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The present ,inventicn relates to a process for pre-
paring a diaryl carbcnate from a diaryl oxalate in a
liquid phase by decarbonylation. The diaryl carbonate is
favorably employable for preducing a polycarbonate.

It is known that a diaryl carbonate can be prepared
from a diaryl cxalate by decarbonylaticn. The known pro-®
céss, however, is not favorably employable in industry -
becauge the zeaction rate is very slow and the yield and [
selectivity are low, :

Yuki Gosei Kagaku Kyokaishi (Journal’ of. Synthetic

~ Organic Chemistry, Japan), Vel.S, No.4-9, Report 47, pp.

70-71{(1948) teaches a reacticn in which diphenyl axalate
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 amocunt of d:.phenyl
carbonate is produced.

U.S. Patent No. 4,544,507 describes that the carbon-
ic acid dialkyl estar, i.e., dialkyl caxbcmate, 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 ie heated in the presence of a potass:h.nn
phenoxide catalyst only to give mainly the diphenyl oA~
late, namely, the startmg conpound, - _
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It is an cbject of the prasent invention £o provide
a process for centinuously preparing a diaryl carbmte
from a diaryl exalate by decarbemylation in an i.ncrsased_: :
vield with a high selectivity.

It is another cbject of the inventien to provide a
process for contimuously preparing a dia:yl _carbonat:e
from a diaryl oalate by decarbonylation in an increased
yield with a high selectivity utilizing a catalyst which
can be recovered and employed repeatedly.

The present invention resides in a process for pre-
paring a diaryl carbonate from a diaryl coalate in liquid
phase by decarbonylation which compzrises the steps of:

1) performing a decarbonylation reacticm of a
diaryl oxalate in the presence of an organic phosphorus
-compound catalyst to give a reaction mixture compriging a
diazryl carbopate and the organic phosphorus compound
'catalyst; '

2) recovering the diaryl carbonmate f£rom the reac,g
tion mixture; a.d ===~

3) performing a decarbenylation reactioen cf a
diaryl oxalate in the presence of the reg__ctim mixture
from which the diaryl carbonate hag been recovered and to
which a halogen atom-containing compound is added, to
give a reaction mixture comprising a diaryl carbomate and
the organic phosphorus cempound catalyst.

In the process of the inventicn, the steps 2) and 3)
are preferably repeated in combination.

The organic phosphorus compound catalyst preferably
comprises a compound having a trivalent or pentavalent
phosphorus atem and at least one carbon-phosphorus bond-

ing. More preferably, the catalyst comprises a compound
selected from the group consisting of an crganic phospho-
nium compound, a phosphine, a phosphine dihalide, and a -
phosphine cxide. Specifically preferred is that the .8
catalyst comprises a tetraarylphosphonium salt, a,»t:'z'i- !
arylphosphine, a triarylphogphine dihalide, or-a tri-
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arylphosphine oxide. Also specifg. Y preié that
the catalyst comprises a tetraarylphosphonium halide or a
tetraarylrhosphonium hydrogen dihalide.

The halegen atom-containing cempound preferably .is
an organic halogen atom-containing compaamd havieg a
chemical structure in which a halogen atom is konded tg a

.
l'-
0

. carben atcm having thereon no double bend other than =0,

o or an inorganic halogen atcm-containing ccnpound selected r
from the group cansisting of a halide of phosphoxua, a
halide of sulfur, a hydrogen halide, and a halogen. The
most prefexrred halogen atom-comtaining compound is a
chlorine-containing cowpound.

Inthecasethattheoxgamcpbosphmcus ceompound
catalyst comprises an organic phosphonium galt, tha reac-

tion mixture from which the diaryl carbomate has been
recovered is preferably trsated with an aquecus wedium to
recover the organic phosphonium salt; and the recovered
organic phosphonium salt is employed in the step 1) as
the catalyst. The recovery of the crganic ghosphonium
gsalt can be performed after the steps 2) and 3) are ra-
peated in combinaticn. '

1 F_DRAW

Each of Figures 1 to 2 J.llustrates & flow sheet
which is employeble for performing the procesa of the
invention,

The decarbenylation process for preparing a diaryl
cazrbonate from a diaryl oxalate can be illustrated as

follows:
CCCAr COQAr + QO -
e S — 8
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wherein Ax stands for an unsubatn.tut:ed oxr subst::.tuted
aryl group.

The aryl group of the diaryl oxalate can be: (1) a
phenyl group; (2) a phenyl group having cone or mare sub-
stituents such as an alkyl group having 1 to 12 carbon
atons (e.g., methyl and ethyl), an alkoxy group having 1
to 12 carbon atomg (e.g., methoxy and ethoxy), a halogen
atams (e.g., fluoripe and chlorine), and nitro; or (3) a
naphthyl group. Preferred is a phenyl group.

The phenyl group baving cne or wmore substituents, N

that is named "a substituted phenyl group", may be in the

form of one of variocus isomers. Examples of the {somers

include 2-(or 3-, or 4-}alkylphemyl, such aa 2-(or 3-, or

4-)wethylphenyl, or 2-(or 3-, or 4- )ethylphenyl, 2-{or

: 3=, or 4-)alkoxyphenyl, such as 2-(or 3-, or 4-}-methoxy-

phenyl, or 2-{ar 3-, or 4-)ethoxyphenyl; 2-(or 3-, or
4-)halogenated phenyl, such as 2- (or 3-, or 4-)flucro-
phenyl, or 2-(or 3-, or 4-)chloxophenyl; and 2-(or 3-, or
4-)nitorcphenyl. |

Exanples of the diaryl oxalates include diphenyl
oxalate, bis{2-methylphenyl) oxalate, bis(3-methylphenyl)
oxalate, bis(4-methylphenyl) oxalate, bis(2-chlorophenyl)
oxalate, bis(3-chlorcphemyl) axalate, bis(4-chlorophenyl)
oxalate, bis(2-nitrophenyl) oxalate, bis(3-nitrophenyl)
cxalate, and bis(4-mtmphé11yl)o:alate. Moat preferred
is diphenyl oxalate. ,.A

In the decarbonylation process of the inventier,
decarbonylation catalyst preferably iz an organic phos-
phorus compound having a trivalent or pem:avalent pho-—
phoxus atom, and having at least one carbm—phosphoms
bonding. ' Prefexrred are organic phosphorus compounds
having three or more carbon-phosphorus randings. Pre-
fezxred organic phosphorus compounds are a phosphonium
salt having the following formula (A), a phosphine having
the following formula (B), a phosphine dihalide having
the following formula (C), and a phosphine oxide having
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the following formula (D):
Formula (A):
R! ~

- Pr-RS-X
R

Formula (B):

Formula (C):

Formala (D): - '
R1 ~ '
R¥2 -9p=0
r3 7

Detailed descriptions are ; | o

. given below for the -

phoni(m i salt of.formla {a), the phogphine of formlaphos
' .phosphme dihalide of formaula (C), and the

phine oxide of formula (D). , Fhos-

a) xagxni& Salt of the formula (A)
sphonium salt can be re ' a.bove'

-g::uula (a), whexein each of R?,e ::,p;ss::;e:‘ !:,Lymlt;n
e :KY ;‘eprasenta an aryl group of 6 to 10 carkon atoms
s 231'0;5 b:: 1 to 16 carbon atoms, an aralkyl gmaé
il orahat:ozus. an aryloxy group of 6 to 10. car-
— and;{ B:;:erocyclic group of 4 to 16 ca.rhcn at-
ovs, end t_M.’rep::weof - s aa counter ion of the phoaptmzium
on. h: R}, R*, R’ and R' may be combined to form

ing vingthlephosphorus atom as its r:l.ngmember
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The aryl group is described in moxre detail. The
aryl group can be a phenyl or naphthyl group. The phenyl
or praphthyl group can have cne or more substituents iz .
any positicns. Bxamples of the substituents include -~
alkyl of 1 to 15 carben atoms, preferably of 1 to 12 car-
von atoms (e.g., methyl, ethyl, n-propyl, iscprepyl, &n-
butyl, iscbutyl, sec-butyl, or tert-butyl), alkoxy of 1
to 15 carbon atoms, prefsrably of 1 to 12 carben atoms
(e.g., methoxy, ethoxy, n-propoxy, iscpropoxy, n-lutexy,
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-subatituted amino
(e.g., N,N-dimethylamino), cyano, nitro, and halo (e.g.,
fluoro, chloro, or bromo). C o

The alkyl group is described in more detail. The
alkyl group can have 1 to 16 caxbcn atoms. E:mrplgs cf
the alkyl group include methyl, ethyl, n-propyl, isopro- .3
pyl, n-butyl, iscbutyl, sec-butyl, or tert-butyl. The 9 k
alkyl group can have cne or more substituents in amy. =~ r
positions. Examples of the substituents are the. same as * -
those described for the substitusnts of the axyl group.

The aralkyl group is described in more detail. The
aralkyl group can have 7 to 22 carbon atoms, Exanmples of
the aralkyl group include benzyl, phenethyl and naphthyl-
methyl. The aralkyl group can have cne or more subati-
tuents in any positions. Examples of the substituents
are the same as those described for the substituents of
the aryl group.

