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- PREPARATI ON' OF DI ARYL CARBONATE FI ELD OF TH
"invention relates to a process for pre- pari
"diaryl oxalate in a liquid phase by decarbor
I NVENTION It is known that a diaryl carbonat .
oxal at e by decarbonyl ation. The known pro- gﬁb,ﬂwﬁé n&{pqgg oran) y
enpl oyabl e in industry because the. reaction Aabsmctvery’asqdo aFRjP"’(gﬁ “yitel d
and selectivity are | ow. Yuki. Gosei Kagaku Ky tFoormat—of THeTTeC

Organic Chenistry, - Japan), Val .5, No.4-9, Report 47, pp. 70- 71(1 o,
H‘&gg‘i -

~<

teaches a reaction ipn which diphenyl oan.ate 'S heat ed to rel ease

nonoxi de to.-gi've di phenyl carbonate. This report describes neither

noy - se- I'ect|V|ty According to a trace experinment of the exper- mpnt of
tHl s report ~-only a smal |l anount.of diphenyl

The present invention relategs to a process for pre-
paring a diaryl carbopnate from a diaryl oxalate in a
liquid phase by dacarbonylation.

BACRGROUND OF THE TNVENTION

It is known that a diaxyl carkonate can be prepared
from a dlaxyl cxalate by decaxbonylation. The known pro-
cess, however, is not favorably employable in industry

_,'..beca.uae the reaction rate is very slow and the yield and
. : .selectiV:I.ty are low.
- Yuki Gosei Kagaku Kyokaishi (Journal of Synthetic
i Organic Chemistry, Japan}, Vol.5, No.4-9, Report 47, pp-
¥ 70-71(1948) teaches a reaction in which diphenyl cxalate
is heated to release carbon monoxide to give diphenyl
carhonate. This report describes neithexr yield nor se-
lectivity. According to a trace experiment of the expex-
. iment of this ygport. only a small amount of diphenyl’
carbonate is paod .

U.S. Patent No. 4,544,507 describes that the carbon-
ic aciqd dialkyl ester, i.e., dialkyl carbonate, can be
prepared by heating a dialkyl cxalate in a liquid phase
at 50-150°C in the presence of an alcolate catalyst. In
the working example of the Patent publicatiom, the di-
phenyl oxalate is heated in the presence of a potassium

phenmd.de catalyst only to give mainly the diphenyl -
late, namely, the starting compound. . P

o/ .

e - | - SIMWRY OP THE INVENTION

It is an object of the present invention to provide
— :
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carbonate is produced. U.S. Patent No. 4,544,507 describes that the carbon-
i«c acid dialkyl ester, i.e., dialkyl carbonate, can be prepared by heating
a dial kyl oxal ate in a liquid phase at 50-150[err]C in the presence of an

al col ate catalyst. In .the working exanple of the Patent publlcat‘on t he

di - phenyl oxalate is“heated in the presence of a potassium phenoxide

catal yst only to. gi've mainly the di phenyl oxa- late, namely, the starting
coppound. SUNNARY OF THE INVENTION It is an object of the present invention
to provide .- -2- a new process for contlguously preparing a diaryl carbon- -
ate fronld'dlaryl oxal ate by decarbonyl aff®on in. an in- creased yield with a
high s&ectivity. ' s '

a new process fox'ccn:inuously'pxepaxing a diaryl carbon-
ate from a diaryl oxalate by decaﬁbanylatian in an in-
creased yield with a high selectivity.

The present invention resides in a process for pre-
paring a diaryl carbonate from a diaryl oxalate in a
liquid phase by decarbonylation which utilizes a reactiom
veasel comprising at least two reaction chambers comnect-
ed in series and comprises the gteps of contimicusly
introducing the diaryl oxalate and a decarbenylation
catalyst (typically, an organic phosphorus compound hav-
ing a trivalent or pentavalent phosphorus atom and at

,sleast ‘one carbon-phosphorus bonding) into the first cham-

_ " bex’ and contimously recovering a reaction mixture com-
~ . priging the diaryl carbonate from the last chamber undexr”
{ .,«"” the condition that a mixture of the diaryl cxalate and

v the organic phosphorus compound is heated in the reaction
chambers, while discharging carbon wonoxide releaged from
the mixture,

Each of Figures 1 to 3 illustrates a schematic view
of a reaction vessel having a plural mmber of reaction

chambers which is employable for performing the process
of the invention.

L The decarbonylation process fdm'preparﬁqg a diaryl

~/ _ :ﬁﬁ~“carbcnate from a diaryl oxalate can be 111ustrated as ":
‘ i follows: | |
: CO0A QAxr _
! —
COOAL dooar + €O

wherein Ar stande for an unsubstituted or substituted
aryl group.
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" present |nvent|on resides.in a. process for pre- paring a diaryl
Larbonate fron1a diaryl oxalate in a liquid phase by decarbonyl ati on” which
utllazes 4 reaction vessel conprising at |east two reaction chanbers
conne®f- ed in series and conprises the steps of continuously i ntroduci ng
the diaryl oxalate and a decarbonyl ation catal yst (typically, an organic
phosphorus conpound hav- ing a trivalent or pentaval ent phosphorus atom and
at | east one carbon-phosphorus bonding) into the first cham ber and
~ continuously recovering a reaction ﬁ]XtUée com prising the diaryl

carbonate fromthe |ast chanber under th&“condition that a mixture of the
di aryl oxal ate and the organic phosphorus conpound IS heated in the

reaction chanbers vERPM 09 kekheesed {wegeihe
glh;ﬁ;$|085:55 Ei§§§%5%%$?5§§£%£ggy GS Eachéof ﬁlgﬁres 1Eto |IIustgﬁtes a
ed in series is empl the process, a diaryl
o:alate and a decarbonylamon catalysc (typically, an or-
ganic phosphorus compound having a trivalent or penta-
valent phosphorus atom and at least ome carbon-phosphorus
bonding) in a liquid state is contimuously introduced
-7 intq.the first chamber. If cne or wore intermediate
v ﬂﬁreacticn chambers are placed in the reaction vessel, the"
) " reaction mixture of the diaryl oxalate and the decarban-
b ylation catalyst is transferred from the first charber
into the intexmediate reaction' chambers in sequence, and
finally the reaction mixture comprising the produced
diaryl carbenate is contimiocusly recovered from the last
chamber. In the reaction chambers, the mixture of the
diaryl oxalate and the decarbonmylation catalyst is heat-
ed, while continuougly or intermittently discharging
carbon monoxide released from the mixture.

The aryl group of the diaryl oxalate can be: (1) a
vhenyl group; (2) a phenyl group having one or more sub-
stituents such as am alkyl group having 1 to 12° carbom
atoms (e.g., wethyl and ethyl), an alkoxy group having 1
tolz carbon’ atoms (e.g., methoxy and ethoxy), a halogen

_ _,s“*atoms {e.g.., fluorine and chlorine), and mitro; or (3) a
- " maphthyl group. Preferred is a phenyl group. P
The phenyl group having one or more substituents,
P that is named "a substituted phenyl group", way be in the
form of one of varicus isomers., Examples of the iscmers
include 2-(or 3-, or 4-)alkylphenyl, such ag 2-(or 3-, or
4-)methylphenyl, or 2-(or 3-, or 4-)ethylphenyl; 2-(or
3-, ox 4-)alkoxyphenyl, such as 2-{or 3-, or 4-)-methoxy-
phenyl, or 2-(or 3-, or 4-)}ethoxyphenyl; 2-({or 3-, or
4-)halogenated phenyl, such as 2- (or 3-, or 4-)fluoro-
phenyl, or 2-(or 3-, or 4-)chlorcphenyl; and 2- (or 3-, ar
4~)nitorophenyl. _
Exanples of the diaryl oxalates include diphenyl
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chanbers which is enployable for perforn1ng t he process of the |nvent|on
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The decar bonyl ati on process for

preparing a diaryl carbonate froma diaryl oxalate can be illustrated as
foll ows: COQAr OAr COQAr - COQAr + CO wherein Ar stands for
an unsubstituted or substituted aryl group. - In the process of the

invention, a reaction vessel conprising at |east two reaction chanbers

whi ch are con- nected in series is enployed. In the process, a diaryl

oxal ate and a decarbonyl ation catalyst (fypically, an or- ganic phosphorus
conpound having a trival ent or penta-

cxalate, bis(2-methylphenyl) oxalate, bia(3-methylpheny1)
oxalate, bis(4-methylphenyl) oxalate, bis(2-chlorcphenyl) .
oxalate, bis(3-chlorophenyl) oxalate, bis(4-chlorophenyl)
_‘..-cxala.te, big (2-nitrophenyl) oxalate, bis (3-nitrophenyl)
oxalate, and bis(4-nitrophenyl)oxalate. Most prefexred

A .;_.._.--"'15 diphenyl oxalate. - 2
i e . ~ In the decarbonylation process of the invention, the
v . decarbonylation catalyst preferably is an organic phos-

phorus compound having a trivalent or pentavalent phos-
phorus atom, and having at least ocne carbon-phosphorus
bonding. Preferred are drganic phosphorus compounds
having three or more carbon-phosphorus bondings. Pre-
ferred organic phosphorus compourids axe a phosphonium :
salt baving the following formala (A), a phosphine having
the following formula (B), a phosphine dihalide having
the following formula (C), and a phosphine oxide having
the following formula (D):
Farmala (A):
R
. . R? ; P-R X

i ' Formala (B):
Fornmula (C):

Formula (D):
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- val ent phosphorus atom and at |east one carbon-phosphorus bonding) in a
;liquid state is continuously introduced into the first chanmber. If one or
"nore internedi ate reaction chanbers are placed in the reaction vessel, the
reaction mxture of the diaryl oxalate and the decarbon- ylation catal yst
Is transferred fromthe first chanber into the internmedi ate reaction
chanmbers in sequence, and finally the reaction mxture conprising the
produced diaryl carbonate is continuously recovered fromthe |ast chanber.
In the reaction chanbers, the m xture of the diaryl oxalate and the

decar bonyl ati on- catalyst is heat- ed, wh?te continuously or intermttently
di schar gi ng...car bon.-ffonoxi de rel eased fromthe nixture. The aryl group of

t he -di aryl” oxalate ca i&eh Be &ﬂﬂﬁﬂh
one or nore.sub- st|t3§%%§ sucﬁéééggﬁyﬁngy ;égﬁ) V|ngn% I?g car on
atong (e.g: nethienkum sy of fermuacdRy Mﬁﬁe YA hon at ons
(e.g.,griet hoxy a(m ,etmphospbiméagﬁmhde of formula (C), and the phos-

phine oxide of formla (D) .

{3) Phosphonium Salt of the formula (A)

- The phosphonium salt c¢an be representedhythe abwa
formila (n), wherein each of R, R?, R?® and R* indepen-
dently represents an aryl group of_ 6 to 10 carbon atoms,
an alkyl group of 1 to 16 carbon atoms, an aralkyl group
of 7 to 22 caxbon atoms, an aryloxy group of 6 to 10 car-
bon atome, or a heterocyclic group of 4 to 16 carbon at-

, and X represmts a counter ion of the phosphonium
ion Any two of RS, R3, R* and R may be combined to foxm
A ring having the phosphnms atom as its ring member.
~The aryl group is described in more detail. The
e aryl group can be a phenyl or naphthyl group. The phenyls
*"  or naphthyl group can have one or more substituents in
9 ~ any positions. Examples of the substituents include
alkyl of 1 to 15 carbon atoms, preferably of 1 to 12 car-
bon atoms (e.g., methyl, ethyl, n-propyl, isopropyl, n-
butyl, iscbutyl, sec-butyl, or text-butyl), alkoxy of 1
to 15 carben atoms, preferably of 1 to 12 carbom atoms
(e.g., mathoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,
iscbutoxy, sec-butoxy, or tert-butoxy), alkoxycarbonyl of
2 to 12 caxbon atoms, preferably of 2 to 8 carbon atoms
- {e.g., methoxycarbonyl or ethoxycarbonyl), aryl (e.q.,
phenyl), amino such as N,N-dialkyl-substituted amino
(e.g., N,N-@imethylamino), cyano, nitro, and halo {e.g.,
flucro, chlaro, or hromo). '
.7 'The alkyl group is described in wore detail. The
. .~ alkyl group can have 1 to 16 carbon atoms. Examples of
~ _.--the alkyl group include methyl, ethyl, n-propyl, ilscpro-
(e " pyl. n-butyl, iscbutyl, sec-butyl, or tert-butyl. The
v  alkyl group can have cne or more substituents in any
'~ positions. BExamples of the substituents are the same as
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at'onms (e.g., fluorine and chlorine); and hitro; or (3) a naphthyI groupJ
.Preferred is a phenyl group. The phenyl group having one or nore '

substituents,

that is naned "a substituted phenyl group"; nmay be in the

form of one-of various isoners. Exanples of the isoners include 2-(or 3-,

or, 4-)al kyl phenyl, such as 2-(or 3-, or 4-)nethyl phenyl, or 2-(or 3-

¢J)ethylpheny1

A Or
2-(or 3-, or 4-)a]koxypheny|, such as 2-(or 3-, or -

4-) - nethoxy phenyl or 2-(or 3-, or 4-)ethoxyphenyl; 2-(or 3-, or

4-) halgogenat ed phenyl such as 2- (or 3-

or 4- )fluoro- phenyl, or 2-(or

3-, or 4- )chlorophenyl and 2-(or 3-, 51 ) nitorophenyl. Exanples of the
diaryl oxal at es include di.phenyl oxalate bi s(2- met hyl phenyl ) oxal ate,

bi s( 3- met hyl phen
bi s(2-chl or ophen

ﬂlugsseweﬁ&%ed $6£- 0 RGbBELAYARL P EE R axyl group.
V') The aralkyl group is described in more detail. The
aralkyl group c¢an have 7 to 22 carbon atoms. Examples of
the aralkyl group include bemzyl, phenethyl and naphthyl-
methyl. The aralkyl group can have one or more substi-
tuents in any positions. Examples of the substituents
are the same as those described fox the substituents of
the aryl group. '

The aryloxy group is described in more detail. The
aryloxy group can be a phenoxy or naphthoxy group. The

.~ axylosy group can bave cne or more substituents in any

-positions. Examples of the substituents are the same as
" those described for the substituents of the aryl group.

The heterocyclic group is described in more detail.
The heterocyclic group can have 4 to 16 carbon atoms, and
at least one hetero atom such as oxygen, sulfur, or ni-
trogen. Exanples of the heterocyelic group include
thienyl, furyl, and pyridyl. The heterocyclic group can
have one or wore substituents in any positions. Examples
of the gubstituents are the same as those described for
the substituents of the aryl group.

The groups of R*, R?, R and R* of the phosphonium
salt can be the same or different from each other. Fox
instance, all of the groups of R!, R?, R* and R* are aryl
groups in one phosphonium salt, that is, a tetraarylphos-
phonium salt. Three of the groups are axyl groups and

other ‘one is another group, that is, a triaxylphosphonium
.salt;. Two of the groups are aryl groups and other two -

" are other groups, that is, a diarylphosphonium salt.
‘Only one of the groups is an aryl group and other three

are other groups, that is, an arylphosphonium salt. All
of the groups of R, R?, R’ and R* are other than the aryl
groups. Prefarred are the tetradrylphosphopium salt and
an arylphosphonlum salt in which three of the groups of
R', R, R! and ® are aryl groups and other one is a het-
erocyclic group.

———
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‘D&al_at e, Qi3 (3- chlorophenyl) oxal ate, bis (4 -chlorophenyl) oxal ate,
_bi s¢2- r]j..t'r'op'henyl ) oxal ate, bis(3-nitrophenyl) oxal ate, and '
bi s(4hi trophenyl )oxal ate.. Mst preferred is di phenyl oxalate. In the
decar bonyl ati on process of the invention, the decarbonyl ati on catal yst
preferably is an organic phos- phorus conpound having a trival ent or
pent aval ent phos- phorus atom and having at | east one carbon-phosphorus
bondi ng. "Preferred are organi c phosphorus conpounds having three or nore
car bon- phosphorus bondings. Pre- ferred,-rganic phosphorus conpounds are a
phosphoni um salt having the followng fornmula (A), a phosphine having the
following formula (B), a phosphine dihalide having the follow ng fornula
(O, and a phosphi ne Thii dewhieen nigrt (X-)f @ahobe g Hadcinle dobD)e .ot noilo< A) :
[err] Formula (Blige ion, bromide ion, or iodide iom), a hydrogen di-
balide ion (e.g., hydrcgen dichloride ion, hydrogen di-
bromide ion, hydrogen diiodide ion, oxr hydrogen bromide
chloride ion), a halogen acid ion (e.g., c¢hlorate iocn,
bromate ion, or iodate ion), a per-halogen acid ion
.-(e.g., perchlorate ion, perbromate ion, or periodate

) __:',on)"; an aliphatic carboxylate ion (e.g., acetate icm,

A . trifluorcacetate ion, or propicmate ion), an aromatic .
{ "  carbowylate ion (e.g., benzoate iom, or - or f-maph-
g | thalenecarboxylate ion), an aromatic hydroxyl iom (e.g.,

phenoxide ion), an inorxganic acid ion (e.g.. sulfate iom,
sulfite ion, phosphate ion, phosphite ion, borate icm,
hydrogenborate ion, cyanate ion, thiocyanate iom, or
fluorcborate ion), an alkylsulfonate or alkylsulfinate
ion having an alkyl group of 1 to 16 carben atems (e.g..

