thernpdeconposition of

di phenyl esters of dicarboxylic acid (Secogd_Report)", reported that

di phenyl carbonate coul d be obtained by a thermal deconposition of diphenyl
-4-. oxalate at a high tenperature. However, this nethod is unsatisfactory
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carbonate from the diphenyl oxalate. Further, the U.S.
patent does not concretely disclose a method of producing
diphenyl oxalate. Namely, the U.S. patent includes no
suggestion of the production of a diaryl oxalate from a
combination of a dialkyl oxalate with a phenol compound
or alkylaryl oxalate by a transesterification reaction.
Separately, various methods for producing
dialkyl oxalate from carbon monoxide and alkyl nitrites
and/or lower alkyl alcohols are disclosed in Japanese
Examined Patent Publication No. 56-12,624, No. 56-28,903,
No. 57-30,094 and No. 61-6,057.
However, these publications are quite silent ‘as
to a process for producing diaryl oxalate by reacting a
dialkyl oxalate with a phenol compound and a process for
producing a diphenyl carbonate by decarbonylation of the
diaryl oxalate.
SUMMARY OF THE INVENTION
An object of the present invention is to provide a
process for producing a diaryl carbonate with a high
degree of purity at a high vyield.
Another object of the present invention is to
provide a process for producing a diaryl carbonate with

simple and easy procedures without using poisonous or



di al kyl oxalate with a phenol conpound and a process for producing a
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member selected from the group consisting of alkyl
nitrites and alkyl alcohols, to produce a dialkyl
oxalate;

(B) reacting the dialkyl oxalate with a hydroxyaryl
compound to produce a diaryl oxalate;

(C) decarbonylating the diaryl oxalate to produce a
diaryl carbonate and a by-product comprising carbon
monoxide; and

(D) 'collecting the resultant diaryl carbonate from
the reaction product mixture of step (C).

In an embodiment of the process of the present
invention, the reaction in step (A) of the carbon
monoxide with at least one member selected from the group
consisting of alkyl nitrites and alkyl alcohols is
carried out in the presence of a catalyst containing a
platinum group metal, to produce a dialkyl oxalate; the
reaction in step (B) of the dialkyl oxalate with the
hydroxyaryl compound is carried out in the presence of a
catalyst to produce a diaryl oxalate while recovering a
resultant by-product comprising an alkyl alcohol, and
returning the recovered alkyl alcohol to step (A) for the
production of the dialkyl oxalate; the decarbonylation
reaction in step (C) of the diaryl oxalate is carried out
to produce a diaryl carbonate and a by-product comprising
carbon monoxide, and the resultant diaryl carbonate is

collected from the reaction product mixture.



consisting of alkyl nitrites and al kyl alcohols is carried out in the
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The inventors of the present invention have

carefully searched for a process for producing a diaryl
carbonate with a high degree of purity at a high yield
without using phosgene. As a result, the inventors found
that a diaryl oxalate, for example, diphenyl oxalate, can
be easily prepared by reacting a dialkyl oxalate, which
can be prepared from carbon monoxide and an alkyl nitrite
and/or an alkyl alcohol, with a hydroxyaryl compound, and
the target diaryl carbonate can be easily prepared by’
subjecting the diaryl oxalate to a decarbonylation
reaction. The present invention was completed on the
basis of this finding.

In an embodiment of the process of the present
invention as shown in Fig. 1, carbon monoxide and at
least one member selected from alkyl nitrites and alkyl
alcohols are fed into step (A) to prepare a dialkyl
oxalate; the dialkyl oxalate is fed into step (B) in
which the dialkyl oxalate is reacted with a hydroxyaryl
compound, for example, phenol, to prepare a diaryl
oxalate and a by-product comprising an alkyl alcohol; the
diaryl oxalate is fed into step (C) in which the diaryl
oxalate is decarbonylated to produce a diaryl carbonate
and a by-product consisting of carbon monoxide; and the

diaryl carbonate is collected from the reaction product
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oxalate) and a hydroxyaryl compound (phenol) are fed into

step (B) in which the dialkyl oxalate (dimethyl oxalate)

is transesterified with the hydroxyaryl compound (phenol)

in liquid phase in the presence of a transesterification

catalyst, to prepare a diaryl oxalate (diphenyl oxalate)

and a by-product comprising an alkyl alcohol (methyl

alcohol), and the diaryl oxalate (diphenyl oxalate) is
collected and the alkyl alcohol (methyl alcohol) is
recovered. The recovered alkyl alcohol (methyl alcohol)

is optionally supplied to the alkyl (methyl) nitrite-

regeneration procedure.

Then, the collected diaryl oxalate (diphenyl

oxalate) is fed into step (C) in which the diaryl oxalate

(diphenyl oxalate) is decarbonylated in liguid phase or

gas phase in the presence of a decarbonylation catalyst

to produce a diaryl carbonate (diphenyl carbonate) and a

by-product cdmprising carbon monoxide. The resultant

diaryl carbonate (diphenyl carbonate) is collected in

step (D). Also, the resultant carbon monoxide is

recovered and optionally returned to step (A) as a

material for producing the dialkyl (dimethyl) oxalate.

The above-mentioned process can be continuously carried

out in industrial scale to prepare a diaryl carbonate,



catalyst, to prepare a diaryl oxal ate (di phenyl oxal ate) and a by- product
conprising an al kyl al cohol (nethyl alcohol), and the diaryl oxalate
(di'phenyl oxalate) is collected and the alkyl alcohol (nethyl alcohol) is
recovered. The recovered al kyl al cohol (methyl alcohol) is optionally
supplied to the alkyl (methyl) nitrite- reg®nmeration procedure. Then,
the collected diaryl oxalate (di phenyl oxalate) is fed into step (C in
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nitrite is returned to step (A) and re-used for the

reaction of step (A), as shown in Fig. 2.

In step (A) of the process of the present invention,

for example, carbon monoxide (CO) is reacted with an

alkyl nitrite (RONO) and/or an alkyl alcohol (ROH) in the

presence of the platinum group metal-containing catalyst

in accordance with the reaction formulae (1) and (2):

0
|
2CO + 2RONO —— ROC-COR + 2NO (1)
Alkyl nitrite (a)
0
(02 ) ool
2C0O + 2ROQOH —> RQOC-COR + H. O (2)
Alkyl alcohol (a)

In the reaction formulae (1) and (2), R represents
an alkyl group.

In the reaction formula (1), the alkyl nitrite is
represented by the formula RONO, and the alkyl group
represented by R is preferably selected from lower alkyl
groups having 1 to 6 carbon atoms, for example, methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, pentyl and
hexyl groups. The alkyl nitrite is preferably selected
from lower alkyl nitrites having 1 to 4 carbon atoms, for



In step (A) of the process of the present invention, for exanple, carbon
monoxi de (CO) is reacted with an alkyl nitrite (RONO and/or an al kyl

al cohol (ROH) in the presence of the platinum group netal-containing
catal yst in accordance with the reaction formulae (1) and (2):

[ecr] TerrT In the reaction
formmulae (1) and (2), R represents an al kyl group. In the reaction

f | 1 th f th
iyl aroup reprsanitey BEERYE hECEFRE CORERTE, REcEEee) ChrpE Pk SRl o
having 1 to 6 ca#@@ﬁOEYbnﬁltibteex@nbméyln%%hyitee§h9llsﬁbBFEbyPltrlte

i sopropyl, n-butyl, tﬁ@h@ﬂea@@ﬂéﬂ('f@ﬁ@ui‘&xvtz]gr@H@Salﬂ'?E abkyhomitrite is
preferably sel ected from I ower al kg nitrites havin 4 carbgn at.ons,
or

for represented by the gula %Q%n%p%re tﬁy*sn??rgF 1ngghy|
nitrite, n- prOpa{bovﬂetrITﬁe asnplo.@:yéomlriéepr@fbﬂaylynséletEeanﬂromobuty|

nitrite. the r for la (2 h Kk Ico ep ent ed by
t he fornula VWEﬁe?ﬁﬁxi gu %%% %%o@ gOT# g%f% %b E8§
preferably seleeXeMpIepnmébMpl aékalalnepn¢pyhav1ﬂgpnopm14 nabbbmlaands,
for exanpl e, nefggﬁutyihgicoﬂépéppyl, | sopropyl, n-butyl and
'In step (B) of the process of the present invention,
the production of a diaryl oxalate from the dialkyl
oxalate and the hydroxyaryl compound is conducted in

accordance with the reaction formulae (3) to (5):

0 O
T i
" ROC-CQR +ArOH T— ROC-COAr +ROH (3)
(a) (b) (c—1) (d)
0O
T ]
ROC-COAr +ArOH T2 Ar0C-COAr +ROH (4)
(c—1) (b) (c—2) (d)
ﬁ fl) ?1) [ T
2 ROC-COAT zziArOC—COAr +ROC—-COR (5)
(c—1) (c—-2) . (a)

In the reaction formulae (3) to (5), R is as defined
above and Ar represents an unsubstituted or substituted
aryl group.

In step (B), a dialkyl oxalate (a) and a hydroxyaryl
compound are subjected to a transesterification reaction
in the presence of a transesterification catalyst. The
transesterification reaction is conducted in accordance
with the reaction formulae (3) and (4) and an alkylaryl
oxalate (c-1), a diaryl oxalate (c-2) and an alkyl
alcohol (d) are produced. Also, in step (B), the
alkylaryl oxalate (c-1) is disproportionated in the

presence of the transesterification catalyst in



I sobutyl al cohol s. In step (B) of the process of the present

i nvention, the production of a diaryl oxalate fromthe dial kyl oxal ate and
t hé hydroxyaryl conpound i s conducted in accordance with the reaction
formulae (3) to (5): [err] [err] [err] In the
reaction formulae (3) to (5), Ris as defi ﬁgd"above and Ar represents an
unsubstituted or substituted aryl group. In step (B), a dialkyl oxalate

(2) and a hydr oxyaiyi, %@Rﬁ%d&(ez% e“‘qEnI c}x‘?mﬁécr@fys%&rﬁé&?éé%

reaction in the presence o 7 andes cati on
transesteri fi catianyl e@axaliade i(Sscdondnst &d diRidatlramlaaten ¢a) « hélheact i on

formulae (3) a poit iha itod aled ﬁ)@{q@a(q._ @fdlaryl oxal ate (c-2)
and an al kyl alr%os&g%o (d) lare plr oducedC Al's i n S?E%e (B), the al kylaryl

oxal ate (c-1) itFaNsgFt&EFiicHRY Iieﬁ“ctbdémpr es'"é}ﬁ:é:r(ﬁnst yrerification
transesterifi candrlic®psdttichation reactions (3), (4) and (5) inl10 -

step (B) are preferably carried out in liquid phase.

In the reaction formulae (3) to (5), the alkyl group
represented by R is preferably selected from lower alkyl
groups having 1 to 6 carbon atoms, as mentioned above,
and the unsubstituted aryl group represented by Ar is
preferably selected from phenyl and naphthyl group.
Also, substituted aryl group represented by Ar preferably
has at least one substituent directly bonded to an aryl
ring and preferably selected from alkyl groups with 1 to
6 carbon atoms, for example, methyl, ethyl, propyl and
butyl group and alkoxy groups with 1 to 6 carbon atoms,
for example, methoxy, ethoxy, propoxy and butoxy groups.

In step (B), all of the reactions of the
formulae (3) to (5) occur. More particularly, the
transesterification reaction of the formuia (3) and the
disproportionation reaction of the formula (5)
principally occur. Namely, the alkylaryl oxalate (c-1)
and the alkyl alcohol are produced in accordance of the
transesterification reaction of the formula (3) and then
the alkylaryl oxalate (c-1) is principally converted by
the disproportionation reaction of the formula (5), which
is a type of transesterification reaction, into the
diaryl oxalate (c-2) and the dialkyl oxalate (a).
Accoxdingly, as a result of step (B), the diaryl oxalate
and the alkyl alcohol is produced from the dlalkyl
oxalate and the hydroxyaryl compound.

