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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
~ seléctivity are low.
e Yuki Gosei Kagaku Kyokaishi (Journal of Synthetic -
" 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. Accoxﬂmg to a trace experiment of the expex-
. iment of this rer . 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

4

. . | | SIMVBRY OF THE INVENTIC

It is an object of the present invention to provide
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a new process for continucusly preparing a diaryl carbon-
ate from a diary)l oxalate by decarbomylation 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

,...-1east ‘one carbom-phosphorus bonding) into the first cham-

ber and continuously recovering a reaction mixture com-

~“priging the diaryl carbomate from the last chamber undexr”"

the condition that a mixture of the diaryl oxalate and
the organic phosphorus compound is beated in the reaction
chambers, while discharging carbon wonoxide released fxom

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.

. The decarbonylation process for preparing a diaryl P

-"carbonate from a diaryl oxalate can be 111uatra1:ed as

follows: |

oAr QAxr _

cooAr 0 GOoAr + OO
wherein Ar stande for an unsubstituted or substituted
aryl group.
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In the process of the invention, a zeaction vessel
conprising at least two reactiom chambers which are con-
nected in series is employed. In the process, a diaryl
oxalate and a decarbonylation catalyst - (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 contimously introduced

+intq-the first chamber. If cne or wore intermediate

veaction chambers are placed in the reaction vessel, the

: A
reaction mixture of the diaryl oxalate and the decarbon-

ylation catalyst is transferred from the first chamber
into the intexmediate 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 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 ag an alkyl group having 1 to 12  carbon
atoms (e.g., wethyl and ethyl), an alkoxy group having 1
to-12 carbon atoms (e.g., methoxy and ethoxy), a halogen

" atoms{e.g., £luorine and chlorine), and nitro; or (3) a
" naphthyl group. FPreferred is a phenyl group. P

The phenyl group having ome or more gubstituents,
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

This Sheet Has Been Reﬂlaced :

[




-4-

cxalate, bis(2-methylphenyl) oxalate, bis(3-methylphenyl) .
oxalate, bis(4-methylphenyl) oxalate, bis(2-chlorcphenyl) .
oxalate, bis(3-chlorophenyl) oxalate, bis(4-chlorophenyl)

_,_...-cxalate, big (2-nitrophenyl) oxalate, bis{3-nitrophenyl)
.oxalate, and big(4-nitrophenyl)oxalate. Most prefexrred

‘ ~"ig diphenyl oxalate. - A
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- In the decarbonylation process of the nwmtlon, the
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 formula (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? : PR
R

Formula (B):

Formula (C):'

Formula (D):
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Detailed descriptions are given below for the phoss»
phonium salt of formula (A), the phosphine of formila
(8), the phosphine dihalide of formula (C), and the phos-
phine oxide of formula (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

LA ring having the phosphoms atom as its ring wember.

~The aryl group is described in more detail. The

_.--arylgrcupcanbeaphenylornaphthylgroup The phenyl,

.n
.*
»
.
.
)
o

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 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-dimethylamino), cyano, mtm, and halo (e.g.,
flucro, chlaro, or hromo).

' The alkyl group is described in wore detail. The

élk.yl group can have 1 to 16 carbon atoms. Examples of
) ~-the alkyl group include methyl, ethyl, n-propyl, isopro-

./ -

pyl. n-butyl, iscbutyl, sec-butyl, or tert-butyl. The
alkyl group can have one or more substituents in any

positions, BExamples of the substituents are the same as
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those described for the substituents of the aryl group.

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 have cne or wore substituents in any

_:..poéitions. Examples of the substituents are the same as
.+ those desecxibed for the substituents of the aryl group. -
The heterocyclic group is deacribed in more datail.

- 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. Foxr
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 .
. 4+ 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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The counter ion (X)) can be a halide ion (e.g., chlo-
ride ion, bromide ion, or iodide icm), 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 iom

(e. g. ¢ - perchlorate ion, perbromate ion, or periodate
- iom), an aliphatic carboylate iom (e.g., acetate iom,
~“trifluorcacetate ion, or propicmate icn), an aromatic .

carboxylate ion (e.g., benzoate ion, or a- or f-maph-
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..