The aryloxy group is described in wore detail. The
aryloxy group can be a phenoxy or naphthoxy group. The
aryloxy group can have cne or more substituents in amuy
positions. Examples of the substituents are the same as
those described for the substituents of the aryl group. s

The heterocyclic group is described in more detail o :
The hetexocyclic group can have 4 to 16 carbon atoms,- and r
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at least one hetero atom such ag cxygen, sulfur, or ni-
trogen. Eamples of the heterocyclic group inclwde
thienyl, furyl, and pyridyl. The heterccyclic group can
have cne or mere substituents in any positicns. Examples
of the substituents are the same as thoge degcribed for
the substituents of the aryl group.

The groups of R}, R}, R* and R* of the phosphonium .. i

-salt can be the same or different fm each other, .- For
instance, all of the groups of R, R’ax:dn‘areazyl
groups in one phosphonium salt, t:hat is, a tetraarylphoa-
phondum. salt. Three of the groups are aryl groups and
other one is another group, that is, a triarylphosphonium
salt. Two of the groupe are aryl groups and other two
are othar groups, that is, a diarylphosphonium salt.
Only ane of the groups is an aryl group and other three
are cother groups, that is, an arylphosphonium salt. All-
ofthegrmpsofn‘ , B! and R* are other than the axryl
groups. Preferred are the tetraarylphogphonium galt and
an arylphosphonium salt in which three of the groups of
R, R3, R and R' are axyl groups and other one ig a het-
erccyclic group.

ride ion, bromide icn, or iodide ion), a hydrogen d:.-_ a
halide ion (e.g., hydrogen dichloride ion, hydrogen di-
bromide ion, hydrogen diicdide ion, or hydrogen bromzde
chloride icm), a halogan acid iom (e.g., chlorate-ion,
bromate ion, or iodate iom), a per-halogen acid ion
{e.g.., perchlorate ion, perbromate ion, or pericdate
ion), an aliphatic carboxylate ion (e.g., acetate ion,
trifluorocacetate icn, or propionate iom), an arcmatic
carboxylate ion (e.g., benzoate ion, or «- or p-naph-
thalenecarboxylate ion), an aromatic hydroxyl ion (e.g.,
phencxide ion), an inorganic acid ien (e.g., sulfate iom,
sulfite ion, phosphate ion, phosphite ion, borate ienm,
hydrogenborate ion, cyanate ion, thiocyanate ion, or
flucxroborate icn), an alkylsulfonate or alkylaulfinate

i

eyl
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ico having an alkyl group of 1 to 16 carben atoms (e.g.,
mathyl, ethyl, n-propyl, or isocpropyl)., an arylsulfcnate
or arylsulfinate icn having an aryl group (e.g., phenyl,
p-tolyl, or p-nitorcphenyl), a tetraalkylborate lon hav-
- ing an alkyl group of 1 to 10 carbeon atcms (e.g., tetra-
wmethylborate ion, or tetraethylborate icn), or a tetra-
arylborate iem (e.g., tstraphenylborate iom, or tetrakis-
p-fluorephenylborate icn). Exanmples of preferred counter
ioms (X°) include halide ions such as chloride icm, bro-
mide ion and iodide ion, and hydrogen dihalide jcng such
as bhydrogen dichloride icn, hydrogen dikromide iom, hy- ._...-3
drogen diiodide icn, and hydrogen bromide chloride don.:
‘Moet prefmedarechlorideionandhydrcgmdichloride . e
ion.
_ c:mcrel:e examples of the preferred phosphmiwn salts
of the foxmula (A) are described below.
(1) Phosphonium salt in which all of R', R}, R® and R' ave
aryl groups and X° is a balide ion :
Exanmples are tetraphenylphosphonium chloride, tetra-
rhenylphosphonium bromide, tetraphenylphosphonium iodide,
tetrakis (p-chlorophenyl) phosphonium chloride, tetrakis(p-
fluorephenyl)phosphenium chloride, tetrakis(p-tolyl)gphos- -
phonium chloride, p-chlorophenyltriphenylphoaphenium
chloride, p-chlorcphenyltriphenylphosphonium hromide, p-
chlorcphenyltriphenylphosphonium iodide, p-tolyltriphen-
ylphosphonium chloride, p-telyltriphenylphosphonium bro-
mide, p-tolyltriphenylphosphenium icdide, m-tzifluoro- .- ;
methylphenyltriphenylphosphonium chloride, p-biphenyltri- '
phenylphosphonium chloride, m-methoxyphenyltriphenylphos--
phonium chloride, p-methoxyphenyltriphenylphogphionium
chioride, p-ethcxyphenyltriphenylphosphoniwn chlorids, p~
ethm:yphenyltnphenylphosphonium bromide, p-ethoxyphenyl-
triphenylphosphenium iodide, p-dimethylaminophenyleri-
phenylphosphonium chloride, p-ethoxycarbonylphenyltri-
phenylphosphonium chloride, m-cyanophenyltriphenylphos-
phonium chloride, and 1-naphthyleriphenylphosphonium
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chloride. Most preferved is tetraphenylphosphenium chlos
(2) Phosphenium salt in which all of R, R?, R* and R' are
aryl groups and X is 2 hydregen dihalide ion
Exanples are teatraphenylphosphonium hydrogen di-
chlorida, tatraphenylphosphonium hydrogen didbromide,
tetraphenylphosphonium hydrogen diiodide, and tetra-
phenylphosphonium hydrogen bromide chloride. Most pre-
" ferred is tetraphenmylphosphonium hydrogen dichloride.
(3) FPhosphcmium salt in which all of R, R, R and RY are
aryl groups and X is an aliphatic or arcmatic cax-
boxylate ien
Bamples are tetraphenylphosphmim acetata, p-
chlercphenyl triphenylphosphonium acetate, p-ethoxyphenyl-
. triphenylphosphonium acetate, p-tolyltriphenylphosphoniim
o acetate, tetzaphenylphosphonium triflucroscetate, snd -
tetraphenylphosphonium benzoate, L
(4) Phosphonium galt in which all of R, R3, 5 and'x'z* are
" aryl groups and X is fluorchorate ionm | |
Examples are tetraphenylphosphonium £lucrckorate, p-
chlorophenyltriphenylphosphonium fluorchorate, p-ethoxy-
. phenyltriphenylpbosphonium flucrckerate, and p-tolyltri-
phenylphosphonium £lucrckorate.
(5) Fhosphonium salt in which all of R}, RF, R® and B! ave
aryl groups and X' is thiocyanide icn
An example is tetraphenylphosphonium thiocyanide.
(6) Phosphonium salt in which all of R*, R?, R?® and R are
aryl groups and ¥ is an aromatic hyﬂmxyl don
An example is tetraphenylphcosphonium phenoxide, :
(7) Phosphonium salt in which three of R!, R?, R® and R
are aryl groups, cne is an alkyl gwoup, and X is ar
halide ion
Evamples are methyltr;phenylphosphoniwn cbloride.
methyltriphenylphosphonium bromide, methyltriphenylphos-
vhonium iodide, ethyltriphenylphosphonium chloride,
ethyltriphenylphosphonium bromide, ethyltriphenylphos-

.
o’
.
.

This Sheet H

1f:m/m//fffmﬁiif“’

-, PO



i"% brlEEl' HAS BEEN
) REPLACE D -‘
«10=- L

phonium icdide, n-prepyltriphenylphosphonium chloride, n-
propyleriphenylphosphonium bromide, n-propyltriphenyl-
phosphenium icdide, iscpropyltriphenylphosphonium chlo-~ 8
ride, isopropyltriphenylphosphonium bromide, n-dedecyl- . !
triphenylphosphonium chloride, n-dedecyltriphenylphos-
phonium bremide, chlommthyltnphenylph.ospbonim chlo-
ride, methyltria(m-chlorophenyl)phosphonium c'.hlor:l.de,
methyltris (m-chlorophenyl) phosphonium bromide, ethyltris-
{m-chlorophenyl) phosphonium chloride, and ethyltxig (m-
chlorophenyl) phosphonium bremide.
(8) Fhosphonjum salt in which three of R', R?, R* and R*

are aryl groups, cne:.sanara.lkylgraup and X" is a

halide ion

Examples are benzyltriphenylphosphonium chloride, p-
fluorobenzyltriphenylphosphonium chleride, p-flucrobenz-
yltriphenylphosphenium bromide, 2,4-dichlorcbenzyltxi-
phenylphosphenium chloride, 2,4-dichlorobenzyltriphenyl-
phosphonium bromide, p-n-butoxybenzyltriphenylphogphonium
chloride, p-n-butoxybenzyltriphenylphosphenium bremide, .8

2-naphthylmethyltriphenylphosphonium chloride, 2-naphthr" b

ylmethyltriphenylphosphonium bromide, 9-fluorenyltris :
phenylphosphonium chloride, and 9-f1uoreny1tripheuylpbos-
phonium bromide.
(2) Phosphonium salt in which three of R, R’. R“ and Rt

are aryl groups, one ig a heterocyclic group, and X

is a halide icon

An example is 2-thicphenetriphenylphosphonium 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 iom '

An example is phenoxytriphenylphosphotiium chloride.
(11) Phosphonium salt in which three of R, R3, R and R*

are aryl groups, cme is an alkyl group, andX‘ is an

aliphatic carboxylate icn B

Exanples are methyltriphenylphosphonium acetate, .
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Soc. Jpn., 56, 2869 (1983) and J. Am. Chem. Soc., 70, 737

ence of a palladium acetate catalyst and treating the re-
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ethyltriphenylphosphonium acetate, and n-pmpyl’criphenyl-

- phosphenium acetate.