In step (C), a diaryl oxalate (c-2) is subjected to
a decarbonylation reaction in accordance with the
reaction formula (6), optionally in the presence of a
decarbonylation catalyst, to produce a diaryl
carbonate (e) and carbon monoxide. This decarbonylation

reaction is preferably carried out in the liquid phase.



accordance with the reaction fornula (5), to produce a diaryl oxalate (c-2)
and a dial kyl oxalate (a). The disproportionation reaction is a type of
transesterification reaction. The transesterification and

di sproportionation reactions (3), (4) and (i) in step (B) are preferably
carried out in liquid phase. In therddction fornul ae (3) to (5), the
al kyl group represented by Ris preferably_ selected fromlower al kyl groups
having 1 to 6 carboﬁ aﬁons, as nentioned apove, and the unsubstituted aryl

group represenied Y -AC O A pr eferably rsglected A Fomphenyl and naght hyl

group. Al so, substituted aryl group represented by Ar preferably has at

| east one substitu@ﬁf‘&prectly bonded to @®aryl ring and preferably

sel ect ed fromalkylu{qrot s wth carbon atons, . fo | e, methyl,
I

to 6 f é e aqg
ethyl, propyl and b mhtR of &bxyAhr bupdS e hined 2R°¥Rr bon at ons,
for exanpl e, methoxyThetpbatyinyt oexyp amsk HILEXYt Yol . catalyst ssaipléB),

Il of th i I 3.t 5 i cularly,
the transest or JYeaTah (ahct] oOMOTIEaTbrahris dtoef t pinPaht Lot arly
di sproporti onatimhlydes tpbat biun herdup mettals)anpt i sal pal thexeedrs . ananel v,
the al kylaryl qxal@iSsdd in FaWhddise at et A& Bledt S PIREEHLA N

accordance of the transesterification reaction of the fornmula (3) and then
the al kyl aryl & at%31%-993i Ny i Heidhi 164 cHRvert b B5T mnd _ :
di sproportionatnen geapd jom of the formula (5), which is a type of

transesterification yeactjon, into the djaryl oxalate (c-2 d,1t he dial kyl
oxal ate (a). AccordiTf ﬁi%tslr&“? dqfalopring a{’a ‘grﬁ‘l aﬁ?ff%‘%h‘l"&te and
t he al kyl al cohtiod isunpraodiiciedid ruoimnidiea I8 aldnd ttheal @i st amdn t dveolny dnetxghr vl

conpound. e . di . e -2), 4.5, subl d

decar bonyl at i onga{rlet;éctil%oé\lq%dne %&%Aﬂgﬁ%ﬁ sf%lgtsrze(a%% o%p%ng[ﬁrr%‘l aﬁf()%??te'
optionally in the fateencandfphesivtrdmny | kal e at By saxanpler oduce a

di aryl carbonaté(dnifdy £l h&fbm&ﬂ déhd Wg’%rﬁf&ae[cbﬂi‘%ﬂ{é)n( feaction is

preferably carried out in the |iquid phase.
example, acetates and oxalates and benzoates) of the

above-mentioned platinum group metals and complexes
thereof.

Among the platinum group metals and salts thereof,
palladium metal and salts thereof are particularly
preferred. The palladium salts include inorganic acid
salts (for example, nitrate, sulfate and phosphate),
halides (for example, chlorides, and bromide), organic
acid salts (for example, acetate, oxalate and benzoate)
and complexes of palladium. The palladium complexes
includes those containing, as a ligand, an alkylphosphine
group (for example, trimethylphosphine group), an
arylphosphine group (for example, triphenylphosphine
group) an alkylarylphosphine group (for example,
diethylphenylphosphine group) or an arylphosphite group
(for example, triphenylphosphite group) coordinated to a
palladium atom.

When the platinum group metal-containing catalyst is
used, it is industrially preferable that the platinum
group metal or salt thereof is carried in an amount of
0.01 to 10% by weight, more preferably 0.2 to 2% by
weight, in terms of the platinum group metal, on an



- 11 - [err] In the formula (6), Ar is as defined above.

The platinum group netal -containing catal yst usable for step (A of the
process of the present invention includes platinumgroup netals and salts

t hereof, as disclosed in Japanese Exam n_e(cjilfat ent Publication No.

56-28, 903, No. 56-28,904, No. 61-6,057 and No. 61-26, 977. The pl ati num
nmet.al s include platinum palladium rhodiumand iridiumnetals, and the

plat'nun‘grouplﬂﬁkehvéaka§rhaflud@ornekaﬁﬁué aﬁhdlaahhﬁ h%@hleb&Wﬁ|%alt
nitrate, sulfates, and_ ph at Ie, chl ori.des

e
br oni des) and GPSEﬁPé éélBrEQ?Fgg YoFaEfé I QEe%QP §lgﬁdC8f§P§Fés%%ﬁd
benzoat es) of bhemgméveaﬁtﬁﬁaoeadcakbbnnuangmmnp m&haﬂadanq qemﬂhmmm@

‘'t her eof . in S th pal | adi um
netal and salt?gghgrsgP gngspa??h 8 Fgg%gﬁggggg g%kghﬁa fcS’rhsalts
i ncl ude i nor gareolated maﬂESUGﬁﬁrséﬁuﬁpléndnEP#aﬁé sUhﬁaté éﬁdlﬂhosphate)

halides (for eéé%ﬂhgstchhﬁrwﬁﬁéh anBlQ£9HhﬂebroﬁP9ﬁ€tﬁlaghdts&%t%a&Ede
exanpl e, acetate al’ate and benzoate) and exes of palladium The

pal | adi um conpPBxasCREELGHes 1FhBEEde oRtalfi REC S§rSdIF65ﬁdl“aﬁ e
al kyl phosphi nepgeplpathion ataﬁnéecatanﬁethytnbopmatmﬁugr Qupup aRtal

T TR AR e M S TR

aryl phosphite gydupgéhotoexhépterrESPphdmygpbmaphnum group) metaldi mwat ed to
| | adi t lyst
2 pall ad um at altcore. o 8T bRC At RAF BhOUBLETE AL Rk LaLAp Gaialy St 1o

used, it is in num gr ou sal t
thereof is carsaéu im aﬁdaqeanLbh 8. pedueingoshskanget, fﬁﬁréxﬁﬂ@ﬂ@nably

0.2 to 2%by wehgBbn fBnbgiHE 26 the BbakbspsnhaiayPpTBEZhumOgrdip
metal. The platinum group metal-containing catalyst can
be produced by conventional procedures.

The platinum group metal-containing catalyst
optionally contains, for example, iron or a compound
thereof, as disclosed in Japanese Unexamined Patent
Publication No. 59-80,630.

As the iron and iron compounds, iron metal,
iron (II) compounds and iron (III) compounds can be used.
The iron (II) compounds include, for example, ferrous.
sulfate, ferrous nitrate, ferrous chloride, ferrous
ammonium sulfate, ferrous lactate, and ferrous hydroxide.
The iron (III) compounds include, for example, ferric
sulfate, ferric nitrate, ferric chloride, ferric ammonium
sulfate, ferric lactate, ferric hydroxide, and ferric
citrate. The iron and iron compounds are preferably used
in an atomic ratio of platinum group metal to iron (Pt
group metal/Fe) of 10000 : 1 to 1 : 4, more preferably
5000 : 1 to 1 : 3. The iron or iron compound-containing
catalyst can be produced by conventional methods.

Carbon monoxide to be used in step (A) may be pure
carbon'monoxide, or may be diluted with an inert gas such
as nitrogen, or may contain a small amount of hydrogen
gas or methane. Also, in the process of the present

invention, carbon monoxide produced as a by-product in



-12 - I nactive carrier. For exanple, palladiumnmetal or a salt thereof is
preferably carried on an inactive carrier, for exanple, activated carbon,
aldm na (including y-alumna and a-alumna), silica, diatonmaceous earth,
punm ce, zeolite, nolecular sieves and spingi._Wen a solid catalyst, in
which a platinumgroup netal salt is carried on a carrier, is used, it is
preferred that in the preparation of the catal yst, the platinumgroup netal

salt is reducedu 2]E%ﬂu%nﬁd$HQ%E%@%ﬁsl§ohs%am &ty qraggen o t he
correspondi ng pla |nu group netal ., orf. before usi for t.he reacti.on, .t he

plat|nun1groupeﬁEWQPesaWPePssF@&ué@d WSt F3ZTLE Sfdnems Ly; g the
exanpl e, carbogagDphuisds carbon mﬁhb&iﬂenqbn:bglupleﬁt i 11m srtgipo YT )reitsalm i xElde

pl ati num group n%¥ﬁ% CO%{?%&#&%t%ﬁtgﬁéStw%a b%larOQgQ%%%ﬁxuﬁldent|onal

pr ocedur es. group “nét'al’-contarning ca optionally
contains, for h)ea'leplna,ftlerront@r S&ppd#p@nﬂd anhemeunt oFf mmmé@n%%anese

Unexani ned Pat%ehsaﬁgh'ﬁﬁrkﬂ y%ac%&oﬁof the produdia g ¥F aMe IdiGhy1

conmpounds, iron neta I ron npounds and iraon (I11) conpounds can be

used. The i ronOKRLRtEoNP&EN el Wé#&&egaﬁoﬂseﬁé‘mléedf & SFeBsH)at e,

ferrous nitrate, feghews the! %h@%aohelhoﬁ%emm B suhddledl fR reUskhe
| actate, and ferrous hydroxi de |ron0% for

a3rrpounds, I ncl ude,
exanpl e, ferri §aSuPhase, e F@aﬁtthQT er fedr PFEESAS i armoni um
sul fate, ferri ﬁ\altéi'txaU.EQafSEEbm(taliyidhqx cdeboanthoherdiide @inidr aine.alkyd i ron and

i ron conpounds are .pref.erabl 0 l;Qym group
nmetal to iron PﬁF %8u6n§gt§ nggg f%o&%g g}%tfaf <nﬁ%§% %EEferably
5000 : 1to 1 coatthengrGnt@dysmonncgnpo@hdseonﬁalMMﬂgh%%EJySt can be

produced by CO&&@%@Q@%M&%@Spatent BALAGR BB EE 163 1€ osFeGrd Step

(A may be pure bon nonoxi d be diluted with an i'nért gas such

as nitrogen, oNoma$lcdftrdi’d -a §haFPl§nﬁGﬁ€rthﬁy&Pﬁééﬁtgéémﬁ'Q$et e.
Al so, in the ppagessadf ghkewitBS@Rt platinum group metal-containing

catalyst is usually 10 seconds or less, preferably 0.2 to
5 seconds, and the reaction temperature is usually 50 to
200°C, preferably 80 to 150°C. Also, the reaction is
usually carried out under a pressure of from the ambient
atmospheric pressure to 10 kg/cnﬁG, preferably from the
ambient atmospheric pressure to 5 kg/cnfG. As a reactor
for the reaction of step (A), a single tube type or
multi-tube type heat-exchange reactor is advantageously
utilized. '

In step (A), the content of carbon monoxide in the
material gas is usually established in the range of from
2 to 90% by volume. Also, the content of alkyl nitrite
in the material gas is wvariable in broad range. However,
to obtain a satisfactory result, the content of the alkyl
nitrite is preferably established in a range of 1% by
volume or more, more preferably from 5 to 30% by volume.

In step (A), a dialkyl oxalaté¥containing reaction
product is produced by the above-mentioned gas phase
reaction. For example, the reaction product is
introduced into a condenser to separate it into a

condensed liquid fraction and a non-condensed gas



I nvention, carbon nonoxi de produced as a by-product in

- 13 - step (C) can be advantageously used in step (A). For exanple, when
stép (A) is carried out continuously in the gas phase, carbon nonoxide
produced in step (C) is mxed with the regggerated gas, which wll be
expl ai ned hereinafter, to supplenent an a nt of carbon nonoxi de consuned
in.the reaction for the production of the diaryl oxalate, and the m xed gas

is supplied to St HQ@ n 'H d out
in the gas phase, e“:(khe reacItron pr ocee nobr%&n&%nte%x{ﬁrar\)eﬁﬂeersr aarl

cont ai ni ng car @Gﬁﬁhﬁrﬁoﬂﬁ@gamcmpélﬂéﬁd r’HYt rtrhlee ﬁwm@ﬁd Wiash the
platinum group frRic iorC, O R tGinal udt Q.%S ab61 Horle@b @hd N

Japanese Exam ned at en; Pu at.i o 5 an 6 26, 977. In
this case, the‘%’d’rﬁf qﬁiﬁ}e’ ggﬂjtd:i'%q" ﬁr
met al - cont ai ni g kAt aﬂl;csiha]s usually 10 seconds or I ess pref er abl y 0
o Seconds, And LN® GRS R IALIS | i %o%Qﬁﬁ%SZOQIerard
err

preferably 80 to 15 reaction IS usua ‘carri °Ninder

a pressure of fﬁ%r’ﬁhﬁréamﬂﬁter@tlad{kﬂdsﬂ*@rha@epr &Fadde amums«@fcrﬁyﬁ r] G

preferably frO%hh@%d%@b'QQ&-%&@%§®é9“d3d@31 I @arPonatd GHEEN 3K AS a
reactor for the reaction of step ( 5 a single tube tdpe or nmulti-tudbe type

heat - exchange f@F@ade i s T b @3N |b£ed-'em°"e Y & éd“(PA)e t he
content of car l@.@hv@ﬂt@@rﬁq I oUé@lu'f%t erfloaJ cGRsple, um@tlm_reail@bi i ghed in

the range of from2 to 9Q% 0 thecntent. trite in

t he matgrlal “lsavgﬁfdﬁ’lélyldr\i'aﬂw‘gjd@j@é: (?reatsd' btz? egryd’I !

satisfactory ramel tco lillee teoh iddatl kyfl blxala]tleyllsnrsmrprgle.erdstpresft@rpaulm :

established in a ra eoq:fhe (V )ﬁdvol Iek 0L RS %derg%ly *rfarccpgo% to
a

30% by vol une. oxal ate- cont al ni ng reaction
product is proG@@é@lM§,th@- ¢p0m@@—g§@0¢ﬁdegarb0n monoxide and

alkyl nitrite, nitrogen monoxide produced by the above-
mentioned reaction, it is industrially advantageous that
the nitrogen monoxide is converted to an alkyl nitrite,
and the resultant regenerated alkyl nitrite is fed into
step (A), as described in Japanese Examined Patent
Publication No. 61-6,057 and 61-26,977.