. .- methyl, 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-fluqropheuylbo:ate ion). Examples of preferred countexr

ions (X°) include halide ions such as chlexide iom, -bro-

' .~mide ion and iodide icn, and bydrogen dibalide ions such

as hydrogen dichloride ion, hydrogen dibzomide ion, hy-
drogen diiodide ion, and hydrogen bromide chloride ion.
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,

‘tetrakisg (p-chlorophenyl) phosphonium chloxide, tetrakis (p-

- This Sheet Has Been RTlac
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' ..--clﬂonde. tetraphenylphosphonium hydrogen dibromide, Eo

fluorophenyl) phosphonium chloride, tetrakis(p-tolyl)phos-

- phonium chloride, p-chlorophenyltriphenylphosphonium
.-chloride, p-chlorophenyltriphenylphosphonium bromide, p-

chldrophenyltriphenylphosphonium lodide, p-tolyltriphen-

- ylphosphonium chloride, p-tolyltriphenylphosphoaium bro~"

mide, p-tolyltriphenylphosphonijum iodide, m-trifluoro-
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)  Phosphomium salt in which all of R*, R®, R and R* are

azylgroupsandr ig a hydrogen dihalide icm
~"Examples are tetraphenylphosphonium hydrogen di-

tetraphenylphosphonium hydrogen diiocdide, and tetxa-
phenylphosphenium hydrogen bromide c¢hloride. Most pre-
ferred is tetraphenylphosphonium hydrogen dichloride

(3) Phosphonium salt:.nwh:.chall of R*, B, R’ and R* are
aryl groups and X~ is an a.l:tphatic or arqnat:.c car-
boxylate icn

Exanmples are tetraphenylphosphonium acetate, p-
chlorophenyltriphenylphosphonium acetate, p-ethoxyphenyl-
triphenylphosphcenium acetate, p-tolyltriphenylphosphonium
acetate, tetraphenylphosphonium trifluorcacetate, and
tetraphenylphosphonium benzoate. _

(4) Phosphonium 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-

as Been Rep‘lawd
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phmYltriph_enylphosphonium fluorcborate, and P-tolyltri-
------ ~ phenylphosphonium fluerobhorate.
(5) Phosphonium salt in which all of R*, R*, R’ and R* are
aryl groups and X is thiocyanide ion
An example is tetraphenylphosphonium thiocyanide,
(6) Phosphonium salt in which all of R, R3, g3 and R* are
aryl groups and X- ig an arcmatic hydroxyl iom
An example is tetraphenylphosphonium phenoxide.
(7) Phosphonium salt in which three of R!, R, R? and R¢
are aryl groups, one ig an alkyl group, and X ig a
halide ion
Ebamples are methyltriphenylphosphonim chlorige,
. methyltxriphenylphosphonium bromide, methyltriphenylphos-
ghomitm_; lodide, ethyltriphenylphosphonium chloride,
.--t"ethxlti-iphenylphosphonimn bromide, . ethyltriphenylphos-

triphenylphosphonium chloride, n-Godecyltriphenylphog-
phonium bromide, chloromethyltriphenylphosphmimn chio-
ride, methyltris (m—chlomphenyl)phosthimn chloride,
methyltris (m-chlorophanyl)phosphnnimn bromide, ethyltris-
(m-chlorophenyl) phosphonium chloride, and ethyltxris (m-
chlorephenyl) phogphonium bromide.
(8) Phosphonium salt in which three of R*, R?, R® ang R¢
are aryl groups, oneisanaxalkylgroup, and X ig a
halide ion : .
Examples are bmzyltriphenylphasphonim chloride, p-
ﬁ;uditgbe_zszItriphezxylphosphonim chloride, p-fluorcbenz-
. Yltxriphenylphosphonium bromide, 2,4-dichlorobenzyltzi-~
" ‘phienylphosphonium chloride, 2,4-dichloxobenzyltriphenyl- ~
** phosphonium bromide, p-n-hutm(yhenzyltﬁphenylpmaphmzim
¢ chloride, p—n—hutcxyhenzyltriphenylpbpﬂphmim bromide,
z-mphthylmethyltriphenylphoephmiwn chloride, 2-naphtha
ylmethyltriphenylphosphonium bromide, 9-fluorenyltrd -
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phénylphosphmimn chloride, and 9-fluorenyltriphenylphog-
phonium bromide.