(12) Phosphonium salt in which thx-ee of R*, B, R and R
are aryl groups, ome is an alkyl group, and X' is a
flucrokcorats ion
Exanmples are methyltriphenylphosphonium flucro-
borate, ethyltriphenylphosphonium flucroborate, and n- e
propyltriphenylphosphonium flucraborate. :
(13) Phosphonium salt in which two of R}, R, R’a.ndn‘aze e
aryl groups, o:hsrtwoaxe othergrc\ms andr isa
halide ion :
Examples are d:.mthyldiphaxylphosphmi&m chloride.
diethyldiphenylphogphonium chloride, dimethyldipheny]l-

+ phosphopium bromide, and diethyldiphenylphosphonium bro-

mide. . _

(14) Phosphenium ealt in which one of B, R?, R’ and R* are
aryl groups, otherthreeareothergmzps, andr is
a halide ion
Examples are diethylmethylphenylphosphonium chlo-

ride, and diethylmethylphenylphosphonium byomide,

(15) Phosphonium. zalt in which none of R!, R?, R! and R*
are aryl gzroups, and X is a halide icn

tetra-n-tutylphosphonium bromide. 000 . ' :
Some of the above-mentioned pfosphonium salte are . s

known and available on market. Other phosphomiim galts

can be prepared by the processes set forth in Bull. Chem.

(1948) , or processes similar ko those described in these
publications.

For instance, the t:et:raa.zylphoaphmmn chloride can
be prepared by reacting a triarylphosphine and an aryl
halide (e.g., aryl icdide or aryl bromine) in the pres-

sulting tetraarylphosphonium jodide or bromide with an
ion exchange resin (chloride type) to give the degired
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tetraarylphcsphonium chloride. The produced tetraaryl-
phosphonium chloride is preferably dried. For the dry-
ing, the tetraarylphosphenium chloride is preferably '
heated to 100 to 200°C for 0.5 to 3 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 tetraaxrylphos-
phonium chloride is also preferred to be subjected to the
above-mentioned process.

The tetraarylphosphonium salt having a counter ion
other than halide icn can be prepared by reacting the .~
above-cbtained tetraarylphosphonium chloride with an __-:-:"
alkali metal salt (e.g., scdium salt or potassium salt) .
cr an ammenium salt of the desized counter iom;” that is,
ion exchange reaction. Other phosphonium galts other
than the tetraaryl phosphonium salts can be prepared in
the same manner or an analogous manner, These phosphoni-
um salts are also preferred to be subjected to the drxying
treatment, in advance of its use a3 the catalyst.

(8) FPhosphine of the formula (B)

The phosghine can be represented by the above formu—
la (B}, wherein each of R°, R® and R’ indeperdently repre-
sents an axyl group, an alkyl group of 1 to 16 carbon
atomg, an aralkyl group of 7 to 22 carbon atoms, or a
heterocyclic group of 4 to 16 carbon atoms. Any two of
RS, R‘andR’maybecombmdtofomarmghamgthe ......... .
phosphorus atom as its ring member, K ' ~|

Exampleg 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 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 is, a triarylphosphine. Two of the
groups are aryl groups and other cne is another group,
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that ig, a diarylphosphine. Only one of the groups isan
aryl group and other two are other groups, that is, an
arylphosphine. All of the groups of RS, Rf and R’ are
other than the aryl groups. Preferred is the phosphine
in which all of the groups of RS, R and R’ are aryl '
groups.

Concrete examples of the preferred phosphires of the
formula (B) are descriked below.

(1) Phosphine in which all of R, Rf ard R’ are aryl
groups (i.e., triarylphosphine)

Examples are triphenylpbosphine, txis(p-chloro-
phenyl)phosphine, tris(p-tolyl)phosphine, and s-naph-
thyl (phenyl) -p-methoxyphenylphosphine.

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

phine) E

methoxyphenyl) methylphosphine.

(3) Phosphine in which cne of RS, R® and R’ is anazyl
group -and other two are other groups (i.e., aryl-
phosphine) _ | .
Examples are dimethyl (phenyl)phosphine and ethyl-

(phenyl) -n-propylphosphine.

(4) Phosphine in which none of R®, R and R’ are aryl
groups
Examples are benzyl- (n-butyl) methylpbosphine and

tributylphosphine. An example of a phosphine in which any .

two of R°, R and R’ are combined to feom a ring having
the phosphorus atom as its ring member is phawlbi-
phenylenephosphine.

(C) Phosphine Dihalide of the formula (Q) e

The phosphine dihalide can be repxesented by the
above formula (C), wherein each of R, R’ and R™. md.epen-

dently repregents an aryl group, an alkyl group of 1 to
16 carbon atoms, an aralkyl group of 7 to 22 carbon at-
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oms, or a heterocyclic group of 4 to 16 carbon atoms, and
each of Y' and ¥ independently represents a halogen atom
guch as chlorine, bromine or iodine. Any two of R, R?

and R¥ may be combined to form a ring havmg the phosg-
phorus atom as its ring member. e

Examples of the aryl group, alkyl group, aralkyl”™
gruma:dheterocyclicgmuparethesameasthosede--
scribed for the phosphonium salt of the formila (A).

The groups of R}, R? and RY of the phosphine dihalide
can be the same or different from each other, For in-
stance, all of the groups of R?, R’ and RY axre aryl groups
in one phosphine, that iz, a triarylphosphine dihalide.
Two of the groups arm aryl groups and other ome is ancth-
er group, that is, a diarylphosphine dihalide. Cnly cne
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 gzroupa.

Preferred is the phosphine dihalide in which all of the
groups of R®, R? and RV axe aryl groups.

Concrete examples of the preferred phosphine di- ]
‘halides of the formula (C) are triphemylphosphine di- .-
chloride, triphenylphosphine dibromide, and tripheayl'- |
phiosphine diicdide. .

(D) Phosphine Oxide of the formula (D)

' The phosphine cxide can be represented by the above
formula (D), wherein each of R¥, R2 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 atems, or a
hetexocyclic group of 4 to 16 carbon atomg. Any two of
RY, R® and R may be conbined to form a r:Lng 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 R?, R¥ and R¥ of the phosphine oxide 3
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can be the same or different from each other. For in-
stance, all of the groups of RY, RY and R® are aryl
groups in cne phoschine, that is, a triarylphosphine
oxide. Two of the groups are aryl groups and other cme
ig another group, that is, a diarylpbesphine oxide. Only
cne of the groups is an aryl group and other two are
other groups, that ig, an arylphosphine oxide. All of
the groups of R¥%, R¥ and R® are other than the aryl 8
groupe. Preferred is the phosphine oxide in which all af !
the groups of R®, RY and R® ave aryl groups. r~
Concrete exanples of the preferred phospluae cud.des '
of the formula (D) are described below. -
(1) Phosphine oxide in which all of R®, R and R”
aryl groups (i.e., triarylphosphine oxide)
Exanples are triphenylphosphine oxide, tris(p-
chloxophenyl)phosphine oxide, tris{p-tolyl)phoephine
oxide, and a-naphthyl (phemyl) -p-methcuyphenylphosphine
oxide.
(2) Phosphine axide in which two of R¥, RY and R¥ are
aryl groups and cne is other group (i.e., dia:yl-
phosphine oxide) |
. Examples are mthyld;phenylphasphine oxide and phe—
nyl- (p-methexyphenyl) methylphosphine cxide.
(3) FPhosphine oxide in which cne of R, R¥? and R® iz an .8
axyl group and other two are othexr smups (1. e.,.,.; ---- !
aryl phosphine oxide) o r
Examples are dimethyl (phenyl) phospnme cxide and
ethyl (phenyl)n-propylphosphine oxide. :
(4) Phosphine oxide in which none of R, R“andz"are
aryl gxoups
Bxawples are benzyl- (n-butyl)metkylpmsphine oxide
and tributylphosphine oxide. An example of a phosphine in
which any two of R, R¥? and R® are combined to foxm a
ring having the phosphorus atom as its zring member is
phenylbiphenylenephosphine cxide.
Areng the above-mentioned organic phosphorus com-