The regeneration of the alkyl nitrite can be. _
effected by introducing the non-condensed gas fraction
into a regeneration column, and bringing nitrogen
monoxide .in the non-condensed gas fraction into contact
with molecular oxygen and a lower alkyl alcohol.

In this regeneration, the lower alkyl alcohol is the
same as the lower alkyl alcohol to be used as a component
for producing the alkyl nitrite. In the process of the
present invention, preferably, the lower alkyl alcohol
delivered from the reaction system of the
transesterification reaction of step (B) is recovered and
reused in the regeneration of the alkyl nitrite from the
non-condensed gas fraction of step (A). As the molecular
oxygen, oxygen gas or air is used.

Also, as a regeneration column, a conventional gas-
liquid contacting apparatus, for example, a packed

column, bubbling column, spray column or sieve-tray



reaction. For exanple, the reaction product is introduced into a condenser
to separate it into a condensed liquid fraction and a non-condensed gas

- 14 - fraction. In this condensation, to prevent the di-al kyl oxal ate
belng acconpani ed by the non-condensed gas Jfraction, the reaction product
is.preferably cool ed and condensed while beéi ng brought into contact with a
| ower al kyl al cohol . The condensed |liquid fraction contains, in
addition to th? iﬁﬁ get d L,aLky! oxalate, small anpunts of by- products, for
exanple, a dia Ey car onate and an al kyl formate. The b¥ Erodu&gs can be
renoved by a si npl elBohbenebevarmerbitened creggnreEabipreCdraei P ¥on, and

thus a refinedndiaikyl exal ab&c€ddnbeorastiynsohtacpedreFapigol | ected
di al kyl oxalate is sggglled to ste

hand h
non- condensed G9BLFP ?oﬁocﬁﬂtﬁfﬁ n£ %u%HdF¥?8ntg8 %éﬁeﬁgﬁéFgg ggr%oﬁ

nonoxi de and aahyhveredlfeomntheoge@enenatldn pobudmnebabyat hengboteof

Tent | oned TeachiohogLh UPekiGUSLEIS! LY. 26VR0t 98ans, A LhBsNEhEOgen

nonoxi de i s conver e fesultant regenerated
alkyl nitrite regeeerahe@ §§%pl§A&ubaeaﬂESéllﬁeﬁrﬁﬁ SupAnBiEXPEERI ned

Pat ent PublicahbaBxNee QAd6oRpdernd 61- 26 977. The regeneration of the
al kyl nitrite can be effected g |ntrodu g % on c nde sed gas fraction
into a regenerationf®8l thhs BRE %??ng?ﬁﬁ P ﬁDﬂB ?88 Ph PREIEN 1S
non- condensed gad iﬁaahleﬂouﬁtOoﬁootaattmn0h2nnbmeuper mmygeofandtaogener

al kyl al cohol S re ner a

éh %hecl % % ? hoI s the
same as the IoﬂBPoﬁFﬂﬁlca?EBﬁB t M pENGsBEaS 3 88ﬁ$ ngft B%SBUC|ng t he
al kyl nitrite.ihthrbecpdotntss bhet hegenesahfonngehtimop, apdetbeabliygroghe

| over al kyl al ﬁgHBkiQS' k#ﬁf&{;ﬁ?%ﬁ iSﬁE&&Q”wﬂﬁt Sﬂggﬁ\ORQEular

transesterification reac I'S recovere
oxygen and the lower alky alcohol at a temperature equal

to or lower than the boiling temperature of the lower
alkyl alcohol under the pressure under which the
regeneration reaction is carried out. The amount of the
lower alkyl alcohol to be fed into the regeneration
procedure is preferably 2 to 5 parts by gas volume per
part by volume of the nitrogen monoxide in the nen;
condensed gas fraction, and the contact time is
preferably 0.5 to 20 seconds. Also, when step (A) is .
carried out in a continuous procedure, preferably, the
nitrogen component lost from the reaction system is
supplemented by introducing nitrogen oxides, for example,
nitrogen monoxide, nitrogen dioxide, dinitrogen trioxide
and dinitrogen tetraoxide) or nitric acid into the
regeneration column.

As mentioned, a gas (regeneration gas) containing
the regenerated alkyl nitrite, having a restricted
content of nitrogen monoxide of 2 to 7% by volume and
substantially free from nitrogen dioxide and oxygen is
fed into step (A). In this feeding, to supplement an
amount of carbon monoxide consumed by the reaction, the
carbon monoxide produced in step (C) is collected,
returned to step (A) and mixed with the regeneration gas.

When the reaction of step (A) is carried out in the



reused in the regeneration of the alkyl nitrite fromthe non-condensed gas
fraction of step (A). As the nol ecul ar oxygen, oxygen gas or air is used.

Al So, as a regeneration colum, a conventional gas- |iquid contacting
apparatus, for exanple, a packed col um, bfgbllng col um, spray col um or
Si eve-tray - 15 - colum is used.

I n.the above-nentioned regeneration of the aIkyI nitrite, the reaction

conditions are contr;ql | it gener at ed
gas delivered Il&(%%ﬁ%%m&eégeéng?‘a% g%gc OEHI has a conter#]q%r rhfu{)geen
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t enper at ure equa toor ower than thé b g ténpérature the |'o
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carried out. ThecArJM i@ tt@ﬁlpb%@m@ |i)é| @mﬁg} 4tooée>ezfo€eﬂ>d nto the

regeneration procedure _is preféra 5 parts by gas vol ure per part by
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col um.
In the liquid phase reaction, carbon monoxide and

oxygen are fed in a volume ratio of oxygen to carbon
monoxide (0,/CO0) of 1 : 5 to 1 : 80, and alkyl nitrite is
fed in a content of 8 to 50% by weight based on the total
weight of the mixed liquid. The platinum group metal-
containing catalyst is preférably used in the form of
being carried on a carrier of, for example, activated
carbon, alumina (y-alumina or a-alumina), or silica. The
catalyst is used preferably in an amount of 0.1 ppm by
weight to 2% by weight, more preferably 10 to 200 ppm by
weight in terms of the platinum group metal, based on the
total weight of the mixed liquid. '

In the liquid phase reaction, the resultant reaction
product mixture contains, in addition to the target
dialkyl oxalate, by-products, for example, water, dialkyl
carbonate and alkyl formate. Therefore, the reaction
product mixture is introduced into a dehydration column
to remove water by distillation, and then the target
dialkyl oxalate is collected by a collecting procedure
such as distillation.

Step (B) of the process of the present invention
will be explained in detail below.

In step (B) of the process of the present invention,



As mentioned, a gas (regeneration gas) containing the regenerated al kyl
nitrite, haV|ng a restricted content of nitrogen nonoxide of 2 to 7% by
volume and substantially free fromnitrogen di oxi de and oxygen is fed into
step (A). In this feeding, to suppl ement_ aji, anount of carbon nonoxi de
consunmed by the reaction, the carbon nonoxide produced in step (C) is

col-l ected, returned to step (A) and mixed with the regeneration gas.

Wen the reacti e Qfi a (aémiecg%aaéeauw & is reacted with
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presence of the above-mentioned transesterification
catalyst, while evaporating and removing a by-product
comprising dialkyl oxalate, in accordance with the
reaction formula (5), to produce a diaryl oxalate, and
finally, the resultant diaryl oxalate is collected from
the reaction product mixture.

Alternatively, a transesterification of a dialkyl
oxalate with a hydroxyaryl compound in the presence of a
transesterification catalyst and a transesterification of
an alkylaryl oxalate with the hydroxyaryl compound in the
presence of the above-mentioned transesterification
catalyst in accordance with the reaction formulae (3) and
(4) are carried out, and the resultant diaryl oxalate is
collected.

In the above-mentioned step (B), the dialkyl
oxalate, the hydroxyaryl compound and the
transesterification catalyst are fed into a first
reactive distillation column, to transesterify the
dialkyl oxalate with the hydroxyaryl compound in the
presence of the above-mentioned catalyst, a resultant
first vapor fraction comprising, as a principal
component, an alkyl alcohol is withdrawn from the top

portion of the first reactive distillation column, and a



In the liquid phase reaction, the resultant reaction product m xture
contains, in addition to the target dialkyl oxalate, by-products, for
exanpl e, water, dialkyl carbonate and al kyl formate. Therefore, the
reaction product mxture is introduced intpga_dehydration colum to renove
water by distillation, and then the target di al kyl oxalate is collected by
a collecting procedure such as distillation. Step (B) of the process

of the present ,JJiygq Egﬂg@akkigﬁ SRR it ude! 3 the Q¥ate of ld1 Step

(B) of the process of present "1 nvention . )
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transesterification catalyst an transesterification of )
liquid and comprising, as a principal component, a diaryl

oxalate is removed from the bottom portion of the second
reactive distillation column.

The second vapor fraction withdrawn from the top
portion of the second reactive distillation column is
optionally subjected to a distillation procedure to
evaporate and remove an initial distillate comprising the
alkyl alcohol, and then the second distillate comprising,
as principal components, the dialkyl oxalate and the
hydroxyaryl compound is collected, returned to and reused
in the first reactive distillation column.

Namely, in step (B), preferably a dialkyl oxalate, a
hydroxyaryl compound and a transesterification catalyst
are fed separately or altogether into an upper region of
a plurality of trays or packing layers of the first
reactive distillation column, which will be explained in
detail hereinafter. Also, the reaction product mixture
liquid withdrawn from the bottom portion of the first
reactive distillation column is preferably fed into an
upper region of a plurality of trays or packing layers to
cause the desired reaction to be effected.

The first and second reactive distillation columns
are preferably selected from reactive distillation

columns having a plurality of distillation trays or



an al kylaryl oxalate with the hydroxyaryl conpound in the presence of the
above-nentioned transesterification catalyst in accordance with the
redction fornulae (3) and (4) are carried out, and the resultant diaryl
oxal ate is coll ected. In the above-nEféioned step (B), the dialkyl
oxal ate, the hydroxyaryl conpound and the ansesterification catalyst are
fed into a first reactive distillation colum, to transesterify the dial kyl

oxalate with t e Jdrax Ayl 19QTRGNNE oh kil HAVASES% Aopdle portion

above-nenti oned cata , resultant first vapor fracti nprising, as a
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the first reactiped oifl ldtalledR tCMpadtdcalarly 5 to 100, more
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used for step (B).

When the reactions in step (B) is carried out in the
liquid phase, while a reaction liquid flows downward in
each of the first and second reactive distillation
columns, preferably the reaction temperature is equal to
or higher than that at which the reaction liquid
comprising the stérting compounds and the. resultant
reaction products is melted, and does not cause the
reaction products, namely the alkylaryl oxalate and the
diaryl oxalate to be thermally decomposed. In step (B),
the reaction temperature is preferably about 50 to 350°C,
more preferably 100 to 300°C, still more preferably 120
to 280°C.

The reaction pressure for step (B) may be a reduced
pressure, the ambient atmospheric pressure or an
increased pressure. Preferably, the reactions of
step (B) is carried out at a temperature under a pressure
which allow the by-products such as the alkyl alcohol and
the dialkyl oxalate to evaporate. For example, when the
reaction temperature is 50 to 350°C, the reaction
pressure is preferably 0.01 mmHg to 100 kg/cnﬁG, more

preferably 0.1 mmHg to 50 kg/cm’G. In step (B) of the

process of the present invention, the reaction time,



al kyl- al cohol, and then the second distillate conprising, as principal
conponents, the dial kyl oxal ate and the hydroxyaryl conpound is collected,
refurned to and reused in the first reactive distillation-colum.

Narmely, in step (B), preferably a dialkyl gyalate, a hydroxyaryl conpound
and a transesterification catalyst are fed separately or altogether into an
upper region of a plurality of trays or packing |layers of the first

reactive disti Imiéprb@@fé'g@tsbnww A tds Pk @ime b f Neklet Bblction

herei nafter. (Ee rega}(E: roduct mixture liquid wthdrawn_ fromthe
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in of ‘the first and second reactive dist atl
downward | eacme phenol compound to the dialkyl oxalate contained in

the feed materials is preferably 0.01:1 to 1000:1, more
preferably 0.5:1 to 20:1. .