. wethyl, ethyl, n-propyl, or isopropyl), an arylsulfonate
or arylsulfinate ion having an aryl group {e.g., phenyl,
p-tolyl, or p-nitorcophenyl), a tetraalkylborate ion hav-
ing an alkyl group of 1 to 10 carbon atoms (e.g., tetra-
methylborate ion, or tetraethylborate iom), or a terxa-
arylborate ion (e.g., tetraphenylborate ion, or tetrakis-

..p=fluorophenylborate ion). Examples of preferred countexr

. . icmd” (%) include halide ions such as chloride icn, -bro-
- .--mide ion and iodide icnm, and hydrogen dibalide ions such-
P e as hydrogen dichloride ion, hydrogen dibromide ion, hy-
v drogen diiodide ion, and hydrogen bromide chloride iom.
Most preferred are chloride ion and hydrogen dichloride
ion. :
. Concrete examples of the preferred phosphonium salts
of the formula (A) are described below.
(1) Phosphonium salt in which all of R}, R?, R® and R* are
aryl groups and X- is a halide ion
Examples are tetraphenylphosphonium chloxide, tetra-
phenylphosphonium bromide, tetraphenylphosphonium iodide,
tetrakis (p-chlorophenyl) phosphonium chloxide, tetrakis(p-

Pa
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[etr] - Formula (C): [err] Formula (D): [err] -5- Detail ed descriptions -
are given below for the phos- phoniumsalt of fornmula (A), the phosphine of
“formula (B), the phosphine dihalide of fornmula (C), and the phos- phine

- oxide of formula (D). (A) Phosphonium Salt of the fornmula (A) The -
phosphoni um salt can be represented by the above fornmula (A), wherein each
of Rerr], Rerr], Rerr] and R err] indepen- dently represents an aryl
group of 6 to 10 car bon at ons, an al kyl group of 1 to 16 carbon atoms, an
aral kyI group = - : ' -8~

fluorophenyl) phosphonium chloride, tetrakis(p-tolyl)phos-
- phonium chloride, p-chlorophenyltriphenylphosphonium
.chleride, p-chlorophenyltriphenylphosphonium hromide, p-
.- chlkophenyltriphenylphosphonium iodide, p-tolyltriphen-
g " . ylphosphonium chloride, p-tolyltriphenylphosphonium bro~"
mide, p-tolyltriphenylphosphonium iodide, m-trifluoro-
q methylphenyltriphenylphosphonium chloride, p-biphenyltri-
' phenylphosphonium chloride, m-methoxyphenyltriphenylphos-
phonium chloride, p-methoxyphenyltriphenylphosphonium -
chloride, p-ethoxyphenyltriphenylphosphonium chloride, p-
ethoxyphenyltriphenylphosphonium bromide, p-ethoxyphenyl-
triphenylphosphonium iodide, p-dimethylaminopbenyltri-
phenylphosphonium chloride, p-ethoxycarbonylphenyltri-
phenylphosphonium chloride, m-cyancphenyltriphenylphos-
phonium chloride, and 1-naphthyltriphenylphosphonium
chloride. Most preferred is tetraphenylphosphonium chlo-
ride. '
. (2) Phosphonium salt in which all of R}, R?!, R® and R* are
" aryl groups and X ig a hydrogen dihalide ion
: T ~"Examples are tetraphenylphosphonium hydrogen di-
-~ chlonde tetraphenylphosphonium hydrogen dibromide, 7
{ . tetraphenylphogphonium hydrogen diicdide, and tetxa-
v phenylphosphenium hydrogen bromide chloride. Most pre-
- ferred is tetraphenylphosphonium hydrogen dichloride
(3) Phoaphonium salt:.nwh:l.chall of R*, B, R’ and R* are
aryl groups and X~ is an a.hphatic or arqnat:.c car-
hoxylate icn
Exanmples are tetraphenylphosphonium acetate, p-
chlorophenyltriphenylphosphonium acetate, p-ethoxyphenyl-
triphenylphosphcenium acetate, p-tolyltriphenylphosphonium
acetate, tetraphenylphosphonium trifluorcacetate, and
tetraphenylphosphonium benzoate.,
(4) Fhosphonium salt in which all of R}, R?, R® and R* are
.. aryl groups and X is fluorckorate iom
Examples are tetraphenylphogphonium fluorcborate, p-

chlorophenyltriphenylphosphommn fluoroborate, p-ethoxy- P
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of 7 to 22 carbon atons, an aryloxy group of 6 to 10 car- bon atons, or a
heterocyclic group of 4 to 16 carbon at- oms, and X represents a counter -

i on of the phosphoniumion. Any two of R err], Rerr], Rerr] and R err]
may be conbined to forma ring having the phosphorus atomas its ring
menber. The aryl group is described in nore detail. The aryl group can be a

phenyl or napht hyl group.;The-phenyl or naphthyl group can have one or nore
substituents in any positions. Exanples of the substituents include alkyl
of 1 to 15 carbon atons; preferably of 1 to 12 car- bon atons (e.g., -
met hyl; et hyl’, n?prépyl, i sopropyl, n- bw@yl, isobutyl, sec-butyl, or
teyt-butyl), al.koxy of 1 to 15 carbon atons, preferably of 1 to 12 carbon
atoms. (e. g.,: et phagylei{ihen ' [ r QPOX n- byt oxy, i sobut.exy;
sec- bué%xy’,' or t Shbadiiia0 aFEmtg car onf‘?' %Zaéﬁrﬁoﬁoéybmi_
prefer@bly of 2 1 C P4 £ lacapboxggehoxy car bonyl  or
et hoxycar bonyl ), Fonipme 831y, imwibiohsalh o g, Nedi ﬁb%%bst ituted
: are
amno aryl groups and X is thiocyanide icn ’
An m‘p].e is tetraphenylphggphonimn thiocmide
(6) Phosphonium salt in which all of R, B, R® and R* are
aryl groups and X is an aromatic hydroxyl ion
An example is tetraphenylphosphonium phencxide
(7) Phosphonium salt in which three of R!, R?, R* and R¢
are aryl groups, one is an alkyl .
halide ion lky group, and X ig a
et E’l a‘i"Ples are methyltriphenylphosphonium chioride,
yltriphenylphosphoniun bromide, methyltriphenylphag-

I . phonium iodide, n-propyltriphenylphosphonium chlori
.-'." de' g
: propyltriphmylphospmnimn bromide, n-propyltriphemnyl ~ e
- _. phos;ahm:l.um iodide, isopropyltriphenylphosphmium chlo-

ride, isopropyltriphenylphosphonium bromide, n-dodecyl-
triphenylphosphonium chloride, n-Godecyltriphenylphog-
phonium bromide, chloromethyltriphenylphosphmimn chio-
xide, methyltris(m-chlorophenyl)phosphonivm chloride
methyltris (m-ch;orophanyl)phosphnnimn bromide, ethyléris-
(mschlorqphenwi)phoaphnnium.chloride, and ethyltxris (m-
chlorephenyl) phogphonium bromide.
(8) Phosphonium salt in which three of R*, R?, R® ang R¢
:i;:yi.mgroups, one is an axalky.l group, and X ig a
'Exanples are benzyltriphenylphosphonium chloxi -
f}uorgtfgmyltriph_enylphosphonim chloride, p—fluoro:::’tz?
| y}p;iphenylphosphonim bromide, 2,4-dichlorobenzyltzi-~
J ‘Pphenylphosphonium chloride, 2,4—dichlorobenzyltripheny1- A
{ " Phosphonium bromide, p-n-butoxybenzyltriphenylrhosphoniun’
¢ chloride, p—n—huwcyhenzyltriphenylpboﬂphmim brontide,
z-mphthylmethyltriphenylphoephmiwn chloride, z-mphtl'i-
yimethyltriphenylphosphonium bromide, 9-fluorenyltrd -
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(e.g., N, N-dinethylamno), cyano, nitro, and halo (e.g., fluoro, chloro, or
“bromp) - The +al kyl group is described in nore detaill. The al kyl group can
have 1 to 16-c¢arbop-atons. Exanples of the al kyl group include nethyl,
ethyl, n-propyl.,-isopro- pyl, n-butyl, isobutyl, sec-butyl, or tert:gutyk.
The al kyl graoup can have one or nore substituents in any positions.-
Exanpl es g the substituents are the same as t hose described for the
substit«€nts of the aryl group. The aral kyl group is described in nore
detai¥. The aral kyl group can have 7 to_ 22 carbon atons. Exanples of the
aral kyl group include benzyl, phenet hyr18nd napht hyl - ‘methyl. The aral kyl
group can have one or nore substi- tuents in any positions. Exanples of the

substituents ar guldg 3ARERAS P 2R18REEL) HER SOF1bORy RS e pnak-
phonium bromide. :
(9) Phosphonium salt in which three of R, R3, R® and R*
are aryl groups, one is a heterocyclic group, and X
is a halide ion '
An example is 2-thiophenetriphenylphosphonium chlo-
ride. ' -
(10) Phosphonium salt in which three of R}, R, R® and R*
are aryl groups, one is an aryloxy group, and X" is a
halide ion
" .in example is phencxytriphenylphosphonium chloride.
g " .-{11) phosphonivm salt in which three of B!, R, K and R ./ .
" are axyl groups, come is an alkyl group, and X is an
¢ "  aliphatic carboxylate ion |
' Exawples are methyltriphenylphospbonium acetate,
ethyltriphenylphosphonium acetate, and n-propyltriphenyl-
phosphonium acetate.
(12) Phosphonium salt in which three of R}, R}, R® and R*
- are aryl groups, one is an alkyl group, and X* is a
fluorcborate ion
Examples are methyltriphenylphosphonium £luoro-
borate, ethyltriphenylphoaphonium fluoxcborate, and n-
propyltriphenylphosphonium flvorcborate.
(13) Phospbonium salt in which two of RY, R2, R* and R* are
_aryl groups, othexr two are other groupa, and X™ is a
" halide iom
S ofxamples are dimethyldiphenylphosphonium chloride,
J .. diethyldiphenylphosphonium chloride, dimethyldiphenyl- -
" pbosphonium bromide, and diethyldiphenylphosphonium bro-
L mide. :
' (14) Phosphomium salt in which one of R, R?, R® and R* axe
aryl groups, other three are other groups, and X° is
a halide ion , B a
Examples are diethylmethylphenylphosphonium chlo-
ride, and diethylmathylphenylphosphonium bromide.
(15) Phosphonium salt in which none of R*, R?, R and R!
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the aryl g&oup The aryl oxy group I s described in nore detail. The aryloxy
group. Qan be- a phenoxy or naphthoxy group. The aryl oxy group can have one
or mo¥e substituents in any positions. Exanples of the substituents are the
sane as those described for the substituents of the aryl group. The

het erocyclic group is described in nore detail. The heterocyclic group can
have 4 to 16 carbon atons, and at |east one hetero atom such as oxygen,

sul fur, or ni- trogen. Exanples of the heterocyclic group include thienyl,
furyl, and pyridyl. The heterocyclic grqyp can have one or nore
substltuents I n any positions. Exanples of the substituents are the sane as
t hose ‘described for the substituents of the aryl group. The groups of -

Rlerr]; Rerr], R[erta]z.‘eaadle[g‘mjpa)f anfieXplesphialide sigid can be the same
or different fron1eafgagt LANG S Sﬂﬁﬁhf@ﬂ QEE _
Rlerr], Rerr] _%r_ aiSho ﬁétgraoﬁugs Hhi:ct)%e phosphoni umsdgi'llf i S,

a tetraarylphos
Some of the above- menticned.phosphan:um salta are
known and available on market. Other phosphonium salts
can be prepared by the processes set forth in Bull. Chem.
.~Soc. Jpm., 56, 2869 (1983) and J. Am. Chem. Soc., 70, 737
_ (1948), or processes similar to those described in these‘A
-/ .. publications.
e For instance, the tetraarylphosphonium chloride can
v - be prepared by reacting a triarylphosphine and an axyl
halide (e.g., aryl iodide or aryl bromine) in the pres-
ence of a palladium acetate catalyst and treating the re-
sulting tetraarylphosphonium iodide or bromide with an
ion exchange resin (chloride type) to give the desired
tetyaarylphosphonium chloride. The produced tetraaryl-
phosphonium chloride is preferably dried. For the dry-
ing, the tetraarylphosphonium chloride is preferably
heated to 100 to 200°C for 0.5 to 5 hours in a stream of a
&ry inext gas such as dry argon gas and then heated to 80
to 200°C for 0.5 to 2 hours in a stxeam of a dry hydrogen
chloride gas. The commercially available tetraarylphos-
.-phoniym’chloride. is also preferred to be subjected to the .
: ~"  above-menticned process. P
-/ _ The tetraarylphosphonium salt having a counter ionm
P e other than halide ion can be prepared by reacting the
" above-obtained tetraarylphosphonium chiloride with an-
alkali metal salt {(e.q., sodium salt or potassium salt)
or an ammonium salt of the desired counter iom, that is,
ion exchange reaction. Other phospbonium salts other
than the tetraaryl phosphonium salts can be prepared in
the same manner or an analogous manner. These phosphoni-
um salts are also prefexred to be subjected to the drying
treatment, in advance of its use as the catalyst.

(B) Phosphine of the formnia (B)

\\\
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phonium salt. Three of the groups are aryl groups and other one is another
.group, that is, a triarylphosphoniumsalt. Two of the groups are aryl
groups and other two are other groups, that is, a diaryl phosphoniumsalt.
Only one of the groups is an aryl group and other three are other groups,
that' is, an aryl phosphoniumsalt. Al of the groups of Rerr], Rerr],

Rl err] and Rlerr] are other than the aryl groups. Preferred are the

t et raaryl phosphoni um salt and-an aryl phosphonium salt in which three of the
groups of Rlerr], Rerr], Rerr] and Rerr] are aryl groups and other one
Is a het- erocycllc group. -7- The cepnter ion (X) can be a halide ion
(e.g., chlo- ride ion, bromde" ion, or iodide ion), a hydrogen di- halide

i on (e g., hydrogen di chl ori de |on h%grogen di -
The represented by the above formu-

_..J.a (B);, wherein egch of R%, R' and R’ independently repre-
. - sents an aryl group, an alkyl group of 1 to 16 carbon
e .. atcoms, an aralkyl group of 7 to 22 carbon atoms, or a .
*"  heterocyclic group of 4 to 16 carbon atoms. Any two of
¥ R®, R and R’ may be combined to form a ring baving the
| ' phosphorus atom as its ring member.

- Examples of the aryl group, alkyl group, aralkyl
group and hetexocyclic group are the same as those de-
goribed for the phosphonium galt of the formula (A).

The groupg of R®, R° and R’ of the phosphine can be
the same or different from each other. For instance, all
of the groups of R%, R® and R’ are aryl groups in one
phosphine, that ia, a triarylphosphine. Two of the
gzoups are aryl gtoups and other cne is another group,
that is, a dlarylphosphine. Only one of the groups is an

. axyl group and other two are other groups, that is, an
azylphosphine All of the groups of R®, R® and R’ are
_ other than the aryl groups. Prefexred is the phosphine
- .;_.-.--'in which all of the groups of R®, R and R’ are aryl A
LR Concrete examples of the preferred phosphines of the
formila (B) are described below.

(1) Phosphine in which all of R, R® and R’ are aryl
groupe (i.e., triarylphosphine) -

Examples are triphenylphosphine, tris(p-chloro-
phenyl)phosphine, tris(p-tolyl)phosphine, and a-naph-
.thyi(phenyl)-p-methomyphenylphosphine.

(2) Phosphine in which two of R®, Rf and R’ are axyl
groups and one is other group (i.e., diaxrylphos-
phine)

Examples are methyldiphenylphosphine and.phenyi (p-
methoxyphenyl) methylphosphine.