7/II/I///III/////I/I//7i7“d '
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pounds, tetraarylphosphonium halide, tetraarylphosphonium
hydrogen dihalide, and triarylphosphine dihalide are pre-
fexrred. Moat preferred are tatraarylphosphonium chlo-
ride, tetraarylphosphonium hydrogen dichloride, and tri-
arylphosphine dichloride. The organi¢ phosphorus come
pound can be employed singly or in combination in' the
process of the present inventicn. The organic phosphorus
conmpound can be dissolved or dispersed in the reacticn
The organic phosphorug compound can be enmploved in
an amount of 0.001 to 50 mel.%, praferably 0.01 to 20
wol.$, based on the amount of diaryl oxalate (100 mol.$).-" ,
In the reaction for preparing a diaryl carbopate” o
from a diaryl oxalate according to the invention, a halo-
gen atom-containing compound can be mcon:'porated
ticularly, in the cases whers a phosphenium salt other
than the phosphonium balide and phosphconium hydrogen
dihalide are used as the phosphorus compound and where a
phosphonium halide er a phosphonium hydrogen dihalide is
used in a small amount, the incorporation of a halcgen
atom-containing compound is preferred. The halcgen atom-
containing compound preferably is a chlorine atom-com-
taining compound or a bromine atom-containing compound.
Most preferred is a chlorine atom-containing compound.
The incorporated halogen atcm-containing compound can be
decomposed or converted into other halogen atom-contain-
ing compound in the course of the development of the zre- N
action. The halogen atom-containing compound is genex-—.. :
ally employed in an amount of 0.001 to 300 moles, pref"ar- ' ~
ably 0.1 to 100 moles per cne mole oft.hecrgam.cphos '
phorus compound.
The halogen atom-containing compound may be an inor-
ganic compound or an organic compownd.
Examples of the inorganic halogen atome-containing
corpounds are halides of alumimm {e.g., aluminum chlo-
¥ide and aluminum bromids), halides of metals belonging

1
i
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to the platinum group {e.g., platinum chloride, zuthenil.m
chloride, palladium chloride, and chloroplatinic acid) .
halides of phospheorus (e.g., phosphoxrus t:rlchloride,
phosphorue pentachloride, phosphorus cxychletide, phos-
phorus tridromide, phosphoxus pentabrmide, and phospho-
rus oxybremide), hydrogen halides (e.g., hydrogen chlo-
ride and hydrogen brcmide), halides of sulfur (e.q.,
thienyl chleride, sulfuryl chloride, sulfur dichloride,
and disulfur @ichloride), and halcgens per ge (e.g.,
chlorine and bromine).

The organic halogen atom-containing compound prefex-
ably contains (1) carbon atom, (2) a halcgen atom such as
chlorine atom or a bromine atom, and (3) at least cne of
other atoms selected from a hydrogen atom, a nitrogen
atom, a sulfur atom, and a silicen atom.

-17-

Examples of the organic halogen atom-containing com- R

poundsareo:gm:.ccamowxdshavmgac-}{albmding ________ .:

C(0) -Hal bonding or a C-8(0),-Hal konding. The czgagic
halogen atom-containing compound can contain’one or more
halegen atows such as chlorine(s), bromine(s) or io-
 @ine(s) singly or in combinatiom.

Exanples of tke organic compounds having' a C~Hal
bonding include alkyl halides (e.g., chloroform, carbon
tetrachloride, 1,2-dichlorcethane, kutyl chloride, and
dodecyl chloride), azalkyl halides (e.g., benzyl chlo~
ride, benzotrichloride, triphenmylmethyl chloride, and a-
bromo-c-xylene), and halogenated aliphatic nitriles
(e.g., P-chloropropicnitrile, and y-chloxobutyronitrile),
halogenated aliphatic carboxylic acids {e.g., chloro-
acetic acid, kromcacetic acid, and chloropropicnic acid).

Examples of the oxganic compounds having a C-8i-Hal
bending include halogenated silanes (e.g., d:.phenyldi-- o

chlorosilane, and triphenylchlorosilane). -

Examples of the organic compounds having a C(O) -Hal
bonding include acyl halides (e.g., acetyl dlloride. oxa-
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1yl ehloride, propionyl chleride, stearoyl chloride,
benzoyl chloride, 2-naphthalenecarboxylic acid chloride,
and 2-thiophenecarhoxylic acid chloride), halogenated
formic acid aryl esters (e.g., phenyl chloreformate), and
halogenated glyoxylic acid aryl estera (e.g., phenyl ...... 8
chloroglyoxylate) . . .m" 3

Examples of the organic compounds having a C-S (0),

Hal bonding include sulfonyl chlorides (e.g.,. p—t:oluene
sulfonic acid chloride, and 2-naphthalenegulfonic acid
. ehloxride). ,

- The reaction for releasing (0 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, wmost preferably
180 to 350°C, in a reaction vessel in the presence of the

~organic phosphorus compound, and optiocmally in combina-
ticn with the halogen atom-containing corpeound. In the
course of progress of the reaction, carbon monoxide is
emitted and the desired diaryl carbomate is formed. The
reacticn can be conducted under an atmospheric pressurs,
under a certain pressure, or under a reduced pressure. .- 8.
If the reaction temperature is higher than the reflux-" .
temperature of the starting diaryl cxalate, the rea.ct:ion
is preferably performed under pressure.

The decarbonylation reaction does not req.u.re any
solvent. However, if necessary, an organic sclvent which
does not participate in the reaction can be enployed.
Such solvent can be diphenyl ether, sulforane, N-methyl-
pyrrolidone, dimethylimidazolidona, or 1,3-dimethyl-
3,4,5, 6-tetrahydro-2 (1H) -pyrimidincne,

The process for the preparation of a diaryl caxban-
ate of the invention is characteristic in the use of an
organic as catalyst for decarbonylation reaction and is
further characteristic in that the catalyst is repeatedly
erployed in the decarbonylation reaction.

The process of the invention comprises the steps of:

»
.
»?
.
o
.
.
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1) performing a decarbmylatim reaction of a
diaryl oxalate in the presence of an organic phosphorus
conpound catalyst to give a reacticn mixture comprising a
diary)l carbonate and the organic phesphorus compound
catalyst --- First decarbomylation;

2) recovering the diaryl carbomate from the reac-
tion mixture --- Product isclation; and

3) performing a decarbomylation reaction of a
diaryl oxalate in the presence of the reaction mixture
from which the diaxyl carbonate has been recovered and tg
which a halogen atcm-containing compound is added, to*
give a reaction mixture comprising a diaryl ca;"pcnate and
the organic phosphorous compound catalyst -z= Second”
decarbonylation, ' .

It is preferred that the second step (for product
‘igolation) and the third step (for second decarbonyla-
tion) are repeated in combination.

Fig. 1 shows a flow sheet to perform the above-men-

" tioned Preparation process.

In Fig. 1, the diaryl oxalate is introduced into a

reactor 11 through a pipe line 11. The organic phospho-

rus compound catalyst (optionally, in combination with
the halogen atom-containing compound) is supplied through
a pipe line 12 to join the diaryl oxalate and incorporat-
ed into the reactor 11. In the reactor, the decarbomyla-
tion reaction proceeds, emitting carbon woncxide which j.a.'"
produced in the course of the decarbomylatiocn reactian
The carbon monoxide is e:d:austedthroughapipe 1ine s
The reaction mixture comprising a major portion of. a
diaryl carbonate (which is produced in the decarbanyla—
tion reaction), & small amount of the starting diaryl
oxalate, and the catalyst conipoéition is taken out from
the bottom of the reactor through & pipe line 14, and
introduced into an evaporator J2. In the evaporator, a
distillate comprising a major portion of the diaryl car-
te ig obtained and transferred through a pipe line 15

This Sheet Has Been Repl

QT lll!

.
o’
ot
.
o®
o’
-



Bornnm Gt by JREN B L.
-20- |l REPLAGED t' i

into a distillation tower 13. In the distillation tower,
the diaryl carbcnate is isolated to recover though a pipe
line 18. The residue in the distillation tower is taken
out through a pipe line 19.

A residue remaining in the evaporator is taken ocut
from the evaporator is taken cut from the evaporator. A
portion of the residue is supplied into the pipe line 11
through a line 16 to join the diaryl oxalate to be sup-
plied into the reactor 11. A remaining portion of the
regidue is removed through a pipe line 17,

The reactor can be utilized singly or in conbina-
tion. The evaporator can be any one of known evaporators
such as a film evaporator. The distillation tower pzef-
erably conprises a certain mumber (preferably 5 to 50) of%"
theoretical distillation cocluma. One distillation tower
can be employed in place of the conbination of the evaps-
rator and ths distillatiem tower. The d;st:.llaticn can
be pufomed at 150-250°C {for bottom texrpera.ture) and 80-
200°C, pxeferably 100-180°C (for top temperature) at a

- pressure of 2-100 wmHg.

The residue taken out from the evaporator can be in
an amount of 1 to 20 wt.%, preferably 1 to 10 wt.% of the
amount of the whole rsaction mixture. The residue com-
prises almost all of the catalyst composition having been
present in the reaction mixture, and small amounts of

.unreacted diaryl oxalate and produced diaryl caxbonate.