(9) TPhosphonium salt in which three of R, R}, R® and R*

are aryl groups, one is a heterocyclic group, and X‘
is a halide ion
An example is 2-thiophenetriphenylphosphonium chlo-
(10) Phosphonium salt in which three of R*, 3, R* and R*
are aryl groups, one is an aryloxy group, and X is a
" halide ion
B0 example is phenoxytriphenylphosphonium chloride.

{11) Phosphonium salt in which three of R}, R?, R* and R* A~

H
]
»
.....
.
.
"

are aryl groups, cne is an alkyl group, and X is an
aliphatic carboxylate iocn _
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
Exanples are methyltriphenylphosphonium fluoro-
borate, ethyltriphenylphoaphonium fluoxcborate, and n-
propyltriphenylphosphonium flvorcborate.
(13) Phosphonium salt in which two of R, R?, R* and R* are
_aryl groups, othexr two are other groupa, and X" is a
" halide ion
E:an'ples are dimethyldiphenylphosphonium chlozride,

" ,.;.dletl‘nrld:.pheuylphosphmm ¢hloride, dimethyldiphenyl- E
*" phosphonium bromide, and diethyldiphenylphosphonium bro-

mide.

(14) Phosphomium salt in which one of R, R?, R® and R* axe
aryl groups, other:hreeamothergm:pa and X" is
a halide ion
Examples are diethylmthylphenylphoaphmium chlo-

ride, and diethylmathylphenylphosphonium bromide.

(15) Phosphonium salt in which none of R*, R?, R and R!

This Sheet Has Been Re{ilaced
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are aryl groups, and X° is a halide ion
Examples are tetra-n-butylphosphonium chloride, and
tetra-n-butylphosphonium bromide. |
Some of the above-menticned 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/
o publications.
P 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-
phoniqm chloride. iz alsc 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 fomuia (B)

_a___~_N‘_~_-_-~h~
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_ The phosphine can be represented by the above formu-
.-1a (B), wherein each of R®, R and R’ independently repre-
| senr.sanary-lgrmp an alkyl group of 1 to 16 carbon
..~ atoms, an aralkyl group of 7 to 22 carbon atoms, or a 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’ axre
otherthantheaxylgmps Prefexred is the phosphine
_.'in vhich all of the groups of B, R° and R’ are aryl A
....... " . groups.
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 &-naph-

. thyl (phenyl) -p-methoxyphenylphospbine.

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

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

._.--.('3') Phosphine in which cne of R*, R® and R’ is an aryl
“group and other two are other groups (i.e., aryl-
phosphine) '

e e———
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.
Examples are dimethyl (phenyl)phosphine and ethyl-

(phenyl) -n-propylphosphine.

(4) Thosphine in which ncne of RS, RS and R’ are aryl
groups -
Evanples are benzyl- (n—butyl)methylphoaphine and

tributylpbosphine. An example of a phosphine in which any

two of ‘Rf, R® and R? axre 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
abeve formila (C), wherein each of R®, R’ and R indepen-
d.ently ‘represents an aryl group, an alkyl gxoup of 1 to

o 16 catbon atoms, an aralkyl group of 7 to 22 carbon at-
oms or a heterocyclic group of 4 to 16 carbon atoms, and~
; W each of ¥ and ¥Y? independently represents a halogen atom
¢ such as chlorine, bromine or iodine. Any 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.
.:._.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-

Thls Sheet Has Been Re ﬂ
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chloxride, tnphenylphosphme dibromide, and triphenyl- E
phosphine diicdide.