._.--.('3') Phosphine in which cne of R*, R® and R’ is an aryl
. v .. 'group and other two are other groups (i.e., aryl-
~ P :.‘;i""". phosphine) '
(e e —
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broni de ion, hydrogen diiodide ion, or hydrogen bromnide chloride ion), a
hal ogen aC|d ion (e.g., chlorate ion, bromate ion, or iodate ion), a .
per - hal ogen acid ion (e g., perchlorate ion, perbromate ion, or periodate
ion), an aliphatic carboxylate.ion (e.g., acetate ion, trifluoroacetate

i on, or propionate ion), an aromatic carboxylate ion (e.g., benzoate ion,
or [err]- or [err]-naph- thal enecarboxylate ion), an aromatic hydroxyl ion
(e.g., phenoxide ion), an inorganic acid.ion (e.g., sulfate ion, sulfite
ion, phosphate jon, phosphite ion, borate ion, hydrogenborate ion, cyanate
I on, thlocyanate I Qny or fluoroborate <13}, an al kyl sul fonate or
alkylsulfhnate i;on having an al kyl group of 1 to 16 carbon atoms (e.g

medhyl , ethyl.n-propyl, qr isopropyl), _an arylsul fopate or_aryl ulfrﬁhte
i on Kaw ng. zm aryIp gP lgsgargp@:gpmp)hy ¢ Pbé’ﬁ’gla ", a-
tetraa&kylborateqmﬁapma épﬂ;nguoup of 1 to 10 carbon atons (e.g.,
tetra-“methyl bor gjp | sp‘f:[uﬁaeiﬁw DBAE! SE 180 RS YndPR Ui aryl
groups :
Examples are benzyi-(n—butyi)methylphosphine and
tributylpbosphine. An example of a phosphine in which any
two of R, R® and R’ are combined to form a ring having:
the phosphorus atom as its ring wember is phenylbi-
phenylenephosphine.

(C) Phosphine Dihalide of the formula (C)
The phosphine dihalide can be represented by the
above formmla (C), wherein each of Rf, R® and R indepen-
dentlyrepresmtsanaryl group, an alkyl group of 1 to
_,»”‘16 catbon atoms, an aralkyl group of 7 to 22 carbon at-
g " .oms, or a heterocyclic group of 4 to 16 carbon atoms, and
f:t each of ¥ and ¥? independently represents a halogen atom
A ‘such as chlorine, bromine or iodine. Auy two of R®, R®
~ and R*® wmay be combined to form a ring having the phos-
phorus atom as its ring member. .
Examples of the aryl group, alkyl group, aralkyl
group and heterocyclic group are the same ag those de-
scribed for the phosphonium salt of the fornmla (A).
The groupa of R®, R® and R* of the phosphine dihalide
can be the same 6r different from each other. For in-
stance, all of the groups of R®, R’ and R are aryl groups
in cne phosphine, that is, a triarylphosphine dihalide.
Two of the groups are aryl groups and other cne is anoth-
er group, that is, a diarylphosphine dihalide. Only cne
ofthegrmps ig an aryl group and other two are other
_ " groups, that is, an arylphosphine dihalide. All of the
.J ___._.groups of R, R® and R¥ are othexr than the aryl groups. .~
" Preferred is the phosphine dihalide in which all of the
v groups of R®, R® and R are aryl groupa.
' Concrete examples of the preferred phosphine dil-
halides of the formula (C) are txiphenylphosphine di-
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‘aryl borate ion (e.g., tetraphenyl borate ion, or tetrakis-

p-fluorophenyl por'ate ion). Exanples of preferred counter ions (X[err])

i ncl ude hal i.dé ions~such as chloride ion, bro- mide ion and iodide ion, and
hydr.ogen di hal‘i.de i ons such as hydrogen d| chloride ion, hydrogen dibr rri de
ioh, hy- drogen di i odi de ion, and hydrogen brom de chloride ion.. Ms
preferred ate chloride ion and hydrogen dichloride ion. Concrete exanples
of theypfeferred phosphoni um salts of the formula (A) are described bel oW.
(1) Phosphoniumsalt -in which all of Rerr], Rerr], Rerr] and Rerr] are
aryl groups and X/ err] is a halide ion -Ema-npl es are tetraphenyl phosphoni-um
chl ori @le, tetra- phenyl phosphoni um brom de, tetraphenyl phosphoni-um i odi de,

wetraki o(p-chl o gphienyly PROSPION H, b st S8 SR criphenya-"

phosphine diiodide.

(D) Phosphine Oxide of the formula (D)

The phogphine oxide can be represented by the ahove .
formula (D), wherein each of R¥, R and R¥ independently
represents an axyl group, an alkyl group of 1 to 16 car-
bon atoms, an aralkyl group of 7 to 22 carbon atoms, or a
heterocyclic group of 4 to 16 carbon atoms. Any two of

R%, B¥ and R™ may be combined to form a ring having the
_ . phoSphorus atom as its ring member.
~/ Examples of the aryl group, alkyl group, aralkyl 7
(e  group and heterocyclic group are the same as those de-
¢ " scribed for the phosphonium salt of the formula (A).
. The groups of RZ, R2 and R® of the phosphine oxide
can be the same or different from each other. For in-
stance, all of the groups of R®?, R* and R are aryl
groups in one phosphine, that is, a triarylphosphine
cxide. 7Two of the groups are aryl groups and other cne
is another group, that is, a diarylphosphine cxide. Only
one of the groups is an aryl group and other two are
other groups, that is, an arylphosphine cedde. All of
the groupe of R¥, R2 and RV are other than the aryl
groups. Preferred is the phosphine oxide in which all of
the groups of R¥, R? and R¥ are aryl groups.
" Cohcrete examples of the preferred phosphine oxides

- qf--t:'ixe formila (D) are described below. P
) (1) Phosphine oxide in which all of R, R and R® are
P aryl groups (i.e., triarylphosphine oxide)

Examples are triphenylphosphine oxide, tris(p-
chlorophenyl)phosphine oxide, tris(p-tolyl)phosphine
oxide, and- ¢-naphthy1 (phenyl) -p-methoxyphenylphogphine
oxide.

(2) Phosphine oad.de in which two of R*, R and R® are
aryl groups and cne is other group (i.e.. d:.aryl-
phosphine mdde)
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- 8- #lyﬂfophenyl)phosphoniun1ch|oride, tetraki s(p-tolyl)phos- phonium -

¢hl oride, p-chlorophenyltriphenyl phosphoni um chl oride,

p- chl orophenyl tri phenyl phosphoni um brom de, p-

chl or ophenyl t ri phenyl phosphoni um i odi de, p-tolyltriphen- yl phosphoni um

chl oride, p-tolyltriphenyl phosphoni um bro- m de, _
p-tol yl triphenyl phosphoni umi odide, mtrifl uoro-

met hyl phenyl t ri phenyl phosphoni um chl ori de, p-bi phenyltri - phenylphosphonlum
chl oride, m et hoxyphenyltriphenyl phos- phoni um chl ori de,

p- nethoxyphenyltrlphenylphosphonlun1chldi5de

p- et hoxyphenyl t ri phenyl phosphoni um chl ori de,. p-

11 phiyl phosphoni uin CRARBSGEAF8 %&%ﬁ%‘ﬂwpﬁﬁ LB

chl oride, p-ethoxpdlr Rrmethaxyphenyl) menby puidehl ori de,
e o i o i e B s 1
tetrgphe%ylphgsphgnPu%§§ﬁ1§&gﬁkd%&P t%er gﬁb ard 3 Srﬁqgs (i.e.,
.+ aryl phosphine oxide)
| ~Bxamples aye dmethyl(PheﬂYl)PhOSthe oxide and
e __._.:-'ethyl (phenyl) n-propylphosphine oxida. -
.+ (4) Phosphine oxide in which none of R#, R™ and R*® are
e o aryl groups
- Examples are benzyl- (n-butyl)methylphogphine oxide
and tributylphosphine oxide. An example of a phosphine in
which any two of R®, R2 and R¥ are combined to form a
ring baving the phosphorus atom as its ring wenber is
phenylbiphenylenephosphine oxide.

Ameng the above-mentioned organic phogphorus com-
pounds, tetraarylpbosphonium halide, tetraarylphosphonium
hydrogen dihalide, and triarylphosphine dihalide are pre-
ferred. Most preferred are tetraarylphogphonium chlo-
ride, tetraarylphosphonium hydrogen dichloride, and txi-
arylphosphine dichloride. The organic phosphorus com-
pound can be employed singly or in combination in the

. proces of the present invention. The organic phosphorus
g " . -compound can be dissolved or dispersed in the reaction ./
* wedium, :
- S 'rheorganicphosphmwmoundcsnbeenployedm
an amount of 0.001 to 50 wol.%, preferably 0.01 to 20
mol.%, based on the amount of diaryl oxalate (100 mol.%).
In the reaction for preparing a diaryl carbomate
from a diaryl oxalate according to the invention, -a balo-
gen atom-containing compound can be incorporated. Par-
ticularly, in the cases where a phosphonium salt other
than the phosphonium halide and phosphonium hydrogen
dihalide are used as the phosphorus compound and where a
rhosphonium halide or a phosphonium hydrogen dihalide is
used in a small amount, the incorporation of a halogen
atom-containing compound is preferred. The halogen atom-
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(2) Phosphoniumsalt in which all of Rerr], 'R[err] Rerr] and R[err] are
caryl ;groups and Xferr] is a hydrogen dlhallde I on Exanples are
~ tetraphenyl phosphoni um hydrogen di - chloride, tetraphenyl phosphoni um

hydr ogen di brom de, tetraphenyl phosphoni um hydrogen diiodide, and tetra-
phenyl phosphoni um hydrogen brom de chloride. Mst pre- f erred is
t-et raphenyl phosphoni um hydrogen di chl oride. (3) Phosphoniumsalt in which
all of Rerr], Rerr], Rerr] and Rlerr] are aryl groups and X err] is an
aliphatic or aromatic car- boxylate ion Exanples are tetraphenyl phosphoni um
acet at e, p--chlorophenyltr|phenylphosph? |un1acetate p- et hoxyphenyl -
tri phenyl phosphoni um acetate, p-tolyltr phenylphosphonlun1acetate
tetraphenylphosphonlun1tr|fluoroacetate and tetraphenyl phosphoni um

benzoate. (4) rrmnmmng\ piretarably dfs Bl ehlbrife edtidm-daper r] and
ggruat ?;Shg:lilfl l%c?’s Q%nl Wro Ora%é%@%@'oﬁ'} Eﬁe&w&ﬁm
onne atom-containing compound., A

i 'I'he :.nccrporated halogm atom-containing compound can be

b decompoged or converted into other halogen atom-contain-

' - ing conpound in the course of the development of the re-
action. The halogen atom-containing compound is gener-
ally employed in an amount of 0.001 to 300 moles, prefer-
ably 0.1 to 100 moles per cne wole of the organic phos-
phorus compound.

Tha bhalogen atm—contamng compound may be an mor—
ganic compound or an organic ccmpoxm
Examples of the inorganic balogen atom-con!:aming
’ compounds are halides of aluminum (e.g., aliminum chlo-
ride and aluminum bromide), halides of metals belonging
to the platinum growp (e.g., platinum chloride, ruthenium
. ¢hloride, palladium chloride, and chloroplatinic acid),
- " halidés of phosphorus (e.g., phosphorus trichloride,
v } phosphorus pentachloride, phosphorus oxychloride, phos- .~
:  pkorus tribromide, phosphorus pentabromide, and phospho-

v - rus oxybromide), hydrogen balides (e.g., hydrogen chlo~

ride and hydrogen bromide), halides of sulfur (e.g.,

thionyl chloride, sulfuryl chloride, sulfur dichloride,

and disulfur dichloride), and halogens per ge (e.g.,

chlorine and hromine) . |

The organic halogen atom-containing compound prefer-
ably containg (1) caxbon atom, (2) a halogen atom such as
chlorine atom or a bromine atom, and (3) at least cne of
other atoms selected from a hydrogen atom, a mx:zogen
atom, a sulfur atom, and a silicon atom.

Exanples of the organic halogen atom-containing com-
pmmdsareorganiccammmdshavingaC-Halbmding {in

vihich Hal means a halogen atom), a C-Si-Hal bonding, a

- '_,..--"C(O) -Hal bonding or a C-S(0),-Hal bonding. The organic
J halogen atom-containing compound can contain cne or more 2

" halogem atems such as chlorine(s), btcmine(s) or io-
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chl orophenyl tri phenyl phosphonl um f 1 uoroborat e, p-et hoxy- - O-
phenyl.tri phenyl phosphoni um fl uoroborate, and p-tolyltri- phenyl phosphoni um -
fluoroborate. (5) Phosphoniumsalt in which all of Rerr], Rerr], Rerr]
and R[err] are aryl groups and X/ err] is thiocyanide ion An exanple is

t et raphenyl phosphoni um t hi ocyani de. (6) Phosphoniumsalt in which all of
Rlerr], Rerr], Rerr] and Rlerr] are aryl groups and X is an aromatic
hydroxyl ion An-exanmpl e is tetraphenyl phosphoni um phenoxide. (7)

Phosphoni um sl t in ‘which three of Rlerr], Rerr], Rerr] and Rerr] are
aryl. groups, one‘is an alkyl group, and-:).<7+'s a hal i de ion Exanples are
net hyl fri phenyt phosphoni um chI oride, nethyltriphenyl phosphoni um brorfi de,

met h¥I t r| ph'enyl phos- :
- dine(s) singly or in combination.

Examples of the organic compounds having a C-Hal
bonding include alkyl halides (e.g., chloroform, carbon
‘tetrachloride, 1,2-dichloroetbane, butyl chloride, and
dodecyl chloride), aralkyl halides (e.g., betizyl chlo-
ride, benzotrichloride, triphenylmethyl chloride, and a-
bromo-o~Xylene), and halogenated aliphatic nitriles
(e.g., P-chloropropionitrile, and y-chlorobutyronitrile),
balogenated aliphatic carboxylic acids (e.g., chloro-
acetic acid, bromoacetic acid, and chlorepropicnic acid).

Examples of the organic compounds baving a C-Si~Hal
bonding include halogenated silanes (e.g., diphenuyldi-
chloxosilare, and triphenylchlorosilane).

" .-Examples.of the organic compounds having a C(0)-Hal
bonding include acyl balides (e.g., acetyl chloride, cx@=~
.+ 1yl chloride, propiomyl chloride, stearoyl chloride,

e benzoyl chloride, 2-paphthalenecarbaxylic acid chloride,

' and 2-thigphenecarboxylic acid chloride), halogemated

- formic acid aryl esters (e.q., phenyl chloroformate), and
halogenated glyoxylic acid aryl esters (e.g., phenyl
chloroglyoxylate) .
. Examples of the organic compounds having a C-S(0),-
Hal bonding include sulfonyl chloxrides {e.g., p-toluene-
sulfonic acid chloride, and 2-naphthalenesulfonic acid
chloride) . _

The reaction for releasing CO from the diaryl oxa-

late according to the invention can be conducted at a
' temperature in the range of 100 to 450°C, preferably 160
to 450°c. wmore preferably 180 to 400°C, most preferably
_...--"'180 £0 350°C, in the reaction vessel comprising plural
g ___._xeact::.on chambers in the presence of the organic phospho- -
..... *" rus compound, and optiocpally in combination with the
¢ halogen atom-containing compound. In the course of prog-
ress of the reaction, carbom monoxide is emitted and the
desired dlaryl carbonate is formed. The reaction can be
conducted under an atmospheric pressure, under a certain

———
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phoni um i odi de, _ethyl tri phenyl phosphoni um chl ori de, ' ' _
ethyl t ri pheny} phosph@nl um brom de, ethyltriphenyl phos- phonium i odi de,

n- propyl t r.iphenyl phosphoni um chl oride, n- propyltriphenyl phosphoni um
brgm de, n-propyltriphenyl- phosphoni um i odi de, A

i sopropyl triphenyl phosphoni um chl.o- ride, i sopropyl tri phenyl phosphonl um
bromni'de,..fi- dodecyl - triphenyl phosphoni um chl oride, n- dodecyl tri phenyl phos-
-phoni uﬁ1 broni de, chloronethyl triphenyl phosphoni um chlo- ri de, '
met hyl tri s(m chl or ophenyl ) phosphoni.um chl oride, nethyltris

(m chl or ophenyl ) phosphoni um broni de, etbygtris- (mchlorophenyl)

phosphgni um chl oride, and ethyltris (m chl orophenyl) phosphonl um br om de.
(8) Phosphoniumsalt in which three of Rlerr], Rerr], §| err] and R[err]
‘are aryl groups, pm@sweanommdqn agredpqedawelm] i BE reastiion
Exanpl es are benzgnigeil ERALE A rd€TuR- tempenture of the

y ??{BEZRWLLLLB%#&%“ ' “°S§mef“°”' Sadafe ﬁﬁ&%ﬁ@ﬁﬁ” S8 {4 Preteranly per-
formed under presgsure.