A porticn of the residue can be removed from another
portion to be recycled into the reactor, for chviating
accumulation of by-products having a higher boiling
point. |
The second decarbomylation reaction can be performed
using a mixture of a fresily supplied diaryl ¢ealate,. the
recycled residue comprising the catalyst composxtlm, a..d
a freshly supplied halogen atom-containing compound.
necessary, a fresh organic phosphorus compound is supple—
mented to compensate the catalyst portion such as that
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which has been exha.usted through the pipeline 17 or de-

compoged. .~ . .

If the organic phOSphonimn salt is employed as the

oxganic phosphorus compound catalyst in the reactitn for
decarbonylation of a diaryl oxalate, the reacticn mix:ure

from which the diaryl carbomate has been recovered (re-
wmoved) is preferably treated with an aqueocus medium to
recover the organic phosphonium salt, after the sgteps 2)
and 3) are repeated in combination. Thus recovered ox-
ganic phogphonium salt can be employed in the step 1) as
the catalyst.

Fig. 2 shows a flow sheet to perfoxm the process for
the preparation of a diaryl carbonate which includeg the
recovery of the organic phosphonium salt using an aguecus
medium,

In Fig. 2, the diaryl oxalate :Ls introduced into a

reactor 21 through a pipe 1ine 21l. The organic phospho—

0'.
Lo

pipe line 22 to join the diaryl oxalate and inco:porated _

. into the reactor 21. 1In the reactor, the decarbomylation

reaction proceeds, emitting carbon monmoxide which is

produced in the course of the decarbonylation resction.

The carbon monoxide is exhausted through a pipe line 23.
The reaction mixture comprising a major portion of a
diaryl carbomate (which is produced in the decarbonyla-
ticn reaction), a swmall amount of the starting diaryl
oxalate, and the catalyst composition is taken out from
the bottom of the reactor thxough a pipe line 24, and
introduced into an evaporator 22. In the aevaporator, a
distillate comprising a major portion of the diaryl car-
bonate is obtained and transferred through a pipe line 25
into a distillation tower 23. In the distillation tower,

the diaryl carbonate is isolated to recover though a pipa-""

line 28. The residue in the distillation tower is taken
cut through a pipe line 29.
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A residue remaining in the evapcrator is taken out
from the evaporator is taken out from the evaporatar. A
porticn of the residue is supplied into the pipe line 21
through a line 26 to join the diaryl oxalate to be Bup-
plied into the reactor 21. A remaining portion of the
regidue is removed through a pipe line 27 for treatment
with an agqueous medium in a vessel 2¢. =

_ Int the vessel 24, an agueocus medium such as. water
(preferably, deicnized water) is supplied through.a;p:pe
line 30. In the vessel, the residue is treated with the
agueocus medium in an amownt of as much ag 0.1 to 100
weight parts, preferably 1 to 50 weight parts, per cne
weight part of the residue to be treated. The aqueous
mixture is stirzed in the vessel to give a homogenecus
slurry or suspension, so that the catalyst (i.e., organic
phosphoniun galt) ip extracted into the aguecus portiom.
The aqueous portion is separated and taken out from the
vessel through the pipe line 31. The orgapic phosphonium
salt is then recovered from the aguecus portion.

- The extraction procedure can be performed at a tem-
perature from room temperature to the uppermost decar-
bonylation temperature. If the extracticn ie carried out
at a tenpexature at which the regidus ie in a eolid ="
state, the aguecus mixture is preferably stirred at a
high rate using a howogenirer. The extraction is pex-
formed generally for 5 min. to 1 hour, preferably 5 to 30
min. After the extraction procedure is complete, the
regulting slurry or suspension ig ¢ooled to room tenpera-
ture, if desired, and the insolubles are removed by £il-
tration or centrifugal procedure. The aguecus portion is
concentrated and heated to dryness. The heating is per-
formed, for inst , 8t 120-180°C for 1-3 hours in a
stream of an inert gas. suchasargcn

For the extraction, the aqueous medium can be em-

o*

‘ployed in combination with an organic solvent such ag an
aromatic hydrocarbon (e.g., toluene) or a halogenated

mt————
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aliphatic hydrocarbon (e.g., chlorcfom, methylene chlo-
ride, and 1,2-dichlorcethane} in an amount of 0.01 to 100
volume parts, preferably 0.1 to 10 volume parts, per one
volume part of the agqueous medium such as water. The
organic solvent can be eagily removed in a vessel after
the extraction ie conplete. )

The second decarbonylation reaction can be performad
using a mixture of a freshly supplied diaryl cxalate, the
recovered ozganic phosphonium salt catalyst (if desired,
in combinaticon with the residue comprising the czganic R
phosphonium salt which is recycled through the line 26., ........ }
and a freshly supplied halogen atom-containing cmpwhd '
If necessary, a fresh organic phosphonium salt -5 supple-
mented.

The present invention is furthexr described hy the
following exanmples. In the examples, the “conversion
ratio of diaxryl cxalate” (li.e., ratio of amount of com-~
sumed (or reacted) diaryl oxalate per the amount of _,
charged diaryl cxalate) and "selectivity to dlaryl car-
bonate" (i.e., ratio of the amount of produced diaryl
carbonate per the amount of copsumed diaryl oxalate) for
decarbonylation reaction of the diaryl cxalate are all
expressed in terms of molar percent ratio (i.e., mol.%).

e

Bxaple 1

'In a 100 mi~volume glass flask equipped with a ther- ,
mometer and a reflux condenser, a mixture of diphemyl .- :
oxalate {41.32 mmol.), tetraphenylphosphonium chloride r
(catalyst, 0.825 mmol.: 2.0 molar ¥ per the amount of -
diphenyl oxalate) and chloroform (CHCL,, 0.2 mol, per one
mol. of catalyst) was heated under stirring to 230°C for 2
hours. The decarbonylation reaction was carried out at
an atmospheric pressure, removing emitted carbon wonoxide
from the rsaction mixture, The tetraphenylphosphonium
chloride was heated at 120°C for cne hour, 150°C for cne
hour, and 180°C for ome hour in a stream of a dry argon
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gas, and cooled to xroom tanpe:ature aleo in a. atzeam of
an argon gas, before it was employed for the ahove
decarbonylation reaction.

After the reaction was couplete, the reacticn mix-
ture was analyzed by gas chromatography to indicate 95.4%
of the conversion ratio of diphenyl oxalate (DPC con.)
and 99.0% of the selectivity to diphenyl carbomate (DPC
sel.).

The reaction mixture was distilled under reduced
pressure (2-3 mmHg/185°C, bath temperature) to recover the
produced diphenyl carbonate. The amount of the distil-
late was 90 wt.$ of the reaction mixture., The residue
was subjected to the second decarbonylation reaction in
late and chloroform wexe added

The same decarbonylation reaction wasg repeated as -
maty as 6 times (total) in the same marmer..- ‘rhe results
are set forth in Table 1.

Table 1

Run DPO ¢hloroform DPO con. DPC. sel.
No. (mmol) (molar ratio) (%) %

1 41.32 0.2 95.4 99.0

2 41.32 0.2 97.0 99,0

3 41,32 0.2 95.8 99.0

) 41.32 0.2 93,4 . 95.0

5 41.32 0.2 95.0 99.6 .-
6 41.32 0.2 96.1 99,0+

Remarks: DPO: diphenyl oxalate, DPC: diphenmyl carbomate
The welar ratio-of chloroform is based on the
catalyst amount.
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Exanple 2

In a 50 fl~-velume glass £lagk equippod with a ther-

rmometer and a2 |reflux condenser, a mixtuxre of diphenyl

cxalate (20,83 mmol.), tetraphenylphosphonium chloride

(catalyst, 0.30 mmol.: 0.5 molar ¥ per the amount of

diphenyl cxaljte) and oxalyl chloride (0.6 mols pe:: one’
mol. of catal*st) was heated under stirring to 255°C for 1

hour. The decarbonylation reaction was carried out at an

atmospheric p&*eesure. reroving emitted carbon monoxide

from the reaciicn mixture.

After th¢ reaction was complete, the reacticn mix-
ture was anal by gas chromatography to indicate 85.0%

of the conversion ratio of diphenyl cxalate (DPO con.

)

and 99.0% of t‘ne selectivity to diphenyl carbonate (DPC

sel.). !