The amount of the catalyst to be used for the
reaction in the step (B) is variable depending on the
type of the catalyst, the type and the size of the
reaction apparatus, type of each material, composition of
the feed material, and reaction conditions of the
transesterification reaction. The transesterification
catalyst is used preferably in an amount of about 0.0001
to 50% by weight, more preferably 0.001 to 30% by weight,
still more preferably 0.005 to 10% by weight, based on
the total weight of the dialkyl oxalate and the phenol
compound.

The catalyst (transesterification catalyst) usable
for step (B) of the process of the present invention is
preferably selected from conventional soluble
transesterification catalysts comprising at least one
member selected from complexes of alkali metals, cadmium
and zirconium, lead compounds, iron compounds, copper
group metal compounds, zinc compounds, organic tin
compounds and Lewis acid compounds of aluminum, titanium

and vanadium, for example, Ti(OBu),, Ti(OPh),, Ti(OBu),,



colums, preferably the reaction tenperature is equal to or higher than
that at which the reaction liquid conprising the starting conpounds and the
resultant reaction products is nelted, and does not cause the reaction
products, namely the al kylaryl oxal ate and,the diaryl oxalate to be
thermal | y deconposed. In step (B), the reaction tenperature is preferably
abaut 50 to 350[err]C, nore preferably 100 to 300[err]C, still nore

preferably 1205,]{#(63;@1(5{@émgﬁt)wat%g%ﬁﬁgtlv@"(dy ssure for step (B) may be

a reduced pres er’c pressuré or an increased
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or € However, if the condensed liquid fraction contains
impurities, for example, -phenol, it is preferable that
the condensed liquid is refined by, for example,
distillation, and then supplied to the regeneration
procedure of the alkyl nitrite for step (A).

The reaction product mixture liquid obtained from
the reactions (transesterification reaction and
disproportionation reaction) of step (B) comprises as:

- principal components, the intermediate alkylaryl oxalate
(for example, methylphenyl oxalate), the target diaryl
oxalate (for example, diphenyl oxalate), the by-product
alkyl alcohol (for example, methyl alcohol), the by-
product dialkyl oxalate (for example, dimethyl oxalate).
The total amount of the by-products is very small.
Therefore, the target diaryl oxalate can be easily
collected from the reaction product mixture obtained from
the second reactive distillation column by a conventional
distillation'procedure.

In a concrete example of the collection procedure,
the reaction product mixture liquid obtained from
step (B) is subjected to a distillation and/or an

evaporation procedure by using a distillator and/or an



preferably 0.5:1 to 20:1. The anmount of the catalyst to be used for
the reaction in the step (B) is variable depending on the type of the
catal yst, the type and the size of the reaction apparatus, type of each
material, conposition of the feed material,_and reaction conditions of the
transesterification reaction. The transest®fiTication catal yst is used
preferably in an anount of about 0.0001 to 50% by melght nor e preferably
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evaporated so as to leave the catalyst, the resultant
vapor fraction is fed into a first distiller, a light
fraction comprising an alkylaryl oxalate and a
hydroxyaryl compound is withdrawn from the top portion of
the first distiller and condensed, and a liquid fraction
comprising, as a principal component, a diaryl oxalate is
withdrawn from the bottom portion of the first distiller.
The liquid fraction from the first distiller is fed into
a second distiller and distilled therein, and a resultant
vapor fraction comprising the diaryl oxalate is withdrawn
from the top portion of the second distiller and
collected.

The refining procedure can be carried out by using
only one distiller. 1In this manner, the catalyst is
removed from the liquid fraction delivered from step (B)
by using an evaporator, the resultant vapor fraction of
the evaporator is fed into the singie distiller and
distilled therein, the resultant light vapor fraction
comprising the alkylaryl oxalate and the hydroxyaryl
compound is withdrawn from the top portion of the
distiller, and a liquid fraction comprising the diaryl
oxalate is collected from the bottom portion of the
distiller by a side cut method. In other refining

procedures, the liquid fraction delivered from step (B)



t he regeneration colum of step (A), w thout refining. However, if the
condensed liquid fraction contains inpurities, for exanple, phenol, it is
préferable that the condensed liquid is refined by, for exanple,
distillation, and then supplied to the re geratlon procedure of the alkyl
nitrite for step (A). The reaction product mixture liquid obtained
fram t he reactlons (transesterlflcatlon reacti on and di sproportionation

reaction) of step 1“1‘1@8( PEnds fﬁrr's'%c'dQ.%'tl‘l‘i@On%ntl&ghtth%dﬁerr”Edl ate
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wi t hdrawn fromthe bot on1o e secon reactive ation colum can be
refined, for exanpl &epgaliected diaryl oxalate obtained by the above-

mentioned refining procedures has a high degree of purity
even when the step number of the distillers is relatively
small. For example, a high degree of purity of 99.0% by
weight or more of diaryl oxalate can be obtained. This
is because the liquid fraction obtained from step (B)
contains, in addition to the target diaryl oxalate, the
hydroxyaryl compound and the alkylaryl oxalate, the
hydroxyaryl compound and the alkylaryloxalate have very
different boiling temperatures from diaryl oxalate and
thus can be easily removed from the diaryl oxalate.

When the collected diaryl oxalate is fed into
step (C), a degree of purity of 99.0% by weight or more
of the diaryl oxalate is satisfactory. Preferably, the
contents of impurities, namely, the hydroxyaryl compound
and the alkylaryl oxalate in the diaryl oxalate is
respectively 1.0% by weight or less, more preferably 0.5%
by weight or less, still more preferably 0.1% by weight
or less.

Further, the condensed fraction collected from thé
top portion of the first distiller and comprising, as
principal components, the alkylaryl oxalate and the
hydroxyaryl component is preferably fed into the second

reactive distillation column and used again therein.



foll owi ng procedures. The liquid fraction is fed into an evaporator, and a
maj or portion of the liquid fraction is evaporated so as to | eave the

catal yst, the resultant vapor fraction is fed into a first distiller, a
light fraction conprising an al kylaryl oxa#&te and a hydroxyaryl conpound
is withdrawn fromthe top portion of the ffrst distiller and condensed, and
a quU|d fraction conprising, as a princi pal conponent a diaryl oxalate is

wi t hdrawn fromthe tto rt| f t fi T

fraction fromthe fi 32 &5 I(I r ?ls (?’3 rﬂgzth ?egéréﬁl s% hcqué rﬁ%%nt
distilled there’inv,em@naméslulb&arftu'\t@w epqucamnmi danpstetaidg hedow; aryI
oxal ate is w thdrawyf rsq._rgpt Qpet Ol%hléohtl'aﬁlofoﬁaﬁ%t%e%ﬁlﬁeﬁ 'B %’téif‘

col | ect ed. The refl ni'n rocedure can be carried outﬁréglH y one
I

distiller. In tifi $yRfcded ac fegaydenyd atdop &eaSHAn ‘EF? raact i on

delivered f romcﬁzej@s(pa)ndaqummgyan cardpaatieoand Iaemﬁqjﬂdtﬂﬂ:tt vapor
fraction of the e\ﬁrporato % fed inta the SI Ie di.stil,ler &}}y CHS'[I |l ed
I

therein, the r SRS &?tr \?nglronfblxé'gt mg’rl sﬁﬁlg 4 aryI
oxal ate and theiﬂWlowanbﬂanpwn@hlemetdhdmm tiheo meded tagp prduain of

the distiller. afdfutd il GorbRS! hORCSIMY i3 RGP M Pebdtied %o,

coIIectedfrom tom portion o e distiller de cut nmethod. In
ot her refini ng stegcddir @Sld tn%wseqiut@emem ‘i oﬁh@eld%r&?qﬁlcﬂﬁlé?cfép (B)

E 23 - is f“h %téa:ét%%nb)ilst &%rlfmltéat oqgs??l Ltﬁi"ea paréslee{ael \FEPH f(r]I ?ct I on
conprising the a aryl oxal ate an e roxyaryl cqnpoun

wi t hdrawn and Gk icRe Cadg LyStt itdn 96F PhesE o& Jdiid |;g}ased,nd a
liquid fracti opre@aErabiiyndn dsqaid phaiseal conmponent, the di aryI oxal at e,

is withdrawmn fromt bottomgrtlon of _t.h flljtSt dlt till.er ehrvvlthdrawn
liquid fraction of e SEEP §iCdt M5 EPTEES e nt'd & ecld't%u(ﬂ A9%r, a

resul t ant the decarbonylation catalyst is preferably selected from
those enabling the decarbonylation reaction of the diaryl
oxalate to be effected at a relatively low temperature
of, for example, about 100 to 350°C, and the diaryl
carbonate to be obtained at a high selectivity of, for
example, at .least 50 molar %, particularly 60 to
100 molar %.

The decarbonylation catalyst usable for the liquid
phase decarbonylation reaction preferably comprises at
least one organic phosphorus compound, more preferably at
least one organic phosphorus compound having at least one
carbon-phosphorus bond. This type of phosphorus compound
is preferably selected from organic phosphine compound of
the general formula (w), organic phosphine oxide
compounds of the general formula (x), organic phosphine
dihalide compounds of the general formula (y) and organic

phosphonium salt compounds of the general formula (z).
l. Rl. ’
5\\ 5
R—P R™—P=0

R | Rs/
(w) (x)



liquid fraction containing the catalyst is withdrawm fromthe bottom
portion of the second distiller, and a resultant vapor fraction conprising
the diaryl oxalate is withdrawn fromthe top portion of the second
distiller and withdrawn diaryl oxalate is | | ect ed. The coll ected

di aryl oxal ate obtained by the above- nentioned refining procedures has a
hi gh degree of purity even when the step nunber of the distillers is
relatively small. Fegf exaggle, a high dgdtee of purity of 99.0% by wei ght
or nore of diaryl oxghateYcan be obtained,~Jhis i, becguse the liquid
fracti on obtai ned fﬁbﬁTB\gg (B) @t ain® TIF agdfti brto the target diaryl
oxal ate, the hydroxyargl nmpound and t k@24l kyl aryl oxal ate, the

hydr oxyaryl conpound and the al kyl aryl oxal ate have very different boiling
t enperatures from di arl}l) oxal ate and thus cad®@e easily renoved fromthe
di aryl oxal ate. When the collected diaryl oxalate is fed into step

(©, a degree of purjity.of 99.0% by wei.g or .nore Qf the diaryl_o te is
satisfactory. Pr eferIé’blxéﬁe gvgorg[e%ﬁrsalogq%{me[ i(é“’g,’ rfdﬁe’l WYX ﬁél&(aézas ’
hydr oxyaryl = coRotadrREnaeplresahky raspectiziedye and tihdegieadgintdyalfatm i s
respectively 1.0%0Db ight or.less, nore preferabl 5% b ight_ or

| ess, still mor c%‘r éft\tg{‘raeéglaynﬁ%rbfe %cd:hetdoof‘rar e;%ls%.ey gQcouq:ur \ggirs?“t’}'ﬁe of
condensed fracti dwydeolgesc taddnf,r ehkiylle grompsohavdmapfl ttee Ifi osxrhdinsti | | er
and conpri si ng, priRciip he glgk Qxl.ate and the

hydr oxyar yl cor?ﬁ%ﬁgrft allr}?l ?gfogﬁ%g?l%%?gl? istnt ot 66365?2?(():!% react’i ve
distiliation ceubpetidndedsaFydgdu®uPser &nalkyl group having 7 to

- 24 - Bhe calr®ph GebrdNd ahld sAbsitie udeRr @35 11t RE-dRHRS YHovimernt i on
will be further explained in detail hel ow. In s ), the diaryi

h n ep (C
oxal ate obt ai n&dtafy att d§36H) one SfpRect Bd ang K delkr ESF}?I aPPEnOfefctiBn to
produce a corrggord] ngtdiasyt sasbepakrk, atdaadbw’ piRdugt least one of

Rw, R“, and RY and R are not a hydrogen atom, X

represent an anionic atom or atomic group, and Y' and Y?
represent respectively and independently from each other
a2 halogen atom.

The substituted aryl groups have at least one
substituent directly attached to a carbon atom located in
the aryl ring structure. Also, the substituted aralkyl
groups have at least one alkyl moiety and at least one
substituent other than the alkyl group, and are directly
attached to a carbon atom located in the aryl ring
structure.

The substituent for the substituted aryl groups and
the substituted aralkyl groups is preferably selected
from the group consisting of halogen atoms, for example,
fluorine, chlorine and bromine atoms, a nitro group,
alkyl groups having 1 to 16 carbon atoms, and alkoxy
groups having 1 to 16 carbon atoms.

Two of R' to R3, two of R to RG, two of R’ to R’ and
two of R to R" may be connected or cross-linked to each
other.