The decarbonylation reacticn does not require any
solvent. However, if necessary, an organic solvent which
does not participate in the reaction can be employed.
Such solvent can be diphenyl ethex, sulforane, N-methbyl-

_,.py-i:rolidma dimethylimidazolidone, or 1,3-dimethyl-
- 3,4, 6-tetrahydro-2 (1H) -pyrimidinone.
J The reaction vessel comprising plural reactien c:ham./‘
* bers and the process for preparing a diaryl carbonate
¢ from a diaryl oxalateusmgthereactimvessel is now
' described in more detail.

Fig. 1 schematically illustrates cne example of the
reaction vesgel which is employable for performing the
reaction for preparing a diaryl carbonate from a diaryl
cxalate according to the invention. In Fig. 1, a mixture
of a diaryl oxalate and a decarbonylation catalyst is
continuously supplied through a line 1 into the reaction
vegsel comprising three reaction chambers, 2-1, 2-2, 2-3.
The reaction chambers are separated from each other by a
partition 3. The partitions have heights differing from
each other. The partition between the fixst chamber and

, t:he gsecond chamber is higher than the partition between
_ ,.--"'thesecondchamberandthethudchanber so that the
-/ _.-Yeaction mixture is transferred in cme directiom, that
e is, from the first chamber to the second chamber and then
¥ to the third chamber. The upper spaces of the chambers
are Kept vacant to receive carbon monoxide which is pxo-
duced in the course that the decaxbomylation reaction
proceeds. The mixture is first intxoduced into the first
chamber 2-1 for performing the decarbonylation reaction
by heating the mixture in the chamber 2-1, and the reac-
tion mixture is then transferred into the second chamber
2-2 over the partition 3. The reaction mixture is heated

-/ -
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phenygphosphoni um chl ori de, 2, 4- dlchlorobenzyltrlphenyl~ phosphonlum
brom de, p-n- butoxybenzyltrlphenylphosphonlunlchlorlde .

p- n- but oxybenzyl t ri-phenyl phosphoni um br om de,

2- napht hyl met hyl t ri phenyl phosphoni um chl ori de, 2-napht h-

yl met hyl tri phenyl phosphoni um brom de, 9-fluorenyltri- - phenyl phosphoni um
chloride, and 9-fluorenyltriphenyl phos-. phoni um broni de. (9) Phosphoni um
salt in which three of Rerr], Rerr], Rerr] and R err] are aryl groups,
one is a heterocyclic group, and X/err] is a halide ion An exanple is

2-t hi ophenet ri phenyl phosphoni um chl o- rhge. (10) Phosphonium-salt in which
threeof Rerr], Rerr], Rerr] and R err] are aryl groups, one is an

aryl oxy group, and X is a halide ion
in the second chamber 2-2 for advancing the decarbonyla-

tion reaction, and then transferred into the third cham-
ber 2-3 over the partition 3. The reaction mixture re-
ceived in the third chamber 3 ig further heated to fur-
.~thex _advance the decarbonylavion reaction. The reaction
. mixture thus enriched with the produced diaryl carbomate
J _~"is finally recovered from the recovery line 6. In the .~ .
" course of the decarbonylation reactiom, carbom monoxide
v is produced and discharged through a discharge line 7.
. The discharge line 7 may have a condenser (not illustrat-
ed) . ' . ' _
There are no limitation with respect to the numbexr
of reaction chambers, but generally the reaction vessel
compriges 2 to 30 reaction chanbers, preferably 2 to 10
reaction chambers. There are no specific limitations
with respect to the material of the reaction vessel.
Ordinary reaction vessels such as vesgels of glass or
stainless (SUS) can be employed.
Fig. 2 schematically illustrates another exanple of
the reaction vessel which is also employable for perform-
.dng the reaction for preparing a Qiaryl carbonate accord-
. ing‘to the inveption. In Fig. 2, a mixture of a diaryl
~/ .. oxalate and a decarbomylation catalyst is contimously
R " supplied through a line 1 into the reaction chamber 2-1
¥ wnich is in the form of an independent reaction vessel.
The reaction chamber 2-1 is equipped with a line 4 for
transfexxing the reaction mixture into the second chambexr
2-2 which is also in the form of an independent reaction
vesgsel. The reaction chamber 2-1 is further equipped
with a carbon wmonoxide discharge line 7. The reaction
mixture in the reaction chamber 2-1 is then transfexred
into the reaction chamber 2-2 of the same type through
the line 4. The reaction mixture in the reaction chamber
2-2' is furthexmore transferred into the reagtion chamber
2-3 of the same type through the line 4. Finally, the
reactim mixture enriched with the produced d;azyl car-

0/ .
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An exanpl e i s phenoxytri phenyl phosphdni um chl oride. (11) Phosphoni um salt
.n which three of Rerr], Rerr], Rerr] and Rlerr] are aryl groups, one is
" an aIkyI group, and X is an aliphatic carboxylate ion Exanples are '
met hyl t ri phenyl phosphoni um acetate, ethyltriphenyl phosphoni um acetate, .and
n- propyl tri phenyl - phosphoni um acetate. (12) Phosphoniumsalt in which
three of Rlerr], Rerr], Rerr] and Rlerr] are aryl groups, one is an alkyl
group, and X/ err] is -a fluoroborate ion Exanples are | -

met hyl t ri phenyl phosphoni um fl uoro- borate, ethyltriphenyl phosphoni um

fl uoroborate, and n- propyltriphenyl pho0kroni um fl uoroborate. (13) .
Phosphonium salt in which two of Rlerr], Rerr], Rerr] and R[err] are aryl

groups, other t are qther grou and rr] i.s a haljde |on Les are
di net hyl di pheny}l%mﬁrﬁgﬁ 8“?5&? Fé%h?ﬁ%ﬁ (}gﬁm i de,

dlnethyldlphenylthe line 6
J Fig. 3 scheuatlcally illustrates a further example
~""  of the reaction vessel which is a variation of the reac-
¥ tion vassel of Fig. 1 and is also employable for perform-
' ' ing tha reaction for preparing a diaryl carbonate accord-
ing to the invention. The partitions 3 of the reaction
vessel in Fig. 3 bave the same height, but each has an
opening 5 to assist the flow of the reaction mixture into
the next chamber. The partition can be replaced with a
paxtition having a plural number of small cpenings or a
porous partition plate.

In the reaction chambers, a stirrer, a pump for
circulation of the reaction mixture, or a gas blowing
apparatus can be placed for well mixing the reaction
mixture. Avound the reaction chambers, a heater jacket

.~can be‘'placed to heat the reaction mixture in the cham-
~/ The reaction mixture recoverad from the.third (i.e.,
; ~ last) reaction chamber is subjected to a purification
¢° ' - process such as distillation for isolating the produced
: diaryl carbomate in a high purity.

‘The residue produced in the distillation process
comprises the catalyst, the unreacted diaryl coalate, and
the diaryl carbonate is again supplied into the first
reaction chambex 2-1 after the diaryl axalate, the decar-
bonylation catalyst, and optionally a halogen-containing
compound are supplemented.

The carbon monoxide discharged from the reaction
chambers is collected after trapping a volatile product
in the condenser and can be employed for the preparation
of a-dialkyl oxalate which is utilized for the prepara-
t:.m of -the diaryl malate. -

: e ' The present ipvention is further described by the .~
- f:‘ollowiqg examples. In the exampleg, the "conversion

.
a"
o

i e ~ ratio of diaryl oxalate" (i.e., ratio of amount of com-
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phosphoni um broni de, and di et hyl di phenyl phosphoni um bro- mnide. (14)
_Phosphonium salt in which one of Rlerr], Rerr], Rerr] and Rlerr] are aryl
groups, other three are other groups, and X err] is a halide ion Exanples

are di et hyl net hyl phenyl phosphoni um chl o- ride, and _

di et hyl met hyl phenyl phosphoni um brom de. (15) Phosphoni um salt in which none
of Rlerr], Rerr], .Rerr] and R err] -11- are aryl groups, and Xferr] is
a halide j.on Exanples are tetra-n-butyl phosphoni um chl oride, and

t gt ra- n- butyl piosphoni um bromi de.. Sone of the above-nentioned phospfloni um .
salts are known and ‘avail abl e on narket.23& her phosphoni um salts can be
prepiag_'g-::d-"by- the processes set forth in Bull. Chem

sumed (or reacted) diaryl oxalate per the amount of
charged diaryl oxalate) and "ael_ect:.ivity to diaxryl car-
bonate" (i.e., ratio of the amount of produced diaryl
caxbonate per the amount of consumed diaryl oxalate) for
decarbonylation reaction of the diaryl oxalate are all
expregsed in texms of molar percent ratio (i.e., mol.%).
The rate of production of diaryl carbonate is expressed
in texms of "g" of the diaryl carbonate produced in cne
hour in one liter of the reaction vessel.
Example 1
A reaction vessel illustrated in Fig. 1 was employed
- fior-performing the decarbonylation reaction of diphenyl
g .~ oxalate to give diphenyl carbomate. The reaction vessel”
* was composed of three chambers, 2-1, 2-2, aod 2-3, each
¢ - of which had a solutiom-receiving volume of 37 ml, 36 wi,
- and 48 ml, respectively. Therefore, the total volume
(volume for raceiving the reaction mixture) of the reac-
tion vessel was 121 wil. The partitions were made of a
nen-porous glags plate. The reaction was pexformed ina
strxeam of argon gas.
A mixture of diphenyl oxalate, tetraphenylphospho-
niuvm ¢hloride (PPh,-Cl) and chlorofoxm was heated in a
flagk to 150°C for give a liquid mixture in which PPh,-Cl
was contained in 0.50 molar ¥ and chloroform was con-
tained in an amount of 6,400 ppm. The liquid mixture was
contimously introeduced at a rate of 27 g/ br., into the
fixst chamber of the reaction vessel which wag heated in
_ " an »il bath kept to 270°C. |
e o The reaction mixture flowed from the redction cham- -
(e " ber 2-1 into the reaction chamber 2-2 over the partition
¥ 3, and then into the reaction chamber 2-3 over the parti- -
tion 3. The reaction mixture in the reaction chamber 2-3
was contimwously recovered from the line 6. The carben .
monoxide produced in the course of the progress of reac- ,
tion was discharged continmuously through the dischargs '

ra
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Soc. Jpn.,.-56, 2869 (1983) .and J. Am Chem Soc., 70 737 (1948), :
processes simlar to those described in these publications. For i né‘tance

- jthe>t et raar yt phosphoni um chl ori de can be prepared by reacting a

triaryl phosphl ne and an aryl halide (e.g., aryl iodide or aryl bromne) in
t hie pres- ence of a palladiumacetate catalyst and treating the re- sulting
t et ®aaryl phosphoni um i odi de or bromde with an ion exchange resin (chlori de
type) to give the desired tetraaryl phosphoni um chl oride. The produced
tetraaryl - phosphoniumchloride is preferably dried. For the dry- ing, the
tetraaryl phosphoni um chloride is preferaRpy heated to 100 to 200[err]C for
0.5 te 5 hours in a streamof a dry inert gas such as dry argon gas and
then heated to 80 to 200[err]C for 0.5 to 2 hours jn a streamof_ a dry
hydrogen chl ori deldfgs ? Thaheokines ifor jntxeducisge the mixdire, % Adshoni um

chloride is al so ylieafydl eedlate nd thieccatalyor bind mécoeentny ithsedsprecess.
ticn mixture were heated to 150°C. The reaction m.xture
was gtirred in each reaction chamber.
When the reaction reached the steady state, the
reaction mixture recovered from the reaction chamber . .2-3
was analyzed by gas chromatography to indicate that the
_-reaction mixture comprised 93.0 wt. % of diphenyl carbon-
L are ‘and 6.1 wt.% of diphenyl oxalate. Therefore, the P
* iV conversion ratio of diaryl oxalate was 94.6%, and the -
L " selectivity to dipheuyl carbopate was 99.1%, The reac-
e _ ‘tion rate (in texms of STY) for producing diaryl carbon-
- ate was 185 g/L-hr. The reaction temperatures were 250°C
in the chamber 2-1, 246°C in the chambex 2-2, and 246°C in
the chamber 2-3.

Bxample 2
' A reaction apparatus illustrated in Fig. 2 was em-

ployed for performing the decarbonylation reaction of
- diphenyl ocalate to give diphenyl caxbonate. The reac-
tion apparatus was composed of three 70 nl-volume reac-
tion vessels, 2-1, 2-2, and 2-3. The reaction was per-
formed in a stream of argon gas.
7 Amixture of diphenyl cxalate, tetraphenylphospho-
L ndume ‘chloride (PPh,-Cl) and chloxoform was heated in a -
- " _.flask to 150°C for give a liquid mixture in which PPh-C1’
»*  wag contained in 0.50 molar ¥ and chloroform was con-
g tained in an amount of 6,500 ppm. The liguid mixture was
- contimiougly introduced at a rate of 34 g/ hr., into the
first vessel 2-1 which wae heated in an oil bath kept to
270°C. ' _
When the amount: of the reaction wixture in the ves-
sel 2-1 reached 50 wl, the reactien mixture was trans-
ferred to the vessel 2-2, Then, when the amount of the
reaction mixture in the vessel 2-2 reached 50 mL, the
reaction mixture was transferred to the vassel 2-3. The
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The tet raaryl phosphoni um sal t haV| ng a counter ion other than haI | de i on
can he prepared by reacting the above-obtained tetraaryl phosphoni um

‘thloride with an alkali netal salt (e.g., sodiumsalt or potassiumsalt) or

an amonium salt of the desired counter ion, that .is, ion exchange

reacti on. Ot her phosphoniumsalts other than the tetraaryl phosphoni um
salts can be prepared in the sane nanner or an anal ogous manner. These
phosphoni - umsalts are also preferred to be subjected to the drying
treatnent, in advance of its use as the catalyst. (B) Phosphine of the
formul a (B) -12 - The phosphi ne can b&3Tepresented by the .above fornu-
la (B), wherein each of Rerr], Rerr] and R err] independently repre-

sents an aryl 9r QuR .« fn AW WUPLRE veds118-5 e bontimcusly re-
covered from the line 6. The carbon monoxide produced in
the course of the progress of reaction was diacharged
.contimiously through the discharge lines 7. The lines
" for-introducing the mixture of diphenyl oxalate and the
e " .“catalyst and recovering the reactiom mixture were kept af
+* " 150°C. The reaction mixture was stirred in each reaction
e . vessel.
' When the reaction reached the steady state, the
" reaction mixture recovered from the reactiom vessel 2-3
was analyzed by gas chromatography to indicate that the
reaction mixture comprised 89.8 wt.% of diphenyl carhom-
ate and 9.6 wt.% of dipbenyl oxalate. Therefore, the
conversion ratio of diaryl oxalate was 91.5%, and the
aelectivity to diphenyl carbonate was 99.3%, The reac-
tion rate (in terms of STY) for producing diaryl carbon-
ate was 182 g/L-hr. The reaction temperatures were 250°C
in all of the chambers 2-1, 2-2, and 2-3.

Compariscn Example 1
_ ’lhe decarbonylation reaction of diphenyl oxalate vas
J’ perfomed under the same conditions as described in Exam-""
»*  ple 1, in a reaction vessel (which bad a 120 mlL volume
¢-"  for recelving the liquid reaction mixture) illustrated in
coe - Fig. 1 but having no partiticms.

. When the reaction reached the steady state, the re-
action mixture recovered from the reaction vessel was
analyzed by gas chromatography to indicate that the reac-
tion mixture comprised 76.6 wt.¥ of diphenyl carbenate
and 23.1 wt.¥ of diphenyl oxalate. Therefore, the con-
vargion ratio of diaryl oxalate was 79.0%, and the selec-
tivity to diphenyl carbonate was 99.4%, The reactiom
rate (in terms of STY) for producing diaryl carbonate was
1S5 g/Lehr. The reaction temperature was 250°C.
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atoms, an aral kyl group of 7 to 22 carbon atonms, or a heterocyclic group of
4 to 16 carbon atonms. Any two of Rlerr], Rerr] and Rlerr] nay be conbined
‘to forma ring having the phosphorus atomas its ring nenber. Exanples of
the aryl group, alkyl group, aral kyl group and heterocyclic group are the
same as those de- scribed for the phosphoniumsalt of the formula (A). The
groups of R5, err| of the phosphine can be the sanme or

di fferent fronl stance, all of the groups of Rerr],
Rlerr] and R[err?“&lﬁ ma“!”ﬁﬂcﬂm i n one phosphine, that is, a
triaryl phosphi ne.'« hesgroups are-24yl groups and other.one is

anot her group, that is, a dlarylphosphlne .Only one of the groups is an

aryl group and-othel: groups, that is, an aryl phosphine. Al

of the groups of HRE id Rlerr] are other than the aryl groups.