Thereacponmxmxewas treated in the same mamer
as in Example ,1 to employ the residual catalyst repeated-

ly :.n the fo].;owing dewrbcuylation reacticns as many

f.ox:h:.n'rablé
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. Table 2
Run DPO Cxalyl chloride DBO con. DPC. sel.
 No. (mol) (molar ratio) %) (%)
1 20.83 . 0.6 | 85.0 99.0
2. 20.83 0.6 85.6 99.0 .8
3 20.53 0.6 85.1 99.0-"  f
4 ‘20,83 0.6 84.8 99,0
5 20.83 0.6 - 86.0 .7 99,0
6. ' 20.83 0.6. 85.0 .. '99.0
7 .. 20.83 0.6 | 94.6 93.0
8 . 20,83 0.6 91.6 99.0
9 20.63 - 0.6 | 83.0 99.0
10 20.83 - 0.6 85.5 99.0
;11 20.83 0.6 79.2 99.0
C12 . 20.83° - 0.6 88.2 99.0
13 20:83 0.6 . 81.3 89.0
‘14 20.83 0.6. 78.3 99.0
5 20,83 0.6 ;. 83.5 99.0
"18- .- 20.83 - 0,6 86.0 99.0
R S zo.?s . 0.6 " 84.4 99.0
18 . - 20. : 0.6 79.1 $9.0 .-
19  °.20.83 0.6 . 6.4 , 9.0
‘20, 20. 83 0.6 ° 93.6 . 99.0 .
S o2 . 20, ¢3° 0.6 -89.4 . 99.0
22 20.83 0.6 . 83.2 99,0
23 20.83° 0.6 87.3 99.0
24 20.83 0.6 77.2 99,0
25 . 20.83 0.6 84.4 99.0
‘26 20.83 0.6 79.3 99.0
27 20.83 0.6 g7.8 99.0
28 20,83 0.6 88.2 99.0

29 20.83 0.6 82.6 99.0
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_ Eqmple 3
'meproced:.:resofibanplezwererepeatedmepc

that 20.58 mmpl. of diphenyl oxalate and 0.092 mmol.

{0.45 molar ¥:based on the amount of diphenyl oxalate)

tetraphenylphosphonium hydrogen dichloride (catalyst)

of

wereused,'th&tthemctiontetperaturemcha‘ngedénco‘

260°C and that! no oxalyl chloride was employed.

The tetréphenylphosphmium hydrogen dichloride was

.preparedinthemnnerdesmbedinz.ng allg.
Chem. , 551(19$7). 279.

After the reaction was conplete, the reacticn mix-

) sel) : .....

.
o’
.
.
oo

and 99.0% of- t;.he selectivity to diphenyl cazbouate (npc

Therea muuxmnemstreatedintheaamemmer'
;T as mmn.e:.:oatploythezesi&:al catalyst repeated-

' lyand chlomfm (1.4 mol. per 1 mol. of catalyat) in
the following:dacarhenylatien :aactious as many as €
-times (total)}int:hamnamer The results are set
. .forthinTable 3,

. § . - .

' . 'rahle.s

"R DRO| Gialyl chloride’ DPO con.  DRC. sel.
No. - . (mz) (mlar zatio) (%) _ (%)

1 20.58 - e s - os9.0 .t
2 20,58 1.4 ' 89.2 98.0" '
3 20.58 1.4 85.7 = .-99.0 .

4 20.58 1.4 93.6 . 99,0
5 20.58 1.4 93.1 7 99.0
6 20,58 1.4 $2.2 99.0
Exanple 4
The procedures of Exanple 2 were repeated except
This Sheet Hag Bee
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that 7.88 mll of diphenyl oxalate and 0.039 mmol. (q, °

molar % baseq. cn the amount of diphenyl cxalate) of '
tetrapbmylptpsphm:.m chloride (catalyst) wexe used,
that dicxalyl chloride was replaced with chlomacetic
acid (2.0 moj per one mole of catalyst), and that the
reaction ten:}e:ature was changed into 260°C.

After reaction was complete, the reaction mix-
ture was by gas chromatography to indicate §1.4%
of the convezsicn zatio of diphenyl cxalate (DPO con.)
and 99.0% of ithe selectivity to diphenyl carbonate (DEC
sel.). . :

‘The reaction mixture was treated in the same mammer
ag in E:xanple 1 in the following decarbonylation reac-
txonsasn\anyas:zcimes {total) in the same wanner. The
results are set forth in Table 4.

&

- Bamples =~ =000
'meproceduzes of!:m:plezwererepeatede:nept
that 7.97 muol, of diphenyl oxalate and 0.040 rmol. (0.5
molar ¢ based én the amount of diphenyl cxalate) of
ne:nphenylpxbspmum chloride (catalyst) were used,
that dioxalyl, chloride was replaced with 3-chloro-l-pxo-
pene (2.6 woll. per cne mole of -catalyst), and that the
reaction t:etpezature was changed into 260°C. .
" After the reaction was complete, the reaction mix-
~ ture was analyze_dhy.gas chromatography to indicate 82.6%
of the conversicnm ratio of diphenyl cxalate (DPO con.)
and 99.0% of r.he selectivity to -diphenyl carbonate (DPC
sel. ). =
'Ihereacticnnﬁmzrewaa tzeated in the same manner

-ag in Exanple_ll in the following decarbonylation reac-

results are set forth in Table 4. o

The procedures of Example 2 were repeated except
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that 12.39 mmbl. of diphenyl cxalate and 0.061 mmol. (0.5

molar ¥ based

on the amount of diphenyl oxalate) of

tetraphenylphdsphonium chloride {catalyst) were used,
that dioxalyl:chloride was replaced with l-chlorohexane

(one mole per
tion temperats

cne mole of catalyst), and that the reac- '
ire was changed into 260°C. = 000 .

After thé reaction was complete, the reaction- mid-

ture was anal

by gas chromatography to indicate 90.8%

. of the comversicm ratioc of diphenyl cxalate (DPO com.)
and 99.0% of the selectivity to dipheny:l. cazborate (DPC
sel.). -

: The:eac;ionnﬁxturewas treatedinthasmmnngr

as in Example
tions as many:

results are s‘

1 in the following decarbomylation reac-
‘ag 2 times (tetal) in the same maxmer, The
t forth in Table 4.

| . Eample 7

The procedures of Example 2 were repeated except

that 8.23 nmo)}. of diphenyl cxalate and 0.041 mmol. (0.5

. -molar % based!
; tet:nphmylph&sptmi

(3.6 mol. pet

on the amount of diphenyl cxalate) of
um chloride (catalywt) were. used,

lone mle of catalyst), and that t:he veac-

tion- teupezature was changed into 260°C. .
After the reactien was complete, the reaction mix-
ture was analyzed by gas chromatography to indicate 89.8%
. of .the conversion ratio of diphenyl cxalate (DPO con.) .
and 99. 0% of éhe aelectiv:.ty to diphenyl cazbenate (DPC

sel.).

The reactim mixture was treated in the same mamer

as in Exanple:
tions as many:

:L in the following decarbomylation reac-
:ag 2 timeg (total) in the same manner. 'I‘he

results are set forth in Table &,

Exanpie 8

The procedures of Example 2 were repeated except

— .
o’
«r
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that ¢1.29 mmol. of diphenyl oxalate and 0.826 mmol. (2.0
wolar ¢ based!on the amount of diphenyl cxalate) of
tetraphenylphosphonium chloride (catalyst) were used,
that dioxalyl |chloride was replaced with gasecus hydrogen
chloride (3.0|mol. per one mole of catalyst, supplied
during the injtial 30 minutes from the beginning of the
reaction: after diluted with nitrogen gas to.give 1 vol.k
HCl caoncentration), and that the reaction temperature was
changed into 2so°c

After thg reaction was covplete, the reaction mix-.

turewasa:nal edbygaschrma:ographytoindicate 80.1%

of the :.anratiootdiphmylo:alace(DPOcm)
and 59.0% of the selectivity to diphenyl carbonate {beC
sel.).

The reacticn mixcure was treated in ths same .mammer
as in Example |l in the following decaxbomylaticn reac-
ticns as many las 2 times (total) in the same marmer. The
results are gét forth in Table 4,

_ - ‘iﬁeproce&meaofmlelmerepeateduueptfw;
.explayingnothorofm :

After :1:4 reaction was écuplete, the . reaction mix-

ture was- analy{zedbygas chromatography to indicate 93.4%
' oftheomverdimratioofdiphwylmalate (DEO con. )
Tand 99 0% of the selectivit:y to diphenyl carbomate (Dm
'sel) .

mereac:ionmimuremtreatedmthesmmner

 as in Banple 3 in the following decarbonylation. péac-

ticnsaauany 3 times (total) in the same marmer. The

-reaultsa:ea forth in Table 4. |
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l
| Table 4 |
Run ped Halogen compound DPO con. DEC. sel.
No. (rmql) (molar ratio) - (%) (%)
I
- Example 4 (Hab.ogen compound: chlorcacetic acid)
T . 7. ba 2.0 81.4 99.0
2 7. pa 2.0 80.5 99.0
. Example 5 (Halogencoupound 3-chloro-l-propene) .
-1 7.97 2.6 82.6 99.0
2 7.87 - 2.6 81.0 99.0
i _.,.'8
_ Exanple 6 (Halogen compound: 1-chlorchexane) o
1 . 12.38 1.0 . 90.8 .799.0
2 12, 39 1.0 8.6 . 990
'Example 7 (Ha}ogen compound: benzoyl chleride)
1 8.23 - 3.6 s 89.8 . 99.0
c2 a.#s . 3,6 870 99.0
E:ample 8 (Haiogen compound: nydrogen chlor:.de)
1 - 41, 29 - 3.0 80.1 : 99.0
.2 41, 39 3.0 79.9 185.0
Chmarism E:dmple 1 (Balogen coupqmd. none)
1 41, 32 -—- . 83.4 . 99.0 .
2 41.32 -—- 55.4 9.0 P
3 41, JF - 36.8 53.2 . ro
t/. T . -
Eanple 3

: The procefures of Exawple 2 were mpeaté& except
that 18.81 mmol. of diphenyl cxalate and 0.376 mmol. (2.0
molar § based on the amount of diphenyl oxalate) of
tetraphenylphosphonium bromide (catalyst) were used, that

eet Has Been Replaced .
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dicxalyl chldride was replaced with chloroform (2.0 mol.

per cne mole|of catalyst), and that the reaction tempera--d
ture and the [reactien pericd were changed into 230°cand2 '
houxs, respegtively.