(D) Fhosphine 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
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

- of -the form:la (D) are described below.

.
Mtad
.
o
.
-
.
e

.+~ (1) Phosphine oxide in which all of R*, R¥? and R® are

aryl groups (i.e., triarylphosphine oxide)
Examples are triphenylphosphine oxide, tris(p-
chlorophenyl)phosphine oxide, tris(p-tolyl)phosphine
oxide, and- ¢-naphthy1 (phenyl) -p-methoxyphenylphosphine
oxide.
(2) Phosphineoad.deinwh:.ch two of R*, R™ and R® are
aryl groups and cne is other group (i.e.. d:.aryl-_
phosphine mdde)
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Examples are methyldiphenylphosphine oxide and phe~
nyl- (p-methoxyphenyl ) methylphosphine oxide.
(3) Phosphine oxide in which one of R¥, R and R® ig an
aryl group and other two are other groups (i.e.,
aryl phosphine axide)
~Bxamples aye dimethyl (phenyl)PhOSthe oxide and

| .__::ethyl(phenyl)n—propylpm.a.phme oxide. A

(4) Phosphine oxide in which none of R“, R¥ and R® are
| 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 having the phosphorus atom a8 its ring member 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

"'procels of the present invention. The organic phosphorus
.compound can be dissolved or dispexrsed in the reaction A

= meddum,

'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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. containing compound preferably is a chloxine atom-con-
ta;ming compound or a bromine atom-containing compound.
' Most preferred is a chlarine atom-containing compound., A

The incorporated halogen atom-containing compound can be
decompoged or ceonverted into other halogen atom-comtain-
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 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,

" .phosphorus pentachloride, phosphorus oxychloride, phos- .~
. L peorus tribromide, phosphorus peantabromide, and phospho-

e - 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 cme 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-
pomdsareorgamcmmmdshavingaC-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
. balogen atom-containing compound can contain cne or more A

halogen atoms such as chlorine(s), bromine(s) or io-

.
e
.
.
ot
.
ot
.
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....... dine (s) s:mgly or in combmatlcm .

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).

-7 -Bxamples. of the organic compounds having a C(0) -Hal
.,:bonding include acyl halides (e.g., acetyl chloride, oxa=~
) .+ 1yl chloride, propiomyl chloride, stearoyl chloride,
! ¢~ .- .- benzoyl chlaride, 2-maphthalenecarboxylic 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 plurxal
___._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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pressure, or under a reduced pressure. If the veactiom
temperature is higher than the reflux temperature of the
starting diaryl oxalate, the reaction is preferably per-
formed under pressure.

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-

.Pyrrolideome, dimethylimidazolidone, or 1,3-dimethyl-

3 4,5, 6-~tetrahydro-2 (1H) -pyrimidinone.

The reaction vessel comprising plural reacticn c:ham./‘

| bers and the process for preparing a diaryl carbonate
. from a diaryl oxalate usmg:hereactim vessel 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
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
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

,"'cnesecondcnmerandchetmmm g0 that the
. .-Yeaction mixture is transferred in one direction, that

is, from the fivst chamber to the second chanber 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 c¢hamber
2-2 over the partition 3. The reaction mixture is heated
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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
_~"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 enployable for perform-
..ing the reaction for preparing a diaryl carbonate accord-
. - ing'to the imveption. 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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- bonate is recovered from the reaction chamber 2-3 through
- thé lige 6.

e
L]
H
.
n".
-
.

Fig. 3 scheuatma.lly illustrates a further e:ample

~ of the reaction vessel which is a variation ¢f the reac-

tion vassel of Fig. 1 and is also employable for perform-
ing tha reaction for preparing a diaryl carbomate 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 wixture in the cham-

.
o®
a®
.
a®
-t

bers. . _ oA
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 cmlate, 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 ofthe diaryl cxalate.