. In the phosphorus compounds of the formulae (w) to
(z), the alkyl groups represented by R' to R” and having



conpri sing carbon nonoxide, and then in step (D) the diaryl carbonate is
collected fromthe reacti on product m xture and carbon nonoxide is
coflected and returned to step (A and re-used therein. The decarbonyl ation
reaction is carried out in the presence of decar bonyl ati on catal yst in
gas phase or liquid phase, preferably iﬁ'l%%ﬁTd phase. When step (C) is
carried out in the liquid phase, the decarbonylation catalyst is preferably

sel ected from thgse,en j e | at.l re Lan aof i aryl
oxal ate to be éf?gcggdggkbggré?gpgygﬁegﬁgé'?%E%&#ét%%&bgf,ﬂf %%g armpl e,
about 100 to 338perepel .afdbukyldi AspbutadhoRaPentylhe nobefvdedfat a high

sel ectivity of hebRk16XamMAl @-oRkyleasbu Q,”Qhéra%ylp@&bhﬁﬁ|%éb%e@%nk@dloo
mol ar % Thé ecarbgnglat#on,catg St sablg for the ng |ﬁ phase
decar bony! at i oRYr actP ol pPBRefaBE)IC n%?i% sCarPPBa8t°Bie 1B 33 fc

phosphor us conpaeng] &RGE nRpatakahl yhat subatitaredoagsli griphgsphor us
conpound havin

phosphorus co Sg%ﬁg%a%%Fgggr3@?@95-?235538?5iwggﬁgéﬁgghgﬁéggﬁPﬁi‘conpound
of the general phehyul,apiepylpheagilc meabpkiyphenyilde ethopyphenydf, t he
g o™ bbbt uac BRtsElbRE AL e cammaunt of (he oener
(2). [ emethylnaphthyl, methoxynaphthyl, nitronaphshyl and [err]
chloronaphthyl groups, and the aralkyl groups represented
R' to R® and having 7 to 22 carbon atoms include benzyl,
phenethyl, p-methylbenzyl, p-methoxybenzyl and p-
methylphenethyl.

In the phosphine compounds of the formula (w),
preferably all of R' to R’ are the aryl or substituted
aryl groups as defined above. However, in the phosphine
compounds, one or two, preferably two, of R' to Rsnay be
the aryl or substituted aryl groups and the remaining may
be an alkyl, aralkyl or substituted aralkyl group.

The phosphine compounds of the formula (w) in which
all of R' to R’ are the aryl or substituted aryl groups
are preferably selected from triphenylphosphine, tris
(4-chlorophenyl)phosphine, tris(4-tolyl)phosphine, and o-
naphtyl-(phenyl)-4-methoxyphenylphosphine.

The phosphine compounds of the formula (w) in which
one or two of R' to R’ are the aryl or substituted aryl
groups and the remaining(s) is an alkyl, aralkyl or
substituted aralkyl group, are selected from, for
example, methyldiphenylphosphine, phenyl(p-
methoxyphenyl )methylphosphine ethyi(phenyl)-n—
propylphosphine and dimethylphenylphosphine.

In the phosphine oxide compounds of the formula (x),
all of R* to R® are preferably the aryl or substituted

aryl groups. However, one or two of R" to R® may be the

aryl or substituted aryl groups and the other two or one
may the alkyl, aralkyl or substituted aralkyl group.



In the above general formulae (W), (x), (y) and (z), Rerr] to Rerr]
represent respectively and i ndependently from each other a nenber sel ected
fromthe group consisting of a hydrogen atom al kyl groups having 1 to 16
carbon atoms, aryl groups having 6 to 16_cagbon atons, substituted aryl
groups, aral kyl group having 7 to 22 carbon atons, and substituted aral kyl
groups provided that at |east one of Rerr], Rerr] and R err], at |east

one of R, Rand R @i é)rhro%tpﬂé.ﬁ%s}%;&% HonBcRidds I &Hd hfiLrid) and at

| east one of Rerr], R err] and R err] are not a hydroden atom
X represent an"Hicdhiad latdmPor tat Briareyridid, 28t o eF3selien g drayyl
represent respegidul,y ARl griadeRerdsn it Jorel eath %ﬂ%{n&ﬁ?e%igﬁ)m

The substituted aryl groupS have at “| east one substituént ached

to a carbon at %ideateds d 4rdlerprhenyd s Riide gxdstet fFisubstit ut ed
aral kyl groups (Raw®131l )l ¢awlsphiifedlowildeeinet y-arahathylqatienys -subst i t uent
other than the_al lﬁ%ﬂﬁ?ﬁﬁ%ﬂ?ﬂ%ﬁﬂﬁiﬂg %gg%%y attached to a carbon atom

| ocated in the™ € substituent for the
substituted aryl grQies phesphiaes gbddet ¢ogpoandskpf diheuforimle ¢ierabl y
sel ected from th'&‘?r_ig{go‘él?xec%'is't% %ngf oalsR@eR i30T afz:‘}rl £.ard it‘gfd ne,

chlorine and brom ne atons, a nitrd group, alkyl groupsS having 1 to

carbon atons, &FdoRek&LKYdrodFs Wi AF Fubstigutataradidis 9roup apgp of
Rlerr] to Rer E)]re,fetr\a«blgvf sRlieictledt &rBie ielthyll\Wd phleny LiphoB phithd Wk iele R er 1]

phosphor s conBiHa dr EROSRYPRETYA ) N BREPEILAE ZRe o AL (-

represent ed by methoxlyphenild~methyd phospldne oxide, ethyl(phenyl)-n-

- 26 - 110 19.5R10R0sPHITE H3GHIe BRI phety 1Y -n bR rosphine
oxide and dimethylphenylphosphine oxide.

Among the phosphine dihalide compounds of the
formula (y), it is preferable that all of R’ to R’ are
the aryl or substituted aryl groups. However, one or two
of R’ and Rgnwy be the aryl or substituted aryl groups
and the other two or one of R’ to R’ may be the alkyl,
aralkyl or substituted aralkyl group.

Also, in the formula (y), Y' and ¥? may be the same
as or different from each other and represent '
respectively a chlorine, bromine or iodine atom.

The phosphine dihalide compounds of the formula (y)
in which all of R’ to R’ are the aryl or substituted aryl
groups as defined above are preferably selected from
triphenylphosphine dichloride, triphenylphosphine
dibromide, triphenylphosphine diiodide.

In the phosphonium compounds of the formula (z), it
is preferable that all of R to R" are the aryl or
substituted aryl groups, and X  is selected from halogen
ions, aliphatic carboxylate ions and fluoroborate ion.
However, in the formula (z), one to three, especially two
or three of R to R" may be the aryl and substituted

aryl groups and the other one to three, especially one or
two, of R to R" may be the alkyl, aralkyl or



I sopropyl, n-butyl, isobutyl, n-pentyl, n-hexyl, n- heptyl, and n-octyl
groups, the aryl groups represented by Rlerr] to Rlerr] and having 6 to 16
carbon atoms include phenyl and naphthyl, the substituted aryl groups
represented by Rlerr] to Rerr] include nefhyl phenyl, ethyl- phenyl,

propyl phenyl, net hoxyphenyl, ethoxyphenyl,™propoxyphenyl, chlorophenyl,

fl uor ophenyl , nethylnaphthyl nmet hoxynapht hyl , ni tronapht hyl and

chl or onapht hyl al ro e p epL.e err]
and having 7 tSQ%%HB' on ato%’é"@’rl g&%%g%be%?§'Fepﬁgge?ﬁy??ﬁ%egékhgﬁgngyI,
p- met hoxybenzyhadiegign irpmshy ladligbatiiyl carbopyliate diessplanée aconmpounds of
the fornul a (vwﬁldygggyfgyé/fgﬂ of Rlerr] to Rerr] are the aryl or

substituted aryl” groups as defined above. Fbwever |n t he _phosphi ne
conpounds, one or twge WﬁGmPGP“ﬁFePrf-] he ReET a7 Jo & RSRe iy v
orbsubst i tgt ed ala.Eylomruﬁ pso &t dke ﬂeémah fh{lngaﬂaslu}b@tﬁghﬁé&yéﬁyhltgi:hﬂl)sorw
substituted aral ky roup e _phosphi unds, of the fornu
I whi ch al | omRANEY Bheven: Pk & He e FcEPdoRboR, Patelch: JPng: Baps
?re Elref erﬁblyI el yfrstynetcrtlelahe:&rbhpl I‘m@ﬁwarpn@nh ytymﬁa;phonlum chloride,
4- chl or opheny Q 1N tris(4-to LN an
napht yl -(phenyl%eq" aﬁ%t ﬁ@]l% %’F)ﬁ’g‘ %Sep e%’ﬁ? éﬁﬁ%?@pégﬂp‘éﬂ“nds of
the formul a (thdiddv(ﬁ%chmanmpmbwglmt1@hemyuphmﬂﬂhmm@pmammhdnadqaﬂ or
substituted aryl gr aral kyl or

4 ﬁl%%%ﬁ%%@é&%ﬁgﬁﬁ%?lgg%g&)%m?m@'%r%lnli =

substituted aral exanpl €

nethyldlphenyl&MQﬁﬂﬂnﬂPhqaméﬁﬂl@benﬁé@ﬁ@ﬁyﬁﬁéﬂymy#@@Wﬂephosphlne

et hyl (phenyl) - i— ¥ ﬂ@@a&lﬂ%h@&w@h@s% nkenyhikeseia ne. In the
phosphi ne oxi de conpoungs of, the for 3@ II of g!err] to Rerr] are
preferably the *aSHPoFyY titEdPbE ‘'one or two of

Rlerr] to R[er@kaﬁnpﬂgpﬁémyLﬂrﬂph@myipmshphnmammamﬂd1@@qups and t he other

f""‘237°f one may 4 RS 3y P hend 1 P hedy 1 PR At Al aedr Oup-
4-methylphenyltriphenylphosphonium bromide,
4-methylphenyltriphenylphosphonium iodide,
9-fluorenylphenyltriphenylphosphonium chloride, and
9-fluorenylphenyltriphenylphosphonium bromide.

The phosphonium compounds of the formula (z) wherein
all of R' to R" are the aryl or substituted aryl groups
mentioned above, and X° is selected from aliphatic
carboxylate ions are preferably selected from
tetraphenylphosphonium acetate,
4-chlorophenyltriphenylphosphonium acetate,
4-ethoxyphenyltriphenylphosphonium acetate and
4-methylphenyltriphenylphosphonium acetate.

The phosphonium compounds of the formula (z) wherein
all of R to RY are the aryl or substituted aryl groups
mentioned above, and X° is a fluoroborate are preferably

selected from tetraphenylphosphonium fluoroborate,
4-chlorophenyltriphenylphosphonium fluoroborate,
4-ethoxyphenyltriphenylphosphonium fluoroborate and
4-methylphenyltriphenylphosphonium fluoroborate.

~ In the step (C) of the process of the present
invention, the decarbonylation catalyst may consist of



The phosphi ne oxi de conpounds of the formula (x) in which all of Rerr] to
Rl err] are the aryl or substituted aryl groups, are preferably sel ected
from tri phenyl phosphi ne oxide, tris (4-chlorophenyl) phosphine oxide, tris
(4-tolyl) phosphine oxide and [err]-naphth%é(phenyl) 4-

met hyoxyphenyl phosphi ne oxi de. The ph6sphi ne oxi de conpounds of the
formula (x), having one or two aryl or substituted aryl groups and two or

| kyl , | k b tid d k f ted
Fr om et hyl di pIF RS b et U Iﬁln@@p@}%%ﬁ‘f*‘ﬁ%sﬁm ne
oxi de, phenyl (p:ommm@wphmq.- @H\ﬁqﬂﬁmﬂ}rﬂeﬁ@ame:afeﬂ‘}m‘( W9 - n-

propyl phosphi ng; ;00 AGe R Isiidpfemies TP Y | RIS §a 0% xﬂ.féaﬂ.fh into
di met hyl phenyl S‘hosphl nee oxl de. Anong t he phosphi ne di hal i de conpounds

of the fornul ath® staP i(€)preferable that all of Rerr] to Rlerr] are the
aryl or SUbStItUtedI&{yﬂhéjl’gllégﬁ dﬂ;lqwa;\w AdeEr suny M i¥n R[aa{ar]]ygamdla[err]

may be the aryl or_substitu ar groups r f R?
to RO may be t BFSH l?’slyareéﬂ 61?/ 5% |at"lﬁ”er§: aﬁrg (%db% \A%’OO mool in
the formul a (y)n,or\é[ groelfesnadb 1Y €r. rO]l rtay 2e nidisars #ne essent ah ffhex emiafzr om
each other and r atom
The phosphi ne (?I;'h%%lr ﬁé?%:(ﬁ?%i%& O\kr?alaf orrru"k{z}ﬁ(let)aOE8 |éghs£%fj {)t?) R err]
to Rlerr] are the amﬂe(ﬂeQim%wﬁﬂﬁﬁéwnaPﬂt%ﬁﬁﬁﬁ) QﬁsﬁhﬁlﬁﬁﬁpeﬁQWe are
preferably sel e iffi0 ot RReRY %@Wﬂgﬁl@ CﬁHdHﬁ}QﬁrusUdcﬁﬁes(Miﬁhfsph' ne

di brom de, triphenyl phosphi ne dii odide e phosphoni um conpounds
of the fornul aceRpound maypher yses| é‘°t9r‘|’é:theoﬂ I"‘”d:fh Fq TSR IHNI t he
aryl or substitatf adadtylon@y @idtberased Lécaigd ﬁ:r,‘bnsedre;(}ic_&d\id amlhwjergen i ons,

() ane to t nESBEBReCIN on e ARSI o M ey Tt he
aryl and subst ipngmed ear yia lggem s cayped unide ist hxaed)rlacetﬁenah]ae irespedEmdunt one
or two, of Rl eld of.@iRed 150 4mee,! i PhesHAHIY 0. to 100 times,

the total molar amount of the organic phosphorus compound

in the catalyst.