FTFferred i s tlhie phosphlne in which all of the groups of Rerr], Re ]-and
err] are LAY groupy., A process for preparing a diaryl carbcmate from
' . - a diaryl axalate in a liquid phase by decarbomylation

- which utilizes a reaction vessel comprising at least two
xeaction chambers conpected in series and comprises the
steps of contimiously introducing the diaryl oxalate and
an organic phosphorus compound baving a trivalent or

' pentavalent phosphorug atom and at least ome carbon-phos-
phorus bonding into the first chamber and contimwusly
recovering a reaction mixture comprising the diaryl cax-
bonate from the last chamber under the condition that a
mixture of the diaryl oxalate and the organic phogphoxus
compound is heated in the reacticn chanbers, while dis-
charging carbon mnmdde released from t.he nixture.

g The process of claim 1, in which each of the
J’ _____..~react:.on chambers has a space for receiving the carbon
' moncxide released from the mixture in the chamber and the
¢ . .spaces of the reaction chambers are commected to each '
-~ other so that the carbon monoxide xeleased in the xeac-
~ tion chambers can be combined and discharged together.

| 3. The process of claim 1, in which each of the
reaction chanbers has a space for receiving the carbon
wonoxide released from the mixture in the chamber and
each of the reaction chambers has an inlet for receiving
a mixture centaining the diaryl oxalate and the crganic
phosphorus compound, an ocutlet for discharging the re-
leased carbon wmonoxide through the gpace, and an cutlet
for recovering a mixture containing the diaryl carbonate

.J  7 4. The process of claim 1, wherein the organic
{ _ phosphoxug compound is selected from the group consisting
A of an oxganic phosphonium compound, a phosphine, a phos-
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Concrete exanples of the preferred phosphrnes of the formula (B) are
.descr-i bed bel-ow. (1) Phosphine in which all of Rerr], Rerr] and Rerr]

are aryl groups (i.e., triarylphosphine) Exanples are triphenyl phosphi ne,
tris(p-chloro- phenyl)phosp s(p-tolyl)phosphine, and [err]-naph-

t hyl (phenyl) -p=Tethoxyphenyl h05fh|ne (2) Phosphine in which two of

5,[3 H ph(li[s?ri){n ﬁgﬂ mmmumml groups and one is other group (i.e

hyIdiphenyIphOsphine and phenyl - p-
gythoxyphenyl) nethylﬁhoéphfne (3) Phosphi ne in which one of R er
Rlerr],ang R err] is an.aryl group and o2%rer two are ot her groups (L
aryh- phésphrne)

phine aihalide, and a phoaphina oxide.

5. The process of claim 1, wherein the organic
phosphorus compeund is selected from the group consisting
of a tetraarylphosphonium salt, a triarylphophine, a tri-
arylphosphine dihalide and a txiarylphosphine oxide.

6. The process of claim 1, wherein the organic
phosphorus conpound is selected from the group consisting
of a tetraarylphosphopium halide and a tetraarylphos-
phonimn hydrogen dihalide.

L 7. 'he process of claim 1, wherein an organic
,...:-'halide compound, having a chemical structure in which a .~ .
»¥"  nhalogen atom is bonded to a carban atom having therecn mo

¢~~~  double bond other than <O is further introduced into the
o first chambex.

8. The process of claim 1, wherein an inoxganic
balide compound selected from the group comaisting of a
halide of phosphorus, a halide of sulfur, a hydrogen ha-
lide, and halogen is further introduced into the fixst
chamber.

9. The process of claim 1, wherein a chlorine-
containing compound is further introduced into the first
charmiber. '

RS (T \ process for preparing a diaryl carbonate £rom
J ._,_._.a. dia.ryl oxalate in a liquid pbase by decarbonylation
: *" which utilizes a reaction vessel comprising at least two
¢ - reaction chambers comnected in geries and comprises the
| steps of contimiously introducing the diaryl oxalate and
a decarbanylation catalyst into the firat chamber and
continuously recovering a reaction mixture comprising the
dia.:yl carbopate from the last chamber under the condi-
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- 13- Exanpt’ es ar-e’ d| met hyI (phenyl )phosphl ne and et hyl - (phenyl) '
-propyl phosphl ne. (4) Phosphine in which none of Rerr], Rerr] afd

"Zz[err] arg:aryl grw_enzyl - (n-butyl) nethyl phosphi ne and

trltbutyl.p'hosphl ne.” An exanpl e of a ﬁhosphi ne in which any two of Rlerr],

Rlere] and R[err] “mlmwmul rma ring having the phosphorus atom as :
its ring nenber is mlm

nephosphi ne. (C) Phosphi ne Di halide of -
the formula (C) The phospht née® di*hal’i de can be represented by the above '
formula (C), wherein each of Rerr], R[_%r] and R err] indepen- dently
represents an aryl group, an alkyl group of 1.to 16 carbon atons, an

aral kyl group of 7 to 22 carbon at- oms, or a heterocyclic group of 4 to 16

carbon atons, argicredhaefaYhbstiveed vherdiaryidenalaestand i decars a
hal ogen at om suGhyRsat9kA" t0Ea1 O Tk fedled 98 Bhe FBYcEIMh Undiielis), Rerr]
while discharging carbon monoxide released from the mix-
ture.

11l. The process of claim 10, in which each of the
reaction chambers has a space for receiving the carbom
_wonoxide released from the mixture in the chamber and the
.~ spaces of the reaction chambera axe commected to each -
o *"  other so that the carbon monoxide released in the reac- .”
< " vion chanbers con be conbined and Gischarged together.
12. The process of claim 10, mvﬁu.cheachofthe
reaction chanbers has a space for receiving the carbon
monoxide released from the mixture in the chamber and
each of the reaction chambers has an inlet for receiving
a mixture containing the diaryl oxalate and the decar-

, bonylation catalyst, an outlet for discharging the re-
leased carbon monoxide through the space, and an cutlet
- for recovering a mixture containing the diarxyl carbonate

and the decarhomylation catalyst.

‘\R .
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~and R[err] may be conbined to forma ring having the phos- phorus atom as

.Lts ring nmenber. Exanples of the aryl group, alkyl group, aral kyl group and

het erocyclic group are the same as those de- scribed for the phosphoni um
salt of the formula (A). The groups of Rerr], Rerr] and R err] of the
phosphi ne di halide can be the same or different fromeach other. For in-
stance, all of the groups of Rlerr], Rerr] and Rlerr] are aryl groups in
one phosphine, that is, a triaryl phosphi-R2-di halide. Two of the groups are
aryl groups ‘and-ot he_r one is anoth- er group, that is, a diaryl phosphine
di hal i de. Onl'y onegof the groups is an aryl group and other two are other
gr oups, that i s, "an aryl phosphi ne dihalide. Al of the groups of R[efr],

err] and R[err] are other than the ups. Preferred is the
phosphi ne .di'hal ide in which all of the groups of Rerr], Rerr] and Rerr]
are.aryJ--"groups Concrete exanpl es of the preferred phosphr ne di- halides
of t formula (O are tri PREPARATIONORBLA AR

A process for preparing a diaryl carbonate from a diaryl oxalate in a tiquid phase by

decarbonylmgion which utilizes a reaction vessel comprising at least two reaction chambers

(2-1, 2-2, 2-3) connected in series, and comprises the steps of continuously introducing

the diaryl oxalate and an organic phosphorous compound having a trivalent or pentavalent

phosphorous atom and at least one carbon-phosphorus bonding into the first chamber (2-1)

and continuously recovering 4 reaction mixture compnsmg the diaryl carbonate from the

last chamber (2-3) under the condition that 2 mixwre of the didryl oxalate and the organic

| __phdsphoms compound is heated in the reaction chambers (2-1, 2-2, 2-3), wlnle

g d!schargmg carbon monoxide released from the mixture. '

Fig.1
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- 14 i chLo'rl de tr phenyl phosphi ne di br ami de, and tri phenyl phosphl ne

difi odlvde (D) Phosphine Oxide of the formula (D) The phosphine oxide can be
represent ed by the above formula (D), wherein each of Rlerr], Rerr] and

Rl err] independently represents an aryl group, an al kyl group' of 1to 16
car- bon atons, -an aral kyl group of 7 to 22 carbon atons, or a heterocyclic
group of 4 to 16 carbon atons. Any two of Rlerr], Rerr] and Rerr] may be
conbined to forma ring having the phosphorus atomas its ring nmenber.
Exanpl es of the aryl group, alkyl group, ang kyl -group and heterocyclic
group are the sane as thosé de- scribed for the phosphoniumsalt of the
formula (A). The groups of Rerr], Rerr] and R err] of the phosphine oxide

Fig.1 = -
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'Ca,n*:'b_‘e‘the sanme or_different fromeach other| REFHAC%H?eSH%‘f‘
-gf oups of ,_-\:,-'ﬂ s gﬁtgfl Rlerr] are aryl. gggg P‘i*P’bnl?;agﬁ R me
is, a tri N -_‘X{iﬁu e P Two of the gro &)yl : PSS t9rPRgs

one is andt fer groUp, tha

. anyg JAN GRS

S, a diaryl phosphiJ@eDuwingss) pagpd
andlot her two aoe ot Absitapt
rr],

@% a5
Hetoopaged -

t paged =8, toapaged -

aryl phosphf ng OXIde Al L _.af |t he groups Rlerr] and R rr] are

ot her thantt Preferred is th m@pm@@l lﬂ ch all

of the grodips of R kbt r] and Rlerr] are—arytr—groups: €omtrEte

exanpl es of the preferred phosphi ne oxides of the fornula (D) aré j_;qu

bel ow. (1) Phosphl ne oxi CEREPARNTEGN -OF DIARYL, CARBONATE| and R[err

aryl groups (i.e.; triarylphosphine oxide) Exanples are tripherylph Frfé’ﬂ']o
oxi de, tris(p- chI or ophenyl ) phosphi_ne OXI de tris(p-tolyl)phosphine oxide, '
and [err] -napht hyl (phenyl) - piEdLh &8, i ESEs e oxi de.

The _piesent invention -rela,tes to a process for pre-
.paring a diaryl carbonate from a diaryl oxalate in a .
liquid phase by decarbonylation.

BACKGROUND - OF THE INVENTION

- It is known that a diaryl carbonate -can be prepared’
from a diaryl oxalate by decarbonylation. The known pro--
cess, however, is not favorably employable in. 1ndustry

- because the reactlon rate.is very ‘slow- and the Y.Leld and -
selectivity are low. : :

Yuki Gosei Kagaku Kyckalshl (qurnal of Synthetlc
Orgam.c Chemistry, Japan), Vol.5, No.4-9, Report 47, pp.
'70-71(1948) teaches a rea.ct:.on in which diphenyl oxalate
is heated to release carbon monoxide to give diphenyl
carbonate. This report describes neither yield nor se-
lectivity. According to a trace experiment of the exper-
iment of this report, only a small amount of diphenyl
carbonate is produced.

U.S. Patent No. 4,544,507 describes. that the carbon-
ic .acid dialkyl ester, -.i._‘e. , dialkyl carbonate, can be
prepared by heating a dialkyl oxalate in a liquid phase
at 50-150°C in the presence of an alcolate catalyst. In
the working example of the Patent publication, the di-
phenyl oxalate is heated in the presence of a potassium

' phenoxide catalyst dnly to give mainly the diphenyl oxa-
late, namely, the starting compound.

UMMARY OF THE INVENTION

It is an object of the present invention to provide



Ttwo of Rerr], Rerr] and Rerr] are aryl.
(i .e., diaryl- phosphi ne oxide) Exanpl es
tlde and phe- nyl- (p-mnmethoxyphenyl)

osphi ne oxide in which one of Rerr], Rerr]

’ (2) - Phosphi n
groups and on d :
are et hyl di phe yIphosphlne 0
met hyl phosphi pe ox1ﬂelM(‘Q? =

and Rlerr] is}a ndj ot her _Ewo are other groups (i.e., aryl
phosphi ne oxi e)"[:xarrpl es are di et hyl"“(phenyl ) phosphi ne oxi de and et hyl
(phenyl) n- pr , : (4) Phosphi ne oxide in Whl ch none of
Rerr], R[er Qﬁgﬁrgg I bo

(n- butyl)rret é,ﬁ ﬁdg?%?%%]so%r eq{atdrf;l I but ahl rlligom An %%(Ié l?e of a
phosphi ne i n& ﬁoﬁh? oriche 3 %lﬁte #amdqcaéﬁwrmlatrqorhrm c%'hb?%‘ed to
forma creased yield with a high selectivity.

The present invention resides in a process for pre-
paring a diaryl carbonate from a diaryl oxalate in a
liquid phase by decarbonylation which utilizes a reaction
vessel comprising at least two reaction chambers connect-
ed in series and comprises the steps of continuously
introducing the diaryl oxalate and a decarbonylation
catalyst (typically, an organic phosphorus compound hav-
ing a trivalent or pentavalent phosphorus atom and at

. least: one carbon-phosphorus bonding) into the first cham-
ber and continuously recovering a reaction mixture com-
prising the diaryl carbonate from the last chamber under
the condition that a mixture of the diaryl oxalate and

- the organic phoéphords compound is heated in the reaction
chambers, while discharging carbon monox:.de released from

: the mixture.

BRIEF DESCRIPTION OF DRAWINGS

Each of Figures 1 to 3 illustrates a schematic view
of a reaction vessel having a plural number of reaction

chambers which is employable for performing the process
of the invention.-

DETATIED DESCRIPTION OF THE T ION

The decarbonylation process for preparing a diaryl
carbonate from a diaryl oxalate can be illustrated as
follows: ' |

COQOAX OAxr

! _ ]
COOAYX COCAr + CO

wherein Ar stands for an unsubstituted or substituted
aryl group.



fing having|f HWENQYSEEET om as its ring nmenber is
phenyl bi phepyler de. Anong t he above-nenti oned organlc
~ phosphor us ar yl phosphoni um hal i de, tetraaryl phosphoni um
hydr ogen di phosphi ne di halide are pre- ferred. Most
preferred afe bni um chl 9- ride, tetraaryl phosphoni um
hydr ogen di ¢hl ori de, and tri- aryl phosphi ne dichloride. The organic
phosphor us enpl oyed singly or in conmbination in the

process of the prfﬁeﬂhe'ﬂi‘@&éss”ofTEBeO&ﬁ%@hﬁl@hosahﬁéblét‘i@i’m%%@eqan be
- di ssol ved or dIS ersed in ihe reaction nedi um @g orgaﬁ phosphor us
conmpound can“$ER ﬁi%%@eﬁt e3fT e eBFtacBoEhapsss 64 BrEf €PB51y 0. 01

to 20 nol . %né)es@d Dn sbeiesoist e@@ldyedyl axatheeptd88sapl a¥ilialylt he

o the | nverPRbRice Adioe GaRHERERY 3%&?&%%8”@3{#% Srpe 8. AR BRG at ea.

Par - ganic phosphorus compound having a trivalent or penta-
valent phosphorus atom and at least one carbon-phosphorus
bonding) in a liquid state is contimuously introduced
into the first chamber. If one or more intermediate
reaction chambers are placed in the reaction vessel, the
reaction mixture of the diaryl oxalate and the decarbon—'
ylation catalyst is transferred from the flrst chamber
into the intermediate reaction chambers in sequence, and
finally the reaction mixture comprising the produced
diaryl carbonate is contimuously recovered from the last
chamber. In the reaction chambers, the mixture of the
diaryl oxalate and the decarbonylation catalyst is heat-
ed, while continuously or intermittently dlscharglng
carbon monox1de released from the mixture.
' The aryl group of the diaryl oxalate can be: (1) a
phenyl group; (2) a phenyl group having one or more sub-
stituents such as an alkyl group having 1 to 12 carbon
atoms (e.g., methyl and ethyl), an alkoxy group having 1
to 12 carbon atoms'(e.g., methoxy and ethoxy), a halogen
atoms (e.g., fluorine and chlorine), and nitro; or (3) a
naphthyl group. Preferred is a phenyl group.

The phenyl group having one or more substituents,
that is named "a substituted phenyl group", may be in the
form of one of various isomers. Examples of the isomers
include 2-(or 3-, or 4-)alkylphenyl, such as 2-(or 3-, or
4-)methylphenyl, or 2-(or 3-, or 4-)ethylphenyl; 2-(or
3-, or 4-)alkoxyphenyl, such as 2-(or 3-, or 4-)-methoxy-
phenyl, or 2-(or 3-, or 4-)ethoxyphenyl; 2-(or 3-, or
4-)halogenated phenyl, such as 2- (or 3-, or 4-)fluoro-
phenyl, or 2-{(or 3-, or 4—)chiorophenyl; and 2-(or 3-, or
4-)nitorophenyl. '

Examples of the dlaryl oxalates include dlphenyl
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oxalate, and bis(4-nitrophenyl)oxalate. Most preferred .
is diphenyl oxalate. | .'