After the

*
.t

reaction was conplete, the :eacticn mix-
turs was ana.lyzed by gas chromatography to indicate 76.8%

. of the conversicn ratioc of diphenyl oxalate (DPO con. )
and 97.6% of ithe selsctivity to diphenyl carbcmate (DEC

gel.).

The reaction mixture was treated in the same manner

as in I-::ample: 1 in the following decarbonylation reac-

ticns as many as 2 times (total) in the same mamner. The
results are set forth in Table 5,

Example 10

The pr es of Exanple 2 ware repeated except

that 21.27 mmbl. of diphenyl cxalate and 1.504 mmol. (7.0.
 molar & based|an the amumt of diphenyl cxalate) of
(catalyst) wexe used, that dicxalyl

.. txiphenyl:

‘chloride was replaced with chlorofcrm (cne mole per coe-

mole of catalyst), and that the veaction temperaturs and

'-ﬂxereactimpenodwe:echangedintozsmandzhours

.. respectively. |

After thh reacticn vas complete, the reacticn mix-

ture was anal*zed by gas chromatography to indicate 58.5%

' of the cenvergicn ratio of diphenyl cxalate (DEO com.)

ands:x.&%of&he

‘sel. ).

as in Exanple .1 in the following decarbomylation reac-

t:mnsasuanyasztims (total) mthaaamemmer The
tforthin'rables

zesults are

Eamle 11

-
o’
.
**
.
.
o
L.

The procedires of Example 2 were repeated except |

that 20,75 mmol. of diphenyl oxalate and 1. 038 mnol. (5.0

Thls Sheet Has Been R
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molar ¢ based en the amount of diphenyl cxalate) of
triphet_zylphospkﬁne oxide (catalyst) were used, that
. dicoalyl chleride was replaced with chloroform (cne mole
per one mole of catalyst), and that the xeaction tempera-.
ture and the freactimm periecd were changed into 250°C and 2
hours, yespectively. L :
After the reacticn was complete, the reacticn mix~ :
ture was analeed by gas chromatography to indicate 34.6%
of the converfiion ratio of diphenyl oxalate. (DPO con. )
and 77.8% of the selectivity to diphenyl carhonate (DPC
sel.). y
'mexeacticnmcturem treated in the same mannexr
as in Examplell in the following decarbonylaticon reac-
ticos ag manyias 2 times (total) in the game wannex. The

.rasults are sét forth in Table S.
1

-

The procedures of Example 2 were repeated except :
that 20.81 m‘s:t ‘of diphenyl oxalate and 1.069 mmol. (5.1
molar % basedcn the amount of diphenyl cxalate) of
'tr:.phenylphbsﬂ:ine dichloride (catalyst) were used, that

_' tureandthereactimperiodmrechangedinto aso=cand2
* hours, respectively.
_ ' After thd reacticon was complete, the rea.cticn mix—
. thre wag analyrzed by gas chromatography to indicate 99.1%
of the ccmveraicn xatio of diphenyl csalate (DPO con,)
‘and 99.0% of t:he selectivity to diphenyl carkcnate (DPC
"gel.), :
'mereactdmnﬂxturewas treated in the same manner
as in Exanple 1 in the following decarbonylation reac-
tiomg as many hs 2 times (total) in the same mannez. The
results are get forth in Table 5.
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Table S
Run DEQ Chloroform DPO cen. DEC. sel.
No,  (wmol) (molar ratio) (%) ‘ (%)
Example 9 (Cai:a..lyst: tetzaphenylphogghonium bromide) .
2 18. bz 3.3 94.6 99.0
.
E:ample 10 (Catalyst triphenylphosphine) ........ }
1. 21.1: 1.0 58.5 i
- E:ample 11 (&talysl: * triphenylphosphine cucide)
.1 _20‘75 1.0 _ 34.6 77.8
2 . 20, ?5 1.0 ' - 38.0 73.1
: : .o
. . ' i
Example 12 ( talyst: triphenylphosphine dichloride)
s - 20, . 0.9 99.0 99.0
- 20, 31 0.9 - 81.3 ' 89.9
; . In a 50 um-volmne glass flask equipped with a ther-
mtaanda:eﬂw:ccndm&,audxtmofdiphmyl o
cxalate: (10.010-g, '41.23 mwol. )}, tetraphenylphosphcnium b

.Ghloride (ﬁtdlyst;ﬂSOQOg,oazsmlggomlarg ------ _

‘g) was heated.

. of diphenyl axalate) and chlomfom (0,185 e
under stirring to 230°C for 2 hcu:f: - .

" The decarb¢mylation reaction was carried out at: an

atmospherdic

mlesmre, removing emitted carbon monoxide

from the :eact:icn mixture. The tetraphenylphosphomium

chloride was heated at 120°C for cne hour, 150°C for cne
hour, and1smcformehmrmastreuno£adryazgcn
gas, and cooled to room temperature also in a atream of

an argen gasg,

This Sheet Hag Been R
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: decarhmylatiq:. reacticn. .
, After theireaction was complete, the react:.cn wix-
ture wag analyzed by gas chrematograghy to indicate 95.4%
of the convers!{.cn ratio of diphenyl cxalate (DEQC ccm.)
and 99.0% of the selectivity to diphenyl carkcnate (DBC
gel.) .
’ The reacticn mixture was distilled undex reduced
‘ pressure (2-3 :jnd-!g/lBS'C, bath temperature) to recover the
‘:W dipheqyl carbopate. The amount of the distil-
Jate ‘wag 90 wt.% of the reaction mixture, The regidue
was m:bject:ed to the second decarbonylation reaction in
. the smmafterthemammtsof&phalyl coa-
- late.and chlordform were added.
: __Thesamedacarbunylammreact:icnmrepeatedas ..... s
.mﬂnYasSt;in‘es (total) in the same mammer. =~ = . :
. . The react ndx:urepmducedafterthesnmsrun .
were performed was distilled under reduced pressure {2-3
- txilig/160°C, bath tempexature) to yecover the produced
diphenyl carbcup.te. The amount of the distillate was 90
wt.% of the reactica mixture.

The residue was ccoled to room temperature, and
stirred at room temperature fox 10 mimites in a homoge-
nizer after tion of 50 ml of deionized water. The
hemogrenized mixturs was filtered using suction
and the filtratg was concentrated to give a solid. The
solid wag heated under reduced pressure (130°C, 3 hours)
to cbtain 0.3062 g of tetraphenylphosphenium chloride
(recovexy yvield: 29.1%).

B The cbtained tetraphmlylphosphcxnmn chiloride was
subjected to t'mp sixth decarbonylation reaction in the
same mamner after the same amounts of diphenyl o:alate
and chloroform were added. |

The results are set forth in Table 6.

.
®
.
o
.
o®
.
.
..
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- Table 6
Run DFO Chloxroform DPO con.
No. (mmol) (molar ratio) (% W ) e
1 41.3 0.0195 . 95.4 Y 99,0,
2 413 0.0195 . 97.0 .99.0
3 ' 41.32 - 0.0195 95.8 99.0
4 £1.33 0.0195 . 93.4 99.0
5 41.32 0.0195 . 95.00 9.0
6. '41;3# 7 0.0195 . .95.2 99,0 |
I . ) ‘ . . i : . ) !

L mmce&mcfmlenm:epatedw o }
" that chlozoform was Teplaced with oxalyl chloride (0.0207 |
‘g).. meprmedmesmrepeatedasmnyassthms '.b o
(total) .. Aftey tha 5th run, the tetraphexwlplmsphm.imn ''''''''
chloride was rdcovézed from an aquecusd mixture in the .
same wamner as in Example 13. Then, thesixthmwas'_--'

The regultis are set forth in Table 7.

Table 7

R DRO | Oxalyl chloride DPO con. DEC. sel.