" The present ipvention is further described by the A

,;.-'ifollowmg exanples. In the exampleg, the "conversion

ratio of diaryl oxalate" (i.e., ratio of amount of cone
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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
- for perfonmng the decarbonylation reaction of diphenyl
‘oxalate to give diphenyl carbomate. 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 nl,
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
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
contimously introeduced at a rate of 27 g/ br., into the
L firat chambexr of the reactiom vessel which wag heated in
" an il bath kept to 270°C.
" The reaction mixture flowed from the redction 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 reactlion 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
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line 7. The lines for introducing the mixture of di-
phenyl oxalate and the catalyst and recovering the reac-
ticn mixture were heated to 150°C. The reaction mixture
was gtirred in each reaction chamber. '
When the reaction reached the steady state, the
reaction mixture recoversd from the reaction chamber.2-3
was analyzed by gas chromatography to indicate that the
_-reaction mixture comprised 93.0 wt. % of diphenyl carbon-
at:eand61wt: % of diphenyl oxalate. Therefore, the P
. conversion ratio of diaryl oxalate was 94.6%, and the °
selectivity to diphenyl carbonate was 99.1%, The reac-
‘tion rate (in texms of STY) for producing diaryl carbon-
ate was 185 g/L-hr. The reaction temperaturea 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-
vion vessels, 2-1, 2-2, and 2-3. The reaction was pez-
formed in a stream of argon gas.

7 Amixture of diphenyl cxalate, tetraphenylphospho-
-""mum ‘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-

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 mL, 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 vessel 2-3. The
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reaction mixture in the vessel 2-3 was contimucusly re-
covered from the line 6. The carbon monoxide produced in
the course of the progress of reaction was discharged

.contimiously through the discharge lines 7. The lines

for-introducing the mixture of diphenyl oxalate and the

'catalyst and recovering the reactiom mixture were kept af

150°C. The reaction mixture was stirred in each reaction

. vessel

When the reaction reached the steady state, the

"reaction mixture recovered from the reaction 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.

Comparison Example 1
’lhe decarbonylation reaction of diphenyl oxalate vas

perfomed undexr the same conditions as described in Exam~""

.,

o’
o
..

b
L
o'
L]
i
o

ple 1, in a reaction vessel (which bad a 120 mlL volume

for receiving the liquid reaction mixture) illustrated in

‘Fig. 1 but having no partitions.

Wben the reacticn 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 compriged 76.6 wt.% of diphenyl carbonate
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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. A
1. A process for preparing a diaryl carbcmate from

~ a diaryl oxalate 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 contimously 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 continmocusly
recovering a reaction mixture comprising the diaryl cax-
bonate from the last chamber under the conditiom 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.

2  The process of claim 1, in which each of the

.spaces of the reaction chambers are commected 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 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

4. The process of claim 1, wherein the organic

phosphorus compound is selacted from the group consisting

of an organic pl_zosPhonium compound, a phosphine, a phos-

This Sheet Has Been Re ﬂ

A

-, R



3
’
.
L
.
.
.

\\ll\ll\ \\\l\\ |||\\ \\I\l \\ \ll\

=25
phine dibalide, and a phosphine 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.

7 'rhe 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.

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 c_:hlorine—
containing compound is further introduced un:o the first
charmiber.

.~-'ib. A process for preparing a diaryl carbonate f£rom

A& d.‘l.a.ryl oxalate in a liquid pbase by decarbonylation

which utilizes a reaction vessel comprising at least two

- reaction chambers comnected in series and comprises the

ateps of contimously introducing the diaryl oxalate and
a decarbanylation catalyst into the firat chamber and
continuously recovering a reaction mixture comprising the
diaryl carbepate from the last chamber undexr the condi-
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tion that a mixture of the diaryl oxalaté and the decar-
bonylation catalyst is heated in the reaction chambers,

vhile 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
" spages of the reaction chambera axe commected to each |
_-other so that the carbon moncxide released in the reac- .
Wi tionchamberscanbeconbmedanddischazgedtogeﬂ:er

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 decarbonylation catalyet.
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