In the decarbonylatioﬁ.process'of the invention, the
decarbonylation catalyst preferably is an orgahic.phosf.

- phorus compound having a trivalent or pentavalent'phos—

phorus atom, and having at least one carbon-phosphorus
bonding. -Preferred are organic phosphorus compournds |
having three or more carbon-phosphorus bondings. Pre-
ferred organic phosphorus compounds are a phosphonium |
salt having the following formula (A), a phosphine having
the following formula (B), a phosphlne dihalide having .
the following formula (C), and a phosphlne oxide having
the following formula (D): - '
Formula (A):
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a) Phosphonlum Salt of the formula (A)

The phosphonium salt can, be represented by the. above
formula (A), wherein each of RY, ‘R?, R® and R* 1ndepen- o
dently represents an aryl group of 6 to 10 carbon atoms,
an alkyl group of 1 to 16 carbon atoms, . an aralkyl group
of 7 to 22 carbon atoms, an aryloxy group of 6 to 10 car-
bon atoms, or a heterocyclic group of 4 to 16 carbon at-
oms, and X represents a counter ion of the phosphonium _
ion. Any two of R', R?, R’ and R* may be combined to form .
a ring having the phosphorus atom as its ring member '

_ The aryl group is described in more detail. The )
aryl group can be a phenyl or naphthyl group. The phenyl -
or naphthyl group can have one or more substituents in '
'any positions. Examples of the substituents include
alkyl of 1 to 15 carbon atoms, preferably of 1 to 12 car-
bon atoms (e.g., methyl, ethyl, n-propyl, isopropyl, n-
butyl, isobutyl, sec-butyl, or tert-butyl), alkoxy of 1
to 15 carbon atoms, preferably of 1 to 12 carbon atoms
(e.g., methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,
isobutoxy, sec-butoxy, or tert-butoxy), alkoxycarbonyl of
2 to 12 carbon atoms, preferably of 2 to 8 carbon atoms
(e.g., methoxycarbonyl or ethoxycarbonyl), aryl (e.g.,
phenyl), amino such as N,N-dialkyl-substituted amino
(e.g., N,N-dimethylamino), cyano, nitro, and halo (e.g.,
fluoro, chloro, or bromo).

The'alkyl group is described in more detail. The
alkyl group can have 1 to 16 carbon atoms. Examples of
the alkyl group include methyl, ethyl, n-propyl, isopro-
pyl, n-butyl, isobutyl, sec-butyl, or tert-butyl. The
alkyl group can have one or more substituents in any
positions. Examples of the substituents are the same as
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Exanpl es of the organi ¢ conpounds having %E‘El bondi n ncI ude '
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chlori de, aaﬂl:alkyl group can have 7 to 22 carbon atoms. Examples of

the aralkyl group include benzyl, phenethyl and naphthyl-
methyl. The aralkyl group can have one or more substi-
tuents in any positions. Examples of the substituents
are the same as those described for the substituents of
the aryl group. _
' The azyloxy group is descrlbed in more deta:n.l The
aryloxy group ca;r_1 be a phenoxy or naphthoxy group. The
- aryloxy group can have one or more substituents in any
positions. Examples of the substituents are the same as
‘those described for the substltuents of the ‘aryl group.

The heterocycl:.c group is described in more detail.
The heterocyclic group can have 4 to 16 -carbon atoms, and
at least one hetero atom such as oxygen, sulfur, or ni-
trogen. Examples of the heterocyclic group include
thienyl, furyl, and pyridyl. The heterocyclic group can
‘have one or more substituents in any positions. Examples

- of the substituents are the same as those described for
the substituents of the aryl group. :

The groups of R, R?, R® and R* of the phosphonium
salt can be the same or different from each other. ' For
instance, all of the groups of R, R?, R? and R* are aryl

' groups in one phosphonium salt, that is, a tetraarylphos-
phonium salt. Three of the groups are aryl groups and

“other one is another group, that is, a triarylphosphonium
salt. Two of the groups are aryl groups and other two
are other groups, that is, a diarylphosphonium salt.
Only one of the groups is an aryl group and other three
are other groups, that is, an arylphosphonium salt. All
of the groups of R}, R?, R® and R* are other than the aryl
groups. Preferred are the tetraarylphosphonium salt and
an arylphosphonium salt in which three of the groups of
R', R?, R® and R*! are aryl groups and other one is a het-
erocyclic group.
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having a C S¢Rl@ride ion), a.halogen acid ion (e.g., chlorate ion,

esters (e.g.
esters (e.g.

bromate ion, or iodate ion), a per-halogen acid ion
(e.g., perchlorate ion, perbromate ion, or periodate
ion), an aliphatic carboxylate ion (e.g., acetate ion,
trifluoroacetate ion, or propionate ion), an aromatic
carboxylate ion (e.qg., benzoate ion, or «- or B-naph- °

‘thalenecarboxylate ion) , an arcmatic hydroxyl ion (e.g., |
phenoxide ion), an inorganic acid ion (e.g., sulfate ion,

sulfite ion, phosphate.ion, phosphite ion, borate ion,
hydrogenborate ion, cyanate ion, thiocyanate ion, or

fluoroborate ion), an alkyisulfonate,or'alkylsulfinate

ion having an alkyl group of 1 to 16 carbon atoms (e.g.,
methyl, ethyl, n-propyl, or isgprqpyl), an arylsulfonate

or arylsulfinate ion having an aryl group (e.g., phenyl,

p-tolyl, or p-nitorophenyl), a tetraalkylborate ion hav-
ing an alkyl group of 1 to 10 carbon atoms (e.g., tetra-
methylborate ion, or tetraethylborate ion), or a tetra-
arylborate ion (e.g., tetraphenylborate ion, or tetrakis-
p-fluorcphenylborate ion). Examples of preferred counter
ions (X) include halide ions such as chloride ion, bro-
mide ion and iodide ion, and hydrogen dihalide ions such
as hydrogen dichloride ion, hydrogen dibromide ion, hy-
drogen diiodide ion, and hydrogen bromide chloride ion.
Most preferred are chloride ion and hydrogen dichloride
ion. _ S o .

Concrete examples of the preferred phosphonium salts
of the formula (A) are described below.
(1) Phosphonium salt in which all of R}, R?, R® and R* are

aryl groups and X  is a halide ion

Examples are tetraphenylphosphonium chloride, tetra-
phenylphosphonium bromide, tetraphenylphosphonium iodide,

tetrakis (p-chlorophenyl) phosphonium chloride, tetrakis(p-
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at nospheri ¢ cp1esSdes, pltdtilorbptfirltripherkflphosphonium bromide, p-
chlorophenyltriphenylphosphonium iodide, p-tolyltriphen-
ylphosphonium chloride, p-tolyltriphenylphosphonium bro-
mide, p-tolyltriphenylphosphonium iodide, m-trifluoro-
methylphenyitrxphenylphosphonlum chloride, p-biphenyltri-
phenyiphosphonlum chlorlde,_mrmethoxyphenyltrlphenylphos—
phonium chloride, p-methoxyphenyltriphenylphosphonium
chloride, p-ethoxyphenyltriphenylphosphonium chloride, p-
ethoxyphenyitr1pheny1phosphon1um bromide, p- ethoxyphenyl—
triphenylphosphonium iodide, p-dlmethylamlnophenyltrl—
phenylphosphonium chloride, p-ethoxycarbonylphenyltri-
phenylphosphonium chloride, m-cyancphenyltriphenylphos-
phonium chloride, and 1-naphthyltriphenylphosphonium
chloride. . Most preferred'is-tetraphenylphosphonium chlo-
ride. . |
(2) Phosphoriium salt in which all of R', R?}, R® and R*! are
' aryl groups and X is a hydrogen dihalide ion

Examples are tetraphenylphosphonium hydrogen di-

- chloride, tetraphenylphosphonium hydrogen dibromide,
tetraphenylphosphonium.hydrogen diiodide, and tetra-
phenylphosphonium hydrogen bromide chloride. Most pre-
ferred is tetraphenylphosphonium hydrogen dichloride.

(3) Phosphonium salt in which all of R*, R?, R® and R are

' aryl groups and X  is an aliphatic or aromatic car-

boxylate ion

Examples are tettaphenylphosphonium acetate, p-
chlorophenyltriphenylphosphonium acetate, p- ethoxyphenYl-
triphenylphosphonium acetate, p-tolyltriphenylphosphonium
acetate, tetraphenylphosphonium trifluoroacetate, and
tetraphenylphosphonium benzoate.
(4) Phosphonium salt in which all of R', R?, R® and R* are

aryl groups and X is fluorcborate ion

Examples are tetraphenylphosphonium fluoroborate, p-
chlorophenyltriphenylphosphonium fluorcborate, p-ethoxy-

rel easi ng CO
conducted at p
to 450[err]C, H
t
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higher than t (REPE,AGEMENB re of the starting diaryl oxal ate, the
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dlmethyllmdazlldone or 13d|methyl- 3,4,5, 6-tetrahydro-2 (1H)
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An example is tetraphenylphosphonium thlocyanide.
(6) Phosphonium salt in which all of R!, R?, R® and R! are
aryl groups and X is -an aromatic hydroxyl ion
: An éxa'tmple is tetraphenylphosphonium phenoxide.
(7) Phosphonium salt in which three of R', R?, R* and R*
| are aryl groups, one is an alkyl ‘group, and X is a
halide ion .
Exanmples are methyltr:.phenylphosphonlmn chlorlde,
methyltrlphenylphosphon:unn bromide, methyltrlphenylphos-
- phonium iodide,. ethyltriphenylphosphonium chloride,
ethyltriphenylphosphonium bromide, etliyltriphenylphos-
phonium iodide, n-propyltriphenylphosphonium chloride, n-
propyltriphenylphosphonium bromide, n-propyltriphenyl-
phosphonium iodide, isopropyltriphenylphosphonilﬁn chlo-
‘ride, isopropyltriphenylphosphonium bromide, n-dodecyl-
triphenylphosphonium chloride, n-dodecyltriphenylphos-
phonium bromide, chloromethyltriphenylphosphonium chlo-
ride, methyltris (m-chlorophenyl)phosphonium chloride,
methyltris (m-chlorophenyl)phosphonium bromide, ethyltris-
(m-chlorophenyl) phosphonium chloride, and ethyltris(m-
chlorophenyl) phosphonium bromide.
(8) Phosphonium salt in which three of R!, R?, R® and R*
are aryl groups, one is an aralkyl group, and X‘ is a
halide ion :
" Examples. are benzyltriphenylphosphonium chloride, p-
- fluorobenzyltriphenylphosphonium chloride, p-fluorcbenz-
yvltriphenylphosphonium bromide, 2,4-dichlorobenzyltri-
phenylphosphonium chloride, 2, 4-dichlorobenzyltriphenyl-
phosphonium bromide, p-n-butoxybenzyltriphenylphosphonium
chloride, p—n-butoxybenzyltriphenylphosphonium bromide,
2-naphthylmethyltriphenylphosphonium chloride, 2-naphth-
ylmethyltriphenylphosphonium bromide, 9-fluorenyltri-
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An example is 2-thiophenetriphenylphosphonium chlo-
ride. _

(10) Phosphonium salt in which,three of R}, R?, R® and R*
are aryl groups, one is an aryloxy group, and X' is a
halide ion
‘An example is phenoxytrlphenylphosphomum chloride.

(11) Phosphonium salt in which three of R, R?, R® and R*
are aryl groups, one is an alkyl group, and X is an
aliphatic carboxylate ion T
Examples are methyltrlphenylphosphonlum acetate, :

ethyltrlphenylphosphom.mn acetate, and n—propyltrlphenyl— :

phosphonium acetate. o

(12) Phosphonium salt in which three of R}, R?, R® and R*
are aryl groups, one is an alkyl group, and X is a
fluoroborate ion |

, Examples are methyltriphenylphosphonium fluoro-

borate, ethyltriphenylphosphonium fluorcborate, and n-

propyltriphenylphosphonium fluoroborate.

(13) Phosphonium salt in which two of R!, R?, R® and R* are
aryl groups, other two are other groups, and X is a
halide ion
Examples are dimethyldiphenylphosphonium chloride,

“diethyldiphenylphosphonium chloride, dimethyldiphenyl-

phosphonium bromide, and diethyldiphenylphosphonium bro- -
mide. ' :

(14) Phosphonium salt in which one of R}, R?, R® and R? are
aryl groups, other three are other groups, and X is
a halide ion |
Examples are diethylmeth?lphenylphosphonium chlo-

ride, and diethylmethylphenylphosphonium bromide.

(15) Phosphonium salt in which none of R!, R?, R® and R*
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Jeaction, and tremtTansterred]linto the third cham ber 2-3 over the
]E)artition 3. {The iﬁﬁﬁ“wém ture re- ceived in the fthi rd cha_rrber 3is
urther heatqdito 2 r @dyance the decarbonyl ation reaction. The
reaction m xtjur ' diw th Uﬂf_produced di aryl carbonate is
finally recojered fromthe recgvery Iine 6. In the course of the
decar bonyl at i le—r-eacttoOmM,—Car bon nonoxi de i s produced and di scharged
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reacti on chagmres-n-{nafidptidgplibriud bromide.. B
‘ - Some of the above-mentioned phosphonium salts are
known and available on market. Other phosphonium salts
can be prepared by the processes set forth in Bull. Chem.
Soc. Jpm., ‘56, 2869 (1983) and J. Am. Chem. Soc., 70, 737
(1948), or processes similar to those described in these
publications. S |
For -instance, the tetraarylphosphonium chloride can
be prepared by reacting a triarylphosphine and an aryl
halide (e.g., aryl i'od'ide\or aryl bromine) in the pres-.
ence of a palladium acetate catalyst and treating the re-
sulting tetraarylphosphonium iodide or bromide with an.
ion exchange resin (chloride type) to give the desired
tetraaxylphosphonimn chloride. The produced tetraaryl-
phosphonium chloride is preferably dried. For the dry-
ing, the tetraarylphosphonium chloride is preferably o
‘heated to 100 to 200°C for 0.5 to 5 hours in a stream of a
dry inert gas such as dry argon gas and then heated to 80
to 200°C for 0.5 to 2 hours in a stream of a dry hydrogen
chloride gas. The commercially available tetraarylphos-
phonium chloride. is also preferred to be subjected to the
above-mentioned process.
| The tetraarylphosphonium salt having a .couhter ion
other than halide ion can be prepared by reacting the
above-obtained tetraarylphosphonium chloride with an _
alkali wetal salt (e.g., sodium salt or potassium salt)
or an ammonium salt of the desired counter ion, that is,
ion exchange reaction. Other phosphonium salts other
than the tetraaryl phosphonium salts can be prepared in |
the same manner or an analogous mamner. These phosphoni-
um salts are also preferred to be subjected to the drying
treatment, in advance of its use as the catalyst.

(B) Phosphine of the formula (B)
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of the sane tk}@*éemeysgghc group of 4 to 16 carbon atoms Any two of :

' R°, R° and R’ may be combined to form a ring hav:Lng the
phosphoxus atom as its ring member.
Examples of the aryl group, alkyl g'roup, aralkyl
group and heterocyclic group are the same as those de-
- scribed for the phosphonium salt of the formula ().
The groups of R°, R® and R’ of the phosphine can e
| the same or different from each other. For instance, all
of the groups of R°, R® and R’ are aryl groups in one
phosphlne that is, a triarylphosphine.. Two of ‘the
groups are aryl groups and other one is another group,
that is, a diarylphosphine.. Only one of the groups is éri
aryl group and other two are other groups, that is, an
.arylphosphlne. All of the groups of R5, R® and R’ are
other than the aryl groups. Preferred is the phosphine
in which all of the groups of R°, R® and R’ are aryl
groups. . ' :

Concrete examples of the preferred phosphines of the

formula (B) are described below.

(1) Phosphine in which all of R°, RS and R’ are aryl.

- groups (i.e., triarylphosphine)

Examples are triphenylphosphine, tris(p-chloro-
phenyl)phosphine, tris(p-tolyl)phosphine, and «-naph-
thyl (phenyl) -p-methoxyphenylphosphine. | :

(2) Phosphine in which two of R®, R® and R’ are aryl
groups and one is other group (i.e., diarylphos-
phine)

Examples are methyldiphenylphosphine and phenyl- (p-
methoxyphenyl ) methylphosphine.