The inorganic halogen compounds usable as a promoter
are preferably selected from halogenated aluminum
compounds, for example, aluminum chloride and aluminum
bromide; halogenated platinum group metal compounds, for
example, platinum chloride, ruthenium chloride, and
palladium chloride; halogenated phosphorus compounds, for
example, phosphorus pentachloride; halogenated sulfur
compounds, for example, thionyl chloride; hydrogen
halides, for example, hydrogen chloride; and halogens,
for example, chlorine.

The organic halogen compounds usable as the promoter
are preferably selected from halogenated alkyl compounds,
for example, chloroform, carbon tetrachloride,
1,2-dichloroethane and butyl chloride; halogenated
aralkyl compounds, for example, benzyl chloride; halogen-
substituted aliphatic carboxylic acid, for example,
chloroacetic acid, and bromoacetic acid; and acid halide
compounds, for example, oxalyl chloride, propionyl
chloride and benzoyl chloride.

Namely, the organic halogen compounds-preferably



- 28 - substituted aral kyl groups, and X nmay be sel ected from hal ogen

I ons, aliphatic carboxylate ions and a fluoroborate ion. The
phbsphonlun1conpounds of the formula (z) wherein all of Rerr] to Rerr]
are the aryl or substituted aryl groups neyyioned above, and Xerr] is

sel ected from hal ogen ions are preferably selected from
teLraphenyIphosphoniun1ch|oride, t et raphenyl phosphoni um br om de,
tetraphenylphOEQGQnaanléastdsne4sehheta@aeaynéetaaemybmhsspbonhnasch|oride,

4- chl or ophenyl yl honi br om de .
4- chlorophenylk? ﬁﬁgﬂ %8 Egﬁ n?ﬁg}?sﬁFBEPQ halogen atom is bounded to
4- et hoxyphenyl ar sphengtpiosphbaonhuaton| oandestructures (-CO-Hal) in

4- et hoxyphenyl § eny o 0 b .
4- EthOXyphenyIY&#gﬁeﬁyb828§8ﬁoﬁ#ﬁﬂl?%dﬂég8Ed to a carbonyl carbon atom.

4- nethylphenylHﬂiphenyﬁpﬁb§§hénhéh?@ﬁnoﬁFI@/ for example, a chlorine or

4- nethylphenylggbﬁmﬁgygggﬁsphonlun1bron1de
4- et hyl phenyl tri phenyl p osgsonlun1|od|

9-f I uor enyl phenyl t r tBh@ngpF §Bhéﬂ|ﬁﬁPeaFH?PHe°faﬁBe liquid phase
9- f|Uorenylpheﬂéb&fbehimatpbﬁSﬁbaatuenbb@nsdep (C), dhaipkgipbeailuve

ds of the f wh ]t th |
o Substi tut ecBRyR GRERREShAORBRLD ABe,8e AngrkErPrL cobbpBEREa From

al i phati c carboxghnie phasphoeuprebdmpabhyg sekbestppliednto a reaction

t et h | ph t 4 kph ' : tate,
L

4- nethylphenyl1Lqphénph9ﬁ©séﬁoﬁlHﬁmﬁﬁéﬁﬁﬂée of 10§hEoph89pRonPEREEEABOYNdS

of the for”U|aléé)t$h@06PG ahbr@fpféséfhbny RBer £b a3se°thewniyk or
substi t ut ed argﬁ?grougs nent roborate are

preferably sel gL oﬁ1F%§P Bﬁﬁﬁagﬁﬁggﬁﬁgﬁ %??P%b?bﬁgrg?ﬁ
4- chl or ophenyl mmohpkedg| phosphoduoen &l corobspanding diaryl carbonate.

4- et hoxyphenyl t 1 | d
4 et hyl phonyl £71 ERERy PRRSe phaarant+1 13 Spi EpEidRTeo phe, BEHE" O o
8

the process of préespreséar theeatepn(C)he Hevalbynythei dacaxbanyiatiap
consi st of reaction can be carried out under a pressure of 10 mmHg

to 10 Kg.cmz. Also, in the liquid phase decarbonylation
reaction of step (C), a specific reaction medium is
unnecessary. However, if necessary, an aprotic solvent
such as diphenylether, sulfolane, N-methylpyrrolidone .or
dimethylimidazolidone is used as a reaction medium.

The decarbonylation reaction of step (C) is
optionally carried out in gas phase. When the
decarbonylation reaction of step (C) is carried out in
gas phase, the catalyst for the reaction is preferably
seleéted from those which enable the decarbonylation
reaction of the diaryl oxalate to be effected at a
relatively low temperature of, for example, about 200 to
600°C, and the diaryl carbonate to be obtained at a high
selectivity of, for example, at least 50 molar %,
particularly 60 to 100 molar %.

The decarbonylation catalyst for the gas phase
reaction preferably comprises at least one alkaline earth

metal oxide.



- 29 - one or nore of the above-nentioned organi c phosphorus conpounds.

Al so, the decarbonyl ation catal yst nay be dissol ved or suspended in the
reaction mxture fed into the step (O). "~ In the step (C, the
decarbonyl ation catalyst is preferably enp éoyed in an anmount of 0.001 to 50
nolar % nore preferably 0.01 to 20 nol ar /l based on the nolar anmount of
the diaryl oxalate supplied to the step (O. The decar bonyl ati on
catalyst for the stepg (S&lﬁggték“Eﬂgaﬁ&nbeai&tﬂnﬁe%kginh%clude oxides

phosphor us-contai ni ng co te
conprising at péa@@gﬂﬁélﬁﬂnbéﬁlgenmeté@rpn§#ﬂmnéﬂ§ahﬁ€lnm @@énté@ﬁw@dnds

and organic haEQQ%%m%ﬁ%p9¥Bﬁ§ctbe§|h?drb&@d@%onﬁb%bohékégennﬁQEﬁ&Qﬁﬂ s
used preferably in an _andunt ti mes, nore preferabl lto

100 tines, theaPg sMlFALES QﬁnGﬂrl‘aéﬂthéaGFBaﬁ‘FEaBﬁogﬁﬁ&Pﬂ?élééfnﬁﬁhﬁd‘q n the
catal yst. pfheena@rganb&ybahogemhéoamnamdaeusabhﬁ astalpUWﬂaeyxmmﬁ
preferably sel cted f nlhalogengt l.um nu ¢Q Qunds ﬁﬁﬁ? an ,

alun1nun1chlor|§e ing aISﬁFﬁun1broﬁ?ngrhaP8 enated BFaFl
conpounds, for andamglyebepkaricieth ohl ori det cathéndunnchlcamdaerandor

paIIadiunlchlog&ng Qalgﬂegﬁhﬁ§n9h0§gmgéﬁ SQQEEQUQQ§g159ro§XQEBh te
phosphorus pentachforide; hal ogented sulfur oun for exanple
t hi onyl chl ori 88XThfdrogen hal i des, for exanple, hydrogen chloride; "and
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hal ogen conpougdgoBr fiLe", 284 the diaryl oxalate is decarbonylated in

gas phase at a reaction temperature of 300 to 500°C to

produce a corresponding diaryl carbonate. There is no
limitation to the reaction pressure as long as the
decarbonylation of the diaryl oxalate can be effected in
gas phase. Usually, the gas phase decarbonylation
reaction is preferably carried out under the ambient
atmospheric pressure or a reduced pressure.

In the gas phase reaction, the diaryl oxalate in the
state of a solid or a melt or a solution in a solvent is
vaporized in an evaporator or an evaporating layer and
the resultant vapor is introduced together with an inert
gaé such as nitrogen gas, into the reactor.

There is no limitation to the reactor for step (C),
as long as the reactor enables the diaryl oxalate to be
decarbonylated optionally in the presence of a catalyst
so as to produce a diaryl carbonate tagether with a
carbon monoxide gas. When the decarbonylation reaction
is carried out in liquid phase, the reactor is preferably
selected from single and multiple vessel, completely
mixing type reactors (agitating vessel type reactors) and
column type reactors. Also, the decarbonylation reaction
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diaryl carbonate, and the resultant vapor fraction
containing the diaryl carbonate is fed into a
conventional filler-packed column or distiller having a
certain theoretical number (particularly 5 to 50) of
filler-packed layers or trays, to collect the diaryl
oxalate.

Alternatively, the diaryl carbonate-containing
liquid fraction delivered from step (C) is distilled, -in
step (D), in a filler-packed column or distiller, a
resultant vapor fraction comprising the diaryl carbonate
ishcollected from the top portion of the column, and a
resultant liquid fraction containing the non-reacted
diaryl oxalate and the decarbonylation catalyst is
withdrawn from the bottom portion from the column. The
withdrawn liquid fraction is recycled into the reactor of
the decarbonylation step (C).

In the step (D) as mentioned above, the diaryl
carbonate is collected from the liguid fraction obtained
from the liquid phase step (C). The collected diaryl
carbonate has a high degree of purity.

Also, in the gas phase step (C), the resultant vapor
fraction delivered from the gas phase reactor is

condensed. The condensed liquid fraction contains the



- 31 - The oxides of alkaline earth netals include oxides of
magnesi um cal cium strontium and bariumand thermal treatnent products of
hydr oxi des, carbonates, nitrates, and sulfates of alkaline earth nmetals
optionally in the presence of oxygen. The gékaline earth netal oxides may
be in the formor a powder, particles or a”Shaped article and may be
car-ried - on or not carried on a carrier, for exanple, an alumna, silica
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catalyst or reaction conditions, the collected carbon
monoxide is refined by a simple refining apparatus, for
example an absorption column or a scrubber and then fed
into step (A). Also, when the reaction pressure of
step (C) is lower than that of step (A), the carbon
monoxide gas is pressurized by a compressor to an
appropriate pressure and then supplied to step (A).

EXAMPLES '

The present invention will be further explained by
the following examples. In the examples, the
compositions of the resultant fractions was analysed by
gas-chromatography.

Example 1

Diphenyl carbonate was produced by the following
procedures.

(1) Preparation of dimethyl oxalate

A stainless steel tube type reacter having an
inner diameter of 27.1 mm and a height of 500 mm was
packed with a solid catalyst in which 0.5% by weight of
palladium is carried on a-alumina pellets having a
diameter of 5 mm and a length of 3 mm. The reactor was
heated so as to maintain the temperature of the catalyst
layer at a level of 103 to 115°C by flowing a heating
medium through a heater surrounding the shell of the



m xi ng type reactors (agitating vessel type reactors) and colum type
reactors. Al so, the decarbonylation reaction

- 32 - is carried out in gas phase, the reactor is preferably sel ected
fromsingle and multiple heat exchanging tupe type reactors. The naterials
for formng the reactors are not limted tb" specific types of materials, as
|l ong as the naterials have a heat resistance sufficient to the
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di aryl carbonagéaWEEeﬁlP§c#édmmr6ﬁgtﬁeﬁFF§H dOFriCHEBntbPQPnBECied
with Rasching rings. Separately methyl alcohol is

introduced at a flow rate of 42 liters/hr into the
contact absorption column through the top portion
thereof. The material gas and methyl alcohol were
brought into counter current contact with each other in
the contact absorption column at a column top temperature
of 30°C and a column bottom temperature of 40°C. As a
result, a condensed liquid fraction comprising 42.6% by
weight of dimethyl oxalate, 1.8% by weight of dimethyl
carbonate, 0.03% by weight of methyl formate, and 42.6%
by weight of methyl alcohol was delivered at a flow rate
of 0.3 kg/hr from the bottom portion of the column, and a
non-condensed gas fraction comprising 16.2% by volume of
carbon monoxide, 4.9% by volume of methyl nitrite, 8.1%
by volume of nitrogen monoxide, 15.9% by volume of methyl
alcohol, 1.8% by volume of carbon dioxide, and 53.1% by
volume of nitrogen was delivered at a flow rate of
1.23 Nm’/hr from the top portion of the column.