No. (mmol)! (molar ratio) (¥ (%)

1 41.32 0.0207 85.3 " 99.0

2 41.32 0.0207 . 94.8 99.0

3 41.32 0.0207 95.2 99,0

4 41.32] 0.0207 95.3 95.0

5 41.32 0.0207 - 95,1 99.0 .8
e ol

41.32 0.0207 95.0 8%.0 .7

This Sheet Has Been Replac

LT lIIl




|
. . § TH.';'J ‘; f— ,_’;35 BELN
: -37- i RE PLAP;;D me

T ——

&
S

s ~

The procetures of Example 13 were repeated except
that the amounts of diphenyl cxalate, tstraphenylphosgpho-
~ nium chloride,,and chleroform were changed to 10.045 g
(41.47 mmol, ).:o 4612 g (1.230 mmol., 3.0 molar & based
' on the amount cf diphenyl cxalate), and 0.037 g, zrespec-

.:ivaly. e ';

ture\asanalyzedbygasmmgraphytoindicatawst .
' ofthemsimzatzoofdipbenyloxalate (ﬁmccu)

and 99.0% of :he selectivity to diphenyl ca:hmate (DeC

gel.). |

nzepmduaedreaccimnﬂxtuzemdiatﬂledmder

reduced pressure in the same manner as in Example 13 to.

recover the produced diphenyl carbonate. Tha amount of

the distillate was 90 wt.$% of the reaction mixture,

The res:.dde was cooled to room temperature, and
stirxred aftex qdditim of 50 wl: of deionized water in t:he
gsame wmamner as in Example 13, to obtain 0. 4589305
tetraphenylphogphonium chloride (recovery yield: 99.5%).

The cbtained tetraphenylphosphenium chleride was
subjected to the second decazbomylation reaction in the .8

_ same manner after the same amounts of diphenyl ouca.late o
v and chloroform were added. ”

The pmcedpres were repeated as many as § times o
(total) . After the Sth run, the tetzaphenylphpsphmxim
chloxidamsre?:overe_dfmanaqueauamixtuzjemthe
same mamney as in Exanple 13. Then, the sixth run was
performed in the same manmer.

The rasulti: are set forth in Table 8.
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| Table 8

Rm .~ DPO, Chloroform  DPO con,  DEC. sel.
No. (mmol). (molar ratio) (%) | (%)

S .41.4‘('- 0.037 . 95.5 99.0

4147 0.037  99.5 99.0
‘1 47 " 00037 99.4 ) 99-0
41.47 0.037 . 99.5 99.0

. 141.47 0.037  99.4 99.0"

41.47 0.037 99.4 99.0° .

€ .. 4133 0:037 . 9.4 .7 9900

. The procedures of Example 15 were repeated except

' that the period for stirring the aquecus mixture was

changed into 5 minutes to recover 0.04557 g of tetra-

_phenylphosphenium chloride (zecovery yield: 98.8%).

The, obta.in!ed tetraphenylphosphonium chloride was
subjected to t:he second decarbomylaticn reacticn in the
same mamner after the same amounts of diphenyl cxalate

" and chlorofozm were added.

aquecus portion was performed using a separatory fummel. .

After the Z:'eactim was complete, the reaction mix-
ture was analyzbd to indicate 99.5% of the conversion

ratio of diphenyl cxalate (DPO com.) and 99.0% of the ..

selectivity to B:.phenyl carbonate (DBC sel.).

The procedires of Example 15 were repeated except

~ that the deicniged water (50 wl) was replaced with a

combination of 30 wl of deicnized watexr and 30 mlL of
toluene to recover 0.04391 g of tetraphenylphosphonium
chloride (recovery yield: 95.2%). The geparation of the

is Sheet Has Been Replaced
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e The cbtained tetraphenylpbosptmiw <
- subjected to the second decarbonylation reaction in the *
same manner after the same amcunts of dipheny‘l cucalate
- and chlorofcr.m were added.
After the! reaction was conplete, the reaction mix-
'memsanalytedtoindicatess 5% of the conversion
ratioofdiphemylcualate (DPO con.) and 99.0% of the
. selectivity toldiphenyl carixcate (DEC gel.).

The procedures of Exanple 13 were repeated except
that the amounts of diphenyl cxalate and tetraphenyl-
phogghonium chloride were changed to 10.003 g (41.29
-mol)and03102g(0826m1,20m1ar%ba3edm .
. the amount of diphemyl cxalate), respectively and that .8
chloroform was replaced with 0.080 g gasecus hydrogen .. A
e chloride (which was diluted with nitrogen gas to give 1 - r
vol%HC‘lcmcehtzacion). S
After the reacticn was ccmplete. the reacticn mix-
" ture was analyzed to indicate 93. 7% of the conversion
-'zatmofdiphenyl cxalate (DPO com.) and 99.0% of the
.selectivity to &iphenyl carbopate. (DFC sel.).
. The.reactibn mixture was distilled under reduced
presswze. to- reccver the produced diphenyl carbonate in
. the same wammer; as in Example 13. The residue was sub-
jected to the second decarbonylation reaction in the same
manoer after the same amounts of diphenyl oxalate and l
_ hydrogen chloride were added.
The same dacarbmylatzcm reaction was repeated. as
rany as 5 timm {total) in the same manner.

. were performed wag distilled to recover the produced N
.7 aiphenyl carbomite. The amownt of the distillate wad SO I
wt.¥ of the reaction mixture. -
The residue was cooled to room taxpemtura, and
stirred at room temperature for 10 minutes in a homoge-
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nizer after add.i.ticn of 50 ol of deionized water. -The
hmngenizadaqueousmemthmtmudinnhesm

manner to cbtain 0.308 g of tetraphenylphosphonium chlo- b
ride (zecovery yleld: 99.1%). o :
e - The obtaihed tetzaphenylphosphonium chloride was r

subjected to gdxth. decaxhxomylaticn reaction: in the
_ -mmafmmammtsof&MMate_
: 'rheresultsa:esetfonhin'rableS.

- . ; 'rable 9
'R DPO:  HCl  .DPOcom. ~ DES. mel.
¥o. (mmol} -~ (g) t) N )
1. 41.29.  0.090 . 93.7 - - - 99.0
2 41.29 0.030 3.2 . 99.0
3 41.29 0.090 3.4 99.0
4 a1.249°  0.0%0 52.9 9.0 .- s
, 5 - 41 24 0.090 .93.3 99.0." . -
6 41,25 0.090 3.0 99407
i
B
/. R ;
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1. A process for preparing a diaryl carbcnate from
a diaryl cxala%:e in a liquid phase by decarbomylaticn |
which comprises the steps of: = !
l)performing a decarbonylaticn reaction. of a diaxyl S ;
oxalate in thepresence of an organic phosphorus compound
catalyst to give a reacticn mixture compriging a diaryl "
mbcmteandtheomganicphospharuacmmmdcamyat """ o
e : 2)recova"mg t:he diazyl carbamta from the: reacticn o
. mixtuve; and -

... 3)perts a deca:bcmrlatim reacticnof a diazyl
‘cxalate in the presence of the reaction mixture ‘from

".which the 1 carbcnate has been recoversd and £0
'whichahalcga:iam-can:aimngcqmmdis added, to
give a reaction mixture comprising a diaryl carbonate and
the cxganic phdsphorous tompound catalyst.

2. The g}mcesa of ¢laim 1, wherein the steps 2)
. and 3) is repedted in conbinatiom,
. - T :

_ 3. Thep%xocess of claim 1, wherein the cxganic
phosphorus cm'pomd catalyst conprises a compound having
.a trivalent or pentawalent phosphorus atom and at least 8

one ca.rhon-phnsbhnm bonding.

4, The p;ocess of claim 1, wherein the catalyst
conprises a compound selected from the group ccnsistmg
ofanorganicphosphm:.mcmpo\md a phosphine, a phoe-
phine dihalide,: a.nd a phosphine cxdde.

S. The p;ocess of claim 1, wheyrein the catalyst
conprises a conpournd selected from the group consiating
of a tetraarylphosphonium salt, a triarylphosphine, a
triarylphosphine dihalide and a triarylphosphine cnd.de
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6. Theb:bcessctclaiml. mexeinthaca:alysn -
ca@rimacdnpcmdselec:edfmthemmim
of a tetnazylphosphmium nalide and a tetraarylphogpho-
nium hydrogen klﬂnlide

7.- The procesa of claim 1, wherein the halogen

cmtainingoammdisanorganichalogenam-m-
-t:ainingcmpamdhav.izgachenﬁ.calstmtura in which a
halegenatmishmdedtoacarhcnatmhavingmmm
double bend other than =0.

8. . ‘The process of claim 1, wherein the halogen
tm-ecnta;mng compound is an inorganic halogen atom- ")
containing compound selected from the group comsisting. ot
ahalideofphosphorus,ahalxdeofsuifw,atqumgen r
ha.lide.andalllalogen. - |

| .9, 'mepsmceesofclaim 1, whsrainthehalogen
atom-containing compownd is a chlorine-containing com-

_ 10. The process of claim 1, wherein the organic
phosphorus conpound catalyst comprises an crganic phos-
phonium salt; the reaction mixture frdm which the diaryl
carbcnate has been recovered is treated with an Aqueous.

. neditmwmtheoxgmcp!msphmmmsalt; ard the
recweredorganicphosphm:.mnsal: is enployedinthe
step 1) ag the t:atalyst:

.
.
'.'
.
D
.
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