(3) Phosphine in which one of RS, RS and R’ is an aryl

 group and other two are other groups (i.e., aryl-
phosphine)
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enpl oyabl bforperFerm—tmng the reaction for preparing a diaryl carbonate

accord: 119 10 | BSahYES kOO qiiengRbhLhIFERotbntle sEACkERpINeSSel 1
of the reacﬂpléﬂn?ﬁ-)(tDrBrOEYzaphﬁﬁphéne chanber. The partition can be -

repl aced W {§) a phosphine in which none of RS, R® and R’ are aryl
groups
, Examples are benzyl- (n-butyl) methylphosphine and
tributylphosphine: An example of a phosphine in which any
two of R®, R® and R’ are combined to form a ring having
the phosphorus atom as 1ts r:.ng member is phenylbi--
phenylenephosphlne

- () Phosphine Dihalide'of the formula (C) .

| The phosphine dihalide can be represented by the
above formula (C), wherein each of R®, R® and R* indepen-
dently represents an aryl group, an alkyl group of 1 to -

. 16 carbon atoms, an aralkyl group of 7 to 22 carbon at-
oms, or a heterocycllc group of 4 to 16 carbon atoms, and
each of Y and Y? independently represents a halogen atom
such as chlorine, bromine or iodine. Any two of R?, R®
‘and R¥ may be combined to form a ring having the phos-
phorus atom as its ring wember..

Examples of the aryl group, alkyl group, aralkyl
group and heterocyclic group are the same as those de-
scribed for the phosphonium salt of the formula (A).

The groups of R®, R® and R of the phosphine dihalide
can be the same or different from each other. For in- .
stance, all of the groups of R®, R’ and R' are aryl groups
in one phosphine, that is, a triarylphosphine dihalide.
Two of the groups are aryl groups and other one is anoth-
er group, that is, a diarylphosphine dihalide. Only one
of the groups is an aryl group and other two are other
groups, that is, an arylphosphine dihalide. All of the
groups of R®, R® and R¥ are other than the aryl groups.
Preferred is the phosphine dihalide in which all of the
groups of R’, R’ and R* are aryl groups.

Concrete examples of the preferred phosphine di-
halides of the formula (C) are triphenylphosphine di-



" partition ha
plate. Inth
reaction m X
t he reaction

m%? m{ﬂer of small openings or a porous partition
f peftierls, a stirrer, a punp for circulation of the

ufe, or a gas bl gwi ng apparatus can be placed for well mxing
m Xt gANAMQB®RIndl the reaction chanbers, a heater jacket can be
pl aced to hegqt|the reaction 'xture 'T t he cham bers. The reaction mixture
recovered frémThe THird (1. | ast) reactlon chanber is subjected to a

purification|process such as stillation for isolating the produced diaryl

car bonat e i A ditidte, ptﬁﬁpheﬂfﬁptﬁ%@%g%ryléﬁ@ €hhehpiion

‘process conprLise the ata oxal at'e, and the
di aryl car b SRR I tied into the first reaction chanber 2-1
after the diaryl oxal ate, the decar- bonylation catalyst, and optionally a

hal ogen- contgini g, LMD bR §e SYPPLEIBESH1a (D)

The phosphine oxide can be represented by the above
formula (D), wherein each of R, R¥ and R independently
represents an aryl group, an alkyl group of 1 to 16 car-
bon atoms, an aralkyl group of 7 to 22 carbon atoms, or a
heterocyclic group of /4 to 16 carbon atoms Any two of. |
R2, R¥ and R may be combined to form a rJ.ng hav1ng the
phosphorus atom as its ring member . .

_ Examples of the aryl group, alkyl group, aralkyl
group and heterocyclic group are the same as those de-
scribed for the phosphonium salt of the formula (A).

~ The groups of R¥2, R¥ and R® of the phosphine oxide
can be the same or different from each other. For in-
stance, all, of the groups of RZ, R2 and R are aryl
groups in one phosphine, that is, a triarylphosphine
‘oxide. Two of the groups are aryl groups and other one
is another group, that is, a diarylphosphine oxide. Only
one of the groups is an aryl group and other two are
other groups, that is, an arylphosphine oxide. All of
the groups of R, R and R® are other than the aryl
groups. Preferred is the phosphine oxide in Whlch all of
the groups of RY, RYZ and R® are aryl groups.

Concrete examples of the preferred phosphine oxides
of the formula (D) are described below.

(1) Phosphine oxide in which all of R, R and R® are
B aryl groups (i.e., triarylphosphine oxide)

Examples are triphenylphosphine oxide, tris (p-
chlorcphenyl)phosphine oxide, tris (p-tolyl)phosphine
oxide, and a-naphthyl (phenyl) -p-methoxyphenylphosphine
oxide. |
(2) Phosphine oxide in which ‘two of R?, R and R® are

aryl groups and one is other group (i.e., diaryl-’

- phosphine oxide) |




. N Y qw’r .
The carbon REMET difromthe reaction chanbers is collected

after trappi a volatile preduct in the condenser and can be enpl oyed for
t he preparatlor ofl 2a)AN 89y oxal ate which is util i zed for the prepara-
tion of the digryl oxalate. Theé present invention is further described by
the follow ng exanples. In thelexanplgg,. the "conversion ratio of diaryl

oxal ate" (i. ratia of —amweurtt of con- -21- suned (or reacted) diaryl
oxal ate per the ampunt of charged. d| aryl oxal ate) and "selectivity to

di aryl car- bonat@an(p1@ da%@tm f hm@déﬁ%g?déﬁay%a%?rggnﬁe
er the ano rre i ar or decar ony ation-r

ltOhe di aryl 23@1 {pe bsrg%’)éh %?ml%? PE+EF - percent ratio (i .

mol . % . (3) Phosphlne ox1de in which one of R, R!? and R® is an

aryl group and other two are other groups (i.e.,

aryl phosphlne oxide) :

Examples are dimethyl (phenyl)phosphine ox1de and
ethyl (phenyl)n-propylphosphine oxide.
(4) Phosphine oxide in which none of R, R and R® are

aryl groups

Examples are benzyl- (n—butyl)methylphosphlne oxide
and tributylphosphine oxide. An example of a phosphine in '.
which any two of R™, R'Z? and R™ are combined to form a
ring having the phosphorus atom as its ring member is
phenylbiphenylenephosphine oxide. '

_ Among the above-mentioned organlc phosphorus com-
pounds tetraarylphosphom.um halide, tetraarylphosphonium
hydrogen dihalide, and triarylphosphine dihalide are pre-
ferred. Most preferred are tetraarylphosphon:.um chlo-
‘ride, tetraarylphosphonium hydrogen dichloride, and tr1—
arylphosphine dJ.chlorlde The organic phosphorus com-
pound can be employed singly or in combination in the
process of the present invention. The organic phosphorus
compound can be dissolved or dispersed in the reaction
‘medium. ,

The organic phosphorus compound can be employed in
an amount of 0.001 to 50 mol.%, preferably 0.01 to 20
mol.%, based on the amount of diaryl oxalate (100 mol.%).

In the reaction for preparing a diaryl carbonate
from a diaryl oxalate according to the invention, a halo-
gen atom-containing compound can be incorporated. Par-
ticularly, in the cases where a phosphonium salt other
than the phosphonium halide and phosphonium hydrogen
dihalide are used as the phosphorus compound and where a
'phosphonium halide or a phosphonium hydrogen dihalide is
used in a small amount, the incorporation of a halogen
atom-containing compound is preferred. The halogen atom-



The' rate of pr&ﬁ?ﬂ%@iﬂﬁ&ﬁ%l carbonate is expressed in terns of "g" of
the diaryl carjpdnate produced]in one hour in one liter of the reaction

vessel . Exanplie {1 Jedsel illustrated in Fig. 1 was enpl oyed for
performng th gr%‘g'%@ﬁ%ﬁ]or rfeaction of di phenyl oxalate to give

di phenyl car bopat-e- 'or] vesse] _was conposed of three chanbers,
2-1, 2-2, and P-3, each of whicH had =&l uti on-recei vi ng vol unme of 37 nmi,
36 nL, and 48 nrt,respectively. Therefore, the total volune (volume for

el V100, ECLEREEARD, WUl L ESRP s LoniERig Wbl The
perf ormed i ntaistingamonpoangowryas bramineg atonsicanitplisiyly caaipaend.
oL LoErony PiegbpraR e e WSO ER ok bBrucii e, e
cont ai ned i nTBesANRErRETREEAd harioges atemueend@ining compound can be
decomposed or converted into other halogen atom-contain-
ing compound in the course of the development of the re-
action. .The halogen atom-containing compound is gener-
ally employed in an amount of 0.001 to 300 moles, prefer-
ably 0.1 to 100 moles per one mole of the orgam.c phos-
phorus compound . : - :

The halogen . atom-conta:.nmg compound may be an inor-
ganic compound or an orgamc compound. :

Examples of the inorganic halogen atom—contalm.ng '
compounds are halides of alumlnum (e.g., aluminum chlo-
ride and aluminum bromide), halides of metals belonging
to the platinum group {(e.g., platinum chloride, ruthenium
chloride, palladium chloride, and chloroplatinic acid),
halides of phosphorus (e.g., phosphorus trichloride,

phosphorus pentachloride, phosphorus oxychloride, phos-
phorus tribromide, phosphbrus pentabromide, and phospho-
rus oxybromide), hydrogen halides (e.g., hydrogen chlo-
ride and hydrogen bromide), halides of sulfur (e.g.,
thionyl chloride, sulfuryl chloride, sulfur dichloride,
and disulfur dichloride), and halogens per se (e.g.,
chlorine and bromine) . _ _ _

The organic halogen atom-containing compound prefer-
ably contains (1) carbon atom, (2) a halogen -atom such as
‘chlorine atom or a bromine atom, and (3) at least one of
other atoms selected from a hydrogen atom, & nitrogen
atom, a sulfur atom, and a silicon atom.

Examples of the.organic halogen atom-containing com-
pounds are organic compounds having a C-Hal bonding (in
which Hal means a halogen atom), a C-Si-Hal bonding, a
C(0) -Hal bonding or a C-S(0),-Hal bonding. The organic
halogen atom-containing compound can contain one or more
halogen atoms such as chlorine(s), bromine(s) or io-




‘tained in ah
. I ntroduced
vessel whic
m xture flo
2-2 over th

xmﬂ‘améﬁm ‘ppm The liquid mixture was continuously
1ﬂ1?’7*77'"g/ hr., into the first chanber of the reaction

bl oi | bat h kept to 270[err]C. The reaction
f?gnﬂi‘ﬁg’g’reaﬁt on cham ber 2-1 into the reaction chanber

dlt hen i ) the reaction chanmber 2-3 over the
parti- tion 3. The reaction_nilxture i'n the reaction chanber 2-3 was
conti nuously romthe line 6. The carbon nonoxi de produced in the

course of t&fn@?gﬂrgiﬁgQ% B?ag?hbbﬁglwgﬁ%gh§charged conti nuously through
nes

t he di scharge i ntroducing the m xture of di-
phenyl oxal ate aB¥2rRéesapsl fbe engandcovempayndre Na¥aEg B &mHalxt ure wer e

heated to 1p8h8ihlCinéhadeeatiiANhAN%HEEE (e.g., chloroform, carbon
tetrachloride, 1,2-dichloroethane, butyl chloride, and
dodecyl chloride), aralkyl halides (e.g., benzyl chlo-
ride, benzotrichloride, triphenylmethyl chloride, and «-
bromo-o-xylene), and halogenated aliphatic nitriles
(e.g,,'ﬁ-chloropropionitrile, and y-chlorobutyronitrile),
halogenated aliphatic carboxylic acids (e.g., chloro-

- acetic acid, bromoacetic acid, and chloropropionic acid).

Examples of the organic compounds having a C-Si-Hal
bonding- include halogenated silanes (e.g., dxphenyldl-
chlorosgilane, and tr1pheny1ch10r0511ane)

o Examples of the organlc compounds having a C(0) -Hal
bondlng include acyl halides (e. g., acetyl chloride, oxa-
lyl chloride, propionyl chloride, stearoyl chloride, '
‘benzoyl chloride, 2-naphthalenecarboxylic acid chloride,
and 2-thiophenecarboxylic acid chloride), halogenated
formic acid aryl esters (e.g., phenyl chloroformate), and
halogenated glyoxyllc acid aryl esters (e.g., phenyl
chloroglyoxylate) .

Examples of the organlc compounds having a C- S(O)2
Hal bondlng include sulfonyl chlorides (e.g., p-toluene-
sulfonic acid chloride, and 2-naphthalenesulfonic acid
chloride) .

The reaction for releasing CO from the diaryl oxa-
late according to the invention can be conducted at a
temperature in the range of 100 to 450°C, preferably 160
to 450°C, more preferably 180 to 400°C, most preferably
180 to 350°C, in the reaction vessel comprising plural
reaction chambers in the presence of the organic phospho-
rus compound, and optionally in combination with -the
halogen atom-containing compound. In the course of prog-
ress of the reaction, carbon monoxide is emitted and the
desired diaryl carbonate is formed. The reaction can be
conducted under an atmospheric pressure, under a certain




" Wwas stirred ||REELAIQ}}ME .SHF-‘EI anber. Wen the reaction reached the steady

state, the rdadtion nixture ne¢overed fromthe reaction chanber 2-3 was
anal yzed by gas cHriogaMdeiSaphy ito indicate that the reaction mxture
conprised 93.10 . % of di phenjyll carbon- ate and 6.1 wt. % of di phenyl

oxal ate. Therlefore, the converqion ratio of diaryl oxalate was 94.6% and
the selectivijy to diphenyl ¢ bonat e1flas 99.1% The reac- tion rate (in
terms of STY) for producing diaryl carbon- ate was 185 g/L.hr. The reaction
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and 2-3. ThdQ iwndenppessure. '
The decarbonylation reaction does not require amny
gsolvent. However, if necessary, an organic solvent which .
does not participate in the reaction can be employed.
Such solvent can be diphenyl ether, sulforane, N-methyl-
pyrrolidone, dimethylimidazolidone, or 1,3-dimethyl-
3,4,5,6-tetrahydro-2 (1H) -pyrimidinone.
. The reaction vessel comprising plural reaction cham-
bers and the process for preparing a diaryl carbonate
from a diaryl oxalate using the reaction vessel is now
described in more detail.. ' .
F:Lg 1 schematically illustrates one example of the
reaction vessel which is employable for performing the
reaction for preparing a diaryl carbonate from a diaryl - '
oxalate according to the invention. In Fig. 1, a mixture
of a diaryl oxalate and a decarbonylation catalyst is
continuously supplied through a line 1 into the reaction
vessel comprising three reaction chambers, 2-1, 2-2, 2-3.
The reaction chambers are separated from each other by a
partition 3. The partitions have heights differing from
each other.  The partition between the first chamber and
the second chamber is higher than the partition between
the second chamber and the third chamber, so that the
reaction mixture is transferred in one direction, that
is, from the first chamber to the second chambér and then
to the third chamber. The upper spaces of the chanbers
are kept vacant to receive carbon monoxide which is pro-
duced in the course that the decarbonylation reaction
proceeds. The mixture is first introduced into the first
chamber 2-1 for performing the decarbonylation reaction
by heating the mixture in the chamber 2-1, and the reac-
tion mixture is then transferred into the second chamber
2-2 over the partition 3. The reaction mixture is heated




forméd in a met-argorea3. A mxture of diphenyl oxal ate,
.tetraphenylp WW@J ijde (PPh[err].d) and chloroformwas heated
ina flask tg 50[err]CTor giye a liquid mixture in which PPhlerr]. O was
cont ai ned in {0.150 4rp J 1%§1nc ¢hl orof orm was con- tained in an anount of
6,500 ppm The [l iquid m'Xtur¢ was conihnuously I ntroduced at a rate of 34
g/ hr., into ' 2-1 whith was heated in an oil bath kept to
270[err]C. en the anount of tlhe reaction mixture in the ves- sel 2-1

reached 50 r oS :Fg%y(gl%? 2-2.
Then, when the armun% dectlo%\ﬂf;n%(ture é\ﬁigﬁ}/‘%&% f(;éached 50
m., the rea@tm;hnﬁaq‘@m,waagld rhen diransferyed int ghe thing«ham=23.

ber 2-3 over the partition 3. The reaction mixture re-
ceived in the third chamber 3 is further heated to fur-
ther advance the decarbonylation reaction. The reaction
mixture thus enriched with the produced diaryl carbonate
is finally recovered from the recovery line 6. In the |
course of the decarbonylation reaction, carbon monoxide
'is produced and discharged through a discharge line 7. N
The discharge line 7 may have a condenser (not illustrat-
ed) . _ o S
There are no limitation with respect to the number .
of reaction chambers, but generally the reactJ.on vessel
comprises 2 to 30 reaction chambers, preferably 2 to 10
reaction chambers. There are no spec:.flc _;letat_lons
with respect to the matérial of the reaction vessel.
Ordinary reaction vessels such as vessels of glass or
stainless (SUS) can be employed.
' Fig. 2 schematically illustrates another emnple of
the reaction vessel which is also _employable for perform-
ing the reaction for preparing a diaryl carbonate accord-
ing to the invention. In Fig. 2, a mixture of a diaryl
oxalate and a decarbonylation catalyst is continuously
supplied through a line 1 into the reaction chamber 2-1
which is in the form of an independent reaction vessel.
The reaction chamber 2-1 is equipped with a line 4 for
transferring the reaction mixture into the second chamber
2-2 which is also in the form of an independent reaction
vessel. The reaction chamber 2-1 is further equipped
with a carbon monoxide discharge line 7. The reaction
mixture in the reaction chamber 2-1 is then transferred
into the reaction chamber 2-2 of the same type through
the line 4. The reaction mixture in the reaction chamber
2-2 is furthermore transferred into the reaction chamber
2-3 of the same type through the line 4. Finally, the
reaction mixture enriched with the produced diaryl car-




f eacti on m@EPAC.".,. dl 2-3 was continuously re- covered fromthe
Jine 6. Thejc e EEEH r oduced in the course of the progress of
reaction wap (i ffhjéﬁar ed CO%I nuously through the discharge lines 7. The

lines for ipt ure of di phenyl oxalate and the catal yst and
recovering hn_reactlon mxt ure were 5@pt at 150C. The reaction m xture was
stirred in gach reactlon vessel . Wien“t’he reaction reached the steady
state, the | covered fromthe reaction vessel 2-3 was

anal yzed by}ﬂ%& -ﬁ&tﬂg di fat ﬁh&:éﬁeéflgnarrtmaﬁ h
conprised 8 wt . % of di phen car o%ﬁéafeeé(gﬁidog . % of di pheny

oxal ate. Thdhs Jé’leth;]e conversion ratio of diaryl oxal ate was 91.5% and

the selectivity tmidl phesyhefizt DeARI¢ 1BPuSOrdles TAefiietbert &RA r%aatae (l?
e reactl on
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tion vessel of Fig. 1 and is also employable for perform-
ing the reaction for preparing a diaryl carbonate accord-
ing to the invention. The partitions 3 of the reaction
vessel in Fig. 3 have the same height, but each has an
opening 5 to assist the flow of the reaction mixture into
the next chamber. The partition can be replaced with a
partition having a plural number of small opem.ngs or a
porous partition plate.