The non-condensed gas fraction was mixed with
13.8 N1/hr of oxygen and 0.5 Nl/hr of nitrogen monoxide.
The resultant mixed gas was introduced into a bottom
portion of a gas-liquid contact type regeneration column

having an inner diameter of 83 mm and a height of



fromthe liquid phase step (C). The collected diaryl carbonate has a high
degree of purity. Al'so, in the gas phase step (C), the resultant vapor
fraction delivered fromthe gas phase reactor is condensed. The condensed
liquid fraction contains the _ 35 - 33 -
non-reacted diaryl oxalate and other inpurities. The condensed |iquid can
be.refined by distilling it in the above-nentioned conventi onal
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was introduced into the above-mentioned circulation pump
to pressurize, to a pressure of 2.1 kg/cnﬁG, and then
mixed with 49 N1l/hr of carbon monoxide under a pressure
of 2.1 kg/cnﬁG. The mixed gas was fed into the above-
mentioned reactor.

From the bottom portion of the regeneration
column, methyl alcohol containing 5.7% by weight of water
was delivered at a flow rate of 0.48 liter/hr, distilled
to remove water, and then re-used as a source of methyl
alcohol for the regeneration of methyl nitrite in the -
regeneration column.

On other hand, the condensed liquid fraction
delivered from the contact absorption column was batch
distilled in the amount obtained in 50 hours by a
distiller having an inner diameter of 150 mm, a height of
7,500 mm, and a bottom portion capacity of 100 liter at a
bottom temperature of 140°C under a pressure of 350 mmHg.
A refined dimethyl oxalate with a degree of purity of
99.9% by weight was obtained in an amount of 5.8 kg.

(2) Preparation of diphenyl oxalate

Diphenyl oxalate was produced from dimethyl
oxalate produced by the above-mentioned procedure (1), as
follows.

A solution comprising 54.1% by weight of



A stainless steel tube type reacter having an inner dianmeter of 27.1 mm and
a height of 500 mmwas packed with a solid. catalyst in which 0.5% by weight
of _pal ladiumis carried on [err]-alunmina pellets having a dianmeter of 5 nmm
and a length of 3 mMm The reactor was heatgg so as to maintain the _
tenperature of the catalyst layer at a |l evel 'of 103 to 115[err]C by fl ow ng
a hReating nedium through a heater surrounding the shell of the ' .
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t enperature of 40 e;&ic. Ai a result, a condensed PIQUId fractio

conpri si ng 42.@%?%? i §KE-8F°di net hyl oxal ate, 1.8% by weight of dinethyl
carbonate, 0.03% by wei giheof thet kghctaonatia, thed f42sﬁ‘z%:b)lugml glals of nethyl
al cohol was deliyvet a r at 0 / fromthe to r.tion
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of of the solution, the liquid fraction in the bottom flask

comprised 6.23% by weight of diphenyl oxalate, 29.95% by
weight of methyl phenyl oxalate, 23.88% by weight of
dimethyl oxalate and 39.41% by weight of phenol, and was
withdrawn from the bottom flask at a flow rate of

603 g/hr. Also, a resultant vapor fraction containing
99.7% by weight of methyl alcohol and 0.3% by weight of
dimethyl oxalate was withdrawn from the top portion of
the first column at a flow rate of about 44 g/hr.

The liquid fraction withdrawn from the bottom
flask of the first column in which the
transesterification of dimethyl oxalate with phenol was
carried out, was fed into the twelfth step from the top
of a second Oldershow type reaction distillation column
in the same type as the first column, under a reduced
pressure of 200 mmHg at a flow rate of 600 ml/hr, while
heating the bottom flask at a temperature of 200°C by a
mantle heater and while withdrawing a resultant vapor
fraction from the top portion of the second column and
condensing the withdrawn vapor faction by a cooler,
without refluxing, to effect a disproportionation
reaction of methylphenyl oxalate into dimethyl oxalate
and diphenyl oxalate.
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The liquid fraction delivered from the

disproportionation procedure in the second column was fed
into a rotating thin film evaporator having a heat
transfer area of 0.lm’ under a reduced pressure of

15 mmHg at a flow rate of 200 ml/hr, while heating the
evaporator to a temperature of 200°C by a heatiné medium,
to continuously evaporate dimethyl bxalate, phenol,
methylphenyl oxalate and diphenyl oxalate. The resultant
vapor fraction was fed into a glass distiller haﬁing an
inner diameter of 30 mm and a length of 2m and packed
with Helipack pellets with a diameter of 5 mm and a
length of 5 mm through an inlet located 80 cm below a top
of the distiller, and continuously distilled therein. A
resultant vapor fraction containing 3.05% by weight of
dimethyl oxalate, 41.73% by weight of phenol, and 55.21%
by weight of methylphenyl oxalate was withdrawn from the
top portion of the distiller at a flow rate of about

68 ml/hr, and a diphenyl oxalate vapér having a degree of
purity of 99.9% by weight was withdrawn at a flow rate of
about 120 g/hr from the distiller through an outlet
located 40 cm above the bottom of the distiller. The

collected diphenyl oxalate contained, as impurities,



delivered fromthe contact absorption colum was batch distilled in the
amount obtained in 50 hours by a distiller. having an inner dianmeter of 150
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reactors connected in series with each other and each
having a capacity of one liter and equipped with a
thermometer, a stirrer and an overflow pipe, at a flow
rate of 300 ml/hr through a pump, while heating the two
reactors at a temperature of 230°C by a mantle heater, to
decarbonylate diphenyl oxalate. The overflow pipe in
each reactor was located at a level corresponding to

600 ml liquid volume contained in the reactor.

At a stage of 20 hours after the start of
feeding, a liquid fraction overflowing from the second
reactor (namely, passed through the decarbonylation
reaction) and comprising 14.6% by weight of diphenyl
carbonate, 84.0% by weight of diphenyl oxalate and 0.08%
by weight of phenol was delivered at a flow rate of about
270 ml/hr from the reaction apparatus. Also, from each
of the reactors, a gas fraction comprising about 100% of
carbon monoxide was delivered at a total flow rate of
25 N1/hr. |

The liquid fraction delivered from the
decarbonylation reaction apparatus was fed into the same
type of rotating thin film type evaporator as that used
in the diphenyl oxalate-preparation procedure (2), under
a reduced pressure of 20 mmHg at a flow rate of



the first colum at a flow rate of about 44 g/hr. : The liquid
fraction withdrawn fromthe bottomflask of the first colum in which the
transesterification of dimethyl oxalate with phenol was carried out, was
fed into the twelfth step fromthe top of second O dershow type reaction
distillation colum in the sanme type as the first colum, under a reduced
pressure of 200 nmHg at a flowrate of 600 m/hr, while heating the bottom
flaﬁg at a terrmroaﬁlr/@ltzof W%Q%fehé]at@l% %h@@vla%dmtcﬁf v?.&glnw;:ﬂefaﬁelnsecond
wi t hdrawi ng a resul tant va raction op porti

col um andgconﬂ% gmef“ﬁ&ré\*fvﬁr\?aﬁér %&ctq'oﬁx’ofeé’ad:@&leer wi t hout
refluxing, to e;feftetatphenguphbephbhunmat:mnrrleMt i heofrezilty@mhenyl oxal ate

M7 S iRt R R s TR, Bomerising, SuRY W “miENY ohq,
nanmel y 4 hour s ddfphenyllheagbanetef, ahd 7e@éi iy, we ighsulotfamtiphiemyild fracti on
in the bottom U)%i‘at%f’%%' Esﬁtﬁﬁugﬁ%igy £0R Q_%;oOfth‘é' %Eﬁe lyﬁ?%al - 1 1ok 43%

by wei ght of net oxal 2% by wel ght ate, and
13. 93% by wei gﬁltlSGﬂl&ﬁénéF thAl WESAWLPhEhEWPTOCERUTRS KDt @mdﬂask at a

flow rate of ab@h&lﬁﬁaugﬂﬂrdlékinea ﬁﬁ&é&t&nbdl@har r@%@u&%ﬂb@ ni ng
1.57% by melghh of, nethﬁ aIc g 97% hy mel neth oxal at e,
48.51% by wei ghf &PTBh&hoP, T ?%)Eﬁtﬁﬁl gt 2of Pﬁﬁ 1p 2 e and

0. 42% by wei ght:ambodhpbeha’vmgabaﬂegme oift bdlra\my off g9f. I%Wbyakv?l(gfhtabout
371 g/hr from on_of th l.umm ensed by a
VA8 L8RIBREoRr ot BRGRREPRY. B 30 naRd

cool er. ractron vered |rsproport i onation
procedure in the seEzampdel dm was fed into a rotatlng thin film evaporator

having a heat transbg?haﬁgﬁ earQoAaisrwhsugﬁ@baéeaeﬂyc%ﬂep%s§%Ufe of 15

mﬂ-lgataflowrateo | e _he
procedures as in Example 1, except that in the

preparation (1) of dimethyl oxalate, as a portion of
carbon monoxide to be supplemented to the regeneration
gaé for the preparation of methyl nitrite, the carbon
monoxide fraction produced in the decarbonylation
procedure (3) of Example 1 was employed in an amount of
25 Nl/hr. The carbon monoxide fraction was pressurized
by a diaphragm type compressor to a pressure of
2.1 kg/cnﬁG, mixed with fresh carbon monoxide gas in an
amount of 24 Nl/hr under a pressure of 2.1 kg/cm’G, and
the mixed carbon monoxide gas was fed into the methyl
nitrite~regeneration procedure.

The results of the reactions were similar to those
in Example 1.

Example 3

Diphenyl carbonate was produced by the same
procedures as in Example 1, except that in the dimethyl
oxalate-preparation procedures (i), as a portion of
methyl alcohol to be supplemented to the reaction mixture
for the regeneration procedures of methyl nitrite, the
withdrawn and condensed fraction from the top portion of
the reactive distillation column for the

transesterification procedures (2) was used. The



evaporator to a tenperature of 200[err]C by a heating nedium to

conti nuously evaporate di nethyl oxal ate, phenol, nethyl phenyl oxal ate and
di phenyl oxal ate. The resultant vapor fraction was fed into a gl ass
distiller having an inner diameter of 30 gﬂ%ﬁyd a length of - 2m and packed
with Helipack pellets with a diameter of” nand a |l ength of 5 mm through
an-<inlet |located 80 cmbelow a top of the distiller, and continuously

distilled therggﬂdiﬁ %gigééggh ¥ BQE hagghpgl gba?gi? g 0@4& ht of

di mret hyl" oxal a g gyeno
met hyl phenyl oRgEhvé adsoWPLhangwA - Bﬁo t Weiobs eér@#@ﬁthltﬁé aﬂﬁ Wasr at

a flow rate OfaaEaﬁhlé%eaiéha fanda@ di phenyraexabat @.33025 thayhRg idtdegr ee
thdrawn at a flow.rate of about 120 g/ hr

of purity of 99, 9%

Promthe di st i Fher Lok BAGHLAR Bt FBP FBRPEAASoBnPRBITE t he bottom of the
distiller. The col | ehtededcplionyiresuatat eerentamiddr as khpsei tines,

- 38 - 0. 04W &Pﬁﬁ Loht of phenol and 0. 05% by wei ght of nethyl phenyl

oxal ate. Also, a ltguid'fraction containing the titanium conpound in an
anount of 2.5% by mengentﬁonedngbgVetiianthﬂ1peoabsaasxmthhdp@Wﬁeam a flow

rate of about 1ﬂveﬁh&oaroa1abslﬁ9ite§a99£&'99 gk Qfeq'g&bhle brbon  (3)

Production of di phenyl carbonate car bonate was produced
fromthe d|pheﬁ?Poﬁkgﬁaﬁédpﬁépéﬁéﬁt|ﬁn?h@eE96VeS ﬁFFéﬁeérEmoééBNﬂes (2),

as follows. nltrltesTQﬁdCQlk?QtSﬂthBEQHYE §1§%9leokalhhé QQOPerared
menti oned procgdures 2% Elxed EFI nnlai of .t traghs % hos honi um
chlori de and dP¥s8I¥8a° §°ﬂe8 RSt ALatkyt uPEaLaty Véﬁ%e?a YHE

150[err] C. Thecempathdp fas éfdmpbép pheralli andappdiakyd cambbakitegief two
O s 1 eact of SofORRECHIobBLAELI GocH LO- BB mBhARS 48N CECY, Naving 2

capacity of on Yer andzequi a stirrer and an
Overflom/plpe dggagb@nﬁ&ﬁtlon reactlon of the dlaryl oxalate. The

process of the present invention can solve the problems
of the conventional non-phosgene method for producing
diaryl carbonate.

In the process of the present invention, a fraction
produced by the reaction of the dialkyl oxalate with the
hydroxyaryl compound and comprising an alkyl alcohol can
be easily collected and returned to and re-used for the
production of dialkyl oxalate. Also, the carbon monoxide
fraction produced by the decarbonylation reaction of the
diaryl oxalate can be easily collected and returned to
and reused for the production of the dialkyl oxalate.
Accordingly, the process of the present invention can
produce the diaryl carbonate having a high degree of

purity on an industrial scale with high efficiency.



rate of 300 m/hr through a punp, while heating the two reactors at a
tenperature of 230[err]C by a nmantle heater, to decarbonylate di pheny

oxal ate. The overflow pipe in each reactor was |ocated atuﬂ“ﬁ“‘ﬂl“l““l‘l“‘“l
corresponding to 600 m liquid vol une cqpp?ined in the re

At_a stage of 20 hours after the start of feeding, a liquil ffactid
overflowi ng fromthe second reactor (nanely, passed through the

decar bonyl ati on reacti on) and conprisinguéﬁuggbby wei ght of di phenyl
carbonate, 84.0% by_wei ght of dlg oxal ate and Q. 08% by wei ght of
t

phenol was del i vered-at & PFBGEF °6fP§BGHF12§OanFFﬁFY#rSﬁFPHQaFéact|on
appar at us. Al seompro8ifgchhef stepsregdetors, a gas fractlon conpr|5|ng about
100% of carbon nonoxi de ng deIiVﬁﬁed at @ total - W/raég ﬁS NL/ hr

The liquid fraction deli Vel ed FromTHe“GE 8?b839?§% SnWrERC Aiton ®85 FaPRfus
was fed into tihembaneseypetefl fvomtthg ghonpf cobnsigpéngvefordkyd as t hat
used in the di pepytogxaha! 81RYEPAILHETs P! BECHLEAER) o HEHTkyd M educed
pressure of 20 nn#@ at a ate o -
39 - 250 m /R¥alakPFe heating the evaporator with a heating nmediumat a

t enperat ure of 200[err]CxB§0 86REt 24§ tﬁérapagnynpbgamaeglugtﬁhhorlde The
resul t ant dISt IIate liguid fractio n$r|3|ng 2. 20 bé Mﬁ ght of di phenyl
car bonat e, and ? TORRITNL GRFPSHENY; gﬂeﬂ§ dyge) &t 81aa¥ L BERLALSasPPYf ed i nt o
t he sane type of gl ass d(syl | decansohpbat ingdthe dherploogduaes ¢8) and
conti nuously d_u p essyr.e refl ux
rati o of 2. Aﬁééééﬁég &%§%¥$ %%%%on%%% ﬁgéi%ggg Hg&gﬁgtoggmggﬁﬁyngf 99. 9%
by wei ght was @@Ih@ntEGHGNl@ﬂ,a@n@nt of about 220 m /hr. Exanpl e 2

Di phenyl carbonate was ppgpargdh Pict PgSeRE PEOGEENAESaRSrhT EX2BBhEed:

except that in_the . .
from the reaction product mixture of step (C).

2. The process for producing a diaryl carbonate as
claimed in claim 1, wherein in step (A}, the reaction of
the carbon monoxide with at least one member selected
from the group consisting of alkyl nitrites and alkyl
alcohols is carried out in the presence of a catalyst
containing a platinum group metal.

3. The process for producing a diaryl carbonate as
claimed in claim 1, wherein in step (A), carbon monoxide
is reacted with an alkyl nitrite to produce a dialkyl
oxalate and a by-product comprising nitrogen monoxide;
the resultant nitrogen monoxide is recovered and
subjected to a reaction with molecular oxygen and an
alkyl alcohol to produce an alkyl nitrite; and the
resultant alkyl nitrite is supplied to step (A).

4. The process for producing a diaryl carbonate as
claimed in claim 1, wherein in step (B), (B-a) a dialkyl
oxalate is subjected to a transesterification reaction
with a hydroxyaryl compound in the presence of a
transesterification catalyst to produce an alkylaryl
oxalate and a by product comprising an alkyl alcohol,
while removing the by-product comprising an alkyl alcohol
to the outside of the reaction system; and (B-b) the

‘resultant alkylaryl oxalate is subjected to at least one



preparation (1) of dinmethyl oxalate, as a portion of carbon—nonexide-to he .

suppl enented to the regeneration gas for the preparation o ltrite,
t e carbon nonoxi de fraction produced in the decarbonyl at|H!'m}mmm’quH"I :
of Exanple 1 was enployed in an anmount of Nl /hr. The car#®€or X
fraction was pressurized by a di aphragmfiy conpressor to a pressure of

2.1 kg/cnferr]G mxed with fresh carbon nonoxi de gas in an anount of 24

Nl / hr under a %%%roﬁlet feﬁ%&e@{%p@ﬂeeg% tcjlﬁquﬂ qlgcq;,_bqp nonoxi de

gas was fed into yl nitrite-regeneration procedure. The
results of the dicRaoRMmEignatigmineactien pokk § tapgastenificatigyanple 3

Di |ohepylt hc?r bo&%fa%h t\g@% ﬁ;ﬁ&fiu@edﬁya;tdﬂ%rgqmtqumﬁ@rﬁg the ipi'lé:é@{@ e,
excep at in_the di oxal at e- prepar.,ati qn prqcedures ,_as_ a
borthon of ot AYTE SRCOIIISE & B Cse R Yo AL AReaciith & YRR
the regenerati eonprdcdoiy e deasat loyle metmbiere setllee ted Hhomwa ahicaldgridensed
fraction from Lae boR RO bON AhshNG1LaREH Ve idh@ly By GldBy T or the
transesterification procedures ). was used. e

- 40 -  conde®¥educitg¥icd theg euited deo @fr ithiengeag timmhpnatisght of net hyl

al cohol and 0. 3% by swei ghtheOlpordiceRish\orOpalRER RS AR WRhaled - rthdeedhat a
flowrate of 0.33 liter/hr into_the top portion of the réegeneration co]um.

The reaction r&ddifred die cdadm dr Whopedde iR Bt&RpI(@)y. carbom@mapgH{idsed
above, in the progeseted WithpadsealkylnwarrierR td Pralduide exaliallayls
prepared from carhon rmn%xi d% and at Iteast one .nenmber__sel ect ed fr.om al kyl
nitrites and aPR{-2&CcER61 & P8BS ofmé‘silélgppéﬁglp@&nofpo&of@é@t’i on of

the di al kyl oxwhitle weclkhvaringr dhpganjltrogen monoxide; in step (B), the
alkyl alcohol produced as a by-product is collected and
converted to an alkyl nitrite by reacting it with the
nitrogen monoxide recovered in step (A) and molecular
oxygen; and the alkyl nitrite is supplied to step (A).

6. The process for producing a diaryl carbonate as
claimed in claim 1, wherein the carbon monoxide produced
as a by-product in step (C) is recovered and supplied to
step (A).

7. The process for producing a diary carbonate as
claimed in claim 1, wherein the hydroxyaryl compound for
step (B) is selected from the group consisting of phenol
and substituted phenols having at least one substituents
selected from the group consisting of alkyl groups having
1 to 6 carbon atoms, alkoxy groups having 1 to 6 carbon
atoms and halogen atoms.

8. The process for producing a diaryl carbonate as
claimed in claim 1, wherein the decarbonylation reaction
of the diaryl oxalate in step (C) is carried out in
liquid phase in the presence of a decarbonylation
catalyst comprising an organic phosphorus compound.

9. The process for producing a diaryl carbonate as
claimed in claim 1, wherein the decarbonylation reaction
of the diaryl oxalate in step (C) is carried out in the
gas phase at a temperature of 200 to 600°C.



conpound, for exanple, phenol, and a diaryl carbonate is produced together
wi th carbon nonoxi de by a decarbonyl ati on reaction of the diaryl oxal ate.
The process of the present invention can solve the problens of the
conventional non-phosgene method for prod éing di aryl carbonate. In
the process of the present invention, a Trattion produced by the reaction
of vt he di al kyl oxalate with the hydroxyaryl conpound and conprising an

al kyl al cohol can be ea I 1g%3g¥ﬂgﬂ%zﬁénnrﬁnnn;g¥¥;4%é¥§gSed for the
production of dial kyl 0;%#%?%%i£ 1 96££€Y£ Q f i on pr oduced
by the decarbonyl ation reaction of the diaryl oxalate can be easily
collected and returned to and reused for the production of the dialkyl

oxal ate. Accordingly, the process of the present.invention can produce the
di aryl carbonate having a high degree of purity on an industrial scale with
hi gh efficiency. - 41 -

CLAI V5 1. A process for ry. te conprising the
steps of: (A) react i%ﬁﬁ%ﬁ%hﬁuﬂ? E}?u u‘t (v?\nfé%?%? | east one nenber
selected fromthe group consisting of alkyl nitrites and al kyl al cohols, to
produce a dial kyl oxahaps: purit dlarﬁ)caﬁ%hh@g tige glo%@éld WARLE W th
a hydroxyaryl conpound to ro u oxal at e;

decar bonyl at i n§ig eeélfarayfengmbxt §e§6t|bfl€d8é§b8ndmﬂ§PP<l€1@r MaiAdx @nard kyl

by- product corra&tmg gAlPeR ARNEXk§E; adBBhol; reactlﬁe) t6@ kGG dde
resul tant diar Flggygonat fron1tFe reacti on gyg uct mxture of step (CO).

2. The proces r 888LRRG YitRafyhYELRPEEA §9MpPYNfad fox SXAMALE /
wherein in stephéApl;tHecaebohydatbhgt brecebadtanhodideyli bkadlateeast one

menber SeIeCtegroduce a diaryl carbonate and carbon monoxide; and

collecting the diaryl carbonate from the decarbonylation
reaction product mixture, the carbon monoxide produced in
the decabonylation step being optionally reused for the

production of the dialkyl oxalate.

(Figure 1)



fromthe group consisting of alkyl nitrites and al kyl alcohols is carried
out in the presence of a catalyst containing a platinumgroup netal.

3._ The proocess for producing a diaryl carbonate as clained in claiml,
wiierein in-step (A), carbon nonoxide is reacted with an alkyl nitrite to
produce a dial kyl oxalate and a by-product conprising nitrogen nonoxide;
the resultant nitrogen nonoxide is recover and subjected to a reaction

wi th nol ecul ar oxygen and an al kyl alcohqy%go produce an alkyl nitrite; and
the resultant alkyl nitrite is supplied to step (A). 4. The process
for producing a diaryl carbonate as clainmed in claim1, wherein in step
(B), (B-a) a dialkyl oxalate is subjeg a transesterification reaction
wi th a hydroxyaryl compound in the prégsen a transesterification

catal yst to produce an al kyl aryl oxal ate _aad by product conprising an

al kyl al cohol, while renoving the by-pr r Gt onprising an al kyl alcohol to
the outside of the reaction system ard%@b) the resul tant al kyl aryl

oxal ate is subjected to at |east one =t - 42
- reaction selected fromthe group comsysting of a disproportionation
reaction and a transesterlflcatlon rea p.wW th a hydroxyaryl conpound in
the presence of the catalyst f a~djlaryl oxal ate and a by- product
conprising at | east one nenbef sel ofn a di al kyl oxal ate and an al kyl
al cohol, while renoving the by-“prles tQ fihe outside of the reaction
system 5. The process g | diaryl .carbonate as clainmed in
claim1, wherein, in step (A Bﬁ@xlde is reacted with an al kyl
nitrite to produce a dial kyl ox i Dy- product conprising nitrogen
nonoxi de, while recovering the poxi de; in step (B), the alkyl

al cohol produced as a by-product is c¢llgéded and converted to an alkyl
nitrite by reacting it with the EEhJ
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ni trogen nonoxi de recovered in step (A and nol ecul ar oxygen; and the al kyl
nitrite is supplied to step (A). 6. The process for producing a

di aryl carbonate as clainmed in claim1, wherein the carbon nonoxide
prroduced as a by-product in step (C) is recovered and supplied to step (A).
7.. The process for producing a diary carbonate as clainmed in claiml,
wherei n the hydroxyaryl conpound for ste ) is selected fromthe group
consi sting of phenol and substituted phengl having at |east one
substituents selected fromthe group consisting of alkyl groups having 1 to
6 carbon atons, al koxy groups having 1 to 6 carbon atons and hal ogen atons.
8. The process for producing a dig bonate as clainmed in claiml1,
wherein the decarbonyl ati on reacti dn oftat he diaryl oxalate in step (C is
carried out in liquid phase in the pﬁéién e of a decarbonyl ation catal yst
conprising an organi ¢ phosphorus cqmzg#d. 9. The process for

produci ng a diaryl carbonate as cl gi rﬁ@ claim1, wherein the

decar bonyl ati on reaction of the digr rﬁx late in step (C) is carried out
in the gas phase at a tenperature df o 600[err]C
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