In the reaction chambers, a stirrer, a pump for
circulation of the reaction mixture, or a gas blowing
-apparatus can be placed for well mixing the reaction
mixture. Around the reaction chambers, a heater jacket
can be placed to heat the reaction mlxture in the cham-
bers.

The reaction m:i.xture recovered from the third (i.e.,
last) reaction chamber is subjected to a purification
process such as distillation for isolating the produced
diaryl carbonate in a high purity.. '

The residue produced in the distillation process
comprises the catalyst, the unreacted diaryl oxalate, and
the diaryl carbonate is again supplied into the first
reaction chamber 2-1 after the diaryl oxalate, the decar-
bonylation catalyst, and optionally a halogen—contalnlng
compound are supplemented. ,

' The carbon monoxide discharged from- the reaction
chambers is collected after trapping a volatile product
in the condenser and can be employed for the preparation
of a dialkyl oxalate which is utilized for the prepara-
tion of the diaryl oxalate.

The present invention is further described by the
following examples. In the examples, the "conversion
ratio of diaryl oxalate" (i.e., ratio of amount of con-



Corfpa‘ri son 1Exarrp| e" 1"‘””% LcLec arbonyl ati on reaction of diphenyl oxal ate was
Jerfornmed junder the sanme qonditions as described in Exam ple 1, in a
reaction vesiselt Zwhvodppad 4 120 nL vol une for receiving the liqui d
reaction npxgure) illustrgtgd in Fig 1 but having no partitions. Wen the
reaction r : ly |st at e, 2 re- action mxture recovered from
the reactipn_vessel was anallyzed by g d-chr omat ography to indicate that the
reac- tion mxture corrpri sed 76.6 wt.% of diphenyl carbonate and 23.1 wt.%

ves 76,05 Sheln R RN olatrh Sialets B8y Phe el S8, R

reaction rat@ayged elirryt @E@aﬁ@} @nghwhgc‘éll‘él-?}’ tar@baEyd GBE-155

g/ L. hr. The ggapidon({ eSPErait S YBStReOARHME of produced diaryl
carbonate per the amount of consumed diaryl oxalate) for
decarbonylation reaction of the diaryl oxalate are all
expressed in texrms of molar percent ratio (i.e., mol.%).
The rate of prdduction of diaryl carbonate is expressed .
in terms of "g" of the diaryl carbonate produced in one
hour in one liter of the reaction vessel.

Example 1 _
A reaction vessel illustrated in Fig. 1 was employed -
 for performing the decarbonylation reaction of diphenyl
oxalate to give diphenyl carbonate. The reaction vessel
was composed of three chambers, 2-1, 2-2, and 2-3, each
of which had a solution-receiving volume of 37 mL, 36 mL,
and 48 mL, resgpectively. Therefore, the total volume
(volume for receiving the reaction mixture) of the reac-
‘tion vessel was 121 mL. The partitions were made of a
non-porous glass plate. The reaction was performed in a-
stream of argon gas.

A mixture of diphenyl oxalate, tetraphenylphospho-
nium chloride (PPh,-Cl) and chloroform was heated in a
flask to 150°C for give a liquid mixture in which PPh,-Cl
was contained in 0.50 molar % and chloroform was con-
tained in an amount of 6,400 ppm. The liquid mixture was
continuously introduced at a rate of 27 g/ hr., into the
first chamber of the reaction vessel which was heated in
an oil bath kept to 270°C.

The reaction mixture flowed from the reaction cham-
ber 2-1 into the reaction chamber 2-2 over the partition
3, and then into the reaction chamber 2-3 over the parti-
tion 3. The reaction mixture in the reaction chamber 2-3
was continuously recovered from the line 6. The carbon
monoxide produced in the .course of the progress of reac-
tion was discharged continudusly through the discharge
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-24- 'WHAT IS EL#LAGEW{iﬁ duopeA process for preparing a diaryl carbonate
froma diary o I d phase by decarbonyl ati on which utilizes a
reaction vespke cgggkk%é&% |-east two reaction chanbers connected in

ri t
hosghgrus co und having a trivalent or

series and c of continuously introducing the diaryl
oxal ate and

pent aval ent phosphorus atom and at |1e€a8T one carbon-phos- phorus bondi ng
into the first camretanrd _cQiti nuously recoveri ng a reaction m xt ure
conpri sing diary ar faomth iﬁgﬁé] he condi tion
that a mxtt]jrggleo? thln% hn%(g;)?éaq: and- c:nlrfg;(sur gani osphorus conmpound is

heated in tpbenyacm@la&eam shendatalyst %hhrr@qwmrthﬁ)mﬁ@%
rel eased fre Ebhhguﬁw Sere I}Ett%d)r&femoef C*rﬁénkéactmownhﬁ&tea@h of the

reacti on chanber space_for recelving the carbon nonoxi de rel eased
fromthe nmi WBgr StixTede ighaasdh reartivn chamber.

When the reaction reached the steady state, the
reaction mixture recovered from the reaction chamber 2-3
was analyzed by gas chromatography to indicate that the
reaction mixture comprised 93.0 wt.% of diphenyl carbon-
ate and 6.1 wt.% of diphenyl oxalate. Therefore, the
conversion ratio of diaryl oxalate was 94.6%, and the
selectivity to. diphenyl carbonate was 99.1%, The reac-
tion rate (in terms of STY) for producing diaryl carbon-
ate was 185 g/L-hr. The reaction temperatures were 250°C
in the chamber 2-1, 246°C1nthechamber22 and246°C1n
the chamber 2 3.

; Example 2

A reactlon apparatus illustrated in Fig. 2 was em-
.ployed for performing the decarbonylation reaction of
diphenyl oxalate to give diphenyl carbonate. The reac-
tion apparatus was composed of three 70 mL-volume reac-
tion vessels, 2-1, 2-2, and 2-3. The reaction was per-
formed in a stream of argon gas.

A mixture of diphenyl oxalate, tetraphenylphospho—
nium chloride (PPh,-Cl) arid chloroform was heated in a
flask to 150°C for give a liquid mixture in which PPh,-Cl
was contained in 0.50 molar % and chloroform was con-
tained in an amount of 6,500 ppm. The liquid mixture was
continuously introduced at a rate of 34 g/ hr., into the
first vessel 2-1 which was heated in an oil bath kept to
270°C.

When the amount of the reaction mixture in the ves-
sel 2-1 reached 50 mL, the reaction mixture was trans-
ferred to the wvessel 2-2. Then, when the amount of the
reaction mixture in the vessel 2-2 reached 50 ml, the
reaction mixture was transferred to the vessel 2-3. The
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Spaces of the Rgggﬁﬂgﬁﬁﬁﬁéﬁﬁhﬁi are connected to each other so that the
carbon nonoxi dejrel eased 1n Thef reac- tion chanbers can be conbi ned and

di scharged t oget he12J§\.N19§er prpcess of claim1, in which each of the
reaction chanmpefs has a space| fpr receiving the carbon nonoxi de rel eased
fromthe m xt yr e T the—cheatb and ea h of the reaction chanbers has an
inlet for recegiving a mxture clontaining the diaryl oxalate and the organic
phosphorus conmpound, an oufTer for discharging the re- | eased carbon

Cont Al i g e A e T e e oo e, 4
The procegs Q9V§§%é¥¢€9mmgg?2i§n?hé-orE%ﬁi8ag%%§BW%?5§g@%nEEG. Ced B ect ed
fromthe grale cnsrséiof the aprogoesscophpeaboionnwasnfitssiargegdhosphi ne,
a phos- * contimiously through the discharge lines 7. The lines
for introducing the mixture of diphenyl oxalate and the-
catalyst and recovering the reaction mixture were kept at
150°C. The reaction mixture was stirred in each reaction
vessel. N | .
 When the reaction reached the steady state, the
reaction mixture recovered from the reaction vessel 2-3
was analyzed by gas chromatogfaphy to indicate that the
reaction mixture comprised 89.8 wt.% of diphenyl carbon-
ate and 9.6 wt.% of diphenyl oxalate. Therefore, the
conversion ratio of-diarylrQXalate,was 91.5%, and the
selectivity to diphenyl carbonate was. 99.3%, The reac-
tion fgte (in terms of STY) for producing'diaryl carbon-~
ate was 182 g/L-hr. The reaction temperatures were 250°C
.in all of the chambers 2-1, 2-2, and 2-3.

-

Comparison Example 1

The decarbonylation reaction of diphenyl oxalate was
performed under the same conditions as described in Exam-
ple 1, in a reaction vessel (which had a 120 mL volume
for receiving the liquid reaction mixture) illustrated in
Fig.'i but having no partitions.

When the reaction reached the steady state, the re-
action mixture recovered from the reaction vessel was
analyzed by gas chromatography to indicate that the reac-
tion mixture comprised 76.6 wt.% of diphenyl carbonate
and 23.1 wt.% of diphényl oxalate. Therefore, the con-
version ratio of diaryl oxalate was 79.0%, and the selec-
tivity to diphenyl carbonate was 99.4%, The reaction
rate (in terms of STY) for producing diaryl carbonate was
155 g/L-hr. The reaction temperature was 250°C.



- 25- ‘phi ne—di-hat-i-de;—and—a—phosphi ne oxi de. 5.
wherein the or anlclﬁﬁ Eiho us conpound i s sel ectfe

consi sting I Hm l phoniumsalt, a triadr
arylphosphl triaryl phosphi ne oxi{d

| p a I\ -

: B%Rﬁ¥ﬂgy%%o egds of
claim1l1, wherein the organic phosphorgz conpound
consisting of a tetraaryl phosphonium fiali de and a tetraaryl ni um
hydrogen dihalide. 7. The process of claim1, wh organi ¢ hal i de

conpound hayj | 54D ucture in which a halogen atomis bonded to a
carbon atom %33 Eﬁgdouble bond other than =Ois further
I ntroduced into the first chanber. 8. The process of claim1, wherein an

I nor gani c haI i de 1corrp(;ryrpj:c§c%é§tﬁ§kf l@é@é_fﬁ@ra@@l&ﬂpﬁ@éﬁmeaff@ﬂnl de of

phosphor us, fgfyeaégafgggtgﬁ a lydrp %&mase by decarbonylation
whlch utilizes a reaction vessel comprising at least two
reaction chambers connected in series and comprises the
steps of continuously introducing the diaryl oxalate and

' an organic phosphorus compound having a trivalent or

pentavalent phosphorus atom and at least one carbon-phos-
phorus bonding into the first chamber and continuocusly
recovering a reaction mixture comprising the diaryl car-
bonate from the last chamber under the condition that a
mixture of the diaryl oxalate and the organic phosphorus .
compound is heated in the reaction chambers, while dis-
charging carbon monoxide released from the mixture.

2. The process of claim 1, in which each of the i
_reaction chambers has a space for receiving the carbon |
" monoxide released from the mixture in the chamber and the

spaces of the reaction chambers are comnected to each
other so that the carbon monoxide released in the reac-
tion chambers can be combined and discharged together.

3. The process of claim 1, in which each of the
reaction chambers has a space for receiving the carbon
monoxide released from the mixture in the chamber and
each of the reaction chambers has an inlet for receiving
a mixture containing the diaryl oxalate and the organic
'phosphorus compound, an outlet for discharging the re-
leased carbon monoxide through the space, and an outlet
for recoverlng a mixture containing the diaryl carbonate
and the organic phosphorus compound.

4. The process of cléim 1, wherein the organic
phosphorus compound is selected from the group consisting
of an organic phosphonium compound, a phosphine, a phos-
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5. ' The process of claim 1, wherein the organic
phosphorus compound is selected from the group consisting
of a tetraarylphosphonium salt, a triarylphophine, a tri-
arylphosphine dihalide and a triarylphosphine oxide.

- 6. The'process of claim 1, wherein the organic
phosphorus compound is selected from the group consisting
of a tetraarylphosphonlum.hallde and a tetraarylphos-f
phonium hydrogen dihalide.

7. The process of claim 1, wherein an organic
halide compound having a chemical structure in which a.
halogen atom is bonded to a carbon atom having thereon no
double bond other than =0 is further introduced into the
first chamber. ' i

8. The process of claim 1, wherein an inorganic
halide compound selected from the group consisting of a
halide of phosphorus, a halide of sulfur, a hydrogen ha-
lide, and halogen is further introduced into the first

chamber.

9. The process of claim 1, wherein a chlorine-
containing compound is further introduced into the first
chamber. :

10. A process for preparing a diaryl carbonate from
a diaryl oxalate in a liquid phase by decarbonylation
which utilizes a reaction vessel comprising at least two
reaction chambers connected in series and comprises the
steps of contimuously introducing the diaryl oxalate and
a decarbonylation catalyst into the first chamber and
cohtinuously recovering a reaction mixture comprising the
diaryl carbonate from the last chamber under the condi-
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11. The process of claim 10, in which each of the
~reaction chambers has a space for receiving the carbon
- monoxide released from the mixture in the chamber and the
spaces of the reaction chambers are comnected to each
other so that the carbon monoxide released in the reac-
tion chambers can be combined and discharged together.

12. The -proceés of claim 10, in which each of the
reaction chambers has a space for receiving the carbon
monoxide released from the mixture in the chamber and

- each of the reaction chambers has an inlet for receiving
a mixture containing the diaryl oxalate and the decar-
bonylation catalyst, an outlet for discharging the re-
leased carbon monoxide through the space, and an outlet
for recovering a mixture containing the diaryl carbonate
and the decarbonylation catalyst. _



i REPLACEMENT SHEFT
12 JAN 1909
ABSTRACT

PREPARATION OF DIARYL CARBONATE

A process for preparing a diaryl carbonate from a diaryl oxalate in a liquid phase by
decarbonylation which utilizes a reaction vessel comprising at least two reaction chambers
(2-1, 2-2, 2-3) connected in series, and comprises the steps of continuously introducing
the diaryl oxalate and an organic phosphoroﬁs compound having a trivalent or pentavalent '
phosphorous atom and at least one carbon-phosphorus bonding into the first chamber (2-1)
and continuously recovering a reaction mixture comprising the diaryl carboﬁate from the
last chamber (2-3) under the condition that a mixture of the diaryl 6xalate and the organic
phosphorus compound is heated in the reaction chaﬁxbers 2-1, 2-2, 2-3), while:

discharging carbon monoxide released from the mixture. f

Fig. 1
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